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ȼɜɟɞɟɧɢɟ 
 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ 

ɝɚɡɨɜ, ɜɨɞɨɪɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɥɭɱɲɢɦ ɢɡɜɟɫɬ-
ɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ Ⱦȼɋ [1]. Ɉɞɧɚɤɨ ɞɨ ɫɢɯ 
ɩɨɪ ɧɟ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ 
ɜ ɤɨɥɢɱɟɫɬɜɚɯ, ɞɨɫɬɚɬɨɱɧɵɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 
 

ȼɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ ɩɨɥɭ-

ɱɟɧɢɟ ɜɨɞɨɪɨɞ ɹɜɥɹɟɬɫɹ ɞɨɪɨɝɢɦ ɬɨɩɥɢɜɨɦ. 

Ɉɞɧɚɤɨ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɨɬɧɨɫɢɬɟ-

ɥɶɧɨ ɞɟɲɺɜɵɣ ɜɨɞɨɪɨɞ ɩɨɥɭɱɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɨɬɯɨɞɨɜ ɪɹɞɚ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ (ɧɚ-
ɩɪɢɦɟɪ, ɤɨɤɫɨɯɢɦɢɱɟɫɤɨɝɨ). ɗɬɨɬ ɜɨɞɨɪɨɞ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɤɢ ɤ 
ɩɪɢɪɨɞɧɨɦɭ ɝɚɡɭ, ɩɨɥɭɱɚɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɦɟɫɟɜɨɟ ɬɨɩɥɢɜɨ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɫɟɜɨɝɨ 

ɬɨɩɥɢɜɚ ɭɠɟ ɞɚɺɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɢɬɶ 
ɪɚɛɨɬɭ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɜɬɨɦɨ-
ɛɢɥɟɣ. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɜɢɝɚɬɟɥɢ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ 
ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɠɟ 
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ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ ɨɩɪɟɞɟɥɺɧɧɭɸ ɭɡɤɭɸ ɧɢɲɭ – 

ɚɜɬɨɦɨɛɢɥɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɥɭɠɛ ɜ ɷɤɨɥɨ-
ɝɢɱɟɫɤɢ ɱɢɫɬɵɯ, ɡɚɩɨɜɟɞɧɵɯ ɢ ɤɭɪɨɪɬɧɵɯ 
ɡɨɧɚɯ (ɨɛɳɟɫɬɜɟɧɧɵɣ ɬɪɚɧɫɩɨɪɬ, ɫɥɭɠɛɵ ɬɚ-
ɤɫɢ, ɚɜɬɨɦɨɛɢɥɢ ɤɨɦɦɭɧɚɥɶɧɵɯ ɫɥɭɠɛ ɢ 

ɬ.ɩ.). 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɇɧɨɝɢɟ ɚɜɬɨɪɵ ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɫ ɢɫɬɨɳɟɧɢ-

ɟɦ ɡɚɩɚɫɨɜ ɧɟɮɬɢ ɧɚɢɛɨɥɟɟ ɦɚɫɫɨɜɵɦ ɬɨɩɥɢ-

ɜɨɦ ɞɥɹ Ⱦȼɋ ɫɬɚɧɟɬ ɩɪɢɪɨɞɧɵɣ ɝɚɡ [1, 5, 14 ɢ 

ɞɪ.]. ɉɪɢ ɷɬɨɦ ɥɭɱɲɟ ɜɫɟɝɨ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɷɬɨɝɨ ɬɨɩɥɢɜɚ ɭɥɭɱɲɚɸɬɫɹ ɩɭɬɺɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɛɚɜɤɢ ɤ ɧɟɦɭ ɜɨɞɨɪɨɞɚ [2].  

 

ɇɚɩɪɢɦɟɪ, ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɵɦ ɩɭɬɺɦ ɫɧɢ-

ɠɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɹɜɥɹ-
ɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɰɟɩɰɢɢ «ɛɟɞɧɨɝɨ ɝɨ-
ɪɟɧɢɹ». ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɟɧɢɢɟ ɞɨɛɚɜɤɢ 

ɜɨɞɨɪɨɞɚ ɤ ɝɚɡɨɜɨɦɭ ɬɨɩɥɢɜɭ ɩɨɡɜɨɥɹɟɬ ɭɫɬ-
ɪɚɧɢɬɶ ɨɫɧɨɜɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɞɚɧɧɨɣ ɤɨɧɰɟɩ-

ɰɢɢ – ɧɟɩɨɥɧɨɟ ɫɝɨɪɚɧɢɟ ɪɚɛɨɱɟɣ ɫɦɟɫɢ ɢ 

ɩɪɨɩɭɫɤɢ ɜɫɩɵɲɟɤ, ɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɜɟɥɢɱɢɬɶ ɧɢɠɧɢɣ ɩɪɟɞɟɥ ɜɨɫɩɥɚɦɟɧɟɧɢɹ 
ɫɦɟɫɢ ɩɨ α [3]. Ʉɪɨɦɟ ɬɨɝɨ, ɤɨɧɜɟɪɬɚɰɢɹ ɞɜɢ-

ɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɠɢɞɤɨɦ ɧɟɮɬɹɧɨɦ 

ɬɨɩɥɢɜɟ, ɧɚ ɫɠɚɬɵɣ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɩɪɢɜɨɞɢɬ 
ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɝɨɪɚɧɢɹ, 
ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɜɵɛɪɨɫɨɜ ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋɇ ɫ 
ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ. Ⱦɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ ɤ 
ɝɚɡɨɜɨɦɭ ɬɨɩɥɢɜɭ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɩɥɚ-
ɦɟɧɢ, ɫɨɤɪɚɳɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɝɨɪɚɧɢɹ 
ɢ ɫɧɢɠɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɵɛɪɨɫɵ ɋɇ [4, 5].  

 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɚɯ [6, 7], 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɝɚɡɨɜɨɦ ɬɨɩɥɢɜɟ ɫɩɨ-
ɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ 
ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɟɠɢɦɚ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɺɬ ɭɜɟɥɢɱɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɩɥɚɦɟɧɢ ɢ ɜɵɫɨɤɨɣ ɧɢɡɲɟɣ ɬɟɩɥɨ-
ɬɵ ɫɝɨɪɚɧɢɹ (Hu) ɷɬɨɝɨ ɬɨɩɥɢɜɚ.  
 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ ɫɧɢɠɚɟɬ ɷɧɟɪ-
ɝɢɸ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɧɚɞɺ-
ɠɧɨɝɨ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɬɨɩɥɢɜɚ. 
Ɍɚɤ, ɞɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ ɤ ɩɪɢɪɨɞɧɨɦɭ ɝɚɡɭ ɜ 
ɤɨɥɢɱɟɫɬɜɟ 10 % ɭɦɟɧɶɲɚɟɬ ɷɧɟɪɝɢɸ ɜɨɫ-
ɩɥɚɦɟɧɟɧɢɹ ɜ 5,7 ɪɚɡɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚ-
ɡɚɬɶɫɹ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɢɫɤɪɨɜɨɣ ɜɵ-

ɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ ɩɪɢ 

ɤɨɧɜɟɪɬɚɰɢɢ ɛɟɧɡɢɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚ ɩɪɢ-

ɪɨɞɧɵɣ ɝɚɡ [9]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢ-

ɤɨɜ ɩɨɤɚɡɚɥ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɦɟɫɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɜɨɞɨɪɨɞɚ (ɫɦɟɫɟɜɨɝɨ 

ɬɨɩɥɢɜɚ) ɜ ɤɚɱɟɫɬɜɟ ɦɨɬɨɪɧɨɝɨ ɬɨɩɥɢɜɚ. ɉɨɷ-
ɬɨɦɭ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ 
ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɦɚɥɨɥɢɬ-
ɪɚɠɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, ɪɚɛɨɬɚɸɳɟɝɨ 

ɧɚ ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ. 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ 
 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, ɪɚɛɨɬɚɸɳɟɝɨ 
ɧɚ ɫɦɟɫɢ ɫɠɚɬɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɜɨɞɨɪɨ-
ɞɚ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ, 

ɨɩɢɫɚɧɧɵɣ ɜ [10]. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɪɚɛɨɬɵ ɫɬɟɧɞɚ ɧɚ ɫɦɟɫɢ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ ɢ ɜɨɞɨɪɨɞɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɢɫɬɟɦɚ 
ɩɨɞɚɱɢ ɜɨɞɨɪɨɞɚ, ɨɩɢɫɚɧɧɚɹ ɜ [11]. Ⱦɚɧɧɚɹ 
ɫɢɫɬɟɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɡɚɜɢɫɢɦɭɸ ɩɨɞɚɱɭ 
ɬɪɺɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ (ɛɟɧɡɢɧɚ, ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ, ɜɨɞɨɪɨɞɚ) ɜ ɥɸɛɵɯ ɩɪɨɩɨɪɰɢɹɯ, ɩɪɢɱɺɦ 

ɞɥɹ ɩɨɞɚɱɢ ɛɟɧɡɢɧɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɲɬɚɬɧɚɹ 
ɬɨɩɥɢɜɧɚɹ ɫɢɫɬɟɦɚ ɞɜɢɝɚɬɟɥɹ ɆɟɆɁ-307. 

Ɉɛɳɢɣ ɜɢɞ ɫɢɫɬɟɦɵ ɩɨɞɚɱɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ 
ɢ ɜɨɞɨɪɨɞɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɢɫɩɵɬɚɬɟɥɶ-
ɧɨɦ ɫɬɟɧɞɟ, ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1 
 

 
 

Ɋɢɫ. 1. ɋɢɫɬɟɦɚ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ ɧɚ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨɦ ɫɬɟɧɞɟ 
 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɧɚ ɫɬɟɧɞɟ ɦɨɝɥɚ ɢɡɦɟɧɹɬɶɫɹ 
ɩɪɢ ɩɨɦɨɳɢ ɬɪɺɯ ɤɨɦɩɥɟɤɬɨɜ ɩɨɪɲɧɟɣ, ɨɛɟɫ-
ɩɟɱɢɜɚɸɳɢɯ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ε: ε = 9,8; 

ε = 12 ɢ ε = 14.  
 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɪɚɫɱɺɬɧɨɣ ɦɨɞɟɥɢ 
 

ɋ ɰɟɥɶɸ ɷɤɨɧɨɦɢɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ 
ɛɵɥ ɜɵɛɪɚɧ ɪɚɫɱɺɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 

ɩɨɞɯɨɞ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɺɬ-
ɧɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɨɞɟɥɶ ȼɢɛɟ ɫ 
ɭɬɨɱɧɟɧɢɹɦɢ, ɩɪɟɞɥɨɠɟɧɧɵɦɢ ɜ [12]. ɍɬɨɱ-
ɧɟɧɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɭɱɺɬɟ ɬɨɝɨ, ɱɬɨ ɩɨɤɚɡɚ-
ɬɟɥɶ ɫɝɨɪɚɧɢɹ ȼɢɛɟ m ɹɜɥɹɟɬɫɹ ɧɟ ɩɨɫɬɨɹɧ-

ɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ 
ɫɝɨɪɚɧɢɹ. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ 
ɩɨɤɚɡɚɬɟɥɹ ɫɝɨɪɚɧɢɹ ȼɢɛɟ m ɜ ɩɪɨɰɟɫɫɟ ɫɝɨ-
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ɪɚɧɢɹ ɩɭɬɺɦ ɨɛɪɚɛɨɬɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩ-

ɥɨɜɵɞɟɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, 

ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɚ ɜ [12].  
 

Ɍɚɤ ɤɚɤ ɭɬɨɱɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ȼɢɛɟ, ɩɪɟɞɥɨ-
ɠɟɧɧɵɟ ɜ [12], ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɵɯ ɞɚɧɧɵɯ, ɬɨ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱ-
ɧɨɫɬɢ ɪɚɫɱɺɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɣ 

ɦɨɞɟɥɢ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35 ɧɚ 27 

ɪɟɠɢɦɚɯ ɩɪɢ ɬɪɟɯ ɫɬɟɩɟɧɹɯ ɫɠɚɬɢɹ. ɇɚ ɨɫɧɨ-
ɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨ-
ɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɩɟɪɟɦɟɧɧɨɝɨ ɩɨɤɚɡɚ-
ɬɟɥɹ ɫɝɨɪɚɧɢɹ ȼɢɛɟ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɫɝɨɪɚɧɢɹ ɜ ɞɜɢɝɚɬɟɥɟ, ɪɚɛɨɬɚɸɳɟɦ ɧɚ ɫɦɟɫɟ-
ɜɨɦ ɬɨɩɥɢɜɟ 
 

( )var
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i im
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= ϕ α + ×  
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3 4 5... 98,045 156,86 86,88i i i+ ϕ − ϕ + ϕ ,   (1) 
 

ɝɞɟ iϕ  – ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɭɝɨɥ ɫɝɨɪɚɧɢɹ,  

iϕ  = 0–1; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ 
ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɦɢɧ–1; α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡ-
ɛɵɬɤɚ ɜɨɡɞɭɯɚ; ηv – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟ-
ɧɢɹ; ș – ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ, ɝɪɚɞ. 

ɩɤɜ ɞɨ ȼɆɌ; ε – ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ; ψ – ɨɛɴɺɦ-

ɧɚɹ ɞɨɥɹ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɤ ɩɪɢɪɨɞɧɨɦɭ 

ɝɚɡɭ, ψ = 0–1. 
 

Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɝɨɪɚɧɢɹ ɨɬ 
ɞɨɥɢ ɜɨɞɨɪɨɞɚ ɜ ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ ψ ɧɚ ɭɫ-
ɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2.  
 

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɝɨ-
ɪɚɧɢɹ ɨɬ ɞɨɥɢ ɜɨɞɨɪɨɞɚ ɜ ɫɦɟɫɟɜɨɦ ɬɨɩ-

ɥɢɜɟ (ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ: n = 1000 ɦɢɧ–1; 

ε = 12; α = 1; Șv = 0,7;ș = 22 ɝɪɚɞ. ɩɤɜ ɞɨ 
ȼɆɌ) 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɞɨɛɚɜɤɢ 

ɜɨɞɨɪɨɞɚ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɝɨɪɚɧɢɹ 
ɩɨɥɭɱɟɧɨ ɪɚɫɱɺɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɫɝɨɪɚɧɢɹ ɜ ɦɚɥɨɥɢɬɪɚɠɧɨɦ 

ɞɜɢɝɚɬɟɥɟ, ɪɚɛɨɬɚɸɳɟɦ ɧɚ ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ 
 

( 437 0,812 0,015 4,223 10 ...z n
−ϕ = α − θ + ⋅ −  

4
v... 4,223 10 0,1258 ...n

−+ ⋅ − η +  

)... 0,947 0,788ȥ+ − .             (2) 

 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɦɨɞɟɥɢ ȼɢɛɟ ɫ ɩɨɥɭɱɟɧɧɵɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɟ ɢɫɩɵɬɚɧɢɹ ɧɚ 10 ɪɟɠɢɦɚɯ, ɧɟ ɫɨɜɩɚɞɚɸ-

ɳɢɯ ɫ ɬɟɦɢ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨ-
ɥɭɱɟɧɵ ɭɪɚɜɧɟɧɢɹ (1) ɢ (2). ɋɪɚɜɧɟɧɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ pi ɫ ɪɚɫɫɱɢɬɚɧ-

ɧɵɦɢ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɟ ɩɨɤɚɡɚɥɨ 

ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɺɬɚ ɧɟ ɛɨɥɟɟ 5 %. 

 

Ɍɚɤ ɤɚɤ ɨɛɪɚɡɨɜɚɧɢɟ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɢɞɺɬ 
ɜ ɨɫɧɨɜɧɨɦ ɜ ɩɥɚɦɟɧɢ ɢ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, 
ɚ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɞɟɬɨɧɚɰɢɢ ɜ ɞɜɢɝɚɬɟɥɟ ɧɚ-
ɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɫɝɨɪɟɜ-
ɲɟɣ ɫɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ, ɭɬɨɱɧɺɧɧɚɹ 
ɦɨɞɟɥɶ ȼɢɛɟ ɛɵɥɚ ɞɨɩɨɥɧɟɧɚ ɞɜɭɯɡɨɧɧɨɣ 

ɦɨɞɟɥɶɸ ɪɚɫɱɺɬɚ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ, ɨɩɢɫɚɧ-

ɧɨɣ ɜ [15]. 

 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɬɨɤɫɢɱɧɵɯ 

ɜɟɳɟɫɬɜ ɜ ɰɢɥɢɧɞɪɟ ɞɜɢɝɚɬɟɥɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪ ɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ, ɩɨɥɭɱɟɧɧɵɯ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯɡɨɧ-

ɧɨɣ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɬɨɞɢɤɚ ɪɚɫɱɺ-
ɬɚ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɫ ɭɬɨɱɧɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ NOx ɩɨ ɤɢɧɟɬɢɱɟɫ-
ɤɨɦɭ ɭɪɚɜɧɟɧɢɸ, ɩɪɟɞɥɨɠɟɧɧɚɹ Ɂɜɨɧɨɜɵɦ. 

ȿɺ ɨɩɢɫɚɧɢɟ ɩɪɢɜɟɞɟɧɨ ɜ [12]. 

 

Ɇɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ 

 

Ʉɪɢɬɟɪɢɟɦ ɜɵɛɨɪɚ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɩɪɟɞɥɨ-
ɠɟɧɨ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɧɚ ɩɪɟ-
ɞɟɥɟ ɞɟɬɨɧɚɰɢɢ ɧɚ ɪɟɠɢɦɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ 

ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɟ. 
 

Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɫɬɟɩɟɧɢ ɞɟɬɨɧɚɰɢɢ 

ɜɵɩɨɥɧɹɥɚɫɶ ɪɚɫɱɺɬɧɵɦ ɩɭɬɺɦ ɩɪɢ ɩɨɦɨɳɢ 

ɦɟɬɨɞɢɤɢ, ɨɩɢɫɚɧɧɨɣ ɜ [14]. ȼ ɨɫɧɨɜɟ ɞɚɧɧɨɣ 

ɦɟɬɨɞɢɤɢ ɥɟɠɢɬ ɪɚɫɱɺɬ ɤɪɢɬɟɪɢɹ ɞɟɬɨɧɚɰɢɢ ɜ 
ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ 
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ɝɞɟ ch ′  – ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɧɟɫɝɨɪɟɜɲɟɣ 

ɫɦɟɫɢ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ; h – 

ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ ɜ 
ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤȾɠ/ɤɝ; Hu – ɧɢɡɲɚɹ 
ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɤɝ, x – ɞɨɥɹ ɜɵɝɨɪɟɜ-
ɲɟɝɨ ɬɨɩɥɢɜɚ; İ – ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ. 
 

ɉɨɝɪɚɧɢɱɧɚɹ ɞɟɬɨɧɚɰɢɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɚ ɪɟ-
ɠɢɦɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚ-
ɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɞɟɬɨɧɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚ-
ɧɢɹ ɫɨɫɬɚɜɥɹɟɬ Kdmax = 1,5. ɉɪɟɜɵɲɟɧɢɟ ɷɬɨɝɨ 
ɡɧɚɱɟɧɢɹ ɨɡɧɚɱɚɟɬ ɧɚɥɢɱɢɟ ɞɟɬɨɧɚɰɢɢ ɧɚ ɪɟ-
ɠɢɦɟ, ɩɪɢɱɺɦ ɟɺ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɹɦɨ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɚ ɡɧɚɱɟɧɢɸ Kdmax. 

 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɪɚɫɱɺɬɧɵɯ 

ɡɧɚɱɟɧɢɣ Kdmax ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɧɚ ɫɬɟɧɞɟ ɢɡ-
ɦɟɧɹɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɬɪɺɯ ɤɨɦɩɥɟɤɬɨɜ ɩɨɪ-
ɲɧɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ 

ɫɠɚɬɢɹ ε = 9,8; ε = 12 ɢ ε = 14. ɗɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Kdmax ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɪɢ ɩɨ-
ɦɨɳɢ ɦɟɬɨɞɚ ɨɛɪɚɛɨɬɤɢ ɢɧɞɢɤɚɬɨɪɧɵɯ ɞɢɚɝ-
ɪɚɦɦ, ɨɩɢɫɚɧɧɨɝɨ ɜ ɪɚɛɨɬɟ [12]. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɪɚɫɱɺɬɧɵɯ 

ɞɚɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɫɬɟɧɞɚ, ɨɩɢɫɚɧɧɨɝɨ ɜ 
ɪɚɛɨɬɚɯ [10, 11], ɩɨɤɚɡɚɥɚ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫ-
ɱɺɬɚ ɡɧɚɱɟɧɢɹ Kdmax ɧɟ ɛɨɥɟɟ 10 %. 

 

Ɋɚɫɱɺɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ψ = 0,1 (ɩɪɢ α = 1) ɩɪɟɞɟ-
ɥɶɧɨɣ ɫɬɟɩɟɧɶɸ ɫɠɚɬɢɹ ɹɜɥɹɟɬɫɹ ε = 12, ɱɬɨ 
ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ʉɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɞɥɹ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, ɪɚɛɨ-
ɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɜɨɞɨɪɨ-
ɞɚ, ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ε = 12, ɢ 

ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɫɬɟɩɟɧɢ 

ɫɠɚɬɢɹ ε = 12.  

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɝɭɥɢɪɨɜɨɱ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, ɪɚ-
ɛɨɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɝɭɥɢɪɨ-
ɜɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, 

ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɜɨ-
ɞɨɪɨɞɚ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɚɪɚɦɟɬɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɟɬɨɤ ɋɨɛɨɥɹ, ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɧɵɣ ɜ [13].  

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɝɭɥɢɪɨɜɨɱ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨ-
ɢɫɤ ɤɨɦɩɪɨɦɢɫɫɚ ɦɟɠɞɭ ɦɨɳɧɨɫɬɶɸ, ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɶɸ ɢ ɬɨɤɫɢɱɧɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ. 
ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ ɪɚ-

ɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ 
ɜɟɥɢɱɢɧɵ: ɭɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ ge, ɝ/(ɤȼɬ⋅ɱ); ɷɮɮɟɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 
Ne, ɤȼɬ; ɭɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 
gNOx, ɝ/(ɤȼɬ⋅ɱ). 
 

ȼɵɛɨɪ ɞɢɚɩɚɡɨɧɚ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ 

ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ  

ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ  
 

ȼɵɛɨɪ ɞɢɚɩɚɡɨɧɚ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ 
ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɝɭɥɢɪɨ-
ɜɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɥɫɹ 
ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɛɪɚɠɟɧɢɣ. 
 

Ɋɚɛɨɬɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ α < 1 ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɚ 
ɧɚ ɥɸɛɨɦ ɪɟɠɢɦɟ ɢɡ-ɡɚ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɭɯɭ-
ɞɲɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɦɨɳɧɨɫɬɢ, ɷɤɨɧɨɦɢɱɧɨ-
ɫɬɢ ɢ ɬɨɤɫɢɱɧɨɫɬɢ. 
 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɥɢ ɜɨɞɨɪɨɞɚ ɜ 
ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ ψ ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ ɫɦɟɫɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢ-

ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ψ – ɷɬɨ ɞɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ ɞɜɢɝɚ-
ɬɟɥɹ ɧɚ ɪɟɠɢɦɟ ɦɢɧɢɦɚɥɶɧɵɯ ɨɛɨɪɨɬɨɜ  
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ 

ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɟ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɚɤɚɹ ɪɚɛɨɬɚ ɞɜɢɝɚ-
ɬɟɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ α = 4 ɢ ψ = 0,6. ɗɬɢ 

ɡɧɚɱɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ α ɢ ψ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ. 
 

ȼɵɛɨɪ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɨɩɟɪɟɠɟ-
ɧɢɹ ɡɚɠɢɝɚɧɢɹ ș ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɪɟɡɭɥɶɬɚ-
ɬɚɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  
 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ  
n, ɦɢɧ–1, ɹɜɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɱɚ-
ɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɛɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ. 
 

ɍɝɨɥ ɨɬɤɪɵɬɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ ĳɞɪ 
ɨɛɨɡɧɚɱɟɧ ɜ % ɨɬ ɩɨɥɧɨɝɨ ɨɬɤɪɵɬɢɹ, ɢɡɦɟɧɹ-
ɟɬɫɹ ɨɬ 0 ɞɨ 100. 
 

ɂɬɨɝɨɜɵɟ ɞɢɚɩɚɡɨɧɵ ɜɚɪɶɢɪɨɜɚɧɢɹ ɜɵɲɟɩɟ-
ɪɟɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
 

 

Ɍɚɛɥɢɰɚ 1 Ⱦɢɚɩɚɡɨɧ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ  

ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ 
 

Į θ n ψ ĳɞɪ 
– ɝɪɚɞ. ɩɤɜ ɞɨ ȼɆɌ ɯɜ-1 – % 

1 5 800 0 0 

4 60 5600 0,6 100 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ 
ɜ ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ ɧɚ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɞɜɢ-

ɝɚɬɟɥɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ψ ɩɨɡɜɨɥɹɟɬ 
ɪɚɛɨɬɚɬɶ ɫ ɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ α, ɱɬɨ, ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɤɨɧɰɟɧɬɪɚ-
ɰɢɸ NOx ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɢ ɭɥɭɱɲɢɬɶ 
ɩɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟ-
ɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɩɨɥɧɟɧɢɹ Șv.  

 

ɇɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ψ = 0,02, ɱɬɨ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟ ɭɦɟɧɶɲɚɟɬ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, 
ɩɪɢ ɷɬɨɦ ɜɵɛɪɨɫɵ NOx ɭɦɟɧɶɲɚɸɬɫɹ ɧɚ 5 % 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ψ = 0. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟ-
ɧɢɟ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟ-
ɠɢɦɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɦɨɳɧɨɫɬɢ. Ɍɚɤ, 
ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɛɚɜɤɢ 

ɜɨɞɨɪɨɞɚ ɫ ψ = 0 ɞɨ ψ = 0,1 ɫɧɢɠɚɟɬ Ne ɧɚ  
4 %. 

 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɱɚɫɬɢɱɧɵɟ ɪɟɠɢɦɵ ɭɜɟɥɢ-

ɱɟɧɢɟ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɞɨ ψ = 0,03–0,6 ɩɨɡ-
ɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɡɧɚɱɟɧɢɹ α ɧɚ ɷɬɢɯ ɪɟɠɢ-

ɦɚɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɩɨɥɧɨɫɬɶɸ 

ɨɬɤɪɵɬɨɣ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɟ. ɗɬɨ ɩɪɢɜɨ-
ɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɵɛɪɨɫɨɜ NOx ɧɚ 8–90 %, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ.  
 

ȼɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɩɨɥ-
ɧɟɧɢɹ ge ɩɪɢ ɷɬɨɦ ɜ ɫɪɟɞɧɟɦ ɭɥɭɱɲɚɟɬɫɹ ɩɪɢɛ-
ɥɢɡɢɬɟɥɶɧɨ ɧɚ 5–25 %, ɚ Ne ɧɚ ɱɚɫɬɢɱɧɵɯ ɪɟɠɢ-

ɦɚɯ ɧɟ ɫɧɢɠɚɟɬɫɹ, ɚ ɩɪɢ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ 
ɜɪɚɳɟɧɢɹ – ɞɚɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
 

ɇɚ ɪɟɠɢɦɟ ɦɢɧɢɦɚɥɶɧɵɯ ɨɛɨɪɨɬɨɜ ɯɨɥɨɫɬɨ-
ɝɨ ɯɨɞɚ ɞɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ ɫɨɫɬɚɜɢɥɚ ψ = 0,6, 

ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɪɚɛɨɬɵ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟ-
ɥɹ ɧɚ ɷɬɨɦ ɪɟɠɢɦɟ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɣ 

ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɟ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟ-
ɧɢɟ α ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɟɝɨ ɭɜɟɥɢɱɟɧɢɹ ψ, 

ɱɬɨ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

 

ɍɜɟɥɢɱɟɧɢɟ α, ɫɜɹɡɚɧɧɨɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚ-
ɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɧɟ ɨɬɪɚɠɚɟɬɫɹ ɧɚ 
ɤɚɱɟɫɬɜɟ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɦɟɫɢ, ɬɚɤ ɤɚɤ ɭɜɟ-
ɥɢɱɟɧɢɟ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɠɚɟɬ ɷɧɟɪɝɢɸ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɦɟɫɟɜɨɝɨ 

ɬɨɩɥɢɜɚ (ɪɢɫ. 3).  

 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɲɬɚɬɧɭɸ ɫɢɫɬɟ-
ɦɭ ɡɚɠɢɝɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɆɟɆɁ-307 ɞɥɹ ɜɨɫɩ-

ɥɚɦɟɧɟɧɢɹ ɬɨɩɥɢɜɧɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɧɚ ɷɧɟɪ-

ɝɢɸ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɦɟɫɢ ɩɪɢɪɨɞɧɨɝɨ 
ɝɚɡɚ ɢ ɜɨɡɞɭɯɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɷɮɮɢ-
ɰɢɟɧɬɚɯ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɤɚɪɬɵ 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨɥɭɱɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɤɚɪɬɵ ɞɥɹ ɫɢ-
ɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ 
ɪɢɫ. 4, 5 ɢ 6. 
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Ɋɢɫ. 4. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɤɚɪɬɚ ɭɩɪɚɜɥɟɧɢɹ 

ɞɨɛɚɜɤɨɣ ɜɨɞɨɪɨɞɚ 
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Ɋɢɫ. 5. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɤɚɪɬɚ ɭɩɪɚɜɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 
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Ɋɢɫ. 6. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɤɚɪɬɚ ɭɩɪɚɜɥɟɧɢɹ 
ɭɝɥɨɦ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ 

 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ  
ɩɨɤɚɡɚɬɟɥɢ ɞɜɢɝɚɬɟɥɹ 

 

ȼɧɟɲɧɹɹ ɫɤɨɪɨɫɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɚ-
ɬɟɥɹ (ȼɋɏȾ) ɢ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɧɨɪ-
ɦɢɪɭɟɦɵɯ ɬɨɤɫɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ȼɋɏȾ 

ɩɪɢɜɟɞɟɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɪɢɫ. 7 ɢ 8. 
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Ɋɢɫ. 7. ȼɧɟɲɧɹɹ ɫɤɨɪɨɫɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35 (ɩɨɤɚɡɚɬɟɥɢ ɦɨɳ-

ɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ): _______
  – ɛɟɧ-

ɡɢɧ; _ . _ . _ . _    – ɩɪɢɪɨɞɧɵɣ ɝɚɡ; _  _  _  _  
   – 

ɫɦɟɫɟɜɨɟ ɬɨɩɥɢɜɨ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 7, ɩɪɢ ɩɟɪɟɜɨɞɟ ɞɜɢɝɚɬɟɥɹ 
ɧɚ ɫɦɟɫɟɜɨɟ ɬɨɩɥɢɜɨ ɩɪɚɤɬɢɱɟɫɤɢ ɭɞɚɥɨɫɶ 

ɢɡɛɟɠɚɬɶ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ 

ɪɟɠɢɦɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɛɨɬɨɣ ɩɪɢ ψ = 0 

(Ne = 50 ɤȼɬ). ɇɚ ɪɟɠɢɦɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ Memax (n = 3500 ɦɢɧ–1) 

ɫɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫ ɩɪɢɪɨɞ-
ɧɨɝɨ ɝɚɡɚ ɧɚ ɫɦɟɫɟɜɨɟ ɬɨɩɥɢɜɨ ɫɨɫɬɚɜɥɹɟɬ 5 %.  

 

 

 

Ɋɢɫ. 8. ȼɧɟɲɧɹɹ ɫɤɨɪɨɫɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35 (ɩɨɤɚɡɚɬɟɥɢ ɬɨɱ-
ɧɨɫɬɢ): _______

  – ɛɟɧɡɢɧ;  
_ . _ . _ .    – ɩɪɢɪɨɞɧɵɣ ɝɚɡ; _  _  _  _

  – ɫɦɟɫɟ-
ɜɨɟ ɬɨɩɥɢɜɨ 

 

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɫɧɢɠɚɟɬɫɹ ɧɚ 5 %, ɧɚ 
ɪɟɠɢɦɟ Memax – ɧɚ 12 %. 

 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɞɪɨɫɫɟɥɶɧɚɹ ɡɚɫɥɨɧɤɚ ɜ ɞɜɢɝɚ-
ɬɟɥɟ ɨɬɤɪɵɬɚ ɩɨɫɬɨɹɧɧɨ, ɩɨɞ ɜɧɟɲɧɟɣ ɫɤɨɪɨɫɬ-
ɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɨɧɢɦɚɟɬɫɹ ɫɤɨɪɨɫɬɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɫɧɹɬɚɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɰɢɤ-
ɥɨɜɨɣ ɩɨɞɚɱɟ ɬɨɩɥɢɜɚ ɜ ɰɢɥɢɧɞɪɟ. 
 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɱɚɫɬɢɱɧɵɟ ɪɟɠɢɦɵ ɫɧɢɠɟ-
ɧɢɟ ge ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 25 %. 

 

Ɍɨɤɫɢɱɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɨɰɟɧɢɜɚɥɚɫɶ ɩɪɢ ɩɨ-
ɦɨɳɢ 13-ɫɬɭɩɟɧɱɚɬɨɝɨ ɰɢɤɥɚ ESC. Ɋɟɡɭɥɶɬɚ-
ɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɜɢɝɚ-
ɬɟɥɹ 4Ƚɑ7,5/7,35, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɟɜɨɦ 

ɬɨɩɥɢɜɟ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɨɝɨ ɰɢɤɥɚ ɩɪɢ-

ɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 
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Ɍɚɛɥɢɰɚ 2 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɞɜɢɝɚɬɟɥɹ ɩɨ 
ɰɢɤɥɭ ESC 

 

ʋ įɡ êðM  n gNOx gCO gCH 

– – % ɦɢɧ-1 ɝ/(ɤȼɬ·ɱ) 
1 0,15 0 XX – – – 

2 0,08 100 nA 6,1 0,56 0,16 

3 0,1 50 nB 2,5 0,51 0,08 

4 0,1 75 nB 4,9 0,48 0,11 

5 0,05 50 nA 2,7 0,54 0,12 

6 0,05 75 nA 4,2 0,56 0,14 

7 0,05 25 nA 0,9 0,32 0,11 

8 0,09 100 nB 6,8 0,53 0,13 

9 0,1 25 nB 2,1 0,25 0,1 

10 0,08 100 nC 7,2 0,5 0,14 

11 0,05 25 nC 1,7 0,28 0,05 

12 0,05 75 nC 5,1 0,56 0,04 

13 0,05 50 nC 3,7 0,47 0,06 

 

ɋɪɟɞɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɵɛɪɨɫɵ ɬɨɤɫɢɱ-
ɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɝ/(ɤȼɬ·ɱ), ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɤɚɤ ɫɭɦɦɚ ɩɪɨɢɡɜɟɞɟɧɢɣ ɜɵɛɪɨɫɨɜ ɬɨɤɫɢɱ-
ɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɬɪɢɧɚɞɰɚɬɢ ɪɟɠɢɦɚɯ 

ɰɢɤɥɚ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɧɚɱɢɦɨɫɬɢ ɷɬɢɯ 
ɪɟɠɢɦɨɜ 
 

( )
13

ɡ
1

įi i
i

g g
=

= ⋅∑ ,          (4) 

 

ɝɞɟ g  – ɜɵɛɪɨɫɵ ɤɨɦɩɨɧɟɧɬɚ ɧɚ ɪɟɠɢɦɟ; įɡ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɧɚɱɢɦɨɫɬɢ ɪɟɠɢɦɚ. 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 2 ɢ ɡɚɜɢɫɢɦɨɫɬɶɸ 

(4) ɫɪɟɞɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɵɛɪɨɫɵ ɬɨɤ-
ɫɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, 

ɝ/(ɤȼɬ·ɱ): NOxg  = 3,54; COg  = 0,39; CHg  = 0,09. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɧɢɠɟɧɢɟ ɫɪɟɞɧɢɯ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɜɵɛɪɨɫɨɜ ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɟɧɡɢɧɨɜɵɦ ɞɜɢɝɚɬɟɥɟɦ-

ɩɪɨɬɨɬɢɩɨɦ ɆɟɆɁ-307, ɫɨɫɬɚɜɢɥɨ: ɩɨ NOx – 

72 %; ɩɨ ɋɈ – 99 %; ɩɨ ɋɇ – 96 %. 

 

ȼɵɜɨɞɵ 

 

1. Ⱦɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ ɤ ɩɪɢɪɨɞɧɨɦɭ ɝɚɡɭ ɩɨɡ-
ɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɧɟɞɨɫɬɚɬɤɢ ɩɪɢɦɟɧɟɧɢɹ 
ɤɨɧɰɟɩɰɢɢ «ɛɟɞɧɨɝɨ ɝɨɪɟɧɢɹ», ɫɨɯɪɚɧɢɜ ɟɺ 
ɞɨɫɬɨɢɧɫɬɜɚ. 
 

2. ɉɪɟɞɥɨɠɟɧɵ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɩɨɤɚ-
ɡɚɬɟɥɹ ɫɝɨɪɚɧɢɹ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɝɨɪɚ-
ɧɢɹ ɞɥɹ ɭɬɨɱɧɺɧɧɨɣ ɦɨɞɟɥɢ ȼɢɛɟ, ɩɨɡɜɨɥɹ-
ɸɳɢɟ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɞɨɛɚɜɤɢ ɜɨɞɨɪɨɞɚ ɧɚ 
ɷɬɢ ɮɚɤɬɨɪɵ. 

3. ɇɚ ɨɫɧɨɜɟ ɦɚɥɨɥɢɬɪɚɠɧɨɝɨ ɝɚɡɨɜɨɝɨ ɞɜɢ-

ɝɚɬɟɥɹ 4Ƚɑ7,5/7,35 ɫɨɡɞɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɣ ɫɬɟɧɞ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɧɚ ɬɪɺɯ ɜɢɞɚɯ ɬɨɩɥɢɜɚ ɜ ɥɸɛɵɯ 
ɩɪɨɩɨɪɰɢɹɯ – ɛɟɧɡɢɧɟ, ɜɨɞɨɪɨɞɟ ɢ ɩɪɢɪɨɞ-
ɧɨɦ ɝɚɡɟ. 
 

4. ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɪɟɞɥɨɠɟɧ ɨɩɬɢɦɚɥɶɧɵɣ ɩɨɞɯɨɞ ɤ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɸ ɫɦɟɫɟɜɨɝɨ ɬɨɩɥɢɜɚ ɜ ɦɚɥɨɥɢɬɪɚɠɧɵɯ 

ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɹɯ. ɗɬɨɬ ɩɨɞɯɨɞ ɭɱɢɬɵɜɚɟɬ 
ɢɡɦɟɧɟɧɢɟ ɞɨɥɢ ɜɨɞɨɪɨɞɚ ɜ ɫɦɟɫɟɜɨɦ ɬɨɩɥɢ-

ɜɟ ɨɬ 2 ɞɨ 60 % ɩɨ ɨɛɴɺɦɭ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɪɟ-
ɚɥɢɡɨɜɚɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɦɟ-
ɫɢ.  

 

5. ɉɪɟɞɥɨɠɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɤɚɪɬɵ 

ɞɥɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɚɜɨɦ ɬɨɩɥɢɜɨ-
ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɭɝɥɨɦ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚ-
ɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɛɥɨɤɚ 
ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ. 

 

6. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɧɚ 
ɛɟɧɡɢɧɟ (ɡɚɜɨɞɫɤɚɹ ɩɪɨɝɪɚɦɦɚ ɭɩɪɚɜɥɟɧɢɹ) ɢ 

ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ (ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭ-

ɱɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɤɚɪɬ) ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɪɟɠɢɦɟ ɦɚɤ-
ɫɢɦɚɥɶɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɦɨɳɧɨɫɬɶ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ɍɞɟɥɶɧɵɣ ɷɮɮɟ-
ɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ 

ɪɟɠɢɦɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɟɧɡɢɧɨɜɵɦ ɞɜɢɝɚ-
ɬɟɥɟɦ, ɫɧɢɠɚɟɬɫɹ ɧɚ 3 %, ɧɚ ɪɟɠɢɦɟ Memax – 

ɧɚ 10 %. 

 

7. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫ ɢɫɩɨ-
ɥɶɡɨɜɚɧɢɟɦ 13-ɫɬɭɩɟɧɱɚɬɨɝɨ ɰɢɤɥɚ ESC ɩɨ-
ɤɚɡɚɥɨ, ɱɬɨ ɤɨɧɜɟɪɬɚɰɢɹ ɛɟɧɡɢɧɨɜɨɝɨ ɦɚɥɨ-
ɥɢɬɪɚɠɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɆɟɆɁ-307 ɧɚ 
ɫɦɟɫɟɜɨɦ ɬɨɩɥɢɜɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɵ-

ɛɪɨɫɨɜ: ɩɨ NOx – ɧɚ 72 %; ɩɨ ɋɈ – ɧɚ 99 %; ɩɨ 
ɋɇ – ɧɚ 96 % 

 

Ʌɢɬɟɪɚɬɭɪɚ 
 

1. Ʉɢɪɢɥɥɨɜ ɇ.Ƚ. Ⱥɧɚɥɢɡ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ 

ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɨɬɨɪ-
ɧɵɯ ɬɨɩɥɢɜ: ɫɠɢɠɟɧɧɵɣ ɩɪɢɪɨɞɧɵɣ ɝɚɡ – 

ɦɨɬɨɪɧɨɟ ɬɨɩɥɢɜɨ ɏɏȱ ɜɟɤɚ / ɇ.Ƚ. Ʉɢ-

ɪɢɥɥɨɜ, Ⱥ.ɇ. Ʌɚɡɚɪɟɜ // Ⱦɜɢɝɚɬɟɥɟɫɬɪɨɟ-
ɧɢɟ. – 2010. – ʋ 1. – ɋ. 26–33. 

2. Watson H. Hydrogen and methane – 

automotive fuels of the future? / H. Watson, 

E. Milkins // SAE,  Australia, 1975, ¾. –  

P. 17–19. 

3. Jacob K. Performance of Lean-Birn Natural 

Gas Fueled Engine on Specific Fuel Con-



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 159

sumption, Power Capacity and Emissions / 

K. Jacob. – Calgary, CA: Univercity of Cal-

gary, 1990. – 18 p. – (Preprint / Univercity 

of Calgary: SAE ʋ 901495). 

4. Karim G.A. Some Considerations of Cyclic 

Variations in Spark Ignition Engines Fueled 

with Gaseous Fuels / Y.H. Al-Alusi,  

G.A. Karim. – Calgary, CA: Univercity of 

Calgary, 1984. – 12 p. – (Preprint / 

Univercity of Calgary: SAE ʋ 840232). 

5. Michael R.S. The Effect of Hydrogen Addi-

tion on Natural Gas Engine Operation /  

R.S. Michael, J.Y. Mirza, D. Zafer,  

N.S. Matthew. – Calgary, CA: Univercity of 

Calgary, 1993. – 16 p. – (Preprint / 

Univercity of Calgary: SAE ʋ 932775). 

6. Karim G.A. Comparative Studies of Methane 

and Propane as Fuels for Spark Ignition and 

Compression Ignition Engines / G.A. Karim,  

I. Wierzba // SAE Transactions. – 1984. – ʋ 

92. – pp. 3677-3688. 

7. Soriano B. Turbulent Combustion: master’s 

thesis: 115.01.02 / Benjamin Soriano. – 

Calgary, CA, 1990. – 163 p. 

8. Ɇɢɳɟɧɤɨ Ⱥ.ɂ. ɉɪɢɦɟɧɟɧɢɟ ɜɨɞɨɪɨɞɚ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɜɢɝɚɬɟɥɟɣ / Ⱥ.ɂ. Ɇɢɳɟ-
ɧɤɨ– Ʉ.: ɇɚɭɤɨɜɚ ɞɭɦɤɚ, 1984. – 143 ɫ. 

9. Ⱥɛɪɚɦɱɭɤ Ɏ.ɂ. ɉɭɬɢ ɩɨɜɵɲɟɧɢɹ ɧɚɞɺɠɧɨ-
ɫɬɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ 

ɫɦɟɫɢ ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɨɬ ɢɫɤɪɵ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ / Ɏ.ɂ. Ⱥɛɪɚɦɱɭɤ, 
Ⱥ.ɇ. Ʉɚɛɚɧɨɜ, Ⱥ.ɉ. Ʉɭɡɶɦɟɧɤɨ // Ⱥɜɬɨɦɨ-
ɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ: ɫɛ. ɧɚɭɱ. ɬɪ. – ɏɚɪɶ-
ɤɨɜ: ɏɇȺȾɍ. – 2010. – ʋ 27. – ɋ. 25–31. 

10. Ⱥɛɪɚɦɱɭɤ Ɏ.ɂ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɫɬɟɧɞ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɞɨɜɨɞɤɢ ɝɚɡɨɜɨɝɨ ɦɚ-
ɥɨɥɢɬɪɚɠɧɨɝɨ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ / Ɏ.ɂ. Ⱥɛɪɚɦɱɭɤ, 

Ⱥ.ɇ. ɉɨɣɞɚ, ɢ ɞɪ. // Ɇɟɯɚɧɢɤɚ ɢ ɦɚɲɢɧɨ-
ɫɬɪɨɟɧɢɟ: ɫɛ. ɧɚɭɱ. ɬɪ. – ɏɚɪɶɤɨɜ: ɏɉɂ. – 

2010. – ʋ1. – ɋ. 66–73. 

11. Ⱥɛɪɚɦɱɭɤ Ɏ.ɂ. ɋɩɨɫɨɛ ɩɨɞɚɱɢ ɜɨɞɨɪɨɞɚ 
ɞɥɹ ɩɢɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ / 

Ɏ.ɂ. Ⱥɛɪɚɦɱɭɤ, Ⱥ.ɇ. Ʉɚɛɚɧɨɜ, Ⱥ.Ⱥ. Ⱦɡɸ-

ɛɟɧɤɨ // Ⱥɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ: ɫɛ. 

ɧɚɭɱ. ɬɪ. – ɏɚɪɶɤɨɜ: ɏɇȺȾɍ. – 2010. – 

ʋ 26. – ɋ. 63–66. 

12. Ʉɚɛɚɧɨɜ Ⱥ.ɇ. ɋɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ ɜɪɟɞ-

ɧɵɯ ɜɟɳɟɫɬɜ ɫ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɞɢɡɟɥɟɣ ɩɭɬɺɦ ɤɨɧɜɟɪɬɢ-

ɪɨɜɚɧɢɹ ɢɯ ɜ ɝɚɡɨɜɵɟ ɞɜɢɝɚɬɟɥɢ: ɞɢɫ... 
ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.05.03 / Ⱥ.ɇ. Ʉɚɛɚɧɨɜ. 
– ɏɚɪɶɤɨɜ, 2007. – 206 ɫ. 

13. ɋɨɛɨɥɶ ɂ.Ɇ. ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɤɪɢɬɟ-
ɪɢɟɜ ɜ ɡɚɞɚɱɚɯ ɫɨ ɦɧɨɝɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ / 

ɂ.Ɇ. ɋɨɛɨɥɶ, Ɋ.Ȼ. ɋɬɚɬɧɢɤɨɜ. – Ɇ. : ɇɚɭ-

ɤɚ, 2005. – 110 ɫ. 
14. Attar A.A. Optimization and Knock Model-

ling of a Gas Fueled Spark Ignition Engine: 

PhD thesis: Mechanical Engineering /  

A.A. Attar. – Calgary, Canada, 1997. – 

248 p. 

15. Ⱥɛɪɚɦɱɭɤ Ɏ.ɂ. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɺɬɚ ɩɪɨ-
ɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɜɵ-

ɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɡɚɠɢɝɚɧɢɹ 
/ Ɏ.ɂ. Ⱥɛɪɚɦɱɭɤ, Ⱥ.ɇ. Ʉɚɛɚɧɨɜ, ȼ.ɇ. Ɇɭ-
ɪɚɬɨɜ, ɢ ɞɪ. // ɇɚɭɤɨɜɿ ɧɨɬɚɬɤɢ: ɦɟɠɜɭɡɨɜɫ-
ɤɢɣ ɫɛɨɪɧɢɤ. − Ʌɭɰɤ: Ʌɭɰɤɢɣ ɇɚɰɢɨɧɚ-
ɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. − 2010. 

− ʋ 28. − ɋ. 4–8. 

 

Ɋɟɰɟɧɡɟɧɬ: Ⱥ.ɋ. ɉɨɥɹɧɫɤɢɣ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., 

ɏɇȺȾɍ 

 

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 15 ɚɜɝɭɫɬɚ 
2011 ɝ. 

 

 

 

 

 

 

 


