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ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
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ɢɧɫɬɢɬɭɬ 
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Ɍɟɯ. ɤɨɧɬɪɨɥɶ      ȿ.Ⱥ. Ȼɨɣɤɨ 
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ɋɬɭɞɟɧɬɭ Ɋɵɠɤɨɜɭ ɇɢɤɢɬɟ ɋɟɪɝɟɟɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 
Ƚɪɭɩɩɵ Ɏɗ16 ‒ 02Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ ɝɪɭɩɩɵ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɞɜɭɯɬɨɩɥɢɜɧɨɣ ɉȽɍ  
Ɍɗɐ 380 Ɇȼɬ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 746/ɫ ɨɬ 27ɹɧɜɚɪɹ 2020 ɝ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ, ɩɪɨɮɟɫɫɨɪ, ɞɨɤɬɨɪ. ɬɟɯɧ. ɧɚɭɤ, ɤɚɮɟɞɪɚ Ɍɗɋ 
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ɪɚɡɦɟɳɟɧɢɹ – ɝɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ, ɬɨɩɥɢɜɨ – ɤɚɦɟɧɧɵɣ  
ɭɝɨɥɶ ɤɭɡɧɟɰɤɢɣ Ⱦ, Ɋ, ɋɒ ɢ ɝɚɡ ɋɚɦɨɬɥɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ɜɜɟɞɟɧɢɟ, ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 
 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  
Ʌɢɫɬ 1. Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɞɜɭɯɬɨɩɥɢɜɧɨɣ Ɍɗɋ 
Ʌɢɫɬ 2. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 
Ʌɢɫɬ 3. Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
Ʌɢɫɬ 4. Ɋɚɡɪɟɡɵ ɝɚɡɨɜɨɣ ɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 
Ʌɢɫɬ 5. Ɋɚɡɪɟɡ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
Ʌɢɫɬ 6. Ɋɚɡɪɟɡ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɤɨɬɥɚ 
Ʌɢɫɬ 7. ɋɯɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    ȿ.Ⱥ. Ȼɨɣɤɨ 
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɹ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ    ɇ.ɋ. Ɋɵɠɤɨɜ 
  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

     



ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɉɪɨɟɤɬ ɞɜɭɯɬɨɩɥɢɜɧɨɣ 
ɉȽɍ Ɍɗɐ 380 Ɇȼɬ» ɫɨɫɬɨɢɬ ɢɡ 54 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 7 ɥɢɫɬɨɜ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ȼɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 10 ɢɫɬɨɱɧɢɤɨɜ ɥɢɬɟɪɚɬɭɪɵ. 

 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ȾȼɍɏɌɈɉɅɂȼɇȺə ɉȽɍ, ɌɍɊȻɈȺȽɊȿȽȺɌ, ȽȺɁɈȼȺə 

ɌɍɊȻɂɇȺ, ɄɈɌȿɅ ɍɌɂɅɂɁȺɌɈɊ, ɄɈɌȿɅɖɇɕɃ ȺȽɊȿȽȺɌ, ɌȿɉɅɈȼȺə 
ɋɏȿɆȺ. 

 
Ɉɛɴɟɤɬ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ – ɛɥɨɤ ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ 

ɜɯɨɞɹɬ ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ȽɌȾ-110, ɤɨɬɟɥ ɭɬɢɥɢɡɚɬɨɪ, ɩɪɹɦɨɬɨɱɵɣ ɤɨɬɟɥ ɉ-59 ɢ 
ɬɭɪɛɨɚɝɪɟɝɚɬ Ɍ-260-240. 

 
ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɢɫɤ ɦɟɫɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɩɨɞɛɨɪ ɨɫɧɨɜɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
 
ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɝɚɡɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

ɭɩɪɨɳɟɧɧɵɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ; ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ 
ɫɯɟɦɵ; ɪɚɫɫɱɢɬɚɧɨ ɜɨɡɞɟɣɫɬɜɢɟ ɨɛɴɟɤɬɚ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; ɪɚɡɪɚɛɨɬɚɧ 
ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɢ ɤɨɦɩɚɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɡɚɤɥɸɱɟɧɢɢ, ɚ ɬɚɤɠɟ ɜ ɬɟɤɫɬɟ 

ɞɨɤɭɦɟɧɬɚ ɢ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɯɟɦ, ɬɚɛɥɢɰ ɢ ɱɟɪɬɟɠɟɣ. 
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ȼȼȿȾȿɇɂȿ 

Ƚɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ ɧɚɯɨɞɢɬɫɹ ɜ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ, ɧɚ ɸɝɟ Ɂɚɩɚɞɧɨɣ 
ɋɢɛɢɪɢ, ɜ ɸɠɧɨɣ ɱɚɫɬɢ Ʉɭɡɧɟɰɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ (Ʉɭɡɛɚɫɫɚ). ȼ ɪɟɣɬɢɧɝɟ 
ɝɨɪɨɞɨɜ ɨɧ ɡɚɧɢɦɚɟɬ ɬɪɟɬɶɟ ɦɟɫɬɨ - ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɠɢɬɟɥɟɣ, ɢ ɩɹɬɨɟ - ɩɨ 
ɩɥɨɳɚɞɢ. Ɉɛɪɚɡɨɜɚɧ ɧɚ ɦɟɫɬɟ ɫɟɥɚ ɉɪɨɤɨɩɶɟɜɫɤɨɝɨ. ɋ 1917 ɝɨɞɚ ɜɟɞɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɭɝɨɥɶɧɨɝɨ ɪɭɞɧɢɤɚ ɉɪɨɤɨɩɶɟɜɫɤɢɣ. 

Ɉɛɳɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɧɚ 2019 ɝɨɞ ɫɨɫɬɚɜɥɹɟɬ 191 839 ɱɟɥɨɜɟɤ. 

Ƚɨɪɨɞ ɜɯɨɞɢɬ ɜ ɇɨɜɨɤɭɡɧɟɰɤɭɸ (Ʉɭɡɛɚɫɫɤɭɸ) ɚɝɥɨɦɟɪɚɰɢɸ. ɉɨ ɞɚɧɧɵɦ ɧɚ 
2010 ɝɨɞ, ɧɚɫɟɥɟɧɢɟ ɤɨɬɨɪɨɣ ɧɚɫɱɢɬɵɜɚɟɬ 1,15 ɦɥɧ ɱɟɥɨɜɟɤ. Ʉɭɡɛɚɫɫɤɚɹ 
ɚɝɥɨɦɟɪɚɰɢɹ ɡɚɧɢɦɚɟɬ 12-ɟ ɦɟɫɬɨ ɩɨ ɜɟɥɢɱɢɧɟ ɜ Ɋɨɫɫɢɢ ɢ 4-ɟ ɜ ɋɢɛɢɪɢ, ɩɨɫɥɟ 
ɇɨɜɨɫɢɛɢɪɫɤɨɣ, Ʉɪɚɫɧɨɹɪɫɤɨɣ ɢ Ɉɦɫɤɨɣ ɝɨɪɨɞɫɤɢɯ ɚɝɥɨɦɟɪɚɰɢɣ. Ʉɭɡɛɚɫɫɤɚɹ 
ɚɝɥɨɦɟɪɚɰɢɹ ɜɤɥɸɱɚɟɬ ɬɚɤɢɟ ɝɨɪɨɞɚ, ɤɚɤ ɇɨɜɨɤɭɡɧɟɰɤ, Ʉɚɥɬɚɧ, Ʉɢɫɟɥёɜɫɤ, 
Ɇɟɠɞɭɪɟɱɟɧɫɤ, Ɇɵɫɤɢ, Ɉɫɢɧɧɢɤɢ, ɉɪɨɤɨɩɶɟɜɫɤ, ɚ ɬɚɤɠɟ ɩɨɫɟɥɟɧɢɹ 
Ɇɟɠɞɭɪɟɱɟɧɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ, ɇɨɜɨɤɭɡɧɟɰɤɨɝɨ ɢ ɉɪɨɤɨɩɶɟɜɫɤɨɝɨ 
ɦɭɧɢɰɢɩɚɥɶɧɵɯ ɪɚɣɨɧɨɜ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ.  

ɉɨɫɥɟ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ ɜɨɣɧɵ ɜ ɝɨɪɨɞɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɥɢ ɲɚɯɬɵ: 
ɉɪɨɤɨɩɶɟɜɫɤɚɹ, Ʉɪɚɫɧɨɝɨɪɫɤɚɹ, Ɂɢɦɢɧɤɚ, ɋɟɜɟɪɧɵɣ Ɇɚɝɚɧɚɤ ɢ Ɂɟɧɤɨɜɫɤɢɟ 
ɭɤɥɨɧɵ. Ƚɨɪɨɞ ɹɜɥɹɥɫɹ ɨɞɧɢɦ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɭɝɥɟɞɨɛɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ ɋɋɋɊ ɢ 
ɡɚ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɭɝɨɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ 1981 ɝɨɞɭ ɝɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ 
ɩɨɥɭɱɢɥ Ɉɪɞɟɧ Ɍɪɭɞɨɜɨɝɨ Ʉɪɚɫɧɨɝɨ Ɂɧɚɦɟɧɢ. Ⱦɟɧɶ ɝɨɪɨɞɚ ɩɪɢɭɪɨɱɟɧ ɤ ɜɚɠɧɨɦɭ 
ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɠɢɬɟɥɟɣ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɦɭ ɩɪɚɡɞɧɢɤɭ — Ⱦɧɸ ɒɚɯɬɟɪɚ ɢ 
ɩɪɚɡɞɧɭɟɬɫɹ ɟɠɟɝɨɞɧɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɨɫɤɪɟɫɟɧɶɟ ɚɜɝɭɫɬɚ. 

Ɋɚɫɩɨɪɹɠɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 29.07.2014 N 1398-ɪ (ɪɟɞ. ɨɬ 
13.05.2016) «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɩɟɪɟɱɧɹ ɦɨɧɨɝɨɪɨɞɨɜ», ɜɤɥɸɱɟɧ ɜ ɤɚɬɟɝɨɪɢɸ 
ɦɨɧɨɝɨɪɨɞɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɤɚɤ ɝɨɪɨɞ, ɫ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɫɨɰɢɚɥɶɧɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɩɨɥɨɠɟɧɢɟɦ ɢ ɪɢɫɤɚɦɢ ɭɯɭɞɲɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ. 

ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 03.12.2018 
№ 1470 ɜ ɝɪɚɧɢɰɚɯ ɉɪɨɤɨɩɶɟɜɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɫɨɡɞɚɧɚ Ɍɟɪɪɢɬɨɪɢɹ 
ɨɩɟɪɟɠɚɸɳɟɝɨ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ (ɌɈɋɗɊ). 

ȼ Ʉɭɡɛɚɫɫɟ ɢ ɞɚɠɟ ɩɨ Ɋɨɫɫɢɢ ɝɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ, ɡɚɧɢɦɚɥ ɜɟɞɭɳɢɟ 
ɩɨɡɢɰɢɢ ɢ ɹɜɥɹɥɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɰɟɧɬɪɨɜ ɞɨɛɵɱɢ ɤɨɤɫɭɸɳɟɝɨɫɹ ɭɝɥɹ. ȼ 
ɝɨɞɵ ɪɚɫɰɜɟɬɚ ɭɝɨɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɝɨɪɨɞ ɧɚɫɱɢɬɵɜɚɥ ɲɟɫɬɧɚɞɰɚɬɶ 
ɭɝɨɥɶɧɵɯ ɲɚɯɬ. ȼ 2016 ɝɨɞɭ ɞɟɣɫɬɜɭɟɬ ɨɞɧɚ — ɢɦɟɧɢ Ⱦɡɟɪɠɢɧɫɤɨɝɨ 
(ɥɢɤɜɢɞɢɪɨɜɚɧɚ ɜ 2019 ɝɨɞɭ). ɇɟɞɚɥɟɤɨ ɨɬ ɝɨɪɨɞɚ Ȼɟɪёɡɨɜɫɤɢɣ ɪɚɡɪɟɡ. 
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1 Ɉɛɨɫɧɨɜɚɧɢɟ ɚɤɬɭɚɥɶɧɨɫɬɢ 
1.1 Ɇɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

Ɇɟɫɬɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɵɛɪɚɧ ɝɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ ɢɡ-
ɡɚ ɫɜɨɟɝɨ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɤ 
ɭɝɨɥɶɧɵɦ ɪɚɡɪɟɡɚɦ ɢ ɝɚɡɨɜɵɦ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
ɭɫɥɨɜɢɣ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɧɧɨɣ Ɍɗɐ. Ɍɚɤ ɠɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɧɟɬ ɧɢ ɨɞɧɨɣ 
Ɍɗɐ, ɜɫɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɝɨɪɨɞɚ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɤɨɬɟɥɶɧɵɟ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 
ɭɫɬɚɪɟɜɲɢɦɢ ɢ ɫ ɧɟ ɷɤɨɥɨɝɢɱɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ. 

ɉɨ ɞɚɧɧɵɦ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɝɨɪɨɞɚ ɉɪɨɤɨɩɶɟɜɫɤɚ ɩɪɢɪɨɫɬ ɠɢɥɢɳɧɨɝɨ 
ɮɨɧɞɚ ɫ 2017 ɝ. ɩɨ 2028 ɝ. ɩɪɨɝɧɨɡɢɪɭɟɬɫɹ ɧɚ ɭɪɨɜɧɟ 726 817 ɦ2, ɚ ɩɪɢɪɨɫɬ 
ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɡɚ ɷɬɨɬ ɠɟ ɩɟɪɢɨɞ ɫɨɫɬɚɜɢɬ 47,784 Ƚɤɚɥ/ɱ. ɗɬɢ ɞɚɧɧɵɟ ɞɚɸɬ 
ɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɝɨɪɨɞɟ ɫɭɳɟɫɬɜɭɟɬ ɩɨɬɪɟɛɧɨɫɬɶ 
ɜ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɩɚɧɢɢ. 

1.2 ȼɢɞ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ 

ȼ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɚ ɬɢɩɚ ɬɨɩɥɢɜɚ, ɭɝɨɥɶ ɢ 
ɩɪɢɪɨɞɧɵɣ ɝɚɡ. Ƚɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɭɡɛɚɫɫɤɨɝɨ 
ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ, ɜ ɫɚɦɨɦ ɝɨɪɨɞɟ ɪɚɫɩɨɥɨɠɟɧɨ ɩɨɪɹɞɤɚ 27 ɭɝɨɥɶɧɵɯ ɲɚɯɬ ɢ 
ɩɪɨɤɨɩɶɟɜɫɤɨ-ɤɢɫɟɥɟɜɫɤɢɣ ɭɝɨɥɶɧɵɣ ɪɚɡɪɟɡ. ɍɝɨɥɶ ɜ ɞɚɧɧɨɦ ɪɚɣɨɧɟ ɤɚɦɟɧɧɵɣ 
ɫɥɚɛɨɫɩɟɤɚɸɳɢɣɫɹ, ɫ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɧɟ ɧɢɠɟ 21 Ɇɞɠ/ɤɝ. 

Ɍɚɤ ɠɟ ɩɨ ɬɟɪɪɢɬɨɪɢɢ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ ɩɪɨɯɨɞɢɬ ɝɚɡɨɩɪɨɜɨɞ 
ɇɢɠɧɟɜɚɪɬɨɜɫɤɢɣ ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɣ ɡɚɜɨɞ – ɉɚɪɚɛɟɥɶ - Ʉɭɡɛɚɫɫ. 

1.3 ɗɤɨɥɨɝɢɱɟɫɤɚя ɨɛɫɬɚɧɨɜɤɚ ɜ ɪɟɝɢɨɧɟ 

ɉɨ ɞɚɧɧɵɦ ɡɚ 1998 ɝɨɞ ɩɨɥɧɵɟ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 
ɫɨɫɬɚɜɢɥɢ 1237,655 ɬɵɫ. ɬ. ɋɸɞɚ ɜɯɨɞɹɬ ɜɵɛɪɨɫɵ ɨɬ ɫɬɚɰɢɨɧɚɪɧɵɯ (ɩɪɟɞɩɪɢɹɬɢɹ 
ɢ ɡɚɜɨɞɵ) ɢ ɩɟɪɟɞɜɢɠɧɵɯ (ɬɪɚɧɫɩɨɪɬ) ɢɫɬɨɱɧɢɤɨɜ. ɋɨɨɬɧɨɲɟɧɢɟ ɜɵɛɪɨɫɨɜ ɩɨ 
ɜɢɞɚɦ: 

 Ɍɜɟɪɞɵɟ – 227,773 ɬɵɫ. ɬ; 
 Ⱦɢɨɤɫɢɞ ɫɟɪɵ – 135,492 ɬɵɫ. ɬ; 
 Ɉɤɫɢɞɵ ɭɝɥɟɪɨɞɚ – 579,762 ɬɵɫ. ɬ; 
 Ɉɤɫɢɞɵ ɚɡɨɬɚ – 132,321 ɬɵɫ. ɬ; 
 ɍɝɥɟɜɨɞɨɪɨɞɵ – 143,674 ɬɵɫ. ɬ; 
 ɉɪɨɱɢɟ ɝɚɡɨɨɛɪɚɡɧɵɟ – 18,633 ɬɵɫ. ɬ. 

ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ 
ɨɛɳɟɝɨ ɜɵɛɪɨɫɚ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. 

ȼɵɛɪɨɫɵ ɨɬ ɬɪɚɧɫɩɨɪɬɚ ɫɨɫɬɚɜɥɹɸɬ 237,423 ɬɵɫ. ɬ (19,2%), ɜ ɬɨɦ ɱɢɫɥɟ: 
 ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ – 225,116 ɬɵɫ. ɬ; 



8  

 ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɬɪɚɧɫɩɨɪɬ – 11,65 ɬɵɫ. ɬ; 
 ɜɨɡɞɭɲɧɵɣ ɬɪɚɧɫɩɨɪɬ – 0,655 ɬɵɫ. ɬ. 

ɉɨ ɨɬɞɟɥɶɧɵɦ ɜɟɳɟɫɬɜɚɦ ɜɵɛɪɨɫɵ ɨɬ ɬɪɚɧɫɩɨɪɬɚ ɫɨɫɬɚɜɥɹɸɬ: 
 ɫɚɠɚ – 0,767 ɬɵɫ. ɬ; 
 ɨɤɫɢɞɵ ɭɝɥɟɪɨɞɚ – 170,011 ɬɵɫ. ɬ; 
 ɨɤɫɢɞɵ ɚɡɨɬɚ – 36,487 ɬɵɫ. ɬ; 
 ɭɝɥɟɜɨɞɨɪɨɞɵ – 27,101 ɬɵɫ. ɬ; 
 ɞɢɨɤɫɢɞ ɫɟɪɵ – 2,846 ɬɵɫ. ɬ; 
 ɫɜɢɧɟɰ – 0,211 ɬɵɫ. ɬ. 

ȼɵɛɪɨɫɵ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɫɨɫɬɚɜɥɹɸɬ 94,8% ɨɬ ɜɫɟɯ ɩɟɪɟɞɜɢɠɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ. 

ȼɤɥɚɞ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɡɚɝɪɹɡɧɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 18,4% ɜ ɰɟɥɨɦ ɩɨ ɨɛɥɚɫɬɢ, 
ɧɨ ɜ ɨɬɞɟɥɶɧɵɯ ɝɨɪɨɞɚɯ ɨɧ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɬɚɤ ɜ Ⱥɧɠɟɪɨ-ɋɭɞɠɟɧɫɤɟ – 34,5%, 
ɜ Ɇɟɠɞɭɪɟɱɟɧɫɤɟ – 35,2%, Ʉɟɦɟɪɨɜɟ – 42,2%. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ 1997 ɝ. ɜɵɛɪɨɫɵ ɨɬ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɭɜɟɥɢɱɢɥɢɫɶ ɧɚ 2,8% (6,408 ɬɵɫ. ɬɨɧɧ). 

ɋɜɟɞɟɧɢɹ ɨɛ ɨɯɪɚɧɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ 1998 ɝɨɞ ɩɨ ɮɨɪɦɟ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɬɱɟɬɧɨɫɬɢ №2-Ɍɉ (ɜɨɡɞɭɯ) ɩɨɥɭɱɟɧɵ ɨɬ 1384 ɩɪɟɞɩɪɢɹɬɢɣ, 
ɭɱɪɟɠɞɟɧɢɣ, ɨɪɝɚɧɢɡɚɰɢɣ ɨɛɥɚɫɬɢ. 

Ɉɬ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ ɩɨɫɬɭɩɚɟɬ 1000,232 
ɬɵɫ. ɬ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ (ɩɪɢ ɥɢɦɢɬɟ ɜɵɛɪɨɫɨɜ 1042,499 ɬɵɫ. ɬ), ɜ ɬɨɦ 
ɱɢɫɥɟ: 

 ɬɜɟɪɞɵɟ – 226,795 ɬɵɫ. ɬ; 
 ɞɢɨɤɫɢɞ ɫɟɪɵ – 132,646 ɬɵɫ. ɬ; 
 ɨɤɫɢɞɵ ɭɝɥɟɪɨɞɚ – 409,751 ɬɵɫ. ɬ; 
 ɨɤɫɢɞɵ ɚɡɨɬɚ – 95,834 ɬɵɫ. ɬ; 
 ɭɝɥɟɜɨɞɨɪɨɞɵ – 116,573 ɬɵɫ. ɬ; 
 ɩɪɨɱɢɟ ɝɚɡɨɨɛɪɚɡɧɵɟ – 18,633 ɬɵɫ. ɬ. 

ɉɨ ɧɟɤɨɬɨɪɵɦ ɞɚɧɧɵɦ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɨɩɚɞɚɟɬ ɨɤɨɥɨ 200 ɜɢɞɨɜ 
ɪɚɡɥɢɱɧɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɱɚɳɟ ɜɫɟɝɨ ɹɜɥɹɸɬɫɹ 
ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɦɢ ɢ ɤɚɧɰɟɪɨɝɟɧɧɵɦɢ. ɗɬɨ ɛɟɧɡ(ɚ)ɩɢɪɟɧ, ɪɚɡɥɢɱɧɵɟ ɩɪɢɦɟɫɢ 
ɦɟɬɚɥɥɨɜ, ɤɪɟɦɧɢɹ, ɰɢɚɧɢɞɵ, ɮɬɨɪɢɞɵ, ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɤɥɸɱɚɹ 
ɥɟɬɭɱɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. ȼ ɚɬɦɨɫɮɟɪɟ ɨɧɢ ɫɩɨɫɨɛɧɵ ɜɫɬɭɩɚɬɶ ɜ 
ɮɨɬɨɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɡɨɧɚ ɢ ɞɪɭɝɢɯ ɨɤɢɫɥɢɬɟɥɟɣ. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ, ɪɚɫɩɪɟɞɟɥɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ɦɟɬɚɥɥɭɪɝɢɹ – 392,360 ɬɵɫ. ɬ; 
 ɷɧɟɪɝɟɬɢɤɚ – 199,259 ɬɵɫ. ɬ; 
 ɬɨɩɥɢɜɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ – 173,184 ɬɵɫ. ɬ; 
 ɯɢɦɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ – 3,257 ɬɵɫ. ɬ; 
 ɞɪɭɝɢɟ ɨɬɪɚɫɥɢ – 232,172 ɬɵɫ. ɬ. 
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ȼ ɫɪɚɜɧɟɧɢɢ ɫ 1997 ɝɨɞɨɦ ɤɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ ɬɨɩɥɢɜɧɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ɚɬɦɨɫɮɟɪɭ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 38,700 ɬɵɫ. ɬɨɧɧ, ɜ ɫɜɹɡɢ ɫ 
ɭɬɨɱɧɟɧɢɟɦ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɚ ɦɟɬɚɧɚ, ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ 10,87 ɬɵɫ. ɬɨɧɧ, 
ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɫɨɠɠɟɧɧɨɝɨ ɬɨɩɥɢɜɚ, ɜ ɨɬɪɚɫɥɢ ɠɢɥɢɳɧɨ-
ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɧɚ 17,573 ɬɵɫ. ɬɨɧɧ, ɬɚɤ ɤɚɤ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ. ȼ 1998 ɝɨɞɭ ɜɜɟɞɟɧɨ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 109 
ɧɨɜɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɢ ɷɬɨɦ 237 ɩɪɟɞɩɪɢɹɬɢɣ ɥɢɤɜɢɞɢɪɨɜɚɧɨ ɢɥɢ 
ɪɟɨɪɝɚɧɢɡɨɜɚɧɨ. ȼ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɛɴɟɦ 
ɜɵɛɪɨɫɨɜ ɭɦɟɧɶɲɢɥɫɹ ɧɚ 30,793 ɬɵɫ. ɬɨɧɧ ɢ 1,529 ɬɵɫ. ɬɨɧɧ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɗɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟɦ ɭɪɨɜɧɹ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɰɟɥɨɦ ɩɨ Ʉɟɦɟɪɨɜɫɤɨɣ 
ɨɛɥɚɫɬɢ ɭɜɟɥɢɱɟɧɢɟ ɡɚ ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɫɨɫɬɚɜɢɥɨ 40,822 ɬɵɫ. ɬɨɧɧ. 

ɋ 1993 ɩɨ 1998 ɝɨɞɵ, ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬ ɫɬɚɰɢɨɧɚɪɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɭɦɟɧɶɲɢɥɢɫɶ ɧɚ 102,468 ɬɵɫ. ɬɨɧɧ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 9,3% ɨɬ ɨɛɳɟɝɨ 
ɤɨɥɢɱɟɫɬɜɚ. Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɫɩɚɞɨɦ ɭɪɨɜɧɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ 
ɨɫɧɨɜɧɵɯ ɨɬɪɚɫɥɹɯ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. 

ɉɨ ɞɚɧɧɵɦ ɜ 1998 ɝɨɞɭ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ Ʉɟɦɟɪɨɜɫɤɨɣ 
ɨɛɥɚɫɬɢ ɭɥɨɜɥɟɧɨ 3,992 ɦɥɧ. ɬɨɧɧ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 80,0% 
ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɵɛɪɨɫɨɜ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚɹ ɫɬɟɩɟɧɶ ɭɥɚɜɥɢɜɚɧɢɹ 
ɨɬɦɟɱɟɧɚ ɜ ɷɧɟɪɝɟɬɢɤɟ – 92,3%, ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – 88,7%. 
ɇɚɢɛɨɥɟɟ ɧɢɡɤɚɹ ɫɬɟɩɟɧɶ ɭɥɚɜɥɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬɦɟɱɟɧɚ ɜ 
ɨɬɪɚɫɥɢ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ – 36,5%, ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɦ ɯɨɡɹɣɫɬɜɟ – 
32,7%, ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɢ ɞɨɪɨɠɧɨɝɨ ɯɨɡɹɣɫɬɜɚ – 35,2%, ɬɨɪɝɨɜɵɯ 
ɩɪɟɞɩɪɢɹɬɢɹɯ – 18,3%, ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɢ – 6,2%. ȼɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ ɨɬ 
ɩɪɟɞɩɪɢɹɬɢɣ ɫɮɟɪɵ ɨɛɪɚɡɨɜɚɧɢɹ, ɨɬɪɚɫɥɢ ɫɜɹɡɢ ɢ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɧɚɛɠɟɧɢɹ ɩɨɫɬɭɩɚɸɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɚɬɦɨɫɮɟɪɭ ɛɟɡ ɨɱɢɫɬɤɢ.  
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2 Ɋɚɫɱɟɬɧɚя ɱɚɫɬɶ 

2.1 Ɋɚɡɪɚɛɨɬɤɚ ɉɌɋ 
 
ɉɌɋ ɞɜɭɯɬɨɩɥɢɜɧɨɣ ɉȽɍ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɝɚɡɨɜɭɸ ɬɭɪɛɢɧɭ ȽɌȾ-110, 

ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ, ɩɚɪɨɜɨɣ ɩɵɥɟɭɝɨɥɶɧɵɣ ɤɨɬɟɥ ɉ-59 ɢ ɬɭɪɛɨɚɝɪɟɝɚɬ Ɍ-260-240. 
ɉɚɪ ɜ ɞɚɧɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɟ ɨɛɪɚɡɭɟɬɫɹ ɜ ɩɵɥɟɭɝɨɥɶɧɨɦ ɤɨɬɥɟ ɢ ɜ ɤɨɬɥɟ-

ɭɬɢɥɢɡɚɬɨɪɟ, ɪɚɛɨɬɚɸɳɟɦ ɨɬ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ. Ɉɫɧɨɜɧɨɣ ɩɚɪ ɫ 
ɞɚɜɥɟɧɢɟɦ 23,5 Ɇɩɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ 545 °ɋ ɩɨɥɭɱɚɟɬɫɹ ɜ ɩɵɥɟɭɝɨɥɶɧɨɦ ɤɨɬɥɟ, 
ɩɚɪ ɢɡ ɬɪɚɤɬɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɤɨɬɥɚ ɭɬɢɥɢɡɚɬɨɪɚ ɩɨɫɬɭɩɚɟɬ ɜ ɬɭɪɛɢɧɭ ɜɦɟɫɬɟ ɫ 
ɩɚɪɨɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ. 
 ɉɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɹɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɢ ɬɪɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ⱦɟɚɷɪɢɪɨɜɚɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɟɚɷɪɚɬɨɪɟ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,7 Ɇɉɚ. ɉɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɜ 
ɬɪɚɤɬɟ ɜɨɫɩɨɥɧɹɸɬɫɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɨɣ, ɤɨɬɨɪɚɹ ɩɨɞɜɨɞɢɬɫɹ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪ.  
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2.2 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ȽɌɍ 

ɉɪɢ ɬɟɩɥɨɜɨɦ ɪɚɫɱɟɬɟ ȽɌɍ ɢɫɯɨɞɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɡɚɞɚɧɧɵɦɢ ɢɥɢ 
ɩɪɢɧɢɦɚɟɦɵɦɢ ɩɨ [2,3] ɹɜɥɹɸɬɫɹ: 

- ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ˈܰ = ͳͳͺ Ɇȼɬ; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɩɟɪɟɞ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɨɣ ܶ̂ = ͳͳͲͲ Ʉ; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ܶ˅ = ʹͺͺɄ; 
- ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɞɥɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ 𝑘 = ͳ,Ͷ; 
- ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɢɱɟɫɤɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ܿ˓ˍ = ͳ,ͲͳɤȾɠ/(ɤɝ∙Ʉ); 
- ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɬɭɪɛɢɧɵ𝜂ˏˈ˘ = Ͳ,ͻͺ; 
- ɢɡɨɷɧɬɪɨɩɢɣɧɵɣ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ 𝜂ˍ = Ͳ,͹Ͷʹ; 
- ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɢɱɟɫɤɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɜ ɬɭɪɛɢɧɟ ܿ˓˕ = ͳ,ͳ ɤȾɠ/(ɤɝ∙Ʉ); 
- ɢɡɨɷɧɬɪɨɩɢɣɧɵɣ ɄɉȾ ɬɭɪɛɢɧɵ 𝜂˕ = Ͳ,ͻ; 
- ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɬɪɚɤɬɭ 𝜍˕˓ = Ͳ,Ͳͷ; 
- ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ ɫɪɟɞɧɟɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɩɪɨɰɟɫɫɟ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ܿ˓ˍ˔ = ͳ,ͳ 
ɤȾɠ/(ɤɝ∙Ʉ); 

- ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ݍˑ˘ˎ = Ͳ,ͳʹ; 
- ɄɉȾ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 𝜂ˍ˔ = Ͳ,ͻͻͷ. 

 

 
 

ɗȽ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɝɟɧɟɪɚɬɨɪ, Ʉ – ɤɨɦɩɪɟɫɫɨɪ, Ʉɋ – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ, 

ȽɌ – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ. 
 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɩɪɨɫɬɨɣ ȽɌɍ 
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Ɋɢɫɭɧɨɤ 2 – ɐɢɤɥ ɩɪɨɫɬɨɣ ȽɌɍ 
 

2.2.1 ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ȽɌɍ 

Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ȽɌɍ ɩɪɢɜɟɞɟɧ ɜ Ɍɚɛɥɢɰɟ 1, ɚ ɪɟɡɭɥɶɬɚɬɵ 
ɢɡɨɛɪɚɠɟɧɵ ɧɚ Ɋɢɫɭɧɤɚɯ 3 ɢ 4. 

Ɍɚɛɥɢɰɚ 1 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ ȽɌɍ 

ȼɟɥɢɱɢɧɚ 
Ɉɛɨ- 

ɡɧɚɱɟ- 
ɧɢɟ 

Ɏɨɪɦɭɥɚ 
ɟɞ. 

ɢɡɦ. 
ȼɚɪɢɚɧɬɵ 

1 2 3 4 5 

ɋɬɟɩɟɧɶ 
ɩɨɜɵɲɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɜ 

ɤɨɦɩɪɟɫɫɨɪɟ 

 Ɂɚɞɚɟɬɫɹ - 4 7 10 13 16 ˍߨ

Ʉɨɦɩɥɟɤɫ 
ɪɚɛɨɬɵ ɫɠɚɬɢɹ 
ɤɨɦɩɪɟɫɫɨɪɚ 

ߨ ˍܪ̅ 𝑘̱−భ𝑘 − ͳ - 0,485 0,743 0,93 1,08 1,208 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ 
ɫɠɚɬɢɹ 

ɤɨɦɩɪɟɫɫɨɪɚ 
 ˍܪ

ܿ˓ˍ ∙ ܶ˅ ∙ ˍ𝜂ˍܪ̅  ɤȾɠ/ɤɝ 190,52 291,52 364,85 423,77 
473,6

3 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ ɡɚ 

ɤɨɦɩɪɟɫɫɨɪɨɦ 
̱ܶ  ܶ˅ +  Ʉ 476,63 576,63 649,24 707,57 ˍ˓ܿˍܪ

756,9
4 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɟɩɟɧɶ 

ɪɚɫɲɢɪɟɧɢɹ ɜ 
ɬɭɪɛɢɧɚɯ 

ˍߨ Σ˕ߨ ∙ ሺͳ − 𝜍˕˓ሻ - 3,8 6,65 9,5 12,35 15,2 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ 
ɪɚɫɲɢɪɟɧɢɹ 

ɬɭɪɛɢɧɵ 
ɤɨɦɩɪɟɫɫɨɪɚ 

Σ[ͳ˕ߨ ˕ߨ − ுˍ𝑐˓˕∙𝜂˕∙்̂ ] 𝑘భ−𝑘 - 1,785 1,952 1,904 1,768 1,596 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ 
ɪɚɫɲɢɪɟɧɢɹ 

ɫɢɥɨɜɨɣ 
ɬɭɪɛɢɧɵ 

˕˓ܿ ˕ܪ ∙ ܶ̂ ∙ ቆͳ − ߨ భ̞−𝑘𝑘 ቇ∙ 𝜂˕ 

ɤȾɠ/ɤɝ 152,55 174,12 168,2 150,25 124,9
5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 
ɍɞɟɥɶɧɚɹ 

ɷɮɮɟɤɬɢɜɧɚɹ 
ɪɚɛɨɬɚ 

˕ܪ  ˈܪ ∙ 𝜂ˏˈ˘ 
ɤȾɠ/ɤɝ 155,67 177,67 171,63 153,32 127,5 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɪɨɞɭɤɬɨɜ 

ɫɝɨɪɚɧɢɹ ɡɚ 
ɬɭɪɛɢɧɨɣ 

̞ܶ  ܶ̂ −  ˕˓ܿˈܪ
Ʉ 961,31 941,7 947,08 963,4 986,4 

Ʉɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ, 

ɩɨɞɜɟɞɟɧɧɨɟ ɤ 
ɩɪɨɞɭɤɬɚɦ 
ɫɝɨɪɚɧɢɹ ɜ 

ɤɚɦɟɪɟ 
ɫɝɨɪɚɧɢɹ 

ܳˍ˔ ܿ˓ˍ˔ ∙ ܶ̂ ∙ ሺͳ − ,ˑ˘ˎሻ ɤȾɠ/ɤɝ 1064,8 1064,8 1064,8 1064,8 1064ݍ
8 

ɗɮɮɟɤɬɢɜɧɵɣ 
ɄɉȾ 

𝜂ˈ ܪˈ ∙ 𝜂ˍ˔ܳˍ˔  
- 0,142 0,162 0,157 0,140 0,116 

 

 
Ɋɢɫɭɧɨɤ 3 – Ɂɚɜɢɫɢɦɨɫɬɶ ܪˈ ɨɬ ߨˍ. 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ 𝜂ˈ ɨɬ ߨˍ. 

152,5569461

174,120892
168,205246

150,2576807

124,9535287

94,12034462

0

20

40

60

80

100

120

140

160

180

200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

𝐻е

𝜋к

0,1425565

0,162706882
0,157179019

0,140407957

0,116762548

0,087950547

0

0,02

0,04

0,06

0,08

0,1

0,12

0,14

0,16

0,18

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

𝜂е

𝜋к



14  

 
2.2.2 ɍɬɨɱɧɟɧɧɵɣ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ȽɌɍ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɪɚɫɱɟɬɨɦ ɩɪɢɧɹɬɨ ɧɨɦɢɧɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟߨˍ = ͹. Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɦ 
ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. 

ɄɉȾ ɨɫɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

𝜂ˍ = ்˅ ∙(గ𝑘̱−భ𝑘 −ଵ)்̱ −்˅ , (1) 

ɝɞɟ ܶ˅ = ʹ͹ͺ,ͳͷ К − ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ; ̱ܶ = ͷͲͲ К − ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ; 𝑘 = ͳ,Ͷ − ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɞɥɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ. 

 𝜂ˍ = ଶ଻଼,ଵହ∙(଻భ,ర−భభ −ଵ)ହ଴଴−ଶ଻଼,ଵହ = Ͳ,ͻ͵ʹ. 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɤȾɠ/ɤɝ: ܪˍ = 𝜑˃ ∙ ܿ˓ˍ ∙ ܶ˅ ∙ ቆߨ 𝑘̱−భ𝑘 − ͳቇ ∙ 𝜂−̱ଵ, (2) 

ɝɞɟ 𝜑˃ = ͳ,ͲͲͻͻ − ɩɨɩɪɚɜɤɚ ɜ ɡɧɚɱɟɧɢɟ ɪɚɛɨɬɵ ɫɠɚɬɢɹ ɡɚɜɢɫɹɳɚɹ ɨɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ; 
 ܿ˓ˍ = ͳ,Ͳͳ ˍʓˉ/ሺˍˆ ∙ Кሻ −ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɢɱɟɫɤɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ 
ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ. ܪˍ = ͳ,ͲͲͻͻ ∙ ͳ,Ͳͳ ∙ ʹ͹ͺ,ͳͷ ∙ (͹భ,ర−భభ,ర − ͳ) ∙ Ͳ,ͻ͵ʹ−ଵ = ʹʹͶ,ͻͺ͹. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, Ʉ: 
 ̱ܶ = ܶ˅ + ுˍ𝑐˓ˍ, (3) 

 ̱ܶ = ʹ͹ͺ,ͳͷ + ଶଶସ,ଽ଼଻ଵ,଴ଵ = ͷͲͲ,ͻͳ. 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, Ʉ: 
 ̝ܶ ˓ = ்̱ +்˅ଶ , (4) 
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̝ܶ ˓ = ହ଴଴,ଽଵ+ଶ଻଼,ଵହଶ = ͵ͺͻ,ͷ͵. 

 

 Ⱦɚɥɟɟ ɭɬɨɱɧɹɸɬɫɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɨɥɭɱɟɧɧɨɣ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨ [1]: 
 ܿ′˓ˍ = ͳ,ͲͲͻ ˍʓˉ/ሺˍˆ ∙ Кሻ; 

 𝑘′ = ͳ,͵ͻ͹. 

 ɍɬɨɱɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ ɫɠɚɬɢɹ ɤɨɦɩɪɟɫɫɨɪɚ, ɤȾɠ/ɤɝ: 
ˍ′ܪ  = ͳ,ͲͲͻ ∙ ʹ͹ͺ,ͳͷ ∙ (͹భ,యవళ−భభ,యవళ − ͳ) ∙ Ͳ,ͻ͵ʹ−ଵ = ʹʹʹ,ʹͺʹ. 

 

ɍɬɨɱɧɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, Ʉ: 

 ܶ′ˍ = ʹ͹ͺ,ͳͷ + ଶଶଶ,ଶ଼ଶଵ,଴଴ଽ = Ͷͻͺ,Ͷͷ. 

 

ɍɬɨɱɧɟɧɧɚɹ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, Ʉ: 

 ܶ′˔˓ = ସଽ଼,ସହ+ଶ଻଼,ଵହଶ = ͵ͺͺ,͵. 

 

ȼɜɢɞɭ ɦɚɥɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ, 
ɞɚɥɶɧɟɣɲɟɝɨ ɭɬɨɱɧɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

˅ߙ  = ଷ଴଴଴−଴,ଷ଺଻∙்்̂̂ −்′ˍ , (5) 

ɝɞɟ ܶ̂ = ͳͳͲͲ К − ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. 
˅ߙ  = ଷ଴଴଴−଴,ଷ଺଻∙ଵଵ଴଴ଵଵ଴଴−ସଽ଼,ସହ = ͵,ͻͺ͹. 

 

ɋɬɟɩɟɧɶ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɭɪɛɢɧɟ ȽɌɍ: 
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Σ˕ߨ = ˍߨ ∙ ሺͳ − 𝜍˕˓ሻ, (6) 

ɝɞɟ 𝜍˕˓ = Ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɬɪɚɤɬɭ. 

Σ˕ߨ  = ͹ ∙ ሺͳ − Ͳ,Ͳͷሻ = ͸,͸ͷ. 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɬɭɪɛɢɧɵ ɤɨɦɩɪɟɫɫɨɪɚ, ɤȾɠ/ɤɝ: 
ଵ˕ܪ  = ுˍ𝜂ˏˈ˘, (7) ܪ˕ଵ = ଶଶଶ,ଶ଼ଶ଴,ଽ଼ = ʹʹ͸,ͺͳͻ. 

 

ɋɬɟɩɟɧɶ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɟ: 
˕ߨ  = గ˕Σ[ଵ− 𝐻˕భ𝑐˓˕∙𝑇ˆ∙𝜂˕] 𝑘భ−𝑘, (8) 

˕ߨ = ଺,଺ହ[ଵ− మమల,ఴభవభ,బభ∙భభబబ∙బ,వ] భ,యఱమభ−భ,యఱమ = ʹ,Ͷ͹͸. 

 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ: 
˕ܪ  = ܿ˓˕ ∙ ܶ̂ ∙ ቆͳ − ߨ భ̞−𝑘𝑘 ቇ ∙ 𝜂˕, (9) 

˕ܪ = ͳ,Ͳͳ ∙ ͳͳͲͲ ∙ (ͳ − ʹ,Ͷ͹͸భ−భ,యఱమభ,యఱమ ) ∙ Ͳ,ͻ = ʹͳͲ,ʹ. 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɡɚ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɨɣ, Ʉ: 
 ̞ܶ = ܶ̂ − ு˕𝑐˓˕, (10) ̞ܶ = ͳͳͲͲ − ଶଵ଴,ଶଵ,଴ଵ = ͺͻͳ,ͺͺͳ. 

 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ 
ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɟ, Ʉ: 
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̝ܶ ˓ = ்̞ +்̂ଶ , (11) ̝ܶ ˓ = ଼ଽଵ,଼଼ଵ+ଵଵ଴଴ଶ = ͻͻͷ,ͻͶͳ. 

 

Ⱦɚɥɟɟ ɭɬɨɱɧɹɸɬɫɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɨɥɭɱɟɧɧɨɣ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨ [1]: 
 ܿ′˓˕ = ͳ,Ͳͺͺ ˍʓˉ/ሺˍˆ ∙ Кሻ; 

 𝑘′ = ͳ,͵ͷ͹. 

 ɍɬɨɱɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɵ, 
ɤȾɠ/ɤɝ: ܪ′˕ = ͳ,Ͳͺͺ ∙ ͳͳͲͲ ∙ (ͳ − ʹ,Ͷ͹͸భ−భ,యఱళభ,యఱళ ) ∙ Ͳ,ͻ = ʹʹͺ,ͷ͵ʹ. 

ɍɬɨɱɧɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɡɚ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɨɣ, Ʉ: ܶ′˕ = ͳͳͲͲ + ଶଶ଼,ହଷଶଵ,଴଼଼ = ͺͺͻ,ͻͷʹ. 

ɍɬɨɱɧɟɧɧɚɹ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, Ʉ: ܶ′˔˓ = ଵଵ଴଴+଼଼ଽ,ଽହଶଶ = ͻͻͶ,ͻ͹͸. 

ȼɜɢɞɭ ɦɚɥɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ, 
ɞɚɥɶɧɟɣɲɟɝɨ ɭɬɨɱɧɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
 ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ȽɌɍ: 

ˈܪ  = ˕′ܪ ∙ 𝜂ˏˈ˘, (12) ܪˈ = ʹʹͺ,ͷ͵ʹ ∙ Ͳ,ͻͺ = ʹʹ͵,ͻ͸ͳ. 

 

Ɍɟɩɥɨɬɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɫ ɜɨɡɞɭɯɨɦ, ɤȾɠ/ɤɝ: ܳ˅ = ܿ′˓ˍ ∙ ܶ′ˍ ∙ ሺͳ − ˕˖ݍ −  ˑ˘ሻ, (13)ݍ

ɝɞɟ ݍ˖˕ = Ͳ,Ͳͳͷ − ɭɬɟɱɤɢ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɥɚɛɢɪɢɧɬɨɜɵɟ ɭɩɥɨɬɧɟɧɢɹ; 

˘ˑݍ  = Ͳ,ͳʹ − ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. ܳ˅ = ͳ,ͲͲͻ ∙ Ͷͻͺ,Ͷͷ ∙ ሺͳ − Ͳ,Ͳͳͷ − Ͳ,ͳʹሻ = Ͷ͵ͷ,ͲͶ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɞɜɟɞɟɧɧɨɟ ɤ ɪɚɛɨɱɟɦɭ ɬɟɥɭ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, 
ɤȾɠ/ɤɝ: ܳˍ˔ = 𝑐˓ˍ˔∙்̂ ∙ሺଵ−௤ˑ˘ሻ𝜂ˍ˔ − ܳ˅, (14) 

ɝɞɟ ܿ˓ˍ˔ = ͳ,Ͳͺʹ ˍʓˉ/ሺˍˆ ∙ Кሻ  −ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɢ 
ɩɨɞɜɨɞɟ ɬɟɩɥɨɬɵ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ; 
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 𝜂ˍ˔ = Ͳ,ͻͻͷ − ɄɉȾ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ܳˍ˔ = ଵ,଴଼ଶ∙ଵଵ଴଴∙ሺଵ−଴,ଵଶሻ଴,ଽଽହ − Ͷ͵ͷ,ͲͶ = ͸ʹͺ,ʹͺ͸. 

ɗɮɮɟɤɬɢɜɧɵɣ ɄɉȾ ȽɌɍ: 𝜂ˈ = ுˈொˍ˔, (15) 𝜂ˈ = ଶଶଷ,ଽ଺ଵ଺ଶ଼,ଶ଼଺ = Ͳ,͵ͷ͸. 

Ɋɚɫɯɨɞ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ȽɌɍ: ܩ˕ = ேˈுˈ, (16) ܩ˕ = ଵଵ଼଴଴଴ଶଶଷ,ଽ଺ଵ = ͷʹ͸,ͺ͹͹. 

 

 

2.3 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ: 
- ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɜ ɬɪɚɤɬɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹܦ˒ˈ = ͳͷͲ ˕/ч; 
- ɞɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɜ ɬɪɚɤɬɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ܲ˒ ˈ =͵,͸ͺ ʛʞ˃; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɜ ɬɪɚɤɬɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝑡˒ˈ =ͷͶͲ°ʠ; 
- ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜ ɬɪɚɤɬɟ ɜɵɫɨɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ∆ܲ˒ ˈ = Ͳ,͵ ʛʞ˃; 
- ɞɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɜ ɬɪɚɤɬɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ܲ˒ ˈ.ːˇ =Ͳ,͵ ʛʞ˃; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɜ ɬɪɚɤɬɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 𝑡˒ˈ.ːˇ =ʹͷͲ°ʠ; 
- ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜ ɬɪɚɤɬɟ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ∆ܲ˒ ˈ.ːˇ = Ͳ,Ͳ͵ ʛʞ˃; 
- ɪɚɫɯɨɞ ɝɚɡɚ ɱɟɪɟɡ Ʉɍ ܩˍ.˕. = ͷͲͷ,ͶͲ͸ ˍˆ/˔; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɟɥ 𝑡ˍ.˕. = ͸ʹʹ,ͺ͹Ͷ °ʠ; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ 𝑡ˍ.˕. = ʹͲͲ °ʠ. 

 ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɩɪɢɧɢɦɚɟɦ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɋɚɦɨɬɥɨɪɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɢɦɟɸɳɢɣ ɧɢɡɲɭɸ ɪɚɛɨɱɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ܳː˓ = ͵Ͳ ʛʓˉ/ˍˆ ɢ ɢɦɟɸɳɢɣ ɫɨɫɬɚɜ [3]: 
ଶܱܥ  = Ͳ,ͷͻ%; ଶܰ = ͳ,Ͷͺ%; ܪܥସ = ͸Ͳ,͸Ͷ%; ܥଶܪ଺ = Ͷ,ͳ͵%; ܥଷ଼ܪ =ͳ͵,Ͳͷ%; ݊ܥସܪଵ଴ = Ͷ,ͲͶ%; ܥܫସܪଵ଴ = ͺ,͸%; ݊ܥହܪଵଶ = ʹ,ͷʹ%; ܥܫହܪଵଶ = ʹ,͸ͷ%. 

 
Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, Ɇɉɚ: 
 ܲ˄ .˅ˇ = ܲ˒ ˈ + ∆ܲ˒ ˈ, (17) 
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ܲ˄ .˅ˇ = ͵,͸ͺ + Ͳ,͵ = ͵,ͻͺ. 
 
Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɬɪɚɤɬɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, Ɇɉɚ: 
 ܲ˒ ˅.˅ˇ = ͳ,ͳͷ ∙ ܲ˄ .˅ˇ, (18) ܲ˒ ˅.˅ˇ = ͳ,ͳͷ ∙ ͵,ͻͺ = Ͷ,ͷ͹͹. 
 
Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, Ɇɉɚ: 
 эܲˍ.˅ˇ = ͳ,Ͳͷ ∙ ܲ˄ .˅ˇ, (19) эܲˍ.˅ˇ = ͳ,Ͳͷ ∙ ͵,ͻͺ = Ͷ,ͳ͹ͻ. 
 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɡɚ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, °C: 
 эܶˍ˅ы˘ = ௦ܶ( эܲˍ.˅ˇ) − ͳͲ°C, (20) 

ɝɞɟ ௦ܶ( эܲˍ.˅ˇ) = ʹͷʹ,ͻ͸͹°C − ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɡɚ 
ɷɤɨɧɨɦɚɣɡɟɪɨɦ. 
 эܶˍ˅ы˘ = ʹͷʹ,ͻ͸͹ − ͳͲ°C = ʹͶʹ,ͻ͸͹. 
 

Ⱦɚɜɥɟɧɢɟ ɜ ɛɚɪɚɛɚɧɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, Ɇɉɚ: 
 ܲ˄ .ːˇ = ܲ˒ ˈ.ːˇ + ∆ܲ˒ ˈ.ːˇ, (21) ܲ˄ .ːˇ = Ͳ,͵ + Ͳ,Ͳ͵ = Ͳ,͵͵. 
 
Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɬɪɚɤɬɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, Ɇɉɚ: 
 ܲ˒ ˅.ːˇ = ͳ,ͳͷ ∙ ܲ˄ .ːˇ, (22) ܲ˒ ˅.ːˇ = ͳ,ͳͷ ∙ Ͳ,͵͵ = Ͳ,͵ͺ. 
 
Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɷɤɨɧɨɦɚɣɡɟɪɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, Ɇɉɚ: 
 эܲˍ.ːˇ = ͳ,Ͳͷ ∙ ܲ˄ .ːˇ, (23) эܲˍ.ːˇ = ͳ,Ͳͷ ∙ Ͳ,͵͵ = Ͳ,͵Ͷ͹. 
 

 Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɧɬɚɥɶɩɢɣ ɝɚɡɨɜ ɩɨɬɪɟɛɭɟɬɫɹ ɪɚɫɫɱɢɬɚɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ.  
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3: 
 

 ܸ˅଴ = Ͳ,ͲͶ͹͸ ∙ [∑ ቀ݉ + ௡ସቁ ∙ ௡], (24) ܸ˅଴ܥ௠ܥ = Ͳ,ͲͶ͹͸ ∙ [(ͳ + ͶͶ) ∙ ͸Ͳ,͸Ͷ + (ʹ + ͸Ͷ) ∙ Ͷ,ͳ͵ + (͵ + Ͷͅ) ∙ 
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 ∙ ͳ͵,Ͳͷ + ቀͶ + ଵ଴ସ ቁ ∙ Ͷ,ͲͶ + ቀͶ + ଵ଴ସ ቁ ∙ ͺ,͸ + ቀͷ + ଵଶସ ቁ ∙ ʹ,ͷʹ + ቀͷ + ଵଶସ ቁ ∙ 
 ∙ ʹ,͸ͷ] = ͳͷ,ͶͶ͸. 
 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɦ3: 
 
 ேܸమ଴ = Ͳ,͹ͻ ∙ ܸ˅଴ + Ͳ,Ͳͳ ∙ ଶܰ, (25) 
 ேܸమ଴ = Ͳ,͹ͻ ∙ ͳͷ,ͶͶ͸ + Ͳ,Ͳͳ ∙ ͳ,Ͷͺ = ͳʹ,ʹʹͻ. 
 
 Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɦ3: 
 
 ோܸைమ = Ͳ,Ͳͳ ∙ ሺܱܥଶ + ∑  ௡ሻ, (26)ܪ௠ܥ݉
 ோܸைమ = Ͳ,Ͳͳ ∙ ሺͲ,ͷͻ + ͳ ∙ ͸Ͳ,͸Ͷ + ʹ ∙ Ͷ,ͳ͵ + ͵ ∙ ͳ͵,Ͳͷ + Ͷ ∙ Ͷ,ͲͶ + Ͷ ∙ ͺ,͸ + ͷ ∙ 
 ∙ ʹ,ͷʹ + ͷ ∙ ʹ,͸ͷሻ = ͳ,ͺͷͳ. 
 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɦ3: 
 

 ுܸమை଴ = Ͳ,Ͳͳ ∙ ቀ∑ ௡ଶ ௡ܪ௠ܥ + Ͳ,ͳʹͶ ∙ ݀ˆቁ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅଴, (27) 

ɝɞɟ ݀ˆ = ͳͲ ˆˏయ − ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ. 

 ுܸమை଴ = Ͳ,Ͳͳ ∙ ሺସଶ ∙ ͸Ͳ,͸Ͷ + ଺ଶ ∙ Ͷ,ͳ͵ + ଶ଼ ∙ ͳ͵,Ͳͷ + ଵ଴ଶ ∙ Ͷ,ͲͶ + ଵ଴ଶ ∙ ͺ,͸ + 

 + ଵଶଶ ∙ ʹ,ͷʹ + ଵଶଶ ∙ ʹ,͸ͷ + Ͳ,ͳʹͶ ∙ ͳͲሻ + Ͳ,Ͳͳ͸ͳ ∙ ͳͷ,ͶͶ͸ = ͵,Ͳ͸ʹ. 

 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ3/ɦ3: 
 
 ܸ̂଴ = ோܸைమ + ேܸమ଴ + ுܸమை଴ , (28) 
 ܸ̂଴ = ͳ,ͺͷͳ + ͳʹ,ʹʹͻ + ͵,Ͳ͸ʹ = ͳ͹,ͳ͵. 
 
 Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɚɡɨɬɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ: 
 

ேమݎ  = ௏ಿ మబ௏̂బ , (29) 

ேమݎ  = ଵଶ,ଶଶଽଵ଻,ଵଷ = Ͳ,͹ͳ͵. 

 
 Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ: 
 

ோைమݎ  = ௏𝑅ೀమ௏̂బ , (30) 

ோைమݎ  = ଵ,଼ହଵଵ଻,ଵଷ = Ͳ,ͳͲͺ. 

 
 Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ: 
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ுమைݎ  = ௏𝐻మೀబ௏̂బ , (31) 

ோைమݎ  = ଷ,଴଺ଶଵ଻,ଵଷ = Ͳ,ͳ͹ͻ. 

 
 
 Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɡɞɭɯɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ: 
 

ݎ˅  = ሺఈ˅−ଵሻ∙௏˅బ௏̂బ , (32) 

ɝɞɟ ߙ˅ = Ͷ,͵ͳ͸ − ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ. 
ோைమݎ  = ሺସ,ଷଵ଺−ଵሻ∙ଵହ,ସସ଺ଵ଻,ଵଷ = ʹ,ͻͻ. 

 
 Ɍɟɩɥɨɟɦɤɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, 
ɤȾɠ/(ɤɝ∙°ɋ): 
 
ேమܥ  = ͳ,͸ͻͻ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ 𝑡ˍ.˕. = ͳ,͸ͻͻ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ͸ʹʹ,ͺ͹Ͷ = ͳ,ͻͻͺ; 
ோைమܥ  = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ 𝑡ˍ.˕. = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ͸ʹʹ,ͺ͹Ͷ = ͳ,͸ʹͻ; 
ுమைܥ  = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ 𝑡ˍ.˕. = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ͸ʹʹ,ͺ͹Ͷ = 
 = ͳ,͵Ͷͻ; 
˅ܥ  = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ 𝑡ˍ.˕. = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ͸ʹʹ,ͺ͹Ͷ = ͳ,͵͸ͳ. 
 
 ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɯɨɞɟ ɜ Ʉɍ, ɤȾɠ/ɤɝ: 
 

 ℎˍ.˕. = ሺ௥ಿ మ ∙஼ಿమ+௥𝑅ೀమ∙஼𝑅ೀమ+௥𝐻మೀ∙஼𝐻మೀ+௥˅ ∙஼˅ሻ∙௧ˍ.˕.ఘˆ , (33) 

ɝɞɟ ߩˆ = ͳ,͵ ˍˆ/ˏଷ  − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 
 ℎˍ.˕. = ሺ଴,଻ଵଷ∙ଵ,ଽଽ଼+଴,ଵ଴଼∙ଵ,଺ଶଽ+଴,ଵ଻ଽ∙ଵ,ଷସଽ+ଶ,ଽଽ∙ଵ,ଷ଺ଵሻ∙଺ଶଶ,଼଻ସଵ,ଷ = ʹͺ͵͵,ͳͶͻ. 

 
 Ɍɟɩɥɨɟɦɤɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɍ, 
ɤȾɠ/(ɤɝ∙°ɋ): 
 
ேమܥ  = ͳ,͸ͻͻ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ 𝑡˖˘ = ͳ,͸ͻͻ + Ͳ,ͲͲͲͶ͹ͻͺ ∙ ʹͲͲ = ͳ,ͻͻͺ; 
ோைమܥ  = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ 𝑡˖˘ = ͳ,Ͷ͹͵͵ + Ͳ,ͲͲͲʹͶͻͺ ∙ ʹͲͲ = ͳ,͸ʹͻ; 
ுమைܥ  = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ 𝑡˖˘ = ͳ,ʹ͹ͻͻ + Ͳ,ͲͲͲͳͳͲ͹ ∙ ʹͲͲ = ͳ,͵Ͷͻ; 
˅ܥ  = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ 𝑡˖˘ = ͳ,ʹͺ͸͸ + Ͳ,ͲͲͲͳʹͲͳ ∙ ʹͲͲ = ͳ,͵͸ͳ. 
 
 ɗɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɍ, ɤȾɠ/ɤɝ: 
 

 ℎ˖˘ = ሺ௥ಿ మ ∙஼ಿమ+௥𝑅ೀమ∙஼𝑅ೀమ+௥𝐻మೀ∙஼𝐻మೀ+௥˅ ∙஼˅ሻ∙௧˖˘ఘˆ , (34) 

 

 ℎ˖˘ = ሺ଴,଻ଵଷ∙ଵ,ଽଽ଼+଴,ଵ଴଼∙ଵ,଺ଶଽ+଴,ଵ଻ଽ∙ଵ,ଷସଽ+ଶ,ଽଽ∙ଵ,ଷ଺ଵሻ∙ଶ଴଴ଵ,ଷ = ͺ͸ͳ,Ͳ͵ʹ. 
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 Ⱦɚɥɟɟ ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ. ɍɪɚɜɧɟɧɢɟ 
ɞɥɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:  
 
.˕.ˍܩ  ∙ ሺℎˍ.˕. − ℎଵሻ = ˈ˒ܦ ∙ ሺℎ˒ˈ.˅ˇ − ℎ′˅ˇሻ, (35) 
ɝɞɟ ℎ˒ˈ.˅ˇ = ℎሺܲ˒ ˈ, 𝑡˒ˈሻ = ͵ͷͶͲ,Ͷͷͷ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 
ɬɪɚɤɬɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 ℎ′˅ˇ = ℎ′′(ܲ˄ .˅ˇ) = ʹͺͲͲ,ͻͻ͵ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ. 
  
 ɍɪɚɜɧɟɧɢɟ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɚɤɬɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
 
.˕.ˍܩ  ∙ ሺℎଵ − ℎଶሻ = ˈ˒ܦ ∙ ሺℎ′′˅ˇ − ℎэˍሻ, (36) 
ɝɞɟ ℎ′′˅ˇ = ℎ′˅ˇ = ʹͺͲͲ,ͻͻ͵ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ; 
 ℎэˍ = ℎሺ эܲˍ, 𝑡эˍሻ = ͳͲͷͳ,͹ͷ͸ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɢɫɩɚɪɢɬɟɥɶ. 
 
 ɍɪɚɜɧɟɧɢɟ ɷɤɨɧɨɦɚɣɡɟɪɚ ɬɪɚɤɬɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
 
.˕.ˍܩ  ∙ ሺℎଶ − ℎଷሻ = ˈ˒ܦ ∙ ሺℎэˍ − ℎ˒ːሻ, (37) 
ɝɞɟ ℎ˒ː = ℎˇ + ∆ℎ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɷɤɨɧɨɦɚɣɡɟɪ; 
 ∆ℎ = ∆௉∙𝑣𝜂ː = ଷ,଼଻଻∙଴,଴଴ଵ଴,଼ = ͷ,͵͸ͻ ˍʓˉ/ˍˆ; 

 ℎ˒ː = ͸ͻ͹,ͳͶ͵ + ͷ,͵͸ͻ = ͹Ͳʹ,ͷͳ͵ ˍʓˉ/ˍˆ. 
 
 ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ:  
 
.˕.ˍܩ  ∙ ሺℎଷ − ℎସሻ = ˇː.ˈ˒ܦ ∙ ሺℎ˒ˈ.ːˇ − ℎ′ːˇሻ, (38) 
ɝɞɟ ℎ˒ˈ.ːˇ = ℎ(ܲ˒ ˈ.ːˇ, 𝑡˒ˈ.ːˇ) = ͵Ͳͳ͹,ͷͶ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 
ɬɪɚɤɬɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 ℎ′ːˇ = ℎ′′(ܲ˄ .ːˇ) = ʹ͹͸Ͷ,ͷͳ͵ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
  
 ɍɪɚɜɧɟɧɢɟ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɚɤɬɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
 
.˕.ˍܩ  ∙ ሺℎସ − ℎହሻ = ˇː.ˈ˒ܦ ∙ ሺℎ′′ːˇ − ℎэˍ.ːˇሻ, (39) 
ɝɞɟ ℎ′′ːˇ = ℎ′ːˇ = ʹ͹͸Ͷ,ͷͳ͵ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ; 
 ℎэˍ.ːˇ = ℎ( эܲˍ.ːˇ, 𝑡эˍ.ːˇ) = ͸ͷ͵,͹͸͹ ˍʓˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ 
ɢɫɩɚɪɢɬɟɥɶ. 
 
 ɍɪɚɜɧɟɧɢɟ ɷɤɨɧɨɦɚɣɡɟɪɚ ɬɪɚɤɬɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 
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.˕.ˍܩ  ∙ (ℎହ − ℎ˖˘) = ˇː.ˈ˒ܦ ∙ ሺℎэˍ.ːˇ − ℎ˒ː.ːˇሻ, (40) 
ɝɞɟ ℎ˒ː.ːˇ = ℎˇ + ∆ℎ − ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɷɤɨɧɨɦɚɣɡɟɪ; 
 ∆ℎ = ∆௉∙𝑣𝜂ː = ଴,ଵସ∙଴,଴଴ଵ଴,଼ = Ͳ,ͳͻ͵ ˍʓˉ/ˍˆ; 

 ℎ˒ː.ːˇ = ͸ͻ͹,ͳͶ͵ + Ͳ,ͳͻ͵ = ͸ͻ͹,͵͵͹ ˍʓˉ/ˍˆ. 
  
 Ɋɟɲɚɹ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɦɵ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 
 ℎଵ = ʹ͹ͷͳ,͹ͻ͵ ˍʓˉ/ˍˆ; 

 ℎଶ = ʹͷͷͻ,͵͵ͻ ˍʓˉ/ˍˆ; 

 ℎଷ = ʹͷʹͲ,ͻͳͷ ˍʓˉ/ˍˆ; 

 ℎସ = ʹ͵͵͸,Ͷ͵Ͷ ˍʓˉ/ˍˆ; 

 ℎହ = ͺʹͻ,ʹ͸ͷ ˍʓˉ/ˍˆ; 

ˇː.ˈ˒ܦ  = ʹ͹͸,ͳͳͻ ˍˆ/˔. 

  

2.4 Ɋɚɫɱɟɬ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 

2.4.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ Ɍɚɛɥɢɰɚɯ 2 ɢ 3. 
 

Ɍɚɛɥɢɰɚ 2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
 

ɉɪɨɬɨɬɢɩ ɤɨɬɥɚ ɉ-59 
Ɍɨɩɥɢɜɨ Ʉɭɡɧɟɰɤɢɣ Ⱦ, Ɋ, ɋɒ 
ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ܦ˒ˈ = 980 ɬ/ɱ 
Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ ܲ˒ ˈ = 24Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ 𝑡˒ˈ = 545°C 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 𝑡˒˅ =263°C 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 𝜗˖˘ = 150 °C 
Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 𝑡˘˅ =5°C 
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Ɍɚɛɥɢɰɚ 3 – Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 
 

 
 

2.4.2 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɢ ɩɪɢɫɨɫɵ 
ɜɨɡɞɭɯɚ ɜ ɨɬɞɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬяɯ ɧɚɝɪɟɜɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ αɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ 
ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ, ɨɧ ɜɵɛɢɪɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɬɢɩɭ ɬɨɩɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ 
ɜɢɞɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. Ⱦɥɹ ɤɚɦɟɪɧɨɣ ɬɨɩɤɢ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ 
ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 1,15 ɞɨ 1,2 [4]. ɉɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ αɬ = 1,2. 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɪɚɛɨɬɚɸɳɟɣ 
ɩɨɞ ɪɚɡɪɹɠɟɧɢɟɦ, ɬɚɤɠɟ ɢɦɟɸɬ ɦɟɫɬɨ ɩɪɢɫɨɫɵ Δαɩɥ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɜ 
ɝɨɪɟɥɤɢ ɜɦɟɫɬɟ ɫ ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɟɣ ɬɨɩɥɢɜɨ ɫɪɟɞɨɣ. Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɜ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦɚɯ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ 
ɪɚɡɪɹɠɟɧɢɟɦ, ɩɪɢɧɢɦɚɟɬɫɹ ɭɱɢɬɵɜɚɹ ɬɢɩ ɦɟɥɶɧɢɰɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɵɥɟɫɢɫɬɟɦɵ [4]. Ⱦɥɹ ɦɨɥɨɬɤɨɜɨɣ ɦɟɥɶɧɢɰɵ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ ɩɵɥɢ ɜ ɬɨɩɤɭ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ Δαɩɥ= 0,04. 

ɉɪɢɫɨɫ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɞɥɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ 
ɞɥɹ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ, ɫ Dɩɟ> 89 ɤɝ/ɫ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɛɪɚɬɶ ɜ ɩɪɟɞɟɥɚɯ 
0,05 - 0,07 [4]. Ɂɧɚɱɟɧɢɟ ɩɪɢɫɨɫɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɩɪɢɧɢɦɚɟɬɫɹ: Δαɬ = 
0,06. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɫɨɫɚ ɜɨɡɞɭɯɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɝɚɡɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ Δαɩɩ = 0,03 [4]. 

ɉɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɜɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ Δαɜɷɤ = 0,02 
[4]. 

ɉɪɢɫɨɫ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɱɚɬɵɣ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɪɢɧɢɦɚɟɬɫɹ Δαɬɜɩ = 
0,03 [4]. 
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ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙˍ˒.˅ˇ′′ = ˕ߙ + ′′ˇ˅.˒ˍߙ (41) ,˒˒ߙ∆ = ͳ,ʹ + Ͳ,Ͳ͵ = ͳ,ʹ͵.  

ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙˍ˒.ːˇଵ′′ = ′′ˇ˅.˒ˍߙ + ′′ːˇଵ.˒ˍߙ (42) ,˒˒ߙ∆ = ͳ,ʹ͵ + Ͳ,Ͳ͵ = ͳ,ʹ͸.  

ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɬɨɪɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙˍ˒.ːˇଶ′′ = ′′ːˇଵ.˒ˍߙ + ′′ːˇଶ.˒ˍߙ (43) ,˒˒ߙ∆ = ͳ,ʹ͸ + Ͳ,Ͳ͵ = ͳ,ʹͻ.  

ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɡɨɧɵ ɛɨɥɶɲɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙˊ˄˕′′ = ′′ːˇଶ.˒ˍߙ + ′′˕˄ˊߙ (44) ,˒˒ߙ∆ = ͳ,ʹͻ + Ͳ,Ͳ͵ = ͳ,͵ʹ.  

ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙ˕˅˒ଶ′′ = ′′˕˄ˊߙ + ′′ଶ˒˅˕ߙ (45) ,˒˅˕ߙ∆ = ͳ,͵ʹ + Ͳ,Ͳ͵ = ͳ,͵ͷ.  

ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙ˅эˍ′′ = ′′ଶ˒˅˕ߙ + ′′ˍэ˅ߙ эˍ (46)˅ߙ∆ = ͳ,͵ͷ + Ͳ,Ͳʹ = ͳ,͵͹   

ɂɡɛɵɬɨɤ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: ߙ˕˅˒ଵ′′ = ′′ˍэ˅ߙ + ′′ଵ˒˅˕ߙ (47) ˒˅˕ߙ∆ = ͳ,͵͹ + Ͳ,Ͳ͵ = ͳ,Ͷ 
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2.4.3 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ 

Ⱦɥɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɪɚɫɱɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɛɴɟɦɨɜ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ, ɢ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɨɢɡɜɨɞɹɬ, ɢɫɯɨɞɹ ɢɡ ɫɨɫɬɚɜɚ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ (ɫɦ. 
Ɍɚɛɥɢɰɭ 3). 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: ܸ˅° = Ͳ,Ͳͺͺͻ ∙ ሺܥ˓ + Ͳ,͵͹ͷ ∙ ܵ˓ሻ + Ͳ,ʹ͸ͷ ∙ ˓ܪ − Ͳ,Ͳ͵͵͵ ∙ ܱ˓ (48) 

ɝɞɟ ܥ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. Ɍɚɛɥɢɰɭ 3); 
 ܵ˓ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. Ɍɚɛɥɢɰɭ 3); 
 ;ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. Ɍɚɛɥɢɰɭ 3) – ˓ܪ 
 ܱ˓ – ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. Ɍɚɛɥɢɰɭ 3). ܸ˅° = Ͳ,Ͳͺͺͻ ∙ ሺͷ͸,Ͷ + Ͳ,͵͹ͷ ∙ Ͳ,Ͷሻ + Ͳ,ʹ͸ͷ ∙ Ͷ − Ͳ,Ͳ͵͵͵ ∙ ͻ,ͻ = ͷ,͹ͷͺ  

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

ேܸమ° = Ͳ,͹ͻ ∙ ܸ˅° + Ͳ,ͺ ∙ ே˓ଵ଴଴, (49) 

ɝɞɟ ܰ˓ – ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. Ɍɚɛɥɢɰɭ 3). 

ேܸమ° = Ͳ,͹ͻ ∙ ͷ,͹ͷͺ + Ͳ,ͺ ∙ ଴,ସଵ଴଴ = Ͷ,ͷ͸Ͷ  

Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ 
ɬɨɩɥɢɜɚ: 

ோܸைమ = ͳ,ͺ͸͸ ∙ ஼˓+଴,ଷ଻ହ∙ௌ˓ଵ଴଴ , (50) 

ோܸைమ = ͳ,ͺ͸͸ ∙ ହ଺,ସ+଴,ଷ଻ହ∙଴,ସଵ଴଴ = ͳ,Ͳͷͷ  

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ: 

ுܸమை° = Ͳ,ͳͳͳ ∙ ˓ܪ + Ͳ,ͲͳʹͶ ∙ ܹ˓ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅°, (51) 

ɝɞɟ ܹ˓ – ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %, (ɫɦ. Ɍɚɛɥɢɰɭ 3). 

ுܸమை° = Ͳ,ͳͳͳ ∙ Ͷ + Ͳ,ͲͳʹͶ ∙ ͳͳ,ͷ + Ͳ,Ͳͳ͸ͳ ∙ ͷ,͹ͷͺ = Ͳ,͸͹ͻ.  

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ: ܸ̂° = ோܸைమ + ேܸమ° + ுܸమை° , (52) ܸ̂° = ͳ,Ͳͷͷ + Ͷ,ͷ͸Ͷ + Ͳ,͸͹ͻ = ͸,ʹͻͺ.  



27  

Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ ɫɜɨɞɢɦ ɜ 
Ɍɚɛɥɢɰɭ 4. Ɉɛɴɟɦɵ ɝɚɡɨɜ ɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ αɫɪ, ɪɚɜɧɨɦɭ ɩɨɥɭɫɭɦɦɟ 
ɡɧɚɱɟɧɢɣ ɧɚ ɜɯɨɞɟ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟɟ. ȼ Ɍɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧɵ 
ɬɚɤɠɟ ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɬɵɯ ɱɚɫɬɢɰ ɜ 
ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɱɟɬɚ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. Ⱦɨɥɹ 
ɡɨɥɵ, ɭɧɨɫɢɦɨɣ ɩɨɬɨɤɨɦ ɝɚɡɚ ɚɭɧ, ɩɪɢɧɢɦɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ: ɚɭɧ = 
0,95. 

 
Ɍɚɛɥɢɰɚ 4 – Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

 
ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ ɟɟ 
ɨɛɨɡɧɚɱɟɧɢɟ 

Ɍɨɩɨɱɧɚ
ɹ ɤɚɦɟɪɚ 

Ʉɉ.ȼ
Ⱦ 

Ʉɉ.ɇȾ
1 

Ʉɉ.ɇȾ
2 

ɁȻɌ 
Ɍȼɉ

2 
ȼɗɄ 

Ɍȼɉ
1 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɧɚɝɪɟɜɚ Ɍ iα =α + α   

1,2 1,23 1,26 1,29 1,32 1,35 1,37 1,4 

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ߙ˔˓ 

1,2 1,215 1,245 1,275 1,305 1,335 1,36 1,385 

Ɉɛɴёɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ,
3ɦ / ɤɝ  

2 2

0 0
ɫɪ ȼ0,0161 ( 1)H O H OV V V     

 

0,698 0,699 0,702 0,705 0,708 0,71 0,713 0,715 

ɉɨɥɧɵɣ ɨɛɴёɦ ɝɚɡɨɜ, ɦ3/ɤɝ, 
0 0

Ƚ Ƚ ɫɪ ȼ1,016 ( 1)V V V     
 

7,468 7,556 7,731 7,907 8,082 8,258 8,404 8,55 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɬɪёɯɚɬɨɦɧɵɯ 
ɝɚɡɨɜ 

2 2 Ƚ/RO ROr V V
 

0,141 0,14 0,136 0,133 0,131 0,128 0,126 0,123 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 

2 2 Ƚ/H O H Or V V
 

0,093 0,093 0,091 0,089 0,088 0,086 0,085 0,084 

ɋɭɦɦɚɪɧɚɹ ɨɛɴёɦɧɚɹ ɞɨɥɹ 

2 2ɩ RO H Or r r 
 

0,235 0,232 0,227 0,223 0,218 0,214 0,211 0,207 

Ɇɚɫɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɪ 0

Ƚ ɫɪ ȼ1 0,01 1,306 αG А V     
 

9,864 9,977 10,203 10,428 
10,65

4 
10,87

9 
11,06

7 
11,25

5 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ 
ɱɚɫɬɢɰ, ɤɝ/ɤɝ, 

Ɋ
ɡɥ ɭɧ Ƚ/100А а G   

 

0,015 0,015 0,015 0,014 0,014 0,014 0,014 0,013 

 

2.4.4 Ɋɚɫɱɟɬ ɷɧɬɚɥɶɩɢɣ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢя 
 
ɇɟɨɛɯɨɞɢɦɨɟ ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ (ɜɨɡɞɭɯɚ) ɧɚ ɩɪɨɢɡɜɨɥɶɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ: ɩɟɪɜɵɣ - ɧɚɯɨɞɹɬ ɷɧɬɚɥɶɩɢɸ ɝɚɡɚ(ɜɨɡɞɭɯɚ) 
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ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200 °ɋ ɢ ɡɚɞɚɧɧɨɦ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ, ɜɬɨɪɨɣ – ɫ ɩɨɦɨɳɶɸ 
ɮɨɪɦɭɥɵ ɩɟɪɟɫɱɟɬɚ ɧɚɯɨɞɹɬ ɟɟ ɞɥɹ ɢɫɤɨɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200°C ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ, ɤȾɠ/ɤɝ: 
 
ଶଶ଴଴଴ˆܪ  = ܸ̂଴ ∙ ܿˆ ∙ 𝜗ˆ, (52) 
 
ɝɞɟ ܿˆ = ͳ,͹ͳ ˍʓˉ/ሺˏଷ ∙ °Cሻ  − ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ; 
 𝜗ˆ = ʹʹͲͲ°C − ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ. 
 
ଶଶ଴଴଴ˆܪ  = ͸,ʹͻͺ ∙ ͳ,͹ͳ ∙ ʹʹͲͲ = ʹ͵͸ͻ͵,ͻͻ͸. 
 Ɍɟɨɪɟɬɢɱɟɫɤɭɸ ɷɧɬɚɥɶɩɢɸ ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ, ɤȾɠ/ɤɝ: 
  
ଶଶ଴଴଴˅ܪ  = ͵ͶͲ͵ ∙ ܸ˅଴, (53) 
ଶଶ଴଴଴˅ܪ  = ͵ͶͲ͵ ∙ ͷ,͹ͷͺ = ͳͻͷͻ͵,ͳͻͺ. 
 
  ɂɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200°ɋ ɢ ɢɡɛɵɬɤɟ 
ɜɨɡɞɭɯɚ αɭɯ ɫɨɫɬɚɜɥɹɟɬ, ɤȾɠ/ɤɝ(ɦ3): ܪ˖˘.ˆଶଶ଴଴ = ଶଶ଴଴଴ˆܪ + ሺߙ˖˘ − ͳሻ ∙ ଶଶ଴଴଴˅ܪ ଶଶ଴଴ˆ.˘˖ܪ (54) , = ʹ͵͸ͻ͵,ͻͻ͸ + ሺͳ,Ͷ − ͳሻ ∙ ͳͻͷͻ͵,ͳͻͺ = ͵ͳͷ͵ͳ,ʹ͹ͷ. 

ɗɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ: ܪ˖˘ = ଶଶ଴଴ˆ.˘˖ܪ ∙ 𝜗˖˘ଶ଺ହ଴−଴,ଷ∙𝜗˖˘, (55) 

ɝɞɟ 𝜗˖˘ − ɫɦɨɬɪɟɬɶ Ɍɚɛɥɢɰɭ 2. ܪ˖˘ = ͵ͳͷ͵ͳ,ʹ͹ͷ ∙ ଵହ଴ଶ଺ହ଴−଴,ଷ∙ଵହ଴ = ͳͺͳͷ,͸ʹ. 

 ɗɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ: 

˅˘ܪ  = ఉˆ˅∙ு˅మమబబబ ∙௧˘˅ଶ଺ଵ଴−଴,ଶହ∙௧˘˅, (56) 

ɝɞɟ ߚˆ˅ = ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ; 

 𝑡˘˅ = ͷ°ʠ − ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ. 
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2.4.5 ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ. Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ 

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ q2, %, ɡɚɜɢɫɢɬ ɨɬ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, 
ɩɨɤɢɞɚɸɳɢɯ ɤɨɬɟɥ: ݍଶ = ሺு˖˘−ఈ˖˘∙ு˘˅° ሻሺଵ଴଴−௤రሻொ˓˓ ,  (57) 

ɝɞɟ ܪ˖˘ – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ;  
 ;ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ – ˘˖ߙ 
°˅˘ܪ   – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ;  
 ܳ˓˓  – ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɬɟɩɥɨɬɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɤȾɠ/ɤɝ, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ ܳː˓  (ɫɦ. Ɍɚɛɥɢɰɭ 3); 
 ସ – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ, %, ɤɨɬɨɪɵɣݍ 
ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛɚ ɟɝɨ ɫɠɢɝɚɧɢɹ [1]: ɞɥɹ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ, 
ɫɠɢɝɚɟɦɵɯ ɜ ɤɚɦɟɪɧɨɣ ɬɨɩɤɟ ɫ ɬɜɟɪɞɵɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɩɪɢɧɢɦɚɟɬɫɹ ݍସ = ͳ. ݍଶ = ሺଵ଼ଵହ,଺ଶ−ଵ,ସ∙ସଵ,ଷ଴଼ሻሺଵ଴଴−ଵሻଶଵଽ଴଴ = ͹,ͻͶ͸.  

ɉɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ q3, %, ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ 
ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. Ɍɚɤ ɤɚɤ ɤɨɬɟɥ ɩɵɥɟɭɝɨɥɶɧɵɣ, ɬɨɝɞɚ ݍଷ = Ͳ. 

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

ହːݍ = ቀ లబ𝐷ːˑˏቁబ,ఱ
୪୥ ஽ːˑˏ  ,  (58) 

ɝɞɟ ܦːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɥɚ. 

ହːݍ = ቀ లబమళమ,మమమቁబ,ఱ୪୥ ଶ଻ଶ,ଶଶଶ = Ͳ,ͳͻ͵.   

ɉɪɢ ɧɚɝɪɭɡɤɚɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ, ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ q5 
ɢɡɦɟɧɹɟɬɫɹ ɢ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݍହ = ହːݍ ∙ ஽ːˑˏ஽˒ˈ ହݍ (59)  , = Ͳ,ͳͻ͵ ∙ ଶ଻ଶ,ଶଶଶଶ଻ଶ,ଶଶଶ = Ͳ,ͳͻ͵.  

Ɋɚɡɛɢɜɤɚ ɩɨɬɟɪɢ ɬɟɩɥɚ ɨɬ ɧɚɪɭɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɤɨɬɥɚ ɩɨ ɨɬɞɟɥɶɧɵɦ 
ɝɚɡɨɯɨɞɚɦ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɪɚɫɱɟɬɚ. Ⱦɨɥɢ ɷɬɨɣ ɩɨɬɟɪɢ, 
ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɝɚɡɨɯɨɞɵ, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ 
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ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɚ, ɨɬɞɚɜɚɟɦɨɝɨ ɝɚɡɚɦɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɝɚɡɨɯɨɞɚɯ. ɉɨɷɬɨɦɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ, ɨɬɞɚɧɧɨɝɨ ɝɚɡɚɦɢ, ɩɨɬɟɪɢ 
ɨɬ ɧɚɪɭɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɭɱɢɬɵɜɚɸɬɫɹ ɜɜɟɞɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɯɪɚɧɟɧɢɹ 
ɬɟɩɥɚ: 𝜑 = ͳ − ௤ఱଵ଴଴,  (60) 𝜑 = ͳ − ଴,ଵଽଷଵ଴଴ = Ͳ,ͻͻͺ.  

ɉɪɢ ɬɜɟɪɞɨɦ ɲɥɚɤɨɭɞɚɥɟɧɢɢ ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ 
q6 ,%, ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɞɥɹ ɦɧɨɝɨɡɨɥɶɧɵɯ ɬɨɩɥɢɜ, ɤɨɝɞɚ А˓ > ʹ,ͷܳː˓: ͳͷ,ͻ ≯ ͷͶ,͹ͷ, ɡɧɚɱɢɬ ݍ଺ = Ͳ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, %, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ: 𝜂ˍ˃˄˓ = ͳͲͲ − ሺݍଶ + ଷݍ + ସݍ + ହݍ + ˓˄˃ˍ଺ሻ, (61) 𝜂ݍ = ͳͲͲ − ሺ͹,ͻͶ͸ + Ͳ + ͳ + Ͳ,ͳͻ͵ + Ͳሻ = ͻͲ,ͺ͸ͳ.  

ɉɨɥɟɡɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ B, ɬ/ɱ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ ɩɚɪɨɜɨɝɨ 
ɤɨɬɥɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɩɨɥɟɡɧɵɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ ɩɪɢ ɝɨɪɟɧɢɢ 
ɬɨɩɥɢɜɚ ɢ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟɦ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɜ ɩɚɪɨɜɨɦ ɤɨɬɥɟ: ܤ = ஽˒ˈሺℎ˒ˈ−௧̅˒˅ሻ+஽˅˒ሺℎ˅˒−௧̅˒˅ሻொː˓ ∙𝜂ˍ˃˄˓ ,  (62) 

ɝɞɟ ܦ˅˒ = ʹ͵͵,Ͳͷ͸ ˍˆ/˔ – ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɬɨɪɢɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ. 
 ℎ˒ˈ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɢ ɞɚɜɥɟɧɢɸ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ [5]: ℎ˒ˈ = 𝑓ሺܲ˒ ˈ, 𝑡˒ˈሻ. Ɂɞɟɫɶ ܲ˒ ˈ – ɞɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, Ɇɉɚ, ɢ 𝑡˒ˈ – ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, °C. ɋɥɟɞɨɜɚɬɟɥɶɧɨ: ℎ˒ˈ = ͵͵͵Ͷ,ͻʹ; 𝑡̅˒ ˅ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɢ ɞɚɜɥɟɧɢɸ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ [5]: 𝑡̅˒ ˅  = 𝑓ሺܲ˒ ˅, 𝑡˒˅ሻ. Ɂɞɟɫɶ ܲ˒ ˅ – ɞɚɜɥɟɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, Ɇɉɚ, ɤɨɬɨɪɨɟ 
ɩɪɢɧɢɦɚɟɬɫɹ:ܲ˒ ˅ = ͵Ͷ,  ɢ 𝑡˒˅ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, °C, 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ: 𝑡̅˒ ˅ = ͳͳͶͻ,Ͳʹʹ; ℎ˅˒ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, ɤȾɠ/ɤɝ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɢ ɞɚɜɥɟɧɢɸ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ [5]: ℎ˅˒ = 𝑓ሺܲ˅ ˒, 𝑡˅˒ሻ. Ɂɞɟɫɶ ܲ˅ ˒ – ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, Ɇɉɚ, ɤɨɬɨɪɨɟ 
ɩɪɢɧɢɦɚɟɬɫɹ: ܲ˄ = ͵,͸ͺ, ɢ 𝑡˅˒ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, °C. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ: ℎ˅˒ = ͵ͷͷͳ,ͺͶ. ܤ = ଶ଻ଶ,ଶଶଶ∙ሺଷଷଷସ,ଽଶ−ଵଵସଽ,଴ଶଶሻ+ଶଷଷ,଴ହ଺∙ሺଷହହଵ,଼ସ−ଵଵସଽ,଴ଶଶሻଶଵଽ଴଴∙଴,ଽ଴଼଺ = ͷͺ,ͲͶ͸  
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Ɂɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ Bɪ, ɤɝ/ɫ, ɧɚ ɨɫɧɨɜɟ 
ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɨɜ ɢ ɜɨɡɞɭɯɚ ɜ 
ɝɚɡɨɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ ɤɨɬɥɚ: ܤ˓ = ܤ ∙ ሺͳ − Ͳ,Ͳͳ ∙ ˓ܤ ସሻ,  (63)ݍ = ͷͺ,ͲͶ͸ ∙ ቀͳ − ଵଵ଴଴ቁ = ͷ͹,Ͷ͸͸. 

2.5 Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

2.5.1 Ɉɩɢɫɚɧɢɟ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɩɨɞɝɨɬɨɜɤɚ ɞɚɧɧɵɯ ɤ ɪɚɫɱёɬɭ 

ɉɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɨɩɪɟɞɟɥɢɬɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɬɭɪɛɢɧɵ Ɍ-260-240 ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɞɚɧɧɵɯ: 

 ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ Wɷ= 260 Ɇȼɬ; 
 ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ Qˑ˕ˏ˃ˍ˔ = ʹͲͲͲ ʒʓˉ ч⁄ . 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-260-240 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

Ɋɢɫɭɧɤɟ 5. ɂɡ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɜɢɞɧɨ, ɨɬɩɭɫɤ ɬɟɩɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɞɜɭɯ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ. Ɉɬɛɨɪɧɵɣ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ.  

ɋɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
(ɉɇȾ), ɞɟɚɷɪɚɬɨɪɚ ɢ ɬɪɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉȼȾ). ɋɥɢɜ 
ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɉȼȾ – ɤɚɫɤɚɞɧɵɣ ɜ ɞɟɚɷɪɚɬɨɪ. ɋɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɉɇȾ – ɫ 
ɩɨɦɨɳɶɸ ɞɪɟɧɚɠɧɵɯ ɧɚɫɨɫɨɜ (Ⱦɇ) ɜ ɥɢɧɢɸ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. ȼ ɫɯɟɦɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɹɦɨɬɨɱɧɵɣ ɤɨɬɟɥ. ɉɚɪ ɢɡ ɭɩɥɨɬɧɟɧɢɣ ɩɨɫɬɭɩɚɟɬ ɜ ɫɚɥɶɧɢɤɨɜɵɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ – ɨɯɥɚɞɢɬɟɥɶ ɭɩɥɨɬɧɟɧɢɣ (Ɉɍ), ɚ ɢɡ ɨɫɧɨɜɧɵɯ ɷɠɟɤɬɨɪɨɜ 
ɤɨɧɞɟɧɫɚɬɨɪɚ – ɜ ɨɯɥɚɞɢɬɟɥɶ ɷɠɟɤɬɨɪɧɨɝɨ ɩɚɪɚ (Ɉɗ), ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɨɞɨɝɪɟɜɭ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ. 

ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɤɨɧɞɟɧɫɚɬɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɨɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 

Ɂɚɜɨɞɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ ɬɭɪɛɢɧɵ Ɍ-260-240ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Ɍɚɛɥɢɰɟ 5. 

Ɍɚɛɥɢɰɚ 5 – Ɂɚɜɨɞɫɤɢɟ ɞɚɧɧɵɟ ɬɭɪɛɢɧɵ Ɍ-260-240 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ Wɷ, Ɇȼɬ 260 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ Qˑ˕ˏ˃x, Ɇȼɬ 555,556 
Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ Qˑ˕˄˃ˊ, Ɇȼɬ 406,994 

ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ: 
Ⱦɚɜɥɟɧɢɟ P0, Ɇɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ t0, °C 

 
23,5 
540 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ Pɤ, ɤɉɚ 5,8 
 

ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ – 9; 

Ⱦɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɚɯ: 
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P1 = 5,62 Ɇɉɚ;  
P2 = 4,06 Ɇɉɚ;  
P3 = 2,5 Ɇɉɚ;  
P4 = 1,72 Ɇɉɚ;  
P5 = 0,976 Ɇɉɚ;  
P6 = 0,395 Ɇɉɚ;  
P7 = 0,284 Ɇɉɚ; 
P8 = 0,093 Ɇɉɚ; 
P9 = 0,027 Ɇɉɚ. 
Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɄɉȾ ɬɭɪɛɢɧɵ Ɍ-260-240: 

ηoi
ɐȼȾ = ͺʹ,ͷ%;  

ηoi
ɐɋȾ = 91,5%; 

ηoi
ɐɋȾʹ = 90%; 

ηoi
ɐɇȾ = ͺͶ%.  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ; αɫɧ = 2,0%; 
ȼɧɭɬɪɢɫɬɚɧɰɢɨɧɧɵɟ ɩɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ; αɭɬ = 1,1%; 
ɉɨɬɟɪɢ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɹ; αɭɩɥ = 1,0%; 
ɉɨɬɟɪɢ ɩɚɪɚ ɧɚ ɷɠɟɤɰɢɸ; αɷɠ = 0,5%; 
Ɍɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ; tɯ.ɜ. = 30ɋ; 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɫɚɥɶɧɢɤɨɜɨɦ ɢ ɷɠɟɤɬɨɪɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ; tɷɠ + tɫɩ = 15 

C; 
ɄɉȾ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ: 0,98ηɬɨ  . 

ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɉȼȾ; ϑɉȼȾ= 3ɋ. 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɉɇȾ; ϑɉɇȾ = 2ɋ. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɫɟɬɢ ɩɪɢɧɢɦɚɟɦ 130/70 C. 
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Ɋɢɫɭɧɨɤ 5 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-260-240 
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2.5.2 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫɭɧɤɟ 6. 

ПС-1

СН

˃П

ПС-2

ПʦК

 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 

 
Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ: 

Gɫɜ = Qɨɬ
max

ɋɜ·Δt = ହହହ,ହହ଺ସ,ଵଽ·ሺଵଷ଴−଻଴ሻ = ʹʹͲͻ,ͺͶ͹ (64) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ: 

 Ƚ = Qɨɬ
ɛɚɡ

Qɨɬ
max = ସ଴଺,ଽସସହହହ,ହହ଺ = Ͳ,͹͵͵ (65) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɋ: 

 tː.˅˔ = tˑ.˔. + Qɨɬ
ɛɚɡ

ɋɜ∙Gɫɜ
+ ϑ, (66) tː.˅˔ = ͹Ͳ + ସ଴଺,ଽସସͶ,ͳͻ∙ଶଶ଴ଽ,଼ସ଻ + ͷ = ͳͳͺ,ͻͷ. 

ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, 

ɤȾɠ/ɤɝ:  

 t̅ː.˅˔ = Ͷͻͻ,͵ʹʹ 

Ⱦɚɜɥɟɧɢɟ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ:  P̝ .˅. = 0,1ͻʹ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ 

ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, Ɇɉɚ:  Pହ′ = ୔˔.˅.଴,ଽହ = 0,ʹͲʹ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɋ: tː.ː˔ = tˑ.˔. + ሺtː.˅˔−ହሻ−tˑ.˔.ʹ + ϑ, (67) 
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tː.ː˔ = ͹Ͳ + ሺଵଵ଼,ଽହ−ହሻ−଻଴ʹ + ͷ = ͻ͸,ͻ͹ͷ. 

ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, 

ɤȾɠ/ɤɝ:  

 t̅ː.ː˔ = ͶͲ͸,͵Ͷʹ 

Ⱦɚɜɥɟɧɢɟ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ:  P̝ .ː. = 0,Ͳͻͳ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ 

ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, Ɇɉɚ:  Pହ′ = ୔˔.ː.଴,ଽହ = 0,Ͳͻ͸. 

 

2.5.3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢя ɩɚɪɚ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ 

ɂɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ ɢɦɟɟɦ: 

ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɫɬɨɩɨɪɧɵɦ ɤɥɚɩɚɧɨɦ: 

 Ⱦɚɜɥɟɧɢɟ       P0 = 23,5 Ɇɉɚ; 

 Ɍɟɦɩɟɪɚɬɭɪɚ      t0 = 540ɋ; 
 

ɇɚɯɨɞɢɦ ɧɚ i-s ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ Ⱥ0, ɫɦɨɬɪɢ ɪɢɫɭɧɨɤ 7. ɋ ɭɱёɬɨɦ 
ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɰɢɥɢɧɞɪɚ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ 
ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɟɬ, Ɇɉɚ: 

 P'Ͳ = PͲ·ηˇʥ˓ʑʓ = ʹ͵,ͷ·Ͳ,ͻͶͻ = ʹʹ,͵Ͳʹ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ P'Ͳ ɞɨ ɞɚɜɥɟɧɢɹ Pଷ 
ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ A0B0. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ 
ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ “ȼ” ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ: iB = iAͲ − ሺiAͲ − iBͲሻ·ηoiʥʑʓ, 

ɝɞɟ iBͲ= ʹͻ͸ͷ,ʹͶ͹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɫɲɢɪɟɧɢɹ;  iAͲ= ͵͵͵ͻ,ʹͷͻ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ;  ηoiʥʑʓ = Ͳ,ͺʹͷ ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɰɢɥɢɧɞɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
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iB = ͵͵͵ͻ,ʹͷͻ − ሺ͵͵͵ͻ,ʹͷͻ − ʹͻ͸ͷ,ʹͶ͹ሻ · Ͳ,ͺʹͷ = ͵Ͳ͵Ͳ,͸ͻͻ. 

Ɍɨɱɤɭ “B’“ ɨɩɪɟɞɟɥɢɦ ɫ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ, Ɇɉɚ: 

଴ܲʦʠʓ = P˒ ˒·ሺͳ − ∆P˒ ˒ሻ·ηˇʥ˓ʠʓ
, (68) 

଴ܲʦʠʓ = ͵,͸ͺ∙ሺͳ − Ͳ,Ͳͻͷሻ ∙ Ͳ,ͻͷ = ͵,ͳ͸Ͷ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ ଴ܲʦʠʓ ɞɨ ɞɚɜɥɟɧɢɹ P଺ 
ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ BC0. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ 
ɩɚɪɚ ɜ ɬɨɱɤɟ “C” ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ: iC = iB − ሺiB − iCͲሻ·ηoiʥʠʓ, (69) 

ɝɞɟ iB = ͵Ͷʹʹ,ͳʹͶ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ, 

i஼బ = ʹͻʹͷ,ͺͶͺ  ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɬɨɱɤɟ “ܥ଴”; 

ηoi
ʥʠʓ= 0,ͻͳͷɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɞɥɹ ɰɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ. iC = ͵Ͷʹʹ,ͳʹͶ − ሺ͵Ͷʹʹ,ͳʹͶ − ʹͻʹͷ,ͺͶͺሻ · Ͳ,ͻͳͷ = ͵ͳͳʹ,ͺͶ͸. 

Ɍɨɱɤɭ “C’“ ɨɩɪɟɞɟɥɢɦ ɫ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ, Ɇɉɚ: 

଴ܲʦʠʓଶ = P଺·ሺͳ − ∆P˒ ˒ሻ·ηˇʥ˓ʠʓ
, (70) 

଴ܲʦʠʓଶ = Ͳ,͵ͻͷ∙ሺͳ − Ͳ,Ͳͻͷሻ ∙ Ͳ,ͻͷ = Ͳ,͵Ͷ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ ଴ܲʦʠʓଶ ɞɨ ɞɚɜɥɟɧɢɹ P଼  
ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ CD0. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ 
ɩɚɪɚ ɜ ɬɨɱɤɟ “D” ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ: iD = iC − ሺiC − iDͲሻ·ηoiʥʠʓʹ, (71) 

ɝɞɟ iC = ʹͻʹ͵,͸ͺͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ; iDͲ = ʹ͹͵͵,͵ͷͻ  ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɬɨɱɤɟ “ܥ଴”; 

ηoi
ʥʠʓଶ = Ͳ,ͻ − ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɞɥɹ ɰɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ. iD = ʹͻʹ͵,͸ͺͷ − ሺʹͻʹ͵,͸ͺͷ − ʹ͹͵͵,͵ͷͻሻ · Ͳ,ͻ = ʹ͹͸͸,͸͸͸. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɨɬ ɞɚɜɥɟɧɢɹ ଴ܲʦʜʓ ɞɨ ɞɚɜɥɟɧɢɹ P̱  
ɢɡɨɛɪɚɠɚɟɬɫɹ ɥɢɧɢɟɣ DE0. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ 
ɩɚɪɚ ɜ ɬɨɱɤɟ “E” ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤȾɠ/ɤɝ: iE = iD − ሺiD − iாͲሻ·ηoiʥʜʓ, (72) 
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ɝɞɟ iD = ʹ͹͵Ͷ,ͷ͸ͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɨɫɥɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ; iாͲ = ʹͲ͸ͺ,͸ͻͷ  ɤȾɠ/ɤɝ – ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɬɨɱɤɟ “ܥ଴”; 

ηoi
ʥʜʓ= 0,84 ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɞɥɹ ɰɢɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ. iE = ʹ͹͵Ͷ,ͷ͸ͺ − ሺʹ͹͵Ͷ,ͷ͸ͺ − ʹͲ͸ͺ,͸ͻͷሻ · Ͳ,ͺͶ = ʹͳ͹ͷ,ʹ͵ͷ. 

Ⱦɨɩɨɥɧɟɧɢɟ ɤ ɩ.ɩ. 2.5.2: 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɩɨɫɱɢɬɚɟɦ, ɫɨɫɬɚɜɢɜ 

ɭɪɚɜɧɟɧɢɟ, ɤɝ/ɫ: 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɝ/ɫ: D˅˔ = ୋ˔.˅.⋅Δt˅˔⋅ʠ˅ሺ୦ళ−௧̅ː.˅˔ሻ⋅η˒, (73) 

D˅˔ = ଶଶ଴ଽ,଼ସ଻⋅ଵ଺,଴ହ⋅ସ,ଵଽሺଶହ଴଴,ସଽଶ−ସଽଽ,ଷଶଶሻ⋅଴,ଽ଼ = ͹ͷ,͹͹ͺ. 

ɇɚɝɪɭɡɤɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇȼɬ: Q˅˔ = G˔.˅. ⋅ Δt˅˔ ⋅ ʠ˅, (74) Q˅˔ = ʹʹͲͻ,ͺͶ͹ ⋅ ͳ͸,Ͳͷ ⋅ Ͷ,ͳͻ = ͳͶͺ,͸ͳͳ. 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɝ/ɫ: Dː˔ = ୋ˔.˅.⋅Δtː˔⋅ʠ˅ሺ୦ఴ−௧̅ː.ː˔ሻ⋅η˒, (75) 

Dː˔ = ଶଶ଴ଽ,଼ସ଻⋅ଶଵ,ଽ଻ହ⋅ସ,ଵଽሺଶଷସ଻,ଵ଻ସ−ସ଴଺,ଷସଶሻ⋅଴,ଽ଼ = ͳͲ͸,ͻ͹͹. 

ɇɚɝɪɭɡɤɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇȼɬ: Qː˔ = G˔.˅. ⋅ Δtː˔ ⋅ ʠ˅, (76) Qː˔ = ʹʹͲͻ,ͺͶ͹ ⋅ ʹͳ,ͻ͹ͷ ⋅ Ͷ,ͳͻ = ʹͲ͵,Ͷ͹ʹ. 
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P0=23,5 ɆПа
P 0=22,302ɆПа

t0=540

ПВД1
i1ɨɬɛ = 3027,336ɤȾɠ/ɤɝ

A0

B0

B

C0 C

B 

ПВД2
i2ɨɬɛ = 2962,661ɤȾɠ/ɤɝ

i3ɨɬɛ = 2838,246ɤȾɠ/ɤɝ

ПВД3
i4ɨɬɛ = 2769,65ɤȾɠ/ɤɝ

i5ɨɬɛ = 2671,414ɤȾɠ/ɤɝ

P0ɰɫɞ=3,68ɆПа

P2=4,06ɆПа

P3=2,5ɆПа

P4=1,72ɆПа

P5=0,976ɆПа

P6=0,395ɆПа

P7=0,284ɆПа

P8=0,093ɆПа

Pк=0,0058ɆПа

ПɇД4
i6ɨɬɛ = 2526,897ɤȾɠ/ɤɝ

ПɇД3
i7ɨɬɛ =2500,492ɤȾɠ/ɤɝ

ПɇД2
i8ɨɬɛ = 2347,174ɤȾɠ/ɤɝ

iɤ = 2068,695ɤȾɠ/ɤɝ

i0 = 3339,259 ɤȾɠ/ɤɝ

ɞɟаэратор

P1=5,62ɆПа

i0ɐɋȾ = 3422,124 ɤȾɠ/ɤɝ

ТПɇ

C 

P9=0,027ɆПа

ПɇД2
i9ɨɬɛ = 2223,607ɤȾɠ/ɤɝ

D0

D
D 

E0

E

Ɋɢɫɭɧɨɤ 7 – ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ Ɍ-260-240 ɜ i-s ɞɢɚɝɪɚɦɦɟ 
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2.5.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 

ɉɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉȼȾ 3). Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 5,62 
Ɇɉɚ. ɉɪɢɧɢɦɚɹ ɩɨɬɟɪɸ ɞɚɜɥɟɧɢɹ 5%, ɧɚɯɨɞɢɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, 
Ɇɉɚ: 
 Pʞʑʓଷ = ͷ,͸ʹ ⋅ Ͳ,ͻͷ = ͷ,͵͵ͻ (77) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɋ: 

 tɧ = 268,075 

ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ: 𝑡̝̅ ˒.ˇ.ʞʑʓଷ= 1175,319 

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

tɩɜ = tɧ - ПВД  = 268,075- 2 = 266,075 (78) 

ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ: 𝑡̝̅ ˒.˒˅.ʞʑʓଷ= 1165,171 

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

h1= 3027,336 

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

h = h0 - h1 = 3339,259 – 3027,336= 311,923 (79) 

Ɍɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ. Ɋɟɡɭɥɶɬɚɬɵ 

ɫɜɨɞɢɦ ɜ Ɍɚɛɥɢɰɭ 6. 
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Ɍɚɛɥɢɰɚ 6 – ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 
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ɥɟ
ɦ,

 
ɋ

 

ɗɧ
ɬɚ

ɥɶ
ɩɢ

ɹ 
ɜɨ

ɞɵ
 ɡɚ

 
ɩɨ

ɞɨ
ɝɪ

ɟɜ
ɚɬ

ɟɥ
ɟɦ

, 
ɤȾ

ɠ
/ɤ

ɝ 

ɂ
ɫɩ

ɨɥ
ɶɡ

ɨɜ
ɚɧ

ɧɵ
ɣ 

ɬɟ
ɩɥ

ɨɩ
ɟɪ

ɟɩ
ɚɞ

, 
ɤȾ

ɠ
/ɤ

ɝ 

ɉȼȾ3 5,62 3027,336 268,075 1175,319 266,075 1165,171 311,923 

ɉȼȾ2 4,06 2962,661 248,208 1076,988 246,208 1067,317 64,675 

ɉȼȾ1 2,5 2838,246 202,392 863,19 200,392 854,188 124,415 

Ⱦɟɚɷɪɚɬɨɪ 1,72 2769,65 202,392 - 164,953 697,143 124,415 

ɉɇȾ5 0,976 2671,414 155,041 654,054 152,041 641,095 98,235 

ɉɇȾ4 0,395 2526,897 141,324 594,887 138,324 582,03 144,517 

ɉɇȾ3 0,284 2500,492 129,943 546,145 126,943 533,36 26,405 

ɉɇȾ2 0,093 2347,174 96,18 402,99 93,18 390,359 153,319 

ɉɇȾ1 0,027 2223,607 65,538 274,332 62,538 261,777 123,566 

Ʉɨɧɞɟɧɫɚɬɨɪ 0,0058 2068,695 35,543 - 35,543 148,916 154,912 

 

  



41  

2.5.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ: 

ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɛɨɪɚ: 

yɬ = hi−hˍhͲ−hˍ, (80) 

yɬଵ = ଶହ଴଴,ସଽଶ−ଶ଴଺଼,଺ଽହଷଷଷଽ,ଶହଽ−ଶ଴଺଼,଺ଽହ = Ͳ,͵Ͷ, 

yɬଶ = ଶଷସ଻,ଵ଻ସ−ଶ଴଺଼,଺ଽହଷଷଷଽ,ଶହଽ−ଶ଴଺଼,଺ଽହ = Ͳ,ʹͳͻ, 

yɬଷ = ଶ଼ଷ଼,ଶସ଺−ଶ଴଺଼,଺ଽହଷଷଷଽ,ଶହଽ−ଶ଴଺଼,଺ଽହ = Ͳ,͸Ͳ͸. 

ɉɪɢɧɢɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ Kɪ = 1,064 ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 

ɫɨɫɬɚɜɢɬ, ɤɝ/ɫ: D˕ = Kʟ · ቀ ୛эୌi·ηэˏ + y˕ଵ · D˅˔ + y˕ଶ · Dː˔ + y˕ଷ · Dଷ +  ቁ, (81)˖ˍܦ

ɝɞɟ Hi= 1270,563 ɤȾɠ/ɤɝ – ɬɟɩɥɨɩɟɪɟɩɚɞ ɫɪɚɛɚɬɵɜɚɟɦɵɣ ɬɭɪɛɢɧɨɣ; 

ɷɦ= 0,98 – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; Dଷ − ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɨɩɪɢɜɨɞ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ, ɤɝ/ɫ: Dଷ = ீ˒˅∙ሺ௉˒ ˅−௉˄ːሻ∙𝑣𝜂ː∙𝜂ˏˈ˘∙ு˕˒ , Dଷ = ଵଷହସ,ହ଴ଵ∙ሺଷସ−ଵ,ହሻ∙଴,଴଴ଵ଴,଼∙଴,ଽ଼∙ଷହ଼,ହ଼଺ = Ͷ͵,Ͷͻ͸. 

 D˕ = ͳ,Ͳ͸Ͷ · ሺ ଶ଺଴଴଴଴ଵଶ଻଴,ହ଺ଷ⋅଴,ଽ଼ + Ͳ,͵Ͷ · ͹ͷ,͹͹ͺ + Ͳ,ʹͳͻ ∙ ͳͲ͸,ͻ͹͹ + Ͳ,͸Ͳ͸ ∙ ∙ Ͷ͵,Ͷͻ͸ + Ͷ,͸͸͹ሻ = ͵Ͷ͸,͹ͻͶ. 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤɝ/ɫ: G˒˅ = D˕ + Dэˉ + D˖˒ˎ + D˖˕ + D˔ː + G˒˓, (82) 

ɝɞɟ Dэˉ = Ͳ,ͲͲͷ ∙ D˕ − ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ, ɤɝ/ɫ; 

 D˖˒ˎ = Ͳ,Ͳͳ ∙ D˕ − ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ, ɤɝ/ɫ; 

 D˖˕ = Ͳ,Ͳͳͳ ∙ D˕ − ɭɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɤɝ/ɫ; 

 D˔ː = Ͳ,Ͳʹ ∙ D˕ − ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɤɝ/ɫ. 
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G˒˅ = ͳʹͷ,ͻ͹ʹ + ͳ,͹͵Ͷ + ͵,Ͷ͸ͺ + ͵,ͺͳͷ + ͸,ͻ͵͸ + ͳͲ,͹ͷͳ = ͵͹͵,Ͷͻ͹. 

 

2.5.6 Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉȼȾ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɉȼȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫɭɧɤɟ 8. 

ПʦД-1ПʦД-2ПʦД-3

D1,h1

Gп̏,tпн

D2,h2 D3,h3

t''п̏t'п̏tп̏

tн3
tн2

tн1

 

Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-3: 

Dଵ ⋅ ሺhଵ − 𝑡̄ɨɩ.ɞ.ɉȼȾ3)·η = Gɩɜ ⋅ ሺ𝑡̄ɨɩ.ɩɜ.ɉȼȾ3 − 𝑡̄ɫɩ.ɩɜ.ɉȼȾ3). (83) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-3, ɤɝ/ɫ: Dଵ = G˒˅⋅ሺ௧̄ɨɩ.ɩɜ.ɉȼȾ3−௧̄ɫɩ.ɩɜ.ɉȼȾ3)ሺhభ−௧̄ɨɩ.ɞ.ɉȼȾ3)·η , (84) 

Dଵ = ͵͹͵,Ͷͻ͹⋅ሺͳͳ͹ͳ,ʹͲʹ−ଵଵ଺ହ,ଵ଻ଵሻሺ͵Ͳʹ͹,͵͵͸−ʹͺ͵͵,͸ͺʹሻ·଴,ଽ଼ = ͳͳ,ͺ͹ͳ. 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-2: 

Dଶ ⋅ (hଶ − 𝑡̄ɨɩ.ɞ.ɉȼȾʹ) ∙ 𝜂 + ଵܦ ∙ (𝑡̄ɨɞ.ɞ.ɉȼȾ͵ − 𝑡̄ɫɩ.ɞ.ɉȼȾʹ) = = Gɩɜ ⋅ ሺ𝑡̄ɨɩ.ɩɜ.ɉȼȾʹ − 𝑡̄ɫɩ.ɩɜ.ɉȼȾʹ). (85) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-2, ɤɝ/ɫ: D'ଶ = G˒˅⋅(௧̄ɨɩ.ɩɜ.ɉȼȾʹ−௧̄ɫɩ.ɩɜ.ɉȼȾʹ)−஽భ∙(௧̄ɨɞ.ɞ.ɉȼȾ͵−௧̄ɫɩ.ɞ.ɉȼȾʹ)(hమ−௧̄ɨɩ.ɞ.ɉȼȾʹ)·η , (86) D'ଶ = ͵͹͵,Ͷͻ͹·ሺଵ଴଻଺,଼଼−ଵ଴଺଻,ଷଵ଻ሻ−ଵଵ,଼଻ଵ∙ሺଵଵ଴ଵ,଼ଷଽ−ଵ଴଻଺,ଽ଼଼ሻሺʹͻ͸ʹ,͸͸ͳ−ʹͺ͵ͺ,ͷͺͷሻ·଴,ଽ଼ =ʹͻ,͵͹ʹ. 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-1: 

 Dସ ⋅ (𝑡̄ɨɩ.ɞ.ɉȼȾͳ − 𝑡̄ɫɩ.ɞ.ɉȼȾͳ) ∙ 𝜂 + ሺDଶ + Dଵሻ ⋅ (𝑡̄ɨɞ.ɞ.ɉȼȾʹ − 𝑡̄ɫɩ.ɞ.ɉȼȾͳ) = = Gɩɜ ⋅ ሺ𝑡̄ɫɩ.ɩɜ.ɉȼȾͳ − 𝑡̄ɨɞ.ɩɜ.ɉȼȾͳ) (87) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-1, ɤɝ/ɫ: 



43  

Dସ = G˒˅⋅ሺ௧̄ɫɩ.ɩɜ.ɉȼȾͳ−௧̄ɨɞ.ɩɜ.ɉȼȾͳ)−ሺD'మ+Dభሻ⋅(௧̄ɨɞ.ɞ.ɉȼȾʹ−௧̄ɫɩ.ɞ.ɉȼȾͳ)(௧̄ɫɩ.ɞ.ɉȼȾͳ−௧̄ɨɞ.ɞ.ɉȼȾͳ)·η
, (88) 

ɝɞɟ 𝑡̄ɩɜ.ɩɧ - ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-1, ɨɩɪɟɞɟɥɢɦ ɫ ɭɱёɬɨɦ 

ɧɚɝɪɟɜɚ ɟё ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, ɤȾɠ/ɤɝ: 

 𝑡̄ɩɜ.ɩɧ = 𝑡̄ɧ.ɞ. + ΔP˒ ː·Vηː = ͸ͻ͹,ͳͶ͵ + ଵସ,଺଺·ଵ଴య·଴,଴଴ଵ଴,଼ = ͹ͳͷ,Ͷ͸ͺ 

ɝɞɟ ΔP˒ ː– ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɩɢɬɚɬɟɥɶɧɨɦ ɧɚɫɨɫɟ, Ɇɉɚ;  

V = 0,001 ɦ3/ɤɝ – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ;  ηː = 0,8 - ɄɉȾ ɧɚɫɨɫɚ. Dସ = ͵͹͵,Ͷͻ͹·ሺ଼ହସ,ଵ଼଼−଻଺ଶ,ହଷଽሻ−ሺʹͻ,͵͹ʹ+ͳͳ,଼଻ଵሻ·ሺ଼଺ଵ,଻ସ଺−଼଺ଷ,ଵଽሻሺ଼଺ଷ,ଵଽ−଻ସ଺,ହ଴ଵሻ·଴,ଽ଼ =͵͸,͵ͻ͵. 

2.5.7 Ɋɚɫɱɟɬ ɞɟɚɷɪɚɬɨɪɚ 

ɋɯɟɦɚ ɩɨɬɨɤɨɜ ɜɨɞɵ ɢ ɩɚɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫɭɧɤɟ 9. 

Gп ,̏tп̏

D5,t5

Gок4,tп .̏ПНД5
D1,D2,D4

Д

 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɟɚɷɪɚɬɨɪɚ 

 
ɍɪɚɜɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ: 

 

Gɩɜ = GɨɤͶ + Dହ + ሺDସ + D'ଶ + Dଵሻ, (89) ͵͹͵,Ͷͻ͹ = GɨɤͶ + Dହ + ͹ͺ,ͳ͵. 
ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: G˒˅·t̄ː.ˇ.=GˑˍͶ·t̄˒˅.ʞʜʓͷ+Dହ·hͷ·η˕+ሺDସ + D'ଶ + Dଵሻ·t̄ˑˇ.ˇ.ʞʑʓͳ, (90) ͵͹͵,Ͷͻ͹ · ͸ͻ͹,ͳͶ͵ = GɨɤͶ · ͸Ͷͳ,Ͳͻͷ + Dହ · ʹ͸͹ͳ,ͶͳͶ · Ͳ,ͻͺ + ͹ͺ,ͳ͵ · ͹Ͷ͸,ͷͲͳ. 
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Ɋɟɲɢɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɦ, ɤɝ/ɫ: 

 GɨɤͶ = ʹ͸ͻ,ͻͻʹ 

 Dହ = ͳͳ,͸ͻ͹ 

2.5.8 Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉɇȾ 

ПНД-5 ПНД-4 ПНД-3 ПНД-2 ПНД-1

П˄

ОЭ

̏ 
ко

нд
ен

̭а
то

̬
ДН-2

КН

ДН-1

D 3 D6 D 7 D 8

Ḓ̏

Gок

Gок2 Gок1

D 4

Dк

D9

 

Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 

 
Ɋɚɫɱɟɬ ɉɇȾ-1: 

ɍɪɚɜɧɟɧɢɟ Ʉɇ: t̄ˑˍ.ˍэː. = t̄ˍ + ΔPˍː·V
ηɧ

= ͳͶͺ,ͻͳ͸ + Ͳ,ͻͻͶ·ଵ଴య·0,001
0,8

= ͳͷͲ,ͳͷͻ (91) 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-1: Dଽ ⋅ (hଽ − t̄ˇ.ʞʜʓଵ) ⋅ η + D′଼ ⋅ (t̄ˇ.ʞʜʓଶ − t̄ˇ.ʞʜʓଵ) = Gˑˍ ⋅ (t̄˒˅.ʞʜʓଵ − t̄˅˘.ʞʜʓଵ), Dଽ = ୋˑˍ⋅(t̄˒˅.ʞʜʓభ−t̄˅˘.ʞʜʓభ)ୈ′ఴ⋅(t̄ˇ.ʞʜʓమ−t̄ˇ.ʞʜʓభ)⋅η. 
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ɍɪɚɜɧɟɧɢɟ Ⱦɇ-1: t̄ˇːଵ = t̄ː.˅˔ + ΔPˇːభ·V
ηɧ

= ͶͲ͸,͵Ͷʹ + Ͳ,ͻͲͶ·ଵ଴య·0,001
0,8

= ͶͲ͹,Ͷ͹ʹ (92) 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ 1: Gˑˍ + Dଽ + D′଼ = Gˑˍଵ (93) Gˑˍ ⋅ t̄˒˅.ʞʜʓଵ + ሺDଽ + D′଼ሻ ⋅ t̄ˇːଶ = Gˑˍଵ ⋅ t̄˅˘.ʞʜʓଶ (94) 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-2: D′଼ ⋅ (h଼ − t̄ˇ.ʞʜʓଶ) ⋅ η = Gˑˍ ⋅ (t̄˒˅.ʞʜʓଶ − t̄˅˘.ʞʜʓଶ) (95) 

ɍɪɚɜɧɟɧɢɟ Ⱦɇ-2: t̄ˇːଶ = t̄ˇ.ʞʜʓଵ + ΔPˇːభ·V
ηɧ

= ʹ͹Ͷ,͵͵ʹ + Ͳ,ͻ͹Ͷ·ଵ଴య·0,001
0,8

= ʹ͹ͷ,ͷͷ (96) 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ 2: Gˑˍଵ + D˅˔ + Dː˔ = Gˑˍଶ (97) Gˑˍଵ ⋅ t̄˒˅.ʞʜʓଶ + ሺD˅˔ + Dː˔ሻ ⋅ t̄ˇːଵ = Gˑˍଶ ⋅ t̄˅˘.ʞʜʓଷ (98) 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-3: D′଻ ⋅ (h଻ − t̄ˇ.ʞʜʓଷ) ⋅ η = Gˑˍଶ ⋅ (t̄˒˅.ʞʜʓଷ − t̄˅˘.ʞʜʓଷ) (99) 

ɍɪɚɜɧɟɧɢɟ Ⱦɇ-3: t̄ˇːଷ = t̄ˇ.ʞʜʓଷ + ΔPˇːభ·V
ηɧ

= ͷͶ͸,ͳͶͷ + Ͳ,͹͵·ଵ଴య·0,001
0,8

= ͷͶ͹,Ͳͷͺ (100) 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ 3: Gˑˍଶ + D′଻ = Gˑˍଷ (101) Gˑˍଶ ⋅ t̄˒˅.ʞʜʓଷ + D′଻ ⋅ t̄ˇːଷ = Gˑˍଷ ⋅ t̄˅˘.ʞʜʓସ (102) 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-4: D଺ ⋅ (h଺ − t̄ˇ.ʞʜʓସ) ⋅ η + D′ଷ ⋅ (t̄ˇ.ʞʜʓହ − t̄ˇ.ʞʜʓସ) = = Gˑˍଷ ⋅ (t̄˒˅.ʞʜʓସ − t̄˅˘.ʞʜʓସ). (103) 
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ɍɪɚɜɧɟɧɢɟ Ⱦɇ-4: t̄ˇːସ = t̄ˇ.ʞʜʓସ + ΔPˇːమ·V
ηɧ

= ͷͻͶ,ͺͺ͹ + Ͳ,͸ʹͷ·ଵ଴య·0,001
0,8

= ͷͻͷ,͸͸ͺ (104) 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ 1: Gˑˍଷ + ሺD′ଷ + D଺ሻ = Gˑˍସ (105) Gˑˍଷ ⋅ t̄˒˅.ʞʜʓସ + ሺD′ଷ + D଺ሻ ⋅ t̄ˇːସ = Gˑˍସ ⋅ t̄˅˘.ʞʜʓହ (106) 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-5: D′ଷ ⋅ (h'ଷ − t̄ˇ.ʞʜʓହ) ⋅ η = Gˑˍସ ⋅ (t̄˒˅.ʞʜʓହ − t̄˅˘.ʞʜʓହ) (107) 

Ɋɟɲɢɜ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɪɢɜɟɞɟɧɧɭɸ ɜɵɲɟ, ɩɨɥɭɱɢɦ: D′ଷ = ͺ,͹Ͳͳˍˆ/˔; 

D଺ = ͸,ͳ͸ͻˍˆ/˔; 

D'଻ = ͳ͸,ʹͲ͸ˍˆ/˔; 

D'଼ = ͵,Ͷͷ͵ˍˆ/˔; 

Dଽ = ͳ,Ͳͺͻˍˆ/˔; Gˑˍ = ͸ͳ,͸ʹˍˆ/˔; Gˑˍଵ = ͷ͸,ͳ͸ʹˍˆ/˔; Gˑˍଶ = ʹ͵ͺ,ͻͳ͹ˍˆ/˔; Gˑˍଷ = ʹͷͷ,ͳʹʹ ˍˆ/˔; Gˑˍସ = ʹ͸ͻ,ͻͻʹ ˍˆ/˔; t̄˅˘.ʞʜʓଶ = ʹ͸ʹ,ͺͻͳˍʓˉ/ˍˆ; t̄˅˘.ʞʜʓଷ = ͶͲ͵,ͶͶͻˍʓˉ/ˍˆ; t̄˅˘.ʞʜʓସ = ͷ͵Ͷ,ʹ͵ˍʓˉ/ˍˆ; t̄˅˘.ʞʜʓହ = ͷͺʹ,͹ͺͳˍʓˉ/ˍˆ. 

ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ: 

Dɬ = Dଵ + D'ଶ + Dଷ + D4 + Dହ + D଺ + D'଻+Dɜɫ+D'଼ + Dɧɫ = ͵Ͷʹ,ͻͻͷ 

 D′˕ = ͵Ͷͻ 

ɉɪɨɜɟɪɤɚ ɩɨ ɦɨɳɧɨɫɬɢ: 
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W = ሺ∑ D୧ˑ ˕˄ · H୧ˑ ˕˄୬୧=ଵ ሻ · ηэˏ, (108) 

 W = ሺ͵Ͷͻ ∙ ͵ͳͳ,ͻʹ͵ + ͵͵͹,ͲͷͶ ∙ ͸Ͷ,͸͹ͷ + ͵Ͳ͹,Ͷͻͷ ∙ ͳʹͶ,Ͷͳͷ + 

 +ʹ͸͵,ͻͻͻ ∙ ͸ͺ,ͷͻ͸ + ʹʹ͹,͵͹Ͷ ∙ ͻͺ,ʹ͵ͷ + ʹͳͷ,͸͹͹ ∙ ͳͶͶ,ͷͳ͹ + 

 +ʹͲͻ,ͷͲͺ ∙ ʹ͸,ͶͲͷ + ͳͳ͹,ͷʹͷ ∙ ͳͷ͵,͵ͳͻ + ͹,ͲͻͶ ∙ ͳʹ͵,ͷ͸͸ + ͸,ͲͲ͸ ∙ ∙ ͳͷͶ,ͻͳʹሻ ∙ Ͳ,ͻͺ = ʹ͸Ͳ,ͷ͹ʹ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɥɹɟɬ: δ = |୛˓−ௐ୛ | ⋅ ͳͲͲ% = |ଶ଺଴,ହ଻ଶ−ଶ଺଴ଶ଺଴ | ⋅ ͳͲͲ% = Ͳ,ʹʹ% (109) 

ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 2 %, ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɵɦ. 
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2.5.9 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ 

ɫɬɚɧɰɢɢ 

Ɇɟɬɨɞ ɈɊȽɊɗɋ ɞɥɹ ɩɵɥɟɭɝɨɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ: 

Qɬɭ = ሺDɬ − Dɤɭሻ∙(h0 − t̄ˑ˒.˒˅.ʞʑʓଷ)+ሺDɬ − Dɤɭ − D1 − D'2ሻ ∙ ሺℎ଴ʦʠʓ − ℎଶ), 

Qɬɭ = ሺ͵Ͷͻ − Ͷͳ,͸͸͹ሻ∙ሺ͵͵͵ͻ,ʹͷͻ − ͳͳ͹ͳ,ʹͲʹ)+ሺ͵Ͷͻ − Ͷͳ,͸͸͹ − ͳͳ,ͻͶ͸ − −ʹͻ,ͷͷͻሻ ∙ ሺ͵ͷͶͲ,Ͷͷͷ − ʹͻ͸ʹ,͸͸ͳ) = ͺͳͻͻͳͳ,ͳͻͷ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ:  Q˕˖э = Qɬɭ − Qɩɫ = ͺͳͻͻͳͳ,ͳͻͷ − ͵ͷͻʹ͸ͺ,͹Ͳ͹ = Ͷ͸Ͳ͸Ͷʹ,Ͷͺ͹ (110) 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ B = D˕·(h0−t̄ˑ˒.˒˅.ʞʑʓయ)୕ː˓·ηˍ = ʹͺ,͸ͻͶ (111) 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ: Ɍ˅˔= h͹-hˍhͲ-hˍ · ቀͳ+К· hͲ-hళhͲ-hˍቁ =Ͳ,Ͷ͵ (112) 

Ɍː˔= hͺ-hˍhͲ-hˍ · ቀͳ+К· hͲ-hͺhͲ-hˍቁ =Ͳ,ʹͺͺ (113) 

ɝɞɟ K = Ͳ,Ͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ. 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ ɨɬɛɨɪɨɜ 

ɩɚɪɚ, ɤȼɬ: ΔQ˒˔э = ሺQ˅˔·ሺͳ − Ɍ˅˔ሻ+Qː˔·ሺͳ − Ɍː˔ሻሻ∙ Qɩɫ
Qɬɭ

= ͳͲͲ͸ͷ͹,ʹͺͳ (114) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɤɨɬɥɚɦɢ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: Kэ = Q˕˖э +Q˒˔+ΔQ˒˔эQ˕˖э +Ͳ,͸∙Q˒˔+Q˕˖˔ː+Q˕˖˕ = Ͳ,͸ʹ͸ (115) 
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Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɫ: Bэ = B·Kэ· Wэ−଴,଴ଽ∙WэWэ−଴,଴ହ∙Wэ, (116) 

Bэ = ʹͺ,͸ͻͶ · Ͳ,͸ʹ͸ · ଶ଺଴−଴,଴ଽ∙ଶ଺଴ଶ଺଴−଴,଴ହ∙ଶ଺଴ = ͳ͹,ʹͳ͸. 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ɫ: B˕ = B − Bэ + ொ˄˃ˊொː˓ ∙଴,ଽ, (117) 

B˕ = ʹͺ,͸ͻͶ − ͳ͹,ʹͳ͸ + ସ଴଺ଽସସ,ସସସଶଽଷ଴଴∙଴,ଽ = ʹ͸,ͻͳ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɤȼɬ·ɱ: bэ = BэWˑ˕˒ ·͵͸ͲͲ, (118) 

bэ = ଵ଻,ଶଵ଺ଶ଺଴ ·͵͸ͲͲ = Ͳ,ʹ͵ͺ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ȽȾɠ: b˕ = B˕Qˑm̞ax · ͳͲ଺, (119) 

b˕ = ଶ଺,ଽଵସ଴଺ଽସସ,ସସସ ·ͳͲ͸ = ͸͹,Ͷ͹͸. 

 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɝɚɡɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ/ɫ B = Dˍ˖·ሺℎబʦʠʓ−t̄ˑ˒.˒˅.ʞʑʓయ)୕ː˓·ηˍ = ͵,͹ͶͶ (120) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɫ: Bэ = B·Kэ· Wэ−଴,଴ଽ∙WэWэ−଴,଴ହ∙Wэ, (121) 

Bэ = ͵,͹ͶͶ · Ͳ,͸ʹ͸ · ଶ଺଴−଴,଴ଽ∙ଶ଺଴ଶ଺଴−଴,଴ହ∙ଶ଺଴ = ʹ,ʹͶ͸. 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ɫ: B˕ = B − Bэ + ொ˄˃ˊொː˓ ∙଴,ଽ, (122) 
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B˕ = ͵,͹ͶͶ − ʹ,ʹͶ͸ + ସ଴଺ଽସସ,ସସସଶଽଷ଴଴∙଴,ଽ = ͳ͸,ͻ͵. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɤȼɬ·ɱ: bэ = BэWˑ˕˒ ·͵͸ͲͲ, (123) 

bэ = ଶ,ଶସ଺ଶ଺଴ ·͵͸ͲͲ = Ͳ,Ͳ͵ͳ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ȽȾɠ: b˕ = B˕Qˑm̞ax · ͳͲ଺, (124) 

b˕ = ଵ଺,ଽଷସ଴଺ଽସସ,ସସସ ·ͳͲ͸ = Ͷʹ,Ͷͷͳ. 

3 Ɋɚɫɱɟɬ ɢ ɜɵɛɨɪ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

ȼɵɛɨɪ ɜɵɫɨɬɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɬɪɭɛ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɜɨɡɞɭɯɚ ɜɵɛɪɨɫɚɦɢ ɢɡ ɬɪɭɛ ɧɟ 

ɩɪɟɜɵɲɚɥɨ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ.  

ȼɵɛɪɨɫɵ ɡɨɥɵ, ɝ/ɫ: Mˊˑˎ = B ∙ ቀͳ − ηˊ˖ଵ଴଴ቁ ∙ (ቀͳ − qరଵ଴଴ቁ ∙ A˓ଵ଴଴ ∙ Ƚ˖ː + qరଵ଴଴), (125) 

ɝɞɟ B = ͷ͹Ͷͷͳ,ͻͶͺ – ɪɚɫɯɨɞ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɝ/ɫ. 

Mˊˑˎ = ͷ͹Ͷͷͳ,ͻͶͺ ∙ (ͳ − ͻͺͳͲͲ) ∙ ((ͳ − ͳͳͲͲ) ∙ ͳͷ,ͻͳͲͲ ∙ Ͳ,ͻͷ + ͳͳͲͲ) = ͳͺ͵,͵ͳ͹. 
ȼɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ: Mୗ୓మ = Ͳ,Ͳʹ ∙ B ∙ S˓, (126) Mୗ୓మ = Ͳ,Ͳʹ ∙ ͷ͹Ͷͷͳ,ͻͶͺ ∙ Ͳ,Ͷ = Ͷͷͻ,͸ͳ͸. M = Mˊˑˎ + Mୗ୓మ = ͸Ͷʹ,ͻ͵͵ 

ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ 

ɫɟɪɵ. Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɉȾɄ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɹɜɥɹɸɬɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ ɜɪɟɞɧɨɫɬɶ ɡɨɥɵ ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ 
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ɫ ɨɤɫɢɞɚɦɢ ɫɟɪɵ. 

Ɇɢɧɢɦɚɥɶɧɨ-ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɦ: 

H = √A∙୊∙୫∙୑େ˒ˇ ∙ √ ୬୚∙∆୘య
, (127) 

ɝɞɟ A = ʹͲͲ– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ (ɤɨɧɜɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ) ɩɪɢɦɟɫɢ ɜ ɜɨɡɞɭɯɟ; F = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɡɚɝɪɹɡɧɧɢɣ; m = ͳ– ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɟɣ 

ɜɵɯɨɞɚ ɝɚɡɨɜ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ; M = ͸Ͷʹ,ͻ͵͵ – ɫɭɦɦɚɪɧɵɣ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɝ/ɫ; V = ͹Ͳ͸,͸ͺ͸ – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɢɡ ɬɪɭɛ, 

ɦ3/ɫ; C˒ˇ = Ͳ,ͷ – ɩɪɟɞɟɥɶɧɨɞɨɩɭɫɬɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, ɦɝ/ɦ3;  ∆T = ͳʹͲ – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ 

ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, °ɋ; n = ͳ – ɫɭɦɦɚɪɧɵɣ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɟɝɨ ɜɟɳɟɫɬɜɚ, ɝ/ɫ; 

H = √ʹͲͲ ∙ ʹ ∙ ͳ ∙ ͸Ͷʹ,ͻ͵͵Ͳ,ͷ ∙ √ ͳ͹Ͳ͸,͸ͺ͸ ∙ ͳʹͲయ = ͳͲͺ,ʹ 

ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜɵɛɢɪɚɟɦ ɬɪɭɛɭ ɜɵɫɨɬɨɣ 180 ɦ.
 

ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ: Hэ˗ = H + ∆H = H + ͳ,ͻ ∙ ୢబ∙ωబ
Vɜ∙φ , (128) 

ɝɞɟ d଴ = ͺ,Ͷ – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɬɪɭɛɵ, ɦ; ω଴ = ͵Ͳ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɭɫɬɶɟ ɬɪɭɛɵ, ɦ/ɫ; ɋ˅ = Ͷ,ͷ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ, ɦ/ɫ; φ = ͳ,͹– ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 

ɜɵɫɨɬɨɣ ɬɪɭɛɵ [3]; Hэ˗ = ͳͺͲ + ͳ,ͻ ∙ ͺ,Ͷ ∙ ͵ͲͶ,ͷ ∙ ͳ,͹ = ʹͶʹ,ͷͺͺ 
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4 ɗɤɨɥɨɝɢɱɟɫɤɚя ɨɰɟɧɤɚ 

ȼɵɛɪɨɫɵ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɝ/ɫ: M˕˅=Ͳ,Ͳͳ∙B∙ ቀȽ˖ː∙А˓+qͶ∙ Qː˓͵ʹ,͸ͺቁ ∙(ͳ-ηˊ˖), (129) 

ɝɞɟ B = ͷ͹Ͷͷͳ,ͻͶͺ − ɪɚɫɯɨɞ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɝ/ɫ; Qː˓ = ʹͳ,ͻ − ɧɢɡɲɚɹ ɪɚɛɨɱɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɆȾɠ/ɤɝ. M˕˅=Ͳ,Ͳͳ∙ͷ͹Ͷͷͳ,ͻͶͺ∙ (Ͳ,ͻͷ∙15,9+ͳ∙ ʹͳ,ͻ͵ʹ,͸ͺ) ∙ሺͳ − Ͳ,ͻͺሻ = ͳͺͳ,ʹ͸ʹ 

ȼɵɛɪɨɫɵ ɡɨɥɵ, ɝ/ɫ: Mˊˑˎ = Ͳ,Ͳͳ∙ܤ∙αɭɧ∙Ⱥɪ ∙ ቀͳ − ηɡɭቁ, (130) Mˊˑˎ = 0,01∙ͷ͹Ͷͷͳ,ͻͶͺ ∙ 0,95∙15,9∙ሺͳ − Ͳ,ͻͺሻ = ͳ͹͵,ͷ͸ʹ. 
ɍɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɆȾɠ: K୒୓మ = Ͳ,͹ ∙ N˕ ∙ Ⱦ˃ʒ ∙ Ⱦ˃ଵ ∙ Ⱦϑ ∙ Ⱦ˔ˏ, (131) 

ɝɞɟ N˕ = ͳͲ ∙ ୒˓
Qɧ

ɪ = ͳͲ ∙ ଵ,ଽ
21,9

= Ͳ,ͺ͸ͺ − ɭɞɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɡɨɬɚ ɜ ɬɨɩɥɢɜɟ, 

ɝ/ɆȾɠ; 

 Ⱦ˃ʒ = ሺͲ,͵ͷ ∙ 𝑎ˆ + Ͳ,Ͷሻଶ = ሺͲ,͵ͷ ∙ ͳ,ͳ + Ͳ,Ͷሻଶ = Ͳ,͸ͳ͸ − ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ; Ⱦ˃ଵ = ͳ,͹͵ ∙ 𝑎ଵ + Ͳ,Ͷͺ = ͳ,͹͵ ∙ Ͳ,ʹ͸ + Ͳ,Ͷͺ = Ͳ,ͻ͵ − ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɞɨɥɢ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɝɨɪɟɥɤɟ; 

 Ⱦϑ = Ͳ,ͳͳ ∙ √ܶ˃ ˆ − ͳͳͲͲయ = Ͳ,ͳͳ ∙ √ͳͶ͵͵ − ͳͳͲͲయ = Ͳ,͹͸ʹ − ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɭɱɚɫɬɤɟ ɨɛɪɚɡɨɜɚɧɢɹ 

ɬɨɩɥɢɜɧɵɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ; Ⱦ˔ˏ = Ͳ,Ͷ ∙ ቀௐమௐభቁଶ + Ͳ,͵ʹ = Ͳ,Ͷ ∙ ͳ,͵ଶ + Ͳ,͵ʹ = Ͳ,ͻͻ͸ − ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɦɟɫɟɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɨɪɧɟ ɮɚɤɟɥɚ ɝɨɪɟɥɨɤ. K୒୓మ = Ͳ,͹ ∙ Ͳ,ͺ͸ͺ ∙ Ͳ,͸ͳ͸ ∙ Ͳ,ͻ͵ ∙ Ͳ,͹͸ʹ ∙ Ͳ,ͻͻ͸ = Ͳ,ʹ͸Ͷ. 

Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɝ/ɫ: 
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M୒୓మ = K୒୓మ ∙ B˓ ∙ Qː˓, (132) 

ɝɞɟ B˓ = ͳͻ,Ͷ͵ͳ − ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɤɨɬɟɥ, ɤɝ/ɫ. M୒୓మ = Ͳ,ʹ͸Ͷ ∙ ͷ͹,Ͷͷʹ ∙ ʹͳ,ͻ = ͵͵ʹ,Ͷ͹. 
Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɝ/ɫ: Mୗ୓ଶ = ʹͲ ∙ B ∙ S˓ ∙ ሺͳ − ηୗ୓ଶ′ ሻ ∙ ሺͳ − ηୗ୓ଶ′′ ሻ, (133) 

ɝɞɟ ηୗ୓ଶ′ = Ͳ,Ͳʹ − ɞɨɥɹ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɫɜɹɡɵɜɚɟɦɵɯ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɝɚɡɨɯɨɞɚɯ 

ɤɨɬɥɚ; ηୗ୓ଶ′′ = Ͳ,Ͳ͹ͷ – ɞɨɥɹ ɨɤɢɫɥɨɜ ɫɟɪɵ, ɭɥɚɜɥɢɜɚɟɦɵɯ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ. Mୗ୓ଶ = ʹͲ ∙ ͷ͹,Ͷͷʹ ∙ Ͳ,Ͷ ∙ ሺͳ − Ͳ,Ͳʹሻ ∙ ሺͳ − Ͳ,Ͳ͹ͷሻ = Ͷͳ͸,͸Ͷʹ. 
Ʉɨɧɰɟɧɬɪɚɰɢɹ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ ɜ ɫɭɯɢɯ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɤɨɬɥɨɜ ɡɚ 

ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ ɩɪɢ ɮɚɤɟɥɶɧɨɦ ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ, ɦɤɝ/ɦ3: C˄˒ = А∙୕ː˓ୣభ.ఱ∙α′˕ ∙ ቀʓ˗ʓːቁଵ,ଵ ∙ ሺͳ − 𝜂ˊ˖∙𝑍ଵ଴଴ ሻ, (134) 

ɝɞɟ Ⱥ=0,521 – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ ɧɢɠɧɟɣ ɱɚɫɬɢ 

ɬɨɩɤɢ; 

 Ƚ′˕ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ; 

 ʓ˗, ʓː − ɮɚɤɬɢɱɟɫɤɢɣ ɢ ɧɨɦɢɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

 Z=0,8 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɭɥɚɜɥɢɜɚɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ ɞɥɹ ɦɨɤɪɵɯ ɚɩɩɚɪɚɬɨɜ. 

C˄˒ = Ͳ,ͷʹͳ ∙ ʹͳ,ͻeଵ.ହ∙ଵ,ଶ ∙ (ͻͺͲͻͺͲ)ଵ,ଵ ∙ (ͳ − ͻͺ ∙ Ͳ,͹ͳͲͲ ) = Ͳ,ͷͻʹ 

 ɉɟɪɟɫɱɟɬ ɨɛɴɟɦɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ α=1,4, ɦ3/ɤɝ: Vˆ = V଴̂ + ͳ,Ͳͳ͸ͳ ∙ ሺȽ − ͳሻ ∙ V଴˅, (135) Vˆ = ͸ʹͻͺ + ͳ,Ͳͳ͸ͳ ∙ ሺͳ,Ͷ − ͳሻ ∙ ͷ,͹ͷͺ = ͺ,͸͵ͺ. 

 Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ, ɝ/ɫ: M˄˒ = C˄˒ ∙ B˓ ∙ Vˆ, (136) 
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M˄˒ = Ͳ,ͷͻʹ ∙ ͷ͹,Ͷͷʹ ∙ ͺ,͸͵ͺ = ʹͻ͵,ͻͳ͵. 

5 Ɉɛɳɚя ɱɚɫɬɶ 

5.1 Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 

Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ – ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɜɵɛɪɚɧɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɩɥɨɳɚɞɤɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɟɟ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ 
ɩɨɞɫɨɛɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ: ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɪɚɡɦɟɳɚɟɬɫɹ 
ɬɭɪɛɢɧɧɨɟ ɢ ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɹ, ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɞɟɚɷɪɚɬɨɪɨɜ, ɳɢɬɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɩɭɧɤɬ, ɝɪɚɞɢɪɧɢ, ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɜɵɲɚɸɳɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɵɱɧɨɝɨ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ; ɞɵɦɨɜɵɟ ɬɪɭɛɵ; 
ɯɢɦɜɨɞɨɨɱɢɫɬɤɚ; ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; ɦɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ; 
ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɫɨɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɦɚɫɬɟɪɫɤɢɟ, ɫɤɥɚɞɵ, ɚ ɬɚɤɠɟ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ. 

ȼɫɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɪɚɡɦɟɳɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɩɪɟɞɟɥɚɯ ɨɫɧɨɜɧɨɣ 
ɨɝɪɚɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ƚɟɧɩɥɚɧɵ Ɍɗɐ ɢɦɟɸɬ ɨɛɵɱɧɨ ɫɥɟɞɭɸɳɢɟ 
ɨɬɥɢɱɢɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ: ɧɚɥɢɱɢɟ ɡɚɤɪɵɬɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; ɜɵɜɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɟ ɬɨɥɶɤɨ ɜɨɡɞɭɲɧɵɦɢ ɥɢɧɢɹɦɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɧɨ ɢ 
ɩɨɞɡɟɦɧɵɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɤɚɛɟɥɹɦɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 11 – Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɫɬɚɧɰɢɢ. 

5.2 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

Ƚɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ Ɍɗɋ ɹɜɥɹɟɬɫɹ ɡɞɚɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɨ ɨɫɧɨɜɧɨɟ 
ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ɋɸɞɚ ɩɨɞɚɟɬɫɹ ɬɨɩɥɢɜɨ, ɬɟɯɧɢɱɟɫɤɚɹ ɜɨɞɚ. ɂɡ 
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ɧɟɝɨ ɨɬɜɨɞɢɬɫɹ ɨɬɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɢɱɟɫɤɚɹ ɜɨɞɚ, ɞɵɦɨɜɵɟ ɝɚɡɵ ɢ ɤɨɧɟɱɧɚɹ 
ɩɪɨɞɭɤɰɢɹ, ɬɚɤɚɹ ɤɚɤ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɢ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ. 

Ʉɨɦɩɨɧɨɜɤɚ – ɷɬɨ ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɩɪɢɧɰɢɩɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ. Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ Ɍɗɐ, 
ɡɚɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɧɚɡɧɚɱɟɧɢɹ ɫɬɚɧɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɞɪɭɝɢɯ 
ɭɫɥɨɜɢɣ. 

 
Ɋɢɫɭɧɨɤ 12 – Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥ ɜɵɩɨɥɧɟɧ ɤɨɦɩɥɟɤɫɧɵɣ 
ɪɚɫɱɟɬ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ Ɍɗɐ 380 Ɇȼɬ ɫ ɞɜɭɯɬɨɩɥɢɜɧɨɣ ɩɚɪɨɝɚɡɨɜɨɣ 
ɭɫɬɚɧɨɜɤɨɣ. ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɵ ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ ȽɌȾ-
110, ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ Ɍ-260-240, ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ ɢ ɩɵɥɟɭɝɨɥɶɧɵɣ ɤɨɬɟɥ. ȼ 
ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɋɚɦɨɬɥɨɪɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ ɤɭɡɧɟɰɤɢɣ ɭɝɨɥɶ.  

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ: 
- ɪɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ; 
- ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ȽɌɍ; 
- ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ Ʉɍ; 
- ɩɪɢɛɥɢɠɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɤɨɬɥɚ. 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

 
  ȿ.Ⱥ. Ȼɨɣɤɨ 
ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

« »         2020ɝ. 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 
13.03.01 – Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 

ɤɨɞ – ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  
ɉɪɨɟɤɬ ɞɜɭɯɬɨɩɥɢɜɧɨɣ ɉȽɍ ɌɗЦ 380 Ɇȼɬ 

ɬɟɦɚ 
 
 
 
 
 
 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2020  

Ɋɭɤɨɜɨɞɢɬɟɥɶ  
 

 ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ.  ȿ.Ⱥ. Ȼɨɣɤɨ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ      ɇ.ɋ. Ɋɵɠɤɨɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɍɟɯ. ɤɨɧɬɪɨɥɶ  
    ȿ.Ⱥ. Ȼɨɣɤɨ 

  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ     ɉ.ȼ. Шɢɲɦɚɪɟɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 



Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

 

 
 ȿ.Ⱥ. Ȼɨɣɤɨ 

ɉɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

«    »        2020ɝ. 
 

 

 

ɁȺȾȺɇɂȿ  
ɇȺ ȼЫɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ фоɪɦе ɛɚɤɚɥɚɜɪɫɤоɣ ɪɚɛоɬы 

  



 

«    »        2020ɝ. 
 

ɋɬɭɞɟɧɬɭ Ɋɵɠɤɨɜɭ ɇɢɤɢɬɟ ɋɟɪɝɟɟɜɢɱɭ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 
Ƚɪɭɩɩɵ Ɏɗ16 ‒ 02Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 
 ɧɨɦɟɪ ɝɪɭɩɩɵ  ɤɨɞ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɞɜɭɯɬɨɩɥɢɜɧɨɣ ɉȽɍ  
ɌɗЦ 380 Ɇȼɬ 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 746/ɫ ɨɬ 27ɹɧɜɚɪɹ 2020 ɝ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ⱥ. Ȼɨɣɤɨ, ɩɪɨɮɟɫɫɨɪ, ɞɨɤɬɨɪ. ɬɟɯɧ. ɧɚɭɤ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 380 Ɇȼɬ, ɪɚɣɨɧ 
ɪɚɡɦɟɳɟɧɢɹ – ɝɨɪɨɞ ɉɪɨɤɨɩɶɟɜɫɤ Ʉɟɦɟɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ, ɬɨɩɥɢɜɨ – ɤɚɦɟɧɧɵɣ  
ɭɝɨɥɶ ɤɭɡɧɟɰɤɢɣ Ⱦ, Ɋ, ɋШ ɢ ɝɚɡ ɋɚɦɨɬɥɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ ɜɜɟɞɟɧɢɟ, ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɶ, ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 
 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  
Ʌɢɫɬ 1. Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɞɜɭɯɬɨɩɥɢɜɧɨɣ Ɍɗɋ 
Ʌɢɫɬ 2. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 
Ʌɢɫɬ 3. Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 
Ʌɢɫɬ 4. Ɋɚɡɪɟɡɵ ɝɚɡɨɜɨɣ ɢ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ 
Ʌɢɫɬ 5. Ɋɚɡɪɟɡ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ 
Ʌɢɫɬ 6. Ɋɚɡɪɟɡ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɤɨɬɥɚ 
Ʌɢɫɬ 7. ɋɯɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ  
 

 ȿ.Ⱥ. Ȼɨɣɤɨ 

  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɹ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ  
 

 
ɇ.ɋ. Ɋɵɠɤɨɜ 

  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

     


