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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ: «Ɋɚɡɪɚɛɨɬɤɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» ɫɨɞɟɪɠɢɬ 

68 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 32 ɪɢɫɭɧɤɚ, 10 ɬɚɛɥɢɰ, 2 ɩɪɢɥɨɠɟɧɢɹ, 20 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 5 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɋɉɂɊɌɈȼɈȿ ɉɊɈɂɁȼɈȾɋɌȼɈ, ɋɂȼɍɒɇɕȿ ɆȺɋɅȺ, ɈɑɂɋɌɄȺ 

ȼɈȾɕ, ɋɈɊȻȿɇɌɕ, ɎɂɅɖɌɊɕ, ɊȿȺȽȿɇɌɕ, ɈɋȺɀȾȿɇɂȿ ɈɋȺȾɄȺ, 

ɈȻȿɁɁȺɊȺɀɂȼȺɇɂȿ, ɉɈȼɌɈɊɇɈȿ ɂɋɉɈɅɖɁɈȼȺɇɂȿ, ȼɂɇɇɕȿ ɋɌɈɄɂ, 

ɏɈɅɈȾɂɅɖɇȺə ɍɋɌȺɇɈȼɄȺ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɨɣ ɫɯɟɦɵ ɨɱɢɫɬɤɢ 

ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɂɚɞɚɱɟɣ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ 

ɜɨɞ ɫɩɢɪɬɨɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜ. ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɨɜ ɢ ɩɨɞɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜ ɨɱɢɫɬɤɟ, 

ɫɨɪɛɟɧɬɚ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨ 

ɧɚɢɥɭɱɲɢɣ ɜɚɪɢɚɧɬ ɨɱɢɫɬɤɢ, ɬɚɤ ɤɚɤ ɫɩɢɪɬɨɜɵɟ ɡɚɜɨɞɵ ɧɚɪɭɲɚɸɬ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɚɜɢɥ ɩɨ ɨɱɢɳɟɧɢɸ ɫɬɨɤɨɜ ɫɨ ɫɜɨɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɩɪɢ 

ɫɛɪɚɫɵɜɚɧɢɢ ɢɯ ɜ ɤɨɥɥɟɤɬɨɪɵ ɢ ɨɬɤɪɵɬɵɟ ɜɨɞɨɟɦɵ.  

ȼ ɢɬɨɝɟ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɫɨɜɪɟɦɟɧɧɚɹ ɜɨɞɨɨɱɢɫɬɧɚɹ 

ɫɬɚɧɰɢɹ. 
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ȼȼȿȾȿɇɂȿ 
 

ɋɩɢɪɬɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɭ ɢɡ ɤɪɭɩɧɵɯ ɬɟɯɧɢɱɟɫɤɢ 

ɪɚɡɜɢɬɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɟɫɧɨ ɫɜɹɡɚɧɧɨɣ ɫɨ ɦɧɨɝɢɦɢ ɨɬɪɚɫɥɹɦɢ 

ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɩɢɪɬ ɫɥɭɠɢɬ ɫɵɪɶɟɦ, ɨɫɧɨɜɧɵɦ ɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɛɪɚɠɢɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ 

ɢɡ ɫɩɨɫɨɛɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɥɨɞɨɜɵɯ ɫɨɤɨɜ. ɉɪɢ ɫɛɪɚɠɢɜɚɧɢɢ ɫɨɤɚ, ɫɚɯɚɪ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɫɩɢɪɬ ɢ ɞɪɭɝɢɟ ɩɪɨɞɭɤɬɵ ɫɩɢɪɬɨɜɨɝɨ ɛɪɨɠɟɧɢɹ. 

ȼ Ɋɨɫɫɢɢ ɫɩɢɪɬɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɨɩɚɫɧɵɦ. 

Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɨɩɚɫɧɨɫɬɢ ɫɱɢɬɚɸɬɫɹ ɫɬɨɱɧɵɟ ɜɨɞɵ, ɬɚɤ ɤɚɤ ɨɧɢ 

ɫɛɪɚɫɵɜɚɸɬɫɹ ɜ ɜɨɞɨɟɦɵ ɫ ɩɪɟɜɵɲɟɧɢɟɦ ɧɨɪɦɚɬɢɜɨɜ, ɬɟɦ ɫɚɦɵɦ ɧɟɝɚɬɢɜɧɨ 

ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ȼɜɢɞɭ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɩɢɪɬɨɜɵɯ 

ɡɚɜɨɞɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ ɢ ɢɯ ɜɚɠɧɨɫɬɢ ɜ ɷɤɨɧɨɦɢɤɟ ɫɬɪɚɧɵ, 

ɪɭɤɨɜɨɞɢɬɟɥɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɪɟɧɟɛɪɟɝɚɸɬ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɱɬɨ ɫɩɢɪɬɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɦɨɠɟɬ 

ɹɜɥɹɬɶɫɹ ɢɫɬɨɱɧɢɤɨɦ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 

ɯɚɪɚɤɬɟɪɚ.  

ɂɡɜɟɫɬɧɨ ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɧɚɬɭɪɚɥɶɧɵɯ ɜɢɧ ɪɚɡɥɢɱɧɵɦɢ 

ɬɟɯɧɨɥɨɝɢɹɦɢ, ɧɚ 1ɥ ɜɢɧɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɬ 0,2 ɞɨ 1,5ɥ ɜɨɞɵ, ɞɚɧɧɚɹ ɜɨɞɚ 

ɩɟɪɟɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɞɚɥɶɧɟɣɲɭɸ ɨɱɢɫɬɤɭ. 

Ɂɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 

ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨɥɭɱɢɜɲɢɯɫɹ ɜ ɯɨɞɟ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɜɢɧɚ.   

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɛɨɥɟɟ 170 

ɧɚɪɭɲɟɧɢɣ ɬɪɟɛɨɜɚɧɢɣ ɪɨɫɫɢɣɫɤɨɝɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɨ ɩɪɨɦɵɲɥɟɧɧɨɣ ɢ 

ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɬɟɦɚ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɵ ɩɨ 

ɪɚɡɪɚɛɨɬɤɟ ɨɱɢɫɬɧɨɣ ɫɯɟɦɵ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  
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Ƚɥɚɜɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 
ɫɩɨɫɨɛɵ ɟɟ ɨɱɢɫɬɤɢ 

 

Ʉ ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɢɧɨɞɟɥɶɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɬɧɨɫɹɬɫɹ ɡɚɜɨɞɵ 

ɜɢɧɨɝɪɚɞɧɨɝɨ ɫɨɤɚ, ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɜɢɧɨɞɟɥɢɹ, ɲɚɦɩɚɧɫɤɢɯ ɜɢɧ, 

ɤɨɧɶɹɱɧɨɝɨ ɫɩɢɪɬɚ. 

Ɉɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɨɬɜɨɞɢɦɵɯ ɫ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɣ, ɨɛɭɫɥɨɜɥɟɧɵ ɬɟɯɧɨɥɨɝɢɹɦɢ ɢ ɫɢɫɬɟɦɨɣ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ 

ɨɬɜɟɞɟɧɢɹ ɜɨɞɵ. ȼ ɧɟɣ ɫɨɞɟɪɠɢɬɫɹ ɲɢɪɨɤɢɣ ɩɟɪɟɱɟɧɶ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɨɩɚɫɧɵ 

ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɇɚ ɜɢɧɨɞɟɥɶɱɟɫɤɢɯ ɡɚɜɨɞɚɯ ɫɬɨɱɧɚɹ ɜɨɞɚ ɫɨɫɬɨɢɬ ɢɡ ɩɪɨɦɵɜɧɵɯ ɢ 

ɫɦɵɜɧɵɯ ɜɨɞ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɭɫɬɨɣɱɢɜɭɸ ɤɨɥɥɨɢɞɧɭɸ ɫɢɫɬɟɦɭ, 

ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤ ɠɟ ɜɫɟ 

ɧɟɥɟɬɭɱɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢ ɦɢɧɟɪɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. Ⱦɚɧɧɵɣ ɫɨɫɬɚɜ 

ɯɚɪɚɤɬɟɪɟɧ ɢɫɯɨɞɧɨɦɭ ɜɢɧɭ. ɋɬɨɱɧɚɹ ɜɨɞɚ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɨɫɬɚɬɤɢ ɥɢɫɬɶɟɜ, 

ɩɨɜɪɟɠɞɟɧɧɵɟ ɱɚɫɬɢɰɵ ɮɪɭɤɬɨɜ, ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɫɥɟ ɦɨɣɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɩɨɦɟɳɟɧɢɣ, ɞɪɨɠɠɢ. 

ɋɬɨɱɧɵɟ ɜɨɞɵ ɜɢɧɨɞɟɥɶɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɦɨɝɭɬ ɨɱɢɳɚɬɶɫɹ ɧɚ 

ɤɨɦɦɭɧɚɥɶɧɵɯ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ ɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɯ ɨɱɢɫɬɧɵɯ 

ɫɨɨɪɭɠɟɧɢɹɯ. 

Ɂɚɝɪɹɡɧɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞɚɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɜɢɞɵ: 

ɪɚɫɬɜɨɪɢɦɵɟ ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜɟɳɟɫɬɜɚ ɦɢɧɟɪɚɥɶɧɨɝɨ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɫɬɪɨɟɧɢɹ, ɥɟɬɭɱɢɟ ɜɟɳɟɫɬɜɚ ɢ ɝɚɡɵ. ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɨɱɢɫɬɤɢ 

ɦɟɬɨɞɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚ ɩɨ ɩɪɢɧɰɢɩɭ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɡɚɝɪɹɡɧɟɧɢɹ: 

ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɢ ɞɟɫɬɪɭɤɬɢɜɧɵɟ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɚ ɮɢɥɶɬɪɚɰɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɰɟɧɬɪɢɮɭɝɢ, 

ɫɨɱɟɬɚɧɢɟ ɮɢɥɶɬɪɚɰɢɢ ɫ ɫɨɪɛɟɧɬɚɦɢ ɢ ɤɨɚɝɭɥɹɰɢɟɣ, ɨɬɫɬɚɢɜɚɧɢɟ, 

ɧɟɣɬɪɚɥɢɡɚɰɢɹ,  ɚɷɪɨɛɧɵɟ ɢ ɚɧɚɷɪɨɛɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɥɢ 

ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɨɱɢɳɚɬɶ ɫɬɨɱɧɭɸ ɜɨɞɭ.  
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ɉɪɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɚɯ ɜɨɡɦɨɠɧɨ ɨɱɢɫɬɢɬɶ ɫɬɨɱɧɭɸ ɜɨɞɭ ɧɚ 

75% ɩɨ ɩɨɤɚɡɚɬɟɥɸ ȻɉɄ, ɢ ɧɚ 87% ɩɪɢ ɨɱɢɫɬɤɟ ɜ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɢ 

ɪɚɛɨɬɟ ɪɟɚɤɬɨɪɚ ɜ ɬɟɱɟɧɢɢ 30 ɞɧɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɩɪɢɦɟɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɝɪɹɡɧɟɧɢɣ ɫɬɨɱɧɵɯ ɜɨɞ ɧɚ 

ɬɢɩɨɜɨɦ ɜɢɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.1. 

 

Ɍɚɛɥɢɰɚ 1.1  ɉɨɤɚɡɚɬɟɥɢ ɡɚɝɪɹɡɧɟɧɢɣ ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɡɚɜɨɞɚ 

 

ɉɨɤɚɡɚɬɟɥɶ 

 

ȿɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ 

ɉɪɟɞɟɥɵ ɡɧɚɱɟɧɢɣ 

min max 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɪɚɞ 8,0 23,0 

Ɂɚɩɚɯ  Ȼɟɡ ɡɚɩɚɯɚ Ƚɧɢɥɨɫɬɧɵɣ 

ɐɜɟɬ  Ȼɟɫɰɜɟɬɧɵɣ Ɇɚɬɨɜɵɣ 

ɉɪɨɡɪɚɱɧɨɫɬɶ ɫɦ 2,5 17,5 

ɪɇ  5,0 8,0 

ȼɡɜɟɲɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɦɝ/ɥ 52,0 600,0 

ɇɢɬɪɢɬɵ  0,05 1,0 

ɇɢɬɪɚɬɵ  0,2 4,0 

Ɉɤɢɫɥɹɟɦɨɫɬɶ  26,0 184,0 

ȻɉɄ5  30,0 196,0 

 

Ʉ ɮɢɡɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɨɱɢɫɬɤɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: 

1. Ɏɢɥɶɬɪɚɰɢɹ  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɩɪɨɩɭɫɤɚɧɢɹ ɜɨɞɧɨ-

ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɮɢɥɶɬɪɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ, ɛɥɚɝɨɞɚɪɹ 

ɱɟɦɭ ɨɬ ɧɟɝɨ ɱɚɫɬɢɱɧɨ ɨɬɞɟɥɹɸɬɫɹ ɤɚɩɟɥɶɤɢ ɫɢɜɭɲɧɨɝɨ ɦɚɫɥɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɱɚɫɬɢɰɵ. Ɏɢɥɶɬɪɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɨ ɩɪɟɞɩɨɱɬɟɧɢɟ 

ɨɬɞɚɟɬɫɹ ɞɪɟɜɟɫɧɨɦɭ ɭɝɥɸ, ɮɟɬɪɭ, ɮɥɚɧɟɥɢ, ɨɬɦɵɬɨɦɭ ɩɟɫɤɭ ɫ ɱɚɫɬɢɰɚɦɢ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɚɡɦɟɪɨɜ. Ɂɚɱɚɫɬɭɸ ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

2. ȼɵɦɨɪɚɠɢɜɚɧɢɟ  ɜ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɥɟɠɢɬ ɩɪɚɜɢɥɨ, ɫɨɝɥɚɫɧɨ 

ɤɨɬɨɪɨɦɭ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɟɳɟɫɬɜ ɩɨɧɢɠɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɬɨ 

ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɪɚɡɥɢɱɧɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɟɳɟɫɬɜ. ɇɟɨɛɯɨɞɢɦɨ 
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ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɜɵɦɨɪɚɠɢɜɚɧɢɢ ɞɨɥɹ ɜɨɞɵ ɜ ɪɚɫɬɜɨɪɟ 

ɧɟɩɪɟɪɵɜɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɫɩɢɪɬɚ ɩɨɜɵɲɚɟɬɫɹ ɢ ɜɫɟ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ 

ɩɪɢɦɟɫɢ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɷɬɢɥɨɜɨɦ ɫɩɢɪɬɟ, ɷɬɨɬ ɦɟɬɨɞ ɨɱɢɫɬɤɢ 

ɦɚɥɨɷɮɮɟɤɬɢɜɟɧ. ɇɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɷɬɨɦ ɨɱɢɫɬɤɢ ɢ ɨɬ ɩɪɢɦɟɫɟɣ, ɢɦɟɸɳɢɯ 

ɜɵɫɨɤɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɜɨɞɟ. 

3. Ɉɛɪɚɛɨɬɤɚ ɛɟɥɨɤɫɨɞɟɪɠɚɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ  ɜ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ 

ɦɟɬɨɞɚ ɥɟɠɢɬ ɫɩɨɫɨɛɧɨɫɬɶ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɤɨɚɝɭɥɢɪɨɜɚɬɶ (ɫɜɟɪɬɵɜɚɬɶ) 

ɤɨɥɥɨɢɞɧɵɟ ɱɚɫɬɢɰɵ ɛɟɥɤɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɜɨɞɟ, ɢ ɨɛɪɚɡɨɜɵɜɚɬɶ ɢɡ ɧɢɯ 

ɛɨɥɶɲɢɟ ɯɥɨɩɶɟɨɛɪɚɡɧɵɟ ɚɝɪɟɝɚɬɵ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ ɷɬɨɦ ɯɥɨɩɶɹ 

ɡɚɯɜɚɬɵɜɚɸɬ ɢɦɟɸɳɢɟɫɹ ɜ ɨɱɢɳɚɟɦɨɦ ɪɚɫɬɜɨɪɟ ɦɟɥɶɱɚɣɲɢɟ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ 

ɢ ɤɚɩɟɥɶɤɢ ɫɢɜɭɲɧɨɝɨ ɦɚɫɥɚ ɢ ɦɟɞɥɟɧɧɨ ɨɫɟɞɚɸɬ. ɉɨ ɧɟɤɨɬɨɪɵɦ ɞɚɧɧɵɦ, 

ɛɟɥɤɢ ɢɡɛɢɪɚɬɟɥɶɧɨ ɩɨɝɥɨɳɚɸɬ (ɚɞɫɨɪɛɢɪɭɸɬ) ɢ ɦɨɥɟɤɭɥɵ ɞɪɭɝɢɯ ɩɪɢɦɟɫɧɵɯ 

ɜɟɳɟɫɬɜ, ɢɦɟɸɳɢɟɫɹ ɜ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɨɦ ɪɚɫɬɜɨɪɟ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ, ɨɞɧɨɤɪɚɬɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɩɢɪɬɚ ɧɟ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɚ. ɇɨ 

ɦɧɨɝɨɤɪɚɬɧɚɹ, ɯɨɬɹ ɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɣ ɩɨɬɟɪɟ ɫɩɢɪɬɚ ɢ ɭɞɥɢɧɟɧɢɸ 

ɩɪɨɰɟɫɫɚ ɟɝɨ ɨɱɢɫɬɤɢ, ɞɚɟɬ ɩɪɨɞɭɤɬ ɨɱɟɧɶ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. 

 

1.1 ɉɪɨɦɵɲɥɟɧɧɚя ɨɱɢɫɬɤɚ ɫɩɢɪɬɚ 
 

ɇɚ ɥɢɤɟɪɨɜɨɞɨɱɧɵɯ ɡɚɜɨɞɚɯ ɫɢɜɭɲɧɵɟ ɦɚɫɥɚ ɢ ɤɟɬɨɧɵ ɭɧɢɱɬɨɠɚɸɬɫɹ 

ɯɢɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɟɣ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɨɱɢɫɬɤɚ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɨ. ɉɨɱɬɢ ɜɫɟ ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɫɩɢɪɬɟ ɤɟɬɨɧɵ (ɚɰɟɬɨɧɵ) 

ɨɤɢɫɥɹɸɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɚɪɝɚɧɰɟɜɨ-ɤɢɫɥɨɝɨ ɤɚɥɢɹ (ɨɛɵɤɧɨɜɟɧɧɨɣ 

ɦɚɪɝɚɧɰɨɜɤɢ), ɚ ɨɫɬɚɜɲɢɟɫɹ ɫɢɜɭɲɧɵɟ ɦɚɫɥɚ ɥɟɝɤɨ ɨɦɵɥɹɸɬɫɹ ɤɚɭɫɬɢɱɟɫɤɨɣ 

ɫɨɞɨɣ ɢ ɧɚɲɚɬɵɪɧɵɦ ɫɩɢɪɬɨɦ. 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɷɬɚɩɚɦɢ: ɥɚɛɨɪɚɬɨɪɢɹ ɨɬɛɢɪɚɟɬ 10 ɩɪɨɛɢɪɨɤ ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɫɩɢɪɬɨɦ-ɫɵɪɰɨɦ ɢ 

ɜ ɤɚɠɞɭɸ ɜɧɨɫɢɬɫɹ ɧɟɦɧɨɝɨ ɪɚɫɬɜɨɪɚ ɦɚɪɝɚɧɰɨɜɤɢ, ɪɢɫɭɧɨɤ 1. 
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Ɋɢɫɭɧɨɤ 1  Ɋɚɫɬɜɨɪɵ KMnO₄ ˓˃ˊˎˋ˚ːˑˌ ˍˑː˙ˈː˕˓˃˙ˋˋ 

 

ɉɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ 10% ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɦɚɪɝɚɧɰɨɜɤɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 

«ɏɚɦɟɥɟɨɧ», ɩɨɬɨɦɭ ɱɬɨ ɟɫɥɢ ɜɧɨɫɢɬɶ ɦɚɪɝɚɧɰɨɜɤɭ ɜ ɜɢɞɟ ɤɪɢɫɬɚɥɥɨɜ, ɬɨ 

ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɫɩɢɪɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɭɤɫɭɫɧɨɝɨ ɚɥɶɞɟɝɢɞɚ. ɋɩɢɪɬ 

ɩɪɢɨɛɪɟɬɚɟɬ ɩɪɢ ɷɬɨɦ ɤɢɫɥɨɜɚɬɵɣ ɜɤɭɫ ɢ ɨɱɢɫɬɢɬɶ ɟɝɨ ɨɬ ɭɤɫɭɫɧɨɝɨ ɚɥɶɞɟɝɢɞɚ 

ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɟɪɟɝɨɧɤɨɣ. 

ȼ ɯɨɞɟ ɨɩɵɬɨɜ, ɜ ɩɟɪɜɭɸ ɩɪɨɛɢɪɤɭ ɜɧɨɫɢɬɫɹ ɨɞɧɚ ɤɚɩɥɹ, ɜɨ ɜɬɨɪɭɸ – ɞɜɟ, 

ɜ ɬɪɟɬɶɸ – ɬɪɢ ɢ ɬɚɤ ɞɚɥɟɟ. Ɋɚɫɬɜɨɪ ɜɡɛɚɥɬɵɜɚɟɬɫɹ ɢ ɨɬɫɬɚɢɜɚɟɬɫɹ. ɉɭɬɟɦ 

ɧɚɛɥɸɞɟɧɢɣ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ ɱɬɨ ɜ ɩɟɪɜɵɯ ɩɪɨɛɢɪɤɚɯ ɫɩɢɪɬ ɛɵɥ ɩɪɨɡɪɚɱɧɵɦ, ɜ 

ɩɹɬɨɣ – ɪɨɡɨɜɚɬɵɣ, ɚ ɞɚɥɟɟ ɨɤɪɚɫɤɚ ɤɚɠɞɨɣ ɩɪɨɛɢɪɤɢ ɭɫɢɥɢɜɚɥɚɫɶ. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɨɱɢɫɬɤɢ ɫɩɢɪɬɚ ɜ ɨɞɧɨɣ ɩɪɨɛɢɪɤɟ ɞɨɫɬɚɬɨɱɧɨ 

ɱɟɬɵɪɟɯ ɤɚɩɟɥɶ «ɯɚɦɟɥɟɨɧɚ». 

Ⱥɧɚɥɨɝɢɱɧɨ, ɦɟɬɨɞɨɦ ɩɪɨɛ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɤɚɭɫɬɢɱɟɫɤɨɣ ɫɨɞɵ 

ɢɥɢ ɧɚɲɚɬɵɪɧɨɝɨ ɫɩɢɪɬɚ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɦɵɥɟɧɢɹ ɫɢɜɭɲɧɵɯ ɦɚɫɟɥ 

(ɳɟɥɨɱɶ). 

ɇɭɠɧɨɟ ɤɨɥɢɱɟɫɬɜɨ «ɯɚɦɟɥɟɨɧɨɜ» ɢ ɳɟɥɨɱɢ ɞɥɹ ɨɱɢɫɬɤɢ ɜɫɟɣ ɩɚɪɬɢɢ 

ɫɩɢɪɬɚ ɭɠɟ ɛɵɥɨ ɥɟɝɤɨ ɩɨɞɫɱɢɬɚɬɶ. ɉɨɪɹɞɨɤ ɨɱɢɫɬɤɢ ɫɩɢɪɬɚ ɛɵɥ ɫɥɟɞɭɸɳɢɣ: 

ɫɩɟɪɜɚ ɜɥɢɜɚɥɨɫɶ ɩɨɥ ɧɨɪɦɵ «ɯɚɦɟɥɟɨɧɚ» ɢ ɫɩɢɪɬ ɩɟɪɟɦɟɲɢɜɚɥɫɹ, ɱɟɪɟɡ 

ɩɨɥɱɚɫɚ ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɳɟɥɨɱɢ ɢ ɱɟɪɟɡ ɱɚɫ ɨɫɬɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

«ɯɚɦɟɥɟɨɧɚ». 

ɉɨɫɥɟ 2-ɯ ɱɚɫɨɜɨɝɨ ɨɬɫɬɚɢɜɚɧɢɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɱɢɳɟɧɧɵɣ ɫɩɢɪɬ 

ɨɛɹɡɚɬɟɥɶɧɨ ɟɳɟ ɨɞɢɧ ɪɚɡ ɩɟɪɟɝɨɧɹɟɬɫɹ ɱɟɪɟɡ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ. 
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ɍɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ ɬɨɱɧɨ ɬɚɤɨɟ 

ɠɟ, ɤɚɤ ɢ ɛɪɚɝɨɩɟɪɟɝɨɧɧɨɣ, ɚ ɡɧɚɱɢɬ ɫɩɢɪɬ ɫɧɨɜɚ ɩɟɪɟɝɨɧɹɟɬɫɹ ɧɟ ɦɟɧɟɟ 25-ɬɢ 

ɪɚɡ. 

Ɏɢɥɶɬɪɭɸɳɢɯ ɤɨɥɨɩɧɧ ɭɫɬɚɧɨɜɥɟɧɨ ɞɜɟɩ ɢɥɢ ɱɟɬɵɩɪɟ, ɜ ɡɚɜɢɫɢɦɩɨɫɬɢ ɨɬ 

ɬɨɝɩɨ, ɤɚɤɨɟ ɤɚɱɟɫɩɬɜɨ ɫɩɢɪɬɚ ɧɭɠɧɩɨ ɩɨɥɭɱɢɬɶ. ȼɫɟ ɜɧɭɬɪɟɩɧɧɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɡɚɩɨɥɧɩɟɧɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɭɝɥɟɩɦ ɦɚɪɤɢ ɆȻȺɩ4 (ɦɟɥɤɨɩɨɪɢɫɬɵɣ, ɛɟɪɟɡɨɩɜɵɣ, 

ɚɤɬɢɜɢɪɨɜɚɧɵ, ɪɚɡɦɩɟɪ ɮɪɚɤɰɢɢ 4 ɦɦɩ). 

ɋɥɟɞɭɸɩɳɚɹ ɨɩɟɪɚɰɢɹ ɩɨɩ ɨɱɢɫɬɤɟ ɫɩɢɪɩɬɚ (ɤɨɬɨɪɚɹ ɪɚɧɶɩɲɟ ɨɛɹɡɚɬɟɥɶɧɨ 

ɩɪɨɜɨɞɢɩɥɚɫɶ) – ɷɬɨ ɪɢɮɨɪɦɩɢɧɝ (ɬɟɩɥɨɜɨɣ ɭɞɚɩɪ). 

ɋɩɢɪɬ-ɪɟɤɬɢɮɩɢɤɚɬ ɜɵɞɟɪɠɢɜɚɥɫɹ ɜ ɝɟɪɦɟɬɢɱɟɫɤɢ ɡɚɤɪɵɩɬɨɣ ɟɦɤɨɫɬɢ ɩɪɢɩ 

ɬɟɦɩɟɪɚɬɭɪɟ 70° ɧɚɩ ɩɪɨɬɹɠɟɧɢɢ ɫɭɬɨɩɤ. ȼ ɪɟɡɭɥɶɩɬɚɬɟ ɷɬɨɣ ɩɪɨɰɟɞɩɭɪɵ 

ɩɪɨɢɫɯɨɞɢɥɨ ɢɫɤɭɫɫɬɜɩɟɧɧɨɟ ɫɬɚɪɟɧɢɟ ɫɩɢɪɩɬɚ, ɚ ɜ ɢɬɨɝɟ – ɭɦɟɧɶɲɩɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɹɞɨɜɢɩɬɵɯ ɜɟɳɟɫɬɜ ɢ ɭɥɭɱɲɟɧɢɟ ɜɤɭɫɩɚ. ɉɪɢ ɪɢɮɨɪɦɩɢɧɝɟ ɧɟɤɨɬɨɪɵɟ 

ɜɟɳɟɫɩɬɜɚ ɜɵɩɚɞɚɸɬ ɜ ɨɫɚɞɨɤ, ɤɨɟɩ-ɱɬɨ ɢɫɩɚɪɹɩɟɬɫɹ, ɚ ɨɫɬɚɜɲɩɢɟɫɹ ɫɢɜɭɲɧɵɟ 

ɦɚɫɥɩɚ ɜɫɩɥɵɜɚɸɬ, ɨɛɪɚɡɨɜɩɵɜɚɹ ɧɚ ɩɨɜɟɪɯɧɩɨɫɬɢ ɫɩɢɪɬɚ ɩɥɟɧɩɤɭ, ɤɨɬɨɪɭɸ ɥɟɝɤɩɨ 

ɫɧɹɬɶ. 

ɂ ɬɨɥɶɤɨ ɩɨɫɥɩɟ ɬɚɤɨɣ ɦɧɨɝɨɤɪɩɚɬɧɨɣ ɨɱɢɫɬɤɢ ɭɠɟɩ ɱɢɫɬɟɣɲɢɣ 96° 

ɷɬɢɥɨɩɜɵɣ ɫɩɢɪɬ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɟɦɤɨɫɩɬɢ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɜɨɞɨɣ.  

   

1.2 ɋɢɜɭɲɧɵɟ ɦɚɫɥɚ ɜ ɫɨɫɬɚɜɟ ɜɨɞ  ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
 

ɋɢɜɭɲɧɨɟ ɦɚɫɥɩɨ  ɷɬɨ ɩɪɨɞɭɩɤɬ ɫɩɢɪɬɨɜɨɝɨ ɛɪɨɠɟɩɧɢɹ ɫɚɯɚɪɧɨɝɨ, 

ɮɪɭɤɬɨɜɨɝɨ ɢɥɢ ɤɪɚɯɦɚɥɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ. ɋɱɢɬɚɟɬɫɹ ɩɪɢɦɟɩɫɶɸ ɜ 

ɧɟɪɟɤɬɢɮɢɰɢɩɪɨɜɚɧɧɨɦ ɷɬɚɧɨɥɟ (ɫɩɢɪɩɬɟ-ɫɵɪɰɟ) ɢ ɜɵɜɨɞɢɬɫɹ ɢɡɩ ɧɟɝɨ ɫ ɩɨɦɨɳɶɸ 

ɪɟɤɬɢɮɢɩɤɚɰɢɢ. 

Ɋɟɤɬɢɮɢɤɚɰɢɹ  ɩɪɨɰɟɩɫɫ ɪɚɡɞɟɥɟɧɢɹ ɦɧɨɝɨɤɨɦɩɨɩɧɟɧɬɧɵɯ ɫɦɟɫɟɣ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɬɢɜɨɬɩɨɱɧɨɝɨ ɦɚɫɫɨɨɛɦɟɧɚ ɦɟɠɞɩɭ ɩɚɪɨɦ ɢ ɠɢɞɤɨɫɬɶɸ. Ɋɚɡɞɟɥɩɟɧɢɟ 

ɧɚ ɩɪɚɤɬɢɱɩɟɫɤɢ ɱɢɫɬɵɟ ɤɨɦɩɨɧɩɟɧɬɵ ɩɪɨɢɫɯɨɞɢɬ ɡɚɩ ɫɱɟɬ ɪɚɡɥɢɱɩɧɵɯ ɬɟɦɩɟɪɚɬɭɪ 

ɤɢɩɟɧɩɢɹ ɭ ɫɦɟɫɩɟɣ ɢ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɞɟɧɫɩɚɰɢɢ ɩɚɪɚ ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɠɢɞɤɨɩɫɬɢ. 
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ɋɨɫɬɚɜ ɫɬɨɱɧɩɨɣ ɜɨɞɵ ɫ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɩɞɫɬɜɚ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɩɵɣ, 

ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɩɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɲɟɩɧɧɵɯ ɜɟɳɟɫɬɜ. ɂɡɩ-ɡɚ ɢɯɩ ɩɪɢɫɭɬɫɬɜɢɹ ɜɨɞɚ 

ɨɤɪɚɲɢɜɚɟɬɫɹ ɜ ɫɜɟɬɥɨ-ɠɟɥɬɩɵɣ ɢɥɢ ɛɭɪɩɨ-ɤɪɚɫɧɵɣ ɰɜɟɩɬ ɢ ɢɦɟɟɩɬ ɪɟɡɤɢɣ, 

ɧɟɩɪɢɹɩɬɧɵɣ ɡɚɩɚɯ, ɜɧɟɲɩɧɟ ɩɨɯɨɠ ɧɚ ɦɚɫɥɹɧɢɩɫɬɭɸ ɠɢɞɤɨɫɬɶ, ɪɢɫɭɧɩɨɤ 2. 

 

 

Ɋɢɫɭɧɨɤ 2  ɉɪɨɛɚ ɫɬɨɱɧɨɣ ɜɨɞɵ ɫ ɫɢɜɭɲɧɵɦɢ ɦɚɫɥɚɦɢ 

 

ɋɚɦɵɦ ɝɥɚɜɧɩɵɦ ɡɚɝɪɹɡɧɟɧɢɟɦ ɫɱɢɬɚɸɩɬɫɹ ɫɢɜɭɲɧɵɟ ɦɚɫɥɩɚ, ɤɨɬɨɪɵɟ 

ɫɨɞɟɪɩɠɚɬ ɨɩɚɫɧɵɟ ɡɚɝɪɹɡɧɩɟɧɢɹ, ɧɟɤɨɬɨɪɵɦɢ ɢɡɩ ɤɨɬɨɪɵɯ ɹɜɥɹɸɩɬɫɹ ɦɟɬɚɧɨɥ, 

ɮɭɪɮɭɪɨɥ, ɚɰɟɬɢɥ. ɗɬɢ ɜɟɳɟɫɬɜɚ ɹɞɨɜɢɬɵ ɢ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɧɚ ɤɨɠɭ ɜɵɡɵɜɚɸɬ 

ɩɨɤɪɚɫɧɟɧɢɹ ɢ ɡɭɞ, ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɯɢɦɢɱɟɫɤɢɣ ɨɠɨɝ. 

ɇɚɥɢɱɩɢɟ ɞɚɧɧɵɯ ɩɪɢɦɟɩɫɟɣ ɜ ɫɨɫɬɚɩɜɟ ɜɢɧɚ, ɤɨɧɶɹɩɤɚ ɢ ɜɢɫɤɩɢ 

ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɢɯɩ ɜɤɭɫ, ɰɜɟɩɬ ɢ ɚɪɨɦɩɚɬ. ɨɬɫɸɞɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɱɢɫɬɨɬɟ 

ɫɩɢɪɬɨɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɫɚɦɵɣ ɱɢɫɬɵɣ  ɜɨɞɤɚ, ɧɚɢɛɨɥɟɟ ɝɪɹɡɧɵɣ  ɜɢɫɤɢ, 

ɤɨɧɶɹɤ. 

ɋɢɜɭɲɧɵɟ ɦɚɫɥɩɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɩɣ ɫɦɟɫɶ ɨɞɧɨɚɬɨɩɦɧɵɯ ɫɩɢɪɬɨɜ, 

ɫɥɨɠɧɩɵɯ ɷɮɢɪɨɜ ɢ ɞɪɭɝɢɯ ɫɨɟɞɢɧɩɟɧɢɣ, ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɹɸɬ ɧɚ ɞɜɟ ɝɪɭɩɩɵ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ. ȼ ɞɚɧɧɩɨɟ ɜɪɟɦɹ ɢɯɩ ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɨɤɨɥɩɨ 40,  ɜɵɹɜɢɬɶ ɠɟɩ 

ɭɞɚɥɨɫɶ ɩɪɢɦɟɩɪɧɨ 27 ɩɪɢɦɟɫɟɣ, ɢɯɩ ɫɨɫɬɚɜ ɡɚɜɢɫɩɢɬ ɨɬ ɤɚɱɟɫɩɬɜɚ ɫɵɪɶɹ, ɨɫɧɨɜɩɧɵɟ 

ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2. 
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Ɍɚɛɥɢɩɰɚ 2  ɉɪɢɦɟɫɢ ɫɬɨɱɧɩɨɣ ɜɨɞɵ ɢ ɢɯ ɬɟɦɩɟɪɚɩɬɭɪɚ ɤɢɩɟɧɢɹ 

ɉɪɢɦɟɩɫɢ Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɩɢɹ (ɋ0) 

Ⱥɰɟɬɚɥɶɩɞɟɝɢɞ 20,2 

ɗɬɢɥɮɨɪɦɢɚɬ 54,3 

Ⱥɰɟɬɨɧ 56,1 

Ɇɟɬɢɥɚɰɩɟɬɚɬ 57,1 

Ɇɟɬɚɧɨɥ 64,7 

ɗɬɢɥɚɰɩɟɬɚɬ 77,0 

ɗɬɚɧɨɥ 78,4 

ɂɡɨɩɪɨɩɢɩɥɨɜɵɣ ɫɩɢɪɬ 82,4 

ɉɪɨɩɢɥɩɨɜɵɣ ɫɩɢɪɬ 97,4 

Ɇɭɪɚɜɶɢɧɚɹ ɤɢɫɥɨɩɬɚ 100,7 

ɍɤɫɭɫɧɩɚɹ ɤɢɫɥɨɬɚ 118,1 

ɗɬɢɥɛɭɬɩɢɪɚɬ 121,5 

ɂɡɨɚɦɢɥɨɜɵɣ ɫɩɢɪɩɬ 131,0 

ɗɬɢɥɩɟɧɬɚɧɨɚɬ 144,6 

ɂɡɨɛɭɬɢɩɥɨɜɵɣ ɫɩɢɪɬ 108,0 

Ɏɭɪɮɭɩɪɨɥ 161,0 

 

1.3 Ɉɬɝɨɧɤɚ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢя 
 

Ɉɬɝɨɧɤɚ ɩɪɢɦɟɧɹɩɟɬɫɹ ɞɥɹ ɪɚɡɞɟɥɩɟɧɢɹ ɫɦɟɫɟɣ ɧɚɩ ɮɪɚɤɰɢɢ.  Ɍɚɤɩ ɤɚɤ ɫɦɟɫɩɢ 

ɫɨɫɬɨɹɬ ɢɡɩ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɩɬɫɹ ɱɚɫɬɢɰɵ ɪɚɡɥɢɱɩɧɨɝɨ ɜɟɫɚ ɢ 

ɨɛɥɚɞɚɸɳɢɯ ɥɟɬɭɱɩɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɪɢɩ ɩɟɪɟɝɨɧɤɟ ɢɯɩ ɥɟɝɤɨ ɨɬɞɟɥɩɢɬɶ ɞɪɭɝ ɨɬɩ 

ɞɪɭɝɚ, ɢɡɦɟɧɩɹɹ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɩɢɹ. 

Ƚɥɚɜɧɵɦ ɩɨɤɚɡɚɬɩɟɥɟɦ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɩɬɭɪɚ ɤɢɩɟɧɢɹ ɷɬɢɥɨɜɩɨɝɨ ɫɩɢɪɬɚ, 

ɨɧɚɩ ɡɚɜɢɫɢɬ ɨɬɩ ɩɨɤɚɡɚɬɟɥɹ ɚɬɦɨɫɮɟɩɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɪɢɫɭɧɩɨɤ 3. 
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Ɋɢɫɭɧɨɤ 3  Ɂɚɜɢɫɢɦɩɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɩɢɹ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɩɬɚ ɨɬ 

ɚɬɦɨɫɮɟɩɪɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 

Ⱦɥɹɩ ɩɟɪɟɝɨɧɤɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɩɢɹɯ ɢɫɩɨɥɶɡɭɸɬ ɯɨɥɨɞɢɥɩɶɧɭɸ 

ɭɫɬɚɧɨɜɤɭ, ɪɢɫɭɧɩɨɤ 4. 

 

 

Ɋɢɫɭɧɨɤ 4  ɏɨɥɨɞɢɥɩɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹɩ ɩɟɪɟɝɨɧɤɢ: 1  ɷɥɟɤɬɪɨɩɩɥɢɬɚ; 2  ɛɚɧɹ 

ɩɟɫɱɚɩɧɚɹ; 3  ɤɨɥɛɚ Ʉ-1; 4  ɞɟɮɥɟɝɦɚɬɨɪ; 5  ɬɟɪɦɨɦɩɟɬɪ; 6  ɧɚɫɚɞɤɚ; 7  

ɬɟɪɦɨɦɩɟɬɪ; 8  ɯɨɥɨɞɢɥɶɧɢɤ; 9  ɚɥɨɧɩɠ; 10  ɤɨɥɛɚ Ʉɧɩ-2 
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 ȼ ɩɟɪɟɝɨɩɧɤɟ ɩɨ ɬɟɦɩɟɪɚɩɬɭɪɟ ɤɢɩɟɧɢɹ ɜɵɞɟɥɹɸɬ 3 ɮɪɚɤɰɢɢ: 

 t ɨɬɩ 0 ɞɨ 68°ɋ; 

 t ɨɬ 78 ɞɨɩ 85°ɋ; 

 t ɫɜɵɲɩɟ 85°ɋ. 

ɉɪɢɩ ɡɧɚɱɟɧɢɢ ɚɬɦɨɫɮɟɩɪɧɨɝɨ ɞɚɜɥɟɧɢɹ 755 ɦɦɩ.ɪɬ.ɫɬɩ.,  ɫɩɢɪɬ ɧɚɱɢɧɩɚɟɬ 

ɤɢɩɟɬɶ ɧɚɩ 78,3°ɋ.  

ȼ ɩɟɪɜɨɣ ɮɪɚɤɰɩɢɢ ɞɨ ɨɬɦɟɬɩɤɢ ɜ 68°ɋ, ɢɡ ɫɦɟɫɩɢ ɜɵɞɟɥɹɸɬɫɹ ɹɞɨɜɢɩɬɵɟ 

ɥɟɬɭɱɢɟ ɜɟɳɟɫɩɬɜɚ. ȼ ɜɢɧɧɩɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɷɬɢɩ ɜɟɳɟɫɬɜɚ ɨɬɩɪɚɜɥɩɹɸɬɫɹ ɧɚ 

ɭɬɢɥɢɡɩɚɰɢɸ ɬɚɤ ɤɚɤɩ ɢɯ ɢɫɩɨɥɶɡɨɩɜɚɧɢɟ ɧɟɜɨɡɦɨɠɧɨ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɩɹ ɢ ɞɥɹɩ 

ɬɟɯɧɢɱɟɫɤɢɯ ɧɭɠɩɞ. 

ɂɫɩɚɪɟɧɢɟ ɜɵɡɵɜɩɚɟɬ ɭɞɚɥɟɧɢɟ ɜɪɟɞɧɩɵɯ ɜɟɳɟɫɬɜ, ɧɟɤɨɬɨɩɪɵɟ ɢɡ ɧɢɯɩ 

ɩɨɤɚɡɚɧɵ ɜ ɩ.1.2, ɬɚɛɥɢɰɚ 2. 

ȼɨɩ ɜɪɟɦɹ ɜɬɨɪɩɨɣ ɮɪɚɤɰɢɢ ɧɭɠɧɩɨ ɩɨɞɞɟɪɠɢɜɚɬɶ t ɨɬɩ 78°ɋ ɞɨ 85°ɋ, ɞɥɹ 

ɩɨɥɭɱɟɩɧɢɹ ɤɚɤ ɦɨɠɧɩɨ ɛɨɥɟɟ ɱɢɫɬɨɩɝɨ ɫɩɢɪɬɚ, ɬɚɤɩ ɤɚɤ ɨɧɩ ɩɪɢɝɨɞɟɧ ɞɥɹɩ 

ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɩɜɚɧɢɹ ɧɚ ɜɢɧɨɞɟɥɶɩɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

Ⱦɥɹɩ ɥɭɱɲɟɝɨ ɨɱɢɳɟɩɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɭɝɨɥɶɩɧɵɟ ɮɢɥɶɬɪɵ, ɫɦ. ɩ.1.4. 

Ɍɪɟɬɩɶɹ ɮɪɚɤɰɢɹ ɯɚɪɚɤɬɟɪɢɩɡɭɟɬɫɹ ɩɨɥɭɱɟɧɢɟɦ ɫɦɟɫɩɢ ɫɢɜɭɲɧɵɯ 

ɫɨɟɞɢɧɩɟɧɢɣ, ɩɨɫɥɟ ɨɬɦɟɬɩɤɢ ɜ 85°ɋ, ɬɚɤ ɠɟɩ ɚɤɬɢɜɧɨ ɜɵɞɟɥɹɩɸɬɫɹ ɷɮɢɪɧɵɟ ɦɚɫɥɩɚ. 

Ƚɪɚɮɢɤ ɩɟɪɟɝɨɩɧɤɢ ɩɨɤɚɡɚɧ ɧɚɩ ɪɢɫɭɧɤɟ 5. 

 

 

Ɋɢɫɭɧɩɨɤ 5  Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɩɬɭɪɵ ɨɬ ɜɪɟɦɟɩɧɢ ɩɪɢ ɩɟɪɟɝɨɩɧɤɟ 



15 

 

1.4 ɍɝɨɥɶɧɵɟ ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɭɫɬɚɧɨɜɤɢ 
 

ɍɝɨɥɶɩɧɵɟ ɮɢɥɶɬɪɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢɦɟɧɩɹɬɫɹ ɞɥɹ ɨɱɢɳɟɩɧɢɹ ɜɨɞɵ ɨɬɩ 

ɦɭɬɧɨɫɬɢ (ɝɥɢɧɢɫɩɬɵɟ ɜɡɜɟɫɢ, ɨɫɚɞɩɨɤ); ɰɜɟɬɧɨɫɬɢ (ɨɪɝɚɧɢɱɩɟɫɤɢɟ ɜɡɜɟɫɢ); 

ɢɡɛɵɬɨɱɩɧɨɝɨ ɚɤɬɢɜɧɨɩɝɨ ɯɥɨɪɚ; ɩɪɢɜɤɩɭɫɚ ɢ ɡɚɩɚɩɯɚ, ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 6(ɚ, ɛ). 

 

ɚ.    ɛ.  

Ɋɢɫɭɧɩɨɤ 6  ɚ.  Ɇɨɞɟɥɶ ɮɢɥɶɬɪɚ ɫ ɭɝɨɥɶɧɨɣ ɡɚɝɪɭɡɤɨɣ; ɛ.  ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 

ɭɝɨɥɶɧɵɟ ɮɢɥɶɬɪɵ 

 

ɇɚɩɨɪɩɧɵɟ ɮɢɥɶɬɪɵ, ɡɚɝɪɭɡɩɤɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɩɬɫɹ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ 

ɚɤɬɢɜɢɪɨɩɜɚɧɧɵɣ ɭɝɨɥɶ, ɨɛɥɚɞɩɚɸɬ ɜɵɫɨɤɨɣ ɫɨɪɛɰɢɨɩɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. Ɉɧɩ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɤɨɥɨɝɢɱɩɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɬɚɤɩ ɤɚɤ ɹɜɥɹɟɩɬɫɹ ɩɪɢɪɨɞɧɵɦ 

ɦɚɬɟɪɢɩɚɥɨɦ. ɍɝɨɥɶ ɡɚɞɟɪɠɢɩɜɚɟɬ ɜ ɫɟɛɩɟ ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢɩ ɩɪɨɩɭɫɤɚɧɢɢ ɱɟɪɟɩɡ ɧɟɝɨ 

ɜɨɞɩɵ ɫɜɟɪɯɭ ɜɧɢɩɡ. ɉɪɢ ɩɪɨɦɵɩɜɤɟ, ɷɬɢ ɡɚɝɪɹɡɧɩɟɧɢɹ ɭɞɚɥɹɸɬɫɹ ɜ ɞɪɟɧɚɠ. 

Ⱦɥɹɩ ɥɭɱɲɟɣ ɨɱɢɫɬɩɤɢ ɜɨɞɚ ɞɨɥɠɩɧɚ ɤɨɧɬɚɤɬɢɪɨɜɚɬɶ ɫ ɭɝɥɟɦ ɧɟɩ ɦɟɧɟɟ 30 

ɦɢɧɭɩɬ, ɡɚ ɷɬɨɩ ɜɪɟɦɹ ɭɞɚɥɹɟɩɬɫɹ ɛɨɥɶɲɢɧɫɬɜɨ ɨɪɝɚɧɢɱɩɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 

ɮɟɧɨɥɨɜ. ɉɨɫɥɩɟ ɬɨɝɨ ɤɚɤɩ ɭɝɨɥɶ ɭɠɟɩ ɧɟ ɩɪɢɝɨɩɞɟɧ ɜ ɤɚɱɟɫɩɬɜɟ ɫɨɪɛɟɧɬɚ, ɟɝɨɩ 

ɨɬɠɢɝɚɸɬ ɜ ɩɟɱɚɯ. 

ɉɟɪɟɩɞ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɤɨɦɟɧɞɩɭɟɬɫɹ ɡɚɥɢɬɶ ɭɝɨɥɩɶ ɜɨɞɨɣ, ɞɥɹɩ ɭɞɚɥɟɧɢɹ 

ɢɡɩ ɧɟɝɨ ɜɨɡɞɭɩɯɚ ɧɚ 12 ɱɚɫɨɩɜ ɢ ɩɨɫɥɩɟ ɷɬɨɝɨ ɩɪɨɦɵɩɬɶ ɨɬ ɭɝɨɥɶɩɧɨɣ ɩɵɥɢ. Ɍɚɤɩ ɠɟ 

ɩɪɨɦɵɩɜɤɚ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹɩ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɪɛɰɢɨɩɧɧɵɯ ɫɩɨɫɨɛɧɨɫɬɟɣ ɮɢɥɶɬɩɪɚ, 
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ɬɚɤ ɤɚɤɩ ɜ ɩɪɨɰɟɩɫɫɟ ɪɚɛɨɬɵ, ɢɡɩ-ɡɚ ɡɚɝɪɹɡɧɩɟɧɢɣ ɨɧɚ ɭɦɟɧɶɲɚɩɟɬɫɹ. ɉɪɨɦɵɜɤɭ 

ɞɟɥɚɩɸɬ ɱɢɫɬɨɣ ɜɨɞɨɩɣ ɛɟɡ ɞɨɛɚɜɥɩɟɧɢɹ ɪɟɚɝɟɧɬɨɜ, ɢɫɩɨɥɶɩɡɭɹ ɬɨɥɶɤɨ ɜɡɪɵɯɥɩɟɧɢɟ 

ɦɚɬɟɪɢɚɥɚ. 

ɍɝɨɥɶɩɧɵɟ ɮɢɥɶɬɪɵ ɩɨɩ ɩɪɢɧɰɢɩɭ ɪɚɛɨɩɬɵ ɹɜɥɹɸɬɫɹ ɩɟɪɢɨɞɢɱɩɟɫɤɢɦɢ, ɬɚɤ 

ɤɚɤɩ ɨɧɢ ɬɪɟɛɭɩɸɬ ɨɫɬɚɧɨɜɤɢ ɞɥɹɩ ɩɪɨɦɵɜɤɢ (1-2 ɱɚɫɩɚ 1-7 ɪɚɡ ɜ ɧɟɞɟɥɸ). 

ɉɪɨɦɵɩɜɤɚ ɤɚɤ ɩɪɚɜɢɩɥɨ ɩɪɨɯɨɞɢɬ ɜ ɧɨɱɧɨɟ ɜɪɟɦɩɹ ɫɭɬɨɤ. ɂɯɩ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɨɡɦɨɩɠɧɨ ɜ ɫɨɱɟɬɚɩɧɢɢ ɫ ɞɪɭɝɢɩɦɢ ɮɢɥɶɬɪɚɦɢ. 

 

1.5 ɋɨɪɛɰɢɨɧɧɚя ɨɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ 
 

ɋɨɪɛɰɢɨɧɧɚɹ ɨɱɢɫɬɤɚ ɜɨɞɵ  ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɨɝɥɨɳɟɧɢɹ 

ɬɜɟɪɞɵɦɢ ɫɨɪɛɟɧɬɚɦɢ ɩɪɢɦɟɫɟɣ ɢɡ ɜɨɞɵ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɫɱɢɬɚɟɬɫɹ 

ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɦ,  ɢɦɟɟɬ ɨɛɪɚɬɢɦɵɣ ɯɚɪɚɤɬɟɪ. 

 Ⱥɞɫɨɪɛɩɰɢɸ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹɩ ɨɱɢɫɬɤɢ ɫɬɨɱɧɩɨɣ ɜɨɞɵ ɨɬɩ ɮɟɧɨɥɨɜ, 

ɝɟɪɛɢɰɩɢɞɨɜ, ɩɟɫɬɢɰɢɞɨɜ, ɚɪɨɦɚɬɢɱɩɟɫɤɢɯ ɧɢɬɪɨɫɨɟɞɢɧɟɧɢɣ, ɫɢɜɭɲɩɧɵɯ ɦɚɫɟɥ, 

ɉȺȼɩ, ɤɪɚɫɢɬɟɥɟɣ ɢ ɞɪ. ɋɚɦɵɩɦ ɝɥɚɜɧɵɦ ɞɨɫɬɨɢɧɩɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɩɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɜɨɡɦɨɠɧɩɨɫɬɶ ɨɱɢɫɬɤɢ ɫɬɨɱɧɩɵɯ ɜɨɞ, ɤɨɬɨɪɩɵɟ ɦɨɝɭɬ ɫɨɞɟɪɠɩɚɬɶ ɜ 

ɫɟɛɩɟ ɦɧɨɝɨ ɪɚɡɥɢɱɩɧɵɯ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɩɶɤɨ ɜɢɞɨɜ ɫɨɪɛɟɧɩɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɩɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɪɢɩ ɨɱɢɫɬɤɟ ɫɬɨɱɧɩɵɯ ɜɨɞ, ɧɨɩ ɨɞɧɢɦɢ ɢɡɩ ɫɚɦɵɯ ɩɨɩɭɥɹɩɪɧɵɯ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɩɧɵɟ 

ɭɝɥɢ, ɤɨɬɨɪɩɵɟ ɞɨɥɠɧɵ ɨɛɥɚɞɩɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫɜɨɣɫɬɩɜɚɦɢ. 

Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɟ ɭɝɥɩɢ ɞɨɥɠɧɵ ɛɵɬɩɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɪɭɩɥɧɨɩɨɩɪɢɫɬɵɦɢ, 

ɱɬɨɛɵ ɢɯɩ ɩɨɜɟɪɯɧɨɫɬɶ ɛɵɥɩɚ ɞɨɫɬɭɩɧɚ ɞɥɹɩ ɦɨɥɟɤɭɥ ɫɥɨɠɧɩɵɯ ɜɟɳɟɫɬɜ, ɞɨɥɠɩɧɵ 

ɨɛɥɚɞɚɬɶ ɧɟɛɨɥɶɩɲɨɣ ɭɞɟɪɠɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɩɨɫɬɶɸ ɩɪɢ ɪɟɝɟɧɟɪɩɚɰɢɢ ɢ ɥɟɝɤɩɨ 

ɫɦɚɱɢɜɚɬɶɫɹ ɜɨɞɨɩɣ. 

Ɉɱɢɫɬɤɚ ɩɪɨɢɡɜɨɞɫɩɬɜɟɧɧɵɯ ɜɨɞ ɦɨɠɟɩɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɪɢɩ ɢɧɬɟɧɫɢɜɧɨɦ 

ɩɟɪɟɦɟɲɢɩɜɚɧɢɢ ɫɨɪɛɟɧɬɚ ɫ ɜɨɞɨɣ, ɩɪɢɩ ɮɢɥɶɬɪɨɜɚɧɢɢ ɱɟɪɟɩɡ ɧɟɩɨɞɜɢɠɧɵɣ ɫɥɨɩɣ 

ɢɥɢ ɩɫɟɜɞɨɨɠɢɩɠɟɧɧɨɦ ɫɥɨɟ ɧɚɩ ɫɨɨɪɭɠɟɧɢɹɯ ɩɟɪɢɨɞɢɱɩɟɫɤɨɝɨ ɢɥɢ ɧɟɩɪɟɪɵɩɜɧɨɝɨ 

ɞɟɣɫɬɜɢɹ. 
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1.6 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɋɨɪɛɟɧɬɵ ɞɥя ɨɱɢɫɬɤɢ ɜɨɞɵ 
 

1.6.1 Ⱥɤɬɢɜɢɪɨɩɜɚɧɧɵɣ ɭɝɨɥɶ 
 

ɍɞɚɥɢɩɬɶ ɨɪɝɚɧɢɤɭ ɩɪɢɪɨɞɩɧɨɝɨ ɢ ɧɟɩɪɢɪɨɩɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ ɜɨɞɟ 

ɦɨɠɧɩɨ ɩɪɢ ɩɨɦɨɩɳɢ ɩɨɩɭɥɹɪɧɨɝɨ ɫɨɪɛɟɩɧɬɚ ɞɥɹ ɨɱɢɫɬɩɤɢ ɜɨɞɵ – 

ɚɤɬɢɜɢɪɨɜɩɚɧɧɨɝɨ ɭɝɥɹ ɪɚɡɥɢɱɩɧɵɯ ɦɚɪɨɤ. ȼɨɞɚ ɦɨɠɟɩɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɩɡ ɫɥɨɣ 

ɚɤɬɢɜɢɪɨɜɩɚɧɧɨɝɨ ɭɝɥɹ ɢɥɢɩ ɜ ɧɟɟɩ ɜɜɨɞɹɬ ɢɡɦɟɥɶɱɩɟɧɧɵɣ ɭɝɨɥɶ, ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 7. 

 

 

Ɋɢɫɭɧɨɤ 7  Ƚɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ 

 

Ʉɨɥɢɱɟɩɫɬɜɨ ɨɪɝɚɧɢɤɢ ɩɪɢɪɨɞɩɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ ɜɨɞɟ ɧɨɪɦɢɪɭɩɟɬɫɹ 

ɤɨɫɜɟɧɧɨ: ɡɚɩɚɩɯ, ɩɪɢɜɤɭɫ ɢ ɰɜɟɬɧɨɫɬɶ. ɉɨɫɥɟɞɩɧɹɹ ɭɥɭɱɲɚɟɬɫɹ ɤɨɚɝɭɥɢɪɨɩɜɚɧɢɟɦ 

ɢ ɯɥɨɪɢɪɨɜɩɚɧɢɟɦ, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɩɥɶɧɨ ɞɟɲɟɜɥɟ ɚɤɬɢɜɢɪɨɜɩɚɧɧɨɝɨ ɭɝɥɹ. 

ɋɨɪɛɟɩɧɬ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹɩ ɢɡɴɹɬɢɹ ɩɪɢɦɟɩɫɟɣ, ɩɪɢɞɚɸɳɢɟ ɧɟɨɛɵɱɩɧɵɣ 

ɡɚɩɚɯ ɢ ɜɤɭɫ ɜɨɞɩɟ, ɚ ɬɚɤɩ ɠɟ ɧɟɩɪɢɪɨɩɞɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɩɬɜɚ: ɩɟɫɬɢɰɢɞɵ, 

ɧɟɮɬɟɩɪɨɩɞɭɤɬɵ, ɞɟɬɟɪɝɟɧɬɵ ɢ ɬ.ɞ. 

ȿɫɥɢ ɩɨɥɧɩɨɟ ɭɞɚɥɟɧɢɟ ɧɟɩ ɜɨɡɦɨɠɧɨ, ɬɨɩ ɫɧɢɠɚɸɬ ɞɨɩ ɦɢɧɢɦɭɦɚ 

ɫɨɞɟɪɠɩɚɧɢɟ ɷɬɢɯ ɜɟɳɟɫɩɬɜ. 
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1.6.2 Ȼɟɡɭɝɥɟɪɨɞɧɵɟ ɫɨɪɛɟɧɬɵ 

 

Ȼɟɡɭɝɥɟɪɨɞɧɵɟ ɫɨɪɛɟɩɧɬɵ ɫɚɦɵɟ ɪɚɫɩɪɨɫɬɩɪɚɧɟɧɵɟ ɜ ɬɟɯɧɨɥɨɩɝɢɹɯ 

ɜɨɞɨɨɱɢɫɬɤɢ. Ɉɧɢɩ ɛɵɜɚɸɬ ɩɪɢɪɨɞɩɧɨɝɨ ɢ ɢɫɤɭɫɫɬɜɩɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ: 

ɰɟɨɥɢɩɬɵ, ɝɥɢɧɢɫɬɵɟ ɩɨɪɨɩɞɵ ɢ ɬ.ɞ. 

ɉɪɟɢɦɭɳɩɟɫɬɜɚ ɧɟɭɝɥɟɪɨɞɧɵɯ ɫɨɪɛɟɧɩɬɨɜ: 

 ɩɨɜɵɲɟɧɧɚɹ ɟɦɤɨɫɩɬɶ; 

 ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɟɧɢɜɩɚɬɶɫɹ ɤɚɬɢɨɧɚɦɢ; 

 ɧɟɜɵɫɨɩɤɚɹ ɰɟɧɚ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ. 

 

1.6.3 Ƚɥɢɧɢɫɬɵɟ ɩɨɪɨɞɵ 

 

Ⱦɚɧɧɵɟ ɩɨɪɨɞɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɩɭɸɬɫɹ ɜ ɩɪɨɰɟɩɫɫɟ ɨɱɢɫɬɤɢ ɜɨɞɩɵ. ɂɯ 

ɫɬɪɭɤɬɩɭɪɚ ɯɨɪɨɲɨ ɪɚɡɜɢɩɬɚ, ɢɦɟɟɬ ɦɧɨɠɟɫɩɬɜɨ ɦɢɤɪɨɩɨɪ ɪɚɡɧɨɩɝɨ ɪɚɡɦɟɪɚ, 

ɫɥɨɢɫɩɬɭɸ ɠɟɫɬɤɨɫɬɶ ɢ ɫɩɨɫɨɛɧɚ ɪɚɫɲɢɪɹɩɬɶɫɹ, ɩɨɪɨɞɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 8. 

 

 

Ɋɢɫɭɧɨɤ 8  Ƚɥɢɧɢɫɬɵɣ ɫɨɪɛɟɧɬ ɫ ɪɚɡɥɢɱɧɵɦ ɪɚɡɦɟɪɨɦ ɝɪɚɧɭɥ 

 

ɉɪɨɰɟɫɫ ɫɨɪɛɰɩɢɢ ɫ ɩɪɢɦɟɧɟɩɧɢɟɦ ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɩɞ ɫɥɨɠɟɧ. ȼ ɧɟɝɨ ɜɯɨɞɩɹɬ 

ȼɚɧ-ɞɟɪɩ-ɜɚɚɥɶɫɨɜɵɟ ɪɟɚɤɰɩɢɢ. Ɉɧɢ ɯɨɪɨɩɲɨ ɨɛɟɫɰɜɟɱɢɜɚɸɬ ɜɨɞɩɭ, ɭɛɢɪɚɸɬ 
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ɜɡɜɟɲɟɩɧɧɵɟ ɱɚɫɬɢɰɵ ɢ ɬɨɤɫɢɱɧɵɟ ɨɪɝɚɧɢɱɩɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɯɥɨɪɩɚ ɢ 

ɝɟɪɛɢɰɩɢɞɨɜ, ɉȺȼ. 

ɉɪɢɪɨɞɩɧɵɟ ɫɨɪɛɟɧɬɵ ɛɟɪɭɩɬ ɜ ɦɟɫɬɧɨɩɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɩɜɚɧɢɹ, ɱɬɨ 

ɭɜɟɥɢɱɢɩɜɚɟɬ ɢɯ ɩɨɬɪɟɛɥɩɟɧɢɟ ɜ ɬɟɯɧɨɥɩɨɝɢɢ ɜɨɞɨɨɱɢɫɬɤɟ. 

 

1.6.4 ɐɟɨɥɢɬɵ  

 

ɉɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɩɣ ɚɥɸɦɨɫɢɥɢɤɚɬɧɵɣ ɤɚɪɤɚɫɩɧɵɣ ɦɚɬɟɪɢɚɥ. 

ɏɚɪɚɤɬɟɪɢɩɡɭɸɬɫɹ ɬɪɟɯɦɟɪɧɵɦ ɚɥɸɦɨɫɢɥɢɩɤɚɬɧɵɦ ɤɚɪɤɚɫɨɦ ɫ ɩɪɚɜɢɥɶɧɨɣ 

ɬɟɬɪɚɷɞɪɢɩɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɩɨɦ. Ƚɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɢɨɧɩɵ 

ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɩɥɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɭɫɬɨɬɚɯ ɤɚɪɤɚɩɫɚ ɢ 

ɢɦɟɸɩɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɩɞ, ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ ɡɚɪɹɩɞ ɤɚɪɤɚɫɚ. ɐɟɨɥɢɩɬɵ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɩɨɜɚɬɶ ɬɨɥɶɤɨ ɞɥɹɩ ɜɟɳɟɫɬɜ, ɭ ɤɨɬɨɪɵɯ ɪɚɡɦɟɩɪɵ ɦɨɥɟɤɭɥ ɦɟɧɶɩɲɟ 

ɜɯɨɞɧɨɝɨ ɨɬɜɟɪɫɩɬɢɹ. ɂɯ ɟɳɟɩ ɧɚɡɵɜɚɸɬ ɫɢɬɨɩɦ ɞɥɹ ɦɨɥɟɤɩɭɥ. 

Ⱦɚɧɧɵɟ ɫɨɪɛɟɧɬɵ ɥɟɝɤɨ ɞɨɛɵɜɚɬɶ ɢ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ. ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɟɩɟ 30 

ɜɢɞɨɜ. ɋɚɦɵɩɟ ɩɪɢɦɟɧɹɟɦɵɟ: ɲɚɛɚɡɩɢɬ, ɤɥɢɧɨɩɩɬɢɥɨɦɢɬ, ɦɨɪɞɟɧɢɬ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 9. 

 

 

Ɋɢɫɭɧɨɤ 9  Ƚɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɦɨɪɞɟɧɢɬ 

 

ɉɨɫɥɩɟ ɞɨɛɵɱɢ, ɢɯɩ ɩɪɨɤɚɥɢɜɚɸɬ ɜ ɩɟɱɚɯ ɩɪɢɩ 1 ɬɵɫ. ɝɪɚɞɭɩɫɨɜ ɫ ɯɥɨɪɢɩɞɨɦ 

ɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɩɢɹ. ɉɪɢɦɟɧɟɧɢɟ ɤɪɟɦɧɢɣɨɪɝɚɩɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɩ 

ɩɨɜɟɪɯɧɨɫɬɢ ɰɟɨɥɢɩɬɨɜ ɩɪɢɞɚɸɬ ɢɦɩ ɝɢɞɪɨɮɨɛɧɵɟ ɫɜɨɣɫɩɬɜɚ. 



20 

 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɣ ɮɨɪɦɩɟ. 

ɐɟɨɥɢɬɵ ɡɚɞɟɪɠɢɩɜɚɸɬ: 

 ɉȺȼ; 

 ɤɪɚɫɢɬɩɟɥɢ; 

 ɩɟɫɬɢɰɢɞɵ; 

 ɤɨɥɥɨɢɩɞɧɵɟ ɢ ɛɚɤɬɟɪɢɚɩɥɶɧɵɟ ɡɚɝɪɹɡɧɟɧɢɹ; 

 ɨɪɝɚɧɢɱɩɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. 

 

1.6.5 ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɢɨɧɢɬɵ 

 

Ɉɧɢɩ ɫɱɢɬɚɸɬɫɹ ɩɟɪɫɩɟɤɬɩɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɬɟɯɧɨɥɨɝɢɢ ɜɨɞɨɨɱɢɩɫɬɤɢ. 

ɋɚɦɵɟ ɪɚɫɩɪɨɫɬɪɩɚɧɟɧɧɵɟ: 

 ɰɢɪɤɨɧɢɥɮɚɫɮɚɬ; 

 ɬɢɬɚɧɨɫɢɩɥɢɤɚɬɵ ɢ ɰɢɪɤɚɧɨɫɢɩɥɢɤɚɬɵ; 

 ɨɤɫɚɥɚɬ ɰɢɪɤɨɩɧɢɹ; 

 ɫɨɥɢ ɝɟɬɟɩɪɨ- ɢ ɩɨɥɢɤɢɩɫɥɨɬ; 

 ɮɟɪɪɨɰɢɚɧɬɵ ɬɹɠɟɥɩɵɯ ɢ ɳɟɥɨɱɩɧɵɯ ɦɟɬɚɥɥɨɜ; 

 ɝɢɞɪɨɤɩɫɢɞɵ ɠɟɥɟɡɚ ɢ ɫɭɥɶɮɢɞɵ ɠɟɥɟɩɡɚ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ. 

Ȼɨɥɶɲɢɧɩɫɬɜɨ ɢɡ ɧɢɯɩ ɧɟ ɦɨɠɟɩɬ ɢɦɟɬɶ ɜɨɞɨɪɨɩɞɧɭɸ ɮɨɪɦɭ, ɩɪɢɩ ɤɨɬɨɪɨɣ ɢɯɩ 

ɫɬɪɭɤɬɭɪɚ ɪɚɡɪɭɲɢɩɬɶɫɹ. ɍɞɨɛɧɨɣ ɞɥɹɩ ɧɢɯ ɫɬɚɥɩɚ ɫɨɥɟɜɚɹ ɮɨɪɦɩɚ. ɇɨ ɨɧɚɩ 

ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɩɨɫɬɶ ɨɛɟɫɫɨɥɢɜɚɬɶ ɜɨɞɩɭ ɛɟɡ ɪɟɞɤɩɢɯ ɚɧɢɨɧɢɬɨɜ 

ɧɟɨɪɝɚɧɢɩɱɟɫɤɢɯ ɦɢɧɟɪɚɥɨɜ. Ⱦɥɹɩ ɷɬɨɝɨ ɢɫɩɨɥɶɩɡɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɚɬɢɨɧɩɢɬɵ ɢ 

ɚɧɢɨɧɩɢɬɵ ɧɚ ɨɫɧɨɩɜɟ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɨɪɝɚɧɩɢɤɢ. 

 

1.6.6 Ɉɪɝɚɧɢɱɟɫɤɢɟ ɢɨɧɢɬɵ  
 

Ɇɧɨɠɟɫɬɜɨ ɨɪɝɚɧɢɱɩɟɫɤɢɯ ɢɨɧɢɬɨɜ ɯɚɪɚɤɬɟɪɢɩɡɭɸɬɫɹ ɝɟɥɟɜɨɣ ɫɬɪɭɤɬɩɭɪɨɣ. 

Ɋɟɚɥɶɧɵɯ ɩɨɪɩ ɧɟɬ, ɧɨɩ ɩɪɢ ɩɨɩɚɞɚɩɧɢɢ ɜ ɪɚɫɬɜɩɨɪɵ ɜɨɞɵ ɨɧɢɩ ɧɚɛɭɯɚɸɬ ɢ ɦɨɝɭɬ 

ɨɛɦɟɧɢɜɩɚɬɶɫɹ ɢɨɧɚɦɢ. 
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ɋɭɳɟɫɬɩɜɭɸɬ ɦɚɤɪɨɩɨɪɢɫɬɵɟ ɢɨɧɢɩɬɵ, ɪɚɛɨɬɚɩɸɳɢɟ ɩɨ ɩɪɢɧɰɩɢɩɭ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɩɹ. Ɉɧɢ ɭɫɬɨɣɱɩɢɜɵ ɤ ɦɟɯɚɧɢɱɩɟɫɤɨɣ ɧɚɝɪɭɡɤɟ, ɨɫɦɨɬɢɱɩɟɫɤɢ 

ɫɬɚɛɢɥɶɧɵ, ɢɦɟɸɩɬ ɭɥɭɱɲɟɧɧɵɣ ɨɛɦɟɩɧ ɢ ɫɢɬɨɜɩɨɣ ɷɮɮɟɤɬ, ɧɨɩ ɦɟɧɟɟ ɟɦɤɢɩɟ ɩɨ 

ɫɪɚɜɧɟɩɧɢɸ ɫ ɝɟɥɟɜɩɵɦɢ, ɞɚɧɧɵɣ ɬɢɩ ɢɨɧɢɬɨɜ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

 

Ɋɢɫɭɧɨɤ 10  Ɇɟɥɤɨɩɨɪɢɫɬɵɣ ɢɨɧɢɬ 

 

ɋɨɜɪɟɦɟɧɧɚɹ ɧɚɭɤɩɚ ɩɨɡɜɨɥɹɟɬ ɫɢɧɬɟɡɢɪɩɨɜɚɬɶ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢɨɧɢɩɬɵ ɫ 

ɥɸɛɵɩɦɢ ɰɟɧɧɵɦɢ ɫɜɨɣɫɬɩɜɚɦɢ, ɧɟ ɢɦɟɸɳɩɢɟ ɩɪɢɪɨɞɧɵɯ ɚɧɚɥɨɩɝɨɜ. 

 

1.7 Ʉɨɚɝɭɥɢɪɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɨɜ 
 

ɉɪɨɰɟɫɫ ɤɨɚɝɭɥɢɪɩɨɜɚɧɢɹ ɢɦɟɟɬ ɲɢɪɨɤɩɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɟɯɧɢɤɟ ɨɱɢɫɬɩɤɢ 

ɫɬɨɱɧɵɯ ɩɪɨɢɡɜɨɞɫɩɬɜɟɧɧɵɯ ɜɨɞ, ɬɚɤɩ ɤɚɤ ɨɧɢɩ ɫɥɨɠɧɵ ɩɨɩ ɫɨɫɬɚɜɭ ɫ ɬɨɱɤɢ ɡɪɟɧɩɢɹ 

ɮɚɡɨɜɨ - ɞɢɫɩɟɪɫɩɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ.  

Ⱦɚɧɧɩɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɶɡɭɩɸɬɫɹ ɦɧɨɝɢɟ ɩɪɨɢɡɜɨɩɞɫɬɜɚ, ɫɬɨɱɧɵɟ ɜɨɞɩɵ ɨɬ 

ɤɨɬɨɪɩɵɯ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɩɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɱɟɧɩɶ ɦɟɥɤɢɯ ɜɡɜɟɲɟɩɧɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɩ 

ɠɟ ɧɟɮɬɟɩɟɪɟɪɚɛɩɚɬɵɜɚɸɳɢɟ ɡɚɜɨɞɵ,  ɫɨɞɟɪɠɩɚɳɢɟ ɷɦɭɥɶɝɢɪɨɜɚɧɧɵɟ ɩɪɨɞɭɩɤɬɵ, 

ɡɚɜɨɞɵ ɯɢɦɢɱɟɩɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɫɩɢɪɬɨɜɵɟ ɩɪɨɢɡɜɨɩɞɫɬɜɚ. ɉɪɨɰɟɫɫɵ 

ɤɨɚɝɭɥɢɪɩɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɬɨɱɧɩɵɯ ɜɨɞ ɜɤɥɸɱɩɚɸɬ ɜ ɫɟɛɩɹ ɯɢɦɢɱɟɫɤɢɟ 

ɫɬɚɞɩɢɢ  ɪɚɫɬɜɨɪɟɧɢɟ ɢ ɝɢɞɪɨɥɢɡ ɤɨɚɝɭɥɹɩɧɬɨɜ ɢ ɫɬɚɞɩɢɢ ɮɢɡɢɤɨ - ɯɢɦɢɱɟɩɫɤɢɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɚɝɭɥɩɹɰɢɢ ɞɢɫɩɟɪɫɧɚɹ ɫɢɫɬɟɩɦɚ ɫɬɨɱɧɵɯ ɜɨɞɩ ɭɬɪɚɱɢɜɚɟɬ 

ɫɟɞɢɦɟɧɬɚɩɰɢɨɧɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɫɬɚɧɨɜɢɬɫɹ ɞɨɫɬɭɩɩɧɨɣ ɞɥɹ ɷɮɮɟɤɬɢɩɜɧɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɞɟɥɢɬɩɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤɢɩɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɩɫɫ ɨɱɢɫɬɤɢ 

ɫɬɨɱɧɩɵɯ ɜɨɞ, ɨɫɧɨɜɚɩɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɩɜɚɧɢɢ ɤɨɚɝɭɥɹɧɬɨɜ, ɧɟɨɛɯɨɩɞɢɦɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤɩ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɢ ɦɧɨɝɨɮɚɤɬɨɪɧɵɣ, ɨɱɢɫɬɤɚ ɤɨɚɝɭɥɹɧɬɨɦ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 

 

 

Ɋɢɫɭɧɨɤ 11  ɍɞɚɥɟɩɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɩɬɜ ɢɡ ɜɨɞɩɵ ɤɨɚɝɭɥɹɧɬɨɦ 

 

ȼ ɬɟɯɧɨɥɩɨɝɢɢ ɤɨɚɝɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɩɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɩɵ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɚɢɥɭɱɩɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɱɢɫɬɩɤɢ ɫɬɨɱɧɵɯ ɜɨɞɩ ɜ ɤɨɧɤɪɟɩɬɧɵɯ 

ɭɫɥɨɜɢɹɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚɯ. 
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Ƚɥɚɜɩɚ 2. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɩɱɟɫɤɨɣ ɫɯɟɦɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞɩ 
ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɩɞɫɬɜɚ. 
 

ȼ ɯɨɞɩɟ ɚɧɚɥɢɡɚ ɧɚɭɱɧɩɨɣ ɥɢɬɟɪɚɬɭɪɵ, ɛɵɥɩɚ ɫɨɫɬɚɜɥɟɧɚ ɫɯɟɦɩɚ ɨɱɢɫɬɤɢ 

ɫɬɨɱɧɩɵɯ ɜɨɞ ɜɢɧɧɨɩɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤɢɩɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɩɵ ɧɚ ɜɵɯɨɩɞɟ ɩɨɥɭɱɢɬɶ 

ɧɚɢɛɨɩɥɟɟ ɱɢɫɬɵɣ ɫɩɢɪɩɬ, ɤɨɬɨɪɵɣ ɜɨɡɜɪɚɳɩɚɟɬɫɹ ɧɚ ɩɪɨɢɡɜɨɩɞɫɬɜɨ, ɞɥɹ 

ɞɚɥɶɧɟɣɩɲɟɝɨ ɟɝɨ ɢɫɩɨɥɶɡɨɩɜɚɧɢɹ ɢ ɨɱɢɳɟɧɩɧɭɸ ɨɬ ɫɢɜɭɲɩɧɵɯ ɦɚɫɟɥ ɢ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɩɫɬɜɚ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ ɜɨɞɭ. 

Ɍɟɯɧɨɥɨɝɢɩɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɩɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɩɨɦ:  

ȼɨɞɚ ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɜɵɫɨɤɢɦ ɤɨɥɢɱɟɫɩɬɜɨɦ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ, 

ɪɚɫɬɜɨɪɟɧɧɵɯ ɨɪɝɚɧɢɱɩɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɩɧɨɣ ȻɉɄ ɢ ɏɉɄ, 

ɩɨɫɬɭɩɩɚɟɬ ɜ ɭɫɪɟɞɧɢɩɬɟɥɶ (1), ɞɥɹ ɜɵɪɚɜɧɢɩɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɪɚɫɯɨɩɞɚ ɢ 

ɤɨɧɰɟɧɬɩɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ, ɩɨɫɥɟ ɷɬɨɝɩɨ, ɫ ɩɨɦɨɳɩɶɸ ɧɚɫɨɫɚ (15), ɜɨɞɩɚ ɩɪɨɯɨɞɢɬ 

ɩɨɩ ɫɭɠɟɧɧɨɦɭ ɭɱɚɫɬɩɤɭ ɜɨɞɨɩɪɨɜɨɞɚ, ɧɚɩ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɩɜɥɟɧ ɚɩɩɚɪɚɬ ɞɥɹɩ 

ɞɨɡɢɪɨɜɚɧɢɹ ɪɟɚɝɟɩɧɬɚ (2) ɢ ɩɨɩɚɞɩɚɟɬ ɜ ɩɟɪɟɝɨɪɨɩɞɱɚɬɵɣ ɫɦɟɫɢɬɟɥɶ (3), ɞɥɹɩ ɛɨɥɟɟ 

ɪɚɜɧɨɦɟɩɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɚɝɟɩɧɬɚ, ɩɨɫɥɟɞɭɸɳɚɹ ɪɟɚɤɰɩɢɹ ɢɞɟɬ ɜ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɨɬɫɬɨɣɩɧɢɤɟ ɫ ɤɚɦɟɪɩɨɣ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ (4), ɨɫɜɟɬɥɟɩɧɧɚɹ ɜɨɞɚ 

ɩɪɢɩ ɩɨɦɨɳɢ ɧɚɫɨɫɩɨɜ (15), ɩɨɞɚɟɬɫɹ ɜ ɮɢɥɶɬɪ (9). ɉɨɥɧɨɫɩɬɶɸ ɨɱɢɳɟɧɩɧɚɹ ɜɨɞɚ ɢɡɩ 

ɮɢɥɶɬɪɚ ɩɨɞɚɟɬɫɹ  ɜ ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɩɨɣ ɜɨɞɵ (11), ɨɛɟɡɡɚɪɚɠɩɢɜɚɟɬɫɹ 

ɛɚɤɬɟɪɢɰɢɞɧɵɦɢ ɥɚɦɩɚɩɦɢ (10). 

Ɉɫɚɞɨɤ, ɨɛɪɚɡɨɜɚɩɜɲɢɣɫɹ ɜ ɜɟɪɬɢɤɚɩɥɶɧɨɦ ɨɬɫɬɨɣɧɢɤɟ (4), ɩɪɢɩ ɩɨɦɨɳɢ 

ɧɚɫɨɩɫɚ (15) ɨɬɩɪɚɜɥɹɟɬɫɹ ɜ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ (5), ɜ ɤɨɬɨɪɨɦ ɨɧɩ ɧɚɯɨɞɢɬɫɹ ɧɟɩ 

ɛɨɥɟɟ 5 ɫɭɬɨɩɤ.  ɉɨɫɥɟɞɭɸɳɚɹ ɪɟɚɤɰɩɢɹ ɩɪɨɯɨɞɢɬ ɜ ɰɟɧɬɪɢɮɭɝɟ (6), ɝɞɟɩ ɦɚɫɫɚ 

ɪɚɡɞɟɥɹɩɟɬɫɹ ɧɚ ɠɢɞɤɩɭɸ ɢ ɬɜɟɪɞɩɭɸ ɮɚɡɭ. ȼɨɞɩɚ, ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ ɜ ɰɟɧɬɪɢɮɭɝɟ, 

ɩɨɞɚɟɩɬɫɹ ɜ ɭɫɪɟɞɧɢɬɟɥɶ (1) ɱɟɪɟɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɬɨɧɤɨɫɥɨɣɧɵɣ ɨɬɫɬɨɣɧɢɤ (7), 

ɬɜɟɪɞɩɵɟ ɨɬɯɨɞɵ ɩɟɪɟɦɟɩɳɚɸɬ ɜ ɛɭɧɤɩɟɪ (8), ɞɥɹ ɞɚɥɶɧɟɣɩɲɟɝɨ ɜɵɜɨɡɚ ɢ 

ɭɬɢɥɢɡɚɰɢɢ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ  

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 12. 
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Ɋɢɫɭɧɨɤ 12  Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

 

2.1 Ɋɚɫɱɟɬ ɭɫɪɟɞɧɢɬɟɥя  

 

ɍɫɪɟɞɧɩɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɩɵɜɚɬɶ ɰɟɩɨɱɤɭ ɬɟɯɧɨɥɨɝɢɩɱɟɫɤɨɣ ɫɯɟɦɵ ɢ 

ɜɫɟ ɫɨɨɪɭɠɩɟɧɢɹ, ɤɨɬɨɪɵɟ ɞɨɥɠɩɧɵ ɜ ɧɟɟɩ ɜɯɨɞɢɬɶ. 

ɍɫɪɟɞɧɢɩɬɟɥɶ  ɫɢɫɬɟɦɚ, ɤɨɬɨɪɩɚɹ ɪɟɝɭɥɢɪɭɟɬ ɢ ɜɵɪɚɜɧɢɜɚɟɬ ɩɨɞɚɩɱɭ 

ɫɬɨɱɧɵɯ ɜɨɞɩ, ɩɨ ɤɨɧɰɟɧɬɩɪɚɰɢɢ ɜ ɧɟɣɩ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ ɢ ɬɟɦɩɟɪɚɩɬɭɪɟ. 

ɍɫɬɚɧɨɜɤɚ ɭɫɬɪɟɞɧɩɢɬɟɥɹ ɢɦɟɟɬ ɛɨɥɶɲɩɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɩ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɬɚɤɩ ɤɚɤ 

ɫɨɤɪɚɳɩɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɫɬɚɥɶɩɧɵɯ ɨɛɴɟɤɬɨɜ ɨɱɢɫɬɩɤɢ.  

Ɂɚɱɚɫɬɭɸ, ɩɪɢɦɟɧɹɩɸɬɫɹ ɭɫɪɟɞɧɢɬɟɥɢ ɩɪɨɬɨɱɩɧɨɝɨ ɬɢɩɚ, ɨɧɢɩ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɩɣ ɦɧɨɝɨɤɚɧɚɥɶɧɵɟ ɪɟɡɟɪɜɩɭɚɪɵ, ɫ ɪɚɡɥɢɱɩɧɨɣ ɞɥɢɧɨɣ ɢɥɢɩ ɲɢɪɢɧɨɣ ɤɚɧɚɥɩɨɜ. 
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ɋɭɳɟɫɬɜɭɟɬ ɞɜɚɩ ɬɢɩɚ: ɩɪɹɦɨɭɝɨɩɥɶɧɵɣ, ɞɚɧɧɵɣ ɜɢɞɩ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ȼɚɧɹɤɢɩɧɵɦ 

Ⱦ.Ɇ. ɢ ɤɪɭɝɥɩɵɣ, ɩɨ ɩɪɨɟɤɩɬɭ ɒɩɢɥɟɜɚ Ⱦ.Ⱥ. Ʉɪɭɝɥɩɵɣ ɜɢɞ ɨɬɥɢɱɚɩɟɬɫɹ 

ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɩɥɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɨɞɵ ɩɨ ɤɚɧɚɥɩɚɦ. 

Ⱦɥɹ ɭɫɪɟɞɧɩɟɧɢɹ ɪɚɫɯɨɞɚ ɩɪɢɩ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɩɱɟɫɤɨɣ ɫɯɟɦɵ ɞɥɹɩ 

ɜɢɧɨɞɟɥɶɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɩɞɫɬɜɚ, ɩɪɢɦɟɧɹɟɬɫɹ ɦɧɨɝɨɤɚɧɩɚɥɶɧɵɣ ɭɫɪɟɞɧɢɬɟɥɶ ɫ 

ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɩɨɣ ɤɚɧɚɥɨɩɜ, ɫ ɡɚɥɩɨɩɜɵɦ ɫɛɪɨɫɨɦ ɜɨɞɩɵ, ɩɨɤɚɡɚɧ ɧɚɩ ɪɢɫɭɧɤɟ 13.  

 

 

Ɋɢɫɭɧɩɨɤ 13  ɉɪɹɦɨɭɝɨɥɶɧɵɣ ɦɧɨɝɨɤɚɧɩɚɥɶɧɵɣ ɭɫɪɟɞɧɢɬɟɥɶ ɫ ɪɚɡɥɢɱɧɨɣ 

ɞɥɢɧɩɨɣ ɤɚɧɚɥɨɜ: 1  ɤɚɧɚɩɥ ɩɨɞɚɱɢ ɜɨɞɩɵ; 2  ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɥɨɬɨɩɤ; 3  

ɫɛɨɪɧɵɣ ɥɨɬɨɩɤ; 4  ɝɥɭɯɚɹ ɩɟɪɩɟɝɨɪɨɞɤɚ; 5  ɤɚɧɚɩɥ ɨɬɜɨɞɚ ɜɨɞɩɵ 

 

Ɂɚɥɩɨɜɵɣ ɫɛɪɨɩɫ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɩ ɜɵɫɨɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯɩ ɩɨɬɨɤɚɯ ɢ 

ɜɵɪɚɜɧɢɜɩɚɟɬɫɹ ɫ ɩɨɦɨɳɩɶɸ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɭɫɪɟɞɧɢɩɬɟɥɹ. Ɍɢɩ ɭɫɪɟɞɧɢɩɬɟɥɹ 

ɩɨɞɛɢɪɚɟɬɫɹ ɩɨɩ ɧɟɫɤɨɥɶɤɢɦ ɯɚɪɚɤɬɟɪɢɩɫɬɢɤɚɦ: ɤɨɥɢɱɟɫɬɜɨ ɧɟɪɚɫɬɜɨɩɪɟɧɧɵɯ 

ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɞɢɧɚɦɢɤɢ ɩɨɫɬɭɩɥɟɧɢɹ ɫɬɨɱɧɩɵɯ ɜɨɞ. Ⱦɢɧɚɦɩɢɤɚ ɜɨɞɵ ɩɪɢɩ 

ɡɚɥɩɨɜɨɦ ɫɛɪɨɩɫɟ, ɩɨɤɚɡɚɧɚ ɧɚɩ ɪɢɫɭɧɤɟ 14. 
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Ɋɢɫɭɧɨɤ 14  Ⱦɢɧɚɦɢɤɚ ɫɨɫɬɚɩɜɚ ɫɬɨɱɧɨɣ ɜɨɞɩɵ ɩɪɢ ɡɚɥɩɨɩɜɨɦ ɫɛɪɨɫɟ 

 

ɉɨɩ ɯɚɪɚɤɬɟɪɭ ɤɨɥɟɛɚɩɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɤɨɥɢɱɟɩɫɬɜɚ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ 

ɢ ɢɯɩ ɜɢɞɭ, ɛɵɥɩ ɜɵɛɪɚɧ ɦɧɨɝɨɤɚɧɩɚɥɶɧɵɣ ɭɫɪɟɞɧɢɬɟɥɶ, ɟɝɨɩ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɭɤɚɡɚɩɧɵ ɜ ɬɚɛɥɢɩɰɟ 3. 

 

Ɍɚɛɥɢɰɚ 3  Ɉɛɥɚɫɩɬɶ ɩɪɢɦɟɧɟɧɢɹ ɭɫɪɟɞɧɢɩɬɟɥɹ 

Ɍɢɩ 
ɏɚɪɚɤɩɬɟɪ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ 

ȼɡɜɟɲɟɩɧɧɵɟ ɜɟɳɟɫɬɜɚ 

Ʉɨɧɰɟɧɬɩɪɚɰɢɹ, ɦɝ/ɥ 
Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 

ɤɪɭɩɧɨɩɫɬɶ, ɦɦ/ɫ 

Ɇɧɨɝɨɤɚɧɚɥɶɧɵɣ Ɂɚɥɩɨɩɜɵɣ ≤ 500 ≤ 5 

 

Ɉɛɴɟɦ ɭɫɪɟɞɧɢɩɬɟɥɹ. 

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɪɟɛɭɟɩɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɪɟɞɧɩɟɧɢɹ Kav 

 

  Kav = ஼೘𝑎ೣ − ஼೘𝑖೏஼𝑎೏೘ − ஼೘𝑖೏,          (2.1.1) 

 

ɝɞɟ ܥ௠𝑎௫  ɦɚɤɫɢɦɚɩɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɝɪɹɡɧɩɟɧɢɣ ɜ ɫɬɨɤɩɟ, ɦɝ/ɥ; 

 ;௠𝑖ௗ  ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɩɪɚɰɢɹ ɡɚɝɪɹɡɧɟɧɢɣ ɜ ɫɬɨɤɟ, ɦɝɩ/ɥܥ      

𝑎ௗ௠ܥ   ɤɨɧɰɟɧɬɩɪɚɰɢɹ, ɞɨɩɭɫɬɢɦɚɹ ɩɨɩ ɯɨɞɭ ɪɚɛɨɩɬɵ ɩɨɫɥɟɞɭɸɳɢɯ 

ɫɨɨɪɭɠɩɟɧɢɣ, ɦɝ/ɥ. 
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Kav = 580  180
250  180

= 5,7  

 

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɛɴɟɩɦ ɭɫɪɟɞɧɢɬɟɥɹ Wz 

 

Wz = 0,5·qw·tz ·Kav ,               (2.1.2)
    

ɝɞɟɩ qw  ɪɚɫɯɨɞ ɫɬɨɱɧɩɵɯ ɜɨɞ, ɦ3/ɱ;  

       tz  ɞɥɢɬɟɥɶɩɧɨɫɬɶ ɡɚɥɩɨɜɨɝɨ ɫɛɪɨɩɫɚ, ɱ. 

 

Wz = 0,5·50·1,5·5,7 = 213,5 ɦ3. 

 

ɉɪɢɧɢɦɩɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɰɩɢɣ, n = 2. 

ɉɪɢɧɢɦɚɟɦ ɝɥɭɛɢɩɧɭ ɭɫɪɟɞɧɢɬɟɥɹ, H = 1,5 ɦ.  

ɉɨ ɮɨɪɦɭɩɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɩɞɶ ɤɚɠɞɨɣ ɫɟɤɰɩɢɢ ɭɫɪɟɞɧɢɬɟɥɹ 

 

F = 
W

n∙H
 ,           (2.1.3)

   

  

F = 
ଶଵଷ,ହଵ,ହ∙ଶ = ͹ʹ ɦଶ. 

 

ɒɢɪɢɩɧɚ ɨɞɧɨɣ ɫɟɤɰɩɢɢ, ɞɥɹ ɩɪɹɦɨɭɝɨɩɥɶɧɨɝɨ ɭɫɪɟɞɧɢɬɟɥɹ ɩɪɢɧɢɦɚɩɟɬɫɹ B 

= 8 ɦ. 

Ⱦɥɢɧɩɚ ɭɫɪɟɞɧɢɬɟɥɹ ɛɭɞɟɩɬ ɪɚɜɧɚ 

 

L = 
𝐹஻ ,          (2.1.4) 
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L = 
72
8

= ͻ ɦ. 

 

ɉɪɢɧɢɦɚɟɦ ɞɥɢɧɩɭ ɤɚɧɚɥɨɜ 10 ɦ. 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɧɚɥɩɨɜ ɜ ɨɞɧɨɩɣ ɫɟɤɰɢɢ, ncan = 4. 

Ɉɬɫɸɩɞɚ ɧɚɯɨɞɩɢɦ ɲɢɪɢɧɭ ɤɚɠɞɨɩɝɨ ɤɚɧɚɥɚ 

 

 bcan = 
஻௡೎𝑎೙,                                 (2.1.5) 

  𝑏௖𝑎௡ = ସ଼ = ʹ ɦ. 

 

Qɜɨɡɩɞ = n·Lɛ·qɜ ,                                   (2.1.6) 

 

ɝɞɟ  Lɛ  ɞɥɢɧɚ ɛɚɪɛɨɬɩɟɪɚ, ɦ;  

       qɜ  ɪɚɫɯɨɞ ɜɨɡɞɭɩɯɚ, ɦ3/ɱ. 

 

Lɛ = L  0,2,                       (2.1.7) 

 

Lɛ = 10  0,2 = 9,8 ɦ. 

 

qɜ = 8 ɦ3/ɱ. 

   

Qɜɨɡɩɞ = 4·9,8·8 = 313,6 ɦ3/ɱ = 5,23 ɦ3/ɦɢɧɩ.                   (2.1.8) 

 

2.2 ɉɨɞɛɨɪ ɜɨɡɞɭɯɨɞɭɜɤɢ 

 

ɉɨɞɛɢɪɚɟɦ ɢ ɩɪɢɧɢɦɚɟɦ ɨɞɧɩɭ ɪɚɛɨɱɭɸ ɢ ɨɞɧɭ ɪɟɡɟɪɜɩɧɭɸ 

ɨɞɧɨɫɬɭɩɟɧɱɚɬɭɸ ɜɨɡɞɭɯɨɩɞɭɜɤɭ, ɫɟɪɢɢ ɆɌɩ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 
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Ɋɢɫɭɧɨɤ 15  Ɉɞɧɨɫɬɭɩɟɩɧɱɚɬɚɹ ɜɨɡɞɭɯɨɞɭɜɤɚ ɆɌɩ 06-230 

 

Ʉɪɚɬɤɢɟ ɬɟɯɧɢɱɟɩɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 Ɇɚɤɫɢɦɚɩɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ  55 ɦ3/ɱ; 

 Ɇɨɳɧɨɩɫɬɶ  0,25 ɤȼɬ; 

 ɑɚɫɬɨɩɬɚ  50 Ƚɰ; 

 Ɋɚɡɧɨɩɫɬɶ ɞɚɜɥɟɧɢɹ ΔP (ɜɚɤɭɩɭɦ)  80 ɦȻɚɪ; 

 Ⱦɚɜɥɟɩɧɢɟ  90 ɦȻɚɪ; 

 ȼɟɫɩ  7 ɤɝ; 

 ɒɭɦɩ  50ɞȻ; 

 Ƚɚɛɚɪɢɩɬɧɵɟ ɪɚɡɦɟɪɵ  242×190×203 ɦɦɩ. 

ɋɯɟɦɚ ɝɚɛɚɪɢɬɨɜ ɩɪɟɞɫɬɚɩɜɥɟɧɚ ɧɚ ɪɢɫɭɧɩɤɟ 16 

 

 

Ɋɢɫɭɧɨɤ 16  ɋɯɟɦɚ ɜɨɡɞɭɯɨɩɞɭɜɤɢ ɬɢɩɚ ɆɌɩ 60-230 
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2.3 ɉɨɞɛɨɪ ɧɚɫɨɫɚ ɨɬ ɭɫɪɟɞɧɢɬɟɥя 
 

Ⱦɥɹ ɩɨɞɚɩɱɢ ɜɨɞɵ ɨɬɩ ɭɫɪɟɞɧɢɬɟɥɹ ɞɚɥɟɩɟ ɩɨ ɫɯɟɦɩɟ, ɩɨɞɛɢɪɚɟɦ 

ɰɟɧɬɪɨɛɩɟɠɧɵɣ ɧɚɫɨɫ Grundfos NS, ɫ ɨɞɧɢɦ ɢɥɢɩ ɞɜɭɦɹ ɰɟɧɬɪɨɛɟɩɠɧɵɦɢ 

ɤɨɥɟɫɚɦɢ, ɩɨɞɯɨɩɞɢɬ ɞɥɹ ɩɪɨɦɵɲɥɩɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ɍɫɬɚɧɚɜɥɢɩɜɚɟɦɵɟ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɨɬɧɨɫɹɩɬɫɹ ɤ ɚɫɢɧɯɪɨɩɧɧɨɦɭ ɬɢɩɭ, ɧɚɫɨɫ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

 

Ɋɢɫɭɧɩɨɤ 17 – ɐɟɧɬɪɨɛɟɠɧɵɣ ɧɚɫɨɫ Grundfos NS  

 

ɋɯɟɦɩɚ ɝɚɛɚɪɢɬɨɜ ɧɚɫɨɫɚ ɩɨɤɚɡɩɚɧɚ ɧɚ ɪɢɫɭɧɩɤɟ 18. 

 

Ɋɢɫɭɧɨɤ 18  ɐɟɧɬɪɨɛɩɟɠɧɵɣ ɧɚɫɨɫ Grundfos, ɬɢɩɩ NS 13-18 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɩɫɚ: 

 Ⱦɚɜɥɟɧɢɟ  max 8 ɛɚɪɩ; 

 ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɩɢɹ  220-240 ȼ, 50 Ƚɰɩ; 

 Ʉɥɚɫɫ ɢɡɨɥɹɩɰɢɢ  F; 

 ɑɚɫɬɨɬɚ ɩɭɫɤɩɨɜ, ɨɫɬɚɧɨɜɨɤ  max 20 ɜ ɱɚɫ. 

Ɉɫɧɨɜɧɩɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɞɚɧɧɨɩɝɨ ɬɢɩɚ ɧɚɫɨɫɩɨɜ ɹɜɥɹɸɬɫɹ: 

 ɒɢɪɨɤɩɢɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɩɢɯ ɬɟɦɩɟɪɚɬɭɪ; 

 Ɇɨɧɨɛɥɨɩɱɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɛɟɫɩɟɱɩɢɜɚɟɬ ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɩɨɫɬɶ; 

 Ɇɧɨɝɨɭɪɨɜɧɟɜɚɹ ɡɚɳɢɩɬɚ ɨɬ ɩɟɪɟɝɪɩɟɜɚ. 

 

2.4 Ɋɚɫɱɟɬ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɞɥя ɩɨɞɚɱɢ ɪɟɚɝɟɧɬɚ 
 

ɉɟɪɟɩɞ ɫɦɟɫɢɬɟɥɟɦ ɧɚɯɨɞɢɩɬɫɹ ɫɭɠɟɧɧɵɣ ɭɱɚɫɬɩɨɤ ɜɨɞɨɜɨɞɚ, ɱɟɪɟɩɡ ɤɨɬɨɪɵɣ 

ɜ ɜɨɞɭ ɩɨɫɬɭɩɩɚɟɬ ɪɚɫɬɜɨɪ ɪɟɚɝɟɩɧɬɚ ɢɡ ɞɨɡɚɬɩɨɪɚ, ɫɯɟɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. 

 

 

Ɋɢɫɭɧɨɤ 19  ɋɯɟɦɩɚ ɫɭɠɟɧɢɹ ɜɨɞɨɩɪɨɩɜɨɞɚ ɞɥɹ ɜɜɨɞɩɚ ɪɟɚɝɟɧɬɚ 

 

Ɉɩɪɟɞɟɩɥɹɟɦ ɞɢɚɦɟɬɪ ɨɞɧɨɩɝɨ ɩɨɞɜɨɞɹɳɟɝɨ ɜɨɞɨɜɩɨɞɚ 

 

D = √ସ∙௤𝜋∙𝜐,                        (2.4.1) 
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D =√ସ∙଴,଴ଵଷଽଷ,ଵସ∙଴,଺  = 0,17 ɦ. 

 

ɝɞɟ q  ɪɚɫɯɩɨɞ ɜɨɞɵ, ɥ/ɫ. 

ɉɪɢɧɢɦɩɚɟɦ ɞɢɚɦɟɬɪ ɨɞɧɨɩɝɨ ɩɨɞɜɨɞɹɳɟɝɨ ɜɨɞɨɜɩɨɞɚ 100 ɦɦ. 

Ⱦɢɚɦɟɩɬɪ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɩɤɚ 

 

D = 
ଵ଴଴ଶ = Ͳ,Ͳͷ ɦ.           (2.4.2) 

 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɩɬɪ ɫɭɠɟɧɧɨɝɨ ɭɱɚɫɬɩɤɚ 50 ɦɦ. 

Ɋɚɫɫɱɢɬɵɩɜɚɟɬɫɹ ɞɢɧɚɦɢɱɧɨɟ ɞɚɜɥɟɩɧɢɟ ɜɨɞɵ ɜ ɜɨɞɨɜɨɞɟ 

 

hɜɨɞɜ1 = 
𝜐భమଶ·௚,                                                                                                (2.4.3) 

 

hɜɨɞɜ1 = ଴,଺మଶ∙ଽ,଼ଵ = Ͳ,Ͳʹ ɦ. 

 

Ⱦɢɧɚɦɢɩɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɫɭɠɟɧɧɨɦ ɭɱɚɫɬɩɤɟ 

 

hɜɨɞɩɜ2 = 
𝜐మమଶ·௚,           (2.4.4) 

 

hɜɨɞɩɜ2 = 
ଵ,ଶమଶ∙ଽ,଼ଵ = Ͳ,Ͳ͹ ɦ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɩɪɚ ɜ ɫɭɠɟɧɩɧɨɦ ɭɱɚɫɬɤɟ 

 

h = 
𝜐మమ ·𝜐భ మଶ·௚ ,           (2.4.5) 
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h = 
଴,଺మ∙ଵ,ଶమଶ∙ଽ,଼ଵ  = 0,03 ɦ. 

 

2.5 Ⱥɩɩɚɪɚɬ ɞɥя ɞɨɡɢɪɨɜɚɧɢя ɢ ɩɨɞɚɱɢ ɪɟɚɝɟɧɬɚ 
 

Ⱦɥɹ ɩɨɞɚɩɱɢ ɧɭɠɧɨɝɨ ɤɨɥɢɱɟɩɫɬɜɚ ɪɟɚɝɟɧɬɚ, ɩɪɢɦɟɧɹɩɸɬɫɹ ɚɩɩɚɪɚɬɵ 

ɞɨɡɢɪɨɜɩɚɧɢɹ. ȼ ɩɪɨɢɡɜɨɩɞɫɬɜɟ ɫɭɳɟɫɬɜɭɸɬ ɞɜɚɩ ɨɫɧɨɜɧɵɯ ɜɢɞɩɚ:  

1. Ⱦɨɡɚɬɨɪɵ ɩɨɫɬɨɹɩɧɧɨɣ ɞɨɡɵ, ɭɫɬɚɧɚɜɥɢɩɜɚɸɬɫɹ ɧɚ ɜɨɞɨɨɱɢɩɫɬɧɵɯ 

ɫɬɚɧɰɢɹɯ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɯɨɩɞɨɦ ɜɨɞɵ. Ʉ ɧɢɦ ɨɬɧɨɫɩɹɬ: ɩɨɩɥɚɜɤɨɜɵɟ 

ɞɨɡɚɬɩɨɪɵ, ɞɨɡɢɪɨɜɨɱɧɵɟ ɛɚɤɩɢ ɫ ɩɨɫɬɨɹɩɧɧɵɦ ɭɪɨɜɧɟɦ ɢ ɫɟɱɟɧɢɟɦ ɜɯɨɞɧɩɨɝɨ 

ɨɬɜɟɪɫɬɢɹ, ɧɚɫɨɩɫɵ  ɞɨɡɚɬɨɪɵ ɦɚɪɨɩɤ ɇȾ; 

2. Ⱦɨɡɚɬɩɨɪɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɞɨɡɩɵ, ɩɨɡɜɨɥɹɸɬ ɚɜɬɨɦɚɬɢɩɱɟɫɤɢ 

ɢɡɦɟɧɹɬɶ ɞɨɡɩɭ ɩɨɞɚɜɚɟɦɨɝɨ ɪɟɚɝɟɩɧɬɚ, ɟɫɥɢ ɜɨɩ ɜɪɟɦɹ ɪɚɛɨɩɬɵ ɜɨɞɨɨɱɢɫɬɧɨɣ 

ɫɬɚɧɰɩɢɢ, ɦɟɧɹɟɬɫɹ ɪɚɫɯɩɨɞ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɩɵ. 

Ʌɸɛɵɟ ɬɢɩɩɵ ɞɨɡɚɬɨɪɨɜ, ɢɫɯɨɩɞɹ ɢɯ ɤɨɧɫɬɪɭɤɬɩɢɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɩɨɞɪɚɡɞɩɟɥɹɸɬ ɧɚ ɧɚɩɨɪɩɧɵɟ ɢ ɛɟɡɧɚɩɨɩɪɧɵɟ.  

Ⱦɥɹ ɫɯɟɦɩɵ ɜɢɧɨɞɟɥɶɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɩɞɫɬɜɚ, ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɩɜɚɬɶɫɹ 

ɛɟɡɧɚɩɨɪɧɵɣ ɩɨɩɥɚɜɤɩɨɜɵɣ ɞɨɡɚɬɨɪ ɩɨɫɬɨɹɩɧɧɨɣ ɞɨɡɵ,  ɪɢɫɩɭɧɨɤ 20. 

 

 

Ɋɢɫɭɧɨɤ 20  ɋɯɟɦɩɚ ɞɨɡɚɬɨɪɚ ɩɨɩɥɚɜɤɩɨɜɨɝɨ ɬɢɩɚ: 1  ɛɚɤɩ ɞɨɡɚɬɨɪɚ; 2  ɩɨɞɚɩɱɚ 

ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɩɧɬɚ; 3  ɩɨɞɚɱɚ ɪɟɚɝɟɩɧɬɚ ɜ ɛɚɤɩ ɞɨɡɚɬɨɪɚ; 4  ɩɨɞɚɩɱɚ ɜɨɞɵ ɜ ɛɚɱɨɤ 

- ɩɨɩɥɚɩɜɨɤ; 5  ɛɚɱɨɤ-ɩɨɩɥɚɩɜɨɤ; 6  ɫɢɮɨɧ, ɞɥɹɩ ɨɩɨɪɨɠɧɟɧɢɹ ɩɨɩɥɚɩɜɤɚ 
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ȼ ɯɨɞɩɟ ɪɚɛɨɬɵ ɚɩɩɚɪɩɚɬɚ ɞɨɡɢɪɨɜɚɧɢɹ, ɛɚɤɩ ɞɨɡɚɬɨɪɚ ɡɚɩɨɥɧɹɩɟɬɫɹ 

ɪɚɫɬɜɨɪɨɦ ɪɟɚɝɟɩɧɬɚ, ɞɨ ɭɪɨɜɩɧɹ ɫɥɢɜɧɨɣ ɬɪɭɛɩɵ. ɉɪɢ ɩɨɞɚɩɱɟ ɜɨɞɵ ɜ ɛɚɱɨɤ-

ɩɨɩɥɚɩɜɨɤ, ɩɨɩɥɚɜɨɤ ɬɨɧɟɩɬ, ɜɵɬɟɫɧɹɹ ɧɭɠɧɩɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɝɟɩɧɬɚ ɜ ɫɦɟɫɢɬɩɟɥɶ. 

ȼɫɟɝɞɚ ɩɚɪɚɥɥɟɩɥɶɧɨ ɪɚɛɨɬɚɸɬ ɞɜɚɩ ɞɨɡɚɬɨɪɚ, ɜɨɩ ɜɪɟɦɹ ɨɩɨɪɨɠɧɩɟɧɢɹ ɨɞɧɨɝɨ, ɜ 

ɪɚɛɨɬɟ ɧɚɯɨɞɢɩɬɫɹ ɜɬɨɪɨɣ ɛɚɱɨɩɤ - ɩɨɩɥɚɜɨɤ. 

 

2.6 ɉɪɢɦɟɧɟɧɢɟ ɪɟɚɝɟɧɬɚ KMnO4 

 

ɉɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɩɹ  ɦɚɪɝɚɧɰɨɜɨɤɢɫɥɵɣ ɤɚɥɢɩɣ, ɤɚɥɢɟɜɚɹ ɫɨɥɩɶ 

ɦɚɪɝɚɧɰɨɜɨɣ ɤɢɫɥɨɩɬɵ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɩɣ ɬɟɦɧɨ-ɮɢɨɥɟɬɩɨɜɵɟ ɤɪɢɫɬɚɥɥɵ ɫ 

ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɛɥɟɫɤɩɨɦ. KMnO4 ɦɨɠɟɬ ɪɚɫɬɜɨɪɩɹɬɶɫɹ ɜ ɜɨɞɩɟ, ɠɢɞɤɩɨɦ ɚɦɦɢɚɤɟ, 

ɚɰɟɬɨɩɧɟ, ɦɟɬɚɧɨɥɟ. Ɋɚɫɬɜɨɪɟɧɢɟ ɪɟɚɝɟɧɬɚ ɜ ɜɨɞɟ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 4. 

 

Ɍɚɛɥɢɩɰɚ 4  Ɋɚɫɬɜɨɪɢɦɨɫɬɶ KMnO4 ɜ ɜɨɞɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ 

Ɍɟɦɩɟɪɚɩɬɭɪɚ, °ɋ 10 20 25 30 40 50 65 

Ɋɚɫɬɜɨɪɢɩɦɨɫɬɶ, ɝ/100ɝ ɜɨɞɵ 4,22 6,36 7,63 9 12,5 16,8 25 

 

ȼ ɚɩɩɚɪɚɬɟ ɞɥɹɩ ɞɨɡɢɪɨɜɚɧɢɹ ɧɚɯɨɞɢɩɬɫɹ KMnO4, ɟɝɨ ɢɫɩɨɥɶɡɨɩɜɚɧɢɟ ɞɥɹ 

ɨɱɢɫɬɩɤɢ ɫɬɨɱɧɵɯ ɜɨɞɩ ɫɱɢɬɚɟɬɫɹ ɞɨɫɬɚɬɩɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɦ, ɬɚɤɩ ɤɚɤ ɨɧɩ ɩɪɨɫɬ ɩɨɩ 

ɫɨɫɬɚɜɭ ɢ ɨɱɢɳɚɟɬ ɜɨɞɩɭ ɨɬ ɠɟɥɟɩɡɚ ɢ ɦɚɪɝɚɩɧɰɚ ɩɪɢ ɢɯɩ ɫɨɜɦɟɫɬɧɨɦ ɧɚɯɨɠɞɩɟɧɢɢ ɜ 

ɨɱɢɳɚɟɩɦɨɣ ɜɨɞɟ. 

ɉɪɢɦɟɧɩɹɟɬ ɧɚ ɪɚɡɥɢɱɩɧɵɯ ɜɨɞɨɨɱɢɫɬɧɵɯ ɫɬɚɧɰɩɢɹɯ, ɜ ɬɨɦɩ ɱɢɫɥɟ ɧɚɩ 

ɫɬɚɧɰɢɹɯ ɜɢɧɨɞɟɥɶɱɩɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫ ɟɝɨ ɩɨɦɨɳɩɶɸ ɢɡ ɜɨɞɩɵ ɜɵɜɨɞɢɬɫɹ 

ɡɚɩɚɩɯ ɢ ɩɪɢɜɤɩɭɫ, ɤɨɬɨɪɵɣ ɜɵɡɜɩɚɧ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɩɬɜɨɦ ɜ ɜɨɞɩɟ ɪɚɫɬɜɨɪɟɧɧɵɯ 

ɜɡɜɟɲɟɩɧɧɵɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤ ɠɟɩ ɫɨɟɞɢɧɟɧɢɣ ɠɟɥɟɩɡɚ ɢ ɦɚɪɝɚɩɧɰɚ. 

Ⱦɨɛɚɜɥɟɧɢɟ KMnO4 ɛɭɞɟɩɬ ɩɪɨɜɨɞɢɬɫɹ ɤɚɤɩ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɱɢɫɬɩɤɚ ɜɨɞɵ 

ɩɟɪɟɩɞ ɩɨɞɚɱɟɣ ɟɟɩ ɜ ɫɦɟɫɢɬɩɟɥɶ ɢ ɞɚɥɟɩɟ ɩɨ ɫɯɟɦɩɟ ɜ ɚɷɪɚɰɢɨɩɧɧɵɣ ɮɢɥɶɬɪ, ɫ 

ɡɚɝɪɭɡɤɨɣ Birm. 
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ɉɨɩ ɭɪɚɜɧɟɧɢɸ ɜɢɞɧɩɨ, ɱɬɨ ɩɪɢɩ ɜɜɟɞɟɧɢɢ ɩɟɪɦɚɧɝɩɚɧɚɬɚ ɤɚɥɢɹ, 

ɪɚɫɬɜɨɪɩɟɧɧɵɣ ɦɚɪɝɚɧɟɰ ɨɤɢɫɥɹɩɟɬɫɹ ɢ ɨɛɪɚɡɩɭɟɬ ɜ ɯɨɞɩɟ ɪɟɚɤɰɢɢ 

ɦɚɥɨɪɚɫɬɜɩɨɪɢɦɵɣ ɨɤɫɢɞ ɦɚɪɝɚɩɧɰɚ 

 

3Mn2+ + 2KMnO4 + 2H2O = 5MnO2 + 4H+                                                                       (2.6.1) 

 

ɏɥɨɩɶɹ, ɨɛɪɚɡɭɸɩɳɢɟɫɹ ɜ ɪɟɚɤɰɩɢɢ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɩɢɦɢ ɫɨɪɛɰɢɨɧɧɵɦɢ 

ɫɜɨɣɫɬɩɜɚɦɢ, ɢɦɟɹ ɜɵɫɨɤɩɭɸ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɩɨɫɬɶ 300ɦ2  ɧɚɩ 1ɝɪ ɨɫɚɞɩɤɚ. 

Ⱦɚɧɧɵɣ ɨɫɚɞɩɨɤ ɫɱɢɬɚɟɬɫɹ ɯɨɪɨɲɩɢɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɩɨɡɜɨɥɹɩɸɳɢɦ ɜɟɫɬɢ 

ɞɟɦɚɧɝɚɩɧɚɰɢɸ ɩɪɢ pH = 8,5. 

Ɉɩɵɬɧɩɵɦ ɩɭɬɟɦ ɛɵɥɩɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɩɢɟ KMnO4 ɧɚ ɨɱɢɫɬɩɤɭ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɪɨɛɩɵ, ɫ ɩɨɦɨɳɩɶɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɤɨɥɨɧɩɤɢ, ɩɪɢɥɨɠɟɧɢɟ 

 

2.7 Ɋɚɫɱɟɬ ɫɦɟɫɢɬɟɥя 
 

ɋɦɟɫɢɬɩɟɥɢ, ɧɚ ɫɬɚɧɰɩɢɹɯ ɜɨɞɨɨɱɢɫɬɤɢ ɩɪɢɦɟɧɹɩɸɬɫɹ ɞɥɹ ɪɚɫɩɪɟɞɟɩɥɟɧɢɹ 

ɪɟɚɝɟɧɬɨɜ ɜ ɦɚɫɫɟ ɜɨɞɩɵ, ɬɚɤ ɱɬɨɛɩɵ ɨɧɚ ɫɬɚɥɩɚ ɛɨɥɟɟ ɪɚɜɧɨɦɟɩɪɧɨɣ ɢ ɞɚɥɶɧɟɩɣɲɢɟ 

ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɩɚɥɢ ɛɥɚɝɨɩɪɢɹɬɧɨ. 

ɋɦɟɲɢɜɩɚɧɢɟ ɜɨɞɵ ɫ ɪɟɚɝɟɧɬɚɦɢ ɜ ɫɦɟɫɢɬɟɥɟ ɞɨɥɠɩɧɨ ɩɪɨɯɨɞɢɬɶ 

ɞɨɫɬɚɬɩɨɱɧɨ ɛɵɫɬɪɨ, ɨɤɨɥɩɨ 1  2 ɦɢɧ. 

ȼ ɩɪɚɤɬɢɤɟ ɧɚɩ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɩɢɢ ɩɪɢɦɟɧɹɸɬ ɧɟɫɤɨɥɩɶɤɨ ɜɢɞɨɜ 

ɫɦɟɫɢɬɩɟɥɟɣ: ɲɚɣɛɨɜɵɣ, ɜɢɯɪɟɩɜɨɣ, ɞɵɪɱɚɬɵɣ ɢ ɩɟɪɟɝɨɪɨɞɱɚɬɵɣ. 

Ⱦɥɹɩ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɩɵ ɨɱɢɫɬɤɢ ɜɨɞɩɵ ɧɚ ɜɢɧɧɩɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, 

ɛɭɞɟɩɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɟɪɟɝɨɪɨɩɞɱɚɬɵɣ ɫɦɟɫɢɬɟɥɶ, ɪɢɫɩɭɧɨɤ 21. 

 



36 

 

 

Ɋɢɫɭɧɨɤ 21  ɉɟɪɟɝɨɪɨɩɞɱɚɬɵɣ ɫɦɟɫɢɬɟɥɶ: 1  ɬɪɭɛɩɚ ɞɥɹ ɩɨɞɚɩɱɢ ɜɨɞɵ; 2  ɬɪɭɛɩɚ 

ɞɥɹ ɩɨɞɚɩɱɢ ɪɟɚɝɟɧɬɚ; 3  ɩɟɪɟɥɢɩɜɧɚɹ ɫɬɟɧɤɚ; 4  ɩɟɪɟɝɨɪɩɨɞɤɢ 

 

Ⱦɚɧɧɵɣ ɬɢɩɩ ɫɦɟɫɢɬɟɥɟɣ ɢɡɝɨɬɚɜɥɩɢɜɚɸɬ ɢɡ ɠɟɥɟɡɨɛɩɟɬɨɧɚ, ɤɨɬɨɪɵɣ 

ɫɨɫɬɨɩɢɬ ɢɡ ɪɟɡɟɪɜɩɭɚɪɚ ɢ ɩɟɪɟɝɨɪɩɨɞɨɤ. Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɟɝɨɪɩɨɞɨɤ ɞɥɹ ɪɚɡɥɢɱɩɧɵɯ 

ɪɚɡɦɟɪɨɜ ɪɟɡɟɪɜɩɭɚɪɚ, ɩɪɢɦɟɧɹɸɬ ɤɚɤɩ ɩɪɚɜɢɥɨ ɨɬɩ 3 ɞɨ 9. 

ɉɪɢɩ ɪɚɫɱɟɬɟ ɫɦɟɫɢɬɩɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɩɚɬɶ 

 

Qɱɚɫ = 50 ɦ3/ɱɚɫ,  qɫɟɤɩ = 0,0139 ɥ/ɫ. 

 

Ⱦɥɹ ɫɨɫɬɚɜɥɩɹɟɦɨɣ ɫɯɟɦɵ ɜɨɞɨɨɱɢɩɫɬɤɢ, ɛɭɞɟɦ ɪɚɫɫɱɢɬɩɵɜɚɬɶ 

ɩɟɪɟɝɨɪɨɞɱɚɬɵɣ ɫɦɟɫɢɬɩɟɥɶ ɫ ɬɪɟɦɩɹ ɩɨɩɟɪɟɱɧɵɦɢ ɜɟɪɬɢɤɚɥɩɶɧɵɦɢ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ. 

ɋɟɱɟɧɩɢɟ ɥɨɬɤɚ, ɩɪɢɩ υɥ = 0,6 ɦ/ɫɟɤ 

 

fɥ = 
௤˔ˈˍ𝜐ˎ ,                                                                                                      (2.7.1) 

 

fɥ = 
଴,଴ଵଷଽ଴,଺  = 0,023 ɦ2. 

 

ȼɵɫɨɬɚ ɫɥɨɩɹ ɜɨɞɵ ɜ ɤɨɧɰɟ ɫɦɟɫɢɬɩɟɥɹ H = 0,4 ɦ. 
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ɒɢɪɢɩɧɚ ɥɨɬɤɚ 

 

 bɥ = 
௙ˎ𝐻 ,                                                                                                       (2.7.2) 

 

bɥ = 
଴,଴ଶଷ଴,ସ  = 0,057 ɦ. 

 

ɉɨɬɟɩɪɹ ɧɚɩɨɪɚ ɜ ɤɚɠɞɨɦ ɫɭɠɟɧɩɢɢ, ɩɪɢ ɫɤɨɪɨɩɫɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɩɵ ɜ ɧɢɯɩ, υɫ 

= 1ɦ/ɫ. 

 

hc = 
𝜐೎మ𝜇మ·ଶ·௚,                                                                                                  (2.7.3) 

 

hc = 
ଵమ଴,଺ଶమ∙ଶ∙ଽ,଼ଵ = 0,13 ɦ. 

 

ɉɪɢɩ ɧɚɥɢɱɢɢ ɬɪɟɩɯ ɩɟɪɟɝɨɪɨɞɨɤ Σhc = 0,39 ɦ. 

Ɋɚɡɦɟɪɵ ɫɭɠɟɧɩɧɵɯ ɩɪɨɯɨɞɨɜ ɞɥɹɩ ɜɨɞɵ: 

ɐɟɧɬɪɚɥɩɶɧɚɹ ɩɟɪɟɝɨɪɨɞɤɚ 

 

fɫ.ɰ = 0,5 · 
௤𝜐೎,                                                                                               (2.7.4) 

 

fɫ.ɰ = 0,5· ଴,଴ଵଷଽଵ  = 0,006 ɦ2. 

 

ȼɵɫɨɩɬɚ ɫɥɨɹ ɜɨɞɩɵ ɧɢɠɟ ɰɟɧɬɪɚɥɩɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ 

 

h2 = 0,4 + hc ,                                                                                              (2.7.5) 

 

h2 = 0,4 + 0,13 = 0,53 ɦ. 
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Ȼɨɤɨɜɩɵɟ ɩɪɨɯɨɞɵ  

 

hɩ = 0,53 - 0,13 = 0,4 ɦ.                                                                              (2.7.6) 

 

ɇɟɨɛɯɨɞɩɢɦɚɹ ɲɢɪɢɧɚ 

 

bɩ = 
௙˔.˙ℎ˒ ,                                                                                                     (2.7.7) 

 

bɩ = 
଴,଴଴଺଴,ସ  = 0,015 ɦ = 1,5 ɫɦɩ. 

 

ȼ ɩɟɪɜɩɨɣ ɢ ɬɪɟɬɶɩɟɣ ɩɟɪɟɝɨɪɨɞɤɚɯ ɞɟɥɚɸɩɬɫɹ ɩɨ ɨɞɧɨɩɦɭ ɫɭɠɟɧɧɨɦɭ 

ɩɪɨɯɨɩɞɭ. 

ɉɥɨɳɚɞɶ ɨɞɧɨɩɝɨ ɩɪɨɯɨɞɚ 

 

f1,3 = 
௤𝜐೎,                                                                                                       (2.7.8) 

 

f1,3 = 
଴,଴ଵଷଽଵ  = 1,4 ɫɦ2. 

 

2.8 Ɋɚɫɱɟɬ ɤɚɦɟɪɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢя 
 

Ʉɚɦɟɪɵ ɯɥɨɩɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɫɥɭɠɩɚɬ ɞɥɹ ɚɝɥɨɦɟɪɩɚɰɢɢ ɦɟɥɤɢɯ ɯɥɨɩɶɩɟɜ 

ɤɨɚɝɭɥɹɧɬɚ ɜ ɛɨɥɟɟ ɤɪɭɩɧɩɵɟ ɢ ɞɥɹɩ ɩɨɥɧɨɝɨ ɩɟɪɟɦɟɲɢɩɜɚɧɢɹ ɜɨɞɵ. 

ȼ ɫɯɟɦɟ ɜɨɞɨɨɱɢɩɫɬɤɢ, ɤɚɦɟɪɚ ɯɥɨɩɶɟɨɛɪɚɩɡɨɜɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɟɪɟɩɞ 

ɜɟɪɬɢɤɚɥɶɧɵɦ ɨɬɫɬɨɣɧɩɢɤɨɦ ɢ ɫɨɜɦɟɳɚɩɟɬɫɹ ɫ ɧɢɦɩ. 

ȼɨɞɚ ɜ ɤɚɦɟɪɟ ɞɨɥɠɩɧɚ ɧɚɯɨɞɢɬɶɫɹ ɨɬɩ 6 ɞɨ 30 ɦɢɧɭɩɬ, ɜɪɟɦɹ ɩɪɟɛɵɜɩɚɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɩ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɩɨɫɬɟɣ ɤɚɦɟɪɵ. 
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ȼ ɨɬɫɬɨɣɧɢɤɢ ɜɨɞɩɚ ɢɡ ɤɚɦɟɩɪ ɩɨɩɚɞɚɟɬ ɩɭɬɟɩɦ ɢɯ ɨɬɜɨɩɞɚ ɫ ɨɱɟɧɩɶ ɧɢɡɤɨɣ 

ɫɤɨɪɨɫɩɬɶɸ, ɧɢɡɤɚɹ ɫɤɨɪɨɩɫɬɶ ɧɭɠɧɚ ɞɥɹɩ ɬɨɝɨ, ɱɬɨɛɩɵ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɯɥɨɩɩɶɹ ɧɟ 

ɪɚɡɪɭɲɚɩɥɢɫɶ. Ⱦɥɹ ɦɭɬɧɩɵɯ ɢ ɰɜɟɬɧɩɵɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɡɥɢɱɩɧɚɹ ɫɤɨɪɨɫɬɶ, 

0,1ɦ/ɫɟɤ ɢ 0,05 ɦ/ɫɟɤɩ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɨɩ ɫɯɟɦɟ ɭɫɬɚɧɨɜɩɥɟɧɚ ɜɨɞɨɜɨɪɨɬɧɚɹ ɤɚɦɟɩɪɚ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ, 

ɫɨɜɦɟɳɟɩɧɧɚɹ ɫ ɜɟɪɬɢɤɚɩɥɶɧɵɦ ɨɬɫɬɨɣɧɢɤɨɦ ɧɢɫɯɨɞɩɹɳɟ - ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɩɨɦ 

ɪɢɫɭɧɨɤ 22. 

 

 

Ɋɢɫɩɭɧɨɤ 22  ȼɨɞɨɜɨɪɨɬɧɚɹ ɤɚɦɟɩɪɚ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɜɫɬɪɨɟɩɧɧɚɹ ɜ 

ɜɟɪɬɢɤɚɩɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ: 1 ɩɨɞɚɩɱɚ ɜɨɞɵ; 2  ɤɨɥɶɰɟɩɜɨɣ ɜɨɞɨɫɛɨɪɧɵɣ ɥɨɬɨɩɤ; 3 

 ɪɚɞɢɚɥɶɧɵɣ ɜɨɞɨɫɛɨɩɪɧɵɣ ɥɨɬɨɤ; 4  ɜɨɞɨɜɨɪɩɨɬɧɚɹ ɤɚɦɟɪɚ; 5  ɨɬɜɨɩɞ 

ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɩɵ; 6  ɡɨɧɚ ɨɫɜɟɬɥɩɟɧɢɹ ɜɨɞɵ; 7  ɝɚɫɢɬɩɟɥɶ; 8  ɡɨɧɚ ɧɚɤɨɩɥɩɟɧɢɹ 

ɢ ɭɩɥɨɬɧɩɟɧɢɹ ɨɫɚɞɤɚ; 9  ɤɨɧɭɫɩɧɵɣ ɨɬɪɚɠɚɬɟɥɶ; 10  ɭɞɚɥɟɩɧɢɟ ɨɫɚɞɤɚ 

 

ɉɨɬɟɩɪɹ ɧɚɩɨɪɚ ɜ ɫɨɩɥɟ 

 

hc = 0,06 · 𝜐ଶ̠,                                                                                             (2.8.1) 
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hc = Ͳ,Ͳ͸ · ͺଶ = 3,84 

 

ɝɞɟɩ 𝜐ଶ̠ −  ˗˃ˍ˕ˋ˚ˈ˔ˍ˃я ˔ˍˑ˓ˑ˔˕˟ ˅˞˘ˑˇ˃ ˅ˑˇ˞ ˋˊ ˔ˑ˒ˎ˃. 

ɓɢɬɵ ɜ ɧɢɠɧɟɣ ɱɚɫɬɩɢ ɤɚɦɟɪɵ: ɜɵɫɨɩɬɚ  0,8 ɦ; ɪɚɡɦɩɟɪ ɹɱɟɟɤ ɜ ɩɥɚɧɟ  

0,5×0,5 ɦ. 

ȼɨɞɨɜɨɪɨɬɧɚɹ ɤɚɦɟɩɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɰɟɧɬɪɟ ɜɟɪɬɢɤɚɥɩɶɧɨɝɨ 

ɨɬɫɬɨɣɧɢɤɚ. 

Ⱦɢɚɦɟɩɬɪ ɨɬɫɬɨɣɧɢɤɚ, D = 4 ɦ, Qɱɚɫɩ = 50 ɦ3/ɱ. 

ɉɥɨɳɚɞɶ ɨɞɧɨɩɣ ɜɨɞɨɜɨɪɨɬɧɨɣ ɤɚɦɟɩɪɵ 

 

fk = 
ொ˚˃˔ ∙௧଺଴ ∙ 𝐻భ∙ே ,                                                                                              (2.8.2) 

 

fk = 
ହ଴ ∙ଵହ଺଴ ∙ଷ,଺ ∙ସ = Ͳ,ͺ͸, ɦ2. 

 

ɝɞɟɩ t  ɜɪɟɦɹ ɩɪɟɛɵɜɩɚɧɢɹ ɜɨɞɵ ɜ ɤɚɦɟɪɟ, 15-20 ɦɢɧɩ; 

      𝐻ଵ  ɜɵɫɨɬɚ ɤɚɦɟɩɪɵ, ɦ;  

      H0  ɜɵɫɨɩɬɚ ɡɨɧɵ ɨɫɚɠɞɟɩɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɩɧɢɤɚ, 4 - 5 ɦ;  

      N  ɪɚɫɱɟɬɩɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɩɥɶɧɵɯ ɨɬɫɬɨɣɧɢɤɨɜ ɢ ɤɚɦɟɪ 

ɯɥɨɩɶɟɨɛɪɚɩɡɨɜɚɧɢɹ, N = 4. 

 

H1 = 0,9 · H0 = 3,6                                                                                      (2.8.3) 

 

Ⱦɢɚɦɟɩɬɪ ɜɨɞɨɜɨɪɨɬɧɨɣ ɤɚɦɟɩɪɵ 

 

dk = 1,13 ·√ ௞݂ = 1,05                                                                                  (2.8.4) 
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ɋɟɤɭɧɞɩɧɵɣ ɪɚɫɯɨɞ ɜɨɞɩɵ 

 

qɫɟɤ = 
ொே ∙ଷ଺଴଴,                                                                                              (2.8.5) 

 

qɫɟɤɩ = 
ହ଴ସ ∙ଷ଺଴଴ = 0,0085 ɦ3/ɫɟɤɩ. 

 

Ⱦɢɚɦɟɬɪ ɩɨɞɜɨɞɹɩɳɟɝɨ ɜɨɞɨɩɪɨɜɨɞɚ dɬ =100 ɦɦ. 

ɋɤɨɪɨɩɫɬɶ ɩɨɞɜɨɞɚ ɜɨɞɩɵ ɩɪɢɧɢɦɚɟɦ 0,8 ɦ/ɫɟɤ, ɜ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɩɪɟɞɟɩɥɚɯ 

0,8 - 1 ɦ/ɫɟɤɩ. 

ɉɨɞɚɱɚ ɜɨɞɩɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɩɡ ɫɨɩɥɨ, ɧɚɩɪɚɜɥɟɩɧɧɨɝɨ ɬɚɧɝɟɧɰɢɚɥɶɧɨ. 

Ɋɚɡɦɟɳɩɟɧɢɟ ɫɨɩɥɚ 

 

0,2 · dk = 0.2 · 1,05 = 0,21 ɦ.                                                                      (2.8.6) 

 

ɨɬ ɫɬɟɧɩɤɢ ɤɚɦɟɪɵ ɧɚɩ ɝɥɭɛɢɧɟ 0,5 ɦ ɨɬ ɩɨɜɟɪɯɧɩɨɫɬɢ ɜɨɞɵ. 

Ⱦɢɚɦɟɩɬɪ ɫɨɩɥɚ 

 

dc = 1,13 ·√ ௤˔ˈˍ𝜇 ∙ 𝜐೎ ,                                                                                      (2.8.7) 

 

dc = 1,13 ·√ ଴,଴଴଼ହ଴,ଽ଴଼ ∙ ଶ,ହ = Ͳ,ͲͲ͸ͻ ≈ 70 ɦɦ. 

 

Ⱦɥɢɧɩɚ ɫɨɩɥɚ 

 

lc = 
ௗ೎ଶ  · ctg · ఉଶ,                                                                                         (2.8.8) 

 

lc = 
଻଴ଶ  · ctg · ଶହ°ଶ  = 160 ɦɦ. 
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Ɏɚɤɬɢɱɟɩɫɤɚɹ ɫɤɨɪɨɫɬɶ ɜɨɞɩɵ ɢɡ ɫɨɩɥɩɚ 

 𝜐ɮ = ଵ,ଶ଻ସ ∙ ௤ɫɟɤௗ೎మ ∙ 𝜇  ,                                                                                       (2.8.9) 

 𝜐ɮ = ଵ,ଶ଻ସ ∙ ଴,଴଴଼ହ଻଴మ ∙ ଴,ଽ଴଼  = ʹ,Ͷ͸ ɦ/ɫɟɤ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɩɪɚ 

 

hc = 0,06 · 𝜐ଶ̠ ,                                                                                           (2.8.10) 

 

hc = 0,06 ·2,462 ≈ 0,36 ɦ. 

 

2.9 Ɋɚɫɱɟɬ ɨɬɫɬɨɣɧɢɤɚ 
 

Ɉɬɫɬɨɣɧɢɤɢ ɩɪɢɦɟɧɹɩɸɬɫɹ ɞɥɹ ɜɵɞɟɥɟɩɧɢɹ ɢɡ ɜɨɞɩɵ ɤɪɭɩɧɵɯ ɯɥɨɩɶɩɟɜ, 

ɩɥɨɬɧɨɫɬɶ ɤɨɬɨɪɩɵɯ ɩɪɟɜɵɲɚɟɬ ɩɥɨɬɧɨɩɫɬɶ ɫɬɨɱɧɨɣ ɜɨɞɩɵ, ɨɧɢ ɫɱɢɬɚɸɩɬɫɹ 

ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɩɵɦɢ ɢ ɧɚɢɦɟɩɧɟɟ ɬɪɭɞɨɟɦɤɢɦɢ ɫɨɨɪɭɠɟɩɧɢɹɦɢ. ɉɨɞ ɞɟɣɫɬɜɩɢɟɦ 

ɫɢɥɵ ɬɹɠɟɫɩɬɢ, ɨɫɚɞɨɤ ɨɩɭɫɤɚɩɟɬɫɹ ɧɚ ɞɧɨɩ ɨɬɫɬɨɣɧɢɤɚ. 

Ɉɬɫɬɨɣɩɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɢɦɟɸɩɬ ɧɟɫɤɨɥɶɤɨ ɤɥɚɫɫɢɮɢɩɤɚɰɢɣ: 

  ɉɨ ɯɚɪɚɤɬɩɟɪɭ ɪɚɛɨɬɵ: ɩɟɪɢɨɞɢɱɩɟɫɤɨɝɨ ɢ ɧɟɩɪɟɪɵɩɜɧɨɝɨ ɞɟɣɫɬɜɢɹ; 

 ɉɨɩ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɪɨɥɩɢ: ɩɟɪɜɢɱɧɵɟ (ɩɪɢɦɟɧɹɩɸɬɫɹ ɞɥɹ ɨɫɜɟɬɥɩɟɧɢɹ 

ɫɬɨɱɧɨɣ ɜɨɞɩɵ), ɜɬɨɪɢɱɧɵɟ (ɢɫɩɨɥɶɡɩɭɸɬɫɹ ɞɥɹ ɨɬɫɬɚɢɜɩɚɧɢɹ ɜɨɞɵ ɩɨɫɥɩɟ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɩɤɢ), ɬɪɟɬɢɱɧɵɟ ɨɬɫɬɨɣɩɧɢɤɢ (ɞɨɨɱɢɫɬɤɚ ɜɨɞɩɵ), 

ɢɥɨɭɩɥɨɬɧɢɬɟɥɢ, ɨɫɚɞɤɨɭɩɥɨɩɬɧɢɬɟɥɢ; 

 ɉɨ ɧɚɩɪɚɜɥɩɟɧɢɸ ɞɜɢɠɟɧɢɹ ɩɨɬɨɩɤɚ ɜɨɞɵ: ɜɟɪɬɢɤɚɩɥɶɧɵɟ, 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ, ɜɟɪɬɢɤɚɩɥɶɧɵɟ, ɧɚɤɥɨɧɧɵɟ; 

 ɉɨɩ ɫɩɨɫɨɛɭ ɨɛɟɫɩɟɱɩɟɧɢɹ ɮɥɨɤɭɥɹɰɢɢ ɜɡɜɟɲɟɩɧɧɵɯ ɜɟɳɟɫɬɜ: ɚɤɬɢɜɩɧɵɟ ɢ 

ɩɚɫɫɢɜɩɧɵɟ; 
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 ɉɨ ɫɩɨɫɨɩɛɭ ɜɵɝɪɭɡɤɢ ɨɫɚɞɩɤɚ: ɫɨɨɪɭɠɟɧɢɹ ɫɨɩ ɫɤɪɟɛɤɨɜɵɦ ɦɟɯɚɧɢɩɡɦɨɦ, 

ɢɥɨɫɨɫɵ, ɝɢɞɪɨɫɩɦɵɜɵ. 

ȼ ɧɚɫɬɨɹɩɳɟɟ ɜɪɟɦɹ ɧɚɩ ɨɱɢɫɬɧɵɯ ɫɬɚɧɰɩɢɹɯ ɩɪɢɦɟɧɹɸɬ ɨɬɫɬɨɣɩɧɢɤɢ 

ɧɢɫɯɨɞɹɳɟ  ɜɨɫɯɨɞɹɩɳɟɝɨ ɩɨɬɨɤɚ. ȼ ɬɚɤɢɩɯ ɨɬɫɬɨɣɧɢɤɚɯ ɨɫɚɞɩɨɤ ɭɫɩɟɜɚɟɬ ɨɫɟɫɩɬɶ 

ɞɨ ɩɨɫɬɭɩɥɩɟɧɢɹ ɜɨɞɵ ɜ ɤɨɥɶɰɟɜɭɸ ɡɨɧɩɭ, ɝɞɟ ɩɪɨɯɨɩɞɢɬ ɟɟ ɨɫɜɟɬɥɩɟɧɢɟ, ɪɢɫɭɧɨɤ 

23. 

 

 

Ɋɢɫɭɧɨɤ 23  Ɉɬɫɬɨɣɩɧɢɤ ɫ ɧɢɫɯɨɞɩɹɳɟ  ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɩɨɦ: 1 ɩɨɞɚɸɳɢɣ 

ɜɨɞɨɩɪɩɨɜɨɞ; 2  ɤɨɥɶɰɟɜɚɹ ɩɟɪɟɝɨɪɩɨɞɤɚ; 3  ɡɭɛɱɚɬɵɣ ɜɨɞɨɫɩɥɢɜ; 4  ɨɫɚɞɨɱɧɚɹ 

ɱɚɫɬɩɶ; 5  ɩɟɪɢɮɟɪɢɣɧɵɣ ɫɛɨɪɧɩɵɣ ɥɨɬɨɤ; 6  ɭɞɚɥɟɩɧɢɟ ɨɫɚɞɤɚ 

 

ȿɞɢɧɫɬɜɩɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɩɵɯ ɨɬɫɬɨɣɧɢɤɨɜ, ɹɜɥɹɟɩɬɫɹ ɛɨɥɶɲɚɹ 

ɝɥɭɛɢɩɧɚ ɫɨɨɪɭɠɟɧɢɣ, ɧɨɩ ɞɚɠɟ ɩɪɢɩ ɷɬɨɦ ɫɱɢɬɚɟɩɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɩɪɧɵɦ 

ɛɥɚɝɨɞɚɪɹ ɥɟɝɤɨɩɫɬɢ ɜ ɷɤɫɩɥɭɚɩɬɚɰɢɢ ɢ ɩɪɨɫɬɩɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɉɫɧɨɜɩɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɨɬɫɬɨɣɩɧɢɤɚ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɩɧɨɫɬɶ 

ɨɫɜɟɬɥɟɧɢɹ (ɨɬɫɬɚɢɜɩɚɧɢɹ), ɞɚɧɧɭɸ ɯɚɪɚɤɬɟɪɩɢɫɬɢɤɭ ɨɩɪɟɞɟɥɹɸɬ ɩɨɩ ɜɵɪɚɠɟɧɢɸ 

 

Э = 100 · 
ɋɜɩ - ɋɜɯ

ɋɜɩ
 ,                                                                                      (2.9.1) 

 

Э = 100 · ଷ଺଴ − ଵହ଴ଷ଺଴ = ͸Ͳ% 
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ɝɞɟɩ ɋɜɩ −  ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɩɪɚɰɢɹ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ ɜ ɫɬɨɱɧɩɨɣ ɜɨɞɟ, 

ɩɨɫɬɭɩɚɩɸɳɟɣ ɜ ɨɬɫɬɨɣɩɧɢɤ, ɦɝ/ɥ; 

        ɋɜɯ −  ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɟɱɩɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɡɜɟɲɟɩɧɧɵɯ ɜɟɳɟɫɬɜ ɜ 

ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɩɟ, ɦɝ/ɥ. 

ɍɱɢɬɵɜɚɹ ɪɚɫɯɩɨɞ ɢ ɧɟɨɛɯɨɞɩɢɦɵɣ ɷɮɮɟɤɬ ɨɫɜɟɬɥɩɟɧɢɹ, ɛɵɥ ɩɨɞɨɛɩɪɚɧ 

ɜɟɪɬɢɤɚɥɶɧɵɣ ɨɬɫɬɨɣɩɧɢɤ ɧɢɫɯɨɞɹɳɟ - ɜɨɫɯɨɞɹɩɳɟɝɨ ɩɨɬɨɤɚ, ɯɚɪɚɤɬɟɪɩɢɫɬɢɤɢ 

ɨɫɜɟɬɥɟɧɢɹ ɭɤɚɡɚɩɧɵ ɜ ɬɚɛɥɢɩɰɟ 5. 

 

Ɍɚɛɥɢɰɚ 5  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɜɟɬɥɟɧɢɹ ɜɨɞɵ ɜ ɨɬɫɬɨɣɧɢɤɟ 

Ɍɢɩ ɨɬɫɬɨɣɩɧɢɤɚ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɜɨɞɨɨɱɢɩɫɬɧɨɣ ɫɬɚɧɰɢɢ, ɬɵɫɩ. 

ɦ3/ɫɭɬɩ 

ɗɮɮɟɤɬ ɨɫɜɟɬɥɩɟɧɢɹ, % 

ȼɟɪɬɢɤɚɥɶɧɵɣ: 

 ɫ ɧɢɫɯɨɞɹɳɟ - 

ɜɨɫɯɨɞɩɹɳɢɦ ɩɨɬɨɤɨɦ 

2  20 60  65 

 

Ɉɩɪɟɞɟɩɥɹɟɦ ɡɧɚɱɟɧɢɟ ɝɢɞɪɚɜɥɢɩɱɟɫɤɨɣ ɤɪɭɩɧɨɫɬɢ ݑ଴ 

଴ݑ  =  ͳͲͲͲ ∙ ሺ𝐻௦௘௧ ∙  𝐾௦௘௧ሻݐ௦௘௧  ∙ ሺ𝐾௦௘௧  ∙  𝐻௦௘௧ℎଵ ሻ௡మ ,                                                                              ሺʹ.ͻ.ʹሻ 

 

ɝɞɟɩ Hset  ɝɥɭɛɢɧɚ ɩɪɨɬɨɱɩɧɨɣ ɱɚɫɬɢ ɜ ɨɬɫɬɨɣɧɢɤɟ, ɦ;  

      Kset  ɤɨɷɮɮɢɰɩɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɴɟɩɦɚ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɩɢ ɨɬɫɬɨɣɧɢɤɚ; 

       tset  ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɫɬɚɢɜɩɚɧɢɹ;  

       h1  ɝɥɭɛɢɩɧɚ ɫɥɨɹ, 0,5 ɦ; 

       ݊ଶ  ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɩɧɢ n = 0,25. 

ɉɨɤɚɡɚɬɟɥɶ ɝɥɭɛɢɧɵ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ Hset  ɢ ɤɨɷɮɮɢɰɢɟɧɬ Kset 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 6,  ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɫɬɚɢɜɚɧɢɹ tset ɧɚɯɨɞɹɬ ɫ 
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ɩɨɦɨɳɶɸ ɢɧɬɟɪɩɨɥɹɰɢɢ, ɡɧɚɱɟɧɢɹ ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7, ݊ଶ  

ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɢɫɭɧɤɭ 24. 

 

Ɍɚɛɥɢɰɚ 6  Ɋɚɫɱɟɬɩɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɜɢɱɩɧɨɝɨ ɨɬɫɬɚɢɜɚɧɢɹ 

Ɍɢɩɩ ɨɬɫɬɨɣɧɢɤɚ 

Ʉɨɷɮɮɢɰɩɢɟɧɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɨɛɴɟɩɦɚ, Kset 

Ɋɚɛɨɱɚɹ ɝɥɭɛɢɩɧɚ 

ɨɬɫɬɨɣɧɨɣ ɱɚɫɬɩɢ, 

Hset, ɦ 

ɋɤɨɪɨɩɫɬɶ 

ɪɚɛɨɱɟɝɨ ɩɨɬɨɩɤɚ 𝜐௪, ɦɦ/ɫ 

ȼɟɪɬɢɤɚɥɶɧɵɣ: 

  ɫ ɧɢɫɯɨɞɹɳɟ - 

ɜɨɫɯɨɞɩɹɳɢɦ ɩɨɬɨɤɨɦ 

0,65 2,7  3,8 2u0  3u0 

 

Ɍɚɛɥɢɰɚ 7  ɉɪɨɞɨɥɠɢɬɟɩɥɶɧɨɫɬɶ ɨɬɫɬɚɢɜɚɧɢɹ ɜɨɞɩɵ 

ɗɮɮɟɩɤɬ 

ɨɫɜɟɬɥɟɧɢɹ, % 

ɉɪɨɞɨɥɠɢɬɟɩɥɶɧɨɫɬɶ ɨɬɫɬɚɢɜɚɧɢɹ tset, ɫ, ɜ ɫɥɨɩɟ h1 = 500 ɦɦ ɩɪɢɩ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɡɜɟɲɟɩɧɧɵɯ ɜɟɳɟɫɬɜ, ɦɝɩ/ɥ 

200 300 400 

60 7200 3600 2700 

 

 

 

Ɋɢɫɩɭɧɨɤ 24  Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɩɬɟɥɹ ɫɬɟɩɟɧɢ n2 ɨɬɩ ɢɫɯɨɞɧɨɣ ɤɨɧɰɟɧɬɩɪɚɰɢɢ 

ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ ɜ ɫɬɨɱɧɩɵɯ ɜɨɞɚɯ ʠ˅˒ ɩɪɢɩ ɷɮɮɟɤɬɟ ɨɬɫɬɚɢɜɩɚɧɢɹ: 

1  ɩɪɢ ɗ = 50%; 2  ɩɪɢ ɗ = 60%; 3  ɩɪɢ ɗ = 70% 
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ɋ ɩɨɦɨɳɩɶɸ ɢɧɬɟɪɩɨɥɹɰɢɢ ɨɩɪɟɞɟɩɥɹɟɦ tset 

 

tset = 
଻ଶ଴଴−ሺ଻ଶ଴଴−ଷ଺଴଴ሻ∙ሺଷ଺଴−ଷ଴଴ሻସ଴଴−ଷ଴଴  = 1728 ɫ.                                                   (2.9.3) 

଴ݑ    =  ଵ଴଴଴ ∙ሺଷ∙ ଴,଺ହሻଵ଻ଶ଼ ∙ሺబ,లఱ ∙ యబ,ఱ ሻబ,మఱ = Ͳ,ͺ ɦɦ/ɫ. 

 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɩɬɪ ɨɬɫɬɨɣɧɢɤɚ 

 

Dset = 4 ɦ. 

 

Ʉɨɥɢɱɟɫɬɜɨ ɨɬɞɟɥɟɩɧɢɣ ɨɬɫɬɨɣɧɢɤɚ n 

 ݊ =  ௤ೢଵ,ସଵ ∙ 𝐾ೞ೐೟ ∙ ஽ೞ೐೟మ  ∙ ௨బ  ,                                                                          (2.9.4) 

 

ɝɞɟɩ 𝑞௪ - ɱɚɫɨɜɨɣ ɪɚɫɯɩɨɞ ɫɬɨɱɧɨɣ ɜɨɞɩɵ, ɦ3/ɱ 

 ݊ =  ହ଴ଵ,ସଵ ∙ ଴,଺ହ ∙ ଵ଺ ∙ ଴,଼ = Ͷ,ʹ͸  

 

ɉɪɢɧɢɦɚɟɦ 5 ɨɬɞɟɥɟɩɧɢɣ ɨɬɫɬɨɣɧɢɤɚ 

Ⱦɢɚɦɟɩɬɪ ɨɬɫɬɨɣɧɢɤɚ Dn 

௡ܦ  = ௦௘௧ܦ  ∙  √Ͳ,ͷ,                                                                                      (2.9.5) 

௡ܦ  =  Ͷ ∙  √Ͳ,ͷ = 2,8 ɦ. 
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ȼɵɫɨɬɚ ɤɨɥɶɰɟɩɜɨɣ ɩɟɪɟɝɨɪɨɞɤɢ Hn 

 𝐻௡ =  ଶ∙ 𝐻ೞ೐೟ଷ ,                                                                                                (2.9.6) 

 𝐻௡ =  ଶ∙ ଷଷ = ʹ  ɦ. 

 

Ɉɛɳɚɩɹ ɜɵɫɨɬɚ ɰɢɥɢɧɞɪɢɩɱɟɫɤɨɣ ɱɚɫɬɢ Нɰ 

 

Нɰ = Нset + H2 +H3,                                                                                    (2.9.7) 

 

Нɰ = 3 + 0,3 +0,5 ɦ. 

 

ɝɞɟ H2 - ɜɵɫɨɩɬɚ ɧɟɣɬɪɚɥɶɧɨɝɨ ɫɥɨɩɹ ɦɟɠɞɭ ɧɢɡɨɩɦ ɨɬɪɚɠɚɬɟɥɶɧɨɝɨ ɳɢɬɩɚ ɢ ɫɥɨɟɩɦ 

ɨɫɚɞɤɚ, ɪɚɜɧɩɵɦ 0,3 ɦ; 

       H3 - ɜɵɫɨɩɬɚ ɛɨɪɬɚ ɨɬɫɬɨɣɩɧɢɤɚ 0,5 ɦ. 

ȼɵɫɨɩɬɚ ɤɨɧɭɫɧɨɣ ɱɚɫɬɩɢ ɨɬɫɬɨɣɧɢɤɚ Нɤ 

 𝐻௞ = Ͳ,ͷ ∙  𝛼,                                                                                  (2.9.8)݃ݐ ·௦௘௧ܦ 

 𝐻௞ = Ͳ,ͷ ∙  Ͷ· ݃ݐͷͲ° = ʹ,͵ͺ    
 

Ɉɛɳɚɩɹ ɜɵɫɨɬɚ ɨɬɫɬɨɣɩɧɢɤɚ Н 

 

Н = Нɰ + Hɤ ,                                                                                              (2.9.9) 

 

Н = 3,8+ 2,38 = 6,18  ɦ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɨɫɚɞɩɤɚ Qmud, ɜɵɞɟɥɹɟɦɨɝɨ ɩɪɢɩ ɨɬɫɬɚɢɜɚɧɢɢ ɡɚɩ ɫɭɬɤɢ 
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𝑄௠௨ௗ = ொ∙ሺʠ˅˒−ʠ˅˘ሻሺଵ଴଴−௣೘ೠ೏ሻఊ೘ೠ೏∙ଵ଴ర,                                                                      (2.9.10) 

 𝑄௠௨ௗ = ଵଶ଴଴∙ሺଷ଺଴−ଵହ଴ሻሺଵ଴଴−ଽସሻ·ଵ∙ଵ଴ర = Ͷ,ʹ  ɦ3/ɫɭɬ. 

 

ɝɞɟɩ 𝑄 − ˔˖˕ˑ˚ː˞ˌ ˓˃˔˘ˑˇ ˔˕ˑ˚ː˞˘ ˅ˑˇ, ɦ3/ɫɭɬɩ; 

       pmud - ɜɥɚɠɧɨɫɬɶ ɨɫɚɞɩɤɚ, ɪɚɜɧɚɹ 94 - 96%; 

       𝛾௠௨ௗ- ɩɥɨɬɧɨɩɫɬɶ ɨɫɚɞɤɚ, ɪɚɜɧɩɚɹ 1 ɝ/ɫɦɩ3. 

 

2.10 Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚ 
 

Ⱦɥɹ ɝɥɭɛɨɩɤɨɣ ɨɱɢɫɬɤɢ ɩɪɨɢɡɜɨɞɫɩɬɜɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞɩ, ɤɨɬɨɪɵɟ ɩɪɨɲɩɥɢ 

ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɢɥɢɩ ɮɢɡɢɤɨ - ɯɢɦɢɱɟɩɫɤɭɸ ɨɱɢɫɬɤɭ, ɭɫɬɚɧɚɜɥɢɩɜɚɸɬɫɹ 

ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɫɨɨɪɭɠɩɟɧɢɹ ɢ ɭɫɬɚɧɨɩɜɤɢ. Ɏɢɥɶɬɪɵ ɤɥɚɫɫɢɮɢɩɰɢɪɭɸɬ ɧɚ 

ɫɟɬɱɚɩɬɵɟ ɛɚɪɚɛɚɧɧɵɟ ɮɢɥɶɬɩɪɵ ɢ ɮɢɥɶɬɩɪɵ ɫ ɡɟɪɧɢɫɩɬɨɣ ɡɚɝɪɭɡɤɨɣ. 

Ɏɢɥɶɬɩɪɵ ɫ ɡɟɪɧɢɫɩɬɨɣ ɡɚɝɪɭɡɤɨɣ: 

 ɉɨɩ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɬɨɩɤɚ: ɧɢɫɯɨɞɹɳɢɟ, ɜɨɫɯɨɞɩɹɳɢɟ ɢ ɜ ɪɟɞɤɢɯ ɫɥɭɱɚɩɹɯ ɫ 

ɝɨɪɢɡɨɧɬɩɚɥɶɧɵɦ ɩɨɬɨɤɨɦ; 

 ɉɨɩ ɤɨɧɫɬɪɭɤɰɢɢ: ɨɞɧɨɫɥɨɩɣɧɵɟ, ɞɜɭɯɫɥɨɣɧɵɟ, ɚɷɪɢɪɭɩɟɦɵɟ ɢ ɤɚɪɤɚɩɫɧɨ - 

ɡɚɫɵɩɧɵɟ; 

 ɉɨɩ ɜɢɞɭ ɮɢɥɶɬɪɭɩɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ: ɢɫɩɨɥɶɡɩɭɸɬɫɹ ɩɪɢɪɨɞɧɵɟ 

(ɤɜɚɪɰɟɩɜɵɣ ɩɟɫɨɤ, ɝɪɚɜɩɢɣ, ɤɟɪɚɦɡɢɬ, ɝɨɪɟɥɩɵɟ ɦɚɬɟɪɢɚɥɵ, ɦɪɚɦɨɪɩɧɚɹ ɤɪɨɲɤɚ) 

ɢɥɢɩ ɢɫɤɭɫɫɬɜɟɧɧɵɟ (ɩɨɥɢɫɬɩɟɪɨɥ, ɪɚɡɥɢɱɧɵɟ ɬɢɩɩɵ ɩɨɥɢɦɟɪɨɜ). 

ȼ ɮɢɥɶɬɪɚɯ ɜ ɯɨɞɟ ɩɪɨɯɨɠɞɩɟɧɢɹ ɱɟɪɟɡ ɧɟɝɩɨ ɜɨɞɵ, ɡɚɞɟɪɠɢɜɩɚɸɬɫɹ 

ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɜɡɜɟɲɟɩɧɧɵɟ ɱɚɫɬɢɰɵ ɢ ɚɤɬɢɜɧɵɟ ɢɥɩ, ɤɨɬɨɪɵɟ ɩɨɩɚɞɩɚɸɬ ɜ 

ɮɢɥɶɩɬɪ ɩɨɫɥɟ ɨɬɫɬɨɣɩɧɢɤɚ ɢɥɢ ɠɟɩ ɨɫɜɟɬɥɢɬɟɥɟɣ. 

ɋɭɳɟɫɬɩɜɭɟɬ ɞɜɚ ɜɢɞɩɚ ɪɚɛɨɬɵ ɮɢɥɶɬɩɪɨɜ: ɪɚɛɨɱɢɣ ɢ ɮɨɪɫɢɪɨɜɚɧɧɵɣ 

ɪɟɠɢɩɦ. Ɏɨɪɫɢɪɨɜɚɧɧɵɣ ɪɟɠɢɩɦ ɜɨɡɧɢɤɚɟɬ ɩɪɢɩ ɨɬɤɥɸɱɟɧɢɢ ɧɟɤɨɬɨɩɪɵɯ 

ɨɬɞɟɥɶɧɵɯ ɫɟɤɰɩɢɣ ɮɢɥɶɬɪɨɜ, ɜ ɷɬɨ ɜɪɟɦɩɹ ɮɢɥɶɬɪɨɜɚɧɢɟ ɩɪɨɬɟɤɩɚɟɬ ɛɵɫɬɪɟɟ. 
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ȼ ɮɢɥɶɬɪɚɯ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɩɤɨɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɩɢɬɶ ɪɟɝɟɧɟɪɚɰɢɸ, 

ɩɭɬɟɩɦ ɩɪɨɦɵɜɤɢ ɜɨɞɨɩɣ ɢɥɢ ɜɨɞɨɩɣ ɫ ɜɨɡɞɭɩɯɨɦ, ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɚɬɟɪɢɩɚɥɵ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɨɬɠɢɩɦɭ. 

ɇɚ ɫɬɚɧɰɩɢɢ ɜɢɧɨɞɟɥɶɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɩɞɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɚɷɪɢɪɭɩɟɦɵɣ 

ɮɢɥɶɬɪ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɩɤɨɣ ɪɢɫɭɧɨɤ 25. 

ȼ ɬɨɥɳɭ ɡɚɝɪɭɩɡɤɢ, ɜɨ ɜɪɟɦɩɹ ɪɚɛɨɬɵ ɮɢɥɶɬɩɪɚ, ɩɨɞɚɟɬɫɹ ɫɠɚɬɩɵɣ ɜɨɡɞɭɯ ɢɥɢɩ 

ɤɢɫɥɨɪɨɞ, ɞɚɧɧɩɚɹ ɩɪɨɰɟɞɭɪɚ ɧɟɨɛɯɨɩɞɢɦɚ ɞɥɹ ɢɧɬɟɧɫɢɮɩɢɤɚɰɢɢ ɛɢɨɯɢɦɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɩɫɫɚ ɜɧɭɬɪɢ ɮɢɥɶɬɩɪɚ. ɉɪɨɰɟɫɫ ɨɱɢɫɬɩɤɢ ɜɨɞɵ ɜɟɞɟɬɩɫɹ ɜ ɞɜɚɩ ɷɬɚɩɚ, ɜɨɩ ɜɪɟɦɹ 

ɩɟɪɜɨɩɝɨ ɩɪɨɢɫɯɨɞɢɬ ɨɱɢɳɟɩɧɢɟ ɜɨɞɵ ɨɬɩ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ, ɜɨ ɜɪɟɦɩɹ ɜɬɨɪɨɝɨ 

ɜɵɜɨɞɹɩɬɫɹ ɪɚɫɬɜɨɪɟɧɧɵɟ ɢ ɤɨɥɥɨɢɞɧɵɟ ɨɪɝɚɧɢɱɩɟɫɤɢɟ ɡɚɝɪɹɡɧɟɧɢɹ. 

 

 

Ɋɢɫɩɭɧɨɤ 25  Ⱥɷɪɢɪɭɟɦɵɣ ɞɜɭɯɴɹɪɩɭɫɧɵɣ ɮɢɥɶɬɪ: 1  ɩɨɞɚɩɱɚ ɢɫɯɨɞɧɨɣ ɜɨɞɩɵ; 2 

 ɩɨɞɚɱɚ ɩɪɨɦɵɜɩɧɨɣ ɜɨɞɵ; 3  ɨɬɜɨɩɞ ɮɢɥɶɬɪɚɬɚ ɢ ɩɪɨɦɵɜɧɨɣ ɜɨɞɩɵ; 4  ɩɨɞɚɱɚ 

ɜɨɡɞɭɩɯɚ; 5  ɡɚɝɪɭɡɤɚ ɩɟɪɜɨɩɝɨ ɹɪɭɫɚ; 6  ɞɵɪɱɚɩɬɚɹ ɩɟɪɟɝɨɪɨɞɤɚ; 7  ɡɚɝɪɭɩɡɤɚ 

ɜɬɨɪɨɝɨ ɹɪɭɫɩɚ 

 

ɉɪɢ ɭɫɬɚɧɨɩɜɤɟ ɞɚɧɧɨɝɨ ɬɢɩɩɚ ɮɢɥɶɬɪɚ ɧɚɩ ɜɨɞɨɨɱɢɫɬɧɵɯ ɫɬɚɧɰɩɢɹɯ 

ɞɨɫɬɢɝɚɟɬɫɹ ɫɧɢɠɟɩɧɢɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɩɬɜ ɜ ɫɬɨɱɧɩɨɣ ɜɨɞɟ ɧɚɩ 80 - 90% ɢ 

ȻɉɄɩɩɨɥɧ ɧɚɩ 75 - 80%. 

ȼ ɤɚɱɟɫɩɬɜɟ ɮɢɥɶɬɪɭɸɳɟɣ ɡɚɝɪɭɩɡɤɢ ɧɚ ɜɢɧɧɩɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɭɞɟɩɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɪɛɟɩɧɬ Birm. ȼ ɚɷɪɢɪɭɩɟɦɨɦ ɞɜɭɯɴɹɪɭɫɧɨɦ ɮɢɥɶɬɩɪɟ, ɱɬɨɛɵ 
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ɡɚɝɪɭɩɡɤɚ ɧɟ ɜɫɩɥɵɜɩɚɥɚ ɧɚ ɩɨɜɟɪɯɧɩɨɫɬɶ, ɟɟ ɪɚɫɩɨɥɚɩɝɚɸɬ ɦɟɠɞɭ ɞɜɭɦɩɹ ɫɥɨɹɦɢ 

ɝɪɚɜɩɢɹ, ɤɨɬɨɪɵɣ ɬɚɤɩ ɠɟ ɢɫɩɨɥɶɡɩɭɟɬɫɹ ɜ ɤɚɱɟɫɩɬɜɟ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɩɡɤɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɩɝɨ ɫɨɪɛɟɧɬɚ ɨɛɭɫɥɨɜɥɟɧɨ ɟɝɨɩ ɫɩɨɫɨɛɧɨɫɬɶɸ ɭɞɚɥɹɩɬɶ ɢɡ 

ɜɨɞɩɵ ɦɚɪɝɚɧɟɰ, ɛɨɥɟɩɟ ɩɨɞɪɨɛɧɨ ɫɨɪɛɟɩɧɬ ɨɩɢɫɚɧ ɜ ɩ2.11. 

 

Ɍɚɛɥɢɰɚ 8  Ɋɚɫɱɟɬɩɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɢɥɶɬɩɪɚ ɫ ɡɟɪɧɢɫɩɬɨɣ ɡɚɝɪɭɡɤɨɣ 

Ɍɢ
ɩɩ 

ɮɢ
ɥɶ

ɬɪ
ɚ  

ɉɚɪɚɦɟɩɬɪɵ 
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ɹ 

ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɩɪɨɜ, 

ɦ/ɱ, ɩɪɢ ɪɟɠɢɩɦɟ 
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ɹ ɯɚɪɚɤɬɟɪɩɢɫɬɢɤɚ 
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Ɍɚɛɥɢɰɚ 9  Ɉɛɥɚɫɩɬɶ ɩɪɢɦɟɧɟɧɢɹ ɮɢɥɶɬɩɪɚ 

Ɍɢɩ ɮɢɥɶɬɩɪɚ ɉɪɢɦɟɧɟɧɢɟ 

ɗɮɮɟɩɤɬ ɨɱɢɬɤɢ 

ɉɨɩ ȻɉɄɩɨɥɩɧ 

ɗȻɉɄɩ 

ɉɨ ɜɡɜɟɲɟɩɧɧɵɦ 

ɜɟɳɟɫɬɜɚɦ 

ɗɜɜ 

Ⱥɷɪɢɪɭɩɟɦɵɣ 

Ƚɥɭɛɨɤɨɟ ɭɞɚɥɟɩɧɢɟ ɤɨɥɥɨɢɞɧɵɯ ɢ 

ɪɚɫɬɜɨɪɟɧɧɵɯ ɨɪɝɚɧɢɱɩɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ 

75  80 80  90 

 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɩɧɵɣ ɪɚɫɯɨɞ ɫɬɨɱɧɩɨɣ ɜɨɞɵ, ɩɨɞɚɜɚɩɟɦɨɣ ɧɚ ɮɢɥɶɩɬɪ Qɮ 

 𝑄˗ = ʹͲ,Ͷ ∙ 𝑞௪ ,                                                                                         (2.10.1) 

 

ɝɞɟɩ 𝑞௪  ɦɚɤɫɢɦɚɥɶɧɵɣ ɱɚɫɨɜɩɨɣ ɩɪɢɬɨɤ ɫɬɨɱɧɩɨɣ ɜɨɞɵ, ɦ3/ɱ. 

 𝑄˗ = ʹͲ,Ͷ ∙ ͳʹͲͲ = ʹͶͶͺͲ  ɦ2/ɫɭɬ. 

 

Ʉɨɥɢɱɟɩɫɬɜɨ ɩɪɨɦɵɜɨɤ ɤɚɠɞɨɩɝɨ ɮɢɥɶɬɪɚ ɡɚɩ ɫɭɬɤɢ n 

 ݊ = ଶସ்˗,                                                                                                      (2.10.2) 

 ݊ = ଶସଶସ = 1 

 

Ɉɛɳɚɩɹ ɩɥɨɳɚɞɶ ɮɢɥɶɬɩɪɨɜ Fɮ 

 

Fɮ=
Qɮ ∙(1+m)

υɮ ∙ ቀɌ- n · t4
60 ቁ- 0,06· nሺw1t1+ w2t2+ w3t3ሻ,                                                (2.10.3) 

 

ɝɞɟɩ m  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɩɸɳɢɣ ɪɚɫɯɨɞ ɜɨɞɩɵ ɧɚ ɩɪɨɦɵɩɜɤɭ ɛɚɪɚɛɚɧɧɵɯ 

ɫɟɬɨɩɤ, ɪɚɜɧɵɣ 0,003 - 0,005; 
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       w1  ɢɧɬɟɧɫɢɜɩɧɨɫɬɶ, ɥ/(ɫ·ɦ2) ɧɚɱɚɥɶɩɧɨɝɨ ɜɡɪɵɯɥɟɧɢɹ ɜɟɪɯɧɩɟɝɨ ɫɥɨɹ ɡɚɝɪɭɩɡɤɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ t1, ɦɢɧɩ; 

       w2  ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɞɚɩɱɢ ɜɨɞɵ, ɥ/(ɫ·ɦ2) ɫ ɩɪɨɞɨɥɠɢɬɟɩɥɶɧɨɫɬɶɸ ɜɨɞɨ - 

ɜɨɡɞɭɲɩɧɨɣ ɩɪɨɦɵɜɤɢ t2, ɦɢɧɩ; 

       w3  ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɦɵɩɜɤɢ, ɥ/(ɫ·ɦ2) ɩɪɨɞɨɥɠɢɬɟɩɥɶɧɨɫɬɶɸ t3, ɦɢɧ; 

       t4  ɩɪɨɞɨɥɠɢɬɟɩɥɶɧɨɫɬɶ ɩɪɨɫɬɨɹ ɮɢɥɶɬɩɪɚ ɜ ɫɜɹɡɩɢ ɫ ɩɪɨɦɵɜɩɤɨɣ, ɪɚɜɧɚɹ 20 

ɦɢɧɩ; 

        Ɍ  ɩɪɨɞɨɥɠɢɬɟɩɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫɬɚɧɰɩɢɢ ɜ ɬɟɱɟɧɩɢɢ ɫɭɬɨɤ, ɱ.  

 𝐹 = ଶସସ଼଴ ∙ሺଵ+଴,଴଴ଷሻ଺ ∙ ቀଶସ− భ · మబలబ ቁ− ଴,଴଺· ଵሺ଴·଴+ ଴·଴+ ଵ଼·଼ሻ = ͳͺͶ,ͳͳ ɦ2. 

 

ɑɢɫɥɨ ɫɟɤɰɩɢɣ ɮɢɥɶɬɪɨɜ N 

 

N = 0,5 · √𝐹 ,                                                                                           (2.10.4) 

 

N = 0,5 · √ͳͺͶ,ͳͳ = ͸,͹ͺ ≈ 7 ɲɬɩ 

 

ɉɪɢɧɢɦɚɟɦ 7 ɫɟɤɰɩɢɣ ɮɢɥɶɬɪɨɜ 

ɉɥɨɳɚɩɞɶ ɨɞɧɨɣ ɫɟɤɰɩɢɢ ɮɢɥɶɬɪɚ F1 

 𝐹ଵ =  𝐹ே̠ ,                                                                                                    (2.10.5) 

 𝐹ଵ =  ଵ଼ସ,ଵଵ଻ = ʹ͸,͵ ɦ2 

 

ɉɪɢɧɢɦɩɚɟɦ ɪɚɡɦɟɪɵ ɜ ɩɥɚɧɟ 7×4 ɦ. Ʉɨɥɢɱɟɫɬɜɨ ɫɟɤɰɩɢɣ ɧɚɯɨɞɹɳɩɢɯɫɹ ɜ 

ɪɟɦɨɧɩɬɟ Np = 1. 

Ɉɛɳɟɟ ɤɨɥɢɱɟɩɫɬɜɨ ɫɟɤɰɢɣ ɮɢɥɶɬɩɪɨɜ ɩɪɢɧɹɬɨ 7: 

Ɋɚɛɨɱɩɢɟ  5; 
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ɉɪɨɦɵɜɤɚ  1; 

Ɋɟɡɟɩɪɜ  1. 

ɋɤɨɪɨɫɬɶ ɜɨɞɩɵ ɩɪɢ ɮɨɪɫɢɪɨɜɩɚɧɧɨɦ ɪɟɠɢɦɟ υɮɮɩ 

 𝜐˗˗ =  𝜐˗∙ேே− ே𝑝,                                                                                             (2.10.6) 

 𝜐˗˗ =  ଺∙଻଻− ଵ = ͹ ɦ/ɫ. 

 

Ⱦɚɧɧɨɟ ɡɧɚɱɟɩɧɢɟ ɧɟ ɩɪɟɜɵɲɩɚɟɬ ɩɚɪɚɦɟɬɪɨɜ ɩɨɩ ɬɚɛɥɢɰɟ 8. 

ɉɪɨɦɵɩɜɤɚ ɚɷɪɢɪɭɟɦɨɝɨ ɮɢɥɶɬɩɪɚ ɦɨɠɟɬ ɛɵɬɩɶ ɜɨɞɨ-ɜɨɡɞɭɲɩɧɨɣ ɢɥɢ 

ɜɨɞɹɧɩɨɣ. ɉɟɪɟɞ ɩɪɨɦɵɜɩɤɨɣ ɢɡ ɮɢɥɶɬɩɪɚ ɫɩɭɫɤɚɸɬ ɜɨɞɩɭ, ɞɨ ɭɪɨɜɩɧɹ ɡɚɝɪɭɡɤɢ 

ɧɢɠɧɩɟɣ ɫɬɭɩɟɧɢ ɨɱɢɫɬɩɤɢ, ɡɚɬɟɦ ɩɨɞɚɩɸɬ ɜɨɞɭ ɢ ɜɨɡɞɭɯ ɞɥɹɩ ɨɱɢɳɟɧɢɹ, 

ɞɨɩɨɥɧɢɬɩɟɥɶɧɨɣ ɨɱɢɫɬɤɨɣ ɫɥɭɠɩɢɬ ɡɚɤɥɸɱɢɬɟɥɶɧɚɹ ɩɪɨɦɵɩɜɤɚ ɜɨɞɨɣ. 

 

2.11 ɉɪɢɦɟɧɟɧɢɟ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɢ Birm 
 

ɇɚ ɜɢɧɨɞɟɥɶɩɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɞɥɹɩ ɤɨɬɨɪɨɝɨ ɛɵɥɩɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɩɚ 

ɩɨ ɨɱɢɫɬɩɤɟ ɫɬɨɱɧɵɯ ɜɨɩɞ, ɭɫɬɚɧɨɩɜɥɟɧ ɚɷɪɢɪɭɟɦɵɣ ɮɢɥɶɩɬɪ, ɬɚɤ ɤɚɤɩ ɢɫɩɨɥɶɡɭɟɦɵɣ 

ɫɨɪɛɟɩɧɬ ɪɚɛɨɬɚɟɬ ɢɫɤɥɸɱɢɬɩɟɥɶɧɨ ɫ ɚɷɪɚɰɩɢɟɣ. ȼ ɟɝɨɩ ɡɚɝɪɭɡɤɭ ɛɭɞɭɩɬ ɜɯɨɞɢɬɶ 

ɫɨɪɛɟɩɧɬ Birm, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɩɜɥɹɟɬ ɫɨɛɨɣ ɥɟɝɤɩɭɸ ɩɨɪɢɫɬɭɸ ɡɚɝɪɭɩɡɤɭ, 

ɧɚɯɨɞɹɳɭɸɫɹ ɦɟɠɞɩɭ ɞɜɭɦɹ ɫɥɨɹɩɦɢ ɝɪɚɜɢɹ. Ɍɚɤɢɩɟ ɤɚɫɫɟɬɵ ɧɟɨɛɯɨɩɞɢɦɵ ɞɥɹɩ 

ɬɨɝɨ, ɱɬɨɛɩɵ ɭɞɟɪɠɚɬɶ ɡɚɝɪɭɩɡɤɭ ɢ ɨɧɚ ɨɛɪɚɡɨɩɜɚɥɚ ɞɜɟ ɫɬɭɩɟɩɧɢ ɨɱɢɫɬɤɢ ɧɟɩ 

ɜɫɩɥɵɜɚɩɹ ɧɚ ɩɨɜɟɪɯɧɩɨɫɬɶ ɮɢɥɶɬɪɚ. 

ɋɨɪɛɟɩɧɬ Birm ɹɜɥɹɟɬɫɹ ɤɚɬɚɥɢɡɚɩɬɨɪɨɦ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɩɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 

ɠɟɥɟɩɡɚ ɢ ɦɚɪɝɚɩɧɰɚ ɪɚɫɬɜɨɪɟɧɧɨɦ ɜ ɜɨɞɟ ɤɢɫɥɨɪɩɨɞɨɦ. ɉɨɥɭɱɢɜɲɢɟɫɹ 

ɧɟɪɚɫɬɜɨɩɪɟɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɩɡɚ ɢ ɦɚɪɝɚɩɧɰɚ ɨɫɚɠɞɚɸɬɫɹ ɢ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬɫɹ ɜ ɫɥɨɟ ɡɚɝɪɭɩɡɤɢ. ȼɟɫɶ ɩɨɥɭɱɢɜɩɲɢɣɫɹ ɨɫɚɞɨɤ ɭɞɚɥɹɟɩɬɫɹ 

ɨɛɪɚɬɧɨɣ ɩɪɨɦɵɜɩɤɨɣ ɮɢɥɶɬɪɚ. 
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Ⱦɚɧɧɩɵɣ ɫɨɪɛɟɧɬ ɧɟɩ ɬɪɟɛɭɟɬ ɯɢɦɢɱɟɩɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɞɥɹɩ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɤɚɬɚɥɢɬɢɩɱɟɫɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɨɫɬɚɜɩɳɢɤ  ɮɢɪɦɚ Clock Corporation (ɋɒȺɩ). 

ɂɡɝɨɬɨɜɢɬɟɥɶ ɧɟɩ ɭɤɚɡɵɜɚɟɬ ɫɨɫɬɚɩɜɚ ɫɨɪɛɟɧɬɚ, ɧɨɩ ɟɫɥɢ ɫɭɞɢɩɬɶ ɩɨ ɮɢɡɢɩɤɨ-

ɯɢɦɢɱɟɫɤɢɦ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɫɜɨɣɫɬɩɜɚɦ, ɦɨɠɧɨ ɫɱɢɬɚɩɬɶ ɱɬɨ, ɟɝɨɩ ɨɫɧɨɜɨɣ 

ɹɜɥɹɟɩɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɜɢɞɩ ɚɥɸɦɨɫɢɥɢɤɚɬɚ (ɰɢɨɥɩɢɬ), ɧɚ ɩɨɜɟɪɯɧɩɨɫɬɶ 

ɤɨɬɨɪɨɝɨ ɧɚɧɟɫɩɟɧɚ ɬɨɧɤɚɹ ɩɥɟɧɩɤɚ (ɦɟɧɟɟ 0,005% ɨɛɳɟɩɝɨ ɜɟɫɚ) ɨɤɫɢɩɞɚ ɠɟɥɟɡɚ, 

ɦɚɪɝɚɩɧɰɚ ɢ ɤɪɟɦɧɩɢɹ. Ɉɬɥɢɱɚɟɬɫɹ ɞɚɧɧɩɵɣ ɫɨɪɛɟɧɬ ɤɨɪɨɩɬɤɢɦ ɫɪɨɤɩɨɦ ɫɥɭɠɛɵ ɢ 

ɛɨɥɶɲɢɦ ɤɨɥɩɢɱɟɫɬɜɨɦ ɨɝɪɚɧɢɱɩɟɧɢɣ, ɧɟ ɞɨɩɭɫɤɚɩɟɬɫɹ ɧɚɥɢɱɢɟ ɜ ɜɨɞɟ 

ɫɟɪɨɜɨɞɩɨɪɨɞɚ, ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɩɨɥɢɮɨɫɩɮɚɬɨɜ  ɩɪɢ ɷɬɨɩɦ ɧɟɞɨɪɨɝɨɣ, ɞɨɫɬɚɬɩɨɱɧɨ 

ɢɡɜɟɫɬɧɵɣ ɢ ɞɨɫɬɭɩɧɵɣ ɜ ɩɨɤɭɩɤɟ.  

 

 

Ɋɢɫɭɧɩɨɤ 26  ɋɨɪɛɟɧɬ Birm 

 

Ɉɫɧɨɜɩɧɵɟ ɫɜɨɣɫɬɩɜɚ ɫɨɪɛɟɧɬɚ: 

 ɐɜɟɩɬ  ɱɟɪɧɵɣ, ɬɟɦɧɩɨ-ɫɟɪɵɣ; 

 ɉɥɨɬɧɨɩɫɬɶ ɧɚɫɵɩɧɚɹ  0,7-0,8, ɝ/ɫɦ3; 

 ɂɫɬɢɧɩɧɚɹ ɩɥɨɬɧɨɫɬɶ  2, ɝ/ɫɦ3; 

 Ʉɨɷɮɮɢɰɩɢɟɧɬ ɨɞɧɨɪɨɞɧɨɫɬɢ  Ʉɧ = 2,7; 

 Ɋɚɡɦɩɟɪ ɝɪɚɧɭɥ  0,42-2,0, ɦɦɩ; 

 ɗɮɮɟɤɬɢɜɧɵɣ ɪɚɡɦɩɟɪ  0,6, ɦɦ; 
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 ȼɵɫɨɩɬɚ ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɥɨɩɹ 75-90, ɫɦ; 

 ɋɤɨɪɨɩɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɜ ɪɚɛɨɱɟɦ ɪɟɠɢɩɦɟ  8,5-12, ɦ/ɱ; 

 ɋɤɨɪɨɫɬɶ ɩɨɬɨɩɤɚ ɩɪɢ ɨɛɪɚɬɩɧɨɣ ɩɪɨɦɵɜɤɟ  25-30, ɦ/ɱ; 

 Ɋɚɫɲɢɪɩɟɧɢɟ ɫɥɨɹ  25-40%. 

ɍɫɥɨɜɩɢɹ ɩɪɢɦɟɧɟɧɢɹ: 

 Ɍɟɦɩɟɪɚɩɬɭɪɚ ɜɨɞɵ  5-40 °ɋ; 

 pH ɢɫɯɨɞɧɨɣ ɜɨɞɩɵ  6,8-9 ɜ ɬɨɦɩ ɱɢɫɥɟ: 8,0-9,0  ɩɪɢɩ ɭɞɚɥɟɧɢɢ ɦɚɪɝɚɩɧɰɚ;  

6,8-8,5  ɩɪɢ ɭɞɚɥɟɩɧɢɢ ɠɟɥɟɡɚ (ɪɇɩ ˃ 8,5 ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɩɚɧɢɟ 

ɬɪɭɞɧɨɭɞɚɥɹɟɦɨɝɨ ɤɨɥɥɨɢɞɩɧɨɝɨ ɠɟɥɟɡɚ); 8,0-8,5 ɩɪɢɩ ɫɨɜɦɟɫɬɧɨɦ ɭɞɚɥɟɩɧɢɢ 

ɠɟɥɟɡɚ ɢ ɦɚɪɝɚɧɰɚ. 

Ƚɪɚɮɢɩɤɢ ɩɨɬɟɪɢ ɞɚɜɥɟɩɧɢɹ ɢ ɪɚɫɲɢɪɩɟɧɢɹ ɩɨɤɚɡɚɧɵ ɧɚɩ ɪɢɫɭɧɤɚɯ 27 (ɚ,ɛ). 

 

 

     ɚ).                                                            ɛ). 

Ɋɢɫɭɧɩɨɤ 27  ɚ.  ɉɨɬɟɩɪɹ ɞɚɜɥɟɧɢɹ ɜ ɪɟɠɢɦɟ ɫɟɪɜɢɩɫɚ; ɛ.  Ɋɚɫɲɢɪɩɟɧɢɟ ɫɥɨɹ ɜɨɩ 

ɜɪɟɦɹ ɨɛɪɚɬɩɧɨɣ ɩɪɨɦɵɜɤɢ. 

 

ɉɟɪɟɩɞ ɷɤɫɩɥɭɚɬɚɰɢɟɣ, ɫɨɪɛɟɩɧɬ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɦɵɜɩɚɬɶ ɨɛɪɚɬɧɵɦ ɩɨɬɨɤɩɨɦ 

ɜɨɞɵ ɜ ɬɟɱɟɧɢɢ 2030 ɦɢɧɭɩɬ, ɞɨ ɩɨɥɭɱɟɩɧɢɟ ɧɚ ɜɵɯɨɩɞɟ ɜɨɞɵ, ɩɨɩ ɰɜɟɬɭ ɪɚɜɧɩɨɣ 

ɢɫɯɨɞɧɨɣ ɜɨɞɩɟ. ɉɪɨɦɵɜɤɚ ɩɪɨɯɨɩɞɢɬ ɜ ɤɨɥɨɧɩɧɟ, ɦɟɫɬɚ ɜ ɧɟɣ ɞɨɥɠɩɧɨ ɛɵɬɶ 

ɞɨɫɬɚɬɩɨɱɧɨ ɞɥɹ ɪɚɫɲɢɪɩɟɧɢɹ ɫɨɪɛɟɧɬɚ ɩɪɢɦɟɩɪɧɨ ɧɚ 35%. 

Ⱦɚɧɧɩɵɣ ɜɢɞ ɫɨɪɛɟɩɧɬɚ ɧɟ ɢɦɟɟɩɬ ɞɨɫɬɨɣɧɵɯ ɚɧɚɥɨɩɝɨɜ. 
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2.12 Ɋɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ 
 

ȼ Ɋȼɑ ɧɟɨɛɯɨɩɞɢɦɨ ɢɦɟɬɶ ɜɨɞɩɵ, ɧɚ ɞɜɟɩ ɩɪɨɦɵɜɤɢ ɜ ɫɭɬɤɢ. 

 𝑊ʟЧВ = 𝑊АК + 𝑊஼ைௌ ,                                                                               (2.12.1) 

 

WAK   ɚɤɤɭɦɭɥɢɩɪɭɸɳɢɣ ɨɛɴɟɦ ɡɚɩ 3 ɱɚɫɚ ɧɟɩɪɟɪɵɩɜɧɨɝɨ ɡɚɩɚɫɚ. 

 𝑤АК = ͵ ∙ 𝑞˚,                                                                                             (2.12.2) 

 𝑤АК = ͵ ∙ ͷ = ͳͷ  ɦ3. 

 

WCOS  ɨɛɴɟɩɦ ɜɨɞɵ ɧɟɨɛɯɨɞɩɢɦɵɣ ɧɚ ɫɨɛɫɬɜɟɩɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɩɢɢ. 

 

WCOS = Wɩɪɨɦ + Wɨɫɚɩɞ,                                                                               (2.12.3) 

 𝑊 ˓ˑˏ = ଶ∙𝜔∙௧· ଷ଺଴଴∙𝐹˗ଵ଴଴଴ ,                                                                                (2.12.4) 

 𝑊 ˓ˑˏ = ଶ∙ଵଶ,ହ∙଴,ଷ · ଷ଺଴଴∙ଵ,ଶଵ଴଴଴ = ͳͲ,ͺ ɦ3. 

 𝑊 ˔˃ˇ = К˓∙(ʠ˓−௠)ఋ ∙ ͳͲͲ%,                                                                        (2.12.5) 

 𝑊 ˔˃ˇ = ଵ,ଷ∙ሺଷ଺଴−଼ሻଵଶ଴଴଴ ∙ ͳͲͲ% = ͵,ͺ ɦ3, 

 

WCOS = 10,8+3,8 = 14,6 ɦ3, 

 𝑊ʟЧВ = ͳͷ + ͳͶ,͸ = ʹͻ,͸ ɦ3. 
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ɉɥɨɳɚɩɞɶ Ɋɑȼ 

 𝐹ʟЧВ = ௐʟЧВН ,                                                                                              (2.12.6) 

 𝐹ʟЧВ = ଶଽ,଺ଶ = ͳͶ,ͺ ɦ2. 

 

ɉɪɢɧɢɦɩɚɟɦ Ɋɑȼ 5×3 ɦ. 

 

2.13 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɞɥя ɨɛɟɡɡɚɪɚɠɢɜɚɧɢя ɜɨɞɵ 
 

Ɉɞɧɢɩɦ ɢɡ ɫɨɜɪɟɦɟɩɧɧɵɯ ɫɩɨɫɨɛɨɜ ɨɛɟɡɡɚɪɚɠɩɢɜɚɧɢɹ ɜɨɞɵ ɹɜɥɹɟɩɬɫɹ 

ɭɫɬɚɧɨɜɤɚ ɧɚɩ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɛɚɤɬɟɪɢɰɩɢɞɧɵɯ ɨɛɥɭɱɚɬɟɥɟɣ. ɋɩɨɫɩɨɛ ɧɟ ɬɪɟɛɭɩɟɬ 

ɞɨɛɚɜɥɟɧɢɹ ɜ ɜɨɞɭ ɞɨɩɨɥɧɢɬɩɟɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɧɟɩ ɜɥɢɹɟɬ ɧɚɩ ɫɜɨɣɫɬɜɚ ɢ ɫɨɫɬɚɜ 

ɜɨɞɩɵ, ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɩɱɟɫɤɚɹ ɫɢɫɬɟɦɚ. ȼ ɨɬɥɢɱɢɢ ɨɬɩ ɯɥɨɪɚ, ɞɟɣɫɬɩɜɢɟ 

ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɩɪɨɢɫɯɩɨɞɢɬ ɦɝɧɨɜɟɧɧɨ. 

Ɉɱɢɳɟɩɧɢɟ ɜɨɞɵ ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɬɨɯɢɦɢɱɩɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚɩ 

ɛɚɤɬɟɪɢɢ, ɤɨɬɨɪɩɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɜɨɞɟ, ɭɥɶɬɪɚɮɢɨɩɥɟɬɨɜɨɣ ɛɚɤɬɟɪɢɰɢɞɧɨɣ 

ɷɧɟɪɝɩɢɟɣ, ɤɨɬɨɪɚɹ ɢɡɥɭɱɚɩɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦɢ ɥɚɦɩɚɩɦɢ. 

Ɏɚɤɬɨɪɵ ɨɛɟɡɡɚɪɚɠɩɢɜɚɧɢɹ ɜɨɞɵ ɛɚɤɬɟɪɢɰɩɢɞɧɵɦɢ ɥɚɦɩɚɦɢ: 

 Ȼɚɤɬɟɪɢɰɩɢɞɧɵɣ ɩɨɬɨɤ ɢɫɩɨɥɶɡɩɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢɡɥɭɱɟɩɧɢɹ; 

 ɉɨɝɥɨɳɟɧɢɟ ɢɡɥɭɱɟɩɧɢɹ ɜɨɞɨɣ; 

 ɋɨɩɪɨɬɢɜɥɩɹɟɦɨɫɬɶ ɛɚɤɬɟɪɢɣ ɜɨɡɞɟɣɫɩɬɜɢɸ ɛɚɤɬɟɪɢɰɢɞɧɵɯ ɥɭɱɟɩɣ. 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɛɚɤɬɟɪɢɰɩɢɞɧɭɸ ɭɫɬɚɧɨɜɤɭ ɫ ɩɨɝɪɭɠɧɵɦ ɢɫɬɨɱɧɩɢɤɨɦ 

ɢɡɥɭɱɟɧɢɹ. 

Ɋɚɫɱɟɬɩɧɵɣ ɛɚɤɬɟɪɢɰɢɞɧɵɣ ɩɨɬɨɩɤ 

 𝐹 = ொ˚˃˔ఈ∙𝜅∙௟௚ሺ௉ ௉బ⁄ ሻଵହ଺ଷ,ସ∙೙∙బ ,                                                                             (2.13.1) 
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ɝɞɟ 𝑄˚˃˔  ɪɚɫɱɟɬɩɧɵɣ ɪɚɫɯɨɞ ɨɛɟɡɡɚɪɚɠɩɢɜɚɟɦɨɣ ɜɨɞɵ, ɦ3/ɱ; 

      𝛼 − ɤɨɷɮɮɢɰɩɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɨɛɥɭɱɚɩɟɦɨɣ ɜɨɞɵ ɫɦɩ-1; 

      𝜅 −  ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɩɹɟɦɨɫɬɢ ɨɛɥɭɱɚɟɦɵɯ ɛɚɤɬɟɩɪɢɣ, ɪɚɜɧɵɣ 2500 

ɦɤɜɩɬ·ɫɟɤ/ɫɦɩ2; 

      Ɋ  ɤɨɥɢɱɟɩɫɬɜɨ ɛɚɤɬɟɪɢɣ ɜ 1 ɥ ɜɨɞɩɵ ɩɨɫɥɟ ɨɛɥɭɱɟɩɧɢɹ, ɢɥɢ ɤɨɥɩɢ-ɢɧɞɟɤɫ 

ɨɛɥɭɱɟɩɧɧɨɣ ɜɨɞɵ, ɩɪɢɧɢɦɚɩɟɦɵɣ ≤3 (ɬ.ɟ. ɤɨɥɢ-ɬɢɬɩɪ ɧɟ ɦɟɧɟɩɟ 330); 

      Ɋ0  ɤɨɥɢɱɟɩɫɬɜɨ ɛɚɤɬɟɪɢɣ ɜ 1 ɥ ɜɨɞɩɵ, ɢɥɢ ɤɨɥɩɢ-ɢɧɞɟɤɫ ɜɨɞɩɵ, ɞɨ ɨɛɥɭɱɟɩɧɢɹ; 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɱɟɬɩɧɨɟ ɛɚɤɬɟɪɢɚɥɶɧɨɟ ɡɚɝɪɹɡɧɩɟɧɢɟ ɢɫɯɨɞɧɨɣ ɜɨɞɩɵ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɩɵɦ ɤɨɥɢ-ɢɧɞɟɤɩɫɭ Ɋ0 = 1000 (ɬ.ɟ. ɤɨɥɩɢ-ɬɢɬɪ ɫɨɫɬɚɜɩɥɹɟɬ 1); 

       ௡ −  ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɩɜɚɧɢɹ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɩɨɬɨɩɤɚ; ɩɪɢɧɢɦɚɟɦɵɣ 

ɪɚɜɧɩɵɦ: ɞɥɹ ɭɫɬɚɧɨɩɜɨɤ ɫ ɢɫɬɨɱɧɩɢɤɨɦ ɢɡɥɭɱɟɧɢɹ ɩɨɝɪɭɠɟɩɧɧɵɦ 0,9 ɢ 

ɧɟɩɨɝɪɭɠɩɟɧɧɵɦ 0,75; 

       0 − ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɩɜɚɧɢɹ ɛɚɤɪɢɰɢɞɧɨɝɨ ɢɡɥɭɱɟɩɧɢɹ, ɡɚɜɢɳɹɳɢɣ ɨɬɩ 

ɬɨɥɳɢɧɵ ɫɥɨɩɹ ɜɨɞɵ, ɟɟɩ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɩɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 

ɬɢɩɩɚ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɧɢɦɚɩɟɬɫɹ 0,9. 

             𝐹 = ଵଶ଴·଴,ଵହ∙ଶହ଴଴∙ሺ−ଷሻଵହ଺ଷ,ସ∙଴,ଽ∙଴,ଽ = ͳͲ͸,͸ Вɬ. 

 

ɉɨɬɪɟɛɧɨɟ ɤɨɥɢɱɟɩɫɬɜɨ ɥɚɦɩ n 

 ݊ = 𝐹˄𝐹 ,                                                                                                     (2.13.2) 

 

ɝɞɟɩ Fɥ − ɪɚɫɱɟɬɩɧɵɣ ɛɚɤɬɟɪɢɰɢɞɧɵɣ ɩɨɬɨɩɤ ɥɚɦɩɵ ɩɨɫɥɩɟ 4500-5000 ɱɚɫɨɜ 

ɝɨɪɟɧɩɢɹ. 

 ݊ = ଵ଴଺,଺ହ଴ = ʹ,ͳ͵ʹ Вɬ. 

 

ɉɪɢɧɢɦɚɟɬ n = 3. 



59 

 

Ȼɟɪɟɩɦ ɥɚɦɩɵ ɬɢɩɩɚ ɊɄɋ − ʹ,ͷ, ɢɯɩ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɚɡɩɚɧɵ ɜ ɬɚɛɥɢɩɰɟ 10. 

 

Ɍɚɛɥɢɰɚ 10  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɚɦɩ ɊɄɋ  2,5 

Ɍɢɩ 

ɇ
ɨɦ

ɢɧ
ɚɥɩ

ɶɧ
ɚɹ

 ɦ
ɨɳ

ɧɨ
ɫɬ

ɶ 

ɥɚ
ɦɩɩ

ɵ,
 ɜ

ɬ 

ɉ
ɨɬ

ɪɟ
ɛɥɩ

ɹɟ
ɦɚ

ɹ 
ɦɨ

ɳ
ɧɨ

ɫɬ
ɶ 

ɷɥ
ɟɤ

ɬɪ
ɢ ɱɩ

ɟɫ
ɤɨ

ɣ 
ɷɧ

ɟɪ
ɝɢ

ɢ,
 ɜ

ɬɩ 

ɇɚɩɪɹɠɟɧɢɟ, ɜ 

ɋɢ
ɥɚ

 ɬ
ɨɤɩ

ɚ 
ɧɚ

 ɥ
ɚɦ

ɩɩɟ
, Ⱥ

 Ȼɚɤɬɟɪɢɰɩɢɞɧɵɣ 

ɩɨɬɨɤ ɥɚɦɩɩɵ, ȼɬ 

ȼ 
ɫɟ

ɬɢ
 

ɇ
ɚɩ 

ɥɚ
ɦɩ

ɟ 

ɇ
ɨɦ

ɢɧ
ɚɥɩ

ɶɧ
ɵ

ɣ 

Ɋɚ
ɫɱ

ɟɬ
ɧɵ

ɣ,
 F

ɥ 

ɊɄɋ-2,5 2500 2500 220 850 3,4 125 50-75 

 

Ɋɚɫɯɩɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚɩ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɜɨɞɩɵ 

 𝑆 = ே∙௡ொ˚˃˔,                                                                                                   (2.13.3) 

 

ɝɞɟ N− ɦɨɳɧɨɩɫɬɶ ɩɨɬɪɟɛɥɹɟɦɚɹ ɨɞɧɨɩɣ ɥɚɦɩɨɣ, ȼɬɩ. 

 𝑆 = ଶହ଴଴∙ଷଵଶ଴ = ͸ʹ,ͷ Вɬ·ɱ/ɦ3. 

 

ɉɨɬɟɪɢ ɧɚɩɨɩɪɚ ɜ ɭɫɬɚɧɨɩɜɤɟ 

 ℎ = Ͳ,ͲͲͲʹ · ݉ · 𝑄ଵଶ,                                                                                (2.13.4) 

 

ɝɞɟ m − ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɩɫɬɜɨ ɤɚɦɟɪ ɜ ɨɞɧɨɣ ɫɟɤɰɩɢɢ; 

      Q1 − ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɩɨɞ ɜɨɞɵ ɱɟɪɟɩɡ ɨɞɧɭ ɫɟɤɰɩɢɸ ɭɫɬɚɧɨɜɤɢ, ɦ3/ɱ. 

 ℎ = 0,00002· 3· 1202 = 0,95 ɦ. 
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Ⱦɥɹ ɭɫɬɚɧɨɩɜɤɢ ɧɚ ɜɢɧɨɞɟɥɶɩɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɭɞɟɩɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɨɝɪɭɠɩɧɭɸ ɭɫɬɚɧɨɜɤɭ ɬɢɩɩɚ Ɉȼ-ȺɄɏɩ-1, ɫɦɨɧɬɢɪɨɜɚɧɚ ɢɯɩ ɬɪɟɯ ɩɨɫɥɟɞɨɜɚɩɬɟɥɶɧɨ 

ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɨɞɧɭ ɫɟɤɰɩɢɸ ɝɟɪɦɟɬɢɱɧɵɯ ɤɚɦɟɩɪ, ɜ ɤɨɬɨɪɩɵɯ ɪɚɡɦɟɳɟɧɵ 

ɧɚɢɛɨɩɥɟɟ ɦɨɳɧɵɟ ɛɚɤɬɟɪɢɰɩɢɞɧɵɟ ɥɚɦɩɵ ɬɢɩɩɚ ɊɄɋ-2,5 ɜ ɤɜɚɪɰɟɜɵɯ ɱɟɯɥɩɚɯ. 

Ɉɞɧɚ ɫɟɤɰɩɢɹ ɤɚɦɟɪɵ ɹɜɥɹɟɩɬɫɹ ɪɟɡɟɪɜɧɨɣ, ɫɯɟɦɩɚ ɭɫɬɚɧɨɜɤɢ ɫ ɪɚɡɦɟɪɚɦɢ 

ɩɨɤɚɡɩɚɧɚ ɧɚ ɪɢɫɭɧɩɤɟ 28. 

 

 

Ɋɢɫɭɧɨɤ 28  Ɉȼɩ-ȺɄɏ-1, ɬɪɟɯɤɚɦɩɟɪɧɚɹ ɛɚɤɬɟɪɢɰɢɞɧɚɹ ɭɫɬɚɧɨɩɜɤɚ 

 

2.14 ɍɫɬɚɧɨɜɤɚ ɞɥя ɩɟɪɟɝɨɧɤɢ 
 

ȼ ɩɪɨɰɟɫɫɟ ɨɱɢɳɟɩɧɢɹ ɜɨɞɵ ɜ ɚɷɪɢɪɭɟɦɨɦ ɮɢɥɶɬɩɪɟ, ɩɨɥɧɨɫɬɶɸ ɨɱɢɳɟɧɩɧɚɹ 

ɜɨɞɚ ɩɨɩɚɞɩɚɟɬ ɜ Ɋɑȼɩ, ɚ ɨɫɬɚɥɶɩɧɨɣ ɱɚɫɬɶɸ ɹɜɥɹɟɩɬɫɹ ɜɨɞɚ ɡɚɝɪɹɡɧɩɟɧɧɚɹ 

ɫɢɜɭɲɧɵɦɢ ɦɚɫɥɚɩɦɢ. ȿɟ ɨɬɩɪɚɜɩɥɹɸɬ ɧɚ ɭɫɬɚɧɨɩɜɤɭ ɩɟɪɟɝɨɧɤɢ, ɞɥɹɩ ɞɚɥɶɧɟɣɲɟɣ 

ɨɱɢɬɩɤɢ ɢ ɩɨɥɭɱɟɩɧɢɹ ɢɡ ɧɟɟɩ ɱɢɫɬɨɝɨ ɷɬɢɥɨɜɩɨɝɨ ɫɩɢɪɬɚ. ɉɨɥɭɱɟɩɧɧɵɣ ɫɩɢɪɬ 

ɨɬɩɪɚɜɩɥɹɸɬ ɨɛɪɚɬɧɨ ɧɚɩ ɩɪɨɢɡɜɨɞɫɬɜɨ. 

ɋɢɜɭɲɩɧɵɟ ɦɚɫɥɚ ɩɨɥɭɱɟɩɧɧɵɟ ɜ ɯɨɥɨɞɢɥɩɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɩɨɩ ɬɪɭɛɨɩɪɨɜɨɞɭ 

ɩɨɩɚɞɩɚɸɬ ɨɛɪɚɬɧɨ ɜ ɮɢɥɶɬɪ.  

Ɉɩɵɬɧɩɵɦ ɩɭɬɟɦ ɛɵɥɩɚ ɩɪɨɢɡɜɟɞɟɧɚ ɩɟɪɟɝɨɩɧɤɚ, ɩɨɞɪɨɛɧɟɟ ɩɨɤɚɡɩɚɧɚ ɜ 

ɉɪɢɥɨɠɩɟɧɢɢ Ⱥ. 
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2.15 Ɋɚɫɱɟɬ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥя 

 

ɉɨɫɥɟ ɨɛɪɚɛɨɩɬɤɢ ɫɬɨɤɨɜ, ɨɫɚɞɩɨɤ ɢɡ ɨɬɫɬɨɣɩɧɢɤɚ ɢ ɞɪɭɝɩɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɩɨɞɚɟɩɬɫɹ ɜ ɲɥɚɦɨɭɩɥɨɩɬɧɢɬɟɥɶ, ɝɞɟ ɨɧɩ ɦɨɠɟɬ ɧɚɯɨɞɢɩɬɶɫɹ ɞɨ 5 ɫɭɬɨɩɤ. Ɉɧ ɫɥɭɠɩɢɬ 

ɞɥɹ ɩɪɢɟɩɦɚ ɢ ɨɛɟɡɜɪɟɠɩɢɜɚɧɢɹ ɲɥɚɦɨɜ ɢ ɫɬɨɤɨɜ, ɩɨɫɪɟɞɫɩɬɜɨɦ ɩɪɨɜɟɞɟɧɢɹ 

ɩɨɫɥɟɞɭɩɸɳɢɣ ɨɩɟɪɚɰɢɣ. 

ɒɥɚɦɨɭɩɥɨɩɬɧɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɩɣ ɰɢɥɢɧɞɪ ɫ ɤɨɧɢɱɟɫɤɢɦ ɞɧɢɳɩɟɦ, 

ɫɯɟɦɚ ɩɨɤɚɡɩɚɧɚ ɧɚ ɪɢɫɭɧɩɤɟ 29. 

 

 

Ɋɢɫɭɧɨɤ 29 – ɒɥɚɦɨɭɩɥɨɩɬɧɢɬɟɥɶ ɒɍ.Ɇ00: Ⱥ – ɜɜɨɩɞ ɲɥɚɦɚ Ø100; Ȼ – ɜɵɯɨɞ 

ɨɬɫɬɨɹɩɧɧɨɣ ɜɨɞɵ Ø100; ȼ – ɜɵɯɨɩɞ ɭɩɥɨɬɧɟɧɧɨɝɨ ɲɥɚɦɩɚ Ø100; Ƚ – ɨɩɨɪɨɠɧɩɟɧɢɟ 

ɚɩɩɚɪɚɬɚ Ø25; 1 – ɤɨɪɩɩɭɫ ɚɩɩɚɪɚɬɚ; 2 – ɤɚɦɟɩɪɚ ɪɟɚɤɰɢɢ; 3 – ɨɬɫɬɨɣɩɧɚɹ ɡɨɧɚ; 4 – 

ɡɨɧɩɚ ɭɩɥɨɬɧɟɧɢɹ ɲɥɚɦɩɚ; 5 – ɷɪɥɢɮɬ ɰɢɪɤɭɥɩɹɰɢɢ; R1 – ɤɨɚɝɭɥɹɧɬ; R2 – 

ɮɥɨɤɭɥɩɹɧɬ; A0 – ɫɠɚɬɵɣ ɜɨɡɞɩɭɯ 

 

Ɉɬɧɨɲɟɧɢɟ ɞɢɚɦɟɩɬɪɚ ɲɥɚɦɨɧɚɤɨɩɢɬɟɥɹ ɤ ɜɵɫɨɬɟ ɤɨɧɢɱɟɩɫɤɨɣ ɱɚɫɬɢ 

ɩɪɢɧɢɦɩɚɟɦ D/H = 1,5. 
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ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɩɧɨɝɨ ɫɟɱɟɧɢɹ 

 𝐹 =  ఉ ∙ ௐɭɩɥଷ,଺ ∙ ௏𝑝 ∙ே,                                                                                            (2.15.1) 

 

ɝɞɟɩ β – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹɩ ɭɱɟɬɚ ɨɛɴɟɦɧɩɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɫɬɨɣɩɧɢɤɚ, β = 1,5; 

      N – ɤɨɥɢɱɟɫɬɜɨ ɲɥɚɦɨɭɩɥɨɬɩɧɢɬɟɥɟɣ, N = 1; 

      Vp – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɩɫɬɶ ɞɜɢɠɟɧɢɹ ɨɫɚɞɩɤɚ, Vp = 0,6 ɦ/ɫ; 

      Wɭɩɥ – ɨɛɴɟɩɦ ɭɩɥɨɬɧɢɬɟɥɹ. 

Ɉɛɴɟɩɦ ɭɩɥɨɬɧɢɬɟɥɹ 

 𝑊ɭɩɥ =  ொɱ · ∙௡ ∙ ɭɩɥ

ɨɫ
,                                                                                      (2.15.2) 

 

ɝɞɟɩ 𝑄ɱ – ɱɚɫɨɜɨɣ ɪɚɫɯɩɨɞ ɨɫɚɞɤɚ, 𝑄ɱ = Ͳ,ͳͲͷ ɦ3/ɱ; 

       n – ɪɚɫɱɟɬɩɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɬɨɩɤ, n = 5. 

 𝑊ɭɩɥ =  ଴,ଵ଴ହ∙ଵ଺∙ଽସଽ଼ =  ʹ,ͳ͸ͷ ɦ3, 

 𝐹 =  ଵ,ହ∙ଶ,ଵ଺ହଷ,଺∙଴,଺∙ଵ = ͳ,ͷ ɦ2. 

 

Ⱦɢɚɦɟɬɪ ɲɥɚɦɨɭɩɥɨɩɬɧɢɬɟɥɹ 

ܦ  = √ସ∙𝐹𝜋 ,                                                                                                 (2.15.3) 

ܦ  = √ସ∙ଵ,ହଷ,ଵସ = ͳ,ͻ ɦ. 

 

ɉɪɢɧɢɦɚɟɦ ɬɪɭɛɨɩɪɩɨɜɨɞ ɞɥɹ ɨɬɜɨɩɞɚ ɨɫɚɞɤɚ ɞɢɚɦɟɬɩɪɨɦ 100 ɦɦ. 
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ɉɪɢɩ ɭɝɥɟ ɧɚɤɥɨɩɧɚ ɫɬɟɧ ɤ ɝɨɪɢɡɨɧɬɚɥɢ 50˚ ɜɵɫɨɩɬɚ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɩɢ 

ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ 

 ℎ௞ = ஽ଶ∙௧௚ሺଽ଴−ହ଴ሻ,                                                                                        (2.15.4) 

 ℎ௞ = ଵ,ଽଶ∙଴,଼ସ =  ͳ,ͳ͵ ɦ. 

 

2.16 ɉɨɞɛɨɪ ɧɚɫɨɫɚ ɤ ɰɟɧɬɪɢɮɭɝɟ 

 

Ⱦɥɹɩ ɩɨɞɚɱɢ ɨɫɚɞɩɤɚ ɧɚ ɰɟɧɬɪɢɩɮɭɝɭ ɩɪɢɧɢɦɚɟɦ ɜɢɯɪɟɩɜɨɣ ɧɚɫɨɫ Grundfos 

PF1  30, ɩɨɞɯɨɞɩɹɳɢɣ ɞɥɹ ɩɪɨɟɤɬɢɪɩɭɟɦɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɩɴɟɤɬɩɚ, ɩɨɤɚɡɚɧ 

ɧɚɩ ɪɢɫɭɧɤɟ 30. 

 

: 

Ɋɢɫɭɧɩɨɤ 30 – Gdundfos PF1 – 30 

 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɩɢɫɬɢɤɢ:  

 Ʉɨɪɩɭɫ – ɱɭɝɭɩɧ; 

 Ɉɯɥɚɠɞɟɧɢɟ ɞɜɢɝɚɬɩɟɥɹ – ɜɨɡɞɭɲɧɨɟ; 

 Ɇɢɧɢɦɚɥɩɶɧɵɣ ɧɚɩɨɪ – 34ɦ; 

 ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɩɨɫɬɶ – 2,4 ɦ3/ɱ; 
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 Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɩɸɳɟɣ ɫɪɟɞɵ – 0-40°ɋ; 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɩɫɬɢ – ɞɨ +50°ɋ; 

 Ⱦɚɜɥɟɧɢɟ – max 6 ɛɚɪɩ; 

 ɇɚɩɪɹɠɟɧɢɟ – 1×220-240ȼ, 50 Ƚɰ; 

 ɉɨɬɪɟɛɥɩɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – 0,47 ɤȼɬɩ; 

 Ɇɚɫɫɚ ɧɚɫɨɩɫɚ – 5 ɤɝ; 

 ɑɚɫɬɨɩɬɚ ɩɭɫɤɨɜ/ɨɫɬɚɧɨɩɜɨɤ – max 20 ɜ ɫɭɬɤɩɢ. 

 

 

Ɋɢɫɭɧɨɤ 31 – Ƚɚɛɚɪɩɢɬɵ ɧɚɫɨɫɚ Gdundfos PF1–30 

 

2.17 ɉɨɞɛɨɪ ɰɟɧɬɪɢɮɭɝɢ 

 

ɉɪɢɩ ɪɚɡɪɚɛɨɬɤɟ ɫɯɟɦɩɵ, ɛɵɥɚ ɜɵɛɪɚɩɧɚ ɰɟɧɬɪɢɮɭɝɚ ɞɟɤɚɧɬɟɩɪɧɨɝɨ ɬɢɩɚ Alfa 

Laval Aldec G2-45, ɪɢɫɭɧɩɨɤ 32. 

Ɉɧɢɩ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢɩ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɞɟɥɩɟɧɢɹ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡɩ 

ɫ ɜɵɫɨɤɩɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɬɜɟɪɞɩɵɯ ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɩɳɢɯɫɹ ɧɚ ɪɚɡɥɢɱɩɧɵɯ ɷɬɚɩɚɯ 

ɨɱɢɫɬɩɤɢ ɫɬɨɱɧɨɣ ɜɨɞɩɵ. Ⱦɥɹ ɦɟɯɚɧɢɱɟɩɫɤɨɝɨ ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɩɪɢɦɟɧɩɹɸɬ 

ɞɟɤɚɧɬɟɪɵ ɫ ɮɥɨɤɭɥɹɧɬɚɦɢ. Ɏɥɨɤɭɥɩɹɧɬ ɞɨɛɚɜɥɹɟɬɫɹ ɞɥɹɩ ɭɥɭɱɲɟɧɢɹ ɜɨɞɨɨɬɩɞɚɱɢ 

ɢ ɭɫɢɥɟɩɧɢɹ ɷɮɮɟɤɬɚ ɨɱɢɫɬɩɤɢ. 
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Ɋɢɫɭɧɨɤ 32  Ⱦɟɤɚɧɬɟɩɪɧɚɹ ɰɟɧɬɪɢɮɭɝɚ Alfa Laval Aldec G2-45 

 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɩɢɫɬɢɤɢ: 

 Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɟɫɩ – 2300 ɤɝ; 

 Ɇɨɳɧɨɩɫɬɶ ɝɥɚɜɧɨɝɨ ɞɜɢɝɚɬɩɟɥɹ – 11-37 ɤȼɬ; 

 Ɇɨɳɧɨɩɫɬɶ ɞɜɢɝɚɬɟɥɹ ɜɬɨɪɢɱɩɧɨɝɨ ɩɪɢɜɨɞɚ – 5,5-11 ɤȼɬɩ; 

 ɑɚɫɬɨɬɧɨɪɟɝɭɥɢɪɩɭɟɦɵɣ ɫɤɨɪɨɫɬɧɨɣ ɩɪɢɜɩɨɞ. 

 

2.18 ɍɬɢɥɢɡɚɰɢя ɨɬɯɨɞɨɜ 

 

ɉɨɫɥɟ ɩɪɨɯɨɠɞɩɟɧɢɹ ɜɨɞɵ ɱɟɪɟɩɡ ɰɟɧɬɪɢɮɭɝɭ, ɨɧɚɩ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚɩ ɞɜɟ ɮɚɡɩɵ. 

ɀɢɞɤɚɹ ɮɚɡɩɚ, ɨɬɩɪɚɜɥɹɟɬɫɹ ɨɛɪɚɬɩɧɨ ɜ ɭɫɪɟɞɧɢɩɬɟɥɶ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɫɚɦɨɦ 

ɧɚɱɚɩɥɟ ɫɯɟɦɵ ɨɱɢɫɬɩɤɢ ɫɬɨɱɧɨɣ ɜɨɞɩɵ, ɚ ɬɜɟɪɞɩɚɹ ɮɚɡɚ ɩɨɦɟɳɚɩɟɬɫɹ ɜ ɛɭɧɤɩɟɪ. ȼ 

ɛɭɧɤɟɩɪɟ ɩɪɨɯɨɞɢɬ ɫɤɥɚɞɢɪɨɩɜɚɧɢɟ ɨɬɯɨɞɨɜ, ɩɨɫɥɩɟ ɱɟɝɨ ɜɵɜɨɡɢɩɬɫɹ ɢ 

ɭɬɢɥɢɡɢɪɩɭɟɬɫɹ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜɨɡɞɟɣɫɬɜɭɟɬ ɨɱɟɧɶ ɦɧɨɝɨ 

ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɧɚ ɧɟɟ ɜɥɢɹɸɬ. ȼ ɫɥɟɞɫɬɜɢɢ ɷɬɨɝɨ ɜɨɡɧɢɤɚɸɬ 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɤɚɬɚɫɬɪɨɮɵ.  

ɉɨ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɜɪɟɞ ɢɞɟɬ ɫɨ ɫɬɨɪɨɧɵ ɪɚɡɥɢɱɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ. Ɉɧɢ ɨɤɚɡɵɜɚɸɬ ɨɝɪɨɦɧɨɟ ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɢ ɧɚɧɟɫɟɧɢɹ ɭɳɟɪɛɚ ɞɥɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɡɚɝɪɹɡɧɟɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɜɢɧɨɞɟɥɶɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɍɚɤ ɤɚɤ ɫɩɢɪɬɨɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɞɨɜɨɥɶɧɚ ɪɚɡɜɢɬɚ ɢ 

ɢɦɟɟɬ ɨɝɪɨɦɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɤɨɧɨɦɢɤɭ, ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɧɟɛɪɟɝɚɸɬ ɬɳɚɬɟɥɶɧɨɣ 

ɨɱɢɫɬɤɨɣ ɫɬɨɱɧɨɣ ɜɨɞɵ ɫɨ ɫɜɨɢɯ ɩɪɨɢɡɜɨɞɫɬɜ.  

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧɵ ɫɬɨɱɧɵɟ ɜɨɞɵ ɜɢɧɨɞɟɥɢɹ ɢ ɢɯ ɫɨɫɬɚɜ. 

Ƚɥɚɜɧɵɦ ɡɚɝɪɹɡɧɟɧɢɟɦ ɨɤɚɡɚɥɢɫɶ ɫɢɜɭɲɧɵɟ ɦɚɫɥɚ. Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ 

ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɨɱɢɫɬɤɢ ɜɨɞɵ ɨɬ ɧɢɯ, ɫɨɪɛɟɧɬɵ ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ 

ɧɚɢɥɭɱɲɟɝɨ ɨɱɢɳɟɧɢɹ ɢ ɪɟɚɝɟɧɬɵ ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨɜɨɞɢɬɶ ɨɱɢɫɬɤɭ ɤɚɤ ɦɨɠɧɨ 

ɛɵɫɬɪɟɟ ɢ ɝɥɭɛɠɟ. 

ȼ ɩɪɨɟɤɬɧɨɣ ɱɚɫɬɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ, ɤɨɬɨɪɚɹ 

ɩɨɡɜɨɥɢɬ ɨɱɢɳɚɬɶ ɫɬɨɤɢ ɢ ɜɨɡɜɪɚɳɚɬɶ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɱɚɫɬɶ ɱɢɫɬɨɝɨ ɫɩɢɪɬɚ, 

ɤɨɬɨɪɵɣ ɩɪɢɝɨɞɟɧ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɩɢɪɬɨɜɵɯ 

ɩɪɨɞɭɤɬɨɜ. Ɉɱɢɫɬɤɚ ɜɨɞɵ ɩɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ 

ɷɮɮɟɤɬɢɜɧɨɣ. Ȼɵɥɨ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɚɝɟɧɬ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɨɫɚɞɤɚ ɢ ɞɚɥɟɟ 

ɩɨ ɫɯɟɦɟ ɮɢɥɶɬɪ ɫ ɡɚɝɪɭɡɤɨɣ, ɤɨɬɨɪɚɹ ɩɨɥɧɨɫɬɶɸ ɨɱɢɳɚɟɬ ɜɨɞɭ ɨɬ ɞɨɛɚɜɥɟɧɧɨɝɨ 

ɪɟɚɝɟɧɬɚ. 
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ɉɊɂɅɈɀȿɇɂ Ⱥ 

 

Ɉɩɵɬ ɩɨɩ ɩɟɪɟɝɨɧɤɟ «ɉɪɨɛɩɵ 2» 

 

ɉɟɪɟɝɨɧɤɚ  ɪɚɡɞɟɥɩɟɧɢɟ ɠɢɞɤɢɯ ɫɦɟɫɩɟɣ ɧɚ ɮɪɚɤɰɩɢɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨɩ 

ɫɨɫɬɚɜɭ. Ɉɧɚɩ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɪɟɞɫɩɬɜɨɦ ɢɫɩɚɪɟɧɢɹ ɠɢɞɤɨɩɫɬɢ ɫ ɩɨɫɥɟɞɭɩɸɳɢɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɩɜ. 

Ⱦɥɹ ɨɩɵɬɩɚ ɜ ɥɚɛɨɪɚɬɩɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɩɚ ɜɡɹɬɚ ɩɪɨɛɩɚ ɫɬɨɱɧɨɣ ɜɨɞɩɵ ɫ 

ɜɢɧɧɨɩɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɞɚɧɧɨɣ ɩɪɨɛɩɟ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɩɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɫɢɜɭɲɩɧɵɯ ɦɚɫɟɥ, ɟɟ ɫɨɫɬɩɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.  

 

Ɍɚɛɥɢɩɰɚ 1  ɉɪɢɦɟɫɢ ɫɬɨɱɧɩɨɣ ɜɨɞɵ ɢ ɢɯ ɬɟɦɩɟɪɚɩɬɭɪɚ ɤɢɩɟɧɢɹ 

ɉɪɢɦɟɩɫɢ Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɩɢɹ (ɋ0) 

Ⱥɰɟɬɚɥɶɩɞɟɝɢɞ 20,2 

ɗɬɢɥɮɨɪɦɢɚɬ 54,3 

Ⱥɰɟɬɨɧ 56,1 

Ɇɟɬɢɥɚɰɩɟɬɚɬ 57,1 

Ɇɟɬɚɧɨɥ 64,7 

ɗɬɢɥɚɰɩɟɬɚɬ 77,0 

ɗɬɚɧɨɥ 78,4 

ɂɡɨɩɪɨɩɢɩɥɨɜɵɣ ɫɩɢɪɬ 82,4 

ɉɪɨɩɢɥɩɨɜɵɣ ɫɩɢɪɬ 97,4 

Ɇɭɪɚɜɶɢɧɚɹ ɤɢɫɥɨɩɬɚ 100,7 

ɍɤɫɭɫɧɩɚɹ ɤɢɫɥɨɬɚ 118,1 

ɗɬɢɥɛɭɬɩɢɪɚɬ 121,5 

ɂɡɨɚɦɢɥɨɜɵɣ ɫɩɢɪɩɬ 131,0 

ɗɬɢɥɩɟɧɬɚɧɨɚɬ 144,6 

ɂɡɨɛɭɬɢɩɥɨɜɵɣ ɫɩɢɪɬ 108,0 

Ɏɭɪɮɭɩɪɨɥ 161,0 

 

ɉɪɢɩ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɩɢɹɯ ɫɨɫɬɚɜ ɩɪɢɦɟɫɟɣ ɦɨɠɟɩɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬɩ 

ɭɤɚɡɚɧɧɨɝɨ. 
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ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɩɦɟɧɬɚ ɩɨ ɩɟɪɟɝɨɩɧɤɟ, ɛɵɥɨ ɜɵɞɟɥɩɟɧɨ 3 ɮɪɚɤɰɢɢ, ɜ ɤɚɠɞɨɣ 

ɢɡɩ ɤɨɬɨɪɵɯ ɜɵɞɟɥɹɩɥɢɫɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɟɳɟɫɩɬɜɚ. 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚɩ ɜɢɞɚ ɩɟɪɟɝɨɩɧɤɢ: ɩɪɨɫɬɚɹ ɢ ɪɟɤɬɢɮɢɤɚɰɢɹ. 

ȼ ɨɩɵɬɧɵɯ ɭɫɥɨɜɩɢɹ ɛɵɥɚ ɫɨɛɪɚɩɧɚ ɯɨɥɨɞɢɥɶɧɚɹ ɭɫɬɚɧɨɩɜɤɚ ɞɥɹ ɩɪɨɫɬɩɨɣ 

ɩɟɪɟɝɨɧɤɢ, ɪɢɫɭɧɩɨɤ 1. ȼ ɩɪɨɰɟɩɫɫɟ ɠɢɞɤɚɹ ɫɦɟɫɩɶ ɩɨɫɬɟɩɟɧɧɨ ɢɫɩɚɪɹɩɟɬɫɹ, ɚ ɜ 

ɯɨɥɨɞɢɥɶɧɢɤɟ ɩɚɪɩ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ. Ⱦɚɧɧɩɵɣ ɬɢɩ ɩɟɪɟɝɨɩɧɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɩɤɨ 

ɞɥɹ ɪɚɡɞɟɥɩɟɧɢɹ ɫɦɟɫɟɣ, ɥɟɬɭɱɟɩɫɬɶ ɤɨɬɨɪɵɯ ɡɚɦɟɬɩɧɨ ɪɚɡɥɢɱɚɟɬɫɹ. Ɍɚɤɢɩɦ ɨɛɪɚɡɨɦ 

ɫɦɟɫɩɶ ɨɱɢɳɚɟɬɫɹ ɨɬɩ ɫɥɨɠɧɵɯ ɢ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɤɨɦɩɨɧɟɩɧɬɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 1  ɏɨɥɨɞɢɥɩɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹɩ ɩɟɪɟɝɨɧɤɢ: 1  ɷɥɟɤɬɪɨɩɩɥɢɬɚ; 2  ɛɚɧɹ 

ɩɟɫɱɚɩɧɚɹ; 3  ɤɨɥɛɚ Ʉ-1; 4  ɞɟɮɥɟɝɦɚɬɨɪ; 5  ɬɟɪɦɨɦɩɟɬɪ; 6  ɧɚɫɚɞɤɚ; 7  

ɬɟɪɦɨɦɩɟɬɪ; 8  ɯɨɥɨɞɢɥɶɧɢɤ; 9  ɚɥɨɧɩɠ; 10  ɤɨɥɛɚ Ʉɧɩ-2 

 

ɇɚɩ ɷɥɟɤɬɪɨɩɥɢɬɟ ɩɪɢɩ ɧɚɝɪɟɜɚɧɢɢ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɨɛɩɵ 2 (ɫɬɨɱɧɚɹ ɜɨɞɚ 

ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ), ɨɛɪɚɡɭɟɬɫɹ ɜɨɞɹɧɩɚɹ ɛɚɧɹ, ɧɟɨɛɯɨɩɞɢɦɨ ɞɥɹ ɤɚɠɞɩɨɣ 

ɮɪɚɤɰɢɢ, ɩɨɞɞɟɪɠɩɢɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɬɟɦɩɟɪɚɩɬɭɪɭ. 

ɉɚɪ, ɩɨɩɚɞɩɚɹ ɜ ɥɟɞɹɧɩɭɸ ɜɨɞɭ, ɧɚɱɢɧɩɚɟɬ ɫɬɟɤɚɬɶ ɜ ɤɨɥɛɭ Ʉɧɩ-2. 

Ⱦɥɹ ɷɤɫɩɟɪɢɩɦɟɧɬɚ ɛɵɥɨ ɜɡɹɬɩɨ 100ɦɥ ɩɪɨɛɩɵ.  

Ⱦɚɧɧɵɟ ɨɩɵɬɩɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2. 
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Ɍɚɛɥɢɩɰɚ 2  Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɟɝɨɧɤɢ 

№ ɮɪɚɤɰɢɢ ȼɪɟɦɩɹ, ɦɢɧ 
Ɍɟɦɩɟɪɚɩɬɭɪɚ, 

°ɋ 
Ʉɨɥɢɱɟɩɫɬɜɨ ɨɫɚɞɤɚ, ɦɥɩ 

0 4(ɧɚɱɚɥɨ ɧɚɝɪɟɜɩɚɧɢɹ) 48 - 

1 16 76,5-78,4 71 

2 5 78,5-80 20 

3 3 80 ˃ 9 

 

Ɍɚɤɢɦ ɨɛɪɚɡɩɨɦ, ɜ ɩɟɪɜɩɨɣ ɮɪɚɤɰɢɢ ɩɪɢɩ ɬɟɦɩɟɪɚɬɭɪɟ 76,5  78,4°ɋ, ɡɚ 16 

ɦɢɧɭɩɬ ɛɵɥɨ ɜɵɞɟɥɩɟɧɨ 71ɦɥ ɨɫɚɞɩɤɚ.  

ɇɚ ɩɪɨɢɡɜɨɩɞɫɬɜɟ ɞɚɧɧɚɹ ɜɨɞɩɚ ɨɬɩɪɚɜɥɹɟɬɫɹ ɨɛɪɚɬɩɧɨ ɜ ɮɢɥɶɩɬɪ, ɞɥɹ 

ɞɚɥɶɧɟɩɣɲɟɣ ɨɱɢɫɬɤɢ. 

ȼɨɩ ɜɬɨɪɨɣ ɮɪɚɤɰɩɢɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 5 ɦɢɧɭɩɬ, ɩɪɢ ɬɟɦɩɟɪɚɩɬɭɪɟ 

78,5  80°ɋ, ɜɵɞɟɥɢɩɥɨɫɶ 20 ɦɥ ɱɢɫɬɨɩɝɨ 20% ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɩɬɚ. 

ɋɩɢɪɬ ɜɵɞɟɥɟɩɧɧɵɣ ɜ ɞɚɧɧɩɨɣ ɮɪɚɤɰɢɢ ɨɬɩɪɚɜɥɩɹɟɬɫɹ ɨɛɪɚɬɧɨ ɧɚɩ 

ɩɪɨɢɡɜɨɞɫɬɜɨ, ɞɥɹɩ ɞɚɥɶɧɟɣɲɟɝɨ ɟɝɨɩ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɞɭɤɰɢɢ. 

ȼ ɬɪɟɬɶɟɣ ɮɪɚɤɰɩɢɢ ɧɚɱɢɧɚɸɬ ɜɵɞɟɥɹɩɬɶɫɹ ɫɢɜɭɲɧɵɟ ɦɚɫɥɩɚ, ɨɧɢ 

ɧɟɩɪɢɝɩɨɞɧɵ ɞɥɹ ɩɪɨɢɡɜɨɩɞɫɬɜɚ, ɢɯ ɨɬɩɪɚɜɩɥɹɸɬ ɨɛɪɚɬɧɨ ɜ ɮɢɥɶɬɪ. 
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ɉɊɂɅɈᶥɀȿɇɂȿ Ȼ 

 

Ɉɱɢɫɬɩɤɚ ɫɬɨɱɧɨɣ ɜɨɞɩɵ ɜ ɤɨɥɨɧɩɤɟ ɫ ɚɤɬɢɜɢɪɨɩɜɚɧɧɵɦ ɭɝɥɟɦ 

 

Ⱥɤɬɢɜɢɪɨɩɜɚɧɧɵɣ ɭɝɨɥɶ ɫɱɢɬɚɟɩɬɫɹ ɨɞɧɢɦ ɢɡɩ ɫɚɦɵɯ ɩɨɩɭɥɹɩɪɧɵɯ 

ɩɪɢɪɨɞɧɵɯ ɫɨɪɛɟɧɩɬɨɜ ɞɥɹ ɨɱɢɳɟɩɧɢɹ ɜɨɞɵ. ɋ ɟɝɨ ɩɨɦɨɳɩɶɸ ɦɨɠɧɨ ɭɞɚɥɢɩɬɶ 

ɨɪɝɚɧɢɤɭ ɩɪɢɪɨɞɩɧɨɝɨ ɢ ɧɟɩɪɢɪɨɩɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ⱦɥɹɩ ɨɱɢɫɬɤɢ ɜɨɞɩɭ 

ɩɪɨɝɨɧɹɸɬ ɱɟɪɟɩɡ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɚɤɬɢɜɢɪɨɩɜɚɧɧɵɣ ɭɝɨɥɶ ɢɥɢɩ ɞɨɛɚɜɥɹɸɬ ɟɝɨɩ 

ɱɚɫɬɢɰɵ ɜ ɜɨɞɭ. 

ɍɝɨɥɩɶ ɯɨɪɨɲɨ ɭɞɚɥɹɩɟɬ ɩɪɢɦɟɫɢ, ɤɨɬɨɪɩɵɟ ɩɪɢɞɚɸɬ ɜɨɞɩɟ ɧɟɩɪɢɹɬɧɵɣ 

ɡɚɩɚɩɯ ɢ ɜɤɭɩɫ, ɚ ɬɚɤɩ ɠɟ ɢɡɛɚɜɥɩɹɟɬ ɟɟ ɨɬɩ ɧɟɩɪɢɪɨɞɧɵɯ ɨɪɝɚɧɢɱɩɟɫɤɢɯ ɜɟɳɟɫɬɜ 

ɩɟɫɬɢɰɩɢɞɵ, ɧɟɮɬɟɩɪɨɞɭɤɬɵ, ɞɟɬɟɪɝɩɟɧɬɵ ɢ ɬ.ɞ. 

ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɚ ɫɨɛɪɚɧɚ ɤɨɥɨɧɤɚ ɫ ɭɝɥɟɦ, ɪɢɫɭɧɨɤ 1. 

 

 

Ɋɢɫɭɧɩɨɤ 1  ɋɯɟɦɚ ɮɢɥɶɬɪɭɸɳɟɣ ɤɨɥɨɧɩɤɢ 

 

Ⱦɥɹɩ ɡɚɝɪɭɡɤɢ ɤɨɥɨɧɩɤɢ ɛɵɥɨ ɜɡɹɬɩɨ 50ɝɪ ɚɤɬɢɜɢɪɨɜɩɚɧɧɨɝɨ 

ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɭɝɥɩɹ. 
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Ⱦɥɹ ɧɚɱɚɩɥɚ ɱɟɪɟɡ ɫɨɛɪɚɧɩɧɭɸ ɤɨɥɨɧɤɭ ɩɪɨɩɭɫɩɬɢɥɢ 300ɦɥ ɜɨɞɩɵ, ɞɥɹ 

ɩɪɨɦɵɩɜɤɢ ɭɝɥɹ ɢ ɩɨɥɧɨɣ ɟɝɨɩ ɨɱɢɫɬɤɢ. 

ɏɚɪɚɤɬɟɪɩɢɫɬɢɤɢ ɤɨɥɨɧɤɢ: ɞɢɚɦɟɩɬɪ 3,5ɫɦ, ɜɵɫɨɩɬɚ 11,5ɫɦ. 

Ⱦɥɹɩ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɩɚ ɜɡɹɬɚ ɥɚɛɨɪɚɬɩɨɪɧɚɹ ɩɪɨɛɚ ɫɬɨɱɧɩɨɣ ɜɨɞɵ ɫ 

ɜɢɧɧɨɝɨ ɩɪɨɢɡɜɨɩɞɫɬɜɚ. ɉɟɪɟɞ ɩɪɨɩɭɫɤɩɚɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɩɵ ɱɟɪɟɡ ɤɨɥɨɧɩɤɭ, ɜ ɧɟɟɩ 

ɞɨɛɚɜɥɹɟɬɫɹ  KMnO₄, ɨɧɩ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤɩ ɪɟɚɝɟɧɬ, ɪɢɫɭɧɨɤ 2. 

 

 

Ɋɢɫɭɧɨɤ 2  ɉɪɨɛɚ 2, ɫ ɞɨɛɚɜɥɟɧɢɟɦ KMnO₄ 

 

ɉɪɨɛɩɚ, ɫ ɞɨɛɚɜɥɟɩɧɢɟɦ ɜ ɧɟɟɩ ɪɟɚɝɟɧɬɚ, ɩɪɨɝɨɧɹɩɟɬɫɹ ɱɟɪɟɡ ɫɨɛɪɚɧɩɧɭɸ 

ɤɨɥɨɧɤɭ ɫ ɡɚɪɚɧɟɟ ɩɪɨɦɵɩɬɵɦ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɦ ɚɤɬɢɜɢɪɨɩɜɚɧɧɵɦ ɭɝɥɟɦ 

ɪɢɫɭɧɩɨɤ 3.  



74 

 

 

Ɋɢɫɭɧɨɤ 3  ɍɝɨɥɶɧɚɹ ɮɢɥɶɬɪɭɸɳɚɹ ɤɨɥɨɧɤɚ 

 

ɉɪɨɩɭɫɤɚɬɶ ɧɭɠɧɩɨ ɞɨ ɩɨɥɧɨɩɝɨ ɨɱɢɳɟɧɢɹ ɩɪɨɛɩɵ.Ɍɚɤɢɦ ɨɛɪɚɡɩɨɦ, ɜ ɯɨɞɩɟ 

ɨɩɵɬɚ, ɩɪɨɛɩɚ ɛɵɥɚ ɩɪɨɩɭɳɩɟɧɚ ɱɟɪɟɡ ɫɨɛɪɚɧɩɧɵɣ ɮɢɥɶɬɪ 5 ɪɚɡɩ, ɢ ɩɨɥɧɨɫɩɬɶɸ 

ɨɱɢɫɬɢɥɚɫɶ ɨɬɩ ɡɚɝɪɹɡɧɟɧɢɣ. 

ɇɚɩ 100ɦɥ ɩɪɨɛɩɵ ɛɵɥɨ ɜɡɹɬɩɨ 0,02ɝɪ ɦɚɪɝɚɧɰɩɨɜɤɢ. 

Ɉɱɢɳɟɧɧɭɸ ɞɚɧɧɩɵɦ ɫɩɨɫɨɛɨɦ ɜɨɞɩɭ, ɩɭɫɤɚɸɬ ɜ ɫɬɨɱɧɵɟ ɜɨɞɩɵ. 

ȼ ɪɚɡɪɚɛɨɬɩɚɧɧɨɣ ɫɯɟɦɟ ɨɱɢɫɬɩɤɢ ɫɬɨɱɧɨɣ ɜɨɞɩɵ ɫ ɜɢɧɨɞɟɥɶɱɩɟɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ,  ɬɚɤɚɩɹ ɤɨɥɨɧɤɚ ɧɟɩ ɢɫɩɨɥɶɡɭɟɬɫɹ. Ɉɩɵɩɬ ɛɵɥ ɫɞɟɥɩɚɧ ɞɥɹ ɩɨɤɚɩɡɚ 

ɜɥɢɹɧɢɹ KMnO₄ ɤɚɤ ɪɟɚɝɟɧɬɚ. 
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