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ɋɢɫɬɟɦɵ ɚɜɬɨɧɨɦɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɚ ɛɚɡɟ ɠɚɪɨɬɪɭɛɧɵɯ ɤɨɬ-
ɥɨɜ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɚɤɢɯ ɤɨɬɥɨɜ ɩɪɢ ɫɠɢɝɚɧɢɢ ɝɚɡɚ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɞɨɫɬɢɝɚɟɬ 90–95 %, ɩɪɢ ɷɬɨɦ ɨɧɢ ɨɛɥɚɞɚɸɬ ɥɭɱɲɟɣ ɪɟɦɨɧɬɨ-
ɩɪɢɝɨɞɧɨɫɬɶɸ, ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɭɟɦɵ ɢ ɫɬɨɹɬ ɡɧɚɱɢɬɟɥɶɧɨ ɞɟ-
ɲɟɜɥɟ ɫɜɨɢɯ ɜɨɞɨɬɪɭɛɧɵɯ ɚɧɚɥɨɝɨɜ. 

Ɉɞɧɚɤɨ ɩɪɚɤɬɢɤɚ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɠɚɪɨɬɪɭɛɧɵɯ ɤɨɬɥɨɜ ɞɨ ɫɢɯ ɩɨɪ 
ɧɟ ɢɦɟɟɬ ɱɟɬɤɨɣ ɧɨɪɦɚɬɢɜɧɨ-ɪɚɫɱɟɬɧɨɣ ɛɚɡɵ. Ɋɚɫɱɟɬɵ ɬɚɤɢɯ ɤɨɬɥɨɜ ɩɨ 
ɧɨɪɦɚɬɢɜɧɨɦɭ ɦɟɬɨɞɭ [1] ɞɚɸɬ ɧɟɞɨɩɭɫɬɢɦɨ ɛɨɥɶɲɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɩɨ-
ɫɤɨɥɶɤɭ ɦɟɬɨɞ ɪɚɡɪɚɛɚɬɵɜɚɥɫɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɤɪɭɩɧɵɯ (ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ) 
ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɢ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɡɚɞɚɧɢɢ ɪɹɞɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɨɩɪɚ-
ɜɨɤ, ɧɚɪɚɛɨɬɚɧɧɵɯ ɬɨɥɶɤɨ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɢɩɨɜ ɤɨɬɥɨɜ. 

ȼɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ ɟɞɢɧɨɣ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɤɨɧ-
ɫɬɪɭɢɪɨɜɚɧɢɹ ɠɚɪɨɬɪɭɛɧɵɯ ɤɨɬɥɨɜ ɜɫɟ ɱɚɳɟ ɩɪɢɦɟɧɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɱɢɫɥɟɧɧɨɦɭ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɸ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɮɚɤɟɥɚ ɦɟɬɚɧɨ-ɜɨɡɞɭɲɧɨɝɨ ɩɥɚ-
ɦɟɧɢ ɜ ɠɚɪɨɜɨɣ ɬɪɭɛɟ ɤɨɬɥɚ Ɍɭɪɛɨɬɟɪɦ-500 (ɁȺɈ Ɋɟɦɷɤɫ). Ɋɚɫɱɟɬɧɵɦ 
ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɮɚɤɟɥɚ, ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɟ ɩɨɥɹ ɫɪɟɞɧɢɯ 
ɫɤɨɪɨɫɬɟɣ, ɬɟɦɩɟɪɚɬɭɪ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɩɚɤɟɬɟ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ ANSYS. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɞɬɜɟɪɠɞɟɧɚ ɧɚɬɭɪɧɵɦɢ ɢɫɩɵɬɚɧɢɹɦɢ [2]. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɠɚɪɨɬɪɭɛɧɵɣ ɤɨɬɟɥ Ɍɭɪɛɨɬɟɪɦ-
500 (ɌɌ-500) ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɈɈɈ «Ɋɷɦɷɤɫ» ɧɚ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ 
500 ɤȼɬ. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɫ ɝɚɡɨɜɨɡɞɭɲɧɵɦ ɬɪɚɤɬɨɦ ɤɨɬɥɚ ɩɪɢɜɟ-
ɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. Ⱦɥɢɧɚ ɬɨɩɤɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɬɥɚ ɩɨ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɢ 
ɨɬ ɭɫɬɶɹ ɝɨɪɟɥɤɢ ɞɨ ɞɧɢɳɚ – 1800 ɦɦ, ɞɢɚɦɟɬɪ ɠɚɪɨɜɨɣ ɬɪɭɛɵ – 884 ɦɦ. 

Ʉɨɬɟɥ ɢɦɟɟɬ ɬɭɩɢɤɨɜɭɸ ɠɚɪɨɜɭɸ ɬɨɩɤɭ 1, ɜ ɬɵɥɶɧɨɣ ɱɚɫɬɢ ɤɨɬɨ-
ɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɜɨɪɨɬ ɮɚɤɟɥɚ ɧɚ 180 ɝɪɚɞɭɫɨɜ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɩɟ-
ɪɟɞɧɟɣ ɤɪɵɲɤɟ ɤɨɬɥɚ 8. Ⱦɚɥɟɟ, ɞɜɢɝɚɹɫɶ ɩɨ ɩɟɪɢɮɟɪɢɢ ɬɨɩɨɱɧɨɣ ɤɚɦɟ-
ɪɵ, ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɩɨɫɬɭɩɚɸɬ ɜ ɩɨɜɨɪɨɬɧɭɸ ɤɚɦɟɪɭ 3, ɝɞɟ ɜɧɨɜɶ 
ɪɚɡɜɨɪɚɱɢɜɚɸɬɫɹ ɧɚ 180 ɝɪɚɞɭɫɨɜ ɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɞɵɦɨɝɚɪɧɵɟ ɬɪɭɛɵ 
4, ɩɨɝɪɭɠɟɧɧɵɟ ɜ ɜɨɞɹɧɨɣ ɨɛɴɟɦ 7. Ⱦɜɢɝɚɹɫɶ ɜɧɭɬɪɢ ɬɪɭɛ, ɩɪɨɞɭɤɬɵ 
ɫɝɨɪɚɧɢɹ ɩɨɫɬɭɩɚɸɬ ɜ ɫɛɨɪɧɵɣ ɞɵɦɨɜɨɣ ɤɨɪɨɛ 5, ɨɬɬɭɞɚ ɜ ɝɚɡɨɯɨɞ ɢ 
ɞɵɦɨɜɭɸ ɬɪɭɛɭ. 
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Ɋɢɫ. 1. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɠɚɪɨɬɪɭɛɧɨɝɨ ɤɨɬɥɚ: 

1 – ɠɚɪɨɜɚɹ ɬɨɩɤɚ; 2 – ɝɨɪɟɥɤɚ; 3 – ɩɨɜɨɪɨɬɧɚɹ ɤɚɦɟɪɚ; 4 – ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɭɱɨɤ 
ɞɵɦɨɝɚɪɧɵɯ ɬɪɭɛ; 5 – ɫɛɨɪɧɵɣ ɞɵɦɨɜɨɣ ɤɨɪɨɛ; 6 – ɬɨɱɤɢ ɡɚɦɟɪɚ ɬɟɦɩɟɪɚɬɭɪɵ 

(ɦɟɫɬɚ ɭɫɬɚɧɨɜɤɢ ɬɟɪɦɨɩɚɪ); 7 – ɜɨɞɹɧɨɣ ɨɛɴɟɦ; 8 – ɤɪɵɲɤɚ 

Ɍɨɩɤɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɠɚɪɨɬɪɭɛɧɨɝɨ ɤɨɬɥɚ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɧɚɞɭɜɨɦ ɫ 
ɪɚɫɱɟɬɧɵɦ ɞɚɜɥɟɧɢɟɦ 200 ɉɚ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɩɪɟɨɞɨɥɟɬɶ ɚɷɪɨɞɢɧɚ-
ɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɜɧɭɬɪɢ ɤɨɬɥɚ. Ɍɨɩɥɢɜɨɜɨɡɞɭɲ-
ɧɚɹ ɫɦɟɫɶ ɜ ɬɨɩɤɭ ɩɨɫɬɭɩɚɟɬ ɡɚ ɫɱɟɬ ɞɭɬɶɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɜɟɧɬɢɥɹɬɨɪɨɦ, 
ɜɫɬɪɨɟɧɧɵɦ ɜ ɝɨɪɟɥɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 2. 

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɩɪɢɧɹɬɚ ɩɨɥɧɚɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɨɩɤɢ, ɜɤɥɸɱɚɹ ɤɚɧɚɥ ɝɨɪɟɥɤɢ ɢ ɩɨɜɨɪɨɬɧɭɸ 
ɤɚɦɟɪɭ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɭɱɨɤ ɤɨɬɥɚ. ɉɨɫɬɪɨɟɧɢɟ ɪɚɫɱɺɬɧɨɣ 
ɫɟɬɤɢ ɜɵɩɨɥɧɟɧɨ ɫɪɟɞɫɬɜɚɦɢ ANSYS Workbench ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɪɬɟɠɟɣ 
ɤɨɬɥɚ. Ɍɚɤ ɤɚɤ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɚ ɤɪɭɬɤɢ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɜ ɪɟɜɟɪɫɢɜɧɨɦ 
ɮɚɤɟɥɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ [2], ɬɨ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 
ɜɚɪɢɚɧɬɵ ɫ ɩɪɹɦɨɬɨɱɧɨɣ ɩɨɞɚɱɟɣ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. 

Ɇɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢɪɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɪɨɰɟɫ-
ɫɵ ɢ ɹɜɥɟɧɢɹ: ɝɨɪɟɧɢɟ ɦɟɬɚɧɚ ɜ ɤɢɫɥɨɪɨɞɟ ɜɨɡɞɭɯɚ, ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɜ 
ɪɟɚɝɢɪɭɸɳɟɣ ɫɪɟɞɟ, ɤɨɧɜɟɤɬɢɜɧɵɣ ɢ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɨɛɦɟɧ. Ɇɨɞɟɥɢɪɨ-
ɜɚɧɢɟ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɗɣɥɟɪɚ. Ɋɚɫɱɺɬ ɥɭɱɢ-
ɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜɵɩɨɥɧɹɥɫɹ ɦɟɬɨɞɨɦ ɫɮɟɪɢɱɟɫɤɢɯ ɝɚɪɦɨɧɢɤ ɜ 1 ɩɪɢ-
ɛɥɢɠɟɧɢɢ (ɬ. ɧ. P1 – ɦɨɞɟɥɶ). Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɢɫɩɨɥɶ-
ɡɭɟɦɵɟ ɞɚɧɧɨɣ ɦɨɞɟɥɶɸ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɩɪɢɜɟɞɟɧɵ ɜ [3]. 

ɉɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɝɨɪɸɱɟɝɨ (ɱɢɫɬɵɣ ɦɟɬɚɧ) ɩɪɨɬɟɤɚɟɬ ɧɟ-
ɨɛɪɚɬɢɦɨ ɢ ɜ ɞɜɟ ɫɬɚɞɢɢ: 2CH4 + 3O2 = 2CO + 4H2O; 2CO + O2 = 2CO2. 

ɂɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɨɞɢɮɢɤɚɰɢɹ RNG k-İ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, 
ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɚɹ ɫɟɛɹ ɜ ɡɚɞɚɱɚɯ ɫ ɫɢɥɶɧɨɣ ɤɪɢɜɢɡɧɨɣ ɥɢɧɢɣ 
ɬɨɤɚ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ ɩɨɥɧɨɫɬɶɸ ɪɚɡɜɢɬɨɝɨ ɬɭɪɛɭɥɟɧɬ-
ɧɨɝɨ ɬɟɱɟɧɢɹ, ɬ. ɟ. ɞɥɹ ɜɵɫɨɤɢɯ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ, ɤɨɝɞɚ ɩɪɹɦɨɟ ɜɥɢɹɧɢɟ 
ɜɹɡɤɨɫɬɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɧɢɦɚɥɨɫɶ: ɬɨɩɥɢɜɨ – 
ɦɟɬɚɧ (100 %); ɨɤɢɫɥɢɬɟɥɶ – ɤɢɫɥɨɪɨɞ ɜɨɡɞɭɯɚ; ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢ-
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ɦɵɣ ɨɛɴɟɦ ɜɨɡɞɭɯɚ ɞɥɹ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ 9,52 ɦ3/ɦ3; ɤɨɷɮɮɢɰɢɟɧɬ ɢɡ-
ɛɵɬɤɚ ɜɨɡɞɭɯɚ 1,03; ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 0,2 ɤɝ/ɫ; 
ɟɺ ɬɟɦɩɟɪɚɬɭɪɚ 20 °ɋ (ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɤɨɬɟɥɶ-
ɧɨɣ); ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 92,5 °ɋ. 

 
a)     ɛ) 

Ɋɢɫ. 2. Ʌɢɧɢɢ ɬɨɤɚ ɫ ɰɜɟɬɨɜɨɣ ɢɧɞɟɤɫɚɰɢɟɣ ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɟ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ: 

ɚ – ɩɪɹɦɨɬɨɱɧɚɹ ɝɨɪɟɥɤɚ; ɛ – ɜɢɯɪɟɜɚɹ ɝɨɪɟɥɤɚ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 
ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɬɨɩɤɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɬɥɚ ɩɪɨɰɟɫɫɵ ɨɫɟɫɢɦɟɬɪɢɱɧɵ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɢ ɝɨɪɟɥɤɢ. Ʌɢɧɢɢ ɬɨɤɚ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ 
(ɫɦ. ɪɢɫ. 2) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɬɨɩɨɱɧɚɹ ɫɪɟɞɚ ɞɜɚɠɞɵ ɦɟɧɹɟɬ ɧɚɩɪɚɜɥɟ-
ɧɢɟ ɫɜɨɟɝɨ ɞɜɢɠɟɧɢɹ. ɋɧɚɱɚɥɚ ɫɜɟɠɚɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ, ɞɜɢɝɚ-
ɹɫɶ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɬɵɥɶɧɨɣ ɱɚɫɬɢ ɬɨɩɤɢ, ɪɚɡɨɝɪɟɜɚɟɬɫɹ, ɜɨɫɩɥɚɦɟɧɹ-
ɟɬɫɹ ɢ ɫɝɨɪɚɟɬ; ɡɚɬɟɦ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɧɚɩɪɚɜɥɹɸɬɫɹ ɨɬ ɰɟɧɬɪɚ ɬɨɩɨɱ-
ɧɨɣ ɤɚɦɟɪɵ ɤ ɟɺ ɩɟɪɢɮɟɪɢɢ, ɢ, ɧɚɤɨɧɟɰ, ɞɵɦɨɜɵɟ ɝɚɡɵ ɜɞɨɥɶ ɫɬɟɧɤɢ ɠɚ-
ɪɨɜɨɣ ɬɪɭɛɵ ɜɨɡɜɪɚɳɚɸɬɫɹ ɤ ɮɪɨɧɬɭ ɤɨɬɥɚ, ɝɞɟ ɩɨɤɢɞɚɸɬ ɬɨɩɨɱɧɭɸ ɤɚ-
ɦɟɪɭ. 

 
Ɋɢɫ. 3. ȼɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ ɫ 
ɰɜɟɬɨɜɨɣ ɢɧɞɟɤɫɚɰɢɟɣ ɩɨ ɡɧɚɱɟɧɢɹɦ ɫɤɨɪɨɫɬɢ (ɦ/ɫ): 

1 – ɡɨɧɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɱɚɫɬɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
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ȼ ɩɪɢɫɬɟɧɨɱɧɨɣ ɡɨɧɟ ɬɨɩɤɢ ɝɨɪɹɱɢɟ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɫɨɜɟɪɲɚɸɬ 
ɩɟɪɜɵɣ ɯɨɞ ɜ ɤɨɬɥɟ, ɩɪɨɯɨɞɹ ɩɨ ɩɟɪɢɮɟɪɢɢ ɠɚɪɨɜɨɣ ɬɪɭɛɵ ɨɬ ɬɵɥɚ ɤ 
ɮɪɨɧɬɭ. Ɍɨɥɳɢɧɚ ɩɪɢɫɬɟɧɨɱɧɨɝɨ ɩɨɬɨɤɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɬɨɩɤɟ ɢɫɫɥɟ-
ɞɭɟɦɨɝɨ ɤɨɬɥɚ ɫɨɫɬɚɜɥɹɟɬ 130–135 ɦɦ. ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɞɧɢɳɟ ɬɨɩɤɢ 
ɬɨɱɤɨɣ ɪɚɡɜɨɪɨɬɚ ɩɥɚɦɟɧɢ ɢ ɧɚɱɚɥɨɦ ɩɟɪɜɨɝɨ ɯɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ. Ɉɞ-
ɧɚɤɨ ɥɢɧɢɢ ɬɨɤɚ (ɫɦ. ɪɢɫ. 2) ɢ ɜɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ (ɫɦ. ɪɢɫ. 3) ɬɨ-
ɩɨɱɧɨɣ ɫɪɟɞɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɜɨɪɨɬ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢɞɟɬ ɩɨ 
ɜɫɟɣ ɞɥɢɧɟ ɮɚɤɟɥɚ. 

ɉɪɢ ɪɟɡɤɨɦ ɢɡɦɟɧɟɧɢɢ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ɬɨɩɨɱɧɭɸ ɤɚ-
ɦɟɪɭ ɨɛɪɚɡɭɸɬɫɹ ɡɨɧɵ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛ-
ɪɚɡɨɜɚɧɢɸ ɜɢɯɪɟɣ ɪɚɫɤɚɥɟɧɧɵɯ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ, ɪɟɰɢɪɤɭɥɢɪɢɸɳɢɯ ɤ 
ɭɫɬɶɸ ɝɨɪɟɥɤɢ. Ɍɚɤ, ɤ ɩɪɢɦɟɪɭ, ɧɚ ɪɢɫɭɧɤɚɯ 2, 3 ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 
ɱɚɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɨɫɥɟ ɪɚɡɜɨɪɨɬɚ ɧɟ ɩɨɤɢɞɚɟɬ ɬɨɩɤɭ, ɚ ɜɨɡɜɪɚɳɚɟɬɫɹ 
ɤ ɝɨɪɟɥɤɟ ɢ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɫɨ ɫɜɟɠɟɣ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɬɨɩɤɭ ɬɨɩɥɢɜɨ-
ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɶɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɬɨɩɤɚɯ ɫ ɪɟɜɟɪɫɢɜɧɵɦ ɮɚɤɟɥɨɦ ɫ 
ɧɚɪɭɠɧɨɣ ɨɛɪɚɡɭɸɳɟɣ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɬɪɭɢ ɢɦɟɟɬɫɹ ɡɨɧɚ ɪɟɰɢɪɤɭ-
ɥɹɰɢɢ ɱɚɫɬɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɤ ɤɨɪɧɸ ɮɚɤɟɥɚ. ȼ ɩɥɨɫɤɨɫɬɢ ɨɫɟɜɨɝɨ 
ɫɟɱɟɧɢɹ ɠɚɪɨɜɨɣ ɬɪɭɛɵ ɷɬɚ ɡɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɜɢɯɪɹɦɢ 
ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɮɚɤɟɥɚ (ɫɦ. ɪɢɫ. 3, ɨɛɨɡɧɚɱɟɧɢɟ 1). ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ ɠɟ 
ɷɬɨ ɟɞɢɧɵɣ ɜɢɯɪɶ ɬɨɪɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ, ɨɫɶ ɜɪɚɳɟɧɢɹ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚ-
ɞɚɟɬ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɶɸ ɝɨɪɟɥɤɢ (ɫɦ. ɪɢɫ. 4).  

 
Ɋɢɫ. 4. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɥɢɧɢɣ ɬɨɤɚ ɜ ɡɨɧɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫ 
ɰɜɟɬɨɜɨɣ ɢɧɞɟɤɫɚɰɢɟɣ ɩɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ (ɦ2/ɫ2) 

Ɍɨɩɨɱɧɚɹ ɫɪɟɞɚ ɜ ɡɨɧɟ ɪɟɰɢɪɤɭɥɹɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɝɨɪɹɱɢɯ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ: ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɚɡɨɬ ɢ ɟɝɨ ɨɤɫɢɞɵ, ɜɨɞɹɧɵɟ ɩɚɪɵ. ɂɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚ ɛɥɢɡɤɚ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɹɞɪɟ ɮɚɤɟɥɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ 
1000 °ɋ. ɉɨɷɬɨɦɭ ɫɜɟɠɚɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɚɹ ɫɦɟɫɶ, ɫɦɟɲɢɜɚɹɫɶ ɫ ɪɟ-
ɰɢɪɤɭɥɢɪɭɸɳɢɦɢ ɝɚɡɚɦɢ, ɩɨɱɬɢ ɫɪɚɡɭ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ 270 °ɋ. ɑɚɫɬɨɬɚ 
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ɜɪɚɳɟɧɢɹ ɪɟɰɢɪɤɭɥɢɪɢɸɳɟɝɨ ɤ ɭɫɬɶɸ ɝɨɪɟɥɤɢ ɜɢɯɪɹ ɨɤɨɥɨ 2,5 ɨɛɨɪɨɬɨɜ 
ɜ ɫɟɤɭɧɞɭ. Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɨɜ ɜ ɜɢɯɪɟ ɫɨɫɬɚɜɥɹɟɬ 0,057 ɤɝ/ɫ, ɱɬɨ ɫɨ-
ɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 30 % ɦɚɫɫɵ ɩɨɫɬɭɩɚɸɳɟɣ ɱɟɪɟɡ ɝɨɪɟɥɤɭ ɬɨɩɥɢɜɨɜɨɡ-
ɞɭɲɧɨɣ ɫɦɟɫɢ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ: 
1. Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɥɨɜ (ɇɨɪɦɚɬɢɜɧɵɣ ɦɟɬɨɞ). – ɋɉɛ: ɂɡɞ. ɇɉɈ ɐɄɌɂ, 

1998. – 256 ɫ. 
2. ɏɚɭɫɬɨɜ ɋ.Ⱥ., Ɂɚɜɨɪɢɧ Ⱥ.ɋ., Ɏɢɫɟɧɤɨ Ɋ.ɇ. ɑɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨ-

ɰɟɫɫɨɜ ɜ ɠɚɪɨɬɪɭɛɧɨɣ ɬɨɩɤɟ ɫ ɪɟɜɟɪɫɢɜɧɵɦ ɮɚɤɟɥɨɦ // ɂɡɜɟɫɬɢɹ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ – 2013. – ʋ 4. – C. 43–47. 

3. Ɍɚɣɥɚɲɟɜɚ Ɍ.ɋ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɨɩɨɱɧɨɣ ɫɪɟɞɵ ɜ ɤɨɬɥɟ ɬɢɩɚ ȾɄȼɊ ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ // ɂɡɜɟɫɬɢɹ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 
2009. – ʋ 4. – C. 42–47. 

ɍȾɄ 662.815.4 
ɌȿɉɅɈɌȿɏɇɈɅɈȽɂɑȿɋɄȺə ɉȿɊȿɊȺȻɈɌɄȺ ȻɂɈɆȺɋɋɕ 

ɌɈɆɋɄɈɃ ɈȻɅȺɋɌɂ ɉɊɂɆȿɇɂɌȿɅɖɇɈ Ʉ 
ɗɇȿɊȽȿɌɂɑȿɋɄɈɆɍ ɂɋɉɈɅɖɁɈȼȺɇɂɘ 

Ɍɚɛɚɤɚɟɜ Ɋ.Ȼ., Ʉɚɡɚɤɨɜ Ⱥ.ȼ., ɤ.ɬ.ɧ., Ȼɚɫɤɚɤɨɜɚ Ⱥ.ɋ., ɍɜɚɪɨɜ ȿ.Ⱥ. 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ Ɍɨɦɫɤ 
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ɋɨɜɪɟɦɟɧɧɵɣ ɜɡɝɥɹɞ ɧɚ ɪɚɡɜɢɬɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɧɚɩɪɚɜ-
ɥɟɧ ɜ ɫɬɨɪɨɧɭ ɩɨɫɬɟɩɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢ-
ɤɨɜ ɷɧɟɪɝɢɢ ɜ ɨɛɳɟɦ ɷɧɟɪɝɨɛɚɥɚɧɫɟ: ɛɨɥɟɟ ɱɟɦ ɜ 73 ɫɬɪɚɧɚɯ ɦɢɪɚ ɩɪɢ-
ɧɹɬɵ ɩɪɨɝɪɚɦɦɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɦɚɫɲɬɚɛɚ ɩɨ ɜɨɜɥɟɱɟɧɢɸ ȼɂɗ ɜ ɬɨ-
ɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ [1]. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɉɪɚɜɢɬɟɥɶɫɬɜɨ ɊɎ 
ɪɚɡɪɚɛɨɬɚɥɨ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉɛ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ» (ʋ 250-ɎɁ ɨɬ 
18 ɨɤɬɹɛɪɹ 2007 ɝ.) [2] ɢ «ɋɬɪɚɬɟɝɢɸ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ ɧɚ ɩɟ-
ɪɢɨɞ ɞɨ 2020 ɝ.» [3], ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɩɪɟɞɩɢɫɚɧɨ ɞɨ ɤɨɧɰɚ 2020 ɝɨɞɚ 
ɜɜɟɫɬɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ ɧɚ ȼɂɗ ɦɨɳɧɨɫɬɶɸ 
ɛɨɥɟɟ 20 Ƚȼɬ. 

ȼ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɟɧ ɨɞɢɧ ɢɡ ɜɢɞɨɜ ȼɂɗ – ɨɪɝɚ-
ɧɢɱɟɫɤɚɹ ɛɢɨɦɚɫɫɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɦɚɫɫɵ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɰɟɥɹɯ ɜ 
ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɡɚɬɪɭɞɧɟɧɨ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɧɢɡɤɨɣ ɬɟɩɥɨ-
ɬɵ ɫɝɨɪɚɧɢɹ, ɱɬɨ ɞɟɥɚɟɬ ɬɪɚɞɢɰɢɨɧɧɨɟ ɩɪɹɦɨɟ ɟɺ ɫɠɢɝɚɧɢɟ ɜ ɫɭɳɟɫɬ-
ɜɭɸɳɟɦ ɤɨɬɟɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ ɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɜɢɞɢɬɫɹ ɬɟɩɥɨɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɛɢɨ-
ɦɚɫɫɵ ɜ ɨɛɥɚɝɨɪɨɠɟɧɧɵɟ ɩɪɨɞɭɤɬɵ: ɜɵɫɨɤɨɤɚɥɨɪɢɣɧɵɣ ɜɨɞɨɪɨɞɫɨɞɟɪ-
ɠɚɳɢɣ ɝɚɡ ɢɥɢ ɛɪɢɤɟɬɧɨɟ ɬɨɩɥɢɜɨ. Ɉɞɧɚɤɨ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɰɟɥɟɫɨɨɛ-
ɪɚɡɧɨɫɬɢ ɬɚɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɦɨɠɧɨ ɫɭɞɢɬɶ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɢɦɟɸɬɫɹ 
ɞɚɧɧɵɟ ɨ ɦɚɬɟɪɢɚɥɶɧɨɦ ɛɚɥɚɧɫɟ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢɫɯɨɞɧɵɯ ɢ ɤɨɧɟɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ. 


