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ɊȿɎȿɊȺɌ 

Ɉɬɱɟɬ 48 ɫ., 2 ɪɚɡɞɟɥɚ, 38 ɪɢɫɭɧɤɨɜ, 2 ɬɚɛɥɢɰɵ, 2 ɩɪɢɥɨɠɟɧɢɹ. 
ȼɈȾɈɍȽɈɅɖɇɈȿ ɌɈɉɅɂȼɈ, ɈɊȽȺɇɈȼɈȾɈɍȽɈɅɖɇɈȿ ɌɈɉɅɂȼɈ, ȽɈɊȿɇɂȿ, 
ɊȿɈɅɈȽɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ, ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɊȺɋɉɕɅȿɇɂə, 
ɎɊȺȽɆȿɇɌȺɐɂə, ȺɇɌɊɈɉɈȽȿɇɇɕȿ ȼɕȻɊɈɋɕ, ɈɌɇɈɋɂɌȿɅɖɇɕȿ 
ɉɈɄȺɁȺɌȿɅɂ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɌɈɉɅɂȼ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɢɫɫɥɟɞɨɜɚɧɵ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɫɨɫɬɚɜɵ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɬɨɩɥɢɜ (ɤɨɦɩɨɧɟɧɬɵ, ɤɨɧɰɟɧɬɪɚɰɢɢ, ɦɟɬɨɞɵ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ). 
Ɉɩɪɟɞɟɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜ ɩɪɢ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ 
ɫɠɢɝɚɧɢɹ. ȼɵɞɟɥɟɧɵ ɭɫɥɨɜɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɩɥɢɜɧɵɯ 
ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɣ: ɩɪɢɝɨɬɨɜɥɟɧɢɟ, ɯɪɚɧɟɧɢɟ, 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ, ɪɚɫɩɵɥɟɧɢɟ, ɮɪɚɝɦɟɧɬɚɰɢɹ, ɫɠɢɝɚɧɢɟ. ɉɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɢɤɢ ɜɵɛɨɪɚ 
ɤɨɦɩɨɧɟɧɬɨɜ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɫɭɫɩɟɧɡɢɣ ɫ ɭɱɟɬɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɷɤɨɥɨɝɢɱɟɫɤɢɯ, 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɫɨɰɢɚɥɶɧɵɯ ɢɧɞɢɤɚɬɨɪɨɜ. 
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ȼȼȿȾȿɇɂȿ 

Ɇɢɪɨɜɵɟ ɰɟɧɵ ɧɚ ɬɪɚɞɢɰɢɨɧɧɵɟ ɷɧɟɪɝɨɪɟɫɭɪɫɵ ɪɚɫɬɭɬ, ɚ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɱɟɥɨɜɟɤɚ ɫɪɟɞɭ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɢɜɚɸɳɢɯɫɹ ɨɛɴɟɦɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɬɚɟɬɫɹ ɨɱɟɧɶ ɜɵɫɨɤɨɣ. ɗɬɢ ɮɚɤɬɨɪɵ ɫɬɢɦɭɥɢɪɭɸɬ ɦɢɪɨɜɨɟ ɫɨɨɛɳɟɫɬɜɨ 

ɩɪɨɞɨɥɠɚɬɶ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ, ɧɨ ɧɚɞɟɠɧɵɯ ɢ ɷɤɨɥɨɝɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. 
ɉɟɪɟɜɨɞ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɧɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɠɢɞɤɢɟ ɬɨɩɥɢɜɚ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ 
ɭɝɥɟ- ɢ ɧɟɮɬɟɩɟɪɚɛɨɬɤɢ ɦɨɠɟɬ ɛɵɬɶ ɚɞɟɤɜɚɬɧɨɣ ɦɟɪɨɣ, ɨɬɜɟɱɚɸɳɟ ɤɚɤ ɷɤɨɧɨɦɢɱɟɫɤɢɦ, 
ɬɚɤ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɜɵɡɨɜɚɦ ɫɨɜɪɟɦɟɧɧɨɫɬɢ. 

ȼ ɪɚɦɤɚɯ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ ɩɪɨɜɟɞɟɧɵ ɦɚɫɲɬɚɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ ɪɚɡɧɵɯ ɫɨɫɬɚɜɨɜ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɭɫɥɨɜɢɣ ɧɚɝɪɟɜɚ. ȼɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ 
ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɩɪɢ ɪɚɡɧɨɦ ɫɩɨɫɨɛɟ ɫɠɢɝɚɧɢɹ (ɜ ɜɢɞɟ ɫɭɫɩɟɧɡɢɣ, ɫɥɨɹ, ɩɟɥɥɟɬɚ), 
ɢɦɟɸɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɢɡɤɨɫɨɪɬɧɵɟ ɬɨɩɥɢɜɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. ɉɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɢɫɩɨɥɶɡɨɜɚɜɲɢɟɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɢɧɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɡɚɠɢɝɚɧɢɹ 
ɝɟɥɟɨɛɪɚɡɧɵɯ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ɉɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ. ȼɵɩɨɥɧɟɧɵ ɨɰɟɧɤɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɠɢɝɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ ɭɝɥɟ- ɢ 
ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ. 

ɉɪɨɞɨɥɠɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ 
ȼɍɌ ɢ ɈȼɍɌ: ɪɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɛɨɥɶɲɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɜɥɢɹɸɳɢɯ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɚɞɚ ɮɚɤɬɨɪɨɜ. ȼɵɩɨɥɧɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɧɵɯ ɤɪɢɬɟɪɢɟɜ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɩɵɥɟɧɧɨɝɨ 

ɩɨɬɨɤɚ ɫɭɫɩɟɧɡɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ. 
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1. Ʉɢɧɟɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɜɵɝɨɪɚɧɢя ɤɚɩɟɥɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɬɨɩɥɢɜ ɨɬ ɢɯ ɯɚɪɚɤɬɟɪɧɵɯ ɪɚɡɦɟɪɨɜ, ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ, 
ɫɜɨɣɫɬɜ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɭɫɥɨɜɢɣ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ 
ɦɧɨɝɨɮɚɡɧɨɦ ɩɨɬɨɤɟ 

Иɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ ɤɚɩɟɥɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ 

ɗɮɮɟɤɬɢɜɧɨɟ ɨɛɪɚɳɟɧɢɟ ɫ ɨɬɯɨɞɚɦɢ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɨɛɥɟɦ 
ɫɨɜɪɟɦɟɧɧɨɫɬɢ. Ɇɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɨɬɦɟɱɚɸɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɭɬɢɥɢɡɚɰɢɢ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ 
ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɨɬɪɚɫɥɶ [1]. ȼ [2] ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɫɠɢɝɚɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɛɢɨɦɚɫɫɵ, ɚ ɬɚɤɠɟ ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ. ɉɪɹɦɨɟ ɫɠɢɝɚɧɢɟ ɨɬɯɨɞɨɜ 
ɹɜɥɹɟɬɫɹ ɭɫɬɚɪɟɜɲɢɦ ɫɩɨɫɨɛɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ [2] ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɢɪɨɥɢɡɚ, 
ɝɚɡɢɮɢɤɚɰɢɢ, ɚɧɚɷɪɨɛɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɩɢɪɬɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɫɠɢɝɚɧɢɟ 
ɩɨ-ɩɪɟɠɧɟɦɭ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɢɨɦɚɫɫɵ, 
ɨɛɟɫɩɟɱɢɜɚɹ 97% ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɢɨɷɧɟɪɝɢɢ [2]. Ɋɟɡɭɥɶɬɚɬɵ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɭɥɭɱɲɟɧɵ, ɟɫɥɢ ɤɨɦɩɨɧɟɧɬɵ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɨɜɦɟɫɬɧɨɦɭ, ɚ ɧɟ ɦɨɧɨɫɠɢɝɚɧɢɸ [3]. ɉɪɢ ɷɬɨɦ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɠɢɝɚɟɦɨɣ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ [4,5]. 

Ɋɚɛɨɬɵ ɜ ɪɚɦɤɚɯ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ – ɜ ɨɫɧɨɜɧɨɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɬɢɥɢɡɚɰɢɟɣ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ ɜ 
ɤɨɦɛɢɧɚɰɢɢ ɫ ɛɢɨɦɚɫɫɨɣ ɢ ɦɚɫɥɚɦɢ (ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɢ ɢɧɞɭɫɬɪɢɚɥɶɧɵɦɢ) ɩɪɢ ɫɠɢɝɚɧɢɢ ɜ 
ɪɚɡɧɵɯ ɮɨɪɦɚɯ – ɩɟɥɥɟɬɚɯ, ɫɥɨɟ ɢ ɜ ɜɢɞɟ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ. ɍɝɨɥɶɧɵɟ ɲɥɚɦɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɟɫɭɪɫ, ɨɛɥɚɞɚɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ 
ɭɝɥɟɪɨɞɨɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢ ɫɪɟɞɧɟɣ ɡɨɥɶɧɨɫɬɢ ɫɭɯɨɣ ɦɚɫɫɵ 25–40%. ɉɪɢ ɷɬɨɦ ɭɝɨɥɶɧɵɟ 
ɲɥɚɦɵ ɧɟ ɜɨɫɬɪɟɛɨɜɚɧɵ ɜɫɥɟɞɫɬɜɢɟ ɫɥɚɛɨɣ ɪɚɡɜɢɬɨɫɬɢ ɢɥɢ ɩɨɥɧɨɝɨ ɨɬɫɭɬɫɬɜɢɹ 
ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɬɢɥɢɡɚɰɢɢ. Ɋɚɧɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ [6,7] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɚɠɟ 

ɜɵɫɨɤɨɡɨɥɶɧɵɟ ɭɝɨɥɶɧɵɟ ɩɨɪɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ 

ɫɨɜɦɟɫɬɧɨɦ ɫɠɢɝɚɧɢɢ ɫ ɛɢɨɦɚɫɫɨɣ.  

ɇɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
- ɪɟɝɢɫɬɪɚɰɢɹ ɫɤɨɪɨɫɬɟɣ ɜɵɝɨɪɚɧɢɹ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ 
ɲɥɚɦɚ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɜ ɲɢɪɨɤɢɯ ɞɢɚɩɚɡɨɧɚɯ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜ ɜ ɩɟɱɢ, ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ 
ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɭɫɩɟɧɡɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ;  

- ɜɵɞɟɥɟɧɢɟ ɫɬɚɞɢɣ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɨɩɥɢɜ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ 
ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ ɫ ɞɨɛɚɜɤɚɦɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ, ɞɪɟɜɟɫɧɵɯ ɨɩɢɥɨɤ, 

ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ. ɋɨɩɨɫɬɚɜɥɟɧɢɹ ɬɪɟɯ ɩɨɞɯɨɞɨɜ ɤ ɫɠɢɝɚɧɢɸ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɤɨɦɩɨɧɟɧɬɨɜ – 

ɜ ɜɢɞɟ (1) ɩɟɥɥɟɬ; (2) ɪɵɯɥɨɝɨ ɫɭɯɨɝɨ ɫɥɨɹ; (3) ɤɚɩɟɥɶ ɜɨɞɧɨɣ ɫɭɫɩɟɧɡɢɢ; 

- ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɯ ɡɚɠɢɝɚɧɢɹ, ɝɨɪɟɧɢɹ, ɷɦɢɫɫɢɨɧɧɨɝɨ ɩɪɨɮɢɥɹ, ɚ ɬɚɤɠɟ ɜɹɡɤɨɫɬɢ ɢ 
ɫɬɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ; 
- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɬɨɩɥɢɜɧɨɣ ɫɭɫɩɟɧɡɢɢ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɧɟɫɤɨɥɶɤɢɦɢ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. 
Ʉɨɦɩɨɧɟɧɬɵ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ, ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɬɨɩɥɢɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ: ɲɥɚɦ (ɨɬɯɨɞ 
ɮɥɨɬɚɰɢɢ) ɤɨɤɫɭɸɳɟɝɨɫɹ ɭɝɥɹ; ɤɨɤɫɭɸɳɢɣɫɹ ɭɝɨɥɶ; ɜɨɞɚ ɜɨɞɨɩɪɨɜɨɞɧɚɹ; ɦɚɫɥɨ 
ɨɬɪɚɛɨɬɚɧɧɨɟ ɬɭɪɛɢɧɧɨɟ; ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ; ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ; ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ; 
ɥɢɝɧɨɫɭɥɶɮɨɧɚɬ ɧɚɬɪɢɹ; ɫɨɟɜɵɣ ɥɟɰɢɬɢɧ. 

ɍɝɨɥɶɧɵɣ ɲɥɚɦ ɨɛɟɡɜɨɠɢɜɚɥɫɹ ɩɭɬɟɦ ɩɪɨɫɭɲɢɜɚɧɢɹ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 105 °ɋ ɜ ɬɟɱɟɧɢɟ 2.5 ɱɚɫɨɜ. ɍɝɨɥɶɧɵɣ ɲɥɚɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɨɞɟɪɠɢɬ 

ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɚɦɢ 20–150 ɦɤɦ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɮɨɪɦɢɪɨɜɚɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɤɪɭɩɧɵɟ ɚɝɥɨɦɟɪɚɬɵ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɨɞɧɨɪɨɞɧɨɫɬɢ 
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ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɵɟ ɚɝɥɨɦɟɪɚɬɵ ɩɨɞɜɟɪɝɚɥɢɫɶ ɞɪɨɛɥɟɧɢɸ ɢ ɡɚɬɟɦ ɫ 
ɩɨɦɨɳɶɸ ɫɢɬ ɜɵɞɟɥɹɥɚɫɶ ɮɪɚɤɰɢɹ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɧɟ ɛɨɥɟɟ 100–140 ɦɤɦ. Ⱦɪɟɜɟɫɧɵɟ 
ɨɩɢɥɤɢ ɢɡɦɟɥɶɱɚɥɢɫɶ ɜ ɪɨɬɨɪɧɨɣ ɦɟɥɶɧɢɰɟ Pulverissette-14. ɉɨɥɭɱɟɧɧɵɣ ɞɪɟɜɟɫɧɵɣ 
ɩɨɪɨɲɨɤ ɬɚɤɠɟ ɩɪɨɫɟɢɜɚɥɫɹ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɮɪɚɤɰɢɸ ɫɨ ɫɪɟɞɧɢɦɢ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ ɧɟ 
ɛɨɥɟɟ 100–140 ɦɤɦ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɩɟɥɥɟɬ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɟɫɫ-ɮɨɪɦɵ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɩɪɟɫɫɚ. Ƚɨɬɨɜɚɹ ɫɦɟɫɶ ɦɚɫɫɨɣ 0.4 ɝ ɩɨɦɟɳɚɥɚɫɶ ɜ ɩɪɟɫɫ-ɮɨɪɦɭ ɢ ɩɨɞɜɟɪɝɚɥɚɫɶ ɭɩɥɨɬɧɟɧɢɸ 
ɜ ɬɟɱɟɧɢɟ 30 ɫ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɨɤɨɥɨ 5 ɤɉɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɟɥɥɟɬ ɢɡɜɥɟɤɚɥɫɹ ɢɡ ɩɪɟɫɫ-ɮɨɪɦɵ. 
Ⱦɢɚɦɟɬɪ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥ 12.3 ɦɦ, ɚ ɜɵɫɨɬɚ 2–3 ɦɦ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɥɥɟɬ ɫ 
ɞɨɛɚɜɤɚɦɢ ɬɭɪɛɢɧɧɨɝɨ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɟɥ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɥɤɨɩɨɪɢɫɬɵɣ ɩɨɥɢɦɟɪɧɵɣ 
ɦɚɬɟɪɢɚɥ, ɤɨɬɨɪɵɣ ɩɪɨɩɢɬɵɜɚɥɫɹ ɦɚɫɥɨɦ. Ⱦɨɥɹ ɦɚɫɥɚ ɜ ɩɟɥɥɟɬɟ ɧɟ ɩɪɟɜɵɲɚɥɚ 5%. 

ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɭɫɩɟɧɡɢɣ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɦɚɝɧɢɬɧɨɣ 
ɦɟɲɚɥɤɢ AIBOTE ZNCLBS-2500. ȿɫɥɢ ɤɨɦɩɨɡɢɰɢɹ ɜɤɥɸɱɚɥɚ ɦɚɫɥɨ, ɬɨ ɫɧɚɱɚɥɚ 
ɝɨɬɨɜɢɥɚɫɶ ɜɨɞɨɦɚɫɥɹɧɚɹ ɷɦɭɥɶɫɢɹ, ɚ ɡɚɬɟɦ ɞɨɛɚɜɥɹɥɫɹ ɭɝɨɥɶɧɵɣ ɲɥɚɦ. ȼɨɞɚ ɢ ɦɚɫɥɨ 
ɫɦɟɲɢɜɚɥɢɫɶ ɩɪɢ 2000 ɨɛ/ɦɢɧ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ. ɗɦɭɥɶɫɢɹ ɢ ɫɭɯɨɣ ɭɝɨɥɶɧɵɣ ɲɥɚɦ 
ɫɦɟɲɢɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ 15–20 ɦɢɧɭɬ ɫɨ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɪɨɬɨɪɚ 1500 
ɨɛ/ɦɢɧ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ ɫɭɫɩɟɧɡɢɣ ɩɪɢɦɟɧɹɥɫɹ ɪɨɬɚɰɢɨɧɧɵɣ ɪɟɨɦɟɬɪ BЫШШФПТОХН 
DV3T (ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ 1–6·106 ɦɉɚ∙ɫ, ɬɨɱɧɨɫɬɶ ±1%, ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ±0.2%), 
ɲɩɢɧɞɟɥɶ LV-2 (ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ 50–100000 ɦɉɚ∙ɫ). ɋɬɚɬɢɱɟɫɤɚɹ 
ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɭɫɩɟɧɡɢɣ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɢɧɞɟɤɫɚ 
ɨɬɞɟɥɟɧɢɹ ɜɨɞɵ (water separation ratio (WSR)) [8]: WSR=(m1/m0)∙100%, ɝɞɟ m0 – ɧɚɱɚɥɶɧɚɹ 

ɦɚɫɫɚ ɜɨɞɵ ɜ ɫɭɫɩɟɧɡɢɢ; Ц1 – ɦɚɫɫɚ ɜɨɞɵ, ɜɵɞɟɥɢɜɲɚɹɫɹ ɜ ɬɟɱɟɧɢɟ 72 ɱɚɫɨɜ ɩɪɢ 
ɫɬɚɬɢɱɧɨɦ ɯɪɚɧɟɧɢɢ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20±2 °ɋ. 

ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.1. ɋɠɢɝɚɧɢɟ ɨɛɪɚɡɰɨɜ ɬɨɩɥɢɜ 
ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɦɨɞɟɥɶɧɨɣ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ (ɦɭɮɟɥɶɧɚɹ ɬɪɭɛɱɚɬɚɹ ɩɟɱɶ R50/250/13 

Nabertherm GmbH). Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɩɟɱɢ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 700–900 °ɋ. Ɍɨɩɥɢɜɨ 
ɩɨɦɟɳɚɥɨɫɶ ɜ ɩɟɱɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɟɟ ɪɚɡɨɝɪɟɜɚ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ ɜ 
ɩɟɱɶ ɛɵɥɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɚ ɢ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɚ ɫ ɜɢɞɟɨɡɚɩɢɫɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚ 
(ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɚɹ ɤɚɦɟɪɚ Phantom Miro C110 ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɝɪɚɦɦɨɣ PСКЧЭШЦ CКЦОЫК 
Control). Ɉɩɪɟɞɟɥɹɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ: ɜɪɟɦɹ 
ɡɚɞɟɪɠɤɢ ɝɚɡɨɮɚɡɧɨɝɨ (τd1) ɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ (τd2) ɡɚɠɢɝɚɧɢɹ; ɞɥɢɬɟɥɶɧɨɫɬɶ ɝɨɪɟɧɢɹ (τb); 

ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɠɢɝɚɧɢɹ (Tign); ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ (Td
max

). ɉɪɨɰɟɞɭɪɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɨɦɟɧɬɨɜ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɝɨɪɟɧɢɹ ɢ ɟɟ ɨɛɨɫɧɨɜɚɧɢɟ ɢɡɥɨɠɟɧɵ ɜ [9]. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɬɟɩɥɨɜɢɡɨɪ TОЬЭШ 885-2. Ɍɚɤɠɟ ɩɪɨɜɨɞɢɥɚɫɶ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɡɦɟɪɟɧɢɸ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜ. Ⱦɥɹ 
ɢɡɦɟɪɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪ Test-1. 

 
Ɋɢɫ. 1.1. ɋɯɟɦɚ ɫɬɟɧɞɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɬɨɩɥɢɜ. 
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Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɣ ɜɵɱɢɫɥɹɥɚɫɶ ɫ ɭɱɟɬɨɦ ɧɚɱɚɥɶɧɨɝɨ 
ɫɪɟɞɧɟɝɨ ɞɢɚɦɟɬɪɚ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɝɨɪɟɧɢɹ [10]: Vb=d0

2
/τb, ɝɞɟ d0 – ɧɚɱɚɥɶɧɵɣ ɫɪɟɞɧɢɣ 

ɪɚɡɦɟɪ ɤɚɩɥɢ; τb – ɞɥɢɬɟɥɶɧɨɫɬɶ ɝɨɪɟɧɢɹ. Ɇɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɫ ɭɱɟɬɨɦ ɧɚɱɚɥɶɧɨɣ 
ɦɚɫɫɵ ɤɚɩɥɢ m0, ɦɚɫɫɵ ɧɟɫɝɨɪɟɜɲɟɝɨ ɨɫɬɚɬɤɚ m1 ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɝɨɪɟɧɢɹ τb ɜɵɱɢɫɥɹɥɚɫɶ 
ɩɨ ɮɨɪɦɭɥɟ: Vm=(m0–m1)/τb. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

 ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɫɬɨɣɱɢɜɨɟ ɝɚɡɨɮɚɡɧɨɟ ɝɨɪɟɧɢɟ ɤɚɩɟɥɶ ɫɦɟɫɟɣ «ɭɝɨɥɶɧɵɣ ɲɥɚɦ–
ɜɨɞɚ» ɪɟɚɥɢɡɭɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɨɫɬɟ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɚɩɥɢ (ɞɨ 4.5–5 ɦɦ) 
ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɩɟɱɢ (750–800 °ɋ ɢ ɜɵɲɟ). ɂɧɟɪɰɢɨɧɧɨɫɬɶ 
ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜ ɜɨɡɪɚɫɬɚɥɚ ɦɧɨɝɨɤɪɚɬɧɨ (ɜ 3–8 ɪɚɡ) ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ 
ɤɚɩɥɢ ɨɬ 1 ɞɨ 5 ɦɦ. ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɚɠɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɪɚɡɦɟɪɚ ɤɚɩɟɥɶ ɩɪɢ 
ɢɯ ɪɚɫɩɵɥɟɧɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɚɥɶɧɟɣɲɟɝɨ ɫɬɚɛɢɥɶɧɨɝɨ ɝɨɪɟɧɢɹ. Ⱦɥɹ ɤɚɩɟɥɶ ɫ 
ɧɚɱɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ≈2 ɦɦ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɢɡɦɟɧɹɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 0.18–
0.34 ɦɦ2/ɫ (ɞɢɚɩɚɡɨɧ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɞɥɹ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɫɨɫɬɚɜɨɜ ɬɨɩɥɢɜ ɢ ɬɟɦɩɟɪɚɬɭɪ ɜ 
ɩɟɱɢ). Ɇɚɤɫɢɦɚɥɶɧɚɹ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ ɛɵɥɚ ɯɚɪɚɤɬɟɪɧɚ ɤɚɩɥɹɦ ɪɚɡɦɟɪɨɦ 
ɨɤɨɥɨ 3 ɦɦ ɢ ɞɨɫɬɢɝɚɥɚ ɡɧɚɱɟɧɢɣ 0.5–0.6 ɦɦ2

. Ɇɚɫɫɨɜɵɟ ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɹ ɤɚɩɟɥɶ 
ɢɫɫɥɟɞɭɟɦɵɯ ɬɨɩɥɢɜ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 0.0005–0.0018 ɝ/ɫ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ 
ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɚɩɥɢ ɜ ɞɢɚɩɚɡɨɧɟ 5–7 ɦɦ. ɉɨɥɧɨɬɚ ɜɵɝɨɪɚɧɢɹ ɪɚɫɩɵɥɟɧɧɵɯ ɤɚɩɟɥɶ 
ɬɨɩɥɢɜɧɵɯ ɜɨɞɨɫɨɞɟɪɠɚɳɢɯ ɫɦɟɫɟɣ ɜɵɲɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɩɟɱɢ ɛɨɥɟɟ 800 °ɋ. ɉɪɢ 
ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡɭɱɟɧɧɵɯ ɫɭɫɩɟɧɡɢɣ 
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɦɟɞɥɹɟɬɫɹ ɡɚɠɢɝɚɧɢɟ ɢ ɪɚɫɬɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɝɨɪɟɧɢɹ. 
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ɞɨɥя ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ (%ɦɚɫɫ.)

 ɭɝɨɥɶɧɵɣ ɲɥɚɦ+ɜɨɞɚ+ɦɚɫɥɨ (ɝɚɡɨɮɚɡɧɨɟ ɡɚɠɢɝɚɧɢɟ)
 ɭɝɨɥɶɧɵɣ ɲɥɚɦ+ɜɨɞɚ+ɦɚɫɥɨ (ɝɟɬɟɪɨɝɟɧɧɨɟ ɡɚɠɢɝɚɧɢɟ)
 ɭɝɨɥɶɧɚя ɩɵɥɶ+ɜɨɞɚ+ɦɚɫɥɨ (ɝɚɡɨɮɚɡɧɨɟ ɡɚɠɢɝɚɧɢɟ)
 ɭɝɨɥɶɧɚя ɩɵɥɶ+ɜɨɞɚ+ɦɚɫɥɨ (ɝɟɬɟɪɨɝɟɧɧɨɟ ɡɚɠɢɝɚɧɢɟ)

50

 
 

ɚ      ɛ 

Ɋɢɫ. 1.2. Ɂɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɣ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɜɨɞɵ 
ɢ ɬɜɟɪɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɚ) ɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɜɨɞɵ ɢ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɜ ɤɨɦɩɨɡɢɰɢɢ (ɛ). 

 
ɚ      ɛ 
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Ɋɢɫ. 1.3. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɹ ɤɚɩɟɥɶ ɨɬ ɢɯ ɧɚɱɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ: ɞɥɹ ɬɨɩɥɢɜ 
ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ, ɜɨɞɵ, ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ (ɚ); ɞɥɹ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ 
ɭɝɨɥɶɧɨɣ ɩɵɥɢ, ɜɨɞɵ, ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ (ɛ). 

 

 
ɚ      ɛ 

Ɋɢɫ. 1.4. Ɇɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɵɝɨɪɚɧɢɹ (ɫ ɭɱɟɬɨɦ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɚɝɢɪɨɜɚɧɢɹ) 
ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɣ ɢ ɱɚɫɬɢɰ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɚɩɥɢ (a) 

ɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ (ɛ). 

 

 
ɚ      ɛ 

Ɋɢɫ. 1.5. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɹ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ: ɞɥɹ 
ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ, ɜɨɞɵ, ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ (ɚ); ɞɥɹ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ 
ɭɝɨɥɶɧɨɣ ɩɵɥɢ, ɜɨɞɵ, ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ (ɛ). 

 

 Ⱦɨɛɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɜ ɫɦɟɫɶ «ɭɝɨɥɶɧɵɣ ɲɥɚɦ–ɜɨɞɚ» 

ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɥɨ ɡɚɠɢɝɚɧɢɟ ɢ ɜɵɝɨɪɚɧɢɟ ɤɚɩɟɥɶ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɡɚɦɟɬɧɨɝɨ ɭɫɤɨɪɟɧɢɹ 

ɩɪɨɰɟɫɫɚ ɞɨɫɬɚɬɨɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɛɨɥɟɟ 5% ɦɚɫɥɚ. Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɫɟɥ 
ɢɥɢ ɞɪɭɝɢɯ ɩɨɞɨɛɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɧɚɩɪɢɦɟɪ, ɧɟɮɬɟɲɥɚɦɨɜ) ɦɨɝɭɬ ɛɵɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵ 
ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ ɫɭɫɩɟɧɡɢɢ ɜɫɥɟɞɫɬɜɢɟ ɪɨɫɬɚ ɜɹɡɤɨɫɬɢ ɩɨɫɥɟɞɧɟɣ. Ɍɚɤɠɟ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɫɟɥ ɜ ɫɭɫɩɟɧɡɢɹɯ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɣ ɝɚɡɨɜɵɯ 
ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ. ɋɤɨɪɨɫɬɢ ɝɨɪɟɧɢɹ ɤɚɩɟɥɶ ɬɨɩɥɢɜ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɦɚɫɥɚ ɭɦɟɧɶɲɚɥɢɫɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɩɥɢɜɚɦɢ ɛɟɡ ɞɨɛɚɜɤɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɜɹɡɚɧ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɟɪɢɨɞɚ 
ɝɨɪɟɧɢɹ ɢ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. ɍɫɬɚɧɨɜɥɟɧɧɵɣ ɷɮɮɟɤɬ 
ɯɚɪɚɤɬɟɪɟɧ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫɦɟɫɹɦ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ, ɱɟɦ ɭɝɨɥɶɧɨɣ ɩɵɥɢ. 
 ɉɪɹɦɨɟ ɫɠɢɝɚɧɢɟ ɭɝɨɥɶɧɵɯ ɲɥɚɦɨɜ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 
ɩɪɨɛɥɟɦɚɦɢ ɜɫɥɟɞɫɬɜɢɟ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɜɵɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɱɢ, ɚ ɬɚɤɠɟ ɪɢɫɤɚɦɢ ɤɪɚɣɧɟ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɲɥɚɤɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ 
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ɧɚɝɪɟɜɚ. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ, ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɹ ɤɚɩɟɥɶ ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ 
ɢ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ ɜ 2–3 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɱɚɫɬɢɰ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ ɢ ɭɝɥɹ 
ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɡɦɟɪɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɨɫɧɨɜɵɜɚɸɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 

ɭɬɢɥɢɡɚɰɢɢ ɭɝɨɥɶɧɵɯ ɲɥɚɦɨɜ ɜ ɫɨɫɬɚɜɟ ɜɨɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɠɢɝɚɧɢɹ ɨɬɯɨɞɨɜ ɭɝɥɟɨɛɨɝɚɳɟɧɢɹ. 

 

 
Ɋɢɫ. 1.6. ɋɨɨɬɧɨɲɟɧɢɟ ɞɥɢɬɟɥɶɧɨɫɬɟɣ ɨɫɧɨɜɧɵɯ ɫɬɚɞɢɣ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ, ɪɟɚɥɢɡɭɸɳɢɯɫɹ 
ɩɪɢ ɧɚɝɪɟɜɟ ɬɨɩɥɢɜɚ (ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɨɤɨɥɨ 900 °C). 

 

 ɋɩɨɫɨɛ ɫɠɢɝɚɧɢɹ ɜɚɠɟɧ ɞɥɹ ɬɨɩɥɢɜ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɧɢɡɤɨɪɟɚɤɰɢɨɧɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɭɝɨɥɶɧɵɟ ɲɥɚɦɵ ɞɨɫɬɚɬɨɱɧɨ ɢɧɟɪɬɧɵ ɩɪɢ ɦɨɧɨɫɠɢɝɚɧɢɢ. 
ɉɨɷɬɨɦɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɢɯ ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɞɪɭɝɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. 
 ɋɨɫɬɚɜ ɫɦɟɫɢ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɪɟɚɤɰɢɢ ɝɨɪɟɧɢɹ. ɍɫɤɨɪɟɧɢɟ 
ɝɚɡɨɮɚɡɧɨɝɨ ɡɚɠɢɝɚɧɢɹ ɤɚɤ ɦɢɧɢɦɭɦ ɜ 2 ɪɚɡɚ ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɭɝɨɥɶɧɵɣ 
ɲɥɚɦ ɞɨɛɚɜɨɤ – ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ, ɨɩɢɥɨɤ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ. ɍɦɟɧɶɲɟɧɢɟ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɞɢɢ ɛɵɥɨ ɦɚɤɫɢɦɚɥɶɧɵɦ (ɜ 3–6 ɪɚɡ) ɩɪɢ ɫɦɟɲɟɧɢɢ ɲɥɚɦɚ ɫ 
ɬɭɪɛɢɧɧɵɦ ɦɚɫɥɨɦ. ɇɚɢɦɟɧɶɲɢɣ ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɥɫɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɩɢɥɨɤ. 
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 Ⱦɨɛɚɜɥɟɧɢɟ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɜ ɲɥɚɦ ɭɫɤɨɪɹɥɨ ɩɪɨɬɟɤɚɧɢɟ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɧɨ ɧɟ ɜɫɟɝɞɚ ɩɪɢɜɨɞɢɥɨ ɤ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ ɝɟɬɟɪɨɝɟɧɧɨɦɭ ɡɚɠɢɝɚɧɢɸ. 
 Ʉɚɩɥɢ ɫɭɫɩɟɧɡɢɢ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɵɦ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɦ 
ɩɟɪɢɨɞɨɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɟɥɥɟɬɢɪɨɜɚɧɧɵɦ ɬɨɩɥɢɜɨɦ ɢɥɢ ɫɭɯɨɣ ɫɦɟɫɶɸ, ɫɠɢɝɚɟɦɨɣ ɜ ɜɢɞɟ 
ɪɵɯɥɨɝɨ ɫɥɨɹ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɮɚɤɬɨɪɨɦ ɪɢɫɤɚ ɩɪɢ ɡɚɩɭɫɤɟ ɤɨɬɥɚ ɢɥɢ ɜ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 Ⱦɢɮɮɭɡɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɜ ɬɪɟɳɢɧɚɯ ɢ ɩɨɪɚɯ ɨɛɪɚɡɰɨɜ ɬɨɩɥɢɜ 

ɦɨɠɟɬ ɢɝɪɚɬɶ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɧɚ ɷɧɞɨ- ɢ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɫɬɚɞɢɹɯ, ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɩɟɱɢ ɦɟɧɟɟ 800 °C.  
 Ɇɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɭɫɬɨɣɱɢɜɨɝɨ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɡɚɠɢɝɚɧɢɹ ɢɫɫɥɟɞɨɜɚɜɲɢɯɫɹ 

ɬɨɩɥɢɜ ɫɨɫɬɚɜɢɥɚ 450–500 °C. 
 ɉɟɥɥɟɬɵ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɧɚɢɛɨɥɶɲɟɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɝɨɪɟɧɢɹ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɨɝɪɚɧɢɱɟɧɢɟɦ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɟɪɟɧɨɫɚ ɤɢɫɥɨɪɨɞɚ ɤ ɜɧɭɬɪɟɧɧɢɦ ɫɥɨɹɦ 
ɬɨɩɥɢɜɚ, ɜɥɢɹɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɭɫɢɥɢɬɶɫɹ ɡɚ ɫɱɟɬ ɩɨɫɬɟɩɟɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɭɩɥɨɬɧɟɧɧɨɣ ɡɨɥɶɧɨɣ ɨɛɨɥɨɱɤɢ. ɉɪɢ ɩɪɨɦɵɲɥɟɧɧɨɦ ɫɠɢɝɚɧɢɢ ɜɨ ɢɡɛɟɠɚɧɢɟ ɧɟɩɨɥɧɨɝɨ 
ɜɵɝɨɪɚɧɢɹ ɩɨɬɪɟɛɭɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɬɨɩɥɢɜɚ ɜɢɯɪɟɜɵɦɢ ɦɟɬɨɞɢɤɚɦɢ ɫ 
ɨɤɢɫɥɢɬɟɥɟɦ ɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɬɥɟ. 
 Ʉɚɩɥɢ ɫɭɫɩɟɧɡɢɣ ɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɛɨɥɟɟ ɩɨɥɧɨɟ ɜɵɝɨɪɚɧɢɟ, ɱɟɦ ɫɦɟɫɢ, ɫɠɢɝɚɟɦɵɟ 
ɜ ɜɢɞɟ ɩɟɥɥɟɬɚ ɢɥɢ ɫɭɯɨɝɨ ɫɥɨɹ. ɉɨɷɬɨɦɭ ɭɬɢɥɢɡɚɰɢɹ ɭɝɨɥɶɧɵɯ ɲɥɚɦɨɜ ɜ ɫɨɫɬɚɜɟ ɜɨɞɧɵɯ 
ɫɭɫɩɟɧɡɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɪɚɫɩɵɥɟɧɢɹ 
ɤɚɩɟɥɶ. 

 Ⱦɨɛɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ ɢɥɢ ɞɪɟɜɟɫɧɨɣ ɛɢɨɦɚɫɫɵ ɧɚ ɡɚɜɟɪɲɚɸɳɟɦ ɷɬɚɩɟ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɭɫɩɟɧɡɢɢ ɦɨɠɟɬ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɡɚɠɢɝɚɧɢɟ, ɧɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɧɟɩɨɥɧɨɦɭ ɫɝɨɪɚɧɢɸ.  

 ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɫɩɟɧɡɢɢ ɩɨɜɵɲɚɟɬɫɹ, ɟɫɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɚɤɬɢɜɧɨɟ ɜɟɳɟɫɬɜɨ ɞɨɛɚɜɥɹɟɬɫɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɫ 
ɠɢɞɤɨɣ ɤɨɦɩɨɧɟɧɬɨɣ. 

 Ɍɟɯɧɨɥɨɝɢɹ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɫɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ (ɩɨ ½ ɨɬ ɢɯ ɢɬɨɝɨɜɨɣ ɦɚɫɫɵ ɜ 
ɫɭɫɩɟɧɡɢɢ) ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɥɭɱɲɟɣ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɫɭɫɩɟɧɡɢɢ ɢ ɭɥɭɱɲɟɧɢɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ ɜɵɝɨɪɚɧɢɹ ɧɚ 10–15%. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɲɚɝɚ 
ɞɨɡɢɪɨɜɚɧɢɹ ɤ ɡɚɦɟɬɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɧɟ ɩɪɢɜɟɥɨ. 
 ɇɚɢɛɨɥɟɟ ɨɞɧɨɪɨɞɧɨɟ ɫɬɚɛɢɥɶɧɨɟ ɬɨɩɥɢɜɨ ɫ ɩɪɢɟɦɥɟɦɨɣ ɜɹɡɤɨɫɬɶɸ (ɨɤɨɥɨ 
400 ɦɉɚ·ɫ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ 100 ɫ-1) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫ ɩɨɦɨɳɶɸ ɤɚɜɢɬɚɬɨɪɚ 
(ɤɨɥɥɨɢɞɧɨɣ ɦɟɥɶɧɢɰɵ). Ƚɨɦɨɝɟɧɢɡɚɬɨɪ ɢ ɦɚɝɧɢɬɧɚɹ ɦɟɲɚɥɤɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɟɧɟɟ 
ɨɞɧɨɪɨɞɧɭɸ ɢ ɫɬɚɛɢɥɶɧɭɸ ɫɦɟɫɶ, ɧɨ ɡɚ ɫɱɟɬ ɩɪɢɫɭɬɫɬɜɢɹ ɚɝɥɨɦɟɪɚɬɨɜ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ 
ɩɨɥɭɱɟɧɧɨɟ ɬɨɩɥɢɜɨ ɦɨɠɟɬ ɜɨɫɩɥɚɦɟɧɢɬɶɫɹ ɛɵɫɬɪɟɟ ɧɚ 15–20%. Ʉɚɜɢɬɚɬɨɪɵ ɦɨɠɧɨ 
ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɉɧɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɬɨɩɥɢɜ. 

 Ɉɫɨɛɟɧɧɨɫɬɢ ɫɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬ ɬɨɩɥɢɜɚ ɛɨɥɶɲɟ ɜɥɢɹɸɬ ɧɚ ɥɨɤɚɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɯɪɚɧɟɧɢɹ, ɫɠɢɝɚɧɢɹ ɢɥɢ ɝɨɪɟɧɢɹ, ɱɟɦ ɧɚ ɨɛɳɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
 Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɭɫɩɟɧɡɢɢ ɜɨɡɪɚɫɬɚɟɬ ɧɚ 25–30% ɩɪɢ ɡɚɦɟɧɟ 
ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɧɚ ɭɝɨɥɶɧɵɣ ɲɥɚɦ ɡɚ ɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. 
 ɋɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ (ɥɢɝɧɨɫɭɥɶɮɨɧɚɬ ɧɚɬɪɢɹ, ɞɢɡɟɥɶ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ) ɫ 
ɦɚɫɫɨɜɨɣ ɞɨɥɟɣ 1% ɦɚɫɫ. ɜ ɫɦɟɫɢ «ɭɝɨɥɶɧɵɣ ɲɥɚɦ – ɜɨɞɚ» ɭɫɤɨɪɹɥɢ ɝɚɡɨɮɚɡɧɨɟ ɡɚɠɢɝɚɧɢɹ 
ɬɨɩɥɢɜɚ ɧɚ 15–25%. ɋɨɟɜɵɣ ɥɟɰɢɬɢɧ, ɧɚɨɛɨɪɨɬ, ɡɚɦɟɞɥɹɥ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɧɚ 25–35%. 

ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ (0.917) ɢɬɨɝɨɜɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɧɚɛɨɪ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɢɦɟɟɬ ɫɭɫɩɟɧɡɢɹ «50% 
ɭɝɨɥɶɧɵɣ ɲɥɚɦ, 49% ɜɨɞɚ, 1% ɥɢɝɧɨɫɭɥɶɮɨɧɚɬ ɧɚɬɪɢɹ»; ɧɚɢɦɟɧɶɲɟɟ (0.755) – ɫɭɫɩɟɧɡɢɹ 
«50% ɭɝɨɥɶɧɵɣ ɲɥɚɦ, 49% ɜɨɞɚ, 1% ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ».  
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 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɜɥɨɠɟɧɢɣ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɫ ɭɝɥɹ ɧɚ ɫɭɫɩɟɧɡɢɸ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ ɫɨɫɬɚɜɢɬ ɧɟ ɛɨɥɟɟ 2 ɥɟɬ (ɫ 
ɭɱɟɬɨɦ ɩɪɢɨɛɪɟɬɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ).  

 

Мɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ 

ȼ ɪɚɦɤɚɯ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ:  

 ɉɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɡɚɜɢɫɢɦɨɫɬɟɣ ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɫɬɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ȼɍɋ ɨɬ ɜɪɟɦɟɧɢ, ɪɚɡɦɟɪɨɜ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɮɪɚɤɰɢɣ 

ɢɯ ɭɩɚɤɨɜɤɢ, ɚ ɬɚɤɠɟ ɨɬ ɫɜɨɣɫɬɜ ɧɟɫɭɳɟɣ ɫɪɟɞɵ ɫɭɫɩɟɧɡɢɣ. 
 ɉɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɭɫɥɨɜɢɣ ɞɨɫɬɢɠɟɧɢɹ ɩɪɢɟɦɥɟɦɵɯ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɨɩɥɢɜɧɵɯ ȼɍɋ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (ɜɤɥɸɱɚɹ ɨɬɪɢɰɚɬɟɥɶɧɵɟ). 

Ɉɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ 

Ɍɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɫɭɫɩɟɧɡɢɣ – ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɦɚɪɤɢ Ʉ ɢ ɮɢɥɶɬɪ-ɤɟɤ ɦɚɪɤɢ Ʉ. ȼ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɠɢɞɤɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɭɫɩɟɧɡɢɣ ɩɪɢɦɟɧɹɥɚɫɶ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɢ 
ɫɵɪɚɹ ɜɨɞɨɩɪɨɜɨɞɧɚɹ ɜɨɞɚ, ɚ ɬɚɤɠɟ ɜɨɞɧɨ-ɫɨɥɟɜɵɟ ɪɚɫɬɜɨɪɵ ɚɰɟɬɚɬɚ ɚɦɦɨɧɢɹ ɫ ɦɨɥɹɪɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɨɥɢ 0.1 Ɇ ɢ 1 Ɇ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ ɤ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

ɜɨɞɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɝɪɭɩɩɚ ɫɦɚɱɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ – ɉȺȼ, ɷɦɭɥɶɝɚɬɨɪɨɜ ɩɪɹɦɵɯ 
ɷɦɭɥɶɫɢɣ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɇɟɨɧɨɥɵ ȺɎ 9-10 ɢ 9-12, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɟɳɟɫɬɜɨ Ɉɉ-7 

ɢ ɫɨɟɜɵɣ ɥɟɰɢɬɢɧ, ɚ ɬɚɤɠɟ ɠɢɞɤɢɯ ɫɨɥɶɜɟɧɬɨɜ, ɜɤɥɸɱɚɹ ɧ-ɛɭɬɚɧɨɥ, ɦɟɬɢɥɨɜɵɟ ɷɮɢɪɵ 
ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ ɢ ɤɨɦɦɟɪɱɟɫɤɨɟ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ, 
ɬɜɟɪɞɵɣ ɩɨɪɢɫɬɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ ɧɚɩɨɥɧɢɬɟɥɶ – ɞɪɟɜɟɫɧɵɟ ɫɨɫɧɨɜɵɧ ɨɩɢɥɤɢ.  

Ɉɫɧɨɜɧɵɟ ɩɪɢɛɨɪɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ, ɯɚɪɚɤɬɟɪɧɵɯ ɤɚɠɞɨɣ ɬɨɧɢɧɟ 
ɩɨɦɨɥɚ, ɩɪɢɦɟɧɟɧ ɬɟɧɟɜɨɣ ɦɟɬɨɞ ɦɚɤɪɨɫɴɟɦɤɢ. Ⱦɥɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ 
(«ɷɮɮɟɤɬɢɜɧɚɹ ɜɹɡɤɨɫɬɶ-ɫɤɨɪɨɫɬɶ ɫɞɜɢɝɚ», «ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ-ɫɤɨɪɨɫɬɶ ɫɞɜɢɝɚ») 

ɩɪɢɦɟɧɟɧɵ ɪɨɬɚɰɢɨɧɧɵɣ ɜɢɫɤɨɡɢɦɟɬɪ Brookfield DV3T (ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ 1–6·106
 

ɦɉɚ*ɫ, ɬɨɱɧɨɫɬɶ ±1 %, ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ±0,2 %), ɲɩɢɧɞɟɥɶ LV-2 (ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ 
ɜɹɡɤɨɫɬɢ 50 – 100000 ɦɉɚ∙ɫ). Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ ɩɨɪɨɲɤɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ 
ɛɨɥɶɲɟɣ ɬɨɧɢɧɵ ɩɨɦɨɥɚ ɩɪɟɫɫɨɜɚɥɢ ɩɪɢ ɧɚɝɪɭɡɤɟ 10 ɬ ɜ ɜɢɞɟ ɬɚɛɥɟɬɨɤ. ɇɚ ɝɥɚɞɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɬɚɛɥɟɬɨɤ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ 
ɦɟɬɨɞɨɦ ɬɟɧɟɜɨɣ ɫɴɟɦɤɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɨɥɭɱɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɩɟɥɶ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɚɛɥɟɬɨɤ ɨɛɪɚɛɚɬɵɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Drop Shape 

Analysis (Kruss). ɂɡɦɟɪɟɧɢɟ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ȼɍɋ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɧɚ ɩɪɢɛɨɪɟ ГОЭКЬТгОЫ 
NКЧШ ГS ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25 ºɋ (4А HО-Ne ɥɚɡɟɪ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 633 ɧɦ). ɋɬɚɬɢɱɟɫɤɚɹ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɦɟɫɟɣ, ɨɬɪɚɠɚɸɳɚɹ ɦɚɫɲɬɚɛ ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜ ɫɭɫɩɟɧɡɢɢ, 
ɨɰɟɧɢɜɚɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɞɟɥɟɧɢɹ ɜɨɞɵ [8]. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɬɜɟɪɞɨɝɨ ɨɫɚɞɤɚ ɢɡ ɱɚɫɬɢɰ ɭɝɥɹ ɢɥɢ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ ɜ 
ɨɛɴɟɦɟ ɫɭɫɩɟɧɡɢɢ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ «ɩɪɨɧɢɤɚɸɳɟɝɨ ɫɬɟɪɠɧɹ» [8]. ɋɟɞɢɦɟɧɬɚɰɢɨɧɧɚɹ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɭɫɩɟɧɡɢɣ ɬɚɤɠɟ ɨɰɟɧɢɜɚɥɚɫɶ ɦɟɬɨɞɨɦ ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɫɟɞɢɦɟɧɬɚɰɢɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. Ɍɟɤɭɱɟɫɬɶ ɢɡɦɟɪɹɥɚɫɶ ɜɢɡɭɚɥɶɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ, 
ɜ ɤɨɬɨɪɨɦ ɩɪɢ ɩɟɪɟɥɢɜɚɧɢɢ ɫɭɫɩɟɧɡɢɢ ɢɡ ɨɞɧɨɣ ɩɪɨɛɢɪɤɢ ɜ ɞɪɭɝɭɸ ɮɨɪɦɢɪɭɟɬɫɹ 
ɧɟɩɪɟɪɵɜɧɵɣ ɩɨɬɨɤ, ɩɪɟɪɵɜɢɫɬɵɣ ɩɨɬɨɤ ɢɥɢ ɧɟɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ, ɱɬɨ ɜ ɭɤɚɡɚɧɧɨɦ 
ɩɨɪɹɞɤɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɥɚɫɫɚɦ A, B ɢɥɢ C. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫɭɫɩɟɧɡɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɪɢɨɫɬɚɬ Kiss K6 ɮɢɪɦɵ «Huber», 
Ƚɟɪɦɚɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɨɬ –25 °C ɞɨ 200 °C, ɬɟɩɥɨɧɨɫɢɬɟɥɶ – ɫɦɟɫɶ 
ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɢ ɜɨɞɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 50/50, ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɛɨɱɟɣ 
ɟɦɤɨɫɬɢ ±0.05 °ɋ). Ɍɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ –5 °ɋ, 
0 °ɋ, 5 °ɋ ɢ 25 °ɋ. Ɉɛɪɚɡɰɵ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 72 ɱɚɫɨɜ, 
ɩɨɫɤɨɥɶɤɭ ɬɚɤɨɣ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɦɭ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɩɨɞɨɛɧɨɝɨ 
ɬɨɩɥɢɜɚ ɧɚ ɨɛɴɟɤɬɚɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɟɤɬɨɪɚ. 



13 

 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɤɨɦɟɧɞɨɜɚɧɵ 

ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ (ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ) ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɶɸ ɢ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɜɨɞɨɭɝɨɥɶɧɵɯ ɫɭɫɩɟɧɡɢɣ ɧɚ ɨɫɧɨɜɟ ɬɢɩɢɱɧɨɝɨ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ ɢ 
ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɟɝɨ ɨɬɯɨɞɚ ɮɥɨɬɚɰɢɢ ɷɬɨɝɨ ɭɝɥɹ.  
 ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɢɫɫɥɟɞɭɟɦɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɪɚɡɞɟɥɶɧɨɟ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɞɨɛɚɜɥɟɧɢɟ 
ɫɦɚɱɢɜɚɸɳɢɯ ɚɝɟɧɬɨɜ (ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɢ ɧɚɬɭɪɚɥɶɧɵɯ ɉȺȼ, ɚ ɢɦɟɧɧɨ ɇɟɨɧɨɥ ȺɎ 9-12, 

ɇɟɨɧɨɥ ȺɎ 9-10, Ɉɉ-7 ɢ ɫɨɟɜɵɣ ɥɟɰɢɬɢɧ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɠɢɞɤɢɯ ɫɨɥɶɜɟɧɬɨɜ (ɧ-

ɛɭɬɚɧɨɥ, ɦɟɬɢɥɨɜɵɟ ɷɮɢɪɵ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɦɚɫɥɚ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ ɢ 
ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ) ɢ ɬɜɟɪɞɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɞɨɛɚɜɨɤ (ɧɚ ɩɪɢɦɟɪɟ ɞɪɟɜɟɫɧɵɯ ɨɩɢɥɨɤ).  
 ɋɨɫɬɚɜɵ ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɚ ɫ ɞɨɛɚɜɤɚɦɢ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦɢ (ɱɚɫɬɨ 
ɛɟɡ ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ) ɚ ɩɨɞɦɟɲɢɜɚɧɢɟ ɫɨɟɜɨɝɨ ɥɟɰɢɬɢɧɚ ɜ ɤɨɦɛɢɧɚɰɢɢ ɢɥɢ ɨɬɞɟɥɶɧɨ 
ɭɥɭɱɲɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɣ η100 ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 
ɫɦɚɱɢɜɚɸɳɟɝɨ ɚɝɟɧɬɚ ɜ ɫɭɫɩɟɧɡɢɸ ɫ ɭɠɟ ɩɨɞɦɟɲɚɧɧɵɦ ɫɨɥɶɜɟɧɬɨɦ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɤɚɤ 
ɞɥɹ ȼɍɋ ɧɚ ɨɫɧɨɜɟ ɭɝɥɹ Ʉ, ɬɚɤ ɮɢɥɶɬɪ-ɤɟɤɚ Ʉ.  
 ɉɨɤɚɡɚɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɢ η100, ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɞɟɥɟɧɢɹ ɜɨɞɵ ɢ 
ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɨɦ ɞɥɹ ȼɍɋ ɫ ɪɚɡɞɟɥɶɧɵɦ ɞɨɛɚɜɥɟɧɢɟɦ ɫɦɚɱɢɜɚɬɟɥɹ (ɪɢɫ. 1.7ɚ) ɢ 
ɫɨɥɶɜɟɧɬɚ (ɪɢɫ. 1.7ɛ). 

 ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ (ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, 0.1 ɢ 1 Ɇ ɪɚɫɬɜɨɪɨɜ ɚɰɟɬɚɬɚ ɚɦɦɨɧɢɹ) ɧɟɫɭɳɟɣ 
ɫɪɟɞɵ ȼɍɋ, ɪɚɡɦɟɪɚ ɢ ɮɪɚɤɰɢɢ ɭɩɚɤɨɜɤɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɦɨɧɨ- ɢ 
ɩɨɥɢɞɢɫɩɟɪɫɧɵɦɢ ɩɨɪɨɲɤɚɦɢ ɭɝɥɹ ɢ ɮɢɥɶɬɪ-ɤɟɤɚ ɧɚ ɷɮɮɟɤɬɢɜɧɭɸ ɜɹɡɤɨɫɬɶ ɬɨɩɥɢɜɧɵɯ 
ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɫɨɫɬɚɜɨɜ. 

  
ɚ      ɛ 

Ɋɢɫ. 1.7. Ƚɢɫɬɨɝɪɚɦɦɵ, ɨɬɪɚɠɚɸɳɢɟ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɬɞɟɥɟɧɢɹ ɜɨɞɵ, 
ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɨɦ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɶɸ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ 100 ɫ-1, ɞɥɹ ȼɍɋ ɧɚ 
ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɚ ɢ ɭɝɥɹ Ʉ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɉȺȼ (ɚ) ɢ ɫɨɥɶɜɟɧɬɨɜ (ɛ); 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɫɫɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ. 
 

 ɋɧɢɠɟɧɢɟ ɜɹɡɤɨɫɬɢ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɨɫɬɚɜɨɜ ɫɜɹɡɚɧɨ ɫ ɭɩɚɤɨɜɤɨɣ ɢ ɫɪɟɞɧɢɦ 

ɞɢɚɦɟɬɪɨɦ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɢɡɦɟɪɟɧɢɣ ɜɹɡɤɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɤɨɦɩɨɡɢɰɢɣ ȼɍɋ ɡɧɚɱɟɧɢɹ η100 ɧɟ ɩɪɟɜɵɲɚɥɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɪɟɞɟɥɚ 
1.0–1.2 ɉɚ∙ɫ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɬɢɩɢɱɧɵɯ ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ.  
 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɢɫɤɨɜɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ, 
ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɬɟɤɭɱɟɫɬɢ ɬɨɩɥɢɜɧɵɯ ȼɍɋ ɜɵɞɟɥɟɧɵ 11 ɨɛɪɚɡɰɨɜ ɛɟɡ 
ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɪɢ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɜ ɬɟɱɟɧɢɟ 72 ɱɚɫɨɜ ɩɪɢ 
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ɬɟɦɩɟɪɚɬɭɪɚɯ 5 ɢ 25 °ɋ. ɂɡ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɨɤɚɡɚɥɢɫɶ ɭɫɬɨɣɱɢɜɵ ɤ ɮɚɡɨɜɨɦɭ ɪɚɡɞɟɥɟɧɢɸ (ɫ 
ɨɬɫɥɨɟɧɢɟɦ ɜɨɞɵ ɧɟ ɛɨɥɟɟ 10 %) ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ (0 °ɋ) ɬɟɦɩɟɪɚɬɭɪɟ ɬɨɥɶɤɨ 9 ɨɛɪɚɡɰɨɜ 
(ɪɢɫ. 1.8ɚ) ɢ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (–5 °ɋ) 8 ɤɨɦɩɨɡɢɰɢɣ (ɪɢɫ. 1.8ɛ). ȼ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ ɫ ɭɱɟɬɨɦ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɬɟɥɟɣ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɬɟɤɭɱɟɫɬɢ 
ɬɨɩɥɢɜɧɚɹ ȼɍɋ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ (50 ɦɚɫɫ.%) ɢ ɜɨɞɵ (ɢɥɢ 20-% ɩɨ ɦɚɫɫɟ 
ɪɚɫɬɜɨɪɚ ɝɥɢɰɟɪɢɧɚ ɜ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ 0 ɢ -5 °ɋ) (48 ɦɚɫɫ.%) ɫ 
ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ ɤɢɫɥɨɝɨ ɩɨɥɢɮɨɫɮɚɬɚ ɧɚɬɪɢɹ (1 ɦɚɫɫ.%) 
ɢ ɜ ɤɚɱɟɫɬɜɟ ɞɢɫɩɟɪɝɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ – ɷɦɭɥɶɝɚɬɨɪɚ ɩɪɹɦɵɯ ɷɦɭɥɶɫɢɣ ɇɟɨɧɨɥɚ ȺɎ 9–12 

(1 ɦɚɫɫ.%) ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɚɹ ɤɨɦɩɨɡɢɰɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɹɯ 
ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ, ɛɥɢɡɤɢɯ ɤ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ, ɩɨ ɤɪɢɬɟɪɢɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɨɰɟɫɫɨɜ ɯɪɚɧɟɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɠɢɞɤɢɯ ɬɨɩɥɢɜ. 
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Ɋɢɫ 1.8. Ɏɚɡɨɜɨɟ ɪɚɡɞɟɥɟɧɢɟ ɬɨɩɥɢɜɧɵɯ ȼɍɋ ɩɨɫɥɟ 72-ɱɚɫɨɜɨɝɨ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 0 °ɋ (ɚ) ɢ -5 °ɋ (ɛ); ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɫɫɨɜɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ. 

 

Эɤɨɥɨɝɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɫɠɢɝɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ 

Ɋɟɝɢɫɬɪɚɰɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɝɨɪɟɧɢɢ 
ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɢ ɭɝɥɹ, ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɟɧɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ 
ɪɢɫ. 1.9. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɪɢɦɟɧɹɥɚɫɶ ɩɟɱɶ NКЛОЫЭСОЫЦ R 50/250/13. ɋɨɫɬɚɜ ɝɚɡɨɜ ɢ ɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɨɜ: Testo-340 ɢ Ɍɟɫɬ 1. 
ɉɪɢɦɟɧɟɧɢɟ ɞɜɭɯ ɭɫɬɪɨɣɫɬɜ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɫɨɤɭɸ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ 
ɤɨɦɩɥɟɤɬɟ ɫ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɚɦɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɨɞɭɥɶɧɵɣ ɡɨɧɞ ɞɥɹ ɡɚɛɨɪɚ ɝɚɡɚ ɢɡ 
ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɟɝɨ ɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɨɜ. ȼɜɨɞ 
ɬɨɩɥɢɜɚ ɜ ɦɭɮɟɥɶɧɭɸ ɩɟɱɶ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. ɋɭɯɚɹ 
ɭɝɨɥɶɧɚɹ ɩɵɥɶ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ 100–140 ɦɤɦ) ɩɨɦɟɳɚɥɚɫɶ ɧɚ ɩɥɨɫɤɢɣ ɞɟɪɠɚɬɟɥɶ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɮɨɪɦɨɱɤɢ ɢ ɩɢɧɰɟɬɚ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɜɡɜɟɲɢɜɚɧɢɹ. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɨɩɥɢɜɨ ɧɚ ɞɟɪɠɚɬɟɥɟ ɩɨɫɬɭɩɚɥɨ ɜ ɩɟɱɶ 
ɱɟɪɟɡ ɨɞɧɨ ɨɬɜɟɪɫɬɢɟ, ɚ ɱɟɪɟɡ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ ɨɬɜɟɪɫɬɢɟ ɜɜɨɞɢɥɫɹ ɡɨɧɞ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɚ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɟɝɨ ɧɚɤɨɧɟɱɧɢɤ ɧɚɯɨɞɢɥɫɹ ɪɹɞɨɦ ɫ ɧɚɜɟɫɤɨɣ ɬɨɩɥɢɜɚ. Ⱦɚɥɟɟ 
ɨɬɜɟɪɫɬɢɹ ɡɚɤɪɵɜɚɥɢɫɶ ɫɩɟɰɢɚɥɶɧɵɦɢ ɡɚɫɥɨɧɤɚɦɢ ɢɡ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɢɡɨɥɹɰɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɟɫɩɟɱɢɜɚɥɫɹ ɤɨɧɬɪɨɥɶ ɞɨɫɬɭɩɚ ɤɢɫɥɨɪɨɞɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ. Ƚɚɡ, 
ɨɛɪɚɡɭɸɳɢɣɫɹ ɜ ɩɪɨɰɟɫɫɟ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ, ɩɨɫɬɭɩɚɥ ɱɟɪɟɡ ɡɨɧɞ ɜ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪ ɡɚ 
ɫɱɟɬ ɫɨɡɞɚɜɚɟɦɨɣ ɧɚɫɨɫɨɦ ɬɹɝɢ. Ɇɨɧɢɬɨɪɢɧɝ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɨɫɧɨɜɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦ «EКЬв ОЦТЬЬТШЧ» 
(Testo-340) ɢ «Ɍɟɫɬ» (Ɍɟɫɬ 1). 

ȼ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɝɪɭɩɩɵ ɬɨɩɥɢɜ (ɭɝɨɥɶ ɢ 
ɫɭɫɩɟɧɡɢɢ ɧɚ ɟɝɨ ɨɫɧɨɜɟ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɧɨɪɦɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɭɞɟɥɶɧɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɜɵɞɟɥɹɸɳɢɯɫɹ ɩɪɢ ɢɯ ɫɠɢɝɚɧɢɢ. ȼɵɞɟɥɟɧɵ 
ɦɟɬɨɞɢɤɢ ɧɨɪɦɢɪɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ: (Т) ɦɚɫɫɵ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ; (ТТ) ɜɵɞɟɥɹɟɦɨɣ ɩɪɢ 
ɝɨɪɟɧɢɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ; (ТТТ) ɭɞɟɥɶɧɵɯ ɦɚɫɫɨɜɵɯ ɜɵɛɪɨɫɨɜ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ; (ТЯ) 
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ɭɞɟɥɶɧɵɯ ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɚɫɫɨɜɵɯ ɜɵɛɪɨɫɨɜ; (Я) ɭɞɟɥɶɧɵɯ ɦɚɫɫɨɜɵɯ ɜɵɛɪɨɫɨɜ, 
ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɤɢɥɨɝɪɚɦɦ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ (ɢɥɢ 1 ɆȾɠ ɬɟɩɥɨɬɵ). Ɋɚɫɱɟɬ 
ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫɨɝɥɚɫɧɨ ɊȾ 34.02.305-98 «Ɇɟɬɨɞɢɤɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɚɥɨɜɵɯ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ ɤɨɬɟɥɶɧɵɯ 
ɭɫɬɚɧɨɜɨɤ Ɍɗɋ». 

 
Ɋɢɫ. 1.9. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɚ ɨɛɨɛɳɚɸɳɚɹ 
ɬɚɛɥɢɰɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɫɭɫɩɟɧɡɢɣ ɢ 
ɭɝɥɹ.  
 

Ɍɚɛɥɢɰɚ 1.1. ɇɨɪɦɢɪɨɜɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɜɵɛɪɨɫɨɜ. 

Ɍɨɩɥɢɜɨ 

ȼɵɛɪɨɫɵ NO ȼɵɛɪɨɫɵ SO2  ȼɵɛɪɨɫɵ CO2  

ɦɝ/ɝ ɦɝ/ɫ ɝ/ɆȾɠ ɝ/ɤɝ 
ɭ.ɬ. 

ɦɝ/ɝ ɦɝ/ɫ ɝ/ɆȾɠ ɝ/ɤɝ 
ɭ.ɬ. 

ɦɝ/ɝ ɦɝ/ɫ ɝ/ɆȾɠ ɝ/ɤɝ 
ɭ.ɬ. 

ɍɝɨɥɶ Ⱦ 100% 
12.75 0.0022 0.23 6.61 6.45 0.0011 0.114 3.35 5650 0.98 100.06 2931 

ɍɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 
50% 

4.26 0.0011 0.15 4.29 2.02 0.0005 0.070 2.04 2470 0.63 84.99 2490 

Ɏɢɥɶɬɪ-ɤɟɤ Ⱦ 
50%, ɜɨɞɚ 50% 

3.9 0.0005 0.12 3.45 2.7 0.0003 0.081 2.39 2412 0.32 72.80 2133 

Ɏɢɥɶɬɪ-ɤɟɤ Ⱦ 
50%, ɜɨɞɚ 45%, 
ɨɩɢɥɤɢ 5% 

3.98 0.0007 0.15 4.32 2 0.0004 0.074 2.17 1938 0.35 71.71 2101 

Ɏɢɥɶɬɪ-ɤɟɤ Ⱦ 
50%, ɜɨɞɚ 45%, 
ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 
5% 

3.37 0.0015 0.16 4.66 1.74 0.0008 0.082 2.40 1558 0.69 73.66 2158 

 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ ɧɨɪɦɢɪɨɜɚɧɢɹ (ɦɚɫɫɚ, 
ɜɪɟɦɹ, ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɭɫɥɨɜɧɨɟ ɬɨɩɥɢɜɨ) ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɵɛɪɨɫɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɢɯ ɩɪɹɦɨɟ ɫɪɚɜɧɟɧɢɟ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɬɨɩɥɢɜ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɫɭɫɩɟɧɡɢɨɧɧɵɯ, ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ ɧɟɨɛɯɨɞɢɦ ɜɫɟɫɬɨɪɨɧɧɢɣ ɭɱɟɬ ɛɨɥɶɲɨɝɨ 
ɱɢɫɥɚ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɣ ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ ɷɦɢɫɫɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ. 
Ɍɚɤɠɟ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɥɟɡɧɵ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ 
ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɪɚɡɧɵɯ ɬɢɩɨɜ 
ɬɨɩɥɢɜ. ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɠɢɝɚɧɢɟ ɭɝɥɹ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɨɫɶ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜɧɟ 
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ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ. ɉɪɢ ɫɠɢɝɚɧɢɢ ɫɭɫɩɟɧɡɢɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ2, SO2 ɢ NOx ɫɧɢɡɢɥɢɫɶ ɧɚ 12–90% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɝɥɟɦ.  

Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɩɪɨɟɤɬɚ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɫɧɨɜɧɵɯ ɝɚɡɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɋɈ2, ɋɈ, ɇ2, NOx, SO2), 

ɜɵɞɟɥɹɸɳɢɯɫɹ ɧɚ ɫɬɚɞɢɹɯ ɩɢɪɨɥɢɡɚ, ɝɚɡɢɮɢɤɚɰɢɢ ɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ 
ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɜ ɫɨɫɬɚɜɟ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ. ȼ ɦɨɞɟɥɶɧɨɣ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ (ɪɢɫ. 1.9) 

ɨɛɟɫɩɟɱɢɜɚɥɫɹ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ ɫɪɟɞɵ – ɨɬ 100 ɞɨ 1000 °ɋ. 
ɍɫɬɚɧɨɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɝɚɡɨɜ ɧɚ 
ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɫɬɚɞɢɹɯ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɬɨɩɥɢɜ (ɪɢɫ. 1.10). 

 
Ɋɢɫ. 1.10. ɍɫɥɨɜɢɹ ɢ ɫɬɚɞɢɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɬɨɩɥɢɜɚ. 

 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɤɫɢɞɵ ɭɝɥɟɪɨɞɚ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɝɚɡɨɜɵɦɢ ɜɵɛɪɨɫɚɦɢ ɩɪɢ 
ɩɢɪɨɥɢɡɟ ɢ ɝɨɪɟɧɢɢ ɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɜɵɞɟɥɟɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɫɨɫɬɚɜɢɥɚ 200 °ɋ, ɩɪɢ ɷɬɨɦ ɢɧɬɟɧɫɢɜɧɨɟ ɜɵɞɟɥɟɧɢɟ ɞɚɧɧɨɝɨ ɝɚɡɚ ɪɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɜɵɲɟ 550 °ɋ ɧɚ ɫɬɚɞɢɹɯ ɜɬɨɪɢɱɧɨɝɨ ɩɢɪɨɥɢɡɚ ɢ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɚɤɬɢɜɧɨɝɨ 
ɝɨɪɟɧɢɹ. Ɉɬɥɢɱɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɋɈ2 ɩɪɢ ɧɚɝɪɟɜɟ ɫɭɫɩɟɧɡɢɣ ɢ ɫɭɯɢɯ ɭɝɥɟɣ ɞɥɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 700–1000 °ɋ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɨɬ 25 ɞɨ 56%. ɉɢɪɨɥɢɡ 
ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɋɈ (ɞɨ 
65% ɜɵɲɟ, ɱɟɦ ɞɥɹ ɭɝɥɹ) ɧɚ ɫɬɚɞɢɹɯ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɩɢɪɨɥɢɡɚ (ɞɨ 550 °ɋ). ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɟɣ ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɚɝɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɪ ɜɫɥɟɞɫɬɜɢɟ 

ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ. ɉɚɪ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɢɮɢɰɢɪɭɸɳɟɝɨ 
ɪɟɚɝɟɧɬɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɟɜɪɚɳɟɧɢɹ ɭɝɥɹ ɜ ɥɟɬɭɱɢɟ ɝɚɡɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 
ɤɨɧɰɟɧɬɪɚɰɢɣ CO.ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɞɨɛɚɜɨɤ (ɨɩɢɥɨɤ ɢɥɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ) ɜ ɫɨɫɬɚɜɟ ɫɭɫɩɟɧɡɢɣ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɪɨɫɬɭ ɫɪɟɞɧɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɋɈ 
ɩɪɢ ɩɢɪɨɥɢɡɟ. Ɋɚɡɧɢɰɚ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɋɈ ɧɚ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 250–500 °ɋ ɦɟɠɞɭ 
ȼɍɌ ɛɟɡ ɩɪɢɦɟɫɟɣ ɢ ȼɍɌ ɫ ɞɨɛɚɜɤɚɦɢ ɨɩɢɥɨɤ ɢɥɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ 
ɫɨɫɬɚɜɢɥɚ 28–42% ɢ 15–47%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɠɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɧɚɱɚɥɨ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɜɵɞɟɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɋɈ ɢ ɞɨɫɬɢɠɟɧɢɟ ɷɤɫɬɪɟɦɭɦɚ ɞɥɹ ɬɨɩɥɢɜ ɫ ɞɨɛɚɜɤɚɦɢ 
ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɢɪɨɥɢɡɭɸɳɢɯ ɭɫɬɚɧɨɜɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɨɜɵɲɟɧɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 
ɜɨɞɨɫɨɞɟɪɠɚɳɢɯ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɨɝɨ ɲɥɚɦɚ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɨɫɶ ɩɨɜɵɲɟɧɧɵɦɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɇ2, ɨɫɨɛɟɧɧɨ ɜ ɡɨɧɟ ɩɢɪɨɥɢɡɚ. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɩɪɟɜɵɲɚɥɢ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɞɥɹ ɭɝɥɹ ɢ ɫɭɯɨɝɨ ɲɥɚɦɚ ɧɚ 12–96%. Ɂɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɣ ɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɣ ɇ2 

ɨɛɴɹɫɧɹɟɬɫɹ ɪɟɚɤɰɢɹɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɤɫɨɜɨɣ ɱɚɫɬɢ ɢ ɫɦɨɥɵ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɦɨɥɟɤɭɥɵ H2 ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɚɡɢɮɢɤɚɰɢɢ, ɤɨɧɜɟɪɫɢɢ ɜɨɞɵ ɜ ɝɚɡ ɢ ɪɟɚɤɰɢɣ ɪɢɮɨɪɦɢɧɝɚ ɫɦɨɥ. 
ɉɨɪɨɝɨɜɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɤɨɬɨɪɵɯ ɮɢɤɫɢɪɨɜɚɥɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ 
ɤɨɧɰɟɧɬɪɚɰɢɣ SO2 ɢ NOx ɫɨɫɬɚɜɢɥɢ 500 °ɋ ɢ 400 °ɋ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɵɹɜɥɟɧɨ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɜɨɞɨɭɝɨɥɶɧɵɯ ɫɭɫɩɟɧɡɢɣ 
ɞɨɛɚɜɨɤ ɛɢɨɦɚɫɫɵ ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ 850 °ɋ ɞɨ 1000 °ɋ. 
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Мɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɠɢɝɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ 

Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɚ 

ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɨɝɪɟɬɨɝɨ ɞɨ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɰɢɥɢɧɞɪɚ ɩɨɦɟɳɚɟɬɫɹ ɨɛɪɚɡɟɰ ɬɨɩɥɢɜɚ (ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ ɢɥɢ 
ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ) (ɪɢɫ. 1.11ɚ), ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ 203 K. ȼɪɟɦɟɧɧɨɣ 
ɢɧɬɟɪɜɚɥ ɫ ɦɨɦɟɧɬɚ ɩɨɩɚɞɚɧɢɹ ɨɛɪɚɡɰɚ ɬɨɩɥɢɜɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɰɢɥɢɧɞɪɚ ɞɨ ɜɵɩɨɥɧɟɧɢɹ 
ɭɫɥɨɜɢɣ ɡɚɠɢɝɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ τ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ 
ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɧɚɝɪɟɜɚ ɩɪɢɧɹɬ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɰɢɥɢɧɞɪ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ.  

Ʉɪɢɬɟɪɢɢ ɡɚɠɢɝɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ 
(ɪɢɫ. 1.11), ɩɪɢɧɢɦɚɥɢɫɶ ɫɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ ɡɚɠɢɝɚɧɢɹ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ: (i) ɷɧɟɪɝɢɹ, ɜɵɞɟɥɹɟɦɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɨɤɢɫɥɟɧɢɹ ɝɨɪɸɱɟɝɨ, ɛɨɥɶɲɟ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɨɬ ɪɚɡɨɝɪɟɬɨɣ ɱɚɫɬɢɰɵ ɬɨɩɥɢɜɭ ɢ 
ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ; (ii) ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɝɨɪɸɱɟɝɨ ɜ ɡɨɧɟ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɩɪɟɜɵɲɚɟɬ ɧɚɱɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫɬɨɱɧɢɤɚ 
ɧɚɝɪɟɜɚ. Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɤɨɧɞɭɤɬɢɜɧɨɦ ɧɚɝɪɟɜɟ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.11ɚ.  

   
ɚ ɛ ɜ 

Ɋɢɫ. 1.11. ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ: ɚ) ɤɨɧɞɭɤɬɢɜɧɨɦ 

ɬɟɩɥɨɨɛɦɟɧɟ: 1 – ɧɚɝɪɟɜɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; 2 – ɨɛɪɚɡɟɰ ɬɨɩɥɢɜɚ; 3 – ɜɨɡɞɭɯ, ɛ) 

ɪɚɞɢɚɰɢɨɧɧɨɦ ɬɟɩɥɨɨɛɦɟɧɟ, ɜ) ɤɨɧɜɟɤɬɢɜɧɨɦ ɬɟɩɥɨɨɛɦɟɧɟ: 1 – ɬɨɩɥɢɜɨ; 2 – ɜɨɡɞɭɯ. 
 

Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɚ 

ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɬɨɩɥɢɜɨ, ɨɯɥɚɠɞɟɧɧɨɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 203 K, 

ɫ ɩɨɦɨɳɶɸ ɞɟɪɠɚɬɟɥɹ ɜɜɨɞɢɬɫɹ ɜ ɧɟɩɨɞɜɢɠɧɵɣ ɜɨɡɞɭɯ, ɧɚɝɪɟɬɵɣ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
(973–1273 K). Ʉɨɧɜɟɤɰɢɹ ɝɚɡɨɜ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɧɟ ɨɩɢɫɵɜɚɥɚɫɶ. Ʉɪɢɬɟɪɢɢ ɡɚɠɢɝɚɧɢɹ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ (ɪɢɫ. 1.11ɛ), ɩɪɢɧɢɦɚɥɢɫɶ 
ɚɧɚɥɨɝɢɱɧɨ ɡɚɠɢɝɚɧɢɸ ɩɪɢ ɞɨɦɢɧɢɪɨɜɚɧɢɢ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɬɨɩɥɢɜɚ. Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ 
ɪɚɞɢɚɰɢɨɧɧɨɦ ɧɚɝɪɟɜɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.11ɛ. 

Ⱦɨɦɢɧɢɪɨɜɚɧɢɟ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɚ 

ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɨɛɪɚɡɟɰ ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɫ ɧɚɱɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ 203 Ʉ ɧɚɝɪɟɜɚɟɬɫɹ ɝɨɪɟɥɤɨɣ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɩɪɨɢɫɯɨɞɢɥɨ 
ɡɚ ɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɜɧɟɲɧɢɦ ɜɨɡɞɭɯɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɬɨɩɥɢɜɚ. Ɂɚɠɢɝɚɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ Uv, ɜɚɪɶɢɪɭɟɦɨɣ ɜ ɞɢɚɩɚɡɨɧɟ 0.2–6 

ɦ/ɫ. Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɤɨɧɜɟɤɬɢɜɧɨɦ ɧɚɝɪɟɜɟ ɩɨɤɚɡɚɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 1.11ɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, 

ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɡɚɠɢɝɚɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 973 Ʉ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ ɢɦɟɟɬ ɦɟɫɬɨ ɫɧɢɠɟɧɢɟ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ 
ɝɢɞɪɚɬɨɜ (ɞɨ 8 %) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɞɢɚɩɚɡɨɧɚɯ 0–
200 ȼɬ/(ɦ2∙Ʉ), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɨɬ 0 ɞɨ 6 ɦ/ɫ. ɉɪɢ ɪɚɞɢɚɰɢɨɧɧɨɦ 
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ɧɚɝɪɟɜɟ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ 
ɝɢɞɪɚɬɨɜ (ɞɨ 29 %) ɩɪɢ ɪɨɫɬɟ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɜ ɞɢɚɩɚɡɨɧɚɯ 0.85–0.99, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɢɩɢɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɫɬɟɧɨɤ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɢ ɪɚɡɥɢɱɧɵɯ ɫɨɜɪɟɦɟɧɧɵɯ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ. 
ɇɚɝɪɟɜɚɬɶ ɝɢɞɪɚɬ ɜɵɲɟ 1100 Ʉ ɫ ɰɟɥɶɸ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɝɨɪɟɧɢɹ ɧɟɪɚɰɢɨɧɚɥɶɧɨ, ɬɚɤ ɤɚɤ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɟɧɚ 
ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɛɨɫɧɨɜɚɧɧɨɝɨ 
ɜɵɛɨɪɚ ɬɟɦɩɟɪɚɬɭɪ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɝɨɪɟɧɢɹ ɝɢɞɪɚɬɨɜ ɩɪɢ ɪɚɡɧɵɯ ɫɯɟɦɚɯ ɬɟɩɥɨɨɛɦɟɧɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɴɟɦɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɪɢ 
ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɞɢɚɩɚɡɨɧɚɯ T=973–1273 Ʉ ɢ α=0–200 ȼɬ/(ɦ2∙Ʉ) 
ɦɟɧɹɸɬɫɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ (0.5 ɦɦ) ɜ ɞɢɚɩɚɡɨɧɟ 30–90%, ɜ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɜ ɞɢɚɩɚɡɨɧɟ 10–90%. ɗɬɢ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɩɚɪɨɜ ɝɨɪɸɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢ ɨɤɢɫɥɢɬɟɥɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɢ ɨɛɴɹɫɧɹɸɬ ɤɥɸɱɟɜɨɣ ɪɟɡɭɥɶɬɚɬ 
– ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɨɬ 973 Ʉ ɞɨ 1273 Ʉ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ 
ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɨɬ 0.1 ɫ ɞɨ 0.0076 ɫ. ɇɚɢɛɨɥɟɟ ɡɚɦɟɬɧɨ ɢɦɟɧɧɨ ɞɥɹ ɫɯɟɦɵ ɫ 
ɤɨɧɜɟɤɬɢɜɧɵɦ ɧɚɝɪɟɜɨɦ ɩɪɨɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɚɤɰɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɟɧɚ 
ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ, ɱɬɨ ɯɨɪɨɲɨ ɜɢɞɧɨ ɢɡ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ 
ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ ɜ ɭɫɥɨɜɢɹɯ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɟɞɟɥɶɧɵɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɡɚɠɢɝɚɧɢɟ ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ ɞɥɹ ɫɯɟɦɵ ɫ ɪɚɞɢɚɰɢɨɧɧɵɦ ɧɚɝɪɟɜɨɦ, ɫɨɫɬɚɜɥɹɟɬ 127 ɤȼɬ/ɦ2

; 

ɞɥɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ – 149 ɤȼɬ/ɦ2; ɞɥɹ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ – 424 ɤȼɬ/ɦ2
. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɥɢɱɢɹ ɞɥɹ ɬɪɟɯ ɫɯɟɦ ɧɚɝɪɟɜɚ ɨɛɭɫɥɨɜɥɟɧɵ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɚɡɧɢɰɟɣ 
ɧɚɝɪɟɜɚɟɦɵɯ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɬɨɩɥɢɜ. ɑɟɦ ɜɵɲɟ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɩɥɨɳɚɞɢ, 
ɬɟɦ ɛɨɥɶɲɟ ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɞɭɜɚɟɦɵɯ ɩɚɪɨɜ ɝɨɪɸɱɟɝɨ, ɢɧɬɟɧɫɢɜɧɟɟ ɩɪɨɬɟɤɚɟɬ ɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɨɤɢɫɥɢɬɟɥɟɦ, ɢ ɭɫɤɨɪɹɟɬɫɹ ɩɪɨɰɟɫɫ ɡɚɠɢɝɚɧɢɹ. Ɍɚɤ ɤɚɤ ɜ ɫɨɫɬɚɜɟ ɨɛɪɚɡɰɚ 
ɬɨɩɥɢɜɧɨɝɨ ɝɢɞɪɚɬɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɚɹ ɞɨɥɹ ɜɨɞɵ, ɢɦɟɸɳɟɣ ɜɵɫɨɤɭɸ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɩɥɨɬɭ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɬɨ ɞɥɹ ɡɚɠɢɝɚɧɢɹ ɜɚɠɧɨ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ 
ɥɨɤɚɥɶɧɵɣ ɩɪɨɝɪɟɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɬɨɩɥɢɜɚ ɢ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ.  

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɫɯɟɦɟ ɫ ɪɚɞɢɚɰɢɨɧɧɵɦ ɧɚɝɪɟɜɨɦ (4.690–2.366 ɫ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 973 K ɞɨ 1273 K). ɉɪɢ ɤɨɧɞɭɤɬɢɜɧɨɦ ɧɚɝɪɟɜɟ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ 
ɡɚɠɢɝɚɧɢɹ ɫɧɢɠɚɸɬɫɹ ɨɬ 3.715 ɫ ɞɨ 1.568 ɫ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɬɨɱɧɢɤɚ ɜ 
ɜɢɞɟ ɩɨɞɥɨɠɤɢ. Ɇɢɧɢɦɚɥɶɧɵɟ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɤɨɧɜɟɤɬɢɜɧɨɦɭ ɧɚɝɪɟɜɭ ɢ ɫɨɫɬɚɜɥɹɸɬ 2.108–0.302 ɫ. Ⱦɥɹ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɢ ɤɨɧɞɭɤɬɢɜɧɨɝɨ 
ɧɚɝɪɟɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ T ɨɬ 973 K ɞɨ 1273 K ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɨɬɥɢɱɚɸɬɫɹ 
ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ, ɩɪɢ ɤɨɧɜɟɤɬɢɜɧɨɦ ɧɚɝɪɟɜɟ ɨɬɥɢɱɢɟ ɫɨɫɬɚɜɥɹɟɬ ɜ 7 ɪɚɡ. ɗɬɢ ɨɫɨɛɟɧɧɨɫɬɢ 
ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɩɪɢ ɤɨɧɞɭɤɬɢɜɧɨɦ ɢ ɪɚɞɢɚɰɢɨɧɧɨɦ ɧɚɝɪɟɜɟ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɚ ɦɟɧɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɭɦɟɪɟɧɧɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɜɟɤɬɢɜɧɵɦ ɬɟɩɥɨɨɛɦɟɧɨɦ. Ʉ ɬɨɦɭ ɠɟ ɩɪɢ ɤɨɧɞɭɤɬɢɜɧɨɦ ɧɚɝɪɟɜɟ ɩɨɞɜɨɞ 
ɬɟɩɥɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɲɶ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɚ ɩɪɢ ɤɨɧɜɟɤɬɢɜɧɨɦ 
ɢ ɪɚɞɢɚɰɢɨɧɧɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɟɰ ɬɨɩɥɢɜɚ ɧɚɝɪɟɜɚɟɬɫɹ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ. 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ T ɜ ɞɢɚɩɚɡɨɧɟ 873–1273 Ʉ ɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɫɬɟɩɟɧɢ 
ɱɟɪɧɨɬɵ 0.85–0.99 ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɢɡɦɟɧɹɸɬɫɹ ɨɬ 
8.776 ɫ ɞɨ 2.366 ɫ. Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɧɟ ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ. 

ɋɫɨɛɟɧɧɨ ɯɨɪɨɲɨ ɷɬɨ ɡɚɦɟɬɧɨ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɜɵɲɟ 1073 Ʉ). ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 1073 Ʉ, ɜɥɢɹɧɢɟ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɨɱɟɧɶ ɫɥɚɛɨ ɜɵɪɚɠɟɧɨ. ɉɪɢ ε = 0.85–
0.99 ɢ T = 873 Ʉ τ ɫɧɢɠɚɟɬɫɹ ɨɬ 8.776 ɫ ɞɨ 8.763 ɫ (ɢɡɦɟɧɟɧɢɟ ɦɟɧɟɟ 1 %). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɜ ɭɫɥɨɜɢɹɯ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ 
ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ (ɜ ɫɪɟɞɧɟɦ ɞɨ 66 %) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ ɜ 
ɞɢɚɩɚɡɨɧɚɯ 0–200 ȼɬ/(ɦ2∙Ʉ), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɞɨ 6 
ɦ/ɫ. Ɇɢɧɢɦɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɨɬ 0.778 ɫ ɞɨ 0.319 ɫ (ɬ.ɟ. 59 %) 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɝɪɟɜɚ 1073 Ʉ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɟ 1273 Ʉ – τ 
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ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0.302 ɫ ɞɨ 0.088 ɫ (ɬ.ɟ. 71 %) ɜ ɭɫɥɨɜɢɹɯ ɜɚɪɶɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ α ɨɬ 0 ɞɨ 
200 ȼɬ/(ɦ2∙Ʉ). ȼ ɭɫɥɨɜɢɹɯ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ ɭɜɟɥɢɱɟɧɢɟ ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ 
ɦɧɨɠɢɬɟɥɹ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɨɬ 8·101 ɫ-1

 ɞɨ 8·103
 ɫ-1 ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ 

ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ (ɜ ɫɪɟɞɧɟɦ ɞɨ 96 %) 
ɩɪɢ T = 1173 K. ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦ ɦɧɨɠɢɬɟɥɟ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ 
ɚɤɬɢɜɚɰɢɢ ɨɬ 40 ɞɨ 70 Ⱦɠ/ɦɨɥɶ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɞɨ 
90 %. ȼ ɭɫɥɨɜɢɹɯ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ 
ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ Ea = 70 Ⱦɠ/ɦɨɥɶ ɢ k0 = 8·101 ɫ-1

 ɢ ɫɨɫɬɚɜɥɹɟɬ 3.809 
ɫ. Ɇɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ (τ = 0.013 ɫ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ Ea = 40 Ⱦɠ/ɦɨɥɶ ɢ 

k0 = 8·103 ɫ-1. ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ 
ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ Ea ɢ k0 ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɞɟɧɬɢɱɧɵɯ ɫɢɫɬɟɦ 
ɡɚɠɢɝɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ ɢ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨ 
ɤɨɦɩɨɧɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ ɬɨɩɥɢɜɚɦɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɟɞɟɥɶɧɵɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɢ ɤɨɬɨɪɵɯ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚɠɢɝɚɧɢɟ ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɫ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 203 Ʉ ɞɥɹ ɫɯɟɦɵ 
ɫ ɪɚɞɢɚɰɢɨɧɧɵɦ ɧɚɝɪɟɜɨɦ, ɫɨɫɬɚɜɥɹɸɬ 110 ɤȼɬ/ɦ2

, ɞɥɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ – 

149 ɤȼɬ/ɦ2, ɞɥɹ ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɧɚɝɪɟɜɚ – 123 ɤȼɬ/ɦ2
. 

 

Вɥɢɹɧɢɟ ɞɨɛɚɜɤɢ ɛɭɪɨɝɨ ɭɝɥɹ, ɛɢɨɦɚɫɫɵ ɢ ɩɨɥɭɤɨɤɫɚ ɤ ɤɚɦɟɧɧɨɦɭ ɭɝɥɸ ɧɚ 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢ ɛɟɡɦɚɡɭɬɧɨɣ ɪɚɫɬɨɩɤɟ 
ɤɨɬɥɚ 

ɉɪɢ ɛɟɡɦɚɡɭɬɧɨɣ ɪɚɫɬɨɩɤɟ ɭɝɨɥɶɧɵɯ ɤɨɬɥɨɜ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 
ɹɜɥɹɟɬɫɹ ɦɭɮɟɥɶɧɵɣ ɩɪɟɞɬɨɩɨɤ (ɪɢɫ. 1.12), ɤɨɬɨɪɵɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɝɪɟɜɚɟɬɫɹ ɞɨ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (700–800 °C). ɍɝɨɥɶɧɚɹ ɩɵɥɶ ɩɨɫɪɟɞɫɬɜɨɦ 
ɩɵɥɟɩɢɬɚɬɟɥɹ ɩɨɞɚɟɬɫɹ ɜ ɷɬɨɬ ɩɪɟɞɬɨɩɨɤ, ɝɞɟ, ɞɜɢɝɚɹɫɶ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ, ɩɪɨɝɪɟɜɚɟɬɫɹ 
ɢ ɜɨɫɩɥɚɦɟɧɹɟɬɫɹ. ɉɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɩɪɨɬɟɤɚɟɬ ɜ ɬɨɩɤɟ ɤɨɬɥɚ, ɝɞɟ ɮɨɪɦɢɪɭɟɬɫɹ 
ɮɚɤɟɥ ɝɨɪɹɳɟɣ ɭɝɨɥɶɧɨɣ ɩɵɥɢ (ɪɢɫ. 1.12). 

 
Ɋɢɫ. 1.12. ɋɯɟɦɚ ɬɢɩɢɱɧɨɣ ɫɢɫɬɟɦɵ ɛɟɡɦɚɡɭɬɧɨɣ ɪɚɫɬɨɩɤɢ ɭɝɨɥɶɧɨɝɨ ɤɨɬɥɚ: 1 – 

ɩɵɥɟɩɢɬɚɬɟɥɶ; 2 – ɦɭɮɟɥɶ; 3 – ɬɨɩɤɚ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɡɚɠɢɝɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɤɚɤ ɞɥɹ 
ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɛɭɪɨɝɨ ɭɝɥɹ, ɞɪɟɜɟɫɧɵɯ 
ɨɩɢɥɨɤ, ɩɨɥɭɤɨɤɫɚ, ɬɚɤ ɢ ɞɥɹ ɜɫɟɯ ɱɟɬɵɪɟɯ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ. ȼɵɛɨɪ ɬɚɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ Д11Ж, ɩɨɥɭɤɨɤɫ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ 
ɬɨɩɥɢɜɚ ɤɚɤ ɧɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɡɚɜɨɞɚɯ, ɬɚɤ ɢ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɱɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ 
[12Ж ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɥɨɪɢɣɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ (ɤɚɦɟɧɧɨɝɨ ɢɥɢ ɛɭɪɨɝɨ ɭɝɥɹ). ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɫɵɪɶɹ, ɬɟɯɧɨɥɨɝɢɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɨɥɭɤɨɤɫɚ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɦɨɝɭɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɯ ɞɢɚɩɚɡɨɧɚɯ. 
Ⱦɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ ɢ ɛɭɪɵɣ ɭɝɨɥɶ ɹɜɥɹɸɬɫɹ ɬɢɩɢɱɧɵɦɢ ɜɵɫɨɤɨɪɟɚɤɰɢɨɧɧɵɦɢ ɬɜɟɪɞɵɦɢ 
ɬɨɩɥɢɜɚɦɢ (ɢɡ-ɡɚ ɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɥɟɬɭɱɢɯ), ɞɨɛɚɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɤ 
ɜɵɫɨɤɨɤɚɥɨɪɢɣɧɨɦɭ ɨɫɧɨɜɧɨɦɭ ɬɨɩɥɢɜɭ Ɍɗɋ ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɧɚ 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɩɪɨɰɟɫɫɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ. ɉɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ 



20 

 

ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ (ɢɯ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɦɤɚɯ 
ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɨɞɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ Д13–15Ж, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.2): 

No. 1 – ɩɨɥɭɤɨɤɫ, ɩɨɥɭɱɟɧɧɵɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ ɩɢɪɨɥɢɡɨɦ ɭɝɥɹ ɦɚɪɤɢ 3Ȼ, ɪɚɡɪɟɡ 
«Ȼɚɥɚɯɬɢɧɫɤɢɣ» Ʉɚɧɫɤɚ-Ⱥɱɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ, Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ; 
No. 2 – ɞɪɟɜɟɫɢɧɚ ɯɜɨɣɧɵɯ ɩɨɪɨɞ; 
No. 3 – ɛɭɪɵɣ ɭɝɨɥɶ ɦɚɪɤɢ 2Ȼ, ɪɚɡɪɟɡ «Ȼɨɪɨɞɢɧɫɤɢɣ» Ʉɚɧɫɤɚ-Ⱥɱɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ 
ɛɚɫɫɟɣɧɚ, Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ; 
No. 4 – ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ, Ʉɭɡɧɟɰɤɢɣ ɭɝɨɥɶɧɵɣ ɛɚɫɫɟɣɧ, Ʉɟɦɟɪɨɜɫɤɚɹ ɨɛɥɚɫɬɶ. 
 

Ɍɚɛɥɢɰɚ 1.2. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ 

No. 

Ɍɟɯɧɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ 

W
a
, %
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d
, %

 
V

daf
, % 

Q
a
s,V, 

ɆȾɠ/ɤɝ 
C

daf
, % H

daf
, % N

daf
, % S

daf
, % O

daf
, % 

1 1.20 15.45 8.20 27.06 76.82 1.41 0.76 0.38 3.99 

2 19.80 2.00 73.52 16.45 50.30 6.00 0.20 0.10 43.40 

3 14.11 4.12 47.63 22.91 73.25 6.52 0.79 0.44 18.99 

4 10.09 8.52 40.19 24.82 77.46 6.25 2.27 0.35 13.64 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɢ ɢɯ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɜ ɜɢɞɟ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɜɵɩɨɥɧɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɨɪɨɲɨ ɚɩɪɨɛɢɪɨɜɚɧɧɨɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɢ ɫɬɟɧɞɚ, ɜɧɟɲɧɢɣ ɜɢɞ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1.13. 

 

 
Ɋɢɫ. 1.13. ȼɧɟɲɧɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ: 1 – ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ; 
2 – ɜɨɡɞɭɲɧɵɣ ɜɟɧɬɢɥɹɬɨɪ; 3 – ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɶ; 4 – ɦɭɮɟɥɶɧɚɹ ɩɟɱɶ ɫ ɤɜɚɪɰɟɜɨɣ 
ɬɪɭɛɨɣ; 5 – ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɶ; 6 – ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ; 7 – ɫɢɫɬɟɦɚ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ; 8 – ɦɟɯɚɧɢɡɦ ɜɜɨɞɚ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ ɜ ɩɨɬɨɤ 
ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ; 9 – ɬɟɪɦɨɩɚɪɵ; 10 – ɦɧɨɝɨɤɚɧɚɥɶɧɵɣ ɪɟɝɢɫɬɪɚɬɨɪ; 11 – ɳɢɬ 
ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ; 12 – ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɜɵɬɹɠɧɨɣ ɜɟɧɬɢɥɹɰɢɟɣ. 

 

ɋ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 8 ɩɨɪɰɢɹ ɬɨɩɥɢɜɚ ɦɚɫɫɨɣ 5 ɦɝ ɱɟɪɟɡ 
ɤɟɪɚɦɢɱɟɫɤɢɣ ɤɚɧɚɥ ɞɢɚɦɟɬɪɨɦ 6 ɦɦ, ɩɪɨɯɨɞɹɳɢɣ ɫɤɜɨɡɶ ɜɟɪɯɧɸɸ ɤɪɵɲɤɭ ɦɭɮɟɥɶɧɨɣ 
ɩɟɱɢ 4 (ɪɢɫ. 1.13) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɨɬɜɟɪɫɬɢɟ ɜ ɫɬɟɧɤɟ ɤɜɚɪɰɟɜɨɣ ɬɪɭɛɵ, ɜɜɨɞɢɥɚɫɶ ɜ 
ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ. ɉɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɢ ɞɜɢɠɟɧɢɢ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɬɜɟɪɞɵɯ 
ɱɚɫɬɢɰ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ (ɜɧɭɬɪɢ ɤɜɚɪɰɟɜɨɝɨ ɰɢɥɢɧɞɪɚ) ɧɚ ɩɪɨɬɹɠɟɧɢɢ 0.9 ɦ, 
ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɱɟɪɟɡ ɫɦɨɬɪɨɜɭɸ ɳɟɥɶ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ 4 (ɪɢɫ. 1.13) ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ 
ɰɜɟɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɨɣ Phantom V411: ɫɤɨɪɨɫɬɶ ɫɴɟɦɤɢ 4000 ɤ/ɫ ɩɪɢ ɪɚɡɪɟɲɟɧɢɢ 
1008×56 ɩɢɤɫɟɥɟɣ, 12 ɛɢɬ, ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ 1 ɦɤɫ. Ʉɨɦɩɥɟɤɬɧɨ ɫ 
ɜɢɞɟɨɤɚɦɟɪɨɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɲɢɪɨɤɨɭɝɨɥɶɧɵɣ ɨɛɴɟɤɬɢɜ Distagon 1.4/35 ZF.2 T*: 
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ɞɢɚɮɪɚɝɦɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɮɨɤɭɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ 1.4, ɦɢɧɢɦɚɥɶɧɨɟ ɮɨɤɭɫɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ 35 ɦɦ. ȼɢɞɟɨɤɚɦɟɪɚ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɬɪɭɛɱɚɬɨɣ ɦɭɮɟɥɶɧɨɣ 
ɩɟɱɢ 4 ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɤɨɥɨ 2 ɦ ɨɬ ɧɟɟ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɜɢɞɟɨɡɚɩɢɫɟɣ 
ɜɵɩɨɥɧɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɉɈ Phantom Camera Control ɢ Tema Automotive. 

ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɬɚɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɪɟɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɝɨɪɟɧɢɹ ɬɜɟɪɞɨɝɨ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɬɨɩɤɚɯ ɤɨɬɥɨɜ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɭɫɥɨɜɢɣ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɭɝɥɹ ɩɪɢ 
ɧɚɝɪɟɜɚɧɢɢ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɟ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɡɧɚɱɟɧɢɣ ɨɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ – 

ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ (td) ɞɥɹ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɬɪɟɛɨɜɚɥɨɫɶ ɪɟɲɢɬɶ ɞɜɟ 

ɡɚɞɚɱɢ. ȼɨ-ɩɟɪɜɵɯ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɦɨɦɟɧɬ ɡɚɠɢɝɚɧɢɹ ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ. ȼɨ-ɜɬɨɪɵɯ, 
ɭɫɬɚɧɨɜɢɬɶ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ ɨɬ ɦɨɦɟɧɬɚ ɜɜɨɞɚ ɱɚɫɬɢɰ ɜ ɩɨɬɨɤ 
ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ ɞɨ ɦɨɦɟɧɬɚ ɢɯ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɬ.ɤ. ɫɨɫɬɚɜ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ (ɪɢɫ. 1.13) ɧɟ ɩɨɡɜɨɥɹɥ ɞɨɫɬɨɜɟɪɧɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ 
ɩɟɪɜɨɟ ɫɨɛɵɬɢɟ (ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ 
ɡɚɠɢɝɚɧɢɹ td ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɪɟɦɟɧɧɨɝɨ ɩɟɪɢɨɞɚ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɛɵɬɢɹɦɢ: 
ɜɜɨɞ ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ ɜ ɩɨɬɨɤ ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ (t=0); ɢɯ ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ 
ɷɬɨɦ ɩɨɬɨɤɟ (t=td). 

Ⱦɥɹ ɭɝɥɟɣ, ɞɪɟɜɟɫɢɧɵ, ɩɨɥɭɤɨɤɫɚ ɢ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫ 
ɪɚɡɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ ɩɪɨɜɨɞɢɥɢɫɶ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ (ɨɬ 5 ɞɨ 10) ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ (Tg) ɩɨɬɨɤɚ ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ (ɞɢɚɩɚɡɨɧ 500–800 °C 

ɫ ɲɚɝɨɦ 50 °C) ɜ ɤɜɚɪɰɟɜɨɦ ɰɢɥɢɧɞɪɟ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ 4 (ɪɢɫ. 1.13). Ɇɨɦɟɧɬ ɡɚɠɢɝɚɧɢɹ 
ɪɟɝɢɫɬɪɢɪɨɜɚɥɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨ ɞɨɫɬɢɠɟɧɢɸ (ɢɥɢ ɩɪɟɜɵɲɟɧɢɸ) ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ 
(220 ɜ ɨɬɬɟɧɤɚɯ ɫɟɪɨɝɨ) ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɬɨɱɤɟ ɜ ɨɛɥɚɫɬɢ 
ɜɢɞɟɨɪɟɝɢɫɬɪɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɨɨɪɞɢɧɚɬɚ ɩɥɨɫɤɨɫɬɢ (ɨɬɧɨɫɢɬɟɥɶɧɨ 
L=0), ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɜ ɤɨɬɨɪɨɣ 
ɡɚɠɢɝɚɥɚɫɶ ɱɚɫɬɢɰɚ ɬɨɩɥɢɜɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ ɜɵɪɚɠɟɧɢɹ 
td=f(x) ɞɥɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɪɚɡɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ (ɦɟɧɟɟ 40 ɦɤɦ; 40–140 ɦɤɦ; 140–250 ɦɤɦ; 
250–375 ɦɤɦ; 375–800 ɦɤɦ) ɩɨɫɥɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɤɨɬɨɪɚɹ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ 

ɚɜɬɨɪɚɦɢ Д16Ж. ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ (ρp=1500 kg/m
3) ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ 

(ɪɚɡɦɟɪɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɚɦ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɞɢɚɩɚɡɨɧɨɜ Dp=20 ɦɤɦ, 
Dp=90 ɦɤɦ, Dp=195 ɦɤɦ, Dp=313 ɦɤɦ, Dp=588 ɦɤɦ) ɜɜɨɞɢɥɢɫɶ ɫ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ Vp=0 

ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ c ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ Va=5 ɦ/ɫ, ρa=0.383 ɤɝ/ɦ3
, 

µa=40.5·10-6
 ɉɚ·ɫ. Ȼɵɥɢ ɩɪɢɧɹɬɵ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ 

ɜɨɡɞɭɯɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 500–800 °C, ɬ.ɤ. ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɷɬɨɦ ɞɢɚɩɚɡɨɧɟ 
ɢɡɦɟɧɹɸɬɫɹ ɦɟɧɟɟ ɱɟɦ ɧɚ 30 % ɢ 20 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɫɥɟ ɜɜɨɞɚ ɩɨɪɰɢɢ ɬɨɩɥɢɜɚ ɜ 
ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɨɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɜ ɭɫɥɨɜɢɹɯ ɢɯ ɞɜɢɠɟɧɢɹ ɜ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɬɪɭɛɟ ɞɢɚɦɟɬɪɨɦ 0.1 ɦ ɫɨɫɬɚɜɥɹɥɚ ɦɟɧɟɟ 0.02 (ɪɚɡɪɟɠɟɧɧɚɹ ɞɢɫɩɟɪɫɧɚɹ 
ɫɢɫɬɟɦɚ). ɉɨɷɬɨɦɭ ɩɪɢ ɪɟɲɟɧɢɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɣ ɡɚɞɚɱɢ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɢɠɟɧɢɟ 
ɨɞɢɧɨɱɧɨɣ ɱɚɫɬɢɰɵ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɫɨɫɟɞɧɢɯ ɱɚɫɬɢɰ. ȼ ɪɚɦɤɚɯ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɭɩɪɨɳɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ 
ɡɚɩɚɡɞɵɜɚɧɢɹ ɱɚɫɬɢɰ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ. ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɧɚ 
ɱɚɫɬɢɰɭ ɞɟɣɫɬɜɭɟɬ ɬɨɥɶɤɨ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ⱦɟɣɫɬɜɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ, 
ɬ.ɤ. ɩɪɢ ɚɧɚɥɢɡɟ ɜɢɞɟɨɝɪɚɦɦ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɩɪɹɦɨɥɢɧɟɣɧɨɟ ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɱɚɫɬɢɰ 
ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɩɟɪɟɯɨɞɧɨɣ ɨɛɥɚɫɬɢ, ɬ.ɤ. Re=0.95–
27.80 (ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɪɟɠɢɦ ɨɛɬɟɤɚɧɢɹ ɱɚɫɬɢɰɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɪɟɚɥɢɡɭɟɬɫɹ ɜ 
ɞɢɚɩɚɡɨɧɟ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ Re=0.015–700 [17Ж). ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɡɚɜɢɫɢɦɨɫɬɶ 
ɛɟɡɪɚɡɦɟɪɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰɵ ɨɬ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɜɪɟɦɟɧɢ ɢɦɟɟɬ ɜɢɞ Д18]: 
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ɇɚ ɪɢɫ. 1.14 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɛɟɡɪɚɡɦɟɪɧɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɨɬ 
ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɪɚɠɟɧɢɹ (1.1) ɞɥɹ ɭɫɥɨɜɢɹ ν0=0 

(ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ Vp=0) ɩɪɢ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ Re=0.95–27.80, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɚɦ ɱɚɫɬɢɰ Dp=20 ɦɤɦ, Dp=90 ɦɤɦ, 
Dp=195 ɦɤɦ, Dp=313 ɦɤɦ, Dp=588 ɦɤɦ. 

 

Ɋɢɫ. 1.14. Ɂɚɜɢɫɢɦɨɫɬɢ ɛɟɡɪɚɡɦɟɪɧɵɯ ɫɤɨɪɨɫɬɟɣ ɱɚɫɬɢɰ ɨɬ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɜɪɟɦɟɧɢ ɜ 
ɭɫɥɨɜɢɹɯ ɞɜɢɠɟɧɢɹ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ (ɤɪɢɜɹ 6) ɩɪɢ: 1 – Re=0.95; 2 – Re=4.26; 3 – 

Re=9.22; 4 – Re=14.80; 5 – Re=27.80. 

 

ɉɨɫɥɟ ɩɟɪɟɯɨɞɚ ɨɬ ɛɟɡɪɚɡɦɟɪɧɨɣ ɤ ɪɚɡɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɩɨɥɭɱɟɧɵ ɦɝɧɨɜɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ ɧɚ 
ɩɪɨɦɟɠɭɬɤɟ ɨɬ x=0 ɞɨ x=L (ɪɢɫ. 1.15a) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɪɟɦɟɧɚ ɞɨɫɬɢɠɟɧɢɹ ɷɬɢɦɢ 
ɱɚɫɬɢɰɚɦɢ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɤɜɚɪɰɟɜɨɝɨ ɰɢɥɢɧɞɪɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɢɡ ɭɤɚɡɚɧɧɨɝɨ 
ɩɪɨɦɟɠɭɬɤɚ (ɪɢɫ. 1.15ɛ). 

 
ɚ       ɛ 

Ɋɢɫ. 1.15. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɜ 
ɜɨɡɞɭɲɧɨɦ ɩɨɬɨɤɟ ɧɚ ɩɪɨɦɟɠɭɬɤɟ x=0–0.9 ɦ (a) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɪɟɦɟɧɚ ɩɪɨɯɨɠɞɟɧɢɹ 
ɷɬɢɦɢ ɱɚɫɬɢɰɚɦɢ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɧɚ ɩɪɨɦɟɠɭɬɤɟ x=0–0.9 ɦ (ɛ): 1 – Dp=20 ɦɤɦ; 2 

– Dp=90 ɦɤɦ; 3 – Dp=195 ɦɤɦ; 4 – Dp=313 ɦɤɦ; 5 – Dp=588 ɦɤɦ. 
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Ⱦɥɹ ɤɪɢɜɵɯ (ɪɢɫ. 1.15ɛ) ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ ɜɵɪɚɠɟɧɢɹ 
td=f(x), ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɢɞɟɨɡɚɩɢɫɟɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧ 
ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɩɪɢ Va=5 ɦ/ɫ, Ta=500–800 °C, x=0–0.9 ɦ. 
ɑɚɫɬɢɰɵ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 20 ɦɤɦ (ɞɢɚɩɚɡɨɧ ɦɟɧɟɟ 40 ɦɤɦ): 
 td=0.2x+0,0007, R

2
=1. (1.2) 

ɑɚɫɬɢɰɵ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 90 ɦɤɦ (ɞɢɚɩɚɡɨɧ 40–140 ɦɤɦ): 
 td=-3.6625x

6
+10.774x

5
-12.326x

4
+6.9079x

3
-1.9596x

2
+0.4616x, R

2
=0.9998. (1.3) 

ɑɚɫɬɢɰɵ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 195 ɦɤɦ (ɞɢɚɩɚɡɨɧ 140–250 ɦɤɦ): 
 td=-8.3543x

6
+24.398x

5
-27.692x

4
+15.422x

3
-4.4134x

2
+0.8496x, R

2
=0.9992. (1.4) 

ɑɚɫɬɢɰɵ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 313 ɦɤɦ (ɞɢɚɩɚɡɨɧ 250–375 ɦɤɦ): 
 td=-13.469x

6
+39.101x

5
-44.064x

4
+24.331x

3
-6.9074x

2
+1.2469x, R

2
=0.9987. (1.5) 

ɑɚɫɬɢɰɵ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 588 ɦɤɦ (ɞɢɚɩɚɡɨɧ 375–800 ɦɤɦ): 
 td=-23.697x

6
+68.524x

5
-76.842x

4
+42.164x

3
-11.887x

2
+2.0475x, R

2
=0.9980. (1.6) 

Ɂɧɚɱɟɧɢɹ td ɜɵɱɢɫɥɹɥɢɫɶ ɩɭɬɟɦ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɜɵɪɚɠɟɧɢɹ (1.2)–(1.6) ɡɧɚɱɟɧɢɣ 
ɤɨɨɪɞɢɧɚɬ x, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɥɨɠɟɧɢɸ ɱɚɫɬɢɰ ɜ ɦɨɦɟɧɬ ɡɚɠɢɝɚɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ 
ɭɫɬɚɧɨɜɥɟɧɵ ɪɚɧɟɟ ɩɪɢ ɚɧɚɥɢɡɟ ɜɢɞɟɨɡɚɩɢɫɟɣ ɜ ɪɚɦɤɚɯ ɚɥɝɨɪɢɬɦɚ ɉɈ Phantom Camera 

Control. ɋɢɫɬɟɦɚɬɢɱɟɫɤɚɹ ɢ ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧ td, 

ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɫɤɨɪɨɫɬɶɸ ɜɢɞɟɨɪɟɝɢɫɬɪɚɰɢɢ ɢ ɪɚɡɛɪɨɫɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɧɟ 
ɩɪɟɜɵɲɚɥɢ 0.5 % ɢ 15 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɜɢɞɟ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ td=f(Ta): 

ɬɨɩɥɢɜɨ No. 1 (ɩɨɥɭɤɨɤɫ): 
ɞɢɫɩɟɪɫɧɨɫɬɶ ɦɟɧɟɟ 40 ɦɤɦ, 550≤Ta≤750 °C: td=-0.00068Ta+0.514, R

2
=0.8865; (1.7) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 40–140 ɦɤɦ, 550≤Ta≤750 °C: td=-0.00063Ta+0.495, R
2
=0.8991; (1.8) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 140–250 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00054Ta+0.448, R
2
=0.8963; (1.9) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 250–375 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00038Ta+0.379, R
2
=0.8719; (1.10) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 375–800 ɦɤɦ, 650≤Ta≤800 °C: td=-0.00019Ta+0.306, R
2
=0.8932; (1.11) 

ɬɨɩɥɢɜɨ No. 2 (ɞɪɟɜɟɫɢɧɚ): 
ɞɢɫɩɟɪɫɧɨɫɬɶ ɦɟɧɟɟ 40 ɦɤɦ, 500≤Ta≤750 °C: td=-0.00063Ta+0.478, R

2
=0.8976; (1.12) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 40–140 ɦɤɦ, 500≤Ta≤800 °C: td=-0.00052Ta+0.440, R
2
=0.8965; (1.13) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 140–250 ɦɤɦ, 500≤Ta≤800 °C: td=-0.00053Ta+0.457, R
2
=0.8878; (1.14) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 250–375 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00027Ta+0.333, R
2
=0.8745; (1.15) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 375–800 ɦɤɦ, 650≤Ta≤800 °C: td=-0.00017Ta+0.294, R
2
=0.8653; (1.16) 

ɬɨɩɥɢɜɨ No. 3 (ɛɭɪɵɣ ɭɝɨɥɶ): 
ɞɢɫɩɟɪɫɧɨɫɬɶ ɦɟɧɟɟ 40 ɦɤɦ, 500≤Ta≤750 °C: td=-0.00060Ta+0.472, R

2
=0.8672; (1.17) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 40–140 ɦɤɦ, 500≤Ta≤800 °C: td=-0.00047Ta+0.419, R
2
=0.8732; (1.18) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 140–250 ɦɤɦ, 500≤Ta≤800 °C: td=-0.00048Ta+0.436, R
2
=0.8927; (1.19) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 250–375 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00022Ta+0.319, R
2
=0.8859; (1.20) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 375–800 ɦɤɦ, 650≤Ta≤800 °C: td=-0.00015Ta+0.290, R
2
=0.8531; (1.21) 

ɬɨɩɥɢɜɨ No. 4 (ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ): 
ɞɢɫɩɟɪɫɧɨɫɬɶ ɦɟɧɟɟ 40 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00050Ta+0.442, R

2
=0.8154; (1.22) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 40–140 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00043Ta+0.414, R
2
=0.8763; (1.23) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 140–250 ɦɤɦ, 550≤Ta≤800 °C: td=-0.00031Ta+0.356, R
2
=0.8537; (1.24) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 250–375 ɦɤɦ, 600≤Ta≤800 °C: td=-0.00022Ta+0.324, R
2
=0.8077; (1.25) 

ɞɢɫɩɟɪɫɧɨɫɬɶ 375–800 ɦɤɦ, 700≤Ta≤800 °C: td=-0.00013Ta+0.282, R
2
=0.8279; (1.26) 

ɬɨɩɥɢɜɧɚя ɫɦɟɫɶ No. 1 (ɩɨɥɭɤɨɤɫ) + No. 4 (ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ), ɞɢɫɩɟɪɫɧɨɫɬɶ 140–250 ɦɤɦ: 
75 % No. 1 + 25 % NШ. 4, 550≤Ta≤800 °C: td=-0.00046Ta+0.415, R

2
=0.8679; (1.27) 

50 % No. 1 + 50 % NШ. 4, 550≤Ta≤800 °C: td=-0.00040Ta+0.388, R
2
=0.8495; (1.28) 

25 % No. 1 + 75 % NШ. 4, 550≤Ta≤800 °C: td=-0.00034Ta+0.363, R
2
=0.8857; (1.29) 

ɬɨɩɥɢɜɧɚя ɫɦɟɫɶ No. 2 (ɞɪɟɜɟɫɢɧɚ) + No. 4 (ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ), ɞɢɫɩɟɪɫɧɨɫɬɶ 140–250 ɦɤɦ: 
75 % No. 2 + 25 % NШ. 4, 500≤Ta≤800 °C: td=-0.00048Ta+0.436, R

2
=0.8378; (1.30) 

50 % No. 2 + 50 % NШ. 4, 550≤Ta≤800 °C: td=-0.00040Ta+0.398, R
2
=0.8164; (1.31) 
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25 % No. 2 + 75 % NШ. 4, 550≤Ta≤800 °C: td=-0.00034Ta+0.370, R
2
=0.8257; (1.32) 

ɬɨɩɥɢɜɧɚя ɫɦɟɫɶ No. 3 (ɛɭɪɵɣ ɭɝɨɥɶ) + No. 4 (ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ), ɞɢɫɩɟɪɫɧɨɫɬɶ 140–
250 ɦɤɦ: 
75 % No. 3 + 25 % NШ. 4, 500≤Ta≤800 °C: td=-0.00044Ta+0.422, R

2
=0.8046; (1.33) 

50 % No. 3 + 50 % NШ. 4, 550≤Ta≤800 °C: td=-0.00038Ta+0.389, R
2
=0.8261; (1.34) 

25 % No. 3 + 75 % NШ. 4, 550≤Ta≤800 °C: td=-0.00034Ta+0.368, R
2
=0.8157. (1.35) 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ ɜɵɪɚɠɟɧɢɹ (1.7) – (1.35), ɩɪɢɦɟɧɢɦɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɦɨɧɬɚɠɟ ɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚ ɨɫɧɨɜɟ ɦɭɮɟɥɶɧɵɯ ɩɪɟɞɬɨɩɤɨɜ ɞɥɹ 
ɫɢɫɬɟɦ ɛɟɡɦɚɡɭɬɧɨɣ ɪɚɫɬɨɩɤɢ ɤɨɬɥɨɜ, ɬɚɤ ɤɚɤ ɨɧɢ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɵ ɤ ɪɟɚɥɶɧɵɦ 
ɩɪɨɰɟɫɫɚɦ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɩɵɥɟɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɋ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɱɚɫɬɢɰ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɢɫɥɢɬɟɥɹ 500–800 °C ɛɭɞɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ ɤɨɬɥɚ ɡɚ ɫɱɟɬ 
ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ. 
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2. ɍɫɥɨɜɢя ɪɚɫɲɢɪɟɧɢя ɩɪɟɞɟɥɨɜ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɝɨɪɟɧɢя ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɬɨɩɥɢɜ (ɫɭɫɩɟɧɡɢɣ) ɡɚ ɫɱɟɬ ɦɟɯɚɧɢɡɦɚ ɦɢɤɪɨɜɡɪɜɵɧɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢя ɤɚɩɟɥɶ 

Мɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɤɚɩɥɟ ɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, 
ɩɪɢɜɨɞɹщɟɝɨ ɤ ɟɟ ɮɪɚɝɦɟɧɬɚɰɢ 

ɇɚ ɛɚɡɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɵ 
ɮɢɡɢɱɟɫɤɚɹ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɤɚɩɥɹɯ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ (ȼɍɌ) ɩɟɪɟɞ ɢɯ ɮɪɚɝɦɟɧɬɚɰɢɟɣ ɜɫɥɟɞɫɬɜɢɟ 
ɢɧɬɟɧɫɢɜɧɨɝɨ ɧɚɝɪɟɜɚ. Ɇɨɞɟɥɶ ɨɫɧɨɜɚɧɚ ɧɚ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɫ 
ɭɱɟɬɨɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 
ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ. Ɂɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɤɚɩɟɥɶ ȼɍɌ ɩɪɢ ɧɚɝɪɟɜɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɬɟɪɢɹ ɪɚɫɩɚɞɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ 
ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ: ɜ ɫɥɭɱɚɟ ȼɍɌ – ɩɨɥɧɨɟ ɢɫɩɚɪɟɧɢɟ ɜɥɚɝɢ (ɜɨɞɵ) ɢɡ ɤɚɩɥɢ 
ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ. ɉɪɨɜɟɞɟɧɵ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɚɩɪɨɛɚɰɢɢ ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ 
ɭɬɨɱɧɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɪɟɚɥɢɡɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɧɚ 
ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɝɪɭɩɩɵ ɮɚɤɬɨɪɨɜ: ɬɟɦɩɟɪɚɬɭɪɚ (773–2273 Ʉ), ɧɚɱɚɥɶɧɵɟ 
ɪɚɡɦɟɪɵ ɤɚɩɟɥɶ (0.05–1.55 ɦɦ), ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɬɨɩɥɢɜɚ (ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɨɬ 40 ɞɨ 60 %). ȼɵɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɢ 
ɡɚɠɢɝɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ. 

ɇɚ ɪɢɫ. 2.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɢɱɧɵɟ ɜɢɞɟɨɤɚɞɪɵ ɩɪɨɰɟɫɫɨɜ ɧɚɝɪɟɜɚ ɢ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ 
ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɧɚɝɪɟɜɟ. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ 
ȼɍɌ ɫ ɜɵɫɨɤɨɣ ɦɚɫɫɨɜɨɣ ɞɨɥɟɣ ɬɜɟɪɞɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ (ɛɨɥɟɟ 5 %) ɡɚɤɥɸɱɚɥɢɫɶ ɜ 

ɞɥɢɬɟɥɶɧɨɣ ɷɬɚɩɧɨɣ ɮɪɚɝɦɟɧɬɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɪɭɩɧɵɯ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 
ɪɚɡɦɟɪɚɦɢ (ɪɚɞɢɭɫɚɦɢ) ɧɟ ɦɟɧɟɟ 100 ɦɤɦ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɮɪɚɝɦɟɧɬɚɰɢɢ (ɫɨɫɬɨɢɬ ɜ 
ɦɟɧɶɲɢɯ ɜɪɟɦɟɧɚɯ ɡɚɞɟɪɠɤɢ, ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɦɟɧɶɲɢɯ 

ɪɚɡɦɟɪɚɯ ɩɨɫɥɟɞɧɢɯ) ɬɨɩɥɢɜɧɵɯ ɫɨɫɬɚɜɨɜ ɫɬɚɧɨɜɢɥɚɫɶ ɜɵɲɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɝɪɟɜɚ. ɉɪɢ ɚɧɚɥɢɡɟ ɜɢɞɟɨɤɚɞɪɨɜ ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɤɚɩɥɢ ȼɍɌ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɜɵɫɭɲɢɜɚɥɫɹ. Ʌɢɲɶ ɢɡɪɟɞɤɚ ɪɟɝɢɫɬɪɢɪɨɜɚɥɫɹ ɨɬɪɵɜ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɜɥɚɠɧɵɯ ɮɪɚɝɦɟɧɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɮɪɚɝɦɟɧɬɚɰɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɧɨɟ 
ɜɵɫɭɲɢɜɚɧɢɟ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɤɚɩɥɢ ȼɍɌ. ȼɢɞɟɨɤɚɞɪɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɨɥɳɢɧɚ 
ɬɚɤɨɝɨ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ (0.25–1.0)Rd0. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɢɪɚɬɶ ɭɫɥɨɜɢɟ ɜɵɫɭɲɢɜɚɧɢɹ ɬɚɤɨɝɨ ɫɥɨɹ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɡɪɚɛɨɬɤɟ 
ɮɢɡɢɱɟɫɤɨɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ. 
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Ɋɢɫ. 2.1. Ɍɢɩɢɱɧɵɟ ɜɢɞɟɨɤɚɞɪɵ ɩɪɨɰɟɫɫɨɜ ɧɚɝɪɟɜɚ ɢ ɞɪɨɛɥɟɧɢɹ ɤɚɩɥɢ ɜɨɞɨɭɝɨɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ. ɂɫɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: Tg=773 Ʉ; Rd0=0.8 ɦɦ; ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ = 50 %; ɋɥɭɱɚɣ 

(ɚ): Ud=0 ɦ/ɫ; ɋɥɭɱɚɣ (ɛ): Ud=3 ɦ/ɫ. 

 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɮɪɚɝɦɟɧɬɚɰɢɹ ɤɚɩɟɥɶ ȼɍɌ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɪɢ 
ɩɨɥɧɨɦ ɢɫɩɚɪɟɧɢɢ ɜɥɚɝɢ ɢɡ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɤɨɦɩɨɡɢɰɢɢ, ɬɨɥɳɢɧɚ 
ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ (0.25–1.0)Rd0. ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 
ɮɪɚɝɦɟɧɬɚɰɢɢ ȼɍɌ ɜɵɛɪɚɧɨ ɭɫɥɨɜɢɟ ɩɨɥɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɜɥɚɝɢ ɢɡ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ 
ɜɨɞɨɭɝɨɥɶɧɨɣ ɤɚɩɥɢ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɫɫɦɨɬɪɟɧ ɩɪɟɞɟɥɶɧɵɣ ɫɥɭɱɚɣ, 
ɪɟɝɢɫɬɪɢɪɭɟɦɵɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɤɨɝɞɚ ɜɥɚɝɚ ɩɨɥɧɨɫɬɶɸ ɜɵɯɨɞɢɬ ɢɡ ɬɨɩɥɢɜɧɨɣ 
ɤɨɦɩɨɡɢɰɢɢ, ɬ.ɟ. ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ ɜ ɰɟɧɬɪɟ ɤɚɩɥɢ ȼɍɌ ɪɚɜɧɹɟɬɫɹ ɧɭɥɸ (ɭɪɚɜɧɟɧɢɟ 2.1), 

ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɪɚɡɦɟɪɭ ɤɚɩɥɢ ȼɍɌ Rd. ɉɪɢ ɷɬɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɨɥɧɟɧɢɟ ɩɨɥɨɫɬɟɣ ɱɚɫɬɢɰɵ ȼɍɌ ɪɚɡɨɝɪɟɬɵɦ ɜɨɡɞɭɯɨɦ. ɋɭɳɟɫɬɜɟɧɧɨ 
ɜɨɡɪɚɫɬɚɸɬ ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɚɪɤɚɫɟ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ. 

 w 0 0Y R  
 

(2.1) 

ȼɢɞɟɨɤɚɞɪɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɥɥɸɫɬɪɢɪɨɜɚɥɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ 
ɛɨɥɶɲɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɤɪɚɬɟɪɨɜ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɬɚɧɨɜɢɥɢɫɶ ɢɫɬɨɱɧɢɤɚɦɢ ɩɨɥɵɯ 
ɤɚɧɚɥɨɜ ɜ ɤɚɪɤɚɫɟ ɨɛɪɚɡɰɚ ɬɨɩɥɢɜɚ. ɑɟɦ ɞɨɥɶɲɟ ɩɪɨɬɟɤɚɥ ɩɪɨɰɟɫɫ, ɬɟɦ ɧɚ ɛɨɥɶɲɭɸ 
ɝɥɭɛɢɧɭ ɪɚɫɩɪɨɫɬɪɚɧɹɥɢɫɶ ɞɚɧɧɵɟ ɩɨɥɵɟ ɷɥɟɦɟɧɬɵ. ɇɚ ɤɚɞɪɚɯ ɜɢɞɟɨɝɪɚɦɦ ɛɵɥɨ ɯɨɪɨɲɨ 
ɜɢɞɧɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɤɪɚɬɟɪɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ ɮɨɪɦɢɪɨɜɚɥɨɫɶ, ɬɟɦ 
ɛɵɫɬɪɟɟ ɩɪɨɬɟɤɚɥ ɩɪɨɝɪɟɜ ɨɛɪɚɡɰɚ ɬɨɩɥɢɜɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɪɚɡɰɚ ɬɨɩɥɢɜɚ ɢ ɩɥɨɳɚɞɢ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ (ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɩɥɨɳɚɞɢ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ). ɍɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɜɧɭɬɪɢ 
ɩɨɥɨɫɬɟɣ ɢ ɩɨɜɵɲɟɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɥɢ. 

ɂɡɭɱɢɬɶ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɤɚɩɥɟ ɩɟɪɟɞ ɮɪɚɝɦɟɧɬɚɰɢɟɣ ɧɚ ɨɫɧɨɜɟ ɤɪɢɬɟɪɢɹ 
(ɭɪɚɜɧɟɧɢɟ 2.1) ɦɨɠɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɫɬɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ 
НТЬМЫОЭО pКЫЭТМХО ЦШНОХ (DPM) ɜ Ansys Fluent. Ɇɨɞɟɥɶ DPM ɛɚɡɢɪɭɟɬɫɹ ɦɟɬɨɞɟ ɗɣɥɟɪɚ–
Ʌɚɝɪɚɧɠɚ, ɝɞɟ ɝɚɡɨɜɚɹ ɮɚɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɤɨɧɬɢɧɭɭɦ, ɚ ɱɚɫɬɢɰɚ ɨɬɫɥɟɠɢɜɚɟɬɫɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɤɚɤ ɞɢɫɤɪɟɬɧɵɣ ɨɛɴɟɤɬ. ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɢɫɬɟɦɟ «ɤɚɩɥɹ ȼɍɌ – ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɝɚɡɨɜɚɹ ɫɪɟɞɚ» ɫ 
ɫɟɬɤɨɣ (14400 ɷɥɟɦɟɧɬɨɜ, 14641 ɭɡɟɥ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2.2. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ 
ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɟɞɟɥɶɧɵɣ ɫɥɭɱɚɣ ɤɪɢɬɟɪɢɹ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ, ɤɨɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ 
ɭɫɥɨɜɢɟ ɭɪɚɜɧɟɧɢɹ 1 (ɜɥɚɝɚ ɩɨɥɧɨɫɬɶɸ ɜɵɯɨɞɢɬ ɢɡ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɢ). Ɂɚɦɟɬɢɦ, ɱɬɨ 
ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɫɥɨɜɢɣ ɮɪɚɝɦɟɧɬɚɰɢɢ ȼɍɌ ɩɨ ɢɫɩɚɪɟɧɢɸ ɜɥɚɝɢ ɢɡ 
ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ, ɤɨɝɞɚ ɪɚɡɦɟɪ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
(0.25–1.0)Rd0, ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɟɣ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɫ ɭɱɟɬɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɤɚɩɟɥɶ ɢ ɞɢɮɮɭɡɢɟɣ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. 
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Ɋɢɫ. 2.2. ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɢɫɬɟɦɟ «ɤɚɩɥɹ ȼɍɌ – 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɝɚɡɨɜɚɹ ɫɪɟɞɚ». 
 

Ʉɚɩɥɹ ȼɍɌ (Rd0=0.05-1.55 ɦɦ) ɫ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ Td0=300 Ʉ ɝɟɧɟɪɢɪɨɜɚɥɚɫɶ ɫ 
ɩɨɦɨɳɶɸ ɢɧɠɟɤɰɢɢ ɨɞɢɧɨɱɧɨɣ ɤɚɩɥɢ ɢ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɨɛɥɚɫɬɢ 
ɪɟɲɟɧɢɹ ɪɢɫ. 2.2 (X-position=0.015 ɦ; Y-position=0.015 ɦ). Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ ɨɛɥɚɫɬɢ 
ɪɟɲɟɧɢɹ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɨɣ Tg=773–2273 Ʉ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɨɤɢɫɥɢɬɟɥɹ (ɤɢɫɥɨɪɨɞɚ O2) 

ɩɪɢɧɢɦɚɥɚɫɶ ɪɚɜɧɨɣ ɦɚɫɫɨɜɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ. ɉɪɢɧɹɬɨ φO2=0.23. 

Ɇɨɞɟɥɶ ɫɚɦɨɫɨɝɥɚɫɨɜɚɧɧɵɦ ɨɛɪɚɡɨɦ ɭɱɢɬɵɜɚɟɬ ɷɮɮɟɤɬɵ ɬɭɪɛɭɥɟɧɬɧɨɣ ɦɟɯɚɧɢɤɢ 
ɠɢɞɤɨɫɬɢ, ɝɨɪɟɧɢɹ, ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɱɚɫɬɢɰ, ɭɞɚɥɟɧɢɹ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, ɝɟɬɟɪɨɝɟɧɧɨɣ 
ɪɟɚɤɰɢɢ ɩɨɥɭɤɨɤɫɚ ɢ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ. 

ɇɚ ɪɢɫ. 2.3 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢ ɩɪɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɡɧɚɱɟɧɢɣ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ȼɍɌ. ɍɫɬɚɧɨɜɥɟɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɝɥɚɫɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɨɬ 720 ɞɨ 820 Ʉ. 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟ ɩɪɟɜɵɲɚɸɬ 23%. Ɍɚɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɜɫɥɟɞɫɬɜɢɟ ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɥɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɤɨɦɩɥɟɤɫɚ 
ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɚɩɥɟ ȼɍɌ ɢ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɟɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɟ. ɍɱɟɬ ɜɫɟɯ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɬɪɟɛɭɟɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ, ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɝɪɭɩɩɵ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ ɢ ɜɵɪɚɠɟɧɢɣ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɧɟɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɨɬɤɥɨɧɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ. ȼɵɛɨɪ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪ ɨɛɭɫɥɨɜɥɟɧ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɦɟɬɨɞɢɤɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ ɜ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. ɇɚ ɪɢɫ. 2.3 ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ 
ɫɪɟɞɵ ɨɬ 720 ɞɨ 820 Ʉ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ (ɦɚɫɫɨɜɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ 40 %; ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ 60 %) ɫɧɢɠɚɸɬɫɹ ɜ 
1.48 ɪɚɡ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢ ɜ 1.35 ɜ ɬɟɨɪɢɢ, ɚ ɤɚɩɟɥɶ ȼɍɌ (ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ 
ɱɚɫɬɢɰ 50 %; ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ 50 %) ɫɧɢɠɚɸɬɫɹ ɜ 1.4–1.5 ɪɚɡ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 
ɢ ɜ 1.34 ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɋɧɢɠɟɧɢɟ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɹɡɚɧɨ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɫ ɬɟɦ, ɱɬɨ ɩɨɜɵɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ, ɩɨɞɜɨɞɢɦɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɤɚɩɥɢ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. 
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Ɋɢɫ. 2.3. ɋɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ȼɍɌ: 1 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ; 
2 – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɚɪɚɦɟɬɪɵ: Rd0=0.8 ɦɦ; Ud=3 ɦ/ɫ. ɋɥɭɱɚɣ (ɚ): ɦɚɫɫɨɜɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ 40 %; ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ 60 %; ɫɥɭɱɚɣ (ɛ): 

ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ = 50 %; ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ 50 %. 
 

Мɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɪɚɝɦɟɧɬɚɰɢɢ (ɜ ɪɟɠɢɦɚɯ ɩɚɮɮɢɧɝ ɢ 
ɦɢɤɪɨ-ɜɡɪɵɜ) ɤɚɩɟɥɶ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ (ɈȼɍɌ) ɬɨɩɥɢɜ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɧɚɝɪɟɜɟ. 
Ɇɨɞɟɥɶ ɨɫɧɨɜɚɧɚ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 
ɤɨɦɩɥɟɤɫɟ MКЭХКЛ ɫ ɭɱɟɬɨɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɪɚɝɦɟɧɬɚɰɢɢ ɜ ɈȼɍɌ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɨɜ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ 
ɬɨɩɥɢɜ ɩɪɢ ɧɚɝɪɟɜɟ ɫ ɭɱɟɬɨɦ ɤɨɧɞɭɤɰɢɢ, ɤɨɧɜɟɤɰɢɢ ɢ ɢɡɥɭɱɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ ɢɫɩɨɥɶɡɨɜɚɧɵ: ɜɨɞɚ, ɭɝɨɥɶ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ. 
Ɂɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ɈȼɍɌ ɩɪɢ ɧɚɝɪɟɜɟ ɫ 
ɭɱɟɬɨɦ ɤɨɧɞɭɤɰɢɢ, ɤɨɧɜɟɤɰɢɢ ɢ ɪɚɞɢɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɬɟɪɢɹ ɪɚɫɩɚɞɚ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ – ɩɨ ɩɟɪɟɝɪɟɜɭ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɵ 
ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ (ɧɭɤɥɟɚɰɢɢ) ɜɨɞɵ. ɉɪɨɜɟɞɟɧɵ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ 
ɚɩɪɨɛɚɰɢɢ ɦɨɞɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɬɨɱɧɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɧɚ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɝɪɭɩɩɵ ɮɚɤɬɨɪɨɜ: ɬɟɦɩɟɪɚɬɭɪɚ 
(773–2273 Ʉ), ɭɫɥɨɜɢɹ ɧɚɝɪɟɜɚ (ɤɨɧɞɭɤɬɢɜɧɵɣ, ɪɚɞɢɚɰɢɨɧɧɵɣ, ɤɨɧɜɟɤɬɢɜɧɵɣ ɢɥɢ 
ɫɦɟɲɚɧɧɵɣ ɧɚɝɪɟɜ), ɧɚɱɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɤɚɩɟɥɶ (0.05-1.55 ɦɦ), ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ 
ɬɨɩɥɢɜɚ (ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɨɬ 0 ɞɨ 60 %). ȼɵɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɩɪɨɰɟɫɫɨɜ ɮɪɚɝɦɟɧɬɚɰɢɢ ɢ ɡɚɠɢɝɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ.  

ɇɚ ɪɢɫ. 2.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɢɞɟɨɤɚɞɪɵ ɩɪɨɰɟɫɫɨɜ ɞɪɨɛɥɟɧɢɹ ɤɚɩɟɥɶ ɜɨɞɚ/ɬɨɩɥɢɜɨ ɫ 
ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɡɥɢɱɧɨɣ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ (Yp=0–6 %). ɏɨɪɨɲɨ 
ɜɢɞɧɨ ɦɨɦɟɧɬ ɡɚɪɨɠɞɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɨɫɬɚ ɩɭɡɵɪɶɤɚ ɩɚɪɚ ɧɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɜɨɞɨɣ 
ɢ ɬɨɩɥɢɜɨɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɥɧɵɦ ɪɚɫɩɚɞɚɦ ɪɨɞɢɬɟɥɶɫɤɨɣ ɤɚɩɥɢ ɜ ɪɟɠɢɦɟ ɦɢɤɪɨ-

ɜɡɪɵɜɚ. ɇɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɞɜɭɦɹ ɤɨɦɩɨɧɟɧɬɚɦɢ (ɬɨɩɥɢɜɨɦ ɢ ɜɨɞɨɣ) 
ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɰɟɧɬɪɨɜ ɡɚɪɨɞɵɲɟɨɨɛɪɚɡɨɜɚɧɢɹ ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚ ɤɚɩɟɥɶ ɞɨ 300 Ʉ/ɫ, ɧɚɛɥɸɞɚɟɦɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ. ɉɪɢ ɷɬɨɦ ɱɟɦ 
ɦɟɧɶɲɟ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ ɦɟɠɞɭ ɝɨɪɸɱɢɦ ɢ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ (ɜɨɞɨɣ), 
ɬɟɦ ɛɨɥɟɟ ɜɟɪɨɹɬɧɨ ɞɨɫɬɢɠɟɧɢɟ ɭɫɥɨɜɢɹ ɧɚɱɚɥɚ ɡɚɪɨɠɞɟɧɢɹ ɩɚɪɨɜɨɣ ɮɚɡɵ ɢ ɦɢɤɪɨ-

ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ ɜ ɡɨɧɟ ɫ ɧɚɢɦɟɧɶɲɟɣ ɬɨɥɳɢɧɨɣ ɬɨɩɥɢɜɧɨɣ ɨɛɨɥɨɱɤɢ. 
ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ ɜ ɫɨɫɬɚɜ ɬɨɩɥɢɜɧɨɣ ɤɨɦɩɨɡɢɰɢɹ ɬɟɧɞɟɧɰɢɹ 

ɡɚɪɨɠɞɟɧɢɹ ɩɭɡɵɪɶɤɨɜ ɩɚɪɨɜɨɣ ɮɚɡɵ ɧɚ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɟ ɧɟ ɜɫɟɝɞɚ 
ɜɵɩɨɥɧɹɟɬɫɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢɦɟɫɢ ɜ ɜɢɞɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɭɝɥɟɣ ɬɚɤɠɟ 
ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɰɟɧɬɪɨɜ ɡɚɪɨɞɵɲɟɨɨɛɪɚɡɨɜɚɧɢɹ, ɤɚɤ ɢ 
ɧɟɪɨɜɧɨɫɬɢ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɵ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɥɨɤɚɥɶɧɵɟ 
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ɩɟɪɟɝɪɟɜɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɪɟɠɢɦɭ «ɩɚɮɮɢɧɝ» (ɱɚɫɬɢɱɧɵɣ ɪɚɫɩɚɞ). ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɜɟɪɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ ɮɨɪɦɵ ɤɚɩɥɢ ɬɨɩɥɢɜɧɨɣ 
ɤɨɦɩɨɡɢɰɢɢ ɨɬ ɫɮɟɪɢɱɟɫɤɨɣ, ɩɨɹɜɥɹɸɬɫɹ ɩɨɪɵ ɢ ɜɵɫɬɭɩɵ, ɩɪɨɢɫɯɨɞɢɬ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɢ ɢɫɩɚɪɟɧɢɹ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ. 

 

 
ɚ 

 
ɛ 

 
ɜ 
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Ɋɢɫ. 2.4. Ɍɢɩɢɱɧɵɟ ɜɢɞɟɨɤɚɞɪɵ ɩɪɨɰɟɫɫɨɜ ɞɪɨɛɥɟɧɢɹ ɤɚɩɥɢ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 
(Tg≈850 Ʉ; Rd0≈0.9 ɦɦ; ɨɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ ≈ 10 %). ɋɥɭɱɚɣ (ɚ): ɦɚɫɫɨɜɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ≈20 %. ɋɥɭɱɚɣ (ɛ): ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ 
ɱɚɫɬɢɰ≈30 %. ɋɥɭɱɚɣ (ɜ): ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ≈40 %. ɋɥɭɱɚɣ (ɝ): 

ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ≈60 %. 
 

ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɭɫɥɨɜɢɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɥɢ ɈȼɍɌ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2.5. Ɇɨɞɟɥɶ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 
ɬɨɦ, ɱɬɨ ɫɮɟɪɢɱɟɫɤɚɹ ɤɚɩɥɹ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɹɞɪɨ ɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɨ ɰɟɧɬɪɭ, ɚ 
ɝɨɪɸɱɢɣ ɤɨɦɩɨɧɟɧɬ – ɨɛɨɥɨɱɤɭ. Ɍɚɤɢɟ ɭɫɥɨɜɢɹ ɬɢɩɢɱɧɵ ɬɨɩɨɱɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɚɦ ɩɪɢ 
ɪɚɡɞɟɥɶɧɨɦ ɜɩɪɵɫɤɟ ɝɨɪɸɱɟɝɨ ɢ ɧɟɝɨɪɸɱɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɪɟɚɥɢɡɭɸɬɫɹ ɩɪɢ 
ɢɧɬɟɧɫɢɜɧɨɦ ɧɚɝɪɟɜɟ ɤɚɩɟɥɶ ɷɦɭɥɶɫɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɱɚɫɬɢɰɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɬ.ɟ. 
ɦɢɤɪɨɤɚɩɟɥɶɤɢ ɜɨɞɵ ɚɝɥɨɦɟɪɢɪɭɸɬ, ɢ ɮɨɪɦɢɪɭɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɜɨɞɹɧɵɟ ɹɞɪɚ. 
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Ɋɢɫ. 2.5. ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɢɡɭɱɟɧɢɸ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɥɢ ɈȼɍɌ, ɝɞɟ Rw 

ɢ Rd – ɪɚɞɢɭɫ ɤɚɩɥɢ ɜɨɞɵ ɢ ɬɨɩɥɢɜɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Tw ɢ Td – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɝɪɚɧɢɰɟ 
ɪɚɡɞɟɥɚ ɜɨɞɚ/ɬɨɩɥɢɜɨ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɤɚɩɥɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

ɇɚ ɪɢɫ. 2.6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɭɝɥɹ ɩɪɢ ɞɜɭɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ 
(Tg≈850 Ʉ ɢ Tg≈1100 Ʉ). ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ 
ɭɝɥɹ ɪɚɫɬɟɬ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɬɟɨɪɢɢ, ɢ ɩɪɢ ɷɬɨɦ ɜɪɟɦɟɧɚ 
ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɢɠɟ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɱɢɫɥɟɧɧɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɚɤɬɢɜɚɰɢɟɣ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ. ɑɟɦ ɛɨɥɶɲɟ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ, ɬɟɦ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ 
ɡɚɪɨɠɞɟɧɢɸ ɩɚɪɨɜɨɣ ɮɚɡɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 
ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ. Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤ ɷɤɫɩɟɪɢɦɟɧɬɭ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɡɚɪɨɠɞɟɧɢɹ ɩɚɪɨɜɨɣ ɮɚɡɵ ɧɟ 
ɬɨɥɶɤɨ ɧɚ ɧɟɪɨɜɧɨɫɬɹɯ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɜɨɞɚ/ɬɨɩɥɢɜɨ, ɧɨ ɢ ɧɚ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɱɤɚɯ. 
Ɉɞɧɚɤɨ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɬɚɤɢɟ ɦɨɞɟɥɢ ɫɥɨɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɜ ɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ 
ɞɨɫɬɨɜɟɪɧɨɣ ɬɟɨɪɢɢ ɢɧɬɟɧɫɢɜɧɵɯ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɤɢɩɟɧɢɢ ɧɚ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɰɟɧɬɪɚɯ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. Ɇɟɧɟɟ ɞɨɫɬɨɜɟɪɧɵɦ, ɧɨ ɧɚɞɟɠɧɵɦ 
ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɱɢɬɵɜɚɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɠɢɞɤɢɯ ɢ ɬɜɟɪɞɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 
ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɢ ɬɟɨɪɢɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ ɦɟɧɟɟ 30 %. 

 
Ɋɢɫ. 2.6. Ɂɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɭɝɥɹ ɩɪɢ ɞɜɭɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ ɫɪɟɞɵ (Tg≈850 Ʉ ɢ 
Tg≈1100 Ʉ). ɉɚɪɚɦɟɬɪɵ: Pamb=101325 ɉɚ; Rd0=0.9 ɦɦ; ɨɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ = 10 
%; ɨɛɴёɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɨɩɥɢɜɚ (ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ) ɫ ɬɜɟɪɞɵɦɢ ɱɚɫɬɢɰɚɦɢ (Yp=0-60 %) 

= 90 %. 
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Мɨɞɟɥɢɪɨɜɚɧɢɟ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɣ ɮɪɚɝɦɟɧɬɚɰɢɢ ɞɜɭɯɠɢɞɤɨɫɬɧɵɯ ɤɚɩɟɥɶ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ ɤɪɢɬɟɪɢɟɜ ɢɯ ɪɚɫɩɚɞɚ 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɣ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɞɜɭɯɠɢɞɤɨɫɬɧɵɯ ɤɚɩɟɥɶ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɧɚɝɪɟɜɟ ɜ ɝɚɡɨɜɨɣ ɫɪɟɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ 
ɩɨɫɬɚɧɨɜɨɤ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɤɪɢɬɟɪɢɹɦɢ ɪɚɫɩɚɞɚ: ɩɨ ɩɟɪɟɝɪɟɜɭ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
ɜɨɞɚ/ɬɨɩɥɢɜɨ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɜɡɪɵɜɧɨɝɨ ɤɢɩɟɧɢɹ, ɩɨ ɤɪɢɬɢɱɟɫɤɨɦɭ ɪɚɡɦɟɪɭ 
(ɪɚɞɢɭɫɭ) ɩɭɡɵɪɹ ɩɟɪɟɞ ɪɚɫɩɚɞɨɦ, ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɜɨɣ ɩɥɟɧɤɟ. 
ɍɫɬɚɧɨɜɥɟɧɵ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ ɤɚɤ ɮɭɧɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɟɲɧɟɣ 
ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɚɩɥɢ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ. ȼɵɩɨɥɧɟɧɨ 
ɫɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ ɫ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɦɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ. ȼɵɞɟɥɟɧɵ ɝɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɪɟɯ ɩɨɞɯɨɞɨɜ 
ɤ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɣ ɮɪɚɝɦɟɧɬɚɰɢɢ. 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɤɪɢɬɟɪɢɹɦɢ ɪɚɫɩɚɞɚ (ɩɨ 
ɩɟɪɟɝɪɟɜɭ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɵ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɜɡɪɵɜɧɨɝɨ ɤɢɩɟɧɢɹ, ɩɨ 
ɤɪɢɬɢɱɟɫɤɨɦɭ ɪɚɡɦɟɪɭ (ɪɚɞɢɭɫɭ) ɩɭɡɵɪɹ ɩɟɪɟɞ ɪɚɫɩɚɞɨɦ, ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ 
ɩɚɪɨɜɨɣ ɩɥɟɧɤɟ) ɭɫɬɚɧɨɜɥɟɧɵ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ ɤɚɤ 
ɮɭɧɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɟɲɧɟɣ ɝɚɡɨɜɨɣ ɫɪɟɞɵ (ɪɢɫ. 2.7), ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɚɩɥɢ 
(ɪɢɫ. 2.7ɛ), ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɪɢɫ. 2.7ɜ). Ʉɥɸɱɟɜɵɟ ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɜ ɲɢɪɨɤɢɯ ɞɢɚɩɚɡɨɧɚɯ: Ta=500–1000 Ʉ, Rd0=0.05-1 ɦɦ, ηw=5-95 %. ɗɬɢ 
ɞɢɚɩɚɡɨɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜɬɨɪɢɱɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɬɨɩɥɢɜ ɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɢ ɞɢɡɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɹɯ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ (ɪɢɫ. 2.7) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɨɬɥɢɱɢɹ τd ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɤɚɩɟɥɶ ɞɨɫɬɚɬɨɱɧɨ 
ɭɦɟɪɟɧɧɨ ɜɥɢɹɸɬ: ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɢ ɧɚɱɚɥɶɧɵɟ ɪɚɡɦɟɪɵ (ɪɚɞɢɭɫɵ) ɤɚɩɟɥɶ. 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɨɬɥɢɱɢɹ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɩɨ ɬɪɟɦ ɤɪɢɬɟɪɢɹɦ ɧɟ ɩɪɟɜɵɲɚɸɬ 8 %. 
ɋɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ ɨɤɚɡɵɜɚɟɬ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ (ɜɨɞɵ). ɏɨɪɨɲɨ ɜɢɞɧɨ (ɪɢɫ. 2.7c), ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɪɢɬɟɪɢɟɜ ɪɚɫɩɚɞɚ ɩɨ ɩɟɪɟɝɪɟɜɭ ɜɨɞɵ ɧɚ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɱɚɥɚ ɜɡɪɵɜɧɨɝɨ ɤɢɩɟɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 
(ɜɨɞɵ) ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɧɟɥɢɧɟɣɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɟɜɵɲɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɜɨɣ ɩɥɟɧɤɟ ɫɧɢɠɚɸɬɫɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɬɟɦ, ɱɬɨ ɜ 
ɫɥɭɱɚɟ ɤɪɢɬɟɪɢɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɱɚɥɚ ɜɡɪɵɜɧɨɝɨ ɤɢɩɟɧɢɹ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ 
ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɨɤɚɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɨɩɥɢɜɧɨɣ 
ɤɨɦɩɨɡɢɰɢɢ (ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɫɧɢɠɚɸɬɫɹ), ɚ ɜ ɫɥɭɱɚɟ ɤɪɢɬɟɪɢɹ ɩɨ ɩɪɟɜɵɲɟɧɢɸ 
ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ – ɭɜɟɥɢɱɟɧɢɟ ɫɢɥɵ, ɜɵɡɜɚɧɧɨɣ ɞɚɜɥɟɧɢɟɦ ɩɚɪɨɜ ɜɨɞɵ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɪɨɫɬɨɦ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɹɧɨɝɨ ɹɞɪɚ (ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ). 

   
 

ɚ     ɛ     ɜ 

Ɋɢɫ. 2.7. ȼɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ ɜɨɞɚ/ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ ɤɚɤ 
ɮɭɧɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɟɲɧɟɣ ɝɚɡɨɜɨɣ ɫɪɟɞɵ (ɚ), ɧɚɱɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ (ɛ) ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɜɨɞɵ) (ɜ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ 
ɤɪɢɬɟɪɢɟɜ ɮɪɚɝɦɟɧɬɚɰɢɢ: 1 – ɩɨ ɩɟɪɟɝɪɟɜɭ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɵ; 2 – ɩɨ 
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ɞɨɫɬɢɠɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ (ɪɚɞɢɭɫɚ) ɩɭɡɵɪɹ; 3 – ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ 
ɩɚɪɨɜɨɣ ɩɥɟɧɤɟ; 4 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ. 
 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɨɪɸɱɟɣ ɠɢɞɤɨɫɬɢ ɢɦɟɸɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧɵɣ ɜɢɞ, ɤɨɬɨɪɵɣ ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɥɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɪɚɡɪɭɲɟɧɢɹ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɤɚɩɟɥɶ ɩɪɢ ɧɚɝɪɟɜɟ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ (ɪɢɫ. 2.7) 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɜɵɛɪɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɪɚɫɩɚɞɚ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ 
ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɪɚɫɩɚɞɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ (ɜɨɞɵ). Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɢɹ 
ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɭɱɟɬ 
ɜɫɟɯ ɬɪɟɯ ɤɪɢɬɟɪɢɟɜ (ɩɨ ɩɟɪɟɝɪɟɜɭ ɦɟɠɤɨɦɩɨɧɟɧɬɧɨɣ ɝɪɚɧɢɰɵ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ 
(ɢɥɢ ɧɭɤɥɟɚɰɢɢ), ɩɨ ɩɪɟɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɨɜɨɣ ɩɥɟɧɤɟ) ɩɪɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ 
ɜɪɟɦɟɧ ɡɚɞɟɪɠɟɤ ɪɚɫɩɚɞɚ. ɇɟɨɛɯɨɞɢɦɵɦ ɢ ɞɨɫɬɚɬɨɱɧɵɦ ɭɫɥɨɜɢɟɦ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ 
ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɢɠɟɧɢɟ ɭɫɥɨɜɢɣ ɨɞɧɨɝɨ ɢɡ ɬɪɟɯ ɤɪɢɬɟɪɢɟɜ ɪɚɫɩɚɞɚ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɤɪɢɬɟɪɢɣ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɱɚɥɚ ɜɡɪɵɜɧɨɝɨ ɤɢɩɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ 
ɜɨɞɚ/ɬɨɩɥɢɜɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɞɚɧɧɵɦ ɩɪɢ ɭɱɟɬɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɬɨɩɥɢɜɧɨɣ ɨɛɨɥɨɱɤɢ ɜɨɤɪɭɝ ɜɨɞɹɧɨɝɨ ɹɞɪɚ. 
 

Фɪɚɝɦɟɧɬɚɰɢɹ ɤɚɩɟɥɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɯ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ 

Ʉɥɸɱɟɜɚɹ ɩɪɨɛɥɟɦɚ, ɫɞɟɪɠɢɜɚɸɳɚɹ ɚɤɬɢɜɧɨɟ ɢ ɲɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɜ ɷɧɟɪɝɟɬɢɤɟ, ɫɨɫɬɨɢɬ ɜ ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɟɞɢɦɟɧɬɚɰɢɢ ɬɜɟɪɞɵɯ 
ɱɚɫɬɢɰ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɯɪɚɧɟɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɨɫɬɚɜ ɬɨɩɥɢɜɧɵɯ 
ɫɭɫɩɟɧɡɢɣ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɟɬɫɹ ɩɪɢ ɜɵɤɚɱɢɜɚɧɢɢ ɨɱɟɪɟɞɧɨɝɨ ɫɥɨɹ 
ɢɡ ɟɦɤɨɫɬɟɣ. Ɉɞɢɧ ɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɫɨɫɬɨɢɬ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɥɤɢɯ ɬɨɩɥɢɜɧɵɯ ɮɪɚɝɦɟɧɬɨɜ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ 
ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ. ɋ ɢɯ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɤɚɩɥɢ ɪɚɡɦɟɪɚɦɢ ɧɢɠɟ 10 
ɦɤɦ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜɬɨɪɢɱɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɦɢɤɪɨ-

ɜɡɪɵɜɧɨɦ ɪɚɫɩɚɞɟ ɤɚɩɟɥɶ ɡɚ ɫɱɟɬ ɩɟɪɟɝɪɟɜɚ ɜɨɞɵ ɜ ɫɨɫɬɚɜɟ ɬɨɩɥɢɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɭɤɥɟɚɰɢɢ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɨɫɧɨɜɧɵɯ 
ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɤ ɫɭɫɩɟɧɡɢɨɧɧɵɦ ɬɨɩɥɢɜɚɦ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɤɚɩɟɥɶ: ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɧɚɝɪɟɜɚ ɞɨ ɭɫɥɨɜɢɣ ɪɚɫɩɚɞɚ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ, ɪɟɠɢɦ, 
ɤɨɥɢɱɟɫɬɜɨ, ɪɚɡɦɟɪɵ, ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ: ɫɨɟɜɵɣ ɥɟɰɢɬɢɧ ɢ ɥɢɝɧɨɫɭɥɶɮɨɧɚɬ ɧɚɬɪɢɹ. Ɉɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ: ɜɨɞɚ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ, ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ, ɄȿɄ ɢ ɭɝɨɥɶ ɦɚɪɤɢ Ʉ, 
ɫɨɟɜɵɣ ɥɟɰɢɬɢɧ ɢ ɥɢɝɧɨɫɭɥɶɮɨɧɚɬ ɧɚɬɪɢɹ. ɇɚɝɪɟɜ ɞɨ ɭɫɥɨɜɢɣ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɪɨɜɨɞɢɥɫɹ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɟɲɧɟɣ ɝɚɡɨɜɨɣ ɫɪɟɞɵ 450–1050 Ʉ. ɉɨɥɭɱɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ.  

ɇɚ ɪɢɫ. 2.8 ɩɪɟɞɫɬɚɜɥɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɢɫɩɨɥɶɡɭɟɦɵɯ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ɉɪɢ 
ɜɚɪɶɢɪɨɜɚɧɢɢ ɞɨɛɚɜɨɤ ɞɚɠɟ ɜ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 1% ɦɚɫɫ. ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ 
ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɫɭɫɩɟɧɡɢɣ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɜɹɡɤɨɫɬɢ, ɫɭɫɩɟɧɡɢɹ 
ɛɨɥɶɲɟ ɩɨɯɨɠɚ ɧɚ ɩɚɫɬɭ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ ɬɟɤɭɱɟɫɬɶɸ ɢ ɜɵɫɨɤɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɶɸ. Ɍɚɤɠɟ ɦɨɝɭɬ ɩɨɹɜɥɹɬɶɫɹ ɩɥɟɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ. 

 
Ɋɢɫ. 2.8. ȼɧɟɲɧɢɣ ɜɢɞ ɢɫɩɨɥɶɡɭɟɦɵɯ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. 
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ɇɚ ɪɢɫ. 2.9 ɩɨɤɚɡɚɧɵ ɤɚɞɪɵ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢɫɩɚɪɟɧɢɹ, ɜɵɫɵɯɚɧɢɹ ɢ 
ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ C50W49D1 (Rd0=0.934 ɦɦ) ɩɪɢ Ta≈450 Ʉ. 

 
Ɋɢɫ. 2.9. Ʉɚɞɪɵ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢɫɩɚɪɟɧɢɹ, ɜɵɫɵɯɚɧɢɹ ɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ 
C50W49D1 (Rd0=0.934 ɦɦ) ɩɪɢ Ta≈450 Ʉ. 
 

ɇɚ ɪɢɫ. 2.10 ɩɪɢɜɟɞɟɧɵ ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɢɫɩɚɪɟɧɢɹ ɢ 
ɜɵɫɵɯɚɧɢɹ ɞɨ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ C50А49D1. 

  
ɚ       ɛ 

Ɋɢɫ. 2.10. ȼɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɩɚɪɟɧɢɹ ɢ ɜɵɫɵɯɚɧɢɹ ɞɨ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ 
C50W49D1: ɚ – ɩɪɢ Ta≈450 K (1 – Rd0=1.0529 ɦɦ; 2 – Rd0=1.3952 ɦɦ; 3 – Rd0=1.0696 ɦɦ; 4 – 

Rd0=0.9492 ɦɦ; 5 – Rd0=1.0195 ɦɦ; 6 – Rd0=1.1064 ɦɦ; 7 – Rd0=0.9527 ɦɦ; 8 – Rd0=0.9996 

ɦɦ); ɛ – ɩɪɢ Ta≈950 K (1 – Rd0=1.3436 ɦɦ; 2 – Rd0=1.2290 ɦɦ; 3 – Rd0=0.9339 ɦɦ). 
 

Иɞɟɧɬɢɮɢɤɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɭɫɩɟɧɡɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɪɚɫɩɵɥɟɧɧɨɦ ɩɨɬɨɤɟ 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɦɤɚɯ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ ɹɜɥɹɥɢɫɶ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɜɵɞɟɥɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɬɜɟɪɞɵɯ (ɮɢɥɶɬɪ-ɤɟɤ, ɨɩɢɥɤɢ) ɢ ɠɢɞɤɢɯ (ɜɨɞɚ, 
ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ) ɮɚɡ ɜ ɚɷɪɨɡɨɥɶɧɨɦ ɩɨɬɨɤɟ ȼɍɌ ɢ ɈȼɍɌ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ. Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɚɞɚɩɬɚɰɢɹ ɛɟɫɤɨɧɬɚɤɬɧɵɯ ɩɚɧɨɪɚɦɧɵɯ 
ɨɩɬɢɱɟɫɤɢɯ ɬɟɯɧɢɤ (ɩɥɨɫɤɨɫɬɧɚɹ ɥɚɡɟɪɧɚɹ ɢɧɞɭɰɢɪɨɜɚɧɧɚɹ ɮɥɭɨɪɟɫɰɟɧɰɢɹ – LIF, 

ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ – IPI, ɬɟɧɟɜɚɹ ɦɚɤɪɨɫɴɟɦɤɚ – SP) ɞɥɹ ɰɟɥɟɣ ɜɵɞɟɥɟɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɬɜɟɪɞɵɯ (ɮɢɥɶɬɪ-ɤɟɤ, ɨɩɢɥɤɢ) ɢ ɠɢɞɤɢɯ (ɜɨɞɚ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ) ɮɚɡ ɜ 
ɚɷɪɨɡɨɥɶɧɨɦ ɩɨɬɨɤɟ ȼɍɌ ɢ ɈȼɍɌ; ɨɩɪɟɞɟɥɟɧɢɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ 
ɦɟɬɨɞɢɤ (LIF, IPI, SP) ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɤɚɩɟɥɶ ɜ ɚɷɪɨɡɨɥɶɧɨɦ ɩɨɬɨɤɟ ȼɍɌ ɢ ɈȼɍɌ; 
ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɞɧɨɪɨɞɧɨɫɬɢ/ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɚɷɪɨɡɨɥɶɧɨɝɨ ɩɨɬɨɤɚ ȼɍɌ ɢ 
ɈȼɍɌ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɜɥɢɹɸɳɢɯ ɮɚɤɬɨɪɨɜ; ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜ, 
ɧɟɞɨɫɬɚɬɤɨɜ, ɨɝɪɚɧɢɱɟɧɢɣ ɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɛɟɫɤɨɧɬɚɤɬɧɵɯ ɩɚɧɨɪɚɦɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɬɟɯɧɢɤ 
(LIF, IPI, SP) ɩɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɰɟɥɹɯ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɮɚɡ 
ɜ ɚɷɪɨɡɨɥɶɧɨɦ ɬɨɩɥɢɜɧɨɦ ɩɨɬɨɤɟ. 
Ʉɨɦɩɨɧɟɧɬɵ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɭɫɩɟɧɡɢɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɮɢɥɶɬɪ-ɤɟɤ ɞɥɢɧɧɨɩɥɚɦɟɧɧɨɝɨ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ. Ɍɜɟɪɞɵɣ ɤɨɦɩɨɧɟɧɬ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɥɶɱɚɥɫɹ ɜ ɛɵɫɬɪɨɯɨɞɧɨɣ ɪɨɬɨɪɧɨɣ ɦɟɥɶɧɢɰɟ “Pulverisette 14” ɢ ɡɚɬɟɦ 
ɩɪɨɫɟɢɜɚɥɫɹ. Ɋɚɡɦɟɪɵ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɤɟɤɚ ɧɟ ɩɪɟɜɵɲɚɥɢ dp≈80 ɦɤɦ. ȼ ɤɚɱɟɫɬɜɟ 
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ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ (ɫɨɫɧɚ, ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ 
120–140 ɦɤɦ), ɚ ɬɚɤɠɟ ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ.  
Ʌɚɡɟɪɧɚɹ ɢɧɞɭɰɢɪɨɜɚɧɧɚɹ ɮɥɭɨɪɟɫɰɟɧɰɢɹ 

Ɇɟɬɨɞ ɥɚɡɟɪɧɨɣ ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ [1–3] (LIF) ɨɫɧɨɜɚɧ ɧɚ ɪɟɝɢɫɬɪɚɰɢɢ 
ɟɫɬɟɫɬɜɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɦɨɥɟɤɭɥ ɮɥɭɨɪɨɮɨɪɚ (ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɪɚɫɢɬɟɥɹ), 
ɜɨɡɛɭɠɞɚɟɦɨɣ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɜɢɞɟɨɤɚɦɟɪɚɦɢ ɫ ɧɚɛɨɪɨɦ 
ɨɩɬɢɱɟɫɤɢɯ ɫɜɟɬɨɮɢɥɶɬɪɨɜ. Ⱦɚɧɧɚɹ ɝɪɭɩɩɚ ɦɟɬɨɞɨɜ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɚɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɚɤ ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ Д1Ж, ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ Д2Ж ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ Д3Ж. Ʉɚɤ 
ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɨɫɬɚɜɵ ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɤɪɚɫɢɬɟɥɟɣ [1–3]: Rhodamine 

B, RСШНКЦТЧО 6G, SЮХПШЫСШНКЦТЧО B. ȼɵɛɨɪ ɮɥɨɭɪɨɮɨɪɚ ɨɛɭɫɥɨɜɥɟɧ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɥɢɧɨɣ ɜɨɥɧɵ ɢɫɬɨɱɧɢɤɚ ɥɚɡɟɪɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ), ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɜɧɟɲɧɢɦɢ ɮɚɤɬɨɪɚɦɢ (ɬɟɦɩɟɪɚɬɭɪɚ, ɨɫɜɟɳɟɧɧɨɫɬɶ, 
ɫɜɨɣɫɬɜɚ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ). Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ LIF ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɥɫɹ ɮɥɭɨɪɨɮɨɪ RСШНКЦТЧО B. ɉɨɫɥɟɞɧɢɣ ɜɜɨɞɢɥɫɹ ɜ ɟɦɤɨɫɬɶ ɫ 
ɜɨɞɨɣ. Ɂɚɬɟɦ ɢɡ ɞɚɧɧɨɣ ɟɦɤɨɫɬɢ ɜɵɩɨɥɧɹɥɫɹ ɡɚɛɨɪ ɜɨɞɵ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭɫɩɟɧɡɢɣ ɢ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ ɤɚɩɥɹɦɢ (ɦɟɬɨɞɨɥɨɝɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ) 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɬɟɧɞɚ (ɪɢɫ. 2.11) ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ 
ɦɟɬɨɞɨɦ LIF ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ: ɢɦɩɭɥɶɫɧɵɣ ɥɚɡɟɪ “Quantel EverGreen 200”, CCD 

ɜɢɞɟɨɤɚɦɟɪɚ “Imperx IGV B2020M” (ɪɚɡɪɟɲɟɧɢɟ ɤɚɞɪɚ – 2048×2048 pixels, ɬɢɩ 
ɢɡɨɛɪɚɠɟɧɢɹ – ɦɨɧɨɯɪɨɦɧɨɟ, ɪɚɡɪɹɞɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ – 16 bit, ɱɚɫɬɨɬɚ ɫɴɟɦɤɢ – 4 fps), 

ɨɛɴɟɤɬɢɜ “Nikon 200 mm f/4 AF-D Macro”, ɨɩɬɢɱɟɫɤɢɣ ɫɜɟɬɨɮɢɥɶɬɪ ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 
ɢɡɛɵɬɨɱɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
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Ɋɢɫ. 2.11. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ. 
 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɭɫɬɚɧɨɜɢɬɶ ɝɪɭɩɩɭ ɨɩɪɟɞɟɥɹɸɳɢɯ 
ɮɚɤɬɨɪɨɜ: ɜɥɢɹɧɢɟ ɪɚɡɦɟɪɚ ɤɚɩɥɢ ɜɨɞɵ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ; ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɜ ɤɚɩɥɟ ɤɟɤɚ ɢ ɞɪɟɜɟɫɧɵɯ ɨɩɢɥɨɤ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ; ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 
ɤɚɩɟɥɶ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ. 

Ʉɚɠɞɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɜɤɥɸɱɚɥ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ: 

– ɤɚɩɥɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɫɨɫɬɚɜɚ (ɨɛɴɟɦɨɦ ɨɬ 2.5 ɦɥ ɞɨ 25 ɦɥ) ɮɨɪɦɢɪɨɜɚɥɚɫɶ ɷɥɟɤɬɪɨɧɧɵɦ 
ɨɞɧɨɤɚɧɚɥɶɧɵɦ ɞɨɡɚɬɨɪɨɦ “Finpipete Novus” ɢ ɡɚɤɪɟɩɥɹɥɚɫɶ ɧɚ ɫɬɚɥɶɧɨɦ ɞɟɪɠɚɬɟɥɟ (ɜ 
ɜɢɞɟ ɬɨɧɤɨɣ ɩɨɥɨɣ ɬɪɭɛɤɢ ɫ ɜɧɭɬɪɟɧɧɢɦ ɢ ɜɧɟɲɧɢɦ ɞɢɚɦɟɬɪɚɦɢ 0.3 ɦɦ ɢ 0.5 ɦɦ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) (ɪɢɫ. 2.11); 

– ɦɟɠɞɭ  ɤɚɩɥɟɣ ɢ ɜɢɞɟɨɤɚɦɟɪɨɣ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɫɜɟɬɨɮɢɥɶɬɪ (ɪɢɫ. 2.11), ɩɪɨɩɭɫɤɚɸɳɢɣ 
ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɫɜɵɲɟ 580 ɧɦ (ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɨɩɚɞɚɧɢɹ ɧɚ ɦɚɬɪɢɰɭ CCD 

ɜɢɞɟɨɤɚɦɟɪɵ ɨɬɪɚɠɟɧɧɨɝɨ ɨɬ ɤɚɩɥɢ ɡɟɥɟɧɨɝɨ ɫɜɟɬɚ ɥɚɡɟɪɚ); 
– ɫ ɱɚɫɬɨɬɨɣ 4 fps ɡɚɩɭɫɤɚɥɚɫɶ ɪɟɝɢɫɬɪɚɰɢɹ ɤɚɞɪɨɜ ɤɚɩɥɢ ɧɚ CCD ɜɢɞɟɨɤɚɦɟɪɭ, ɤɚɩɥɹ 
ɪɚɫɫɟɤɚɥɚɫɶ ɩɨ ɨɫɢ ɫɢɦɦɟɬɪɢɢ (ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ) ɩɥɨɫɤɢɦ ɧɨɠɨɦ Nd:YAG 

ɥɚɡɟɪɚ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ ɜɢɞɟɨɤɚɦɟɪɵ ɢ ɥɚɡɟɪɚ, 
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ɫɨɯɪɚɧɟɧɢɹ ɜɢɞɟɨɤɚɞɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ “Actual Flow”. Ⱦɥɹ 
ɤɚɠɞɨɣ ɤɚɩɥɢ ɜɵɩɨɥɧɹɥɚɫɶ ɫɟɪɢɹ ɢɡ 30–50 ɤɚɞɪɨɜ, ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɧɟ ɦɟɧɟɟ ɬɪɟɯ 
ɫɟɪɢɣ; 
– ɜɢɞɟɨɤɚɞɪɵ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ “DaVis”. 

Ɉɛɪɚɛɨɬɤɚ ɜɢɞɟɨɤɚɞɪɨɜ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɭɱɟɬɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɨɜ 
(ɪɢɫ. 2.12): 

– ɩɨɥɭɱɟɧɧɵɟ ɪɚɧɟɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɤɚɠɞɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɫɟɪɢɢ ɡɚɝɪɭɠɚɥɢɫɶ ɜ ɉɈ 
“DaVis”; 

– ɩɪɨɜɨɞɢɥɨɫɶ ɭɫɪɟɞɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɟɪɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɨɰɟɞɭɪɵ “Statistics”. Ⱦɥɹ ɤɚɠɞɨɣ ɫɟɪɢɢ ɩɨɥɭɱɚɥɨɫɶ ɨɞɧɨ ɭɫɪɟɞɧɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɩɢɤɫɟɥɹ ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɤɚɤ ɫɪɟɞɧɟɟ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɚɧɚɥɨɝɢɱɧɵɯ ɩɢɤɫɟɥɟɣ ɧɚ ɤɚɠɞɨɦ ɤɚɞɪɟ ɢɡ 
ɫɟɪɢɢ ɢɡɨɛɪɚɠɟɧɢɣ; 
– ɜɵɩɨɥɧɹɥɚɫɶ ɧɟɣɬɪɚɥɢɡɚɰɢɹ ɲɭɦɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ (ɫɝɥɚɠɢɜɚɧɢɟ ɢɫɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɞɭɪɵ “Smoothing Filter” (ɩɨ ɨɛɥɚɫɬɢ 3×3 pixels); 

– ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɨɰɟɞɭɪɚ ɦɚɫɤɢɪɨɜɚɧɢɹ ɮɨɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɞɭɪɵ “Algoritmic 

Mask”. ȼ ɩɪɨɰɟɫɫɟ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɜɫɟɦ ɩɢɤɫɟɥɹɦ, ɢɦɟɸɳɢɦ ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɧɢɠɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɨɧɚ, ɩɪɢɫɜɚɢɜɚɥɨɫɶ ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɨɫɬɚɥɶɧɵɯ 
ɩɢɤɫɟɥɟɣ ɨɫɬɚɜɚɥɚɫɶ ɛɟɡ ɢɡɦɟɧɟɧɢɣ; 
– ɜɵɱɢɫɥɹɥɚɫɶ ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɤɚɩɥɢ. ɇɚɯɨɞɢɥɨɫɶ ɫɪɟɞɧɟɟ 
ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɫɟɯ ɩɢɤɫɟɥɟɣ (ɢɦɟɸɳɢɯ ɡɧɚɱɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɵɲɟ ɧɭɥɹ) ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

 
Ɋɢɫ. 2.12. ɂɥɥɸɫɬɪɚɰɢɹ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɤɚɞɪɨɜ ɫ ɤɚɩɥɹɦɢ ɜ ɉɈ “DaVis” (I – ɢɫɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ; II – ɩɪɨɰɟɞɭɪɚ “Statistics”; III – ɩɪɨɰɟɞɭɪɚ “Smoothing Filter”; IV – ɩɪɨɰɟɞɭɪɚ 
“Algoritmic Mask”). 

 

ȼɵɲɟɨɩɢɫɚɧɧɵɟ ɩɪɨɰɟɞɭɪɵ ɩɨɡɜɨɥɢɥɢ ɜɵɩɨɥɧɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ ɜ ɫɭɫɩɟɧɡɢɢ ɜ ɞɢɚɩɚɡɨɧɟ 5–50 wt% ɫ ɰɟɥɶɸ ɚɧɚɥɢɡɚ ɚɛɫɨɪɛɢɪɨɜɚɧɢɹ 
ɤɟɤɨɦ ɮɥɭɨɪɨɮɨɪɚ Rhodamine B. ɇɚ ɪɢɫ. 2.13 ɩɪɢɜɟɞɟɧɵ ɜɢɞɟɨɝɪɚɦɦɵ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ 
ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɟɤɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ (ɪɢɫ. 2.13), ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ ɜ ɫɭɫɩɟɧɡɢɢ ɫɜɵɲɟ 27–
30 ɦɚɫɫ. % ɞɟɥɚɟɬ ɤɚɩɥɸ ɚɛɫɨɥɸɬɧɨ ɧɟɩɪɨɡɪɚɱɧɨɣ ɞɥɹ ɥɚɡɟɪɧɨɝɨ ɧɨɠɚ, ɬɟɦ ɫɚɦɵɦ 

ɫɩɨɫɨɛɫɬɜɭɹ ɫɧɢɠɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ (ɮɥɭɨɪɟɫɰɟɧɰɢɢ) ɤɚɩɥɢ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ 
ɧɭɥɹ. ɇɚ ɪɢɫ. 2.14 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ ɨɬ 
ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ ɜ ɩɨɫɥɟɞɧɟɣ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ (ɪɢɫ. 2.14) ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ ɜ ɨɬɞɟɥɶɧɵɯ ɤɚɩɥɹɯ ȼɍɌ ɜ 
ɚɷɪɨɡɨɥɶɧɨɦ ɩɨɬɨɤɟ. 

ɇɚ ɪɢɫ. 2.15 ɩɪɢɜɟɞɟɧɵ ɜɢɞɟɨɝɪɚɦɦɵ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ (ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ 
12.5 ɦɚɫɫ. %) ɜ ɧɚɱɚɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɫɩɭɫɬɹ 45 ɫ ɩɨɫɥɟ ɟɝɨ ɧɚɱɚɥɚ. 
Ɋɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ (ɪɢɫ. 2.15) ɧɟɩɪɟɪɵɜɧɨɟ ɨɫɟɞɚɧɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ ɤɚɩɥɟ. ɉɪɢ ɷɬɨɦ ɜ 
ɧɚɱɚɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɪɟɞɧɹɹ ɫɜɟɬɢɦɨɫɬɶ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 2000 ɟɞ., ɚ 
ɩɨɫɥɟ ɨɫɟɞɚɧɢɹ ɱɚɫɬɢɰ ɤɟɤɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɚɩɥɢ – ɨɤɨɥɨ 9000 ɟɞ., ɱɬɨ ɨɱɟɧɶ ɛɥɢɡɤɨ ɤ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɤɚɩɥɢ ɱɢɫɬɨɣ ɜɨɞɵ ɛɟɡ ɩɪɢɦɟɫɢ ɤɟɤɚ. Ɉɞɧɚɤɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
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ɜ ɫɥɭɱɚɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɚɷɪɨɡɨɥɶɧɨɝɨ ɩɨɬɨɤɚ ɞɚɧɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ, ɨɱɟɜɢɞɧɨ, ɧɟ ɫɩɨɫɨɛɧɚ 
ɩɨɜɥɢɹɬɶ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɜɫɥɟɞɫɬɜɢɟ ɦɚɥɵɯ (ɤɚɤ ɩɪɚɜɢɥɨ, ɦɟɧɟɟ 
300 ɦɦ) ɪɚɡɦɟɪɨɜ ɢ ɜɵɫɨɤɢɯ (ɛɨɥɟɟ 5 ɦ/ɫ) ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ [4]. 

 
Ɋɢɫ. 2.13. ȼɢɞɟɨɝɪɚɦɦɵ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (5–
27.8 ɦɚɫɫ. %) ɤɟɤɚ. 
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Ɋɢɫ. 2.14. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ ɨɬ ɦɚɫɫɨɜɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ. 

 
Ɋɢɫ. 2.15. ȼɢɞɟɨɝɪɚɦɦɵ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ (ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ 12.5 ɦɚɫɫ. %) ɜ ɧɚɱɚɥɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚ (ɫɥɟɜɚ), ɚ ɬɚɤɠɟ ɫɩɭɫɬɹ ɨɤɨɥɨ 45 ɫ ɩɨɫɥɟ ɟɝɨ ɧɚɱɚɥɚ (ɫɩɪɚɜɚ). 
 

Ɍɚɤɠɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɢɦɨɫɬɢ ɤɚɩɟɥɶ ɫ ɬɢɩɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ 
ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɢ ɞɪɟɜɟɫɧɵɯ ɨɩɢɥɨɤ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɈȼɍɌ [4–6]. ɇɚ 
ɪɢɫ. 2.16 ɩɪɢɜɟɞɟɧɵ ɜɢɞɟɨɝɪɚɦɦɵ ɤɚɩɟɥɶ ɜɨɞɵ, ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ, ɷɦɭɥɶɫɢɢ ɜɨɞɵ ɢ 
ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ (ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %), ɚ ɬɚɤɠɟ ɫɭɫɩɟɧɡɢɢ ɜɨɞɵ ɢ ɨɩɢɥɨɤ (ɜ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %). ɉɪɢ ɷɬɨɦ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɚ ɪɚɡɧɵɯ 
ɨɩɬɢɱɟɫɤɢɯ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɩɪɨɩɭɫɤɚɸɳɢɯ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɫɜɵɲɟ 580 ɧɦ ɢ 680 ɧɦ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫ. 2.16. ȼɢɞɟɨɝɪɚɦɦɵ ɤɚɩɟɥɶ ɜɨɞɵ, ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ, ɷɦɭɥɶɫɢɢ ɜɨɞɵ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ 
(ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %), ɚ ɬɚɤɠɟ ɫɭɫɩɟɧɡɢɢ ɜɨɞɵ ɢ ɨɩɢɥɨɤ (ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. 
%), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɨɩɬɢɱɟɫɤɢɯ ɫɜɟɬɨɮɢɥɶɬɪɨɜ. 
 

ɇɚ ɪɢɫ. 2.17 ɩɪɢɜɟɞɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɫɪɟɞɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɜɨɞɵ, ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ, ɷɦɭɥɶɫɢɢ ɜɨɞɵ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ (ɜ 
ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %), ɚ ɬɚɤɠɟ ɫɭɫɩɟɧɡɢɢ ɜɨɞɵ ɢ ɨɩɢɥɨɤ (ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %). 
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Ɋɢɫ. 2.17. Ƚɢɫɬɨɝɪɚɦɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɫɪɟɞɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɜɨɞɵ, 
ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ, ɷɦɭɥɶɫɢɢ ɜɨɞɵ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ (ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %), ɚ ɬɚɤɠɟ 
ɫɭɫɩɟɧɡɢɢ ɜɨɞɵ ɢ ɨɩɢɥɨɤ (ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. %), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɢɞɟɨɝɪɚɦɦɚɦ, 
ɩɨɤɚɡɚɧɧɵɦ ɧɚ ɪɢɫ. 2.16. 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ (ɪɢɫ. 2.16, 2.17) ɨɛɨɫɧɨɜɚɧɨ, ɱɬɨ ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ 
ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɱɬɨ ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɩɵɬɨɜ [7]. 

ɉɪɢ ɷɬɨɦ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɦɢɫɫɢɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɧɢɠɟ, ɱɟɦ ɭ ɜɨɞɵ ɧɚ 26%, 
ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ ɫɜɵɲɟ 580 ɧɦ, ɚ ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ ɫɜɵɲɟ 680 ɧɦ, ɧɚɩɪɨɬɢɜ, ɧɚ 
115% ɜɵɲɟ (ɪɢɫ. 2.17). Ɍɨ ɟɫɬɶ, ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɜɨɞɟ ɮɥɭɨɪɨɮɨɪɚ Rhodamine B ɜ 
ɞɢɚɩɚɡɨɧɟ ɫɜɵɲɟ 680 ɧɦ ɤɚɩɥɢ ɜɨɞɵ ɦɨɠɧɨ ɞɨɫɬɨɜɟɪɧɨ ɨɬɥɢɱɢɬɶ ɨɬ ɤɚɩɟɥɶ ɪɚɩɫɨɜɨɝɨ 
ɦɚɫɥɚ (ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɧɚɫɬɪɨɣɤɚɯ ɪɟɝɢɫɬɪɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ). ɉɪɢ ɷɬɨɦ ɷɦɭɥɶɫɢɹ 
ɜɨɞɵ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɜ ɬɨɦ ɠɟ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɫɜɟɬɢɦɨɫɬɢ ɨɬ 
ɱɢɫɬɨɝɨ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɜɫɟɝɨ ɧɚ 8%. Ɍɚɤɠɟ ɜɚɠɧɵɦ ɡɚɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ 
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ɞɨɛɚɜɥɟɧɢɢ ɤ ɜɨɞɟ ɞɪɟɜɟɫɧɵɯ ɨɩɢɥɨɤ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 10 ɦɚɫɫ. % ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 
(ɮɥɭɨɪɟɫɰɟɧɰɢɢ) ɤɚɩɥɢ ɫɧɢɠɚɟɬɫɹ ɜ 3.4 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɩɥɟɣ ɜɨɞɵ ɛɟɡ ɩɪɢɦɟɫɟɣ 
(ɪɢɫ. 2.17). ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɜ ɤɚɩɥɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɫ ɬɚɤɨɣ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɜɟɬɢɦɨɫɬɶ 
ɫɧɢɠɚɟɬɫɹ ɛɨɥɟɟ, ɱɟɦ ɜ 12 ɪɚɡ (ɪɢɫ. 2.14). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɤɚɩɥɟ ɞɜɭɯ ɜɵɲɟɪɚɫɫɦɨɬɪɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɝɧɚɥ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɧɟɜɨɡɦɨɠɧɨ. 
 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ ɚɷɪɨɡɨɥɶɧɵɦ ɩɨɬɨɤɨɦ ȼɍɌ: ɦɟɬɨɞɢɤɚ ɢ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

  
ɚ      ɛ 

Ɋɢɫ. 2.18. ȼɧɟɲɧɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ (ɚ): 1 – ɲɬɨɤ ɞɥɹ ɜɵɞɚɜɥɢɜɚɧɢɹ 
ɫɭɫɩɟɧɡɢɢ;  2 – ɮɨɪɫɭɧɤɢ; 3 – ɤɚɦɟɪɚ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ ɫɭɫɩɟɧɡɢɢ; 4 – ɫɬɪɭɹ ɬɨɩɥɢɜɚ; 5 – 

ɫɢɫɬɟɦɚ ɩɪɨɠɟɤɬɨɪɨɜ; 6 – ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɚɹ ɜɢɞɟɨɤɚɦɟɪɚ; 7 – ɟɦɤɨɫɬɶ ɞɥɹ ɫɛɨɪɚ ɬɨɩɥɢɜɚ; 
8 – ɜɨɡɞɭɲɧɵɣ ɤɨɦɩɪɟɫɫɨɪ; 9 – ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ; 10 – ɨɛɴɟɤɬɢɜ; 11 – ɤɚɧɚɥ 
ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɧɚ ɮɨɪɫɭɧɤɭ; ɢ ɮɨɪɫɭɧɤɢ (ɛ). 

 

ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɮɨɪɫɭɧɤɢ ɩɨɡɜɨɥɹɟɬ ɜɩɪɵɫɤɢɜɚɬɶ ɠɢɞɤɢɟ ɢ ɩɵɥɟɜɢɞɧɵɟ 
ɬɨɩɥɢɜɚ. Ʉɨɧɫɬɪɭɤɰɢɹ ɮɨɪɫɭɧɤɢ (ɪɢɫ. 2.18ɛ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɪɢ ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ 
ɞɟɬɚɥɢ: ɤɨɪɩɭɫ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɪɚɫɩɵɥɢɬɟɥɶ (ɫɨɩɥɨ) ɫ ɧɟɫɬɚɧɞɚɪɬɧɨɣ 
ɫɯɟɦɨɣ ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ ɫ ɜɧɭɬɪɟɧɧɟɣ ɩɨɞɚɱɟɣ ɠɢɞɤɨɫɬɢ ɢɥɢ ɫɭɫɩɟɧɡɢɢ ɢ ɲɬɭɰɟɪɚ ɞɥɹ 
ɧɚɝɧɟɬɚɧɢɹ ɜɨɡɞɭɯɚ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɞɚɜɥɟɧɢɟɦ. Ɇɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ ɢ ɫɨɩɥɚ – 

ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ, ɲɬɭɰɟɪ ɥɚɬɭɧɧɵɣ. Ⱦɢɚɦɟɬɪ ɜɵɯɨɞɧɨɝɨ ɫɨɩɥɚ ɮɨɪɫɭɧɤɢ – 4 ɦɦ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɲɬɭɰɟɪ ɪɚɫɩɥɨɠɟɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤɨɪɩɭɫɭ. ɗɬɨ ɜɚɠɧɨ, ɬɚɤ ɤɚɤ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦɢɪɭɟɦɨɝɨ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɜɥɢɹɸɬ ɧɚ ɪɚɡɦɟɪɵ, ɫɤɨɪɨɫɬɶ ɢ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɝɟɧɟɪɢɪɭɟɦɵɯ ɤɚɩɟɥɶ, ɬ.ɟ. ɧɚ ɝɟɨɦɟɬɪɢɸ ɫɬɪɭɢ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɧɟɫɤɨɥɶɤɨ 
ɫɨɫɬɚɜɨɜ: (#1) ɤɟɤ – 50 ɦɚɫɫ. %, ɜɨɞɚ – 50 ɦɚɫɫ.% (ȼɍɌ); (#2) ɤɟɤ – 50 ɦɚɫɫ.%, ɜɨɞɚ – 45 

ɦɚɫɫ.%, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ – 5 ɦɚɫɫ.% (ɈȼɍɌ); (#3) ɤɟɤ – 50 ɦɚɫɫ.%, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ – 5 

ɦɚɫɫ.%, ɜɨɞɚ – 45 ɦɚɫɫ.% (ɈȼɍɌ); (#4) ɜɨɞɚ ɛɟɡ ɩɪɢɦɟɫɟɣ; (#5) ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ ɛɟɡ 
ɩɪɢɦɟɫɟɣ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɨɫɬɚɜɨɜ (#1-#4) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɚɤ ɜɨɞɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
ɮɥɭɨɪɨɮɨɪɚ Rhodamine B (ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 50 ɦɝ/ɥ), ɬɚɤ ɢ ɛɟɡ ɧɟɝɨ. ɉɪɢɝɨɬɨɜɥɟɧɢɟ 
ɤɚɠɞɨɝɨ ɬɢɩɚ ɫɭɫɩɟɧɡɢɢ (#1–3) ɜɵɩɨɥɧɹɥɨɫɶ ɧɟ ɪɚɧɟɟ ɱɟɦ ɡɚ 10–15 ɦɢɧɭɬ ɞɨ ɧɚɱɚɥɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ.  

ɇɚ ɪɢɫ. 2.19 ɩɪɢɜɟɞɟɧɵ ɦɝɧɨɜɟɧɧɵɟ ɢ ɭɫɪɟɞɧɟɧɧɵɟ ɜɢɞɟɨɝɪɚɦɦɵ ɩɨɬɨɤɚ ɤɚɩɟɥɶ ɞɥɹ 
ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ (ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ 
ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ). ɇɚ ɦɝɧɨɜɟɧɧɵɯ 
ɜɢɞɟɨɝɪɚɦɦɚɯ ɩɨɬɨɤɚ (ɪɢɫ. 2.19) ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ 
ɫɜɟɬɨɮɢɥɶɬɪɚ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ ɯɨɪɨɲɨ ɜɢɡɭɚɥɢɡɢɪɭɸɬɫɹ ɨɬɞɟɥɶɧɵɟ 
ɤɚɩɥɢ. Ɉɞɧɚɤɨ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 
580 ɧɦ, ɤɚɩɥɢ ɨɫɬɚɸɬɫɹ ɜɢɞɢɦɵɦɢ ɥɢɲɶ ɞɥɹ ɜɨɞɵ ɫ ɩɪɢɦɟɫɶɸ ɮɥɭɨɪɨɮɨɪɚ Rhodamine B, ɚ 
ɬɚɤɠɟ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ. Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɫɜɨɣɫɬɜ ɤ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 
ɞɚɧɧɵɯ ɫɨɫɬɚɜɨɜ. Ⱦɥɹ ɫɨɫɬɚɜɨɜ ɫ ɩɪɢɦɟɫɶɸ ɤɟɤɚ (ɪɢɫ. 2.19) ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ 
ɩɨɬɨɤɚ ɤɨɥɟɛɥɟɬɫɹ ɧɚ ɭɪɨɜɧɟ ɫɜɟɬɢɦɨɫɬɢ ɮɨɧɚ ɢɡɨɛɪɚɠɟɧɢɹ (20–24 ɟɞ.). Ɉɞɧɚɤɨ, ɩɪɢ 
ɧɚɥɢɱɢɢ ɜ ɫɭɫɩɟɧɡɢɢ ɮɥɭɨɪɨɮɨɪɚ Rhodamine B, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 
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ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɨɬɞɟɥɶɧɵɟ ɤɚɩɥɢ ɜ ɩɨɬɨɤɟ. Ɍɚɤɢ ɤɚɩɥɢ ɨɛɥɚɞɚɸɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 
ɫɜɟɱɟɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ 26–32 ɟɞ. ɋɬɨɥɶ ɧɢɡɤɚɹ ɫɜɟɬɢɦɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɜɵɫɨɤɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɟɤɚ ɜ ɜɵɞɟɥɟɧɧɵɯ ɤɚɩɥɹɯ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɫɪɟɞɧɟɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ ɧɚɣɞɟɧɵ ɭɫɪɟɞɧɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ 
ɩɨɬɨɤɨɜ (ɪɢɫ. 2.19). ɇɚ ɪɢɫ. 2.20 ɩɪɢɜɟɞɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɫɪɟɞɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɫɨɫɬɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ. 

 

 
Ɋɢɫ. 2.19. Ɇɝɧɨɜɟɧɧɵɟ ɢ ɭɫɪɟɞɧɟɧɧɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɢɞɟɨɝɪɚɦɦɵ ɚɷɪɨɡɨɥɶɧɨɝɨ ɩɨɬɨɤɚ 
ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ (ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ (ɫɩɪɚɜɚ), ɚ ɬɚɤɠɟ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
(ɫɥɟɜɚ) ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ). 

 

Ⱥɧɚɥɢɡɢɪɭɹ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 2.20, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɩɨɫɥɟɞɧɢɟ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɚɧɚɥɢɡɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɫɜɟɱɟɧɢɹ ɨɞɢɧɨɱɧɵɯ ɤɚɩɟɥɶ. Ɍɚɤ, ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɚɷɪɨɡɨɥɹ ɪɚɩɫɨɜɨɝɨ 
ɦɚɫɥɚ (ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɣ ɫɜɟɬɨɮɢɥɶɬɪ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɢɣ ɫɜɟɬ ɫ ɞɥɢɧɨɣ 
ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ) ɧɢɠɟ ɚɧɚɥɨɝɢɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨɞɹɧɨɝɨ ɚɷɪɨɡɨɥɹ ɫ ɩɪɢɦɟɫɶɸ 
ɮɥɭɨɪɨɮɨɪɚ Rhodamine B (ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɢɫ. 2.17). Ⱦɥɹ ɫɨɫɬɚɜɨɜ, ɧɟ 
ɨɛɥɚɞɚɸɳɢɯ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɜɨɞɚ; ɜɨɞɚ+ɮɢɥɶɬɪ-ɤɟɤ (50 ɦɚɫɫ. %); 

ɜɨɞɚ+ɮɢɥɶɬɪ-ɤɟɤ (50 ɦɚɫɫ. %)+ɨɩɢɥɤɢ (5 ɦɚɫɫ. %)), ɫɪɟɞɧɹɹ ɫɜɟɬɢɦɨɫɬɶ ɚɷɪɨɡɨɥɶɧɨɝɨ 
ɩɨɬɨɤɚ ɩɚɞɚɟɬ ɞɨ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, ɫɨɩɨɫɬɚɜɢɦɵɯ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɫɜɟɱɟɧɢɹ ɮɨɧɚ 
(ɪɢɫ. 2.20) (ɩɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɣ ɫɜɟɬɨɮɢɥɶɬɪ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɢɣ ɫɜɟɬ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ). Ⱦɥɹ ɫɨɫɬɚɜɚ ɜɨɞɚ+RhB+ɮɢɥɶɬɪ-ɤɟɤ (50 ɦɚɫɫ. %) ɫɪɟɞɧɹɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɤɚɩɟɥɶ ɫɨɫɬɚɜɢɥɚ 28 ɟɞ. (ɪɢɫ. 2.20), ɱɬɨ ɜɫɟ 
ɠɟ ɜɵɲɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɨɧɨɜɨɝɨ ɲɭɦɚ, ɧɨ, ɡɚ ɜɵɱɟɬɨɦ ɮɨɧɨɜɨɝɨ ɲɭɦɚ, ɩɨɱɬɢ ɜ 8 ɪɚɡ 
ɧɢɠɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɜɨɞɵ ɫ ɩɪɢɦɟɫɶɸ ɮɥɭɨɪɨɮɨɪɚ Rhodamine B (80 ɟɞ.). 
ɂɫɩɨɥɶɡɭɹ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ (ɪɢɫ. 2.14), ɦɨɠɧɨ ɨɛɨɫɧɨɜɚɬɶ, ɱɬɨ ɫɪɟɞɧɹɹ 
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ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ ɜ ɬɚɤɢɯ ɤɚɩɥɹɯ ɫɨɫɬɚɜɥɹɟɬ 5–6 ɦɚɫɫ. %. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɬɢɱɟɫɤɨɝɨ 
ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ, ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ 
ɨɬɞɟɥɶɧɵɟ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ ɫ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɣ (1–6 ɦɚɫɫ. %) ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɟɤɚ, ɧɨ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɟɫɶ ɩɨɬɨɤ ɜ ɰɟɥɨɦ. 
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Ɋɢɫ. 2.20. Ƚɢɫɬɨɝɪɚɦɦɚ ɫɪɟɞɧɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɜɟɱɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɨɜ (ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ 
ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ). 
 

ɇɚ ɪɢɫ. 2.21 ɩɪɢɜɟɞɟɧɚ ɭɫɪɟɞɧɟɧɧɚɹ ɜɢɞɟɨɝɪɚɦɦɚ (ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ) ɩɨɬɨɤɚ 
ɫɭɫɩɟɧɡɢɢ (ɜɨɞɚ+RhB+ɮɢɥɶɬɪ-ɤɟɤ (50 ɦɚɫɫ. %)). 
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Ɋɢɫ. 2.21. ɍɫɪɟɞɧɟɧɧɚɹ ɜɢɞɟɨɝɪɚɦɦɚ (ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ) ɩɨɬɨɤɚ ȼɍɌ (ɜɨɞɚ+RhB+ɮɢɥɶɬɪ-

ɤɟɤ (50 ɦɚɫɫ. %)) (a), ɚ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɫɟɱɟɧɢɢ 
ɩɨɬɨɤɚ (ɛ). ɗɤɫɩɟɪɢɦɟɧɬ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ. 

 

ɇɚ ɪɢɫ. 2.21 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɩɟɪɢɮɟɪɢɢ ɚɷɪɨɡɨɥɶɧɨɝɨ ɩɨɬɨɤɚ ɫɭɫɩɟɧɡɢɢ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɩɨɱɬɢ ɜ 2 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɜ ɹɞɪɟ (ɜɛɥɢɡɢ ɨɫɢ ɫɢɦɦɟɬɪɢɢ 
ɮɨɪɫɭɧɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ). Ɍɚɤɨɣ ɪɟɡɭɥɶɬɚɬ (ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɦɢ 
ɞɚɧɧɵɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫ. 2.14) ɤɨɫɜɟɧɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɨ ɦɟɪɟ 
ɭɞɚɥɟɧɢɹ ɨɬ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɮɚɤɟɥɚ ɪɚɫɩɵɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ ɜ ɨɬɞɟɥɶɧɵɯ ɤɚɩɥɹɯ 
ɫɭɫɩɟɧɡɢɢ ɜɨɡɪɚɫɬɚɟɬ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɫɜɟɱɟɧɢɹ ɩɨɬɨɤɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɧɟ ɫɜɹɡɚɧɨ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɨɝɥɨɳɟɧɢɟɦ ɤɚɩɥɹɦɢ 

ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɬɚɤ ɤɚɤ ɩɨ ɦɟɪɟ ɞɜɢɠɟɧɢɹ ɧɨɠɚ ɥɚɡɟɪɚ ɛɥɢɠɟ ɤ ɧɢɠɧɟɣ ɤɪɨɦɤɟ 
ɩɨɬɨɤɚ (ɪɢɫ. 2.21) ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɟɬ. 

ɇɚ ɪɢɫ. 2.22 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɜ 
ɩɨɬɨɤɟ ɨɬ ɢɯ ɪɚɡɦɟɪɨɜ ɞɥɹ ɧɟɫɤɨɥɶɤɨɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫɨɫɬɚɜɨɜ. Ɋɨɫɬ 
ɪɚɡɦɟɪɚ ɤɚɩɥɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɟɟ ɫɜɟɱɟɧɢɹ. Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ 
ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɚɧɚɥɢɡɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɜɟɱɟɧɢɹ 
ɨɞɢɧɨɱɧɵɯ ɤɚɩɟɥɶ. Ɍɚɤ ɠɟ ɜɢɞɧɨ (ɪɢɫ. 2.22a), ɱɬɨ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ 
ɫɜɟɬɨɮɢɥɶɬɪɚ ɩɪɢ ɚɧɚɥɢɡɟ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɜ ɨɛɳɟɦ ɩɨɬɨɤɟ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɪɟɞɟɥɢɬɶ 
ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɚɷɪɨɡɨɥɶɧɨɝɨ ɨɛɥɚɤɚ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɧɚɥɢɡɚ ɫɪɟɞɧɢɯ ɩɨɥɟɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ (ɪɢɫ. 2.19, 2.20). ȼ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ (ɪɢɫ. 2.22ɛ) ɫɬɚɧɨɜɢɬɫɹ 
ɜɨɡɦɨɠɧɵɦ ɨɬɥɢɱɢɬɶ ɤɚɩɥɢ ɜɨɞɵ ɛɟɡ ɢ ɫ ɩɪɢɦɟɫɶɸ ɤɟɤ (ɩɪɢ ɷɬɨɦ ɜɫɟ ɠɟ ɧɟɜɨɡɦɨɠɧɨ 
ɨɬɞɟɥɢɬɶ ɤɚɩɥɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɨɬ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ). Ɍɚɤ, ɩɪɢ ɪɚɜɧɵɯ ɪɚɡɦɟɪɚɯ ɤɚɩɟɥɶ, 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɜɨɞɵ ɛɟɡ ɩɪɢɦɟɫɟɣ ɜ 2–10 ɪɚɡ ɜɵɲɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ. ɉɪɢ ɷɬɨɦ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ ɷɬɚ ɪɚɡɧɢɰɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ (ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɫ ɞɚɧɧɵɦɢ ɪɢɫ. 2.14) ɝɨɜɨɪɢɬ ɨ ɪɨɫɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɟɤ ɜ ɤɚɩɥɹɯ ɫɭɫɩɟɧɡɢɢ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɞɚɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ (ɪɢɫ. 2.22) c ɞɚɧɧɵɦɢ ɪɢɫ. 2.21 

ɩɨɡɜɨɥɹɟɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɤɚɩɥɢ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɟɤɚ ɧɚɯɨɞɹɬɫɹ ɧɚ 
ɩɟɪɢɮɟɪɢɢ ɩɨɬɨɤɚ, ɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɧɚɨɛɨɪɨɬ, ɞɜɢɠɭɬɫɹ ɜ ɟɝɨ ɰɟɧɬɪɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤ ɨɬ ɪɚɡɦɟɪɚ ɤɚɩɥɢ 
ɫɭɫɩɟɧɡɢɢ (ɪɢɫ. 2.23). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɪɢɫ. 2.23 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɨɛɨɫɧɨɜɚɧɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɬɨɦ, 
ɱɬɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ 
ɨɬɞɟɥɶɧɵɟ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ ɜ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 7 ɦɚɫɫ. % 

(ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɜɵɜɨɞɚɦɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɪɢɫ. 2.20). ɉɪɢ γ>7 ɦɚɫɫ. % 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɫɥɢɲɤɨɦ ɦɚɥɚ ɢ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɮɨɧɨɜɵɦ ɲɭɦɨɦ (ɜ ɞɚɧɧɨɦ 
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ɫɥɭɱɚɟ, ɩɨɪɹɞɤɚ 20–24 ɟɞ.). ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ. 2.23) ɦɨɠɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɨɰɟɧɤɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɤɟɤ ɜ ɨɬɞɟɥɶɧɵɯ ɤɚɩɥɹɯ ɫɭɫɩɟɧɡɢɨɧɧɨɝɨ 
ɚɷɪɨɡɨɥɶɧɨɝɨ ɩɨɬɨɤɚ. 
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Ɋɢɫ. 2.22. Ɂɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɜ ɩɨɬɨɤɟ ɞɥɹ ɧɟɫɤɨɥɶɤɨɯ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫɨɫɬɚɜɨɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (a), ɚ ɬɚɤɠɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ (ɛ) ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 
ɦɟɧɟɟ 580 ɧɦ. 
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Ɋɢɫ. 2.23. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤ ɨɬ ɪɚɡɦɟɪɚ ɤɚɩɥɢ ɫɭɫɩɟɧɡɢɢ. 

 

Ɉɫɧɨɜɧɵɟ ɜɵɜɨɞɵ 

– ɦɟɬɨɞ ɥɚɡɟɪɧɨɣ ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (LIF) ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɜ ɨɛɳɟɦ 
ɚɷɪɨɡɨɥɶɧɨɦ ɩɨɬɨɤɟ ȼɍɌ ɢ ɈȼɍɌ ɤɚɤ ɨɬɞɟɥɶɧɵɟ ɤɚɩɥɢ ɱɢɫɬɵɯ ɠɢɞɤɨɫɬɟɣ (ɜɨɞɚ, ɪɚɩɫɨɜɨɟ 
ɦɚɫɥɨ), ɜɯɨɞɹɳɢɯ ɜ ɢɫɯɨɞɧɵɣ ɫɨɫɬɚɜ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ, ɬɚɤ ɢ ɨɰɟɧɢɬɶ ɫɪɟɞɧɸɸ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɬɜɟɪɞɨɣ ɤɨɦɩɨɧɟɧɬɵ (ɤɟɤ) ɜ ɤɚɩɥɹɯ ɚɷɪɨɡɨɥɹ; 
– ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɫɬɚɜɚ ɪɨɫɬ ɪɚɡɦɟɪɚ ɤɚɩɥɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɟɟ ɫɜɟɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɪɚɡɧɵɯ ɫɨɫɬɚɜɨɜ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɨɬɥɢɱɚɟɬɫɹ; 
– ɱɚɫɬɢɰɵ ɤɟɤɚ ɜ ɫɨɫɬɚɜɟ ɫɭɫɩɟɧɡɢɢ ɚɛɫɨɪɛɢɪɭɸɬ ɮɥɭɨɪɨɮɨɪ Rhodamine B, ɡɚ ɫɱɟɬ ɱɟɝɨ 
ɫɜɟɬɢɦɨɫɬɶ ɜɨɞɵ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɫɨɫɬɚɜɟ ɩɨɫɥɟ ɟɝɨ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɧɢɠɚɟɬɫɹ ɧɚ 70-75% 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ; 
– ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ ɜ ɤɚɩɥɟ ɩɪɢɜɨɞɢɬ ɤ ɧɟɥɢɧɟɣɧɨɦɭ ɫɧɢɠɟɧɢɸ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɟɟ ɫɜɟɱɟɧɢɹ (ɮɥɭɨɪɟɫɰɟɧɰɢɢ). ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɟɤɚ ɜ ɫɭɫɩɟɧɡɢɢ ɫɜɵɲɟ 
27–30% ɤɚɩɥɹ ɫɬɚɧɨɜɢɬɫɹ ɚɛɫɨɥɸɬɧɨ ɧɟɩɪɨɡɪɚɱɧɨɣ ɞɥɹ ɥɚɡɟɪɧɨɝɨ ɧɨɠɚ, ɬɟɦ ɫɚɦɵɦ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ (ɮɥɭɨɪɟɫɰɟɧɰɢɢ) ɤɚɩɥɢ ɫɧɢɠɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɧɭɥɹ; 

– ɩɪɢ ɮɨɬɨɪɟɝɢɫɬɪɚɰɢɢ ɩɨɬɨɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ 
ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ 580 ɧɦ, ɩɪɢ ɪɚɜɧɵɯ ɪɚɡɦɟɪɚɯ ɤɚɩɟɥɶ, 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɜɨɞɵ ɛɟɡ ɩɪɢɦɟɫɟɣ (ɜɨɞɚ+RhB) ɜ 2–10 ɪɚɡ 
ɜɵɲɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ (ɜɨɞɚ+RhB+ɮɢɥɶɬɪ-ɤɟɤ (50 ɦɚɫɫ. %)); 
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– ɩɪɢ ɪɚɫɩɵɥɟɧɢɢ ɫɨɫɬɚɜɚ ɜɨɞɚ (50 ɦɚɫɫ. %)+ɮɢɥɶɬɪ-ɤɟɤ (50 ɦɚɫɫ. %) ɫɪɟɞɧɹɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ ɜ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɫɪɟɞɧɟɝɨ ɩɨɥɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɬɨɤɚ) ɤɚɩɥɹɯ ɫɭɫɩɟɧɡɢɨɧɧɨɝɨ ɚɷɪɨɡɨɥɹ ɫɨɫɬɚɜɢɥɚ ɜɵɲɟ 15 ɦɚɫɫ. %; 

– ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɫɜɟɬɨɮɢɥɶɬɪɚ, ɧɟ ɩɪɨɩɭɫɤɚɸɳɟɝɨ ɫɜɟɬ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 
ɦɟɧɟɟ 580 ɧɦ, ɦɟɬɨɞ LIF ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɨɜɟɪɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ 
ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɢ ɜ ɨɛɳɟɦ ɩɨɬɨɤɟ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ ɜ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 
ɦɟɧɟɟ 6 ɦɚɫɫ. %. ɉɪɢ γ>6 ɦɚɫɫ. % ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɫɥɢɲɤɨɦ 
ɦɚɥɚ ɢ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɮɨɧɨɜɵɦ ɲɭɦɨɦ; 
– ɤɚɩɥɢ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɟɤɚ ɧɚɯɨɞɹɬɫɹ ɧɚ ɩɟɪɢɮɟɪɢɢ ɩɨɬɨɤɚ, ɚ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨɣ, ɧɚɨɛɨɪɨɬ, ɞɜɢɠɭɬɫɹ ɜ ɟɝɨ ɰɟɧɬɪɟ (ɹɞɪɟ); 
– ɩɪɢ ɚɧɚɥɢɡɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɤɚɩɟɥɶ ɜ ɚɷɪɨɡɨɥɶɧɨɦ ɩɨɬɨɤɟ ȼɍɌ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ (ɞɢɚɦɟɬɪɚ) ɤɚɩɥɢ ɧɢɠɟ 0.15 ɦɦ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɟɤɚ ɜ ɩɨɫɥɟɞɧɟɣ ɫɧɢɠɚɟɬɫɹ ɫ 7% ɞɨ 1%. 
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ɁȺɄɅЮЧȿɇɂȿ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɡɚɩɥɚɧɢɪɨɜɚɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɢ ɞɨɫɬɢɝɧɭɬɵ ɬɪɟɛɭɟɦɵɟ ɢɧɞɢɤɚɬɨɪɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ 
ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɚɫɲɬɚɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɤɢɧɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɨɪɟɧɢɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. ɉɪɨɞɨɥɠɟɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ: 
ɪɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɛɨɥɶɲɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɥɢɹɸɳɢɯ ɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɚɞɚ ɮɚɤɬɨɪɨɜ. ȼɵɩɨɥɧɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɧɵɯ ɤɪɢɬɟɪɢɟɜ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɫɤɨɪɨɫɬɢ ɜɵɝɨɪɚɧɢɹ ɤɚɩɟɥɶ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ. 
ȼɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ (ɜ ɜɢɞɟ 
ɫɭɫɩɟɧɡɢɣ, ɫɥɨɹ, ɩɟɥɥɟɬɚ), ɢɦɟɸɳɢɯ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɢɡɤɨɫɨɪɬɧɵɟ ɝɨɪɸɱɢɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ. ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 
ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɩɪɢ ɪɚɡɧɵɯ ɫɯɟɦɚɯ ɩɨɞɜɨɞɚ ɬɟɩɥɚ. ɉɪɨɜɟɞɟɧɵ ɨɰɟɧɤɢ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɠɢɝɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ. Ɉɩɭɛɥɢɤɨɜɚɧɵ 11 ɫɬɚɬɟɣ 
ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɠɭɪɧɚɥɚɯ ɩɟɪɜɨɝɨ ɤɜɚɪɬɢɥɹ, ɢɧɞɟɤɫɢɪɭɟɦɵɯ ɛɚɡɚɦɢ 
ɞɚɧɧɵɯ АОЛ ШП SМТОЧМО ɢ SМШpЮЬ. Ⱦɨɥɹ ɦɨɥɨɞɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɤɨɥɥɟɤɬɢɜɟ 
ɢɫɩɨɥɧɢɬɟɥɟɣ ɫɨɫɬɚɜɢɥɚ 92.3 %. 



45 

 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

1. ɉɟɪɟɱɟɧɶ ɫɬɚɬɟɣ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɢя ɩɟɪɜɨɝɨ 

ɜɬɨɪɨɝɨ ɷɬɚɩɨɜ ɇɂɊ 

 

1.1. G.V. Kuznetsov, R.S. Volkov, P.A. Strizhak. Determining water content in a liquid fuel by 

the luminosity of its droplet. Chemical Engineering Science. 2021. V. 233. Article number 

116415. DOI: 10.1016/j.ces.2020.116415 

1.2. O.S. Gaydukova, S.Y. Misyura, P.A. Strizhak. Investigating regularities of gas hydrate 

ignition on a heated surface: Experiments and modelling. Combustion and Flame. 2021. V. 228. 

Pp. 78–88. DOI: 10.1016/j.combustflame.2021.01.028 

1.3. D.O. Glushkov, R.I. Egorov, D.M. Klepikov. High-speed contactless measurements of 

temperature evolution during ignition and combustion of coal-based fuel pellets. International 

Journal of Heat and Mass Transfer. 2021. V. 175. Article number 121359. DOI: 

10.1016/j.ijheatmasstransfer.2021.121359 

1.4. D.V. Antonov, G.V. Kuznetsov, R.M. Fedorenko, P.A. Strizhak. Micro-explosion of a two-

component droplet: How the initial temperature of the water core affects the breakup conditions 

and outcomes. Powder Technology. 2021. V. 383. Pp. 378–387. DOI: 

10.1016/j.powtec.2021.01.006 

1.5. V.V. Dorokhov, G.V. Kuznetsov, K.Yu. Vershinina, P.A. Strizhak. Relative energy 

efficiency indicators calculated for high-moisture waste-based fuel blends using multiple-criteria 

decision-making. Energy. 2021. V. 234. Article number 121257. DOI: 

10.1016/j.energy.2021.121257 

1.6. V.V. Dorokhov, G.V. Kuznetsov, G.S. Nyashina, P.A. Strizhak. Composition of a gas and 

ash mixture formed during the pyrolysis and combustion of coal-water slurries containing 

petrochemicals. Environmental Pollution. 2021. V. 285. Article number 117390. DOI: 

10.1016/j.envpol.2021.117390 

1.7. Kseniya Vershinina, Sergei Shevyrev, Pavel Strizhak. Coal and petroleum-derived 

components for high-moisture fuel slurries. Energy. 2021. V. 219. Article number 119606. DOI: 

10.1016/j.energy.2020.119606 

1.8. G.V. Kuznetsov, G.S. Nyashina, P.A. Strizhak, T.R. Valiullin. Experimental research into 

the ignition and combustion characteristics of slurry fuels based on dry and wet coal processing 

waste. Journal of the Energy Institute. 2021. V. 97. Pp. 213–224. DOI: 

10.1016/j.joei.2021.05.001 

1.9. Ksenia Vershinina, Galina Nyashina, Pavel Strizhak. Lab‑Scale Combustion of 

High‑Moisture Fuels From Peat, Coal Waste and Milled Lignite. Waste and Biomass 

Valorization. 2021. DOI: 10.1007/s12649-021-01482-2 

1.10. Antonov D.V., Vershinina K.Yu., Kuznetsov G.V., Strizhak P.A. Mathematical Simulation 

of Ignition of an Organic Coal–Water Fuel Droplet. Journal of Engineering Physics and 

Thermophysics. 2021. V. 94. P. 949–962. DOI: 10.1007/s10891-021-02372-z 

1.11. Glushkov D.O., Matiushenko A.I., Nurpeiis A.E., Zhuikov A.V. An experimental 

investigation into the fuel oil-free start-up of a coal-fired boiler by the main solid fossil 

fuel with additives of brown coal, biomass and charcoal for ignition enhancement. Fuel. 

2021. V. 223. 106986. DOI: 10.1016/j.fuproc.2021.106986 

 

2. ɉɟɪɟɱɟɧɶ ɧɚɭɱɧɵɯ ɦɟɪɨɩɪɢяɬɢɣ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɟɧɚ ɚɩɪɨɛɚɰɢя 
ɪɟɡɭɥɶɬɚɬɨɜ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɇɂɊ 

 

2.1. P.A. Strizhak, G.S. Nyashina and K.Yu. Vershinina. The use of biomass for pyrolysis, direct 

combustion and coincineration with waste-derived fuel slurries // Proceedings of the 13th 

International Conference on Sustainable Energy & Environmental Protection, University of 



46 

 

Natural Resources and Life Science, 13–16 September 2021, BOKU, Vienna, Austria, Pp. 32–
36. 

2.2. ȼɟɪɲɢɧɢɧɚ Ʉ.ɘ., Ⱦɨɪɨɯɨɜ ȼ.ȼ., Ɋɨɦɚɧɨɜ Ⱦ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɨɜɦɟɫɬɧɨɣ ɭɬɢɥɢɡɚɰɢɢ ɭɝɨɥɶɧɵɯ ɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɬɯɨɞɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ ɜ ɜɢɞɟ ɩɟɥɥɟɬ, 
ɫɥɨɹ ɢ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɣ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɜɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «XXXVII 

ɋɢɛɢɪɫɤɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɣ ɫɟɦɢɧɚɪ». ɇɨɜɨɫɢɛɢɪɫɤ. 14–16 ɫɟɧɬɹɛɪɹ 2021. ɋ. 69. 
2.3. ȼɟɪɲɢɧɢɧɚ Ʉ.ɘ., Ⱦɨɪɨɯɨɜ ȼ.ȼ., Ɋɨɦɚɧɨɜ Ⱦ.ɋ. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɬɢɥɢɡɚɰɢɢ ɜɵɫɨɤɨɜɥɚɠɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɨɬɯɨɞɨɜ // ɋɛɨɪɧɢɤ ɬɪɭɞɨɜ 
III ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɗɧɟɪɝɨ-ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɢɧɬɟɪɟɫɚɯ 
ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ (SEWAN)». ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 19-24 ɚɩɪɟɥɹ. 2021. ɋ. 28–29. 

2.4. ȼɟɪɲɢɧɢɧɚ Ʉ.ɘ., Ⱦɨɪɨɯɨɜ ȼ.ȼ., Ɋɨɦɚɧɨɜ Ⱦ.ɋ. Ƚɨɪɟɧɢɟ ɤɚɩɟɥɶ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ 
ɧɚ ɨɫɧɨɜɟ ɭɝɨɥɶɧɵɯ ɲɥɚɦɨɜ, ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ // ɋɛɨɪɧɢɤ 
ɬɟɡɢɫɨɜ ɏ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɪɨɫɫɢɣɫɤɨ-ɤɚɡɚɯɫɬɚɧɫɤɨɝɨ ɫɢɦɩɨɡɢɭɦɚ «ɍɝɥɟɯɢɦɢɹ ɢ ɷɤɨɥɨɝɢɹ 
Ʉɭɡɛɚɫɫɚ». Ʉɟɦɟɪɨɜɨ. 12–13 ɢɸɥɹ. 2021. ɋ. 21. 
2.5. ȼɟɪɲɢɧɢɧɚ Ʉ.ɘ., Ⱦɨɪɨɯɨɜ ȼ.ȼ., Ɋɨɦɚɧɨɜ Ⱦ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. Ɇɧɨɝɨɮɚɤɬɨɪɧɵɣ 
ɚɧɚɥɢɡ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɬɢɥɢɡɚɰɢɢ ɭɝɨɥɶɧɵɯ, ɧɟɮɬɹɧɵɯ ɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɨɬɯɨɞɨɜ ɜ ɫɨɫɬɚɜɟ 
ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ // Ɍɟɡɢɫɵ XI ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ 
ɭɱɚɫɬɢɟɦ «Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ: ɬɟɨɪɢɹ, ɷɤɫɩɟɪɢɦɟɧɬ, ɩɪɢɥɨɠɟɧɢɹ», 09-12 ɧɨɹɛɪɹ 2021, 
ɇɨɜɨɫɢɛɢɪɫɤ. ɋ. 46. 
2.6. Ɋ.ɋ. ȼɨɥɤɨɜ, Ɉ.ȼ. ȼɵɫɨɤɨɦɨɪɧɚɹ, ɉ.Ⱥ. ɋɬɪɢɠɚɤ, Ƚ.ȼ. Ʉɭɡɧɟɰɨɜ. Ⱦɟɮɨɪɦɚɰɢɹ ɢ 
ɞɪɨɛɥɟɧɢɟ ɤɚɩɟɥɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ // 

Ɇɚɬɟɪɢɚɥɵ XXII Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɟ ɢ 
ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɢɤɥɚɞɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɫɢɫɬɟɦɚɦ (ȼɆɋɉɉɋ’2021), 4–13 ɫɟɧɬɹɛɪɹ 2021 
ɝ., Ⱥɥɭɲɬɚ, Ʉɪɵɦ. ɋ. 327–329. 

2.7. Ƚ.ȼ. Ʉɭɡɧɟɰɨɜ, ɉ.Ⱥ. ɋɬɪɢɠɚɤ, Ɋ.ɋ. ȼɨɥɤɨɜ. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɵɥɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 
ɠɢɞɤɢɯ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɚ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ // Ɍɟɡɢɫɵ ɞɨɤɥɚɞɨɜ БI 
ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ: ɬɟɨɪɢɹ, 
ɷɤɫɩɟɪɢɦɟɧɬ, ɩɪɢɥɨɠɟɧɢɹ», 9–12 ɧɨɹɛɪɹ 2021 ɝ., ɇɨɜɨɫɢɛɢɪɫɤ. ɋ. 10. 
2.8. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɨɝɨ ɝɢɞɪɚɬɚ 
ɩɪɢ ɧɚɝɪɟɜɟ ɪɚɞɢɚɰɢɨɧɧɵɦ ɢ ɤɨɧɜɟɤɬɢɜɧɵɦ ɬɟɩɥɨɜɵɦɢ ɩɨɬɨɤɚɦɢ // ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ 
ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɷɥɟɦɟɧɬɚɦɢ ɧɚɭɱɧɨɣ ɲɤɨɥɵ ɞɥɹ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ БББVII 
«ɋɢɛɢɪɫɤɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɣ ɫɟɦɢɧɚɪ», 14-16 ɫɟɧɬɹɛɪɹ 2021 ɝ., ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, ɫ. 146. 
2.9. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ ɡɚɠɢɝɚɧɢɹ 
ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɩɪɢ ɤɨɧɞɭɤɬɢɜɧɨɦ ɬɟɩɥɨɨɛɦɟɧɟ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ ББIII 
ɒɤɨɥɵ-ɫɟɦɢɧɚɪɚ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɤɚɞ. ɊȺɇ Ⱥ.ɂ. 
Ʌɟɨɧɬɶɟɜɚ «ɉɪɨɛɥɟɦɵ ɝɚɡɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɦɚɫɫɨɛɦɟɧɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ», 
24-28 ɦɚɹ 2021 ɝ., ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɫ. 226-227. 

2.10. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ., Ɇɢɫɸɪɚ ɋ.ə. ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ 
ɩɪɨɰɟɫɫɚ ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɩɪɢ ɢɧɞɭɤɰɢɨɧɧɨɦ ɧɚɝɪɟɜɟ // ɋɛɨɪɧɢɤ ɬɪɭɞɨɜ III 
ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɗɧɟɪɝɨ-ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɢɧɬɟɪɟɫɚɯ 
ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ», 19-24 ɚɩɪɟɥɹ 2021 ɝ., ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɫ. 32-33. 

2.11. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ 
ɝɢɞɪɚɬɨɜ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ «ɍɝɥɟɯɢɦɢɹ ɢ ɷɤɨɥɨɝɢɹ Ʉɭɡɛɚɫɫɚ», 12-13 ɢɸɥɹ 2021 
ɝ., ɝ. Ʉɟɦɟɪɨɜɨ, ɫ. 23. 
2.12. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. ɑɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ 
ɡɚɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ «БII ɫɟɦɢɧɚɪ ɜɭɡɨɜ ɩɨ ɬɟɩɥɨɮɢɡɢɤɟ ɢ ɷɧɟɪɝɟɬɢɤɟ», 25-27 ɨɤɬɹɛɪɹ 2021 ɝ., ɝ. 
ɋɨɱɢ, ɫ. 21. 

2.13. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɡɚɠɢɝɚɧɢɹ 
ɝɟɥɟɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢ ɪɚɡɧɵɯ ɫɯɟɦɚɯ ɧɚɝɪɟɜɚ // Ɇɚɬɟɪɢɚɥɵ ɒɟɫɬɧɚɞɰɚɬɨɣ 
ɜɫɟɪɨɫɫɢɣɫɤɨɣ (ɜɨɫɶɦɚɹ ɦɟɠɞɭɧɚɪɨɞɧɚɹ) ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, 



47 

 

ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɗɧɟɪɝɢɹ-2021», 6-8 ɚɩɪɟɥɹ 2021 ɝ., ɝ. ɂɜɚɧɨɜɨ, ɬɨɦ 1, ɫ. 
128. 

2.14. Ƚɚɣɞɭɤɨɜɚ Ɉ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ., Ɇɢɫɸɪɚ ɋ.ə. Ɂɚɠɢɝɚɧɢɟ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɩɪɢ 
ɪɚɡɧɵɯ ɜɢɞɚɯ ɬɟɩɥɨɨɛɦɟɧɚ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ ɏI ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ 
ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ: ɬɟɨɪɢɹ, ɷɤɫɩɟɪɢɦɟɧɬ, ɩɪɢɥɨɠɟɧɢɹ», 9-12 

ɧɨɹɛɪɹ 2021 ɝ., ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, ɫ. 47. 

2.15. ɇɹɲɢɧɚ Ƚ.ɋ., ɋɬɪɢɠɚɤ ɉ.Ⱥ., Ⱦɨɪɨɯɨɜ ȼ.ȼ. ɋɨɫɬɚɜ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɝɨɪɟɧɢɢ 
ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ɍɝɥɟɯɢɦɢɹ ɢ ɷɤɨɥɨɝɢɹ Ʉɭɡɛɚɫɫ: Б Ɇɟɠɞɭɧɚɪɨɞɧɵɣ 
Ɋɨɫɫɢɣɫɤɨ-Ʉɚɡɚɯɫɬɚɧɫɤɢɣ ɫɢɦɩɨɡɢɭɦ: ɫɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ, Ʉɟɦɟɪɨɜɨ, 12-13 ɢɸɥɹ 
2021. Ʉɟɦɟɪɨɜɨ: Ɏɂɐ ɍɍɏ ɋɈ ɊȺɇ, 2021. ɋ. 67. 
2.16. ɇɹɲɢɧɚ Ƚ.ɋ., Ⱦɨɪɨɯɨɜ ȼ.ȼ., ɋɬɪɢɠɚɤ ɉ.Ⱥ. Ɉɰɟɧɤɚ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɫɠɢɝɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. БББVII ɋɢɛɢɪɫɤɢɣ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɣ ɫɟɦɢɧɚɪ: ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫ ɷɥɟɦɟɧɬɚɦɢ ɧɚɭɱɧɨɣ ɲɤɨɥɵ ɞɥɹ 
ɦɨɥɨɞɵɯ ɭɱёɧɵɯ: ɫɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ, ɇɨɜɨɫɢɛɢɪɫɤ, 14-16 ɫɟɧɬɹɛɪɹ 2021. 
ɇɨɜɨɫɢɛɢɪɫɤ: ɂɧɫɬɢɬɭɬ ɬɟɩɥɨɮɢɡɢɤɢ ɋɈ ɊȺɇ, 2021. ɋ. 158.  
2.17. Ʉ.ɘ. ȼɟɪɲɢɧɢɧɚ, ɉ.Ⱥ. ɋɬɪɢɠɚɤ, Ƚ.ȼ. Ʉɭɡɧɟɰɨɜ. Ʉɪɢɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɭɝɥɟ- ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ. 

V Ʉɨɧɝɪɟɫɫ «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɢɤɥɚɞɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɰɟɫɫɨɜ 
ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɭɬɢɥɢɡɚɰɢɢ ɬɟɯɧɨɝɟɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ», 23–26 ɧɨɹɛɪɹ 2021 ɝ., 
ȿɤɚɬɟɪɢɧɛɭɪɝ. 
 

3. ɉɟɪɟɱɟɧɶ ɫɬɚɬɟɣ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɢя ɜɬɨɪɨɝɨ ɷɬɚɩɨɜ 

ɇɂɊ 

 

1.1. G.V. Kuznetsov, R.S. Volkov, P.A. Strizhak. Determining water content in a liquid fuel by 

the luminosity of its droplet. Chemical Engineering Science. 2021. V. 233. Article number 

116415. DOI: 10.1016/j.ces.2020.116415 

1.2. O.S. Gaydukova, S.Y. Misyura, P.A. Strizhak. Investigating regularities of gas hydrate 

ignition on a heated surface: Experiments and modelling. Combustion and Flame. 2021. V. 228. 

Pp. 78–88. DOI: 10.1016/j.combustflame.2021.01.028 

1.3. D.O. Glushkov, R.I. Egorov, D.M. Klepikov. High-speed contactless measurements of 

temperature evolution during ignition and combustion of coal-based fuel pellets. International 

Journal of Heat and Mass Transfer. 2021. V. 175. Article number 121359. DOI: 

10.1016/j.ijheatmasstransfer.2021.121359 

1.4. V.V. Dorokhov, G.V. Kuznetsov, K.Yu. Vershinina, P.A. Strizhak. Relative energy 

efficiency indicators calculated for high-moisture waste-based fuel blends using multiple-criteria 

decision-making. Energy. 2021. V. 234. Article number 121257. DOI: 

10.1016/j.energy.2021.121257 

1.5. V.V. Dorokhov, G.V. Kuznetsov, G.S. Nyashina, P.A. Strizhak. Composition of a gas and 

ash mixture formed during the pyrolysis and combustion of coal-water slurries containing 

petrochemicals. Environmental Pollution. 2021. V. 285. Article number 117390. DOI: 

10.1016/j.envpol.2021.117390 

1.6. G.V. Kuznetsov, G.S. Nyashina, P.A. Strizhak, T.R. Valiullin. Experimental research into 

the ignition and combustion characteristics of slurry fuels based on dry and wet coal processing 

waste. Journal of the Energy Institute. 2021. V. 97. Pp. 213–224. DOI: 

10.1016/j.joei.2021.05.001 

1.7. Glushkov D.O., Matiushenko A.I., Nurpeiis A.E., Zhuikov A.V. An experimental 

investigation into the fuel oil-free start-up of a coal-fired boiler by the main solid fossil 

fuel with additives of brown coal, biomass and charcoal for ignition enhancement. Fuel. 

2021. V. 223. 106986. DOI: 10.1016/j.fuproc.2021.106986 

 



48 

 

ɉɊɂɅɈɀȿɇɂȿ Ȼ 

ɋɜɟɞɟɧɢɹ ɨɛ ɭɱɚɫɬɧɢɤɚɯ ɩɪɨɟɤɬɚ 

№ 
ɩ/ɩ 

ɎɂɈ (ɩɨɥɧɨɫɬɶɸ) 
ɭɱɚɫɬɧɢɤɚ ɩɪɨɟɤɬɚ 

Ƚɨɞ 
ɪɨɠɞɟɧɢɹ 

Ⱦɨɥɠɧɨɫɬɶ ɜ 
ɨɪɝɚɧɢɡɚɰɢɢ-

ɢɫɩɨɥɧɢɬɟɥɟ 

ɍɱɟɧɚɹ 
ɫɬɟɩɟɧɶ, ɭɱ. 

ɡɜɚɧɢɟ 

əɜɥɹɟɬɫɹ 
ɚɫɩɢɪɚɧɬɨɦ 

(ɞɚ / ɧɟɬ) 

1 
Ʉɭɡɧɟɰɨɜ Ƚɟɧɢɣ 
ȼɥɚɞɢɦɢɪɨɜɢɱ 

1949 ɩɪɨɮɟɫɫɨɪ 
ɞ.ɮ.-ɦ.ɧ., 
ɩɪɨɮɟɫɫɨɪ 

- 

2 
ɋɬɪɢɠɚɤ ɉɚɜɟɥ 
Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 

1985 ɩɪɨɮɟɫɫɨɪ 
ɞ.ɮ.-ɦ.ɧ., 
ɩɪɨɮɟɫɫɨɪ 

- 

3 
Ƚɥɭɲɤɨɜ Ⱦɦɢɬɪɢɣ 
Ɉɥɟɝɨɜɢɱ 

1988 ɞɨɰɟɧɬ 
ɤ.ɮ.-ɦ.ɧ., 
ɞɨɰɟɧɬ 

- 

4 
ɇɹɲɢɧɚ Ƚɚɥɢɧɚ 
ɋɟɪɝɟɟɜɧɚ 

1992 ɚɫɫɢɫɬɟɧɬ 
ɤ.ɬ.ɧ. 

- 

5 
ȼɟɪɲɢɧɢɧɚ Ʉɫɟɧɢɹ 
ɘɪɶɟɜɧɚ 

1992 ɞɨɰɟɧɬ 
ɤ.ɮ.-ɦ.ɧ. 

- 

6 
ȼɨɥɤɨɜ Ɋɨɦɚɧ 
ɋɟɪɝɟɟɜɢɱ 

1987 ɞɨɰɟɧɬ 
ɤ.ɬ.ɧ. 

- 

7 
ȼɵɫɨɤɨɦɨɪɧɚɹ 
Ɉɥɶɝɚ ȼɚɥɟɪɶɟɜɧɚ 

1984 ɞɨɰɟɧɬ 
ɤ.ɮ.-ɦ.ɧ. 

- 

8 
ɉɢɫɤɭɧɨɜ Ɇɚɤɫɢɦ 
ȼɥɚɞɢɦɢɪɨɜɢɱ 

1991 ɞɨɰɟɧɬ 
ɤ.ɮ.-ɦ.ɧ. 

- 

9 

Ɏɟɨɤɬɢɫɬɨɜ 
Ⱦɦɢɬɪɢɣ 
ȼɥɚɞɢɦɢɪɨɜɢɱ 

1983 ɞɨɰɟɧɬ 

ɤ.ɬ.ɧ. 
- 

10 

Ʉɭɪɝɚɧɤɢɧɚ 
Ɇɚɪɝɚɪɢɬɚ 
Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 

1992 ɚɫɫɢɫɬɟɧɬ 

ɤ.ɬ.ɧ. 
- 

11 

Ƚɚɣɞɭɤɨɜɚ 
(əɲɭɬɢɧɚ) Ɉɥɶɝɚ 
ɋɟɪɝɟɟɜɧɚ 

1993 
ɢɧɠɟɧɟɪ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶ 

 

ɞɚ 

12 
Ⱥɧɬɨɧɨɜ Ⱦɦɢɬɪɢɣ 
ȼɥɚɞɢɦɢɪɨɜɢɱ 

1996 

ɦɥɚɞɲɢɣ 
ɧɚɭɱɧɵɣ 

ɫɨɬɪɭɞɧɢɤ 

 

ɞɚ 

13 
ɒɥɟɝɟɥɶ ɇɢɤɢɬɚ 
ȿɜɝɟɧɶɟɜɢɱ 

1995 
ɢɧɠɟɧɟɪ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶ 

 ɞɚ 

 

Ɉɛɳɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɭɱɚɫɬɧɢɤɨɜ ɩɪɨɟɤɬɚ – 13 ɱɟɥ. 
Ⱦɨɥɹ ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ (ɞɨ 39 ɥɟɬ) ɜ ɨɛɳɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɭɱɚɫɬɧɢɤɨɜ ɩɪɨɟɤɬɚ 
ɢɡ Ɍɉɍ ɫɨɫɬɚɜɥɹɟɬ 92.3 %, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɰɟɥɟɜɨɦɭ ɡɧɚɱɟɧɢɸ ɩɨɤɚɡɚɬɟɥɹ ɪɟɡɭɥɶɬɚɬɨɜ 
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