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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦ 

ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ» ɢɡɥɨɠɟɧɚ ɧɚ 179 

ɫɬɪɚɧɢɰɚɯ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɸɳɢɯ 53 ɪɢɫɭɧɤɚ ɢ 23 ɬɚɛɥɢɰ. Ɋɚɛɨɬɚ 

ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɪɚɡɞɟɥɨɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɢɡ 37 ɧɚɢɦɟɧɨɜɚɧɢɣ ɢ 4 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȽȺɅɖȼȺɇɂɑȿɋɄɈȿ ɉɊɈɂɁȼɈȾɋɌȼɈ, ɂɈɇɕ ɌəɀȿɅɕɏ 

ɆȿɌȺɅɅɈȼ, ɋɌɈɑɇɕȿ ȼɈȾɕ, ɌȿɏɇɈɅɈȽɂɑȿɋɄȺə ɋɏȿɆȺ, ɊȿȺȽȿɇɌ-

ɈɋȺȾɂɌȿɅɖ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɫɬɨɱɧɵɟ ɜɨɞɵ ɫɨɞɟɪɠɚɳɢɟ ɢɨɧɵ Cu (II ), Ni (II) ɢ 

Zn (II ). 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɫɨɜɪɟɦɟɧɧɨɣ ɫɯɟɦɵ ɩɨ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɸ ɞɚɧɧɵɯ ɫɬɨɤɨɜ ɜ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɯ ɭɫɥɨɜɢɹɯ.  

Ɂɚɞɚɱɢ ɪɚɛɨɬɵ: 

– ɤɚɱɟɫɬɜɟɧɧɵɣ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ; 

– ɩɨɫɬɪɨɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ, 

ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ ɩɪɢ ɪɚɡɧɵɯ ɡɚɞɚɧɧɵɯ ɪɟɠɢɦɚɯ; 

– ɨɩɪɟɞɟɥɢɬɶ ɫɜɨɣɫɬɜɚ, ɷɥɟɦɟɧɬɧɵɣ ɢ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɭɸɳɟɝɨɫɹ 

ɨɫɚɞɤɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɯɟɦɵ ɭɬɢɥɢɡɚɰɢɢ ɩɨɥɭɱɚɟɦɨɝɨ ɨɫɚɞɤɚ; 

– ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɨɜɪɟɦɟɧɧɨɣ ɫɯɟɦɵ 

ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɟɚɝɟɧɬɚ-ɨɫɚɞɢɬɟɥɹ Amersep MP7.  

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ ɬɟɦ, ɱɬɨ 

ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɨɬɨɬɚɛɟɧɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɤɚɱɟɫɬɜɨ ɫɬɨɱɧɵɯ ɜɨɞ ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɩɨ 

ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɢɛɨɪɨɜ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɬɪɟɛɭɟɦɭɸ ɬɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ. 
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ȼȼȿȾȿɇɂȿ 
 

ȼɨɩɪɨɫ ɷɤɨɥɨɝɢɢ ɢ ɨɯɪɚɧɵ ɩɪɢɪɨɞɵ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɢɦɟɟɬ ɨɞɧɨ ɢɡ 

ɜɚɠɧɟɣɲɢɯ ɫɨɰɢɚɥɶɧɵɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ. 

ȼ Ʉɨɧɫɬɢɬɭɰɢɢ ɊɎ ɫɤɚɡɚɧɨ: «ȼ ɢɧɬɟɪɟɫɚɯ ɧɚɫɬɨɹɳɟɝɨ ɢ ɛɭɞɭɳɢɯ 

ɩɨɤɨɥɟɧɢɣ ɜ ɊɎ ɩɪɢɧɢɦɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɦɟɪɵ ɞɥɹ ɨɯɪɚɧɵ ɢ ɧɚɭɱɧɨ-

ɨɛɨɫɧɨɜɚɧɧɨɝɨ, ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɟɦɥɢ ɢ ɟё ɧɟɞɪ, ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ 

ɠɢɜɨɬɧɨɝɨ ɦɢɪɚ, ɫɨɯɪɚɧɟɧɢɟ ɜ ɱɢɫɬɨɬɟ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ, ɨɛɟɫɩɟɱɟɧɢɹ 

ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢɪɨɞɧɵɯ ɛɨɝɚɬɫɬɜ ɢ ɭɥɭɱɲɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɱɟɥɨɜɟɤɚ 

ɫɪɟɞɵ». 

Ɂɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ 

ɜɨɞ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɞɥɹ ɫɢɫɬɟɦɵ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɨɛɨɪɨɬɟ.  

Ƚɚɥɶɜɚɧɢɱɟɫɤɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɫɨɛɨɣ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɨɣ 

ɨɩɚɫɧɨɫɬɶɸ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɨɜ. Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɟɧɧɵɦɢ ɤ ɫɢɫɬɟɦɚɦ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɢ ɨɬɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜɵɫɨɤɢɣ ɷɮɮɟɤɬ 

ɨɬɱɢɫɬɤɢ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɧɨ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɨɛɨɪɨɬɧɵɯ 

ɫɯɟɦ ɜɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɢɫɤɥɸɱɚɸɳɢɣ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ʉ 

ɞɪɭɝɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɤɨɬɨɪɵɦɢ ɞɨɥɠɧɨ ɨɬɜɟɱɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɨɱɢɫɬɧɵɟ 

ɫɨɨɪɭɠɟɧɢɹ: ɤɨɦɩɚɤɬɧɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ, ɜ ɪɚɛɨɬɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɤɨɥɟɛɚɧɢɹɯ ɫɨɞɟɪɠɚɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ, ɜɵɫɨɤɢɣ 

ɭɪɨɜɟɧɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɦɢɧɢɦɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ, ɷɧɟɪɝɨɟɦɤɨɫɬɶ, 

ɩɨɬɪɟɛɥɟɧɢɟ ɪɟɚɝɟɧɬɨɜ, ɩɪɨɫɬɨɬɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɱɬɨ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ, ɝɞɟ ɢɫɩɵɬɵɜɚɟɬɫɹ 

ɞɟɮɢɰɢɬ ɩɥɨɳɚɞɢ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɹɞ ɫɨɨɪɭɠɟɧɢɣ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɱɢɫɬɤɭ ɫɬɨɱɧɵɯ ɜɨɞ. ɋɯɟɦɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤ 

ɤɚɱɟɫɬɜɭ ɨɛɨɪɨɬɧɨɣ ɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɤɚɧɚɥɢɡɚɰɢɸ ɫɬɨɱɧɨɣ ɜɨɞɵ. 
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1. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

Ɉɱɢɫɬɤɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɦɟɟɬ 

ɨɱɟɧɶ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɨɩɚɞɚɹ ɜɦɟɫɬɟ ɫɨ ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ ɜ ɜɨɞɨɟɦ, 

ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɝɭɛɢɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸɬ ɧɚ ɮɥɨɪɭ ɢ ɮɚɭɧɭ, ɭɯɭɞɲɚɸɬ 

ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɨɞɵ, ɬɨɪɦɨɡɹɬ ɩɪɨɰɟɫɫɵ ɫɚɦɨɨɱɢɳɟɧɢɹ ɜɨɞɨɟɦɚ. 

Ɉɬɜɟɞɟɧɢɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɫɟɬɢ ɝɨɪɨɞɨɜ 

ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɩɪɨɰɟɫɫɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɢ ɧɚɤɨɩɥɟɧɢɸ ɢɨɧɨɜ 

ɦɟɬɚɥɥɨɜ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɫɚɞɤɚɯ, ɫɨɡɞɚɜɚɹ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɢɯ ɭɬɢɥɢɡɚɰɢɢ ɢ 

ɫɤɥɚɞɢɪɨɜɚɧɢɢ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɜɧɟɞɪɟɧɵ ɜ ɩɪɚɤɬɢɤɭ 

ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɨɱɢɫɬɤɢ ɜɨɞɵ ɨɬ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ: ɯɢɦɢɱɟɫɤɢɟ 

(ɪɟɚɝɟɧɬɧɵɟ), ɛɢɨɥɨɝɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ, ɦɟɦɛɪɚɧɧɵɟ, ɫɨɪɛɰɢɨɧɧɵɟ ɢ 

ɮɥɨɬɚɰɢɨɧɧɵɟ [1,2].  

 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

 

ɀɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɜ ɯɨɞɟ ɞɥɢɬɟɥɶɧɨɣ ɷɜɨɥɸɰɢɢ ɩɪɢɫɩɨɫɨɛɢɥɢɫɶ ɤ 

ɩɪɢɫɭɬɫɬɜɢɸ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɫɪɟɞɟ ɢ ɜɨɜɥɟɤɥɢ 

ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɜ ɜɚɠɧɵɟ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ɉɨɷɬɨɦɭ ɩɨɹɜɢɥɚɫɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɢ ɨɪɝɚɧɢɡɦɵ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 

Ȼɢɨɥɨɝɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɫɬɨɱɧɵɯ ɜɨɞ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ, 

ɭɞɚɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɢ ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɨɫɚɞɨɤ, 

ɫɧɢɠɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ [3]. 
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Ɋɢɫɭɧɨɤ 1.1 – ɋɯɟɦɚ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ 

 

ɇɟɞɨɫɬɚɬɤɨɦ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɧɟ ɜɫɟɝɞɚ ɢɥɢ 

ɬɪɭɞɧɨ ɩɪɢɫɩɨɫɚɛɥɢɜɚɸɬɫɹ ɤ ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɚɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɩɨɜɵɲɟɧɢɸ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɤɫɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɛɢɨɫɨɪɛɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɩɪɨɢɡ-

ɜɨɞɫɬɜ. ɋɭɳɧɨɫɬɶ ɛɢɨɫɨɪɛɰɢɢ ɜɤɥɸɱɚɟɬɫɹ ɜ ɨɛɴɟɞɢɧɟɧɢɢ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɪɛɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɫɨɪɛɟɧɬɨɦ ɢ ɛɢɨɯɢɦɢɱɟɫ-

ɤɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɬɨɱɧɵɯ ɜɨɞ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ, 

ɪɚɡɜɢɜɚɸɳɢɦɢɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɪɛɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɧɟ ɢɫɤɥɸɱɚɟɬɫɹ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɛɢɨɪɟɝɟɧɟɪɚɰɢɢ ɫɨɪɛɟɧɬɚ. Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɟ ɭɝɥɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬ 

ɧɚɝɪɭɡɤɭ ɧɚ ɚɤɬɢɜɧɭɸ ɛɢɨɦɚɫɫɭ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɨɪɛɟɧɬɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɚɤɬɢɜɧɵɣ 

ɭɝɨɥɶ (ȽȺɍ) ɦɚɪɤɢ ɋɄɌ [4]. 

ɍɱɢɬɵɜɚɹ ɜɵɫɨɤɭɸ ɩɨɝɥɨɬɢɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ 

ɚɤɬɢɜɧɨɝɨ ɭɝɥɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɨɧɚɦ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɨ ɫɧɢɠɟɧɢɢ ɬɨɤɫɢɱɧɨɫɬɢ ɜɥɢɹɧɢɹ ɢɨɧɨɜ ɧɚ ɚɤɬɢɜɧɵɣ ɢɥ ɩɪɢ ɫɨɜɦɟɫɬ-

ɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨɪɛɰɢɨɧɧɨɝɨ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɨɜ. ɉɪɢɦɟɧɟɧɢɟ 
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ɛɢɨɫɨɪɛɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɨɱɢɫɬɤɢ (ɜ 4,0-1,9 ɪɚɡɚ) ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɨɣ ɩɪɢ ɬɨɣ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɬɨɤɨɜ. 

Ɉɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɫ ɩɨɦɨɳɶɸ 

ɷɤɫɬɪɚɤɰɢɢ ɢ ɦɟɦɛɪɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟ ɧɚɲɥɚ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɜɹɡɢ 

ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɣ. 

 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ 

 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶ ɢ ɢɡɜɥɟɤɚɬɶ ɢɡ ɧɟɟ 

ɰɟɧɧɵɟ ɦɟɬɚɥɥɵ. ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɥɸɛɵɯ ɡɧɚɱɟɧɢɹɯ ɪɇ 

ɫɬɨɱɧɵɯ ɜɨɞ. 

 

 

Ɋɢɫɭɧɨɤ 1.2 – ɋɯɟɦɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ: 1 – ɭɫɪɟɞɧɢɬɟɥɶ; 2 – ɛɚɤ 

ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ; 3 – ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 4 – 

ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪ; 5 – ɨɬɫɬɨɣɧɢɤ; 6 – ɚɩɩɚɪɚɬ ɞɥɹ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɨɫɚɞɤɚ 

 

ɋɪɟɞɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɟ ɭɞɚɥɟɧɢɟ 

ɢɨɧɨɜ ɬɹɠёɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɡɚɝɪɹɡɧɟɧɧɵɯ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ, ɨɫɨɛɚɹ ɪɨɥɶ 

ɩɪɢɧɚɞɥɟɠɢɬ ɬɟɯɧɨɥɨɝɢɹɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 
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Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɢ ɬɟɯɧɨɥɨɝɢɢ ɨɛɥɚɞɚɸɬ ɧɟɨɫɩɨɪɢɦɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɪɢ 

ɪɟɲɟɧɢɢ ɦɧɨɝɢɯ ɡɚɞɚɱ ɨɛɟɫɩɟɱɟɧɢɹ ɱɢɫɬɨɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ʉ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɨɬɧɨɫɹɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɨɛɪɚɛɨɬɤɢ ɫɬɨɤɨɜ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ 

ɤɨɚɝɭɥɹɰɢɹ. Ʉ ɨɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɬɧɨɫɹɬɫɹ ɜɵɫɨɤɚɹ 

ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɤɨɦɩɚɤɬɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɢ, ɩɨɥɭɱɟɧɢɟ ɲɥɚɦɚ ɫ ɯɨɪɨɲɢɦɢ 

ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [5].  

ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɤɨɚɝɭɥɹɰɢɢ ɥɟɠɚɬ ɩɪɨɰɟɫɫɵ 

ɚɧɨɞɧɨɝɨ ɢ ɤɚɬɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɬɚɥɥɨɜ.  

Ɉɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɜɤɥɸɱɚɸɳɚɹ ɢɯ 

ɨɛɪɚɛɨɬɤɭ ɜ ɩɨɥɟ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɫɬɚɢɜɚɧɢɟɦ ɢ 

ɨɬɞɟɥɟɧɢɟɦ ɨɫɚɞɤɚ, ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɝɚɥɶɜɚɧɨɯɢɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ 

ɩɪɨɜɨɞɹɬ ɜ ɨɞɧɭ ɫɬɚɞɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɦɟɫɢ ɠɟɥɟɡɧɨɣ ɢ ɦɟɞɧɨɣ 

ɫɬɪɭɠɤɢ. ɉɪɢ ɨɬɫɬɚɢɜɚɧɢɢ ɩɪɨɜɨɞɹɬ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɇ ɞɨ 6,9-7,3, ɧɚɝɪɟɜ ɞɨ 

85-95 ɨɋ ɢ ɜɵɞɟɪɠɢɜɚɧɢɟ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 7-10 ɦɢɧ, 

ɨɬɞɟɥɟɧɢɟ ɦɚɥɨɨɛɴɟɦɧɨɝɨ ɬɨɧɤɨɞɢɫɩɟɪɫɧɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɫɚɞɤɚ [6]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɫ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ 

ɩɪɨɰɟɫɫɚɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ 

ɫɬɨɱɧɵɯ ɜɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɬɚɤ ɤɚɤ ɨɧ ɹɜɥɹɟɬɫɹ 

ɛɟɡɪɟɚɝɟɧɬɧɵɦ, ɥɟɝɤɨ ɭɩɪɚɜɥɹɟɬɫɹ ɢ ɭɦɟɧɶɲɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɡɜɟɲɟɧɧɵɯ 

ɜɟɳɟɫɬɜ ɨɫɚɠɞɟɧɢɟɦ. 

Ɇɟɦɛɪɚɧɧɵɣ ɷɥɟɤɬɪɨɥɢɡɟɪɵ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ 

ɩɪɚɤɬɢɤɟ ɜɨɞɨɨɱɢɫɬɤɢ. ɨɧɢ ɪɚɛɨɬɚɸɬ ɧɚ ɩɪɢɧɰɢɩɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ 

ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. ɋ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɥɢɡɟɪɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɨɫɚɠɞɟɧɢɟɦ ɜ ɤɚɬɨɥɢɬɟ ɢ ɚɧɨɥɢɬɟ.  

ɍɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡɪɟɚɝɟɧɬɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɜɨɞɵ ɜ ɦɟɦɛɪɚɧɧɨɦ ɷɥɟɤɬɪɨɥɢɡɟɪɟ [7]. 

ɉɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɫ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɩɪɨɰɟɫɫɚɯ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɢ 
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ɤɨɧɬɪɨɥɢɪɭɟɦɨɦ ɩɨɬɟɧɰɢɚɥɟ ɤɚɬɨɞɚ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɢɨɧɵ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ ɞɨ ɨɫɬɚɬɨɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɢɠɟ 0,1 ɦɝ/ɥ – ɉȾɄ ɢɨɧɨɜ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ ɜ ɜɨɞɟ. ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɬɚɤ ɤɚɤ ɨɧ ɹɜɥɹɟɬɫɹ ɛɟɡɪɟɚɝɟɧɬɧɵɦ, ɥɟɝɤɨ ɭɩɪɚɜɥɹɟɬɫɹ [8].  

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ  

1) ȼɵɫɨɤɚɹ ɨɱɢɫɬɤɚ ɞɨ ɬɪɟɛɨɜɚɧɢɣ ɉȾɄ. 

2) Ⱦɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

3) ɉɪɨɫɬɨɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

4) ɇɟɛɨɥɶɲɢɟ ɡɚɧɢɦɚɟɦɵɟ ɩɥɨɳɚɞɢ. 

5) Ɇɚɥɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ. 

6) ɉɨɥɭɱɟɧɢɟ ɲɥɚɦɚ ɫ ɯɨɪɨɲɢɦɢ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ  

1) ɇɟ ɞɨɫɬɢɝɚɟɬɫɹ ɉȾɄ ɩɪɢ ɫɛɪɨɫɟ ɜ ɜɨɞɨɟɦɵ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ. 

2) Ⱦɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

3) Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɦɵɯ ɚɧɨɞɨɜ. 

4) ɇɟɜɨɡɦɨɠɧɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɲɥɚɦɚ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ-ɡɚ ɜɵɫɨɤɨɝɨ 

ɫɨɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ. 

5) ɇɟɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɜɪɚɬɚ ɜɨɞɵ ɜ ɨɛɨɪɨɬɧɵɣ ɰɢɤɥ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɧɨɝɨ 

ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ. 

6) ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɹɯ ɞɥɹ ɲɥɚɦɨɨɬɜɚɥɨɜ. 

 

ɗɥɟɤɬɪɨɮɥɨɬɚɰɢɹ 

 

Ʉɪɨɦɟ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɢ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɷɥɟɤɬɪɨɮɥɨɬɚɰɢɸ ɫ ɧɟɪɚɫɬɜɨɪɢɦɵɦɢ 

ɚɧɨɞɚɦɢ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢɡ ɠɢɞɤɨɫɬɢ 

ɩɟɪɟɧɨɫɹɬɫɹ ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɶ ɩɭɡɵɪɶɤɚɦɢ ɝɚɡɚ, ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɩɪɢ ɷɥɟɤɬɪɨ-

ɥɢɡɟ ɜɨɞɵ [9].  
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Ɋɢɫɭɧɨɤ 1.3 – ɋɯɟɦɚ ɨɞɧɨɤɚɦɟɪɧɨɣ ɷɥɟɤɬɪɨɮɥɨɬɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ: 1 – 

ɤɨɪɩɭɫ; 2 – ɷɥɟɤɬɪɨɞɵ 

 

ɇɚ ɚɧɨɞɟ ɜɨɡɧɢɤɚɸɬ ɩɭɡɵɪɶɤɢ ɤɢɫɥɨɪɨɞɚ, ɚ ɧɚ ɤɚɬɨɞɟ ɜɨɞɨɪɨɞɚ. 

ɉɨɞɧɢɦɚɹɫɶ ɜ ɫɬɨɱɧɨɣ ɜɨɞɟ, ɷɬɢ ɩɭɡɵɪɶɤɢ ɮɥɨɬɢɪɭɸɬ ɜɡɜɟɲɟɧɧɵɟ ɱɚɫɬɢɰɵ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɢɦɵɯ ɷɥɟɤɬɪɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ 

ɯɥɨɩɶɟɜ ɤɨɚɝɭɥɹɧɬɨɜ ɢ ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ 

ɮɥɨɬɚɰɢɢ. 

ɗɥɟɤɬɪɨɮɥɨɬɚɰɢɹ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɪɢɥɢɩɚɧɢɢ ɤ ɝɚɡɨɜɵɦ ɩɭɡɵɪɶɤɚɦ, 

ɨɛɪɚɡɭɸɳɢɦɫɹ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɫɬɨɱɧɨɣ ɜɨɞɵ, ɱɚɫɬɢɰ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɨɜ 

ɷɦɭɥɶɝɢɪɨɜɚɧɧɵɯ ɜ ɜɨɞɟ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɡɜɥɟɱɟɧɢɟɦ 

ɢɯ ɜ ɩɟɧɧɵɣ ɫɥɨɣ.  

ɉɪɢ ɷɥɟɤɬɪɨɮɥɨɬɚɰɢɢ ɩɪɨɢɫɯɨɞɹɬ ɭɦɟɧɶɲɟɧɢɟ ɨɛɴɟɦɚ ɢ ɫɧɢɠɟɧɢɟ 

ɜɥɚɠɧɨɫɬɢ ɢɡɜɥɟɤɚɟɦɵɯ ɜɟɳɟɫɬɜ. ɋɪɚɜɧɟɧɢɟ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɩɨɤɚɡɵɜɚɟɬ, 

ɱɬɨ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɩɨɜɵɲɚɟɬɫɹ ɧɚ 5-25%, ɚ ɜɪɟɦɹ 

ɨɱɢɫɬɤɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2-7 ɪɚɡ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɬɪɨɷɧɟɪɝɢɢ ɩɪɢ 

ɷɬɨɦ ɧɟɜɵɫɨɤ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,05 ɞɨ 0,1 ɤ ȼɬ∙ɱ ɧɚ 1 ɦ3 ɨɱɢɳɚɟɦɨɣ ɠɢɞɤɨɫɬɢ. 

ɂɧɧɨɜɚɰɢɨɧɧɵɦ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɧɨɜɵɯ, ɬɟɯɧɢɱɟɫɤɨɦ ɩɟɪɟɜɨɨɪɭɠɟɧɢɢ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɜɨɞɨɨɱɢɫɬɧɵɯ ɫɢɫɬɟɦ ɦɨɠɟɬ ɫɬɚɬɶ ɩɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɮɥɨɬɚɰɢɢ ɜɦɟɫɬɪɨ 

ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɜɢɞɟ ɨɬɫɬɨɣɧɢɤɨɜ, ɫɦɟɫɢɬɟɥɟɣ, ɤɚɦɟɪ 
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ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɭɩɥɨɬɧɢɬɟɥɟɣ ɨɫɚɞɤɚ ɚɩɩɚɪɚɬɚ, ɫɨɜɦɟɳɚɸɳɟɝɨ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜɨɞɨɨɱɢɫɬɤɢ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ, ɭɩɪɨɫɬɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɫɨɤɪɚɬɢɬɶ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɥɨɳɚɞɢ ɩɨɞ ɪɚɡɦɟɳɟɧɢɟ ɜɨɞɨɨɱɢɫɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [10]. 

Ɂɚ ɫɱɟɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ 

(ɷɥɟɤɬɪɨɮɥɨɬɨɦɟɦɛɪɚɧɧɵɯ ɢ ɷɥɟɤɬɪɨɦɟɦɛɪɚɧɧɵɯ) ɭɫɬɚɧɨɜɨɤ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɨɱɢɳɚɬɶ ɫɬɨɱɧɭɸ ɜɨɞɭ ɨɬ ɚɧɢɨɧɨɜ ɢ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɜɨɡɜɪɚɳɚɬɶ ɞɨ 95 

– 98 % ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɧɭɠɞɵ ɢ ɪɟɤɭɩɟɪɢɪɨɜɚɬɶ ɳɟɥɨɱɶ ɢ 

ɤɢɫɥɨɬɭ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢɯ ɭɫɬɚɧɨɜɨɤ ɞɨɫɬɢɝɚɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ 

[11].  

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ 

1) Ɉɱɢɫɬɤɚ ɞɨ ɬɪɟɛɨɜɚɧɢɣ ɉȾɄ. 

2) ɇɟɡɧɚɱɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ. 

3) ɉɪɨɫɬɨɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

4) Ɇɚɥɵɟ ɩɥɨɳɚɞɢ, ɡɚɧɢɦɚɟɦɵɟ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

5) ȼɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɨɬ ɠɢɪɨɜ, ɦɚɫɟɥ ɢ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ. 

6) ȼɵɫɨɤɚɹ ɫɨɱɟɬɚɟɦɨɫɬɶ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. 

7) Ɉɬɫɭɬɫɬɜɢɟ ɜɬɨɪɢɱɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ 

1) ɇɟɡɧɚɱɢɬɟɥɶɧɨɟ (ɞɨ 30%) ɫɧɢɠɟɧɢɟ ɨɛɳɟɝɨ ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ 

ɨɱɢɳɚɟɦɵɯ ɫɬɨɤɨɜ. 

2) Ⱥɧɨɞɵ ɢɡ ɞɟɮɢɰɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

3) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɛɚɜɥɟɧɢɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɜɨɞ. 

4) Ȼɨɥɶɲɨɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

 

Ɇɟɦɛɪɚɧɧɵɟ ɦɟɬɨɞɵ 

 

ɋɩɨɫɨɛɵ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɬɟɯɧɨɥɨɝɢɢ ɜɵɞɟɥɟɧɢɹ 

ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɨɩɪɨɢɡɜɨɞɫɬɜɚ, ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɹɸɬɫɹ 

ɧɚ ɦɢɤɪɨɮɢɥɶɬɪɚɰɢɸ, ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɸ, ɨɛɪɚɬɧɵɣ   ɨɫɦɨɫ, ɢɫɩɚɪɟɧɢɟ   ɱɟɪɟɡ 
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ɦɟɦɛɪɚɧɵ, ɞɢɚɥɢɡ, ɷɥɟɤɬɪɨɞɢɚɥɢɡ.   ɋɚɦɵɟ ɛɨɥɶɲɢɟ ɭɫɩɟɯɢ    ɜ    ɨɬɧɨɲɟɧɢɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɞɨɫɬɢɝɧɭɬɵ 

ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ, ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ ɢ ɷɥɟɤɬɪɨɞɢɚɥɢɡɚ [12]. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ, [13] ɤɨɬɨɪɨɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɢɬɶ 

ɫɬɚɛɢɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɨɱɢɫɬɤɢ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɛɚɪɨɦɟɦɪɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ: ɦɢɤɪɨɮɢɥɶɬɪɚɰɢɢ ɢ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ. Ɏɢɥɶɬɪɚɬ, 

ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɭɫɬɚɧɨɜɤɟ ɫ ɩɨɥɨɜɨɥɨɤɨɧɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ, ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɯɨɡɹɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɯ ɧɭɠɞ.  

 

Ɇɟɬɨɞ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ 

 

Ɉɛɪɚɬɧɵɦ ɨɫɦɨɫɨɦ ɢ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɟɣ ɧɚɡɵɜɚɸɬ ɩɪɨɰɟɫɫɵ 

ɮɢɥɶɬɪɨɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ ɱɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɵɟ ɦɟɦɛɪɚɧɵ   ɩɨɞ   ɞɚɜɥɟɧɢɟɦ, 

ɩɪɟɜɵɲɚɸɳɟɦ ɨɫɦɨɬɢɱɟɫɤɨɟ   ɞɚɜɥɟɧɢɟ.   Ɇɟɦɛɪɚɧɵ   ɩɪɨɩɭɫɤɚɸɬ   ɦɨɥɟɤɭɥɵ    

ɪɚɫɬɜɨɪɢɬɟɥɹ, ɡɚɞɟɪɠɢɜɚɹ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜɟɳɟɫɬɜɚ. ɉɪɢ ɨɛɪɚɬɧɨɦ ɨɫɦɨɫɟ 

ɜɵɞɟɥɹɸɬɫɹ ɱɚɫɬɢɰɵ (ɦɨɥɟɤɭɥɵ, ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɢɨɧɵ), ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɧɟ 

ɩɪɟɜɵɲɚɸɬ ɪɚɡɦɟɪɨɜ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ.  ɉɪɢ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ ɪɚɡɦɟɪ 

ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɧɚ ɩɨɪɹɞɨɤ ɛɨɥɶɲɟ [14]. 

 

 

Ɋɢɫɭɧɨɤ 1.4 – ɋɯɟɦɚ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɫ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ 
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Ɉɬ ɨɛɵɱɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ ɨɬɥɢɱɚɸɬɫɹ ɨɬɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ 

ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ. Ⱦɚɜɥɟɧɢɟ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɪɚɬɧɨɝɨ 

ɨɫɦɨɫɚ (6-10 Ɇɉɚ) ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ (0,1-0,5 Ɇɉɚ). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɨɛɪɚɬɧɨɦ ɨɫɦɨɫɟ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɯɪɨɦɚ ɪɚɜɧɚ 94-

95%. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɪɇ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 3-4 

ɪɚɡɚ, ɚ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɪɇ ɫɪɨɤ ɫɥɭɠɛɵ ɦɟɦɛɪɚɧ ɭɦɟɧɶɲɚɟɬɫɹ [15]. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ 

1) ȼɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɞɨ ɬɪɟɛɨɜɚɧɢɣ ɉȾɄ. 

2) ȼɨɡɜɪɚɬ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɞɨ 60% ɜ ɨɛɨɪɨɬɧɵɣ ɰɢɤɥ. 

3) ȼɨɡɦɨɠɧɨɫɬɶ ɭɬɢɥɢɡɚɰɢɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ 

1) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɦɚɫɟɥ, ɉȺȼ, 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɨɪɝɚɧɢɤɢ, ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ. 

2) Ⱦɟɮɢɰɢɬɧɨɫɬɶ ɢ ɞɨɪɨɝɨɜɢɡɧɚ ɦɟɦɛɪɚɧ. 

3) ɋɥɨɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɟɪɦɟɬɢɱɧɨɫɬɢ 

ɭɫɬɚɧɨɜɨɤ. 

4) Ȼɨɥɶɲɢɟ ɩɥɨɳɚɞɢ, ɜɵɫɨɤɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ. 

5) ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɦɛɪɚɧ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɨɱɢɳɚɟɦɵɯ 

ɫɬɨɤɨɜ. 

 

Ɇɟɬɨɞ ɷɥɟɤɬɪɨɞɢɚɥɢɡɚ 

 

ɗɥɟɤɬɪɨɞɢɚɥɢɡ – ɩɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɢɨɧɨɜ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɩɪɢɥɨɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ⱦɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɷɬɢɦ 

ɦɟɬɨɞɨɦ ɢɫɩɨɥɶɡɭɸɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɢɨɧɢɬɨɜɵɟ ɦɟɦɛɪɚɧɵ. 

 

 



15 
 

 

Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɢɚɥɢɡɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɱɟɪɟɞɭɸɳɢɦɢɫɹ 

ɤɚɬɢɨɧɨɛɦɟɧɧɵɦɢ ɢ ɚɧɢɨɧɨɛɦɟɧɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ 

 

ɉɨɫɤɨɥɶɤɭ ɦɟɬɨɞ ɷɥɟɤɬɪɨɞɢɚɥɢɡɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɫɨɞɟɪɠɚɳɟɣ 

ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ ɤɚɤ ɦɚɥɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ 

ɫɬɨɤɢ, ɬɚɤ ɢ ɨɬɪɚɛɨɬɚɧɧɵɟ ɷɥɟɤɬɪɨɥɢɬɵ ɢ ɬɟɦ ɫɚɦɵɦ ɫɨɡɞɚɜɚɬɶ ɡɚɦɤɧɭɬɵɟ 

ɫɢɫɬɟɦɵ ɜɨɞɨɨɛɨɪɨɬɚ ɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɷɬɨɬ ɦɟɬɨɞ ɡɚ ɪɭɛɟɠɨɦ 

ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɟɝɨ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ, ɡɚɬɪɚɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜ ɢ, 

ɤɚɤ ɧɟɞɨɫɬɚɬɨɤ, ɬɟɯɧɨɥɨɝɢɢ-ɹɜɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, 

ɩɪɢɜɨɞɹɳɟɣ ɤ ɨɫɚɠɞɟɧɢɸ ɫɨɥɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɦɛɪɚɧɵ ɢ ɬɟɦ ɫɚɦɵɦ 

ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɚ ɨɱɢɫɬɤɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɷɥɟɤɬɪɨɞɢɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɟɦɢɧɟɪɚɥɢɡɚɰɢɢ 

ɪɚɡɛɚɜɥɟɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɨɥɭɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ 

ɪɚɫɬɜɨɪɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞёɧ ɬɨɜɚɪɧɵɣ ɩɪɨɞɭɤɬ ɜ ɜɢɞɟ 

ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɢɥɢ ɟɝɨ ɝɢɞɪɨɤɫɢɞɚ.  ɗɬɨɬ ɦɟɬɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ 

ɪɟɚɝɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɪɟɝɟɧɟɪɚɰɢɢ ɢ ɡɚɦɟɧɵ ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨɪɛɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ. ɗɤɨɧɨɦɢɱɟɫɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɪɨɰɟɫɫ 

ɞɟɦɢɧɟɪɚɥɢɡɚɰɢɢ [16].  
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ȼɟɥɢɱɢɧɚ ɷɥɟɤɬɪɨɦɢɝɪɚɰɢɨɧɧɨɝɨ ɩɟɪɟɧɨɫɚ ɢɨɧɨɜ, ɨɩɪɟɞɟɥɹɸɳɚɹ 

ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɩɪɢɥɨɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɉɫɧɨɜɧɵɟ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɜ 

ɤɚɦɟɪɚɯ ɨɩɪɟɫɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɥɢɬɚ ɫɧɢɠɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɩɟɪɟɧɨɫɚ ɢɨɧɨɜ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɤɚɦɟɪɵ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. ɋɭɳɟɫɬɜɟɧɧɨɟ 

ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɢɦɟɦɛɪɚɧɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨɹɯ 

ɞɢɚɥɢɡɚɬɧɨɣ ɤɚɦɟɪɵ ɜɫɥɟɞɫɬɜɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, 

ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɪɚɡɥɢɱɢɟɦ ɱɢɫɟɥ ɩɟɪɟɧɨɫɚ ɢɨɧɨɜ ɜ ɨɛɴɟɦɟ ɪɚɫɬɜɨɪɚ ɢ ɜ 

ɦɟɦɛɪɚɧɟ [17]. ɍɦɟɧɶɲɟɧɢɸ ɩɟɪɟɩɚɞɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɨɛɴɟɦɟ ɪɚɫɬɜɨɪɚ ɢ ɜ 

ɩɪɢɦɟɦɛɪɚɧɧɨɦ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɥɨɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ ɤɨɧɜɟɤɰɢɹ ̶ 

ɢɧɬɟɧɫɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ, ɚ ɬɚɤɠɟ ɡɚɩɨɥɧɟɧɢɟ ɞɢɚɥɢɡɚɬɧɨɣ 

ɤɚɦɟɪɵ ɢɨɧɨɩɪɨɜɨɞɹɳɢɦ ɜɟɳɟɫɬɜɨɦ. 

ȼ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɥɨɤɚɥɶɧɵɟ 

ɫɢɫɬɟɦɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɚɧɧ ɭɥɚɜɥɢɜɚɧɢɹ ɢ ɷɥɟɤɬɪɨɦɟɦɛɪɚɧɧɵɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ.  

Ɉɪɝɚɧɢɡɚɰɢɹ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 

ɩɟɪɢɨɞɢɱɟɫɤɭɸ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɜ 

ɨɫɧɨɜɧɨɦ ɧɚ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɪɚɫɬɜɨɪɟɧɧɵɯ ɫɨɥɟɣ ɢ ɩɨɫɥɟɞɭɸɳɢɣ 

ɜɨɡɜɪɚɬ ɟɟ ɧɚ ɫɬɚɞɢɸ ɩɪɨɦɵɜɤɢ ɞɟɬɚɥɟɣ ɢɥɢ ɩɨɞɩɢɬɤɢ ɜɚɧɧ ɭɥɚɜɥɢɜɚɧɢɹ. 

Ɉɱɢɳɟɧɧɚɹ ɩɪɨɦɵɜɧɚɹ ɜɨɞɚ ɩɨ ɫɜɨɢɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɧɢɹɦ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 9.314-90 ɞɥɹ ɜɨɞɵ ɜɬɨɪɨɣ ɤɚɬɟɝɨɪɢɢ, ɤɨɬɨɪɚɹ 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɩɪɨɦɵɜɤɟ ɞɟɬɚɥɟɣ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ 

ɨɩɟɪɚɰɢɹɯ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ ɤ ɩɨɤɪɵɬɢɸ.  

Ʌɨɤɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɦɨɝɭɬ ɪɚɡɦɟɳɚɬɶɫɹ ɪɹɞɨɦ ɫ 

ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɥɢɧɢɟɣ ɢɥɢ ɜɫɬɪɚɢɜɚɬɶɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɰɟɩɨɱɤɭ. 

ɇɨɜɢɡɧɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɢ ɩɪɢɟɦɨɜ ɫɨɫɬɨɢɬ ɜ 

ɩɪɢɦɟɧɟɧɢɢ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɥɨɤɚɥɢɡɚɰɢɸ ɯɢɦɢɱɟɫɤɢ 

ɨɩɚɫɧɵɯ ɠɢɞɤɢɯ ɨɬɯɨɞɨɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɦɚɥɨɜɨɞɧɵɯ ɫɯɟɦ ɩɪɨɦɵɜɤɢ ɢɡɞɟɥɢɣ ɢ ɞɟɬɚɥɟɣ ɨɬ 

ɷɥɟɤɬɪɨɥɢɬɨɜ ɢ ɪɚɫɬɜɨɪɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɫɤɚɞɚ ɢɡ ɜɚɧɧ ɭɥɚɜɥɢɜɚɧɢɹ, ɩɨɞɛɨɪɚ 
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ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ 

ɷɥɟɤɬɪɨɦɟɦɛɪɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɰɟɥɨɦ.   

Ɍɢɩ ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ 

ɩɪɟɞɩɪɢɹɬɢɹ, ɫɭɳɟɫɬɜɭɸɳɟɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɚ ɬɚɤɠɟ ɨɬ ɜɢɞɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ [18]. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ 

1) ȼɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɞɨ ɬɪɟɛɨɜɚɧɢɣ ɉȾɄ. 

2) ȼɨɡɜɪɚɬ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɞɨ 60 % ɜ ɨɛɨɪɨɬɧɵɣ ɰɢɤɥ. 

3) ȼɨɡɦɨɠɧɨɫɬɶ ɭɬɢɥɢɡɚɰɢɢ ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

4) ɉɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɰɢɣ ɚɩɩɚɪɚɬɭɪɵ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ  

1) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ ɨɬ ɦɚɫɟɥ, ɉȺȼ, 

ɨɪɝɚɧɢɤɢ, ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɫɨɥɟɣ ɠɟɫɬɤɨɫɬɢ, ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ. 

2) Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

3) Ⱦɟɮɢɰɢɬɧɨɫɬɶ ɢ ɞɨɪɨɝɨɜɢɡɧɚ ɦɟɦɛɪɚɧ. 

4) ɋɥɨɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 

ɋɨɪɛɰɢɨɧɧɵɟ ɦɟɬɨɞɵ 

 

Ɉɞɢɧ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɫɬɵɯ ɫɩɨɫɨɛɨɜ ɭɞɚɥɟɧɢɹ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ – ɫɨɪɛɰɢɹ. ȿɟ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɩɨɞɟɥɢɬɶ ɧɚ 

ɬɪɢ ɪɚɡɧɨɜɢɞɧɨɫɬɢ: 

1) ɫɨɪɛɰɢɹ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɭɝɥɟ (ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɨɛɦɟɧ); 

2) ɫɨɪɛɰɢɹ ɧɚ ɢɨɧɢɬɚɯ (ɢɨɧɧɵɣ ɨɛɦɟɧ); 

3) ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ. 

Ⱥɞɫɨɪɛɰɢɨɧɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 

ɢɡɜɥɟɱɟɧɢɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɨɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɤɚɱɟɫɬɜɟ 

ɫɨɪɛɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɢɨɧɧɨ-ɨɛɦɟɧɧɵɟ ɫɦɨɥɵ, ɚɤɬɢɜɧɵɟ ɭɝɥɢ, ɫɟɦɟɧɚ ɛɨɛɨɜɵɯ 

ɤɭɥɶɬɭɪ, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ, ɚ ɬɚɤɠɟ ɪɟɡɢɧɨɜɭɸ ɤɪɨɲɤɭ ɢ ɲɢɧɧɵɣ ɤɨɤɫ. 
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Ɋɢɫɭɧɨɤ 1.6 – ɋɯɟɦɚ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ: 1 – ɫɦɟɫɢɬɟɥɢ; 2 

– ɨɬɫɬɨɣɧɢɤɢ; 3 – ɩɪɢɟɦɧɢɤɢ ɚɞɫɨɪɛɟɧɬɚ; 4 – ɧɚɫɨɫɵ 

 

Ɇɢɧɟɪɚɥɶɧɵɟ ɫɨɪɛɟɧɬɵ – ɝɥɢɧɵ [19], ɫɢɥɢɤɚɝɟɥɢ, ɚɥɸɦɨɝɟɥɢ ɢ 

ɝɢɞɪɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ ɞɥɹ ɚɞɫɨɪɛɰɢɢ ɯɪɨɦɚ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɥɨ, 

ɬɚɤ ɤɚɤ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɯ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɜɟɥɢɤɚ – ɢɧɨɝɞɚ 

ɩɪɟɜɵɲɚɟɬ ɷɧɟɪɝɢɸ ɚɞɫɨɪɛɰɢɢ. 

ɇɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɢɡ ɚɞɫɨɪɛɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɢɪɨɜɚɧɧɵɟ 

ɭɝɥɢ, ɨɞɧɚɤɨ ɨɧɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

− ɫɥɚɛɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɢ ɯɨɪɨɲɨ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ 

ɜɟɳɟɫɬɜɚɦɢ; 

− ɛɵɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɨɩɨɪɢɫɬɵɦɢ; 

− ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɚɞɫɨɪɛɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ; 

− ɨɛɥɚɞɚɬɶ ɦɚɥɨɣ ɭɞɟɪɠɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɪɢ ɪɟɝɟɧɟɪɚɰɢɢ; 

− ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ; 

− ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɫɦɚɱɢɜɚɟɦɨɫɬɶɸ; 

− ɢɦɟɬɶ ɦɚɥɭɸ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ; 

− ɢɦɟɬɶ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ. 

ɉɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ 

ɜɨɞ ɜɟɞɭɬ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɚɞɫɨɪɛɟɧɬɚ ɫ ɪɚɫɬɜɨɪɨɦ, ɩɪɢ 

ɮɢɥɶɬɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɫɥɨɣ ɚɞɫɨɪɛɟɧɬɚ ɢɥɢ ɜ ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɦ ɫɥɨɟ ɧɚ 

ɭɫɬɚɧɨɜɤɚɯ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɉɪɢ ɫɦɟɲɢɜɚɧɢɢ 
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ɚɞɫɨɪɛɟɧɬɚ ɫ ɪɚɫɬɜɨɪɨɦ ɢɫɩɨɥɶɡɭɸɬ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ ɜ ɜɢɞɟ ɱɚɫɬɢɰ 

ɞɢɚɦɟɬɪɨɦ 0,1 ɦɦ ɢ ɦɟɧɶɲɟ.  ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɹɬ ɜ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɬɭɩɟɧɟɣ 

[20]. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ [21] ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɢɫɯɨɞɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɯ ɚɞɫɨɪɛɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɨɰɟɫɫɚɦɢ ɪɚɫɬɜɨɪɟɧɢɹ ɦɚɬɪɢɰɵ ɫɨɪɛɟɧɬɚ. 

Ⱦɨɫɬɨɢɧɫɬɜɨ ɫɩɨɫɨɛɚ – ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɞɟɲɟɜɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɜɵɲɟɧɢɸ ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ ɜ ɨɱɢɳɟɧɧɨɣ ɫɪɟɞɟ. Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ – 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɪɛɟɧɬɚ. 

ɉɨɤɚɡɚɧɨ [22], ɱɬɨ ɫɨɪɛɰɢɨɧɧɵɣ ɦɟɬɨɞ ɨɱɢɫɬɤɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɨɬ 

Fe(CN)6
3- c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɛɟɧɬɚ ɞɜɨɣɧɨɝɨɦɚɝɧɢɟɜɨ-

ɚɥɸɦɢɧɢɟɜɨɝɨ ɝɢɞɪɨɤɫɢɞɚ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜɨɞɭ, ɤɨɬɨɪɚɹ ɫɬɚɧɨɜɢɬɫɹ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨɣ ɫɪɟɞɨɣ. 

ɇɟɨɛɯɨɞɢɦɚ ɬɳɚɬɟɥɶɧɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɱɢɫɬɤɚ ɫɬɨɤɨɜ ɨɬ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ, ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɜɨɥɨɤɧɢɫɬɵɟ ɯɟɦɨɫɨɪɛɟɧɬɵ, ɞɥɹ 

ɰɟɥɟɜɨɣ ɨɱɢɫɬɤɢ ɝɨɪɨɞɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɬɨɤɨɜ [23]. 

ɋɟɝɨɞɧɹ ɫ ɭɜɟɪɟɧɧɨɫɬɶɸ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɨɥɢɦɟɪɧɵɟ ɢ ɦɢɧɟɪɚɥɶɧɵɟ 

ɫɨɪɛɟɧɬɵ ɹɜɥɹɸɬɫɹ ɥɢɞɢɪɭɸɳɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɨɱɢɫɬɤɢ 

ɜɨɞɧɨɣ ɫɪɟɞɵ ɧɟ ɬɨɥɶɤɨ ɨɬ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɧɨ ɢ ɨɬ ɭɝɥɟɜɨɞɨɪɨɞɨɜ [ɇ.Ɍ. 

Ʉɚɯɪɚɦɨɧɨɜ ɋɨɫɬɨɹɧɢɟ ɩɪɨɛɥɟɦɵ ɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ ɜɨɞɵ ɨɬ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ [24] ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ 

ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɣ ɫɨɪɛɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 

ɩɨɥɢɦɟɪɧɵɦɢ ɚɤɪɢɥɨɜɵɦɢ ɝɢɞɪɨɝɟɥɹɦɢ, ɢɯ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɨɠɟɧɵ ɜ ɨɫɧɨɜɭ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɭɞɚɥɟɧɢɹɯ ɷɬɢɯ 

ɦɟɬɚɥɥɨɜ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɨɪɛɟɧɬɨɦ ɞɥɹ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɫɨɩɨɥɢɦɟɪ ɚɤɪɢɥɚɦɢɞɚ ɢ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ 

1) Ɉɱɢɫɬɤɚ ɞɨ ɉȾɄ. 
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2) ȼɨɡɦɨɠɧɨɫɬɶ ɫɨɜɦɟɫɬɧɨɝɨ ɭɞɚɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɨ ɩɪɢɪɨɞɟ ɩɪɢɦɟɫɟɣ. 

3) Ɉɬɫɭɬɫɬɜɢɟ ɜɬɨɪɢɱɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɱɢɳɚɟɦɵɯ ɜɨɞ. 

4) ȼɨɡɦɨɠɧɨɫɬɶ ɪɟɤɭɩɟɪɚɰɢɢ ɫɨɪɛɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ. 

5) ȼɨɡɦɨɠɧɨɫɬɶ ɜɨɡɜɪɚɬɚ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɪɇ. 

6) Ȼɵɫɬɪɨɟ ɨɫɜɟɬɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɞɟɥɟɧɢɹ ɟɝɨ ɨɬ ɨɫɚɞɤɚ 

ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɬɪɭɞɨɟɦɤɭɸ ɢ ɷɧɟɪɝɨɟɦɤɭɸ ɫɬɚɞɢɸ ɮɢɥɶɬɪɚɰɢɢ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ 

1) Ⱦɨɪɨɝɨɜɢɡɧɚ ɢ ɞɟɮɢɰɢɬɧɨɫɬɶ ɫɨɪɛɟɧɬɨɜ. 

2) ɉɪɢɪɨɞɧɵɟ ɫɨɪɛɟɧɬɵ ɩɪɢɦɟɧɢɦɵ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɤɪɭɝɚ ɩɪɢɦɟɫɟɣ ɢ 

ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. 

3) Ƚɪɨɦɨɡɞɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

4) Ȼɨɥɶɲɨɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɪɛɟɧɬɨɜ. 

5) Ɉɛɪɚɡɨɜɚɧɢɟ ɜɬɨɪɢɱɧɵɯ ɨɬɯɨɞɨɜ, ɬɪɟɛɭɸɳɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ. 

 

Ɇɟɬɨɞ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ 

 

ɉɪɨɛɥɟɦɚ ɨɱɢɫɬɤɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɨɤɨɜ ɨɬ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ – ɨɞɧɚ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɛɥɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɳɟɫɬɜɚ [25]. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɯ 

ɢɨɧɨɨɛɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɪɨɞɚ ɷɬɢɯ ɫɨɪɛɟɧɬɨɜ ɪɚɡɥɢɱɧɚ – ɨɬ 

ɤɥɚɫɫɢɱɟɫɤɢɯ ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɦɨɥ ɢɥɢ ɫɨɪɛɰɢɨɧɧɵɯ ɜɨɥɨɤɨɧ ɞɨ ɩɪɢɪɨɞɧɵɯ ɢɥɢ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɦɢɧɟɪɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɢɨɧɨɨɛɦɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
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Ɋɢɫɭɧɨɤ 1.7 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ: 1 – ɤɚɬɢɨɧɢɬɧɵ 

ɮɢɥɶɬɪ; 2 – ɚɧɢɨɧɢɬɧɵɣ ɮɢɥɶɬɪ; 3 – ɞɟɝɚɡɚɬɨɪ; 4 – ɫɛɨɪɧɢɤ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ 

 

ɂɨɧɨɨɛɦɟɧɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɡɜɨɥɹɟɬ 

ɪɟɤɭɩɟɪɢɪɨɜɚɬɶ ɰɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɢɡɜɥɟɱɟɧɢɹ. ɂɨɧɧɵɣ 

ɨɛɦɟɧ – ɷɬɨ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɬɜɨɪɚ ɫ ɬɜɟɪɞɨɣ ɮɚɡɨɣ, ɨɛɥɚɞɚɸɳɟɣ 

ɫɜɨɣɫɬɜɚɦɢ ɨɛɦɟɧɢɜɚɬɶ ɢɨɧɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɣ, ɧɚ ɢɨɧɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ 

ɪɚɫɬɜɨɪɟ. ȼɟɳɟɫɬɜɚ, ɫɨɫɬɚɜɥɹɸɳɢɟ ɷɬɭ ɬɜɟɪɞɭɸ ɮɚɡɭ, ɧɚɡɵɜɚɸɬɫɹ ɢɨɧɢɬɚɦɢ.   

Ɇɟɬɨɞ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɤɚɬɢɨɧɢɬɨɜ ɢ ɚɧɢɨɧɢɬɨɜ, 

ɫɨɪɛɢɪɭɸɳɢɯ ɢɡ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɤɚɬɢɨɧɵ ɢ ɚɧɢɨɧɵ 

ɪɚɫɬɜɨɪɟɧɧɵɯ ɫɨɥɟɣ.  ȼ ɩɪɨɰɟɫɫɟ ɮɢɥɶɬɪɨɜɚɧɢɹ ɨɛɦɟɧɧɵɟ ɤɚɬɢɨɧɵ ɢ ɚɧɢɨɧɵ 

ɡɚɦɟɧɹɸɬɫɹ ɤɚɬɢɨɧɚɦɢ ɢ ɚɧɢɨɧɚɦɢ, ɢɡɜɥɟɤɚɟɦɵɦɢ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ. ɗɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɢɫɬɨɳɟɧɢɸ ɨɛɦɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɯ 

ɪɟɝɟɧɟɪɚɰɢɢ. ɇɚɢɛɨɥɶɲɟɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ 

ɩɪɢɨɛɪɟɥɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɢɨɧɨɨɛɦɟɧɧɵɟ   ɫɦɨɥɵ – ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ, ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɪɚɞɢɤɚɥɵ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ 

ɫɟɬɤɭ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɧɚ ɧɟɣ ɢɨɧɨɨɛɦɟɧɧɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

ɋɭɳɟɫɬɜɭɸɬ ɦɧɨɠɟɫɬɜɨ ɤɥɚɫɫɢɮɢɤɚɰɢɣ ɢɨɧɨɨɛɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɢɪɨɞɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɤɚɬɢɨɧɨɨɛɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɯ ɬɢɩɚ:  

1) ɋɢɥɶɧɨɤɢɫɥɨɬɧɵɟ ɫ ɫɭɥɶɮɨ- ɢɥɢ ɮɨɫɮɚɬɧɵɦ ɝɪɭɩɩɚɦɢ; 

2) ɫɥɚɛɨɤɢɫɥɨɬɧɵɟ ɫ ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ;  

3) ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɟ, ɫɨɞɟɪɠɚɳɢɟ ɞɜɚ ɬɢɩɚ ɝɪɭɩɩ (ɤɢɫɥɨɬɧɵɟ ɢ 

ɚɡɨɬɫɨɞɟɪɠɚɳɢɟ, ɧɚɩɪɢɦɟɪ, ɢɦɢɧɨɞɢɚɰɟɬɚɬɧɵɟ);  
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4) ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɨɪɛɟɧɬɵ, ɧɚɩɪɢɦɟɪ, ɡɨɥɵ ɢ ɪɚɡɥɢɱɧɵɟ ɛɟɥɤɨɜɵɟ ɢ 

ɩɨɥɢɫɚɯɚɪɢɞɧɵɟ ɨɫɬɚɬɤɢ. 

 

Ɍɹɠɟɥɵɟ ɦɟɬɚɥɥɵ – ɨɞɧɢ ɢɡ ɫɚɦɵɯ ɨɩɚɫɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɩɨɷɬɨɦɭ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɥɧɨɟ ɢɯ ɭɞɚɥɟɧɢɟ ɢɡ ɜɨɞɵ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ 

ɡɚɞɚɱɟɣ ɜɨɞɨɨɱɢɫɬɤɢ.  

Ʉɥɚɫɫɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɩɪɢɦɟɧɟɧɢɹ ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɦɨɥ - ɢɨɧɧɵɣ ɦɟɬɨɞ ɫ 

ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɪɟɝɟɧɟɪɚɰɢɟɣ ɢɨɧɨɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɟɝɨ 

ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɢɨɧɨɨɛɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɨɩɭɫɤɚɸɬ ɥɢɲɶ ɨɞɧɨɤɪɚɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ, 

ɧɚɩɪɢɦɟɪ, ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɥɢ ɛɵɬɨɜɨɣ ɜɨɞɨɨɱɢɫɬɤɟ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɱɚɫɬɨ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɥɧɨɝɨ ɭɞɚɥɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɛɟɡ 

ɢɡɦɟɧɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ, ɭɪɨɜɟɧɶ ɤɨɬɨɪɨɝɨ ɨɛɵɱɧɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɪɟɜɵɲɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɩɨɞɥɟɠɚɳɢɯ ɭɞɚɥɟɧɢɸ ɢɨɧɨɜ. ɗɬɨ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɜ ɬɨɦ 

ɫɥɭɱɚɟ, ɟɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɨɧɨɨɛɦɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɤ 

ɭɞɚɥɹɟɦɨɦɭ ɬɹɠɟɥɨɦɭ ɦɟɬɚɥɥɭ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ ɜɨɞɵ ɫ 

ɢɨɧɨɨɛɦɟɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜ ɭɫɥɨɜɢɹɯ ɞɥɹ ɜɨɞɨɨɱɢɫɬɤɢ ɨɱɟɧɶ ɦɚɥɨ, ɱɬɨ 

ɧɚɤɢɞɵɜɚɟɬ ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɤɢɧɟɬɢɤɭ ɫɨɪɛɰɢɢ [26]. 

ɂɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɩɨɝɥɨɳɚɸɬɫɹ ɫɭɪɶɦɹɧɨɤɪɟɦɧɢɟɜɵɦ ɢɨɧɢɬɨɦ ɫ 

ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ. ɉɨɝɥɨɳɟɧɧɵɟ ɢɨɧɵ ɯɨɪɨɲɨ ɭɞɟɪɠɢɜɚɸɬɫɹ ɢ ɫ 

ɬɪɭɞɨɦ ɭɞɚɥɹɸɬɫɹ ɩɪɢ ɞɟɫɨɪɛɰɢɢ [27]. 

Ʉɚɬɢɨɧɢɬ ɄȻ-2ɗ-10 [28] ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɢ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɢɨɧɨɜ ɜ ɫɨɪɛɰɢɨɧɧɵɯ ɤɨɥɨɧɤɚɯ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɜɵɫɨɬɨɣ ɫɥɨɹ 

2,6 ɫɦ. ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɧɚ ɩɪɚɤɬɢɤɟ (ɪɚɡɦɟɪ 

ɡɟɪɟɧ ɢɨɧɢɬɚ, ɜɵɫɨɬɚ ɫɥɨɹ ɫɨɪɛɟɧɬɚ, ɫɨɫɬɚɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɩɨ 

ɰɟɥɟɜɵɦ ɢɨɧɚɦ, ɫɤɨɪɨɫɬɶ ɟɝɨ ɩɪɨɩɭɫɤɚɧɢɹ) ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɪɚɡɞɟɥɟɧɢɹ ɢɨɧɨɜ ɦɟɬɨɞɨɦ ɮɪɨɧɬɚɥɶɧɨɣ ɯɪɨɦɨɬɨɝɪɚɮɢɢ.  

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ 

1) ȼɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɞɨ ɬɪɟɛɨɜɚɧɢɣ ɉȾɄ. 

2) ȼɨɡɜɪɚɬ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɞɨ 95 % ɜ ɨɛɨɪɨɬ. 
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3) ȼɨɡɦɨɠɧɨɫɬɶ ɭɬɢɥɢɡɚɰɢɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ 

1) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɦɚɫɟɥ, ɉȺȼ, 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɨɪɝɚɧɢɤɢ, ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ. 

2) Ȼɨɥɶɲɨɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɢɨɧɢɬɨɜ ɢ ɨɛɪɚɛɨɬɤɢ ɫɦɨɥ. 

3) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɪɨɦɵɜɧɵɯ ɜɨɞ ɨɬ 

ɤɨɧɰɟɧɬɪɚɬɨɜ. 

4) Ƚɪɨɦɨɡɞɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɫɦɨɥ 

5) Ɉɛɪɚɡɨɜɚɧɢɟ ɜɬɨɪɢɱɧɵɯ ɨɬɯɨɞɨɜ-ɷɥɸɚɬɨɜ, ɬɪɟɛɭɸɳɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɩɟɪɟɪɚɛɨɬɤɢ. 

 

Ɏɥɨɬɚɰɢɨɧɧɵɣ ɦɟɬɨɞ 

 

ɗɬɨɬ ɦɟɬɨɞ ɞɨɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɭɞɚɥɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɢ. ɉɪɟɞɥɚɝɚɟɬɫɹ 

ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɤɨɚɝɭɥɹɰɢɨɧɧɵɣ (ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɵɣ) ɦɟɬɨɞ ɫ ɮɥɨɬɚɰɢɟɣ, 

ɢɫɩɨɥɶɡɭɹ ɫɨɥɢ ɠɟɥɟɡɚ, ɚɥɸɦɢɧɢɹ, ɦɚɝɧɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɳɟɥɨɱɧɵɯ ɚɝɟɧɬɨɜ ɢɥɢ 

ɫɜɹɡɵɜɚɹ ɳɟɥɨɱɧɨ-ɡɟɦɟɥɶɧɵɟ ɦɟɬɚɥɥɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɚɧɢɨɧɚɦɢ 

(ɮɨɫɮɚɬɵ, ɫɢɥɢɤɚɬɵ, ɤɚɪɛɨɧɚɬɵ). ɉɨɫɥɟ ɨɫɚɠɞɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 

(ɤɨɛɚɥɶɬ, ɜɚɧɚɞɢɣ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɰɢɪɤɨɧɢɣ, ɝɚɮɧɢɣ) ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɢɞɨɜ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ: ɫɦɟɲɟɧɢɟ, ɨɫɚɠɞɟɧɢɟ, 

ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ, ɧɚɩɪɢɦɟɪ, NaOH ɢɥɢ 

Na2CO3, ɜɜɨɞ ɉȺȼ, ɮɥɨɬɚɰɢɸ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɦɚɤɪɨɤɨɥɢɱɟɫɬɜ ɫɨɟɞɢɧɟɧɢɣ 

ɦɟɬɚɥɥɨɜ. ȼ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 98-100 %-ɧɚɹ ɨɱɢɫɬɤɚ ɨɬ 

ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 
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Ɋɢɫɭɧɨɤ 1.8 – ɋɯɟɦɚ ɮɥɨɬɚɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ: 1 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ 

ɧɚɫɨɫ; 2 – ɤɨɦɩɪɟɫɫɨɪ; 3 – ɧɚɩɨɪɧɵɣ ɛɚɤ; 4 – ɤɚɦɟɪɚ ɮɥɨɬɚɰɢɢ; 5 – ɫɤɪɟɛɤɨɜɵɣ 

ɦɟɯɚɧɢɡɦ; 6 – ɫɛɨɪɧɢɤ ɮɥɨɬɨɲɥɚɦɚ; 7 – ɫɢɫɬɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɵ ɢ 

ɜɨɞɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɮɥɨɬɚɰɢɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɚɜɢɥɶɧɨɫɬɶɸ ɜɵɛɨɪɚ ɫɨɛɢɪɚɬɟɥɟɣ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ [29]. ȼɵɫɨɤɨɷɮɮɟɤɬɢɜ-

ɧɵɦɢ ɫɨɛɢɪɚɬɟɥɹɦɢ ɢɡ ɱɟɬɜɟɪɬɢɱɧɵɯ ɚɦɦɨɧɢɟɜɵɯ ɨɫɧɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ 

ɤɚɬɚɦɢɧɵ ȺȻ ɢ ɏȺ, ȾȺȾɆȺɏ, ȽɋȻ; ɢɡ ɚɧɢɨɧɧɵɯ ɉȺȼ – ɤɚɪɛɨɤɫɢɥɶɧɵɣ 

ɪɟɚɝɟɧɬ ɗɆɄɈ; ɢɡ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ – ɬɟɯɧɢɱɟɫɤɚɹ ɫɦɟɫɶ 

ɩɚɪɚɡɢɬɨɜ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (Ƚɢɞɪɚɡɟɤɫ-79Ɇ) ɢ ȾȺɌ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɢɬ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɣ ɬɢɬɚɧɨɜɵɣ ɤɨɚɝɭɥɹɧɬ [30], ɢɦɟɸɳɢɣ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɢɦɟɧɹɟɦɵɦɢ ɪɟɚɝɟɧɬɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ: 

ɫɭɥɶɮɚɬ ɚɥɸɦɢɧɢɹ, ɨɤɫɢɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ, ɝɢɞɪɨɤɫɨɯɥɨɪɢɞ ɚɥɸɦɢɧɢɹ, 

ɯɥɨɪɢɞ ɠɟɥɟɡɚ, ɞɢɝɢɞɪɨɫɭɥɶɮɚɬ ɚɥɸɦɢɧɢɹ.  

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ [31] ɬɟɯɧɨɥɨɝɢɢ ɨɱɢɫɬɤɢ ɢ ɫɨɡɞɚɧɢɢ ɦɨɞɭɥɶɧɨɣ 

ɥɨɤɚɥɶɧɨɣ ɨɱɢɫɬɧɨɣ ɭɫɬɚɧɨɜɤɢ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ ɪɟɠɢɦɵ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ, ɦɨɞɭɥɶɧɚɹ 

ɫɬɪɭɤɬɭɪɚ ɩɨɫɬɪɨɟɧɢɹ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ 

ɨɱɢɫɬɤɢ, ɦɢɧɢɦɢɡɚɰɢɹ ɩɪɢɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɢ ɢɫɤɥɸɱɟɧɢɟ 

ɜɬɨɪɢɱɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ, ɧɚɞɟɠɧɨɫɬɶ, ɩɪɨɫɬɨɬɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɜɵɫɨɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɩɪɢ ɜɵɫɨɤɨɦ ɜɨɞɨɨɛɨɪɨɬɟ. 
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ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

[32] ɢɡɜɥɟɱɟɧɢɹ ɢɨɧɨɜ ɨɬɞɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɤɚɡɵɜɚɟɬ ɧɚ 

ɧɟɛɨɥɶɲɨɟ ɪɚɫɯɨɠɞɟɧɢɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɫɱɟɬɧɵɦɢ ɞɚɧɧɵɦɢ 

ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɦɟɬɚɥɥɨɜ, ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɢɨɧɧɨɣ ɮɥɨɬɚɰɢɢ. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɢɡɜɥɟɤɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚ ɤɚɠɞɨɣ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɬɚɞɢɣ 

ɩɪɨɰɟɫɫɚ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɱɬɨ ɫɨɛɫɬɜɟɧɧɨ ɜɚɠɧɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ 

ɫɬɨɱɧɵɯ ɜɨɞ [33].  

Ɉɞɧɚɤɨ, [34] ɜ ɤɚɠɞɨɦ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɫɥɭɱɚɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 

ɜɪɟɦɟɧɢ ɮɥɨɬɚɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɯɚɪɚɤɬɟɪɧɵɟ 

ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɧɨɪɦɚɬɢɜɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɤɚɱɟɫɬɜɭ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɧɵɟ ɪɟɲɟɧɢɹ 

ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɧɚ 15-20 %. 

 

ɏɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ (ɪɟɚɝɟɧɬɧɵɟ) 

 

Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɜɟɳɟɫɬɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɪɟɚɝɟɧɬɧɵɟ ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ. ɋɭɳɧɨɫɬɶ ɤɨɬɨɪɵɯ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɟɜɨɞɟ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ ɜɟɳɟɫɬɜ ɜ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɪɟɚɝɟɧɬɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɞɟɥɟɧɢɟɦ ɢɯ ɨɬ ɜɨɞɵ ɜ ɜɢɞɟ 

ɨɫɚɞɤɨɜ.  ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ 

ɨɬɞɟɥɹɸɬ ɨɬ ɠɢɞɤɨɣ ɮɚɡɵ ɨɛɵɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɩɪɢɧɹɬɵɦɢ ɜ ɜɨɞɨɩɨɞɝɨɬɨɜɤɟ 

(ɨɬɫɬɚɢɜɚɧɢɟ, ɮɥɨɬɚɰɢɹ, ɮɢɥɶɬɪɨɜɚɧɢɟ ɢ ɞɪ.). 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɢɨɧɨɜ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ ɧɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ: ɝɢɞɪɨɤɫɢɞɵ ɤɚɥɶɰɢɹ, ɧɚɬɪɢɟɜɵɟ 

ɫɨɥɢ ɫɟɪɧɢɫɬɨɣ ɤɢɫɥɨɬɵ - ɫɭɥɶɮɢɬ (Na2SO3), ɛɢɫɭɥɶɮɢɬ (NaHSO3), ɩɢɪɨɫɭɥɶɮɢɬ 

(Na2S2O5), ɚ ɬɚɤɠɟ ɞɢɬɢɨɧɢɬ ɧɚɬɪɢɹ (Na2S2O4) [23]. 
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ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɢɞɪɨɤɫɢɞ ɤɚɥɶɰɢɹ. Ɉɫɚɠɞɟɧɢɟ ɦɟɬɚɥɥɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɜɢɞɟ ɝɢɞɪɨɤɫɢɞɨɜ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 

pH. 

Ɍɚɤ ɠɟ ɜ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɠɟɥɟɡɨ, ɤɨɬɨɪɨɟ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɵɥɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɵɥɢ ɗɋɉɐ ɞɥɹ ɨɱɢɫɬɤɢ 

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɟɲɟɧɢɸ ɞɪɭɝɨɣ ɜɚɠɧɨɣ 

ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɡɚɞɚɱɢ – ɪɚɰɢɨɧɚɥɶɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɤɪɭɩɧɨɬɨɧɧɚɠɧɨɝɨ 

ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɩɨɡɜɨɥɹɟɬ 

ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɬɨɱɧɵɯ ɜɨɞ, ɡɚɝɪɹɡɧɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢɨɧɚɦɢ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ; ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɩɵɥɢ ɗɋɉɐ; ɫɧɢɡɢɬɶ 

ɷɤɨɥɨɝɨ- ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɭɳɟɪɛ, ɧɚɧɨɫɢɦɵɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ [35]. 

 

 

Ɋɢɫɭɧɨɤ 1.9 – ɋɯɟɦɚ ɪɟɚɝɟɧɬɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ: 1 – ɪɟɚɤɬɨɪ-ɧɟɣɬɪɚɥɢɡɚɬɨɪ ɤɢɫɥɨ-ɳɟɥɨɱɧɵɯ ɫɬɨɤɨɜ, 2 – ɞɨɡɚɬɨɪ 

ɳɟɥɨɱɧɨɝɨ ɚɝɟɧɬɚ, 3 – ɞɨɡɚɬɨɪ ɮɥɨɤɭɥɹɧɬɚ, 4 – ɞɨɡɚɬɨɪ ɪɚɫɬɜɨɪɚ ɤɢɫɥɨɬɵ, 5 – 

ɨɬɫɬɨɣɧɢɤ, 6 – ɦɟɯɚɧɢɱɟɫɤɢɣ ɮɢɥɶɬɪ, 7 – ɧɚɫɨɫ, 8 – ɧɟɣɬɪɚɥɢɷɚɬɨɪ ɨɱɢɳɟɧɧɨɣ 

ɜɨɞɵ 

 

Ⱦɥɹ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ 

ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɳɟɥɨɱɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ. ɗɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 

ɫɨɞɟɪɠɚɧɢɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɪɚɫɬɜɨɪɟ ɞɨ ɜɟɥɢɱɢɧ, ɫɨɩɨɫɬɚɜɢɦɵɯ ɫ ɉȾɄ ɞɥɹ 

ɜɨɞɨɟɦɨɜ ɫɚɧɢɬɚɪɧɨ-ɛɵɬɨɜɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ [36].  
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Ȼɨɥɟɟ ɝɥɭɛɨɤɚɹ ɨɱɢɫɬɤɚ ɨɬ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 

ɫɬɨɱɧɵɯ ɜɨɞ ɫɭɥɶɮɢɞɨɦ ɧɚɬɪɢɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 

ɫɭɥɶɮɢɞɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɥɸɛɵɯ 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

Ⱦɥɹ ɥɭɱɲɟɣ ɢ ɛɨɥɟɟ ɩɨɥɧɨɣ ɢ ɛɵɫɬɪɨɣ ɤɨɚɝɭɥɹɰɢɢ ɝɢɞɪɨɤɫɢɞɨɜ 

ɢɫɩɨɥɶɡɭɸɬ ɮɥɨɤɭɥɹɧɬ (ɩɨɥɢɚɤɪɢɥɚɦɢɞ).  

Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɝɟɧɬɧɨɝɨ ɫɩɨɫɨɛɚ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɨɩɬɢɦɢɡɚɰɢɟɣ ɬɟɯɧɨɥɨɝɢɢ 

ɨɱɢɫɬɤɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɟɣ ɫɦɟɲɟɧɢɟ ɪɟɚɝɟɧɬɨɜ ɫ ɜɨɞɨɣ, ɚ ɬɚɤɠɟ ɩɨɞɛɨɪɨɦ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɚɝɭɥɹɧɬɨɜ ɢ ɮɥɨɤɭɥɹɧɬɨɜ. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɦɟɬɨɞɚ: 

1) ɍɧɢɜɟɪɫɚɥɶɧɨɫɬɶ. 

2) ɉɪɨɫɬɨɬɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

3) Ɉɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɞɟɥɟɧɢɢ ɩɪɨɦɵɜɧɵɯ ɜɨɞ ɢ 

ɤɨɧɰɟɧɬɪɚɬɨɜ. 

ɇɟɞɨɫɬɚɬɤɢ ɦɟɬɨɞɚ: 

1) ɇɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɉȾɄ ɞɥɹ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɜɨɞɨɟɦɨɜ. 

2) Ƚɪɨɦɨɡɞɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

3) Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ. 

4) Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɫɬɨɱɧɵɯ ɜɨɞ. 

5) ɇɟɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɜɪɚɬɚ ɜ ɨɛɨɪɨɬɧɵɣ ɰɢɤɥ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɢɡ-ɡɚ 

ɩɨɜɵɲɟɧɨɝɨ ɫɨɥɟɫɨɞɟɪɠɚɧɢɹ. 

6) Ɂɚɬɪɭɞɧɟɧɧɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɲɥɚɦɚ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɞɥɹ 

ɭɬɢɥɢɡɚɰɢɢ. 

7) ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɹɯ ɞɥɹ ɲɥɚɦɨɨɬɜɚɥɨɜ [37]. 

 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ 

ɩɪɢɦɟɧɟɧɢɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞɚ ɛɭɞɟɬ ɨɛɭɫɥɨɜɥɟɧɨ ɫɨɫɬɚɜɨɦ ɢ ɫɜɨɣɫɬɜɚɦɢ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɫɬɨɱɧɭɸ ɜɨɞɭ, ɬɪɟɛɭɟɦɨɣ ɝɥɭɛɢɧɵ ɨɱɢɫɬɤɢ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɭɫɬɚɧɨɜɤɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ ɫ ɭɱɟɬɨɦ 
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ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɣ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɢ ɪɟɚɥɶɧɵɟ ɫɩɨɫɨɛɵ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 

ɞɟɧɶ – ɪɟɚɝɟɧɬɧɵɟ ɫɩɨɫɨɛɵ. ɉɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ 

ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, 

ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ ɪɟɚɝɟɧɬɚ-

ɨɫɚɞɢɬɟɥɹ. 

 

1.1.  ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɬɨɱɧɵɯ ɜɨɞ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟ 

 

Ƚɚɥɶɜɚɧɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɩɪɢɦɟɧɹɟɬɫɹ ɷɥɟɤɬɪɨɥɢɬ, ɞɜɚ ɷɥɟɤɬɪɨɞɚ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɚɹ 

ɞɟɬɚɥɶ.  

Ƚɚɥɶɜɚɧɢɱɟɫɤɨɟ ɩɨɤɪɵɬɢɟ – ɷɬɨ ɯɢɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɧɚɧɟɫɟɧɢɹ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɟɧɤɢ ɞɥɹ ɡɚɳɢɬɵ ɢɡɞɟɥɢɣ ɢ ɩɪɢɞɚɧɢɹ ɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  

ɐɟɥɢ ɩɪɢɦɟɧɟɧɢɹ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ:  

 Зɚɳɢɬɧɨ-ɞɟɤɨɪɚɬɢɜɧɵɟ. ɐɟɥɶɸ ɧɚɧɟɫɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ 

ɜɵɫɨɤɢɯ ɷɫɬɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɡɚɳɢɬɚ ɩɪɨɞɭɤɰɢɢ ɨɬ ɪɚɡɪɭɲɚɸɳɢɯ 

ɮɚɤɬɨɪɨɜ; 

 Зɚɳɢɬɧɵɟ. ɂɡɨɥɢɪɭɸɬ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɞɟɬɚɥɢ ɨɬ ɞɟɣɫɬɜɢɹ 

ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ; 

 ɋɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ƚɚɥɶɜɚɧɢɱɟɫɤɨɟ ɩɨɤɪɵɬɢɟ ɧɚɧɨɫɢɬɫɹ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɫɜɨɣɫɬɜ – ɩɨɜɵɲɟɧɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ, ɭɜɟɥɢɱɟɧɢɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɜɟɪɞɨɫɬɢ, ɩɨɥɭɱɟɧɢɹ ɦɚɝɧɢɬɧɵɯ, ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 

ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɝɚɥɶɜɚɧɢɡɚɰɢɸ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɜɢɞɚ ɢɡɞɟɥɢɹ ɢɥɢ ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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Ƚɚɥɶɜɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɚ ɫɨɫɬɨɢɬ ɢɡ 3 ɷɬɚɩɨɜ:  

1. ɉɨɞɝɨɬɨɜɤɚ. ɗɬɨ ɧɚɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɢɣ ɩɪɨɰɟɫɫ. ȼ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɠɢɪɚ, ɡɚɭɫɟɧɰɟɜ ɢɥɢ ɩɵɥɢ ɤɚɱɟɫɬɜɨ ɝɚɥɶɜɚɧɢɡɢɪɨɜɚɧɢɹ 

ɛɭɞɟɬ ɧɢɡɤɢɦ. ɂɡɞɟɥɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɪɚɛɨɬɚɧɵ ɜɪɭɱɧɭɸ ɢɥɢ ɧɚ 

ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɦɚɲɢɧɟ. ɉɪɢ ɧɚɥɢɱɢɢ ɨɫɬɚɬɤɨɜ ɠɢɪɚ ɢɯ ɫɥɟɞɭɟɬ ɨɛɪɚɛɨɬɚɬɶ 

ɯɢɦɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ.  

2. ɋɚɦ ɩɪɨɰɟɫɫ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɚ. ɗɥɟɤɬɪɨɥɢɬ 

ɡɚɥɢɜɚɟɬɫɹ ɜ ɜɚɧɧɭ, ɜ ɧɟɝɨ ɩɨɦɟɳɚɸɬɫɹ 2 ɚɧɨɞɚ ɢ ɩɨɤɪɵɜɚɟɦɚɹ ɞɟɬɚɥɶ. 

ɉɪɨɜɨɞɢɬɫɹ ɧɚɝɪɟɜ ɷɥɟɤɬɪɨɥɢɬɚ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɭɤɚɡɚɧɧɨɣ ɜ ɬɟɯɧɨɥɨɝɢɢ. Ɂɚɬɟɦ ɜɤɥɸɱɚɟɬɫɹ ɬɨɤ, ɤɨɬɨɪɵɣ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɪɟɝɭɥɹɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ. Ʉɚɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɫɚɦɚ ɞɟɬɚɥɶ. 

ɉɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɢɨɧɵ ɞɜɢɠɭɬɫɹ ɱɟɪɟɡ ɷɥɟɤɬɪɨɥɢɬ ɢ ɨɫɟɞɚɸɬ ɧɚ 

ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɦ ɢɡɞɟɥɢɢ, ɨɛɪɚɡɭɹ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ 

ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɦɟɬɚɥɥɚ ɧɟ 

ɞɨɫɬɢɝɧɟɬ ɬɪɟɛɭɟɦɨɣ ɜɟɥɢɱɢɧɵ. ɋɯɟɦɚ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɜɚɧɧɵ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.10. 

3. ɉɨɫɥɟ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɩɪɨɰɟɞɭɪɵ ɞɟɬɚɥɢ ɧɭɠɞɚɸɬɫɹ ɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ. Ɂɚɤɥɸɱɚɟɬɫɹ ɨɧɚ ɜ ɨɫɜɟɬɥɟɧɢɢ, ɩɚɫɫɢɜɢɪɨɜɚɧɢɢ ɢɥɢ 

ɩɪɨɦɚɫɥɢɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɡɞɟɥɢɹ ɩɨɝɪɭɠɚɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɣ 

ɪɚɫɬɜɨɪ ɫ ɪɟɚɤɬɢɜɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɞɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɟɧɤɢ 

ɬɨɥɳɢɧɨɣ 1 ɦɦ. 
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Ɋɢɫɭɧɨɤ 1.10 – ɋɯɟɦɚ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɜɚɧɧɵ 

 

Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɡɚɳɢɬɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ 

ɨɬɧɨɫɹɬɫɹ: ɜɵɫɨɤɢɟ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɟ ɤɚɱɟɫɬɜɚ, ɫɬɨɣɤɨɫɬɶ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ ɢ 

ɮɢɡɢɱɟɫɤɢɦ ɩɨɜɪɟɠɞɟɧɢɹɦ, ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɚɝɪɟɫɫɢɜɧɵɦ ɫɪɟɞɚɦ ɩɪɢɪɨɞɧɨɝɨ 

ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɧɢɡɤɚɹ ɩɨɪɢɫɬɨɫɬɶ ɩɨɤɪɵɬɢɹ, ɬɜɟɪɞɨɫɬɶ, 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɬɶ ɬɨɥɳɢɧɭ ɧɚɧɨɫɢɦɨɝɨ ɩɨɤɪɵɬɢɹ ɜ 

ɩɪɨɰɟɫɫɟ ɧɚɧɟɫɟɧɢɹ.  

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɨɬɧɨɫɢɬɫɹ ɛɨɥɶɲɨɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɭɝɪɨɡɵ, ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɨɱɢɫɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ.  

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
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Ɍɚɛɥɢɰɚ 1.1 – Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ 

ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɇɨɪɦɚ ɞɥɹ ɤɚɬɟɝɨɪɢɢ 

Ɇɟɬɨɞ ɢɫɩɵɬɚɧɢɹ 
1 2 3 

ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ pH 
6,0 – 

9,0 

6,5 – 

8,5 

5,4 – 

6,6 

ɂɡɦɟɪɹɸɬ ɧɚ pH-ɦɟɬɪɟ ɥɸɛɨɣ 

ɦɨɞɟɥɢ ɫɨ ɫɬɟɤɥɹɧɧɵɦ ɷɥɟɤɬɪɨɞɨɦ 

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ ±0,1 

Ɏɨɫɮɚɬɵ (PO4
3-), ɦɝ/ɞɦ3, ɧɟ 

ɛɨɥɟɟ 
30 3,5 1,0 ȽɈɋɌ 18309 

Ⱥɦɦɢɚɤ, ɦɝ/ɞɦ3, ɧɟ ɛɨɥɟɟ 10 5,0 0,02* ȽɈɋɌ 4192 

ɉɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ 

ɜɟɳɟɫɬɜɚ (ɫɭɦɦɚ ɚɧɢɨɧɧɵɯ ɢ 

ɧɟɢɨɧɨɝɟɧɧɵɯ) , ɦɝ/ɞɦ3, ɧɟ 

ɛɨɥɟɟ 

5,0 1,0 – 

Ʉɨɧɬɪɨɥɶ ɩɪɨɜɨɞɹɬ ɩɨ 

ɞɟɣɫɬɜɭɸɳɢɦ ɦɟɬɨɞɢɤɚɦ, 

ɭɬɜɟɪɠɞɟɧɧɵɦ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ 

ɩɨɪɹɞɤɟ 

ɂɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, 

ɦɝ/ɞɦ3, ɧɟ ɛɨɥɟɟ 
15 5,0 0,4  

Ɇɟɞɶ (Cu2+) 1,0 0,3 0,02 ȽɈɋɌ 4388 

ɇɢɤɟɥɶ (Ni2+) 5,0 1,0 – 

Ʉɨɧɬɪɨɥɶ ɩɪɨɜɨɞɹɬ ɩɨ 

ɞɟɣɫɬɜɭɸɳɢɦ ɦɟɬɨɞɢɤɚɦ, 

ɭɬɜɟɪɠɞɟɧɧɵɦ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ 

ɩɨɪɹɞɤɟ 

ɐɢɧɤ (Zn2+) 5,0 1,5 0,02* ȽɈɋɌ 18293 

ɏɪɨɦ ɬɪɟɯɜɚɥɟɧɬɧɵɣ 5,0 0,5 – 

Ʉɨɧɬɪɨɥɶ ɩɪɨɜɨɞɹɬ ɩɨ 

ɞɟɣɫɬɜɭɸɳɢɦ ɦɟɬɨɞɢɤɚɦ, 

ɭɬɜɟɪɠɞɟɧɧɵɦ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ 

ɩɨɪɹɞɤɟ 

ɍɞɟɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɪɢ 20 °ɋ, ɋɦ/ɦ, 

ɧɟ ɛɨɥɟɟ 

2×10-

3 

1×10-

3 

5×10-

4 

ɂɡɦɟɪɹɸɬ ɧɚ ɤɨɧɞɭɤɬɨɦɟɬɪɟ 

ɥɸɛɨɝɨ ɬɢɩɚ 

* ɇɨɪɦɵ ɢɧɝɪɟɞɢɟɧɬɨɜ ɞɥɹ ɜɨɞɵ 3-ɣ ɤɚɬɟɝɨɪɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ȽɈɋɌ 6709. 

ɉ ɪ ɢ ɦ ɟ ɱ ɚ ɧ ɢ ɟ .  ȼ ɫɢɫɬɟɦɚɯ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɵ ɞɨɩɭɫɤɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ 

ɜɪɟɞɧɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ ɜ ɨɱɢɳɟɧɧɨɣ ɜɨɞɟ ɧɟ ɜɵɲɟ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ. 
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2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɬɨɤɨɜ 
ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɢɥɢɥɢɫɶ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɡɚɝɪɹɡɧɟɧɢɹɦɢ ɜɨɞɵ. ɋɛɪɨɫ ɧɟɨɱɢɳɟɧɧɵɯ ɢɥɢ ɩɥɨɯɨ ɨɱɢɳɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ 

ɜ ɪɚɡɥɢɱɧɵɟ ɜɨɞɨɟɦɵ ɬɨɥɶɤɨ ɢɡ-ɡɚ ɧɟɯɜɚɬɤɢ ɤɢɫɥɨɪɨɞɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 

ɢɫɱɟɡɧɨɜɟɧɢɸ ɜɫɹɤɨɣ ɠɢɡɧɢ ɜ ɜɨɞɟ. ȼɚɠɧɨɟ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɨɯɪɚɧɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫɨɫɬɨɢɬ ɜ ɪɚɡɪɚɛɨɬɤɟ ɢ ɜɧɟɞɪɟɧɢɢ ɷɤɨɥɨɝɢɱɟɫɤɢ 

ɛɟɡɨɩɚɫɧɵɯ, ɛɟɡɨɬɯɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɟɲɚɸɬɫɹ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɉɞɧɨ ɢɡ ɧɢɯ – 

ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɦɚɥɨɨɬɯɨɞɧɵɯ ɢ ɛɟɡɨɬɯɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ 

ɩɪɨɰɟɫɫɨɜ, ɞɪɭɝɨɟ – ɦɨɞɟɪɧɢɡɚɰɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɡɚɦɟɧɚ 

ɭɫɬɚɪɟɜɲɢɯ ɩɪɨɰɟɫɫɨɜ ɧɨɜɵɦɢ, ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɨɱɢɫɬɤɢ ɝɚɡɨɨɛɪɚɡɧɵɯ 

ɜɵɛɪɨɫɨɜ, ɫɬɨɱɧɵɯ ɜɨɞ, ɜɧɟɞɪɟɧɢɟ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦ.  ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

ɪɚɡɜɢɬɢɟ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɫɜɹɡɚɧɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫ ɫɨɡɞɚɧɢɟɦ 

ɧɨɜɵɯ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɚɭɱɧɵɯ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɗɤɫɩɟɪɢɦɟɧɬ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɢɯ ɪɚɡɪɚɛɨɬɤɢ ɢ 

ɨɩɬɢɦɢɡɚɰɢɢ. Ɂɚɦɟɬɧɨɟ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɧɠɟɧɟɪɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɞɨɫɬɢɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɟɪɢɦɟɧɬɢɪɨɜɚɧɢɹ ɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɨɤɪɚɳɚɟɬ ɫɪɨɤɢ ɪɟɲɟɧɢɹ, ɫɧɢɠɚɟɬ ɡɚɬɪɚɬɵ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɨɜɵɲɚɟɬ 

ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɪɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ. ȿɝɨ ɫɭɬɶ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɛɪɚɡɭɸɬɫɹ ɝɢɞɪɨɤɫɢɞɵ ɢɥɢ ɫɨɥɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, 

ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɭɞɚɥɹɸɬɫɹ ɨɬɫɬɚɢɜɚɧɢɟɦ, ɮɢɥɶɬɪɚɰɢɟɣ ɢɥɢ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ 

ɪɚɡɞɟɥɟɧɢɹ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ, ɨɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɳɚɹ ɫɯɟɦɚ ɪɟɚɝɟɧɬɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɪɚɫɯɨɞɚ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 
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ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ (ɧɚɩɪɢɦɟɪ, ɪɚɫɯɨɞ FeSO4 ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 2 ɦɝ/ɞɦ3 

ɧɚ 1 ɦɝ ɦɟɞɢ). ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ ɛɨɥɶɲɢɟ ɨɛɴɟɦɵ ɨɫɚɞɤɨɜ, ɜɨɡɪɚɫɬɚɟɬ 

ɨɛɳɟɟ ɫɨɥɟɫɨɞɟɪɠɚɧɢɟ ɢ ɜɨɞɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɨɛɨɪɨɬɟ ɛɟɡ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɭɩɟɧɢ ɞɨɨɱɢɫɬɤɢ. 

Ʉ ɱɢɫɥɭ ɧɨɜɵɯ ɜɵɫɨɤɨɩɟɪɫɩɟɤɬɢɜɧɵɯ ɪɟɚɝɟɧɬɨɜ ɨɬɧɨɫɢɬɫɹ 

ɡɚɩɚɬɟɧɬɨɜɚɧɧɵɣ ɩɪɨɞɭɤɬ ɧɚ ɨɫɧɨɜɟ ɠɢɞɤɨɝɨ ɩɨɥɢɬɢɨɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ 

(ɉɌɄNɚ) AMERSEP MP7. 

AMERSEP MP7 – ɪɟɚɝɟɧɬ, ɫɨɞɟɪɠɚɳɢɣ 25-40 % ɪɚɫɬɜɨɪɚ 

ɩɨɥɢɬɢɨɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ (Na2CS4), ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ Ɂɚɩɚɞɧɨɣ ȿɜɪɨɩɟ 

ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ, ɨɛɥɚɞɚɟɬ ɦɚɥɨɣ 

ɬɨɤɫɢɱɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɨɫɚɞɢɬɟɥɹɦɢ. 

Ɋɟɚɝɟɧɬ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɬɢɨɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ (Na2CS4) ɨɛɪɚɡɭɟɬ 

ɫɨɟɞɢɧɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɢɨɧɚɦɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɛɥɚɝɨɞɚɪɹ ɫɢɥɶɧɨɦɭ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɟɦɭ ɞɟɣɫɬɜɢɸ ɡɚ ɫɱɟɬ ɪɚɫɩɚɞɚ ɰɢɫɬɢɧɧɨɣ ɫɜɹɡɢ – S-S. 

Ɋɚɫɩɚɞ ɰɢɫɬɢɧɧɨɣ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɨɤɟ 2.1. 

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɋɚɫɩɚɞ ɰɢɫɬɢɧɧɨɣ ɫɜɹɡɢ 

 

ɉɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɪɟɚɝɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɝɚɡɨɜ SO2 

ɢ SO3 ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɨɜ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ. 

 Ɋɟɚɝɟɧɬ AMERSEP MP7 – ɠɢɞɤɨɫɬɶ ɛɥɟɞɧɨ ɨɪɚɧɠɟɜɨɝɨ ɰɜɟɬɚ. ɉɥɨɬɧɨɫɬɶ 

ɪɟɚɝɟɧɬɚ 1050 ɤɝ/ɦ3, ɜɟɥɢɱɢɧɚ ɪɇ – 11,0, ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɦɟɪɡɚɧɢɹ – 0 0ɋ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ – 100 0ɋ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ (ɜɨɞɚ = 1) – 1,05, ɥɟɝɤɨ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ, ɨɛɥɚɞɚɟɬ ɫɥɟɝɤɚ ɫɟɪɧɵɦ ɡɚɩɚɯɨɦ. 

ɇɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɳɟ ɧɟ ɨɬɪɚɛɨɬɚɧɚ ɞɟɬɚɥɶɧɨ 

ɬɟɯɧɨɥɨɝɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɛɟɡ 
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ɤɨɬɨɪɨɣ ɧɟɜɨɡɦɨɠɧɨ ɩɨɫɬɪɨɟɧɢɟ ɰɟɥɨɫɬɧɨɝɨ ɷɤɨɥɨɝɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɤɨɦɩɥɟɤɫɚ.   

Ɂɚɞɚɱɟɣ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɥɨɫɶ ɨɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɞɨɡ 

ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɚɝɟɧɬɚ ɞɥɹ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ 

Cu2+, Zn2+ ɢ Ni2+ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɷɮɮɟɤɬɚ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ ɜ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɚ ɤɚɮɟɞɪɟ «ɂɋɁɢɋ» ɎȽȺɈɍ ȼɈ 

ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɂɧɠɟɧɟɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɢɧɫɬɢɬɭɬɚ 

ɛɵɥɚ ɩɪɢɝɨɬɨɜɥɟɧɚ ɦɨɞɟɥɶɧɚɹ ɫɬɨɱɧɚɹ ɠɢɞɤɨɫɬɶ ɪɢɫɭɧɨɤ 2.2. 

 

Ɋɢɫɭɧɨɤ 2.2 – Ɇɨɞɟɥɶɧɚɹ ɠɢɞɤɨɫɬɶ 

 

ɋɨ ɫɥɟɞɭɸɳɢɦɢ ɢɫɯɨɞɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɢ ɨɛɪɚɛɨɬɚɧɚ ɪɟɚɝɟɧɬɨɦ 

AMERSER MP7:  

1. 60
2


Cu

ɢɫɯC  ɦɝ/ɞɦ3;  

2. 20
2


Zn

ɢɫɯC  ɦɝ/ɞɦ3; 

3. 10
2


iN

ɢɫɯC  ɦɝ/ɞɦ3. 

Ⱦɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ Ca(OH)2 (5 %).  
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɫɬɨɱɧɨɣ ɜɨɞɵ ɪɟɚɝɟɧɬɨɦ ɭɞɚɥɨɫɶ ɫɧɢɡɢɬɶ 

ɫɨɞɟɪɠɚɧɢɟ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɨɞɟ ɢ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɞɨɡɭ 

ɪɟɚɝɟɧɬɚ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 



 
 

Ɍɚɛɥɢɰɚ 2.1 – Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɦɟɬɨɞɭ Ȼɪɚɧɞɨɧɚ 

 

№ 

Ⱦɨɡɚ 
ɪɟɚɝɟɧɬɚ 
ɦɝ/ɞɦ3 

ɏ1 

ȼɟɥɢɱɢɧɚ 
pH 

 
ɏ2 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɫɬɨɤɨɜ 

0 ɋ 
ɏ3

 

Ɉɫɬɚɬɨɱɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ Cu2+, 

ɦɝ/ɞɦ3 
ɍ1 

Ɉɫɬɚɬɨɱɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ Ni2+, 

ɦɝ/ɞɦ3 

ɍ2 

Ɉɫɬɚɬɨɱɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ Zn2+, 

ɦɝ/ɞɦ3 
ɍ3 

Ɉɛɴɟɦ 
ɨɫɚɞɤɚ, % 

 
ɍ4 

1 0,080 6,5 30 2,330 2,870 3,140 1,3 
2 0,105 8,5 30 1,810 2,320 2,960 1,7 
3 0,110 9,0 30 1,073 1,091 2,078 1,9 
4 0,130 8,0 35 0,178 1,258 0,265 2,2 
5 0,150 9,0 35 0,121 1,157 0,193 2,4 
6 0,175 12,0 35 0,074 0,550 0,038 2,6 
7 0,210 10,0 40 0,037 0,028 0,037 3 
8 0,263 10,0 40 0,039 0,033 0,041 3,2 
9 0,280 9,0 40 0,083 0,071 0,089 3,2 
10 0,320 8,0 30 0,108 0,107 0,111 2 
11 0,40 8,0 35 1,103 2,069 1,113 2,5 
12 0,530 9,0 40 1,167 2,432 2,475 3 
13 0,610 9,0 35 2,003 2,926 2,335 2,8 



 
 

Ⱦɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɝɥɚɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 

ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 

ɩɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɦɟɬɨɞɭ Ȼɪɚɧɞɨɧɚ. Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɩɥɚɧɚ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ 

ɢɫɫɥɟɞɭɟɦɵɣ ɩɪɨɰɟɫɫ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɟɝɨ ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: x1 – ɞɨɡɚ 

ɪɟɚɝɟɧɬɚ AMERSER MP7, ɦɝ/ɞɦ3; x2 – ɜɟɥɢɱɢɧɚ pH, x3− ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɨɤɨɜ, 0 ɋ, 

ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɢ ɜ ɞɪɭɝɨɦ ɫɥɭɱɚɟ ɞɨɡɚ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɶɰɢɹ 0,1 ɦɝ/ɞɦ3. ȼ 

ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɣ ɨɬɤɥɢɤɚ: ɭ1 − ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɦɟɞɢ Cu2+; ɭ2 − 

ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɧɢɤɟɥɹ Ni2+; ɭ3 − ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɢɨɧɨɜ ɰɢɧɤɚ Zn2+; ɭ4–ɨɛɴɟɦ ɨɫɚɞɤɚ, %. ɉɨɫɬɨɹɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɥɢɫɶ 

ɭɫɪɟɞɧɟɧɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ: 60
2


Cu

ɢɫɯC  ɦɝ/ɞɦ3; 

20
2


Zn

ɢɫɯC  ɦɝ/ɞɦ3; 10
2


iN

ɢɫɯC  ɦɝ/ɞɦ3. 

Ɇɟɬɨɞ ɪɚɫɱɟɬɚ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ 

1. ɉɨ ɬɨɱɤɚɦ ɜɵɛɢɪɚɸɬɫɹ ɜɟɥɢɱɢɧɵ y0, x1, x2…xn ɫɬɪɨɢɬɫɹ ɩɨɥɟ 

ɤɨɪɪɟɥɹɰɢɢ ɢ ɷɦɩɢɪɢɱɟɫɤɚɹ ɥɢɧɢɹ ɪɟɝɪɟɫɫɢɢ y0 – x. Ɉɩɪɟɞɟɥɹɸɬɫɹ 

ɦɢɧɢɦɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 

2. ɋɪɚɜɧɢɜɚɥɚɫɶ ɜɵɛɨɪɤɚ ɧɨɜɨɣ ɜɟɥɢɱɢɧɵ 

 

)( 11
1 xf

ɭɭ  , (2.1) 

 

ɤɨɬɨɪɚɹ ɭɠɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ x1 ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ x2, x3, x4…xn-1. 

ɉɨ ɬɨɱɤɚɦ ɩɟɪɜɨɣ ɜɵɛɨɪɤɢ ɜɟɥɢɱɢɧɵ y1 ɢ y2 ɫɬɪɨɢɥɨɫɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɟ ɩɨɥɟ ɢ 

ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɥɢɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ y1 ɢ x0. 

3. ɉɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɥɫɹ ɞɨ ɩɨɥɭɱɟɧɢɹ ɜɵɛɨɪɤɢ ɜɟɥɢɱɢɧɵ 

 

)(...)()()( 2211

11

nn

n

nn

n
n xfxfxf

y

xf

y
y


  , (2.2) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ 1, 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɥɢɲɤɨɦ ɛɨɥɶɲɭɸ ɞɨɥɸ ɫɥɭɱɚɣɧɨɫɬɢ ɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɭɸ ɞɨɥɸ 

ɤɪɢɜɨɥɢɧɟɣɧɨɫɬɢ ɫɜɹɡɢ ɦɟɠɞɭ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. Ɉ ɧɚɥɢɱɢɢ ɢɥɢ 

ɨɬɫɭɬɫɬɜɢɢ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɤɚɱɟɫɬɜɟɧɧɨ 

ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɜɢɞɭ ɩɨɥɹ ɤɨɪɪɟɥɹɰɢɢ ɧɚ ɪɢɫɭɧɤɟ 2.3. 

 

 

Ɋɢɫɭɧɨɤ 2.3  ɉɨɥɹ ɤɨɪɪɟɥɹɰɢɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ: ɚ – ɫɢɥɶɧɚɹ 

ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ x ɢ y; ɛ – ɫɥɚɛɚɹ ɤɨɪɪɟɥɹɰɢɹ; ɜ – ɤɨɪɪɟɥɹɰɢɢ 

ɧɟɬ 

 

ɉɨ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɧɚɣɞɟɧɵ ɭɪɚɜɧɟɧɢɹ 

ɪɟɝɪɟɫɫɢɢ ɢ ɩɨɫɬɪɨɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɪɢɫɭɧɤɚɦɢ 2.4 – 2.7. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɩɪɢ 

ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɨɫɬɚɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢɨɧɨɜ 

ɦɟɞɢ, ɧɢɤɟɥɹ ɢ ɰɢɧɤɚ, ɚ ɬɚɤɠɟ ɧɚ ɨɛɴɟɦ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ ɜ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɞɨɡɚ ɪɟɚɝɟɧɬɚ. 

  



 
 

Ɍɚɛɥɢɰɚ 2.2 – Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɦɟɬɨɞɭ Ȼɪɚɧɞɨɧɚ 
 
№ 

Ⱦɨɡɚ 
ɪɟɚɝɟɧɬɚ
ɦɝ/ɞɦ3 

ɏ1 

ȼɟɥɢɱɢɧɚ 
pH 

 
ɏ2 

Ɍɟɦɩɟɪɚɬɭ
ɪɚ ɫɬɨɤɨɜ  

0ɋ 
ɏ3

 

Ɉɫɬɚɬɨɱɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ 
Cu(II), ɦɝ/ɞɦ3 

ɍ1 

 
y1,0=y1/ɭ̅ 

 
f1(x1) 

 
y1,1=y1,0

/ f1(x1) 

 
f2(x2) 

 
y1,2=y1,1/ 

f2(x2) 

 
f3(x3) 

 
y1,3=y1,2/ 

f3(x3) 

 
k-𝑘̅ 

 
(k-𝑘̅)2 

1 0,080 6,5 30 2,330 2,991 1,888 1,584 3,163 0,501 1,218 0,411 -0,509 0,259 

2 0,105 8,5 30 1,810 2,324 1,514 1,535 1,805 0,850 1,218 0,698 -0,222 0,049 

3 0,110 9,0 30 1,073 1,378 1,445 0,954 1,468 0,649 1,218 0,533 -0,387 0,150 

4 0,130 8,0 35 0,178 0,229 1,182 0,193 2,142 0,090 0,678 0,133 -0,787 0,620 

5 0,150 9,0 35 0,121 0,155 0,946 0,164 1,468 0,112 0,678 0,165 -0,755 0,571 

6 0,175 12,0 35 0,074 0,095 0,690 0,138 -0,522 -0,264 0,678 -0,389 -1,310 1,716 

7 0,210 10,0 40 0,037 0,048 0,400 0,119 0,800 0,148 0,682 0,218 -0,703 0,494 

8 0,263 10,0 40 0,039 0,050 0,118 0,425 0,800 0,532 0,682 0,779 -0,141 0,020 

9 0,280 9,0 40 0,083 0,107 0,067 1,589 1,468 1,082 0,682 1,586 0,666 0,443 

10 0,320 8,0 30 0,108 0,139 0,024 5,779 2,142 2,698 1,218 2,215 1,294 1,675 

11 0,40 8,0 35 1,103 1,416 0,259 5,467 2,142 2,552 0,678 3,767 2,846 8,101 

12 0,530 9,0 40 1,167 1,498 1,554 0,964 1,468 0,656 0,682 0,963 0,042 0,002 

13 0,610 9,0 35 2,003 2,571 2,913 0,883 1,468 0,601 0,678 0,887 -0,033 0,001 

    ɭ̅= 0,779     𝑘̅=0,785  𝑘̅=0,920  k= 1,085 
 

)906,150109,08166,0()7216,70026,07182,0()3662,3455,3315,21(085,1 2
33

2
22

2
111 



xxxxxxY  (2.3) 
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Ɋɢɫɭɧɨɤ 2.4 – Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ Cu(II ), ɨɬ ɞɨɡɵ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɜɟɥɢɱɢɧɵ 
ɪɇ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɨɤɨɜ: y1 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɦɟɞɢ Cu(II ); y2 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɧɢɤɟɥɹ Ni(II ); y3 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɰɢɧɤɚ Zn(II ); y4 – 
ɨɫɚɞɨɤ, %; x1 – ɞɨɡɚ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɦɝ/ɞɦ3; x2 – ɜɟɥɢɱɢɧɚ ɪɇ, x3 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɨɤɨɜ ºɋ 
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Ɍɚɛɥɢɰɚ 2.3 – Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɦɟɬɨɞɭ Ȼɪɚɧɞɨɧɚ 
 
№ 

Ⱦɨɡɚ 
ɪɟɚɝɟɧɬɚ
ɦɝ/ɞɦ3 

ɏ1 

ȼɟɥɢɱɢɧɚ 
pH 

 
ɏ2 

Ɍɟɦɩɟɪɚɬɭ
ɪɚ ɫɬɨɤɨɜ  

0ɋ 
ɏ3

 

Ɉɫɬɚɬɨɱɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ 
Ni(II ), ɦɝ/ɞɦ3 

ɍ2 

 
y2,0=y2/ɭ̅ 

 
f1(x1) 

 
y2,1=y2,0

/ f1(x1) 

 
f2(x2) 

 
y2,2=y2,1/ 

f2(x2) 

 
f3(x3) 

 
y2,3=y2,2/ 

f3(x3) 

 
k-𝑘̅ 

 
(k-𝑘̅)2 

1 0,080 6,5 30 2,870 2,206 1,607 1,373 1,847 0,743 0,788 0,943 -0,080 0,006 
2 0,105 8,5 30 2,320 1,783 1,324 1,347 0,980 1,375 0,788 1,744 0,721 0,521 
3 0,110 9,0 30 1,091 0,839 1,271 0,660 0,817 0,808 0,788 1,025 0,002 0,000 
4 0,130 8,0 35 1,258 0,967 1,074 0,901 1,165 0,773 1,565 0,494 -0,529 0,280 
5 0,150 9,0 35 1,157 0,889 0,897 0,991 0,817 1,214 1,565 0,775 -0,248 0,061 
6 0,175 12,0 35 0,550 0,423 0,707 0,598 0,283 2,116 1,565 1,351 0,328 0,108 
7 0,210 10,0 40 0,028 0,022 0,497 0,043 0,553 0,078 0,458 0,171 -0,852 0,726 
8 0,263 10,0 40 0,033 0,025 0,302 0,084 0,553 0,152 0,458 0,332 -0,691 0,478 
9 0,280 9,0 40 0,071 0,055 0,271 0,202 0,817 0,247 0,458 0,539 -0,484 0,234 
10 0,320 8,0 30 0,107 0,082 0,258 0,318 1,165 0,273 0,788 0,347 -0,676 0,457 
11 0,40 8,0 35 2,069 1,590 0,489 3,251 1,165 2,791 1,565 1,783 0,760 0,577 
12 0,530 9,0 40 2,432 1,869 1,589 1,176 0,817 1,440 0,458 3,145 2,122 4,503 
13 0,610 9,0 35 2,926 2,249 2,713 0,829 0,817 1,015 1,565 0,649 -0,374 0,140 
    ɭ̅= 1,301     𝑘̅=1,002  𝑘̅=1,023  k= 0,622 
 

)462,430377,0606,2()0194,70426,00726,1()7365,2569,26246,16(622,0 2
33

2
22

2
112 



xxxxxxY  (2.4) 
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ɉɨ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ 
 

 
 
 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ Ni(II ), ɨɬ ɞɨɡɵ ɪɟɚɝɟɧɬɚ AMERSEP MP7,  
ɜɟɥɢɱɢɧɵ ɪɇ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɨɤɨɜ: y1 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɦɟɞɢ Cu(II ); y2 – 
ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɧɢɤɟɥɹ Ni(II ); y3 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɰɢɧɤɚ 
Zn(II ); y4 – ɨɫɚɞɨɤ, %; x1 – ɞɨɡɚ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɦɝ/ɞɦ3; x2 – ɜɟɥɢɱɢɧɚ ɪɇ, x3 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɨɤɨɜ ºɋ 
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Ɍɚɛɥɢɰɚ 2.4 – Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɦɟɬɨɞɭ Ȼɪɚɧɞɨɧɚ 
 
№ 

Ⱦɨɡɚ 
ɪɟɚɝɟɧɬɚ
ɦɝ/ɞɦ3 

ɏ1 

ȼɟɥɢɱɢɧɚ 
pH 

 
ɏ2 

Ɍɟɦɩɟɪɚɬɭ
ɪɚ ɫɬɨɤɨɜ  

0ɋ 
ɏ3

 

Ɉɫɬɚɬɨɱɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ 
Zn(II), ɦɝ/ɞɦ3 

ɍ3 

 
y3,0=y3/ɭ̅ 

 
f1(x1) 

 
y3,1=y3,0

/ f1(x1) 

 
f2(x2) 

 
y3,2=y3,1/ 

f2(x2) 

 
f3(x3) 

 
y3,3=y3,2/ 

f3(x3) 

 
k-𝑘̅ 

 
(k-𝑘̅)2 

1 0,080 6,5 30 3,140 2,744 1,962 1,398 1,952 0,716 -0,250 -2,865 -1,117 1,248 
2 0,105 8,5 30 2,960 2,587 1,577 1,641 1,292 1,270 -0,250 -5,079 -3,331 11,096 
3 0,110 9,0 30 2,078 1,816 1,505 1,207 1,099 1,098 -0,250 -4,391 -2,643 6,986 
4 0,130 8,0 35 0,265 0,232 1,233 0,188 1,474 0,127 -0,700 -0,182 1,566 2,453 
5 0,150 9,0 35 0,193 0,169 0,989 0,171 1,099 0,155 -0,700 -0,222 1,526 2,330 
6 0,175 12,0 35 0,038 0,033 0,721 0,046 -0,289 -0,160 -0,700 0,228 1,976 3,905 
7 0,210 10,0 40 0,037 0,032 0,416 0,078 0,681 0,114 -1,150 -0,099 1,649 2,719 
8 0,263 10,0 40 0,041 0,036 0,112 0,321 0,681 0,471 -1,150 -0,409 1,339 1,792 
9 0,280 9,0 40 0,089 0,078 0,054 1,435 1,099 1,306 -1,150 -1,135 0,613 0,376 
10 0,320 8,0 30 0,111 0,097 0,152 0,638 1,474 0,433 -0,250 -1,732 0,016 0,000 
11 0,40 8,0 35 1,113 0,973 0,200 4,856 1,474 3,295 -0,700 -4,708 -2,959 8,758 
12 0,530 9,0 40 2,475 2,163 1,451 1,490 1,099 1,356 -1,150 -1,179 0,569 0,324 
13 0,610 9,0 35 2,335 2,041 2,786 0,733 1,099 0,666 -0,700 -0,952 0,796 0,634 
    ɭ̅= 1,144     𝑘̅=0,834  𝑘̅=-1,748  k= 3,279 
 

)45,200,009,0()8769,20221,00014,0()4787,362,33644,21(279,3 2
33

2
22

2
113 



xxxxxxY  (2.5) 
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Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ Zn (II ), ɨɬ ɞɨɡɵ ɪɟɚɝɟɧɬɚ AMERSEP MP7,  
ɜɟɥɢɱɢɧɵ ɪɇ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɨɤɨɜ: y1 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɦɟɞɢ Cu(II ); y2 – 
ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɧɢɤɟɥɹ Ni(II ); y3 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɰɢɧɤɚ 
Zn(II ); y4 – ɨɫɚɞɨɤ, %; x1 – ɞɨɡɚ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɦɝ/ɞɦ3; x2 – ɜɟɥɢɱɢɧɚ ɪɇ, x3 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɨɤɨɜ ºɋ 
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Ɍɚɛɥɢɰɚ 2.5 – Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɦɟɬɨɞɭ Ȼɪɚɧɞɨɧɚ 
 
№ 

Ⱦɨɡɚ 
ɪɟɚɝɟɧɬɚ
ɦɝ/ɞɦ3 

ɏ1 

ȼɟɥɢɱɢɧɚ 
pH 

 
ɏ2 

Ɍɟɦɩɟɪɚɬɭ
ɪɚ ɫɬɨɤɨɜ  

0ɋ 
ɏ3

 

Ɉɛɴɟɦ ɨɫɚɞɤɚ, 
% 
 

ɍ4 

 
y4,0=y4/ɭ̅ 

 
f1(x1) 

 
y4,1=y4,0

/ f1(x1) 

 
f2(x2) 

 
y4,2=y4,1/ 

f2(x2) 

 
f3(x3) 

 
y4,3=y4,2/ 

f3(x3) 

 
k-𝑘̅ 

 
(k-𝑘̅)2 

1 0,080 6,5 30 1,5 0,633 0,697 0,908 0,861 1,055 1,001 1,055 0,090 0,008 
2 0,105 8,5 30 1,7 0,718 0,776 0,924 0,986 0,937 1,001 0,937 -0,028 0,001 
3 0,110 9,0 30 1,8 0,760 0,792 0,960 1,009 0,952 1,001 0,951 -0,013 0,000 
4 0,130 8,0 35 2,1 0,886 0,850 1,043 0,960 1,087 1,029 1,056 0,092 0,008 
5 0,150 9,0 35 2,2 0,929 0,904 1,027 1,009 1,019 1,029 0,990 0,025 0,001 
6 0,175 12,0 35 2,4 1,013 0,966 1,049 1,070 0,980 1,029 0,952 -0,012 0,000 
7 0,210 10,0 40 2,8 1,182 1,042 1,134 1,043 1,087 1,098 0,991 0,026 0,001 
8 0,263 10,0 40 2,8 1,182 1,135 1,041 1,043 0,998 1,098 0,910 -0,055 0,003 
9 0,280 9,0 40 2,9 1,224 1,159 1,056 1,009 1,048 1,098 0,954 -0,010 0,000 
10 0,320 8,0 30 2,6 1,097 1,203 0,912 0,960 0,950 1,001 0,950 -0,015 0,000 
11 0,40 8,0 35 2,5 1,055 1,245 0,847 0,960 0,883 1,029 0,858 -0,107 0,011 
12 0,530 9,0 40 3,0 1,266 1,178 1,075 1,009 1,066 1,098 0,971 0,007 0,000 
13 0,610 9,0 35 2,5 1,055 1,053 1,002 1,009 0,993 1,029 0,965 0,001 0,000 
    ɭ̅= 2,369     𝑘̅=1,004  𝑘̅=0,965  k= 0,003 
 

)6695,10008,00463,0()0671,0007,01676,0()4015,09563,40917,4(003,0 2
33

2
22

2
114 



xxxxxxY  (2.6) 
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Ɋɢɫɭɧɨɤ 2.7 – Ƚɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɴɟɦɚ ɨɫɚɞɤɚ ɨɬ ɞɨɡɵ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɜɟɥɢɱɢɧɵ ɪɇ ɢ  
ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɨɤɨɜ: y1 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɦɟɞɢ Cu(II ); y2 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɧɢɤɟɥɹ Ni(II ); y3 – ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɰɢɧɤɚ Zn(II ); y4 – ɨɫɚɞɨɤ, %; x1 – 
ɞɨɡɚ ɪɟɚɝɟɧɬɚ AMERSEP MP7, ɦɝ/ɞɦ3; x2 – ɜɟɥɢɱɢɧɚ ɪɇ, x3 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɨɤɨɜ ºɋ 
 
 
 
 

 



 
 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɨɫɬɚɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɢɨɧɨɜ ɦɟɞɢ, ɧɢɤɟɥɹ ɢ ɰɢɧɤɚ, ɚ ɬɚɤɠɟ 

ɧɚ ɨɛɴɟɦ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɞɨɡɚ 

ɪɟɚɝɟɧɬɚ AMERSEɊ MP7. 

Ʉɨɧɟɱɧɨɣ ɰɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɥɭɱɲɚɹ ɪɟɚɥɢɡɚɰɢɹ ɢɥɢ ɟɝɨ ɨɩɬɢɦɢɡɚɰɢɹ. Ɉɩɬɢɦɢɡɚɰɢɹ – ɷɬɨ 

ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɥɭɱɲɢɯ 

ɪɟɡɭɥɶɬɚɬɨɜ (ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɨɜ) ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɹɯ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ: ɨɫɬɚɬɨɱɧɵɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɞɢ, ɧɢɤɟɥɹ, ɰɢɧɤɚ ɢ ɨɛɴɟɦ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ, ɡɚɜɢɫɹɳɢɟ 

ɨɬ ɞɨɡɵ, ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɚɝɟɧɬɚ, ɜɟɥɢɱɢɧɵ ɪɇ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɨɱɧɨɣ 

ɠɢɞɤɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɦɨɞɟɥɢ 

ɩɨɡɜɨɥɢɥɚ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɢ ɫɬɪɭɤɬɭɪɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ 

ɫɬɨɱɧɵɯ ɜɨɞ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɦɟɞɢ, ɧɢɤɟɥɹ ɢ ɰɢɧɤɚ, ɢ ɫɨɡɞɚɬɶ ɨɫɧɨɜɭ ɞɥɹ 

ɩɨɧɢɦɚɧɢɹ ɩɪɢɪɨɞɵ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɭɪɚɜɧɟɧɢɹɦ ɪɟɝɪɟɫɫɢɢ 

ɩɨɥɭɱɢɥɢ ɝɪɚɮɢɱɟɫɤɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɪɢɫɭɧɤɚɯ 2.8 – 2.11, 

ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɡɜɨɥɹɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɪɟɚɝɟɧɬɧɨɝɨ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɞɚɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɭɱɢɬɵɜɚɬɶ 

ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. 

 

 



 
 

 
Ɋɢɫɭɧɨɤ 2.8 – Ƚɪɚɮɢɱɟɫɤɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɭɦɚ ɩɨ Y1 – ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɞɢ ɩɪɢ 

ɢɫɯɨɞɧɨɣ ɞɨɡɟ ɪɟɚɝɟɧɬɚ: ɚ) 0,15 ɦɝ/ɞɦ3; ɛ) 0,26 ɦɝ/ɞɦ3; ɜ) 0,32 ɦɝ/ɞɦ3; ɝ) 0,61 ɦɝ/ɞɦ3; ɞ) 0,40 ɦɝ/ɞɦ3 
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Ɋɢɫɭɧɨɤ 2.9 – Ƚɪɚɮɢɱɟɫɤɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɭɦɚ ɩɨ Y3 – ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɰɢɧɤɚ ɩɪɢ 

ɢɫɯɨɞɧɨɣ ɞɨɡɟ ɪɟɚɝɟɧɬɚ: ɚ) 0,15 ɦɝ/ɞɦ3; ɛ) 0,26 ɦɝ/ɞɦ3; ɜ) 0,32 ɦɝ/ɞɦ3; ɝ) 0,61 ɦɝ/ɞɦ3; ɞ) 0,40 ɦɝ/ɞɦ3 
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Ɋɢɫɭɧɨɤ 2.10 – Ƚɪɚɮɢɱɟɫɤɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɭɦɚ ɩɨ Y3 – ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɰɢɧɤɚ ɩɪɢ 

ɢɫɯɨɞɧɨɣ ɞɨɡɟ ɪɟɚɝɟɧɬɚ: ɚ) 0,15 ɦɝ/ɞɦ3; ɛ) 0,26 ɦɝ/ɞɦ3; ɜ) 0,32 ɦɝ/ɞɦ3; ɝ) 0,61 ɦɝ/ɞɦ3; ɞ) 0,40 ɦɝ/ɞɦ3 
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Ɋɢɫɭɧɨɤ 2.11 – Ƚɪɚɮɢɱɟɫɤɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɭɦɚ ɩɨ Y4 – ɨɛɴɟɦɭ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ ɩɪɢ 

ɢɫɯɨɞɧɨɣ ɞɨɡɟ ɪɟɚɝɟɧɬɚ: ɚ) 0,15 ɦɝ/ɞɦ3; ɛ) 0,26 ɦɝ/ɞɦ3; ɜ) 0,32 ɦɝ/ɞɦ3; ɝ) 0,61 ɦɝ/ɞɦ3; ɞ) 0,40 ɦɝ/ɞɦ3 



 
 

ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɢɚɝɪɚɦɦɚɯ ɞɥɹ ɪɟɝɭɥɢɪɨɜɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ 

ɜɢɞɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɞɨɡɚ ɪɟɚɝɟɧɬɚ Amersep MP7 ɞɥɹ ɞɚɧɧɵɯ ɫɬɨɤɨɜ 

ɫɨɫɬɚɜɥɹɟɬ 0,25 ɦɝ/ɞɦ3, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɩɪɨɯɨɞɢɬ ɜ ɲɢɪɨɤɨɦ 

ɞɢɚɩɚɡɨɧɟ ɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɢ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɜɟɥɢɱɢɧɵ ɪɇ. ɉɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɞɨɡɵ ɪɟɚɝɟɧɬɚ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɞɥɹ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ, ɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɨɡɵ ɪɟɚɝɟɧɬɚ ɩɪɨɰɟɫɫ ɞɨɥɠɟɧ ɩɪɨɯɨɞɢɬɶ ɜ 

ɛɨɥɟɟ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ, ɢ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɂɡ ɞɢɚɝɪɚɦɦ ɬɚɤɠɟ ɜɢɞɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɨɫɚɞɤɚ ɩɪɢ 

ɩɪɢɦɟɧɟɧɢɢ ɞɨɡɵ ɪɟɚɝɟɧɬɚ Amersep MP7 0,25 ɦɝ/ɞɦ3 ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɟɥɢɱɢɧɟ 

ɪɇ ɨɬ 7,0 ɞɨ 8,0. 

ɇɚ ɩɪɚɤɬɢɤɟ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɨɞɢɥɫɹ ɪɹɞ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ 

ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɞɟɪɠɚɧɢɣ ɦɟɬɚɥɥɨɜ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɥɢɱɟɫɬɜ ɪɟɚɝɟɧɬɚ-ɨɫɚɞɢɬɟɥɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ 

ɫɬɨɱɧɨɣ ɜɨɞɵ ɪɟɚɝɟɧɬɨɦ-ɨɫɚɞɢɬɟɥɟɦ ɭɞɚɥɨɫɶ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɢɨɧɨɜ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɨɞɟ ɢ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɞɨɡɭ ɪɟɚɝɟɧɬɚ.  

ɂɫɩɨɥɶɡɭɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɪɢɧɰɢɩɵ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɢ 

ɤɨɪɟɥɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɛɵɥɚ ɧɚɣɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ ɢ 

ɭɫɥɨɜɢɹ ɨɩɬɢɦɭɦɚ, ɬɨ ɟɫɬɶ ɩɨɫɬɪɨɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 

ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨɣ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ 

ɨɛɨɫɧɨɜɚɧɧɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɫɯɟɦɵ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɞɚɧɧɵɯ 

ɫɬɨɤɨɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɣ ɨɱɢɫɬɤɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɜɬɨɪɨɣ 

ɫɬɭɩɟɧɢ ɨɱɢɫɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɢɥɶɬɪɨɜ, ɡɚɝɪɭɠɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɮɢɥɶɬɪɭɸɳɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɣ ɨɱɢɫɬɤɢ. Ⱦɚɧɧɵɟ 

ɦɚɬɟɪɢɚɥɚ ɧɚɢɛɨɥɟɟ ɞɨɫɬɭɩɧɵ ɜ ɝ. Ʉɪɚɫɧɨɹɪɫɤ.  
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Ɏɢɥɶɬɪɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: 

1) Ƚɪɚɧɨɞɢɨɪɢɬɨɜɵɣ ɩɟɫɨɤ. ɉɟɫɨɤ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɣ, ɤɚɤ 

ɮɢɥɶɬɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɣ ɫɨɪɛɟɧɬ ɜ ɥɸɛɵɯ ɮɢɥɶɬɪɨɜɚɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ ɨɫɜɟɬɥɟɧɢɹ 

ɢ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɜɨɞɵ: ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ; ɤɨɧɬɚɤɬɧɵɟ ɨɫɜɟɬɥɢɬɟɥɢ; ɮɢɥɶɬɪɵ 

ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ; ɩɨɞɞɟɪɠɢɜɚɸɳɢɟ ɫɥɨɢ ɮɢɥɶɬɪɨɜ ɨɫɜɟɬɥɟɧɢɹ ɢ 

ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɜɨɞɵ; ɮɢɥɶɬɪɵ ɞɨɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɞɨɫɬɨɢɧɫɬɜɚ ɦɚɬɟɪɢɚɥɚ: 

 ɜɵɫɨɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ; 

 ɤɪɭɩɧɚɹ ɩɨɪɢɫɬɨɫɬɶ; 

 ɛɨɥɶɲɚɹ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɫ ɛɨɥɶɲɢɦɢ ɫɤɨɪɨɫɬɹɦɢ; 

 ɛɨɥɶɲɚɹ ɝɪɹɡɟɟɦɤɨɫɬɶ; 

 ɯɨɪɨɲɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

2) ɍɝɥɟɪɨɞɦɢɧɟɪɚɥɶɧɵɣ ɫɨɪɛɟɧɬ ɋɇȽ. ɂɡ ɪɭɞ 

ɫɤɪɵɬɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɪɚɮɢɬɚ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɤɥɚɫɫ ɫɨɪɛɟɧɬɨɜ ɋȽɇ-30, 

ɋȽɇ30Ⱥ. Ɉɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɝɥɭɛɨɤɨɣ ɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ, ɚɤɬɢɜɚɰɢɢ, 

ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɠɢɞɤɨɫɬɟɣ, ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɯ ɪɚɫɬɜɨɪɨɜ, ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɝɚɡɨɜ, ɦɟɬɚɥɥɵ (ɠɟɥɟɡɨ, ɚɥɥɸɦɢɧɢɣ, ɫɜɢɧɟɰ, ɰɢɧɤ, ɦɟɞɶ, 

ɧɢɤɟɥɶ, ɯɪɨɦ, ɤɨɛɚɥɶɬ, ɫɬɪɨɧɰɢɣ, ɫɨɥɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ), ɝɚɡɨɨɛɪɚɡɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ.  

Ɉɧɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɪɟɞɵ ɞɥɹ ɨɫɜɟɬɥɟɧɢɹ 

ɤɪɚɫɢɬɟɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ɬɤɚɧɟɣ ɜ ɫɨɪɛɰɢɨɧɧɨ-ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɹɯ, ɚ ɬɚɤɠɟ 

ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ ɩɪɢ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ.  

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɨɪɛɟɧɬɨɜ ɋȽɇ ɜ ɩɪɨɰɟɧɬɧɨɦ ɜɵɪɚɠɟɧɢɢ ɬɚɤɨɜ:  

 ɍɝɥɟɪɨɞ – 70,98 - 80,90; 

 SiO2 – 8,41 - 10,4; 

 CaO – 2,26 - 2,79; 
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 MgO – 1,34 - 1,66; 

 Fe2O3 – 1,89 - 2,33; 

 Al2O3 – 3,82 - 4,73; 

 SO3 – 0,58 - 0,72; 

 K2O – 0,30 - 0,37; 

 Na2O – 0,35 - 0,43; 

 Ʉɢɫɥɨɪɨɞ ɨɛɳɢɣ – 4,53 - 5,60. 

ɋɨɪɛɟɧɬɵ ɋȽɇ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɚɧɚɥɨɝɨɜ ɛɨɥɶɲɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɡɨɩɨɪ ɢ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɢɯ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ. Ȼɨɥɶɲɚɹ ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɚɧɚɥɨɝɚɦɢ ɧɟ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ. Ⱦɥɹ ɪɚɜɧɨɰɟɧɧɨɣ ɡɚɦɟɧɵ ɚɧɚɥɨɝɨɜ ɩɨ 

ɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨɫɬɢ ɢ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ ɩɪɢɦɟɫɟɣ ɢɡ ɦɨɞɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ 

ɧɟɨɛɯɨɞɢɦɚ ɞɜɨɣɧɚɹ ɜɟɫɨɦɚɹ ɧɨɪɦɚ ɫɨɪɛɟɧɬɨɜ ɋȽɇ. ȼ ɷɬɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 

ɜɟɫɨɜɨɣ ɨɛɴɟɦ ɡɚɩɨɥɧɟɧɢɹ ɬɢɩɨɜɵɯ ɮɢɥɶɬɪɨɜ ɫɨɪɛɟɧɬɚɦɢ ɋȽɇ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 

4 ɪɚɡɚ, ɬ.ɟ. ɜɞɜɨɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɪɨɤ ɪɚɛɨɬɵ ɮɢɥɶɬɪɨɜ. ɍɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ: 1,5-2 ɥ ɜ ɱɚɫ ɧɚ 1 ɤɝ ɫɨɪɛɟɧɬɚ ɢ ɞɥɹ ɨɛɳɟɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɬɜɨɪɨɜ, ɨɱɢɳɚɟɦɵɯ ɨɬ ɩɪɢɦɟɫɟɣ 2000-3000 ɥ ɧɚ ɨɞɢɧ ɤɝ 

ɫɨɪɛɟɧɬɚ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɫɨɪɛɟɧɬɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ – ɨɬɫɭɬɫɬɜɢɟ ɚɧɬɪɨɩɨɝɟɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɞɨɛɚɜɨɤ, ɧɚɥɢɱɢɟ ɞɨɥɝɨɜɟɱɧɨɣ ɫɵɪɶɟɜɨɣ ɛɚɡɵ, ɛɟɡɨɬɯɨɞɧɨɣ ɢ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɩɟɪɟɪɚɛɨɬɤɢ ɪɭɞ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɦ 

ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɧɭɸ ɰɟɧɭ. 

ɋɨɪɛɟɧɬɵ ɋȽɇ, ɛɥɚɝɨɞɚɪɹ ɫɨɱɟɬɚɧɢɸ ɭɝɥɟɪɨɞɚ ɢ ɦɢɧɟɪɚɥɨɜ ɛɚɡɚɥɶɬɨɜɵɯ ɩɨɪɨɞ, 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɵɟ ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɢ, ɱɬɨ 

ɫɨɡɞɚɟɬ ɤɨɧɤɭɪɟɧɰɢɸ ɚɤɬɢɜɧɵɦ ɭɝɥɹɦ ɜ ɩɪɨɢɡɜɨɫɬɜɟ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ.   

3) «ɋɨɪɛɟɧɬ Ⱥɋ». ɉɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɱɢɫɬɤɢ ɥɸɛɵɯ ɬɢɩɨɜ ɜɨɞɵ. 

əɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɭɞɚɥɟɧɢɹ ɛɨɥɶɲɨɝɨ 

ɫɩɟɤɬɪɚ ɡɚɝɪɹɡɧɟɧɢɣ, ɜɤɥɸɱɚɹ ɠɟɥɟɡɨ, ɬɹɠɟɥɵɟ ɰɜɟɬɧɵɟ ɦɟɬɚɥɥɵ, ɚɥɸɦɢɧɢɣ, 

ɧɟɮɬɟɩɪɨɞɭɤɬɵ.  
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«ɋɨɪɛɟɧɬ Ⱥɋ» ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɧɚɩɨɪɧɵɯ ɢ ɛɟɡɧɚɩɨɪɧɵɯ 

ɫɢɫɬɟɦɚɯ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɥɨɹ ɡɚɝɪɭɡɤɢ. 

Ⱦɟɣɫɬɜɭɟɬ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪ ɨɤɢɫɥɟɧɢɹ ɜ ɪɟɚɤɰɢɹɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɪɚɫɬɜɨɪёɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ ɠɟɥɟɡɚ (II) ɢ (III), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 

ɨɛɪɚɡɭɟɬɫɹ ɝɢɞɪɨɤɫɢɞ ɠɟɥɟɡɚ (III), ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɟɪɚɫɬɜɨɪɢɦɵɦ 

ɫɨɟɞɢɧɟɧɢɟɦ ɢ ɥɟɝɤɨ ɭɞɚɥɹɟɬɫɹ ɨɛɪɚɬɧɵɦ ɬɨɤɨɦ ɜɨɞɵ. ȼ ɩɪɨɰɟɫɫɟ ɩɪɨɯɨɠɞɟɧɢɹ 

ɜɨɞɵ ɱɟɪɟɡ ɮɢɥɶɬɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ ɧɚ ɟɝɨ ɝɪɚɧɭɥɚɯ ɮɨɪɦɢɪɭɟɬɫɹ ɩɥёɧɤɚ 

ɝɢɞɪɨɨɤɢɫɢ ɠɟɥɟɡɚ, ɤɨɬɨɪɚɹ ɟɳё ɛɨɥɶɲɟ ɩɨɜɵɲɚɟɬ ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ 

ɦɚɬɟɪɢɚɥɚ ɩɨ ɬɹɠёɥɵɦ ɰɜɟɬɧɵɦ ɦɟɬɚɥɥɚɦ. 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɪɛɟɧɬɚ Ⱥɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2.6, ɬɚɤ ɠɟ ɪɚɛɨɱɢɟ ɭɫɥɨɜɢɹ ɫɨɪɛɟɧɬɚ Ⱥɋ ɜ ɬɚɛɥɢɰɟ 2.7. 

 

Ɍɚɛɥɢɰɚ 2.6 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɪɛɟɧɬɚ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɉɨɤɚɡɚɬɟɥɶ 

ɇɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ 700 ± 20 ɤɝ/ɦ3 

ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 150 ± 30 ɦ2/ɝ 

ɂɫɬɢɪɚɟɦɨɫɬɶ 0.06 % 

ɂɡɦɟɥɶɱɚɟɦɨɫɬɶ 0,04 % 

ɍɫɥɨɜɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ 0.79 % 

Ɇɟɠɡɟɪɧɨɜɚɹ ɩɨɪɢɫɬɨɫɬɶ 49 ± 3 % 

Ʉɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɡɟɪɧɚ 1.65-1.71 

Ёɦɤɨɫɬɶ ɩɨ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 170 ɝ/ɤɝ 

Ɋɚɫɱёɬɧɚɹ ёɦɤɨɫɬɶ ɩɨ ɠɟɥɟɡɭ ɢ ɜɡɜɟɲɟɧɧɵɦ ɜɟɳɟɫɬɜɚɦ 1 ɝ/ɥ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɨɞɭɤɥɢɞɨɜ 103-104 

pH ɦɢɧɢɦɭɦ 5.8 

Ɏɪɚɤɰɢɢ ɮɢɥɶɬɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 0.315-0.7; 0.7-1.5; 1.5-3.0 ɦɦ 

 

 

 

 



56 
 

Ɍɚɛɥɢɰɚ 2.7 – Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɪɚɛɨɱɢɟ ɭɫɥɨɜɢɹ 

Ɋɚɛɨɱɢɟ ɭɫɥɨɜɢɹ ɉɨɤɚɡɚɬɟɥɶ 

ȼɵɫɨɬɚ ɫɥɨɹ 40-100 ɫɦ 

ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ 10-20 ɦ/ɱ 

ɋɤɨɪɨɫɬɶ ɩɪɨɦɵɜɤɢ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ 30-35 %  20 ɦ/ɱ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɬɧɨɣ ɩɪɨɦɵɜɤɢ 10 ɦɢɧ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɮɢɥɶɬɪɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ ɩɪɟɞɫɬɚɜɥɟɧɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.12. 

 

  

ɚ)                       ɛ)                     ɜ)                     

 

Ɋɢɫɭɧɨɤ 2.12 – Ɏɢɥɶɬɪɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ: ɚ) – ɩɪɢɦɟɧɟɧɢɟ ɮɢɥɶɬɪɚ ɫ 

ɭɝɥɟɪɨɞɦɢɧɟɪɚɥɶɧɵɦ ɫɨɪɛɟɧɬɨɦ; ɛ) – ɩɪɢɦɟɧɟɧɢɟ ɮɢɥɶɬɪɚ ɫ ɝɪɚɧɨɞɢɨɪɢɬɨɜɵɦ 

ɩɟɫɤɨɦ; ɜ) – ɩɪɢɦɟɧɟɧɢɟ ɮɢɥɶɬɪɚ ɫ ɫɨɪɛɟɧɬɨɦ Ⱥɋ 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ 

ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɝɥɭɛɨɤɭɸ 

ɨɱɢɫɬɤɭ ɫɬɨɤɨɜ. Ɉɫɬɚɬɨɱɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɦɟɞɢ, ɧɢɤɟɥɹ ɢ ɰɢɧɤɚ ɩɨɫɥɟ 

ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɨɱɢɫɬɤɢ ɫɦɨɬɪɟɬɶ ɜ ɬɚɛɥɢɰɟ 2.8. 
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Ɍɚɛɥɢɰɚ 2.8 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ I ɢ II  ɫɬɭɩɟɧɢ ɨɱɢɫɬɤɢ 

ɇ
ɚɡ

ɜɚ
ɧɢ

ɟ 
ɦɟ

ɬɚ
ɥɥ

ɚ 

№
 ɩ

ɪɨ
ɛɵ
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ɨɞ

ɧɚ
ɹ 

ɤɨ
ɧɰ

ɟɧ
ɬɪ

ɚɰ
ɢɹ

, 
ɝ/

ɞɦ
3  

ȼɟ
ɥɢ

ɱɢ
ɧɚ

 p
H

 

Ⱦ
ɨɡ

ɚ 
ɪɟ

ɚɝ
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I ɫɬɭɩɟɧɶ 
ɨɱɢɫɬɤɢ 

II ɫɬɭɩɟɧɶ ɨɱɢɬɫɤɢ 

Cɨɫɬ,(ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ 
ɪɟɚɝɟɧɬɨɦ) 

Ɏɢɥɶɬɪ ɫ 
ɝɪɚɧɨɞɢɨɪɢɬɨ
ɜɵɦ ɩɟɫɤɨɦ 

Ɏɢɥɶɬɪ ɫ 
ɭɝɥɟɪɨɞɦɢɧɟɪɚɥ
ɶɧɵɦ ɫɨɪɛɟɧɬɨɦ 

Ɏɢɥɶɬɪ ɫ 
ɡɚɝɪɭɡɤɨɣ 

ɫɨɪɛɟɧɬɚ Ⱥɋ 

1 2 3 

Ɇɟ
ɨɫɬɋ  Ɇɟ

ɨɫɬɋ  

Cu2+ 1 60 10 0,21 0,037 0,021 0,017 0,016 

Ni2+ 1 10 10 0,21 0,028 0,018 0,018 0,016 

Zn2+ 1 20 10 0,21 0,037 0,028 0,019 0,017 

 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɝɢɫɬɨɝɪɚɦɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ 

ɫɪɚɜɧɢɬɶ ɜɚɪɢɚɧɬɵ ɨɛɪɚɛɨɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɪɚɡɥɢɱɧɵɦɢ ɮɢɥɶɬɪɭɸɳɢɦɢ 

ɦɚɬɟɪɢɚɥɚɦɢ. ɉɨɫɬɪɨɟɧɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.13. 

 

 

Ɋɢɫɭɧɨɤ 2.13 – Ƚɢɫɬɨɝɪɚɦɦɚ I ɢ II  ɫɬɭɩɟɧɟɣ ɨɱɢɫɬɤɢ 
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ȼɵɹɜɥɟɧɨ, ɱɬɨ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɷɮɮɟɤɬ ɨɱɢɫɬɤɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɝɥɟɪɨɞɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɪɛɟɧɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɢɡ ɪɭɞ 

ɫɤɪɵɬɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɪɚɮɢɬɚ ɢɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɮɢɥɶɬɪɚ ɫ ɫɨɪɛɟɧɬɨɦ Ⱥɋ, 

ɧɨ ɭɝɥɟɪɨɞɦɢɧɟɪɚɥɶɧɵɣ ɫɨɪɛɟɧɬ ɧɟ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɩɪɨɱɧɨɫɬɶɸ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 2.9, ɩɨɷɬɨɦɭ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɫɨɪɛɟɧɬ Ⱥɋ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɢɯ ɮɢɥɶɬɪɨɜɚɥɶɧɵɯ ɫɬɚɧɰɢɣ. 

 
Ɍɚɛɥɢɰɚ 2.9 – ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɢɥɶɬɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɮɢɥɶɬɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɂɫɬɢɪɚɟɦɨɫɬɶ, % 

ɍɝɥɟɪɨɞɦɢɧɟɪɚɥɶɧɵɣ ɫɨɪɛɟɧɬ 0,6 

Ƚɪɚɧɨɞɢɨɪɢɬɨɜɵɣ ɩɟɫɨɤ 3,9 

ɋɨɪɛɟɧɬ Ⱥɋ 0,06 
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3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɨɫɚɞɤɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɢ 
ɨɛɟɡɜɪɟɠɢɜɚɧɢɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ ɪɟɚɝɟɧɬɨɦ-ɨɫɚɞɢɬɟɥɟɦ 

 
Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɦɟɪ ɩɨ ɫɨɯɪɚɧɟɧɢɸ ɩɪɢɪɨɞɧɨɣ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ ɹɜɥɹɟɬɫɹ ɭɬɢɥɢɡɚɰɢɹ ɨɬɯɨɞɨɜ ɜɪɟɞɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ.  

Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɫɜɟɳɟɧɵ ɜɨɩɪɨɫɵ ɩɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ 

ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɚɟɦɵɯ ɨɫɚɞɤɨɜ. 

ɋɴɟɦɤɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ 

ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɮɢɪɦɵ Shimadzu XRD-

7000S (ɢɡɥɭɱɟɧɢɟ CuKα). 

 

Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɧɬɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɬɨɦɟɬɪ Shimadzu XRD-7000S 

 

ɊɎȺ ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɨɢɫɤɨɜɨɣ ɫɢɫɬɟɦɵ 

ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɚɬɟɪɢɚɥɨɜ (ɂɉɋ Ɏɂ), ɫɨɜɦɟɳɚɸɳɟɣ 

ɤɚɱɟɫɬɜɟɧɧɵɣ ɢ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ. Ⱦɥɹ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɊɋȺ 

ɩɪɢɦɟɧɹɥɫɹ ɦɟɬɨɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɣ 

ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ARL Quant’X).  

Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɢɧɯɪɨɧɧɨɦ ɬɟɪɦɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ 

SDT Q600 ɫɨɜɦɟɳɟɧɧɨɦ ɫ ɂɄ-Ɏɭɪɶɟ ɫɩɟɤɬɪɨɦɟɬɪɨɦ Nicolet380 ɫ TGA/FT-IR 

ɢɧɬɟɪɮɟɣɫɨɦ (ɩɪɢɫɬɚɜɤɚ ɞɥɹ ɚɧɚɥɢɡɚ ɝɚɡɨɜɨɣ ɮɚɡɵ). 
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Ɋɢɫɭɧɨɤ 3.2 – ɂɄ-Ɏɭɪɶɟ ɫɩɟɤɬɪɨɦɟɬɪ Nicolet 380 ɫɨɜɦɟɫɬɢɦɵɣ ɫ 

ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɨɦ SDT Q600 

 

 Ⱦɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɥ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ȾɌȺ, ɌȽ ɢ 

ɫɨɫɬɚɜ ɜɵɞɟɥɹɸɳɟɣɫɹ ɝɚɡɨɜɨɣ ɮɚɡɵ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɂɄ-ɫɩɟɤɬɪɨɜ ɫɬɪɨɢɥɢ 

ɜɪɟɦɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɜɵɞɟɥɹɸɳɢɯɫɹ ɝɚɡɨɜ. ɉɨ 

ɞɚɧɧɵɦ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɰɟɧɢɜɚɥɢ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ 

ɫɪɟɞɟ ɜɨɡɞɭɯɚ, ɧɚɝɪɟɜ ɩɪɨɜɨɞɢɥɢ ɨɬ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1000 ɋ ɫɨ 

ɫɤɨɪɨɫɬɶɸ 20 К/ɦɢɧ. Ɋɟɡɭɥɶɬɚɬɵ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

3.1. 

 

Ɍɚɛɥɢɰɚ 3.1 – ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɨ ɞɚɧɧɵɦ ɊɋȺ 

ɗɥɟɦɟɧɬ Fe Ni Cu Zn S K Ca Na Mg 

Ʉɨɧɰɟɧɬɪɚɰɢɹ, ɦɚɫɫ, % 0,37 15,66 55,34 16,41 1,45 0,99 9,14 0,13 0,51 

 

Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɩɨɥɭɱɟɧɧɨɝɨ ɨɫɚɞɤɚ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.3. 
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Ɋɢɫɭɧɨɤ 3.3 – Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɨɫɚɞɤɚ 

 

Ɉɩɪɟɞɟɥɟɧɢɸ ɰɢɧɤɚ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɧɚ 

ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɯ ɫɩɟɤɬɪɨɦɟɬɪɚɯ ɫɢɥɶɧɨ ɦɟɲɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɦɟɞɢ ɜ ɩɪɨɛɟ, 

ɬɚɤ ɤɚɤ α-ɥɢɧɢɹ ɰɢɧɤɚ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɫ β-ɥɢɧɢɟɣ ɦɟɞɢ. ɉɨɷɬɨɦɭ ɫɨɜɦɟɫɬɧɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ ɰɢɧɤɚ ɢ ɦɟɞɢ ɜ ɩɪɨɛɟ ɥɭɱɲɟ ɩɪɨɜɨɞɢɬɶ ɞɪɭɝɢɦ ɦɟɬɨɞɨɦ.  

Ɍɚɤ ɤɚɤ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ ɫɨɞɟɪɠɚɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɫɥɨɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɦɟɬɨɞɚɦɢ ɊɎȺ ɢ ɊɋȺ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɩɪɨɜɨɞɢɥɢ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ 

ɞɚɥ ɢɫɫɥɟɞɨɜɚɬɶ 3D ɤɢɧɟɬɢɤɭ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɫɚɞɤɚ Ɋɟɡɭɥɶɬɚɬɵ 

ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.4. 

 

Уɝɨл  (2Q)
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Ɋɢɫɭɧɨɤ 3.4 – 3D-ɂɄ ɫɩɟɤɬɪ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɫɚɞɤɚ (ɨɩɬɢɱɟɫɤɚɹ 

ɩɥɨɬɧɨɫɬɶ -ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ-ɜɪɟɦɹ) 

 

ɋ ɩɨɦɨɳɶɸ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɨɩɪɟɞɟɥɹɸɬ ɩɪɢɪɨɞɭ ɢ ɱɢɫɥɨ ɮɚɡ ɜ ɫɦɟɫɹɯ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ. ȼɯɨɞɹɳɢɟ ɜ 

ɫɦɟɫɶ ɤɨɦɩɨɧɟɧɬɵ ɦɨɝɭɬ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɵ ɩɨ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɚɦ, 

ɫɜɨɣɫɬɜɟɧɧɵɦ ɤɚɠɞɨɦɭ ɜɟɳɟɫɬɜɭ.  

Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɬɨ ɨɞɢɧ ɢɡ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɵɯ ɦɟɬɨɞɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɫɥɟɞɢɬɶ ɯɨɞ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɭɳɧɨɫɬɶ ɬɟɪɦɨɚɧɚɥɢɡɚ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ (ɩɪɢ ɩɨɦɨɳɢ ɤɪɢɜɵɯ ɧɚɝɪɟɜɚɧɢɹ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ 

ɨɛɪɚɡɰɚ) ɬɟɦɩɟɪɚɬɭɪ ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɟɳɟɫɬɜ, 

ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ ɬɟɪɦɢɱɟɫɤɢɦɢ ɷɮɮɟɤɬɚɦɢ, ɬɨ ɟɫɬɶ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ 

(ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ) ɢɥɢ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ). ɉɨ 

ɤɪɢɜɵɦ ɧɚɝɪɟɜɚɧɢɹ ɦɨɠɧɨ ɢɡɭɱɚɬɶ ɷɮɮɟɤɬɵ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ 

ɨɛɪɚɬɢɦɵɯ ɢ ɧɟɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɚɯ, ɩɪɟɜɪɚɳɟɧɢɟ ɚɦɨɪɮɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ, ɪɚɫɩɚɞ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɩɥɚɜɥɟɧɢɟ, ɤɢɩɟɧɢɟ, 

ɪɟɚɤɰɢɢ ɪɚɡɥɨɠɟɧɢɹ, ɞɟɝɢɞɪɚɬɚɰɢɢ, ɨɤɢɫɥɟɧɢɹ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɨɛɦɟɧɚ ɢ ɬ.ɞ.  

ɉɪɢ ɢɡɭɱɟɧɢɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚɪɚɜɧɟ ɫ ɦɟɬɨɞɨɦ ɤɪɢɜɵɯ 

ɧɚɝɪɟɜɚɧɢɹ (ȾɌȺ) ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞ ɪɟɝɢɫɬɪɚɰɢɢ ɜɟɫɚ (ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ 
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ɚɧɚɥɢɡ) ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚɧɢɹ. Ʉɪɢɜɚɹ ɌȽ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɞɢɬɶ ɨ ɤɢɧɟɬɢɤɟ 

ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɞɟɝɢɞɪɨɬɚɰɢɢ, ɞɢɫɫɨɰɢɚɰɢɢ, ɚ ɬɚɤɠɟ 

ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɢɧɟɪɚɥɚ ɜ ɫɦɟɫɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɫɩɟɤɬɪɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɩɨɤɚɡɚɥɢ ɢɡɦɟɧɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ, ɬ.ɟ. ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɹɡɚɬɶ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ, ɩɨ 

ɤɪɢɜɨɣ ɩɨɬɟɪɢ ɦɚɫɫɵ, ɫ ɜɵɞɟɥɟɧɢɟɦ ɷɬɢɯ ɜɟɳɟɫɬɜ, ɧɨ ɩɪɢɪɨɞɭ ɫɚɦɢɯ ɝɚɡɨɜ ɧɟ 

ɭɞɚɥɨɫɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ. Ⱥɧɚɥɢɡ ɛɵɥ ɩɪɨɜɟɞɟɧ ɧɚ ɫɢɧɯɪɨɧɧɨɦ ɚɧɚɥɢɡɚɬɨɪɟ 

SDTQ 600 ɫɨɜɦɟɳɟɧɧɨɦ ɫ ɂɄ-Ɏɭɪɶɟ ɫɩɟɤɬɪɨɦ Nicolet 380 cTGA/FT-IR 

ɢɧɬɟɪɮɟɣɫɨɦ (ɩɪɢɫɬɚɜɤɚ ɞɥɹ ɚɧɚɥɢɡɚ ɝɚɡɨɜɨɣ ɮɚɡɵ).  

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɢɥ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ȾɌȺ, ɌȽ ɢ 

ɫɨɫɬɚɜ ɜɵɞɟɥɹɸɳɟɣɫɹ ɝɚɡɨɜɨɣ ɮɚɡɵ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɂɄ-ɫɩɟɤɬɪɨɜ ɫɬɪɨɢɥɢ 

ɜɪɟɦɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɜɵɞɟɥɹɸɳɢɯɫɹ ɝɚɡɨɜ. ɉɨ 

ɞɚɧɧɵɦ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɰɟɧɢɜɚɥɢ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ 

ɫɪɟɞɟ ɜɨɡɞɭɯɚ, ɧɚɝɪɟɜ ɩɪɨɜɨɞɢɥɢ ɨɬ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1000 0ɋ ɫɨ 

ɫɤɨɪɨɫɬɶɸ 20 К/ɦɢɧ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ 3D – ɂɄ ɫɩɟɤɬɪɨɜ ɩɨɥɭɱɢɥɢ ɜɪɟɦɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɜɵɞɟɥɹɸɳɢɯɫɹ ɝɚɡɨɜ ɫɦɨɬɪɟɬɶ ɧɚ ɪɢɫɭɧɤɟ 3.5. 

 

 

Ɋɢɫɭɧɨɤ 3.5 – Ʉɪɢɜɵɟ ɜɵɞɟɥɟɧɢɹ ɝɚɡɨɜ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɫɚɞɤɚ 



64 
 

Ɍɟɪɦɨɚɧɚɥɢɡ ɨɫɚɞɤɚ ɢ ɫɤɚɧɢɪɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɢɫɯɨɞɢɬ 

ɫɢɧɯɪɨɧɧɨ. ɇɚ ɬɟɪɦɨɝɪɚɦɦɟ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.6, ɨɫɶ X ɨɛɨɡɧɚɱɟɧɢɟ 

ɤɚɤ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɚɤ ɢ ɩɨ ɜɪɟɦɟɧɢ, ɩɨɷɬɨɦɭ ɨɬ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ 

ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɛɪɚɬɧɨ. Ɍɚɤ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ 10,8 – 17,6 ɦɢɧ – ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

200 – 400 0ɋ.  

Ʉɪɢɜɵɟ ɜɵɞɟɥɟɧɢɹ ɝɚɡɨɜ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɫɚɞɤɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɥɢɱɢɢ 

ɪɚɡɥɨɠɟɧɢɹ ɨɪɝɚɧɨɫɨɞɟɪɠɚɳɟɝɨ ɪɟɚɝɟɧɬɚ. ɇɚ ɭɱɚɫɬɤɟ 1 ɧɚ ɤɪɢɜɨɣ ɌȽ 

ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɧɚ 6,5 %. ɗɬɨɬ ɷɮɮɟɤɬ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɵ. ɇɚ ɭɱɚɫɬɤɟ 2 ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ 

ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɨɫɚɞɤɚ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɧɟɛɨɥɶɲɢɦ ɜɵɞɟɥɟɧɢɟɦ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ (10,8-17,6 ɦɢɧɭɬ) ɢ ɜɨɞɵ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɩɪɢ 294,77 °ɋ). ɇɚ ɭɱɚɫɬɤɟ 3 

ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɪɚɡɥɨɠɟɧɢɟɦ 

ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ. Ɋɚɡɥɨɠɟɧɢɸ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɨɬɜɟɱɚɟɬ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɣ 

ɷɮɮɟɤɬ ɫ ɧɚɱɚɥɨɦ ɩɪɢ 678,28 °ɋ. ɉɪɢ ɪɚɡɥɨɠɟɧɢɢ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ 

ɜɵɞɟɥɢɥɨɫɶ 10 % ɋɈ2, ɨɬɫɸɞɚ ɫɥɟɞɭɟɬ ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ 22,7 

%. ɉɥɨɳɚɞɶ ɩɢɤɚ ɧɚ ɤɪɢɜɨɣ ɜɵɞɟɥɟɧɢɹ ɝɚɡɨɜ, ɤɨɬɨɪɚɹ ɨɬɜɟɱɚɟɬ ɡɚ ɜɵɞɟɥɟɧɢɟ 

ɋɈ2 ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɪɚɜɧɚ 0,7, ɚ ɩɥɨɳɚɞɶ ɩɢɤɚ, ɤɨɬɨɪɚɹ 

ɨɬɜɟɱɚɟɬ ɡɚ ɫɝɨɪɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ 0,2. ɉɥɨɳɚɞɢ ɩɢɤɚ 0,7 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ 10 % ɋɈ2, ɡɧɚɱɢɬ ɩɥɨɳɚɞɢ ɩɢɤɚ 0,2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 2,85 % ɋɈ2 

ɢɥɢ 0,78 % ɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɜ ɩɪɨɛɟ 

ɫɨɫɬɚɜɥɹɟɬ 0,78 %. 
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Ɋɢɫɭɧɨɤ 3.6 – Ɍɟɪɦɨɝɪɚɦɦɚ ɨɫɚɞɤɚ 

 

ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɨɫɚɞɤɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ 

ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɫɩɨɫɨɛɭ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɦ 

ɜɨɥɧɨɞɢɫɩɟɪɫɢɨɧɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ Shimadzu XRF-1800.  

 

 

Ɋɢɫɭɧɨɤ 3.7 – Ɋɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɜɨɥɧɨɞɢɫɩɟɪɫɢɨɧɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ 

Shimadzu XRF-1800 
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Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɨɤɫɢɞɵ, ɩɨɫɤɨɥɶɤɭ ɚɧɚɥɢɡ ɤɢɫɥɨɪɨɞɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɧɨɫɢɬ ɜɵɫɨɤɭɸ ɨɲɢɛɤɭ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2 ɢ ɧɚ 

ɪɢɫɭɧɤɟ 3.7. 

Ⱦɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɷɥɟɦɟɧɬɚ ɜ ɦɚɬɟɪɢɚɥɟ 

ɩɪɨɛɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɪɦɨɡɧɨɟ ɢɡɥɭɱɟɧɢɟ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɢɡɥɭɱɟɧɢɟ 

ɦɚɬɟɪɢɚɥɚ ɚɧɨɞɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɢ. Ɍɨɪɦɨɡɧɨɟ ɢɡɥɭɱɟɧɢɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 

ɬɨɪɦɨɠɟɧɢɢ ɷɥɟɤɬɪɨɧɨɜ ɚɧɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɢ. Ɉɧɨ ɪɚɡɥɚɝɚɟɬɫɹ ɜ 

ɫɩɥɨɲɧɨɣ ɫɩɟɤɬɪ, ɢɦɟɸɳɢɣ ɝɪɚɧɢɰɭ ɫɨ ɫɬɨɪɨɧɵ ɦɚɥɵɯ ɞɥɢɧ ɜɨɥɧ. ɉɨɥɨɠɟɧɢɟ 

ɷɬɨɣ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɧɟɪɝɢɟɣ ɩɚɞɚɸɳɢɯ ɧɚ ɜɟɳɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ ɢ ɧɟ 

ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɜɟɳɟɫɬɜɚ. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɥɭɱɢ 

ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɵɛɢɜɚɧɢɢ ɷɥɟɤɬɪɨɧɚ ɨɞɧɨɝɨ ɢɡ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨɟɜ ɚɬɨɦɚ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɯɨɞɨɦ ɧɚ ɨɫɜɨɛɨɞɢɜɲɭɸɫɹ ɨɪɛɢɬɭ ɷɥɟɤɬɪɨɧɚ ɫ ɤɚɤɨɝɨ-ɥɢɛɨ 

ɜɧɟɲɧɟɝɨ ɫɥɨɹ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɥɢɧɟɣɱɚɬɵɦ ɫɩɟɤɬɪɨɦ. 

ȼɨɡɛɭɠɞɟɧɢɟ ɚɬɨɦɨɜ ɜɟɳɟɫɬɜɚ ɜ ɩɪɨɛɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɨɛɥɭɱɟɧɢɢ 

ɪɟɧɬɝɟɧɨɜɫɤɢɦɢ ɥɭɱɚɦɢ ɬɪɭɛɤɢ. ɉɪɨɛɚ ɧɚɱɢɧɚɟɬ ɮɥɭɨɪɟɫɰɢɪɨɜɚɬɶ, ɢɫɩɭɫɤɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ. ɏɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ ɜ ɩɪɨɛɟ 

ɦɨɠɟɬ ɷɦɢɬɢɪɨɜɚɬɶ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɷɧɟɪɝɢɹ 

ɜɨɡɛɭɠɞɚɸɳɢɯ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɤɜɚɧɬɨɜ ɜɵɲɟ, ɱɟɦ ɷɧɟɪɝɢɹ ɫɜɹɡɢ (ɤɪɚɣ 

ɩɨɝɥɨɳɟɧɢɹ) ɜɧɭɬɪɟɧɧɟɝɨ ɷɥɟɤɬɪɨɧɚ ɷɥɟɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ ɜɨɡɛɭɠɞɟɧɢɹ 

ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɨɫɢɬ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɯɚɪɚɤɬɟɪ, ɬ.ɟ. 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɪɚɡɧɵɯ ɥɢɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɩɟɪɟɯɨɞɨɜ, ɷɬɢɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢ «ɹɪɤɨɫɬɶ» ɪɚɡɥɢɱɧɵɯ ɥɢɧɢɣ ɫɩɟɤɬɪɚ. Ⱦɪɭɝɨɣ 

ɜɟɫɶɦɚ ɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɫɩɟɤɬɪɨɜ ɪɟɧɬɝɟɧɨɜɫɤɢɯ 

ɥɭɱɟɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɞɚеɬ ɫɜɨɣ ɫɩɟɤɬɪ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, 

ɜɨɡɛɭɠɞɚɟɬɫɹ ɥɢ ɷɬɨɬ ɷɥɟɦɟɧɬ ɤ ɢɫɩɭɫɤɚɧɢɸ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ ɜ ɫɜɨɛɨɞɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɢɥɢ ɜ ɫɨɫɬɚɜɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɗɬɚ ɨɫɨɛɟɧɧɨɫɬɶ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɨɠɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɨɣ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɩɪɟɞɟɥɢɬɶ ɜɚɥɨɜɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɩɪɨɛɟ. 
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Ɍɚɛɥɢɰɚ 3.2 – Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɫɚɞɤɚ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ, % ɗɥɟɦɟɧɬ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɨɤɫɢɞ) 

29,9 CaO 

32,6 CuO 

9,3 SiO2 

3,36 C 

6,32 MgO 

6,14 NiO 

4,70 S 

4,80 ZnO 

1,11 Al 2O3 

1,05 Fe2O3 

0,50 P 

0,12 K2O 

0,10 Cr2O3 

0,05 MnO 
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Ɋɢɫɭɧɨɤ 3.8 – Ɋɟɧɬɝɟɧɨɜɫɤɢɟ ɫɩɟɤɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ: ɚ) Cu – Intensity 290, ɛ) 

Ni – Intensity 48, ɜ) Zn – Intensity 54, ɝ) Ca – Intensity 185, ɞ) S – Intensity 28 

 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɩɨɥɭɱɚɟɦɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɫɚɞɤɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɚɞɫɨɪɛɢɪɨɜɚɧɧɚɹ ɜɨɞɚ, ɞɜɭɜɨɞɧɵɣ 

ɫɭɥɶɮɚɬ ɤɚɥɶɰɢɹ, ɩɨɥɭɜɨɞɧɵɣ ɫɭɥɶɮɚɬ ɤɚɥɶɰɢɹ, ɫɨɟɞɢɧɟɧɢɹ ɦɟɞɢ, ɧɢɤɟɥɹ, 

ɰɢɧɤɚ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɤɚɥɶɰɢɬ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɚɸɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɫɨɜɪɟɦɟɧɧɭɸ ɫɯɟɦɭ ɭɬɢɥɢɡɚɰɢɢ. 
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3.1.  ɉɪɨɛɥɟɦɵ ɢ ɫɩɨɫɨɛɵ ɭɬɢɥɢɡɚɰɢɢ ɝɚɥɶɜɚɧɨɲɥɚɦɨɜ 
 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ, ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, 

ɨɞɧɚ ɢɡ ɧɢɯ – ɷɬɨ ɩɪɨɛɥɟɦɚ ɭɬɢɥɢɡɚɰɢɢ ɝɚɥɶɜɚɧɨɲɥɚɦɨɜ, ɬɚɤ ɤɚɤ ɫ ɤɚɠɞɵɦ 

ɝɨɞɨɦ ɨɬɯɨɞɨɜ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ, ɚ ɩɨɥɢɝɨɧɵ ɞɥɹ ɢɯ ɯɪɚɧɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ 

ɩɨɫɬɨɹɧɧɨ ɪɚɫɲɢɪɹɬɶ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɬɚɤɢɟ ɨɬɯɨɞɵ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢ 

ɩɨɥɭɱɢɬɶ ɢɡ ɧɢɯ ɫɵɪɶɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɚɡɥɢɱɧɵɯ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɚɥɶɜɚɧɨɲɥɚɦɨɜ: 

1) Ʉɟɪɚɦɡɢɬ; 

2) ɑɟɪɟɩɢɰɚ;  

3) Ʉɟɪɚɦɢɱɟɫɤɚɹ ɩɥɢɬɤɚ; 

4) Ʉɢɪɩɢɱ; 

5) Ȼɟɬɨɧ ɢ ɫɦɟɫɢ ɞɥɹ ɭɤɥɚɞɤɢ ɤɢɪɩɢɱɚ; 

6) Ⱥɫɮɚɥɶɬɨɛɟɬɨɧ; 

7) ɋɢɧɬɟɬɢɱɟɫɤɢɣ ɤɚɭɱɭɤ ɢ ɞɪɭɝɢɟ. 

ɍɬɢɥɢɡɚɰɢɹ ɝɚɥɶɜɚɧɨɲɥɚɦɨɜ ɫɨɞɟɪɠɢɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɵɫɭɲɢɜɚɸɬ ɦɚɫɫɭ, ɚ 

ɡɚɬɟɦ ɞɨɛɚɜɥɹɸɬ, ɤ ɩɪɢɦɟɪɭ, ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɫɦɟɫɶ. Ɍɚɤɢɦ ɠɟ ɫɩɨɫɨɛɨɦ ɟɟ 

ɞɨɛɚɜɥɹɸɬ ɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɭɸ ɫɦɟɫɶ ɢ ɜ ɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɵɣ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɥɚɞɤɢ ɤɢɪɩɢɱɚ.  

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɬɚɤɚɹ ɞɨɛɚɜɤɚ ɩɨɡɜɨɥɹɟɬ 

ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɫɭɲɤɢ ɢ ɜɪɟɦɹ ɨɛɠɢɝɚ ɧɚ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ. ɍɦɟɧɶɲɚɸɬɫɹ 

ɛɪɚɤɢ ɢɡɞɟɥɢɣ. Ⱥ ɬɚɤɠɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɪɚɫɤɢ ɢ ɩɪɨɱɧɨɫɬɶ ɤɟɪɚɦɢɤɢ 

ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ. ɍɬɢɥɢɡɚɰɢɹ ɨɬɯɨɞɨɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɭɬɟɦ 

ɞɨɛɚɜɥɟɧɢɹ ɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɭɸ ɫɦɟɫɶ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɪɧɨ 30% ɫɷɤɨɧɨɦɢɬɶ 

ɳɟɛɟɧɨɱɧɵɣ ɧɚɩɨɥɧɢɬɟɥɶ. 

ɉɟɪɜɵɣ ɫɩɨɫɨɛ ɭɬɢɥɢɡɚɰɢɢ ɝɚɥɶɜɚɧɨ ɲɥɚɦɨɜ – ɷɬɨ ɩɨɥɧɨɟ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɵɪɶɟɜɵɯ ɫɜɨɣɫɬɜ. Ⱥ ɜɬɨɪɨɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɢɧɟɪɚɥɢɡɚɰɢɢ 

ɲɥɚɦɨɜ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɩɨɧɢɦɚɧɢɢ ɬɨɝɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɞɨɛɵɜɚɟɦɵɯ 
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ɫɬɪɨɣɦɚɬɟɪɢɚɥɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɭɫɬɨɣɱɢɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨɞɨɛɧɵɯ 

ɷɥɟɦɟɧɬɨɜ. 

ɒɥɚɦɵ ɩɨɜɵɲɚɸɬ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɤɢ ɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ 

ɤɢɪɩɢɱɚ. ɂɯ ɞɨɥɹ ɩɪɢ ɷɬɨɬ ɫɨɫɬɚɜɥɹɟɬ 3-5 %.  

Ⱦɥɹ ɧɚɲɟɣ ɫɬɪɚɧɵ ɩɪɨɛɥɟɦɚ ɭɬɢɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ, ɬɚɤ ɤɚɤ 

ɨɝɪɨɦɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɯɪɚɧɢɥɢɳ ɝɚɥɶɜɚɧɨɲɥɚɦɨɜ. 

ɉɟɪɟɪɚɛɨɬɤɚ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ ɩɨɡɜɨɥɢɬ ɧɟ ɬɨɥɶɤɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɫɧɢɡɢɬɶ ɬɨɤɫɢɱɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɧɨ ɢ ɨɱɢɫɬɢɬɶ 

ɡɟɦɥɢ ɩɨɞ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, ɚ ɬɚɤɠɟ ɜɵɩɭɫɤɚɬɶ ɪɚɡɥɢɱɧɵɟ 

ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɜɫɟ ɪɚɡɜɢɬɵɟ ɫɬɪɚɧɵ ɦɢɪɚ ɩɵɬɚɸɬɫɹ ɩɟɪɟɪɚɛɨɬɚɬɶ 

ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɬɯɨɞɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɜɬɨɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ 

ɞɪɭɝɢɯ ɜɢɞɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɛɨɥɟɟ ɜɵɝɨɞɧɨ 

ɪɚɫɯɨɞɨɜɚɬɶ ɦɚɬɟɪɢɚɥɵ, ɧɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɩɪɨɛɥɟɦɭ ɫ ɡɚɝɪɹɡɧɟɧɢɟɦ 

ɧɚɲɟɣ ɩɥɚɧɟɬɵ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɭɱɟɧɵɟ ɧɚɭɱɢɥɢɫɶ ɜɵɞɟɥɹɬɶ ɢɡ ɝɚɥɶɜɚɧɨɲɥɚɦɚ, 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɨɫɥɟ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɨɱɢɫɬɤɢ ɩɪɨɦɵɜɧɵɯ 

ɫɬɨɱɧɵɯ ɜɨɞ, ɩɪɨɞɭɤɬ, ɤɨɬɨɪɵɣ ɡɚɦɟɧɹɟɬ ɜ ɪɟɡɢɧɨɜɵɯ ɫɦɟɫɹɯ ɚɤɬɢɜɚɬɨɪ 

ɜɭɥɤɚɧɢɡɚɰɢɢ ɢ ɦɨɞɢɮɢɤɚɬɨɪ, ɤɨɬɨɪɵɣ ɭɜɟɥɢɱɢɜɚɟɬ ɤɪɟɩɥɟɧɢɟ ɪɟɡɢɧɵ ɤ 

ɦɟɬɚɥɥɭ. ɂɡ ɨɬɯɨɞɨɜ ɩɨɫɥɟ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɵ ɧɚɩɨɥɧɢɬɟɥɢ ɞɥɹ 

ɪɟɡɢɧɨɜɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɚɫɛɟɫɬɨɜɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɣ. ȿɫɥɢ ɢɯ ɫɦɟɲɚɬɶ ɫ 

ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɧɬɧɵɦɢ ɨɬɯɨɞɚɦɢ, ɦɨɝɭɬ ɛɵɬɶ ɩɟɪɟɪɚɛɨɬɚɧɵ ɜ ɚɧɬɢɤɨɪɪɨɡɢɣɧɵɣ 

ɩɢɝɦɟɧɬ ɡɚɦɟɧɹɸɳɢɟ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɩɪɟɩɚɪɚɬɵ. Ɇɧɨɝɨɥɟɬɧɟɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ 

ɧɚɭɱɧɵɯ ɪɚɛɨɬɧɢɤɨɜ, ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɢɤɨɜ ɩɪɢɜɟɥɚ ɤ ɬɨɦɭ, 

ɱɬɨ ɫɟɣɱɚɫ ɦɧɨɝɢɟ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ, ɪɟɲɟɧɵ. 
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4. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɫɯɟɦ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ 
ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

ɉɨɫɥɟ ɚɧɚɥɢɡɚ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ 

ɱɚɫɬɢ ɪɚɛɨɬɵ, ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɱɟɬɵɪɟ ɦɟɬɨɞɚ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 

ɫɬɨɱɧɵɯ ɜɨɞ: 

1. Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ. 

Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫɬɨɱɧɵɯ ɜɨɞ ɜ 

ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɜɨɡɧɢɤɚɸɳɟɦ ɩɪɢ 

ɩɟɪɟɦɟɧɧɨɦ ɤɨɧɬɚɤɬɟ ɝɚɥɶɜɚɧɨɩɚɪɵ, ɫɨɫɬɨɹɳɢɟ ɢɯ ɷɥɟɤɬɪɨɞɨɜ, ɢɦɟɸɳɢɯ ɜ 

ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɪɚɡɥɢɱɧɵɟ ɫɬɚɧɞɚɪɬɧɵɟ ɩɨɬɟɧɰɢɚɥɵ. ɇɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ɚɥɸɦɢɧɢɣ (Al), ɠɟɥɟɡɨ (Fe), ɦɟɞɶ (ɋu) ɢ 

ɭɝɥɟɪɨɞ (ɋ). 

ɉɪɨɰɟɫɫɵ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ «ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚɯ» - ɩɪɨɬɨɱɧɵɯ 

ɜɪɚɳɚɸɳɢɯɫɹ ɛɚɪɚɛɚɧɚɯ, ɜ ɤɨɬɨɪɵɟ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɞɨɜ ɡɚɝɪɭɠɚɟɬɫɹ ɫɦɟɫɶ 

ɠɟɥɟɡɧɨɝɨ ɫɤɪɢɩɚ ɫ ɞɪɨɛɥɟɧɧɵɦ ɤɨɤɫɨɦ ɛɟɡ ɜɜɟɞɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 4.1 – 3D ɥɨɤɚɥɶɧɵɯ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ «Ƚɨɪɢɡɨɧɬ» ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ ɞɨ 7,5 ɦ3/ɱɚɫ 
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2. ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɚɹ ɨɛɪɚɛɨɬɤɚ. 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɤɚɤ ɦɟɬɨɞ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɝɪɭɛɨɞɢɫɩɟɪɫɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɦɧɨɠɟɫɬɜɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɠɢɞɤɨɫɬɢ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ: 

 ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɚɹ (ɩɨɥɹɪɢɡɚɰɢɨɧɧɚɹ) ɤɨɚɝɭɥɹɰɢɹ - ɞɢɩɨɥɶ- 

ɞɢɩɨɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ ɡɚ ɫɱɟɬ ɞɚɥɶɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ 

ɩɪɢɬɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ; 

 ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɚɝɭɥɹɰɢɹ - ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɚɫɬɢɰ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɢɯ ɡɚɪɹɞɚ ɢɥɢ ɬɨɥɳɢɧɵ ɞɜɨɣɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ ɡɚ ɫɱɟɬ 

ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɚ (pH ɢ Eh) ɜ ɦɟɠɷɥɟɤɬɪɨɞɧɨɦ 

ɨɛɴёɦɟ ɢɥɢ ɩɪɢɷɥɟɤɬɪɨɞɧɵɯ ɫɥɨɹɯ; 

 ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɤɨɚɝɭɥɹɰɢɹ - ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɚɫɬɢɰ ɩɪɢ 

ɜɜɟɞɟɧɢɢ ɩɨɬɟɧɰɢɚɥɨɨɛɪɚɡɭɸɳɢɯ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ ɡɚ ɫɱɟɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ 

ɪɚɫɬɜɨɪɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ; 

 ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɤɨɚɝɭɥɹɰɢɹ - ɫɥɢɩɚɧɢɟ ɱɚɫɬɢɰ ɡɚ ɫɱɟɬ 

ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɠɢɞɤɨɫɬɢ ɜ 

ɷɥɟɤɬɪɨɥɢɡɟɪɟ (ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɚɤ 

ɩɪɨɞɭɤɬɚɦɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɬɚɤ ɢ ɡɚ ɫɱɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɩɪɢɟɦɨɜ); 

 ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɤɨɚɝɭɥɹɰɢɹ - ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɫɬɨɥɤɧɨɜɟɧɢɣ 

ɱɚɫɬɢɰ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɢɯ ɫɥɢɩɚɧɢɸ, ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɥɨɤɚɥɶɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɱɚɫɬɢɰ ɜ ɦɟɠɷɥɟɤɬɪɨɞɧɨɦ ɨɛɴёɦɟ ɩɪɢ ɢɯ ɬɪɚɧɫɩɨɪɬɟ, ɨɫɚɠɞɟɧɢɢ 

ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɢ ɬ.ɩ. 
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Ɋɢɫɭɧɨɤ 4.2 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ: 1 – 

ɭɫɪɟɞɧɢɬɟɥɶ; 2 – ɢɫɬɨɱɧɢɤ ɬɨɤɚ; 3 – ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪ; 4 – ɨɬɫɬɨɣɧɢɤ; 5 – ɛɚɤ 

ɞɥɹ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɨɫɚɞɤɚ 

 

3. Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ ɨɱɢɫɬɤɢ. 

ɋɚɦɨɟ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɪɚɤɬɢɤɟ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ 

ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɪɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ. Ɉɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɩɪɨɰɟɫɫɵ ɧɟɣɬɪɚɥɢɡɚɰɢɢ, ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ, 

ɨɫɚɠɞɟɧɢɟ ɢ ɨɛɟɡɜɨɠɢɜɚɧɢɟ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɨɫɚɞɤɚ, ɢ ɩɨɡɜɨɥɹɟɬ ɞɨɜɨɥɶɧɨ 

ɩɨɥɧɨ ɭɞɚɥɹɬɶ ɢɡ ɫɬɨɤɨɜ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ. ɉɪɢ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɨɧɵ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɩɟɪɟɜɨɞɹɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɝɢɞɪɨɤɫɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɭɬɟɦ 

ɩɨɜɵɲɟɧɢɹ ɪɇ ɭɫɪɟɞɧɟɧɧɵɯ ɫɬɨɤɨɜ ɞɨ ɪɇ ɢɯ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɨɫɚɠɞɟɧɢɟɦ, ɮɢɥɶɬɪɚɰɢɟɣ. ɇɟɣɬɪɚɥɢɡɚɰɢɹ ɫɜɨɛɨɞɧɵɯ 

ɦɢɧɟɪɚɥɶɧɵɯ, ɤɢɫɥɨɬ ɢ ɯɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 

(ɠɟɥɟɡɨ, ɰɢɧɤ, ɧɢɤɟɥɶ, ɦɟɞɶ ɢ ɞɪ.) ɜ ɜɢɞɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɢɞɪɨɤɫɢɞɨɜ, ɚ 

ɬɚɤɠɟ ɨɫɧɨɜɧɵɯ ɤɚɪɛɨɧɚɬɨɜ ɩɪɨɢɡɜɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɳɟɥɨɱɧɵɯ ɪɟɚɝɟɧɬɨɜ. 

Ƚɥɚɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɪɟɚɝɟɧɬɧɨɝɨ ɦɟɬɨɞɚ – ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɟɝɨ ɞɥɹ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɤɢɫɥɨɬɧɨ-ɳɟɥɨɱɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɦɨɜ ɫ 

ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 

ȼɵɫɨɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ 

(ɨɬɪɚɛɨɬɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɵ ɢ ɷɥɟɤɬɪɨɥɢɬɵ) ɱɚɳɟ ɜɫɟɝɨ ɨɱɢɳɚɸɬ 
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ɫɨɜɦɟɫɬɧɨ ɫ ɦɚɥɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ (ɩɪɨɦɵɜɨɱɧɵɦɢ) ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɢɯ ɪɟɚɝɟɧɬɧɨɣ ɨɱɢɫɬɤɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 4.3 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɚɝɟɧɬɧɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ: 1 – ɪɟɚɤɬɨɪ-ɧɟɣɬɪɚɥɢɡɚɬɨɪ ɤɢɫɥɨ-ɳɟɥɨɱɧɵɯ ɫɬɨɤɨɜ; 2 – 

ɞɨɡɚɬɨɪ ɳɟɥɨɱɧɨɝɨ ɚɝɟɧɬɚ; 3 – ɞɨɡɚɬɨɪ ɮɥɨɤɭɥɹɧɬɚ; 4 – ɞɨɡɚɬɨɪ ɪɚɫɬɜɨɪɚ 

ɤɢɫɥɨɬɵ; 5 – ɨɬɫɬɨɣɧɢɤ; 6 – ɦɟɯɚɧɢɱɟɫɤɢɣ ɮɢɥɶɬɪ; 7 – ɧɚɫɨɫ; 8 – ɧɟɣɬɪɚɥɢɡɚɬɨɪ 

ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ 

 

4. Ɉɱɢɫɬɤɚ ɫ ɩɨɦɨɳɶɸ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ. 

ɂɨɧɨɨɛɦɟɧ – ɩɪɨɰɟɫɫ ɨɛɦɟɧɚ ɦɟɠɞɭ ɢɨɧɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɪɚɫɬɜɨɪɟ ɢ 

ɢɨɧɚɦɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɣ ɮɚɡɵ ɢɨɧɢɬɚ. 

Ɇɟɬɨɞ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɜɟɪɞɵɣ ɦɚɬɟɪɢɚɥ (ɢɨɧɢɬ) 

ɩɨɝɥɨɳɚɟɬ ɢɡ ɜɨɞɵ ɢɨɧɵ ɡɚɝɪɹɡɧɟɧɢɣ ɜ ɨɛɦɟɧ ɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɞɪɭɝɢɯ, ɨɞɧɨɢɦɟɧɧɨ ɡɚɪɹɠɟɧɧɵɯ ɨɛɦɟɧɧɵɯ ɢɨɧɨɜ. ɉɨɷɬɨɦɭ, ɨɛɳɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɜ ɜɨɞɟ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɯɨɬɹ ɢɨɧɧɵɣ ɫɨɫɬɚɜ ɫɬɚɧɨɜɢɬɫɹ 

ɞɪɭɝɢɦ. ɂɨɧɢɬɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɨɛɦɟɧɟ ɤɚɬɢɨɧɨɜ, ɧɚɡɵɜɚɸɬɫɹ ɤɚɬɢɨɧɢɬɚɦɢ, ɚ 

ɚɧɢɨɧɨɜ – ɚɧɢɨɧɢɬɚɦɢ. ɉɪɨɰɟɫɫ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ 

ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
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ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɨɛɪɚɛɨɬɤɚ ɫɬɨɱɧɨɣ ɜɨɞɵ, 

ɜɡɪɵɯɥɟɧɢɟ, ɪɟɝɟɧɟɪɚɰɢɹ ɢ ɨɬɦɵɜɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 4.4 – ɋɯɟɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɨɧɨɨɛɦɟɧɧɢɤɨɜ: 1 – ɨɫɜɟɬɥɢɬɟɥɶ; 2 – 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ; 3 – ɤɚɬɢɨɧɢɬɨɜɵɣ ɮɢɥɶɬɪ; 4 – ɚɧɢɨɧɢɬɨɜɵɣ ɮɢɥɶɬɪ; 5 – 

ɪɟɡɟɪɜɭɚɪ ɞɥɹ ɫɛɨɪɚ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ 

 

4.1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 
ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚ 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɫɨɞɟɪɠɢɬ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ 

ɷɥɟɦɟɧɬ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɜɨɤɪɭɝ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 

ɜɨɪɨɧɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɭ ɨɞɧɨɝɨ ɢɡ ɬɨɪɰɨɜ ɨɛɟɱɚɣɤɢ ɫ ɡɚɡɨɪɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɟ. Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪ ɫɨɞɟɪɠɢɬ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜɧɭɬɪɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 

ɷɥɟɦɟɧɬɚ ɛɚɪɛɚɬɟɪ, ɜɵɩɨɥɧɟɧɧɵɣ ɜ ɜɢɞɟ ɞɜɭɯ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɢ ɫɨɟɞɢɧɟɧɧɵɯ 

ɦɟɠɞɭ ɫɨɛɨɣ ɬɪɭɛɨɤ. Ʉɚɠɞɚɹ ɢɡ ɬɪɭɛɨɤ ɢɦɟɟɬ ɨɬɜɟɪɫɬɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɨ 

ɜɢɧɬɨɜɨɣ ɥɢɧɢɢ, ɲɚɝ ɤɨɬɨɪɨɣ ɪɚɜɟɧ ɞɜɭɦ ɞɥɢɧɚɦ ɬɪɭɛɤɢ. Ɉɞɢɧ ɢɡ ɤɨɧɰɨɜ 

ɛɚɪɛɚɬɟɪɚ ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɟɧ ɜ ɜɨɪɨɧɤɟ, ɚ ɞɪɭɝɨɣ ɩɨɞɫɨɟɞɢɧɟɧ ɤ ɫɢɫɬɟɦɟ ɩɨɞɚɱɢ 

ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ.  

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ɇɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɨɫɬɭɩɚɸɬ ɜ ɭɫɪɟɞɧɢɬɟɥɶ (1), ɝɞɟ 

ɩɪɨɢɫɯɨɞɢɬ ɭɫɪɟɞɧɟɧɢɟ ɫɬɨɤɨɜ ɤɚɤ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɬɚɤ ɢ ɩɨ ɪɚɫɯɨɞɭ, 

ɡɚɬɟɦ ɧɚɫɨɫɨɦ (3) ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɢɥɶɬɪ-ɝɪɹɡɟɜɢɤ (4) ɢ ɩɨɫɬɭɩɚɸɬ ɧɚ 

ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɵ (7). ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɛɚɜɥɹɟɬɫɹ, ɫ ɩɨɦɨɳɶɸ ɛɚɤɨɜ 
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ɞɨɡɚɬɨɪɨɜ (6,8), ɤɢɫɥɨɬɚ (5) ɢ ɳɟɥɨɱɶ (9). Ⱦɚɥɟɟ ɩɨɞɚɸɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɵɣ 

ɨɬɫɬɨɣɧɢɤ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ  (10). 

Ɉɫɜɟɬɥɟɧɧɭɸ ɜɨɞɭ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 

ɩɪɨɰɟɫɫɟ ɢɥɢ ɨɬɩɪɚɜɢɬɶ ɧɚ ɞɨɨɱɢɫɬɤɭ ɧɚ ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ ɫ ɡɟɪɧɢɫɬɨɣ 

ɡɚɝɪɭɡɤɨɣ (12).  Ɉɱɢɳɟɧɧɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ (13), ɨɬ 

ɤɭɞɚ ɦɨɠɟɬ ɫɛɪɚɫɵɜɚɬɶɫɹ ɜ ɝɨɪɨɞɫɤɨɣ ɤɨɥɥɟɤɬɨɪ. 

Ɉɫɚɞɨɤ ɢɡ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ (10) ɩɨɞɚɟɬɫɹ ɧɚɫɨɫɨɦ (3) ɜ 

ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ (14), ɝɞɟ ɨɧ ɦɨɠɟɬ ɧɚɯɨɞɢɬɫɹ ɞɨ 5 ɫɭɬɨɤ. Ɂɚɬɟɦ ɧɚɫɨɫɨɦ 

(3) ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɧɚ ɰɟɧɬɪɢɮɭɝɭ (15), ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɞɟɥɟɧɢɟ ɧɚ 

ɠɢɞɤɭɸ ɢ ɬɜɟɪɞɭɸ ɮɚɡɭ. ɉɨɫɥɟ ɱɟɝɨ ɩɨɞɚɟɬɫɹ ɜ ɛɭɧɤɟɪ ɫɛɨɪɚ ɨɫɚɞɤɚ (16) ɢ 

ɜɵɜɨɡɢɬɫɹ. 

Ɏɭɝɚɬ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ ɰɟɧɬɪɢɮɭɝɟ (15), ɩɨɫɬɭɩɚɟɬ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫ ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ  (17). ɋɥɟɞɨɦ, ɫ 

ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ, ɩɨɞɚɟɬɫɹ ɜ ɝɨɥɨɜɭ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɞɚɥɶɧɟɣɲɭɸ ɨɱɢɫɬɤɭ. 
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4.1.1. Ɋɚɫɱɟɬ ɭɫɪɟɞɧɢɬɟɥɹ 

 

ɍɫɪɟɞɧɢɬɟɥɶ – ɪɟɝɭɥɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɪɚɜɧɨɦɟɪɧɭɸ 

ɩɨɞɚɱɭ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɛɨɬɵ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, 

ɩɪɢɦɟɧɹɸɬ ɭɫɪɟɞɧɢɬɟɥɶ, ɤɨɬɨɪɵɣ ɭɫɪɟɞɧɹɟɬ ɡɚɬɪɚɬɵ ɫɬɨɱɧɨɣ ɜɨɞɵ ɢɥɢ 

ɧɚɯɨɞɹɳɢɯɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟɳɟɫɬɜ. ȼ ɭɫɪɟɞɧɢɬɟɥɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɫɦɟɲɢɜɚɧɢɟ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɨɬɯɨɞɨɜ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 

ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɫɦɟɲɢɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɛɚɪɛɨɬɟɪɵ. ɉɟɪɟɦɟɲɢɜɚɧɢɟ 

ɫɬɨɤɨɜ ɛɚɪɛɨɬɢɪɨɜɚɧɢɟɦ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ. 

Ⱦɥɹ ɭɫɪɟɞɧɟɧɢɹ ɪɚɫɯɨɞɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɢɦɟɧɹɸɬ 

ɤɨɧɬɚɤɬɧɵɣ ɢ ɩɪɨɬɨɱɧɵɣ ɭɫɪɟɞɧɢɬɟɥɶ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢɦɟɧɹɸɬ 

ɩɪɨɬɨɱɧɵɟ ɭɫɪɟɞɧɢɬɟɥɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɧɨɝɨɤɨɪɢɞɨɪɧɵɟ 

(ɦɧɨɝɨɯɨɞɨɜɵɟ) ɪɟɡɟɪɜɭɚɪɵ ɢɥɢ ɟɦɤɨɫɬɢ, ɫɧɚɛɠɟɧɧɵɟ ɩɟɪɟɦɟɲɢɜɚɸɳɢɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ. Ɇɧɨɝɨɤɨɪɢɞɨɪɧɵɟ ɭɫɪɟɞɧɢɬɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɹɦɨɭɝɨɥɶɧɵɦɢ ɢ 

ɤɪɭɝɥɵɦɢ. ɍɫɪɟɞɧɟɧɢɟ ɜ ɧɢɯ ɞɨɫɬɢɝɚɟɬɫɹ ɫɦɟɲɟɧɢɟɦ ɫɬɪɭɣ ɪɚɡɥɢɱɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. 

 

 

Ɋɢɫɭɧɨɤ 4.5  ɋɯɟɦɚ ɪɟɡɟɪɜɭɚɪɚ  ɭɫɪɟɞɧɢɬɟɥɹ: 1 – ɛɚɪɛɨɬɟɪ; 2 – ɜɵɩɭɫɤɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ; 3 – ɜɵɩɭɫɤɧɚɹ ɤɚɦɟɪɚ; 4 – ɜɩɭɫɤɧɵɟ ɨɬɜɟɪɫɬɢɹ; 5 – ɥɨɬɤɢ; 6 –

ɩɨɞɚɸɳɢɟ ɨɬɜɟɪɫɬɢɹ 

 

Ɋɚɫɱɟɬ ɭɫɪɟɞɧɢɬɟɥɹ ɜɟɞɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ 5 ɱɚɫɨɜ. 
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Ɉɛɴɟɦ ɭɫɪɟɞɧɢɬɟɥɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

TQW ɱɚɫ  ,  (4.1) 

 

ɝɞɟ  93,4ɱɚɫQ  ɦ3/ɱ; 

5Ɍ  ɱ. 

 

65,24593,4  TQW ɱɚɫ  ɦ3 

 

ɉɪɨɟɤɬɢɪɭɟɦ 2 ɪɚɛɨɱɢɯ ɨɬɞɟɥɟɧɢɹ, ɫ ɝɥɭɛɢɧɨɣ 5,1H  ɦ. 

ɉɥɨɳɚɞɶ ɨɞɧɨɝɨ ɨɬɞɟɥɟɧɢɹ, ɦ2  
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, (4.2) 

 

22,8
5,12

65,24
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
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
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H

W
F  ɦ2 

 

ɉɪɢ ɲɢɪɢɧɟ ɤɚɠɞɨɝɨ ɪɟɡɟɪɜɭɚɪɚ 3 ɦ ɞɥɢɧɚ ɛɭɞɟɬ ɪɚɜɧɚ 

 

B

F
L  , (4.3) 

 

74,2
3

22,8


B

F
L  ɦ. 

 

ɜɛɜɨɡɞ qLnQ  , (4.4) 

 

ɝɞɟ ɛL  ɞɥɢɧɚ ɛɚɪɛɨɬɟɪɚ, 54,22,074,22,0  LLɛ  ɦ; 

ɜq  ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, 12ɜq  ɦ3/ɱ. 
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96,601254,22  ɜɛɜɨɡɞ qLnQ  ɦ3/ɱ 02,1  ɦ3/ɦɢɧ 

 

ɉɪɢɧɢɦɚɟɦ ɨɞɧɭ ɪɚɛɨɱɭɸ ɜɨɡɞɭɯɨɞɭɜɤɭ ȼɄ- 1,5M1 

 

 

Ɋɢɫɭɧɨɤ 4.6 – ȼɨɞɨɤɨɥɶɰɟɜɨɣ ɤɨɦɩɪɟɫɫɨɪ ȼɄ− 1,5M1: I – ɧɚɝɧɟɬɚɧɢɟ; II  – 

ɜɫɚɫɵɜɚɧɢɟ; III  – ɩɨɞɜɨɞ ɜɨɞɵ; IV – ɨɬɜɨɞ ɜɨɞɵ; V – ɫɥɢɜ ɜɨɞɵ; ɐ.Ɇ. – ɰɟɧɬɪ 

ɦɚɫɫ 

 

Ⱦɥɹ ɩɨɞɚɱɢ ɜɨɞɵ ɨɬ ɭɫɪɟɞɧɢɬɟɥɹ ɞɚɥɟɟ ɩɨ ɫɯɟɦɟ, ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫɵ ȼɄ 

2/26. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɫɚ ȼɄ 2/26:  

 ɉɨɞɚɱɚ – 2,7 – 8 ɦ3/ɱ; 

 ɇɚɩɨɪ – 20 ɦ; 

 Nɞɜ – 2,2 ɤȼɬ; 
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 Ɇɚɫɫɚ ɧɚɫɨɫɚ – 27,6 ɤɝ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɞɨɤɨɥɶɰɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ȼɄ- 1,5M1: 

 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1500 ɨɛ/ɦɢɧ; 

 Ɇɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 8,3 ɤȼɬ. 

Ɋɚɡɦɟɪɵ ɚɝɪɟɝɚɬɚ (ɫ ɜɨɡɞɭɯɨɫɛɨɪɧɢɤɨɦ): 

 Ⱦɥɢɧɚ 615 ɦɦ; 

 ɒɢɪɢɧɚ 340 ɦɦ; 

 ȼɵɫɨɬɚ 346 ɦɦ. 

 

4.1.2. Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚ ɝɪɹɡɟɜɢɤɚ 

 

ɋɥɭɠɢɬ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡ ɜɨɞɵ ɤɪɭɩɧɵɯ ɩɥɚɜɚɸɳɢɯ ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɯ 

ɩɪɢɦɟɫɟɣ. 

ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɚ, ɦ2: 

 

ɮ

ɱɚɫ
ɮ VTK

QK
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
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
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1 , (4.5)  

 

ɝɞɟ 1K – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɦɢɤɪɨɮɢɥɶɬɪɨɜ, ɡɚ ɫɱɟɬ ɨɱɢɫɬɤɢ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ, 03,11 K ; 

2K – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɥɨɳɚɞɶ ɮɢɥɶɬɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɩɨɞ ɜɨɞɨɣ (ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ ɛɚɪɚɛɚɧɚ), 55,02 K ; 

ɮV – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ, 0,5ɮV  ɦ/ɱ; 

T − ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ, 16T  ɱ; 

ɱɚɫQ − ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 93,4ɱɚɫQ ɦ3/ɱ.  
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4.1.3. ɉɨɞɤɢɫɥɟɧɢɟ ɜɨɞɵ  
 

ɉɟɪɟɞ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɩɨɞɤɢɫɥɟɧɢɟ ɜɨɞɵ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɞɨɜɟɫɬɢ pH  ɫɪɟɞɭ 2,5 ɞɨɡɢɪɭɟɦ ɫɟɪɧɭɸ ɤɢɫɥɨɬɭ. 

Ɋɚɫɱɟɬ ɞɨɡɵ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ: 

49 – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɚɫɫɚ ɇ2SO4 
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Ⱦɨɡɢɪɨɜɚɧɢɟ ɤɢɫɥɨɬɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɚɦɟɪɧɨ-ɥɭɱɟɜɨɝɨ  

ɞɢɮɮɭɡɨɪɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. 

Ʉɚɦɟɪɧɨ − ɥɭɱɟɜɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɧɚɯɨɞɢɬɫɹ ɩɨ ɨɫɢ ɩɨɬɨɤɚ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ ɢ ɢɦɟɟɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ: ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɫ 

ɪɚɞɢɚɥɶɧɵɦɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɦɢ ɨɬɜɟɬɜɥɟɧɢɹɦɢ, ɢɦɟɸɳɢɦɢ ɨɬɤɪɵɬɵɟ ɬɨɪɰɵ; 
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ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɪɚɡɦɟɳɟɧɧɨɝɨ ɜɧɭɬɪɢ ɤɚɦɟɪɵ ɫɨɨɫɧɨ, ɪɚɫɤɪɵɬɨɝɨ ɫ 

ɨɛɟɢɯ ɫɬɨɪɨɧ ɢ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɚɦɟɪɵ, ɨɛɪɚɳɟɧɧɨɦ ɤ ɩɨɬɨɤɭ; 

ɪɟɚɝɟɧɬɨɩɪɨɜɨɞɚ, ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɤ ɤɚɦɟɪɟ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ. 

Ɋɟɚɝɟɧɬɨɩɪɨɜɨɞ ɦɨɠɟɬ ɢɦɟɬɶ ɩɪɢɟɦɧɭɸ ɜɨɪɨɧɤɭ ɩɪɢ ɩɨɞɚɱɟ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ 

ɫɚɦɨɬɟɤɨɦ ɢɥɢ ɠɟ ɨɛɴɟɞɢɧɟɧ ɧɚ ɮɥɚɧɰɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɦɦɭɧɢɤɚɰɢɟɣ ɩɪɢ 

ɩɨɞɚɱɟ ɩɨɞ ɧɚɩɨɪɨɦ. 

 

 

Ɋɢɫɭɧɨɤ 4.7 – Ʉɚɦɟɪɧɨ – ɥɭɱɟɜɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ (ɬɢɩ II , ɪɚɫɩɨɥɨɠɟɧɢɟ – 

ɜɧɭɬɪɢ ɬɪɭɛɨɩɪɨɜɨɞɚ): 1 – ɤɨɪɩɭɫ ɬɪɭɛɨɩɪɨɜɨɞɚ; 2 – ɤɚɦɟɪɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ; 3 – 

ɥɭɱɟɜɨɟ ɨɬɜɟɬɜɥɟɧɢɟ; 4 – ɞɜɢɠɟɧɢɟ ɜɨɞɵ; 5 – ɨɬɜɟɪɫɬɢɟ ɞɥɹ ɜɵɯɨɞɚ ɪɚɫɬɜɨɪɚ; 6 

– ɪɚɞɢɚɥɶɧɚɹ ɪɚɫɩɨɪɤɚ; 7 – ɝɥɭɯɚɹ ɪɟɡɢɧɨɜɚɹ ɦɭɮɬɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɫ ɡɚɡɨɪɨɦ 

5 – 10 ɦɦ ɨɬ ɤɨɪɩɭɫɚ ɬɪɭɛɨɩɪɨɜɨɞɚ; 8 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɩɚɬɪɭɛɨɤ; 9 – ɩɨɞɚɱɚ 

ɪɟɚɝɟɧɬɚ; 10 – ɪɟɚɝɟɧɬɨɩɪɨɜɨɞ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɟɦɚ ɤɚɦɟɪɧɨ – ɥɭɱɟɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ: ɩɨɫɬɭɩɥɟɧɢɹ ɱɚɫɬɢ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɩɪɢ ɩɨɦɨɳɢ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɩɚɬɪɭɛɨɤɚ ɜɧɭɬɪɶ ɤɚɦɟɪɵ; ɪɚɡɛɚɜɥɟɧɢɹ ɞɚɧɧɨɣ ɜɨɞɨɣ 

ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜɧɭɬɪɶ ɤɚɦɟɪɵ ɫɤɜɨɡɶ ɪɟɚɝɟɧɬɨɩɪɨɜɨɞ 

(ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɦɟɲɟɧɢɟ); ɭɜɟɥɢɱɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɠɢɞɤɨɝɨ 
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ɪɟɚɝɟɧɬɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɟɝɨ ɪɚɫɫɪɟɞɨɬɨɱɟɧɢɸ ɜ ɩɨɬɨɤɟ; ɪɚɜɧɨɦɟɪɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨ ɫɟɱɟɧɢɸ ɩɨɬɨɤɚ. 

Ʉɚɦɟɪɧɨ – ɥɭɱɟɜɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɪɚɫɩɨɥɚɝɚɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɧɭɬɪɢ 

ɬɪɭɛɨɩɪɨɜɨɞɚ (ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɟɝɨ ɩɨɥɨɠɟɧɢɢ), ɧɚ 

ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɩɨɞɚɸɳɟɝɨ ɢɫɯɨɞɧɭɸ ɜɨɞɭ, ɢɥɢ ɠɟ ɧɚ ɜɯɨɞ-

ɧɨɦ ɭɱɚɫɬɤɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɨɬɜɨɞɹɳɟɝɨ ɜɨɞɭ ɢɡ ɫɨɨɪɭɠɟɧɢɹ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɨɧɚ 

ɩɨɞɥɟɠɢɬ ɩɨɫɥɟɞɭɸɳɟɣ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɟ. 

 

 

Ɋɢɫɭɧɨɤ 4.8 − ɋɯɟɦɵ ɭɫɬɚɧɨɜɤɢ ɤɚɦɟɪɧɨ-ɥɭɱɟɜɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ: ɚ − ɜɛɥɢɡɢ 

ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ; 6 - ɜɛɥɢɡɢ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɨɬɜɨɞɹɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ; 1 - ɬɪɭɛɨɩɪɨɜɨɞ; 2 -ɞɜɢɠɟɧɢɟ ɜɨɞɵ; 

3 - ɤɚɦɟɪɧɨ-ɥɭɱɟɜɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 4 - ɩɨɞɚɱɚ ɪɟɚɝɟɧɬɚ; 5 - ɨɩɨɪɧɚɹ ɤɨɧ-

ɫɬɪɭɤɰɢɹ 

 

4.1.4. Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪ 

 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɹɬɨɪ – ɷɬɨ ɢɡɨɛɪɟɬɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɥɚɫɬɢ 

ɨɱɢɫɬɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɦɵɲɶɹɤɚ, 

ɯɪɨɦɚ, ɮɬɨɪɚ, ɨɪɝɚɧɢɱɟɫɤɢɯ ɮɥɨɬɨɪɟɚɝɟɧɬɨɜ, ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. 
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Ɋɢɫɭɧɨɤ 4.9 – Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪ: 1 – ɛɚɪɚɛɚɧ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚ; 2 – 

ɷɥɟɤɬɪɨɩɪɢɜɨɞ; 3 – ɡɚɝɪɭɡɤɚ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚ ɠɟɥɟɡɧɨɣ ɫɬɪɭɠɤɨɣ ɢ ɤɨɤɫɨɦ; 

4 – ɫɤɪɚɩɨɭɥɨɜɢɬɟɥɶ; 5 – ɜɵɯɨɞ ɩɭɥɶɩɵ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚ 

 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚ 5 ɦ3/ɱ. 

ɉɥɨɳɚɞɶ ɩɨɥɟɡɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢ ɞɢɚɦɟɬɪɟ ɫɬɚɥɶɧɨɣ ɬɪɭɛɵ 4,1D  ɦ ɢ 

ɞɢɚɦɟɬɪɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɬɟɪɠɧɹ 05,0ad  ɦ 

 

)(
4

22
an dDS 

 , (4.8) 

 

54,1)05,04,1(
4

14,3
)(

4
2222  an dDS

  ɦ2. 

 

ȼɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɡɚɝɪɭɡɤɢ, ɩɪɢ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ  

15t  ɦɢɧ 

 

nS

tQ
H


 , (4.9) 

 

8,0
54,1

25,093,4








n

ɱɚɫ

S

tQ
H  ɦ. 
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Ɉɛɳɚɹ ɜɵɫɨɬɚ ɦɨɞɭɥɹ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɨɛɴɟɦɚ ɡɚɝɪɭɡɤɢ ɢ ɨɛɳɟɝɨ 

ɨɛɴɟɦɚ 0,7 

 

7,0

H
H ɨɛɳ  , (4.10) 

 

14,1
7,0

8,0

7,0


H
H ɨɛɳ  ɦ. 

 

Ɉɛɴɟɦ ɚɤɬɢɜɧɨɣ ɡɚɝɪɭɡɤɢ  

 

HSV n  , (4.11) 

 

23,18,054,1  HSV n  ɦ3. 

 

Ɇɚɫɫɚ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɚɤɬɢɜɧɨɣ ɡɚɝɪɭɡɤɢ ɜɵɱɢɫɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɧɚɫɵɩɧɨɝɨ ɜɟɫɚ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɚɫɫɨɜɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɞɥɹ 

ɫɬɚɥɶɧɨɣ ɫɬɪɭɠɤɢ ɢ ɤɨɤɫɚ 4:1 

 

25,0ɡɚɝɪV  ɦ3. 

 

Ɇɚɫɫɚ ɫɬɚɥɶɧɨɣ ɫɬɪɭɠɤɢ 

 

ɫɬɫɬɫɬ VM  , (4.12) 

 

9509501  ɫɬɫɬɫɬ VM   ɤɝ. 
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Ɇɚɫɫɚ ɋȽɇ 

 

ayayay VM  , (4.13) 

 

5,11747025,0  ayayay VM   ɤɝ. 

 

ɋɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ ɞɥɹ ɨɞɧɨɝɨ ɦɨɞɭɥɹ ɢɫɯɨɞɹ ɢɡ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɥɶɧɨɣ ɫɬɪɭɠɤɢ 0,9 ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɳFe  ɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɟ 100 ɦɝ/ɞɦ3 (0,1 ɤɝ/ɦ3) 

 

1,0

9,0
 ɫɬ

ɨɛɳ
M

Fe , (4.14) 

 

8550
1,0

9,0950

1,0

9,0






 ɫɬ

ɨɛɳ
M

Fe  ɦ3. 

Ɇɢɧɢɦɚɥɶɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 5 

ɦ3/ɱ ɩɪɢ 16 ɱɚɫɨɜɨɣ ɪɚɛɨɬɟ ɜ ɫɭɬɤɢ ɫɨɫɬɚɜɢɬ 

 

16


q

Fe
t ɨɛɳ , (4.15) 

 

107
165

8550

16








q

Fe
t ɨɛɳ ɫɭɬ. 

 

Ʉɨɥɢɱɟɫɬɜɨ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɨɜ 

 

q

Q
N ɱɚɫ , (4.16) 
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1986,0
5

93,4


q

Q
N ɱɚɫ ɲɬ. 

 

4.1.5. ɉɨɞɳɟɥɚɱɢɜɚɧɢɟ ɜɨɞɵ 

 

Ⱦɥɹ ɩɨɞɳɟɥɚɱɢɜɚɧɢɹ ɫɬɨɱɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪɚ ɞɨɡɢɪɭɟɦ 

NaOH. 

ɉɟɪɟɜɨɞ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɧɚ NaOH 

 

47648,48
79,1

56,0
 ɤɢɫɥɢɡɜ ɋɋ  ɦɝ/ɞɦ3 (4.17) 

 

Ⱦɥɹ ɞɨɡɢɪɨɜɚɧɢɹ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɢɫɩɨɥɶɡɭɟɦ ɞɢɮɮɭɡɨɪ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɬɢɩ III . 

Ⱦɢɮɮɭɡɨɪɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɦɟɲɟɧɢɹ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɜɨɞɵ ɫ ɠɢɞɤɢɦɢ ɪɟɚɝɟɧɬɚɦɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɫ ɬɟɦɢ, ɤɨɬɨɪɵɟ 

ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɜɟɪɞɵɯ ɩɪɢɦɟɫɟɣ (ɢɡɜɟɫɬɤɨɜɵɦ ɦɨɥɨɤɨɦ, 

ɭɝɨɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ). 

Ȼɵɫɬɪɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɟɚɝɟɧɬɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ: 

 ɩɨɫɬɭɩɥɟɧɢɹ ɱɚɫɬɢ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɜ ɞɢɮɮɭɡɨɪ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ, ɢɦɟɸɳɟɝɨ ɧɚɢɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ ɜ ɹɞɪɟ ɩɨɬɨɤɚ; 

 ɪɟɰɢɪɤɭɥɹɰɢɢ ɜɨɞɵ ɜɧɭɬɪɢ ɞɢɮɮɭɡɨɪɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɚɲɟɧɢɹ 

ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ ɢ ɫɦɟɲɟɧɢɹ ɟɟ ɫ ɪɟɚɝɟɧɬɨɦ, ɩɨɫɬɭɩɚɸɳɢɦ ɜ ɞɢɮɮɭɡɨɪ 

ɱɟɪɟɡ ɪɟɚɝɟɧɬɨɩɪɨɜɨɞ; 

 ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɟɚɝɟɧɬɚ ɜ ɪɚɛɨɱɟɦ 

ɡɚɡɨɪɟ; 

 ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɲɢɪɟɧɢɹ 

ɩɨɬɨɤɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɡɚɡɨɪɚ. 
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Ɋɢɫɭɧɨɤ 4.10 – Ⱦɢɮɮɭɡɨɪɧɵɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ (ɬɢɩ III ): 1 – ɤɨɪɩɭɫ 

ɬɪɭɛɨɩɪɨɜɨɞɚ; 2 – ɞɢɮɮɭɡɨɪ; 3 – ɞɜɢɠɟɧɢɟ ɜɨɞɵ; 4 – ɪɚɛɨɱɢɣ ɡɚɡɨɪ; 5 – ɝɥɭɯɚɹ 

ɪɟɡɢɧɨɜɚɹ ɦɭɮɬɚ; 6 – ɪɚɞɢɚɥɶɧɚɹ ɪɚɫɩɨɪɤɚ; 7 – ɩɨɞɚɱɚ ɪɟɚɝɟɧɬɚ; 8 – ɩɪɢɟɦɧɢɤ 

ɪɟɚɝɟɧɬɚ; 9 – ɪɟɚɝɟɧɬɨɩɪɨɜɨɞ  

 

4.1.6. Ɋɚɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ 
ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 

 

ȼɟɪɬɢɤɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ, ɢɦɟɸɳɢɣ ɰɢɥɢɧɞɪɨɤɨɧɢɱɟɫɤɢɣ ɪɟɡɟɪɜɭɚɪ, 

ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɪɚɡɦɟɳɟɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɩɟɪɟɝɨɪɨɞɤɚ, ɪɚɡɞɟɥɹɸɳɚɹ ɟɝɨ ɧɚ 

ɩɪɢɟɦɧɭɸ ɢ ɨɬɫɬɨɣɧɭɸ ɤɚɦɟɪɵ, ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɜ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɟ 

ɩɨɥɭɩɨɝɪɭɠɧɭɸ ɫɩɢɪɚɥɶɧɭɸ ɧɚɩɪɚɜɥɹɸɳɭɸ, ɪɚɡɦɟɳɟɧɧɭɸ ɜ ɨɬɫɬɨɣɧɨɣ ɤɚɦɟɪɟ 

ɩɪɢɟɦɧɭɸ ɜɨɪɨɧɤɭ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɥɚɜɚɸɳɢɯ ɜɟɳɟɫɬɜ, ɫɨɨɛɳɚɸɳɭɸɫɹ ɫ 

ɡɚɡɨɪɨɦ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ ɢ ɩɪɢɦɵɤɚɸɳɢɦ ɤ 

ɧɟɣ ɤɨɧɰɨɦ ɫɩɢɪɚɥɶɧɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ, ɜɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ ɢ ɤɨɥɶɰɟɜɨɣ ɥɨɬɨɤ 

ɞɥɹ ɨɬɜɨɞɚ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ, ɪɚɡɥɢɱɚɸɳɢɣɫɹ ɬɟɦ, ɱɬɨ, ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɞɚɥɟɧɢɹ ɩɥɚɜɚɸɳɢɯ ɜɟɳɟɫɬɜ, ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɩɟɪɟɝɨɪɨɞɤɚ 

ɜɵɩɨɥɧɟɧɚ ɩɨɥɨɣ ɫ ɨɬɤɪɵɬɨɣ ɜɟɪɯɧɟɣ ɱɚɫɬɶɸ, ɨɬɜɟɪɫɬɢɟɦ ɞɥɹ ɫɥɢɜɚ ɩɥɚɜɚɸɳɢɯ 
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ɜɟɳɟɫɬɜ ɜ ɩɪɢɟɦɧɭɸ ɜɨɪɨɧɤɭ ɢ ɨɤɧɚɦɢ ɞɥɹ ɩɨɞɚɱɢ ɠɢɞɤɨɫɬɢ ɜ ɩɪɢɟɦɧɭɸ 

ɤɚɦɟɪɭ, ɪɚɡɦɟɳɟɧɧɵɦɢ ɩɨɞ ɫɩɢɪɚɥɶɧɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ, ɧɚɪɹɞɭ ɫ ɷɬɢɦ ɜɯɨɞɧɨɣ 

ɩɚɬɪɭɛɨɤ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɫɨɟɞɢɧɟɧ ɫ ɧɢɠɧɟɣ ɱɚɫɬɶɸ ɩɨɥɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɩɟɪɟɝɨɪɨɞɤɢ. 

ɉɪɨɰɟɫɫɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɨɤɚɡɵɜɚɸɬ ɪɟɲɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɜɫɟɝɨ ɤɨɦɩɥɟɤɫɚ ɫɨɨɪɭɠɟɧɢɣ ɩɨ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ ɜɨɞ 

ɤɚɤ ɧɚ ɫɬɚɞɢɢ ɨɬɫɬɚɢɜɚɧɢɹ, ɬɚɤ ɢ ɮɢɥɶɬɪɨɜɚɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 

ɧɚɲɟɣ ɫɬɪɚɧɟ ɬɢɩɨɜɵɟ, ɤɥɚɫɫɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ  ɜ ɨɬɫɬɨɣɧɢɤɢ ɢɥɢ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ 

ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɫɜɟɬɥɢɬɟɥɟɣ, ɩɨ ɩɪɢɱɢɧɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 

ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ ɧɟ ɦɨɝɭɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɜɫɟɯ ɜɚɠɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ. ȼ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ 

ɩɪɨɰɟɫɫɚɦ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɨɫɜɟɬɥɟɧɢɢ ɦɚɥɨɦɭɬɧɵɯ ɰɜɟɬɧɵɯ ɜɨɞ ɜ 

ɩɟɪɢɨɞɵ ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ɉɪɚɤɬɢɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɩɪɢ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ 

ɜɨɞ ɜ ɫɜɨɛɨɞɧɨɦ ɨɛɴɟɦɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɨɛɪɚɡɭɸɬɫɹ ɦɟɥɤɢɟ, ɥɟɝɤɢɟ 

ɯɥɨɩɶɹ, ɤɨɬɨɪɵɟ, ɩɥɨɯɨ ɨɫɚɠɞɚɸɬɫɹ ɞɚɠɟ ɜ ɫɥɨɹɯ ɧɟɛɨɥɶɲɨɣ ɜɵɫɨɬɵ, 

ɜɵɧɨɫɹɬɫɹ ɧɚ ɮɢɥɶɬɪɵ. 

 

 

 

 

 



91 
 

 

Ɋɢɫɭɧɨɤ 4.11 – ȼɟɪɬɢɤɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ 

ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ: 1 – ɥɨɬɨɤ; 2 – ɤɚɦɟɪɚ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ; 3 – ɤɚɪɤɚɫ; 4 – 

ɬɪɭɛɨɩɪɨɜɨɞ ɨɬɜɨɞɚ ɨɫɚɞɤɚ; 5 – ɫɬɨɣɤɚ; 6 – ɤɨɫɵɧɤɚ; 7 – ɩɥɚɫɬɢɧɚ; 8 – ɬɪɭɛɚ; 9 – 

ɫɬɚɧɞɚɪɬɧɨɟ ɢɡɞɟɥɢɟ; 10 – ɨɬɜɨɞ; 11 – ɮɥɚɧɟɰ; 12 – ɬɨɧɤɨɫɥɨɣɧɵɣ ɷɥɟɦɟɧɬ 

 

Ɋɚɫɱɟɬ ɤɚɦɟɪɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 

 

Ʉɚɦɟɪɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɛɥɚɝɨɩɪɢɹɬɧɵɯ 

ɭɫɥɨɜɢɣ, ɞɥɹ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ ɤɨɚɝɭɥɹɰɢɢ, ɱɟɦɭ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɥɚɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ.  

 

93,4ɱɚɫQ  ɦ3/ɱɚɫ − ɪɚɫɯɨɞ, ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɨɬɫɬɨɣɧɢɤɨɜ 1N . 

Ɉɛɴɟɦ ɤɚɦɟɪɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 

 

60

tQ
W ɱ

ɤɯ


 ,  (4.18) 

 

0,986
60

124,93

60








tQ
W ɱ

ɤɯ ɦ3. 
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ɉɥɨɳɚɞɶ ɤɚɦɟɪɵ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 

 

ɜ

ɱɚɫ
ɜ V

Q
f  , (4.19) 

 

ɝɞɟ 18ɜV  ɦ/ɱ. 

 

27,0
18

93,4


ɜ

ɱɚɫ
ɜ V

Q
f  ɦ3. 

 

Ⱦɢɚɦɟɬɪ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɚɦɟɪɵ 

 


ɜ

ɜ
f

D



4 ,  (4.20) 

 

0,58
14,3

0,2744









ɜ

ɜ
f

D  ɦ. 

 

Ⱦɢɚɦɟɬɪ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɚɦɟɪɵ 

 

ɜɯ

ɫ
ɧ V

q
d






4

,  (4.21) 

 

0,021
414,3

0,001369444










ɜɯ

ɫ
ɧ V

q
d


ɦ. 

 

ȼɵɫɨɬɚ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɚɦɟɪɵ 

 

2
)(5,0


ctgdDh ɧɜɤɨɧ  , (4.22) 
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0,41,42)0,0210,58(5,0
2

)(5,0 


ctgdDh ɧɜɤɨɧ ɦ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɤɚɦɟɪɟ 

 

ɤɨɧɩɧ hh  3,0 ,  (4.23) 

 

120,0,43,0 ɩɧh  ɦ. 

 

4

2
ɧ

ɧ
d

f





, (4.24) 

 

0003,0
4

000441,014,3

4

2







 ɧ
ɧ

d
f


 ɦ2. 

 

Ɉɛɴɟɦ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɢ 

 

)(
3

1
ɧɜɧɜɤɨɧɤɨɧ ffffhW  , (4.25) 

 

0,103)0003,00,270003,00,27(0,4
3

1
)(

3

1
 ɧɜɧɜɤɨɧɤɨɧ ffffhW  ɦ3. 

 

Ɉɛɴɟɦ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɧɚɞɫɬɚɜɤɢ ɧɚɞ ɤɨɧɭɫɨɦ 

 

ɤɨɧɤɯɰɢɥ WWW  ,  (4.26) 

 

883,0103,0986,0  ɤɨɧɤɯɰɢɥ WWW  ɦ3. 
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ȼɵɫɨɬɚ ɧɚɞɫɬɚɜɤɢ 

 

ɜ

ɰɢɥ
ɧ f

W
h  ,  (4.27) 

 

27,3
27,0

883,0


ɜ

ɰɢɥ
ɧ f

W
h  ɦ. 

  

ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɤɚɦɟɪɵ 

 

ɧɤɨɧɤ hhh  ,  (4.28) 

 

67,327,34,0  ɧɤɨɧɤ hhh  ɦ. 

  

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɠɟɥɨɛɚ ɞɥɹ ɫɛɨɪɚ ɜɨɞɵ 

 

ɠ

ɫ
ɠ V

q
f




2
,  (4.29) 

 

01,0
1,02

0013694,0

2








ɠ

ɫ
ɠ V

q
f  ɦ2. 

 

ɉɪɢɧɢɦɚɟɦ ɲɢɪɢɧɭ ɠɟɥɨɛɚ 4,0ɠȼ  ɦ. ȼɵɫɨɬɚ ɠɟɥɨɛɚ 

 

ɠ

ɠ
ɠ ȼ

f
h  ,  (4.30) 

 

025,0
4,0

01,0


ɠ

ɠ
ɠ ȼ

f
h  ɦ.  

 

ɑɢɫɥɨ ɡɚɬɨɩɥɟɧɧɵɯ ɨɬɜɟɪɫɬɢɣ 
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Vd

q
n c




0
0 ,  (4.31) 

 

ɝɞɟ 05,00 d  ɦ. 

27,0
1,005,0

0013694,0

0
0 







Vd

q
n c

 ɲɬ. 

 

ɉɟɪɢɦɟɬɪ ɠɟɥɨɛɚ 

 

ɜDP   ,  (4.32) 

 

ɝɞɟ 01,04,0281,02  ɠɠɜ ȼDD   

 

0314,001,014,3  ɜDP   ɦ. 

 

ɒɚɝ ɨɫɢ ɡɚɬɨɩɥɟɧɧɵɯ ɨɬɜɟɪɫɬɢɣ 

 

0
0 n

P
l  ,  (2.33) 

 

12,0
27,0

0314,0

0
0 

n

P
l  ɦ. 

 

Ɋɚɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ 

 

Ɉɬɫɬɨɣɧɢɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɪɭɝɥɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɪɟɡɟɪɜɭɚɪ ɫ 

ɰɟɧɬɪɚɥɶɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɢ ɰɟɧɬɪɚɥɶɧɨɣ ɬɪɭɛɨɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 

ɫɨɛɨɣ ɜɨɞɨɜɨɪɨɬɧɭɸ ɤɚɦɟɪɭ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ. 
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ȼɨɞɚ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɪɢ ɩɨɦɨɳɢ ɫɨɩɥɨ ɩɨɩɚɞɚɟɬ ɜ ɤɚɦɟɪɭ, ɞɜɢɝɚɹɫɶ ɩɨ 

ɧɟɣ ɫɜɟɪɯɭ ɜɧɢɡ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɝɚɫɢɬɟɥɶ ɷɧɟɪɝɢɢ, ɩɨɩɚɞɚɟɬ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ 

ɡɨɧɵ ɨɫɜɟɬɥɟɧɢɹ, ɩɥɚɜɧɨ ɞɜɢɝɚɹɫɶ ɜɜɟɪɯ, ɨɫɜɨɛɨɠɞɚɟɬɫɹ ɨɬ ɜɡɜɟɲɟɧɧɵɯ 

ɜɟɳɟɫɬɜ ɢ ɫɤɚɩɥɢɜɚɟɬɫɹ ɤɨɥɶɰɟɜɵɦɢ ɠɟɥɨɛɚɦɢ, ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɨɬɜɨɞɢɬɫɹ ɞɥɹ 

ɩɨɫɥɟɞɭɸɳɟɣ ɨɱɢɫɬɤɢ. ȼɵɞɟɥɢɜɲɢɣɫɹ ɢɡ ɜɨɞɵ ɨɫɚɞɨɤ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɡɨɧɟ ɜ, 

ɤɨɬɨɪɚɹ ɭɫɬɪɚɢɜɚɟɬɫɹ ɫ ɧɚɤɥɨɧɧɵɦɢ ɩɟɪɟɝɨɪɨɞɤɚɦɢ, ɭɝɨɥ ɤɨɧɭɫɧɨɫɬɢ 70-80°. 

Ⱦɥɹ ɨɛɟɫɩɟɱɢɜɚɧɢɹ ɩɥɚɜɧɨɝɨ ɫɩɨɥɡɚɧɢɹ ɤ ɬɪɭɛɟ, ɩɨ ɤɨɬɨɪɨɣ ɨɫɚɞɨɤ ɩɟɪɢɨɞɢɱɧɨ 

ɭɞɚɥɹɟɬɫɹ ɢɡ ɨɬɫɬɨɣɧɢɤɚ. ȼɵɞɟɥɟɧɢɟ ɢɡ ɜɨɞɵ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɨɬɫɬɨɣɧɢɤɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɪɚɡɧɢɰɵ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 

ɜɜɟɪɯ. 
 

ɉɥɨɳɚɞɶ ɨɬɫɬɨɣɧɢɤɚ 

 

p

ɱɚɫ

VN

Q
F




6,3
 ,  (4.34) 

 

28,2
6,016,3

93,4
5,1

6,3








p

ɱɚɫ

VN

Q
F   ɦ2. 

 

Ⱦɢɚɦɟɬɪ ɨɬɫɬɨɣɧɢɤɚ 

 


4)( 

 ɤɯfF
D ,  (4.35) 

 

28,1
14,3

4)33,028,2(4)(









ɤɯfF

D  ɦ. 

 

 

 

 

Ɉɛɴɟɦ ɨɫɚɞɨɱɧɨɣ ɱɚɫɬɢ 
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

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
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 , (4.36) 
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
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
















dDdD
hW ɤɨɫ

  ɦ3 

 

ɉɟɪɢɨɞ ɪɚɛɨɬɵ ɦɟɠɞɭ ɫɛɪɨɫɚɦɢ ɨɫɚɞɤɚ 

 

)( mCQ

NW
T

ɱɚɫ

oc





 ,  (4.37) 

 

6298,61
)12390(93,4

1500017,7

)(










mCQ

NW
T

ɱɚɫ

oc   ɫɭɬ. 

 

ɉɨɬɟɪɹ ɜɨɞɵ ɫ ɨɫɚɞɤɨɦ 

 

100
)(






mCK

Q cpp
ɨɫ  (4.38) 

 

187,0%8,3100
15000

)12390(5,1
100

)(









mCK

Q cpp
ɨɫ  ɦ3/ɱ. 

 

4.1.7. Ɋɚɫɱɟɬ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ 

 

ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɨɬɫɬɨɣɧɢɤɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɭɫɬɚɧɨɜɤɢ ɬɨɧɤɨɫɥɨɣɧɵɯ ɦɨɞɭɥɟɣ. 

Ɍɨɧɤɨɫɥɨɣɧɵɟ ɷɥɟɦɟɧɬɵ ɢɥɢ ɛɥɨɤɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɢɡ ɦɹɝɤɢɯ ɢɥɢ 

ɩɨɥɭɠɟɫɬɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɫɨɬɨɜɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɢɥɢ ɢɡ 

ɠɟɫɬɤɢɯ ɥɢɫɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɩɨɥɨɤ. 
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Ɋɢɫɭɧɨɤ 4.12 − Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɛɥɨɤɟ: lo 

− ɞɥɢɧɚ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɷɥɟɦɟɧɬɚ; bo − ɲɢɪɢɧɚ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɷɥɟɦɟɧɬɚ; Ho − 

ɜɵɫɨɬɚ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɷɥɟɦɟɧɬɚ; ɇ − ɜɵɫɨɬɚ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɫɨɬɨɛɥɨɤɚ; L − 

ɞɥɢɧɚ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɫɨɬɨɛɥɨɤɚ; ȼ − ɲɢɪɢɧɚ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɫɨɬɨɛɥɨɤɚ 

 

Ɋɚɡɦɟɪɵ ɜ ɩɥɚɧɟ ɨɬɞɟɥɶɧɵɯ ɛɥɨɤɨɜ ɞɥɹ ɭɞɨɛɫɬɜɚ ɢɯ ɦɨɧɬɚɠɚ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 1-1—1,5-1,5 ɦ ɫ ɭɱɟɬɨɦ ɮɚɤɬɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ 

ɫɨɨɪɭɠɟɧɢɹ. ȼɵɫɨɬɭ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɨɧɤɨɫɥɨɣɧɨɝɨ ɹɱɟɢɫɬɨɝɨ ɷɥɟɦɟɧɬɚ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɨɣ 0,03-0,05 ɦ. əɱɟɣɤɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɧɹɬɵ 

ɥɸɛɨɣ ɮɨɪɦɵ, ɢɫɤɥɸɱɚɸɳɟɣ ɧɚɤɨɩɥɟɧɢɟ ɜ ɧɢɯ ɨɫɚɞɤɚ. ɍɝɨɥ ɧɚɤɥɨɧɚ 

ɷɥɟɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɢɦɚɬɶ 50-60ɨ (ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ - ɞɥɹ ɛɨɥɟɟ 

ɦɭɬɧɵɯ ɜɨɞ, ɛɨɥɶɲɢɟ - ɞɥɹ ɦɚɥɨɦɭɬɧɵɯ ɰɜɟɬɧɵɯ). Ⱦɥɢɧɭ ɬɨɧɤɨɫɥɨɣɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɩɟɰɢɚɥɶɧɵɦ ɪɚɫɱɟɬɨɦ ɢ ɩɪɢɧɢɦɚɬɶ 0,9-1,5 ɦ. 

Ɉɫɚɞɨɤ ɢɡ ɨɬɫɬɨɣɧɢɤɚ ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɨɜ ȼɄ 1/16: 

 ɉɨɞɚɱɚ 1,1 – 3,7 ɦ3/ɱ; 

 ɇɚɩɨɪ 14 ɦ; 

 5,1ȾȼN  ɤȼɬ; 

 Ɇɚɫɫɚ ɧɚɫɨɫɚ 23,5 ɤɝ. 

 

 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ 
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VN

Q
F ɱɚɫ

ɬɷ 


6,3
,  (4.39) 

 

27,0
56,31

93,4

6,3








VN

Q
F ɱɚɫ

ɬɷ  ɦ2. 

 

Ɍɨɧɤɨɫɥɨɣɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɢɦɟɸɬ ɪɚɡɦɟɪɵ ɜ 

ɩɥɚɧɟ 05,005,0   ɦ ɢ ɭɝɨɥ ɧɚɤɥɨɧɚ 60 0 ɩɪɢ ɡɧɚɱɟɧɢɹɯ 75,0ɤК  ɢ 7,0.. ɢɨК . 

 

)(

1

..
1

ɤɢɨɫɬ ККК
К


 , (4.40) 

 

ɝɞɟ ɫɬК   ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɪɟɞɧɟɦ 0,7-0,8; 

..ɢɨК  – ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,6-0,75; 

ɤК  – ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɩɨ ɮɚɤɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɫ ɭɱɟɬɨɦ ɬɨɥɳɢɧɵ 

ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɩɪɢɧɢɦɚɬɶ ɟɝɨ ɪɚɜɧɵɦ 0,7-0,95. 

 

4,3
)7,06,07,0(

1

)(

1

..
1 







ɤɢɨɫɬ ККК
К  

 

60sin60cos2 


 ɫɬɮ КК

К


,  (4.41) 

 

31,2
866,05,0

1

60sin60cos2 






 ɫɬɮ КК

К

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Ⱦɥɢɧɚ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

1
0

1
020 





ɚɝ

ɧ

Ku

VK
HKL


 (4.42) 

 

7,0
15,116,0

34,3
05,031,21

0

1
020 









ɚɝ

ɧ

Ku

VK
HKL


 ɦ. 

 

4.1.8. ɋɤɨɪɵɣ ɮɢɥɶɬɪ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɨɣ 

 

 Ɏɢɥɶɬɪɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ  ɞɥɹ ɨɫɜɟɬɥɟɧɢɹ ɜɨɞɵ, ɬ.ɟ. ɡɚɞɟɪɠɚɧɢɹ 

ɨɤɚɡɚɜɲɢɯɫɹ ɜ ɜɨɞɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ. Ɏɢɥɶɬɪɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ 

ɩɪɨɩɭɫɤɚ ɜɨɞɵ ɫɤɜɨɡɶ ɫɥɨɣ ɮɢɥɶɬɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ 

ɩɨɪɢɫɬɭɸ ɫɪɟɞɭ. Ɏɢɥɶɬɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɡɟɪɜɭɚɪ, ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 

ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɨ ɞɪɟɧɚɠɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɧɚ ɤɨɬɨɪɨɟ ɭɤɥɚɞɵɜɚɸɬ ɫɥɨɣ 

ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɫɥɟɞ ɡɚ ɬɟɦ ɫɥɨɣ ɮɢɥɶɬɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ. 

ɋɤɨɪɵɟ ɮɢɥɶɬɪɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɨɫɜɟɬɥɟɧɢɹ ɦɭɬɧɵɯ ɢ ɰɜɟɬɧɵɯ ɜɨɞ ɩɨɫɥɟ 

ɤɨɚɝɭɥɢɪɨɜɚɧɢɹ (ɢ ɨɬɫɬɚɢɜɚɧɢɹ) ɩɪɢ ɪɟɚɝɟɧɬɧɨɦ ɭɦɹɝɱɟɧɢɢ. ɉɪɢ ɫɤɨɪɨɦ 

ɮɢɥɶɬɪɨɜɚɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜɧɟɡɚɩɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɮɢɥɶɬɪɚ, ɬɪɟɛɭɸɳɟɟ ɟɝɨ 

ɨɱɢɫɬɤɢ. ɑɢɫɬɤɭ ɮɢɥɶɬɪɨɜ ɩɪɨɢɡɜɨɞɹɬ ɦɟɬɨɞɨɦ ɩɪɨɦɵɜɤɢ ɮɢɥɶɬɪɭɸɳɟɣ 

ɡɚɝɪɭɡɤɢ ɨɛɪɚɬɧɵɦ ɩɨɬɨɤɨɦ ɜɨɞɵ (ɱɢɫɬɨɣ), ɩɨɞɚɜɚɟɦɨɣ ɫɧɢɡɭ ɱɟɪɟɡ ɞɪɟɧɚɠ ɢ 

ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɫɥɨɣ ɝɪɚɜɢɹ ɢ ɩɟɫɤɚ. 
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Ɋɢɫɭɧɨɤ 4.13 − ɋɤɨɪɵɣ ɮɢɥɶɬɪ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɨɣ: 1 – ɤɨɪɩɭɫ; 2 – 

ɮɢɥɶɬɪɭɸɳɚɹ ɡɚɝɪɭɡɤɚ; 3 – ɨɬɜɨɞ ɮɢɥɶɬɪɚ; 4 – ɩɨɞɚɱɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 5 – ɨɬɜɨɞ 

ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ; 6 – ɧɢɠɧɹɹ ɞɪɟɧɚɠɧɚɹ ɫɢɫɬɟɦɚ (ɇȾɋ); 7 – ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ 

ɫɥɨɣ; 8 – ɠɟɥɨɛ ɞɥɹ ɫɛɨɪɚ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ; 9 – ɩɨɞɚɱɚ ɜɨɞɵ ɧɚ ɩɪɨɦɵɜɤɭ 

 

ɉɪɢ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɮɢɥɶɬɪ ɱɟɪɟɡ ɤɚɪɦɚɧ 8 ɢ ɠɟɥɨɛ 5, 

ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɥɨɢ ɩɟɫɤɚ ɢ ɝɪɚɜɢɹ ɢ ɨɬɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɵ 2. ɉɪɢ ɩɪɨɦɵɜɤɟ ɮɢɥɶɬɪ ɜɤɥɸɱɚɟɬɫɹ, ɩɪɨɦɵɜɧɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɫɧɢɡɭ 

ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɢ ɩɪɨɯɨɞɢɬ ɫɥɨɢ ɝɪɚɜɢɹ ɢ ɩɟɫɤɚ ɜ ɨɛɪɚɬɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. ɉɪɨɦɵɜɤɚ ɞɥɢɬɫɹ 5-7 ɦɢɧɭɬ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 12-18 ɥ/ɫ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɪɚɤɰɢɢ ɡɚɝɪɭɡɤɢ. Ʉɨɥɢɱɟɫɬɜɨ ɮɢɥɶɬɪɨɜ ɧɚ ɫɬɚɧɰɢɢ ɞɨɥɠɧɨ 

ɛɵɬɶ ɧɟ ɦɟɧɟɟ ɱɟɬɵɪɟɯ. ɋɤɨɪɵɟ ɮɢɥɶɬɪɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ ɪɚɛɨɬɭ ɜ 

ɧɨɪɦɚɥɶɧɨɦ ɢ ɮɨɪɫɢɪɨɜɚɧɧɵɯ ɪɟɠɢɦɚɯ. 

 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɮɢɥɶɬɪɨɜ, ɦ2 

 

..21.. 6,3 ɧɪɧp

ɫɭɬ

VtntwnVT

Q
F


 , (4.43) 

 

ɝɞɟ T   ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ ɜ ɬɟɱɟɧɢɢ ɫɭɬɨɤ, 16T  ɱ; 

w   ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɦɵɜɤɢ, 5,12w  ɥ/ɦ2; 

1t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɦɵɜɤɢ, 1,01 t  ɱ; 

2t  – ɩɪɨɫɬɨɣ ɮɢɥɶɬɪɚ ɜ ɫɜɹɡɢ ɫ ɩɪɨɦɵɜɤɨɣ, 55,02 t  ɱ; 

n  – ɱɢɫɥɨ ɩɪɨɦɵɜɨɤ ɮɢɥɶɬɪɚɰɢɢ ɜ ɫɭɬɤɢ, 2n ; 
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..ɧɪV  – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, 6.. ɧɪV  ɦ/ɱ; 

 

47,1
655,0225,121,06,3616

32,118

6,3 ..21..








ɧɪɧp

ɫɭɬ

VtntwnVT

Q
F  ɦ2. 

 

ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɚ, ɦ2 

 

N

F
f  , (4.44) 

 

47,1
1

47,1


N

F
f  ɦ2. 

 

2,1L  ɦ; 

1B  ɦ. 

 

ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɮɨɪɫɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ 

 

1


N

N
VV ɪɧɪɮ , (4.45) 

 

9
13

3
6

1








N

N
VV ɪɧɪɮ  ɦ/ɱ. 

 

Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɮɢɥɶɬɪɚ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ, ɦ3/ɫ 

 

 fqɩɪ , (4.46) 

 

ɝɞɟ  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɦɵɜɤɢ ɮɢɥɶɬɪɚ, 5,12  ɥ/ɫ.ɦ2 
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18,3755,121,47  fqɩɪ  ɥ/ɫ 018,0  ɦ3/ɫ. 

 

Ⱦɢɚɦɟɬɪ ɤɨɥɥɟɤɬɨɪɚ, ɦ 

 

ɤɨɥ

ɤɨɥ
ɤɨɥ V

q
d






4 , (4.47) 

 

098,0
214,3

015,044










ɤɨɥ

ɤɨɥ
ɤɨɥ V

q
d


ɦ 98  ɦɦ 100  ɦɦ. 

ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɚ ɧɚ ɤɚɠɞɨɟ ɨɬɜɟɬɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɦ2 

 

mDLf ɤɨɥɨɬɜ  )( , (4.48) 

 

ɝɞɟ m  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɬɜɟɬɜɥɟɧɢɹɦɢ, 27,0m ; 

L  – ɞɥɢɧɚ ɮɢɥɶɬɪɚ, ɦ. 

 

243,027,0)1,01()(  mDLf ɤɨɥɨɬɜ  ɦ3. 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɨɬɜɟɬɜɥɟɧɢɹ, ɥ/ɫ 

 

 ɨɬɜɨɬɜ fq , (4.49) 

 

04,35,12243,0  ɨɬɜɨɬɜ fq  ɥ/ɫ. 

 

Ⱦɢɚɦɟɬɪ ɨɬɜɟɬɜɥɟɧɢɹ, ɦ 

 

ɨɬɜ

ɨɬɜ
ɨɬɜ V

q
d






4

, (4.50) 
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4,1
214,3

04,344










ɨɬɜ

ɨɬɜ
ɨɬɜ V

q
d


 ɦ. 

 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ, ɦ2      

 





1000

ɮf
f


, (4.51) 

 

003,0
100

2,125,0

1000 





 ɮf
f


 ɦ2. 

 

Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɜ ɮɢɥɶɬɪɟ 

 

m

B
n  , (4.52) 

 

ɝɞɟ B  – ɲɢɪɢɧɚ ɮɢɥɶɬɪɚ, 1B . 

 

47,3
27,0

1


m

B
n  ɨɬɜɟɪɫɬɢɹ. 

 

ɑɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɨɬɜɟɬɜɥɟɧɢɣ 

 

n

n
nɨɬɜ

 0 , (4.53) 

 

ɝɞɟ  0n  – ɱɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɮɢɥɶɬɪɚ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

0

0
0 f

f
n   , (4.54) 
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ɝɞɟ 00002,0
4

005,014,3

4

22

0 






d

f


 ɦ2. 

 

150
00002,0

003,0

0

0
0  f

f
n  ɨɬɜɟɪɫɬɢɣ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɨɬɜɟɬɜɥɟɧɢɣ 

 

385,37
4

1500 
n

n
nɨɬɜ  ɨɬɜɟɪɫɬɢɣ. 

 

Ⱦɥɢɧɚ ɨɬɜɟɬɜɥɟɧɢɹ, ɦ 

 

ɬɪɨɬɜ dLl  , (4.55) 

 

1,11,02,1  ɬɪɨɬɜ dLl  ɦ. 

 

ɒɚɝ ɨɫɢ ɨɬɜɟɪɫɬɢɣ, ɦ 

 

ɨɬɜ

ɨɬɜ

n

l
l 0 , (4.56) 

 

029,0
38

1,1
0 

ɨɬɜ

ɨɬɜ

n

l
l  ɦ 29 ɦɦ. 

 

4.1.9. Ɉɬɜɨɞ ɜɨɞɵ ɩɪɢ ɩɪɨɦɵɜɤɟ ɮɢɥɶɬɪɨɜ 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɨɞɢɧ ɠɟɥɨɛ, ɥ/ɫ 

 

ɠ

ɩɪ
ɠ ɉ

q
q  , (4.57) 
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ɝɞɟ ɠɉ  – ɤɨɥɢɱɟɫɬɜɨ ɠɟɥɨɛɨɜ, 3ɠɉ . 

 

005,0
3

015,0


ɠ

ɩɪ
ɠ ɉ

q
q  ɦ3/ɫ. 

 

ȼɵɫɨɬɚ ɤɪɨɦɤɢ ɠɟɥɨɛɚ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɚɝɪɭɡɤɢ, ɦ 

 

3,0
100





lɇ

h ɮ
ɠ , (4.58) 

 

ɝɞɟ ɮɇ   ɜɵɫɨɬɚ ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɥɨɹ; 

l   ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɮɢɥɶɬɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ. 

 

84,03,0
100

452,1
3,0

100








lɇ
h ɮ

ɠ  ɦ. 

 

Ɋɚɫɱɟɬ ɜɨɞɵ ɧɚ ɩɪɨɦɵɜɤɭ ɮɢɥɶɬɪɚ, % 

 

%100
1000

601 





pɱɚɫ TQ

Ntf
P


, (4.59) 

 

ɝɞɟ pT – ɜɪɟɦɹ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɦɟɠɞɭ ɩɪɨɦɵɜɤɚɦɢ ɱɚɫɬɟɣ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 

 

)( 3210 tttTT  , (4.60) 

 

ɝɞɟ 1t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɦɵɜɤɢ, 1,01 t  ɱ; 

2t  – ɩɪɨɫɬɨɣ ɮɢɥɶɬɪɚ ɜ ɫɜɹɡɢ ɫ ɩɪɨɦɵɜɤɨɣ, 33,02 t  ɱ; 

3t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɛɪɨɫɚ ɩɟɪɜɨɝɨ ɮɢɥɶɬɪɚ ɜ ɫɬɨɤ, 17,03 t  ɱ; 
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0T   ɪɚɛɨɱɢɣ ɮɢɥɶɬɪɨɰɢɤɥ, 1280 T . 

 

4,11)17,03,01,0(12)( 3210  tttTT  ɱ. 

 

%8,11%100
10004,1193,4

160647,15,12
%100

1000

601 









pɱɚɫ TQ

Ntf
P


 

 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɞɧɚ  ɠɟɥɨɛɚ  ɞɨ ɞɧɚ ɫɛɨɪɧɨɝɨ ɤɚɧɚɥɚ, ɦ 

 

2,073,1 3
2

2





ɤɚɧ

ɤɚɧ
ɤɚɧ ɜq

qɇ , (4.61) 

 

ɝɞɟ 018,0 ɩɪɤɚɧ qq  ɦ3/ɫ; 

ɤɚɧɜ  – ɲɢɪɢɧɚ ɫɛɨɪɧɨɝɨ ɤɚɧɚɥɚ, 7,0ɤɚɧɜ  ɦ. 

 

27,02,0
7,081,9

018,0
73,12,073,1 3

2

2

3
2

2








ɤɚɧ

ɤɚɧ
ɤɚɧ ɜq

qɇ  ɦ. 

 

 ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ, ɦ2 

 

ɤɚɧɤɚɧɤɚɧ ɇȼf  , (4.62) 

 

18,025,07,0ɤɚɧ  ɤɚɧɤɚɧ ɇȼf  ɦ2. 

 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɤɚɧɚɥɟ, ɦ/ɫ 

 

ɤɚɧ

ɤɚɧ
ɤɚɧ f

q
V  , (4.63) 
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1,0
18,0

018,0


ɤɚɧ

ɤɚɧ
ɤɚɧ f

q
V  ɦ/ɫ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɩɪɢ ɩɪɨɦɵɜɤɟ ɮɢɥɶɬɪɚ 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɮɢɥɶɬɪɚ 

 

g

V

g

V
h mpɤɨɥ

cp 









 

22
1

2,2
2

..
2

2.. 
, (4.64) 

 

ɝɞɟ 81,9g  ɦ/ɫ2;  

25,1ɤɨɥV  ɦ/ɫ;  

7,1.. ɬɪV  ɦ/ɫ; 

6,0 . 

 

72,0
81,92

7,1

81,92

25,1
1

6,0

2,2

22
1

2,2 22

2

2
..

2

2.. 

























 

g

V

g

V
h mpɤɨɥ

cp 
 ɦ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɮɢɥɶɬɪɭɸɳɟɦ ɫɥɨɟ 

 

ɮɮ ɇɜɚh  )(  , (4.65) 

 

ɝɞɟ  ɚ   ɤɪɭɩɧɨɫɬɶ ɡɟɪɟɧ, 6,0ɚ ; 

  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɦɵɜɤɢ. 

 

975,02,1)5,12017,06,0()(  ɮɮ ɇɜɚh   ɦ. 

 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɫɥɨɹɯ 
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 .... 22,0 cncn Hh  (4.66) 

 

38,15,125,022,022,0 ....  cncn Hh  ɦ/ 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɜɨɞɹɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ   

 

lih mn .. , (4.67) 

 

ɝɞɟ i  – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɤɥɨɧ, 008,0i ; 

100l  ɦ; 

 

8,0100008,0..  lih mn  ɦ. 

  

ɉɨɬɟɪɢ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɧɚɩɨɪɚ   

 

g

V
h co 


2

2

.      (4.68) 

 

37,0
81,92

7,2

2

22

. 






g

V
h co  ɦ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ  ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ 

 

 


g

V
h ɤɨɥ

ɫɦ 2

2

.  , (4.69) 

 

ɝɞɟ 8,1ɤɨɥV  ɦ/ɫ; 

   ɫɭɦɦɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ  
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4321   , (4.70) 

 

ɝɞɟ 984,01  – ɞɥɹ ɤɨɥɟɧɚ; 

26,02   – ɞɥɹ ɡɚɞɜɢɠɤɢ; 

5,03  ; 

92,04   – ɞɥɹ ɬɪɨɣɧɢɤɚ. 

 

44,0
81,92

8,1
664,2

2

22

. 





 g

V
h ɤɨɥ

ɫɦ   ɦ. 

 

ɋɭɦɦɚ ɩɨɬɟɪɶ ɧɚɩɨɪɚ 

 

.......... ɫɦcomncnɮcp hhhhhhh  , (4.71) 

 

685,444,037,08,038,1975,072,0..........  ɫɦcomncnɮcp hhhhhhh  ɦ. 

 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɨɞɴɟɦɚ ɜɨɞɵ ɨɬ ɞɧɚ ɪɟɡɟɪɜɭɚɪɚ ɱɢɫɬɨɣ ɜɨɞɵ ɞɨ 

ɠɟɥɨɛɚ 

 

5,4 ɮɠȽ ɇhh , (4.72) 

 

54,65,42,184,05,4  ɮɠȽ ɇhh  ɦ. 

 

ɇɚɩɨɪ ɧɚɫɨɫɚ 

 

  ..ɧɡȽ hhhɇ , (4.73) 

 

725,125,1685,454,6..   ɧɡȽ hhhɇ  ɦ. 
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Ⱦɥɹ ɩɪɨɦɵɜɤɢ ɮɢɥɶɬɪɨɜ ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫ 4ɆɋɄ – 10ɯ2 

 ɉɨɞɚɱɚ – 60 ɦ3/ɱ; 

 ɇɚɩɨɪ – 20 ɦ; 

 Nɞɜ – 13 ɤȼɬ; 

 Ɇɚɫɫɚ ɧɚɫɨɫɚ – 449 ɤɝ. 

 

4.1.10. Ɋɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ 

 

ȼ ɪɟɡɟɪɜɭɚɪɟ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɫɹ ɨɛɴɟɦ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɞɜɭɯ 

ɩɪɨɦɵɜɨɤ ɜ ɫɭɬɤɢ 

 

ɋɈȻȺКɊЧȼ WWW  , (4.74) 

 

ɝɞɟ ȺКW  – ɚɤɤɭɦɭɥɢɪɭɸɳɢɣ ɨɛɴɟɦ ɡɚ 3 ɱɚɫɚ ɧɟɩɪɟɪɵɜɧɨɝɨ ɡɚɩɚɫɚ, ɪɚɜɟɧ 

 

17,815,9333  ɱȺК qW  ɦ3; (4.75) 

 

ɋɈȻW  –  ɨɛɴɟɦ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɵɣ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟɧɚ 

 

ɈɋȺȾɉɊɈɆɋɈȻ WWW  , (4.76) 

 

ɝɞɟ  10,8
1000

2,136001,05,122

1000

36002






 ɮ

ɉɊɈɆ

Ft
W


 ɦ3; 

3,15%3,31%100
15000

8)-390(3,1
%100

)(









mCK

W pp
ɈɋȺȾ  ɦ3. 

 

13,9453,14510,8  ɈɋȺȾɉɊɈɆɋɈȻ WWW  ɦ3. 
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31,7613,9417,81  ɋɈȻȺКɊЧȼ WWW  ɦ3. 

 

ɉɥɨɳɚɞɶ Ɋɑȼ 

 

ɇ
W

F ɊЧȼ
ɊЧȼ  , (4.77) 

 

15,15
2

30,316


ɇ
W

F ɊЧȼ
ɊЧȼ  ɦ2. 

 

ɉɪɢɧɢɦɚɟɦ Ɋɑȼ 4×4 ɦ. 

 

4.1.11. ɒɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ 

 

ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɤɨɜ, ɨɫɚɞɨɤ ɢɡ ɨɬɫɬɨɣɧɢɤɚ ɢ 

ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ ɩɨɞɚɟɬɫɹ ɜ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ, ɝɞɟ ɨɧ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɞɨ 

5 ɫɭɬɨɤ. 

Ɉɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɲɥɚɦɨɧɚɤɨɩɢɬɟɥɹ ɤ ɜɵɫɨɬɟ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɢ 

ɩɪɢɧɢɦɚɟɦ 5,1/ ɇȾ , ɬɨɝɞɚ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

 

NV

W
F

P

ɭɩɥ






6,3


, (4.78) 

 

ɝɞɟ    – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɭɱɟɬɚ ɨɛɴɟɦɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɫɬɨɣɧɢɤɚ, 5,1 ; 

N  – ɤɨɥɢɱɟɫɬɜɨ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɟɣ, 1N ; 

pV  – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɨɫɚɞɤɚ, 6,0pV  ɦ/ɫ. 

ɭɩɥW  – ɨɛɴɟɦ ɭɩɥɨɬɧɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 

 

ɨɫ

ɭɩɥɱ
ɭɩɥ

nQ
W




 , (4.79) 
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ɝɞɟ ɱQ  – ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɨɫɚɞɤɚ, 103,0ɱQ  ɦ3/ɱ; 

n  – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɬɨɤ, 5n . 

 

3,189
98

94160,208








ɨɫ

ɭɩɥɱ
ɭɩɥ

nQ
W




 ɦ3 

 

2,215
16,06,3

3,1895,1

6,3











NV

W
F

P

ɭɩɥ
 ɦ2. 

 

Ⱦɢɚɦɟɬɪ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ 

 


F

D
4

 , (4.80) 

 

1,68
14,3

1,1144






F

D  ɦ. 

 

ɉɪɢɧɢɦɚɟɦ ɬɪɭɛɨɩɪɨɜɨɞ ɞɥɹ ɨɬɜɨɞɚ ɨɫɚɞɤɚ ɞɢɚɦɟɬɪɨɦ 100 ɦɦ. 

ɉɪɢ ɭɝɥɟ ɧɚɤɥɨɧɚ ɫɬɟɧ ɤ ɝɨɪɢɡɨɧɬɚɥɢ 50˚ ɜɵɫɨɬɚ ɤɨɧɢɱɟɫɤɨɣ ɱɚɫɬɢ 

ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ 

 

)5090(2 


tg

D
hK , (4.81) 

 

1
84,02

1,68

)5090(2








tg

D
hK  ɦ. 

 

Ⱦɥɹ ɩɨɞɚɱɢ ɨɫɚɞɤɚ ɧɚ ɰɟɧɬɪɢɮɭɝɭ ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ȼɄ 1/16: 

 ɉɨɞɚɱɚ – 1,1 –3,7 ɦ3/ɱ; 

 ɇɚɩɨɪ – 14 ɦ; 
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 5,1ȾȼN  ɤȼɬ; 

 Ɇɚɫɫɚ ɧɚɫɨɫɚ – 23,5 ɤɝ. 

 

4.1.12. ɉɨɞɛɨɪ ɰɟɧɬɪɢɮɭɝɢ 

 

ɉɪɢɧɢɦɚɟɦ Ⱦɟɤɚɧɬɟɪ ȼ/DF 300. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 5 ɦ3/ɱ; 

 ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɫɭɯɢɯ ɜɟɳɟɫɬɜ; 

 Ɇɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ – ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ AISI 304; 

 Ɇɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ ɜɵɝɪɭɡɤɢ ɠɢɞɤɨɫɬɢ - ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ AISI 

304; 

 Ɇɚɬɟɪɢɚɥ ɫɢɫɬɟɦɵ ɜɵɝɪɭɡɤɢ ɨɛɟɡɜɨɠɟɧɧɨɝɨ ɨɫɚɞɤɚ - ɧɟɪɠɚɜɟɸɳɚɹ 

ɫɬɚɥɶ AISI 304; 

 Ɇɚɬɟɪɢɚɥ ɛɚɪɚɛɚɧɚ – ɢɡɧɨɫɨɭɫɬɨɣɱɢɜɵɣ ɫɩɥɚɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ASTM 182 F6 NM (AISI); 

 ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɛɚɪɚɛɚɧɚ – 280 ɦɦ; 

 Ⱦɥɢɧɚ ɛɚɪɚɛɚɧɚ – 990 ɦɦ; 

 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ 6000 ɨɛ/ɦɢɧ; 

 ȼɧɭɬɪɟɧɧɢɣ ɲɧɟɤ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ AISI 304; 

 ɑɚɫɬɢ ɲɧɟɤɚ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɫ ɩɪɨɞɭɤɬɨɦ, ɩɨɤɪɵɬɵ ɤɚɪɛɢɞɨɦ 

ɜɨɥɶɮɪɚɦɚ; 

 Ȼɚɪɚɛɚɧ ɭɩɪɚɜɥɹɟɬɫɹ ɪɟɦɟɧɧɵɦ ɩɪɢɜɨɞɨɦ ɢ ɷɥɟɤɬɪɨɦɨɬɨɪɨɦ; 

 Ⱦɢɮɮɟɪɟɧɰɢɚɥ ɨɛɨɪɨɬɨɜ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 1 ɞɨ 60 ɨɛ/ɦɢɧ; 

 ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 7,5 ɤȼɬ, 22Ⱥ, IP55, 2965 ɨɛ/ɦɢɧ; 

 Ƚɚɫɢɬɟɥɶ ɜɢɛɪɚɰɢɣ, ɜɦɨɧɬɢɪɨɜɚɧɧɵɟ ɜ ɧɨɠɤɢ; 

 Ɂɚɩɭɫɤ ɩɪɢ ɩɨɦɨɳɢ ɢɧɜɟɪɬɨɪɚ; 

 ɋɤɪɟɛɨɤ ɞɥɹ ɨɫɚɞɤɚ 0,3 ɤȼɬ; 

 ɍɪɨɜɟɧɶ ɲɭɦɚ – 78 ɞȻ; 

 ȼɟɫ 800 ɤɝ. 
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ɍɫɬɚɧɨɜɥɟɧɵ ɤɨɦɩɥɟɤɬɭɸɳɢɟ: 

 ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ – Siemens; 

 ɉɪɢɜɨɞ – Cyclo; 

 ɉɨɞɲɢɩɧɢɤɢ – SKF/RHP; 

 Ɋɟɦɟɧɶ – Texrope. 

 

 

Ɋɢɫɭɧɨɤ 4.14 – ɐɟɧɬɪɢɮɭɝɚ Ⱦɟɤɚɧɬɟɪ ȼ/DF 300 

 

4.1.13. Ɉɛɪɚɛɨɬɤɚ ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ 

 

Ɂɚɝɪɹɡɧɟɧɧɚɹ ɜɨɞɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɢɡ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ ɢ ɩɨɫɥɟ 

ɩɪɨɦɵɜɤɢ ɮɢɥɶɬɪɨɜ, ɩɨɫɬɭɩɚɟɬ ɧɚ ɞɨɨɱɢɫɬɤɭ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫɨ 

ɜɫɬɪɨɟɧɧɵɦɢ ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ.  

 

4.1.14. Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫ ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ 

 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ — ɩɪɹɦɨɭɝɨɥɶɧɵɣ, ɜɵɬɹɧɭɬɵɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɪɟɡɟɪɜɭɚɪ, ɜ ɤɨɬɨɪɨɦ ɨɫɜɟɬɥɹɟɦɚɹ ɜɨɞɚ ɞɜɢɠɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 

ɛɥɢɡɤɨɦ ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ, ɜɞɨɥɶ ɨɬɫɬɨɣɧɢɤɚ. Ⱦɥɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɵ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɨɬɫɬɨɣɧɢɤɚ ɟɝɨ ɨɛɴɟɦ ɞɟɥɹɬ ɜ 
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ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɟɝɨɪɨɞɤɚɦɢ ɧɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸɳɢɟ 

ɫɟɤɰɢɢ.  

 

Ɋɢɫɭɧɨɤ 4.15 – Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫ ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ: 1 – 

ɨɬɜɨɞ ɨɫɜɟɬɥɟɧɧɨɣ ɢ ɩɨɞɚɱɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 2 – ɜɨɞɨɫɛɨɪɧɵɣ ɤɚɪɦɚɧ; 3 – ɥɨɬɤɢ 

ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɫɛɨɪɚ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ; 4 – ɬɨɧɤɨɫɥɨɣɧɵɟ ɦɨɞɭɥɢ; 5 – 

ɡɨɧɚ ɨɫɜɟɬɥɟɧɢɹ ɜɨɞɵ; 6 – ɫɬɪɭɟɧɚɩɪɚɜɥɹɸɳɚɹ ɩɟɪɟɝɨɪɨɞɤɚ; 7 – ɥɨɬɤɢ ɞɥɹ ɫɛɨɪɚ 

ɢ ɨɬɜɟɞɟɧɢɹ ɜɨɞɵ ɢɡ ɤɚɦɟɪɵ; 8 – ɤɚɦɟɪɚ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ; 10 – 

ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ ɜɨɞɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɬɪɭɛɵ; 11 – ɭɞɚɥɟɧɢɟ ɨɫɚɞɤɚ ɢɡ 

ɨɬɫɬɨɣɧɢɤɚ; 12 – ɤɨɪɨɛɚ ɞɥɹ ɫɛɨɪɚ ɢ ɭɞɚɥɟɧɢɹ ɨɫɚɞɤɚ ɢɡ ɨɬɫɬɨɣɧɢɤɚ; 13 – 

ɡɚɬɨɩɥɟɧɧɵɣ ɜɨɞɨɫɥɢɜ, ɨɬɞɟɥɹɸɳɢɣ ɤɚɦɟɪɭ ɨɬ ɨɬɫɬɨɣɧɢɤɚ 

 

ɋɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ, ɩɨɫɬɭɩɚɸɳɢɣ ɢɡ ɲɥɚɦɨɧɚɤɨɩɢɬɟɥɹ ɢ ɩɪɨɦɵɜɤɢ 

ɮɢɥɶɬɪɨɜ 

 

93,4ɱɚɫQ  ɦ3/ɱ 32,118 ɫɭɬq  ɦ3/ɫɭɬ 

 

ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɨɬɫɬɨɣɧɢɤɨɜ 

 

06,3 u

q
F ɫɭɬ

ɨɬɫ 





,  (4.82) 

 

94,95
45,06,3

118,323,1

6,3 0


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

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ɨɬɫ
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 ɦ2.  
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ɒɢɪɢɧɚ ɨɬɫɬɨɣɧɢɤɚ 

 

NɇV

q
B

ЗɈɫɪ

ɫɭɬ




6,3
, (4.83) 

 

ɝɞɟ ɫɪV  – ɫɪɟɞɧɹɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɞɵ; 

ЗɈɇ  – ɝɥɭɛɢɧɚ ɡɨɧɵ ɨɫɚɠɞɟɧɢɹ; 

N  – ɱɢɫɥɨ ɨɬɫɬɨɣɧɢɤɨɜ. 

 

85,6
136,16,3

32,118

6,3








NɇV

q
B

ЗɈɫɪ

ɫɭɬ  ɦ. 

 

Ⱦɥɢɧɚ ɨɬɫɬɨɣɧɢɤɚ 

 

NB

F
L ɨɛɳ


 ,  (4.84) 

 

86,13
185,6

95,94








NB

F
L ɨɛɳ  ɦ 

 

ɉɟɪɢɨɞɢɱɟɫɤɨɟ ɭɞɚɥɟɧɢɟ ɨɫɚɞɤɚ ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ 

 

Ɉɛɴɟɦ ɡɨɧɵ ɧɚɤɨɩɥɟɧɢɹ 

 

N

mɋQɌ
W ɫpɱɚɫ

Зɇ 





)(24
, (4.85) 

 

ɝɞɟ Ɍ  – ɪɚɛɨɬɚ ɨɬɫɬɨɣɧɢɤɚ ɦɟɠɞɭ ɱɢɫɬɤɚɦɢ, 12Ɍ  ɫɭɬ; 

m  – ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɫɢ, ɜɵɯɨɞɹɳɢɣ ɢɡ ɨɬɫɬɨɣɧɢɤɚ, 8m  ɦɝ/ɞɦ3; 

  – ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɩɥɨɬɧɟɧɧɨɝɨ ɨɫɚɞɤɚ; 
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ɫpɋ  ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

Кɫp ȾКɆɋ  ,  (4.86) 

 

215,435,1055,044,37  Кɫp ȾКɆɋ  ɦɝ/ɥ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɴɟɦ ɡɨɧɵ ɧɚɤɨɩɥɟɧɢɹ 

 

33,3
115000

)8215,43(93,42412)(24
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
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Зɇ 
 ɦ3. 

 

ɉɪɨɰɟɧɬ ɡɚɞɟɪɠɚɧɢɹ ɜɡɜɟɫɢ ɨɬɫɬɨɣɧɢɤɨɦ: 

 

%100
)(
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P , (4.87) 
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Ɉɛɴɟɦ ɨɞɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ 

 

HBLW  ,  (4.88) 

 

ɝɞɟ H  ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ЗɇЗɈ ɇɇɇ  , (4.89) 
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04,304,03  ЗɇЗɈ ɇɇɇ  ɦ 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ 

 

62,28804,385,686,13  HBLW  ɦ3 

 

ɇɟɩɪɟɪɵɜɧɨɟ ɭɞɚɥɟɧɢɟ ɨɫɚɞɤɚ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɝɨ ɨɫɚɞɤɚ 
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Ɋɚɫɯɨɞ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɫ ɨɫɚɞɤɨɦ 

 

tPn

P
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1001
,  (4.91) 

 

ɝɞɟ n  – ɤɨɥɢɱɟɫɬɜɨ ɤɨɪɢɞɨɪɨɜ ɜ ɨɬɫɬɨɣɧɢɤɟ; 

ɌɊ  – ɫɨɞɟɪɠɚɧɢɟ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɨɫɚɞɤɟ; 

t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɛɪɨɫɚ ɨɫɚɞɤɚ. 
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ɉɥɨɳɚɞɶ ɜɫɟɯ ɨɬɜɟɪɫɬɢɣ ɜ ɞɵɪɱɚɬɵɯ ɬɪɭɛɚɯ 

 

 
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2

00
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
,  (4.92) 

 

ɝɞɟ 0k  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɮɨɪɚɰɢɢ. 

 

05,0
4
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7,0
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Ʉɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɧɚ ɨɞɧɨɣ ɬɪɭɛɟ 

 

0
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0 f

f
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 ,  (4.93) 
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0005,0
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ɒɚɝ ɨɫɢ ɨɬɜɟɪɫɬɢɣ 

 

0
0 n

L
l  ,  (4.94) 

 

14,0
100

86,13

0
0 

n

L
l ɦ. 

 

4.1.15. Ɋɚɫɱɟɬ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ 

 

Ɍɨɧɤɨɫɥɨɣɧɵɟ ɷɥɟɦɟɧɬɵ ɢɥɢ ɛɥɨɤɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɢɡ ɦɹɝɤɢɯ ɢɥɢ 

ɩɨɥɭɠɟɫɬɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɫɨɬɨɜɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɢɥɢ ɢɡ 

ɠɟɫɬɤɢɯ ɥɢɫɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɩɨɥɨɤ. 
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ɋɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ 
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Ɍɨɧɤɨɫɥɨɣɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɢɦɟɸɬ ɪɚɡɦɟɪɵ ɜ 

ɩɥɚɧɟ 05,005,0   ɦ ɢ ɭɝɨɥ ɧɚɤɥɨɧɚ 60 0 ɩɪɢ ɡɧɚɱɟɧɢɹɯ 75,0ɤК  ɢ 7,0.. ɢɨК . 
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ɝɞɟ ɫɬК   ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɪɟɞɧɟɦ 0,7-0,8; 

..ɢɨК  – ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,6-0,75; 

ɤК  – ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɩɨ ɮɚɤɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɫ ɭɱɟɬɨɦ ɬɨɥɳɢɧɵ 

ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɩɪɢɧɢɦɚɬɶ ɟɝɨ ɪɚɜɧɵɦ 0,7-0,95. 
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Ⱦɥɢɧɚ ɬɨɧɤɨɫɥɨɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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4.2. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 
ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ 

 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɪɚɫɬɜɨɪɟɧɢɢ 

ɷɥɟɤɬɪɨɞɨɜ (ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɷɥɟɤɬɪɨɞɟ — ɚɧɨɞɟ ɢɨɧɵ ɨɬɞɚɸɬ ɷɥɟɤɬɪɨɧɵ, 

ɬ. ɟ. ɩɪɨɬɟɤɚɟɬ ɪɟɚɤɰɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ; ɧɚ ɨɬɪɢɰɚɬɟɥɶɧɨɦ 

ɷɥɟɤɬɪɨɞɟ — ɤɚɬɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ, ɬ. ɟ. ɩɪɨɬɟɤɚɟɬ 

ɪɟɚɤɰɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ) ɢɡ ɚɥɸɦɢɧɢɹ, ɠɟɥɟɡɚ ɢɥɢ ɢɯ ɫɩɥɚɜɨɜ ɜ ɷɥɟɤɬɪɨɥɢɬɟ 

(ɫɬɨɱɧɚɹ ɜɨɞɚ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɜɵɫɨɤɨɣ 

ɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɞɪɨɨɤɫɢɞɨɜ 

ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɢɨɧɵ ɢ ɦɨɥɟɤɭɥɵ ɡɚɝɪɹɡɧɢɬɟɥɹ, ɢ ɩɪɨɢɫɯɨɞɢɬ ɤɨɚɝɭɥɹɰɢɹ 

(ɫɥɢɩɚɧɢɟ) ɱɚɫɬɢɰ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɫɚɠɞɟɧɢɟɦ. 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ɇɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɨɫɬɭɩɚɸɬ ɜ ɭɫɪɟɞɧɢɬɟɥɶ (1), ɝɞɟ 

ɩɪɨɢɫɯɨɞɢɬ ɭɫɪɟɞɧɟɧɢɟ ɫɬɨɤɨɜ ɤɚɤ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɬɚɤ ɢ ɩɨ ɪɚɫɯɨɞɭ, 

ɡɚɬɟɦ ɧɚɫɨɫɨɦ (3) ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɢɥɶɬɪ-ɝɪɹɡɟɜɢɤ (4) ɢ ɩɨɫɬɭɩɚɸɬ ɧɚ 

ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɵ (8), ɝɞɟ ɫ ɩɨɦɨɳɶɸ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ (7) ɩɨɞɚɟɬɫɹ 

ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɛɚɜɥɹɟɬɫɹ, ɫ ɩɨɦɨɳɶɸ ɛɚɤɚ ɞɨɡɚɬɨɪɚ 

(6), ɤɢɫɥɨɬɚ, ɢɡ ɪɚɫɯɨɞɧɨɝɨ ɛɚɤɚ ɤɢɫɥɨɬɵ (5). ɉɨɫɥɟ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɨɜ 

ɩɨɞɚɸɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ 

ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ (10). 

Ɉɫɜɟɬɥɟɧɧɭɸ ɜɨɞɭ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 

ɩɪɨɰɟɫɫɟ ɢɥɢ ɨɬɩɪɚɜɢɬɶ ɧɚ ɞɨɨɱɢɫɬɤɭ ɧɚ ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ ɫ ɡɟɪɧɢɫɬɨɣ 

ɡɚɝɪɭɡɤɨɣ (12).  Ɉɱɢɳɟɧɧɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ 

(13), ɨɬ ɤɭɞɚ ɦɨɠɟɬ ɫɛɪɚɫɵɜɚɬɶɫɹ ɜ ɝɨɪɨɞɫɤɨɣ ɤɨɥɥɟɤɬɨɪ. 

Ɉɫɚɞɨɤ ɢɡ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ (10) ɩɨɞɚɟɬɫɹ ɧɚɫɨɫɨɦ (3) 

ɜ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ (14), ɝɞɟ ɨɧ ɦɨɠɟɬ ɧɚɯɨɞɢɬɫɹ ɞɨ 5 ɫɭɬɨɤ. Ɂɚɬɟɦ 

ɧɚɫɨɫɨɦ (3) ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɧɚ ɰɟɧɬɪɢɮɭɝɭ (15), ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 
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ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɠɢɞɤɭɸ ɢ ɬɜɟɪɞɭɸ ɮɚɡɭ. ɉɨɫɥɟ ɱɟɝɨ ɩɨɞɚɟɬɫɹ ɜ ɛɭɧɤɟɪ 

ɫɛɨɪɚ ɨɫɚɞɤɚ (16) ɢ ɜɵɜɨɡɢɬɫɹ. 

Ɏɭɝɚɬ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ ɰɟɧɬɪɢɮɭɝɟ (15), ɩɨɫɬɭɩɚɟɬ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫ ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ  (17). ɋɥɟɞɨɦ, 

ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ, ɩɨɞɚɟɬɫɹ ɜ ɝɨɥɨɜɭ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɞɚɥɶɧɟɣɲɭɸ 

ɨɱɢɫɬɤɭ. 
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Ɋɚɫɱɟɬ ɭɫɪɟɞɧɢɬɟɥɹ ɚɧɚɥɨɝɢɱɟɧ ɩɭɧɤɬɭ 4.1.1. 
 

Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚ-ɝɪɹɡɟɜɟɤɚ ɚɧɚɥɨɝɢɱɟɧ 4.1.2.  

 

4.2.1. Ɋɚɫɱɟɬ ɷɥɟɤɬɪɨɥɢɡёɪɚ ɫ ɠɟɥɟɡɧɵɦɢ ɚɧɨɞɚɦɢ 

 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɵ ɫ ɠɟɥɟɡɧɵɦɢ ɚɧɨɞɚɦɢ ɨɬɧɨɫɹɬɫɹ ɤ 

ɧɟɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɨɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɬɢɩɚ ɫ ɩɥɚɫɬɢɧɱɚɬɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɵ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɞɟɣɫɬɜɢɹ. ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ ɫ ɧɚɤɥɨɧɧɵɦ ɞɧɨɦ ɢ 

ɤɪɵɲɤɨɣ, ɷɥɟɤɬɪɨɞɧɨɣ ɫɢɫɬɟɦɵ, ɩɟɧɨɭɞɚɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɪɨɦɟ ɬɨɝɨ, ɞɨɥɠɧɵ ɛɵɬɶ 

ɫɧɚɛɠɟɧɵ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɨɝɨ ɜɩɭɫɤɚ ɢ ɜɵɩɭɫɤɚ ɜɨɞɵ ɢ 

ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɚɩɩɚɪɚɬɟ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ. 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɵ ɨɛɨɢɯ ɬɢɩɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɫɧɚɛɠɟɧɵ ɩɚɬɪɭɛɤɚɦɢ ɫ 

ɜɟɧɬɢɥɹɦɢ ɞɥɹ ɜɵɩɭɫɤɚ ɢ ɜɩɭɫɤɚ ɜɨɞɵ, ɩɟɧɵ, ɟɦɤɨɫɬɹɦɢ ɞɥɹ ɫɛɨɪɚ ɩɟɧɵ ɢ 

ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ ɭɞɚɥɟɧɢɹ ɜɨɞɨɪɨɞɚ. 

Ʉɨɪɩɭɫ ɷɥɟɤɬɪɨɥɢɡɟɪɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɫɥɟɞɭɟɬ ɢɡɝɨɬɨɜɥɹɬɶ ɢɡ 

ɥɢɫɬɨɜɨɣ ɭɝɥɟɪɨɞɧɨɣ ɫɬɚɥɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɧɟɫɟɧɢɟɦ ɧɚ ɜɧɭɬɪɟɧɧɸɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɧɚɩɪɢɦɟɪ, ɢɡ ɜɢɧɢɩɥɚɫɬɚ ɢɥɢ ɷɩɨɤɫɢɞɧɵɯ 

ɫɦɨɥ. 

Ʉɪɵɲɤɚ ɷɥɟɤɬɪɨɥɢɡɟɪɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɵɞɟɥɟɧɢɹ 

ɜɨɞɨɪɨɞɚ ɜ ɪɚɛɨɱɟɟ ɩɨɦɟɳɟɧɢɟ, ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ ɫ ɩɨɤɪɚɫɤɨɣ 

ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɫɬɨɣɤɨɣ ɤɪɚɫɤɨɣ. Ʉɪɵɲɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɜɨɢɦ 

ɮɥɚɧɰɟɦ ɤ ɮɥɚɧɰɭ ɤɨɪɩɭɫɚ ɢ ɝɟɪɦɟɬɢɡɢɪɭɟɬɫɹ. Ⱦɧɨ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɨɥɢɡɟɪɚ 

ɞɨɥɠɧɨ ɢɦɟɬɶ ɭɤɥɨɧ. 

ɗɥɟɤɬɪɨɞɧɵɣ ɛɥɨɤ, ɫɨɛɢɪɚɟɦɵɣ ɢɡ ɠɟɥɟɡɧɵɯ ɩɥɚɫɬɢɧ, ɜɵɩɨɥɧɹɟɬɫɹ ɜ 

ɜɢɞɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɨɛɴɟɦɭ ɷɥɟɤɬɪɨɥɢɡɟɪɚ. 

ɗɥɟɤɬɪɨɞɵ ɜ ɛɥɨɤɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨ ɧɚ ɨɞɢɧɚɤɨɜɨɦ 
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ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ (10-20 ɦɦ). Ɉɛɴɟɦ ɠɢɞɤɨɫɬɢ ɧɚɞ ɷɥɟɤɬɪɨɞɚɦɢ ɧɟ 

ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 20 % ɨɛɳɟɝɨ ɨɛɴɟɦɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ. ɗɥɟɤɬɪɨɞɧɵɟ 

ɩɥɚɫɬɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɫɥɟɞɭɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɨɞɢɧɚɤɨɜɵɦɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɢ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɠɟɫɬɤɨɫɬɶ ɷɥɟɤɬɪɨɞɧɨɝɨ 

ɛɥɨɤɚ ɫɨɡɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɝɪɟɛɟɧɨɤ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɦɨɧɬɚɠɚ ɜ 

ɛɥɨɤɚɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɩɪɨɭɲɢɧɵ (ɤɪɸɱɤɢ). 

ɋɨɟɞɢɧɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɜ ɛɥɨɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɢɛɨ ɫɜɚɪɤɨɣ, ɥɢɛɨ 

ɫɬɹɝɢɜɚɧɢɟɦ (ɪɚɡɴɟɦɧɨɟ ɫɨɟɞɢɧɟɧɢɟ). Ɍɨɤɨɩɨɞɜɨɞɵ ɤ ɷɥɟɤɬɪɨɞɧɵɦ ɛɥɨɤɚɦ 

ɜɧɭɬɪɢ ɷɥɟɤɬɪɨɥɢɡɟɪɚ ɜ ɦɟɫɬɚɯ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɢɯ ɫ ɠɢɞɤɨɫɬɶɸ ɞɨɥɠɧɵ ɛɵɬɶ 

ɢɡɨɥɢɪɨɜɚɧɵ. ɂɯ ɫɥɟɞɭɟɬ ɢɡɨɥɢɪɨɜɚɬɶ ɢ ɨɬ ɤɨɪɩɭɫɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ. 

ɉɟɧɨɭɞɚɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ, ɜɵɩɨɥɧɟɧɨ ɥɢɛɨ ɜ ɜɢɞɟ 

ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɫɝɨɧɹɸɳɟɝɨ ɩɟɧɭ ɫɬɪɭɹɦɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɟɧɨɫɛɨɪɧɵɣ 

ɥɨɬɨɤ, ɥɢɛɨ ɢ ɜɢɞɟ ɞɨɫɤɢ ɫ ɩɧɟɜɦɚɬɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ. ɉɟɧɨɭɞɚɥɹɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ ɩɟɪɟɦɟɳɚɟɬɫɹ ɤɚɤ ɜɪɭɱɧɭɸ, ɬɚɤ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨ ɡɚɞɚɧɧɨɣ 

ɩɪɨɝɪɚɦɦɟ. 

ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɜɵɞɟɥɹɟɬɫɹ ɜɨɞɨɪɨɞ, ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɫɬɨɹɧɧɨ ɭɞɚɥɹɬɶ ɢɡ ɚɩɩɚɪɚɬɚ ɫ ɩɨɦɨɳɶɸ ɜɵɬɹɠɧɨɝɨ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɪɚɛɨɬɚ ɷɥɟɤɬɪ2ɨɤɨɚɝɭɥɹɬɨɪɚ ɞɨɥɠɧɚ 

ɛɵɬɶ ɫɛɥɨɤɢɪɨɜɚɧɚ ɫ ɪɚɛɨɬɨɣ ɜɟɧɬɢɥɹɬɨɪɚ: ɜ ɫɥɭɱɚɟ ɨɫɬɚɧɨɜɤɢ ɜɟɧɬɢɥɹɬɨɪɚ 

ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɤɪɚɳɟɧɚ ɩɨɞɚɱɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪ. 

ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɫɬɨɱɧɨɣ ɜɨɞɵ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɢɥɟ ɬɨɤɚ 

ɜɵɛɢɪɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨ ɫɬɟɩɟɧɢ ɟɟ ɨɫɜɟɬɥɟɧɢɹ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɚɜɚ 

ɜɨɞɵ ɜɪɟɦɹ ɟɟ ɨɛɪɚɛɨɬɤɢ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ. 
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Ɋɢɫɭɧɨɤ 4.16 – ɋɯɟɦɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ: 1 – ɢɡɨɥɢɪɭɸɳɢɟ ɜɫɬɚɜɤɢ; 2 – 

ɷɥɟɤɬɪɨɞɧɵɟ ɩɥɚɫɬɢɧɵ; 3 – ɬɨɤɨɜɟɞɭɳɢɟ ɜɫɬɚɜɤɢ 

 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɤɨɚɝɭɥɹɰɢɢ ɜ ɜɨɞɭ ɜɦɟɫɬɨ ɤɨɚɝɭɥɹɧɬɚ ɦɨɝɭɬ 

ɛɵɬɶ ɜɜɟɞɟɧɵ ɢɨɧɵ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɩɭɬɟɦ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɚɧɨɞɚ ɠɟɥɟɡɧɵɯ ɢɥɢ ɚɦɦɨɧɢɣɧɵɯ 

ɷɥɟɤɬɪɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɪɚɫɬɜɨɪɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ 

ɫɬɨɱɧɭɸ ɜɨɞɭ ɩɟɪɟɯɨɞɹɬ ɢɨɧɵ ɦɟɬɚɥɥɨɜ, ɩɪɟɜɪɚɳɚɸɳɢɯɫɹ ɜ ɢɯ ɝɢɞɪɨɤɫɢɞɵ ɢɥɢ 

ɫɨɥɢ, ɨɛɥɚɞɚɸɳɢɟ ɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ɉɪɨɰɟɫɫ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɢ 

ɩɪɨɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ. 

Ɉɩɪɟɞɟɥɢɦ ɧɟɨɛɯɨɞɢɦɭɸ ɞɨɡɭ ɠɟɥɟɡɚ. Ⱦɨɩɭɫɬɢɦɚɹ ɞɨɡɚ ɠɟɥɟɡɚ 48FeȾ  

ɝ/ɦ3. 

Ɉɩɪɟɞɟɥɢɦ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɠɟɥɟɡɚ ɩɨ ɮɨɪɦɭɥɟ 

 

ɱɚɫFeFe QȾG  , (4.99)  

 

64,23693,448  ɱɚɫFeFe QȾG  ɝ/ɱ. 
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Ɉɩɪɟɞɟɥɢɦ ɫɢɥɭ ɬɨɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɪɚɫɬɜɨɪɟɧɢɟ ɠɟɥɟɡɧɵɯ ɚɧɨɞɨɜ 

 

tk

G
I Fe






100

, (4.100) 

 

ɝɞɟ k  – ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɠɟɥɟɡɚ 04,1k , ɝ/Ⱥ·ɱ; 

t  – ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɟ, 45,0t  ɱ; 

  – ɜɵɯɨɞ ɦɟɬɚɥɥɚ ɩɨ ɬɨɤɭ, 80 %. 

 

05,632
8045,004,1

10064,236100











tk

G
I Fe


 Ⱥ. 

 

Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɚɧɨɞɨɜ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

an
pl i

I
f  , (4.101) 

 

ɝɞɟ ani  – ɚɧɨɞɧɚɹ ɩɥɨɬɧɨɫɬɶ, ɩɪɢɧɢɦɚɟɬɫɹ 250150ani  Ⱥ/ɦ2. 

 

21,4
150

05,632


an
pl i

I
f

 ɦ2. 

 

Ɉɛɳɟɟ ɧɟɨɛɯɨɞɢɦɨɟ ɱɢɫɥɨ ɷɥɟɤɬɪɨɞɧɵɯ ɩɥɚɫɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 

/

2

pl

pl
pl f

f
N


 , (4.102) 

 

ɝɞɟ /
plf  – ɩɨɜɟɪɯɧɨɫɬɶ ɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ, ɦ2. 
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hbf pl / , (4.103) 

 

ɝɞɟ b  – ɲɢɪɢɧɚ ɩɥɚɫɬɢɧɵ,  8,0b  ɦ; 

h  – ɜɵɫɨɬɚ ɩɥɚɫɬɢɧɵ, 1h  ɦ. 

 

8,018,0/  hbf pl  ɦ2, 

 

1153,10
8,0

21,422
/








pl

pl
pl f

f
N  ɲɬ. 

 

ɑɢɫɥɨ ɷɥɟɤɬɪɨɞɧɵɯ ɩɥɚɫɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ [1]. ɉɪɢɧɢɦɚɟɦ 1 

ɷɥɟɤɬɪɨɥɢɡɟɪ ɫ 11 ɩɥɚɫɬɢɧɚɦɢ (6 ɚɧɨɞɨɜ, 5 ɤɚɬɨɞɨɜ). 

 

Ɉɩɪɟɞɟɥɢɦ ɧɟɨɛɯɨɞɢɦɭɸ ɬɨɥɳɢɧɭ ɚɧɨɞɚ ɢ ɤɚɬɨɞɚ ɫ ɭɱɟɬɨɦ ɟɝɨ ɢɡɧɨɫɚ ɧɚ 

80 % ɢ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ 50 % 

 

ɨɛɳ

ɫɭɬFeɫɭɬ

S

nȾQ






6104,0 
 ,  (4.104) 

 

ɝɞɟ ɫɭɬn   – ɪɚɫɱɟɬɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɥɢɡɟɪɚ, 100ɫɭɬn ɫɭɬ;  

  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɟɥɟɡɚ, 8,7 ɝ/ɦ3; 

ɨɛɳS  – ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɚɧɨɞɨɜ ɢ ɤɚɬɨɞɨɜ, ɦ2. 

 

ɚɤɨɛɳ SSS  , (4.105) 

 

ɝɞɟ 458,0 ɤS  ɦ2; 

8,468,0 ɚS  ɦ2. 

 

8,88,44  ɚɤɨɛɳ SSS  ɦ2, 
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1,2021,0
8,8108,74,0

1004832,118

104,0 66











ɨɛɳ

ɫɭɬFeɫɭɬ

S

nȾQ


  ɫɦ. 

 

Ɉɩɪɟɞɟɥɢɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ.  

ɒɢɪɢɧɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ: 

 

abȼ  2 , (4.106) 

 

ɝɞɟ 1b  ɦ; 

a  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɫɥɟɞɧɟɝɨ ɷɥɟɤɬɪɨɞɚ ɞɨ ɫɬɟɧɤɢ ɤɨɪɩɭɫɚ 

ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ, 03,0a  ɦ. 

 

06,103,0212  abȼ  ɦ. 

 

ȼɵɫɨɬɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ: 

 

21 aahH  , (4.107) 

 

ɝɞɟ 1ɚ  - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɢɠɧɟɝɨ ɤɨɧɰɚ ɷɥɟɤɬɪɨɞɚ ɞɨ ɞɧɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ, 

05,01 ɚ  ɦ; 

2ɚ  - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɢɠɧɟɝɨ ɤɨɧɰɚ ɷɥɟɤɬɪɨɞɚ ɞɨ ɞɧɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ, 

02,02 ɚ  ɦ. 

 

87,002,005,08,021  aahH  ɦ. 

  

Ⱦɥɢɧɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ 

 

aaNNL  2)1( / , (4.108) 

 

ɝɞɟ N  – ɫɭɦɦɚ ɤɚɬɨɞɨɜ ɢ ɚɧɨɞɨɜ; 
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  - ɬɨɥɳɢɧɚ ɤɚɬɨɞɨɜ ɢ ɚɧɨɞɨɜ, ɦ; 

/ɚ  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɚɦɢ, 02,0/ ɚ . 

 

36,2303,0202,0)111(1,2112)1( /  aaNNL   ɦ. 

 

Ɉɩɪɟɞɟɥɢɦ ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ 

 
/bfW plek  , (4.109) 

 

ɝɞɟ  plf  – ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɩɥɚɫɬɢɧ, Ⱥ/ɦ2; 

/b  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɷɥɟɤɬɪɨɞɚɦɢ, 02,0/ b ɦ. 

 

08,002,021,4/  bfW plek ɦ3 

 

Ɉɛɳɢɣ ɨɛɴɟɦ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

HLBW  , (4.110) 

 

54,2187,036,2306,1  HLBW  ɦ3
. 

 

Ɍɚɛɥɢɰɚ 4.1 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪɚ 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɬɨɪ 

ɒɢɪɢɧɚ ȼ, ɦ 1,06 
ȼɵɫɨɬɚ ɇ, ɦ 0,87 
Ⱦɥɢɧɚ L, ɦ 23,36 
Ɋɚɛɨɱɢɣ ɨɛɴɟɦ Wek, ɦ3 0,08 
Ɉɛɳɢɣ ɨɛɴɟɦ W, ɦ3 21,54 

 

 

Ɋɚɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ 
ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ, ɮɢɥɶɬɪɚ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɨɣ, ɪɟɡɟɪɜɭɚɪɚ ɱɢɫɬɨɣ 
ɜɨɞɵ, ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ, ɰɟɧɬɪɢɮɭɝɢ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ ɫ 
ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ ɚɧɚɥɨɝɢɱɟɧ 4.1  
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4.3. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 
ɫɬɨɱɧɵɯ ɜɨɞ ɢɨɧɧɨɨɛɦɟɧɧɵɦ ɦɟɬɨɞɨɦ 

 

ɂɨɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ – ɩɪɨɰɟɫɫ ɨɛɦɟɧɚ ɢɨɧɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ 

ɪɚɫɬɜɨɪɟ, ɢ ɢɨɧɚɦɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜёɪɞɨɣ ɮɚɡɵ − ɢɨɧɢɬɚ. 

Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɢ ɜ ɛɵɬɭ. 

ɀɟɫɬɤɨɫɬɶ ɜɨɞɟ ɩɪɢɞɚɸɬ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜ ɧɟɣ ɫɨɥɢ ɦɚɝɧɢɹ ɢ ɤɚɥɶɰɢɹ, ɚ ɢɨɧɧɵɣ 

ɨɛɦɟɧ ɪɟɝɭɥɢɪɭɟɬ ɢɯ ɫɨɞɟɪɠɚɧɢɟ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɨɪɦɚɥɢɡɭɟɬ ɫɨɫɬɚɜ. ȼ 

ɢɬɨɝɟ ɦɢɧɟɪɚɥɶɧɵɟ ɫɨɥɢ ɠɟɫɬɤɨɫɬɢ ɡɚɦɟɧɹɸɬɫɹ ɞɪɭɝɢɦɢ ɯɢɦɢɱɟɫɤɢɦɢ 

ɫɬɪɭɤɬɭɪɚɦɢ, ɢ ɜɨɞɚ ɫɨɯɪɚɧɹɟɬ ɧɭɠɧɵɟ ɫɜɨɣɫɬɜɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɩɭɬɟɦ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ 

ɮɢɥɶɬɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ – ɫɧɚɱɚɥɚ ɢɯ ɡɚɩɨɥɧɹɸɬ ɢɨɧɢɬɚɦɢ, ɚ ɩɨɬɨɦ ɡɚɩɭɫɤɚɸɬ 

ɜɨɞɭ. 

Ɉɱɢɫɬɤɭ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɢɨɧɢɬɚɦɢ — ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ 

ɢɨɧɨɨɛɦɟɧɧɵɦɢ ɫɦɨɥɚɦɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɜ ɜɢɞɟ ɝɪɚɧɭɥ ɪɚɡɦɟɪɨɦ 0,2...2 ɦɦ. 

ɂɨɧɢɬɵ ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ ɩɨɥɢɦɟɪɧɵɯ ɜɟɳɟɫɬɜ, ɢɦɟɸɳɢɯ 

ɧɚ ɫɜɨɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɜɢɠɧɵɣ ɢɨɧ (ɤɚɬɢɨɧ ɢɥɢ ɚɧɢɨɧ), ɤɨɬɨɪɵɣ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɨɛɦɟɧɚ ɫ ɢɨɧɚɦɢ ɬɨɝɨ ɠɟ ɡɧɚɤɚ, 

ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ ɜɨɞɟ. Ɋɚɡɥɢɱɚɸɬ ɫɢɥɶɧɨ- ɢ ɫɥɚɛɨɤɢɫɥɨɬɧɵɟ ɤɚɬɢɨɧɢɬɵ (ɜ ɇ+- 

ɢɥɢ Na+- ɮɨɪɦɟ) ɢ ɫɢɥɶɧɨ- ɢ ɫɥɚɛɨɨɫɧɨɜɧɵɟ ɚɧɢɨɧɢɬɵ (ɜ Ɉɇ- ɢɥɢ ɫɨɥɟɜɨɣ 

ɮɨɪɦɟ), ɚ ɬɚɤɠɟ ɢɨɧɢɬɵ ɫɦɟɲɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ. 

ɂɨɧɨɨɛɦɟɧɧɵɟ ɫɦɨɥɵ (ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢɨɧɢɬɵ) ɢɦɟɸɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɟɧɟɪɚɰɢɢ. ɉɨɫɥɟ ɢɫɬɨɳɟɧɢɹ ɪɚɛɨɱɟɣ ɨɛɦɟɧɧɨɣ ɟɦɤɨɫɬɢ ɢɨɧɢɬɚ 

ɨɧ ɬɟɪɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɟɧɢɜɚɬɶɫɹ ɢɨɧɚɦɢ ɢ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɟɝɟɧɟɪɢɪɨɜɚɬɶ. 

ɉɪɨɰɟɫɫɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɬɟɤɚɸɬ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. 

ɇɚ ɪɟɝɟɧɟɪɚɰɢɸ ɨɛɵɱɧɨ ɡɚɬɪɚɱɢɜɚɸɬ ɨɤɨɥɨ 2 ɱɚɫɨɜ, ɢɡ ɧɢɯ ɧɚ: 

 ɜɡɪɵɯɥɟɧɢɟ: 10-15 ɦɢɧ; 

 ɧɚ ɮɢɥɶɬɪɨɜɚɧɢɟ ɪɟɝɟɧɟɪɢɪɭɸɳɟɝɨ ɪɚɫɬɜɨɪɚ: 25 - 40 ɦɢɧ; 

 ɧɚ ɨɬɦɵɜɤɭ: 30 - 60 ɦɢɧ.  
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ɂɨɧɨɨɛɦɟɧɧɭɸ ɨɱɢɫɬɤɭ ɪɟɚɥɢɡɭɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɮɢɥɶɬɪɨɜɚɧɢɟɦ 

ɜɨɞɵ ɱɟɪɟɡ ɤɚɬɢɨɧɢɬɵ ɢ ɚɧɢɨɧɢɬɵ. 

ɂɨɧɨɨɛɦɟɧɧɚɹ ɨɱɢɫɬɤɚ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɡɜɨɥɹɟɬ ɢɡɜɥɟɤɚɬɶ ɢ ɭɬɢɥɢɡɢɪɨɜɚɬɶ 

ɫɥɟɞɭɸɳɢɟ ɡɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ: ɬɹɠɟɥɵɟ ɰɜɟɬɧɵɟ ɦɟɬɚɥɥɵ (ɦɟɞɶ, ɧɢɤɟɥɶ, 

ɰɢɧɤ, ɫɜɢɧɟɰ, ɤɚɞɦɢɣ ɢ ɞɪ.), ɯɪɨɦ, ɉȺȼ, ɰɢɚɧɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢ 

ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ. 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɢɨɧɨɨɛɦɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɚɛɨɬɚɟɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ɇɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɨɫɬɭɩɚɸɬ ɜ ɭɫɪɟɞɧɢɬɟɥɶ (1), ɝɞɟ 

ɩɪɨɢɫɯɨɞɢɬ ɭɫɪɟɞɧɟɧɢɟ ɫɬɨɤɨɜ ɤɚɤ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɬɚɤ ɢ ɩɨ ɪɚɫɯɨɞɭ, ɡɚɬɟɦ ɫ 

ɩɨɦɨɳɶɸ ɧɚɫɨɫɨɜ (3), ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɮɢɥɶɬɪ-ɝɪɹɡɟɜɢɤ (4) ɢ 

ɩɨɫɬɭɩɚɸɬ ɜ ɤɚɬɢɨɧɢɬɨɜɵɟ ɮɢɥɶɬɪɵ (5), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɛɚɜɥɹɟɬɫɹ ɤɢɫɥɨɬɚ 

ɢɡ ɪɚɫɯɨɞɧɨɝɨ ɛɚɤɚ (8) ɫ ɩɨɦɨɳɶɸ ɛɚɤɚ ɞɨɡɚɬɨɪɚ ɤɢɫɥɨɬɵ (7). Ɍɚɤ ɠɟ 

ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɨɫɬɭɩɚɸɬ ɧɚ ɚɧɢɨɧɢɬɨɜɵɟ ɮɢɥɶɬɪɵ (6), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɞɨɛɚɜɥɹɟɬɫɹ ɳɟɥɨɱɶ ɢɡ ɪɚɫɯɨɞɧɨɝɨ ɛɚɤɚ (9) ɫ ɩɨɦɨɳɶɸ ɛɚɤɚ ɞɨɡɚɬɨɪɚ (10). 

ɋ ɮɢɥɶɬɪɨɜ ɫɬɨɤɢ ɩɨɫɬɭɩɚɸɬ ɜ ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ (11) ɞɥɹ 

ɩɪɨɦɵɜɤɢ ɢ ɜɡɪɵɯɥɟɧɢɹ.  

ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ, ɜɡɪɵɯɥɟɧɢɹ, ɪɟɝɟɧɟɪɚɰɢɢ ɢ ɨɬɦɵɜɤɢ ɫɬɨɱɧɵɟ ɜɨɞɵ 

ɩɨɞɚɸɬɫɹ ɜ ɪɟɡɟɪɜɭɚɪ ɫɛɨɪɚ ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ (12), ɞɚɥɟɟ ɩɨɫɬɭɩɚɸɬ ɜ 

ɜɨɞɨɫɛɨɪɧɵɣ ɥɨɬɨɤ (13) ɨɬ ɤɭɞɚ ɫɛɪɚɫɵɜɚɸɬɫɹ ɜ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɨɣ 

ɤɨɥɥɟɤɬɨɪ.
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Ɋɚɫɱɟɬ ɭɫɪɟɞɧɢɬɟɥɹ ɚɧɚɥɨɝɢɱɟɧ ɩɭɧɤɬɭ 4.1.1. 

 

Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚ-ɝɪɹɡɟɜɟɤɚ ɚɧɚɥɨɝɢɱɟɧ 4.1.2.  
 

4.4.1. Ɋɟɡɟɪɜɭɚɪ ɫɛɨɪɚ ɜɨɞɵ ɩɨɫɥɟ ɮɢɥɶɬɪɨɜ 

 

Ɋɟɡɟɪɜɭɚɪ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ 1 ɱɚɫ ɧɚɤɨɩɥɟɧɢɹ ɜɨɞɵ 

 

ɱɊ qW 1 , (4.111) 

 

93,493,411  ɱɊ qW  ɦ3. 

 

4.4.2. Ɋɚɫɱɟɬ ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ 

 

Ʉɚɬɢɨɧɢɬɚɦɢ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɩɨɥɢɦɟɪɵ, ɫɩɨɫɨɛɧɵɟ ɩɨɝɥɨɳɚɬɶ ɢɡ 

ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɢɨɧɵ (ɤɚɬɢɨɧɵ), 

ɩɪɨɹɜɥɹɸɳɢɟ ɫɜɨɣɫɬɜɚ ɤɢɫɥɨɬ. 

Ʉɚɬɢɨɧɢɬ Ʉɍ-2 – ɫɢɥɶɧɨɤɢɫɥɨɬɧɚɹ ɢɨɧɨɨɛɦɟɧɧɚɹ ɫɦɨɥɚ ɫ ɝɟɥɟɜɨɣ 

ɫɬɪɭɤɬɭɪɨɣ. ȼɵɩɭɫɤɚɟɬɫɹ ɜ ɮɨɪɦɟ ɦɟɥɤɢɯ ɝɪɚɧɭɥ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɨɬ 

ɫɜɟɬɥɨ-ɠɟɥɬɨɝɨ ɞɨ ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ. Ɏɨɪɦɭɥɚ: ɫɨɩɨɥɢɦɟɪ ɫɬɢɪɨɥɚ ɢ 

ɞɢɜɢɧɢɥɛɟɧɡɨɥɚ.  

Ʉɚɬɢɨɧɢɬ Ʉɍ-2 ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɦɚɪɤɨɣ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ ɋɇȽ. Ⱦɚɧɧɚɹ ɦɚɪɤɚ ɤɚɬɢɨɧɢɬɚ ɜɵɩɭɫɤɚɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ 

ɪɨɫɫɢɣɫɤɢɦɢ ɢ ɭɤɪɚɢɧɫɤɢɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ. Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.2. 
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Ɍɚɛɥɢɰɚ 4.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɢɨɧɢɬɚ Ʉɍ – 2 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɇɨɪɦɚ 

ȼɵɫɲɢɣ ɫɨɪɬ ɉɟɪɜɵɣ ɫɨɪɬ 

ȼɧɟɲɧɢɣ ɜɢɞ 
Ɂɟɪɧɚ ɨɬ ɫɜɟɬɥɨ-ɠɟɥɬɨɝɨ ɞɨ ɬɟɦɧɨ-

ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ 

Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ: 
ɚ) ɪɚɡɦɟɪ ɡɟɪɟɧ, ɦɦ 
ɛ) ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɱɟɣ ɮɪɚɤɰɢɢ, %, ɧɟ ɦɟɧɟɟ 
ɜ) ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɡɦɟɪ ɡɟɪɟɧ, ɦɦ, ɧɟ ɛɨɥɟɟ 
ɝ) ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɪɨɞɧɨɫɬɢ, ɧɟ ɛɨɥɟɟ 

 
0,315 - 1,25 

96 
0,4 - 0,55 

1,7 

 
0,315 - 1,25 

95 
0,35 - 0,55 

1,8 
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɜɥɚɝɢ, %, ɧɟ ɛɨɥɟɟ 48 - 58 48 - 58 
ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ, ɫɦ/ɝ3, ɜ ɇ-ɮɨɪɦɟ, ɧɟ ɛɨɥɟɟ 2,8 2,8 
ɉɨɥɧɚɹ ɫɬɚɬɢɱɟɫɤɚɹ ɨɛɦɟɧɧɚɹ ɟɦɤɨɫɬɶ, 
ɦɦɨɥɶ/ɫɦ3 (ɦɝ-ɷɤɜ/ɫɦ3), ɧɟ ɦɟɧɟɟ 

1,8 1,8 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɨɛɦɟɧɧɚɹ ɟɦɤɨɫɬɶ ɦɨɥɶ/ɦ³ (ɝ-
ɷɤɜ/ɦ3) ɧɟ ɦɟɧɟɟ: 
ɫ ɩɨɥɧɨɣ ɪɟɝɟɧɟɪɚɰɢɟɣ ɢɨɧɢɬɚ 
ɫ ɡɚɞɚɧɧɵɦ ɪɚɫɯɨɞɨɦ ɪɟɝɟɧɟɪɢɪɭɸɳɟɝɨ 
ɜɟɳɟɫɬɜɚ 

 
 
- 

526 

 
 
- 

520 

Ɉɫɦɨɬɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, %, ɧɟ ɦɟɧɟɟ 94,5 85 

 

Ɉɛɴɟɦ ɤɚɬɢɨɧɢɬɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

 
ɤɪɚɛɮɰ

ɭɬɫɧɫ
К En

КQК
W

.

..






 , (4.112) 

 

ɝɞɟ ..ɧɫК  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɭɫɬɚɧɨɜɤɢ, 

35,12,1.. ɧɫК ; 

ɫɭɬQ  – ɪɚɫɯɨɞ ɫɬɨɱɧɵɯ ɜɨɞ, 32,118ɫɭɬQ  ɦ3/ɫɭɬ;  

  К  – ɫɭɦɦɚ ɤɚɬɢɨɧɨɜ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ,   75,17 К  ɦɝ-ɷɤɜ/ɥ; 

ɮɰn  – ɱɢɫɥɨ ɮɢɥɶɬɪɨɰɢɤɥɨɜ ɜ ɫɭɬɤɢ, 2ɮɰn . 

ɤɪɚɛȿ .  – ɪɚɛɨɱɚɹ ɨɛɦɟɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɬɢɨɧɢɬɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 

 



138 
 

  KqȿКȿȿ ɤɩɨɥɧɨɛɦɪɷɤɪɚɛ 5,0.... , (4.113) 

 

ɝɞɟ ..ɪɷȿ  – ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɟɧɟɪɚɰɢɢ, 9,08,0.. ɪɷȿ ; 

ɨɛɦК  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɭɱɟɬɚ ɨɛɦɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɤɚɬɢɨɧɢɬɚ 

Ʉɍ 2-8, 9,08,0 ɨɛɦК ; 

ɤɩɨɥɧȿ .  – ɩɨɥɧɚɹ ɨɛɦɟɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɬɢɨɧɚ, 800. ɤɩɨɥɧȿ  ɝ-ɷɤɜ/ɦ3; 

q  - ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɧɚ ɨɬɦɟɬɤɭ 1 ɦ3 ɡɚɝɪɭɡɤɢ, 64q  ɦ3. 

 

  5,47675,1745,08008,08,05,0....   KqȿКȿȿ ɤɩɨɥɧɨɛɦɪɷɤɪɚɛ ɦɝ-

ɷɤɜ/ɦ3. 

 

 
64,2

5,4762

75,1732,1182,1

.

.. 











ɤɪɚɛɮɰ

ɭɬɫɧɫ
К En

КQК
W ɦ3. 

 

Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ 

 

R

К
К H

W
F  , (4.114) 

 

ɝɞɟ KH  – ɜɵɫɨɬɚ ɫɥɨɹ ɡɚɝɪɭɡɤɢ, 2KH  ɦ; 

КW  - ɨɛɴɟɦ ɤɚɬɢɨɧɢɬɚ. 

 

32,1
2

64,2


R

К
К H

W
F  ɦ2. 

 

Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɚɬɢɨɧɢɬɨɜɨɝɨ ɮɢɥɶɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.3. 
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Ɍɚɛɥɢɰɚ 4.3 – Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɚɬɢɨɧɢɬɨɜɨɝɨ ɮɢɥɶɬɪɚ 

Ⱦɢɚɦɟɬɪ 
ɮɢɥɶɬɪɚ, 

ɦɦ 

ȼɵɫɨɬɚ ɫɥɨɹ 
ɡɚɝɪɭɡɤɢ, ɦɦ 

Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ ȼɟɫ ɮɢɥɶɬɪɚ, ɬ 

ɋɬɪɨɢɬɟɥɶɧɚɹ 
ɜɵɫɨɬɚ 

Ⱦɢɚɦɟɬɪ 
ɩɨɞɜɨɞɹɳɟɝɨ 

ɩɚɬɪɭɛɤɚ 
Ȼɟɡ ɡɚɝɪɭɡɤɢ 

ɋ 
ɡɚɝɪɭɡɤɨɣ 

1000 2000 3600 50 1,3 5,3 

 

ɉɨɞɛɢɪɚɟɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɮɢɥɶɬɪɨɜ (1 ɪɚɛɨɱɢɣ, 1 ɪɟɡɟɪɜɧɵɣ). 

 

ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɜɨɞɵ ɱɟɪɟɡ ɤɚɬɢɨɧɢɬɨɜɵɟ ɮɢɥɶɬɪɵ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 10 ɦ/ɱ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

К

ɫɭɬ
К F

Q
V




24
, (4.115) 

 

73,3
32,124

32,118

24








К

ɫɭɬ
К F

Q
V ɦ/ɱ. 

 

4.4.3. Ɋɚɫɱɟɬ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ 

 

Ⱥɧɢɨɧɢɬɚɦɢ ɧɚɡɵɜɚɸɬ ɩɨɥɢɦɟɪɵ, ɤɨɬɨɪɵɟ ɩɪɨɹɜɥɹɸɬ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɨɝɥɨɳɚɬɶ ɢɡ ɪɚɫɬɜɨɪɨɜ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɢɨɧɵ (ɚɧɢɨɧɵ) ɢ 

ɨɛɦɟɧɢɜɚɬɶ ɢɯ ɧɚ ɞɪɭɝɢɟ ɚɧɢɨɧɵ. Ɉɧɢ ɩɪɨɹɜɥɹɸɬ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɣ. 

Ɍɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɧɢɨɧɢɬɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.4. 

 

Ɍɚɛɥɢɰɚ 4.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɚɧɢɨɧɢɬɚ Ⱥɇ-18 

Ɇɚɪɤɚ ɚɧɢɨɧɢɬɚ ȼɧɟɲɧɢɣ ɜɢɞ 

Ɋɚɡɦɟ
ɪ 

ɡɟɪɟɧ, 
ɦɦ 

Ɇɚɫɫɨɜɚ
ɹ ɞɨɥɹ 
ɜɥɚɝɢ, 

% 

ɉɨɥɧɚɹ ɫɬɚɬɢɱɟɫɤɚɹ 
ɨɛɦɟɧɧɚɹ ɟɦɤɨɫɬɶ, 

ɦɝ-ɷɤɜ/ɫɦ3, ɧɟ ɦɟɧɟɟ 

ɋɥɚɛɨɨɫɧɨɜɧɵɣ 
ɚɧɢɨɧɢɬ Ⱥɇ-18 

ɋɮɟɪɢɱɟɫɤɢɟ ɡɟɪɧɚ 
ɛɟɥɨɝɨ ɢ ɫɜɟɬɥɨ-ɠɟɥɬɨɝɨ 
ɰɜɟɬɚ 

0,315-
1,25 

35 – 60 1 
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ȼ ɤɚɱɟɫɬɜɟ II ɫɬɭɩɟɧɢ ɨɱɢɫɬɤɢ ɢɨɧɨɨɛɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢɧɢɦɚɟɦ 

ɚɧɢɨɧɢɬɵ ɫɨ ɫɥɚɛɨɨɫɧɨɜɧɵɦ ɚɧɢɨɧɢɬɨɦ Ⱥɇ-18. ɋɤɨɪɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 20 ɦ/ɱ 

ɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

 
       AAAȿȺɌ

ȺɇɇE
V

Ⱥɪɚɛ

ȺȺȺɪɚɛ
A ln1,0ln02,0

5,0

.

.




 

, (4.116) 

 

ɝɞɟ Ⱥɇ  – ɜɵɫɨɬɚ ɡɚɝɪɭɡɤɢ ɚɧɢɨɧɢɬɨɜɨɝɨ ɮɢɥɶɬɪɚ, ɦ; 

 Ⱥ  – ɫɨɞɟɪɠɚɧɢɟ ɚɧɢɨɧɢɬɨɜ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ ɜ ɫɬɨɱɧɨɣ ɜɨɞɟ, ɫɭɦɦɚ 

ɯɥɨɪɢɞɨɜ ɢ ɫɭɥɶɮɚɬɨɜ; 

Ⱥɪɚɛȿ .  – ɪɚɛɨɱɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɚɧɢɨɧɢɚ, 1000. Ⱥɪɚɛȿ ɝ-ɷɤɜ/ɦ3; 

Ɍ  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɤɚɠɞɨɝɨ ɮɢɥɶɬɪɚ ɦɟɠɞɭ ɪɟɝɟɧɟɪɚɰɢɹɦɢ 

ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

321

24
ttt

n
Ɍ 






 , (4.117) 

 

ɝɞɟ 1t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɡɪɵɯɥɟɧɢɹ ɚɧɢɨɧɢɬɚ, 25,01 t  ɱ; 

2t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɱɟɪɟɡ ɚɧɢɨɧɢɬ, 5,12 t  ɱ; 

3t  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɦɵɜɤɢ ɚɧɢɨɧɢɬɚ, 33 t  ɱ; 

n  – ɱɢɫɥɨ ɪɟɝɟɧɟɪɚɰɢɣ ɡɚ ɫɭɬɤɢ, 2n . 

 

25,735,125,0
2

2424
321 













 ttt

n
Ɍ  ɱ. 

 

 
       

47,19
29,14ln29,141,029,14ln100002,029,1425,7

29,1425,021000

ln1,0ln02,0

5,0

.

.











 
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V
Ⱥɪɚɛ

ȺȺȺɪɚɛ
A
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Ɉɛɴɟɦ ɤɚɬɢɨɧɢɬɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

 
Ⱥɪɚɛɮɰ

ɭɬɫɧɫ
Ⱥ En

ȺQК
W

.

..






 , (4.118) 

 

ɝɞɟ ..ɧɫК  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɭɫɬɚɧɨɜɤɢ, 

35,12,1.. ɧɫК ; 

ɫɭɬQ  – ɪɚɫɯɨɞ ɫɬɨɱɧɵɯ ɜɨɞ, 32,118ɫɭɬQ  ɦ3/ɫɭɬ;  

  Ⱥ  – ɫɭɦɦɚ ɤɚɬɢɨɧɨɜ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ,   75,17 Ⱥ  ɦɝ-ɷɤɜ/ɥ; 

ɮɰn  – ɱɢɫɥɨ ɮɢɥɶɬɪɨɰɢɤɥɨɜ ɜ ɫɭɬɤɢ, 2ɮɰn . 

Ⱥɪɚɛȿ .  – ɪɚɛɨɱɚɹ ɨɛɦɟɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɬɢɨɧɢɬɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

 

  ȺqȿКȿȿ ȺɩɨɥɧɨɛɦɪɷȺɪɚɛ 5,0.... , (4.119) 

 

ɝɞɟ ..ɪɷȿ  – ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɟɧɟɪɚɰɢɢ, 9,08,0.. ɪɷȿ ; 

ɨɛɦК  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɭɱɟɬɚ ɨɛɦɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɚɧɢɨɧɢɬɚ,

9,08,0 ɨɛɦК ; 

Ⱥɩɨɥɧȿ .  – ɩɨɥɧɚɹ ɨɛɦɟɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɬɢɨɧɚ, 1000. Ⱥɩɨɥɧȿ  ɝ-ɷɤɜ/ɦ3; 

q  - ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɧɚ ɨɬɦɟɬɤɭ 1 ɦ3 ɡɚɝɪɭɡɤɢ, 64q  ɦ3. 

 

  5,60475,1745,010008,08,05,0....   ȺqȿКȿȿ ȺɩɨɥɧɨɛɦɪɷȺɪɚɛ ɦɝ-

ɷɤɜ/ɦ3. 

 

 
08,2

5,6042

75,1732,1182,1

.

.. 











Ⱥɪɚɛɮɰ

ɭɬɫɧɫ
Ⱥ En

ȺQК
W ɦ3. 
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h
d

W 







2

2
 , (4.120) 

 

57,12
2

1
14,3

2

22














 h

d
W  ɦ3. 

 

Ʉɨɥɢɱɟɫɬɜɨ ɚɧɢɨɧɢɬɨɜɵɯ ɪɚɛɨɱɢɯ ɮɢɥɶɬɪɨɜ ɩɪɢɧɢɦɚɟɦ 1, ɪɟɡɟɪɜɧɵɯ 1. 

 

ɉɥɨɳɚɞɶ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ, ɦ2 

 

A

A
A H

W
F  , (4.121) 

 

04,1
2

08,2


A

A
A H

W
F  ɦ2. 

 

4.4.5  Ɋɚɫɱɟɬ ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢɨɧɢɬɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 
 

Ɉɛɴɟɦ ɛɚɤɚ-ɦɟɪɧɢɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

 
n

ɊɌКQ
W ɱɚɫ

Ɇ 


 



4

1

10
, (4.122) 

 

ɝɞɟ 1  – ɤɨɷɮɮɢɰɢɟɧɬ,ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ, 

2,11  ; 

ɱɚɫQ  – ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɱɚɫ, ɦ3/ɱɚɫ; 

  – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɚ, ɞɥɹ ɤɢɫɥɨɬɵ – 90, ɞɥɹ ɳɟɥɨɱɢ - 150; 

T  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɢɨɧɢɬɨɜɨɝɨ ɮɢɥɶɬɪɚ, 25,7T  ɱ; 

P  – ɱɢɫɥɨ ɪɟɝɟɧɟɪɚɰɢɣ, ɧɚ ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɸɬ ɡɚɩɚɫ ɪɟɚɝɟɧɬɚ ɜ ɦɟɪɧɢɤɟ, 

2P ; 
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n  – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ. 

 

 
4,0

114,13010

225,775,179093,42,1

10 44

1
.. 








 

n

ɊɌКQ
W ɱɚɫ

КɆ 


 ɦ3. 

 

ɉɨɞɛɢɪɚɟɦ 1 ɛɚɤ-ɦɟɪɧɢɤ ɞɥɹ ɤɚɬɢɨɧɢɬɚ ɨɛɴɟɦɨɦ 0,5 ɦ3, ɫ ɧɚɪɭɠɧɵɦ 

ɞɢɚɦɟɬɪɨɦ 810 ɦɦ, ɫɬɪɨɢɬɟɥɶɧɨɣ ɜɵɫɨɬɨɣ 1345 ɦɦ ɢ ɜɟɫɨɦ 313 ɤɝ. 

 

 
26,0

195,09810

225,775,1715093,42,1

10 44

1
.. 








 

n

ɊɌКQ
W ɱɚɫ

ЩɆ 


 ɦ3. 

 

ɉɨɞɛɢɪɚɟɦ 1 ɛɚɤ-ɜɵɬɟɫɧɢɬɟɥɶ ɞɥɹ ɚɧɢɨɧɢɬɚ ɨɛɴɟɦɨɦ 0,3 ɦ3, ɫ ɧɚɪɭɠɧɵɦ 

ɞɢɚɦɟɬɪɨɦ 670 ɦɦ, ɫɬɪɨɢɬɟɥɶɧɨɣ ɜɵɫɨɬɨɣ 1685 ɦɦ ɢ ɜɟɫɨɦ 290 ɤɝ. 

 

ȿɦɤɨɫɬɶ ɛɚɤɚ ɫ ɜɨɞɨɣ ɞɥɹ ɜɡɪɵɯɥɟɧɢɹ ɢɨɧɢɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 

 

1000

602 .
..

ɜɜɡɪ
ɜɛ

tF
W





, (4.123) 

 

ɝɞɟ .ɜɡɪ  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɡɪɵɯɥɟɧɢɹ, 53. ɜɡɪ  ɥ/ɫ ɧɚ 1 ɦ2;  

F  – ɩɥɨɳɚɞɶ ɢɨɧɢɬɨɜɨɝɨ ɮɢɥɶɬɪɚ, ɦ2; 

ɜt  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɡɪɵɯɥɟɧɢɹ, 2015ɜt  ɦɢɧ. 

 

67,12
1000

206032,142

1000

602 .
... 





 ɜɜɡɪ

Кɜɛ

tF
W


 ɦ3, 

 

98,9
1000

206004,142

1000

602 .
... 





 ɜɜɡɪ

Щɜɛ

tF
W

 ɦ3. 

 

ɉɪɢ ɩɟɪɟɤɚɱɤɟ ɪɚɫɬɜɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 1 ɪɚɛɨɱɢɣ ɢ 1 ɪɟɡɟɪɜɧɵɣ ɧɚɫɨɫ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ 20 ɦ. 
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ɝɞɟ .ɜɡɪ  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɡɪɵɯɥɟɧɢɹ, 53. ɜɡɪ  ɥ/ɫ ɧɚ 1 ɦ2;  

F  – ɩɥɨɳɚɞɶ ɢɨɧɢɬɨɜɨɝɨ ɮɢɥɶɬɪɚ, ɦ2; 

ɜt  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɡɪɵɯɥɟɧɢɹ, 2015ɜt  ɦɢɧ. 

 

67,12
1000

206032,142

1000

602 .
... 





 ɜɜɡɪ

Кɜɛ

tF
W


 ɦ3, 

 

98,9
1000

206004,142

1000

602 .
... 





 ɜɜɡɪ

Щɜɛ

tF
W

 ɦ3. 

 

ɉɪɢ ɩɟɪɟɤɚɱɤɟ ɪɚɫɬɜɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 1 ɪɚɛɨɱɢɣ ɢ 1 ɪɟɡɟɪɜɧɵɣ ɧɚɫɨɫ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ 20 ɦ. 
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4.4. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 
ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɧɨɣ ɨɛɪɚɛɨɬɤɢ 

 

Ɇɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɨɫɬɭɩɚɸɬ ɜ ɭɫɪɟɞɧɢɬɟɥɶ (1), ɝɞɟ 

ɩɪɨɢɫɯɨɞɢɬ ɭɫɪɟɞɧɟɧɢɟ ɫɬɨɤɨɜ ɤɚɤ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɬɚɤ ɢ ɩɨ ɪɚɫɯɨɞɭ, ɡɚɬɟɦ ɫ 

ɩɨɦɨɳɶɸ ɧɚɫɨɫɨɜ (3), ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɮɢɥɶɬɪ-ɝɪɹɡɟɜɢɤ (4) ɢ 

ɩɨɞɚɸɬɫɹ ɜ ɤɚɦɟɪɭ ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ, ɜɫɬɪɨɟɧɧɭɸ ɜ ɜɟɪɬɢɤɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ 

(8), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɛɚɜɥɹɟɬɫɹ ɪɟɚɝɟɧɬ Amersep MP7 (5), ɝɢɞɪɨɤɫɢɞ ɤɚɥɶɰɢɹ 

(6) ɢ ɩɨɥɢɚɤɪɢɥɚɦɢɞ (7).  

Ɉɫɜɟɬɥɟɧɧɭɸ ɜɨɞɭ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 

ɩɪɨɰɟɫɫɟ ɢɥɢ ɨɬɩɪɚɜɢɬɶ ɧɚ ɞɨɨɱɢɫɬɤɭ ɧɚ ɫɤɨɪɵɟ ɮɢɥɶɬɪɵ ɫ ɡɟɪɧɢɫɬɨɣ 

ɡɚɝɪɭɡɤɨɣ ɢɡ ɝɪɚɧɨɞɢɨɪɢɬɨɜɨɝɨ ɩɟɫɤɚ (12).  Ɉɱɢɳɟɧɧɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ 

ɜ ɪɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ ɜɨɞɵ (13), ɨɬ ɤɭɞɚ ɦɨɠɟɬ ɫɛɪɚɫɵɜɚɬɶɫɹ ɜ 

ɝɨɪɨɞɫɤɨɣ ɤɨɥɥɟɤɬɨɪ. 

Ɉɫɚɞɨɤ ɢɡ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ (10) ɩɨɞɚɟɬɫɹ ɧɚɫɨɫɨɦ (3) 

ɜ ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ (14), ɝɞɟ ɨɧ ɦɨɠɟɬ ɧɚɯɨɞɢɬɫɹ ɞɨ 5 ɫɭɬɨɤ. Ɂɚɬɟɦ 

ɧɚɫɨɫɨɦ (3) ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɧɚ ɰɟɧɬɪɢɮɭɝɭ (15), ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɠɢɞɤɭɸ ɢ ɬɜɟɪɞɭɸ ɮɚɡɭ. ɉɨɫɥɟ ɱɟɝɨ ɩɨɞɚɟɬɫɹ ɜ ɛɭɧɤɟɪ 

ɫɛɨɪɚ ɨɫɚɞɤɚ (16) ɢ ɜɵɜɨɡɢɬɫɹ. 

Ɏɭɝɚɬ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ ɰɟɧɬɪɢɮɭɝɟ (15), ɩɨɫɬɭɩɚɟɬ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɨɬɫɬɨɣɧɢɤ ɫ ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ  (17). ɋɥɟɞɨɦ, 

ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ, ɩɨɞɚɟɬɫɹ ɜ ɝɨɥɨɜɭ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɞɚɥɶɧɟɣɲɭɸ 

ɨɱɢɫɬɤɭ. 
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Ɋɚɫɱɟɬ ɭɫɪɟɞɧɢɬɟɥɹ ɚɧɚɥɨɝɢɱɟɧ ɩɭɧɤɬɭ 4.1.1. 
 

Ɋɚɫɱɟɬ ɮɢɥɶɬɪɚ-ɝɪɹɡɟɜɟɤɚ ɚɧɚɥɨɝɢɱɟɧ 4.1.2.  
 

4.4.1. Ɋɚɫɱɟɬ ɞɨɡɵ ɤɨɚɝɭɥɹɧɬɚ 

 

ɉɨɫɥɟ ɮɢɥɶɬɪɚ ɝɪɹɡɟɜɢɤɚ ɜ ɫɬɨɱɧɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɫɦɟɫɢɬɟɥɶ, ɬɭɞɚ ɠɟ 

ɩɨɞɚɟɬɫɹ ɤɨɚɝɭɥɹɧɬ (Amersep MP7). Ɉɛɪɚɡɨɜɚɧɢɟ ɯɥɨɩɶɟɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɚɦɟɪɟ 

ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ. 

Ɉɛɪɚɛɚɬɵɜɚɟɦɚɹ ɫɬɨɱɧɚɹ ɜɨɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɫɪɟɞɟ 

5,85,6 pH . 

Ⱦɨɡɭ ɤɨɚɝɭɥɹɧɬɚ ɩɪɢɧɢɦɚɟɦ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ Cu2+, Ni2+ ɢ Zn2+ 
 

5,45,3)( 222   NiZnCuɤ ɋɋɋȾ ,  (4.124) 

 

ɝɞɟ 602 Cu
ɋ  ɦɝ/ɞɦ3; 

202 Zn
ɋ  ɦɝ/ɞɦ3; 

102 Ni
ɋ  ɦɝ/ɞɦ3. 

 

1417,55,45,3)102060(5,45,3)( 222   NiZnCuɤ ɋɋɋȾ  ɦɝ/ɥ 

 

Ɋɚɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ 
ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ, ɮɢɥɶɬɪɚ ɫ ɡɟɪɧɢɫɬɨɣ ɡɚɝɪɭɡɤɨɣ, ɪɟɡɟɪɜɭɚɪɚ ɱɢɫɬɨɣ 
ɜɨɞɵ, ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɹ, ɰɟɧɬɪɢɮɭɝɢ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɨɬɫɬɨɣɧɢɤɚ ɫ 
ɬɨɧɤɨɫɥɨɣɧɵɦɢ ɦɨɞɭɥɹɦɢ ɚɧɚɥɨɝɢɱɟɧ 4.1  
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5. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɛɨɫɧɨɜɚɧɢɟ ɞɥɹ ɜɵɛɨɪɚ 
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ 

ɫɬɨɱɧɵɯ ɜɨɞ ɨɩɪɟɞɟɥɹɥɢ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ – 

ɨɛɴɟɦ ɢɧɜɟɫɬɢɰɢɣ ɜ ɨɫɧɨɜɧɨɣ ɤɚɩɢɬɚɥ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɯ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨ ɩɟɪɢɨɞɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɉɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ (ɟɞɢɧɨɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ) ɧɚ 

ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɭɱɢɬɵɜɚɟɦ ɥɢɲɶ ɩɪɹɦɵɟ ɡɚɬɪɚɬɵ ɜ 

ɜɢɞɟ ɫɦɟɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ ɧɟɮɬɟɫɨɞɟɪɠɚɳɢɯ 

ɫɬɨɱɧɵɯ ɜɨɞ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɡɚɬɪɚɬ: 

1) ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ; 

2) ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

3) ɧɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɪɚɛɨɬ ɩɨ ɦɨɧɬɚɠɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɢɫɬɟɦ. 

 

ȼɵɛɨɪ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɨɢɡɜɨɞɢɥɫɹ ɧɚ ɨɫɧɨɜɟ ɫɪɚɜɧɟɧɢɹ 

ɫɭɦɦɚɪɧɵɯ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɨɬ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɢ ɨɩɟɪɚɰɢɨɧɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɨɜ. 

ȼɚɪɢɚɧɬ 1 – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ 

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɤɨɜ. 

ȼɚɪɢɚɧɬ 2 – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɨɱɢɫɬɤɢ 

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ. 

ȼɚɪɢɚɧɬ 3 – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɨɱɢɫɬɤɢ 

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ. 

ȼɚɪɢɚɧɬ 4 – ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɤɨɜ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɪɟɚɝɟɧɬɧɨɝɨ ɦɟɬɨɞɚ. 
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ȼ ɬɚɛɥ. 5.1 ɩɪɢɜɟɞɟɧɚ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɹɯ ɧɚ 

ɪɟɚɥɢɡɚɰɢɸ ɪɚɡɥɢɱɧɵɯ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ 

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 4,93 ɦ3/ɫɭɬ. 
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Ɍɚɛɥɢɰɚ 5.1 - Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɋɬɨɢɦɨɫɬɶ 

ɟɞɢɧɢɰɵ, ɬ. 

ɪɭɛ. 

ɂɧɜɟɫɬɢɰɢɨɧɧɵɟ ɩɪɨɟɤɬɵ 

ȼɚɪɢɚɧɬ 1 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ 

ȼɚɪɢɚɧɬ 2 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ 

ȼɚɪɢɚɧɬ 3 

ɂɨɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ 

ȼɚɪɢɚɧɬ 4 

Ɋɟɚɝɟɧɬɧɵɣ 

ɦɟɬɨɞ 

Ʉɨɥ-

ɜɨ, 

ɲɬ. 

Ɉɛɳɚɹ 

ɫɭɦɦɚ 
Ʉɨɥ-ɜɨ, ɲɬ. 

Ɉɛɳɚɹ 

ɫɭɦɦɚ 

Ʉɨɥ-

ɜɨ, 

ɲɬ. 

Ɉɛɳɚɹ ɫɭɦɦɚ 

Ʉɨɥ-

ɜɨ, 

ɲɬ. 

Ɉɛɳɚɹ 

ɫɭɦɦɚ 

1 2 3 4 5 6 7 8 9 10 11 

1 Ɋɟɡɟɪɜɭɚɪ-

ɭɫɪɟɞɧɢɬɟɥɶ, 

ɇ=1,5ɦ, ȼ =3 ɦ, 

L=4ɦ. 

164,9 1 164,9 1 164,9 1 164,9 1 164,9 

2 ȼɨɡɞɭɯɨɞɭɜɤɚ ȼɄ-

1,5 
108,6 2 217,2 1 108,6 1 108,6 1 108,6 

3 Ɏɢɥɶɬɪ ɝɪɹɡɟɜɢɤ 19,98 1 19,98 1 19,98 1 19,98 1 19,98 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.1 – Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ 

1 2 3 4 5 6 7 8 9 10 11 

4 Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɬɨɪ 50 3 150 - - - - - - 

5 ɗɥɟɤɬɪɨɥɢɡɟɪ 352,5 - - 3 1057,5 - - - - 

6 ȼɟɪɬɢɤɚɥɶɧɵɣ 

ɨɬɫɬɨɣɧɢɤ ɫɨ 

ɜɫɬɪɨɟɧɧɨɣ ɤɚɦɟɪɨɣ 

ɯɥɨɩɶɟɨɛɪɚɡɨɜɚɧɢɹ 

177,9 1 177,9 1 177,9 - - 1 177,9 

7 ɋɤɨɪɵɣ ɮɢɥɶɬɪ 226,5 2 453 2 453     2 453 

8 ɒɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶ 81 1 81 1 81 - - 2 162 

9 
Ɋɟɡɟɪɜɭɚɪ ɱɢɫɬɨɣ 

ɜɨɞɵ 
67,4 1 67,4 1 67,4 1 67,4 1 67,4 

10 
Ɋɟɡɟɪɜɭɚɪ 

ɩɪɨɦɵɜɧɨɣ ɜɨɞɵ 
85,8 - - - - 2 171,6 - - 

11 ɐɟɧɬɪɢɮɭɝɚ 48,6 1 48,6 1 48,6 - - - - 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.1 – Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ 

1 2 3 4 5 6 7 8 9 10 11 

12 

Ɋɟɡɟɪɜɭɚɪ ɫɛɨɪɚ 

ɨɫɚɞɤɚ ɨɬ 

ɰɟɧɬɪɢɮɭɝɢ 

9 1 9 1 9 - - 1 9 

13 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ 

ɨɬɫɬɨɣɧɢɤ ɫ 

ɬɨɧɤɨɫɥɨɣɧɵɦɢ 

ɦɨɞɭɥɹɦɢ 

70 1 70 1 70 - - 1 70 

14 
Ɏɢɥɶɬɪ 

ɤɚɬɢɨɧɢɬɨɜɵɣ 
428 - - - - 2 856 - - 

15 
Ɏɢɥɶɬɪ 

ɚɧɢɨɧɢɬɨɜɵɣ 
428 - - - - 2 856 - - 

16 ɇɚɫɨɫ ȼɄ 2/26 9,2 10 92 10 82,8 11 46 10 92 

17 

ɍɫɬɚɧɨɜɤɚ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɪɟɚɝɟɧɬɚ 

3,6 - - - - - - 1 3,6 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 5.1 – Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ 

1 2 3 4 5 6 7 8 9 10 11 

18 
ɇɚɫɨɫ-ɞɨɡɚɬɨɪ 

ɤɢɫɥɨɬɵ ɇȾ 400/16 
24 1 24 1 24 1 24     

19 
ɇɚɫɨɫ-ɞɨɡɚɬɨɪ 

ɳɟɥɨɱɢ ɇȾ 400/16 
24 1 24 - - 1 24     

20 
Ɋɚɫɬɜɨɪɧɵɣ ɛɚɤ 

ɤɢɫɥɨɬɵ 
6,2 1 6,2 1 6,2 1 6,2 - - 

21 Ȼɚɤ ɞɨɡɚɬɨɪ ɤɢɫɥɨɬɵ 2,3 1 2,3 1 2,3 1 2,3 - - 

22 
Ɋɚɫɬɜɨɪɧɵɣ ɛɚɤ 

ɳɟɥɨɱɢ 
5,8 1 5,8 - - 1 5,8 - - 

23 
Ȼɚɤ ɞɨɡɚɬɨɪ ɛɚɤ 

ɳɟɥɨɱɢ 
5,8 1 5,8 - - 1 5,8 - - 

ȼɫɟɝɨ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɬ. ɪɭɛ.   1619,08   2382,38   2413,78   1400,98 
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5.1. Ɋɚɫɱɟɬ ɝɨɞɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ 

 

Ƚɨɞɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ 

ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ ɧɟɮɬɟɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɟɤɭɳɢɟ 

ɢɡɞɟɪɠɤɢ ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɫɥɚɝɚɸɬɫɹ ɩɨ ɨɬɞɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ ɝɨɞɨɜɵɯ ɡɚɬɪɚɬ. 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

ɩɪɬɪɚɷɥɩɥɡɪ ЗЗЗЗЗЗЭ  / , (5.1) 

 

ɝɞɟ ɡɩɡЗ /  – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɫ ɨɬɱɢɫɥɟɧɢɹɦɢ ɧɚ 

ɫɨɰɢɚɥɶɧɨɟ ɫɬɪɚɯɨɜɚɧɢɟ, ɬɵɫ. ɪɭɛ.; 

ɪЗ  – ɫɬɨɢɦɨɫɬɶ ɪɟɚɝɟɧɬɨɜ ɢ ɞɪɭɝɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɵɫ. ɪɭɛ.; 

ɷɥЗ  – ɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɵɫ. ɪɭɛ.; 

ɬɪЗ  – ɡɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ, ɬɵɫ. ɪɭɛ.; 

ɩɪЗ  – ɩɪɨɱɢɟ ɡɚɬɪɚɬɵ, ɬɵɫ. ɪɭɛ.; 

ɚɦЗ  – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɬɵɫ. ɪɭɛ. 

 

Ɋɚɫɯɨɞɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɭɦɧɨɠɟɧɢɟɦ ɱɢɫɥɟɧɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɧɚ ɩɨɤɚɡɚɬɟɥɶ 

ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɚ ɨɞɧɨɝɨ ɪɚɛɨɬɚɸɳɟɝɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɚɬɟɝɨɪɢɢ ɫ ɭɱɟɬɨɦ ɪɚɣɨɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɩɨ ɞɚɧɧɵɦ ɡɚɤɚɡɱɢɤɚ (12000 ɪɭɛ./ɦɟɫ.). 

Ⱦɨɩɥɚɬɵ ɡɚ ɪɚɛɨɬɭ ɜ ɧɨɱɧɨɟ ɜɪɟɦɹ, ɩɪɚɡɞɧɢɱɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɞɧɢ, 

ɩɪɟɦɢɚɥɶɧɵɟ ɜɨɡɧɚɝɪɚɠɞɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 35 % ɨɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ. 

ɇɚɥɨɝɨɜɵɟ ɨɬɱɢɫɥɟɧɢɹ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɨɬ ɮɨɧɞɚ 

ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɫɨɫɬɚɜɥɹɸɬ 36,5 %. 

ɉɪɢ ɱɢɫɥɟɧɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɧɚ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɫ ɝɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɢ ɷɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ 4 
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ɱɟɥɨɜɟɤɚ, ɫ ɢɨɧɨɨɛɦɟɧɧɵɦ ɦɟɬɨɞɨɦ 6 ɱɟɥɨɜɟɤ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɟɚɝɟɧɬɧɨɣ 

ɨɛɪɚɛɨɬɤɢ – 7 ɱɟɥɨɜɟɤ, ɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɫɨɰɢɚɥɶɧɵɯ 

ɨɬɱɢɫɥɟɧɢɣ ɫɨɫɬɚɜɢɬ 

 

ЧККЗЗ Ɋɫ
ɦɟɫ
ɦɢɧɩɡ 12/  (5.2) 

 

ɝɞɟ 12 – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ, ɦɟɫ.; 
ɦɟɫ
ɦɢɧЗ  – ɦɢɧɢɦɚɥɶɧɵɣ ɦɟɫɹɱɧɵɣ ɪɚɡɦɟɪ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɜ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɟɲɟɧɢɹɦɢ, ɬɵɫ.ɪɭɛ.; 

ɫК  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɱɢɫɥɟɧɢɹ ɨɬ ɫɭɦɦɵ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ 

ɟɞɢɧɨɝɨ ɫɨɰɢɚɥɶɧɨɝɨ ɧɚɥɨɝɚ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ, 13,1ɫК ; 

ɪК  – ɪɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

Ч  – ɱɢɫɥɟɧɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɫɢɫɬɟɦɵ ɤɚɧɚɥɢɡɚɰɢɢ. 

 

41,104146,113,1121212/1  ЧККЗЗ Ɋɫ
ɦɟɫ
ɦɢɧɩɡ ɬ.ɪɭɛ/ɝɨɞ, 

 

1041,4146,113,1121212/2  ЧККЗЗ Ɋɫ
ɦɟɫ
ɦɢɧɩɡ ɬ.ɪɭɛ/ɝɨɞ, 

 

562,112 166,113,1121212/3  ЧККЗЗ Ɋɫ
ɦɟɫ
ɦɢɧɩɡ ɬ.ɪɭɛ/ɝɨɞ, 

 

1822,46476,113,1121212/4  ЧККЗЗ Ɋɫ
ɦɟɫ
ɦɢɧɩɡ ɬ.ɪɭɛ/ɝɨɞ. 

 

Ɉɛɳɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.2. 
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Ɍɚɛɥɢɰɚ 5.2 – ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ  

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ɇɨɳɧɨɫɬɶ 

Кȼɬ 

ȼɚɪɢɚɧɬ 1 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ 

ȼɚɪɢɚɧɬ 2 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ 

ȼɚɪɢɚɧɬ  3 

ɂɨɧɨɨɛɦɟɧɧɵɣ 

ɦɟɬɨɞ 

ȼɚɪɢɚɧɬ 4 

Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 

Ʉɨɥ-

ɜɨ 

Ɉɛɳɚɹ 

ɩɨɬɪɟɛɥɹ-

ɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 

Ʉɨɥ-ɜɨ 

Ɉɛɳɚɹ 

ɩɨɬɪɟɛɥɹ-

ɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 

Ʉɨɥ-ɜɨ 

Ɉɛɳɚɹ 

ɩɨɬɪɟɛɥɹ-

ɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 

Ʉɨɥ-

ɜɨ 

Ɉɛɳɚɹ 

ɩɨɬɪɟɛɥɹ-

ɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 

1 2 3 4 5 6 7 8 9 10 11 

1 ȼɨɡɞɭɯɨɞɭɜɤɢ ȼɄ-1,5 8,3 2 16,6 1 8,3 1 8,3 1 8,3 

2 ɐɟɧɬɪɢɮɭɝɚ 5,5 1 5,5 1 5,5 - - 1 5,5 

3 ɇɚɫɨɫ ȼɄ 2/26 2,5 10 25 10 22,5 11 27,5 10 25 

4 
ɗɥɟɤɬɪɨɥɢɡɟɪ ɫɨ ɫɬɚɥɶɧɵɦɢ 

ɷɥɟɤɬɪɨɞɚɦɢ 
4,5 - - 3 13,5 - - - - 

5 
ɇɚɫɨɫ-ɞɨɡɚɬɨɪ ɤɢɫɥɨɬɵ ɇȾ 

400/16 
1,6 1 1,6 1 1,6 1 1,6 - - 

6 
ɇɚɫɨɫ-ɞɨɡɚɬɨɪ ɳɟɥɨɱɢ ɇȾ 

400/16 
1,6 1 1,6 - - 1 1,6 - - 

N0    50,3  53,9  39  38,8 
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ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

cos

·· 0 NKP
N    (5.3) 

 

ɝɞɟ Ɋ  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɣ ɪɟɡɟɪɜ, 5,1Ɋ ; 

0K  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɷɥɟɤɬɪɨɫɜɟɬɢɥɶɧɭɸ ɧɚɝɪɭɡɤɭ, 05,10 K ; 

N – ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɪɚɛɨɱɢɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ; 

cos  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, 9,0cos  . 

 

88,025
9,0

·50,305,1·5,1

cos

·· 0
1 


NKP

N  ɤȼɬ,  

 

94,325 
9,0

·53,905,1·5,1

cos

·· 0
2 


NKP

N  ɤȼɬ, 

 

68,25 
9,0

3905,1·5,1

cos

·· 0
3 





NKP

N  ɤȼɬ, 

 

67,9 
9,0

38,805,1·5,1

cos

·· 0
4 





NKP

N  ɤȼɬ. 

 

Ɍɚɤ ɤɚɤ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɥɭɱɚɟɬɫɹ ɦɟɧɟɟ 750 ɤȼɬ, ɬɨ ɪɚɫɱɟɬ 

ɜɟɞɟɦ ɩɨ ɨɞɧɨɫɬɚɜɨɱɧɨɦɭ ɬɚɪɢɮɭ. 

Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

16260 NW  ɤȼɬ/ɝɨɞ, (5.4) 

 

ɝɞɟ Ɍ – ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɝɨɞ, 4160Ɍ  ɱ;  

N – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɜɫɟɯ ɪɚɛɨɱɢɯ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ. 
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 366,1844160275,93162601  NW ɬɵɫ.ɤȼɬ/ɝɨɞ, 

 

 392,392416074,2162602  NW  ɬɵɫ.ɤȼɬ/ɝɨɞ, 

 

 920,283416068,25162603  NW  ɬɵɫ.ɤȼɬ/ɝɨɞ, 

 

 282,464416067,9162604  NW  ɬɵɫ.ɤȼɬ/ɝɨɞ. 

 

Ɂɚɬɪɚɬɵ ɛɟɡ ɭɱɟɬɚ ɇȾɋ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɝɨɞ 

 

  n
n

ɷɧɷɥ TWЗ /  (5.5) 

 

ɝɞɟ 1Ɍ  – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɨɞɧɨɫɬɚɜɨɱɧɵɣ, 1,84861 Ɍ . 

 

928,676184,3368486,11
1

/  TWЗ ɷɧɷɥ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

376,725392,3928486,12
2

/  TWЗ ɷɧɷɥ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

855,524920,2838486,13
3

/  TWЗ ɷɧɷɥ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

163,522464,2828486,14
4

/  TWЗ ɷɧɷɥ  ɬɵɫ.ɪɭɛ/ɝɨɞ. 

 

Ɂɚɬɪɚɬɵ ɫ ɭɱɟɬɨɦ ɇȾɋ 

 

2,1/  n
n

ɷɧɷɥ TWЗ , (5.6) 

 

313,8122,1928,6792,1/
1  nɷɧɷɥ TWЗ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 
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451,8702,1376,7252,1/
2  nɷɧɷɥ TWЗ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

825,6292,1855,5242,1/
3  nɷɧɷɥ TWЗ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

596,6262,1163,5222,1/
4  nɷɧɷɥ TWЗ  ɬɵɫ.ɪɭɛ/ɝɨɞ. 

 

Ɂɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 1 % ɨɬ ɫɦɟɬɧɨɣ 

ɫɬɨɢɦɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ. 

 

КȼЗ ɪɬ  01,0..
, (5.7) 

 

ɝɞɟ Кȼ  – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɪɭɛ. 

 

 16,1911619,0801,001,0
1..  КȼЗ ɪɬ ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 23,8242382,3801,001,0
2..  КȼЗ ɪɬ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 24,1382413,7801,001,0
3..  КȼЗ ɪɬ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 14,011400,9801,001,0
4..  КȼЗ ɪɬ  ɬɵɫ.ɪɭɛ/ɝɨɞ. 

 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 10 %  ɨɬ ɫɦɟɬɧɨɣ 

ɫɬɨɢɦɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ. 

 

КȼЗɚɦ  1,0  (5.8) 

 

ɝɞɟ Кȼ  – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɪɭɛ. 
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161,90808,16191,01,01  КȼЗɚɦ   ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 238,2382382,381,01,02  КȼЗɚɦ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

241,3782413,781,01,03  КȼЗɚɦ  ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 140,0981400,981,01,04  КȼЗɚɦ  ɬɵɫ.ɪɭɛ/ɝɨɞ. 

 

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 20 % ɨɬ ɫɭɦɦɵ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ 

ɨɬɱɢɫɥɟɧɢɣ ɢ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 

 

 ɚɦɩɥɡɩɪ ЗЗЗ  /2,0  (5.9)       

                                       

     240,66161,9081041,412,02,0 /1  ɚɦɩɥɡɩɪ ЗЗЗ ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

     255,93238,2381041,412,02,0 /2  ɚɦɩɥɡɩɪ ЗЗЗ ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

    360,698241,378562,112 12,02,0 /3  ɚɦɩɥɡɩɪ ЗЗЗ ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

     392,51140,0981822,52,02,0 /4  ɚɦɩɥɡɩɪ ЗЗЗ ɬɵɫ.ɪɭɛ/ɝɨɞ. 

 

Ⱦɚɥɟɟ ɭɱɢɬɵɜɚɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɝɟɧɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. 

Ɋɚɫɱɟɬ ɝɨɞɨɜɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɢ ɪɟɚɝɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɩɪɨɟɤɬɚ.  

Ƚɨɞɨɜɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɟɚɝɟɧɬɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

610

TDQ
З p 
 , (5.10) 
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ɝɞɟ pD  – ɪɚɫɱɟɬɧɚɹ ɞɨɡɚ ɪɟɚɝɟɧɬɚ, ɝ/ɦ3. 

 

Ɂɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

ɪɋЗɋ   (5.11) 

 

ɝɞɟ ɪɋ  – ɫɬɨɢɦɨɫɬɶ 1 ɬɨɧɧɵ ɪɟɚɝɟɧɬɚ, ɬɵɫ.ɪɭɛ ɬ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 5.3 – 5.6. 

 

Ɍɚɛɥɢɰɚ 5.3 – Ɂɚɬɪɚɬɵ ɧɚ ɪɟɚɝɟɧɬɵ ɫɯɟɦɵ 1 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ 

ɬ/ɝɨɞ 

ɋɬɨɢɦɨɫɬɶ 

ɬ.ɪɭɛ./ɬ(ɦ3) 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ 

ɬ. ɪɭɛ/ɝɨɞ 

ɀɟɥɟɡɧɚɹ ɫɬɪɭɠɤɚ 7,56 2 15,12 

ɋɟɪɧɚɹ ɤɢɫɥɨɬɚ 4,927 6,3 31,04 

ɂɬɨɝɨ   46,16 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɇȾɋ   55,4 

 

Ɍɚɛɥɢɰɚ 5.4 – Ɂɚɬɪɚɬɵ ɧɚ ɪɟɚɝɟɧɬɵ ɫɯɟɦɵ 2 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ 

ɬ/ɝɨɞ 

ɋɬɨɢɦɨɫɬɶ 

ɬ.ɪɭɛ./ɬ(ɦ3) 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ 

ɬ. ɪɭɛ/ɝɨɞ 

ɀɟɥɟɡɧɵɟ ɩɥɚɫɬɢɧɵ 9,645 15 144,7 

ɋɟɪɧɚɹ ɤɢɫɥɨɬɚ 4,827 6,3 30,4 

ɂɬɨɝɨ   175,1 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɇȾɋ   210,1 
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Ɍɚɛɥɢɰɚ 5.5 – Ɂɚɬɪɚɬɵ ɧɚ ɪɟɚɝɟɧɬɵ ɫɯɟɦɵ 3 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ 

ɬ/ɝɨɞ 

ɋɬɨɢɦɨɫɬɶ 

ɬ.ɪɭɛ./ɬ(ɦ3) 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ 

ɬ. ɪɭɛ/ɝɨɞ 

Ƚɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ 1,54 63,63 97,99 

ɋɨɥɹɧɚɹ ɤɢɫɥɨɬɚ 3,7 1,2 4,44 

Ɂɚɝɪɭɡɤɚ ɢɨɧɨɨɛɦɟɧɧɵɯ 

ɮɢɥɶɬɪɨɜ 
26,13 35 914,55 

ɂɬɨɝɨ   1016,94 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɇȾɋ   1220,33 

 

Ɍɚɛɥɢɰɚ 5.6 – Ɂɚɬɪɚɬɵ ɧɚ ɪɟɚɝɟɧɬɵ ɫɯɟɦɵ 4 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ 

ɬ/ɝɨɞ 

ɋɬɨɢɦɨɫɬɶ 

ɬ.ɪɭɛ./ɬ(ɦ3) 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ 

ɬ. ɪɭɛ/ɝɨɞ 

Ƚɢɞɪɨɤɫɢɞ ɤɚɥɶɰɢɹ 0,247 2,2 0,54 

ɉȺȺ 0,008 212,5 1,74 

Ɋɟɚɝɟɧɬ Amersep MP7 0,0051 600 3,06 

ɋɨɪɛɟɧɬ Ⱥɋ 1,1 30 33,0 

ɂɬɨɝɨ   38,34 

ɂɬɨɝɨ ɫ ɭɱɟɬɨɦ ɇȾɋ   39,55 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

ɫɨɫɬɚɜɥɹɸɬ 

 

 2328,32 =55,4+240,81+161,908+16,191 + 812,313 + 1041,41=Ɂ1 ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 2639,953=210,1 + 255,93+238,238+23,824+870,451+1041,41=Ɂ2 ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 4038,5=1220,33+360,698+241,378+24,138+629,825+1562,112=Ɂ3 ɬɵɫ.ɪɭɛ/ɝɨɞ, 

 

 3035,264=39,55+392,51+140,098+14,01+626,596+1822,5=Ɂ4  ɬɵɫ.ɪɭɛ/ɝɨɞ. 
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5.2.  Ɋɚɫɱɟɬ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ 
 

Ɋɚɫɱɟɬ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

ɷɤɫɩɥi ЗКȼȿɉ                                                                                (5.12) 

 

ɝɞɟ ȿ  – ɚɛɫɨɥɸɬɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ 

ɜɥɨɠɟɧɢɣ, 16,0ȿ . 

 

2587,3732,23281619,0816,01  ɷɤɫɩɥЗКȼȿɉ ɬɵɫ.ɪɭɛ, 

 

3021,13 2639,952382,3816,02  ɷɤɫɩɥЗКȼȿɉ  ɬɵɫ.ɪɭɛ, 

 

4424,70484038,52413,7816,03  ɷɤɫɩɥЗКȼȿɉ ɬɵɫ.ɪɭɛ, 

 

3259,423035,2641400,9816,04  ɷɤɫɩɥЗКȼȿɉ  ɬɵɫ.ɪɭɛ. 

 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɱɢɫɬɤɢ 1 ɦ3 ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

10001 
ɝɨɞQ

ɉɋ , (5.13) 

 

126,161000
508,8 20

37,2587
10001 

ɝɨɞQ

ɉ
C  ɪɭɛ/ɦ3, 

 

147,311000
508,8 20

3021,13
10002 

ɝɨɞQ

ɉɋ  ɪɭɛ/ɦ3, 

 

 215,751000
508,8 20

4424,71
10003 

ɝɨɞQ

ɉɋ  ɪɭɛ/ɦ3, 
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158,931000
508,8 20

3259,42
10004 

ɝɨɞQ

ɉɋ  ɪɭɛ/ɦ3. 

 

5.3. ɋɪɚɜɧɟɧɢɟ ɝɨɞɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ 

 

ɋɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 

ɪɚɡɦɟɪɨɦ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɪɚɫɯɨɞɚɦɢ, 

ɩɪɨɢɡɜɨɞɹɬ ɩɪɢ ɪɚɫɱɟɬɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɫɭɦɦɵ ɩɪɢɜɟɞɟɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɨ-

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ. 

 

 
 




Ɍ

t
t
tt

ɩ
E

ЗKЗ
0 1

,  (5.14) 

 

ɝɞɟ tЗ  – ɫɭɦɦɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ;  

E  – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ         

( 14,0E  – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ, ɡɚɟɦɧɵɣ ɤɚɩɢɬɚɥ); 

tК  – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ; 

T  – ɩɟɪɢɨɞ ɪɚɫɱɟɬɚ, 7T  ɥɟɬ. 

 

ɉɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɜɟɧ  

 

T

KB
tK   (5.15)  

 

ɝɞɟ Ɍ – ɩɟɪɢɨɞ ɪɚɫɱɟɬɚ, ɪɚɜɟɧ 7 ɥɟɬ. 

 

3,231
7

08,1619
1 

T

KB
K  ɬɵɫ.ɪɭɛ., 

34,340
7

38,2382
2 

T

KB
K  ɬɵɫ.ɪɭɛ., 
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83,344
7

78,2413


T

KB
K t  ɬɵɫ.ɪɭɛ., 

14,200
7

98,1400


T

KB
K t  ɬɵɫ.ɪɭɛ. 

 

Ɂ1
ɩ=

 
 










21 14,01

2328,32231,31619,0816,0231,3

)14,01(

1619,0816,0231,3  

 
 

 
 











43 14,01

2328,32231,331619,0816,0231,3

14,01

2328,32231,321619,0816,0231,3  

 
 

 
 

 
 

 ɬɬɵɫ.ɪɭ8904,39
14,01

2328,32231,361619,0816,0231,3

14,01

2328,32231,351619,0816,0231,3

16,01

2328,32231,341619,0816,0231,3

7

65

















 

 

Ɂ2
ɩ=

 
 










21 14,01

340,342382,3816,0340,34

)14,01(

2382,3816,0340,34  

 
 

 
 











43 14,01

2639,95340,3432382,3816,0340,34

14,01

2639,95340,3422382,3816,0340,34  

 
 

 
 

 
 

 ɬɬɵɫ.ɪɭ9467,39
14,01

2639,95340,3462382,3816,0340,34

14,01

2639,95340,3452382,3816,0340,34

16,01

2639,95340,3442382,3816,0340,34

7

65

















 

 

Ɂ3
ɩ=

 
 










21 14,01

4038,5344,832413,7816,0344,83

)14,01(

2413,7816,0344,83  

 
 

 
 











43 14,01

4038,583,344378,241316,083,344

14,01

4038,583,344278,241316,083,344  

 
 

 
 

 
 

 ɬɬɵɫ.ɪɭ18025,44
14,01

4038,583,344678,241316,083,344

14,01

4038,583,344578,241316,083,344

16,01

4038,583,344478,241316,083,344

7

65

















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Ɂ4
ɩ=

 
 










21 14,01

3035,264200,141400,9816,0200,14

)14,01(

1400,9816,0200,14  

 
 

 
 











43 14,01

3035,264200,1431400,9816,0200,14

14,01

3035,264200,1421400,9816,0200,14  

 
 

 
 

 
 

 ɬɬɵɫ.ɪɭ13118,37
14,01

3035,264200,1461400,9816,0200,14

14,01

3035,264200,1451400,9816,0200,14

16,01

3035,264200,1441400,9816,0200,14

7

65

















 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 5.7 
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Ɍɚɛɥɢɰɚ 5.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ  

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɂɧɜɟɫɬɢɰɢɨɧɧɵɟ ɩɪɨɟɤɬɵ 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ 
ɂɨɧɨɨɛɦɟɧɧɵɣ 

ɦɟɬɨɞ 

Ɋɟɚɝɟɧɬɧɵɣ  

ɦɟɬɨɞ 

1 2 3 4 5 6 7 

1 Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɬ. ɪɭɛ. 1619,1 2382,4 2413,8 1400,9 

2 Ɉɛɳɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɤȼɬ 50,3 53,9 39 38,8 

3 ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 
ɬ. 

ɪɭɛ/ɝɨɞ 
2328,32 2639,95 4038,5 3035,26 

4 ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɬ. ɪɭɛ. 2587,37 3021,13 4424,7 3259,42 

5 ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɨɱɢɫɬɤɢ ɪɭɛ./ɦ3 126,16 147,31 215,75 158,93 

6 
Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ 

ɡɚɬɪɚɬɵ 
ɬ.ɪɭɛ. 8904,39 9467,39 18025,44 13118,37 
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5.4. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ 
ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ 

 

ȼ ɬɚɛɥɢɰɟ 5.7 ɩɪɢɜɟɞɟɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ. ɂɡ 

ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɟɚɝɟɧɬɧɨɣ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ.  

ɉɨ ɬɚɛɥɢɰɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɪɚɜɧɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ 

ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɝɢɫɬɨɝɪɚɦɦɵ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 5.1 – 

5.6. 
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Ɋɢɫɭɧɨɤ 5.1 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɫɯɟɦ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ 

 

0

500

1000

1500

2000

2500

1619,08 

2382,38 2413,78 

1400,98 

Ɍɵ
ɫ.

 ɪ
ɭɛ

. 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɂɨɧɧɨɛɦɟɧɧɵɣ ɦɟɬɨɞ Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 
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Ɋɢɫɭɧɨɤ 5.2 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɨɛɳɟɣ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɫɯɟɦ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ 
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Ɉɛɳɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɂɨɧɧɨɛɦɟɧɧɵɣ ɦɟɬɨɞ Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 
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Ɋɢɫɭɧɨɤ 5.3 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɫɯɟɦ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ 
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ɗɤɫɩɥɭɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɂɨɧɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 
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Ɋɢɫɭɧɨɤ 5.4 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɫɯɟɦ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ ɜɨɞ 
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ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ 

ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɂɨɧɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 
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Ɋɢɫɭɧɨɤ 5.5 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɨɱɢɫɬɤɢ 1 ɦ3 ɜɨɞɵ ɫɯɟɦ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɫɬɨɱɧɵɯ 
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Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɂɨɧɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 
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Ɋɢɫɭɧɨɤ 5.6 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɫɯɟɦ ɨɱɢɫɬɤɢ ɦɟɞɶɫɨɞɟɪɠɚɳɢɯ 

ɫɬɨɱɧɵɯ ɜɨɞ 
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Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ 

Ƚɚɥɶɜɚɧɨɤɨɚɝɭɥɹɰɢɹ ɗɥɟɤɬɪɨɤɨɚɝɭɥɹɰɢɹ ɂɨɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ Ɋɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɪɟɚɝɟɧɬɚ-ɨɫɚɞɢɬɟɥɹ Amersep MP7 ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɫɬɨɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɩɚɬɟɧɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɚɝɟɧɬɧɵɣ ɦɟɬɨɞ. 

2. Ɉɛɨɫɧɨɜɚɧɵ ɢ ɷɤɫɩɟɪɟɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 

ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɝɟɧɬɧɨɝɨ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ; 

3. ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɩɢɫɚɧɢɟ ɨɛɴɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ; 

4. ɂɡɭɱɟɧ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɨɫɚɞɤɚ, ɩɨɫɥɟ ɪɟɚɝɟɧɬɧɨɝɨ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ, ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɯɟɦɵ ɭɬɢɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɨɫɚɞɤɚ; 

5. Ɋɚɡɪɚɛɨɬɚɧɚ ɫɨɜɪɟɦɟɧɧɚɹ ɫɯɟɦɚ ɩɨ ɨɛɟɡɜɪɟɠɢɜɚɧɢɸ ɫɬɨɱɧɵɯ ɜɨɞ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɨɝɨ ɪɟɚɝɟɧɬɚ; 

6. ɉɪɨɜɟɞɟɧ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ. 
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