
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ»  

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ 
ɤɚɮɟɞɪɚ 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ 
ɤɚɮɟɞɪɨɣ 

 __________  ȿ.Ⱥ. Ȼɨɣɤɨ 
ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя 

« » 2018 ɝ. 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

13.03.01- Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɤɨɞ - ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢя 

ɉɪɨɟɤɬ ɦɨɞɟɪɧɢɡɚɰɢɢ ȻȽɊɗɋ 
ɬɟɦɚ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ___________  ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ                       ɋ.Ɋ. əɧɨɜ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚя ɫɬɟɩɟɧɶ                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя 

ȼɵɩɭɫɤɧɢɤ  _____________                                                           ɗ.ɇ. Ⱥɫɚɞɭɥɢɧ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                                ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя 

Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ  ______________________                ɋ.Ⱥ. Ɇɢɯɚɣɥɟɧɤɨ   
ɩɨɞɩɢɫɶ, ɞɚɬɚ                                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ  __________________                  ɉ.ȼ. ɒɢɲɦɚɪɟɜ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ                                              ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя 

Ʉɪɚɫɧɨɹɪɫɤ 2018  



Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

 ________ Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ______  
ɤɚɮɟɞɪɚ 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ 
ɤɚɮɟɞɪɨɣ 
 __________  ȿ.Ⱥ. Ȼɨɣɤɨ 

ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя 
« » 2018 ɝ. 

ɁȺȾȺɇɂȿ 

ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ



ɋɬɭɞɟɧɬɭ Ⱥɫɚɞɭɥɢɧɭ ɗɥɶɞɚɪɭ ɇɚɢɥɶɟɜɢɱɭ ________________________________  
ɮɚɦɢɥɢя, ɢɦя, ɨɬɱɟɫɬɜɨ 

Ƚɪɭɩɩɚ ɁɎɗ 13 - 01Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 13.03.01 _______________  
ɤɨɞ 

 ____________________ Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ ____________________  
ɧɚɢɦɟɧɨɜɚɧɢɟ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɉɪɨɟɤɬ ɦɨɞɟɪɧɢɡɚɰɢɢ  ȻȽɊɗɋ  
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №         ɨɬ                          ɝ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɋ.Ɋ. əɧɨɜ, ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɤɚɮɟɞɪɚ Ɍɗɋ __________  

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя, ɞɨɥɠɧɨɫɬɶ, ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: Ɉɛɴɟɤɬ ɦɨɞɟɪɧɢɡɚɰɢɢ - ɩɚɪɨɜɨɣ ɤɨɬɟɥ ɉ-67 ; 

ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ - 2650 ɬ/ɱ; ɬɨɩɥɢɜɨ - Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɉ-67. Ɍɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ. Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 ɞɨ ɢ 

ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ ɩɪɨɟɤɬɚ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 

Ʌɢɫɬ 1. ɉɚɪɨɜɨɣ ɤɨɬɟɥ ɉ-67 ɞɨ ɦɨɞɟɪɧɢɡɚɰɢɢ. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ. 

Ʌɢɫɬ 2. ɉɚɪɨɜɨɣ ɤɨɬɟɥ ɉ-67 ɞɨ ɦɨɞɟɪɧɢɡɚɰɢɢ. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ. 

Ʌɢɫɬ 3. ɉɚɪɨɜɨɣ ɤɨɬɟɥ ɉ-67 ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ. ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ. 

Ʌɢɫɬ 4. ɉɚɪɨɜɨɣ ɤɨɬɟɥ ɉ-67 ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ. 

 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                        __________________                    ɋ.Ɋ. əɧɨɜ 

                                                        ɩɨɞɩɢɫɶ                                               ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя  

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ   ___________________            ɗ.ɇ. Ⱥɫɚɞɭɥɢɧ 
                                                        ɩɨɞɩɢɫɶ                                               ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢя  

                                            «_______»_______2018 ɝ.



ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ȻȽɊɗɋ» ɫɨɞɟɪɠɢɬ 39 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 10 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ, 4 ɥɢɫɬɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉȺɊɈȼɈɃ ɄɈɌȿɅ, ɉ-67 , L- ɒɉɉ, ɄɈɗɎɎɂɐɂȿɇɌ ɌȿɉɅɈȼɈɃ ɗɎ-

ɎȿɄɌɂȼɇɈɋɌɂ, ɁɈɅɈȼɈȿ ɁȺȽɊəɁɇȿɇɂȿ. 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɉ-67 ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ, 

ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɱɚɫɬɶ. 

ȼ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɟɤɬ ɦɨɞɟɪɧɢɡɚɰɢɢ ȻȽɊɗɋ. 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 4 ɪɚɡɞɟɥɨɜ. ɉɟɪɜɵɣ ɪɚɡɞɟɥ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɨɛɨɫɧɨɜɚɧɢɟ ɢ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. ȼɨ ɜɬɨɪɨɦ 

ɪɚɡɞɟɥɟ ɩɪɢɜɟɞɟɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ. Ɍɪɟɬɢɣ ɪɚɡɞɟɥ ɫɨɞɟɪɠɢɬ 

ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɞɨ ɢ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɱɟɬɜɟɪɬɨɦ 

ɪɚɡɞɟɥɟ ɩɪɨɪɚɛɨɬɚɧɵ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɚɩɢɬɚɥɶɧɵɟ 

ɜɥɨɠɟɧɢɹ, ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ.
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ȼȼȿȾȿɇɂȿ 

Ⱥɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɷɧɟɪɝɟɬɢɤɢ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɜɫɟ ɛɨɥɶɲɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. ɋɬɚɜɢɬɫɹ ɜɨɩɪɨɫ ɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɜɧɟɞɪɟɧɢɢ ɧɨɜɵɯ 

ɬɟɯɧɨɥɨɝɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɭɜɟɥɢɱɢɬɶ ɞɨɥɸ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɢɪɨɞɧɵɯ ɛɨɝɚɬɫɬɜ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɛɥɟɦɚɦɢ, ɪɟɲɚɸɬɫɹ ɢ 

ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɟɲɟɧɢɟ ɬɚɤɨɣ ɡɚɞɚɱɢ, ɤɚɤ ɭɦɟɧɶɲɟ-

ɧɢɟ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɬɚɦ ɱɢɫɥɟ, ɧɚ 

ɨɱɢɫɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɨɬ ɡɨɥɨɜɵɯ ɨɬɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɫɧɢɠɚɸɬ ɬɟɩɥɨ-

ɜɨɣ ɩɨɬɨɤ ɨɬ ɝɪɟɸɳɟɣ ɫɪɟɞɵ ɤ ɧɚɝɪɟɜɚɟɦɨɣ ɢ ɫɨɤɪɚɳɚɸɬ ɫɪɨɤ ɫɥɭɠɛɵ ɦɟɬɚɥɥɚ 

ɬɪɭɛ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ, 

ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ, ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɲɥɚɤɨɜɚɧɢɹ ɢ ɡɨɥɨɜɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. ɂɧɬɟɧɫɢɜɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɟɥɶɧɨɝɨ 

ɚɝɪɟɝɚɬɚ ɢ ɟɝɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɟ ɫɪɨɤɚ ɦɟɠɪɟɦɨɧɬɧɨɝɨ 

ɩɟɪɢɨɞɚ ɢ ɭɜɟɥɢɱɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɪɚɫɲɥɚɤɨɜɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 ɛɥɨɤɚ 800 Ɇȼɬ Ȼɟɪɟɡɨɜɫɤɨɣ ȽɊɗɋ.
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1. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 

1.1 Ʉɪɚɬɤɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 

ɉɪɹɦɨɬɨɱɧɵɣ ɨɞɧɨɤɨɪɩɭɫɧɵɣ ɤɨɬɟɥ ɉɩ-2650/255 (ɉ-67) (ɪɢɫɭɧɨɤ 1.1) 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɥɨɤɟ 800 Ɇȼɬ ɫ ɨɞɧɨɜɚɥɶɧɨɣ ɬɭɪɛɢɧɨɣ Ʉ-800-240-5 ɢ 

ɪɚɫɫɱɢɬɚɧ ɧɚ ɫɠɢɝɚɧɢɟ ɛɭɪɵɯ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.1 - ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉɩ-2650/255 (ɉ-67) 

 Ɂɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ - ɉɨɞɨɥɶɫɤɢɣ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɣ ɡɚɜɨɞ ɢɦɟɧɢ Ɉɪ-

ɞɠɨɧɢɤɢɞɡɟ. Ɉɫɧɨɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɥɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɢ 

ɝɚɪɚɧɬɢɣɧɨɦ ɬɨɩɥɢɜɟ (Ȼɟɪɟɡɨɜɫɤɢɣ ɛɭɪɵɣ ɭɝɨɥɶ Qɪ =15671 ɤȾɠ/ɤɝ (3740 ɤɤɚɥ/ɤɝ) 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
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Ɍɚɛɥɢɰɚ 1.1 - Ɉɫɧɨɜɧɵɟ ɪɚɫɱɺɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȼɟɥɢɱɢɧɚ 
ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ (ɬ/ɱ) 736,1 (2650) 
Ⱦɚɜɥɟɧɢɟ ɫɜɟɠɟɝɨ ɩɚɪɚ, Ɇɉɚ (ɤɝɫ/ɫɦ ) 25 (255) 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɟɠɟɝɨ ɩɚɪɚ, °ɋ 545 
Ɋɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɜɬɨɪɢɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ, ɤɝ/ɫ (ɬ/ɱ) 607,2 (2186) 
Ⱦɚɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, Ɇɉɚ (ɤɝɫ/ɫɦ ) 3,6 (36,8) 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, °ɋ 545 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ (ɩɨ ɧɨɪɦɚɬɢɜɭ), °ɋ 170 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, °ɋ 317 
ɄɉȾ ɤɨɬɥɚ (ɛɪɭɬɬɨ), % 90,55 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɉ-67 ɨɞɧɨɤɨɪɩɭɫɧɵɣ, ɜɵɩɨɥɧɟɧ ɩɨ Ɍ-ɨɛɪɚɡɧɨɣ ɤɨɦ-

ɩɨɧɨɜɤɟ ɝɚɡɨɯɨɞɨɜ ɢ ɫɨɫɬɨɢɬ ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɞɜɭɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɝɚɡɨɯɨ-

ɞɨɜ ɢ ɞɜɭɯ ɤɨɧɜɟɤɬɢɜɧɵɯ ɲɚɯɬ. 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 

Ɍɚɛɥɢɰɚ 1.2 - Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȼɟɥɢɱɢɧɚ 
ȿɦɤɨɫɬɶ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɞɨ ɜɫɬɪɨɟɧɧɨɣ ɡɚɞɜɢɠɤɢ (ȼɁ), 
ɦ3 

400 
ȿɦɤɨɫɬɶ ɩɚɪɨɜɨɞɹɧɨɝɨ ɬɪɚɤɬɚ ɩɨɫɥɟ ȼɁ, ɦ3 220 
ȿɦɤɨɫɬɶ ɬɪɚɤɬɚ ɩɪɨɦɩɟɪɟɝɪɟɜɚ, ɦ3 700 

ɉɨɜɟɪхɧɨɫɬɢ ɧɚɝɪɟɜɚ 
ɇɢɠɧɹɹ ɪɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ (ɇɊɑ-1), ɦ 1380 
ɇɢɠɧɹɹ ɪɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ (ɇɊɑ-2), ɦ 3280 
ȼɟɪɯɧɹɹ ɪɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ (ȼɊɑ), ɦ2 1380 
Ɏɟɫɬɨɧɵ ɛɨɤɨɜɵɯ ɫɬɟɧ ɬɨɩɤɢ (ɎȻɌ), ɦ 1880 
ɉɨɬɨɥɨɱɧɚɹ ɪɚɞɢɚɰɢɨɧɧɚɹ ɱɚɫɬɶ (ɉɊɑ), ɦ2 1245 
ɒɢɪɦɨɜɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 1 ɫɬ. (ɒɉɉ-1), ɦ 3150 
ɒɢɪɦɨɜɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 2 ɫɬ. (ɒɉɉ-2), ɦ2 3960 
ɒɢɪɦɨɜɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 3 ɫɬ. (ɒɉɉ-3), ɦ 3670 
Ʉɨɧɜɟɤɬɢɜɧɵɣ ɩɟɪɜɢɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ (Ʉɉɉ), ɦ 7040 
ɒɢɪɦɨɜɵɣ ɜɬɨɪɢɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ (ɒȼɉ), ɦ2 5630 
Ʉɨɧɜɟɤɬɢɜɧɵɣ ɜɬɨɪɢɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ (Ʉȼɉ), ɦ 19250 
ɗɤɪɚɧɵ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɚɡɨɯɨɞɚ, ɦ2 438 
ȼɨɞɹɧɨɣ ɷɤɨɧɨɦɚɣɡɟɪ (ȼɗɄ), ɦ 13100 
Ɍɪɭɛɱɚɬɵɣ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ (Ɍȼɉ), ɦ2 169000 
ɗɤɪɚɧɵ ɤɨɧɜɟɤɬɢɜɧɨɣ ɲɚɯɬɵ:  

ɜ ɪɚɣɨɧɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ (Ʉɉɉ), ɦ 480 
ɜ ɪɚɣɨɧɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 
(Ʉȼɉ), ɦ2 

1280 
ɜ ɪɚɣɨɧɟ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ (ȼɗɄ), ɦ 640 
ɉɨɞɜɟɫɧɵɟ ɬɪɭɛɵ ɡɦɟɟɜɢɤɨɜ:  

ȼ ɪɚɣɨɧɟ Ʉɉɉ, ɦ2 765 
ȼ ɪɚɣɨɧɟ Ʉȼɉ, ɦ2 2200 
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Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɢɦɟɟɬ ɩɪɢɡɦɚɬɢɱɟɫɤɭɸ ɮɨɪɦɭ ɫ ɪɚɡɦɟɪɨɦ ɩɨ ɨɫɹɦ ɬɪɭɛ ɜ 

ɩɥɚɧɟ 23080x23080 ɦɦ ɢ ɨɬɦɟɬɤɨɣ ɩɨ ɨɫɹɦ ɬɪɭɛ ɩɨɬɨɥɤɚ 90100 ɦɦ. 

ȼɫɟ ɫɬɟɧɵ ɬɨɩɤɢ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɝɚɡɨɯɨɞɨɜ ɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɲɚɯɬ ɷɤɪɚ-

ɧɢɪɨɜɚɧɵ ɝɚɡɨɩɥɨɬɧɵɦɢ ɩɚɧɟɥɹɦɢ. 

ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɪɚɫɩɨɥɨɠɟɧɵ 32 ɳɟɥɟɜɵɟ ɝɨɪɟɥɤɢ, ɪɚɫ-

ɩɨɥɨɠɟɧɧɵɟ ɜ 4 ɹɪɭɫɚ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɢɯɪɟɜɨɝɨ ɮɚɤɟɥɚ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɝɨɪɟɥɤɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɤ ɭɫɥɨɜɧɨɣ ɨɤɪɭɠɧɨɫɬɢ ɜ ɰɟɧɬɪɟ ɬɨɩɤɢ ɞɢɚɦɟɬɪɨɦ 

2,3 ɦ. Ⱦɥɹ ɪɚɫɬɨɩɤɢ ɤɨɬɥɚ ɫɥɭɠɚɬ ɦɚɡɭɬɧɵɟ ɮɨɪɫɭɧɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɧɭɥɟ-

ɜɨɦ, ɩɟɪɜɨɦ ɢ ɬɪɟɬɶɟɦ ɹɪɭɫɚɯ ɝɨɪɟɥɨɤ ɤɨɬɥɚ ɛɥɨɤɚ № 1 ɢ ɧɚ ɩɟɪɜɨɦ, ɬɪɟɬɶɟɦ ɢ 

ɱɟɬɜɟɪɬɨɦ ɹɪɭɫɚɯ ɝɨɪɟɥɨɤ ɤɨɬɥɚ ɛɥɨɤɚ № 2. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɲɥɚɤɨɜɚɧɢɹ ɫɬɟɧ ɬɨɩɤɢ ɜ ɤɨɬɥɟ ɩɪɢɧɹɬɨ "ɧɢɡɤɨɬɟɦɩɟɪɚ-

ɬɭɪɧɨɟ" ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɹɞɪɚ ɮɚɤɟɥɚ 1650-1700 °ɋ 

ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɫɫɪɟɞɨɬɨɱɟɧɢɹ ɝɨɪɟɥɨɤ ɩɨ ɜɵɫɨɬɟ ɬɨɩɤɢ, ɝɚɡɨɜɨɣ ɫɭɲɤɢ 

ɬɨɩɥɢɜɚ ɜ ɩɵɥɟɫɢɫɬɟɦɚɯ ɢ ɩɨɞɚɱɢ ɱɟɪɟɡ ɝɨɪɟɥɤɢ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɯ 

ɝɚɡɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 360 °ɋ. Ƚɨɪɟɥɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɤɚɪɤɚɫɟ ɡɞɚɧɢɹ, ɞɥɹ 

ɭɩɥɨɬɧɟɧɢɹ ɦɟɫɬ ɩɪɢɦɵɤɚɧɢɹ ɝɨɪɟɥɨɤ ɤ ɮɥɚɧɰɚɦ ɚɦɛɪɚɡɭɪ ɝɨɪɟɥɨɤ ɩɪɟɞɭ-

ɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɭɩɥɨɬɧɟɧɢɹ ɝɨɪɟɥɨɤ. 

ɇɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɝɚɡɨɯɨɞɚɯ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ ɩɨ ɯɨɞɭ ɝɚɡɨɜ ɲɢɪɦɵ 2 ɢ 3 ɫɬɭɩɟɧɟɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɟɪɜɢɱɧɨɝɨ ɬɪɚɤɬɚ, 

ɮɟɫɬɨɧ ɛɨɤɨɜɵɯ ɫɬɟɧ ɬɨɩɤɢ, ɲɢɪɦɵ 1 ɫɬɭɩɟɧɢ ɢ ɲɢɪɦɵ ɜɬɨɪɢɱɧɨɝɨ ɩɚ-

ɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɩɨɞɜɟɫɧɵɟ ɬɪɭɛɵ ȼɊɑ ɢ ɩɨɞɜɟɫɧɵɟ ɬɪɭɛɵ ɷɤɪɚɧɨɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 

ɲɚɯɬɵ. 

ȼ ɨɩɭɫɤɧɵɯ ɝɚɡɨɯɨɞɚɯ (Ʉɒ) ɫɜɟɪɯɭ ɜɧɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ ɯɨɞɭ ɝɚɡɨɜ 

ɪɚɫɩɨɥɨɠɟɧɵ 2 ɹɪɭɫɚ ɩɚɤɟɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɟɪɜɢɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

(ɜɵɯɨɞɧɚɹ ɫɬɭɩɟɧɶ), 3 ɹɪɭɫɚ ɩɚɤɟɬɨɜ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɢ 2 ɹɪɭɫɚ ɩɚɤɟɬɨɜ ɦɟɦɛɪɚɧɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ. 

Ɉɩɭɫɤɧɵɟ ɝɚɡɨɯɨɞɵ ɨɬɥɢɱɚɸɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɫɟɪɟɞɢɧɟ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ 

ɨɫɨɛɨɝɨ ɤɚɧɚɥɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɞɜɭɯɫɜɟɬɧɵɦɢ ɦɟɦɛɪɚɧɧɵɦɢ ɩɚɧɟɥɹɦɢ, ɩɨ ɤɨɬɨɪɨɦɭ 



7 

 

 

ɝɚɡɵ ɢɡ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɩɵɥɟɫɢɫɬɟɦɵ ɫ Ɇȼ. 

ȼɨ ɜɬɨɪɢɱɧɨɦ ɬɪɚɤɬɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɩɪɵɫɤɢɜɚɟɦɨɣ ɜɨɞɵ ɜ ɩɚɪɨɨɯɥɚɞɢɬɟɥɹɯ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɟɪɟɞ ɲɢɪɦɨɜɨɣ ɫɬɭɩɟɧɶɸ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 

Ɂɨɥɨɭɞɚɥɟɧɢɟ ɬɜɟɪɞɨɟ. ɍɞɚɥɟɧɢɟ ɲɥɚɤɚ, ɜɵɩɚɞɚɸɳɟɝɨ ɜ ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ 

ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɰɟɩɧɵɦ ɫɤɪɟɛɤɨɜɵɦ ɤɨɧɜɟɣɟɪɨɦ. 

ɉɨɫɥɟ ɷɤɨɧɨɦɚɣɡɟɪɚ ɞɵɦɨɜɵɟ ɝɚɡɵ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɬɪɭɛɱɚɬɵɣ ɜɨɡɞɭɯɨ-

ɩɨɞɨɝɪɟɜɚɬɟɥɶ (Ɍȼɉ), ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɨɬɞɟɥɶɧɨɦ ɩɨɦɟɳɟɧɢɢ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ. 

ɑɚɫɬɶ ɝɚɡɨɜ ɞɨ Ɍȼɉ ɡɚɛɢɪɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɞɵɦɨɫɨɫɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜ ɫɢɫɬɟɦɭ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ ɞɥɹ ɩɨɞɚɱɢ ɢɯ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɤɚɧɚɥɵ ɝɨɪɟɥɨɤ ɢ ɜ 

ɩɵɥɟɫɢɫɬɟɦɵ. ɉɟɪɟɞ ɷɬɢɦɢ ɞɵɦɨɫɨɫɚɦɢ ɢɦɟɸɬɫɹ ɡɨɥɨɭɥɨɜɢɬɟɥɢ ɫ ɰɢɤɥɨɧɚɦɢ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɢɡ ɤɨɬɥɚ ɝɚɡɨɜ ɫ 160-170 °ɋ ɞɨ 140 °ɋ, 

ɧɟɨɛɯɨɞɢɦɵɯ ɩɨ ɭɫɥɨɜɢɹɦ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɝɨ ɄɉȾ ɷɥɟɤɬɪɨ-

ɮɢɥɶɬɪɨɜ, ɧɚ ɤɨɬɥɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɫɢɫɬɟɦɵ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫɨ 

ɫɜɨɢɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɢ ɜɨɡɞɭɲɧɨ - ɜɨɞɹɧɵɦɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦɢ (ȼȼɌɈ), 

ɩɨɡɜɨɥɹɸɳɢɦɢ ɨɬɞɚɜɚɬɶ ɬɟɩɥɨ ɝɚɡɨɜ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɭɸ ɫɟɬɶ ɛɥɨɤɚ (ɫɬɚɧɰɢɢ). ȼ 

ɡɚɞɚɱɭ ɷɬɨɣ ɠɟ ɫɢɫɬɟɦɵ ɜɯɨɞɢɬ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ 

(40 °ɋ) ɧɚ ɜɯɨɞɟ ɜ Ɍȼɉ. 

ɏɨɥɨɞɧɵɣ ɜɨɡɞɭɯ ɡɚɛɢɪɚɟɬɫɹ ɢɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɢ 

ɞɜɭɦɹ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɩɨɞɚɟɬɫɹ ɧɚ ɜɯɨɞ ɜ Ɍȼɉ ɱɟɪɟɡ ɫɦɟɫɢɬɟɥɢ, ɜ ɤɨɬɨɪɵɟ ɩɨ-

ɫɬɭɩɚɟɬ ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ ɢɡ ɫɢɫɬɟɦɵ ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɬɨɩɤɨɣ ɢ Ʉɒ 

ɢɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɚɡɭɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɛɨɪ ɜɨɡɞɭɯɚ ɧɚ ɜɫɚɫ ɜɟɧɬɢɥɹɬɨɪɨɜ. 

ɉɪɨɣɞɹ Ɍȼɉ, ɜɨɡɞɭɯ ɢɡ ɨɛɳɟɝɨ ɤɨɪɨɛɚ ɩɨɫɬɭɩɚɟɬ ɤ ɝɨɪɟɥɤɚɦ, ɜ ɧɢɠɧɸɸ 

ɱɚɫɬɶ ɬɨɩɤɢ (ɯɨɥɨɞɧɭɸ ɜɨɪɨɧɤɭ), ɜ ɩɵɥɟɫɢɫɬɟɦɭ ɢ ɱɚɫɬɶ ɟɝɨ ɢɞɟɬ ɧɚ ɫɢɫɬɟɦɭ 

ɢɡɛɵɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ (ɪɟɰɢɪɤɭɥɹɰɢɸ). 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɡɦɨɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢɧɹɬɵ ɦɟɥɶɧɢɰɵ-ɜɟɧɬɢɥɹɬɨɪɵ, ɪɚɛɨɬɚ 

ɤɨɬɨɪɵɯ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɜɥɚɠɧɨɫɬɶɸ ɫɵɪɨɝɨ ɬɨɩɥɢɜɚ. 
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ɋɭɲɤɚ ɬɨɩɥɢɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ: "ɝɨɪɹɱɢɦɢ", ɡɚɛɢɪɚɟɦɵɦɢ 

ɢɡ ɩɨɜɨɪɨɬɧɨɣ ɤɚɦɟɪɵ, ɫ ɞɨɛɚɜɥɟɧɢɟɦ "ɯɨɥɨɞɧɵɯ", ɡɚɛɢɪɚɟɦɵɯ ɩɨɫɥɟ ɜɨɞɹɧɨɝɨ 

ɷɤɨɧɨɦɚɣɡɟɪɚ. 

Ʉɨɬɥɨɚɝɪɟɝɚɬ ɉ-67 ɨɛɨɪɭɞɨɜɚɧ ɜɨɫɟɦɶɸ ɩɵɥɟɫɢɫɬɟɦɚɦɢ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 

ɫɨɫɬɨɢɬ ɢɡ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ, ɥɟɧɬɨɱɧɨɝɨ ɩɢɬɚɬɟɥɹ ɫɵɪɨɝɨ ɭɝɥɹ, ɦɟɥɶɧɢ-

ɰɵ-ɜɟɧɬɢɥɹɬɨɪɚ ɫ ɫɟɩɚɪɚɬɨɪɨɦ, ɞɟɥɢɬɟɥɟɦ ɩɵɥɢ ɢ ɝɨɪɟɥɨɱɧɵɦ ɛɥɨɤɨɦ - ɱɟɬɵɪɟ 

ɩɪɹɦɨɬɨɱɧɨ-ɳɟɥɟɜɵɟ ɝɨɪɟɥɤɢ. 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɨ ɫɵɪɨɦɭ 

ɭɝɥɸ ɪɚɫɱɟɬɧɨɝɨ ɤɚɱɟɫɬɜɚ ɨɤɨɥɨ 70 ɬ/ɱ. 

ɇɚ ɷɧɟɪɝɨɛɥɨɤɚɯ ɫɬ. № 1 ɢ 2 Ȼɟɪɟɡɨɜɫɤɨɣ ȽɊɗɋ ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɚ ɞɭɬɶɟɜɵɯ 

ɜɟɧɬɢɥɹɬɨɪɚ ȼȾɇ-36ɯ23, ɬɪɢ ɨɫɟɜɵɯ ɞɵɦɨɫɨɫɚ ȾɈȾ-43-500, ɱɟɬɵɪɟ ɜɟɧɬɢɥɹɬɨɪɚ 

ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ȽȾ-31 ɢ ɞɜɚ ɞɵɦɨɫɨɫɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɝɚɡɨɜ 

ȾɊȽ-29ɯ2. 

ɇɚ ɤɨɬɥɚɯ ɛɥɨɤɨɜ № 1 ɢ 2 ɭɫɬɚɧɨɜɥɟɧ ɤɨɦɩɥɟɤɫ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɧɚɝɪɟɜɚ ɨɬ ɡɨɥɨɜɵɯ ɨɬɥɨɠɟɧɢɣ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ: 

- ɦɚɥɨɜɵɞɜɢɠɧɵɟ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ ɜɨɞɹɧɨɣ ɨɱɢɫɬɤɢ ɷɤɪɚɧɨɜ 

ɈȼɆ, ɝɥɭɛɨɤɨɜɨɜɵɞɜɢɠɧɵɟ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ ɜɨɞɹɧɨɣ ɨɱɢɫɬɤɢ ɷɤɪɚɧɨɜ ɈȼȽ 

ɢ ɚɩɩɚɪɚɬɵ WLB ɞɥɹ ɨɱɢɫɬɤɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ; 

- ɝɥɭɛɨɤɨɜɵɞɜɢɠɧɵɟ ɨɛɞɭɜɨɱɧɵɟ ɚɩɩɚɪɚɬɵ RK-SL ɞɥɹ ɨɛɞɭɜɤɢ ɲɢɪɦ; 

- ɦɧɨɝɨɫɨɩɥɨɜɵɟ ɚɩɩɚɪɚɬɵ RK-SB ɞɥɹ ɨɛɞɭɜɤɢ Ʉɉɉ, Ʉȼɉ, ȼɗɄ. 

1.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɦɨɞɟɪɧɢɡɚɰɢɢ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨɹɜɢɥɚɫɶ ɜ ɫɜɹɡɢ ɫ 

ɬɟɦ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɨɥɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɣ ɱɚɫɬɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɭɯɭɞɲɚɟɬɫɹ ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɨɬ ɝɚɡɨɜ ɤ ɩɚɪɭ ɢ ɚɷɪɨɞɢɧɚɦɢɤɚ ɝɚɡɨɜ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ -  

ɢɡ-ɡɚ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɢ ɭɯɭɞɲɟɧɧɨɣ ɚɷɪɨɞɢɧɚɦɢɤɢ ɝɚɡɨɜ, 

ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɤ ɫɧɢɠɟɧɢɸ ɧɚɝɪɭɡɤɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɝɪɚɧɢɱɟɧɢɸ 

ɦɨɳɧɨɫɬɢ ɛɥɨɤɚ ɫ 800 Ɇȼɬ ɞɨ 750 Ɇȼɬ. Ɂɚɝɪɹɡɧɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 
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ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1.2, 1.3 ɢ 1.4. 

 

 

Ɋɢɫɭɧɨɤ 1.2 - Ɂɚɲɥɚɤɨɜɚɧɧɵɣ Ʉɉɉ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 ȻȽɊɗɋ 
 

 

Ɋɢɫɭɧɨɤ 1.3 - Ɂɚɲɥɚɤɨɜɚɧɧɵɣ Ʉɉɉ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 ȻȽɊɗɋ 
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Ɋɢɫɭɧɨɤ 1.4 - Ɂɨɥɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟ-
ɜɚɬɟɥɹ 

 
 

ɇɟɞɨɫɬɚɬɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

(Ʉɉɉ) ɫ ɲɚɯɦɚɬɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɡɦɟɟɜɢɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 

ɲɚɯɬɟ ɤɨɬɥɚ: 

- ɟɠɟɝɨɞɧɚɹ ɬɪɭɞɨɟɦɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ Ʉɉɉ ɜ ɬɟɱɟɧɢɟ 30 - 40 

ɞɧɟɣ; 

- ɡɚɧɨɫ Ʉɉɉ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɚɷɪɨɞɢɧɚɦɢɤɢ ɩɨɬɨɤɚ ɝɚɡɨɜ ɜ 

ɨɛɥɚɫɬɢ ɫɥɟɞɭɸɳɟɝɨ ɡɚ Ʉɉɉ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɤ 

ɫɧɢɠɟɧɢɸ ɟɝɨ ɬɟɩɥɨɫɴɟɦɚ ɢ ɭɜɟɥɢɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ; 

- ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɛɞɭɜɨɱɧɵɯ 

ɚɩɩɚɪɚɬɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɨɱɢɫɬɨɤ ɩɚɪɨɜɵɦɢ 

ɚɩɩɚɪɚɬɚɦɢ; 
- ɧɢɡɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɨɛɞɭɜɨɱɧɵɯ ɚɩ-
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ɩɚɪɚɬɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜɧɭɬɪɢ ɝɚɡɨɯɨɞɚ, ɢɡ - ɡɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ 780° ɋ 

ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɨɛɞɭɜɨɤ, 300-ɱ350° ɋ ɜɨ ɜɪɟɦɹ ɢɯ ɩɪɨɜɟɞɟɧɢɹ); 

- ɢɧɬɟɧɫɢɜɧɚɹ ɞɢɧɚɦɢɤɚ ɡɚɝɪɹɡɧɟɧɢɹ Ʉɉɉ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨ-

ɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɝɨɞɨɜɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 2. Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢя 

2.1Ɇɨɞɟɪɧɢɡɚɰɢя ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɉɪɟɞɥɨɠɟɧɨ ɢɡɦɟɧɢɬɶ ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɪɭɛ  ɤɨɧɜɟɤɬɢɜɧɨɣ ɱɚɫɬɢ ɩɟɪɜɢɱɧɨɝɨ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ (Ʉɉɉ) ɫ ɲɚɯɦɚɬɧɨɝɨ ɧɚ ɤɨɪɢɞɨɪɧɨɟ. Ʉɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɟɪɟɝɪɟɜ 

ɩɟɪɜɢɱɧɨɝɨ ɩɚɪɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɜ ɒɉɉ-2, 

ɒɉɉ-3, ɡɚɦɟɧɢɜ ɧɢɠɧɸɸ U-ɨɛɪɚɡɧɭɸ ɱɚɫɬɶ ɧɚ L-ɨɛɪɚɡɧɭɸ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɲɚɯɦɚɬɧɨɝɨ ɩɭɱɤɚ ɬɪɭɛ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

ɩɭɱɨɤ ɬɪɭɛ ɤɨɪɢɞɨɪɧɨɝɨ ɬɢɩɚ ɦɟɧɶɲɟ ɩɨɞɜɟɪɠɟɧ ɡɨɥɨ-ɲɥɚɤɨɜɨɦɭ ɡɚɝɪɹɡɧɟɧɢɸ.   

Ɇɟɧɶɲɚɹ ɞɢɧɚɦɢɤɚ ɡɨɥɨ-ɲɥɚɤɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɤɨɪɢɞɨɪɧɨɝɨ ɬɢɩɚ Ʉɉɉ 

ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɛɨɥɶɲɟɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɲɚɝɚ (s'=s1). ɗɬɨ ɧɟ ɧɚɪɭɲɢɬ 

ɚɷɪɨɞɢɧɚɦɢɤɭ ɩɨɬɨɤɚ ɝɚɡɨɜ ɜ ɨɛɥɚɫɬɢ ɫɥɟɞɭɸɳɟɝɨ ɡɚ Ʉɉɉ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ (Ʉȼɉ), ɧɟ ɩɪɢɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɟɝɨ ɬɟɩɥɨɫɴɟɦɚ ɢ 

ɭɜɟɥɢɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

3 Ɋɚɫɱɟɬɧɚя ɱɚɫɬɶ 

3.1Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ɋɚɫɱɟɬɚ ɜ ɨɫɧɨɜɧɨɦ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɧɨɪɦɚɬɢɜɧɵɯ ɦɟɬɨɞɚɯ ɬɟɩɥɨɜɨɝɨ (ɇɌɊ) ɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ (ɇȽɊ) ɪɚɫɱɟɬɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. [1,3] 

3.1.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɥɚ ɉɩ-2650/255 (ɉ-67) ɢ ɪɚɫɱɟɬɧɵɟ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɚɯ 3.1 ɢ 3.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɍɚɛɥɢɰɚ 3.1 - Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɥɚ ɉɩ-2650/255 (ɉ-67) 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɉɪɨɬɨɬɢɩ ɉɩ-2650-255 
Ɍɨɩɥɢɜɨ Ȼɟɪɟɡɨɜɫɤɨɟ 2Ȼ 
ɉɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɫ 736,1 
Ⱦɚɜɥɟɧɢɟ ɨɫɬɪɨɝɨ ɩɚɪɚ, Ɇɉɚ 25 
Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɪɨɝɨ ɩɚɪɚ 545 
Ɋɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɩɪɨɦ.ɩɟɪɟɝɪɟɜ, ɤɝ/ɫ 607,2 
Ⱦɚɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, Ɇɉɚ 3,75 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 545 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬ.ɜɨɞɵ 274 
Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯ.ɝɚɡɨɜ (ɩɨ ɧɨɪɦɚɬɢɜɭ) 170 
Ɍɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ 35 
Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ 317 
 

 Ɍɚɛɥɢɰɚ 3.2 - Ɋɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɚ 

Ɋɚɛɨɱɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ, % 
ȼ

ɵ
ɯɨ

ɞ 
ɥɟ

ɬɭ
ɱɢ

ɯ,
 

V
Ƚ ,%

 

Ɍɟ
ɩɥ

ɨɬ
ɚ 

ɫɝ
ɨɪ

ɚɧ
ɢɹ

 Q
Ɋ ɧ.

 
ɤȾ

ɠ
/ɤ

ɝ 

Ɍɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟ-
ɧɢɹ ɡɨɥɵ, 0ɋ 

WP AP SP CP HP NP OP 
t1 t2 t3 

33,0 4,7 0,2 44,3 3,0 0,4 14,4 48 15671 1270 1290 1310 
 

 

3.1.2 Ɋɚɫɱɟɬ ɨɛɴɟɦɨɜ ɢ ɷɧɬɚɥɶɩɢɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢя ɢ ɜɨɡɞɭɯɚ 
 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ Vɜ

0, ɦ3/ɤɝ, ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɦ 

ɩɨ ɮɨɪɦɭɥɟ: 

Vɜ
0=0,0889∙ CP+0,375∙SP +0,265∙HP-0,0333∙OP,                                   (1) 

ɝɞɟ ɋɊ – ɤɨɥɢɱɟɫɬɜɨ ɭɝɥɟɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %; 

SɊ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɵ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, % ; 

ɇɊ – ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %; 

ɈɊ – ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %; 
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Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɚɡɨɬɚ VN2
0 , ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

VN2
0 =0,79∙Vɜ

0+0,8∙ NP

100
,                    (2) 

ɝɞɟ Vɜ0 – ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ 

ɜɨɡɞɭɯɚ α=1, ɦ3/ɤɝ; 

Nɪ – ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %;    

Vɜ
0 – ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ 

ɜɨɡɞɭɯɚ α=1, ɦ3/ɤɝ; 

Nɪ – ɤɨɥɢɱɟɫɬɜɨ ɚɡɨɬɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ, %;    

Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

VRO2
0 =1,866∙ ɋP+0,375·Sp

100
,                     (3) 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ VH2O
0 , ɦ3/ɤɝ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

VH2O
0  = 0,111∙HP+0,0124∙WP+0,0161∙Vɜ

0,          (4) 

ɝɞɟ Wɪ – ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɧɚ ɪɚɛɨɱɭɸ ɦɚɫɫɭ, %; 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ Vʒ0 , ɦ3/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

VȽ
0=VN2

0 +VRO2
+VH2O

0 ,                                                     (5)                     

ɝɞɟ VRO2
 – ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ; 

Ɋɚɫɱɟɬɵ ɨɛɴɟɦɨɜ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.3. 

Ɍɚɛɥɢɰɚ 3.3 - Ɉɛɴɟɦɵ ɜɨɡɞɭɯɚ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ȼɟɥɢɱɢɧɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ, ɦ3/ɤɝ Vɜ
0 4,278 

Ɉɛɴɟɦ ɚɡɨɬɚ, ɦ3/ɤɝ VN2
0  3,383 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.3 
Ɉɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ VRO2

 0,826 

Ɉɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɦ3/ɤɝ VH2O
0  0,822 

Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ VȽ
0 5,031 

 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨ ɝɚɡɨɯɨɞɚɦ ɩɪɢ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α > 1 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɇܸ2Ɉ, ɦ3 /ɤɝ , ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ ɜ 

ɝɚɡɨɯɨɞɚɯ α > 1 ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

Vɇ2Ɉ = VH2O
0 +0,0161∙ αcp-1 ∙Vɜ

0,                                                                  (6) 

ɉɨɥɧɵɣ ɨɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ VȽ, ɦ3/ɤɝ , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

VȽ=VȽ
0+1,016∙ αcp-1 ∙Vɜ

0,                                                                            (7) 

Ɉɛɴɟɦɧɭɸ ɞɨɥɸ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ܴݎ ܱ2
, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

rRO2
=

VRO2

VȽ
,                                                                                                          (8) 

Ɉɛɴɟɦɧɭɸ ɞɨɥɸ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 2ܱܪݎɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

rH2O  =  
Vɇ2Ɉ 

VȽ
,                                                                                                     (9) 

ɋɭɦɦɚɪɧɭɸ ɨɛɴɟɦɧɭɸ ɞɨɥɸ ɩɚɪɨɜ rɉ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: ݎɉ  = ݎܴ  ܱ2
+  (10)                                                                                           ,2ܱܪݎ

Ɇɚɫɫɭ ɞɵɦɨɜɵɯ ɝɚɡɨɜ GȽ, ɤɝ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

GȽ  = 1 − 0,01 ∙ ȺɊ + 1,306 ∙ αɫɪ ∙ Vɜ
0,                                                           (11) 
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Ʉɨɧɰɟɧɬɪɚɰɢɸ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ μ, ɤɝ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

𝜇 =
𝐴ܲ ∙ɚɭɧ

100 Гܩ∙
,                                                                                                         (12) 

ɝɞɟ ɚɭɧ – ɞɨɥɹ ɭɧɨɫɚ ɡɨɥɵ ɢɡ ɬɨɩɤɢ, ɩɪɢɧɢɦɚɟɦ =0,95 (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ) 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨ ɝɚɡɨɯɨɞɚɦ ɩɪɢ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɢɯ ɦɚɫɫɚ, ɚ ɬɚɤɠɟ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɭɝɨɥɶɧɨɣ ɩɵɥɢ, ɩɨɞɫɱɢɬɚɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɝɚɡɨɯɨɞɚ, ɡɚɧɟɫɟɧɵ ɜ 

ɬɚɛɥɢɰɭ 3.4 

Ɍɚɛɥɢɰɚ 3.4 – Ɉɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɛɴɟɦɧɵɟ ɞɨɥɢ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ 

ɇɚɡɜɚɧɢɟ ɜɟɥɢɱɢɧɵ 
ɬɨɩɨɱɧɚɹ 
ɤɚɦɟɪɚ 

ɋȽȽ Ʉɒ 
Ɍȼɉ ɒɉɉ2 ɒɉɉ3 ɒɉɉ1 ɒȼɉ Ʉɉɉ Ʉȼɉ ȼɗɄ 

Ʉɨɷɮ-ɬ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɡɚ ɩɨɜɟɪɯɧ 
ɧɚɝɪɟɜɚ  1,2 1,208 1,216 1,224 1,232 1,239 1,246 1,253 1,273 
ɋɪɟɞɧɢɣ ɤɨɷɮ-ɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ  1,2 1,204 1,212 1,22 1,228 1,2355 1,2425 1,2495 1,263 
Ɉɛɴɟɦ ɜɨɞɹɧɵɯ 
ɩɚɪɨɜ, ɦ.ɤɭɛ/ɤɝ,  0,8355 0,8358 0,8364 0,8369 0,8375 0,8380 0,8385 0,8389 0,8399 
ɉɨɥɧɵɣ ɨɛɴɟɦ 
ɝɚɡɨɜ, ɦ.ɤɭɛ/ɤɝ  5,9001 5,9174 5,9522 5,9870 6,0218 6,0544 6,0848 6,1152 6,1739 
Ɉɛɴɟɦɧɚɹ ɞɨɥɹ 
ɬɪɟɯɚɬɨɦɚɪɧɵɯ 
ɝɚɡɨɜ  0,1400 0,1396 0,1388 0,1380 0,1372 0,1365 0,1358 0,1351 0,1338 
Ɉɛɴɟɦɧɚɹ ɞɨɥɹ 
ɜɨɞɹɧɵɯ ɩɚɪɨɜ  0,142 0,141 0,141 0,140 0,139 0,138 0,138 0,137 0,136 
ɋɭɦɦɚɪɧɚɹ 
ɨɛɴɟɦɧɚɹ ɞɨɥɹ  0,282 0,281 0,279 0,278 0,276 0,275 0,274 0,272 0,270 
Ɇɚɫɫɚ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ, ɤɝ/ɤɝ 7,6575 7,6799 7,7246 7,7693 7,8140 7,8559 7,8950 7,9341 8,0095 
Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, 
ɤɝ/ɤɝ 

0,0058 0,0058 0,0058 0,0057 0,0057 0,0057 0,0057 0,0056 0,0056 

ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ t, ɤȾɠ/ɤɝ,  

ɇɜ
0=Vɜ

0∙ɫɜ∙ϑ,                                                                                                  (13) 
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 ɗɧɬɚɥɶɩɢɹ ɝɚɡɨɜ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 𝛼 = 1 ɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɝɚɡɨɜ ϑ, °ɋ, ɤȾɠ/ɤɝ: 

ɇȽ
0= VRO2

∙cRO2
+VH2O

0 ∙cH2O+VN2
0 ∙cN2

 ∙ϑ,                                                    (14) 

ɗɧɬɚɥɶɩɢɹ ɡɨɥɵ ɧɟɜɟɥɢɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɢ 

ɭɱɢɬɵɜɚɟɬɫɹ, ɤɨɝɞɚ ɩɪɢɜɟɞɟɧɧɵɣ ɭɧɨɫ ɥɟɬɭɱɟɣ ɡɨɥɵ ɫ ɩɨɬɨɤɨɦ ɝɚɡɨɜ ɡɧɚɱɢɬɟɥɟɧ.  

Ɍɚɤ ɤɚɤ ɩɪɢɜɟɞɟɧɧɵɣ ɭɧɨɫ ɥɟɬɭɱɟɣ ɡɨɥɵ ɫ ɩɨɬɨɤɨɦ ɝɚɡɨɜ aɩɪ, % ɤɝ/ɆȾɠ 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

Ⱥɉ<1,4, ɬɨ ɇɡɥ = 0                                                                                      (15) 

ɗɧɬɚɥɶɩɢɸ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ HȽ, ɤȾɠ/ɤɝ, ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ α > 1 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  

ɇȽ=ɇȽ
0+ α-1 ∙ɇɜ

0+ɇɡɥ,                                                                                  (16) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.5. 

Ɍɚɛɥɢɰɚ 3.5 – ɗɧɬɚɥɶɩɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ  
 

 

 

 

ϑ ɇ⁰r ɇ⁰B 
(βɜ=1) 

Hr=H⁰r+(αi-1)*H⁰B+ɇɡɥ 

Ɍ.ɤɚɦ
ɟɪɚ 

ɒɉɉ 
2 

ɒɉɉ
3 

ɒɉɉ 
1 

ɒȼɉ Ʉɉɉ Ʉȼɉ ȼɗɄ Ɍȼɉ 

100 18 565                 172 
200 1406 1134               1693 1716 
300 2139 1711             2560 2572 2606 
400 2936 2320           3490 3506 3522 3569 
500 3723 2929         4403 4423 4444 4464 4523 
600 4532 3552         5356 5381 5405     
700 5361 4188   6232 6266 6299 6333 6362       
800 6209 4834   7215 7253 7292 7331         
900 7072 5490 8170 8214 8258 8302 8346         
1000 7950 6154 9181 9230 9280 9329           
1100 8842 6868 10216 10271 10326 10381           
1200 9745 7507 11247                 
1300 10661 8195 12300                 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.5 
1400 11583 8889 13361                 
1500 12515 9585 14432                 
1600 13454 10287 15511                 
1700 14402 10991 16601                 
1800 15353 11696 17692                 
1900 16310 12410 18792                 
2000 17272 13125 19897                 
2100 18241 13845 21010                 
2200 19209 14564                   
2300 20184 15287                   

 

3.1.3 Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢя ɢ ɪɚɫɯɨɞ 

ɬɨɩɥɢɜɚ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ߟɤɚ
ɛɪ, %, 

ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɛɚɥɚɧɫɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

ηɤɚ
ɛɪ=100-q2-q3-q4-q5-q6,                                                                                  (17) 

ɉɨɬɟɪɸ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ q2 , %, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

q2=
 ɇɭɯ-αɭɯ∙ɇɯɜ

0  ∙ 100-q4 
Qɧ

ɪ ,                                                                              (18) 

ɝɞɟ ɇɭɯ – ɷɧɬɚɥɶɩɢɹ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 

ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ tɭɯ.ɝ ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɡɚ 

ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ (ɫɦ. ɬɚɛɥɢɰɭ 3.5);  

αɭɯ– ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɡɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɦ (ɫɦ. ɬɚɛɥɢɰɭ 

3.5); 

ɇɯɜ
0 – ɷɧɬɚɥɶɩɢɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɪɚɫɱɟɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ tɯ.ɜ ɢ βɜ =1; (ɫɦ. ɬɚɛɥɢɰɭ 3.5) 

q4 – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ ɬɨɩɥɢɜɚ, %,  

q4 = 0,5 (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ)       (19) 

ɉɨɬɟɪɸ ɬɟɩɥɨɬɵ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɞɥɹ ɩɵɥɟɭɝɨɥɶɧɵɯ ɤɨɬɥɨɜ q3, %, 
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ɩɪɢɧɢɦɚɟɦ q3 = 0. 

Ɂɧɚɱɟɧɢɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 5ݍ
ɧɨɦ, %, ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ 

ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

q5
ɧɨɦ=

 60/Dɧɨɦ 0,5

lgDɧɨɦ
,                                                                                                (20) 

ɝɞɟ Dɧɨɦ – ɧɨɦɢɧɚɥɶɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɚ, ɤɝ/ɫ; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ φ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  

φ=1-
q5

100
,                                                                                                            (21) 

ɝɞɟ q5 – ɩɨɬɟɪɹ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, %; 

ɉɨɬɟɪɸ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦ ɬɟɩɥɨɦ ɲɥɚɤɚ q6, %: 

= 6ݍ
𝛼∙𝐴݌ ∙(𝑐𝑡)шˎܳ݌ܪ  ,                                                                                              (22) 

ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ȼ, ɤɝ/ɫ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɬɨɩɨɱɧɭɸ ɤɚɦɟɪɭ ɩɚɪɨɜɨɝɨ 

ɤɨɬɥɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

ȼ=
Dne∙ hne-t  nɜ +Dɜɩ∙ hɜɩ

'' -hɜɩ
'  

Qɧ
ɪ ∙ηɤɚ

ɛɪ ,                                                       (23) 

ɝɞɟ Dɩɟ – ɪɚɫɯɨɞ ɩɟɪɜɢɱɧɨɝɨ ɩɚɪɚ, ɤɝ/ɫ;  

hɩɟ – ɷɧɬɚɥɶɩɢɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɞɚɜɥɟɧɢɸ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤȾɠ/ɤɝ [3] 

t  ɩɜ – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ,  

Dɜɩ - ɪɚɫɯɨɞ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 

hɜɩ
''  - ɷɧɬɚɥɶɩɢɹ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

hɜɩ
'  - ɷɧɬɚɥɶɩɢɹ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɜɯɨɞɟ ɢɡ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 

Ɉɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ ȼɪ , ɤɝ/ɫ: 
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ȼɪ=ȼ∙ 1-0,01∙q4 ,                                                                                            (24) 

Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɫɜɟɞɟɧ ɜ ɬɚɛɥɢɰɭ 3.6. 

Ɍɚɛɥɢɰɚ 3.6 - Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɉɨɬɟɪɢ ɬɟɩɥɚ, %:   

ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ 7,22 2ݍ 
ɫ ɯɢɦɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ 3ݍ  0 
ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɟɞɨɠɨɝɨɦ 0,5 4ݍ 
ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 0,2 5ݍ 
ɫ ɬɟɩɥɨɦ ɲɥɚɤɚ 0,008 6ݍ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ φ 0,998 
ɄɉȾ ɤɨɬɥɚ, % ηɤɚ 92,071 
Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬ/ɱ (ɤɝ/ɫ):   

ɩɨɥɧɵɣ B 488,9 (135,814) 
ɪɚɫɱɟɬɧɵɣ ȼɊ 486,5 (135,135) 

  

3.1.4 Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɤɟ 

ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɹ ɷɤɪɚɧɨɜ ɬɨɩɤɢ Qɥ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟɟ 𝜗ɬ
" . ɉɪɢ 

ɷɬɨɦ ɞɨɥɠɧɵ ɛɵɬɶ ɢɡɜɟɫɬɧɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɞɚɧɧɵɟ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. Ⱦɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɥɹɟɬɫɹ ɷɫɤɢɡ. 

Ⱥɞɢɚɛɚɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ 𝜗ɚ
" , °ɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɨɥɟɡɧɨɦɭ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɸ ɜ ɬɨɩɤɟ Qɬ ɩɪɢ ɢɡɛɵɬɤɟ ɜɨɡɞɭɯɚ 𝛼˕ ɩɨ ɬɚɛɥɢɰɟ 3.4. 

ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ Qɬ , ɤȾɠ/ɤɝ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ: 

Qɬ=Qɧ
ɪ∙

100-q3-q4-q6

100-q4
+Qɜ,          (25) 

ɝɞɟ Qɜ – ɬɟɩɥɨɬɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɬɨɩɤɭ, ɤȾɠ/ɤɝ 

Qɜ=βɝɜ∙Hɝɜ
0 + ∆αɬ+∆αɩɥ ∙Hɯɜ

0 ,         (26) 
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ɝɞɟ βɝɜ– ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɛɵɬɨɤ ɜɨɡɞɭɯɚ Hɯɜ
0  ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

βɝɜ=αɬ-∆αɩɥ,           (27) 

ɝɞɟ ∆αɬ – ɜɟɥɢɱɢɧɚ ɩɪɢɫɨɫɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ; 

∆αɩɥ  – ɜɟɥɢɱɢɧɚ ɩɪɢɫɨɫɚ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦɚɯ 

ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɪɚɡɪɹɠɟɧɢɟɦ; 

Hɝɜ
0 , Hɯɜ

0  – ɷɧɬɚɥɶɩɢɢ ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ 

Ɂɧɚɱɟɧɢɸ Qɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɨɪɟɬɢɱɟɫɤɚɹ (ɚɞɢɚɛɚɬɧɚɹ) ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɨɩɤɟ 𝜗ɚ, °ɋ, ɤɨɬɨɪɭɸ ɧɚɣɞɟɦ ɩɨɫɪɟɞɫɬɜɨɦ ɨɛɪɚɬɧɨɣ 

ɢɧɬɟɪɩɨɥɹɰɢɢ ɜ ɡɨɧɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜ, ɩɪɢɧɢɦɚɹ ɷɧɬɚɥɶɩɢɸ ɇɚ=Qɬ 

Ɉɫɧɨɜɧɨɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɫɥɭɠɢɬ 

ɤɪɢɬɟɪɢɣ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Bu (ɤɪɢɬɟɪɢɣ Ȼɭɝɟɪɚ): 

Bu=k∙p∙sɬ,           (28) 

ɝɞɟ p– ɞɚɜɥɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, Ɇɉɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪ=0,1;  

sɬ – ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɦ;   

k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ, 1/(ɦ Ɇɉɚ);   

k=kɝ∙rɩ+kɡɥ∙μɡɥ+kɤ,                   (29) 

ɝɞɟ kɝ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɥɭɱɟɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (RO2, H2O) 

kɝ= 7,8+16∙rH2O rɩ∙sɬ
-1 ∙  1-0,37∙ TT

"

1000
 ,                 (30) 

ɝɞɟ rɩ – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɡɧɚɱɟɧɢɹ ɛɟɪɭɬɫɹ ɞɥɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ;   

rH2O – ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɞɥɹ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ;  

TT
"  – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, °Ʉ 

TT
" =ϑɬ

"+273,                                                                                                        (31) 
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kɡɥ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɬɨɩɨɱɧɨɣ ɫɪɟɞɟ 

ɱɚɫɬɢɰɚɦɢ ɥɟɬɭɱɟɣ ɡɨɥɵ, 1/(ɦ Ɇɉɚ), ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ   

kɡɥ=
43∙ρɝ TT

" ∙dɡɥ 0,67,                     (32) 

ɝɞɟ ρɝ – ɩɥɨɬɧɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ρɝ= 1300 ɝ/ɦ3; 

dɡɥ – ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ, ɦɤɦ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɨɥɨɬɤɨɜɵɯ ɦɟɥɶɧɢɰ, ɩɪɢɧɢɦɚɟɬɫɹ dɡɥ =16; 

μɡɥ– ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɨɜɵɯ ɱɚɫɬɢɰ;  

kk – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɥɭɱɟɣ ɱɚɫɬɢɰɚɦɢ ɝɨɪɹɳɟɝɨ ɤɨɤɫɚ, ɞɥɹ ɛɭɪɵɯ ɢ 

ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ ɩɪɢɧɢɦɚɟɬɫɹ kk=0,5 

ɉɨ ɧɚɣɞɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ Bu ɧɚɣɞɟɦ ɷɮɮɟɤɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ȼɭɝɟɪɚ 

Bu =1,6∙ln  1,4∙Bu2+Bu+2

1,4∙Bu2-Bu+2
 ,                                               (33) 

ɍɱɟɬ ɩɨɥɨɠɟɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɮɚɤɟɥɚ ɜ ɤɚɦɟɪɧɨɣ ɬɨɩɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ M 

Ɇ=0,59-0,5∙ɏɬ,                     (34) 

ɝɞɟ ɏɬ – ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ ɩɨɥɨɠɟɧɢɹ ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɩɤɟ 

ɏɬ=
hɝ

hɬ
,                      (35) 

ɝɞɟ hɝ – ɜɵɫɨɬɚ ɪɚɡɦɟɳɟɧɢɹ ɝɨɪɟɥɨɤ ɨɬ ɫɟɪɟɞɢɧɵ ɯɨɥɨɞɧɨɣ ɜɨɪɨɧɤɢ, hɝ=3,5 ɦ; 

hɬ – ɪɚɫɱɟɬɧɚɹ ɜɵɫɨɬɚ ɡɚɩɨɥɧɹɸɳɟɝɨ ɬɨɩɤɭ ɮɚɤɟɥɚ ɨɬ ɧɢɡɚ ɬɨɩɤɢ ɞɨ 

ɫɟɪɟɞɢɧɵ ɜɵɯɨɞɧɨɝɨ ɝɚɡɨɜɨɝɨ ɨɤɧɚ,  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɪɚɧɚ ȥ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

ȥ=ξ∙Ȥ,                      (36) 
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ɝɞɟ ξ– ɭɫɥɨɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, ɜɵɛɢɪɚɟɬɫɹ 

ɫɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ; 

Ȥ – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɪɚɧɚ 

Ȥ=1-0,2∙ s/d-1 ,                   (37) 

ɝɞɟ s/d – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ ɷɤɪɚɧɧɵɯ ɬɪɭɛ,  

s – ɲɚɝ ɦɟɠɞɭ ɷɤɪɚɧɧɵɦɢ ɬɪɭɛɚɦɢ, ɦɦ;  

d – ɞɢɚɦɟɬɪ ɷɤɪɚɧɧɵɯ ɬɪɭɛ, ɦɦ. 

ɇɚɯɨɞɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ °ɋ, 

ϑT
" =

Ta

1+M∙Bu0,3 ∙ 5,67∙10-11∙ȥ∙Fɫɬ∙Ta
3

φ∙Bɪ∙ Vc ɫɪ
 0,6 -273,                                           (38) 

ϑT
" =

2049

1+0,454∙0,7940,3∙  5,67∙10-11∙0,45∙7666∙20493

0,998∙135,13∙10,686  0,6 -273 = 1126 

ɉɨ ɧɚɣɞɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɨɩɪɟɞɟɥɹɟɦ ɷɧɬɚɥɶɩɢɸ 

ɝɚɡɨɜ HT
" , ɤȾɠ/ɤɝ   

HT
" =10484 ɤȾɠ/ɤɝ. 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Qɥ , ɤȾɠ/ɤɝ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ 

ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɨɩɤɢ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

Qɥ=φ∙(Qɬ-Hɬ
"),                    (39) 

ɝɞɟ Qɬ – ɩɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɬɨɩɤɟ, ɤȾɠ/ɤɝ;  

Hɬ
"  – ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ;   

Qɥ=0,998∙(17438-10484) = 6940 ɤȾɠ/ɤɝ. 

ɋɪɟɞɧɟɟ ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɤɢ qɥ(ɜɨɫɩɪɢɧɹɬɵɣ ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ), ɤȼɬ/ɦ2, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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qɥ=
Bp∙Qɥ
Fɫɬ∙Ȥ

,                     (40) 

ɝɞɟ Qɥ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɝɚɡɨɜ ɤ 

ɩɨɜɟɪɯɧɨɫɬɹɦ ɬɨɩɤɢ, ɤȾɠ/ɤɝ;  

Ȥ – ɫɬɟɩɟɧɶ ɷɤɪɚɧɢɪɨɜɚɧɢɹ ɫɬɟɧ ɬɨɩɤɢ, ɩɪɢɧɢɦɚɟɦ Ȥ=0,978; 

qɥ=
135,13∙6940

7666∙0,98
 = 124,8 ɤȼɬ/ɦ2.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 3.7 

Ɍɚɛɥɢɰɚ 3.7 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɨɩɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
Ɉɛɴɟɦ ɬɨɩɤɢ, ɦ3 Vɬ 35539 
ɗɮ. ɬɨɥɳɢɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɫɥɨɹ, ɦ sɬ 16,7 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ αɬ 1,2 
Ɍɟɩɥɨɧɚɩɪɹɠɟɧɢɟ ɨɛɴɟɦɚ, ɦɤɚɥ/ɦ3 ɱ qv 59,55 
ɉɨɥɟɡɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ, ɤȾɠ/ɤɝ QT 17439 
Ʉɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ȥ 0,45 
ɋɪɟɞɧɟɟ ɬɟɩɥɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɷɤɪɚɧɨɜ ɬɨɩɤɢ, ɤȼɬ/ɦ2 qɥ 124,8 

 
Ⱥɞɢɚɛɚɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ , °ɋ ϑa 1776 
Ɍɟɦɩ. ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ, °ɋ ϑT

"  1126 

3.1.5 Ɋɚɫɱɟɬ ɩɨɥɭɪɚɞɢɚɰɢɨɧɧɵɯ ɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɚ ɩɨɥɭɪɚɞɢɚɰɢɨɧɧɵɯ ɢ ɤɨɧɜɟɤɬɢɜɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɟ, ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɚɡɨɜ ɡɚ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɢɯ . 

ȼ ɨɫɧɨɜɭ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɚ ɩɨɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ 

ɪɚɜɟɧɫɬɜɨ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɚ ɨɬɞɚɧɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɸ ɨɬ ɩɪɨɯɨ-

ɞɹɳɢɯ ɝɚɡɨɜ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɚ ɩɟɪɟɞɚɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ 

ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɣ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɪɚɜ-
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ɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɬɞɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ. 

Ɍɟɩɥɨɬɚ, ɨɬɞɚɧɧɚɹ ɝɚɡɚɦɢ, ɤȾɠ/ɤɝ: 

Q = φ(H′ − H′′ + ∆αH˒˓˔0 ),                                                                       (41) 

ɝɞɟ 𝜑  - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɨɬɵ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

H', H'' - ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟɟ, 

ɤȾɠ/ɤɝ; ∆𝛼  - ɢɡɦɟɧɟɧɢɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɩɨɜɟɪɯɧɨɫɬɢ; 0˔˓˒ܪ - ɷɧɬɚɥɶɩɢɹ ɩɪɢɫɚɫɵɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ, ɤȾɠ/ɤɝ. 

ȼ ɲɢɪɦɨɜɵɯ ɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹɯ, ɩɨɥɭɱɚɸɳɢɯ ɬɟɩɥɨɬɭ 

ɢɡɥɭɱɟɧɢɟɦ ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ: 

Qɛ=
D

BP
∙ h′′-h′ − Qɥ,                  (42) 

ɝɞɟ D - ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɱɟɪɟɡ ɪɚɫɫɱɢɬɵɜɚɟɦɭɸ  ɩɨɜɟɪɯɧɨɫɬɶ, ɤɝ/ɫ; 

BP- ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ; 

h'', h' - ɷɧɬɚɥɶɩɢɢ ɫɪɟɞɵ ɧɚ ɜɵɯɨɞɟ ɢ ɧɚ ɜɯɨɞɟ ɜ ɩɨɜɟɪɯɧɨɫɬɶ; ܳɥ - ɬɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡ ɬɨɩɤɢ. 

Ȼɚɥɚɧɫɧɨɟ ɬɟɩɥɨ, ɤȾɠ/ɤɝ: 

Qɛ=
k∙F∙∆t
103∙ȼɪ

,           (43) 

ɝɞɟ k - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ȼɬ/(ɦ2·℃); 

Δt - ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, ℃; 

F - ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, ɦ2. 

ɉɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɫɜɟɞɟɧɢɟɦ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɲɢɪɦɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-
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ɥɢɰɟ 3.8, ɤɨɧɜɟɤɬɢɜɧɵɯ - ɜ ɬɚɛɥɢɰɟ 3.9. 

Ɍɚɛɥɢɰɚ 3.8 - Ɋɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɲɢɪɦɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɒɉɉ-2 ɒɉɉ-3 ɒɉɉ-1 ɒȼɉ 
Кɨɧɫɬɪɭɤɬɢɜɧыɟ хɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɢɩ ɩɭɱɤɚ  ɤɨɪɢɞɨɪ. ɤɨɪɢɞɨɪ. ɤɨɪɢɞɨɪ. ɤɨɪɢɞɨɪ. 
ɏɚɪɚɤɬɟɪ ɬɨɤɚ  ɩɪɹɦɨɬɨɤ ɩɪɹɦɨɬɨɤ ɩɪɹɦɨɬɨɤ ɩɪɹɦɨɬɨɤ 
Ɇɚɬɟɪɢɚɥ  12ɏ1ɆɎ 12ɏ18ɇ10

Ɍ

12ɏ1ɆɎ 12ɏ1ɆɎ 
ɉɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ, ɦ2 F 3960,0 3670,0 3960,0 5630,0 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦɦ dn 32,0 32,0 32,0 57,0 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦɦ δ 6,0 6,0 6,0 4,0 

ɀɢɜɵɟ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ:      

ɝɪɟɸɳɟɣ ɫɪɟɞɵ, ɦ2 𝑓  810,0 810,0 711 453 

Ɉɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ, ɦ 𝑓  0,406 0,547 0,43 1,991 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ, ɦɦ S1 576,0 576,0 576,0 447,0 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ, ɦɦ S2 48,0 38,0 38,0 63,0 
Ⱦɥɢɧɚ ɬɪɭɛɵ l 32,0 24,3 21,7 31,3 
Ʉ-ɟɧɬ ɬɟɩɥ. ɷɮɮɟɤɬɢɜɧɨɫɬɢ 𝜓 0,410 0,680 0,610 0,60 
ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɤɝɫ/ɫɦ2 Δɪ -3 -2,4 -6,00 -0,43 

ɉɚɪɚɦɟɬɪы ɝɪɟɸщɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɗɮ. ɬɨɥɳɢɧɚ ɢɡɥɭɱ. ɫɥɨɹ, ɦ S 0,767 0,767 0,751 0,692 
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɬɨɤɚ ɚ 0,22 0,227 0,235 0,236 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎Г 4,8 4,57 4,9 7,4 
Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ      
ɩɨ ɛɚɥɚɧɫɭ, ɤȾɠ/ɤɝ Qɛ  888 885 613 767 
ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ Qɥ  369 92,3 385 99 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ ɇ' 10484 9605 8616 8201 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ ɇ" 9604 8718 8201 7433 
Ɍɟɦɩɟɪɚɬɭɪɚ      
ɧɚ ɜɯɨɞɟ, °ɋ 890 940 1036 1126 ′ߠ 
ɧɚ ɜɵɯɨɞɟ, °ɋ θ′′ 1036 945 880 836 

ɉɚɪɚɦɟɬɪы ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞы 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎ɩ 17,5 12,9 11,2 29,3 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ h' 2776 3008 2616 3574 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ h" 3008 3187 2799 3382 
Ɍɟɦɩɟɪɚɬɭɪɚ      

ɧɚ ɜɯɨɞɟ, °ɋ t' 432 470 417 469 
ɧɚ ɜɵɯɨɞɟ, °ɋ t" 470 512 432 545 

Тɟɩɥɨɩɟɪɟɞɚчɚ 
Ɍɟɩɥɨɨɬɞɚɱɚ:      
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.8 
ɤɨɧɜɟɤɰɢɟɣ, ȼ ɬ/ ( ɦ 2·°ɋ ) αˍ 58,58 43,2 44,1 42,24 
ɢɡɥɭɱɟɧɢɟɦ, ȼɬ / ( ɦ 2·°ɋ ) αˎ 64,58 72,2 57 55,42 

ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɬɪɭɛɵ, 
ȼɬ/(ɦ2·°ɋ) 

α1 117,17 114,7 103 100,5 

ɨɬ ɫɬɟɧɤɢ ɤ ɪɚɛɨɱɟɣ ɫɪɟɞɟ, 
ȼɬ/(ɦ2·°ɋ) 

α2 11363 6640 13355 1288 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ȼɬ/(ɦ2·°ɋ) 

К 48,0 60 53 55,12 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ 
Δt 630 500 495 340 

Ɍɚɛɥɢɰɚ 3.9 - Ɋɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ʉɉɉ Ʉȼɉ ȼɗɄ Ɍȼɉ 

Кɨɧɫɬɪɭɤɬɢɜɧыɟ хɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩ ɩɭɱɤɚ  ɲɚɯɦɚɬɧɵ

ɣ

ɲɚɯɦɚɬɧɵɣ ɲɚɯɦɚɬɧ ɲɚɯɦɚɬɧɵɣ 
ɏɚɪɚɤɬɟɪ ɬɨɤɚ  ɩɪɨɬɢɜɨɬɨ

ɤ

ɫɦɟɲɚɧɧ ɩɪɨɬɢɜɨɬɨ

ɤ

ɩɪɨɬɢɜɨɬɨɤ 

Ɇɚɬɟɪɢɚɥ 
 

12ɏ1ɆɎ 

12ɏ18ɇ10

Ɍ

12ɏ1ɆɎ ɋɬ20 ɋɬ3 

ɉɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ, ɦ2 F 1870 19250 19800 169000 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦɦ dn 37 57,0 42,0 40,0 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦɦ δ 7,0 4,0 6,5 1,6 
ɀɢɜɵɟ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ:      

ɝɪɟɸɳɟɣ ɫɪɟɞɵ, ɦ2 𝑓  295,0 261,0 257 114 

Ɉɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ, ɦ 𝑓  0,558 3,8 0,764 129 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ, ɦɦ S1 204,0 204,0 126,0 54,0 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ, ɦɦ S2 50,0 80,0 61,5 40,5 
Ⱦɥɢɧɚ ɬɪɭɛɵ l 94,0 59,0 84,3 6,0 
Ʉ-ɟɧɬ ɬɟɩɥ. ɷɮɮɟɤɬɢɜɧɨɫɬɢ 𝜓 0,4 0,45 0,6  
ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɤɝɫ/ɫɦ2 Δɪ -12 -0,36 -0,3 1,43 

ɉɚɪɚɦɟɬɪы ɝɪɟɸщɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɗɮ. ɬɨɥɳɢɧɚ ɢɡɥɭɱ. ɫɥɨɹ, ɦ S 0,283 0,277 0,172 0,0332 
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɬɨɤɚ ɚ 0,17 0,125 0,096 0,072 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎Г 10,3 11,5 10,7 15,5 
Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ      
ɩɨ ɛɚɥɚɧɫɭ, ɤȾɠ/ɤɝ Qɛ  905 2440 966 1992 
ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ Qɥ  40 - - - 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ ɇ' 7432 6486 4043 3047 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.9 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ ɇ" 6486 4043 3047 1563 
Ɍɟɦɩɟɪɚɬɭɪɚ      
ɧɚ ɜɯɨɞɟ, °ɋ 340 457 712 810 ′ߠ 
ɧɚ ɜɵɯɨɞɟ, °ɋ θ′′ 712 457 350 176 

ɉɚɪɚɦɟɬɪы ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞы 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎ɩ 16 38,9 1,4 11 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ h' 3141 2933 1180 371 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ h" 3315 3476 1363 1855 
Ɍɟɦɩɟɪɚɬɭɪɚ      
ɧɚ ɜɯɨɞɟ, °ɋ t' 432 285 274 65 
ɧɚ ɜɵɯɨɞɟ, °ɋ t" 545 511 323 317 

Тɟɩɥɨɩɟɪɟɞɚчɚ 
Ɍɟɩɥɨɨɬɞɚɱɚ:      
ɤɨɧɜɟɤɰɢɟɣ, ȼ ɬ/ ( ɦ 2·°ɋ ) αˍ 73,5 94,3 102 50 
ɢɡɥɭɱɟɧɢɟɦ, ȼɬ / ( ɦ 2·°ɋ ) αˎ 25,5 12,5 5,7 - 
ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɬɪɭɛɵ, 
ȼɬ/(ɦ2·°ɋ) 

α1 99 106,8 103 52 

ɨɬ ɫɬɟɧɤɢ ɤ ɪɚɛɨɱɟɣ ɫɪɟɞɟ, 
ȼɬ/(ɦ2·°ɋ) 

α2 6877 1800 9720 87 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ȼɬ/(ɦ2·°ɋ) 

К 65,6 61 63,7 28 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ Δt 240 187 103 59 

3.2 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ.  

ȼ ɪɚɦɤɚɯ ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɥɚɧɢɪɭɟɬɫɹ ɩɟɪɟɯɨɞ ɨɬ 

ɲɚɯɦɚɬɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ ɤ ɤɨɪɢɞɨɪɧɨɦɭ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɨɥɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ Ʉɉɉ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɷɬɨ ɜɥɟɱɟɬ ɭɦɟɧɶɲɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ Ʉɉɉ ɜ 2 ɪɚɡɚ. ɉɪɢ ɷɬɨɦ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɟɪɟɝɪɟɜ ɩɚɪɚ ɞɨ 

Ʉɉɉ ɜ ɲɢɪɦɚɯ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɩɟɬɥɟɜɨɣ ɱɚɫɬɢ ɲɢɪɦ 2 ɢ 3 ɫɬɭɩɟɧɟɣ 

ɧɚ 3 ɦɟɬɪɚ ɩɨɞ ɭɝɥɨɦ 30 ɝɪɚɞɭɫɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɟɪɬɢɤɚɥɶɧɨɦɭ ɭɱɚɫɬɤɭ. Ⱦɚɧɧɨɟ 

ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɫɤɨɥɶɤɢɯ ɢɬɟɪɚɰɢɢ ɬɟɩɥɨɜɨɝɨ 

ɪɚɫɱɟɬɚ, ɜ ɩɪɨɝɪɚɦɦɟ "ɆɚɬɄɚɞ", ɦɟɬɨɞɨɦ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞ ɢ ɩɥɨɳɚɞɟɣ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɒɉɉ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.10 - ɲɢɪɦɨɜɵɯ, ɜ ɬɚɛɥɢɰɟ 3.11 - ɤɨɧɜɟɤɬɢɜɧɵɯ. 

Ɍɚɛɥɢɰɚ 3.10 - Ɋɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɲɢɪɦɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 
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ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧ

ɢɟ

ɒɉɉ-2 ɒɉɉ-3 ɒɉɉ-1 ɒȼɉ 
Кɨɧɫɬɪɭɤɬɢɜɧыɟ хɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɢɩ ɩɭɱɤɚ  ɤɨɪɢɞɨɪ. ɤɨɪɢɞɨɪ. ɤɨɪɢɞɨɪ. ɤɨɪɢɞɨɪ. 
ɏɚɪɚɤɬɟɪ ɬɨɤɚ  ɩɪɹɦɨɬɨɤ ɩɪɹɦɨɬɨɤ ɩɪɹɦɨɬɨɤ ɩɪɹɦɨɬɨɤ 
Ɇɚɬɟɪɢɚɥ  20ɏ23ɇ18 20ɏ23ɇ18 12ɏ1ɆɎ 12ɏ1ɆɎ 
ɉɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ, ɦ2 F 4732 4708 3960 5630 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦɦ dn 32,0 32,0 32,0 57,0 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦɦ δ 6,0 6,0 6,0 4,0 
ɀɢɜɵɟ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ:      

ɝɪɟɸɳɟɣ ɫɪɟɞɵ, ɦ2 𝑓  894,0 890,0 711 453 

Ɉɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ, ɦ 𝑓  0,406 0,547 0,43 1,991 
ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ, ɦɦ S1 576,0 576,0 576,0 447,0 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ, ɦɦ S2 48,0 38,0 38,0 63,0 
Ⱦɥɢɧɚ ɬɪɭɛɵ l 32,0 24,3 21,7 31,3 
Ʉ-ɟɧɬ ɬɟɩɥ. ɷɮɮɟɤɬɢɜɧɨɫɬɢ 𝜓 0,410 0,680 0,610 0,60 
ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɤɝɫ/ɫɦ2 Δɪ -3 -2,4 -6,00 -0,43 

ɉɚɪɚɦɟɬɪы ɝɪɟɸщɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɗɮ. ɬɨɥɳɢɧɚ ɢɡɥɭɱ. ɫɥɨɹ, ɦ S 0,769 0,769 0,751 0,692 
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɬɨɤɚ ɚ 0,223 0,235 0,239 0,24 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎Г 4,24 3,96 4,9 7,4 
Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ      
ɩɨ ɛɚɥɚɧɫɭ, ɤȾɠ/ɤɝ Qɛ  1044 974 608 765 
ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ Qɥ  428 173 530 13,5 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ ɇ' 10484 9438 8507 8201 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ ɇ" 9438 8462 7898 7131 
Ɍɟɦɩɟɪɚɬɭɪɚ      
ɧɚ ɜɯɨɞɟ, °ɋ 860 920 1020 1126 ′ߠ 
ɧɚ ɜɵɯɨɞɟ, °ɋ θ′′ 1020 920 860 780 

ɉɚɪɚɦɟɬɪы ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞы 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎ɩ 19,5 14,3 11,2 29,3 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ h' 2776 3048 2616 3382 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ h" 3048 3258 2824 3555 
Ɍɟɦɩɟɪɚɬɭɪɚ      

ɧɚ ɜɯɨɞɟ, °ɋ t' 436 480 417 469 
ɧɚ ɜɵɯɨɞɟ, °ɋ t" 480 532 436 545 

Тɟɩɥɨɩɟɪɟɞɚчɚ 
Ɍɟɩɥɨɨɬɞɚɱɚ:      
ɤɨɧɜɟɤɰɢɟɣ, ȼ ɬ/ ( ɦ 2·°ɋ ) αˍ 42,14 44,1 47 52 
ɢɡɥɭɱɟɧɢɟɦ, ȼɬ / ( ɦ 2·°ɋ ) αˎ 86 72 62,25 48,4 

ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɬɪɭɛɵ, ȼɬ/(ɦ2·°ɋ) α1 118 116 111,7 111,2 

 

 



29 

 

 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.10 
ɨɬ ɫɬɟɧɤɢ ɤ ɪɚɛɨɱɟɣ ɫɪɟɞɟ, 
ȼɬ/(ɦ2·°ɋ) 

α2 12363 7390 14552 1288 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ȼɬ/(ɦ2·°ɋ) 

К 48,34 60,23 55 58,4 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ Δt 617 464 465 313 

Ɍɚɛɥɢɰɚ 3.11 - Ɋɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧ

ɢɟ 

Ʉɉɉ Ʉȼɉ ȼɗɄ Ɍȼɉ 

Кɨɧɫɬɪɭɤɬɢɜɧыɟ хɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩ ɩɭɱɤɚ  ɲɚɯɦɚɬɧɵ

ɣ

ɲɚɯɦɚɬɧɵ

ɣ

ɲɚɯɦ

ɚɬɧ

ɲɚɯɦɚɬɧ

ɵɣɏɚɪɚɤɬɟɪ ɬɨɤɚ  ɩɪɨɬɢɜɨɬɨ

ɤ

ɫɦɟɲɚɧɧ ɩɪɨɬɢ

ɜɨɬɨɤ

ɩɪɨɬɢɜɨɬ

ɨɤɆɚɬɟɪɢɚɥ  12ɏ1ɆɎ 

12ɏ18ɇ10

Ɍ

12ɏ1ɆɎ ɋɬ20 ɋɬ3 

ɉɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ, ɦ2 F 3341 19250 198 169000 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦɦ dn 37 57,0 42,0 40,0 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ, ɦɦ δ 7,0 4,0 6,5 1,6 
ɀɢɜɵɟ ɫɟɱɟɧɢɹ ɞɥɹ ɩɪɨɯɨɞɚ:      

ɝɪɟɸɳɟɣ ɫɪɟɞɵ, ɦ2 𝑓ɝ 343 261,0 257 114 

Ɉɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ, ɦ 𝑓ɩ 0,138 3,8 0,764 129 

ɉɨɩɟɪɟɱɧɵɣ ɲɚɝ, ɦɦ S1 204,0 204,0 126,0 54,0 
ɉɪɨɞɨɥɶɧɵɣ ɲɚɝ, ɦɦ S2 50,0 80,0 61,5 40,5 
Ⱦɥɢɧɚ ɬɪɭɛɵ l 94,0 59,0 84,3  
Ʉ-ɟɧɬ ɬɟɩɥ. ɷɮɮɟɤɬɢɜɧɨɫɬɢ 𝜓 0,4 0,45 0,6  
ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɤɝɫ/ɫɦ2 Δɪ -12 -0,36 -0,3 1,43 

ɉɚɪɚɦɟɬɪы ɝɪɟɸщɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɗɮ. ɬɨɥɳɢɧɚ ɢɡɥɭɱ. ɫɥɨɹ, ɦ S 0,283 0,277 0,172 0,0332 
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɬɨɤɚ ɚ 0,166 0,125 0,096 0,072 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎Г 9,1 9,9 10,7 14,8 
Ɍɟɩɥɨɜɨɫɩɪɢɹɬɢɟ      
ɩɨ ɛɚɥɚɧɫɭ, ɤȾɠ/ɤɝ Qɛ  273 2440 1178 1934 
ɢɡ ɬɨɩɤɢ, ɤȾɠ/ɤɝ Qɥ  13 - - - 
ɗɧɬɚɥɶɩɢɹ      
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ ɇ' 7898 6859 4416 2950 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ ɇ" 6859 4416 3237 1185 
Ɍɟɦɩɟɪɚɬɭɪɚ      
ɧɚ ɜɯɨɞɟ, °ɋ 358 495 740 780 ′ߠ 
ɧɚ ɜɵɯɨɞɟ, °ɋ θ′′ 740 495 370 151 

ɉɚɪɚɦɟɬɪы ɨɛɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞы 
Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ 𝝎ɩ 16 38,9 1,4 11 
ɗɧɬɚɥɶɩɢɹ      
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.11 
ɧɚ ɜɯɨɞɟ, ɤȾɠ/ɤɝ h' 3259 3315 1180 371 
ɧɚ ɜɵɯɨɞɟ, ɤȾɠ/ɤɝ h" 3315 3476 1362 1855 
Ɍɟɦɩɟɪɚɬɭɪɚ      
ɧɚ ɜɯɨɞɟ, °ɋ t' 530 285 274 65 
ɧɚ ɜɵɯɨɞɟ, °ɋ t" 545 511 323 317 

Тɟɩɥɨɩɟɪɟɞɚчɚ 
Ɍɟɩɥɨɨɬɞɚɱɚ:      
ɤɨɧɜɟɤɰɢɟɣ, ȼ ɬ/ ( ɦ 2·°ɋ ) αɤ 53,65 94,3 102 49 
ɢɡɥɭɱɟɧɢɟɦ, ȼɬ / ( ɦ 2·°ɋ ) αɥ 26,6 12,5 5,7 - 
ɨɬ ɝɚɡɨɜ ɤ ɫɬɟɧɤɟ ɬɪɭɛɵ, 
ȼɬ/(ɦ2·°ɋ) 

α1 80,3 106,8 103 51 

ɨɬ ɫɬɟɧɤɢ ɤ ɪɚɛɨɱɟɣ ɫɪɟɞɟ, 
ȼɬ/(ɦ2·°ɋ) 

α2 6877 1800 9720 86 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ȼɬ/(ɦ2·°ɋ) 

К 48,5 61,3 63,7 27 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ, °ɋ Δt 227 187 103 57 

 

4 ɗɤɨɧɨɦɢɱɟɫɤɚя ɱɚɫɬɶ ɩɪɨɟɤɬɚ 

4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ ɫɤɚɩɥɢɜɚɸɬɫɹ ɨɫɬɚɬɨɱɧɵɟ 

ɡɚɝɪɹɡɧɟɧɢɹ ɢɡ - ɡɚ ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ ɨɛɞɭɜɤɢ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ 

ɫɧɢɠɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. 

Ⱦɥɹ Ʉɉɉ ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 10%, ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ - 5%. ɍɱɢɬɵɜɚɹ ɷɬɢ ɡɧɚɱɟɧɢɹ, 

ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. Ɋɚɫɱɟɬ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 

4.1. 

Ɍɚɛɥɢɰɚ 4.1 - Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 
Ʉɉɉ 

Ʉɉɉ ɩɨɫɥɟ 

ɦɨɞɟɪɧɢɡɚɰɢɢ 

ȥ=0,4 ȥ =0,36 ȥ =0,4 ȥ =0,38 

ɉɨɬɟɪɢ ɬɟɩɥɚ, %: 
     

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.1 



31 

 

 

ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ q2 7,22 7,73 7,22 7,4005 

ɫ ɯɢɦɢɱɟɫɤɢɦ 

ɧɟɞɨɠɨɝɨɦ 

q3  0 0 0 0 

ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 

ɧɟɞɨɠɨɝɨɦ 

q4 0,5 0,5 0,5 0,5 

ɜ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ 

q5 0,43 0,43 0,43 0,43 

ɫ ɬɟɩɥɨɦ ɲɥɚɤɚ q6 0,008 0,008 0,008 0,008 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɫɨɯɪɚɧɟɧɢɹ ɬɟɩɥɚ 

φ 0,998 0,998 0,998 0,998 

ɄɉȾ ɤɨɬɥɚ, % ηɤɚ 92,071 91,57 92,071 91,892 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɬ/ɱ:      

ɩɨɥɧɵɣ B 488,931 491,598 488,931 489,88 

ɪɚɫɱɟɬɧɵɣ ȼɊ 486,486 489,14 486,486 487,437 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ 

ɬɨɩɥɢɜɚ, ɬ/ɱ 

 2,667 0,949 

ȼɵɝɨɞɚ ɨɬ ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɦɥɧ.ɪɭɛ: 

Pr =  ∆B1 − ∆B2 ∙ T ∙ ʥ˕ ∙ 10−6            (63) 

ɝɞɟ ∆B1 - ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɞɨ ɦɨɞɟɪɧɢɡɚɰɢɢ, ɬ/ɱ; ∆B2 - ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ, ɬ/ɱ; 

T = 7600 - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɝɨɞ ɫ ɭɱɟɬɨɦ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ 

ɧɚ ɩɥɚɧɨɜɵɣ ɪɟɦɨɧɬ, ɱ/ɝɨɞ; 

ɐɬ = 429 - ɰɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ/ɬ. 

Pr =  2,667 − 0,959 ∙ 7600 ∙ 429 ∙ 10−6 = 5,6 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɨɫɥɟ ɪɟ-

ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɭɱɟɬɨɦ ɫɧɢɠɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɥɭɱɚɟɦ 
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ɜɵɝɨɞɭ ɧɚ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ 5,6 ɦɥɧ.ɪɭɛ. 

4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ 

4.2.1 ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ Ɍɗɋ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɫɱɟɬ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ, ɧɚɩɪɚɜɥɹɟɦɵɯ ɧɚ 

ɞɚɧɧɵɟ ɰɟɥɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɯɨɡɪɚɫɱɟɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɩɪɟɞɩɪɢɹɬɢɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ, 

ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 

ɪɟɚɥɢɡɚɰɢɟɣ ɢɧɜɟɫɬɢɰɢɣ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ: ɱɢɫɬɵɣ ɞɨɯɨɞ, ɫɪɨɤ 

ɨɤɭɩɚɟɦɨɫɬɢ, ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ, ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ. 

ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɟɬɨɞɨɦ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɤɨ-

ɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɧɟɪɚɜɧɨɰɟɧɧɨɫɬɶ ɨɞɢɧɚɤɨɜɵɯ ɫɭɦɦ ɩɨɫɬɭɩɥɟɧɢɣ ɢ ɩɥɚ-

ɬɟɠɟɣ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɪɚɡɧɵɦ ɩɟɪɢɨɞɚɦ ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɟɤɬɚ. 

ɉɟɪɜɵɣ ɜ ɫɢɫɬɟɦɟ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ - ɱɢɫɬɵɣ 

ɞɨɯɨɞ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɩɪɟɜɵɲɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɞ 

ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. 

ɋ ɭɱɟɬɨɦ ɪɚɡɝɪɚɧɢɱɟɧɢɹ ɨɛɳɟɣ ɫɭɦɦɵ ɡɚɬɪɚɬ, ɫɬɨɢɦɨɫɬɧɨɣ ɨɰɟɧɤɨɣ ɪɟ-

ɡɭɥɶɬɚɬɚ ɹɜɥɹɟɬɫɹ, ɜɨ-ɩɟɪɜɵɯ, ɩɪɢɪɨɫɬ ɩɪɢɛɵɥɢ, ɞɨɫɬɢɝɚɟɦɵɣ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɬɟɯ 

ɢɥɢ ɢɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɚ ɬɚɤ ɠɟ, «ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ», ɹɜɥɹɸɳɢɟɫɹ ɧɟ 

ɫɬɚɬɶɟɣ ɪɚɫɯɨɞɚ, ɚ ɧɚɪɚɜɧɟ ɫ ɩɪɢɛɵɥɶɸ - ɜɧɭɬɪɟɧɧɢɦ ɢɫɬɨɱɧɢɤɨɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɚɫɱɟɬɭ ɪɟɡɭɥɶɬɚɬɚ ɨɬ ɜɧɟɞɪɟɧɢɹ ɦɟɪɨ-

ɩɪɢɹɬɢɣ ɩɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɱɥɟɧɟɧɢɟ ɩɨɥɧɨɝɨ 

(ɢɧɬɟɝɪɚɥɶɧɨɝɨ) ɪɟɡɭɥɶɬɚɬɚ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. Ɍɚɤ, ɩɪɢɪɨɫɬ ɩɪɢɛɵɥɢ 

ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɤɚɤ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɜɵɪɭɱɤɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɨɞɭɤɰɢɢ ɨɫɧɨɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤ ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɤɨɧɨɦɢɢ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ 

ɩɪɨɢɡɜɨɞɫɬɜɭ ɩɪɨɞɭɤɰɢɢ. 
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Ɉɰɟɧɤɚ ɩɥɚɧɢɪɭɟɦɵɯ ɡɚɬɪɚɬ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɧɜɟɫɬɢɰɢɣ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɚ ɨɬɞɚɱɢ ɨɬ ɢɧɜɟɫɬɢɰɢɣ. 

4.2.2 Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɨ ɩɪɨɟɤɬɭ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨ-

ɜɚɧɢɢ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɛɨɬ ɩɨ ɪɚɡɞɟɥɚɦ: ɫɬɨɢɦɨɫɬɶ ɪɚɛɨɬ, 

ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ, ɫɬɨɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɲɢɧ. 

ɋɜɨɞɧɵɣ ɫɦɟɬɧɵɣ ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 4.2 

ɩɨ [8]. 

Ɍɚɛɥɢɰɚ 4.2 - ɋɜɨɞɧɵɣ ɫɦɟɬɧɵɣ ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬ ɢ 
ɡɚɬɪɚɬ 

Ʉɨɥ - 
ɜɨ, ɬɧ 

ɐɟɧɚ 
ɟɞ, 
ɬɵɫ.ɪɭɛ 

ɋɬɨɢɦɨɫɬɶ, 
ɬɵɫ.ɪɭɛ 

ɉɪɢɦɟɱɚɧɢɟ 

Ⱦɟɦɨɧɬɚɠ ɱɚɫɬɢ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɫ 
ɨɬɝɥɭɲɟɧɢɟɦ ɬɪɭɛ 32ɯ6 

230 57,900 13 317 
ȼɤɥɸɱɚɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɪɚɛɨɬɵ 
ɩɨ ɉɉɊ 

Ⱦɟɦɨɧɬɚɠ ɷɥɟɦɟɧɬɨɜ 
ɒɉɉ-2 

14,4 57,900 834 
ȼɤɥɸɱɚɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɪɚɛɨɬɵ 
ɩɨ ɉɉɊ 

Ⱦɟɦɨɧɬɚɠ ɷɥɟɦɟɧɬɨɜ 
ɒɉɉ-3 

10,8 57,900 625 
ȼɤɥɸɱɚɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɪɚɛɨɬɵ 
ɩɨ ɉɉɊ 

ɉɪɢɨɛɪɟɬɟɧɢɟ, ɞɨɫɬɚɜɤɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

90 85,113 7 660   

Ɇɨɧɬɚɠ ɷɥɟɦɟɧɬɨɜ 
ɒɉɉ-2 

43,2 81,060 3 502 
ȼɤɥɸɱɚɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɪɚɛɨɬɵ 
ɩɨ ɉɉɊ 

Ɇɨɧɬɚɠ ɷɥɟɦɟɧɬɨɜ 
ɒɉɉ-3 

46,8 81,060 3 794 
ȼɤɥɸɱɚɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɪɚɛɨɬɵ 
ɩɨ ɉɉɊ 

ɂɬɨɝɨ 
29 732 

   

 

4.2.3 Ɋɚɫɱɟɬ ɞɨɯɨɞɨɜ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

ɉɪɢ ɪɚɫɱɟɬɟ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɛɭɞɟɦ ɭɱɢɬɵɜɚɬɶ ɩɪɢɛɵɥɶ ɨɬ 
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ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ. 

Ⱦɟɧɟɠɧɵɣ ɩɨɬɨɤ ɨɬ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ, ɦɥɧ.ɪɭɛ./ɝɨɞ: П˕ = (ʑˇ˓ − ʑ˒˓) ∙ Т ∙ ʥ˕                                                                    (64) 

ɝɞɟ ʑˇ˓ - ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɬ/ɱ; ʑ˒˓ - ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɬ/ɱ; 

T = 7600 - ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɝɨɞ ɫ ɭɱɟɬɨɦ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ 

ɧɚ ɩɥɚɧɨɜɵɣ ɪɟɦɨɧɬ, ɱ/ɝɨɞ; 

Цɬ =  429 - ɰɟɧɚ ɬɨɩɥɢɜɚ, ɪɭɛ/ɬ. 

П˕ = (488,4 − 487,437) ∙ 7600 ∙ 429 ∙ 10−6= 5,6 ɦɥɧ.ɪɭɛ/ɝɨɞ. 

Ɋɚɡɦɟɪ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɦɥɧ.ɪɭɛ./ɝɨɞ: ܷ𝑎 = К ∙ На                                                                           (65) 

ɝɞɟ К - ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɦɥɧ.ɪɭɛ.; 

ɇɚ =  6,7% - ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ. 

Ua =  29,732·0,067 = 2,598 ɦɥɧ.ɪɭɛ./ɝɨɞ. 

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

ɉ = ɉɬ · 0,8 + Ua.        (66) 

ɉ = 5,6 ·0,8 + 2,598 = 7,078 ɦɥɧ.ɪɭɛ./ɝɨɞ. 

Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɦ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ, ɦɥɧ.ɪɭɛ: 

ʦʓʓ =  П
(1+ʔ)𝑛10𝑛=0 − 𝐾,                                                            (67)  

ɝɞɟ E = 0,12 - ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɚ;  

n - ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɝɨɞɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɪɟɤɨɧ-



35 

 

 

ɫɬɪɭɤɰɢɸ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 Ȼɟɪɟɡɨɜɫɤɨɣ ȽɊɗɋ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.3. 

Ɍɚɛɥɢɰɚ 4.3 - ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ 

ɉɨɤɚɡɚɬɟɥɢ 
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-2
9,

73
2

 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

7,
07

8 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

1 0,
88

0 

0,
77

4 

0,
68

1 

0,
60

0 

0,
52

8 

0,
46

4 

0,
40

9 

0,
36

0 

0,
31

6 

0,
27

9 

0,
24

5 
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 ɉɨ ɪɟɡɭɥɶɬɚɬɭ ɪɚɫɱɟɬɚ ɧɚ 7-ɣ ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɑȾȾ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ ɧɭɥɹ 

ɢ ɜɫɟ ɡɚɬɪɚɬɵ ɩɨ ɩɪɨɟɤɬɭ ɨɤɭɩɚɸɬɫɹ ɞɨɯɨɞɚɦɢ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɞɚɧɧɵɣ ɩɪɨɟɤɬ 

ɢɧɜɟɫɬɢɰɢɣ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɤ ɪɟɚɥɢɡɚɰɢɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ 

ɦɨɞɟɪɧɢɡɚɰɢɢ  ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɉ-67 ȻȽɊɗɋ. ɐɟɥɶɸ ɦɨɞɟɪɧɢɡɚɰɢɢ ɹɜɥɹɥɨɫɶ 

ɭɦɟɧɶɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɨɥɨɜɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɣ ɱɚɫɬɢ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɩɭɬɟɦ ɪɚɡɪɹɠɟɧɢɹ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ  ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɢ ɭɜɟɥɢɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɲɢɪɦɨɜɨɝɨ 

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ 2ɣ ɢ 3ɣ ɫɬɭɩɟɧɟɣ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɵ 

ɧɚɞɟɠɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. 

ȼ ɩɪɨɟɤɬɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɬɟɯɧɢɱɟ-

ɫɤɨɟ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ ɦɨɞɟɪɧɢɡɚɰɢɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɉ-67 ȻȽɊɗɋ. 

Ȼɵɥ ɜɵɩɨɥɧɟɧ ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɞɨ ɢ ɩɨɫɥɟ 

ɦɨɞɟɪɧɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɚɥ ɩɪɟɢɦɭɳɟɫɬɜɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ  ɜɚɪɢɚɧɬɚ 

ɩɨ ɩɨɥɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ.  

ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɨɟɤɬɚ ɨɩɪɟɞɟɥɟɧɵ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɪɟ-

ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɢɧɬɟɝɪɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɚ ɢɦɟɧɧɨ ɱɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɟ ɞɨɯɨɞ ɢ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ. 

ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɢɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 9,45 ɦɥɧ.ɪɭɛ. ɢ ɨɤɨɥɨ 7 

ɥɟɬ.
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