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Аɧɧɨɬаɰиɹ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɧɰɟɪɨɝɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ, ɬɨɩɥɢɜ. Ɋɚɫɫɦɨɬɪɟɧɵ  

ɩɭɬɢ ɢ ɦɟɬɨɞɵ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɨɤɚɧɰɟɪɨɝɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɟɣ. 
 
Клɸɱевые ɫлɨва: ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɬɨɩɥɢɜɚ, ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɢ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨ-
ɞɵ, ɜɨɞɨɪɨɞ, ɚɜɬɨɦɨɛɢɥɢ ɫ ɞɜɢɝɚɬɟɥɹɦɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ, ɤɚɧɰɟɪɨ-
ɝɟɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɛɟɧɡ(ɚ)ɩɢɪɟɧ, ɨɤɫɢɞɵ ɚɡɨɬɚ, ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ, ɷɤɨɤɚɧɰɟɪɨɝɟɧɧɚɹ ɨɩɚɫ-
ɧɨɫɬɶ. 
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Аɧɨɬаɰіɹ. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɨɫɨɛɥɢɜɨɫɬɿ ɭɬɜɨɪɟɧɧɹ ɤɚɧɰɟɪɨɝɟɧɧɢɯ ɜɭɝɥɟɜɨɞɧɿɜ ɩɪɢ ɫɩɚɥɸɜɚɧɧɿ 
ɜɭɝɥɟɜɨɞɧɟɜɢɯ, ɭ ɬɨɦɭ ɱɢɫɥɿ ɜɢɫɨɤɨɚɪɨɦɚɬɢɡɨɜɚɧɢɯ, ɩɚɥɢɜ. Ɋɨɡɝɥɹɧɭɬɨ ɲɥɹɯɢ ɿ ɦɟɬɨɞɢ ɦɿɧɿɦɿ-
ɡɚɰɿʀ ɟɤɨɤɚɧɰɟɪɨɝɟɧɧɨʀ ɧɟɛɟɡɩɟɤɢ ɚɜɬɨɦɨɛɿɥɿɜ. 
 
Клɸɱɨві ɫлɨва: ɜɭɝɥɟɜɨɞɧɟɜɿ ɩɚɥɢɜɚ, ɚɪɨɦɚɬɢɱɧɿ ɬɚ ɩɨɥɿɚɪɨɦɚɬɢɱɧɿ ɜɭɝɥɟɜɨɞɧɿ, ɜɨɞɟɧɶ, ɚɜɬɨ-
ɦɨɛɿɥɿ ɡ ɞɜɢɝɭɧɚɦɢ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ, ɜɿɞɩɪɚɰɶɨɜɚɧɿ ɝɚɡɢ, ɤɚɧɰɟɪɨɝɟɧɧɿ ɜɭɝɥɟɜɨɞɧɿ, 
ɛɟɧɡ(ɚ)ɩɿɪɟɧ, ɨɤɫɢɞɢ ɚɡɨɬɭ, ɬɜɟɪɞɿ ɱɚɫɬɤɢ, ɟɤɨɤɚɧɰɟɪɨɝɟɧɧɚ ɧɟɛɟɡɩɟɤɚ. 
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Abstract. The features of carcinogenic hydrocarbons formation during the process of hydrocarbon  

fuels combustion including high-aromatized ones are analyzed. Ways and methods of minimization of 
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ȼɜɟɞɟɧɢɟ 
 
ɉɪɨɛɥɟɦɚ ɤɚɧɰɟɪɨɝɟɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ (Ɉɋ), ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɚɬɦɨ-
ɫɮɟɪɵ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɧɚɢɛɨɥɟɟ ɨɫɬɪɵɯ ɢ ɧɚɢɦɟɧɟɟ ɪɟɲɚɟɦɵɯ ɫɪɟ-
ɞɢ ɜɫɟɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ. ɋɱɢɬɚɟɬɫɹ, 
ɱɬɨ ~ 90 % ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ Ɉɋ ɤɚɧɰɟɪɨɝɟɧ-
ɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (Ʉɍ) ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɢɫ-
ɬɨɱɧɢɤɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɝɨɪɟɧɢɟɦ. ɉɪɢ ɷɬɨɦ 

ɚɜɬɨɬɪɚɧɫɩɨɪɬ ɫ ɞɜɢɝɚɬɟɥɹɦɢ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ 
ɬɟɯɧɨɝɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨ-
ɫɮɟɪɵ ɝɨɪɨɞɨɜ ɤɚɧɰɟɪɨɝɟɧɧɨ-ɦɭɬɚɝɟɧɧɵɦɢ 
ɢɧɝɪɟɞɢɟɧɬɚɦɢ (ɄɆɂ). ɂɧɞɢɤɚɬɨɪɨɦ ɧɚɥɢ-
ɱɢɹ Ʉɍ ɜ Ɉɋ ɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ (ɈȽ) ɚɜ-
ɬɨɦɨɛɢɥɟɣ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢ-
ɧɹɬ ɛɟɧɡ(ɚ)ɩɢɪɟɧ (Ȼɉ – ɋ20ɇ12). ɋɥɟɞɭɟɬ 
ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ Ɉɋ ɦɧɨɝɢɟ 
Ʉɍ, ɜɤɥɸɱɚɹ Ȼɉ, ɫɨɜɦɟɫɬɧɨ ɫ ɨɤɫɢɞɚɦɢ ɚɡɨɬɚ 
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(NOx) ɫɢɧɬɟɡɢɪɭɸɬ ɧɢɬɪɨɤɚɧɰɟɪɨɝɟɧɧɵɟ ɫɨ-
ɟɞɢɧɟɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ ɦɭɬɚɝɟɧɧɵɦɢ ɫɜɨɣɫɬ-
ɜɚɦɢ, ɬ.ɟ. ɫɩɨɫɨɛɧɵɟ ɧɚɪɭɲɚɬɶ ɝɟɧɟɬɢɱɟɫɤɢɟ 
ɩɪɨɝɪɚɦɦɵ ɤɥɟɬɨɤ ɢ ɜɵɡɵɜɚɬɶ ɜ ɨɪɝɚɧɢɡɦɟ 
ɱɟɥɨɜɟɤɚ ɢɡɦɟɧɟɧɢɹ ɧɚɫɥɟɞɫɬɜɟɧɧɵɯ ɫɜɨɣɫɬɜ. 
ɍɫɬɚɧɨɜɥɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɟ 
ɬɜɟɪɞɵɟ (ɫɚɠɢɫɬɵɟ) ɱɚɫɬɢɰɵ (Ɍɑ), ɫɨɪɛɢɪɭɹ 
Ʉɍ, ɹɜɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɢɯ ɧɨɫɢɬɟɥɹɦɢ, ɧɨ ɢ 
ɦɧɨɝɨɤɪɚɬɧɨ ɭɫɢɥɢɜɚɸɬ ɢɯ ɤɚɧɰɟɪɨɝɟɧɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 
ɗɤɨɤɚɧɰɟɪɨɝɟɧɧɚɹ ɨɩɚɫɧɨɫɬɶ (ɗɄɈ) ɚɜɬɨɦɨ-
ɛɢɥɟɣ ɜ ɨɫɧɨɜɧɨɦ (~ ɧɚ 95 %) ɯɚɪɚɤɬɟɪɢɡɭɟɬ-
ɫɹ ɞɜɭɦɹ ɩɚɪɚɦɢ ɫɭɩɟɪɬɨɤɫɢɤɚɧɬɨɜ: (Ʉɍ + 
+ NOx) ɢ (Ʉɍ + Ɍɑ), ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɫ ɈȽ 
ɞɜɢɝɚɬɟɥɟɣ [1–4]. ɉɨ ɦɧɟɧɢɸ ɦɟɞɢɤɨɜ, ɢɦɟɧ-
ɧɨ ɤɚɧɰɟɪɨɝɟɧɧɵɟ ɜɟɳɟɫɬɜɚ ɜ ɚɬɦɨɫɮɟɪɟ 
ɛɨɥɶɲɢɯ ɝɨɪɨɞɨɜ ~ ɧɚ 80 % ɨɩɪɟɞɟɥɹɸɬ ɪɢɫɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɟɣ ɭ 
ɥɸɞɟɣ [5]. ɉɨɷɬɨɦɭ ɜɧɢɦɚɧɢɟ ɤ ɩɪɨɛɥɟɦɟ 
ɡɚɝɪɹɡɧɟɧɢɹ ɫɪɟɞɵ ɱɟɥɨɜɟɤɚ ɄɆɂ ɜɨ ɜɫɟɦ 
ɦɢɪɟ ɪɚɫɬɟɬ. ɋɥɟɞɭɟɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɫɬɪɟɦɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɜɬɨ-
ɦɨɛɢɥɟɣ ɢ ɢɯ ɞɢɡɟɥɢɡɚɰɢɹ, ɪɚɫɲɢɪɟɧɢɟ  
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ 
ɬɨɩɥɢɜ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɭɫɬɚɪɟɜɲɢɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɚɜɬɨɦɨɛɢɥɟɣ 
ɫ ɧɟɢɫɩɪɚɜɧɵɦɢ Ⱦȼɋ, ɭɫɭɝɭɛɥɹɟɬ ɪɟɲɟɧɢɟ 
ɨɬɦɟɱɟɧɧɵɯ ɩɪɨɛɥɟɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ 
ɝɨɪɨɞɚɯ ɍɤɪɚɢɧɵ ɫ ɪɚɡɜɢɬɵɦ ɚɜɬɨɦɨɛɢɥɶ-
ɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɫɪɟɞɧɟɫɭɬɨɱɧɵɟ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ Ȼɉ ɜ ɚɬɦɨɫɮɟɪɟ ɩɪɟɜɵɲɚɸɬ ɧɚ ɩɨɪɹ-
ɞɨɤ ɭɤɚɡɚɧɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Ȼɉ ɜ ɫɟɥɶɫɤɢɯ 
ɪɚɣɨɧɚɯ. ȼ ɦɟɫɬɚɯ ɠɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɞɜɢɠɟ-
ɧɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɤɨɧɰɟɧɬɪɚɰɢɹ Ȼɉ ɜ ɜɨɡ-
ɞɭɯɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɣ ɭɪɨɜɟɧɶ ɧɚ ɞɜɚ 
ɢ ɛɨɥɟɟ ɩɨɪɹɞɤɚ [4, 6]. Ɍɚɤɨɣ ɭɪɨɜɟɧɶ ɪɨɫɬɚ 
ɡɚɝɪɹɡɧɟɧɢɹ ɫɪɟɞɵ ɄɆɂ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɬɨɦɭ, ɱɬɨ ɡɚɬɪɚɬɵ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɡɞɨɪɨ-
ɜɨɣ ɫɪɟɞɵ ɨɛɢɬɚɧɢɹ ɢ ɢɡɥɟɱɟɧɢɟ «ɛɨɥɶɧɨɝɨ 
ɧɚɫɟɥɟɧɢɹ» ɦɨɝɭɬ ɫɬɚɬɶ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ 
ɤɪɭɩɧɵɯ ɫɬɚɬɟɣ ɷɤɨɧɨɦɢɤɢ ɦɢɪɚ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
ɉɪɨɜɟɫɬɢ ɤɨɦɩɥɟɤɫɧɵɣ ɚɧɚɥɢɡ ɦɟɯɚɧɢɡɦɨɜ ɢ 
ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ 
ɩɪɢ ɝɨɦɨɝɟɧɧɨɦ ɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɠɢɝɚɧɢɢ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢ-
ɪɨɜɚɧɧɵɯ ɧɟɮɬɹɧɵɯ ɬɨɩɥɢɜ. Ɉɰɟɧɢɬɶ ɭɪɨɜɧɢ 
ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ (Ȼɉ) ɩɪɢ ɫɠɢɝɚɧɢɢ ɤɨɦɩɨ-
ɡɢɬɧɵɯ ɬɨɩɥɢɜ (ɫ ɞɨɛɚɜɤɚɦɢ ɤɚɤ ɫɢɧɬɟɬɢɱɟ-
ɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ, ɬɚɤ ɢ ɜɨɞɨɪɨ-

ɞɚ). Ɋɟɤɨɦɟɧɞɨɜɚɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɭɬɢ ɢ 
ɦɟɬɨɞɵ ɦɢɧɢɦɢɡɚɰɢɢ ɤɚɧɰɟɪɨɝɟɧɧɨɣ ɨɩɚɫ-
ɧɨɫɬɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ Ⱦȼɋ. 
 
Ⱥɧɚɥɢɡ ɫɯɟɦ ɢ ɦɟɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 

ɤɚɧɰɟɪɨɝɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ 
Ʉɍ (Ȼɉ) ɩɪɢ ɝɨɪɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩ-
ɥɢɜ (ɜ ɨɫɧɨɜɧɨɦ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨ-
ɞɨɜ) ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. ȼɨ-
ɩɟɪɜɵɯ, ɧɚ ɨɫɧɨɜɟ ɨɬɞɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɨɛɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 
ɨ ɦɟɯɚɧɢɡɦɚɯ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤ-
ɰɢɣ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɝɢɩɨɬɟɬɢ-
ɱɟɫɤɢɟ ɫɯɟɦɵ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ (Ɍɑ, NOx). 
 

 
 

ɋ6ɇ2 + 3ɋ2ɇ2 + 4ɋ2ɇ = ɋ20ɇ12 (Ȼɉ). 
 
ȼɨ-ɜɬɨɪɵɯ, ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɪɚɜɧɨɜɟɫɧɵɟ ɡɧɚɱɟ-
ɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɭɱɚɫɬɢɟ ɤɨɬɨɪɵɯ ɜ ɫɢɧ-
ɬɟɡɟ Ȼɉ ɫɱɢɬɚɥɨɫɶ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ [2, 4]. 
 
ȼ ɪɚɛɨɬɟ [7] ɜɵɫɤɚɡɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨ-
ɫɵɥɤɢ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
~ 1000 Ʉ ɨɛɵɱɧɵɟ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɟ (ɋ–ɋ) 
ɢ ɭɝɥɟɪɨɞ-ɜɨɞɨɪɨɞɧɵɟ (ɋ–ɇ) ɫɜɹɡɢ ɦɨɝɭɬ 
ɪɚɡɪɵɜɚɬɶɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɨɛɨɞɧɵɯ ɪɚ-
ɞɢɤɚɥɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɤɨɥɶ-
ɰɚ ɨɫɬɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɨɣɱɢɜɵɦɢ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɧɚɫɵɳɟɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫ 
ɞɥɢɧɧɨɣ ɰɟɩɶɸ ɢ ɢɯ ɪɚɞɢɤɚɥɵ ɪɚɫɩɚɞɚɸɬɫɹ 
ɧɚ ɮɪɚɝɦɟɧɬɵ, ɫɩɨɫɨɛɧɵɟ ɤ ɩɨɫɥɟɞɭɸɳɟɦɭ 
ɫɢɧɬɟɡɭ. ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɜɵɜɨɞɨɜ ɩɪɟɞɥɨɠɟɧɚ 
ɫɯɟɦɚ ɫɢɧɬɟɡɚ Ȼɉ, ɜ ɤɨɬɨɪɨɣ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
ɧɟɩɪɟɞɟɥɶɧɵɟ ɚɥɢɮɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 
ɫ ɧɚɥɢɱɢɟɦ ɞɜɨɣɧɵɯ ɢɥɢ ɬɪɨɣɧɵɯ ɫɜɹɡɟɣ 
(ɚɰɟɬɢɥɟɧ – ɋ2ɇ2, ɞɢɜɢɧɢɥ – ɋ4ɇ6 ɢ ɬ.ɞ.), ɹɜ-
ɥɹɸɳɢɟɫɹ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɬɨɩɥɢɜɨɦ, 
ɥɢɛɨ ɩɪɨɞɭɤɬɨɦ ɩɢɪɨɥɢɡɚ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢ-

RH

ɉɢɪɨɥɢɡ ɬɨɩɥɢɜɚ ɢ ɫɢɧɬɟɡ Ʉɍ 

Ɉɤɢɫɥɟɧɢɟ ɋ2ɇ, ɋ2ɇ2, ɋ6ɇ2… 

ɋ2ɇ, ɋ2ɇ2, ɋ6ɇ2Ʉɍ
Ɉɇ, ɇ  gHT

, gH2
 

RCHO

O2, q'
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ɜɚ, ɩɪɟɬɟɪɩɟɜɚɸɬ ɩɪɨɰɟɫɫ ɭɞɥɢɧɟɧɢɹ ɰɟɩɢ, 
ɩɪɢɜɨɞɹɳɢɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɫ ɭɝɥɟɪɨɞɧɵɦ ɫɤɟɥɟɬɨɦ ɋ6–ɋ4. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɰɢɤɥɢɡɚɰɢɢ ɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ 
(ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) ɨɛɪɚɡɭɟɬɫɹ 
ɦɨɥɟɤɭɥɚ Ȼɉ (ɋ20ɇ12) (ɪɢɫ. 1).  

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ ɩɨ 
Ƚ.Ɇ. Ȼɟɞɠɟɪɭ 

 
ȼ ɪɚɛɨɬɟ [8], ɪɚɫɫɦɚɬɪɢɜɚɹ ɨɛɪɚɡɨɜɚɧɢɟ Ȼɉ 
(Ʉɍ) ɤɚɤ ɨɞɢɧ ɢɡ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɨɜ ɩɪɨɰɟɫɫɚ 
ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ 
ɫɯɟɦɚ ɫɢɧɬɟɡɚ Ȼɉ. ȼɧɚɱɚɥɟ ɢɡ ɋ2ɇ2 ɩɨ ɪɚɞɢ-
ɤɚɥɶɧɨ-ɰɟɩɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɨɛɪɚɡɭɟɬɫɹ ɦɨɥɟ-
ɤɭɥɚ ɬɪɢɚɰɟɬɢɥɟɧɚ (ɋ6ɇ2) ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸ-
ɳɟɣ ɫɯɟɦɟ 
 

ɇ + ɋ2ɇ2  ɋ2ɇ + ɇ2, 

ɋ2ɇ + ɋ2ɇ2  ɋ4ɇ2 + ɇ, 

ɋ2ɇ + ɋ4ɇ2  ɋ6ɇ2 + ɇ. 
 
Ɉɞɧɨɜɪɟɦɟɧɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɝɢɪɨɜɚɧɢɹ, 
ɋ2ɇ2 ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɛɢɪɚɞɢɤɚɥ ɚɰɟɬɢɥɟɧɚ  
(–ɋɇ=ɋɇ–) ɢ ɫɥɨɠɧɵɣ ɪɚɞɢɤɚɥ ɫ ɬɪɟɦɹ ɫɜɨ-
ɛɨɞɧɵɦɢ ɜɚɥɟɧɬɧɨɫɬɹɦɢ (–ɋɇ=ɋ=), ɱɬɨ  
ɨɛɴɹɫɧɹɟɬ ɟɝɨ ɜɵɫɨɤɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨ-
ɫɨɛɧɨɫɬɶ. Ⱦɚɥɟɟ ɬɪɢɚɰɟɬɢɥɟɧ, ɥɟɝɤɨ ɜɫɬɭ-
ɩɚɸɳɢɣ ɜ ɪɟɚɤɰɢɸ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɦɨɠɟɬ 
ɨɛɪɚɡɨɜɚɬɶ ɩɨɥɢɪɚɞɢɤɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 
ɫɨɛɨɣ ɡɚɪɨɞɵɲ ɫɚɠɢ. Ɋɨɫɬ ɡɚɪɨɞɵɲɚ ɱɚɫɬɢɰ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɭɝɥɟɜɨɞɨ-
ɪɨɞɧɵɯ ɱɚɫɬɢɰ ɋ2ɇ2 ɢ ɋ2ɇ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ 
[8] ɩɪɟɞɥɨɠɢɥɢ ɨɞɧɭ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɯɟɦ 
ɫɢɧɬɟɡɚ Ȼɉ (ɪɢɫ. 2).  

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ ɢɡ 
ɡɚɪɨɞɵɲɚ ɫɚɠɢ ɩɨ ɇ.ȼ. Ʌɚɜɪɨɜɭ 

ɉɪɢ ɷɬɨɦ ɫɭɦɦɚɪɧɨɟ ɢ ɛɚɥɚɧɫɨɜɨɟ ɭɪɚɜɧɟɧɢɹ 

ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ ɢɡ ɚɰɟɬɢɥɟɧɚ ɡɚ-
ɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

ɋ6ɇ2 + 3ɋ2ɇ2 + 4ɋ2ɇ  ɋ20ɇ12. 

10ɋ2ɇ2  ɋ20ɇ12 +4ɇ2. 
 

ȼ ɪɚɛɨɬɟ [4] ɨɛɪɚɡɨɜɚɧɢɟ Ȼɉ ɨɩɢɫɚɧɨ ɰɟɩɨɱ-
ɤɨɣ ɪɟɚɤɰɢɣ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɨɝɨ ɬɢɩɚ 
 

Ai + H = Ai¯ + H2, 
C2H2 + Ai¯ = AiC2H2*, 

AiC2H2* + C2H2 = Ai+1 + H, 
 
ɝɞɟ Ai – ɚɪɨɦɚɬɢɱɟɫɤɚɹ ɦɨɥɟɤɭɥɚ, ɫɨɞɟɪɠɚ-
ɳɚɹ i ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ; Ai¯ – ɚɪɨɦɚɬɢɱɟ-
ɫɤɢɣ ɪɚɞɢɤɚɥ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɨɬɪɵɜɟ 
ɚɬɨɦɚ H ɨɬ Ai; AiC2H2* – ɪɚɞɢɤɚɥ, ɨɛɪɚɡɭɸ-
ɳɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ C2H2 ɤ Ai¯. 
 
ɂɬɚɤ, ɧɚ ɨɫɧɨɜɟ ɦɟɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚ-
ɠɢ ɩɪɢ ɝɨɪɟɧɢɢ ɤɚɤ ɚɥɢɮɚɬɢɱɟɫɤɢɯ, ɬɚɤ ɢ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɭɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɫɢɧɬɟɡɚ Ȼɉ (ɪɢɫ. 3). 

 

 
 

Ɋɢɫ. 3. ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ 
ɩɪɢ ɝɨɪɟɧɢɢ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɢ ɚɪɨɦɚɬɢ-
ɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

 
Ⱥɥɢɮɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɪɢ ɝɨɪɟɧɢɢ 
ɪɚɫɩɚɞɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɢɪɨɥɢɡɚ ɧɚ ɮɪɚɝ-
ɦɟɧɬɵ, ɢɦɟɸɳɢɟ ɯɚɪɚɤɬɟɪ ɪɚɞɢɤɚɥɨɜ, ɢ ɭɫ-
ɬɨɣɱɢɜɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ. ȼ ɞɚɥɶɧɟɣɲɟɦ, ɟɫɥɢ 
ɫɨɛɥɸɞɚɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɫɥɨɜɢɹ ɩɨ ɫɨ-
ɫɬɚɜɭ ɫɦɟɫɢ, ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ ɫɦɟɫɢ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ ɢ ɞɪɭɝɢɦ ɥɨɤɚɥɶ-
ɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ, ɢɡ 
ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɣ 
ɰɢɤɥɢɡɚɰɢɢ ɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫɢɧɬɟɡɢɪɭɟɬɫɹ 
Ʉɍ (Ȼɉ). ɉɪɢ ɝɨɪɟɧɢɢ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨ-
ɜɚɧɧɵɯ ɬɨɩɥɢɜ ɨɛɪɚɡɨɜɚɧɢɟ Ȼɉ ɢɞɟɬ ɞɜɭɦɹ 
ɩɭɬɹɦɢ: ɤɚɤ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɹɦɨɣ ɤɨɧɞɟɧɫɚ-
ɰɢɢ ɛɟɧɡɨɥɶɧɵɯ ɤɨɥɟɰ, ɬɚɤ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɩɚɞɚ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɧɚ ɭɝɥɟɜɨ-
ɞɨɪɨɞɧɵɟ ɮɪɚɝɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɩɨɥɢ-
ɦɟɪɢɡɭɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ Ȼɉ ɢ ɞɪɭɝɢɯ Ʉɍ. 
 
 
ȼ ɪɚɛɨɬɟ [9] ɢɡɥɨɠɟɧɚ ɫɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ, 
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ɜ ɤɨɬɨɪɨɣ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɪɚɞɢɤɚɥɵ ɭɝ-
ɥɟɜɨɞɨɪɨɞɨɜ ɫ ɞɜɭɦɹ ɫɜɨɛɨɞɧɵɦɢ ɫɜɹɡɹɦɢ 
ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ (:ɋ=ɋɇ2; :ɋ=ɋ3ɇ4; :ɋ=ɋ5ɇ6), 
ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛ-
ɧɨɫɬɶɸ. Ⱥɧɚɥɢɡ ɭɤɚɡɚɧɧɨɣ ɫɯɟɦɵ ɫɢɧɬɟɡɚ 
Ȼɉ, ɫ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ, ɩɨɡɜɨɥɢɥ 
ɚɜɬɨɪɚɦ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɟɟ ɦɨ-
ɞɟɥɶɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 
ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ Ȼɉ 
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ɝɞɟ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɩɪɚɜɨɣ ɱɚɫɬɢ ɨɩɢɫɵɜɚ-
ɟɬ ɨɛɪɚɡɨɜɚɧɢɟ Ȼɉ ɢɡ ɋ2ɇ2, ɜɬɨɪɨɟ – ɩɟɪɟɯɨɞ 
Ȼɉ ɜ ɛɨɥɟɟ ɬɹɠɟɥɵɟ ɉȺɍ; ɤɨɧɫɬɚɧɬɵ k1 ɢ k2 – 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɚ ɩɨɤɚɡɚɬɟ-
ɥɢ ɫɬɟɩɟɧɢ ɢɦɟɸɬ ɩɨɪɹɞɨɤ: m ~ 5, n ~ 2 ɢ 
ɭɬɨɱɧɹɸɬɫɹ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ. 
 
ȼ ɪɚɛɨɬɚɯ [10, 11] ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɪɚɫɫɦɨɬ-
ɪɟɧɢɹ ɭɫɥɨɜɢɣ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ ɧɚ ɛɚɡɟ ɬɟɪ-
ɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɪɚɜɧɨɜɟɫɧɵɯ ɫɨ-
ɫɬɚɜɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɭɦɦɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡ-
ɛɵɬɤɚ ɜɨɡɞɭɯɚ   (( ),/( 0Ɍȼ LGG ɝɞɟ Gȼ ɢ 

GɌ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɯɨɞɵ ɜɨɡɞɭɯɚ ɢ ɬɨɩ-
ɥɢɜɚ ɱɟɪɟɡ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ (Ʉɋ); L0 – ɫɬɟ-
ɯɢɨɦɟɬɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ) ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɋɇ, ɋɇ2, ɋɇ3, ɋ2ɇ2, ɋ2ɇ4 ɭɦɟɧɶɲɚɸɬɫɹ. 
ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋ2ɇ2, 
ɋ2ɇ4 ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɟɟ ɜɥɢɹɧɢɟɦ 
ɧɚ ɭɪɨɜɧɢ ɤɨɧɰɟɧɬɪɚɰɢɣ Ȼɉ. ɍɱɚɫɬɢɟ ɪɚɞɢ-
ɤɚɥɨɜ ɋɇ, ɋɇ2, ɋɇ3, ɋ2ɇ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 
ɜɟɪɨɹɬɧɨ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ 

0,6 0,9   . ɉɨɷɬɨɦɭ ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ ɩɪɟ-
ɨɛɥɚɞɚɸɳɟɣ ɪɨɥɢ ɚɰɟɬɢɥɟɧɚ ɢ ɷɬɢɥɟɧɚ ɜ ɨɛ-
ɪɚɡɨɜɚɧɢɢ Ȼɉ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ 
ɝɨɪɟɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɪɟ-
ɚɤɰɢɹɦɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɜɢɧɢɥɚ, ɫɬɢɪɨɥɚ ɢ 
Ȼɉ: C2H2 + C2H4  C4H6; 2C4H6   C8H8 + 2H2; 3C8H8 C20H12 +2C2H6, ɤɨɬɨ-
ɪɵɟ ɦɨɝɭɬ ɩɪɨɬɟɤɚɬɶ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡ-
ɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɞɨ 1650 Ʉ). Ⱦɥɹ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɨɧɵ ɝɨɪɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ 
ɜɟɪɨɹɬɧɵɦ ɭɱɚɫɬɢɟ ɋɇ, ɋɇ2, ɋɇ3, ɋ2ɇ6 ɜ ɧɚ-
ɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ ɩɨ ɦɟɯɚ-
ɧɢɡɦɚɦ, ɢɡɥɨɠɟɧɧɵɦ ɜ ɪɚɛɨɬɚɯ [7, 8].  
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɫɯɟɦ ɢ ɦɟɯɚɧɢɡɦɨɜ 
ɫɢɧɬɟɡɚ Ȼɉ ɩɪɢ ɝɨɪɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨ-
ɩɥɢɜ (ɍȼɌ) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɪɨɜɧɢ ɨɛɪɚɡɨ-
ɜɚɧɢɹ Ȼɉ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ 
ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ, ɫɪɟ-
ɞɢ ɤɨɬɨɪɵɯ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɚɰɟɬɢɥɟɧ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɟɞɥɨɠɟɧɧɵɟ ɦɨɞɟɥɢ ɨɩɢɫɵ-
ɜɚɸɬ ɦɟɯɚɧɢɡɦɵ ɫɢɧɬɟɡɚ Ȼɉ ɧɚ ɤɚɱɟɫɬɜɟɧɧɨɦ 

ɭɪɨɜɧɟ. Ɉɞɧɚɤɨ ɪɹɞɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ [4, 9, 11] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛ-
ɪɚɡɨɜɚɧɢɟ Ȼɉ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɩɪɨ-
ɰɟɫɫɚɦɢ ɫɦɟɲɟɧɢɹ, ɧɨ ɢ ɤɢɧɟɬɢɤɨɣ ɯɢɦɢɱɟ-
ɫɤɢɯ ɪɟɚɤɰɢɣ. ɉɨɷɬɨɦɭ ɩɨɞɯɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ 
ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɢ ɪɚɜɧɨɜɟɫɧɵɯ ɫɨɫɬɚɜɨɜ ɩɪɢ 
ɞɢɮɮɭɡɢɨɧɧɨɦ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜ, ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɧɟ ɤɨɪɪɟɤɬɧɵ ɢ ɬɪɟɛɭɸɬ ɭɱɟɬɚ ɤɢɧɟ-
ɬɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɢɧɬɟɡɚ Ʉɍ. Ⱦɥɹ 
ɞɚɥɶɧɟɣɲɟɝɨ, ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ, ɩɨɧɢɦɚɧɢɹ 
ɦɟɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ (Ʉɍ) ɩɪɢ ɫɠɢ-
ɝɚɧɢɢ ɍȼɌ, ɨɫɨɛɟɧɧɨ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨ-
ɜɚɧɧɵɯ ɬɨɩɥɢɜ, ɢ ɨɬɪɚɛɨɬɤɢ ɦɟɬɨɞɨɜ ɫɧɢɠɟ-
ɧɢɹ ɭɪɨɜɧɟɣ ɢɯ ɜɵɛɪɨɫɨɜ ɫ ɩɪɨɞɭɤɬɚɦɢ 
ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɞɟ-
ɬɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 
ɤɚɤ ɜ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤ ɢ ɧɚ ɪɟɚɥɶɧɵɯ 
ɨɛɴɟɤɬɚɯ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɵɹɜɥɟɧɢɸ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ 

ɩɪɢ ɫɠɢɝɚɧɢɢ ɍȼɌ 

 
ɉɪɢ ɫɠɢɝɚɧɢɢ ɍȼɌ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ Ʉɋ Ⱦȼɋ, 
ɪɟɚɥɢɡɭɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡ-
ɥɢɱɧɵɯ ɬɨɤɫɢɱɧɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ, ɚ ɬɚɤɠɟ 
ɞɥɹ ɫɢɧɬɟɡɚ ɬɹɠɟɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜ ɬɨɦ 
ɱɢɫɥɟ Ʉɍ. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɵɹɜɥɟɧɢɸ ɡɚɤɨ-
ɧɨɦɟɪɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ (Ȼɉ), ɤɚɤ ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ 
ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ (Ɍȼɋ), ɬɚɤ ɢ ɜ 
ɭɫɥɨɜɢɹɯ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɥɚɦɟɧɢ, ɩɨɤɚɡɵ-
ɜɚɟɬ, ɱɬɨ ɭɪɨɜɧɢ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ ɡɚɜɢɫɹɬ ɨɬ: 
ɜɢɞɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɤɚɱɟɫɬɜɚ ɫɦɟɫɟ-
ɨɛɪɚɡɨɜɚɧɢɹ, ɫɨɫɬɚɜɚ Ɍȼɋ (ɫɨɨɬɧɨɲɟɧɢɹ ɜɨɡ-
ɞɭɯ/ɬɨɩɥɢɜɨ), ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɠɢɝɚ-
ɧɢɹ ɬɨɩɥɢɜɚ ɜ Ʉɋ, ɜɤɥɸɱɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚ-
ɧɢɹ Ɍȼɋ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɪɹɞɚ ɞɪɭɝɢɯ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
Ʉɋ. ɉɪɢ ɷɬɨɦ ɨɞɧɢɦ ɢɡ ɨɫɨɛɨ ɡɧɚɱɢɦɵɯ ɮɚɤ-
ɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (ɦɚɫɫɨɜɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ, Ⱥɍ, ɉȺɍ) ɢ ɫɬɪɭɤɬɭɪɚ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɬɨɩɥɢɜ. Ʉɚɧɰɟɪɨɝɟɧɧɨɫɬɶ ɩɪɨ-
ɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɍȼɌ (ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɯ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ) ɜ ɨɫɧɨɜɧɨɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɬɨɩɥɢɜɟ Ⱥɍ, 
ɨɫɨɛɟɧɧɨ ɉȺɍ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ – ɢ ɜɨɞɨɪɨ-
ɞɚ. ɇɚ ɪɢɫ. 4 [11] ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɪɨɜɧɹɦ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ 
ɩɪɢ ɫɠɢɝɚɧɢɢ ɝɨɦɨɝɟɧɧɨɣ ɢɡɨɨɤɬɚɧɨ-
ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɫ ɞɨɛɚɜɤɚɦɢ ɚɪɨɦɚɬɢɱɟ-
ɫɤɢɯ ɢ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɚ Ȼɉ ɨɬ ɦɚɫɫɨɜɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨ-
ɞɨɜ ɜ Ɍȼɋ (α = 0,5; ɩɪ. = 10 ɦɫ) ɫ ɞɨɛɚɜ-
ɤɚɦɢ:  – ɬɨɥɭɨɥɚ;  – ɛɟɧɡɨɥɚ;  
▲ – α-ɦɟɬɢɥɧɚɮɬɚɥɢɧɚ (ɉȺɍ) 

 
ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɜɟɥɢ-
ɱɟɧɢɟ ɞɨɥɢ Ⱥɍ, ɨɫɨɛɟɧɧɨ ɉȺɍ, ɜ Ɍȼɋ ɩɪɢ-
ɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɪɨɫɬɭ ɭɪɨɜɧɟɣ ɨɛɪɚ-
ɡɨɜɚɧɢɹ Ȼɉ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɜɨɞɢɦɨɦɭ ɷɤɫɩɟɪɢɦɟɧ-
ɬɭ, ɞɨɛɚɜɤɚ ɜɫɟɝɨ 0,7 ɦɝ ɉȺɍ ɤ ɤɢɥɨɝɪɚɦɦɭ 
ɢɡɨɨɤɬɚɧɚ ɭɜɟɥɢɱɢɜɚɟɬ ɭɪɨɜɟɧɶ ɜɵɛɪɨɫɚ Ȼɉ ɫ 
ɩɪɨɞɭɤɬɚɦɢ ɫɠɢɝɚɧɢɹ ɫ 0,8 ɞɨ 2,7 ɦɝ/ɤɝ ɬɨɩ-
ɥɢɜɚ, ɬ.ɟ. ɛɨɥɟɟ ɱɟɦ ɜ ɬɪɢ ɪɚɡɚ. ɋɥɟɞɭɟɬ ɩɪɢ 
ɷɬɨɦ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɨɫɬ ɭɪɨɜɧɟɣ ɨɛɪɚɡɨɜɚɧɢɹ 
Ȼɉ ɭɫɢɥɢɜɚɟɬɫɹ ɜ ɪɹɞɭ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɟ – 
ɛɢɰɢɤɥɢɱɟɫɤɢɟ – ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɟ Ⱥɍ. ȼ 
ɧɟɮɬɹɧɵɯ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜɚɯ, ɩɪɨɢɡɜɨɞɢ-
ɦɵɯ ɩɨ ɫɨɜɪɟɦɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɭɜɟɥɢɱɟɧɚ ɞɨɥɹ Ⱥɍ, ɢ ɨɫɨɛɟɧɧɨ ɉȺɍ, 
ɩɨɷɬɨɦɭ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɢɡɭɱɚɟɦɵɟ 
ɩɪɨɰɟɫɫɵ ɩɨ ɭɪɨɜɧɹɦ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ ɢ Ɍɑ 
ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɤɚɡɚɧɧɵɯ ɬɨɩɥɢɜ ɜ Ʉɋ ɚɜɬɨ-
ɦɨɛɢɥɶɧɵɯ Ⱦȼɋ ɩɪɟɞɟɥɶɧɨ ɚɤɬɭɚɥɟɧɵ. ȼ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɡɚɤɨɧɨɦɟɪɟɧ ɜɵɜɨɞ, ɱɬɨ, ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɭɦɟɧɶɲɟɧɢɹ ɤɚɧɰɟɪɨɝɟɧɧɨɣ 
ɨɩɚɫɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɟɣ ɫ Ⱦȼɋ, ɧɟɨɛɯɨɞɢɦɨ 
ɭɦɟɧɶɲɚɬɶ ɧɟ ɬɨɥɶɤɨ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
Ⱥɍ ɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜɚɯ, ɧɨ ɨɫɨɛɟɧɧɨ – ɞɨ-
ɥɸ ɉȺɍ. 
 
ɍɫɬɚɧɨɜɥɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɢ ɫɠɢɝɚɧɢɢ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɩɪɨɩɚɧɨ-ɜɨɡ-
ɞɭɲɧɨɣ ɫɦɟɫɢ ɩɪɨɞɭɤɬɵ ɩɢɪɨɥɢɡɚ ɢɫɯɨɞɧɨɝɨ 
ɬɨɩɥɢɜɚ ɞɨɫɬɢɝɚɸɬ ɫɬɚɛɢɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɡɚ 
ɜɪɟɦɹ ɩɪ. ≈ 1 ɦɫ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɯ ɤɨɧɰɟɧ-
ɬɪɚɰɢɹ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ. Ɉɛ-
ɪɚɡɨɜɚɧɢɟ Ȼɉ (Ʉɍ) ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɥɟ ɧɟɤɨɬɨ-
ɪɨɝɨ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɢ ɟɝɨ ɤɨɧ-
ɰɟɧɬɪɚɰɢɹ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟ-
ɧɢɹ ɩɪɢ ɩɪ ≈ 15 ɦɫ. ɉɨɹɜɥɟɧɢɟ ɫɚɠɢɫɬɵɯ 
ɱɚɫɬɢɰ ɧɚɛɥɸɞɚɟɬɫɹ ɫ ɧɟɤɨɬɨɪɨɣ ɡɚɞɟɪɠɤɨɣ 
ɩɨ ɜɪɟɦɟɧɢ ɩɨɫɥɟ Ȼɉ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɫɨ-

ɜɪɟɦɟɧɧɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɨɛ ɨɛɪɚɡɨɜɚ-
ɧɢɢ Ʉɍ (Ȼɉ) ɤɚɤ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɟɳɟɫɬɜ ɜ 
ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɫɚɠɢɫɬɵɯ ɱɚɫɬɢɰ. ɉɪɢ ɷɬɨɦ 
ɡɧɚɱɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Ȼɉ (ɋȻɉ>[ɉȾɄȻɉ]Ɋ.Ɂ.) 
ɧɚɛɥɸɞɚɸɬɫɹ (ɪɢɫ. 5) ɬɨɥɶɤɨ ɩɪɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α < 0,6 ɢ ɜ ɨɛɥɚɫɬɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɩɢ-
ɪɨɥɢɡɚ ɍȼɌ. 

 

 
 

Ɋɢɫ. 5. ȼɥɢɹɧɢɟ α ɧɚ ɋȻɉ ɩɪɢ ɝɨɪɟɧɢɢ ɩɪɟɞ-
ɜɚɪɢɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ ɩɪɨɩɚɧɨ-
ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ (ɩɪ. = 30 ɦɫ) 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɧɢɹ 
Ȼɉ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɠɢɝɚɧɢɢ ɍȼɌ ɩɨɤɚ-
ɡɚɥɨ [11–16], ɱɬɨ ɯɚɪɚɤɬɟɪɧɨɟ ɜɪɟɦɹ ɪɟɚɤɰɢɣ 
ɫɢɧɬɟɡɚ Ȼɉ ɢɦɟɟɬ ɫɨɩɨɫɬɚɜɢɦɵɣ ɩɨɪɹɞɨɤ ɫ 
ɜɪɟɦɟɧɟɦ ɞɢɮɮɭɡɢɢ, ɬ.ɟ. ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ 
ɧɚ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɟɣ ɤɨɧɰɟɧɬɪɚɰɢɣ Ȼɉ ɜ ɡɨ-
ɧɟ ɝɨɪɟɧɢɹ ɍȼɌ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɤɢ-
ɧɟɬɢɤɭ ɩɪɨɬɟɤɚɸɳɢɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. 
ɉɪɢ ɬɪɚɞɢɰɢɨɧɧɨɦ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɠɢɝɚɧɢɢ 
ɍȼɌ ɜ Ʉɋ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɦ ɧɚɱɚɥɶɧɨɣ ɧɟ-
ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɝɨɪɸɱɟɣ ɫɦɟɫɢ ɢ ɫɜɹɡɚɧɧɨɣ ɫ 
ɧɟɣ ɩɭɥɶɫɚɰɢɟɣ αɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ 
ɡɧɚɱɟɧɢɹ (  ), ɩɪɢɜɨɞɹɬ ɤ ɥɚɜɢɧɨɨɛɪɚɡɧɨɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɣ Ȼɉ ɜ ɨɛɥɚɫɬɹɯ, 
ɝɞɟ αɥ < 0,6, ɱɬɨ ɡɚɬɟɦ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɫɪɟɞɧɟɦ 
ɭɪɨɜɧɟ ɋȻɉ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ Ʉɋ (ɪɢɫ. 6 
[4]). ɂɡ ɪɢɫ. 6 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ (ɝɨɦɨɝɟɧɧɨɣ) Ɍȼɋ ɩɪɢ 
(GɌ2/GɌΣ) = 0 ɋȻɉ ɧɟ ɩɪɟɜɵɲɚɟɬ ɭɪɨɜɧɹ ɮɨɧɚ 
([ɉȾɄȻɉ]Ɋ.Ɂ = 0,15 ɦɤɝ/ɦ3). ɉɟɪɟɩɭɫɤ ɱɚɫɬɢ 
ɬɨɩɥɢɜɚ (ɞɨ 10 % ɨɬ GɌΣ) ɱɟɪɟɡ ɜɬɨɪɨɣ ɤɨɧɬɭɪ 
Ʉɋ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɜɵɯɨɞɚ Ȼɉ ɛɨɥɟɟ ɱɟɦ ɧɚ 
ɩɨɪɹɞɨɤ (ɞɨ 2 ɦɤɝ/ɦ3). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɋȻɉɦɚɤɫ  3 ɦɤɝ/ɦ3 ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 
(GɌ2/GɌΣ) ≈ 0,2. ȼ ɞɚɥɶɧɟɣɲɟɦ ɋȻɉ ɜ ɩɪɨɞɭɤ-
ɬɚɯ ɫɝɨɪɚɧɢɹ ɩɚɞɚɟɬ, ɱɬɨ ɫɜɹɡɚɧɨ, ɜɢɞɢɦɨ, ɫ 
ɩɪɨɰɟɫɫɚɦɢ ɜɵɝɨɪɚɧɢɹ Ʉɍ (α1 > 1). Ɉɞɧɚɤɨ 
ɚɛɫɨɥɸɬɧɵɣ ɭɪɨɜɟɧɶ ɋȻɉ ɞɥɹ αΣ = 1,0 ɧɚ ɞɜɚ 
ɩɨɪɹɞɤɚ ɧɢɠɟ, ɱɟɦ ɩɪɢ αΣ = 0,5 ɩɪɢ ɥɸɛɨɦ 
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ɭɪɨɜɧɟ ɧɚɱɚɥɶɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ Ɍȼɋ. 
Ɉɛɟɞɧɟɧɢɟ Ɍȼɋ, ɬ.ɟ. ɭɜɟɥɢɱɟɧɢɟ  , ɩɪɢɜɨ-
ɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɮɚɤɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɜɵ-
ɛɪɨɫɨɜ Ȼɉ ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɜɵɫɨɤɨɣ ɧɚ-
ɱɚɥɶɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ Ɍȼɋ. 

 

 
 

Ɋɢɫ. 6. ȼɥɢɹɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɬɨɩɥɢɜɚ (GɌ2/GɌΣ) 
ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ Ȼɉ (αΣ = 1; ɩɪ. = 30 ɦɫ); ɬɨɩɥɢɜɨ – ɋ3ɇ8 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɱɚɥɶɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɩɥɢɜɚ ɜ Ɍȼɋ ɹɜɥɹɟɬɫɹ ɜɚɠ-
ɧɟɣɲɢɦ ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɭɪɨɜɧɢ 
ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ (Ȼɉ) ɜ Ʉɋ ɞɥɹ ɡɚɞɚɧɧɨɝɨ 
ɫɪɟɞɧɟɝɨ ɫɨɫɬɚɜɚ ɫɦɟɫɢ. ɉɪɢ ɝɨɦɨɝɟɧɢɡɚɰɢɢ 

(ɞɚɠɟ ɱɚɫɬɢɱɧɨɣ) Ɍȼɋ ɢɥɢ ɞɚɠɟ ɩɪɢ ɪɚɫɩɵ-
ɥɟɧɢɢ ɬɨɩɥɢɜɚ ɜɨɡɞɭɯɨɦ ɢɫɤɥɸɱɚɸɬɫɹ (ɢɥɢ 
ɭɦɟɧɶɲɚɸɬɫɹ) «ɨɛɨɝɚɳɟɧɧɵɟ» ɬɨɩɥɢɜɨɦ ɡɨ-
ɧɵ ɫ ɥɨɤɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ αɥ < 0,1 – 0,6; 
ɩɪɢ ɷɬɨɦ ɤɢɫɥɨɪɨɞ ɜ ɤɨɪɧɟɜɨɣ ɨɛɥɚɫɬɢ ɮɚɤɟ-
ɥɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɧɬɟɧɫɢɜɧɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ 
Ʉɍ (Ȼɉ), ɨɤɢɫɥɹɹ ɨɛɪɚɡɨɜɵɜɚɸɳɢɟɫɹ «ɡɚɪɨ-
ɞɵɲɢ» ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ.  
 
ɉɪɢ ɡɧɚɱɟɧɢɹɯ αΣ = 1,8 ɜ ɞɢɮɮɭɡɢɨɧɧɨɣ Ʉɋ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɬɢɩɚ ɭɪɨɜɧɢ Ȼɉ ɜ ɈȽ ɫɧɢ-
ɠɚɸɬɫɹ ~ ɜ 2 ɪɚɡɚ, ɚ NOx ~ ɜ 3 ɪɚɡɚ (ɪɢɫ. 7). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɠɢɝɚɧɢɢ ɨɛɟɞɧɟɧɧɵɯ 
Ɍȼɋ ɩɪɨɢɫɯɨɞɢɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɭɪɨɜɧɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɫɭɩɟɪɬɨɤɫɢɤɚɧɬɨɜ (NOx 
ɢ Ȼɉ), ɚ ɬɚɤɠɟ Ɍɑ, ɧɨ ɫɧɢɠɚɟɬɫɹ ɩɨɥɧɨɬɚ ɜɵ-

ɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ (ɬ). Ⱦɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɤ 
ɨɛɟɞɧɟɧɧɵɦ Ɍȼɋ ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɮɮɟɤɬɢɜ-
ɧɭɸ ɪɚɛɨɬɭ Ʉɋ ɫ ɜɵɫɨɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɬ. 
ɉɪɢ ɷɬɨɦ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬ [1–3] ɨɛɧɚɪɭɠɟɧɨ  
ɢɧɝɢɛɢɪɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɞɨɪɨɞɚ ɧɚ 
ɩɪɨɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ (ɪɢɫ. 7). ɉɪɢ ɞɨ-
ɛɚɜɤɟ ɤ Ɍȼɋ ~ 10 % ɦɚɫɫ ɜɨɞɨɪɨɞɚ ɷɦɢɫɫɢɹ 
Ȼɉ ɫ ɈȽ ɫɧɢɠɚɟɬɫɹ ɧɚ ɩɨɪɹɞɨɤ, ɚ ɪɚɫɯɨɞ 
ɧɟɮɬɹɧɨɝɨ ɬɨɩɥɢɜɚ (ɤɟɪɨɫɢɧɚ) – ɧɚ 40 %. 

 

 
 

Ɋɢɫ. 7. ɂɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ ɜɵɛɪɨɫɨɜ Ȼɉ ɢ NOx ɫ ɩɪɨɞɭɤɬɚɦɢ ɫɠɢɝɚɧɢɹ ɨɛɟɞɧɟɧɧɵɯ ɤɟɪɨɫɢɧɨ-
ɜɨɡɞɭɲɧɵɯ ɢ ɤɟɪɨɫɢɧɨ-ɜɨɞɨɪɨɞɧɨ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ 

 
 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɟɞɧɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɨ-
ɜɨɞɨɪɨɞɧɨ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɟɣ ɜɵɛɪɨɫɨɜ Ȼɉ ɫ ɩɪɨɞɭɤɬɚ-
ɦɢ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜ ɧɚ ɩɨɪɹɞɨɤ ɢ ɛɨɥɟɟ, ɚ 
ɭɪɨɜɧɟɣ ɜɵɛɪɨɫɨɜ NOx ~ ɜ 3 ɪɚɡɚ ɩɪɢ ɨɛɟɫɩɟ-
ɱɟɧɢɢ ɜɵɫɨɤɨɣ ɩɨɥɧɨɬɵ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚ ɚɜɬɨɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜɚɯ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɯ Ⱦȼɋ 
(ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɬɟɩɟɧɶɸ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ), 
ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɨɛɟɞɧɟɧɧɵɯ Ɍȼɋ ɫ ɩɨɜɵ-

ɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɨɪɨɞɚ (ɞɨɛɚɜɤɢ ɤ 
Ɍȼɋ ɜɨɞɨɪɨɞɚ, ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɦɟɬɚɧɨɥɚ 
ɢɥɢ ɩɪɨɞɭɤɬɨɜ ɢɯ ɤɨɧɜɟɪɫɢɢ), ɹɜɥɹɟɬɫɹ ɨɞ-
ɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɭɬɟɣ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɨ-
ɤɚɧɰɟɪɨɝɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɨɣ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. 
 
Ɋɚɧɟɟ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 
ɧɚ ɤɚɧɰɟɪɨɝɟɧɧɭɸ ɨɩɚɫɧɨɫɬɶ ɚɜɬɨɦɨɛɢɥɟɣ ɫ 
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Ⱦȼɋ ɨɤɚɡɵɜɚɟɬ ɜɢɞ ɬɨɩɥɢɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɫɬɪɭɤɬɭɪɚ ɟɝɨ ɦɨɥɟɤɭɥ ɢ ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ, 
ɜɤɥɸɱɚɹ ɭɪɨɜɧɢ ɫɨɞɟɪɠɚɧɢɹ Ⱥɍ, ɢ ɨɫɨɛɟɧɧɨ 
ɉȺɍ, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɢɯ ɫɨɞɟɪɠɚ-
ɧɢɸ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɜɨɞɨɪɨɞɚ. ȼ ɧɟɮɬɹɧɵɯ 
ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜɚɯ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɩɨ ɫɨ-
ɜɪɟɦɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢ-
ɱɟɧɚ ɞɨɥɹ Ⱥɍ ɢ ɉȺɍ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɫɧɢɠɟɧɢɢ ɦɚɫɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ. 
Ɍɚɤ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɨɥɢ Ⱥɍ ɜ ɞɢɡɟɥɶɧɨɦ 
ɬɨɩɥɢɜɟ ɫ 30 ɞɨ 50 % ɦɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɜɨɞɨɪɨɞɚ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 13,5 ɞɨ 12 %. ȼ ɩɨɞ-
ɬɜɟɪɠɞɟɧɢɟ ɤ ɜɵɲɟɢɡɥɨɠɟɧɧɨɦɭ ɜ ɬɚɛɥ. 1 
ɩɪɢɜɟɞɟɧɵ ɭɫɪɟɞɧɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɚɧɧɵɟ ɩɨ ɭɪɨɜɧɹɦ ɜɵɛɪɨɫɨɜ Ȼɉ ɢ Ɍɑ ɫ ɈȽ 
ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɞɢɡɟɥɹɦɢ ɩɪɢ ɢɯ 
ɢɫɩɵɬɚɧɢɢ ɩɨ ȿɜɪɨɩɟɣɫɤɨɦɭ ɝɨɪɨɞɫɤɨɦɭ ɟɡ-
ɞɨɜɨɦɭ ɰɢɤɥɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
Ⱥɍ ɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜɚɯ. 
 

Ɍɚɛɥɢɰɚ 1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
 

ɋɨɞɟɪɠɚɧɢɟ Ⱥɍ ɜ ɬɨɩɥɢɜɚɯ, % 
21,2 32,4 56,6 

Ʌɟɝɤɨɜɵɟ  
ɞɢɡɟɥɶɧɵɟ  
ɚɜɬɨɦɨɛɢɥɢ  Ɍɑ, ɝ/ɤɦ / Ȼɉ, ɦɤɝ/ɤɦ 
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ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨ-
ɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɭɪɨɜɧɢ ɜɵɛɪɨɫɨɜ Ȼɉ 
(ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ Ɍɑ) ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 
ɪɨɫɬɭ ɫɨɞɟɪɠɚɧɢɹ Ⱥɍ ɜ ɬɨɩɥɢɜɚɯ ɢ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, ɤ ɫɧɢɠɟɧɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɜɨɞɨɪɨ-
ɞɚ ɜ ɧɢɯ. Ɍɚɤ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ 
Ⱥɍ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ ɫ 32 ɞɨ 57 % (ɩɪɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɫɧɢɠɟɧɢɢ ɦɚɫɫɨɜɨɣ ɞɨɥɢ 
ɜɨɞɨɪɨɞɚ ɞɨ 11,5 %) ɭɪɨɜɧɢ ɜɵɛɪɨɫɨɜ Ɍɑ ɫ 
ɈȽ ɚɜɬɨɦɨɛɢɥɹ ɭɜɟɥɢɱɢɥɢɫɶ ɜ 6 ɪɚɡ, ɚ ɭɪɨɜɧɢ 
Ȼɉ – ɜ 50 ɪɚɡ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɥɨɠɟɧɧɨɝɨ 
ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜ 
ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ ɦɚɫɫɨɜɨɣ ɞɨɥɢ Ⱥɍ 
(gȺɍ > 30 %) ɦɚɫɫɨɜɵɟ ɭɪɨɜɧɢ ɜɵɛɪɨɫɨɜ Ȼɉ ɫ 
ɈȽ ɚɜɬɨɦɨɛɢɥɟɣ (ɩɪɢ ɧɟɢɡɦɟɧɧɨɫɬɢ ɞɪɭɝɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɜ Ʉɋ) 
ɦɨɝɭɬ ɜɨɡɪɚɫɬɚɬɶ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɝɨ 
ɡɧɚɱɟɧɢɹ ɩɪɢ gȺɍ = 30 %) ɜ ɫɪɟɞɧɟɦ ɧɚ  
 
∆mȻɉ≈[mȻɉ(i)–mȻɉ(Ⱥɍ=30%)]≈ki [gȺɍ(i)–30],ɦɤɝ/ɤɦ, 
 
ɝɞɟ ki ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0,7–1 ɢ ɭɬɨɱɧɹ-
ɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 
ɍɤɚɡɚɧɧɵɟ ɞɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɮɬɹɧɨɝɨ 

ɬɨɩɥɢɜɚ (ɦɚɫɫɨɜɵɟ ɭɪɨɜɧɢ ɫɨɞɟɪɠɚɧɢɹ Ⱥɍ ɢ 
ɜɨɞɨɪɨɞɚ) ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɜ ɟɞɢɧɨɦ 
ɩɨɤɚɡɚɬɟɥɟ ɬɨɩɥɢɜɚ – «ɚɤɬɢɜɧɨɦ ɫɨɞɟɪɠɚɧɢɢ 
ɜɨɞɨɪɨɞɚ», ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ ɨɰɟɧɢɜɚɬɶ ɭɫ-
ɪɟɞɧɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɪɨɜɧɹɦ ɜɵɛɪɨɫɨɜ Ȼɉ 
ɫ ɈȽ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɮɬɹ-
ɧɵɯ ɬɨɩɥɢɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ Ⱥɍ ɛɨɥɶɲɟ 30 %. 
ɉɪɢ ɷɬɨɦ ɩɨɤɚɡɚɬɟɥɶ ɦɚɫɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɜɨɞɨɪɨɞɚ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ ɩɪɢ 
gȺɍ = 30 % ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɡɚ ɛɚɡɨɜɵɣ 
[gHɬ] = 13,5 %. ɉɪɟɞɥɨɠɟɧ ɤɪɢɬɟɪɢɣ, ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɟɣ «ɚɤɬɢɜɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ» ɜ ɞɢɡɟɥɶɧɵɯ ɜɵɫɨɤɨ-
ɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɨɩɥɢɜɚɯ (gȺɍ > 30 %) 

 
[gHɬ]ɚɤɬ ≈ {(gHɬ)i – [(gȺɍ)i – 30]n}, 

 
ɝɞɟ gi – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɨɥɢ ɜɨɞɨɪɨɞɚ ɢ 

Ⱥɍ ɜ ɬɨɩɥɢɜɟ, %; n = 0,4  0,02.  
 
ɇɚɩɪɢɦɟɪ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɡɟɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ gȺɍ = 50 % ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɦɚɫɫɨɜɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɨɪɨɞɚ 
gHɬ = 12 %, ɭɪɨɜɟɧɶ «ɚɤɬɢɜɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɜɨɞɨɪɨɞɚ» ɫɨɫɬɚɜɢɬ 
 

[gHɬ]ɚɤɬ ≈ [12 – (50 – 30)0,4] ≈ 8,7 %. 
 

ȼɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɜɵ-
ɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɚɜɬɨɦɨɛɢɥɟɣ ɫ Ⱦȼɋ, ɦɨɠɟɬ ɛɵɬɶ ɫɨ-
ɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɧɟɮɬɹɧɵɯ ɬɨɩɥɢɜ 
ɫ ɞɨɛɚɜɤɚɦɢ ɜɨɞɨɪɨɞɚ. ɇɚ ɪɢɫ. 8 ɩɪɢɜɟɞɟɧɚ 
ɪɚɫɱɟɬɧɚɹ ɧɨɦɨɝɪɚɦɦɚ ɜɡɚɢɦɨɫɜɹɡɟɣ ɦɟɠɞɭ 
ɭɪɨɜɧɹɦɢ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɜɵɫɨɤɨ-
ɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɨɩɥɢɜɚɯ ɫ gȺɍ > 30 % ɢ 
ɪɚɰɢɨɧɚɥɶɧɨ-ɦɢɧɢɦɚɥɶɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ɜɨ-
ɞɨɪɨɞɚ ɤ Ɍȼɋ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ 
Ȼɉ (Ʉɍ) ɫ ɈȽ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɞɢɡɟɥɹɦɢ ɞɨ 
ɛɚɡɨɜɵɯ ɭɪɨɜɧɟɣ (ɩɪɢ gȺɍ = 30 %).  
 
Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɤ 
Ɍȼɋ ɢɧɝɢɛɢɪɭɸɬ ɩɪɨɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ 
(Ȼɉ), ɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɟɞɧɟɧɧɵɯ ɭɝɥɟ-
ɜɨɞɨɪɨɞɧɨ-ɜɨɞɨɪɨɞɧɨ-ɜɨɡɞɭɲɧɵɯ ɫɦɟɫɟɣ ɧɟ 
ɬɨɥɶɤɨ ɫɭɳɟɫɬɜɟɧɧɨ (ɧɚ ɩɨɪɹɞɨɤ ɢ ɛɨɥɟɟ) 
ɭɦɟɧɶɲɚɸɬɫɹ ɭɪɨɜɧɢ ɜɵɛɪɨɫɨɜ Ȼɉ, ɧɨ ɢ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬɫɹ ɭɪɨɜɧɢ ɜɵɛɪɨɫɨɜ NOx ɢ 
Ɍɑ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɟɣ ɫ 
Ⱦȼɋ [3]. 
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Ɋɢɫ. 8. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɨ-ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɤ Ɍȼɋ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ Ⱥɍ ɜ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɨɩɥɢɜɚɯ (gȺɍ > 30 %) 

 
ɉɪɢ ɷɬɨɦ ɪɚɰɢɨɧɚɥɶɧɨ-ɦɢɧɢɦɚɥɶɧɚɹ ɦɚɫɫɨ-
ɜɚɹ ɞɨɥɹ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ (∆gɇ2) ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɢɫɯɨɞɧɨɦɭ ɜɵɫɨɤɨɚɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨ-
ɦɭ ɧɟɮɬɹɧɨɦɭ ɬɨɩɥɢɜɭ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ 
ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ  

 
∆gɇ2 ≈ {[gHɬ] – (gHɬ)ɚɤɬ.}, %. 

 
ɇɚɩɪɢɦɟɪ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɡɟɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ gȺɍ = 50 % ɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, (gHɬ)ɚɤɬ. = 8,7 %, ɭɪɨɜɟɧɶ ɪɚɰɢɨ-
ɧɚɥɶɧɨ-ɦɢɧɢɦɚɥɶɧɨɣ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɤ 
ɚɧɚɥɢɡɢɪɭɟɦɨɦɭ ɬɨɩɥɢɜɭ ɫɨɫɬɚɜɢɬ 
 

∆gɇ2 =13,5 – 8,5 = 4,8 % ɦɚɫ. 
 

ȼɵɜɨɞɵ 
 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
1. ɉɪɨɛɥɟɦɚ ɤɚɧɰɟɪɨɝɟɧɧɨ-ɦɭɬɚɝɟɧɧɨɝɨ ɡɚ-
ɝɪɹɡɧɟɧɢɹ Ɉɋ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 
ɨɫɬɪɵɯ ɢ ɧɚɢɦɟɧɟɟ ɪɟɲɚɟɦɵɯ ɫɪɟɞɢ ɜɫɟɯ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ. ɉɪɢ ɷɬɨɦ ɚɜɬɨɬɪɚɧɫ-
ɩɨɪɬ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɬɟɯɧɨɝɟɧɧɵɦ 
ɢɫɬɨɱɧɢɤɨɦ ɡɚɝɪɹɡɧɟɧɢɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɚɬɦɨɫɮɟɪɵ ɝɨɪɨɞɨɜ, ɤɚɧɰɟɪɨɝɟɧɧɨ-ɦɭɬɚɝɟɧ-
ɧɵɦɢ ɢɧɝɪɟɞɢɟɧɬɚɦɢ. ɉɨɷɬɨɦɭ ɫɧɢɠɟɧɢɟ 
ɤɚɧɰɟɪɨɝɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɫ Ⱦȼɋ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɧɚɩɪɚɜ-
ɥɟɧɢɟɦ ɜ ɨɡɞɨɪɨɜɥɟɧɢɢ ɚɬɦɨɫɮɟɪɵ ɝɨɪɨɞɨɜ ɢ 

ɫɧɢɠɟɧɢɢ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɧɤɨ-ɝɟɧɟɬɢ-
ɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɧɚɫɟɥɟɧɢɹ. Ɉɞɧɚɤɨ ɫɭɳɟ-
ɫɬɜɟɧɧɵɣ ɪɨɫɬ ɱɢɫɥɟɧɧɨɫɬɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬ-
ɧɵɯ ɫɪɟɞɫɬɜ, ɲɢɪɨɤɚɹ ɞɢɡɟɥɢɡɚɰɢɹ ɚɜɬɨ-
ɦɨɛɢɥɟɣ, ɪɚɫɲɢɪɟɧɢɟ ɞɨɥɢ ɚɜɬɨɦɨɛɢɥɟɣ ɫ 
ɢɡɧɨɲɟɧɧɵɦɢ ɢ ɧɟɢɫɩɪɚɜɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɩɥɢɜ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪ-
ɠɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɭɫɥɨɠɧɹɸɬ ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ. 
 
2. ȼ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚ-
ɧɢɹ ɬɨɩɥɢɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɈȽ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
Ⱦȼɋ, Ʉɍ (Ȼɉ) ɧɚɯɨɞɹɬɫɹ ɜ ɬɪɟɯ ɫɨɫɬɨɹɧɢɹɯ: ɜ 
ɩɚɪɨɨɛɪɚɡɧɨɦ, ɜ ɜɢɞɟ ɦɟɥɶɱɚɣɲɟɣ ɫɦɨɥɢɫɬɨɣ 
ɚɷɪɨɡɨɥɢ ɢ ɜ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɦ ɧɚ ɱɚɫɬɢɰɚɯ 
ɫɚɠɢ. ɉɨɷɬɨɦɭ ɩɪɟɞɟɥɶɧɨ ɜɚɠɧɵɦ ɞɥɹ ɞɨɫɬɨ-
ɜɟɪɧɨɣ ɨɰɟɧɤɢ ɭɪɨɜɧɟɣ ɫɨɞɟɪɠɚɧɢɹ Ȼɉ ɜ ɈȽ 
ɚɜɬɨɦɨɛɢɥɟɣ ɹɜɥɹɟɬɫɹ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɪɚ-
ɛɨɬɚɧɧɵɯ ɢ ɧɚɞɟɠɧɵɯ ɦɟɬɨɞɨɜ ɢɯ ɭɥɚɜɥɢɜɚ-
ɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɫɬ-
ɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ, ɜɤɥɸɱɚɹ ɝɚɡɨɠɢɞɤɨɫɬɧɭɸ ɢ 
ɠɢɞɤɨɫɬɧɭɸ ɯɪɨɦɚɬɨɝɪɚɮɢɸ, ɫɩɟɤɬɪɚɥɶɧɨ-
ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɦɟɬɨɞ ɢ ɬ.ɞ. 
 
3. Ɉɛɪɚɡɨɜɚɧɢɟ Ʉɍ (Ȼɉ) ɩɪɢ ɝɨɪɟɧɢɢ ɍȼɌ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɦɧɨɝɨɫɬɚɞɢɣ-
ɧɵɣ ɩɪɨɰɟɫɫ. Ɋɚɫɫɦɨɬɪɟɧɵ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚ-
ɡɨɜɚɧɢɹ (ɫɢɧɬɟɡɚ) Ȼɉ ɩɪɢ ɫɠɢɝɚɧɢɢ ɝɨɦɨɝɟɧ-
ɧɵɯ ɫɦɟɫɟɣ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ 
ɜɨɡɞɭɯɨɦ, ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ:  
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– ɪɨɫɬ ɭɪɨɜɧɟɣ ɫɨɞɟɪɠɚɧɢɹ Ȼɉ ɜ ɡɨɧɟ ɝɨɪɟ-
ɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɩɪ = 5–20 ɦɫ ɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɩɪɨɞɭɤɬɨɜ ɩɢ-
ɪɨɥɢɡɚ ɢɫɯɨɞɧɨɝɨ ɬɨɩɥɢɜɚ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 
ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɚɰɟɬɢɥɟɧ;  
– ɡɧɚɱɢɦɵɟ ɭɪɨɜɧɢ ɤɨɧɰɟɧɬɪɚɰɢɣ Ȼɉ ɜ ɡɨɧɟ 
ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ (ɋȻɉ > [ɉȾɄȻɉ]Ɋ.Ɂ) ɩɨɹɜɥɹɸɬ-
ɫɹ ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ (α < 0,6); 
– ɞɨɛɚɜɤɢ ɤ ɝɨɦɨɝɟɧɧɨɣ ɝɨɪɸɱɟɣ ɫɦɟɫɢ Ⱥɍ, ɢ 
ɨɫɨɛɟɧɧɨ ɉȺɍ, ɩɪɢɜɨɞɹɬ ɤ ɪɟɡɤɨɦɭ ɭɜɟɥɢɱɟ-
ɧɢɸ ɭɪɨɜɧɟɣ ɨɛɪɚɡɨɜɚɧɢɸ Ȼɉ (Ʉɍ). 
 
4. ɉɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ ɫɠɢɝɚɧɢɢ ɝɚɡɨɨɛɪɚɡ-
ɧɵɯ ɢ ɨɫɨɛɟɧɧɨ ɠɢɞɤɢɯ ɍȼɌ ɫɨɡɞɚɸɬɫɹ ɧɚɢ-
ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɢɧɬɟɡɚ Ʉɍ 
(Ȼɉ), ɜ ɬɨɦ ɱɢɫɥɟ ɜɫɥɟɞɫɬɜɢɟ ɫɨɜɦɟɳɟɧɢɹ ɜ 
ɨɛɴɟɦɟ Ʉɋ Ⱦȼɋ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫ-
ɫɨɜ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɞɢɮɮɭɡɢɨɧɧɨ-
ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ 
ɝɨɪɟɧɢɹ Ɍȼɋ. ɍɪɨɜɧɢ ɨɛɪɚɡɨɜɚɧɢɹ Ȼɉ (Ʉɍ) 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɹɬ ɨɬ: ɜɢɞɚ ɬɨɩ-
ɥɢɜɚ, ɤɚɱɟɫɬɜɚ ɢɯ ɪɚɫɩɵɥɟɧɢɹ ɢ ɫɦɟɫɟɨɛɪɚɡɨ-
ɜɚɧɢɹ, ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɢ ɞɢɮɮɭɡɢɨɧɧɨ-ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫ-
ɫɨɜ ɜ Ʉɋ, ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ Ɍȼɋ ɜ ɡɨɧɟ 
ɝɨɪɟɧɢɹ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Ʉɋ ɢ 
ɬ.ɞ. ɉɪɢ ɪɚɫɩɵɥɟɧɢɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɫɪɚɜ-
ɧɢɬɟɥɶɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɪɭɩɧɵɯ ɤɚ-
ɩɟɥɶ ɬɨɩɥɢɜɚ ɫɟɩɚɪɢɪɭɟɬɫɹ ɧɚ ɩɟɪɢɮɟɪɢɢ Ʉɋ, 
ɬ.ɟ. ɜ «ɯɨɥɨɞɧɵɯ» ɩɪɢɫɬɟɧɨɱɧɵɯ ɡɨɧɚɯ, ɝɞɟ 
ɫɨɡɞɚɸɬɫɹ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɨɛɪɚ-
ɡɨɜɚɧɢɹ Ʉɍ (Ȼɉ), ɚ ɢɯ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɪɟɚɤ-
ɰɢɢ «ɡɚɦɨɪɨɠɟɧɵ». Ɂɧɚɱɢɦɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɭɪɨɜɧɢ ɨɛɪɚɡɨɜɚɧɢɹ Ʉɍ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɦ 
ɫɠɢɝɚɧɢɢ ɤɨɧɤɪɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɨɤɚɡɵɜɚɟɬ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɝɨɪɸɱɟɣ ɫɦɟɫɢ ɢ ɫɜɹɡɚɧɧɵɟ 
ɫ ɧɟɣ ɥɨɤɚɥɶɧɵɟ ɩɭɥɶɫɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɟɝɨ ɫɪɟɞɧɟ-
ɝɨ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɥɚɜɢɧɨɨɛ-
ɪɚɡɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ Ȼɉ (Ʉɍ) 
ɜ ɨɛɥɚɫɬɹɯ, ɝɞɟ αɥ < 0,6, ɱɬɨ ɡɚɬɟɦ ɨɬɪɚɠɚɟɬɫɹ 
ɧɚ ɫɪɟɞɧɟɦ ɭɪɨɜɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ Ȼɉ ɧɚ ɜɵ-
ɯɨɞɟ ɢɡ Ʉɋ Ⱦȼɋ. 
 
5. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɚɠɧɟɣɲɢɦɢ ɩɭɬɹɦɢ ɦɢɧɢ-
ɦɢɡɚɰɢɢ ɤɚɧɰɟɪɨɝɟɧɧɨ-ɦɭɬɚɝɟɧɧɨɣ ɨɩɚɫɧɨ-
ɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ Ⱦȼɋ ɹɜɥɹɟɬɫɹ: 
 
– ɩɨɞɞɟɪɠɚɧɢɟ Ⱦȼɋ ɜ ɬɟɯɧɢɱɟɫɤɢ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ; 
– ɨɝɪɚɧɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɠɢɞɤɢɯ ɦɨɬɨɪ-
ɧɵɯ ɬɨɩɥɢɜɚɯ Ⱥɍ, ɢ ɨɫɨɛɟɧɧɨ, ɉȺɍ; 
– ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɚɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜ ɢ 
ɢɯ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɜ Ʉɋ Ⱦȼɋ; 

– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ (ɞɚɠɟ ɱɚ-
ɫɬɢɱɧɨɝɨ) ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɫɩɵɥɟɧɢɹ 
ɬɨɩɥɢɜɚ ɜɨɡɞɭɯɨɦ; 
– ɩɪɢɦɟɧɟɧɢɟ ɨɛɟɞɧɟɧɧɵɯ ɝɨɪɸɱɢɯ ɫɦɟɫɟɣ 
(α > 1,2) ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢɯ ɜɨɫɩɥɚ-
ɦɟɧɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɮɨɪɤɚɦɟɪɧɨ-
ɮɚɤɟɥɶɧɨɝɨ; 
– ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɚɞɢɚɛɚɬɧɵɯ 
Ʉɋ, ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɬɨɩ-
ɥɢɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɨɞɨɪɨɞɚ ɤɚɤ ɨɫɧɨɜɧɨɝɨ ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ; 
– ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɭɥɚɜɥɢɜɚɧɢɹ Ɍɑ, ɧɚ ɤɨɬɨɪɵɯ ɫɨɪɛɢɪɭɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ Ʉɍ, ɚ ɬɚɤɠɟ ɤɚɬɚɥɢɬɢɱɟ-
ɫɤɢɯ ɧɟɣɬɪɚɥɢɡɚɬɨɪɨɜ ɈȽ ɚɜɬɨɦɨɛɢɥɟɣ (ɨɤɢɫ-
ɥɢɬɟɥɶɧɨɝɨ, ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢ ɧɚɤɨɩɢ-
ɬɟɥɶɧɨɝɨ ɬɢɩɨɜ). 
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