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ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
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ɉɪɨɟɤɬ ɑɚɭɧɫɤɨɣ Ɍɗɐ- 2 ɦɨɳɧɨɫɬɶɸ 120 Ɇȼɬ. ɑɚɫɬɶ 2 
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          « _____» ________ 20 ___ ɝ. 

ɋɬɭɞɟɧɬɭ                     Ɇɢɪɨɳɟɧɤɨ Ʌɸɛɨɜɢ ɋɟɪɝɟɟɜɧɟ 
 ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 

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

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɑɚɭɧɫɤɨɣ Ɍɗɐ-2  
ɦɨɳɧɨɫɬɶɸ 120 Ɇȼɬ. ɑɚɫɬɶ 2 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 5016/ɫ ɨɬ 16 ɚɩɪ. 2019 ɝ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȼ.ȼ. Ʉɪɢɜɨɪɭɱɤɨ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ, ɤɚɮɟɞɪɚ Ɍɗɋ 
 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ Ɋɚɣɨɧ ɪɚɡɦɟɳɟɧɢɹ- ɝ. ɉɟɜɟɤ, ɑɭɤɨɬɫɤɢɣ 
ɚɜɬɨɧɨɦɧɵɣ ɨɤɪɭɝ; ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ- 120 Ɇȼɬ; ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ-  
200 Ƚɤɚɥ/ɱ; ɬɨɩɥɢɜɨ- ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɦɚɪɤɢ ɀ 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 

 
ȼɜɨɞɧɚɹ ɱɚɫɬɶ, ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɪɚɫɱɟɬɧɚɹ  

ɱɚɫɬɶ 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 

Ʌɢɫɬ 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-50/60-130 
Ʌɢɫɬ 2. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ  
Ʌɢɫɬ 3. Ɋɚɡɪɟɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ  
Ʌɢɫɬ 4. ɋɯɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ  
Ʌɢɫɬ 5. Ⱦɵɦɨɜɚɹ ɬɪɭɛɚ  

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ 

  

ȼ.ȼ. Ʉɪɢɜɨɪɭɱɤɨ 
  ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ 
ɢɫɩɨɥɧɟɧɢɸ 

 
Ʌ.ɋ. Ɇɢɪɨɳɟɧɤɨ 

  ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɑɚɭɧɫɤɨɣ Ɍɗɐ-
ɦɨɳɧɨɫɬɶɸ 120 Ɇȼɬ. ɑɚɫɬɶ 2» ɫɨɞɟɪɠɢɬ 75 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 13 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 5 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɌɍɊȻɈȺȽɊȿȽȺɌ, ɌȿɉɅɈȼȺə ɋɏȿɆȺ, ɍɏɈȾəɓɂȿ 
ȽȺɁɕ, ɋɍɏɈȿ ɁɈɅɈɒɅȺɄɈɍȾȺɅȿɇɂȿ, ɋɂɅɈɋɇɕɃ ɋɄɅȺȾ, 
ɗɄɈɇɈɆɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ, ɉɊɈɐȿɋɋ ɊȺɋɒɂɊȿɇɂə, 
ȼɋɉɈɆɈȽȺɌȿɅɖɇɈȿ ɈȻɈɊɍȾɈȼȺɇɂȿ. 

Ɉɛɴɟɤɬ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɞɜɚ ɬɭɪɛɨɚɝɪɟɝɚɬɚ Ɍ-50/60-
130 ɢ ɞɜɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȿ-240-13,8-560ɄɌ. 

ɐɟɥɶ ɪɚɛɨɬɵ:  

 ɩɨɤɪɵɬɢɟ ɪɨɫɬɚ ɧɚɝɪɭɡɨɤ ɜ ɑɚɭɧ- Ȼɢɥɢɛɢɧɫɤɨɦ ɷɧɟɪɝɨɭɡɥɟ;  
 ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɩɥɚɜɭɱɟɣ ɚɬɨɦɧɨɣ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɉȺɌɗɋ) 

«Ⱥɤɚɞɟɦɢɤ Ʌɨɦɨɧɨɫɨɜ». 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɢɜɟɞɟɧɨ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ; ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɢ ɬɟɯɧɢɤɨ- 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɚɧɰɢɢ; ɜɵɛɪɚɧɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; 
ɪɚɫɫɱɢɬɚɧɵ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; ɪɚɡɪɚɛɨɬɚɧɵ 
ɝɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɢ ɤɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ; ɜɵɛɪɚɧɚ ɫɢɫɬɟɦɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɜɨɞɵ ɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ. 

Ɍɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɨɹɫɧɢɬɟɥɶɧɨɝɨ 
ɬɟɤɫɬɚ, ɪɢɫɭɧɤɨɜ, ɬɚɛɥɢɰ ɢ ɱɟɪɬɟɠɟɣ.  
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ȼȼȿȾȿɇɂȿ 

ɉɟɜɟɤ — ɝɨɪɨɞ ɧɚ Ⱦɚɥɶɧɟɦ ȼɨɫɬɨɤɟ Ɋɨɫɫɢɢ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ ɰɟɧɬɪ 
ɑɚɭɧɫɤɨɝɨ ɪɚɣɨɧɚ ɑɭɤɨɬɫɤɨɝɨ ɚɜɬɨɧɨɦɧɨɝɨ ɨɤɪɭɝɚ. əɜɥɹɟɬɫɹ ɫɚɦɵɦ ɫɟɜɟɪɧɵɦ 
ɝɨɪɨɞɨɦ Ɋɨɫɫɢɢ. Ɉɫɧɨɜɚɧ ɜ 1933 ɝɨɞɭ, ɫɬɚɬɭɫ ɝɨɪɨɞɚ ɩɪɢɨɛɪɟɥ ɜ 1967 ɝɨɞɭ. 

ɑɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɧɚ 2018 ɝ. ɫɨɫɬɚɜɥɹɟɬ 4 329 ɱɟɥ. ɩɨ ɞɚɧɧɵɦ 
Ⱥɞɦɢɧɢɫɬɪɚɰɢɢ ɝ.ɨ. ɉɟɜɟɤ. 

Ƚɨɪɨɞ ɉɟɜɟɤ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɤɨɫɟ, ɜɵɬɹɧɭɜɲɟɣɫɹ ɧɚ ɡɚɩɚɞ ɨɬ ɩɨɞɧɨɠɶɹ 
ɜɨɡɜɵɲɟɧɧɨɫɬɢ ɜɵɫɨɬɨɣ ɞɨ 518 ɦ, ɫ ɤɪɭɬɢɡɧɨɣ ɫɤɥɨɧɨɜ ɞɨ 30 ɝɪɚɞɭɫɨɜ. 
ȼɨɡɜɵɲɟɧɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɝɪɹɞɵ, ɜɵɬɹɧɭɬɨɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫ ɫɟɜɟɪ, 
ɫɟɜɟɪɨ– ɜɨɫɬɨɤɚ ɧɚ ɡɚɩɚɞ ɸɝɨ– ɡɚɩɚɞ ɫ ɧɚɢɛɨɥɶɲɟɣ ɜɵɫɨɬɨɣ 618 ɦ. 

ɋɪɟɞɧɹɹ ɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɪɚɣɨɧɟ ɫɨɫɬɚɜɥɹɟɬ ɦɢɧɭɫ 10,6°ɋ 
ɋɚɦɵɣ ɯɨɥɨɞɧɵɣ ɦɟɫɹɰ – ɮɟɜɪɚɥɶ, ɫɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɦɢɧɭɫ 28°ɋ ɢ 
ɚɛɫɨɥɸɬɧɵɦ ɦɢɧɢɦɭɦɨɦ ɦɢɧɭɫ 52°ɋ. ɋɚɦɵɣ ɬɟɩɥɵɣ ɦɟɫɹɰ – ɢɸɥɶ, ɫɨ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ 8,2°ɋ ɢ ɚɛɫɨɥɸɬɧɵɦ ɦɚɤɫɢɦɭɦɨɦ 30°ɋ. ȼ ɨɬɞɟɥɶɧɵɟ ɝɨɞɵ ɫɪɟɞɧɢɟ 
ɦɟɫɹɱɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɫɪɟɞɧɢɯ ɦɧɨɝɨɥɟɬɧɢɯ ɞɨ ɦɢɧɭɫ 9°ɋ - ɦɢɧɭɫ 
10°ɋ ɡɢɦɨɣ ɢ 3 – 4°ɋ ɥɟɬɨɦ. ȿɳɟ ɛɨɥɶɲɢɦ ɤɨɥɟɛɚɧɢɹɦ ɩɨɞɜɟɪɠɟɧɵ ɫɪɟɞɧɢɟ 
ɫɭɬɨɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɉɟɜɟɤ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɑɚɭɧɫɤɨɣ Ɍɗɐ. Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɩɨɫɬɭɩɚɟɬ ɧɚ ɧɭɠɞɵ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ, ɚ ɬɚɤɠɟ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɧɭɠɞɵ ɨɩɪɟɫɧɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɦɨɪɫɤɨɣ ɜɨɞɵ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɑɌɗɐ. 

ȼɨɡɜɟɞɟɧɢɟ ɑɌɗɐ ɧɚɱɚɥɨɫɶ ɜ 1942 ɝɨɞɭ, ɜ ɬɨ ɜɪɟɦɹ, ɤɨɝɞɚ ɬɪɟɫɬɭ 
«Ⱦɚɥɶɫɬɪɨɣ», ɤɨɬɨɪɵɣ ɚɤɬɢɜɧɨ ɞɨɛɵɜɚɥ ɧɚ ɑɭɤɨɬɤɟ ɞɥɹ ɫɬɪɚɧɵ ɨɥɨɜɨ, ɜɟɥ ɩɨɢɫɤ 
ɞɪɚɝɨɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɧɟ ɯɜɚɬɚɥɨ ɷɧɟɪɝɢɢ. Ɋɟɲɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ ɞɨɥɠɧɚ ɛɵɥɚ 
ɞɢɡɟɥɶɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. 

ɉɟɪɜɵɟ ɞɜɚ ɝɟɧɟɪɚɬɨɪɚ ɡɚɪɚɛɨɬɚɥɢ 20 ɦɚɹ 1944 ɝɨɞɚ. Ɇɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ 
ɛɵɥɚ 440 ɤȼɬ, ɧɨ ɭɠɟ ɜ 1948 ɝɨɞɭ Ⱦɗɋ ɦɨɝɥɚ ɞɚɜɚɬɶ ɞɨ 3750 ɤȼɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
Ƚɨɞ ɫɩɭɫɬɹ ɫɬɚɧɰɢɹ ɧɚɱɚɥɚ ɜɵɪɚɛɚɬɵɜɚɬɶ ɬɟɩɥɨ: ɛɵɥɢ ɡɚɩɭɳɟɧɵ ɞɜɚ ɩɚɪɨɜɵɯ 
ɤɨɬɥɚ ɩɨ 10 ɬɨɧɧ ɩɚɪɚ ɜ ɱɚɫ ɢ ɞɜɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɩɨ 1000 ɤȼɬ. 

ȼ ɩɨɫɥɟɞɭɸɳɢɟ ɝɨɞɵ ɫɩɟɰɢɚɥɢɫɬɵ ɧɟ ɩɪɟɤɪɚɳɚɥɢ ɩɪɨɰɟɫɫ ɧɚɪɚɳɢɜɚɧɢɹ 
ɦɨɳɧɨɫɬɢ, ɤɚɤ ɬɟɩɥɨɜɨɣ, ɬɚɤ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ. ȼ ɢɸɧɟ 1966 ɝɨɞɚ ɩɨɫɥɟ 
ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʌɗɉ 110 ɤȼɬ «ɉɟɜɟɤ- Ȼɢɥɢɛɢɧɨ» ɑɚɭɧɫɤɚɹ Ɋɗɋ (ɤ 
ɬɨɦɭ ɜɪɟɦɟɧɢ ɫɬɚɧɰɢɹ ɩɨɥɭɱɢɥɚ ɫɬɚɬɭɫ ɪɚɣɨɧɧɨɣ) ɫɬɚɥɚ ɪɚɛɨɬɚɬɶ ɩɚɪɚɥɥɟɥɶɧɨ ɫ 
Ȼɢɥɢɛɢɧɫɤɨɣ Ⱦɗɋ. ȼ ɢɬɨɝɟ ɨɛɪɚɡɨɜɚɥɫɹ ɑɚɭɧ- Ȼɢɥɢɛɢɧɫɤɢɣ ɷɧɟɪɝɨɭɡɟɥ. ȼ 1976 
ɝɨɞɭ Ɋɗɋ ɛɵɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɜ ɑɚɭɧɫɤɭɸ Ɍɗɐ, ɤɨɬɨɪɚɹ ɜ ɚɩɪɟɥɟ 1995 ɝɨɞɚ ɫɬɚɥɚ 
ɮɢɥɢɚɥɨɦ ɈɈɈ «ɑɭɤɨɬɷɧɟɪɝɨ». 
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ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɑɌɗɐ- 34 Ɇȼɬ, ɚ ɬɟɩɥɨɜɚɹ 495 Ƚɤɚɥ/ɱ, ɧɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɨɧɚ ɪɚɛɨɬɚɟɬ ɧɟ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ. Ɍɚɤɠɟ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɞɤɥɸɱɟɧɢɟ 
ɜ ɝ. ɉɟɜɟɤ ɩɟɪɜɨɣ ɜ ɦɢɪɟ ɩɥɚɜɭɱɟɣ ɚɬɨɦɧɨɣ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (ɉȺɌɗɋ) 
«Ⱥɤɚɞɟɦɢɤ Ʌɨɦɨɧɨɫɨɜ» ɤ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɑɭɤɨɬɤɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɷɬɨɝɨ 
ɧɚ ɛɟɪɟɝɭ ɤ 2019 ɝɨɞɭ ɛɭɞɟɬ ɩɨɫɬɪɨɟɧ ɤɨɦɩɥɟɤɫ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɧɚɞɟɠɧɨɣ 
ɦɧɨɝɨɥɟɬɧɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɬɨɝɨ ɨɛɴɟɤɬɚ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɢ ɫɨɨɪɭɠɟɧɢɹ ɑɚɭɧɫɤɨɣ Ɍɗɐ ɢɡɧɨɲɟɧɨ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ 
ɩɥɚɧɢɪɭɟɬɫɹ ɟɟ ɜɵɜɨɞ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɨɣ 
Ɍɗɐ, ɧɚɱɚɥɨ ɜɨɡɜɟɞɟɧɢɹ ɤɨɬɨɪɨɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɩɥɚɧɢɪɨɜɚɧɨ ɧɚ 2026 ɝɨɞ. 

Ɍɚɤɠɟ ɩɥɚɧɢɪɭɟɬɫɹ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɝɨɪɨɞɚ ɉɟɜɟɤɚ. ɇɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɞɟɥɚɟɬɫɹ ɚɤɰɟɧɬ ɧɚ ɪɚɡɜɢɬɢɢ ɜ ɝɨɪɨɞɟ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɍɚɤ 
ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɢ ɝɨɬɨɜɵ ɨɬɤɪɵɬɶ ɜ ɫɚɦɨɦ ɫɟɜɟɪɧɨɦ ɝɨɪɨɞɟ ɫɬɪɚɧɵ ɬɟɩɥɢɰɭ, 
ɩɬɢɰɟɮɚɛɪɢɤɭ, ɚ ɬɚɤɠɟ ɡɚɧɹɬɶɫɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɢ ɪɨɡɥɢɜɨɦ ɛɭɬɢɥɢɪɨɜɚɧɧɨɣ 
ɜɨɞɵ.  

ɂɡ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɜ ɑɚɭɧɫɤɨɦ ɪɚɣɨɧɟ ɢɦɟɸɬɫɹ ɡɚɥɟɠɢ ɡɨɥɨɬɚ, 
ɨɥɨɜɚ, ɪɬɭɬɢ, ɭɝɥɹ, ɜɨɥɶɮɪɚɦɚ. 

ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɛɥɨɤɟ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɭɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɬɚɧɰɢɢ 
ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɢ ɨɥɨɜɹɧɧɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ «ɉɵɪɤɚɤɚɣɫɤɢɟ ɲɬɨɤɜɟɪɤɢ». 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ (ɜɚɪɢɚɧɬɵ) ɪɚɡɜɢɬɢɹ 
ɑɚɭɧ-Ȼɢɥɢɛɢɧɫɤɨɝɨ ɷɧɟɪɝɨɭɡɥɚ. ȼ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɝ. ɉɟɜɟɤ ɭɝɨɥɶɧɨɣ Ɍɗɐ 48 Ɇȼɬ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɭɝɨɥɶɧɨɣ Ɍɗɐ 
48 Ɇȼɬ ɜ ɝ. Ȼɢɥɢɛɢɧɨ. ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɝ. ɉɟɜɟɤ 
ɭɝɨɥɶɧɨɣ Ɍɗɐ 120 Ɇȼɬ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɝ. Ȼɢɥɢɛɢɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɤɨɬɟɥɶɧɨɣ 
ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɉɟɜɟɤ – Ȼɢɥɢɛɢɧɨ 110 ɤȼ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɩɪɨɟɤɬ 
ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ ɜ ɝɨɪɨɞɟ ɉɟɜɟɤ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɭɝɥɟ Ɂɵɪɹɧɫɤɨɝɨ 
ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ əɤɭɬɢɢ, ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 120 Ɇȼɬ ɢ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ 200 Ƚɤɚɥ/ɱɚɫ. 

Ɉɧ ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦ ɤɚɤ ɞɥɹ ɩɨɤɪɵɬɢɹ ɪɨɫɬɚ ɧɚɝɪɭɡɨɤ ɜ ɑɚɭɧ- 
Ȼɢɥɢɛɢɧɫɤɨɦ ɷɧɟɪɝɨɭɡɥɟ, ɬɚɤ ɢ ɞɥɹ ɩɨɞɫɬɪɚɯɨɜɤɢ ɪɚɛɨɬɵ ɩɥɚɜɭɱɟɣ ɚɬɨɦɧɨɣ 
ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɢɞɟɬ ɜ ɉɟɜɟɤ ɜ 2019 ɝɨɞɭ. 
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1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɩɨɡɢɰɢɢ ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ 

Ɍɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɰɟɧɤɢ, ɢɫɯɨɞɹ ɫ ɩɨɡɢɰɢɢ 
ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɜɡɚɢɦɨɭɜɹɡɤɭ ɨɬɪɚɫɥɟɜɵɯ ɢɧɬɟɪɟɫɨɜ 
ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜ ɰɟɥɨɦ. Ⱦɚɧɧɵɣ 
ɩɨɞɯɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, 
ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɤɨɧɤɭɪɫɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɦɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɜ ɄȽɌɍ. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ 
ɫ ɩɨɦɨɳɶɸ ɬɚɛɥɢɱɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ Excel. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɜɚɪɢɚɧɬɨɜ ɩɨ 
ɦɢɧɢɦɭɦɭ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ:  

1. ɋɪɚɜɧɢɜɚɟɦɵɟ ɜɚɪɢɚɧɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɬɟɯɧɢɱɟɫɤɢ ɫɨɩɨɫɬɚɜɢɦɵ ɢ 
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵ.  

2. ȼɚɪɢɚɧɬɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɞɢɧɚɤɨɜɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, 
ɬ.ɟ. ɨɧɢ ɞɨɥɠɧɵ ɭɪɚɜɧɢɜɚɬɶɫɹ ɩɨ ɩɨɥɟɡɧɨɦɭ ɨɬɩɭɫɤɭ ɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɧɚ 
ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɡɚɦɵɤɚɸɳɢɯ ɡɚɬɪɚɬ ɢ ɭɫɬɚɧɨɜɨɤ.  

3. ȼɫɟ ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɮɢɧɚɧɫɢɪɭɸɬɫɹ ɢɡ ɨɞɧɨɝɨ ɢɫɬɨɱɧɢɤɚ.  

ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɧɚɪɨɞɧɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɷɮɮɟɤɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɨɧɨɦɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɩɨ 
ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ሺЗ˕э˙ ˔˓ ሻ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɩɨɫɬɚɜɥɹɟɦɵɦ ɜɚɪɢɚɧɬɨɦ ሺЗ˕э˙ ˔˔ ሻ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 
ɤɚɱɟɫɬɜɟ ɤɨɧɤɭɪɫɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɪɢɧɢɦɚɟɦ:  

1 ɜɚɪɢɚɧɬ: (2) Ɍ-60;  
2 ɜɚɪɢɚɧɬ: (1) Ɍ-120.  

Ɋɚɫɫɱɢɬɚɟɦ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɚɤɪɨɭɪɨɜɧɟ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 

Ɍɚɛɥɢɰɚ 1.1- ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɪɚɫɱɟɬɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ɇɟɫɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɐ Ⱦɚɥɶɧɢɣ ȼɨɫɬɨɤ 
ȼɢɞ ɬɨɩɥɢɜɚ Ʉɚɦɟɧɧɵɣ ɭɝɨɥɶ 
Ɍɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, Ƚɤɚɥ/ɱ: 
ɚ) ɜ ɩɚɪɟ 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 

 
0 

200 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ƚɨɞɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɩɚɪɭ 0 
Ƚɨɞɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɝɨɪɹɱɟɣ 
ɜɨɞɟ 

0,85 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɬɟɩɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ: 
ɚ) ɜ ɩɚɪɟ 
ɛ) ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ 

 
 
0 

3350 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɟɣ 120 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɱɚɫ/ɝɨɞ 

5500 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ɍɗɐ, ɱɚɫ/ɝɨɞ 

5500 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ, ɬ/ɱɚɫ 240 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɚ, % 93 
ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɭɪɛɢɧ, ɱɚɫ/ɝɨɞ 7200 
Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɪɭɛ./ɬ.ɭ.ɬ. 4345 
Ɂɚɦɵɤɚɸɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɷ/ɷɧɟɪɝɢɸ, ɪɭɛ./ɤȼɬ.×ɱ. 1,85 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɞɨɪɨɠɚɧɢɹ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 118 
ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɨɞɧɨɝɨ 
ɪɚɛɨɬɚɸɳɟɝɨ, ɪɭɛ./ɝɨɞ 

633108 

Ɋɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 2 
Ɉɬɱɢɫɥɟɧɢɟ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ (ɜ % ɤ ɎɈɌ), % 30,4 

Ɍɚɛɥɢɰɚ 1.2 – ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ Ɍɗɐ 

 
№ 

ɜɚɪɢɚɧɬɚ 

ɋɜɹɡɶ ɩɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ,  
ɦɥɧ. ɤȼɬ. · ɱ. 

Ɂɚɬɪɚɬɵ ɧɚ 
ɩɟɪɟɬɨɤɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɦɥɧ. ɪɭɛ. 

ɉɪɢɜɟɞɟɧ-
ɧɵɟ ɡɚɬɪɚɬɵ 

ɩɨ Ɍɗɐ, 
ɦɥɧ. ɪɭɛ. 

ɉɨɥɟɡɧɵɣ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 

Ɍɗɐ 

ɉɟɪɟɞɚɱɚ ɜ 
ɫɢɫɬɟɦɭ (-) ɢ 

ɢɡ ɫɢɫɬɟɦɵ (+) 
1 612 48 88,52 ͶͲͳ͸,͸Ͳ 
2 612 48 88,52 ͶͶ͵͹,ͻͲ 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: Эˏ˃ˍ˓ = З˔ − З˓, (1.1) 
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ɝɞɟ З˔ − ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ; 

      З˓ − ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ. Эˏ˃ˍ˓ = ͶͶ͵͹,ͻͲ − ͶͲͳ͸,͸Ͳ = Ͷʹͳ,͵.   

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɩɟɪɜɵɦ ɜɚɪɢɚɧɬɚɦɢ, %: З˔ − З˓З˔ ∙ ͳͲͲ = ͶͶ͵͹,ͻͲ − ͶͲͳ͸,͸ͲͶͶ͵͹,ͻͲ ∙ ͳͲͲ = ͻ,Ͷͻ.  
(1.2) 

Ɍ.ɤ. ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɡɚɬɪɚɬɚɦ 2-ɯ ɜɚɪɢɚɧɬɨɜ ɧɟ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ 5 %, ɜɚɪɢɚɧɬɵ ɫ ɩɨɡɢɰɢɢ ɦɚɤɪɨɷɤɨɧɨɦɢɤɢ ɧɟ ɹɜɥɹɸɬɫɹ 
ɪɚɜɧɨɷɤɨɧɨɦɢɱɧɵɦɢ.  

Ɍɚɤ ɤɚɤ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɩɟɪɜɨɦɭ (ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ) ɜɚɪɢɚɧɬɭ 
ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɟɧɶɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɩɨ ɜɬɨɪɨɦɭ 
(ɫɨɩɨɫɬɚɜɥɹɟɦɨɦɭ), ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ ɜɵɛɢɪɚɟɦ 
ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ, ɩɨɬɨɦɭ ɱɬɨ ɨɧ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1.3–1.12. 

Ɍɚɛɥɢɰɚ 1.3 – Ɏɨɪɦɢɪɨɜɚɧɢɟ ɜɚɪɢɚɧɬɨɜ ɫɨɫɬɚɜɚ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ɍɗɐ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

ɋɨɫɬɚɜ ɬɭɪɛɢɧ 

Ɇ
ɨɳ

ɧɨ
ɫɬ

ɶ 
ɨɬ

ɛɨ
ɪɨ

ɜ 
ɩɨ

 
ɩɚ

ɪɭ
, Ƚ

ɤɚ
ɥ/

ɱ 

Ɋɚ
ɫɱ

ɟɬ
ɧɵ

ɣ 
ɱɚ

ɫɨ
ɜɨ

ɣ 
ɤɨ

ɷɮ
ɮɢ

ɰɢ
ɟɧ

ɬ 
ɬɟ

ɩɥ
ɨɮ

ɢɤ
ɚɰ

ɢɢ
 ɩ

ɨ 
ɩɚ

ɪɭ
 

Ɇ
ɨɳ

ɧɨ
ɫɬ

ɶ 
ɨɬ

ɛɨ
ɪɨ

ɜ 
ɩɨ

 
ɝɨ

ɪɹ
ɱɟ

ɣ 
ɜɨ

ɞɟ
, Ƚ

ɤɚ
ɥ/

ɱ 

Ɋɚ
ɫɱ

ɟɬ
ɧɵ

ɣ 
ɱɚ

ɫɨ
ɜɨ

ɣ 
ɤɨ

ɷɮ
ɮɢ

ɰɢ
ɟɧ

ɬ 
ɬɟ

ɩɥ
ɨɮ

ɢɤ
ɚɰ

ɢɢ
 ɩ

ɨ 
ɝɨ

ɪɹ
ɱɟ

ɣ 
ɜɨ

ɞɟ
 

ɍ
ɫɬ

ɚɧ
ɨɜ

ɥɟ
ɧɧ

ɚɹ
 

ɧɨ
ɦɢ

ɧɚ
ɥɶ

ɧɚ
ɹ 

ɦɨ
ɳ

ɧɨ
ɫɬ

ɶ 
Ɍɗ

ɐ
, Ɇ

ȼɬ
 

 
 

Ɍɢɩ 

 
 

Ɇɨɳɧɨɫɬɶ, 
Ɇȼɬ 

 
 

Ʉɨɥɢɱɟɫɬɜɨ 

1 Ɍ 60 2 0 0 200 0,50 120 
2 Ɍ 120 1 0 0 105 0,53 120 
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Ɍɚɛɥɢɰɚ 1.4 – Ɋɚɫɱɟɬ ɛɚɥɚɧɫɚ ɩɨ ɨɫɬɪɨɦɭ ɩɚɪɭ ɢ ɜɵɛɨɪ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

Ɇ
ɚɤ

ɫɢ
ɦɚ

ɥɶ
ɧɵ

ɣ 
ɪɚ

ɫɯ
ɨɞ

 
ɩɚ

ɪɚ
 ɧ

ɚ 
ɬɭ

ɪɛ
ɢɧ

ɵ,
 ɬ

/ɱ
 

ɉ
ɢɤ

ɨɜ
ɚɹ

 ɧ
ɚɝ

ɪɭ
ɡɤ

ɚ 
ɜ 

ɩɚ
ɪɟ

, 
Ƚɤ

ɚɥ
/ɱ

 

ɉ
ɢɤ

ɨɜ
ɚɹ

 ɧ
ɚɝ

ɪɭ
ɡɤ

ɚ 
ɜ 

ɝɨ
ɪɹ

ɱɟ
ɣ 

ɜɨ
ɞɟ

, Ƚ
ɤɚ

ɥ/
ɱ  

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ 
ɊɈɍ ɞɥɹ 
ɩɨɤɪɵɬɢɹ 
ɩɢɤɨɜɨɣ 

ɧɚɝɪɭɡɤɢ, ɬ/ɱ 

ɉ
ɨɬ

ɟɪ
ɢ 

ɢ 
ɪɚ

ɫɯ
ɨɞ

 ɩ
ɚɪ

ɚ 
ɧɚ

 
ɫɨ

ɛɫ
ɬɜ

ɟɧ
ɧɵ

ɟ 
ɧɭ

ɠ
ɞɵ

, ɬ
/ɱ

 

ɇ
ɟɨ

ɛɯ
ɨɞ

ɢɦ
ɚɹ

 
ɩɪ

ɨɢ
ɡɜ

ɨɞ
ɢɬ

ɟɥ
ɶɧ

ɨɫ
ɬɶ

 
ɤɨ

ɬɟ
ɥɶ

ɧɨ
ɝɨ

 ɰ
ɟɯ

ɚ,
 ɬ

/ɱ
 

Ʉɨɥ-ɜɨ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɤɨɬɥɨɜ 

ɋɜ
ɨɛ

ɨɞ
ɧɚ

ɹ 
ɦɨ

ɳ
ɧɨ

ɫɬ
ɶ 

ɤɨ
ɬɟ

ɥɶ
ɧɨ

ɝɨ
 ɰ

ɟɯ
ɚ,

 ɬ
/ɱ

 

ɜ ɩɚɪɟ ɜ ɜɨɞɟ ɧɟɨɛɯɨ
ɞɢɦɨ 

ɩɪɢɧɹɬ
ɨ 

1 434 0 100 0 121,1 13,0 568,1 1,96 2 11,9 
2 480 0 95 0 115,0 14,4 609,4 2,10 3 260,6 

Ɍɚɛɥɢɰɚ 1.5 – Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɜɚɪɢɚɧɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɍɗɐ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ. ɪɭɛ. 
ȼ ɬɭɪɛɢɧɵ ȼ ɩɚɪɨɝɟɧɟɪɚɬɨɪɵ ɋɭɦɦɚɪ-

ɧɵɟ 
ɋ ɭɱɟɬɨɦ 

ɤɨɷɮɮɢɰɢɟɧ-
ɬɚ 

ɭɞɨɪɨɠɚɧɢɹ 

ɉɟɪɜɭɸ ɉɨɫɥɟɞɭɸ
-ɳɢɟ 

ɉɟɪɜɵɣ ɉɨɫɥɟɞɭɸ
-ɳɢɟ 

Ɂɚɜɢɫɹɳɢɟ 
ɨɬ 

ɦɨɳɧɨɫɬɢ 
Ɍɗɐ 

1 18,0 9,0 16,0 8,0 9,31 60,31 11116,58 
2 20,0 00,0 16,0 8,0 9,31 61,31 11234,58 

Ɍɚɛɥɢɰɚ 1.6 – Ɋɚɫɱɟɬ ɭɫɥɨɜɧɨ-ɩɨɫɬɨɹɧɧɵɯ ɪɚɫɯɨɞɨɜ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  ɇɨɪɦɚ 

ɚɦɨɪɬɢ-
ɡɚɰɢɢ ܪ˃ˏ, %  

Ⱥɦɨɪɬɢɡɚ-
ɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ ˃ܷˏ 

ɂɡɞɟɪɠɤɢ 
ɧɚ 

ɬɟɤɭɳɢɣ 
ɪɟɦɨɧɬ ˕ܷ˓ 

ɑɢɫɥɟɧ-
ɧɨɫɬɶ 
ɉɉɊ 
Ɍɗɐ, 
ɱɟɥ. 

Ɋɚɫɯɨɞɵ ɧɚ 
ɡɚɪɚɛɨɬɧɭɸ 
ɩɥɚɬɭ ɢ ɫɨɰ. 
ɫɬɪɚɯɨɜɚɧɢɟ ˊܷ˒ 

ɉɪɨ-
ɱɢɟ 

ɪɚɫɯɨ-
ɞɵ 
 ܷ˒˓ 

ɂɬɨɝɨ 
ɭɫɥɨɜɧɨ-

ɩɨɫɬɨɹɧɧɵɟ 
ɪɚɫɯɨɞɵ ˖ܷ˒, 

ɦɥɧ. ɪɭɛ. 

1 6,7 744,81 148,96 276 455,72 404,85 1754,34 
2 6,7 752,72 150,54 276 455,72 407,69 1766,67 
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Ɍɚɛɥɢɰɚ 1.7 – Ȼɚɥɚɧɫ ɬɟɩɥɚ ɩɨ ɝɨɪɹɱɟɣ ɜɨɞɟ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

Ƚɨɞɨɜɨɟ 
ɩɪɨɢɡɜɨɞɫɬ-
ɜɨ ɬɟɩɥɚ ɧɚ 
Ɍɗɐ ɜ ɝɨɪ. 

ɜɨɞɟ ܳˆ˅.ˆˑˇ., ɬɵɫ. 
Ƚɤɚɥ 

Ɇɚɤɫɢɦɚɥɶ-
ɧɨ 

ɜɨɡɦɨɠɧɨɟ 
ɩɪɨɢɡɜɨɞɫɬ-
ɜɨ ɬɟɩɥɚ ɢɡ 

ɨɬɛɨɪɨɜ ܳˆ˅.௠𝑎𝑥, 
ɬɵɫ. Ƚɤɚɥ 

Ɉɬɩɭɫɤ ɝɨɪɹɱɟɣ ɜɨɞɵ ɢɡ ɨɬɛɨɪɨɜ Ɉɬɩɭɫɤ 
ɬɟɩɥɚ ɢɡ 

ɊɈɍ ܳˆ˅.ʟʝʢ, 
ɬɵɫ. 
Ƚɤɚɥ 

ȼɫɟɝɨ ܳˆ˅.ˑ˕˄, 
ɬɵɫ. 
Ƚɤɚɥ  

ȼ ɬɨɦ ɱɢɫɥɟ ɢɡ ɬɭɪɛɢɧ 
Ɍɢɩɨɪɚɡɦɟɪ 

ɬɭɪɛɢɧɵ 
Ɉɬɩɭɫɤ 
ɝɨɪɹɱɟɣ 
ɜɨɞɵ, 
ɬɵɫ. 
Ƚɤɚɥ 

ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɨɬɛɨɪɨɜ, ܪˑ˕˄.ˆ˅., 
ɱɚɫ/ɝɨɞ 

1 670 268 576 2 Ɍ 60 576 3600 94 
2 670 268 576 1 Ɍ 120 575 3600 94 

Ɍɚɛɥɢɰɚ 1.8 – Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ (ɬɵɫ. ɬ.ɭ.ɬ.) Ɂɚɬɪɚɬɵ ɧɚ 
ɬɨɩɥɢɜɨ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ, ɦɥɧ. 
ɪɭɛ. 

ȼ ɩɚɪɟ ȼ ɝɨɪɹɱɟɣ ɜɨɞɟ ȼɫɟɝɨ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, ȼɬ 

ɂɡ ɨɬɛɨɪɨɜ  
ɜɫɟɝɨ 

 (ɭɞɟɥ. = 
155,94 

ɤɝ/Ƚɤɚɥ) 

ɂɡ ɊɈɍ  
ɜɫɟɝɨ  

(ɭɞɟɥ. = 
159,13 

ɤɝ/Ƚɤɚɥ) 

ɂɡ ɨɬɛɨɪɨɜ 
ɜɫɟɝɨ  

(ɭɞɟɥ. = 
159,13 

ɤɝ/Ƚɤɚɥ) 

ɂɡ ɊɈɍ 
ɜɫɟɝɨ 

(ɭɞɟɥ. = 
162,37 

ɤɝ/Ƚɤɚɥ) 
1 0,00 0,00 90,38 15,05 105,42 474,41 
2 0,00 0,00 90,38 15,05 105,42 471,41 

Ɍɚɛɥɢɰɚ 1.9 – Ȼɚɥɚɧɫ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ Ɍɗɐ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

 
ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟ

ɪɝɢɢ ɧɚ 
Ɍɗɐ ɩɪɢ 
ɡɚɞɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ 

ɇɭ 

 
ɉɪɟɜɵɲɟɧɢɟ 
ɜɵɪɚɛɨɬɤɢ ɧɚ 

Ɍɗɐ ɩɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨ
ɧɧɨɦɭ ɰɢɤɥɭ 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ  
ɑɢɫɥɨ 
ɱɚɫɨɜ 

ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɧɨɦ. 
ɭɫɬɚɧɨɜɥɟ

ɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 
ɢ Ɍɗɐ ɜ 
ɰɟɥɨɦ, 
ɱɚɫ/ɝɨɞ 

ȼɫɟɝɨ ȼ ɬɨɦ ɱɢɫɥɟ ɬɭɪɛɢɧɚɦɢ 
Ɍɢɩ ɬɭɪɛɢɧ ȼɵɪɚɛ

ɨɬɚɧɨ 
ɷɥɟɤɬɪ
ɨɷɧɟɪɝ

ɢɢ 

ɑɢɫɥɨ 
ɱɚɫɨɜ 

ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ 

ɭɫɬɚɧɨɜɥɟ
ɧɧɨɣ 

ɦɨɳɧɨɫɬɢ, 
ɱɚɫ/ɝɨɞ 

1 660 0 660 2 Ɍ 60 660 5500 5500 
2 660 0 660 1 Ɍ 120 660 5500 5500 
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Ɍɚɛɥɢɰɚ 1.10 – Ɋɚɫɱɟɬ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɭɱɟɬɨɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ (kɜ 1) 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

Ɍɢɩɨɪɚɡɦɟ
ɪ ɬɭɪɛɢɧ 

ɑɢ
ɫɥ

ɨ 
ɱɚ

ɫɨ
ɜ 

ɢɫ
ɩɨ

ɥɶ
ɡɨ

ɜɚ
ɧɢ

ɹ 
ɭɫ

ɬɚ
ɧɨ

ɜɥ
ɟɧ

ɧɨ
ɣ 

ɦɨ
ɳ

ɧɨ
ɫɬ

ɢ,
 ɱ

ɚɫ
/ɝ

ɨɞ
 

ɑɢ
ɫɥ

ɨ 
ɱɚ

ɫɨ
ɜ 

ɢɫ
ɩɨ

ɥɶ
ɡɨ

ɜɚ
ɧɢ

ɹ 
ɨɬ

ɛɨ
ɪɨ

ɜ 
ɩɚ

ɪɚ
, ɱ

ɚɫ
/ɝ

ɨɞ
 

ɑɢ
ɫɥ

ɨ 
ɱɚ

ɫɨ
ɜ 

ɢɫ
ɩɨ

ɥɶ
ɡɨ

ɜɚ
ɧɢ

ɹ 
ɨɬ

ɛɨ
ɪɨ

ɜ 
ɝɨ

ɪɹ
ɱɟ

ɣ 
ɜɨ

ɞɵ
, ɱ

ɚɫ
/ɝ

ɨɞ
 

ɂ
ɡɦ

ɟɧ
ɟɧ

ɢɟ
 

ɫɪ
ɟɞ

ɧɟ
ɝɨ

ɞɨ
ɜɨ

ɝɨ
 

ɞɚ
ɜɥ

ɟɧ
ɢɹ

, Ⱥ
ɌȺ

 

ɍ
ɞɟ

ɥɶ
ɧɵ

ɣ 
ɪɚ

ɫɯ
ɨɞ

 
ɬɨ

ɩɥ
ɢɜ

ɚ,
 ɝ/

ɤɜ
·ɱ

 

Ʉɨ
ɷɮ

ɮɢ
ɰɢ

ɟɧ
ɬ 

kɜ
1 

Ɋɚ
ɫɯ

ɨɞ
 ɬ

ɨɩ
ɥɢ

ɜɚ
 ɫ

 
ɭɱ

ɟɬ
ɨɦ

 k
ɜ1

, ɬ
ɵɫ

. ɬ
.ɭ

.ɬ
. 

1 2 Ɍ 60 5500 0 3600 0 120,36 1 79,44 
2 1 Ɍ 120 5500 0 3600 0 250,44 1 165,2 

Ɍɚɛɥɢɰɚ 1.11 – Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ ɩɨ Ɍɗɐ ɜ ɰɟɥɨɦ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɂɚɬɪɚɬɵ ɧɚ 
ɬɨɩɥɢɜɨ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 
ɬɵɫ. ɦɥɧ. ɪɭɛ. 

Ɂɚɬɪɚɬɵ 
ɧɚ 

ɬɨɩɥɢɜɨ 
ɩɨ Ɍɗɐ 
ɜɫɟɝɨ, 
ɦɥɧ. 
ɪɭɛ. 

Ɋɚɫɯɨɞ 
ɬɨɩɥɢɜɚ 

ɫ 
ɭɱɟɬɨɦ 

kɜ1, 
ɝ/ɤȼɬ·ɱ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
kɜ2 

Ʉɨɷɮɮɢɰɢɟɧɬ 
kɜ3 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ 
ɫ ɭɱɟɬɨɦ ɤɨɪɪ. 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
b,  

ɝ/ɤȼɬ·ɱ 

1 79,44 1,00 1,02 81,19 365,34 839,75 
2 165,2 1,00 1,02 168,9 760,14 1234,56 

Ɍɚɛɥɢɰɚ 1.12 – Ɋɚɫɱɟɬ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɢ 
ɩɨɥɟɡɧɨɝɨ ɟɟ ɨɬɩɭɫɤɚ ɫ Ɍɗɐ 

№
 ɜ

ɚɪ
ɢɚ

ɧɬ
ɚ  

ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

Ɍɗɐ ɜ ɰɟɥɨɦ, 
ɦɥɧ. ɤȼɬ·ɱ 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ 

ɉɨɥɟɡɧɵɣ ɨɬɩɭɫɤ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 

Ɍɗɐ, 
ɦɥɧ. ɤȼɬ·ɱ 

ɉɨ Ɍɗɐ ɜ 
ɰɟɥɨɦ 

ȼ ɬɨɦ ɱɢɫɥɟ ɩɨ ɬɭɪɛɢɧɚɦ 

ɦɥɧ. 
ɤȼɬ·ɱ 

% Ɍɢɩɨɪɚɡɦɟɪ 
ɬɭɪɛɢɧ 

ɦɥɧ. 
ɤȼɬ·ɱ 

% 

1 660 47,85 7,25 2 Ɍ 60 48 7 612,15 
2 660 47,85 7,25 1 Ɍ 120 48 7 612,15 

 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɩɨɡɢɰɢɢ ɦɢɤɪɨɷɤɨɧɨɦɢɤɢ 

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɭɱɟɬɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢɧɬɟɪɟɫɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɦɢɤɪɨɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɢɠɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ. 
ɉɪɨɟɤɬɧɭɸ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɛɭɞɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɢ 
ɫɨɩɨɫɬɚɜɥɹɟɦɨɦɭ ɜɚɪɢɚɧɬɚɦ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɤɚɥɶɤɭɥɹɰɢɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɨ ɜɚɪɢɚɧɬɚɦ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.13. 

Ɍɚɛɥɢɰɚ 1.13 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɫɱɟɬɭ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɉɨɤɚɡɚɬɟɥɢ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɋɟɤɨɦɟɧɞɭɟɦɵɣ 
ɜɚɪɢɚɧɬ 

ɋɨɩɨɫɬɚɜɥɹɟɦɵɣ 
ɜɚɪɢɚɧɬ 

ɉɨɥɟɡɧɵɣ ɨɬɩɭɫɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ 
Ɍɗɐ ܹˑ ˕˒, ɦɥɧ. ɤȼɬ·ɱ 

612 612 

Ƚɨɞɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ ɧɚ Ɍɗɐ ܳˆˑˇ, ɬɵɫ. Ƚɤɚɥ 
670 670 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɨ Ɍɗɐ ܤʡЭʥ, ɬɵɫ. ɬ.ɭ.ɬ. 
186,61 274,32 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ܤэ, ɬɵɫ. ɬ.ɭ.ɬ. 

81,19 168,9 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ܤ˕, ɬɵɫ. ɬ.ɭ.ɬ. 

105,42 105,42 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ܷ, ɦɥɧ. 
ɪɭɛ.  

2594,09 3001,22 

Ɂɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ ˕ܷ, ɦɥɧ. ɪɭɛ. 839,75 1234,56 

Ⱥɦɨɪɬɢɡɚɰɢɹ ˃ܷˏ, ɦɥɧ. ɪɭɛ. 744,81 752,72 

Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ˊܷ˒, ɦɥɧ. 
ɪɭɛ. 

455,72 455,72 

Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ˕ܷ˓, ɦɥɧ.ɪɭɛ. 148,96 150,54 

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ ܷ˒˓, ɦɥɧ. ɪɭɛ. 404,85 407,69 

Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɨ 
ɪɟɤɨɦɟɧɞɭɟɦɨɦɭ ɜɚɪɢɚɧɬɭ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.14. 
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Ɍɚɛɥɢɰɚ 1.14 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
(ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ) 

ɋɬɚɞɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ. ɪɭɛ. ȼɫɟɝɨ 
ɡɚɬɪɚɬ, 
ɦɥɧ. 
ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, 
ɦɥɧ. ɪɭɛ. 

Uɬ Uɚɦ Uɡɩ Uɪɟɦ Uɩɪ ɧɚ ɷ/ɷ ɧɚ ɬ/ɷ 

ɌɌɐ ɢ Ʉɐ 839,75 372,41 159,50 74,48  1446,14 621,43 824,70 
Ɇɚɲɢɧɧɵɣ ɡɚɥ, 
ɗɐ 

 335,16 159,50 67,03  561,70 561,70  

Ɉɛɳɟɫɬɚɧɰɢɨɧ
ɧɵɟ ɪɚɫɯɨɞɵ 

 37,24 136,71 7,45 404,85 586,25 345,45 240,80 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 839,75 744,81 455,72 148,9 404,85 2594,09 1528,5 1065,5 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ·ɱ 2,4971 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 1451,37 

Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ (ɮɢɡɢɱɟɫɤɢɣ ɦɟɬɨɞ), ɦɥɧ. ɪɭɛ.: 

˕ܷ˕˙э/э = ˕ܷ˕˙ ∙ ˙э˕ܤээܤ = ͳͶͶ͸,ͳͶ ∙ ͺͳ,ͳͻͳͺ͸,͸ͳ = ͸ʹͳ,Ͷ͵.  

(1.3) 

˕ܷ˕˙˕/э = ˕ܷ˕˙ − ˕ܷ˕˙э э⁄ = ͳͶͶ͸,ͳͶ − ͸ʹͳ,Ͷ͵ = ͺʹͶ,͹Ͳ. (1.4) 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ. ɪɭɛ.: 

ˑܷ˄˜э/э = ˑܷ˄˜ ∙ ˕ܷ˕˙э/э + ܷˏ˃˛.ˊэ/э
˕ܷ˕˙ + ܷˏ˃˛.ˊ,   (1.5) 

ˑܷ˄˜э/э = ͷͺ͸,ʹͷ ∙ ͸ʹͳ,Ͷ͵ + ͷ͸ͳ,͹ͲͳͶͶ͸,ͳͶ + ͷ͸ͳ,͹Ͳ = ͵Ͷͷ,Ͷͷ.  

ˑܷ˄˜˕/э = ˑܷ˄˜ − ˑܷ˄˜э э⁄ = ͷͺ͸,ʹͷ − ͵Ͷͷ,Ͷͷ = ʹͶͲ,ͺͲ. (1.6) 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ·ɱ: ܵээ = эܷэܹˑ ˕˒ = ͳͷʹͺ,ͷ͸ͳʹ = ʹ,Ͷͻ͹ͳ 
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ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ: 

ܵ˕э = ˕ܷэ ∙ ͳͲͲͲܳˆˑˇ = ͳͲ͸ͷ,ͷ ∙ ͳͲͲͲ͸͹Ͳ = ͳͶͷͳ,͵͹.   (1.8) 

Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɨ 
ɫɨɩɨɫɬɚɜɥɹɟɦɨɦɭ ɜɚɪɢɚɧɬɭ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.15. 

Ɍɚɛɥɢɰɚ 1.15 – Ʉɚɥɶɤɭɥɹɰɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
(ɫɨɩɨɫɬɚɜɥɹɟɦɵɣ ɜɚɪɢɚɧɬ) 

ɋɬɚɞɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɗɥɟɦɟɧɬɵ ɡɚɬɪɚɬ, ɦɥɧ. ɪɭɛ. ȼɫɟɝɨ 
ɡɚɬɪɚɬ, 
ɦɥɧ. 
ɪɭɛ. 

ȼ ɬɨɦ ɱɢɫɥɟ, 
ɦɥɧ. ɪɭɛ. 

Uɬ Uɚɦ Uɡɩ Uɪɟɦ Uɩɪ ɧɚ ɷ/ɷ ɧɚ ɬ/ɷ 

ɌɌɐ ɢ Ʉɐ 1234,6 376,36 159,50 75,27  2035,69 1242,9 792,77 
Ɇɚɲɢɧɧɵɣ ɡɚɥ, 
ɗɐ 

 338,72 159,50 67,74  565,97 565,97  

Ɉɛɳɟɫɬɚɧɰɢɨɧ
ɧɵɟ ɪɚɫɯɨɞɵ 

 37,64 136,71 7,53 407,69 589,57 409,92 179,65 

ȼɫɟɝɨ ɩɨ Ɍɗɐ 1234,6 752,72 455,72 150,5 407,69 3001,22 2218,8 972,42 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ·ɱ 3,6246 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɬɟɩɥɨɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ 1590,30 

Ɂɚɬɪɚɬɵ ɩɨ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ (ɮɢɡɢɱɟɫɤɢɣ ɦɟɬɨɞ), ɦɥɧ. ɪɭɛ.: 

˕ܷ˕˙э/э = ˕ܷ˕˙ ∙ ˙э˕ܤээܤ = ʹͲ͵ͷ,͸ͻ ∙ ͳ͸ͺ,ͻʹ͹Ͷ,͵ʹ = ͳʹͶʹ,ͻ.  

(1.9) 

˕ܷ˕˙˕/э = ˕ܷ˕˙ − ˕ܷ˕˙э э⁄ = ʹͲ͵ͷ,͸ͻ − ͳʹͶʹ,ͻ = ͹ͻʹ,͹͹. (1.10) 

Ɉɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɜɢɞɚ ɷɧɟɪɝɢɢ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɚɬɪɚɬɚɦ ɩɨ ɞɜɭɦ ɩɪɟɞɵɞɭɳɢɦ ɫɬɚɞɢɹɦ, ɦɥɧ. ɪɭɛ.: 

ˑܷ˄˜э/э = ˑܷ˄˜ ∙ ˕ܷ˕˙э/э + ܷˏ˃˛.ˊэ/э
˕ܷ˕˙ + ܷˏ˃˛.ˊ,   (1.11) 

ˑܷ˄˜э/э = ͷͺͻ,ͷ͹ ∙ ͳʹͶʹ,ͻ + ͷ͸ͷ,ͻ͹ʹͲ͵ͷ,͸ͻ + ͷ͸ͷ,ͻ͹ = ͶͲͻ,ͻʹ.  
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ˑܷ˄˜˕/э = ˑܷ˄˜ − ˑܷ˄˜э э⁄ = ͷͺͻ,ͷ͹ − ͶͲͻ,ͻʹ = ͳ͹ͻ,͸ͷ. (1.12) 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ·ɱ: 

ܵээ = эܷэܹˑ ˕˒ = ʹʹͳͺ,ͺ͸ͳʹ = ͵,͸ʹͶ͸.   (1.13) 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ: 

ܵ˕э = ˕ܷэ ∙ ͳͲͲͲܳˆˑˇ = ͻ͹ʹ,Ͷʹ ∙ ͳͲͲͲ͸͹Ͳ = ͳͷͻͲ,͵Ͳ.   (1.14) 

ɂɡ ɬɚɛɥɢɰ 1.14 ɢ 1.15 ɜɢɞɧɨ, ɱɬɨ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɜɚɪɢɚɧɬɚ ɦɟɧɶɲɟ, ɱɟɦ ɫɨɩɨɫɬɚɜɥɹɟɦɨɝɨ. 

Ɋɚɫɫɱɢɬɚɟɦ ɷɮɮɟɤɬ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ, ɦɥɧ.ɪɭɛ.: Эˏˋˍ˓ = ܹˑ ˕˒˓ ∙ (ܵээ˓ − ܵээ̝) + ܳˆˑˇ˓ ∙ (ܵ˕э˓ − ܵ˕э˔ ), Эˏˋˍ˓ = ͸ͳʹ ∙ ሺʹ,Ͷͻ͹ͳ − ͵,͸ʹͶ͸ሻ + ͸͹Ͳ ∙ ሺͳͶͷͳ,͵͹ − ͳͷͻͲ,͵Ͳሻ= −ͻʹ͵ͻ͵,ͷͷ. 
(1.15) 

Ɍɚɤ ɤɚɤ ɷɮɮɟɤɬ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ ɩɨɥɭɱɢɥɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɣ, ɬɨ ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɱɟɬɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦ 
ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜɚɪɢɚɧɬ. 

 Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ Ɍɗɋ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ, ɧɚɩɪɚɜɥɹɟɦɵɯ 
ɧɚ ɞɚɧɧɵɟ ɰɟɥɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɯɨɡɪɚɫɱɟɬɧɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɞɩɪɢɹɬɢɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ 
ɫɨɨɬɧɨɲɟɧɢɟ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɪɟɚɥɢɡɚɰɢɟɣ 
ɢɧɜɟɫɬɢɰɢɣ (ɬɚɛɥɢɰɚ 1.16). 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ, ɦɥɧ.ɪɭɛ.: 
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ʦДД = ([(ʡэ э⁄ − ˑܷ˕˒э ) ∙ ܹˑ ˕˒ + ˃ܷ + ሺʡ˕ э⁄ − ˑܷ˕˒˕ ሻ ∙ ܳˑ˕˒]∙ ͳሺͳ + Ͳ,ͳሻ௡) − 𝐾.   (1.16) 

ɝɞɟ 𝐾– ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ, ɦɥɧ. ɪɭɛ.;  ˑܷ˕˒˕ − ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./Ƚɤɚɥ;  ˑܷ˕˒э −ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɩɭɳɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɪɭɛ./ɤȼɬ ɱ.;  ܹˑ ˕˒ − ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɷɧɟɪɝɢɢ ɫ ɲɢɧ ɫɬɚɧɰɢɢ, Ɇȼɬ;  ܳˑ˕˒ − ɝɨɞɨɜɨɣ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, Ɇȼɬ;  ݊ − ɬɟɤɭɳɢɣ ɝɨɞ;  ̞ܶ э⁄ − ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ Ƚɤɚɥ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɪɭɛ./Ƚɤɚɥ;  ܶэ э⁄ −ɬɚɪɢɮ ɧɚ ɨɬɩɭɳɟɧɧɵɣ ɤȼɬ∙ɱ ɫ ɭɱёɬɨɦ ɩɥɚɧɢɪɭɟɦɨɣ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, 
ɪɭɛ./ɤȼɬ∙ɱ. 

Ɍɚɛɥɢɰɚ 1.16- ɉɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ 
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ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ ɧɚɪɚɫɬɚɸɳɢɦ ɢɬɨɝɨɦ NPV: 

ܸܰܲ = ∑ ௞ܲሺͳ + ሻ௞ݎ − ∑ ௞ሺͳܥܫ + ሻ௡ݎ = ͳ͵͵,ͷͳ.   (1.17) 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ DPI: 

ܫܲܦ           = NPV|∑ ଴ሺͳܥܫ + |ሻ௡ݎ + ͳ = ͳ,Ͳͳ.   (1.18) 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ IRR: 

ܴܴܫ = ଵݎ + ݂ሺݎଵሻ݂ሺݎଵሻ − ݂ሺݎଶሻ ∙ ሺݎଶ − ଵሻݎ = ͳͲ,͹ͺ%.   (1.19) 

ɉɪɨɫɬɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ PP: 

ܲܲ = ͹ ˎˈ˕ + Ͷʹ͸,Ͷͺͳͷʹ͹,ͳ͸ ∙ ͳʹ = ͹ ˎˈ˕ ͵ ˏˈ˔я˙˃.   (1.20) 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ DPP: 

ܲܲܦ = ͳ͵ ˎˈ˕ + ʹ͸ͺ,͸ͶͶͶʹ,͵͸ ∙ ͳʹ = ͳ͵ ˎˈ˕ ͹ ˏˈ˔я˙ˈ˅.   (1.21) 

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ 
ɷɮɮɟɤɬɢɜɧɵɦ, ɬɚɤ ɤɚɤ ɱɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ ɩɪɨɟɤɬɚ ɧɚɪɚɫɬɚɸɳɢɦ 
ɢɬɨɝɨɦ ɛɨɥɶɲɟ 0, ɞɨɯɨɞɧɵɦ, ɬɚɤ ɤɚɤ ܫܲܦ > ͳ, ɫɪɨɤɢ ɨɤɭɩɚɟɦɨɫɬɢ: ɩɪɨɫɬɨɣ ɫɪɨɤ 
ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 8 ɥɟɬ ɢ 3 ɦɟɫɹɰɚ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ – 13 ɥɟɬ ɢ 7 ɦɟɫɹɰɟɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɟɤɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ 120 Ɇȼɬ ɜ ɝ. ɉɟɜɟɤ ɹɜɥɹɟɬɫɹ 
ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢ ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɣ. 
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2 Ɋɚɫɱɟɬɧɚɹ ɱɚɫɬɶ 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦ ɬɭɪɛɢɧɭ Ɍ-60-130, ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. Ɉɬɩɭɫɤ ɬɟɩɥɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɞɜɭɯ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ. Ɉɬɛɨɪɧɵɣ ɩɚɪ 
ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɞɟɚɷɪɚɬɨɪɚ, ɢ ɬɪɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɋɥɢɜ 
ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ- ɤɚɫɤɚɞɧɵɣ ɜ ɞɟɚɷɪɚɬɨɪ. ɋɥɢɜ 
ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ- ɤɚɫɤɚɞɧɵɣ ɜ ɉɇȾ-1 ɢ ɢɡ ɧɟɝɨ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ. ȼ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɬɟɥ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ, 
ɧɟɩɪɟɪɵɜɧɚɹ ɩɪɨɞɭɜɤɚ ɤɨɬɥɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ ɪɚɫɲɢɪɢɬɟɥɶ. Ⱦɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɫ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ (ɉɏɈȼ) ɢɡ ɯɢɦɜɨɞɨɨɱɢɫɬɤɢ (ɏɈȼ). 
ɂɡ ɪɚɫɲɢɪɢɬɟɥɹ ɜɵɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 

ɉɚɪ ɢɡ ɭɩɥɨɬɧɟɧɢɣ ɩɨɫɬɭɩɚɟɬ ɜ ɫɚɥɶɧɢɤɨɜɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ- ɨɯɥɚɞɢɬɟɥɶ 
ɭɩɥɨɬɧɟɧɢɣ (Ɉɍ), ɚ ɢɡ ɨɫɧɨɜɧɵɯ ɷɠɟɤɬɨɪɨɜ ɤɨɧɞɟɧɫɚɬɨɪɚ- ɜ ɨɯɥɚɞɢɬɟɥɶ 
ɷɠɟɤɬɨɪɧɨɝɨ ɩɚɪɚ (Ɉɗ), ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɨɛɨɝɪɟɜɭ ɨɫɧɨɜɧɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ 

ɉɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɛɥɨɤɚ ɜɨɫɩɨɥɧɹɸɬɫɹ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ, 
ɩɨɞɚɜɚɟɦɨɣ ɜ ɞɟɚɷɪɚɬɨɪ. 

2.1  ɉɨɞɝɨɬɨɜɤɚ ɞɚɧɧɵɯ ɤ ɪɚɫɱɟɬɭ 

ȼ ɬɚɛɥɢɰɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ Ɍ-60-
130. 

Ɍɚɛɥɢɰɚ 2.1- Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ Ɍ-60-130 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ эܹ, Ɇȼɬ 60 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ܳˑ௠̞𝑎𝑥, ɤȼɬ 116300 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɚ ܳˑ˕˄˃ˊ, ɤȼɬ 46520 

Ⱦɚɜɥɟɧɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ଴ܲ, Ɇɉɚ 13,0 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 𝑡଴, °ɋ 555 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ, ௞ܲ, Ɇɉɚ 0,0035 

ɑɢɫɥɨ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ 7 

Ɋɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ܩˑ˅, ɬ/ɱ 8000 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 𝑡ˑ˅, °ɋ 20 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ ɬɭɪɛɢɧɵ, Ɇɉɚ: ܲˑ ˕ଵ ܲˑ ˕ଶ ܲˑ ˕ଷ ܲˑ ˕ସ ܲˑ ˕ହ 

 
3,41 
2,177 
1,128 
0,529 
0,272 

ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɑȼȾ 𝜂௢𝑖ʦʑД 0,845 

ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ɑɇȾ 𝜂௢𝑖ʦʜД 0,876 

 
ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ 𝜂эˏ= 0,98; 
Ɍɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ 𝑡˘ˑ˅= 30 °ɋ; 
ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɫɚɥɶɧɢɤɨɜɨɦ ɢ ɷɠɟɤɬɨɪɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ∆𝑡эˉ + ∆𝑡ˑ˖ = ͷ 
°C; 
ɄɉȾ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ 𝜂˕ˑ = 0,98; 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɉȼȾ 𝜗ʞʑД = 3 °C; 
ɇɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɜ ɉɇȾ 𝜗ʞʜД = 5 °ɋ; 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɫɟɬɢ ɞɥɹ ɝ. ɉɟɜɟɤ ɩɪɢɧɢɦɚɟɦ 150/70 °ɋ. 
 

 
Ɋɢɫɭɧɨɤ 2.1- ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɬɭɪɛɢɧɵ Ɍ-60-130 
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ɇɚ Ɍɗɐ ɫ ɩɨɩɟɪɟɱɧɵɦɢ ɫɜɹɡɹɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɱɢɫɥɨ ɤɨɬɥɨɜ 
ɜɵɛɢɪɚɟɦ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɤɨɬɥɚ ɧɟ ɛɵɥɨ 
ɫɧɢɠɟɧɢɹ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɢɪɚɟɦ ɩɚɪɨɜɨɣ ɤɨɬɟɥ ȿ-240-13,8-560ɄɌ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 240 ɬ/ɱ; 
 Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ – 13,8 Ɇɉɚ; 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ – 560 ℃; 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ – 230 ℃; 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ – 145 ℃; 
 ɄɉȾ ɛɪɭɬɬɨ – 93 %. 

ɉɚɪɨɜɨɣ ɤɨɬɟɥ ɬɢɩɚ ȿ-240-13,8-560ɄɌ ɹɜɥɹɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨ ɜɨɞɨɬɪɭɛɧɵɦ, 
ɨɞɧɨɛɚɪɚɛɚɧɧɵɦ, ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ, ɢɦɟɟɬ ɉ- ɨɛɪɚɡɧɭɸ ɤɨɦɩɨɧɨɜɤɭ, 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɨɣ. Ʉɨɬɟɥ ɢɦɟɟɬ 
ɩɨɞɜɟɫɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ.  

Ɍɨɩɤɚ ɜɵɩɨɥɧɟɧɚ ɨɬɤɪɵɬɨɣ, ɫ ɤɜɚɞɪɚɬɧɵɦ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ. 
ɒɥɚɤɨɭɞɚɥɟɧɢɟ ɬɜɟɪɞɨɟ. Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɲɥɚɤɨɭɞɚɥɟɧɢɹ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɲɧɟɤɨɜɵɯ ɬɪɚɧɫɩɨɪɬɟɪɨɜ ɢ ɲɥɚɤɨɜɵɯ ɞɪɨɛɢɥɨɤ. ȼ 
ɤɨɬɥɟ ɪɟɚɥɢɡɨɜɚɧɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɫɯɟɦɚ ɢɫɩɚɪɟɧɢɹ. 

2.2  ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɧɚ i-S-ɞɢɚɝɪɚɦɦɟ 

ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

ɇɚɯɨɞɢɦ ɧɚ i-S-ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ ܣ଴′ . ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ ɜ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɚɯ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ, Ɇɉɚ, 
ɫɨɫɬɚɜɥɹɟɬ: 

଴ܲ′ = ଴ܲ ∙ 𝜂ˇ˓, (2.1) 

ɝɞɟ 𝜂ˇ˓ = Ͳ,ͻͶͻ − ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ. 

଴ܲ′ = ͳʹ,͹ͷ ∙ Ͳ,ͻͶͻ = ͳʹ,ͳ Ɇɉɚ. 
 

ɗɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ ɜ ɬɨɱɤɟ ܣ଴′  𝑖஺଴ = ͵Ͷͺ͹ ɤȾɠ/ɤɝ. 

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܤ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤ 𝑖஻ = 𝑖஺଴ − ሺ𝑖஺଴ − 𝑖஻଴ሻ ∙ 𝜂ʦʑД (2.2) 
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ɝɞɟ 𝑖஻଴ = 3096,7 ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɩɟɪɜɨɦ ɨɬɛɨɪɟ. 𝑖஻ = ͵Ͷͺ͹ − ሺ͵Ͷͺ͹ − ͵Ͳͻ͸,͹ሻ ∙ Ͳ,ͺͶͷ = ͵ʹͳͷ,͵ʹ ˍДˉ/ˍˆ.  

ɇɚɯɨɞɢɦ ɧɚ i-S-ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ ܥ. ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ 
ɞɚɜɥɟɧɢɟ, Ɇɉɚ, ɫɨɫɬɚɜɥɹɟɬ: 

ଵܲ′ = ܲˑ ˕ଵ ∙ 𝜂ˇ˓,                                                  (2.3) 

ɝɞɟ 𝜂ˇ˓ = Ͳ,ͻ͹ − ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ. 

ଵܲ′ = ͵,Ͷͳ ∙ Ͳ,ͻ͹ = ͵,͵Ͳ͹ Ɇɉɚ. 
 

 
Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܦ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 

ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖஽ = 𝑖஼ − ሺ𝑖஼ − 𝑖஽଴ሻ ∙ 𝜂ʦʜД, (2.4) 

ɝɞɟ 𝑖஽଴ = ͵Ͳͻ͹,ͻ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜɨ ɜɬɨɪɨɦ ɨɬɛɨɪɟ. 𝑖஽ = ͵ʹͳͷ,͵ʹ − ሺ͵ʹͳͷ,͵ʹ − ͵Ͳͻ͹,ͻሻ ∙ Ͳ,ͺ͹͸ = ͵ͳͳʹ,Ͷʹ ˍДˉ/ˍˆ.  

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܧ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖ா = 𝑖஽଴ − ሺ𝑖஽଴ − 𝑖ா଴ሻ ∙ 𝜂ʦʜД, (2.5) 

ɝɞɟ 𝑖ா଴ = ʹͻ͵Ͷ,͵ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɬɪɟɬɶɟɦ ɨɬɛɨɪɟ. 𝑖ா = ͵Ͳͻ͹,ͻ − ሺ͵Ͳͻ͹,ͻ − ʹͻ͵Ͷ,͵ሻ ∙ Ͳ,ͺ͹͸ = ʹͻͷͶ,ͷ͵ ˍДˉ/ˍˆ.  

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܨ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖ி = 𝑖ா଴ − ሺ𝑖ா଴ − 𝑖ி଴ሻ ∙ 𝜂ʦʜД, (2.6) 

ɝɞɟ 𝑖ி଴ = ʹ͹͹Ͷ,ͳ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɱɟɬɜɟɪɬɨɦ ɨɬɛɨɪɟ. 
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𝑖ி = ʹͻ͵Ͷ,͵ − ሺʹͻ͵Ͷ,͵ − ʹ͹͹Ͷ,ͳሻ ∙ Ͳ,ͺ͹͸ = ʹ͹ͻ͵,ͻ͸ ˍДˉ/ˍˆ.  

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܩ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖ீ = 𝑖ி଴ − ሺ𝑖ி଴ − 𝑖ீ଴ሻ ∙ 𝜂ʦʜД, (2.7) 
 
ɝɞɟ 𝑖ீ଴ = ʹ͸ͷʹ,ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɩɹɬɨɦ ɨɬɛɨɪɟ. 𝑖ீ = ʹ͹͹Ͷ,ͳ − ሺʹ͹͹Ͷ,ͳ − ʹ͸ͷʹ,ͷሻ ∙ Ͳ,ͺ͹͸ = ʹ͸͸͹,ͺˍДˉ/ˍˆ.  

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܪ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖ு = 𝑖ீ଴ − ሺ𝑖ீ଴ − 𝑖ு଴ሻ ∙ 𝜂ʦʜД, (2.8) 
 
ɝɞɟ 𝑖ு଴ = ʹͷ͵͸,ʹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɲɟɫɬɨɦ ɨɬɛɨɪɟ. 𝑖ு = ʹ͸ͷʹ,ͷ − ሺʹ͸ͷʹ,ͷ − ʹͷ͵͸,ʹሻ ∙ Ͳ,ͺ͹͸ = ʹͷͷͲ,ͷͺ ˍДˉ/ˍˆ.  

         ɇɚɯɨɞɢɦ ɧɚ i-S-ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ ܪଵ. ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ 
ɞɚɜɥɟɧɢɟ, Ɇɉɚ, ɫɨɫɬɚɜɥɹɟɬ: 

ுܲଵ = ܲˑ ˕଺ ∙ 𝜂ˇ˓,                                                  (2.9) 

ɝɞɟ 𝜂ˇ˓ = Ͳ,ͻ͹ − ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ. 

ுܲଵ = Ͳ,ͳ͵͸ ∙ Ͳ,ͻ͹ = Ͳ,ͳ͵ͳͻ Ɇɉɚ. 
 

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ ܫ. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖ூ = 𝑖ு଴ − ሺ𝑖ு଴ − 𝑖ூ଴ሻ ∙ 𝜂ʦʜД, (2.10) 

ɝɞɟ 𝑖ூ଴ = ʹͶͷʹ,ʹͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɫɟɞɶɦɨɦ ɨɬɛɨɪɟ. 𝑖ூ = ʹͷ͵͸,ʹ − ሺʹͷ͵͸,ʹ − ʹͶͷʹ,ʹͷሻ ∙ Ͳ,ͺ͹͸ = ʹͶ͸ʹ,͸ ˍДˉ/ˍˆ.  
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ɇɚɯɨɞɢɦ ɧɚ i-S-ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ ܫଵ. ɋ ɭɱɟɬɨɦ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚ 
ɞɚɜɥɟɧɢɟ, Ɇɉɚ, ɫɨɫɬɚɜɥɹɟɬ: 

ூܲଵ = ܲˑ ˕଻ ∙ 𝜂ˇ˓,                                                  (2.11) 

ɝɞɟ 𝜂ˇ˓ = Ͳ,ͻ͹ − ɄɉȾ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ. 

ுܲଵ = Ͳ,Ͳ͹͹ ∙ Ͳ,ͻ͹ = Ͳ,Ͳ͹͸Ͷ Ɇɉɚ. 
 

Ɉɩɪɟɞɟɥɢɦ ɷɧɬɚɥɶɩɢɸ ɩɚɪɚ ɜ ɬɨɱɤɟ 𝐾. ɉɪɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɪɚɫɲɢɪɟɧɢɹ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 𝑖𝐾 = 𝑖ூ଴ − ሺ𝑖ூ଴ − 𝑖𝐾଴ሻ ∙ 𝜂ʦʜД, (2.12) 

ɝɞɟ 𝑖𝐾଴ = ʹͲͷͺ,ͳ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɞɨ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ. 𝑖𝐾 = ʹͶ͸ʹ,͸ − ሺʹͶ͸ʹ,͸ − ʹͲͷͺ,ͳሻ ∙ Ͳ,ͺ͹͸ = ʹͳͲ͸,ͻ͹ ˍДˉ/ˍˆ.  
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Ⱥ0 Ⱥ0
,i0 = 3487 ɤȾɠ/ɤɝ

t0 = 555 °C

t0 = 552,46 °C
,

B0

B

D0

D

E0

E

F0

F

G0

G

3096,7 ɤȾɠ/ɤɝ

3097ɛ9 ɤȾɠ/ɤɝ

2934,3 ɤȾɠ/ɤɝ

2774,1 ɤȾɠ/ɤɝ

2652,5 ɤȾɠ/ɤɝ

3215,32 ɤȾɠ/ɤɝ

3112,42 ɤȾɠ/ɤɝ

2954,53 ɤȾɠ/ɤɝ

2667,8 ɤȾɠ/ɤɝ

2793,96 ɤȾɠ/ɤɝ

H0

H2536,2 ɤȾɠ/ɤɝ

2550,58 ɤȾɠ/ɤɝ

I0

I2452,25 ɤȾɠ/ɤɝ

2462,1 ɤȾɠ/ɤɝ

K0

K
2058,1  ɤȾɠ/ɤɝ

2106,97  ɤȾɠ/ɤɝ

ȼ1

H1

I1

 

Ɋɢɫɭɧɨɤ 2.2- ɉɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɜ i-S-ɞɢɚɝɪɚɦɦɟ 
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2.3 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɩɨ ɩɨɞɨɝɪɟɜɭ ɫɟɬɟɜɨɣ ɜɨɞɵ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.3. 

Ɋɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

˅˔ܩ = ܳˑ௠̞𝑎𝑥ܥ˅ ∙ ∆𝑡,  
(2.13) 

 
ɝɞɟ ܥ˅ = Ͷ,ͳͺ͸ ˍДˉ/ˍˆ − ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ; 

 ∆𝑡 − ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɨɣ. 

˅˔ܩ = ͳͳ͸͵ͲͲͶ,ͳͺ͸ ∙ ሺͳͷͲ − ͹Ͳሻ = ͵Ͷ͹,ʹͺͻ ˍˆ/˔.  
 

ɋɇ

Ɍɉ
ȼɋ

ɉȼɄ

ɇɋ

tɜɫ

tɧɫ

tɨɫ

tɜɫ
ɧ

ɧtɧɫ

tɩɫ
P ɜɫ

P ɧɫ

 

Ɍɉ- ɬɟɩɥɨɜɨɣ ɩɨɬɪɟɛɢɬɟɥɶ; ɉȼɄ- ɩɢɤɨɜɵɣ ɜɨɞɨɝɪɟɣɧɵɣ ɤɨɬɟɥ; ɋɇ- ɫɟɬɟɜɨɣ ɧɚɫɨɫ; ȼɋ- 
ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; ɇɋ- ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 

Ɋɢɫɭɧɨɤ 2.3- ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ  

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ, ɤȼɬ: ܳʞʑК = ܳˑ௠̞𝑎𝑥 − ܳˑ˕˄˃ˊ = ͳͳ͸͵ͲͲ − Ͷ͸ͷʹͲ = ͸ͻ͹ͺͲ ˍʑ˕. (2.14) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɮɢɤɚɰɢɢ: 

ߙ = ܳˑ˕˄˃ˊܳˑ௠̞𝑎𝑥 = Ͷ͸ͷʹͲͳͳ͸͵ͲͲ = Ͳ,Ͷ.  
(2.15) 

Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ, °C, ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ: 
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𝑡˅˔ = 𝑡ˑ˔ + ܳˑ˕˄˃ˊܩ˔˅ ∙   ,˅ܥ
(2.16) 

ɝɞɟ 𝑡ˑ˔ = ͹Ͳ °ɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ. 

𝑡˅˔ = ͹Ͳ + ͷͶ͸ͷʹͲ͵Ͷ͹,ʹͺͻ ∙ Ͷ,ͳͺ͸ = ͳͲʹ °ܥ.  
 

Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ, °C, ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ: 

𝑡ː˔ = 𝑡ˑ˔ + 𝑡˅˔ − 𝑡ˑ˔ܩ˔˅ ∙ ˅ܥ ,  
(2.17) 

ɝɞɟ 𝑡ˑ˔ = ͹Ͳ °ɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ. 

𝑡ː˔ = ͹Ͳ + ͳͲʹ − ͹Ͳ͵Ͷ͹,ʹͺͻ ∙ Ͷ,ͳͺ͸ = ͺ͸ °ܥ.  
 

 
ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 𝜗 = ͷ °ɋ, ɧɚɣɞɟɦ 

ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, °ɋ: 𝑡˅˔ː = 𝑡˅˔ + 𝜗 = ͳͲʹ + ͷ = ͳͲ͹. (2.18) 

ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ: 𝑡̅˅ ˔ː = ͶͶͺ,͸͸. 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ: ܲ˅′̝ = Ͳ,ͳʹͻ. 

ɇɚɣɞɟɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɲɟɫɬɨɦ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ 
ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ 5%, Ɇɉɚ: 

ܲˑ ˕଺ = ̝ܲ′˒Ͳ,ͻͷ = Ͳ,ͳ͵͸.  
(2.19) 
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ɉɪɢɧɢɦɚɹ ɧɟɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 𝜗 = ͷ °ɋ, ɧɚɣɞɟɦ 
ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, °ɋ: 𝑡ː˔ː = 𝑡ː˔ + 𝜗 = ͺ͸ + ͷ = ͻͳ. (2.20) 

ɗɧɬɚɥɶɩɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȾɠ/ɤɝ: 𝑡̅ː ˔ː = ͵ͺͳ,ͳ. 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, Ɇɉɚ: ܲː′̝ = Ͳ,Ͳ͹ʹͺ. 

ɇɚɣɞɟɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɫɟɞɶɦɨɦ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ 5%, Ɇɉɚ: 

ܲˑ ˕଻ = ܲː′̝Ͳ,ͻͷ = Ͳ,Ͳ͹͹.  
(2.21) 

 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤɝ/ɫ: 

˔˅ܦ = ˅˔ܩ ∙ ∆𝑡 ∙ ሺ𝑖ு˅ܥ − 𝑡̅˅ ˔ːሻ ∙ 𝜂˕ˑ,  
(2.22) 

˔˅ܦ = ͵Ͷ͹,ʹͺͻ ∙ ሺͳͲʹ − ͺ͸ሻ ∙ Ͷ,ͳͺ͸ሺʹͷͷͲ,ͷͺ − ͶͶͺ,͸͸ሻ ∙ Ͳ,ͻͺ = ͳͳ,ʹͻʹ ˍˆ/˔.  
 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤɝ/ɫ: 

˔ːܦ = ˅˔ܩ ∙ ∆𝑡 ∙ ˅ܥ − ˅ሺ𝑡̅˔˅ܦ ˔ː − 𝑡̅ː ˔ːሻሺ𝑖ூ − 𝑡̅ː ˔ːሻ ∙ 𝜂˕ˑ ,  
(2.23) 

˔ːܦ = ͵Ͷ͹,ʹͺͻ ∙ ሺͺ͸ − ͹Ͳሻ ∙ Ͷ,ͳͺ͸ − ͳͳ,ʹͻʹ ∙ ሺͶͶͺ,͸͸ − ͵ͺͳ,ͳሻሺʹͶ͸ʹ,͸ͷ − ͵ͺͳ,ͳሻ ∙ Ͳ,ͻͺ= ͳͳ,Ͳʹͺ ˍˆ/˔.  
 

 
ɇɚɝɪɭɡɤɚ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȼɬ: 
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ܳ˅˔ = ˅˔ܩ ∙ ሺ𝑡˅˔ − 𝑡ː˔ሻ ∙  (2.24) ,˅ܥ

ܳ˔˒ = ͵Ͷ͹,ʹͺͻ ∙ ሺͳͲʹ − ͺ͸ሻ ∙ Ͷ,ͳͺ͸ = ʹ͵ʹ͸Ͳ ˍʑ˕. 
 

 

ɇɚɝɪɭɡɤɚ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤȼɬ: ܳː˔ = ˅˔ܩ ∙ ሺ𝑡ː˔ − 𝑡ˑ˔ሻ ∙ ˒˔ܳ (2.25) ,˅ܥ = ͵Ͷ͹,ʹͺͻ ∙ ሺͺ͸ − ͹Ͳሻ ∙ Ͷ,ͳͺ͸ = ʹ͵ʹ͸Ͳ ˍʑ˕.  

 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ ɩɨɤɚɠɟɦ ɧɚ ɩɪɢɦɟɪɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɉȼȾ-7. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 3,41 Ɇɉɚ. 
ɉɪɢɧɢɦɚɹ ɩɨɬɟɪɸ ɞɚɜɥɟɧɢɹ 5%, ɧɚɯɨɞɢɦ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹ: 

ʞܲʑД଻ = ͵,Ͷͳ ∙ Ͳ,ͻͷ = ͵,ʹͶ ʛʞ˃. (2.26) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, °C: 𝑡ː = ʹ͵ͺ,ͳ͸. 
ɗɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ: 𝑡̅ː = ͳͲʹͺ,͹͹. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫ ɭɱɟɬɨɦ ɧɟɞɨɝɪɟɜɚ, °C: 𝑡˒˅ = 𝑡ː − 𝜗ʞʑД = ʹ͵ͺ,ͳ͸ − ͵ = ʹ͵ͷ,ͳ͸. (2.27) 

ɗɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ: 𝑡̅˒ ˅ = 𝑡˒˅ ∙ ˅ܥ = ʹ͵ͷ,ͳ͸ ∙ Ͷ,ͳͺ͸ = ͻͺͶ,͵ͺ. (2.28) 

ɗɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ (ɢɡ i-S-ɞɢɚɝɪɚɦɦɵ), ɤȾɠ/ɤɝ: 𝑖ˑ˕˄ = ͵ʹͳͷ,͵ʹ. 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɨɣ ɞɨ ɨɬɛɨɪɚ ɧɚ ɉȼȾ-7, ɤȾɠ/ɤɝ: ℎ = 𝑖଴ ∙ 𝑖ˑ˕˄ = ͵Ͷͺ͹ − ͵ʹͳͷ,͵ʹ = ʹ͹ͳ,͸ͻ. (2.29) 
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Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɩɨ ɞɪɭɝɢɦ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.2. 

Ɍɚɛɥɢɰɚ 2.2- ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

ɗɥɟɦɟɧɬɵ 
ɫɯɟɦɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 

Ⱦ
ɚɜ

ɥɟ
ɧɢ

ɟ 
ɨɬ

ɛɨ
ɪɧ

ɨɝ
ɨ 

ɩɚ
ɪɚ

, Ɇ
ɉ

ɚ 

ɗɧ
ɬɚ

ɥɶ
ɩɢ

ɹ 
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ɉȼȾ-7 
 

3,410 3215,32 3,24 238,16 1028,77 235,16 984,38 271,69 

ɉȼȾ-6 
 

2,177 3112,42 2,068 214,08 916,39 211,08 883,581 374,59 

ɉȼȾ-5 
 

1,128 2954,53 1,072 182,92 776,14 179,92 753,145 532,48 

Ⱦɟɚɷɪɚɬɨɪ 
 

1,128 2954,53 0,7 164,95 697,14 164,95 690,481 532,48 

ɉɇȾ-4 
 

0,529 2793,96 0,503 152,06 614,16 147,06 615,593 693,05 

ɉɇȾ-3 
 

0,272 2667,80 0,258 128,45 539,79 123,45 516,762 819,43 

ɉɇȾ-2 
 

0,136 2550,58 0,129 106,88 448,17 101,88 426,47 936,43 

ȼɋ 
 

0,136 2550,58 0,129 106,88 448,17 96,88 405,54 936,43 

ɉɇȾ-1 
 

0,077 2462,65 0,073 91,04 381,34 86,04 360,163 1024,36 

ɇɋ 
 

0,077 2462,65 0,073 91,04 381,34 81,04 339,23 1024,36 

Ʉɨɧɞɟɧɫɚɬɨɪ 
 

0,0035 2106,97 0,0035 26,67 111,83 26,67 111,83 1380,04 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ 

ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ 
ɩɪɢɛɨɪɨɜ (ɞɥɹ ɲɟɫɬɨɝɨ ɨɬɛɨɪɚ): 

ݕ˅ ˔ = 𝑖˅˔ − 𝑖௞𝑖଴ − 𝑖௞ ,  
(2.30) 

ɝɞɟ 𝑖˅˔ = ʹͷͷͲ,ͷͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɧɚ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 
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𝑖௞ = ʹͳͲ͸,ͻ͹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ. ˅ݕ ˔ = ʹͷͷͲ,ͷͺ − ʹͳͲ͸,ͻ͹͵Ͷͺ͹ − ʹͳͲ͸,ͻ͹ = Ͳ,͵ʹͳ.  
 

ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ 
ɩɪɢɛɨɪɨɜ (ɞɥɹ ɫɟɞɶɦɨɝɨ ɨɬɛɨɪɚ): 

ːݕ ˔ = 𝑖ː˔ − 𝑖௞𝑖଴ − 𝑖௞ ,  
(2.31) 

ɝɞɟ 𝑖ː˔ = ʹͶ͸ʹ,͸ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɧɚ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 𝑖௞ = ʹͳͲ͸,ͻ͹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ. ̝ݕ ˒ = ʹͶ͸ʹ,͸ͷ − ʹͳͲ͸,ͻ͹͵Ͷͺ͹ − ʹͳͲ͸,ͻ͹ = Ͳ,ʹͷͺ.  
 

 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ ɩɨ ɮɨɪɦɭɥɟ: 

˕ܦ = 𝐾˓ ∙ ( эܹܪ𝑖 − 𝜂эˏ + ݕ˅ ˔ ∙ ˔˅ܦ + ːݕ ˔ ∙   ,(˔ːܦ
(2.32) 

ɝɞɟ ܪ𝑖 = 𝑖଴ − 𝑖௞ – ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ; 𝐾˓ = ͳ,ͳͺ͸ − ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɟɧɟɪɚɰɢɢ. 

˕ܦ = ͳ,ͳͺ͸ ∙ ( ͸ͲͲͲͲͳ͵ͺͲ,ͲͶ ∙ Ͳ,ͻͺ + Ͳ,͵ʹͳ ∙ ͳͳ,ʹͻʹ + Ͳ,ʹͷͺ ∙ ͳͳ,Ͳʹͺ)= ͸Ͳ,ʹͻʹ ˍˆ/˔. 
  Ȼɚɥɚɧɫ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɷɠɟɤɬɨɪ ɩɪɢɦɟɦ 0,5 % ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ: ܦэˉ = Ͳ,ͲͲͷ ∙ ˕ܦ = Ͳ,ͲͲͷ ∙ ͸Ͳ,ʹͻʹ = Ͳ,͵Ͳͳ. (2.33) 

 
Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɬɭɪɛɢɧɵ ɫɨɫɬɚɜɢɬ 1 % ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ 

ɬɭɪɛɢɧɭ, ɤɝ/ɫ: ܦ˖˒ˎ = Ͳ,Ͳͳ ∙ ˕ܦ = Ͳ,Ͳͳ ∙ ͸Ͳ,ʹͻʹ = Ͳ,͸Ͳ͵. (2.34) 

 



32 
 

ɍɬɟɱɤɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢɦɟɦ 1,1 % ɨɬ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɝ/ɫ: ܦ˖˕ = Ͳ,Ͳͳͳ ∙ ˕ܦ = Ͳ,Ͳͳͳ ∙ ͸Ͳ,ʹͻʹ = Ͳ,͸͸. (2.35) 

Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɤɝ/ɫ: 

ː˔ܦ = ́ˏː˔ߙ + ː̱̇ͳͲͲ˔ߙ ∙  (2.36) ,˕ܦ

ɝɞɟ ߙ˔ːˏ́ = ͳ,ʹ % − ɞɨɥɹ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ; ߙ˔ː̱̇ = ͳ,ʹ % − ɞɨɥɹ ɩɚɪɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɤɨɬɟɥɶɧɨɝɨ ɰɟɯɚ. ܦ˔ː = ͳ,ʹ + ͳ,ʹͳͲͲ ∙ ͸Ͳ,ʹͻʹ = ͳ,ͶͶ͹ ˍˆ/˔.  

Ɋɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤɝ/ɫ: ܦ˒ˈ = ˕ܦ + ˉэܦ + ˎ˒˖ܦ + ˕˖ܦ +  ː, (2.37)˔ܦ

ˈ˒ܦ = ͸Ͳ,ʹͻʹ + Ͳ,͵Ͳͳ + Ͳ,͸Ͳ͵ + Ͳ,͸͸ + ͳ,ͶͶ͹ = ͸͵,͵Ͳ͹.  

Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɩɪɢɦɟɦ 1,5 % ɨɬ ɪɚɫɯɨɞɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤɝ/ɫ: ܩ˒˓ = Ͳ,Ͳͳͷ ∙ ˈ˒ܦ = Ͳ,Ͳͳͷ ∙ ͸͵,͵Ͳ͹ = Ͳ,ͻͷ. (2.38) 

Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫ ɭɱɟɬɨɦ ɩɪɨɞɭɜɤɢ, ɤɝ/ɫ: ܩ˒˅ = ˓˒ܩ ∙ ˈ˒ܦ = Ͳ,ͻͷ + ͸͵,͵Ͳ͹ = ͸Ͷ,ʹͷ͸. (2.39) 

 Ɋɚɫɱɟɬ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.4. 
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Ɋɢɫɭɧɨɤ 2.4- Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɨɜ ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 
ɧɚɣɞɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ 
ɩɪɨɞɭɜɤɢ, ɤɝ/ɫ: 

′˕˅ܦ = ˓˒ܩ ∙ ሺ𝑡̅˒ ˓ − 𝑡̅˒ ˓′ ሻݎଵ , (2.40) 

ɝɞɟ 𝑡̅˒ ˓ = ͳͷ͹ͳ,ͺ͸ͳ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɜ ɛɚɪɚɛɚɧɟ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɢ ܲ ˄ =ͳͶ,Ͳʹͷ Ɇɉɚ; 𝑡̅˒ ˓′ = ͸ͻ͹,ͳͶ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ 
ɪɚɫɲɢɪɢɬɟɥɹ; ݎଵ = ʹͲͷ͸,͸Ͳ͸ ɤȾɠ/ɤɝ- ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɞɟɚɷɪɚɬɨɪɟ ܲ̌ = Ͳ,͹ Ɇɩɚ. 

′˕˅ܦ = Ͳ,ͻͷ ∙ ሺͳͷ͹ͳ,ͺ͸ͳ − ͸ͻ͹,ͳͶሻʹͲͷ͸,͸Ͳ͸ = Ͳ,Ͷ ˍˆ/˔.  

Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɜ ɪɚɫɲɢɪɢɬɟɥɶ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, ɤɝ/ɫ: ܩ˒˓′ = ˓˒ܩ − ′˕˅ܦ = Ͳ,ͻͷ − Ͳ,Ͷ = Ͳ,ͷͶ͸. (2.41) 
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ɂɡ ɭɪɚɜɧɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɨɜ ɞɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɧɚɣɞɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ 
ɩɪɨɞɭɜɤɢ, ɤɝ/ɫ: 

′′˕˅ܦ = ˓˒′ܩ ∙ ሺ𝑡̅′˒˓ − 𝑡̅˒ ˓′′ ሻݎଶ , (2.42) 

ɝɞɟ 𝑡̅˒ ˓′′ = ͵ͺͳ,͵ʹͳ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɢɡ 
ɪɚɫɲɢɪɢɬɟɥɹ; ݎଶ = ʹʹ͹͸,ʹ ɤȾɠ/ɤɝ- ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɫɟɞɶɦɨɦ 
ɨɬɛɨɪɟ ܲˑ ˕଻ = Ͳ,Ͳͺ͸Ͷ Ɇɩɚ. 

′′˕˅ܦ = Ͳ,ͷͶ͸ ∙ ሺ͸ͻ͹,ͳͶ − ͵ͺͳ,͵ʹͳሻʹʹ͹͸,ʹ = Ͳ,Ͳ͹Ͷ ˍˆ/˔.  

Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɤɚɧɚɥɢɡɚɰɢɸ, ɤɝ/ɫ: ܩ˒˓′′ = ˓˒′ܩ − ′′˕˅ܦ = Ͳ,ͷͶ͸ − Ͳ,Ͳ͹Ͷ = Ͳ,Ͷ͹ͳ. (2.43) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɜ ɞɟɚɷɪɚɬɨɪ, ɤɝ/ɫ: ܩ˘ˑ˅ = ′′˓˒ܩ + ˕˖ܦ + ː˔ܦ = Ͳ,Ͷ͹ͳ + Ͳ,͸͸ + ͳ,ͶͶ͹ = ʹ,ͷͺʹ. (2.44) 

Ɉɩɪɟɞɟɥɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɉɏɈȼ ɬɟɦɩɟɪɚɬɭɪɭ ɯɢɦɢɱɟɫɤɢ 
ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, °ɋ 

𝑡˘ˑ˅′ = 𝑡˘ˑ˅ + ′′˓˒ܩ ∙ ሺ𝑡˒˓′ − 𝑡˔ˎሻܩ˘ˑ˅ , (2.45) 

ɝɞɟ 𝑡˘ˑ˅ = ͵Ͳ °ʠ – ɬɟɦɩɟɪɚɬɭɪɚ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉɏɈȼ; 𝑡˔ˎ = ͸Ͳ °C – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɫɥɢɜɚɟɦɨɣ ɜ ɬɟɯɧɢɱɟɫɤɭɸ 
ɤɚɧɚɥɢɡɚɰɢɸ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ. 𝑡˒˓′ = ͻʹ,Ͷ͸ °ʠ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɢɡ ɪɚɫɲɢɪɢɬɟɥɹ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ. 

𝑡˘ˑ˅′ = ͵Ͳ + Ͳ,Ͷ͹ͳ ∙ ሺͻʹ,Ͷ͸ − ͸Ͳሻʹ,ͷͺʹ = ͵ͷ,ͻʹ °ʠ. (2.46) 
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 Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉȼȾ 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɉȼȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. 
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Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-7: ܦ଻ ∙ ሺ𝑖଻ − 𝑡଻̅ː ሻ ∙ 𝜂˕ˑ = ˅˒ܩ ∙ ሺ𝑡̅˒ ˅ − 𝑡̅˒ ˅′ ሻ, (2.47) 

Ɉɩɪɟɞɟɥɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-7, ɤɝ/ɫ: 

଻ܦ = ˅˒ܩ ∙ ሺ𝑡̅˒ ˅ − 𝑡̅˒ ˅′ ሻሺ𝑖଻ − 𝑡଻̅ː ሻ ∙ 𝜂˕ˑ , (2.48) 

ɝɞɟ 𝑖଻ = ͵ʹͳͷ,͵ʹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɩɟɪɜɨɦ ɨɬɛɨɪɟ; 𝑡଻̅ː = ͳͲʹͺ,͹͹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉȼȾ-7 (ɧɚɯɨɞɢɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ɩɟɪɜɨɝɨ ɨɬɛɨɪɚ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ); 𝑡̅˒ ˅ = ͻͺͶ,͵ͺ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉȼȾ-7; 𝑡̅˒ ˅′ = ͺͺ͵,ͷͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-7. 

଻ܦ = ͸Ͷ,ʹͷ͸ ∙ ሺͻͺͶ,͵ͺ − ͺͺ͵,ͷͺͳሻሺ͵ʹͳͷ,͵ʹ − ͳͲʹͺ,͹͹ሻ ∙ Ͳ,ͻͺ = ͵,Ͳʹ͵ ˍˆ/˔.  

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-6: ሺܦ଺ ∙ ሺ𝑖଺ − 𝑡଺̅ː ሻ + ଻ܦ ∙ ሺ𝑡଻̅ː − 𝑡଺̅ː ሻሻ ∙ 𝜂˕ˑ = ˅˒ܩ ∙ ሺ𝑡̅˒ ˅′ − 𝑡̅˒ ˅′′ ሻ, (2.49) 

ɝɞɟ 𝑖଺ = ͵ͳͳʹ,Ͷʹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜɨ ɜɬɨɪɨɦ ɨɬɛɨɪɟ; 
 𝑡଺̅ː = ͻͳ͸,͵ͻ ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉȼȾ-6 (ɧɚɯɨɞɢɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜɬɨɪɨɝɨ ɨɬɛɨɪɚ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ); 𝑡̅˒ ˅′′ = ͹͵ͷ,ͳͶ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-6. 
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Ɉɩɪɟɞɟɥɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-6, ɤɝ/ɫ: 

଺ܦ = ˅˒ܩ ∙ ሺ𝑡̅˒ ˅′ − 𝑡̅˒ ˅′′ ሻ − ሺܦ଻ ∙ ሺ𝑡଻̅ː − 𝑡଺̅ː ሻ ∙ 𝜂˕ˑሺ𝑖଺ − 𝑡଺̅ː ሻ ∙ 𝜂˕ˑ , (2.50) 

଺ܦ = ͸Ͷ,ʹͷ͸ ∙ ሺͺͺ͵,ͷͺ − ͹͵ͷ,ͳͶሻ − ͵,Ͳʹ͵ ∙ ሺͳͲʹͺ,͹͹ − ͻͳ͸,͵ͻሻ ∙ Ͳ,ͻͺሺ͵ͳͳʹ,Ͷʹ − ͻͳ͸,͵ͻሻ ∙ Ͳ,ͻͺ == ͵,͹Ͷ. 
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉȼȾ-5: ሺܦହ ∙ ሺ𝑖ହ − 𝑡ହ̅ː ሻ + ሺܦ଺ + ଻ሻܦ ∙ ሺ𝑡଺̅ː − 𝑡ହ̅ː ሻሻ ∙ 𝜂˕ˑ = ˅˒ܩ ∙ ሺ𝑡̅˒ ˅′′ − 𝑡̅˒ ːሻ, (2.51) 

ɝɞɟ 𝑖ହ = ʹͻͷͶ,ͷ͵ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜɨ ɜɬɨɪɨɦ ɨɬɛɨɪɟ; 𝑡ହ̅ː = ͹͹͸,ͳͶ ɤȾɠ/ɤɝ - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉȼȾ-6 (ɧɚɯɨɞɢɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜɬɨɪɨɝɨ ɨɬɛɨɪɚ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ); 𝑡̅˒ ː = ͹ͳͷ,Ͷ ˍДˉ/ˍˆ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɉȼȾ-5. 

Ɉɩɪɟɞɟɥɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉȼȾ-5, ɤɝ/ɫ: 

ହܦ = ˅˒ܩ ∙ ሺ𝑡̅˒ ˅′′ − 𝑡̅˒ ːሻ − ሺܦ଺ + ଻ሻܦ ∙ ሺ𝑡଺̅ː − 𝑡ହ̅ː ሻ ∙ 𝜂˕ˑሺ𝑖ହ − 𝑡ହ̅ː ሻ ∙ 𝜂˕ˑ , (2.52) 

ହܦ = ͸Ͷ,ʹͷ͸ ∙ ሺ͹͵ͷ,ͳͶ − ͹ͳͷ,Ͷሻ − ሺ͵,͹Ͷ + ͵,Ͳʹ͵ሻ ∙ ሺͻͳ͸,͵ͻ − ͹͹͸,ͳͶሻ ∙ Ͳ,ͻͺሺʹͻͷͶ,ͷ͵ − ͹͹͸,ͳͶሻ ∙ Ͳ,ͻͺ = Ͳ,͹. 
 

 Ɋɚɫɱɟɬ ɞɟɚɷɪɚɬɨɪɚ 

ɋɯɟɦɚ ɩɨɬɨɤɨɜ ɜɨɞɵ ɢ ɩɚɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6. 
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Ɋɢɫɭɧɨɤ 2.6- ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɟɚɷɪɚɬɨɪɚ 

 



37 
 

ɍɪɚɜɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɞɟɚɷɪɚɬɨɪɚ: ܩ˒˅ = ሺܦ଻ + ଺ܦ + ହሻܦ + ′˕˅ܦ + ˇܦ +  ˑˍ, (2.53)ܩ

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: ܩ˒˅ ∙ 𝑡̅˒ ː = ሺܦ଻ + ଺ܦ + ହሻܦ ∙ 𝑡ହ̅ː + ′˕˅ܦ ∙ 𝑖˅˕′ + ˇܦ ∙ 𝑖ଷ + ˍˑܩ ∙ 𝑡̅ˑ ˍ, (2.54) 

ɝɞɟ 𝑖˅˕′ = ʹ͹͸ʹ,͹Ͷͻ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɢɡ ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ 
ɩɪɨɞɭɜɤɢ; 𝑡̅ˑ ˍ = ͸ͳͷ,ͷͻ͵ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ 
ɞɟɚɷɪɚɬɨɪ. 

ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: ͸Ͷ,ʹͷ͸ = ሺ͵,Ͳʹ͵ + ͵,͹Ͷ + Ͳ,͹ሻ + Ͳ,Ͷ + ˇܦ +  ,ˍˑܩ
͸Ͷ,ʹͷ͸ ∙ ͸ͻͲ,Ͷͺ = ሺ͵,Ͳʹ͵ + ͵,͹Ͷ + Ͳ,͹ሻ ∙ ͹͹͸,ͳͶ + Ͳ,Ͷ ∙ ʹ͹͸ʹ,͹Ͷ + ˇܦ ∙ ʹͻͷͶ,ͷ͵ + ˍˑܩ ∙ ͸ͳͷ,ͷͻ͵, 
Ɋɟɲɢɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɦ: ܩˑˍ = ͷͷ,ʹͳͷ ɤɝ/ɫ; ܦˇ = ͳ,ͳ͹Ͷ ɤɝ/ɫ. 

 Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɵ ɉɇȾ 

ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.7. 
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Ɋɢɫɭɧɨɤ 2.7- ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 
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ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-4: ܦସ ∙ ሺ𝑖ସ − 𝑡ସ̅ː ሻ ∙ 𝜂˕ˑ = ˍˑܩ ∙ ሺ𝑡ʞ̅ʜДସ′′ − 𝑡ʞ̅ʜДସ′ ሻ, (2.55) 

ɝɞɟ 𝑖ସ = ʹ͹ͻ͵,ͻ͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɱɟɬɜɟɪɬɨɦ ɨɬɛɨɪɟ; 𝑡ସ̅ː = ͸ͳͶ,ͳ͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉɇȾ-4; 𝑡ʞ̅ʜДସ′′ = ͸ͳͷ,ͷͻ͵ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉɇȾ-4; 𝑡ʞ̅ʜДସ′ = ͷͳ͸,͹͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɉɇȾ-4. 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-4, ɤɝ/ɫ: 

ସܦ = ˍˑܩ ∙ ሺ𝑡ʞ̅ʜДସ′′ − 𝑡ʞ̅ʜДସ′ ሻሺ𝑖ସ − 𝑡ସ̅ː ሻ ∙ 𝜂˕ˑ , (2.56) 

ସܦ = ͷͷ,ʹͳͷ ∙ ሺ͸ͳͷ,ͷͻ͵ − ͷͳ͸,͹͸ሻሺʹ͹ͻ͵,ͻ͸ − ͸ͳͶ,ͳ͸ሻ ∙ Ͳ,ͻͺ = ʹ,ͷͷ. 
 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-3: ሺܦଷ ∙ ሺ𝑖ଷ − 𝑡ଷ̅ː ሻ + ସܦ ∙ ሺ𝑡ସ̅ː − 𝑡ଷ̅ː ሻሻ ∙ 𝜂˕ˑ = ˍˑܩ ∙ ሺ𝑡ʞ̅ʜДଷ′′ − 𝑡̝̅ ˏሻ, (2.57) 

ɝɞɟ 𝑖ଷ = ʹ͸͸͹,ͷͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɩɹɬɨɦ ɨɬɛɨɪɟ; 𝑡ଷ̅ː = ͷ͵ͻ,͹ͻ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉɇȾ-3; 𝑡ʞ̅ʜДଷ′′ = ͷͳ͸,͹͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇȾ-
3. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɤɝ/ɫ: ܩː˔ = ˔ːܦ + ˔ːܩ            (2.58) ,˔˅ܦ = ͳͳ,Ͳʹͺ + ͳͳ,ʹͻʹ = ʹʹ,͵ʹ. 

ɍɪɚɜɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ, ɤȾɠ/ɤɝ: ܩˑˍ ∙ 𝑡̝̅ ˏ = ˔ːܩ ∙ 𝑡̅ː ˔ː + ௞′ܦ ∙ 𝑡ʞ̅ʜДଶ′′ , (2.59) 

ɝɞɟ  𝑡ʞ̅ʜДଶ′′ = Ͷʹ͸,Ͷ͹ ˍДˉ/ˍˆ − ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉɇȾ-2. 

 



39 
 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɉɇȾ-2, ɤɝ/ɫ: ܦ′௞ = ˍˑܩ − ௞′ܦ            ː˔, (2.60)ܩ = ͷͷ,ʹͳͷ − ʹʹ,͵ʹ = ͵ʹ,ͺͻͷ. 
Ɋɟɲɢɜ ɭɪɚɜɧɟɧɢɟ (2.57), ɧɚɣɞɟɦ ɷɧɬɚɥɶɩɢɸ ɬɨɱɤɢ ɫɦɟɲɟɧɢɹ, ɤȾɠ/ɤɝ:            ͷͷ,ʹͳͷ ∙ 𝑡̝̅ ˏ = ʹʹ,͵ʹ ∙ ͵ͺͳ,ͳ + ͵ʹ,ͺͻͷ ∙ Ͷʹ͸,Ͷ͹,            𝑡̝̅ ˏ = ͶͲͺ,ͳʹ. 
Ɋɟɲɢɜ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ (1.53), ɩɨɥɭɱɢɦ: 

           ሺܦଷ ∙ ሺʹ͸͸͹,ͷͺ − ͷ͵ͻ,͹ͻሻ + ʹ,ͷͷ ∙ ሺ͸ͳͶ,ͳ͸ − ͷ͵ͻ,͹ͻሻሻ ∙ Ͳ,ͻͺ = ͷͷͷ,ʹͳͷ ∙ ሺͷͳ͸,͹͸ − ͶͲͺ,ͳʹሻ,            ܦଷ = ʹ,͹ͺ. 
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-2: ሺܦଶ ∙ ሺ𝑖ଶ − 𝑡ଶ̅ː ሻ + ሺܦଷ + ସሻܦ ∙ ሺ𝑡ଷ̅ː − 𝑡ଶ̅ː ሻሻ ∙ 𝜂˕ˑ == ˍˑܩ ∙ ሺ𝑡ʞ̅ʜДଶ′′ − 𝑡ʞ̅ʜДଶ′ ሻ, (2.61) 

 
ɝɞɟ 𝑖ଶ = ʹͷͷͲ,ͷͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɲɟɫɬɨɦ ɨɬɛɨɪɟ; 𝑡ଶ̅ː = ͶͶͺ,ͳ͹ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉɇȾ-2; 𝑡ʞ̅ʜДଶ′ = ͵͸Ͳ,ͳ͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɉɇȾ-2. 

ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɭɪɚɜɧɟɧɢɟ (2.59):                 ሺܦଶ ∙ ሺʹͷͷͲ,ͷͺ − ͶͶͺ,ͳ͹ሻ + ሺʹ,͹ͺ + ʹ,ͷͷሻ ∙ ሺͷ͵ͻ,͹ͻ − ͶͶͺ,ͳ͹ሻሻ ∙ Ͳ,ͻͺ = ͷͷ,ʹͳͷ ∙ ሺͶʹ͸,Ͷ͹ − ͵͸Ͳ,ͳ͸ሻ, 
ɉɨɥɭɱɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-2, ɤɝ/ɫ:            ܦଶ = Ͳ,ͺʹ. 
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɉɇȾ-1: ሺܦଵ ∙ ሺ𝑖ଵ − 𝑡ଵ̅ː ሻ + ′′˕˅ܦ ∙ ሺ𝑖˅˕′′ − 𝑡ଵ̅ː ሻ + ሺ ܦଶ + ଷܦ  + ସሻܦ ∙ ሺ𝑡ଶ̅ː − 𝑡ଵ̅ː ሻሻ∙ 𝜂˕ˑ = ௞′ܦ ∙ ሺ𝑡ʞ̅ʜДଵ′′ − 𝑡ʞ̅ʜДଵ′ ሻ, (2.62) 

ɝɞɟ 𝑖ଵ = ʹͶ͸ʹ,͸ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɫɟɞɶɦɨɦ ɨɬɛɨɪɟ; 𝑡ଵ̅ː = ͵ͺͳ,͵Ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɉɇȾ-1; 𝑡ʞ̅ʜДଵ′′ = ͵͸Ͳ,ͳ͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɉɇȾ-1; 
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𝑖˅˕′′ = ʹʹ͹͸,ʹ  ˍДˉ/ˍˆ −  ɷɧɬɚɥɶɩɢɹ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ. 
      𝑡ʞ̅ʜДଵ′ = (𝑡ˍˑːˇ + ∆𝑡ˑэ−ˑ˖) ∙ ˅ܥ = ሺʹ͸,͸͹ + ͳͷሻ ∙ Ͷ,ͳͺ͸ = ͳ͹Ͷ,Ͷ͵ͳ ˍДˉ/ˍˆ − 
ɷɧɬɚɥɶɩɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɟɪɟɞ ɉɇȾ-1; 𝑡ˍˑːˇ = ʹ͸,͸͹ ℃ − ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɫɵɳɟɧɢɹ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɚ; ∆𝑡ˑэ−ˑ˖ = ͳͷ ℃ − ɧɚɝɪɟɜ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ 
ɜ ɨɯɥɚɞɢɬɟɥɟ ɷɠɟɤɬɨɪɨɜ ɢ ɨɯɥɚɞɢɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɣ. 

ɉɨɞɫɬɚɜɢɜ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɭɪɚɜɧɟɧɢɟ (2.60):                 ሺܦଵ ∙ ሺʹͶ͸ʹ,͸ͷ − ͵ͺͳ,͵Ͷሻ + Ͳ,Ͳ͹Ͷ ∙ ሺʹʹ͹͸,ʹ − ͵ͺͳ,͵Ͷሻ + ሺͲ,ͺʹ + ʹ,͹ͺ + ʹ,ͷͷሻ ∙ ሺͶͶͺ,ͳ͹ − ͵ͺͳ,͵Ͷሻሻ ∙ Ͳ,ͻͺ= ͵ʹ,ͺͻͷ ∙ ሺ͵͸Ͳ,ͳ͸͵ − ͳ͹Ͷ,Ͷ͵ͳሻ, 
ɉɨɥɭɱɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɉɇȾ-1, ɤɝ/ɫ:            ܦଵ = ʹ,͹ʹͻ. 
Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɤɝ/ɫ, ɩɨ ɮɨɪɦɭɥɟ: ܦ௞ = ௞′ܦ − ˉэܦ) + ˎ˒˖ܦ + .˅.ˑ.˘ܦ + ସܦ + ଷܦ + ଶܦ + ଵܦ + ′′˕˅ܦ ), (2.63) 

௞ܦ = ͵ʹ,ͺͻͷ − ሺͲ,͵Ͳͳ + Ͳ,͸Ͳ͵ + ʹ,ͷͺʹ + ʹ,ͷͷ + ʹ,͹ͺ + Ͳ,ͺʹ͸ + ʹ,͹ʹͻ + Ͳ,Ͳ͹Ͷሻ= ʹͲ,ͶͶͷ. 
ɉɪɨɜɟɪɤɚ ɛɚɥɚɧɫɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ: ܦ௞ = ˕ܦ − ଻ܦ) + ଺ܦ + ହܦ + ˇܦ + ସܦ + ଷܦ + ଶܦ + ଵܦ + +˔ːܦ  (2.64) ,(˔˅ܦ

௞ܦ = ͸Ͳ,ʹͻʹ − ሺ͵,Ͳʹ͵ + ͵,͹Ͷ + Ͳ,͹ + ͳ,ͳ͹Ͷ + ʹ,ͷͷ + ʹ,͹ͺ + Ͳ,ͺʹ͸ + ʹ,͹ʹͻ + ͳͳ,Ͳʹͺ+ ͳͳ,ʹͻʹሻ = ʹͲ,ͶͶͷ. 
ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɧɟɟ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ. 

ɉɪɨɢɡɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɩɨ ɦɨɳɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

ܹ = (∑ 𝑖ܦ ˕˄ ∙ 𝑖ܪ ˕˄௡
𝑖=ଵ ) ∙ 𝜂эˏ, (2.65) 

ܹ = [͵,Ͳʹ͵ ∙ ʹ͹ͳ,͸ͻ + ͵,͹Ͷ ∙ ͵͹Ͷ,ͷͻ + Ͳ,͹ ∙ ͷ͵ʹ,Ͷͺ + ͳ,ͳ͹Ͷ ∙ ͷ͵ʹ,Ͷͺ + ʹ,ͷͷ∙ ͸ͻ͵,Ͳͷ + ʹ,͹ͺ ∙ ͺͳͻ,Ͷ͵ + Ͳ,ͺʹ͸ ∙ ͻ͵͸,Ͷ͵ + ʹ,͹ʹͻ ∙ ͳͲʹͶ,͵͸+ ͳͳ,Ͳʹͺ ∙ ͳͲʹͶ,͵͸ + ͳͳ,ʹͻʹ ∙ ͻ͵͸,Ͷ͵ + ʹͲ,ͶͶͷ ∙ ͳ͵ͺͲ,ͲͶ]∙ Ͳ,ͻͺ = ͷͻ͹Ͳͷ,ͳ͹ ͸ͲͲͲͲ ˍʑ˕ = ͷͻ͹Ͳͷ,ͳ͹ ˍʑ˕. 
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ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɥɹɟɬ: 

ߜ = |ܹ − ܹ˓ܹ | = |͸ͲͲͲͲ − ͷͻ͹Ͳͷ,ͳ͹͸ͲͲͲͲ | = Ͳ,Ͷͻͳ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 2 %, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ 

ɜɵɩɨɥɧɟɧ ɜɟɪɧɨ. 

 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ, ɤȼɬ: ܳ˕˖ = ˕ܦ ∙ ሺ𝑖଴ − 𝑡̅˒ ˅ሻ + ′˕˅ܦ ∙ ሺ𝑖˅˕′ − 𝑡̅˒ ˅ሻ + ′′˕˅ܦ ∙ ሺ𝑖˅˕′′ − 𝑡̅˒ ˅ሻ + ∙˅ˑ˘ܩ ሺ𝑡̅̆ ˑ˅′ − 𝑡̅˒ ˅ሻ, (2.66) 

ɝɞɟ 𝑖଴ = ͵Ͷͺ͹ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ; 𝑡̅˒ ˅ = ͻͺͶ,͵ͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɥɨɚɝɪɟɝɚɬ; 𝑖˅˕′ = ʹ͹͸ʹ,͹Ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ; 𝑖˅˕′′ = ʹʹ͹͸,ʹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ; 𝑡̅̆ ˑ˅′ = ͳͷͲ,͵ͻ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ; 

˕ܦ  = ͸Ͳ,ʹͻʹ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ; ܦ˅˕′ = Ͳ,Ͷ ɤɝ/ɫ – ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɢɡ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɪɚɫɲɢɪɢɬɟɥɹ 
ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ; ܦ˅˕′′ = Ͳ,Ͳ͹Ͷ ɤɝ/ɫ – ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɢɡ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɪɚɫɲɢɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ; ܩ˘ˑ˅ = ʹ,ͷͺʹ ɤɝ/ɫ – ɪɚɫɯɨɞ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ. ܳ˕˖ = ͸Ͳ,ʹͻʹ ∙ ሺ͵Ͷͺ͹ − ͻͺͶ,͵ͺሻ + Ͳ,Ͷ ∙ ሺʹ͹͸ʹ,͹Ͷ − ͻͺͶ,͵ͺሻ + Ͳ,Ͳ͹Ͷ∙ ሺʹʹ͹͸,ʹ − ͻͺͶ,͵ͺሻ + ʹ,ͷͺʹ ∙ ሺͳͷͲ,͵ͻ − ͻͺͶ,͵ͺሻ= ͳͶͻͷͶͻ,͹. 

Ɂɚɬɪɚɱɟɧɧɚɹ ɬɟɩɥɨɬɚ ɧɚ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɤȼɬ: ܳ˕ = ˔˅ܦ ∙ ሺ𝑖˅˔ − 𝑡̅˅ ˔ːሻ + ˔ːܦ ∙ ሺ𝑖ː˔ − 𝑡̅ː ˔ːሻ, (2.67) 

ɝɞɟ ܦ˅˔ = ͳͳ,ʹͻʹ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ;          ܦː˔ = ͳͳ,Ͳʹͺ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 𝑖˅˔ = ʹͷͷͲ,ͷͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɧɚ ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 
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𝑖ː˔ = ʹͶ͸ʹ,͸ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɧɚ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 𝑡̅˅ ˔ː = ͶͶͺ,ͳ͹ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɜɟɪɯɧɟɦ 
ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ; 𝑡̅ː ˔ː = ͵ͺͳ,͵Ͷ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɧɢɠɧɟɦ 
ɫɟɬɟɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ. ܳ˕ = ͳͳ,ʹͻʹ ∙ ሺʹͷͷͲ,ͷͺ − ͶͶͺ,ͳ͹ሻ + ͳͳ,Ͳʹͺ∙ ሺʹͶ͸ʹ,͸ͷ − ͵ͺͳ,͵Ͷሻ = Ͷ͸͸ͻ͵,ͺ.  

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ: ܳ˕˖э = ܳ˕˖ − ܳ˕ = ͳͶͻͷͶͻ,͹ − Ͷ͸͸ͻ͵,ͺ = ͳͲʹͺͷͷ,ͺ. (2.68) 
 

Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɤȼɬ: ܳ˒ˈ = ˈ˒ܦ ∙ ሺ𝑖˒ˈ − 𝑡̅˒ ˅ሻ + ˓˒ܩ ∙ (𝑡̅˒ ˓ − 𝑡̅˒ ˅), (2.69) 

ɝɞɟ ܦ˒ˈ = ͸͵,͵Ͳ͹ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ; 𝑖˒ˈ = ͵Ͷͺͻ,ͷͶ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɨ ɞɚɜɥɟɧɢɸ ܲ˒ ˈ = ͳ͵,ͺ 
Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡˒ˈ = ͷ͸Ͳ °C; ܩ˒˓ = Ͳ,ͻͷ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ; 𝑡̅˒ ˓ = ͳͷ͹ͳ,ͺ͸ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ. ܳ˒ˈ = ͸͵,͵Ͳ͹ ∙ ሺ͵Ͷͺͻ,ͷͶ − ͻͺͶ,͵ͺሻ + Ͳ,ͻͷ ∙ ሺͳͷ͹ͳ,ͺ͸ − ͻͺͶ,͵ͺሻ= ͳͷͻͳͷͳ,Ͷ͸. 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ: 

ܤ = ܳ˒ˈܳː˓ ∙ 𝜂˒ˆ, (2.70) 

ɝɞɟ ܳː˓ = ʹͻ͵ͳͲ ɆȾɠ/ɤɝ – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ; 𝜂˒ˆ = Ͳ,ͻͳ͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ. ܤ = ͳͷͻͳͷͳ,Ͷ͸ʹͻ͵ͳͲ ∙ Ͳ,ͻͳ͵ = ͷ,ͻͶ͹.  

ɉɪɢɧɢɦɚɹ ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ 9 %, ɨɬɩɭɳɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɫɨɫɬɚɜɥɹɟɬ, ɤȼɬ: ܹˑ ˕˒ = эܹ − Ͳ,Ͳͻ ∙ эܹ, (2.71) 
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ܹˑ ˕˒ = ͸ͲͲͲͲ − Ͳ,Ͳͻ ∙ ͸ͲͲͲͲ = ͷ͸ͶͲͲ, 
 

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

эܹэ̝ː = ݁ээ̝ː ∙ эܹ, (2.72) 

ɝɞɟ ݁ээ̝ː = Ͳ,Ͳͷ – ɞɨɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

эܹэ̝ː = Ͳ,Ͳͷ ∙ ͸ͲͲͲͲ = ͵ͲͲͲ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɚ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɫɟɬɟɜɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ: 𝜉ː˔ = 𝑖ː˔ − 𝑖௞𝑖଴ − 𝑖௞ ∙ (ͳ + 𝐾 ∙ 𝑖଴ − 𝑖ː˔𝑖଴ − 𝑖௞ ), (2.73) 

 𝜉˅˔ = 𝑖˅˔ − 𝑖௞𝑖଴ − 𝑖௞ ∙ (ͳ + 𝐾 ∙ 𝑖଴ − 𝑖˅˔𝑖଴ − 𝑖௞ ), (2.74) 

 
ɝɞɟ 𝑖௞ = ʹͳͲ͸,ͻ͹ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ; 𝐾 = Ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ. 𝜉ː˔ = ʹͶ͸ʹ,͸ͷ − ʹͳͲ͸,ͻ͹͵Ͷͺ͹ − ʹͳͲ͸,ͻ͹ ∙ (ͳ + Ͳ,ʹͷ ∙ ͵Ͷͺ͹ − ʹͶ͸ʹ,͸ͷ͵Ͷͺ͹ − ʹͳͲ͸,ͻ͹) = Ͳ,ͶͲͻ. 

   𝜉˅˔ = ʹͷͷͲ,ͷͺ − ʹͳͲ͸,ͻ͹͵Ͷͺ͹ − ʹͳͲ͸,ͻ͹ ∙ (ͳ + Ͳ,ʹͷ ∙ ͵Ͷͺ͹ − ʹͷͷͲ,ͷͺ͵Ͷͺ͹ − ʹͳͲ͸,ͻ͹) = Ͳ,͵͵Ͷ. 
ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ ɨɬɛɨɪɨɜ 

ɩɚɪɚ, ɤȼɬ: 

∆ܳˑ˕˄э = [ܳː˔ ∙ ሺͳ − 𝜉ː˔ሻ + ܳ˅˔ ∙ ሺͳ − 𝜉˅˔ሻ] ∙ ܳ˕ˑ˕˄ܳ˕˖̞ , (2.75) 

∆ܳˑ˕˄э = [ሺʹ͵ʹ͸Ͳ ∙ ሺͳ − Ͳ,ͶͲͻሻሻ + ሺʹ͵ʹ͸Ͳ ∙ ሺͳ − Ͳ,͵͵Ͷሻሻ] ∙ ͳ= ʹͻʹ͵ͻ,Ͳͳ.  

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɬɭɪɛɨɚɝɪɟɝɚɬɚ, ɤȼɬ: 
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ܳ˕˖˔ː = Ͳ,Ͳͷ ∙ ܳ˕˖, (2.76) 

ܳ˕˖˔ː = Ͳ,Ͳͷ ∙ ͳͶͻͷͶͻ,͹ = ͹Ͷ͹͹,Ͷͺ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɤɨɬɥɚɦɢ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 

𝐾э = ܳ˕˖э + ∆ܳˑ˕˄э + ܳ˕˖˔ːܳ˕˖э + ∆ܳˑ˕˄э + ܳ˕˖˔ː + ܳ˕, (2.77) 

𝐾э = ͳͲʹͺͷͷ,ͺ + ʹͻʹ͵ͻ,Ͳͳ + ͹Ͷ͹͹,ͶͺͳͲʹͺͷͷ,ͺ + ʹͻʹ͵ͻ,Ͳͳ + ͹Ͷ͹͹,Ͷͺ + Ͷ͸͸ͻ͵,ͺ = Ͳ,͹Ͷͻ.  

Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɝ/ɫ: 

эܤ = ܤ ∙ 𝐾э ܹˑ ˕˒эܹ − эܹэ̝ː , (2.78) 

эܤ = ͷ,ͻͶ͹ ∙ Ͳ,͹Ͷͻ ∙ ͷͶ͸ͲͲ͸ͲͲͲͲ − ͵ͲͲͲ = Ͷ,ʹ͸ͻ.  

Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɢ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɩɢɤɨɜɵɦɢ ɜɨɞɨɝɪɟɣɧɵɦɢ 
ɤɨɬɥɚɦɢ, ɤɝ/ɫ: 

ʞʑКܤ = ܳʞʑКܳː˓ ∙ 𝜂˒ˆ, (2.79) 

ʞʑКܤ = ͸ͻ͹ͺͲʹͻ͵ͳͲ ∙ Ͳ,ͺ͵ = ʹ,ͺ͸. 
ʞʑКܤ = ͸ͻ͹ͺͲʹ͵ʹ͸Ͳ ∙ Ͳ,ͺ͵ = ͵,͸. 

 

 

Ɋɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ, ɤɝ/ɫ: ܤ˕ = ܤ − эܤ +  ʞʑК, (2.80)ܤ
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˕ܤ = ͷ,ͻͶ͹ − Ͷ,ʹ͸ͻ + ʹ,ͺ͸ = Ͷ,ͷ͵ͺ.  

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

ܾэ = эܹˑܤ ˕˒ ∙ ͵͸ͲͲ, (2.81) 

ܾэ = Ͷ,ʹ͸ͻͷͶ͸ͲͲ ∙ ͵͸ͲͲ = Ͳ,ʹͺͳ.  

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

ܾ˕ = ˑ௠̞𝑎𝑥ܳ˕ܤ ∙ ͳͲ଺, (2.82) 

ܾ˕ = Ͷ,ͷ͵ͺͳͳ͸͵ͲͲ ∙ ͳͲ଺ = ͵ͻ,Ͳͳ.  

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɚ ɛɥɨɤɨɦ (ɛɟɡ 
ɩɢɤɨɜɨɝɨ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ), ɤɝ/ȽȾɠ: 

ܾ˕ = ܤ − ˊ˃˄˕эܳˑܤ ∙ ͳͲ଺, (2.83) 

ܾ˕ = ͷ,ͻͶ͹ − Ͷ,ʹʹ͸ͻͶ͸ͷʹͲ ∙ ͳͲ଺ = ͵͸,Ͳ͹.  

 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

2.12.1  ɉɢɬɚɬɟɥɶɧɵɟ ɧɚɫɨɫɵ 

Ⱦɥɹ ɛɥɨɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 
ɜɵɛɢɪɚɸɬ ɩɨ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɛɥɨɤ ɫ ɡɚɩɚɫɨɦ 6-8%, ɬ/ɱ: ܩ = ˅˒ܩ ∙ ͳ,Ͳͺ, (2.84) 

ܩ = ͸Ͷ,ʹͷ͸ ∙ ͵,͸ ∙ ͳ,Ͳ͸ = ʹͶͷ,ʹ.  
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ɇɚɩɨɪ ɩɢɬɚɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 30-50 % ɛɨɥɶɲɟ, ɱɟɦ 
ɧɨɦɢɧɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɦ: ܪ = ܲ ∙ ͳͲଶ ∙ ͳ,Ͷ, (2.85) ܪ = ͳ͵Ͳ ∙ ͳ,Ͷ = ͳͺʹ.  

ȼɵɛɢɪɚɟɦ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɉɗ-320-180/200 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 320 ɦ3/ɱ; 
 ɇɚɩɨɪ – 180/200 ɦ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 2970 ɨɛ/ɦɢɧ; 
 ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ – 3000 ɤȼɬ. 

2.12.2  Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ 

Ʉɨɧɞɟɧɫɚɬɧɵɟ ɧɚɫɨɫɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɤɨɥɢɱɟɫɬɜɟ 2-3 ɧɚ ɬɭɪɛɢɧɭ, ɩɪɢ 
ɞɜɭɯ – ɤɚɠɞɵɣ ɧɚ 100%-ɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɚ ɩɪɢ ɬɪɟɯ – ɧɚ 50%-ɭɸ.  

Ɂɚ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢɧɢɦɚɸɬ ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ ɜ ɥɟɬɧɢɣ 
ɩɟɪɢɨɞ, ɤɝ/ɫ: ܩ = ௞ܦ + ˔ːܦ + ˔˅ܦ + ˅.ˑ.˘ܦ == ʹͲ,ͶͶͷ + ͳͳ,Ͳʹͺ + ͳͳ,ʹͻʹ + ʹ,ͷͺʹ = Ͷͷ,͵͹Ͷ. (2.86) 

ɉɪɢɧɢɦɚɟɦ ɧɚɩɨɪ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɨɜ ɜ ɩɪɟɞɟɥɚɯ 50-150 ɦ.ɜɨɞ.ɫɬ. 

ȼɵɛɢɪɚɟɦ ɞɜɚ ɤɨɧɞɟɧɫɚɬɧɵɯ ɧɚɫɨɫɚ ɦɚɪɤɢ 10ɄɫȾ-5-3 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 220 ɦ3/ɱ; 
 ɇɚɩɨɪ – 120 ɦ.ɜɨɞ.ɫɬ.; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 960 ɨɛ/ɦɢɧ; 
 Ɇɨɳɧɨɫɬɶ – 122 ɤȼɬ. 

2.12.3  ɐɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ 

Ɋɚɫɯɨɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɧɚ ɬɭɪɛɢɧɭ ɩɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ ɫɨɫɬɚɜɥɹɟɬ 
8000 ɦ3/ɱ. 

Ɍɚɤ ɤɚɤ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɩɨ ɞɜɭɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦ, ɬɨ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɧɚɫɨɫ, 
ɦ3/ɱ, ɫɨɫɬɚɜɥɹɟɬ: 

ː˙ܩ = ʹ˄˓˖˕ܩ = ͺͲͲͲʹ = ͶͲͲͲ. (2.87) 
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ȼɵɛɢɪɚɟɦ ɱɟɬɵɪɟ ɧɚɫɨɫɚ ɬɢɩɚ 24ɇȾɧ-4000 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 4000 ɦ3/ɱ; 
 ɇɚɩɨɪ – 16,5 ɦ.ɜɨɞ.ɫɬ.; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 585 ɨɛ/ɦɢɧ; 
 ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – 198 ɤȼɬ; 
 ɄɉȾ – 90%. 

2.12.4  ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ 

ȼɵɛɨɪ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪɭ. ɋɟɬɟɜɵɟ ɧɚɫɨɫɵ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɧɚ ɬɭɪɛɢɧɭ, ɪɚɫɫɱɢɬɵɜɚɹ ɢɯ ɧɚ 50%-ɭɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɨɝɨ ɧɚɫɨɫɚ, ɬ/ɱ: 

ܩ = ʹ˅˔ܩ ∙ ͵,͸ = ͵Ͷ͹,ʹͺͻʹ ∙ ͵,͸ = ͸ʹͷ,ͳʹ. (2.88) 

ȼɵɛɢɪɚɟɦ ɞɜɚ ɫɟɬɟɜɵɯ ɧɚɫɨɫɚ: ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ ɋɗ-800-70 ɢ ɜɬɨɪɨɝɨ ɋɗ-
800-100 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 800 ɢ 800 ɦ3/ɱ; 
 ɇɚɩɨɪ – 0,68 ɢ 0,98 Ɇɉɚ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 1500 ɢ 1500 ɨɛ/ɦɢɧ; 
 ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – 190 ɢ 275 ɤȼɬ; 
 ɄɉȾ – 81 ɢ 80%. 

2.12.5  Ⱦɟɚɷɪɚɬɨɪ 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ܩ˒˅ = ʹ͵ͳ,͵ɬ/ɱ ɜɵɛɢɪɚɟɦ 
ɞɟɚɷɪɚɬɨɪ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ Ⱦɋɉ-320 ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɞɚɜɥɟɧɢɟ 7 ɛɚɪ, ɪɚɫɯɨɞ ɞɟɚɷɪɢɪɭɟɦɨɣ ɜɨɞɵ 320 ɬ/ɱ. 

Ⱦɟɚɷɪɚɬɨɪɧɵɣ ɛɚɤ: ɬɢɩ ȻȾȺ-100 (ɩɨɥɟɡɧɚɹ ɟɦɤɨɫɬɶ 100 ɦ3). 

2.12.6  Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

ɉɨɞɨɝɪɟɜɚɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɛɢɪɚɟɦ ɩɨ ɡɚɜɨɞɫɤɢɦ ɞɚɧɧɵɦ, ɬɚɤ, 
ɱɬɨɛɵ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɡɧɚɱɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɯɨɞɟ ɪɚɫɱɟɬɚ 
ɉɌɋ. 

ɉȼȾ-7: ɉȼ-350-230-36-I, ɝɞɟ 350 - ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2; 
230 - ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ, ɛɚɪ; 36 - ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɜ ɤɨɪɩɭɫɟ, ɛɚɪ. 

ɉȼȾ-6: ɉȼ-350-230-21-3. 
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ɉȼȾ-5: ɉȼ-350-230-21-3. 

ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ: 

ɉɇȾ-4: ɉɇ-200-16-7-I, ɝɞɟ 200 - ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2; 16 
- ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ, ɛɚɪ; 7 - ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ 
ɤɨɪɩɭɫɟ, ɛɚɪ. 

ɉɇȾ-3: ɉɇ-200-16-7-I. 

ɉɇȾ-2: ɉɇ-100-16-4-I. 

ɉɇȾ-1: ɉɇ-100-16-4-I. 

2.12.7  ɋɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜɵɛɢɪɚɟɦ ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɩɪɨɩɭɫɤɭ ɜɨɞɵ, 
ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɤɨɪɩɭɫɟ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ. 

Ɋɚɫɱɟɬɧɵɣ ɩɪɨɩɭɫɤ ɫɟɬɟɜɨɣ ɜɨɞɵ ܩ˔˅ = ͵Ͷ͹,ʹͺͻ ɬ/ɱ. ȼɵɛɢɪɚɟɦ ɫɟɬɟɜɵɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɦɚɪɤɢ ɉɋȼ-200-7-15 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɪɚɫɱɟɬɧɵɣ ɩɪɨɩɭɫɤ 
ɫɟɬɟɜɨɣ ɜɨɞɵ 400 ɬ/ɱ; ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ 0,78 Ɇɉɚ; ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ 
ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ 1,57 Ɇɉɚ; ɦɚɫɫɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɛɟɡ ɜɨɞɵ 6,763 ɬ. 

2.12.8  ȼɵɛɨɪ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ 

ɉɢɤɨɜɵɟ ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ ɜɵɛɢɪɚɟɦ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɢɤɨɜɨɣ 
ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɟ Ɍɗɐ. Ɍɚɤ ɤɚɤ ɩɢɤɨɜɚɹ ɧɚɝɪɭɡɤɚ Ɍɗɐ ɫɨɫɬɚɜɥɹɟɬ 116,3 Ɇȼɬ, ɬɨ 
ɜɵɛɢɪɚɟɦ ɜɨɞɨɝɪɟɣɧɵɣ ɤɨɬɟɥ ɬɢɩɚ Ʉȼ-Ɋ-35-150 (Ʉȼ-Ɍɋ-30) ɜ ɤɨɥɢɱɟɫɬɜɟ 
ɱɟɬɵɪɟɯ ɲɬɭɤ, ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 Ɍɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 35 Ɇȼɬ; 
 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɜɨɞɵ – 150/70 ℃; 
 Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ – 255 ℃; 
 Ɋɚɫɱɟɬɧɵɣ ɄɉȾ – 83 %. 

ȼɨɞɨɝɪɟɣɧɵɣ ɤɨɬɟɥ Ʉȼ-Ɋ-35-150 (Ʉȼ-Ɍɋ-30) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɝɨɪɹɱɟɣ ɜɨɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 150 ℃, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɫɢɫɬɟɦɚɯ ɨɬɨɩɥɟɧɢɹ, 
ɜɟɧɬɢɥɹɰɢɢ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ ɛɵɬɨɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, 
ɚ ɬɚɤɠɟ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɟɥɟɣ. 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɢɦɟɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɤɨɦɩɨɧɨɜɤɭ, ɷɤɪɚɧɢɪɨɜɚɧɚ 
ɬɪɭɛɚɦɢ, ɜɯɨɞɹɳɢɦɢ ɜ ɤɨɥɥɟɤɬɨɪɵ. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɤɚɦɟɪɵ ɜ ɩɨɩɟɪɟɱɧɨɦ ɪɚɡɪɟɡɟ 
ɧɚɩɨɦɢɧɚɟɬ ɩɪɨɮɢɥɶ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɝɚɛɚɪɢɬɚ. Ʉɨɧɜɟɤɬɢɜɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɧɚɝɪɟɜɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ, ɩɨɥɧɨɫɬɶɸ ɷɤɪɚɧɢɪɨɜɚɧɧɨɦ ɝɚɡɨɯɨɞɟ, 
ɫɨɫɬɨɢɬ ɢɡ U-ɨɛɪɚɡɧɵɯ ɲɢɪɦ ɢɡ ɬɪɭɛ. ɇɟɫɭɳɢɣ ɤɚɪɤɚɫ ɭ ɤɨɬɥɨɜ ɨɬɫɭɬɫɬɜɭɟɬ. 
Ȼɥɨɤɢ ɤɨɬɥɚ ɢɦɟɸɬ ɨɩɨɪɵ, ɩɪɢɜɚɪɟɧɧɵɟ ɤ ɧɢɠɧɢɦ ɤɨɥɥɟɤɬɨɪɚɦ. Ʉɨɬёɥ Ʉȼ-Ɍɋ-



49 
 

30-150 (Ʉȼ-Ɋ-35-150) ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɨɛɥɟɝɱёɧɧɨɣ ɨɛɦɭɪɨɜɤɟ, ɤɨɬɨɪɚɹ ɩɪɢ 
ɦɨɧɬɚɠɟ ɤɪɟɩɢɬɫɹ ɤ ɷɤɪɚɧɧɵɦ ɬɪɭɛɚɦ, ɫɬɨɹɤɚɦ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ. 

 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ 

2.13.1  Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ 

ɇɚ Ɍɗɐ ɢɫɩɨɥɶɡɭɟɦ ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ Ɂɵɪɹɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 2.3. 

Ɍɚɛɥɢɰɚ 2.3 – Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

ɋ ȼɵɯɨɞ 
ɥɟɬɭɱɢɯ, ܸˆ, % 

Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ ܳː˓, 
ɤȾɠ/ɤɝ ܹ˓ ܥ ˓ܰ ˓ܪ ˓ܵ ˓ܣ˓ ܱ˓ 

9 14 0,4 3,8 1,8 62,8 8,2 33 23260 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɬɭ ɤɨɬɥɚ, ɤɝ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ܤ = ˈ˒ሺ𝑖ˈ˒ܦ − 𝑡̅˒ ˅ሻ + ˒𝑡̅)˓˒ܩ ˓ − 𝑡̅˒ ˅)ܳ˓ː ∙ 𝜂ˍ˃˄˓ , (2.89) 

ɝɞɟ ܦ˒ˈ = ͸͵,͵Ͳ͹ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ; 𝑖˒ˈ = ͵Ͷͺͻ,ͷͶ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɨ ɞɚɜɥɟɧɢɸ ܲ˒ ˈ = ͳ͵,ͺ 
Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡˒ˈ = ͷ͸Ͳ °C; ܩ˒˓ = Ͳ,ͻͷ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɩɪɢɧɢɦɚɟɦ 1,5% ɨɬ ɪɚɫɯɨɞɚ ܦ˒ˈ; 𝑡̅˒ ˅ = ͻͺͶ,͵ͺ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɥɨɚɝɪɟɝɚɬ; 𝑡̅˒ ˓ = ͳͷ͹ͳ,ͺ͸ͳ ɤȾɠ/ɤɝ – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɧɚɯɨɞɢɦ ɧɚ ɥɢɧɢɢ 
ɧɚɫɵɳɟɧɢɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɚ ܲ˄ = Ͷ,ʹͻ Ɇɉɚ. ܳː˓ = ʹ͵ʹ͸Ͳ ɤȾɠ/ɤɝ – ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ; 𝜂ˍ˃˄˓ = Ͳ,ͺͻ – ɄɉȾ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. 

˓ܤ = ͸͵,͵Ͳ͹ ∙ ሺ͵Ͷͺͻ,ͷͶ − ͺͻͶ,͵ͺሻ + Ͳ,ͻͷ ∙ ሺͳͷ͹ͳ,ͺ͸ͳ − ͺͻͶ,͵ͺሻʹ͵ʹ͸Ͳ ∙ Ͳ,ͺͻ == ͹,͸ͺ ˍˆ/˔.  

 
2.13.2   Ʌɟɧɬɨɱɧɵɟ ɤɨɧɜɟɣɟɪɵ 

ɋɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɥɹɟɬ, ɬ/ɫɭɬ: ܤ˔˖˕ = ʹͶ ∙ ሺܤ˓ ∙ ʹ + ʞʑКܤ ∙ Ͷሻ ∙ ͵,͸ = ͳͻͶͻ,ͳͺ. (2.90) 
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Ɍɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɥɟɧɬɨɱɧɵɯ 
ɤɨɧɜɟɣɟɪɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɚɹ, ɞɪɭɝɚɹ ɪɟɡɟɪɜɧɚɹ. 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɣ ɧɢɬɤɢ, ɬ/ɱ: 

˚˔˃˓ܤ = ͳʹ˕˖˔ܤ = ͳͻͶͻ,ͳͺʹͳ = ͻʹ,ͺͳ. (2.91) 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ, ɬ/ɱ: ܤˎ = ଶܤ ∙ ܿ ∙ ߛ ∙ 𝐾𝑎, (2.92) 

ɝɞɟ ܤ = Ͳ,͸ͷͲ ɦ – ɲɢɪɢɧɚ ɥɟɧɬɵ; ܿ = ͳ,͸ ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ; ߛ = Ͳ,ͺͷ ɬ/ɦ3 – ɧɚɫɵɩɧɨɣ ɜɟɫ ɬɨɩɥɢɜɚ; 𝐾𝑎 = ͵ʹͲ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ߙ = ͵ͷ° 
ɬɨɩɥɢɜɚ ɧɚ ɥɟɧɬɟ. 

ˎܤ  = Ͳ,͸ͷଶ ∙ ͳ,͸ ∙ Ͳ,ͺͷ ∙ ͵ʹͲ = ͳͺ͵,ͺ͹.  
 

Ɇɨɳɧɨɫɬɶ (ɤȼɬ) ɧɚ ɜɚɥɭ ɩɪɢɜɨɞɧɨɝɨ ɛɚɪɚɛɚɧɚ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɛɟɡ 
ɫɛɪɚɫɵɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

˄ܹ = 𝐾ଵ ∙ ݈ ∙ ܿ + ʹ ∙ ˎܤ ∙ ݈ + ͵͹ ∙ ˎܤ ∙ ͳͲͲͲܪ ∙ ͳ,͵͸ ∙ 𝐾௟ , (2.93) 

ɝɞɟ 𝐾ଵ = ʹͻ͸ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɲɢɪɢɧɵ ɥɟɧɬɵ; ݈ = ͶͲ ɦ – ɞɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ ɤɨɧɰɟɜɨɝɨ 
ɛɚɪɚɛɚɧɚ; ܪ = ͷ ɦ – ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɩɨ ɜɟɪɬɢɤɚɥɢ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɪɢɜɨɞɧɨɝɨ ɢ 
ɤɨɧɰɟɜɨɝɨ ɛɚɪɚɛɚɧɨɜ; 

 𝐾௟ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɞɥɢɧɵ ɤɨɧɜɟɣɟɪɚ. 

˄ܹ = ʹͻ͸ ∙ ͶͲ ∙ ͳ,͸ + ʹ ∙ ͳͺ͵,ͺ͹ ∙ ͶͲ + ͵͹ ∙ ͳͺ͵,ͺ͹ ∙ ͷͳͲͲͲ ∙ ͳ,͵͸ ∙ ͳ,Ͳͷ = ͷʹ,ʹͶ.  

 

Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, ɤȼɬ: 

эܹ˒ = 𝐾ˊ ∙ ˄ܹ𝜂эˇ ∙ 𝜂˓, (2.94) 
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ɝɞɟ 𝐾ˊ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɧɚɤɥɨɧɧɵɯ ɤɨɧɜɟɣɟɪɨɜ; 𝜂эˇ = Ͳ,ͻͶ – ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 𝜂˓ = Ͳ,ͻͶ – ɄɉȾ ɪɟɞɭɤɬɨɪɚ. 

эܹ˒ = ͳ,ʹͷ ∙ ͷʹ,ʹͶͲ,ͻͶ ∙ Ͳ,ͻͶ = ͹͵,ͻͳ.  

 

2.13.3    Ⱦɪɨɛɢɥɤɢ 

Ⱦɥɹ ɞɪɨɛɥɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɩɪɨɟɤɬɢɪɭɟɦ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɟ 
ɞɪɨɛɥɟɧɢɟ. ȼɜɢɞɭ ɧɟɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɦ ɦɨɥɨɬɤɨɜɵɟ ɧɟ 
ɡɚɛɢɜɚɸɳɢɟɫɹ ɞɪɨɛɢɥɤɢ ɫ ɩɨɞɜɢɠɧɵɦɢ ɞɪɨɛɢɥɶɧɨɣ ɢ ɨɬɛɨɣɧɨɣ ɩɥɢɬɚɦɢ ɢ ɫ 
ɨɱɢɫɬɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɉɨ ɪɚɫɱɟɬɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜɵɛɢɪɚɟɦ ɞɪɨɛɢɥɤɢ 
ɬɢɩɚ ɋɆ-19Ⱥ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 67-105 ɬ/ɱ; 
 Ⱦɥɢɧɚ ɪɨɬɨɪɚ – 800 ɦɦ; 
 Ⱦɢɚɦɟɬɪ – 1000 ɦɦ; 
 Ɇɚɫɫɚ – 7,2 ɬ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ – 1000 ɨɛ/ɦɢɧ; 
 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ – 125 ɤȼɬ. 

ɇɚ ɤɚɠɞɵɣ ɩɚɪɨɝɟɧɟɪɚɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɩɨ ɞɜɚ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ. 

ȿɦɤɨɫɬɶ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ, ɦ3: 

ܸ˄ = ͵,͸ ∙ ˓Ͷܤ ∙ 𝜏𝐾ˊ ∙ ߛ , (2.95) 

ɝɞɟ 𝜏 = ͳͲ ɱ – ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɧɚ ɬɨɩɥɢɜɟ, ɡɚɩɚɫɟɧɧɨɦ ɜ 
ɛɭɧɤɟɪɟ; 𝐾ˊ = Ͳ,ͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɛɭɧɤɟɪɚ. 

ܸ˄ = ͵,͸ ∙ ͹,͸ͺͶ ∙ ͳͲͲ,ͺ ∙ Ͳ,ͺͷ = ͳͲͳ,͹ͷ.  

Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɚ ɢɫɩɨɥɶɡɭɟɦ ɥɟɧɬɨɱɧɵɣ ɩɢɬɚɬɟɥɶ ɩɵɥɢ ɫ 
ɲɢɪɢɧɨɣ ɥɟɧɬɵ 400 ɦɦ; ɞɥɢɧɨɣ 3,2 ɦ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɜɵɫɨɬɟ ɫɥɨɹ 0,2 
ɦ – 35-80 ɦ3/ɱ; ɬɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ- 1 ɤȼɬ. 
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2.13.4    Ɍɨɩɥɢɜɧɵɣ ɫɤɥɚɞ 

ȿɦɤɨɫɬɶ ɫɤɥɚɞɚ ɭɝɥɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɧɚ ɜɨɫɶɦɢɦɟɫɹɱɧɵɣ ɪɚɫɯɨɞ ɩɪɢ 24 
ɱɚɫɚɯ ɪɚɛɨɬɵ ɜ ɫɭɬɤɢ ɜɫɟɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɩɚɫɚ ɭɝɥɹ ɧɚ 
ɬɚɤɨɣ ɫɪɨɤ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɦɨɪɫɤɨɣ ɩɨɪɬ ɜ ɝ. ɉɟɜɟɤ, ɧɚ ɤɨɬɨɪɵɣ 
ɞɨɫɬɚɜɥɹɟɬɫɹ ɬɨɩɥɢɜɨ, ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɪɬɚɦ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɫɪɨɤɚɦɢ ɧɚɜɢɝɚɰɢɢ 
(ɢɸɥɶ-ɨɤɬɹɛɪɶ). 

ɉɥɨɳɚɞɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɧɹɬɭɸ ɲɬɚɛɟɥɹɦɢ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ 
ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɦ2: 

ܨ = ሺܤ˓̊ ∙ ݊ଵ + ˚ʞʑКܤ ∙ ݊ଶሻ ∙ ʹͶߛ ∙ ℎ ∙ 𝜑 , (2.96) 

 
ɝɞɟ ℎ = ʹ,ͷ ɦ – ɜɵɫɨɬɚ ɲɬɚɛɟɥɹ; ݊ଵ = ʹͶͲ ˔˖˕ˑˍ −ɡɚɩɚɫ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ; ݊ଶ = ͳͺͲ ˔˖˕ˑˍ −ɡɚɩɚɫ ɬɨɩɥɢɜɚ ɧɚ ɫɤɥɚɞɟ ɞɥɹ ɉȼɄ; ܤ˓̊ = ͷͷ,ʹͻ ˕/˚ − ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɬɥɵ; ܤʞʑК˚ = ʹͷ,ͻʹ ˕/˚ − ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɉȼɄ; 𝜑 = Ͳ,ͺͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ 
(ɫɩɨɥɡɚɧɢɹ) ɬɨɩɥɢɜɚ ɜ ɲɬɚɛɟɥɟ. 

ܨ = ሺͷͷ,ʹͻ ∙ ʹͶͲ + ʹͷ,ͻʹ ∙ ͳͺͲሻ ∙ ʹͶߛ ∙ ℎ ∙ 𝜑 = ʹ͵ͺ͵Ͳͺ,ͷ. 
 

 

2.13.5   ȼɵɛɨɪ ɫɯɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɇɚ Ɍɗɐ ɢɫɩɨɥɶɡɭɟɦ ɦɨɥɨɬɤɨɜɵɟ ɦɟɥɶɧɢɰɵ ɢ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ 
ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ ɢ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɭɲɤɨɣ, ɬɚɤ ɤɚɤ 
ɫɠɢɝɚɟɦ Ɂɵɪɹɧɫɤɢɣ ɭɝɨɥɶ, ɭ ɤɨɬɨɪɨɝɨ ɜɵɯɨɞ ɥɟɬɭɱɢɯ ܸ̂ > ͵Ͳ%. 
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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 – ɩɟɪɜɢɱɧɵɣ ɜɨɡɞɭɯ, 12 
– ɞɵɦɨɫɨɫ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ, 13 – ɭɯɨɞɹɳɢɟ ɞɵɦɨɜɵɟ ɝɚɡɵ, 14 – ɝɚɡɨɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ. 

Ɋɢɫɭɧɨɤ 3.1 – Ɂɚɦɤɧɭɬɚɹ ɫɯɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɭɲɤɨɣ ɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ (ɩɪɹɦɵɦ) ɜɞɭɜɚɧɢɟɦ ɜ ɬɨɩɤɭ 

2.13.6   ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɥɶɧɢɰ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɥɶɧɢɰ, ɬ/ɱ: 

ˏ˓ܤ = 𝐾ˊ ∙ ˓ܤ ∙ ͵,͸ݖ ∙ 𝐾ˎˑ , (2.97) 

ɝɞɟ 𝐾ˊ = ͳ,ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚ ɦɟɥɶɧɢɰ; 𝐾ˎˑ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɨɥɨɫɩɨɫɨɛɧɨɫɬɢ; ݖ = Ͷ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɶɧɢɰ ɧɚ ɤɨɬɟɥ. ܤ˓ˏ = ͳ,ͳ ∙ ͹,͸ͺ ∙ ͵,͸Ͷ ∙ ͳ,ͷ = ͷ,Ͳ͹. 
 

 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɪɚɫɯɨɞɭ ɜɵɛɢɪɚɟɦ ɦɟɥɶɧɢɰɵ ɜ ɤɨɥɢɱɟɫɬɜɟ ɱɟɬɵɪɟɯ ɲɬɭɤ 
ɧɚ ɤɨɬɟɥ ɬɢɩɚ ɆɆɌ-1000/950/980 ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 6,6 ɬ/ɱ ɢ ɱɚɫɬɨɬɨɣ 
ɜɪɚɳɟɧɢɹ 980 ɨɛ/ɦɢɧ. 

2.13.7   ȼɵɛɨɪ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ 

Ⱦɭɬɶɟɜɨɣ ɜɟɧɬɢɥɹɬɨɪ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɩɨɪɭ. ɇɚ 
ɤɨɬɟɥ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ. 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞɨɦ 
ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ, ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɢ ɩɪɢɫɨɫɨɜ ɩɨ ɬɪɚɤɬɭ ɤɨɬɥɚ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ ɩɪɢ ɫɠɢɝɚɧɢɢ 1 ɤɝ ɬɨɩɥɢɜɚ ɧɚɯɨɞɹɬɫɹ 
ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: ܸ˅଴ = Ͳ,Ͳͺͺͻ ∙ ሺܥ˓ + Ͳ,͵͹ͷ ∙ ܵ˓ሻ + Ͳ,ʹ͸ͷ ∙ ˓ܪ − Ͳ,Ͳ͵͵͵ ∙ ܱ˓, (2.98) 

ɝɞɟ ܥ˓ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 3.1); ܵ˓ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 3.1); ܪ˓ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 3.1); ܱ˓ – ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %, (ɫɦ. ɬɚɛɥɢɰɭ 3.1). 

ܸ˅଴ = Ͳ,Ͳͺͺͻ ∙ ሺ͸ʹ,ͺ + Ͳ,͵͹ͷ ∙ Ͳ,Ͷሻ + Ͳ,ʹ͸ͷ ∙ ͵,ͺ − Ͳ,Ͳ͵͵͵ ∙ ͺ,ʹ = ͸,͵͵.   
 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ 
ɬɨɩɥɢɜɚ: 

ேܸమ଴ = Ͳ,͹ͻ ∙ ܸ˅଴ + Ͳ,ͺ ∙ ܰ˓ͳͲͲ, (2.99) 

ேܸమ଴ = Ͳ,͹ͻ ∙ ͸,͵͵ + Ͳ,ͺ ∙ ͳ,ͺͳͲͲ = ͷ,Ͳͳͷ.  

 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ: 

ோܸைమ = ͳ,ͺ͸͸ ∙ ˓ܥ + Ͳ,͵͹ͷ ∙ ܵ˓ͳͲͲ , (2.100) 

ோܸைమ = ͳ,ͺ͸͸ ∙ ͸ʹ,ͺ + Ͳ,͵͹ͷ ∙ Ͳ,ͶͳͲͲ = ͳ,ͳ͹ͷ.  

 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ: 

ுܸమை଴ = Ͳ,ͳͳͳ ∙ ˓ܪ + Ͳ,ͲͳʹͶ ∙ ܹ˓ + Ͳ,Ͳͳ͸ͳ ∙ ܸ˅଴ (2.101) 

ɝɞɟ ܹ˓ - ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %, (ɫɦ. ɬɚɛɥɢɰɭ 3.1). 

ுܸమை଴ = Ͳ,ͳͳͳ ∙ ͵,ͺ + Ͳ,ͲͳʹͶ ∙ ͻ + Ͳ,Ͳͳ͸ͳ ∙ ͸,͵͵ = Ͳ,͸͵ͷ.  
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 Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɦ3/ɤɝ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɥɧɨɦ 
ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ: ܸ̂଴ = ோܸைమ + ேܸమ଴ + ுܸమை଴ , (2.102) ܸ̂଴ = ͳ,ͳ͹ͷ + ͷ,Ͳͳͷ + Ͳ,͸͵ͷ = ͸,ͺʹͷ.  
 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 
ɦ3/ɱ: 

ܸ̌ ˅ = ˓ܤ ∙ ܸ˅଴ ∙ ͳͲͲ − ସͳͲͲݍ ∙ ˕ߙ) − ˕ߙ∆ − ˖ˎ˒ߙ∆ − (˒ˊ˅ߙ∆ ∙ 𝑡˘˅ + ʹ͹͵ʹ͹͵ , (2.103) 

ɝɞɟ ݍସ = ͳ – ɩɨɬɟɪɹ ɬɟɩɥɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ; ߙ˕ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ; ∆ߙ˕ = Ͳ,Ͳͷ – ɩɪɢɫɨɫɵ ɜ ɬɨɩɤɟ; ∆ߙ˒ˎ˖ = Ͳ,ͲͶ – ɩɪɢɫɨɫɵ ɜ ɫɢɫɬɟɦɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ; ∆ߙ˅ˊ˒ = Ͳ,Ͳ͵ – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɢ ɩɪɨɬɟɱɤɢ ɝɚɡɨɜ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ; 𝑡˘˅ = ͳͲ ℃ – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ. 

ܸ̌ ˅ = ͹,͸ͺ ∙ ͳͲͲ − ͳͳͲͲ ∙ ͸,͵͵ ∙ ሺͳ,ʹ − Ͳ,Ͳͷ − Ͳ,ͲͶ − Ͳ,Ͳ͵ሻ ∙ ͳͲ + ʹ͹͵ʹ͹͵= ͷ͵,ͻͶ. 
 

 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ (ɦ3/ɱ) ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɢɧɢɦɚɟɬɫɹ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ߚଵ = ͳ,ͳ: ܸ̌ ˅˓ = ଵߚ ∙ ܸ̌ ˅ ∙ ͵͸ͲͲ = ͳ,ͳ ∙ ͷ͵,ͻͶ ∙ ͵͸ͲͲ = ʹͳ͵͸Ͳʹ,͵. (2.104) 

ɇɚɩɨɪ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɸ 
ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ܪˇ˅ = Ͷ ɤɉɚ. Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ 
ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ߚଶ = ͳ,ͳͷ; ܪˇ˅˓ = ଶߚ ∙ ˅ˇܪ = ͳ,ͳͷ ∙ Ͷ = Ͷ,͸. (2.105) 

ȼ ɤɚɱɟɫɬɜɟ ɞɭɬɶɟɜɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɜɵɛɢɪɚɟɦ ȼȾɇ-24-11ɭ ɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 275/220 ɬɵɫ. ɦ3/ɱ; 
 ɇɚɩɨɪ – 3900/2450 ɉɚ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 740/590 ɨɛ/ɦɢɧ; 
 Ɇɨɳɧɨɫɬɶ – 400/200 ɤȼɬ. 
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2.13.8  ȼɵɛɨɪ ɞɵɦɨɫɨɫɨɜ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɧɵɦɢ ɪɚɫɯɨɞɚɦɢ ɝɚɡɨɜ, 
ɭɯɨɞɹɳɢɯ ɢɡ ɤɨɬɥɚ (ɩɨɫɥɟ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ) ɢ ɜɨɡɞɭɯɚ, ɩɪɢɫɚɫɵɜɚɟɦɨɝɨ ɜ 
ɬɪɚɤɬ ɩɨɫɥɟ ɤɨɬɥɚ ɜ ɝɚɡɨɯɨɞɚɯ. 

Ɉɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɪɚɜɟɧ ɫɭɦɦɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɝɚɡɨɜ ɢ ɨɛɴɟɦɚ 
ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɩɨ ɬɪɚɤɬɭ ɤɨɬɥɚ, ɦ3/ɤɝ: 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɬɥɚ, ɦ3/ɤɝ: ܸ̂˖˘ = ܸ̂଴ + ͳ,Ͳͳ͸ͳ ∙ ˘˖ߙ) − ͳ) ∙ ܸ˅଴, (2.106) 

ɝɞɟ ߙ˖˘ = ͳ,͵͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ; ߙ˖˘ ሺ˒˅ˍሻ = ͳ,Ͷ͸ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ ɉȼɄ. 

ܸ̂˖˘ = ͸,ͺʹͷ + ͳ,Ͳͳ͸ͳ ∙ ሺͳ,͵͵ − ͳሻ ∙ ͸,͵͵ = ͺ,ͻͶͺ ܸ̂  ሺ˒˅ˍሻ˖˘ = ͸,ͺʹͷ + ͳ,Ͳͳ͸ͳ ∙ ሺͳ,Ͷ͸ − ͳሻ ∙ ͸,͵͵ = ͻ,͹ͺͶ. 
 

 

Ɉɛɴɟɦ ɩɪɢɫɨɫɨɜ ɡɚ ɩɪɟɞɟɥɚɦɢ ɤɨɬɥɚ, ɦ3/ɤɝ:  ܸ˒ ˓ˋ˔ = ሺ∆ߙˊ˖ + ሻ˘ˆߙ∆ ∙ ܸ˅଴, (2.107) 

ɝɞɟ ∆ߙˊ˖ = Ͳ,Ͳͷ – ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ; ∆ߙˆ˘ = Ͳ,Ͳͳ- ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɫɬɚɥɶɧɵɟ ɝɚɡɨɯɨɞɵ ɤɨɬɥɚ. ܸ˒ ˓ˋ˔ = ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ ∙ ͸,͵͵ = Ͳ,͵ͺ ܸ˒ ˓ˋ˔ ሺ˒˅ˍሻ = ሺͲ,Ͳͷ + Ͳ,Ͳͳሻ ∙ ͸,͵͵ = Ͳ,͵ͺ.  

 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ, ɦ3/ɫ: ܸ̌ ˔ = ˓ܤ ∙ ͳͲͲ − ସͳͲͲݍ ∙ (ܸ̂˖˘ + ܸ˒ ˓ˋ˔) ∙ 𝑡ˇ + ʹ͹͵ʹ͹͵ , (2.108) 

ɝɞɟ 𝑡˖˘ = ͳͶͷ ℃ – ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ; 𝑡˖˘ ሺ˒˅ˍሻ = ʹͷͷ ℃ − ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɉȼɄ; 𝑡˅ = ͵Ͳ ℃ - ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɩɪɢɫɚɫɵɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ; ݍସ ሺ˒˅ˍሻ = ͵,ͷ % − ɩɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɉȼɄ. ܸ̌ ˔ = ͹,͸ͺ ∙ ͳͲͲ − ͳͳͲͲ ∙ ሺͺ,ͻͶͺ + Ͳ,͵ͺሻ ∙ ͳͶͷ + ʹ͹͵ʹ͹͵ = ͳͲͺ,ͷͳ 
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ܸ̌ ˔ ሺ˒˅ˍሻ = ͳ,ͺ ∙ ͳͲͲ − ͵,ͷͳͲͲ ∙ ሺͺ,ͻͶͺ + Ͳ,͵ͺሻ ∙ ʹͷͷ + ʹ͹͵ʹ͹͵ = ͵Ͷ,Ͳ͹. 
Ɋɚɫɱɟɬɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ (ɦ3/ɱ) ɞɵɦɨɫɨɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ߚଵ = ͳ,ͳ: ܸ̌ ˔˓ = ଵߚ ∙ ܸ̌ ˔ ∙ ͵͸ͲͲ = ͳ,ͳ ∙ ͳͲͺ,ͷͳ ∙ ͵͸ͲͲ = Ͷʹͻ͸ͻͻ,͸ ܸ̌ ˔ ሺ˒˅ˍሻ˓ = ଵߚ ∙ ܸ̌ ˔ ሺ˒˅ˍሻ ∙ ͵͸ͲͲ = ͳ,ͳ ∙ ͵Ͷ,Ͳ͹ ∙ ͵͸ͲͲ = ͳ͵Ͷͻͳ͹,ʹ. 
 

(2.109) 

ɇɚɩɨɪ ɞɵɦɨɫɨɫɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ܪˇ˔ = ͵,ͷ ɤɉɚ. Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɩɪɢɧɢɦɚɟɬɫɹ ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ߚଶ = ͳ,ͳͷ; ܪˇ˔˓ = ଶߚ ∙ ˔ˇܪ = ͳ,ͳͷ ∙ ͵,ͷ = Ͷ,Ͳʹͷ. (2.110) 

ȼ ɤɚɱɟɫɬɜɟ ɞɵɦɨɫɨɫɚ ɜɵɛɢɪɚɟɦ Ⱦɇ-26ɯ2 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 475 ɬɵɫ. ɦ3/ɱ; 
 ɇɚɩɨɪ – 4600 ɉɚ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 774 ɨɛ/ɦɢɧ; 
 Ɇɨɳɧɨɫɬɶ – 790 ɤȼɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɵɦɨɫɨɫɚ ɧɚ ɉȼɄ ɜɵɛɢɪɚɟɦ Ⱦɇ-21 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 138 ɬɵɫ. ɦ3/ɱ; 
 ɇɚɩɨɪ – 5480 ɉɚ; 
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ – 980 ɨɛ/ɦɢɧ; 
 Ɇɨɳɧɨɫɬɶ – 262 ɤȼɬ. 

2.14 Ɂɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɟ 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɟɦ ɫɭɯɭɸ ɫɢɫɬɟɦɭ 
ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ. ɍɞɚɥɟɧɢɟ ɡɨɥɵ ɢ ɲɥɚɤɚ ɧɚ Ɍɗɐ ɪɚɡɞɟɥɶɧɨɟ. Ɂɨɥɚ ɭɞɚɥɹɟɬɫɹ 
ɨɬ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɞɨ ɫɢɥɨɫɧɨɝɨ ɫɤɥɚɞɚ ɩɨ ɩɧɟɜɦɨɩɪɨɜɨɞɚɦ ɨɬ ɤɚɠɞɨɝɨ 
ɤɨɬɥɚ. Ⱦɚɥɟɟ ɡɨɥɚ ɛɭɞɟɬ ɞɨɫɬɚɜɥɹɬɶɫɹ ɧɚ ɩɥɨɳɚɞɤɭ ɫɭɯɨɝɨ ɫɤɥɚɞɢɪɨɜɚɧɢɹ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɨɦ. 

ɒɥɚɤ ɭɞɚɥɹɟɬɫɹ ɨɬ ɤɨɬɥɚ ɬɪɚɧɫɩɨɪɬɟɪɧɨɣ ɥɟɧɬɨɣ ɫ ɩɨɝɪɭɡɤɨɣ ɞɥɹ 
ɧɚɤɨɩɥɟɧɢɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɭɸ ɟɦɤɨɫɬɶ, ɢ ɞɚɥɟɟ ɚɜɬɨɫɚɦɨɫɜɚɥɚɦɢ, 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 10 ɬɨɧɧ ɫ ɨɬɚɩɥɢɜɚɟɦɵɦɢ ɤɭɡɨɜɚɦɢ,  
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Ʉɨɥɢɱɟɫɬɜɨ ɲɥɚɤɚ, ɭɞɚɥɹɟɦɨɟ ɫ ɨɞɧɨɝɨ ɤɨɬɥɚ, ɬ/ɱ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ ܯ˛ˎ = Ͳ,Ͳͳ ∙ ܤ ∙ ܽ˛ˎ ∙ ˓ܣ + Ͳ,Ͳͳ ∙ ܤ ∙ ସݍ ܳː˓͵ʹ͹ͲͲ, 

 

(2.111) 

Ⱦɥɹ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ: ܯ˛ˎ ሺˍ˃ሻ = Ͳ,Ͳͳ ∙ ͹,͸ͺ ∙ ͵,͸ ∙ Ͳ,Ͳͷ ∙ ͳͶ + Ͳ,Ͳͳ ∙ ͹,͸ͺ ∙ ͳ ∙ ʹ͵ʹ͸Ͳ͵ʹ͹ͲͲ = Ͳ,ʹͶͺ. 
 
Ⱦɥɹ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ: ܯ˛ˎ ሺ˒˅ˍሻ = Ͳ,Ͳͳ ∙ ͳ,ͺ ∙ ͵,͸ ∙ Ͳ,ͻʹͷ ∙ ͳͶ + Ͳ,Ͳͳ ∙ ͳ,ͺ ∙ ͵,ͷ ∙ ʹ͵ʹ͸Ͳ͵ʹ͹ͲͲ = Ͳ,ͺͺͶ. 
 
ɉɨɬɪɟɛɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɬ/ɱ, ɫ ɭɱɟɬɨɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ (݇ = ͳ,ʹ) ɫɨɫɬɚɜɢɬ: ܤˍˑː = ݇ ∙ ሺܯ˛ˎ ሺˍ˃ሻ ∙ ݊ˍ˃ + ሺ˒˅ˍሻ ˎ˛ܯ ∙ ݊ˍ˃ሻ ∙ ʹͶܶ , 
 

(2.112) 

ɝɞɟ ݊ˍ˃ = ʹ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ; ݊˒˅ˍ = Ͷ – ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ; ܶ = ͳʹ – ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɫɦɟɧɟ. 

ˑːˍܤ = ͳ,ʹ ∙ ሺͲ,ʹͶͺ ∙ ʹ + Ͳ,ͺͺ͵ ∙ Ͷሻ ∙ ʹͶͳʹ = ͻ,͸ͺ. 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɚ ɫɢɥɨɫɧɨɝɨ ɫɤɥɚɞɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ (ɬ/ɱ), ɭɞɚɥɹɟɦɨɟ ɫ ɨɞɧɨɝɨ ɤɨɬɥɚ: ܯˊ = [Ͳ,Ͳͳ ∙ ܤ ∙ ܽ˖ː ∙ ˓ܣ + Ͳ,Ͳͳ ∙ ܤ ∙ ସݍ ܳː˓͵ʹ͹ͲͲ] ∙ (ͳ − ͳͲͲ − 𝜂ˊ˖ͳͲͲ ), 
 

(2.113) 

Ⱦɥɹ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ: ܯˊ ሺˍ˃ሻ = [Ͳ,Ͳͳ ∙ ͹,͸ͺ ∙ Ͳ,ͻͷ ∙ ͳͶ + Ͳ,Ͳͳ ∙ ͹,͸ͺ ∙ ͳ ∙ ʹ͵ʹ͸Ͳ͵ʹ͹ͲͲ] ∙∙ (ͳ − ͳͲͲ − ͻͻ,͸ͳͲͲ ) = ͳ,Ͳ͹ʹ. 
 
Ⱦɥɹ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ: 
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ሺ˒˅ˍሻ ˊܯ = [Ͳ,Ͳͳ ∙ ͳ,ͺ ∙ Ͳ,Ͳ͹ͷ ∙ ͳͶ + Ͳ,Ͳͳ ∙ ͳ,ͺ ∙ ͵,ͷ ∙ ʹ͵ʹ͸Ͳ͵ʹ͹ͲͲ] ∙∙ (ͳ − ͳͲͲ − ͻͶͳͲͲ ) = Ͳ,Ͳ͸. 
 
Ɉɛɴɟɦ ɫɢɥɨɫɧɨɝɨ ɫɤɥɚɞɚ, ɬ: 

𝑐ܸ = ሺˍ˃ሻ ˊܯ) ∙ ݊ˍ˃ + ሺ˒˅ˍሻ ˊܯ ∙ ݊˒˅ˍ) ∙ ʹͶ ∙ ܶ, (2.114) 

ɝɞɟ ݊ˍ˃ = ʹ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ; ݊˒˅ˍ = Ͷ – ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ; ܶ = ͷ – ɫɭɬɨɱɧɨɟ ɯɪɚɧɟɧɢɟ ɡɨɥɵ ɧɚ ɫɤɥɚɞɟ. 

𝑐ܸ = ሺͳ,Ͳ͹ʹ ∙ ʹ + Ͳ,Ͳ͸ ∙ Ͷሻ ∙ ʹͶ ∙ ͷ = ʹͺ͸,Ͳͺ.  
 

Ɉɛɴɟɦ ɫɢɥɨɫɧɨɝɨ ɫɤɥɚɞɚ, ɦ3: 

𝑐ܸ = ʹͺ͸,Ͳͺ ˕ ≈ ͵ͺͳ,ͶͶ ɦ3. 

ɉɪɢ ɨɤɪɭɝɥɟɧɢɢ ɩɨɬɪɟɛɧɚɹ ɟɦɤɨɫɬɶ ɫɢɥɨɫɧɨɝɨ ɫɤɥɚɞɚ ɫɨɫɬɚɜɢɬ 400 ɦ3. 

3 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

3.1  Ɂɨɥɨɭɥɚɜɥɢɜɚɧɢɟ 

Ɍɚɤ ɤɚɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɛɨɥɶɲɟ 160 ɬ/ɱ ɜ ɤɚɱɟɫɬɜɟ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɡɨɥɨɭɥɚɜɥɢɜɚɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ 
ɷɥɟɤɬɪɨɮɢɥɶɬɪ.  

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɡɨɥɨɭɥɨɜɢɬɟɥɶ, ɦ3/ɫ: ܸ̂˖˘ˊ˖ = ˓ܤ ∙ ͳͲͲ − ସͳͲͲݍ ∙ ሺܸ˒ ˓ˋ˔ + ܸ̂˖˘ሻ ∙ 𝜗˖˘ + ʹ͹͵ʹ͹͵  (3.1) 

ɝɞɟ ݍସ = ͳ % – ɩɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ; ݍସ ሺ˒˅ˍሻ = ͵,ͷ % – ɩɨɬɟɪɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɉȼɄ; 𝜗˖˘ ሺ˒˅ˍሻ = ʹͷͷ °ɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɉȼɄ; 𝜗˖˘ = ͳͶͷ °ɋ – ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

ܸ̂˖˘ˊ˖ = ͹,͸ͺ ∙ ͳͲͲ − ͳͳͲͲ ∙ ሺͲ,͵ͺ + ͺ,ͻͶͺሻ ∙ ͳͶͷ + ʹ͹͵ʹ͹͵ = ͳͲͺ,ͷͳ 

ܸ̂˖˘ˊ˖ ሺ˒˅ˍሻ = ͳ,ͺ ∙ ͳͲͲ − ͵,ͷͳͲͲ ∙ ሺͲ,͵ͺ + ͺ,ͻͶͺሻ ∙ ʹͷͷ + ʹ͹͵ʹ͹͵ = ͵Ͷ,Ͳ͹. 
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ɇɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ, ɦ2: 

ܵ = ˆݓ˖ˊ˘˖ܸ̂ , (3.2) 

ɝɞɟ ݓˆ = ͳ,ͷ ˏ/˔ – ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ. 

           ܵ = ˆݓ˖ˊ˘˖ܸ̂ = ͳͲͺ,ͷͳͳ,ͷ = ͹ͳ,ͻͶ 

ɇɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɬɥɵ ɜɵɛɢɪɚɟɦ ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ ɬɢɩɚ ɗȽȺ 1-40-7,5-4-
3 (ɪɢɫɭɧɨɤ 3.1), ɧɚ ɩɢɤɨɜɵɟ ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ ɜɵɛɢɪɚɟɦ ɛɚɬɚɪɟɣɧɵɟ ɰɢɤɥɨɧɵ 
ɬɢɩɚ Ȼɐ-512-Ɋ-2-(6ɯ8) (ɪɢɫɭɧɨɤ 3.2). ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɢ 
ɛɚɬɚɪɟɣɧɨɝɨ ɰɢɤɥɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1 ɢ 3.2.  

Ɍɚɛɥɢɰɚ 3.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

ɉɥɨɳɚɞɶ ɚɤɬɢɜɧɨɝɨ ɫɟɱɟɧɢɹ, ɦ2 81,9 

Ⱥɤɬɢɜɧɚɹ ɞɥɢɧɚ ɩɨɥɹ, ɦ 2,65 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦ 
Ⱦɥɢɧɚ 
ɒɢɪɢɧɚ 
ȼɵɫɨɬɚ 

 
13,44 
12,2 
15,4 

Ɇɚɫɫɚ, ɬ 172,2 

ɋɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɝɚɡɨɜ, % 99,6 

 

 

Ɋɢɫɭɧɨɤ 3.1 – ɗɥɟɤɬɪɨɮɢɥɶɬɪ ɬɢɩɚ ɗȽȺ  
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ɗɥɟɤɬɪɨɮɢɥɶɬɪɵ ɗȽȺ (ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ A) 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɟɫɩɵɥɢɜɚɧɢɹ ɧɟɚɝɪɟɫɫɢɜɧɵɯ ɧɟɜɡɪɵɜɨɨɩɚɫɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɝɚɡɨɜ ɢ ɚɫɩɢɪɚɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɷɧɟɪɝɟɬɢɤɟ, 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɱɟɪɧɨɣ ɢ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥɭɪɝɢɢ ɢ 
ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

ɗɥɟɤɬɪɨɮɢɥɶɬɪɵ - ɨɞɧɨ- ɢɥɢ ɞɜɭɯɫɟɤɰɢɨɧɧɵɟ ɚɩɩɚɪɚɬɵ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 
ɮɨɪɦɵ; ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ - ɱɟɬɵɪɟɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ ɯɨɞɭ ɝɚɡɚ. Ʉɨɪɩɭɫɚ ɚɩɩɚɪɚɬɨɜ - ɫɬɚɥɶɧɵɟ, ɩɨɤɪɵɬɵ ɫɧɚɪɭɠɢ 
ɬɟɩɥɨɢɡɨɥɹɰɢɟɣ. 

Ⱥɤɬɢɜɧɚɹ ɡɨɧɚ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ ɫɨɫɬɨɢɬ ɢɡ ɨɫɚɞɢɬɟɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 
(ɩɥɚɫɬɢɧɱɚɬɨɝɨ ɬɢɩɚ) ɢ ɤɨɪɨɧɢɪɭɸɳɢɯ ɷɥɟɤɬɪɨɞɨɜ (ɬɪɭɛɱɚɬɵɯ ɪɚɦ, ɜ ɤɨɬɨɪɵɯ 
ɧɚɬɹɧɭɬɵ ɥɟɧɬɨɱɧɵɟ ɷɥɟɦɟɧɬɵ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɬɨɱɤɚɦɢ ɤɨɪɨɧɧɨɝɨ ɪɚɡɪɹɞɚ). 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɨɞɧɨɢɦёɧɧɵɯ ɷɥɟɤɬɪɨɞɨɜ 300 ɦɦ. ɍɞɚɥɟɧɢɟ 
ɭɥɨɜɥɟɧɧɨɣ ɩɵɥɢ ɫ ɷɥɟɤɬɪɨɞɨɜ – ɦɟɯɚɧɢɱɟɫɤɨɟ, ɩɭɬɟɦ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 
ɜɫɬɪɹɯɢɜɚɧɢɹ ɢɯ ɭɞɚɪɚɦɢ ɦɨɥɨɬɤɨɜ. 

Ɍɚɛɥɢɰɚ 3.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɚɬɚɪɟɣɧɨɝɨ ɰɢɤɥɨɧɚ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ 48 

Ʉɨɥɢɱɟɫɬɜɨ ɫɟɤɰɢɣ 2 

Ɋɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɱ 133000 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦ 
Ⱦɥɢɧɚ 
ɒɢɪɢɧɚ 
ȼɵɫɨɬɚ 

 
6050 
6450 
6470 

Ɇɚɫɫɚ, ɤɝ 31400 

ɋɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɝɚɡɨɜ, % 94 
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Ɋɢɫɭɧɨɤ 3.2 – Ȼɚɬɚɪɟɣɧɵɣ ɰɢɤɥɨɧ ɬɢɩɚ Ȼɐ-512 

ɐɢɤɥɨɧɵ Ȼɐ - 512 ɫɨɫɬɨɹɬ ɢɡ ɫɟɤɰɢɢ ɷɥɟɦɟɧɬɨɜ ɰɢɤɥɨɧɧɵɯ, ɩɟɪɟɤɪɵɬɢɣ, 
ɩɚɧɟɥɟɣ, ɛɭɧɤɟɪɚ ɫ ɪɚɦɨɣ, ɮɥɚɧɰɟɜ. ɐɢɤɥɨɧɵ ɦɨɝɭɬ ɨɫɧɚɳɚɬɶɫɹ ɷɥɟɦɟɧɬɨɦ 
ɨɬɫɨɫɚ (ɫɢɫɬɟɦɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ), ɧɚɩɪɚɜɥɹɸɳɟɣ 10 % ɝɚɡɨɜ ɢɡ ɛɭɧɤɟɪɚ ɧɚ ɜɯɨɞ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɫɨ ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ 94 % ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 1300 
ɉɚ, ɜ ɧɚɢɦɟɧɨɜɚɧɢɢ ɬɚɤɢɯ ɰɢɤɥɨɧɨɜ ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɭɤɜɚ "Ɋ". Ɂɨɥɨɭɥɨɜɢɬɟɥɢ ɛɟɡ 
ɷɥɟɦɟɧɬɚ ɨɬɫɨɫɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɱɢɫɬɤɭ 92 % ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
1100 ɉɚ. 

ɐɢɤɥɨɧ Ȼɐ - 512 ɤɨɦɩɨɧɭɟɬɫɹ ɢɡ ɛɚɬɚɪɟɣ ɰɢɤɥɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɢɚɦɟɬɪɨɦ 
512 ɦɦ, ɩɨɜɵɲɟɧɧɵɣ ɞɢɚɦɟɬɪ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ 
ɡɨɥɨɭɥɨɜɢɬɟɥɹ ɩɪɢ ɭɥɚɜɥɢɜɚɧɢɢ ɫɥɢɩɚɸɳɢɯɫɹ ɡɨɥ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɚɛɨɬɟ ɤɨɬɥɨɜ ɧɚ 
ɦɧɨɝɨɡɨɥɶɧɵɯ ɬɨɩɥɢɜɚɯ. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɯɨɞ ɥɟɬɭɱɟɣ ɡɨɥɵ ɧɚ ɜɯɨɞɟ ɜ ɷɥɟɤɬɪɨɮɢɥɶɬɪ, ɤɝ/ɱ: ܯˊˑˎ˅˘ = Ͳ,Ͳͳ ∙ ˓ܤ ∙ ܽ˖ː ∙ ˓ܣ + Ͳ,Ͳͳ ∙ ˓ܤ ∙ ସݍ ܳː˓͵ʹ͹ͲͲ, (3.3) 

ɝɞɟ ܽ˖ː = Ͳ,ͻͷ – ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ; ܽ˖ː ሺ˒˅ˍሻ = Ͳ,Ͳ͹ͷ – ɞɨɥɹ ɡɨɥɵ, ɭɧɨɫɢɦɚɹ ɝɚɡɚɦɢ; ܣ˓ = ͳͶ % - ɡɨɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ. ܯˊˑˎ˅˘ = Ͳ,Ͳͳ ∙ ͹,͸ͺ ∙ ͵͸ͲͲ ∙ Ͳ,ͻͷ ∙ ͳͶ + Ͳ,Ͳͳ ∙ ͹,͸ͺ ∙ ͵͸ͲͲ ∙ ͳ ∙ ʹ͵ʹ͸Ͳ͵ʹ͹ͲͲ == ͵ͺ͹͹,ͺ͸ ܯˊˑˎ ሺ˒˅ˍሻ˅˘ = Ͳ,Ͳͳ ∙ ͳ,ͺ ∙ ͵͸ͲͲ ∙ Ͳ,Ͳ͹ͷ ∙ ͳͶ + Ͳ,Ͳͳ ∙ ͳ,ͺ ∙ ͵͸ͲͲ ∙ ͳ ∙ ʹ͵ʹ͸Ͳ͵ʹ͹ͲͲ == ʹʹͻ,͵͸. 
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Ʉɨɥɢɱɟɫɬɜɨ ɥɟɬɭɱɟɣ ɡɨɥɵ, ɤɝ/ɱ, ɜɵɛɪɚɫɵɜɚɟɦɨɣ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ ɨɞɧɢɦ 
ɤɨɬɥɨɦ: ܯˊˑˎ˅ы˘ = ሺܯˊˑˎ˅˘ ∙ ͳͲͲ − 𝜂ˊ˖ͳͲͲ ሻ, (3.4) 

ɝɞɟ 𝜂ˊ˖ = ͻͻ,͸ % - ɄɉȾ ɡɨɥɨɭɥɨɜɢɬɟɥɹ; 𝜂ˊʐ̟ʥ = ͻͶ % - ɄɉȾ ɛɚɬɚɪɟɣɧɨɝɨ ɰɢɤɥɨɧɚ. ܯˊˑˎ˅ы˘ = ሺ͵ͺ͹͹,ͺ͸ ∙ ͳͲͲ − ͻͻ,͸ͳͲͲ ሻ = ͳͷ,ͷͳͳ 

˘ˑˎ ሺ˒˅ˍሻ˅ыˊܯ = ሺʹʹͻ,͵͸ ∙ ͳͲͲ − ͻͶͳͲͲ ሻ = ͳ͵,͹͸. 
 

 

3.2    Ɉɩɪɟɞɟɥɟɧɢɟ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 

ȼɵɛɪɨɫ ɡɨɥɵ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɝ/ɫ, ɫ ɭɱɟɬɨɦ ɭɥɚɜɥɢɜɚɧɢɹ ɟɟ 
ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ˊܯ = ͳͲଷ ∙ ܽ˖ː ∙ ˓ܣ + ସݍ ܳː˓͵ʹ,͹ͳͲͲ ∙ ܤ ∙ ݊ ∙ (ͳ − 𝜂ˊ˖),  

(3.5) 

ˊܯ = ͳͲଷ ∙ Ͳ,ͻͷ ∙ ͳͶ + ͳ ∙ ʹ͵,ʹ͸͵ʹ,͹ͳͲͲ ∙ ͹,͸ͺ ∙ ʹ ∙ ሺͳ − Ͳ,ͻͻ͸ሻ = ʹͳ,Ͷͺ 

ሺ˒˅ˍሻ ˊܯ = ͳͲଷ ∙ Ͳ,Ͳ͹ͷ ∙ ͳͶ + ͳ ∙ ʹ͵,ʹ͸͵ʹ,͹ͳͲͲ ∙ ͳ,ͺ ∙ Ͷ ∙ ሺͳ − Ͳ,ͻͶሻ = ͷ,͵Ͷ. 
 

ɇɚɣɞɟɦ ɜɵɛɪɨɫ ɡɨɥɵ ɫ ɭɱɟɬɨɦ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ F, ɤɨɬɨɪɵɣ 
ɭɱɢɬɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ. Ⱦɥɹ ɡɨɥɵ ܨ = ˊܯ :ʹ = ʹͳ,Ͷͺ ∙ ʹ = Ͷʹ,ͻ͹ ɝ/ɫ ܯˊ ሺ˒˅ˍሻ = ͷ,͵Ͷ ∙ ʹ = ͳͲ,͸ͺ ɝ/ɫ. 

ɋɭɦɦɚɪɧɵɟ ɜɵɛɪɨɫɵ ɡɨɥɵ, ɝ/ɫ: ܯˊ̝˖ˏ = ˊܯ + ሺ˒˅ˍሻ ˊܯ = Ͷʹ,ͻ͹ + ͳͲ,͸ͺ = ͷ͵,͸͸. (3.6) 
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Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ, ɝ/ɫ: 

ௌைଶܯ = ʹ ∙ ͳͲଷ ∙ ܵ˓ͳͲͲ ∙ ܤ ∙ ݊ ∙ ሺͳ − 𝜂ௌைଶ′ ሻ ∙ ሺͳ − 𝜂ௌைଶ′′ ሻ, (3.7) 

 
ɝɞɟ ݊ − ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɥɨɜ; 𝜂ௌைଶ′ = Ͳ,ͳ – ɞɨɥɹ ɨɤɢɫɥɨɜ ɫɟɪɵ, ɭɥɚɜɥɢɜɚɟɦɵɯ ɥɟɬɭɱɟɣ ɡɨɥɨɣ ɜ ɝɚɡɨɯɨɞɚɯ 
ɤɨɬɥɚ; 𝜂ௌைଶ′′ = Ͳ – ɞɨɥɹ ɨɤɢɫɥɨɜ ɫɟɪɵ, ɭɥɚɜɥɢɜɚɟɦɵɯ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɟ. ܯௌைଶ = ʹ ∙ ͳͲଷ ∙ Ͳ,ͶͳͲͲ ∙ ͹,͸ͺ ∙ ʹ ∙ ሺͳ − Ͳ,ͳሻ ∙ ሺͳ − Ͳሻ = ͳͳͲ,͹ 

ௌைଶ ሺ˒˅ˍሻܯ = ʹ ∙ ͳͲଷ ∙ Ͳ,ͶͳͲͲ ∙ ͳ,ͺ ∙ Ͷ ∙ ሺͳ − Ͳ,ͳሻ ∙ ሺͳ − Ͳሻ = ͷͳ,ͺͶ. 
 

ɋɭɦɦɚɪɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ, ɝ/ɫ: ܯௌைଶ˔˖ˏ = ௌைଶܯ + ௌைଶ ሺ˒˅ˍሻܯ = ͳͳͲ,͹ + ͷͳ,ͺͶ = ͳ͸ʹ,ͷͶ. (3.8) 

Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ NO2, ɝ/ɫ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

ேைమܯ = Ͳ,Ͳ͵Ͷ ∙ ଵߚ ∙ 𝐾 ∙ ܤ ∙ ݊ ∙ ܳː˓ ∙ ቀͳ − ସͳͲͲቁݍ ∙ ሺͳ − ଶߚ ∙ ሻݎ ∙  ଷ, (3.9)ߚ

ɝɞɟ ߚଵ = ͳ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ 
ɧɚ ɜɵɯɨɞ ɨɤɢɫɥɨɜ ɚɡɨɬɚ ɤɚɱɟɫɬɜɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛɚ 
ɲɥɚɤɨɡɨɥɨɭɞɚɥɟɧɢɹ; 𝐾 = ͳʹ ∙ ˈ˒ܦ ʹͲͲ + ⁄ˈ˒ܦ = ͳʹ ∙ ʹʹ͹,ͻ ʹͲͲ + ʹʹ͹,ͻ⁄ = ͸,Ͷ – ɤɨɷɮɮɢɰɢɟɧɬ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɵɯɨɞ ɨɤɢɫɥɨɜ ɚɡɨɬɚ ɧɚ 1 ɬ ɫɨɠɠɟɧɧɨɝɨ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, 
ɤɝ/ɬ; 

ଶߚ  = Ͳ,ͲͲͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ 
ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɝɚɡɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɨɞɚɱɢ ɢɯ ɜ ɬɨɩɤɭ; ߚଷ = Ͳ,ͺͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɧɫɬɪɭɤɰɢɸ ɝɨɪɟɥɨɤ; ݎ = ͳͲ % - ɫɬɟɩɟɧɶ ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɬ ɪɚɫɯɨɞɚ ɞɭɬɶɟɜɨɝɨ 
ɜɨɡɞɭɯɚ. ܯேைమ = Ͳ,Ͳ͵Ͷ ∙ ͳ ∙ ͸,Ͷ ∙ ͹,͸ͺ ∙ ʹ ∙ ʹ͵,ʹ͸ ∙ (ͳ − ͳͳͲͲ) ∙ ሺͳ − Ͳ,ͲͲͷ ∙ ͳͲሻ ∙ Ͳ,ͺͷ= ͻ͵,ͳͻ. 
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Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɞɥɹ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ 
NO2, ɝ/ɫ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ேைమ ሺ˒˅ˍሻܯ = ˍ˅˒ܤ ∙ ቀͳ − ସͳͲͲቁݍ ∙ ݊ ∙ ܳː˓ ∙ 𝐾ேைଶ˕ ∙ 𝑟ߚ , (3.10) 

ɝɞɟ 𝐾ேைଶ˕  – ɭɞɟɥɶɧɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɥɨɟɜɨɦ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɨɝɨ 
ɬɨɩɥɢɜɚ, ɝ/ɆȾɠ; ߚ𝑟 – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɨɞɚɜɚɟɦɵɯ ɜ ɫɦɟɫɢ ɫ ɞɭɬɶɟɜɵɦ ɜɨɡɞɭɯɨɦ ɩɨɞ ɤɨɥɨɫɧɢɤɨɜɭɸ 
ɪɟɲɟɬɤɭ, ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ߚ𝑟 = ͳ − Ͳ,Ͳ͹ͷ ∙ ݎ ,ݎ√ = ͳͲ % - ɫɬɟɩɟɧɶ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ. ߚ𝑟 = ͳ − Ͳ,Ͳ͹ͷ ∙ √ͳͲ = Ͳ,͹͸͵. 

ɍɞɟɥɶɧɵɣ ɜɵɛɪɨɫ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɩɪɢ ɫɥɨɟɜɨɦ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, 
ɝ/ɆȾɠ: 𝐾ேைଶ˕ = Ͳ,͵ͷ ∙ ͳͲ−ଷ ∙ ˕ߙ ∙ (ͳ + ͷ,Ͷ͸ ∙ ͳͲͲ − ܴ଺ͳͲͲ ) ∙ √ܳː˓ ∙ 𝑟రݍ , (3.11) 

ɝɞɟ ܴ଺ = ʹͷ % - ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɭɝɥɹ – ɨɫɬɚɬɨɤ ɧɚ 
ɫɢɬɟ ɫ ɪɚɡɦɟɪɨɦ ɹɱɟɟɤ 6 ɦɦ; ݍ𝑟 = ͳ,͹ – ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɡɟɪɤɚɥɚ ɝɨɪɟɧɢɹ, Ɇȼɬ/ɦ2. 𝐾ேைଶ˕ = Ͳ,͵ͷ ∙ ͳͲ−ଷ ∙ ͳ,͵ ∙ (ͳ + ͷ,Ͷ͸ ∙ ͳͲͲ − ʹͷͳͲͲ ) ∙ √ʹ͵,ʹ͸ ∙ ͳ,͹ర = Ͳ,ͲͲ͸. 

ேைమ ሺ˒˅ˍሻܯ = ͳ,ͺ ∙ (ͳ − ͵,ͷͳͲͲ) ∙ Ͷ ∙ ʹ͵,ʹ͸ ∙ Ͳ,ͲͲ͸ ∙ Ͳ,͹͸͵ = Ͳ,͹Ͷ͵. 
Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɫɟɪɵ ɫɨ ɜɫɟɯ ɤɨɬɥɨɜ, ɝ/ɫ: ܯேைమ˔˖ˏ = ேைమܯ + ேைమ ሺ˒˅ˍሻܯ = ͻ͵,ͳͻ + Ͳ,͹Ͷ͵ = ͻ͵,ͻ͵. 
Ɇɚɫɫɨɜɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɭɝɥɟɪɨɞɚ ɞɥɹ ɜɨɞɨɝɪɟɣɧɨɝɨ ɤɨɬɥɚ, ɝ/ɫ, 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

஼ைܯ = ˍ˅˒ܤ ∙ ቀͳ − ସͳͲͲቁݍ ∙ ݊ ∙ ஼ைܥ , (3.12) 

ɝɞɟ ܥ஼ை – ɜɵɯɨɞ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ, ɝ/ɤɝ; ܤ˒˅ˍ = ͳ,ͺ – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɢɤɨɜɵɦ ɜɨɞɨɝɪɟɣɧɵɦ ɤɨɬɥɨɦ, ɤɝ/ɫ. 
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ȼɵɯɨɞ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ, ɝ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ ܥ஼ை = ଷݍ ∙ ܴ ∙ ܳː˓ , (3.13) 

ɝɞɟ ݍଷ = Ͳ,͸ – ɩɨɬɟɪɢ ɬɟɩɥɚ ɜɫɥɟɞɫɬɜɢɟ ɯɢɦɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, %; ܴ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɥɸ ɩɨɬɟɪɢ ɬɟɩɥɚ ɜɫɥɟɞɫɬɜɢɟ 
ɯɢɦɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɧɚɥɢɱɢɟɦ ɜ ɩɪɨɞɭɤɬɚɯ 
ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. ܥ஼ை = Ͳ,͸ ∙ ͳ ∙ ʹ͵,ʹ͸ = ͳ͵,ͻͷ͸.  

஼ைܯ = ͳ,ͺ ∙ (ͳ − ͵,ͷͳͲͲ) ∙ Ͷ ∙ ͳ͵,ͻͷ͸ = ͻ͸,ͻ͸. 
 

ɋɭɦɦɚɪɧɵɟ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɱɟɪɟɡ ɞɵɦɨɜɭɸ ɬɪɭɛɭ, ɝ/ɫ: 

ܯ = ˏ˖̝ˊܯ + ˏ˖˔ௌைଶܯ + ʞДКௌைమʞДКேைమ ∙ ˏ˖˔ேைమܯ + ʞДКௌைమʞДК஼ை ∙   ,஼ைܯ
(3.14) 

ܯ = ͷ͵,͸͸ + ͳ͸ʹ,ͷͶ + Ͳ,ͷͲ,Ͳͺͷ ∙ ͻ͵,ͻ͵ + Ͳ,ͷͷ ∙ ͻ͸,ͻ͸ = ͹͹ͺ,͵ͻ. 
ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɚ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ 

ɫɟɪɵ. Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɫɭɬɨɱɧɵɯ ɉȾɄ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɹɜɥɹɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ ɜɪɟɞɧɨɫɬɶ ɡɨɥɵ, ɨɤɫɢɞɨɜ ɭɝɥɟɪɨɞɚ ɢ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤɫɢɞɚɦɢ ɫɟɪɵ. 

3.3 ȼɵɛɨɪ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 

Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ, ɦ: 

ܪ = ܣ√ ∙ ܯ ∙ ݉ʞДКௌைమ ∙ √ ܼܸ̂ ∙ ∆𝑡య ,  

(3.15) 

ɝɞɟ ܣ = ʹͲͲ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɥɨɜɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɪɢɦɟɫɢ ɜ ɜɨɡɞɭɯɟ; 
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݉ – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɜɵɯɨɞɚ 
ɝɚɡɨɜ ݓ଴ ɢɡ ɭɫɬɶɹ ɬɪɭɛɵ. Ɂɚɞɚɞɢɦɫɹ ݉ = ͳ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɬɨɱɧɟɧɢɟɦ; ܼ = ͳ – ɤɨɥɢɱɟɫɬɜɨ ɞɵɦɨɜɵɯ ɬɪɭɛ; ܸ̂ = ͵ͷ͵,ͶͶ ɦ3/ɫ – ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɭɞɚɥɹɟɦɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɪɭɛɭ; ∆𝑡 = ͳͺ͹,Ͷͳ °ɋ – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɜɵɯɨɞɹɳɢɯ ɢɡ ɬɪɭɛɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 
ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. 

ܪ = √ʹͲͲ ∙ ͹͹ͺ,͵ͻ ∙ ͳͲ,ͷ ∙ √ ͳ͵ͷ͵,ͶͶ ∙ ͳͺ͹,Ͷͳయ = ͺ͹,ͳ͹.  

 

ɉɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɬɪɭɛɵ ɪɚɜɧɭɸ ܪ = ͳʹͲ ɦ. Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɦ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

ɋɤɨɪɨɫɬɶ ɝɚɡɨɜ ɜ ɭɫɬɶɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦ/ɫ: 

଴ݓ = ͵ ∙ ߨܸ̂ ∙  ଶ,       (3.16)ܦ

ɝɞɟ ܦ = ͵,͸ ɦ – ɞɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

଴ݓ = ͵ͷ͵,ͶͶ͵,ͳͶ ∙ ͵,͸ଶ = ͺ,͸ͺ.    

݂ = ͳͲଷ ∙ ଴ݓ ∙ 𝑡∆ܦ ∙ ଶܪ , (3.17) 

݂ = ͳͲଷ ∙ ͺ,͸ͺ ∙ ͵,͸ͳͺ͹,Ͷͳ ∙ ͳʹͲଶ = Ͳ,Ͳͳʹ.  

 

Ʉɨɷɮɮɢɰɢɟɧɬ m ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ f: 

݉ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √݂ + Ͳ,͵Ͷ ∙ √݂య , (3.18) 

݉ = ͳͲ,͸͹ + Ͳ,ͳ ∙ √Ͳ,Ͳͳʹ + Ͳ,͵Ͷ ∙ √Ͳ,Ͳͳʹయ = ͳ,͵ʹ.  

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɢɡ 
ɞɵɦɨɜɨɣ ɬɪɭɛɵ, ɦɝ/ɦ3: 
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௠𝑎𝑥ܥ = ܣ ∙ ܯ ∙ ଶܪ݉ ∙ ܼ√ܸ̂ ∙ ∆𝑡య , (3.19) 

௠𝑎𝑥ܥ = ʹͲͲ ∙ ͹͹ͺ,͵ͻ ∙ ͳ,͵ͳʹͲଶ ∙ ͳ√͵ͷ͵,ͶͶ ∙ ͳͺ͹,Ͷͳయ = Ͳ,͵Ͷͺ. 
௠𝑎𝑥ܥ < ʞДКௌைమ, ɩɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 120 ɦ, ɢɡɝɨɬɚɜɥɢɜɚɟɦ 

ɬɪɭɛɭ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɚ. 

ɗɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɜɵɛɪɨɫɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ ɬɪɭɛɵ ɢ ɜɵɫɨɬɵ ɩɨɞɴɟɦɚ ɮɚɤɟɥɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ: 

˗эܪ = ܪ + ͳ,ͻ ∙ ܦ ∙ ݒ଴ݓ ∙ 𝜑 ,   
(3.20) 

ɝɞɟ ݒ = ͷ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɡɟɦɥɢ; 𝜑 = ͳ,ͷͶ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɫ 
ɜɵɫɨɬɨɣ ɬɪɭɛɵ. ܪэ˗ = ͳʹͲ + ͳ,ͻ ∙ ͵,͸ ∙ ͺ,͸ͺͷ ∙ ͳ,ͷͶ = ͳʹ͹,͹ͳ ˏ.    

4 Ɉɛɳɚɹ ɱɚɫɬɶ 

4.1    Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ 

Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ – ɷɬɨ 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 ɜ ɤɨɬɨɪɨɦ ɪɚɡɦɟɳɚɟɬɫɹ 
ɬɭɪɛɢɧɧɨɟ ɢ ɤɨɬɟɥɶɧɨɟ ɨɬɞɟɥɟɧɢɹ, ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɞɟɚɷɪɚɬɨɪɨɜ, ɳɢɬɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ; ɬɨɩɥɢɜɨɩɨɞɚɱɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 
ɪɚɡɦɨɪɚɠɢɜɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɜɟɫɨɜ ɬɟɧɞɟɪɧɵɯ, ɪɚɡɝɪɭɡɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 
ɞɪɨɛɢɥɶɧɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɷɫɬɚɤɚɞ ɞɥɹ ɥɟɧɬɨɱɧɵɯ ɬɪɚɧɫɩɨɪɬɟɪɨɜ; ɫɤɥɚɞɵ 
ɬɨɩɥɢɜɚ; ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, 
ɩɨɜɵɲɚɸɳɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɵɱɧɨɝɨ 
ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ (ɈɊɍ); ɞɵɦɨɜɨɣ ɬɪɭɛɵ; ɯɢɦɜɨɞɨɨɱɢɫɬɤɚ; ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ; ɫɢɫɬɟɦɚ ɡɨɥɨ- ɢ ɲɥɚɤɨɭɞɚɥɟɧɢɹ; ɦɚɡɭɬɧɨɟ ɯɨɡɹɣɫɬɜɨ; ɡɞɚɧɢɹ ɢ 
ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɫɨɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ – ɦɚɫɬɟɪɫɤɢɟ, ɫɤɥɚɞɵ, ɝɚɪɚɠ, ɚ ɬɚɤɠɟ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ, ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ, ɭɫɬɪɨɣɫɬɜɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, 
ɤɚɧɚɥɢɡɚɰɢɢ. 



69 
 

ȼɫɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ ɪɚɡɦɟɳɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɩɪɟɞɟɥɚɯ ɨɫɧɨɜɧɨɣ 
ɨɝɪɚɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼɧɟ ɨɫɧɨɜɧɨɣ ɨɝɪɚɞɵ ɪɚɡɦɟɳɚɸɬɫɹ ɡɨɥɨɨɬɜɚɥɵ, ɚ ɬɚɤɠɟ 
ɪɹɞ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ. Ƚɟɧɟɪɚɥɶɧɵɣ ɩɥɚɧ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ 
ɱɚɫɬɢ 2. 

 Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

ȼ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ Ɍɗɐ ɪɚɡɦɟɳɚɟɬɫɹ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. ȼ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɩɨɞɚɸɬɫɹ ɬɨɩɥɢɜɨ, ɩɨɞɥɟɠɚɳɟɟ 
ɫɠɢɝɚɧɢɸ, ɯɨɥɨɞɧɚɹ ɜɨɞɚ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɩɚɪɚ ɬɭɪɛɢɧ ɢ ɞɪɭɝɢɯ 
ɰɟɥɟɣ.  

ɂɡ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɨɬɜɨɞɹɬɫɹ ɬɟɩɥɚɹ ɜɨɞɚ ɩɨɫɥɟ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɞɵɦɨɜɵɟ 
ɝɚɡɵ, ɲɥɚɤ, ɡɨɥɚ, ɚ ɬɚɤɠɟ ɝɨɬɨɜɚɹ ɩɪɨɞɭɤɰɢɹ ɜ ɜɢɞɟ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ. ȼ ɝɥɚɜɧɨɦ ɤɨɪɩɭɫɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɨɟ ɢ 
ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ.  

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: ɨɬ ɜɢɞɚ 
ɬɨɩɥɢɜɚ, ɫɩɨɫɨɛɚ ɟɝɨ ɩɨɞɚɱɢ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɬɚɧɰɢɸ, ɬɢɩɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
(Ʉɗɋ ɢɥɢ Ɍɗɐ), ɬɢɩɚ ɢ ɱɢɫɥɚ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɢ ɤɨɬɥɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɣɨɧɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 
ɫɬɚɧɰɢɢ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ 3. 

 Ɋɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 

ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɶɸ ɜ ɩɪɨɰɟɧɬɧɨɦ 
ɫɨɨɬɧɨɲɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 4.1. 

Ɍɚɛɥɢɰɚ 4.1- ɉɨɬɪɟɛɢɬɟɥɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ Ɍɗɐ 

ɉɨɬɪɟɛɢɬɟɥɢ Ɋɚɫɯɨɞ, % 
Ʉɨɧɞɟɧɫɚɰɢɹ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ 100 
Ɉɯɥɚɠɞɟɧɢɟ ɜɨɞɨɪɨɞɚ, ɜɨɡɞɭɯɚ, ɫɬɚɬɨɪɚ 
ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɢ ɤɪɭɩɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

3 

Ɉɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ 1,7 
Ɉɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 0,8 
ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɢ ɭɬɟɱɟɤ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɢ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 

0,1 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɤɨɧɞɟɧɫɚɰɢɸ ɩɚɪɚ ɨɞɧɨɣ ɬɭɪɛɢɧɵ, ɦ3/ɱ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 
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˅ˑܩ  = ˍܦ ∙ 𝑡∆ݎ ∙ ܿ˅ ∙ ͵,͸, (4.1) 

ɝɞɟ ܦˍ = ʹͲ,ͶͶͷ ɤɝ/ɫ – ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ; ݎ = ʹͶ͵͹,͹͵ͺ ɤȾɠ/ɤɝ – ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪɟ ̱ܲ = Ͳ,ͲͲ͵ͷ Ɇɉɚ; ∆𝑡 = ͻ °C – ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɧɚɱɚɥɶɧɨɣ ɢ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɨɯɥɚɠɞɚɸɳɟɣ 
ɜɨɞɵ; ܿ˅ = Ͷ,ͳͺ͸ ɤȾɠ/(ɤɝ·°ɋ) – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ.  

˅ˑܩ  = ʹͲ,ͶͶͷ ∙ ʹͶ͵͹,͹͵ͺͻ ∙ Ͷ,ͳͺ͸ ∙ ͵,͸ = ͷ͹͸ʹ,Ͷ͹. 
Ɍɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɤɨɧɞɟɧɫɚɰɢɸ ɩɚɪɚ ɞɜɭɯ ɬɭɪɛɢɧ 

ɫɨɫɬɚɜɢɬ 11524,95 ɦ3/ɱ. 

ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɨɪɨɞɚ, ɜɨɡɞɭɯɚ, ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ ɢ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɦ3/ɱ: ܩ˅ˑˇ  = Ͳ,Ͳ͵ ∙ ˅ˑܩ = Ͳ,Ͳ͵ ∙ ͳͳͷʹͶ,ͻͷ = ͵Ͷͷ,͹Ͷ. (4.2) 

ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ, 
ɦ3/ɱ: ܩˏ˃˔  = Ͳ,Ͳͳ͹ ∙ ˅ˑܩ = Ͳ,Ͳͳ͹ ∙ ͳͳͷʹͶ,ͻͷ = ͳͻͷ,ͻʹ. (4.3) 

ȼɨɞɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɦ3/ɱ: ܩ˒ˑˇ  = Ͳ,ͲͲͺ ∙ ˅ˑܩ = Ͳ,ͲͲͺ ∙ ͳͳͷʹͶ,ͻͷ = ͻʹ,ͳͻ. (4.4) 

ȼɨɞɚ ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɢ ɭɬɟɱɟɤ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɢ ɬɟɩɥɨɜɵɯ 
ɫɟɬɟɣ, ɦ3/ɱ: ܩ˒ˑ˕  = Ͳ,ͲͲͳ ∙ ˅ˑܩ = Ͳ,ͲͲͳ ∙ ͳͳͷʹͶ,ͻͷ = ͳͳ,ͷʹ. (4.5) 

ɋɭɦɦɚɪɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɫɨɫɬɚɜɢɬ, ɦ3/ɱ: ܩ˔˖ˏˏ  = ˅ˑܩ + ˇˑ˅ܩ + ˔˃ˏܩ + ˇˑ˒ܩ + ˏˏ˖˔ܩ ˑ˕, (4.6)˒ܩ  = ͳͳͷʹͶ,ͻͷ + ͵Ͷͷ,͹Ͷ + ͳͻͷ,ͻʹ + ͻʹ,ͳͻ + ͳͳ,ͷʹ = ͳʹͳ͹Ͳ,͵ʹ. 
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 Ɍɟɯɧɢɱɟɫɤɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɤɪɭɩɧɵɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ 
ɜɨɞɵ. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ ɧɚ Ɍɗɋ ɬɪɟɛɭɟɬɫɹ ɞɥɹ 
ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɬɭɪɛɢɧ. ɋ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ 
ɨɛɨɪɨɬɧɨɣ ɜɨɞɨɣ, ɨɯɥɚɠɞɚɟɦɨɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɚ ɝɪɚɞɢɪɧɹɯ.  

ȼ ɦɟɫɬɧɨɫɬɹɯ ɫ ɧɟɞɨɫɬɚɬɤɨɦ ɜɨɞɵ ɞɚɠɟ ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɛɟɡɜɨɡɜɪɚɬɧɵɯ 
ɩɨɬɟɪɶ ɧɚ ɢɫɩɚɪɟɧɢɟ ɢ ɤɚɩɟɥɶɧɵɣ ɭɧɨɫ ɩɪɢ ɨɛɵɱɧɵɯ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɛɚɲɟɧɧɵɯ 
ɝɪɚɞɢɪɧɹɯ, ɚ ɬɚɤɠɟ ɜ ɨɫɨɛɵɯ ɫɥɭɱɚɹɯ ɩɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɫɨɨɛɪɚɠɟɧɢɹɦ ɩɪɢɦɟɧɹɸɬɫɹ ɛɚɲɟɧɧɵɟ ɪɚɞɢɚɬɨɪɧɵɟ ɝɪɚɞɢɪɧɢ, 
ɱɬɨ ɞɟɥɚɟɬ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɡɚɤɪɵɬɵɦɢ. ɉɪɢ ɧɚɞɥɟɠɚɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 
ɩɨɞɞɟɪɠɚɧɢɢ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɝɪɚɞɢɪɟɧ ɧɟ ɨɤɚɡɵɜɚɸɬ 
ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɨɫɬɨɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢɦɟɧɟɧɢɟ 
ɝɪɚɞɢɪɟɧ ɜ ɫɨɫɬɚɜɟ ɨɯɥɚɠɞɚɸɳɢɯ ɫɢɫɬɟɦ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɤɨɧɨɦɢɸ ɩɪɢɪɨɞɧɨɣ ɜɨɞɵ ɜ 25-50 ɪɚɡ ɩɨ 40 ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɪɹɦɨɬɨɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɢ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɬɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɨɟɦɨɜ.  

Ƚɪɚɞɢɪɧɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɲɧɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ. ȼ ɧɢɠɧɟɣ 
ɱɚɫɬɢ ɫ ɛɨɥɶɲɢɦɢ ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ ɢ ɜɵɫɨɬɨɣ 10-40 ɦ ɪɚɡɦɟɳɚɟɬɫɹ 
ɨɪɨɫɢɬɟɥɶɧɨɟ ɜɨɞɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. ȼɟɪɯɧɹɹ ɱɚɫɬɶ ɦɟɧɶɲɟɝɨ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɥɭɠɢɬ ɜɵɬɹɠɧɨɣ ɬɪɭɛɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɹɝɭ ɜɨɡɞɭɯɚ, 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ. ɋɯɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɥɢɫɬɟ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ 4. 

Ɍɢɩɨɜɚɹ ɛɚɲɟɧɧɚɹ ɝɪɚɞɢɪɧɹ Ɍɗɐ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

 

1- ɜɵɬɹɠɧɚɹ ɛɚɲɧɹ; 2- ɜɨɞɨɭɥɨɜɢɬɟɥɶ; 3- ɜɨɞɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ; 4- ɨɪɨɫɢɬɟɥɶ; 
ɜɨɡɞɭɯɨɪɟɝɭɥɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 6- ɜɨɞɨɫɛɪɨɫɧɨɣ ɛɚɫɫɟɣɧ; 7- ɧɟɫɭɳɢɣ ɨɩɨɪɧɵɣ ɤɚɪɤɚɫ 

Ɋɢɫɭɧɨɤ 4.1- Ɍɢɩɨɜɚɹ ɛɚɲɟɧɧɚɹ ɝɪɚɞɢɪɧɹ 
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ɇɚ ɭɪɨɜɧɟ ɜɟɪɯɧɟɣ ɩɥɨɫɤɨɫɬɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɝɪɚɞɢɪɧɢ ɧɚ ɜɵɫɨɬɟ 10-40 ɦ ɨɬ 
ɭɪɨɜɧɹ ɡɟɦɥɢ ɩɨɞɚɟɬɫɹ ɨɯɥɚɠɞɚɟɦɚɹ ɜɨɞɚ. ɉɨ ɫɢɫɬɟɦɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɥɨɬɤɨɜ 
ɜɨɞɚ ɪɚɫɬɟɤɚɟɬɫɹ ɨɬ ɰɟɧɬɪɚ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɜ ɥɨɬɤɚɯ 
ɦɟɥɤɢɦɢ ɫɬɪɭɣɤɚɦɢ ɩɚɞɚɟɬ, ɩɨɩɚɞɚɹ ɧɚ ɫɩɟɰɢɚɥɶɧɵɟ ɪɨɡɟɬɤɢ ɞɥɹ ɪɚɡɞɪɨɛɥɟɧɢɹ ɜ 
ɦɟɥɤɢɟ ɛɪɵɡɝɢ. ɇɚɜɫɬɪɟɱɭ ɩɨɬɨɤɭ ɜɨɞɵ ɛɥɚɝɨɞɚɪɹ ɬɹɝɭ, ɫɨɡɞɚɜɚɟɦɨɣ ɛɚɲɧɟɣ, 
ɩɪɨɫɚɫɵɜɚɟɬɫɹ ɨɯɥɚɠɞɚɸɳɢɣ ɜɨɡɞɭɯ. ȼ ɬɚɤɢɯ ɝɪɚɞɢɪɧɹɯ ɨɯɥɚɠɞɟɧɢɟ ɜɨɞɵ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɚɩɥɹɯ, ɩɨɷɬɨɦɭ ɢɯ ɧɚɡɵɜɚɸɬ ɤɚɩɟɥɶɧɵɦɢ.  

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɚɞɢɪɟɧ ɫɥɟɞɭɸɳɢɟ:  

 ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ܩ ሺ˕/˚ሻ ɨɯɥɚɠɞɚɟɦɨɣ ɜɨɞɵ, ɢɧɨɝɞɚ ɷɬɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɧɚɡɵɜɚɸɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɝɪɚɞɢɪɧɢ. 

 ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ܳ = ܩ ∙ ܿ ∙ ሺ𝑡ଶ − 𝑡ଵሻ ɤȼɬ, ɝɞɟ 𝑡ଶ ɢ 𝑡ଵ- ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ, ℃; ܿ — ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɜɨɞɵ, ˍДˉ/ ሺˍˆ ∙  °ʠሻ.  

 ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ ܨ/ܩ, ˏଷ/ሺ ˏଷ ∙ ˚ሻ, ɝɞɟ ܨ — ɩɥɨɳɚɞɶ ɨɪɨɫɢɬɟɥɹ, 
ɹɜɥɹɸɳɚɹɫɹ ɨɫɧɨɜɧɨɣ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɝɪɚɞɢɪɧɢ. 

ɇɚɣɞɟɦ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɝɪɚɞɢɪɧɢ. Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ 
ɤɚɩɟɥɶɧɨ-ɩɥɟɧɨɱɧɵɯ ɝɪɚɞɢɪɟɧ ሺ𝑡ଶ − 𝑡ଵሻ  =  ͸ −  ͳʹ℃: ܳ = ܩ ∙ ܿ ∙ ሺ𝑡ଶ − 𝑡ଵሻ, (4.7) 

ɝɞɟ ܩ = ͳ͸ͲͲͲ ˕/˚ - ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɧɚ ɬɭɪɛɢɧɭ; 

 ܿ = Ͷ,ͳͺ͸ ˍДˉ/ሺˍˆ ∙ ℃ሻ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ. ܳ = ͳ͸ͲͲͲ ∙ Ͷ,ͳͺ͸ ∙ ͳͲ = ͸͸ͻ͹͸Ͳ.    

ɇɚɣɞɟɦ ɧɟɨɛɯɨɞɢɦɭɸ ɩɥɨɳɚɞɶ ɨɪɨɲɟɧɢɹ, ɦ2: ˑܨ ˓ = эܹ ∙ ݂̟ ˇ, (4.8) 

ɝɞɟ ݂̟ ˇ = Ͳ,Ͳʹͷ ˏ ଶ/ˍʑ˕ − ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɪɨɲɟɧɢɹ. 

ˑܨ ˓ = ͳʹͲͲͲͲ ∙ Ͳ,Ͳʹͷ = ͵ͲͲͲ.    

ɇɚɣɞɟɦ ɩɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ, ɦ3/(ɦ3∙ɱ): 

˓ˑߩ = ܨˑܩ ˓ = ͳ͸ͲͲͲ͵ͲͲͲ = ͷ,͵͵. (4.9) 
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɨɞɧɭ ɝɪɚɞɢɪɧɸ ɧɚ ɞɜɟ ɬɭɪɛɢɧɵ 
ɬɢɩɚ ȻȽ-3200-73 ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

 ȼɵɫɨɬɚ ɛɚɲɧɢ – 81 ɦ; 
 Ʉɚɪɤɚɫ – ɫɬɚɥɶ; 
 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ – 20-26 ɬɵɫ. ɦ3/ɱ; 
 ɉɥɨɳɚɞɶ ɨɪɨɲɟɧɢɹ – 3200 ɦ2; 
 ɉɥɨɬɧɨɫɬɶ ɨɪɨɲɟɧɢɹ – 6-8 ɦ3/(ɦ3∙ɱ); 
 ȼɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ – 10 ɦ.  
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɩɪɨɟɤɬ Ɍɗɐ ɞɥɹ ɝ. 
ɉɟɜɟɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 120 Ɇȼɬ ɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ 200 Ƚɤɚɥ/ɱ. 
Ɍɗɐ ɪɚɛɨɬɚɟɬ ɧɚ ɭɝɥɟ Ɂɵɪɹɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ əɤɭɬɢɢ ɦɚɪɤɢ ɀ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɬɢɩɚ 
Ɍ-50/60 -130 ɢ ɞɜɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɬɢɩɚ ȿ-240-13,8-560ɄɌ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɫɞɟɥɚɧɵ: 

 Ɋɚɫɱɟɬ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɫɪɨɤɨɜ ɨɤɭɩɚɟɦɨɫɬɢ; 

 Ɋɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɫ ɭɬɨɱɧɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɟɝɟɧɟɪɚɰɢɢ; 

 Ɋɚɫɱɟɬ ɬɟɯɧɢɤɨ- ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ; 
 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɬɨɩɥɢɜɨɫɧɚɛɠɟɧɢɹ, ɡɨɥɨɭɞɚɥɟɧɢɹ ɢ ɡɨɥɨɨɱɢɫɬɤɢ; 
 Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ; 
 Ɋɚɡɪɚɛɨɬɤɚ ɝɟɧɟɪɚɥɶɧɨɝɨ ɩɥɚɧɚ, ɚ ɬɚɤɠɟ ɤɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ; 
 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 
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