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ȼɂɁɇȺɑȿɇɇə ɊȺɐȱɈɇȺɅЬɇɈȽɈ ɐɂɄɅɍ ɌȺ ɋɉɈɋɈȻɍ ɈɊȽȺɇȱɁȺɐȱȲ 
ɊɈȻɈɑɈȽɈ ɉɊɈɐȿɋɍ ȾȼɂȽɍɇȺ ɁȺ ɇȺȼȺɇɌȺɀɍȼȺɅЬɇɈɘ 

ɏȺɊȺɄɌȿɊɂɋɌɂɄɈɘ 
 

Ʉɨɪɨɝɨɞɫɶɤɢɣ ȼ. Ⱥ.
1
 

1ɏɚɪɤіɜɫɶɤɢɣ ɧɚɰіɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛіɥɶɧɨ-ɞɨɪɨɠɧіɣ ɭɧіɜɟɪɫɢɬɟɬ 
 

Аɧɨɬаɰіɹ. Ɂɞɿɣɫɧɟɧɨ ɚɧɚɥɿɡ ɟɮɟɤɬɢɜɧɨɫɬɿ ɞɜɨɬɚɤɬɧɢɯ ɬɚ ɱɨɬɢɪɢɬɚɤɬɧɢɯ ДВɁ ɡɚ ɧɚɜɚɧɬɚ-

ɠɭɜɚɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Вɢɡɧɚɱɟɧɨ, ɳɨ ɪɚɰɿɨɧɚɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɧɚ ɧɚɜɚɧɬɚ-

ɠɟɧɧɹɯ ɞɨ ɪɟ = 0,4 Ɇɉɚ ДВɁ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɡɚ ɞɜɨɬɚɤɬɧɢɦ ɰɢɤɥɨɦ, Ɉɬɬɨ ɡ ɪɨɡɲɚɪɭɜɚɧɧɹɦ 

ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹɞɭ; ɹɤɳɨ ɪɟ = 0,4-0,6 Ɇɉɚ, ɪɚɰɿɨɧɚɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢДВɁ, ɹɤɿ ɩɪɚ-

ɰɸɸɬɶ ɡɚ ɱɨɬɢɪɢɬɚɤɬɧɢɦ ɰɢɤɥɨɦ ɡ ɪɨɛɨɱɢɦ ɩɪɨɰɟɫɨɦ RCCI; ɹɤɳɨ ɪɟ = 0,6 Ɇɉɚ, ɞɨɰɿɥɶɧɢɦ є 
ɜɢɤɨɪɢɫɬɚɧɧɹ ДВɁ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɡɚ ɱɨɬɢɪɢɬɚɤɬɧɢɦ ɰɢɤɥɨɦ ɡɿ ɡɦɿɲɚɧɢɦ ɩɿɞɜɟɞɟɧɧɹɦ ɬɟɩɥɨ-

ɬɢ ɿ ɩɪɨɞɨɜɠɟɧɢɦ ɪɨɡɲɢɪɟɧɧɹɦ.  

Клɸɱɨві  ɫлɨва: ɞɜɨɬɚɤɬɧɢɣ, ɱɨɬɢɪɢɬɚɤɬɧɢɣ, ɞɜɢɝɭɧ, ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, 

ɪɨɛɨɱɢɣ ɩɪɨɰɟɫ, ɟɮɟɤɬɢɜɧɢɣ ɤ.ɤ.ɞ.  

 

ȼɫɬɭɩ 

ȼɢɦɨɝɢ ɱɢɧɧɨɝɨ ɧɚ ɫɶɨɝɨɞɧɿ єɜɪɨɩɟɣɫɶɤɨ-

ɝɨ ɫɬɚɧɞɚɪɬɭ ɳɨɞɨ ɞɜɢɝɭɧɿɜ ɜɧɭɬɪɿɲɧɶɨɝɨ 

ɡɝɨɪɹɧɧɹ (ȾȼЗ) ɡ ɜɢɤɢɞɚɦɢ ɲɤɿɞɥɢɜɢɯ ɪɟɱɨ-

ɜɢɧ (ɒɊ) ɡ ɜɿɞɩɪɚɰɶɨɜɚɧɢɦɢ ɝɚɡɚɦɢ (ȼȽ) 

Єɜɪɨ 5 ɿ Єɜɪɨ 6 ɜɢɡɧɚɱɟɧɿ Ɋɟɝɥɚɦɟɧɬɚɦɢ (EG) 

2018/1832, №715/2007, №692/2008, (EU) 

2017/1151 EU-Ʉɨɦɿɫɿʀ. З ȼȽ ɜ ɚɬɦɨɫɮɟɪɭ ɬɚ ɜ 

ґɪɭɧɬ [1] ɜɢɤɢɞɚɸɬɶɫɹ ɧɟ ɬɿɥɶɤɢ ɒɊ, ɚ ɣ ɩɪɨ-

ɞɭɤɬɢ ɩɨɜɧɨɝɨ ɡɝɨɪɹɧɧɹ (ɋɈ2) [2], ɹɤɿ ɫɩɪɢɹ-

ɸɬɶ ɮɨɪɦɭɜɚɧɧɸ ɩɚɪɧɢɤɨɜɨɝɨ ɟɮɟɤɬɭ ɧɚ 
ɩɥɚɧɟɬɿ.  

Зɚ ɞɚɧɢɦɢ Єɜɪɨɩɟɣɫɶɤɨɝɨ ɩɚɪɥɚɦɟɧɬɭ ɞɨ 
2020 ɪɨɤɭ ɥɟɝɤɨɜɢɣ ɚɜɬɨɦɨɛɿɥɶ ɩɨɜɢɧɟɧ ɦɚɬɢ 
ɜɢɬɪɚɬɭ ɩɚɥɢɜɚ 3,8 ɥ/100 ɤɦ ɚɛɨ 95 ɝ CO2/ɤɦ ɡ 
ɛɟɧɡɢɧɨɜɢɦ ɞɜɢɝɭɧɨɦ [3].  

ɋɭɱɚɫɧɿ ɜɢɦɨɝɢ ɞɨ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ ɬɚ ɞɨ-
ɬɪɢɦɚɧɧɹ ɧɨɪɦɚɬɢɜɧɢɯ ɫɬɚɧɞɚɪɬɿɜ ɳɨɞɨ ɜɢ-
ɤɢɞɿɜ ɒɊ ɡ ȼȽ ɫɬɚɧɨɜɥɹɬɶ ɩɪɨɛɥɟɦɭ ɟɮɟɤɬɢ-
ɜɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ȾȼЗ ɧɚ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ 
ɪɟɠɢɦɚɯ ɣɨɝɨ ɪɨɛɨɬɢ.  

ȼɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɦɨɠɥɢɜɟ ɲɥɹɯɨɦ 
ɪɨɡɪɨɛɥɟɧɧɹ, ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɬɚ ɜɢɡɧɚɱɟɧɧɹ 
ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ ɫɩɨɫɨɛɭ ɨɪɝɚɧɿɡɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ȾȼЗ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦ ɡɧɚ-
ɱɟɧɧɹɦ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. (Șe).  

Ⱦɜɨɬɚɤɬɧɿ ȾȼЗ ɦɚɸɬɶ ɛɿɥɶɲ ɜɢɫɨɤɿ ɩɢɬɨɦɿ 
ɬɟɯɧɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɳɨɞɨ ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ 
ɬɚ ɟɮɟɤɬɢɜɧɨʀ ɩɨɬɭɠɧɨɫɬɿ, ɹɤ ɩɨɪɿɜɧɹɬɢ ɡ 
ɱɨɬɢɪɢɬɚɤɬɧɢɦɢ ɞɜɢɝɭɧɚɦɢ [4]. Ⱦɜɨɬɚɤɬɧɿ 
ɞɜɢɝɭɧɢ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɦɚɸɬɶ 
ɜɢɫɨɤɿ ɩɢɬɨɦɿ ɩɨɤɚɡɧɢɤɢ ɳɨɞɨ ɦɚɫɢ ɬɚ 
ɨɛ’єɦɭ [5]. Ɉɞɧɚɤ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɡɨɜɧɿɲɧɶɨ-
ɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɞɜɨɬɚɤɬɧɿ ɞɜɢɝɭɧɢ ɜɿɞɪɿ-
ɡɧɹɸɬɶɫɹ ɩɨɪɿɜɧɹɧɨ ɜɢɫɨɤɨɸ ɩɢɬɨɦɨɸ ɜɢ-

ɬɪɚɬɨɸ ɩɚɥɢɜɚ (ge), ɧɢɡɶɤɢɦ ɪɿɜɧɟɦ Șe ɬɚ ɡɧɚ-
ɱɧɢɦ ɒɊ ȼȽ.  

Ɋɟɚɥɶɧɢɦ ɫɩɨɫɨɛɨɦ ɩɿɞɜɢɳɟɧɧɹ ɪɿɜɧɹ Șe 
ɬɚ ɫɤɨɪɨɱɟɧɧɹ ɜɦɿɫɬɭ ɒɊ ɭ ȼȽ ɞɜɨɬɚɤɬɧɨɝɨ 
ɞɜɢɝɭɧɚ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ є ɡɚɫɬɨɫɭ-
ɜɚɧɧɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɜɩɪɢɫɤɭɜɚɧɧɹ ɩɚɥɢɜɚ 
(Ȼȼɉ) ɣ ɨɪɝɚɧɿɡɚɰɿɹ ɜɧɭɬɪɿɲɧɶɨɝɨ ɫɭɦɿɲɨɭɬ-
ɜɨɪɟɧɧɹ. ȼɢɤɨɪɢɫɬɚɧɧɹ Ȼȼɉ ɫɩɪɢɹє ɜɢɤɥɸ-
ɱɟɧɧɸ ɩɨɬɪɚɩɥɹɧɧɹ ɩɚɥɢɜɚ ɞɨ ɜɢɩɭɫɤɧɨʀ 
ɫɢɫɬɟɦɢ ɩɿɞ ɱɚɫ ɩɪɨɞɭɜɚɧɧɹ ɰɢɥɿɧɞɪɚ. Ɉɪɝɚ-
ɧɿɡɚɰɿɹ ɜɧɭɬɪɿɲɧɶɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɡ 
ɤɨɟɮɿɰɿєɧɬɨɦ ɧɚɞɥɢɲɤɭ ɩɨɜɿɬɪɹ ɜ ɰɢɥɿɧɞɪɿ 
αɰɢɥ > 1 ɞɨɡɜɨɥɹє ɩɿɞɜɢɳɢɬɢ ɫɬɭɩɿɧɶ ɫɬɢɫɧɟɧ-
ɧɹ ɞɨ ɪɿɜɧɹ ɞɢɡɟɥɹ, ɳɨ ɫɩɪɢɹє ɩɿɞɜɢɳɟɧɧɸ ɜ 
2 ɪɚɡɢ ɪɿɜɧɹ Șe. ɐɟ ɭɧɟɦɨɠɥɢɜɥɸє ɩɨɬɪɚɩ-
ɥɹɧɧɹ ɱɚɫɬɨɤ ɩɚɥɢɜɚ ɞɨ ȼȽ ɬɚ ɨɪɝɚɧɿɡɚɰɿɸ 
ɡɝɨɪɹɧɧɹ ɡɛɿɞɧɟɧɨɝɨ ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹ-
ɞɭ (ɉɉЗ) ɬɚ ɞɨɡɜɨɥɹє ɫɭɬɬєɜɨ ɫɤɨɪɨɬɢɬɢ ɜɢ-
ɤɢɞɢ ɒɊ ɡ ȼȽ.  

ɇɚ ɛɚɡɿ ɞɢɡɟɥɶɧɢɯ ȾȼЗ ɞɥɹ ɞɨɬɪɢɦɚɧɧɹ  
ɫɭɱɚɫɧɢɯ ɧɨɪɦ ɳɨɞɨ ɬɨɤɫɢɱɧɨɫɬɿ ȼȽ ɪɨɡɪɨɛ-
ɥɹɸɬɶɫɹ ɝɿɛɪɢɞɧɿ ɪɨɛɨɱɿ ɩɪɨɰɟɫɢ, ɳɨ ɛɚɡɭ-
ɸɬɶɫɹ ɧɚ ɡɚɣɦɚɧɧɿ ɩɚɥɢɜɚ ɜɿɞ ɫɬɢɫɧɟɧɧɹ ɬɚ ɡ 
ɩɪɢɦɭɫɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɡɚɥɟɠɧɨ ɜɿɞ ɲɜɢ-
ɞɤɿɫɧɨɝɨ ɣ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɝɨ ɪɟɠɢɦɿɜ ɪɨɛɨ-
ɬɢ ɞɜɢɝɭɧɚ.  

ȼɢɤɨɪɢɫɬɚɧɧɹ ɜ ɝɿɛɪɢɞɧɢɯ ɪɨɛɨɱɢɯ ɩɪɨ-
ɰɟɫɚɯ ȾȼЗ ɩɿɞ ɱɚɫ ɡɝɨɪɹɧɧɹ ɪɿɞɤɢɯ ɿ ɝɚɡɨɩɨ-
ɞɿɛɧɢɯ ɩɚɥɢɜ ɲɢɪɨɤɨɝɨ ɮɪɚɤɰɿɣɧɨɝɨ ɫɤɥɚɞɭ ɡ 
ɪɿɡɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɞɨɡɜɨɥɹє ɡɧɢɡɢɬɢ 
ɜɦɿɫɬ ɒɊ ɿ ɩɪɨɞɭɤɬɿɜ ɩɨɜɧɨɝɨ ɡɝɨɪɹɧɧɹ ɭ ȼȽ 
ɞɨ ɦɿɧɿɦɚɥɶɧɨɝɨ ɪɿɜɧɹ. Ɍɨɦɭ ɩɨɪɿɜɧɹɧɧɹ ɪɿɜ-
ɧɹ Șe, ɳɨ ɜɪɚɯɨɜɭє ɟɧɟɪɝɟɬɢɱɧɭ ɰɿɧɧɿɫɬɶ ɩɚ-
ɥɢɜɚ ɣ ɟɤɨɥɨɝɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɞɜɨɬɚɤɬɧɢɯ ɬɚ 
ɱɨɬɢɪɢɬɚɤɬɧɢɯ ȾȼЗ ɡɚ ɭɦɨɜɢ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ 
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ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ, ɞɨɡɜɨɥɹє ɜɢ-
ɡɧɚɱɢɬɢ ɨɫɧɨɜɧɿ ɩɟɪɫɩɟɤɬɢɜɧɿ ɧɚɩɪɹɦɢ ɩɨɞɚ-
ɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɩɚɥɢɜɧɨ-ɟɤɨɥɨɝɿɱɧɢɯ 
ɩɨɤɚɡɧɢɤɿɜ, ɳɨ є ɚɤɬɭɚɥɶɧɢɦ. 

 

Ⱥɧɚɥіɡ ɩɭɛɥіɤɚɰіɣ 

Ⱦɨɬɪɢɦɚɧɧɹ ɫɭɱɚɫɧɢɯ ɜɢɦɨɝ ɫɤɥɚɞɧɨ ɡɚ-
ɛɟɡɩɟɱɢɬɢ ɧɚɜɿɬɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɰɢɤɥɭ 

Ɇɿɥɥɟɪɚ ɜ ɩɨɪɲɧɟɜɢɯ ȾȼЗ [6] ɛɟɡ ɜɚɪɿɚɧɬɿɜ 

ɝɿɛɪɢɞɢɡɚɰɿʀ ɫɢɥɨɜɨɝɨ ɩɪɢɫɬɪɨɸ ɬɚ ɡɚɫɬɨɫɭ-

ɜɚɧɧɹ ɡɝɨɪɹɧɧɹ ɡɛɿɞɧɟɧɨɝɨ ɉɉЗ.   

ɓɨɞɨ ɯɨɥɨɞɧɨɝɨ ɡɝɨɪɹɧɧɹ ɡ ɡɚɫɬɨɫɭɜɚɧ-

ɧɹɦ Ȼȼɉ [7] ɬɚ ɪɨɡɞɿɥɟɧɨʀ ɤɚɦɟɪɢ ɡɝɨɪɹɧɧɹ 

(ɄЗ) [8] ɿɫɧɭє ɩɨɬɟɧɰɿɚɥ ɞɨ ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬɢ 

ɩɚɥɢɜɚ ɜ ɞɜɢɝɭɧɚɯ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ 

ɜɿɞɧɨɫɧɨ ɨɪɝɚɧɿɡɚɰɿʀ ɨɞɧɨɪɿɞɧɨɝɨ ɫɬɟɯɿɨɦɟɬ-
ɪɢɱɧɨɝɨ ɡɚɪɹɞɭ [9].  

ɍ ɪɨɛɨɬɿ [10] ɚɧɚɥɿɡɭɸɬɶɫɹ ɞɨɫɥɿɞɠɟɧɧɹ, 

ɹɤɿ ɫɩɪɹɦɨɜɚɧɿ ɧɚ ɩɿɞɜɢɳɟɧɧɹ ɩɚɥɢɜɧɨʀ ɟɮɟ-
ɤɬɢɜɧɨɫɬɿ ɞɢɡɟɥɶɧɢɯ ɞɜɢɝɭɧɿɜ ɩɿɞ ɱɚɫ ɡɚɫɬɨ-

ɫɭɜɚɧɧɹ ɩɟɪɟɞɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ, ɩɨɜ’ɹɡɚɧɢɯ ɡ 
ɨɪɝɚɧɿɡɚɰɿєɸ ɩɪɨɰɟɫɿɜ ɡɝɨɪɹɧɧɹ, ɡɨɤɪɟɦɚ ɪɨɡ-
ɝɥɹɞɚєɬɶɫɹ ɬɟɯɧɨɥɨɝɿɹ ɨɪɝɚɧɿɡɚɰɿʀ ɡɝɨɪɹɧɧɹ 

(RCCI) ɜ ɞɜɨɩɚɥɢɜɧɨɦɭ ɞɜɢɝɭɧɿ, ɹɤɚ є ɨɞɧɢɦ 

ɡ ɜɚɪɿɚɧɬɿɜ ɡɚɣɦɚɧɧɹ ɨɞɧɨɪɿɞɧɨɝɨ ɪɨɛɨɱɨɝɨ 

ɡɚɪɹɞɭ ɜɿɞ ɫɬɢɫɧɟɧɧɹ (HCCI). Ⱦɨɫɥɿɞɠɭєɬɶɫɹ 

ɦɨɠɥɢɜɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɜɢɱɚɣɧɢɯ ɣ ɚɥɶɬɟ-
ɪɧɚɬɢɜɧɢɯ ɜɢɞɿɜ ɩɚɥɢɜɚ (ɩɪɢɪɨɞɧɢɣ ɝɚɡ, ɟɬɚ-
ɧɨɥ ɿ ɛɿɨɞɢɡɟɥɶɧɟ ɩɚɥɢɜɨ).  

Ⱦɢɡɟɥɶɧɿ ɞɜɢɝɭɧɢ ɜɧɚɫɥɿɞɨɤ ɜɢɫɨɤɨɝɨ ɫɬɭ-
ɩɟɧɹ ɫɬɢɫɧɟɧɧɹ ɛɿɥɶɲ ɟɤɨɧɨɦɿɱɧɿ, ɧɿɠ ɞɜɢɝɭ-
ɧɢ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ. Ɉɞɧɚɤ ɞɢɡɟɥɿ 
ɦɚɸɬɶ ɜɿɞɧɨɫɧɨ ɜɢɫɨɤɢɣ ɪɿɜɟɧɶ ɜɢɤɢɞɿɜ ɨɤ-
ɫɢɞɿɜ ɚɡɨɬɭ (NOx) ɬɚ ɬɜɟɪɞɢɯ ɱɚɫɬɨɤ (Ɍɑ), ɞɥɹ 
ɡɧɢɠɟɧɧɹ ɹɤɢɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɤɨɲɬɨɜɧɿ 
ɧɟɣɬɪɚɥɿɡɚɬɨɪɢ, ɳɨ ɡɛɿɥɶɲɭє ʀɯɧɸ ɜɚɪɬɿɫɬɶ ɿ 
ɩɟɪɟɲɤɨɞɠɚє ɛɿɥɶɲ ɲɢɪɨɤɨɦɭ ɜɢɤɨɪɢɫɬɚɧɧɸ.  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɫɭɱɚɫɧɢɯ 
ɜɢɦɨɝ ɳɨɞɨ ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɬɚ ɬɨɤɫɢɱɧɨɫɬɿ ȼȽ 
ɧɟɨɛɯɿɞɧɨ ɪɨɡɝɥɹɧɭɬɢ ɩɟɪɟɜɚɝɢ ɬɚ ɧɟɞɨɥɿɤɢ 
ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ 
[11] ɞɜɢɝɭɧɿɜ ɧɚ ɛɚɡɿ ʀɯɧɿɯ ɩɨɤɚɡɧɢɤɿɜ ɬɚ ɜ 
ɩɨɞɚɥɶɲɨɦɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ʀɯɧɿ ɨɫɨɛɥɢɜɨ-
ɫɬɿ ɞɥɹ ɪɨɡɪɨɛɥɟɧɧɹ ɧɨɜɢɯ ɩɪɢɜɨɞɧɢɯ ɩɪɢ-
ɫɬɪɨʀɜ ɭ ɝɿɛɪɢɞɧɢɯ ɚɜɬɨɦɨɛɿɥɹɯ.  

 
Ɇɟɬɚ і ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧя 

Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɶ є ɜɢɡɧɚɱɟɧɧɹ ɪɚɰɿɨɧɚ-
ɥɶɧɨɝɨ ɰɢɤɥɭ ȾȼЗ ɬɚ ɫɩɨɫɨɛɭ ɨɪɝɚɧɿɡɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɧɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚ-
ɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛ-
ɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ ɟɮɟɤ-
ɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. Șe ȾȼЗ ɡɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ 
ɞɚɧɢɦɢ ɬɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤɚɦɢ ɜ ɡɨɧɿ ɨɫɧɨɜɧɢɯ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ 
ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ.  

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪіɚɥɭ 

ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨ-

ɫɥɿɞɠɟɧɶ ɡɧɚɱɟɧɧɹ Șe ɿ ɜɦɿɫɬ ɭ ȼȽ ɩɢɬɨɦɨʀ 
ɤɿɥɶɤɨɫɬɿ ɨɤɫɢɞɿɜ ɜɭɝɥɟɰɸ gɋɈ ɬɚ ɧɟɡɝɨɪɿɥɢɯ 

ɜɭɝɥɟɜɨɞɧɿɜ gɋɇ e ɞɜɨɬɚɤɬɧɢɯ ɞɜɢɝɭɧɚɯ ɡ 
ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɡɚ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ 

ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ.  

Ⱦɥɹ ɧɚɨɱɧɨɝɨ ɣ ɤɿɥɶɤɿɫɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 

ɜɩɥɢɜɭ ɫɩɨɫɨɛɭ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 

ɧɚ ɡɚɝɚɥɶɧɢɣ ɩɚɥɢɜɧɨ-ɟɤɨɧɨɦɿɱɧɢɣ ɪɿɜɟɧɶ 

ɞɜɨɬɚɤɬɧɨɝɨ ɞɜɢɝɭɧɚ Ⱦɇ-4 2S (1Ⱦ 8,2/8,7) ɡ 
ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɩɿɞ ɱɚɫ ɡɨɜɧɿɲɧɶɨɝɨ 

(ɤɚɪɛɸɪɚɬɨɪɧɚ ɫɢɫɬɟɦɚ ɠɢɜɥɟɧɧɹ) ɿ ɜɧɭɬɪɿɲ-

ɧɶɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ (Ȼȼɉ) ɩɨɞɚɧɨ ɡɧɚ-
ɱɟɧɧɹ Șe ɿ ɜɦɿɫɬ ɒɊ ɭ ȼȽ ɡɚ ɭɦɨɜ ɧɚɜɚɧɬɚɠɭ-

ɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ n = 3000 ɯɜ-1 (ɪɢɫ. 1).  

Ɇɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. 

Șe max = 16,96 % (ɪɟ = 0,325 Ɇɉɚ) ɞɜɢɝɭɧɚ  
Ⱦɇ-4 2S ɡ ɤɚɪɛɸɪɚɬɨɪɧɨɸ ɫɢɫɬɟɦɨɸ ɠɢɜ-

ɥɟɧɧɹ (εɝɟɨɦ = 8,4) ɫɬɚɧɨɜɢɬɶ ɡɚ ɭɦɨɜɢ ɤɭɬɚ 
ɜɢɩɟɪɟɞɠɟɧɧɹ ɡɚɩɚɥɸɜɚɧɧɹ șɡ = 25 ɝɪɚɞ ɩ.ɤ.ɜ. 

ɞɨ ɜ.ɦ.ɬ. ɿ ɪɨɛɨɬɢ ɧɚ ɩɚɥɢɜɿ Ⱥ-80 (ɪɢɫ. 1). 

Ɇɚɤɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɫɬɚɧɨɜɢɬɶ  

ɪɟ = 0,45 Ɇɉɚ. З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɜɦɿɫɬ gɋɈ ɜ ȼȽ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 409 ɞɨ 

282 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 2), ɚ ɜɦɿɫɬ gɋɇ ɭ ȼȽ ɩɿɞ-

ɜɢɳɭєɬɶɫɹ ɜɿɞ 13 ɞɨ 19 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 3).  

Зɚɫɬɨɫɭɜɚɧɧɹ Ȼȼɉ ɣ ɨɪɝɚɧɿɡɚɰɿɹ ɪɨɛɨɱɨɝɨ 

ɩɪɨɰɟɫɭ ɡɿ ɡɛɿɞɧɟɧɧɹɦ ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨɝɨ 

ɡɚɪɹɞɭ (ЗɉɉЗ) (ɪɢɫ. 4 ɚ) ɧɚ ɦɨɞɟɪɧɿɡɨɜɚɧɨɦɭ 

ɞɜɢɝɭɧɿ Ⱦɇ-4Ɇ 2S (εɝɟɨɦ = 11,5) ɡ ɿɫɤɪɨɜɢɦ 

ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɚɥɢɜɚ ɦɚɪ-

ɤɢ Ⱥ-80 ɞɨɡɜɨɥɢɥɢ ɩɿɞɜɢɳɢɬɢ ɪɿɜɟɧɶ Șemax ɞɨ 

25,81 % (ɪɟ = 0,325 Ɇɉɚ), ɳɨ ɜ 1,52 ɪɚɡɚ ɜɢ-

ɳɟ, ɧɿɠ ɡ ɤɚɪɛɸɪɚɬɨɪɧɨɸ ɫɢɫɬɟɦɨɸ ɠɢɜɥɟɧ-

ɧɹ [12]. Ɇɚɤɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɫɬɚɧɨ-

ɜɢɬɶ ɪɟ = 0,46 Ɇɉɚ (ɪɢɫ. 1).  

З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,226 Ɇɉɚ ɞɨ ɪɟ = 0,25 Ɇɉɚ ɜɦɿɫɬ gɋɈ ɭ 

ȼȽ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 34,8 ɞɨ 8,69 ɝ/(ɤȼɬ·ɝɨɞ). 

ɍ ɪɚɡɿ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɜɦɿɫɬ gɋɈ ɭ 

ȼȽ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 80 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 2). ɍ 

ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɜɦɿɫɬ gɋɇ ɭ ȼȽ ɡɛɿɥɶɲɭєɬɶɫɹ ɜɿɞ 3,37 ɞɨ  

6,52 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 3).  

Ɉɪɝɚɧɿɡɚɰɿɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡ ɪɨɡɲɚɪɭ-

ɜɚɧɧɹɦ ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹɞɭ (ɊɉɉЗ) 

(ɪɢɫ. 4 ɛ) ɡɚ ɞɨɩɨɦɨɝɨɸ Ȼȼɉ ɧɚ ɞɜɨɬɚɤɬɧɨɦɭ 

ɞɜɢɝɭɧɿ Ⱦɇ-4Ɇ 2S (εɝɟɨɦ = 11,5) ɡ ɿɫɤɪɨɜɢɦ 

ɡɚɩɚɥɸɜɚɧɧɹɦ ɞɨɡɜɨɥɢɥɢ ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ ɧɚ 
ɩɚɥɶɧɨɦɭ ɦɚɪɤɢ Ⱥ-80 ɩɿɞɜɢɳɢɬɢ Șe max ɞɨ 

30,99 % (ɪɟ = 0,293 Ɇɉɚ) [13–15], ɳɨ ɜ 1,2 

ɪɚɡɚ ɜɢɳɟ, ɧɿɠ ɭ ɜɢɩɚɞɤɭ ɨɪɝɚɧɿɡɚɰɿʀ ЗɉɉЗ. 

Ɇɚɤɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɿɞɜɢɳɟɧɟ ɞɨ  

ɪɟ = 0,47 Ɇɉɚ (ɪɢɫ. 1).  
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Ɋɢɫ. 1. Зɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. Șe ɞɜɨɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ ɧɚ 
ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 

 
 

Ɋɢɫ. 2. Ʉɿɥɶɤɿɫɬɶ ɜɢɤɢɞɿɜ gɋɈ ɭ ȼȽ ɞɜɨɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ ɧɚ 
ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 

З ɩɿɞɜɢɳɟɧɧɹɦ ɜɿɞ ɦɿɧɿɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ (ɪɟ = 0,149 Ɇɉɚ) ɞɨ ɪɟ = 0,288 Ɇɉɚ 
ɜɦɿɫɬ gɋɈ ɭ ȼȽ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 24,4 ɞɨ 7,46 

ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 2). ɍ ɪɚɡɿ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞ-

ɜɢɳɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɜɦɿɫɬ gɋɈ ɭ ȼȽ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 75,2 

ɝ/(ɤȼɬ·ɝɨɞ). ȼɦɿɫɬ gɋɇ ɭ ȼȽ ɡ ɩɿɞɜɢɳɟɧɧɹɦ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɪɟ = 0,149 Ɇɉɚ ɞɨ ɪɟ = 0,356 

Ɇɉɚ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 3,79 ɞɨ 0,49 ɝ/(ɤȼɬ·ɝɨɞ), 

ɚ ɜ ɪɚɡɿ ɩɿɞɜɢɳɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧ-

ɬɚɠɟɧɧɹ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 1,79 ɝ/(ɤȼɬ·ɝɨɞ) 

(ɪɢɫ. 3).  

Зɚɫɬɨɫɭɜɚɧɧɹ ɩɥɿɜɤɨɜɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧ-

ɧɹ ɩɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡ 
ɊɉɉЗ ɞɨɡɜɨɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɚɥɢɜɨ ɡ 
ɜɿɞɧɨɫɧɨ ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɜɚɠɤɢɯ ɮɪɚɤɰɿɣ. 

Ɍɨɦɭ ɡ ɦɟɬɨɸ ɜɢɡɧɚɱɟɧɧɹ ɜɩɥɢɜɭ ɛɿɥɶɲ ɜɚɠ-

ɤɨɝɨ ɫɤɥɚɞɭ ɩɚɥɢɜɚ ɧɚ ɩɚɥɢɜɧɨ-ɟɤɨɧɨɦɿɱɧɿ ɬɚ 
ɟɤɨɥɨɝɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɞɜɢɝɭɧɚ ɡ ɿɫɤɪɨɜɢɦ 

ɡɚɩɚɥɸɜɚɧɧɹɦ ɩɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɊɉɉЗ ɟɤɫ-
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ɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡɞɿɣɫɧɸɜɚɥɢ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɚɥɢɜɧɨʀ ɫɭɦɿɲɿ, ɳɨ ɦɿɫɬɢɬɶ 

50 % ɩɚɥɶɧɨɝɨ ɦɚɪɤɢ Ⱥ-80 ɬɚ 50 % ɞɢɡɟɥɶɧɨ-

ɝɨ ɩɚɥɢɜɚ [16].  

Зɝɿɞɧɨ ɡ ɭɦɨɜɚɦɢ ɧɚɞɿɣɧɨɝɨ ɡɚɩɭɫɤɭ ɯɨɥɨ-

ɞɧɨɝɨ ɞɜɢɝɭɧɚ ɿ ɦɿɧɿɦɚɥɶɧɨʀ ɩɢɬɨɦɨʀ ɟɮɟɤɬɢ-

ɜɧɨʀ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ, ɦɨɦɟɧɬ ɩɨɱɚɬɤɭ ɩɨɞɚɱɿ 
ɩɚɥɢɜɚ ɜɫɬɚɧɨɜɥɟɧɢɣ ɛɥɢɠɱɟ ɞɨ ɧ.ɦ.ɬ.  
(φɜɩɨɪ = 212 ɝɪɚɞ. ɩ.ɤ.ɜ. ɩɿɫɥɹ ɜ.ɦ.ɬ.), ɚ ɪɚɰɿɨ-

ɧɚɥɶɧɢɣ ɤɭɬ ɜɢɩɟɪɟɞɠɟɧɧɹ ɡɚɩɚɥɸɜɚɧɧɹ ɫɬɚ-
ɧɨɜɢɬɶ șɡɚɩ = 7 ɝɪɚɞ. ɩ.ɤ.ɜ. ɞɨ ɜ.ɦ.ɬ. Ⱦɜɢɝɭɧ 

ɩɪɚɰɸє ɜ ɞɿɚɩɚɡɨɧɿ ɧɚɜɚɧɬɚɠɟɧɶ ɜɿɞ  

ɪɟ = 0,163 Ɇɉɚ ɞɨ ɪɟ = 0,336 Ɇɉɚ (ɪɢɫ. 1). 

Ɇɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ.  

Șe max = 27,54 %, ɞɜɢɝɭɧ Ⱦɇ-4 2S ɦɚє ɡɚ ɭɦɨɜɢ  

ɪɟ = 0,293 Ɇɉɚ, ɳɨ ɧɚ 3,45 % ɦɟɧɲɟ, ɧɿɠ ɭ 

ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɚɥɶɧɨɝɨ Ⱥ-80 ɣ ɨɪɝɚɧɿɡɚ-
ɰɿʀ ɊɉɉЗ. Зɧɢɠɟɧɧɹ Șe ɩɿɞ ɱɚɫ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɩɚɥɢɜɚ ɹɤ ɫɭɦɿɲɿ ɩɚɥɢɜɚ ɣ ɞɢɡɟɥɶɧɨɝɨ ɩɚɥɢɜɚ 
ɩɨɹɫɧɸєɬɶɫɹ ɡɛɿɥɶɲɟɧɧɹɦ ɜɚɠɤɢɯ ɮɪɚɤɰɿɣ ɿ 
ɳɿɥɶɧɨɫɬɿ ɩɚɥɢɜɚ, ɳɨ ɭɩɨɜɿɥɶɧɸє ɩɪɨɰɟɫɢ 

ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɿ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɛɚɝɚɱɟɧɧɹ 

ɉɉЗ. Зɚɫɬɨɫɭɜɚɧɧɹ ɛɿɥɶɲ ɥɟɝɤɨɝɨ ɩɚɥɢɜɚ 
(ɩɚɥɶɧɨɝɨ) ɫɩɪɢɹє ɩɿɞɜɢɳɟɧɧɸ ɹɤɨɫɬɿ ɜɢɝɨ-

ɬɨɜɥɟɧɧɹ ɉɉЗ ɡ ɛɿɥɶɲ ɡɛɿɞɧɟɧɢɦ ɫɤɥɚɞɨɦ, 

ɳɨ ɞɨɡɜɨɥɹє ɩɿɞɜɢɳɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɟɪɟɛɿ-
ɝɭ ɩɪɨɰɟɫɿɜ ɡɝɨɪɹɧɧɹ.   

 

 
 

Ɋɢɫ. 3. Ʉɿɥɶɤɿɫɬɶ ɜɢɤɢɞɿɜ gɋɇ ɭ ȼȽ ɞɜɨɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ ɧɚ 
ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 
 

Ɋɢɫ. 4. Ɉɪɝɚɧɿɡɚɰɿɹ ЗɉɉЗ (ɚ), ɊɉɉЗ (ɛ) ɿ ɊЗɉɉЗ (ɜ) 

                            ɚ                                                 ɛ                                                ɜ 
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З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɦɿɫɬ gɋɈ ɭ 

ȼȽ ɡɛɿɥɶɲɭєɬɶɫɹ ɜɿɞ 14,91 ɞɨ 

42,03 ɝ/(ɤȼɬ·ɝɨɞ), ɳɨ ɜɿɞɩɨɜɿɞɚє ɦɚɤɫɢɦɚɥɶ-
ɧɨɦɭ ɧɚɜɚɧɬɚɠɟɧɧɸ (ɪɟ = 0,336 Ɇɉɚ), ɞɟ ɤɿ-
ɥɶɤɿɫɬɶ gɋɈ ɞɨ 27 ɝ/(ɤȼɬ·ɝɨɞ) ɛɿɥɶɲɟ, ɧɿɠ ɭ 

ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɟɧɡɢɧɭ (ɪɢɫ. 2).  

ȼɦɿɫɬ gɋɇ ɭ ȼȽ ɭ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɚ-
ɥɢɜɧɨʀ ɫɭɦɿɲɿ ɛɟɧɡɢɧɭ ɿ ɞɢɡɟɥɶɧɨɝɨ ɩɚɥɢɜɚ ɡ 
ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨ ɪɟ = 0,327 

Ɇɉɚ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ gɋɇ = 4,191 ɝ/(ɤȼɬ·ɝɨɞ) 

(ɪɟ = 0,163 Ɇɉɚ) ɞɨ gɋɇ = 3,748 ɝ/(ɤȼɬ·ɝɨɞ), ɚ 
ɡɚ ɭɦɨɜɢ ɩɿɞɜɢɳɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚ-
ɜɚɧɬɚɠɟɧɧɹ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ gɋɇ = 4,952 

ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 3). ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɪɿɜɟɧɶ 

ɧɟɡɝɨɪɿɥɢɯ ɜɭɝɥɟɜɨɞɧɿɜ ɭ ɜɫɶɨɦɭ ɞɿɚɩɚɡɨɧɿ 
ɧɚɜɚɧɬɚɠɟɧɶ ɜɢɳɟ, ɧɿɠ ɭ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ-

ɛɟɧɡɢɧɭ. 

Ⱥɧɚɥɿɡ ɩɚɥɢɜɧɨ-ɟɤɨɧɨɦɿɱɧɢɯ ɣ ɟɤɨɥɨɝɿɱ-

ɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɞɜɢɝɭɧɚ Ⱦɇ-4Ɇ 2S ɩɿɞ ɱɚɫ 
ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡ ɊɉɉЗ ɞɟɦɨɧ-

ɫɬɪɭє, ɳɨ ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɛɟɧɡɢɧ ɦɚɪɤɢ Ⱥ-80 ɡɿ ɡɛɿɥɶɲɟɧɨɸ ɤɿɥɶɤɿɫɬɸ 

ɥɟɝɤɢɯ ɮɪɚɤɰɿɣ, ɧɿɠ ɩɚɥɢɜɧɭ ɫɭɦɿɲ 50 % 

ɛɟɧɡɢɧɭ Ⱥ-80 ɬɚ 50 % ɞɢɡɟɥɶɧɨɝɨ ɩɚɥɢɜɚ. 
Ɋɨɡɪɨɛɥɟɧɧɹ ɣ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɨɛɨɱɨɝɨ 

ɩɪɨɰɟɫɭ ɡ ɪɨɡɲɚɪɭɜɚɧɧɹɦ ɡɛɿɞɧɟɧɨɝɨ ɩɚɥɢ-

ɜɨɩɨɜɿɬɪɹɧɨɝɨ ɡɚɪɹɞɭ (ɊЗɉɉЗ) (ɪɢɫ. 4 ɜ) ɧɚ 
ɨɞɧɨɰɢɥɿɧɞɪɨɜɨɦɭ ɞɜɨɬɚɤɬɧɨɦɭ ɞɜɢɝɭɧɿ Ⱦɇ-

4Ɇ 2S ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɩɪɢ Ȼȼɉ ɜ 

ɫɢɦɟɬɪɢɱɧɭ ɄЗ ɞɨɡɜɨɥɢɥɨ ɩɿɞɜɢɳɢɬɢ ɝɟɨɦɟ-
ɬɪɢɱɧɢɣ ɫɬɭɩɿɧɶ ɫɬɢɫɧɟɧɧɹ ɞɨ εɝɟɨɦ = 16,3 ɿ 
ɨɪɝɚɧɿɡɭɜɚɬɢ ɨɛ’єɦɧɨ-ɩɥɿɜɤɨɜɟ ɫɭɦɿɲɨɭɬɜɨ-

ɪɟɧɧɹ.  

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. 

ɞɜɢɝɭɧɚ Ⱦɇ-4Ɇ 2S ɫɤɥɚɜ Șe max = 32,52 % ɡɚ 
ɭɦɨɜɢ ɧɚɜɚɧɬɚɠɟɧɧɹ ɪɟ = 0,342 Ɇɉɚ ɬɚ ɜɢɤɨ-

ɪɢɫɬɚɧɧɹ  ɛɟɧɡɢɧɭ ɦɚɪɤɢ Ⱥ-80 (ɪɢɫ. 1). Ɇɚɤ-

ɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɭ ɪɚɡɿ n = 3000 ɯɜ-1 

ɡɚɪɟєɫɬɪɨɜɚɧɟ, ɹɤɳɨ ɪɟ = 0,476 Ɇɉɚ.   
З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,144 Ɇɉɚ ɞɨ ɪɟ = 0,274 Ɇɉɚ ɜɦɿɫɬ gɋɈ ɭ 

ȼȽ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 3,288 ɞɨ 1,596 ɝ/(ɤȼɬ·ɝɨɞ), 

ɚ ɭ ɜɢɩɚɞɤɭ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɞɨ ɦɚɤ-

ɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ = 0,476 Ɇɉɚ) 
ɜɦɿɫɬ gɋɈ ɭ ȼȽ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 36,058 

ɝ/(ɤȼɬ·ɝɨɞ)  

(ɪɢɫ. 2). Ɉɞɧɨɱɚɫɧɨ ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɜɿɞ ɪɟ = 0,144 Ɇɉɚ ɞɨ ɪɟ = 0,192 Ɇɉɚ 
ɜɦɿɫɬ gɋɈ ɭ ȼȽ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 0,176 ɞɨ 0,133 

ɝ/(ɤȼɬ·ɝɨɞ), ɚ ɭ ɪɚɡɿ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ 

ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɦɿɫɬ gɋɇ ɭ 

ȼȽ ɡɪɨɫɬɚє ɞɨ 1,187 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 3).  

ɇɟɨɛɯɿɞɧɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɩɿɞ ɱɚɫ ɡɞɿɣɫ-
ɧɟɧɧɹ ɜɫɿɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɿɜ, ɡɨɤɪɟɦɚ ɤɿɥɶɤɨɫɬɿ 
ɜɦɿɫɬɭ ɋɈ ɬɚ ɋɇ, ɭ ȼȽ ɧɚ ɞɜɢɝɭɧɿ ɜ ɜɢɩɭɫɤ-

ɧɿɣ ɫɢɫɬɟɦɿ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɧɟɣɬɪɚɥɿɡɚ-
ɬɨɪ ȼȽ.  

ɉɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɨɛ’єɦɧɨ-ɩɥɿɜɤɨɜɨɝɨ 

ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɡ ɊЗɉɉЗ ɧɚ ɞɜɢɝɭɧɿ Ⱦɇ-4Ɇ 

2S ɩɡɞɿɣɫɧɟɧɨ ɩɨɪɿɜɧɹɥɶɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ 
ɞɨɫɥɿɞɠɟɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɚɥɢɜɧɨʀ ɫɭ-

ɦɿɲɿ (ȿ20) ɡ ɜɿɞɧɨɫɧɨ ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ 

ɥɟɝɤɢɯ ɮɪɚɤɰɿɣ 80 % ɛɟɧɡɢɧɭ ɦɚɪɤɢ Ⱥ-80 ɿ 
20 % ɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɭ ɤɥɚɫɭ ɟɤɫɬɪɚ [17]. 

ɉɿɞ ɱɚɫ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ Ⱦɇ-4Ɇ 2S ɡ ɊЗɉɉЗ 

ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɭ ɪɚɡɿ  
n = 3000 ɯɜ-1 ɧɚ ɛɟɧɡɨ-ɟɬɚɧɨɥɶɧɿɣ ɫɭɦɿɲɿ ȿ20 

ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. 

ɜɿɞɩɨɜɿɞɚє Șemax = 30,52 % ɧɚ ɪɟɠɢɦɿ ɫɟɪɟɞ-

ɧɶɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ = 0,298 Ɇɉɚ), ɳɨ ɧɚ 
2 % ɦɟɧɲɟ, ɧɿɠ ɩɿɞ ɱɚɫ ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɟɧɡɢ-

ɧɭ ɦɚɪɤɢ Ⱥ-80 (ɪɢɫ. 1). əɤ ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɞɨ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ = 0,413 

Ɇɉɚ) ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɦɿɲɿ ȿ20 ɪɿɜɟɧɶ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɡɧɢɠɭєɬɶɫɹ (Șe = 27,73 %), 

ɬɚɤ ɿ ɜ ɪɚɡɿ ɡɧɢɠɟɧɧɹ ɞɨ ɦɿɧɿɦɚɥɶɧɨɝɨ ɧɚɜɚɧ-

ɬɚɠɟɧɧɹ (ɪɟ = 0,211 Ɇɉɚ) ɫɬɚє ɧɢɠɱɟ (Șe = 

27,56 %).  

ɉɿɞ ɱɚɫ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɞɜɨɬɚɤɬɧɨɝɨ ɞɜɢɝɭɧɚ Ⱦɇ-4Ɇ 2S ɡ ɿɫɤɪɨɜɢɦ 

ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ (ɛɟɧɡɨ-ɟɬɚɧɨɥɶɧɨʀ 
ɫɭɦɿɲɿ) ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢ-

ɤɨɸ  ɡɚ ɭɦɨɜɢ  n = 3000 ɯɜ-1 ɪɚɡɨɦ ɡ ɜɢɡɧɚ-
ɱɟɧɧɹɦ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɡɞɿɣɫɧɸɜɚɜɫɹ ɚɧɚ-
ɥɿɡ ɜɦɿɫɬɭ ɜɢɤɢɞɿɜ ɒɊ ɡ ȼȽ. 

ɍ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɚɥɢɜɧɨʀ ɫɭɦɿɲɿ ȿ20 

ɦɿɧɿɦɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ gɋɈ ɭ ȼȽ ɫɤɥɚɥɚ  
7,64 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɟ = 0,211 Ɇɉɚ). З ɩɿɞɜɢ-

ɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɧɹ ɪɟ = 0,413 Ɇɉɚ ɪɿɜɟɧɶ ɜɦɿɫɬɭ gɋɈ ɭ 

ȼȽ ɡɛɿɥɶɲɢɜɫɹ ɞɨ 49,08 ɝ/(ɤȼɬ·ɝɨɞ), ɳɨ ɜ 7 

ɪɚɡɿɜ ɛɿɥɶɲɟ, ɧɿɠ ɭ ɪɚɡɿ  ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɟɧɡɢ-

ɧɭ ɦɚɪɤɢ Ⱥ-80 (ɪɢɫ. 2).  

ɍ ȼȽ ɬɚɤɨɠ ɜɢɦɿɪɸɜɚɜɫɹ ɜɦɿɫɬ ɋɇ. З ɩɿɞ-

ɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɪɟ = 0,211 Ɇɉɚ 
ɞɨ ɪɟ = 0,298 Ɇɉɚ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɛɿɥɶɲɟɧ-

ɧɹ ɤɿɥɶɤɨɫɬɿ ɜɦɿɫɬɭ ɋɇ ɭ ȼȽ ɜɿɞ gɋɇ = 1,228 

ɝ/(ɤȼɬ·ɝɨɞ) ɞɨ gɋɇ = 1,501 ɝ/(ɤȼɬ·ɝɨɞ) ɭ ɪɚɡɿ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɟɧɡɨ-ɟɬɚɧɨɥɶɧɨʀ ɫɭɦɿɲɿ. Зɚ 
ɭɦɨɜɢ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɜɦɿɫɬ ɋɇ ɭ ȼȽ 

ɡɧɢɠɭєɬɶɫɹ ɞɨ gɋɇ =1,09 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 3). 

ȼɢɤɢɞɢ ɋɈ ɭ ȼȽ ɭ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɭɦɿɲɿ 
ȿ20 ɜ ɭɫɶɨɦɭ ɞɿɚɩɚɡɨɧɿ ɧɚɜɚɧɬɚɠɟɧɶ ɜ ɫɟɪɟɞ-

ɧɶɨɦɭ ɧɚ 1 ɝ/(ɤȼɬ·ɝɨɞ) ɭ ȼȽ ɛɿɥɶɲɟ, ɧɿɠ ɩɿɞ 

ɱɚɫ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ ɧɚ ɛɟɧɡɢɧɿ ɦɚɪɤɢ Ⱥ-80. 

Ɉɞɧɚɤ ɞɨɞɚɬɤɨɜɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɟɣɬɪɚɥɿɡɚɬɨ-

ɪɚ ɭ ɜɢɩɭɫɤɧɿɣ ɫɢɫɬɟɦɿ ɞɨɡɜɨɥɹє ɡ ɡɚɩɚɫɨɦ 

ɜɢɤɨɧɚɬɢ ɫɭɱɚɫɧɿ ɧɨɪɦɢ ɡɚ ɬɨɤɫɢɱɧɿɫɬɸ ȼȽ, ɚ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɛɟɧɡɨ-ɟɬɚɧɨɥɶɧɢɯ ɫɭɦɿɲɟɣ ɞɚє 
ɦɨɠɥɢɜɿɫɬɶ ɞɨ 7 % ɡɧɢɡɢɬɢ ɜɢɬɪɚɬɭ ɛɟɧɡɢɧɭ.  
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ɇɚ ɛɚɡɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɞɜɢɝɭɧɚ 
Ⱦɇ-4Ɇ 2S εvar ɩɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ 

ɩɪɨɰɟɫɭ ɡ ɊЗɉɉЗ ɣ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ, 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɚɥɶɜɚɧɨɩɥɚɡɦɟɧɨɝɨ ɩɨɤɪɢɬɬɹ 

ɩɨɜɟɪɯɨɧɶ ɄЗ ɬɚ ɞɧɢɳɚ ɩɨɪɲɧɹ [18, 19] ɣ 

ɜɚɪɿɸɜɚɧɧɹɦ ɫɬɭɩɟɧɹ ɫɬɢɫɧɟɧɧɹ (εvar) ɜ ɞɿɚɩɚ-
ɡɨɧɿ εɝɟɨɦ = 14,8÷17,6 [20] ɩɪɢ n = 3000 ɯɜ-1 

(ɪɢɫ. 1). Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ ɟɮɟɤɬɢɜɧɨɝɨ 

ɤ.ɤ.ɞ. ɫɤɥɚɜ Șe max = 36,53 % ɡɚ ɭɦɨɜɢ  ɧɚɜɚɧ-

ɬɚɠɟɧɧɹ ɪɟ = 0,38 Ɇɉɚ ɣ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ ɧɚ 
ɛɟɧɡɢɧɿ Ⱥ-80, ɳɨ ɜ 2,15 ɪɚɡɚ ɜɢɳɟ, ɧɿɠ ɭ ɪɚɡɿ 
ɡɨɜɧɿɲɧɶɨɝɨ ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ ɣ ɜɢɤɨɪɢɫɬɚɧ-

ɧɹ ɤɚɪɛɸɪɚɬɨɪɧɨʀ ɫɢɫɬɟɦɢ ɠɢɜɥɟɧɧɹ. Ɇɚɤ-

ɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶ-

ɧɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɡɚ ɭɦɨɜɢ n = 3000 ɯɜ-1 

ɧɚ ɞɜɢɝɭɧɿ Ⱦɇ-4Ɇ 2S εvar ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸ-

ɜɚɧɧɹɦ, Ȼȼɉ ɬɚ ɊЗɉɉЗ ɡɚɪɟєɫɬɪɨɜɚɧɟ ɧɚ ɪɿɜ-

ɧɿ ɪɟ = 0,479 Ɇɉɚ, ɳɨ ɧɚ 6,11 % ɜɢɳɟ, ɧɿɠ ɭ 

ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɚɪɛɸɪɚɬɨɪɧɨʀ ɫɢɫɬɟɦɢ 

ɠɢɜɥɟɧɧɹ. 

З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,114 Ɇɉɚ ɞɨ ɪɟ = 0,38 Ɇɉɚ ɜɦɿɫɬ gɋɈ ɭ 

ȼȽ ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 23,66 ɞɨ 2,92 ɝ/(ɤȼɬ·ɝɨɞ). 

ɍ ɪɚɡɿ  ɩɨɞɚɥɶɲɨɝɨ  ɩɿɞɜɢɳɟɧɧɹɞɨ ɦɚɤɫɢɦɚ-
ɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ = 0,4793 Ɇɉɚ) ɜɦɿɫɬ 
gɋɈ ɭ ȼȽ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 36,38 ɝ/(ɤȼɬ·ɝɨɞ) 

(ɪɢɫ. 2). Ɉɞɧɨɱɚɫɧɨ ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɜɿɞ ɦɿɧɿɦɚɥɶɧɨɝɨ (ɪɟ = 0,114 Ɇɉɚ) ɞɨ  

ɪɟ = 0,261 Ɇɉɚ ɜɦɿɫɬ gɋɇ ɭ ȼȽ ɡɧɢɠɭєɬɶɫɹ 

ɜɿɞ 3,065 ɞɨ 2,038 ɝ/(ɤȼɬ·ɝɨɞ), ɚ ɡ ɩɿɞɜɢɳɟɧ-

ɧɹɦ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ  

(ɪɟ = 0,4793 Ɇɉɚ) ɜɦɿɫɬ gɋɇ ɭ ȼȽ ɡɛɿɥɶɲɭ-

єɬɶɫɹ ɞɨ 2,948 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 3).  

Ȼɿɥɶɲ ɜɢɫɨɤɿ ɡɧɚɱɟɧɧɹ gɋɈ ɿ gɋɇ ɭ ȼȽ 

ɞɜɢɝɭɧɚ Ⱦɇ-4Ɇ 2S ɡ ɝɚɥɶɜɚɧɨɩɥɚɡɦɟɧɢɦ ɩɨ-

ɤɪɢɬɬɹɦ ɩɨɜɟɪɯɨɧɶ ɄЗ ɬɚ ɞɧɢɳɚ ɩɨɪɲɧɹ, ɹɤ  

ɩɨɪɿɜɧɹɬɢ ɡ ɧɟɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɚɤɨɝɨ ɩɨɤɪɢɬ-
ɬɹ, ɩɨɜ’ɹɡɚɧɨ ɡɿ ɡɧɢɠɟɧɧɹɦ ɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿє-
ɧɬɚ ɧɚɞɥɢɲɤɭ ɩɨɜɿɬɪɹ ɭ ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɿɣ 

ɫɭɦɿɲɿ ɜ ɪɚɡɿ ɡɝɨɪɹɧɧɹ ɜɧɚɫɥɿɞɨɤ ɡɛɿɥɶɲɟɧɧɹ 

ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɱɚɫɬɨɤ ɩɚɥɢɜɚ ɡ 
ɩɨɜɟɪɯɧɿ ɄЗ ɩɿɞ ɱɚɫ ɩɪɨɰɟɫɿɜ ɜɧɭɬɪɿɲɧɶɨɝɨ 

ɫɭɦɿɲɨɭɬɜɨɪɟɧɧɹ.  

ȼɢɤɨɪɢɫɬɚɧɧɹ ɧɚ ɫɧɿɝɨɯɨɞɿ Ski-Doo GSX 

600 H.O. SDI ɦɨɞɟɪɧɿɡɨɜɚɧɨɝɨ ɞɜɨɬɚɤɬɧɨɝɨ 

ɞɜɢɝɭɧɚ UICSC GDI (Idaho DI 2S) ɡ ɿɫɤɪɨɜɢɦ 

ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ ɫɢɫɬɟɦɨɸ Ȼȼɉ ɡɚɛɟɡɩɟɱɢɥɨ 

ɩɢɬɨɦɭ ɜɢɬɪɚɬɭ ɩɚɥɢɜɚ 8,5 ɤɦ/ɥ [21]. Ȼɚɡɨ-

ɜɨɸ ɦɨɞɟɥɥɸ ɞɜɢɝɭɧɚ Idaho DI 2S є ɞɜɨɰɢɥɿ-
ɧɞɪɨɜɢɣ ɞɜɨɬɚɤɬɧɢɣ ɞɜɢɝɭɧ Rotax 593 HO 

SDI/E-Tec (S/D=73/72) ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧ-

ɧɹɦ, ɜɨɞɹɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ, ɩɟɥɸɫɬɤɨɜɢɦ 

ɤɥɚɩɚɧɨɦ ɧɚ ɜɩɭɫɤɭ, ɩɟɬɥɟɜɨɸ ɤɪɢɜɨɲɢɩɧɨ-

ɤɚɦɟɪɧɢɦ ɩɪɨɞɭɬɬɹɦ, ɪɟɝɭɥɶɨɜɚɧɨɸ ɫɢɫɬɟ-
ɦɨɸ ɜɿɞɤɪɢɬɬɹ/ɡɚɤɪɢɬɬɹ ɜɢɩɭɫɤɧɨɝɨ ɜɿɤɧɚ 
3D-RAVE, ɨɛɥɚɞɧɚɧɢɣ ɫɢɫɬɟɦɨɸ Ȼȼɉ E-TEC 

DI. əɤ  ɩɚɥɢɜɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɛɟɧɡɢɧ ɛɟɡ 
ɟɬɚɧɨɥɭ ɡ ɨɤɬɚɧɨɜɢɦ ɱɢɫɥɨɦ 87. ɍ ɜɢɩɭɫɤɧɿɣ 

ɫɢɫɬɟɦɿ ɞɜɢɝɭɧɚ Idaho DI 2S ɧɟ ɜɢɤɨɪɢɫɬɨ-

ɜɭɸɬɶɫɹ ɡɚɫɨɛɢ ɧɟɣɬɪɚɥɿɡɚɰɿʀ ȼȽ.  

ɇɚ ɪɟɠɢɦɚɯ ɱɚɫɬɤɨɜɢɯ ɧɚɜɚɧɬɚɠɟɧɶ ɞɜɨ-

ɬɚɤɬɧɢɣ ɞɜɢɝɭɧ Idaho DI 2S ɩɪɚɰɸє ɡ ɪɨɡɲɚ-
ɪɭɜɚɧɧɹɦ ɉɉЗ (ɪɢɫ. 4, ɚ), ɚ ɧɚ ɩɨɬɭɠɧɿɫɧɢɯ 

ɪɟɠɢɦɚɯ – ɡ ɝɨɦɨɝɟɧɧɢɦ ɫɬɟɯɿɨɦɟɬɪɢɱɧɢɦ 

ɫɤɥɚɞɨɦ ɉɉЗ ɜɡɞɨɜɠ ɜɫɶɨɝɨ ɧɚɞɩɨɪɲɧɟɜɨɝɨ 

ɨɛ’єɦɭ (ɪɢɫ. 4 ɛ).   

ɉɚɥɢɜɧɨ-ɟɤɨɥɨɝɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɞɜɨɬɚɤɬɧɨ-

ɝɨ ɞɜɢɝɭɧɚ Idaho DI 2S ɩɟɪɟɜɟɪɲɭɸɬɶ ɩɨɤɚɡ-
ɧɢɤɢ ɞɜɨɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ Rotax 593 HO 

SDI/E-Tec ɬɚ Platteville SDI 2S, ɱɨɬɢɪɢɬɚɤɬ-
ɧɢɯ ɞɜɢɝɭɧɿɜ Duluth CSC Turbo 4S ɬɚ Madison 

4S EFI, ɹɤɿ ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɹɤ ɫɢɥɨ-

ɜɿ ɩɪɢɥɚɞɢ ɞɥɹ ɫɧɿɝɨɯɨɞɿɜ. ɇɚ ɪɟɠɢɦɿ ɱɚɫɬɤɨ-

ɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɚ ɪɿɜɧɟɦ ɦɿɧɿɦɚɥɶɧɨʀ 
ɩɢɬɨɦɨʀ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ (gemin) ɩɿɞɜɢɳɟɧɧɹ 

ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɫɬɚɧɨɜɢɬɶ ɜɿɞ 22 ɞɨ 31 %, ɹɤ  

ɩɨɪɿɜɧɹɬɢ ɡ ɞɜɢɝɭɧɚɦɢ, ɳɨ ɪɨɡɝɥɹɞɚɥɢɫɹ, ɚ ɧɚ 
ɪɟɠɢɦɚɯ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ ɟɤɨɧɨɦɿɹ ɩɚɥɢɜɚ 
ɫɬɚɧɨɜɢɬɶ 50–65 %. ȼɦɿɫɬ ɋɈ ɬɚ ɋH + NOx ɭ 

ȼȽ ɞɜɢɝɭɧɚ Idaho DI 2S ɜɿɞɧɨɫɧɨ ɛɚɡɨɜɨɝɨ 

ɞɜɢɝɭɧɚ Rotax 593 HO SDI/E-Tec ɡɧɢɠɟɧɨ ɞɨ 

5 ɪɚɡɿɜ.  

Ɍɨɦɭ ɭ ɡɜ’ɹɡɤɭ ɡ ɛɿɥɶɲ ɜɢɫɨɤɢɦɢ ɬɟɯɧɿɤɨ-

ɟɤɨɧɨɦɿɱɧɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ ɿ ɛɿɥɶɲ ɧɢɡɶɤɢɦɢ 

ɜɢɤɢɞɚɦɢ ɒɊ ɡ ȼȽ ɩɨɤɚɡɧɢɤɢ ɞɜɢɝɭɧɚ Idaho 

DI 2S ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɿɧɲɢɦɢ ɞɜɨɬɚɤɬɧɢɦɢ 

ȾȼЗ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɬɚ Ȼȼɉ. 

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. 

ɞɜɢɝɭɧɚ Idaho DI 2S ɫɤɥɚɞɚє Șe max = 29,22 % 

ɧɚ ɪɟɠɢɦɿ ɫɟɪɟɞɧɶɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ  

(ɪɟ = 0,515 Ɇɉɚ) ɡ ɪɨɡɲɚɪɭɜɚɧɧɹɦ ɉɉЗ  

(ɪɢɫ. 4 ɚ) ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ ɧɚ ɛɟɧɡɢɧɿ ɡ ɨɤɬɚɧɨ-

ɜɢɦ ɱɢɫɥɨɦ 87 (ɪɢɫ. 1). Ɉɪɝɚɧɿɡɚɰɿɹ ɪɨɡɲɚɪɭ-

ɜɚɧɧɹ ɉɉЗ ɡɿ ɡɧɚɱɟɧɧɹɦ ɤɨɟɮɿɰɿєɧɬɚ ɧɚɞɥɢ-

ɲɤɭ ɩɨɜɿɬɪɹ ɜ ɰɢɥɿɧɞɪɿ αɰɢɥ > 1 ɫɩɪɢɹє ɡɧɢ-

ɠɟɧɧɸ ɜɦɿɫɬɭ ɨɤɫɢɞɭ ɜɭɝɥɟɰɸ ɭ ȼȽ ɞɨ gɋɈ = 

=13 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 2).  

ȼɢɤɨɪɢɫɬɚɧɧɹ ɫɢɫɬɟɦɢ 3D-RAVE ɞɥɹ ɪɟ-
ɝɭɥɸɜɚɧɧɹ ɮɚɡ ɝɚɡɨɨɛɦɿɧɭ ɡɚɛɟɡɩɟɱɢɥɨ ɧɚɩɨ-

ɜɧɟɧɧɹ ɰɢɥɿɧɞɪɚ ɫɜɿɠɢɦ ɡɚɪɹɞɨɦ ɿ ɞɨɡɜɨɥɢɥɨ 

ɡɞɿɣɫɧɢɬɢ ɩɪɨɞɨɜɠɟɧɟ ɪɨɡɲɢɪɟɧɧɹ ɡɚ ɞɨɩɨ-

ɦɨɝɨɸ ɛɿɥɶɲ ɩɿɡɧɶɨɝɨ ɜɿɞɤɪɢɬɬɹ ɜɢɩɭɫɤɧɨɝɨ 

ɜɿɤɧɚ ɧɚ ɬɚɤɬɿ ɪɨɡɲɢɪɟɧɧɹ. Ɋɟɚɥɿɡɨɜɚɧɟ ɪɟɝɭ-

ɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɝɚɡɨɨɛɦɿɧɭ ɿ ɫɬɜɨɪɟɧɧɹ 

ɝɨɦɨɝɟɧɧɨɝɨ ɫɬɟɯɿɨɦɟɬɪɢɱɧɨɝɨ ɫɤɥɚɞɭ ɉɉЗ 

(ɪɢɫ. 4, ɛ) ɡɚ ɪɚɯɭɧɨɤ ɛɿɥɶɲ ɪɚɧɧɶɨɝɨ Ȼȼɉ ɞɨ 

ɰɢɥɿɧɞɪɚ ɞɜɢɝɭɧɚ ɡɚɛɟɡɩɟɱɢɥɨ ɩɿɞɜɢɳɟɧɧɹ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨ ɪɟ = 1,0 Ɇɉɚ, 
ɹɤɳɨ n = 8000 ɯɜ-1. Зɛɿɥɶɲɟɧɧɹ ɰɢɤɥɨɜɨʀ ɩɨ-

ɞɚɱɿ ɩɚɥɢɜɚ ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɣ 

ɡɧɢɠɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɧɚɞɥɢɲɤɭ ɩɨɜɿɬɪɹ ɜ 

ɰɢɥɿɧɞɪɿ ɞɜɢɝɭɧɚ ɞɨ αɰɢɥ = 1 ɫɩɪɢɹє ɡɛɿɥɶ-
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ɲɟɧɧɸ ɤɿɥɶɤɨɫɬɿ ɜɦɿɫɬɭ ɋɈ ɭ ȼȽ ɞɨ gɋɈ =  

=30 ɝ/(ɤȼɬ·ɝɨɞ) (ɪɢɫ. 2).  

Зɚɫɬɨɫɭɜɚɧɧɹ ɧɚ ɨɞɧɨɰɢɥɿɧɞɪɨɜɨɦɭ ɞɜɨ-

ɬɚɤɬɧɨɦɭ ɞɜɢɝɭɧɿ Yamaha (S/D=50/50) ɡ ɿɫɤ-

ɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ, ɩɟɬɥɟɜɨɸ ɤɪɢɜɨɲɢɩɧɨ-

ɤɚɦɟɪɧɨɸ ɩɪɨɞɭɜɤɨɸ, ɩɨɜɿɬɪɹɧɢɦ ɨɯɨɥɨ-

ɞɠɟɧɧɹɦ, ɟɥɟɤɬɪɨɧɧɨɸ ɫɢɫɬɟɦɨɸ ɛɟɡɩɨɫɟɪɟ-
ɞɧɶɨʀ ɩɨɞɚɱɿ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ ɞɨ ɰɢɥɿɧɞɪɚ 
ɡɚɛɟɡɩɟɱɢɥɨ ɛɟɡɞɟɬɨɧɚɰɿɣɧɭ ɪɨɛɨɬɭ ɞɜɢɝɭɧɚ 
ɡɿ ɫɬɭɩɟɧɟɦ ɫɬɢɫɧɟɧɧɹ ε = 12 [22].  

Ȼɟɡɩɨɫɟɪɟɞɧє ɜɩɪɢɫɤɭɜɚɧɧɹ ɝɚɡɨɩɨɞɿɛɧɨɝɨ 

ɩɚɥɢɜɚ ɞɨ ɰɢɥɿɧɞɪɚ ɩɿɫɥɹ ɡɚɤɪɢɬɬɹ ɜɢɩɭɫɤɧɨ-

ɝɨ ɜɿɤɧɚ ɜ ɧɚɩɪɹɦɤɭ ɪɨɡɬɚɲɭɜɚɧɧɹ ɟɥɟɤɬɪɨɞɿɜ 

ɫɜɿɱɤɢ ɡɚɩɚɥɸɜɚɧɧɹ ɞɨɡɜɨɥɢɥɨ ɩɿɞɜɢɳɢɬɢ 

ɩɚɥɢɜɧɭ ɟɤɨɧɨɦɿɱɧɿɫɬɶ ɣ ɟɤɨɥɨɝɿɱɧɿɫɬɶ ɞɜɢ-

ɝɭɧɚ, ɹɤ ɩɨɪɿɜɧɹɬɢ ɡ ɤɚɪɛɸɪɚɬɨɪɧɨɸ ɫɢɫɬɟ-
ɦɨɸ ɠɢɜɥɟɧɧɹ. Зɚɡɧɚɱɟɧɨ ɛɿɥɶɲ ɫɬɚɛɿɥɶɧɭ 

ɪɨɛɨɬɭ ɞɜɢɝɭɧɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɟɥɟɤɬɪɨɤɟ-
ɪɨɜɚɧɨʀ ɫɢɫɬɟɦɢ Ȼȼɉ ɜɧɚɫɥɿɞɨɤ ɪɟɝɭɥɸɜɚɧɧɹ 

ɛɿɥɶɲ ɫɬɚɛɿɥɶɧɨɝɨ ɥɟɝɤɨɡɚɣɦɢɫɬɨɝɨ ɫɤɥɚɞɭ 

ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨʀ ɫɭɦɿɲɿ ɦɿɠ ɟɥɟɤɬɪɨɞɚɦɢ 

ɫɜɿɱɤɢ ɡɚɩɚɥɸɜɚɧɧɹ ɜ ɦɨɦɟɧɬ ʀʀ ɡɚɣɦɚɧɧɹ.  

ɇɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɡɚ ɭɦɨɜɢ n = 3500 ɯɜ-1 ɬɚ ɜɫɬɚɧɨɜɥɟɧɧɹ 

ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɛɟɡɩɨɫɟɪɟɞɧɶɨʀ ɩɨɞɚɱɿ 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ ɞɨ ɰɢɥɿɧɞɪɚ ɞɜɢɝɭɧɚ (φɜɩɨɪ = 

=237 ɝɪɚɞ. ɩ.ɤ.ɜ. ɩɿɫɥɹ ɜ.ɦ.ɬ.) ɣ ɤɭɬɚ ɜɢɩɟɪɟ-
ɞɠɟɧɧɹ ɡɚɩɚɥɸɜɚɧɧɹ (șɡɚɩ = 30 ɝɪɚɞ. ɩ.ɤ.ɜ. ɞɨ 

ɜ.ɦ.ɬ.) ɨɬɪɢɦɚɧɨ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ 

ɤ.ɤ.ɞ. Șe ɧɚ 9,1 %, ɹɤ ɩɨɪɿɜɧɹɬɢ ɡ ɤɚɪɛɸɪɚɬɨɪ-

ɧɨɸ ɫɢɫɬɟɦɨɸ ɠɢɜɥɟɧɧɹ.  

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɞɜɨɬɚɤɬ-
ɧɨɝɨ ɞɜɢɝɭɧɚ Yamaha ɡ ɟɥɟɤɬɪɨɧɧɨɸ ɫɢɫɬɟ-
ɦɨɸ ɛɟɡɩɨɫɟɪɟɞɧɶɨʀ ɩɨɞɚɱɿ ɝɚɡɨɩɨɞɿɛɧɨɝɨ 

ɩɚɥɢɜɚ ɞɨ ɰɢɥɿɧɞɪɚ ɞɨɡɜɨɥɢɥɢ ɜɫɬɚɧɨɜɢɬɢ 

ɫɤɨɪɨɱɟɧɧɹ ɜɦɿɫɬɭ ɋɈ ɭ ȼȽ ɧɚ 94,5 % ɿ ɧɟ-
ɡɝɨɪɿɥɢɯ ɜɭɝɥɟɜɨɞɧɿɜ ɋɇ ɧɚ 79,3 %, ɹɤ  ɩɨɪɿ-
ɜɧɹɬɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɚɪɛɸɪɚɬɨɪɧɨʀ ɫɢɫ-
ɬɟɦɢ ɠɢɜɥɟɧɧɹ. 

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɦɚɤɫɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. Șe max ɪɨɡɝɥɹɧɭɬɢɯ ɞɜɨɬɚɤ-

ɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɿ 
ɛɟɡɩɨɫɟɪɟɞɧɿɦ ɜɩɪɢɫɤɭɜɚɧɧɹɦ ɛɟɧɡɢɧɭ ɞɜɨ-

ɬɚɤɬɧɢɣ ɞɜɢɝɭɧ Yamaha ɡ ɫɢɫɬɟɦɨɸ ɛɟɡɩɨɫɟ-
ɪɟɞɧɶɨʀ ɩɨɞɚɱɿ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ ɞɨ ɰɢɥɿɧɞɪɚ 
ɦɚє ɛɿɥɶɲ ɧɢɡɶɤɢɣ ɦɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ  

Șe max = 24,3 % ɧɚ ɪɟɠɢɦɿ (ɪɟ = 0,359 Ɇɉɚ) 
ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ ɭɦɨɜɢ  

n = 3500 ɯɜ-1 ɜɧɚɫɥɿɞɨɤ ɜɿɞɧɨɫɧɨ ɧɢɡɶɤɨɝɨ 

ɡɧɚɱɟɧɧɹ ɧɢɠɱɨʀ ɬɟɩɥɨɬɢ ɡɝɨɪɹɧɧɹ ɝɚɡɭ (Qɧ). 

Ɉɞɧɨɱɚɫɧɨ ɦɚɤɫɢɦɚɥɶɧɨ ɪɨɡɜɢɧɭɬɟ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɫɬɚɧɨɜɢɬɶ ɪɟ = 0,426 Ɇɉɚ (ɪɢɫ. 1). Ɉɞ-

ɧɚɤ ɛɿɥɶɲ ɹɤɿɫɧɚ ɩɿɞɝɨɬɨɜɤɚ ɩɚɥɢɜɨɩɨɜɿɬɪɹ-

ɧɨʀ ɫɭɦɿɲɿ ɩɿɞ ɱɚɫ ɡɦɿɲɭɜɚɧɧɹ ɩɪɢɪɨɞɧɨɝɨ 

ɝɚɡɭ ɣ ɩɨɜɿɬɪɹ ɞɨ ɩɪɨɰɟɫɿɜ ɡɝɨɪɹɧɧɹ ɞɨɡɜɨɥɢ-

ɥɢ ɨɬɪɢɦɚɬɢ ɧɚɣɦɟɧɲɭ ɤɿɥɶɤɿɫɬɶ ɜɢɤɢɞɿɜ 

ɨɤɫɢɞɿɜ ɜɭɝɥɟɰɸ gɋɈ ɭ ȼȽ, ɹɤ ɩɨɪɿɜɧɹɬɢ ɡ 
ɭɫɿɦɚ ɪɨɡɝɥɹɧɭɬɢɦɢ ɞɜɨɬɚɤɬɧɢɦɢ ɞɜɢɝɭɧɚɦɢ 

ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ ɿ ɛɟɡɩɨɫɟɪɟɞɧɿɦ 

ɜɩɪɢɫɤɭɜɚɧɧɹɦ ɛɟɧɡɢɧɭ (ɪɢɫ. 2). З ɩɿɞɜɢɳɟɧ-

ɧɹɦ ɜɿɞ ɦɿɧɿɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ =  

=0,1 Ɇɉɚ) ɞɨ ɪɟ = 0,256 Ɇɉɚ ɜɦɿɫɬ gɋɈ ɭ ȼȽ 

ɡɧɢɠɭєɬɶɫɹ ɜɿɞ 1,123 ɞɨ 0,714 ɝ/(ɤȼɬ·ɝɨɞ), ɚ ɜ 

ɪɚɡɿ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶ-
ɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ = 0,426 Ɇɉɚ) ɡɛɿɥɶɲɭ-

єɬɶɫɹ ɞɨ gɋɈ = 4,374 ɝ/(ɤȼɬ·ɝɨɞ). ȼɿɞɧɨɫɧɨ 

ɧɢɡɶɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɡɝɨɪɹɧɧɹ ɝɚɡɨɩɨɜɿɬɪɹɧɨʀ 
ɫɭɦɿɲɿ ɫɩɪɢɹɥɚ ɩɟɪɟɜɢɳɟɧɧɸ ɜɢɤɢɞɿɜ ɭ ȼȽ 

ɧɟɡɝɨɪɿɥɢɯ ɜɭɝɥɟɜɨɞɧɿɜ, ɹɤ ɩɨɪɿɜɧɹɬɢ ɡɿ ɡɝɨ-

ɪɹɧɧɹɦ ɛɟɧɡɨɩɨɜɿɬɪɹɧɨʀ ɫɭɦɿɲɿ ɭ ɜɢɩɚɞɤɭ 

ɨɪɝɚɧɿɡɚɰɿʀ ɊЗɉɉЗ ɜ ɞɜɢɝɭɧɿ Ⱦɇ-4Ɇ 2S ɜ 

ɭɫɶɨɦɭ ɞɿɚɩɚɡɨɧɿ ɧɚɜɚɧɬɚɠɟɧɶ, ɚ ɡ ɩɨɪɿɜɧɹɧɧɹ 

ɡ ɨɪɝɚɧɿɡɚɰɿєɸ ЗɉɉЗ – ɜ ɞɿɚɩɚɡɨɧɿ ɧɚɜɚɧɬɚ-
ɠɟɧɶ ɩɨɧɚɞ ɪɟ = 0,317 Ɇɉɚ (ɪɢɫ. 3). Ɋɿɜɟɧɶ 

ɜɦɿɫɬɭ ɧɟɡɝɨɪɿɥɢɯ ɜɭɝɥɟɜɨɞɧɿɜ ɭ ȼȽ ɞɜɢɝɭɧɚ 
Yamaha ɡɿ ɡɦɿɧɨɸ ɧɚɜɚɧɬɚɠɟɧɧɹ (ɪɟ =  

=0,1–0,428 Ɇɉɚ) ɫɬɚɧɨɜɢɬɶ gɋɇ = 0,903–

1,625 ɝ/(ɤȼɬ·ɝɨɞ).  

ɇɚ ɞɪɭɝɨɦɭ ɟɬɚɩɿ ɩɨɪɿɜɧɹɥɶɧɢɯ ɟɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɡɧɚ-
ɱɟɧɧɹ Șe ɱɨɬɢɪɢɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡɚ ɪɿɡɧɢɯ 

ɫɩɨɫɨɛɿɜ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɚ 
ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ.  

Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɜɢɤɨɪɢɫɬɚɧɿ ɞɚɧɿ ɱɨɬɢɪɢ-

ɬɚɤɬɧɨɝɨ ɨɞɧɨɰɢɥɿɧɞɪɨɜɨɝɨ ɞɜɢɝɭɧɚ SCRE SI 

4S (S/D = 90/84) ɡ ε = 10,5, ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸ-

ɜɚɧɧɹɦ, ɜɨɞɹɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ, ɱɨɬɢɪɦɚ 
ɤɥɚɩɚɧɚɦɢ ɜ ɄЗ, ɨɛɥɚɞɧɚɧɨɝɨ ɚɜɬɨɧɨɦɧɨɸ 

ɫɢɫɬɟɦɨɸ ɩɨɞɚɱɿ ɦɟɬɚɧɨɥɭ ɧɚ ɜɩɭɫɤɭ ɣ ɫɢɫ-
ɬɟɦɨɸ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɜɩɪɢɫɤɭɜɚɧɧɹ ɛɟɧɡɢ-

ɧɭ ɜ ɧɚɞɩɨɪɲɧɟɜɢɣ ɨɛ’єɦ.  

ɍ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɞɧɿєʀ ɩɚɥɢɜɧɨʀ ɫɢɫ-
ɬɟɦɢ ɩɿɞ ɱɚɫ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɜɩɪɢɫɤɭɜɚɧɧɹ 

ɛɟɧɡɢɧɭ ɦɚɪɤɢ RON 95 ɨɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟ-
ɧɬɚɥɶɧɿ ɞɚɧɿ ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɸ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɨɸ ɡɚ ɭɦɨɜɢ n = 2500 ɯɜ-1 [23]. Ɇɚɤɫɢ-

ɦɚɥɶɧɢɣ ɪɿɜɟɧɶ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɞɜɢɝɭɧɚ 
SCRE SI 4S ɫɬɚɧɨɜɢɬɶ Șe max = 30,86 % ɜ ɞɿɚ-
ɩɚɡɨɧɿ ɧɚɜɚɧɬɚɠɟɧɶ ɪɟ = 0,948–1,114 Ɇɉɚ 
(ɪɢɫ. 5). Ɋɿɜɟɧɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ 

(ɪɟ = 1,333 Ɇɉɚ) ɨɛɦɟɠɟɧɢɣ ɩɨɹɜɨɸ ɞɟɬɨɧɚ-
ɰɿʀ. 

Ⱦɥɹ ɭɫɭɧɟɧɧɹ ɞɟɬɨɧɚɰɿɣɧɨɝɨ ɡɝɨɪɹɧɧɹ ɣ 

ɩɿɞɜɢɳɟɧɧɹ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ 

ɞɜɢɝɭɧɚ SCRE SI 4S Dual-Fuel ɜɢɤɨɪɢɫɬɚɧɚ 
ɞɜɨɩɚɥɢɜɧɚ ɫɢɫɬɟɦɚ ɜɩɪɢɫɤɭɜɚɧɧɹ. Ȼɟɡɩɨɫɟ-
ɪɟɞɧє ɜɩɪɢɫɤɭɜɚɧɧɹ ɛɟɧɡɢɧɭ ɡɞɿɣɫɧɸєɬɶɫɹ 

ɩɿɞ ɬɢɫɤɨɦ ɜɿɞ 50 ɞɨ 150 ɛɚɪ ɡɚɥɟɠɧɨ  ɜɿɞ 

ɧɚɜɚɧɬɚɠɟɧɧɹ. ɉɚɥɢɜɧɚ ɮɨɪɫɭɧɤɚ, ɹɤɚ ɪɨɡ-
ɬɚɲɨɜɚɧɚ ɭ ɜɩɭɫɤɧɨɦɭ ɤɨɥɟɤɬɨɪɿ, ɜɩɪɢɫɤɭє 
ɦɟɬɚɧɨɥ ɡɚ ɭɦɨɜɢ  ɩɨɫɬɿɣɧɨɝɨ ɬɢɫɤɭ 4 ɛɚɪ. Зɿ 
ɡɛɿɥɶɲɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɥɹ ɡɚɩɨɛɿɝɚɧɧɹ 
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ɩɨɹɜɢ ɞɟɬɨɧɚɰɿʀ ɡɛɿɥɶɲɭєɬɶɫɹ ɩɨɞɚɱɚ ɦɟɬɚɧɨ-

ɥɭ, ɚ ɩɨɞɚɱɚ ɛɟɧɡɢɧɭ  ɡɧɢɠɭєɬɶɫɹ. ɑɚɫɬɤɚ 
ɦɟɬɚɧɨɥɭ ɜ ɪɚɡɿ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɡɚɥɟɠɧɨ  ɜɿɞ ɨɤɬɚɧɨɜɨɝɨ ɱɢɫɥɚ ɛɟɧɡɢɧɭ ɫɬɚ-
ɧɨɜɢɬɶ ɜɿɞ 40 ɞɨ 60 % ɜɿɞ ɦɚɫɢ ɜɫɶɨɝɨ ɩɚɥɢɜɚ, 
ɹɤɟ ɧɚɞɿɣɲɥɨ ɞɨ ɞɜɢɝɭɧɚ.  

Зɚɫɬɨɫɭɜɚɧɧɹ ɞɜɨɩɚɥɢɜɧɨʀ ɫɢɫɬɟɦɢ ɞɨɡɜɨ-

ɥɢɥɨ ɞɜɢɝɭɧɭ SCRE SI 4S Dual-Fuel ɡ ɩɿɞɜɢ-

ɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɪɟ = 0,306 Ɇɉɚ ɞɨ 

ɪɟ = 2,4 Ɇɉɚ ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɸ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɨɸ, ɹɤɳɨ n = 2500 ɯɜ-1 , ɨɬɪɢɦɚɬɢ ɡɦɿ-
ɧɭ ɪɿɜɧɹ Șe ɜɿɞ 27,09 ɞɨ 34,01. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ  

ɨɞɧɨɩɚɥɢɜɧɨʀ ɫɢɫɬɟɦɢ ɞɜɨɩɚɥɢɜɧɚ ɧɚ ɪɟɠɢɦɿ 
ɪɟ = 1,071 Ɇɉɚ ɡɚɛɟɡɩɟɱɢɥɚ ɩɿɞɜɢɳɟɧɧɹ Șe ɧɚ 
1,59 % (ɪɢɫ. 5). 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɨɜɟɞɟɧɨ, ɳɨ ɫɢɧɟɪɝɟɬɢɱ-

ɧɢɣ ɡɜ’ɹɡɨɤ ɦɿɠ ɞɜɢɝɭɧɨɦ ɿ ɨɞɧɨɱɚɫɧɨ ɜɢɤɨ-

ɪɢɫɬɨɜɭɜɚɧɢɦɢ ɩɚɥɢɜɚɦɢ ɡ ɪɿɡɧɢɦɢ ɜɥɚɫɬɢ-

ɜɨɫɬɹɦɢ є ɤɨɦɩɪɨɦɿɫɨɦ ɦɿɠ ɦɿɧɿɦɚɥɶɧɨɸ 

ɜɢɬɪɚɬɨɸ ɩɚɥɢɜɚ ɿ ɜɢɤɢɞɚɦɢ ɒɊ ɡ ȼȽ. Зɚɫɬɨ-

ɫɭɜɚɧɧɹ ɞɜɨɩɚɥɢɜɧɨʀ ɫɢɫɬɟɦɢ ɠɢɜɥɟɧɧɹ ɩɿɞ 

ɱɚɫ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɜɩɨɪɫɤɭɜɚɧɧɹ ɛɟɧɡɢɧɭ ɣ 

ɩɨɞɚɱɿ ɦɟɬɚɧɨɥɭ ɧɚ ɜɩɭɫɤɭ ɞɨɡɜɨɥɹє ɫɤɨɪɨɬɢ-

ɬɢ ɜ ɪɚɡɿ ɩɿɞɜɢɳɟɧɢɯ ɧɚɜɚɧɬɚɠɟɧɧɹɯ ɞɨ 25 % 

ɜɢɤɢɞɿɜ ɡ ȼȽ ɞɨ ɚɬɦɨɫɮɟɪɢ CO2.  

ɉɟɪɟɞɨɜɿ ɬɟɯɧɨɥɨɝɿʀ Advanced Technology 

Powertrains for Light-Duty Vehicles (ATP-LD) 

ɞɥɹ ɞɜɢɝɭɧɿɜ ɥɟɝɤɨɜɢɯ ɚɜɬɨɦɨɛɿɥɿɜ ɜɢɤɨɪɢɫ-
ɬɨɜɭє ɤɨɦɩɚɧɿɹ Ford Motor, ɹɤɚ ɪɨɡɪɨɛɢɥɚ 
ɱɨɬɢɪɢɬɚɤɬɧɿ ɞɜɢɝɭɧɢ ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧ-

ɧɹɦ, ɨɛ’єɦɨɦ 1,0, 1,6, 2,0, 3,5 ɥ ɿ ɫɢɫɬɟɦɨɸ 

ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɜɩɪɢɫɤɭɜɚɧɧɹ ɛɟɧɡɢɧɭ. 

Ⱦɜɢɝɭɧ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɧɚ ɚɜɬɨɦɨɛɿɥɹɯ 

Focus, Mondeo ɿ Grand C-Max, S-Max, Galaxy.  

Ɍɪɢɰɢɥɿɧɞɪɨɜɢɣ ɛɟɧɡɢɧɨɜɢɣ ɞɜɢɝɭɧ 

EcoBoost 1.0-L SCTi GTDi (S/D = 82/71,9) ɡ  
ε = 10 ɿ ɬɭɪɛɨɧɚɞɞɭɜɨɦ ɦɚє ɝɚɡɨɪɨɡɩɨɞɿɥɶɧɢɣ 

ɦɟɯɚɧɿɡɦ DOHC ɡ ɞɜɨɦɚ ɪɨɡɩɨɞɿɥɶɧɢɦɢ ɜɚ-
ɥɚɦɢ, ɫɢɫɬɟɦɭ Ȼȼɉ, ɪɨɡɞɿɥɶɧɿ ɤɨɧɬɭɪɢ ɨɯɨ-

ɥɨɞɠɟɧɧɹ ɰɢɥɿɧɞɪɿɜ. ɋɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ 

ɡɞɿɣɫɧɸє ɦɨɧɿɬɨɪɢɧɝ ɜɫɿɯ ɫɢɫɬɟɦ ɪɟɝɭɥɸɜɚɧ-

ɧɹ ɮɚɡ ɝɚɡɨɪɨɡɩɨɞɿɥɭ Ti-VCT, ɬɭɪɛɨɧɚɞɞɭɜɭ, 

ɤɟɪɭɜɚɧɧɹ ɜɿɞɱɢɧɟɧɧɹ ɩɨɜɿɬɪɹɧɨʀ ɡɚɫɥɿɧɤɢ, 

ɦɨɦɟɧɬɨɦ ɡɚɩɚɥɸɜɚɧɧɹ, ɬɢɫɤɨɦ ɿ ɦɨɦɟɧɬɨɦ 

ɜɩɪɢɫɤɭɜɚɧɧɹ ɩɚɥɢɜɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɫɢɝɧɚɥɿɜ 

ɞɚɬɱɢɤɚ ɞɟɬɨɧɚɰɿʀ. Ɍɟɯɧɨɥɨɝɿɹ EcoBoost ɞɥɹ 

ɛɟɧɡɢɧɨɜɢɯ ɞɜɢɝɭɧɿɜ ɦɿɫɬɢɬɶ ɜɞɨɫɤɨɧɚɥɟɧɧɹ 

ɫɢɫɬɟɦɢ ɡɚɩɚɥɸɜɚɧɧɹɦ, ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɟɰɢɪ-

ɤɭɥɹɰɿʀ ȼȽ. Ⱦɜɢɝɭɧ EcoBoost 1.0-L ɩɪɨɞɟɦɨɧ-

ɫɬɪɭɜɚɜ ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬɢ ɩɚɥɢɜɚ ɧɚ 25 %, ɹɤ 

ɩɨɪɿɜɧɹɬɢ ɡ ɞɜɢɝɭɧɨɦ ɪɚɧɧɶɨʀ ɤɨɦɩɥɟɤɬɚɰɿʀ ɜ 

ɚɜɬɨɦɨɛɿɥɿ ɡ ɤɭɡɨɜɨɦ ɬɢɩɭ ɫɟɞɚɧ ɫɟɪɟɞɧɶɨɝɨ 

ɪɨɡɦɿɪɭ.  

Ⱦɜɢɝɭɧ EcoBoost 1.0-L ɜɢɡɧɚɧɢɣ ɤɪɚɳɢɦ 

ɦɿɠɧɚɪɨɞɧɢɦ ɞɜɢɝɭɧɨɦ 2016 ɪɨɤɭ ɡ ɪɨɛɨɱɢɦ 

ɨɛ’єɦɨɦ 1 ɥ, ɰɸ ɧɚɝɨɪɨɞɭ ɜɿɧ ɨɬɪɢɦɭє ɜɠɟ 

ɜɩ’ɹɬɟ ɩɨɫɩɿɥɶ. Ⱥɜɬɨɦɨɛɿɥɿ, ɨɫɧɚɳɟɧɿ ɞɜɢɝɭ-

ɧɨɦ EcoBoost SCTi GTDi,  ɡɚɞɨɜɨɥɶɧɹɸɬɶ 

ɜɢɤɢɞɚɦ ɒɊ ɿɡ ȼȽ ɪɿɜɧɹ Bin 2 ɡɚ ɰɢɤɥɨɦ 

FTP-75. 

Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɩɨɞɚɧɿ ɞɚɧɿ ɞɜɢɝɭɧɚ 
EcoBoost 1.0-L SCTi GTDi ɡɚ ɡɧɚɱɟɧɧɹɦ ɟɮɟɤ-

ɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. Șe ɧɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶ-
ɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ n = 2000 ɯɜ-1 (ɪɢɫ. 5) 

[24]. З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,25 Ɇɉɚ ɞɨ ɪɟ = 1,2 Ɇɉɚ ɡɧɚɱɟɧɧɹ ɟɮɟ-
ɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɡɛɿɥɶɲɭɸɬɶɫɹ ɜɿɞ Șe = 23,148 

ɞɨ Șe max = 34,01. ɍ ɪɚɡɿ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢ-

ɳɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ  

(ɪɟ = 2,1 Ɇɉɚ) ɡɧɚɱɟɧɧɹ Șe ɡɧɢɠɭɸɬɶɫɹ ɞɨ 

31,93.  

Зɚɫɥɭɝɨɜɭɸɬɶ ɧɚ ɭɜɚɝɭ ɩɨɤɚɡɧɢɤɢ ɱɨɬɢɪɢ-

ɬɚɤɬɧɨɝɨ ɞɜɢɝɭɧɚ BMW, ɪɨɡɪɨɛɥɟɧɨɝɨ ɮɿɪ-

ɦɨɸ Ricardo plc.  

Ⱦɥɹ ɡɞɿɣɫɧɟɧɧɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 

Controlled Auto Ignition (CAI) ɧɚ ɱɨɬɢɪɢɬɚɤɬ-
ɧɨɦɭ ɱɨɬɢɪɢɰɢɥɿɧɞɪɨɜɨɦɭ ɞɜɢɝɭɧɿ BMW 

ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɝɚɡɨɪɨɡɩɨɞɿɥɶɧɚ ɫɢɫɬɟɦɚ 
Valvetronic, ɹɤɚ ɞɨɡɜɨɥɹє ɡɦɿɧɸɜɚɬɢ ɮɚɡɢ 

ɜɿɞɤɪɢɬɬɹ/ɡɚɤɪɢɬɬɹ ɜɩɭɫɤɧɨɝɨ ɿ ɜɢɩɭɫɤɧɨɝɨ 

ɤɥɚɩɚɧɚ ɿ ɪɟɝɭɥɸɜɚɬɢ ʀɯ ɩɿɞɣɨɦ. Ɋɟɝɭɥɸɜɚɧɧɹ 

ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɭ ɜɩɭɫɤɧɨɦɭ ɤɨɥɟɤɬɨɪɿ ɡɚɛɟɡ-
ɩɟɱɭє ɪɨɛɨɬɭ ɞɜɢɝɭɧɚ ɡ ɜɿɞɤɪɢɬɨɸ ɩɨɜɿɬɪɹ-

ɧɨɸ ɡɚɫɥɿɧɤɨɸ ɜ ɞɿɚɩɚɡɨɧɿ ɧɚɜɚɧɬɚɠɟɧɶ ɜɿɞ 

1000 ɞɨ 3500 ɯɜ-1 [25]. 

Ɋɨɛɨɱɢɣ ɩɪɨɰɟɫ CAI ɩɟɪɟɞɛɚɱɚє ɡɚɣɦɚɧɧɹ 

ɛɿɞɧɨʀ ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨʀ ɫɭɦɿɲɿ ɡ αɰɢɥ > 1 ɜɿɞ 

ɫɬɢɫɧɟɧɧɹ, ɚ ɫɢɫɬɟɦɚ Valvetronic ɪɟɝɭɥɸє 
ɧɚɩɨɜɧɟɧɧɹ ɰɢɥɿɧɞɪɿɜ ɫɜɿɠɢɦ ɡɚɪɹɞɨɦ ɣ 

ɨɱɢɳɟɧɧɹ ɰɢɥɿɧɞɪɿɜ ɜɿɞ ȼȽ, ɳɨ ɞɨɡɜɨɥɹє 
ɬɚɤɨɠ ɡɦɿɧɸɜɚɬɢ ɦɨɦɟɧɬ ɡɚɣɦɚɧɧɹ.  

З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,127 Ɇɉɚ ɞɨ ɪɟ = 0,824 Ɇɉɚ ɡɧɚɱɟɧɧɹ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɞɜɢɝɭɧɚ Ricardo 4S CAI 

ɡɛɿɥɶɲɭɸɬɶɫɹ ɜɿɞ Șe = 18,66 % ɞɨ  

Șemax = 34,02 % ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɸ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɨɸ, ɹɤɳɨ n = 2000 ɯɜ-1 (ɪɢɫ. 5). Зɚ-
ɫɬɨɫɭɜɚɧɧɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ CAI ɞɨɡɜɨɥɢɥɨ 

ɩɿɞɜɢɳɢɬɢ ɞɨ 2 % ɪɿɜɟɧɶ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. 

ɳɨɞɨ ɞɚɧɢɯ ɞɜɢɝɭɧɚ EcoBoost 1.0-L SCTi 

GTDi. Ɉɞɧɚɤ ɫɭɬɬєɜɢɦ ɧɟɞɨɥɿɤɨɦ ɪɨɛɨɱɨɝɨ 

ɩɪɨɰɟɫɭ CAI є ɨɛɦɟɠɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɨ-

ɬɭɠɧɨɫɬɿ. 
Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɟɤɫɩɟ-

ɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɱɨɬɢɪɢɬɚɤɬɧɨɝɨ ɱɨɬɢɪɢɰɢ-

ɥɿɧɞɪɨɜɨɝɨ ɪɹɞɧɨɝɨ ɛɟɧɡɢɧɨɜɨɝɨ ɞɜɢɝɭɧɚ 
VW/Audi 2.0L 4S Gen.3B TFSI (S/D = 

92,8/82,5) ɡ ε = 11,65 ɣ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧ-

ɧɹɦ, ɪɿɞɢɧɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ, ɞɜɨɦɚ ɜɟɪɯɧɿ-
ɦɢ ɪɨɡɩɨɞɿɥɶɧɢɦɢ ɜɚɥɚɦɢ (DOHC), ɰɟɩɧɢɦ 

ɥɚɧɰɸɝɨɜɢɦ ɩɪɢɜɨɞɨɦ. Ⱦɜɢɝɭɧ ɩɪɚɰɸє ɡɚ 
ɰɢɤɥɨɦ Ɇɿɥɥɟɪɚ.  
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Ⱦɥɹ ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ ɞɜɢɝɭɧ ɦɚє ɛɟɡɩɟɪɟɪɜ-

ɧɟ ɪɟɝɭɥɸɜɚɧɧɹ ɜɿɞɤɪɢɬɬɹ/ɡɚɤɪɢɬɬɹ ɜɢɩɭɫɤ-

ɧɢɯ ɤɥɚɩɚɧɿɜ (ɫɢɫɬɟɦɚ AVS – ɞɜɨɫɬɭɩɟɧɟɜɟ 
ɤɟɪɭɜɚɧɧɹ ɩɿɞɣɨɦɨɦ ɜɢɩɭɫɤɧɢɯ ɤɥɚɩɚɧɿɜ), 

ɟɥɟɤɬɪɨɧɧɟ ɡɚɩɚɥɸɜɚɧɧɹ ɡɿ ɫɬɚɬɢɱɧɢɦ ɪɨɡɩɨ-

ɞɿɥɨɦ ɜɢɫɨɤɨʀ ɧɚɩɪɭɝɢ, ɬɭɪɛɨɧɚɞɞɭɜ ɬɚ ɿɧɬɟɪ-

ɤɭɥɟɪ. Ʉɨɦɛɿɧɨɜɚɧɚ ɫɢɫɬɟɦɚ ɜɩɪɢɫɤɭɜɚɧɧɹ 

ɧɟɟɬɢɥɶɨɜɚɧɨɝɨ ɛɟɧɡɢɧɭ RON 95 ɦɿɫɬɢɬɶ ɫɢɫ-
ɬɟɦɭ ɩɨɫɥɿɞɨɜɧɨɝɨ (ɩɨɞɜɿɣɧɨɝɨ) ɛɟɡɩɨɫɟɪɟɞ-

ɧɶɨɝɨ (FSI) ɿ ɪɨɡɩɨɞɿɥɟɧɨɝɨ ɜɩɪɢɫɤɭɜɚɧɧɹ 

(MPI) ɡ ɚɞɚɩɬɢɜɧɢɦ ɪɟɝɭɥɸɜɚɧɧɹɦ ɧɚɩɨɜ-

ɧɟɧɧɹ ɰɢɥɿɧɞɪɿɜ. Ⱥɞɚɩɬɢɜɧɟ ɥɹɦɛɞɚ-
ɪɟɝɭɥɸɜɚɧɧɹ ɣ ɚɞɚɩɬɢɜɧɟ ɪɟɝɭɥɸɜɚɧɧɹ ɡɚ 
ɞɟɬɨɧɚɰɿєɸ ɯɞɿɣɫɧɸєɬɶɫɹ ɫɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧ-

ɧɹ ɞɜɢɝɭɧɚ Bosch MED 17.1.10. ɇɚ ɞɜɢɝɭɧɿ 
ɜɫɬɚɧɨɜɥɟɧɚ ɫɢɫɬɟɦɚ ɧɟɣɬɪɚɥɿɡɚɰɿʀ ȼȽ. Ʌɹɦɛ-

ɞɚ-ɡɨɧɞ ɪɨɡɬɚɲɨɜɚɧɢɣ ɩɟɪɟɞ ɬɭɪɛɨɧɚɝɧɿɬɚ-
ɱɟɦ ɿ ɩɿɫɥɹ ɧɟɣɬɪɚɥɿɡɚɬɨɪɚ. ȿɤɨɥɨɝɿɱɧɢɣ ɤɥɚɫ 
– «ЄȼɊɈ–VI» (W) [26].  

ɇɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ (n = 3000 ɯɜ-1) ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɜɿɞ ɦɿɧɿ-
ɦɚɥɶɧɨɝɨ (ɪɟ = 0,11 Ɇɉɚ) ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

(ɪɟ = 2,0 Ɇɉɚ) ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɧɚɱɟɧɧɹ ɟɮɟɤ-

ɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɜɿɞɩɨɜɿɞɚɸɬɶ Șe = 20,46 % ɬɚ  
Șe = 32,99 %. Ɇɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢ-

ɜɧɨɝɨ ɤ.ɤ.ɞ. ɫɬɚɧɨɜɢɬɶ Șe max = 36,36 % ɩɪɢ ɪɟ 
= 1,051 Ɇɉɚ, ɳɨ ɧɚ 2,6 % ɜɢɳɟ, ɧɿɠ ɧɚ ɞɜɢ-

ɝɭɧɿ EcoBoost 1.0-L SCTi GTDi. Ɍɚɤɨɠ ɡ ɩɿɞ-

ɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɪɿɜɟɧɶ Șe ɞɜɢɝɭɧɚ 

VW/Audi 2.0L 4S Gen.3B TFSI ɜɢɳɟ ɞɨ 1 %, ɹɤ 

ɩɨɪɿɜɧɹɬɢ ɡ ɞɜɢɝɭɧɨɦ BMW (Ricardo 4S CAI) 

(ɪɢɫ. 5).  

Ɏɪɚɧɰɭɡɶɤɢɣ ɿɧɫɬɢɬɭɬ ɩɚɥɢɜɚ Institut 

français du pétrole (IFP) ɪɨɡɪɨɛɢɜ ɪɨɛɨɱɢɣ 

ɩɪɨɰɟɫ NADITM (Narrow Angle Direct 

Injection) Highly Premixed Combustion (HPC) 

ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡ-
ɧɢɤɿɜ ȾȼЗ, ɫɤɨɪɨɱɟɧɧɹ ɜɢɤɢɞɿɜ ɒɊ ɭ ȼȽ ɿ 
ɡɧɢɠɟɧɧɹ ɪɿɜɧɹ ɲɭɦɭ. 

Ɉɪɝɚɧɿɡɚɰɿɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ NADITM ɧɚ 
ɱɨɬɢɪɢɬɚɤɬɧɨɦɭ ɞɢɡɟɥɿ 4 ɑɇ 8,7/9,2 ɞɨɡɜɨɥɹє 
ɡɚɛɟɡɩɟɱɢɬɢ ɞɜɚ ɪɟɠɢɦɢ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ: 
ɝɨɦɨɝɟɧɧɟ ɿɧɬɟɧɫɢɜɧɟ ɝɨɪɿɧɧɹ HPC ɡɚ ɧɢɡɶ-

ɤɢɯ ɿ ɫɟɪɟɞɧɿɯ ɧɚɜɚɧɬɚɠɟɧɶ ɿ ɩɟɪɟɛɿɝ ɡɜɢɱɚɣ-

ɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɝɨɪɿɧɧɹ ɡɚ ɩɿɞɜɢɳɟ-
ɧɢɯ ɿ ɦɚɤɫɢɦɚɥɶɧɢɯ ɧɚɜɚɧɬɚɠɟɧɧɹɯ [27, 28].  

Ⱦɥɹ ɡɞɿɣɫɧɟɧɧɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɡɚɫɬɨ-

ɫɨɜɭєɬɶɫɹ ɪɿɡɧɨɦɚɧɿɬɧɟ ɤɟɪɭɜɚɧɧɹ: ɩɨɜɿɬɪɹ-

ɧɨɸ ɡɚɫɥɿɧɤɨɸ, ɮɚɡɚɦɢ ɜɿɞɤɪɢɬɬɹ/ɡɚɤɪɢɬɬɹ 

ɜɩɭɫɤɧɢɯ ɿ ɜɢɩɭɫɤɧɢɯ ɤɥɚɩɚɧɿɜ, ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɫɢɫɬɟɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ ȼȽ (ERG). ɉɿɞ ɱɚɫ ɞɨɫ-
ɥɿɞɠɟɧɶ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɫɩɪɨɟɤɬɨɜɚɧɚ ɄЗ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɨɪɝɚɧɿɡɚɰɿʀ ɪɭɯɭ ɪɨɛɨɱɨɝɨ ɬɿɥɚ ɡ 
ɜɢɯɪɨɜɢɦ ɱɢɫɥɨɦ 1,3 ɭ ɜ.ɦ.ɬ. ɡɚ ɫɬɭɩɟɧɟɦ 

ɫɬɢɫɧɟɧɧɹ ε = 18. ɇɚ ɪɟɠɢɦɚɯ ɦɚɤɫɢɦɚɥɶɧɢɯ 

ɧɚɜɚɧɬɚɠɟɧɶ ɬɢɫɤ ɜɩɪɢɫɤɭɜɚɧɧɹ ɩɚɥɢɜɚ ɩɿɞ-

ɜɢɳɟɧɨ ɡ 160 ɞɨ 180 Ɇɉɚ.  

Ɋɢɫ. 5. Зɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. Șe ɱɨɬɢɪɢɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ ɧɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚ-
ɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
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Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ ɞɟɦɨɧɫɬɪɭɸɬɶ ɦɨ-

ɠɥɢɜɿɫɬɶ ɟɮɟɤɬɢɜɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɢɡɟɥɶ-
ɧɨɝɨ ɞɜɢɝɭɧɚ ɡ ɪɨɛɨɱɢɦ ɩɪɨɰɟɫɨɦ NADITM ɧɚ 
ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɡɚɫɨɛɿ, ɦɚɫɨɸ ɞɨ 1810 ɤɝ, ɡ 
ɪɿɜɧɟɦ ɜɢɤɢɞɿɜ ɒɊ ɭ ȼȽ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ 

ɧɨɪɦɚɦ ɝɨɥɨɜɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɡ ɨɯɨɪɨɧɢ ɧɚ-
ɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɇɿɦɟɱɱɢɧɢ (UBA).  

ȼɢɤɨɪɢɫɬɚɧɧɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ NADITM 

ɞɨɡɜɨɥɢɥɨ ɧɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ n = 2500 ɯɜ-1 (ɪɢɫ. 5) ɡ 
ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɪɟ = 0,1 Ɇɉɚ 
ɞɨ ɪɟ = 0,4 Ɇɉɚ ɩɿɞɜɢɳɢɬɢ ɪɿɜɟɧɶ ɡɧɚɱɟɧɶ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɜɿɞ Șe = 17,83 % ɞɨ  

Șe = 32,45 %, ɳɨ ɞɨ 3 % ɜɢɳɟ, ɧɿɠ ɧɚ ɞɜɢɝɭɧɿ 
VW/Audi 2.0L 4S Gen.3B TFSI. Ɇɚɤɫɢɦɚɥɶɧɟ 
ɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɫɬɚɧɨɜɢɬɶ  

Șe max = 38,5 % ɩɪɢ ɪɟ = 1,1 Ɇɉɚ.  
Ⱦɥɹ ɩɨɞɚɥɶɲɢɯ ɩɨɪɿɜɧɹɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɹɤɿ 
ɡɞɿɣɫɧɸɜɚɥɢ ɧɚ ɱɨɬɢɪɢɬɚɤɬɧɨɦɭ ɞɜɢɝɭɧɿ  
2.0L GM Ecotec Turbocharged Gasoline Direct 

Injec (ETGDI) ɡ ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ, ɦɨ-

ɞɟɪɧɿɡɨɜɚɧɢɦ ɞɥɹ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨ-

ɰɟɫɭ RCCI (Reactivity Controlled Compression 

Ignition) [29]. Ɉɪɝɚɧɿɡɚɰɿɹ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 

RCCI є ɜɚɪɿɚɧɬɨɦ ɝɨɦɨɝɟɧɧɨɝɨ ɝɨɪɿɧɧɹ ɪɨɛɨ-

ɱɨɝɨ ɡɚɪɹɞɭ (HCCI), ɹɤɢɣ ɡɚɛɟɡɩɟɱɭє ɤɨɧɬ-
ɪɨɥɶ ɧɚɞ ɩɪɨɰɟɫɨɦ ɝɨɪɿɧɧɹ ɜ ɪɚɡɿ ɡɦɿɲɭɜɚɧɧɹ 

ɜ ɄЗ ɞɜɢɝɭɧɚ ɹɤ ɦɿɧɿɦɭɦ ɞɜɨɯ ɩɚɥɢɜ ɡ ɪɿɡɧɢ-

ɦɢ ɡɚɣɦɢɫɬɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ. ɉɿɞ ɱɚɫ ɞɨɫ-
ɥɿɞɠɟɧɶ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɿɡɨɨɤɬɚɧ ɬɚ  
ɧ-ɝɟɩɬɚɧ.  

Іɡɨɨɤɬɚɧ ɜɩɪɢɫɤɭєɬɶɫɹ ɧɚ ɜɩɭɫɤɭ ɞɥɹ 

ɨɬɪɢɦɚɧɧɹ ɝɨɦɨɝɟɧɧɨʀ ɩɚɥɢɜɨɩɨɜɿɬɪɹɧɨʀ ɫɭ-

ɦɿɲɿ, ɚ ɧ-ɝɟɩɬɚɧ ɜɩɪɢɫɤɭєɬɶɫɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ 

ɞɨ ɰɢɥɿɧɞɪɚ ɞɜɢɝɭɧɚ ɞɥɹ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɡɲɚ-
ɪɭɜɚɧɧɹ ɉɉЗ. ȼɫɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɩɪɨɜɟɞɟɧɿ 
ɛɟɡ ɪɟɰɢɪɤɭɥɹɰɿʀ ȼȽ. Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɨɛɪɚɧɿ 
ɞɚɧɿ ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ RCCI 4S (S/D = 

86/86) ɡ ε = 9,2 ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ, ɹɤɳɨ n = 1800 ɯɜ-1 (ɪɢɫ. 5).  

З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,316 Ɇɉɚ ɞɨ ɪɟ = 0,557 Ɇɉɚ ɡɧɚɱɟɧɧɹ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɡɛɿɥɶɲɢɥɢɫɹ ɜɿɞ Șe = 

29,58 % ɞɨ Șe = 36,78 %, ɳɨ ɞɨ 5 % ɜɢɳɟ, ɧɿɠ 

ɧɚ ɞɜɢɝɭɧɿ VW/Audi 2.0L 4S Gen.3B TFSI. 

ɍ ɪɚɡɿ  ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɧɚɜɚɧɬɚɠɟɧ-

ɧɹ ɞɨ ɪɟ = 0,76 Ɇɉɚ ɪɿɜɟɧɶ ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. 

ɪɿɡɤɨ ɡɧɢɠɭєɬɶɫɹ ɞɨ Șe = 27,56 %.  

Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɩɨɤɚɡɧɢ-

ɤɢ ɞɢɡɟɥɹ VW/Audi 2.0 L TDI (S/D = 95,5/81) ɡ 
ε = 15,5 (ɪɢɫ. 3.15) ɧɚ ɪɟɠɢɦɚɯ ɧɚɜɚɧɬɚɠɭɜɚ-
ɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ ɭɦɨɜɢ  

n = 3000 ɯɜ-1. Ⱦɜɢɝɭɧ ɦɚє ɩɨɞɜɿɣɧɢɣ ɬɭɪɛɨ-

ɤɨɦɩɪɟɫɨɪ Biturbo, ɫɢɫɬɟɦɭ ɜɩɪɢɫɤɭɜɚɧɧɹ 

ɩɚɥɢɜɚ Common Rail Bosch CRS 2-20 2000, 

ɞɜɨɤɨɧɬɭɪɧɭ ɫɢɫɬɟɦɭ ɪɟɰɢɪɤɭɥɹɰɿʀ ȼȽ, ɫɢɫ-
ɬɟɦɭ ɪɟɝɭɥɸɜɚɧɧɹ ɮɚɡ ɝɚɡɨɪɨɡɩɨɞɿɥɭ (VVT), 

ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɞɜɢɝɭɧɨɦ – Delphi DCM 

6.2. ɉɪɨɬɨɱɧɢɣ ɤɚɬɚɥɿɬɢɱɧɢɣ ɧɟɣɬɪɚɥɿɡɚɬɨɪ ɿ 
ɮɿɥɶɬɪ ɫɚɠɿ ɡɚɛɟɡɩɟɱɭɸɬɶ ɜɢɤɨɧɚɧɧɹ ɧɨɪɦ ɡɚ 
ɬɨɤɫɢɱɧɿɫɬɸ ȼȽ «ЄȼɊɈ–VI» ɬɚ US Tier 2, ɳɨ 

ɞɨɫɹɝɚєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɢɫɬɟɦɢ ɧɚ ɨɫɧɨɜɿ 
ɚɞɫɨɪɛɟɪɚ NOx.  

З ɩɿɞɜɢɳɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ  

ɪɟ = 0,244 Ɇɉɚ ɞɨ ɪɟ = 1,527 Ɇɉɚ ɡɧɚɱɟɧɧɹ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɞɜɢɝɭɧɚ VW/Audi 2.0 L 4S 

TDI ɡɛɿɥɶɲɭɸɬɶɫɹ ɜɿɞ Șe = 23,53 % ɞɨ  

Șe max = 42,35 % ɡɚ ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɸ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɨɸ (n = 3000 ɯɜ-1). ɍ ɪɚɡɿ ɩɨɞɚɥɶɲɨ-

ɝɨ ɩɿɞɜɢɳɟɧɧɹ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨ ɪɟ = 

1,942 Ɇɉɚ ɪɿɜɟɧɶ Șe ɡɧɢɠɭєɬɶɫɹ ɞɨ 40,34 % 

(ɪɢɫ. 5).  

ɉɿɞ ɱɚɫ ɩɨɪɿɜɧɹɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɡɧɚɱɟɧɶ 

ɟɮɟɤɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. ɱɨɬɢɪɢɬɚɤɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡɚ 
ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɫɬɚ-
ɧɨɜɥɟɧɨ, ɳɨ ɜ ɞɿɚɩɚɡɨɧɿ ɜɿɞ ɪɟ = 0,1 Ɇɉɚ ɞɨ ɪɟ 
= 0,35 Ɇɉɚ ɪɿɜɟɧɶ Șe = 17,83–31,55 % ɦɚє 
ɱɨɬɢɪɢɬɚɤɬɧɢɣ ɞɢɡɟɥɶ 4 ɑɇ 8,7/9,2 ɡɿ ɫɬɭɩɟ-
ɧɟɦ ɫɬɢɫɧɟɧɧɹ ε = 18 ɣ ɨɪɝɚɧɿɡɚɰɿєɸ ɪɨɛɨɱɨ-

ɝɨ ɩɪɨɰɟɫɭ NADITM (ɪɢɫ. 5). З ɩɿɞɜɢɳɟɧɧɹɦ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨ ɪɟ = 0,557 Ɇɉɚ ɧɚɣɛɿɥɶɲɟ 
ɡɧɚɱɟɧɧɹ Șe = 36,78 % ɦɚє ɱɨɬɢɪɢɬɚɤɬɧɢɣ 

ɞɜɢɝɭɧ 2.0L GM Ecotec Turbocharged 

Gasoline Direct Injec (ETGDI) ɡ ɿɫɤɪɨɜɢɦ ɡɚ-
ɩɚɥɸɜɚɧɧɹɦ ɬɚ ɨɪɝɚɧɿɡɚɰɿєɸ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟ-
ɫɭ RCCI. ɍ ɪɚɡɿ ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɧɚ-
ɜɚɧɬɚɠɟɧɧɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ  

ɪɟ = 1,942 Ɇɉɚ ɧɚɣɛɿɥɶɲɿ ɡɧɚɱɟɧɧɹ Șe max = 

42,35 % ɧɚɥɟɠɚɬɶ ɞɢɡɟɥɸ VW/Audi 2.0 L TDI.  

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɚɣɜɢɳɢɯ ɡɧɚɱɟɧɶ ɟɮɟɤ-

ɬɢɜɧɨɝɨ ɤ.ɤ.ɞ. Șe ȾȼЗ ɩɨɞɚɧɿ  ɧɚɜɚɧɬɚɠɭɜɚɥɶ-
ɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɨɬɚɤɬɧɢɯ ɬɚ ɱɨɬɢɪɢɬɚɤ-

ɬɧɢɯ ɞɜɢɝɭɧɿɜ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦ ɪɿɜɧɟɦ Șe 

(ɪɢɫ. 6).  

ɇɚ ɪɟɠɢɦɚɯ ɦɿɧɿɦɚɥɶɧɢɯ ɿ ɱɚɫɬɤɨɜɢɯ ɧɚ-
ɜɚɧɬɚɠɟɧɶ ɞɨ ɪɟ = 0,4 Ɇɉɚ ɪɚɰɿɨɧɚɥɶɧɨ ɜɢɤɨ-

ɪɢɫɬɨɜɭɜɚɬɢ ȾȼЗ, ɳɨ ɩɪɚɰɸє ɩɨ ɞɜɨɬɚɤɬɧɨɦɭ 

ɰɢɤɥɿ Ɉɬɬɨ ɩɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨ-

ɰɟɫɭ ɡ ɊЗɉɉЗ.  

ɇɚ ɪɟɠɢɦɚɯ ɫɟɪɟɞɧɿɯ ɧɚɜɚɧɬɚɠɟɧɶ  
(ɪɟ = 0,4–0,6 Ɇɉɚ) ɪɚɰɿɨɧɚɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭ-

ɜɚɬɢ ɩɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 

RCCI ɡɿ ɡɦɿɲɚɧɢɦ ɩɿɞɜɟɞɟɧɧɹɦ ɬɟɩɥɨɬɢ ɣ 

ɨɞɧɨɱɚɫɧɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɚɥɢɜ ɡ ɪɿɡɧɢɦɢ 

ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɡɚɩɚɥɸɜɚɧɧɹ.  
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ɇɚ ɪɟɠɢɦɚɯ ɩɿɞɜɢɳɟɧɢɯ ɿ ɦɚɤɫɢɦɚɥɶɧɢɯ 

ɧɚɜɚɧɬɚɠɟɧɶ (ɩɨɧɚɞ ɪɟ = 0,6 Ɇɉɚ) ɜɢɤɨɪɢɫ-
ɬɨɜɭɸɬɶ ȾȼЗ, ɳɨ ɩɪɚɰɸɸɬɶ ɡɚ ɱɨɬɢɪɢɬɚɤɬ-
ɧɢɦ ɰɢɤɥɨɦ ɡɿ ɡɦɿɲɚɧɢɦ ɩɿɞɜɟɞɟɧɧɹɦ ɬɟɩɥɨ-

ɬɢ ɡ ɩɪɨɞɨɜɠɟɧɢɦ ɪɨɡɲɢɪɟɧɧɹɦ, ɹɤɟ ɦɨɠɥɢ-

ɜɨ ɪɟɚɥɿɡɭɜɚɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɩɨɞɜɿɣɧɨɝɨ ɬɭɪɛɨɤɨɦɩɪɟɫɨɪɚ.  
 

ȼɢɫɧɨɜɤɢ 

ɇɚ ɨɫɧɨɜɿ ɩɨɪɿɜɧɸɜɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɟɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ Șe ȾȼЗ ɡɚ ɧɚɜɚɧɬɚɠɭɜɚ-
ɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɡɨɧɿ ɨɫɧɨɜɧɢɯ 

ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɜɫɬɚɧɨɜɥɟ-
ɧɨ, ɳɨ ɪɚɰɿɨɧɚɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ȾȼЗ ɡɚ 
ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɚɤɢɦ 

ɱɢɧɨɦ: ɧɚ ɱɚɫɬɤɨɜɢɯ ɧɚɜɚɧɬɚɠɟɧɧɹɯ (ɞɨ  

ɪɟ = 0,4 Ɇɉɚ) ȾȼЗ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɡɚ ɞɜɨɬɚɤɬ-
ɧɢɦ ɰɢɤɥɨɦ Ɉɬɬɨ ɩɿɞ ɱɚɫ ɨɪɝɚɧɿɡɚɰɿʀ ɪɨɛɨɱɨ-

ɝɨ ɩɪɨɰɟɫɭ ɡ ɊЗɉɉЗ; ɧɚ ɫɟɪɟɞɧɿɯ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹɯ (ɪɟ = 0,4–0,6 Ɇɉɚ) ȾȼЗ, ɹɤɿ ɩɪɚɰɸ-

ɸɬɶ ɡɚ ɱɨɬɢɪɢɬɚɤɬɧɢɦ ɰɢɤɥɨɦ ɩɿɞ ɱɚɫ ɨɪɝɚɧɿ-
ɡɚɰɿʀ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ RCCI ɡɿ ɡɦɿɲɚɧɢɦ 

ɩɿɞɜɟɞɟɧɧɹɦ ɬɟɩɥɨɬɢ ɣ ɨɞɧɨɱɚɫɧɢɦ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹɦ ɩɚɥɢɜ ɡ ɪɿɡɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ; ɧɚ 
ɩɿɞɜɢɳɟɧɢɯ ɧɚɜɚɧɬɚɠɟɧɧɹɯ (ɩɨɧɚɞ ɪɟ = 0,6 

Ɇɉɚ) ȾȼЗ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɡɚ ɱɨɬɢɪɢɬɚɤɬɧɢɦ 

ɰɢɤɥɨɦ ɡɿ ɡɦɿɲɚɧɢɦ ɩɿɞɜɟɞɟɧɧɹɦ ɬɟɩɥɨɬɢ ɣ 

ɩɪɨɞɨɜɠɟɧɢɦ ɪɨɡɲɢɪɟɧɧɹɦ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɩɨɞɜɿɣɧɨɝɨ ɬɭɪɛɨɤɨɦɩɪɟɫɨɪɚ. 
ɉɟɪɫɩɟɤɬɢɜɚɦɢ ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ є ɪɨɡ-

ɪɨɛɥɟɧɧɹ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ȾȼЗ, 

ɹɤɿ ɡɚɥɟɠɧɨ ɜɿɞ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɦɚɥɢ ɦɨɠɥɢ-

ɜɿɫɬɶ ɡɦɿɧɸɜɚɬɢ ɬɚɤɬɧɿɫɬɶ ɬɚ ɫɩɨɫɿɛ ɨɪɝɚɧɿɡɚɰɿʀ 
ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ.  
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Клɸɱевые ɫлɨва: ɞɜɭɯɬɚɤɬɧɵɣ, ɱɟɬɵɪɟɯɬɚɤɬ-

ɧɵɣ, ɞɜɢɝɚɬɟɥɶ, ɧɚɝɪɭɡɨɱɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, 

ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɷɮɮɟɤɬɢɜɧɵɣ ɄɉД 

 

Ʉɨɪɨɝɨɞɫɤɢɣ ȼɥɚɞɢɦɢɪ Ⱥɧɚɬɨɥɶɟɜɢɱ, ɞ.ɬ.ɧ., 

ɩɪɨɮ. ɤɚɮ. ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ,  

ɬɟɥ. +38 066-229-60-67,  ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶ-

ɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
ɭɥ. əɪɨɫɥɚɜɚ Ɇɭɞɪɨɝɨ, 25, ɝ. ɏɚɪɶɤɨɜ, 61002, 

ɍɤɪɚɢɧɚ.  
 

Comparison of technical, economic and environ-

mental indicators of two-stroke and four-stroke 

engines according to load characteristics 

Abstract. Problem. To determine the main promising 

areas for further improvement of the technical, eco-

nomic and environmental indicators of internal com-

bustion engines, a comparative analysis of their level 

of brake thermal efficiency (BTE) was carried out, 

taking into account the energy value of the fuel and 

the content of toxic substances in the exhaust gases 

by load characteristics. For comparison, two-stroke 

and four-stroke engines with spark ignition and com-

pression-ignition of the air-fuel mixture were used 

for various methods of organizing the working pro-

cess using fuels of wide fractional composition. As a 

result of the comparative analysis, it was determined 

that it is rational to use ICEs operating on the Otto 

push-pull cycle at the modes of minimum partial 

loads up to bmep = 0.4 MPa. At the same time, it is 

expedient, when organizing the working process, to 

realize internal mixture formation by using direct 

fuel injection and to ensure the combustion of a strat-

ified lean air-fuel charge. Originality. The maximum 
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level of brake thermal efficiency amounted to BTEmax 

= 36.53% at a load of bmep = 0.38 MPa and engine 

operation on gasoline. At medium load conditions 

(bmep = 0.4-0.6 MPa) it is rational to use ICEs oper-

ating on a four-stroke cycle when organizing the 

RCCI (Reactivity Controlled Compression Ignition) 

workflow with mixed heat input and simultaneous use 

of fuels with a wide fractional composition, various 

physicochemical properties and energy value. The 

maximum practical value of brake thermal efficiency 

to BTEmax = 36.78% at bmep = 0.557 MPa. At high 

and maximum loads (more than  

bmep = 0.6 MPa), it is preferable to use ICEs operat-

ing on a four-cycle cycle with mixed heat supply and 

continued expansion, which can be realized using a 

double turbocharger. The maximum of brake thermal 

efficiency at bmep = 1.527 MPa, it was BTEmax = 

42.35%.  

Keywords: two-stroke, four-stroke, engine, load 

characteristic, workflow, brake thermal efficiency. 
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