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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ  
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ɋɬɭɞɟɧɬɭ Ʉɨɪɨɥɶɤɨɜɭ ȿɜɝɟɧɢɸ Ʉɨɧɫɬɚɧɬɢɧɨɜɢɱɭ 

Ƚɪɭɩɩɚ ɁɎɗ 14-02Ȼ ɇɚɩɪɚɜɥɟɧɢɟ 20.03.01 «Ɍɟɯɧɨɫɮɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ» 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɉɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 

ɪɚɛɨɬɟ ɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɰɟɯɟ» 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 19636/ɫ ɨɬ 28.12.2018 ɝ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ʉɚɥɢɧɢɱ ɂɥɶɹ ȼɢɤɬɨɪɨɜɢɱ, ɚɫɫɢɫɬɟɧɬ ɤɚɮɟɞɪɵ ɂɗɢȻɀȾ ɉɂ 

ɋɎɍ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɝɨɪɨɞ – Ȼɪɚɬɫɤ; ɨɪɢɟɧɬɚɰɢɹ ɮɚɫɚɞɚ ɡɞɚɧɢɹ ɰɟɯɚ – 

ɡɚɩɚɞ; ɡɞɚɧɢɟ ɰɟɯɚ – ɨɞɧɨɷɬɚɠɧɨɟ; ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɚɹ ɩɪɢɫɬɪɨɣɤɚ – ɬɪёɯɷɬɚɠɧɚɹ; 

ɜɵɫɨɬɚ ɷɬɚɠɚ – 6 ɦ; ɧɚɪɭɠɧɵɟ ɫɬɟɧɵ ɜɵɩɨɥɧɟɧɵ ɢɡ ɠ/ɛ ɩɚɧɟɥɟɣ ɫ ɭɬɟɩɥɢɬɟɥɟɦ ɢɡ 

ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ; ɩɨɤɪɵɬɢɟ ɫɨɫɬɨɢɬ ɢɡ ɫɥɨёɜ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡɧɭɬɪɢ ɧɚɪɭɠɭ): 

ɠ/ɛ ɩɥɢɬɚ; ɩɨɥɢɫɬɟɪɨɥɛɟɬɨɧ; ɠ/ɛ ɩɥɢɬɚ; ɩɨɥ ɛɟɬɨɧɧɵɣ, ɧɟɭɬɟɩɥёɧɧɵɣ, ɧɚ ɝɪɭɧɬɟ; 

ɡɚɩɨɥɧɟɧɢɟ ɫɜɟɬɨɜɵɯ ɩɪɨёɦɨɜ – ɬɪɨɣɧɨɟ ɨɫɬɟɤɥɟɧɢɟ (ɬɨɥɳɢɧɚ ɫɬɟɤɥɚ – 3,5 ɦɦ); 

ɢɫɬɨɱɧɢɤ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ – ɪɚɣɨɧɧɚɹ ɤɨɬɟɥɶɧɚɹ; ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ – 

120/70 ɨɋ; ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɚɸɳɢɯ ɜ ɰɟɯɟ ɥɸɞɟɣ – 32 ɱɟɥɨɜɟɤɚ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɥɢɫɬ 1: ɝɟɧɩɥɚɧ, ɩɥɚɧ ɰɟɯɚ; ɥɢɫɬ 2: ɩɥɚɧ ɫ 

ɧɚɧɟɫɟɧɢɟɦ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ; ɥɢɫɬ 3: ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ ɫɢɫɬɟɦ 

ɨɬɨɩɥɟɧɢɹ; ɥɢɫɬ 4: ɩɥɚɧ ɫ ɧɚɧɟɫɟɧɢɟɦ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ; ɥɢɫɬ 5: 

ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ; ɥɢɫɬɵ 5,6: ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɢɟ 

ɫɯɟɦɵ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ. 

 

 

      Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                         _________________         ɂ. ȼ. Ʉɚɥɢɧɢɱ 

 

 

      Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ     _________________         ȿ. Ʉ. Ʉɨɪɨɥɶɤɨɜ     

 

                                                                                                       «24» ɢɸɧɹ 2019 ɝ. 
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ɄȺɅȿɇȾȺɊɇɕɃ ȽɊȺɎɂɄ 
ɜɵɩɨɥɧɟɧɢɹ ȼɄɊ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ ɫɨɞɟɪɠɚɧɢɟ ɷɬɚɩɚ ɋɪɨɤ ɜɵɩɨɥɧɟɧɢɹ 
ɋɛɨɪ ɢ ɚɧɚɥɢɡ ɢɫɯɨɞɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɢ 
ɞɨɤɭɦɟɧɬɚɰɢɢ 

11.05.2019 – 23.06.2019 

ɉɨɫɬɚɧɨɜɤɚ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɢ,ɨɫɜɨɟɧɢɟ 
ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɢɤ 

24.06.2019 – 30.06.2019 

ȼɵɩɨɥɧɟɧɢɟ ɪɚɫɱɟɬɨɜ, ɨɮɨɪɦɥɟɧɢɟ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɫɨɫɬɚɜɥɟɧɢɟ ɜɵɜɨɞɨɜ 

01.07.2019 – 06.07.2019 

Ɉɮɨɪɦɥɟɧɢɟ ɪɚɫɱɟɬɧɨ-ɩɨɹɫɧɢɬɟɥɶɧɨɣ 
ɡɚɩɢɫɤɢ 

08.07.2019 – 11.07.2019 

Ƚɪɚɮɢɱɟɫɤɨɟ ɨɮɨɪɦɥɟɧɢɟ ɱɟɪɬɟɠɟɣ 12.07.2019 – 15.07.2019 
Ɉɮɨɪɦɥɟɧɢɟ ɩɪɨɱɟɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 16.07.2019 – 17.07.2019 
 
 
 
«__»____________2019ɝ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ                             __________    ɂ.ȼ. Ʉɚɥɢɧɢɱ 
                                                        ɩɨɞɩɢɫɶ 
 

 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ __________    ȿ.Ʉ. Ʉɨɪɨɥɶɤɨɜ  
                                                         ɩɨɞɩɢɫɶ 
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɪɚɛɨɬɵ ɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɰɟɯɟ» ɫɨɞɟɪɠɢɬ 67 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, 3 ɩɪɢɥɨɠɟɧɢɹ, 15 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ.  

ȼɊȿȾɇɈɋɌɂ, ɁȺɉɕɅЁɇɇɈɋɌɖ, ɆɂɄɊɈɄɅɂɆȺɌ, ɋɄɈɊɈɋɌɖ 
ȼɈɁȾɍɏȺ, ɌȿɆɉȿɊȺɌɍɊȺ, ɌȿɏɇɂɄȺ ȻȿɈɉȺɋɇɈɋɌɂ. 
 Ɉɛɴɟɤɬɨɦ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɫɹ ɰɟɯ ɞɟɪɟɜɨɨɛɪɚɛɨɬɤɢ ɝ. Ȼɪɚɬɫɤɚ. 
 ɐɟɥɶ ɪɚɛɨɬɵ – ɨɛɟɫɩɟɱɟɧɢɟ ɧɨɪɦɢɪɭɟɦɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ ɭɤɚɡɚɧɧɨɝɨ ɰɟɯɚ. 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ: 

1) ɪɚɫɱёɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɰɟɯɚ; 
2) ɪɚɫɱёɬ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɰɟɯɚ. 
Ɂɚɱɚɫɬɭɸ ɦɢɤɪɨɤɥɢɦɚɬ ɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɰɟɯɚɯ ɹɜɥɹɟɬɫɹ 

ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɦɚɥɨɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɨɣ ɢɧɠɟɧɟɪɧɵɯ 
ɫɢɫɬɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɦɮɨɪɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɯɚ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ 
ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɰɟɯɚ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɤɨɦɮɨɪɬɧɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ ɜɧɭɬɪɢ 
ɩɨɦɟɳɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɫɧɢɡɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ. 
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ȺɇɇɈɌȺɐɂə 
 

 ɤ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɚɤɚɥɚɜɪɚ ɧɚ ɬɟɦɭ: ɉɨɜɵɲɟɧɢɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɰɟɯɟ. 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ 67 ɫɬɪɚɧɢɰɚɯ, ɜɤɥɸɱɚɟɬ 11 
ɬɚɛɥɢɰ, 15 ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 
 Ɉɛɴɟɤɬɨɦ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɯ ɜ ɝ. Ȼɪɚɬɫɤɟ. 
 ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɧɨɪɦɢɪɭɟɦɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ 
ɭɤɚɡɚɧɧɨɝɨ ɰɟɯɚ. 
 ȼ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɛɚɤɚɥɚɜɪɚ ɜɯɨɞɢɬ ɜɜɟɞɟɧɢɟ, ɞɜɟɧɚɞɰɚɬɶ ɝɥɚɜ, 
ɢɬɨɝɨɜɨɟ ɡɚɤɥɸɱɟɧɢɟ ɩɨ ɪɚɛɨɬɟ. 
 ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɨɛɨɡɧɚɱɚɟɬɫɹ ɩɪɨɛɥɟɦɚ, 
ɰɟɥɢ ɢ ɡɚɞɚɱɢ. 
 ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɞɚёɬɫɹ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɰɟɯɭ. 
 ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɢ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɪɟɝɢɨɧɚ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɰɟɯ. 
 ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɨɜɟɞёɧ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɨɝɪɚɠɞɚɸɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɰɟɯɚ.  

ȼ ɱɟɬɜёɪɬɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞёɧ ɪɚɫɱёɬ ɬɟɩɥɨɩɨɬɟɪɶ ɩɨɦɟɳɟɧɢɣ ɰɟɯɚ. 
 ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɪɚɫɫɱɢɬɚɧɵ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɨɬ ɜɫɟɯ 
ɢɫɬɨɱɧɢɤɨɜ, ɫɨɫɬɚɜɥɟɧ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɧɹɬɵ ɪɟɲɟɧɢɹ ɩɨ 
ɨɬɨɩɥɟɧɢɸ. 
 Ƚɥɚɜɵ ɫ ɲɟɫɬɨɣ ɩɨ ɞɜɟɧɚɞɰɚɬɭɸ ɩɨɫɜɹɳɟɧɵ ɜɨɩɪɨɫɚɦ ɪɚɫɱёɬɚ ɦɟɫɬɧɨɣ ɢ 
ɨɛɳɟɨɛɦɟɧɧɨɣ ɜɟɧɬɢɥɹɰɢɢ: ɨɩɪɟɞɟɥɟɧɵ ɜɨɡɞɭɯɨɨɛɦɟɧɵ, ɪɚɫɫɱɢɬɚɧɚ ɪɚɡɞɚɱɚ 
ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɨɜɟɞɟɧɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ, ɩɨɞɨɛɪɚɧɨ 
ɧɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 
 ȼ ɡɚɤɥɸɱɟɧɢɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɜɵɜɨɞɵ ɩɨ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ 
ɪɚɛɨɬɟ. 
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ȼ ɭɫɥɨɜɢɹɯ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɭɯɭɞɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 
ɨɛɫɬɚɧɨɜɤɢ ɢɧɠɟɧɟɪɧɵɟ ɫɢɫɬɟɦɵ, ɬɚɤɢɟ ɤɚɤ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ, 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɢ ɨɱɢɫɬɤɚ ɜɨɡɞɭɯɚ ɢɝɪɚɸɬ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɦɟɪɨɩɪɢɹɬɢɹɯ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɬɪɭɞɚ, 
ɩɨɜɵɲɟɧɢɸ ɬɜɨɪɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɫɨɯɪɚɧɟɧɢɸ ɡɞɨɪɨɜɶɹ ɢ ɩɨɥɧɨɰɟɧɧɨɝɨ 
ɨɬɞɵɯɚ ɥɸɞɟɣ. 

Ʉɥɸɱɟɜɨɟ ɡɧɚɱɟɧɢɟ ɜ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ ɨɬɜɨɞɢɬɫɹ ɫɢɫɬɟɦɚɦ ɜɟɧɬɢɥɹɰɢɢ. 
Ɂɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɟɧɬɢɥɢɪɨɜɚɧɢɹ ɪɟɲɚɟɬɫɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɢ ɩɪɨɝɪɟɫɫɢɜɧɵɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. 
ɍɫɬɪɚɢɜɚɸɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɷɪɚɰɢɢ, ɜɨɡɞɭɲɧɵɯ ɞɭɲɟɣ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɢ 
ɩɥɨɳɚɞɤɚɯ, ɚ ɬɚɤɠɟ ɜɨɡɞɭɲɧɵɯ ɡɚɜɟɫ ɭ ɧɚɪɭɠɧɵɯ ɜɨɪɨɬ ɩɪɨɟɦɨɜ ɜ ɨɝɪɚɠɞɚɸɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ, ɩɪɢɦɟɧɹɸɬɫɹ ɫɢɫɬɟɦɵ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ, ɨɬɜɟɱɚɸɳɢɟ 
ɫɚɦɵɦ ɜɵɫɨɤɢɦ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
      ɇɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɚɪɚɦɟɬɪɚɦ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɧɟɩɪɟɪɵɜɧɨ ɩɨɜɵɲɚɸɬɫɹ. ȼ ɪɚɛɨɱɢɯ ɩɨɦɟɳɟɧɢɹɯ 
ɰɟɥɨɝɨ ɪɹɞɚ ɩɪɨɢɡɜɨɞɫɬɜ ɬɪɟɛɭɟɬɫɹ ɩɨɞɞɟɪɠɚɧɢɟ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɦɢɤɪɨɤɥɢɦɚɬɚ ɧɚ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɪɨɜɧɟ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɛɨɥɟɟ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɫɢɫɬɟɦ 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɫɬɜ ɬɟɥɟɦɟɯɚɧɢɤɢ ɢ ɨɪɝɚɧɢɡɚɰɢɟɣ ɞɢɫɩɟɬɱɟɪɫɤɢɯ ɩɨɫɬɨɜ. 
      ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ ɜɟɧɬɢɥɹɰɢɢ, ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, 
ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɩɪɚɜɢɥɶɧɨɫɬɢ ɩɪɢɧɹɬɨɣ ɫɢɫɬɟɦɵ 
ɜɟɧɬɢɥɹɰɢɢ, ɫɯɟɦɵ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ, ɧɨ ɢ 
ɨɬ ɩɪɚɜɢɥɶɧɨ ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɬɨɱɧɨɫɬɢ ɧɚɥɚɞɤɢ ɢ 
ɩɪɚɜɢɥɶɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼɨɡɦɨɠɧɨɫɬɢ ɦɨɧɬɚɠɚ, ɧɚɥɚɞɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɢɫɬɟɦ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɟɧɬɢɥɹɰɢɸ ɩɨɦɟɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ 
ɡɚɤɥɚɞɵɜɚɬɶ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
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 1 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
 
 Ɉɛɴɟɤɬɨɦ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɯ, 
ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ  ɝ. Ȼɪɚɬɫɤ. 
 Ɉɪɢɟɧɬɚɰɢɹ ɝɥɚɜɧɨɝɨ ɮɚɫɚɞɚ ɰɟɯɚ – ɧɚ ɫɟɜɟɪ. Ɂɞɚɧɢɟ ɰɟɯɚ – ɨɞɧɨɷɬɚɠɧɨɟ. 
ɐɟɯ ɢɦɟɟɬ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɬɪёɯɷɬɚɠɧɭɸ ɩɪɢɫɬɪɨɣɤɭ. ȼɵɫɨɬɚ ɡɞɚɧɢɹ ɰɟɯɚ ɨɬ 
ɩɨɥɚ ɞɨ ɧɢɡɚ ɮɟɪɦɵ – 6 ɦɟɬɪɨɜ. 
 ɇɚɪɭɠɧɵɟ ɫɬɟɧɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɚɧɟɥɟɣ, ɭɬɟɩɥɢɬɟɥɶ – 
ɩɟɧɨɩɨɥɢɫɬɢɪɨɥ. 
 ɉɨɤɪɵɬɢɟ ɫɨɫɬɨɢɬ ɢɡ ɫɥɨёɜ: 

1) ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɩɥɢɬɚ; 
2) ɩɨɥɢɫɬɟɪɨɥɛɟɬɨɧ; 
3) ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɩɥɢɬɚ. 

 ɉɨɥ ɛɟɬɨɧɧɵɣ, ɧɟɭɬɟɩɥёɧɧɵɣ, ɧɚ ɝɪɭɧɬɟ. 
 Ɂɚɩɨɥɧɟɧɢɟ ɫɜɟɬɨɜɵɯ ɩɪɨёɦɨɜ – ɫɬɟɤɥɨɩɚɤɟɬɵ. 
 ɂɫɬɨɱɧɢɤ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ – ɪɚɣɨɧɧɚɹ ɤɨɬɟɥɶɧɚɹ. 
 ɉɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ: ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 120-70 oC. 
 Ɋɚɛɨɬɚ, ɜɵɩɨɥɧɹɟɦɚɹ ɜ ɰɟɯɟ, ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɛɨɬɟ ɫɪɟɞɧɟɣ ɬɹɠɟɫɬɢ ɢ ɹɜɥɹɟɬɫɹ 
ɤɚɬɟɝɨɪɢɟɣ II ɛ. 
 Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ ɜ ɰɟɯɟ – 32 ɱɟɥɨɜɟɤɚ. 

Ⱦɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɹɜɥɹɟɬɫɹ ɜɡɪɵɜɨɨɩɚɫɧɵɦ, ɩɨɷɬɨɦɭ 
ɜɫɟ ɨɱɢɫɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚɯɨɞɹɬɫɹ ɧɚ ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɰɟɯɚ. 
ɉɚɬɪɭɛɤɢ ɨɬ ɜɡɪɵɜɧɵɯ ɤɥɚɩɚɧɨɜ ɞɚɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚɩɪɚɜɥɟɧɵ ɜɜɟɪɯ ɢɥɢ ɜ 
ɫɬɨɪɨɧɭ ɧɚɢɦɟɧɶɲɟɝɨ ɩɪɢɱɢɧɟɧɢɹ ɜɪɟɞɚ ɡɞɨɪɨɜɶɹ ɥɸɞɟɣ ɢ ɦɟɧɶɲɟɝɨ ɧɚɧɟɫɟɧɢɹ 
ɜɪɟɞɚ ɩɨɦɟɳɟɧɢɹɦ ɫɚɦɨɝɨ ɰɟɯɚ, ɚ ɬɚɤɠɟ ɛɥɢɡɥɟɠɚɳɢɦ ɩɨɫɬɪɨɣɤɚɦ. 

ȼ ɰɟɯɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɫɧɚɳёɧɧɨɟ 
ɜɫɬɪɨɟɧɧɵɦɢ ɦɟɫɬɧɵɦɢ ɨɬɫɨɫɚɦɢ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɢɫɬɟɦɚɦɢ ɚɫɩɢɪɚɰɢɢ 
ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɨɫɬɟɣ: ɩɵɥɢ, ɫɬɪɭɠɟɤ, ɨɩɢɥɨɤ. Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɞɥɹ ɤɚɠɞɨɝɨ 
ɢɡ ɦɟɫɬɧɵɯ ɨɬɫɨɫɨɜ ɧɨɪɦɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɫɬɚɧɤɚ ɫ ɰɟɥɶɸ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɩɵɥɟɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ.  
 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɰɟɯɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 
1. 
 
Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɰɟɯɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɨɡ. ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɜɵɞɟɥɹɸɳɢɯɫɹ 

ɜɪɟɞɧɨɫɬɟɣ 

Ɉɛɴɟɦ ɜɵɬɹɠɤɢ, 
ɦ3/ɱ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɦɟɫɬɧɨɝɨ 

ɨɬɫɨɫɚ 

Ɇɨɳɧɨɫɬɶ, 
ɤȼɬ ɧɚ 

ɟɞ.ɨɛɨɪ. ɜɫɟɝɨ 

1 2 3 4 5 6 7 8 

2.1 

ɋɬɚɧɨɤ 
ɬɨɪɰɨɜɨɱɧɵɣ 
ɐɉȺ-40-2 
 

1 ɨɩɢɥɤɢ 840 840 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
6,2 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 
1 2 3 4 5 6 7 8 

2.2 
ɋɬɚɧɨɤ ɩɪɢɪɟɡɧɨɣ 
ɐȾɄ-5 

1 ɨɩɢɥɤɢ 1200 1200 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
3  

3.1 
ɋɬɚɧɨɤ 
ɮɭɝɨɜɟɥɶɧɵɣ 
ɋɎ4-1Ⱥ 

2 ɫɬɪɭɠɤɚ 1550 3100 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
3 

3.2 
ɋɬɚɧɨɤ 
ɪɟɣɫɦɭɫɨɜɵɣ 
CɊȻ-9 

2 ɫɬɪɭɠɤɚ 2160 4320 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
9,1 

3.3 
ɋɬɚɧɨɤ ɬɨɤɚɪɧɵɣ 
Ɍɉ40-1 

1 ɫɬɪɭɠɤɚ 1080 1080 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
1,7 

3.4 

ɋɬɚɧɨɤ 
ɚɪɭɫɟɥɶɧɵɣ 
ɮɪɟɡɟɪɧɨ-
ɲɥɢɮɨɜɚɥɶɧɵɣ 
ɎəɄɒ-3 

1 ɫɬɪɭɠɤɚ 6000 6000 6000 2 

3.5 
ɋɬɚɧɨɤ 
ɤɪɭɝɥɨɩɢɥɶɧɵɣ 
ɐ6-3 

2 ɨɩɢɥɤɢ 870 1740 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
26 

3.6 
ɋɬɚɧɨɤ 
ɮɪɟɡɟɪɧɵɣ Ɏɋ-
1Ⱥ 

2 ɫɬɪɭɠɤɚ 1350 2700 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
5,5 

3.7 

ɋɬɚɧɨɤ 
ɚɝɪɟɝɚɬɧɵɣ 
ɫɜɟɪɥɢɥɶɧɨ-
ɩɚɡɨɜɚɥɶɧɵɣ 
CɌ409Ⱥ 

1 ɫɬɪɭɠɤɚ 950 950 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
4,2 

3.8 

ɋɬɚɧɨɤ 
ɫɜɟɪɥɢɥɶɧɨ-
ɩɚɡɨɜɚɥɶɧɵɣ 
CȼɉȽ-2Ⱥ 

1 ɫɬɪɭɠɤɚ 950 950 950 5 

3.9 

ɋɬɚɧɨɤ 
ɫɜɟɪɥɢɥɶɧɨ-
ɩɚɡɨɜɚɥɶɧɵɣ 
ɋȼȺ-3 

1 ɫɬɪɭɠɤɚ 500 500 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
19,9 

3.10 

ɋɬɚɧɨɤ 
ɲɥɢɮɨɜɚɥɶɧɵɣ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 
ɒɥɉɋ-8 

1 ɩɵɥɶ 3000 3000 
ɜɫɬɪɨɟɧɧɵɣ 

ɨɬɫɨɫ 
2,2 
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 2 ɉɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 
 

2.1 Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 
 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ [1] ɡɚ ɪɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɬёɩɥɨɝɨ ɩɟɪɢɨɞɚ 
ɝɨɞɚ ɩɪɢɧɢɦɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ Ⱥ, ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ – 
ɩɚɪɚɦɟɬɪɵ Ȼ.  
 Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɬёɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ ɝɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2. 
 
Ɍɚɛɥɢɰɚ 2 – Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

ɉɟɪɢɨɞ ɝɨɞɚ ɇɚɪɭɠɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ tɧ, ɨɋ 

ɗɧɬɚɥɶɩɢɹ Iɧ, ɤȾɠ/ɤɝ ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ v, ɦ/ɫ 

Ɍёɩɥɵɣ 22,5 49 1 
ɏɨɥɨɞɧɵɣ - 43 - 43,1 2 

 
         2.2 Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 
 
 Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɹɬɵ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 
ɪɚɛɨɬɵ [1] 
 Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 
 
Ɍɚɛɥɢɰɚ 3 – Ɋɚɫɱёɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

ɉɟɪɢɨɞ ɝɨɞɚ ȼɧɭɬɪɟɧɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ tɜ, 

ɨɋ 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ 
ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

φ, % 

ɉɨɞɜɢɠɧɨɫɬɶ 
ɜɨɡɞɭɯɚ ɜ 

ɩɨɦɟɳɟɧɢɢ v, ɦ/ɫ 

Ɍёɩɥɵɣ 26,5 75 0,5 
ɏɨɥɨɞɧɵɣ 15 75 0,4 
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3 Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɹ 

 
Ɉɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɥɸɛɨɝɨ ɡɞɚɧɢɹ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɬR  
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ,  ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɡɚɩɨɥɧɟɧɢɣ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ ɢ 
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɦɟɳɟɧɢɣ ɫ ɢɡɛɵɬɤɚɦɢ ɹɜɧɨɣ ɬɟɩɥɨɬɵ, ɫɥɟɞɭɟɬ 
ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɵɦ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɦɭ ɷɤ

ɬR , ɧɨ ɧɟ ɦɟɧɟɟ ɬɪɟɛɭɟɦɨɝɨ 
ɬɪ
ɬR  ɢ ɧɟ ɦɟɧɟɟ ɧɨɪɦɚɬɢɜɧɨɝɨ ɧɨɪɦ

ɬR . 
1. Ʉɨɧɫɬɪɭɤɰɢɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ –  ɬɪɟɯɫɥɨɣɧɚɹ ɩɚɧɟɥɶ, ɫɨɫɬɨɹɳɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡ:1) ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ ɠɟɥɟɡɨɛɟɬɨɧɚ (ɬɨɥɳɢɧɚ 1 0,06   ɦ; 
ɩɥɨɬɧɨɫɬɶ 1 2500   ɤɝ/ɦ3; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

1 2,04   ȼɬ/(ɦ·°C); ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 1 19,70S   ȼɬ/(ɦ2·°C)); 2) ɫɥɨɹ 
ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ (ɩɥɨɬɧɨɫɬɶ 25ɢɡ   ɤɝ/ɦ3; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 0,052ɢɡ   ȼɬ/(ɦ·°C); ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 0,39ɢɡS   
ȼɬ/(ɦ2·°C)); 3) ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ ɠɟɥɟɡɨɛɟɬɨɧɚ (ɬɨɥɳɢɧɚ  3 0,08   ɦ; ɩɥɨɬɧɨɫɬɶ 

3 2500   ɤɝ/ɦ3; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 3 2,04   
ȼɬ/(ɦ·°C); ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 3 19,70S   ȼɬ/(ɦ2·°C)).  

ɍɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ – Ȼ. 
ɋɨɝɥɚɫɧɨ [3] ɬɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ Rɬ

ɬɪ, 
(ɦ2·°C)/ȼɬ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

  

  
( )ɬɪ ɜ ɧ

ɬ
ɜ ɜ

n t t
R

t
 




,                                                                                              (1.1) 

 
ɝɞɟ ɜt  – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ, 

°C; 

       ɧt  – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ, °C;  

       n  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɪɭɠɧɨɦɭ ɜɨɡɞɭɯɭ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
[3]  1n  ; 

       ɜ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ, 
ȼɬ/(ɦ2·ɨɋ), 8,7ɜ  ; 

       ɜt  – ɪɚɫɱɟɬɧɵɣ ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, °C, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ [3] ɩɨ ɮɨɪɦɭɥɟ: 
 
               ɜ ɜ ɪt t t   ,                                                                             (1.2) 

  
ɝɞɟ ɪt   – ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɱɤɢ ɪɨɫɵ, ɧɚɯɨɞɹɳɚɹɫɹ ɩɨ i-d ɞɢɚɝɪɚɦɦɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ 
ɩɪɢ  15ɜt   °C ɢ 75ɜ   %. 
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         ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] ɬɟɩɥɨɜɚɹ ɢɧɟɪɰɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

 1 1 2 2 ... n nD R S R S R S       ,                                                      (1.3) 
 

ɝɞɟ 1R , 2R ,…, nR  – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ ɨɝɪɚɠɞɚɸɳɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ, (ɦ2·°C)/ȼɬ; 
       1S , 2S ,…, nS  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ȼɬ/(ɦ2·°C). 
 

ɋɨɝɥɚɫɧɨ [3] ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ ɨɝɪɚɠɞɚɸɳɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ Rn, (ɦ2·°C)/ȼɬ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

  n
n

n

R



 ,             (1.4)  

 
ɝɞɟ n  – ɬɨɥɳɢɧɚ n-ɝɨ ɫɥɨɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɦ; 

       n  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ n-ɝɨ ɫɥɨɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, 
ȼɬ/(ɦ·°C). 
 
      ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ 
ɝɨɞɚ ɧt  ɜ  ɮɨɪɦ. (1.1) ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ: 
      ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɟɩɥɨɜɚɹ ɢɧɟɪɰɢɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɧɚɯɨɞɢɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ 1,5 4D  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ 
ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ ɧt  ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɵɯ 
ɫɭɬɨɤ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,92. ɋɨɝɥɚɫɧɨ [3]  
      ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɬɟɩɥɨɩɟɪɟɞɚɱɟ Rm

ɷɤ, (ɦ2·°C)/ȼɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ:       
     

45,4 10 ( )
0,5

ɨɬ
ɷɤ ɬɪ ɬɷ ɨɬ ɜ ɧ
ɬ ɬ ɬɪ

ɦ ɢɡ ɬ

c z t t
R R

c R

    
  

 
,       (1.5) 

 
ɝɞɟ ɬɷc  – ɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɰɟɧɚɯ 1991 ɝ., ɪɭɛ./ȽȾɠ, 3,3ɬɷc  ; 

       ɨɬz  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɭɬ., ɫɨɝɥɚɫɧɨ [3] 209ɨɬz  ; 

       
ɨɬ
ɧt  – ɫɪɟɞɧɹɹ ɡɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °C, 

ɫɨɝɥɚɫɧɨ [3] 2,2ɨɬ
ɧt   ; 

       ɦc  – ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɫɥɨɣɧɨɣ ɢɥɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ 
ɦɧɨɝɨɫɥɨɣɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɪɭɛ./ɦ3, ɞɥɹ ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ 

70,6ɦc  ;  

       ɢɡ  –  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɫɥɨɣɧɨɣ ɢɥɢ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ȼɬ/(ɦ·°C). 
 



14 
 

1

1 1n
ɧɨɪɦ i

ɬ ɬ
iɜ i ɧ

R R


  

    ,                                               (1.6) 

 
ɝɞɟ ɧ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ, ȼɬ/(ɦ2·°C), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] 23ɧ  . 
 
      ɉɪɟɨɛɪɚɡɨɜɚɜ ɮɨɪɦ. (1.6) ɢ ɫ ɭɱɟɬɨɦ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɭɫɥɨɜɧɵɯ 
ɨɛɨɡɧɚɱɟɧɢɣ, ɬɨɥɳɢɧɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɢɡ ,ɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

1 3

1 3

1 1
( )ɢɡ ɢɡ ɬ

ɜ ɧ

R
  

   
      ,          (1.7) 

 
           Ɍɟɩɥɨɜɚɹ ɢɧɟɪɰɢɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦ. (1.3) ɫ ɭɱɟɬɨɦ ɮɨɪɦ. 
(1.4): 
 

          1 3
1 3

1 3

ɢɡ
ɢɡ

ɢɡ

D S S S
  
  

      .          (1.8) 

 
ɉɨ ɜɵɲɟ ɭɤɚɡɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɪɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɧɚ ɉɗȼɆ ɫ ɩɨɦɨɳɶɸ 

Microsoft Excel ɢ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ: 
1) ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ, (ɦ2·ɨɋ)/ȼɬ 
a) ɇɨɪɦɚɬɢɜɧɨɟ  

Rɬɧ = 2,5 ɦ2ɋ/ȼɬ 
b) Ɍɪɟɛɭɟɦɨɟ  

Rɬ.ɬɪ=0,7 ɦ2ɋ/ȼɬ 
n = 1 
αɜ = 8,7 ȼɬ/(ɦ2ɋ) 
∆tɜ = 10 ɋ 

c) ɗɤɨɧɨɦɢɱɟɫɤɨɟ  
Rtэ = 5,3 ɦ2ɋ/ȼɬ 
ɋɬэ = 7740 ɪɭɛ./ȽȾɠ 
Zɨɬ = 246 ɫɭɬ. 
tɧɨɬ =- 10,3 ɋ 

2) ȼɢɞ ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɋɦ =192098 ɪɭɛ./ɦ3 

λ =0,041 ȼɬ/(ɦɋ) 
3) Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɟɦ ɧɚɢɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ 

Rɬ = 5,3 ɦ2ɋ/ȼɬ 
a) Ɋɚɫɱɟɬ ɬɨɥɳɢɧɵ ɢɡɨɥɹɰɢɢ 

αɧ = 23 ȼɬ/( ɦ2ɋ)  
b) ɠɟɥɟɡɨɛɟɬɨɧ  

λ = 2,04 ȼɬ/(ɦɋ)  
c) ɋɥɨɣ-1 
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δ = 0,06 ɦ 
d) ɋɥɨɣ-2(ɢɡɨɥɹɰɢɹ) 

δ = 0,21 ɦ  
e) ɋɥɨɣ-3 

δ = 0,08 ɦ  
f) ɋɭɦɦɚɪɧɚɹ ɬɨɥɳɢɧɚ ɫɬɟɧɵ 

δ = 0,35 ɦ  
 

2. ɉɨɤɪɵɬɢɟ –  ɦɧɨɝɨɫɥɨɣɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɫɨɫɬɨɹɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡ: 
1) ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɩɥɢɬɵ (ɬɨɥɳɢɧɚ 1 0,1   ɦ; ɩɥɨɬɧɨɫɬɶ 1 2500   ɤɝ/ɦ3; ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 1 2,04   ȼɬ/(ɦ·°C); 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 1 19,70S   ȼɬ/(ɦ2·°C)); 2) ɫɥɨɹ ɪɭɛɟɪɨɢɞɚ (ɬɨɥɳɢɧɚ 

2 0,01   ɦ; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 2 0,17   
ȼɬ/(ɦ·°C); ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 2 3,53S   ȼɬ/(ɦ2·°C)); 3) ɫɥɨɹ 
ɩɨɥɢɫɬɢɪɨɥɛɟɬɨɧɚ (ɩɥɨɬɧɨɫɬɶ 500ɢɡ   ɤɝ/ɦ3; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 0,11ɢɡ   ȼɬ/(ɦ·°C); ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ                         

2,06ɢɡS   ȼɬ/(ɦ2·°C)); 4) ɫɥɨɹ ɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɨɣ ɫɬɹɠɤɢ (ɬɨɥɳɢɧɚ 4 0,025   ɦ; 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 4 0,93   ȼɬ/(ɦ·°C); 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 4 11,09S   ȼɬ/(ɦ2·°C)); 5) ɫɥɨɹ ɢɡɨɩɥɚɫɬɚ (ɬɨɥɳɢɧɚ 

5 0,02   ɦ; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3]  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 5 0,17   
ȼɬ/(ɦ·°C); ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ  5 3,53S   ȼɬ/(ɦ2·°C)). 

Ɍɪɟɛɭɟɦɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɬɪ
ɬR ,(ɦ2·°C)/ȼɬ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦ. (1.1):  
 

( )ɬɪ ɜ ɧ
ɬ

ɜ ɜ

n t t
R

t
 




,   

                                                 
ɝɞɟ ɜt  – ɪɚɫɱɟɬɧɵɣ ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, °C, 
ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɫɨɝɥɚɫɧɨ [3] ɩɨ ɮɨɪɦɭɥɟ: 

  
              0,8 ( )ɜ ɜ ɪt t t    ,                                                                   (1.9) 

 
ɝɞɟ ɪt   – ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɱɤɢ ɪɨɫɵ, ɧɚɯɨɞɹɳɚɹɫɹ ɩɨ i-d ɞɢɚɝɪɚɦɦɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ 
ɩɪɢ 15ɜt   °C ɢ 75ɜ   %. 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ i-d ɞɢɚɝɪɚɦɦɨɣ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ 10,7ɪt   °C.    

    
0,8 (15 10,7) 3,44ɜt      °C.     

                                                                    
Ɍɟɩɥɨɜɚɹ ɢɧɟɪɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦ. (1.3): 
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  1 1 2 2 ... n nD R S R S R S       ,  
                                                     

Ɍɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦ. (1.4): 
 

n
n

n

R



 ,  

                                                            
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɟɩɥɨɜɚɹ ɢɧɟɪɰɢɹ ɩɨɤɪɵɬɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 

7D  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ 
ɝɨɞɚ ɧt  ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɨɣ ɩɹɬɢɞɧɟɜɤɢ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,92. ɋɨɝɥɚɫɧɨ [3] 25ɧt    °C. 

 
0,9 (15 ( 25))

1,203
8,7 3,44

ɬɪ
ɬR

  
 


 (ɦ2·°C)/ȼɬ. 

 
     ɗɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦ. (1.5):   
      

45,4 10 ( )
0,5

ɨɬ
ɷɤ ɬɪ ɬɷ ɨɬ ɜ ɧ
ɬ ɬ ɬɪ

ɦ ɢɡ ɬ

c z t t
R R

c R

    
  

 
, (ɦ2·°C)/ȼɬ                            

 
45,4 10 3,3 209 (15 ( 2,2))

0,5 1,203 1,287
70,6 0,11 1,203

ɷɤ
ɬR

     
   

 
 (ɦ2·°C)/ȼɬ.  

 
      ɋɨɝɥɚɫɧɨ [3] ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɩɨɤɪɵɬɢɹ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 3,0ɧɨɪɦ

ɬR   (ɦ2·°C)/ȼɬ. ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɬɪ
ɬR , 

ɷɤ
ɬR  ɢ ɧɨɪɦ

ɬR , ɜɵɛɢɪɚɟɬɫɹ ɛɨɥɶɲɟɟ, ɩɨ ɤɨɬɨɪɨɦɭ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɥɳɢɧɚ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɢɫɯɨɞɹ ɢɡ ɮɨɪɦ. (1.6): 
 

1

1 1n
ɧɨɪɦ i

ɬ ɬ
iɜ i ɧ

R R


  

    , (ɦ2·°C)/ȼɬ    

                                       
      ɉɪɟɨɛɪɚɡɨɜɚɜ ɮɨɪɦ. (1.6) ɢ ɫ ɭɱɟɬɨɦ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɭɫɥɨɜɧɵɯ 
ɨɛɨɡɧɚɱɟɧɢɣ, ɬɨɥɳɢɧɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

1 2 4 5

1 2 4 5

1 1
( )ɢɡ ɢɡ ɬ

ɜ ɧ

R
    

     
        , ɦ 
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1 0,1 0,01 0,025 0,02 1
0,11 (3,0 ) 0,29

8,7 2,04 0,17 0,93 0,17 23ɢɡ           ɦ. 

 
      Ɍɟɩɥɨɜɚɹ ɢɧɟɪɰɢɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦ. (1.3) ɫ ɭɱɟɬɨɦ ɮɨɪɦ. 
(1.4): 
 

1 2 4 5
1 2 4 5

1 2 4 5

ɢɡ
ɢɡ

ɢɡ

D S S S S S
    
    

          . 

 

          
0,1 0,01 0,29 0,025 0,02

19,70 3,53 2,06 11,09 3,53 7,318
2,04 0,17 0,11 0,93 0,17

D            . 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɢ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ ɥɟɠɢɬ ɜ 

ɢɧɬɟɪɜɚɥɟ D > 7. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ 
ɩɟɪɢɨɞɚ ɝɨɞɚ tɧ ɜɵɛɪɚɧɚ ɩɪɚɜɢɥɶɧɨ ɢ ɩɟɪɟɫɱёɬɚ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [3] ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɡɚɩɨɥɧɟɧɢɣ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ 
(ɨɤɨɧ) ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ  (ɦ2·°C)/ȼɬ.  

ɋɨɝɥɚɫɧɨ [3] ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɚɪɭɠɧɵɯ ɜɨɪɨɬ (ɞɜɟɪɟɣ) ɬR

,(ɦ2·°C)/ȼɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

.0,6 ɧ ɫ
ɬ ɬR R  ,                    (1.10) 

 
ɝɞɟ .ɧ ɫ

ɬR  – ɧɨɪɦɚɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ, (ɦ2·°C)/ȼɬ,
. 2,5ɧ ɫ
ɬR  .                 

                                           
0,6 2,5 1,5ɬR     (ɦ2·°C)/ȼɬ.      

                                                            
      ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɟɭɬɟɩɥɟɧɧɨɝɨ ɩɨɥɚ ɧɚ ɝɪɭɧɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɡɨɧɚɦ ɲɢɪɢɧɨɣ 2 ɦ ɤɚɠɞɚɹ, ɩɚɪɚɥɥɟɥɶɧɵɦ ɧɚɪɭɠɧɵɦ ɫɬɟɧɚɦ, ɢ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ: 
      1) ɞɥɹ 1 ɡɨɧɵ → 2,2IR   (ɦ2·°C)/ȼɬ;   
      2) ɞɥɹ 2 ɡɨɧɵ → 4,3IIR   (ɦ2·°C)/ȼɬ;    
      3) ɞɥɹ 3 ɡɨɧɵ → 8,6IIIR   (ɦ2·°C)/ȼɬ;       
     4) ɞɥɹ 4 ɡɨɧɵ → 14,2IVR   (ɦ2·°C)/ȼɬ.                                                                                                                              

                            

6,0ɬR
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4 Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɬɟɪɶ ɩɨɦɟɳɟɧɢɟɦ 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [2] ɪɚɫɱɟɬɧɵɟ ɨɫɧɨɜɧɵɟ ɢ ɞɨɛɚɜɨɱɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ 
ɩɨɦɟɳɟɧɢɹ Q ,ȼɬ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɤɚɤ ɫɭɦɦɚ ɩɨɬɟɪɶ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɨɬɞɟɥɶɧɵɟ 
ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ 10 ȼɬ ɩɨ ɮɨɪɦɭɥɟ: 

 
          ( ) (1 )p extQ k A t t n       ,                                                      (2.1)      

              

ɝɞɟ 1

ɬ

k
R

  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚɪɭɠɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, 

ȼɬ/(ɦ2·°C); 

       ɬR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɧɚɪɭɠɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, 
(ɦ2·°C)/ȼɬ;   

       A  – ɪɚɫɱɟɬɧɚɹ ɩɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɦ;  

       pt  – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɫ ɭɱɟɬɨɦ ɩɨɜɵɲɟɧɢɹ ɟɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 4 ɦ, °C; 

       
Ȼ

ext ɧt t  – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ 
ɝɨɞɚ, °C;  

       n  – ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɧɚɪɭɠɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɪɭɠɧɨɦɭ ɜɨɡɞɭɯɭ 
ɫɨɝɥɚɫɧɨ [3]; 

         – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ  ɞɨɛɚɜɨɱɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɨɬ ɞɨɥɢ 
ɨɫɧɨɜɧɵɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɪɢɟɧɬɚɰɢɢ ɧɚɪɭɠɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ 
ɫɬɨɪɨɧɚɦ ɫɜɟɬɚ ( 0,15   – ɫɟɜɟɪ, ɜɨɫɬɨɤ, ɫɟɜɟɪɨ-ɜɨɫɬɨɤ, ɫɟɜɟɪɨ-ɡɚɩɚɞ; 0,1   – 
ɸɝɨ-ɜɨɫɬɨɤ, ɸɝ, ɸɝɨ-ɡɚɩɚɞ, ɡɚɩɚɞ). 

 
Ɋɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ pt  ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ 

ɢɡ ɞɨɩɭɫɬɢɦɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɩɪɢ ɷɬɨɦ ɪɭɤɨɜɨɞɫɬɜɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ: 
1) ɞɥɹ ɜɫɟɯ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɟɧɢɣ ɩɨɦɟɳɟɧɢɹ ɜɵɫɨɬɨɣ ɦɟɧɟɟ 4 ɦ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɱɚɫɬɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɟɧɢɣ ɜɵɫɨɬɨɣ 4 ɦ ɨɬ ɩɨɥɚ ɜ ɩɨɦɟɳɟɧɢɢ 
ɜɵɫɨɬɨɣ ɛɨɥɟɟ 4 ɦ ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ pt  ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ ɧɨɪɦɢɪɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɪɚɛɨɱɟɣ ɢɥɢ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɡɨɧɟ; 

2) ɞɥɹ ɤɪɵɲɢ ɢ ɮɨɧɚɪɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɪɚɫɱɟɬɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɭɯt ,°C ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:   

  
( 2)ɭɯ pt t t H    ,                (2.2) 

 
ɝɞɟ t  – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɡɞɭɯɚ ɩɨ ɜɵɫɨɬɟ ɩɨɦɟɳɟɧɢɹ ɧɚ ɤɚɠɞɵɣ ɦɟɬɪ ɜɵɲɟ ɪɚɛɨɱɟɣ ɢɥɢ ɨɛɫɥɭɠɢɜɚɟɦɨɣ 
ɡɨɧɵ, °C/ɦ,  0,3...0,7t   – ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ ɢ 

0,7...2,0t   – ɞɥɹ ɩɨɦɟɳɟɧɢɣ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹɦɢ; 
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H – ɜɵɫɨɬɚ ɩɨɦɟɳɟɧɢɹ ɨɬ ɩɨɥɚ ɞɨ ɧɢɡɚ ɮɟɪɦɵ, ɦ; 
 

Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɬɟɩɥɨɬɵ ɩɨɦɟɳɟɧɢɟɦ ɰɟɯɚ ɜ ɰɟɥɨɦ ɫɜɟɞɟɧ ɜ ɬɚɛɥ. 4. 
 

Ɍɚɛɥɢɰɚ 4 – ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɩɨɦɟɳɟɧɢɟɦ ɰɟɯɚ 
№, tɜ, °ɋ                   

ɧɚɡɧɚɱ
ɟɧɢɟ 

ɩɥɨɳɚɞɶ 
ɩɨɦɟɳɟ
ɧɢɹ, F, 

ɦ2 

ɇɚɢɦɟɧɨɜɚ
ɧɢɟ 

ɨɝɪɚɠɞɟɧɢ
ɹ 

Ɉɪɢ
ɟɧɬɚ
ɰɢɹ 

Ɋɚɡɦɟɪɵ
, ɦ 

Ⱥ, ɦ2 
k, 

ȼɬ/(ɦ2
°ɋ) 

(tɜ-
tɧ)n
, °ɋ 

1+Σ
β 

Q, 
ȼɬ 

ɉɪɢɦɟ
ɱɚɧɢɟ 

ɩɨɦɟɳ
ɟɧɢɹ 

                    

1 2 3 4 5 6 7 8 9 10 11 

101 15 
ɇɋ(ɧɢɠɧ.ɡ

ɨɧɚ) ɋ 24,41ɯ4 
45,8 0,2 58 1,2 603   

ɩɪɨɢɡɜ
ɨɞɫɬɜɟ
ɧɧɨɟ 

432 
ɇɋ(ɜɟɪɯɧɹ

ɹ ɡɨɧɚ) ɋ 24,41ɯ2 22,9 0,2 
60,
8 

1,2 316   

  
  

ɇɋ(ɧɢɠɧ.ɡ
ɨɧɚ) Ɂ 18,8x4 68,9 0,2 58 1,2 907   

    
ɇɋ(ɜɟɪɯɧɹ

ɹ ɡɨɧɚ) Ɂ 18,8x2 37,6 0,2 
60,
8 

1,2 519   

    
ɇɋ(ɧɢɠɧ.ɡ

ɨɧɚ) ɘ 24,41ɯ4 43,49 0,2 58 1,1 525   

    
ɇɋ(ɜɟɪɯɧɹ

ɹ ɡɨɧɚ) ɘ 24,41ɯ2 48,82 0,2 
60,
8 

1,1 618   

    Ɉɤɧɨ ɋ 4,8ɯ3,6 51,84 1,7 58 1,1 5512 3 ɨɤɧɚ 
    Ɉɤɧɨ ɘ 4,8ɯ3,6 51,84 1,7 58 1,05 5262 3 ɨɤɧɚ 
    Ⱦɜɟɪɶ ɘ 1,1ɯ2,1 2,31 0,6 58 1,05 56   
                      
    Ⱦɜɟɪɶ Ɂ 3,0ɯ2,1 6,3 0,6 58 1,1 161   
    ɉɨɥ -   123 0,5 58 1 3397 Ɂɨɧɚ1 
      -   107 0,2 58 1 1443 Ɂɨɧɚ2 
      -   188 0,1 58 1 1268 Ɂɨɧɚ3 
      -   102,6 0,1 58 1 419 Ɂɨɧɚ4 

    ɉɨɬɨɥɨɤ - 24x18 432 0,3 
60,
8 

1 8755   

                ΣQ= 29761   

102 
  

ɩɪɨɢɡɜ
ɨɞɫɬɜɟ
ɧɧɨɟ 

  

    15 
 
   647 

 
 
  
  

ɇɋ(ɧɢɠɧɹɹ 
ɡɨɧɚ) ɋ 36ɯ4 40,32 0,2 58 1,2 531   

ɇɋ(ɜɟɪɯɧɹ
ɹ ɡɨɧɚ) ɋ 36ɯ2 72 0,2 

60
,8 

1,2 993   

ɇɋ(ɧɢɠɧɹɹ 
ɡɨɧɚ) ɘ 36ɯ4 62,28 0,2 58 1,1 751   

ɇɋ(ɜɟɪɯɧɹ
ɹ ɡɨɧɚ) ɘ 36ɯ2 72 0,2 

60
,8 

1,1 911   

Ɉɤɧɨ ɋ 4,8ɯ3,6 
103,6

8 
1,7 58 1,1 11025 6 ɨɤɨɧ 

  Ɉɤɧɨ ɘ 4,8ɯ3,6 69,12 1,7 58 1,1 7350 4 ɨɤɧɚ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4 

1 2 3 4 5 6 7 8 9 10 11 

    Ⱦɜɟɪɶ ɘ 3,0ɯ2,1 12,6 0,6 58 1,05 307 
2 

ɞɜɟɪɢ 

102 
  

ɩɪɨɢɡɜ
ɨɞɫɬɜɟ
ɧɧɨɟ 

   
  

   
     15 
 
    647 

 
 
  
  

 

 
ɉɨɥ 

    169,6 0,5 58 1 4684 Ɂɨɧɚ1 

 
 

    
216,2

4 
0,2 58 1 2917 Ɂɨɧɚ2 

    144 0,1 58 1 971 Ɂɨɧɚ3 
     217 0,1 58 1 886 Ɂɨɧɚ4 

ɉɨɬɨɥɨɤ   36x18 647 0,3 
60
,8 

1 13118   

               ΣQ= 44444   

 
 

103 
   

ɢɧɫɬɪɭ
ɦɟɧɬɚɥ

ɶɧɚɹ 

 
15 
  
 

19,2 
  

ɇɋ(ɧɢɠɧɹɹ 
ɡɨɧɚ) ɋ 3,2ɯ4 

11,43
2 

0,2 58 1,2 150   

ɇɋ(ɜɟɪɯɧɹ
ɹ ɡɨɧɚ) ɋ 3,2ɯ2 6,4 0,2 

60
,8 

1,2 88   

Ɉɤɧɨ ɋ 1,2ɯ1,14 1,368 1,7 58 1,1 145   
ɉɨɥ     5,44 0,5 58 1 150 Ɂɨɧɚ1 

      5,44 0,2 58 1 73 Ɂɨɧɚ2 
      5,44 0,1 58 1 37 Ɂɨɧɚ3 
      0 0,1 58 1 0 Ɂɨɧɚ4 

ɉɨɬɨɥɨɤ 
  3,2x6 19,2 0,3 

60
,8 

1 389   

              ΣQ= 1034   

104 15 
ɇɋ(ɜɟɪɯɧɹ

ɹ ɡɨɧɚ) ɋ 3,2ɯ4 7,5 0,2 58 1,2 99   

    
ɇɋ(ɧɢɠɧɹɹ 

ɡɨɧɚ) ɋ 3,2ɯ2 6,4 0,2 
60,
8 

1,2 88   

ɭɡɟɥ 
ɭɩɪɚɜɥ
ɟɧɢɹ 

19,2 Ⱦɜɟɪɶ ɋ 1ɯ2,1 2,1 0,6 58 1,1 54   

    ɉɨɥ     5,44 0,5 58 1 150 Ɂɨɧɚ1 
          5,44 0,2 58 1 73 Ɂɨɧɚ2 
          5,44 0,1 58 1 37 Ɂɨɧɚ3 
         0 0,1 58 1 0 Ɂɨɧɚ4 

    ɉɨɬɨɥɨɤ 
  3,2x6 19,2 0,3 

60,
8 

1 389   

           
                ΣQ= 890   
 

105 
ɬɟɩɥɨɜ
ɨɣ ɭɡɟɥ 

 

15 
 
 

54,2 
 
 
 

ɇɋ(ɧɢɠɧɹɹ 
ɡɨɧɚ) ɘ 6,0ɯ4 6 0,2 58 1,1 72   

ɇɋ(ɜɟɪɯɧɹ
ɹ ɡɨɧɚ) ɘ 6,0ɯ2 12 0,2 

60,
8 

1,1 152   

Ɉɤɧɨ ɘ 5,0ɯ3,6 18 1,7 58 1,1 1914   
  ɉɨɥ     11,2 0,5 58 1 309 Ɂɨɧɚ1 

       11,2 0,2 58 1 151 Ɂɨɧɚ2 
        11,2 0,1 58 1 76 Ɂɨɧɚ3 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4 

1 2 3 4 5 6 7 8 9 10 11 

  
105 

ɬɟɩɥɨɜ
ɨɣ ɭɡɟɥ 

  

  
   
     15 

54,2 
  
  

 

      19,78 0,1 58 1 81 Ɂɨɧɚ4 

 
ɉɨɬɨɥɨɤ 
 

  5,7x9,5 54,15 0,3 
60,
8 

1 1097   

                ΣQ= 3852   
 

106 18 
ɇɋ ɋ 6,25ɯ3 

17,45
04 

0,2 61 1,2 242   

  ɇɋ ȼ 3,4ɯ3 10,2 0,2 61 1,1 129   
Ɇɟɞɢɰ
ɢɧɫɤɚɹ 
ɤɨɦɧɚɬ

ɚ 

19,4 Ɉɤɧɨ ȼ 
1,14ɯ1,1

4 
1,299

6 
1,7 61 1,1 145   

    ɉɨɥ     6,8 0,5 61 1 198 Ɂɨɧɚ1 
          9,14 0,2 61 1 130 Ɂɨɧɚ2 
          3,5 0,1 61 1 25 Ɂɨɧɚ3 
          0 0,1 61 1 0 Ɂɨɧɚ4 
                ΣQ= 868   

107 18 ɇɋ ȼ 5,0ɯ3 
12,40

08 
0,2 61 1,1 157   

Ʌɚɛɨɪɚ
ɬɨɪɢɹ 

18,5 Ɉɤɧɨ ȼ 
1,14*1,1

4 
2,599

2 
0,2 61 1,1 33 2 ɨɤɧɚ 

    ɉɨɥ     9,96 0,5 61 1 289 Ɂɨɧɚ1 
          9,96 0,2 61 1 141 Ɂɨɧɚ2 
          9,96 0,1 61 1 71 Ɂɨɧɚ3 
          0 0,1 61 1 0 Ɂɨɧɚ4 
                ΣQ= 692   

108 18 ɇɋ ɋ 1,6ɯ3 2,889 0,2 61 1,2 40   
ɤɨɪɢɞɨ

ɪ 
51,8 ɇɋ ɘ 51,4ɯ3 

12,82
08 

0,2 61 1,1 163   

ɜɟɫɬɢɛ
ɸɥɶ 

  ɇɋ ȼ 6,6ɯ3 
17,04

9 
0,2 61 1,1 216   

    Ɉɤɧɨ ɘ 
1,14ɯ1,1

4 
2,599

2 
1,7 61 1,1 291 2 ɨɤɧɚ 

    Ⱦɜɟɪɶ ɋ 0,9ɯ2,1 1,911 0,6 61 1,1 51   
    Ⱦɜɟɪɶ ȼ 1,31ɯ2,1 2,751 0,6 61 1,1 74   
    ɉɨɥ    16,9 0,5 61 1 491 Ɂɨɧɚ1 
          9,7 0,2 61 1 138 Ɂɨɧɚ2 
          7,55 0,1 61 1 54 Ɂɨɧɚ3 
         0,4 0,1 61 1 2 Ɂɨɧɚ4 
                ΣQ= 1519   

109 
  
  
  

16 
  
  
  

ɇɋ ɘ 6,6ɯ9,6 63,36 0,2 59 1,1 778   

Ɉɤɧɨ ɘ 
1,14ɯ1,1

4 
2,599

2 
1,7 59 1,1 281   

ɉɨɥ    10,2 0,5 59 1 287 Ɂɨɧɚ1 
     5,4 0,2 59 1 74 Ɂɨɧɚ2 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4 

1 2 3 4 5 6 7 8 9 10 11 
 
 
  

       0 0,1 59 1 0 Ɂɨɧɚ3 

Ʌɟɫɬɧɢ
ɱɧɚɹ 

ɤɥɟɬɤɚ 
14,9 

 
   0 0,1 59 1 0 Ɂɨɧɚ4 

    ɉɨɬɨɥɨɤ     14,85 0,3 59 1 292   
               ΣQ= 1712   

110 20 ɇɋ ɋ 6,2ɯ3 18,6 0,2 63 1,2 266   
Ʉɨɦɧɚɬ

ɚ 
ɦɚɫɬɟɪ

ɚ 

14,5 ɇɋ ȼ 3,05ɯ3 
7,850

4 
0,2 63 1,1 103   

    Ɉɤɧɨ ȼ 
1,14ɯ1,1

4 
1,299

6 
1,7 63 1,1 150   

    ɉɨɥ     12,6 0,5 63 1 378 Ɂɨɧɚ1 
          2 0,2 63 1 29 Ɂɨɧɚ2 
          0 0,1 63 1 0 Ɂɨɧɚ3 
          0 0,1 63 1 0 Ɂɨɧɚ4 
                ΣQ= 926   

207 18 ɇɋ ɋ 8,7ɯ3 
20,90

16 
0,2 61 1,2 289   

ɦɭɠɫɤɨ
ɣ 

ɝɚɪɞɟɪ
ɨɛ 

15,6 Ɉɤɧɨ ɋ 
1,14ɯ1,1

4 
5,198

4 
1,7 61 1,1 581 4 ɨɤɧɚ 

                ΣQ= 871   

208 17 ɇɋ ɋ 6,5ɯ3 
18,20

04 
0,2 60 1,2 248   

ɤɪɚɫɬɧ
ɵɣ 

ɭɝɨɥɨɤ 
27,7 ɇɋ ȼ 5,1ɯ3 

12,70
08 

0,2 60 1,1 159   

    Ɉɤɧɨ ɋ 
1,14ɯ1,1

4 
1,299

6 
1,7 60 1,1 143   

    Ɉɤɧɨ ȼ 
1,14ɯ1,1

4 
2,599

2 
1,7 60 1,1 286 2 ɨɤɧɚ 

                ΣQ= 835   

210 15 ɇɋ ɋ 3,1ɯ3 
8,000

4 
0,2 58 1,2 105   

ȼɟɧɬɤɚ
ɦɟɪɚ 

14,9 Ɉɤɧɨ ɋ 
1,14ɯ1,1

4 
1,299

6 
1,7 58 1,1 138   

                ΣQ= 244   
211 16 ɇɋ Ɂ 1,6ɯ3 2,49 0,2 59 1,2 33   

ɤɨɪɢɞɨ
ɪ 

17,8 Ⱦɜɟɪɶ Ɂ 1,1ɯ2,1 2,31 0,6 59 1,1 60   

                ΣQ= 93   
301 

 
20 ɇɋ ɋ 11,75ɯ3 

30,05
16 

0,2 63 1,2 430   
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4 

1 2 3 4 5 6 7 8 9 10 11 

ɞɭɲɟɜɚ
ɹ ɫ 

ɩɨɞɞɭ
ɲɟɜɨɣ 

50 ɇɋ Ɂ 6,25ɯ3 18,75 0,2 63 1,2 268   

    Ɉɤɧɨ ɋ 
1,14ɯ1,1

4 
5,198

4 
1,7 63 1,1 144 4 ɨɤɧɚ 

    ɉɨɬɨɥɨɤ    49,95 0,3 63 1 1049   
                ΣQ= 1891   

308 20 ɇɋ ɋ 6,5ɯ3 
18,20

04 
0,2 63 1,2 260   

Ʉɨɦɧɚɬ
ɚ 

ɨɬɞɵɯɚ 
27,7 ɇɋ ȼ 5,1ɯ3 

12,70
08 

0,2 63 1,2 182   

    Ɉɤɧɨ ɋ 
1,14ɯ1,1

4 
1,299

6 
1,7 63 1,1 150   

    Ɉɤɧɨ ȼ 
1,14ɯ1,1

4 
2,599

2 
1,7 63 1,1 300 2 ɨɤɧɚ 

    ɉɨɬɨɥɨɤ    27,7 0,3 63 1 582   
                ΣQ= 1474   

310 16 ɇɋ Ɂ 1,6ɯ3 2,49 0,2 59 1,2 33   
ɤɨɪɢɞɨ

ɪ 
17,8 Ⱦɜɟɪɶ Ɂ 1,1ɯ2,1 2,31 0,6 59 1,1 60   

    ɉɨɬɨɥɨɤ    17,8 0,3 59 1 350   
                ΣQ= 443   

 

Ɍɟɩɥɨɩɨɬɟɪɢ ɩɨɦɟɳɟɧɢɟɦ ɰɟɯɚ ɜ ɩɟɪɟɯɨɞɧɵɟ ɭɫɥɨɜɢɹ .ɬ ɩ
pQ ,ȼɬ ɨɩɪɟɞɟɥɹɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
 

. .
.

8pɬ ɩ ɬ ɩ
ɩ ɭ p

p ɧ

t
Q Q

t t


 


,                                                                  (2.3) 

 
ɝɞɟ .ɬ ɩ

pQ  – ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɩɨɦɟɳɟɧɢɟɦ ɰɟɯɚ ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɧt , ȼɬ; 
 

ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɰɟɯɚ .
5
ɬ ɩQ ,ȼɬ 5pt   

°C, ɨɛɟɫɩɟɱɢɜɚɟɦɨɣ ɪɚɛɨɬɨɣ ɫɢɫɬɟɦɵ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 
. .

5

5ɬ ɩ ɬ ɩ ɧ
p

p ɧ

t
Q Q

t t


 


,                                                                (2.4) 
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5 Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɜ ɩɨɦɟɳɟɧɢɟ 
 
5.1 Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɨɬ ɥɸɞɟɣ 

 
Ɍɟɩɥɨɬɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɜ ɩɨɦɟɳɟɧɢɟ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹɦɢ. 

ɂɫɬɨɱɧɢɤɚɦɢ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɹɜɥɹɸɬɫɹ ɥɸɞɢ, ɨɫɜɟɳɟɧɢɟ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ, 
ɧɚɝɪɟɬɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɫɬɵɜɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ, ɫɨɥɧɟɱɧɚɹ 
ɪɚɞɢɚɰɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɨɦɟɳɟɧɢɢ ɫɭɳɟɫɬɜɭɸɬ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɱɟɪɟɡ 
ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɧɚ ɧɚɝɪɟɜ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, 
ɜɪɵɜɚɸɳɟɝɨɫɹ ɱɟɪɟɡ ɨɬɤɪɵɬɵɟ ɩɪɨɟɦɵ, ɬɟɩɥɨɩɨɬɟɪɢ ɧɚ ɧɚɝɪɟɜ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɜɜɟɡɟɧɧɵɯ ɫ ɭɥɢɰɵ. ɂɡɛɵɬɨɱɧɚɹ ɬɟɩɥɨɬɚ –           
ɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɹɜɧɨɣ ɬɟɩɥɨɬɵ ɡɚ ɜɵɱɟɬɨɦ ɬɟɩɥɨɩɨɬɟɪɶ, ɩɨɫɬɭɩɚɸɳɟɟ ɜ 
ɩɨɦɟɳɟɧɢɟ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɯ ɭɦɟɧɶɲɟɧɢɸ.    

ɋɨɝɥɚɫɧɨ [4] ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɥɸɞɟɣ ɥɸɞQ ,ȼɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

1
i

n

ɥɸɞ i чɟɥ i
i

Q n q k


   ,                                                       (3.1) 

 
ɝɞɟ n  – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɟɥɨɜɟɤ ɜ ɩɨɦɟɳɟɧɢɢ, 32n  ; 

      чɟɥq  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɨɞɧɢɦ ɦɭɠɱɢɧɨɣ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ                      
ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɜɢɞɟ ɜɵɩɨɥɧɹɟɦɵɯ ɢɦ ɪɚɛɨɬ, 
ȼɬ/ɱɟɥ.; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4]; 

      k  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɨ, ɤɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɫɱɟɬɧɨɦ ɩɨɦɟɳɟɧɢɢ 
(ɞɥɹ ɦɭɠɱɢɧ 1k  , ɞɥɹ ɠɟɧɳɢɧ 0,85k  ). 

 
5.2 Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɨɬ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ 

 
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɬ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɬɟɩɥɨɬɚ ɩɨɫɬɭɩɚɟɬ ɜ 

ɯɨɥɨɞɧɵɣ  ɩɟɪɢɨɞ ɝɨɞɚ ɢ ɜ ɩɟɪɟɯɨɞɧɵɟ ɭɫɥɨɜɢɹ. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɨɫɜQ ,ȼɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 

ɨɫɜ ɨɫɜ ɨɫɜQ E q F     ,                                                       (3.2) 

 
ɝɞɟ E  – ɧɨɪɦɢɪɭɟɦɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ, ɥɤ, ɫɨɝɥɚɫɧɨ [7]; 

      ɨɫɜq  – ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɨɬ ɥɚɦɩ, ȼɬ/(ɦ2·ɥɤ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [7];                  

      F  – ɩɥɨɳɚɞɶ ɩɨɥɚ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ, ɦ2; 

      ɨɫɜ  – ɞɨɥɹ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɚɹ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ, ɫɨɝɥɚɫɧɨ [7] ɞɥɹ ɡɞɚɧɢɣ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 1ɨɫɜ  . 
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5.3 Ɋɚɫɱɟɬ ɩɨɫɬɭɩɥɟɧɢɣ ɬɟɩɥɨɬɵ ɡɚ ɫɱɟɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ 
 

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨɫɬɭɩɥɟɧɢɟ ɬɟɩɥɨɬɵ ɡɚ ɫɱɟɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ 
ɡɚɩɨɥɧɟɧɢɹ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ ɬɨɥɶɤɨ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, 
ɩɨɫɬɭɩɚɸɳɟɟ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɤɚɠɞɵɣ ɱɚɫ ɪɚɫɱɟɬɧɵɯ ɫɭɬɨɤ ɱɟɪɟɡ ɡɚɩɨɥɧɟɧɢɟ 
ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ IIQ ,ȼɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 
( )II IIɊ IIɌ IIɊ IIɌ IIQ Q Q q q F     ,                                          (3.3) 

 
ɝɞɟ IIɊQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɟ ɜ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɡɚɩɨɥɧɟɧɢɟ 
ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ ɩɥɨɳɚɞɶɸ IIF  ɡɚ ɫɱɟɬ ɪɚɞɢɚɰɢɢ, ȼɬ; 

      IIɌQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɟ ɜ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɡɚɩɨɥɧɟɧɢɟ 
ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ ɩɥɨɳɚɞɶɸ IIF  ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ȼɬ; 

      IIɊq  – ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ ɧɚɤɥɨɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɨɧ, ȼɬ/ɦ2; 

      IIɌq  – ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ,   ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ ɧɚɤɥɨɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɨɧ, ȼɬ/ɦ2; 

      IIF  – ɩɥɨɳɚɞɶ ɡɚɩɨɥɧɟɧɢɹ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ, ɦ2. 

 
ɍɞɟɥɶɧɵɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ,               

ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ ɧɚɤɥɨɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɨɧ IIɊq ,ȼɬ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

2( )ɜ ɜ
IIɊ ɩ ɢɧɫ ɪ ɨɛɥ ɨɬɧq q k q k k       ,                                           (3.4) 

 

ɝɞɟ ɜ
ɩq  ɢ ɜ

ɪq  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɹɦɨɣ 
ɢ ɪɚɫɫɟɹɧɧɨɣ, ɩɨɫɬɭɩɚɸɳɟɟ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɤɚɠɞɵɣ ɪɚɫɱɟɬɧɵɣ ɱɚɫ ɱɟɪɟɡ 1 ɦ2 
ɨɞɢɧɚɪɧɨɝɨ ɫɬɟɤɥɚ, ȼɬ/ɦ2; ɫɨɝɥɚɫɧɨ [4] 

      ɨɬɧk  – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɧɢɤɚɧɢɹ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ 
ɡɚɩɨɥɧɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɩɪɨɟɦɚ, ɨɬɥɢɱɧɨɝɨ ɨɬ ɨɞɢɧɚɪɧɨɝɨ,  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4]; 

      2  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɟɧɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɩɪɨɟɦɚ ɩɟɪɟɩɥɟɬɚɦɢ, 
ɫɨɝɥɚɫɧɨ [4, ɬɚɛɥ. 2.5]; 

      ɢɧɫk  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɫɨɥɹɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 

.(1 ) (1 )ɝ ɜ ɫ ɨ
ɢɧɫ

L ctg a L tgA c
k

H B

   
    ,                                   (3.5) 

 
ɝɞɟ H – ɜɵɫɨɬɚ ɫɜɟɬɨɜɨɝɨ ɩɪɨɟɦɚ, ɦ; 

      B – ɲɢɪɢɧɚ ɫɜɟɬɨɜɨɝɨ ɩɪɨɟɦɚ, ɦ; 
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      ɚ, ɫ – ɪɚɫɫɬɨɹɧɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɷɥɟɦɟɧɬɨɜ ɡɚɬɟɧɟɧɢɹ ɞɨ ɨɬɤɨɫɚ ɫɜɟɬɨɜɨɝɨ ɩɪɨɟɦɚ, ɦ; 

      ɝL , ɜL  – ɪɚɡɦɟɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ 
ɜɵɫɬɭɩɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɡɚɬɟɧɟɧɢɹ, ɦ; 

      β – ɭɝɨɥ (ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɡɚɬɟɧɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ) ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɶɸ ɨɫɬɟɤɥɟɧɢɹ ɢ ɩɪɨɟɤɰɢɟɣ ɫɨɥɧɟɱɧɨɝɨ ɥɭɱɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɥɨɫɤɨɫɬɢ ɨɫɬɟɤɥɟɧɢɹ, ɝɪɚɞ.  
 

ɍɝɨɥ β,ɝɪɚɞ. ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 
 

.( cos )ɫ ɨarctg ctgh A    ,            (3.6) 

 
ɝɞɟ h – ɜɵɫɨɬɚ ɫɬɨɹɧɢɹ ɫɨɥɧɰɚ, ɝɪɚɞ., ɫɨɝɥɚɫɧɨ [4] ɝɪɚɞ.; 

      ɫA  – ɚɡɢɦɭɬ ɫɨɥɧɰɚ, ɝɪɚɞ., ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  [4] ɝɪɚɞ.; 

      .ɫ oA  – ɫɨɥɧɟɱɧɵɣ ɚɡɢɦɭɬ ɨɫɬɟɤɥɟɧɢɹ, ɝɪɚɞ.; ɫɨɝɥɚɫɧɨ [4] ɝɪɚɞ. 

      ɨɛɥk  – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɥɭɱɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4] ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɝɥɨɜ 1 ,ɝɪɚɞ. ɢ 1 ,ɝɪɚɞ.: 
 

1
ɝL

arctg
H a

 


,                                                           (3.7) 

 

1
ɜL

arctg
B c

 


,            (3.8) 

 
ɉɨɫɤɨɥɶɤɭ ɜɫɹ ɬɟɩɥɨɬɚ, ɩɨɫɬɭɩɢɜɲɚɹ ɱɟɪɟɡ ɡɚɩɨɥɧɟɧɢɹ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ, 

ɩɪɨɧɢɤɚɟɬ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ, ɬɨ ɱɚɫɬɶ ɟɟ ɚɤɤɭɦɭɥɢɪɭɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ 
ɨɝɪɚɠɞɚɸɳɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ  ɩɨɦɟɳɟɧɢɹ.  

ɋ ɭɱɟɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ, ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɟ 
ɜ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɡɚɩɨɥɧɟɧɢɟ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ ɡɚ ɫɱɟɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ 

ɪɚɫч
IIPQ ,ȼɬ ɧɚɯɨɞɢɬɫɹ ɩɨ  ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

 

1 1

1

1,5ɪɚɫч
IIP IIɊ

F m
Q Q

F

 
  ,                                                      (3.9) 

 
ɝɞɟ 1F  – ɩɥɨɳɚɞɶ ɩɨɥɚ, ɦ2, 1 1008F  ; 

      1m  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɚɤɤɭɦɭɥɹɰɢɸ ɬɟɩɥɨɬɵ ɩɨɥɨɦ, 1 0,55m  . 
       

IIɌ IIɌ IIQ q F  ,                                                                       (3.10) 
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.( )ɧ ɭɫɥ ɜ
IIɌ

II

t t
q

R


 ,                                                             (3.11) 

 
ɝɞɟ ɜt  – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ, °C; 

      IIR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɡɚɩɨɥɧɟɧɢɹ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ,  

      .ɧ ɭɫɥt  – ɭɫɥɨɜɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɣ ɫɪɟɞɵ, °C, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

 

. . 2 20,5
ɧ

ɜ ɢɧɫ ɜ ɨɛɥ
ɧ ɭɫɥ ɧ ɫɪ t II

ɧ

S k D kt t Ⱥ   


  
       ,                                   (3.12) 

 
ɝɞɟ .ɧ ɫɪt  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚɢɛɨɥɟɟ ɠɚɪɤɨɝɨ ɦɟɫɹɰɚ,  

      ɧt
Ⱥ – ɫɭɬɨɱɧɚɹ ɚɦɩɥɢɬɭɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °C, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ [2]; 

      2  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɝɚɪɦɨɧɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɫɨɝɥɚɫɧɨ [4]; 

      ɜS , ɜD  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɹɦɨɣ ɢ ɪɚɫɫɟɹɧɧɨɣ ɪɚɞɢɚɰɢɢ, 
ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ȼɬ/ɦ2; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4]; 

      II  – ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ 
ɡɚɩɨɥɧɟɧɢɟɦ  ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ, ɫɨɝɥɚɫɧɨ [4]; 

      ɧ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɟɧɢɹ, 
ȼɬ/(ɦ2·°C),  ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ: 
 

5,8 11,6ɧ ɧv    ,                                                       (3.13) 

 
5.4 Ɋɚɫɱɟɬ ɩɨɫɬɭɩɥɟɧɢɣ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɩɨɤɪɵɬɢɟ 

 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɟ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɱɟɪɟɡ 1 ɦ2 ɩɨɤɪɵɬɢɹ 

Icpq , ȼɬ/ɦ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
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ɝ
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ɧ

ɩɨɤɪ qɜ II
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ɩɨɤɪ ɧ

q
q q k t t

A
A




  
 


      


    

                                                    (3.14) 

 
ɝɞɟ Icɪq  – ɫɪɟɞɧɟɟ ɡɚ ɫɭɬɤɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɟ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɢɹ, ȼɬ/ɦ2; 
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      Iq  – ɢɡɦɟɧɹɸɳɚɹɫɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɱɚɫɬɶ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ, ȼɬ/ɦ2; 

      
1

ɩɨɤɪ ɩɨɤɪ
ɬ

k
R

  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɩɨɤɪɵɬɢɹ, ȼɬ/(ɦ2·°C); 

      
ɩɨɤɪ
ɬR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɩɨɤɪɵɬɢɹ, (ɦ2·°C)/ȼɬ,; 

      ɩɨɤɪ  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɩɨɤɪɵɬɢɹ,; 

      
ɝ
ɫɪq  – ɫɪɟɞɧɟɟ ɫɭɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɦɦɚɪɧɨɣ (ɩɪɹɦɨɣ ɢ ɪɚɫɫɟɹɧɧɨɣ) ɬɟɩɥɨɬɵ, 

ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɪɵɬɢɹ, ȼɬ/ɦ2, ɩɪɢɧɢɦɚɟɦɨɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4]; 

      
ɝ
ɧ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, ȼɬ/(ɦ2·°C), 

ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ: 
 

8,7 2,6ɝ
ɧ ɧv    ,                                                      (3.15) 

 

      II  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ 
ɜɨɡɞɭɲɧɨɣ ɩɪɨɫɥɨɣɤɢ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɞɭɲɧɨɣ ɩɪɨɫɥɨɣɤɢ 1II  , ɩɪɢ ɟɟ 
ɧɚɥɢɱɢɢ 0,6II  ); 

      
ɩɨɤɪ
ɜt  – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɨɞ ɩɨɤɪɵɬɢɟɦ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ, °C; 

      ɩɨɤɪ  – ɡɧɚɱɟɧɢɟ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ; 

      2  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɝɚɪɦɨɧɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɫɨɝɥɚɫɧɨ [4];  

      ɝqA  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɜɧɨɟ ɪɚɡɧɨɫɬɢ ɫɭɦɦɚɪɧɨɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜ 
ɤɚɠɞɵɣ ɱɚɫ (ɫ ɭɱɟɬɨɦ ɩɟɪɢɨɞɚ ɡɚɩɚɡɞɵɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɥɟɛɚɧɢɣ) ɢ ɫɪɟɞɧɟɣ 
ɡɚ ɫɭɬɤɢ ɫɭɦɦɚɪɧɨɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, ȼɬ/ɦ2, ɢ ɧɚɯɨɞɹɳɟɟɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

( )
ɝ

ɝ
q ɝ ɝ ɫɪA S D q   .                                                                      (3.16) 

 
Ɂɧɚɱɟɧɢɟ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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

       
 

      
,                                   (3.17) 

 
ɝɞɟ 1S , 2S ,…, nS  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ 
ɩɨɤɪɵɬɢɹ, ȼɬ/(ɦ2·°C); 

      1Y , 2Y ,…, nY  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɫɥɨɟɜ ɩɨɤɪɵɬɢɹ, 

ȼɬ/(ɦ2·°C); 
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      ɜ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, 

ȼɬ/(ɦ2·ɨɋ); 

      ɧ  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, 
ȼɬ/(ɦ2·°C),                     

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ 1 ɫɥɨɹ ɩɨɤɪɵɬɢɹ (ɪɚɫɫɦɚɬɪɢɜɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡɧɭɬɪɢ ɧɚɪɭɠɭ) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

2
1 1

1
11

ɜ

ɜ

R S
Y

R




 


 
, ȼɬ/(ɦ2·°C)                                                   (3.18) 

 
ɝɞɟ 1R  – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 1 ɫɥɨɹ ɩɨɤɪɵɬɢɹ, (ɦ2·°C)/ȼɬ, ɨɩɪɟɞɟɥɹɟɦɨɟ 
ɩɨ ɮɨɪɦ. 1.4. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ i-ɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɹ iY , ȼɬ/(ɦ2·°C) ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

2
1

11
i i i

i
i i

R S Y
Y

R Y




 


 
,                                                            (3.19) 

 
ɝɞɟ 1iY   – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɭɫɜɨɟɧɢɹ (i-1) ɫɥɨɹ ɩɨɤɪɵɬɢɹ, ȼɬ/(ɦ2·°C). 

 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɟɟ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɱɟɪɟɡ ɜɫɸ ɩɥɨɳɚɞɶ 

ɩɨɤɪɵɬɢɹ IQ ,ȼɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
( )I Icp I IQ q q F    ,                                                                 (3.20) 

 
ɝɞɟ IF  – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, ɦ2, 1008IF  . 

 
5.5 Ɋɚɫɱɟɬ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɫɬɚɧɤɢ ɢ ɦɟɯɚɧɢɡɦɵ 
ɩɪɢɜɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ. Ɋɚɫɯɨɞɭɟɦɚɹ ɫɬɚɧɤɚɦɢ ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɬɪɟɧɢɹ ɱɚɫɬɟɣ ɦɟɯɚɧɢɡɦɨɜ, ɬɪɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨɬɭ. 

Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɩɨɦɟɳɟɧɢɢ ɰɟɯɚ, 
ɢ ɩɪɢɜɨɞɢɦɨɝɨ ɢɦɢ ɜ ɞɟɣɫɬɜɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɨɥɧɨɬɵ ɡɚɝɪɭɡɤɢ 1ɩk   ɞɜQ ,ȼɬ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
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1000 (1 )ɞɜ ɭ ɬ ɫQ N k k        ,                                               (3.21) 

 
ɝɞɟ ɭN  – ɭɫɬɚɧɨɜɨɱɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɤȼɬ; 

        – ɄɉȾ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 1) ɩɪɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ 0,5…3 
ɤȼɬ 0,7...0,8  ; 2) ɩɪɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ 3,1…10 ɤȼɬ 

0,82...0,85  ; 

      ɬk  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ ɬɟɩɥɨɬɵ ɜ ɩɨɦɟɳɟɧɢɟ: 1) ɞɥɹ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ 
ɫɬɚɧɤɨɜ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ ɷɦɭɥɶɫɢɟɣ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 1ɬk  ; 2) ɬɨ ɠɟ ɫ 
ɨɯɥɚɠɞɟɧɢɟɦ 0,9ɬk  ; 

      ɫk  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɩɪɨɫɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ: 1) ɞɥɹ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ 
0,2ɫk  ; 2) ɞɥɹ ɫɜɚɪɨɱɧɨɝɨ ɢ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜ 0,5ɫk   

 
ȼɫɟ ɪɚɫɱɟɬɵ ɩɨ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹɦ ɜ ɩɨɦɟɳɟɧɢɹ ɜɵɩɨɥɧɟɧ ɧɚ ɉɗȼɆ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 5 ɧɢɠɟ: 
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Ɍɚɛɥɢɰɚ 5 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹɦ 
  Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɥɸɞɟɣ Ɉɫɜɟɳɟɧɢɟ ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ 

№, ɧɚɡɧɚɱɟɧɢɟ ɩɨɦɟɳɟɧɢɹ 

Ʉɨɥɢɱɟɫɬ
ɜɨ 

ɥɸɞɞɟɣ 
n, ɱɟɥ. 

qɹ, ȼɬ kɥ 
Qɥɸ
ɞ, ȼɬ 

E, Ʌɤ F, ɦ2 
qɨɫɜ, 

ɦ2 
Șɨɫɜ Qɨɫɜ, ȼɬ 

Ny, 
ɤȼɬ 

Ș km kc 
Qɞɜ, 
ȼɬ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

101 8 135 1 1080 200 432 0,067 0,4 2315,52 10,2 0,85 1 0,5 5100 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ                             

102 24 135 1 3240 200 647,28 0,067 0,4 3469,421 101 0,85 1 0,5 50500 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ                           

103 2 135 1 270 200 19,2 0,067 0,4 102,912 - - - - - 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɚɹ                             

104 2 135 1 270 200 19,2 0,067 0,4 102,912 - - - - - 
ɭɡɟɥ ɭɩɪɚɜɥɟɧɢɹ                           

105 0 135 1 0 200 54,15 0,067 0,4 290,244 - - - - - 
ɬɟɩɥɨɜɨɣ ɭɡɟɥ                             

106 2 135 1 270 500 19,448 0,08 0,4 311,168 - - - - - 
Ɇɟɞɢɰɢɧɫɤɚɹ ɤɨɦɧɚɬɚ                           

107 3 135 1 405 500 19,448 0,08 0,4 311,168 - - - - - 
Ʌɚɛɨɪɚɬɨɪɢɹ                             

108 0 135 1 0 75 51,82 0,08 0,4 124,368 - - - - - 
ɤɨɪɢɞɨɪ                       

ɜɟɫɬɢɛɸɥɶ                          
109 0 135 1 0 300 14,85 0,08 0,4 142,56 - - - - - 

Ʌɟɫɬɧɢɱɧɚɹ ɤɥɟɬɤɚ                             
110 1 135 1 135 500 14,5 0,08 0,4 232 - - - - - 

Ʉɨɦɧɚɬɚ ɦɚɫɬɟɪɚ                           
207 1 135 1 135 300 15,6 0,08 0,4 149,76 - - - - - 

ɦɭɠɫɤɨɣ ɝɚɪɞɟɪɨɛ                             
208 8 135 1 1080 500 27,7 0,08 0,4 443,2 - - - - - 

ɤɪɚɫɬɧɵɣ ɭɝɨɥɨɤ                           
210 0 135 1 0 75 14,9 0,08 0,4 35,76 - - - - - 

ȼɟɧɬɤɚɦɟɪɚ                             
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

211 0 135 1 0 75 17,8 0,08 0,4 42,72 - - - - - 
ɤɨɪɢɞɨɪ                           

301 4 135 1 540 75 49,95 0,08 0,4 119,88 - - - - - 
ɞɭɲɟɜɚɹ ɫ ɩɨɞɞɭɲɟɜɨɣ                             

308 5 135 1 675 75 27,7 0,08 0,4 66,48 - - - - - 
Ʉɨɦɧɚɬɚ ɨɬɞɵɯɚ                           

310 0 135 1 0 500 17,8 0,08 0,4 284,8 - - - - - 
ɤɨɪɢɞɨɪ                             
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ɍɱɢɬɵɜɚɹ ɬɨ ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɨɤɨɧ ɜ ɩɨɦɟɳɟɧɢɢ ɨɞɢɧɚɤɨɜɚ ɩɪɢ ɪɚɡɧɨɣ 
ɩɥɨɳɚɞɢ ɬɨ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ  ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɦɟɬɨɞɢɤɟ 
ɫɜɟɞɟɧɵ ɜ ɫɥɟɞɭɸɳɭɸ ɬɚɛɥɢɰɭ: 

 
Ɍɚɛɥɢɰɚ 6 – ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɪɢɟɧɬɚɰɢɹ ɍɞɟɥɶɧɨɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɟ ȿɞ. ɢɡɦ. 
Ɉɤɧɨ ɋ 70 ȼɬ/ɦ2 
 ɘ 320 ȼɬ/ɦ2 
 ȼ 485 ȼɬ/ɦ2 
 Ɂ 485 ȼɬ/ɦ2 
ɉɨɤɪɵɬɢɟ - 20 ȼɬ/ɦ2 
 

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɜɵɲɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 7. 
 
Ɍɚɛɥɢɰɚ 7 – Ɉɛɳɢɣ ɛɚɥɚɧɫ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɞɧɨɫɬɟɣ ɜ ɩɨɦɟɳɟɧɢɢ 

№ 
ɇɚɢɦɟɧɨɜɚɧɢ
ɟ ɜɪɟɞɧɨɫɬɢ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞ.ɢɡɦ. 

Ɂɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ 
ɬɟɩɥɵɣ 
ɩɟɪɢɨɞ 

ɩɟɪɟɯɨɞɧɵɟ 
ɭɫɥɨɜɢɹ 

ɯɨɥɨɞɧɵ
ɣ ɩɟɪɢɨɞ 

1 
ɂɡɛɵɬɨɱɧɚɹ 

ɬɟɩɥɨɬɚ ΣQɢ ȼɬ 116371 65710 65710 

1,1 
Ɍɟɩɥɨɩɨɫɬɤɩɥ
ɟɧɢɹ ɨɬ ɥɸɞɟɣ Qɥɸɞ ȼɬ 2048 4320 4320 

1,2 

Ɍɟɩɥɨɩɨɫɬɭɩɥ
ɟɧɢɹ ɨɬ ɢɫɤ. 
Ɉɫɜɟɳɟɧɢɹ Qɨɫɜ ȼɬ 0 5790 5790 

1,3 

Ɍɟɩɥɨɩɨɫɬɭɩɥ
ɟɧɢɹ ɨɬ 

ɨɛɨɪɭɞɨɜɚɧɢɹ Qɨɛ ȼɬ 55600 55600 55600 

1,4 

Ɍɟɩɥɨɩɨɫɬɭɩɥ
ɟɧɢɹ ɱɟɪɟɡ 
ɨɫɬɟɤɥɟɧɢɟ Qɨɫɬ ȼɬ 49000 0 0 

1,5 

Ɍɟɩɥɨɩɨɫɬɭɩɥ
ɟɧɢɹ ɱɟɪɟɡ 
ɩɨɤɪɵɬɢɹ Qɩɨɤ ȼɬ 9723 0 0 

2 
ɂɡɛɵɬɨɱɧɚɹ 

ɜɥɚɝɚ Ɇ ɝ/ɱ 6208 3520 3520 

3 
ɍɝɥɟɤɢɫɥɵɣ 

ɝɚɡ mɋɈ2 ɝ/ɱ 1920 1920 1920 
 

 
5.6 ɋɨɫɬɚɜɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɜɵɛɨɪ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 

 

ɋɢɫɬɟɦɚ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɰɟɯɚɯ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɜ ɧɟɪɚɛɨɱɟɟ ɜɪɟɦɹ (ɧɨɱɧɨɟ ɜɪɟɦɹ, ɜɵɯɨɞɧɵɟ, ɩɪɚɡɞɧɢɱɧɵɟ 
ɞɧɢ ɢ ɬ.ɞ.) ɬɟɦɩɟɪɚɬɭɪɵ 5 °C. ȼ ɪɚɛɨɱɟɟ ɜɪɟɦɹ ɫɢɫɬɟɦɚ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɤɚɤ 
ɩɪɚɜɢɥɨ ɨɬɤɥɸɱɚɟɬɫɹ. ɂɧɨɝɞɚ ɫɢɫɬɟɦɚ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɞɥɹ 
ɤɪɭɝɥɨɫɭɬɨɱɧɨɝɨ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɰɟɯɟ ɬɟɦɩɟɪɚɬɭɪɵ 5 °C. ɇɟɞɨɫɬɚɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
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ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɱɟɟ ɜɪɟɦɹ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɢɥɢ ɩɟɪɟɝɪɟɜɚ 
ɩɨɞɚɜɚɟɦɨɝɨ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɫɨɫɬɚɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɨɜ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ ɢ 
ɬɟɩɥɨɩɨɬɟɪɶ ɜɨ ɜɫɟ ɩɟɪɢɨɞɵ ɝɨɞɚ. Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɪɟɦɨɧɬɚ 
ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8. 

 
Ɍɚɛɥɢɰɚ 8 – Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ 

Ɍɚɛɥɢɰɚ ɬɟɩɥɨɜɨɝɚ ɛɚɥɚɧɫɚ 

ɉɟɪɢɨɞ 
ɝɨɞɚ 

Ɉɛɳɢɟ ɩɨɬɟɪɢ 
ɬɟɩɥɨɬɵ 

ɉɨɬɟɪɢ 
ɬɟɩɥɨɬɵ ɩɪɢ 

tɜ=+5°ɋ(Ⱦɟɠɭ
ɪɧɨɟ 

ɨɬɨɩɥɟɧɢɟ) 

ɋɭɦɦɚɪɧɵɟ 
ɬɟɩɥɨɩɨɫɬɭɩɥɟ

ɧɢɹ 

ɂɡɛɵɬɤɢ(+) 
ɢɥɢ 

ɧɟɞɨɫɬɚɬɤɢ(-
) ɬɟɩɥɨɬɵ ɫ 

ɭɱɟɬɨɦ 
ɪɚɛɨɬɵ 

ɞɟɠɭɪɧɨɝɨ 
ɨɬɨɩɥɟɧɢɹ 

ɂɡɛɵɬɤɢ(+) 
ɢɥɢ 

ɧɟɞɨɫɬɚɬɤɢ(-
) ɬɟɩɥɨɬɵ 
ɛɟɡ ɭɱɟɬɚ 
ɪɚɛɨɬɵ 

ɞɟɠɭɪɧɨɝɨ 
ɨɬɨɩɥɟɧɢɹ 

ɏɨɥɨɞɧɵɣ 74200 61410 65710 52920 -8490 

ɉɟɪɟɯɨɞɧ
ɵɟ 

ɭɫɥɨɜɢɹ 
8020 0 65710 0 57690 

Ɍɟɩɥɵɣ 0 0 116370 0 116370 

ȼɵɜɨɞ:  

     ȼ ɞɚɧɧɨɦ ɰɟɯɟ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɢɬɶ ɫɢɫɬɟɦɭ 
ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɜ ɧɟɪɚɛɨɱɟɟ, ɬɚɤ ɢ ɜ ɪɚɛɨɱɟɟ 
ɜɪɟɦɹ. ɂɡɛɵɬɨɤ ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɱɟɟ ɜɪɟɦɹ ɜ ɪɚɡɦɟɪɟ 52920 ȼɬ ɛɭɞɟɬ 
ɤɨɦɩɟɧɫɢɪɨɜɚɬɶɫɹ ɩɨɞɚɱɟɣ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɰɟɯɚ.  

 
 

5.7 ȼɨɡɞɭɲɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ 
 

ɋ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɛɟɫɤɚɧɚɥɶɧɨɟ 
ɜɨɡɞɭɲɧɨɟ ɨɬɨɩɥɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɜɨɡɞɭɲɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɥɨɤɢ ɤɚɥɨɪɢɮɟɪɨɜ ɫ ɜɟɧɬɢɥɹɬɨɪɚɦɢ (ɱɚɳɟ ɜɫɟɝɨ ɨɫɟɜɵɦɢ). 
ȼɨɡɞɭɯ ɢɡ ɩɨɦɟɳɟɧɢɹ ɡɚɫɚɫɵɜɚɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɩɪɨɞɭɜɚɟɬɫɹ ɱɟɪɟɡ ɤɚɥɨɪɢɮɟɪ ɢ 
ɞɚɥɟɟ ɭɠɟ ɧɚɝɪɟɬɵɣ ɩɨɫɬɭɩɚɟɬ ɫɧɨɜɚ ɜ ɩɨɦɟɳɟɧɢɟ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ 
ɬɚɤɢɟ ɚɝɪɟɝɚɬɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɞɜɭɯ ɬɢɩɨɜ:  

1) ɞɥɹ ɪɚɛɨɬɵ ɩɪɢ ɩɨɥɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɜɨɡɞɭɯɚ ɩɨɦɟɳɟɧɢɣ 
(ɨɬɨɩɢɬɟɥɶɧɵɟ)  

2) ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɜɨɡɞɭɯɟ ɫ ɛɨɥɶɲɢɦ ɩɪɨɰɟɧɬɨɦ 
ɩɨɞɦɟɲɢɜɚɧɢɹ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ (ɜɨɡɞɭɲɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɟ). 

ȼɨɡɞɭɲɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɧɟɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɢ ɦɚɫɫɵ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɤɪɨɧɲɬɟɣɧɚɯ, ɤɨɬɨɪɵɟ ɤɪɟɩɹɬɫɹ ɤ ɤɨɥɨɧɧɚɦ (ɫɬɟɧɚɦ) ɢɥɢ 
ɩɨɞɜɟɲɢɜɚɸɬɫɹ ɤ ɩɨɬɨɥɤɭ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɩɨɞɜɟɫɚɯ. ɉɟɪɜɵɟ ɚɝɪɟɝɚɬɵ 
ɧɚɡɵɜɚɸɬɫɹ ɧɚɩɨɥɶɧɵɦɢ, ɜɬɨɪɵɟ – ɩɨɞɜɟɫɧɵɦɢ. ɉɪɢɦɟɧɟɧɢɟ ɜɨɡɞɭɲɧɨ-
ɨɬɨɩɢɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɭɩɪɨɳɚɟɬ ɢ ɭɞɟɲɟɜɥɹɟɬ ɦɨɧɬɚɠ ɫɢɫɬɟɦɵ ɜɨɡɞɭɲɧɨɝɨ 
ɨɬɨɩɥɟɧɢɹ, ɧɨ ɜɦɟɫɬɟ ɫ ɬɟɦ ɨɧɢ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɲɭɦɚ ɜ ɰɟɯɚɯ 
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ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɧɢɜɟɥɢɪɭɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɫɢɫɬɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ  ɜɨɡɞɭɲɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ 
ɚɝɪɟɝɚɬɨɜ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶɫɹ ɜ ɪɚɛɨɬɭ ɥɢɲɶ ɜ ɧɟɪɚɛɨɱɟɟ ɜɪɟɦɹ ɫɭɬɨɤ ɞɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɧɚ ɭɪɨɜɧɟ 5 °C ɜ  

Ɉɛɳɟɟ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɰɟɯɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

.

0,28
ɬ ɩ

ɚɝɪ
ɚɝɪ

k Q
N

Q





,                                                                   (4.1) 

 
ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɡɨɧɵ ɡɚɛɨɪɚ ɜɨɡɞɭɯɚ (ɩɪɢ ɡɚɛɨɪɟ ɜɨɡɞɭɯɚ ɢɡ 
ɪɚɛɨɱɟɣ ɡɨɧɵ ɨɧ ɪɚɜɟɧ 1,1,  ɢɡ ɜɟɪɯɧɟɣ – 1,3);  

      Qɬ.ɩ – ɬɟɩɥɨɩɨɬɟɪɢ ɩɨɦɟɳɟɧɢɹ, ɤȼɬ; 
      Qɚɝɪ– ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɚɝɪɟɝɚɬɚ, ɬɵɫ. ɤȾɠ/ɱ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ [7].  

 
1,3 45,75

1,7
0,28 126ɚɝɪN


 


. 

 
Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɬɫɹ ɞɜɚ ɜɨɡɞɭɲɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚ ɦɚɪɤɢ 

Ⱥɉȼɋ50-30 ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ (ɦɨɳɧɨɫɬɶɸ) 126 ɬɵɫ. ɤȾɠ/ɱ  ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɜɨɡɞɭɯɭ 4030 ɤɝ/ɱ ɤɚɠɞɵɣ. 

 
5.8 Ɋɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 

 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɩɪɢɛɨɪɨɜ ɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 

ɩɪɢɧɢɦɚɸɬɫɹ, ɱɭɝɭɧɧɵɟ ɪɚɞɢɚɬɨɪɵ ɬɢɩɚ Ɇɋ140-108, ɪɚɫɩɨɥɚɝɚɟɦɵɟ ɨɬɤɪɵɬɨ ɩɨɞ 
ɡɚɩɨɥɧɟɧɢɹɦɢ ɫɜɟɬɨɜɵɯ ɩɪɨɟɦɨɜ (ɨɤɧɚɦɢ) ɡɞɚɧɢɹ ɰɟɯɚ. ɋɨɝɥɚɫɧɨ ɡɚɞɚɧɢɸ ɧɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɬɟɩɥɨɧɨɫɢɬɟɥɶ – ɩɟɪɟɝɪɟɬɚɹ ɜɨɞɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ 140-70 °C. 
ɋɢɫɬɟɦɚ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɩɨɞɞɟɪɠɢɜɚɟɬ ɜ ɧɟɪɚɛɨɱɟɟ ɜɪɟɦɹ ɜ ɩɨɦɟɳɟɧɢɢ 
ɰɟɯɚ 5 °C. ɇɚɝɪɟɜɚɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɩɨɞɤɥɸɱɚɸɬɫɹ ɩɨ ɫɯɟɦɟ “ɫɜɟɪɯɭ-ɜɧɢɡ”. ɉɪɢ 
ɪɚɫɱɟɬɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɚ 
ɨɬ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɫɬɨɹɤɨɜ ɢ ɩɨɞɜɨɞɨɤ ɤ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ 
ɩɪɢɛɨɪɚɦ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɪɟɛɭɟɦɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɜ 
ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ .ɧ ɬQ ,ȼɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

 

.
ɩɪ

ɧ ɬ
ɤ

Q
Q


 ,                                                                            (5.1) 

 
ɝɞɟ ɤ  –  ɤɨɦɩɥɟɤɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɪɟɛɭɟɦɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɜ ɩɨɦɟɳɟɧɢɟ ɤ ɪɚɫɱɟɬɧɵɦ ɭɫɥɨɜɢɹɦ, 
ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 
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1

70 360

n ɪ
ɫɪ ɩɪ

ɤ

t G
b c 

   
       
   

;                                                        (5.2) 

 

      ɩɪQ  – ɧɟɨɛɯɨɞɢɦɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɜ ɩɨɦɟɳɟɧɢɟ, 

ȼɬ, ɧɚɯɨɞɹɳɢɣɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

.ɬ ɩ
ɩɪ

Q
Q

m
 ;                                                                           (5.3) 

 

      ɫɪt  – ɫɪɟɞɧɹɹ ɪɚɫɱɟɬɧɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, °C, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

2
ɝ ɨ

ɫɪ ɜ
t t

t t


   ;                                                                   (5.4) 

 

      ɝt , ɨt  – ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɩɨɞɚɸɳɟɣ ɢ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɹɯ 
ɬɟɩɥɨɜɨɣ ɫɟɬɢ, °C; 

      ɩɪG  – ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɨɬɨɩɢɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ, ɤɝ/ɱ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ 
ɜɵɪɚɠɟɧɢɸ: 
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ɩɪ
ɝ ɨ

Q
G

c t t




 
;                                                                    (5.5) 

 

      c – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ·°C), 4,187c   ɤȾɠ/(ɤɝ·°C);  

      b  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, 
ɫɨɝɥɚɫɧɨ  [6] 1b  ); 

        – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜɨɞɵ ɜ 
ɩɪɢɛɨɪɟ, ɧɚɯɨɞɹɳɢɣɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
1 ( )ɝ ɨa t t     ;                                                                  (5.6) 

 

      a , n , p , c  – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɱɢɫɥɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6, 
ɬɚɛɥ. 9.2] 0,006a  , 0,3n  , 0,02p  , 1,039c  ; 

      .ɬ ɩQ  – ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɡɞɚɧɢɢ ɰɟɯɚ 5ɜt   °C, 
ɨɛɟɫɩɟɱɢɜɚɟɦɨɣ ɪɚɛɨɬɨɣ ɫɢɫɬɟɦɵ ɞɟɠɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ, ȼɬ; 

      m  – ɱɢɫɥɨ ɦɟɫɬ ɭɫɬɚɧɨɜɤɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ.  
 

45750
3267,857

14ɩɪQ    ȼɬ. 
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3,6 3267,857
40,139

4,187 (140 70)ɩɪG


 
 

 ɤɝ/ɱ. 

 
140 70

5 100
2ɫɪt


     °C. 

 
1 0,006 (140 70) 0,58      . 

 
1 0,3 0,02

100 40,139
1 0,58 1,039 0,917

70 360ɤ


           
   

. 

 

.

3267,857
3563,705

0,917ɧ ɬQ    ȼɬ.              

                                                 
Ɇɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɱɢɫɥɨ ɫɟɤɰɢɣ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ minN ,ɲɬ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
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,                                                                   (5.7) 

 
ɝɞɟ .ɧ ɬq  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɪɟɛɭɟɦɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɨɞɧɨɣ ɫɟɤɰɢɢ ɪɚɞɢɚɬɨɪɚ 
ɬɢɩɚ  Ɇɋ140-108, ȼɬ, ɫɨɝɥɚɫɧɨ [6] . 185ɧ ɬq  ; 

      4  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɫɩɨɫɨɛɚ ɭɫɬɚɧɨɜɤɢ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  [6] 4 1  ; 

      3  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɱɢɫɥɚ ɫɟɤɰɢɣ ɜ ɧɚɝɪɟɜɚɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ, ɫɨɝɥɚɫɧɨ [6] 

3 0,96  . 
 

3563,705 1
21

185 0,96
N


 


 ɲɬ.      
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6 ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɦɟɫɬɧɨɣ ɜɟɧɬɢɥɹɰɢɢ  
 
ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɦɟɫɬɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɡɚɳɢɬɧɨ-

ɨɛɟɫɩɵɥɢɜɚɸɳɢɟ ɤɨɠɭɯɨɜ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚɞ ɡɚɬɨɱɧɵɦɢ, ɨɛɞɢɪɨɱɧɨ-
ɲɥɢɮɨɜɚɥɶɧɵɦɢ ɢ ɩɨɥɢɪɨɜɚɥɶɧɵɦɢ ɫɬɚɧɤɚɦɢ. 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɦɟɫɬɧɵɦɢ ɨɬɫɨɫɚɦɢ ɨɬ ɬɚɤɢɯ ɫɬɚɧɤɨɜ L , 3ɦ /ɱ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

  

ɤɪL a d  ,                                                                       (6.1) 

 
ɝɞɟ a  – ɭɞɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɨɬɫɨɫɚ ɜɨɡɞɭɯɚ, 3ɦ /(ɦɦ·ɱ): 1) ɞɥɹ ɡɚɬɨɱɧɵɯ ɢ 
ɲɥɢɮɨɜɚɥɶɧɵɯ ɫɬɚɧɤɨɜ ɫ ɚɛɪɚɡɢɜɧɵɦ ɤɪɭɝɨɦ 2a   3ɦ /(ɦɦ·ɱ); 2) ɞɥɹ 
ɩɨɥɢɪɨɜɚɥɶɧɵɯ ɫɬɚɧɤɨɜ ɫ ɜɨɣɥɨɱɧɵɦ ɤɪɭɝɨɦ 4a   3ɦ /(ɦɦ·ɱ); 3) ɞɥɹ 
ɩɨɥɢɪɨɜɚɥɶɧɵɯ ɫɬɚɧɤɨɜ ɫ ɦɚɬɟɪɱɚɬɵɦ ɤɪɭɝɨɦ 6a   3ɦ /(ɦɦ·ɱ); 
      ɤɪd  – ɞɢɚɦɟɬɪ ɤɪɭɝɚ, ɦɦ.                                                       

 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɦɟɫɬɧɵɦ ɨɬɫɨɫɨɦ ɨɬ ɨɞɧɨɝɨ 

ɩɥɨɫɤɨɲɥɢɮɨɜɚɥɶɧɨɝɨ ɫɬɚɧɤɚ, ɛɭɞɟɬ ɪɚɜɟɧ: 
 

2 250 500L     ( 3ɦ /ɱ).           
 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɦɟɫɬɧɵɦɢ ɨɬɫɨɫɚɦɢ ɨɬ ɱɟɬɵɪɟɯ (4) 

ɩɥɨɫɤɨɲɥɢɮɨɜɚɥɶɧɵɯ ɫɬɚɧɤɨɜ, ɫɨɫɬɚɜɢɬ: 
 

1
. 4 500 2000ɦ ɨL     ( 3ɦ /ɱ).  

 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɨɬɫɚɫɵɜɚɟɦɨɝɨ ɨɬ ɭɤɪɵɬɢɹ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɟɦ ɢɫɬɨɱɧɢɤɚ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ, ɧɚɯɨɞɢɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

23120L h Q F    , 3ɦ /ɱ                                                           (6.2) 

 
ɝɞɟ h  – ɜɵɫɨɬɚ ɪɚɛɨɱɟɝɨ ɩɪɨɟɦɚ, ɦ; 

      F  – ɩɥɨɳɚɞɶ ɪɚɛɨɱɟɝɨ ɩɪɨɟɦɚ, 2ɦ ; 

      Q  – ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɭɤɪɵɬɢɢ, ɢɞɭɳɢɟ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɜɨɡɞɭɯɚ ɜ ɧɟɦ, ȼɬ, 
ɩɪɢɧɢɦɚɟɦɵɟ ɪɚɜɧɵɦɢ 50…70% ɨɬ ɩɨɥɧɨɣ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ.                                            

 
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɢɡ ɭɤɪɵɬɢɹ ɨɞɧɨɣ ɦɨɣɤɢ ɞɟɬɚɥɟɣ, ɛɭɞɟɬ ɪɚɜɟɧ: 
 

23120 0,5 30000 0,4 1606,639 1610L        ( 3ɦ /ɱ).           
                                            
Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɨɬɫɚɫɵɜɚɟɦɨɝɨ ɢɡ ɭɤɪɵɬɢɹ ɬɪɟɯ (3) ɦɨɟɤ ɞɟɬɚɥɟɣ, ɫɨɫɬɚɜɢɬ: 
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2
. 3 1610 4830ɦ ɨL     ( 3ɦ /ɱ).    

 
ɋɭɦɦɚɪɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɜɭɯ ɫɢɫɬɟɦ ɦɟɫɬɧɵɯ ɨɬɫɨɫɨɜ ɪɚɜɧɹɟɬɫɹ: 
 

1 2
. . . 2000 4830 6830ɦ ɨ ɦ ɨ ɦ ɨL L L      ( 3ɦ /ɱ).    
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7 Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɨɜ ɞɥɹ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ 
 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɨɬɟɪɶ ɢ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɣ, ɫɨɫɬɚɜɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ ɢ ɜɵɛɨɪɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɥɚɝɢ, ɜɪɟɞɧɵɯ ɢ 
ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɝɚɡɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ, ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɫɬɧɵɯ ɨɬɫɨɫɨɜ, ɚ ɬɚɤ ɠɟ ɜɵɛɨɪɚ ɫɯɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ 
ɜɨɡɞɭɯɨɨɛɦɟɧɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɞɥɹ ɜɟɧɬɢɥɹɰɢɢ ɩɨɦɟɳɟɧɢɣ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ. 

Ɋɚɫɯɨɞ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɟɩɥɨɝɨ, ɯɨɥɨɞɧɨɝɨ 
ɩɟɪɢɨɞɨɜ ɝɨɞɚ ɢ ɩɟɪɟɯɨɞɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɚɫɫɢɦɢɥɹɰɢɢ ɢɡɛɵɬɨɱɧɨɣ ɬɟɩɥɨɬɵ .ɦ ɨL , 
ɦ3/ɱ ɩɨ ɮɨɪɦɭɥɟ: 

 

.
.

3,6 ( )

( )
ɢɡɛ ɦ ɨ ɜ ɩɪ

ɩɪ ɦ ɨ
ɭɯ ɩɪ

Q c L t t
L L

c t t




     
 

  
 ,                                   (7.1) 

 
ɝɞɟ Lɦ.ɨ – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɢɡ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɢɥɢ ɪɚɛɨɱɟɣ ɡɨɧɵ 
ɩɨɦɟɳɟɧɢɹ ɫɢɫɬɟɦɚɦɢ ɦɟɫɬɧɵɯ ɨɬɫɨɫɨɜ ɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɧɭɠɞɵ, ɦ3/ɱ; 

      ΣQɢɡɛ – ɢɡɛɵɬɨɱɧɵɣ ɩɨɬɨɤ ɹɜɧɨɣ ɬɟɩɥɨɬɵ ɜ ɩɨɦɟɳɟɧɢɟ, ȼɬ; 

      c – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ·°C), 1,005c  ; 

      ρ – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3, 1,2  ; 

      tɭх – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɢɡ ɩɨɦɟɳɟɧɢɹ ɡɚ ɩɪɟɞɟɥɚɦɢ 
ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɢɥɢ ɪɚɛɨɱɟɣ ɡɨɧɵ, °C; 

      tɩɪ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, °C; 

      tɜ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ, °C. 
 
Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

.3,6ɩɪ ɢɡɛ ɦ ɨ ɭɯQ Q Q Q    ,                                                                (7.2) 

 
Ɋɚɫɩɢɫɚɜ ɫɥɚɝɚɟɦɵɟ Qɩɪ, Qɦ.ɨ ɢ Qɭɯ,ȼɬ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɩɨɦɟɳɟɧɢɹ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɢɧɚɱɟ: 
 

.3,6ɩɪ ɩɪ ɢɡɛ ɦ ɨ ɜ ɭɯ ɭɯc L t Q c L t c L t               ,                                  (7.3) 

 
ɝɞɟ Qɩɪ – ɩɨɬɨɤ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɩɨɦɟɳɟɧɢɟ ɰɟɯɚ ɜɦɟɫɬɟ ɫ ɩɪɢɬɨɱɧɵɦ 
ɜɨɡɞɭɯɨɦ, ȼɬ;             

      Qɦ.ɨ – ɩɨɬɨɤ ɬɟɩɥɨɬɵ, ɭɯɨɞɹɳɢɣ ɢɡ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɜɫɥɟɞɫɬɜɢɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦ 
ɦɟɫɬɧɵɯ ɨɬɫɨɫɨɜ, ȼɬ; 

      Qɭх – ɩɨɬɨɤ ɬɟɩɥɨɬɵ, ɭɯɨɞɹɳɢɣ ɢɡ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɜɦɟɫɬɟ ɫ ɭɞɚɥɹɟɦɵɦ 
ɜɨɡɞɭɯɨɦ, ȼɬ.                       

 



41 
 

7.1 Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ:  
1) . 26780ɦ ɨL   ɦ3/ɱ;  

2) 262540ɢɡɛQ   ȼɬ;  

3) 29,1ɭɯt   °C;            

4) 21,1ɩɪt   °C;  

5) 25,1ɜt   °C;  
6) .ɭɯ ɩɪ ɦ ɨL L L  . 

 
3,6 262540 1,005 1,2 26780 (25,1 21,1)

26780 111360
1,005 1,2 (29,1 21,1)ɩɪL

     
  

  
 ɦ3/ɱ.                      

 
1,005 1,2 111360 21,1 3,6 262540 3778877,4       ȼɬ.              
 
1,005 1,2 26780 25,1 1,005 1,2 (111360 26780) 29,1 3778947,9          ȼɬ.              
 
7.2 Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɞɥɹ ɩɟɪɟɯɨɞɧɵɯ ɭɫɥɨɜɢɣ 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ:  
1) . 26780ɦ ɨL   ɦ3/ɱ; 

2) 230290ɢɡɛQ   ȼɬ;  

3) 19ɭɯt   °C;            

4) 9ɩɪt   °C;  

5) 15ɜt   °C;  
6) .ɭɯ ɩɪ ɦ ɨL L L  . 

 
3,6 230290 1,005 1,2 26780 (15 9)

19580 79460
1,005 1,2 (19 9)ɩɪL

     
  

  
 ɦ3/ɱ. 

 
1,005 1,2 79460 9 3,6 230290 1691502,8       ȼɬ. 
 
1,005 1,2 26780 15 1,005 1,2 (79460 26780) 19 1691559,7          ȼɬ. 
 
7.3 Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ:  
1) . 26780ɦ ɨL   ɦ3/ɱ;  

2) 179970ɢɡɛQ   ȼɬ;  

3) 19ɭɯt   °C;            
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4) 9ɩɪt   °C;  

5) 15ɜt   °C;  
6) .ɭɯ ɩɪ ɦ ɨL L L  . 

ɂɫɯɨɞɹ ɢɡ ɮɨɪɦɭɥɵ (7.1) ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ: 
 

. 3,6ɦ ɨ ɜ ɭɯ ɭɯ ɢɡɛ
ɩɪ

ɩɪ

c L t c L t Q
t

c L

 


        


 
 , °C                               

 
1,005 1,2 26780 15 1,005 1,2 (79460 26780) 19 3,6 179970

10,9
1,005 1,2 79460ɩɪt

         
 

 
 

°C.                               
 
1,005 1,2 79460 10,9 3,6 179970 1692425,5       ȼɬ.              
 
1,005 1,2 79460 15 1,005 1,2 (79460 26780) 19 1691559,7          ȼɬ. 
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8 Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɢɧɹɬɵɯ ɪɟɲɟɧɢɣ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ 
ɜɟɧɬɢɥɹɰɢɢ ɜ ɰɟɯɟ 

 
Ⱦɥɹ ɛɟɡɨɩɚɫɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɜ 

ɰɟɯɟ, ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɪɟɲɟɧɢɹ. 
ɍɫɬɚɧɨɜɢɥɢ ɭɥɭɱɲɟɧɧɵɟ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɢɬɨɱɧɵɣ 

ɜɨɡɞɭɯ, ɩɪɨɣɞɹ ɨɱɢɫɬɤɭ ɜ ɹɱɟɣɤɨɜɨɦ ɮɢɥɶɬɪɟ, ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɤɚɥɨɪɢɮɟɪɚɯ ɢ ɫ 
ɩɨɦɨɳɶɸ ɪɚɞɢɚɥɶɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɜɨɡɞɭɯɨɜɨɞɨɜ ɢɡ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ 
ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɢ ɩɨɞɚɟɬɫɹ ɫɜɟɪɯɭ-ɜɧɢɡ ɱɟɪɟɡ ɩɪɢɤɨɥɨɧɧɵɟ ɪɟɝɭɥɢɪɭɟɦɵɟ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ȼɉɄ 2 ɢ ȼɋɉ 1. ɉɪɢɬɨɱɧɚɹ ɤɚɦɟɪɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ 
ɫɩɟɰɢɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ ɧɚ ɨɬɦɟɬɤɟ +4,5 ɦ. ȼ ɪɚɛɨɱɭɸ ɡɨɧɭ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ 
ɩɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɫ ɜɵɫɨɬɵ 3,5 ɦ ɨɬ ɭɪɨɜɧɹ ɩɨɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ:  

1) ɫɢɫɬɟɦɚ ɜɵɬɹɠɧɨɣ ɨɛɳɟɨɛɦɟɧɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɫ ɭɫɬɚɧɨɜɤɨɣ ɩɹɬɢ 
ɤɪɵɲɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ TOD560-4;  

2) ɞɜɟ ɫɢɫɬɟɦɵ ɦɟɫɬɧɵɯ ɨɬɫɨɫɨɜ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ 
ɱɟɬɵɪɟɯ ɩɥɨɫɤɨɲɥɢɮɨɜɚɥɶɧɵɯ ɫɬɚɧɤɨɜ (ɫɢɫɬɟɦɚ ɚɫɩɢɪɚɰɢɢ ɫ ɰɢɤɥɨɧɨɦ), ɚ ɞɪɭɝɚɹ 
– ɪɚɛɨɬɭ ɬɪɟɯ ɦɨɟɤ ɞɟɬɚɥɟɣ (ɫɢɫɬɟɦɚ ɫ “ɮɚɤɟɥɶɧɵɦ” ɜɵɛɪɨɫɨɦ ɜɪɟɞɧɨɫɬɟɣ ɧɚ 
ɜɵɫɨɬɟ 1 ɦ ɜɵɲɟ ɤɨɧɶɤɚ ɤɪɨɜɥɢ). ɑɚɫɬɶ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ 
ɩɨɞɚɟɬɫɹ ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɨ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɱɟɪɟɡ ɧɢɠɧɢɟ ɮɪɚɦɭɝɢ ɨɤɨɧ.  
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9 Ɋɚɫɱɟɬ ɪɚɡɞɚɱɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 
 
ɉɪɢ ɪɚɫɱɟɬɟ ɪɚɡɞɚɱɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɛɥɸɞɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
Ɂɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɤɨɥɨɧɧɵɟ ɪɟɝɭɥɢɪɭɟɦɵɟ 

ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɜɟɟɪɧɨɝɨ ɬɢɩɚ ɇɊȼ-2 ɩɨ ɲɟɫɬɶ ɩɚɪ ɜɞɨɥɶ ɰɟɯɚ ɫ ɤɚɠɞɨɣ ɢɡ 
ɟɝɨ ɫɬɨɪɨɧ ɢ ɩɨ ɲɟɫɬɶ ɭɞɜɨɟɧɧɵɯ ɩɚɪ ɩɨɫɟɪɟɞɢɧɟ ɰɟɯɚ. 

ɉɪɢ ɜɯɨɞɟ ɩɪɢɬɨɱɧɨɣ ɫɬɪɭɢ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ:  

1) ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɨɫɢ ɫɬɪɭɢ ɩɪɢ ɜɯɨɞɟ ɜ 
ɪɚɛɨɱɭɸ ɡɨɧɭ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1,8 0,4 0,72ɧ ɜv K v      
ɦ/ɫ;  

2) ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɧɚ ɨɫɢ 
ɩɪɢɬɨɱɧɨɣ ɫɬɪɭɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 

2ɧt   °C. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢɹ:  

1) ɪɚɫɯɨɞ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɨɞɢɧ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ 14500 L  
ɦ3/ɱ;  

2) ɪɚɫɱɟɬɧɚɹ ɩɥɨɳɚɞɶ ɨɞɧɨɝɨ ɜ 0

1450
7,2

3600 0,056
v  


ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ  

A0=0,056 ɦ2;  
3) ɢɡɛɵɬɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ                        
4) ɩɥɨɳɚɞɶ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚɹ ɩɨɬɨɤɭ ɜɨɡɞɭɯɚ, 

ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɢɧ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ (ɫɬɪɭɸ) Ap=3∙12=36 ɦ2;  
5) ɫɤɨɪɨɫɬɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ m=2;  
6) ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ n=1,6;  
7) ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɇɊȼ-2 

3 . 
ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ 0v ,ɦ/ɫ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

0
0

03600

L
v

A



,                                                                           (8.1)  

 
ɉɭɬɶ ɪɚɡɜɢɬɢɹ ɫɬɪɭɢ x ,ɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

sin

H
x


 ,                                                                                (8.2) 

 
ɝɞɟ H – ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɨɬ ɦɟɫɬɚ ɜɵɯɨɞɚ ɜɨɡɞɭɯɚ ɢɡ 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɞɨ ɜɯɨɞɚ ɟɝɨ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ, ɦ, 1,5H  ; 
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      α – ɭɝɨɥ ɜɵɩɭɫɤɚ ɫɬɪɭɢ ɢɡ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɤ ɝɨɪɢɡɨɧɬɭ, ɝɪɚɞ., 
ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 10  . 

 
1,5

8,6
sin10

x    ɦ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɫɬɟɫɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

0
0,9 ɭɞɌ

c con
ɩɪ ɪp

L x A
k k

m L AA


   


,                                                      (8.3) 

 
ɝɞɟ ɭɞL  – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɭɞɚɥɹɟɦɨɝɨ ɜ ɤɨɧɰɟ ɪɚɡɜɢɬɢɹ ɫɬɪɭɢ, ɦ3/ɱ; 

      ɩɪL  – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɨɞɧɢɦ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦ, ɦ3/ɱ, 

1450ɭɞ ɩɪL L  ; 

      
T
conk  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɬɟɫɧɟɧɢɹ ɞɥɹ ɬɭɩɢɤɨɜɨɣ ɫɯɟɦɵ ɪɚɡɜɢɬɢɹ ɫɬɪɭɢ, 

ɩɪɢɧɢɦɚɟɦɵɣ ɫɨɝɥɚɫɧɨ [5] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ A  ɢ x .  
 
ɉɚɪɚɦɟɬɪ A  ɧɚɯɨɞɢɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

0

p

A
A

A
 ,                                                                                     (8.4) 

 
0,056

0,002 0,7
36

A x   . 

 
ɉɚɪɚɦɟɬɪ x  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

p

x
x

m A



.                                                                            (8.5) 

 
8,6

0,7
2 36

x  


. 

 
ɉɪɢ 0,002A  ɢ  1T

conk  . 
 

0,9 1450 8,6 0,056
1 1,03

2 1450 3636
ck


    


. 
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ɋɤɨɪɨɫɬɶ ɢ ɢɡɛɵɬɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɨɫɢ ɩɪɢɬɨɱɧɨɣ ɫɬɪɭɢ ɩɪɢ 
ɜɯɨɞɟ ɟɟ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɪɚɫɱɟɬɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ 
ɜɵɪɚɠɟɧɢɹɦ: 

 

0 0
x c ɧ ɜ

m v A
v k k k

x

 
    , ɦ/ɫ                                                                 (8.6) 

 

0 0 ɜ
x

ɫ ɧ

n t A k
t

x k k

  
  


, °C                                            (8.7) 

 
ɝɞɟ ɧk  – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɢɡɨɬɟɪɦɢɱɧɨɫɬɢ;  

      ɜk  – ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ;  

      ɫk  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɬɟɫɧɟɧɢɹ.  
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [5] ɩɪɢ ɧɚɤɥɨɧɧɨɣ ɩɨɞɚɱɟ ɨɯɥɚɠɞɟɧɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɞ 

ɭɝɥɨɦ 10   ɤ ɝɨɪɢɡɨɧɬɭ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɢɡɨɬɟɪɦɢɱɧɨɫɬɢ ɧk  ɜ ɮɨɪɦɭɥɚɯ (8.6) ɢ 
(8.7) ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,18 ɢ 1,02 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɨɝɥɚɫɧɨ ɬɨɦɭ, ɱɬɨ 8,6
2,9 10

3

x

l
   , ɬɨ 1ɜk  . 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɦ, ɱɬɨ 1 0,85T
conk   , ɬɨ 1,03ɫk  . 

 

2 7,2 0,056
1,03 1,18 1 0,48

8,6xv
 

      ɦ/ɫ. 

 
1,6 6 0,056 1

0,3
8,6 1,03 1,02xt

 
   


 °C. 

 
ɋɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɨɫɢ ɫɬɪɭɢ ɩɪɢ 

ɜɯɨɞɟ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɩɨɦɟɳɟɧɢɹ ɰɟɯɚ xv  ɢ ɢɡɛɵɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ xt  ɫ 
ɧɨɪɦɢɪɭɟɦɵɦɢ ɡɧɚɱɟɧɢɹɦɢ: 

 
0,48 0,72xv    ɦ/ɫ. 

 
0,3 2xt    °C. 
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10 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɞɧɨɣ ɩɪɢɬɨɱɧɨɣ ɢ ɨɞɧɨɣ ɜɵɬɹɠɧɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ 

 
10.1 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɢɬɨɱɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɜɟɧɬɢɥɹɰɢɢ 
 
Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɢɬɨɱɧɨɣ ɫɢɫɬɟɦɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 

ɩɨɛɭɠɞɟɧɢɟɦ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɞɢɚɦɟɬɪɨɜ ɫɟɱɟɧɢɹ ɜɨɡɞɭɯɨɜɨɞɨɜ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ ɫɟɬɢ d, ɦɦ, ɚ ɬɚɤɠɟ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɧɚ ɷɬɢɯ 
ɭɱɚɫɬɤɚɯ P, ɉɚ, ɩɪɢ ɡɚɞɚɧɧɨɦ ɪɚɫɯɨɞɟ ɜɨɡɞɭɯɚ L, ɦ3/ɱ, ɢ ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɫɤɨɪɨɫɬɢ 
v, ɦ/ɫ. 

ɍɱɚɫɬɨɤ – ɷɬɨ ɨɬɪɟɡɨɤ ɜɨɡɞɭɯɨɜɨɞɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɩɨɫɬɨɹɧɧɵɦ 
ɪɚɫɯɨɞɨɦ ɜɨɡɞɭɯɚ. Ƚɪɚɧɢɰɚɦɢ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɭɱɚɫɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɬɪɨɣɧɢɤɢ. 

ɉɪɢ ɭɜɹɡɤɟ ɨɬɜɟɬɜɥɟɧɢɣ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɩɨɬɟɪɹɯ ɞɚɜɥɟɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 
ɛɨɥɟɟ 15 %, ɟɫɥɢ ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ ɜ ɨɞɧɨ ɩɨɦɟɳɟɧɢɟ (ɰɟɯ) ɢ ɧɟ ɛɨɥɟɟ 10 %, ɟɫɥɢ 
ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ ɜ ɪɚɡɧɵɟ ɩɨɦɟɳɟɧɢɹ (ɰɟɯɚ). 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɟ ɞɟɬɚɥɢ ɜɨɡɞɭɯɨɜɨɞɨɜ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɢɫɬɟɦ ɚɫɩɢɪɚɰɢɢ ɢ 
ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɚ. 

ȼɨɡɞɭɯɨɜɨɞɵ, ɩɨ ɤɨɬɨɪɵɦ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɧɟɡɚɩɵɥɟɧɧɵɣ ɜɨɡɞɭɯ, ɨɛɵɱɧɨ                      
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɭɞɟɥɶɧɵɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ P ,ɉɚ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 
P R l Z   ,                                                                    (9.1) 
 

ɝɞɟ Ɋ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ ɜɨɡɞɭɯɨɜɨɞɚ, ɉɚ; 
      R – ɭɞɟɥɶɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɉɚ/ɦ; 
      l –  ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɜɨɡɞɭɯɨɜɨɞɚ, ɦ; 
      Z – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ, ɉɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ 
ɜɵɪɚɠɟɧɢɸ: 

 
2

2

v
Z     ,                                                                  (9.2) 

 
ɝɞɟ   – ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ 
ɜɨɡɞɭɯɨɜɨɞɚ; 

        – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3, 1,2  ; 

      v  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɜɨɞɟ, ɦ/ɫ. 
 
Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɫɥɟɞɭɸɳɢɟ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɜɨɞɚɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ: 
1) ɜ ɦɚɝɢɫɬɪɚɥɹɯ ɞɨ 12 ɦ/ɫ; 
2) ɜ ɨɬɜɟɬɜɥɟɧɢɹɯ ɞɨ 6 ɦ/ɫ.  

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɢɬɨɱɧɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 
9.1 
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Ɍɚɛɥɢɰɚ 9.1 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɢɬɨɱɧɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ  ɩɨɛɭɠɞɟɧɢɟɦ 

 
ɉɪɢɦɟɱɚɧɢɟ – ɋɨɝɥɚɫɧɨ [5] ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ 

ɧɚ ɬɪɟɧɢɟ (K1) ɢ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ (K2), ɭɱɢɬɵɜɚɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ 1,02 ɢ 1,03 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

№                    
ɭɱ. 

L, 
ɦ3/ɱ 

l, 
ɦ 

Ɋɚɡɦɟɪɵ 
ɜɨɡɞɭɯɨɜɨɞɨ

ɜ, ɦɦ v, 
ɦ/ɫ 

R, 
ɉɚ/
ɦ 

n 
K1·R·l·n

, ɉɚ 
Pɞ, 
ɉɚ 

Σ 
K2·
ȗ 

Z, ɉɚ 
P,       
ɉɚ 

ΣP, 
ɉɚ 

a b 
d 

(dɷɤɜ) 
L=17400 ɦ3/ɱ 

ɇɊȼ-2 2900 – – – – 7,2 – – – 31,0 3,09 95,9 95,9 95,9 

1 2900 
1
0 

– – 450 5,1 0,6 1 6,2 15,4 2,16 33,3 39,5 135,4 

2 5800 6 – – 500 8,2 1,3 1 7,9 40,4 0,23 9,2 17,1 152,5 
3 8700 6 – – 560 9,8 1,6 1 9,6 57,8 0,21 11,9 21,5 174,0 

4 
1160

0 
6 – – 630 

10,
3 

1,5 1 9,2 64,1 0,21 13,2 22,4 196,3 

5 
1450

0 
6 – – 710 

10,
2 

1,2 1 7,6 62,1 0,22 13,4 21,1 217,4 

6 
1740

0 
7 – – 800 9,6 1,0 1 6,9 55,5 1,03 57,1 64,0 281,4 

18 ɋɌȾ 
5289 

1740
0 

– – – – 4,5 – – – 12,0 1,24 14,9 14,9 296,3 

ɍɜɹɡɤɚ ɨɬɜɟɬɜɥɟɧɢɣ 
Pɪɚɫɩ 7 = 135,4 ɉɚ 

ɇɊȼ-2 2900 – – – – 7,2 – – – 31,0 3,09 95,9 95,9 95,9 
7 2900 4 – – 400 6,4 1,1 1 4,4 24,7 1,50 37,1 41,5 137,4 

ɇɟɜɹɡɤɚ 1,5 % 
Pɪɚɫɩ 8 = 152,5 ɉɚ 

ɇɊȼ-2 2900 – – – – 7,2 – – – 31,0 3,09 95,9 95,9 95,9 
8 2900 4 – – 450 5,1 0,6 1 2,5 15,4 3,47 53,4 55,9 151,8 

ɇɟɜɹɡɤɚ 0,4 % 
Pɪɚɫɩ 9 = 174,0 ɉɚ 

ɇɊȼ-2 2900 – – – – 7,2 – – – 31,0 3,09 95,9 95,9 95,9 
9 2900 4 – – 450 5,1 0,6 1 2,5 15,4 4,19 64,5 67,0 162,9 

ɇɟɜɹɡɤɚ 6,4 % 
Pɪɚɫɩ 10 = 196,3 ɉɚ 

ɇɊȼ-2 2900 – – – – 7,2 – – – 31,0 3,09 95,9 95,9 95,9 
10 2900 4 – – 450 5,1 0,6 1 2,5 15,4 5,59 86,1 88,6 184,5 

ɇɟɜɹɡɤɚ 6,0 % 
Pɪɚɫɩ 11 = 217,4 ɉɚ 

ɇɊȼ-2 2900 – – – – 7,2 – – – 31,0 3,09 95,9 95,9 95,9 

11 2900 4 – – 450 5,1 0,6 1 2,5 15,4 6,84 
105,

3 
107,

7 
203,7 

ɇɟɜɹɡɤɚ 6,3 % 
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10.1.1 Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
 

Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 

ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɇɊȼ-2 –  
 

2 1,03 3 3,09K      
. 
ɍɱɚɫɬɨɤ 1:  
1) ɩɨɜɨɪɨɬ ɧɚ 90° ɜ ɫɬɚɥɶɧɨɦ ɜɨɡɞɭɯɨɜɨɞɟ –  

 

2 1 1,03 0,3 0,31K     ; 
                      
2) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ –  

 

2 2 1,03 0,4 0,41K     ; 
 

3) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 361 ɦɦ) –  
 

2 3 1,03 1,4 1,44K     ; 
 

2 1 2 3 1,03 (0,3 0,4 1,4) 2,16K             . 
 
ɍɱɚɫɬɨɤ 2:  
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ –  
 

2 1,03 0,22 0,23K     . 
 

ɍɱɚɫɬɨɤ 3:  
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ –  
 

2 1,03 0,2 0,21K     . 
 
ɍɱɚɫɬɨɤ 4:  
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ – 
 

2 1,03 0,2 0,21K     . 
 
ɍɱɚɫɬɨɤ 5:  
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ –  
 

2 1,03 0,21 0,22K     . 
 
ɍɱɚɫɬɨɤ 6:  
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1) ɞɜɚ ɩɨɜɨɪɨɬɚ ɧɚ 90° ɜ ɫɬɚɥɶɧɨɦ ɜɨɡɞɭɯɨɜɨɞɟ –  
 

2 1 1,03 2 0,3 0,62K      ; 
 
2) ɩɟɪɟɯɨɞ ɡɚ ɜɟɧɬɢɥɹɬɨɪɨɦ –  
 

2 2 1,03 0,1 0,10K     ;                                   
3) ɤɨɧɮɭɡɨɪ ɩɟɪɟɞ ɜɟɧɬɢɥɹɬɨɪɨɦ –  
 

2 3 1,03 0,3 0,31K     ;        
                            

2 1 2 3 1,03 (2 0,3 0,1 0,3) 1,03K              . 
 
ȼɨɡɞɭɯɨɡɚɛɨɪɧɚɹ ɪɟɲɟɬɤɚ ɋɌȾ 5289 (150×580 ɦɦ) – 
 

2 1,03 1,2 1,24K     . 
 
10.1.2 Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɨɬɜɟɬɜɥɟɧɢɹɯ ɨɬ ɪɚɫɱɟɬɧɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ 
      
Ɋɚɫɱɟɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɨɬɜɟɬɜɥɟɧɢɹɯ ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

ɩɪɢɜɟɞɟɧ ɧɢɠɟ:  
ɍɱɚɫɬɨɤ 7:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ –  
 

2 1,03 1,46 1,50K     . 
 
ɍɱɚɫɬɨɤ 8:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ –  
 

2 1,03 3,37 3,47K     . 
 
ɍɱɚɫɬɨɤ 9:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ –  

 

2 1,03 4,07 4,19K     . 
 
ɍɱɚɫɬɨɤ 10:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ –  

 

2 1 1,03 3,43 3,53K      
 
2) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 346 ɦɦ) –  
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2 2 1,03 2 2,06K     ; 
 

2 1 2 1,03 (3,43 2) 5,59K          . 
 
ɍɱɚɫɬɨɤ 11:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ –  
 

2 1 1,03 4,44 4,57K     . 
 
2) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 342 ɦɦ) –  
 

2 2 1,03 2,2 2,27K     ; 
 

2 1 2 1,03 (4,44 2,2) 6,84K          . 
 

10.2 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɦɟɫɬɧɨɣ ɜɵɬɹɠɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ  
 
 ȼ ɬɚɛɥɢɰɟ 9.2 ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ ɦɟɫɬɧɨɣ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ.  
 
Ɍɚɛɥɢɰɚ 9.2 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɦɟɫɬɧɨɣ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ 
ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ 

№ 
ɭɱ. 

L, 
ɦ3/ɱ 

l, ɦ 

Ɋɚɡɦɟɪɵ 
ɜɨɡɞɭɯɨɜɨɞɨɜ, 

ɦɦ 

 

v, 
ɦ/ɫ 

R, 
ɉɚ/ɦ 

n 
R·l·n, 

ɉɚ 
Pɞ, 
ɉɚ 

Σȗ 
Z, 
ɉɚ 

P, ɉɚ 
ΣP, 
ɉɚ 

a b 
d 

(dɷɤɜ) 
 

1 2 3 4 5 6  7 8 9 10 11 12 13 14 15 
  L=9000 ɦ3/ɱ 

ɉɊȼ 1800 - - - -  3,8 - - - 8,9 3 26,6 26,6 26,6 
1 1800 5,5 - - 355  5,1 0,8 1 4,5 15,3 5,81 89,0 93,4 120,0 
2 3600 3,5 - - 355  10,1 2,9 1 10,3 61,2 0,51 31,2 41,5 161,5 
3 5400 3,5 - - 400  11,9 3,5 1 12,1 85,5 0,3 25,6 37,7 199,3 
4 7200 3,5 - - 500  10,2 1,9 1 6,8 62,3 0,3 18,7 25,5 224,7 
5 9000 6,5 - - 560  10,2 1,7 1 10,9 61,8 1,3 80,4 91,2 316,0 
6 9000 13,3 - - 560  10,2 1,7 1 22,2 61,8 1,3 80,4 80,4 396,3 
 ɍɜɹɡɤɚ ɨɬɜɟɬɜɥɟɧɢɣ 
 Pɪɚɫɩ 7 = 120,0 ɉɚ 

ɉɊȼ 1800 - - - -  3,8 - - - 8,9 3 26,6 26,6 26,6 
7 1800 2 - - 250  10,2 4,6 1 9,2 62,3 1,42 88,4 97,6 124,3 
 ɇɟɜɹɡɤɚ 3,5 % 
 Pɪɚɫɩ 8 = 161,5 ɉɚ 

ɉɊȼ 1800 - - - -  3,8 - - - 8,9 3 26,6 26,6 26,6 
8 1800 2 - - 250  10,2 4,6 1 9,2 62,3 2,03 126,4 135,6 162,2 
 ɇɟɜɹɡɤɚ 0,4 % 
 Pɪɚɫɩ 9 = 199,3 ɉɚ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9.2 

1 2 3 4 5 6  7 8 9 10 11 12 13 14 15 
ɉɊȼ 1800 - - - -  3,8 - - - 8,9 3 26,6 26,6 26,6 

9 1800 2 - - 355  5,1 0,8 1 1,6 15,3 10,88 166,6 168,2 194,8 
  

ɇɟɜɹɡɤɚ 2,2 % 
 Pɪɚɫɩ 10 = 224,7 ɉɚ 

ɉɊȼ 1800 - - - -  3,8 - - - 8,9 3 26,6 26,6 26,6 
10 1800 2 - - 355  5,1 0,8 1 1,6 15,3 11,66 178,5 180,1 206,8 
 ɇɟɜɹɡɤɚ 8,0 % 
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10.2.1 Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɭɱɚɫɬɤɚɯ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

ɩɪɢɜɟɞɟɧɨ ɧɢɠɟ: 
ɉɚɧɟɥɶ ɪɚɜɧɨɦɟɪɧɨɝɨ ɜɫɚɫɵɜɚɧɢɹ ɉɊȼ – 3  . 
ɍɱɚɫɬɨɤ 1:  
1) ɩɨɜɨɪɨɬ ɧɚ 90° ɜ ɫɬɚɥɶɧɨɦ ɜɨɡɞɭɯɨɜɨɞɟ – 1 0,3  ; 
2) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ – 2 1,01  ; 
3) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 244 ɦɦ) – 3 4,5  ; 
 

1 2 3 0,3 1,01 4,5 5,81           . 
 
ɍɱɚɫɬɨɤ 2: 
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ – 0,51  . 
ɍɱɚɫɬɨɤ 3:  
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ – 0,30  . 
ɍɱɚɫɬɨɤ 4:  
1) ɬɪɨɣɧɢɤ ɧɚ ɩɪɨɯɨɞ – 0,3  . 
ɍɱɚɫɬɨɤ 5:  
1) ɬɪɢ ɩɨɜɨɪɨɬɚ ɧɚ 90° ɜ ɫɬɚɥɶɧɨɦ ɜɨɡɞɭɯɨɜɨɞɟ – 1 3 0,3 0,9    ; 
2) ɤɨɧɮɭɡɨɪ ɡɚ ɜɟɧɬɢɥɹɬɨɪɨɦ – 2 0,3  ;                                   
3) ɩɟɪɟɯɨɞ ɩɟɪɟɞ ɜɟɧɬɢɥɹɬɨɪɨɦ – 3 0,1  ;           
                         

1 2 3 3 0,3 0,3 0,1 1,3            . 
 
ɍɱɚɫɬɨɤ 6:  
1) ɜɵɬɹɠɧɚɹ ɲɚɯɬɚ ɫ ɡɨɧɬɨɦ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ – 1,3  . 

 
10.2.2 Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɨɬɜɟɬɜɥɟɧɢɹɯ ɨɬ ɪɚɫɱɟɬɧɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ 
 

Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɨɬɜɟɬɜɥɟɧɢɹɯ ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɭɱɚɫɬɤɚɦ:  

ɍɱɚɫɬɨɤ 7: 
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ – 1,42  . 
ɍɱɚɫɬɨɤ 8:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ – 1 1,33  . 
2) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 215 ɦɦ) – 2 0,7  ; 
                    

1 2 1,33 0,7 2,03        . 
 
ɍɱɚɫɬɨɤ 9:  
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1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ – 1 0,12   . 
2) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 210 ɦɦ) – 2 11  ; 
                        
 1 2 0,12 11 10,88         . 
 
ɍɱɚɫɬɨɤ 10:  
1) ɬɪɨɣɧɢɤ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ – 1 0,66  . 
2) ɞɢɚɮɪɚɝɦɚ (ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 210 ɦɦ) – 2 11  ; 
 

1 2 0,66 11 11,66        . 
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11 ɉɨɞɛɨɪ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɮɢɥɶɬɪɚ, ɤɚɥɨɪɢɮɟɪɚ, 
ɜɟɧɬɢɥɹɬɨɪɨɜ) 

 
11.1 ɉɨɞɛɨɪ ɮɢɥɶɬɪɚ 
 
ȼɨɡɞɭɲɧɵɟ ɮɢɥɶɬɪɵ ɜ ɫɢɫɬɟɦɚɯ ɜɟɧɬɢɥɹɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ                  

ɡɚɩɵɥɟɧɧɨɫɬɢ ɜɨɡɞɭɯɚ, ɡɚɳɢɬɵ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɧɟɤɨɬɨɪɵɯ ɩɨɦɟɳɟɧɢɹɯ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ. 

ɉɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɨɡɞɭɲɧɵɟ ɮɢɥɶɬɪɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢ ɤɥɚɫɫɚ: 
1) ɮɢɥɶɬɪɵ ɨɫɨɛɨ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɭɥɚɜɥɢɜɚɸɬ ɱɚɫɬɢɰɵ ɫ ɪɚɡɦɟɪɚɦɢ ɛɨɥɟɟ 

0,1 ɦɤɦ ɩɪɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 97E  %; 
2) ɮɢɥɶɬɪɵ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɭɥɚɜɥɢɜɚɸɬ ɱɚɫɬɢɰɵ ɫ ɪɚɡɦɟɪɚɦɢ ɛɨɥɟɟ 1 ɦɤɦ 

ɩɪɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 60E  %; 
3) ɮɢɥɶɬɪɵ ɝɪɭɛɨɣ ɨɱɢɫɬɤɢ ɭɥɚɜɥɢɜɚɸɬ ɱɚɫɬɢɰɵ ɫ ɪɚɡɦɟɪɚɦɢ ɛɨɥɟɟ 10 ɦɤɦ 

ɩɪɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 65E  %. 
ɉɪɢ ɷɬɨɦ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɡɚɩɵɥɟɧɧɨɫɬɢ ɨɱɢɳɟɧɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɉȾɄ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ ɮɢɥɶɬɪɵ ɝɪɭɛɨɣ ɨɱɢɫɬɤɢ. 
Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɨɬ ɩɵɥɢ ɩɪɢɦɟɧɹɸɬɫɹ ɨɛɵɱɧɨ ɩɨɪɢɫɬɵɟ 

ɜɨɡɞɭɲɧɵɟ ɮɢɥɶɬɪɵ, ɤɨɬɨɪɵɟ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɦɨɱɟɧɧɵɟ ɢ ɫɭɯɢɟ. ȼ 
ɩɪɢɬɨɱɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɩɨɞɚɸɳɢɯ ɜɨɡɞɭɯ ɜ ɡɞɚɧɢɹ, ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɟ ɹɱɟɣɤɨɜɵɟ ɮɢɥɶɬɪɵ ɬɢɩɚ Ɏɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɪɚɡɴɟɦɧɵɟ ɤɨɪɨɛɤɢ, ɡɚɩɨɥɧɟɧɧɵɟ  ɮɢɥɶɬɪɭɸɳɢɦ ɦɚɬɟɪɢɚɥɨɦ. ɉɪɢ 
ɷɬɨɦ ɩɪɟɞɩɨɱɬɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɞɚɜɚɬɶ ɮɢɥɶɬɪɚɦ ɬɢɩɚ ɎɹȼȻ ɢ ɎɹɊȻ, ɤɚɤ ɢɦɟɸɳɢɦ 
ɛɨɥɶɲɭɸ ɩɵɥɟɟɦɤɨɫɬɶ. 

ɉɨɞɛɨɪ ɮɢɥɶɬɪɨɜ ɩɪɢɬɨɱɧɵɯ ɭɫɬɚɧɨɜɨɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:  
1) ɜɵɛɨɪ ɦɚɪɤɢ ɢ ɤɥɚɫɫɚ ɮɢɥɶɬɪɚ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɧɚɡɧɚɱɟɧɢɹ ɡɞɚɧɢɹ;  
2) ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɮɢɥɶɬɪɚ ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɭɥɨɜɥɟɧɧɨɣ ɩɵɥɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɤɨɧɟɱɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ;  
3) ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɛɟɡ ɪɟɝɟɧɟɪɚɰɢɢ.  
ɉɨɞɛɢɪɚɟɬɫɹ ɮɢɥɶɬɪ ɞɥɹ ɨɱɢɫɬɤɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ 

ɩɪɨɦɵɲɥɟɧɧɨɟ ɡɞɚɧɢɟ ɜ ɤɨɥɢɱɟɫɬɜɟ 17400L   ɦ3/ɱ. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ 12   
ɱ/ɫɭɬ. ɇɚɱɚɥɶɧɚɹ ɡɚɩɵɥɟɧɧɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [1] ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 

0,001ɧc   ɝ/ɦ3.  
Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɰɟɯɚ ɪɟɦɨɧɬɚ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ɹɱɟɣɤɨɜɵɣ 

ɮɢɥɶɬɪ ɝɪɭɛɨɣ ɨɱɢɫɬɤɢ ɎɹɊȻ ɫɨ ɫɬɟɩɟɧɶɸ ɨɱɢɫɬɤɢ 82E   %. Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
ɮɢɥɶɬɪɚ ɎɹɊȻ (ɪɚɡɦɟɪ ɹɱɟɣɤɢ 500×500 ɦɦ, ɩɥɨɳɚɞɶ ɪɚɛɨɱɟɝɨ ɫɟɱɟɧɢɹ 0,22 ɦ2) 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 10 

 
  Ɍɚɛɥɢɰɚ 10 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɮɢɥɶɬɪɚ ɎɹɊȻ  

ɉɨɤɚɡɚɬɟɥɶ ɎɹɊȻ 

1 2 

Ɏɢɥɶɬɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ 
 

ɋɬɚɥɶɧɚɹ ɫɟɬɤɚ  ȽɈɋɌ 3826-82* 
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      Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 10 

1 2 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ                                             
ɫɩɨɫɨɛɧɨɫɬɶ ɹɱɟɣɤɢ Lɧɨɦ, ɦ3/ɱ 

1540 

ɇɚɱɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ 50 

ɉɵɥɟɟɦɤɨɫɬɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ                         
(ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ 100 ɉɚ), ɝ/ɦ2                      
2300 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ                                                  
(ɩɨ ɦɟɬɨɞɢɤɟ ɋɌɇɂɂɉ), % 

82 

Ƚɥɭɛɢɧɚ ɮɢɥɶɬɪɚ H, ɦɦ 50 

 
ɑɢɫɥɨ ɹɱɟɟɤ ɮɢɥɶɬɪɚ n ɧɚɯɨɞɢɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

ɧɨɦ

L
n

L
 ,                                                                        (10.1) 

 
17400

11,3
1540

n   . 

 
Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɸɬɫɹ 12 ɮɢɥɶɬɪɨɜ. 
Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɮɢɥɶɬɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞF ,ɦ2 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

ɞF n f  ,                                                                             (10.2) 
 

ɝɞɟ f – ɩɥɨɳɚɞɶ ɪɚɛɨɱɟɝɨ ɫɟɱɟɧɢɹ ɹɱɟɣɤɢ ɮɢɥɶɬɪɚ, ɦ2, 0,22f  . 
 

12 0,22 2,64ɞF     ɦ2. 
 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɜɨɡɞɭɲɧɚɹ ɧɚɝɪɭɡɤɚ ɮɢɥɶɬɪɚ ɍɎ , ɦ3/(ɦ2·ɱ) 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ:  
 

ɞ

LɍɎ
F

 ,                                                                      (10.3) 

 
17400

6590,9
2,64

ɍɎ    ɦ3/(ɦ2·ɱ). 

 
ɇɚɱɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɢɥɶɬɪɚ (ɩɨ ɞɢɚɝɪɚɦɦɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ                        

ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɭɞɟɥɶɧɨɣ ɜɨɡɞɭɲɧɨɣ ɧɚɝɪɭɡɤɢ ɮɢɥɶɬɪɚ) ɫɨɫɬɚɜɥɹɟɬ 34ɧP   ɉɚ. 
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ɉɵɥɟɟɦɤɨɫɬɶ ɮɢɥɶɬɪɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ 100 ɉɚ 
ɧɚɯɨɞɢɬɫɹ ɩɨ ɞɢɚɝɪɚɦɦɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  100ɤ ɧP P   , ɉɚ. 

 
100 34 134ɤP     ɉɚ. 

 
ɉɪɢ 134ɤP   ɉɚ 2600ɉɎ   ɝ/ɦ2. 
Ʉɨɥɢɱɟɫɬɜɨ ɩɵɥɢ, ɨɫɟɞɚɸɳɟɣ ɧɚ ɮɢɥɶɬɪɚɯ ɜ ɫɭɬɤɢ (ɡɚ 12 ɱɚɫɨɜ ɪɚɛɨɱɟɝɨ 

ɜɪɟɦɟɧɢ) cG , ɝ/ɫɭɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 

c ɧG c L E     ,                                                                 (10.4) 
 

0,001 17400 0,82 12 171,2cG       ɝ/ɫɭɬ. 
 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɛɟɡ ɪɟɝɟɧɟɪɚɰɢɢ m ,ɫɭɬ. 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

ɞ

ɫ

ɉɎ F
m

G


 ,                                                                     (10.5) 

 
2600 2,64

40,1
171,2

m


   ɫɭɬ. 

 
 
11.2 ɉɨɞɛɨɪ ɤɚɥɨɪɢɮɟɪɚ 
 
ɇɚɝɪɟɜɚɧɢɟ ɜɨɡɞɭɯɚ ɜ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ, ɧɚɡɵɜɚɟɦɵɯ ɤɚɥɨɪɢɮɟɪɚɦɢ. ɍɫɬɚɧɨɜɤɚ ɤɚɥɨɪɢɮɟɪɨɜ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ   ɩɪɨɯɨɞɹɳɟɦɭ ɱɟɪɟɡ ɧɢɯ ɜɨɡɞɭɯɭ ɦɨɠɟɬ ɛɵɬɶ ɩɚɪɚɥɥɟɥɶɧɨɣ ɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ. ɉɪɢ ɜɵɛɨɪɟ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ ɤɚɥɨɪɢɮɟɪɨɜ ɩɨ ɜɨɡɞɭɯɭ ɫɥɟɞɭɟɬ 
ɢɫɯɨɞɢɬɶ ɢɡ ɬɨɝɨ, ɱɬɨɛɵ ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɚɯɨɞɢɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ  3…12 
ɤɝ/(ɦ2·ɫ). 

Ʉɚɥɨɪɢɮɟɪ ɩɨɞɛɢɪɚɟɬɫɹ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ 17400L   ɦ3/ɱ ɜɨɡɞɭɯɚ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ 25,0Ȼ

ɧ ɧt t    °C  ɞɨ 9,9ɤt   °C. Ɍɟɩɥɨɧɨɫɢɬɟɥɶ – ɩɟɪɟɝɪɟɬɚɹ ɜɨɞɚ ɫ 
ɩɚɪɚɦɟɬɪɚɦɢ 140ɝt   °C ɢ 70ɨt   °C.  

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɤ , ɤɝ/ɦ3 ɩɪɢ 9,9ɤt   °C ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:    
                                                                

353

273ɤ
ɤt

 


,                                                               (10.6) 

 
353

1,248
273 9,9ɤ  


 ɤɝ/ɦ3. 
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 Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q ,ȼɬ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

 
0,28 ( )ɤ ɤ ɧQ c L t t      ,                                                                             (10.7) 

 
ɝɞɟ c – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ, ɤȾɠ/(ɤɝ·°C),  1,005c  . 

 
0,28 1,005 1,248 17400 (9,9 ( 25,0)) 211533,9Q          ȼɬ. 

 
ɉɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɤɚɥɨɪɢɮɟɪɚ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ ɜf , ɦ2 ɧɚɯɨɞɢɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
 

3600 ( )
ɤ

ɜ ɞɨɩ
ɤ

L
f

v








,                                                           (10.8) 

 
ɝɞɟ ( )ɞɨɩɤv  – ɞɨɩɭɫɬɢɦɚɹ ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɤɚɥɨɪɢɮɟɪɟ, ɤɝ/(ɦ2·ɫ), 
ɫɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɥɨɪɢɮɟɪɨɜ 
( ) 3...12ɞɨɩ

ɤv  . 
 
Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɨɜ ɞɨɩɭɫɬɢɦɚɹ ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɜ 

ɤɚɥɨɪɢɮɟɪɟ ( )ɞɨɩɤv  ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 8 ɤɝ/(ɦ2·ɫ). 
 

17400 1,248
0,75

3600 8ɜf


 


 ɦ2. 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [5, ɬɚɛɥ. II.22] ɩɪɢɧɢɦɚɟɬɫɹ ɤ ɭɫɬɚɧɨɜɤɟ ɤɚɥɨɪɢɮɟɪ 

Ʉȼɋ11Ȼ-ɉ-ɍ3 ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 
 

80,3ɧF   ɦ2;  2) 1,66ɞ
ɜf   ɦ2;  3) 0,00261wf   ɦ2. 

 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɤɚɥɨɪɢɮɟɪɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɜɵɪɚɠɟɧɢɸ: 
 

( )
3600

ɞ ɤ
ɤ ɞ

ɜ

L
v

f

 



, ɤɝ/(ɦ2·ɫ). 

 
17400 1,248

( ) 3,6
3600 1,66

ɞ
ɤv 
 


 ɤɝ/(ɦ2·ɫ). 

 
Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɤɚɥɨɪɢɮɟɪɟ wG , ɤɝ/ɱ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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3,6

( )w
w ɝ ɨ

Q
G

c t t




 
,                                                          (10.9) 

 
ɝɞɟ wc  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ·°C),  4,19c  . 

 
3,6 211533,9

2596,4
4,19 (140 70)wG


 

 
 ɤɝ/ɱ. 

 
Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɩɨ ɬɪɭɛɤɚɦ ɤɚɥɨɪɢɮɟɪɚ ɥɟɠɢɬ ɜ 

ɩɪɟɞɟɥɚɯ  0,2…0,5 ɦ/ɫ. 
ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɩɨ ɬɪɭɛɤɚɦ ɤɚɥɨɪɢɮɟɪɚ wv , ɦ/ɫ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɜɵɪɚɠɟɧɢɸ: 
 

3600
w

w
w w

G
v

f 


 
,                                                    (10.10) 

 
 ɝɞɟ w  – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ, ɤɝ/ɦ3, 1000w  . 

 
2596,4

0,28
3600 0,00261 1000wv  

 
 ɦ/ɫ. 

 
ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɤɚɥɨɪɢɮɟɪɟ ( )ɞɤv , 

ɤɝ/(ɦ2·ɫ), ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɩɨ ɬɪɭɛɤɚɦ ɤɚɥɨɪɢɮɟɪɚ wv , ɦ/ɫ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɤɚɥɨɪɢɮɟɪɚ k, ȼɬ/(ɦ2·°C) ɢ ɟɝɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ aP , ɉɚ. ɋɨɝɥɚɫɧɨ [5, ɬɚɛɥ. II. 25] 25,7k  , 42,8aP  . 

Ɍɪɟɛɭɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɤɚɥɨɪɢɮɟɪɚ ɬɪ
ɧF , ɦ2 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

( )
ɬɪ
ɧ ɫɪ ɫɪ

w ɜ

Q
F

k t t


 
,                                                   (10.11) 

 
ɝɞɟ ɫɪ

wt  – ɫɪɟɞɧɹɹ ɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, °C, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ 
ɜɵɪɚɠɟɧɢɸ: 

 

2
ɫɪ ɝ ɨ
w

t t
t


 ,                                                              (10.12) 

 
140 70

105
2

ɫɪ
wt


   °C. 
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      ɫɪ
ɜt  – ɫɪɟɞɧɹɹ ɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, °C, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 

2
ɫɪ ɧ ɤ
ɜ

t t
t


 ,                                                         (10.13) 

 
25,0 9,9

7,55
2

ɫɪ
ɜt

 
    °C.     

 
211533,9

73,1
25,7 (105 ( 7,55))

ɬɪ
ɧF  

  
 ɦ2. 

 
Ɉɛɳɟɟ ɱɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɤɚɥɨɪɢɮɟɪɨɜ ɧɚɯɨɞɢɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ:  
 

73,1
0,91

80,3

ɬɪ
ɧ

ɧ

F
n

F
   . 

 
ɇɚɣɞɟɧɧɨɟ ɱɢɫɥɨ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ( 1n  ) ɢ 

ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ  ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɤɚɥɨɪɢɮɟɪɚ ɞ
ɧF , 

ɦ2 ɩɨ ɮɨɪɦɭɥɟ:  
 
ɞ
ɧ ɧF n F  ,                                                              (10.14) 

 
1 80,3 80,3ɞ

ɧF     ɦ2. 
 
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɵɛɪɚɧɧɨɣ ɤɚɥɨɪɢɮɟɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ  

ɪɚɫɱɟɬɧɵɣ ɛɨɥɟɟ, ɱɟɦ ɧɚ 10 %, ɬ.ɟ.: 
 

100
ɞ ɬɪ
ɧ ɧ

ɬɪ
ɧ

F F

F
 
  ,                                                        (10.15) 

 
80,3 73,1

100 9,8 10
73,1

 
     %. 

 
11.3 ɉɨɞɛɨɪ ɜɟɧɬɢɥɹɬɨɪɨɜ 
 
Ⱦɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɜɨɡɞɭɯɚ ɩɨ ɜɨɡɞɭɯɨɜɨɞɚɦ ɜ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɩɪɢɦɟɧɹɸɬɫɹ ɨɫɟɜɵɟ ɢ ɪɚɞɢɚɥɶɧɵɟ 
ɜɟɧɬɢɥɹɬɨɪɵ.  

Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɟɧɬɢɥɹɬɨɪɨɜ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
Lɜ, ɦ3/ɱ, ɤɨɬɨɪɭɸ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɜɨɡɞɭɯɚ ɜ ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ 



61 
 

ɫɢɫɬɟɦɟ, ɢ ɪɚɡɜɢɜɚɟɦɨɟ ɞɚɜɥɟɧɢɟ (ɪɚɡɧɨɫɬɶ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɧɚ ɜɫɚɫɵɜɚɧɢɢ ɢ 
ɧɚɝɧɟɬɚɧɢɢ) Pɜ, ɉɚ.2 

ȼɟɧɬɢɥɹɬɨɪɵ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚ ɜɢɛɪɨɢɡɨɥɹɰɢɨɧɧɨɦ 
ɨɫɧɨɜɚɧɢɢ.ɉɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɞɨ 1800 ɨɛ/ɦɢɧ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɜɢɛɪɨɢɡɨɥɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢɦɟɧɹɬɶ ɫɬɚɥɶɧɵɟ ɩɪɭɠɢɧɵ ɢ ɭɩɪɭɝɢɟ 
ɩɪɨɤɥɚɞɤɢ ɢɡ ɪɟɛɪɢɫɬɨɣ ɢɥɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɥɢɫɬɨɜɨɣ ɪɟɡɢɧɵ, ɚ ɩɪɢ ɱɚɫɬɨɬɟ 
ɛɨɥɶɲɟ 1800 ɨɛ/ɦɢɧ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɪɟɡɢɧɨɜɵɯ ɚɦɨɪɬɢɡɚɬɨɪɨɜ. ɉɪɢ 
ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɨɛɵɱɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ 
ɩɨɞɛɨɪ ɜɢɛɪɨɢɡɨɥɢɪɭɸɳɢɯ ɨɫɧɨɜɚɧɢɣ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɬɢɩɨɜɵɯ 
ɩɪɨɟɤɬɨɜ. Ⱦɥɹ ɥɭɱɲɟɣ ɜɢɛɪɨɢɡɨɥɹɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɚɧɢɬɶ ɜɫɟ ɠɟɫɬɤɢɟ ɫɜɹɡɢ 
ɦɟɠɞɭ ɜɢɛɪɢɪɭɸɳɢɦ ɜɟɧɬɢɥɹɬɨɪɨɦ ɢ ɧɟɩɨɞɜɢɠɧɵɦ ɜɨɡɞɭɯɨɜɨɞɨɦ. Ⱦɥɹ ɷɬɨɝɨ 
ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɜɨɡɞɭɯɨɜɨɞɨɜ ɤ ɜɟɧɬɢɥɹɬɨɪɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɛɤɢɯ 
ɜɫɬɚɜɨɤ ɤɚɤ ɧɚ ɜɫɚɫɵɜɚɧɢɢ, ɬɚɤ ɢ ɧɚ ɧɚɝɧɟɬɚɧɢɢ. Ƚɢɛɤɢɟ ɜɫɬɚɜɤɢ ɫɥɟɞɭɟɬ 
ɦɨɧɬɢɪɨɜɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɨɧɢ ɧɟ ɩɪɨɜɢɫɚɥɢ, ɧɨ ɢ ɧɟ ɜɬɹɝɢɜɚɥɢɫɶ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ 
ɥɭɱɲɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɪɢɚɥ ɬɢɩɚ ɩɪɨɪɟɡɢɧɟɧɧɨɝɨ ɛɪɟɡɟɧɬɚ.ȼɟɧɬɢɥɹɬɨɪɵ 
ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ ɫɜɨɞɧɨɦɭ ɝɪɚɮɢɤɭ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɫ ɭɱɟɬɨɦ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ.  

ȼɟɧɬɢɥɹɬɨɪɵ ɩɨɞɛɢɪɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. ɉɨ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Lɜ, ɦ3/ɱ, ɢ ɞɚɜɥɟɧɢɹ Pɜ, ɉɚ, ɧɚ ɫɜɨɞɧɨɦ ɝɪɚɮɢɤɟ  ɧɚɯɨɞɢɬɫɹ 
ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ Lɜ-Pɜ. ȿɫɥɢ ɬɨɱɤɚ ɧɟ ɩɨɩɚɞɚɟɬ ɧɚ “ɪɚɛɨɱɭɸ” 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ, ɬɨ ɨɧɚ ɨɬɧɨɫɢɬɫɹ ɧɚ ɛɥɢɠɚɣɲɭɸ (ɤɚɤ ɩɪɚɜɢɥɨ ɧɢɠɧɸɸ). Ⱦɚɥɟɟ 
ɜɟɧɬɢɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɟɪɟɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɧɨɜɨɟ ɞɚɜɥɟɧɢɟ. Ɂɚɬɟɦ ɭɠɟ ɩɨ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɨ ɩɟɪɟɫɱɢɬɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ Lɜ ɢ Pɜ 
ɧɚɯɨɞɢɬɫɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜɟɧɬɢɥɹɬɨɪɚ, ɄɉȾ ɢ ɩɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ. 

ɉɪɢ ɩɨɞɛɨɪɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɚɜɚɬɶ ɩɪɟɞɩɨɱɬɟɧɢɟ ɬɨɦɭ ɜɟɧɬɢɥɹɬɨɪɭ, ɭ 
ɤɨɬɨɪɨɝɨ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɣ ɄɉȾ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɚɹ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ. 
ɄɉȾ ɜɵɛɪɚɧɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 0,9 ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɟɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɞɚɧɧɨɣ ɫɟɪɢɢ ɜɟɧɬɢɥɹɬɨɪɨɜ.  

ɂɧɨɝɞɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɤɥɸɱɚɬɶ ɜ ɨɛɳɭɸ ɜɟɧɬɢɥɹɰɢɨɧɧɭɸ ɫɟɬɶ ɞɜɚ ɢ ɛɨɥɟɟ                                
ɜɟɧɬɢɥɹɬɨɪɚ ɜɦɟɫɬɨ ɨɞɧɨɝɨ ɛɨɥɟɟ ɦɨɳɧɨɝɨ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ                 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɪɚɡɜɢɜɚɟɦɨɝɨ ɞɚɜɥɟɧɢɹ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ 
ɜɟɧɬɢɥɹɬɨɪɨɜ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ. 

ɋɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɜɟɧɬɢɥɹɬɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɚɪɚɥɥɟɥɶɧɨɣ ɢɥɢ                                                      
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɬɚɤ, ɱɬɨɛɵ ɪɟɡɤɨ                          
ɭɜɟɥɢɱɢɥɫɹ ɞɢɚɩɚɡɨɧ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɬɨ ɜɟɧɬɢɥɹɬɨɪɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ                                
ɫɨɟɞɢɧɹɬɶ ɩɚɪɚɥɥɟɥɶɧɨ. ȿɫɥɢ ɠɟ ɬɪɟɛɭɟɬɫɹ ɢɡɦɟɧɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫ ɬɟɦ, ɱɬɨɛɵ 
ɩɪɢ ɬɨɣ ɠɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɜɟɥɢɱɢɥɨɫɶ ɪɚɡɜɢɜɚɟɦɨɟ ɞɚɜɥɟɧɢɟ, ɫɥɟɞɭɟɬ 
ɫɨɟɞɢɧɹɬɶ ɜɟɧɬɢɥɹɬɨɪɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. 

ȼɟɧɬɢɥɹɬɨɪɵ ɜ ɫɟɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɦɨɝɭɬ                                               
ɪɚɛɨɬɚɬɶ ɤɚɤ ɧɚ ɧɚɝɧɟɬɚɧɢɟ, ɬɚɤ ɢ ɧɚ ɜɫɚɫɵɜɚɧɢɟ. 

1. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɚ ɞɥɹ ɩɪɢɬɨɱɧɨɣ ɫɢɫɬɟɦɵ ɫ 
ɦɟɯɚɧɢɱɟɫɤɢɦ  ɩɨɛɭɠɞɟɧɢɟɦ ɫ ɭɱɟɬɨɦ 10 %-ɝɨ ɡɚɩɚɫɚ ɜL , ɦ3/ɱ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
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1,1ɜL L  ,                                                                     (10.16) 
 

1,1 17400 19140ɜL     ɦ3/ɱ.  
 
Ɋɚɡɜɢɜɚɟɦɨɟ ɜɟɧɬɢɥɹɬɨɪɨɦ ɞɚɜɥɟɧɢɟ ɫ ɭɱɟɬɨɦ 10 %-ɝɨ ɡɚɩɚɫɚ ɜP ,ɉɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 
                                                     

1,1 ( )ɜ ɫ ɮ ɤP P P P       ,                                                        (10.17) 

 
ɝɞɟ ɫP  – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ ɫɟɬɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɪɚɫɱɟɬɧɨɣ 
ɜɟɬɤɟ, ɉɚ, 299ɫP  ; 

      ɮP  – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɮɢɥɶɬɪɟ, ɉɚ, 134ɮP  ; 

      ɤP  – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɚɥɨɪɢɮɟɪɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɉɚ, 43ɤ aP P    . 
 

1,1 (299 134 43) 523,6ɜP       ɉɚ. 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [5] ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪ ȼ.ɐ4-75-8 

(ɢɫɩɨɥɧɟɧɢɟ 1) ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɨɦD D , ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 965n   ɨɛ/ɦɢɧ, ɭɫɬɚɧɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɶɸ 5,5ɭN   ɤȼɬ ɢ 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɄɉȾ 0,81ɞ   ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦ ɄɉȾ ɞɥɹ ɞɚɧɧɨɣ 
ɫɟɪɢɢ ɜɟɧɬɢɥɹɬɨɪɨɜ  

 

max 0,85   (
max

0,81
0,95 0,9

0,85
ɞ


   ). 

 
Ɍɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɬɪN , ɤȼɬ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
                                                    

3600 1000
ɜ ɜ

ɬɪ
ɞ ɩ

L P
N

 



  

,                                             

       (10.18) 
 

ɝɞɟ ɩ  – ɄɉȾ ɩɟɪɟɞɚɱɢ, ɫɨɝɥɚɫɧɨ [4] 1ɩ  . 
 

19140 523,6
3,44

3600 1000 0,81 1ɬɪN


 
  

 ɤȼɬ.   

            
ɍɫɬɚɧɨɜɨɱɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɟɧɬɢɥɹɬɨɪɚ ɭN ,ɤȼɬ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɭ ɡ ɬɪN k N  ,                                                                (10.19) 

 
ɝɞɟ ɡk  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɦɨɳɧɨɫɬɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4] 1,15ɡk  . 

 
1,15 3,44 3,95ɭN     ɤȼɬ. 

 
2. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨɪɚ ɞɥɹ ɦɟɫɬɧɨɣ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ ɫ 

ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (10.16): 
 

1,1 9000 9900ɜL     ɦ3/ɱ.    
 
Ɋɚɡɜɢɜɚɟɦɨɟ ɜɟɧɬɢɥɹɬɨɪɨɦ ɞɚɜɥɟɧɢɟ ɫ ɭɱɟɬɨɦ 10 %-ɝɨ ɡɚɩɚɫɚ ɜP ,ɉɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 
 

1,1ɜ ɫɢɫɬP P  ,                                                                (10.20) 
 

ɝɞɟ ɫɢɫɬP  – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ ɦɟɫɬɧɨɣ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɟ, ɉɚ, 
401ɫɢɫɬP  . 

 
1,1 401 441,1ɜP     ɉɚ.    

                                              
ɋɨɝɥɚɫɧɨ [5] ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪ ȼ.ɐ4-75-6,3 (ɢɫɩɨɥɧɟɧɢɟ 

1) ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 1,1 ɧɨɦD D  , ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
950n   ɨɛ/ɦɢɧ, ɭɫɬɚɧɨɜɨɱɧɨɣ ɦɨɳɧɨɫɬɶɸ 2,2ɭN   ɤȼɬ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɄɉȾ 
0,76ɞ   ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦ ɄɉȾ ɞɥɹ ɞɚɧɧɨɣ ɫɟɪɢɢ ɜɟɧɬɢɥɹɬɨɪɨɜ  

 

max 0,83   (
max

0,76
0,92 0,9

0,83
ɞ


   ). 

 
Ɍɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(10.18): 
 

3600 1000
ɜ ɜ

ɬɪ
ɞ ɩ

L P
N

 



  

, ɤȼɬ         

                                  
ɝɞɟ ɩ  – ɄɉȾ ɩɟɪɟɞɚɱɢ, ɫɨɝɥɚɫɧɨ [4] 1ɩ  . 
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ɍɫɬɚɧɨɜɨɱɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɟɧɬɢɥɹɬɨɪɚ ɭN ,ɤȼɬ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

ɭ ɡ ɬɪN k N  ,                           (10.21) 

                                             
ɝɞɟ ɡk  – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɦɨɳɧɨɫɬɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4] 1,2ɡk  . 

                                             
1,2 1,6 1,9ɭN     ɤȼɬ. 

 
3. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɪɵɲɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ ɞɥɹ ɜɵɬɹɠɧɨɣ ɫɢɫɬɟɦɵ 

ɨɛɳɟɨɛɦɟɧɧɨɣ ɜɟɧɬɢɥɹɰɢɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɛɭɠɞɟɧɢɟɦ ɫ ɭɱɟɬɨɦ 10 %-ɝɨ ɡɚɩɚɫɚ 
ɞɥɹ ɬɟɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ ɝɨɞɚ,  ɚ ɬɚɤɠɟ ɩɟɪɟɯɨɞɧɵɯ ɭɫɥɨɜɢɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (10.16): 

 
1,1ɜL L  , ɦ3/ɱ                                                       

 
1,1 42290 46520ɬ

ɜL     ɦ3/ɱ. 
 

. 1,1 26340 28980ɯ ɩ ɭ
ɜ ɜL L     ɦ3/ɱ. 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [5] ɤ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɸɬɫɹ ɩɹɬɢ ɤɪɵɲɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ 

TOD560-4 ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢ ɞɜɢɝɚɬɟɥɹ 380ɜn   ɢ 950ɞɜn   
ɨɛ/ɦɢɧ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɨɳɧɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ 4,0ɞɜN   ɤȼɬ ɬɢɩɚ 4A112MB6 ɢ 
ɢɫɩɨɥɧɟɧɢɟɦ ɩɨ ɫɩɨɫɨɛɭ ɦɨɧɬɚɠɚ IM 1081 ɫɨɝɥɚɫɧɨ [8]. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ 
ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɤɚɠɞɵɣ ɜɟɧɬɢɥɹɬɨɪ ɛɭɞɟɬ ɪɚɡɜɢɜɚɬɶ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

14ɜP   ɉɚ, ɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɢ ɩɟɪɟɯɨɞɧɵɟ ɭɫɥɨɜɢɹ – 260ɜP   ɉɚ. 
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12. Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɨɣ ɡɚɜɟɫɵ 
 
ȼɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɟ ɡɚɜɟɫɵ ɭɫɬɪɚɢɜɚɸɬɫɹ ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɹɯ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɢ ɧɚ ɩɨɫɬɨɹɧɧɵɯ 
ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɛɥɢɡɢ ɜɨɪɨɬ, ɞɜɟɪɟɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɟɦɨɜ.  

ɍ ɜɨɪɨɬ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɜɨɡɞɭɲɧɵɟ 
ɡɚɜɟɫɵ ɲɢɛɟɪɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɚɫɬɢɱɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ ɩɪɨɟɦɚ 
ɜɨɡɞɭɲɧɨɣ ɫɬɪɭɟɣ ɫɨɤɪɚɳɚɸɬ ɩɪɨɪɵɜ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɨɬɤɪɵɬɵɣ ɩɪɨɟɦ, 
ɚ ɜ ɩɨɦɟɳɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɫɦɟɫɶ ɯɨɥɨɞɧɨɝɨ ɧɚɪɭɠɧɨɝɨ ɫ ɧɚɝɪɟɬɵɦ ɜɨɡɞɭɯɨɦ 
ɜɨɡɞɭɲɧɨɣ ɡɚɜɟɫɵ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ɧɨɪɦɢɪɭɟɦɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɛɥɢɡɢ ɜɨɪɨɬ. Ɍɟɦɩɟɪɚɬɭɪɭ ɫɦɟɫɢ ɜɨɡɞɭɯɚ tɫɦ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ 
ɩɨɦɟɳɟɧɢɟ ɩɪɢ ɪɚɛɨɬɟ ɜɨɡɞɭɲɧɨɣ ɡɚɜɟɫɵ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ: 1) 14 °C – 
ɩɪɢ ɥɟɝɤɨɣ ɪɚɛɨɬɟ; 2) 12 °C – ɩɪɢ ɪɚɛɨɬɟ ɫɪɟɞɧɟɣ ɬɹɠɟɫɬɢ; 3) 8 °C – ɩɪɢ ɬɹɠɟɥɨɣ 
ɪɚɛɨɬɟ. 

ɍ ɜɨɪɨɬ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɨɛɵɱɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɛɨɤɨɜɵɟ 
ɞɜɭɯɫɬɨɪɨɧɧɢɟ ɡɚɜɟɫɵ ɲɢɛɟɪɧɨɝɨ ɬɢɩɚ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɟɧɬɢɥɹɬɨɪɚ ɢ 
ɤɚɥɨɪɢɮɟɪɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɦ ɤɨɪɨɛɟ ɞɥɹ ɜɵɩɭɫɤɚ ɜɨɡɞɭɯɚ. ȼɨɡɞɭɲɧɚɹ ɫɬɪɭɹ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɩɨɞ ɭɝɥɨɦ 30° ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɟɦɚ. ȼɵɫɨɬɚ ɳɟɥɢ ɪɚɜɧɚ ɜɵɫɨɬɟ 
ɩɪɨɟɦɚ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɨɣ ɡɚɜɟɫɵ: 1) ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɦɟɫɢ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɩɨɦɟɳɟɧɢɟ ɩɪɢ ɪɚɛɨɬɟ ɜɨɡɞɭɲɧɨɣ ɡɚɜɟɫɵ 12ɫɦt   
°C; 2) ɜɵɫɨɬɚ ɡɞɚɧɢɹ ɨɬ ɩɨɥɚ ɞɨ ɧɢɡɚ ɮɟɪɦɵ 12H   ɦ; 3) ɪɚɡɦɟɪɵ ɜɨɪɨɬ 3×4 ɦ; 4) 
ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 25,0ɧt    
°C; 5) ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 

15ɜt   °C; 6) ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 4,1ɧv   ɦ/ɫ; 7) 
ɪɚɫɱɟɬɧɨɟ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɦɟɫɬɟ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

1000ɛP   ɝɉɚ (750 ɦɦ ɪɬ. ɫɬ.). 
Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɡɚɜɟɫɨɣ ɲɢɛɟɪɧɨɝɨ ɬɢɩɚ ɡG , ɤɝ/ɱ 

ɧɚɯɨɞɢɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

5100ɡ ɩɪ ɩɪ ɫɦG q F P        ,                   (11.1) 

 
ɝɞɟ q  – ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɡɚɜɟɫɨɣ, ɤ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ, 
ɩɪɨɯɨɞɹɳɟɝɨ ɜ ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɩɪɨɟɦ ɩɪɢ ɪɚɛɨɬɟ ɡɚɜɟɫɵ; ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɢɧɢɦɚɬɶ 0,6...0,7q  ; 

      ɩɪ  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɩɪɨɟɦɚ ɩɪɢ ɪɚɛɨɬɟ ɡɚɜɟɫɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  [7] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɪɨɬ (ɪɚɡɞɜɢɠɧɵɟ ɢɥɢ ɪɚɫɩɚɲɧɵɟ), 

ɜɢɞɚ ɡɚɜɟɫɵ (ɛɨɤɨɜɚɹ ɢɥɢ ɧɢɠɧɹɹ) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɪ

щ

F
F

F
  

      ɩɪF  – ɩɥɨɳɚɞɶ ɩɪɨɟɦɚ ɜɨɪɨɬ, ɦ2, 3 4 12ɩɪF    ; 

      щF  – ɩɥɨɳɚɞɶ ɜɨɡɞɭɯɨɜɵɩɭɫɤɧɵɯ ɳɟɥɟɣ, ɦ2; 
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      ɫɦ  – ɩɥɨɬɧɨɫɬɶ ɫɦɟɫɢ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɣ ɡɚɜɟɫɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 12ɫɦt   
°C, ɤɝ/ɦ3, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
353

273ɫɦ
ɫɦt

 


,                                                                   (11.2) 

 

      
P  – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɜɨɡɞɭɯɚ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɧɚɪɭɠɧɨɝɨ ɨɝɪɚɠɞɟɧɢɹ ɧɚ 

ɭɪɨɜɧɟ ɩɪɨɟɦɚ, ɨɛɨɪɭɞɨɜɚɧɧɨɝɨ ɡɚɜɟɫɨɣ, ɉɚ. 
 
ɉɪɢ ɪɚɫɱɟɬɚɯ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɵɯ ɡɚɜɟɫ ɲɢɛɟɪɧɨɝɨ ɬɢɩɚ ɜɟɥɢɱɢɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɢ F  ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 20…30. ɉɪɢ 20F   ɫɨɝɥɚɫɧɨ 
[7] ɞɥɹ ɪɚɡɞɜɢɠɧɨɝɨ ɩɪɨɟɦɚ 0,32ɩɪ  . 

 
353

1,239
273 12ɫɦ  


 ɤɝ/ɦ3. 

 
Ɂɧɚɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɜɨɡɞɭɯɚ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɧɚɪɭɠɧɨɝɨ ɨɝɪɚɠɞɟɧɢɹ 

ɧɚ ɭɪɨɜɧɟ ɩɪɨɟɦɚ P , ɨɛɨɪɭɞɨɜɚɧɧɨɝɨ ɡɚɜɟɫɨɣ, ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪɦɭɥɟ: 
 

1Ɍ ɜP P k P     ,                                                              (11.3) 
 
ɝɞɟ 1k  – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɝɟɪɦɟɬɢɱɧɨɫɬɢ 
ɡɞɚɧɢɹ; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [4] ɞɥɹ ɡɞɚɧɢɣ ɫ ɚɷɪɚɰɢɨɧɧɵɦɢ ɩɪɨɟɦɚɦɢ, ɡɚɤɪɵɬɵɦɢ ɜ 
ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ 1 0,5k  ; 

      ɌP  – ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

9,81 ( )Ɍ ɪɚɫч ɧ ɜP h       ,                                            (11.4) 

 
ɝɞɟ ɪɚɫчh  – ɪɚɫɫɬɨɹɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɢ ɨɬ ɰɟɧɬɪɚ ɩɪɨɟɦɚ, ɨɛɨɪɭɞɨɜɚɧɧɨɝɨ ɡɚɜɟɫɨɣ, ɞɨ 
ɭɪɨɜɧɹ ɧɭɥɟɜɵɯ ɞɚɜɥɟɧɢɣ, ɝɞɟ ɞɚɜɥɟɧɢɟ ɫɧɚɪɭɠɢ ɢ ɜɧɭɬɪɢ ɡɞɚɧɢɹ ɪɚɜɧɵ (ɜɵɫɨɬɚ 
ɧɟɣɬɪɚɥɶɧɨɣ ɡɨɧɵ), ɦ; ɫɨɝɥɚɫɧɨ [4] ɞɥɹ ɡɞɚɧɢɣ ɫ ɚɷɪɚɰɢɨɧɧɵɦɢ ɩɪɨɟɦɚɦɢ, 
ɡɚɤɪɵɬɵɦɢ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ 3,6ɪɚɫчh  ; 

      ɧ  – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ 
ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 25,0ɧt    °C, ɤɝ/ɦ3; 

      ɜ  – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɭɬɪɟɧɧɟɝɨ 
ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ 15ɜt   °C, ɤɝ/ɦ3; 

      ɜP  – ɜɟɬɪɨɜɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ, ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ: 
 

2

2
ɧ

ɜ ɧP c v


    ,                                                                  (11.5) 
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ɝɞɟ c  – ɪɚɫɱɟɬɧɵɣ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɞɥɹ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɝɪɚɠɞɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [9] ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,8. 

 
353 353

1,423
273 273 ( 25,0)ɧ

ɧt
   

  
 ɤɝ/ɦ3. 

 
353 353

1,226
273 273 15ɜ

ɜt
   

 
 ɤɝ/ɦ3. 

 
9,81 3,6 (1,423 1,226) 7ɌP       ɉɚ. 

 
2 1,423

0,8 4,1 9,6
2ɜP      ɉɚ. 

 
7 0,5 9,6 11,8P      ɉɚ. 

 
5100 0,6 0,32 12 11,8 1,239 44859,4ɡG         ɤɝ/ɱ. 

 
Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɬɫɹ ɛɨɤɨɜɚɹ ɞɜɭɯɫɬɨɪɨɧɧɹɹ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɚɹ ɡɚɜɟɫɚ 

ɁȼɌ3-1 ɫ ɨɫɧɨɜɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ [4]. 
ɂɫɯɨɞɹ ɢɡ ɮɨɪɦɭɥɵ (11.1) ɭɬɨɱɧɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ 

ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɡɚɜɟɫɨɣ, ɤ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɜ 
ɩɨɦɟɳɟɧɢɟ ɱɟɪɟɡ ɩɪɨɟɦ ɩɪɢ ɪɚɛɨɬɟ ɡɚɜɟɫɵ: 

 

5100

ɞ
ɡ

ɞ
ɩɪ ɩɪ ɫɦ

G
q

F P 


    
; 

 
39000

0,52
5100 0,32 12 11,8 1,239

ɞq  
   

. 

 
Ɍɪɟɛɭɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɡɚɜɟɫɨɣ, ɡt ,°ɋ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 

(1 )
ɫɦ ɧ

ɡ ɧ
ɞ

t t
t t

q Q


 

 
,                                                                     (11.6) 

 
ɝɞɟ Q  – ɨɬɧɨɲɟɧɢɟ ɬɟɩɥɨɬɵ, ɬɟɪɹɟɦɨɣ ɫ ɜɨɡɞɭɯɨɦ, ɭɯɨɞɹɳɢɦ ɱɟɪɟɡ ɨɬɤɪɵɬɵɣ 
ɩɪɨɟɦ ɧɚɪɭɠɭ, ɤ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɡɚɜɟɫɵ; ɫɨɝɥɚɫɧɨ [4] 0Q  . 
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12 ( 25,0)
25,0 45,9

0,52 (1 0)ɡt
 

   
 

 °C.     

 
Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɤɚɥɨɪɢɮɟɪɨɜ ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɨɣ ɡɚɜɟɫɵ ɡQ , ȼɬ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

0,28 ( )ɞ
ɡ ɡ ɡ ɧɚчQ G t t    ,                                                   (11.7) 

 
ɝɞɟ ɧɚчt  – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, ɡɚɛɢɪɚɟɦɨɝɨ ɞɥɹ ɡɚɜɟɫɵ, °C, ɩɪɢɧɢɦɚɟɦɚɹ ɪɚɜɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɫɦɟɫɢ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɩɨɦɟɳɟɧɢɟ ɩɪɢ ɪɚɛɨɬɟ ɜɨɡɞɭɲɧɨɣ 
ɡɚɜɟɫɵ ɫɦt , ɬ.ɟ. 12ɧɚч ɫɦt t  .  

 
0,28 39000 (45,9 12) 367590,9ɡQ       ȼɬ.   

   
Ⱦɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɬɟɩɥɨɬɟ 

ɜɨɡɞɭɲɧɨ-ɬɟɩɥɨɜɨɣ ɡɚɜɟɫɵ ɁȼɌ3-1 ɛɥɢɡɤɨ ɤ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ( 368200ɪ
ɡQ   

ȼɬ). Ɉɬɤɥɨɧɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɬɟɩɥɨɬɟ ɨɬ 
ɪɚɫɱɟɬɧɨɝɨ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɨɜ ɜ 10 %  

 

(
368200 367590,9

100 100 0,2 10
368200
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Q
  
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɡɚɞɚɱ ɨɫɭɳɟɫɬɜɥёɧ 
ɪɚɫɱёɬ ɢɧɠɟɧɟɪɧɵɯ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ ɢ ɩɪɨɜɟɞёɧ ɩɨɞɛɨɪ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɢɪɭɟɦɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ ɩɪɢ 
ɪɚɛɨɬɟ ɜ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɰɟɯɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞёɧɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɤɨɦɮɨɪɬɧɵɯ ɞɥɹ ɩɟɪɫɨɧɚɥɚ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɱɬɨ, 
ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɡɢɬɶ ɪɢɫɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɢ 
ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɫɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬɵ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 
1 ɋɉ 60.13330.2012 Ɉɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ 

ɜɨɡɞɭɯɚ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 41-01-2003.-Ɇ.: Ɇɢɧɪɟɝɢɨɧ 
Ɋɨɫɫɢɢ, 2012.-57 ɫ. 

2 ɋɉ 131.13330.2012 ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 
ɪɟɞɚɤɰɢɹ ɋɇɢɉ 23-01-99* (ɫ ɂɡɦɟɧɟɧɢɹɦɢ N 1, 2).-Ɇ.: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 
2012.-113 ɫ. 

3 ɋɉ 50.13330.2012 Ɍɟɩɥɨɜɚɹ ɡɚɳɢɬɚ ɡɞɚɧɢɣ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 
ɪɟɞɚɤɰɢɹ ɋɇɢɉ 23-02-2003.-Ɇ.: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 2012.-109 ɫ 

4 ȼɧɭɬɪɟɧɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ. ȼ 3 ɱ. ɑ. 3. ȼɟɧɬɢɥɹɰɢɹ 
ɢ   ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ. Ʉɧ. 1 / ȼ.ɇ. Ȼɨɝɨɫɥɨɜɫɤɢɣ, Ⱥ.ɂ. ɉɢɪɭɦɨɜ, ȼ.ɇ. 
ɉɨɫɨɯɢɧ ɢ ɞɪ.; ɉɨɞ ɪɟɞ. ɇ.ɇ. ɉɚɜɥɨɜɚ ɢ ɘ.ɂ. ɒɢɥɥɟɪɚ. – 4-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ 
ɞɨɩ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1992. – 319 ɫ.: ɢɥ. – (ɋɩɪɚɜɨɱɧɢɤ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ). 

5 ȼɧɭɬɪɟɧɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ. ȼ 3 ɱ. ɑ. 3. ȼɟɧɬɢɥɹɰɢɹ 
ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ. Ʉɧ. 2 / Ȼ.ȼ. Ȼɚɪɤɚɥɨɜ, ɇ.ɇ. ɉɚɜɥɨɜ, ɋ.ɋ. 
Ⱥɦɢɪɞɠɚɧɨɜ ɢ ɞɪ.; ɉɨɞ ɪɟɞ. ɇ.ɇ. ɉɚɜɥɨɜɚ ɢ ɘ.ɂ. ɒɢɥɥɟɪɚ. – 4-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. 
ɢ ɞɨɩ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1992. – 416 ɫ.: ɢɥ. – (ɋɩɪɚɜɨɱɧɢɤ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ). 

6 ȼɧɭɬɪɟɧɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ. ȼ 3 ɱ.  ɑ. I. Ɉɬɨɩɥɟɧɢɟ / 
ȼ.ɇ.Ȼɨɝɨɫɥɨɜɫɤɢɣ, Ȼ.Ⱥ. Ʉɪɭɩɧɨɜ, Ⱥ.ɇ. ɋɤɚɧɚɜɢ ɢ ɞɪ.;  ɉɨɞ  ɪɟɞ.  ɂ.Ƚ. 
ɋɬɚɪɨɜɟɪɨɜɚ ɢ ɘ.ɂ. ɒɢɥɥɟɪɚ. – 4-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. - Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 
1990. - 344ɫ.: ɢɥ. (ɋɩɪɚɜɨɱɧɢɤ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ). 

7 Ɍɟɩɥɨɫɧɚɛɠɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɹ. Ʉɭɪɫɨɜɨɟ ɢ ɞɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ. 
/ɉɨɞ ɪɟɞ.   ɩɪɨɮ. Ȼ. Ɇ. ɏɪɭɫɬɚɥɟɜɚ – Ɇ.: ɂɡɞ-ɜɨ Ⱥɋȼ, 2005. – 576 ɫ., 129 ɢɥ. 

8 ȽɈɋɌ 2479-79 Ɇɚɲɢɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɜɪɚɳɚɸɳɢɟɫɹ. ɍɫɥɨɜɧɵɟ 
ɨɛɨɡɧɚɱɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɫɩɨɥɧɟɧɢɣ ɩɨ ɫɩɨɫɨɛɭ ɦɨɧɬɚɠɚ (ɫ ɂɡɦɟɧɟɧɢɟɦ 
N 1).-Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1991.-35 ɫ. 

9 ɋɉ 20.13330.2016 ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 
ɪɟɞɚɤɰɢɹ ɋɇɢɉ 2.01.07-85* (ɫ ɂɡɦɟɧɟɧɢɟɦ N 1).-104 ɫ. 

10 ȽɈɋɌ 12.1.005-88. ɋɋȻɌ. Ɉɛɳɢɟ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɜɨɡɞɭɯɭ ɪɚɛɨɱɟɣ ɡɨɧɵ. - 75 ɫ. 

11 ɋɚɧɉɢɇ 2.2.4.548-96. Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɢɤɪɨɤɥɢɦɚɬɭ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ. 

12 ȽɈɋɌ Ɋ ȿɇ 14799-2013 Ɏɢɥɶɬɪɵ ɜɨɡɞɭɲɧɵɟ ɞɥɹ ɨɛɳɟɣ ɨɱɢɫɬɤɢ 
ɜɨɡɞɭɯɚ. Ɍɟɪɦɢɧɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ.-29 c. 

13 ȽɈɋɌ 27330-97 ȼɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɢ.Ɍɢɩɵ ɢ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ.-7 c. 
 14 ȽɈɋɌ 8690-94 Ɋɚɞɢɚɬɨɪɵ ɨɬɨɩɢɬɟɥɶɧɵɟ ɱɭɝɭɧɧɵɟ. Ɍɟɯɧɢɱɟɫɤɢɟ 
ɭɫɥɨɜɢɹ.-9 c. 
 15 ȽɈɋɌ 32548-2013 ȼɟɧɬɢɥɹɰɢɹ ɡɞɚɧɢɣ. ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ. Ɉɛɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ.-18 c. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 
ɋɯɟɦɚ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ɉɥɚɧ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

ɋɩɟɰɢɮɢɤɚɰɢɹ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ 
ɉɨɡɢɰɢɹ ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

1 Ɍɟɩɥɨɜɨɣ ɩɭɧɤɬ 
2 Ʉɪɚɧ ɲɚɪɨɜɵɣ ɫɜɚɪɧɨɣ «Naval» Ⱦɭ-80 
3  Ɍɟɩɥɨɫɱɟɬɱɢɤ ɌɗɆ – 104/1  
3ɚ ɉɟɪɜɢɱɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɪɚɫɯɨɞɚ Ⱦɭ-25 
3ɛ Ɍɟɪɦɨɩɪɟɨɛɪɨɡɨɜɚɬɟɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ  
4 Ɋɟɝɭɥɹɬɨɪ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ RD 103 D 

Ⱦɭ-40, Kv=12,5 ɬ/ɱ, 0,04-0,1 Ɇɉɚ 

5 Ʉɪɚɧ ɲɚɪɨɜɵɣ ɦɭɮɬɨɜɵɣ Ⱦɭ-15 
6 Ʉɪɚɧ ɲɚɪɨɜɵɣ ɦɭɮɬɨɜɵɣ Ⱦɭ-15 
7 Ʉɪɚɧ ɲɚɪɨɜɵɣ ɮɥɚɧɰɟɜɵɣ Ⱦɭ-50 
8 Ʉɪɚɧ ɲɚɪɨɜɵɣ ɮɥɚɧɰɟɜɵɣ Ⱦɭ-80 
10 Ɏɢɥɶɬɪ ɨɫɚɞɨɱɧɵɣ ɦɭɮɬɨɜɵɣ Ⱦɭ-80 
11 Ɏɢɥɶɬɪ ɨɫɚɞɨɱɧɵɣ ɮɥɚɧɰɟɜɵɣ Ⱦɭ-50 
13 Ʉɥɚɩɚɧ ɨɛɪɚɬɧɵɣ Ɇɭɮɬɨɜɵɣ Ⱦɭ-50 
16 ɇɚɫɨɫ ɨɬɨɩɥɟɧɢɹ 

G=11,6 ɬ/ɱ, H= 4,0 ɦ.ɜ.ɫɬ, N=0,65 ɤȼɬ, U=230 ȼ 
ɋɩɭɫɤɧɢɤ ɜɨɡɞɭɯɚ ɞɥɹ ɧɚɫɨɫɚ «ɞɭɩɥɢɤɫ» 

20 Ɋɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 
20ɚ Ɋɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɨɦ, Ⱦɭ-32 , Kv=10 ɬ/ɱ 
20ɛ Ⱦɚɬɱɢɤɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
20ɜ ɉɪɨɰɟɫɫɨɪɨɦ  
21 Ɂɚɤɥɚɞɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤ ɦɚɧɨɦɟɬɪɭ 1.6-225ɍ: 
 ɚ) ɤɪɚɧ ɲɚɪɨɜɵɣ ɬɪɟɯɯɨɞɨɜɨɣ ɧɚɬɹɠɧɨɣ ɦɭɮɬɨɜɵɣ Ⱦɭ-15 
 ɛ) ɲɬɭɰɟɪ ɫ ɪɟɡɶɛɨɣ ɢɡ ɬɪɭɛ ɫɬɚɥɶɧɵɯ  

ɜɨɞɨɝɚɡɨɩɪɨɜɨɞɧɵɯ Ⱦɭ-15 
 ɜ) ɩɟɪɟɯɨɞɧɢɤ 

22 Ɂɚɤɥɚɞɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤ ɦɚɧɨɦɟɬɪɭ 1.6-70ɍ: 
 ɚ) ɤɪɚɧ ɲɚɪɨɜɵɣ ɬɪɟɯɯɨɞɨɜɨɣ ɧɚɬɹɠɧɨɣ ɦɭɮɬɨɜɵɣ Ⱦɭ-15 
 ɛ) ɲɬɭɰɟɪ ɫ ɪɟɡɶɛɨɣ ɢɡ ɬɪɭɛ ɫɬɚɥɶɧɵɯ  

ɜɨɞɨɝɚɡɨɩɪɨɜɨɞɧɵɯ Ⱦɭ-15 
 ɜ) ɩɟɪɟɯɨɞɧɢɤ 

23 Ɇɚɧɨɦɟɬɪ 
24 Ɂɚɤɥɚɞɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤ ɬɟɪɦɨɦɟɬɪɚɦ ɢ  

ɬɟɪɦɨɦɟɬɪɚɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɝɢɥɶɡɨɣ 
Ɉɩɪɚɜɚ ɡɚɳɢɬɧɚɹ ɤ ɬɟɪɦɨɦɟɬɪɭ 

26 Ɍɟɪɦɨɦɟɬɪ 
T1 ɉɨɞɚɸɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ ɬɟɩɥɨɫɟɬɢ Ⱦɭ-89 
T2 Ɉɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɬɟɩɥɨɫɟɬɢ Ⱦɭ-89 
T22 ɉɨɞɚɸɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ CO1 Ⱦɭ-50 
T23 Ɉɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ CO1 Ⱦɭ-50 
T22 ɉɨɞɚɸɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ CO2 Ⱦɭ-20 
T23 Ɉɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ CO2 Ⱦɭ-20 
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T22 ɉɨɞɚɸɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ CO1 Ⱦɭ-15 
T23 Ɉɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ CO1 Ⱦɭ-15 
T14 ɉɨɞɚɸɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ ɉ1 Ⱦɭ-40 
T15 Ɉɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɉ1 Ⱦɭ-40 

 




