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                                                                             « _____» ________ 20 ___ ɝ

ɋɬɭɞɟɧɬɭ                     Ɍɪɢɮɨɧɨɜɭ ɂɥɶɟ ȼɹɱɟɫɥɚɜɨɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɵ     Ɏɗ15‒01Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ ɝɪɭɩɩɵ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ  
Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 5016/ɫ ɨɬ 16 ɚɩɪ. 2019 ɝ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ, ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ, ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɨɛɴɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2, 
Ʉɨɬɟɥ ȻɄɁ-420-140 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ɜɜɨɞɧɚɹ ɱɚɫɬɶ, ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ ɤɨɬɥɚ,  
ɪɚɫɱɟɬ ɜɵɛɪɨɫɨɜ, ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  
Ʌɢɫɬ 1. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
Ʌɢɫɬ 2.  ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
Ʌɢɫɬ 3. Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
Ʌɢɫɬ 4. ɉɥɚɧ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ 
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ȼȼȿȾȿɇɂȿ 

ɋɨɝɥɚɫɧɨ "ɗɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɬɪɚɬɟɝɢɢ Ɋɨɫɫɢɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ" [1] 
ɪɚɡɜɢɬɢɟ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɜɹɡɚɧɨ ɫ ɪɚɫɲɢɪɟɧɢɟɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ (ɄȺɍ). Ⱦɚɧɧɵɟ ɭɝɥɢ 
ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ɫɬɚɧɰɢɢ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ. 
Ɋɚɫɫɦɚɬɪɢɜɚɹ ɩɚɪɤ ɤɨɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɫɬɚɧɰɢɣ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɡɧɚɱɢɬɟɥɶɧɚɹ ɟɝɨ ɱɚɫɬɶ (ɞɨ 43%) ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚɦɢ ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ (ɀɒɍ). ȼ ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɤɨɬɥɨɜ ɫ ɀɒɍ ɢɦɟɟɬɫɹ ɪɹɞ ɨɛɳɢɯ ɩɪɨɛɥɟɦ: 

 ɩɨɧɢɠɟɧɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ;
 ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɜɵɫɨɤɚɹ 

ɷɦɢɫɫɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ;
 ɧɢɡɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ;
 ɧɟɭɫɬɨɣɱɢɜɨɟ ɜɵɬɟɤɚɧɢɟ ɠɢɞɤɨɝɨ ɲɥɚɤɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɜɵɲɟ ɢɡɥɨɠɟɧɧɵɯ ɩɪɨɛɥɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɦ ɹɜɥɹɟɬɫɹ ɩɟɪɟɜɨɞ ɤɨɬɥɨɜ ɫ ɀɒɍ ɧɚ Ɍɒɍ. ɉɪɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ Ɍɒɍ, ɩɥɚɧɢɪɭɟɬɫɹ ɩɟɪɟɜɟɫɬɢ ɤɨɬɟɥ ɧɚ 
ɩɟɪɫɩɟɤɬɢɜɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɠɢɝɚɧɢɹ ɜ ɜɢɯɪɟɜɨɣ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. ɉɪɨɮɢɥɶ ɜɢɯɪɟɜɨɣ ɬɨɩɤɢ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɡɞɟɥɟɧɢɹ 
ɬɨɩɨɱɧɨɝɨ ɨɛɴёɦɚ ɧɚ ɞɜɚ ɜɨɫɶɦɢɝɪɚɧɧɢɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɧɢɡɭ, ɢ 
ɨɛɪɚɡɭɸɳɢɟ ɞɜɟ ɜɢɯɪɟɜɵɟ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɜɟɞɟɧɧɨɣ ɜɧɢɡɭ 
ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɨɣ - "Ɂɨɧɚ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ - ɁȺȽ" ɢ ɤɚɦɟɪɭ ɞɨɠɢɝɚɧɢɹ, 
ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɧɚɞ ɧɟɣ ɢ ɩɟɪɟɯɨɞɢɬ ɜɜɟɪɯɭ ɜ ɩɨɜɨɪɨɬɧɵɣ ɝɚɡɨɯɨɞ. 
Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɭɟɬɫɹ ɩɭɬɟɦ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɨɜ ɢ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɩɨɱɧɨɝɨ ɨɛɴɟɦɚ. 

Ɉɛɴɟɤɬɨɦ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɵɛɪɚɧ ȻɄɁ 420(380)-140 ɫɬ.№1 
Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2. Ⱦɚɧɧɵɣ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɛɵɥ ɜɵɛɪɚɧ, ɬɚɤ ɤɚɤ ɢɦɟɟɬ 
ɪɹɞ ɬɢɩɨɜɵɯ ɩɪɨɛɥɟɦ ɞɥɹ ɤɨɬɥɨɜ ɫ ɀɒɍ. Ɍɚɤ ɪɟɲɟɧɢɟɦ Ƚɥɚɜɷɧɟɪɝɨ 
Ɇɢɧɷɧɟɪɝɨ ɋɋɋɊ № 74-7/12 ɨɬ 25.12.91 ɤɨɬɥɵ ȻɄɁ-420-140 ɛɵɥɢ 
ɩɟɪɟɦɚɪɤɢɪɨɜɚɧɵ ɫɨ ɫɧɢɠɟɧɢɟɦ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɨ 380 ɬ/ɱ ɢɡ-ɡɚ 
ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɦɟɬɚɥɥɚ ɬɪɭɛɧɵɯ ɞɨɫɨɤ ȼɁɉ II ɫɬɭɩɟɧɢ 
ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ. Ɍɚɤɠɟ, ɢɡɭɱɚɹ ɩɚɫɩɨɪɬ ɪɟɦɨɧɬɨɜ ɞɚɧɧɨɝɨ ɤɨɬɥɚ, 
ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɪɟɝɭɥɹɪɧɭɸ ɡɚɦɟɧɭ ɫɨɥɟɧɵɯ ɨɬɫɟɤɨɜ ɷɤɪɚɧɧɵɯ ɬɪɭɛ ɢ ɭɱɚɫɬɤɢ 
ɩɨɞɨɜɨɣ ɱɚɫɬɢ ɷɤɪɚɧɧɵɯ ɬɪɭɛ, ɨ ɱɟɦ ɧɚɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ [2]. ɇɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ 
Ɍɗɐ-2 ɭɫɬɚɧɨɜɥɟɧɵ 3 ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚ ȻɄɁ-420-140, ɤɨɬɨɪɵɟ ɛɵɥɢ 
ɡɚɩɭɳɟɧɵ ɜ ɪɚɛɨɬɭ 1979 ɝ., 1980 ɝ., 1982 ɝ., ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɨɛɴɟɤɬɚ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɵɛɪɚɧ ɩɟɪɜɵɣ ɤɨɬɟɥ 1979ɝ., ɬɚɤ ɤɚɤ ɭ ɞɚɧɧɨɝɨ ɤɨɬɥɚ 
ɧɚɢɛɨɥɶɲɢɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ 40 ɥɟɬ, ɩɨɫɥɟ ɱɟɝɨ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ 
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ɞɟɦɨɧɬɢɪɨɜɚɬɶ, ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɥɚɝɚɟɬ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɬɶ ɤɨɬɟɥɶɧɵɣ 
ɚɝɪɟɝɚɬ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɱɬɨɛɵ ɜɨɫɫɬɚɧɨɜɢɬɶ 
ɩɪɨɟɤɬɧɭɸ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɫɬɚɧɞɚɪɬɚɦ, 
ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 
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1 Ɉɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

 Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɫɬɚɧɰɢɢ 

Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 - ɫɨɜɪɟɦɟɧɧɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɩɪɟɞɩɪɢɹɬɢɟ, 
ɹɜɥɹɸɳɟɟɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ. 
ɐɟɧɬɪɚɥɶɧɵɣ, Ɉɤɬɹɛɪɶɫɤɢɣ, ɋɜɟɪɞɥɨɜɫɤɢɣ ɪɚɣɨɧɵ ɝɨɪɨɞɚ ɩɨɬɪɟɛɥɹɸɬ 
ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɜɵɪɚɛɚɬɵɜɚɟɦɭɸ ɧɚ Ɍɗɐ-2. 

ȿɠɟɝɨɞɧɨ, ɤɪɨɦɟ ɱɟɬɵɪɟɯ ɦɢɥɥɢɨɧɨɜ Ƚɤɚɥ ɬɟɩɥɚ, Ɍɗɐ-2 ɜɵɪɚɛɚɬɵɜɚɟɬ 
ɛɨɥɟɟ ɞɜɭɯ ɦɢɥɥɢɚɪɞɨɜ ɤɢɥɨɜɚɬɬ-ɱɚɫɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ Ɍɗɐ-2 ɫɨɫɬɚɜɥɹɟɬ 465 Ɇȼɬ, ɜ ɫɜɹɡɢ ɫ 
ɩɟɪɟɦɚɪɤɢɪɨɜɤɨɣ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ 
ɫɧɢɠɚɟɬɫɹ ɞɨ 439 Ɇȼɬ, ɬɟɩɥɨɜɚɹ - 1405 Ƚɤɚɥ/ɱ. Ʉɪɚɫɧɨɹɪɫɤɚɹ Ɍɗɐ-2 ɹɜɥɹɟɬɫɹ 
ɨɛɨɫɨɛɥɟɧɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɩɨɞɪɚɡɞɟɥɟɧɢɟɦ ɈȺɈ «Ʉɪɚɫɧɨɹɪɫɷɧɟɪɝɨ», ɬ. ɟ. 
ɱɚɫɬɶɸ ɟɞɢɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ, ɩɟɪɟɞɚɱɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɧɚɱɚɬɨ ɜ 1956 ɝɨɞɭ ɜ ɤɚɱɟɫɬɜɟ ɰɟɯɚ 
ɯɢɦɢɤɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ. Ɍɨɝɞɚ ɡɞɟɫɶ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɱɟɬɵɪɟ 
ɤɨɬɥɚ Ɍɉ-35-ɭ ɢ ɞɜɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɫɤɢɟ ɬɭɪɛɢɧɵ Ɋ-6-6 ɫ ɝɟɧɟɪɚɬɨɪɚɦɢ Ɍ-2-
6-2. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɜɬɨɪɨɣ ɨɱɟɪɟɞɢ Ɍɗɐ-2 ɧɚɱɚɬɨ ɜ 1973 ɝɨɞɭ ɫɬɪɨɢɬɟɥɶɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ «Ʉɪɚɫɧɨɹɪɫɤɷɧɟɪɝɨɩɪɨɦɫɬɪɨɣ». ȼ ɫɜɹɡɢ ɫ ɨɫɬɪɵɦ ɞɟɮɢɰɢɬɨɦ 
ɬɟɩɥɚ ɜ ɝɨɪɨɞɟ ɫɬɚɧɰɢɹ ɫɬɪɨɢɥɚɫɶ ɫ ɨɩɟɪɟɠɚɸɳɢɦ ɜɜɨɞɨɦ ɩɢɤɨɜɨɣ ɤɨɬɟɥɶɧɨɣ 
ɜ ɫɨɫɬɚɜɟ ɞɜɭɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɉɌȼɆ-180. ȼ 1979 ɝɨɞɭ ɛɵɥɢ ɜɤɥɸɱɟɧɵ ɜ 
ɪɚɛɨɬɭ ɤɨɬɥɨɚɝɪɟɝɚɬ ȻɄɁ-420-140-ɉɌ-1 ɢ ɬɭɪɛɨɚɝɪɟɝɚɬ Ɍ-110/120-130-3. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɭɫɬɚɧɨɜɥɟɧɵ ɢ ɪɚɛɨɬɚɸɬ ɬɪɢ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȻɄɁ-420-140-ɉɌ-1 ɢ ɬɪɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȻɄɁ-500-140, ɬɪɢ 
ɬɭɪɛɢɧɵ Ɍ-110/120-130-3, ɨɞɧɚ ɬɭɪɛɢɧɚ ɉɌ-135/165-130/13. 

 Ʉɨɬɥɨɚɝɪɟɝɚɬ ȻɄɁ-420-140ɉɌ1. 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ȻɄɁ–420–140ɉɌ1 ɜɟɪɬɢɤɚɥɶɧɨ-ɜɨɞɨɬɪɭɛɧɵɣ ɫ 
ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ, ɤɪɭɩɧɨɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɫɠɢɝɚɧɢɢ Ȼɨɪɨɞɢɧɫɤɨɝɨ ɛɭɪɨɝɨ ɭɝɥɹ ɫ 
ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. 

Ʉɨɬɥɵ ȻɄɁ-420-140ɉɌ1 ɫ 25.12.91 ɝ. ɩɟɪɟɦɚɪɤɢɪɨɜɚɧɵ ɜ ȻɄɁ-380-140 
ɉɌ1 ɢɡ-ɡɚ ɩɪɟɜɵɲɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɦɟɬɚɥɥɚ ɬɪɭɛɧɵɯ ɞɨɫɨɤ ȼɁɉ II 
ɫɬɭɩɟɧɢ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ. 

Ʉɨɬɥɨɚɝɪɟɝɚɬ ɨɞɧɨɤɨɪɩɭɫɧɨɣ ɫ ɫɢɦɦɟɬɪɢɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɉ – ɨɛɪɚɡɧɨɣ ɤɨɦɩɨɧɨɜɤɢ (ɫɦ. Ɋɢɫɭɧɨɤ 1).  
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Ɋɢɫɭɧɨɤ 1 – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȻɄɁ–420–140ɉɌ1 

Ɍɨɩɤɚ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɜɨɫɯɨɞɹɳɢɦ ɝɚɡɨɯɨɞɨɦ. ȼ ɜɟɪɯɧɟɦ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɪɚɫɩɨɥɨɠɟɧɵ ɤɨɧɜɟɤɬɢɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. ȼ ɧɢɫɯɨɞɹɳɟɦ ɝɚɡɨɯɨɞɟ ɪɚɫɩɨɥɨɠɟɧɵ ɩɟɪɜɚɹ ɢ ɜɬɨɪɚɹ 
ɫɬɭɩɟɧɢ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɢ ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ. 
ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɧɟɫɟɧɚ ɡɚ ɩɪɟɞɟɥɵ ɤɨɬɥɨɚɝɪɟɝɚɬɚ. 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɩɨɥɭɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɫɠɢɝɚɧɢɹ 
ɛɭɪɵɯ ɭɝɥɟɣ ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. ɇɚ ɨɬɦɟɬɤɟ 11000 ɦɦ ɮɪɨɧɬɨɜɚɹ ɢ 
ɡɚɞɧɹɹ ɫɬɟɧɵ ɷɤɪɚɧɚ ɨɛɪɚɡɭɸɬ ɩɟɪɟɠɢɦ, ɤɨɬɨɪɵɣ ɞɟɥɢɬ ɬɨɩɤɭ ɧɚ ɞɜɟ ɤɚɦɟɪɵ: 
ɤɚɦɟɪɭ ɝɨɪɟɧɢɹ ɢ ɤɚɦɟɪɭ ɨɯɥɚɠɞɟɧɢɹ, ɫɟɱɟɧɢɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɜ ɩɟɪɟɠɢɦɟ 
ɩɨ ɨɫɹɦ ɬɪɭɛ 14400  2752 ɦɦ. Ʉɚɦɟɪɚ ɝɨɪɟɧɢɹ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɞɜɭɯ 
ɫɨɨɛɳɚɸɳɢɯɫɹ ɜɨɫɶɦɢɝɪɚɧɧɵɯ ɩɪɟɞɬɨɩɤɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɛɨɪɭɞɨɜɚɧ 
ɜɨɫɶɦɶɸ ɭɝɥɨɜɵɦɢ ɩɪɹɦɨɬɨɱɧɵɦɢ ɩɵɥɟɭɝɨɥɶɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, 
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ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɞɜɚ ɹɪɭɫɚ ɩɨ «ɫɪɟɡɚɧɧɵɦ» ɭɝɥɚɦ ɜɨɫɶɦɢɝɪɚɧɧɵɯ 
ɩɪɟɞɬɨɩɤɨɜ. Ɉɫɶ ɧɢɠɧɟɝɨ ɹɪɭɫɚ ɝɨɪɟɥɨɤ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɨɬɦɟɬɤɟ 6720ɦɦ, 
ɜɟɪɯɧɟɝɨ – ɧɚ ɨɬɦɟɬɤɟ 7720ɦɦ, ɨɫɢ ɝɨɪɟɥɨɤ ɤɚɠɞɨɝɨ ɩɪɟɞɬɨɩɤɚ ɧɚɩɪɚɜɥɟɧɵ ɩɨ 
ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɜɨɨɛɪɚɠɚɟɦɨɣ ɨɤɪɭɠɧɨɫɬɢ 900 ɦɦ. 

ȼɵɲɟ ɨɫɧɨɜɧɵɯ ɝɨɪɟɥɨɤ ɧɚ ɨɬɦ.9500ɦɦ ɪɚɫɩɨɥɨɠɟɧɵ ɫɛɪɨɫɧɵɟ ɝɨɪɟɥɤɢ, 
ɨɫɢ ɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɟɧɵ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɜɨɨɛɪɚɠɚɟɦɨɣ ɨɤɪɭɠɧɨɫɬɢ 
1000ɦɦ ɫ ɡɚɤɪɭɬɤɨɣ ɜ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ. 

Ɍɪɭɛɵ ɮɪɨɧɬɨɜɨɝɨ ɢ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɜ ɫɜɨɟɣ ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɛɪɚɡɭɸɬ 
ɫɥɚɛɨɧɚɤɥɨɧɧɵɣ ɩɨɞ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɵ ɞɜɟ ɥɟɬɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɭɞɚɥɟɧɢɹ ɲɥɚɤɚ. 

Ⱦɥɹ ɥɭɱɲɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɬɪɭɛɵ, ɨɛɪɚɡɭɸɳɢɟ ɤɚɦɟɪɭ 
ɝɨɪɟɧɢɹ, ɡɚɲɢɩɨɜɚɧɵ ɞɨ ɭɫɬɶɹ ɩɟɪɟɠɢɦɚ ɢ ɩɨɤɪɵɬɵ ɤɚɪɛɨɪɭɧɞɨɜɨɣ ɦɚɫɫɨɣ. 
ɉɨɤɪɵɬɢɟ ɷɤɪɚɧɧɵɯ ɬɪɭɛ ɤɚɦɟɪɵ ɝɨɪɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɞɧɹɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 
ɭɪɨɜɟɧɶ ɜ ɤɚɦɟɪɟ, ɷɬɢɦ ɭɥɭɱɲɚɟɬɫɹ ɩɪɨɰɟɫɫ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɮɚɤɟɥɚ, ɢ 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɞɟ ɤɨɬɥɚ ɞɥɹ ɧɚɞɟɠɧɨɝɨ 
ɢɫɬɟɱɟɧɢɹ ɲɥɚɤɚ.  

Ȼɚɪɚɛɚɧ ɤɨɬɥɚ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 1600ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ 
112ɦɦ ɜɵɩɨɥɧɟɧɵ ɢɡ ɫɬɚɥɢ 16ȽɇɆȺ. 

ɋɪɟɞɧɢɣ ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ ɞɨɥɠɟɧ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ 
200ɦɦ ɧɢɠɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɨɫɢ ɛɚɪɚɛɚɧɚ. ȼɵɫɲɢɣ ɢ ɧɢɡɲɢɣ ɭɪɨɜɟɧɶ 
ɪɚɫɩɨɥɨɠɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɲɟ ɢ ɧɢɠɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ 
ɧɚ 150ɦɦ. 

ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɩɨ ɯɚɪɚɤɬɟɪɭ ɜɨɫɩɪɢɹɬɢɹ ɬɟɩɥɚ ɞɟɥɢɬɫɹ ɧɚ ɬɪɢ ɱɚɫɬɢ: 
ɪɚɞɢɚɰɢɨɧɧɭɸ, ɩɨɥɭɪɚɞɢɚɰɢɨɧɧɭɸ ɢ ɤɨɧɜɟɤɬɢɜɧɭɸ. Ɋɚɞɢɚɰɢɨɧɧɭɸ ɱɚɫɬɶ 
ɫɨɫɬɚɜɥɹɸɬ ɬɪɭɛɵ ɩɨɬɨɥɤɚ, ɩɨɥɧɨɫɬɶɸ ɷɤɪɚɧɢɪɭɸɳɢɟ ɩɨɬɨɥɨɤ ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɵ ɢ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɝɚɡɨɯɨɞɚ. ɉɨɥɭɪɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ 
ɫɨɫɬɨɢɬ ɢɡ 24 ɬɨɩɨɱɧɵɯ ɲɢɪɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɜɵɯɨɞɟ ɜ ɩɨɜɨɪɨɬɧɵɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɝɚɡɨɯɨɞ. Ʉɨɧɜɟɤɬɢɜɧɚɹ ɱɚɫɬɶ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɩɨɜɨɪɨɬɧɨɦ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ. 

ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɤɨɬɥɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨ ɜɩɪɵɫɤɢɜɚɸɳɢɯ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹɯ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɜɩɪɵɫɤɨɦ «ɫɨɛɫɬɜɟɧɧɨɝɨ» ɤɨɧɞɟɧɫɚɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɡɦɟɟɜɢɤɨɜɵɯ 
ɤɨɧɞɟɧɫɚɬɨɪɚɯ. Ɉɯɥɚɠɞɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɨɣ, ɩɪɨɲɟɞɲɟɣ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ. 

Ʉɨɧɜɟɤɬɢɜɧɚɹ ɲɚɯɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɭɫɤɧɨɣ ɝɚɡɨɯɨɞ, ɜ ɤɨɬɨɪɨɦ 
ɪɚɡɦɟɳɟɧɵ «ɜ ɪɚɫɫɟɱɤɭ» ɜɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ ɢ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ. 
ȼɬɨɪɚɹ ɩɨ ɯɨɞɭ ɜɨɞɵ ɫɬɭɩɟɧɶ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɡɚɧɢɦɚɟɬ ɜɫɸ ɝɥɭɛɢɧɭ 
ɝɚɡɨɯɨɞɚ, ɩɨɫɥɟ ɱɟɝɨ ɪɚɡɦɟɳɚɟɬɫɹ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɜɨɡɞɭɯɚ II ɫɬɭɩɟɧɢ ɢ ɜɨɞɹɧɨɣ 
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ɷɤɨɧɨɦɚɣɡɟɪ I ɫɬɭɩɟɧɢ, ɤɨɬɨɪɵɣ ɪɚɡɞɟɥɹɟɬ ɭɯɨɞɹɳɢɟ ɝɚɡɵ ɧɚ ɞɜɚ ɩɨɬɨɤɚ ɩɨ 
ɝɥɭɛɢɧɟ ɝɚɡɨɯɨɞɚ. 

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɩɨɥɧɟɧɚ ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɟɣ 
ɤɨɥɨɧɤɨɣ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɨɡɦɨɠɧɨɣ ɰɟɦɟɧɬɚɰɢɢ ɨɬɥɨɠɟɧɢɣ ɡɨɥɵ ɩɪɢ 
ɩɨɩɚɞɚɧɢɢ ɧɚ ɧɟɟ ɜɥɚɝɢ. Ʉɭɛɵ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɜɚɪɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢ 
ɨɛɪɚɡɭɸɬ ɛɟɫɩɪɢɫɨɫɧɭɸ ɲɚɯɬɭ. 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɨɛɨɪɭɞɨɜɚɧ ɞɜɭɦɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɫɢɫɬɟɦɚɦɢ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɛɭɧɤɟɪɚɦɢ.  

Ɍɨɩɥɢɜɨ ɢɡ ɛɭɧɤɟɪɨɜ ɫɵɪɨɝɨ ɭɝɥɹ ɫɤɪɟɛɤɨɜɵɦɢ ɩɢɬɚɬɟɥɹɦɢ ɫ ɪɵɱɚɠɧɵɦ 
ɩɪɢɜɨɞɨɦ ɧɨɠɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 62,5 ɬ/ɱɚɫ ɩɨɞɚɟɬɫɹ ɜ ɭɝɥɟɪɚɡɦɨɥɶɧɵɟ 
ɦɨɥɨɬɤɨɜɵɟ ɦɟɥɶɧɢɰɵ ɬɢɩɚ ɆɆɌ – 2000/2590/730, ɝɞɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɦɨɥ ɢ 
ɫɭɲɤɚ ɬɨɩɥɢɜɚ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ 
ɨɛɨɪɨɬɨɜ ɉɋɍ, ɚ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɪɟɝɭɥɹɬɨɪɚ ɬɨɥɳɢɧɵ ɫɥɨɹ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰɵ ɩɨ Ȼɨɪɨɞɢɧɫɤɨɦɭ ɛɭɪɨɦɭ ɭɝɥɸ – 45 ɬ/ɱɚɫ. 

Ⱦɥɹ ɫɭɲɤɢ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ, ɡɚɛɢɪɚɟɦɵɯ ɢɡ 
ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɡɚɛɢɪɚɟɦɵɯ ɩɨɫɥɟ 
ɞɵɦɨɫɨɫɚ ɫɩɟɰɢɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɞɵɦɨɫɨɫɚɦɢ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɢɩɚ Ⱦ – 15,5 (ɢ Ⱦɇ – 12,5 ɧɚ ȾɊȽ – 2Ȼ). 

Ɍɹɝɨɞɭɬɶɟɜɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɬɢɩɚ ȼȾɇ – 28 
– , ɞɵɦɨɫɨɫɚ ɬɢɩɚ ȾɈȾ – 31,5 ɢ ɞɜɭɯ ɞɵɦɨɫɨɫɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ ɬɢɩɚ Ⱦ - 15,5 (ɢ Ⱦɇ – 12,5 ɧɚ ȾɊȽ – 2Ȼ). 

Ⱦɥɹ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɬ ɡɨɥɵ ɭɫɬɚɧɨɜɥɟɧɵ 2 ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɬɢɩɚ 
ɍȽ – 2 – 4 – 74. 

 
Ɍɚɛɥɢɰɚ 1 – ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ȻɄɁ-420-140ɉɌ1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 
ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ 420 ɬ/ɱ 
Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ 156 ɤɝɫ/ɫɦ2 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 560ɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 230ɋ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 147ɋ 
ɑɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 72,3 ɬ/ɱ 
ɄɉȾ ɤɨɬɥɚ, ɛɪɭɬɬɨ 91,2% 
ȼɨɞɹɧɨɣ ɨɛɴɟɦ ɤɨɬɥɚ 118 ɦ3 
ɉɚɪɨɜɨɣ ɨɛɴɟɦ ɤɨɬɥɚ 52 ɦ3 
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2 Ɋɚɫɱɟɬɧɚя ɱɚɫɬɶ 

 ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɤɨɬɥɚ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɤɨɦɩɨɧɨɜɤɟ ɯɜɨɫɬɨɜɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɟɫɬɢ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
Ɉɰɟɧɢɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ, 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ, ɄɉȾ ɤɨɬɥɚ ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ. ɉɨɫɥɟ ɷɬɨɝɨ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɢ ɡɚ ɩɨɫɥɟɞɭɸɳɢɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɧɚɝɪɟɜɚ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɩɪɨɟɤɬɧɵɣ Ȼɨɪɨɞɢɧɫɤɢɣ 
ɭɝɨɥɶ ɦɚɪɤɢ 2Ȼ ɢ ɧɚ ɧɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ. ɐɟɥɶɸ ɹɜɥɹɟɬɫɹ ɜɟɪɢɮɢɤɚɰɢɹ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɚ ɢ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɞɟɣɫɬɜɭɸɳɟɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɫ ɠɢɞɤɢɦ 
ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ. Ɂɚɬɟɦ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɪɚɫɱɟɬɚ, ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɤɨɬɥɚ ɫ 
ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɨɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ (ɩɥɨɳɚɞɶ, ɨɛɴɟɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɜɵɫɨɬɭ 
ɝɨɪɟɥɨɤ ɢ ɬ.ɞ.) ɞɥɹ ɫɧɢɠɟɧɢɹ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɟ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɬɨɩɤɢ.  

Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɞɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2 

Ɍɚɛɥɢɰɚ 2 - Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

Ȼɚɫɫɟɣɧ, 
ɦɟɫɬɨɪɨ
ɠɞɟɧɢɟ 

Ɇ
ɚɪ

ɤɚ
 ɬ

ɨɩ
ɥɢ

ɜɚ
 

ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, % 

ȼɵ
ɯɨ

ɞ 
ɥɟ

ɬɭ
ɱɢ

ɯ 
ܸˆ , %

 

Ɍɟ
ɩɥ

ɨɬ
ɚ 

ɫɝ
ɨɪ

ɚɧ
ɢɹ

 ܳ ː˓, ɆȾ
ɠ

/ɤ
ɝ 

Ʉɨ
ɷɮ

ɮɢ
ɰɢ

ɟɧ
ɬ 

ɪɚ
ɡɦ

ɨɥ
ɨɫ

ɩɨ
ɫɨ

ɛɧ
ɨɫ

ɬɢ
, ݇ ˎˑ Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɡɨɥɵ, °C ܹ˓ ݐ ˓ܱ ˓ܰ ˓ܪ ˓ܥ ˓ܵ ˓ܣଵ ݐଶ ݐଷ 

ɂɪɲɚ-
ɛɨɪɨɞɢɧ

ɫɤɨɟ 

2
Ȼ 

33,
0 

6 0,2 
43,
7 

3,0 0,6 
13,
5 

4
8 

15,
658 

1,2 1180 1210 1230 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɩɨɫɨɛ ɲɥɚɤɨɭɞɚɥɟɧɢɹ, ɬɚɤ ɤɚɤ ɰɟɥɶɸ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɧɚ ɬɜɟɪɞɨɟ ɲɥɚɤɨɭɞɚɥɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɜɵɛɢɪɚɟɦ ɷɬɨɬ ɫɩɨɫɨɛ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ݐˆ˅ ɜɵɛɢɪɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɲɥɚɤɨɭɞɚɥɟɧɢɹ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɨɩɥɢɜɚ, ɚ ɬɨɱɧɟɟ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɯɨɞɭ 
ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ. ɇɨ ɜ ɪɚɦɤɚɯ ɪɟɤɨɧɫɬɪɭɤɰɢɢ  ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɨ ɫɤɨɥɶɤɨ 
ɩɨɥɭɱɢɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɩɨɷɬɨɦɭ ɡɚɞɚɟɦɫɹ ݐˆ˅ = ͵͵ʹ°C. 
Ɍɚɤɠɟ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɫɨɯɪɚɧɢɬɶ 
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ɞɜɭɯɫɬɭɩɟɧɱɚɬɭɸ ɤɨɦɩɨɧɨɜɤɭ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɵɟ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɸ. 

ȼɵɛɨɪ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɫɨɫɨɜ 
ɜɨɡɞɭɯɚ ɩɨ ɫɬɭɩɟɧɹɦ 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɶɸ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ߙ˕ ɜɵɛɪɚɧ ɧɚ ɨɫɧɨɜɟ ɡɚɜɨɞɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ Ɍɗɐ-2. ߙ˕ = ͳ,ʹ. 

ɉɪɢɫɨɫɵ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɢ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ: 

ˎ˒ߙ∆ .ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɵɥɟɫɢɫɬɟɦɟ -ˎ˒ߙ∆ - = Ͳ,Ͳͺ; 

˕ߙ∆ .ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ -˕ߙ∆ - = Ͳ,Ͳͷ; 

ˏ˓ˋ˛ߙ∆ .ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɲɢɪɦɚɯ -ˏ˓ˋ˛ߙ∆ - = Ͳ,Ͳʹͷ; 

˒˒ߙ∆ .ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ -˒˒ߙ∆ - = Ͳ,Ͳʹͷ; 

ˍэ˅ߙ∆ .эˍ- ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɞɹɧɨɦ ɷɤɨɧɨɦɚɣɡɟɪɟ˅ߙ∆ - =Ͳ,Ͳʹ; 

˒ˊ˅ߙ∆ .ɩɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ -˒ˊ˅ߙ∆ - =Ͳ,Ͳ͵. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɬɪɟɬɶɟɣ ɢ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɶɸ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ߙ˒˒ଷ−ସ˔˕ = ˕ߙ + ˕˔ଷ−ସ˒˒ߙ (1)  ˏ˓ˋ˛ߙ∆ = ͳ,ʹ + Ͳ,Ͳʹͷ = ͳ,ʹʹͷ   

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɧɜɟɤɬɢɜɧɵɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ 
(ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ߙ˒˒ଵ˔˕ = ˕˔ଷ−ସ˒˒ߙ + ˕˔ଵ˒˒ߙ (2)  ˒˒ߙ∆ = ͳ,ʹʹͷ + Ͳ,Ͳʹͷ = ͳ,ʹͷ   

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɶɸ ɜɨɞɹɧɨɝɨ 
ɷɤɨɧɨɦɚɣɡɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ߙ˅эˍଶ˔˕ = ˕˔ଵ˒˒ߙ + ˕˔эˍଶ˅ߙ эˍ  (3)˅ߙ∆ = ͳ,ʹͷ + Ͳ,Ͳʹ = ͳ,ʹ͹   

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɬɨɪɨɣ ɫɬɭɩɟɧɶɸ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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˕˔ଶ˒ˊ˅ߙ = ˕˔эˍଶ˅ߙ + ˕˔ଶ˒ˊ˅ߙ (4)  ˒ˊ˅ߙ∆ = ͳ,ʹ͹ + Ͳ,Ͳ͵ = ͳ,͵  

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɜɨɞɹɧɨɝɨ 
ɷɤɨɧɨɦɚɣɡɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ߙ˅эˍଵ˔˕ = ˕˔ଶ˒ˊ˅ߙ + ˕˔эˍଵ˅ߙ эˍ  (5)˅ߙ∆ = ͳ,͵ + Ͳ,Ͳʹ = ͳ,͵ʹ   

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ߙ˅ˊ˒ଵ˔˕ = ˕˔эˍଵ˅ߙ + ˕˔ଵ˒ˊ˅ߙ (6)  ˒ˊ˅ߙ∆ = ͳ,͵ʹ + Ͳ,Ͳ͵ = ͳ,͵ͷ  

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɞɚɞɭɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɣɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ 
ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨɫɥɟ ɤɚɠɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. 

Ɉɛɴɟɦɵ ɢ ɷɧɬɚɥɶɩɢɢ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

Ɉɛɴɟɦɵ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ߙ = ͳ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ܸ˅଴, ɦ3/ɤɝ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɫɠɢɝɚɧɢɹ 1 ɤɝ 
ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ (ɩɪɢ ߙ = ͳ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ܸ˅଴ = Ͳ,Ͳͺͺͻ ∙ ሺܥ˓ + Ͳ,͵͹ͷܵ˓ሻ + Ͳ,ʹ͸ͷܪ˓ − Ͳ,Ͳ͵͵͵ܱ˓,  (7) 

ɝɞɟ ܥ˓- ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥ. 1); ܵ˓- ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥ. 1); 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥ. 1); ܱ˓- ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % (ɫɦ. ɬɚɛɥ. 1). ܸ˅଴ -˓ܪ  = Ͳ,Ͳͺͺͻ ∙ ሺͶ͵,͹ + Ͳ,͵͹ͷ ∙ Ͳ,ʹሻ + Ͳ,ʹ͸ͷ ∙ ͵ − Ͳ,Ͳ͵͵͵ ∙ ͳ͵,ͷ = = Ͷ,ʹ͵͹ ˏଷ/ˍˆ.  

Ɉɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ேܸమ଴ = Ͳ,͹ × ͻܸ˅଴ + Ͳ,ͺ ܰ˓ͳͲͲ,  
(8) 

ɝɞɟ ܰ˓- ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %. 
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ேܸమ଴ = Ͳ,͹ͻ ∙ Ͷ,ʹ͵͹ + Ͳ,ͺ Ͳ,͸ͳͲͲ = ͵,͵ͷʹ  ˏଷ/ˍˆ.  
 

Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

𝑅ܸைమ = ͳ,ͺ͸͸ ˓ܥ + Ͳ,͵͹ͷܵ˓ͳͲͲ ,  
(9) 

𝑅ܸைమ = ͳ,ͺ͸͸ Ͷ͵,͹ + Ͳ,͵͹ͷ ∙ Ͳ,ʹͳͲͲ = Ͳ,ͺͳ͹  ˏଷ/ˍˆ.  

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

𝐻ܸଶை଴ = ͳ,ͳͷ ∙ ሺͲ,ͳͳͳܪ˓ + Ͳ,ͲͳʹͶܹ˓ + Ͳ,Ͳͳ͸ͳܸ˅଴ሻ (10) 

ɝɞɟ ܹ˓- ɜɥɚɠɧɨɫɬɶ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ (ɫɦ. ɬɚɛɥ. 1); ɤɨɷɮɮɢɰɢɟɧɬ 1,1 
ɭɱɢɬɵɜɚɟɬ ɪɟɰɢɪɤɭɥɹɰɢɸ ɝɚɡɨɜ. 

𝐻ܸଶை଴ = ͳ,ͳ ∙ ሺͲ,ͳͳͳ ∙ ͵ + Ͳ,ͲͳʹͶ ∙ ͵͵ + Ͳ,Ͳͳ͸ͳ ∙ Ͷ,ʹ͵͹ሻ= Ͳ,ͺͳ  ˏଷ/ˍˆ.  

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ܸ̂଴ = 𝑅ܸைమ + ேܸమ଴ + 𝐻ܸଶை଴ , (11) ܸ̂଴ = Ͳ,ͺͳ͹ + ͵,͵ͷʹ + Ͳ,ͺͳ = Ͷ,ͻ͹ͻ  ˏଷ/ˍˆ. 
 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ  ߙ > ͳ. 

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɢɯ ɦɚɫɫɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ ɢ 
ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɝɚɡɨɯɨɞɚ ɫ ɭɱɟɬɨɦ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 10% ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3 - Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ƚɚɡɨɯɨɞ 

Ɍɨɩɤɚ ɢ 
2-ɚɹ ɫɬ. 

ɩɩ 

3-ɹ ɢ 4-ɚɹ 
ɫɬ. ɩɩ 

1 ɫɬ ɩɩ  ȼɗɄ 2-
ɚɹ ɫɬ. 

ȼɁɉ 
2-ɚɹ 
ɫɬ. 

ȼɗɄ 
1-ɚɹ 
ɫɬ. 

ȼɁɉ 
1-ɚɹ 
ɫɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ 
ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɚɝɪɟɜɚ ߙ" = ˕ߙ +∑  𝑖ߙ

1,2 1,225 1,25 1,27 1,3 1,32 1,35 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 
ɇɚɡɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ ɢ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ƚɚɡɨɯɨɞ 

Ɍɨɩɤɚ 
ɢ 2-ɚɹ 
ɫɬ. ɩɩ 

3-ɹ ɢ 
4-ɚɹ 

ɫɬ. ɩɩ 
1 ɫɬ ɩɩ 

ȼɗɄ 2-
ɚɹ ɫɬ. 

ȼɁɉ 
2-ɚɹ ɫɬ. 

ȼɗɄ 1-
ɚɹ ɫɬ. 

ȼɁɉ 
1-ɚɹ ɫɬ. 

ɋɪɟɞɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 
ɜ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɝɪɟɜɚ ߙ˔˓ 

1,2 1,213 1,237 1,26 1,285 

 
 

1,31 

 
 

1,335 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ 
ɩɚɪɨɜ, ɫ ɭɱɟɬɨɦ 
ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɦ3/ɤɝ, 
 ℎܸଶ௢ʟЦ = ͳ,ͳ ∙[ሺͲ,ͳͳͳܪ˓ +Ͳ,ͲͳʹͶܹ˓ +Ͳ,Ͳͳ͸ͳܸ˅଴ሻ +Ͳ,Ͳͳ͸ ∙ ሺߙ˔˓ −ͳሻܸ˅଴]  

0,948 0,949 0,95 0,952 0,954 0,956 0,958 

ɉɨɥɧɵɣ ɨɛɴɟɦ 
ɝɚɡɨɜ, ɦ3/ɤɝ, ܸ̂ʟЦ = ͳ,ͳ ∙[ 𝑅ܸைమ + ேܸమ଴ +ℎܸଶ௢ʟЦ + ሺߙ˔˓ −ͳሻܸ˅଴]  

6,85 6,923 7,042 7,15 7,28 7,404 7,528 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ 
ɬɪɟɯɚɬɨɦɧɵɯ 
ɝɚɡɨɜ ݎ𝑅ைଶ = ͳ,ͳሺ 𝑅ܸைమ/ܸ̂ʟЦሻ  

0,138 0,136 0,133 0,131 0,129 0,127 0,125 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ 
ɜɨɞɹɧɵɯ ɩɚɪɨɜ ݎ𝐻ଶை = ℎܸଶ௢ʟЦ /ܸ̂ʟЦ  

0,138 0,137 0,135 0,133 0,131 0,129 0,127 

ɋɭɦɦɚɪɧɚɹ 
ɨɛɴɟɦɧɚɹ ɞɨɥɹ ˒ݎ = 𝐻ଶைݎ +   𝑅ைଶݎ

0,275 0,273 0,268 0,264 0,26 0,256 0,252 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, 
ɤɝ/ɦ3 ߤˊˎ =   ː/ͳͲͲܸ̂ʟЦ˖ܽ˓ܣ

0,008 0,008 0,008 0,008 0,008 0,008 0,008 

Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɗɧɬɚɥɶɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɩɪɢ ɪɚɫɱɟɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ 𝜗, °C, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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˅଴ܪ = ܸ˅଴ܿ˅𝜗, (12) 

ɝɞɟ ܿ˅- ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɤȾɠ/(ɦ3·Ʉ). 

ɗɧɬɚɥɶɩɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ, ɩɪɢ 
ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 𝜗, °C, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ ܪ଴̂ = ሺ 𝑅ܸைమܿ𝑅ைమ + 𝐻ܸଶை଴ ܿ𝐻ଶை + ேܸమ଴ ܿேమሻ𝜗, (13) 

ɝɞɟ ܿ𝑅ைమ , ܿ𝐻ଶை , ܿேమ- ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɜɨɞɹɧɵɯ 
ɩɚɪɨɜ ɢ ɚɡɨɬɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɤȾɠ/(ɦ3·Ʉ). 

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ ߙ > ͳ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ 

ˆܪ = ଴̂ܪ + ሺߙ − ͳሻܪ଴˅ + ͳͲ% ∙  ʟ̂Ц, (14)ܪ

ɝɞɟ ܪʟ̂Ц- ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ, ɡɧɚɱɟɧɢɹ ɡɚɞɚɧɵ ɢɡ ɡɚɜɨɞɫɤɨɝɨ 
ɪɚɫɱɟɬɚ ɤ/ɚ, ɤȾɠ/ɤɝ; ߙ- ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɚɝɪɟɜɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

Ɍɚɛɥɢɰɚ 4 - ɗɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ 

 
 𝜗, °C 

 
 ଴̂ܪ 

(α=1) 

 
 ˅଴ܪ 

(βɜ=1) 

 
 ʟ̂Цܪ 

ˆܪ = ଴̂ܪ + ሺߙ − ͳሻܪ଴˅ + ͳͲ% ∙  ʟ̂Цܪ

Ɍɨɩɤɚ 
 

(ɩɨ ߙ˕) 

ɒɉɉ 
 

"ˏ˓ˋ˛ߙ) ) 

Ʉɉɉ 
 

(ɩɨ ߙ˒˒" ) 

ȼɗɄ 
 ሺߙ˅эˍ" ) 

ȼɁɉ 
 

"˒ˊ˅ߙ) ) 

100 686.2 559.206 900,1     944 
200 1391.5 1123.1 1804.5     1908.9 
300 2116.6 1694.1 2742.4    2848.3 2899.1 
400 2905.1 2297.3 3709.5    3896.3  
500 3684.3 2900.9 4697.6   4879.2 4937.3  
600 4484.4 3518.4 5706.6   5934.7 6005  
700 5305.3 4148.2 6749.1  6913.6 7017.3   
800 6144.4 4787.5 7812.6  8002.9 8122.6   
900 6998.6 5437.4 8897 8975.8 9111.8 9247.7   
1000 7867.4 6094.6 9998.1 10086.1 10238.5    
1100 8749.7 6801.9 11111.8 11221.3 11391.3    
1200 9643.4 7435 12229.6 12353.3     
1300 10549.5 8116.8 13443.8 13517.2     
1400 11461.9 8803.5 14528.2 14675.4     
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4 
 
 𝜗, °C 

 
 ଴̂ܪ 

(α=1) 

 
 ˅଴ܪ 

(βɜ=1) 

 
 ʟ̂Цܪ 

ˆܪ = ଴̂ܪ + ሺߙ − ͳሻܪ଴˅ + ͳͲ% ∙  ʟ̂Цܪ

Ɍɨɩɤɚ 
 

(ɩɨ ߙ˕) 

ɒɉɉ 
 

"ˏ˓ˋ˛ߙ) ) 

Ʉɉɉ 
 

(ɩɨ ߙ˒˒" ) 

ȼɗɄ 
 ሺߙ˅эˍ" ) 

ȼɁɉ 
 

"˒ˊ˅ߙ) ) 

1500 12383.7 9493.3 15612.6 15843.6     
1600 13313.1 10188.6 16864.4 17037.2     
1700 14251.5 10885.9 17840 18212.7     
1800 15192.2 11584.2 777,0 19431.1     

 
ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ. Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 
ɨɩɪɟɞɟɥɹɟɦ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ: 

𝜂ˍ˃˄˓ = ͳͲͲ − ሺݍଶ + ଷݍ + ସݍ + ହݍ +  ଺ሻ, (15)ݍ

ɝɞɟ ݍଶ- ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ, %; ݍଷ- ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ, %. ݍଷ = Ͳ; ݍସ- ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɩɪɢɧɹɬɚ ɡɚɜɨɞɫɤɨɦɭ 
ɬɟɩɥɨɜɨɦɭ ɪɚɫɱɟɬɭ, %. ݍସ = Ͳ,ͷ; ݍହ- ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, %; ݍ଺- ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ, %. 

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ ݍଶ, %, ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɨɤɢɞɚɸɳɢɯ ɤɨɬɟɥ, ɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ ݍଶ = ሺܪ˖˘ − ˅଴˘ܪ˘˖ߙ ሻሺͳͲͲ − ˓˓ସሻܳݍ ,  

(16) 

ɝɞɟ ܪ˖˘- ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɥɢɧɟɣɧɨɣ 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɬɚɛɥɢɰɟ 4 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 𝜗˖˘ = ͳͶ͹°C. ܪ˖˘ = ͳͷͲʹ,͵ͻ͹;  ܪ˘଴˅ - ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 4 ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ݐ˘˅ = ͵Ͳ°C. ܪ˘଴˅ = ͳ͸͹,ʹ͹ʹ; 
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ܳ˓˓- ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɬɟɩɥɨɬɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ. ȼ ɪɚɫɱɟɬɟ 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ ܳː˓  (ɫɦ. ɬɚɛɥ. 1). 

ଶݍ = ሺͳͷͲʹ,͵ͻ͹ − ͳ,͵ͷ ∙ ͳ͸͹,ʹ͹ʹሻ ∙ ሺͳͲͲ − Ͳ,ͷሻͳͷ͸ͷͺ,͸͵ʹ = ͺ,ͳͳʹ %. 
ɉɨɬɟɪɹ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ݍହ, %, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: ݍହ = ሺ͸Ͳ/ܦːˑˏሻ଴,ହ݈݃ܦːˑˏ ,  
(17) 

ɝɞɟ ܦːˑˏ- ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɤɝ/ɫ. ܦːˑˏ = ͳͳ͸,͸͸͹; ݍହ = ሺ͸Ͳ/ͳͳ͸,͸͸͹ሻ଴,ହ݈݃ͳͳ͸,͸͸͹ = Ͳ,͵ͷ͵%. 
ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ ݍ଺, %, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ ݍ଺ = ˓˓ܳˎ˛ሻݐሺܿ˓ܣˎ˛ܽ ,  
(18) 

ɝɞɟ ܽ˛ˎ- ɞɨɥɹ ɲɥɚɤɨɭɥɚɜɥɢɜɚɧɢɹ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. ܽ˛ˎ = Ͳ,Ͳͷ; 

 ሺܿݐሻ˛ˎ- ɷɧɬɚɥɶɩɢɹ ɲɥɚɤɚ, ɤȾɠ/ɤɝ. ሺܿݐሻ˛ˎ = ͷ͸Ͳ. ܳ˓˓- ɪɚɫɩɨɥɚɝɚɟɦɨɟ ɬɟɩɥɨ ɧɚ 1 ɤɝ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɤɚɤ: 

ܳ˓˓ = ܳː˓ + ܿ˕ˑ˒ˎ ∙  (19) ,˅˘ݐ

ɝɞɟ ܿ˕ˑ˒ˎ- ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɛɨɱɟɝɨ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ݐ˘˅ = ͵Ͳ°, ɤȾɠ/ɤɝ. ܿ˕ˑ˒ˎ = ʹ,ͳͳͳ; ɩɪɢɧɹɬɨ ɫɨɝɥɚɫɧɨ ɧɨɪɦɚɬɢɜɧɨɦɭ ɦɟɬɨɞɭ [3]. ɞɥɹ ɛɭɪɵɯ ɭɝɥɟɣ ܳ˓˓ = ͳͷ͸ͷͺ,͸͵ + ʹ,ͳͳͳ ∙ ͵Ͳ = ͳͷ͹ʹͳ.ͻ͸ʹ  

଺ݍ  = Ͳ,Ͳͷ ∙ ͸ ∙ ͷ͸Ͳͳͷ͹ʹͳ.ͻ͸ʹ = Ͳ,ͲͳͲ͹  
𝜂ˍ˃˄˓ = ͳͲͲ − ሺͺ,ͳͳʹ + Ͳ + Ͳ,ͷ + Ͳ,͵ͷ͵ + Ͳ,ͲͳͲ͹ ሻ = ͻͳ,ͶͶ͸%. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 
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ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ܤ, 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 = ˈ˒ሺℎˈ˒ܦ − ˒̅ݐ ˅ሻ + ˒̅ݐሺ˓˒ܩ ˓ − ˒̅ݐ ˅ሻܳ˓˓ ∙ 𝜂ˍ˃˄˓ , (20) 

ɝɞɟ ℎ˒ˈ- ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ. ℎ˒ˈ = ͵Ͷͺ͹,ͷͶ; ̅ݐ˒ ˅- ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ. ̅ݐ˒ ˅ = ͻͻ͵,ͺ͸Ͷ; ̅ݐ˒ ˓- ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɤɢ, ɤȾɠ/ɤɝ. ̅ݐ˒ ˓ = ͳ͸͵͸,ͻ͸ͻ; ܩ˒˓- ɪɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ. ܩ˒˓ = Ͳ,ͲͲͷ ∙ ˈ˒ܦ = Ͳ,ͷͺ͵. ܤ = ͳͳ͸,͸ ∙ ሺ͵Ͷͺ͹,ͷ − ͻͻ͵,ͺሻ + Ͳ,ͷͺ͵ ∙ ሺͳ͸͵͸,ͻ − ͻͻ͵,ͺ͸ሻͳͷ͹ʹͳ,ͻ͸ʹ ∙ Ͳ,ͻͳͶͶ͸ = ʹͲ,͵ͷ ˍˆ/˔. 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ܤ˓, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 

ɜɵɪɚɠɟɧɢɸ ܤ˓ = ሺͳܤ − Ͳ,Ͳͳݍସሻ, (21) ܤ˓ = ʹͲ,͵ͷͷሺͳ − Ͳ,Ͳͳ ∙ Ͳ,ͷሻ = ʹͲ,ʹͷͶ ˍˆ/˔.  

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɨɡɜɨɥɢɬ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ 
ɦɟɥɶɧɢɰɭ ɞɥɹ ɪɚɡɦɨɥɚ ɩɵɥɢ ɢ ɝɨɪɟɥɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ɍɚɤ ɠɟ ɜɫɟ ɭɞɟɥɶɧɵɟ 
ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɬɟɩɥɨɜɨɦ ɪɚɫɱɟɬɟ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ 
ɨɬɧɨɫɹɬ ɤ ɨɞɧɨɦɭ ɤɢɥɨɝɪɚɦɦɭ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ. Ⱥ ɩɨ ɧɚɣɞɟɧɧɨɦɭ 
ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɤɨɥɶɤɨ ɭɞɟɥɶɧɨɝɨ 
ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɵɥɨ ɭɬɪɚɱɟɧɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ, 
ɷɤɨɧɨɦɢɱɧɨɝɨ ɢ ɛɟɫɲɥɚɤɨɜɨɱɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɨɱɧɵɯ ɤɚɦɟɪ ɩɚɪɨɜɵɯ 
ɤɨɬɥɨɜ ɫɨɛɥɸɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɹ ɬɨɩɨɱɧɨɝɨ 
ɨɛɴɟɦɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ. ɑɪɟɡɦɟɪɧɨɟ ɫɧɢɠɟɧɢɟ 
ɩɪɢɜɟɞёɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɦɟɧɶɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɴɟɦɚ 
ɬɨɩɤɚ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɫɢɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɭɜɟɥɢɱɚɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɣ ɢ ɯɢɦɢɱɟɫɤɢɣ ɧɟɞɨɠɨɝ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ 
ɛɵɥɨ ɪɟɲɟɧɨ ɭɜɟɥɢɱɢɬɶ ɬɨɩɨɱɧɨɣ ɨɛɴɟɦ ɩɭɬɟɦ ɭɞɚɥɟɧɢɹ ɩɟɪɟɠɢɦɚ ɢ 
ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɤɨɬɥɚ ɬ.ɟ. ɭɜɟɥɢɱɢɬɶ ɝɥɭɛɢɧɭ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɧɚ  
ɪɚɫɫɬɨɹɧɢɟ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɟ 140 ɤȼɬ/ɦ3. 
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Ɋɢɫɭɧɨɤ 2 — ɗɫɤɢɡ ɬɨɩɤɢ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɨɫɥɟ  

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɬɨɩɤɢ ɫɨɫɬɚɜɢɦ ɟɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɷɫɤɢɡ, 
ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɛɥɢɡɤɢɦ ɤ ɷɫɤɢɡɭ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 
ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɤɨɬɥɚ, ɭɤɚɡɚɧɧɨɝɨ ɜ ɡɚɞɚɧɢɢ (ɪɢɫɭɧɨɤ 3).  
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А

ʦ̛д А

2-я ̍око̏̌я
̭те̦̌

1-я ̍око̏̌я
̭те̦̌

Ф̬о̦то̏̌я
̭те̦̌

З̌д̦яя
̭те̦̌

h̐

bтaт

hтhт

ʿод топк̛
 

Ɋɢɫɭɧɨɤ 3 – ɗɫɤɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɬɨɩɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5. 

Ɍɚɛɥɢɰɚ 5 – Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɬɨɩɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɒɢɪɢɧɚ ɬɨɩɤɢ ܾ˕, ɦ 14,4 

Ƚɥɭɛɢɧɚ ɬɨɩɤɢ ܽ˕, ɦ 7,82 

ȼɵɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ℎˆ, ɦ 
ɩɪɢɧɹɬɨ ɫɨɝɥɚɫɧɨ ɡɚɜɨɞɫɤɨɦɭ ɬɟɩɥɨɜɨɦɭ ɪɚɫɱɟɬɭ 

2 

ȼɵɫɨɬɚ ɬɨɩɤɢ ℎ˕, ɦ 22,2 

ɉɨɥɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ ɬɨɩɤɢ ̝ܨ ˕, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 3D ɦɨɞɟɥɢ 
ɜ SOLIDWORKS (ɫɦ. Ɋɢɫɭɧɨɤ 2): 

ܨ̝  ˕ = ͳʹͺͷ,ͺ ɦ2  (22) 

Ɉɛɴɟɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 3D ɦɨɞɟɥɢ ɜ 
SOLIDWORKS (ɫɦ. Ɋɢɫɭɧɨɤ 2): ܸ̞ = ʹʹʹͷ͸,ͷͻ ɦ3 (23) 
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Ⱦɚɥɟɟ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 5, ɤɨɬɨɪɵɣ ɛɵɥ ɜɵɩɨɥɧɟɧ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ – ɢɦɟɹ ɞɚɧɧɵɟ ɡɚɜɨɞɫɤɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
ɛɵɥ ɜɵɩɨɥɧɟɧ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɨɫɧɨɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ. Ɂɚɞɚɱɚ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɚ ɜ ɧɚɩɢɫɚɧɢɢ ɩɪɚɜɢɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ 
ɫɨɜɩɚɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɡɚɜɨɞɫɤɢɦɢ. Ɂɚɬɟɦ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ 
ɪɚɫɱɟɬɚ ɛɵɥ ɫɞɟɥɚɧ ɪɚɫɱɟɬ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. Ɋɚɫɱɟɬ 
ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ [3]. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. 

Ɍɚɛɥɢɰɚ 6 – Ⱦɚɧɧɵɟ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɉɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɉɥɨɳɚɞɶ ɫɬɟɧ ̝ܨ ˕, ɦ 1236 1285,8 

Ɉɛɴɟɦ ɬɨɩɤɢ ܸ̞ , ɦ 2032 2256,59 

Ɍɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɨɛɴɟɦɚ ݍ௏, ˍʑ˕/ˏଷ 154,13 139,89 

Ɍɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ݏ˕, ɦ 6,079 6,318 

Ɍɟɦɩ-ɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ 𝜗"̞, ℃ 1127 1063,8 

Ɍɟɩɥɨɬɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ܳ˅, ˍʓˉ/ˍˆ 2258,137 2038,768 

Ɍɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ܳ˕, ɤȾɠ/ɤɝ 17924,375 17759,05 

Ⱥɞɢɚɛɚɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɬɨɩɤɟ 𝜗˃, ℃ 1675,5 1661,55 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɚɦɢ ݇ˆ  3,292 3,324 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɡɨɥɨɣ ݇ˊˎ 71,025 72,547 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ 1,242 1,068 ݑܤ 

ɗɮɮɟɤɬ. ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ȼɭɝɟɪɚ 1,299 0,904 ݑ̃ܤ 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɮɚɤɟɥɚ ܽ˗ 0,656 0,727 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ߰˔˓ 0,381 0,45 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ܽ˕ 0,835 0,856 

ɋɪɟɞɧɸɸ ɫɭɦɦɚɪɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ሺܸܿሻ˔˓, ˍʓˉ/ˍˆ ∙ ℃ 11,665 11,629 

ɍɬɨɱɧɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ 𝜗"̞, °C 

1127,04 1063,81 

ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ܪ"̞, ˍʓˉ/ˍˆ 

11525,27 10807,989 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ 
ɝɚɡɨɜ ɤ ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɨɩɤɢ ܳˎ, ɤȾɠ/ɤɝ 

6371,157 6924,355 

ɋɪɟɞɧɟɟ ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɤɢ ݍˎ, 
ɤȼɬ/ɦ2 

103,105 108,569 
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Ɋɚɫɱɟɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɬɟɩɥɨ 
ɧɚɩɪɹɠɟɧɢɟ ɫɨɫɬɚɜɢɥɨ 139,89 ɤȼɬ/ɦ3, ɚ ɢɫɤɨɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɬɨɩɤɢ ɫɨɫɬɚɜɢɥɚ 1063,81 °C, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɲɥɚɤɨɜɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. 

Ɋɚɫɱɟɬ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɜɵɩɨɥɧɹɥɫɹ ɚɧɚɥɨɝɢɱɧɨ ɬɟɩɥɨɜɨɦɭ ɪɚɫɱɟɬɭ 
ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɬ.ɟ. ɪɚɫɱɟɬ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

 Ɍɚɤ ɤɚɤ ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɧɚ ɬɜɟɪɞɨɟ ɲɥɚɤɨɭɞɚɥɟɧɢɟ 
ɡɚɦɟɬɧɨ ɭɩɚɥɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ (ɫɦ. ɬɚɛɥɢɰɭ 6), ɚ ɡɚ ɧɟɣ 
ɩɨɧɢɡɢɥɚɫɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɢ ɨɛ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɷɤɪɚɧɢɪɨɜɚɧɢɢ ɫɬɟɧ ɩɨɜɨɪɨɬɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɚ ɢɦɟɧɧɨ ɡɚɞɧɟɣ 
ɢ ɛɨɤɨɜɵɯ ɫɬɟɧ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ ɫɦ. ɪɢɫɭɧɨɤ 4, ɧɨɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɜɵɞɟɥɟɧɵ ɤɪɚɫɧɵɦ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 4.  

P̍

D̏п̬

Dпе Pпе tпе 

ʿ̛т̌ тел̦̽̌я 
̏од̌

D̏̾к Pп̏ tп̏ 

1

2

3

4

5

7

8

2

6

 

1- ɛɚɪɚɛɚɧ ɤɨɬɥɚ; 2- ɪɚɞɢɚɰɢɨɧɧɵɣ ɩɨɬɨɥɨɱɧɵɣ ɢ ɧɚɫɬɟɧɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ; 3-ɜɬɨɪɚɹ 
ɫɬɭɩɟɧɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɬɨɩɨɱɧɚɹ ɲɢɪɦɚ; 4- ɜɩɪɵɫɤɢɜɚɸɳɢɣ ɩɚɪɨɨɯɥɚɞɢɬɟɥɶ; 5- 

ɭɫɬɚɧɨɜɤɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ; 6- ɬɪɟɬɶɹ ɢ ɱɟɬɜɟɪɬɚɹ ɫɬɭɩɟɧɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, 
ɜɵɯɨɞɧɚɹ ɲɢɪɦɚ; 7- ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 

Ɋɢɫɭɧɨɤ 4 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ  

Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɷɫɤɢɡɟ ɧɢɠɟ, 
ɪɢɫɭɧɨɤ 5. 
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Ɋɢɫɭɧɨɤ 5 - ɗɫɤɢɡ ɲɢɪɦɨɜɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

Ɋɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 7. 
Ɋɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ [3]. 

 
Ɍɚɛɥɢɰɚ 7 – Ⱦɚɧɧɵɟ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

2 ɫɬ. 3 ɫɬ. 2 ɫɬ. 3 ɫɬ. 

ɒɢɪɢɧɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ܤ, ɦ 1,702 1,25 1,702 1,25 

ȼɵɫɨɬɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ܣ, ɦ 9,6 7,32 9,6 7,32 

Ɂɚɡɨɪ ɦɟɠɞɭ ɥɟɧɬɚɦɢ ∆ܤ˛, ɦ 0,150 0,150 0,150 0,150 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀ː, ɦ 0,032 0,032 0,032 0,032 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀˅ː, ɦ 0,024 0,022 0,024 0,022 

ɒɚɝ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹɦɢ ݏଵ, ɦ 

0,565 0,240 0,565 0,240 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɜ ɥɟɧɬɟ ɲɢɪɦɵ ݏଶ, ɦ 
0,038 0,05 0,038 0,05 

ɑɢɫɥɨ ɩɚɤɟɬɨɜ ɜ ɨɞɧɨɣ ɫɬɭɩɟɧɢ ɩɨ 
ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ 𝑧ଵ, ˛˕ 

24 32 24 32 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
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Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

2 ɫɬ. 3 ɫɬ. 2 ɫɬ. 3 ɫɬ. 

ɑɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɪɭɛ ɜ 
ɨɞɧɨɣ ɥɟɧɬɟ ݊˛, ˛˕ 

21 12 21 12 

ɉɥɨɳɚɞɶ ɫɬɭɩɟɧɢ ܨଶ˔˕, ɦ2 944 496 944 496 

ɋɟɱɟɧɢɟ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ ݂̝ ˕̂, ɦ2 141,5 92,273 141,5 92,273 

ɋɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ ɩɚɪɚ ݂̝ ˕˒, ɦ2 0,114 0,146 0,114 0,146 

ɉɪɢɧɢɦɚɟɦ ɬɟɦɩ. ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɫɬɭɩɟɧɶ ݐ˔˕′ , ℃ 

407,8 450,9 423,65 463,6 

ɉɪɢɧɢɦɚɟɦ ɬɟɦɩ. ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɫɬɭɩɟɧɢ ݐ˔˕′′ , ℃ 

450,9 513,05 463,6 518,99 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ℎ˔˕′ , ɤȾɠ/ɤɝ 3021,74 3175,986 3079,9 3213,126 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ℎ˔˕′′ , ɤȾɠ/ɤɝ 3173,53 3358,879 3213,126 3375,348 

Ɍɟɦɩ-ɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɫɬɭɩɟɧɶɸ 𝜗˔˕′ , ℃ 1127,04 1023,52 1063,81 970,765 

ɉɪɢɧɢɦɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɡɚ 
ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 

1023,52 830,88 970,765 798,42 

Ɍɟɩɥɨɜɚɹ  ɧɚɝɪɭɡɤɚ ɧɚ ɫɬɭɩɟɧɶ, ݍˎ 
ɤȼɬ/ɦ2. 

67,018 - 70,57 - 

Ɍɟɩɥɨ ɢɡɥɭɱɟɧɢɹ ɢɡ ɬɨɩɤɢ ܳ˅˘ˎ, ɤȾɠ/ɤɝ 504,284 - 526,843 - 

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɬɭɩɟɧɢ 𝜙˔˕ 0,162 0,095 0,162 0,095 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ 
ɫɥɨɹ ݏ˔˕: 

0,731 0,401 0,731 0,401 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɚɦɢ ݇ˆ 10,662 16,306 11,478 16,767 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɡɨɥɨɣ ݇ˊˎ 74,036 78,17 76,086 80,084 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ 0,211 0,281 0,193 0,245 ݑܤ 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɫɬɭɩɟɧɢ ܽ˔˕ 0,271 0,175 0,245 0,19 

Ɍɟɩɥɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɡɚ ɫɬɭɩɟɧɶɸ ܳ˅ы˘ˎ , 
ɤȾɠ/ɤɝ 

188,569 - 193,329 - 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɫɬɭɩɟɧɢ ɢɡ ɬɨɩɤɢ ɢɥɢ 
ɨɬ ɩɪɟɞɵɞɭɳɟɣ ɫɬɭɩɟɧɢ  ܳ˔˕ˎ, ɤȾɠ/ɤɝ 

303,286 81,384 333,513 78,279 

Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɝɚɡɚɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ܳ˔˕˄, ɤȾɠ/ɤɝ 

1043,318 973,679 919,142 850,207 

ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ ܪ˔˕′′ , ɤȾɠ/ɤɝ 
10351,225 8343,01 9759,324 7985,491 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 1023,52 830,883 970,765 798,42 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ߱ˆ, ɦ/ɫ  4,548 6,239 4,387 6,064 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ߙˍ, ɤɤɚɥ/ሺ˚ ∙ ˏଶ ∙ Кሻ 31,877 52,68 31,274 53,507 

ɋɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ݒ˒, ɦ3/ɤɝ 0,019 0,021 0,019 0,022 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
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Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

2 ɫɬ. 3 ɫɬ. 2 ɫɬ. 3 ɫɬ. 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ߱˒, ɦ/ɫ 18,242 16,955 19,001 17,302 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ 
ɩɚɪɭ ߙଶ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 

4564,664 3599,96 4439,93 3573,287 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɹɡɧёɧɧɨɣ ɫɬɟɧɤɢ 791,644 772,408 842,405 721,497 ℃ ,ˊݐ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ߙˎ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
55,987 47,735 54,947 45,73 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ߙଵ, ˍˍ˃ˎ/ ሺ˚ ∙ ˏଶ ∙ Кሻ 
83,792 125,853 82,223 121,742 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫɬɭɩɟɧɢ ݇, ʑ˕/ሺˏଶ ∙ Кሻ, 
48,105 89,643 48,059 88,999 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɞɥɹ ɫɬɭɩɟɧɢ ∆ݐ,  
°ɋ 

645,911 440,227 573,666 388,298 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ܳ˔˕̞, ɤȾɠ/ɤɝ 
1043,876 972,608 918,98 850,222 

ɉɨɝɪɟɲɧɨɫɬɶ 𝛿ܳ, % 0,054 0,11 0,008 0,002 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɫɱɟɬɚ 3-ɟɣ ɢ 4-ɨɣ ɫɬɭɩɟɧɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɵɩɨɥɧɟɧɵ 
ɨɧɢ ɜ ɨɞɢɧ ɪɹɞ ɩɨ ɲɢɪɢɧɟ ɬɨɩɤɢ, ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɫɪɟɞɧɢɟ ɲɢɪɦɵ (3 ɫɬɭɩɟɧɶ), 
ɧɚɝɪɟɜɚɟɬɫɹ ɬɚɦ, ɡɚɬɟɦ ɱɟɪɟɡ ɜɩɪɵɫɤɢɜɚɸɳɢɣ ɩɚɪɨɨɯɥɚɞɢɬɟɥɶ 
ɩɟɪɟɛɪɚɫɵɜɚɟɬɫɹ ɜ ɤɪɚɣɧɢɟ ɲɢɪɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ 3-ɹɹ ɢ 4-ɚɹ 
ɜɤɥɸɱɟɧɵ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɩɚɪɚɥɥɟɥɶɧɨ, ɚ ɩɨ ɩɚɪɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. 
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1- ɩɨɞɜɨɞ ɩɚɪɚ ɢɡ ɬɨɩɨɱɧɨɣ ɲɢɪɦɵ; 2- ɬɪɟɬɶɹ ɫɬɭɩɟɧɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ; 3-ɱɟɬɜɟɪɬɚɹ 
ɫɬɭɩɟɧɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɬɨɩɨɱɧɚɹ ɲɢɪɦɚ; 4- ɜɩɪɵɫɤɢɜɚɸɳɢɣ ɩɚɪɨɨɯɥɚɞɢɬɟɥɶ; 5- 

ɩɚɪɨɫɛɨɪɧɵɟ ɤɚɦɟɪɵ  
Ɋɢɫɭɧɨɤ 6 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɜɵɯɨɞɧɨɣ ɲɢɪɦɵ 

 

Ɍɚɛɥɢɰɚ 8 – Ⱦɚɧɧɵɟ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɱɟɬɜɟɪɬɨɣ ɢ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

4 ɫɬ. 1 ɫɬ. 4 ɫɬ. 1 ɫɬ. 

ɒɢɪɢɧɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ܤ, ɦ 1,25 1,3 1,25 1,3 

ȼɵɫɨɬɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ܣ, ɦ 7,32 2,8 7,32 2,8 

Ɂɚɡɨɪ ɦɟɠɞɭ ɥɟɧɬɚɦɢ ∆ܤ˛, ɦ 0,150 - 0,150 - 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀ː, ɦ 0,032 0,032 0,032 0,032 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀˅ː, ɦ 0,022 0,024 0,022 0,024 

ɒɚɝ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹɦɢ ݏଵ, ɦ 

0,240 0,087 0,240 0,087 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ɜ ɥɟɧɬɟ ɲɢɪɦɵ ݏଶ, ɦ 
0,05 0,0616 0,05 0,0616 

ɑɢɫɥɨ ɩɚɤɟɬɨɜ ɜ ɨɞɧɨɣ ɫɬɭɩɟɧɢ ɩɨ 
ɲɢɪɢɧɟ ɝɚɡɨɯɨɞɚ 𝑧ଵ, ˛˕ 

28 358 28 358 

ɑɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɬɪɭɛ ɜ 
ɨɞɧɨɣ ɥɟɧɬɟ ݊˛, ˛˕ 

12 18 12 18 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 8 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

4 ɫɬ. 1 ɫɬ. 4 ɫɬ. 1 ɫɬ. 

ɉɥɨɳɚɞɶ ɫɬɭɩɟɧɢ ܨଶ˔˕, ɦ2 435 1408 435 1408 

ɋɟɱɟɧɢɟ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ ݂̝ ˕̂, ɦ2 92,273 46,583 92,273 46,583 

ɋɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ ɩɚɪɚ ݂̝ ˕˒, ɦ2 0,1396 0,1619 0,1396 0,1619 

Ɍɟɦɩ. ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɫɬɭɩɟɧɶ ݐ˔˕′ , ℃ 511,01 351,4 512,198 357,2 

Ɍɟɦɩ. ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɬɭɩɟɧɢ ݐ˔˕′′ , ℃ 560 407,8 560 423,65 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ℎ˔˕′ , ɤȾɠ/ɤɝ 3340,92 2651,734 3357,375 2727,922 

ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ℎ˔˕′′ , ɤȾɠ/ɤɝ 3487,542 3011,573 3487,542 3070,824 

Ɍɟɦɩ-ɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɫɬɭɩɟɧɶɸ 𝜗˔˕′ , ℃ 1013,52 836,74 970,765 803,46 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 842,614 646,95 813,445 623,01 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ 
ɫɥɨɹ ݏ˔˕: 

0,401 0,163 0,401 0,163 
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Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɚɦɢ ݇ˆ 16,242 29,123 16,713 29,617 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɡɨɥɨɣ ݇ˊˎ 77,915 87,176 79,713 88,854 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ 0,142 0,207 0,135 0,194 ݑܤ 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɫɬɭɩɟɧɢ ܽ˔˕ 0,175 0,126 0,188 0,132 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɫɬɭɩɟɧɢ ɨɬ 
ɩɪɟɞɵɞɭɳɟɣ ɫɬɭɩɟɧɢ ɱ/ɡ ɢɡɥɭɱɟɧɢɟ  ܳ˔˕ˎ, 
ɤȾɠ/ɤɝ 

66,077 - 71,375 - 

Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɝɚɡɚɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ܳ˔˕˄, ɤȾɠ/ɤɝ 

783,765 1963,387 684,614 1856,313 

ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ ܪ˔˕′′ , ɤȾɠ/ɤɝ 
8472,7622 6440,032 8096,39 6181,644 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 842,614 646,95 813,445 623,011 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ߱ˆ, ɦ/ɫ  6,27 11,904 6,458 11,66 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ߙˍ, ɤɤɚɥ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
53,665 88,293 54,839 87,41 

ɋɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɚɪɚ ݒ˒, ɦ3/ɤɝ 0,024 0,016 0,024 0,015 

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ߱˒, ɦ/ɫ 19,975 9,283 20,082 9,879 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ 
ɩɚɪɭ ߙଶ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 

3624,7 4349,023 3621,9 4042,279 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɹɡɧёɧɧɨɣ ɫɬɟɧɤɢ 510,352 816,677 503,7 869,51 ℃ ,ˊݐ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ߙˎ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
75,425 24,37 71,885 24,418 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ߙଵ, ˍˍ˃ˎ/ ሺ˚ ∙ ˏଶ ∙ Кሻ 
128,932 112,663 126,894 111,828 

 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 8 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

4 ɫɬ. 1 ɫɬ. 4 ɫɬ. 1 ɫɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫɬɭɩɟɧɢ ݇, ʑ˕/ሺˏଶ ∙ Кሻ, 
91,223 76,631 91,035 82,258 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɞɥɹ ɫɬɭɩɟɧɢ ∆ݐ,  
°ɋ 

394,912 363,581 348,538 322,811 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ܳ˔˕̞, ɤȾɠ/ɤɝ 
783,449 1961,23 684,622 1856,313 

ɉɨɝɪɟɲɧɨɫɬɶ 𝛿ܳ, % 0,04 0,11 0,001 0,094 

 

Ɍɚɤ ɤɚɤ ɭɩɚɥɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɨɱɧɨɣ 
ɤɚɦɟɪɵ, ɚ ɜ ɫɥɟɞ ɡɚ ɧɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ~14 °ɋ, ɜ ɪɚɦɤɚɯ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɷɤɪɚɧɢɪɨɜɚɧɢɢ ɩɨɜɨɪɨɬɧɨɝɨ 
ɝɚɡɨɯɨɞɚ (ɫɦ. ɪɢɫɭɧɨɤ 4), ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɭɜɟɥɢɱɢɬɶ ɩɥɨɳɚɞɶ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
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ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɬɟɦ ɫɚɦɵɦ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɜɨɫɩɪɢɧɢɦɚɟɦɨ 
ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɗɬɨɝɨ ɬɟɩɥɚ ɞɨɥɠɧɨ ɯɜɚɬɢɬɶ ɱɬɨɛɵ ɩɨɤɪɵɬɶ 
ɨɛɪɚɡɨɜɚɜɲɭɸɫɹ ɪɚɡɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪ. ȼ ɪɚɫɱɟɬɟ ɧɢɠɟ ɷɬɨ ɩɪɨɜɟɪɹɟɬɫɹ.  

Ɋɚɫɯɨɞ ɩɚɪɚ, ɤɝ/ɫ, ɱɟɪɟɡ ɪɚɞɢɚɰɢɨɧɧɵɣ ܦ˓˒˒ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ܦ˓˒˒ = ˈ˒ܦ −  (24) ,˓˒˅ܦ

ɝɞɟ ܦ˅˒˓- ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɩɪɵɫɤ, ɞɚɧɧɵɟ ɜɡɹɬɵɟ ɫ Ɍɗɐ-2, ɤɝ/ɫ. ܦ˅˒˓ = ͹,ͷʹͺ; ܦ˓˒˒ = ˒˒˛ܦ = ͳͳ͸,͸͸ − ͹,ͷʹͺ = ͳͲͻ,ͳ͵ͻ ˍˆ/˔. 
Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ܲ˓ ˒˒" , Ɇɉɚ: ܲ˓ ˒˒" = ͳ,ͳܲ˒ ˈ, (25) 

ɝɞɟ ܲ˒ ˈ- ɞɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ. ܲ˓ ˒˒" = ͳ,ͳ ∙ ͳͶ = ͳͷ,Ͷ Мʞ˃. 
ɉɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ∆ℎ˓˒˒, ɤȾɠ/ɤɝ, ɜ ɪɚɞɢɚɰɢɨɧɧɨɦ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

∆ℎ˓˒˒ = ˒˒˓ܦ˓ܤ˒˒˓ܳ ,  
(26) 

ɝɞɟ ܳ˓˒˒- ɫɭɦɦɚɪɧɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, 
ɤȾɠ/ɤɝ. 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɤȼɬ/ɦ2: ܳ˓˒˒ = ܳ˒ˑ˕ + ܳ˒ˍ 

ɝɞɟ ܳ˒ˑ˕ − ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɧɚ ɩɨɬɨɥɤɟ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɤȾɠ/ɤɝ; ܳ˒ˍ − ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 
ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ, ɤȾɠ/ɤɝ. 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɨɬɨɥɨɱɧɨɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ, ɧɚɯɨɞɢɬɫɹ ɤɚɤ: 

 
(27) 

ܳ˒ˑ˕ = ˎݍ ∙ 𝜂˅ ∙ ܨ˒ ˑ˕˕ˑ˒ˍܤ˓ + ଴ݍ ∙ ሺܶ̅̂ ˆ/ͳʹ͹͵ሻଶ ∙ ܨ˒ ˑ˕ˆˆܤ˓ ,  
(28) 



28 
 

ɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ, ɤȾɠ/ɤɝ, ɤɚɤ: 

ܳ˒ˍ = ଴ݍ ∙ ሺݏ˒ˍ/ʹ,ͺሻ଴,ଶହ ∙ ሺ ଵܶ˔˕′′ /ͳʹ͹͵ሻଶ ∙ ܨ˒ ˓ܤˍ ,  
(29) 

ɝɞɟ ݍˎ − ɫɪɟɞɧɟɟ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɫɦ. ɬɚɛɥɢɰɭ 6, ݍˎ = ͳͲͺ,ͷ͸ͻ 
ɤȼɬ/ɦ2; 𝜂˅ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɞɥɹ ɩɨɬɨɥɤɚ, 
ɩɪɢɧɢɦɚɟɦ 𝜂˅ = Ͳ,͸; ˒ܨ ˑ˕˕ˑ˒ˍ − ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɬɨɥɤɚ ɜ ɩɪɟɞɟɥɚɯ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ˒ܨ ˑ˕˕ˑ˒ˍ = ͻ͹,ʹʹͻ ɦ2 ݍ଴ − ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɦ 35 ɤȼɬ/ɦ2; ܶ̅̂ ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ, Ʉ. ܶ̅̂ ˆ =ሺ ଶܶ˔˕′′ + ଵܶ˔˕′′ ሻ/ʹ = ͳ͵͵ʹ,͹ Ʉ, ɝɞɟ ଶܶ˔˕′′ , ଵܶ˔˕′′ − ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɡɚ ɜɬɨɪɨɣ ɢ 
ɩɟɪɜɨɣ ɫɬɭɩɟɧɶ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɦ ɬɚɛɥɢɰɭ 7,8), Ʉ; ܶ̅̂ ˆ =ͳͲ͸ͷ,Ͳ͵ͺ К. ˒ܨ ˑ˕ˆˆ  − ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɬɨɥɤɚ ɜ ɩɪɟɞɟɥɚɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ, ˒ܨ ˑ˕ˆˆ = ͸Ͳ,Ͷͺ ɦ2 ݏ˒ˍ  − ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɟɧɢɹ ɨɛɴɟɦɚ ɝɚɡɨɜ ɜ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɟ, 
ɦ. ݏ˒ˍ = ͵,͸ ∙ ሺܸ˒ ܨ˒/ˍ ˍሻ, ɝɞɟ ܸ˒ ˍ − ɨɛɴɟɦ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ܸ˒ ˍ = 397,987 
ɦ3, ˒ܨ ˍ − ɩɥɨɳɚɞɶ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ˒ܨ ˍ = 206,692 ɦ2; ݏ˒ˍ =͸,ͻ͵ʹ ˏ. 

Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɨɬɨɥɨɱɧɨɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ: ܳ˒ˑ˕ = ͳͲͺ,ͷ͸ͻ ∙ Ͳ,͸ ∙ ͻ͹,ʹʹͻʹͲ,ͳ͸ + ͵ͷ ∙ ሺͳͲ͸ͷ/ͳʹ͹͵ሻଶ ∙ ͸Ͳ,ͶͺʹͲ,ͳ͸= ͵ͺ͹,͸ͷ ˍʓˉ/ˍˆ. 
Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɨɛɥɚɫɬɢ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ: ܳ˒ˍ = ͵ͷ ∙ ሺ͸,ͻ͵ʹ/ʹ,ͺሻ଴,ଶହ ∙ ሺͺͻ͸,ͳ͸/ͳʹ͹͵ሻଶ ∙ ʹͲ͸,͸ͻʹͲ,ͳ͸ = ͵Ͳͷ,͸͸ ˍʓˉ/ˍˆ. 
ɋɭɦɦɚɪɧɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (27), ɤȾɠ/ɤɝ: ܳ˓˒˒ = ͵ͺ͹,͸ͷ + ͵Ͳͷ,͸͸ = ͸ͻ͵,͵ͳͺ. 
ɉɪɢɪɨɫɬ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ, ɤȾɠ/ɤɝ, ɩɨ ɮɨɪɦɭɥɟ (26): 
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∆ℎ˓˒˒ = ͸ͻ͵,͵ͳͺ ∙ ʹͲ,ͳ͸ͳͲͻ,ͳ͵ͻ = ͳʹͺ,Ͳ͹ͳ. 
ɗɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɪɚɜɧɚ: ℎ˓˒˒′′ = ℎ˓˒˒′ + ∆ℎ˓˒˒,  

(30) 

ɝɞɟ ℎ˓˒˒′ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, 2599,2 ɤȾɠ/ɤɝ. ℎ˓˒˒′′ = ʹͷͻͻ,ʹ + ͳʹͺ,Ͳ͹ͳ = ʹ͹ʹ͹,ʹ͹͹. 
ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɷɧɬɚɥɶɩɢɢ ɩɪɢ ɞɚɜɥɟɧɢɢ ɩɚɪɚ ܲ˓ ˒˒ ɧɚɣɞɟɦ 

ɬɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ, °ɋ: ݐ˓˒˒′′ = ݂(ܲ˓ ˒˒, ℎ˓˒˒′′ ) = ͵ͷ͹,ʹ. ɑɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɧɟɟ 
ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɫɦ. ɬɚɛɥɢɰɭ 8. 

Ɋɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ. 

Ɋɚɫɱɟɬ ɯɜɨɫɬɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɜɵɩɨɥɧɹɥɫɹ ɚɧɚɥɨɝɢɱɧɨ 
ɬɟɩɥɨɜɨɦɭ ɪɚɫɱɟɬɭ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ. ɂɦɟɹ ɞɚɧɧɵɟ ɫ 
ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɛɵɥ ɫɨɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɚ ɫ ɰɟɥɶɸ ɩɨɥɧɨɝɨ ɩɨɜɬɨɪɟɧɢɹ ɡɚɜɨɞɫɤɨɝɨ ɪɚɫɱɟɬɚ. ɇɚ 
ɨɫɧɨɜɟ ɷɬɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɧɨɜɵɣ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɭɠɟ 
ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

 Ɍɚɤ ɤɚɤ ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɧɚ ɬɜɟɪɞɨɟ ɲɥɚɤɨɭɞɚɥɟɧɢɟ 
ɧɟɬ ɧɭɠɞɵ ɝɪɟɬɶ ɜɨɡɞɭɯ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɛɥɢɡɤɢɯ ~400°ɋ, ɬɨ ɪɚɫɱɟɬ ɩɟɪɜɨɣ 
ɫɬɭɩɟɧɢ ȼɁɉ ɛɵɥ ɜɵɩɨɥɧɟɧ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɦɟɬɨɞɢɤɨɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ   𝜗˖˘ = ͳͶ͹ °ɋ. 
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υ''ɤɩɩ

υ''ɜɷɤ-2

υ''ɜɷɤ-1

υ''ɜɡɩ-2

υ''ɜɡɩ-1= υɭɯ

tɯɜ

t''ɜɡɩ-1

tɝɜ

tɩɜ

t''ɜɷɤ-1 = t'ɜɷɤ-2

t''ɜɷɤ-2

 

Ɋɢɫɭɧɨɤ 7 - ɗɫɤɢɡ ɤɨɦɩɨɧɨɜɤɢ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ 
 

Ɍɚɛɥɢɰɚ 9 – Ⱦɚɧɧɵɟ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɜɬɨɪɵɯ ɫɬɭɩɟɧɟɣ ȼɗɄ ɢ ȼɁɉ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ȼɗɄ 2ɫɬ. ȼɁɉ 2ɫɬ. ȼɗɄ 2ɫɬ. ȼɁɉ 2ɫɬ. 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀ː, ɦ 0,032 0,04 0,032 0,04 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀˅ː, ɦ 0,022 0,037 0,022 0,037 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ݏଵ, ɦ 0,08 54 0,08 54 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ݏଶ, ɦ 0,055 42 0,055 42 

ɉɥɨɳɚɞɶ ɫɬɭɩɟɧɢ ܨଶ˔˕, ɦ2 2884 11830 2884 11830 

ɋɟɱɟɧɢɟ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ ݂̝ ˕̂, ɦ2 44,7 21,5 44,7 21,5 

ɋɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ ɧɚɝɪɟɜɚɟɦɨɣ 
ɫɪɟɞɵ ݂̝ ˕̝˓ ˈˇ, ɦ2 

- 26,4 - 26,4 

Ɍɟɦɩ. ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ɜ 
ɫɬɭɩɟɧɶ ݐ˔˕′ , ℃ 

263,3 259 258,1 228 

Ɍɟɦɩ. ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɫɬɭɩɟɧɢ ݐ˔˕′′ , ℃ 

344,792 366 336,67 332 

ɗɧɬɚɥɶɩɢɹ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ℎ˔˕′ , ɤȾɠ/ɤɝ 
1149,782 1459,23 1218,118 1282,331 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
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Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ȼɗɄ 2ɫɬ. ȼɁɉ 2ɫɬ. ȼɗɄ 2ɫɬ. ȼɁɉ 2ɫɬ. 

ɗɧɬɚɥɶɩɢɹ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ 
ɜɵɯɨɞɟ ℎ˔˕′′ , ɤȾɠ/ɤɝ 

1728,977 2017,47 1564,373 1896,466 

Ɍɟɦɩ-ɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɫɬɭɩɟɧɶɸ 𝜗˔˕′ , ℃ 626,5 437,6 611,08 424,4 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 437,6 368,52 421,4 347,6 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ 
ɫɥɨɹ ݏ˔˕: 

0,129 - 0,129 - 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɚɦɢ ݇ˆ 37,088 - 37,397 - 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɡɨɥɨɣ ݇ˊˎ 101,73 - 103,084 - 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ 0,138 - 0,133 ݑܤ - 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɫɬɭɩɟɧɢ ܽ˔˕ 0,125 - 0,129 - 

Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɝɚɡɚɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ܳ˔˕˄, ɤȾɠ/ɤɝ 

2149,08 605,689 2003,751 666,337 

ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ ܪ˔˕′′ , ɤȾɠ/ɤɝ 
4284,871 3624,5 4117,048 3400,595 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 437,6 368,52 421,4 347,59 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ߱ˆ, ɦ/ɫ  9,035 16,103 8,928 15,784 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ߙˍ, ɤɤɚɥ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
82,251 47,856 81,737 47,561 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ߱˅, ɦ/ɫ - 7,394 - 7,124 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ 
ɜɨɡɞɭɯɭ ߙଶ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 

- 86,905 - 80,48 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɹɡɧёɧɧɨɣ ɫɬɟɧɤɢ 357,389 - 364,046 ℃ ,ˊݐ - 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ߙˎ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
13,923 - 13,883 - 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ߙଵ, ˍˍ˃ˎ/ ሺ˚ ∙ ˏଶ ∙ Кሻ 
96,174  ɫɦ. 95,62 ˍߙ  ɫɦ. ߙˍ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫɬɭɩɟɧɢ ݇, ʑ˕/ሺˏଶ ∙ Кሻ, 
68,723 28,714 62,208 27,814 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɞɥɹ ɫɬɭɩɟɧɢ ∆ݐ,  
°ɋ 

215,6 35,876 206,41 40,873 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ܳ˔˕̞, ɤȾɠ/ɤɝ 
2136,32 609,252 2014,03 667,078 

ɉɨɝɪɟɲɧɨɫɬɶ 𝛿ܳ, % 0,594 0,585 0,513 0,11 

 
 
 
 
 

Ɍɚɛɥɢɰɚ 10 – Ⱦɚɧɧɵɟ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɩɟɪɜɵɯ ɫɬɭɩɟɧɟɣ ȼɗɄ ɢ ȼɁɉ 
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ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ȼɗɄ 1ɫɬ. ȼɁɉ 1ɫɬ. ȼɗɄ 1ɫɬ. ȼɁɉ 1ɫɬ. 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀ː, ɦ 0,032 0,04 0,032 0,04 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ ݀˅ː, ɦ 0,024 0,037 0,024 0,037 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ ݏଵ, ɦ 0,08 60 0,08 60 

ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ ɬɪɭɛ ݏଶ, ɦ 0,046 42 0,046 42 

ɉɥɨɳɚɞɶ ɫɬɭɩɟɧɢ ܨଶ˔˕, ɦ2 4300 24700 4300 18525 

ɋɟɱɟɧɢɟ ɞɥɹ ɩɪɨɯɨɞɚ ɝɚɡɨɜ ݂̝ ˕̂, ɦ2 39,4 21,1 39,4 21,1 

ɋɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ ɧɚɝɪɟɜɚɟɦɨɣ 
ɫɪɟɞɵ ݂̝ ˕̝˓ ˈˇ, ɦ2 

- 25,8 - 25,8 

Ɍɟɦɩ. ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ɜ 
ɫɬɭɩɟɧɶ ݐ˔˕′ , ℃ 

230 60 230 30 

Ɍɟɦɩ. ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɫɬɭɩɟɧɢ ݐ˔˕′′ , ℃ 

263,3 259 258,2 228 

ɗɧɬɚɥɶɩɢɹ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ℎ˔˕′ , ɤȾɠ/ɤɝ 
993,146 334,964 993,146 167,272 

ɗɧɬɚɥɶɩɢɹ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ 
ɜɵɯɨɞɟ ℎ˔˕′′ , ɤȾɠ/ɤɝ 

1149,782 1459,23 1125,152 1282,331 

Ɍɟɦɩ-ɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɫɬɭɩɟɧɶɸ 𝜗˔˕′ , ℃ 368,52 277,95 347,6 270,68 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 277,95 147 270,68 147 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ 
ɫɥɨɹ ݏ˔˕: 

0,103 - 0,103 - 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɝɚɡɚɦɢ ݇ˆ 46,582 - 46,893 - 

Ʉɨɷɮ. ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɡɨɥɨɣ ݇ˊˎ 124,276 - 126,275 - 

Ʉɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ 0,134 - 0,129 ݑܤ - 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɫɬɭɩɟɧɢ ܽ˔˕ 0,121 - 0,126 - 

Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɝɚɡɚɦɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ܳ˔˕˄, ɤȾɠ/ɤɝ 

913,603 1256,748 763,911 1243,29 

ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ ܪ˔˕′′ , ɤȾɠ/ɤɝ 
2710,279 1436,137 2673,083 1436,137 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɡɚ ɫɬɭɩɟɧɶɸ 𝜗˔˕′′ , ℃ 277,95 1436,137 270,68 1436,137 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ߱ˆ, ɦ/ɫ  7,855 12,29 7,729 12,212 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ߙˍ, ɤɤɚɥ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
67,033 44,087 66,507 44,194 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ߱˅, ɦ/ɫ - 5,806 - 5,436 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ 
ɜɨɡɞɭɯɭ ߙଶ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 

- 58,178 - 51,165 

Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɹɡɧёɧɧɨɣ ɫɬɟɧɤɢ 304,1 - 306,65 ℃ ,ˊݐ - 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 
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ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ɂɧɚɱɟɧɢɟ 

Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ȼɗɄ 2ɫɬ. ȼɁɉ 2ɫɬ. ȼɗɄ 2ɫɬ. ȼɁɉ 2ɫɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ߙˎ, ˍˍ˃ˎ/ሺ˚ ∙ ˏଶ ∙ Кሻ 
8,394 - 8,418 - 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɚɡɨɜ ߙଵ, ˍˍ˃ˎ/ ሺ˚ ∙ ˏଶ ∙ Кሻ 
75,427  ɫɦ. 74,925 ˍߙ  ɫɦ. ߙˍ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɫɬɭɩɟɧɢ ݇, ʑ˕/ሺˏଶ ∙ Кሻ, 
54,42 26,252 55,894 22,062 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɞɥɹ ɫɬɭɩɟɧɢ ∆ݐ,  
°ɋ 

75,802 39,099 64,45 61,854 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ܳ˔˕̞, ɤȾɠ/ɤɝ 
919,273 1267,501 768,349 1243,29 

ɉɨɝɪɟɲɧɨɫɬɶ 𝛿ܳ, % 0,8 0,585 0,221 0,848 

ɋɨɫɬɚɜɥɟɧɢɟ ɩɪɹɦɨɝɨ ɛɚɥɚɧɫɚ ɤɨɬɥɚ 

Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɣ ɹɜɥɹɟɬɫɹ 
ɩɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɜɹɡɤɢ 
ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɤȾɠ/ɤɝ 

∆ܳ = ܳː˓𝜂ˍ˃˄˓ − ሺܳˎ + ܳଵ˔˕˄ + ܳଶ˔˕˄ + ܳଷ˔˕˄ + ܳସ˔˕˄ + ܳ˅эˍଶ˔˕˄+ ܳ˅эˍଵ˔˕˄ ሻ (ͳͲͲ − ସͳͲͲݍ ), 
 
(31) 

ɝɞɟ ܳː˓- ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ; 𝜂ˍ˃˄˓- ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ); ܳˎ- ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɷɤɪɚɧɨɜ ɜ ɬɨɩɤɟ, ɤȾɠ/ɤɝ; ܳଵ˔˕˄ , ܳଶ˔˕˄ , ܳଷ˔˕˄ , ܳସ˔˕˄ - ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɩɟɪɜɨɣ, ɜɬɨɪɨɣ, ɬɪɟɬɶɟɣ, ɱɟɬɜɟɪɬɨɣ 
ɫɬɭɩɟɧɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȾɠ/ɤɝ; ܳ˅эˍଵ˔˕˄ , ܳ˅эˍଶ˔˕˄ - ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤȾɠ/ɤɝ; ݍସ- ɩɨɬɟɪɹ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ, %. ∆ܳˇˑ˓ˈˍ = ͳͷ͸ͷͺ,͸ ∙ Ͳ,ͻͳʹ− ሺ͸͵͹ͳ,ͳͷ + ͳͻ͸͵,͵ͺ + ͳͲͶ͵,͵ͳͺ + ͻ͹͵,͸͹ͻ + ͹ͺ͵,͹͸ͷ+ ʹͳͶͻ,Ͳͺ + ͻͳ͵,͸Ͳ͵ሻ ∙ (ͳͲͲ − Ͳ,ͷͳͲͲ ) = Ͷʹ,ʹ͹ͺ ˍʓˉ/ˍˆ. 
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∆ܳ˓ˈˍ = ͳͷ͸ͷͺ,͸ ∙ Ͳ,ͻͳͲʹͷ− ሺ͸ͻʹͶ,͵ͷ + ͳͺͷ͸,͵ͳ + ͻͳͻ,ͳͶʹ + ͺͷͲ,ʹͲ͹ + ͸ͺͶ,͸ͳͶ+ ʹͲͲ͵,͹ͷͳ + ͹͸͵,ͻͳͳሻ ∙ (ͳͲͲ − Ͳ,ͷͳͲͲ ) = ʹͻ,͹ͷͳ ˍʓˉ/ˍˆ. 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟɜɹɡɤɢ, %: 

𝛿ܳˇˑ˓ˈˍ = |∆ܳˇˑ˓ˈˍܳː˓ | ͳͲͲ% = | Ͷʹ,ʹ͹ͺͳͷ͸ͷͺ,͸| ∙ ͳͲͲ = Ͳ,ʹ͹%. 
𝛿ܳ˓ˈˍ = |∆ܳ˓ˈˍܳː˓ | ͳͲͲ% = | ʹͻ,͹ͷͳͳͷ͸ͷͺ,͸| ∙ ͳͲͲ = Ͳ,ͳͻ%. 
ȼɟɥɢɱɢɧɚ ɧɟɜɹɡɤɢ ɦɟɧɶɲɟ 0,5%, ɡɧɚɱɢɬ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɧɚɝɪɟɜɚ ɤɨɬɥɚ ɜɵɩɨɥɧɟɧ ɜɟɪɧɨ. 

Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȻɄɁ-420-140 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɢɯɪɟɜɨɝɨ ɫɠɢɝɚɧɢɹ ɜ ɩɪɟɞɬɨɩɤɟ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɩɨɡɜɨɥɹɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɬɟɦɩɟɪɚɬɪɭ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɪɚɜɧɭɸ 1063 ℃ ɢ ɩɪɢ ɷɬɨɦ 
ɧɟɫɬɢ ɧɨɦɢɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 
ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ ɧɨɦɢɧɚɥɶɧɵɯ 560 ℃ ɫ ɩɨɦɨɳɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɪɚɞɢɚɰɢɨɧɧɵɯ ɩɚɧɟɥɟɣ ɜ ɩɨɜɨɪɨɬɧɨɦ ɝɚɡɨɯɨɞɟ ɤɨɬɥɚ. ɍɫɬɚɧɨɜɤɚ ɞɚɧɧɵɯ 
ɩɚɧɟɥɟɣ ɧɚ ɛɨɤɨɜɵɯ ɢ ɡɚɞɧɟɣ ɫɬɟɧɤɚɯ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɧɟ ɭɜɟɥɢɱɢɜɚɟɬ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɪɚɛɨɬɵ ɩɨ ɦɨɧɬɚɠɭ ɢ ɬɪɭɞɧɨɫɬɢ ɫ 
ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɦɢɧɢɦɚɥɶɧɵ. 

ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɜ 147 ℃ ɢ ɩɪɟɞɭɩɪɟɞɢɬɶ 
ɤɨɧɞɟɧɫɚɰɢɸ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ɢɯ  ɫɨɟɞɢɧɟɧɢɟ ɫ ɫɟɪɧɢɫɬɵɦɢ 
ɚɧɝɢɞɪɢɞɚɦɢ, ɛɵɥ ɞɟɦɨɧɬɢɪɨɜɚɧ 1 ɯɨɞ ȼɁɉ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ. 

ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢɡɨɛɪɚɡɢɦ ɫɯɟɦɭ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɝɚɡɨɜɨɡɞɭɲɧɨɦɭ ɢ ɩɚɪɨɜɨɞɹɧɨɦɭ ɬɪɚɤɬɭ (ɪɢɫɭɧɨɤ 8). 

 



35 
 

 

Ɋɢɫɭɧɨɤ 8 – Ⱦɢɚɝɪɚɦɦɚ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ 
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 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɫɭɲɢɥɶɧɨ-ɦɟɥɶɧɢɱɧɨɣ ɫɢɫɬɟɦɵ. 

ȼɵɛɨɪ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ, ɧɚ ɤɨɬɨɪɨɟ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɤɨɬɟɥ, ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 11. 

 
Ɍɚɛɥɢɰɚ 11 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɭɝɨɥɶɧɨɣ ɩɵɥɢ 

Ȼɚɫɫɟɣɧ, 
ɦɟɫɬɨɪɨɠ

ɞɟɧɢɟ 

Ɇɚɪɤɚ 
ɬɨɩɥɢɜɚ 

ȼɥɚɠɧɨɫɬɶ 
ɩɵɥɢ ܹ˒ˎ, 

% 

ɉɪɢɜɟɞɟɧɧɵɟ Ʉɨɷɮɮɢ
ɰɢɟɧɬ 

ɪɚɡɦɨɥɨ
ɫɩɨɫɨɛɧ

ɨɫɬɢ  𝐾ˎˑ 

Ɋɟɤɨɦɟɧɞ
ɭɟɦɚɹ 

ɬɨɧɤɨɫɬɶ 
ɩɨɦɨɥɚ ܴͻͲ 

ȼɥɚɠɧɨɫɬɶ ܹ˒, 
%·ɤɝ/ɆȾɠ 

Ɂɨɥɶɧɨɫɬɶ ܣ˒, 
%·ɤɝ/ɆȾɠ 

Ȼɨɪɨɞɢɧɫ
ɤɨɟ 

2Ȼ 14 0,99 1,38 1,2 55 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ Ɍɗɐ-2 ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɤɪɵɬɚɹ 
ɫɢɫɬɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɨɦɛɭɧɤɟɪɨɦ ɢ ɝɚɡɨɜɨɣ ɫɭɲɤɨɣ. Ɍɨɩɥɢɜɨ ɫ 
ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ ɩɨɞɚɟɬɫɹ ɧɚ 2 ɦɟɥɶɧɢɰɵ ɆɆɌ-2000/2590/730, ɝɞɟ ɨɧɨ 
ɪɚɡɦɚɥɵɜɚɟɬɫɹ ɢ ɜɵɫɭɲɢɜɚɟɬɫɹ, ɞɚɥɟɟ ɧɚ ɩɵɥɟɨɬɞɟɥɢɬɟɥɟ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 2 
ɩɨɬɨɤɚ – ɭɝɨɥɶɧɚɹ ɩɵɥɶ ɢ ɫɭɲɢɥɶɧɵɣ ɚɝɟɧɬ. ɍɝɨɥɶɧɚɹ ɩɵɥɶ ɯɪɚɧɢɬɫɹ ɜ ɛɭɧɤɟɪɟ 
ɩɵɥɢ ɢ ɱɟɪɟɡ ɩɵɥɟɩɢɬɚɬɟɥɶ ɩɨɞɚɟɬɫɹ ɜ ɝɨɪɟɥɤɢ. Ⱥ ɞɵɦɨɜɵɟ ɝɚɡɵ ɱɟɪɟɡ 
ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ɩɨɞɚɸɬɫɹ ɧɚ ɫɛɪɨɫɧɵɟ ɝɨɪɟɥɤɢ. ȼ ɪɚɦɤɚɯ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɡɚɦɟɧɟ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚ ɫɢɫɬɟɦɭ 
ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ ɜ ɫɜɹɡɢ ɛɨɥɶɲɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 
Ɍɚɤɠɟ ɜ ɞɚɧɧɨɣ ɫɯɟɦɟ ɬɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜɦɟɫɬɟ ɫ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ ɢ 
ɫɨɞɟɪɠɚɳɢɦɫɹ ɜ ɧɟɦ ɜɥɚɠɧɨɫɬɶɸ, ɱɬɨ ɫɧɢɡɢɬ ɬɟɦɩɟɪɚɬɭɪɭ ɮɚɤɟɥɚ. Ɍɚɤ ɤɚɤ 
ɛɭɪɵɣ ɭɝɨɥɶ ɬɨɩɥɢɜɨ ɜɵɫɨɤɨɪɟɚɤɰɢɨɧɧɨɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 
ɷɬɨ ɧɢɤɚɤ ɧɟ ɩɨɜɥɢɹɟɬ. ɋɭɲɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɩɨɱɧɵɦɢ ɝɚɡɚɦ ɡɚɛɢɪɚɟɦɵɦɢ 
ɫ ɩɨɬɨɥɤɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɤ ɤɨɬɨɪɵɦ ɩɨɞɦɟɲɢɜɚɟɬɫɹ «ɯɨɥɨɞɧɵɟ» ɞɵɦɨɜɵɟ ɝɚɡɵ 
ɫ ȾɊȽ. ɇɨ ɡɞɟɫɶ ɟɫɬɶ ɫɥɨɠɧɨɫɬɶ ɜ ɫɯɟɦɚɯ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ ɩɵɥɶ ɢɡ 
ɦɟɥɶɧɢɰɵ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɨɩɤɭ, ɱɟɪɟɡ ɝɨɪɟɥɤɢ. ɇɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɷɬɢɦ ɡɚɧɢɦɚɸɬɫɹ 16 ɩɵɥɟɩɢɬɚɬɟɥɟɣ, ɩɪɢ ɩɪɹɦɨɦ ɜɞɭɜɚɧɢɢ ɷɬɨ 
ɩɪɢɞɟɬɫɹ ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɟɥɶɧɢɱɧɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ ɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ 
4 ɬɚɤɢɟ ɞɭɬɶɟɜɵɟ ɦɚɲɢɧɵ, ɧɚ ɤɚɠɞɵɣ ɭɝɨɥ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɨɛɟɫɩɟɱɢɬɶ ɷɬɨ 
ɞɜɭɦɹ ɢɦɟɸɳɢɦɢɫɹ ɦɟɥɶɧɢɰɚɦɢ ɆɆɌ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 
ɉɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɡɚɦɟɧɟ ɞɚɧɧɵɯ ɦɟɥɶɧɢɰ ɧɚ 2 ɦɟɧɟɟ ɦɨɳɧɵɟ, 
ɧɨ ɢ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɟ. Ⱦɚɧɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɣ 
Ɍɗɐ-1 ɞɥɹ ɤɨɬɥɨɜ ȻɄɁ-320(270)-140 ɩɪɢ ɩɟɪɟɜɨɞɟ ɢɯ ɧɚ ɫ ɠɢɞɤɨɝɨ 
ɲɥɚɤɨɭɞɚɥɟɧɢɹ ɧɚ ɬɜɟɪɞɨɟ. ɉɥɚɧ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 10. 
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1- ɛɭɧɤɟɪ ɫɵɪɨɝɨ ɭɝɥɹ; 2- ɩɢɬɚɬɟɥɶ ɫɵɪɨɝɨ ɭɝɥɹ; 3- ɦɟɥɶɧɢɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 4- ɫɟɩɚɪɚɬɨɪ 
ɩɵɥɢ; 5- ɝɨɪɟɥɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 6- ɬɨɩɨɱɧɚɹ ɤɚɦɟɪɚ; 7- ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ; 8- 

ɞɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ; 9- ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ; 10- ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ; 11- ɞɵɦɨɫɨɫ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ; 12- ɭɯɨɞɹɳɢɟ ɞɵɦɨɜɵɟ ɝɚɡɵ; 13- ɝɚɡɨɡɚɛɨɪɧɚɹ ɲɚɯɬɚ. 

Ɋɢɫɭɧɨɤ 9 - Ɂɚɦɤɧɭɬɚɹ ɫɯɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɭɲɤɨɣ 
ɬɨɩɥɢɜɚ ɢ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ  

 

1 – ɦɟɥɶɧɢɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 2 – ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ; 3 –  ɬɨɩɨɱɧɚɹ ɤɚɦɟɪɚ; 4 – 
ɤɨɧɜɟɤɬɢɜɧɚɹ ɲɚɯɬɚ  

Ɋɢɫɭɧɨɤ 10 – ɉɥɚɧ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ  

ȼɵɛɨɪ ɭɝɥɟɪɚɡɦɨɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ, ɤɝ/ɫ: 

ˏܤ = ܤ݊ˏ ,  

(32) 

ɝɞɟ ܤ- ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ; ݊ˏ- ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ. ܤˏ = ʹͲ,͵ͷͶ = ͷ,ͷͻͺˍˆ˔ = ʹͲ,ͳͷͳ ˕/˚. 
ȼɵɛɢɪɚɟɦ ɭɝɥɟɪɚɡɦɨɥɶɧɭɸ ɦɟɥɶɧɢɰɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ 𝐾ˎˑ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ܤˏ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɨɣ ɦɟɥɶɧɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 12. 
 

Ɍɚɛɥɢɰɚ 12 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɥɶɧɢɰɵ 

Ɍɢɩɨɪɚɡɦɟɪ ɦɟɥɶɧɢɰɵ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɬ/ɱ ɑɢɫɥɨ ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭ 

ɆɆɌ 1500/2510/750 28 750 

Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɫɭɲɢɥɶɧɨ-ɦɟɥɶɧɢɱɧɨɣ ɫɢɫɬɟɦɵ. Ƚɚɡɨɜɚɹ ɫɭɲɤɚ 
ɬɨɩɥɢɜɚ 

ɉɪɢɯɨɞɧɵɟ ɫɬɚɬɶɢ ɛɚɥɚɧɫɚ: ݍ˒˓ˋ˘ = ௖𝑎ݍ + ˘ˈˏݍ +  (33) ,˔ˋ˓˒ݍ

ɝɞɟ ݍ௖𝑎- ɮɢɡɢɱɟɫɤɨɟ ɬɟɩɥɨ, ɜɧɟɫɟɧɧɨɟ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ, ɤȾɠ/ɤɝ; ݍˏˈ˘- ɬɟɩɥɨ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɪɚɡɦɚɥɵɜɚɸɳɢɯ ɨɪɝɚɧɨɜ, 
ɤȾɠ/ɤɝ; ݍ˒˓ˋ˔- ɬɟɩɥɨ, ɜɧɟɫɟɧɧɨɟ ɫ ɩɪɢɫɨɫɚɧɧɵɦ ɜɨɡɞɭɯɨɦ, ɤȾɠ/ɤɝ. 

Ɍɟɩɥɨ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɦɚɥɵɜɚɸɳɢɯ ɨɪɝɚɧɨɜ, ɤȾɠ/ɤɝ: ݍˏˈ˘ = 𝐾ˏˈ˘ ∙ Э˓˃ˊˏ ∙, (34) 

ɝɞɟ 𝐾ˏˈ˘- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɥɸ ɷɧɟɪɝɢɢ, ɩɟɪɟɯɨɞɹɳɟɣ ɜ ɬɟɩɥɨ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɡɦɨɥɚ. 𝐾ˏˈ˘ = Ͳ,ͺ. Э˓˃ˊˏ- ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɪɚɡɦɨɥ, ɤȾɠ/ɤɝ. Э˓˃ˊˏ = Ͷ͵. 
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˘ˈˏݍ = Ͳ,ͺ ∙ Ͷ͵ = ͵Ͷ,Ͷ.  
Ɏɢɡɢɱɟɫɤɨɟ ɬɟɩɥɨ ɩɪɢɫɨɫɚɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ: ݍ˒˓ˋ˔ = 𝐾˒˓ˋ˔ ∙ ݃ˆ ∙ ܿ˘˅ ∙  (35) ,˅˘ݐ

ɝɞɟ 𝐾˒˓ˋ˔- ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɫɨɫɚ. 𝐾˒˓ˋˏ = Ͳ,ʹ; ݃ˆ- ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ, ɤɝ/ɤɝ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɰɟ ɪɚɫɱɟɬɚ. ܿ˘˅- ɬɟɩɥɨɟɦɤɨɫɬɶ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ͳ,͵ͷ ˍʓˉ/ሺˍˆ ∙ ˆ˓˃ˇሻ; ݐ˘˅- ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ɏɢɡɢɱɟɫɤɨɟ ɬɟɩɥɨ, ɜɧɟɫɟɧɧɨɟ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ, ɤȾɠ/ɤɝ: ݍ௖𝑎 = ݃ˆ ∙ ܿˆ ∙  (36) ,ˆݐ

ɝɞɟ ݐˆ- ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ, ℃, ɨɬɛɢɪɚɟɦɵɯ ɢɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ; ܿˆ- ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ, ɤȾɠ/(ɤɝ∙ɝɪɚɞ), ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ݐˆ. ܿˆ = ͳ,Ͳͷʹ; 
Ɋɚɫɯɨɞɧɵɟ ɫɬɚɬɶɢ ɛɚɥɚɧɫɚ, ɤȾɠ/ɤɝ: ݍ˓˃˔˘ = ˒˔ˋݍ + ′̂′ݍ + ˎ˕ݍ +  ହ, (37)ݍ

ɝɞɟ ݍˋ˔˒- ɬɟɩɥɨ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɢɫɩɚɪɟɧɢɟ ɜɥɚɝɢ, ɤȾɠ/ɤɝ; ݍ′̂′- ɬɟɩɥɨ, ɭɧɨɫɢɦɨɟ ɢɡ ɭɫɬɚɧɨɜɤɢ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ, ɤȾɠ/ɤɝ; ݍ˕ˎ- ɬɟɩɥɨ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɞɨɝɪɟɜ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ; ݍହ- ɩɨɬɟɪɢ ɬɟɩɥɚ ɨɬ ɨɯɥɚɠɞɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɤȾɠ/ɤɝ. 

Ɍɟɩɥɨ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɢɫɩɚɪɟɧɢɟ ɜɥɚɝɢ, ɤȾɠ/ɤɝ: ݍˋ˔˒ = ∆ܹ ∙ ሺʹͷͲͲ + ͳ,ͻ ∙ ଶݐ − Ͷ,ͳͻ ∙  ሻ, (38)ˎ˕ݐ

ɝɞɟ ݐଶ- ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ ɤɨɧɰɟ ɭɫɬɚɧɨɜɤɢ, °ɋ. ݐଶ = ˏଶݐ − ͷ =ͳͺͲ − ͷ = ͳ͹ͷ; ݐ˕ˎ- ɬɟɦɩɟɪɚɬɭɪɚ ɫɵɪɨɝɨ ɬɨɩɥɢɜɚ, °ɋ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ݐ˘˅ = ͵Ͳ; ∆ܹ- ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɚɪɟɧɧɨɣ ɜɥɚɝɢ ɧɚ 1 ɤɝ ɫɵɪɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɤɝ: 
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∆ܹ = ܹ˓ − ܹ˒ˎͳͲͲ − ܹ˒ˎ, 
ɝɞɟ ܹ˒ˎ- ɜɥɚɠɧɨɫɬɶ ɭɝɨɥɶɧɨɣ ɩɵɥɢ, %. ܹ˒ˎ = ͳͶ. ∆ܹ = ͵͵ − ͳͶͳͲͲ − ͳͶ = Ͳ,ʹʹͳ ˍˆ/ˍˆ. ݍˋ˔˒ = Ͳ,ʹʹͳ ∙ ሺʹͷͲͲ + ͳ,ͻ ∙ ͳ͹ͷ − Ͷ,ͳͻ ∙ ͵Ͳሻ = ͷͻͺ ˍʓˉ/ˍˆ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɫ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɜ ɩɵɥɟɫɢɫɬɟɦɟ ɝɚɡɚɦɢ, ɤȾɠ/ɤɝ: ݍ′̂′ = ݃ˆ ∙ ܿˆ ∙ ଶݐ ∙ (ͳ + 𝐾˒˓ˋ˔), (39) 

Ɍɟɩɥɨ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɞɨɝɪɟɜ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ: 

ˎ˕ݍ = ͳͲͲ − ܹ˓ͳͲͲ ∙ [ܿ˕ˎ˔ + ܹ˒ˎ ∙ Ͷ,ͳͻͳͲͲ − ܹ˒ˎ] ∙ ሺݐଶ𝑡 −   ,ሻˎ˕ݐ
(40) 

ɝɞɟ ܿ˕ˎ˔ - ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ, ɤȾɠ/(ɤɝ·°ɋ). ܿ˕ˎ˔ = ͳ,ͳ͸; ݐଶ𝑡- ɬɟɦɩɟɪɚɬɭɪɚ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɜ ɤɨɧɰɟ ɭɫɬɚɧɨɜɤɢ, °ɋ. ݐଶ𝑡 = ଶݐ = ͳ͹ͷ. ݍ˕ˎ = ͳͲͲ − ͵͵ͳͲͲ ∙ [ͳ,ͳ͸ + ͳͶ ∙ Ͷ,ͳͻͳͲͲ − ͳͶ] ∙ ሺͳ͹ͷ − ͳͲሻ = ͳ͹ͺ,ͻͷ ˍʓˉ/ˍˆ. 
ɉɨɬɟɪɢ ɬɟɩɥɚ ɨɬ ɨɯɥɚɠɞɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɤȾɠ/ɤɝ: 

ହݍ = ܳହˑ˄˜ܤˏ ,  

(41) 

ɝɞɟ ܳହˑ˄˜- ɱɚɫɨɜɚɹ ɩɨɬɟɪɹ ɬɟɩɥɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɭɫɬɚɧɨɜɤɢ, ɤȼɬ. ܳହˑ˄˜ = ʹͷ. 

ˎ˕ݍ = ʹͷͷ,ͷͻͺ = Ͷ,Ͷ͸͸ ˍʓˉ/ˍˆ. 
ɋɨɫɬɚɜɢɦ ɛɚɥɚɧɫ ݍ˒˓ˋ˘ = ˆ݃ (42) ,˘˔˃˓ݍ = Ͳ,ͻͷ ˍˆ/ˍˆ, ɪɚɫɯɨɞ ɝɚɡɨɜ ɧɚ ɫɭɲɤɭ  
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ɉɟɪɟɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɝɥɟɪɚɡɦɨɥɶɧɵɯ ɦɟɥɶɧɢɰ ɧɚ ɞɪɭɝɨɟ 
ɬɨɩɥɢɜɨ 

Ɇɟɬɨɞ ɩɟɪɟɫɱɟɬɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰɵ 

ɉɟɪɟɫɱɟɬ ɪɚɡɦɨɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɬ/ɱ 

′′ܤ = ˏ′ܤ 𝐾ˎˑ′′ ∙ ʞ˅ˎଵ′′ ∙ ʞ˅ˎଶ′′𝐾ˎˑ′ ∙ ʞ˅ˎଵ′ ∙ ʞ˅ˎଶ′ ,  
(43) 

ɝɞɟ ܤ ,′′ܤ′ˏ - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰɵ ɧɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɦ ɢ ɷɬɚɥɨɧɧɨɦ 
ɬɨɩɥɢɜɚɯ: ɫ ɨɞɧɢɦ ɲɬɪɢɯɨɦ ɞɥɹ ɷɬɚɥɨɧɧɨɝɨ ɢ ɞɜɭɦɹ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɬɨɩɥɢɜɚ. ܤ′ˏ = ʹͺ ˕/˚; ʞ˅ˎଵ, ʞ˅ˎଶ- ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɜɥɚɠɧɨɫɬɢ 
ɬɨɩɥɢɜɚ ɧɚ ɟɝɨ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɶ; 𝐾ˎˑ- ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɚɥɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɆɆɌ: ܹ˓ = ͵͵%; 𝐾ˎˑ′ = ͳ,͹; ܴଽ଴′ = ͷͷ%; ܹ˒ˎ = ͺ%. ʞ˅ˎଵ′ = 𝐾ଶ − ሺܹ˔˓ሻଶ𝐾ଶ − ሺܹ˒ˎሻଶ, (44) 

ɝɞɟ 𝐾- ɤɨɧɫɬɚɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ. 𝐾 = Ͷ + ͳ,Ͳ͹ ∙ ܹ˔˓,  

ɝɞɟ ܹ˔˓- ɫɪɟɞɧɹɹ ɜɥɚɠɧɨɫɬɶ ɪɚɡɦɚɥɵɜɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ: ܹ˔˓ = ܹ˓ + ͵ܹ˒ˎ͹ = ͵͵ + ͵ ∙ ͺ͹ = ͳͶ,ʹͷ%. 𝐾 = Ͷ + ͳ,Ͳ͹ ∙ ͳͶ,ʹͷ = ͳͻ,ʹͶͺ 

ʞ˅ˎଵ′ = ͳͻ,ʹͶͺଶ − ሺͳͶ,ʹͷሻଶͳͻ,ʹͶͺଶ − ሺͺሻଶ = Ͳ,ͷͶ͸. 
ʞ˅ˎଶ′ = ͳͲͲ − ܹ˔˓ͳͲͲ − ܹ˓ ,  

(45) ʞ˅ˎଶ′ = ͳͲͲ − ͳͶ,ʹͷͳͲͲ − ͵͵ = ͳ,ʹͺ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ: 
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ܹ˓ = ͵͵%; 𝐾ˎˑ′′ = ͳ,ʹ; ܴଽ଴′′ = ͷͷ%; ܹ˒ˎ = ͳͶ%. 
ʞ˅ˎଵ′′ = 𝐾ଶ − ሺܹ˔˓ሻଶ𝐾ଶ − ሺܹ˒ˎሻଶ,  

(46) 

ܹ˔˓ = ܹ˓ + ͵ܹ˒ˎ͹ = ͺ + ͵ ∙ ͳͶ͹ = ͳͺ,͹ͷ%. 𝐾 = Ͷ + ͳ,Ͳ͹ ∙ ͳͺ,͹ͷ = ʹͶ,Ͳ͸͵. 
ʞ˅ˎଵ′′ = ʹͶ,Ͳ͸͵ଶ − ሺͳͺ,͹ͷሻଶʹͶ,Ͳ͸͵ଶ − ሺͳͶሻଶ = Ͳ,ͷͻͶ. 
ʞ˅ˎଶ′′ = ͳͲͲ − ܹ˔˓ͳͲͲ − ܹ˓ ,  

(47) ʞ˅ˎଶ′′ = ͳͲͲ − ͳͺ,͹ͷͳͲͲ − ͵͵ = ͳ,ʹͳ͵. 
′′ܤ = ʹͺ ͳ,ʹ ∙ Ͳ,ͷͻͶ ∙ ͳ,ʹͳ͵ͳ,͹ ∙ Ͳ,ͷͶ͸ ∙ ͳ,ʹͺ = ʹͲ,͵ͷͻ ˕/˚. 
ɉɨɥɭɱɟɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ  ɧɟ ɩɪɟɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɨɞɧɨɣ ɦɟɥɶɧɢɰɵ ܤˏ = ʹͺ  ˕/˚, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɬɢɩɨɪɚɡɦɟɪ 
ɦɟɥɶɧɢɰɵ ɩɨɞɯɨɞɢɬ. 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɭɲɢɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰɵ 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɢɡ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɡɧɚɱɟɧɢɸ ɪɚɫɯɨɞɚ ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ ݃௖𝑎, ɤɝ/ɤɝ, ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɫɭɲɢɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ: 

˔ܤ = ܸˏ ˅ ∙ ˆ݃ߚ ∙ ሺͲ,͹͹Ͷ + Ͳ,͹ͺ͸ ∙ 𝐾˒˓ˋ˔ + Ͳ,ͲͲͳʹͷ ∙ ݀˔ˏ′ + ͳ,ʹͶͷ ∙ ∆ܹሻ, (48) 

ɝɞɟ ܸˏ ˅- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɱɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ3/ɫ; ߚ- ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɚɷɪɨɫɦɟɫɢ ɡɚ ɦɟɥɶɧɢɰɟɣ; ݀˔ˏ′ - ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɧɚ ɜɯɨɞɟ ɜ ɦɟɥɶɧɢɰɭ, ɝ/ɤɝ. 

ߚ = ʹ͹͵ ∙ (ʐ − ܵˏ˅′ͳ͵,͸)ሺʹ͹͵ + ′˅ˏݐ ሻ ∙ ͹͸Ͳ,  
(49) 
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ɝɞɟ ʐ- ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɦɦ.ɪɬ.ɫɬ. ʐ = ͹͸Ͳ; ܵˏ˅′ - ɪɚɡɪɟɠɟɧɢɟ ɩɟɪɟɞ ɦɟɥɶɧɢɱɧɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɉɚ ܵˏ˅′ = ͳͷͲ; ݐˏ˅′ - ɬɟɦɩɟɪɚɬɭɪɚ ɚɷɪɨɫɦɟɫɢ ɧɚ ɜɯɨɞɟ ɜ ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ. ݐˏ˅′ ˏଶݐ= = ͳͺͲ °ɋ. 

ߚ = ʹ͹͵ ∙ ቀ͹͸Ͳ − ͳͷͲͳ͵,͸ቁሺʹ͹͵ + ͳͺͲሻ ∙ ͹͸Ͳ = Ͳ,͸Ͳͳ. 
݀ˆ = ͳͲሺͻ ∙ ˓ܪ + ܹ˓ሻ + ˅ߩ ∙ ߙ ∙ ܸ˅଴ ∙ ݀˅ͳ + ˅ߩ ∙ ߙ ∙ ܸ˅଴ − ͳͲͲ˓ܣ ,  

(50) 

ɝɞɟ ݀˅ = ͳͲ ˆ/ˍɝ; 

ߙ .ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɪɚɣɨɧɟ ɨɬɛɨɪɚ ɝɚɡɨɜ -ߙ  = ͳ,ʹ; ߩ˅- ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɧɦ3. ߩ˅ = ͳ,ʹͻ. 

݀ˆ = ͳͲሺͻ ∙ ͵ + ͵͵ሻ + ͳ,ʹͻ ∙ ͳ,ʹ ∙ Ͷ,ʹ͵͹ ∙ ͳͲͳ + ͳ,ʹͻ ∙ ͳ,ʹ ∙ Ͷ,ʹ͵͹ − ͸ͳͲͲ = ͷʹ,͸ͻͷ ˆ/ˍˆ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɱɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ3/ɫ: 

ܸˏ ˅ = ˆߩˆ݃] + ˒˅ߩܹ∆ + ܸ˅ 𝐾˒˓ˋ˔] ∙ ቆʹ͹͵ + ͵͹ʹ′˅ˏݐ ቇ ∙  (51) ,ˏܤ

ɝɞɟ ߩˆ- ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜ, ɤɝ/ɧɦ3. ߩˆ = ͳ,͵; ߩ˅˒- ɩɥɨɬɧɨɫɬɶ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɤɝ/ɧɦ3. ߩ˅˒ = Ͳ,ͺͲͶ. ܸˏ ˅ = [Ͳ,ͻͷͳ,͵ + Ͳ,ʹʹͳͲ,ͺͲͶ + Ͷ,ʹ͵͹ ∙ Ͳ,ʹ] ∙ (ʹ͹͵ + ͳͺͲʹ͹͵ ) ∙ ͹,͹ͺ = ʹ͵,ͻͳʹ ˏଷ/˔. 
˔ܤ = ʹ͵,ͻͳʹ ∙ Ͳ,͸ͲͳͲ,ͻͷ ∙ ሺͲ,͹͹Ͷ + Ͳ,͹ͺ͸ ∙ Ͳ,ʹ + Ͳ,ͲͲͳʹͷ ∙ ͷʹ,͸ͻ + ͳ,ʹͶͷ ∙ Ͳ,ʹʹͳሻ == ͳͳ,ͻͲͶ ˍˆ/˔ = Ͷʹ,ͺͷͷ ˕/˚. 
ɋɭɲɢɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ܤ˔ ɛɨɥɶɲɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɞɧɨɣ 

ɦɟɥɶɧɢɰɵ ܤˏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɢɩɨɪɚɡɦɟɪ ɦɟɥɶɧɢɰɵ ɜɵɛɪɚɧ ɩɪɚɜɢɥɶɧɨ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɵɩɨɥɧɟɧ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɫɭɲɢɥɶɧɨ-ɦɟɥɶɧɢɱɧɨɣ 
ɫɢɫɬɟɦɵ, ɨɩɪɟɞɟɥɟɧɵ –  ɧɨɜɨɟ ɦɟɥɶɧɢɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɟɟ ɩɪɨɜɟɪɤɚ ɩɨɞ 
ɩɪɨɟɤɬɧɨɟ ɬɨɩɥɢɜɨ, ɤɨɥɢɱɟɫɬɜɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɦɟɥɶɧɢɱɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ. 

 Ɋɚɫɱɟɬ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɨɜɵɟ ɩɪɨɯɨɞɧɵɟ ɫɟɱɟɧɢɹ ɞɥɹ ɩɟɪɜɢɱɧɨɣ, 
ɜɬɨɪɢɱɧɨɣ ɫɦɟɫɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɩɟɪɜɢɱɧɨɣ ɫɦɟɫɢ ɩɪɢ ɝɚɡɨɜɨɣ 
ɫɭɲɤɟ ɬɨɩɥɢɜɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɥɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 13. 
 

Ɍɚɛɥɢɰɚ 13 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɥɨɤ 

ɉɚɪɨɩɪɨɢɡ- 
ɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɤɨɬɥɚ ܦ˒ˈ, ɤɝ/ɫ 

Ʉɨɥ-ɜɨ 
ɝɨɪɟɥɨɤ 𝑧ˆ 

Ʉɨɥ-ɜɨ 
ɹɪɭɫɨɜ 𝑧я˓ 

Ɍɟɩɥɨɜɚɹ 
ɦɨɳɧɨɫɬɶ ܳˆ, Ɇȼɬ 

Ɍɢɩ 
ɝɨɪɟɥɨɤ 

ɋɤɨɪɨɫɬɶ 
ɩɵɥɟɜɨɡɞɭɲ
ɧɨɣ ɫɦɟɫɢ ଵܹ, ɦ/ɫ 

ɋɤɨɪɨɫɬɶ 
ɜɬɨɪɢɱɧɨ

ɝɨ 
ɜɨɡɞɭɯɚ ଶܹ, ɦ/ɫ 

116,66 16 2 50 ɉɪɹɦɨɬɨ
ɱɧɨ-

ɳɟɥɟɜɵɟ 

30 48 

ɉɪɢ ɝɚɡɨɜɨɣ ɫɭɲɤɟ ɬɨɩɥɢɜɚ, ɜ ɫɯɟɦɟ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɩɵɥɟɤɨɧɰɟɧɬɪɚɬɨɜ, ɜɫɹ ɩɵɥɟɝɚɡɨɜɚɹ ɫɦɟɫɶ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɨɪɟɥɤɚɦ. 
ɉɪɢɱɟɦ ɜ ɫɦɟɫɢ ɭɠɟ ɫɨɞɟɪɠɢɬɫɹ ɜɨɡɞɭɯ, ɤɨɬɨɪɵɣ ɧɭɠɧɨ ɩɨɞɚɬɶ ɤɚɤ 
ɩɟɪɜɢɱɧɵɣ. Ɍɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɠɧɨɣ ɫɦɟɫɢ ɝɚɡɨɜ, ɜɨɡɞɭɯɚ ɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, 
ɤɝ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: ݃˅ˎ.˔ˏˈ˔ˋ = ݃ˆ ∙ (ͳ + ͳ,ͷ ∙ 𝐾˒˓ˋ˔) + ∆ܹ + ݃˅.˒ˈ˓˅, (52) 

ɝɞɟ ݃˅.˒ˈ˓˅ = ܸ˅ ଵߙ .ଵ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚߙ  ˅ߩଵߙ = Ͳ,ͷͷ. ݃˅.˒ˈ˓˅ = Ͷ,ʹ͵͹ ∙ Ͳ,ͷͷ ∙ ͳ,ʹͺͷ = ͵,ͻͶͶ ˍˆ/ˍˆ ݃˅ˎ.˔ˏˈ˔ˋ = Ͳ,ͻͷ ∙ ሺͳ + ͳ,ͷ ∙ Ͳ,ʹሻ + Ͳ,ʹʹͳ + ͵,ͻͶͶ = Ͷ,Ͷͷ ˍˆ/ˍˆ. 
Ɋɚɫɯɨɞ ɩɟɪɜɢɱɧɨɣ ɩɵɥɟɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɦ3/ɫ: 
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ଵܸ = ˆ𝑧˓ܤ ∙ ˆߩˆ݃] ∙ (ͳ + ͳ,ͷ ∙ 𝐾˒˓ˋ˔) + ˒˅ߩܹ∆ + ˅ߩ˅˓ˈ˒.˅݃ ] ∙ ʹ͹͵ + ͵ଶʹ͹ݐ ,  
(53) 

ଵܸ = ʹͲ,ʹͷͳ͸ ∙ [Ͳ,ͻͷͳ,͵ ሺͳ + ͳ,ͷ ∙ Ͳ,ʹሻ + Ͳ,ʹʹͳͲ,ͺͲͶ + ͵,ͻͶͶͳ,ʹͺͷ] ∙ ʹ͹͵ + ͳͺͲʹ͹͵= Ͷ,ͷ ˏଷ/˔. 
 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɤɚɧɚɥɚ ɩɟɪɜɢɱɧɨɣ ɫɦɟɫɢ, ɦ2: 

ଵܨ = ଵܹܸଵ, (54) 

ଵܨ = Ͷ,ͷ ͵Ͳ = Ͳ,ͷʹ ˏଶ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɟ ɝɨɪɟɥɤɢ ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ: ߙଶ = ˆߙ −  ଵ, (55)ߙ

ɝɞɟ ߙˆ- ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɝɨɪɟɥɤɨɣ. ߙˆ = ͳ,Ͳ͹. ߙଶ = ͳ,Ͳ͹ − Ͳ,ͷͷ = Ͳ,ͷʹ. 
Ɋɚɫɯɨɞ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɝɨɪɟɥɤɭ, ɦ3/ɫ: 

ଶܸ = ܸ˅଴ ∙ ଶߙ ∙ ˆ𝑧˓ܤ ∙ (ʹ͹͵ + ͵͹ʹ˅ˆݐ ), (56) 

ଶܸ = Ͷ,ʹ͵͹ ∙ Ͳ,ͷʹ ∙ ʹͲ,ʹͷͳ͸ ∙ (ʹ͹͵ + ͵͵ʹʹ͹͵ ) = ͸,ͳͺͳ ˏଷ/˔. 
ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɤɚɧɚɥɚ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ2: 

ଶܨ = ଶܹܸଶ, (57) 

ଶܨ = ͸,ͳͺͳͶͺ = Ͳ,ͳʹͻ ˏଶ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-
ɳɟɥɟɜɵɯ ɝɨɪɟɥɨɤ ɫ ɱɟɪɟɞɭɸɳɟɣɫɹ ɩɨɞɚɱɟɣ ɫɦɟɫɢ  

ɍ ɞɚɧɧɨɝɨ ɬɢɩɚ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɲɢɪɢɧɚ ɝɨɪɟɥɤɢ, ɦ, ɪɚɜɧɚ ɲɢɪɢɧɟ 
ɤɚɧɚɥɚ ɩɟɪɜɢɱɧɨɣ ɩɵɥɟɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ܾˆ = ܾˍ, (58) 

Ɋɟɤɨɦɟɧɞɭɟɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɨɪɨɧ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ: ℎˆܾˆ = ͵ − Ͷ, 
(59) 

ɝɞɟ ℎˆ- ɜɵɫɨɬɚ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɦ. 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɩɟɪɜɢɱɧɨɣ ɩɵɥɟɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɦ2: ܨଵ = ℎ˒ ∙ ܾˆ ∙ ͷ, (60) 

ɝɞɟ ℎ˒- ɜɵɫɨɬɚ ɤɚɧɚɥɚ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ2: ܨଶ = ℎˆ ∙ ܾˆ −  ଵ, (61)ܨ

ȼɵɫɨɬɚ ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɞɥɹ ɩɪɨɯɨɞɚ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ: 

ℎ˅ = ℎˆ − ͷ ∙ ℎ˒Ͷ , (62) 

ɉɨɥɶɡɭɹɫɶ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜɵɲɟ ɭɪɚɜɧɟɧɢɹɦɢ, ɨɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪɵ ܾˆ, ℎ˒, ℎ˅, ℎˆ. ℎˆ ∙ ܾˆ = ଶܨ + ଵܨ = Ͳ,ͷʹ + Ͳ,ͳʹͻ = Ͳ,ʹ͹ͻ ˏଶ, ℎˆܾˆ = Ͷ → ℎˆ = Ͷ ∙ ܾˆ → ℎˆ = Ͷ ∙ Ͳ,ʹ͹ͻℎˆ → ℎˆ = ͳ,Ͳͷ͸ ˏ. 
ܾˆ = ℎͶ̂ = ͳ,Ͳͷ͸Ͷ = Ͳ,ʹ͸Ͷ ˏ. 
ℎ˒ = ˆଵܾܨ ∙ ͷ = Ͳ,ͳͷͲ,ʹ͸Ͷ ∙ ͷ = Ͳ,ͳͳͶ ˏ. 
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ℎ˅ = ℎˆ − ͷ ∙ ℎ˒Ͷ = ͳ,Ͳͷ͸ − ͷ ∙ Ͳ,ͳͳͶͶ = Ͳ,ͳʹʹ ˏ. 
  Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɧɚ ɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ: ɨɞɢɧ ɨɫɧɨɜɧɨɣ ɞɵɦɨɫɨɫ ȾɈȾ-
31,5 ɢ ɞɜɚ ɞɵɦɨɫɨɫɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ Ⱦ-15,5. ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɢ ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ 
ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. ɇɚ 
ɨɫɧɨɜɟ ɷɬɨɝɨ ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɵɦɨɫɨɫɚ ȾɈȾ-31,5. Ⱥ ɜ ɯɨɞɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɩɟɪɟɯɨɞɟ ɧɚ ɩɪɹɦɨɟ ɜɞɭɜɚɧɢɟ 
ɩɵɥɟɭɝɨɥɶɧɨɣ ɫɦɟɫɢ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɞɟɦɨɧɬɚɠɟ ɨɛɨɢɯ ɞɵɦɨɫɨɫɨɜ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ, ɢ ɡɚɦɟɧɟ ɢɯ ɧɚ ɨɞɢɧ ɛɨɥɟɟ ɦɨɳɧɵɣ, ɬɚɤ ɤɚɤ ɨɞɢɧ ɢɡ ɧɢɯ 
ɦɟɲɚɟɬ ɭɫɬɚɧɨɜɤɟ ɧɨɜɵɯ ɦɟɥɶɧɢɱɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ.  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 14. 

Ɍɚɛɥɢɰɚ 14 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

 
 
 

ɍɱɚɫɬɨɤ ɬɪɚɤɬɚ 

Ⱦɢɚ-
ɦɟɬɪ 
ɬɪɭɛ ݀, ɦɦ 

ɑɢɫɥɨ 
ɪɹɞɨɜ 

ɬɪɭɛ ɩɨ 
ɯɨɞɭ 
ɝɚɡɨɜ 𝑧ଶ 

Ɉɬɧɨɲɟɧɢɟ 
ɲɚɝɚ ɬɪɭɛ ɤ 
ɞɢɚɦɟɬɪɭ 

Ⱦɥɢɧɚ 
ɩɪɨɞɨɥɶ

ɧɨ 
ɨɦɵɜɚɟɦ
ɵɯ ɬɪɭɛ, 

ɦ 

ɋɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚ

ɬɭɪɚ 
ɝɚɡɨɜ 𝜗˔˓, °ɋ 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 

ɝɚɡɨɜ ߱ˆ, ɦ/ɫ ݏଵ݀ 
 ଶ݀ݏ

Ʉɨɧɜɟɤɬɢɜɧɵɣ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 

32 9 0,087 0,062 - 721 13 

ȼɨɞɹɧɨɣ 
ɷɤɨɧɨɦɚɣɡɟɪ 2ɨɣ ɫɬ 

32 28 0,08 0,055 - 526 9,5 

ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟ
ɥɶ 2ɨɣ ɫɬ 

37 - 0,054 0,042 4,9 384 16,6 

ȼɨɞɹɧɨɣ 
ɷɤɨɧɨɦɚɣɡɟɪ 1ɨɣ ɫɬ 

32 52 0,075 0,046 - 304 8,1 

ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟ
ɥɶ 1ɨɣ ɫɬ 

37 - 0,054 0,042 7,8 210 12,9 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 
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Топо̸̦̌я 
к̥̌е̬̌

ʪ̼̥о̏̌я 
т̬у̍̌

Золоуло̛̏тел̽

ʪ̼̥о̭о̭

h''т

Δh̹пп

Δhкпп

Δh̏̾к-2

Δh̏̾к-1

Δh̏̚п-1

Δh̏̚п-2

Δh̚у
Δhдт

Ндт

 

Ɋɢɫɭɧɨɤ 11- Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ܪ∆ = ∑ ∆ℎˍ−ˊ˖ሺͳ + ሻ˔˃ˏߤ + ∑ ∆ℎˊ˖−ˇ˕,  
(63) 

ɝɞɟ ∑ ∆ℎˍ−ˊ˖ − ɫɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɤɨɬɟɥ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ, ɉɚ; ∑ ∆ℎˊ˖−ˇ˕ − ɫɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ 
ɬɪɭɛɚ, ɉɚ; ߤˏ˃˔ − ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ߤˏ˃˔ = Ͳ,Ͳͳʹ ɤɝ/ɤɝ. 

ɋɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɤɨɬɟɥ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ, ɉɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

∑ ∆ℎˍ−ˊ˖ = ∆ℎ˛˒˒ + ∆ℎˍ˒˒ + ∆ℎ˅эˍ−ଵ + ∆ℎ˅эˍ−ଶ + ∆ℎ˅ˊ˒−ଵ+ ∆ℎ˅ˊ˒−ଶ + ∆ℎˊ˖ + ∑ ∆ℎˏ̱−ˊ˖, 
 

(64) 

ɝɞɟ ∆ℎ˛˒˒ − ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɲɢɪɦɨɜɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, 
ɉɚ; ∆ℎˍ˒˒ − ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɉɚ; ∆ℎ˅эˍ−ଵ, ℎ˅эˍ−ଶ − ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ 
ɷɤɨɧɨɦɚɣɡɟɪɚ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɉɚ; 
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∆ℎ˅ˊ˒−ଵ, ℎ˅ˊ˒−ଶ − ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɱɚɬɨɝɨ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɉɚ; ∆ℎˊ˖ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɨɥɨɭɥɨɜɢɬɟɥɹ, ɉɚ; ∑ ∆ℎˏ̱−ˊ˖ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɯɨɞɨɜ ɧɚ ɭɱɚɫɬɤɟ ɤɨɬɟɥ-ɡɨɥɨɭɥɨɜɢɬɟɥɶ, ɉɚ. 

ɋɭɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɟ ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ ɬɪɭɛɚ, ɉɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

∑ ∆ℎˊ˖−ˇ˕ = ∑ ∆ℎˏ𝑖ˊ˖−ˇ˕ + ∆ℎˇ˕,  
(65) 

ɝɞɟ ∑ ∆ℎˏ𝑖ˊ˖−ˇ˕ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɯɨɞɨɜ ɧɚ ɭɱɚɫɬɤɟ ɡɨɥɨɭɥɨɜɢɬɟɥɶ-ɞɵɦɨɜɚɹ 
ɬɪɭɛɚ, ɉɚ; ∆ℎˇ˕ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɉɚ; 

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ, ɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ ܪ˒ = ℎ′̞′ + ܪ∆ −  (66) ,˔ܪ

ɝɞɟ ℎ′̞′ − ɪɚɡɪɹɠɟɧɢɟ ɜ ɬɨɩɤɟ, ɉɚ; ܪ˔ − ɫɭɦɦɚɪɧɚɹ ɫɚɦɨɬɹɝɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɉɚ; 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɤɨɬɥɟ ȻɄɁ-420-140 ɭɫɬɚɧɨɜɥɟɧ ɨɞɢɧ ɞɵɦɨɫɨɫ ȾɈȾ-
31,5 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 1100 ɬɵɫ. ɦ3/ɱ. ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɟɫɱɟɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɵɦɨɫɨɫɚ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɞɵɦɨɫɨɫɚ ɛɭɞɟɬ ɧɟ ɞɥɹ ɪɚɛɨɬɵ ɤɨɬɥɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɵɦɨɫɨɫɚ ɞɪɭɝɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ ɢɥɢ 
ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɞɵɦɨɫɨɫɨɜ ɧɚ ɨɞɢɧ ɤɨɬɟɥ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ɦ3/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ܳ˓̌ = ଵܸ̌ߚ , (67) 

ɝɞɟ ߚଵ = ͳ,ͳ − ɡɚɩɚɫ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; ܸ̌ − ɪɚɫɯɨɞ ɝɚɡɨɜ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ. 

ܸ̌ = ̟ܸ)˓ܤ ˘ + (଴˅ܸߙ∆ 𝜗ˇ + ʹ͹͵ʹ͹͵ ,  
(79) 
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ɝɞɟ ܸ̟ ˘ ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɦ3/ɤɝ (ɫɦ. ɬɚɛɥ. 2 ɩɨ ɤɨɥɨɧɤɟ ɞɥɹ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ) ; ∆ߙ − ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɯɨɞ ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 
ɢ ɞɵɦɨɫɨɫɨɦ; ܸ˅଴ − ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɝɨɪɟɧɢɹ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɉɚ; 𝜗ˇ − ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɞɵɦɨɫɨɫɨɦ, ɉɚ. 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ܪˇ =  (68) ,˒ܪଶߚ

ɝɞɟ ߚଶ = ͳ,ʹ − ɡɚɩɚɫ ɩɨ ɞɚɜɥɟɧɢɸ. 

Ɋɟɡɭɥɶɬɚɬɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ ɩɨ ɝɚɡɨɜɨɦɭ ɬɪɚɤɬɭ ɡɚɧɟɫɟɧɵ ɜ 
ɬɚɛɥɢɰɭ ɧɢɠɟ. 

 

Ɍɚɛɥɢɰɚ 15 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ɍɪɚɤɬ ɤɨɬɟɥ-

ɞɵɦɨɜɚɹ ɬɪɭɛɚ 
Ɍɪɚɤɬ ȾɊȽ - ɆɆɌ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɒɉɉ, ɉɚ 50 50 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ Ʉɉɉ, ɉɚ 49,49 49,49 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɗɄ 2ɫɬ., ɉɚ 241,16 241,16 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ 2ɫɬ., ɉɚ 367,5 367,5 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɗɄ 1ɫɬ., ɉɚ 324,265 324,265 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ 1ɫɬ., ɉɚ 506,07 506,07 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɝɚɡɨɯɨɞɨɜ, 
ɉɚ 

134,8 570,35 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹ, ɉɚ 

400 - 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɵɦɨɜɨɣ 
ɬɪɭɛɵ, ɉɚ 

489,26 - 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɚɦɨɬɹɝɢ, ɉɚ 196,87 12,59 
ɉɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ, ɉɚ 

1716,5 2832,677 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɞɵɦɨɫɨɫɚ, 
ɉɚ 

2059,89 3399,212 

Ɋɚɫɱɟɬɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɞɵɦɨɫɨɫɨɜ, ɬɵɫ. ɦ3/ɱɚɫ 

964,3 96,43 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ 
ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 

724,19 119,5 
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ɂɡ-ɡɚ ɭɞɚɥɟɧɢɹ ɨɞɧɨɝɨ ɯɨɞɚ ȼɁɉ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ, ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ 
ɞɵɦɨɫɨɫɚ ȾɈȾ-31,5 ɧɟɫɤɨɥɶɤɨ ɫɧɢɡɢɥɫɹ, ɧɨ ɞɵɦɨɫɨɫ ɪɚɛɨɬɚɟɬ ɜ ɨɛɥɚɫɬɢ 
ɞɨɩɭɫɬɢɦɵɯ ɧɚɝɪɭɡɨɤ ɫ ɡɚɧɢɠɟɧɧɵɦ ɄɉȾ. Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɬɚɤɠɟ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɝɨ, ɚ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɞɚɧɧɵɣ ɞɵɦɨɫɨɫ ɧɟ ɧɭɠɞɚɟɬɫɹ 
ɜ ɡɚɦɟɧɟ. 

ɉɨ ɪɚɫɱɟɬɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɪɚɫɱɟɬɧɨɦɭ ɧɚɩɨɪɭ ɜɵɛɢɪɚɟɦ ȾɊȽ- 
19,5. ɍɫɬɚɧɨɜɤɚ ɥɢɲɶ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ȾɊȽ ɧɟɝɚɬɢɜɧɨ ɫɤɚɠɟɬɫɹ ɧɚ ɧɚɞɟɠɧɨɫɬɢ 
ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɧɨ ɩɨɡɜɨɥɢɬ ɧɚɦ ɜɵɩɨɥɧɢɬɶ ɭɞɨɛɧɭɸ ɤɨɦɩɨɧɨɜɤɭ ɫɢɫɬɟɦɵ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ. 

  Ɋɚɫɱɟɬ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 

ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɫɬɚɧɰɢɢ ɞɭɬɶɟɜɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɚ ɢ ɜɵɛɨɪ ɦɟɥɶɧɢɱɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɧɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɭɬɶɟɜɨɣ ɫɢɫɬɟɦɵ ɢ ɩɟɪɟɩɚɞɚ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɜ 
ɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 12. 

 

Ɋɢɫɭɧɨɤ 12 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 
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Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ 
ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɬ ɦɟɫɬɚ ɡɚɛɨɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɞɨ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ∆ℎˏ, ɉɚ, ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɧɢɹ ∆ℎ˕˓, ɉɚ: 

∆ℎ˅˒˓ = ∑ ∆ℎˏ𝑖௡
𝑖=ଵ + ∆ℎ˕˓,  

 
(69) 

ɉɪɨɢɡɜɨɥɶɧɨɟ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ∆ℎˏ𝑖 = 𝜉ˏℎˇ, (70) 

ɝɞɟ 𝜉ˏ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; ℎˇ − ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɉɚ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɟɧɢɹ ɜ ɜɨɡɞɭɯɨɩɪɨɜɨɞɟ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɜɵɪɚɠɟɧɢɸ 

∆ℎ˕˓ = ߣ ݈݀э ℎˇ,  

(71) 

ɝɞɟ ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ; ݀э − ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ, ɦ; ݈ − ɞɥɢɧɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɦ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ∆ℎ˅ˊ˒ = ∆ℎ˕˓ + ∆ℎ˒ˑ˅, (72) 

ɝɞɟ ∆ℎ˕˓ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ, ɉɚ; ∆ℎ˒ˑ˅ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɨɜ ɜ ɩɟɪɟɩɭɫɤɧɵɯ ɤɨɪɨɛɚɯ, ɉɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨ ɨɦɵɜɚɟɦɵɯ ɬɪɭɛ, ɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɜɵɪɚɠɟɧɢɸ ∆ℎ˕˓ = ∆ℎˆ˓ሺ𝑧ଶ + ͳሻ݉, (73) 

ɝɞɟ ∆ℎˆ˓ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɪɹɞɚ ɬɪɭɛ ɲɚɯɦɚɬɧɵɯ ɩɭɱɤɨɜ, ɉɚ; 𝑧ଶ − ɤɨɥɢɱɟɫɬɜɨ ɪɹɞɨɜ ɬɪɭɛ ɩɨ ɝɥɭɛɢɧɟ ɜ ɤɚɠɞɨɦ ɯɨɞɟ; 
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݉ − ɤɨɥɢɱɟɫɬɜɨ ɯɨɞɨɜ ɩɨ ɜɨɡɞɭɯɭ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɜɨɪɨɬɨɜ ɜ ɩɟɪɟɩɭɫɤɧɵɯ ɤɨɪɨɛɚɯ ∆ℎ˒ˑ˅, ɉɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ  ∆ℎ˒ˑ˅ = 𝜉ℎˇ, (74) 

ɝɞɟ 𝜉 − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɤɢ ∆ℎˆˑ˓, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

∆ℎˆˑ˓ = 𝜉ˆˑ˓ℎˇ, (75) 

ɝɞɟ 𝜉ˆˑ˓ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ; 

ȼɟɥɢɱɢɧɚ ɫɚɦɨɬɹɝɢ, ɉɚ, ɥɸɛɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɜɨɡɞɭɲɧɨɝɨ 
ɬɪɚɤɬɚ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ℎ˔ = ݃ܪ± (ͳ,ʹ͵ − ଴ߩ ʹ͹͵ݐ˅ + ʹ͹͵),  
(76) 

ɝɞɟ ܪ − ɜɵɫɨɬɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ, ɦ; ݃ = ͻ,ͺͳ − ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; ߩ଴ = ͳ,͵ʹ − ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɤɝ/ɦ3; ݐ˅ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɦ ɭɱɚɫɬɤɟ, °ɋ. 

Ɋɚɫɱɟɬ ɫɚɦɨɬɹɝɢ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɞɥɹ ɞɜɭɯ ɭɱɚɫɬɤɨɜ: ɞɥɹ 
ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɪɚɫɱɟɬɧɚɹ ɜɵɫɨɬɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 
ɪɚɡɧɨɫɬɢ ɨɬɦɟɬɨɤ ɜɜɨɞɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɵɜɨɞɚ 
ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ܪ˅ଵ = ʹͷ ˏ  ɢ ɞɥɹ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ 
ɜɨɡɞɭɯɚ, ɪɚɫɱɟɬɧɚɹ ɜɵɫɨɬɚ ɤɨɬɨɪɨɝɨ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɪɚɡɧɨɫɬɢ ɨɬɦɟɬɨɤ 
ɜɵɜɨɞɚ ɜɨɡɞɭɯɨɩɪɨɜɨɞɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɢɡ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢ ɜɯɨɞɚ ɜ 
ɬɨɩɤɭ ܪ˅ଶ = ͳʹ,ʹ ˏ. 

ɇɚ ɩɟɪɜɨɦ ɭɱɚɫɬɤɟ ݐ˅ = ሺݐ˘˅ + ሻ˅ˆݐ ʹ⁄ = ͳͺͳ °ɋ; 

ɇɚ ɜɬɨɪɨɦ ɭɱɚɫɬɤɟ ݐ˅ = ˅ˆݐ = ͵͵ʹ °ɋ. 

ɉɟɪɟɩɚɞ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɜ ɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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˒ܪ∆ = ˅ܪ∆ − ˔ܪ − ℎ′̞ ,  
(77) 

ɝɞɟ ∆ܪ˅ − ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ, ɉɚ; ℎ′̞ − ɪɚɡɪɟɠɟɧɢɟ ɜ ɬɨɩɤɟ ɧɚ ɭɪɨɜɧɟ ɜɜɨɞɚ ɜɨɡɞɭɯɚ, ɉɚ. ℎ′̞ = ℎ′̞′ + Ͳ,ͻͷܪ′,  
(78) 

ɝɞɟ ܪ′ = ʹ͵ − ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɜɵɫɲɟɣ ɬɨɱɤɨɣ ɫɟɱɟɧɢɹ ɜɵɯɨɞɚ 
ɝɚɡɨɜ ɢɡ ɬɨɩɤɢ ɢ ɫɪɟɞɧɢɦ ɫɟɱɟɧɢɟɦ ɜɜɨɞɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɭ, ɦ. 

ɋɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɥɚ, ɉɚ: ∆ܪ˅ = ∆ℎ˅˒˓ + ∆ℎˍ˃ˎˑ˓ˋ˗ + ∆ℎ˅ˊ˒−ଵ + ∆ℎ˅ˊ˒−ଶ + ∆ℎˆ˅ + ∆ℎˆˑ˓, (79) 

ɝɞɟ ∆ℎ˅˒˓ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɉɚ; ∆ℎˍ˃ˎˑ˓ˋ˗ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɥɨɪɢɮɟɪɚ, ɉɚ; ∆ℎ˅ˊ˒−ଵ, ∆ℎ˅ˊ˒−ଶ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɉɚ; ∆ℎˆ˅ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɨɩɪɨɜɨɞɨɜ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɉɚ; ∆ℎˆˑ˓ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɉɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɤɨɬɥɟ ȻɄɁ-420-140 ɭɫɬɚɧɨɜɥɟɧ ɨɞɢɧ ɞɭɬɶɟɜɨɣ 
ɜɟɧɬɢɥɹɬɨɪ ȼȾɇ-28 II ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 480 ɬɵɫ. ɦ3/ɱ. ɇɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɟɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɜ ɫɥɭɱɚɟ, 
ɤɨɝɞɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪ ɛɭɞɟɬ ɧɟ ɞɥɹ 
ɪɚɛɨɬɵ ɤɨɬɥɚ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜɟɧɬɢɥɹɬɨɪɚ ɞɪɭɝɨɝɨ ɬɢɩɨɪɚɡɦɟɪɚ ɢɥɢ ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɜɟɧɬɢɥɹɬɨɪ ɧɚ ɨɞɢɧ 
ɤɨɬɟɥ. 

ɉɪɨɜɟɪɤɚ ɬɢɩɨɪɚɡɦɟɪɚ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɞɛɨɪɭ 
ɚɝɪɟɝɚɬɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɞɚɜɥɟɧɢɟ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɟ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ, ɢ ɩɨɬɪɟɛɥɹɸɳɟɣ ɧɚɢɦɟɧɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɍɚɤɠɟ ɩɪɟ ɩɟɪɟɯɨɞɟ ɧɚ ɫɢɫɬɟɦɭ ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟɱɢɬɶ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɩɵɥɢ ɨɬ ɦɟɥɶɧɢɰɵ ɞɨ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, c 
ɷɬɨɣ ɡɚɞɚɱɟɣ ɫɩɪɚɜɥɹɟɬɫɹ ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ. Ⱦɥɹ ɟɝɨ ɜɵɛɨɪɚ, ɬɚɤɠɟ 
ɧɭɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɞɚɜɥɟɧɢɟ. 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɦ3/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ ܳ˓˅ = ˅ଵܸߚ , (80) 

ɝɞɟ ߚଵ = ͳ,ͳ − ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; ܸ˅ − ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ, ɦ3/ɫ. 

ܸ˅ = ˕ߙ଴ሺ˅ܸ˓ܤ − ˕ߙ∆ − ˎ˒ߙ∆ + ሻ˒ˊ˅ߙ∆ ˅˘ݐ + ʹ͹͵ʹ͹͵ ,  
(81) 

ɝɞɟ ߙ˕ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ; ∆ߙ˕ = Ͳ,Ͳͺ − ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ; ∆ߙ˒ˎ = Ͳ,ͲͶ − ɩɪɢɫɨɫɵ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ; ∆ߙ˅ˊ˒ = Ͳ,Ͳ͵ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ α3 ɭɬɟɱɤɚ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ. 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɜɟɧɬɢɥɹɬɨɪɚ, ɉɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܪ˅ =  (72) ,˒ܪ∆ଶߚ

ɝɞɟ ߚଶ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɞɚɜɥɟɧɢɸ. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

˅ܰ = ଷߚ ˅ͳͲ−ଷ𝜂˅ܪ˅ܳ ,  

(83) 

ɝɞɟ ߚଷ = ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ; 
 
Ɍɚɛɥɢɰɚ 16 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ⱦɭɬɶɟɜɨɣ 

ɜɟɧɬɢɥɹɬɨɪ 
Ɇɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɨɡɞɭɯɨɜɨɞɨɜ, ɉɚ 

548,022 883,597 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɥɨɪɢɮɟɪɚ, 
ɉɚ 

375 - 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɥɶɧɢɰɵ, 
ɉɚ 

- 1000 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ 2ɫɬ., ɉɚ 301,6 - 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ȼɁɉ 1ɫɬ., ɉɚ 763,2 - 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 16 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
Ⱦɭɬɶɟɜɨɣ 

ɜɟɧɬɢɥɹɬɨɪ 
Ɇɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ 
ɜɨɡɞɭɯɨɜɨɞɨɜ ɝɨɪɹɱɟɝɨ 
ɜɨɡɞɭɯɚ, ɉɚ 

602,265 - 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɨɪɟɥɨɱɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɉɚ 

412,5 412,5 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɚɦɨɬɹɝɢ, ɉɚ -103,33 - 
ɉɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ, ɉɚ 

2262,443 - 

Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ 
ɜɟɧɬɢɥɹɬɨɪɚ, ɉɚ 

2714,93 12,59 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɬɵɫ. ɦ3/ɱɚɫ 401,183 3581,911 
Ɋɚɫɱɟɬɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɜɟɧɬɢɥɹɬɨɪɨɜ, ɬɵɫ. ɦ3/ɱɚɫ 

441,302 193,54 

Ɋɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ 
ɞɜɢɝɚɬɟɥɹ, ɤȼɬ 

421,02 297,008 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪ 
ɧɚɯɨɞɹɬɫɹ ɜ ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɧɚɝɪɭɡɨɤ ɫ ɩɪɢɟɦɥɟɦɵɦ ɄɉȾ ɞɥɹ ɞɭɬɶɟɜɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɚ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɢɥɢ ɡɚɦɟɧɚ ɞɭɬɶɟɜɨɝɨ 
ɜɟɧɬɢɥɹɬɨɪɚ ɧɟ ɧɭɠɧɚ. 

ɉɨ ɪɚɫɱɟɬɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɪɚɫɱɟɬɧɨɦɭ ɧɚɩɨɪɭ ɞɥɹ ɫɬɨɥɛɰɚ 
ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ, ɜɵɛɢɪɚɟɦ ɞɭɬɶɟɜɭɸ ɦɚɲɢɧɭ – Ɇȼ-180/1100-I, 
ɞɚɧɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ɫɩɨɫɨɛɟɧ ɧɟɫɬɢ ɧɚɝɪɭɡɤɭ ɨɬ 100 ɬɵɫ. ɦ3/ɱɚɫ ɞɨ 250 ɬɵɫ. 
ɦ3/ɱɚɫ. Ⱦɚɧɧɵɣ ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ ɭɫɬɚɧɨɜɢɬɶ ɜ 
ɤɨɥɢɱɟɫɬɜɟ ɱɟɬɵɪɟɯ ɲɬɭɤɭ ɩɨ ɭɝɥɚɦ ɬɨɩɨɱɧɨɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɵɥɟɝɚɡɨɜɨɣ ɫɦɟɫɢ ɤ ɝɨɪɟɥɨɱɧɵɦ 
ɭɫɬɪɨɣɫɬɜɚɦ. 

 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɮɪɨɧɬɚɥɶɧɨɝɨ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥяɰɢɢ 

ɐɟɥɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥɹɰɢɢ 
ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɰɢɪɤɭɥɹɰɢɢ, ɩɨɥɟɡɧɨɝɨ 
ɧɚɩɨɪɚ, ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɫɬɨɹ ɢ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɰɢɪɤɭɥɹɰɢɢ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ. Ʉɨɧɬɭɪ ɰɢɪɤɭɥɹɰɢɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 13. 
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ɉɪɢ ɩɟɪɟɜɨɞɟ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɀɒɍ ɧɚ Ɍɒɍ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɭɸ ɰɢɪɤɭɥɹɰɢɸ ɜɨɞɵ ɜ ɩɚɪɨɜɨɦ ɤɨɬɥɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 
ɞɨɩɭɫɬɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪ ɫɬɟɧɨɤ ɦɟɬɚɥɥɚ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɧɟɬɢɩɢɱɧɚɹ ɬɪɚɫɫɢɪɨɜɤɚ ɩɨɞɴɟɦɧɵɯ ɬɪɭɛ ɫ ɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɜɨɪɨɬɨɜ, ɚ ɷɬɨ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɨɛɳɟɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 

ɐɟɥɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɮɪɨɧɬɚɥɶɧɨɝɨ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥɹɰɢɢ 
ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɰɢɪɤɭɥɹɰɢɢ, ɩɨɥɟɡɧɨɝɨ 
ɧɚɩɨɪɚ, ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɫɬɨɹ ɢ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɰɢɪɤɭɥɹɰɢɢ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɧɚɝɪɭɡɤɟ ɤɨɬɥɚ.  

ɂɫɯɨɞɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 17. 

 
Ɍɚɛɥɢɰɚ 17- Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɫɱɟɬɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 
1. Ɉɩɭɫɤɧɵɟ ɬɪɭɛɵ 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦɦ ݀˅ːˑ˒ Ɂɚɞɚɟɬɫɹ 183 

Ʉɨɥɢɱɟɫɬɜɨ ɨɩɭɫɤɧɵɯ ɬɪɭɛ ݊ˑ˒ Ɂɚɞɚɟɬɫɹ 9 

ɋɭɦɦɚɪɧɨɟ ɫɟɱɟɧɢɟ ɨɩɭɫɤɧɵɯ ɬɪɭɛ, ɦ2 ܨˑ˒ ߨ ∙ ሺ݀˅ːˑ˒ሻʹͶ ∙ ݊ˑ˒ 
0,237 

ȼɵɫɨɬɚ ɨɩɭɫɤɧɵɯ ɬɪɭɛ, ɦ ℎˑ˒ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 32,65 

ɋɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɨɩɭɫɤɧɵɯ ɬɪɭɛ, ɦ ݈ˑ˒ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 37,93 

ɍɝɥɵ ɝɢɛɨɜ ɬɪɭɛ ߙͳˑ˒, ,˒ˑʹߙ … ɋɯɟɦɚ ɤɨɧɬɭɪɚ 90° 
 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɜɨɪɨɬɨɜ ɜ ɨɩɭɫɤɧɵɯ ɬɪɭɛɚɯ 

𝜉ͳˑ˒, 𝜉ʹˑ˒, … [4] 1,75 
 

ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɨɪɨɬɨɜ ɜ ɨɩɭɫɤɧɵɯ 
ɬɪɭɛɚɯ 

∑ 𝜉˒ˑ˅ˑ˒  𝜉ͳˑ˒ + 𝜉ʹˑ˒ + ⋯ 1,75 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɚ ɢɡ 
ɛɚɪɚɛɚɧɚ ɜ ɨɩɭɫɤɧɵɟ ɬɪɭɛɵ ɢ ɜɵɯɨɞɚ ɜ 
ɧɢɠɧɢɣ ɤɨɥɥɟɤɬɨɪ 

𝜉˅˘ˑ˒, 𝜉˅ы˘ˑ˒  [4] 1; 1,3 

ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɨɩɭɫɤɧɵɯ ɬɪɭɛ ∑ 𝜉ˏˈ˔˕ˑ˒  𝜉˅˘ˑ˒ + 𝜉˅ы˘ˑ˒  2,3 

ɉɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ 
ɞɥɹ ɨɩɭɫɤɧɵɯ ɬɪɭɛ 

 Ͳˑ˒ [4] 0,09ߣ

2. ɉɨɞɴɟɦɧɵɟ ɬɪɭɛɵ 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛ, ɦ ݀˅ːэˍ˓ Ɂɚɞɚɟɬɫɹ 0,048 

ɒɚɝ ɬɪɭɛ ɜ ɷɤɪɚɧɟ, ɦ ݏ/݀ Ɂɚɞɚɟɬɫɹ 0,064 
ɒɢɪɢɧɚ ɷɤɪɚɧɚ, ɜɤɥɸɱɟɧɧɚɹ ɜ ɤɨɧɬɭɪ, 
ɦ 

 эˍ˓ ɑɟɪɬɟɠ ɤɨɬɥɚ 4,53ܤ

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɴɟɦɧɵɯ ɬɪɭɛ, ɲɬ ݊эˍ˓ ܤэˍ˓ݏ − ͳ 
70 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 17 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 
ɋɭɦɦɚɪɧɨɟ ɫɟɱɟɧɢɟ ɩɨɞɴɟɦɧɵɯ ɬɪɭɛ, 
ɦ2 

ߨ ˓ˍэܨ ∙ ሺ݀˅ːэˍ˓ሻʹͶ ∙ ݊эˍ˓ 0,1267 

Ⱦɥɢɧɚ ɬɪɭɛ ɞɨ ɨɛɨɝɪɟɜɚ, ɦ ݈ˇˑ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 0,645 
Ⱦɥɢɧɚ ɨɛɨɝɪɟɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɬɪɭɛ, ɦ ݈ˑ˄ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 28,535 
Ⱦɥɢɧɚ ɬɪɭɛ ɩɨɫɥɟ ɨɛɨɝɪɟɜɚ, ɦ ݈˒ˑ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 0,645 
ɉɨɥɧɚɹ ɞɥɢɧɚ ɷɤɪɚɧɧɵɯ ɬɪɭɛ, ɦ ݈Ͳ ݈ˇˑ + ݈ˑ˄ + ݈˒ˑ 30,09 
ȼɵɫɨɬɚ ɬɪɭɛ ɞɨ ɨɛɨɝɪɟɜɚ, ɦ ܪˇˑ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 0,658 
ȼɵɫɨɬɚ ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ɬɪɭɛ, ɦ ܪˑ˄ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 27,755 
ȼɵɫɨɬɚ ɭɱɚɫɬɤɚ ɩɨɫɥɟ ɨɛɨɝɪɟɜɚ, ɦ ܪ˒ˑ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 0,645 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɷɤɪɚɧɧɵɯ ɬɪɭɛ, ɦ ܪͲ ܪˇˑ + ˄ˑܪ +  ˑ 29,058˒ܪ

ɍɝɥɵ ɝɢɛɚ ɬɪɭɛ ɩɨ ɜɵɫɨɬɟ ɷɤɪɚɧɨɜ ߙͳэˍ˓, ,˓ˍʹэߙ … ɋɯɟɦɚ ɤɨɧɬɭɪɚ 135°; 102°; 
147°; 

151° 151° 
Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɨɪɨɬɚ 
ɷɤɪɚɧɧɵɯ ɬɪɭɛ 

𝜉ͳэˍ˓, 𝜉эʹˍ˓, … [4] 0,25; 0,23; 
0,27; 0,3; 0,3 

ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɨɪɨɬɨɜ 
ɷɤɪɚɧɧɵɯ ɬɪɭɛ ∑ 𝜉˒ˑ˅эˍ˓  𝜉ͳэˍ˓ + 𝜉эʹˍ˓ + ⋯ 

1,35 

3. ɉɚɪɨɨɬɜɨɞяɳɢɟ ɬɪɭɛɵ 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ, ɦɦ ݀˅ːˑ˕˅ Ɂɚɞɚɟɬɫɹ 107 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ, ɲɬ ݊ˑ˕˅ Ɂɚɞɚɟɬɫɹ 6 
ɋɭɦɦɚɪɧɨɟ ɫɟɱɟɧɢɟ ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ, 
ɦ2 

ˑܨ ߨ ˅˕ ∙ ሺ݀˅ːˑ˕˅ሻʹͶ ∙ ݊ˑ˕˅ 0,0539 

ɉɨɥɧɚɹ ɞɥɢɧɚ ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ, ɦ ݈ˑ˕˅ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 16,95 
ȼɵɫɨɬɚ ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ, ɦ ܪˑ˕˅ ɋɯɟɦɚ ɤɨɧɬɭɪɚ 5,475 
ɍɝɥɵ ɝɢɛɨɜ ɬɪɭɛ ߙͳˑ˕˅, ,˅˕ˑʹߙ … ɋɯɟɦɚ ɤɨɧɬɭɪɚ 55°; 90°; 90°; 

90° 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɜɨɪɨɬɨɜ ɜ ɨɬɜɨɞɹɳɢɯ ɬɪɭɛɚɯ 

𝜉ͳˑ˕˅, 𝜉ʹˑ˕˅, … [4] 0,7; 1,75; 
1,75; 1,75 

ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ ∑ 𝜉˒ˑ˅ˑ˕˅  𝜉ͳˑ˕˅ + 𝜉ʹˑ˕˅ + ⋯ 

5,95 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵɯɨɞɚ 
ɢɡ ɫɛɨɪɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɢ ɜɯɨɞɚ ɜ 
ɛɚɪɚɛɚɧ 

𝜉˅˘ˑ˕˅, 𝜉˅ы˘ˑ˕˅  [4] 
1; 1,3 

ɋɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɯɨɞɚ-
ɜɵɯɨɞɚ ɩɚɪɨɨɬɜɨɞɹɳɢɯ ɬɪɭɛ ∑ 𝜉ˏˈ˔˕ˑ˕˅  𝜉˅˘ˑ˕˅ + 𝜉˅ы˘ˑ˕˅  

2,3 

Ʉɪɨɦɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɬɭɪɚ ɧɚɦ ɬɚɤɠɟ ɩɨɧɚɞɨɛɹɬɫɹ 
ɞɚɧɧɵɟ ɢɡ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ ɢ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 
Ⱦɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 18. 
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Ɍɚɛɥɢɰɚ 18 - ɋɜɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɬɥɚ, ɩɨɞɫɱɟɬ ɢɫɯɨɞɧɵɯ 
ɜɟɥɢɱɢɧ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ɉɨɪɹɞɨɤ 
ɨɩɪɟɞɟɥɟɧɢɹ 

ȼɟɥɢɱɢɧɚ 

ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ ܦ˒ˈ ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

116.66 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ, Ɇɉɚ ܲ˄  ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

15,4 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ ܤ˓ ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

20,35 

ɉɨɥɧɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɬɨɩɤɢ, 
ɤȾɠ/ɤɝ 

ܳˎ ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

6423,8 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ 
ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɛɚɪɚɛɚɧɟ, ɤȾɠ/ɤɝ 

ℎ′ ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

1625,903 

ɉɥɨɬɧɨɫɬɶ ɜɨɞɵ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ 
ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɛɚɪɚɛɚɧɟ, ɤɝ/ɦ3 

 ɂɡ ɬɟɩɥɨɜɨɝɨ ′ߩ
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

596,208 

ɉɥɨɬɧɨɫɬɶ ɩɚɪɚ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ, 
ɤɝ/ɦ3 

 ɂɡ ɬɟɩɥɨɜɨɝɨ ′′ߩ
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

100,86 

ɋɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɤȾɠ/ɤɝ 

 ɂɡ ɬɟɩɥɨɜɨɝɨ ݎ
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

973,303 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ ɜɨɞɹɧɵɦ 
ɷɤɨɧɨɦɚɣɡɟɪɨɦ, °ɋ 

′′эˍ−ଶ˅ݐ  ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ 

340.1 
 

ɗɧɬɚɥɶɩɢɹ ɜɨɞɵ ɡɚ ɜɨɞɹɧɵɦ 
ɷɤɨɧɨɦɚɣɡɟɪɨɦ, ɤȾɠ/ɤɝ 

ℎ˅эˍ−ଶ′′  ɂɡ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ ɤɨɬɥɚ         1591,01 

ɋɪɟɞɧɟɟ ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ 
ɷɤɪɚɧɨɜ ɬɨɩɤɢ, ɤȾɠ/ɦ2 

˓ܤ ˎݍ ∙ ܨ̝ˎܳ ˕  105,9 

ɒɢɪɢɧɚ ɫɬɟɧɵ, ɡɚɧɹɬɚɹ 
ɪɚɫɫɱɢɬɵɜɚɟɦɵɦ ɤɨɧɬɭɪɨɦ, ɦ 

ˍܤ =  эˍ˓ ɉɨ ɡɚɞɚɧɢɸܤ
4,53 

ɉɨɜɟɪɯɧɨɫɬɶ ɫɬɟɧɵ, ɡɚɧɹɬɚɹ ɷɤɪɚɧɨɦ 
ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɤɨɧɬɭɪɚ, ɦ2 

ܨ̱  ݈ˑ˄ ∙  129,29 ˍܤ

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɩɨ ɲɢɪɢɧɟ ɫɬɟɧɵ 
ɬɨɩɤɢ 

𝜂˛ [4] 
1,1 

ɉɨɥɧɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɤɨɧɬɭɪɚ, 
ɤȾɠ/ɫ 

ܨ̱ ˍܳ ∙ 𝜂˛ ∙  15061,235 ˎݍ

Ɋɚɫɱɟɬ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥɹɰɢɢ ɛɭɞɟɦ ɜɵɩɨɥɧɹɬɶ ɧɚ ɬɪɢ ɪɚɡɥɢɱɧɵɟ ɫɤɨɪɨɫɬɢ 
ɰɢɪɤɭɥɹɰɢɢ (ɬɚɛɥɢɰɚ 19). 

Ɍɚɛɥɢɰɚ 19 - ɉɨɪɹɞɨɤ ɪɚɫɱɟɬɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɜɟɥɢɱɢɧɵ 

Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 
1 2 3 

ɋɤɨɪɨɫɬɶ 
ɰɢɪɤɭɥɹɰɢɢ ܹͲ, 
ɦ/ɫ 

 
[4] 

 
1,5 

 
2 

 
2,5 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 19 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

1 2 3 
Ɉɩɭɫɤɧɵɟ ɬɪɭɛɵ 

Ɋɚɫɯɨɞ 
ɰɢɪɤɭɥɢɪɭɸɳɟɣ 
ɠɢɞɤɨɫɬɢ ܩ, ɤɝ/ɫ 

ܹͲ ∙ ˓ˍэܨ ∙  188,7 150,9 113,2 ′ߩ

ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ 
ɜ ɨɩɭɫɤɧɵɯ 
ɬɪɭɛɚɯ ܹˑ ˒, ɦ/ɫ 

˒ˑܨܩ ∙  6 6 6 ′ߩ

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɨɩɭɫɤɧɵɯ ɬɪɭɛ ∆ܲˑ ˒, ɉɚ 

ቀߣ଴ˑ˒݈ˑ˒ + ∑ 𝜉˒ˑ˅ˑ˒ + 𝜉˅˘ˑ˒ + 𝜉˅ы˘ˑ˒ ቁ ∙ ܹˑ ଶ˒ ʹ′ߩ  
1422 2528,8 3951,2 

ɉɨɞɴɟɦɧɵɟ ɬɪɭɛɵ ɷɤɪɚɧɚ 
Ʉɪɚɬɧɨɫɬɶ 
ɰɢɪɤɭɥɹɰɢɢ ɜ 
ɤɨɬɥɟ 𝐾 

ɉɪɢɧɢɦɚɟɦ 
 
6 

 
6 

 
6 

ɇɟɞɨɝɪɟɜ ɞɨ 
ɤɢɩɟɧɢɹ ɜ 
ɛɚɪɚɛɚɧɟ ∆ℎ˄, 
ɤȾɠ/ɤɝ 

ℎ′ − ℎэˍ′′𝐾  
5,82 5,82 5,82 

Ʉɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɚ, 
ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɞɥɹ ɩɨɞɨɝɪɟɜɚ 
ɜɨɞɵ ɞɨ ɤɢɩɟɧɢɹ ܳэˍ, ɤȾɠ/ɤɝ 

∆ℎ˄ ∙  1097,5 878,00 658,5 ܩ

ɉɚɪɨɩɪɨɢɡɜɨɞɢ 
ɬɟɥɶɧɨɫɬɶ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɝɨ 
ɭɱɚɫɬɤɚ ɤɨɧɬɭɪɚ ܦˍ, ɤɝ/ɫ 

ܳˍ − ܳэˍݎ  
14,80 14,57 14,35 

ɋɪɟɞɧɹɹ 
ɩɪɢɜɟɞɟɧɧɚɹ 
ɫɤɨɪɨɫɬɶ ɩɚɪɚ ଴ܹ′′, ɦ/ɫ 

Ͳ,ͷ ∙ ˓ˍэܨˍܦ ∙  0,095 0,097 0,098 ′′ߩ

ɋɤɨɪɨɫɬɶ ɩɚɪɚ ɧɚ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ (ɨɬ 
ɩɨɬɨɥɤɚ ɞɨ 
ɫɛɨɪɧɨɝɨ 
ɤɨɥɥɟɤɬɨɪɚ) ଴ܹ˒ˑ′′ , 
ɦ/ɫ 

˓ˍэܨˍܦ  ∙  1,12 1,14 1,16 ′′ߩ

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ 
ɫɦɟɫɢ ɜ 
ɨɛɨɝɪɟɜɚɟɦɵɯ 
ɬɪɭɛɚɯ ܹ̝̅ ˏ, ɦ/ɫ 

଴ܹ + ଴ܹ′′ ቆͳ − ′ߩ′′ߩ ቇ 1,581 2,080 2,579 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 19 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

1 2 3 
ɋɤɨɪɨɫɬɶ ɫɦɟɫɢ ɜ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ ܹ̝ ˏ.˒ˑ, ɦ/ɫ ଴ܹ + ଴ܹ˒ˑ′′ ቆͳ − ′ߩ′′ߩ ቇ 2,46 2,95 3,43 

ɋɪɟɞɧɟɟ ɨɛɴɟɦɧɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ̅ߚ 

଴ܹ′′ܹ̝̅ ˏ 0,06 0,05 0,04 

Ɉɛɴɟɦɧɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ ɜ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ ߚ˒ˑ 

଴ܹ˒ˑ′′ܹ̝ ˏ.˒ˑ 0,470 0,387 0,327 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬ
ɢ ɨɛɨɝɪɟɜɚɟɦɨɣ 
ɱɚɫɬɢ ܥ 

ɉɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ܹ̝̅ ˏ 
 

0,94 0,96 0,97 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬ
ɢ ɧɚ ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ ܥ˒ˑ 

ɉɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ܹ̝ ˏ.˒ˑ 
 

0,97 0,975 0,975 

ɋɪɟɞɧɟɟ ɧɚɩɨɪɧɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ 𝜑̅ 

ܥ ∙  0,04 0,04 0,06 ߚ̅

ɇɚɩɨɪɧɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ ɜ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ 𝜑˒ˑ 

ˑ˒ܥ ∙  ˑ 0,46 0,38 0,32˒ߚ

ȼɵɫɨɬɚ 
ɷɤɨɧɨɦɚɣɡɟɪɧɨɣ 
ɱɚɫɬɢ ɤɨɧɬɭɪɚ ܪэˍ, 
ɦ 

+ˑˇܪ ∆ℎ˄ − ∆ℎ˔ˏ + ∆ℎ∆݌ ∙ ′ߩ ∙ ͳͲ−ସ ∙ ቀܪˑ˒ − ˑˇܪ − ∆ܲˑ ˒ͳͲߩ′ቁܳˍܪˑ˒ܩ + ∆ℎ∆݌ ∙ ′ߩ ∙ ͳͲ−ସ  

ɝɞɟ ∆ℎ˔ˏ − ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫ. 12 [4]; ∆ℎ∆௣ − ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɜɨɞɵ 
ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɧɚ 1 Ɇɉɚ [5] 

6,47 7,47 8,22 

Ⱦɥɢɧɚ 
ɷɤɨɧɨɦɚɣɡɟɪɧɨɣ 
ɱɚɫɬɢ ݈эˍ, ɦ 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɯɟɦɟ ɤɨɧɬɭɪɚ ɢ 
ɜɟɥɢɱɢɧɟ ܪэˍ 

6,741 7,838 8,687 

Ⱦɥɢɧɚ 
ɨɛɨɝɪɟɜɚɟɦɨɣ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɣ 
ɱɚɫɬɢ ɬɪɭɛɵ ݈˒˃˓.ˑ˄, 
ɦ 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɯɟɦɟ ɤɨɧɬɭɪɚ ɢ 
ɜɟɥɢɱɢɧɟ ܪэˍ 

21,79 20,696 9,847 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 19 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

1 2 3 
Ⱦɥɢɧɚ 
ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɣ 
ɱɚɫɬɢ ɬɪɭɛɵ (ɞɨ 
ɜɯɨɞɚ ɜ ɤɨɥɥɟɤɬɨɪ), ݈˒ˑ, ɦ 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɯɟɦɟ ɤɨɧɬɭɪɚ ɢ 
ɜɟɥɢɱɢɧɟ ܪэˍ 

0,645 0,645 0,645 

ɋɭɦɦɚɪɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɜɨɪɨɬɨɜ ɜ 
ɷɤɨɧɨɦɚɣɡɟɪɧɨɣ 
ɱɚɫɬɢ ɬɪɭɛɵ ∑ 𝜉˒ˑ˅э  

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɜɨɪɨɬɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɯɟɦɟ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɤɨɧɬɭɪɚ. 
ȼɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɣɞɟɧɵ ɪɚɧɟɟ 

0,5 0,77 0,77 

ɋɭɦɦɚɪɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɜɨɪɨɬɨɜ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɣ 
ɱɚɫɬɢ ɬɪɭɛ ∑ 𝜉˒ˑ˅ˑ˄.˒˃˓ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɜɨɪɨɬɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɯɟɦɟ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɤɨɧɬɭɪɚ. 
ȼɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɣɞɟɧɵ ɪɚɧɟɟ 

0,6 0,3 0,3 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɯɨɞɚ ɜ ɬɪɭɛɵ 
ɧɢɠɧɟɝɨ ɤɨɥɥɟɤɬɨɪɚ 𝜉˅˘ 

ɉɪɢɧɢɦɚɟɦ ɫɨɝɥɚɫɧɨ [4] 0,7 0,7 0,7 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɵɯɨɞɚ ɢɡ 
ɧɟɨɛɨɝɪɟɜɚɟɦɵɯ 
ɬɪɭɛ ɜ ɫɛɨɪɧɵɣ 
ɤɨɥɥɟɤɬɨɪ 𝜉˅ы˘ 

ɉɪɢɧɢɦɚɟɦ ɫɨɝɥɚɫɧɨ [4] 0,4 0,4 0,4 

ȼɵɫɨɬɚ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɣ, 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ 
ɬɪɭɛ ܪ˒˃˓.ˑ˄, ɦ 

ɉɨ ɫɯɟɦɟ ɨɬ ɬɨɱɤɢ ɡɚɤɢɩɚɧɢɹ ɞɨ 
ɜɵɯɨɞɚ ɢɡ ɬɨɩɤɢ (ɡɚ ɨɛɦɭɪɨɜɤɭ) 

21,29 20,28 19,54 

Ⱦɜɢɠɭɳɢɣ ɧɚɩɨɪ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ܵˑ˄, ɉɚ 𝜑̅ ∙ ˄ˑ.˓˃˒ܪ ∙ ሺߩ′ − ሻ′′ߩ ∙ ͳͲ 6140,23 4472,73 3457,09 

ȼɵɫɨɬɚ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɣ 
ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ 
ɱɚɫɬɢ ɬɪɭɛ ܪ˒ˑ 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɯɟɦɟ 
ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɤɨɧɬɭɪɚ ɨɬ 

ɜɵɯɨɞɚ ɡɚ ɩɪɟɞɟɥɵ ɨɛɦɭɪɨɜɤɢ ɞɨ 
ɫɛɨɪɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ 

0,645 0,645 0,645 

Ⱦɜɢɠɭɳɢɣ ɧɚɩɨɪ 
ɧɟɨɛɨɝɪɟɜɚɟɦɨɣ 
ɱɚɫɬɢ ɬɪɭɛ ܵ˒ˑ, ɉɚ 

𝜑˒ˑ ∙ ˑ˒ܪ ∙ ሺߩ′ − ሻ′′ߩ ∙ ͳͲ 1457,25 1204,94 1018,58 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 19 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

1 2 3 
ɉɨɥɧɵɣ ɞɜɢɠɭɳɢɣ 
ɧɚɩɨɪ ɤɨɧɬɭɪɚ ܵˍ, ɉɚ ܵˑ˄ + ܵ˒ˑ 7597,4 5677,6 4475,67 

ɋɪɟɞɧɟɟ ɦɚɫɫɨɜɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ̅ݔ  

Ͳ,ͷ ∙ ܩˍܦ  
0,07 0,05 0,04 

Ɇɚɫɫɨɜɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ ɜ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ ݔ˒ˑ 

ܩ̱ܦ  
0,13 0,10 0,08 

ɋɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɨ 
ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ, 
ɉɚ/ɦ (ɢɡ ɧɢɠɧɟɝɨ 
ɤɨɥɥɟɤɬɨɪɚ) 

଴ܹଶߩ′ʹ  
670,5 1192 1862,5 

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɥɹ 
ɪɚɫɱɟɬɚ ɩɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ ߰ 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɚɦ ଴ܹ ˋ ܲ˄  
[4] 

1,00 1,00 1,00 

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɜ 
ɷɤɨɧɨɦɚɣɡɟɪɧɨɣ 
ɱɚɫɬɢ ∆ эܲˍ, ɉɚ/ɦ2 ቀ𝜉˅˘ + ˓ˍ଴эߣ ∙ ݈эˍ + ∑ 𝜉˒ˑ˅э ቁ ∙ ଴ܹଶ ∙ ʹ′ߩ  

ɝɞɟ ߣ଴эˍ˓  – ɩɪɢɜɟɞɟɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɷɤɪɚɧɧɵɯ ɬɪɭɛ 
[4] 

1204,8 2579,6 4170,7 

ɉɨɬɟɪɹ ɨɬ ɬɪɟɧɢɹ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ 
ɩɚɪɨɫɨɞɟɪɠɚɳɟɣ 
ɱɚɫɬɢ ∆̞ܲ ˓.˒˃˓, ɉɚ/ɦ2 

˓ˍэˑߣ ∙ ݈˒˃˓.ˑ˄ ∙ ଴ܹଶ ∙ ∙ʹ′ߩ (ͳ + ߰ ∙ ݔ ∙ ቆ ′′ߩ′ߩ − ͳቇ) 

1709,1 2702,3 3884,4 

ɉɨɬɟɪɹ ɨɬ ɬɪɟɧɢɹ ɜ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ ∆̞ܲ ˓.˒ˑ, 
ɉɚ/ɦ2 

˓ˍэˑߣ ∙ ݈˒ˑ ∙ ଴ܹଶ ∙ ʹ′ߩ ∙ (ͳ + ߰ ∙ ˑ˒ݔ
∙ ቆ ′′ߩ′ߩ − ͳቇ) 

62,87 100,35 146,09 

ɉɨɬɟɪɹ ɞɚɜɥɟɧɢɹ ɜ 
ɩɨɜɨɪɨɬɚɯ ɢ ɩɪɢ 
ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɵ ɜ 
ɭɱɚɫɬɤɟ ɩɨɫɥɟ 
ɨɛɨɝɪɟɜɚ ∆ܲ˒ ˑ, ɉɚ/ɦ2 

ቀ∑ 𝜉˒ˑ˅ːˑ.˒˃˓ + 𝜉˅ы˘ቁ ∙ ଴ܹଶ ∙ ∙ʹ′ߩ (ͳ + ߰ ∙ ˑ˒ݔ ( ′′ߩ′ߩ − ͳ)) 

1100,6 1229,7 1790,2 

 



65 
 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 19 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

1 2 3 
ɋɭɦɦɚ ɩɨɬɟɪɶ 
ɞɚɜɥɟɧɢɹ ∑ ∆ эܲˍ˓, 
ɉɚ/ɦ2 

∆ эܲˍ + ∆̞ܲ ˓.˒˃˓ + ∆̞ܲ ˓.˒ˑ + ∆ܲ˒ ˑ 4077,5 6612 9991,5 

ɉɨɥɟɡɧɵɣ ɧɚɩɨɪ 
ɷɤɪɚɧɚ ܵ˒ˑˎэˍ˓, ɉɚ/ɦ2 ܵˍ + ∑ ∆ эܲˍ˓ 3519,9 -934,41 -5515,9 

Ɉɬɜɨɞяɳɢɟ ɬɪɭɛɵ ɷɤɪɚɧɚ (ɨɬ ɫɛɨɪɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɞɨ ɛɚɪɚɛɚɧɚ ɤɨɬɥɚ) 

ɋɤɨɪɨɫɬɶ 
ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ ɜ 
ɩɚɪɨɨɬɜɨɞɹɳɢɯ 
ɬɪɭɛɚɯ ܹ̝ ˏ.ˑ˕˅, ɦ/ɫ 

ܹ̝ ˏ.˒ˑ ∙ ܨэˍ˓ˑܨ ˕˅  3,86 4,62 5,38 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɨɬ 
ɬɪɟɧɢɹ ɜ ɨɬɜɨɞɹɳɢɯ 
ɬɪɭɛɚɯ ̞ܲ ˓ˑ̞ ˅, ɉɚ/ɦ2 

˅˕଴ˑߣ ∙ ݈ˑ˕˅ ∙ ଴ܹଶ ∙ ʹ′ߩ ∙ (ͳ + ߰ ∙ ˅˕ˑݔ
∙ ቆ ′′ߩ′ߩ − ͳቇ) 

ɝɞɟ ݔˑ˕˅ = ˅˕଴ˑߣ ;ˑ˒ݔ − ɩɪɢɜɟɞɟɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɨɬɜɨɞɹɳɢɯ 
ɬɪɭɛ [4] 

688,65 1099,18 1600,20 

ɉɨɬɟɪɹ ɧɚ ɬɪɟɧɢɟ ɧɚ 
ɜɯɨɞɟ ɢ ɩɨɜɨɪɨɬɚɯ ∆ܲˏ , ɉɚ/ɦ2 

ቀ∑ 𝜉˒ˑ˅ˑ˕˅ + 𝜉˅˘ቁ ∙ ଴ܹଶ ∙ ∙ʹ′ߩ (ͳ + ߰ ∙ ˅˕ˑݔ ( ′′ߩ′ߩ − ͳ)) 

1408,8 2248,66 3273,64 

ɉɨɬɟɪɹ ɧɚ ɩɨɞɴɟɦ 
ɫɦɟɫɢ ɜɵɲɟ ɭɪɨɜɧɹ 
ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ 
ɤɨɬɥɚ  ∆ܲ˅ ˖, ɉɚ/ɦ2 

ͳͲ ∙ ሺͳ − 𝜑ˑ˕˅ሻ ∙ ˖˅ܪ ∙ ሺߩ′ −  ሻ′′ߩ

ɝɞɟ 𝜑ˑ˕˅ = 𝜑˒ˑ 

0,00 0,00 0,00 

ɋɭɦɦɚ ɩɨɬɟɪɶ 
ɞɚɜɥɟɧɢɹ ɜ 
ɨɬɜɨɞɹɳɢɯ ɬɪɭɛɚɯ ∑ ∆ܲˑ ˕˅, ɉɚ/ɦ2 

∆̞ܲ ˓ˑ̞ ˅ + ∆ܲˏ + ∆ܲ˅ ˖ 2097,45 3347,84 4873,84 

Ⱦɜɢɠɭɳɢɣ ɧɚɩɨɪ 
ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ ܵˑ˕˅, 
ɉɚ/ɦ2 ͳͲ ∙ 𝜑˒ˑ ∙ ˅˕ˑܪ ∙ ሺߩ′ −  ሻ 8461,11 6996,11 5914,06′′ߩ

ɉɨɥɟɡɧɵɣ ɧɚɩɨɪ 
ɨɬɜɨɞɹɳɢɯ ɬɪɭɛ ܵ˒ˑˎˑ˕˅, 
ɉɚ/ɦ2 

ܵˑ˕˅ + ∑ ∆ܲˑ ˕˅ 6363,66 3648,27 1040,21 

ɉɨɥɟɡɧɵɣ ɧɚɩɨɪ 
ɤɨɧɬɭɪɚ ܵ˒ˑˎˍ , ɉɚ/ɦ2 ܵ˒ˑˎˑ˕˅ + ܵ˒ˑˎэˍ˓ 9883,61 2713,86 -4475,7 
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Ⱦɚɥɟɟ ɜɵɩɨɥɧɢɦ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɟɡɧɨɝɨ ɧɚɩɨɪɚ 
ɤɨɧɬɭɪɚ ܵ˒ˑˎˍ  ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɭɫɤɧɵɯ ɬɪɭɛ ∆ܲˑ ˒ ɨɬ 
ɫɤɨɪɨɫɬɢ ɰɢɪɤɭɥɹɰɢɢ ଴ܹ  (ɪɢɫɭɧɨɤ 14). ɉɟɪɟɫɟɱɟɧɢɟ ɷɬɢɯ ɞɜɭɯ ɤɪɢɜɵɯ ɞɚɟɬ 
ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɰɢɪɤɭɥɹɰɢɢ ଴ܹ = ʹ,Ͳͳͳ ɦ/ɫ ɢ ɩɨɥɟɡɧɨɝɨ ɧɚɩɨɪɚ ܵ˒ˑˎ = ʹͷͷͻ ɉɚ/ɦ2. 

 

 

Ɋɢɫɭɧɨɤ 14 - Ɂɚɜɢɫɢɦɨɫɬɶ ܵ˒ˑˎˍ  ɢ ∆ܲˑ ˒ ɨɬ ଴ܹ 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɰɢɪɤɭɥɹɰɢɢ 
ɩɪɨɜɟɪɢɦ ɤɨɧɬɭɪ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɫɬɨɹ ɢ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɰɢɪɤɭɥɹɰɢɢ. 

Ɍɚɛɥɢɰɚ 20- ɉɪɨɜɟɪɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɫɬɨɹ ɰɢɪɤɭɥɹɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 
ɋɪɟɞɧɹɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ܹ̅଴′′, 
ɦ/ɫ 

Ͳ,ͷ ∙ ݎˍܳ ∙ ′′ߩ ∙  эˍ˓ 0,606ܨ

ɉɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɩɚɪɚ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ଴ܹ˒ˑ′′ , ɦ/ɫ ܳˍݎ ∙ ′′ߩ ∙  эˍ˓ 1,211ܨ

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɪɚɡɜɟɪɟɧɧɨɣ 
ɬɪɭɛɵ 𝜂˕ 

[4] 1,1 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ 
ɧɟɬɨɠɞɟɫɬɜɟɧɧɨɫɬɢ  𝜂ˍ  1 

ɋɪɟɞɧɹɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɜ ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ 
ɪɚɡɜɟɪɟɧɧɨɣ ɬɪɭɛɵ ܹ̅ˑ ′̞ , ɦ/ɫ 

𝜂˕ ∙ 𝜂ˍ ∙ ܹ̅଴′′ 0,666 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 20 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

Ʉɨɧɟɱɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɜ ɪɚɡɜɟɪɟɧɧɨɣ ɬɪɭɛɟ ܹˑ ′̞′, 
ɦ/ɫ 

𝜂˕ ∙ 𝜂ˍ ∙ ଴ܹ˒ˑ′′  1,332 

ɋɪɟɞɧɟɟ ɧɚɩɨɪɧɨɟ 
ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ ɡɚɫɬɨɹ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ 
ɪɚɡɜɟɪɟɧɧɨɣ ɬɪɭɛɵ 𝜑̅ˊ 

ɉɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɚɦ ܹ̅଴′′ ɢ ܲ˄  [4]  0,77 

ɇɚɩɨɪɧɨɟ ɩɚɪɨɫɨɞɟɪɠɚɧɢɟ 
ɡɚɫɬɨɹ ɜ ɭɱɚɫɬɤɟ ɩɨɫɥɟ ɨɛɨɝɪɟɜɚ 
ɪɚɡɜɟɪɧɭɬɨɣ ɬɪɭɛɵ 𝜑ˊ˒ˑ 

ɉɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɚɦ ܹ̅଴′′ ɢ ܲ˄  [4]  
0,85 

ɇɚɩɨɪ ɡɚɫɬɨɹ ɜ ɪɚɡɜɟɪɟɧɧɨɣ 
ɬɪɭɛɟ ܵˊ, ɉɚ/ɦ2 ͳͲ ∙ ሺܪˑ˄ ∙ 𝜑̅ˊ + ˑ˒ܪ ∙ 𝜑ˊ˒ˑሻሺߩ′ −  ሻ 108532,71′′ߩ

ɉɨɥɟɡɧɵɣ ɧɚɩɨɪ ɷɤɪɚɧɚ ܵ˒ˑˎ, 
ɉɚ/ɦ2 Ɉɩɪɟɞɟɥɟɧ ɪɚɧɟɟ ɩɨ ɪɟɡɭɥɶɬɚɬɭ 

ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ 
 ∆ܲˑ ˒, ܵ˒ˑˎˍ = ݂ሺ ଴ܹሻ 

2559,37 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɡɚɫɬɨɸ ܵˊ ܵ˒ˑˎ⁄  ܵˊ ܵ˒ˑˎ⁄ > ͳ,ͳ 42,41 

 
Ɍɚɛɥɢɰɚ 21 - ɉɪɨɜɟɪɤɚ ɧɚ ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɰɢɪɤɭɥɹɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 
ɋɪɟɞɧɹɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɩɪɢ ɫɩɭɫɤɧɨɦ ɞɜɢɠɟɧɢɢ ɜ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɱɚɫɬɢ ܹ̅଴ˑ˄′′ , ɦ/ɫ 

ܹ̅଴ˑ˄′′ = ܹ̅଴′′ 0,0980 

ɋɪɟɞɧɹɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɩɪɢ ɫɩɭɫɤɧɨɦ ɞɜɢɠɟɧɢɢ ɧɚ 
ɭɱɚɫɬɤɟ ɞɨ ɨɛɨɝɪɟɜɚ ܹ̅଴ˇˑ′′ , ɦ/ɫ 

ܹ̅଴ˇˑ′′ = ଴ܹ˒ˑ′′  1,159 

ɋɪɟɞɧɹɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɜ ɷɤɪɚɧɟ ɩɪɢ ɨɩɭɫɤɧɨɦ 
ɞɜɢɠɟɧɢɢ ܹ̅଴эˎ′′ , ɦ/ɫ 

ܹ̅଴ˑ˄′′ ∙ ˄ˑܪ + ܹ̅଴ˇˑ′′ ∙ ଴ܪˑˇܪ − ˑ˒ܪ  0,123 

ɋɪɟɞɧɹɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ 
ɩɚɪɚ ɜ ɪɚɡɜɟɪɟɧɧɨɣ ɬɪɭɛɟ ɩɪɢ 
ɨɩɭɫɤɧɨɦ ɞɜɢɠɟɧɢɢ ܹ̅଴′̞′ , ɦ/ɫ 

𝜂˕ ∙ 𝜂ˍ ∙ ܹ̅଴эˎ′′  0,135 

ɉɨɥɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɬɪɭɛ ܼ 

˓ˍ଴эߣ ∙ ݈଴ ∑ 𝜉ˏ, 
ɝɞɟ ߣ଴эˍ˓– ɩɪɢɜɟɞɟɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɷɤɪɚɧɧɵɯ ɬɪɭɛ 
[4]  ݈଴ – ɞɥɢɧɚ ɬɪɭɛ ɷɤɪɚɧɚ ɨɬ 
ɧɢɠɧɟɝɨ ɤɨɥɥɟɤɬɨɪɚ ɞɨ ɜɟɪɯɧɟɝɨ 
ɫɛɨɪɧɨɝɨ, ɦ;  ∑ 𝜉ˏ = ∑ 𝜉˒ˑ˅эˍ˓ + 𝜉˅˘ + 𝜉˅ы˘ − 
ɫɭɦɦɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨ 
ɜɫɟɣ ɜɵɫɨɬɟ ɷɤɪɚɧɧɵɯ ɬɪɭɛ 

3,597 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 21 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ȼɟɥɢɱɢɧɚ 

ɍɞɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɤɪɚɧɚ  ܼ ⁄଴ܪ  0,124 

ɍɞɟɥɶɧɵɣ ɧɚɩɨɪ ɨɩɪɨɤɢɞɵɜɚɧɢɹ 
ɰɢɪɤɭɥɹɰɢɢ ܵˑ˒˓˖ˇ , ɉɚ/ɦ2  ɉɪɢɧɢɦɚɟɬɫɹ ɫɨɝɥɚɫɧɨ [4] 2500 

ɇɚɩɨɪ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɜ ɷɤɪɚɧɟ ܵˑ˒˓, ɉɚ/ɦ2 ܵˑ˒˓˖ˇ ∙ ሺܪ଴ −  ˑሻ 71032,50˒ܪ

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ 
ɨɩɪɨɤɢɞɵɜɚɧɢɸ ܵˑ˒˓ ܵ˒ˑˎ⁄  ܵˑ˒˓ ܵ˒ˑˎ⁄ > ͳ,ͳ 27,75 

 
Ɋɚɫɱɟɬ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ 

ɡɚɫɬɨɸ ܵˊ/ܵ˒ˑˎ > ͳ,ͳ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɨɩɪɨɤɢɞɵɜɚɧɢɸ ܵˑ˒˓ ܵ˒ˑˎ⁄ >ͳ,ͳ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɰɢɪɤɭɥɹɰɢɢ. 

 ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. 

ɉɟɪɟɜɨɞ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɧɚ ɬɜɟɪɞɨɟ ɲɥɚɤɨɭɞɚɥɟɧɢɟ ɢɦɟɟɬ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɫ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢ ɫɨɫɬɨɢɬ ɜ ɜɨɡɦɨɠɧɨɫɬɢ 
ɫɧɢɠɟɧɢɹ ɭɞɟɥɶɧɵɯ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɚɠɟ ɛɟɡ ɪɟɚɥɢɡɚɰɢɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɍɦɟɧɶɲɟɧɢɟ NOx ɨɛɴɹɫɧɹɟɬɫɹ 
ɫɧɢɠɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɹɞɪɟ ɡɨɧɵ ɝɨɪɟɧɢɹ. 

Ɍɚɤɠɟ ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɚɧɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɞɨ ɧɨɪɦɚɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ, ɚ ɢɦɟɧɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɧɢɠɧɟɝɨ ɞɭɬɶɹ 
ɢ ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɳɟɦɭ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɡɨɧɟ 
ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɸ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ ɫɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɮɚɤɟɥɚ. 

Ɍɨɩɥɢɜɧɵɟ ɨɤɫɢɞɵ ɚɡɨɬɚ ɩɨɞɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 𝐾ேைଶ˕˒ˎ = Ͳ.ͳʹ ∗ 𝜉ேை𝑥 ∗ ˆ𝛼ߚ ∗ 𝛼ଵߚ ∗ 𝑅ߚ ∗ ௏ߚ ∗  (84) ˏ˔ߚ

ɝɞɟ 𝜉ேை𝑥 — ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɨɩɥɢɜɚ 𝜉ேை𝑥 = ଴.଺ܴܨ + ሺͳ + ܰௗሻ (85) 

Ɂɞɟɫɶ ܴܨ — ɬɨɩɥɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɫɜɹɡɚɧɧɨɝɨ 
ɭɝɥɟɪɨɞɚ ɤ ɜɵɯɨɞɭ ɥɟɬɭɱɢɯ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, ܰௗ – ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɫɭɯɨɣ 
ɦɚɫɫɟ ɬɨɩɥɢɜɚ: 
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𝜉ேை𝑥 = ଴.଺ܴܨ + ሺͳ + ܰௗሻ (86) 

ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɩɪɹɦɨɬɨɱɧɨɣ ɝɨɪɟɥɤɟ ߚ𝛼ˆ = ሺͲ.ͷ͵ ∗ ˆߙ + Ͳ.ͳͷሻଶ (87) 

ȼɥɢɹɧɢɟ ɞɨɥɢ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ ߚ𝛼ଵ = ሺͳ.͹͵ ∗ ଵߙ + Ͳ.Ͷͺሻଶ (88) 

ȼɥɢɹɧɢɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɩɟɪɜɢɱɧɵɣ ɜɨɡɞɭɯ ߚ𝑅 = ͳ − Ͳ.Ͳͳ͸√ܴ (89) 

ȼɥɢɹɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɨɛɪɚɡɨɜɚɧɢɹ 
ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ߚ௏ = Ͳ.ͳͳ ∗ √ Зܶʏʒ′′ − ͳͳͲͲయ

 
(90) 

ȼɥɢɹɧɢɟ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɨɪɧɟ ɮɚɤɟɥɚ ɩɪɹɦɨɬɨɱɧɵɯ ɝɨɪɟɥɨɤ  ߚ˔ˏ = Ͳ.ͻͺ ∗ ଵݓଶݓ − Ͳ.Ͷ͹ (91) 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɨɡɞɭɲɧɵɯ ɨɤɫɢɞɵ ɚɡɨɬɚ, ɧɭɠɧɨ ɧɚɣɬɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɡɨɧɟ ɚɤɬɢɜɧɨɝɨ ɝɨɪɟɧɢɹ: ߙЗʏʒ′′ = ˆߙ + ͳ ʹ⁄ ∗ 𝛥(92) ˕ߙ 

Ⱦɥɹ ɩɨɞɫɱɟɬɚ 𝐾ேைଶ˅ˊˇ  ɢɫɩɨɥɶɡɭɸɬ ɡɚɜɢɫɢɦɨɫɬɶ, ɭɱɢɬɵɜɚɸɳɭɸ ɢɡɜɟɫɬɧɨɟ 
ɭɪɚɜɧɟɧɢɟ Ɂɟɥɶɞɨɜɢɱɚ: 

𝐾ேைଶ˅ˊˇ = ͳ.ͷͶ ∗ ͳͲଵ଺√ Зܶʏʒ′′ ∗ ′′Зʏʒߙ√ − ͳߙЗʏʒ′′ ∗ exp ቆ− ͸͹ͲͲЗܶʏʒ′′ ቇ
= ͳ.ͷͶ ∗ ͳͲଵ଺√ͳ͹Ͳ͹ ∗ √ͳ,ʹʹͷ − ͳͳ,ʹʹͷ ∗ exp (− ͸͹ͲͲͳ͹Ͳ͹) 

(93) 

ɋɭɦɦɚɪɧɵɣ ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɝ/ɆȾɠ 𝐾ேைଶ = 𝐾ேைଶ˅ˊˇ + 𝐾ேைଶ˕˒ˎ = (94) 

Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɦɝ/ɦ3 
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ʠேைଶ = 𝐾ேைଶ ܳ˓ܸ̂ː = 
(95) 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɝ/ɫ 𝐾ேைଶ = ˓ܤ ∙ 𝐾ேைଶ ܳ˓ːͳͲͲͲ 
(96) 

 
Ɍɚɛɥɢɰɚ 22 – ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɚɬɦɨɫɮɟɪɭ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ⱦɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɉɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

ɉȾɄɫɫ 

Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɦɝ/ɦ3 

607,94 237,8 370 

Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ 
ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɝ/ɫ 79,162 31,21  
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3 ɗɤɨɧɨɦɢɱɟɫɤɚя ɱɚɫɬɶ 

 Ɉɰɟɧɤɚ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ  

Ɉɫɧɨɜɧɵɦɢ ɫɬɚɬɶɹɦɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɹɜɥɹɸɬɫɹ: ɡɚɦɟɧɚ ɬɨɩɨɱɧɵɯ 
ɷɤɪɚɧɨɜ, ɭɫɬɚɧɨɜɤɚ ɧɨɜɵɯ ɦɟɥɶɧɢɱɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɞɵɦɨɫɨɫ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɝɚɡɨɜ, ɦɟɥɶɧɢɱɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ. ȼɫɟ ɰɟɧɵ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɫɜɨɛɨɞɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ, ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɧɟɦɧɨɝɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɪɵɧɨɱɧɵɯ. 

 
Ɍɚɛɥɢɰɚ 23 – ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɚɬɦɨɫɮɟɪɭ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ  Ʉɨɥɢɱɟɫɬɜɨ ɋɬɨɢɦɨɫɬɶ 
Ɍɨɩɨɱɧɵɟ ɷɤɪɚɧɵ 78,8 ɬ 10,15 ɦɥɧ. ɪɭɛ. 
ɆɆɌ 1500/2510/750 4 ɲɬ. 16 ɦɥɧ. ɪɭɛ. 
ȾɊȽ- 19,5 1 ɲɬ. 0,4 ɦɥɧ. ɪɭɛ. 
Ɇȼ-180/1100-I 4 ɲɬ. 2,4 ɦɥɧ. ɪɭɛ. 
Ⱦɨɫɬɚɜɤɚ ɢɡ ɝ. Ȼɚɪɧɚɭɥ  0,82 ɦɥɧ. ɪɭɛ. 
Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ  12 ɦɥɧ. ɪɭɛ. 
ɂɬɨɝɨ ɜɤɥɸɱɚɹ ɦɨɧɬɚɠ:  54,301 ɦɥɧ. ɪɭɛ. 

 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɢ ɡɚɬɪɚɬ ɧɚ ɪɚɫɲɥɚɤɨɜɤɭ ɢ ɜɵɩɥɚɬ ɡɚ ɜɵɛɪɨɫɵ 
ɜ ɚɬɦɨɫɮɟɪɭ 

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɨɬ ɷɤɨɧɨɦɢɢ ɡɚɬɪɚɬ ɧɚ ɪɚɫɲɥɚɤɨɜɤɭ, ɪɭɛ.: ʞ˛ˎ = (ʡˇ˓ − ʡ˒˓) ∙ 𝐾ௐэ ∙ эܹ ∙ ͳͲଷ ∙ ݇ээ (97) 

ɝɞɟ ʡˇ˓, ʡ˒˓- ɜɪɟɦɹ ɨɫɬɚɧɨɜɤɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɧɚ ɪɚɫɲɥɚɤɨɜɤɭ ɞɨ ɢ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɱ. ʡˇ˓ = ͺͶͲ, ʡ˒˓ = ͵͵͸; 

 𝐾ௐэ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɝɪɭɡɤɢ ɧɚ Ɍ-110-130 ɫ ɨɞɧɨɝɨ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȻɄɁ-

420-140. 𝐾ௐэ = ସଶ଴ସ଼଴ = Ͳ,ͺ͹ͷ; 

эܹ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɭɪɛɨɚɝɪɟɝɚɬɚ, Ɇȼɬ, эܹ = ͳͳͲ. ݇ээ − ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɝ. Ʉɪɚɫɧɨɹɪɫɤɟ, ɪɭɛ./ɤȼɬ*ɱ, ݇ээ = ʹ,ͷ  ʞ˛ˎ = ሺͺͶͲ − ͵͵͸ሻ ∙ Ͳ,ͺ͹ͷ ∙ ͳͳͲ ∙ ͳͲଷ ∙ ʹ,ͷ = ͳʹʹ͹͵Ͳ͵ͲͲ ˓˖˄.= ͳʹʹ,͹͵ ˏˎː. ˓˖˄. 
Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɨɬ ɷɤɨɧɨɦɢɢ ɡɚɬɪɚɬ ɧɚ ɜɵɩɥɚɬɭ ɡɚ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ, 

ɪɭɛ./ɝɨɞ: ʞேை𝑥 = ܷேைଶˇ˓ − ܷேைଶ˒˓  (98) 

ɝɞɟ ܷேைଶˇ˓ , ܷேைଶ˒˓  – ɨɬɱɢɫɥɟɧɢɹ ɡɚ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ ɪɭɛ./ɝɨɞ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɤɚɤ: 
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ܷேைଶˇ˓ = 𝐾ேைଶˇ˓ ∙ ʡˍ/˃ ∙ ݇ேை𝑥˅ːˑ˓ˏ (99) ܷேைଶˇ˓ = 𝐾ேைଶ˒˓ ∙ ʡˍ/˃ ∙ ݇ேை𝑥ːˑ˓  (100) 𝐾ேைଶˇ˓ – Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ (ɬɚɛɥɢɰɚ 22), ɝ/ɫ, 𝐾ேைଶˇ˓ = ͹ͻ,ͳ͸ʹ. 𝐾ேைଶ˒˓ – Ɇɚɫɫɨɜɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ (ɬɚɛɥɢɰɚ 22), 
ɝ/ɫ, 𝐾ேைଶ˒˓ = ͵ͳ,ʹͳ. ʡˍ/˃– ɜɪɟɦɹ ɪɚɛɨɬɵ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɜ ɝɨɞɭ (ɬɚɛɥɢɰɚ 22), ɱ, 𝐾ேைଶ˒˓ = ͸ͶͺͲ. ݇ேை𝑥ːˑ˓ , ݇ேை𝑥˅ːˑ˓ˏ − ɧɨɪɦɚɬɢɜ ɜɵɩɥɚɬɵ ɡɚ ɬɨɧɧɭ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɜ ɉȾɄ 

ɢ ɜɵɲɟ ɉȾɄ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɭɛ./ɬ, ݇ேை𝑥ːˑ˓ = ͷʹ, ݇ேை𝑥˅ːˑ˓ˏ = ʹ͸Ͳ ܷேைଶˇ˓ = ͹ͻ,ͳ͸ʹͳͲͲͲͲͲͲ ∙ ሺ͸ͶͺͲ ∙ ͵͸ͲͲሻ ∙ ʹ͸Ͳ = ͶͺͲͳ͵ͻ,͸ ˓˖˄./ˆˑˇ 

ܷேைଶ˒˓ = ͵ͳ,ʹͳͳͲͲͲͲͲͲ ∙ ሺ͸ͶͺͲ ∙ ͵͸ͲͲሻ ∙ ͷʹ = ͵͹ͺͷͻ,Ͷ ˓˖˄./ˆˑˇ ʞேை𝑥 = ͶͺͲͳ͵ͻ,͸ − ͵͹ͺͷͻ,Ͷ = ͶͶʹ,ʹͺ ˕ы˔. ˓˖˄/ˆˑˇ. 
Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ. ɪɭɛ./ɝɨɞ: ܷ𝑎 = 𝐾 ∙  𝑎 (101)ܪ

ɝɞɟ 𝐾- ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ. ɪɭɛ. (ɬɚɛɥɢɰɚ 23), 𝐾 = ͵͹,͸; 

𝑎ܪ  = ͸,͹% – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ. ܷ𝑎 = ͷͶ,͵Ͳͳ ∙ Ͳ,Ͳ͸͹ = ͵,͸͵ͺ ˏˎː. ˓˖˄./ˆˑˇ 

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɫ ɭɱɟɬɨɦ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ. ɪɭɛ./ɝɨɞ: 

ʞ = (ʞேை𝑥 + ʞ˛ˎ) ∙ Ͳ,ͺ + 𝑎 (102) ʞܪ = ሺͲ,ͶͶʹ + ͳʹʹ,͹͵ሻ ∙ Ͳ,ͺ + ͵,͸͵ͺ = ͳͲͳ,Ͳͷ ˏˎː. ˓˖˄./ˆˑˇ 

ɋɪɨɤ ɨɤɤɭɩɚɟɦɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

ܲܲܦ = ∑ ʞ𝑡ଵሺͳ + ሻ𝑡ݎ − ሺ𝐾 + ܷ𝑎ሻ 
(103) 

ɝɞɟ ݎ –ɧɨɪɦɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, %, , ݎ = ͳͲ; 
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ܲܲܦ .ɬɟɤɭɳɢɣ ɝɨɞ – ݐ  = ͳͲͳ,Ͳͷሺͳ + Ͳ.ͳሻଵ − ሺͷͶ,͵Ͳͳ + ͵,͸͵ͺሻ = ͵͵,ͻʹ ˏˎː. ˓˖˄./ˆˑˇ 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɵɣ ɞɨɯɨɞ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɧɭɥɹ ɭɠɟ ɧɚ 
ɩɟɪɜɨɦ ɝɨɞɭ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɟɤɬ ɷɮɮɟɤɬɢɜɵɣ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɜɤɥɚɞɵɜɚɬɶ ɞɟɧɶɝɢ ɜ ɷɬɨɬ ɩɪɨɟɤɬ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ȻɄɁ-420-140 ɩɪɨɜɟɞɟɧɵ ɤɨɦɩɥɟɤɫɧɵɟ ɪɚɫɱɟɬɵ, 
ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ: ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɨɚɝɪɟɝɚɬɚ, ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɧɬɭɪɚ 
ɰɢɪɤɭɥɹɰɢɢ, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɟɨɬɥɚ, ɪɚɫɱɟɬ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ. 

Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɩɥɨɳɚɞɶ ɧɚɝɪɟɜɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ (1285,8 ɦ2) ɢ ɬɨɩɨɱɧɵɣ ɨɛɴɟɦ (2256,59 ɦ3), 
ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɢ 
ɨɩɬɢɦɚɥɶɧɨɟ ɨɛɴɟɦɧɨɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ ɞɥɹ ɬɨɩɨɤ ɫ ɬ.  ɉɨɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɬɟɩɥɨ 
ɧɚɩɪɹɠɟɧɢɣ ɬɨɩɨɱɧɨɝɨ ɨɛɴɟɦɚ ɩɪɢɜɟɞɭɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɫɧɢɠɟɧɢɸ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɲɥɚɤɨɜɚɧɢɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɟ. 

Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɫɭɲɢɥɶɧɨ-ɦɟɥɶɧɢɱɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ 
ɧɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ 
ɩɪɨɦɛɭɧɤɟɪɨɦ ɧɚ ɫɢɫɬɟɦɭ ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ. Ɍɚɤɠɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɤɨɥɢɱɟɫɬɜɨ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɦɟɥɶɧɢɰɭ, ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ 
ɱɟɪɟɡ ɝɨɪɟɥɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɢ ɨɩɪɟɞɟɥɟɧɵ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɩɨ ɡɚɫɬɨɸ ɢ ɩɨ ɨɩɪɨɤɢɞɵɜɚɧɢɸ, ɤɨɬɨɪɵɟ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɬɭɪɚ ɰɢɪɤɭɥɹɰɢɢ. Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ 
ɪɚɫɱɟɬ ɤɨɬɥɚ ɩɨɞɬɜɟɪɞɢɥ ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨ ɡɚɦɟɧɟ ɨɫɧɨɜɧɵɯ 
ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ. ɇɨ ɜɫɥɟɞɫɬɜɢɟ ɩɟɪɟɯɨɞɚ ɧɚ ɫɢɫɬɟɦɭ ɩɪɹɦɨɝɨ ɜɞɭɜɚɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɧɢɬɶ ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ɢ ɞɵɦɨɫɨɫ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɵɥ ɜɵɩɨɥɧɟɧ ɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɢ ɜɵɛɪɚɧɨ 
ɨɛɨɪɭɞɨɜɚɧɢɟ.  

ɉɪɨɜɟɞɟɧɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɬɚɤɠɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦ 
ɨɛɪɚɡɨɦ ɜɥɢɹɟɬ ɧɚ ɬɨɤɫɢɱɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ɍɥɭɱɲɟɧɢɟ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɫɜɹɡɚɧɨ ɫ ɩɨɧɢɠɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɤɟɥɚ ɢɡ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɨɪɝɚɧɢɡɚɰɢɟɣ 
ɬɪɟɬɢɱɧɨɝɨ ɞɭɬɶɹ. 

ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɚɫɱɟɬɚ, ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɦɟɧɶɲɟ ɝɨɞɚ. ɉɪɨɟɤɬ 
ɷɮɮɟɤɬɢɜɟɧ, ɜɤɥɚɞɵɜɚɬɶ ɢɧɜɟɫɬɢɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ȻɄɁ-
420-140, ɩɨ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɜɚɪɢɚɧɬɭ, ɷɤɨɧɨɦɢɱɟɫɤɢ, ɷɤɨɥɨɝɢɱɟɫɤɢ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɚ. 
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