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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɢɫɫɥɟɞɨɜɚɧɵ ɢ ɨɛɨɫɧɨɜɚɧɵ 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 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 

ȼ ɪɚɦɤɚɯ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɢɪɨɜɨɝɨ ɧɚɭɱɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ ɩɪɨɰɟɫɫɨɜ ɩɪɢɝɨɬɨɜɥɟɧɢɹ, 

ɯɪɚɧɟɧɢɹ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɪɚɫɩɵɥɟɧɢɹ, ɮɪɚɝɦɟɧɬɚɰɢɢ ɢ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɧɵɯ 

ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɫɵɪɶɟɜɵɯ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢ 

ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ. ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɨɬɞɟɥɶɧɨɫɬɢ ɢ 

ɤɨɦɩɨɡɢɰɢɣ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɫɬɚɜɨɦ, ɨɩɪɟɞɟɥɟɧ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ, ɭɫɬɚɧɨɜɥɟɧɵ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɮɪɚɝɦɟɧɬɚɰɢɢ, ɪɚɫɩɵɥɟɧɢɹ, ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɨɩɥɢɜ. ɉɪɢ ɨɛɨɛɳɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɚɡɪɚɛɨɬɚɧɵ 

ɮɢɡɢɱɟɫɤɚɹ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɢ ɝɨɪɟɧɢɹ ɤɚɩɟɥɶ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɭɫɬɚɧɨɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɬɨɩɥɢɜ ɜ ɭɫɥɨɜɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɨɩɨɱɧɵɦ ɤɚɦɟɪɚɦ ɩɚɪɨɜɵɯ ɢ ɜɨɞɨɝɪɟɣɧɵɯ 

ɤɨɬɥɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɚɞɟɤɜɚɬɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ ɜ ɬɨɩɤɚɯ ɤɨɬɥɨɜ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɚɜɬɨɪɫɤɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɞɨɜ (Matlab, Delfi, Visual C++) ɢ 

ɤɨɦɦɟɪɱɟɫɤɢɯ ɩɚɤɟɬɨɜ (Ansys Fluent, Comsol Multiphysics). 
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1. Ɉɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

Ɉɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɟ (ɈȼɍɌ) ɢ ɜɨɞɨɭɝɨɥɶɧɵɟ (ȼɍɌ) ɬɨɩɥɢɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɝɨɦɨɝɟɧɧɵɟ ɫɦɟɫɢ ɧɟɫɤɨɥɶɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɭɫɩɟɧɡɢɹ ɈȼɍɌ 

ɜɤɥɸɱɚɟɬ ɬɜɟɪɞɭɸ ɢ ɠɢɞɤɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ. ȼ ɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ ɤɚɤ ɬɜɟɪɞɚɹ, ɬɚɤ ɢ 

ɠɢɞɤɚɹ ɱɚɫɬɢ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɧɟɫɤɨɥɶɤɨ ɝɨɪɸɱɢɯ ɢ ɧɟɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɢɠɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɱɧɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ (ɩɨ ɷɤɨɥɨɝɢɱɟɫɤɢɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ, 

ɷɤɨɧɨɦɢɱɟɫɤɢɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢ/ɢɥɢ ɫɨɰɢɚɥɶɧɵɦ ɤɪɢɬɟɪɢɹɦ) ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ, ɚ ɬɚɤɠɟ ɬɢɩɢɱɧɵɟ ɞɢɚɩɚɡɨɧɵ ɦɚɫɫɨɜɵɯ ɢ/ɢɥɢ 

ɨɛɴɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ (ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɨɫɧɨɜɟ ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɩɵɬɚ, ɚɧɚɥɢɡɚ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɪɟɨɥɨɝɢɢ, ɪɚɫɩɵɥɟɧɢɸ, ɡɚɠɢɝɚɧɢɸ ɢ 

ɝɨɪɟɧɢɸ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ). 

Ɍɜɟɪɞɵɟ ɝɨɪɸɱɢɟ ɤɨɦɩɨɧɟɧɬɵ: ɤɚɦɟɧɧɵɟ ɢ ɛɭɪɵɟ ɭɝɥɢ; ɬɨɪɮ; ɭɝɨɥɶɧɵɟ ɨɬɯɨɞɵ 

(ɲɥɚɦɵ, ɮɢɥɶɬɪ-ɤɟɤɢ, ɩɪɨɦɩɪɨɞɭɤɬ); ɛɢɨɦɚɫɫɚ ɢ ɞɪɟɜɟɫɧɵɟ ɤɨɦɩɨɧɟɧɬɵ (ɤɨɪɚ, 

ɨɩɢɥɤɢ, ɞɪɟɜɟɫɧɵɣ ɭɝɨɥɶ); ɬɜɟɪɞɵɟ ɛɵɬɨɜɵɟ ɨɬɯɨɞɵ (ɤɚɪɬɨɧ, ɪɟɡɢɧɚ, ɩɥɚɫɬɢɤ, 

ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɞɪ.). Ɉɛɳɚɹ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɬɜɟɪɞɵɯ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɜ ɬɨɩɥɢɜɧɨɣ ɫɭɫɩɟɧɡɢɢ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɨɬ 40% ɞɨ 60%. ȼ 

ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɭɝɥɢ ɢ ɤɟɤɢ ɦɚɪɨɤ: Ɍ – ɬɨɳɢɣ, Ⱦ – 

ɞɥɢɧɧɨɩɥɚɦɟɧɧɵɣ, ɀ – ɠɢɪɧɵɣ, Ƚ – ɝɚɡɨɜɵɣ, ɋɋ – ɫɥɚɛɨɫɩɟɤɚɸɳɢɣɫɹ, Ʉ – 

ɤɨɤɫɭɸɳɢɣɫɹ. 

ɀɢɞɤɢɟ ɝɨɪɸɱɢɟ ɤɨɦɩɨɧɟɧɬɵ (ɦɚɫɫɨɜɵɟ ɞɨɥɢ 5–15%): ɦɚɫɥɚ ɧɟɮɬɹɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ (ɨɬɪɚɛɨɬɚɧɧɵɟ ɢ ɢɫɯɨɞɧɵɟ); ɧɟɮɬɹɧɵɟ ɲɥɚɦɵ; ɬɹɠɟɥɚɹ ɧɟɮɬɶ ɢ 

ɦɚɡɭɬ; ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ; ɝɥɢɰɟɪɢɧ; ɫɩɢɪɬɵ ɢ ɞɪ. Ɍɢɩɢɱɧɵɣ ɠɢɞɤɢɣ ɧɟɝɨɪɸɱɢɣ 

ɤɨɦɩɨɧɟɧɬ – ɜɨɞɚ (ɦɚɫɫɨɜɚɹ ɞɨɥɹ 40–60%) ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɫɦɟɫɟɣ ɦɨɠɟɬ ɛɵɬɶ 

ɜɨɞɨɩɪɨɜɨɞɧɨɣ, ɬɟɯɧɢɱɟɫɤɨɣ, ɫɬɨɱɧɨɣ, ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɢ ɞɪ. 

ɉɨɦɢɦɨ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜ ɫɨɫɬɚɜ ɫɭɫɩɟɧɡɢɢ ɦɨɝɭɬ ɜɜɨɞɢɬɶɫɹ ɤɨɦɩɨɧɟɧɬɵ, 

ɭɥɭɱɲɚɸɳɢɟ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢɥɢ ɫɧɢɠɚɸɳɢɟ ɜɹɡɤɨɫɬɶ (ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɢ ɩɪɢɪɨɞɧɵɟ 

ɉȺȼɵ, ɦɚɫɥɚ, ɤɪɚɯɦɚɥ, ɥɢɝɧɢɧ, ɤɚɦɟɞɶ ɢ ɞɪ.). ɂɯ ɦɚɫɫɨɜɚɹ ɞɨɥɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0.5–5%. 

 

2. ɋɜɨɣɫɬɜɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

Ⱦɚɧɧɵɟ ɨ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɠɢɞɤɢɯ ɬɨɩɥɢɜ 

ɧɟɨɛɯɨɞɢɦɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɢɯ ɩɪɢɝɨɞɧɨɫɬɢ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɜ 
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ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ, ɯɪɚɧɟɧɢɢ, ɪɚɫɩɵɥɟɧɢɢ. Ƚɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, 

ɜɹɡɤɨɫɬɶ ɬɨɩɥɢɜ ɜɥɢɹɟɬ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ ɩɟɪɟɤɚɱɢɜɚɧɢɹ ɬɨɩɥɢɜɚ ɩɨ 

ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɵɥɟɧɢɹ ɮɨɪɫɭɧɤɚɦɢ [1,2]. ɋɨɝɥɚɫɧɨ [1], 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1.2 ɉɚ∙ɫ (ɩɪɢ 

ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ɫɥɨɹ 100 ɫ-1). Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɫɥɨɠɧɹɸɬ ɩɟɪɟɤɚɱɢɜɚɧɢɟ ɫɦɟɫɢ ɢ ɟɟ ɪɚɫɩɵɥɟɧɢɟ. Ⱦɪɭɝɢɦ ɜɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ 

ɫɭɫɩɟɧɡɢɨɧɧɵɯ ɬɨɩɥɢɜ ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ. ɑɟɦ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɶ ɪɚɫɫɥɨɟɧɢɹ 

ɫɦɟɫɢ ɧɚ ɠɢɞɤɭɸ ɢ ɬɜɟɪɞɭɸ ɮɪɚɤɰɢɢ, ɬɟɦ ɫɬɚɛɢɥɶɧɟɟ ɬɨɩɥɢɜɨ. ɉɨɜɵɲɟɧɢɟ 

ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɞɨɥɶɲɟ ɯɪɚɧɢɬɶ ɩɪɢɝɨɬɨɜɥɟɧɧɭɸ ɫɦɟɫɶ ɛɟɡ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ [2,3]. 

ɇɚ ɪɢɫ. 2.1 ɩɪɢɜɟɞɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɦɟɫɟɣ ɢ ɬɢɩɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ɍɜɟɪɞɵɟ ɤɨɦɩɨɧɟɧɬɵ 

ɩɪɨɫɭɲɢɜɚɥɢɫɶ, ɢɡɦɟɥɶɱɚɥɢɫɶ ɜ ɪɨɬɨɪɧɨɣ ɦɟɥɶɧɢɰɟ (Pulverisette 14), ɩɪɨɫɟɢɜɚɥɢɫɶ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ ɫɢɬ. Ɂɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɝɨɦɨɝɟɧɢɡɚɬɨɪɚ ɢ ɦɚɝɧɢɬɧɨɣ 

ɦɟɲɚɥɤɢ (AIBOTE ZNCLBS-2500-350) ɩɪɢɝɨɬɚɜɥɢɜɚɥɚɫɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɚɹ 

ɫɦɟɫɶ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɹɡɤɨɫɬɢ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɢɫɩɨɥɶɡɨɜɚɧ 

ɜɢɫɤɨɡɢɦɟɬɪ Brookfield DV3T. 

 

Ɋɢɫ. 2.1. Ɉɛɨɪɭɞɨɜɚɧɢɟ (ɚ – ɪɨɬɨɪɧɚɹ ɦɟɥɶɧɢɰɚ, ɛ – ɦɚɝɧɢɬɧɚɹ ɦɟɲɚɥɤɚ, ɜ – 

ɜɢɫɤɨɡɢɦɟɬɪ) ɢ ɬɢɩɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ 

ɞɥɹ ɮɢɥɶɬɪ-ɤɟɤɨɜ ɪɚɡɧɵɯ ɦɚɪɨɤ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ (ɝ) 

 

ȼɫɟ ɢɫɫɥɟɞɭɟɦɵɟ ɫɭɫɩɟɧɡɢɢ ɹɜɥɹɸɬɫɹ ɧɟɧɶɸɬɨɧɨɜɫɤɢɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɬ.ɤ. 

ɡɧɚɱɟɧɢɹ ɢɯ ɜɹɡɤɨɫɬɢ ɡɚɜɢɫɹɬ ɨɬ ɢɡɦɟɧɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɫɤɨɪɨɫɬɢ (ɪɢɫ. 2.1,ɝ). 

ɉɫɟɜɞɨɩɥɚɫɬɢɱɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɭɫɩɟɧɡɢɣ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ. ȿɫɥɢ 

ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɯɪɚɧɟɧɢɟ) ɫɭɫɩɟɧɡɢɹ ɢɦɟɟɬ ɩɨɜɵɲɟɧɧɭɸ 
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ɜɹɡɤɨɫɬɶ, ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɯɪɚɧɟɧɢɸ ɫɬɚɛɢɥɶɧɨɫɬɢ ɛɥɚɝɨɞɚɪɹ ɫɧɢɠɟɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɱɚɫɬɢɰ. ȼɹɡɤɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɫɬɚɬɢɱɧɨɫɬɢ 

(ɜɫɬɪɹɯɢɜɚɧɢɟ, ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ ɞɪ. ɜɨɡɞɟɣɫɬɜɢɹ), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɥɟɝɱɟ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɫɦɟɫɶ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɢɥɢ ɪɚɫɩɵɥɹɬɶ ɟɟ ɱɟɪɟɡ ɮɨɪɫɭɧɤɢ [4].  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɢɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɬɯɨɞɨɜ 

ɭɝɥɟɨɛɨɝɚɳɟɧɢɹ ɨɛɥɚɞɚɟɬ ɫɭɫɩɟɧɡɢɹ ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɚ ɞɥɢɧɧɨɩɥɚɦɟɧɧɨɝɨ 

ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ (ɦɚɪɤɚ Ⱦ). ɉɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ɜ ɞɢɚɩɚɡɨɧɟ 10–

100 ɫ-1
 ɜɹɡɤɨɫɬɶ ɬɚɤɨɣ ɫɭɫɩɟɧɡɢɢ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 1040.72 ɞɨ 157.06 ɦɉɚ∙ɫ. 

ɇɚɢɛɨɥɶɲɢɦ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɜɹɡɤɨɫɬɢ ɨɛɥɚɞɚɸɬ ɬɨɩɥɢɜɧɵɟ ɫɭɫɩɟɧɡɢɢ ɧɚ 

ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɨɜ ɭɝɥɹ Ƚ (ɝɚɡɨɜɵɣ) ɢ ɭɝɥɹ ɀ (ɠɢɪɧɵɣ). Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ 

ɫɨɫɬɚɜɢɥ ɨɬ 4676.36 ɞɨ 453.22 ɦɉɚ∙ɫ ɞɥɹ ɤɟɤɚ Ƚ ɢ ɨɬ 4066.97 ɞɨ 631.66 ɦɉɚ∙ɫ ɞɥɹ 

ɤɟɤɚ ɀ. ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɣ 

ɫɭɫɩɟɧɡɢɟɣ ɹɜɥɹɟɬɫɹ ɤɨɦɩɨɡɢɰɢɹ ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɚ ɭɝɥɹ Ⱦ. Ɉɫɚɠɞɟɧɢɟ 

ɫɭɫɩɟɧɡɢɢ ɧɚɱɚɥɨɫɶ ɧɚ ɬɪɟɬɢɣ ɞɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɞɨɥɹ ɨɬɫɥɨɢɜɲɟɣɫɹ ɠɢɞɤɨɫɬɢ 

ɫɨɫɬɚɜɢɥɚ ɧɟ ɛɨɥɟɟ 2%. ɇɚɢɦɟɧɟɟ ɫɬɚɛɢɥɶɧɨɣ ɫɦɟɫɶɸ ɹɜɥɹɟɬɫɹ ɬɨɩɥɢɜɨ ɫ ɞɨɛɚɜɤɨɣ 

ɮɢɥɶɬɪ-ɤɟɤɚ ɭɝɥɹ Ɍ (ɬɨɳɢɣ). Ⱦɨɥɹ ɨɬɞɟɥɢɜɲɟɣɫɹ ɠɢɞɤɨɫɬɢ ɫɨɫɬɚɜɢɥɚ 15.7%. 

ɉɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɮɢɥɶɬɪ-ɤɟɤɚ ɭɝɥɹ Ʉ (ɤɨɤɫɭɸɳɢɣɫɹ) ɨɬ 40% ɞɨ 

60% ɜɹɡɤɨɫɬɶ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɢɡɦɟɧɹɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 170–1400 ɦɉɚ∙ɫ. ȼ 

ɭɫɥɨɜɢɹɯ ɞɥɢɬɟɥɶɧɨɝɨ ɯɪɚɧɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɨɫɬɚɜɨɜ ɪɨɫɥɚ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɨɥɢ 

ɬɜɟɪɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɦɟɫɢ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɚɥɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɞɨɥɢ 

ɠɢɞɤɨɝɨ ɝɨɪɸɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚ ɜɹɡɤɨɫɬɶ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ. ȼ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɧɨ ɨɬɪɚɛɨɬɚɧɧɨɟ ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ 

ɞɨɫɬɭɩɧɨɫɬɢ ɢ ɛɨɥɶɲɢɯ ɟɠɟɝɨɞɧɵɯ ɨɛɴɟɦɨɜ ɧɚɤɨɩɥɟɧɢɹ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɩɪɟɞɩɪɢɹɬɢɹɯ. ȼɹɡɤɨɫɬɶ ɫɦɟɫɢ ɩɪɢ 5% ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ ɫɨɫɬɚɜɢɥɚ 492.5 ɦɉɚ∙ɫ, 

ɱɬɨ ɩɪɢɟɦɥɟɦɨ ɞɥɹ ɩɟɪɟɤɚɱɢɜɚɧɢɹ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ ɩɨ ɬɪɭɛɚɦ ɢ 

ɪɚɫɩɵɥɟɧɢɸ ɜ ɮɨɪɫɭɧɤɚɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ [1]. Ɉɞɧɚɤɨ ɞɨɛɚɜɤɚ ɛɨɥɶɲɟɣ ɞɨɥɢ 

ɦɚɫɥɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɫɭɫɩɟɧɡɢɸ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɢɥɢ 

ɪɚɫɩɵɥɹɬɶ ɟɟ ɮɨɪɫɭɧɤɚɦɢ. ȼɫɟ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɫɦɟɫɢ ɫ ɞɨɛɚɜɤɨɣ ɦɚɫɥɚ ɧɟ 

ɪɚɫɫɥɚɢɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɯɪɚɧɟɧɢɹ (7 ɫɭɬɨɤ). 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɬɨɧɢɧɵ ɩɨɦɨɥɚ ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɩɩɵ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ. Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɨɩɥɢɜ ɧɚ 
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ɨɫɧɨɜɟ ɛɭɪɨɝɨ ɭɝɥɹ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɟɧɶɲɟɣ ɬɨɧɢɧɟ ɩɨɦɨɥɚ (ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɱɚɫɬɢɰɵ 

ɪɚɡɦɟɪɨɦ 80, 100 ɢ 140 ɦɤɦ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɧɶɲɚɹ ɜɹɡɤɨɫɬɶ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ 

(ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ 100 ɫ-1 ɜɹɡɤɨɫɬɶ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 180–274 ɦɉɚ∙ɫ). 

ɉɪɢ ɫɨɜɦɟɫɬɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɝɥɟɣ ɞɜɭɯ ɩɨɦɨɥɨɜ (ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ 100 ɢ 

140 ɦɤɦ) ɧɚɢɦɟɧɶɲɟɣ ɜɹɡɤɨɫɬɢ ɭɞɚɥɨɫɶ ɞɨɫɬɢɱɶ ɞɥɹ ɬɨɩɥɢɜɚ ɫ ɫɨɫɬɚɜɨɦ «ɭɝɨɥɶ 

ɦɚɪɤɢ Ⱦ (ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ 140 ɦɤɦ) 15%, ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ (ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ 100 ɦɤɦ) 

35%, ɜɨɞɚ 50%» (ɜɹɡɤɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 202 ɦɉɚ∙ɫ). ɇɚɢɛɨɥɶɲɟɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɫɬɚɜ «ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ (ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ 140 ɦɤɦ) 25%, ɭɝɨɥɶ Ⱦ 

(ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ 100 ɦɤɦ) 25%, ɜɨɞɚ 50%». 

Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɫɬɚɥɨ 

ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɜɜɟɞɟɧɢɹ ɞɨɛɚɜɤɢ ɜ ɜɢɞɟ ɛɢɨɦɚɫɫɵ (ɧɚ ɩɪɢɦɟɪɟ ɨɩɢɥɨɤ) ɧɚ 

ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ. Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɩɢɥɨɤ 

ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 2.5–10%. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɢɦ 

ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɜɹɡɤɨɫɬɢ (12063.69–396.12 ɦɉɚ∙ɫ) ɨɛɥɚɞɚɟɬ ɫɭɫɩɟɧɡɢɹ, 

ɫɨɞɟɪɠɚɳɚɹ 10% ɨɩɢɥɨɤ. ɉɪɢ ɫɤɨɪɨɫɬɹɯ ɫɞɜɢɝɚ 100 ɫ-1
 ɜɹɡɤɨɫɬɶ ɜɫɟɯ ɫɭɫɩɟɧɡɢɣ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɚɩɚɡɨɧɭ, ɩɨɞɯɨɞɹɳɟɦɭ ɞɥɹ ɩɟɪɟɤɚɱɤɢ ɬɚɤɢɯ ɫɦɟɫɟɣ ɩɨ 

ɬɪɭɛɨɩɪɨɜɨɞɭ ɢ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɩɵɥɟɧɢɸ ɮɨɪɫɭɧɤɚɦɢ. 

 

3. Ⱦɟɮɨɪɦɚɰɢя ɤɚɩɟɥɶ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɇɚ ɪɢɫ. 3.1 ɩɪɢɜɟɞɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɹ ɤɚɩɟɥɶ ɜɨɞɨɭɝɨɥɶɧɵɯ 

(ȼɍɌ) ɢ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ (ɈȼɍɌ) ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. 

 

Ɋɢɫ. 3.1. ȼɧɟɲɧɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ: 1 – ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ 

(ɉɄ); 2 – ɜɢɞɟɨɤɚɦɟɪɚ; 3 – ɦɚɤɪɨɨɛɴɟɤɬɢɜ; 4 – ɫɜɟɬɨɞɢɨɞɧɵɣ ɩɪɨɠɟɤɬɨɪ; 5 – 

ɥɚɛɨɪɚɬɨɪɧɵɟ ɜɟɫɵ; 6 –ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɟɪɟɦɟɲɢɜɚɬɟɥɶ; 7 – ɲɩɪɢɰɟɜɨɣ 
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ɧɚɫɨɫ; 8 – ɫɨɩɥɨ ɜɨɡɞɭɲɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ; 9 – ɤɚɩɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɤɨɦɩɨɡɢɰɢɢ; 10 – 

ɤɚɧɚɥ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ; 11 – ɞɨɡɢɪɭɸɳɢɣ ɧɚɤɨɧɟɱɧɢɤ; 12 – ɟɦɤɨɫɬɶ ɞɥɹ ɫɛɨɪɚ 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɫɬɚɜɚ 

 

ɂɫɫɥɟɞɨɜɚɧɵ ɬɨɩɥɢɜɧɵɟ ɫɨɫɬɚɜɵ, ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩ. 2 ɧɚɫɬɨɹɳɟɝɨ ɨɬɱɟɬɚ. ɇɚ 

ɩɟɪɜɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɨɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɟɮɨɪɦɚɰɢɢ) 

ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɤɚɩɟɥɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ ɜ 

ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ. ȼɚɪɶɢɪɨɜɚɥɢɫɶ ɜɵɫɨɬɚ, ɫ ɤɨɬɨɪɨɣ ɫɛɪɚɫɵɜɚɥɢɫɶ ɤɚɩɥɢ, ɢɯ 

ɧɚɱɚɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɢ ɬɟɦɩɟɪɚɬɭɪɚ. Ɋɟɝɢɫɬɪɚɰɢɹ ɩɪɨɰɟɫɫɨɜ ɞɟɮɨɪɦɚɰɢɢ 

ɜɵɩɨɥɧɹɥɚɫɶ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ 

ɜɢɞɟɨɡɚɩɢɫɟɣ ɨɩɵɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «TОЦК 

AЮЭШЦШЭТЯО» ɨɩɪɟɞɟɥɟɧɵ ɢɡɦɟɧɹɸɳɢɟɫɹ ɜ ɩɨɥɟɬɟ ɮɨɪɦɵ ɤɚɩɟɥɶ, ɢɯ ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɩɨɩɟɪɟɱɧɵɟ ɢ ɩɪɨɞɨɥɶɧɵɟ ɪɚɡɦɟɪɵ (ɚɦɩɥɢɬɭɞɚ ɞɟɮɨɪɦɚɰɢɢ), ɚ ɬɚɤɠɟ ɞɢɧɚɦɢɤɚ 

ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɩɪɨɞɨɥɶɧɨɝɨ (ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ) ɫɟɱɟɧɢɹ ɤɚɩɥɢ. 

Ɍɢɩɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3.2. 

 

 

 

Ɋɢɫ. 3.2. ɂɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɩɟɥɶ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 
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ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɫɜɨɛɨɞɧɨ ɩɚɞɚɸɳɭɸ ɤɚɩɥɸ ɬɨɩɥɢɜɧɨɣ 

ɫɭɫɩɟɧɡɢɢ ɢɦɩɭɥɶɫɧɨ ɜɨɡɞɟɣɫɬɜɨɜɚɥ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨ ɧɨɪɦɚɥɢ ɤ ɬɪɚɟɤɬɨɪɢɢ ɟɟ 

ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ, ɝɟɧɟɪɢɪɭɟɦɵɣ ɤɨɦɩɪɟɫɫɨɪɨɦ. ɉɪɢ ɨɬɤɪɵɬɢɢ ɡɚɩɨɪɧɨɣ 

ɡɚɞɜɢɠɤɢ ɩɟɪɟɞ ɫɨɩɥɨɦ ɮɨɪɦɢɪɨɜɚɥɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ ɦɨɳɧɵɣ ɢɦɩɭɥɶɫɧɵɣ 

ɩɨɬɨɤ ɜɨɡɞɭɯɚ. Ⱦɚɜɥɟɧɢɟ ɜ ɪɟɫɢɜɟɪɟ ɤɨɦɩɪɟɫɫɨɪɚ ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɨɬ 1 ɞɨ 8 ɚɬɦ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɚɩɚɡɨɧɭ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ 3.44–15.12 ɦ/ɫ. ɉɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɨ ɜɹɡɤɨɫɬɢ, 

ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɧɚɬɹɠɟɧɢɢ ɬɨɩɥɢɜ ɜɵɩɨɥɧɟɧɚ ɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɰɟɧɤɚ 

ɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɞɪɨɛɥɟɧɢɹ ɤɚɩɟɥɶ ɜ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ (ɬɚɛɥ. 3.1). 

 

Ɍɚɛɥ. 3.1. Ɂɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɱɢɫɟɥ ȼɟɛɟɪɚ ɢ Ɋɟɣɧɨɥɶɞɫɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɪɚɡɪɭɲɟɧɢɸ ɤɚɩɟɥɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɬɨɩɥɢɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ  Weɤɪ Reɤɪ ɇɚɢɦɟɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ  Weɤɪ Reɤɪ 

Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 35%, 
ɜɨɞɚ 61%, ɨɩɢɥɤɢ 4% 

571.9 29.8 Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 50%, 
ɜɨɞɚ 47.5%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 
2.5% 

399.8 14.4 

Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 50%, 
ɜɨɞɚ 50%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 5% 

861.8 

 

32.2 Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 50%, 
ɜɨɞɚ 40%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 
10% 

572.4 5.32 

Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 50%, 
ɜɨɞɚ 50% 

354.8 29.7 Ɏɢɥɶɬɪ-ɤɟɤ Ⱦ 40%, ɜɨɞɚ 60% 390.4 85.6 

Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 37%, 
ɜɨɞɚ 61%, ɨɩɢɥɤɢ 2% 

477.2 27.7 ɍɝɨɥɶ ɦɚɪɤɢ Ⱦ 40%, ɜɨɞɚ 60% 442.9 56.8 

Ȼɭɪɵɣ ɭɝɨɥɶ 40% (80 ɦɤɦ), 
ɜɨɞɚ 60% 

384.6 57.2 ɍɝɨɥɶ ɦɚɪɤɢ Ⱦ 50%, ɜɨɞɚ 50% 479.4 55.9 

Ȼɭɪɵɣ ɭɝɨɥɶ 40% (100 ɦɤɦ), 
ɜɨɞɚ 60% 

418.7 37.3 ɍɝɨɥɶ ɦɚɪɤɢ Ⱦ 45%, ɜɨɞɚ 55% 530.1 56 

Ȼɭɪɵɣ ɭɝɨɥɶ 40% (140 ɦɤɦ), 
ɜɨɞɚ 60% 

402.7 45.1 Ɏɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 60%, 
ɜɨɞɚ 40% 

ɧɟɬ 
ɪɚɡɪɭɲɟɧɢɹ 

 

4. Ɏɪɚɝɦɟɧɬɚɰɢя ɤɚɩɟɥɶ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɮɪɚɝɦɟɧɬɚɰɢɢ 

(ɜɫɥɟɞɫɬɜɢɟ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ) ɤɚɩɟɥɶ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɫɬɚɜɨɜ ȼɍɌ ɢ 

ɈȼɍɌ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɟɯ ɫɯɟɦ ɫ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɤɨɧɜɟɤɬɢɜɧɨɝɨ, 

ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ (ɜ ɩɨɬɨɤɟ ɪɚɡɨɝɪɟɬɨɝɨ ɝɚɡɚ, ɧɚ ɪɚɡɨɝɪɟɬɨɣ 

ɩɨɞɥɨɠɤɟ ɢ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ). ɇɚɝɪɟɜ ɜ ɩɨɬɨɤɟ ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ ɪɟɚɥɢɡɨɜɚɧ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɹ (LОТЬЭОЫ LHS 61, ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ 700 °ɋ) ɢ ɧɚɝɧɟɬɚɬɟɥɹ ɜɢɯɪɟɜɨɝɨ ɩɨɬɨɤɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 

(LОТЬЭОЫ RШЛЮЬЭ ɫ ɪɚɫɯɨɞɨɦ ɜɨɡɞɭɯɚ ɩɪɢ 20 °ɋ ɞɨ 1200 ɥ/ɦɢɧ) ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 
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ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɪɚɡɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɨɞɨɥɠɟɧɢɟɦ ɜɵɯɨɞɧɨɝɨ 

ɩɚɬɪɭɛɤɚ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɹ ɹɜɥɹɥɫɹ ɩɨɥɵɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɤɚɧɚɥ ɢɡ ɤɜɚɪɰɟɜɨɝɨ 

ɫɬɟɤɥɚ, ɜ ɤɨɬɨɪɵɣ ɧɚ ɞɟɪɠɚɬɟɥɟ ɜ ɜɢɞɟ ɬɨɧɤɨɣ ɧɢɯɪɨɦɨɜɨɣ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ 

0.2 ɦɦ ɜɜɨɞɢɥɢɫɶ ɤɚɩɥɢ ȼɍɌ ɢ ɈȼɍɌ. ɋɯɟɦɚ ɧɚɝɪɟɜɚ ɫ ɪɚɡɨɝɪɟɬɨɣ ɩɨɞɥɨɠɤɨɣ 

ɪɟɚɥɢɡɨɜɵɜɚɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ 

ȼɑ-15Ⱥȼ (ɦɨɳɧɨɫɬɶ 15 ɤȼɬ, ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ 30–100 ɤȽɰ). Ɉɞɢɧɨɱɧɵɟ ɤɚɩɥɢ ȼɍɌ 

ɢ ɈȼɍɌ ɩɨɦɟɳɚɥɢɫɶ ɧɚ ɩɨɞɥɨɠɤɭ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɦɚɪɤɢ 12ɏ18ɇ10Ɍ ɜ 

ɭɝɥɭɛɥɟɧɢɟ ɜ ɜɟɪɯɧɟɣ ɟɟ ɱɚɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɞɢɚɦɟɬɪɨɦ 5.5 ɦɦ ɢ 

ɝɥɭɛɢɧɨɣ 2 ɦɦ. ɋɯɟɦɚ ɫ ɞɨɦɢɧɢɪɨɜɚɧɢɟɦ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɬɪɭɛɱɚɬɨɣ ɩɟɱɢ NКЛОЫЭСОЫЦ R 50/250/13 (ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

1300 °ɋ), ɢɫɬɨɱɧɢɤɨɦ ɢɡɥɭɱɟɧɢɹ ɜ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɫɬɟɧɤɢ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɪɭɛɤɢ. 

Ʉɚɩɥɢ ȼɍɌ ɢ ɈȼɍɌ ɩɨɦɟɳɚɥɢɫɶ ɜ ɪɚɡɨɝɪɟɬɭɸ ɫɪɟɞɭ ɧɚ ɞɟɪɠɚɬɟɥɟ ɚɧɚɥɨɝɢɱɧɨ 

ɫɯɟɦɟ ɫ ɩɨɬɨɤɨɦ ɜɨɡɞɭɯɚ. 

ɉɪɨɰɟɫɫɵ ɧɚɝɪɟɜɚ, ɢɫɩɚɪɟɧɢɹ ɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ 

ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɤɚɦɟɪɵ Phantom Miro C110 (915 

ɤɚɞɪɨɜ ɜ ɫɟɤɭɧɞɭ (ɤɚɞɪ/ɫ) ɩɪɢ 1280 x 1024; ɞɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ 12 ɛɢɬ; ɄɆɈɉ 

ɫɟɧɫɨɪ – 1.3 Ɇɩɢɤɫ). ɑɚɫɬɨɬɚ ɫɴɟɦɤɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɥɚ 

1000 ɤɚɞɪɨɜ ɜ ɫɟɤɭɧɞɭ ɩɪɢ ɪɚɡɪɟɲɟɧɢɢ 512x512 ɩɢɤɫɟɥɟɣ. ɉɨɥɭɱɟɧɧɵɟ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɢɞɟɨɮɪɚɝɦɟɧɬɵ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɨɛɟɫɩɟɱɟɧɢɢ PСКЧЭШЦ CКЦОЫК CШЧЭЫШХ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɜɪɟɦɟɧɚ 

ɡɚɞɟɪɠɤɢ ɧɚɱɚɥɚ ɪɚɫɩɚɞɚ ɤɚɩɟɥɶ, ɢɯ ɧɚɱɚɥɶɧɵɟ ɪɚɡɦɟɪɵ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɵ 

ɜɬɨɪɢɱɧɵɯ ɤɚɩɟɥɶ ɩɨɫɥɟ ɮɪɚɝɦɟɧɬɚɰɢɢ. ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɩɪɟɜɵɲɚɥɢ 0.001 ɫ ɢ 0.025 ɦɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɡɦɟɪ 

ɤɚɩɟɥɶ ɪɟɝɢɫɬɪɢɪɨɜɚɥɫɹ ɜ ɦɨɦɟɧɬ ɢɯ ɜɜɨɞɚ ɜ ɡɨɧɭ ɧɚɝɪɟɜɚ. 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɬɟɧɞɨɜ ɫ ɪɚɡɧɵɦɢ ɞɨɦɢɧɢɪɭɸɳɢɦɢ 

ɦɟɯɚɧɢɡɦɚɦɢ ɧɚɝɪɟɜɚ ɭɫɬɚɧɨɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧ 

ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɫɬɚɜɨɜ ȼɍɌ ɢ ɈȼɍɌ 

ɨɬ ɝɪɭɩɩɵ ɮɚɤɬɨɪɨɜ: ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɣ ɫɪɟɞɵ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ 

ɩɨɬɨɤɚ, ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ, ɧɚɱɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɤɚɩɟɥɶ. ɉɨɞ ɜɪɟɦɟɧɟɦ ɡɚɞɟɪɠɤɢ 

ɪɚɫɩɚɞɚ ɩɪɢɧɹɬ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɜɜɨɞɨɦ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ ɜ ɡɨɧɭ 

ɧɚɝɪɟɜɚ ɞɨ ɧɚɱɚɥɚ ɢɯ ɮɪɚɝɦɟɧɬɚɰɢɢ (ɨɬɪɵɜ ɩɟɪɜɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɮɪɚɝɦɟɧɬɚ). Ɍɚɤɠɟ 

ɭɫɬɚɧɨɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɬɨɪɢɱɧɵɯ ɤɚɩɟɥɶ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɮɪɚɝɦɟɧɬɚɰɢɢ 
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ɢɫɯɨɞɧɵɯ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ: ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɩɨ 

ɪɚɡɦɟɪɚɦ, ɢɯ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ, ɭɜɟɥɢɱɟɧɢɟ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɟɥɶ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɱɚɥɶɧɨɣ (ɞɨ ɪɚɫɩɚɞɚ). Ɍɢɩɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɧɚɝɪɟɜɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4.1. 

 

Ɋɢɫ. 4.1. ɋɯɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ɬɨɩɥɢɜ ɢ 

ɬɢɩɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɩɪɢɦɟɪɟ ɧɚɝɪɟɜɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ 

 

ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɝɪɭɩɩɨɣ ɤɨɦɩɨɧɟɧɬɧɵɯ ɫɨɫɬɚɜɨɜ: 

1 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 50 %, ɜɨɞɚ 50%, 2 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 50 %, ɜɨɞɚ 45%, ɬɭɪɛɢɧɧɨɟ 

ɦɚɫɥɨ 5%, 3 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 50%, 4 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 

5%, 5 – ɭɝɨɥɶ Ⱦ 40%, ɜɨɞɚ 60%, 6 – ɭɝɨɥɶ Ⱦ 60%, ɜɨɞɚ 40%, 7 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 

40%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 10%, 8 – ɭɝɨɥɶ Ⱦ 38%, ɜɨɞɚ 60%, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ 2% , 9 – 

ɭɝɨɥɶ Ⱦ 36%, ɜɨɞɚ 60%, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ 4%, 10 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 49%, ɧɟɨɧɨɥ 

1%, 11 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 49,75%, ɧɟɨɧɨɥ 0,25%, 12 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 49,75%, 

TWEEN 80 0,25%, 13 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 48,4%, ɤɪɚɯɦɚɥ 1.6%, 14 – ɭɝɨɥɶ Ⱦ 50%, 

ɜɨɞɚ 45%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 5%, 15 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ 5%, 

16 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ 5%, 17 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 50%, ɜɨɞɚ 

45%, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ 5%, 18 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 50%, ɜɨɞɚ 45%, ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ 
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5%. Ɍɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɬɨɧɢɧɵ ɩɨɦɨɥɚ ɜ ɞɢɚɩɚɡɨɧɟ 80–140 ɦɤɦ ɧɚ 

ɩɪɢɦɟɪɟ ɫɨɫɬɚɜɚ: ɛɭɪɵɣ ɭɝɨɥɶ 50%, ɜɨɞɚ 50%. 

Ɉɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ, ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ȼɨ-ɩɟɪɜɵɯ, 

ɮɪɚɝɦɟɧɬɚɰɢɹ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɥɧɨɦ ɢɫɩɚɪɟɧɢɢ ɜɥɚɝɢ ɢɡ 

ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɤɨɦɩɨɡɢɰɢɢ. ɗɬɨɬ ɜɵɜɨɞ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ 

ȼɍɌ ɢ ɈȼɍɌ. ȼɨ-ɜɬɨɪɵɯ, ɫɨɫɬɚɜɵ ɧɚ ɨɫɧɨɜɟ ɤɚɦɟɧɧɵɯ ɢ ɛɭɪɵɯ ɭɝɥɟɣ 

ɮɪɚɝɦɟɧɬɢɪɨɜɚɥɢ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɩɨɥɧɨɦ ɜɵɯɨɞɟ ɜɥɚɝɢ ɢɡ ɧɢɯ ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɨɫɬɚɜɨɜ 

ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɨɜ. ȼ-ɬɪɟɬɶɢɯ, ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɮɪɚɝɦɟɧɬɚɰɢɢ ɢɝɪɚɟɬ 

ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. ɉɪɨɰɟɫɫɵ ɮɪɚɝɦɟɧɬɚɰɢɢ ɪɟɚɥɢɡɭɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɞɨ ɦɨɦɟɧɬɚ ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ɍɫɬɚɧɨɜɥɟɧ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ, 

ɩɪɢ ɤɨɬɨɪɵɯ ɫɬɚɛɢɥɶɧɨ ɪɟɚɥɢɡɭɟɬɫɹ ɪɚɫɩɚɞ ɤɚɩɟɥɶ. ɗɬɨɬ ɞɢɚɩɚɡɨɧ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɡɚɠɢɝɚɧɢɸ (ɞɨ 900 °ɋ). ȼ-ɱɟɬɜɟɪɬɵɯ, ɧɚ ɪɚɫɩɚɞ ɤɚɩɟɥɶ ȼɍɌ 

ɢ ɈȼɍɌ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɢɯ ɢɫɯɨɞɧɵɟ ɪɚɡɦɟɪɵ: ɱɟɦ ɦɟɥɶɱɟ ɤɚɩɥɢ, ɬɟɦ ɛɵɫɬɪɟɟ 

ɨɧɢ ɮɪɚɝɦɟɧɬɢɪɭɸɬ. ȼ-ɩɹɬɵɯ, ɪɚɫɩɚɞ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ 

(ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɧɚɢɦɟɧɶɲɢɦ ɪɚɡɦɟɪɨɦ) ɩɪɢ 

ɨɛɬɟɤɚɧɢɢ ɤɚɩɟɥɶ ɩɨɬɨɤɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ (ɜ ɪɟɚɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ 

ɬɟɯɧɨɥɨɝɢɹɯ ɷɬɨ ɫɯɟɦɚ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ ɜ ɬɨɩɨɱɧɨɣ 

ɤɚɦɟɪɟ). ȼ-ɲɟɫɬɵɯ, ɬɨɧɢɧɚ ɩɨɦɨɥɚ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ ɨɱɟɧɶ ɜɚɠɧɚ ɩɪɢ 

ɮɪɚɝɦɟɧɬɚɰɢɢ, ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɱɚɥɶɧɨɦɭ ɪɚɡɦɟɪɭ ɭɝɨɥɶɧɵɯ ɱɚɫɬɢɰ ɜ ɤɨɦɩɨɡɢɰɢɢ. 

ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨ ɢɡɭɱɟɧɢɸ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ ɞɥɹ ɪɟɚɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ȼɍɌ ɢ ɈȼɍɌ ɩɨɫɥɟ ɪɚɫɩɚɞɚ 

(ɮɪɚɝɦɟɧɬɚɰɢɢ). ɉɨɜɵɲɟɧɢɟ ɡɧɚɱɟɧɢɹ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɬ.ɟ. ɬɟɩɥɨɜɭɸ ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɨɤ. ɇɚ ɪɢɫ. 4.2 

ɩɨɤɚɡɚɧɵ ɬɢɩɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɢ S1/S0 ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɟɸɳɟɣ ɫɪɟɞɵ ɜ ɭɫɥɨɜɢɹɯ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ 

ɞɥɹ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɫɬɚɜɨɜ: 1 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɬɭɪɛɢɧɧɨɟ 

ɦɚɫɥɨ 5%, 2 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɨɩɢɥɤɢ 5%, 3 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, 

ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ 5%. 
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Ɋɢɫ. 4.2 Ɍɢɩɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɢ ɞɨ 

ɮɪɚɝɦɟɧɬɚɰɢɢ S1/S0 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɦɭɮɟɥɟ ɞɥɹ ɬɪɟɯ ɫɨɫɬɚɜɨɜ: 1 – ɭɝɨɥɶ 

Ⱦ 50%, ɜɨɞɚ 45%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 5%, 2 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɨɩɢɥɤɢ 5%, 3 – 

ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 45%, ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ 5% 

 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɚɠɧɵ ɞɥɹ ɪɚɡɜɢɬɢɹ ɬɨɩɥɢɜɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɪɚɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜ ɜ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɮɪɚɝɦɟɧɬɚɰɢɹ ɤɚɩɟɥɶ ɬɨɩɥɢɜ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚ ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɡɚɠɢɝɚɧɢɢ. Ⱦɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɩɟɪɜɢɱɧɨɟ ɪɚɫɩɵɥɟɧɢɟ ȼɍɌ ɢ ɈȼɍɌ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (250–900 °ɋ) ɞɥɹ ɩɨɥɧɨɣ ɮɪɚɝɦɟɧɬɚɰɢɢ ɤɚɩɟɥɶ ɬɨɩɥɢɜ, ɚ 

ɡɚɬɟɦ ɩɪɨɞɨɥɠɢɬɶ ɩɨɞɚɱɭ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɩɨɫɥɟ ɪɚɫɩɚɞɚ ɢɫɯɨɞɧɵɯ ɤɚɩɟɥɶ ɜ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɨɧɭ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɷɧɟɪɝɨɝɟɧɟɪɚɰɢɢ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɤɨɬɥɚɯ. Ɉɫɧɨɜɧɵɦɢ ɢɡ ɧɢɯ 

ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢɹ ɢ ɩɨɥɧɨɬɚ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. ȼ ɪɚɦɤɚɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɫɠɢɝɚɧɢɹ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫɭɳɟɫɬɜɟɧɧɚɹ 

ɪɨɥɶ ɨɬɜɨɞɢɬɫɹ ɷɬɚɩɚɦ ɩɨɞɝɨɬɨɜɤɢ ɬɨɩɥɢɜɚ ɤ ɫɠɢɝɚɧɢɸ ɢ ɟɝɨ ɪɚɫɩɵɥɟɧɢɹ ɜ ɬɨɩɤɟ. 

ɑɟɦ ɦɟɧɶɲɟ ɪɚɡɦɟɪ ɤɚɩɟɥɶ, ɬɟɦ ɛɨɥɶɲɟ ɷɮɮɟɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɤ 

ɤɨɬɨɪɨɣ ɩɨɞɜɨɞɢɬɫɹ ɷɧɟɪɝɢɹ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɢ ɫ ɤɨɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬɵ 

ɬɨɩɥɢɜɚ, ɮɨɪɦɢɪɭɸɳɢɟ ɝɨɪɸɱɭɸ ɩɚɪɨɝɚɡɨɜɭɸ ɫɦɟɫɶ. ɒɢɪɨɤɨ ɢɡɜɟɫɬɧɵɟ ɫɩɨɫɨɛɵ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɠɢɞɤɢɯ (ɷɦɭɥɶɫɢɨɧɧɵɯ ɢ ɫɭɫɩɟɧɡɢɨɧɧɵɯ) ɬɨɩɥɢɜ 

ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɟɞɟɥɶɧɵɦ (ɦɢɧɢɦɚɥɶɧɵɦ) ɪɚɡɦɟɪɚɦ ɝɟɧɟɪɢɪɭɟɦɵɯ ɤɚɩɟɥɶ 
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(ɤɚɤ ɩɪɚɜɢɥɨ, ɢɯ ɞɢɚɦɟɬɪ ɧɟ ɦɟɧɟɟ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɦɢɤɪɨɦɟɬɪɨɜ). ȼɫɥɟɞɫɬɜɢɟ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɚɩɟɥɶ ɈȼɍɌ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ ɞɨɛɚɜɤɢ ɜɨɞɵ 

(ɩɚɪɵ ɤɨɬɨɪɨɣ ɨɤɚɡɵɜɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ), ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɢ ɩɪɨɰɟɫɫɚ 

ɜɵɝɨɪɚɧɢɹ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɞɥɹ ɤɚɩɥɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ) ɜ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰ 

ɬɢɩɢɱɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ 80 ɦɤɦ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ (ɞɥɹ 

ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɬɥɨɜ), ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɫɧɢɠɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɬɨɩɥɢɜɨɫɠɢɝɚɧɢɹ ɢɡ-ɡɚ ɯɢɦɢɱɟɫɤɨɝɨ, ɮɢɡɢɱɟɫɤɨɝɨ ɢ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 

ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɫɩɟɧɡɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ, 

ɪɚɫɩɵɥɹɟɦɨɝɨ ɜ ɬɨɩɤɟ ɤɨɬɥɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɬɨɪɢɱɧɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɤɚɩɟɥɶ (ɞɨ 

ɪɚɡɦɟɪɨɜ ɜ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɦɢɤɪɨɦɟɬɪɨɜ) ɜ ɩɪɨɰɟɫɫɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɧɚɝɪɟɜɚ ɜ 

ɪɟɠɢɦɚɯ ɦɢɤɪɨ-ɜɡɪɵɜɚ ɢɥɢ ɩɚɮɮɢɧɝɚ (ɞɥɢɬɟɥɶɧɨɟ ɢ ɱɚɫɬɢɱɧɨɟ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ 

ɤɚɩɥɢ), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɷɧɟɪɝɢɢ ɢ ɜɪɟɦɟɧɢ. Ʉ 

ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɵ ɦɟɯɚɧɢɡɦɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɬɟɤɚɧɢɹ ɷɬɢɯ 

ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɛɨɥɶɲɨɣ ɝɪɭɩɩɵ ɬɨɩɥɢɜɧɵɯ ɷɦɭɥɶɫɢɣ ɢ ɫɭɫɩɟɧɡɢɣ, ɧɨ ɨɫɧɨɜɧɵɟ 

ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ, ɩɪɢɦɟɧɢɦɵɟ ɧɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɦɢɤɪɨ-ɜɡɪɵɜɚ ɢɥɢ ɩɚɮɮɢɧɝɚ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ, ɧɟ ɪɚɡɪɚɛɨɬɚɧɵ. 

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɝɪɭɩɩɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 

(ɬɚɛɥ. 4.1) ɫɦɟɫɟɣ (ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɤɢɩɟɧɢɹ, ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ, 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ, ɫɦɚɱɢɜɚɟɦɨɫɬɶ) ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɧɚɝɪɟɜɟ 

ɝɪɭɩɩɵ ɝɨɪɸɱɢɯ ɢ ɧɟɝɨɪɸɱɢɯ (ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɝɪɚɧɢɰ ɩɪɢɦɟɧɟɧɢɹ ɬɟɨɪɢɢ) 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɨɫɬɚɜɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ 

ɬɜɟɪɞɵɯ ɝɨɪɸɱɢɯ ɱɚɫɬɢɰ, ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɪɟɚɥɢɡɚɰɢɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ 

ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɢ ɩɚɮɮɢɧɝɚ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɜɢɞɟɨɪɟɝɢɫɬɪɚɰɢɢ. Ⱦɥɹ ɤɚɩɟɥɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ (ɝɨɪɸɱɢɯ ɢ 

ɧɟɝɨɪɸɱɢɯ) ɫɨɫɬɚɜɨɜ ɜɵɞɟɥɟɧɵ ɱɟɬɵɪɟ ɦɟɯɚɧɢɡɦɚ (ɪɢɫ. 4.3) ɩɪɨɬɟɤɚɧɢɹ ɮɢɡɢɤɨ-
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ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ (600–1000 °C) 

ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɨɧɢ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɬɨɧɤɨɦ ɞɟɪɠɚɬɟɥɟ 

(ɪɢɫ. 4.3) ɢ ɫɬɚɥɶɧɨɣ ɩɨɞɥɨɠɤɟ. 

 

Ɍɚɛɥ. 4.1. ɑɟɬɵɪɟ ɝɪɭɩɩɵ ɠɢɞɤɨɫɬɟɣ, ɪɚɡɞɟɥɟɧɧɵɟ ɩɨ ɫɨɫɬɚɜɥɹɸɳɢɦ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɦɟɫɟɣ 

ɀɢɞɤɨɫɬɶ 
ɉɨɥɹɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, 

ɦɇ/ɦ 

Ⱦɢɫɩɟɪɫɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, 
ɦɇ/ɦ 

1 ɝɪɭɩɩɚ (ɩɨɥɹɪɧɵɟ ɠɢɞɤɨɫɬɢ) 
ȼɨɞɚ 46.4 26.4 

Ɇɭɪɚɜɶɢɧɚɹ ɤɢɫɥɨɬɚ 34.6 22.4 

Ɇɨɧɨɷɬɚɧɨɥɚɦɢɧ 29.4 18.8 

2 ɝɪɭɩɩɚ (ɞɢɫɩɟɪɫɧɵɟ ɠɢɞɤɨɫɬɢ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɥɹɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ) 
Ƚɥɢɰɟɪɨɥ 26.4 37.0 

ɗɬɢɥɟɧɝɥɢɤɨɥɶ 17.6–21.3 26.4–30.9 

3 ɝɪɭɩɩɚ (ɞɢɫɩɟɪɫɧɵɟ ɠɢɞɤɨɫɬɢ ɫ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɥɹɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ) 
Ⱥɰɟɬɨɧ 3.1 22.1 

ɗɬɢɥɨɜɵɣ ɫɩɢɪɬ 3.3 19.0 

4 ɝɪɭɩɩɚ (ɞɢɫɩɟɪɫɧɵɟ ɠɢɞɤɨɫɬɢ) 
Ⱦɢɣɨɞɦɟɬɚɧ 0–2.6 47.4–50.8 

Ⱦɨɞɟɤɚɧ 0 25.4 

Ɇɚɲɢɧɧɨɟ ɦɚɫɥɨ 1.6 24.8–25.9 

Ʉɨɦɩɪɟɫɫɨɪɧɨɟ ɦɚɫɥɨ 2.7 28.6–30.3 

Ɍɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 0–2.1 28.4 

 

 

 

 

 

 

 

 

 
Ɇɨɧɨɬɨɧɧɨɟ 
ɢɫɩɚɪɟɧɢɟ 

Ʉɢɩɟɧɢɟ ɉɚɮɮɢɧɝ Ɇɢɤɪɨ-ɜɡɪɵɜ 

Ɋɢɫ. 4.3. Ɍɢɩɢɱɧɵɟ ɤɚɞɪɵ ɜɢɞɟɨɝɪɚɦɦ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɱɟɬɵɪɟ ɦɟɯɚɧɢɡɦɚ 

ɩɪɨɬɟɤɚɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɤɚɩɟɥɶ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɨɫɬɚɜɨɜ 

 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɜ ɪɚɦɤɚɯ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɭɫɥɨɜɢɣ ɩɪɨɬɟɤɚɧɢɹ 

https://www.multitran.com/m.exe?s=%D0%B0%D0%BC%D0%B8%D0%B4+%D0%BC%D1%83%D1%80%D0%B0%D0%B2%D1%8C%D0%B8%D0%BD%D0%BE%D0%B9+%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B&l1=2&l2=1
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ɱɟɬɵɪɟɯ ɜɵɹɜɥɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ (ɪɢɫ. 4.3) ɩɪɢ ɡɚɠɢɝɚɧɢɢ ɤɚɩɟɥɶ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɬɨɩɥɢɜ: 

I. Ɂɚɠɢɝɚɧɢɟ ɤɚɩɥɢ ɬɨɩɥɢɜɚ ɜ ɭɫɥɨɜɢɹɯ ɦɨɧɨɬɨɧɧɨɝɨ ɢɫɩɚɪɟɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ 

ɩɪɨɝɪɟɜɚ ɤɚɩɥɢ ɤɨɦɩɨɧɟɧɬɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ, ɧɟ ɞɨɫɬɢɝɚɸɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ. 

II. Ɂɚɠɢɝɚɧɢɟ ɤɚɩɥɢ ɬɨɩɥɢɜɚ ɜ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɩɪɢ ɤɢɩɟɧɢɢ. ȼ 

ɩɪɨɰɟɫɫɟ ɩɪɨɝɪɟɜɚ ɤɚɩɥɢ ɬɨɥɶɤɨ ɥɟɝɤɨɤɢɩɹɳɢɣ ɤɨɦɩɨɧɟɧɬ, ɜɯɨɞɹɳɢɣ ɜ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɬɨɩɥɢɜɧɭɸ ɫɦɟɫɶ, ɞɨɫɬɢɝɚɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ. Ɋɟɚɥɢɡɭɟɬɫɹ 

ɩɪɢ ɫɦɟɲɟɧɢɢ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɝɪɭɩɩɵ, ɜɵɞɟɥɟɧɧɨɣ ɜ ɬɚɛɥ. 

4.1: ɩɨɥɹɪɧɵɟ; ɞɢɫɩɟɪɫɧɵɟ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɥɹɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ; 

ɞɢɫɩɟɪɫɧɵɟ ɫ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɥɹɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ; ɞɢɫɩɟɪɫɧɵɟ. Ɍɚɤɠɟ 

ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɫɦɟɲɟɧɢɢ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɱɚɫɬɢɱɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ (ɜ 

ɩɪɟɞɟɥɚɯ ɪɚɡɧɵɯ ɝɪɭɩɩ, ɜɵɞɟɥɟɧɧɵɯ ɜ ɬɚɛɥ. 4.1: ɝɪɭɩɩɚ 1 + ɝɪɭɩɩɚ 2; ɝɪɭɩɩɚ 1 + 

ɝɪɭɩɩɚ 3; ɝɪɭɩɩɚ 2 + ɝɪɭɩɩɚ 3; ɝɪɭɩɩɚ 2 + ɝɪɭɩɩɚ 4; ɝɪɭɩɩɚ 3 + ɝɪɭɩɩɚ 4). 

III. Ɂɚɠɢɝɚɧɢɟ ɤɚɩɥɢ ɬɨɩɥɢɜɚ ɜ ɭɫɥɨɜɢɹɯ ɩɚɮɮɢɧɝɚ. Ɉɛɹɡɚɬɟɥɶɧɨ ɞɨɫɬɢɠɟɧɢɟ 

ɭɫɥɨɜɢɣ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɜɯɨɞɹɳɢɯ ɜ ɬɨɩɥɢɜɧɭɸ ɫɦɟɫɶ. Ɋɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɫɦɟɲɟɧɢɢ ɧɟɪɚɫɬɜɨɪɢɦɵɯ (ɢɥɢ ɩɥɨɯɨ 

ɪɚɫɬɜɨɪɢɦɵɯ) ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɜɵɞɟɥɟɧɧɵɦɢ ɞɢɚɩɚɡɨɧɚɦɢ 

ɢɡɦɟɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ (ɜ ɩɪɟɞɟɥɚɯ ɪɚɡɧɵɯ ɝɪɭɩɩ, ɜɵɞɟɥɟɧɧɵɯ ɜ ɬɚɛɥ. 

4.1: ɝɪɭɩɩɚ 1 + ɝɪɭɩɩɚ 4; ɝɪɭɩɩɚ 1 + ɝɪɭɩɩɚ 2; ɝɪɭɩɩɚ 2 + ɝɪɭɩɩɚ 4). 

IV. Ɂɚɠɢɝɚɧɢɟ ɤɚɩɥɢ ɬɨɩɥɢɜɚ ɜ ɭɫɥɨɜɢɹɯ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ. 

Ɉɛɹɡɚɬɟɥɶɧɨ ɞɨɫɬɢɠɟɧɢɟ ɭɫɥɨɜɢɣ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɪɚɡɞɟɥɚ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɬɨɩɥɢɜɧɭɸ ɫɦɟɫɶ. Ɋɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɫɦɟɲɟɧɢɢ 

ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 

ɧɚɬɹɠɟɧɢɟɦ (ɜ ɩɪɟɞɟɥɚɯ ɝɪɭɩɩ, ɜɵɞɟɥɟɧɧɵɯ ɜ ɬɚɛɥ. 4.1: ɝɪɭɩɩɚ 1 + ɝɪɭɩɩɚ 4). 

Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ 

ɤɚɩɟɥɶ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɬɜɟɪɞɵɟ 

ɝɨɪɸɱɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɛɭɞɭɬ ɩɪɨɬɟɤɚɬɶ ɢɞɟɧɬɢɱɧɵɟ ɪɚɫɬɜɨɪɚɦ ɢ ɷɦɭɥɶɫɢɹɦ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. Ɇɟɥɤɨɞɢɫɩɟɪɫɧɵɟ ɬɜɟɪɞɵɟ ɝɨɪɸɱɢɟ ɤɨɦɩɨɧɟɧɬɵ ɧɟ ɜɥɢɹɸɬ 

ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɰɟɫɫɨɜ ɩɚɮɮɢɧɝɚ ɢɥɢ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɤɚɩɟɥɶ 

ɜ ɭɫɥɨɜɢɹɯ ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵɟ 

ɬɨɩɥɢɜɧɵɟ ɫɨɫɬɚɜɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɜɵɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ 
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ɝɨɪɟɧɢɹ ɢ ɩɨɥɧɨɬɨɣ ɜɵɝɨɪɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɦɢɤɪɨ-ɜɡɪɵɜɧɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ 

ɤɚɩɟɥɶ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɠɢɝɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ, ɞɨɥɠɧɵ 

ɨɛɹɡɚɬɟɥɶɧɨ ɫɨɞɟɪɠɚɬɶ ɞɜɚ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɨɥɹɪɧɵɦ 

ɢ ɥɟɝɤɨɤɢɩɹɳɢɦ (ɧɚɩɪɢɦɟɪ, ɜɨɞɚ), ɞɪɭɝɨɣ – ɞɢɫɩɟɪɫɧɵɦ (ɧɚɩɪɢɦɟɪ, ɚɜɬɨɦɨɛɢɥɶɧɨɟ, 

ɤɨɦɩɪɟɫɫɨɪɧɨɟ, ɬɭɪɛɢɧɧɨɟ ɢ ɞɪɭɝɢɟ ɦɚɫɥɚ ɧɟɮɬɹɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ). 

 

5. Ɋɚɫɩɵɥɟɧɢɟ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ (ɪɢɫ. 5.1) ɜɵɩɨɥɧɟɧ ɰɢɤɥ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ ɪɚɫɩɵɥɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɫɨɫɬɚɜɨɜ ɈȼɍɌ. ɋɬɟɧɞ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ ɩɪɨɡɪɚɱɧɭɸ ɤɚɦɟɪɭ, ɜɵɩɨɥɧɟɧɧɭɸ ɢɡ 

ɪɚɡɧɵɯ ɜɢɞɨɜ ɫɬɟɤɥɚ (ɞɥɹ ɪɚɛɨɬɵ ɜɢɞɟɨɤɚɦɟɪɵ, ɪɚɜɧɨɦɟɪɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɢ ɞɪ.), 

ɪɚɡɦɟɪɚɦɢ 1×0.5×0.6 ɦ. ȼ ɤɚɦɟɪɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɪɚɫɩɵɥɟɧɢɟ ȼɍɌ ɢ ɈȼɍɌ. Ⱦɥɹ 

ɪɚɫɩɵɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɢ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɟ ɤɨɥɥɟɤɬɢɜɨɦ 

ɢɫɩɨɥɧɢɬɟɥɟɣ ɮɨɪɫɭɧɤɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɷɮɮɟɤɬɟ Ʉɨɚɧɞɚ Д5]. Ʉɨɧɫɬɪɭɤɰɢɹ 

ɮɨɪɫɭɧɨɤ ɩɨɡɜɨɥɹɟɬ ɜɩɪɵɫɤɢɜɚɬɶ ɠɢɞɤɢɟ ɢ ɩɵɥɟɜɢɞɧɵɟ ɬɨɩɥɢɜɚ. Ɂɚ ɫɱɟɬ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɨɡɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɧɢɟ 

ɞɢɫɩɟɪɫɧɨɫɬɢ ɤɚɩɟɥɶ ɢ ɭɝɥɚ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ.  

 

ɚ      ɛ 

Ɋɢɫ 5.1. ȼɧɟɲɧɢɣ ɜɢɞ (ɚ) ɢ ɫɯɟɦɚ (ɛ) ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ (1 – ɲɬɨɤ ɞɥɹ 

ɧɚɝɧɟɬɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɬɨɩɥɢɜɚ; 2 – ɪɚɫɩɵɥɢɬɟɥɶɧɵɟ ɮɨɪɫɭɧɤɢ; 3 – ɩɪɨɡɪɚɱɧɚɹ 

ɤɚɦɟɪɚ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜɚ; 4 – ɮɚɤɟɥ; 5 – ɫɢɫɬɟɦɚ ɩɪɨɠɟɤɬɨɪɨɜ; 6 – 

ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɚɹ ɜɢɞɟɨɤɚɦɟɪɚ; 7 – ɟɦɤɨɫɬɶ ɞɥɹ ɫɛɨɪɚ ɪɚɫɩɵɥɹɟɦɨɣ ɠɢɞɤɨɫɬɢ; 8 – 

ɜɨɡɞɭɲɧɵɣ ɤɨɦɩɪɟɫɫɨɪ; 9 – ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ; 10 – ɨɛɴɟɤɬɢɜ; 11 – ɲɥɚɧɝ 

ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɧɚ ɮɨɪɫɭɧɤɭ) 
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Ⱦɥɹ ɩɨɞɫɜɟɬɤɢ ɪɟɝɢɫɬɪɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɪɢ ɩɪɨɠɟɤɬɨɪɚ 

«Multiled PT-V9 GS Vitec» (ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɬɨɞɢɨɞɨɜ – 24; ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ – 7700 

Ʌɸɦɟɧ; ɦɨɳɧɨɫɬɶ – 84 ȼɬ, ɭɝɨɥ ɪɚɫɫɟɢɜɚɧɢɹ – 30º). Ⱦɥɹ ɜɢɞɟɨɪɟɝɢɫɬɪɚɰɢɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɩɵɥɟɧɢɹ ɩɪɢɦɟɧɹɥɢɫɶ ɜɢɞɟɨɤɚɦɟɪɵ «Phantom MIRO M310» ɢ 

«Photron MINI UX100» (ɬɢɩ ɢɡɨɛɪɚɠɟɧɢɹ – ɦɨɧɨɯɪɨɦɧɨɟ; ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɪɚɡɪɟɲɟɧɢɟ 1280×800 ɩɢɤɫ.; ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɴɟɦɤɢ – 6.5·105
 ɤɚɞɪɨɜ ɜ 

ɫɟɤɭɧɞɭ; ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɪɹɞɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ – 12 ɛɢɬ). 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ (ɪɢɫ. 5.2): ɭɝɥɵ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ, 

ɬɪɚɟɤɬɨɪɢɢ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɜ ɤɚɦɟɪɟ, ɪɚɞɢɭɫɵ ɤɚɩɟɥɶ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɚɧɚɥɢɡɚ ɫɜɟɬɢɦɨɫɬɢ ɨɩɪɟɞɟɥɟɧ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɤɚɩɟɥɶ, ɜɵɱɢɫɥɟɧɚ 

ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɨɜ ɪɚɫɤɪɵɬɢɹ 

ɮɚɤɟɥɚ ɢ ɬɪɚɟɤɬɨɪɢɣ ɤɚɩɟɥɶ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɉɈ «DaVis» ɫ ɩɪɨɝɪɚɦɦɧɵɦ ɩɚɤɟɬɨɦ 

ɞɥɹ LIF ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ɋ ɰɟɥɶɸ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɢ ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ 

ɩɪɢɦɟɧɹɥɨɫɶ ɉɈ «Actual Flow», ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ «Shadow 

Photography» ɢ «Particle Image Velocimetry». ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɫɬɚɜɢɥɢ: 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ – 0.11 ɦ/ɫ, ɪɚɞɢɭɫɵ ɤɚɩɟɥɶ – 0.0083 ɦɦ, ɭɝɥɵ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ 

– 0.8º. 

 

ɚ 

 

ɛ 
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Ɋɢɫ. 5.2. Ɍɢɩɢɱɧɵɟ ɜɢɞɟɨɤɚɞɪɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ: ɚ – 

ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ; ɛ – ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɢ ɮɨɪɦɚ ɮɚɤɟɥɚ; ɜ – 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ; ɝ – ɪɚɡɦɟɪɵ ɤɚɩɟɥɶ 

 

ɂɫɫɥɟɞɨɜɚɧɚ ɝɪɭɩɩɚ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɨɫɬɚɜɨɜ ȼɍɌ ɢ ɈȼɍɌ: 1 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 

40%, ɜɨɞɚ 60%; 2 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 50 %, ɜɨɞɚ 50%; 3 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 60 %, ɜɨɞɚ 40%; 

4 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 50 %, ɜɨɞɚ 45%, ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 5%; 5 – 18 – ɮɢɥɶɬɪ-ɤɟɤ Ⱦ 40%, 

ɜɨɞɚ 55%, ɞɪɟɜɟɫɧɵɟ ɨɩɢɥɤɢ 5%, 6 – ɭɝɨɥɶ Ⱦ 50%, ɜɨɞɚ 50% (ɧɚ ɩɪɢɦɟɪɟ ɭɝɥɹ 

ɦɚɪɤɢ Ⱦ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɬɨɧɢɧɵ ɩɨɦɨɥɚ ɜ ɞɢɚɩɚɡɨɧɟ 80–140 ɦɤɦ). 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɡɜɨɥɢɥɢ ɭɫɬɚɧɨɜɢɬɶ ɤɚɤ ɨɛɳɢɟ ɬɟɧɞɟɧɰɢɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤ ɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɵɥɟɧɢɹ 

ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. 

Ɂɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɪɚɡɦɟɪɵ ɝɟɧɟɪɢɪɭɟɦɵɯ ɤɚɩɟɥɶ ɜ ɩɨɬɨɤɟ ɜɚɪɶɢɪɭɸɬɫɹ ɜ 

ɞɢɚɩɚɡɨɧɟ 0.015–0.6 ɦɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɜ ɞɢɚɩɚɡɨɧɟ 0.25–2 ɨɛɨɪɨɬɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ 

ɤɚɩɟɥɶ (ɧɚ 30–50% ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɯɚ 4 ɛɚɪ ɢ ɧɚ 70–210% ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɯɚ 

8 ɛɚɪ), ɚ ɪɨɫɬ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɧɚ 2–60%. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɄȿɄ Ⱦ ɜ ɫɨɫɬɚɜɟ ȼɍɌ ɜ ɞɢɚɩɚɡɨɧɟ 40–

60% ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɚɩɟɥɶ ɧɚ 11%. ɍɜɟɥɢɱɟɧɢɟ ɬɨɧɢɧɵ 

ɩɨɦɨɥɚ ɭɝɥɹ ɦɚɪɤɢ Ⱦ (ɜ ɞɢɚɩɚɡɨɧɟ 80–140 ɦɤɦ) ɜ ɫɨɫɬɚɜɟ ȼɍɌ, ɧɚɩɪɨɬɢɜ, ɩɪɢɜɨɞɢɬ 

ɤ ɫɧɢɠɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɚɩɟɥɶ ɧɚ 5%. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɢɣ ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ 

ɤɚɩɟɥɶ (0.054–0.056 ɦɦ) ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɞɥɹ ɧɚɢɛɨɥɟɟ ɜɹɡɤɢɯ ɫɨɫɬɚɜɨɜ (3 ɢ 5), ɚ 
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ɧɚɢɦɟɧɶɲɢɣ (0.023–0.024 ɦɦ) – ɞɥɹ ɫɨɫɬɚɜɚ 6 ɫ ɬɨɧɢɧɨɣ ɩɨɦɨɥɚ 140 ɦɤɦ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

(0.25–2 ɨɛɨɪɨɬɚ) ɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ (4–8 ɛɚɪ) ɭɝɥɵ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ ɢɡɦɟɧɹɸɬɫɹ 

ɜ ɞɢɚɩɚɡɨɧɟ 39–63º. Ɋɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɮɢɥɶɬɪ-ɤɟɤɚ ɭɝɥɹ ɦɚɪɤɢ Ⱦ ɜ ɫɨɫɬɚɜɟ ȼɍɌ 

(ɫɨɫɬɚɜɵ 1-3) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɭɝɥɚ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ, ɚ 

ɞɥɹ ɫɨɫɬɚɜɚ 6 ɭɜɟɥɢɱɟɧɢɟ ɬɨɧɢɧɵ ɩɨɦɨɥɚ ɭɝɥɹ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɬɨɝɨ ɠɟ ɩɚɪɚɦɟɬɪɚ 

ɧɚ 8–10º. ɇɚɢɛɨɥɶɲɢɟ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ 

ɞɥɹ ɫɨɫɬɚɜɨɜ 4 ɢ 6 (ɬɨɧɢɧɚ ɩɨɦɨɥɚ – 140 ɦɤɦ), ɧɚɢɦɟɧɶɲɢɟ – ɞɥɹ ɫɨɫɬɚɜɚ 5. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ ɫɨɫɬɚɜɚ ɩɪɢ ɪɚɫɩɵɥɟɧɢɢ ȼɍɌ ɢ ɈȼɍɌ 

ɨɬɤɥɨɧɟɧɢɟ ɩɨɬɨɤɚ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1–7º 

(ɧɚɢɛɨɥɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɜɥɟɧɢɸ ɜɨɡɞɭɯɚ 4 ɛɚɪ ɢ ɭɝɥɭ 

ɩɨɜɨɪɨɬɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 0.25 ɨɛɨɪɨɬɚ, ɧɚɢɦɟɧɶɲɟɟ – ɩɪɢ 8 ɛɚɪ ɢ 1.5 

ɨɛɨɪɨɬɚ). ɉɪɢ ɷɬɨɦ ɪɨɫɬ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ ɜ ɩɨɬɨɤɟ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɭɜɟɥɢɱɢɜɚɟɬ ɨɬɤɥɨɧɟɧɢɟ ɩɨɬɨɤɚ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɜ ɞɢɚɩɚɡɨɧɟ 2–6%. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɜɲɢɯɫɹ ɬɨɩɥɢɜ 

ɨɛɟɫɩɟɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 

ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɯɚ 8 ɛɚɪ ɢ ɭɝɥɟ ɩɨɜɨɪɨɬɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 1.5 ɨɛɨɪɨɬɚ. 

Ɇɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɩɪɢ ɭɝɥɟ 

ɩɨɜɨɪɨɬɚ ɪɚɫɩɵɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 0.25 ɨɛɨɪɨɬɚ ɢ ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɯɚ ɜ 

ɞɢɚɩɚɡɨɧɟ 4–8 ɛɚɪ. ɉɪɢ ɷɬɨɦ ɚɛɫɨɥɸɬɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ (11–13 ɦ/ɫ) ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɞɥɹ ɫɨɫɬɚɜɨɜ 3, 4, 5 ɢ 6 (ɬɨɧɢɧɚ 

ɩɨɦɨɥɚ 120 ɦɤɦ), ɚ ɦɢɧɢɦɚɥɶɧɵɟ (5–6 ɦ/ɫ) – ɞɥɹ ɫɨɫɬɚɜɚ 1. ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɩɪɢ ɩɨɞɥɟɬɟ ɤ ɩɪɨɬɢɜɨɫɬɨɹɳɟɣ (ɧɚɩɪɨɬɢɜ ɮɨɪɫɭɧɤɢ) ɫɬɟɧɤɟ ɤɚɦɟɪɵ ɫɤɨɪɨɫɬɢ 

ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɫɧɢɠɚɸɬɫɹ ɜ 1.5–2 ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɨɝɨ ɰɢɤɥɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɵɱɢɫɥɟɧɵ ɛɟɡɪɚɡɦɟɪɧɵɟ 

ɤɪɢɬɟɪɢɢ (ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ), ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɵɥɟɧɢɹ ȼɍɌ ɢ ɈȼɍɌ (ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɝɥɚ 

ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɝɟɧɟɪɢɪɭɟɦɵɯ ɤɚɩɟɥɶ). Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ 

ɪɟɡɭɥɶɬɚɬɚɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɪɟɦɟɧ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ ɤɚɩɟɥɶ 

ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ [6], ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɫɬɨɹɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɡɚɠɢɝɚɧɢɹ 

ɤɚɩɟɥɶ ȼɍɌ ɢ ɈȼɍɌ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɷɬɨɝɨ ɭɫɥɨɜɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
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ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɤɚɩɟɥɶ (0.024–0.026 ɦɦ), ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ 

ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɷɮɮɟɤɬɨɜ ɬɨɪɦɨɠɟɧɢɹ ɤɚɩɟɥɶ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɬɨɩɨɱɧɨɣ 

ɤɚɦɟɪɵ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ: ɩɪɢ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ 20 ɦ/ɫ –2–2.1 ɦ; ɞɥɹ 15 ɦ/ɫ –1.6–

1.8 ɦ; ɩɪɢ 10 ɦ/ɫ –1.4–1.5 ɦ; ɞɥɹ 5 ɦ/ɫ –1.1–1.2 ɦ. Ⱦɥɹ ɪɟɚɥɶɧɵɯ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɬɨɩɤɚ. 

 

6. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɨɜɵɯ ɜɵɛɪɨɫɨɜ ɢ ɡɨɥɵ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɠɢɝɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɬɨɩɥɢɜ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɫɨɫɬɚɜɵ: (1) ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 50%, ɜɨɞɚ 

50%; (2) ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 50%, ɜɨɞɚ 45%, ɨɬɪɚɛɨɬɚɧɧɨɟ ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ 

5%; (3) ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ 45%, ɜɨɞɚ 50%, ɨɩɢɥɤɢ 5%; (4) ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ 

ɦɚɪɤɢ Ⱦ 45%, ɜɨɞɚ 50%, ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ 5%. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɛɢɨɦɚɫɫɚ ɹɜɥɹɟɬɫɹ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɬɢɩɨɦ ɬɨɩɥɢɜɚ, ɩɨɷɬɨɦɭ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ 

ɜɵɛɪɚɧɨ ɞɜɚ ɜɢɞɚ ɛɢɨɦɚɫɫɵ.  

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 6.1. 

Ʉɨɧɰɟɧɬɪɚɰɢɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɪɢɫ. 6.1,ɚ) ɞɥɹ ɜɫɟɯ ɫɭɫɩɟɧɡɢɣ ɫɨɢɡɦɟɪɢɦɵ, ɬɚɤ 

ɤɚɤ ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɬɨɩɥɢɜɚɯ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɨɟ. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɞɥɹ ɫɭɫɩɟɧɡɢɢ ɫ ɞɨɛɚɜɤɨɣ ɦɚɫɥɚ. 

ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɜɵɫɨɤɨɣ ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɫɬɟɩɟɧɶ ɜɵɝɨɪɚɧɢɹ ɤɨɦɩɨɡɢɰɢɢ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɣ H2 (ɪɢɫ. 6.1,ɜ). 

ɇɚɥɢɱɢɟ ɜɨɞɵ ɜ ɫɭɫɩɟɧɡɢɹɯ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ H ɢ OH ɜ 

ɡɨɧɟ ɝɨɪɟɧɢɹ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɷɬɨɬ ɷɮɮɟɤɬ ɭɫɢɥɢɜɚɟɬɫɹ. ɉɪɢɱɟɦ ɭ 

ɤɨɦɩɨɡɢɰɢɣ ɛɟɡ ɞɨɛɚɜɤɢ ɛɢɨɦɚɫɫɵ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ ɇ2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɨɫɢɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. Ɍɚɤ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900 °ɋ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɜɨɞɨɪɨɞɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɞɥɹ ɫɭɫɩɟɧɡɢɢ ɫ ɩɪɢɦɟɫɶɸ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ. 

ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɫɜɵɲɟ 800 °ɋ) ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɧɨɟ ɪɚɡɥɨɠɟɧɢɟ 

ɦɚɫɥɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɤɚɱɤɭ ɤɨɧɰɟɧɬɪɚɰɢɢ ɇ2. Ɍɚɤɠɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɫɜɹɡɶ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɇ2 (ɪɢɫ. 6.1,ɜ) ɢ ɋH4 (ɪɢɫ. 6.1,ɝ). Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɛɪɨɫɨɜ ɦɟɬɚɧɚ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɫɬɚɜɨɜ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɬɨɱɤɭ ɩɟɪɟɝɢɛɚ, 

ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 800 °ɋ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɨɫɬɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɰɟɧɬɪɚɰɢɢ 
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ɜɵɛɪɨɫɨɜ ɡɚɦɟɬɧɨ ɫɧɢɠɚɸɬɫɹ. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɛɭɫɥɨɜɥɟɧ ɫɥɟɞɭɸɳɢɦɢ 

ɪɟɚɤɰɢɹɦɢ: ɋH4+H2O→CO+3H2 (t≥800 °ɋ), ɋH4 →C+2H2 (t≥900 °ɋ). ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɨɛɪɚɡɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɞɢɤɚɥɵ ɜɨɞɨɪɨɞɚ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.  

 

Ɋɢɫ. 6.1. ɋɪɟɞɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɭɝɥɟɪɨɞɚ CO2 (ɚ) ɢ ɋɈ (ɛ), ɜɨɞɨɪɨɞɚ ɇ2 

(ɜ), ɦɟɬɚɧɚ ɋɇ4 (ɝ), ɨɤɫɢɞɨɜ ɫɟɪɵ SO2 (ɞ) ɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ NOx (ɟ) 

 

ɗɤɨɥɨɝɢɱɟɫɤɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɨɤɚɡɚɥɢɫɶ ɫɭɫɩɟɧɡɢɢ ɫ ɞɨɛɚɜɤɚɦɢ ɛɢɨɦɚɫɫɵ. 

ɋɠɢɝɚɧɢɟ ɩɨɞɨɛɧɵɯ ɫɭɫɩɟɧɡɢɣ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɫɟɪɵ ɢ 

ɚɡɨɬɚ ɨɬ 9 ɞɨ 33 % ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɜɨɞɨɭɝɨɥɶɧɨɣ ɫɭɫɩɟɧɡɢɢ. Ɂɚɦɟɧɚ 

ɞɚɠɟ ɧɟɛɨɥɶɲɨɣ ɞɨɥɢ ɭɝɨɥɶɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɛɢɨɦɚɫɫɨɣ ɜɵɝɨɞɧɚ, ɬɚɤ ɤɚɤ 

ɫɧɢɠɚɟɬɫɹ ɫɟɪɨ- ɢ ɚɡɨɬɨɫɨɞɟɪɠɚɧɢɟ ɫɦɟɫɢ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɫɥɟɞɭɟɬ ɭɞɟɥɢɬɶ 

ɜɥɢɹɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɛɢɨɦɚɫɫɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɩɪɢɜɨɞɢɬɶ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɪɟɚɤɰɢɹɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ NOx ɢ ɜɵɯɨɞɭ SO2 ɜ ɡɨɥɭ. 

ȼɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɵ ɜ ɬɨɩɥɢɜɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɟɱɢ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬ 

ɚɤɬɢɜɧɨɫɬɶ ɨɤɢɫɥɨɜ ɦɟɬɚɥɥɨɜ. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɞɨɛɚɜɤɟ ɨɪɟɯɨɜɨɣ ɫɤɨɪɥɭɩɵ, ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɤɨɬɨɪɨɣ ɜ 5 ɪɚɡ ɜɵɲɟ, ɱɟɦ ɜ 

ɨɩɢɥɤɚɯ, ɤɨɧɰɟɧɬɪɚɰɢɢ NOx ɧɢɠɟ ɧɚ 19–28% ɨɬɧɨɫɢɬɟɥɶɧɨ ɈȼɍɌ ɫ ɨɩɢɥɤɚɦɢ, ɢ ɧɚ 

30–36% ɨɬɧɨɫɢɬɟɥɶɧɨ ȼɍɌ ɛɟɡ ɞɨɛɚɜɨɤ (ɪɢɫ.6.1,ɞ). Ɍɚɤɠɟ ɩɪɢɫɭɬɫɬɜɢɟ CКO, MРO ɢ 

Fe2O3 ɜ ɭɝɥɟ ɢ ɤɟɤɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɤɬɢɜɧɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɵɣ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 850 °ɋ ɦɨɠɟɬ ɤɚɬɚɥɢɡɢɪɨɜɚɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ NO ɡɚ ɫɱɟɬ 

ɪɟɚɤɰɢɣ NO+ɋɈ→1/2N2+CO2 ɢ NO+ɇ2→1/2N2+H2O. ɉɨɞɨɛɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ NO 

c H2 ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɠɟɬ ɨɛɴɹɫɧɢɬɶ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ 
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ɤɨɧɰɟɧɬɪɚɰɢɣ ɇ2 (ɪɢɫ. 6.1,ɞ) ɞɥɹ ɬɨɩɥɢɜ ɫ ɛɢɨɦɚɫɫɨɣ. ɑɚɫɬɶ H2 ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ 

ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ NO, ɩɨɷɬɨɦɭ ɜ ɡɨɧɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɢɦɟɟɬ ɬɚɤɨɝɨ 

ɫɤɚɱɤɚ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɤɚɤ ɭ ȼɍɌ ɢ ɈȼɍɌ ɫ ɩɪɢɦɟɫɶɸ ɦɚɫɥɚ. 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɭɝɨɥɶɧɨɣ ɫɭɫɩɟɧɡɢɣ ɫ ɛɢɨɦɚɫɫɨɣ ɢɧɬɟɧɫɢɮɢɰɢɪɭɸɬɫɹ ɪɟɚɤɰɢɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɨɜ ɫɟɪɵ ɫ ɨɤɫɢɞɚɦɢ ɢ ɝɢɞɪɨɤɫɢɞɚɦɢ ɦɟɬɚɥɥɨɜ (K, Ca, Mg, Na) 

(t≥850 °ɋ). ɉɪɨɞɭɤɬɚɦɢ ɷɬɢɯ ɪɟɚɤɰɢɣ ɹɜɥɹɸɬɫɹ ɫɭɥɶɮɚɬɵ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ, 

ɤɨɬɨɪɵɟ ɨɫɚɠɞɚɸɬɫɹ ɜ ɜɢɞɟ ɱɚɫɬɢɰ ɧɚ ɫɬɟɧɤɚɯ ɤɚɦɟɪɵ ɢɥɢ ɠɟ ɜɵɩɚɞɚɸɬ ɜ ɡɨɥɭ. ȼ 

ɨɩɢɥɤɚɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɨɜ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɨɪɟɯɨɜɨɣ ɲɟɥɭɯɟ, ɩɨɷɬɨɦɭ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ SOx ɞɥɹ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɦɢɧɢɦɚɥɶɧɵ (ɪɢɫ. 6.1,ɟ).  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɡɨɥɵ (ȽɈɋɌ 

10538-87). Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 6.1. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɨɥɚ, 

ɮɨɪɦɢɪɭɸɳɚɹɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɫɭɫɩɟɧɡɢɣ ɫ ɞɨɛɚɜɤɚɦɢ ɛɢɨɦɚɫɫɵ, ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ 

ɫɨɫɬɚɜɟ ɛɨɥɶɲɟ ɨɤɫɢɞɨɜ Fe, Ca, Mg. Ɍɚɤɠɟ ɞɥɹ ɞɚɧɧɵɯ ɬɨɩɥɢɜ ɭɫɬɚɧɨɜɥɟɧɨ 

ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ SO3 (ɨɬɧɨɫɢɬɟɥɶɧɨ ɈȼɍɌ ɫ ɬɭɪɛɢɧɧɵɦ ɦɚɫɥɨɦ). Ⱦɚɧɧɵɣ 

ɨɤɫɢɞ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɞɜɢɠɧɵɟ ɤɨɦɩɨɧɟɧɬɵ S ɜ ɬɨɩɥɢɜɟ, ɤɨɬɨɪɵɟ ɭɥɚɜɥɢɜɚɸɬɫɹ ɜ 

ɡɨɥɶɧɭɸ ɱɚɫɬɶ ɜ ɜɢɞɟ ɫɭɥɶɮɚɬɨɜ, ɫɧɢɠɚɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɰɟɧɬɪɚɰɢɢ SO2 ɜ 

ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. ɉɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ CaO ɢ MgO ɜ ɡɨɥɟ ɬɚɤɠɟ 

ɩɨɞɬɜɟɪɠɞɚɟɬ ɝɢɩɨɬɟɡɭ ɨ ɪɟɚɤɰɢɹɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɨɜ ɫɟɪɵ ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ 

ɞɚɧɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɜɵɩɚɞɟɧɢɟɦ ɩɨɫɥɟɞɧɢɯ ɜ ɡɨɥɶɧɵɣ ɨɫɬɚɬɨɤ. 

 

Ɍɚɛɥ. 6.1. Ɋɟɡɭɥɶɬɚɬɵ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɡɨɥɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɫɨɫɬɚɜɚ SiO2, 

% 

(Al2O3+ 
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% 
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5% ɨɩɢɥɤɢ 64.3 20.8 5.4 1.0 2.8 1.8 96.0 

5% ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ 62.5 20.4 5.8 1.4 3.4 2.4 95.9 

5% ɨɬɪɚɛɨɬɚɧɧɨɟ 
ɦɚɫɥɨ 

63.7 19.7 5.7 1.8 3.3 1.9 96.1 

 

7. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɨɪɟɧɢя ɤɚɩɟɥɶ ɨɪɝɚɧɨɜɨɞɨɭɝɨɥɶɧɵɯ 

ɤɨɦɩɨɡɢɰɢɣ 

ɉɨɫɥɟ ɚɧɚɥɢɡɚ ɢ ɨɛɨɛɳɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɡɚɠɢɝɚɧɢɟ ɤɚɩɥɢ ɈȼɍɌ ɜ ɩɨɬɨɤɟ ɨɤɢɫɥɢɬɟɥɹ 

(ɪɢɫ. 7.1). ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɥɢɫɶ ɜɫɟ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɨɩɵɬɚɯ ɫɬɚɞɢɢ 
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ɡɚɠɢɝɚɧɢɹ ɤɚɩɥɢ ɈȼɍɌ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɈȼɍɌ 

ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɮɢɥɶɬɪ-ɤɟɤɢ 5 ɪɚɡɧɵɯ ɦɚɪɨɤ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɨɞɪɨɛɧɨ 

ɢɡɭɱɟɧɵ ɤɨɥɥɟɤɬɢɜɨɦ ɪɚɧɟɟ ɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ [7–11]. ȼ ɤɚɱɟɫɬɜɟ ɠɢɞɤɢɯ ɝɨɪɸɱɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɈȼɍɌ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɬɪɚɛɨɬɚɧɧɵɟ ɤɚɫɬɨɪɨɜɨɟ, ɤɨɦɩɪɟɫɫɨɪɧɨɟ, 

ɬɭɪɛɢɧɧɨɟ, ɦɨɬɨɪɧɨɟ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ ɦɚɫɥɚ, ɜɨɞɨɧɟɮɬɹɧɚɹ ɷɦɭɥɶɫɢɹ, ɦɚɡɭɬ. 

ȼɚɪɶɢɪɨɜɚɥɢɫɶ ɪɚɡɦɟɪɵ ɤɚɩɥɢ, ɫɤɨɪɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɬɨɤɚ ɨɤɢɫɥɢɬɟɥɹ, ɜɢɞ ɢ 

ɫɜɨɣɫɬɜɚ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɚ, ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ. ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 300 Ʉ. Ʉɚɩɥɹ ɈȼɍɌ ɫɮɟɪɢɱɧɚ ɢ ɧɟɩɨɞɜɢɠɧɚ. ȿɟ ɨɛɬɟɤɚɟɬ ɩɨɬɨɤ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ ɫ ɡɚɞɚɧɧɨɣ ɢ ɦɚɥɨɣ ɫɤɨɪɨɫɬɶɸ Ug (0.5–3 ɦ/ɫ). 

 

Ɋɢɫ. 7.1. ɋɯɟɦɚ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɠɢɝɚɧɢɹ ɤɚɩɥɢ 

ɈȼɍɌ: 1 – ɪɚɡɨɝɪɟɬɵɣ ɩɨɬɨɤ ɨɤɢɫɥɢɬɟɥɹ, 2 – ɤɚɩɥɹ ɬɨɩɥɢɜɚ 

 

Ɂɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɈȼɍɌ ɡɚɞɚɜɚɥɨɫɶ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. ɋɨɩɪɹɠɟɧɢɟ 

ɞɟɤɚɪɬɨɜɨɣ ɢ ɫɮɟɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɜɵɩɨɥɧɹɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɨɞɯɨɞɚ, ɢɡɥɨɠɟɧɧɨɝɨ ɜ Д12Ж. ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɪɟɲɚɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɚɤɟɬɚ Ansys Fluent ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ [12Ж. Ⱦɥɹ ɚɧɚɥɢɡɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɜɢɠɭɳɟɣɫɹ ɱɚɫɬɢɰɵ ɫ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɶɸ ɜɵɛɢɪɚɥɚɫɶ ɨɛɥɚɫɬɶ 

ɪɚɡɦɟɪɚɦɢ L=10·10-3
 ɦ, H=30·10-3

 ɦ. 

ɇɚ ɪɢɫ. 7.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɫɢɫɬɟɦɟ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɠɢɝɚɧɢɟ ɤɚɩɥɢ ɈȼɍɌ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɭɱɚɫɬɤɟ ɟɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ ɫɬɨɪɨɧɵ ɧɚɛɟɝɚɸɳɟɝɨ ɩɨɬɨɤɚ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɡɚɪɨɠɞɟɧɢɢ 

ɨɱɚɝɚ ɝɨɪɟɧɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ. Ɂɚɬɟɦ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɨɤɢɫɥɢɬɟɥɹ 

ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɮɪɨɧɬɚ ɝɨɪɟɧɢɹ. 
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Ɋɢɫ. 7.2. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɩɨɥɹ, ɚ ɬɚɤɠɟ ɤɚɞɪɵ 

ɜɢɞɟɨɝɪɚɦɦ ɩɪɢ ɩɪɨɝɪɟɜɟ, ɡɚɠɢɝɚɧɢɢ ɢ ɝɨɪɟɧɢɢ ɤɚɩɥɢ ɈȼɍɌ ɜ ɩɨɬɨɤɟ ɨɤɢɫɥɢɬɟɥɹ 

(ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ) 

 

Ɍɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɟ ɤɚɩɟɥɶ ɈȼɍɌ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɬɪɟɧɞɚɦ. ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɨɬɥɢɱɢɹ ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɜ 

ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɢ ɠɢɞɤɢɯ ɝɨɪɸɱɢɯ (ɦɚɫɥɚ, 

ɧɟɮɬɟɩɪɨɞɭɤɬɵ ɢ ɞɪɭɝɢɟ) ɤɨɦɩɨɧɟɧɬɨɜ ɧɟ ɩɨɫɬɨɹɧɧɵ, ɚ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɦɟɧɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ. ȼɫɥɟɞɫɬɜɢɟ ɢɡɜɟɫɬɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɤɨɦɦɟɪɱɟɫɤɢɯ 

ɩɚɤɟɬɨɜ (ɜ ɬ.ɱ. Ansys Fluent) ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɨɫɬɨɹɧɧɵɟ ɜɨ 

ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɢɫɩɚɪɟɧɢɹ ɝɨɪɸɱɢɯ ɢ ɧɟɝɨɪɸɱɢɯ ɠɢɞɤɨɫɬɟɣ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ 

ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɨɛɪɚɡɨɦ ɜɥɢɹɸɳɢɟ 

ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɠɢɝɚɧɢɹ (ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ, ɦɚɤɫɢɦɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɡɚɠɢɝɚɧɢɢ ɢ ɜɪɟɦɹ ɩɨɥɧɨɝɨ ɜɵɝɨɪɚɧɢɹ ɱɚɫɬɢɰɵ). ȼ ɷɬɨɣ ɫɜɹɡɢ 

ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɛɨɫɧɨɜɚɧɧɵɣ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɚɤɟɬ Ansys Fluent ɦɨɠɟɬ 

ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ 

ɈȼɍɌ ɜ ɬɨɩɤɚɯ ɩɚɪɨɜɵɯ ɢ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ Д13Ж ɫɤɨɪɨɫɬɟɣ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɢ ɠɢɞɤɢɯ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

ɬɨɩɥɢɜɧɨɣ ɫɭɫɩɟɧɡɢɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɧɟɲɧɟɣ ɝɚɡɨɜɨɣ ɫɪɟɞɵ. 

 

8. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɩɥɢɜ 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɨɩɥɢɜɧɵɯ ɫɭɫɩɟɧɡɢɣ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɉɰɟɧɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɨɜ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ 

ɚɧɚɥɢɡɚ [14], ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɩɪɢɜɟɞɟɧɢɟ ɤ ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɜɢɞɭ ɜɟɥɢɱɢɧ, 
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ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɪɚɡɧɵɟ ɚɫɩɟɤɬɵ ɩɪɢɦɟɧɟɧɢɹ ɬɨɩɥɢɜ ɢ ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɵɟ 

ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ. ɉɪɢɦɟɧɹɥɫɹ ɦɟɬɨɞ ɜɡɜɟɲɟɧɧɵɯ ɫɭɦɦ (weight sum method) [15], 

ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ ɫɥɨɠɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɜɟɥɢɱɢɧ ɫ ɪɚɡɧɵɦɢ ɜɟɫɨɜɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ɂɧɚɱɟɧɢɹ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɟ ɩɪɟɜɵɲɚɸɬ ɟɞɢɧɢɰɵ. 

ɑɟɦ ɜɵɲɟ ɡɧɚɱɟɧɢɟ, ɬɟɦ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɬɨɩɥɢɜɨ. 

8.1. Ɏɪɚɝɦɟɧɬɚɰɢɹ ɤɚɩɟɥɶ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɋɪɟɞɢ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɭɫɥɨɜɢɣ (ɫɯɟɦɚ ɢ ɦɟɯɚɧɢɡɦ ɧɚɝɪɟɜɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ 

ɞɪ.) ɢ ɜɚɪɢɚɰɢɣ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ ɧɚɢɦɟɧɶɲɢɦ ɜɪɟɦɟɧɟɦ ɞɪɨɛɥɟɧɢɹ 

(4.67 c) ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɚɫɶ ɫɭɫɩɟɧɡɢɹ «50% ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ, 45% ɜɨɞɚ, 5% ɨɩɢɥɤɢ» 

ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɜ ɭɫɥɨɜɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ 700 °ɋ. ɇɚɢɛɨɥɶɲɟɟ ɜɪɟɦɹ 

ɞɪɨɛɥɟɧɢɹ (45 ɫ) ɢɦɟɥ ɫɨɫɬɚɜ «50% ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ, 45% ɜɨɞɚ, 5% ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ» 

ɩɪɢ ɧɚɝɪɟɜɟ ɧɚ ɩɨɞɥɨɠɤɟ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 300 °ɋ.  

ɇɚɢɛɨɥɶɲɟɟ ɫɨɨɬɧɨɲɟɧɢɟ S1/S0=40.08 ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ ɧɚɝɪɟɜɟ ɫɨɫɬɚɜɚ «50% ɤɟɤ 

Ⱦ, 45% ɜɨɞɚ, 5% ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ» ɜ ɩɨɬɨɤɟ ɜɨɡɞɭɯɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 550 °ɋ ɢ 

ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ 2 ɦ/ɫ. Ⱦɪɨɛɥɟɧɢɟ ɤɚɩɟɥɶ ɬɨɩɥɢɜ ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪ-ɤɟɤɨɜ ɧɟ 

ɪɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ ɜ ɫɥɭɱɚɟ ɧɚɝɪɟɜɚ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɢ ɧɚ ɩɨɞɥɨɠɤɟ ɜɧɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɢ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫɦɟɫɢ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɪɨɛɥɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɤɚɤ ɫɭɦɦɚ 

ɞɜɭɯ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ (ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɞɪɨɛɥɟɧɢɹ ɢ 

ɩɨ ɦɚɤɫɢɦɢɡɚɰɢɢ ɫɨɨɬɧɨɲɟɧɢɹ S1/S0) ɫ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 0.5. ɉɪɢ 

ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɫɟɯ ɫɨɫɬɚɜɨɜ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɪɨɛɥɟɧɢɹ (0.766) ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɫɨɫɬɚɜ «50% ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ 

Ⱦ, 45% ɜɨɞɚ, 5% ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ» ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɩɨɬɨɤɟ ɝɚɡɨɜ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 

550°ɋ ɢ ɫɤɨɪɨɫɬɶɸ 2 ɦ/ɫ. ɇɚɢɦɟɧɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɪɨɛɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ 

ɫɦɟɫɢ «50% ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 45% ɜɨɞɚ, 5% ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ» ɩɪɢ ɧɚɝɪɟɜɟ ɧɚ 

ɩɨɞɥɨɠɤɟ ɬɟɦɩɟɪɚɬɭɪɨɣ 300 °ɋ. 

ɉɪɢ ɪɚɞɢɚɰɢɨɧɧɨɦ ɧɚɝɪɟɜɟ ɜ ɦɭɮɟɥɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɪɨɛɥɟɧɢɹ 

(0.723) ɨɛɥɚɞɚɥ ɫɨɫɬɚɜ «49.9% ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ, 0.1% ɩɨɥɢɦɟɪ ɤɫɚɧɬɚɧ, 50% ɜɨɞɚ» 

ɩɪɢ 800 °C. ɉɪɢ ɧɚɝɪɟɜɟ ɧɚ ɩɨɞɥɨɠɤɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɞɪɨɛɥɟɧɢɟ (0.185) 

ɯɚɪɚɤɬɟɪɧɨ ɫɭɫɩɟɧɡɢɢ «50% ɭɝɨɥɶ Ⱦ, 45% ɜɨɞɚ, 5% ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ» ɩɪɢ 600 °ɋ. 

8.2. Ɋɚɫɩɵɥɟɧɢɟ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 
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ɂɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɢɧɢɦɢɡɚɰɢɸ ɞɚɜɥɟɧɢɹ ɩɪɢ 

ɪɚɫɩɵɥɟɧɢɢ ɢ ɦɚɤɫɢɦɢɡɚɰɢɸ ɭɝɥɚ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ ɮɨɪɫɭɧɤɢ, ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ 

ɡɧɚɱɟɧɢɟ (0.468) ɞɥɹ ɫɨɫɬɚɜɚ «40% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 5% ɨɩɢɥɤɢ, 55% 

ɜɨɞɚ». ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ (0.688) ɯɚɪɚɤɬɟɪɧɨ ɫɦɟɫɢ «50% ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ 

(140 ɦɤɦ), 50% ɜɨɞɚ». 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ 

ɤɪɢɬɢɱɟɫɤɢɟ (ɞɨɫɬɚɬɨɱɧɵɟ ɞɥɹ ɞɪɨɛɥɟɧɢɹ) ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ ȼɟɛɟɪɚ ɢ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ 

ɤɚɠɞɨɝɨ ɢɡ ɬɨɩɥɢɜ. Ɂɚɬɟɦ ɜɵɛɢɪɚɥɢɫɶ ɫɦɟɫɢ, ɢɦɟɸɳɢɟ ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɪɢɬɟɪɢɟɜ. ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɬɨɩɥɢɜɚ ɫɨɩɨɫɬɚɜɥɹɥɢɫɶ ɫ ɷɬɚɥɨɧɧɵɦɢ. 

Ɋɚɫɫɱɢɬɵɜɚɥɢɫɶ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɱɢɫɥɨ 

Ɋɟɣɧɨɥɶɞɫɚ/ȼɟɛɟɪɚ ɫɭɫɩɟɧɡɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ «ɷɬɚɥɨɧɧɨɝɨ» ɡɧɚɱɟɧɢɹ (ɬ.ɟ. 

ɦɢɧɢɦɚɥɶɧɨɝɨ). ɉɨ ɤɪɢɬɟɪɢɸ ɦɢɧɢɦɢɡɚɰɢɢ ɱɢɫɥɚ ȼɟɛɟɪɚ ɧɚɢɥɭɱɲɢɦ ɨɤɚɡɚɥɫɹ 

ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 50% ɜɨɞɚ», ɩɨ ɤɪɢɬɟɪɢɸ ɦɢɧɢɦɢɡɚɰɢɢ 

ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ – «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 40% ɜɨɞɚ, 10% ɬɭɪɛɢɧɧɨɟ 

ɦɚɫɥɨ». ɂɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɢɧɢɦɢɡɚɰɢɸ ɷɬɢɯ ɞɜɭɯ 

ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ, ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɤɚɤ ɫɭɦɦɚ ɞɜɭɯ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ 

ɱɢɫɥɭ ȼɟɛɟɪɚ ɢ Ɋɟɣɧɨɥɶɞɫɚ ɫ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 0.5. ɇɚɢɥɭɱɲɟɟ ɬɨɩɥɢɜɨ 

ɩɨ ɞɚɧɧɨɦɭ ɢɧɬɟɝɪɚɥɶɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɢɦɟɥɨ ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ 

Ⱦ, 40% ɜɨɞɚ, 10% ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ». 

8.3. ȼɹɡɤɨɫɬɶ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 

ɇɚɢɦɟɧɶɲɟɣ ɜɹɡɤɨɫɬɶɸ (106.891 ɦɉɚ∙ɫ) ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ɫɥɨɹ 100 ɫ-1
 

ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɫɨɫɬɚɜ «40% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ʉ, 60% ɜɨɞɚ». ɇɚɢɛɨɥɶɲɚɹ 

ɜɹɡɤɨɫɬɶ ɯɚɪɚɤɬɟɪɧɚ ɬɨɩɥɢɜɭ «45% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ʉ, 47.5% ɜɨɞɚ, 5% 

ɨɩɢɥɤɢ, 2.5% ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ». ɇɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦɢ ɫɦɟɫɹɦɢ ɫɬɚɥɢ ɫɦɟɫɢ ɫ 

ɞɨɛɚɜɤɨɣ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɢ ɨɩɢɥɨɤ. ɋɦɟɫɶ «50% ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ, 49% ɜɨɞɚ, 1% 

ɧɟɨɧɨɥ» ɧɚɢɦɟɧɟɟ ɫɬɚɛɢɥɶɧɚ. ɂɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɤɚɤ ɫɭɦɦɚ 

ɞɜɭɯ ɛɟɡɪɚɡɦɟɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ (ɩɨ ɦɢɧɢɦɚɥɶɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɫɬɚɛɢɥɶɧɨɫɬɢ) ɫ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 0.5. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ 

(0,.87) ɢɦɟɟɬ ɬɨɩɥɢɜɨ «40% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ʉ, 60% ɜɨɞɚ», ɧɚɢɦɟɧɶɲɟɟ 

ɡɧɚɱɟɧɢɟ (0.440) ɭ ɫɨɫɬɚɜɚ «50% ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ, 49% ɜɨɞɚ, 1% ɧɟɨɧɨɥ». 

8.4. Ɂɚɠɢɝɚɧɢɟ ɢ ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ 
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Ɇɢɧɢɦɚɥɶɧɚɹ ɡɨɥɶɧɨɫɬɶ (2.06%) ɬɢɩɢɱɧɚ ɞɥɹ ɬɨɩɥɢɜɚ «50% ɛɭɪɵɣ ɭɝɨɥɶ, 50% 

ɜɨɞɚ». Ɇɚɤɫɢɦɚɥɶɧɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ (16.44 ɆȾɠ/ɤɝ) ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɝɨɪɟɧɢɹ 

(ɨɤɨɥɨ 1092 °ɋ) ɢɦɟɟɬ ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ Ⱦ, 35% ɜɨɞɚ, 15% ɬɭɪɛɢɧɧɨɟ 

ɦɚɫɥɨ». ɇɚɢɦɟɧɶɲɢɟ ɬɟɦɩɟɪɚɬɭɪɚ (≈380 °C) ɢ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ (ɨɤɨɥɨ 4.8 

ɫ ɩɪɢ 700 °ɋ) ɯɚɪɚɤɬɟɪɧɵ ɫɦɟɫɢ «50% ɭɝɨɥɶ Ȼ2 (80 ɦɤɦ), 50% ɜɨɞɚ». Ɋɚɫɱɟɬ 

ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɤɚɠɞɨɣ ɢɡ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɩɪɨɜɨɞɢɥɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɩɥɢɜ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɂɚɬɟɦ ɞɥɹ ɤɚɠɞɨɣ ɫɭɫɩɟɧɡɢɢ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɡɚɠɢɝɚɧɢɹ ɢ 

ɝɨɪɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɭɦɦɭ ɩɹɬɢ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɜɟɫɨɜɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 0.2. ɋɦɟɫɶ «50% ɭɝɨɥɶ Ȼ2 (80 ɦɤɦ), 50% ɜɨɞɚ» ɢɦɟɟɬ ɧɚɢɥɭɱɲɢɣ 

(0.908) ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ. Ɇɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ (0.500) 

ɢɦɟɟɬ ɫɨɫɬɚɜ «60% ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ ɀ, 40% ɜɨɞɚ». 

8.5. Ⱥɧɬɪɨɩɨɝɟɧɧɵɟ ɜɵɛɪɨɫɵ 

ɇɚɢɦɟɧɶɲɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ CO2 (3.16%) ɢ CO (1669,414 ppm) ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ 

ɩɪɢ ɫɠɢɝɚɧɢɢ ɫɨɫɬɚɜɚ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ƚ, 50% ɜɨɞɚ»; H2 (3521.513 

ppm) – «60% ɮɢɥɶɬɪ-ɤɟɤ Ʉ, 40% ɜɨɞɚ»; SO2 (88 ppm) – «45% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ 

Ʉ, 50% ɜɨɞɚ, 5% ɨɩɢɥɤɢ»; NOx (169.33 ppm) – «45% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 50% 

ɜɨɞɚ, 5% ɨɪɟɯɨɜɚɹ ɲɟɥɭɯɚ». ɗɬɢ ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900 °ɋ. 

Ɋɚɫɱɟɬ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɜɫɟɯ ɬɨɩɥɢɜ ɩɨ ɩɹɬɢ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɦ 

ɡɚɝɪɹɡɧɢɬɟɥɹɦ ɩɪɨɜɨɞɢɥɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɩɥɢɜ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɜɵɛɪɨɫɚɦɢ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɥ ɫɭɦɦɭ 

ɩɨɥɭɱɟɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɤɚɠɞɨɦɭ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɫ 

ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 0.2. ɋɦɟɫɶ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ƚ, 50% ɜɨɞɚ» 

ɢɦɟɟɬ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɣ ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ (ɪɚɜɟɧ 0.876). ɋɚɦɨɟ ɦɚɥɨɟ 

ɡɧɚɱɟɧɢɟ (0.604) ɢɦɟɟɬ ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 45% ɜɨɞɚ, 5% 

ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ». 

8.6. Ɉɛɨɛɳɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɩɥɢɜ 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɡɧɚɱɟɧɢɣ ɢɬɨɝɨɜɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɨɩɥɢɜ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ ɤɪɢɬɟɪɢɟɜ (ɜ ɫɤɨɛɤɚɯ ɭɤɚɡɚɧɵ ɩɨɹɫɧɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɝɨ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɠɟɥɚɬɟɥɶɧɵɦ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ): 

1. ɋɬɨɢɦɨɫɬɶ (ɦɢɧɢɦɢɡɚɰɢɹ); 
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2. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ (ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ); 

ɡɨɥɶɧɨɫɬɶ (ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ); ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɡɚɠɢɝɚɧɢɹ (ɦɢɧɢɦɢɡɚɰɢɹ); 

ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɠɢɝɚɧɢɹ (ɦɢɧɢɦɢɡɚɰɢɹ); ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ (ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ). 

3. ɗɤɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɤɨɧɰɟɧɬɪɚɰɢɹ NOx ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ 

(ɦɢɧɢɦɢɡɚɰɢɹ); ɤɨɧɰɟɧɬɪɚɰɢɹ SO2 ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ (ɦɢɧɢɦɢɡɚɰɢɹ); ɤɨɧɰɟɧɬɪɚɰɢɹ 

CO2 ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ (ɦɢɧɢɦɢɡɚɰɢɹ); ɤɨɧɰɟɧɬɪɚɰɢɹ CO ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ 

(ɦɢɧɢɦɢɡɚɰɢɹ); ɤɨɧɰɟɧɬɪɚɰɢɹ H2O ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ (ɦɢɧɢɦɢɡɚɰɢɹ). 

4. Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɜɹɡɤɨɫɬɶ (ɦɢɧɢɦɢɡɚɰɢɹ); ɫɬɚɛɢɥɶɧɨɫɬɶ 

(ɦɚɤɫɢɦɢɡɚɰɢɹ). 

5. Ɋɚɫɩɵɥɟɧɢɟ: ɱɢɫɥɚ ȼɟɛɟɪɚ ɢ Ɋɟɣɧɨɥɶɞɫɚ (ɦɢɧɢɦɢɡɚɰɢɹ); ɞɚɜɥɟɧɢɟ ɪɚɫɩɵɥɟɧɢɹ 

(ɦɢɧɢɦɢɡɚɰɢɹ); ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɮɚɤɟɥɚ (ɦɚɤɫɢɦɢɡɚɰɢɹ). 

6. Ⱦɪɨɛɥɟɧɢɟ ɢ ɮɪɚɝɦɟɧɬɚɰɢɹ: ɜɪɟɦɹ ɞɨ ɪɟɚɥɢɡɚɰɢɢ ɭɫɥɨɜɢɣ ɞɪɨɛɥɟɧɢɹ 

(ɦɢɧɢɦɢɡɚɰɢɹ); ɫɨɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɩɥɢɜɚ S1/S0 (ɦɚɤɫɢɦɢɡɚɰɢɹ). 

ɇɚ ɨɫɧɨɜɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɜ ɤɚɠɞɨɣ ɢɡ 

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɤɚɬɟɝɨɪɢɣ, ɜɵɱɢɫɥɹɥɫɹ ɢɬɨɝɨɜɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɨɛɴɟɞɢɧɹɸɳɢɣ 

ɢɯ ɜɫɟ. ɉɪɢ ɪɚɫɱɟɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɫɰɟɧɚɪɢɹ: 

1. ȼɫɟ ɤɚɬɟɝɨɪɢɢ ɩɚɪɚɦɟɬɪɨɜ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɩɪɢɨɪɢɬɟɬ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɩɪɨɜɨɞɢɥɨɫɶ ɫɭɦɦɢɪɨɜɚɧɢɟ ɜɫɟɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ (x1, x2, 

x3…x6) ɫ ɪɚɜɧɵɦɢ ɜɟɫɨɜɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ (a1, a2, a3…a6): 

1 1 2 2 3 3 4 4 5 5 6 6D a x a x a x a x a x a x      . 

2. ɉɪɢɨɪɢɬɟɬ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɨɪɢɬɟɬ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɟɫɨɜɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 0.5 ɨɬɞɚɜɚɥɫɹ ɨɞɧɨɦɭ ɢɡ ɲɟɫɬɢ 

ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. Ɉɫɬɚɥɶɧɵɟ ɩɹɬɶ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɭɱɚɥɢ ɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ (ɩɨ 0.1). 

ȼ ɫɥɭɱɚɟ ɪɚɜɧɨɝɨ ɩɪɢɨɪɢɬɟɬɚ ɜɫɟɯ ɝɪɭɩɩ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɢɛɨɥɶɲɟɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ (0.621) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ƚ, 

50% ɜɨɞɚ». 

ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (0.708) ɩɪɢ ɩɪɢɨɪɢɬɟɬɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ – ɫɨɫɬɚɜ 

«50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ƚ, 50% ɜɨɞɚ». 

ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (0.708) ɩɪɢ ɩɪɢɨɪɢɬɟɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ 

ɝɨɪɟɧɢɹ – ɫɨɫɬɚɜ «50% ɭɝɨɥɶ Ȼ2 (80 ɦɤɦ), 50% ɜɨɞɚ». 
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ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (0.723) ɩɪɢ ɩɪɢɨɪɢɬɟɬɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ – ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ƚ, 50% 

ɜɨɞɚ». 

ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (0.703) ɩɪɢ ɩɪɢɨɪɢɬɟɬɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɹ 

ɜɹɡɤɨɫɬɢ – ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ⱦ, 50% ɜɨɞɚ». 

ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (0.461) ɩɪɢ ɩɪɢɨɪɢɬɟɬɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɪɨɛɥɟɧɢɹ 

ɤɚɩɟɥɶ – ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ Ⱦ, 50% ɜɨɞɚ». 

ɇɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (0.610) ɩɪɢ ɩɪɢɨɪɢɬɟɬɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɠɢɝɚɧɢɹ ɢ ɝɨɪɟɧɢɹ – ɫɨɫɬɚɜ «50% ɮɢɥɶɬɪ-ɤɟɤ ɭɝɥɹ ɦɚɪɤɢ Ƚ, 50% 

ɜɨɞɚ». 
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ɁȺɄɅЮЧȿɇɂȿ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ 

ɡɚɩɥɚɧɢɪɨɜɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɞɨɫɬɢɝɧɭɬɵ ɬɪɟɛɭɟɦɵɟ ɢɧɞɢɤɚɬɨɪɵ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɭɫɬɚɧɨɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɵɥɟɧɢɹ (ɤɨɥɢɱɟɫɬɜɨ, ɪɚɡɦɟɪɵ, ɫɤɨɪɨɫɬɢ ɢ 

ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ, ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɤɚɩɟɥɶ, ɢɯ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, 

ɪɚɡɦɟɪɵ ɮɚɤɟɥɚ ɢ ɞɪ.) ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɨɩɥɢɜɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɢɡ ɤɟɤɨɜ, ɲɥɚɦɨɜ, 

ɭɝɥɟɣ, ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ, ɛɢɨɦɚɫɫɵ ɢ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ; ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɢ ɪɚɫɫɥɚɢɜɚɟɦɨɫɬɢ, ɮɪɚɝɦɟɧɬɚɰɢɢ 

(ɤɨɥɢɱɟɫɬɜɨ, ɪɚɡɦɟɪɵ, ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, ɤɨɦɩɨɧɟɧɬɧɵɣ 

ɫɨɫɬɚɜ ɤɚɩɟɥɶ, ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɴɟɦ ɨɛɥɚɤɚ ɜɬɨɪɢɱɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɢ ɞɪ.); 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɠɢɝɚɧɢɹ (ɩɪɟɞɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɜɪɟɦɟɧɚ ɡɚɞɟɪɠɤɢ, 

ɩɪɟɞɟɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɢ ɞɪ.) ɢ ɝɨɪɟɧɢɹ (ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢɹ, ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɝɚɡɨɜɵɟ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɜɵɛɪɨɫɵ, ɡɨɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɢ ɞɪ.). 

ɉɨɞɝɨɬɨɜɥɟɧɧɵɟ 4 ɫɬɚɬɶɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɩɪɚɜɥɟɧɵ ɜ 

ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɠɭɪɧɚɥɵ ɩɟɪɜɨɝɨ ɤɜɚɪɬɢɥɹ, ɢɧɞɟɤɫɢɪɭɟɦɵɟ ɛɚɡɚɦɢ ɞɚɧɧɵɯ Web of 

Science ɢ Scopus. Ⱦɜɟ ɫɬɚɬɶɢ ɩɪɨɲɥɢ ɪɟɰɟɧɡɢɪɨɜɚɧɢɟ, ɨɞɧɚ ɢɡ ɧɢɯ ɩɪɢɧɹɬɚ ɤ 

ɨɩɭɛɥɢɤɨɜɚɧɢɸ, ɜɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɭ ɪɟɞɚɤɬɨɪɨɜ, ɨɠɢɞɚɟɬɫɹ ɪɟɲɟɧɢɟ. Ʉ ɨɬɱɟɬɭ 

ɩɪɢɥɨɠɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɬ ɪɟɞɚɤɬɨɪɨɜ ɢ ɩɨɥɧɵɟ ɜɟɪɫɢɢ 4 ɫɬɚɬɟɣ. 

Ⱦɨɥɹ ɦɨɥɨɞɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɤɨɥɥɟɤɬɢɜɟ ɢɫɩɨɥɧɢɬɟɥɟɣ ɫɨɫɬɚɜɢɥɚ 90.1 %. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

ɉɟɪɟɱɟɧɶ ɫɬɚɬɟɣ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɇɂɊ ɢ 

ɧɚɩɪɚɜɥɟɧɧɵɯ ɜ ɪɟɞɚɤɰɢɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɠɭɪɧɚɥɨɜ ɩɟɪɜɨɝɨ ɤɜɚɪɬɢɥɹ, 
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Нɚɡɜɚɧɢɟ: Promising components of coal-water slurries 

containing petrochemicals 

Жɭрɧɚл: Energy 

ɇɚɩɪɚɜɥɟɧɚ ɜ ɪɟɞɚɤɰɢɸ 
03.10.2020. 

ȼ ɪɟɞɚɤɰɢɸ ɧɚɩɪɚɜɥɟɧ 
ɨɬɜɟɬ 17.11.2020 ɧɚ ɩɟɪɜɵɣ 
ɷɬɚɩ ɪɟɰɟɧɡɢɣ 

(ɩɨɞɬɜɟɪɠɞɟɧɢɟ 
ɩɪɢɥɚɝɚɟɬɫɹ) 

3 Аɜɬɨры: Antonov D.V., Kuznetsov G.V., Fedorenko 

R.M., Strizhak P.A. 

Нɚɡɜɚɧɢɟ: Micro-explosion of a two-component 

droplet: how the initial temperature of the water core 

affects the breakup conditions and outcomes 

Жɭрɧɚл: Powder Technology 

ɇɚɩɪɚɜɥɟɧɚ ɜ ɪɟɞɚɤɰɢɸ 

01.10.2020. Ɋɟɞɚɤɰɢɟɣ 
ɩɪɢɫɜɨɟɧ ɧɨɦɟɪ POWTEC-

S-20-03692 

4 Аɜɬɨры: Vershinina K.Yu., Nyashina G.S., Strizhak 

P.A. 

Нɚɡɜɚɧɢɟ: Lab-scale combustion of high-moisture fuels 

from peat, coal waste and milled lignite 

Жɭрɧɚл: Waste and Biomass Valorization 

ɇɚɩɪɚɜɥɟɧɚ ɜ ɪɟɞɚɤɰɢɸ 
06.10.2020. 

Ɋɟɞɚɤɰɢɟɣ ɩɪɢɫɜɨɟɧ ɧɨɦɟɪ 
WAVE-D-20-01139 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

ɋɜɟɞɟɧɢɹ ɨɛ ɭɱɚɫɬɧɢɤɚɯ ɩɪɨɟɤɬɚ 

№ 

ɩ/ɩ 

ɎɂɈ (ɩɨɥɧɨɫɬɶɸ) 

ɭɱɚɫɬɧɢɤɚ ɩɪɨɟɤɬɚ 

ɝɨɞ 

ɪɨɠɞɟɧɢɹ 

ɞɨɥɠɧɨɫɬɶ ɜ 

ɨɪɝɚɧɢɡɚɰɢɢ-

ɢɫɩɨɥɧɢɬɟɥɟ 

ɭɱɟɧɚɹ 

ɫɬɟɩɟɧɶ, ɭɱ. 

ɡɜɚɧɢɟ 

ɹɜɥɹɟɬɫɹ 

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. Ƚɚɣɞɭɤɨɜɚ 

(əɲɭɬɢɧɚ) Ɉɥɶɝɚ 

ɋɟɪɝɟɟɜɧɚ 

1993 ɢɧɠɟɧɟɪ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶ 

 ɞɚ 

11. Ⱥɧɬɨɧɨɜ Ⱦɦɢɬɪɢɣ 

ȼɥɚɞɢɦɢɪɨɜɢɱ 

1996 ɢɧɠɟɧɟɪ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶ 

 ɞɚ 

 

Ɉɛɳɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɭɱɚɫɬɧɢɤɨɜ ɩɪɨɟɤɬɚ – 11 ɱɟɥ. 
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Ⱦɨɥɹ ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ (ɞɨ 39 ɥɟɬ) ɜ ɨɛɳɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɭɱɚɫɬɧɢɤɨɜ 

ɩɪɨɟɤɬɚ ɢɡ Ɍɉɍ ɫɨɫɬɚɜɥɹɟɬ 90.1%, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɰɟɥɟɜɨɦɭ ɡɧɚɱɟɧɢɸ 

ɩɨɤɚɡɚɬɟɥɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɢɹ ɋɑ ɇɂɊ. 


