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Abstract. Methods of calculation of the non-equilibrium chemical composition of exhaust gases of the 

gas engine with spark ignition have been presented. The results of calculation of the non-equilibrium 

chemical composition of exhaust gases of 4GF7,5/7,35 gas engine according to this technique were 

obtained. 
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ȼɫɬɭɩ 

 

Ɉɫɧɨɜɧɢɦɢ ɩɪɢɱɢɧɚɦɢ ɜɢɤɨɪɢɫɬɚɧɧя ɝɚɡɨɜɢɯ 
ɩɚɥɢɜ ɚɜɬɨɦɨɛіɥɶɧɢɦ ɬɪɚɧɫɩɨɪɬɨɦ ɭ ɜɫɶɨɦɭ 
ɫɜіɬі є ɟɤɨɧɨɦіɱɧі ɬɚ ɟɤɨɥɨɝіɱɧі ɮɚɤɬɨɪɢ. 

 
ɋɶɨɝɨɞɧі ɭ ɫɜіɬі яɤ ɚɥɶɬɟɪɧɚɬɢɜɚ ɪіɞɤɢɦ ɧɚɮ-
ɬɨɜɢɦ ɩɚɥɢɜɚɦ ɧɚɣɛіɥɶɲ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭ-

єɬɶɫя ɩɪɢɪɨɞɧɢɣ ɝɚɡ. ɒɢɪɨɤɟ ɜɢɤɨɪɢɫɬɚɧɧя 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ ɡɭɦɨɜɥɟɧɟ ɬɢɦ, ɳɨ ɣɨɝɨ ɜɢ-
ɪɨɛɧɢɰɬɜɨ ɧɟ ɩɨɬɪɟɛɭє ɝɥɢɛɨɤɨʀ ɯіɦіɱɧɨʀ ɩɟ-
ɪɟɪɨɛɤɢ ɩɟɪɜɢɧɧɨʀ ɫɢɪɨɜɢɧɢ, ɚ ɩіɞɝɨɬɨɜɤɭ ɞɨ 
ɡɚɫɬɨɫɭɜɚɧɧя ɩɪɨɜɨɞяɬɶ ɮіɡɢɱɧɢɦɢ ɦɟɬɨɞɚ-
ɦɢ, ɬɚɤɢɦɢ яɤ: ɫɬɢɫɧɟɧɧя (ɤɨɦɩɪɢɦɭɜɚɧɧя) 
ɱɢ ɡɪіɞɠɟɧɧя (ɫɤɪɚɩɥɟɧɧя). Ɂɚɜɞяɤɢ ɰɶɨɦɭ ɭ 
ɛіɥɶɲɨɫɬі ɤɪɚʀɧ ɫɜіɬɭ ɜɚɪɬіɫɬɶ ɝɚɡɨɜɢɯ ɦɨ-
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ɬɨɪɧɢɯ ɩɚɥɢɜ ɞɥя ɫɩɨɠɢɜɚɱіɜ є ɧɢɠɱɨɸ ɡɚ 
ɜɚɪɬіɫɬɶ ɪіɞɢɧɧɢɯ ɩɚɥɢɜ. 
 
У ɡɜ’яɡɤɭ ɡ ɩɨɲɢɪɟɧɧяɦ ɜɢɤɨɪɢɫɬɚɧɧя ɩɪɢ-
ɪɨɞɧɨɝɨ ɝɚɡɭ ɜ яɤɨɫɬі ɦɨɬɨɪɧɨɝɨ ɩɚɥɢɜɚ, ɜɢ-
ɧɢɤɚє ɧɟɨɛɯіɞɧіɫɬɶ ɜɢɤɨɧɚɧɧя ɪɨɡɪɚɯɭɧɤɭ 
ɯіɦіɱɧɨɝɨ ɫɤɥɚɞɭ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя ɡ ɦɟɬɨɸ 
ɩɨɲɭɤɭ ɲɥяɯіɜ ɡɧɢɠɟɧɧя ɬɨɤɫɢɱɧɨɫɬі ɜіɞ-
ɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡіɜ ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ ɡ іɫɤɪɨ-
ɜɢɦ ɡɚɩɚɥɸɜɚɧɧяɦ. 

 

Аɧɚɥіɡ ɩɭɛɥіɤɚɰіɣ 
 

Ɂɚɪɚɡ ɞɥя ɪɨɡɪɚɯɭɧɤɭ ɜɦіɫɬɭ ɬɨɤɫɢɱɧɢɯ ɤɨɦ-
ɩɨɧɟɧɬіɜ ɭ ɜіɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡɚɯ ɞɜɢɝɭɧɚ ɡ 
іɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧяɦ (ІɁ) ɜɢɤɨɪɢɫɬɨɜɭєɬɶ-
ɫя ɩɟɪɟɜɚɠɧɨ ɦɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɧɤɭ ɪіɜɧɨɜɚ-
ɠɧɨɝɨ ɫɤɥɚɞɭ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя, ɡɚɩɪɨɩɨ-
ɧɨɜɚɧɚ ɩɪɨɮ. Ɂɜɨɧɨɜɢɦ ȼ.Ɉ. [1]. Дɥя 
ɪɨɡɪɚɯɭɧɤɭ ɤɨɧɰɟɧɬɪɚɰіʀ NOx ɞɚɧɚ ɦɟɬɨɞɢɤɚ 
ɞɨɩɨɜɧɸєɬɶɫя ɤіɧɟɬɢɱɧɢɦ ɪіɜɧяɧɧяɦ Ɂɟɥɶɞɨ-
ɜɢɱɚ [3].  
 
ɋɭɬɶ ɦɟɬɨɞɭ ɩɨɥяɝɚє ɭ ɬɚɤɨɦɭ: ɫɩɨɱɚɬɤɭ ɜɢ-
ɤɨɧɭєɬɶɫя ɪɨɡɪɚɯɭɧɨɤ ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ 
ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя (ɜɢɪіɲɭєɬɶɫя ɫɢɫɬɟɦɚ ɡ N 
ɧɟɥіɧіɣɧɢɯ ɪіɜɧяɧɶ ɡ N ɧɟɜіɞɨɦɢɯ) [1, 2, 4, 5]. 
ɉɨɬіɦ ɜɢɤɨɧɭєɬɶɫя ɪɨɡɪɚɯɭɧɨɤ NO (ɨɫɤіɥɶɤɢ 
ɭ ДȼɁ іɡ іɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧяɦ ɦɨɧɨɨɤɫɢɞ 
ɚɡɨɬɭ NO ɫɬɚɧɨɜɢɬɶ ɛіɥɶɲɟ 97 % ɜɢɤɢɞіɜ ɨɤ-
ɫɢɞіɜ ɚɡɨɬɭ, ɬɨ ɩɪɢ ɜɢɡɧɚɱɟɧɧі ɤɨɧɰɟɧɬɪɚɰіɣ 
NOx ɩɪɢɣɦɚєɬɶɫя ɞɨɩɭɳɟɧɧя, ɳɨ ɡі ɜɫіɯ ɨɤ-
ɫɢɞіɜ ɚɡɨɬɭ ɭɬɜɨɪɢɬɶɫя ɬіɥɶɤɢ ɜіɧ) ɡɚ ɤіɧɟɬɢ-
ɱɧɢɦ ɪіɜɧяɧɧяɦ Ɂɟɥɶɞɨɜɢɱɚ [3]. І ɜɢɤɨɧɭєɬɶ-
ɫя ɩɨɜɬɨɪɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɪіɜɧɨɜɚɠɧɨɝɨ 
ɫɤɥɚɞɭ ɡ ɩɨɩɟɪɟɞɧɶɨ ɡɧɚɣɞɟɧɢɦɢ ɡɧɚɱɟɧɧяɦɢ 
NO, яɤі ɩɪɢɣɦɚɸɬɶɫя ɤɨɧɫɬɚɧɬɚɦɢ. 
 
Ɍɚɤɨɠ іɫɧɭє ɦɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɧɤɭ ɧɟɪіɜɧɨ-
ɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя. ȼ ɨɫɧɨɜɭ 
ɰієʀ ɦɟɬɨɞɢɤɢ ɛɭɥɨ ɩɨɤɥɚɞɟɧɨ ɦɟɯɚɧіɡɦ ɝɨ-
ɪіɧɧя ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ GRI 3.0, ɡɚɩɪɨɩɨɧɨ-
ɜɚɧɢɣ Кɚɥіɮɨɪɧіɣɫɶɤɢɦ ɭɧіɜɟɪɫɢɬɟɬɨɦ ɜ  
Ȼɟɪɤɥі [7]. 
 
ɋɭɬɶ ɰієʀ ɦɟɬɨɞɢɤɢ ɩɨɥяɝɚє ɭ ɬɨɦɭ, ɳɨ ɧɚ 
ɨɫɧɨɜі ɪіɜɧяɧɶ ɯіɦіɱɧɢɯ ɪɟɚɤɰіɣ, ɳɨ ɜіɞɛɭ-
ɜɚɸɬɶɫя ɭ ɰɢɥіɧɞɪі ɞɜɢɝɭɧɚ (ɰі ɪіɜɧяɧɧя ɛɟ-
ɪɭɬɶɫя ɡ ɦɟɯɚɧіɡɦɭ GRI 3.0 [7]), ɫɤɥɚɞɚєɬɶɫя 
ɫɢɫɬɟɦɚ ɞɢɮɟɪɟɧɰіɚɥɶɧɢɯ ɪіɜɧяɧɶ ɜіɞɧɨɫɧɨ 
ɤɨɠɧɨɝɨ ɡ ɤɨɦɩɨɧɟɧɬіɜ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя. 
ȼɢɪіɲɭɸɱɢ ɰɸ ɫɢɫɬɟɦɭ, ɨɬɪɢɦɚєɦɨ ɤɨɧɰɟɧ-
ɬɪɚɰіʀ ɫɤɥɚɞɨɜɢɯ ɜіɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡіɜ. 
 
Аɧɚɥіɡ ɥіɬɟɪɚɬɭɪɢ ɩɨɤɚɡɚɜ, ɳɨ, ɧɚ ɜіɞɦіɧɭ ɜіɞ 
ɪɨɡɪɚɯɭɧɤɭ ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ, ɪɨɡɪɚɯɭɧɨɤ 
ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɦɚє ɬɚɤі ɩɟɪɟɜɚɝɢ: 

– ɜɢɳɟ ɬɨɱɧіɫɬɶ ɪɟɡɭɥɶɬɚɬɭ ɜɧɚɫɥіɞɨɤ ɛіɥɶɲ 

ɞɨɫɤɨɧɚɥɨʀ ɦɨɞɟɥі ɪɨɡɪɚɯɭɧɤɭ; 
– ɦɨɠɥɢɜіɫɬɶ ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɤɨɧɰɟɧɬɪɚɰіɸ 

ɨɤɫɢɞіɜ ɚɡɨɬɭ ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧя ɨɤɪɟɦɢɯ ɦɟ-
ɬɨɞіɜ; 
– ɪɨɡɪɚɯɨɜɭєɬɶɫя ɛіɥɶɲɚ ɤіɥɶɤіɫɬɶ ɨɬɪɭɣɧɢɯ 
ɪɟɱɨɜɢɧ, ɭ ɬɨɦɭ ɱɢɫɥі ɣ ɚɥɶɞɟɝіɞɢ. 

 

Ƚɨɥɨɜɧɢɦ ɧɟɞɨɥіɤɨɦ ɦɟɬɨɞɭ ɪɨɡɪɚɯɭɧɤɭ ɧɟ-
ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ є ɬɟ, ɳɨ ɜіɧ є ɛіɥɶɲ 

ɫɤɥɚɞɧɢɦ ɭ ɜɢɤɨɪɢɫɬɚɧɧі, ɧіɠ ɪɨɡɪɚɯɭɧɨɤ 
ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ. Аɥɟ ɭ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ 
ɰɟɣ ɧɟɞɨɥіɤ є ɬɚɤɢɦ, ɳɨ ɧɟ ɡɚɜɚɠɚє ɜɢɤɨɪɢɫ-
ɬɨɜɭɜɚɬɢ ɰɸ ɦɟɬɨɞɢɤɭ. 
 

Ɉɬɠɟ, ɨɫɤіɥɶɤɢ ɪɨɡɪɚɯɭɧɨɤ ɧɟɪіɜɧɨɜɚɠɧɨɝɨ 

ɫɤɥɚɞɭ ɦɚє ɛіɥɶɲɟ ɩɟɪɟɜɚɝ, ɧіɠ ɧɟɞɨɥіɤіɜ, 
ɩɨɪіɜɧяɧɨ ɡ ɪɨɡɪɚɯɭɧɤɨɦ ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚ-
ɞɭ, ɣ ɧɟɞɨɥіɤɢ ɧɟ є ɤɪɢɬɢɱɧɢɦɢ, ɬɨ ɞɥя ɪɨɡ-
ɪɚɯɭɧɤɭ ɫɤɥɚɞɭ ɜіɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡіɜ ɝɚɡɨɜɨ-
ɝɨ ɞɜɢɝɭɧɚ ɛɭɥɨ ɨɛɪɚɧɨ ɦɟɬɨɞ ɪɨɡɪɚɯɭɧɤɭ 
ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ. 
 

Ɇɟɬɚ дɨɫɥідɠɟɧɧя 

 

Ɇɟɬɨɸ ɞɚɧɨɝɨ ɞɨɫɥіɞɠɟɧɧя є ɚɞɚɩɬɚɰія ɦɟ-
ɬɨɞɢɤɢ ɪɨɡɪɚɯɭɧɤɭ ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɯіɦіɱɧɨɝɨ 
ɫɤɥɚɞɭ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя ɞɨ ɭɦɨɜ ɭ ɰɢɥіɧɞ-
ɪі ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ. 

 

ɉɪɢɧɰɢɩ ɫɤɥɚдɚɧɧя ɫɢɫɬɟɦɢ  

дɢɮɟɪɟɧɰіɚɥɶɧɢх ɪіɜɧяɧɶ дɥя ɪɨɡɪɚхɭɧɤɭ 

ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚдɭ ɩɪɨдɭɤɬіɜ  

ɡɝɨɪяɧɧя 

 

ɋɢɫɬɟɦɚ ɞɢɮɟɪɟɧɰіɚɥɶɧɢɯ ɪіɜɧяɧɶ ɫɤɥɚɞɚєɬɶ-
ɫя ɡɚ ɬɚɤɢɦ ɩɪɢɧɰɢɩɨɦ: 

 

– ɩɨɱɚɬɤɨɜі ɪіɜɧяɧɧя ɯіɦіɱɧɢɯ ɪɟɚɤɰіɣ [7] 
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ɞɟ A, B, C, D – ɤɨɦɩɨɧɟɧɬɢ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧ-

ɧя, ɤɨɧɰɟɧɬɪɚɰіʀ яɤɢɯ ɧɟɨɛɯіɞɧɨ ɜɢɡɧɚɱɢɬɢ 
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E
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RT

             (2) 

 

ɞɟ iE  – ɟɧɟɪɝія ɚɤɬɢɜɚɰіʀ; R  – ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɱɧɚ ɝɚɡɨɜɚ ɫɬɚɥɚ; 
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– ɤɨɧɫɬɚɧɬɢ ɲɜɢɞɤɨɫɬі ɩɪяɦɨʀ ɬɚ ɡɜɨɪɨɬɧɨʀ 
ɪɟɚɤɰіɣ і-ɝɨ ɪіɜɧяɧɧя, ɳɨ ɜɢɡɧɚɱɚɸɬɶɫя ɡɝіɞ-
ɧɨ ɡ ɪіɜɧяɧɧяɦ Аɪɟɧіɭɫɚ. 
 

ɉіɫɥя ɩɟɪɟɬɜɨɪɟɧɶ ɨɬɪɢɦɚєɦɨ ɫɢɫɬɟɦɭ ɞɢɮɟ-
ɪɟɧɰіɚɥɶɧɢɯ ɪіɜɧяɧɶ 
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ɞɟ nX – ɤɨɧɰɟɧɬɪɚɰія ɜіɞɩɨɜіɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 
 

У ɫɤɨɪɨɱɟɧɨɦɭ ɜɢɝɥяɞі ɰɸ ɫɢɫɬɟɦɭ ɦɨɠɧɚ 
ɡɚɩɢɫɚɬɢ ɬɚɤ 
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ɞɟ A, B, C, D – ɤɨɧɰɟɧɬɪɚɰіʀ ɤɨɦɩɨɧɟɧɬіɜ 
ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя, яɤі ɧɟɨɛɯіɞɧɨ ɜɢɡɧɚɱɢɬɢ. 

 

Адɚɩɬɚɰія ɦɟɬɨдɢɤɢ ɪɨɡɪɚхɭɧɤɭ  

ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚдɭ ɩɪɨдɭɤɬіɜ  

ɡɝɨɪяɧɧя дɨ ɭɦɨɜ ɝɚɡɨɜɨɝɨ дɜɢɝɭɧɚ 
 

Ɉɫɤіɥɶɤɢ ɨɫɧɨɜɨɸ ɞɚɧɨʀ ɦɟɬɨɞɢɤɢ є ɦɟɯɚɧіɡɦ 

ɝɨɪіɧɧя ɝɚɡɭ GRI 3.0 [7], ɬɨ ɩіɞ ɚɞɚɩɬɚɰієɸ 

ɦɟɬɨɞɢɤɢ ɪɨɡɪɚɯɭɧɤɭ ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ 
ɞɨ ɭɦɨɜ ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ ɪɨɡɭɦієɬɶɫя ɚɞɚɩ-

ɬɚɰія ɫɚɦɟ ɦɟɯɚɧіɡɦɭ GRI 3.0 ɞɨ ɰɢɯ ɭɦɨɜ. 
 

ɐɟɣ ɦɟɯɚɧіɡɦ ɩɟɪɟɞɛɚɱɚє ɝɨɪіɧɧя ɝɚɡɭ ɡɚ  
ɧɨɪɦɚɥɶɧɢɯ ɭɦɨɜ (ɬɟɦɩɟɪɚɬɭɪɚ – 20 °ɋ, ɬɢɫɤ 
– 768 ɦɦ ɪɬ. ɫɬ.), ɚɥɟ ɭ ɰɢɥіɧɞɪі ɞɜɢɝɭɧɚ і ɬɟ-
ɦɩɟɪɚɬɭɪɚ, і ɬɢɫɤ ɧɚɛɚɝɚɬɨ ɜɢɳɟ. ɐɟ ɨɡɧɚɱɚє, 
ɳɨ ɭ ɩɨɱɚɬɤɨɜɨɦɭ ɜɢɝɥяɞі ɧɟ ɦɨɠɧɚ ɡɚɫɬɨɫɭ-
ɜɚɬɢ ɦɟɯɚɧіɡɦ GRI 3.0 ɞɨ ɪɨɡɪɚɯɭɧɤɭ ɧɟɪіɜ-
ɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя ɝɚɡɨ-
ɜɨɝɨ ɞɜɢɝɭɧɚ, ɨɫɤіɥɶɤɢ ɰɟ ɩɪɢɡɜɟɞɟ ɞɨ 
ɨɬɪɢɦɚɧɧя ɧɟɜіɪɧɢɯ ɪɟɡɭɥɶɬɚɬіɜ ɪɨɡɪɚɯɭɧɤɭ. 
 

Ɇɟɯɚɧіɡɦ ɝɨɪіɧɧя ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ GRI 3.0 

ɜɤɥɸɱɚє ɜ ɫɟɛɟ 325 ɪіɜɧяɧɶ ɯіɦіɱɧɢɯ ɪɟɚɤɰіɣ 

ɞɥя 53 ɤɨɦɩɨɧɟɧɬіɜ [7]. Аɥɟ ɡɚ ɬɢɯ ɭɦɨɜ, ɳɨ 

ɜɢɧɢɤɚɸɬɶ ɩіɞ ɱɚɫ ɝɨɪіɧɧя ɪɨɛɨɱɨʀ ɫɭɦіɲі ɭ 
ɰɢɥіɧɞɪі ɝɚɡɨɜɨɝɨ ДȼɁ, ɭɬɜɨɪɸɸɬɶɫя ɧɟ ɜɫі 
ɤɨɦɩɨɧɟɧɬɢ (ɱɟɪɟɡ ɬɟ, ɳɨ ɬɟɦɩɟɪɚɬɭɪɚ ɬɚ 
ɬɢɫɤ ɭ ɰɢɥіɧɞɪі ɧɟ ɜіɞɩɨɜіɞɚɸɬɶ ɭɦɨɜɚɦ ʀɯ 
ɭɬɜɨɪɟɧɧя). 
 

Ɍɚɤɨɠ ɤіɥɶɤіɫɬɶ ɞɟяɤɢɯ ɤɨɦɩɨɧɟɧɬіɜ, ɡ ɬɢɯ, 
ɳɨ ɭɬɜɨɪɸɸɬɶɫя, є ɧɚɫɬіɥɶɤɢ ɦɚɥɨɸ, ɳɨ ʀɯ 
ɜɦіɫɬɨɦ ɭ ɜіɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡɚɯ ɞɜɢɝɭɧɚ ɦɨ-
ɠɧɚ ɡɧɟɯɬɭɜɚɬɢ. ɐɟ ɞɚє ɡɦɨɝɭ ɡɦɟɧɲɢɬɢ  

ɤіɥɶɤіɫɬɶ ɤɨɦɩɨɧɟɧɬіɜ ɪɟɚɤɰіɣ, ɚ ɡɧɚɱɢɬɶ і 
ɤіɥɶɤіɫɬɶ ɞɢɮɟɪɟɧɰіɚɥɶɧɢɯ ɪіɜɧяɧɶ ɭ ɪɨɡɪɚ-
ɯɭɧɤɨɜіɣ ɫɢɫɬɟɦі, ɞɨ 25, ɚ ɤіɥɶɤіɫɬɶ ɪіɜɧяɧɶ 
ɪɟɚɤɰіɣ – ɞɨ 121 (ɨɫɤіɥɶɤɢ ɪɟɚɤɰіʀ, ɤɨɦɩɨɧɟɧ-

ɬɢ ɤɨɬɪɢɯ ɛɭɥɢ ɜɢɥɭɱɟɧі ɡ ɪɨɡɪɚɯɭɧɤɭ, ɧɟ 
ɦɨɠɭɬɶ ɜіɞɛɭɬɢɫя, ɬɨ ɰі ɪɟɚɤɰіʀ ɬɚɤɨɠ ɜɢ-

ɤɥɸɱɚɸɬɶɫя ɡ ɩɨɞɚɥɶɲɢɯ ɪɨɡɪɚɯɭɧɤіɜ). 
 

ɐі ɫɩɪɨɳɟɧɧя ɩɨɥɟɝɲɚɬɶ ɩɪɨɰɟɫ ɫɤɥɚɞɚɧɧя 
ɬɚ ɪɨɡɜ’яɡɤɭ ɫɢɫɬɟɦɢ ɞɢɮɟɪɟɧɰіɚɥɶɧɢɯ ɪіɜ-
ɧяɧɶ, ɚɥɟ ɰɟ ɧіяɤɢɦ ɱɢɧɨɦ ɧɟ ɜɩɥɢɧɟ ɧɚ ɬɨɱ-
ɧіɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬіɜ. 
 

ɉɨɱɚɬɤɨɜɢɣ ɧɚɛіɪ ɤɨɦɩɨɧɟɧɬіɜ ɭ ɦɟɯɚɧіɡɦі 
GRI 3.0 ɬɚɤɢɣ [7] 

 

H2, H, O, O2, OH, H2O, HO2, H2O2, C, CH, 

CH2, CH2(S), CH3, CH4, CO, CO2, HCO, CH2O, 

CH2OH, CH3O, CH3OH, C2H, C2H2, C2H3, 

C2H4, C2H5, C2H6, HCCO, CH2CO, HCCOH, N, 

NH, NH2, NH3, NNH, NO, NO2, N2O, HNO, 

CN, HCN, H2CN, HCNN, HCNO, HOCN, 

HNCO, NCO, N2, AR, C3H7, C3H8, CH2CHO, 

CH3CHO. 

 

ɉіɫɥя ɚɞɚɩɬɚɰіʀ ɧɚɛіɪ ɤɨɦɩɨɧɟɧɬіɜ ɫɬɚɜ ɬɚɤɢɦ 

 

H2, H, O, O2, OH, H2O, HO2, H2O2, C, CH, 

CH2, CH3, CH4, CO, CO2, HCO, CH2O, 

CH2OH, CH3O, CH3OH, N, NO, NO2, N2O, N2. 

 

Ɉɬɠɟ, ɜɧɚɫɥіɞɨɤ ɚɞɚɩɬɚɰіʀ ɦɟɯɚɧіɡɦɭ ɝɨɪіɧɧя 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ ɞɨ ɭɦɨɜ ɭ ɝɚɡɨɜɨɦɭ ɞɜɢɝɭɧі 
ɜɞɚɥɨɫя ɫɭɬɬєɜɨ ɡɦɟɧɲɢɬɢ ɤіɥɶɤіɫɬɶ ɤɨɦɩɨ-
ɧɟɧɬіɜ, ɤɨɧɰɟɧɬɪɚɰіʀ яɤɢɯ ɬɪɟɛɚ ɡɧɚɣɬɢ, ɳɨ, ɭ 
ɫɜɨɸ ɱɟɪɝɭ, ɡɧɚɱɧɨ ɩɨɥɟɝɲɢɥɨ ɫɤɥɚɞɚɧɧя ɬɚ 
ɪɨɡɜ’яɡɨɤ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɢɫɬɟɦɢ і, ɜɨɞɧɨɱɚɫ, 
ɧɟ ɜɩɥɢɧɭɥɨ ɧɚ ɬɨɱɧіɫɬɶ ɪɟɡɭɥɶɬɚɬіɜ. 
 

ɉіɫɥя ɚɞɚɩɬɚɰіʀ ɦɟɯɚɧіɡɦɭ ɝɨɪіɧɧя ɞɨ ɭɦɨɜ ɭ 
ɞɜɢɝɭɧі ɧɟɨɛɯіɞɧɨ ɫɤɥɚɫɬɢ ɪɨɡɪɚɯɭɧɤɨɜɭ ɫɢɫ-
ɬɟɦɭ. ɐɸ ɫɢɫɬɟɦɭ ɛɭɥɨ ɫɤɥɚɞɟɧɨ, і ɭ ɫɤɨɪɨ-
ɱɟɧіɣ ɮɨɪɦі ɜɨɧɚ ɦɚє ɜɢɝɥяɞ 
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Ɋɨɡɪɚхɭɧɤɨɜɟ дɨɫɥідɠɟɧɧя ɫɤɥɚдɭ  
ɩɪɨдɭɤɬіɜ ɡɝɨɪяɧɧя ɝɚɡɨɜɨɝɨ дɜɢɝɭɧɚ 

 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɞɚɧɨʀ ɫɢɫɬɟɦɢ ɡɚ ɪіɡ-
ɧɢɯ ɱɚɫɬɨɬ ɨɛɟɪɬɚɧɧя ɤɨɥіɧɱɚɫɬɨɝɨ ɜɚɥɚ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 1 ɬɚ 2 ɭ ɜɢɞі ɧɚɜɚɧɬɚ-
ɠɭɜɚɥɶɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
 

 

 

ɉɨɪіɜɧяɧɧя ɪɟɡɭɥɶɬɚɬіɜ ɪɨɡɪɚхɭɧɤɭ  
ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚдɭ  

ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢх дɚɧɢх 
 

Нɚ ɩɪɢɤɥɚɞі ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢ-

ɤɢ ɞɜɢɝɭɧɚ 4Ƚɑ7,5/7,35 ɧɚ ɪɢɫ. 3 ɬɚ 4 ɩɪɢɜɟ-
ɞɟɧɨ ɩɨɪіɜɧяɧɧя ɪɟɡɭɥɶɬɚɬіɜ ɪɨɡɪɚɯɭɧɤɭ  

ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɬɚ ɪɟɡɭɥɶɬɚɬіɜ ɟɤɫɩɟ-
ɪɢɦɟɧɬɭ [6]. 

 

(5) 
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Ɋɢɫ. 1. ɉɨɤɚɡɧɢɤɢ ɬɨɤɫɢɱɧɨɫɬі ɞɜɢɝɭɧɚ 
4Ƚɑ7,55/7,35 ɩɪɢ n = 2500 ɯɜ-1 

 

 

 

 

 
 

 

Ɋɢɫ. 2. ɉɨɤɚɡɧɢɤɢ ɬɨɤɫɢɱɧɨɫɬі ɞɜɢɝɭɧɚ 
4Ƚɑ7,55/7,35 ɩɪɢ n = 4000 ɯɜ-1 

 

 

 
 

 

Ɋɢɫ. 3. ɉɨɪіɜɧяɧɧя ɩɨɤɚɡɧɢɤіɜ ɬɨɤɫɢɱɧɨɫɬі 
ɞɜɢɝɭɧɚ 4Ƚɑ7,55/7,35 ɩɪɢ n = 2500 ɯɜ-1 

 – ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧі ɞɚɧі; 
 – ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ 

 

 

 
 

 

Ɋɢɫ. 4. ɉɨɪіɜɧяɧɧя ɩɨɤɚɡɧɢɤіɜ ɬɨɤɫɢɱɧɨɫɬі 
ɞɜɢɝɭɧɚ 4Ƚɑ7,55/7,35 ɩɪɢ n = 4000 ɯɜ-1 

 – ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧі ɞɚɧі; 
 – ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ 
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ȼɢɫɧɨɜɤɢ 

 

 

Ɋɨɡɪɚɯɭɧɨɤ ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɯіɦіɱɧɨɝɨ ɫɤɥɚɞɭ 
ɩɪɨɞɭɤɬіɜ ɡɝɨɪяɧɧя ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ ɡ іɫɤɪɨ-
ɜɢɦ ɡɚɩɚɥɸɜɚɧɧяɦ ɦɚє ɬɚɤі ɩɟɪɟɜɚɝɢ: 

 

– ɜɢɳɟ ɬɨɱɧіɫɬɶ ɪɟɡɭɥɶɬɚɬɭ ɜɧɚɫɥіɞɨɤ ɛіɥɶɲ 

ɞɨɫɤɨɧɚɥɨʀ ɦɨɞɟɥі ɪɨɡɪɚɯɭɧɤɭ; 
– ɦɨɠɥɢɜіɫɬɶ ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɤɨɧɰɟɧɬɪɚɰіɸ 

ɨɤɫɢɞіɜ ɚɡɨɬɭ ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧя ɨɤɪɟɦɢɯ ɦɟ-
ɬɨɞіɜ; 
– ɪɨɡɪɚɯɨɜɭєɬɶɫя ɛіɥɶɲɚ ɤіɥɶɤіɫɬɶ ɲɤіɞɥɢɜɢɯ 
ɪɟɱɨɜɢɧ, ɭ ɬɨɦɭ ɱɢɫɥі ɣ ɚɥɶɞɟɝіɞɢ. 

 

Ƚɨɥɨɜɧɢɦ ɧɟɞɨɥіɤɨɦ ɦɟɬɨɞɭ ɪɨɡɪɚɯɭɧɤɭ ɧɟ-
ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ є ɬɟ, ɳɨ ɜіɧ є ɛіɥɶɲ 

ɫɤɥɚɞɧɢɦ ɭ ɜɢɤɨɪɢɫɬɚɧɧі, ɧіɠ ɪɨɡɪɚɯɭɧɨɤ 
ɪіɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ. 
 

Дɥя ɜɢɡɧɚɱɟɧɧя ɧɟɪіɜɧɨɜɚɠɧɨɝɨ ɯіɦіɱɧɨɝɨ 
ɫɤɥɚɞɭ ɜіɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡіɜ ɝɚɡɨɜɨɝɨ ɞɜɢɝɭ-

ɧɚ ɡ іɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧяɦ ɩɪɨɩɨɧɭєɬɶɫя 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɫɢɫɬɟɦɭ ɡ 25 ɞɢɮɟɪɟɧɰіɚɥɶ-
ɧɢɯ ɪіɜɧяɧɶ іɡ 25 ɧɟɜіɞɨɦɢɦɢ, ɳɨ ɛɚɡɭєɬɶɫя 
ɧɚ 121 ɯіɦіɱɧіɣ ɪɟɚɤɰіʀ. 
 

ɉɨɪіɜɧяɧɧя ɪɟɡɭɥɶɬɚɬіɜ ɪɨɡɪɚɯɭɧɤɭ ɡ ɜɢɤɨ-
ɪɢɫɬɚɧɧяɦ ɨɞɟɪɠɚɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥі ɡ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɨɤɚɡɚɥɨ, ɳɨ 
ɩɨɯɢɛɤɚ ɦіɠ ɰɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɟ ɩɟɪɟɜɢ-

ɳɭє 15 %. 
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