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Abstract. The review and the comparative analy-

sis of the systems of payment of journey (SPJ) on 
public transport is presented in article, advantages 
and shortcomings are defined, evolutionary features 
of change of priorities in use of SOP are revealed; the 
factors defining evolution of SOP in compliance with 
technological changes are allocated, the most pers-
pective SOP are defined and recommended for intro-
duction, the directions of deepening of research and 
receiving a solid data about effects from introduction 
of SOP are defined. 
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Аɧɧɨɬɚɰиɹ. ɉɪɨɜɟɞɺɧ ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɢɞɨɜ ɩɨɪɲɧɟɣ ɞɜɢɝɚɬɟɥɟɣ  ɜɧɭɬɪɟɧ-
ɧɟɝɨ ɫɝɨɪɚɧɢɹ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɩɨɪɲɧɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɰɢ-
ɥɢɧɞɪɟ ɢ ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 
ɩɨɪɲɧɟɣ ɜ ɞɜɢɝɚɬɟɥɹɯ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɥɚɫɫɚɦ ɷɤɨɥɨɝɢɱ-
ɧɨɫɬɢ ȿɜɪɨ. ɉɪɢɜɟɞɟɧɵ ɮɨɪɦɭɥɵ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɛɭɞɭɬ ɢɡɦɟɧɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɢ ɩɨɤɪɵɬɢɣ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ. Ɋɚɫɫɦɨɬɪɟɧɵ ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɫɝɨɪɚɧɢɹ ɬɨɩ-
ɥɢɜɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɋɞɟɥɚɧɵ ɜɵɜɨɞɵ ɨ ɜɨɡɦɨɠɧɵɯ 
ɢɡɦɟɧɟɧɢɹɯ ɦɟɬɨɞɢɤ ɪɚɫɱɺɬɚ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɩɨɪɲɟɧɶ, ɦɚɬɟɪɢɚɥ, ɩɨɤɪɵɬɢɟ, ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ, ɤɚɬɚɥɢɡɚ-

ɬɨɪ. 
 
ȼɜɟɞɟɧɢɟ 
ɉɨɪɲɧɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ ɬɪɚɤɬɨɪɧɵɯ 

ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɹɜ-
ɥɹɸɬɫɹ ɞɟɬɚɥɹɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɬɹɠɺɥɵɯ 
ɭɫɥɨɜɢɹɯ: ɩɪɢ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɤɚɯ ɢ 
ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ 
ɧɚɝɪɭɡɨɤ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨ ɞɜɢɠɭ-
ɳɢɯɫɹ ɦɚɫɫ ɢ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɬɟɩɥɨɨɬɜɨɞɚ ɨɬ 
ɫɬɟɧɨɤ ɢ ɞɧɢɳɚ ɩɨɪɲɧɢ ɞɟɥɚɸɬ ɬɨɧɤɨɫɬɟɧ-
ɧɵɦɢ. 

ɍɫɥɨɜɢɹ ɪɚɛɨɬɵ ɰɢɥɢɧɞɪɨɩɨɪɲɧɟɜɨɣ 
ɝɪɭɩɩɵ (ɐɉȽ) ɨɩɪɟɞɟɥɹɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɬɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ ɜ 
ɫɨɩɪɹɠɟɧɢɹɯ ɢ ɩɪɢɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɜɵ-
ɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. 

ȼ ɫɜɹɡɢ ɫ ɭɠɟɫɬɨɱɟɧɢɟɦ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɬɪɟɛɨɜɚɧɢɣ, ɦɚɬɟɪɢɚɥɚɦ ɩɨɪɲɧɹ ɭɞɟɥɹɟɬɫɹ 
ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɨɤɚɡɵɜɚɸɬ 
ɩɪɹɦɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ ɬɨ-
ɩɥɢɜɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɜɪɟɞɧɵɟ ɜɵɛɪɨ-
ɫɵ. ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞ-
ɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ (ɈȽ) ɪɟɝ-
ɥɚɦɟɧɬɢɪɭɸɬ ɫɥɟɞɭɸɳɢɟ ɫɬɚɧɞɚɪɬɵ – ȿɜɪɨ-
4, ȿɜɪɨ-5 ɢ ȿɜɪɨ-6. ɋɬɚɧɞɚɪɬɵ ȿɜɪɨ-5 ɢ ȿɜɪɨ-
6 ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɨɪɦɭ ɜɵɛɪɨɫɨɜ ɧɟ ɬɨɥɶɤɨ 
ɞɥɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɤɢɫɥɨɜ ɚɡɨɬɚ, ɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ, ɧɨ ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ. ȼɜɟɞɟɧɢɟ 
ɧɨɜɵɯ ɫɬɚɧɞɚɪɬɨɜ ɨɠɢɞɚɟɬɫɹ ɜ 2020 ɢ 2025 
ɝɨɞɚɯ. ȼɨɩɪɨɫ ɨ ɜɵɛɪɨɫɚɯ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ 
ɜɨɡɧɢɤɚɟɬ ɭɠɟ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɜɢ-
ɝɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɦɚɬɟɪɢɚɥ ɩɨɪɲɧɹ ɜ ɧɚɫɬɨɹ-
ɳɢɣ ɦɨɦɟɧɬ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɺɬɨɦ ɜɥɢɹɧɢɹ 
ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɚ ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ 
[1].  

Ɇɚɬɟɪɢɚɥɵ ɩɨɪɲɧɟɣ 
ɉɨɪɲɧɢ ɢɡ ɱɭɝɭɧɚ ɩɪɢɦɟɧɹɸɬɫɹ ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ ɜ ɬɪɚɤɬɨɪɧɵɯ Ⱦȼɋ (ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɬɢɯɨɯɨɞɧɵɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɧɢɡɤɨɫɨɪɬɧɵɯ 
ɬɨɩɥɢɜɚɯ, ɜ ɬɹɠɺɥɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
ɇɚɢɛɨɥɟɟ ɩɪɢɦɟɧɢɦɵɦɢ ɹɜɥɹɸɬɫɹ ɱɭɝɭɧɵ 
ɦɚɪɨɤ ɋɑ24, ɋɑ28, ɋɑ35. Ɏɨɫɮɨɪ ɜɜɨɞɹɬ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɨɜɵɲɚɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɢ ɫɤɥɨɧɧɨɫɬɶ ɱɭɝɭ-
ɧɚ ɤ ɪɨɫɬɭ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɩɪɨɜɨɞɹɬ 
ɥɟɝɢɪɨɜɚɧɢɟ ɱɭɝɭɧɨɜ, ɧɚɩɪɢɦɟɪ, ɜɜɨɞɹɬ ɯɪɨɦ 

ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɬɜɺɪɞɨɫɬɢ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ, 
ɚ ɧɢɤɟɥɶ – ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ 
ɭɦɟɧɶɲɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

Ƚɥɚɜɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɱɭɝɭɧɧɵɯ ɩɨɪɲ-
ɧɟɣ ɹɜɥɹɸɬɫɹ: ɩɪɨɱɧɨɫɬɶ, ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, 
ɦɚɥɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

ɉɨɪɲɧɢ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɜɨ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɞɜɢɝɚɬɟɥɹɯ ɢ ɜ ɱɟɬɵɪɺɯɬɚɤɬɧɵɯ ɛɵɫɬɪɨɯɨɞ-
ɧɵɯ ɬɪɚɤɬɨɪɧɵɯ ɞɢɡɟɥɹɯ. 

Ƚɥɚɜɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɚɥɸɦɢɧɢɟɜɵɯ 
ɩɨɪɲɧɟɣ ɹɜɥɹɸɬɫɹ: ɥɭɱɲɚɹ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɶ (ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɚɹ ɫɬɟɩɟɧɶ ɫɠɚ-
ɬɢɹ ɢ ɦɨɳɧɨɫɬɶ); ɦɟɧɶɲɚɹ ɦɚɫɫɚ ɩɨɪɲɧɹ; 
ɥɭɱɲɚɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ; ɜɨɡɦɨɠɧɨɫɬɶ ɩɨ-
ɥɭɱɟɧɢɹ ɛɨɥɟɟ ɬɨɱɧɨɣ ɨɬɥɢɜɤɢ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɚɥɸɦɢɧɢɟɜɵɯ ɩɨɪɲɧɟɣ ɹɜ-
ɥɹɸɬɫɹ: ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ; ɦɚɥɚɹ ɦɟɯɚɧɢɱɟ-
ɫɤɚɹ ɩɪɨɱɧɨɫɬɶ; ɦɚɥɚɹ ɠɚɪɨɫɬɨɣɤɨɫɬɶ; ɦɚɥɚɹ 
ɢɡɧɨɫɨɭɫɬɨɣɱɢɜɨɫɬɶ; ɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ.  

Ɉɞɧɚɤɨ ɩɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɡɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ ɞɨ 260-320 Ɇɉɚ.  

ɂɞɟɚɥɶɧɵɦ ɭɫɥɨɜɢɟɦ, ɤ ɤɨɬɨɪɨɦɭ ɧɭɠɧɨ 
ɫɬɪɟɦɢɬɶɫɹ ɜɨ ɢɡɛɟɠɚɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɩɨɪɲ-
ɧɹ, ɟɫɥɢ ɨɧɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɧɚ ɩɨɹɫ 
ɩɨɪɲɧɟɜɵɯ ɤɨɥɟɰ ɢ ɨɤɚɡɵɜɚɸɳɢɯ ɨɱɟɧɶ 
ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɛɨɬɭ, ɹɜɥɹɟɬɫɹ ɪɚɜɧɨ-
ɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɫɟ-
ɦɭ ɞɧɢɳɭ. Ɍɟɦɩɟɪɚɬɭɪɚ ɞɧɢɳɚ ɩɨɪɲɧɹ ɜɫɟ-
ɝɞɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɢɠɟ 400 ɨɋ, ɩɨɫɤɨɥɶɤɭ 
ɩɪɨɱɧɨɫɬɶ ɫɩɥɚɜɨɜ ɚɥɸɦɢɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɷɬɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ. Ɇɧɨɝɢɟ ɫɱɢɬɚɸɬ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɞɧɢɳɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 
375 

ɨɋ ɩɪɢ ɩɟɪɟɝɪɭɡɤɟ Ⱦȼɋ ɢ 350 ɨɋ ɩɪɢ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɣ ɪɚɛɨɬɟ. ɉɪɢ ɷɬɨɦ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɧɢɳɟ ɩɨɪɲɧɹ ɡɚɜɢɫɢɬ ɨɬ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɥɚɩɚɧɨɜ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɦɟɫ-
ɬɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ ɜɵɩɭɫɤɧɵɦ ɤɥɚɩɚɧɨɦ 
ɱɚɫɬɨ ɛɵɜɚɟɬ ɧɚ 10 - 15 

ɨɋ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɫɬɚɥɶɧɵɯ ɱɚɫɬɟɣ ɞɧɢɳɚ.[2] 

Ȼɢɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ 
ɩɨɪɲɧɢ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɩɪɢɦɟɧɹɸɬ ɤɚɤ 
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ɜɚɪɢɚɧɬɵ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ 
ɦɟɬɚɥɥɚɦɢ ɢ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɫɚɦɨɝɨ ɩɨɪɲɧɹ 
ɢ ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ [3]. 

ɉɨɪɲɧɢ ɫ ɤɨɪɭɧɞɨɜɵɦ ɩɨɤɪɵɬɢɟɦ 
ɉɨɪɲɧɢ ɫ ɤɨɪɭɧɞɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɩɪɢɦɟ-

ɧɹɸɬ ɞɥɹ ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. ɉɨɪ-
ɲɟɧɶ ɩɪɨɯɨɞɢɬ  ɝɚɥɶɜɚɧɨ-ɩɥɚɡɦɟɧɧɭɸ  ɨɛɪɚ-
ɛɨɬɤɭ ɞɧɢɳɚ ɩɨɪɲɧɹ ɢ  ɤɨɥɶɰɟɜɨɝɨ  ɩɨɹɫɚ, ɧɚ 
ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɨɜɚɧ 
ɤɨɪɭɧɞɨɜɵɣ  ɫɥɨɣ,  ɬɨɥɳɢɧɨɣ  ɞɨ 0,2 ɦɦ.  Ɍɚ-
ɤɨɣ  ɬɢɩ ɨɛɪɚɛɨɬɤɢ ɨɫɧɨɜɚɧ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ  ɫɥɨɹ  ɞɟɬɚɥɢ  ɢɡ  ɚɥɸɦɢ-
ɧɢɟɜɨɝɨ  ɫɩɥɚɜɚ  ɜ  ɤɨɪɭɧɞ  ɫ ɜɵɫɨɤɨɣ ɚɞɝɟɡɢ-
ɟɣ ɤ ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɟ-
ɲɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɬɫɥɚɢɜɚ-
ɧɢɹ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɢɯ ɩɨɤɪɵɬɢɣ. ɉɨɪɲɧɢ ɫ 
ɤɨɪɭɧɞɨɜɵɦ ɫɥɨɟɦ  ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɦ-
ɩɟɪɚɬɭɪɭ ɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɧɚ 12 - 15 

ɨɋ. 
ɇɚɞ ɜɟɪɯɧɢɦ ɤɨɦɩɪɟɫɫɢɨɧɧɵɦ  ɤɨɥɶɰɨɦ  ɬɟɦ-
ɩɟɪɚɬɭɪɵ  ɪɚɜɧɵ  ɢɥɢ ɧɢɠɟ  ɧɚ 15 - 32 

ɨɋ,  ɜ  
ɩɟɪɟɦɵɱɤɟ  ɦɟɠɞɭ 1-ɦ  ɢ 2-ɦ ɤɨɥɶɰɨɦ ɪɚɜɧɵ 
ɢɥɢ ɧɢɠɟ ɧɚ 7 - 21 

ɨɋ, ɜ ɤɨɥɶɰɟɜɨɣ ɤɚɧɚɜɤɟ 
ɜɬɨɪɨɝɨ ɤɨɦɩɪɟɫɫɢɨɧɧɨɝɨ ɤɨɥɶɰɚ ɪɚɜɧɵ ɢɥɢ 
ɧɢɠɟ ɧɚ 1 - 8 

ɨɋ.  Ɍɟɩɥɨɡɚɳɢɬɧɵɣ  ɤɨɪɭɧɞɨ-
ɜɵɣ  ɫɥɨɣ  ɧɚ  ɩɨɪɲɧɟ ɞɜɢɝɚɬɟɥɹ,  ɭɦɟɧɶɲɚɹ  
ɬɟɩɥɨɨɬɜɨɞ  ɱɟɪɟɡ  ɩɨɪɲɟɧɶ, ɩɨɡɜɨɥɹɟɬ  ɥɭɱ-
ɲɟ  ɢɫɩɨɥɶɡɨɜɚɬɶ  ɬɟɩɥɨ  ɞɥɹ  ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɷɤɨɧɨɦɢɱɟ-
ɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɜɢɝɚɬɟɥɹ. ɍɦɟɪɟɧɧɨɟ  ɩɨ-
ɜɵɲɟɧɢɟ  ɬɟɦɩɟɪɚɬɭɪɵ  ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ  ɤɨ-
ɪɭɧɞɨɜɨɝɨ  ɫɥɨɹ  ɬɨɥɳɢɧɨɣ 0,15 - 0,2 ɦɦ ɩɨ-
ɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɨɬ 1,7% ɞɨ 
10% ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɧɚɝɪɭɡɨɤ ɞɜɢɝɚɬɟɥɹ 
[4]. 

ɉɨɪɲɧɢ ɫ ɤɟɪɚɦɢɱɟɫɤɢɦ ɩɨɤɪɵɬɢɟɦ 
ɉɨɪɲɧɢ ɫ ɤɟɪɚɦɢɱɟɫɤɢɦ ɩɨɤɪɵɬɢɟɦ ɬɚɤɠɟ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ Ⱦȼɋ. Ʉɟɪɚɦɢɤɚ ɨɛɥɚɞɚɟɬ 
ɢɡɨɥɢɪɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɚ ɢɦɟɧɧɨ ɫɩɨ-
ɫɨɛɧɨɫɬɶɸ ɩɨɝɥɨɳɚɬɶ ɬɟɩɥɨ ɜ ɫɥɨɹɯ ɨɤɨɥɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɲɧɹ. Ⱦɚɧɧɵɣ ɫɥɨɣ ɹɜɥɹɟɬɫɹ 
ɷɮɮɟɤɬɢɜɧɵɦ ɢɡɨɥɹɬɨɪɨɦ ɢ ɭɞɟɪɠɢɜɚɟɬ ɬɟɩ-
ɥɨ ɨɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥ. Ɂɚɱɚɫɬɭɸ 
ɤɟɪɚɦɢɱɟɫɤɨɟ ɩɨɤɪɵɬɢɟ ɧɚɧɨɫɢɬɫɹ ɧɚ ɞɧɢɳɟ 
ɩɨɪɲɧɹ, ɢ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ (Ʉɋ). Ɍɚɤɠɟ, ɤɚɤ ɢ 
ɜ ɫɥɭɱɚɟ ɫ ɤɨɪɭɧɞɨɜɵɦ ɩɨɤɪɵɬɢɟɦ, ɤɟɪɚɦɢɱɟ-
ɫɤɨɟ ɦɨɠɟɬ ɧɚ ɧɨɫɢɬɶɫɹ ɢ ɜ ɨɛɥɚɫɬɶ ɪɚɫɩɨɥɨ-
ɠɟɧɢɹ ɩɨɪɲɧɟɜɵɯ ɤɨɥɟɰ.  

Ƚɥɚɜɧɵɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɩɨɤɪɵɬɢɹ ɹɜɥɹɟɬɫɹ: ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɜɵɫɨɤɢɦ 
ɬɟɦɩɟɪɚɬɭɪɚɦ, ɜɵɫɨɤɚɹ ɯɢɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ, ɜɵɫɨɤɚɹ ɬɜɺɪɞɨɫɬɶ, ɧɢɡɤɚɹ ɩɥɨɬɧɨɫɬɶ, 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɢɡɧɨɫɭ, ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɜɵɫɨɤɢɣ ɩɪɟɞɟɥ ɩɪɨɱɧɨ-
ɫɬɢ ɧɚ ɫɠɚɬɢɟ. 

ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɜ ɞɚɧ-
ɧɨɦ ɫɥɭɱɚɟ ɜɵɫɬɭɩɚɟɬ ɞɢɨɤɫɢɞ ɰɢɪɤɨɧɢɹ 

(ZrO2), ɨɛɥɚɞɚɸɳɢɣ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɶɸ ɢ ɜɵɫɨɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ. ȼɨ ɢɡɛɟɠɚɧɢɟ ɧɟɝɚɬɢɜɧɵɯ ɷɮ-
ɮɟɤɬɨɜ ɨɬ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɜɵɫɨ-
ɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ZrO2 ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɩɪɢ 
ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬ ɨɤɫɢɞɵ ɦɚɝɧɢɹ (MgO), 
ɤɚɥɶɰɢɹ (CaO), ɰɟɪɢɹ (CeO2) ɢ ɢɬɬɪɢɹ (Y2O3) 
[5]. 

ɉɨɪɲɧɢ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɨɤɪɵɬɢɟɦ 
Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɞɧɵɯ 

ɜɵɛɪɨɫɨɜ ɫ ɈȽ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɬɚ-
ɥɢɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɤɚɬɚɥɢ-
ɬɢɱɟɫɤɢɯ ɧɟɣɬɪɚɥɢɡɚɬɨɪɨɜ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ 
ɧɟɣɬɪɚɥɢɡɚɬɨɪɵ ɞɨɥɠɧɵ ɧɚɝɪɟɬɶɫɹ ɞɨ ɨɩɪɟ-
ɞɟɥɺɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨɛɵ ɞɨɫɬɢɝɧɭɬɶ ɜɵ-
ɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɗɬɨ 
ɞɟɥɚɟɬ ɢɯ ɧɟɷɮɮɟɤɬɢɜɧɵɦɢ ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɩɟɪɢɨɞ ɩɨɫɥɟ ɯɨɥɨɞɧɨɝɨ 
ɡɚɩɭɫɤɚ Ⱦȼɋ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟɫɝɨɪɟɜɲɢɟ ɭɝɥɟ-
ɜɨɞɨɪɨɞɵ ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɩɪɨɝɪɟɜɚ ɦɨɝɭɬ 
ɫɨɫɬɚɜɥɹɬɶ ɞɨ 80% ɜɫɟɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɜɵ-
ɛɪɨɫɨɜ. Ʉɚɬɚɥɢɬɢɱɟɫɤɢɟ ɧɟɣɬɪɚɥɢɡɚɬɨɪɵ ɫ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɞɨɝɪɟɜɨɦ ɧɟɧɚɞɺɠɧɵ ɢ ɧɟ-
ɞɨɥɝɨɜɟɱɧɵ. 

ȼ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 
ɜɧɭɬɪɢɰɢɥɢɧɞɪɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚ ɢɦɟɧɧɨ 
– ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨɪɲɧɹ ɢ Ʉɋ. 
ɍɝɥɟɜɨɞɨɪɨɞɧɵɟ ɜɵɛɪɨɫɵ ɞɜɢɝɚɬɟɥɟɣ ɫ ɢɫ-
ɤɪɨɜɵɦ ɡɚɠɢɝɚɧɢɟɦ ɜɨɡɧɢɤɚɸɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ 
ɱɚɫɬɶ ɬɨɩɥɢɜɚ ɧɟ ɨɤɢɫɥɹɟɬɫɹ, ɩɥɚɦɹ ɡɚɬɭɯɚɟɬ 
ɜ «ɦɺɪɬɜɨɣ ɡɨɧɟ» ɩɨɪɲɧɹ, ɧɚ ɫɬɟɧɤɚɯ Ʉɋ, ɚ 
ɩɚɪɵ ɬɨɩɥɢɜɚ ɚɛɫɨɪɛɢɪɭɸɬɫɹ ɢ ɞɟɫɨɪɛɢɪɭɸɬ-
ɫɹ ɜ ɫɥɨɹɯ ɦɚɫɥɚ ɧɚ ɫɬɟɧɤɚɯ ɰɢɥɢɧɞɪɚ. Ɍɪɟ-
ɳɢɧɵ ɜ ɫɬɟɧɤɚɯ Ʉɋ ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦɢ ɢɫ-
ɬɨɱɧɢɤɚɦɢ ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɨ-
ɫɤɨɥɶɤɭ ɢɦɟɸɬ ɧɟɛɨɥɶɲɨɣ ɨɛɴɺɦ ɢ ɭɡɤɢɣ 
ɜɯɨɞ. Ȼɨɥɶɲɢɧɫɬɜɨ ɬɚɤɢɯ ɬɪɟɳɢɧ ɪɚɫɩɨɥɨɠɟ-
ɧɵ ɜ ɜɵɟɦɤɚɯ ɞɥɹ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɤɨɥɟɰ 
ɩɨɪɲɧɹ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɬɨɱɧɢɤɨɜ ɧɟɫɝɨɪɚɟ-
ɦɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɥɢɡɤɢ ɤ ɫɬɟɧɤɚɦ Ʉɋ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɫɝɨɪɟɜɲɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ 
ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɜ ɢɫɬɨɱɧɢɤɚɯ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɭɬɺɦ ɧɚɧɟɫɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɪɲɧɹ Д6]. 

Ɉɞɧɨ ɢɡ ɩɟɪɜɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɪɲɧɟɣ ɫ ɤɚ-
ɬɚɥɢɬɢɱɟɫɤɢɦ ɩɨɤɪɵɬɢɟɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜ 
ɤɨɧɰɟ XX ɜɟɤɚ ɧɚ ɛɟɧɡɢɧɨɜɨɦ ɞɜɢɝɚɬɟɥɟ ɫ 
ɞɢɫɤɨɨɛɪɚɡɧɨɣ Ʉɋ [6]. ɉɨɪɲɟɧɶ ɛɵɥ ɦɨɞɢɮɢ-
ɰɢɪɨɜɚɧ ɩɭɬɺɦ ɫɨɡɞɚɧɢɹ ɫɴɺɦɧɨɝɨ ɞɧɢɳɚ. 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚ-
ɥɨɫɶ ɩɥɚɬɢɧɨɜɨ-ɪɨɞɢɟɜɨɟ ɩɨɤɪɵɬɢɟ. ɉɪɢ ɩɪɨ-
ɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɬɪɢ ɜɢɞɚ 
ɞɜɢɝɚɬɟɥɟɣ: ɦɨɞɟɥɶ ɫ ɩɨɪɲɧɟɦ, ɜ ɤɨɬɨɪɨɦ 
ɛɵɥɢ ɩɨɤɪɵɬɵ ɜɟɪɯɧɹɹ ɢ ɛɨɤɨɜɚɹ ɫɬɨɪɨɧɵ 
ɞɧɢɳɚ;  ɦɨɞɟɥɶ ɫ ɩɨɪɲɧɟɦ, ɜ ɤɨɬɨɪɨɦ ɛɵɥɚ 
ɩɨɤɪɵɬɚ ɛɨɤɨɜɚɹ ɫɬɨɪɨɧɚ; ɢ ɦɨɞɟɥɶ  ɫ ɩɨɪɲ-
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ɧɟɦ ɛɟɡ ɩɨɤɪɵɬɢɹ. ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɧɟɷɬɢɥɢɪɨ-
ɜɚɧɧɨɦ ɛɟɧɡɢɧɟ ɫ ɨɤɬɚɧɨɜɵɦ ɱɢɫɥɨɦ 95 ɢ 
ɫɬɟɩɟɧɶɸ ɫɠɚɬɢɹ, ɪɚɜɧɨɣ 9 ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɩɥɚɬɢɧɨɜɨ-ɪɨɞɢɟɜɨɟ 
ɧɚɩɵɥɟɧɢɟ ɧɚ ɞɧɢɳɟ ɩɨɪɲɧɹ ɨɤɚɡɵɜɚɟɬ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɧɚ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 
ɞɜɢɝɚɬɟɥɹ, ɧɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɟɩɟɧɧɨɦɭ 
ɫɧɢɠɟɧɢɸ ɧɟɫɝɨɪɟɜɲɢɯ ɜɵɛɪɨɫɨɜ ɭɝɥɟɜɨɞɨ-
ɪɨɞɨɜ  ɢ ɧɟɛɨɥɶɲɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɜɵɛɪɨɫɨɜ 
NOx. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ 
ɫɧɢɠɟɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɜɵɛɪɨɫɨɜ ɨɛɭ-
ɫɥɨɜɥɟɧɨ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɨɤɢɫɥɟɧɢɟɦ ɧɟɫɝɨ-
ɪɟɜɲɟɣ ɫɦɟɫɢ ɜ ɢɫɬɨɱɧɢɤɚɯ ɪɹɞɨɦ ɫɨ ɫɬɟɧɤɚ-
ɦɢ, ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɹɡɚɧɧɨɝɨ ɫ ɧɢɦ ɜɥɢɹɧɢɹ 
ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɪɟɧɢɹ ɢ ɞɜɢɝɚɬɟɥɹ. ɋɥɟ-
ɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ 1997 ɝɨɞɚ 
ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɬɚɤɠɟ ɜɥɢɹɧɢɟ ɭɝɥɚ ɨɩɟɪɟɠɟ-
ɧɢɹ ɡɚɠɢɝɚɧɢɹ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɜɵɛɪɨɫɵ ɢ, 
ɩɨɫɤɨɥɶɤɭ ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɩɨɤɪɵɬɢɟ ɧɟ ɨɤɚ-
ɡɵɜɚɥɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚ-
ɠɢɝɚɧɢɹ, ɬɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɤɚɬɚ-
ɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ 
ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɧɟ ɢɡɦɟɧɹɥɫɹ, 
ɱɬɨ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɜ ɛɭɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɯ. 

ɉɥɚɬɢɧɨɜɨ-ɪɨɞɢɟɜɨɟ ɩɨɤɪɵɬɢɟ ɩɪɟɞɥɚɝɚ-
ɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜ ɛɟɧɡɢɧɨɜɵɯ 
ɞɜɢɝɚɬɟɥɹɯ, ɧɨ ɢ ɜ ɞɜɢɝɚɬɟɥɹɯ ɫ ɜɨɫɩɥɚɦɟɧɟ-
ɧɢɟɦ ɝɨɦɨɝɟɧɧɨɣ ɫɦɟɫɢ ɨɬ ɫɠɚɬɢɹ (HCCI-
ɞɜɢɝɚɬɟɥɶ), ɤɨɬɨɪɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɫɱɢɬɚɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ. ɂɫɩɵɬɚɧɢɹ ɩɨɤɚ-
ɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɚɬɢɧɨɜɨ-
ɪɨɞɢɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ HCCI-ɞɜɢɝɚɬɟɥɹɯ 
ɭɦɟɧɶɲɚɟɬ ɜɵɛɪɨɫɵ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɧɚ 15-
20%. Ʉɪɨɦɟ ɬɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɜɵ-
ɛɪɨɫɨɜ CO ɧɚ 7-13% ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨ-
ɳɚɞɢ ɩɨɤɪɵɬɢɹ [7, 8, 9]. 

ɉɪɢ ɧɚɧɟɫɟɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ 
ɧɚ ɱɭɝɭɧɧɵɟ ɩɨɪɲɧɢ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹ-
ɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɤɥɚɫɫɢɱɟ-
ɫɤɨɦ ɜɢɞɟ  ɞɚɧɧɚɹ ɮɨɪɦɭɥɚ ɜɵɝɥɹɞɢɬ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [10]: 
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ɝɞɟ α – ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟ-
ɧɢɹ; E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, Ɇɉɚ; q -  ɭɞɟɥɶɧɚɹ 
ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ, ȼɬ/ɦ2; δ – ɬɨɥɳɢɧɚ ɞɧɢɳɚ, 
ɦ; λT – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
ȼɬ/(ɦɄ). 

Ⱦɥɹ ɱɟɬɵɪɺɯɬɚɤɬɧɨɝɨ Ⱦȼɋ: 
 

            iPnq  )266000(63,11 ;           (2) 

 

ɝɞɟ n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɢɧ-1
; Pi – 

ɫɪɟɞɧɟɟ ɞɚɜɥɟɧɢɟ, Ɇɉɚ. 
Ɉɞɧɚɤɨ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ 

ɩɨɤɪɵɬɢɣ (ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ, ɤɨɪɭɧɞɨɜɵɯ, ɤɟɪɚ-
ɦɢɱɟɫɤɢɯ) ɮɨɪɦɭɥɵ (1), (2) ɞɨɥɠɧɵ ɛɵɬɶ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɵ, ɩɨɫɤɨɥɶɤɭ ɢɡɦɟɧɹɬɫɹ ɦɨ-
ɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ȿ, ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡ-
ɤɚ, ɬɨɥɳɢɧɚ ɞɧɢɳɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤɨɷɮ-
ɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

ɉɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ, ɤɨ-
ɪɭɧɞɨɜɵɯ ɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɧɚ ɩɥɨɫ-
ɤɨɟ ɞɧɢɳɟ ɝɨɪɚɡɞɨ ɩɪɨɳɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 
ɩɥɚɧɟ, ɩɨɫɤɨɥɶɤɭ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɢɤ-
ɪɨɞɭɝɨɜɨɟ ɨɤɫɢɞɢɪɨɜɚɧɢɟ, ɱɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɨɜ.  

ȼɥɢɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨɪɲɧɹ ɧɚ ɩɪɨɰɟɫɫ 
ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ 
ɧɚ ɩɪɢɦɟɪɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 
ɢɡɨɨɤɬɚɧɚ ɜɢɞɢɦ: 

 

    OH1816CO  25O +H2C 222188  ,      (3) 

 
ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɹɜ-

ɥɹɸɬɫɹ CO2 ɢ H2O. 
ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜ Ʉɋ ɩɪɨɬɟɤɚɸɬ 

ɫɥɟɞɭɸɳɢɟ ɩɨɛɨɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ: 
 

   OH1816CO  17O +H2C 22188  ;          (4) 

 

                2NO  O +N 22  ;                         (5) 

 

          84104188 HCHC  HC  ;                   (6) 

 

            .H98C  HC 2188                         (7) 

 
Ɋɟɚɤɰɢɢ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ (4), ɤɪɟɤɢɧɝɚ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ (6) ɢ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ (7) ɯɚ-
ɪɚɤɬɟɪɧɵ ɞɥɹ ɛɨɝɚɬɨɣ ɬɨɩɥɢɜɧɨɜɨɡɞɭɲɧɨɣ 
ɫɦɟɫɢ ɢ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɨɩɥɢɜɧɨɜɨɡ-
ɞɭɲɧɨɣ ɫɦɟɫɢ. Ɋɟɚɤɰɢɢ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ (7) 
ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɯɨɥɨɞɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɰɢɥɢɧɞɪɨ-ɩɨɪɲɧɟɜɨɣ ɝɪɭɩɩɵ (ɐɉȽ) ɜ ɦɨɦɟɧɬ 
ɡɚɩɭɫɤɚ Ⱦȼɋ. Ɋɟɚɤɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɛɟɞɧɨɣ ɬɨɩɥɢɜɧɨɜɨɡ-
ɞɭɲɧɨɣ ɫɦɟɫɢ, ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɨɩɥɢɜ-
ɧɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɢ ɩɪɢ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɤɚɯ. 
ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɫɟɯ ɩɪɢ-
ɜɟɞɺɧɧɵɯ ɪɟɚɤɰɢɣ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ Ʉɋ.  

ɇɨɪɦɚɥɶɧɨɟ ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɚ ɦɨɠɟɬ ɩɪɨ-
ɢɫɯɨɞɢɬɶ ɬɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 500 
°ɋ [11]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɫɝɨɪɚ-
ɧɢɢ, ɤɨɝɞɚ ɩɥɚɦɹ ɨɯɜɚɬɵɜɚɟɬ ɜɫɸ ɩɨɜɟɪɯ-
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ɧɨɫɬɶ Ʉɋ, ɧɚɢɛɨɥɶɲɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɜ 
ɰɢɥɢɧɞɪɟ ɞɨɫɬɢɝɚɟɬ 2000 - 2200 °ɋ ɜ ɛɟɧɡɢ-
ɧɨɜɵɯ Ⱦȼɋ ɢ ɨɤɨɥɨ 700 °ɋ ɜ ɞɢɡɟɥɶɧɵɯ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɪɚɫɬɚɟɬ [12]. ɉɭɬɟɦ ɩɨɞɛɨɪɚ 
ɜɧɭɬɪɢɰɢɥɢɧɞɪɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɨɠɧɨ 
ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɰɟɥɟɜɨɣ 
ɪɟɚɤɰɢɢ (3). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 
ɫɟɪɶɺɡɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɜɵɛɪɨɫɨɜ ɈȽ. 

ɇɟɨɛɯɨɞɢɦɨ ɬɚɤ ɠɟ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɫɤɨɪɨ-
ɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɪɟɚɝɟɧɬɨɜ ɜ ɟɞɢɧɢɰɟ ɨɛɴɺɦɚ, ɚ, ɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɨɬ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚ-
ɡɨɜɨɣ ɫɦɟɫɢ (8) [13]: 

 

              
RTEn

p eAp
d

dC /


 ;                  (8)  

 

ɝɞɟ 
d

dC
– ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɸɛɨɝɨ ɢɡ ɢɫ-
ɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢɥɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤ-
ɬɨɜ ɪɟɚɤɰɢɢ; A – ɩɨɫɬɨɹɧɧɵɣ ɦɧɨɠɢɬɟɥɶ, ɡɚ-
ɜɢɫɹɳɢɣ ɨɬ ɫɜɨɣɫɬɜ ɬɨɩɥɢɜɚ ɢ ɫɨɫɬɚɜɚ ɝɨɪɸ-
ɱɟɣ ɫɦɟɫɢ; p - ɞɚɜɥɟɧɢɟ, Ɇɉɚ; R – ɭɧɢɜɟɪ-
ɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ; T – ɬɟɦɩɟɪɚɬɭ-
ɪɚ, K. 

ɗɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ ɜ ɮɨɪɦɭɥɟ 
(8) ɜɵɪɚɠɚɟɬ ɞɨɥɸ ɦɨɥɟɤɭɥ, ɨɛɥɚɞɚɸɳɢɯ 
ɷɧɟɪɝɢɟɣ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ, ɩɪɟɜɵɲɚɸɳɟɣ 
ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ E, 
ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɝɨ ɛɚɪɶɟɪɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɪɟɚɤɰɢɢ, 
ɬ.ɟ. ɪɚɡɪɵɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɧɭɬɪɢɦɨɥɟɤɭ-
ɥɹɪɧɵɯ ɫɜɹɡɟɣ ɢ ɡɚɦɟɧɵ ɢɯ ɧɨɜɵɦɢ. ȼ ɫɥɭɱɚɟ 
ɩɪɢɦɟɧɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ 
ɬɚɤɠɟ ɬɨɩɥɢɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɥɚɫɫɚɦ 
ȿɜɪɨ, ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɸɛɨɝɨ ɢɡ ɢɫɯɨɞɧɵɯ 
ɜɟɳɟɫɬɜ ɢɥɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤ-

ɰɢɢ 
d

dC
 ɢ ɬɟɦɩɟɪɚɬɭɪɚ T ɢɡɦɟɧɹɬɫɹ, ɢ ɷɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɞɚɥɶɧɟɣ-
ɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [13]. 

Ʉɪɨɦɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɜɚɠɧɵ 
ɟɳɺ ɢ ɬɟɪɦɨɛɚɪɶɟɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨ-
ɫɬɟɣ Ʉɋ, ɱɟɝɨ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɭɬɺɦ ɧɚɧɟɫɟ-
ɧɢɹ ɩɨɤɪɵɬɢɣ ɫ ɧɢɡɤɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ α-
Al2O3 ɨɛɥɚɞɚɸɬ ɨɬɥɢɱɧɵɦɢ ɬɟɪɦɨɛɚɪɶɟɪɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɢ ɮɨɪɦɢɪɭɸɬɫɹ ɢɡ ɦɚɬɟɪɢɚɥɚ 
ɩɨɪɲɧɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢ-
ɪɨɜɚɧɢɹ (ɆȾɈ). ɂɡ ɜɚɠɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɞɚɧ-
ɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɣ ɦɨɠɧɨ ɜɵ-
ɞɟɥɢɬɶ ɩɪɨɫɬɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɟɚɥɢɡɚ-

ɰɢɢ ɆȾɈ, ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɪɟɚɝɟɧɬɨɜ, ɢɡ ɤɨ-
ɬɨɪɵɯ ɝɨɬɨɜɹɬ ɷɥɟɤɬɪɨɥɢɬɵ ɞɥɹ ɆȾɈ, ɢ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɚɤɬɢɜɚɰɢɢ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ α-
Al2O3 ɚɤɬɢɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ (Pt, Pd, Cu, 
Ce).  

Ɍɟɪɦɨɛɚɪɶɟɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɦɨ-
ɝɭɬ ɫɨɱɟɬɚɬɶɫɹ ɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɢɡɧɨɫɨɭɫɬɨɣ-
ɱɢɜɨɫɬɢ ɞɟɬɚɥɟɣ ɐɉȽ [14]. Ɍɚɤɢɟ ɩɨɤɪɵɬɢɹ 
ɦɨɝɭɬ ɡɚɳɢɬɢɬɶ ɨɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɝɚ-
ɡɨɜɨɣ ɷɪɨɡɢɢ ɢ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɪɲɧɹ 
ɩɪɢɦɟɪɧɨ ɜ ɩɨɥɬɨɪɚ ɪɚɡɚ. 

ȼɥɢɹɧɢɟ ɬɟɪɦɨɛɚɪɶɟɪɧɨɝɨ ɆȾɈ-ɫɥɨɹ, ɧɚ-
ɧɟɫɺɧɧɨɝɨ ɧɚ ɩɨɪɲɧɢ, ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɞɜɢɝɚɬɟɥɹ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ 
ɢɡɭɱɟɧɨ ɜ ɪɚɛɨɬɚɯ [3,15,16,17,18,19]. ȼ ɪɚɛɨɬɟ 
[16] ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɪɚ-
ɰɢɨɧɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɆȾɈ-ɫɥɨɹ ɞɥɹ ɬɟɩɥɨɜɨɣ 
ɢɡɨɥɹɰɢɢ ɞɧɢɳɚ ɩɨɪɲɧɹ (ɞɥɹ ɞɢɡɟɥɹ 120 - 
160 ɦɤɦ), ɩɨɡɜɨɥɹɸɳɚɹ ɭɦɟɧɶɲɢɬɶ ɭɞɟɥɶɧɵɣ 
ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɱɟɪɟɡ ɩɨɪɲɟɧɶ ɧɚ 15 %, ɬɟɦ 
ɫɚɦɵɦ ɭɜɟɥɢɱɢɜɚɹ ɬɟɩɥɨɜɨɣ ɄɉȾ ɞɜɢɝɚɬɟɥɹ. 

ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɫɩɟɰɢɚɥɶ-
ɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɤɫɢɞɢɪɨɜɚɧɧɵɟ 
ɫɥɨɢ, ɬɨɥɳɢɧɨɣ 25-30 ɦɤɦ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɚ 
ɞɧɢɳɟ ɢ ɤɚɧɚɜɤɚɯ ɩɨɪɲɧɹ, ɫɧɢɠɚɸɬ ɬɟɦɩɟɪɚ-
ɬɭɪɭ ɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɩɨɪɲɧɹ ɧɚ 24%. 
ɉɪɢ ɷɬɨɦ, ɫɨɝɥɚɫɧɨ ɪɚɫɱɺɬɧɵɦ ɞɚɧɧɵɦ, ɫɥɨɣ 
ɜ 8 ɦɤɦ ɫɩɨɫɨɛɟɧ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɪɲ-
ɧɹ ɧɚ 25%. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 
ɪɨɥɶ ɬɟɪɦɨɛɚɪɶɟɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɫɧɢɠɟɧɢɢ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɜ Ʉɋ, ɭɥɭɱɲɟ-
ɧɢɸ ɪɟɠɢɦɚ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢ-
ɜɚ. Ɉɞɧɚɤɨ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɭɞɚɺɬɫɹ ɢɡ-
ɛɟɠɚɬɶ ɩɨɛɨɱɧɵɯ ɪɟɚɤɰɢɣ, ɨɩɢɫɚɧɧɵɯ ɜ ɮɨɪ-
ɦɭɥɚɯ (4-7). 

ȼ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɢɦɟɸɬɫɹ ɞɚɧ-
ɧɵɟ ɨ ɬɨɦ, ɱɬɨ ɜɵɛɪɨɫɵ ɧɟɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢ-
ɜɚ ɛɵɥɢ ɫɧɢɠɟɧɵ ɧɚ 20% ɩɭɬɟɦ ɨɫɚɠɞɟɧɢɹ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ PЭ-ɩɨɤɪɵɬɢɹ ɧɚ ɜɟɪɯɧɢɯ ɢ 
ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɩɨɪɲɧɹ [6]. Ʉɚɤ ɢɡ-
ɜɟɫɬɧɨ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɢɥɢɧɞɪɨɜ ɢ ɩɨɪɲ-
ɧɟɣ ɞɥɹ Ⱦȼɋ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɥɸɦɢɧɢɟɜɵɟ 
ɫɩɥɚɜɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɢɥɭɦɢɧ [20,21]. Ⱦɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɧɚ 
ɞɟɬɚɥɹɯ ɢɡ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɩɪɢɜɨɞɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ, ɧɚɩɪɢɦɟɪ 
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɥɚɡɦɟɧɧɨɟ ɧɚɩɵɥɟɧɢɟ, 
ɩɥɚɡɦɟɧɧɨ-ɷɥɟɤɬɪɨɥɢɬɧɨɟ ɨɤɫɢɞɢɪɨɜɚɧɢɟ 
[22]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 
ɪɨɥɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɝɨ-
ɪɚɧɢɹ ɬɨɩɥɢɜɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɞɚɜɥɟɧɢɟ ɜɪɟɞɧɵɯ ɪɟɚɤɰɢɣ (4-7). ɋɬɨɢɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɪɦɨɛɚɪɶɟɪɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɧɚɢ-
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ɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɨɜɥɢɹɟɬ ɧɚ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɢ 
ɷɤɨɧɨɦɢɱɧɨɫɬɶ Ⱦȼɋ. 

Ɂɚɤɥɸɱɟɧɢɟ 
Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɭɬɟɣ 

ɩɨɜɵɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢ-
ɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɜ ɤɚ-
ɦɟɪɟ ɫɝɨɪɚɧɢɹ ɞɜɢɝɚɬɟɥɹ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɟɞɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɟɧɡɢɧɨɜɵɯ ɢ ɞɢɡɟɥɶɧɵɯ ɞɜɢ-
ɝɚɬɟɥɟɣ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɨɤɪɵɬɢɟɦ ɤɚɦɟɪɵ 
ɫɝɨɪɚɧɢɹ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɲɧɹ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɩɭɬɺɦ ɫɧɹɬɢɹ, ɩɨɫɬɪɨɟɧɢɹ ɢ ɪɚɫɱɺɬɚ ɢɧɞɢɤɚ-
ɬɨɪɧɵɯ ɞɢɚɝɪɚɦɦ. 

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 

 
1. ȼɟɞɪɭɱɟɧɤɨ, ȼ.Ɋ. Ⱥɧɚɥɢɡ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɨɪ-

ɦɚɬɢɜɚɦ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ / ȼ. Ɋ. ȼɟɞɪɭ-
ɱɟɧɤɨ, ɉ.ȼ. Ʌɢɬɜɢɧɨɜ / Ⱥɪɯɢɬɟɤɬɭɪɚ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, 
ɬɪɚɧɫɩɨɪɬ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ : ɦɚɬɟɪɢɚɥɵ Ɇɟ-
ɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ. – 
Ɉɦɫɤ : ɋɢɛȺȾɂ, 2015. - ɋ. 970-976. (ɞɚɬɚ ɨɛɪɚɳɟ-
ɧɢɹ 7.05.2016). 

2. Coker A.J. AЮЭШЦШЛТХО EЧРОЧООr’s RОПОrОЧМО 
Book. 3

rd
 edition. Publication year : 1959.  

3. Ⱦɜɨɟɝɥɚɡɨɜ, Ƚ.Ⱥ. Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ : ɭɱɟɛɧɢɤ 
/ Ƚ.Ⱥ. Ⱦɜɨɟɝɥɚɡɨɜ. - Ɋɨɫɬɨɜ ɧɚ Ⱦɨɧɭ : Ɏɟɧɢɤɫ, 2015. – 
445 ɫ. 

4. ɒɩɚɤɨɜɫɤɢɣ, ȼ.ȼ. Ⱥɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɩɨɪɲɧɟɣ ɫ ɤɨɪɭɧɞɨɜɵɦ ɫɥɨɟɦ ɞɥɹ 
ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ / ȼ.ȼ. ɒɩɚɤɨɜɫɤɢɣ,           
Ɉ.ɘ. Ʌɢɧɶɤɨɜ // Ⱥɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ ɢ 
ɬɟɯɧɨɥɨɝɢɹ. - 2008. - № 10(57). - ɋ. 140-144. 

5. CТЧТЯТг M., SКСТr SКХЦКЧ M., CКЧХı E., KШsО H., 
Solmaz O. (2012). Ceramic Coating Applications and 
Research Fields for Internal Combustion Engines, 
Ceramic Coatings - Applications in Engineering, Prof. 
Feng Shi (Ed.), ISBN: 978-953-51-0083-6, InTech, 
Available from: 
http://www.intechopen.com/books/ceramic-coatings-
applications-in-engineering/ceramic-coating-
applications-and-research-fields-for-internal-
combustion-engines (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ : 03.10.2016). 

6. Hu, Z, Ladommatos, N., In-Cylinder Catalysts - 
A Novel Approach to Reduce Hydrocarbon Emissions 
from Spark-Ignition Engines // SAE Technical Paper 
952419, 1995, doi:10.4271/952419. 

7. Zeng W., Xie M. A novel approach to reduce 
hydrocarbon emissions from the HCCI engine // 
Chemical engineering journal, Volume 139, Issue 2, 
p.380-389, 2008. 

8. Ʉɨɧɫɬɚɧɬɢɧɨɜ, ȿ.Ⱥ. Ⱥ ɭ ɧɚɫ ɜ ɦɚɲɢɧɟ ɝɚɡ... / 
ȿ.Ⱥ. Ʉɨɧɫɬɚɧɬɢɧɨɜ // ɇɚɭɤɚ ɢ ɠɢɡɧɶ. - 2014. -            
№ 4. - ɋ. 106-113. 

9. Dec J.E. Advanced compression-ignition en-
gines – understanding the in-cylinder processes. 
Proceeds of the combustion institute, 2009 – Elsevier. 

10. ɏɨɥɦɹɧɫɤɢɣ, ɂ.Ⱥ. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɞɜɢɝɚ-
ɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ : ɤɨɧɫɩɟɤɬ ɥɟɤɰɢɣ / 
ɂ.Ⱥ. ɏɨɥɦɹɧɫɤɢɣ. – Ɉɦɫɤ : ɋɢɛȺȾɂ, 2010. – 153 ɫ. 

11. Ȼɪɨɡɟ, Ⱦ.Ⱦ. ɋɝɨɪɚɧɢɟ ɜ ɩɨɪɲɧɟɜɵɯ ɞɜɢɝɚ-
ɬɟɥɹɯ / Ⱦ. Ⱦ. Ȼɪɨɡɟ. - Ɇ. : Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1969. – 
247 ɫ. 

12. Ʌɟɧɢɧ, ɂ.Ɇ. Ɍɟɨɪɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɜɢɝɚ-
ɬɟɥɟɣ / ɂ. Ɇ. Ʌɟɧɢɧ. - Ɇ. : Ɇɚɲɝɢɡ, 1958. – 271 ɫ. 

13. Ȼɨɥɬɢɧɫɤɢɣ, ȼ.ɇ. Ɍɪɚɤɬɨɪɧɵɟ ɢ ɚɜɬɨɦɨ-
ɛɢɥɶɧɵɟ ɞɜɢɝɚɬɟɥɢ / ȼ.ɇ. Ȼɨɥɬɢɧɫɤɢɣ. - Ɇ. : Ƚɨɫɭ-
ɞɚɪɫɬɜɟɧɧɨɟ ɢɡɞɚɬɟɥɶɫɬɜɨ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ 
ɥɢɬɟɪɚɬɭɪɵ, 1953. – 592 ɫ. 

14. Ⱦɭɞɚɪɟɜɚ, ɇ.ɘ. Ɇɢɤɪɨɞɭɝɨɜɨɟ ɨɤɫɢɞɢɪɨɜɚ-
ɧɢɟ ɤɚɤ ɫɪɟɞɫɬɜɨ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɞɜɢɝɚɬɟ-
ɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] / 
ɇ.ɘ. Ⱦɭɞɚɪɟɜɚ, Ⱦ.Ⱥ. Ɋɹɛɨɜɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ : 
http://www.dvs.ugatu.ac.ru/images/stories/MDO_staty
a.doc. – (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ : 28.08.2016). 

15. Ɇɚɪɱɟɧɤɨ, Ⱥ. ɉ. ȼɥɢɹɧɢɟ ɤɨɪɭɧɞɨɜɨɝɨ ɫɥɨɹ 
ɧɚ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɩɨɪɲɧɟɣ ɧɚ ɩɪɨɰɟɫɫ ɫɝɨ-
ɪɚɧɢɹ ɜ Ⱦȼɋ / Ⱥ.ɉ. Ɇɚɪɱɟɧɤɨ, ȼ.ȼ. ɒɩɚɤɨɜɫɤɢɣ // 
Ⱦɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. - 2011. - № 2. - ɋ. 
24-28. 

16. ɒɩɚɤɨɜɫɤɢɣ, ȼ.ȼ. ȼɥɢɹɧɢɟ ɱɚɫɬɢɱɧɨ-
ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɲɧɹ /  ȼ.ȼ. ɒɩɚɤɨɜɫɤɢɣ 
// Ⱦɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. - 2010. - № 2. - 
ɋ. 92-95. 

17. Ɇɚɪɶɢɧ, Ⱦ.Ɇ. ȼɥɢɹɧɢɟ ɨɤɫɢɞɢɪɨɜɚɧɧɨɝɨ 
ɫɥɨɹ ɧɚ ɬɟɩɥɨɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɪɲɧɹ ɞɜɢɝɚɬɟɥɹ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ / Ⱦ.Ɇ. Ɇɚɪɶɢɧ, Ⱥ.Ʌ. ɏɨɯɥɨɜ, 
Ⱥ.Ⱥ. ɒɥɭɳɟɧɤɨ, Ⱦ.Ⱥ. ɍɯɚɧɨɜ // Scienceandworld. - 
2014. - № 1(5). - ɋ. 108-109. 

18. ɒɩɚɤɨɜɫɤɢɣ, ȼ. ȼ. ȼɥɢɹɧɢɟ ɤɨɪɭɧɞɨɜɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɩɨɪɲɧɟɣ ɞɢɡɟɥɹ ɬɟɩɥɨɜɨɡɚ ɑɆɗ-Ɂ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɥɢɧɞɪɨɩɨɪɲ-
ɧɟɜɨɣ ɝɪɭɩɩɵ / ȼ. ȼ. ɒɩɚɤɨɜɫɤɢɣ, ȼ. ȼ. Ɉɫɟɣɱɭɤ // 
Ⱦɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. - 2007. - № 2. - ɋ. 
101–105. 

19. ɋɬɟɩɚɧɨɜ, ȼ.Ⱥ. ɍɥɭɱɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɚɜɬɨɦɨɛɢɥɟɣ ɦɢɤɪɨɞɭɝɨɜɵɦ ɨɤ-
ɫɢɞɢɪɨɜɚɧɢɟɦ ɞɧɢɳ ɩɨɪɲɧɟɣ ɞɜɢɝɚɬɟɥɟɣ : ɚɜɬɨ-
ɪɟɮ. ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ : 05.20.03 / ȼ.Ⱥ. ɋɬɟ-
ɩɚɧɨɜ ; ɧɚɭɱ. ɪɭɤ. Ⱥ.Ʌ. ɏɨɯɥɨɜ ; ɉɟɧɡɚ. - 2014. - 21 
ɫ. 

20. Ʉɨɥɱɢɧ, Ⱥ.ɂ. Ɋɚɫɱɟɬ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ 
ɬɪɚɤɬɨɪɧɵɯ ɞɜɢɝɚɬɟɥɟɣ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ /             
Ⱥ.ɂ. Ʉɨɥɱɢɧ, ȼ.ɉ. Ⱦɟɦɢɞɨɜ. - 4-ɟ ɢɡɞ., ɫɬɟɪ. - Ɇ.: 
ȼɵɫɲɚɹ ɲɤɨɥɚ, 2008. - 496 ɫ. 

21. ɑɚɣɧɨɜ, ɇ.Ⱦ. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɞɜɢɝɚɬɟɥɟɣ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ: ɍɱɟɛɧɢɤ ɞɥɹ ɫɬɭɞɟɧɬɨɜ 
ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ, ɨɛɭɱɚɸɳɢɯɫɹ ɩɨ ɫɩɟ-
ɰɢɚɥɶɧɨɫɬɢ "Ⱦɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ" ɧɚ-
ɩɪɚɜɥɟɧɢɹ ɩɨɞɝɨɬɨɜɤɢ "ɗɧɟɪɝɨɦɚɲɢɧɨɫɬɪɨɟɧɢɟ". / 
ɇ.Ⱥ. ɂɜɚɳɟɧɤɨ,Ⱥ.ɇ. Ʉɪɚɫɧɨɤɭɬɫɤɢɣ, Ʌ.Ʌ. Ɇɹɝɤɨɜ; 
ɩɨɞ ɪɟɞ. ɑɚɣɧɨɜɚ ɇ.Ⱦ. - 2-ɟ ɢɡɞ. : Ɇ. : Ɇɚɲɢɧɨɫɬɪɨɟ-
ɧɢɟ, 2011. – 496 ɫ. 

22. Parlak, A., Yaşar, H. & Şahin, B. (2003), Per-
formance And Exhaust Emission Characteristics Of A 
Lower Compression Ratio LHR Diesel Engine, Energy 
Conversion and Management, 44, ɪɪ.163-175. 

 
THE INFLUENCE OF PISTON MATERIALS ON 

COMBUSTION PROCESS IN INTERNAL COMBUS-
TION ENGINES  

http://www.intechopen.com/books/ceramic-coatings-applications-in-engineering/ceramic-coating-applications-and-research-fields-for-internal-combustion-engines
http://www.intechopen.com/books/ceramic-coatings-applications-in-engineering/ceramic-coating-applications-and-research-fields-for-internal-combustion-engines
http://www.intechopen.com/books/ceramic-coatings-applications-in-engineering/ceramic-coating-applications-and-research-fields-for-internal-combustion-engines
http://www.intechopen.com/books/ceramic-coatings-applications-in-engineering/ceramic-coating-applications-and-research-fields-for-internal-combustion-engines


ɌɊȺɇɋɉɈɊɌ 

 

 
Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 5 (51), 2016                                                                            67 

V.R. Vedruchenko, A.L. Ivanov,  
V.A. Borisov, P.V. Litvinov

 

 

Abstarct.  In this article we are produce an over-
view of currently existing types of piston internal com-
bustion engines. The analysis of the impact of the 
piston on the material temperature in the cylinder and 
the combustion process. The variants of the use of 
different types of pistons in internal combustion en-
gines, the relevant environmental class Euro. The 
formulas whose parameters are modified using vari-
ous types of coatings. The chemical combustion 
processes using catalytic materials. Conclusions 
about the possible changes in the methods of calcula-
tion of the combustion process.  

 
Keywords: piston, material, catalytic coating, 

combustion process, catalysis. 
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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɨɤɚɡɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧɵ 

ɡɚɦɟɞɥɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɬɨɪɨɝɨ ɜɨɞɢɬɟɥɢ ɞɨɥɠɧɵ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜ ɬɟɦɩɟ «ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɷɤɫɬɪɟɧɧɨɦɭ ɬɨɪɦɨɠɟ-
ɧɢɸ». Ⱦɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɪɦɢɧɚ «ɷɤɫɬɪɟɧɧɨɟ ɬɨɪɦɨɠɟɧɢɟ», ɨɬɫɭɬɫɬɜɭɸɳɟɟ ɜ ɧɨɪ-
ɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɚɯ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɢ ɭɫɬɚɧɨɜɥɟɧɚ ɜɟɥɢɱɢɧɚ ɡɚɦɟɞɥɟɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɜɨɞɢɬɟɥɟɦ ɬɨɪɦɨɠɟɧɢɹ ɜ ɬɟɦɩɟ «ɧɟ ɩɪɢɛɟ-
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ɧɢɹ ɢ ɬɨɪɦɨɠɟɧɢɹ ɜ ɬɟɦɩɟ «ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɷɤɫɬɪɟɧɧɨɦɭ». 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɪɟɝɭɥɢɪɭɟɦɵɣ ɩɟɪɟɤɪɟɫɬɨɤ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ,  
ɜɟɥɢɱɢɧɚ ɡɚɦɟɞɥɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 
ȼɜɟɞɟɧɢɟ  
ɇɟ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɜ ɞɜɢɠɟɧɢɢ 
ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɭɱɚɫɬɧɢɤɚ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟ-
ɧɢɹ ɩɪɢ ɫɨɜɟɪɲɟɧɢɢ ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɩɪɨɢɫɲɟɫɬɜɢɣ Д1Ж. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɨ ɧɚɫɬɨɹ-

ɳɟɝɨ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɭɸɳɚɹ ɪɟɞɚɤɰɢɹ ɉɪɚɜɢɥ 
ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɊɎ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜ ɤɚɬɟ-
ɝɨɪɢɱɟɫɤɨɣ ɮɨɪɦɟ ɪɟɲɢɬɶ ɜɨɩɪɨɫ ɨ ɬɨɦ, ɤɬɨ 
ɢɡ ɜɨɞɢɬɟɥɟɣ ɩɨɥɶɡɨɜɚɥɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧ-
ɧɵɦ ɩɪɚɜɨɦ ɩɪɢ ɞɜɢɠɟɧɢɢ ɱɟɪɟɡ ɪɟɝɭɥɢɪɭɟ-
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