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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ȼɨɞɨɫɧɚɛɠɟɧɢɹ 

ɩɬɢɰɟɮɚɛɪɢɤɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ» ɫɨɞɟɪɠɢɬ 60 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 30 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ȼɈȾɈɁȺȻɈɊ ɉɈȾɁȿɆɇɈȽɈ ɂɋɌɈɑɇɂɄȺ (ɋɄȼȺɀɂɇȺ), 

ɈȻɈɊɍȾɈȼȺɇɂȿ ɋɄȼȺɀɂɇɕ, ɌȿɏɇɈɅɈȽɂɑȿɋɄȺə ɋɏȿɆȺ 

ȼɈȾɈɉɈȾȽɈɌɈȼɄɂ, ɇȺɉɈɊɇɕɃ ɎɂɅɖɌɊ, ɊȿɎȺɃɇȿɊ, ɍɎ-

ɍɋɌȺɇɈȼɄȺ ȾɅə ɈȻȿɁɁȺɊȺɀɂȼȺɇɂə ȼɈȾɕ, ɄȺɅɖ-ɐɂɇȺɌɈɊ, 

ɁɈɇɕ ɋȺɇɂɌȺɊɇɈɃ ɈɏɊȺɇɕ, ɍɓȿɊȻ. 

Ɉɛɴɟɤɬ ȼɄɊ – ɉɬɢɰɟɮɚɛɪɢɤɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. ɉɬɢɰɟɮɚɛɪɢɤɚ 

ɧɚɯɨɞɢɬɫɹ ɜ 15 ɤɢɥɨɦɟɬɪɚɯ ɤ ɡɚɩɚɞɭ ɨɬ ɤɪɚɟɜɨɝɨ ɰɟɧɬɪɚ, ɧɚ ɬɪɚɫɫɟ Ɇ-53. 

ȼɟɞɟɬ ɞɟɹɬɟɥɶɧɨɫɬɶ ɫ 1960 ɝɨɞɚ. 

ɋɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɭɪɢɧɨɝɨ ɹɣɰɚ ɢ ɦɹɫɚ ɩɬɢɰɵ, 

ɡɚɧɢɦɚɟɬɫɹ ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɨɦ. ɇɚ ɫɨɛɫɬɜɟɧɧɵɯ ɩɨɫɟɜɧɵɯ ɩɥɨɳɚɞɹɯ ɜ 5 ɬɵɫɹɱ 

ɝɟɤɬɚɪɨɜ ɜɵɪɚɳɢɜɚɸɬɫɹ ɡɥɚɤɨɜɵɟ ɤɭɥɶɬɭɪɵ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɛɢɤɨɪɦɨɜ. 

ɇɚ 2019 ɝɨɞ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɩɨɝɨɥɨɜɶɟ ɫɨɫɬɚɜɢɥɨ 590 ɬɵɫɹɱ ɝɨɥɨɜ 

ɩɬɢɰɵ, ɜ ɬɨɦ ɱɢɫɥɟ 500 ɬɵɫɹɱ ɧɟɫɭɲɟɤ. ȿɠɟɝɨɞɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ — 

200 ɦɢɥɥɢɨɧɨɜ ɹɢɰ. ȼ 2019 ɝɨɞɭ ɞɨɥɹ ɩɬɢɰɟɮɚɛɪɢɤɢ ɧɚ ɪɵɧɤɟ ɤɭɪɢɧɨɝɨ ɹɣɰɚ 

ɩɨ Ʉɪɚɫɧɨɹɪɫɤɨɦɭ ɤɪɚɸ ɫɨɫɬɚɜɢɥɚ 31%. 

ɉɨɞɡɟɦɧɵɟ ɜɨɞɵ. 

ɐɟɥɶ ȻɊ: ɪɚɡɪɚɛɨɬɤɚ ɜɨɞɨɡɚɛɨɪɚ ɩɨɞɡɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ. 

Ɂɚɞɚɱɚɦɢ ɩɪɨɟɤɬɚ ɹɜɥɹɸɬɫɹ ɨɰɟɧɤɚ ɫɨɫɬɨɹɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɬɢɰɟɮɚɛɪɢɤɢ, ɚɧɚɥɢɡ ɩɨɞɡɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢ ɧɟɨɛɯɨɞɢɦɨɣ 

ɫɯɟɦɵ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɞɥɹ ɩɬɢɰɟɮɚɛɪɢɤɢ. 
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ȼȼȿȾȿɇɂȿ 

 

Ɍɟɪɪɢɬɨɪɢɹ ȿɦɟɥɶɹɧɨɜɫɤɨɝɨ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 

ɡɟɦɥɟɞɟɥɶɱɟɫɤɨɝɨ ɪɚɣɨɧɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 

ȿɦɟɥɶɹɧɨɜɫɤɢɣ ɪɚɣɨɧ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɢɦɚɬɢɱɟɫɤɨɦɭ ɪɚɣɨɧɭ I, ɩɨɞɪɚɣɨɧ 

Iȼ [4]. Ʉɥɢɦɚɬ ɪɚɣɨɧɚ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ, ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ, ɩɪɢɯɨɞɹɳɢɯ ɫ ɡɚɩɚɞɚ, ɫɟɜɟɪɚ ɢ ɸɝɚ. 

Ʉɨɧɬɢɧɟɧɬɚɥɶɧɨɫɬɶ ɪɚɣɨɧɚ ɜɵɪɚɠɟɧɚ ɛɨɥɶɲɨɣ ɝɨɞɨɜɨɣ (38°ɋ ɩɨ 

ɫɪɟɞɧɟɦɟɫɹɱɧɨɦɭ ɡɧɚɱɟɧɢɸ) ɢ ɫɭɬɨɱɧɨɣ (12-14) ɚɦɩɥɢɬɭɞɨɣ ɤɨɥɟɛɚɧɢɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ. 

ɉɨ ɭɫɥɨɜɢɹɦ ɜɥɚɝɨɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɣɨɧ ɨɬɧɨɫɢɬɫɹ ɤ ɡɨɧɟ 

ɞɨɫɬɚɬɨɱɧɨɝɨ ɭɜɥɚɠɧɟɧɢɹ. ɋɪɟɞɧɟɝɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɫɨɫɬɚɜɥɹɟɬ 

400-600 ɦɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɨɞɨɡɚɛɨɪɧɨɟ 

ɫɨɨɪɭɠɟɧɢɟ ɢɡ ɩɨɞɡɟɦɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. ɋɨɨɪɭɠɟɧɢɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɨ ɞɥɹ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɬɢɰɟɮɚɛɪɢɤɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɬɢɰɟɮɚɛɪɢɤɚ ɧɟ ɢɦɟɟɬ ɫɜɨɟɝɨ ɢɫɬɨɱɧɢɤɚ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɡɚɛɢɪɚɟɬ ɜɨɞɭ ɢɡ ɢɦɟɸɳɢɯɫɹ ɫɤɜɚɠɢɧ ɩɨɫɟɥɤɚ ȿɦɟɥɶɹɧɨɜɨ. 

Ɍɚɤ ɤɚɤ ɞɟɛɢɬ ɫɤɜɚɠɢɧ ɪɚɫɫɱɢɬɚɧ ɬɨɥɶɤɨ ɧɚ ɪɟɠɢɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɨɫɟɥɤɚ, 

ɬɨ ɟɝɨ ɩɪɟɜɵɲɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɫɬɨɳɟɧɢɸ ɢɫɬɨɱɧɢɤɚ ɢ ɧɚɪɭɲɟɧɢɸ 

ɩɨɞɚɱɢ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹɦ. 

ɇɟɩɪɚɜɢɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɤɜɚɠɢɧ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ɍɚɤ ɠɟ ɭɯɭɞɲɚɟɬɫɹ ɤɚɱɟɫɬɜɨ ɜɨɞɵ, ɩɪɨɢɫɯɨɞɢɬ 

ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɞɡɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɬɟɦ ɫɚɦɵɦ ɧɟ ɫɨɛɥɸɞɚɸɬɫɹ ɢɦɟɸɳɢɟɫɹ 

ɧɨɪɦɵ [8]. 

ɉɪɟɜɵɲɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ ɢɡ ɢɫɬɨɱɧɢɤɚ ɩɪɢɜɨɞɢɬ ɤ 

ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɚɳɟ ɜɫɟɝɨ ɧɚɫɨɫɨɜ. 
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ȼɨɞɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɭ, ɞɨɥɠɧɚ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɤɚɱɟɫɬɜɚ, ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɫɯɟɦɭ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, 

ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ. 

ȼɨɞɨɡɚɛɨɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɜɫɟɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɟɟ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɡɚɛɨɪɧɵɯ 

ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɪɚɫɱɟɬɚ ɜɨɞɨɩɪɢɟɦɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɪɨɝɪɟɫɫɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɭɫɥɨɜɢɹɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ, ɡɚɥɟɝɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɚɬɟɝɨɪɢɣ ɩɨɞɡɟɦɧɵɯ ɜɨɞ: 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɜɨɞɨɭɩɨɪɨɜ ɢ ɤɪɨɜɥɢ ɜɨɞɨɧɨɫɧɵɯ ɩɥɚɫɬɨɜ, ɢɯ ɦɨɳɧɨɫɬɶɸ; 

ɫɨɫɬɚɜɚɦɢ ɢ ɫɜɨɣɫɬɜɚɦɢ ɜɨɞɨɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɮɢɤɨɣ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ, ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɫɬɨɱɧɢɤɨɜ ɢɯ 

ɩɢɬɚɧɢɹ. 
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1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

 

           1.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 

Ɂɚɳɢɳɟɧɧɵɣ ɜɨɞɨɧɚɩɨɪɧɵɣ ɩɥɚɫɬ ɩɥɨɳɚɞɧɨɝɨ ɩɢɬɚɧɢɹ ɫɨ 

ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

− ɦɨɳɧɨɫɬɶ ɩɥɚɫɬɚ m = 24 ɦ; 

− ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɝɪɭɧɬɚ kɮ=12 ɦ/ɫɭɬ; 

− ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɞɨɨɬɞɚɱɢ (30% ɨɬ kɮ) µ = 3,6; 

− ɩɨɪɢɫɬɨɫɬɶ ɜɨɞɨɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ n=0,18; 

− ɨɬɦɟɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ Zɡɟɦɥɢ = 0ɦ; 

− ɨɬɦɟɬɤɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɩɥɚɫɬɟ Zɫɬɚɬ. ɭɪɨɜɟɧɶ = 3,400ɦ; 

− ɜɨɞɨɜɦɟɳɚɸɳɢɟ ɩɨɪɨɞɵ – ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɟ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɵɟ ɩɟɫɤɢ 

ɫ d = 0,45−2,2 ɦɦ; 

− ɩɨɬɪɟɛɢɬɟɥɶ – ɩɬɢɰɟɮɚɛɪɢɤɚ  

− ɫɨɞɟɪɠɚɧɢɟ Fe=3,7 ɦɝ/ɥ; 

− ɠɟɫɬɤɨɫɬɶ ɜɨɞɵ 17,5 ɦɝ-ɷɤɜ/ɥ. 

ɑɢɫɥɨ ɩɬɢɰ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ: ɧɟɫɭɲɤɢ – 500000 ɝɨɥɨɜ; ɛɪɨɣɥɟɪɵ – 

50000 ɝɨɥɨɜ; ɦɨɥɨɞɧɹɤ ɜ ɜɨɡɪɚɫɬɟ 1-9 ɧɟɞɟɥɶ – 25000 ɝɨɥɨɜ; ɦɨɥɨɞɧɹɤ ɜ 

ɜɨɡɪɚɫɬɟ 10-22 ɧɟɞɟɥɶ – 15000 ɝɨɥɨɜ.  

ɑɢɫɥɨ ɫɨɬɪɭɞɧɢɤɨɜ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ: ɬɟɯɧɢɤɢ – 3 ɱɟɥ; ɢɧɠɟɧɟɪɵ – 3 ɱɟɥ; 

ɪɭɤɨɜɨɞɢɬɟɥɢ – 2 ɱɟɥ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6] ɧɚ ɤɚɠɞɵɟ 10000 ɝɨɥɨɜ ɩɬɢɰ 

ɬɪɟɛɭɟɬɫɹ ɨɞɢɧ ɫɨɬɪɭɞɧɢɤ, ɢɬɨɝɨ 59 ɱɟɥɨɜɟɤ. 

 

1.2 ɋɨɜɪɟɦɟɧɧɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɩɬɢɰɟɮɚɛɪɢɤɢ 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɨɠɧɵɟ 

ɬɟɯɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɢɟɦ ɩɪɢɪɨɞɧɨɣ ɜɨɞɵ, ɟɟ ɨɱɢɫɬɤɭ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɞɚɱɟɣ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹɦ. ɇɚɢɛɨɥɟɟ 
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ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɵɟ 

ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɢɬɶɟɜɨɝɨ, ɛɵɬɨɜɨɝɨ, ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

ɋɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɜɨɞɟ ɩɪɢɞɚɟɬ ɟɣ ɛɭɪɨɜɚɬɭɸ ɨɤɪɚɫɤɭ, 

ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɩɪɢɜɤɭɫ ɢ ɜɵɡɵɜɚɟɬ ɤɨɪɪɨɡɢɸ ɬɪɭɛ. ȼ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ 

ɠɟɥɟɡɨ ɜɫɬɪɟɱɚɟɬɫɹ ɨɛɵɱɧɨ ɜ ɞɜɭɯɜɚɥɟɧɬɧɨɣ ɮɨɪɦɟ (ɜ ɪɚɫɬɜɨɪɟɧɧɨɦ 

ɫɨɫɬɨɹɧɢɢ). ɇɟɨɛɯɨɞɢɦɚɹ ɫɬɟɩɟɧɶ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɜɨɞɵ ɨɩɪɟɞɟɥɹɬɫɹ 

ɤɨɧɟɱɧɵɦɢ ɰɟɥɹɦɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɷɬɚ ɜɨɞɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ [8]. Ⱦɥɹ 

ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɧɟ ɞɨɥɠɧɚ 

ɩɪɟɜɵɲɚɬɶ 0,3−1 ɦɝ/ɥ. ɏɨɬɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɟɞɢɧɨɝɨ 

ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɭɞɚɥɟɧɢɹ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɮɨɪɦ 

ɠɟɥɟɡɚ ɢɡ ɜɨɞɵ, ɢɫɩɨɥɶɡɭɹ ɪɚɡɧɵɟ ɫɯɟɦɵ ɨɱɢɫɬɤɢ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 

ɠɟɥɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ. 

Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ 

Ɍɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɜɨɞɵ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ 

ɨɤɢɫɥɟɧɢɢ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ (ɚɷɪɚɰɢɹ) ɢ ɫɢɥɶɧɵɦɢ 

ɨɤɢɫɥɢɬɟɥɹɦɢ (ɯɥɨɪ, ɩɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɹ, ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ, ɨɡɨɧ) ɞɨ 

ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɝɢɞɪɨɤɫɢɞɚ 

ɠɟɥɟɡɚ (III), ɤɨɬɨɪɵɣ ɜɩɨɫɥɟɞɫɬɜɢɢ ɭɞɚɥɹɟɬɫɹ ɨɬɫɬɚɢɜɚɧɢɟɦ, ɨɬɫɬɚɢɜɚɧɢɟɦ ɫ 

ɞɨɛɚɜɥɟɧɢɟɦ ɤɨɚɝɭɥɹɧɬɨɜ ɢ ɮɥɨɤɤɭɥɹɧɬɨɜ, ɚ ɬɚɤɠɟ ɮɢɥɶɬɪɚɰɢɟɣ. 

Ⱥɷɪɚɰɢɹ 

Ɉɤɢɫɥɟɧɢɟ ɠɟɥɟɡɚ ɚɷɪɚɰɢɟɣ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ: ɮɨɧɬɚɧɢɪɨɜɚɧɢɟɦ (ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɟ ɛɪɵɡɝɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ), ɞɭɲɢɪɨɜɚɧɢɟɦ, ɫ ɩɨɦɨɳɶɸ ɢɧɠɟɤɬɨɪɚ, 

ɷɠɟɤɬɨɪɚ ɢɥɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɜɜɟɞɟɧɢɟɦ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɭ ɩɨɞ ɧɚɩɨɪɨɦ, 

ɛɚɪɛɨɬɚɰɢɟɣ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɨɞɚ, ɩɪɨɲɟɞɲɚɹ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ ɚɷɪɚɰɢɟɣ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɫɬɚɢɜɚɧɢɟɦ ɢ ɮɢɥɶɬɪɚɰɢɟɣ, ɭɠɟ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɢɝɨɞɧɨɣ ɤ 

ɭɩɨɬɪɟɛɥɟɧɢɸ ɜ ɤɚɱɟɫɬɜɟ ɩɢɬɶɟɜɨɣ. ɉɨ ɬɚɤɨɣ ɭɩɪɨɳɟɧɧɨɣ ɫɯɟɦɟ 

ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨ, ɤɨɝɞɚ ɢɫɯɨɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɧɟ 
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ɩɪɟɜɵɲɚɟɬ 10 ɦɝ/ɦɥ (ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ ɧɟ ɦɟɧɟɟ 70% 

ɨɬ ɨɛɳɟɝɨ), ɤɨɧɰɟɧɬɪɚɰɢɹ H2S ɧɟ ɛɨɥɟɟ 2,5 ɦɝ/ɥ. Ɉɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ (ɪɟɞɨɤɫ - ɩɨɬɟɧɰɢɚɥ) ɜɨɞɵ ɩɨɫɥɟ ɚɷɪɚɰɢɢ ɧɟ 

ɞɨɥɠɟɧ ɛɵɬɶ ɧɢɠɟ 100 ɦȼ, ɢɧɞɟɤɫ ɫɬɚɛɢɥɶɧɨɫɬɢ (ɢɧɞɟɤɫ Ʌɚɧɠɟɥɶɟ) ɧɟ ɦɟɧɟɟ 

0,05. 

Ʉɚɤɨɣ ɫɩɨɫɨɛ ɚɷɪɚɰɢɢ ɛɭɞɟɬ ɩɪɢɦɟɧɟɧ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɢɫɯɨɞɧɨɣ 

ɜɨɞɵ. ȿɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜɵɲɟ 0,5 ɦɝ/ɥ, ɚ ɫɜɨɛɨɞɧɨɣ 

ɭɝɥɟɤɢɫɥɨɬɵ – ɛɨɥɟɟ 40 ɦɝ/ɥ, ɜɜɟɞɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɩɨɞ ɧɚɩɨɪɨɦ 

ɧɟ ɬɪɟɛɭɟɬɫɹ – ɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɨɬɤɪɵɬɭɸ ɟɦɤɨɫɬɶ ɫɨ ɫɜɨɛɨɞɧɵɦ 

ɢɡɥɢɜɨɦ ɜ ɧɟɟ ɜɨɞɵ. Ⱥɧɚɥɨɝɢɱɧɨɝɨ ɷɮɮɟɤɬɚ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɫ ɩɨɦɨɳɶɸ 

ɮɨɧɬɚɧɢɪɨɜɚɧɢɹ ɢɥɢ ɞɭɲɢɪɨɜɚɧɢɹ. 

Ɉɤɢɫɥɟɧɢɟ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɫɢɥɶɧɵɯ 

ɨɤɢɫɥɢɬɟɥɟɣ 

Ɂɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɟɬɫɹ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɜ ɜɨɞɭ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ. ɑɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɟɬɫɹ 

ɯɥɨɪɢɪɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɞɟɡɢɧɮɟɤɰɢɢ ɜɨɞɵ, ɚ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɨɤɚɡɵɜɚɟɬɫɹ ɨɡɨɧɢɪɨɜɚɧɢɟ. ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ, ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɨɡɨɧɚ, ɞɪɭɝɢɟ ɨɤɢɫɥɢɬɟɥɢ ɨɤɚɡɵɜɚɸɬɫɹ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦɢ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɨɪɝɚɧɢɱɟɫɤɨɦɭ ɠɟɥɟɡɭ. Ɉɡɨɧɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɞɨɪɨɝɨɫɬɨɹɳɢɦ ɦɟɬɨɞɨɦ, ɬɪɟɛɭɸɳɢɦ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɍɚɤɠɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ 

ɭɞɚɥɟɧɢɟɦ ɢɡ ɜɨɞɵ ɦɚɪɝɚɧɰɚ, ɤɨɬɨɪɵɣ ɨɤɢɫɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɬɪɭɞɧɟɟ, ɱɟɦ 

ɠɟɥɟɡɨ, ɢ pH ɩɪɢ ɷɬɨɦ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ.  

Ɉɫɚɠɞɟɧɢɟ ɤɨɥɥɨɢɞɧɨɝɨ ɠɟɥɟɡɚ ɬɪɚɞɢɰɢɨɧɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ 
ɫɩɨɫɨɛɨɦ 

ȼ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫ ɨɫɚɠɞɟɧɢɹ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ 

ɝɢɞɪɨɤɫɢɞɚ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ 1–3 ɦɤɦ) ɩɪɢ ɨɬɫɬɚɢɜɚɧɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɭɸɬ ɤɨɚɝɭɥɹɧɬ. 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɤɨɚɝɭɥɹɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɭɤɪɭɩɧɟɧɢɟ ɱɚɫɬɢɰ ɢ ɭɫɤɨɪɟɧɢɟ 
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ɨɫɚɠɞɟɧɢɹ. ɗɬɨɝɨ ɠɟ ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɨɱɢɫɬɢɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ 

ɩɟɫɱɚɧɵɯ ɢɥɢ ɚɧɬɪɚɰɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ, ɧɟ ɫɩɨɫɨɛɧɵɯ ɡɚɞɟɪɠɢɜɚɬɶ ɦɟɥɤɢɟ 

ɱɚɫɬɢɰɵ. Ɍɚɤ ɠɟ ɩɥɨɯɨ ɷɬɢ ɮɢɥɶɬɪɵ ɡɚɞɟɪɠɢɜɚɸɬ ɨɪɝɚɧɢɱɟɫɤɨɟ ɠɟɥɟɡɨ. 

Ɇɟɞɥɟɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ ɝɢɞɪɨɤɫɢɞɚ ɠɟɥɟɡɚ (III) 

ɜɤɭɩɟ ɫ ɦɚɥɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɨɤɢɫɥɢɬɟɥɟɣ ɢ ɚɷɪɚɰɢɢ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɨɪɝɚɧɢɱɟɫɤɨɦɭ ɠɟɥɟɡɭ, ɚ ɬɚɤɠɟ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɜɟɪɯɧɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɡɚɬɪɭɞɧɹɟɬ ɩɪɢɦɟɧɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɯɟɦɵ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ 

ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. ȼ ɬɚɤɢɯ 

ɫɯɟɦɚɯ ɫɬɚɪɚɸɬɫɹ ɩɪɢɦɟɧɹɸɬ ɞɪɭɝɢɟ ɭɫɬɚɧɨɜɤɢ, ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ ɜ ɤɨɬɨɪɵɯ 

ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɩɪɢɧɰɢɩɚɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɮɢɥɶɬɪɚɰɢɟɣ ɢ ɢɨɧɨɨɛɦɟɧɚ. 

Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ ɫ ɮɢɥɶɬɪɚɰɢɟɣ 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɣ ɫɟɝɨɞɧɹ ɦɟɬɨɞ ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 

ɤɨɬɬɟɞɠɟɣ, ɨɬɞɟɥɶɧɵɯ ɧɟɛɨɥɶɲɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. ɍɫɬɚɧɨɜɤɢ ɞɥɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ ɮɢɥɶɬɪɚɰɢɢ ɤɨɦɩɚɤɬɧɵ ɢ ɨɬɥɢɱɚɸɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ (0,5–20,0 ɦ3/ɱ ɢ ɛɨɥɟɟ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɪɛɟɧɬɚ, ɢɫɯɨɞɧɵɯ ɤɚɱɟɫɬɜ ɜɨɞɵ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɡɟɪɜɭɚɪɚ – ɛɚɥɥɨɧɚ ɢɡ ɫɬɟɤɥɨɜɨɥɨɤɧɚ ɢɥɢ ɧɟɪɠɚɜɟɸɳɟɣ 

ɫɬɚɥɢ). Ɋɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ ɠɟɥɟɡɚ ɩɪɨɢɫɯɨɞɢɬ ɜɧɭɬɪɢ ɪɟɡɟɪɜɭɚɪɚ ɭɫɬɚɧɨɜɤɢ 

ɧɚ ɝɪɚɧɭɥɚɯ ɡɚɫɵɩɤɢ – ɫɩɟɰɢɚɥɶɧɨɣ ɮɢɥɶɬɪɭɸɳɟɣ ɫɪɟɞɵ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɢ ɮɢɥɶɬɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɜɵɫɨɤɨɣ ɩɨɪɢɫɬɨɫɬɶɸ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɫɪɟɞɭ ɞɥɹ 

ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɢ ɨɛɭɫɥɨɜɥɢɜɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶ ɤ 

ɚɛɫɨɪɛɰɢɢ. 

ɑɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɡɚɫɵɩɤɢ ɫɢɧɬɟɬɢɱɟɫɤɢɣ 

ɦɚɬɟɪɢɚɥ Birm. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢ ɷɤɨɧɨɦɢɱɧɨ ɭɞɚɥɹɬɶ ɢɡ ɜɨɞɵ 

ɫɨɟɞɢɧɟɧɢɹ ɠɟɥɟɡɚ ɢ ɦɚɪɝɚɧɰɚ ɧɢɡɤɢɯ ɢ ɫɪɟɞɧɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. ȼ ɭɫɬɚɧɨɜɤɢ 

ɫ ɡɚɫɵɩɤɨɣ ɢɡ Birm ɩɨɞɚɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɚɷɪɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. Ⱦɨɥɹ 
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ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɧɟɣ ɤɢɫɥɨɪɨɞɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 15% ɞɨɥɢ ɠɟɥɟɡɚ (ɢɥɢ 

ɠɟɥɟɡɚ ɢ ɦɚɪɝɚɧɰɚ). ȼɵɫɨɤɚɹ ɩɨɪɢɫɬɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢ ɦɚɥɚɹ ɧɚɫɵɩɧɚɹ ɦɚɫɫɚ 

(0,7–0,8 ɝ/ɫɦ3) ɩɨɡɜɨɥɹɸɬ ɥɟɝɤɨ ɭɞɚɥɹɬɶ ɨɫɚɞɤɢ ɩɪɢ ɨɛɪɚɬɧɨɣ ɩɪɨɦɵɜɤɟ. 

ɇɟɨɛɯɨɞɢɦɨ, ɱɬɨ ɛɵ ɳɟɥɨɱɧɨɫɬɶ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɛɵɥɚ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ, 

ɱɟɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɯɥɨɪɢɞɨɜ ɢ ɫɭɥɶɮɚɬɨɜ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɦɚɬɟɪɢɚɥɚ Birm 

ɹɜɥɹɸɬɫɹ ɟɝɨ ɜɵɫɨɤɚɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɢɫɬɢɪɚɧɢɸ, ɢɡ-ɡɚ ɱɟɝɨ ɡɚ ɝɨɞ ɬɟɪɹɟɬɫɹ ɞɨ 

10–15 % ɡɚɫɵɩɤɢ, ɚ ɬɚɤɠɟ ɧɟ ɫɚɦɵɣ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɡɧɚɱɟɧɢɣ pH 

– 8,0–9,0. ȿɝɨ ɩɪɟɢɦɭɳɟɫɬɜɨ – ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

Ⱦɨɜɨɥɶɧɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɡɚɫɵɩɤɢ ɧɚ ɨɫɧɨɜɟ 

ɩɪɢɪɨɞɧɵɯ ɦɢɧɟɪɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɞɨɥɨɦɢɬ, ɰɟɨɥɢɬ, ɝɥɚɭɤɨɧɢɬ. ɂɫɩɨɥɶɡɭɟɬɫɹ 

ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɰɟɨɥɢɬ. 

ɂɡ ɝɥɚɭɤɨɧɢɬɨɜɨɝɨ ɡɟɥɟɧɨɝɨ ɩɟɫɤɚ ɩɨɥɭɱɚɸɬ ɦɚɬɟɪɢɚɥ ɞɥɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ – GlauconiteManganeseGreensand. 

ȼ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɝɥɚɭɤɨɧɢɬɨɜɨɝɨ ɩɟɫɤɚ ɜ ɫɨɫɬɚɜ Greensand ɜɜɨɞɹɬɫɹ 

ɜɵɫɲɢɟ ɨɤɫɢɞɵ ɦɚɪɝɚɧɰɚ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ʉɪɨɦɟ ɫɨɛɫɬɜɟɧɧɵɯ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ Greensand ɫɜɹɡɵɜɚɟɬ ɬɚɤɢɟ 

ɨɤɢɫɥɹɸɳɢɟ ɚɝɟɧɬɵ, ɤɚɤ ɩɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɹ, ɯɥɨɪ, ɪɚɫɬɜɨɪɟɧɧɵɣ ɤɢɫɥɨɪɨɞ. 

ȼɫɟ ɷɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɢ ɩɨɥɧɨɬɭ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ. 

Greensand ɨɛɥɚɞɚɟɬ ɜɵɫɨɱɚɣɲɟɣ ɩɨɝɥɨɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɷɮɮɟɤɬɢɜɟɧ 

ɩɪɢ ɨɱɢɫɬɤɟ ɜɨɞɵ ɫ ɜɵɫɨɤɢɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɠɟɥɟɡɚ ɢ ɦɚɪɝɚɧɰɚ (ɫɭɦɦɚɪɧɨ 

ɞɨ 10 ɦɝ/ɥ) ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ pH – 6,2–8,8. ɋɢɫɬɟɦɵ ɫ ɡɚɫɵɩɤɨɣ ɢɡ ɷɬɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɨɱɢɫɬɤɢ ɜɨɞɵ ɧɚ ɥɸɛɨɣ ɝɥɭɛɢɧɟ ɫɤɜɚɠɢɧɵ. 

ɋɟɪɨɜɨɞɨɪɨɞ ɨɤɢɫɥɹɟɬɫɹ ɞɨ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɫɭɥɶɮɚɬɨɜ. Ɉɫɚɞɤɢ ɮɢɥɶɬɪɭɸɬɫɹ 

ɫɥɨɟɦ Greensand ɢ ɫɨɩɭɬɫɬɜɭɸɳɢɦɢ ɮɢɥɶɬɪɭɸɳɢɦɢ ɫɥɨɹɦɢ. ɋɨɪɛɟɧɬ ɧɟ 

ɩɨɞɜɟɪɠɟɧ ɜɨɡɞɟɣɫɬɜɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ, ɚ ɬɚɤɠɟ 

ɧɟ ɬɪɟɛɭɟɬ ɞɟɡɢɧɮɟɤɰɢɢ. Ɋɟɝɟɧɟɪɚɰɢɹ ɫɪɟɞɵ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɬɜɨɪɨɦ 

ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɦɵɜɤɨɣ ɢɫɯɨɞɧɨɣ ɜɨɞɨɣ. 
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ȿɫɬɶ ɢ ɞɪɭɝɢɟ ɦɚɬɟɪɢɚɥɵ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɫɵɩɨɤ ɞɥɹ ɮɢɥɶɬɪɨɜ-

ɨɛɟɡɠɟɥɟɡɢɜɚɬɟɥɟɣ, ɧɨ ɧɚ ɩɪɢɦɟɪɟ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɚɯ ɭɞɚɥɟɧɢɹ ɠɟɥɟɡɚ ɞɚɧɧɵɦ ɫɩɨɫɨɛɨɦ. 

ɂɨɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ ɭɞɚɥɟɧɢɹ ɠɟɥɟɡɚ 

Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɠɟɥɟɡɚ ɢɡ ɜɨɞɵ ɷɬɢɦ ɦɟɬɨɞɨɦ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɬɢɨɧɢɬɵ. 

ɇɚ ɫɦɟɧɭ ɰɟɨɥɢɬɭ ɢ ɞɪɭɝɢɦ ɩɪɢɪɨɞɧɵɦ ɢɨɧɢɬɚɦ ɩɪɢɯɨɞɹɬ ɫɢɧɬɟɬɢɱɟɫɤɢɟ 

ɢɨɧɨɨɛɦɟɧɧɵɟ ɫɦɨɥɵ; ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɨɧɧɨɝɨ 

ɨɛɦɟɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ. 

Ʌɸɛɵɟ ɤɚɬɢɨɧɢɬɵ ɫɩɨɫɨɛɧɵ ɭɞɚɥɹɬɶ ɢɡ ɜɨɞɵ ɧɟ ɬɨɥɶɤɨ ɪɚɫɬɜɨɪɟɧɧɨɟ 

ɞɜɭɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ, ɧɨ ɬɚɤɠɟ ɢ ɞɪɭɝɢɟ ɞɜɭɯɜɚɥɟɧɬɧɵɟ ɦɟɬɚɥɥɵ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɤɚɥɶɰɢɣ ɢ ɦɚɝɧɢɣ, ɞɥɹ ɷɬɨɝɨ ɨɧɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɢ ɩɪɢɦɟɧɹɸɬɫɹ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɦɟɬɨɞɨɦ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɦɨɠɧɨ ɭɞɚɥɹɬɶ ɢɡ ɜɨɞɵ ɨɱɟɧɶ 

ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ, ɩɪɢ ɷɬɨɦ ɧɟ ɩɨɬɪɟɛɭɟɬɫɹ ɫɬɚɞɢɢ ɨɤɢɫɥɟɧɢɹ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ 

ɝɢɞɪɨɤɫɢɞɚ. ɇɨ ɧɚ ɩɪɚɤɬɢɤɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɡɧɚɱɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɟɧɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɞɥɹ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɩɪɢɫɭɬɫɬɜɢɟ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ, ɤɨɬɨɪɨɟ ɛɵɫɬɪɨ «ɡɚɛɢɜɚɟɬ» ɫɦɨɥɭ ɢ 

ɩɥɨɯɨ ɨɬɬɭɞɚ ɜɵɦɵɜɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɥɸɛɨɟ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɜɨɞɟ, ɩɪɨɯɨɞɹɳɟɣ 

ɱɟɪɟɡ ɢɨɧɨɨɛɦɟɧɧɢɤ, ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɞɪɭɝɢɯ ɨɤɢɫɥɢɬɟɥɟɣ ɤɪɚɣɧɟ 

ɧɟɠɟɥɚɬɟɥɶɧɨ. ɗɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɢ ɧɚ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ pH, ɜ 

ɤɨɬɨɪɵɯ ɫɦɨɥɚ ɷɮɮɟɤɬɢɜɧɚ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɨɧɨɨɛɦɟɧɧɵɯ ɫɦɨɥ ɞɥɹ 

ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ 

ɤ ɤɚɬɢɨɧɢɬɚɦ, ɠɟɥɟɡɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɧɚ ɧɢɯ 

ɢɨɧɨɜ ɤɚɥɶɰɢɹ ɢ ɦɚɪɝɚɧɰɚ, ɩɪɨɜɟɞɟɧɢɹ ɨɛɳɟɣ ɞɟɦɢɧɟɪɚɥɢɡɚɰɢɢ. ȿɫɥɢ ɜ ɜɨɞɟ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ (ɨɪɝɚɧɢɱɟɫɤɨɟ ɠɟɥɟɡɨ), ɷɬɨ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɛɵɫɬɪɨɦɭ ɡɚɪɚɫɬɚɧɢɸ ɢɨɧɨɨɛɦɟɧɧɨɣ ɫɦɨɥɵ ɨɪɝɚɧɢɱɟɫɤɨɣ 
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ɩɥɟɧɤɨɣ, ɫɥɭɠɚɳɟɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɨɣ ɞɥɹ ɛɚɤɬɟɪɢɣ. ɉɨɷɬɨɦɭ 

ɢɨɧɨɨɛɦɟɧɧɵɟ ɤɚɬɢɨɧɢɬɵ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɨɛɵɱɧɨ, ɤɨɝɞɚ 

ɬɪɟɛɭɟɬɫɹ ɞɨɨɱɢɫɬɤɚ ɜɨɞɵ ɩɨ ɷɬɨɦɭ ɩɚɪɚɦɟɬɪɭ ɞɨ ɫɚɦɵɯ ɧɢɡɤɢɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɤɨɝɞɚ ɜɨɡɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɭɞɚɥɟɧɢɟ ɢɨɧɨɜ ɠɟɫɬɤɨɫɬɢ. 

Ɉɛɟɡɠɟɥɟɡɢɜɚɧɢɟ ɦɟɦɛɪɚɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 

Ɇɢɤɪɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɩɪɢɝɨɞɧɵ ɞɥɹ ɭɞɚɥɟɧɢɹ ɤɨɥɥɨɢɞɧɵɯ 

ɱɚɫɬɢɰ ɝɢɞɪɨɤɫɢɞɚ ɠɟɥɟɡɚ (III); ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɢ 

ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫɩɨɫɨɛɧɵ ɭɞɚɥɹɬɶ, ɤɪɨɦɟ ɷɬɨɝɨ, ɤɨɥɥɨɢɞɧɨɟ 

ɢ ɛɚɤɬɟɪɢɚɥɶɧɨɟ ɨɪɝɚɧɢɱɟɫɤɨɟ ɠɟɥɟɡɨ, ɚ ɦɟɬɨɞ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ ɩɨɡɜɨɥɹɟɬ 

ɭɞɚɥɹɬɶ ɞɨ 98% ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ. ɇɨ 

ɦɟɦɛɪɚɧɧɵɟ ɦɟɬɨɞɵ ɞɨɫɬɚɬɨɱɧɨ ɞɨɪɨɝɨɫɬɨɹɳɢ ɢ ɧɟ ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ 

ɤɨɧɤɪɟɬɧɨ ɞɥɹ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ. Ɍɚɤɠɟ, ɦɟɦɛɪɚɧɵ ɥɟɝɤɨ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɡɚɪɚɫɬɚɧɢɸ ɨɪɝɚɧɢɱɟɫɤɨɣ ɩɥɟɧɤɨɣ ɢ ɡɚɛɢɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɟɪɚɫɬɜɨɪɢɦɵɦɢ ɱɚɫɬɢɰɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɠɚɜɱɢɧɨɣ, ɚ ɬɚɤɠɟ ɩɨɝɥɨɳɚɸɬ 

ɪɚɫɬɜɨɪɟɧɧɨɟ ɞɜɭɯɜɚɥɟɧɬɧɨɟ ɠɟɥɟɡɨ ɢ ɛɵɫɬɪɨ ɬɟɪɹɸɬ ɫɩɨɫɨɛɧɨɫɬɶ 

ɷɮɮɟɤɬɢɜɧɨ ɡɚɞɟɪɠɢɜɚɬɶ ɞɪɭɝɢɟ ɜɟɳɟɫɬɜɚ. Ɏɢɪɦɵ-ɩɪɨɢɡɜɨɞɢɬɟɥɢ 

ɨɛɪɚɬɧɨɨɫɦɨɬɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ ɝɚɪɚɧɬɢɪɭɸɬ ɫɨɯɪɚɧɟɧɢɟ ɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɛɳɟɝɨ ɠɟɥɟɡɚ ɜ ɜɨɞɟ ɧɟ 

ɛɨɥɟɟ 0,1–0,3 ɦɝ/ɥ, ɜɡɜɟɲɟɧɧɵɯ ɩɪɢɦɟɫɟɣ – ɧɟ ɛɨɥɟɟ 0,5–0,6 ɦɝ/ɥ, 

ɩɟɪɦɚɧɝɚɧɚɬɧɨɣ ɨɤɢɫɥɹɟɦɨɫɬɢ – ɧɟ ɛɨɥɟɟ 5 ɦɝ Ɉ2/ɥ ɢ ɤɨɥɥɨɢɞɧɨɦ ɢɧɞɟɤɫɟ ɧɟ 

ɛɨɥɟɟ 2–4 ɟɞɢɧɢɰ (ɩɚɪɚɦɟɬɪɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɫɨɞɟɪɠɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɠɟɥɟ-ɡɚ). ɉɨɷɬɨɦɭ ɩɟɪɟɞ ɦɟɦɛɪɚɧɨɣ ɨɱɢɫɬɤɨɣ ɧɟɨɛɯɨɞɢɦɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɮɢɥɶɬɪɚɰɢɹ. ɇɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɦɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɠɟɥɚɬɟɥɶɧɨ ɬɚɦ, ɝɞɟ 

ɩɪɨɫɬɨ ɧɟɨɛɯɨɞɢɦɚ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɜɨɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɨɬ ɠɟɥɟɡɚ, 

ɧɚɩɪɢɦɟɪ, ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɢɥɢ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɧ ɹɜɥɹɟɬɫɹ 

ɫɚɦɵɦ ɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɢɡ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɢ 

ɱɚɫɬɧɵɯ ɜɨɞɨɩɪɨɜɨɞɨɜ. 
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Ȼɢɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ 

ɗɬɨɬ ɦɟɬɨɞ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɠɟɥɟɡɨɛɚɤɬɟɪɢɣ, 

ɨɤɢɫɥɹɸɳɢɯ ɞɜɭɯɜɚɥɟɧɬɧɨɟ ɪɚɫɬɜɨɪɟɧɧɨɟ ɠɟɥɟɡɨ ɞɨ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ, ɜ ɰɟɥɹɯ 

ɨɱɢɫɬɤɢ ɜɨɞɵ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɞɚɥɟɧɢɟɦ ɤɨɥɥɨɢɞɨɜ ɢ ɛɚɤɬɟɪɢɚɥɶɧɵɯ 

ɩɥɟɧɨɤ ɜ ɨɬɫɬɨɣɧɢɤɚɯ ɢ ɧɚ ɮɢɥɶɬɪɚɯ. ɂɧɨɝɞɚ ɷɬɨ ɟɞɢɧɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ, 

ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɜɨɞɟ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɤɨɝɞɚ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟɡɚ ɜ ɜɨɞɟ ɨɫɨɛɟɧɧɨ ɜɟɥɢɤɢ, ɫɜɵɲɟ 40 ɦɝ/ɥ. Ɍɚɤɠɟ 

ɩɪɢɦɟɧɹɸɬ ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ, ɟɫɥɢ ɜ ɜɨɞɟ ɜɵɫɨɤɨ ɫɨɞɟɪɠɚɧɢɟ 

ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɭɝɥɟɤɢɫɥɨɬɵ. Ɍɚɤɚɹ ɜɨɞɚ ɫ ɨɱɟɧɶ ɧɢɡɤɢɦ ɜɨɞɨɪɨɞɧɵɦ 

ɩɨɤɚɡɚɬɟɥɟɦ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɱɢɳɟɧɚ ɨɬ ɢɡɛɵɬɨɱɧɨɝɨ ɠɟɥɟɡɚ ɦɟɬɨɞɨɦ 

ɭɩɪɨɳɟɧɧɨɣ ɚɷɪɚɰɢɢ. ȼɨɞɭ ɩɨɞɜɟɪɝɚɸɬ ɮɢɥɶɬɪɚɰɢɢ ɱɟɪɟɡ ɤɨɥɨɧɢɢ ɛɚɤɬɟɪɢɣ 

ɧɚ ɦɟɞɥɟɧɧɵɯ ɮɢɥɶɬɪɚɯ ɫ ɩɟɫɱɚɧɨ-ɝɪɚɜɢɣɧɨɣ ɡɚɝɪɭɡɤɨɣ. ɉɨɬɨɦ ɩɨɞɜɟɪɝɚɸɬ 

ɫɨɪɛɰɢɨɧɧɨɣ ɨɱɢɫɬɤɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɡɚɞɟɪɠɚɬɶ ɩɪɨɞɭɤɬɵ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɢ ɩɨɞɜɟɪɝɧɭɬɶ ɢɯ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦɭ 

ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɸ. 

Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɫɜɹɡɢ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 

ɩɨɫɬɪɨɟɧɢɹ ɫɬɚɧɰɢɣ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, ɫɨɨɪɭɠɟɧɢɹ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɪɟɚɝɟɧɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɮɢɥɶɬɪɚɰɢɢ, ɱɬɨ ɧɟ ɩɪɢɦɟɧɢɦɨ ɜ ɩɨɫɟɥɤɚɯ ɝɨɪɨɞɫɤɨɝɨ 

ɬɢɩɚ.  

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɧɟɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɬɚɤɢɟ ɤɚɤ ɨɛɪɚɬɧɵɣ ɨɫɦɨɫ, 

ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ, ɧɚɧɨɮɢɥɶɬɪɚɰɢɹ, ɤɚɜɢɬɚɰɢɹ. 

Ɉɛɪɚɬɧɵɣ ɨɫɦɨɫ 

əɜɥɟɧɢɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɦɨɥɟɤɭɥ ɜɨɞɵ ɜ ɛɨɥɟɟ 

ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ ɱɟɪɟɡ ɬɨɧɤɭɸ ɩɨɪɢɫɬɭɸ ɩɥɟɧɤɭ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ (ɦɟɦɛɪɚɧɭ), ɧɚɡɜɚɧɧɨɟ ɨɫɦɨɫɨɦ, ɛɵɥɨ ɨɬɤɪɵɬɨ ɟɳɟ ɜ 1748 ɝ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɮɢɥɶɬɪɨɜɚɧɢɢ ɜɨɞɵ 

ɩɪɢ ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɫ ɨɱɟɧɶ ɭɡɤɢɦɢ ɩɨɪɚɦɢ. ɏɚɪɚɤɬɟɪɧɵɣ 

ɪɚɡɦɟɪ ɩɨɪ ɦɟɦɛɪɚɧɵ – 1 Ⱥɧɝɫɬɪɟɦ (1 Ⱥɧɝɫɬɪɟɦ = 10 ɜ ɦɢɧɭɫ 10 ɫɬɟɩɟɧɢ). 

ɉɪɚɤɬɢɱɟɫɤɢ ɨɧ ɜɵɝɥɹɞɢɬ ɤɚɤ ɩɪɨɞɚɜɥɢɜɚɧɢɟ ɦɨɥɟɤɭɥ ɜɨɞɵ ɱɟɪɟɡ 
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ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ. ȼ ɢɬɨɝɟ ɢɫɯɨɞɧɚɹ ɜɨɞɚ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ 

ɩɨɬɨɤɚ: ɮɢɥɶɬɪɚɬ (ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ), ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɤ ɩɨɬɪɟɛɢɬɟɥɸ, ɢ 

ɤɨɧɰɟɧɬɪɚɬ (ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɩɪɢɦɟɫɟɣ) — ɟɝɨ ɫɥɢɜɚɸɬ ɜ ɞɪɟɧɚɠ. 

ɑɟɪɟɡ ɩɨɥɭɩɪɨɧɢɰɚɟɦɭɸ ɦɟɦɛɪɚɧɭ ɩɪɨɩɭɫɤɚɸɬɫɹ ɬɨɥɶɤɨ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɚ 

ɜɫɟ ɱɚɫɬɢɰɵ, ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ ɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɦɨɥɟɤɭɥɵ ɫ ɛɨɥɶɲɢɦ 

ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ — ɡɚɞɟɪɠɢɜɚɸɬɫɹ. ɂɡ-ɡɚ ɨɱɟɧɶ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɩɨɪ 

ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɜɨɞɵ ɧɚ ɨɛɪɚɬɧɨɨɫɦɨɬɢɱɟɫɤɨɣ ɦɟɦɛɪɚɧɟ ɡɚɦɟɞɥɹɟɬɫɹ, ɱɬɨ 

ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɦɛɪɚɧ ɫ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɗɬɢ ɦɟɦɛɪɚɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɤɚɪɬɪɢɞɠ, ɫɨɞɟɪɠɚɳɢɣ ɫɜɟɪɧɭɬɭɸ ɜ ɪɭɥɨɧ ɦɟɦɛɪɚɧɭ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɡɚɫɨɪɚ, ɜɞɨɥɶ ɦɟɦɛɪɚɧɵ ɫɨɡɞɚɟɬɫɹ ɩɪɢɧɭɞɢɬɟɥɶɧɵɣ ɩɨɬɨɤ ɜɨɞɵ, ɤɨɬɨɪɵɣ ɢ 

ɫɦɵɜɚɟɬ ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɣ «ɨɫɬɚɬɨɤ» ɜ ɞɪɟɧɚɠ.   ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ ɜ ɨɬɧɨɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ 

ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ, ɭɪɨɜɟɧɶ ɪɇ, 

ɦɚɬɟɪɢɚɥ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɚ ɦɟɦɛɪɚɧɚ, ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɯɨɞɧɨɣ 

ɜɨɞɵ. ȼɫɟ ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɜɥɢɹɸɬ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɨɛɪɚɬɧɨɝɨ 

ɨɫɦɨɫɚ. 

ɍɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ, ɷɬɨɬ ɦɟɬɨɞ ɨɫɜɟɬɥɹɟɬ ɢ 

ɨɛɟɡɡɚɪɚɠɢɜɚɟɬ ɜɨɞɭ, ɧɟ ɦɟɧɹɹ ɫɨɥɟɜɨɣ ɫɨɫɬɚɜ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɯɢɦɪɟɚɝɟɧɬɨɜ. 

ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɍɎ-ɫɢɫɬɟɦɚ ɪɚɛɨɬɚɟɬ ɩɪɢ «ɬɭɩɢɤɨɜɨɣ 

ɮɢɥɶɬɪɚɰɢɢ», ɬɨ ɟɫɬɶ ɜ ɪɟɠɢɦɟ ɧɟ ɫɛɪɚɫɵɜɚɹ ɤɨɧɰɟɧɬɪɚɬ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ 

ɫɱɟɬ ɱɟɪɟɞɨɜɚɧɢɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɨɛɪɚɬɧɨɣ ɩɪɨɦɵɜɤɢ ɦɟɦɛɪɚɧɵ. ɑɚɫɬɶ 

ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɢɞɟɬ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɥɹ ɭɞɚɥɟɧɢɹ ɧɚɤɨɩɢɜɲɢɯɫɹ 

ɡɚɝɪɹɡɧɟɧɢɣ. Ⱦɨɛɚɜɢɜ ɫɩɟɰɢɚɥɶɧɵɣ ɪɚɫɬɜɨɪ ɜ ɩɪɨɦɵɜɧɭɸ ɜɨɞɭ, ɤɨɬɨɪɵɣ 

ɫɨɫɬɨɢɬ ɢɡ ɦɨɸɳɢɯ ɪɟɚɝɟɧɬɨɜ, ɭɥɭɱɲɚɟɬɫɹ ɨɱɢɫɬɤɚ ɜɨɞɵ. Ɍɚɤɚɹ ɜɨɞɚ ɞɥɹ 

ɩɪɨɦɵɜɤɢ, ɤɨɬɨɪɚɹ ɫɬɚɥɚ ɤɨɧɰɟɧɬɪɚɬɨɦ, ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 10-20% ɢɡ 

ɜɫɟɝɨ ɩɨɬɨɤɚ ɜɨɞɵ. ɉɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɢɥɟɧɧɚɹ ɩɪɨɦɵɜɤɚ ɦɟɦɛɪɚɧ 

ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɦɨɸɳɢɦɢ ɪɚɫɬɜɨɪɚɦɢ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬ ɢɯ ɪɟɫɭɪɫ. 
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ɉɪɟɢɦɭɳɟɫɬɜɨ ɷɬɨɝɨ ɦɟɬɨɞɚ ɜ ɬɨɦ, ɱɬɨ ɨɧ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɩɪɹɦɨ ɢɡ ɢɫɬɨɱɧɢɤɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɜɨɞɚɦɢ, 

ɬɚɤ ɤɚɤ ɍɎ-ɦɟɦɛɪɚɧɚ – ɷɬɨ ɢɞɟɚɥɶɧɵɣ ɛɚɪɶɟɪ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɜɢɪɭɫɨɜ ɢ 

ɛɚɤɬɟɪɢɣ. ɗɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ ɜɨɞɵ ɨɫɜɨɛɨɠɞɚɟɬ ɜɨɞɭ ɨɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɦ ɯɥɨɪɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɜɨɞɵ 

ɩɪɨɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɟɟ ɩɨɬɪɟɛɢɬɟɥɸ. 

ɇɚɧɨɮɢɥɶɬɪɚɰɢɹ 

Ɍɚɤ ɠɟ ɤɚɤ ɢ ɩɪɢ ɨɛɪɚɬɧɨɦ ɨɫɦɨɫɟ, ɦɟɯɚɧɢɡɦɨɦ ɩɟɪɟɧɨɫɚ ɩɪɢ 

ɧɚɧɨɮɢɥɶɬɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɞɢɮɮɭɡɢɹ. ɇɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫɯɨɠɢ 

ɩɨ ɯɢɦɢɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɫ ɨɛɪɚɬɧɨɨɫɦɨɬɢɱɟɫɤɢɦɢ, ɧɨ ɞɨɩɭɫɤɚɸɬ 

ɞɢɮɮɭɡɢɸ ɜɨɞɵ ɢ ɧɟɤɨɬɨɪɵɯ ɢɨɧɨɜ, ɜ ɨɫɧɨɜɧɨɦ, ɨɞɧɨɜɚɥɟɧɬɧɵɯ (ɧɚɩɪɢɦɟɪ, 

ɧɚɬɪɢɹ ɢ ɯɥɨɪɚ). Ȼɨɥɟɟ ɤɪɭɩɧɵɟ ɢɨɧɵ, ɜɤɥɸɱɚɹ ɞɜɭɯ- ɢ ɦɧɨɝɨɜɚɥɟɧɬɧɵɟ, ɢ 

ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɦɨɥɟɤɭɥɵ ɡɚɞɟɪɠɢɜɚɸɬɫɹ. ɉɨɫɤɨɥɶɤɭ ɨɞɧɨɜɚɥɟɧɬɧɵɟ ɢɨɧɵ 

ɞɢɮɮɭɧɞɢɪɭɸɬ ɱɟɪɟɡ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɭ ɜɦɟɫɬɟ ɫ ɜɨɞɨɣ, 

ɩɟɪɟɩɚɞ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɦɟɦɛɪɚɧɟ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɨɛɪɚɬɧɨɦ 

ɨɫɦɨɫɟ, ɢ ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɧɚɧɨɮɢɥɶɬɪɚɰɢɹ ɨɛɵɱɧɨ ɩɪɨɜɨɞɢɬɫɹ ɩɨɞ ɦɟɧɶɲɢɦ 

ɞɚɜɥɟɧɢɟɦ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ 

ɨɱɢɫɬɤɢ ɢ ɧɟ ɬɪɟɛɭɸɬ ɩɨɫɬɪɨɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɮɢɥɶɬɪɚɰɢɢ. ɇɨ ɞɚɧɧɵɟ ɜɢɞɵ ɮɢɥɶɬɪɚɰɢɢ ɨɱɟɧɶ 

ɞɨɪɨɝɨɫɬɨɹɳɢɟ. 

 

1.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɜɨɞɵ 

 

ȼɨɞɨɩɨɬɪɟɛɢɬɟɥɢ ɪɚɫɯɨɞɭɸɬ ɜɨɞɭ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɧɟɪɚɜɧɨɦɟɪɧɨ ɫɨ 

ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɜ ɪɚɡɥɢɱɧɵɟ ɱɚɫɵ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ 

ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɬɪɭɛ ɢ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɫɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ. 
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ɑɬɨ ɛɵ ɟɝɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɱɚɫɨɜɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ 

ɤɚɠɞɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɢ ɫɨɫɬɚɜɢɬɶ ɝɪɚɮɢɤ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ. 

Ɋɚɫɱɟɬɧɵɣ (ɫɪɟɞɧɢɣ ɡɚ ɝɨɞ) ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ³/ɫɭɬ, ɧɚ 

ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ ɞɥɹ ɩɬɢɰ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ ܳ˒˕ˋ˙˔˓ =  ∑ሺ௤˒˕ˋ˙∙𝑁˒˕ˋ˙ሻଵ଴଴଴  , (1.1) 

ɝɞɟ qɩɬиɰ – ɧɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɥ/ɫɭɬ ɧɚ 1 ɩɬɢɰɭ, ɬɚɛɥɢɰɚ 14 [10];  

 Nɩɬиɰ – ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɩɬɢɰ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ, ɝɨɥɨɜ. 

ɉɨ ɞɚɧɧɵɦ ɩɬɢɰɟɮɚɛɪɢɤɢ ɡɚ 2019 ɝɨɞ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ 

ɢɦɟɸɬɫɹ: 500000 ɝɨɥɨɜ ɧɟɫɭɲɟɤ, 50000 ɝɨɥɨɜ ɛɪɨɣɥɟɪɨɜ, 25000 ɝɨɥɨɜ 

ɦɨɥɨɞɧɹɤɚ ɜ ɜɨɡɪɚɫɬɟ 1-9 ɧɟɞɟɥɶ ɢ 15000 ɝɨɥɨɜ ɦɨɥɨɞɧɹɤɚ ɜ ɜɨɡɪɚɫɬɟ 10-22 

ɧɟɞɟɥɶ. Ⱦɚɧɧɵɟ ɨ ɧɨɪɦɟ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɬɢɰ ɩɪɢɧɹɥɢ ɩɨ ɬɚɛɥɢɰɟ 14 [10].
 

 ܳ˒˕ˋ˙˔˓ =  ଴,ଶହ∙ହ଴଴଴଴଴+଴,ଷ∙ହ଴଴଴଴+଴,ଵହ∙ଶହ଴଴଴+଴,ଶଷ∙ଵହ଴଴଴ଵ଴଴଴ = ͳͶ͹,ʹ ˏଷ/˔˖˕  

 

Ɋɚɫɱɟɬɧɵɣ (ɫɪɟɞɧɢɣ ɡɚ ɝɨɞ) ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ³/ɫɭɬ, ɧɚ 

ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ ɞɥɹ ɫɨɬɪɭɞɧɢɤɨɜ ɨɩɪɟɞɟɥɹɟɦ 

ɩɨ ɮɨɪɦɭɥɟ 

 

           ܳ˓˃˄˔˓ =  𝑞ˆ ∙ ݊ˆ +  𝑞˘ ∙ ݊˘ , (1.2) 

 

ɝɞɟ qɝ – ɧɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɥ/ɫɭɬ ɧɚ 1 ɱɟɥ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɝɨɪɹɱɟɦ ɰɟɯɭ, 

ɬɚɛɥɢɰɚ Ⱥ.3 [2];  

 nɝ – ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ, ɱɟɥ, ɪɚɛɨɬɚɸɳɢɯ ɜ 

ɝɨɪɹɱɟɦ ɰɟɯɭ; 

 qɯ – ɧɨɪɦɚ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɥ/ɫɭɬ ɧɚ 1 ɱɟɥ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɯɨɥɨɞɧɨɦ 

ɰɟɯɭ, ɬɚɛɥɢɰɚ Ⱥ.3 [2];  
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 nɯ – ɪɚɫɱɟɬɧɨɟ ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ, ɱɟɥ, ɪɚɛɨɬɚɸɳɢɯ ɜ 

ɯɨɥɨɞɧɨɦ ɰɟɯɭ 

 

 ܳ˓˃˄˔˓ = ͵ ∙ ሺͳͷ ∙ Ͷͷ +  ͵Ͳ ∙ ʹͷሻ = Ͷ,ʹ͹ ˏଷ/˔˖˕  
 

Ɋɚɫɱɟɬɧɵɣ (ɫɪɟɞɧɢɣ ɡɚ ɝɨɞ) ɨɛɳɢɣ ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɦ³/ɫɭɬ, ɧɚ 

ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ܳ˔˖˕˔˓ =  ܳ˒˕ˋ˙˔˓ + ܳ˓˃˄˔˓  , (1.3) 

 

ɝɞɟ ɫɪ
ɩɬиɰQ  −ɨɛɳɢɣ ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ 

ɩɬɢɰ, ɦ3/ɫɭɬ; 

      ɫɪ
ɪɚɛQ  − ɨɛɳɢɣ ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ 

ɫɨɬɪɭɞɧɢɤɨɜ, ɦ3/ɫɭɬ. 

 

 ܳ˔˖˕˔˓ = ͳͶ͹,ʹ + Ͷ,ʹ͹ = ͳͷͳ,Ͷ͹ ˏଷ/˔˖˕ 

 

Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɜ ɫɭɬɤɢ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ܳ˔˖˕.ˏ˃˘ = ݇˔˖˕.ˏ˃˘ ∙ ܳ˔˖˕˔˓  , (1.4) 

 

ɝɞɟ kɫɭɬ.max  ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɭɬɨɱɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 

ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɭɤɥɚɞ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ, ɪɟɠɢɦ ɪɚɛɨɬɵ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɬɟɩɟɧɶ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɡɞɚɧɢɣ ɢ ɢɡɦɟɧɟɧɢɟ 

ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɨ ɫɟɡɨɧɚɦ ɝɨɞɚ ɢ ɞɧɹɦ (ɩɪɢɧɢɦɚɸɬɫɹ kɫɭɬ.max =1,1-1,3). 
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Ⱦɥɹ ɩɪɟɞɩɪɢɹɬɢɹ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɦ ɫ ɭɱɟɬɨɦ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɚɫɨɜɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ 

kɱ.max, ɤɨɬɨɪɵɣ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ݇˚.ˏ˃˘ = ܽˏ˃˘ ∙ 𝛽ˏ˃˘ , (1.5) 

 

ɝɞɟ α  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɚ ɡɞɚɧɢɣ, ɪɟɠɢɦ        

ɪɚɛɨɬɵ 

      ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɞɪɭɝɢɟ ɦɟɫɬɧɵɟ ɭɫɥɨɜɢɹ (
maxa = 1,2 – 1,4);  

 β  ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɬɚɛɥɢɰɟ 2[1], ɭɱɢɬɵɜɚɸɳɢɣ 

ɤɨɥɢɱɟɫɬɜɨ ɩɬɢɰ ɢ ɫɨɬɪɭɞɧɢɤɨɜ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ. 

 

           ݇˚.ˏ˃˘ = ͳ,͵ ∙ ͳ,Ͳ͵ = ͳ,͵Ͷ ܳ˔˖˕.ˏ˃˘ = ͳ,ʹ ∙ ͳͷͳ,Ͷ͹ = ͳͺͳ,͹͸ ˏଷ/˔˖˕ ;  
 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɩɬɢɰɟɮɚɛɪɢɤɢ ɢɡ ɜɨɞɨɩɪɨɜɨɞɧɨɣ 

ɫɟɬɢ, ɦ3/ɱ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

  𝑞˚.ˏ˃˘ = ௞˚.ˏ˃˘∙ொ˔˖˕.ˏ˃˘ଶସ = ଵ,ଷସ∙ଵ଼ଵ,଻଺ଶସ = ͳͲ,ͳͷ ˏଷ/˔˖˕ , (1.6) 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɦ3/cɭɬ, 

ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ܳ˒ˑˎ = ௤˒ˑˎ ∙ 𝐹 ∙ 𝑎ଵ଴଴  , (1.7) 

 

ɝɞɟ qɩɨɥ – ɪɚɫɯɨɞɵ ɜɨɞɵ ɧɚ ɩɨɥɢɜɤɭ ɜ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ ɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɥ/ɦ2, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɤɪɵɬɢɹ 
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ɬɟɪɪɢɬɨɪɢɢ, ɫɩɨɫɨɛɚ ɟɟ ɩɨɥɢɜɤɢ, ɜɢɞɚ ɧɚɫɚɠɞɟɧɢɣ, ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɞɪɭɝɢɯ 

ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɣ ɩɨ ɬɚɛɥɢɰɟ 3 [1]; 

       F – ɩɥɨɳɚɞɶ ɩɨɥɢɜɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ, ɦ2; 

       α – ɞɨɥɹ ɩɨɥɢɜɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɹ, %. 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ ɡɟɥɟɧɵɯ ɧɚɫɚɠɞɟɧɢɣ: 

 

         ܳ˒ˑˎ,ˊ.ː = ସ ∙ଵଷଶ଴଴ ∙ ହ,ସସଵ଴଴ = ʹ,ͺ͹ ˏଷ/˔˖˕ 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ ɝɚɡɨɧɚ: 

 ܳ˒ˑˎ,ˊ.ː = ଺ ∙ଶ଴଼଴଴ ∙ ଼,ହ଻ଵ଴଴ = ͳͲ,͹ ˏଷ/˔˖˕  

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɥɢɜ: 

 

          ܳ˒ˑˎ.ˑ˄˜ = ʹ,ͺ͹ + ͳͲ,͹ = ͳ͵,ͷ͹ ˏଷ/˔˖˕ 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɨɞɨɡɚɛɨɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 

(ɩɪɨɦɵɜɤɚ ɮɢɥɶɬɪɚ, ɜɨɞɨɩɪɢёɦɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɟɬɢ) ɬɪɟɛɭɟɬɫɹ 10% ɨɬ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɭɬɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ, ɨɬɫɸɞɚ 

ɩɨɥɭɱɚɟɦ: 

 ܳ˔.ː = ͳͲ% ∙ ܳ˔˖˕.ˏ˃˘ = Ͳ,ͳ ∙ ͳͺͳ,͹͸ = ͳͺ,ͳͺ ˏଷ/˔˖˕ (1.8) 

 

Ɋɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɨɠɚɪɨɬɭɲɟɧɢɟ, ɦ3/ɡɚ 3 ɱɚɫɚ: 

 ܳ˒ˑˉ = ሺ͵,͸ ∙ ݊ ∙ 𝑞ሻ ∙ ͵ , (1.9) 

 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɩɨɠɚɪɨɜ, n=2;    
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      q – ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ 1 ɩɨɠɚɪ, q=20 ɥ/ɫ.  

 ܳ˒ˑˉ = ሺ͵,͸ ∙ ʹ ∙ ʹͲሻ ∙ ͵ = Ͷ͵ʹ ˏଷ/ˊ˃ ͵ ˚˃˔˃    

                   

Ɋɚɫɯɨɞɵ ɜɨɞɵ ɧɚ ɮɨɪɫɢɪɨɜɚɧɧɵɣ ɪɟɠɢɦ ɩɪɢɧɢɦɚɟɦ ɤɚɤ 10% ɨɬ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɭɬɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ: 

 ܳ˗.˓ = ͳͲ% ∙ ܳ˔˖˕.ˏ˃˘ = Ͳ,ͳ ∙ ͳͺͳ,͹͸ = ͳͺ,ͳͺ ˏଷ/˔˖˕ (1.10) 

 

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɦ3/ɫɭɬ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 ܳˑ˄˜ = ܳ˔˖˕˔˓ + ܳ˒ˑˎ + ܳ˔.ː + ܳ˒ˑˉ + ܳ˗.˓ (1.11) 

          ܳˑ˄˜ = ͳͷͳ,Ͷ͹ + ͳ͵,ͷ͹ + ͳͺ,ͳͺ + Ͷ͵ʹ + ͳͺ,ͳͺ = ͸͵ʹ,Ͷ ˏଷ/˔˖˕ 

ɉɪɢ ɪɚɫɱɟɬɟ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɧɟ ɬɨɥɶɤɨ 

ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɨɜɚɧɢɹ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɩɨ ɞɧɹɦ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɧɨ ɢ 

ɢɡɦɟɧɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɨɬɞɟɥɶɧɵɟ ɩɟɪɢɨɞɵ ɫɭɬɨɤ.  

Ƚɪɚɮɢɤ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɩɨ ɱɚɫɚɦ ɫɭɬɨɤ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 1.1. 

 

Ɍɚɛɥɢɰɚ 1.1 – Ɋɟɠɢɦ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ  

ɑɚɫɵ 

cɭɬɨɤ 

ɏɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɵɟ 

ɧɭɠɞɵ ɩɪɟɞɩɪɢɹɬɢɹ 
Qɩɨɥ., 

ɦ3/ɱ 

Qɩɨɠ., 

ɦ3/ɱ 

ȼɫɟɝɨ ɩɨ 

ɫɬɪɨɤɟ, ɦ3/ɱ 
% 

k=1,35% Qɯ.-ɩ., ɦ3/ɱ 

1 2 3 4 5 6 7 

0-1 3 5,45 2,26 18 25,71 4,10 

1-2 3,2 5,82 2,26 18 26,08 4,16 

2-3 2,5 4,54 2,26 18 24,80 3,95 

3-4 2,6 4,73   18 22,73 3,62 
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1 2 3 4 5 6 7 

4-5 3,5 6,36   18 24,36 3,88 

5-6 4,1 7,45   18 25,45 4,06 

6-7 4,5 8,18   18 26,18 4,17 

7-8 4,9 8,91   18 26,91 4,29 

8-9 4,9 8,91   18 26,91 4,29 

9-10 5,6 10,18   18 28,18 4,49 

10-11 4,9 8,91   18 26,91 4,29 

11-12 4,7 8,54   18 26,54 4,23 

12-13 4,4 8,00   18 26,00 4,14 

13-14 4,1 7,45   18 25,45 4,06 

14-15 4,1 7,45   18 25,45 4,06 

15-16 4,4 8,00   18 26,00 4,14 

16-17 4,3 7,82   18 25,82 4,11 

17-18 4,1 7,45   18 25,45 4,06 

18-19 4,5 8,18   18 26,18 4,17 

19-20 4,5 8,18   18 26,18 4,17 

20-21 4,5 8,18   18 26,18 4,17 

21-22 4,8 8,72 2,26 18 28,98 4,62 

22-23 4,6 8,36 2,26 18 28,62 4,56 

23-24 3,3 6,00 2,26 18 26,26 4,18 

ȼɫɟɝɨ: 100 181,76 13,57 432 627,39 100 

 

ȿɫɬɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ 

ɬɟɱɟɧɢɟ ɫɭɬɨɤ. ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɚɧɧɵɟ ɨ ɪɟɠɢɦɟ 

ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɬɚɛɥɢɱɧɨɣ, ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɥɢ ɝɪɚɮɢɱɟɫɤɨɣ 

ɮɨɪɦɟ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ ɱɚɫɨɜɨɣ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ k ,%. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɱɚɫɨɜɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ 

ɨɬɧɨɲɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɤ ɫɪɟɞɧɟɦɭ ɱɚɫɨɜɨɦɭ ɜ 

ɫɭɬɤɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ. 
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 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɰɟɫɫ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɩɪɟɞɫɬɚɜɢɥ 

ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 1.1 – Ƚɪɚɮɢɤ ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ 

 

2 Ɋɚɫɱɟɬ ɫɤɜɚɠɢɧɵ 

 

2.1 Ɍɢɩ ɜɨɞɨɡɚɛɨɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ 

 

ɉɨɞɡɟɦɧɵɟ ɜɨɞɵ ɞɨɛɵɜɚɸɬ ɜɨɞɨɡɚɛɨɪɚɦɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɫ ɭɱɟɬɨɦ 

ɭɫɥɨɜɢɣ ɡɚɥɟɝɚɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 

ɩɨɬɪɟɛɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɬɟɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɫɪɨɤɚ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢ ɜ 

ɩɟɪɫɩɟɤɬɢɜɟ. 

ɂɦɟɟɬ ɩɪɢɨɪɢɬɟɬ ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢɦɟɟɬ 

ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ 

ɩɪɟɫɧɵɯ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢ ɢɯ ɥɭɱɲɟɣ ɡɚɳɢɳɟɧɧɨɫɬɶɸ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɚ ɜɨɞɨɡɚɛɨɪɧɵɯ ɭɡɥɨɜ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɧɢɯ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɫɥɨɜɢɹɦɢ ɡɚɥɟɝɚɧɢɹ, ɦɨɳɧɨɫɬɶɸ, ɜɨɞɨɨɛɢɥɶɧɨɫɬɶɸ, ɝɥɭɛɢɧɨɣ 
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ɢ ɝɟɨɥɨɝɢɱɟɫɤɢɦ ɫɬɪɨɟɧɢɟɦ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɨɞɡɟɦɧɨɝɨ ɩɨɬɨɤɚ (ɧɚɩɨɪɨɦ, ɫɤɨɪɨɫɬɶɸ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɞɜɢɠɟɧɢɹ, ɫɜɹɡɶɸ ɫ ɞɪɭɝɢɦɢ ɜɨɞɨɧɨɫɧɵɦɢ ɦɚɫɫɢɜɚɦɢ, ɩɥɚɫɬɚɦɢ ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɜɨɞɚɦɢ), ɫɚɧɢɬɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɬɟɪɪɢɬɨɪɢɢ, ɧɚɦɟɱɟɧɧɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. 

ȼ ɨɫɧɨɜɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɥɟɠɢɬ 

ɝɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 80 ɦ. Ɇɨɳɧɨɫɬɶ 

ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ 24 ɦ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɪɚɜɟɧ 12 ɦ/ɫɭɬ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɩɪɨɟɤɬɢɪɭɟɦ ɫɤɜɚɠɢɧɭ. 

Ⱦɥɹ ɫɨɨɪɭɠɟɧɢɹ ɫɤɜɚɠɢɧɵ ɢɫɩɨɥɶɡɭɟɦ ɪɨɬɨɪɧɵɣ ɫɩɨɫɨɛ ɛɭɪɟɧɢɹ. ɋɭɬɶ 

ɫɩɨɫɨɛɚ ɫɨɫɬɨɢɬ ɜ ɪɚɡɪɭɲɟɧɢɢ ɩɨɪɨɞ ɩɨ ɜɫɟɦɭ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ 

ɫɤɜɚɠɢɧɵ (ɫɩɥɨɲɧɵɦ ɡɚɛɨɟɦ) ɜɪɚɳɚɸɳɢɦɫɹ ɩɨɪɨɞɨɪɚɡɪɭɲɚɸɳɢɦ 

ɢɧɫɬɪɭɦɟɧɬɨɦ (ɞɨɥɨɬɨɦ) ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ. Ɋɚɡɛɭɪɟɧɧɚɹ 

ɩɨɪɨɞɚ (ɲɥɚɦ) ɧɟɩɪɟɪɵɜɧɨ ɜɵɧɨɫɢɬɫɹ ɢɡ ɫɤɜɚɠɢɧɵ ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɨɦ 

ɪɚɛɨɱɟɝɨ ɝɥɢɧɢɫɬɨɝɨ ɪɚɫɬɜɨɪɚ (ɩɪɨɦɵɜɨɱɧɨɣ ɠɢɞɤɨɫɬɢ), ɩɨɞɚɜɚɟɦɵɣ ɤ ɡɚɛɨɸ 

ɛɭɪɨɜɵɦ ɧɚɫɨɫɨɦ ɩɨ ɫɯɟɦɟ ɩɪɹɦɨɣ ɰɢɪɤɭɥɹɰɢɢ ɠɢɞɤɨɫɬɢ. 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɬɟɝɨɪɢɢ ɜɨɞɨɡɚɛɨɪɚ 

 

Ⱦɚɧɧɵɣ ɜɨɞɨɡɚɛɨɪ ɨɬɧɨɫɢɬɫɹ ɤɨ 2 ɤɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ. ȼɟɥɢɱɢɧɚ 

ɞɨɩɭɫɤɚɟɦɨɝɨ ɫɧɢɠɟɧɢɹ ɩɨɞɚɱɢ ɜɨɞɵ ɧɚ ɯɨɡɹɣɫɬɜɟɧɧɨ – ɩɢɬɶɟɜɵɟ ɧɭɠɞɵ ɧɟ 

ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 30%; ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɩɨɞɚɱɢ ɧɟ ɞɨɥɠɧɚ 

ɩɪɟɜɵɲɚɬɶ 10 ɫɭɬɨɤ. ɉɟɪɟɪɵɜ ɜ ɩɨɞɚɱɟ ɜɨɞɵ ɢɥɢ ɫɧɢɠɟɧɢɟ ɩɨɞɚɱɢ ɧɢɠɟ 

ɭɤɚɡɚɧɧɨɝɨ ɩɪɟɞɟɥɚ ɞɨɩɭɫɤɚɟɬɫɹ ɧɚ ɜɪɟɦɹ ɜɵɤɥɸɱɟɧɢɹ ɩɨɜɪɟɠɞɟɧɧɵɯ ɢ 

ɜɤɥɸɱɟɧɢɹ ɪɟɡɟɪɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɚ, ɧɨ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 

6 ɱɚɫɨɜ. 
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2.3 Ɋɚɫɱɟɬ ɫɤɜɚɠɢɧɵ 

 

Ɋɚɫɱɟɬ ɫɤɜɚɠɢɧɵ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɬɨɤɚ ɜɨɞɵ ɤ ɫɤɜɚɠɢɧɟ – 

ɞɟɛɢɬɚ. ȼ ɭɫɥɨɜɢɹɯ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɞɟɛɢɬ, ɦ3/ɫɭɬ, ɜ ɧɚɩɨɪɧɨɦ 

ɜɨɞɨɧɨɫɧɨɦ ɩɥɚɫɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱦɸɩɸɢ 

 ܳ˔ = ଶ,଻ଷ ∙ ௞˗ ∙ ௠ ∙ௌlg𝑅𝑟  , (2.1) 

 

ɝɞɟ kɮ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, ɦ/ɫɭɬ; 

m – ɦɨɳɧɨɫɬɶ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, ɦ; 

R ɢ r – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɞɢɭɫ ɜɥɢɹɧɢɹ ɞɟɩɪɟɫɫɢɨɧɧɨɣ ɜɨɪɨɧɤɢ ɢ ɪɚɞɢɭɫ 

ɫɤɜɚɠɢɧɵ, ɦ. 

S – ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ ɩɪɢ ɨɬɤɚɱɤɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɪɚɡɦɟɪɟ 12% ɨɬ 

m, ɬɨ ɟɫɬɶ S = 0,12∙24 = 2,88 ɦ. 

 ܳ˔ = ଶ,଻ଷ ∙ ଵଶ ∙ଶସ ∙ଶ,଼଼lg మఱబబ,ఱ7ఱ = ͺͷ͹,͹ ˏଷ/˔˖˕  

 

Ɏɢɥɶɬɪ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ ɫɤɜɚɠɢɧɵ: ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ 

ɩɪɚɜɢɥɶɧɨ ɢ ɧɚɞёɠɧɨ ɭɫɬɪɨɟɧ ɮɢɥɶɬɪ, ɜ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɤɚɱɟɫɬɜɨ 

ɪɚɛɨɬɵ ɜɫɟɝɨ ɤɨɥɨɞɰɚ. Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɮɢɥɶɬɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɩɪɟɞɨɯɪɚɧɟɧɢɢ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɨɬ ɨɛɪɭɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɜ ɩɪɨɩɭɫɤɟ 

ɜɨɞɵ ɛɟɡ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ. 

Ɏɢɥɶɬɪɵ ɫɨɫɬɨɹɬ ɢɡ ɪɚɛɨɱɟɣ ɱɚɫɬɢ (ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɜ ɤɨɥɨɞɟɰ ɩɨɫɬɭɩɚɟɬ 

ɜɨɞɚ), ɜɟɪɯɧɟɣ ɧɚɞ ɮɢɥɶɬɪɨɜɨɣ ɝɥɭɯɨɣ ɱɚɫɬɢ ɫ ɡɚɦɤɨɦ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ 

ɨɩɭɫɤɚɧɢɹ ɢ ɭɫɬɚɧɨɜɤɢ ɮɢɥɶɬɪɚ ɢ ɧɢɠɧɟɣ ɬɚɤɠɟ ɝɥɭɯɨɣ ɱɚɫɬɢ, ɤɨɬɨɪɚɹ 

ɫɥɭɠɢɬ ɫɛɨɪɧɢɤɨɦ ɞɥɹ ɩɪɨɧɢɤɚɸɳɢɯ ɜ ɤɨɥɨɞɟɰ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɝɪɭɧɬɚ. 

Ɍɟɩɟɪɶ ɨɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ ɮɢɥɶɬɪɚ, ɦ, ɩɨ ɮɨɪɦɭɥɟ 
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𝐷˗ = ொ˔𝜋 ∙ ௟˗ ∙ ௩˗ , (2.2) 

 

ɝɞɟ Qɫ –ɞɟɛɢɬ ɫɤɜɚɠɢɧɵ, ɦ3/ɫɭɬ; 

 lɮ– ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɜɨɞɨɩɪɢɟɦɧɨɣ ɱɚɫɬɢ ɮɢɥɶɬɪɚ, ɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɩɥɚɫɬɚɯ ɫ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 10 ɦ ɩɨ ɮɨɪɦɭɥɟ 

 ݈˗ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ݉ , (2.3) ݈˗ = Ͳ,ͺ ∙ ʹͶ = ͳͻ,ʹ ˏ  

      

 νɮ – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ, ɦ3/ɫɭɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 𝑣˗ = ͸ͷ ∙ √݇˗య  , (2.4) 

          𝑣˗ = ͸ͷ ∙ √ͳʹయ = ͳͶͺ,ͺ ˏଷ/˔˖˕ 

 

ɇɚɯɨɞɢɦ ɞɢɚɦɟɬɪ ɮɢɥɶɬɪɚ: 

 

          𝐷˗ = ଼ହ଻,଻ଷ,ଵସ ∙ ଵଽ,ଶ ∙ ଵସ଼,଼ = Ͳ,ͳ ˏ 

 

Ⱦɢɚɦɟɬɪ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ ɨɛɫɚɞɧɵɯ ɬɪɭɛ, ɦɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 

 𝐷э = 𝐷˗ + ͷͲ , (2.5) 

 

ɝɞɟ Dɮ – ɞɢɚɦɟɬɪ ɮɢɥɶɬɪɚ, ɦɦ. 

 𝐷э = ͳͲͲ + ͷͲ = ͳͷͲ ˏˏ = Ͳ,ͳͷ ˏ  

 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɧɚɩɪɚɜɥɹɸɳɟɣ ɬɪɭɛɵ ɪɚɜɟɧ: 
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𝐷ː = 𝐷э + ͳͲͲ , (2.6) 

ɝɞɟ Dэ – ɞɢɚɦɟɬɪ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ ɨɛɫɚɞɧɵɯ ɬɪɭɛ, ɦɦ. 

 

 𝐷ː = ͳͷͲ + ͳͲͲ = ʹͷͲ ˏˏ = Ͳ,ʹͷ ˏ  

 

Ⱦɢɚɦɟɬɪ ɡɚɛɨɹ, ɦ: 

 𝐷ˊ = 𝐷ସ̠  , (2.7) 

 

ɝɞɟ Dɮ – ɫɦɨɬɪɢ ɮɨɪɦɭɥɭ 2.2. 

 𝐷ˊ = ଴,ଵସ = Ͳ,ʹͷ ˏ  

 

Ɍɢɩ ɮɢɥɶɬɪɚ ɢ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɸ ɜɵɛɢɪɚɟɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ 

ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜɨɞɨɧɨɫɧɵɯ ɩɨɪɨɞ. Ɍɢɩ ɮɢɥɶɬɪɚ ɢ ɨɛɥɚɫɬɶ 

ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.1. 

Ɍɚɛɥɢɰɚ 2.1 – Ɍɢɩ ɮɢɥɶɬɪɚ ɢ ɨɛɥɚɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ  

Ɍɢɩ ɮɢɥɶɬɪɚ 
Ɇɚɬɟɪɢɚɥ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ 

Ɉɫɨɛɟɧɧɨɫɬɢ 

ɤɨɧɫɬɪɭɤɰɢɢ 
Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɋ ɪɟɛɪɢɫɬɨɣ 

ɜɨɞɨɩɪɢɟɦɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ 

Ɏɢɥɶɬɪɨɜɵɟ 

ɷɥɟɦɟɧɬɵ ɤɨɥɟɰ ɢɥɢ 

ɫɟɝɦɟɧɬɨɜ ɢɡ 

ɩɥɚɫɬɦɚɫɫ. ɋɬɟɪɠɧɢ 

10  ɦɦ ɢɡ 

ɫɬɟɤɥɨɩɥɚɫɬɢɤɚ 

ɋɤɜɚɠɧɨɫɬɶ ɤɚɪɤɚɫɚ ɞɨ 

20…25%. Ɋɟɛɪɢɫɬɨɫɬɶ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 

ɩɪɨɞɨɥɶɧɚɹ. ɒɚɝ ɪɟɛɟɪ 

ɩɨɞɛɢɪɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ 

ɤɚɩɬɢɪɭɟɦɵɯ ɩɨɪɨɞ. 

Ʉɪɭɩɧɨɡɟɪɧɢɫɬɵɟ, 

ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɟ ɢ 

ɦɟɥɤɨɡɟɪɧɢɫɬɵɟ 

ɩɟɫɤɢ. ɉɨɞɡɟɦɧɵɟ 

ɜɨɞɵ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɤɨɪɪɨɡɢɨɧɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. 
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2.4 Ƚɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɤɜɚɠɢɧɵ 

 

Ƚɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜɵɩɨɥɧɹɸɬ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɨɜ ɞɜɢɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɫ ɭɱɟɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ ɫɨɫɬɨɹɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɩɨɬɨɤɚ (ɧɚɩɨɪɧɵɣ ɢ ɛɟɡɧɚɩɨɪɧɵɣ), ɩɪɢ ɬɨɣ 

ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɫɯɟɦɚɬɢɡɚɰɢɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ. ɋɯɟɦɚ 

ɩɪɢɬɨɤɚ ɜɨɞɵ ɜ ɨɞɢɧɨɱɧɨɣ ɫɤɜɚɠɢɧɟ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

ɑɚɳɟ ɜɫɟɝɨ ɞɥɹ ɪɚɫɱɟɬɨɜ ɜɵɞɟɥɹɸɬ ɬɪɢ ɨɫɧɨɜɧɵɟ ɫɯɟɦɵ ɜɨɞɨɧɨɫɧɵɯ 

ɩɥɚɫɬɨɜ: ɧɟɨɝɪɚɧɢɱɟɧɧɵɟ ɩɨ ɩɥɨɳɚɞɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ, ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɢ 

ɫɥɨɢɫɬɵɟ ɝɨɪɢɡɨɧɬɵ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɚɪɬɟɡɢɚɧɫɤɢɟ ɛɚɫɫɟɣɧɵ; 

ɩɨɥɭɨɝɪɚɧɢɱɟɧɧɵɟ ɩɥɚɫɬɵ ɢ ɩɥɚɫɬɵ – ɩɨɥɨɫɵ – ɞɨɥɢɧɵ ɪɟɤ; ɨɝɪɚɧɢɱɟɧɧɵɟ ɩɨ 

ɩɥɨɳɚɞɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɫɬɵ. Ɍɚɤ ɠɟ, ɭɱɢɬɵɜɚɸɬ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɜɨɞɨɩɪɢɟɦɧɨɣ ɱɚɫɬɢ ɫɤɜɚɠɢɧɵ ɜ ɩɥɚɫɬɟ, ɧɚɦɟɱɟɧɧɨɦ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ: 

ɜɨɞɨɩɪɢɟɦɧɚɹ ɱɚɫɬɶ ɜɫɤɪɵɜɚɟɬ ɩɥɚɫɬ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ (ɫɨɜɟɪɲɟɧɧɚɹ 

ɫɤɜɚɠɢɧɚ) ɢɥɢ ɧɟ ɧɚ ɩɨɥɧɭɸ (ɧɟɫɨɜɟɪɲɟɧɧɚɹ ɫɤɜɚɠɢɧɚ). 

 

 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ ɩɪɢɬɨɤɚ ɜɨɞɵ ɜ ɨɞɢɧɨɱɧɨɣ ɫɤɜɚɠɢɧɟ 
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ȼ ɤɚɠɞɨɣ ɨɞɢɧɨɱɧɨ ɪɚɛɨɬɚɸɳɟɣ ɫɤɜɚɠɢɧɟ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɧɚɩɨɪɧɨɦ 

ɩɥɚɫɬɟ ɦɨɳɧɨɫɬɶɸ m, ɱɟɪɟɡ ɥɸɛɭɸ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ Ωr ɩɥɚɫɬɚ, 

ɨɱɟɪɱɟɧɧɭɸ ɜɨɤɪɭɝ ɫɤɜɚɠɢɧɵ ɪɚɞɢɭɫɨɦ r, ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɮɢɥɶɬɪɚɰɢɢ 

ɩɨɪɨɞ ɩɥɚɫɬɚ kɮ ɢ ɞɢɚɦɟɬɪɟ ɮɢɥɶɬɪɚ ɫɤɜɚɠɢɧɵ Dɮ ɜ ɭɫɥɨɜɢɹɯ 

ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɪɚɫɯɨɞ ɜɨɞɵ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɵɦ: 

 ܳ˔ = Ω௥ ∙  𝑣௥ = Ω௥ ∙ ݇ ∙  𝑖௥ ≡ −ʹ ∙  𝜋 ∙ ݉ ∙ ݇ ∙  𝑑ℎ𝑑௥ , (2.8) 

 

ɝɞɟ ir – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɩɨɬɨɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ r ɨɬ ɨɫɢ ɫɤɜɚɠɢɧɵ, tr 

=− dh
dr

. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɟɦ ɢɡɜɟɫɬɧɨɟ 

ɜɵɪɚɠɟɧɢɟ Ⱦɸɩɸɢ, ɫɜɹɡɵɜɚɸɳɟɟ ɩɚɪɚɦɟɬɪɵ ɫɤɜɚɠɢɧɵ ɢ ɟɟ ɞɟɛɢɬ ɫ 

ɩɨɧɢɠɟɧɢɟɦ ɭɪɨɜɧɹ S ɜ ɫɤɜɚɠɢɧɟ: 

 ܳ˔ = ଶ,଻ଷ ∙ ଵଶ ∙ଶସ ∙ଶ,଼଼lg మఱబబ,ఱ7ఱ = ͺͷ͹,͹ ˏଷ/˔˖˕  

 

Ⱥ ɬɚɤɠɟ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɧɚɩɨɪɨɜ (ɧɚɩɨɪɧɨɣ ɥɢɧɢɢ): 

 ℎ௥ = 𝐻଴ − ொ˔ଶ ∙ 𝜋 ∙ ௞˗∙ ௠ ∙ ݈݊ ோ௥ , (2.9) 

          ℎ௥ = ʹ͹,Ͷ − ଼ହ଻,଻ଶ ∙ ଷ,ଵସ ∙ ଵଶ ∙ଶସ ∙ ݈݊ ଶହ଴଴,ହ଻ହ = ʹͶ,ͷʹ ˏ 

 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɫɤɜɚɠɢɧ, ɲɬ: 

 ݊ = ொˑ˄˜ொ˔  , (2.10) 

 

ɝɞɟ Qɨɛщ – ɨɛɳɢɣ ɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɦ3/ɫɭɬ. 
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݊ = ଺ଶ଻,ଷଽ଼ହ଻,଻ = Ͳ,͹͵ ≈ ͳ˛˕  

 

ɉɨ ɬɚɛɥɢɰɟ 5 [1] ɨɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɪɟɡɟɪɜɧɵɯ ɫɤɜɚɠɢɧ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɨɫɧɨɜɧɵɯ. Ɉɬɫɸɞɚ nɪɟɡ=1 ɫɤɜɚɠɢɧɚ. 

 

2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ 

 

Ɉɬɦɟɬɤɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ -3,400 ɦ. 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱёɬɧɭɸ ɨɬɦɟɬɤɭ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ 

ɫɤɜɚɠɢɧɚɯ, ɦ: 

 ܼ˓˃˔˚.ˇˋː = ܼ˔˕˃˕.˖˓ − ௜ܵ , (2.11) 

 

ɝɞɟ Zɫɬɚɬ.ɭɪ – ɨɬɦɟɬɤɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ, ɦ; 

 Si − ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ ɜ i-ɨɣ ɫɤɜɚɠɢɧɟ, ɦ. 

ɉɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ ɜ j-ɨɣ ɫɤɜɚɠɢɧɟ: 

 ௝ܵ = ௜ܵ ∙ ݇ , (2.12) 

 

ɝɞɟ Si – ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɜ i-ɨɣ ɫɤɜɚɠɢɧɟ, ɦ; 

 k – ɜɟɥɢɱɢɧɚ, ɩɨɤɚɡɵɜɚɸɳɚɹ ɭɜɟɥɢɱɟɧɢɟ ɩɨɧɢɠɟɧɢɹ ɭɪɨɜɧɹ, ɪɚɜɟɧ 1,15. 

 

ɉɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɞɥɹ ɩɟɪɜɨɣ ɫɤɜɚɠɢɧɵ, ɦ: 

 

 ଵܵ = ܵ = ʹ,ͺͺ ˏ 

 

ɇɚɯɨɞɢɦ ɨɬɦɟɬɤɭ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜ ɩɟɪɜɨɣ ɫɤɜɚɠɢɧɟ, ɦ: 
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 ܼ˓˃˔˚.ˇˋːଵ = −͵,Ͷ − ʹ,ͺͺ = −͸,ʹͺ ˏ 

 

ɉɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɞɥɹ ɜɬɨɪɨɣ ɫɤɜɚɠɢɧɵ, ɦ: 

 ܵଶ = ʹ,ͺͺ ∙ ͳ,ͳͷ = ͵,͵ͳ ˏ  

 

ɇɚɯɨɞɢɦ ɨɬɦɟɬɤɭ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɨ ɜɬɨɪɨɣ ɫɤɜɚɠɢɧɟ, ɦ: 

 ܼ˓˃˔˚.ˇˋːଶ = −͵,Ͷ − ͵,͵ͳ = −͸,͹ͳ ˏ  

 

ɋɪɟɡɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ n+1 ɩɪɢ ɨɬɤɚɱɤɟ ɜɨɞɵ ɫɨ ɫɤɜɚɠɢɧɵ n ɫ 

ɩɨɧɢɠɟɧɢɟɦ ɭɪɨɜɧɹ Sn: 

 𝑡௜௝ = ଷ଻ ∙  ௜ܵ , (2.13) 

 

ɝɞɟ tij – ɫɪɟɡɤɚ ɜ j-ɨɣ ɫɤɜɚɠɢɧɟ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ i-ɨɣ ɫɤɜɚɠɢɧɵ, ɦ. 

 

ɋɪɟɡɤɚ ɜ 1-ɨɣ ɫɤɜɚɠɢɧɟ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ 2-ɨɣ ɛɭɞɟɬ ɪɚɜɧɚ: 

 

 𝑡ଵ,ଶ = ଷ଻ ∙  ʹ,ͺͺ = ͳ,ʹ͵ ˏ 

 

ɋɪɟɡɤɚ ɜɨ 2-ɨɣ ɫɤɜɚɠɢɧɟ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ 1-ɨɣ ɛɭɞɟɬ ɪɚɜɧɚ: 

 𝑡ଶ,ଵ = ଷ଻ ∙  ͵,͵ͳ = ͳ,Ͷʹ ˏ  

 

Ⱦɟɛɢɬ ɫɤɜɚɠɢɧɵ ɫ ɭɱёɬɨɦ ɫɪɟɡɤɢ, ɦ3/ɱ: 
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ܳ௡′ = ܳ௡ ∙ ሺͳ − ௧𝑛,𝑛+ଵௌ𝑛 ሻ , (2.14) 

 

Ⱦɟɛɢɬ ɩɟɪɜɨɣ ɫɤɜɚɠɢɧɵ ɫ ɭɱёɬɨɦ ɫɪɟɡɤɢ, ɦ3/ɱ: 

 ܳଵ′ = ͵ͷ,͹Ͷ ∙ ቀͳ − ଵ,ଶଷ+ଵଶ,଼଼ ቁ = ʹ͵,Ͳ͹ ˏଷ/˚  

 

Ⱦɟɛɢɬ ɜɬɨɪɨɣ ɫɤɜɚɠɢɧɵ ɫ ɭɱёɬɨɦ ɫɪɟɡɤɢ, ɦ3/ɱ: 

 ܳଶ′ = ͵ͷ,͹Ͷ ∙ ቀͳ − ଵ,ସଶ+ଵଷ,ଷଵ ቁ = ʹͷ,͸ͳ ˏଷ/˚  

 

2.6 ɉɨɞɛɨɪ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
 

Ʉɚɠɞɨɟ ɜɨɞɨɡɚɛɨɪɧɨɟ ɫɨɨɪɭɠɟɧɢɟ ɨɫɧɚɳɟɧɨ ɨɫɧɨɜɧɵɦ ɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

Ʉ ɨɫɧɨɜɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɨɬɧɨɫɹɬɫɹ: ɧɚɫɨɫɧɵɟ ɚɝɪɟɝɚɬɵ, ɡɚɬɜɨɪɵ, 

ɜɨɞɨɜɨɞɵ – ɫɚɦɨɬɟɱɧɵɟ ɢɥɢ ɫɢɮɨɧɧɵɟ, ɜɫɚɫɵɜɚɸɳɢɟ ɢ ɧɚɩɨɪɧɵɟ, ɚ ɬɚɤɠɟ, 

ɡɚɩɨɪɧɚɹ ɚɪɦɚɬɭɪɚ. 

Ʉ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɨɬɧɨɫɹɬɫɹ ɝɢɞɪɨɷɥɟɜɚɬɨɪɵ ɞɥɹ 

ɨɬɤɚɱɤɢ ɨɫɚɞɤɚ ɢɡ ɜɨɞɨɩɪɢёɦɧɵɯ ɤɚɦɟɪ; ɤɨɦɩɪɟɫɫɨɪɵ, ɜɚɤɭɭɦ–ɧɚɫɨɫɵ, 

ɞɪɟɧɚɠɧɵɟ ɧɚɫɨɫɵ; ɝɪɭɡɨɩɨɞɴёɦɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɦɟɯɚɧɢɡɦɵ; ɭɫɬɪɨɣɫɬɜɚ 

ɞɥɹ ɩɪɨɦɵɜɤɢ ɮɢɥɶɬɪɚ. 

ɇɚɫɨɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

Ⱦɥɹ ɩɨɞɴɟɦɚ ɜɨɞɵ ɢɡ ɜɨɞɨɡɚɛɨɪɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɝɪɭɠɧɵɟ 

ɧɚɫɨɫɵ. ɉɚɪɚɦɟɬɪɵ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɛɵ 

ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞёɠɧɨɫɬɢ ɩɨɞɚɱɢ ɜɨɞɵ ɢ ɪɚɛɨɬɵ ɫɨɨɪɭɠɟɧɢɹ ɜ ɰɟɥɨɦ, ɧɚɯɨɞɹɬ 

ɦɟɬɨɞɨɦ ɩɨɞɛɨɪɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɚ ɩɪɢ 
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ɷɬɨɦ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɚɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ, ɞɥɹ 

ɤɨɬɨɪɨɝɨ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɚɜɬɨɧɨɦɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

ɋ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɪɚɫɯɨɞɧɵɣ ɪɟɠɢɦ ɢ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɵɣ ɛɚɥɚɧɫ ɩɨ 

ɢɫɬɨɱɧɢɤɭ ɫ ɩɪɨɝɧɨɡɨɦ ɧɚ 15 ɥɟɬ, ɩɨɞɛɢɪɚɟɦ ɧɚɫɨɫ ɛɨɥɶɲɟɣ ɩɨɞɚɱɢ, ɱɟɦ ɜ 

ɪɚɫɱёɬɚɯ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɫɨɫɚ ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ɦɚɪɤɢ Grundfos, ɬɢɩɚ SP 30-9 [14]. 

ɇɚɫɨɫ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɫɤɜɚɠɢɧɟ ɧɢɠɟ ɭɪɨɜɧɹ ɜɨɞɵ ɢ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɫɟɬɶɸ ɫ 

ɩɨɦɨɳɶɸ ɬɪɭɛ Ø150 ɦɦ. Ɍɪɭɛɵ ɫɨɟɞɢɧɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɦɭɮɬɵ. ȼ ɬɚɛɥɢɰɟ 

2.1 ɩɪɢɜɟɞɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɫɚ SP 30-9. ɇɚɫɨɫ SP 30-9 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2. ɉɨɝɪɭɠɧɨɣ ɫɤɜɚɠɢɧɧɵɣ ɧɚɫɨɫ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ 

ɞɥɹ ɩɟɪɟɤɚɱɢɜɚɧɢɹ ɱɢɫɬɨɣ ɜɨɞɵ. Ɇɨɠɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ, ɤɚɤ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ, 

ɬɚɤ ɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɹɯ. ȼɫɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɞɟɬɚɥɢ ɢɡɝɨɬɨɜɥɟɧɵ 

ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ 

ɫɬɨɣɤɨɫɬɶ. Ⱦɚɧɧɵɣ ɧɚɫɨɫ ɪɚɡɪɟɲɟɧ ɞɥɹ ɩɟɪɟɤɚɱɢɜɚɧɢɹ ɩɢɬɶɟɜɨɣ ɜɨɞɵ. ɇɚɫɨɫ 

ɨɫɧɚɳɟɧ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ MS60009.2 ɤȼɬ ɫ ɡɚɳɢɬɨɣ ɨɬ ɩɟɫɤɚ, ɬɨɪɰɟɜɵɦ 

ɭɩɥɨɬɧɟɧɢɟɦ ɜɚɥɚ, ɨɩɨɪɧɵɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ ɫ ɜɨɞɹɧɨɣ ɫɦɚɡɤɨɣ ɢ ɦɟɦɛɪɚɧɨɣ 

ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɨɛɴɟɦɚ. ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɝɪɭɠɧɨɣ 

ɞɜɢɝɚɬɟɥɶ ɜ ɝɟɪɦɟɬɢɱɟɫɤɨɦ ɢɫɩɨɥɧɟɧɢɢ, ɨɛɥɚɞɚɸɳɢɣ ɯɨɪɨɲɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɢ ɜɵɫɨɤɢɦ ɄɉȾ. ɉɨɞɯɨɞɢɬ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 40 °C. 

ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɨɫɧɚɳɟɧ ɞɚɬɱɢɤɨɦ Grundfos Tempcon, ɤɨɬɨɪɵɣ 

ɩɨɫɪɟɞɫɬɜɨɦ ɫɜɹɡɢ ɩɨ Ʌɗɉ ɜɦɟɫɬɟ ɫ ɩɚɧɟɥɶɸ ɭɩɪɚɜɥɟɧɢɹ MP204 ɩɨɡɜɨɥɹɟɬ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ.  

 

Ɍɚɛɥɢɰɚ 2.1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨɝɪɭɠɧɨɝɨ ɧɚɫɨɫɚ SP 30-9 

ɉɨɞɚɱɚ, 

ɦ3/ɱ 

ɇɚɩɨɪ, 

ɦ 

Ɇɨɳɧɨɫɬɶ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, 

ɤȼɬ 

ɑɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 

Ɇɚɫɫɚ, 

ɤɝ 

Ƚɚɛɚɪɢɬɵ 

ɧɚɫɨɫɚ BxHxɋ, 

ɦɦ 

ɇɚɩɪɹɠɟɧɢɟ 

ɩɢɬɚɧɢɹ, ȼ 

31,6 64,39 9,2 2900 96,7 144x1752x139,5 380 

 



 

 

33 

  

 

Ɋɢɫɭɧɨɤ 2.2 – ɇɚɫɨɫ ɬɢɩɚ SP 30-9 

 

Ƚɪɭɡɨɩɨɞɴёɦɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

Ⱦɥɹ ɦɨɧɬɚɠɚ ɢ ɞɟɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɤɜɚɠɢɧɵ ɩɪɢɦɟɧɹɟɦ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ɇɨɧɬɚɠ ɢ ɞɟɦɨɧɬɚɠ ɫɤɜɚɠɢɧɧɨɝɨ ɧɚɫɨɫɚ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɱɟɪɟɡ ɥɸɤ ɩɚɜɢɥɶɨɧɚ. 

Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɝɪɭɡɨɩɨɞɴёɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 

(ɪɭɱɧɵɟ ɬɚɥɢ, ɤɪɚɧ–ɛɚɥɤɢ, ɤɨɡɥɨɜɵɟ ɢ ɦɨɫɬɨɜɵɟ ɤɪɚɧɵ), ɤɨɬɨɪɵɟ 

ɜɵɛɢɪɚɸɬɫɹ ɫ ɭɱɟɬɨɦ ɪɚɡɦɟɪɨɜ ɫɨɨɪɭɠɟɧɢɣ, ɤɨɦɩɨɧɨɜɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɟɝɨ ɪɚɡɦɟɪɨɜ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɫɫɵ ɩɨɞɧɢɦɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ. 

Ⱦɥɹ ɩɨɞɴёɦɚ ɢ ɨɩɭɫɤɚɧɢɹ ɧɚɫɨɫɚ ɜ ɫɤɜɚɠɢɧɭ ɩɪɢɦɟɧɹɟɦ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 

ɬɚɥɶ ɦɚɪɤɢ BH250A ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɶɸ 0,25 ɬ. Ɍɚɥɶ Bɇ250Ⱥ, ɩɪɢɦɟɧɹɟɬɫɹ 

ɬɚɦ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɞɴɟɦ ɝɪɭɡɚ ɧɚ ɛɨɥɶɲɭɸ ɜɵɫɨɬɭ ɞɨ 60ɦ. 

Ⱦɚɧɧɵɟ ɷɥɟɤɬɪɨɬɚɥɢ ɪɚɛɨɬɚɸɬ ɨɬ ɫɟɬɢ 230ȼ. Ʉɨɧɫɬɪɭɤɰɢɹ ɬɚɥɢ: ɤɚɧɚɬ, ɲɧɭɪɵ 

ɩɢɬɚɧɢɹ, ɤɪɟɩɟɠɧɵɟ ɫɤɨɛɵ, ɤɪɸɤ, ɚ ɬɚɤɠɟ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɬɚɥɢ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 2.2. 
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Ɍɚɛɥɢɰɚ 2.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɥɢ BH250A 

ȼɵɫɨɬɚ 

ɩɨɞɴёɦɚ, 

ɦ 

Ɋɚɡɦɟɪɵ ɬɚɥɢ, 

ɦɦ 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ, ɤȼɬ 

Ƚɪɭɡɨɩɨɞɴɟ

ɦɧɨɫɬɶ, ɤɝ 

ɇɨɦɢɧɚɥɶɧɚɹ 

ɫɤɨɪɨɫɬɶ, 

ɦ/ɦɢɧ 

Ɇɚɫɫɚ 

ɬɚɥɢ, 

ɤɝ L L1 L2 

60 540 365 290 1,3 250 15 32 

 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɩɪɨɦɵɜɤɢ ɫɤɜɚɠɢɧɵ ɩɪɢ ɡɚɢɥɢɜɚɧɢɢ  
ɉɪɨɤɚɱɤɚ ɫɤɜɚɠɢɧɵ – ɷɬɨ ɜɵɤɚɱɢɜɚɧɢɟ ɢɡ ɧɟё ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɜɨɞɵ, ɜ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɝɪɹɡɧɟɧɢɣ – ɩɟɫɤɚ, ɢɥɚ ɢ 

ɬ.ɩ. ɉɪɨɤɚɱɤɚ – ɷɬɨ ɫɚɦɵɣ ɤɨɦɩɚɤɬɧɵɣ ɢ ɚɤɤɭɪɚɬɧɵɣ ɫɩɨɫɨɛ ɩɪɨɱɢɫɬɤɢ 

ɫɤɜɚɠɢɧɵ ɩɪɢ ɡɚɢɥɢɜɚɧɢɢ. ȼɵɤɚɱɢɜɚɟɦɭɸ ɜɨɞɭ ɦɨɠɧɨ ɫɥɢɜɚɬɶ ɜ ɥɸɛɨɟ 

ɭɞɨɛɧɨɟ ɦɟɫɬɨ, ɫɨɛɥɸɞɚɹ ɱɢɫɬɨɬɭ ɜɨɡɥɟ ɫɤɜɚɠɢɧɵ. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɩɪɨɤɚɱɤɢ 

ɫɤɜɚɠɢɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɫɨɫ, ɫɩɨɫɨɛɧɵɣ ɤɚɱɚɬɶ ɡɚɝɪɹɡɧɟɧɧɭɸ ɜɨɞɭ. ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɧɚɫɨɫɚ ɨɧ ɦɨɠɟɬ ɩɪɨɤɚɱɢɜɚɬɶ ɜɨɞɭ, ɫɨɞɟɪɠɚɳɭɸ ɧɟ 

ɬɨɥɶɤɨ ɢɥ ɢɥɢ ɩɟɫɨɤ, ɧɨ ɢ ɦɟɥɤɢɟ ɤɚɦɟɲɤɢ (ɞɢɚɦɟɬɪɨɦ 5 ɦɦ). ɇɚɫɨɫ ɞɥɹ 

ɩɪɨɤɚɱɤɢ ɨɩɭɫɤɚɸɬ ɧɚ ɞɧɨ ɤ ɫɚɦɨɦɭ ɢɥɭ ɢ ɧɚɱɢɧɚɸɬ ɤɚɱɚɬɶ.  

Ⱦɥɹ ɩɪɨɤɚɱɤɢ ɫɤɜɚɠɢɧɵ ɩɪɢ ɡɚɢɥɢɜɚɧɢɢ ɩɪɢɦɟɧɹɟɦ ɩɨɝɪɭɠɧɨɣ ɧɚɫɨɫ 

ɦɚɪɤɢ Grundfos SP 30-9, ɤɨɬɨɪɵɣ ɩɨɝɪɭɠɚɟɬɫɹ ɜ ɫɤɜɚɠɢɧɭ ɢ ɩɪɨɢɡɜɨɞɢɬ 

ɨɬɤɚɱɤɭ ɧɚɧɨɫɨɜ. ɉɨɞɚɱɚ ɧɚɫɨɫɚ – 31,6 ɦ3/ɱ, ɧɚɩɨɪ – 64,39 ɦ. ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ –9,2 ɤȼɬ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ - 50 ɝɪ/ɦ3. 

ɋɬɪɨɟɧɢɟ ɩɚɜɢɥɶɨɧɚ ɢ ɭɫɬɶɹ ɫɤɜɚɠɢɧɵ 

ɉɚɜɢɥɶɨɧ ɭɫɬɪɚɢɜɚɸɬ ɧɚɞ ɜɨɞɨɡɚɛɨɪɧɨɣ ɫɤɜɚɠɢɧɨɣ. Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ 

ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɤɜɚɠɢɧɵ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɫɤɜɚɠɢɧɟ ɢ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɡɚɳɢɬɵ ɨɬ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ. 

ɉɚɜɢɥɶɨɧ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɩɨɞɝɨɬɨɜɥɟɧɧɨɦ ɨɫɧɨɜɚɧɢɢ, 

ɜɵɪɨɜɧɟɧɧɨɦ ɢ ɭɤɪɟɩɥёɧɧɨɦ ɫɥɨɟɦ ɳɟɛɧɹ. ȼɨɤɪɭɝ ɡɞɚɧɢɹ ɭɫɬɪɚɢɜɚɟɬɫɹ 

ɨɬɦɨɫɬɤɚ ɜ ɜɢɞɟ ɝɥɢɧɹɧɨɝɨ ɡɚɦɤɚ. 

ȼɵɫɨɬɚ ɩɚɜɢɥɶɨɧɚ, ɦ, ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 
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𝐻˒ = ℎଵ + ℎଶ + ℎଷ + ℎସ + ℎହ + Ͳ,͵ , (2.15) 

 

ɝɞɟ h1 – ɜɵɫɨɬɚ ɦɨɧɨɪɟɥɶɫɚ ɝɪɭɡɨɩɨɞɴёɦɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 0,5 ɦ; 

 h2 – ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɚɥɢ ɞɨ ɤɪɸɤɚ 0,8 ɦ; 

 h3 – ɜɵɫɨɬɚ ɫɬɪɨɩɨɜɤɢ ɝɪɭɡɚ, 0,5 ɦ; 

 h4 – ɜɵɫɨɬɚ ɝɪɭɡɚ, 1,752 ɦ ɞɥɢɧɚ ɧɚɫɨɫɚ; 

 h5 – ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɝɪɭɡɚ ɞɨ ɩɨɥɚ, 0,5 ɦ; 

 0,3 ɦ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɨɧɨɪɟɥɶɫɚ ɞɨ ɩɟɪɟɤɪɵɬɢɹ. 

 𝐻˒ = Ͳ,ͷ + Ͳ,ͺ + Ͳ,ͷ + Ͳ,ͳ͹ͷ͵ + Ͳ,ͷ + Ͳ,͵ = Ͷ,͵ͷ ˏ 

 

ȼɵɫɨɬɚ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɭɱёɬɨɦ ɫɬɪɨɢɬɟɥɶɧɨɝɨ 

ɜɵɫɨɬɧɨɝɨ ɲɚɝɚ, ɪɚɜɧɨɝɨ 0,3ɦ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɜɵɫɨɬɚ ɩɚɜɢɥɶɨɧɚ ɛɭɞɟɬ 

ɪɚɜɧɚ 𝐻˒ = Ͷ,͵ͷ ≈ Ͷ,ͷ ˏ . 

ȼɵɛɨɪ ɚɪɦɚɬɭɪɵ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɣ ɦɚɪɤɢ ɧɚɫɨɫɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ 

ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɵ. ɋɨɝɥɚɫɧɨ ɞɢɚɦɟɬɪɭ ɧɚɩɨɪɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɩɪɢɧɢɦɚɟɦ 

ɡɚɞɜɢɠɤɭ ɦɚɪɤɢ ɁȺɈ “ɋȺ-ɊȺɌɈȼɗɇȿɊȽɈɆȺɒɄɈɆɉɅȿɄɌ” Ɂɋ 

200.16.4310. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɞɜɢɠɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 

 

Ɍɚɛɥɢɰɚ 2.3 − Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɞɜɢɠɤɢ ɦɚɪɤɢ Ɂɋ 150.16.4310 

Ⱦɢɚɦɟɬɪ, ɦɦ 

ɋɬɪɨɢɬɟɥɶɧɚɹ 

ɜɵɫɨɬɚ, ɇ, 

ɦɦ 

ɋɬɪɨɢɬɟɥɶɧɚɹ 

ɞɥɢɧɚ, L, ɦɦ 
Ɇɚɫɫɚ, ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɪɚɛɨɱɟɣ ɫɪɟɞɵ, 
0ɋ 

Ɇɚɬɟɪɢɚɥ 

ɤɨɪɩɭɫɚ 

200 1015 419 110 ɞɨ +425 ɫɬɚɥɶ 

 

Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ ɞɜɭɯ ɭɱɚɫɬɤɨɜ ɬɪɭɛ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɦ 

ɦɭɮɬɭ. Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɬɪɭɛ ɫ 150 ɦɦ ɧɚ 200 ɦɦ ɜɵɛɢɪɚɟɦ ɩɟɪɟɯɨɞɧɭɸ ɦɭɮɬɭ 

ɦɚɪɤɢ MRIV 150ɯ200. ɂɥɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɚɥɶɧɢɤɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ.  
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Ɉɛɪɚɬɧɵɣ ɤɥɚɩɚɧ ɢɫɤɥɸɱɚɟɬ ɨɛɪɚɬɧɵɣ ɩɨɬɨɤ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɢ 

ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɫɢɫɬɟɦɟ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼɵɛɢɪɚɟɦ 

ɤɥɚɩɚɧ ɦɚɪɤɢ ɁȺɈ “ɋȺɊȺɌɈȼɗɇȿɊȽɈɆȺɒɄɈɆɉɅȿɄɌ” ɄɈ 200.16.3312. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɚɩɚɧɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4. 

 

Ɍɚɛɥɢɰɚ 2.4 − Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɚɩɚɧɚ ɦɚɪɤɢ ɄɈ 200.16.3312 

Dy, 

ɦɦ 
ɇ, ɦɦ L, ɦɦ 

Ⱦɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ 

ɫɪɟɞɵ, Ɇɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɪɚɛɨɱɟɣ ɫɪɟɞɵ, 0ɋ 

Ɇɚɫɫɚ, 

ɤɝ 

200 350 500 1,6 ɞɨ + 425 108 

 

Ɇɚɧɨɦɟɬɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɞɢɚɩɚɡɨɧɭ ɞɚɜɥɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɢ ɫɥɭɠɢɬ ɞɥɹ 

ɟё ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɧɚɫɬɪɨɣɤɢ ɢ ɜɢɡɭɚɥɶɧɨɦɭ ɤɨɧɬɪɨɥɸ ɡɚ ɬɟɤɭɳɢɦ 

ɞɚɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɟ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼɵɛɢɪɚɟɦ ɦɚɧɨɦɟɬɪ ɦɚɪɤɢ TM-

510P.00. (0–0,6Mpa) G1/2.150C.1,5. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɧɨɦɟɬɪɚ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5. 

 

Ɍɚɛɥɢɰɚ 2.5 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɧɨɦɟɬɪɚ TM-510P 

Ⱦɢɚɦɟɬɪ 

ɤɨɪɩɭɫɚ, ɦɦ 
A b H SW 

Ɋɟɡɶɛɚ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ 
b1 ȼɟɫ, ɤɝ 

100 14 36 79 22 G1/2 70 0,380 

 

Ⱦɥɹ ɝɢɞɪɨɢɡɨɥɹɰɢɢ ɫɤɜɚɠɢɧɵ ɨɬ ɫɬɨɱɧɵɯ ɢ ɬɚɥɵɯ ɜɨɞ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɢɡɨɥɹɰɢɢ ɨɬ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ ɢ ɩɪɨɦɟɪɡɚɧɢɹ ɫɤɜɚɠɢɧɵ, 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɤɟɫɫɨɧ. ɉɨ ɮɨɪɦɟ ɤɟɫɫɨɧɵ ɛɵɜɚɸɬ ɤɪɭɝɥɵɦɢ, ɤɜɚɞɪɚɬɧɵɦɢ ɢ 

ɩɪɹɦɨɭɝɨɥɶɧɵɦɢ. ɂɡɝɨɬɚɜɥɢɜɚɸɬ ɢɯ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: ɫɬɚɥɢ, 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɥɟɰ ɢɥɢ ɩɥɚɫɬɢɤɚ.  ɋɤɜɚɠɢɧɧɵɣ ɤɟɫɫɨɧ — ɷɬɨ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɢɥɢ ɤɜɚɞɪɚɬɧɵɣ ɤɨɪɨɛ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚɞ ɫɤɜɚɠɢɧɨɣ. 
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Ʉɟɫɫɨɧ — ɷɬɨ ɛɨɥɶɲɚɹ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɚɹ ɛɨɱɤɚ ɫ ɝɨɪɥɨɜɢɧɨɣ. ȼɵɛɢɪɚɟɦ 

ɦɚɪɤɭ ɤɟɫɫɨɧɚ POLEXKESSON 12/25. Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ – 2000 × 3000 ɦɦ. 

 

3 ɋɨɜɪɟɦɟɧɧɵɟ ɥɨɤɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɞɥɹ 

   ɩɬɢɰɟɮɚɛɪɢɤɢ 

 

ȼɨɞɚ ɤɚɠɞɨɝɨ ɢɫɬɨɱɧɢɤɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɦɟɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ 

ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 

ɢɫɬɨɱɧɢɤɚ, ɝɥɭɛɢɧɨɣ ɡɚɥɟɝɚɧɢɹ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ ɢ 

ɫɨɫɬɚɜɨɦ ɫɥɚɝɚɸɳɢɯ ɟɝɨ ɩɨɪɨɞ. ɉɪɢɪɨɞɧɚɹ ɜɨɞɚ ɤɪɚɣɧɟ ɪɟɞɤɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɨɪɦɚɦ ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɚ ɬɟɦ ɛɨɥɟɟ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɧɟɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɜɨɞɵ ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɬ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɧɚ ɡɚɳɢɬɭ ɡɞɨɪɨɜɶɹ, ɚ ɬɚɤɠɟ ɫɧɢɠɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɬɢɰ. 

 

3.1 Ɋɚɫɱɟɬ ɧɚɩɨɪɧɨɝɨ ɮɢɥɶɬɪɚ 

 

ɉɨɞɡɟɦɧɵɟ ɜɨɞɵ ȿɦɟɥɶɹɧɨɜɨ ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ 

3,7 ɦɝ/ɥ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɉȾɄ ɜ 12 ɪɚɡ. 

Ʉ ɬɪɚɞɢɰɢɨɧɧɵɦ ɦɟɬɨɞɚɦ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɹ ɜɨɞɵ ɨɬɧɨɫɹɬɫɹ: 

ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ, ɚɷɪɚɰɢɹ, ɨɤɢɫɥɟɧɢɟ ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɠɟɥɟɡɚ 

ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ, ɨɫɚɠɞɟɧɢɟ ɤɨɥɥɨɢɞɧɨɝɨ ɠɟɥɟɡɚ 

ɬɪɚɞɢɰɢɨɧɧɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ, ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ 

ɫ ɮɢɥɶɬɪɚɰɢɟɣ, ɢɨɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ ɭɞɚɥɟɧɢɹ ɠɟɥɟɡɚ, ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ 

ɦɟɦɛɪɚɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɡɠɟɥɟɡɢɜɚɧɢɟ, ɨɛɪɚɬɧɵɣ ɨɫɦɨɫ, 

ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ, ɧɚɧɨɮɢɥɶɬɪɚɰɢɹ.  

ȼ ɤɚɱɟɫɬɜɟ ɜɨɞɨɨɱɢɫɬɤɢ ɨɬ ɠɟɥɟɡɚ ɧɚ ɞɚɧɧɨɦ ɜɨɞɨɡɚɛɨɪɟ ɭɫɬɚɧɨɜɥɟɧ 

ɧɚɩɨɪɧɵɣ ɮɢɥɶɬɪ ɫ ɡɚɝɪɭɡɤɨɣ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɮɢɥɶɬɪɚ. ɉɥɨɳɚɞɶ ɧɚɩɨɪɧɨɝɨ ɮɢɥɶɬɪɚ, ɦ2, 

ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

      𝐹 = ொ˔˖˕்∙௩˓.ˏ.−ଷ,଺∙௡∙ሺ௪భ∙௧భ+௪మ∙௧మ+௪య∙௧యሻ−௡∙௧ర∙௩˓.ː. , (3.1) 

 

ɝɞɟ Qɫɭɬ – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɮɢɥɶɬɪɚ (ɩɨɥɟɡɧɚɹ) ɜ ɦ3/ɫɭɬ; 

       Т–ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ ɜ ɬɟɱɟɧɢɢ ɫɭɬɨɤ ɜ ɱ; 

       νɪ. ɦ. – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɜ ɦ/ɱ; 

       νɪ. ɧ. – ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɦ/ɱ; 

       n – ɱɢɫɥɨ ɩɪɨɦɵɜɨɤ ɮɢɥɶɬɪɨɜ ɡɚ ɫɭɬɤɢ; 

       w1 ɢ t1 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜ ɥ/ɫɟɤ∙ɦ2 ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜ ɱ                                        

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɜɡɪɵɯɥɟɧɢɹ ɮɢɥɶɬɪɭɸɳɟɣ ɡɚɝɪɭɡɤɢ; 

       w2 ɢ t2 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɞɚɱɢ ɜɨɞɵ ɜ ɥ/ɫɟɤ∙ɦ2 ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜ       

ɱ ɜɨɡɞɭɲɧɨɣ ɩɪɨɦɵɜɤɢ; 

       w3 ɢ t3 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜ ɥ/ɫɟɤ∙ɦ2 ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɦɵɜɤɢ ɜ ɱ; 

       t4 – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɫɬɨɹ ɮɢɥɶɬɪɚ ɢɡ-ɡɚ ɩɪɨɦɵɜɤɢ ɜ ɱ. 

 

ɉɪɢ ɡɚɞɚɧɧɨɣ ɩɨɥɟɡɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɫ ɧɚɩɨɪɧɵɦɢ 

ɮɢɥɶɬɪɚɦɢ Qɫɭɬ=11400 ɦ3/ɫɭɬɤɢ, ɢɥɢ Qɱɚɫ=475 ɦ3/ɱɚɫ:   

 𝐹 = ଺ଶ଻,ଷଽଶସ∙ଵ଴−ଷ,଺∙ଶ∙ሺ଼∙଴,଴ଵ଻+ସ∙଴,଴଼ଷ+଼∙଴,଴ଷସሻ−ଶ∙଴,ଷଷ∙ଵ଴ =2,75 ɦ2 

 

Ɉɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɧɚɩɨɪɧɵɯ ɮɢɥɶɬɪɨɜ, ɲɬ, ɩɨ ɮɨɪɦɭɥɟ  

 ܰ = 𝐹𝑓 ,  (3.2) 

 

ɝɞɟ F – ɩɥɨɳɚɞɶ ɧɚɩɨɪɧɨɝɨ ɮɢɥɶɬɪɚ ɩɨ ɪɚɫɱɟɬɚɦ, ɦ2; 
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       f – ɩɥɨɳɚɞɶ ɨɞɧɨɝɨ ɧɚɩɨɪɧɨɝɨ ɮɢɥɶɬɪɚ f=7,1 ɦ2 , ɬɚɛɥɢɰɚ 47 [22]. 

 

 ܰ = ଶ,଻ହ଻,ଵ = Ͳ,͵ͻ ≈ ͳ˛˕ 

ɉɪɢɧɢɦɚɟɦ 1 ɪɚɛɨɱɢɣ ɮɢɥɶɬɪ ɢ ɨɞɢɧ ɪɟɡɟɪɜɧɵɣ (ɟɫɥɢ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɛɨɱɢɯ ɮɢɥɶɬɪɨɜ ɛɨɥɶɲɟ 10 ɬɨ ɞɨɥɠɧɨ ɛɵɬɶ 2 ɪɟɡɟɪɜɧɵɯ ɮɢɥɶɬɪɚ). 

ɉɟɪɜɵɣ ɷɬɚɩ ɨɱɢɫɬɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɮɢɥɶɬɪɨɜɚɧɢɢ ɱɟɪɟɡ 

ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɡɚɝɪɭɡɤɭ Birm, ɪɚɫɱɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ − 75 %. 

Birm – ɫɢɧɬɟɬɢɱɟɫɤɚɹ ɮɢɥɶɬɪɭɸɳɚɹ ɡɚɝɪɭɡɤɚ, ɤɨɬɨɪɭɸ ɢɫɩɨɥɶɡɭɸɬ ɭɞɚɥɟɧɢɹ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɠɟɥɟɡɚ. Birm ɢɝɪɚɟɬ ɪɨɥɶ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɠɟɥɟɡɚ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɦ ɜɨɞɚ 

ɧɚɫɵɳɚɟɬɫɹ ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɚɷɪɚɰɢɢ. ɉɪɨɞɭɤɬɵ ɨɤɢɫɥɟɧɢɹ ɠɟɥɟɡɚ 

ɨɫɚɠɞɚɸɬɫɹ ɧɚ ɝɪɚɧɭɥɚɯ ɡɚɝɪɭɡɤɢ. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɤɚɱɟɫɬɜɟɧɧɭɸ ɮɢɥɶɬɪɚɰɢɸ, ɡɚɝɪɭɡɤɚ ɥɟɝɤɨ ɨɱɢɳɚɟɬɫɹ ɨɬ 

ɨɫɚɠɞɟɧɧɵɯ ɱɚɫɬɢɰ ɩɭɬɟɦ ɨɛɪɚɬɧɨɣ ɩɪɨɦɵɜɤɢ.  ȼ ɩɪɨɰɟɫɫɟ ɭɞɚɥɟɧɢɹ ɠɟɥɟɡɚ 

Birm ɧɟ ɪɚɫɯɨɞɭɟɬɫɹ, ɱɬɨ ɞɟɥɚɟɬ ɟɝɨ ɞɨɫɬɚɬɨɱɧɨ ɷɤɨɧɨɦɢɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. 

Ⱦɪɭɝɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ Birm ɹɜɥɹɟɬɫɹ: ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɫɪɨɤ 

ɫɥɭɠɛɵ, ɧɢɡɤɚɹ ɢɫɬɢɪɚɟɦɨɫɬɶ, ɲɢɪɨɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɮɢɥɶɬɪɭɸɳɢɯ ɡɚɝɪɭɡɨɤ Birm ɧɟ ɬɪɟɛɭɟɬ 

ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 

ɉɨɫɥɟ ɞɚɧɧɨɣ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɛɥɨɤ 

ɪɟɮɚɣɧɟɪɨɜ. 

 

3.2 Ɋɚɫɱɟɬ ɪɟɮɚɣɧɟɪɚ 

 

Ɋɟɮɚɣɧɟɪɵ – ɷɬɨ ɤɨɦɩɥɟɤɫɧɵɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ 

ɫɢɫɬɟɦɵ ɭɦɹɝɱɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɜɨɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɯɥɨɪɚ ɢ ɫɨɥɟɣ ɠɟɫɬɤɨɫɬɢ. ɋɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɯ ɜɟɳɟɫɬɜ 
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ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ, ɧɟ ɬɪɟɛɭɸɳɢɯ 

ɩɪɢɦɟɧɟɧɢɹ ɚɝɪɟɫɫɢɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ.  

ɉɨɞɡɟɦɧɵɟ ɜɨɞɵ ȿɦɟɥɶɹɧɨɜɨ ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɨɥɟɣ 

ɠɟɫɬɤɨɫɬɢ 17,5 ɦɝ-ɷɤɜ/ɥ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɉȾɄ ɜ 2,5 ɪɚɡ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɪɟɮɚɣɧɟɪɵ ɫɟɪɢɣ EcoWater. 

Ɋɟɮɚɣɧɟɪɵ ɫɟɪɢɣ EcoWater ɛɥɚɝɨɞɚɪɹ ɫɨɜɪɟɦɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ 

ɜɨɞɨɨɱɢɳɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɡɛɚɜɥɹɸɬ ɜɨɞɭ ɨɬ ɪɚɡɥɢɱɧɵɯ 

ɩɪɢɦɟɫɟɣ. Ɏɢɥɶɬɪɚɰɢɹ ɜɨɞɵ ɫ ɩɨɦɨɳɶɸ ɬɚɤɢɯ ɪɟɮɚɣɧɟɪɨɜ ɚɛɫɨɥɸɬɧɨ 

ɛɟɡɨɩɚɫɧɚ, ɬɚɤ ɤɚɤ ɬɟɯɧɨɥɨɝɢɹ ɨɱɢɫɬɤɢ ɜɨɞɵ ɫ ɢɯ ɩɨɦɨɳɶɸ ɧɟ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɝɪɟɫɫɢɜɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɝɟɧɬɨɜ. Ɋɟɮɚɣɧɟɪ EcoWater ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.3. 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.1- Ɋɟɮɚɣɧɟɪ EcoWater 

 

ȼɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɮɚɣɧɟɪɨɜ EcoWater ɨɛɴɹɫɧɹɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɩɨɥɧɢɬɟɥɹ ɫ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ 

ɪɚɛɨɱɟɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɢɨɧɨɨɛɦɟɧɧɚɹ ɫɦɨɥɚ, ɢɡɝɨɬɨɜɥɟɧɧɚɹ 

ɤɨɦɩɚɧɢɟɣ Rohm&Haas. Ȼɥɚɝɨɞɚɪɹ ɧɟɛɨɥɶɲɢɦ ɪɚɡɦɟɪɚɦ ɤɪɭɩɢɧɨɤ 

ɧɚɩɨɥɧɢɬɟɥɹ ɨɛɦɟɧ ɤɚɬɢɨɧɚɦɢ ɩɪɨɯɨɞɢɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɣ, ɱɟɦ ɜ 

ɮɢɥɶɬɪɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɞɪɭɝɢɦɢ ɫɦɨɥɚɦɢ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɛɨɱɢɣ 

ɦɚɬɟɪɢɚɥ ɜ ɪɟɮɚɣɧɟɪɚɯ EcoWater ɹɜɥɹɟɬɫɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɦ. Ɂɚɝɪɭɡɤɚ ɜ 
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ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɧɚ 20% ɫɨɫɬɨɢɬ ɢɡ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɤɨɤɫɨɜɨɝɨ ɭɝɥɹ, ɩɨɬɨɦɭ 

ɪɟɮɚɣɧɟɪɵ ɫɩɨɫɨɛɧɵ ɢɡɛɚɜɢɬɶ ɜɨɞɭ ɨɬ ɧɟɩɪɢɹɬɧɨɝɨ ɡɚɩɚɯɚ ɢ ɩɪɢɜɤɭɫɚ. 

Ɋɟɝɟɧɟɪɚɰɢɹ ɪɚɛɨɱɟɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɨɯɨɞɢɬ ɩɨ ɭɧɢɤɚɥɶɧɨɣ ɫɯɟɦɟ, 

ɡɚɩɚɬɟɧɬɨɜɚɧɧɨɣ ɤɨɦɩɚɧɢɟɣ EcoWater. Ȼɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɩɨɬɨɤ ɫɨɥɹɧɨɝɨ 

ɪɚɫɬɜɨɪɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɦɨɥɵ, ɩɪɨɯɨɞɢɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 

ɨɛɪɚɬɧɨɦ ɫɬɚɧɞɚɪɬɧɨɦɭ ɯɨɞɭ ɜɨɞɵ, ɪɟɮɚɣɧɟɪɵ ɡɚɜɟɪɲɚɸɬ ɰɢɤɥ ɪɟɝɟɧɟɪɚɰɢɢ 

ɧɚɦɧɨɝɨ ɛɵɫɬɪɟɟ ɢ ɷɮɮɟɤɬɢɜɧɟɟ ɞɪɭɝɢɯ ɜɨɞɨɨɱɢɫɬɢɬɟɥɟɣ. 

Ɍɚɤ ɠɟ, ɪɟɮɚɣɧɟɪɵ ɷɬɨɣ ɫɟɪɢɢ ɢɦɟɸɬ ɢ ɪɹɞ ɨɛɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ 

ɨɫɧɨɜɧɨɦ ɤɚɫɚɸɳɢɯɫɹ ɫɬɪɨɟɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʉɨɪɩɭɫ 

ɪɟɮɚɣɧɟɪɨɜ ɜɵɩɨɥɧɟɧ ɢɡ ɩɨɥɢɷɬɢɥɟɧɚ, ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɫɬɟɤɥɨɜɨɥɨɤɧɨɦ ɫ 

ɚɧɬɢɤɨɪɪɨɡɢɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɍɧɢɤɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɧɚɞɟɠɧɨɫɬɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɪɚɛɨɬɵ ɲɟɫɬɢ- ɢ 

ɜɨɫɶɦɢɩɨɡɢɰɢɨɧɧɵɯ ɤɥɚɩɚɧɨɜ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɮɚɣɧɟɪɵ EcoWater 

ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɵ ɢ ɱɚɫɬɢɱɧɨ ɷɧɟɪɝɨɧɟɡɚɜɢɫɢɦɵ – ɜɫɟ ɧɚɫɬɪɨɣɤɢ 

ɢ ɫɨɛɪɚɧɧɵɟ ɞɚɧɧɵɟ ɩɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɩɚɦɹɬɢ 

ɫɢɫɬɟɦɵ ɞɨ 48 ɱɚɫɨɜ. 

Ɉɛɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɩɨɥɧɨɩɪɨɯɨɞɧɨɟ ɩɨɞɫɨɟɞɢɧɟɧɢɟ ɞɢɚɦɟɬɪɨɦ 1", 

ɦɢɧɢɦɚɥɶɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ, ɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ 

ɜɪɟɦɟɧɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɪɟɝɟɧɟɪɚɰɢɢ, ɷɤɨɧɨɦɧɵɣ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɚ ɞɥɹ 

ɪɟɝɟɧɟɪɚɰɢɢ, ɧɚɞɟɠɧɵɣ ɲɟɫɬɢ/ɜɨɫɶɦɢ - ɩɨɡɢɰɢɨɧɧɵɣ ɞɜɭɯɞɢɫɤɨɜɵɣ 

ɬɟɮɥɨɧɨɜɵɣ ɤɥɚɩɚɧ, ɪɟɝɟɧɟɪɚɰɢɹ ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɨɦ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ, 

ɛɟɡɨɩɚɫɧɨɟ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ 24ȼ, 50Ƚɰ. Ɍɢɩɵ ɧɚɩɨɥɧɢɬɟɥɟɣ: ɪɚɛɨɱɢɣ 

ɦɚɬɟɪɢɚɥ – ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɤɨɤɨɫɨɜɵɣ ɭɝɨɥɶ ɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ 

ɢɨɧɨɨɛɦɟɧɧɵɟ ɫɦɨɥɵ (Rohm&Haas); ɩɨɞɥɨɠɤɚ – ɨɱɢɳɟɧɧɵɣ ɤɜɚɪɰ; 

ɪɟɝɟɧɟɪɢɪɭɸɳɢɣ ɚɝɟɧɬ – ɩɨɜɚɪɟɧɧɚɹ ɫɨɥɶ.  

ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɮɚɣɧɟɪɚ 

EcoWater ERR. 
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Ɍɚɛɥɢɰɚ 3.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɮɚɣɧɟɪɚ EcoWater ERR. 

ɉɚɪɚɦɟɬɪɵ EcoWater ERR 

ɀɟɫɬɤɨɫɬɶ ɜɨɞɵ ɦɚɤɫ. (ɦɝ-ɷɤɜ/ɥ) 18 

Ɋɚɛ.ɩɨɬɨɤ ɦɚɤɫ. (ɦ3/ɱɚɫ) / ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ (ɛɚɪ) 1,8/0,8 

ȿɦɤɨɫɬɶ ɦɚɤɫ. (ɦɝ/ɷɤɜ) 37200 

Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ (ɛɚɪ) 1,4-8,7 

Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (°ɋ) 1-37 

ȿɦɤɨɫɬɶ ɫɨɥɟɜɨɝɨ ɬɚɧɤɚ (ɤɝ) 110 

Ɋɚɫɯɨɞ ɜɨɞɵ (ɥ) / ɜɪɟɦɹ (ɦɢɧ) ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ 170/90 

Ʉɨɥ-ɜɨ ɝɪɚɜɢɹ (ɤɝ) 3,6 

 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɪɟɮɚɣɧɟɪɨɜ, ɲɬ: 

 

˓ܰ = ொˑ˄˜ொ˓  , (3.3) 

 

ɝɞɟ Qɨɛщ –ɨɛɳɢɣ ɪɚɫɯɨɞ, ɦ3/cɭɬ;  

       Qɪ– ɪɚɫɯɨɞ ɪɟɮɚɣɧɟɪɚ, ɦ3/ɫɭɬ. 

 

˓ܰ = ଺ଶ଻,ଷଽସଷ,ଶ = ͳͶ,ͷ ≈ ͳͷ˛˕  

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɪɟɮɚɣɧɟɪɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.2.  

 

Ɍɚɛɥɢɰɚ 3.2-Ɋɚɫɱɟɬ ɷɮɟɤɬɢɜɧɨɫɬɢ ɪɟɮɚɣɧɟɪɚ 

ɂɫɯɨɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

(ɦɝ-ɷɤɜ/ɥ) 

Ʉɨɧɟɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

(ɦɝ-ɷɤɜ/ɥ) 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ, 

Э, % 

18 0,36 98% 

17,5 0,35 98% 
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3.3 Ɋɚɫɱɟɬ ɢ ɜɧɟɞɪɟɧɢɟ ɍɎ-ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ 

 

ɋɚɦɵɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɫɩɨɫɨɛ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ − ɯɥɨɪɢɪɨɜɚɧɢɟ. ɇɨ, ɷɬɨɬ ɫɩɨɫɨɛ ɧɟ ɫɜɨɛɨɞɟɧ ɨɬ ɪɹɞɚ ɧɟɞɨɫɬɚɬɤɨɜ. 

Ɍɨɤɫɢɱɧɨɫɬɶ ɯɥɨɪɚ ɬɪɟɛɭɟɬ ɨɫɨɛɵɯ ɦɟɪ ɩɪɟɞɨɫɬɨɪɨɠɧɨɫɬɢ ɩɪɢ ɟɝɨ ɯɪɚɧɟɧɢɢ, 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ, ɞɨɡɢɪɨɜɚɧɢɢ.  ɇɟɨɛɯɨɞɢɦ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚ ɞɨɡɨɣ 

ɯɥɨɪɚ. 

Ɉɛɟɡɡɚɪɚɠɢɜɚɸɳɢɟ ɞɟɣɫɬɜɢɟ ɯɥɨɪɚ ɹɜɥɹɟɬɫɹ ɧɟ ɦɝɧɨɜɟɧɧɨ, ɚ ɬɪɟɛɭɟɬ 

ɞɜɭɯɱɚɫɨɜɨɝɨ ɤɨɧɬɚɤɬɚ ɜɨɞɵ ɫ ɯɥɨɪɨɦ. ɏɥɨɪ ɞɟɣɫɬɜɭɟɬ ɬɨɥɶɤɨ ɧɚ 

ɜɟɝɟɬɚɬɢɜɧɵɟ ɜɢɞɵ ɛɚɤɬɟɪɢɣ; ɫɩɨɪɨɨɛɪɚɡɭɸɳɢɟɫɹ ɛɚɤɬɟɪɢɢ ɩɪɢ ɨɛɵɱɧɵɯ 

ɞɨɡɚɯ ɯɥɨɪɚ ɧɟ ɩɨɝɢɛɚɸɬ. ɂɡ-ɡɚ ɜɫɟɯ ɷɬɢɯ ɧɟɞɨɫɬɚɬɤɨɜ ɯɥɨɪɢɪɨɜɚɧɢɹ 

ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɜɜɟɞɟɧɢɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɴɟɤɬɚɯ – 

ɛɚɤɬɟɪɢɰɢɞɧɵɯ ɨɛɥɭɱɚɬɟɥɟɣ. ɗɬɨɬ ɫɩɨɫɨɛ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɱɟɧ, ɧɟ 

ɬɪɟɛɭɟɬ ɜɜɟɞɟɧɢɹ ɜ ɜɨɞɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɧɟ ɜɥɢɹɟɬ ɧɚ 

ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɣ ɫɜɨɣɫɬɜɚ ɜɨɞɵ ɢ ɞɟɣɫɬɜɭɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɜɟɝɟɬɚɬɢɜɧɵɟ 

ɛɚɤɬɟɪɢɢ, ɧɨ ɢ ɧɚ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɫɩɨɪɵ. Ⱦɟɣɫɬɜɢɟ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ 

ɨɛɥɭɱɚɬɟɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ, ɜɨɞɚ, ɩɪɨɲɟɞɲɚɹ ɱɟɪɟɡ ɭɫɬɚɧɨɜɤɭ, ɦɨɠɟɬ 

ɫɪɚɡɭ ɠɟ ɩɨɫɬɭɩɚɬɶ ɜ ɩɪɨɦɵɲɥɟɧɧɵɣ ɰɢɤɥ. 

Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɚɤɬɟɪɢɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɜɨɞɟ, ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ 

ɛɚɤɬɟɪɢɰɢɞɧɨɣ ɷɧɟɪɝɢɟɣ, ɢɡɥɭɱɚɟɦɨɣ ɫɩɟɰɢɚɥɶɧɵɦɢ ɥɚɦɩɚɦɢ. 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ 1 ɦ3 ɜɨɞɵ ɢɡ ɩɨɞɡɟɦɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɛɚɤɬɟɪɢɰɢɞɧɵɦ ɢɡɥɭɱɟɧɢɟɦ, ɫɨɫɬɚɜɥɹɟɬ ɞɨ 15 ɜɬˑɱ.  

Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɩɪɨɰɟɫɫ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ  

ɛɚɤɬɟɪɢɰɢɞɧɵɦɢ ɨɛɥɭɱɚɬɟɥɹɦɢ, ɹɜɥɹɸɬɫɹ: ɚ) ɛɚɤɬɟɪɢɰɢɞɧɵɣ ɩɨɬɨɤ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɨɛɥɭɱɟɧɢɹ; ɛ) ɩɨɝɥɨɳɟɧɢɟ ɢɡɥɭɱɟɧɢɹ ɜɨɞɨɣ; ɜ) 

ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɛɚɤɬɟɪɢɣ ɜɨɡɞɟɣɫɬɜɢɸ ɛɚɤɬɟɪɢɰɢɞɧɵɯ ɥɭɱɟɣ. 
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Ⱦɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɚɪɝɨɧɨ-ɪɬɭɬɧɵɟ 

ɥɚɦɩɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɢɩɚ Ȼɍȼ-30 ɢ Ȼɍȼ-60ɉ, ɪɬɭɬɧɨ-ɤɜɚɪɰɟɜɵɟ ɥɚɦɩɵ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɬɢɩɚ ɉɊɄ-7 ɢ ɊɄɋ-2,5. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɥɚɦɩ ɞɥɹ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɞɚɧɚ ɜ ɬɚɛɥɢɰɟ 3.3 

 
Ɍɚɛɥɢɰɚ 3.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɥɚɦɩ ɞɥɹ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɨɛɥɭɱɟɧɢɹ 

Ɍɢɩ 

ɥɚɦɩ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ, ȼɬ 

ɇɨɦɢɧ

ɚɥɶɧɚɹ 

ɦɨɳɧɨ

ɫɬɶ 

ɥɚɦɩɵ 

ɜɬˑɱ 

ɇɚɩɪɹɠɟɧɢɟ, ȼ 
ɋɢɥɚ ɬɨɤɚ 

ɧɚ ɥɚɦɩɟ, 

Ⱥ 

Ȼɚɤɬɟɪɢɰɢɞ

ɧɚɹ 

ɨɛɥɭɱɟɧɧɨɫ

ɬɶ, 

ɦɤȼɬ/ɫɦ2 ɦˑ 

Ȼɚɤɬɟɪɢɰɢɞɧɵɣ 

ɩɨɬɨɤ ɜ ɥɚɦɩɟ, ȼɬ 

ȼ 

ɫɟɬɢ 

ɇɚ 

ɥɚɦɩɟ 

ɇɨɦɢɧɚ

ɥɶɧɵɣ 

Ɋɚɫɱɟɬɧ

ɵɣ 

Ȼɍȼ-15 19 15 127 57 0,3 12 1,2 0,8 

Ȼɍȼ-30 36 30 220 110 0,32 30 3,2 2 

Ȼɍȼ-

30ɉ 
38 30 127 46 0,65 21 2,5 1,7 

Ȼɍȼ-

60ɉ 
72 60 220 100 0,65 100 6 4 

ɉɊɄ-7 1000 1000 220 135 8 - 50 35 

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

 

3.4 ɍɫɬɚɧɨɜɤɢ ɫ ɢɫɬɨɱɧɢɤɚɦɢ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

 

ɉɪɢɦɟɧɟɧɢɟ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ 

ɜɨɡɦɨɠɧɨ, ɤɚɤ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɷɬɢɯ ɢɫɬɨɱɧɢɤɨɜ ɜ ɜɨɡɞɭɯɟ ɧɚɞ ɫɜɨɛɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɛɥɭɱɚɟɦɨɣ ɜɨɞɵ, ɬɚɤ ɢ ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ ɢɯ ɜ ɜɨɞɭ ɜ 

ɤɜɚɪɰɟɜɵɯ ɱɟɯɥɚɯ, ɡɚɳɢɳɚɸɳɢɯ ɢɯ ɨɬ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ.  

ɍɫɬɚɧɨɜɤɢ ɞɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɞɟɥɹɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ: ɫ ɧɟ 

ɩɨɝɪɭɠɟɧɧɵɦɢ ɢ ɩɨɝɪɭɠɟɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɢɡɥɭɱɟɧɢɹ.  

ɇɚɦɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɭɫɬɚɧɨɜɤɚ ɫ ɩɨɝɪɭɠɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ 

ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɨɛɥɭɱɟɧɢɹ. 
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ȼ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦ ɨɬɧɨɲɟɧɢɢ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɫɤɨɥɶɤɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɝɟɪɦɟɬɢɱɟɫɤɢɯ ɤɚɦɟɪ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɟɧɵ 

ɧɟɫɤɨɥɶɤɨ ɛɚɤɬɟɪɢɰɢɞɧɵɯ ɥɚɦɩ ɜ ɤɜɚɪɰɟɜɵɯ ɱɟɯɥɚɯ.  ɗɬɢ ɭɫɬɚɧɨɜɤɢ 

ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɜ ɧɚɩɨɪɧɨɣ ɫɢɫɬɟɦɟ ɜɨɞɨɩɪɨɜɨɞɨɜ 

ɫ ɪɚɛɨɱɢɦ ɞɚɜɥɟɧɢɟɦ ɞɨ 5 ɚɬɦɨɫɮɟɪ. 

Ɉɛɟɡɡɚɪɚɠɢɜɚɟɦɚɹ ɜɨɞɚ ɩɪɨɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɵɦ ɩɨɬɨɤɨɦ ɱɟɪɟɡ 

ɧɟɫɤɨɥɶɤɨ ɤɚɦɟɪ, ɩɨɞɜɟɪɝɚɹɫɶ ɛɚɤɬɟɪɢɰɢɞɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɥɚɦɩ. Ʌɚɦɩɵ 

ɪɚɡɦɟɳɟɧɵ ɜ ɤɜɚɪɰɟɜɵɯ ɱɟɯɥɚɯ. ȼɧɭɬɪɢ ɤɚɠɞɨɣ ɤɚɦɟɪɵ ɧɚɯɨɞɢɬɫɹ ɩɨ ɱɟɬɵɪɟ 

ɩɟɪɟɝɨɪɨɞɤɢ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɵɯ ɜɨɞɚ ɞɜɚɠɞɵ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɢɫɬɨɱɧɢɤɭ 

ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɡɚɧɢɦɚɸɳɟɦɭ ɰɟɧɬɪɚɥɶɧɭɸ ɱɚɫɬɶ ɤɚɦɟɪɵ. 

ɍɫɬɚɧɨɜɤɚ ɩɪɢ ɩɨɦɨɳɢ ɩɟɪɟɯɨɞɧɵɯ ɩɚɬɪɭɛɤɨɜ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɤ ɧɚɩɨɪɧɨɦɭ 

ɬɪɭɛɨɩɪɨɜɨɞɭ. 

Ʉɚɠɞɚɹ ɫɟɤɰɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 30 ɦ3/ɱɚɫ ɫɨɫɬɨɢɬ ɢɡ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɤɚɦɟɪ (ɨɬ 2 ɞɨ 5, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɱɟɬɚ). ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɧɢɦɚɟɦ ɞɜɟ ɤɚɦɟɪɵ − ɍȾȼ-3Ⱥ300ɇ-10-100, ɫɨɟɞɢɧɟɧɧɵɯ ɜ 

ɨɞɧɭ ɫɟɤɰɢɸ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɨɛɥɭɱɚɬɟɥɹ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.4. 

 

Ɍɚɛɥɢɰɚ 3.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɨɛɥɭɱɚɬɟɥɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 
ȿɞɢɧɢɰɚ 

ɂɡɦɟɪɟɧɢɹ 
Ɂɧɚɱɟɧɢɟ 

1 2 3 

Ɍɢɩ ɜɨɞɵ  ȼɨɞɚ ɢɡ ɩɨɞɡɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɦ3/ɱ 53 

Ⱦɨɡɚ ɍɎ ɨɛɥɭɱɟɧɢɹ ɦȾɠ/ɫɦ2 25 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɭɫɬɚɧɨɜɤɟ ɡɚ ɫɱɟɬ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
cɦ. ɜɨɞ..ɫɬ. 49 

Ɇɢɧɢɦɚɥɶɧɵɣ ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞɵ ɦ3/ɱ 6..80 
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1 2 2 

ɍɫɥɨɜɧɵɣ ɞɢɚɦɟɬɪ ɜɯɨɞɧɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ 

ɩɚɬɪɭɛɤɨɜ ɤɚɦɟɪɵ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ 
ɦɦ 100 

Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ 

ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ, ɧɟ ɛɨɥɟɟ 
Ɇɉɚ (ɛɚɪ) 1(10) 

Ɋɚɡɪɟɠɟɧɢɟ ɜ ɤɚɦɟɪɟ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ, 

ɧɟ ɛɨɥɟɟ 
Ɇɉɚ (ɛɚɪ) -0,01 (-0,1) 

Ɍɢɩ ɥɚɦɩɵ  ȾȻ 300ɇ  

Ʉɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɜ ɤɚɦɟɪɟ ɲɬ 3 

ɋɪɨɤ ɫɥɭɠɛɵ ɥɚɦɩɵ, ɧɟ ɦɟɧɟɟ ɱ 12000 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ȼ 220±10% 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɧɟ ɦɟɧɟɟ  0,96 

Ƚɚɛɚɪɢɬɵ: 

– ɤɚɦɟɪɚ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ 

– ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ 

– ɧɚɫɨɫ ɩɪɨɦɵɜɨɱɧɵɣ 

ɦɦ 

 

1231ɯ351ɯ388 

600ɯ252x800 

512ɯ210ɯ345 

Ɉɛɴɟɦ ɤɚɦɟɪɵ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɞɦ3 22 

 

ɍɎ-ɨɛɥɭɱɚɬɟɥɶ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2. 

 

 

Ɋɢɫɭɧɨɤ 3.2 – ɍɎ-ɨɛɥɭɱɚɬɟɥɶ ɍȾȼ-3Ⱥ300ɇ-10-100 
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3.5 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɛɚɤɬɟɪɢɰɢɞɧɵɦ 

      ɢɡɥɭɱɟɧɢɟɦ 

 

Ɋɚɫɱɟɬɧɵɣ ɛɚɤɬɟɪɢɰɢɞɧɵɣ ɩɨɬɨɤ, ȼɬ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 𝐹𝛿 = ொ˚∙𝑎∙௞∙log ሺ 𝑃𝑃బሻଵହ଺ଷ,ସ∙௡𝑛∙௡బ  , (3.4) 

 

ɝɞɟ Qɱ – ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɨɛɟɡɡɚɪɚɠɢɜɚɟɦɨɣ ɜɨɞɵ ɜ ɦ3/ɱ; 

 α – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɨɛɥɭɱɚɟɦɨɣ ɜɨɞɵ ɫɦ-1, ɞɥɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ 

0,15ɫɦ-1. 

 k – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɨɛɥɭɱɚɟɦɵɯ ɛɚɤɬɟɪɢɣ, ɩɪɢɧɢɦɚɟɦɵɣ 

ɪɚɜɧɵɦ 2500 ; 

 Рɨ – ɤɨɥɢɱɟɫɬɜɨ ɛɚɤɬɟɪɢɣ ɜ 1 ɥ ɜɨɞɵ ɞɨ ɨɛɥɭɱɟɧɢɹ, ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɪɚɫɱɟɬɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɩɪɢɧɢɦɚɟɦɨɟ ɪɚɜɧɵ ɤɨɥɢ - ɢɧɞɟɤɫɭ 

Ɋɨ=1000 ɟɞ/ɥ; 

 Р – ɤɨɥɢɱɟɫɬɜɨ ɛɚɤɬɟɪɢɣ ɩɨɫɥɟ ɨɛɥɭɱɟɧɢɹ, ɧɟ ɛɨɥɟɟ 3ɟɞ/ɥ; 

 ηn– ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɩɨɬɨɤɚ, ɞɥɹ ɭɫɬɚɧɨɜɨɤ ɫ 

ɩɨɝɪɭɠɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɝɪɭɠɟɧɢɹ 0,9; 

 η0– ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɚɤɬɟɪɢɰɢɞɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɡɚɜɢɫɹɳɢɣ 

ɨɬ ɬɨɥɳɢɧɵ ɫɥɨɹ ɜɨɞɵ, ɟɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 

ɬɢɩɚ ɭɫɬɚɧɨɜɤɢ, ɪɚɜɧɵɦ 0,9. 

 

𝐹𝛿 = ʹͶ,ͳͶ ∙ Ͳ,ͳͷ ∙ ʹͷͲͲ ∙ log ሺ ͵ͳͲͲͲሻͳͷ͸͵,Ͷ ∙ Ͳ,ͻ ∙ Ͳ,ͻ = ʹ͵,Ͳͳ В˕ 

 

ɉɨɬɪɟɛɥɹɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
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݊ = 𝐹𝛿𝐹 , (3.5) 

 

ɝɞɟ Fɥ  – ɪɚɫɱɟɬɧɵɣ ɛɚɤɬɟɪɢɰɢɞɧɵɣ ɩɨɬɨɤ ɥɚɦɩ ɩɨɫɥɟ 4000-5000 ɱ ɝɨɪɟɧɢɹ, 

ȼɬ. 

 

 ݊ = ଶଷ,଴ଵସ = ͷ,͹ͷ ≈ ͸ ˛˕ 

 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɜɨɞɵ, ȼɬ∙ɱ/ɦ3, ɜɵɱɢɫɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 

 ܵ = 𝑁∙௡ொ˚  , (3.6) 

 

ɝɞɟ N – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɨɞɧɨɣ ɥɚɦɩɨɣ, ȼɬ∙ɱ; 

       n – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ, ɲɬ. 

 ܵ = ଺଴∙଺ଶସ,ଵସ = ͳͳ,͸͹ В˕ ∙ ˚/ˏଷ  

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 

ɫɨɫɬɚɜɥɹɟɬ 96-98,9%. 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɫɱɢɬɚɟɬɫɹ ɜɵɫɨɤɨ ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɜɵɝɨɞɧɨɣ. 

 

3.6 ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɧɚɫɵɳɟɧɢɹ ɜɨɞɵ ɤɚɥɶɰɢɟɦ 

 

ɋɨɞɟɪɠɚɧɢɟ ɤɚɥɶɰɢɹ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ ɞɥɹ ɩɬɢɰ ɞɨɥɠɧɨ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɧɨɪɦɵ. Ⱦɨɡɚ ɤɚɥɶɰɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɬɢɰ, ɪɚɜɧɚ 40 ɦɝ/ɥ ɜ ɫɭɬɤɢ. Ʉɚɥɶɰɢɣ 

ɧɟɨɛɯɨɞɢɦ ɩɬɢɰɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɤɟɥɟɬɚ, ɫɤɨɪɥɭɩɵ ɹɣɰɚ, ɤɥɸɜɚ ɢ ɤɨɝɬɟɣ, 
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ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ, ɫɜɟɪɬɵɜɚɧɢɹ ɤɪɨɜɢ, 

ɚɤɬɢɜɚɰɢɢ ɮɟɪɦɟɧɬɨɜ ɢ ɝɨɪɦɨɧɨɜ.  

ɉɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɚɥɶɰɢɹ ɭ ɩɬɟɧɰɨɜ ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɪɭɲɟɧɢɟ ɪɚɡɜɢɬɢɹ – ɤɨɫɬɢ ɫɬɚɧɨɜɹɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɦɢɧɟɪɚɥɢɡɨɜɚɧɧɵɦɢ, 

ɦɹɝɤɢɦɢ ɢ ɞɟɮɨɪɦɢɪɭɸɬɫɹ ɩɨɞ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ (ɪɚɯɢɬ), ɚ ɭ ɜɡɪɨɫɥɵɯ 

ɩɬɢɰ ɧɚɛɥɸɞɚɸɬɫɹ ɧɚɪɭɲɟɧɢɟ ɹɣɰɟɤɥɚɞɤɢ, ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɹɢɱɧɨɣ 

ɫɤɨɪɥɭɩɵ ɢ ɨɫɬɟɨɩɨɪɨɡ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɫɬɢ ɫɬɚɧɨɜɹɬɫɹ ɯɪɭɩɤɢɦɢ ɢ ɥɨɦɤɢɦɢ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɚɹ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɤɚɥɶɰɢɹ ɭ ɫɚɦɨɤ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɪɚɧɧɸɸ 

ɝɢɛɟɥɶ ɡɚɪɨɞɵɲɟɣ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɜɚɬɶ ɤɚɥɶɰɢɣ ɜ ɜɨɞɭ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ.  

ɉɪɨɫɬɨɣ ɫɩɨɫɨɛ, ɤɨɬɨɪɵɣ ɩɨɦɨɠɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɧɟɯɜɚɬɤɭ ɤɚɥɶɰɢɹ, 

ɜɜɟɞɟɧɢɟ ɤɚɥɶɰɢɹ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɩɨɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɞɨɡɚɬɨɪɚ. Ⱦɨɡɚɬɨɪ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɧɟɩɪɟɪɵɜɧɨɟ ɜɫɚɫɵɜɚɧɢɟ ɤɚɥɶɰɢɹ, ɚ ɡɚɬɟɦ 

ɩɟɪɟɦɟɲɢɜɚɟɬ ɟɝɨ ɫ ɜɨɞɨɣ ɜ ɡɚɞɚɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɢ ɧɚɩɪɚɜɥɹɟɬ 

ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɞɚɥɟɟ ɩɨ ɫɟɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɦɨɝɨ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɤɚɥɶɰɢɹ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ Calci-Lux (ɮɢɪɦɚ 

Ɉɪɥɸɤɫ) ɫɨɞɟɪɠɢɬ ɥɚɤɬɚɬ ɤɚɥɶɰɢɹ ɢ ɝɥɸɤɨɧɚɬ ɤɚɥɶɰɢɹ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɡɚɬɨɪɚ ɞɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 

− ɩɪɢɜɨɞɢɬɫɹ ɜ ɞɟɣɫɬɜɢɟ ɩɨɬɨɤɨɦ ɜɨɞɵ ɢ ɧɟ ɬɪɟɛɭɟɬ ɷɥɟɤɬɪɢɱɟɫɬɜɚ; 

− ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɢ ɬɨɱɧɨ ɢɡɦɟɧɹɬɶ ɞɨɡɢɪɨɜɤɭ ɤɚɥɶɰɢɹ; 

− ɞɨɡɚ ɤɚɥɶɰɢɹ ɫɬɪɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɥɢɱɟɫɬɜɭ ɜɨɞɵ, ɩɪɨɯɨɞɹɳɟɣ 

ɱɟɪɟɡ ɤɚɥɶɰɢɧɚɬɨɪ. 

ɇɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɚ ɦɨɞɟɥɶ D25RE2 c ɞɢɚɩɚɡɨɧɨɦ ɨɬ 0,2 ɞɨ 2 

ɩɪɨɰɟɧɬɨɜ. 

Ɍɚɛɥɢɰɚ 3.5 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ DOSATRON D25RE2 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 

ɥ/ɱ 

Ɋɚɛɨɱɟɟ 

ɞɚɜɥɟɧɢɟ, ɚɬɦ 

Ⱦɢɚɩɚɡɨɧ 

ɞɨɡɢɪɨɜɚɧɢɹ 
ɉɪɢɦɟɱɚɧɢɟ 

10-2500 0,3-6 0,2-2% 
ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɚɹ ɦɨɞɟɥɶ 

ɞɥɹ ɩɬɢɰɟɮɚɛɪɢɤɢ 
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Ɋɢɫɭɧɨɤ 3.3 – Ʉɚɥɶɰɢɧɚɬɨɪ DOSATRON D25RE2 

 

4 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 

 

ɋɯɟɦɚ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɰɟɫɫɵ: ɮɢɥɶɬɪɚɰɢɹ, 

ɭɦɹɝɱɟɧɢɟ ɢ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɧɚ ɍɎ-ɭɫɬɚɧɨɜɤɟ. 

 

4.1 Ɍɟɯɧɨɥɨɝɢɹ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɝɨ 

      ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɜɨɞɧɵɣ 

ɨɛɴɟɤɬ ɡɚ ɫɱɟɬ ɢɡɴɹɬɢɹ ɜɨɞɵ ɩɭɬɟɦ ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧɵ. 

ɉɪɢ ɫɨɨɪɭɠɟɧɢɢ ɫɤɜɚɠɢɧ ɩɪɢɦɟɧɹɟɦ ɭɫɬɚɧɨɜɤɭ ɪɨɬɨɪɧɨɝɨ ɛɭɪɟɧɢɹ 

ɍɊȻ-3ɚ3.  Ɋɨɬɨɪɧɨɟ ɛɭɪɟɧɢɟ ɩɨɥɭɱɢɥɨ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɡɚ ɫɱɟɬ 

ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɩɪɨɯɨɞɤɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɛɭɪɢɬɶ ɧɚ ɛɨɥɶɲɭɸ ɝɥɭɛɢɧɭ. 

ɋɚɦɨɯɨɞɧɚɹ ɛɭɪɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɪɚɡɜɟɞɨɱɧɨɝɨ ɛɭɪɟɧɢɹ ɍɊȻ 3Ⱥ3 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɛɭɪɟɧɢɹ ɪɨɬɨɪɧɵɦ ɫɩɨɫɨɛɨɦ ɜ ɩɨɪɨɞɚɯ ɦɹɝɤɨɣ ɢ ɫɪɟɞɧɟɣ 
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ɬɜɟɪɞɨɫɬɢ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫɤɜɚɠɢɧ, ɜ ɬɨɦ ɱɢɫɥɟ – ɞɥɹ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

Ȼɭɪɟɧɢɟ ɫɤɜɚɠɢɧɵ ɜɟɞɟɬɫɹ ɞɨɥɨɬɨɦ ɫ ɩɪɹɦɨɣ ɩɪɨɦɵɜɤɨɣ ɡɚɛɨɹ ɛɭɪɨɜɵɦ 

ɪɚɫɬɜɨɪɨɦ (ɝɥɢɧɢɫɬɵɦ ɢɥɢ ɜɨɞɨɝɢɩɚɧɨɜɵɦ). ɉɪɢ ɩɪɹɦɨɣ ɫɯɟɦɟ ɩɪɨɦɵɜɤɢ 

ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ ɧɚɝɧɟɬɚɟɬɫɹ ɜ ɫɤɜɚɠɢɧɭ ɩɨ ɛɭɪɢɥɶɧɵɦ ɬɪɭɛɚɦ, ɩɪɨɯɨɞɢɬ 

ɜɧɭɬɪɢ ɡɚɛɨɣɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɨɦɵɜɚɟɬ ɡɚɛɨɣ ɢ ɩɨ ɫɬɜɨɥɭ ɫɤɜɚɠɢɧɵ 

ɜɨɡɜɪɚɳɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɶ ɠɢɞɤɨɫɬɢ ɧɟ ɜɵɯɨɞɢɬ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɱɟɪɟɡ ɭɫɬɶɟ ɫɤɜɚɠɢɧɵ, ɚ ɭɯɨɞɢɬ ɜ ɬɨɥɳɭ ɩɨɪɨɞ. ɉɪɢ ɬɚɤɨɦ 

ɫɩɨɫɨɛɟ ɩɪɨɦɵɜɤɢ ɡɚɛɨɹ ɧɟ ɜɵɞɟɥɹɟɬɫɹ ɩɵɥɶ, ɬɨ ɟɫɬɶ ɧɟ ɩɪɨɢɫɯɨɞɢɬ 

ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɩɵɥɟɜɵɦɢ ɜɵɛɪɨɫɚɦɢ. ɉɪɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ 

ɨɛɪɚɡɭɟɬɫɹ ɲɥɚɦ (ɪɚɡɪɭɲɟɧɧɚɹ ɩɨɪɨɞɚ), ɤɨɬɨɪɚɹ ɧɟɩɪɟɪɵɜɧɨ ɜɵɧɨɫɢɬɫɹ ɢɡ 

ɫɤɜɚɠɢɧɵ ɜɨɫɯɨɞɹɳɢɦ ɩɨɬɨɤɨɦ ɩɪɨɦɵɜɨɱɧɨɣ ɠɢɞɤɨɫɬɢ. Ɉɧ ɨɬɧɨɫɢɬɫɹ ɤ 4 

ɤɥɚɫɫɭ ɨɩɚɫɧɨɫɬɢ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɡɟɦɟɥɶ. 

Ȼɭɪɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɍɊȻ-ɁȺɁ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 

ɩɪɨɫɬɨɬɭ ɜ ɭɩɪɚɜɥɟɧɢɢ, ɧɚɞɟɠɧɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɪɟɦɨɧɬɟ. 

ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɰɟɧɟ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

Ȼɭɪɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɍɊȻ-3Ⱥ3.13 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɲɚɫɫɢ ɍɪɚɥ-4320. 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɢɧɫɬɪɭɦɟɧɬ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɚɜɬɨɧɨɦɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ əɆɁ-236.  

Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɛɭɪɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɍɊȻ-3Ⱥ3.13: ɛɭɪɨɜɨɣ ɛɥɨɤ 

(ɪɨɬɨɪ, ɞɜɭɯɛɚɪɚɛɚɧɧɚɹ ɥɟɛɟɞɤɚ, ɦɚɱɬɚ, ɛɭɪɨɜɨɣ ɧɚɫɨɫ ɇȻ-50, ɝɟɧɟɪɚɬɨɪ, 

ɜɟɪɬɥɸɝ, ɦɚɧɢɮɨɥɶɞ) ɧɚ ɲɚɫɫɢ ɜɵɫɨɤɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ ɍɪɚɥ-4320; 

ɝɥɢɧɨɦɟɲɚɥɤɚ, ɪɚɛɨɱɚɹ ɩɥɨɳɚɞɤɚ, ɪɚɛɨɱɚɹ ɬɪɭɛɚ, ɛɭɪɢɥɶɧɵɣ ɢ 

ɫɩɭɫɤɨɩɨɞɴɟɦɧɵɣ ɢɧɫɬɪɭɦɟɧɬ.  
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Ɍɚɛɥɢɰɚ 4.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɭɪɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɍɊȻ-3ɚ3 
 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ƚɥɭɛɢɧɚ ɛɭɪɟɧɢɹ, ɦ ɞɨ 700 

Ⱦɢɚɦɟɬɪ ɛɭɪɟɧɢɹ (ɬɪɭɛɚɦɢ d=73-89/60,3-

63,5) ɧɚɱɚɥɶɧɵɣ, ɦɦ 
394/243 

Ⱦɢɚɦɟɬɪ ɛɭɪɟɧɢɹ ɤɨɧɟɱɧɵɣ, ɦɦ 190/93 

Ƚɚɛɚɪɢɬɵ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɦɦ 

ɍɊȻ-3Ⱥ3.13 10010ɯ2800ɯ3750 

ȼɵɫɨɬɚ ɦɚɱɬɵ, ɦ 18,6 

 

 

 

Ɋɢɫɧɨɤ 4 − Ȼɭɪɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɍɊȻ-3Ⱥ3 

 

4.2 Ɉɰɟɧɤɚ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ 

 

Ⱦɥɹ ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɜɨɞɵ ɩɪɢɦɟɧɹɟɬɫɹ ɍɎ-ɭɫɬɚɧɨɜɤɚ, ɧɟ ɫɨɡɞɚɸɳɚɹ 

ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. 
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4.3 Ɋɚɫɱɟɬ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɪɚɞɢɭɫɵ I,II,III 

ɩɨɹɫɨɜ ɁɋɈ ɜɨɞɨɡɚɛɨɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢɡ ɩɨɞɡɟɦɧɨɝɨ ɜɨɞɨɢɫɬɨɱɧɢɤɚ, 

ɫɨɫɬɨɹɳɟɝɨ ɢɡ 1 ɪɚɛɨɱɟɣ ɫɤɜɚɠɢɧɵ, ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɚɯ: 

ɝɞɟ Qc – ɪɚɫɯɨɞ ɫɤɜɚɠɢɧɵ – 857,7 ɦ3/ɫɭɬ; 

       m – ɦɨɳɧɨɫɬɶ ɡɨɧɵ ɚɤɬɢɜɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɧɚ 

ɭɱɚɫɬɤɟ ɜɨɞɨɡɚɛɨɪɚ – 24 ɦ; 

      n – ɩɨɪɢɫɬɨɫɬɶ ɜɨɞɨɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ – 0,18; 

      kɮ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɨɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ – 12 ɦ/ɫɭɬ 

Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ (ɞɚɥɟɟ ɁɋɈ) ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɫ ɰɟɥɶɸ 

ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɜɨɞɨɡɚɛɨɪɨɜ. 

ɁɋɈ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɩɨɹɫɚ: 

ɉɟɪɜɵɣ ɩɨɹɫ ɁɋɈ – ɩɨɹɫ ɫɬɪɨɝɨɝɨ ɪɟɠɢɦɚ. ɉɪɟɞɨɬɜɪɚɳɚɟɬ ɫɥɭɱɚɣɧɨɟ 

ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢ ɨɯɜɚɬɵɜɚɟɬ ɫɤɜɚɠɢɧɵ ɫ ɭɱɟɬɨɦ 

ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ. Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɳɢɬɵ ɦɟɫɬɚ ɜɨɞɨɡɚɛɨɪɚ ɨɬ 

ɫɥɭɱɚɣɧɨɝɨ ɢɥɢ ɭɦɵɲɥɟɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɩɨɜɪɟɠɞɟɧɢɹ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɥɟɝɚɸɳɟɣ ɬɟɪɪɢɬɨɪɢɢ, ɬɚɤ ɤɚɤ ɭ ɧɚɫ ɜɨɤɪɭɝ ɥɟɫ, ɬɨ 

ɝɪɚɧɢɰɵ ɩɟɪɜɨɝɨ ɩɨɹɫɚ ɫɨɫɬɚɜɥɹɸɬ 30 ɦ ɜɨ ɜɫɟ ɫɬɨɪɨɧɵ. Ɍɚɤ ɠɟ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɡɚɳɢɳɟɧɧɵɯ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. 

ȼɬɨɪɨɣ ɩɨɹɫ ɁɋɈ (ɡɨɧɚ ɨɝɪɚɧɢɱɟɧɢɹ ɢɥɢ ɡɨɧɚ ɦɢɤɪɨɛɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ) 

– ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɞɜɢɠɟɧɢɹ ɦɢɤɪɨɛɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ 

ɜɨɞɵ ɞɨ ɜɨɞɨɡɚɛɨɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɪɚɣɨɧɨɜ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 ܴଶ = √ ொ˔∙்ˏ𝜋∙௠∙௡  , ˏ, (4.1) 
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ɝɞɟ Qc– ɪɚɫɯɨɞ ɫɤɜɚɠɢɧɵ, ɦ3/ɫɭɬ; 

       Тɦ– ɜɪɟɦɹ ɦɢɤɪɨɛɧɨɝɨ ɩɪɨɞɜɢɠɟɧɢɹ ɤ ɫɤɜɚɠɢɧɟ, 200 ɫɭɬɨɤ,  ɬ.ɤ. 

ɜɨɞɨɧɨɫɧɵɣ ɝɨɪɢɡɨɧɬ ɧɚ ɩɥɨɳɚɞɤɟ ɜɨɞɨɡɚɛɨɪɚ ɧɚɩɨɪɧɵɣ, ɧɟɨɝɪɚɧɢɱɟɧɧɵɣ 

ɩɥɚɫɬ ɢ ɧɟ ɢɦɟɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɫɜɹɡɢ ɫ ɜɨɞɨɟɦɨɦ; 

       m– ɦɨɳɧɨɫɬɶ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ, ɦ; 

       n– ɩɨɪɢɫɬɨɫɬɶ ɜɨɞɨɧɨɫɧɨɝɨ ɩɥɚɫɬɚ 0,18 ɦ.  

 

 ܴଶ = √ ଼ହ଻,଻∙ଶ଴଴ଷ,ଵସ∙ଶସ∙଴,ଵ଼ = ͳ͵͹,͹ ˏ 

 

Ɍɪɟɬɢɣ ɩɨɹɫ ɁɋɈ (ɩɨɹɫ ɨɝɪɚɧɢɱɟɧɢɹ) – ɪɚɫɫɱɢɬɵɜɚɟɦ ɫ ɭɱɟɬɨɦ 

ɜɪɟɦɟɧɢ ɩɪɨɞɜɢɠɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɞɨ ɜɨɞɨɡɚɛɨɪɚ. 

Ɂɚɜɢɫɢɬ ɨɬ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɡɚɛɨɪɚ.  Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 ܴଷ = √ ொ˔∙்̆𝜋∙௠∙௡  , ˏ, (4.2) 

 

ɝɞɟ Qc – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (4.1); 

      Тɯ– ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɤɜɚɠɢɧɵ, 25–30ɥɟɬ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɟ 

ɩɟɪɢɨɞɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɡɚɛɨɪɚ 9125 ɫɭɬɨɤ; 

      m – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (4.1); 

      n – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (4.1). 

 

 ܴଷ = √ ଼ହ଻,଻∙ଽଵଶହଷ,ଵସ∙ଶସ∙଴,ଵ଼ = ͻʹ͹,͸ʹ ˏ 

 

ɋɪɟɞɧɢɣ ɩɨɹɫ ɫɬɪɨɝɨɣ ɨɯɪɚɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɩɨɹɫɨɜ ɁɋɈ: 
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ܴ˔˓ = ோమ+ோయଶ  , ˏ, (4.3) 

 

ɝɞɟ R2– ɜɬɨɪɨɣ ɩɨɹɫ ɁɋɈ, ɦ; 

      R3– ɬɪɟɬɢɣ ɩɨɹɫ ɁɋɈ, ɦ. 

 

 ܴ˔˓ = ଵଷ଻,଻+ଽଶ଻,଺ଶଶ = ͷ͵ʹ,Ͷͺ ˏ  
 

5 ɗɤɨɥɨɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ  

 

5.1 Ɋɚɫɱɟɬ ɭɳɟɪɛɚ ɩɪɢ ɢɡɴɹɬɢɢ ɜɨɞɵ ɢɡ ɩɨɞɡɟɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 

 

Ɋɚɡɦɟɪ ɜɪɟɞɚ, ɩɪɢɱɢɧɟɧɧɵɣ ɜɨɞɧɵɦ ɨɛɴɟɤɬɚɦ, ɢɫɱɢɫɥɹɟɬɫɹ ɩɪɢ 

ɜɵɹɜɥɟɧɢɢ ɮɚɤɬɨɜ ɧɚɪɭɲɟɧɢɹ ɜɨɞɧɨɝɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, ɧɚɫɬɭɩɥɟɧɢɟ 

ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢ 

ɧɚɞɡɨɪɚ ɜ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɨɯɪɚɧɵ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɧɚɬɭɪɧɵɯ ɨɛɫɥɟɞɨɜɚɧɢɣ, ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɨɩɪɟɞɟɥɟɧɢɣ, ɢɡɦɟɪɟɧɢɣ ɢ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɚɧɚɥɢɡɨɜ. 

ɂɫɱɢɫɥɟɧɢɟ ɪɚɡɦɟɪɚ ɜɪɟɞɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɦ 

ɩɪɢɧɰɢɩɟ ɨɰɟɧɤɢ ɢ ɜɨɡɦɟɳɟɧɢɹ ɪɚɡɦɟɪɚ ɜɪɟɞɚ ɩɨ ɜɟɥɢɱɢɧɟ ɡɚɬɪɚɬ, ɤɨɬɨɪɵɟ 

ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɤɬɚ ɩɪɢɱɢɧɟɧɢɹ ɜɪɟɞɚ ɢ ɭɫɬɪɚɧɟɧɢɹ ɟɝɨ 

ɩɪɢɱɢɧ ɢ ɩɨɫɥɟɞɫɬɜɢɣ. Ⱥ ɬɚɤɠɟ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɩɪɨɟɤɬɧɨ-

ɫɦɟɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɢ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɥɢɤɜɢɞɚɰɢɟɣ ɞɨɩɭɳɟɧɧɨɝɨ 

ɧɚɪɭɲɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɞɨ ɩɨɤɚɡɚɬɟɥɟɣ, 

ɧɚɛɥɸɞɚɟɦɵɯ ɞɨ ɜɵɹɜɥɟɧɧɨɝɨ ɧɚɪɭɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ 

ɩɨɫɥɟɞɫɬɜɢɣ ɧɚɪɭɲɟɧɢɹ. ɂɫɱɢɫɥɟɧɢɟ ɪɚɡɦɟɪɚ ɜɪɟɞɚ ɬɚɤɠɟ ɦɨɠɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɢɫɯɨɞɹ ɢɡ ɮɚɤɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɧɚɪɭɲɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ, ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɟɤɬɚɦɢ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 
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Ɋɚɡɦɟɪ ɜɪɟɞɚ, ɩɪɢɱɢɧɟɧɧɨɝɨ ɜɨɞɧɵɦ ɨɛɴɟɤɬɚɦ ɩɪɢ ɢɯ ɱɚɫɬɢɱɧɨɦ ɢɥɢ 

ɩɨɥɧɨɦ ɢɫɬɨɳɟɧɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɛɨɪɚ ɜɨɞɵ ɫ ɧɚɪɭɲɟɧɢɟɦ ɭɫɥɨɜɢɣ 

ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ ɢɥɢ ɛɟɡ ɧɚɥɢɱɢɹ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɩɪɚɜɨ ɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɧɵɦɢ 

ɨɛɴɟɤɬɚɦɢ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 𝑦௨ = 𝐾˅ ∙ 𝐾௨ː ∙ 𝐻௨ ∙ ˅ܱ ,ɬɵɫ.ɪɭɛ, (5.1) 

 

ɝɞɟ Кɜ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ (ɫɨɫɬɨɹɧɢɟ 

ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɭɧɤɬɨɦ 11 [9].                  

       Киɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɞɟɤɫɚɰɢɢ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɢɧɮɥɹɰɢɨɧɧɭɸ 

ɫɨɫɬɚɜɥɹɸɳɭɸ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ 

ɧɚɤɨɩɥɟɧɧɨɝɨ ɤ ɩɟɪɢɨɞɭ ɢɫɱɢɫɥɟɧɢɹ ɪɚɡɦɟɪɚ ɜɪɟɞɚ ɢɧɞɟɤɫɚ-ɞɟɮɥɹɬɨɪɚ ɢ ɧɚ 

2019 ɝ. ɫɨɫɬɚɜɥɹɟɬ 2,67[3].  

        Hи – ɬɚɤɫɚ ɞɥɹ ɢɫɱɢɫɥɟɧɢɹ ɪɚɡɦɟɪɚ ɜɪɟɞɚ, ɩɪɢɱɢɧɟɧɧɨɝɨ ɜɨɞɧɵɦ 

ɨɛɴɟɤɬɚɦ ɩɪɢ ɢɯ ɱɚɫɬɢɱɧɨɦ ɢɥɢ ɩɨɥɧɨɦ ɢɫɬɨɳɟɧɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɛɨɪɚ 

(ɢɡɴɹɬɢɹ) ɜɨɞɵ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 12 ɩɪɢɥɨɠɟɧɢɹ 1 [9], 

ɪɭɛ.; 

         Ɉɜ – ɨɛɴɟɦ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɨɬ 

ɢɫɬɨɳɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɞɜɨɣɧɨɦɭ ɨɛɴɟɦɭ ɜɨɞɵ, ɡɚɛɪɚɧɧɨɣ ɢɡ 

ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɫ ɧɚɪɭɲɟɧɢɟɦ ɭɫɥɨɜɢɣ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ, ɬɵɫ. ɦ3. 

 

 𝑦௨ = ͳ,͵͸ ∙ ʹ,͸͹ ∙ ͻ,͵ ∙ ሺͲ,͸ʹ͹͵ͻ ∙ ʹሻ = ͳͺʹͶͺ,ͻͳ˕ы˔. ˓˖˄ 
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Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɢɫɬɨɳɟɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ 

ɢɫɬɨɱɧɢɤɚ; 

Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɨɤɚɡɵɜɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

ɉɪɟɞɨɬɜɪɚɳɟɧɧɵɣ ɪɚɡɦɟɪ ɜɪɟɞɚ, ɩɪɢɱɢɧёɧɧɵɣ ɜɨɞɧɨɦɭ ɨɛɴɟɤɬɭ ɩɪɢ 

ɧɚɪɭɲɟɧɢɹɯ ɭɫɥɨɜɢɣ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ, ɫɨɫɬɚɜɢɥ 18248910 ɪɭɛ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 

 

1 ɋɉ 31.13330.2012 «ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ ɫɨɨɪɭɠɟɧɢɹ. 

Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 2.04.02-84*». 

2 ɋɉ 30.13330.2012 «ȼɧɭɬɪɟɧɧɢɣ ɜɨɞɨɩɪɨɜɨɞ ɢ ɤɚɧɚɥɢɡɚɰɢɹ ɡɞɚɧɢɣ» 

3 Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 9 ɞɟɤɚɛɪɹ 2016 ɝɨɞɚ «Ɉ ɮɟɞɟɪɚɥɶɧɨɦ ɛɸɞɠɟɬɟ 

ɧɚ 2019 ɝɨɞ». 

4 ɋɉ 131.13330.2012 «ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ». 

Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɜɟɪɫɢɹ ɋɇɢɉ 23-01-99*. 

5 ȼɨɞɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɪɟɞɚɤɰɢɹ, ɞɟɣɫɬɜɭɸɳɚɹ ɫ 1 

ɢɸɥɹ 2019 ɝɨɞɚ).  

6 ɊȾȺɉɄ 1.10.05.04-13 «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɩɬɢɰɟɜɨɞɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ» 

7 Ƚɇ 2.1.5.1315−03 «ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ) 

ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɟ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɩɢɬɶɟɜɨɝɨ ɢ 

ɤɭɥɶɬɭɪɧɨ-ɛɵɬɨɜɨɝɨ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ». Ɇ.: Ɇɢɧɡɞɪɚɜ Ɋɨɫɫɢɢ, 2003. 

8 ɋɚɧɉɢɇ 2.1.4.1074-01 «ɉɢɬɶɟɜɚɹ ɜɨɞɚ. Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɤɚɱɟɫɬɜɭ ɜɨɞɵ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ. Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɫɢɫɬɟɦ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ». 

9 ɉɪɢɤɚɡ Ɇɢɧɩɪɢɪɨɞɵ Ɋɨɫɫɢɢ ɨɬ 13 ɚɩɪɟɥɹ 2009 ɝ. N 87 "Ɉɛ 

ɭɬɜɟɪɠɞɟɧɢɢ Ɇɟɬɨɞɢɤɢ ɢɫɱɢɫɥɟɧɢɹ ɪɚɡɦɟɪɚ ɜɪɟɞɚ, ɩɪɢɱɢɧɟɧɧɨɝɨ ɜɨɞɧɵɦ 

ɨɛɴɟɤɬɚɦ ɜɫɥɟɞɫɬɜɢɟ ɧɚɪɭɲɟɧɢɹ ɜɨɞɧɨɝɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ". 

10 ȼɇɌɉ-ɇ-97 «ɇɨɪɦɵ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɫɢɫɬɟɦ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ». 

11 Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 22 ɢɸɧɹ 2008 ɝ. № 123-ɎɁ «Ɍɟɯɧɢɱɟɫɤɢɣ 

ɪɟɝɥɚɦɟɧɬ ɨ ɬɪɟɛɨɜɚɧɢɹɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ». 
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12 Ɉ ɜɧɟɫɟɧɢɢ ɢɡɦɟɧɟɧɢɣ ɜ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ "Ɍɟɯɧɢɱɟɫɤɢɣ 

ɪɟɝɥɚɦɟɧɬ ɨ ɬɪɟɛɨɜɚɧɢɹɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ" (ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ 13 

ɢɸɥɹ 2015 ɝɨɞɚ). 

13 Cɚɧɉɢɇ 2.1.4.1110 – 02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɚ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɜɨɞɨɩɪɨɜɨɞɨɜ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ». 

14 http://ru.grundfos.com/ 

15 http://www.emelyanovo24.ru/ 

16 Ʉɭɪɝɚɧɨɜ Ⱥ. Ɇ. «ȼɨɞɨɡɚɛɨɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɫɢɫɬɟɦ ɤɨɦɦɭɧɚɥɶɧɨɝɨ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ»: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ «Ⱥɋȼ», 1998 ɝ., 246 ɫ. 

17 Ȼ. ɇ. Ɋɟɩɢɧ «ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɟ. ɇɚɪɭɠɧɵɟ ɫɟɬɢ ɢ 

ɫɨɨɪɭɠɟɧɢɹ. ɋɩɪɚɜɨɱɧɢɤ». – Ɇ.: ȼɵɫɲ. ɒɤ., 1995. – 431 ɫ. 

18 ɇ. ɇ. Ⱥɛɪɚɦɨɜ «ȼɨɞɨɫɧɚɛɠɟɧɢɟ». – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1974. – 480 ɫ. 

19 ɀɭɪɛɚ Ɇ.Ƚ «ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɢ 

ɫɨɨɪɭɠɟɧɢɣ»: ȼ 3-ɯ ɬ. – Ɍ 1. ɋɢɫɬɟɦɵ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼɨɞɨɡɚɛɨɪɧɵɟ 

ɫɨɨɪɭɠɟɧɢɹ. ȼɨɥɨɝɞɚ-Ɇɨɫɤɜɚ: ȼɨȽɌɍ, 2001. - 209 ɫ. 

20 Ⱥ. ɋ. Ɇɨɫɤɜɢɬɢɧɚ «Ɉɛɨɪɭɞɨɜɚɧɢɟ ɜɨɞɨɩɪɨɜɨɞɧɨ-ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɯ 

ɫɨɨɪɭɠɟɧɢɣ» – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1979. – 430 ɫ. 

21 ȼ.Ɏ. Ʉɨɠɢɧɨɜ «Ɉɱɢɫɬɤɚ ɩɢɬɶɟɜɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɵ». Ɇ., 

ɋɬɪɨɣɢɡɞɚɬ, 1971. 304 ɫ. 

22 ɀɭɪɛɚ Ɇ.Ƚ «ȼɨɞɨɫɧɚɛɠɟɧɢɟ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɢ 

ɫɨɨɪɭɠɟɧɢɣ»: ȼ 3-ɯ ɬ. – Ɍ 2. Ɉɱɢɫɬɤɚ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɜɨɞ. 

ȼɨɥɨɝɞɚ – Ɇɨɫɤɜɚ: ȼɨȽɌɍ, 2001. – 324 ɫ. 

23 Ⱥ. Ⱥ. Ⱥɥɟɤɫɚɧɞɪɨɜ «Ɇɨɧɬɚɠ ɫɢɫɬɟɦ ɜɧɟɲɧɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ 

ɤɚɧɚɥɢɡɚɰɢɢ». ɋɩɪɚɜɨɱɧɢɤ ɦɨɧɬɚɠɧɢɤɚ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1998. – 576 ɫ. 

24 ɋ.Ɇ.ɒɢɮɪɢɧ «ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, 

ɤɚɧɚɥɢɡɚɰɢɢ, ɝɚɡɨɫɧɨɛɠɟɧɢɹ». – Ʌ.: ɋɬɪɨɣɢɡɞɚɬ, - 1976. – 385 ɫ. 

25 Ƚ.Ɇ. Ȼɚɫɫ «ȼɨɞɨɫɧɚɛɠɟɧɢɟ. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ». – 

Ʉɢɟɜ.: ɂɡɞɚɬɟɥɶɫɤɨɟ ɨɛɴɟɞɢɧɟɧɢɟ «ȼɵɫɲɚɹ ɲɤɨɥɚ», 1977. – 152 ɫ. 
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26 Ɏɪɨɝ Ȼ.ɇ., Ʌɟɜɱɟɧɤɨ Ⱥ. ɉ. «ȼɨɞɨɩɨɞɝɨɬɨɜɤɚ»: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɞɥɹ 

ɜɭɡɨɜ. Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ ɆȽɍ, 1996 ɝ., 680 ɫ. 

27 ɋ.ȿ.Ȼɟɥɢɤɨɜ «ȼɨɞɨɩɨɞɝɨɬɨɜɤɚ»: ɫɩɪɚɜɨɱɧɢɤ/ɉɨɞ. ɪɟɞ. ɞ.ɬ.ɧ., 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɱɥɟɧɚ Ⱥɤɚɞɟɦɢɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɷɤɨɥɨɝɢɢ ɋ.ȿ.Ȼɟɥɢɤɨɜɚ. Ɇ.: 

Ⱥɤɜɚ-Ɍɟɪɦ, 2007. - 240ɫ. 

28 ɇ. Ⱥ. ɉɥɨɬɧɢɤɨɜ, ȼ. ɋ. Ⱥɥɟɤɫɟɟɜ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɹ 

ɜɨɞɨɡɚɛɨɪɨɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞ». − Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1990. − 256 ɫ. 

29 Ɇ.Ⱥ ɋɨɦɨɜ «ȼɨɞɨɩɪɨɜɨɞɧɵɟ ɫɢɫɬɟɦɵ ɢ ɫɨɨɪɭɠɟɧɢɟ». – Ɇ.: 

ɋɬɪɨɣɢɡɞɚɬ, 1988. - 399 ɫ. 

30 Ⱥ.ɂ Ɇɚɬɸɲɟɧɤɨ «ȼɨɞɨɡɚɛɨɪɵ ɩɨɞɡɟɦɧɵɯ ɜɨɞ»: − Ʉɪɚɫɧɨɹɪɫɤ, ɂɉɐ 

ɄȽɌɍ, 2005. – 248 ɫ. 
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