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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɂɫɫɥɟɞɨɜɚɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɩɪɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɩɚɪɚɦɟɬɪɚɯ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ» ɫɨɞɟɪɠɢɬ 60 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 16 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ, 8 ɪɢɫɭɧɤɨɜ. 

ɈɌɈɉɂɌȿɅɖɇȺə ɇȺȽɊɍɁɄȺ, ɌȿɉɅɈɈȻɆȿɇɇɕɃ ȺɉɉȺɊȺɌ, 

ɊȿȽɍɅɂɊɍɘɓɂɃ ɄɅȺɉȺɇ, ɌȿɉɅɈȼɈɃ ȻȺɅȺɇɋ, ɊȿȽɍɅɂɊɍɘɓɂɃ 

ɄɅȺɉȺɇ, ɆȿɌɈȾ ɊȿȽɍɅɂɊɈȼȺɇɂə ɈɌɉɍɋɄȺ ɌȿɉɅȺ 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɟ 

ɡɞɚɧɢɟ ɫ ɧɚɝɪɭɡɤɨɣ ɧɚ ɨɬɨɩɥɟɧɢɹ Q = 0,302 Ƚɤɚɥ/ɱ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɝ. 

Ʉɪɚɫɧɨɹɪɫɤɟ. 

ɐɟɥɶ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ 

ɚɧɚɥɢɡɚ ɧɚɪɭɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɩɪɢɦɟɪɟ 

ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɝɨ ɡɞɚɧɢɹ ɫ ɧɚɝɪɭɡɤɨɣ ɧɚ ɨɬɨɩɥɟɧɢɟ 0,302 Ƚɤɚɥ/ɱ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɪɟɞɟɥɶɧɵɟ ɢ 

ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɛɨɬɵ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɩɭɧɤɬɚ. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ 

ɨɩɪɟɞɟɥɟɧɵ ɨɬɤɥɨɧɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɬɟɩɥɨɜɨɣ ɫɟɬɢ. Ɉɩɪɟɞɟɥɟɧɵ ɝɪɚɮɢɤɢ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. 

Ɋɚɡɪɚɛɨɬɚɧ ɪɹɞ ɪɟɤɨɦɟɧɞɚɰɢɣ ɢ ɩɪɟɞɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ 

ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɚɛɨɧɟɧɬɫɤɢɯ ɜɜɨɞɚɯ ɡɞɚɧɢɣ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɬɟɩɥɨɜɨɣ ɫɟɬɢ. 
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ȼȼȿȾȿɇɂȿ 

 

ɐɟɧɬɪɚɥɶɧɨɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɝɨɪɨɞɫɤɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɜ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɟɩɥɨɜɵɟ ɢɫɬɨɱɧɢɤɢ (ȽɊɗɋ, Ɍɗɐ, 

ɤɨɬɟɥɶɧɵɟ) ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɢ. ɇɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɟɪɟɪɚɫɯɨɞɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɚ ɬɚɤɠɟ ɭɯɭɞɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɨɛɫɬɚɧɨɜɤɢ. ȼ ɫɜɹɡɢ ɫ ɭɞɨɪɨɠɚɧɢɟɦ ɬɨɩɥɢɜɚ, ɭɜɟɥɢɱɟɧɢɟɦ ɟɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɫ 

ɤɚɠɞɵɦ ɝɨɞɨɦ, ɭɫɥɨɠɧɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɞɨɛɵɱɢ ɨɫɬɚɜɲɢɯɫɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ 

ɭɠɟɫɬɨɱɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɜ ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɟ, ɷɮɮɟɤɬɢɜɧɨɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɢ 

ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɥɢɬɢɤɢ ɝɨɫɭɞɚɪɫɬɜɚ.  
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ȽɅȺȼȺ 1. ɗɄɋɉɅɍȺɌȺɐɂə ɐȿɇɌɊȺɅɂɁɈȼȺɇɇɕɏ ɋɂɋɌȿɆ 

ɌȿɉɅɈɋɇȺȻɀȿɇɂə  
 

1.1 Ɇɟɬɨɞɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 

 

ȼ ɫɜɹɡɢ ɫ ɪɚɡɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ 

ɬɟɩɥɨɜɵɦ ɫɟɬɹɦ (ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ, Ƚȼɋ), ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɬɟɩɥɨɜɵɦɢ 

ɧɚɝɪɭɡɤɚɦɢ ɩɨ ɫɟɡɨɧɧɵɦ ɢ ɫɭɬɨɱɧɵɦ ɝɪɚɮɢɤɚɦ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɨɣ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨ ɪɚɡɜɟɬɜɥɟɧɧɵɦ ɢ ɩɪɨɬɹɠɟɧɧɵɦ ɬɟɩɥɨɜɵɦ ɫɟɬɹɦ, 

ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɫɢɫɬɟɦ ɰɟɧɬɪɚɥɶɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɨɛɟɫɩɟɱɟɧɢɟɦ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɦ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢ ɤɚɱɟɫɬɜɚ, ɫɭɳɟɫɬɜɭɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɧɢɦɢ, ɱɬɨ ɜ ɫɢɫɬɟɦɚɯ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɪɢ ɩɨɦɨɳɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

ȼ ɝɨɪɨɞɫɤɢɯ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɬɵ ɹɜɥɹɸɬɫɹ 

ɤɨɬɟɥɶɧɵɟ, Ɍɗɐ, ȽɊɗɋ, ɤ ɤɨɬɨɪɵɦ ɩɨɞɤɥɸɱɟɧɵ ɩɪɨɬɹɠɟɧɧɵɟ ɬɟɩɥɨɜɵɟ ɫɟɬɢ 

ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ 

ɧɚɝɪɭɡɤɭ ɢ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɬɟɩɥɨɜɨɣ ɫɟɬɢ. Ɍɟɩɥɨɜɵɟ ɫɟɬɢ 

ɪɚɡɞɟɥɹɸɬ ɧɚ ɦɚɝɢɫɬɪɚɥɶɧɵɟ, ɩɪɨɤɥɚɞɵɜɚɟɦɵɟ ɧɚ ɝɥɚɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ 

ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ; ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ, ɩɪɨɤɥɚɞɵɜɚɟɦɵɟ ɜɧɭɬɪɢ ɤɜɚɪɬɚɥɚ, 

ɦɢɤɪɨɪɚɣɨɧɚ; ɢ ɨɬɜɟɬɜɥɟɧɢɹ ɤ ɨɬɞɟɥɶɧɵɦ ɡɞɚɧɢɹɦ. ȼ ɩɪɚɤɬɢɤɟ ɩɪɢɦɟɧɹɸɬɫɹ 

ɫɯɟɦɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɪɚɞɢɚɥɶɧɵɟ (ɬɭɩɢɤɨɜɵɟ), ɪɚɞɢɚɥɶɧɨ-ɤɨɥɶɰɟɜɵɟ ɢ 

ɤɨɥɶɰɟɜɵɟ. Ɋɚɞɢɚɥɶɧɵɟ ɫɟɬɢ (ɪɢɫ. 1ɚ) ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵ ɢ ɷɤɨɧɨɦɢɱɧɵ ɩɨ 

ɧɚɱɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ, ɢɯ ɫɨɨɪɭɠɚɸɬ ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɞɢɚɦɟɬɪɨɜ 

ɬɟɩɥɨɩɪɨɜɨɞɨɜ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ. ɂɯ ɨɫɧɨɜɧɨɣ 

ɧɟɞɨɫɬɚɬɨɤ - ɨɬɫɭɬɫɬɜɢɟ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ. ɋɨɝɥɚɫɧɨ ɋɇɢɉ 2.04.07-86, ɜɨ 

ɢɡɛɟɠɚɧɢɟ ɩɟɪɟɪɵɜɨɜ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ (ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɢ ɧɚ ɦɚɝɢɫɬɪɚɥɢ 

ɪɚɞɢɚɥɶɧɨɣ ɫɟɬɢ ɩɪɟɤɪɚɳɚɟɬɫɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚ ɚɜɚɪɢɣɧɨɦ 

ɭɱɚɫɬɤɟ) ɞɨɥɠɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɩɨɞɚɱɢ ɬɟɩɥɨɬɵ 
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ɩɨɬɪɟɛɢɬɟɥɹɦ ɡɚ ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɩɟɪɟɦɵɱɟɤ ɦɟɠɞɭ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ 

ɫɦɟɠɧɵɯ ɪɚɣɨɧɨɜ ɢ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɬɵ (ɟɫɥɢ ɢɯ 

ɧɟɫɤɨɥɶɤɨ). Ɋɚɞɢɭɫ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɜɨ ɦɧɨɝɢɯ ɝɨɪɨɞɚɯ ɜɟɫɶɦɚ 

ɡɧɚɱɢɬɟɥɶɧɵɣ (15—20 ɤɦ). ɍɫɬɪɨɣɫɬɜɨ ɩɟɪɟɦɵɱɟɤ ɩɪɟɜɪɚɳɚɟɬ ɬɟɩɥɨɜɭɸ ɫɟɬɶ 

ɜ ɪɚɞɢɚɥɶɧɨ-ɤɨɥɶɰɟɜɭɸ, ɩɪɨɢɫɯɨɞɢɬ ɱɚɫɬɢɱɧɵɣ ɩɟɪɟɯɨɞ ɤ ɤɨɥɶɰɟɜɵɦ ɫɟɬɹɦ 

(ɪɢɫ. 1ɛ). Ⱦɥɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɜ ɤɨɬɨɪɵɯ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩɟɪɟɪɵɜ ɜ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɞɭɛɥɢɪɨɜɚɧɢɟ ɢɥɢ ɤɨɥɶɰɟɜɵɟ (ɫ 

ɞɜɭɫɬɨɪɨɧɧɟɣ ɩɨɞɚɱɟɣ ɬɟɩɥɨɬɵ) ɫɯɟɦɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ. ɏɨɬɹ ɤɨɥɶɰɟɜɚɧɢɟ 

ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɭɞɨɪɨɠɚɟɬ ɢɯ, ɧɨ ɡɚɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 

ɧɚɞɟɠɧɨɫɬɶ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɫɨɡɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɹ [4]. 

 

 
Ɋɢɫɭɧɨɤ 1- ɋɯɟɦɵ ɬɭɩɢɤɨɜɨɣ (ɚ) ɢ ɤɨɥɶɰɟɜɨɣ (ɛ) ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ: 1 - ɥɭɱɟɜɨɣ 

ɦɚɝɢɫɬɪɚɥɶɧɵɣ ɬɟɩɥɨɩɪɨɜɨɞ; 2 - ɬɟɩɥɨɜɵɟ ɩɨɬɪɟɛɢɬɟɥɢ; 3 - ɩɟɪɟɦɵɱɤɢ; 4- ɪɚɣɨɧɧɵɟ 

(ɤɜɚɪɬɚɥɶɧɵɟ) ɤɨɬɟɥɶɧɵɟ; 5- ɫɟɤɰɢɨɧɢɪɭɸɳɢɟ ɤɚɦɟɪɵ; 6 - ɤɨɥɶɰɟɜɚɹ ɦɚɝɢɫɬɪɚɥɶ; 7- 

ɰɟɧɬɪɚɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɩɭɧɤɬɵ [4]. 

 

ɉɪɢ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɧɚɞɟɠɧɨɟ ɢ ɤɚɱɟɫɬɜɟɧɧɨɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɜɨɡɦɨɠɧɨ ɩɪɢ ɰɟɧɬɪɚɥɶɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

ɋɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦɚɯ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜ 50-ɟ ɝɨɞɚ XX ɜ. ɢ ɪɚɡɜɢɜɚɥɢɫɶ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɨɫɬɨɦ ɝɨɪɨɞɨɜ, ɪɚɡɜɢɬɢɟɦ ɬɟɩɥɨɮɢɤɚɰɢɢ, ɩɨɹɜɥɟɧɢɟɦ 



7 

 

ɪɚɡɥɢɱɧɵɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɨɬɨɩɥɟɧɢɹ, ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ 

ɜɟɧɬɢɥɹɰɢɢ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɹɜɢɥɚɫɶ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ 

ɧɚɝɪɭɡɨɤ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ ɜ ɛɚɥɚɧɫɟ ɧɚɝɪɭɡɨɤ ɫɢɫɬɟɦ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɚɱɢ 

ɩɨɬɪɟɛɢɬɟɥɹɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫ ɪɚɡɥɢɱɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ (ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ 

ɜɨɡɞɭɯɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɨɩɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 

ɝɪɚɮɢɤ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɋɇɢɉ 41-01-2003 "Ɍɟɩɥɨɜɵɟ ɫɟɬɢ", ɦɨɠɟɬ 

ɫɨɫɬɚɜɥɹɬɶ 150/70°ɋ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɞɥɹ ɜɧɭɬɪɟɧɧɟɣ ɫɢɫɬɟɦɵ 

ɨɬɨɩɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ 105/70°ɋ ɢ 95/70°ɋ, ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɜɚɬɶ ɜɨɞɭ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ: ɞɥɹ ɡɚɤɪɵɬɵɯ ɫɢɫɬɟɦ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ - ɧɟ ɦɟɧɟɟ 70°ɋ, ɞɥɹ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ - ɧɟ 

ɦɟɧɟɟ 60°ɋ, ɞɥɹ ɡɚɤɪɵɬɵɯ ɢ ɨɬɤɪɵɬɵɯ ɧɟ ɛɨɥɟɟ 75 °C), ɤɨɦɩɟɧɫɚɰɢɢ 

ɫɭɬɨɱɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɧɚɝɪɭɡɨɤ ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, 

ɤɨɬɨɪɚɹ ɹɜɢɥɚɫɶ ɩɪɢɱɢɧɨɣ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɜ 

ɩɨɦɟɳɟɧɢɹɯ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɩɨɫɨɛɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 

ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫ 

ɪɚɡɧɨɪɨɞɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɦɟɬɨɞɢɤ ɢɯ ɪɚɫɱɟɬɚ. 

ɐɟɧɬɪɚɥɢɡɨɜɚɧɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɩɟɪɜɢɱɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɥɢ ɟɝɨ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɂɡɦɟɧɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢɥɢ 

ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɢ ɱɢɫɥɨ ɱɚɫɨɜ ɢɯ ɪɚɛɨɬɵ ɦɨɠɧɨ ɬɨɥɶɤɨ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢɥɢ ɧɚ ɬɟɩɥɨɜɨɦ ɜɜɨɞɟ ɚɛɨɧɟɧɬɫɤɨɣ 

ɭɫɬɚɧɨɜɤɢ, ɨɫɭɳɟɫɬɜɥɹɹ ɦɟɫɬɧɨɟ ɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɚɸɬ 

ɰɟɧɬɪɚɥɶɧɨɟ, ɝɪɭɩɩɨɜɨɟ, ɦɟɫɬɧɨɟ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. Ⱦɥɹ 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɞɨɩɨɥɧɹɟɬɫɹ ɝɪɭɩɩɨɜɵɦ, ɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ, ɬ. ɟ. ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. Ʉɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, 

ɫɨɫɬɨɹɳɟɟ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɬɭɩɟɧɟɣ, ɜɡɚɢɦɧɨ ɞɨɩɨɥɧɹɸɳɢɯ ɞɪɭɝ ɞɪɭɝɚ, 
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ɫɨɡɞɚɟɬ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɨɬɩɭɫɤɨɦ ɬɟɩɥɚ ɢ ɮɚɤɬɢɱɟɫɤɢɦ 

ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɟɦ. ɉɨ ɫɩɨɫɨɛɭ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 

ɪɭɱɧɵɦ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ [1]. 

ɐɟɧɬɪɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɸɬ ɧɚ ɬɟɩɥɨɢɫɬɨɱɧɢɤɟ (Ɍɗɐ, 

ɤɨɬɟɥɶɧɚɹ) ɩɨ ɧɚɝɪɭɡɤɟ, ɩɪɟɨɛɥɚɞɚɸɳɟɣ, ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɬɪɟɛɢɬɟɥɟɣ. ȼ 

ɝɨɪɨɞɫɤɢɯ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ ɬɚɤɨɣ ɧɚɝɪɭɡɤɨɣ ɦɨɠɟɬ ɛɵɬɶ ɨɬɨɩɥɟɧɢɟ ɢɥɢ 

ɫɨɜɦɟɫɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. Ɂɚɜɢɫɢɦɨɫɬɶ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɚɹ 

ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, 

ɧɚɡɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɝɪɚɮɢɤɨɦ. ȼɵɛɨɪ ɥɸɛɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɝɪɚɮɢɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɬɚɤ 

ɤɚɤ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɬ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ ɬɟɩɥɨɢɫɬɨɱɧɢɤɚ, 

ɭɪɨɜɧɢ ɦɚɤɫɢɦɚɥɶɧɨ ɢ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɧɚɩɨɪɨɜ ɜ ɬɟɩɥɨɫɟɬɢ, 

ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɞɛɨɪɨɦ 

ɞɢɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɚɛɨɧɟɧɬɫɤɢɯ ɜɜɨɞɨɜ, ɡɚɬɪɚɬɵ ɧɚ 

ɬɪɚɧɫɩɨɪɬ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɚɛɨɧɟɧɬɫɤɭɸ 

ɭɫɬɚɧɨɜɤɭ, ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ. 

ɉɪɢ ɰɟɧɬɪɚɥɶɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɢɡɦɟɧɹɸɳɟɣɫɹ 

ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ - 

ɤɚɱɟɫɬɜɟɧɧɵɣ ɦɟɬɨɞ, ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ - ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ 

ɦɟɬɨɞ ɢ ɫɨɜɦɟɫɬɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ – 

ɤɚɱɟɫɬɜɟɧɧɨ – ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɦɟɬɨɞ, ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɨɬɤɥɸɱɟɧɢɟɦ ɫɢɫɬɟɦ, 

ɬ. ɟ. ɩɪɨɩɭɫɤɚɦɢ ɩɨɞɚɱɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ - ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɪɨɩɭɫɤɚɦɢ [7]. 

Ʉɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɟɝɨ ɩɨɫɬɨɹɧɧɨɦ ɪɚɫɯɨɞɟ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ. ȼ 

ɫɢɫɬɟɦɚɯ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ ɢ 

ɬɟɩɥɨɩɪɢɟɦɧɢɤɢ ɪɚɡɦɟɳɟɧɵ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, 

ɭɜɟɥɢɱɟɧɢɟ ɩɨ ɤɚɤɨɣ-ɥɢɛɨ ɩɪɢɱɢɧɟ ɪɚɫɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɭ ɚɛɨɧɟɧɬɨɜ, 
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ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɛɥɢɠɟ ɤ ɢɫɬɨɱɧɢɤɭ, ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ 

ɪɚɫɩɨɥɚɝɚɟɦɵɯ ɧɚɩɨɪɨɜ ɢ ɧɚɪɭɲɟɧɢɸ ɰɢɪɤɭɥɹɰɢɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɭ 

ɚɛɨɧɟɧɬɨɜ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɤɨɧɰɟɜɵɦ ɭɱɚɫɬɤɚɦ ɬɟɩɥɨɫɟɬɢ. ɉɪɢ 

ɤɚɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫɨɡɞɚɸɬɫɹ ɧɚɢɛɨɥɟɟ 

ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɞɥɹ ɜɫɟɯ ɚɛɨɧɟɧɬɫɤɢɯ ɭɫɬɚɧɨɜɨɤ, ɱɬɨ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɫɬɨɹɧɫɬɜɨɦ ɪɚɫɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢɡɦɟɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɚɤ ɜ ɩɨɞɚɸɳɟɣ, ɬɚɤ ɢ ɜ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɢ.  ɒɢɪɨɤɨɦɭ 

ɩɪɢɦɟɧɟɧɢɸ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɦɟɬɨɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɚɤ ɨɫɧɨɜɧɨɝɨ ɫɩɨɫɨɛɚ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ 

ɧɟɜɵɫɨɤɢɟ ɰɟɧɵ ɧɚ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ, ɨɬɫɭɬɫɬɜɢɟ ɨɫɬɪɨɣ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɢ 

ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟ ɩɪɢɛɨɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɪɚɫɯɨɞɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭ ɚɛɨɧɟɧɬɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ τ1 ′/τ2′=150/70 °C. 

ɗɬɨɬ ɝɪɚɮɢɤ ɛɵɥ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧ ɪɚɧɟɟ ɞɟɣɫɬɜɨɜɚɜɲɢɦ ɋɇɢɉ 2.04.07-86* ɢ 

ɩɪɢɧɹɬ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɨɥɶɲɢɧɫɬɜɚ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɉɛɨɫɧɨɜɚɧɢɟɦ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɛɨɪɚ ɞɚɧɧɨɝɨ ɝɪɚɮɢɤɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɭɱɚɟɬɫɹ ɧɚɢɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɧɚ Ɍɗɐ 

ɩɪɢɦɟɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ 150/70 °C ɫɨ ɫɪɟɡɤɨɣ ɩɪɢ 120, 130, 135 

ɢɥɢ 140 °C. ɉɪɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɨɛɨɫɧɨɜɚɧɢɢ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɮɢɤɨɜ ɛɟɡ ɫɪɟɡɤɢ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɟɬɟɜɨɣ 

ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɬɟɩɥɨɫɟɬɢ, ɧɚɩɪɢɦɟɪ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ  

τ1 ′/τ2′= (95, 105, 130, 140) /70 °C.  

ɉɪɢɧɰɢɩ ɫɬɚɛɢɥɶɧɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɢ 

ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɧɢɯ ɜɵɞɜɢɝɚɥɫɹ ɜ ɫɜɨɟ ɜɪɟɦɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 

ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ, ɬɚɤ 
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ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɩɨɫɬɨɹɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɥɭɱɲɢɣ ɪɟɠɢɦ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɋɭɳɟɫɬɜɟɧɧɵɦ 

ɧɟɞɨɫɬɚɬɤɨɦ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɫɨɯɪɚɧɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɩɨɫɬɨɹɧɧɵɦ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɟɜɭ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 

ɉɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɜ ɬɟɱɟɧɢɟ 

ɜɫɟɝɨ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ ɩɪɢɛɨɪɚɦ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ ɪɚɡɧɵɯ ɷɬɚɠɚɯ, ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɨɝɪɟɜɚ [1]. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɟɪɟɡ ɦɟɫɬɧɵɟ ɭɫɬɚɧɨɜɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɟɝɨ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ. ɉɪɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɬɧɨɣ 

ɫɟɬɟɜɨɣ ɜɨɞɵ. 

Ʉɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬɟɦ 

ɫɨɜɦɟɫɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɋɩɨɫɨɛɵ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢ 

ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɩɨɥɭɱɢɥɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɫɞɟɪɠɢɜɚɸɳɢɯ ɪɚɡɜɢɬɢɟ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 

ɛɵɥɨ ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɢɛɨɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɚɛɨɧɟɧɬɫɤɢɯ ɜɜɨɞɚɯ ɢ ɭ ɨɬɞɟɥɶɧɵɯ 

ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ɋɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫ ɪɚɡɜɟɬɜɥɟɧɧɵɦɢ, ɩɪɨɬɹɠɟɧɧɵɦɢ ɬɟɩɥɨɜɵɦɢ 

ɫɟɬɹɦɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɢɧɟɪɬɧɨɫɬɶɸ: ɜɪɟɦɹ 

ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɨɬ ɬɟɩɥɨɢɫɬɨɱɧɢɤɚ ɞɨ ɧɚɢɛɨɥɟɟ ɭɞɚɥɟɧɧɨɝɨ 

ɩɨɬɪɟɛɢɬɟɥɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ. ɉɨɷɬɨɦɭ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ 

ɫɩɨɫɨɛɟ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɪɟɝɭɥɢɪɭɸɬ ɩɨ ɫɪɟɞɧɟɫɭɬɨɱɧɨɣ ɢɥɢ ɫɪɟɞɧɟɣ ɡɚ 

ɧɟɫɤɨɥɶɤɨ (8-12) ɱɚɫɨɜ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɫɨɨɬɜɟɬɫɬɜɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ 
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ɧɚɪɭɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɩɨɦɟɳɟɧɢɣ ɭ ɧɚɢɛɨɥɟɟ ɭɞɚɥɟɧɧɵɯ 

ɩɨɬɪɟɛɢɬɟɥɟɣ.  

ɇɚ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɪɟɚɝɢɪɭɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ, ɩɪɢɦɟɪɧɨ ɫɨ ɫɤɨɪɨɫɬɶɸ ɡɜɭɤɚ, ɤɨɬɨɪɚɹ ɜ ɜɨɞɟ 

ɫɨɫɬɚɜɥɹɟɬ 1500 ɦ/ɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɢ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɦɨɠɟɬ 

ɛɵɫɬɪɟɟ ɫɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɱɟɦ ɩɪɢ 

ɤɚɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ. ɉɟɪɟɦɟɧɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɢ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɜɨɡɦɨɠɧɨ 

ɨɪɝɚɧɢɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦɢ ɫɩɨɫɨɛɚɦɢ: ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɧɚɫɨɫɨɜ; 

ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɧɚɫɨɫɨɜ; ɭɫɬɚɧɨɜɤɨɣ ɧɚ 

ɬɟɩɥɨɢɫɬɨɱɧɢɤɟ ɧɚɫɨɫɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ.  

ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɧɚɫɨɫɨɜ ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɢɯ ɨɛɨɪɨɬɨɜ. ɉɪɢ ɬɚɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɨɬ ɪɚɫɩɨɥɚɝɚɟɦɨɝɨ ɧɚɩɨɪɚ ɧɚ 

ɫɬɚɧɰɢɢ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɚ ɤ ɪɚɫɱɟɬɧɨɣ. ɉɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɩɨɪɚ 

ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɢɡɛɵɬɨɱɧɨɝɨ ɧɚɩɨɪɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. ɂɡɦɟɧɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ 

ɧɚɫɨɫɨɜ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɬɨɥɶɤɨ 

ɫɬɭɩɟɧɱɚɬɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɢɡɛɵɬɨɱɧɨɝɨ 

ɧɚɩɨɪɚ ɜ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɚɯ ɢɥɢ ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɟ ɢ ɩɪɢɜɟɞɟɬ ɤ 

ɫɧɢɠɟɧɢɸ ɄɉȾ ɧɚɫɨɫɨɜ. Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟɦ 

ɪɚɫɯɨɞɚ ɜɨɞɵ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɝɪɚɮɢɤɨɦ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɧɚɫɨɫɨɜ, ɤɨɬɨɪɨɟ ɜɨɡɧɢɤɧɟɬ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɧɚ ɫɬɚɧɰɢɢ ɧɚɫɨɫɨɜ ɫ ɨɞɢɧɚɤɨɜɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ. 

Ʌɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ, ɟɫɥɢ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ ɧɚɫɨɫ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɬɟɩɥɨɢɫɬɨɱɧɢɤɟ ɧɚɫɨɫɨɜ ɫ 

ɪɚɡɥɢɱɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɧɚɩɨɪɚ ɬɚɤɠɟ 

ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦɨ, ɧɨ ɡɚ ɫɱɟɬ ɩɨɞɛɨɪɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɨɫɨɜ ɷɬɢ ɩɨɬɟɪɢ 
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ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ. ɉɨɷɬɨɦɭ ɷɤɨɧɨɦɢɱɧɟɟ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚ ɫɬɚɧɰɢɢ 

ɧɚɫɨɫɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 

ɱɟɦ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɧɚɫɨɫɨɜ: ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɧɚ 

ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɧɚɩɨɪɚ ɭɦɟɧɶɲɚɬɫɹ.  

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɜ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɬɟɩɥɨɩɪɨɜɨɞɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɟɣ 

ɩɨɡɜɨɥɹɟɬ ɫɜɟɫɬɢ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɤ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ. Ɍɚɤ ɠɟ, 

ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢ 

ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɩɨɫɨɛɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 

ɹɜɥɹɟɬɫɹ 100%-ɚɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ ɢ ɦɟɫɬɧɵɯ ɚɛɨɧɟɧɬɫɤɢɯ 

ɭɫɬɚɧɨɜɨɤ [7]. 

ɉɪɟɪɵɜɢɫɬɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɨɬɤɥɸɱɟɧɢɟɦ 

ɫɢɫɬɟɦ, ɬ. ɟ. ɩɪɨɩɭɫɤɚɦɢ ɩɨɞɚɱɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɷɬɨɬ ɦɟɬɨɞ 

ɧɚɡɵɜɚɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɪɨɩɭɫɤɚɦɢ. ɐɟɧɬɪɚɥɶɧɵɟ ɩɪɨɩɭɫɤɢ ɜɨɡɦɨɠɧɵ 

ɥɢɲɶ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ ɫ ɨɞɧɨɪɨɞɧɵɦ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɟɦ, ɞɨɩɭɫɤɚɸɳɢɦ 

ɨɞɧɨɜɪɟɦɟɧɧɵɟ ɩɟɪɟɪɵɜɵ ɜ ɩɨɞɚɱɟ ɬɟɩɥɚ. ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫ ɪɚɡɧɨɪɨɞɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɩɪɨɩɭɫɤɚɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɟɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ [1]. 

 

1.2 ɋɬɪɭɤɬɭɪɚ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ 

 

Ʉɪɨɦɟ ɰɟɧɬɪɚɥɶɧɨɝɨ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 

ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɚɯ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɭɡɥɵ ɩɨɞɤɥɸɱɟɧɢɹ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɤ ɬɟɩɥɨɜɵɦ ɫɟɬɹɦ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 

ɩɨɞɝɨɬɨɜɤɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ 

ɦɟɫɬɧɵɟ ɫɢɫɬɟɦɵ. Ɉɬ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ ɡɚɜɢɫɹɬ 

ɧɚɞɟɠɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜɫɟɣ 

ɫɢɫɬɟɦɵ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. 
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Ƚɪɭɩɩɨɜɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɰɟɧɬɪɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ 

ɩɭɧɤɬɚɯ (ɐɌɉ) ɞɥɹ ɝɪɭɩɩɵ ɩɨɬɪɟɛɢɬɟɥɟɣ (ɧɟɫɤɨɥɶɤɢɯ ɡɞɚɧɢɣ, ɤɜɚɪɬɚɥɚ ɢɥɢ 

ɦɢɤɪɨɪɚɣɨɧɚ), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɵɧɟɫɬɢ ɰɢɪɤɭɥɹɰɢɨɧɧɵɟ ɧɚɫɨɫɵ ɫɢɫɬɟɦ 

ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɜɟɫɶ ɭɡɟɥ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɝɨɪɹɱɟɣ ɜɨɞɵ ɢɡ 

ɩɨɞɜɚɥɨɜ ɞɨɦɨɜ ɜ ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɟɟ ɡɞɚɧɢɟ, ɜ ɰɟɥɹɯ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɩɪɟɜɵɲɟɧɢɹ ɭɪɨɜɧɟɣ ɲɭɦɚ ɢ ɜɢɛɪɚɰɢɢ, ɞɨɩɭɫɤɚɟɦɵɯ ȽɈɋɌ 12.1.003, ȽɈɋɌ 

12.1.012 ɢ ɋɇɢɉ II-12-77 ɜ ɡɞɚɧɢɹɯ ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɭɧɤɬɚɦɢ ɢ 

ɛɥɢɡɥɟɠɚɳɢɯ ɤ ɬɟɩɥɨɜɵɦ ɩɭɧɤɬɚɦ. 

Ɉɬɨɩɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜ ɤɚɠɞɨɦ ɡɞɚɧɢɢ ɩɪɢɫɨɟɞɢɧɹɸɬ ɤ ɤɜɚɪɬɚɥɶɧɨɣ 

ɫɟɬɢ ɱɟɪɟɡ ɷɥɟɜɚɬɨɪɵ, ɱɟɪɟɡ ɭɡɥɵ ɫɦɟɲɟɧɢɹ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɬɟɩɥɨɜɨɣ 

ɫɟɬɢ. ȼ ɐɌɉ ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɬɪɟɛɭɟɦɵɟ ɪɚɫɯɨɞ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɢɥɢ ɜɨ 

ɜɧɭɬɪɢɤɜɚɪɬɚɥɶɧɵɟ ɫɟɬɢ. Ɋɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɢɯ 

ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜɨɞɹɧɵɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɩɨɫɥɟ ɐɌɉ ɩɪɢ ɩɪɢɫɨɟɞɢɧɟɧɢɢ 

ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɣ ɩɨ ɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɞɨɥɠɧɚ ɩɪɢɧɢɦɚɬɶɫɹ ɪɚɜɧɨɣ 

ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɞɨ 

ɐɌɉ, ɧɨ ɧɟ ɜɵɲɟ 150 °ɋ.  

ȼ ɡɚɤɪɵɬɵɯ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ 

ɨɞɢɧ ɐɌɉ ɧɚ ɦɢɤɪɨɪɚɣɨɧ ɢɥɢ ɝɪɭɩɩɭ ɡɞɚɧɢɣ ɫ ɪɚɫɯɨɞɨɦ ɬɟɩɥɨɬɵ ɜ ɩɪɟɞɟɥɚɯ 

12-35 Ɇȼɬ (ɩɨ ɫɭɦɦɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ 

ɫɪɟɞɧɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ). ɉɪɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɢ 

ɨɬ ɤɨɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɶɸ 35 Ɇȼɬ ɢ ɦɟɧɟɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɜ 

ɡɞɚɧɢɹɯ ɬɨɥɶɤɨ ɂɌɉ. ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ, 

ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ 

ɨɞɧɨɝɨ ɡɞɚɧɢɹ ɢɥɢ ɟɝɨ ɱɚɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ 

ɩɭɧɤɬɚɯ (ɂɌɉ). ɍɫɬɪɨɣɫɬɜɨ ɂɌɉ ɨɛɹɡɚɬɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɡɞɚɧɢɹ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɥɢɱɢɹ ɐɌɉ, ɩɪɢ ɷɬɨɦ ɜ ɂɌɉ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɬɟ 

ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɢɫɬɟɦ ɩɨɬɪɟɛɥɟɧɢɹ 

ɬɟɩɥɨɬɵ ɞɚɧɧɨɝɨ ɡɞɚɧɢɹ ɢ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɜ ɐɌɉ.  
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Ⱦɨɩɭɫɤɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɐɌɉ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɢɫɬɟɦ 

ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɨɞɧɨɝɨ ɡɞɚɧɢɹ, ɟɫɥɢ ɞɥɹ ɷɬɨɝɨ ɡɞɚɧɢɹ ɬɪɟɛɭɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ 

ɧɟɫɤɨɥɶɤɢɯ ɂɌɉ [2]. ȼ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɚɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɡɦɟɳɟɧɢɟ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚɪɦɚɬɭɪɵ, ɩɪɢɛɨɪɨɜ ɤɨɧɬɪɨɥɹ, ɭɩɪɚɜɥɟɧɢɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, 

ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ: 

- ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɢɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɥɢ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ; ɤɨɧɬɪɨɥɶ 

ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; 

- ɭɱɟɬ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ, ɪɚɫɯɨɞɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɤɨɧɞɟɧɫɚɬɚ; 

- ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɫɢɫɬɟɦɚɦ 

ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨɬɵ (ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɟɬɢ ɜ ɐɌɉ ɢɥɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɫɢɫɬɟɦɵ ɂɌɉ); 

- ɡɚɳɢɬɚ ɦɟɫɬɧɵɯ ɫɢɫɬɟɦ ɨɬ ɚɜɚɪɢɣɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ; 

- ɡɚɩɨɥɧɟɧɢɟ ɢ ɩɨɞɩɢɬɤɚ ɫɢɫɬɟɦ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨɬɵ; 

- ɫɛɨɪ, ɨɯɥɚɠɞɟɧɢɟ, ɜɨɡɜɪɚɬ ɤɨɧɞɟɧɫɚɬɚ ɢ ɤɨɧɬɪɨɥɶ ɟɝɨ ɤɚɱɟɫɬɜɚ; 

ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɬɵ; 

- ɜɨɞɨɩɨɞɝɨɬɨɜɤɚ ɞɥɹ ɫɢɫɬɟɦ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

ɉɪɢɛɨɪɵ ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɭɱɟɬɚ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ 

ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɜɨ ɜɫɟɯ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɚɯ. ɋɨɫɬɚɜ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɬɟɩɥɨɜɨɦ ɩɭɧɤɬɟ, ɡɚɜɢɫɢɬ ɨɬ ɫɯɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɫɢɫɬɟɦ 

ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɪɟɠɢɦɨɜ 

ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ.  

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɫ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɞɵ 

ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɫɟɬɢ ɩɨ ɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɷɥɟɜɚɬɨɪɵ, ɩɪɨɫɬɵɟ ɢ ɧɚɞɟɠɧɵɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨɫɬɨɹɧɫɬɜɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɦɟɲɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɫɟɬɟɣ.  

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɩɨɞɚɸɳɟɦ ɢɥɢ ɫɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɨɛ-

ɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɚ ɬɚɤɠɟ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ ɜɨɞɵ ɜ ɫɢɫɬɟɦɚɯ ɝɨɪɹɱɟɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɥɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɜɨɞɵ, 
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ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɜɦɟɫɬɨ ɷɥɟɜɚɬɨɪɨɜ ɜ ɬɟɩɥɨɜɵɯ 

ɩɭɧɤɬɚɯ ɩɪɢɦɟɧɹɸɬ ɧɚɫɨɫɵ.  

ɋɦɟɫɢɬɟɥɶɧɵɟ ɧɚɫɨɫɵ ɩɨɞɛɢɪɚɸɬ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɩɨɞɦɟɲɢɜɚɟɦɨɣ ɜɨɞɵ 

ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɇɚɫɨɫɵ ɧɚ 

ɩɨɞɚɸɳɟɦ ɢ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ 

ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɢɥɢ ɢɡɛɵɬɨɱɧɨɝɨ ɧɚɩɨɪɚ ɜ ɦɟɫɬɧɨɣ ɭɫɬɚɧɨɜɤɟ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɬɢɯ ɧɚɫɨɫɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɧɟɨɛɯɨɞɢɦɵɦ ɪɚɫɯɨɞɨɦ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ [2]. 

ɇɚ ɚɛɨɧɟɧɬɫɤɢɯ ɜɜɨɞɚɯ ɰɟɧɬɪɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɞɨɩɨɥɧɹɟɬɫɹ 

ɦɟɫɬɧɵɦ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɞɨ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɩɥɨɜɵɯ ɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɜ ɤɨɬɨɪɵɯ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɭɱɧɨɟ ɢɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɨɱɟɧɶ ɚɤɬɢɜɧɨ. ɇɚ ɪɵɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧ ɲɢɪɨɤɢɣ ɚɫɫɨɪɬɢɦɟɧɬ ɪɚɡɥɢɱɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɬ ɦɧɨɝɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ, Segnetic, ɆɁɌȺ, Ɉȼȿɇ, 

Clorius, Honeywell, Siemens, Schneider electric, Danfoss ɢ ɞɪ. ɇɚ ɪɢɫɭɧɤɟ 2 ɢ 

ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɨɜɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 

ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 2 - Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɩɪɢ ɡɚɤɪɵɬɨɣ 

ɫɢɫɬɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢ ɡɚɜɢɫɢɦɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɤ ɬɟɩɥɨɜɨɣ ɫɟɬɢ 
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Ɋɢɫɭɧɨɤ 3 - Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɩɪɢ ɨɬɤɪɵɬɨɣ 

ɫɢɫɬɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢ ɧɟɡɚɜɢɫɢɦɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɤ ɬɟɩɥɨɜɨɣ 

ɫɟɬɢ. 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ 

ɬɢɩ ɩɪɢɦɟɧɹɟɦɵɯ ɭɡɥɨɜ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɢ ɫɨɱɟɬɚɧɢɟ ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ 

ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. ɉɪɢ ɷɬɨɦ ɭɡɥɵ ɜɜɨɞɚ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɭɱɟɬɚ 

ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɫɨɝɥɚɫɨɜɚɧɢɹ ɞɚɜɥɟɧɢɣ ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶɸ ɥɸɛɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ [6]. 

Ɋɚɛɨɬɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɭɩɪɚɜɥɹɟɬ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɤɨɧɬɪɨɥɥɟɪ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸɱɟɧɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 

ɤɥɚɩɚɧɚ ɜɥɢɹɸɳɟɝɨ ɧɚ ɨɬɛɨɪ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɡ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɞɚɬɱɢɤ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ. ȼ ɤɨɧɬɪɨɥɥɟɪ ɜɧɨɫɢɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ 

ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ.  

Ʉɨɧɬɪɨɥɥɟɪ ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɡɚɦɟɪɹɟɬ ɬɟɦɩɟɪɚɬɭɪɭ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɫɪɚɜɧɢɜɚɟɬ ɮɚɤɬɢɱɟɫɤɢ ɡɚɦɟɪɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫ ɡɚɞɚɧɧɵɦ ɞɥɹ ɬɟɤɭɳɢɯ ɭɫɥɨɜɢɣ ɡɧɚɱɟɧɢɟɦ. Ʉɪɨɦɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ, ɚɜɬɨɦɚɬɢɤɚ ɧɚ ɜɜɨɞɚɯ ɜɵɩɨɥɧɹɟɬ 

ɡɚɳɢɬɭ ɦɟɫɬɧɵɯ ɫɢɫɬɟɦ ɨɬ ɚɜɚɪɢɢ, ɪɚɡɪɟɝɭɥɢɪɨɜɨɤ ɢ ɨɩɨɪɨɠɧɟɧɢɣ. ɇɚɢɛɨɥɟɟ 
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ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɜ ɫɢɫɬɟɦɭ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɝɨɪɨɞɨɜ ɫ ɪɚɡɧɨɪɨɞɧɨɣ 

ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ (ɨɬɨɩɥɟɧɢɟ, ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ) 

ɹɜɥɹɟɬɫɹ ɫɨɱɟɬɚɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ 

ɧɚɝɪɭɡɤɢ ɢɥɢ ɩɨ ɫɭɦɦɚɪɧɨɣ ɧɚɝɪɭɡɤɟ ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ 

ɝɪɭɩɩɨɜɵɦ ɢɥɢ ɦɟɫɬɧɵɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ 

ɧɚɝɪɭɡɤɢ. 

 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɢ ɪɟɠɢɦɚ, ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ. ȼ ɭɫɬɚɧɨɜɤɚɯ ɝɨɪɹɱɟɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɵɛɢɪɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ 

ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜ ɡɚɤɪɵɬɵɯ ɫɢɫɬɟɦɚɯ ɢɥɢ ɩɨɫɥɟ ɫɦɟɫɢɬɟɥɶɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦɚɯ. ȼ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɜ ɤɚɱɟɫɬɜɟ 

ɨɫɧɨɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɵɛɢɪɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɚɥɨɪɢɮɟɪɨɜ. 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɚ ɫɥɨɠɧɟɟ, 

ɩɨɫɤɨɥɶɤɭ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɨɬɞɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɣ 

ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɬɶɫɹ ɢ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, 

ɩɨɞɚɧɧɨɣ ɜ ɡɞɚɧɢɟ, ɧɨ ɢ ɨɬ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɨɬɨɩɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɡɞɚɧɢɹ, 

ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɞɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɛɵɬɨɜɵɯ ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɷɤɨɧɨɦɢɱɧɨɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

ɧɟɨɛɯɨɞɢɦɨ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɝɪɭɩɩɨɜɨɦɭ ɢ (ɢɥɢ) ɦɟɫɬɧɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢɥɢ 

ɨɬɞɟɥɶɧɵɯ ɡɨɧ ɤɚɠɞɨɝɨ ɡɞɚɧɢɹ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 

ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɨɝɨ ɩɨɤɚɡɚɬɟɥɹ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, ɤɚɤ 

ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɫɱɟɬɧɨɣ 

ɩɪɨɝɪɚɦɦɟ ɜ ɤɨɬɨɪɨɣ ɡɚɥɨɠɟɧɵ ɪɟɠɢɦɵ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɪɭɩɩɨɜɨɣ ɢɥɢ ɦɟɫɬɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɡɞɚɧɢɹ. ɉɪɨɝɪɚɦɦɨɣ ɡɚɞɚɟɬɫɹ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɢ ɪɚɡɧɵɯ ɧɚɪɭɠɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɋɚɫɱɟɬ ɩɪɨɢɫɯɨɞɹɬ ɫ ɭɱɟɬɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɢ ɨɬɤɥɨɧɟɧɢɢ ɮɚɤɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɨɬ ɪɚɫɱɟɬɧɨɣ ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

ɜɨɡɧɢɤɚɟɬ ɧɟɛɚɥɚɧɫ ɬɟɩɥɨɬɵ ɜɨ ɜɫɟɯ ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɹɯ. ȼ ɤɪɭɩɧɵɯ 

ɝɨɪɨɞɫɤɢɯ ɫɢɫɬɟɦɚɯ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɨɛɵɱɧɨ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɨɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨ ɫɨɜɦɟɳɟɧɧɨɣ 

ɧɚɝɪɭɡɤɟ ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ 

ɩɨɡɜɨɥɹɸɬ ɩɪɢ ɡɚɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ ɰɟɧɬɪɚɥɶɧɨɝɨ 

ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɢɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɡɞɚɧɢɹ ɢɥɢ ɝɪɭɩɩɵ 

ɡɞɚɧɢɣ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɢ ɥɸɛɨɣ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ɗɬɢ ɪɚɫɯɨɞɵ 

ɜɨɞɵ ɡɚɤɥɚɞɵɜɚɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɭ ɝɪɭɩɩɨɜɨɝɨ ɢɥɢ ɦɟɫɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ, ɢɡɦɟɪɟɧɧɨɣ 

ɫ ɩɨɦɨɳɶɸ ɢɧɟɪɰɢɨɧɧɨɝɨ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪ.  

ɉɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɨɬɨɩɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɚɥɶɧɟɣɲɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɪɟɠɢɦɚ 

ɨɬɨɩɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɫɧɢɠɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜ ɠɢɥɵɯ ɡɞɚɧɢɹɯ ɜ 

ɧɨɱɧɨɟ ɜɪɟɦɹ ɢɥɢ ɫɧɢɠɚɬɶ ɨɬɩɭɫɤ ɬɟɩɥɨɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ 

ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɡɞɚɧɢɣ ɜ ɧɟɪɚɛɨɱɟɟ ɜɪɟɦɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɤɨɧɨɦɢɸ ɬɟɩɥɨɬɵ ɢ ɫɨɡɞɚɧɢɟ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ. Ⱦɥɹ 

ɷɬɨɣ ɰɟɥɢ ɜ ɫɯɟɦɭ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɜɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɪɟɥɟ 

ɜɪɟɦɟɧɢ, ɤɨɬɨɪɨɟ ɜ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɫɧɢɠɚɟɬ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɨɬɨɩɥɟɧɢɟ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ 

ɬɟɩɥɨɜɵɟ ɩɭɧɤɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɮɮɟɤɬɢɜɧɨɟ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɛɥɚɝɨɞɚɪɹ 

ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɪɚɛɨɬɟ ɪɟɠɢɦɨɜ. Ƚɥɚɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɢɯ 

ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɞɚɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɢɡɜɟɫɬɢ 

ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɯɨɞ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɧɚ ɡɚɤɪɵɬɭɸ ɫɢɫɬɟɦɭ Ƚȼɋ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɨɫɬɚɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɧɵɦɢ ɷɥɟɜɚɬɨɪɧɵɦɢ ɭɡɥɚɦɢ. 
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1.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɬɟɩɥɨɜɨɣ ɫɟɬɢ 

 

ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɪɚɫɯɨɞɨɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɞɚɜɥɟɧɢɟɦ ɜ ɪɚɡɥɢɱɧɵɯ 

ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 

ɪɟɠɢɦɨɦ. Ɋɚɫɱɟɬɧɵɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɠɢɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɧɨɣ ɬɟɩɥɨɜɨɣ 

ɧɚɝɪɭɡɤɨɣ ɚɛɨɧɟɧɬɨɜ. Ⱦɚɜɥɟɧɢɟ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ ɫɟɬɢ ɢ ɧɚ ɚɛɨɧɟɧɬɫɤɢɯ 

ɜɜɨɞɚɯ ɪɚɜɧɨ ɪɚɫɱɟɬɧɨɦɭ. ɇɚɝɥɹɞɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɷɬɨɦ ɪɟɠɢɦɟ ɞɚɟɬ 

ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɝɪɚɮɢɤ, ɩɨɫɬɪɨɟɧɧɵɣ ɩɨ ɞɚɧɧɵɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ. 

Ɉɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɢɡɦɟɧɹɟɬɫɹ. 

ɉɟɪɟɦɟɧɧɵɣ ɪɚɫɯɨɞ ɜɵɡɵɜɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɧɚ 

ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɧɚɥɢɱɢɟɦ ɦɟɫɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɪɚɡɧɨɪɨɞɧɨɣ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɦɢ ɩɟɪɟɤɥɸɱɟɧɢɹɦɢ ɜ ɫɟɬɢ. 

ɂɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɢ ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɦ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ 

ɧɚɪɭɲɟɧɢɸ ɤɚɤ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɚɛɨɧɟɧɬɨɜ. Ɋɚɫɱɟɬ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɪɚɫɯɨɞɨɜ ɢ ɞɚɜɥɟɧɢɣ ɜ ɫɟɬɢ ɢ ɭɫɬɚɧɨɜɢɬɶ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɧɚɝɪɭɡɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɛɟɡɚɜɚɪɢɣɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦɵ. 

Ɋɚɫɱɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɧɵɯ ɭɪɚɜɧɟɧɢɹɯ 

ɝɢɞɪɨɞɢɧɚɦɢɤɢ. ȼ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɟɬ ɦɟɫɬɨ ɤɜɚɞɪɚɬɢɱɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ ȾɊ (ɉɚ) ɨɬ ɪɚɫɯɨɞɚ: 

 

∆P=SV2,                                                                                                        (2)  

 

ɝɞɟ S - ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɩɚɞɟɧɢɟ 

ɞɚɜɥɟɧɢɹ ɩɪɢ ɟɞɢɧɢɰɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɉɚ/(ɦ/3ɱ)2; 

      V - ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɦ3/ɱ. 

ɇɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɪɟɲɚɟɬɫɹ ɰɟɥɵɣ ɪɹɞ 

ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɚ ɢɦɟɧɧɨ: 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɧɨɜɵɯ ɚɛɨɧɟɧɬɨɜ ɤ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ, 
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ɚɜɚɪɢɣɧɨɟ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ, ɩɪɨɜɟɪɹɟɬɫɹ ɪɚɛɨɬɚ ɫɟɬɢ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɜɨɞɨɪɚɡɛɨɪɟ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ. Ɍɚɤ ɠɟ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɋɇɢɉ 41-

02-2003 ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

- ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟ 

ɜɨɞɟ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɪɚɜɧɨɣ 100 °ɋ; 

- ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɚɬɶ ɩɪɢ ɫɬɚɬɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɧɟɞɨɩɭɫɬɢɦɨɟ 

ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɢ ɨɛɨɪɭɞɨɜɚɧɢɢ; 

- ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɨɛɪɚɬɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜɨɞɹɧɵɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 

ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜ ɧɟɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, ɚ ɬɚɤɠɟ ɜ 

ɩɨɞɚɸɳɟɦ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɫɟɬɟɣ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 0,05 Ɇɉɚ ɛɨɥɶɲɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɫɢɫɬɟɦ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ; 

- ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɩɨɞɚɸɳɢɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜɨɞɹɧɵɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 

ɩɪɢ ɪɚɛɨɬɟ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɞɨɥɠɧɨ ɩɪɢɧɢɦɚɬɶɫɹ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ 

ɧɟɜɫɤɢɩɚɧɢɹ ɜɨɞɵ ɩɪɢ ɟɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɥɸɛɨɣ ɬɨɱɤɟ 

ɩɨɞɚɸɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ ɢ ɜ ɩɪɢɛɨɪɚɯ 

ɫɢɫɬɟɦ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɬɟɩɥɨɜɵɦ ɫɟɬɹɦ; 

- ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɨɛɪɚɬɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜɨɞɹɧɵɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 

ɩɪɢ ɪɚɛɨɬɟ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɢɡɛɵɬɨɱɧɵɦ (ɧɟ ɦɟɧɟɟ 0,05 Ɇɉɚ) ɢ 

ɧɚ 0,1 Ɇɉɚ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɨɬɪɟɛɢɬɟɥɟɣ; 

- ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɨɛɪɚɬɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜɨɞɹɧɵɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 

ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜ ɧɟɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, ɚ ɬɚɤɠɟ ɜ 

ɩɨɞɚɸɳɟɦ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɫɟɬɟɣ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 0,05 Ɇɉɚ ɛɨɥɶɲɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɫɢɫɬɟɦ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ; 

- ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɧɚɩɨɪɚ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ ɧɚ ɜɜɨɞɟ 

ɞɜɭɯɬɪɭɛɧɵɯ ɜɨɞɹɧɵɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɜ ɡɞɚɧɢɹ (ɩɪɢ ɷɥɟɜɚɬɨɪɧɨɦ 

ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ) ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɵɦ ɪɚɫɱɟɬɧɵɦ 
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ɩɨɬɟɪɹɦ ɞɚɜɥɟɧɢɹ ɧɚ ɜɜɨɞɟ ɢ ɜ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɟ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 1,5, ɧɨ ɧɟ 

ɦɟɧɟɟ 0,15 Ɇɉɚ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡɛɵɬɨɱɧɵɣ ɧɚɩɨɪ ɝɚɫɢɬɶ ɜ ɬɟɩɥɨɜɵɯ 

ɩɭɧɤɬɚɯ ɡɞɚɧɢɣ. 

ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɩɨ ɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ 

ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɨɤɚɡɵɜɚɸɬ ɩɪɹɦɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɩɪɢɦɟɧɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ (ɭɱɢɬɵɜɚɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɩɪɢɥ.11 

ɋɇɢɉ 2.04.05-91* ɨɛ ɨɛɟɫɩɟɱɟɧɢɢ ɧɟɜɫɤɢɩɚɟɦɨɫɬɢ ɩɟɪɟɝɪɟɬɨɣ ɜɨɞɵ ɩɪɢ 

ɞɢɧɚɦɢɱɟɫɤɨɦ ɢ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɚɯ ɫɢɫɬɟɦɵ), ɢɥɢ ɷɥɟɜɚɬɨɪɧɨɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɤ ɬɟɩɥɨɜɨɣ 

ɫɟɬɢ.  

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɡɚɜɢɫɢɦɨɣ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ ɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɚɛɨɧɟɧɬɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɡɚɜɢɫɢɦɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɜ 

ɚɛɨɧɟɧɬɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɛɨɥɶɲɢɣ, ɱɟɦ ɩɪɢ ɧɟɡɚɜɢɫɢɦɨɦ 

ɩɪɢɫɨɟɞɢɧɟɧɢɢ, ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɬɟɩɥɨɫɟɬɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɦɟɧɶɲɟɧɢɸ 

ɞɢɚɦɟɬɪɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɬɟɩɥɨɫɟɬɢ ɢ ɫɧɢɠɟɧɢɸ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɜ 

ɬɟɩɥɨɜɵɟ ɫɟɬɢ.  

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɡɚɜɢɫɢɦɵɯ ɫɯɟɦ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɬɨɩɢɬɟɥɶɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 

ɧɚ ɪɟɠɢɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɧɢɡɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ 

ɨɬɨɩɥɟɧɢɹ, ɱɭɝɭɧɧɵɟ ɪɚɞɢɚɬɨɪɵ ɜɵɩɭɫɤɚɸɬɫɹ ɧɚ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɞɨ 0,6 

Ɇɉɚ, ɚ ɫɬɚɥɶɧɵɟ ɤɨɧɜɟɤɬɨɪɵ — ɞɨ 1,0 Ɇɉɚ [1]) ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ 

ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɭɫɥɨɠɧɹɟɬ ɷɤɫɩɥɭɚɬɚɰɢɸ ɤɪɭɩɧɵɯ ɫɢɫɬɟɦ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɛɨɧɟɧɬɨɜ 

ɫ ɪɚɡɧɨɪɨɞɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɩɪɨɬɹɠɟɧɧɵɯ ɫɢɫɬɟɦ ɬɪɚɧɫɩɨɪɬɚ 

ɬɟɩɥɨɬɵ.  

ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɡɚɜɢɫɢɦɨɣ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ 

ɷɥɟɜɚɬɨɪɧɵɦ ɫɦɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
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ɦɟɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɬ.ɤ. ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɱɟɪɟɡ ɷɥɟɜɚɬɨɪ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ 

ɩɪɟɤɪɚɳɟɧɢɟ ɰɢɪɤɭɥɹɰɢɢ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ, ɨɩɪɨɤɢɞɵɜɚɧɢɟ 

ɰɢɪɤɭɥɹɰɢɢ ɢɥɢ ɨɩɨɪɨɠɧɟɧɢɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɪɢ ɡɚɜɢɫɢɦɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ 

ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɩɪɢɦɟɧɹɸɬ, ɜ ɫɢɫɬɟɦɚɯ ɨɬɨɩɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɣ, ɜ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɹɯ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɜ 

ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɬɟɩɥɨɫɟɬɢ ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 95-105°ɋ. ɉɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɬɟɩɥɨɫɟɬɢ ɩɪɟɜɵɲɚɸɳɟɣ 

105°C ɢ ɪɚɫɩɨɥɚɝɚɟɦɨɦ ɧɚɩɨɪɟ ɧɚ ɜɜɨɞɟ ɞɨɫɬɚɬɨɱɧɨɦ ɞɥɹ ɪɚɛɨɬɵ ɫɬɪɭɣɧɨɝɨ 

ɧɚɫɨɫɚ - ɷɥɟɜɚɬɨɪɚ (10-15 ɦ. ɜɨɞ. ɫɬ.), ɢɫɩɨɥɶɡɭɸɬ ɷɥɟɜɚɬɨɪɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɤ ɬɟɩɥɨɫɟɬɢ. ɇɟɨɛɯɨɞɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɫɢɫɬɟɦɭ 

ɨɬɨɩɥɟɧɢɹ, ɩɪɢ ɷɥɟɜɚɬɨɪɧɨɦ ɩɨɞɤɥɸɱɟɧɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɦɟɲɟɧɢɹ ɜ 

ɷɥɟɜɚɬɨɪɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ ɢɡ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɫ 

ɨɛɪɚɬɧɨɣ ɜɨɞɨɣ ɢɡ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ. 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɪɟɤɪɚɳɟɧɢɹ ɰɢɪɤɭɥɹɰɢɢ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ 

ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɤɪɚɳɟɧɢɹ ɩɨɞɚɱɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɱɟɪɟɡ ɷɥɟɜɚɬɨɪ ɧɚ ɚɛɨɧɟɧɬɫɤɨɦ 

ɜɜɨɞɟ ɜɦɟɫɬɨ ɷɥɟɜɚɬɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɦɟɫɢɬɟɥɶɧɵɣ ɧɚɫɨɫ. ɉɪɢ ɚɜɚɪɢɣɧɨɦ 

ɨɬɤɥɸɱɟɧɢɢ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɬɚɤɨɣ ɧɚɫɨɫ ɨɫɭɳɟɫɬɜɥɹɟɬ ɰɢɪɤɭɥɹɰɢɸ ɜɨɞɵ ɜ 

ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ, ɱɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɟɟ ɡɚɦɨɪɚɠɢɜɚɧɢɟ ɜ ɬɟɱɟɧɢɟ ɞɨɜɨɥɶɧɨ 

ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (8-12 ɱɚɫɨɜ). 

ɋɦɟɫɢɬɟɥɶɧɵɟ ɧɚɫɨɫɵ ɞɥɹ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɤɚɤ ɧɚ 

ɩɟɪɟɦɵɱɤɟ ɦɟɠɞɭ ɩɨɞɚɸɳɢɦ ɢ ɨɛɪɚɬɧɵɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ, ɩɪɢ 

ɪɚɫɩɨɥɚɝɚɟɦɨɦ ɧɚɩɨɪɟ ɩɟɪɟɞ ɭɡɥɨɦ ɫɦɟɲɟɧɢɹ, ɞɨɫɬɚɬɨɱɧɨɦ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɩɨɫɥɟ 

ɐɌɉ, ɢ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɨɫɥɟ 

ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 0,05 Ɇɉɚ ɜɵɲɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ 

ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ, ɬɚɤ ɢ ɧɚ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɟɪɟɞ ɭɡɥɨɦ ɫɦɟɲɟɧɢɹ 

ɢɥɢ ɧɚ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɨɫɥɟ ɭɡɥɚ ɫɦɟɲɟɧɢɹ ɩɪɢ ɪɚɫɩɨɥɚɝɚɟɦɨɦ 

ɧɚɩɨɪɟ ɩɟɪɟɞ ɭɡɥɨɦ ɫɦɟɲɟɧɢɹ, ɧɟɞɨɫɬɚɬɨɱɧɨɦ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 
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ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɩɨɫɥɟ 

ɐɌɉ. 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɩɨ ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɩɨɡɜɨɥɹɟɬ 

ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɬɟɩɥɨɫɟɬɢ ɢ ɜɥɢɹɧɢɟ ɫɭɬɨɱɧɨɣ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɚ ɪɚɛɨɬɭ ɫɢɫɬɟɦ 

ɨɬɨɩɥɟɧɢɹ, ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɞɟɠɧɨɫɬɢ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. ɋɨɝɥɚɫɧɨ ɋɇɢɉ 2.04.07-86* "Ɍɟɩɥɨɜɵɟ ɫɟɬɢ", ɩɨ 

ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢɫɨɟɞɢɧɹɬɶ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ 

ɜɟɧɬɢɥɹɰɢɢ ɡɞɚɧɢɣ ɫ ɱɢɫɥɨɦ ɷɬɚɠɟɣ 12 ɢ ɜɵɲɟ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɛɨɫɧɨɜɚɧɢɢ 

ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ ɞɪɭɝɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɬɵ. Ɉɫɧɨɜɧɨɣ 

ɷɥɟɦɟɧɬ ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤ - ɜɨɞɨ-ɜɨɞɹɧɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ ɜɨɞɚ, 

ɰɢɪɤɭɥɢɪɭɸɳɚɹ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ, ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɣ ɫɪɟɞɵ ɜ ɬɚɤɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɬɟɜɚɹ ɜɨɞɚ. ɐɢɪɤɭɥɹɰɢɹ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɧɚɫɨɫɚ. ȼ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɚɯ ɩɪɢɦɟɧɹɸɬɫɹ 

ɜɨɞɹɧɵɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɟɤɰɢɨɧɧɵɟ ɤɨɠɭɯɨɬɪɭɛɧɵɟ ɢɥɢ ɩɥɚɫɬɢɧɱɚɬɵɟ 

ɜɨɞɨɩɨɞɨɝɪɟɜɚɬɟɥɢ.  

Ⱦɥɹ ɜɨɞɨ-ɜɨɞɹɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɩɪɨɬɢɜɨɬɨɱɧɭɸ 

ɫɯɟɦɭ ɩɨɬɨɤɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. ɉɪɢ ɧɟɡɚɜɢɫɢɦɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɫɢɫɬɟɦ 

ɨɬɨɩɥɟɧɢɹ ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɜ ɫɢɫɬɟɦɵ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɭɫɥɨɠɧɹɟɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ 

ɢ ɚɛɨɧɟɧɬɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɡɚ ɫɱɟɬ ɩɨɹɜɥɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ: 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ. Ɍɚɤ ɠɟ, ɩɪɢ 

ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɛɨɬɵ 

ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨ ɩɨɜɵɲɟɧɧɨɦɭ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɝɪɚɮɢɤɭ ɞɥɹ 

ɤɨɦɩɟɧɫɚɰɢɢ ɧɟɞɨɝɪɟɜɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ. 

ɇɟɡɚɜɢɫɢɦɚɹ ɫɯɟɦɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɨɛɥɚɞɚɟɬ 

ɰɟɥɵɦ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ 

ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɞɟɪɠɢɜɚɬɶ ɭɪɨɜɟɧɶ ɞɚɜɥɟɧɢɣ, ɧɟ 
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ɩɪɟɜɵɲɚɸɳɢɣ ɞɨɩɭɫɬɢɦɵɣ ɩɨ ɭɫɥɨɜɢɹɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ 

ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɩɨɜɵɲɚɟɬɫɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ 

ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɨɪɨɠɧɟɧɢɹ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɦɟɫɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɧɟɡɚɜɢɫɢɦɨɦ ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɩɨɡɜɨɥɹɟɬ 

ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ 

ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɱɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɋɇɢɉ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦɢ 

ɧɨɪɦɚɦɢ. 

 

1.4 ȼɵɜɨɞɵ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

1. ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɝɪɚɧɢɰɟ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɷɬɨɣ ɝɪɚɧɢɰɵ ɩɪɢɧɢɦɚɟɬɫɹ 

ɥɢɧɢɹ ɪɚɡɞɟɥɚ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨ ɩɪɢɡɧɚɤɭ ɨɛɹɡɚɧɧɨɫɬɟɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɟɟ ɷɥɟɦɟɧɬɨɜ. 

2. Ⱦɥɹ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɜɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɹɜɥɹɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ ɫɚɧɢɬɚɪɧɵɯ 

ɧɨɪɦ ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɜ ɫɢɫɬɟɦɟ ɝɨɪɹɱɟɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɨɪɦɚɯ ɢ ɩɪɚɜɢɥɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɫɢɫɬɟɦɚɯ ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜɨɞɭ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɬ ɩɥɸɫ 85 ɞɨ 105°ɋ. 

3. Ʉɚɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. Ɉɫɧɨɜɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 

ɹɜɥɹɸɬɫɹ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ. 

4. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ ɬɟɩɥɨɜɨɝɨ ɭɡɥɚ ɧɚ 

ɚɛɨɧɟɧɬɫɤɨɦ ɜɜɨɞɟ ɞɥɹ ɝɨɪɨɞɚ Ʉɪɚɫɧɨɹɪɫɤɚ ɩɪɢɧɢɦɚɟɬɫɹ ɝɪɚɮɢɤ 

ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 150/70°ɋ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɦɢɧɭɫ 37 °ɋ, ɧɚ ɝɪɚɧɢɰɟ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
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ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 150°ɋ, ɱɬɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ɐɟɥɶɸ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ 

ɚɧɚɥɢɡɚ ɧɚɪɭɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɝɪɚɮɢɤɚ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɩɪɢɦɟɪɟ ɬɢɩɨɜɨɝɨ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɝɨ ɡɞɚɧɢɹ ɫ ɧɚɝɪɭɡɤɨɣ 

ɧɚ ɨɬɨɩɥɟɧɢɟ 0,302 Ƚɤɚɥ/ɱ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 
1. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɢɡɥɨɠɟɧɧɵɦɢ ɜ ɋɉ 41-101-95 

«ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ» ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɤ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɨ ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ.  

2. ȼɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɜɥɢɹɧɢɹ ɢɡɦɟɧɹɸɳɢɯɫɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ 

ɧɚ ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɨɞɨɛɪɚɧɧɨɝɨ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ.  

3. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɧɚɝɪɭɡɤɢ ɧɚ 

ɨɬɨɩɥɟɧɢɟ ɡɞɚɧɢɣ ɩɪɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɩɚɪɚɦɟɬɪɚɯ ɬɟɩɥɨɜɨɣ ɫɟɬɢ. 
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ȽɅȺȼȺ 2. ɊȺɋɑȿɌɇɕɃ ȺɇȺɅɂɁ ɉȺɊȺɆȿɌɊɈȼ ɊȺȻɈɌɕ 

ɈȻɈɊɍȾɈȼȺɇɂə ɉɊɂ ɂɁɆȿɇəɘЩɂɏɋə ɌȿɆɉȿɊȺɌɍɊɇɕɏ 
ɊȿɀɂɆȺɏ ɌȿɉɅɈȼɈɃ ɋȿɌɂ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɳё ɧɟɬ ɟɞɢɧɫɬɜɚ ɦɧɟɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɮɨɪɦɭɥɢɪɨɜɤɟ ɩɨɧɹɬɢɹ «ɤɚɱɟɫɬɜɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ». Ⱦɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɧɟɜɚɠɧɨ, ɤɚɤɨɟ ɛɭɞɟɬ ɤɚɱɟɫɬɜɨ ɬɟɩɥɚ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɞɥɹ ɧɟɝɨ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɚɠɧɨ, ɱɬɨɛɵ ɜ ɤɜɚɪɬɢɪɟ ɛɵɥɨ ɬɟɩɥɨ, ɤɨɝɞɚ ɧɚ ɭɥɢɰɟ 

ɯɨɥɨɞɧɨ. ɉɨɞ ɤɚɱɟɫɬɜɨɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ ɧɚɞɟɠɧɨɟ ɫɧɚɛɠɟɧɢɟ 

ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɬɪɟɛɭɟɦɨɝɨ 

ɤɚɱɟɫɬɜɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɧɵɦ ɪɟɠɢɦɨɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. Ʉɚɱɟɫɬɜɨ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɞɨɥɠɧɨ ɭɱɢɬɵɜɚɬɶ ɧɚɞёɠɧɨɫɬɶ ɫɧɚɛɠɟɧɢɹ ɩɪɢ ɨɛɹɡɚɬɟɥɶɧɨɦ 

ɫɨɛɥɸɞɟɧɢɢ ɪɟɠɢɦɚ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɩɨɬɪɟɛɢɬɟɥɹɦ. Ⱦɥɹ ɨɰɟɧɤɢ ɞɚɧɧɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɩɪɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ ɬɟɩɥɨɜɨɣ ɫɟɬɢ 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɝɨ 

ɡɞɚɧɢɹ. 

 

2.1. ɉɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ 

 

Ⱥɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɚɝɪɟɜ ɞɜɭɯɬɪɭɛɧɨɣ 

ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɫ ɧɚɝɪɭɡɤɨɣ Qɨɬ = 0,302 Ƚɤɚɥ/ɱ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɤ ɫɢɫɬɟɦɟ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨ ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 4. 



27 

 

 

Ɋɢɫɭɧɨɤ 4 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ 

ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ 

 

 ɉɪɨɟɤɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ (ɂɌɉ) ɫɨɫɬɚɜɥɟɧ ɫ ɭɱɟɬɨɦ 

ɬɪɟɛɨɜɚɧɢɣ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɋɉ 41-101-95 «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɵɯ 

ɩɭɧɤɬɨɜ». ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ ɨɩɢɫɚɧɧɨɣ ɜ ɫɜɨɞɟ ɩɪɚɜɢɥ, ɪɚɫɱɟɬɧɵɣ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢɡ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

଴ܩ  = ͵,͸ ∙ 𝑄ˑ˕ሺݐଵ − ଶሻݐ ∙ ܿ ,                                                                                                                          ሺͳሻ 

 

ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɤɨɧɬɭɪɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

଴ܩ  = ͵,͸ ∙ 𝑄ˑ˕ሺݐଵ.ଵ − ଶ.ଵሻݐ ∙ ܿ ,                                                                                                                     ሺʹሻ 

 

ɝɞɟ G0 – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢɡ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɤɝ/ɱ; 

       Qɨɬ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɨɬɨɩɥɟɧɢɟ, ȼɬ; 

       t1 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɪɢ   

       ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 

       t2 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɪɢ   
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       ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 

       t1.1 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ   

      ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 

       t2.1 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ  

      ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɩɪɢ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 

       ɫ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ ∙°ɋ).  

 

Ɋɚɫɱɟɬɧɵɣ, ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɪɚɫɯɨɞ ɜɨ ɜɧɭɬɪɟɧɧɟɦ ɤɨɧɬɭɪɟ ɫɢɫɬɟɦɵ 

ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ 95/70 °ɋ, ɩɪɢ ɧɚɝɪɭɡɤɟ ɧɚ 

ɨɬɨɩɥɟɧɢɟ 0,302 Ƚɤɚɥ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ 2 ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
10,067 10,272 / .

( ) (95 65)
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ɨ
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 
   

   

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ ɢ ɧɚ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ 

ɩɟɪɟɞ ɧɚɫɨɫɨɦ ɫɨɫɬɚɜɥɹɸɬ 9,5 ɦ. ɜ. ɫɬ. Ɍɪɟɛɭɟɦɵɣ ɧɚɩɨɪ, ɪɚɡɜɢɜɚɟɦɵɣ 

ɧɚɫɨɫɨɦ, ɫ ɡɚɩɚɫɨɦ 1,5 ɦ. ɜ. ɫɬ. ɫɨɫɬɚɜɢɬ 11 ɦ. ɜ. ɫɬ., ɬɚɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɫɨɫ Magna 1 40-180 F ɤɨɦɩɚɧɢɢ Grundfos. Ɋɚɫɯɨɞɧɨ-

ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɪɚɛɨɱɚɹ ɬɨɱɤɚ ɧɚɫɨɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. 
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Ɋɢɫɭɧɨɤ 5 – ɇɚɩɨɪɧɨ-ɪɚɫɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ  

 

Ⱦɥɹ ɩɨɞɛɨɪɚ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɢ ɤɥɚɩɚɧɚ-ɪɟɝɭɥɹɬɨɪɚ ɩɟɪɟɩɚɞɚ 

ɞɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢɡ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ 150/70 °ɋ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 0,302 Ƚɤɚɥ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ 1: 

 

3

1 2

1000 0,302 1000
3,775 3,852 / .

( ) (150 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

   

 

ɉɨɞɛɨɪ ɞɢɚɦɟɬɪɚ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɡɧɚɱɟɧɢɸ 

ɪɚɫɱɟɬɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ: 

 

 𝑘𝑣௦ = ͳ,ʹ ∙ 𝐺ˑ˕√ሺ∆௉ሻ = ͳ,ʹ ∙ ଷ,଼ହଶ√଴,ହହ = ͷ,ͻ͸ ˏଷ/ч 
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ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɤɥɚɩɚɧɟ: 

 
2 2

3,852
0,058

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

Ɋɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ ɩɨɞɨɛɪɚɧ ɫ ɭɱɟɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɥɚɩɚɧɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ ɩɪɢɧɹɬɵ 0,3 ɛɚɪ. 

Ɍɚɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɥɚɩɚɧ VM 2, DN-25ɦɦ, Kvs=6,3 ɦ3/ɱ, 

Tmax=150°C, ɫ ɪɟɝɭɥɢɪɭɸɳɢɦ ɛɥɨɤɨɦ AMV 20, ɤɨɦɩɚɧɢɢ Danfoss. 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɣ VFG2 DN-20 ɦɦ, PN-16 

ɛɚɪ, Kvs - 6,3 ɦ3/ɱ, ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 0,15-1,5 ɛɚɪ ɫ ɪɟɝɭɥɢɪɭɸɳɢɦ 

ɛɥɨɤɨɦ AFP, ɤɨɦɩɚɧɢɢ Danfoss. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ  

ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ – 0,302 Ƚɤɚɥ, ɩɪɢ ɪɚɫɯɨɞɚɯ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨ ɜɧɟɲɧɟɦɭ 

ɤɨɧɬɭɪɭ 3,852 ɦ3/ɱ, ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɧɬɭɪɭ 10,272 ɦ3/ɱ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɪɚɡɛɨɪɧɵɣ ɩɥɚɫɬɢɧɱɚɬɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ Alfa Laval MFG6, ɪɚɫɱɟɬɧɨɟ 

ɞɚɜɥɟɧɢɟ -16 ɤɝɫ/ɫɦ2, ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ - 160°C, ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɫɬɢɧ – 

22, ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ – 11,4 ɦ2, G max -14,3 ɦ3/ɱ., ɦɚɬɟɪɢɚɥ 

ɩɥɚɫɬɢɧ – AISI316, ɦɚɬɟɪɢɚɥ ɩɪɨɤɥɚɞɨɤ – EPDM. 
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Ɋɢɫɭɧɨɤ 6 – Ɍɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ Alfa Laval MFG6 

 

2.2. Ɉɰɟɧɤɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ ɬɟɩɥɨɜɨɝɨ 
ɩɭɧɤɬɚ 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 145/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
4,027 4,109 / .

( ) (145 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

   

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

34,109
1,2 1,2 9,002 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    

  
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ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

4,109
0,066

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 140/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
4,314 4,402 / .

( ) (140 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

   

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

34,402
1,2 1,2 9,645 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    

  

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

4,402
0,076

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 135/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
4,646 4,741 / .

( ) (135 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
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ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

34,741
1,2 1,2 10,387 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

  

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

4,741
0,088

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 135/65°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
4,314 4,402 / .

( ) (135 65)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
 

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

34,402
1,2 1,2 9,645 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 
2 2

4,402
0,076

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 130/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 
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3

1 2

1000 0,302 1000
5,033 5,136 / .

( ) (130 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
 

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

35,136
1,2 1,2 11,253 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

5,136
0,103

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 125/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
5,491 5,603 / .

( ) (125 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
 

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

35,603
1,2 1,2 12,275 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 
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2 2
5,603

0,123
16

ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 120/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
6,04 6,163 / .

( ) (120 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
 

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

36,163
1,2 1,2 13,503 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

6,163
0,148

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 115/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
6,711 6,848 / .

( ) (115 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
 

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 
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36,848
1,2 1,2 15,003 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

6,848
0,183

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 110/70°ɋ, 

ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 

0,302 Ƚɤɚɥ ɫɨɫɬɚɜɥɹɟɬ: 

 

3

1 2

1000 0,302 1000
7,55 7,704 / .

( ) (110 70)
ɨɬ

ɨ
Q

G ɬ ɦ ч
t t

 
   

 
 

 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɨɬɨɩɥɟɧɢɹ: 

 

37,704
1,2 1,2 16,879 /

( ) (0,3)
ɨɬ

v

G
k ɦ ч

P
    


 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɪɟɝɭɥɢɪɭɸɳɟɦ ɤɥɚɩɚɧɟ 

ɨɬɨɩɥɟɧɢɹ: 

 
2 2

7,704
0,232

16
ɨɬ

vs

G
P ɛɚɪ

k

         
  

 

 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɜɨɞɵ 

ɩɨɞɚɜɚɟɦɨɣ ɧɚ ɜɜɨɞ ɡɞɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɫɜɟɞɟɧɵ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɢɠɟ. 
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Ɋɢɫɭɧɨɤ 7 – ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ 

ɧɚ ɞɪɭɝɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ:  

1 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ; 

2 – ɪɚɫɯɨɞɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢ ɧɚɝɪɭɡɤɟ ɧɚ ɨɬɨɩɥɟɧɢɟ 0,302 Ƚɤɚɥ/ɱ 

 

ɂɡ ɝɪɚɮɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 4 ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɩɨɞɚɸɳɢɦ ɢ ɨɛɪɚɬɧɵɦ 

ɬɪɭɛɨɩɪɨɜɨɞɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ 

ɧɟɞɨɫɬɚɸɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ. Ɍɨ ɟɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɧɚɝɪɭɡɤɢ ɧɚ ɨɬɨɩɥɟɧɢɟ ɡɞɚɧɢɹ ɜ ɨɛɴɟɦɟ 0,302 Ƚɤɚɥ/ɱ ɩɨɞɨɛɪɚɧ ɪɟɝɭɥɢɪɭɸɳɢɣ 

ɤɥɚɩɚɧ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 6,3 ɦ3/ɱ. Ⱦɚɧɧɵɣ ɪɚɫɯɨɞ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɧɢɠɟɧɢɢ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 49°ɋ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ 120/70. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɝɪɚɮɢɤɚ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 

ɧɟɜɨɡɦɨɠɧɨ, ɩɨɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ 

ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɪɢ ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. 
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2.3. Ⱥɧɚɥɢɡ ɧɚɪɭɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɩɥɚɧɢɪɭɟɦɵɣ ɝɨɞ ɫ ɪɚɡɛɢɜɤɨɣ ɩɨ 

ɤɚɠɞɨɦɭ ɪɚɫɱɟɬɧɨɦɭ ɩɟɪɢɨɞɭ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɫ ɭɱɟɬɨɦ 

ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɤɥɢɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. Ɉɛɵɱɧɨ ɫɟɡɨɧɧɭɸ ɩɨɬɪɟɛɧɨɫɬɶ 

ɬɟɩɥɨɬɵ 𝑄˒ˑ , ɆȾɠ/ɫɟɡɨɧ, ɧɚ ɷɬɢ ɰɟɥɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

 𝑄ˑ˒ = 𝑄ˑ˓ ௧˅−௧ˑ˒௧˅−௧ː˓ ݊ˑ˕τɫɪ ,                                                                               (3) 

 

ɝɞɟ 𝑄˓ˑ  – ɪɚɫɱɟɬɧɵɟ ɬɟɩɥɨɩɨɬɟɪɢ ɡɞɚɧɢɣ, ɆȾɠ/ɱ; nɨm, τɫɪ – ɪɚɫɱɟɬɧɚɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, (ɫɭɬ) ɢ ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ 

ɫɢɫɬɟɦɵ ɜ ɫɭɬɤɢ (ɱ/ɫɭɬ); tɨɩ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ 

ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, °ɋ; tɜ – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ, 

°ɋ; tɧɪ – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ. 

ȼɟɥɢɱɢɧɵ tɨɩ, tɜ ɢ tɧɪ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɩɨ ɋɇɢɉ 2.01.01-82 ɤɚɤ 

ɫɪɟɞɧɢɟ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɹ ɞɥɹ ɞɚɧɧɨɝɨ ɧɚɫɟɥɟɧɧɨɝɨ 

ɩɭɧɤɬɚ. Ɉɞɧɚɤɨ ɨɛɟ ɷɬɢ ɜɟɥɢɱɢɧɵ ɩɨɞɜɟɪɠɟɧɵ ɦɟɠɝɨɞɨɜɵɦ ɤɨɥɟɛɚɧɢɹɦ, 

ɤɨɬɨɪɵɟ ɧɨɫɹɬ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ. Ɉɬ ɢɯ ɢɡɦɟɧɱɢɜɨɫɬɢ ɡɚɜɢɫɢɬ ɫɟɡɨɧɧɨɟ 

ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɨɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɚ ɬɚɛɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ tɨɩ ɢ 

nɨm ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɨɰɟɧɤɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ. ɋɥɭɱɚɣɧɵɟ 

ɚɪɝɭɦɟɧɬɵ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɪɟɡɭɥɶɬɚɬɵ 

ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɞɥɹ ɪɹɞɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɪɚɣɨɧɨɜ, ɚ 

ɯɚɪɚɤɬɟɪ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɥɢɡɨɤ ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɹɦɢ 

ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ʉɨɥɢɱɟɫɬɜɨ 

ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɪɚɫɯɨɞɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɩɪɢ 

ɡɚɞɚɧɧɵɯ ɪɚɫɱɟɬɧɵɦ ɝɪɚɮɢɤɨɦ ɩɚɪɚɦɟɬɪɚɯ ɤɚɱɟɫɬɜɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɧɚɹ 
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ɭɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɟɟ 

ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ ɥɸɛɵɯ ɪɚɫɯɨɞɚɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɟɬɟɜɨɣ ɜɨɞɵ. 

ɍɪɚɜɧɟɧɢɟ, ɨɬɪɚɠɚɸɳɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ: 

 𝑄̅௢ = 𝜏భ−௧ː௧˅−௧ː˓+బ,5+ೠభ+ೠ ∆𝜏ˑ˓𝜑 +∆௧೛ቆ𝑄೚೛𝑄೚ቇబ,మ(೟˅˓−೟ː˓೟˅˓−೟ː )బ,మ (௧˅˓−௧ː˓௧˅˓−௧ː ),                                      (4) 

 

ɝɞɟ 𝑄ɨ=Qɨ/𝑄௢௣;  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬɨɩɥɟɧɢɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɬɟɤɭɳɟɣ ɧɚɝɪɭɡɤɢ Qɨ ɤ ɪɚɫɱɟɬɧɨɣ 𝑄௢௣; 

u-ɪɚɫɱɟɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɦɟɲɟɧɢɹ ɷɥɟɜɚɬɨɪɚ; 

τ1 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, °ɋ, 

tɧɪ – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚ ɩɟɪɢɨɞ, °ɋ;  

tɪɜ – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ, °ɋ; 

tɧ – ɬɟɤɭɳɚɹ ɩɪɨɢɡɜɨɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, °ɋ; 

 ∆τɨ
ɪ = τ1ɪ-τ2ɪ – ɪɚɫɱɟɬɧɵɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ; 

 ∆τɪ = 0,5(τ3ɪ-τ2ɪ) - tɜɪ – ɪɚɫɱɟɬɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɫɢɫɬɟɦɟ 

ɨɬɨɩɥɟɧɢɹ;  

τ1ɪ, τ2ɪ, τ3ɪ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɢ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɢ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɩɪɢ 

ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɨɩɥɟɧɢɹ, 

°ɋ;  

φ =Gɨ/Gɨ
ɪ – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ. 

ɍɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɨɬɪɟɛɢɬɟɥɹ 

ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɟɟ ɬɟɩɥɨɜɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ 

ɥɸɛɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɪɚɫɱɟɬɧɵɯ. ȿɫɥɢ ɢɡɜɟɫɬɧɨ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɧɚɝɪɭɡɤɢ, ɬɨɝɞɚ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ: 

- ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ:  
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˅ݐ  = ːݐ + ொ೚ொˑ˓  (5)                                                                                    ,(௣˅- tɧݐ)

 

- ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ: ݐଶ = ଵݐ − ொ೚φ𝐺೚೛௖  ,                                                                                          (6) 

 

ɍɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɮɚɤɬɢɱɟɫɤɢɟ ɪɚɫɯɨɞɵ 

ɬɟɩɥɚ ɢ ɜɨɞɵ ɩɨ ɢɡɦɟɪɟɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɞɨ ɢ ɩɨɫɥɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 

ɩɭɬɟɦ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɢɯ ɫ ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɭɪɚɜɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 𝑄̅ = బ,5భ+ೠ௧ˑభ+బ,5+ೠభ+ೠ 𝜏బమ−௧ː௧˅˓−௧ː˓+ ∆೟𝑄̅೚బ,మ̅̅ ̅̅ ̅̅ ̅                                                                                    (7) 

ɂɡ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɡɚɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ τ01 ɢ τ02 ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɱɟɬɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɪɚɫɯɨɞɭ ɬɟɩɥɚ, ɚ 

ɡɚɧɢɠɟɧɢɟ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪ – ɤ ɧɟɞɨɬɨɩɭ. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɚɝɪɭɡɤɚ ɧɚ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɪɚɡɥɢɱɧɚ ɩɨ ɯɚɪɚɤɬɟɪɭ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

Ʉɨɦɮɨɪɬɧɵɟ ɭɫɥɨɜɢɹ ɜ ɩɨɦɟɳɟɧɢɢ ɫɨɯɪɚɧɹɸɬɫɹ ɩɪɢ ɬɟɩɥɨɜɨɦ ɛɚɥɚɧɫɟ 

ɦɟɠɞɭ ɩɨɬɟɪɹɦɢ ɬɟɩɥɚ ɩɨɦɟɳɟɧɢɹ ɢ ɬɟɩɥɨɜɵɦɢ ɩɨɫɬɭɩɥɟɧɢɹɦɢ ɜ ɧɟɝɨ. 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ, ɞɥɹ ɥɸɛɨɝɨ ɜɢɞɚ ɧɚɝɪɭɡɤɢ, ɢɦɟɟɬ ɜɢɞ: 

  

Q=Gɜɫɜ (τ1 -τ2) n=Gɜɫɜ (t1 -t2) n =k F ∆t n,                                                        (8)  

 

ɝɞɟ  Q – ɬɟɤɭɳɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ, Ⱦɠ;  

        Gɩ -ɪɚɫɯɨɞ ɩɟɪɜɢɱɧɨɝɨ (ɝɪɟɸɳɟɝɨ)  ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɝ/ɫ; 

        Gɜ-ɪɚɫɯɨɞ ɜɬɨɪɢɱɧɨɝɨ (ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ), ɤɝ/ɫ; 
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       τ1,τ2 - ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɜɢɱɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, °С; 

t2, t1-ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, °С; 

к-ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ȼɬ/(ɦ2∙°С); 

∆t-ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ, °С; 

n- ɱɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 

c- ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɟɦɤɨɫɬɢ, Ⱦɠ/(ɤɝ∙°С); 

F-ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɬɟɩɥɨɨɛɦɟɧɚ, ɦ2. 

 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɚ ɡɧɚɱɢɬ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ 

ɧɚɝɪɭɡɤɢ, ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɜɟɥɢɱɢɧ: ɪɚɫɯɨɞɨɜ ɝɪɟɸɳɟɣ ɢ 

ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞ ɧɚ ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ [1]. 

Ɉɩɪɟɞɟɥɢɦ ɪɟɠɢɦɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɉɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɫɨɫɬɚɜɥɹɟɬ 11,4 

ɦ2, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ k=685 ȼɬ/ɦ2·°ɋ. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ 

ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɨɬɢɜɨɬɨɱɧɚɹ. ɋɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ: 

 

ݐ∆  = ∆௧˄−∆௧ˏln ሺ∆௧˄/∆௧ˏሻ,                                                                                           (9) 

 

ɝɞɟ 𝛥tɛ – ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɟɪɜɢɱɧɨɝɨ ɤɨɧɬɭɪɚ ɧɚ 

ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɢ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 𝛥tɦ – ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɟɪɜɢɱɧɨɝɨ ɤɨɧɬɭɪɚ ɧɚ ɜɵɯɨɞɟ 

ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 
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Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ  ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ 150/70°ɋ (ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ), 95/70°ɋ (ɜɧɭɬɪɟɧɢɣ 

ɤɨɧɬɭɪ): 

 

ݐ∆  = ሺଵହ଴−଻଴ሻ−ሺଽହ−଻଴ሻlnቀభ5బ−ళబవ5−ళబ ቁ = Ͷ͹,͵°С, 
 

ɉɟɪɟɞɚɜɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɵɣ 

ɚɩɩɚɪɚɬ ɞɥɹ ɧɚɝɪɟɜɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ: 

 𝑄ଵହ଴/଻଴ = 𝑘 ∙ ݐ∆ ∙ ܨ = ͸ͺͷ ∙ Ͷ͹,͵ ∙ ͳͳ,Ͷ = ͵͸ͻ͵͸ͷ,͹ ʑ˕ = Ͳ,͵ͳͺ ʒˍ˃ˎ/ч   
 

Ɍɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ 

ɨɬɨɩɥɟɧɢɟ ɡɞɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,302 Ƚɤɚɥ/ɱ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɥɨɳɚɞɶ 

ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨɞɨɛɪɚɧɚ ɫ 5% ɡɚɩɚɫɨɦ ɩɨ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɩɪɟɞɟɥɢɦ ɧɟɨɛɯɨɞɢɦɭɸ ɩɥɨɳɚɞɶ 

ɬɟɩɥɨɨɛɦɟɧɚ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɟ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɩɪɢɧɢɦɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ 

ɬɟɩɥɨɜɨɣ ɫɟɬɢ 115/70°ɋ. 

Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ  ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ 115/70°ɋ (ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ), 95/70 °ɋ (ɜɧɭɬɪɟɧɢɣ 

ɤɨɧɬɭɪ): 

ݐ∆  = ሺଵଵହ−଻଴ሻ−ሺଽହ−଻଴ሻlnቀభభ5−ళబవ5−ళబ ቁ = ͵͵,ͻ°С,  
 

ɉɟɪɟɞɚɜɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɵɣ 

ɚɩɩɚɪɚɬ ɞɥɹ ɧɚɝɪɟɜɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ: 

 𝑄ଵଵହ/଻଴ = 𝑘 ∙ ݐ∆ ∙ ܨ = ͸ͺͷ ∙ ͵͵,ͻ ∙ ͳͳ,Ͷ = ʹ͸Ͷ͹ʹͷ,ͳ ʑ˕ = Ͳ,ʹʹͺ ʒˍ˃ˎ/ч   
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Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ 

ɨɬɨɩɥɟɧɢɟ Q=0,302 Ƚɤɚɥ/ɱ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ 

115/70°ɋ ɨɩɪɟɞɟɥɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: 

ܨ  = ொభ5బ/ళబ𝑘∙∆௧ = ଷ଺ଽଷ଺ହ,଻଺଼ହ∙ଷଷ,ଽ = ͳͷ,ͻ ˏଶ  

 

ȼɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ ɫɨɫɬɚɜɢɥɨ 29%, ɱɬɨ ɧɟ 

ɩɨɡɜɨɥɹɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɛɟɫɩɟɱɢɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɨɛɴɟɤɬ ɞɨɫɬɚɬɨɱɧɵɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ.  

 

2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 

 

1. ɋɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɟ  ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɨɞɚɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɭɞɚɥёɧɧɨɫɬɶɸ ɩɨɬɪɟɛɢɬɟɥɹ ɨɬ 

ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɧɚ 

ɤɨɥɥɟɤɬɨɪɟ ɢɫɬɨɱɧɢɤɨɜ, ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨ ɞɥɢɧɟ 

ɬɪɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 1 ɞɨ 5 °ɋ/ɤɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɬɪɟɛɢɬɟɥɶ ɢɦɟɟɬ ɧɚ ɜɜɨɞɟ ɜ 

ɡɚɞɚɧɢɟ ɧɟ ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɞɛɨɪ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶɫɹ ɩɨ 

ɮɚɤɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

2. Ʉɨɦɩɟɧɫɚɰɢɹ ɫɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜɨɡɦɨɠɧɚ, ɧɨ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɟɞɟɥɚ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ, ɞɢɚɦɟɬɪ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɡɚɦɟɧɢɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ 

ɩɨɬɪɟɛɢɬɟɥɟɣ. 

3. ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɱɟɪɟɡ 1 ɦ2 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɡɚɜɢɫɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 

ɧɟ ɨɬ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɚ ɨɬ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɚɤ ɞɥɹ ɨɬɨɩɢɬɟɥɶɧɵɯ 
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ɩɪɢɛɨɪɨɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɬɚɤ ɢ ɞɥɹ ɫɚɦɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, 

ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɂɌɉ. ɑɬɨɛɵ ɭɜɟɥɢɱɢɬɶ ɬɟɩɥɨɨɬɞɚɱɭ ɤɨɧɜɟɤɬɨɪɧɵɯ 

ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɧɚ 12% ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 5°ɋ. ɑɬɨɛɵ ɞɨɛɢɬɶɫɹ ɬɨɝɨ ɠɟ ɷɮɮɟɤɬɚ ɡɚ 

ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɜ 18 ɪɚɡ, 

ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ 

ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɨɜɟɪɨɱɧɵɣ 

ɪɚɫɱɟɬ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ. 
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ȽɅȺȼȺ 3 ɊȿȽɍɅɂɊɈȼȺɇɂȿ ɌȿɉɅɈȼɈɃ ɇȺȽɊɍɁɄɂ 

 

ɋɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɣ 

ɤɨɦɩɥɟɤɫ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɤɚɤ ɯɚɪɚɤɬɟɪɨɦ, 

ɬɚɤ ɢ ɜɟɥɢɱɢɧɨɣ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ. Ɋɟɠɢɦɵ ɪɚɫɯɨɞɨɜ ɬɟɩɥɚ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɚɛɨɧɟɧɬɚɦɢ ɧɟɨɞɢɧɚɤɨɜɵ. Ɍɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ 

ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢɡɦɟɧɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɨɫɬɚɜɚɹɫɶ ɩɪɚɤɬɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɨɣ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɞɥɹ ɪɹɞɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɨ ɢɡɦɟɧɹɟɬɫɹ ɤɚɤ 

ɩɨ ɱɚɫɚɦ ɫɭɬɨɤ, ɬɚɤ ɢ ɩɨ ɞɧɹɦ ɧɟɞɟɥɢ. 

ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɢ 

ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɚɤɬɢɱɟɫɤɨɣ ɩɨɬɪɟɛɧɨɫɬɶɸ 

ɚɛɨɧɟɧɬɨɜ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɫɨɤɪɚɳɚɟɬ 

ɩɟɪɟɪɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɬɨɩɥɢɜɚ. ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɜɵɬɟɤɚɟɬ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɪɚɧɟɟ ɭɪɚɜɧɟɧɢɟ 8. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (8) ɫɥɟɞɭɟɬ, ɱɬɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 

ɜɨɡɦɨɠɧɨ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɚɦɢ: ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ – 

ɤɚɱɟɫɬɜɟɧɧɵɣ ɦɟɬɨɞ; ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ – ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ 

ɦɟɬɨɞ; ɢɡɦɟɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 

 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 

 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɫɯɨɞɚ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ. Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɛɳɟɝɨ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɜ ɪɹɞɟ 

ɫɥɭɱɚɟɜ ɡɚɬɪɭɞɧɢɬɟɥɟɧ. ɇɟɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɹɬɶ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. 

Ɋɚɫɱɟɬɵ ɭɩɪɨɳɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɩɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɋɨɤɨɥɨɜɵɦ ȿ.ə. ɍɪɚɜɧɟɧɢɟ 



46 

 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜɵɜɨɞɢɬɫɹ ɢɡ ɨɛɳɟɝɨ ɭɪɚɜɧɟɧɢɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɡɚɦɟɧɟ ɫɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 

ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, ɢɦɟɟɬ ɜɢɞ: 

ݐ∆  = 𝜈 − ˏݐߜܽ −  (10)                                                                             , ˄ݐߜܾ

 

ɝɞɟ 𝜈 = 𝜏ଵ −  ଶ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɝɪɟɸɳɟɣ ɢݐ

ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɩɨɞɚɸɳɢɯ ɩɚɬɪɭɛɤɚɯ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ; 

      a ɢ b – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɯɟɦɵ ɞɜɢɠɟɧɢɹ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɨɦ ɚɩɩɚɪɚɬɟ, ɩɪɢ ɩɪɨɬɢɜɨɬɨɱɧɨɦ ɞɜɢɠɟɧɢɢ 

a=0,35 ɢ b=0,65; ݐߜˏ,  ɧɚɢɦɟɧɶɲɢɣ ɢ ɧɚɢɛɨɥɶɲɢɣ ɩɟɪɟɩɚɞɵ ɬɟɦɩɟɪɚɬɭɪ ɝɪɟɸɳɟɣ ɢ – ˄ݐߜ

ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 8. 

 

 
Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 
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Ʉɚɤ ɨɬɦɟɱɚɟɬɫɹ ɜ ɪɚɛɨɬɚɯ ɋɨɤɨɥɨɜɚ ȿ.ə., ɡɚɦɟɧɚ 

ɫɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɭɪɚɜɧɟɧɢɟɦ (10), ɞɚёɬ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɧɟ 

ɛɨɥɟɟ 4-6%, ɱɬɨ ɧɟ ɜɵɯɨɞɢɬ ɡɚ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ ɬɨɱɧɨɫɬɢ ɢɧɠɟɧɟɪɧɵɯ 

ɪɚɫɱɟɬɨɜ. 

ȿɫɥɢ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ Q ɨɬɧɟɫɬɢ ɤ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ν, ɬɨ ɭɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 𝑞 = 𝑄/𝜈,                                                                                                     (11) 

 

ɝɞɟ q – ɬɟɩɥɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɚɩɩɚɪɚɬɚ ɧɚ 1°ɋ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɝɪɟɸɳɟɣ ɢ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ ɜɯɨɞɟ ɜ 

ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɤȼɬ/°ɋ. 

 ɉɪɟɨɛɪɚɡɨɜɚɜ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɚɟɦ: 

 𝑞 = ொ𝜈 = ொ௔𝛿௧ˏ+௕𝛿௧˄+∆௧ = ଵ𝑊˄+𝑊ˏ+ భ𝑘𝐹 ,                                                          (12) 

 

ɝɞɟ Wɛ, Wɦ – ɛɨɥɶɲɟɟ ɢ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜɨɞɹɧɵɯ ɷɤɜɢɜɚɥɟɧɬɨɜ 

ɬɟɩɥɨɨɛɦɟɧɢɜɚɸɳɢɯɫɹ ɫɪɟɞ; 

W= G·c – ɷɤɜɢɜɚɥɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ 

ɩɪɨɢɡɜɟɞɟɧɢɟ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɟɝɨ ɭɞɟɥɶɧɭɸ 

ɬɟɩɥɨɟɦɤɨɫɬɶ; ݐߜˏ,  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɶɲɢɣ ɢ ɛɨɥɶɲɢɣ ɩɟɪɟɩɚɞɵ ɬɟɦɩɟɪɚɬɭɪ – ˄ݐߜ

ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. 

 

Ⱦɥɹ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, 

ɭɪɚɜɧɟɧɢɟ (12) ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɪɢ q ≤ Wɦ, ɬɚɤ ɤɚɤ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ 
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ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 

ɦɟɠɞɭ ɝɪɟɸɳɟɣ ɢ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɨɣ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɨɞɢɬɫɹ ɤ 

ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɜɢɞɭ. Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ɛ ɛɟɡɪɚɡɦɟɪɧɭɸ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɜɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɬɨɝɞɚ: 

ߝ  = 𝑞/𝑊                                                                                                    (13) 

ߝ  = ଵ௔𝑊ˏ𝑊˄+௕+ భ𝜔 ≤  (14)                                                                                     ,∗ߝ

 

ɝɞɟ ߝ∗ - ɛɟɡɪɚɡɦɟɪɧɚɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ, ɩɪɢ 

ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɟ ɩɨɞɤɥɸɱɟɧɢɹ ߝ∗ = ͳ. 

ɉɨ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ ε ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ 

ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɤ ɬɟɩɥɨɜɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɧɚɝɪɟɜɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɪɢ ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɚɯ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɩɨɞɚɸɳɢɯ 

ɩɚɬɪɭɛɤɚɯ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

Ɂɧɚɤ ɧɟɪɚɜɟɧɫɬɜɚ ɜ ɭɪɚɜɧɟɧɢɢ (14) ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ε ɧɟ 

ɦɨɠɟɬ ɩɪɟɜɵɫɢɬɶ ߝ∗, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɟ ɦɨɠɟɬ 

ɩɪɟɜɵɫɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɝɪɟɸɳɟɣ ɫɪɟɞɵ. 

Ȼɟɡɪɚɡɦɟɪɧɚɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɵ ɪɚɜɧɚ: 

଴ߝ  = ொబ𝜈𝑊 = ଵబ,5+ೠభ+ೠ +𝑊𝑘𝐹 ≤ ͳ,                                                                              (15) 

 

ɝɞɟ ν=τ1-tɜ – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ ɬɟɩɥɨɜɨɣ 

ɫɟɬɢ ɢ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ; 
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      W – ɷɤɜɢɜɚɥɟɧɬ ɪɚɫɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɫɦɟɫɢɬɟɥɶɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ ɭɡɥɚ ɜɜɨɞɚ; 

     u – ɤɨɷɮɮɢɰɢɟɧɬ ɫɦɟɲɟɧɢɹ. 

 

ɍɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɩɭɬɟɦ ɡɚɦɟɧɵ ɩɪɨɢɡɜɟɞɟɧɢɹ kF 

ɪɚɜɧɨɡɧɚɱɧɵɦ ɜɵɪɚɠɟɧɢɟɦ, ɭɱɢɬɵɜɚɸɳɢɦ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɪɚɫɱɟɬɨɜ ɬɨɱɧɨɫɬɶɸ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɭɫɥɨɜɢɹ ɬɟɩɥɨɨɛɦɟɧɚ. Ⱦɥɹ 

ɜɨɞɨɜɨɞɹɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ: 

 𝑘ܨ = Ф√𝑊 𝑊˄ ,                                                                                       (16) 

 

ɝɞɟ Ɏ – ɩɨɫɬɨɹɧɧɵɣ ɩɚɪɚɦɟɬɪ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɤȼɬ/°ɋ. 

ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

 𝑘 = 𝐴ሺ∆ݐ଴ሻ௡ = 𝐴(𝜏˔˓ − ௡(˅ݐ
 ,                                                                 (17) 

 

ɝɞɟ  ∆ݐ଴ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ; 

        𝜏˔˓ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɨɬɨɩɢɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ; 

 ;ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ – ˅ݐ       

      А ɢ n – ɤɨɧɫɬɚɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɢɩɚ ɩɪɢɛɨɪɚ ɢ ɫɯɟɦɵ ɟɝɨ 

ɭɫɬɚɧɨɜɤɢ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɭɱɟɬɨɦ 

ɭɪɚɜɧɟɧɢɹ (17) ɫɥɟɞɭɟɬ: 

 𝑘ܨ = Ф଴𝑄଴଴,ଶ̅̅ ̅̅ ̅  ,                                                                                       (18) 

 

ɝɞɟ 𝑄଴̅̅̅̅ = 𝑄଴/𝑄଴′  - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ. 
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Ȼɟɡɪɚɡɦɟɪɧɚɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ (15) ɫ 

ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (18) ɢɦɟɟɬ ɜɢɞ: 

଴ߝ  = ଵబ,5−ೠభ+ೠ + భ𝜔 ≤ ͳ ,                                                                                  (19) 

ɋ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨɜɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ: 

 𝑄 =  𝑊𝜈                                                                                               (20)ߝ

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɨɥɭɱɟɧ ɝɪɚɮɢɤ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 9. 

 
Ɋɢɫɭɧɨɤ 9 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɞɨɛɪɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ 

ɚɩɩɚɪɚɬɚ:  

1 – ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ; 

2 – ɬɨɱɤɚ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɞɨɛɪɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 
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3.2 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɨɬɨɩɥɟɧɢɟ 

 

Ɋɟɠɢɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨɞɹɧɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɧɨ ɨɫɧɨɜɧɵɦ ɹɜɥɹɟɬɫɹ ɜɢɞ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɢ 

ɫɯɟɦɵ ɭɡɥɨɜ ɚɛɨɧɟɧɬɫɤɢɯ ɜɜɨɞɨɜ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɩɪɨɳɚɟɬɫɹ ɩɪɢ ɨɞɧɨɪɨɞɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɟ.  

Ɋɚɫɫɦɨɬɪɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɩɪɢ 

ɤɚɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. Ɂɚɞɚɱɚ ɪɚɫɱɟɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. Ɋɚɫɯɨɞ ɜɨɞɵ 

ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ. Ɉɛɳɟɟ 

ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɨɬɨɩɢɬɟɥɶɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɤ ɬɟɩɥɨɜɵɦ ɫɟɬɹɦ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 𝑄଴̅̅̅̅ = ொబொబ, = ௧˅−௧ː௧˅−௧˓.ˑ = 𝜏భ−𝜏మ,బ𝜏భ, −𝜏మ,బ, = 𝑘∆௧బ𝑘 ,∆௧బ,  ,                                                           (21) 

 

Ƚɞɟ Q0 – ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɪɢ ɬɟɤɭɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ tɧ; 

         τ1, τ2,0 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɢ 

ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɬɟɩɥɨɜɨɣ ɫɟɬɢ; 

         k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ; 

         𝛥t0 – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɧɚɝɪɟɜɚɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ ɩɪɢ ɬɟɯ ɠɟ 

ɭɫɥɨɜɢɹɯ; 

       ɉɚɪɚɦɟɬɪɵ ɫɨ ɲɬɪɢɯɨɦ ɨɡɧɚɱɚɸɬ ɬɟ ɠɟ ɜɟɥɢɱɢɧɵ, ɧɨ ɩɪɢ 

ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ tɪ.ɨ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɨɬɨɩɥɟɧɢɟ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɝɪɚɮɢɱɟɫɤɢ ɫ ɩɨɦɨɳɶɸ 

ɨɬɧɨɲɟɧɢɹ 

 𝑄̅଴ = ௧˅−௧ː௧˅−௧˓.ˑ .                                                                                             (22) 
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Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɢ ɨɛɪɚɬɧɨɦ 

ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɥɢɱɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɪɚɫɯɨɞɚɦ ɬɟɩɥɚ 

ɧɚ ɨɬɨɩɥɟɧɢɟ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 10. 

 
Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɤ ɬɟɦɩɟɪɚɬɭɪ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ  

 

ɉɪɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ 

ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɨɫɬɨɹɧɧɚ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɨɞɵ. Ɂɚɞɚɱɟɣ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɬɧɨɣ ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɜɟɥɢɱɢɧɵ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. Ɋɚɫɱɟɬɧɵɟ ɜɵɪɚɠɟɧɢɹ ɜɵɜɨɞɹɬɫɹ ɢɡ 

ɨɛɳɟɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (21), ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 𝜏ଵ, =  Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ .ݐݏ݊݋ܿ

ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɬɧɨɣ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɜɵɪɚɠɟɧɢɹ: ̅ܩ଴ = 𝐺బ𝐺బ, = ொ̅బଵ+ ∆೟బ,𝛿𝜏బ, −బ,5𝛩,ሺଵ−ொ̅బబ,ఴሻ ,                                                                     (23) 

 𝜏ଶ,଴ = 𝜏ଵ, − ,𝜏଴ߜ ொ̅బ𝐺̅బ ,                                                                                    (24) 

 

Ƚɪɚɮɢɤ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɨɫɬɪɨɟɧɧɵɣ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ (23, 24) 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 11. 

 
Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɫɯɨɞɚ ɩɪɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 
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ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɢ ɫɧɢɠɟɧɢɢ ɪɚɫɯɨɞɚ ɜɨɞɵ 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɬɧɨɣ ɜɨɞɵ ɞɨɫɬɢɝɚɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɨɦɟɳɟɧɢɹ. 

Ɉɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɫɨɤɪɚɳɟɧɢɟ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɟɪɟɤɚɱɤɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɗɬɨ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 

ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɯ ɫɟɬɟɣ, ɤ ɤɨɬɨɪɵɦ ɚɛɨɧɟɧɬɵ ɩɪɢɫɨɟɞɢɧɟɧɵ ɩɨ ɧɟɡɚɜɢɫɢɦɵɦ 

ɫɯɟɦɚɦ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɫɦɟɫɢɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ. ɉɪɢ ɫɧɢɠɟɧɢɢ ɪɚɫɯɨɞɚ 

ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɫɟɬɹɯ ɫɦɟɫɢɬɟɥɶɧɵɟ ɧɚɫɨɫɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ 

ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɤɨɧɬɭɪɟ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ ɫɨɯɪɚɧɢɬɶ 

ɧɟɨɛɯɨɞɢɦɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɢ ɬɟɦ ɫɚɦɵɦ ɭɫɬɪɚɧɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ - ɪɚɡɪɟɝɭɥɢɪɨɜɤɚ ɨɬɨɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

Ʉɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 

ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. ɉɪɢ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɞɨɥɠɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ ɨɩɢɫɚɧɧɨɣ ɜɵɪɚɠɟɧɢɟɦ: 

 

 𝑊̅଴ = ଴ܩ̅ = ሺ𝑄̅଴ሻ௠ ,                                                                                  (25) 

 

ɝɞɟ m – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɟɬɨɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɞɜɭɯɬɪɭɛɧɵɯ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ m=0,33, ɞɥɹ ɨɞɧɨɬɪɭɛɧɵɯ m=0,2-

0,25. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɦ ɢ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɡ ɨɛɳɟɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (21) ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ 

ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ (25). 

 𝜏ଵ = ˅ݐ + ′଴ݐ∆ 𝑄̅଴଴,଼ + ሺߜ𝜏଴′ − Ͳ,ͷ𝛩′ሻ ொ̅బ𝐺̅బ ,                                                    (26) 

 𝜏ଶ,଴ = ˅ݐ + ′଴ݐ∆ 𝑄̅଴଴,଼ − Ͳ,ͷ𝛩′ ொ̅బ𝐺̅బ ,                                                                (27) 
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ɉɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɩɪɚɤɬɢɱɟɫɤɢ ɨɫɭɳɟɫɬɜɢɬɶ ɫɥɨɠɧɨ, 

ɩɨɷɬɨɦɭ ɨɧɨ ɡɚɦɟɧɹɟɬɫɹ ɫɬɭɩɟɧɱɚɬɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ, ɤɨɬɨɪɨɟ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 12. 

 
Ɋɢɫɭɧɨɤ 12 – Ƚɪɚɮɢɤ ɬɟɦɩɟɪɚɬɭɪ ɢ ɪɚɫɯɨɞɚ ɜɨɞɵ  ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ: 

1 – ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɢ ɩɥɚɜɧɨɦ ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ ɜɨɞɵ;  

2 – ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɢ ɫɬɭɩɟɧɱɚɬɨɦ ɢɡɦɟɧɟɧɢɢ ɪɚɫɯɨɞɚ ɜɨɞɵ  
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ ɨɬɨɩɢɬɟɥɶɧɵɣ ɫɟɡɨɧ ɞɟɥɢɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɞɢɚɩɚɡɨɧɨɜ, ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ. 

ȼ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɪɚɛɨɬɚɟɬ ɫ ɪɚɫɱɟɬɧɵɦ 

ɪɚɫɯɨɞɨɦ ɜɨɞɵ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɫɯɨɞ 

ɜɨɞɵ ɫɧɢɠɚɟɬɫɹ. ɉɟɪɟɦɟɧɧɵɣ ɪɚɫɯɨɞ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɥɢɛɨ ɧɚɫɨɫɚɦɢ ɪɚɡɧɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɥɢɛɨ ɱɚɫɬɨɬɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨ ɡɚɞɚɧɢɸ ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɫɯɨɞɚ. ɋɬɭɩɟɧɱɚɬɨɟ 

ɢɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɢɜɨɞɢɬ ɤ ɫɬɭɩɟɧɱɚɬɨɦɭ ɢɡɦɟɧɟɧɢɸ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɫɯɨɞɚ ɜɨɞɵ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɞɚɸɳɟɦ 

ɬɪɭɛɨɩɪɨɜɨɞɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɜ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ ɫɧɢɠɚɟɬɫɹ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɪɟɝɭɥɢɪɨɜɤɟ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ 

ɧɟɜɨɡɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɜɨ ɜɫɟɯ ɩɨɦɟɳɟɧɢɹɯ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ. 

ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɪɚɫɱɟɬɟ ɝɪɚɮɢɤɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟ 

ɭɱɢɬɵɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɜɟɬɪɚ, ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɢɟ 

ɪɚɫɱɟɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɪɚɡɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

 

3.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3 

 

1. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ 

ɧɚ 1°ɋ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɝɪɟɸɳɟɣ ɢ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ 

ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ ɫɨɫɬɚɜɥɹɟɬ 7,81 ɤȼɬ/°ɋ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɩɟɪɟɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɩɨɞɚɸɳɢɯ ɩɚɬɪɭɛɤɚɯ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ 

ɤɨɧɬɭɪɨɜ 45 °ɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɨɪɦɚɬɢɜɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɩɨɦɟɳɟɧɢɢ 

21°ɋ.  

2. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɜɟɥɢɱɟɧɢɢ 

ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɨ 13 ɤȼɬ/°ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ 

ɜɨɡɪɚɫɬɚɟɬ ɞɨ 25°ɋ, ɧɚɛɥɸɞɚɟɬɫɹ «ɩɟɪɟɬɨɩ» ɢ ɩɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ. ɍɜɟɥɢɱɟɧɢɟ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 

ɢ ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɢ ɭɦɟɧɶɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ 

ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɧɢɠɟ ɝɪɚɮɢɤɚ. 

3. ɉɪɢ ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɛɨɧɟɧɬɚ ɤ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɦɟɬɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɩɥɚɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɨɞɵ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ  ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ 

ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ: 

1. ɉɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ ɞɨɥɠɟɧ 

ɜɵɩɨɥɧɹɬɶɫɹ ɩɨ ɮɚɤɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. Ɍɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɨɥɠɧɨ ɩɨɞɛɢɪɚɬɶɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɧɟ ɦɟɧɟɟ 15% ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɛɭɞɟɬ 

ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɜ ɫɪɟɞɧɟɦ ɩɨɥɨɠɟɧɢɢ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ.  

2. ɉɪɢ ɩɨɞɛɨɪɟ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɡɚɩɚɫ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɛɪɚɬɶ ɧɟ ɦɟɧɟɟ 20%, ɬɚɤ ɤɚɤ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɟɠɢɦɚ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɬɪɟɛɭɟɦɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɚɯ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ 

ɜ ɩɨɦɟɳɟɧɢɢ ɹɜɥɹɟɬɫɹ ɢɦɟɧɧɨ ɩɥɨɳɚɞɶ ɬɟɩɥɨɨɛɦɟɧɚ. 

3. ɉɪɢ ɧɟɡɚɜɢɫɢɦɨɣ ɫɯɟɦɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɛɨɧɟɧɬɚ ɤ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɦɟɬɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɩɥɚɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɨɞɵ. 

ɉɪɢ ɷɬɨɦ ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢɯɨɞɹɳɚɹɫɹ 

ɧɚ 1°ɋ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɝɪɟɸɳɟɣ ɢ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɵ ɧɚ 

ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɧɢɠɚɟɬɫɹ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɢ 

ɭɦɟɧɶɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɧɢɠɟ 

ɝɪɚɮɢɤɚ. 
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