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ɊȿɎȿɊȺɌ 

 ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ȽɊɗɋ 1600 Ɇȼɬ 
ɧɚ ɭɥɶɬɪɚɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ» ɫɨɞɟɪɠɢɬ 101 ɫɬɪɚɧɢɰɭ 
ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɍɅɖɌɊȺɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂȿ ɉȺɊȺɆȿɌɊɕ, 
ɌɍɊȻɈȺȽɊȿȽȺɌ, ɉɊɈɆȿɀɍɌɈɑɇɕɃ ɉȿɊȿȽɊȿȼ, ȻȺɃɉȺɋ ɉȼȾ, 
ȻȺɃɉȺɋ ɉɇȾ, ȻɅɈɄ ɉɈȼɕɒȿɇɇɈɃ ɗɎɎȿɄɌɂȼɇɈɋɌɂ, ɄɈɌȿɅɖɇɕɃ 
ȺȽɊȿȽȺɌ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ. 

Ɉɛɴɟɤɬ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ – ɛɥɨɤ ɩɨɜɵɲɟɧɧɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ 800 Ɇȼɬ ɫ ɤɨɬɥɨɦ ɧɚ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ 33 Ɇɉɚ ɢ 610 ℃ ɢ 
ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ Siemens SST-6000. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɛɥɨɤɚ 800 Ɇȼɬ ɧɚ ɭɥɶɬɪɚɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɚɣɩɚɫɨɜ ɉȼȾ ɢ ɉɇȾ, ɩɨɜɵɲɟɧɢɟ ɄɉȾ ɛɥɨɤɚ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɛɥɨɤɚ, 
ɨɛɴɟɞɢɧёɧɧɵɣ ɫ ɬɟɩɥɨɜɵɦ ɪɚɫɱёɬɨɦ ɤɨɬɥɚ, ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ 
ɧɚ ɡɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ; ɩɪɨɢɡɜɟɞɟɧɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɲɟɧɢɹ; ɜɵɛɪɚɧɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ɪɚɫɫɱɢɬɚɧɨ 
ɜɨɡɞɟɣɫɬɜɢɟ ɨɛɴɟɤɬɚ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; ɪɚɡɪɚɛɨɬɚɧɵ ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɢ 
ɤɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ; ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɡɚɤɥɸɱɟɧɢɢ, ɚ ɬɚɤɠɟ ɜ ɬɟɤɫɬɟ 
ɞɨɤɭɦɟɧɬɚ ɢ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɯɟɦ, ɬɚɛɥɢɰ ɢ ɱɟɪɬɟɠɟɣ. 
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ȼȼȿȾȿɇɂȿ 

Ɇɧɨɝɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ (Ɍɗɋ) ɨɫɬɚɸɬɫɹ 
ɝɥɚɜɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ. ɋɨɜɪɟɦɟɧɧɚɹ ɷɧɟɪɝɟɬɢɤɚ 
ɫɟɝɨɞɧɹ ɩɪɨɞɨɥɠɚɟɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɢɪɚɬɶɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ Ɍɗɋ, 
ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɤɨɬɨɪɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɜ ɞɪɭɝɢɯ ɟё ɨɬɪɚɫɥɹɯ:  

 Ⱦɨɥɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 10% ɜ ɦɢɪɨɜɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɧɨɝɢɟ ɫɬɪɚɧɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨɷɬɚɩɧɨɟ 
ɡɚɤɪɵɬɢɟ ɫɬɚɧɰɢɣ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɢɯ ɡɚɦɟɧɭ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤ 
ɜɵɯɨɞɭ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ 2040 ɝ. ɝɨɬɨɜɹɬɫɹ ɛɨɥɟɟ 200 ɹɞɟɪɧɵɯ 
ɪeaɤɬɨɪɨɜ (ɜ ɬɚɤɢɯ ɫɬɪɚɧɚɯ ɤɚɤ ɋɒȺ, Ɋɨɫɫɢɹ ɢ əɩɨɧɢɹ). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɜocɩoɥɧeɧɢɹ ɧeɯɜɚɬɤɢ ɝɟɧɟɪɢɪɭɸɳɢɯ ɦɨɳɧɨɫɬɟɣ: 
ɨɫɨɛɟɧɧɨ ɨɫɬɪɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɧɚ ɩɨɞɧɢɦɚɟɬɫɹ ɜ ɫɬɪɚɧɚɯ ȿɜɪɨɩɵ. 

 ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ ɨɝɪɚɧɢɱɟɧɵ ɬɟɦ, ɱɬɨ 
ɝɢɞɪɨɩɨɬɟɧɰɢɚɥ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɪɩɚɧ, ɤɪɨɦɟ ɬɨɝɨ, 
ɫɟɪɶёɡɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɩɪɨɝɪɟɫɫɭ ɜ ɞɚɧɧɨɣ ɨɬɪɚɫɥɢ ɹɜɥɹɟɬɫɹ 
ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɢɞɪɨɩɨɬɟɧɰɢɚɥɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɪɟɤ ɢ ɜɨɞɨёɦɨɜ. 

 ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɬɪɹɧɨɣ ɢ 
ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ, ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɲɢɪɨɤɢɣ 
ɩɟɪɟɯɨɞ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɫɢɥɶɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɣ ɧɚɞёɠɧɨɦɭ 
ɫɧɚɛɠɟɧɢɸ ɩɨɬɪɟɛɢɬɟɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ. 

ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɫ ɭɱёɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɷɤɨɥɨɝɢɱɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɢ ɨɛɳɟɦɭ ɩɪɨɝɪɟɫɫɭ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɧɚɞёɠɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɨɫɬɚɸɬɫɹ ɦɨɳɧɵɟ 
ɩɵɥɟɭɝɨɥɶɧɵɟ ɷɧɟɪɝɨɛɥɨɤɢ. ɋɟɣɱɚɫ, ɜɫɥɟɞɫɬɜɢɟ ɚɜɚɪɢɣ, ɫɜɹɡɚɧɧɵɯ ɫɨ 
«ɫɬɚɪɟɧɢɟɦ» ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ (ɜ ɫɟɪɟɞɢɧɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɨ 
ɫɬɚɬɢɫɬɢɤɟ ɫɪɟɞɧɢɣ ɜɨɡɪɚɫɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɧɰɢɣ ɩɪɟɜɵɲɚɥ 33 
ɝɨɞɚ) ɢ ɪɨɫɬɚ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɫ ɞɪɭɝɨɣ, 
ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɜɜɨɞ ɧɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɷɬɨɣ ɫɮɟɪɟ. Ɂɚɩɚɫɵ ɭɝɥɹ ɨɝɪɨɦɧɵ, 
ɩɪɨɛɥɟɦ ɫ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɧɟɬ, ɢ ɫɩɪɨɫ ɧɚ ɧɟɝɨ ɨɝɪɚɧɢɱɟɧ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 
ɜɨɩɪɨɫɚɦɢ ɷɤɨɥɨɝɢɢ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɩɟɲɧɨ ɪɟɲɚɟɦɵɦɢ ɜ ɟɜɪɨɩɟɣɫɤɢɯ 
ɫɬɪɚɧɚɯ ɧɨɜɟɣɲɢɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɩɨ ɫɨɤɪɚɳɟɧɢɸ ɜɵɛɪɨɫɨɜ CO2. 

Ɉɞɧɚɤɨ ɞɪɭɝɢɦ, ɧɚɢɛɨɥɟɟ ɨɫɬɪɵɦ ɜɨɩɪɨɫɨɦ ɜ ɭɫɥɨɜɢɹɯ ɩɨɫɬɨɹɧɧɨɝɨ 
ɪɨɫɬɚ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɦɢɪɟ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɨɛɥɨɤɨɜ ɢ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ 
ɚɝɪɟɝɚɬɨɜ. Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɞɚɧɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɧɚ 
ɧɨɜɭɸ ɫɬɭɩɟɧɶ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ – ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ (ɋɋɄȾ) 
ɫ ɞɚɜɥɟɧɢɟɦ ɫɜɟɠɟɝɨ ɩɚɪɚ ɛɨɥɟɟ 24 Ɇɉɚ. ɋ ɩɪɨɝɪɟɫɫɨɦ ɜ ɦɟɬɚɥɥɭɪɝɢɢ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɜ ɨɫɜɨɟɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɢ 
ɠɚɪɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ (ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɩɟɪɥɢɬɧɨɝɨ ɢ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɨɜ), 
ɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɧɞɟɧɰɢɟɣ ɜ ɪɚɡɜɢɬɢɢ ɷɧɟɪɝɟɬɢɤɢ. 
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ɋɨɡɞɚɧɢɟ ɛɥɨɤɨɜ ɧɚ ɋɋɄȾ ɩɨɡɜɨɥɢɬ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɛɨɝɚɬɵɟ ɡɚɩɚɫɵ ɭɝɥɹ, ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɚɹ ɦɨɳɧɨɫɬɶ ɤɨɧɤɭɪɟɧɬɧɭɸ ɧɚ ɪɵɧɤɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɧɨ ɫɥɟɞɭɹ ɫɚɦɵɦ ɠɟɫɬɤɢɦ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɫɬɚɧɞɚɪɬɚɦ. 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɫɮɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɨɛɥɨɤɚ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɛɥɨɤɚ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
(Ȼɉɗ). Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ 
ɝɚɡɨɜ ɡɚ ɫɱёɬ ɭɫɬɚɧɨɜɤɢ ɜ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ – ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɬɭɪɛɢɧɧɵɯ ɷɤɨɧɨɦɚɣɡɟɪɨɜ – ɹɜɥɹɸɳɢɯɫɹ ɛɚɣɩɚɫɨɦ 
ɝɪɭɩɩ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɛɚɣɩɚɫɢɪɭɹ ɱɚɫɬɶ ɨɛɳɟɝɨ ɩɨɬɨɤɚ ɜɨɞɵ, ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ 
ɪɚɫɯɨɞ ɩɚɪɚ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɧɚ ɪɚɛɨɬɭ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, 
ɩɪɢ ɷɬɨɦ ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɨɬɛoɪɧɵɣ ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɯɜoɫɬ ɬɭɪɛɢɧɵ, ɬɟɦ 
ɫɚɦɵɦ ɜɵɪɚɛɚɬɵɜɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ. 

Ɉɛɴɟɤɬɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ  ȽɊɗɋ 1600 ɆȼɌ ɫ 
ɷɧɟɪɝɨɛɥɨɤɚɦɢ 800 Ɇȼɬ ɧɚ ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ, ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ Ȼɉɗ ɢ ɞɜɨɣɧɨɝɨ ɩɪɨɦɩɟɪɟɝɪɟɜɚ. ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ 
ɩɨɬɪɟɛɢɬɟɥɶ – ɪɟɚɥɢɡɭɟɦɵɣ ɜ Ȼɨɪɨɞɢɧɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ 
ɤɨɦɩɚɧɢɟɣ «ɂɧɬɟɪɝɟɨ» ȽɈɄ, ɤɨɬɨɪɵɣ ɩɨ ɩɥɚɧɭ ɛɭɞɟɬ ɜɜɟɞёɧ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɜ 2023 ɝɨɞɭ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɩɨ ɨɫɜɨɟɧɢɸ ɧɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɦɟɞɧɨ-
ɧɢɤɟɥɟɜɵɯ ɪɭɞ. Ɋɟɚɥɢɡɚɰɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ȽɊɗɋ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɜ ɤɚɱɟɫɬɜɟ 
ɬɨɩɥɢɜɚ ɭɝɨɥɶ ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɨɝɨ ɪɚɡɪɟɡɚ, ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɧɫɩɨɪɬɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɞɪɭɝɢɯ 
ɫɬɚɧɰɢɣ ɩɨɫɪɟɞɫɬɜɨɦ Ʌɗɉ – ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɫɬɚɬɟɣ ɪɚɫɯɨɞɨɜ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɩɪɨɟɤɬɨɦ (ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ «ɂɧɬɟɪɝɟɨ» ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɨɨɪɭɠɟɧɢɟ Ʌɗɉ 
ɩɪɨɬɹɠёɧɧɨɫɬɶɸ ɛɨɥɟɟ 400 ɤɢɥɨɦɟɬɪɨɜ). 

Ⱦɥɹ ɜɵɛɨɪɚ ɩɪɨɬɨɬɢɩɚ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɛɥɨɤɚ ɛɵɥ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɪɹɞɚ 
ɡɚɪɭɛɟɠɧɵɯ ɚɧɚɥɨɝɨɜ:  

 ɛɭɪɨɭɝɨɥɶɧɚɹ Ɍɗɋ Neurath (ɛɥɨɤ 660 Ɇȼɬ, P0=29,6 Ɇɉɚ, t0= 
600°ɋ),  

 Ɍɗɋ ShwarzePumpe (ɛɥoɤ 800 Ɇȼɬ, P0=26,8 Ɇɉɚ, t0=565°ɋ))  
 Ɍɗɋ Niederhaussem, ɛɥɨɤ Ʉ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 1000 Ɇȼɬ, 

ɄɉȾ = 43 % (P0=27,4 Ɇɉɚ, t0= 580°ɋ)  

ɉɨɫɥɟ ɩɪɨɜɟɞёɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ 
ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɛɥɨɤɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɥɨɤ Ʉ ɫɬɚɧɰɢɢ 
Niederhaussem, ɬɚɤ ɤɚɤ ɧɚ ɞɚɧɧɨɦ ɛɥɨɤɟ ɫ 2002 ɝɨɞɚ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ 
ɬɟɯɧɨɥɨɝɢɹ Ȼɉɗ. 

ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ Niederaussem, ɩɪɢɧɚɞɥɟɠɚɳɚɹ ɤɨɦɩɚɧɢɢ RWE, 
ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɡɚɩɚɞɧɨɣ ɱɚɫɬɢ Ƚɟɪɦɚɧɢɢ, ɜ 30 ɤɦ ɤ ɫɟɜɟɪɨ-ɡɚɩɚɞɭ ɨɬ Ʉɟɥɶɧɚ, ɜ 
Nordrhein Westfalen, ɛɥɢɡɤɨ ɤ ɡɚɩɚɫɚɦ ɛɭɪɨɝɨ. Ȼɥɨɤ Ʉ Niederaussem ɹɜɥɹɟɬɫɹ 
ɫɚɦɵɦ ɩɨɫɥɟɞɧɢɦ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɚɝɪɟɝɚɬɨɦ, ɢ ɨɧ ɡɧɚɦɟɧɭɟɬ ɫɨɛɨɣ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɗɬɨɬ ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
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ɜɟɞɭɳɢɣ ɦɢɪɨɜɨɣ ɩɪɢɦɟɪ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɱɢɫɬɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɧɚ 
ɨɫɧɨɜɟ ɛɭɪɨɝɨ ɭɝɥɹ, ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɧёɦ ɞɨɫɬɢɝɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ 
ɷɤɨɧɨɦɢɹ ɭɞɟɥɶɧɵɯ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɟɞɵɞɭɳɢɦ 
ɩɨɤɨɥɟɧɢɟɦ ɭɫɬɚɧɨɜɨ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɜɵɫɨɤɨɜɥɚɠɧɵɣ ɛɭɪɵɣ ɭɝɨɥɶ ɜ ɤɚɱɟɫɬɜɟ 
ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ. Ȼɥɨɤ ɦɨɳɧɨɫɬɶɸ 1000 Ɇȼɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɥɨɤ ɧɚ 
ɭɥɶɬɪɚɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɫ ɄɉȾ ɛɨɥɟɟ 43%. Ɉɧ ɛɵɥ ɨɬɤɪɵɬ ɜ 
2002 ɝɨɞɭ, ɚ ɬɟɤɭɳɟɟ ɧɚɤɨɩɥɟɧɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 120000 
ɱɚɫɨɜ. ɇɚɢɛɨɥɶɲɚɹ ɞɨɥɹ ɦɨɳɧɨɫɬɢ ɤɨɦɩɚɧɢɢ RWE ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɭɪɨɝɨ ɭɝɥɹ (ɛɨɥɟɟ 41%). Ɉɧɚ ɪɚɫɩɨɥɚɝɚɟɬ ɬɪɟɦɹ ɤɪɭɩɧɵɦɢ 
ɨɬɤɪɵɬɵɦɢ ɲɚɯɬɚɦɢ, ɫɧɚɛɠɚɸɳɢɦɢ ɫɜɨɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ Ɋɟɣɧɫɤɨɦ ɪɚɣɨɧɟ 
ɞɨɛɵɱɢ ɛɭɪɨɝɨ ɭɝɥɹ: ɏɚɦɛɚɯ, Ƚɚɪɰɜɟɣɥɟɪ ɢ ɂɧɞɟɧ. ȼɨɫɟɦɶ ɞɟɣɫɬɜɭɸɳɢɯ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɚɪɵɯ ɭɫɬɚɧɨɜɨɤ ɜ ɇɢɞɟɪɚɭɫɫɟɦɟ ɢ Ȼɥɨɤ Ʉ ɢɫɩɨɥɶɡɭɸɬ 
ɬɨɥɶɤɨ ɞɜɚ ɭɝɥɹ (ɏɚɦɛɚɯ ɢ Ƚɚɪɰɜɟɣɥɟɪ), ɫɦɟɲɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɜɨ ɢɡɛɟɠɚɧɢɟ 
ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɨɫɬɚɜɨɦ ɡɨɥɵ. 

Niederaussem ɞɨɥɠɟɧ ɛɵɥ ɢɦɟɬɶ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɤɨɬɟɥ, ɱɬɨɛɵ ɫɠɢɝɚɬɶ 
ɜɵɫɨɤɨɜɥɚɠɧɵɣ (50-60%) ɛɭɪɵɣ ɭɝɨɥɶ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɚɪɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜ 1000 Ɇȼɬ. Ɇɚɫɫɢɜɧɵɣ ɤɨɬɟɥ ɛɚɲɟɧɧɨɝɨ 
ɬɢɩɚ ɢɦɟɟɬ ɩɥɨɳɚɞɶ 26 ɦ ɢ ɜɵɫɨɬɭ 162 ɦ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɚɤɠɟ 
ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɭɱɢɬɵɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɲɥɚɤɨɨɛɪɚɡɨɜɚɧɢɹ ɛɭɪɵɦ ɭɝɥɟɦ ɩɪɢ ɬɚɤɢɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɚɪɚ, ɬɚɤ ɤɚɤ 
ɯɚɦɛɚɱɫɤɢɣ ɭɝɨɥɶ ɢɦɟɟɬ ɩɨɜɵɲɟɧɧɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɲɥɚɤɨɨɛɪɚɡɨɜɚɧɢɸ. Ȼɵɥɨ 
ɬɚɤɠɟ ɪɟɲɟɧɨ ɢɦɟɬɶ ɫɢɫɬɟɦɭ ɩɭɫɤɚ, ɤɨɬɨɪɚɹ ɧɟ ɬɪɟɛɨɜɚɥɚ ɛɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɜɢɞɚ ɬɨɩɥɢɜɚ (ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɭɯɨɣ ɛɭɪɵɣ ɭɝɨɥɶ), ɢ ɞɨɥɠɧɚ ɛɵɥɚ ɢɦɟɬɶ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɫɢɫɬɟɦɵ ɨɛɪɚɛɨɬɤɢ ɡɨɥɵ, ɱɬɨɛɵ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɞɧɚ ɫɢɫɬɟɦɚ ɧɟ ɫɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɚɛɨɬɭ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɢɯ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ, ɜɵɛɪɚɧɧɨɟ ɤɚɤ ɩɭɬɶ ɤ 
ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɫɬɚɥɨ ɩɪɨɛɥɟɦɨɣ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɦɚɬɟɪɢɚɥɵ (17% ɯɪɨɦɚ) ɛɵɥɢ ɛɵ ɭɥɭɱɲɟɧɢɟɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɛɨɥɟɟ ɩɪɢɜɵɱɧɵɦɢ ɫɬɚɥɹɦɢ ɢ ɩɨɡɜɨɥɹɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɬɨɧɤɢɟ ɫɬɟɧɤɢ 
ɬɪɭɛ, ɩɪɢ ɷɬɨɦ ɪɚɛɨɬɚɹ ɧɚ ɝɪɚɧɢɰɚɯ ɞɨɩɭɫɬɢɦɨɝɨ ɞɢɚɩɚɡɨɧɚ. ɗɬɢ ɦɚɬɟɪɢɚɥɵ 
ɛɵɥɢ ɫɚɦɵɦɢ ɩɟɪɟɞɨɜɵɦɢ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɛɵɥɢ ɨɞɨɛɪɟɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜ ɞɟɬɚɥɹɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ Ƚɟɪɦɚɧɢɢ: ɯɨɬɹ ɞɚɠɟ ɛɨɥɟɟ ɩɪɨɞɜɢɧɭɬɵɟ ɫɬɚɥɢ 
ɛɵɥɢ ɨɞɨɛɪɟɧɵ ɜ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɡɚ ɪɭɛɟɠɨɦ, ɫɧɚɱɚɥɚ ɢɯ ɛɵɥɨ ɧɟɜɨɡɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ Niederaussem. 

Ⱦɥɹ ɧɨɜɨɝɨ ɛɥɨɤɚ «Ʉ» ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

* ɭɫɬɚɧɨɜɤɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚ ɪɚɛɨɬɭ ɫ ɛɚɡɨɜɨɣ ɧɚɝɪɭɡɤɨɣ; 

* ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɚɝɪɟɝɚɬɨɦ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɫɤɨɥɶɡɹɳɟɝɨ ɞɚɜɥɟɧɢɹ; 

* ɩɪɟɞɟɥ ɩɟɪɟɝɪɭɡɤɢ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɱɚɫɬɨɬɵ ɫɨɫɬɚɜɥɹɟɬ 1,5%; 

* ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ DVG 
(ɇɟɦɟɰɤɢɟ ɧɚɰɢɨɧɚɥɶɧɵɟ ɧɨɪɦɵ); 
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* ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ, ɩɪɢ 
ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɚ ɢɥɢ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ; 

* ɫɢɫɬɟɦɚ ɨɛɠɢɝɚ ɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɛɨɬɵ ɫ 
ɪɟɣɧɫɤɢɦ ɫɵɪɵɦ ɛɭɪɵɦ ɭɝɥɟɦ ɢɡ ɨɬɤɪɵɬɵɯ ɲɚɯɬ ɏɚɦɛɚɯɚ ɢ Ƚɚɪɰɜɟɣɥɟɪɚ ɫ 
ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɬ 7,9 ɞɨ 10,5 ɆȾ /ɤɝ; 

* ɦɢɧɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ (ɛɟɡ ɪɟɡɟɪɜɧɨɝɨ ɫɠɢɝɚɧɢɹ) 
ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 50%. 

Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɧɚɝɪɟɜɚ ɱɚɫɬɟɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɢ 
ɩɪɨɦɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɤɨɬɥɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 150 000 ɦ2. Ⱦɥɢɧɚ ɬɪɭɛ 
ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 1100 ɤɦ. Ɉɝɪɚɠɞɚɸɳɢɟ ɫɬɟɧɵ ɫɨɫɬɚɜɥɹɸɬ ɩɪɢɦɟɪɧɨ 170 
ɤɦ, ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ - 540 ɤɦ, ɚ ɩɨɞɨɝɪɟɜɚɬɟɥɶ - 370 ɤɦ. ɉɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɞɥɹ ɫɢɫɬɟɦɵ ɪɟɤɭɩɟɪɚɰɢɢ ɬɟɩɥɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɫɨɫɬɚɜɥɹɟɬ ɟɳɟ 150 000 ɦ2. ɗɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɪɭɛɟ ɞɥɢɧɨɣ 
ɩɪɢɦɟɪɧɨ 1300 ɤɦ. 

Ⱦɥɹ ɫɬɟɧɨɤ ɤɨɬɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɚɦɵɣ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ, 
ɞɨɫɬɭɩɧɵɣ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ, ɬ. ɟ. 13 CrMo 44. ɗɬɨɬ ɦɚɬɟɪɢɚɥ ɧɟ ɬɪɟɛɭɟɬ 
ɧɢɤɚɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɫɥɟ ɫɜɚɪɤɢ. 

Ⱦɥɹ ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɭɪɨɜɧɟɦɟɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɬɟɪɢɚɥ X10 CrMoVNb (P 
91). ɗɬɨɬ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɞɯɨɞɢɬ ɞɥɹ ɭɫɥɨɜɢɣ ɤɨɪɪɨɡɢɢ, 
ɜɵɡɜɚɧɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ʉɨɧɜɟɤɬɢɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɚɭɫɬɟɧɢɬɧɨɣ 
ɫɬɚɥɢ X3 CrNiMoN 17-13 ɫ 17-ɩɪɨɰɟɧɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ ɢ 12-
ɩɪɨɰɟɧɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɤɟɥɹ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɤɨɪɪɨɡɢɢ. ɗɬɨɬ ɦɚɬɟɪɢɚɥ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ ɮɚɡɟ ɢɫɩɵɬɚɧɢɣ 
ɜ ɜɢɞɟ ɩɪɨɛɢɪɤɢ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ȼɚɣɫɜɚɣɥɟɪ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600°C ɫ 1994 
ɝɨɞɚ. 

ɍɫɩɟɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɢ RWE ɜ ɩɪɟɨɞɨɥɟɧɢɢ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 
ɬɪɭɞɧɨɫɬɟɣ ɨɱɟɜɢɞɟɧ ɢɡ ɢɯ ɨɩɵɬɚ ɪɚɛɨɬɵ ɫ ɞɚɧɧɨɣ ɫɬɚɧɰɢɟɣ ɜ ɨɛɳɟɦ ɢ ɛɥɨɤɨɦ 
Ʉ ɜ ɱɚɫɬɧɨɫɬɢ. 

ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɞɚɧɧɨɝɨ 
ɩɪɨɟɤɬɚ, ɪɚɫɱёɬ ɪɚɛɨɬɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ 
ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɥɨɤɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɹɯ. 
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1 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɍɪɟɛɭɟɬɫɹ ɪɚɫɫɱɢɬɚɬɶ ɨɫɧɨɜɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɫɧɨɜɧɨɝɨ ɢ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ ɛɥɨɤɚ. ɉɪɨɜɟɫɬɢ ɨɰɟɧɤɭ 
ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɫɬɚɧɰɢɢ ɫ ɦɟɧɶɲɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ ɩɨ 
ɨɬɩɭɫɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚɸɳɟɝɨ 525206 
Ɉɛɹɡɚɬɟɥɶɧɵɟ ɫɬɪɚɯɨɜɵɟ ɜɵɩɥɚɬɵ ɨɬ ɎɈɌ, % 30,4 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 118 
ɋɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ, % 6,7 
ɇɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩ. 
ɜɥɨɠɟɧɢɣ ɜ Ɍɗɋ, % 

5 

ɍɫɬɚɧɨɜɥɟɧ
ɧɚɹ 

ɦɨɳɧɨɫɬɶ, 
NɭɆȼɬ 

Ɉɫɧɨɜɧɨɣ 
ɚɝɪɟɝɚɬ 

Ʉɨɥɢɱɟɫ
ɬɜɨ 

ɛɥɨɤɨɜ 

ɋɨɩɨɫɬɚɜɥɹ
ɟɦɵɣ 

ɚɝɪɟɝɚɬ 

Ʉɨɥɢɱɟ
ɫɬɜɨ 

ɛɥɨɤɨɜ 

ȼɢɞ 
ɬɨɩɥɢ

ɜɚ 

Ɋɚɣɨɧ 
ɫɨɨɪɭɠ

ɟɧɢɹ 

1600 Ʉ-800 2 Ʉ-200 8 ɍɝɨɥɶ  ɋɢɛɢɪɶ 
ɐɟɧɚ 

ɬɨɩɥɢɜ
ɚ, 

ɪɭɛ./ɧɚ
ɬ.ɟɞ 

Ɉɪɢɟɧɬɢɪɨɜ
ɨɱɧɚɹ 

ɬɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ,  

Ɍɨɩɥɢɜ
ɧɵɣ 

ɷɤɜɢɜɚɥ
ɟɧɬ 

ɐɟɧɚ ɡɚ 
ɭɫɥɨɜɧɨɟ 
ɬɨɩɥɢɜɨ 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɲɬɚɬɧɵɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ 

1 ɜɚɪɢɚɧɬ 2 ɜɚɪɢɚɧɬ 

922 15280 1,918 422,4 0,14 0,45 
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 1.1 Ɋɚɫɱёɬ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɢ ɫɨɩɨɫɬɚɜɥɹɟɦɨɣ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

1.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɟɠɟɝɨɞɧɵɯ ɢɡɞɟɪɠɟɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ 
 

ȼ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱёɬɚɯ ɌɗɈ ɷɤɫɩɥɭɚɬaɰɢɨɧɧɵɟ ɪaɫɯɨɞɵ ɦɨɠɧɨ 
ɫɝɪɭɩɩɢɪɨɜɚɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɭɤɪɭɩɧёɧɧɵɯ ɫɬɚɬɟɣ, ɦɥɧ ɪɭɛ./ɝɨɞ: эܷ = ܷ˕ + ˊܷ˒ + ˃ܷ + ˕ܷ˓ + ܷ˒˓  (1) 
ɝɞɟ  ˕ܷ – ɫɬɚɬɶɹ, ɭɱɢɬɵɜɚɸɳɚɹ ɢɡɞɟɪɠɤɢ ɧɚ ɬɨɩɥɢɜɨ; 

          ܷ ˊ˒ – ɫɬɚɬɶɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɪɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɩɟɪɫɨɧɚɥɚ; 

          ܷ ˃ – ɫɬɚɬɶɹ, ɭɱɢɬɵɜɚɸɳɚɹ aɦɨɪɬɢɡɚɰɢɸ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɫɪɟɞɫɬɜ; 

          ܷ ˕˓ – ɢɡɞɟɪɠɤɢ ɧɚ ɬɟɤɭɳɢɟ ɪɟɦɨɧɬɵ; 

          ܷ ˒˓ – ɫɬɚɬɶɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɩɪɨɱɢɟ ɪaɫɯɨɞɵ. 

a) Ɋɚɫɱёɬ ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ. 
 

ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬ. ɟ. ɤɚɥɟɧɞɚɪɧɨɟ ɜɪɟɦɹ ɡɚ 
ɜɵɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɜ ɤɚɩɢɬɚɥɶɧɨɦ ɢ ɬɟɤɭɳɟɦ ɪɟɦɨɧɬɟ, ɱɚɫ/ɝɨɞ: ܶ˓ = ͺ͹͸Ͳ − ܶ˓ ˈˏ  (2) 
ɝɞɟ Tɪɟɦ – ɜɪɟɦɹ ɩɪɨɫɬɨɹ ɜ ɪɟɦɨɧɬɟ, ɱ. 

Ⱦɥɹ ɷɧɟɪɝɨɛɥɨɤɨɜ Ʉɗɋ 800 Ɇȼɬ ܶ˓ ˈˏ = ͷ͸ͻ, ɞɥɹ ɷɧɟɪɝɨɛɥɨɤɨɜ 200 Ɇȼɬ ܶ˓ ˈˏ = Ͷ͵ͺ ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ Ⱥ.2 [10]. 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ʉɗɋ, Ɇȼɬ ɱ: ܹ = ˖ܰ˔˕ ∙ ̟ܶ ˔˕ , (3) 
ɝɞɟ ˖ܰ˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ; ̟ܶ ˔˕ – ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 400 ɦɟɧɶɲɟ ܶ˓ . 

ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ: ̱ܲ э˔ = ܹ/ܶ˓   (4) 
ɝɞɟ ܶ˓ – ɱɢɫɥɨ ɱɚɫɨɜ ɮɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ, ɱ. 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɛɥɨɤɚ, Ɇȼɬ: ܲ˄ ˎ = ̱ܲ э˔/݊˄ˎ  (5) 
ɝɞɟ ݊˄ˎ– ɱɢɫɥɨ ɛɥɨɤɨɜ (ɫɦ. ɬɚɛɥɢɰɭ 1). 
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Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɛɥɨɤɚɦɢ Ʉɗɋ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɢ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ ɭ.ɬ./ɝɨɞ: ܤ˖˔˕ = ሺܾ˘˘ ∙ ܲː + ܾଵ ∙ ܲ˄ ˎ + ሺܾଶ − ܾଵሻ ∙ ሺܲ˄ ˎ − эܲˍሻሻ ∙ ܶ˓ ∙ ݊˄ˎ , (6) 
ɝɞɟ ܾ˘˘ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɯɨɥɨɫɬɨɣ ɯɨɞ ɚɝɪɟɝɚɬɚ: Ⱦɥɹ 
ɚɝɪɟɝɚɬɚ Ʉ-800-330: ܾ ˘˘ = Ͳ,ͲʹͶͶ, ɞɥɹ Ʉ-200-330 ܾ ˘˘ = Ͳ,Ͳʹʹͷ ɢɡ ɬɚɛɥ. Ⱥ.3 [10]. ܾଵ ɢ ܾଶ – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɪɢɪɨɫɬ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɞɨɬɨɱɤɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜ ɡɨɧɟ ɩɟɪɟɝɪɭɡɤɢ; Ⱦɥɹ ɚɝɪɟɝɚɬɚ Ʉ-800-
330: ܾଵ = Ͳ,ʹͺͻ, ܾଶ = Ͳ,ʹͺͻ, ɞɥɹ Ʉ-200-330 ܾ ଵ = Ͳ,ʹͻ͸, ܾଶ = Ͳ,͵ͳͶ ɢɡ ɬɚɛɥɢɰɵ 
Ⱥ.3 [10]. эܲˍ ɢ ܲː  – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɢ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɢ, Ɇȼɬ; Ⱦɥɹ Ʉ-800-330 эܲˍ = ͺͲͲ ʛВ˕ ɢ ܲː = ͺͲͲ ʛВ˕, ɚ ɞɥɹ ɛɥɨɤɚ Ʉ-200-330 эܲˍ = ͳͺ͹ ʛВ˕ ɢ ܲː =ʹͲͲ ʛВ˕ ɢɡ ɬɚɛɥɢɰɵ Ⱥ.3 [10]. 

ɉɨɬɟɪɢ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ ɭ.ɬ./ɝɨɞ: ܤːˈ˖˔˕ = ˚଺−ଵ଴˒ܤ ∙ ݊˒଺−ଵ଴˚ ∙ ݊˄ˎ + ˔.˘˒ܤ ∙ ݊˒˘.˔ ∙ ݊˄ˎ  (7) 
ɝɞɟ ܤ˒଺−ଵ଴˚ ɢ ܤ˒˘.˔.– ɩɭɫɤɨɜɵɟ ɩɨɬɟɪɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɨɫɬɚɧɨɜɟ ɧɚ 6–10 
ɱɚɫɨɜ, ɢ ɩɪɢ ɩɭɫɤɟ ɢɡ ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ; Ⱦɥɹ Ʉ-800-330 ܤ˒଺−ଵ଴˚ =ͳͶͲ, ܤ˒˘.˔ = ͶͲͲ, ɞɥɹ Ʉ-200-330 ܤ˒଺−ଵ଴˚ = ʹͲ, ܤ˒˘.˔ = ͸Ͳ ˋˊ ɢɡ ɬɚɛɥ. Ⱥ.4 [10]. ݊˒଺−ଵ଴˚ɱ ɢ ݊˒˘.˔. – ɱɢɫɥɨ ɩɭɫɤɨɜ ɢ ɨɫɬɚɧɨɜɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 6 – 10 
ɱɚɫɨɜ ɢ ɢɡ ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɉɪɢɧɢɦɚɟɦ ݊˒଺−ଵ଴˚ = ͳͲ, ݊˒˘.˔=2. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ʉɗɋ, ɬ ɭ.ɬ./ɝɨɞ: ܤ = ˕˔˖ܤ +  ːˈ˖˔˕  (8)ܤ
 
Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ ɪɭɛ./ɝɨɞ: ˕ܷ = ʥ ∙ В ∙ ͳͲ−଺                (9) 

ɝɞɟ ɐ – ɰɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ./ɬ ɭ.ɬ. (ɫɦ. ɬɚɛɥɢɰɭ 1). 

b) Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ. 
 

Ⱦɥɹ ɭɩɪɨɳёɧɧɨɝɨ ɪɚɫɱёɬɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɨ ɜɫɟɣ ɫɬɚɧɰɢɢ 
ɢɫɩɨɥɶɡɭɸɬ ɮɨɪɦɭɥɭ, ɦɥɧ ɪɭɛ./ɝɨɞ: 

ˊܷ˒ = ˖ܰ ∙ ݊˖ ∙ ʣˊ˒ ∙ ͳͲ−଺,  (10) 

ɝɞɟ ݊˖ – ɲɬɚɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɱɟɥ./Ɇȼɬ (ɫɦ. ɬɚɛɥɢɰɭ 1); ʣˊ˒ – ɫɪɟɞɧɹɹ ɡɚɪɩɥɚɬɚ ɨɞɧɨɝɨ ɪɚɛɨɬɧɢɤɚ ɡɚ ɝɨɞ (ɫɦ. ɬɚɛɥɢɰɭ 1). 
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c) Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. 
 

Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ ɪɭɛ./ɝɨɞ: ˃ܷ = ʙ ∙ ʜ˃, (11) 
ɝɞɟ ʜ˃ – ɫɪɟɞɧɹɹ ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ (ɫɦ. ɬɚɛɥɢɰɭ 1); 

          ʙ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ Ɍɗɋ, ɦɥɧ ɪɭɛ./ɝɨɞ: ʙ = (ʙ′ + ʙ˄ˎ ∙ ሺ݊˄ˎ − ͳሻ) ∙ ݀𝑖 ∙ ݇˖ˇ,  (12) 
ɝɞɟ ʙ′ ɢ ʙ˄ˎ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɬɚɧɨɜɤɨɣ ɨɞɧɨɝɨɛɥɨɤɚ 
ɝɨɥɨɜɧɨɝɨ ɢ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ, ɦɥɧ. ɪɭɛ.; ɉɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥ. Ⱥ.1 [10] 
ɞɥɹ Ʉ-800-330 ʙ′ = ͳʹ͹,Ͳͷ, ʙ˄ˎ = ͺ͵,ͺͻ; ɞɥɹ Ʉ-200-330 ʙ′ = Ͷͻ,ʹ͵, ʙ˄ˎ =ʹ͵,ͻ͹ ݀𝑖–ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɣɨɧ ɪɚɡɦɟɳɟɧɢɹ; ɞɥɹ ɋɢɛɢɪɢ ͳ,ʹ; ݇˖ˇ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɜ ɰɟɧɚɯ ɬɟɤɭɳɟɝɨ ɝɨɞɚ (ɫɦ. ɬɚɛɥɢɰɭ 1). 

d) Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ. 
 

Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɭ, ɦɥɧ ɪɭɛ./ɝɨɞ: ˕ܷ˓ = ʙ ∙ ʜ˕˓,      (13) 
ɝɞɟ ʜ˕˓ – ɧɨɪɦɚ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɦɨɧɬɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ ɜ Ɍɗɋ (ɫɦ. ɬɚɛɥɢɰɭ 1). 

e) ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ. 
 

ɉɨɞ ɩɪɨɱɢɦɢ ɪɚɫɯɨɞɚɦɢ ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɬɚɬɶɢ ɢɡɞɟɪɠɟɤ: 

 ɨɛɳɟɰɟɯɨɜɵɟ ɢ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 ɧɚɥɨɝɢ ɢ ɫɛɨɪɵ; 
 ɩɥɚɬɚ ɡɚ ɡɟɦɥɸ 
 ɢ ɞɪ. 

 

ȼɟɥɢɱɢɧɚ ɢɯ ɤɚɤ ɩɪɚɜɢɥɨ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɪɚɣɨɧɟ 20 – 30 % ɨɬ ɫɭɦɦɚɪɧɵɯ 
ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ, ɪɟɦɨɧɬ ɢ ɡɚɪɩɥɚɬɭ, ɤɪɨɦɟ ɬɨɝɨ, ɭɱɢɬɵɜɚɸɬɫɹ 
ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ, ɦɥɧ ɪɭɛ./ɝɨɞ: ܷ˒˓ = Ͳ,ʹ ∙ ( ˃ܷ + ˕ܷ˓ + ˊܷ˒) + ʠʝʥ, (14) 
ɝɞɟ ɋɈɐ – ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ ʠʝʥ = ˅˔ܪ ∙ ˊܷ˒,  (15) 
ɝɞɟ ܪ˔˅ – ɧɨɪɦɚɬɢɜ ɫɬɪɚɯɨɜɵɯ ɜɡɧɨɫɨɜ, ɞɨɥɢ (ɫɦ. ɬɚɛɥɢɰɭ 1); 
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Ⱦɥɹ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɫɱёɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɞɟɥɶɧɵɣ ɜɟɫ 
ɬɨɩɥɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ: ̟ܶ ˇ.˅ = ˕ܷ/ эܷ, (16) 

 
1.1.2 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

 

Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬɱ: ܹˑ ˕˒ = ܹ ∙ ሺͳ − ܽ˔ːሻ, (17) 
ɝɞɟ ܽ˔ː – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ, ɩɪɢɧɢɦɚɟɦ ɞɥɹ ɷɧɟɪɝɨɛɥɨɤɚ Ʉ-
800-330 ܽ˔ː = Ͷ%, ɪɟɡɭɥɶɬɚɬ ɩɪɢɪɚɜɧɢɜɚɟɦ ɤ ɜɚɪɢɚɧɬɭ ɫ Ʉ-200 [10]. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬɱ: ˑܷ˕˒э = эܷ/ܹˑ ˕˒, (18) 
 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ, ɪɭɛ./ɤȼɬɱ: ˅ܷы˓э = эܷ/ эܹ, (19) 
 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɚɧɧɵɣ ɤȼɬ ɱ, ɤɝ 
ɭ.ɬ./ɤȼɬɱ: ܤ˅ы˓ =  (20) ,ܹ/ܤ

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ ɱ, ɤɝ ɭ.ɬ./ɤȼɬɱ: ܤˑ˕˒ = ˑܹ/ܤ ˕˒, (21) 
 
ɉɪɢ ɪɚɫɱɟɬɟ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ ɛɥɨɤɚ ɩɪɢɧɢɦɚɟɦ ܹˑ ˕˒ˑ˔ː = ܹˑ ˕˒˔ˑ˒, ɬɨɝɞɚ 

ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ʉɗɋ, Ɇȼɬɱ: ܹ = ܹˑ ˕˒/ሺͳ − ܽ˔ːሻ, (22) 
 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɱ: ̟ܶ ˔˕ = ܹ/ ˖ܰ˔˕, (23) 
 
Ʉɚɥɟɧɞɚɪɧɨɟ ɜɪɟɦɹ ɛɟɡ ɩɪɨɫɬɨɟɜ ɜ ɪɟɦɨɧɬɚɯ (ɤɚɩɢɬɚɥɶɧɨɦ, ɬɟɤɭɳɟɦ) 

ɧɚɡɵɜɚɟɬɫɹ ɱɢɫɥɨɦ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 
400 ɛɨɥɶɲɟ ̟ܶ ˔˕, ɱɚɫ/ɝɨɞ. Ɋɚɫɱɟɬ ɨɫɬɚɥɶɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ ɛɥɨɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɩɨ 
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ɮɨɪɦɭɥɚɦ (4) – (21). Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Ɍɗɉ ɛɥɨɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
2. 

Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ Ɍɗɉ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ʉ-800-330 Ʉ-200-330 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ/ɝɨɞ 

7622 7791,38 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɱ 

7222 7391,38 

ȼɵɪɚɛɨɬɤɚ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ 
Ʉɗɋ, Ɇȼɬɱ 

11555200 11826217,48 

ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, Ɇȼɬ 1516,033 1517,858 
ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɛɥɨɤɚ, Ɇȼɬ 758,016 189,732 
Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɛɥɨɤɚɦɢ Ʉɗɋ ɧɚ 
ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɜ 
ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, ɬ.ɭ.ɬ./ɝɨɞ 

3637015,68 3784115,74 

ɉɨɬɟɪɢ ɬɨɩɥɢɜɚ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 
ɪɟɠɢɦɟ, ɬ.ɭ.ɬ./ɝɨɞ 

4400 2560 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ʉɗɋ, ɬ.ɭ.ɬ./ɝɨɞ 3641415,68 3786675,74 
Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɦɥɧ. ɪɭɛ./ɝɨɞ 6444,5 6701,58 
Ɋɚɫɯɨɞɵ ɩɨ ɨɩɥɚɬɟ ɬɪɭɞɚ, ɦɥɧ. ɪɭɛ./ɝɨɞ 117,65 378,14 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ. ɪɭɛ./ɝɨɞ 1991,27 2048,66 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ. ɪɭɛ./ɝɨɞ 29869,1 30730,03 
Ɋɚɫɯɨɞɵ ɩɨ ɪɟɦɨɧɬɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ, ɦɥɧ. 
ɪɭɛ./ɝɨɞ 

1493,45 1536,5 

ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, 
ɦɥɧ. ɪɭɛ./ɝɨɞ 

35,76 114,96 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ 756,24 907,62 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɬɨɩɥɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ, % 

59,65% 57,91% 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɦɥɧ. ɪɭɛ./ɝɨɞ 10803,12 11572,53 
Ƚɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɲɢɧ 
ɫɬɚɧɰɢɢ, Ɇȼɬɱ 

11092992 11092992 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, 
ɪɭɛ./ɤȼɬɱ: 0,974 1,043 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, 
ɪɭɛ./ɤȼɬɱ 

0,935 0,979 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 
ɜɵɪɚɛɨɬɚɧɧɵɣ ɤȼɬɱ, ɤɝ ɭ.ɬ/ɤȼɬɱ 

0,315 0,320 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 
ɨɬɩɭɳɟɧɧɵɣ ɤȼɬɱ, ɤɝ ɭ.ɬ./ɤȼɬɱ 

0,328 0,341 
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1.2 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ 
ɤɪɢɬɟɪɢɸ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ. 
 

ɉɨɞ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɨɛɨɫɧɨɜɚɧɢɟɦ ɩɪɨɟɤɬɚ ɩɨɧɢɦɚɸɬ ɡɧɚɱɟɧɢɟ 
ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɦɢɤɪɨɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɫɧɢɠɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ 
ɜɚɪɢɚɧɬɭ, ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɤɨɦɟɧɞɭɟɦɵɦ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɭɪɨɜɧɟ ɫɬɚɧɰɢɢ ɫɨɫɬɚɜɢɬ, ɦɥɧ ɪɭɛ./ɝɨɞ: Э˘.˓. = ሺܷ˓ˈˍˑ˕˒ − ˔ܷˑ˒ˑ˕˒ሻ ∙ ܹˑ ˕˒, (24) 
ɝɞɟ ܷ˓ˈˍˑ˕˒ – ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ 
ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, ɪɭɛ./ɤȼɬɱ (ɫɦ. ɬɚɛɥɢɰɭ 2); 

 ˔ܷˑ˒ˑ˕˒ – ɜɟɥɢɱɢɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɟɞɢɧɢɰɵ ɨɬɩɭɳɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɩɨ ɫɨɩɨɫɬɚɜɥɹɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, ɪɭɛ./ɤȼɬɱ (ɫɦ. ɬɚɛɥɢɰɭ 2); 

 ܹˑ ˕˒ – ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ, 
Ɇȼɬɱ (ɫɦ. ɬɚɛɥɢɰɭ 2). Э˘.˓. = ሺͲ,ͻ͹Ͷ − ͳ,ͲͶ͵ሻ ∙ ଵଵ଴ଽଶଽଽଶଵ଴଴଴ = −͹͸ͻ,Ͷ  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ 

ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɪɚɰɢɨɧɚɥɶɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɛɥɨɤɨɜ Ʉ-800 
ɜɦɟɫɬɨ ɜɨɫɶɦɢ ɛɥɨɤɨɜ Ʉ-200. 
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2 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ 

ɉɪɢ ɜɵɛɨɪɟ ɤɨɦɩɨɧɨɜɤɢ ɤɨɬɥɚ ɛɵɥ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɤɨɦɩɨɧɨɜɨɤ ɜɨɞɨɬɪɭɛɧɵɯ ɤɨɬɥɨɜ, ɧɚɲɟɞɲɢɯ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. 
Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɤɚɠɞɨɣ ɤɨɦɩɨɧɨɜɤɢ ɤɨɬɥɚ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɤɨɦɩɨɧɨɜɨɤ ɤɨɬɥɚ 

ȼɢɞ ɤɨɦɩɨɧɨɜɤɢ ɉɪɟɢɦɭɳɟɫɬɜɚ ɇɟɞɨɫɬɚɬɤɢ 
ɉ-ɨɛɪɚɡɧɚɹ ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ ɜ ɧɢɠɧɸɸ 

ɱɚɫɬɶ ɬɨɩɤɢ ɢ ɜɵɜɨɞ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢɡ 
ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɲɚɯɬɵ 

ɇɟɪɚɜɧɨɦɟɪɧɨɟ ɡɚɩɨɥɧɟɧɢɟ 
ɝɚɡɚɦɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ 
ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɨɦɵɜɚɧɢɟ 
ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, 
ɧɟɪɚɜɧɨɦɟɪɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ ɩɨ 
ɫɟɱɟɧɢɸ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɲɚɯɬɵ 

Ɍ-ɨɛɪɚɡɧɚɹ ɍɥɭɱɲɟɧɧɵɣ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɬɪɭɛ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ,  

ɍɫɥɨɠɧɟɧɢɟ ɤɚɪɤɚɫɚ, ɨɛɳɚɹ 
ɦɟɬɚɥɥɨёɦɤɨɫɬɶ ɢ 
ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, 
ɫɥɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ 
ɪɚɜɧɨɦɟɪɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɩɨ ɩɚɪɚɥɥɟɥɶɧɵɦ 
ɝɚɡɨɯɨɞɚɦ 

Ȼɚɲɟɧɧɚɹ ɢ ɩɨɥɭɛɚɲɟɧɧɚɹ ɇɟɛɨɥɶɲɚɹ ɡɚɧɢɦɚɟɦɚɹ 
ɩɥɨɳɚɞɶ, ɨɬɫɭɬɫɬɜɢɟ 
ɩɨɜɨɪɨɬɨɜ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ, ɪɚɜɧɨɦɟɪɧɨɟ ɩɨɥɟ 
ɫɤɨɪɨɫɬɟɣ  

ɋɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 
ɤɪɟɩɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ, ɬɪɭɞɧɨɫɬɢ ɜ 
ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ 
ɪɚɛɨɬ 

N-ɨɛɪɚɡɧɚɹ ɤɨɦɩɨɧɨɜɤɚ Ƚɥɭɛɨɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɝɚɡɨɜ 
ɞɨ ɜɯɨɞɚ ɜ ɤɨɧɜɟɤɬɢɜɧɵɟ 
ɩɭɱɤɢ 

Ɉɛɳɚɹ ɫɥɨɠɧɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ 

 

ȼ ɯɨɞɟ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɫɜɨɣɫɬɜɚɦɢ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɜɵɫɨɤɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɨɪɟɧɢɹ ɢ ɩɨɜɵɲɟɧɧɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ 
ɲɥɚɤɨɜɚɧɢɸ ɢ ɡɚɝɪɹɡɧɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. Ɏɚɤɬɨɪɚɦɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɜɵɫɨɤɭɸ ɧɚɞёɠɧɨɫɬɶ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ 
ɞɚɧɧɨɦ ɬɨɩɥɢɜɟ, ɹɜɥɹɸɬɫɹ ɭɦɟɪɟɧɧɵɟ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɹ ɢ ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɝɚɡɨɜ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. 

ɋ ɭɱёɬɨɦ ɜɵɫɨɤɨɣ ɲɥɚɤɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɭɝɥɹ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 
ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ 
ɞɜɢɠɭɬɫɹ ɬɨɥɶɤɨ ɜɜɟɪɯ. ɉɪɢ ɷɬɨɦ ɨɬɩɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɥɨɠɧɨɦ 
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ɜɟɪɬɢɤɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɢ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ, ɚ ɜɟɪɬɢɤɚɥɶɧɵɣ ɤɨɧɜɟɤɬɢɜɧɵɣ 
ɝɚɡɨɯɨɞ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ.   

Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ – ɪɚɜɧɨɦɟɪɧɨɟ ɩɨɥɟ 
ɫɤɨɪɨɫɬɟɣ, ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɨɥɵ, ɱɬɨ ɫɜɹɡɚɧɨ 
ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɩɨɜɨɪɨɬɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɟɧɶɲɢɦ 
ɢɡɧɨɫɨɦ ɬɪɭɛ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɢɯ ɪɟɦɨɧɬ 
(ɩɨɫɥɟɞɧɟɟ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɨɪɨɝɢɯ ɫɬɚɥɟɣ, ɱɬɨ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɥɨɤɚ ɧɚ ɋɋɄɉ).   

Ȼɚɲɟɧɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɬɨɩɤɢ ɦɟɧɶɲɢɯ 
ɪɚɡɦɟɪɨɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɨɪɵ ɜ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɡɚ ɧɟɣ, ɭɦɟɧɶɲɚɹ ɨɛɳɭɸ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɤɨɬɥɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
ɩɪɢ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɭɩɪɨɳɚɸɬɫɹ ɭɡɥɵ ɰɟɥɶɧɨɫɜɚɪɧɨɣ ɦɟɦɛɪɚɧɧɨɣ 
ɤɨɪɨɛɤɢ ɷɤɪɚɧɨɜ, ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɟ ɫɬɵɤɢ ɩɚɧɟɥɟɣ ɫ ɪɚɡɥɢɱɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɪɟɞɵ, ɤɨɧɫɬɪɭɤɰɢɹ ɩɟɪɟɩɭɫɤɧɨɣ ɫɢɫɬɟɦɵ ɢ ɜɫɟɣ ɫɯɟɦɵ 
ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɦɢɪɨɜɚɹ ɬɟɧɞɟɧɰɢɹ, ɛɚɲɟɧɧɚɹ 
ɤɨɦɩɨɧɨɜɤɚ ɡɚɧɢɦɚɟɬ ɦɟɧɶɲɭɸ ɩɥɨɳɚɞɶ ɢ ɨɛɴɟɦ ɡɞɚɧɢɹ, ɢɦɟɟɬ ɥɭɱɲɭɸ 
ɤɨɦɩɨɧɨɜɤɭ ɝɨɪɟɥɨɤ, ɩɵɥɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɢ ɦɟɥɶɧɢɰ ɩɪɢ ɩɪɹɦɨɦ ɜɞɭɜɚɧɢɢ. 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɛɚɲɟɧɧɭɸ 
ɤɨɦɩɨɧɨɜɤɭ ɤɨɬɥɚ, ɨɬɥɢɱɢɟɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɨɩɭɫɤɧɨɣ ɝɚɡɨɯɨɞ, 
ɧɚɩɪɚɜɥɹɸɳɢɣ ɞɵɦɨɜɵɟ ɝɚɡɵ ɜɧɢɡ. Ɉɧ ɛɭɞɟɬ ɪɚɡɞɟɥɹɬɶɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɚ, ɜ 
ɨɞɧɨɦ ɢɡ ɤɨɬɨɪɵɯ ɞɵɦɨɜɵɟ ɝɚɡɵ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɚ ɜ 
ɞɪɭɝɨɦ ɪɚɡɦɟɳɟɧɵ ɛɚɣɩɚɫɵ ɉȼȾ ɢ ɉɇȾ, ɬɚɤɠɟ ɜɵɩɨɥɧɹɸɳɢɟ ɮɭɧɤɰɢɸ 
ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

 Ʉoɥɶɰɟɜɚɹ ɬɨɩɤɚ, ɩɪɢɧɹɬɚɹ ɤ ɪɟɚɥɢɡɚɰɢɢ ɜ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ, ɩɨ ɫɭɬɢ 
ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɨɩɪɟɞɟɥёɧɧɵɦ ɪɚɡɜɢɬɢɟɦ ɢɞɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ 
ɬɨɩɨɤ, ɢɦɟɸɳɢɯ ɜɢɯɪɟɜɨɣ ɯɚɪɚɤɬɟɪ ɬɟɱeɧɢɹ ɝaɡɨɜ ɜ ɧɢɯ.  

ȼ ɄɐɌ ɞɜɢɠɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪ ɫɩɢɪɚɥɶɧɨ-
ɜɢɯɪɟɜɨɝɨ ɩɨɬɨɤɚ, ɞɜɢɠɭɳɟɝɨɫɹ ɜ ɩɪɢɫɬɟɧɧɨɣ ɨɛɥɚɫɬɢ ɬɨɩɤɢ, ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɚɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɮɚɤɟɥɚ ɜ ɰɟɧɬɪɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. 
Ⱦɢɚɦɟɬɪ ɬɚɤɨɣ ɡɨɧɵ ɨɛɵɱɧɨ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ ɜ 40-50% ɨɬ ɪɚɡɦɟɪɚ ɫɟɱɟɧɢɹ 
ɬɨɩɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɚɡɦɟɫɬɢɬɶ ɬɚɦ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, 
ɫɨɯɪɚɧɹɹ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɢ ɧɚɞёɠɧɭɸ ɪɚɛɨɬɭ ɤɨɬɥɚ.   

ɉɪɢ ɷɬɨɦ ɜɪɚɳɟɧɢɟ ɮɚɤɟɥɚ ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɢɦɟɸɳɟɦ 
ɮɨɪɦɭ ɤɨɥɶɰɚ, ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɬɨɩɨɱɧɵɦɢ ɷɤɪɚɧɚɦɢ ɢ ɧɚɪɭɠɧɵɦɢ. 
ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɬɟɩɥɨɨɛɦɟɧɚ, ɚ ɬɚɤɠɟ ɜɵɝɨɪɚɧɢɹ ɢ ɫɦɟɲɟɧɢɹ ɜ 
ɬɚɤɨɦ ɜɢɞɟ ɬɨɩɨɤ ɦɨɝɭɬ ɞɨɜɨɥɶɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɧɢɬɶɫɹ ɫ ɭɫɥɨɜɢɹɦɢ ɜ 
ɬɨɩɤɚɯ, ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɷɧɟɪɝɟɬɢɤɟ. 

ɉɨɦɢɦɨ ɜɫɟɝɨ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɢ ɢɦɟɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɜɢɞɟ ɭɦɟɧɶɲɟɧɢɹ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɤɨɬɥɚ, 
ɩɨɡɜɨɥɹɸɳɟɟ ɧɚ 30-40% ɭɦɟɧɶɲɢɬɶ ɟɝɨ ɜɵɫɨɬɭ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɟɞёɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɦɟɬɚɥɥɨёɦɤɨɫɬɢ ɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ; ɬɚɤɠɟ ɞɚɧɧɚɹ ɬɨɩɤɚ, 
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ɪɚɛɨɬɚɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɚɤ ɭɦɟɧɶɲɟɧɢɟ 
ɜɵɛɪɨɫɨɜ NOx, ɬɚɤ ɢ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɭɸ ɧɚɞёɠɧɭɸ ɪɚɛɨɬɭ ɤɨɬɥɚ. 

 Ɍɭɪɛɨɚɝɪɟɝɚɬ 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɧɟɪɝɨɛɥɨɤɚ ɧɚ 
ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɬɪɟɛɭɟɬɫɹ ɬɭɪɛɨɚɝɪɟɝɚɬ, ɫɩɨɫɨɛɧɵɣ 
ɨɛɟɫɩɟɱɢɬɶ ɧɚɞёɠɧɭɸ, ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ. ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞёɧ 
ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ. 

Ɍɚɛɥɢɰɚ 4 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ 

Ɍɭɪɛɨɚɝɪɟɝɚɬ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Siemens SST-6000 -Ɇɨɳɧɨɫɬɶ: ɨɬ 300 ɞɨ 1200 Ɇȼɬ 

-ɄɉȾ: 46,5 % (ɞɜɨɣɧɨɣ 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ: 48 %)   
-ɑɚɫɬɨɬɚ: 50 ɢɥɢ 60 Ƚɰ 
-Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ: ɞɨ 330 ɛɚɪ / ɞɨ 
4786 ɮɭɧɬɨɜ ɧɚ ɤɜ. ɞɸɣɦ  
-Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ: ɞɨ 610 °C / ɞɨ 
1130 °F 
-ɍɫɥɨɜɢɹ ɩɟɪɟɝɪɟɜɚ ɞɥɹ 
ɨɞɧɨɤɪɚɬɧɨɝɨ ɢ ɩɨɜɬɨɪɧɨɝɨ 
ɩɟɪɟɝɪɟɜɚ: ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɞɨ 
630 °C / ɞɨ 1166 °F 

ɅɆɁ Ʉ-800 ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ: 800  
Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ, Ɇɉɚ (ɤɝ/ɫɦ2): ɞɨ 
23,5  
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, °ɋ: 540  

Hitachi Hitachinaka 1 ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ: ɞɨ 
1000 Ɇȼɬ 
Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ, Ɇɉɚ (ɤɝ/ɫɦ2): ɞɨ 
24,5 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, °ɋ: 600 
ɄɉȾ: ɞɨ 43,78% 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ Siemens SST-6000, 
ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɚɹ ɫɟɛɹ ɤɚɤ ɧɚɞёɠɧɵɣ ɚɝɪɟɝɚɬ ɫ ɜɵɫɨɤɢɦ ɄɉȾ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɦɧɨɝɢɯ 
ɫɬɚɧɰɢɹɯ ɦɢɪɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɜɵɛɪɚɧɧɨɦ ɩɪɨɬɨɬɢɩɟ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɛɥɨɤɚ – 
Ȼɥɨɤɟ Ʉ ɧɟɦɟɰɤɨɣ ɫɬɚɧɰɢɢ ɇɢɞɟɪɚɭɫɫɟɦ. Ⱦɚɧɧɵɣ ɬɭɪɛɨɚɝɪɟɝɚɬ ɪɚɫɫɱɢɬɚɧ ɧɚ 
ɪɚɛɨɬɭ ɩɪɢ ɞɚɜɥɟɧɢɢ ɨɫɬɪɨɝɨ ɩɚɪɚ ɞɨ 33 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 610 ֯C ɫ ɞɜɨɣɧɵɦ 
ɩɪɨɦɩɟɪɟɝɪɟɜɨɦ (ɞɨ 630 ֯C). ȼɨɡɦɨɠɧɚ ɨɪɝɚɧɢɡɚɰɢɹ ɞɨ 10 ɨɬɛɨɪɨɜ ɩɚɪɚ. 

ɉɚɪɨɜɵɟ ɬɭɪɛɢɧɵ Siemens ɫɟɪɢɢ SST-6000 ɲɢɪɨɤɨ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɧɚ 
ɭɝɨɥɶɧɵɯ ɩɚɪɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɦɨɳɧɨɫɬɶɸ ɞɨ 1200 Ɇȼɬ, ɢɧɨɝɞɚ ɄɉȾ 
ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ ɞɨɫɬɢɝɚɟɬ ɛɨɥɟɟ 53,7%. ɉɪɨɞɭɤɬɵ ɫɟɪɢɢ SST-6000 ɫɨɫɬɨɹɬ ɢɡ 
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ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (HP), ɬɭɪɛɢɧɵ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ (IP) ɢ 
ɞɨ ɬɪɟɯ ɬɭɪɛɢɧ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (LP) ɞɥɹ 50 ɢ 60 Ƚɰ. 

ɉɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɢɸɧɶ 2015 ɝɨɞɚ ɩɨ ɜɫɟɦɭ ɦɢɪɭ ɩɨɫɬɪɨɟɧɨ 488 ɟɞɢɧɢɰ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɟɪɢɢ Siemens SST-6000. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧ SST-
6000 ɜɨ ɜɫɟɦ ɦɢɪɟ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 100 000 Ɇȼɬ. ɒɢɪɨɤɢɣ ɚɫɫɨɪɬɢɦɟɧɬ 
ɬɭɪɛɢɧɧɵɯ ɦɨɞɭɥɟɣ ɨɬɜɟɱɚɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɧɨɦɢɧɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ ɢ ɩɚɪɚɦɟɬɪɚɦ ɩɚɪɚ. Ɇɨɞɭɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɬɟɯɧɢɱɟɫɤɭɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɪɨɟɤɬɚ Siemens ɧɚɫɬɪɚɢɜɚɟɬ 
ɫɜɨɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɥɨɩɚɬɨɤ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɨɩɬɢɦɚɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɨɛɪɚɧɧɵɟ ɦɨɞɭɥɢ ɭɦɟɧɶɲɚɸɬ ɜɪɟɦɹ ɫɛɨɪɤɢ ɧɚ ɦɟɫɬɟ ɢ 
ɬɟɯɧɢɱɟɫɤɢɣ ɪɢɫɤ. ȼɵɫɨɱɚɣɲɚɹ ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɫɬɭɩɧɨɫɬɶ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ 
ɭɪɨɜɧɟɦ ɜɵɧɭɠɞɟɧɧɵɯ ɨɬɤɥɸɱɟɧɢɣ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ ɩɨɥɨɜɢɧɵ 
ɫɪɟɞɧɟɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɟɜɟɪɨɚɦɟɪɢɤɚɧɫɤɨɝɨ ɋɨɜɟɬɚ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɧɚɞɟɠɧɨɫɬɢ (NERC). ɇɟ ɬɨɥɶɤɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɨɛɪɚɧɧɵɟ ɨɫɧɨɜɧɵɟ 
ɬɭɪɛɢɧɧɵɟ ɦɨɞɭɥɢ, ɧɨ ɢ ɩɨɫɬɚɜɥɹɟɦɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɪɚɫɫɱɢɬɚɧɵ 
ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɰɟɧɧɨɫɬɶ ɞɥɹ ɨɬɞɟɥɶɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ: ɫɢɫɬɟɦɚ ɫɦɚɡɨɱɧɨɝɨ 
ɦɚɫɥɚ, ɫɢɫɬɟɦɚ ɭɩɥɨɬɧɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ, ɩɚɪɨɜɚɹ ɫɢɫɬɟɦɚ ɭɩɥɨɬɧɟɧɢɹ, ɫɢɫɬɟɦɚ 
ɷɜɚɤɭɚɰɢɢ, ɜɨɞɨɪɨɞɧɚɹ ɫɢɫɬɟɦɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ. 

Ƚɟɧɟɪɚɬɨɪɵ ɫɟɪɢɢ SGen-3000 ɢɦɟɸɬ ɜɨɞɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫɬɚɬɨɪɚ ɢ 
ɜɨɞɨɪɨɞɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɪɨɬɨɪɚ. Ɉɧɢ ɹɜɥɹɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ 
ɦɚɲɢɧ ɜɵɫɨɤɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɢɦɟɸɬ ɫɨɜɪɟɦɟɧɧɵɣ ɤɨɦɩɚɤɬɧɵɣ ɞɢɡɚɣɧ. 

ɇɚ ɩɭɬɢ ɤ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɹ ɞɜɨɣɧɨɝɨ ɩɨɞɨɝɪɟɜɚ 
Siemens ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɲɚɝɨɜ, ɩɨɡɜɨɥɹɹ ɞɨɫɬɢɝɧɭɬɶ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ 54,4%. ɗɬɨ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɧɚ 
ɩɚɪɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɶɸ ɨɬ 1000 ɞɨ 1350 Ɇȼɬ. 

 Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɄɉȾ ɷɧɟɪɝɨɛɥɨɤɚ ɦɨɝɥɨ ɞɨɫɬɢɱɶ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɡɧɚɱɟɧɢɣ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɨɦɢɦɨ ɩɨɜɵɲɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɞɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɹɞ ɬɟɯɧɨɥɨɝɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɫɬɚɧɞɚɪɬɧɵɣ ɛɥɨɤ 800 Ɇȼɬ – ɞɜɨɣɧɨɣ ɩɪɨɦɩɟɪɟɝɪɟɜ 
(ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɄɉȾ ɧɚ 1-2%), ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɤɚ ɛɚɣɩɚɫɨɜ ɝɪɭɩɩ ɉɇȾ 
ɢ ɉȼȾ ɜ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ. ɉɪɨɬɨɬɢɩɨɦ ɫɯɟɦɵ ɫɬɚɥɚ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫɬɚɧɰɢɢ 
ɇɢɞɟɪɚɭɫɫɟɦ. ɉɨɥɭɱɟɧɧɚɹ ɫɯɟɦɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫɭɧɨɤ 1 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɛɥɨɤɚ 

Ɍɚɛɥɢɰɚ 5 - ɉɚɪɚɦɟɬɪɵ ɩɨ ɩɪɢɜɟɞёɧɧɨɣ ɫɯɟɦɟ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ P0, Ɇɉɚ 33 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ, ֯C 610 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɨɫɥɟ 

ɩɪɨɦɩɟɪɟɝɪɟɜɚ (ɜɬɨɪɢɱɧɨɝɨ), ֯C 
630 (630) 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ Pɤ, 
Ɇɉɚ 

0,004 

ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ 8 
Ⱦɚɜɥɟɧɢɹ ɩɨ ɨɬɛɨɪɚɦ 

ɉɚɪɚɦɟɬɪ ɉɨɬɪɟɛɢɬɟɥɶ Ɂɧɚɱɟɧɢɟ, Ɇɉɚ 
P1 ɉȼȾ-8 8,5 
P2 ɉȼȾ-7 5,43 
P3 ɉȼȾ-6 2,3 
P4 Ɍɉɇ, Ⱦɟɚɷɪɚɬɨɪ 1,52 
P5 ɉɇȾ-4 0,51 
P6 ɉɇȾ-3 0,35 
P7 ɉɇȾ-2 0,19 
P8 ɉɇȾ-1 0,03 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚɦɢ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɸɬɫɹ: 

1. Ɋɚɫɱёɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɛɥɨɤɚ ɢ ɜɵɛɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɬɜɟɱɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɚ 
ɬɚɤɠɟ ɟɝɨ ɪɚɫɱёɬ. 

2. ȼɵɱɢɫɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɚ 
ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɦɟɠɞɭ ɝɪɭɩɩɚɦɢ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɬɭɪɛɢɧɧɵɦɢ ɷɤɨɧɨɦɚɣɡɟɪɚɦɢ ɜ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ. 

3. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱёɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

4. Ɋɟɲɟɧɢɟ ɜɨɩɪɨɫɚ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɪɚɫɱёɬ ɜɪɟɞɧɵɯ 
ɜɵɛɪɨɫɨɜ, ɜɵɛɨɪ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɪɚɫɱёɬ ɪɚɫɫɟɢɜɚɧɢɹ). 

5. Ɋɚɡɪɚɛɨɬɤɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ ɫɬɚɧɰɢɢ. 

6. ȼɵɛɨɪ ɤɨɦɩɨɧɨɜɤɢ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. 

7. Ɋɚɫɱёɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ. 

8. ɋɨɡɞɚɧɢɟ 3D-ɦɨɞɟɥɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɪɚɡɪɚɛɨɬɤɚ ɱɟɪɬɟɠɟɣ 
ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ. 
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3. Ɋɚɫɱёɬɧɚɹ ɱɚɫɬɶ. 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 
 
ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɫɧɚɛɠɟɧɢɟ ɩɨɫёɥɤɚ ɪɚɛɨɱɢɯ ɭ ɝɨɪɧɨ-

ɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɤɨɦɛɢɧɚɬɚ ɬɟɩɥɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱёɬɧɨɝɨ ɛɵɥ ɜɵɛɪɚɧ 
ɬɟɩɥɨɜɨɣ ɝɪɚɮɢɤ 130/70, ɜɟɥɢɱɢɧɚ ɧɚɝɪɭɡɤɢ ɩɨ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɜɧɚ 125 
Ɇȼɬ. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

 
Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 

 
Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ: 

Gɫɜ = Qɨɬ
ɋɜ·Δ௧ = ଵଶହ଴଴଴ସ,ଵ଼଺·ሺଵଷ଴−଻଴ሻ = Ͷͻ͹,͸ͻ (25) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɋ: ݐ˅˔ = ˔˒ݐ + Ԃ = ͳ͵Ͳ + Ͷ = ͳ͵Ͷ  (26) 

ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ:  ̄ݐ˅˔ː = ͷ͸͵,Ͷͻ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ:  ܲ˅′̝ = ݂ሺݐ˅˔ሻ=0,͵ͲͶ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ:  ܲː′̝ = Ͳ,ͻͷ · ଻ܲ =0,ͳͺͳ          (27) 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɋ: ݐ˅˔ = ݂( ଻ܲ ) = ͳͳ͸,ͻͻ                                  

ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ:  ̄ݐː˔ː = Ͷͻͳ,Ͳ͵ͳ 

3.2 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 

ɂɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ ɢɦɟɟɦ: 
ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ: 

 Ⱦɚɜɥɟɧɢɟ       P0 = 33 Ɇɉɚ; 
 Ɍɟɦɩɟɪɚɬɭɪɚ      t0 = 610 ɋ; 
 
 ɉɨ ɢɡɜɟɬɧɵɦ ɞɚɜɥɟɧɢɸ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ h-s ɞɢɚɝɪɚɦɦɟ (ɪɢɫ. 3) ɫɬɪɨɢɦ 
ɬɨɱɤɭ Ⱥ0. ɋ ɭɱёɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɰɢɥɢɧɞɪɚ 
ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, Ɇɉɚ: 

P0
' = P0·ηɞɪ

ɐȼȾ = ͵͵·0,95 = ͵ͳ,͵ͷ (28) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ P0
'  ɞɨ ɞɚɜɥɟɧɢɹ P1  

ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ A0B0. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ 
ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ «ȼ» ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ: 

iB = iA0 − (iA0
− iB0)·ηoi

ɐȼȾ = ͵Ͷͷͳ − ሺ3451 − ͵Ͳ͸ʹሻ · Ͳ,ͺͺʹ = ͵ͳͲͺ (29) 

ɝɞɟ,   
0Bi = ͵Ͳ͸ʹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɫɲɢɪɟɧɢɹ;  
 

0Ai = ͵ Ͷͷͳ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ;  

 ηoi
ɐȼȾ= 0,882 ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɰɢɥɢɧɞɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
Ɍɨɱɤɭ «ɋ» ɨɩɪɟɞɟɥɢɦ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɦɩɟɪɟɝɪɟɜɟ ∆ ɩܲɩ =ͻ,ͷ% ɢ ɫ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɐɋȾ, Ɇɉɚ: 

 
Pଶ′ = Pଶ·(1-∆ܲ˒ ˒)·ηɞɪ

ɐɋȾ = ͺ,ͷ·(1-0,095)·0,95 = ͹,͵Ͳͺ        (30) 

 
ɝɞɟ, ηɞɪ

ɐɋȾ = Ͳ,ͻͷ% ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ. 
ɗɧɬɚɥɶɩɢɹ ɜ ɬɨɱɤɟ «Ⱦ», ɤȾɠ/ɤɝ: 

iȾ = iʠ − (iʠ − iДͲ)·ηoi
ɐɋȾ = 3͹ʹͲ − ሺ3720 − ͵ͳͺͳሻ · Ͳ,ͺͶʹ = ͵ʹ͸͸     (31) 
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ɝɞɟ,    iʠ = ͵͹ʹͲ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ; 
 iД଴ = ͵ͳͺͳ ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɰɢɥɢɧɞɪɨɦ 
ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ; 
 ηoi

ʥʠД= 0,842 ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɞɥɹ ɰɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ. 
 ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
ɫ ɭɱёɬɨɦ ɩɨɬɟɪɶ ɜ ɩɪɨɦɩɟɪɟɝɪɟɜɟ, ɬɨɱɤɚ «Ⱦ’», Ɇɉɚ: 
 
 Pସ′ = Pସ·(1-∆ܲ˒ ˒)·ηɞɪ

ɐɇȾ = ͳ,ͷʹ·(1-0,095)·Ͳ,ͻ͹ = ͳ,͵͵Ͷ        (32) 

 
ɝɞɟ, ηɞɪ

ɐɇȾ = Ͳ,ͻ͹ ɩɨɬɟɪɢ ɨɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
ɗɧɚɥɶɩɢɹ ɜ ɬɨɱɤɟ «F», ɤȾɠ/ɤɝ: 

iி = iா − (iா − iFͲ)·ηoi
ɐɇȾ = ͵͹͸͵ − ሺ3763 − 2402ሻ · Ͳ,ͺͻʹ = ʹͷͶͻ     (33) 

ɝɞɟ,    iா = ͵͹͸͵ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 iி଴ = ʹͶͲʹ ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɡɚ ɰɢɥɢɧɞɪɨɦ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 ηoi

ʥʜД= 0,892 ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɞɥɹ ɰɢɥɢɧɞɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ) ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɝ/ɫ: 
Вʠܦ  = ீʠВ⋅𝛥௧Вʠ⋅ʠВሺ𝑖ల−௧˅˔ː− ሻ⋅𝜂˒ = ସଽ଻,଺ଽ⋅ଵ଻⋅ସ,ଵ଼଺ሺଷଷଷଷ−ହ଺ଷ,ହሻ⋅଴,ଽ଼ = ͳ͵,Ͳͷʹ .          (34) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤɝ/ɫ: 
 

ʜʠܦ = ʠВܩ ⋅ 𝛥ݐː˔ ⋅ ʠВ − Вʠܦ ⋅ −ː˔˅ݐ) − −ː˔ːݐ ) ⋅ 𝜂˒(𝑖଻ − −ː˔ːݐ ) ⋅ 𝜂˒ = 

= ସଽ଻,଺ଽ⋅ସ଻⋅ସ,ଵ଼଺−ଵ଻⋅ሺହ଺ଷ,ହ−ସଽଵሻ⋅଴,ଽ଼ሺଷଵ଻ହ−ସଽଵሻ⋅଴,ଽ଼ = ͵͸,ͺ͹ͳ .         (35) 

 
ɇɚɝɪɭɡɤɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȼɬ:   

 ܳВʠ = ʠВܩ ⋅ ሺݐ˅˔ − ː˔ሻݐ ⋅ ʠВ = Ͷͻ͹,͸ͻ ⋅ ሺͳ͵Ͳ − ͳͳ͹ሻ ⋅ Ͷ,ͳͺ͸ = ͵ͷͶʹͲ.      (36) 
 
ɇɚɝɪɭɡɤɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȼɬ: 
 ܳʜʠ = ʠВܩ ⋅ ሺݐʜʠ − ʝʠሻݐ ⋅ ʠВ = Ͷͻ͹,͸ͻ ⋅ ሺͳͳ͹ − ͹Ͳሻ ⋅ Ͷ,ͳͺ͸ = ͻ͹ͻͳ͵ .      (37) 
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Ɋɢɫɭɧɨɤ 3 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ i-s ɞɢɚɝɪɚɦɦɟ 
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3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 
 
ɉɨɞɨɝɪɟɜаɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞаɜɥɟɧия (ɉВД8). Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 

ɨɬɛɨɪɟ 8,5 Ɇɉɚ. ɉɪɢɧɢɦɚɹ ɩɨɬɟɪɸ ɞɚɜɥɟɧɢɹ ɪɚɜɧɨɣ 5 %, ɧɚɯɨɞɢɦ ɞɚɜɥɟɧɢɟ 
ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ: 

ʞܲВД଼ = ͺ,ͷ ⋅ Ͳ,ͻͷ = ͺ,Ͳ͹ͷ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɋ: 

tɧ = 295,661 

 ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ: 

ít  = 1321 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫ ɭɱёɬɨɦ ɧɟɞɨɝɪɟɜɚ, 
ɋ: 

tɩɜ = tɧ - ПВД  = 295,661 - 2 = 293,661 

ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ: 

пвt = tɩɜ·ɋɜ = 293,661·4,186 = 1310 

 ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ (ɢɡ i-s ɞɢɚɝɪɚɦɦɵ), ɤȾɠ/ɤɝ: 

iɨɬɛ = 3108 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɨɣ ɞɨ ɨɬɛɨɪɚ ɧɚ ɉȼȾ, ɤȾɠ/ɤɝ: 

h = i0 - iɨɬɛ = 3451 – 3108 = 342,853 

 Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 6. 
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Ɍɚɛɥɢɰɚ 6
 – ɉ

ɚɪɚɦɟɬɪɵ
 ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ

 

Ʉ 

0,004 

2549 

0,004 

28,962 

121,35 

28,962 

121,35 

2011 

ɉɇȾ
1 

0,03 

2813 

0,029 

68 

284,3 

64 

267,6 

1747 

ɇɋ 

0,19 

3175 

0,181 

121 

507 

117 

491 

1385 

ɉɇȾ
2 

0,19 

3175 

0,181 

117 

491 

113 

474 

1385 

ɉɇȾ3 

0,35 

3333 

0,333 

137 

576,7 

134 

559,5 

1227 

ȼɋ 

0,35 

3333 

0,333 

137 

563,5 

134 

561,5 

1227 

ɉɇȾ4 

0,51 

3441 

0,485 

150,6 

635 

146,6 

617,8 

1118 

Ⱦ 

1,52 

3266 

0,7 

165 

697
 

165 

697 

796,6 

Ɍɉɇ 

1,52 

- 

1,444 

28,96 

121,4 

- 

- 

796,6 

ɉȼȾ6 

2,3 

3371 

2,185 

216,9 

929,36 

214,9 

920,16 

691,6 

ɉȼȾ7 

5,43 

3622 

5,159 

265,9 

1164 

263,9 

1154 

440,89 

ɉȼȾ8 

8,5 

3451 

8,057 

295,66 

1321 

293,66 

1310 

342,85 

ȼɟɥɢɱɢɧɚ 

ܲˑ ˕˄, Ɇɉɚ 

𝑖ˑ˕˄, 
ɤȾɠ/ɤɝ 

̟ܲ ʞˑˇ−ˎя, Ɇɉɚ 

 ː, ɋݐ

 ː̅, ɤȾɠ/ɤɝݐ

 ɋ ,˒′ݐ

 ɤȾɠ/ɤɝ ,̅′ݐ

ℎˋ˔˒, ɤȾɠ/ɤɝ 
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 3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 
 
Ɂɧɚɹ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ, ɨɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɳɧɨɫɬɢ ɨɬɛɨɪɨɜ, ɢɞɭɳɢɯ ɧɚ ɩɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ.  
 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɞɥɹ ɜɟɪɯɧɟɝɨ 

ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

yɜɫ = 𝑖ɜɫ −𝑖𝑘𝑖బ−𝑖𝑘+௤˒˒ = ͵͵͵͵−ଶହସଽଷଷଷଷ−ଶହସଽ+ଵଵ଴ଽ = Ͳ,͵ͻ (38) 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ ɧɢɠɧɟɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ ɪɚɜɧɨ: 

ɭɧɫ = 𝑖ɧɫ−𝑖ɤ𝑖బ−𝑖𝑘+௤˒˒ = ͵ͳ͹ͷ−ଶହସଽଷଵ଻ହ−ଶହସଽ+ଵଵ଴ଽ = 0,͵ͳͳ . (39) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɞɥɹ ɬɭɪɛɨɩɪɢɜɨɞɚ: 

ɭɬɩɧ = 𝑖ɬɩɧ−𝑖ɤ𝑖బ−𝑖𝑘+௤˒˒ = ͵ʹ͸͸−ଶହସଽଷଶ଺଺−ଶହସଽ+ଵଵ଴ଽ = 0,͵ͷ͸ (40) 

ɉɭɬёɦ ɧɟɫɤɨɥɶɤɢɯ ɢɬɟɪɚɰɢɣ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɟɝɟɧɟɪɚɰɢɢ Kɪ = 1,217. ɉɨɞɫɬɚɜɥɹɹ ɜ ɮɨɪɦɭɥɭ ɞɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɟɝɟɧɟɪɚɰɢɢ, ɩɨɥɭɱɚɟɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ ɪɚɜɧɵɦ, ɤɝ/ɫ: ்ܦ = 𝐾Ɋ · ( ɷܹܪ𝑖 · 𝜂ɷɦ

+ ɜɫݕ · ɜɫܦ + ɧɫݕ · ɧɫܦ + ɬɩɧݕ · (ɬɩɧܦ = ͳ,ʹͳ͹ · ሺ ͺͲͲͲͲͲʹͲͳͳ ⋅ Ͳ,ͻͺ + +Ͳ,͵ͻ · ͳ͵,Ͳͷʹ + Ͳ,͵ͳͳ · ͵͸,ͺ͹ͻ + Ͳ,͵ͷ͸ · ͷͲ,ͻ͵ʹሻ = ͷ͵͸,͵ͳͶ  (41) 

ɝɞɟ    Hi = 2011 ɤȾɠ/ɤɝ – ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɩɟɪɟɩɚɞɚ, ɫɪɚɛɚɬɵɜɚɟɦɨɝɨ ɬɭɪɛɢɧɨɣ;  
ɷɦ  = 0,98 – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ. 
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3.5 Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 
 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ ɩɪɢɧɹɬ 0,5 % ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ: 
= ˉэܦ   Ͳ,ͲͲͷܦ˕  =  Ͳ,ͲͲͷͷ͵͸,͵ͳͶ =  ʹ,͸ͺʹ         (42) 
 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ, ɤɝ/ɫ: ܦ˖˒ˎ  =  Ͳ,Ͳͳܦ˕  =  Ͳ,Ͳͳͷ͵͸,͵ͳͶ =  ͷ,͵͸͵ (43) 

ɍɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ: ܦ˖˕  =  ఈ˖˕ଵ଴଴ ˕ܦ  =  ଵଵ଴଴ ͷ͵͸,͵ͳͶ =  ͷ,ͺͻͻ (44) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɤɝ/ɫ: ܦ˔ː  =  Ͳ,ͲʹͶܦ˕ =  Ͳ,ͲʹͶͷ͵͸,͵ͳͶ =  ͳʹ,ͺ͹ʹ (45) 

Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤɝ/ɫ: ܦ˒ˈ  = ˕ܦ   + ˉэܦ   + ˎ˒˖ܦ   + ˕˖ܦ   + ː˔ܦ   = ͷ͵͸,͵ͳͶ +  ʹ,͸ͺʹ +  ͷ,͵͸͵ + ͷ,ͺͻͻ +  ͳʹ,ͺ͹ʹ =  ͷ͸͵,ͳʹͻ  (46) 

Ʉɨɬёɥ ɩɪɹɦɨɬɨɱɧɵɣ, ɩɨɷɬɨɦɭ ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɪɚɜɟɧ ɪɚɫɯɨɞɭ 
ɩɟɪɟɝɪɟɬɨɝɨ, ɤɝ/ɫ: ܩɩɜ = ɩɟܦ = ͷ͸͵,ͳʹͻ 
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 3.6 Ɋɚɫɱёɬ ɨɛɴёɦɨɜ, ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

 3.6.1 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

 Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ȽɊɗɋ ɛɭɞɟɬ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɉɚɪɬɢɡɚɧɫɤɨɦ ɪɚɣɨɧɟ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɬɨɩɥɢɜɨɦ ɞɥɹ ɧɟё ɹɜɥɹɟɬɫɹ ɛɭɪɵɣ ɭɝɨɥɶ. Ɇɟɫɬɨɪɨɠɞɟɧɢɟ 
- ɂɪɲɚ-Ȼɨɪɨɞɢɧɫɤɢɣ ɪɚɡɪɟɡ. Ⱦɚɧɧɵɣ ɜɢɞ ɬɨɩɥɢɜɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

Ɍɚɛɥɢɰɚ 7 – Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % 
ȼɵɯɨɞ 

ɥɟɬɭɱɢɯ, 
Vɝ, % 

Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ, 

Qɧ
ɪ, 

ɤȾɠ/ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɡɨɥɵ, °C 
Wɪ Aɪ Sɪ Cɪ Hɪ Nɪ Oɪ t1 t2 t3 
33 7,4 0,2 42,6 3 0,6 13,2 47 15280 1180 1210 1230 

 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ 
ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ:  ܸ˅ˑ = Ͳ,Ͳͺͺͻ ∙ ሺܥ˓ + Ͳ,͵͹ͷ ∙ ܵ˓ሻ + Ͳ,ʹ͸ͷ ∙ ˓ܪ − Ͳ,Ͳ͵͵͵ ∙ ܱ˓, (47) 

ɝɞɟ ܥ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7); 
 ܱ˓ – ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 
7). 
 ;ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7) – ˓ܪ 
 ܵ˓ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ.ɬɚɛɥɢɰɭ 7); ܸ˅ˑ = Ͳ,Ͳͺͺͻ ∙ ሺͶʹ,͸ + Ͳ,͵͹ͷ ∙ Ͳ,ʹሻ + Ͳ,ʹ͸ͷ ∙ ͵ − Ͳ,Ͳ͵͵͵ ∙ ͳ͵,ʹ = Ͷ,ͳͶͻ.   

Ɉɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ: 

ேܸమˑ = Ͳ,͹ͻ ∙ ܸ˅ˑ + Ͳ,ͺ ∙ ே˓ଵ଴଴,  (48) 

ɝɞɟ ܸ˅ˑ – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (71); ܰ˓ – ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7). 

ேܸమˑ = Ͳ,͹ͻ ∙ Ͷ,ͳͶͻ + Ͳ,ͺ ∙ ଴,଺ଵ଴଴ = ͵,ʹͺ͵.  

Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ 
ɬɨɩɥɢɜɚ: 

ோܸைమˑ = ͳ,ͺ͸͸ ∙ ஼˓+଴,ଷ଻ହ∙ௌ˓ଵ଴଴ ,  (49) 

ɝɞɟ ܵ˓ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7); ܥ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7); 
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ோܸைమˑ = ͳ,ͺ͸͸ ∙ ସଶ,଺+଴,ଷ଻ହ∙଴,ଶଵ଴଴ = Ͳ,͹ͻ͸.  

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ: 

ுܸమைˑ = Ͳ,ͳͳͳ ∙ ˓ܪ + Ͳ,ͲͳʹͶ ∙ ܹ˓ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅଴, (50) 

ɝɞɟ ܸ˅ˑ – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (71); 
 ܹ˓ – ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7). ܪ˓ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7); 

ுܸమைˑ = Ͳ,ͳͳͳ ∙ ͵ + Ͳ,ͲͳʹͶ ∙ ͵͵ + Ͳ,Ͳͳ͸ͳ ∙ Ͷ,ͳͶͻ = Ͳ,ͺͲͻ.  

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ: ܸ̂ˑ = ோܸைమˑ + ேܸమˑ + ுܸమைˑ ,  (51) 

ɝɞɟ ோܸைమˑ  – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (73); 
 ேܸమˑ – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (72); 
 ுܸమைˑ  – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (74). 
 ܸ̂ˑ = Ͳ,͹ͻ͸ + ͵,ʹͺ͵ + Ͳ,ͺͲͻ = Ͷ,ͺͺͺ. 
 

3.6.2 Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ  

ɋ ɭɱёɬɨɦ ɜɢɞɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɛɵɥ ɜɵɛɪɚɧ 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ, ɪɚɜɧɵɣ ߙ˕ = ͳ,ʹ. ɉɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ ɩɨ ɝɚɡɨɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ ɤɨɬɥɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ: ∆ߙ˒ˎ = Ͳ,ͲͶ – ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɟ; ∆ߙ˕ = Ͳ,Ͳͷ – ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ; ∆ߙ˒˒ = Ͳ,Ͳ͵ – ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ; ∆ߙВЭʙ = Ͳ,Ͳʹ – ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɷɤɨɧɨɦɚɣɡɟɪɟ; ∆ߙВʖʞ = Ͳ,Ͳ͵ – ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ. 

 
Ɍɚɛɥɢɰɚ 8 – Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 
ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ƚɚɡɨɯɨɞ 

Ɍɨɩɨɱɧɚɹ 
ɤɚɦɟɪɚ, ɲɢɪɦɵ 

Ʉɉɉ1 ɉɉ1 Ʉɉɉ2 ɉɉ2 ȼɗɄ 
ȼɁɉ, 
Ȼɩɜɞ, 
Ȼɩɧɞ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ ߙ′′ = ˕ߙ + ∑  𝑖 1,2 1,23 1,26 1,29 1,32 1,34 1,4ߙ

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 

αɫɪ 
1,2 1,215 1,245 1,275 1,305 1,33 1,385 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 8 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ, ுܸమை = ுܸమைˑ + Ͳ,Ͳͳ͸ͳሺߙ˔˓ − ͳሻܸ˅ˑ 0,822 0,823 0,825 0,827 0,829 0,831 0,835 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜ, ɦ3/ɤɝ, ܸ̂ = ܸ̂ˑ + ͳ,Ͳͳ͸ሺߙ˔˓ − ͳሻܸ˅ˑ 5,731 5,794 5,921 6,047 6,174 6,279 6,511 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ݎோைమ = ோܸைమ/ܸ̂  0,139 0,137 0,134 0,132 0,129 0,127 0,122 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ݎுమை = ுܸమை/ܸ̂  0,143 0,142 0,139 0,137 0,134 0,132 0,128 

ɋɭɦɦɚɪɧɚɹ ɨɛɴɟɦɚɹ ɞɨɥɹ ˒ݎ = ோைమݎ +  ுమை 0,282 0,279 0,274 0,268 0,263 0,259 0,250ݎ

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤɝ/ɤɝ ܩˆ = ͳ − Ͳ,Ͳͳ ∙ ˓ܣ + ͳ,͵Ͳ͸ ∙ ˓˔ߙ ∙ ܸ˅ˑ 7,427 7,509 7,671 7,834 7,996 8,132 8,430 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɤɝ/ɤɝ ߤˊˎ = ˓ܣ ∙ܽ˖ː/ͳͲͲ ∙  0,008 0,009 0,009 0,009 0,009 0,009 0,010 ˆܩ

 

3.6.3 Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ⱦɥɹ ɜɫɟɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɷɧɬɚɥɶɩɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɛɴɟɦɨɜ ɜɨɡɞɭɯɚ ɢ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɜ ɤȾɠ/ɤɝ, ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ϑ, °C, ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɩɨ ɮɨɪɦɭɥɚɦ: ܪ˅ˑ = ܸ˅ˑ ∙ ˔˅ ∙ 𝜗,  (52) 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɥɫɹ ɧɨɜɵɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɬɚɥɶɩɢɣ 
ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɱɢɫɥɟɧɢɢ ɷɬɢɯ ɜɟɥɢɱɢɧ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 2200 ℃, ɤȾɠ/ɤɝ: ܪˆଶଶ଴଴ˑ = ܸ̂ˑ ∙ ˔ˆଶଶ଴଴ ∙ 𝜗 = Ͷ,ͺͺͺ ∙ ͳ͹ͳͲ ∙ ʹʹͲͲ = ͳͺ͵ͻͲ, 
ɝɞɟ ˔ˆଶଶ଴଴ = ͳ͹ͳͲ ˍДˉ/ˍˆ ∙ ʙ – ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200 ℃. 

ଶଶ଴଴ˑ˅ܪ  = ͵ͶͲ͵ ∙ ܸ˅ˑ = ͵ͶͲ͵ ∙ Ͷ,ͳͶͻ = ͳͶͳʹͲ.         (53) 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɱёɬɚ ɧɚɯɨɞɢɥɢɫɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: ܪ𝑖 = ሺܪˆଶଶ଴଴ˑ + ሺߙ𝑖 − ͳሻ ∙ ଶଶ଴଴ˑ˅ܪ ሻ ∙ 𝜗𝑖ଶ଺ଽହ−଴,ଷ∙𝜗𝑖         (54) 

 ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɮɨɪɦɭɥɟ: 𝜗𝑖 = ʹ͸ͻͷ ∙ ಹ𝑖ಹˆమమబబˑ +ሺ𝛼𝑖−భሻ ∙ಹ˅మమబబˑଵ+଴,ଷ ಹ𝑖ಹˆమమబబˑ +ሺ𝛼𝑖−భሻ ∙ಹ˅మమబబˑ            (55) 



33 
 

3.7 Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ ɢ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ 

ɉɨɬɟɪɹ q2, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɩɨɬɟɪɟɣ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɢɡ ɤɨɬɥɚ ɝɚɡɚɦɢ, 
%, ɢɦɟɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɤ ɨɬ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɬɚɤ ɢ ɨɬ 
ɡɧɚɱɟɧɢɹ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɨɤɢɞɚɸɳɢɯ ɤɨɬɟɥ: ݍଶ = ሺு˖˘−ఈ˖˘∙ு˘˅° ሻሺଵ଴଴−௤రሻொ˓˓ ,  (56) 

ɝɞɟ ܪ˖˘ – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ܪ˖˘ = ሺܪˆଶଶ଴଴ˑ + ሺߙ˖˘.ˆ − ͳሻ ∙ ଶଶ଴଴ˑ˅ܪ ሻ ∙ 𝜗˖˘.ˆଶ଺ଽହ−଴,ଷ∙𝜗˖˘.ˆ, (57) 

ˆ.˘˖ܪ = ሺͳͺ͵ͻͲ + ሺͳ,Ͷ − ͳሻ ∙ ͳͶͳʹͲሻ ∙ ଵଷ଴ଶ଺ଽହ−଴,ଷ∙ଵଷ଴ = ͳͳ͹͹  

 .ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ – ˘˖ߙ 
°˅˘ܪ  – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ tɯɜ = 40°C ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: ܪ˘˅° = ఉಳ∙ு˅మమబబˑ ∙t˘˅ଶ଺ଵ଴−଴,ଶହ∙t˘˅,  (58) ܪ˘˅° = ଵ∙ଵସଵଶ଴∙ସ଴ଶ଺ଵ଴−଴,ଶହ∙ସ଴ = ʹͳ͹,͵.   

 ܳ˓˓  – ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɬɟɩɥɨɬɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɤȾɠ/ɤɝ, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ ܳː˓  (ɫɦ. ɬɚɛɥɢɰɭ 7); 
 ସ– ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ, %, ɤɨɬɨɪɵɣݍ 
ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛɚ ɟɝɨ ɫɠɢɝɚɧɢɹ, ɞɥɹ ɛɭɪɵɯ ɭɝɥɟɣ, ɫɠɢɝɚɟɦɵɯ 
ɜ ɤɚɦɟɪɧɨɣ ɬɨɩɤɟ ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɩɪɢɧɢɦɚɟɬɫɹ ݍସ = Ͳ,ͷ [ͳ]. ݍଶ = ሺଵଵ଻଻−ଵ,ସ∙ଶଵ଻,ଷሻሺଵ଴଴−଴,ହሻଵହଶ଼଴ = ͷ,͸ͺͳ %.  

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ q3, %, ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ 
ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. Ʉɨɬɟɥ ɩɵɥɟɭɝɨɥɶɧɵɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ݍଷ = Ͳ. 

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɨɬ ɧɚɪɭɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ q5, %, ɱɟɪɟɡ ɜɧɟɲɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɤɨɬɥɚɯ ɛɨɥɶɲɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɧɟɜɟɥɢɤɚ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɤɨɬɥɚ. ȿɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ 
ɧɚɝɪɭɡɤɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɫɥɟɞɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ: 

ˏହːˑݍ = ቀ లబವːˑˏቁబ,ఱ
lg ஽ːˑˏ ,  (59) 

ɝɞɟ ܦːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ 563,129 ɤɝ/ɫ. 
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ɉɪɢ ɧɚɝɪɭɡɤɚɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ, ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ q5 
ɢɡɦɟɧɹɟɬɫɹ ɢ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݍହ = ˏହːˑݍ ∙ ஽ːˑˏ஽˒ˈ ,  (60) 

ɝɞɟ ܦːˑˏ– ɧɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ, ɤɝ/ɫ, ܦːˑˏ = ͷ͸͵,ͳʹͻ ˍˆ/ܿ; 
 .ɪɚɫɱɟɬɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ – ˈ˒ܦ 

ହːݍ = ቀ లబఱలయ,భమవቁబ,ఱlg ହ଺ଷ,ଵଶଽ = Ͳ,ͳͳͻ %.   ݍହ = Ͳ,ͳͳͻ ∙ ହ଺ଷ,ଵଶଽହ଺ଷ,ଵଶଽ = Ͳ,ͳͳͻ %.   

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ, ɨɬɞɚɧɧɨɝɨ ɝɚɡɚɦɢ, ɩɨɬɟɪɢ ɨɬ 
ɧɚɪɭɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɭɱɢɬɵɜɚɸɬɫɹ ɜɜɟɞɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɯɪɚɧɟɧɢɹ 
ɬɟɩɥɚ: ߮ = ͳ − ௤ఱଵ଴଴,  (61) 

ɝɞɟ ݍହ – ɫɦɨɬɪɟɬɶ ɮɨɪɦɭɥɭ (84). ߮ = ͳ − ଴,ଵଵଽଵ଴଴ = Ͳ,ͻͻ͹.   

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ q6, %, ɧɚɯɨɞɢɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: ݍ଺ = ௔˛ˎ∙஺˓∙ሺ௖௧ሻ˛ˎொː˓ ,  (62) 

ɝɞɟ ܣ˓ – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %, (ɫɦ. ɬɚɛɥɢɰɭ 7). 
 ܳː˓  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ, (ɫɦ. ɬɚɛɥɢɰɭ 7); ሺܿݐሻ˛ˎ – ɷɧɬɚɥɶɩɢɹ ɲɥɚɤɚ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɫɩɨɫɨɛɚ ɲɥɚɤɨɭɞɚɥɟɧɢɹ[1], ɞɥɹ ɬɜёɪɞɨɝɨ ɲɥɚɤɨɭɞɚɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ: ሺܿݐሻ˛ˎ = ͷ͸Ͳ; ܽ˛ˎ – ɞɨɥɹ ɲɥɚɤɨɭɥɚɜɥɢɜɚɧɢɹ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ: ܽ˛ˎ = ͳ − ܽ˖ː,  (63) ܽ˛ˎ = ͳ − Ͳ,ͻͷ = Ͳ,Ͳͷ.   ݍ଺ = ଴,ଶ∙଻,ସ∙ହ଺଴ଵହଶ଼଴ = Ͳ,ͲͳͶ.   

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ: 
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𝜂ˍ˃˄˓ = ͳͲͲ − ሺݍଶ + ଷݍ + ସݍ + ହݍ + ˓˄˃ˍ଺ሻ, (64) 𝜂ݍ = ͳͲͲ − ሺͷ,͸ͺͳ + Ͳ + Ͳ,ͷ + Ͳ,ͳͳͻ + Ͳ,ͲͳͶሻ = ͻ͵,͸ͺ͹. 

3.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ B, ɤɝ/ɫ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ 
ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɩɨɥɟɡɧɵɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ 
ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ ɢ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɜ ɩɚɪɨɜɨɦ ɤɨɬɥɟ: ܤ = ஽˒ˈሺℎ˒ˈ−௧̅˒˅ሻ+஽˒˒భሺℎ′′˒˒భ−ℎ′˒˒భሻ+஽˒˒మሺℎ˒˒మ−ℎ′˒˒భሻ+஽˕эభሺℎ′′˕эభ−ℎ′˕эభሻ+஽˕эమሺℎ′′˕эమ−ℎ′˕эమሻொː˓ ∙𝜂ˍ˃˄˓ , (65) 

ɝɞɟ ܦ˒ˈ–ɡɚɞɚɧɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ; 
 ܳː˓– ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; ̅ݐ˒ ˅ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɢ ɞɚɜɥɟɧɢɸ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ: ̅ݐ˒ ˅ = ݂ሺܲ˒ ˅, ˒̅ݐ ,ሻ˅˒ݐ ˅ = ͳ͵ͲͶ; 
 ℎ˒ˈ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɢ ɞɚɜɥɟɧɢɸ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ: ℎ˒ˈ = ݂ሺܲ˒ ˈ, ˒ܲ ሻ. Ɂɞɟɫɶˈ˒ݐ ˈ – ɞɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, Ɇɉɚ, ɢ ݐ˒ˈ– 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ,°C,ℎ˒ˈ = ͵Ͷͷͳ. 
,эଵ˕ܦ   эଶ – ɪɚɫɯɨɞɵ ɜ ɬɭɪɛɢɧɧɵɟ ɷɤɨɧɨɦɚɣɡɟɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ˕ܦ
ɛɚɣɩɚɫɟ ȼɁɉ. 
,ଵ˒˒ܦ  ܤ .ଶ – ɪɚɫɯɨɞɵ ɧɚ ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ˒˒ܦ = ହ଺ଷ,ଵଷሺଷସହଵ−ଵଷ଴ସሻ+ସଽ଺,ଷହሺଷ଻ଶ଴−ଷଵ଴଼ሻ+ସ଴ଽ,ଵଵሺଷ଻଺ଷ−ଷଶ଺଺ሻ+ଶଶଷ,ହሺ଺ସ଺,଺−ଵ଼ସሻ+ଵଵଶ,଺ሺଵଶ଻ଽ−଺ଽ଻ሻଵହଶ଼଴∙଴,ଽଷ଺଼଻ = ͳ͵ͳ,͹.  

ɉɪɢ ɧɟɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɹɯ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ q4 ɨɩɪɟɞɟɥɹɸɬ 
ɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ Bɪ, ɤɝ/ɫ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɨɜ ɢ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɜɨɡɞɭɲɧɨɦ 
ɬɪɚɤɬɟ: ܤ˓ = ܤ ∙ ሺͳ − ௤రଵ଴଴ሻ,  (66) 

ɝɞɟ ܤ – ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ (89); ݍସ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ, %. 

˓ܤ           = ͳ͵ͳ,͹ ∙ ቀͳ − ଴,ହଵ଴଴ቁ = ͳ͵ͳ 

          3.9 Ɍɟɩɥɨɜɨɣ ɪɚɫɱёɬ ɤɨɬɥɚ 

Ɂɚɞɚɱɟɣ ɪɚɫɱɟɬɚ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɫɬɚɥɨ ɨɩɪɟɞɟɥɟɧɢɟ ɟё 
ɜɵɫɨɬɵ ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɚɯ ɫ ɩɪɨɬɨɬɢɩɚ ɢ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ 𝜗 ′̞′ = ͳͳͲͲ℃.  
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ȼ ɩɪɨɝɪɚɦɦɟ Mathcad ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɛɥɚɝɨɞɚɪɹ 
ɤɨɬɨɪɨɣ ɩɨɫɥɟ ɪɹɞɚ ɢɬɟɪɚɰɢɣ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɢɫɤɨɦɚɹ ɜɵɫɨɬɚ – 71,7 ɦ. 
ɉɪɢɜɟɞёɧɧɵɣ ɞɚɥɟɟ ɪɚɫɱёɬ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɯɨɞɢɦɨɫɬɶ ɫɢɫɬɟɦɵ. 

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ Qɬ, ɤȾɠ/ɤɝ: ܳ˕ = ܳː˓ ∙ ଵ଴଴−௤య−௤ర−௤లଵ଴଴−௤ర + ܳ˅,  (67) 

ɝɞɟ ܳː˓  – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ (ɫɦ. ɬɚɛɥɢɰɭ 7); 
 ;% ,ଷ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚݍ 
 ;% ,ସ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɬɨɩɥɢɜɚݍ 
 ;% ,଺ – ɩɨɬɟɪɹ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚݍ 
 ܳ˅ – ɬɟɩɥɨɬɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ ɫ ɜɨɡɞɭɯɨɦ, ɤȾɠ/ɤɝ: ܳ˅ = ˅ˆߚ ∙ °˅ˆܪ + ሺ∆ߙ˕ + ሻˎ˒ߙ∆ ∙ °˅˘ܪ , (68) 

ɝɞɟ ߙ˕ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ; 
 ;ɩɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ – ˕ߙ∆ 
 ;ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ – ˅ˆߚ ;ɩɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɟ – ˎ˒ߙ∆ 
°˅ˆܪ   – ɷɧɬɚɥɶɩɢɹ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 
ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ tɝɜ = 300°C, ܪˆ˅° = ͳ͸͹ͳ; 
°˅˘ܪ   – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ (ɫɦ. ɮɨɪɦɭɥɭ 82); ߚˆ˅ = ˕ߙ − ˕ߙ∆ −  (69)  ,ˎ˒ߙ∆

ɝɞɟ ߙ˕ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ; 
 ;ɩɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ – ˕ߙ∆ 
˅ˆߚ ;ɩɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɟ – ˎ˒ߙ∆  = ͳ,ʹ − Ͳ,Ͳͷ − Ͳ,ͲͶ = ͳ,ͳͳ.  ܳ˅ = ͳ,ͳͳ ∙ ͳ͸͹ͳ + ሺͲ,Ͳͷ + Ͳ,ͲͶሻ ∙ ʹͳ͹,͵ = ͳͺ͹Ͷ.  

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɤȾɠ/ɤɝ: ܳ˕ = ͳͷʹͺͲ ∙ ଵ଴଴−଴−଴,ହ−଴,଴ଵସଵ଴଴−଴,ହ + ͳͺ͹Ͷ = ͳ͹ͳͷͲ.  

 Ɂɧɚɱɟɧɢɸ Qɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɨɪɟɬɢɱɟɫɤɚɹ (ɚɞɢɚɛɚɬɧɚɹ) ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɨɩɤɟ 𝜗˃,oɋ. Ɉɧɚ ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

  𝜗˃ = ʹ͸ͻͷ ∙ 𝑄˕ಹˆమమబబˑ +ሺ𝛼˕−భሻ∙ಹ˅మమబబˑଵ+଴,ଷ 𝑄˕ಹˆమమబబˑ +ሺ𝛼˕−భሻ∙ಹ˅మమబబˑ = ʹ͸ͻͷ ∙ భళభఱబభఴయవబ+ሺభ,మ−భሻ∙భరభమబଵ+଴,ଷ భళభఱబభఴయవబ+ሺభ,మ−భሻ∙భరభమబ = ͳ͹ͷͶ, (70) 

Ɉɫɧɨɜɧɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɫɥɭɠɢɬ 
ɤɪɢɬɟɪɢɣ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɤɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ): 
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ݑܤ = ݇ ∙ ݌ ∙  (71)  ,˕ݏ

ɝɞɟ ݌ – ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ, ݌ = Ͳ,ͳ; 
˕ݏ :,ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɬɨɩɤɢ, ɦ – ˕ݏ  = ͵,͸ ∙ ௏̞ி̝ ˕,  (72) 

ɝɞɟ ܸ̞  – ɨɛɴɟɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɦ3; 
ܨ̝  ˕ – ɩɨɥɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɬɨɩɤɢ, ɦ2 ݏ˕ = ͵,͸ ∙ ଶ଻ସ଺଴଼଺଴ସ = ͳͳ,Ͷͻ.   

 ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ, 1/(ɦ·Ɇɉɚ): ݇ = ݇ˆ ∙ ݎ˒ + ݇ˊˎ ∙ ˎˊߤ + ݇ˍ,  (73) 

ɝɞɟ ˒ݎ  – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 8 ɞɥɹ ɬα
; ݇ˍ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɱɚɫɬɢɰɚɦɢ ɝɨɪɹɳɟɝɨ ɤɨɤɫɚ, ɞɥɹ 
ɛɭɪɵɯ ɭɝɥɟɣ ݇ˍ = Ͳ,ͷ; 
 ;ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ – ˎˊߤ 
 ݇ˆ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: ݇ˆ = ቀ଻,଼+ଵ଺∙௥ಹమೀ√௥˒ ∙௦˕ − ͳቁ ∙ ቀͳ − Ͳ,͵͹ ∙ ்̞′′ଵ଴଴଴ቁ, (74) 

ɝɞɟ ݎுమை – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɬɚɛɥɢɰɟ 3; 
 ̞ܶ′′ –  ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, Ʉ, ̞ܶ′′ = 𝜗 ′̞′ + ʹ͹͵ = ͳͳͲͲ + ʹ͹͵ = ͳ͵͹͵ 𝐾; ݇ˆ = ቀ଻,଼+ଵ଺∙଴,ଵସଷ√଴,ଶ଼ଶ∙ଵଵ,ସଽ − ͳቁ ∙ ቀͳ − Ͳ,͵͹ ∙ ଵଷ଻ଷଵ଴଴଴ቁ = ʹ,ʹ͸ͷ,  

 ݇ˊˎ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ 
ɱɚɫɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ, 1/(ɦ·Ɇɉɚ): ݇ˊˎ = ସଷ∙ఘˆ(்̞′′∙ௗˊˎ)బ,లళ,  (75) 

ɝɞɟ 𝜌ˆ – ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɝ/ɦ3, 𝜌ˆ =ͳ͵ͲͲ; 
 ݀ˊˎ – ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɦɤɦ,ɞɥɹ ɦɨɥɨɬɤɨɜɵɯ 
ɦɟɥɶɧɢɰɩɪɢɧɢɦɚɟɦ ݀ˊˎ = ͳ͸; ݇ˊˎ = ସଷ∙ଵଷ଴଴ሺଵଷ଻ଷ∙ଵ଺ሻబ,లళ = ͸ͺ,ͻ͵ͳ.   
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݇ = ʹ,ʹ͸ͷ ∙ Ͳ,ʹͺʹ + ͸ͺ,ͻ͵ͳ ∙ Ͳ,Ͳͳ + Ͳ,ͷ = ͳ,ͺʹͺ.  ݑܤ = ͳ,ͺʹͺ ∙ Ͳ,ͳ ∙ ͳͳ,Ͷͻ = ʹ,ͳ.  

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɜ ɬɨɩɤɟ: ܽ˕ = ͳ − ݁−஻௨ = ͳ − ݁−ଶ,ଵ = Ͳ,ͺ͹ͺ,   (76) 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ݑܤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ 
ɤɪɢɬɟɪɢɹ Ȼɭɝɟɪɚ: ݑ̃ܤ = ͳ,͸ ∙ ݈݊ ቀଵ,ସ∙஻௨మ+஻௨+ଶଵ,ସ∙஻௨మ−஻௨+ଶቁ,  (77) 

ɝɞɟ ݑܤ – ɤɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ. ݑ̃ܤ = ͳ,͸ ∙ ݈݊ ቀଵ,ସ∙ଶ,ଵమ+ଶ,ଵ+ଶଵ,ସ∙ଶ,ଵమ−ଶ,ଵ+ଶቁ = Ͳ,ͺͶͳ.  

ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɹɞɪɚ ɮɚɤɟɥɚ ɜ ɬɨɩɤɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɟɟ ɜɟɪɯɧɟɣ ɱɚɫɬɢ. ɍɱɟɬ ɩɨɥɨɠɟɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɮɚɤɟɥɚ ɜ 
ɤɚɦɟɪɧɨɣ ɬɨɩɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ܯ :ܯ = Ͳ,ͷͻ − Ͳ,ͷ ∙ ܺ˕,  (78) 

ɝɞɟ ܺ˕ – ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ ɩɨɥɨɠɟɧɢɹ ɡɨɧɵ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɩɤɟ: ܺ˕ = ℎˆℎ˕,  (79) 

ɝɞɟ ℎˆ – ɜɵɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɪɟɥɨɤ, ɦ, ℎˆ = ʹͷ; 
 ℎ˕ – ɜɵɫɨɬɚ ɬɨɩɤɢ, ɦ, ℎ˕ = ͹ͳ,͹. ܺ˕ = ଶହ଻ଵ,଻ = Ͳ,͵Ͷͻ.   ܯ = Ͳ,ͷͻ − Ͳ,ͷ ∙ Ͳ,͵Ͷͻ = Ͳ,Ͷͳ͸.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɚ: ߰эˍ˓ = ߦ ∙  (80)  ,ݔ

ɝɞɟ ߦ – ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, ɤɨɬɨɪɵɣ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɨɫɩɪɢɧɹɬɭɸ ɞɨɥɸ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ, ɩɚɞɚɸɳɢɦ ɧɚ ɷɤɪɚɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ߦ =Ͳ,ͷ[1]; 
ݔ ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ, ɩɪɢɧɢɦɚɟɦ ɟɝɨ – ݔ  = Ͳ,ͻͺ. ߰эˍ˓ = Ͳ,ͷ ∙ Ͳ,ͻͺ = Ͳ,Ͷͻ   
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ɍɬɨɱɧɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, °C: 𝜗 ′̞′ = ்˃ଵ+ெ∙஻௨̃బ,య∙[ఱ,లళ∙భబ−భభ∙𝜓эˍ˓∙𝐹˔˕∙೅య˃𝜑∙ಳ˓∙𝑉˔˓ ]బ,ల − ʹ͹͵, (81) 

ɝɞɟ ܶ˃  – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, Ʉ, ܶ˃ = 𝜗˃ + ʹ͹͵ = ͳ͹ͷͶ + ʹ͹͵ = ʹͲʹ͹; 
ܨ̝  ˕ – ɩɨɥɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɬɨɩɤɢ, ɦ2; 
 ߰эˍ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɚ; 
 ;ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ – ˓ܤ 
 ߮ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ; 
 ܸ̝˓ – ɫɪɟɞɧɹɹ ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ: ܸ̝˓ = ொ˕−ு′̞′𝜗˃−ሺ𝜗′̞′ሻˊ,  (82) 

ɝɞɟ ܪ′̞′ – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 78 ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ሺ𝜗 ′̞′ሻˊ = ͳͳͲͲ°C: 
′̞′ܪ  = ሺͳͺ͵ͻͲ + ሺͳ,ʹ − ͳሻ ∙ ͳͶͳʹͲሻ ∙ ଵଵ଴଴ଶ଺ଽହ−଴,ଷ∙ଵଵ଴଴ = ͻͺ͸͹.  ܸ̝˓ = ଵ଻ଵହ଴−ଽ଼଺଻ଵ଻ହସ−ଵଵ଴଴ = ͳͳ,ͳͶ͸.  ሺ𝜗 ′̞′ሻ˓ = ଶ଴ଶ଻ଵ+଴,ସଵ଺∙଴,଼ସଵబ,య∙[ఱ,లళ∙భబ−భభ∙బ,రవ∙ఴలబర∙మబమళయబ,వవళ∙భయభ∙భభ,భరల ]బ,ల − ʹ͹͵ = ͳͲͻͻ,Ͷ.  

ɇɟɜɹɡɤɚ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɨɬ ɧɚɣɞɟɧɧɨɣ 
ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ 1 °C: |ሺ𝜗 ′̞′ሻ˓ − ሺ𝜗 ′̞′ሻˊ| < ͳ °C,  (83) |ͳͲͻͻ,Ͷ. −ͳͳͲͲ| = Ͳ,͸ °C < ͳ °C.  

Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, 
°C,  ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɭɸ 𝜗 ′̞′ = ͳͳͲͲ. 

 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ 

ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɨɩɤɢ, ɤȾɠ/ɤɝ: ܳˎ = ߮ ∙ ሺܳ˕ −  ሻ,  (84)′̞′ܪ

ɝɞɟ ߮ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ; 
 ܳ˕ – ɩɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɤȾɠ/ɤɝ. 
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ܳˎ = Ͳ,ͻͻ͹ ∙ ሺͳ͹ͳͷͲ − ͻͺ͸͹ሻ = ͹ʹ͹͹.  

ɋɪɟɞɧɟɟ ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɤɢ (ɜɨɫɩɪɢɧɹɬɵɣ ɬɟɩɥɨɜɨɣ 
ɩɨɬɨɤ), ɤȼɬ/ɦ2: ݍˎ = ஻˓∙ொˎி̝ ˕∙ఞ ,  (85) 

ɝɞɟ ܤ˓ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; ܳˎ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ 
ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɨɩɤɢ, ɤȾɠ/ɤɝ; ߯ – ɫɬɟɩɟɧɶ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɫɬɟɧ ɬɨɩɤɢ, ߯ = Ͳ,ͻͺ; 
ܨ̝  ˕ – ɩɨɥɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɬɨɩɤɢ, ɦ2; 

ˎݍ           = ଵଷଵ∙଻ଶ଻଻଼଺଴ସ∙଴,ଽ଼ = ͳͳ͵,Ͳ͹͹.  

Ɂɚɬɟɦ ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɬɟɩɥɨɜɨɣ ɪɚɫɱёɬ ɤɨɬɥɚ, ɨɩɪɟɞɟɥɟɧɵ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ɍɚɛɥɢɰɚ 9 – Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɉɨɜɟɪɯɧɨɫɬɶ F, ɦ2 h, ɦ z1 z2 
Ɍɗ2 9411 2,8 124 40 
Ɍɗ1 26000 4,2 124 106 
ȼɗɄ 5991 2,6 288 20 
ȼɁɉ 47010 4,9 444 200 
ɉɉ2 51670 3,24 191 100 

Ʉɉɉ2 2008 0,324 191 10 
ɉɉ1 13760 2,592 191 30 

Ʉɉɉ1 3990 0,72 191 6 
ɒɉɉ 4742 3 40  

Ɍɨɩɤɚ 9060 71,7   

 

 

 

 

 

 

 



4
1 

 
 

Ɋɢɫɭɧɨɤ 4 – Ɍɟɦɩɟɪɚɬɭɪɵ ɩɨ ɬɪɚɤɬɚɦ ɤɨɬɥɚ 
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3.10 Ɋɚɫɱёɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɫɱёɬɚ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ 
ɹɜɥɹɟɬɫɹ ɛɚɣɩɚɫɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɉȼȾ ɢ ɉɇȾ ɜ ɤɨɬёɥ ɜ ɪɚɡɦɟɪɟ 50% ɢ 20% 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɯɟɦɵ ɛɥɨɤɚ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɫɨɯɪɚɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ ɢ ɢɫɤɥɸɱɚɹ 
ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɞɟɚɷɪɚɬɨɪ. 

3.10.1 Ɋɚɫɱёɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉȼȾ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-8 ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɪɚɜɟɧ, ɤɝ/ɫ: ܦʞВД଼ = ∆ʞВД∙ீ˒˅∙ሺ௧̅˒˅ʞВДఴ−௧̅˒˅ʞВДళሻሺℎభ−௧̅ʞВДఴሻ∙𝜂˕ˑ = ଴,଼∙ହ଺ଷ,ଵଷ∙ሺଵଷଵ଴−ଵଵହସሻሺଷଵ଴଼−ଵଷଶଵሻ∙଴,ଽ଼ = ͵ͻ,ͻ͸͹         (86) 

 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-7 ɪɚɜɟɧ, ɤɝ/ɫ: ܦʞВД଻ = ∆ʞВД ∙ ˅˒ܩ ∙ ˒̅ݐ) ˅ʞВД଻ − ˒̅ݐ ˅ʞВД଺) − ʞВД଼ܦ ∙ ʞ̅ВД଼ݐ) − (ʞ̅ВД଻ݐ ∙ 𝜂˕ˑ(ℎଵ − (ʞ̅ВД଻ݐ ∙ 𝜂˕ˑ = 

= ଴,଼∙ହ଺ଷ,ଵଷ∙ሺଵଵହସ−ଽଶ଴,ଶሻ−ଷଽ,ଽ଺଻∙ሺଵଷଶଵ−ଵଵ଺ସሻ∙଴,ଽ଼ሺଷ଺ଶଶ−ଵଵ଺ସሻ∙଴,ଽ଼ = Ͷͳ,ʹͷͺ          (87) 

  

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɉȼȾ-6 ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɱɢɬɚɬɶ 
ɷɧɬɚɥɶɩɢɸ ɫ ɭɱёɬɨɦ ɧɚɝɪɟɜɚ ɜɨɞɵ ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, ɤȾɠ/ɤɝ: ̅ݐ˒ ː = Д̅ݐ + ∆௉˒ ː∙௏𝜂ʜ∙ଵ଴଴଴,              (88) 

ɝɞɟ ∆ܲ˒ ː – ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɞɚɜɥɟɧɢɟɦ ɧɚɝɧɟɬɟɧɢɹ ɢ ɞɚɜɥɟɧɢɟɦ ɧɚ ɜɫɚɫɟ ɧɚɫɨɫɚ, 
Ɇɉɚ, ∆ܲ˒ ː = ܲ˒ ː − ܲ̌ = ͳ,Ͷ ଴ܲ − ܲ̌ = Ͷ͸,ʹ − Ͳ,͹ = Ͷͷ,ͷ; 

 V – ɭɞɟɥɶɧɵɣ ɨɛɴёɦ ɜɨɞɵ, ܸ = Ͳ,ͲͲͳ ˏଷ/ˍˆ; 

 𝜂ʜ – ɄɉȾ ɧɚɫɨɫɚ, ɩɪɢɧɢɦɚɟɦ 𝜂ʜ = Ͳ,ͺ͵. ̅ݐ˒ ː = ͸ͻ͹,ͳ + Ͷͷ,ͷ ∙ Ͳ,ͲͲͳͲ,ͺ͵ ∙ ͳͲͲͲ = ͹ͷ͹,ͺͺͳ. 
 Ɍɨɝɞɚ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-6 ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ: ܦʞВД଺ = ∆ʞВД ∙ ˅˒ܩ ∙ ˒̅ݐ) ˅ʞВД଺ − ˒̅ݐ ː) − ሺܦʞВД଼ + ʞВД଻ሻܦ ∙ ʞ̅ВД଻ݐ) − (ʞ̅ВД଺ݐ ∙ 𝜂˕ˑ(ℎଷ − (ʞ̅ВД଺ݐ ∙ 𝜂˕ˑ = 

= ଴,଼∙ହ଺ଷ,ଵଷ∙ሺଽଶ଴,ଶ−଻ହ଻,଼଼ଵሻ−ሺଷଽ,ଽ଺଻+ସଵ,ଶହ଼ሻ∙ሺଵଵ଺ସ−ଽଶଽ,ସሻ∙଴,ଽ଼ሺଷଷ଻ଵ−ଽଶଽ,ସሻ∙଴,ଽ଼ = ʹʹ,͵ͺ͵         (89) 

 3.10.2 Ɋɚɫɱёɬ ɞɟɚɷɪɚɬɨɪɚ 

 Ⱦɥɹ ɪɚɫɱёɬɚ ɞɟɚɷɪɚɬɨɪɚ ɜ ɩɪɨɝɪɚɦɦɟ Mathcad ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ 
ɫɥɟɞɭɸɳɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (ɫ ɭɱёɬɨɦ ɧɚɝɪɟɜɚ ɜɨɞɵ ɜ ɬɭɪɛɢɧɧɨɦ 
ɷɤɨɧɨɦɚɣɡɟɪɟ): 
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ɍɪɚɜɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ: 

Gɩɜ = (DɉȼȾ଼ + DɉȼȾ଻ + DɉȼȾ଺) + Dɞ + Gɨɤ (90) ͷ͸͵,ͳ͵ = ሺ͵ͻ,ͻ͸͹ + Ͷͳ,ʹͷͺ + ʹʹ,͵ͺ͵ሻ + Dɞ + Gɨɤ 

ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: G˒˅ ∙ t̅Д = ሺDʞВД଼ + DʞВД଻ + DʞВД଺ሻ ∙ t̅ʞВД଼ + Dˇ ∙ hସ + Gˑˍ ∙ t̅˒˅ʞʜДସ′ (91) ͷ͸͵,ͳ͵ ∙ ͸ͻ͹,ͳ = ሺ͵ͻ,ͻ͸͹ + Ͷͳ,ʹͷͺ + ʹʹ,͵ͺ͵ሻ ∙ ͳ͵ʹͳ + Dɞ ∙ ͵ʹ͸͸ + Gɨɤ ∙ ˍˑܩ ʞʜДସ˅˒′̅ݐ ∙ ݐ ̅˒ ˅ʞʜДͶ′ = ˍˑܩ ∙ ∆ʞʜД ∙ ˒̅ݐ ˅ʞʜДସ + ˍˑܩ ∙ ሺͳ − ∆ʞʜДሻ ∙ ̞̅ݐ эଵ′′ (92) ܩˑˍ ∙ ݐ ̅˒ ˅ʞʜДͶ′ = ˍˑܩ ∙ Ͳ,ͷ ∙ ͸ͳ͹,ͺ + ˍˑܩ ∙ ሺͳ − Ͳ,ͷሻ ∙ ͸Ͷ͸,͸ 

 Ɋɟɲɢɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɦ, ɤɝ/ɫ: 

Gɨɤ = ͶͶͻ,ͺ͹ͺ 

       Dɞ = ʹ,ͳʹͳ 

 ɉɪɢ ɷɬɨɦ ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɞɟɚɷɪɚɬɨɪ ɪɚɜɧɚ, 
Ʉɞɠ/ɤɝ: ̅ݐ˒ ˅ʞʜДସ′ = ͸͵ʹ,ʹ 

3.10.3 Ɋɚɫɱёɬ ɬɭɪɛɨɩɪɢɜɨɞɚ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ 

  Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɨɩɪɢɜɨɞ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɛɵɥ ɧɚɣɞɟɧ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɤɝ/ɫ: 

ː˒˕ܦ       = ீ˒˅∙௏∙ሺ௉˒ ː−௉̌ ሻு𝑖ʡʞʜ∙𝜂ː∙𝜂ˏ = ହ଺ଷ,ଵଷ∙଴,଴଴ଵ∙ሺସ଺,ଶ−଴,଻ሻ଻ଵଶ,ଵଷ଺∙଴,଼ଷ∙଴,ଽ଼ = ͷͲ,ͻ͵ʹ.   (93) 

 3.10.4 Ɋɚɫɱёɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉɇȾ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-4 ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɪɚɜɟɧ, ɤɝ/ɫ: ܦʞʜДସ = ∆ʞʜД∙ீˑˍ∙ሺ௧̅˒˅ʞʜДర−௧̅˒˅ʞʜДయሻሺℎఱ−௧̅ʞʜДరሻ∙𝜂˕ˑ = ଴,ହ∙ସସଽ,଼଻∙ሺ଺ଵ଻,଼−ହହଽ,ହሻሺଷସସଵ−଺ଷହ,ଵሻ∙଴,ଽ଼ = Ͷ,͹͹         (94) 

 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-3 ɪɚɜɟɧ, ɤɝ/ɫ: ܦʞʜДଷ = ∆ʞʜД ∙ ˍˑܩ ∙ ሺ̅ݐ˒ ˅ʞʜДଷ − ˒̅ݐ ˅ʞʜДଶሻ − ʞʜДସܦ ∙ ʞ̅ʜДସݐ) − (ʞ̅ʜДଷݐ ∙ 𝜂˕ˑ(ℎ଺ − (ʞ̅ʜДଷݐ ∙ 𝜂˕ˑ = 

= ଴,ହ∙ସସଽ,଼଻∙ሺହହଽ,ହ−ସ଻ସ,ଵሻ−ସ,଻଻∙ሺ଺ଷହ,ଵ−ହ଻଺,଺ሻ∙଴,ଽ଼ሺଷଷଷଷ−ହ଻଺,଺ሻ∙଴,ଽ଼ = ͹,ͲͳͶ         (95)
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 Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-2 ɪɚɜɟɧ, ɤɝ/ɫ: ܦʞʜДଶ = ∆ʞʜД ∙ ˍˑܩ ∙ ˒̅ݐ) ˅ʞʜДଶ − ˒̅ݐ ˅ʞʜДଵ) − ሺܦʞʜДସ + ʞʜДଷሻܦ ∙ ʞ̅ʜДଷݐ) − (ʞ̅ʜДଶݐ ∙ 𝜂˕ˑ(ℎ଻ − (ʞ̅ʜДଶݐ ∙ 𝜂˕ˑ = 

= ଴,ହ∙ସସଽ,଼଻∙ሺସ଻ସ,ଵ−ଶ଺଻,଺ሻ−ሺସ,଻଻+଻,଴ଵସሻ∙ሺହ଻଺,଺−ସଽଵሻ∙଴,ଽ଼ሺଷଵ଻ହ−ସଽଵሻ∙଴,ଽ଼ = ͳ͹,ʹͺ͹         (96) 

 ɋ ɭɱёɬɨɦ ɩɨɞɨɝɪɟɜɚ ɜ ɫɚɥɶɧɢɤɨɜɵɯ ɢ ɷɠɟɤɬɨɪɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ 
ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ ɉɇȾ-1 ɫɨɫɬɚɜɢɬ, ℃: ݐ′ʞʜДଵ = ˍݐ + ͳͷ = ʹͺ,ͻ͸ʹ + ͳͷ = Ͷ͵,ͻ͸ʹ 

 ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ ɉɇȾ-1 ɪɚɜɧɚ, ɤȾɠ/ɤɝ: ̅ݐ′ʞʜДଵ = ʞʜДଵ′ݐ ∙ Ͷ,ͳͺ͸ = ͳͺͶ,Ͳͻ͹ 

 Ɍɨɝɞɚ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-1 ɪɚɜɟɧ, ɤɝ/ɫ: 

ʞʜДଵܦ   = ∆ʞʜД ∙ ˍˑܩ ∙ ˒̅ݐ) ˅ʞʜДଵ − (ʞʜДଵ′̅ݐ − ሺܦʞʜДସ + ʞʜДଷܦ + ʞʜДଶሻܦ ∙ ʞ̅ʜДଶݐ) − (ʞ̅ʜДଵݐ ∙ 𝜂˕ˑ(ℎ଼ − (ʞ̅ʜДଵݐ ∙ 𝜂˕ˑ  

= ଴,ହ∙ସସଽ,଼଻∙ሺଶ଺଻,଺−ଵ଼ସ,ଵሻ−ሺସ,଻଻+଻,଴ଵସ+ଵ଻,ଷሻ∙ሺସଽଵ−ଶ଼ସ,ଷሻ∙଴,ଽ଼ሺଶ଼ଵଷ−ଶ଼ସ,ଷሻ∙଴,ଽ଼ = ͷ,ʹ            (97) 

  

Ɋɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɪɚɜɟɧ, ɤɝ/ɫ: Dˍ = Gˑˍ − (Dэˉ + D˖˒ + D˖˕ + D˔ː + Dʡʞʜ) = = ͶͶͻ,ͺ͹ͺ − ሺʹ,͸ͺʹ + ͷ,͵͸͵ + ͷ,ͺͻͻ + ͳʹ,ͺ͹ʹ + ͷͲ,ͻ͵ʹሻ = ͵͵ͻ,Ͳͻ (98) 

ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ: 

       Dˍ = D˕-ሺDʞВД଼ + DʞВД଻ + DʞВД଺ + Dˇ + DʞʜДସ + DʞʜДଷ +DʞʜДଶ+DʞʜДଵ+Dʡʞʜሻ = ͷ͵͸,͵ͳͶ − ሺ͵ͻ,ͻ͸͹ + Ͷͳ,ʹͷͺ + ʹʹ,͵ͺ͵ + ʹ,ͳʹͳ ++Ͷ,͹͹ + ͹,ͲͳͶ + ͳ͹,ʹͺ͹ + ͷ,ʹሻ = ͵͵ͻ,Ͳͻ (99) 

 ɉɪɨɜɟɪɤɚ ɩɨ ɦɨɳɧɨɫɬɢ: W = ሺ∑ Diˑ ˕˄ · Hiˑ ˕˄ni=ଵ ሻ · ηэˏ  (100) 

800000 = 800954 

ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɥɹɟɬ: ߜ = |ܹ − ܹ˓ܹ | ⋅ ͳͲͲ% = |ͺͲͲͲͲͲ − ͺͲͲͻͷͶͺͲͲͲͲͲ | ⋅ ͳͲͲ% = Ͳ,ͳͳͻ% 

ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 2 %, ɱɬɨ ɞɨɩɭɫɬɢɦɨ. 
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3.11 Ɋɚɫɱёɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ: 
 

Qɬɭ = Dɬ·(h0 − (ɩɜ̅ ݐ + Dɩɩͳ·(h''ɩɩͳ − h'ɩɩͳ) + ʹɩɩ2·(h''ɩɩܦ − h'ɩɩʹ) = = ͷ͵͸,͵ͳͶ ⋅ ሺ͵Ͷͷͳ − ͳ͵ͲͶሻ + Ͷͺͺ,͸ ⋅ ሺ͵͹ʹͲ − ͵ͳͲͺሻ + Ͷͳʹ,͹·ሺ͵͹͸͵ −͵ʹ͸͸) = ͳ͸͵ͺͲͲͲ            (101) 
  

Ɂɚɬɪɚɱɟɧɧɚɹ ɬɟɩɥɨɬɚ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɤȼɬ: 
 
Qɬ = Dɜɫ·(hɜɫ − ɜɫ ̅ݐ

ɧ ) + Dɧɫ·(hɧɫ − ɧɫ ̅ݐ
ɧ ) =ͳ͵,Ͳͷʹ·ሺ͵͵͵͵-ͷ͸͵,ͷሻ+͵͸,ͻ·ሺ͵ͳ͹ͷ- -Ͷͻͳሻ=ͳ͵ͷͳͲͺ             (102) 

 
 Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ:  
 

Qɬɭ
ɷ = Qɬɭ − Qɬ = ͳ͸͵ͺͲͲͲ − ͳ͵ͷͳͲͺ = ͳͷͲʹͺͻʹ      (103) 

 
Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ, ɤȼɬ: 

 
Qɩɟ = ˈ˒ሺℎˈ˒ܦ − ݐ ̅˒˅ሻ + ͳሺℎ′′˒˒ͳ˒˒ܦ − ℎ′˒˒ͳሻ + ʹ˒˒ሺℎʹ˒˒ܦ − ℎ′˒˒ͳሻ + эͳሺℎ′′˕эͳ˕ܦ −ℎ′˕эͳሻ + ʹэʹሺℎ′′˕э˕ܦ − ℎ′˕эʹሻ == ͷ͸͵,ͳ͵ሺ͵Ͷͷͳ − ͳ͵ͲͶሻ + Ͷͻ͸,͵ͷሺ͵͹ʹͲ − ͵ͳͲͺሻ +ͶͲͻ,ͳͳሺ͵͹͸͵ − ͵ʹ͸͸ሻ + ʹʹ͵,ͷሺ͸Ͷ͸,͸ − ͳͺͶሻ + ͳͳʹ,͸ሺͳʹ͹ͻ − ͸ͻ͹ሻ=ͳͺ͸͵ͲͲͲ       (104)  
 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ: 
 Bɭɫɥ = Qɩɟଶଽଷଵ଴·ηɩɝ

= ଵ଼଺ଷ଴଴଴ଶଽଷଵ଴·଴,ଽଷ଺଼ହ = ͸͹,ͺͶ͸        (105) 

 
ɉɪɢɧɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ 5 %, ɨɬɩɭɳɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, ɤȼɬ:   
 

Wɨɬɩ = Wɷ − eɫɧ·W = ͺͲͲͲͲͲ − 0,05·ͺͲͲͲͲͲ = ͹͸ͲͲͲͲ     (106) 
 

Ɇɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɱɟɧɧɚɹ ɬɨɥɶɤɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ:   

 
Wɷɷ

ɫɧ = eɷɷ
ɫɧ·W = 0,05·ͺͲͲͲͲͲ = ͶͲͲͲͲ;         (107) 

 
ɝɞɟ сн

ээe  = 0,05 ɞɨɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ, ɤȼɬ: 
 
Qɬɭ

ɫɧ = Ͳ,Ͳͷ · Qɬɭ = Ͳ,Ͳͷ · ͳ͸͵ͺͲͲͲ = ͺͳͺͻͲ       (108) 
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ: 

 

ξɜɫ = hɜɫ−௧̅ɤ
h0−௧̅ɤ+௤ · ቀ1 + Ʉ· h0+௤−hɜɫ

h0+௤−௧̅ɤ ቁ = 0,Ͷͻ        (109) 

 

ξɧɫ = hɧɫ−௧̅ɤ
h0−௧̅ɤ+௤ · ቀ1 + Ʉ· h0+௤−hɧɫ

h0+௤−௧̅ɤ ቁ = 0,ͶͲͳ        (110) 

 
ɝɞɟ 𝐾 = Ͳ,Ͷʹ  - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ. 
 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ 
ɨɬɛɨɪɨɜ ɩɚɪɚ, ɤȼɬ: 

 

ΔQɨɬɛ
ɷ = [Qɜɫ·(1 − ξɜɫ) + Qɧɫ·(1 − ξɧɫ)]· Qɬ

ɨɬɛ

Qɬɭ
ɬ         (111) 

 
ΔQɨɬɛ

ɷ =[͵ͷͶʹͲ·ሺͳ-Ͳ,Ͷͻሻ+ͻ͹ͻͳͲ·ሺͳ-Ͳ,ͶͲͳሻ]·ͳ=͹͸͹ʹͲ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɤɨɬɥɚɦɢ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 
 

Kɷ = Qɬɭ
ɷ +ΔQɨɬɛ

ɷ +Qɬɭ
ɫɧ

Qɬɭ
ɷ +ΔQɨɬɛ

ɷ +Qɬɭ
ɫɧ+Qɬɭ

ɬ = ͳͷͲʹͺͻʹ+͹͸͹ʹͲ+଼ଵ଼ଽ଴ͳͷͲʹͺͻʹ+͹͸͹ʹͲ+଼ଵ଼ଽ଴+ͳ͵ͷͳͲͺ = Ͳ,ͻʹͷ     (112) 

 
           Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɫ: 
 

Bɷ = B·Kɷ·
Wɨɬɩ

W−Wɷɷ
ɫɧ = ͳ͵ͳ · 0,ͻʹͷ · ଻଺଴଴଴଴଼଴଴଴଴଴−଻଺଴଴଴଴ = ͳʹͳ,ͳͷ͵     (113) 

 
Ⱦɥɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ: 
 

BɷɍɋɅ = ·ʢʠʚ·Kɷܤ
Wɨɬɩ

W−Wɷɷ
ɫɧ = ͸ͺ,͸ · 0,ͻʹͷ · ଻଺଴଴଴଴଼଴଴଴଴଴−଻଺଴଴଴଴ = ͸͵,ͶͶͶ    (114) 

 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ɫ: 

 
Bɬ = B − Bɷ = ͳ͵ͳ − ͳʹͳ,ͳͷ͵ = ͻ,ͺͷ͵        (115) 
 
Ⱦɥɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ: 
 
BɬɍɋɅ = ʢʠʚܤ − BɷɍɋɅ = ͸ͺ,͸ − ͸͵,ͶͶͶ = ͷ,ͳ͸       (116) 
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ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɤȼɬ·ɱ: 
 

bɷ = Bɷ
Wɨɬɩ

·3600 = ଵଶଵ,ଵହଷ଻଺଴଴଴଴ ·3600 = 0,ͷ͹Ͷ         (117) 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɤɝ/ɤȼɬ·ɱ: 
 

bɷɍɋɅ = BɷɍɋɅ
Wɨɬɩ

·3600 = ଺ଷ,ସସସ଻଺଴଴଴଴ ·3600 = 0,͵Ͳͳ       (118) 

 
 ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ȽȾɠ: 
 

bɬ = Bɬ

Qɨɬ
· ͳͲ଺ = ଽ,଼ହଷଵଶହ଴଴଴ ·106 = ͹,ͺͺ͵                    (119) 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ȽȾɠ: 

 

bɬɍɋɅ = Bɬ

Qɨɬ
· ͳͲ଺ = ହ,ଵ଺ଵଶହ଴଴଴ ·106 = Ͷ,ͳʹͺ                    (120) 

  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, 
ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɯɨɞɟ ɪɚɫɱёɬɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɛɥɨɤɚ Ʉ-800-240 ɧɚ ɬɨɦ ɠɟ ɬɨɩɥɢɜɟ 
ɢ ɫ ɬɨɣ ɠɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɪɚɦɤɚɯ ɪɚɫɱёɬɚ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ. ȼ ɬɚɛɥɢɰɟ 
9 ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɵɝɨɞɧɨ 
ɨɬɥɢɱɚɸɬɫɹ ɞɥɹ ɛɥɨɤɚ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɨɦɢɦɨ 
ɧɚɝɥɹɞɧɨɝɨ ɫɧɢɠɟɧɢɹ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ 
ɱɬɨ ɟɳё ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬɫɹ ɪɚɫɯɨɞɵ ɤɨɧɤɪɟɬɧɨɝɨ ɬɨɩɥɢɜɚ, 
ɢɫɩɨɥɶɭɟɦɨɝɨ ɜ ɩɪɨɟɤɬɟ – ɛɭɪɨɝɨ Ȼɨɪɨɞɢɧɫɤɨɝɨ ɭɝɥɹ. 

Ɍɚɛɥɢɰɚ 9 – ɋɪɚɜɧɟɧɢɟ ɭɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɉɨɤɚɡɚɬɟɥɶ 
Ȼɥɨɤ ɩɨɜɵɲɟɧɧɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ Siemens 
SST-6000 

ɋɬɚɧɞɚɪɬɧɵɣ ɛɥɨɤ Ʉ-800-
240 

bɷ, ɤɝ/ɤȼɬ∙ɱ 0,574 0,731 

bɷɍɋɅ, ɤɝ/ɤȼɬ∙ɱ 0,301 0,381 

bɬ, ɤɝ/ɤȼɬ∙ɱ 7,883 59,168 

bɬɍɋɅ, ɤɝ/ɤȼɬ∙ɱ 4,128 30,836 
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 3.12 ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

3.12.1 ȼɵɛɨɪ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 

  
Ⱦɥɹ ɛɥɨɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 

ɜɵɛɢɪɚɸɬ ɩɨ ɪɚɫɯɨɞɭ ɩɚɪɚ ɧɚ ɛɥɨɤ ɫ ɡɚɩɚɫɨɦ 5-8%, ɬ/ɱ: 
ܩ  = ˅˒ܩ · ͳ,Ͳͷ · ͵,͸ = ͷ͸͵,ͳʹͻ · ͳ,Ͳͷ · ͵,͸ = ʹͳʹͺ,ͳͶ      (121) 
 
ɝɞɟ ɩɜG  - ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ. 
 ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 30-50% ɛɨɥɶɲɟ, ɱɟɦ 
ɧɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɦ: 
ܪ  = ଴ܲ · ͳ,Ͷ · ͳͲ = Ͷ͸ʹ           (122)
   

ȼɵɛɢɪɚɟɦ ɩɢɬaɬeɥɶɧɵɣ ɧɚɫɨɫ ɉɇ-1500-330 ɫɨ ɫɥeɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬeɪɢɫɬɢɤɚɦɢ (2 ɲɬɭɤɢ ɧɚ ɛɥɨɤ):       

                                           
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 1500 ɬ/ɱ 
 ɇɚɩɨɪ – 3300 ɦ 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 4700 ɨɛ/ɦɢɧ 

 
3.12.2 ȼɵɛɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ 

 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɫɬɚɧɰɢɹɯ ɤɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɭɫɬaɧaɜɥɢɜɚɸɬɫɹ ɜ 

ɤoɥɢɱɟɫɬɜɟ 2-3 ɧɚ ɨɞɢɧ ɬɭɪɛɨɚɝɪɟɝɚɬ, ɩɪɢ ɷɬɨɦ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɞɜɭɯ ɧɚɫɨɫɨɜ 
ɤaɠɞɵɣ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜ 100%,ɚ  ɩɪɢ ɭɫɬɚɧɨɜɤɟ 
ɬɪɟɯ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ ɤɚɠɞɵɣ ɩɨɞɛɢɪɚɟɬɫɹ ɧɚ 50 %-ɧɭɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɂɚ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢɧɢɦɚɸɬ ɪɚɫɯɨɞ 
ɤɨɧɞɟɧɫɚɬɚ, ɬ/ɱ:  ܩˑˍ = ͳ͸ͳͻ,ͷ͸. 

ɉɪɢɧɢɦɚɟɦ ɧɚɩɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ ɜ ɩɪɟɞɟɥɚɯ 50-150 ɦ. ɜɨɞ.ɫɬ. 
ȼɵɛɢɪaeɦ 2 ɤoɧɞeɧɫaɬɧɵɯ ɧaɫoɫa Ʉɋȼ-1000-25 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 1000 ɦ3/ɱ 
 ɇɚɩɨɪ – 95 ɦ.ɜɨɞ.ɫɬ. 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 970 ɨɛ/ɦɢɧ 
 Ɇɨɳɧɨɫɬɶ – 400 ɤȼɬ 

 
3.12.3 ȼɵɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ 

 
Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɬɭɪɛɢɧɭ (ɩɪɢɧɢɦɚɟɦ ɤɪɚɬɧɨɫɬɶ 

ɨɯɥɚɠɞɟɧɢɹ ݉ = ͸Ͳ), ɬ/ɱ: 
˅ˑܩ  = ݉ · ɤܦ · ͵,͸ = ͸Ͳ · ͵͵ͻ,Ͳͻ · ͵,͸ = ͹͵ʹͶ͵,ͶͶ      (123) 
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ȼɵɛɢɪɚɟɦ ɧɚɫɨɫ ɬɢɩɚ Ɉɉ10-145 ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɜɭɯ ɲɬɭɤ ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 74000 ɦ3/ɱ 
 ɇɚɩɨɪ – 17,8 ɦ.ɜɨɞ.ɫɬ. 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 333 ɨɛ/ɦɢɧ 
 ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – 4000 ɤȼɬ 
 ɄɉȾ – 84 % 

 
3.12.4 ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ 

 
ȼɵɛɨɪ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɩɪoɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧaɩɨɪɭ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 3 ɫɟɬɟɜɵɯ ɧɚɫɨɫɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɚɠɞɵɣ ɩɪɢ ɷɬɨɦ 
ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 50 % ɨɬ ɪɚɫɱёɬɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ , ɬ/ɱ: 

ܩ  = ˔ீ˅ଶ · ͵,͸ = ସଽ଻,଻ଶ · ͵,͸ = ͺͻͷ,ͺ͸         (124)

           
ȼɵɛɢɪɚɟɦ ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɋɗ-1250-100 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 1250 ɦ3/ɱ 
 ɇɚɩɨɪ – 98 ɦ.ɜɨɞ.ɫɬ. 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ 
 ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – 415 ɤȼɬ 
 ɄɉȾ – 82 % 

 

3.12.5 Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 
  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ 
ɨɛɴɟɤɬɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 
ɧɚɞёɠɧɨɫɬɶ ɪɚɛɨɬɵ. ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ Ince B. Ʉɨɥɥɟɤɬɨɪ ɜɨɞɵ 
ɢɦɟɟɬ ɰɟɥɶɧɨɤɨɜɚɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ "ɛɭɬɵɥɤɢ" ɫ ɜɯɨɞɧɵɦ ɢ ɜɵɯɨɞɧɵɦ 
ɩɚɬɪɭɛɤɚɦɢ ɢ ɨɩɨɪɧɵɦɢ ɧɨɠɤɚɦɢ, ɩɪɢɜɚɪɟɧɧɵɦɢ ɤ ɨɫɧɨɜɧɨɣ ɤɨɜɤɟ. 
Ɉɯɥɚɞɢɬɟɥɶ ɩɚɪɚ ɧɚɯɨɞɢɬɫɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. ɉɨɫɤɨɥɶɤɭ ɫɟɤɰɢɹ 
ɩɚɪɨɨɯɥɚɠɞɟɧɢɹ ɢ ɤɨɧɰɟɜɚɹ ɫɟɤɰɢɹ ɛɭɞɭɬ ɤɨɧɬɚɤɬɢɪɨɜɚɬɶ ɫ ɜɨɞɨɣ ɫɬɨɤɨɜ, ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɹɦɨɝɨ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɫ 
ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫ ɞɜɨɣɧɨɣ ɨɛɲɢɜɤɨɣ. 
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Ɋɢɫɭɧɨɤ 5 – Ʉɨɧɫɬɪɭɤɰɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
 Ʉɨɧɫɬɪɭɤɰɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɬɚɤɠɟ ɩɨɞɛɢɪɚɥɚɫɶ, 
ɢɫɯɨɞɹ ɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɟɧɞɨɜ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɢɜɟɞɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɨɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 
ɷɤɨɧɨɦɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɬɭɪɛɢɧɧɨɝɨ ɰɟɯɚ. ɋɭɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɪɚɡɦɟɳɟɧɢɢ ɞɜɭɯ ɩɟɪɜɵɯ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɝɨɪɥɨɜɢɧɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɫ ɝɪɚɜɢɬɚɰɢɨɧɧɵɦɢ ɫɬɨɤɚɦɢ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪ. ȼ ɨɫɬɚɥɶɧɨɦ ɬɚɤɢɟ ɉɇȾ-1 ɢ ɉɇȾ-2 ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ 
ɫɬɚɧɞɚɪɬɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ. 
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Ɋɢɫɭɧɨɤ 6 – Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɉɇȾ-1 ɢ ɉɇȾ-2 

 
3.12.6 ɋɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 
 

 ɉoɞoɝɪɟɜɚɬɟɥɢ ɫeɬeɜɨɣ ɜoɞɵ ɜɵɛɢɪaeɦ ɩɨ ɪaɫɱeɬɧɨɦɭ ɩɪɨɩɭɫɤɭ ɜoɞɵ, 
ɞaɜɥɟɧɢɸ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɢ ɬɟɦɩɟɪɚɬɭɪe ɩɚɪɚ ɧɚ ɜɯoɞɟ ɢ ɜoɞɵ ɧɚ ɜɵɯoɞɟ. 
 Ɋɚɫɱɟɬɧɵɣ ɩɪoɩɭɫɤ ɫɟɬɟɜɨɣ ɜɨɞɵ Gɫɜ=497,7 ɤɝ/ɫ. ɉɋȽ-800-3-8-I ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɪɚɫɱɟɬɧɵɣ ɩɪɨɩɭɫɤ ɜɨɞɵ 2000 ɬ/ɱ; ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ 
3,9 ɛɚɪɚ; ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ 8,8 ɛɚɪ; ɜɟɫ ɛɟɡ ɜɨɞɵ 20,01 
ɬ. 

 
3.12.7 Ⱦɟɚɷɪɚɬɨɪ 

  
ȼɨɞɚ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ (ɤɨɧɞɟɧɫɚɬɚ), ɧɚɝɪɟɬɚɹ ɩɢɬɚɬɟɥɶɧɵɦɢ 

ɧɚɝɪɟɜɚɬɟɥɹɦɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɨɞɚɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɧɚɝɪɟɜɚ ɢ ɞɟɚɷɪɚɰɢɢ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ ɤɨɬɥɵ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ ɤɨɬɥɚ ɱɟɪɟɡ 
ɩɢɬɚɬɟɥɶɧɭɸ ɦɚɝɢɫɬɪɚɥɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ⱦɟɚɷɪɚɬɨɪɵ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɤɪɭɩɧɵɯ ɚɝɪɟɝɚɬɚɯ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ɧɟ ɛɨɥɟɟ ɱɟɦ 5 ɦɢɤɪɨɝɪɚɦɦɚɦɢ ɧɚ 
ɤɢɥɨɝɪɚɦɦ (ɦɤɝ/ɤɝ) ɤɢɫɥɨɪɨɞɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɟɚɷɪɚɬɨɪɚ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɨɥɶɲɟɣ ɧɚɞёɠɧɨɫɬɢ ɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɨɜɪɟɦɟɧɧɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɬɪɟɧɞɚɦ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɟɚɷɪɚɬɨɪɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɧɚ 
ɫɬɚɧɰɢɢ CEGB.   

ɗɬɨɬ ɬɢɩ ɞɟɚɷɪɚɬɨɪɚ ɢɫɩɨɥɶɡɭɟɬ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɡɚɞɚɱɟ ɢɡɜɥɟɱɟɧɢɹ 
ɤɢɫɥɨɪɨɞɚ ɢ ɞɪɭɝɢɯ ɧɟɤɨɧɞɟɧɫɢɪɭɸɳɢɯɫɹ ɝɚɡɨɜ ɢɡ ɤɨɧɞɟɧɫɚɬɚ (ɪɢɫ.7). 
Ⱦɟɚɷɪɢɪɭɸɳɚɹ ɤɨɥɨɧɤɚ ɤɚɤ ɬɚɤɨɜɚɹ ɨɬɫɭɬɫɬɜɭɟɬ, ɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɚɞ 
ɭɪɨɜɧɟɦ ɪɚɛɨɱɟɣ ɜɨɞɵ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɟɡɟɪɜɭɚɪɚ ɢɦɟɟɬɫɹ ɪɹɞ ɫɩɟɰɢɚɥɶɧɨ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɪɚɫɩɵɥɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɪɚɫɩɵɥɹɸɬ ɩɨɫɬɭɩɚɸɳɭɸ 
ɩɢɬɚɬɟɥɶɧɭɸ ɜɨɞɭ ɧɚ ɤɨɥɶɰɨ ɩɥɚɫɬɢɧ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɚɡɛɢɜɚɸɳɟɟ ɩɨɬɨɤ. 
Ɉɩɪɵɫɤɢɜɚɬɟɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨɣ ɩɥɨɳɚɞɢ 
ɪɚɫɩɵɥɟɧɢɹ ɢ ɤɚɩɟɥɶ ɜɨɞɵ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɧɚɝɪɟɜɚ ɩɨɬɨɤɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɨɣ ɤ 
ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ (ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɚɜɥɟɧɢɸ ɜɧɭɬɪɢ ɞɟɚɷɪɚɬɨɪɚ). ɇɚ 
ɩɪɚɤɬɢɤɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɪɟɡɟɪɜɭɚɪɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 
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1-2°C ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɤɨɩɥɟɧɧɚɹ ɜɨɞɚ ɜ 
ɪɟɡɟɪɜɭɚɪɟ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɩɨɫɬɭɩɚɸɳɟɝɨ ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɪɟɡɟɪɜɭɚɪ ɱɟɪɟɡ ɪɚɫɩɵɥɢɬɟɥɢ. 
 

 

Ɋɢɫɭɧɨɤ 7 – Ȼɟɫɤɨɥɨɧɤɨɜɵɣ ɞɟɚɷɪɚɬɨɪ 

3.13 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɜɵɛɨɪ 
ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ 

Ⱦɚɧɧɵɟ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɞɥɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɝɚɡɨɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ. 
ɩɪɢɜɟɞɟɧɧɚɹ ɧɢɠɟ ɬɚɛɥɢɰɚ ɫɨɫɬɚɜɥɟɧɚ ɫ ɞɚɧɧɵɦɢ ɩɨ ɤɚɠɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɝɪɟɜɚ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ (ɫɦ. ɬɚɛɥɢɰɭ 10). 
 
Ɍɚɛɥɢɰɚ 10 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɍɱɚɫɬɨɤ ɬɪɚɤɬɚ 
Ⱦɢɚɦɟɬɪ 

ɬɪɭɛ, d, ɦɦ 

ɑɢɫɥɨ 
ɪɹɞɨɜ ɬɪɭɛ 

ɩɨ ɯɨɞɭ 
ɝɚɡɨɜ z2, ɲɬ 

Ⱦɥɢɧɚ 
ɩɪɨɞɨɥɶɧɨ 
ɨɦɵɜɚɟɦɵɯ 

ɬɪɭɛ, ɦ 

ɋɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ 
ɝɚɡɨɜ, ϑɫɪ, °C 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 

ɝɚɡɨɜ, ωɝ, ɦ/ɫ 

ɒɢɪɦɨɜɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 

36 – – 1049 9,935 

Ʉɨɧɜɟɤɬɢɜɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 1 

36 6 – 968,646 11,891 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 1 

36 30 – 816,982 10,667 

Ʉɨɧɜɟɤɬɢɜɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 2 

36 10 – 681,681 9,542 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 2 

36 110 – 585,225 8,72 

ȼɗɄ 32 20 – 471,593 8,672 

ȼɁɉ 40 – 4,441 286,668 10 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 10 

Ɍɭɪɛɢɧɧɵɣ ɷɤɨɧɨɦɚɣɡɟɪ 1 32 106 – 227,575 2,119 

Ɍɭɪɛɢɧɧɵɣ ɷɤɨɧɨɦɚɣɡɟɪ 2 32 40 – 384,093 3,768 

 
3.13.1  Ɋɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 
 
Ⱦɥɹ ɤɨɬɥɚ ɫɨ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɬɹɝɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: 
 ɬɪɭɛɱɚɬɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ (ɬɚɤɢɟ ɤɚɤ ɷɤɪɚɧɧɵɟ ɢ 

ɤɨɧɜɟɤɬɢɜɧɵɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ, ɜɬɨɪɢɱɧɵɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ, 
ɜɨɞɹɧɵɟ ɢ ɬɭɪɛɢɧɧɵɟ ɷɤɨɧɨɦɚɣɡɟɪɵ, ɚ ɬɚɤɠɟ ȼɁɉ) 

 ɥɨɤɚɥɶɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɫ ɭɱɟɬɨɦ ɩɨɜɨɪɨɬɨɜ ɩɨɬɨɤɚ ɝɚɡɚ ɜ 
ɞɵɦɨɯɨɞɟ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɹ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɢ ɬ. ɞ); 

 ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɸ ɜ ɞɵɦɨɯɨɞɚɯ (ɤɚɤ ɜ ɤɨɬɥɟ, ɬɚɤ ɢ ɜ ɫɟɤɰɢɹɯ 
ɨɬ ɤɨɬɥɚ ɞɨ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, ɨɬ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɞɨ ɞɵɦɨɯɨɞɚ ɢ ɨɬ 
ɞɵɦɨɯɨɞɚ ɞɨ ɞɵɦɨɯɨɞɚ). 

 
ɇɚ ɪɢɫɭɧɤɟ 7 ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɫɯɟɦɭ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ. 

h''т
Δ hшпп

Δ hкпп1

Δ hпп1

Δ hкпп2

Δ hпп2

Δ hвэк
Δ hв̚п Δ hтэ1

Δ hтэ2

Δ h̚у

Δ hдт Hдт

Δ hм

Δ hм

 

Ɋɢɫɭɧɨɤ 7 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɑɬɨɛɵ ɧɚɱɚɬɶ ɪɚɫɱёɬ, ɧɭɠɧɨ ɡɚɞɚɬɶɫɹ ɜɟɥɢɱɢɧɨɣ ɪɚɡɪɹɠɟɧɢɹ ɜ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢɡ ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɞɢɚɩɚɡɨɧɚ ℎ′̞′ (-20÷-40ɉɚ). Ɂɚɞɚɞɢɦ ℎ′̞′ = −͵Ͳɉɚ. 
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3.13.1.1 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɢɪɦɨɜɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 
 
ɋɬɟɧɤɢ ɲɢɪɦɨɜɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɨɛɪɚɡɨɜɚɧɵ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɬɪɭɛɨɤ ɫ ɦɚɥɵɦ ɞɢɚɦɟɬɪɨɦ, ɩɪɢ ɷɬɨɦ ɞɜɢɠɟɧɢɟ ɝɚɡɨɜ ɜɨɡɦɨɠɧɨ 
ɤɚɤ ɜɞɨɥɶ, ɬɚɤ ɢ ɩɨɩɟɪёɤ ɷɬɢɯ ɬɪɭɛɨɤ. Ɉɞɧɚɤɨ ɛɨɥɶɲɨɣ ɩɨɩɟɪɟɱɧɵɣ ɲɚɝ ɫɢɥɶɧɨ 
ɫɧɢɠɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɢɪɦ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɡɚɱɚɫɬɭɸ ɢɦ 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ɉɨɷɬɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɲɢɪɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɝɚɡɨɯɨɞɟ, ɭɱɢɬɵɜɚɟɬɫɹ 
ɜ ɪɚɫɱёɬɚɯ ɬɨɥɶɤɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɝɚɡɚɦɢ ɫɤɨɪɨɫɬɟɣ ɫɜɵɲɟ 10 ɦ/ɫ. Ɍɚɤ ɤɚɤ 
ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɱɟɪɟɡ ɲɢɪɦɨɜɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɦɟɧɶɲɟ 10 ɦ/ɫ (ɫɦ. ɬɚɛɥɢɰɭ 
10), ɩɪɢɧɢɦɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɲɢɪɦ ∆ℎ˛˒˒ = Ͳ. 

 
3.13.1.2 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɉɉ-1  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ., ɤɚɤ ɩɪɢ ɧɚɥɢɱɢɢ 

ɬɟɩɥɨɨɛɦɟɧɚ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ ɜɵɪɚɠɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ: ∆ℎˍ˒˒ଵ = ߦ ∙ ∆ℎˇ,  (125) 

ɝɞɟ ∆ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɪɢɫɭɧɤɭ 3 [2] 
ɩɪɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ (ɫɦ. ɬɚɛɥɢɰɭ 10), ℎˇ = ʹ,ͳ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɪɹɞɨɜ – ߦ 
ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛ ɜ ɩɭɱɤɟ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ: ߦ = ଴ߦ ∙  ଶ,  (126)ݖ

ɝɞɟ ݖଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ, ɲɬ (ɫɦ. ɬɚɛɥɢɰɭ 10); 
 ,଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɪɹɞɭ ɩɭɱɤɚߦ 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɬɧɨɲɟɧɢɣ 𝜎ଵ = ௦భௗ , 𝜎ଶ = ௦మௗ , ߰ = ௦భ−ௗ௦మ−ௗ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ 
Ɋɟɣɧɨɥɶɞɫɚ; ɬɚɤ ɤɚɤ 𝜎ଵ > 𝜎ଶ ɢ ͳ < ߰ < ͺ, ɬɨ: ߦ଴ = ˓ˆߦ ∙ 𝜎ܥ ∙  ோ௘,  (127)ܥ

ɝɞɟ ߦˆ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɢɞɨɪɧɵɯ ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ 
ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ,ߦˆ˓ = Ͳ,ͷͳ [2]; 
𝜎ܥ,ோ௘– ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵܥ 𝜎 ɢܥ  = Ͳ,Ͷ͸ ɢ ܥோ௘ = Ͳ,Ͷ [2]; ߦ଴ = Ͳ,ͷͳ ∙ Ͳ,Ͷ͸ ∙ Ͳ,Ͷ = Ͳ,ͲͻͶ; ߦ = Ͳ,ͲͻͶ ∙ ͸ = Ͳ,ͷ͸͵.   

Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ: ∆ℎˍ˒˒ଵ = Ͳ,ͷ͸͵ ∙ ʹͳ = ͳͳ,ͺʹͶ. 
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3.13.1.3 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɉɉ-1  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ., ɤɚɤ ɩɪɢ ɧɚɥɢɱɢɢ 

ɬɟɩɥɨɨɛɦɟɧɚ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ ɜɵɪɚɠɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ: ∆ℎ˒˒ଵ = ߦ ∙ ∆ℎˇ,   

ɝɞɟ ∆ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɪɢɫɭɧɤɭ 3 [2] 
ɩɪɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ (ɫɦ. ɬɚɛɥɢɰɭ 10), ℎˇ = ͳ,ͳ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɪɹɞɨɜ – ߦ 
ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛ ɜ ɩɭɱɤɟ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ: ߦ = ଴ߦ ∙    ,ଶݖ

ɝɞɟ ݖଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ, ɲɬ (ɫɦ. ɬɚɛɥɢɰɭ 10); 
 ,଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɪɹɞɭ ɩɭɱɤɚߦ 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɬɧɨɲɟɧɢɣ 𝜎ଵ = ௦భௗ , 𝜎ଶ = ௦మௗ , ߰ = ௦భ−ௗ௦మ−ௗ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ 
Ɋɟɣɧɨɥɶɞɫɚ; ɬɚɤ ɤɚɤ 𝜎ଵ > 𝜎ଶ ɢ ͳ < ߰ < ͺ, ɬɨ: ߦ଴ = ˓ˆߦ ∙ 𝜎ܥ ∙    ,ோ௘ܥ

ɝɞɟ ߦˆ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɢɞɨɪɧɵɯ ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ 
ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ,ߦˆ˓ = Ͳ,ͷͳ [2]; 
𝜎ܥ,ோ௘– ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵܥ 𝜎 ɢܥ  = Ͳ,Ͷ͸ ɢ ܥோ௘ = Ͳ,Ͷ [2]; ߦ଴ = Ͳ,ͷͳ ∙ Ͳ,Ͷ͸ ∙ Ͳ,Ͷ = Ͳ,ͲͻͶ; ߦ = Ͳ,ͲͻͶ ∙ ͵Ͳ = ʹ,ͺͳͷ.   

Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ: ∆ℎ˒˒ଵ = ʹ,ͺͳͷ ∙ ͳͳ = ͵Ͳ,ͻ͸Ͷ. 
3.13.1.4 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ʉɉɉ-2  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ., ɤɚɤ ɩɪɢ ɧɚɥɢɱɢɢ 

ɬɟɩɥɨɨɛɦɟɧɚ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ ɜɵɪɚɠɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ: ∆ℎˍ˒˒ଶ = ߦ ∙ ∆ℎˇ,   

ɝɞɟ ∆ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɪɢɫɭɧɤɭ 3 [2] 
ɩɪɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ (ɫɦ. ɬɚɛɥɢɰɭ 10), ℎˇ = ͳ,ͺ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɪɹɞɨɜ – ߦ 
ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛ ɜ ɩɭɱɤɟ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ: 
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ߦ = ଴ߦ ∙    ,ଶݖ

ɝɞɟ ݖଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ, ɲɬ (ɫɦ. ɬɚɛɥɢɰɭ 10); 
 ,଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɪɹɞɭ ɩɭɱɤɚߦ 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɬɧɨɲɟɧɢɣ 𝜎ଵ = ௦భௗ , 𝜎ଶ = ௦మௗ , ߰ = ௦భ−ௗ௦మ−ௗ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ 
Ɋɟɣɧɨɥɶɞɫɚ; ɬɚɤ ɤɚɤ 𝜎ଵ > 𝜎ଶ ɢ ͳ < ߰ < ͺ, ɬɨ: ߦ଴ = ˓ˆߦ ∙ 𝜎ܥ ∙    ,ோ௘ܥ

ɝɞɟ ߦˆ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɢɞɨɪɧɵɯ ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ 
ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ,ߦˆ˓ = Ͳ,ͷͳ [2]; 
𝜎ܥ,ோ௘– ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵܥ 𝜎 ɢܥ  = Ͳ,Ͷ͸ ɢ ܥோ௘ = Ͳ,Ͷ [2]; ߦ଴ = Ͳ,ͷͳ ∙ Ͳ,Ͷ͸ ∙ Ͳ,Ͷ = Ͳ,ͲͻͶ; ߦ = Ͳ,ͲͻͶ ∙ ͳͲ = Ͳ,ͻ͵ͺ.   

Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ: ∆ℎˍ˒˒ଶ = Ͳ,ͻ͵ͺ ∙ ͳͺ = ͳ͸,ͺͻͳ. 
3.13.1.5 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɉɉ-2  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ., ɤɚɤ ɩɪɢ ɧɚɥɢɱɢɢ 

ɬɟɩɥɨɨɛɦɟɧɚ, ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ ɜɵɪɚɠɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ: ∆ℎ˒˒ଶ = ߦ ∙ ∆ℎˇ,   

ɝɞɟ ∆ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɜɨɞ.ɫɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɪɢɫɭɧɤɭ 3 [2] 
ɩɪɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ (ɫɦ. ɬɚɛɥɢɰɭ 10), ℎˇ = ͳ,͹; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɪɹɞɨɜ – ߦ 
ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛ ɜ ɩɭɱɤɟ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ: ߦ = ଴ߦ ∙    ,ଶݖ

ɝɞɟ ݖଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ, ɲɬ (ɫɦ. ɬɚɛɥɢɰɭ 10); 
 ,଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɪɹɞɭ ɩɭɱɤɚߦ 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɬɧɨɲɟɧɢɣ 𝜎ଵ = ௦భௗ , 𝜎ଶ = ௦మௗ , ߰ = ௦భ−ௗ௦మ−ௗ, ɚ ɬɚɤɠɟ ɨɬ ɱɢɫɥɚ 
Ɋɟɣɧɨɥɶɞɫɚ; ɬɚɤ ɤɚɤ 𝜎ଵ > 𝜎ଶ ɢ ͳ < ߰ < ͺ, ɬɨ: ߦ଴ = ˓ˆߦ ∙ 𝜎ܥ ∙    ,ோ௘ܥ

ɝɞɟ ߦˆ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɪɢɞɨɪɧɵɯ ɝɥɚɞɤɨɪɭɛɧɵɯ ɩɭɱɤɨɜ 
ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ,ߦˆ˓ = Ͳ,ͷͳ [2]; 
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𝜎ܥ,ோ௘– ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵܥ 𝜎 ɢܥ  = Ͳ,Ͷ͸ ɢ ܥோ௘ = Ͳ,Ͷ [2]; ߦ଴ = Ͳ,ͷͳ ∙ Ͳ,Ͷ͸ ∙ Ͳ,Ͷ = Ͳ,ͲͻͶ; ߦ = Ͳ,ͲͻͶ ∙ ͳͳͲ = ͳͲ,͵ʹʹ.   

Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ ɬɪɭɛ, ɉɚ: ∆ℎ˒˒ଶ = ͳͲ,͵ʹʹ ∙ ͳ͹ = ͳ͹ͷ,Ͷͺͳ. 
3.13.1.6 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ  
 
Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɚɯɦɚɬɧɨɝɨ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ, 

ɦɦ.ɜɨɞ.ɫɬ., ɩɪɢ ɭɫɥɨɜɢɢ 0,1<φ<1,7 (ɝɞɟ ߮ = ௦భ−ௗ௦మ′ −ௗ,ɚݏଶ′ = √ଵସ ∙ ଵଶݏ + ˍଶଶ): ∆ℎ˅эݏ = ∆ℎˆ˓ ∙ ௦ܥ ∙ ௗܥ ∙ ሺݖଶ + ͳሻ,  (128) 

ɝɞɟ ∆ℎˆ˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɉɚ[2],ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ 
ɩɨɜɟɪɯɧɨɫɬɢ, ∆ℎˆ˓ = Ͳ,͸ʹ; 
ௗܥ ,ௗ – ɩɨɩɪɚɜɤɚ ɧɚ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛܥ  = ͳ[2]; 
௦ܥ ,௦ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚܥ  = ͳ[2]; 
ˍଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ (ɫɦ. ɬɚɛɥɢɰɭ 10). ∆ℎ˅эݖ  = ͸,ʹ ∙ ͳ ∙ ͳ ∙ ሺʹͲ + ͳሻ = ͳ͵Ͳ,ʹ. 

3.13.1.7 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ  
 
Ƚɚɡɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ ɜ ɬɪɭɛɚɯ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɜ ɬɪɭɛɵ ɢ ɜɵɯɨɞɚ ɢɡ 
ɧɢɯ. 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɬɪɭɛ, ɦ2: ˏܨ = గ∙ௗ˅మːସ ∙  (129)  ,˓˕ݖ

ɝɞɟ ݀˅ː – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ, ɦ (ɫɦ. ɬɚɛɥɢɰɭ 10); 
ܨˏ .ɱɢɫɥɨ ɬɪɭɛ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ – ˓˕ݖ  = ଷ,ଵସ∙଴,଴ସమସ ∙ ͺͺͷͲͲ = ͳͳͳ,ͳͻ͸.  

ɉɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ ɞɨ ɢ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ2: ˄ܨ = ܽˑˆ ∙ ܾ˕,  (130) 

ɝɞɟ ܽˑˆ – ɲɢɪɢɧɚ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɦ; 
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 ܾ˕ – ɲɢɪɢɧɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɦ. ˄ܨ = ͳͲ ∙ ʹͶ = ʹͶͲ.   

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɉɚ, ɜ ɬɪɭɛɚɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ: ∆ℎ˕˓ = ˛ܥ ∙ ∆ℎˆ˓′ ∙ ℎ˅ˊ˒ ∙ ͳͲ,  (131) 

ɝɞɟ ܥ˛ – ɩɨɩɪɚɜɤɚ ɧɚ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ, ܥ˛ = ͳ[2]; 
 ∆ℎˆ˓′  – ɩɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɚɯ ɬɪɭɛɱɚɬɨɝɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, 
ɦɦ.ɜɨɞ.ɫɬ./ɦ, ∆ℎˆ˓′ = ͵,Ͷ [2]; 
 ℎ˅ˊ˒ – ɩɨɥɧɚɹ ɜɵɫɨɬɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɦ. ∆ℎ˕˓ = ͳ ∙ ͵,Ͷ ∙ Ͷ,ͶͶͳ ∙ ͳͲ = ͳͷͲ,ͻͻͶ  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜ ɩɪɢ ɜɯɨɞɟ ɢ 
ɜɵɯɨɞɟ ɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɉɚ: ∆ℎˋˊˏ = ݉ ∙ ሺߦ˅˘ + ы˘ሻ˅ߦ ∙ ℎˇ,  (132) 

ɝɞɟ ݉ – ɤɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ ɯɨɞɭ ɝɚɡɨɜ 
ɨɬɞɟɥɶɧɵɯ ɤɭɛɨɜ (݉ = ˇˑ˘ݖ = ʹ); 
 ы˘ – ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢ ɜɵɯɨɞɚ ɢɡ˅ߦ ɢ ˘˅ߦ 
ɧɟɝɨ, 0,26 = ˘˅ߦ ɢ ߦ˅ы˘ = Ͳ,͵ʹ[2], ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɭɦɦɚɪɧɨɣ 
ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɬɪɭɛ, ɤ ɩɥɨɳɚɞɢ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɝɚɡɨɯɨɞɚ ɞɨ ɢ ɩɨɫɥɟ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ: ிˏி˄ = ଵଵଵ,ଵଽ଺ଶସ଴ = Ͳ,Ͷ͸͵; 

 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ, ℎˇ = ͵͵ [2] ɩɪɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ 
ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɢ. ∆ℎˋˊˏ = ʹ ∙ ሺͲ,ʹ͸ + Ͳ,͵ʹሻ ∙ ͵͵ = ͵ͺ,ʹͺ  

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɭɩɟɧɢ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ, ɉɚ: ∆ℎ˅ˊ˒ = ∆ℎ˕˓ + ∆ℎˋˊˏ,  (133) 

ɝɞɟ ∆ℎ˕˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɉɚ, ɜ ɬɪɭɛɚɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ; 
 ∆ℎˋˊˏ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɵɡɜɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜ ɩɪɢ 
ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɉɚ: 

          ∆ℎ˅ˊ˒ = ͳͷͲ,ͻͻͶ + ͵ͺ,ʹͺ = ͳͺͻ,ʹ͹Ͷ 
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3.13.1.8 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɍɗ-1 
 
Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɚɯɦɚɬɧɨɝɨ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ, ɉɚ,  
 

ɩɪɢ ɭɫɥɨɜɢɢ 0,1<φ<1,7 (ɝɞɟ ߮ = ௦భ−ௗ௦మ′ −ௗ,ɚݏଶ′ = √ଵସ ∙ ଵଶݏ + ଶଶ): ∆ℎʡЭଵݏ = ∆ℎˆ˓ ∙ ௦ܥ ∙ ௗܥ ∙ ሺݖଶ + ͳሻ,   

ɝɞɟ ∆ℎˆ˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɉɚ[3],ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ 
ɩɨɜɟɪɯɧɨɫɬɢ (ɫɦ. ɬɚɛɥɢɰɭ 10), ∆ℎˆ˓ = ͳͲ; 
ௗܥ ,ௗ – ɩɨɩɪɚɜɤɚ ɧɚ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛܥ  = ͳ[2]; 
௦ܥ ,௦ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚܥ  = ͳ,ʹ[2]; 
ଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ. ∆ℎʡЭଵݖ  = ͳͲ ∙ ͳ ∙ ͳ,ʹ ∙ ሺͳͲ͸ + ͳሻ = ͳʹͺͶ.  

3.13.1.9 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɍɗ-2 
 
Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɚɯɦɚɬɧɨɝɨ ɩɨɩɟɪɟɱɧɨ-ɨɦɵɜɚɟɦɨɝɨ ɩɭɱɤɚ, ɉɚ, 

ɩɪɢ ɭɫɥɨɜɢɢ 0,1<φ<1,7 (ɝɞɟ ߮ = ௦భ−ௗ௦మ′ −ௗ,ɚ ݏଶ′ = √ଵସ ∙ ଵଶݏ + ଶଶ): ∆ℎʡЭଶݏ = ∆ℎˆ˓ ∙ ௦ܥ ∙ ௗܥ ∙ ሺݖଶ + ͳሻ,   

ɝɞɟ ∆ℎˆ˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɉɚ[3],ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɜ 
ɩɨɜɟɪɯɧɨɫɬɢ (ɫɦ. ɬɚɛɥɢɰɭ 11), ∆ℎˆ˓ = ͳͲ; 
ௗܥ ,ௗ – ɩɨɩɪɚɜɤɚ ɧɚ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛܥ  = ͳ[2]; 
௦ܥ ,௦ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚܥ  = ͳ,ʹ[2]; 
ଶ – ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɩɭɱɤɚ. ∆ℎʡЭଶݖ  = ͳͲ ∙ ͳ ∙ ͳ,ʹ ∙ ሺͶͲ + ͳሻ = Ͷͻʹ.  

3.13.1.10 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɚɡɨɯɨɞɨɜ 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɭɱɚɫɬɤɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɭɦɦɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ:  ∆ℎˆ˘ = ∑ ∆ℎˏ𝑖 + ∆ℎ˕˓௡𝑖=ଵ ,  (134) 

ɝɞɟ ∑ ∆ℎˏ𝑖௡𝑖=ଵ –  ɫɭɦɦɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɉɚ.; ∆ℎ˕˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɉɚ 
ɉɪɨɢɡɜɨɥɶɧɨɟ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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∆ℎˏ =  ℎˇ,  (135)ˏߦ

ɝɞɟ ߦˏ – ɜɟɥɢɱɢɧɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ߦˏ = ͳ, ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 90°; ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɞɥɹ ɩɟɪɜɨɝɨ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
(ɪɢɫɭɧɨɤ 13) ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ: ∆hɞ , .  

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɛɭɞɭɬ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ. 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɪɚɜɧɚ 10÷15 ɦ/ɫ. ɉɪɢɧɢɦɚɟɦ ߱ˆ = ͳͲ ˏ/˔. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɚ ɧɚ 90° ɜ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ: 
 ∆ℎˏଵ = ͳ ∙ ͳʹ = ͳʹ ʞ˃ 

 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɚ ɧɚ 90° ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ:  
 ∆ℎˏଶ = ͳ ∙ ͷͺ = ͷͺ ʞ˃ 

 
Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɪɚɫɱёɬɨɜ ɜɬɨɪɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɦɧɨɠɢɦ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɜɨɪɨɬɨɜ. 
 ∑ℎˏ = ∆ℎˏଵ + ͸ ∙ ∆ℎˏଶ = ͳʹ + ͸ ∙ ͷͺ = ͵͸Ͳ (136) 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜ i-ɬɨɦ ɭɱɚɫɬɤɟ ɝɚɡɨɯɨɞɚ, ɦɦ ɜɨɞ.ɫɬ., 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ˕˓𝑖 = λ ∙ ௟ௗэ ∙ ℎˇ (137) 

ɝɞɟ λ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɩɪɢɧɢɦɚɟɦ λ = Ͳ,Ͳʹ; 
 ݈ – ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɝɚɡɨɯɨɞɚ, ɦ; 
 ݀э – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ, ɩɪɢɧɢɦɚɟɦ ݀э = ʹ ˏ; 
 ℎˇ– ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ. ɜɨɞ. ɫɬ. 
 
Ⱦɥɢɧɵ ɭɱɚɫɬɤɨɜ ɝɚɡɨɯɨɞɚ ɤɨɬɥɚ ɦɨɠɧɨ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 

ɮɨɪɦɭɥɚɦ, ɦ: 
 ɧɚ ɭɱɚɫɬɤɟ ɨɬ ɤɨɬɥɚ ɞɨ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ݈ˍ−ˊ˖ = ஽˒ˈሺଵ,ଶ଼+଴,଴଴଼ଷ஽˒ˈሻ,  (138) 

ɝɞɟ ܦ˒ˈ – ɡɚɞɚɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ; 
 

 ɧɚ ɭɱɚɫɬɤɟ ɨɬ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɞɨ ɞɵɦɨɜɨɣ ɬɪɭɛɵ: 

 ",cp ɤɩɩf     / 2cp ɤɩɩ ɜɷɤ   
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݈ˊ˖−ˇ˕ = D˒ˈሺଵ+଴,଴଴଻஽˒ˈሻ,  (139) 

ɝɞɟ D˒ˈ– ɡɚɞɚɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ; 
 ݈ˍ−ˊ˖ = ͷ͸͵,ͳ͵ሺͳ,ʹͺ + Ͳ,ͲͲͺ͵ ∙ ͷ͸͵,ͳ͵ሻ = ͻͶ,ͷ͸ͷ ˏ, 
 ݈ˊ˖−ˇ˕ = ͷ͸͵,ͳ͵ሺͳ + Ͳ,ͲͲ͹ ∙ ͷ͸͵,ͳ͵ሻ = ͳͳ͵,ͻ͵ʹ ˏ. 

 
Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ ℎˇ, ɉɚ, ɧɚ ɭɱɚɫɬɤɟ ɨɬ ɤɨɬɥɚ ɞɨ ɡɨɥɨɭɥɨɜɢɬɟɥɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɫɤɨɪɨɫɬɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 10 
ɦ/ɫ, ℎˇ = ͷ 

ɇɚ ɭɱɚɫɬɤɟ ɨɬ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɞɨ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɭ ɞɵɦɨɫɨɫɚ: 𝜗ˇ = α˖˘∙𝜗˖˘+∆α∙௧˘˅α˖˘+∆ఈ ,  (140) 

ɝɞɟ ߙ˖˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜɡɚ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ; 𝜗˖˘ – ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, °ɋ; 

 ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ – ߙ∆ ;ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ – ˅˘ݐ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɢ ɞɵɦɨɫɨɫɨɦ. 
 

ɉɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ∆ߙ ɩɪɢɧɢɦɚɟɦ 0,01 ɧɚ ɤɚɠɞɵɟ 10 ɦɟɬɪɨɜ: ∆ߙ = ௟ˍ−ˊ˖+௟ˊ˖−ˇ˕ଵ଴ ∙ Ͳ,Ͳͳ,  (141) ∆ߙ = ଽସ,ହ଺ହ+ଵଵଷ,ଽଷଶଵ଴ ∙ Ͳ,Ͳͳ = Ͳ,ʹͲͺ.  

 
Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ  ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ 
 𝜗ˇ = ଵ,ସ∙ଵଷ଴+଴,ଶ଴଼∙ସ଴ଵ,ସ+଴,ଶ଴଼ = ͳͳͺ,͵͵Ͷ ℃. 

 
Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɭɱɚɫɬɤɟ ɨɬ ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɞɨ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ  ɢ ɫɤɨɪɨɫɬɢ 10 ɦ/ɫ, ℎˇ = ͸. 
Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ 
 ℎ˕˓ = Ͳ,Ͳʹ ∙ ଶ଴଼,ହଶ ∙ ͸Ͳ = ͳͲͶ,ʹͶͻ ʞ˃., 
 

ɞ
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∆ℎ˕˓ = ͵͸Ͳ + ͳͲͶ,ʹͶͻ = Ͷ͸Ͷ,ʹͶͻ ɉɚ. 
   
3.13.1.11 Ɋɚɫɱɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɨɥɨɭɥɨɜɢɬɟɥɹ 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɟɣ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ, ɤɨɧɫɬɪɭɤɰɢɢ, ɪɟɠɢɦɚ 

ɪɚɛɨɬɵ ɢ ɫɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ.  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɛɢɪɚɟɬɫɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪ ɬɢɩɚ ɗȽȾ2-152-9-6-5. 

Ɋɟɤɨɦɟɧɞɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ  ∆ℎˊ˖ = ͹ͲͲ ɉɚ. 

 
3.13.1.12 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 
ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ ɢ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ. 
Ɋɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ, ɦ3/ɫ: ܸ̞ ˓˄ = Ͷ ∙ ˓ܤ ∙ ሺܸ̂ + ߙ∆ ∙ ܸ˅°ሻ ∙ 𝜗ˇ+ଶ଻ଷଶ଻ଷ , (142) 

ɝɞɟ ܤ˓ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; 
 ܸ̂  – ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 3 ɡɚ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ; 
 ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ – ߙ∆ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɢ ɞɵɦɨɫɨɫɨɦ, ∆ߙ = Ͳ,ʹͲͺ[2]; 
 ܸ˅° – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ; 
 𝜗ˇ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ, °C: ܸ̞ ˓˄ = Ͷ ∙ ͳ͵ͳ ∙ ሺ͸,͸ + Ͳ,ʹͲͺ ∙ Ͷ,ͳͶͻሻ ∙ ଵଵ଼,ଷଷସ+ଶ଻ଷଶ଻ଷ = ͷ͸Ͳͷ.  

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ, ɦ: ݀଴ = Ͳ,Ͳͳͺͺ ∙ √௏˕˓˄∙ଷ଺଴଴𝜔బ ,  (143) 

ɝɞɟ ܸ̞ ˓˄ – ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ, ɦ3/ɫ; 
 ߱଴ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ, ɦ/ɫ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɢɧɢɦɚɬɶ ɜ ɪɚɫɱɟɬɚɯ 8 ÷ 30 ɦ/ɫ, ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ߱଴ = ͵Ͳ ݀଴ = Ͳ,Ͳͳͺͺ ∙ √ହ଺଴ହ∙ଷ଺଴଴ଷ଴ = ͳͷ,Ͷͳͺ.  

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɭɤɥɨɧɟ ɜ ɬɪɭɛɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɉɚ.: ∆ℎ˕˓ = 𝜆଼∙𝑖 ∙ ℎˇ,  (144) 



63 
 

ɝɞɟ 𝑖 – ɜɟɥɢɱɢɧɚ ɫɪɟɞɧɟɝɨ ɭɤɥɨɧɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 𝑖 = Ͳ,Ͳʹ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ, ℎˇ = ͸Ͳ [2] ɩɪɢ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ ɜ 
ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ, ɡɚɜɢɫɢɬ ɨɬ ɜɧɭɬɪɟɧɧɟɝɨ – ߣ 
ɞɢɚɦɟɬɪɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ, ɬɚɤ ɤɚɤ ݀଴ > ʹ ɦ, ɬɨ ߣ = Ͳ,Ͳͳͷ. ∆ℎ˕˓ = ଴,଴ହ଼∙଴,଴ଶ ∙ ͸Ͳ = ͷ,͸ʹͷ.  

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɉɚ: ∆ℎ˅ы˘ = ˘ы˅ߦ ∙ ℎˇ,  (145) 

ɝɞɟ ߦ˅ы˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ߦ˅ы˘ = ͳ; 
 ℎˇ – – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ, ℎˇ = ʹͻͲ[2] ɩɪɢ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜ ɜ 
ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ; ∆ℎ˅ы˘ = ͳ ∙ ʹͻͲ = ʹͻͲ.   

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɉɚ: ∆ℎˇ˕ = ∆ℎ˕˓ + ∆ℎ˅ы˘,  (146) 

ɝɞɟ ∆ℎ˕˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ, ɉɚ; 
 ∆ℎ˅ы˘ – ɩɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɉɚ; ∆ℎˇ˕ = ͷ,͸ʹͷ + ʹͻͲ = ʹͻͷ,͸ʹͷ.   

 
3.13.1.12 Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ 
ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ, ɉɚ, ɥɸɛɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ, 

ɜɤɥɸɱɚɹ ɞɵɦɨɜɭɸ ɬɪɭɛɭ: ℎ˔ = ܪ± ∙ ݃ ∙ ቀͳ,ʹ͵ − 𝜌଴ ∙ ଶ଻ଷ𝜗ˆ+ଶ଻ଷቁ, (147) 

ɝɞɟ ܪ – ɜɵɫɨɬɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɝɚɡɨɯɨɞɚ, ɦ; 
 ݃ – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ2/ɫ; 
 𝜌଴ – ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3, ɜ 
ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ 𝜌଴ = ͳ,͵ʹ; 
 𝜗ˆ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ, °C. 

 
ȼ ɪɚɫɱɟɬɚɯ ɪɚɫɱɟɬ ɫɚɦɨɬɹɝɢ ɭ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɞɜɭɦ 

ɭɱɚɫɬɤɚɦ – ɞɥɹ ɨɩɭɫɤɧɨɝɨ ɝɚɡɨɯɨɞɚ ɢ ɞɵɦɨɜɨɣ ɬɪɭɛɵ (ɜɵɫɨɬɵ ɤɨɬɨɪɵɯ ɪɚɜɧɵ 
Hɤɲ ɢ Hɞɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ʉɨɝɞɚ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɜɜɟɪɯ (ɜ ɞɵɦɨɜɨɣ ɬɪɭɛɟ), 
ɫɚɦɨɬɹɝɚ ɛɟɪёɬɫɹ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜ ɨɩɭɫɤɧɨɦ ɝɚɡɨɯɨɞɟ ɨɧɚ 
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ɨɬɪɢɰɚɬɟɥɶɧɚ ɜɫɥɟɞɫɬɜɢɟ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɝɚɡɨɜ ɜɧɢɡ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ 
ɬɨɝɨ, ɱɬɨ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɩɟɪɟɩɚɞɚ ɩɨɥɧɵɯ 
ɞɚɜɥɟɧɢɣ ɭ ɬɪɚɤɬɚ, ɚ ɜɨ ɜɬɨɪɨɦ – ɪɨɫɬ. 

ȼɵɫɨɬɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɪɚɫɱёɬɚɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ 
ɩɪɨɬɨɬɢɩɭ: ܪˍ˛ = ͳͲͲ ɦ, ɚ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ܪˇ˕ = ʹͲͲ ɦ [3]. 

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ ɞɥɹ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ, ɉɚ: ℎ˔̱ ˛ = −ͳͲͲ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଶ଼଺,ହଽଷ+ଶ଻ଷቁ = −ͷ͹Ͷ,͵ͳͳ.  

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ ɞɥɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɉɚ: ℎ˔̌ ˕ = ʹͲͲ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଵଵ଼,ଷଷସ+ଶ଻ଷቁ = ͳͲ͸Ͳ.  

ɋɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɉɚ: ܪ˔ = ℎ˔̱ ˛ + ℎ˔̌ ˔ܪ (148)  ,˕ = ሺ−ͷ͹Ͷ,͵ͳͳ + ͳͲ͸Ͳሻ = Ͷͺ͸,Ͳ͹͵.  

3.13.1.13 Ɋɚɫɱɟɬ ɩɟɪɟɩɚɞɚ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ 
 
ɋɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɬɨɩɤɚ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ (ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɜɤɥɸɱɢɬɟɥɶɧɨ), ɉɚ: 

 ∑ ∆ℎ˕−ˊ˖ = ∆ℎ˛˒˒ + ∆ℎˍ˒˒ଵ + ∆ℎ˒˒ଵ + ∆ℎˍ˒˒ଶ + ∆ℎ˒˒ଶ + ∆ℎ˅эˍ + ∆ℎ˅ˊ˒ ++∆ℎˆ˘ + ∆ℎˊ˖,  (149) 

ɝɞɟ ∆ℎ˛˒˒ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɲɢɪɦɨɜɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɉɚ 
(ɫɦ. ɩɨɞɩɭɧɤɬ 3.13.1.1); 
 ∆ℎˍ˒˒ଵ,ଶ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ, ɉɚ (ɫɦ. 
ɩɨɞɩɭɧɤɬ 3.13.1.2); ∆ℎ˒˒ଵ,ଶ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ, ɉɚ (ɫɦ. 
ɩɨɞɩɭɧɤɬ 3.13.1.2); 
 ∆ℎ˅эˍ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ, ɉɚ. (ɫɦ. ɩɨɞɩɭɧɤɬ 
3.13.1.3); 
 ∆ℎ˅ˊ˒ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɉɚ (ɫɦ. ɩɨɞɩɭɧɤɬ 
3.13.1.4); 
 ∆ℎˆ˘ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɯɨɞɨɜ, ɉɚ(ɫɦ. ɩɨɞɩɭɧɤɬ 3.13.1.7); 
 ∆ℎˊ˖ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, ɉɚ (ɫɦ. ɩɨɞɩɭɧɤɬ 3.13.1.8). 

  ∑ ∆ℎ˕−ˊ˖ = Ͳ + ͳͳ,ͺʹͶ + ͵Ͳ,ͻ͸͹ + ͳ͸,ͺͻͳ + ͳ͹ͷ,Ͷͺͳ + ͳ͵Ͳ,ʹ +ͳͺͻ,ʹ͹Ͷ + Ͷ͸Ͷ,͵Ͷͻ + ͹ͲͲ = ͳ͹ͳͻ.  
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  Ⱦɥɹ ɝɚɡɨɯɨɞɚ ɫ ɛɚɣɩɚɫɚɦɢ ɉȼȾ ɢ ɉɇȾ ɮɨɪɦɭɥɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

 ∑ ∆ℎ˕−ˊ˖ = ∆ℎ˛˒˒ + ∆ℎˍ˒˒ଵ + ∆ℎ˒˒ଵ + ∆ℎˍ˒˒ଶ + ∆ℎ˒˒ଶ + ∆ℎ˅эˍ + ∆ℎʡЭଵ ++∆ℎʡЭଶ+∆ℎˆ˘ + ∆ℎˊ˖,  (174) 

 ∑ ∆ℎ˕−ˊ˖ = Ͳ + ͳͳ,ͺʹͶ + ͵Ͳ,ͻ͸͹ + ͳ͸,ͺͻͳ + ͳ͹ͷ,Ͷͺͳ + ͳ͵Ͳ,ʹ + ͳʹͺͶ +Ͷͻʹ + Ͷ͸Ͷ,͵Ͷͻ + ͹ͲͲ = ͵͵Ͳ͸.  

 Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ (ɡɚɩɵɥɟɧɧɨɫɬɶ ɝɚɡɨɜ), 
ɤɝ/ɤɝ: ߤˏ˃˔ = ஺˓∙௔˖ːଵ଴∙ఘబ∙௏̂˔˓,  (150) 

ɝɞɟ ܣ˓ – ɡɨɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %. 
 ܽ˖ː – ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɨɣ ɩɨɬɨɤɨɦ ɝɚɡɚ; 
 𝜌଴ – ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3, ɜ 
ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ 𝜌଴ = ͳ,͵ʹ; 
 ܸ̂˔˓ – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɞɥɹ  ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɢ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɦ3/ɤɝ: ߤˏ˃˔ = ଻,ସ∙଴,ଽହଵ଴∙ଵ,ଷଶ∙ହ,଼ଷଶ = Ͳ,Ͳ͹͹.   

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɟ, 
ɉɚ: ∆ܪ = ∑ ∆ℎ˕−ˊ˖ ∙ ሺͳ + ሻ˔˃ˏߤ + ∆ℎˇ˕, (151) 

ɝɞɟ ∑ ∆ℎ˕−ˊ˖ – cɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɬɨɩɤɚ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ, ɉɚ.; 
 ∆ℎˇ˕ – ɫɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ, 
ɉɚ; 
ܪ∆ .ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ – ˔˃ˏߤ  = ͵͵Ͳ͸ ∙ ሺͳ + Ͳ,Ͳ͹͹ሻ + ʹͻͷ,͸ʹͷ = ͵͵Ͷ͹;  

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ, ɉɚ.: ܪ˒ = ℎ′̞′ + ܪ∆ −  (152)  ,˔ܪ

ɝɞɟ ℎ′̞′ – ɪɚɡɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɉɚ (ɫɦ. ɩɨɞɩɭɧɤɬ 3.13.1.1); 
 cɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ – ܪ∆ 
ɬɹɝɟ, ɉɚ; 
˒ܪ ;ɫɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɉɚ – ˔ܪ  = −͵Ͳ + ͵͵Ͷ͹ − Ͷͺ͸,Ͳ͹͵ = ʹͺ͵ͳ.  
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3.13.1.14 ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɵɦɨɫɨɫɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɟɝɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɚɩɨɪɚ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ 
 
ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɵɦɨɫɨɫɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɞɛɨɪɭ ɚɝɪɟɝɚɬɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɪɚɡɪɟɠɟɧɢɟ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ, ɢ ɩɨɬɪɟɛɥɹɸɳɟɝɨ ɧɚɢɦɟɧɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ 
ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɢɡɦɟɧɟɧɢɹɯ ɤɚɱɟɫɬɜɚ ɬɨɩɥɢɜɚ, ɢɡɦɟɧɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɚɤɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɹɝɨɞɭɬɶɟɜɵɯ 
ɦɚɲɢɧ ɜɵɛɢɪɚɸɬɫɹ ɫ ɡɚɩɚɫɨɦ, ɜ ɱɚɫɬɧɨɫɬɢ: ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ߚଵ = ͳ,ͳ, 
ɩɨ ɞɚɜɥɟɧɢɸ ߚଶ = ͳ,ʹ. 

 
Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɉɚ: ܪˇ = ଶߚ ∙  (153)  ,˒ܪ

ɝɞɟ ߚଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɞɚɜɥɟɧɢɸ; 
ˇܪ .ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ, ɉɚ – ˒ܪ  = ͳ,ʹ ∙ ʹͺ͵ͳ = ͵͵ͻ͹.   

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ɦ3/ɫ – ɨɛɴɟɦ ɩɟɪɟɦɟɳɚɟɦɵɯ ɞɵɦɨɫɨɫɨɦ 
ɝɚɡɨɜ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɢɡɦɟɪɟɧɧɵɣ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ: ܳ˓ = ଵߚ ∙ ܸ̌ ,  (154) 

ɝɞɟ ߚଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; 
 ܸ̌  – ɪɚɫɯɨɞ ɝɚɡɨɜ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ: ܸ̌ = ˓ܤ ∙ ሺܸ̂ + ߙ∆ ∙ ܸ˅°ሻ ∙ 𝜗ˇ+ଶ଻ଷଶ଻ଷ ,  (155) 

ɝɞɟ ܤ˓ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; 
 ܸ̂  – ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 3 ɡɚ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ; 
 ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ – ߙ∆ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɢ ɞɵɦɨɫɨɫɨɦ, ∆ߙ = Ͳ,ʹͲͺ[2]; 
 ܸ˅° – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ; 
 𝜗ˇ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ, °C. ܸ̌ = ͳ͵ͳ ∙ ሺ͸,͸ + Ͳ,ʹͲͺ ∙ Ͷ,ͳͶͻሻ ∙ ଵଵ଼,ଷଷସ+ଶ଻ଷଶ଻ଷ = ͳͶͲͳ.  ܳ˓ = ͳ,ͳ ∙ ͳͶͲͳ = ͳͷͶͳ.   



67 
 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɨɞɢɧ ɤɨɬёɥ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɞɜɚ ɞɵɦɨɫɨɫɚ, ɱɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɭɫɥɨɜɢɹɦɢ ɧɚɞёɠɧɨɣ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, 
ɩɨɷɬɨɦɭ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭ ɨɞɧɨɝɨ ɢɡ ɞɵɦɨɫɨɫɨɜ, ɬɵɫ. ɦ3/ɱ, ɩɨ ɤɨɬɨɪɨɣ ɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ ɬɹɝɨɞɭɬɶɟɜɨɣ ɦɚɲɢɧɵ, 
ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ܳˇ = ொ˓∙ଶ ,  (156) 

ɝɞɟ ܳ˓ – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ɦ3/ɫ. ܳˇ = ଵହସଵଶ = ͹͹Ͳ,͸ʹͷ.   

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ܳˇ, ɬɵɫ. ɦ3/ɱ) ɢ ɧɚɩɨɪɭ 
 ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩɨɪɚɡɦɟɪ ɞɵɦɨɫɨɫɚ: ȾɈȾ-31,5Ɏ ɫ ɱɢɫɥɨɦ (ɉɚ ,ˇܪ)
ɨɛɨɪɨɬɨɜ ݊ =490 ɨɛ/ɦɢɧ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɵɦɨɫɨɫɚ 𝜂ˇ =Ͳ,ͺͲͷ. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɞɵɦɨɫɨɫɚ, ɤȼɬ: 

ˇܰ = ଷߚ ∙ ொˇ∙ுˇ∙ଵ଴−య𝜂ˇ ,  (157) 

ɝɞɟ ߚଷ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ɜ ɪɚɫɱɟɬɚɯ 
ɩɪɢɧɢɦɚɟɬɫɹ ߚଷ = ͳ,Ͳͷ; 
 ܳˇ – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɞɵɦɨɫɨɫɚ, ɬɵɫ. ɦ3/ɫ; 
 ;.ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɦɦ ɜɨɞ.ɫɬ – ˇܪ 
 𝜂ˇ – ɄɉȾ ɞɵɦɨɫɨɫɚ. 

ˇܰ = ͳ,Ͳͷ ∙ ͹͹Ͳ,͸ʹͷ ∙ ͵͵ͻ͹ ∙ ͳͲ−ଷ͵,͸ ∙ Ͳ,͸͸ = ͻͶͺ,ͷͳͺ. 
3.13.2  Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ 
 
Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɫɯɨɠ ɫ ɪɚɫɱёɬɨɦ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɢ ɜɟɞёɬɫɹ 

ɬɚɤɠɟ ɧɚ ɧɨɦɢɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. 
 
ɇɚ ɪɢɫɭɧɤɟ 8 ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɫɯɟɦɭ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ. 
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h''т

Δ hв̚п

h'т

Δ hм1

Hв1

Hв2

Δ hкалор̛ф Δ hм2

Δ hм1

 

Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

3.13.2.1 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 
 
Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ, ɤɚɤ ɢ ɝɚɡɨɩɪɨɜɨɞɨɜ, ɫɜɨɞɢɬɫɹ ɤ 

ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɬ ɦɟɫɬɚ ɡɚɛɨɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɞɨ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ. 

ɉɪɨɢɡɜɨɥɶɧɨɟ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ: ∆ℎˏ𝑖 = 𝑖ˏߦ ∙ ℎˇ,  (158) 

ɝɞɟ ߦˏ – ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 90° 
ɩɪɢɧɢɦɚɟɬɫɹ ߦˏ = ͳ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ,ℎˇ = ʹ͸Ͳ [2] ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɤɨɪɨɫɬɢ 
ɜɨɡɞɭɯɚ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ߱˅ = ʹͲ ɦ/ɫ, ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ ݐ˘˅, °C. ∆ℎˏଵ = ͳ ∙ ʹ͸ = ʹ͸Ͳ.   

ɇɚɣɞɟɧɧɵɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɚɥɟɟ ɫɭɦɦɢɪɭɸɬɫɹ, ɉɚ: ∑ ∆ℎˏ𝑖 = ∆ℎˏଵ,  (159) ∑ ∆ℎˏ𝑖 = ʹ͸Ͳ.   

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜ ɭɱɚɫɬɤɟ ɝɚɡɨɯɨɞɚ, ɉɚ: ∆ℎ˕˓ = ߣ ∙ ௟ௗэ ∙ ℎˇ,  (160) 

ɝɞɟ ߣ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ߣ = Ͳ,Ͳʹ; 
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 ݈ – ɞɥɢɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ, ɩɪɢɧɢɦɚɟɬɫɹ, ݈ = ͳ,ʹ ∙∙ ˃ˍܪ = ͳ,ʹ ∙ ͳʹͲ = ͳͶͶ [2], ɜɵɫɨɬɭ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ Hɤɚ ɩɪɢɧɢɦɚɟɦ ɩɨ 
ɱɟɪɬɟɠɭ ɩɪɨɬɨɬɢɩɚ; 
 ݀э – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ, ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬ 1,5 ɞɨ 3 ɦ, ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ݀э = ʹ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ, ℎˇ = ʹ͵Ͳ [2] ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɤɨɪɨɫɬɢ 
ɜɨɡɞɭɯɚ, ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ߱˅ = ʹͲ ɦ/ɫ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ ݐ˘˅, °C. ∆ℎ˕˓ = Ͳ,Ͳʹ ∙ ଵସସଶ ∙ ʹ͵Ͳ = ͵͵ͳ,ʹ.  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ, ɉɚ: ∆ℎ˅˒˓ = ∑ ∆ℎˏ𝑖 + ∆ℎ˕˓,  (161) 

ɝɞɟ ∑ ∆ℎˏ𝑖 – ɫɭɦɦɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ (ɫɦ. ɮɨɪɦɭɥɭ 184); 
 ∆ℎ˕˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜ ɭɱɚɫɬɤɟ ɝɚɡɨɯɨɞɚ, ɉɚ. ∆ℎ˅˒˓ = ʹ͸Ͳ + ͵͵ͳ,ʹ = ͷͻͳ,ʹ.  

3.13.2.2 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɥɨɪɢɮɟɪɨɜ 
 
Ʉɚɥɨɪɢɮɟɪɵ ɪɚɡɥɢɱɚɸɬɫɹ ɬɢɩɨɦ ɤɨɧɫɬɪɭɤɰɢɢ ɨɪɟɛɪɟɧɢɹ: ɜɵɩɭɫɤɚɸɬɫɹ 

ɩɥɚɫɬɢɧɱɚɬɵɟ ɢ ɫɩɢɪɚɥɶɧɨ-ɧɚɜɢɜɧɵɟ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɛɢɪɚɟɬɫɹ ɤɚɥɨɪɢɮɟɪ  
ɦɚɪɤɢ ȼɌɂ. Ɋɟɤɨɦɟɧɞɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɥɨɪɢɮɟɪɚ ɩɨ ɜɨɡɞɭɯɭ, 
ɩɪɢɧɢɦɚɟɦ ɢɡ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ: ∆ℎˍ˃ˎˑ˓ˋ˗ = ͶͲͲ. 

 
3.13.2.3 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ, ɉɚ, ɞɥɹ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ: ∆ℎ˕˓ = ∆ℎˆ˓ ∙ ሺݖଶ + ͳሻ ∙ ݉,  (162) 

ɝɞɟ ∆ℎˆ˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɉɚ, ∆ℎˆ˓ =ͺͷ [2]; 
ଶݖ ,ଶ –ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɜ ɤɚɠɞɨɦ ɯɨɞɟݖ  = ʹͲͲ 
 ݉ –ɤɨɥɢɱɟɫɬɜɨ ɯɨɞɨɜ ɩɨ ɜɨɡɞɭɯɭ, m = 2. ∆ℎ˕˓ = ͺͷ ∙ ሺʹͲͲ + ͳሻ ∙ ʹ = ͵Ͷͳ͹.  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɨɜ ɜ ɩɟɪɟɩɭɫɤɧɵɯ ɤɨɪɨɛɚɯ, ɉɚ: ∆ℎ˒ˑ˅ = ˏ˖˔ߦ ∙ ℎˇ,  (163) 
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ɝɞɟ ߦ˔˖ˏ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɜ ɪɚɫɱɟɬɚɯ 
ɩɪɢɧɢɦɚɟɬɫɹ ߦ˔˖ˏ = ͵,ͷ + ͵,ͷ + Ͳ,ͻ = ͹,ͻ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ, ℎˇ = Ͷͷ [2] ɩɪɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɫɬɭɩɟɧɢ; ∆ℎ˒ˑ˅ = ͹,ͻ ∙ Ͷͷ = ͵ͷͷ,ͷ.  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɉɚ, ɜ ɤɨɬɨɪɨɦ ɜɨɡɞɭɯ, ɤɚɤ 
ɩɪɚɜɢɥɨ ɨɦɵɜɚɟɬ ɬɪɭɛɵ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɧɚɪɭɠɢ, ɚ ɞɵɦɨɜɵɟ ɝɚɡɵ 
ɞɜɢɠɭɬɫɹ ɜɧɭɬɪɢ ɬɪɭɛ: ∆ℎ˅ˊ˒ = ∆ℎ˕˓ + ∆ℎ˒ˑ˅,  (164) 

ɝɞɟ ∆ℎ˕˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ, ɉɚ; 
 ∆ℎ˒ˑ˅ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɨɜ ɜ ɩɟɪɟɩɭɫɤɧɵɯ ɤɨɪɨɛɚɯ, ɉɚ. ∆ℎ˅ˊ˒ = ͵Ͷͳ͹ + ͵ͷͷ,ͷ = ͵͹͹͵.  

3.13.2.4 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɭɱɚɫɬɤɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ 
ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɭɦɦɵ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɨɝɨ ɩɨ ɜɵɩɪɹɦɥɟɧɧɨɣ ɞɥɢɧɟ ɷɬɨɝɨ ɭɱɚɫɬɤɚ. 

Ʉ ɦɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ ɨɬɧɨɫɹɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɩɨɜɨɪɨɬɚɯ, ɩɪɢ 
ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɢ ɫɟɱɟɧɢɹ. 

ɉɪɨɢɡɜɨɥɶɧɨɟ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ∆ℎˏ𝑖 = 𝑖ˏߦ ∙ ℎˇ,  (165) 

ɝɞɟ ߦˏ – ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ,ɩɪɢɧɢɦɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɩɪɢ ɩɨɜɨɪɨɬɟ ɧɚ 90° 
ɩɪɢɧɢɦɚɟɬɫɹ ߦˏ = ͳ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ, ℎˇ = ͳʹͷ [2] ɩɨ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ݐˆ˅, °C. ∆ℎˏଵ = ͳ ∙ ͳʹͷ = ͳʹͷ.   ∆ℎˏଶ = ͳ ∙ ͳʹͷ = ͳʹͷ   

ɇɚɣɞɟɧɧɵɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɚɥɟɟ ɫɭɦɦɢɪɭɸɬɫɹ: ∑ ∆ℎˏ𝑖 = ∆ℎˏଵ + ∆ℎˏଶ,  (166) ∑ ∆ℎˏ𝑖 = ͳʹͷ + ͳʹͷ = ʹͷͲ.   
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɜ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞɚɯ. ȼ ɨɛɵɱɧɵɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɧɟ 
ɭɱɢɬɵɜɚɬɶ ɩɨɩɪɚɜɤɭ ɧɚ ɬɟɩɥɨɨɛɦɟɧ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɉɚ: ∆ℎ˕˓ = ߣ ∙ ௟ௗэ ∙ ℎˇ,  (167) 

ɝɞɟ ߣ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ߣ = Ͳ,Ͳʹ; 
 ݀э – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ, ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬ 1,5 ɞɨ 3 ɦ, ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ݀э = ʹ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ, ℎˇ = ͳʹͷ [2] ɩɨ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ݐˆ˅, °C. 
 ݈ – ɞɥɢɧɚ ɝɚɡɨɯɨɞɚ, ɦ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: ݈ = ஽˒ˈሺଵ,ହହ+଴,଴ଶହ∙஽˒ˈሻ,  (168) 

ɝɞɟ ܦ˒ˈ – ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ; ݈ = ହ଺ଷ,ଵଷሺଵ,ହହ+଴,଴ଶହ∙ହ଺ଷ,ଵଷሻ = ͵͸.   ∆ℎ˕˓ = Ͳ,Ͳʹ ∙ ଷ଺ଶ ∙ ͳʹͷ = ͵ʹ,͸ͷ  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɉɚ: ∆ℎˆ˅ = ∑ ∆ℎˏ𝑖 + ∆ℎ˕˓,  (169) 

ɝɞɟ ∑ ∆ℎˏ𝑖– ɫɭɦɦɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ; 
 ∆ℎ˕˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɉɚ; ∆ℎˆ˅ = ʹͷͲ + ͵ʹ,͸ͷ = ʹͺʹ,͸ͷ.   

3.13.2.5  Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɨɩɨɱɧɵɯ ɢ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɤɢ, ɉɚ, ɩɨ ɜɬɨɪɢɱɧɨɦɭ ɜɨɡɞɭɯɭ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɫ 

ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: ∆ℎˆˑ˓ = ˓ˑˆߦ ∙ ℎˇ,  (170) 

ɝɞɟ ߦˆˑ˓ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɪɚɫɱɟɬɚɯ ߦˆˑ˓ = ʹ; 
 ℎˇ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ, ℎˇ = ͳ͵Ͳ [2] ɩɨ ɫɤɨɪɨɫɬɢ ɜɬɨɪɢɱɧɨɝɨ 
ɜɨɡɞɭɯɚ. 
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∆ℎˆˑ˓ = ʹ ∙ ͳ͵Ͳ = ʹ͸Ͳ.   

3.13.2.6  Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ 
ɋɚɦɨɬɹɝɚ ɥɸɛɨɝɨ ɭɱɚɫɬɤɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ, ɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: ℎ˔ = ܪ± ∙ ݃ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଶ଻ଷ+௧˅ቁ, (171) 

ɝɞɟ ܪ – ɜɵɫɨɬɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ, ɦ; 
 ݃ – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ2/ɫ; 
 ;ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ, °C – ˅ݐ 

ɋɚɦɨɬɹɝɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɞɜɭɯ ɭɱɚɫɬɤɨɜ. 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɫɚɦɨɬɹɝɚ ɞɥɹ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɜ ɪɚɫɱɟɬɚɯ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ. ɉɟɪɜɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ȼɁɉ, ɪɚɫɱɟɬɧɚɹ ɜɵɫɨɬɚ 
ɭɱɚɫɬɤɚ ɜ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ ɪɚɡɧɨɫɬɢ ɨɬɦɟɬɨɤ ɜɜɨɞɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ 
ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɵɜɨɞɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ (Hɜ1, ɛɟɪёɬɫɹ ɢɡ 
ɪɚɫɱёɬɚ ȼɁɉ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ݐ˅ = ௧˘˅+௧ˆ˅ଶ = ସ଴+ଷ଴଴ଶ = ͳ͹Ͳ°C. ɋɚɦɨɬɹɝɚ 
ɩɪɢɧɢɦɚɟɬɫɹ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ: ℎூ̝ = Ͷ,ͶͶͳ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଶ଻ଷ+ଵ଻଴ቁ = ͳͺ,ͳͶ͹  

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɬɨɪɨɣ ɭɱɚɫɬɨɤ, ɭɱɚɫɬɜɭɸɳɢɣ ɜ ɪɚɫɱёɬɟ - ɷɬɨ ɜɟɫɶ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ. ȿɝɨ ɪɚɫɱёɬɧɚɹ ɜɵɫɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ ɜɵɜɨɞɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɢɡ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢ ɜɯɨɞɚ ɜ ɬɨɩɤɭ (Hɜ2, ɡɚɦɟɪɹɟɬɫɹ ɩɨ 
ɩɪɨɬɨɬɢɩɭ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ݐ˅ = ˅ˆݐ = ͵ͲͲ. ɋɚɦɨɬɹɝɚ ɧɚ ɜɬɨɪɨɦ ɭɱɚɫɬɤɟ, ɉɚ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ: ℎூ̝ூ = −ͷͲ ∙ ͻ,ͺͳ ∙ ቀͳ,ʹ͵ − ͳ,͵ʹ ∙ ଶ଻ଷଶ଻ଷ+ଷ଴଴ቁ = −ʹͻͶ,ͺ͵ͻ  

ȼɟɥɢɱɢɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɚɦɨɬɹɝɢ, ɉɚ, ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ: ܪ˔ = (∑ ℎ˔𝑖௡𝑖=ଵ ˔ܪ (172)  ,( = ሺͳͺ,ͳͶ͹ − ʹͻͶ,ͺ͵ͻሻ = −ʹ͹͸,͸ͻʹ 

3.13.2.7 Ɋɚɫɱɟɬ ɩɟɪɟɩɚɞɚ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭ 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ, ɉɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ∆ܪ˅ = ∆ℎ˅˒˓ + ∆ℎˍ˃ˎˑ˓ˋ˗ + ∆ℎ˅ˊ˒ + ∆ℎˆ˅ + ∆ℎˆˑ˓, (173) 

ɝɞɟ ∆ℎ˅˒˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ, ɉɚ; 
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 ∆ℎˍ˃ˎˑ˓ˋ˗ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɥɨɪɢɮɟɪɨɜ, ɫɦɨɬɪɟɬɶ ɩɨɞɩɭɧɤɬ 3.13.2.2; 
 ∆ℎ˅ˊ˒ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɉɚ; 
 ∆ℎˆ˅ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɉɚ; 
 ∆ℎˆˑ˓ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɤɢ, ɉɚ. ∆ܪ˅ = ͷͻͳ,ʹ + ͶͲͲ + ͵͹͹͵ + ʹͻͷ,Ͳ͵ͺ + ʹ͸Ͳ = ͷ͵ͳͻ.  

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɜ ɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ, ɉɚ, (ɩɪɢ 
ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɟ): ∆ܪ˒ = ˅ܪ∆ − ˔ܪ − ℎ′̞ ,  (174) 

ɝɞɟ ∆ܪ˅ – ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ, ɉɚ; 
 ;ɜɟɥɢɱɢɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɚɦɨɬɹɝɢ, ɉɚ – ˔ܪ 
 ℎ′̞  – ɪɚɡɪɹɠɟɧɢɟ ɜ ɬɨɩɤɟ ɧɚ ɭɪɨɜɧɟ ɜɜɨɞɚ ɜɨɡɞɭɯɚ,ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɟ: ℎ′̞ = ℎ′̞′ + Ͳ,ͻͷ ∙  (175)  ,′ܪ

ɝɞɟ ℎ′̞′ – ɪɚɡɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɉɚ (ɫɦ. ɪɚɡɞɟɥ 3.13.1); 
 ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɜɵɫɲɟɣ ɬɨɱɤɨɣ ɫɟɱɟɧɢɹ ɜɵɯɨɞɚ – ′ܪ 
ɝɚɡɨɜ ɢɡ ɬɨɩɤɢ ɢ ɫɪɟɞɧɢɦ ɫɟɱɟɧɢɟɦ ɜɜɨɞɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɭ, ɦ; ℎ′̞ = −͵Ͳ + Ͳ,ͻͷ ∙ ͷʹ = ͳͻ,Ͷ.   ∆ܪ˒ = ͷ͵ͳͻ − ʹ͹͸,͸ͻʹ + ͳͻ,Ͷ = ͷͷ͹͸.  

3.13.2.8  ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɚɩɨɪɚ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ 

 
ȼɵɛɨɪ ɬɢɩɨɪɚɡɦɟɪɚ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɞɛɨɪɭ ɚɝɪɟɝɚɬɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɞɚɜɥɟɧɢɟ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ, ɢ ɩɨɬɪɟɛɥɹɸɳɟɝɨ ɧɚɢɦɟɧɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ 
ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɢɡɦɟɧɟɧɢɹɯ ɤɚɱɟɫɬɜɚ ɬɨɩɥɢɜɚ, ɢɡɦɟɧɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɚɤɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɹɝɨɞɭɬɶɟɜɵɯ 
ɦɚɲɢɧ ɜɵɛɢɪɚɸɬɫɹ ɫ ɡɚɩɚɫɨɦ, ɜ ɱɚɫɬɧɨɫɬɢ: ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ߚଵ = ͳ,ͳ, 
ɩɨ ɞɚɜɥɟɧɢɸ ߚଶ = ͳ,ʹ. 

ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ, ɤɨɬɨɪɨɟ ɞɨɥɠɟɧ ɪɚɡɜɢɜɚɬɶ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ: ܪ˅ = ଶߚ ∙  (176)  ,˒ܪ∆

ɝɞɟ ߚଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɞɚɜɥɟɧɢɸ; 
˅ܪ .ɩɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɜ ɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ, ɉɚ – ˒ܪ∆  = ͳ,ʹ ∙ ͷͷ͹͸ = ͸͸ͻͳ   
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ3/ɫ – ɨɛɴɟɦ ɩɟɪɟɦɟɳɚɟɦɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɨɦ ɜɨɡɞɭɯɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɢɡɦɟɪɟɧɧɵɣ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ: ܳ˓ = ଵߚ ∙ ܸ˅ ,  (177) 

ɝɞɟ ߚଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; 
 ܸ˅  – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ: ܸ̌ = ˓ܤ ∙ ܸ˅° ∙ ሺߙ˕ − ˕ߙ∆ − ˎ˒ߙ∆ + ˒ˊ˅ߙ∆ ∙ ʹሻ ∙ ௧˘˅+ଶ଻ଷଶ଻ଷ , (178) 

ɝɞɟ ܤ˓ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; 
 ;ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, °C – ˅˘ݐ 
 ;ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ – ˕ߙ 
 ;ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ – ˕ߙ∆ 
 ܸ˅° – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ; 
 ;ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ – ˎ˒ߙ∆ 
ܸ̌ ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɭɬɟɱɤɚ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ – ˒ˊ˅ߙ∆  = ͳ͵ͳ ∙ Ͷ,ͳͶͻ ∙ ሺͳ,ʹ − Ͳ,Ͳͷ − Ͳ,ͲͶ + Ͳ,Ͳ͵ሻ ∙ ସ଴+ଶ଻ଷଶ଻ଷ = ͸͹ʹ,͸ͺͶ.  ܳ˓ = ͳ,ͳ ∙ ͸͹ʹ,͸ͺͶ = ͹͵ͻ,ͻͷ͵   

Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɨɞɢɧ ɤɨɬёɥ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ, 
ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɫɥɨɜɢɹɦɢ ɧɚɞёɠɧɨɣ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ, ɩɨɷɬɨɦɭ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭ ɨɞɧɨɝɨ ɢɡ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɬɵɫ. ɦ3/ɱ, ɩɨ 
ɤɨɬɨɪɨɣ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ ɬɹɝɨɞɭɬɶɟɜɨɣ 
ɦɚɲɢɧɵ, ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ܳ˅ = ொଶ˓ ,  (179) ܳ˅ = ଻ଷଽ,ଽହଷଶ = ͵͸ͻ,ͻ͹͸.   

ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ܳˇ, ɬɵɫ. ɦ3/ɱ) ɢ ɧɚɩɨɪɭ 
 :ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɬɢɩɨɪɚɡɦɟɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ (.ɦɦ ɜɨɞ.ɫɬ ,ˇܪ)
ȼȾɈȾ–31,5 ɫ ɱɢɫɥɨɦ ɨɛɨɪɨɬɨɜ ݊ = 585 ɨɛ/ɦɢɧ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 𝜂˅ = Ͳ,͸Ͷ. 

 
Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɤȼɬ: 

ˇܰ = ଷߚ ∙ ொ˅∙ு˅∙ଵ଴−యଷ,଺∙𝜂˅ = ͳ,Ͳͷ ∙ ଷ଺ଽ,ଽ଻଺∙଺଺ଽଵ∙ଵ଴−యଷ,଺∙଴,଺ସ = ͳͳʹͺ, (180) 

ɝɞɟ ߚଷ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ, ɜ ɪɚɫɱɟɬɚɯ 
ɩɪɢɧɢɦɚɟɬɫɹ ߚଷ = ͳ,Ͳͷ; 
 𝜂˅ – ɄɉȾ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ. 
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4. Ɉɛɳɚɹ ɱɚɫɬɶ 

 4.1 Ɋɚɫɱёɬ ɫɯɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɬɚɧɰɢɢ 

Ȼɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ ɢ ɞɟɲɟɜɢɡɧɟ ɜɨɞɚ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɤɚɤ ɪɚɛɨɱɟɟ ɬɟɥɨ. ȿɟ ɨɛɪɚɛɨɬɤɚ ɩɨɫɥɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɨɱɢɫɬɤɚ, ɨɯɥɚɠɞɟɧɢɟ) ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɬɶ ɨɛɨɪɨɬɧɨɟ 
ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɫ ɦɧɨɝɨɤɪɚɬɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɟ 
ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ, ɚ ɬɚɤɠɟ ɩɪɟɞɭɩɪɟɠɞɚɟɬɫɹ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɨɡɞɚɸɬɫɹ ɤɨɦɮɨɪɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɪɨɠɢɜɚɧɢɹ ɥɸɞɟɣ. 

Ɇɧɨɝɨɤɪɚɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɨɛɨɪɨɬɧɭɸ ɫɢɫɬɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼɨɞɨɨɯɥɚɞɢɬɟɥɟɦ ɜ ɨɛɨɪɨɬɧɨɣ ɫɢɫɬɟɦɟ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɜɨɞɨɟɦ-ɨɯɥɚɞɢɬɟɥɶ ɥɢɛɨ ɝɪɚɞɢɪɧɢ. ȼ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɫɬɚɧɰɢɢ ɝɪɚɞɢɪɟɧ. 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɚ ɝɪɚɞɢɪɧɹ ɧɚ ɛɥɨɤ. Ⱦɥɹ 
ɩɪɨɫɬɨɬɵ ɪɚɫɱёɬɨɜ ɩɪɢɧɢɦɚɟɦ ɟё ɮɨɪɦɭ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ. 

1

3

2
2

 

(1 – ɤɨɧɞɟɧɫɚɬɨɪɵ ɬɭɪɛɢɧ, 2 – ɝɪɚɞɢɪɧɢ, 3 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ) 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɬɚɧɰɢɢ 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɚɞɢɪɧɢ – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɯɥɚɠɞɟɧɢɹ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɜɵɫɨɬɚ ɜɵɬɹɠɧɨɣ ɛɚɲɧɢ. 

ɉɥɨɳɚɞɶ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ2: ˑܨ ˓ = 𝜆∙ீ˅ఘ˅∙𝜈ˑ˓,              (181) 

ɝɞɟ ߣ – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ; 
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 ;ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɤɝ/ɫ – ˅ܩ

 ;ˑ˓ – ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫߥ 

 𝜌˅ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3. 

ˑܨ ˓ = Ͳ,ͷ ∙ ͹͵ʹͶ͵,ͶͶ͵,͸ ∙ ͳ,ͳ͸Ͷ ∙ Ͳ,ͺ = ͳͲͻʹͶ,ʹ 

 Ɍɨɝɞɚ ɞɢɚɦɟɬɪ ɝɪɚɞɢɪɧɢ ɪɚɜɟɧ, ɦ: ܦˆ˓ = √ସ∙ிˑ ˓గ = √ସ∙ଵ଴ଽଶସ,ଶଷ,ଵସ = ͳͳ͹,ͻ͹         (182) 

ȼɵɫɨɬɚ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚɯoɞɢɬɫɹ ɩɨ ɮoɪɦɭɥɟ, ɦ: ܪˑ˓ = ிˑ ˓గ∙஽ˆ˓ = ଵ଴ଽଶସ,ଶଷ,ଵସ∙ଵଵ଻,ଽ଻ = ʹͻ,ͷ         (183) 

 

4.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ȽɊɗɋ 

4.2.1 ɉɪɢɟɦɧɵɟ ɪɚɡɝɪɭɡɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 
 
Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɬɭ ɤɨɬɥɚ ɪɚɜeɧ Bp=131 ɤɝ/ɫ. Ɍɨɝɞɚ 

ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɢ ɪɚɜɟɧ, ɬ/ɱ: 
˔˃˚ܤ  = B௣ ∙ ݊ ∙ ͵,͸ = ͳ͵ͳ ∙ ʹ ∙ ͵,͸ = ͻͶ͵,ʹ,        (184) 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɜ ɧɚ ɫɬɚɧɰɢɢ. 
 
ɉɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɟɦ ɞɜɚ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ  

ɪɨɬɨɪɧɨɝɨ ɬɪɟɯɨɩɨɪɧɨɝɨ ɬɢɩɚ.  
  ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɹ : 

 ɑɢɫɥɨ ɨɩɪɨɤɢɞɵɜɚɧɢɣ ɡɚ 1 ɱɚɫ – 30; 
 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ – 2790/1800 ɬ/ɱ; 
 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ – 2ɯ36 ɤȼɬ. 

 
4.2.2 Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 

 ɋɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɥɹɟɬ, ɬ/ɫɭɬ: 
˕˖˔ܤ  = ˔˃˚ܤ ∙ ʹͶ = ͻͶ͵,ʹ ∙ ʹͶ = ʹʹ͸͵͸,ͺ        (185)
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 Ɍɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ  ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ 
ɥɟɧɬɨɱɧɵɯ ɤɨɧɜɟɣɟɪɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɚɹ, ɞɪɭɝɚɹ ɪɟɡɟɪɜɧɚɹ.  
  

Ɋɚɫɱɟɬɧɚɹ ɱɚɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɧɢɬɤɢ, ɬ/ɱ: 
˔˃ʦ˚˔˃˓ܤ  = ஻˔˖˕் = ଶଶ଺ଷ଺,଼ଶଵ = ͳͲ͹ͺ         (186)

      
ɝɞɟ T =21 ɱ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ. 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ, ɬ/ɱ: 
ˎܤ  = ܾଶ ∙ ܿ ∙ ߛ ∙ 𝐾௔ = ͳଶ ∙ ʹ,ͷ ∙ Ͳ,ͺͷ ∙ ͵ʹͲ = ͸ͺͲ       (187)
        
ɝɞɟ b– ɲɢɪɢɧɚ ɥɟɧɬɵ, ɦ; 
       c – ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ [7], ɦ/ɫ; 
       ϒ - ɧɚɫɵɩɧɨɣ ɜɟɫ ɬɨɩɥɢɜɚ [7], ɬ/ɦ3; 
       Ka= 320 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɥɟɧɬɵ 
[7]. 
  

Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥ ɩɪɢɜɨɞɧɨɝɨ ɛɚɪɚɛɚɧɚ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɛɟɡ 
ɫɛɪɚɫɵɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɤȼɬ: 
 ˄ܹ˃˓ = 𝐾భ∙௓∙௖+ଶ∙஻ˎ∙௓+ଷ଻∙஻ˎ∙ுଵ଴଴଴∙ଷ,଺ ∙ 𝐾௭ = ହଵହ∙ହ଴∙ଶ,ହ+ଶ∙଺଼଴∙ହ଴+ଷ଻∙଺଼଴∙ହଵ଴଴଴∙ଷ,଺ ∙ ͳ = ͹ͳ,͹ (188)

              
ɝɞɟ Z=50 - ɞɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ 
ɛɚɪɚɛɚɧɨɜ, ɦ; 

H=5 - ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ 
ɤɨɧɰɟɜɨɝɨ              ɛɚɪɚɛɚɧɨɜ, ɦ; 

Kz=1 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɥɢɧɵ ɥɟɧɬɵ [7];  
K1=515 - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɲɢɪɢɧɵ ɥɟɧɬɵ[7].  

 Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, ɤȼɬ: 
 эܹ˒ = 𝐾ˊ∙ௐ˄𝜂эˇ∙𝜂˓ = ଵ,ଶହ∙଻ଵ,଻଴,ଽହ∙଴,ଽହ = ͻͻ,͵          (189) 

ɝɞɟ Kɡ=1,25 - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ [7]; 
       𝜂эˇ=0,95 - ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ [7]; 

       𝜂˓=0,95 -  ɄɉȾ ɪɟɞɭɤɬɨɪɚ [7] 
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          4.2.3   ȼɵɛɨɪ ɞɪɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
 
 ɉɪɢɦɟɧɹɟɦ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɛɥɨɤɟ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ ɞɪɨɛɥɟɧɢɟ. ȼɜɢɞɭ 
ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɦ ɦɨɥɨɬɤɨɜɵɟ ɧɟɡɚɛɢɜɚɸɳɢɟɫɹ 
ɞɪɨɛɢɥɤɢ ɫ ɩɨɞɜɢɠɧɵɦɢ ɞɪɨɛɢɥɶɧɨɣ ɢ ɨɬɛɨɣɧɨɣ ɩɥɢɬɚɦɢ ɢ ɫ ɨɱɢɫɬɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ. ɉɨ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɢ ɩɨ ɪɚɫɱɟɬɧɨɦɭ 
ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜɵɛɢɪɚɟɦ:  
 

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ 
Ɂɭɛɱɚɬɵɟ ɞɪɨɛɢɥɤɢ ɬɢɩɚ ȾȾɁ-500-6 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 300 ɬ/ɱ 

 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 235 ɨɛ/ɦɢɧ 
 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 340 ɤȼɬ 
 Ⱦɢɚɦɟɬɪ ɪɨɬɨɪɚ – 500 ɦɦ 
 Ⱦɥɢɧɚ ɪɨɬɨɪɚ – 1200 ɦɦ 

 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ 
Ⱦɪɨɛɢɥɤɢ ɬɢɩɚ  ȾɆɇ-21ɯ18,5 [7] ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ -  500-600 ɬ/ɱ; 
 Ɋɚɡɦɟɪɵ ɪɨɬɨɪɚ 
                      ɞɥɢɧɚ – 1850 ɦɦ 
                      ɞɢɚɦɟɬɪ – 2100 ɦɦ    
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ - 490 ɨɛ/ɦɢɧ; 
 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ  - 900 ɤȼɬ; 
 Ɇɚɫɫɚ – 76,4 ɬ. 
 
ȿɦɤɨɫɬɶ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ, ɦ3: 
 

          ܸ ˄ = ஻˚˃˔೘𝑎ೣ∙𝜏ԃ∙𝐾ˊ = ଵଷଵ∙ଵ଴଴,଼ହ∙଴,଼ = ͳͻʹ͸,ͷ         (190)

 ɝɞɟ 𝜏=10 - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɬɨɩɥɢɜɟ, 
ɡɚɩɚɫɟɧɧɨɦ ɜ ɛɭɧɤɟɪɚɯ; 
                  𝐾ˊ=0,8 - ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ [7] ; 
         ԃ =0,85 – ɧɚɫɵɩɧɨɣ ɜɟɫ ɭɝɥɹ [7] . 
 
 Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɚ ɢɫɩɨɥɶɡɭɟɦ ɥɟɧɬɨɱɧɵɣ ɩɢɬɚɬɟɥɶ ɩɵɥɢ ɫ 
ɲɢɪɢɧɨɣ ɥɟɧɬɵ 800 ɦɦ, ɞɥɢɧɨɣ 2 ɦ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɜɵɫɨɬɟ ɫɥɨɹ 0,2 
ɦɟɬɪɚ - 270 ɦ3/ɱ, ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ – 4,5 ɤȼɬ. 
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4.2.4 Ɍɨɩɥɢɜɧɵɟ ɫɤɥɚɞɵ 
 ȿɦɤɨɫɬɶ ɫɤɥɚɞɚ ɭɝɥɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɧɚ ɦɟɫɹɱɧɵɣ ɪɚɫɯɨɞ ɩɪɢ 20 ɱɚɫɚɯ 
ɪɚɛɨɬɵ ɜ ɫɭɬɤɢ ɜɫɟɯ ɤɨɬɥɨɜ, ɬ/ɦɟɫ: 
 
˔ˈˏܤ  = ˔˃˚ܤ ∙ ͵Ͳ ∙ ʹͲ = ͻͶ͵,ʹ ∙ ͵Ͳ ∙ ʹͲ = ͷ͸ͷͻʹ       (191) 
  

ɉɥɨɳɚɞɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɧɹɬɭɸ ɲɬɚɛɟɥɹɦɢ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɦ2 : 
ܨ  = ஻ˏˈ˔ℎ∙ఊ∙ఝ = ହ଺ହଽଶଵ଴∙଴,଼ହ∙଴,଼ହ = ͹ͺ͵ʹ,ͺ          (192) 

ɝɞɟ  h - ɜɵɫɨɬɚ ɲɬɚɛɟɥɹ, ɦ; ߮=0,8-0,9 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɨɬɤɨɫɚ (ɫɩɨɥɡɚɧɢɹ) 
ɬɨɩɥɢɜɚ ɜ ɲɬɚɛɟɥɟ, ɩɪɢɧɢɦɚɟɦ 0,85[7]. 
 

4.2.5 ȼɵɛɨɪ ɦɟɯɚɧɢɡɦɨɜ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 
 
ɇɚ ɩɪɨɬɨɬɢɩɟ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ, ɫɬɚɧɰɢɢ ɇɢɞɟɪɚɭɫɫɟɦ, ɭɫɬɚɧɨɜɥɟɧɵ 

8 ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ, ɩɪɢɱёɦ ɫɥɨɢɫɬɵɣ ɩɵɥɟɞɟɥɢɬɟɥɶ ɪɚɫɩɪɟɞɟɥɹɟɬ 
ɬɨɩɥɢɜɨ ɩɨ 3 ɹɪɭɫɚɦ ɝɨɪɟɥɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɤɚɠɞɨɣ ɢɡ ɫɬɨɪɨɧ 
ɜɨɫɶɦɢɝɪɚɧɧɨɣ ɩɪɢɡɦɵ, ɤɨɬɨɪɭɸ ɨɛɪɚɡɭɟɬ ɬɨɩɤɚ. ɉɨɷɬɨɦɭ ɜ ɧɚɲɟɦ ɩɪɨɟɤɬɟ 
ɬɚɤɠɟ ɭɫɬɚɧɚɜɥɢɜɚɟɦ 8 ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ. ɋɢɫɬɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, 
ɤɨɬɨɪɭɸ ɢɫɩɨɥɶɡɭɟɦ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɤɨɬɥɟ – ɡɚɦɤɧɭɬɚɹ, ɫ ɩɪɹɦɵɦ 
ɜɞɭɜɚɧɢɟɦ. 
 

 Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰɵ, ɬ/ɱ: 
ˏܤ  = ଵ,ଵ∙஻𝑝∙ଷ,଺௡∙𝐾ˎˑ = ଵ,ଵ∙ଵଷଵ∙ଷ,଺଼∙ଵ,ଷ = ͹ͻ,ͺ         (193) 

 ɝɞɟ n - ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ ɧɚ ɤɨɬɥɟ; 
                   ɥɨK -  ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ  [7]. 
 Ɇɟɥɶɧɢɰɚ Ɇȼ 3400/900/490 ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 84 ɬ/ɱ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 490 ɨɛ/ɦɢɧ. 
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5. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɬɚɧɰɢɢ 

 Ƚɟɧɟɪɚɥɶɧɵɦ ɩɥɚɧɨɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɝɟɧɩɥɚɧ) ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ 
ɨɛɳɢɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɨɫɧɨɜɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫɬɚɧɰɢɢ. Ƚɟɧɩɥɚɧ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ 
ɫoɫɬɚɜɧɵɯ ɱaɫɬɟɣ ɫɢɬɭaɰɢɨɧɧɨɝɨ ɩɥaɧɚ ɷɥɟɤɬɪoɫɬɚɧɰɢɢ, ɜɤɥɸɱɚɸɳɟɝo 
(ɩɨɦɢɦɨ ɩɪoɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɢ) ɢɫɬɨɱɧɢɤ ɢ ɫɢɫɬɟɦɭ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, 
ɡɨɥɨɲɥɚɤɨɨɬɜɚɥɵ, ɩɪɢɦɵɤɚɸɳɢɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ ɢ ɚɜɬɨɞɨɪɨɝɢ, 
ɜɵɜɨɞɵ Ʌɗɉ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ ɢ ɬɟɩɥɨɩɪɨɜɨɞɨɜ, ɬɨɩɥɢɜɧɵɣ ɫɤɥɚɞ, 
ɲɥɚɤɨɡɨɥɨɩɪɨɜɨɞɵ.  

Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɱɢɫɥɨ ɨɬɨɛɪɚɠɚɟɦɵɯ ɧɚ ɝɟɧɟɪɚɥɶɧɨɦ ɩɥɚɧɟ ɷɥɟɦɟɧɬɨɜ 
ɨɛɵɱɧɨ ɜɤɥɸɱɚɸɬ ɬɚɤɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɤɚɤ ɝɥɚɜɧɵɣ 
ɤɨɪɩɭɫ, ɭɫɬɪɨɣɫɬɜɚ ɡɨɥɨɭɥɚɜɥɢɜɚɧɢɹ, ɞɵɦɨɜɵɟ ɬɪɭɛɵ, ɞɵɦɨɫɨɫɵ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɡɚɜɨɞɨɭɩɪɚɜɥɟɧɢɟ, ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɫɬɚɧɰɢɢ, ɦɚɫɥɨ-ɦɚɡɭɬɧɨɟ 
ɯɨɡɹɣɫɬɜɨ, ɈɊɍ, ɫɨɨɪɭɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɬɨɩɥɢɜɧɵɦ ɯɨɡɹɣɫɬɜɨɦ ɫɬɚɧɰɢɢ, 
ɯɢɦɨɱɢɫɬɤɭ ɞɨɛɚɜɨɱɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ, ɦɚɫɬɟɪɫɤɢɟ, ɥɚɛɨɪɚɬɨɪɢɢ, ɞɨɪɨɝɢ, 
ɠ/ɞ ɩɭɬɢ, ɩɨɦɟɳɟɧɢɹ ɫɥɭɠɟɛɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɢ ɬ.ɞ.  

 ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɪɚɡɦɟɳɟɧɢɟ ɨɛɴɟɤɬɨɜ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫ 
ɩɨɞɜɟɬɪɟɧɧɨɣ ɫɬɨɪɨɧɵ, ɫɨ ɫɬɨɪɨɧɵ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ. Ɉɬɤɪɵɬɨɟ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɪɚɫɩɨɥɨɠɟɧɨ ɫ ɮɚɫɚɞɧɨɣ ɫɬɨɪɨɧɵ ɝɥɚɜɧɨɝɨ 
ɡɞɚɧɢɹ. 

 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ Ɍɗɋ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɥɢɫɬɟ №2 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 



81 
 

 

(1 - ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ, 2 – ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ, 3 – ɞɵɦɨɜɚɹ ɬɪɭɛɚ, 4 – ɬɪɚɧɫɮɨɪɦɚɬɨɪ, 5 – 
ɝɪɚɞɢɪɧɹ, 6 – ɈɊɍ, 7 – ɈȼɄ, 8 – ȺɄɋ, 9 – ɆɆɏ, 10 – ɜɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɢ, 11 – 

ɥɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ, 12 – ɞɪɨɛɢɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, 13 – ɫɤɥɚɞ ɭɝɥɹ, 14 – 
ɪɟɫɢɜɟɪɵ) 

Ɋɢɫɭɧɨɤ 10 – Ƚɟɧɩɥɚɧ ɫɬɚɧɰɢɢ 
 

 6. ȼɵɛɨɪ ɤɨɦɩɨɧɨɜɤɢ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

 Ɂɞɚɧɢɟ, ɝɞɟ ɧɚɯɨɞɢɬɫɹ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ɍɗɋ, 
ɧɚɡɵɜɚɸɬ ɝɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 ȼ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɩɨɞɚёɬɫɹ ɬɨɩɥɢɜɨ, ɦɚɡɭɬ, ɜɨɞɚ ɧɚ ɬɟɯɧɢɱɟɫɤɢɟ ɧɭɠɞɵ. 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɤɨɧɟɱɧɚɹ ɩɪɨɞɭɤɰɢɹ – ɬɟɩɥɨɜɚɹ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ – ɨɬɜɨɞɢɬɫɹ 
ɢɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ, ɤɚɤ ɢ ɞɵɦɨɜɵɟ ɝɚɡɵ ɨɬ ɤɨɬɥɨɜ ɢ ɨɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ ɨɬ 
ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ. 

 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ, ɚ ɬɚɤɠɟ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɫɧɨɜɧɵɦ ɩɪɢ ɜɵɛɨɪɟ ɤɨɦɩɨɧɨɜɤɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɋ, 
ɦɨɳɧɨɫɬɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɡɧɚɱɟɧɢɹ ɫɬɚɧɰɢɢ, ɜɢɞɚ ɬɨɩɥɢɜɚ, 
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ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ. ȼ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ ɜɵɞɟɥɟɧɨ ɞɜɚ ɩɨɦɟɳɟɧɢɹ 
ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɟɥɶɧɨɟ ɢ ɬɭɪɛɢɧɧɨɟ ɨɬɞɟɥɟɧɢɟ.  

Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɩɪɨɞɨɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ, ɜɨɤɪɭɝ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɩɥɨɳɚɞɤɢ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦɟɬɶ ɜ ɩɨɦɟɳɟɧɢɢ ɩɪɨɟɦɵ, 
ɫɜɨɛɨɞɧɵɟ ɨɬ ɩɟɪɟɤɪɵɬɢɹ.  Ɍɚɤɠɟ ɜ ɬɭɪɛɢɧɧɨɦ ɨɬɞɟɥɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧ 
ɤɨɧɞɟɧɫɚɬɨɪ, ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɞɪɭɝɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, 
ɩɢɬɚɬɟɥɶɧɵɟ, ɤɨɧɞɟɧɫɚɬɧɵɟ, ɞɪɟɧɚɠɧɵɟ ɢ ɩɪɨɱɢɟ ɧɚɫɨɫɵ.  

ȼ ɩɨɦɟɳɟɧɢɢ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ 
ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɜɴɟɡɞɵ. Ɇɟɠɞɭ ɤɨɬɟɥɶɧɵɦ ɢ ɬɭɪɛɢɧɧɵɦ ɨɬɞɟɥɟɧɢɹɦɢ 
ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɛɭɧɤɟɪɨɜ ɩɵɥɢ, ɞɟɚɷɪɚɬɨɪɨɜ ɢ ɤɨɧɜɟɣɟɪɨɜ 
ɬɨɩɥɢɜɨɩɨɞɚɱɢ.  

Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɦɨɧɬɚ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɜ ɨɬɞɟɥɟɧɢɹɯ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɨɦɟɳɟɧɢɹ ɦɚɫɬɟɪɫɤɢɯ ɢ 
ɪɟɦɨɧɬɧɨ-ɦɨɧɬɚɠɧɵɯ ɩɥɨɳɚɞɨɤ, ɚ ɬɚɤɠɟ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɥɚɛɨɪɚɬɨɪɢɣ 
ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɤɢ ɢ ɦɨɫɬɨɜɵɟ ɤɪɚɧɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ 
ɤɨɬɟɥɶɧɨɦ ɢ ɬɭɪɛɢɧɧɨɦ ɨɬɞɟɥɟɧɢɹɯ.  

Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ Ɍɗɋ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɥɢɫɬɟ №3 ɝɪɚɮɢɱɟɫɤɨɣ 
ɱɚɫɬɢ. 

 

(1 – ɤɨɬɟɥ, 2 – ɬɭɪɛɨɚɝɪɟɝɚɬ, 3 – Ȼɋɍ, 4 – ɦɟɥɶɧɢɰɚ-ɜɟɧɬɢɥɹɬɨɪ, 5 – ɬɪɚɧɫɮɨɪɦɚɬɨɪ, 6 – 
ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ, 7 – ɡɨɥɨɭɥɨɜɢɬɟɥɶ, 8 – ɞɵɦɨɫɨɫ, 9 – ɞɵɦɨɜɚɹ ɬɪɭɛɚ) 

Ɋɢɫɭɧɨɤ 11 – Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
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7 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɉɨɧɹɬɢɟ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɤɨɦɩɥɟɤɫ ɦɟɪ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɢ 
ɬɟɯɧɨɝɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɜ ɨɝɪɚɧɢɱɟɧɢɢ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɫ ɰɟɥɶɸ 
ɫɨɯɪɚɧɟɧɢɹ ɛɥɚɝɨɩɪɢɹɬɧɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɪɚɣɨɧɚ ɢ ɫɧɢɠɟɧɢɸ ɪɨɥɢ 
ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɜ ɨɛɳɟɦ ɧɟɝɚɬɢɜɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɱɟɥɨɜɟɤɚ 
ɧɚ ɷɤɨɥɨɝɢɸ. 

Ɂɚɞɚɱɟɣ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɛɵɥɨ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɩɪɢ ɛɨɥɶɲɨɦ 
ɧɨɦɢɧɚɥɶɧɨɦ ɪɚɫɯɨɞɟ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬёɥ ɫɧɢɡɢɬɶ ɜɵɛɪɨɫɵ ɞɨ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ (ɩɨ ɧɨɪɦɚɦ ȽɈɋɌ Ɋ 50831-95), ɬɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɜɚɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɛɟɡ ɩɪɟɜɵɲɟɧɢɹ 
ɞɨɩɭɫɬɢɦɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɷɤɨɥɨɝɢɸ. 

 Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɬɚɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ ɤɚɤ ɬɜёɪɞɨɟ ɲɥɚɤɨɭɞɚɥɟɧɢɟ ɢ ɩɪɹɦɨɬɨɱɧɵɟ ɝɨɪɟɥɤɢ (ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ), ɷɥɟɤɬɪɨɮɢɥɶɬɪ (ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɡɨɥɵ), 
ɦɨɤɪɨɢɡɜɟɫɬɤɨɜɚɹ ɨɱɢɫɬɤɚ ɩɨ ɭɩɪɨɳёɧɧɨɣ ɫɯɟɦɟ ɫ ɪɟɚɥɢɡɚɰɢɟɣ ɮɨɪɤɚɦɟɪɵ ɜ 
ɷɥɟɤɬɪɨɮɢɥɶɬɪɟ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɩɪɵɫɤɟ ɜ ɷɬɭ ɮɨɪɤɚɦɟɪɭ 
ɢɡɜɟɫɬɤɨɜɨɝɨ ɦɨɥɨɤɚ (ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɫɟɪɵ). 

7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

ȼɵɛɨɪ ɱɢɫɥɚ ɞɵɦɨɜɵɯ ɬɪɭɛ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 
ɫɭɳɟɫɬɜɭɸɳɟɣ ɧɨɪɦɨɣ – ɨɞɧɚ ɬɪɭɛɚ ɧɚ ɱɟɬɵɪɟ ɤɨɬɥɚ. ɉɪɢ ɷɬɨɦ ɜɵɛɨɪ ɜɵɫɨɬɵ 
ɬɪɭɛɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ ɩɪɟɜɵɲɟɧɢɹ 
ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɜɵɛɪɨɫɚɦɢ ɢɡ ɧɟё.  
  

ȼɵɛɪɨɫɵ ɡɨɥɵ, ɝ/ɫ: 
ˎˊܯ  = ͳͲ ∙ ௣ܤ ∙ ቀܣ௣ + ସݍ ∙ ொː˓ଷଶ,଻ቁ ∙ ܽ˖ː ∙ (ͳ − 𝜂ˊ˖),                (194) 

ɝɞɟ 𝜂ˊ˖ – ɫɬɟɩɟɧɶ ɭɥɚɜɥɢɜɚɧɢɹ ɱɚɫɬɢɰ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ, ɞɥɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ 𝜂ˊ˖ = Ͳ,ͻͻ͸; 

 ܽ˖ː = Ͳ,ͻͷ – ɞɨɥɹ ɭɧɨɫɚ ɡɨɥɵ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ; 
 .ସ – ɩɨɬɟɪɢ ɫ ɦɟɯ. ɧɟɞɨɠɨɝɨɦݍ 
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ˎˊܯ = ͳͲ ∙ ͳ͵ͳ ∙ (͹,Ͷ + Ͳ,ͷ ∙ ͳʹ,ͺͷ͵ʹ,͹ ) ∙ Ͳ,ͻͷ ∙ ሺͳ − Ͳ,ͻͻ͸ሻ = ͵͹,ͺͳͷ 

 
ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ: 

ேை௫ܯ             = Ͳ,Ͳ͵Ͷ ∙ 𝐾 ∙ ଵߚ ∙ ଶߚ ∙ ௣ܤ ∙ ܳː˓ ∙ ሺͳ − ௤రଵ଴଴ሻ       (195) 

ɝɞɟ 𝐾 = ଵଶ∙஽˒ˈଶ଴଴+஽˒ˈ = ଵଶ∙ହ଺ଷଶ଴଴+ହ଺ଷ = ͺ,ͺͷ - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

ɤɨɬɥɚ. 
      B - ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɥɨɚɝɪɟɝɚɬ, ɤɝ/ɫ; 
ଵߚ       = Ͳ,ͷͷ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɚɱɟɫɬɜɨ 
ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛ ɲɥɚɤɨɭɞɚɥɟɧɢɹ. 
ଶߚ       = Ͳ,ͺͷ - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɢɞ ɝɨɪɟɥɨɤ 
(ɩɪɹɦɨɬɨɱɧɵɟ). 
ேை௫ܯ  = Ͳ,͵Ͷ ∙ ͳͲ−ସ ∙ ͺ,ͺͷ ∙ Ͳ,ͷͷ ∙ Ͳ,ͺͷ ∙ ͳ͵ͳ ∙ ͳʹͺͷͲ ∙ ቀͳ − ଴,ହଵ଴଴ቁ = ʹ͵ͷ,͸ͳ
      
 ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɝ/ɫ: 
ௌை௫ܯ  = ʹ ∙ ͳͲଷ ∙ ௌ𝑝ଵ଴଴ ∙ ௣ܤ ∙ ሺͳ − 𝜂′ௌைଶሻ ∙ ሺͳ − 𝜂′′ௌைଶሻ ∙ ሺͳ − ݇ሻ     (196) 

ɝɞɟ 𝜂′ௌைଶ - ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɝɚɡɨɯɨɞɚɯ 
ɤɨɬɥɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 0; 
      𝜂′′ௌைଶ - ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ, 
ɩɪɢɧɢɦɚɟɦ 0,2. 
 k – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɱɢɫɬɤɭ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɦɨɤɪɨɢɡɜɟɫɬɤɨɜɵɦ ɫɩɨɫɨɛɨɦ, ɩɪɢɧɢɦɚɟɦ k=0,8 ܯௌை௫ = ʹ ∙ ͳͲଷ ∙ Ͳ,ʹͳͲͲ ∙ ͳ͵ͳ ∙ ሺͳ − Ͳሻ ∙ ሺͳ − Ͳ,ʹሻ ∙ ሺͳ − Ͳ,ͺሻ = ͺ͵,ͺͶ 

 
ɝɞɟ F - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ; 
     F=1 - ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɵɛɪɨɫɨɜ 
     F=2 - ɞɥɹ ɡɨɥɵ 
  

ɉɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, ɝ/ɫ: 
ܯ  = ቀܯௌை௫ + ேை௫ܯ ʞДʙ˔ೄ̝ೀೣʞДʙ˔˔ಿೀೣ + ቁˎˊܯ ∙  (197)        ܨ
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ɝɞɟ F - ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ: F=1 - ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɵɛɪɨɫɨɜ, F=2 - ɞɥɹ 
ɡɨɥɵ. 
ܯ  = ͺ͵,ͺͶ ∙ ͳ + ʹ͵ͷ,͸ͳ ∙ Ͳ,ͲͷͲ,ͲͶ ∙ ͳ + ͵͹,ͺͳͷ ∙ ʹ = Ͷͷ͵,ͻͺ 

 
ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɜɵɛɪɨɫɵ 

ɨɤɫɢɞɨɜ ɫɟɪɵ. Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɉȾɄ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɹɜɥɹɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ ɜɪɟɞɧɨɫɬɶ ɡɨɥɵ ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɤɫɢɞɚɦɢ ɫɟɪɵ. 
  
 Ⱦɥɹ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ ɫɭɦɦɚɪɧɚɹ ɜɟɥɢɱɢɧɚ ɜɵɛɪɨɫɨɜ ɫɨɫɬɚɜɢɬ, ɝ/ɫ: 
ˏˏ˖˔ܯ  = ܯ ∙ ݊ = Ͷͷ͵,ͻͺ ∙ ʹ = ͻͲ͹,ͻ͸        (198) 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɛɥɨɤɨɜ. 
 
 7.2 Ɋɚɫɱёɬ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 

Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ: 

ܪ            = √ ஺∙ெ∙௠ʞДʙೄೀమ ∙ √ ே௏̂ ∙∆௧య
                    (199) 

ɝɞɟ A=200 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɤɨɧɜɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ) ɩɪɢɦɟɫɢ ɜ ɜɨɡɞɭɯɟ; 

m= 0,9 –  ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ 
ɫɤɨɪɨɫɬɟɣ ɜɵɯɨɞɚ ɝɚɡɨɜ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ; 

N= 1 – ɱɢɫɥɨ ɬɪɭɛ; ܸ̂ – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɢɡ ɬɪɭɛ,ɦ3/ɫ; 
 ∆t – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ,°ɋ, ∆ݐ = 𝜗ˇ − ˅˘ݐ = ͳͳͺ,͵͵Ͷ − ͵Ͳ = ͺͺ,͵͵Ͷ; 

  М –ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɝ/ɫ (ɜ ɪɚɫɱёɬɚɯ ɩɪɢɧɢɦɚɟɦ 
ɡɚɝɪɹɡɧɢɬɟɥɶ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɫɨɬɚ ɬɪɭɛɵ ɞɨɫɬɢɝɚɟɬ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ – 
ɞɢɨɤɫɢɞ ɫɟɪɵ); 
ܪ  = √ଶ଴଴∙ଽ଴଻,ଽ଺∙଴,ଽ଴,଴ହ ∙ √ ଵଵସ଴ଵ∙଼଼,ଷଷସయ = ͳͻͷ,͵͵ʹ  
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 ɉɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ H=200 ɦɟɬɪɨɜ. 
 
 ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ, ɦ: ݀଴ = Ͳ,Ͳͳͺͺ ∙ √௏˕˓˄∙ଷ଺଴଴𝜔బ ,  (200) 

ɝɞɟ ܸ̞ ˓˄ – ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ, ɦ3/ɫ; 
 ߱଴ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ, ɦ/ɫ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɢɧɢɦɚɬɶ ɜ ɪɚɫɱɟɬɚɯ 8 ÷ 25 ɦ/ɫ, ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ߱଴ = ʹͷ 

                                             
 

         ݀
଴ = Ͳ,Ͳͳͺͺ ∙ √ଵସ଴ଵ∙ଷ଺଴଴ଶହ = ͺ,ͶͶ 

 
ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ: 
˗эܪ  = ܪ + ܪ∆ = ܪ + ͳ,ͻ ∙ ௗబ∙𝜔బ௩∙ఝ             (201)                   

ɝɞɟ  d0=8,44 ɦ – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɬɪɭɛɵ; 
     ω0=30 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɭɫɬɶɟ ɬɪɭɛɵ; 
        υ=5 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ; 
        φ=1,63 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 
ɜɵɫɨɬɨɣ ɬɪɭɛɵ; 
 
       ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ: 
 

˗эܪ   = ʹͲͲ + ͳ,ͻ ∙ ଼,ସସ∙ଶହହ∙ଵ,଺ଷ = ʹͶͻ,ͳͻ 

  
7.3 Ɋɚɫɱёɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

 
 Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. 
Ɋɚɫɱɟɬ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɋɇ-
369-74.  
 ȼɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ 
ɜɵɛɪɨɫɚ ɧɚɝɪɟɬɨɣ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɨɞɢɧɨɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫ ɤɪɭɝɥɵɦ 
ɭɫɬɶɟɦ ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚ ɪɚɫɫɬɨɹɧɢɢ xɦ, 
ɦ ɨɬ ɢɫɬɨɱɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 ܿˏ = ஺∙ெ∙௠∙௡ுమ∙ √௏భ∙∆்య ,            (202) 

ɝɞɟ A – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ 
ɚɬɦɨɫɮɟɪɵ ɢ ɨɩɪɟɞɟɥɹɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 
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ɪɚɫɫɟɢɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ, ˔ଶ/ଷ ∙ ˏˆ ∙ ˆ˓˃ˇభయ/ˆ, ɞɥɹ 
ɋɢɛɢɪɢ A=200; 
 M – ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɩɨɫɥɟ 
ɨɱɢɫɬɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɝ/ɫ; 
 ଵܸ − ɨɛɴɟɦ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɦ3//ɫ; 
 ∆ܶ − ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɜɵɛɪɚɫɵɜɚɟɦɨɣ ɝɚɡɨɜɨɡɞɭɲɧɨɣ 
ɫɦɟɫɢ Тɝ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɪɭɠɚɸɳɟɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ Тɜ, ɝɪɚɞ: 
 H – ɜɵɫɨɬɚ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɦ, H = 200; 

 m ɢ n – ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɭɫɥɨɜɢɹ ɜɵɯɨɞɚ 
ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢɡ ɭɫɬɶɹ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ, ɜ ɪɚɫɱёɬɟ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ 
ɬɪɭɛɵ ɩɪɢɧɢɦɚɥɢɫɶ ɪɚɜɧɵɦɢ m=0,9; n=1. ȼ ɞɚɧɧɨɦ ɪɚɫɱёɬɟ ɜɟɥɢɱɢɧɚ 
ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ m ɞɨɥɠɧɚ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ ɧɢɠɟ, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɱɢɫɥɹɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ f, ɦ/ɫ2∙ɝɪɚɞ, ɩɨ ɮɨɪɦɭɥɟ: 
 

 ݉ = ଵ଴,଺଻+଴,ଵ∙√௙+଴,ଷସ √௙య ;                (203) 

 ݂ = ͳͲଷ ∙ 𝜔బమ∙஽ுమ∙∆் = ͳͲଷ ∙ ଶହమ∙଼,ସସଶ଴଴మ∙଼଼,ଷଷସ = ͳ,Ͷͻʹ,        (204) 

 ݉ = ଵ଴,଺଻+଴,ଵ∙√ଵ,ସଽଶ+଴,ଷସ √ଵ,ସଽଶయ = Ͳ,ͺͶ͹, 

 ȼɟɥɢɱɢɧɚ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ n, ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ 
ɩɚɪɚɦɟɬɪɚ ݒˏ, ɜɵɱɢɫɥɹɟɦɨɝɨ ɩɨ ɮɨɪɦɭɥɟ ɧɢɠɟ: 
 

ˏݒ  = Ͳ,͸ͷ ∙ √௏భ∙∆்ு =య Ͳ,͸ͷ ∙ √ଵସ଴ଵ∙଼଼,ଷଷସଶ଴଴య = ͷ,ͷ͵ͻ,          (205) 

 Ɍɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ ݒˏ > ʹ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ n = 1, 

  ܿ ˏ = ଶ଴଴∙ଽ଴଻,ଽ଺∙଴,଼ସ଻∙ଵଶ଴଴మ∙ √ଵସ଴ଵ∙଼଼,ଷଷସయ = Ͳ,Ͳͺͳ; 

 ȼɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ܿˏ 
ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚ ɨɫɢ ɮɚɤɟɥɚ ɜɵɛɪɨɫɚ (ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɫɪɟɞɧɟɝɨ ɜɟɬɪɚ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɟɪɢɨɞ) ɧɚ ɪɚɫɫɬɨɹɧɢɢ ݔˏ, ɦ, 
ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ. ȼɟɥɢɱɢɧɚ ݔˏ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
ˏݔ  = ݀ ∙  (206)    ,ܪ
ɝɞɟ d – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ݒˏ, 
ɩɪɢ  ݒˏ > ʹ, ɮɨɪɦɭɥɚ ɞɥɹ ɜɟɥɢɱɢɧɵ d, ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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  ݀ = ͹ ∙ ˏݒ√ ∙ (ͳ + Ͳ,ʹͺ√݂య ),    (207) 
 

 ݀ = ͹ ∙ √ͷ,ͷ͵ͻ ∙ (ͳ + Ͳ,ʹͺ√ͳ,Ͷͻʹయ ) = ʹͳ,͹Ͷͷ 
  

ȼ ɫɥɭɱɚɹɯ ɤɨɝɞɚ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ F ൒ ʹ, ɮɨɪɦɭɥɚ ɞɥɹ ݔˏ 
ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ݔˏ = ହ−ிସ ∙ ݀ ∙ ܪ = ହ−ଶସ ∙ ʹͳ,͹Ͷͷ ∙ ʹͲͲ = ͵ʹ͸ͳ,͹ͷ. 

 ȼɟɥɢɱɢɧɚ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ݑˏ, ɦ/ɫ, ɧɚ ɭɪɨɜɧɟ ɮɥɸɝɟɪɚ, ɩɪɢ 
ɡɧɚɱɟɧɢɢ ɜɟɥɢɱɢɧɵ ݒˏ > ʹ, ɮɨɪɦɭɥɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ݑˏ, ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ 
ɜɢɞ: 
ˏݑ  = ˏݒ ∙ (ͳ + Ͳ,ͳʹ√݂) = ͷ,ͷ͵ͻ ∙ (ͳ + Ͳ,ͳʹ ∙ √ͳ,Ͷͻʹ) = ͸,͵ͷͳ.    (208) 

 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ܿˏ௨, ɦɝ/ɦ3, ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ ɫɤɨɪɨɫɬɢ 
ɜɟɬɪɚ u, ɦ/ɫ, ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ݑˏ, ɞɨɥɠɧɚ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ܿˏ௨ = ݎ ∙ ܿˏ,             (209) 

ɝɞɟ ݎ − ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ௨௨ˏ , ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɭɥɟ, ɩɪɢ ௨௨ˏ ൑ ͳ,  

ݎ  = Ͳ,͸͹ ∙ ቀ௨௨ˏ ቁ + ͳ,͸͹ ∙ ቀ௨௨ˏ ቁଶ − ͳ,͵Ͷ ∙ ቀ௨௨ˏ ቁଷ = Ͳ,͸͹ ∙ ሺͲ,͵Ͷ͸ሻ + ͳ,͸͹ ∙ሺͲ,͵Ͷ͸ሻଶ − ͳ,͵Ͷ ∙ ሺͲ,͵Ͷ͸ሻଷ = Ͳ,͵͹͹,          (210) 

 ܿˏ௨ = Ͳ,͵͹͹ ∙ Ͳ,Ͳͺͳ = Ͳ,Ͳ͵ 

 ȼɟɥɢɱɢɧɚ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚ ɪɚɡɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ 
ɢɫɬɨɱɧɢɤɚ ɩɨ ɨɫɢ ɮɚɤɟɥɚ ɜɵɛɪɨɫɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ܿ = ଵܵ ∙ ܿˏ             (211) 

ɝɞɟ ଵܵ – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ௫௫ˏ. 

ɩɪɢ ௫௫ˏ ൑ ͳ  ଵܵ = ͵ ∙ ቀ ௫௫ˏቁସ − ͺ ∙ ቀ ௫௫ˏቁଷ + ͸ ∙ ቀ ௫௫ˏቁଶ
 

ɩɪɢ ͳ < ௫௫ˏ ൑ ͺ ଵܵ = ଵ,ଵଷ଴,ଵଷ∙ቀ ೣೣˏ ቁమ+ଵ 
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ɩɪɢ ௫௫ˏ > ͺ  ଵܵ = ೣೣˏ
ଷ,ହ଼∙ቀ ೣೣˏ ቁమ+ଷହ,ଶ∙ሺ ೣೣˏ ሻ+ଵଶ଴  

Ɂɧɚɱɟɧɢɹ ɩɪɢɡɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ y ɩɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɭ ɤ ɨɫɢ ɜɵɛɪɨɫɚ ɧɚɯɨɞɢɥɢɫɶ ɩɨ ɜɵɪɚɠɟɧɢɸ: ܿ௬ = ܵଶ ∙ ܿˏ             (212) 

ɝɞɟ ܵ ଶ – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ 
u ɢ ɨɬɧɨɲɟɧɢɹ ௬௫ˏ: ܵଶ = ଵ(ଵ+଼,ସ∙௨∙ቀ ೤ೣˏ ቁమ)∙ሺଵ+ଶ଼,ଶ∙௨మ∙ቀ ೤ೣˏ ቁర         (213) 

 Ɋɚɫɱёɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɜ ɩɪɨɝɪɚɦɦɟ Mathcad, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 12, 13. 

 

Ɋɢɫɭɧɨɤ 12 – ɉɪɢɡɟɦɧɚɹ ɤɨɧɰeɧɬɪɚɰɢɹ ɜɪeɞɧɵɯ ɜeɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ ɩɨ ɨɫɢ 
ɮɚɤɟɥɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ X ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ ɞɥɹ ɫɪɟɞɧɟɣ ɢ 

ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ 
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Ɋɢɫɭɧɨɤ 13 – ɉɪɢɡeɦɧɚɹ ɤɨɧɰeɧɬɪɚɰɢɹ ɜɪeɞɧɵɯ ɜeɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ ɩɨ ɨɫɢ 
ɮɚɤɟɥɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ Y ɩɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟ ɤ ɨɫɢ ɜɵɛɪɨɫɚ ɞɥɹ ɫɪɟɞɧɟɣ ɢ 

ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɟɣ ɜɟɬɪɚ 
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 8 Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
Ʉɗɋ ɢ ɨɰɟɧɤɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɫ ɩɨɦɨɳɶɸ 
ɨɬɪɚɠɚɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɬɟɥɟɣ. Ɉɧɢ ɩɨɡɜɨɥɹɸɬ 
ɫɭɞɢɬɶ ɨ ɬɨɦ, ɧɚɫɤɨɥɶɤɨ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɩɪɢɜɥɟɤɚɬɟɥɟɧ ɞɥɹ ɟɝɨ ɭɱɚɫɬɧɢɤɨɜ, ɜ 
ɱёɦ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɨ ɧɚɞ ɞɪɭɝɢɦɢ ɩɪɨɟɤɬɚɦɢ.  

ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɨɝɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ. 
ɋɬɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɧɟ ɭɱɢɬɵɜɚɸɬ ɢɡɦɟɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɤɚɩɢɬɚɥɚ ɜ ɬɟɱɟɧɢɟ 
ɜɪɟɦɟɧ, ɡɚ ɤɨɬɨɪɨɟ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɦɟɬɨɞɵ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
ɩɨɡɜɨɥɹɸɬ ɭɱɟɫɬɶ ɬɚɤɠɟ ɧɟɪɚɜɧɨɰɟɧɧɨɫɬɶ ɨɞɢɧɚɤɨɜɵɯ ɫɭɦɦ ɩɨɫɬɭɩɥɟɧɢɣ ɢ 
ɩɥɚɬɟɠɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɪɚɡɧɵɦɢ ɩɟɪɢɨɞɚɦɢ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɟɤɬ. 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɩɪɨɟɤɬɢɪɭɟɦɭɸ ɫɬɚɧɰɢɸ ɫɱɢɬɚɥɢɫɶ ɢɫɯɨɞɹ ɢɡ 
ɭɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ 2 ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɩɨ 800 Ɇȼɬ, ɩɨɫɥɟ ɱɟɝɨ ɨɬɧɟɫɟɧɵ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ. Ɋɟɡɭɥɶɬɚɬɵ ɜ ɜɢɞɟ ɫɦɟɬɵ 
ɛɵɥɢ ɫɜɟɞɟɧɵ ɜ ɨɬɞɟɥɶɧɭɸ ɬɚɛɥɢɰɭ. 

Ɍɚɛɥɢɰɚ 11 – Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ 

ɋɬɚɬɶɹ ɡɚɬɪɚɬ Ʉɚɩ. ȼɥɨɠɟɧɢɹ, ɦɥɧ ɪɭɛ № Ɉɛɨɪɭɞɨɜɚɧɢɟ Ʉɨɥ-ɜɨ 
Ʉɨɬɟɥɶɧɵɣ ɰɟɯ, ɬɨɩɥɢɜɨɩɨɞɚɱɚ 

13441,05 

1 Ʉɨɬёɥ 2 
2 Ⱦɵɦɨɫɨɫ ȾɈȾ-31,5Ɏ 4 

3 
Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ 

ȼȾɈȾ–31,5 
4 

4 ȼɚɝɨɧɨɨɩɪɨɤɢɞɵɜɚɬɟɥɢ 2 
5 Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 2 
6 Ⱦɪɨɛɢɥɤɢ ȾȾɁ-500-6 2 

7 
Ⱦɪɨɛɢɥɤɢ ȾɆɇ-

21ɯ18,5 
2 

8 
Ɇɟɥɶɧɢɰɚ Ɇȼ 
3400/900/940 

10 

Ɍɭɪɛɢɧɧɵɣ ɰɟɯ 

8960,7 

9 
Ɍɭɪɛɨɚɝɪɟɝɚɬ Siemens 

SST-6000 
2 

10 ɉɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ 
ɉɇ-1500-330 

4 

11 Ʉɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ 
Ʉɋȼ-1000-25 

4 

12 ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ 
ɧɚɫɨɫ Ɉɉ10-145 

4 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 11 

13 ɋɟɬɟɜɨɣ ɧɚɫɨɫ ɋɗ-
1250-100 

6 

 
14 ɉȼȾ Ince B 6 
15 ɉɇȾ Ince B 8 
16 ɋɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 

ɉɋȽ-800-3-8-I 
4 

17 Ⱦɟɚɷɪɚɬɨɪ CEGB 2 
Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

2986,9 

18 Ƚɪɚɞɢɪɧɹ 2 
19 Ⱦɵɦɨɜɚɹ ɬɪɭɛɚ 2 
20 Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɵɣ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 
ɡɨɥɨɭɥɨɜɢɬɟɥɶ Ⱦȼɉɇ 

2 

ɏȼɈ 995,6 
ɗɥɟɤɬɪɨɰɟɯ 995,6 

Ⱥɋɍ Ɍɉ (ɄɂɉɢȺ) 995,6 
ɋɬɪɨɢɬɟɥɶɧɚɹ ɱɚɫɬɶ Ɍɗɋ 1493,45 

ɂɬɨɝɨ 29869 
 

Ɍɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ Ɇȼɬɱ ɫ ɭɱɟɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ 
(40%), ɪɭɛ./Ɇȼɬɱ: ʡэ = ሺͳ + ʟሻ ∙ ˑܷ˕˒э = ሺͳ + Ͳ,Ͷሻ ∙ Ͳ,ͻ͹Ͷ = ͳ,͵͸, (214) 

 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɬ Ʉɗɋ ɫɨɫɬɚɜɢɬ, ɦɥɧ. 

ɪɭɛ.: Вʟʞ = ʡэ ∙ ܹˑ ˕˒ = ͳ,͵͸ ∙ ͳͳͲͻʹͻͻʹ = ͳͷͳʹͶ,͵͹, (215) 
 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ. ɪɭɛ.: ʜˋˏ = Ͳ,Ͳʹʹ ∙ ʣ˔˓.ˆˑˇ   (216) 
 

ɇɚɥɨɝɨɨɛɥɚɝɚɟɦɚɹ ɩɪɢɛɵɥɶ (ɞɨɯɨɞ ɨɬ ɨɫɧɨɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ), ɦɥɧ. 
ɪɭɛ: Дˑ˔ː = Вʟʞ − эܷ − ʜˋˏ           (217) 

 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɩɨ ɫɬɚɜɤɟ 20% ɫɨɫɬɚɜɢɬ, ɦɥɧ. ɪɭɛ.: ʜ˒˓ = Дˑ˔ː Ͳ,ʹ, (218) 
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ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ. ɪɭɛ.: ʦʞ௧ = Дˑ˔ː −  (219) ,˓˒ܪ
 
ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ.: ʦДʞ௧ = ʦʞ௧ + ˃ܷ,  (220) 
 
ɑɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ. ɪɭɛ.: ʦДʞʜʗ௧ = ʦДʞʜʗ௧−ଵ + ʦДʞ௧,   (221) 
 
ȼ ɧɭɥɟɜɨɣ ɝɨɞ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɤɚɩɢɬɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɫɨ ɡɧɚɤɨɦ 

ɦɢɧɭɫ. 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ. ɪɭɛ.: ДДʞ௧ = ʦДʞ𝑡ሺଵ+௥ሻ𝑡,  (222) 

ɝɞɟ ݎ – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ ɞɥɹ Ʉɗɋ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ݎ = ͳͲ %. 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ, ɦɥɧ. ɪɭɛ.: ДДʞʜʗ௧ = ДДʞʜʗ௧−ଵ + ДДʞ௧ ,  (223) 
 
ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 15 ɥɟɬ. Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʉɗɋ 
ɫɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 12. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ NPV: 
 ܸܰܲ = ∑ ௉𝑘ሺଵ+௥ሻ𝑘 − ∑ ூ஼𝑘ሺଵ+௥ሻ೙ = ͻͳͳʹ  (224) 

 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ DPI: 
ܫܲܦ  = ே௉௏|∑ ಺಴బሺభ+𝑟ሻ೙| + ͳ = ͳ,͵ͳ  (225) 

 
ɉɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɥɟɬ: 
 ܲܲ = Ͷ + ଷଵ଻ଶସ଴଺ଽ,଼ = ͷ,ͻ  (226) 

 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ DPP, ɥɟɬ: 
ܲܲܦ  = ͸ + ଵ଺଻ହ,ଶଶଵଵଵ,଺ = ͻ,Ͷ (227) 
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ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ IRR: 
ܴܴܫ  = ଵݎ + ௙ሺ௥భሻ௙ሺ௥భሻ−௙ሺ௥మሻ ∗ ሺݎଶ − ଵሻݎ = ͳͷ%  (228) 

 
  ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɭɦɟɪɟɧɧɨ ɪɢɫɤɨɜɵɦ; ɹɜɥɹɟɬɫɹ 
ɞɨɯɨɞɧɵɦ, ɬɚɤ ɤɚɤ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɩɪɟɜɵɲɚɟɬ 1,3; ɢɦɟɟɬ ɫɪɨɤɢ 
ɨɤɭɩɚɟɦɨɫɬɢ: ɩɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 5,9 ɥɟɬ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ 
– 9,4 ɝɨɞɚ. 
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Ɍɚɛɥɢɰɚ 12 – Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ȽɊɗɋ 

ȼɟɥɢɱɢɧɚ/ɝɨɞ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Ⱦɟɧɟɠɧɵɣ 
ɩɨɬɨɤ 
(ɢɧɜ.ɞɟɹɬ.) 

-29869 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ɉɉɋɧɝ  29869 27879 25887 23895 21904 19912 
1792
1,5 

1593
0 

13939 11948 9956,4 7965 5974 3982 1991 

Ɉɉɋɤɝ  27878 25887 23895 21904 19912 17921 
1593

0 
1393

8 
11947 9956,4 7965 5974 3983 1991 0 

Ɏɫɪɝɨɞ  28873 26882 24890 22899 20908 18917 
1692

5 
1493

4 
12943 10952 8960 6969 4978 2986 996 

ɇɩɪ  737,21 745,97 754,73 763,49 772,25 781,01 
789,7

8 
798,5

4 
807,30 816,06 824,82 833,58 842,35 851,11 859,87 

ɇɢɦ  635,2 591,4 547,6 503,8 460,0 416,2 372,4 328,6 284,8 240,9 197,1 153,3 109,5 65,7 21,9 

ɑɢɫɬɚɹ 
ɩɪɢɛɵɥɶ 

 2948,8 2983,9 3018,9 3054,0 3089,0 3124,1 
3159,

1 
3194,

2 
3229,2 3264,2 3299,3 3334,3 3369,4 3404,4 3439,5 

ɑȾɉ -29869 4940 4975 5010 5045 5080 5115 5150 5185 5220 5256 5291 5326 5361 5396 5431 

ɑȾɉɧɢ  -29869 -24929 -19954 -14944 -9898 -4818 297 5448 
1063

3 
15853 21109 26400 31725 37086 42482 47912 

ȾȾɉ -29869 4491 4112 3764 3446 3154 2887 2643 2419 2214 2026 1854 1697 1553 1421 1300 

ȾȾɉɧɢ -29869 -25378 -21266 -17502 -14056 -10902 -8014 -5371 -2952 -738 1288 3142 4839 6392 7813 9112 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɟɤɬ ȽɊɗɋ 
ɦɨɳɧɨɫɬɶɸ 1600 Ɇȼɬ, ɫ ɞɜɭɦɹ ɛɥɨɤɚɦɢ ɩɨ 800 Ɇȼɬ. ȼ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɨɛɡɨɪɚ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ 
ɛɥɨɤɚ. ȼɫɥɟɞɫɬɜɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ (ɛɭɪɨɝɨ ɭɝɥɹ ɂɪɲɚ-
Ȼɨɪɨɞɢɧɫɤɨɝɨ ɪɚɡɪɟɡɚ) ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɬɥɚ 
ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɢ ɫ ɤɨɥɶɰɟɜɨɣ ɬɨɩɤɨɣ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ 
ɫɭɩɟɪɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ, ɫ ɞɜɨɣɧɵɦ ɩɪɨɦɩɟɪɟɝɪɟɜɨɦ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɛɥɨɤɚ ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, 
ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɩɪɢɦɟɧɟɧɢɢ ɬɭɪɛɢɧɧɵɯ ɷɤɨɧɨɦɚɣɡɟɪɨɜ - ɛɚɣɩɚɫɨɜ ɝɪɭɩɩ 
ɉɇȾ ɢ ɉȼȾ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɨɩɭɫɤɧɨɦ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɫɬɚɛɢɥɶɧɨɣ ɢ ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ ɛɥɨɤɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ Siemens SST-
6000, ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɚɹ ɫɟɛɹ ɧɚ ɡɚɪɭɛɟɠɧɵɯ ɫɬɚɧɰɢɹɯ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ:  

-ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɬɭɪɛɢɧɵ;  

-ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɨɚɝɪɟɝɚɬɚ;     

-ɪɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ;  

-ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ; 

-ɪɚɫɱёɬ ɢ ɜɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

-ɪɚɫɱёɬ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ;  

-ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ ɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ; 

-ɨɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɢ ɜɵɱɢɫɥɟɧɢɟ ɫɪɨɤɚ 
ɨɤɭɩɚɟɦɨɫɬɢ.    

Ɋɚɫɱёɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɛɥɨɤɚ ɩɨɜɵɲɟɧɧɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɚɣɩɚɫɨɜ ɉȼȾ ɢ ɉɇȾ ɫɨɜɦɟɫɬɧɨ ɫ ɩɟɪɟɯɨɞɨɦ 
ɧɚ ɭɥɶɬɪɚɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɨɡɜɨɥɢɥɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɬɶ ɄɉȾ ɢ ɭɥɭɱɲɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦ ɛɥɨɤɨɦ Ʉ-800 (ɫ ɤɨɬɥɨɦ ɉ-67). ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ 
ɤɥɚɫɫɢɱɟɫɤɨɦ ɛɥɨɤɟ Ʉ-800 ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɨɫɬɚɜɢɥ 0,381 ɤɝ/ɤȼɬ∙ɱ, ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ 
ɛɥɨɤɟ ɨɧ ɛɵɥ ɭɥɭɱɲɟɧ ɞɨ 0,301 ɤɝ/ɤȼɬ∙ɱ; ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɤɚɡɚɬɟɥɶ ɭɞɟɥɶɧɨɝɨ 
ɪɚɫɯɨɞɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɭɥɭɱɲɢɥɫɹ ɫ 
30,836 ɤɝ/ȽȾɠ ɞɨ 4,128 ɤɝ/ȽȾɠ. 

Ɋɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɦɟɬɨɞɢɤɨɣ ɩɨɡɜɨɥɢɥ ɧɚɣɬɢ 
ɨɫɧɨɜɧɵɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ (ɜ ɱɚɫɬɧɨɫɬɢ, ɜɵɫɨɬɚ 
ȼɁɉ ɫɨɫɬɚɜɢɥɚ 4,439 ɦɟɬɪɚ, ɚ ɛɚɣɩɚɫɨɜ ɉȼȾ ɢ ɉɇȾ – 2,8 ɢ 8,2 ɦɟɬɪɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɧɬɚɥɶɩɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɪɚɛɨɱɟɣ 
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ɫɪɟɞɵ ɩɨ ɜɫɟɦɭ ɬɪɚɤɬɭ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɚ ɜ ɫɪɟɞɟ SolidWorks ɛɵɥɚ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ 3D-ɦɨɞɟɥɶ ɤɨɬɥɚ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɬɥɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɝɚɡɨɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɛɚɲɟɧɧɨɣ ɤɨɦɩɨɧɨɜɤɟ ɫ ɭɱёɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɟɦɥɟɦɭɸ ɜɟɥɢɱɢɧɭ, ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ -
283,1 ɦɦ.ɜɨɞ.ɫɬ., ɩɨ ɜɨɡɞɭɲɧɨɦɭ -557,6 ɦɦ.ɜɨɞ.ɫɬ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɬɹɝɨɞɭɬɶɟɜɵɟ ɦɚɲɢɧɵ ɫɥɟɞɭɸɳɢɯ ɦɚɪɨɤ: ɞɵɦɨɫɨɫ ɬɢɩɚ ȾɈȾ–31,5Ɏ 
ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 740 ɨɛ/ɦɢɧ ɢ ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ ȼȾɈȾ-31,5 ɫ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ 585 ɨɛ/ɦɢɧ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɜ ɜɵɛɨɪɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɚɥɨ 
ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɛɥɨɤɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɞɟɚɷɪɚɬɨɪɚ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɚ ɫɬɚɧɰɢɢ CEGB, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɢ ɫɨɜɦɟɳёɧɧɵɯ ɉɇȾ. 

Ɋɚɫɱёɬ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɨɪɨɬɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜɵɫɨɬɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɝɪɚɞɢɪɟɧ ɫɨɫɬɚɜɢɬ 55,96 ɦɟɬɪɨɜ (ɩɨ ɨɞɧɨɣ ɝɪɚɞɢɪɧɟ 
ɧɚ ɤɚɠɞɵɣ ɛɥɨɤ), ɞɢɚɦɟɬɪ ɝɪɚɞɢɪɟɧ – 223,8 ɦɟɬɪɚ. 

ɉɪɢ ɪɚɫɱёɬɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɛɵɥɚ ɜɵɱɢɫɥɟɧɚ ɨɛɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɫ ɭɱёɬɨɦ ɭɫɬɚɧɨɜɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, 
ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ ɩɨɪɹɞɤɚ 1,9 ɤɝ/ɫ ɧɚ ɞɜɚ ɛɥɨɤɚ, ɩɪɢ ɷɬɨɦ ɜɵɛɪɨɫɵ ɨɬɞɟɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɨɪɦɚɬɢɜɧɵɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥ ɩɪɨɢɡɜɟɞёɧ 
ɪɚɫɱёɬ ɪɚɫɫɟɢɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɨɩɚɫɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɫɨɫɬɚɜɢɜɲɟɣ 6,351 ɦ/ɫ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ ɜɵɛɪɨɫɚ ɧɚɝɪɟɬɨɣ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 
ɫɨɫɬɚɜɢɥɚ 0,162. Ɍɚɤɠɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱёɬ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, 
ɩɨɤɚɡɚɜɲɢɣ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 2 ɬɪɭɛ ɧɚ ɫɬɚɧɰɢɢ ɜɵɫɨɬɚ ɤɚɠɞɨɣ ɫɨɫɬɚɜɢɬ 
200 ɦɟɬɪɨɜ. 

Ɋɚɫɱёɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɩɨɡɜɨɥɢɥ ɜɵɱɢɫɥɢɬɶ 
ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ 1,31, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ ɜɵɫɨɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ. ɉɪɨɫɬɨɣ ɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤɢ ɨɤɭɩɚɟɦɨɫɬɢ 
ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɢɥɢ 5,9 ɢ 9,4 ɝɨɞɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɬɨɦ, ɱɬɨ ɩɪɨɟɤɬ ɷɮɮɟɤɬɢɜɟɧ. 
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