
Ʉɢʀɜɫьɤɢɣ ɧɚɰɿɨɧɚɥьɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ 

ȼɇɁ ɚɛɨ ɧɚɭɤɨɜɚ ɭɫɬɚɧɨɜɚ, ɞɟ ɜɢɤɨɧɚɧɚ ɪɨɛɨɬɚ 

Ɇɿɧɿɫɬɟɪɫɬɜɨ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 

Ɉɪɝɚɧ, ɞɨ ɫɮɟɪɢ ɭɩɪɚɜɥɿɧɧɹ ɹɤɨɝɨ ɧɚɥɟɠɢɬь ɭɫɬɚɧɨɜɚ 

Ʉɢʀɜɫьɤɢɣ ɧɚɰɿɨɧɚɥьɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ 

ɇɚɡɜɚ ɭɫɬɚɧɨɜɢ, ɞɟ ɩɪɨɜɨɞɢɜɫɹ ɡɚɯɢɫɬ ɞɢɫɟɪɬɚɰɿʀ 

Ɇɿɧɿɫɬɟɪɫɬɜɨ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 

Ɉɪɝɚɧ, ɞɨ ɫɮɟɪɢ ɭɩɪɚɜɥɿɧɧɹ ɹɤɨɝɨ ɧɚɥɟɠɢɬь ɭɫɬɚɧɨɜɚ 

 

Ʉɜɚɥɿɮɿɤɚɰɿɣɧɚ ɧɚɭɤɨɜɚ 

ɩɪɚɰɹ ɧɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ 
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ȺɇɈɌȺɐȱə 

 

Зɿɧɱɟɧɤɨ А.Є. Кɿɧɟɬɢɤɚ ɭɬɜɨɪɟɧɧɹ ɬɚ ɡɚɝɚɪɬɭɜɚɧɧɹ NOX ɭ ɜɢɫɨɤɨɱɚɫɬɨɬɧɿɣ 

ɿɧɞɭɤɰɿɣɧɿɣ ɩɥɚɡɦɿ. – Кɜɚɥɿɮɿɤɚɰɿɣɧɚ ɧɚɭɤɨɜɚ ɩɪɚɰɹ ɧɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɞɨɤɬɨɪɚ ɮɿɥɨɫɨɮɿʀ ɡɚ ɫɩɟɰɿɚɥьɧɿɫɬɸ 

105 «ɉɪɢɤɥɚɞɧɚ ɮɿɡɢɤɚ ɧɚ ɧɚɧɨɦɚɬɟɪɿɚɥɢ». – Кɢʀɜɫьɤɢɣ ɧɚɰɿɨɧɚɥьɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 

ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, Кɢʀɜ, 2022. 

Ⱦɢɫɟɪɬɚɰɿɹ ɫɤɥɚɞɚєɬьɫɹ ɡɿ ɜɫɬɭɩɭ, ɩ’ɹɬьɨɯ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ ɬɚ ɫɩɢɫɤɭ 

ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ. 

ɍ ɜɫɬɭɩɿ ɜɢɫɜɿɬɥɟɧɨ ɚɤɬɭɚɥьɧɿɫɬь ɜɢɛɪɚɧɨʀ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɬɚ ɫɮɨɪɦɭɥьɨɜɚɧɨ 

ɦɟɬɭ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ – ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɟ ɬɚ ɬɟɨɪɟɬɢɱɧɟ ɜɢɜɱɟɧɧɹ ɩɪɨɰɟɫɭ 

ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɟɥɢɤɢɯ ɨɛɫɹɝɿɜ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɣ ɜ ɯɿɦɿɱɧɨ ɱɢɫɬɿɣ ɩɨɜɿɬɪɹɧɿɣ 

ɩɥɚɡɦɿ ɜɢɫɨɤɨɱɚɫɬɨɬɧɨʀ ɿɧɞɭɤɰɿɣɧɨʀ (ȼɑІ) ɩɨɬɭɠɧɨʀ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ. Ɉɛ’єɤɬ 

ɞɨɫɥɿɞɠɟɧɧɹ – ɯɿɦɿɱɧɨ ɱɢɫɬɚ, ɩɨɜɿɬɪɹɧɚ ɩɥɚɡɦɚ ȼɑІ ɪɨɡɪɹɞɭ ɩɨɬɭɠɧɿɫɬɸ ɛɿɥьɲ ɧɿɠ  

50 ɤȼɬ. ɉɪɟɞɦɟɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɮɿɡɢɤɨ-ɯɿɦɿɱɧɿ ɩɪɨɰɟɫɢ ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɹɤ 

ɜ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ, ɬɚɤ ɿ ɜ ɝɚɪɬɭɜɚɥьɧɿɣ ɡɨɧɿ ɫɢɫɬɟɦɢ. 

ȼɩɟɪɲɟ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɢɫɨɤɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɬɚ ɨɛ’єɦɿɜ ɜ 

ɩɪɨɦɢɫɥɨɜɨɦɭ ɦɚɫɲɬɚɛɿ ɛɭɥɨ ɡɚɫɬɨɫɨɜɚɧɨ ɯɿɦɿɱɧɨ ɱɢɫɬɭ, ɪɿɜɧɨɜɚɠɧɭ ɩɨɜɿɬɪɹɧɭ ȼɑІ 

ɩɥɚɡɦɭ ɜɢɫɨɤɨ ɩɨɬɭɠɧɨɝɨ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ (ɩɨɧɚɞ 50 ɤȼɬ) ɡ ɬɪɢɜɚɥɢɦ ɪɟɫɭɪɫɨɦ ɛɟɡ 

ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɤɚɬɚɥɿɡɚɬɨɪɿɜ. ɇɚ ɩɿɞɫɬɚɜɿ ɫɩɟɰɢɮɿɤɚɰɿʀ ɩɪɨɦɢɫɥɨɜɨɝɨ 

ɡɚɦɨɜɧɢɤɚ ɛɭɥɚ ɤɚɪɞɢɧɚɥьɧɨ ɦɨɞɟɪɧɿɡɨɜɚɧɚ ɩɨɜɧɨɦɚɫɲɬɚɛɧɚ ȼɑІ ɩɥɚɡɦɨɜɚ ɭɫɬɚɧɨɜɤɚ 

ɬɚ ɩɪɨɜɟɞɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɡɧɚɱɟɧь ɤɨɧɰɟɧɬɪɚɰɿʀ NOX 

ɩɨɜɿɬɪɹɧɨʀ ȼɑІ ɩɥɚɡɦɢ ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɪɿɡɧɢɯ ɦɟɬɨɞɿɜ 

ɡɚɝɚɪɬɭɜɚɧɧɹ. ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɞɨɫɹɝɧɭɬɚ ɲɜɢɞɤɿɫɬь ɨɯɨɥɨɞɠɟɧɧɹ ɝɚɡɭ ɦɟɬɨɞɨɦ 

ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɝɚɡɨɦ ɜ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɫɬɚɧɨɜɢɥɚ 2,9·105 К/ɫ, ɳɨ ɧɚ 

ɩɨɪɹɞɨɤ ɜɢɳɟ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ ɪɟɚɤɬɨɪɚ ɡ ɝɚɡɨ-ɜɨɞɹɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ. 

Ɇɚɫɨɜɚ ɱɚɫɬɤɚ NOX ɞɨɫɹɝɥɚ ɦɚɣɠɟ 7% ɩɪɢ ɬɢɫɤɭ ɧɚ ɜɢɯɨɞɿ ɫɢɫɬɟɦɢ ɛɥɢɡьɤɨ 1 ɛɚɪ. 

ȼɩɟɪɲɟ ɛɭɥɨ ɜɢɹɜɥɟɧɨ ɟɮɟɤɬ ɞɨɨɤɢɫɧɟɧɧɹ NO ɜ NO2 ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɦɟɬɨɞɨɦ 
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ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ, ɳɨ ɡɧɚɱɧɨ ɡɛɿɥьɲɭє ɦɚɫɨɜɢɣ ɜɢɯɿɞ NOX ɬɚ 

ɩɿɞɜɢɳɭє ɬɟɯɧɿɱɧɭ ɬɚ ɟɤɨɧɨɦɿɱɧɭ ɩɪɢɜɚɛɥɢɜɿɫɬь ɪɨɡɪɨɛɥɟɧɨʀ ɬɟɯɧɨɥɨɝɿʀ. 

ɉɪɢ ɦɨɞɟɪɧɿɡɚɰɿʀ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ ɜɪɚɯɨɜɭɜɚɥɢɫь ɪɟɡɭɥьɬɚɬɢ 

ɜɢɤɨɧɚɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɩɥɨɜɢɯ ɩɨɬɨɤɿɜ ɧɚ ɫɬɿɧɤɭ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɿɞɨɦɨɝɨ ɤɨɞɭ Ansys Fluent. 

ɍ ɞɚɧɿɣ ɪɨɛɨɬɿ ɜɩɟɪɲɟ ɜɢɤɨɪɢɫɬɚɧɟ ɱɢɫɥɨɜɟ ɫɢɦɭɥɸɜɚɧɧɹ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ 

ɤɿɧɟɬɢɤɢ ɭɬɜɨɪɟɧɧɹ NO ɭ ɩɥɚɡɦɿ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ, ɬɚ ɜ ɝɚɪɬɭɜɚɥьɧɿɣ ɡɨɧɿ ɫɢɫɬɟɦɢ. 

Зɚɝɚɪɬɭɜɚɧɧɹ ɞɨɫɥɿɞɠɭɜɚɥɨɫɹ ɡɚ ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɫɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɞɿɥɹɧɰɿ 

ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɡɦɢ ɜɿɞ 3900 К, ɹɤɚ ɧɟɡɧɚɱɧɨ ɜɢɳɚ ɡɚ ɨɩɬɢɦɚɥьɧɭ (~ 3500 K) 

ɞɥɹ ɝɟɧɟɪɚɰɿʀ NO, ɞɨ 2000 К, ɧɢɠɱɟ ɹɤɨʀ ɩɪɨɰɟɫ ɞɢɫɨɰɿɚɰɿʀ NO ɩɪɚɤɬɢɱɧɨ 

ɩɪɢɩɢɧɹєɬьɫɹ. Ɋɨɡɪɚɯɭɧɤɢ ɤɿɧɟɬɢɤɢ ɭɬɜɨɪɟɧɧɹ NOX ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɿɞɨɦɢɯ ɤɨɞɿɜ 

Bolsig+ ɬɚ ZDPlascin ɩɪɨɜɨɞɢɥɢɫь ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɨɬɪɢɦɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ 

ɞɚɧɢɯ. 

Ɉɬɪɢɦɚɧɿ ɞɚɧɿ ɦɨɠɭɬь ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɹɤ ɞɥɹ ɩɪɨɟɤɬɭɜɚɧɧɹ ɿ ɪɨɡɪɨɛɤɢ 

ɟɮɟɤɬɢɜɧɢɯ ɩɪɨɦɢɫɥɨɜɢɯ ɩɥɚɡɦɨɜɢɯ ɫɢɫɬɟɦ ɫɢɧɬɟɡɭ NOX, ɬɚɤ ɿ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ 

ɪɿɡɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ, ɞɟ ɧɟɨɛɯɿɞɧɚ ɜɢɫɨɤɚ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ. 

ɉɟɪɲɢɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ ɨɝɥɹɞɭ ɥɿɬɟɪɚɬɭɪɢ ɡ ɦɟɬɨɸ ɚɧɚɥɿɡɭ ɫɭɱɚɫɧɨɝɨ ɫɬɚɧɭ 

ɨɬɪɢɦɚɧɧɹ NOX ɞɥɹ ɩɪɨɦɢɫɥɨɜɢɯ ɡɚɫɬɨɫɭɜɚɧь. Ɋɨɡɝɥɹɞɚɸɬьɫɹ ɜɥɚɫɬɢɜɨɫɬɿ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ, ɦɟɯɚɧɿɡɦɢ ʀɯ ɭɬɜɨɪɟɧɧɹ. Ɋɨɡɝɥɹɞɚɸɬьɫɹ ɩɥɚɡɦɨɜɿ ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɇɚɝɨɥɨɲɭєɬьɫɹ, ɳɨ ɩɪɢɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɚɧɢɯ ɩɨɤɚɡɭє 

ɩɟɪɫɩɟɤɬɢɜɧɿɫɬь ɦɟɬɨɞɭ ɨɬɪɢɦɚɧɧɹ ɜɢɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɩɥɚɡɦɿ ȼɑІ 

ɪɨɡɪɹɞɭ ɬɚ ɧɟɨɛɯɿɞɧɿɫɬь ɩɨɞɚɥьɲɨɝɨ ɞɟɬɚɥьɧɨɝɨ ɜɢɜɱɟɧɧɹ ɬɚ ɨɩɬɢɦɿɡɚɰɿʀ ɩɪɨɰɟɫɭ. 

ɍ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜɢɛɿɪ ɬɚ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɩɟɪɫɩɟɤɬɢɜɧɨʀ 

ɬɟɯɧɨɥɨɝɿʀ ɡ ɨɬɪɢɦɚɧɧɹ ɦɚɤɫɢɦɚɥьɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɋɮɨɪɦɭɥьɨɜɚɧɿ ɬɚ 

ɪɨɡɤɪɢɬɿ ɨɫɧɨɜɧɿ ɤɪɢɬɟɪɿʀ, ɹɤɿ ɛɭɥɢ ɨɛɪɚɧɿ ɭ ɞɚɧɿɣ ɪɨɛɨɬɿ ɬɚ ɭɡɝɨɞɠɟɧɿ ɡ ɩɪɨɦɢɫɥɨɜɢɦ 

ɡɚɦɨɜɧɢɤɨɦ. ɇɚ ɨɫɧɨɜɿ ɨɛɪɚɧɢɯ ɤɪɢɬɟɪɿʀɜ ɩɨɤɚɡɚɧɨ, ɳɨ ɫьɨɝɨɞɧɿ ɬɿɥьɤɢ ɩɥɚɡɦɨɜɿ 

ɭɫɬɚɧɨɜɤɢ ɡ ȼɑІ ɪɨɡɪɹɞɨɦ, ɩɨɪɿɜɧɹɧɨ ɡ ɿɧɲɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɨɞɟɪɠɚɧɧɹ ɩɥɚɡɦɢ, 

ɧɚɣɤɪɚɳɟ ɜɿɞɩɨɜɿɞɚɸɬь ɫɭɤɭɩɧɨɫɬɿ ɨɛɪɚɧɢɯ ɤɪɢɬɟɪɿʀɜ. 

ɍ ɬɪɟɬьɨɦɭ ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɿ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɡ ɪɨɡɪɨɛɤɢ ɬɚ ɫɬɜɨɪɟɧɧɹ ȼɑІ 

ɩɥɚɡɦɨɜɨʀ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ, ɹɤɚ ɛɭɥɚ ɫɩɪɨɟɤɬɨɜɚɧɚ ɞɥɹ ɜɿɞɩɪɚɰɸɜɚɧɧɹ 
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ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ȼɑ ɿɧɞɭɤɬɢɜɧɨ ɡɜ’ɹɡɚɧɨʀ ɩɥɚɡɦɢ. 

ȼɑІ ɩɥɚɡɦɨɜɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɚ ɭɫɬɚɧɨɜɤɚ ɫɤɥɚɞɚєɬьɫɹ ɡ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ, 

ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ ɬɚ ɞɨɩɨɦɿɠɧɢɯ ɫɢɫɬɟɦ ɜɨɞɹɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ, ɩɨɞɚɱɿ ɝɚɡɭ, 

ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɜɢɯɥɨɩɧɢɯ ɝɚɡɚɯ ɬɚ 

ɚɜɬɨɦɚɬɢɱɧɭ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɿɧɧɹ. Ⱦɥɹ ɨɰɿɧɤɢ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ ɭ ɩɥɚɡɦɿ ȼɑІ 

ɪɨɡɪɹɞɭ ɜɢɤɨɪɢɫɬɚɧɨ ɩɨɪɿɜɧɹɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɜɢɦɿɪɹɧɢɯ ɟɦɿɫɿɣɧɢɯ ɫɩɟɤɬɪɿɜ 

ɍɎ-ɞɿɚɩɚɡɨɧɭ ɡ ɫɢɦɭɥьɨɜɚɧɢɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɨɞɭ SpecAir. 

ɍ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɤɿɧɟɬɢɤɢ ɮɨɪɦɭɜɚɧɧɹ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ. ɇɚɝɨɥɨɲɭєɬьɫɹ, ɳɨ ɞɟɬɚɥьɧɟ ɜɢɜɱɟɧɧɹ ɟɜɨɥɸɰɿʀ 

ɤɨɦɩɨɧɟɧɬɿɜ ɭɫɟɪɟɞɢɧɿ ɪɨɡɪɹɞɧɨʀ ɤɚɦɟɪɢ ɞɨɡɜɨɥɢɬь ɨɬɪɢɦɚɬɢ ɞɨɞɚɬɤɨɜɿ ɞɚɧɿ, ɹɤɿ 

ɦɨɠɭɬь ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɉɪɢ 

ɦɨɞɟɥɸɜɚɧɧɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ZDPlascin, BOLSIG+, ɹɤɟ 

ɪɨɡɪɨɛɥɹɥɨɫь ɞɥɹ ɤɿɧɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɤɜɚɡɿɪɿɜɧɨɜɚɠɧɨʀ ɩɥɚɡɦɢ. ȼɢɯɿɞɧɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ є ɩɪɢɜɟɞɟɧɟ ɟɥɟɤɬɪɢɱɧɟ ɩɨɥɟ, ɬɢɫɤ, ɬɟɦɩɟɪɚɬɭɪɚ ɬɚ ɫɤɥɚɞ ɩɥɚɡɦɨ 

ɭɬɜɨɪɸɸɱɨɝɨ ɝɚɡɭ. Зɚ ɜɿɞɫɭɬɧɨɫɬɿ ɡɧɚɱɟɧɧɹ ɟɥɟɤɬɪɢɱɧɨɝɨ ɩɨɥɹ, ɪɿɜɧɨɜɚɠɧɢɣ ɯɚɪɚɤɬɟɪ 

ɩɥɚɡɦɢ ɩɨɬɭɠɧɨɝɨ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɚ ɞɨɡɜɨɥɹє ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ 

ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɸ ɟɥɟɤɬɪɨɧɿɜ ɩɥɚɡɦɢ ɡɚɫɬɨɫɭɜɚɬɢ ɪɨɡɩɨɞɿɥ Ɇɚɤɫɜɟɥɥɚ (ɩɪɢ 

ɜɿɞɩɨɜɿɞɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɿ ɜɪɚɯɨɜɭɸɱɢ ɜɿɞɨɦɿ ɡɚɥɟɠɧɨɫɬɿ ɩɟɪɟɬɢɧɿɜ ɩɪɨɰɟɫɿɜ ɜɿɞ 

ɟɧɟɪɝɿʀ ɟɥɟɤɬɪɨɧɿɜ). Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɟɥɟɤɬɪɨɧɿɜ ɡɚɥɟɠɧɨ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 

ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɪɿɜɧɹɧɧɹ ɋɚɯɚ, ɭ ɹɤɨɦɭ ɞɥɹ ɫɩɪɨɳɟɧɧɹ ɪɨɡɝɥɹɞɭ ɛɭɥɨ ɜɢɤɥɸɱɟɧɨ 

ɤɢɫɟɧь. ɍ ɰɿɣ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ ɛɚɡɚ ɞɚɧɢɯ Кɢʀɜɫьɤɨɝɨ ɇɚɰɿɨɧɚɥьɧɨɝɨ 

ɍɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ ɜɫɿɯ ɜɿɞɨɦɢɯ ɲɜɢɞɤɨɫɬɟɣ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ 

ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɸ ɜɚɠɤɢɯ ɱɚɫɬɢɧɨɤ. ȼɪɚɯɨɜɭɸɱɢ ɜ ɪɨɡɪɚɯɭɧɤɭ ɪɟɚɤɰɿʀ ɤɨɥɢɜɚɥьɧɨ-

ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɚɡɨɬɭ ɿ ɤɢɫɧɸ ɞɨɡɜɨɥɢɥɢ ɡɛɿɥьɲɢɬɢ ɭɬɜɨɪɟɧɧɹ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ 

NO ɜ 2,15 ɪɚɡɢ, ɩɨɪɿɜɧɹɧɨ ɪɨɡɪɚɯɭɧɤɭ ɛɟɡ ɰɢɯ ɪɟɚɤɰɿɣ, ɳɨ ɫɭɬɬєɜɨ ɡɦɟɧɲɢɥɨ 

ɪɨɡɛɿɠɧɨɫɬɿ ɦɿɠ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɦɢ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɞɚɧɢɦɢ. 

ɍ ɩ’ɹɬɨɦɭ ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɚ ɨɩɬɢɦɿɡɚɰɿɹ ɜɢɯɨɞɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ȼɑ ɿɧɞɭɤɰɿɣɧɿɣ 

ɩɥɚɡɦɿ. ɉɿɞ ɱɚɫ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ ɩɪɨɜɨɞɢɥɚɫь ɨɩɬɢɱɧɚ ɪɟєɫɬɪɚɰɿɹ ɟɦɿɫɿɣɧɨɝɨ 

ɫɩɟɤɬɪɭ ɩɥɚɡɦɢ ɜ ɍɎ ɬɚ ɜɢɞɢɦɨɦɭ ɞɿɚɩɚɡɨɧɚɯ. Ȼɭɥɚ ɫɬɜɨɪɟɧɚ ȼɑІ ɩɥɚɡɦɨɜɚ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɚ ɭɫɬɚɧɨɜɤɚ, ɞɟ ɧɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɞɨɫɥɿɞɠɭɜɚɥɨɫɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ 
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ɪɚɯɭɧɨɤ ɜɨɞɨ ɨɯɨɥɨɞɠɭɜɚɥьɧɢɯ ɫɬɿɧɨɤ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɥɚɡɦɨɜɨɝɨ ɪɟɚɤɬɨɪɭ, ɧɚ 

ɞɪɭɝɨɦɭ ɟɬɚɩɿ ɞɨɫɥɿɞɠɭɜɚɥɨɫɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ 

ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɡ ɚɬɦɨɫɮɟɪɧɢɦ ɩɨɜɿɬɪɹɦ, ɧɚ ɬɪɟɬьɨɦɭ – ɞɨɫɥɿɞɠɭɜɚɥɨɫɹ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ ɝɚɡɚɦɢ 

(ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ). Ȼɭɥɢ ɡɞɨɛɭɬɿ ɦɚɫɨɜɿ ɱɚɫɬɤɢ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɪɨɞɭɤɬɿɜ ɪɟɰɢɪɤɭɥɹɰɿʀ ɹɤ ɨɯɨɥɨɞɠɭɜɚɱɚ (ɧɟ ɛɿɥьɲɟ 6,84%) ɩɨɪɿɜɧɹɧɨ ɡ 

ɩɨɜɿɬɪɹɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ (ɧɟ ɛɿɥьɲɟ 5,63%) ɿ ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɩɪɢ 

ɰьɨɦɭ ɫɬɚɧɨɜɢɥɚ ɭ 1,57 ɪɚɡɢ ɜɢɳɟ ɧɿɠ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ. 

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɧɚ ɞɿɥɹɧɰɿ ɜɿɞ 3900 К ɞɨ 2000 К 

ɩɪɨɜɟɞɟɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɡɛɟɪɟɠɟɧɧɹ NO ɩɪɢ ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɹɯ ɡɚɝɚɪɬɭɜɚɧɧɹ (ɡ 

ɩɨɫɬɿɣɧɨɸ ɿ ɞɜɨɫɬɭɩɿɧɱɚɫɬɨɸ). З ɦɟɬɨɸ ɡɧɚɯɨɞɠɟɧɧɹ ɨɩɬɢɦɚɥьɧɨɝɨ ɞɿɚɩɚɡɨɧɭ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɧɭɜɚɬɢ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɡɛɿɥьɲɟɧɧɿ ɬɢɫɤɭ ɡ 1 ɛɚɪ 

ɞɨ 2 ɛɚɪ ɛɭɥɨ ɩɪɨɜɟɞɟɧɟ ɞɨɞɚɬɤɨɜɟ ɦɨɞɟɥɸɜɚɧɧɹ. 

Кɥɸɱɨɜɿ ɫɥɨɜɚ – ɉɥɚɡɦɨɜɿ ɬɟɯɧɨɥɨɝɿʀ, ɜɢɫɨɤɨɱɚɫɬɨɬɧɚ ɩɥɚɡɦɚ, ȼɑІ ɩɥɚɡɦɨɬɪɨɧ, 

ɪɿɜɧɨɜɚɠɧɚ ɩɥɚɡɦɚ, ɨɬɪɢɦɚɧɧɹ NOX, ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ, ɮɿɤɫɚɰɿɹ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ, ɡɚɝɚɪɬɭɜɚɧɧɹ, ɝɚɪɬɭɜɚɥьɧɢɣ ɪɟɚɤɬɨɪ, ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ. 

  



6 

 

SUMMARY 
 

Zinchenko A.E. Kinetics of NOX formation and quenching in high frequency 

induction plasma. – Qualifying scientific work on the rights of the manuscript. 

Dissertation for the degree of Doctor of Philosophy in specialty 105 “Applied physics 

and nanomaterials”. – Taras Shevchenko National University of Kyiv, Kyiv, 2022. 

The dissertation consists of an introduction part, five chapters, conclusions, and list 

of references. 

The introduction highlights the relevance of the chosen research topic and formulates 

the purpose of the dissertation – experimental and theoretical study of the process of 

generating large volumes and concentrations of nitrogen oxides in chemically clean air 

plasma of a high-power radio frequency induction (RFI) plasma system. The object of 

research – chemically-pure RFI discharge air plasma of with a power more than 50 kW. 

The subject of the study is physical-chemical processes of generation of nitrogen oxides both 

in the plasma of the RFI discharge and in the quenching zone of the system. 

For the first time, chemically-pure, equilibrium air plasma from a high-power RFI 

plasma torch (over 50 kW) of long service life was used to produce high concentrations and 

volumes of nitrogen oxides on an industrial scale without additional catalysts. Based on the 

specification of the industrial customer, a full-scale RFI plasma setup was radically 

modernized and an experimental study of the dependence of the NOX concentration of air 

RFI plasma on the quenching rate using different quenching methods was conducted. By 

mixing with cold gas in the quenching section, the experimentally-achieved cooling rate of 

the gas was 2.9·105 K/s, which is an order of magnitude higher than the cooling rate of the 

reactor with gas-water cooling. The NOX mass fraction reached almost 7% at the system 

output pressure of about 1 bar. For the first time, the effect of NO oxidation to NO2 during 

cooling by mixing with cold air was achieved, which significantly increases the mass yield 

of NOX and the technical and economic attractiveness of the developed technology. 

When modernizing the experimental setup, the results of heat flux calculations on the 

wall of the quenching section were taken into account using the well-known Ansys Fluent 

code. 
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In this work, for the first time, numerical simulation was used to study the kinetics of 

NO formation in the plasma of the RFI plasma torch and in the quenching zone of the 

system. Quenching was studied at different rates of cooling in the region of plasma 

temperature change from 3900 K, which is slightly higher than the optimum (~ 3500 K) for 

NO generation, to 2000 K, below which the NO dissociation process practically stops. 

Calculations of the kinetics of NOX formation were carried out using the known codes 

Bolsig+ and ZDPlascin, taking into account the obtained experimental data. 

The obtained data can be used both for the design and development of efficient 

industrial plasma systems for the synthesis of NOX, and in the design of various 

technological processes where high quenching rate is required. 

The first section is devoted to a literature review in order to analyze the current state 

of producing NOX for industrial applications. Properties of nitrogen oxides along with 

mechanisms of their formation, are considered. Plasma technologies for the production of 

nitrogen oxides are considered. It is emphasized that the given analysis of literary data 

shows the promising nature of the method of obtaining high concentrations of nitrogen 

oxides in the plasma of the RFI discharge and the need for further, detailed study and 

optimization of the process. 

The second section presents the selection and justification of the advanced technology 

for obtaining the maximum concentration of nitrogen oxides. The main criteria that were 

chosen in this work and agreed upon with the industrial customer are formulated and 

disclosed. It is shown that today, when compared with other plasma production setups, only 

plasma setups with RFI discharge best meet the set of selected criteria. 

The third section describes the technical solutions for the development and creation 

of the RFI plasma experimental setup, which was designed to advance the technology for 

the production of nitrogen oxides using RFI inductively coupled plasma. RFI plasma 

experimental setup consists of an RFI plasma system, quenching reactor and auxiliary 

systems of water cooling, gas supply, sampling and measurement of the concentration of 

nitrogen oxides in exhaust gases, and an automatic control system. A comparison of 

experimentally-measured emission spectra of the UV range with simulated ones using the 
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SpecAir code was made to estimate the concentration of nitrogen oxide in the plasma of the 

RFI discharge. 

The fourth section presents studies of the kinetics of the formation of nitrogen oxides 

in the RFI plasma torch. It is emphasized that more details in the study of the evolution of 

the components in the middle of the discharge chamber provide allows obtaining additional 

data that can be used to increase the efficiency of the formation of nitrogen oxides. The 

software ZDPlascin, BOLSIG+, which was developed for kinetic calculations of quasi-

equilibrium plasma, was used in the simulation. The initial parameters are the reduced 

electric field, pressure, temperature, and composition of the plasma gas. In the absence of 

the value of the electric field, the equilibrium nature of the plasma of the powerful RFI 

plasma torch allows for the application of the Maxwell distribution, in order to calculate the 

rate constants of processes involving plasma electrons (at the appropriate temperature and 

given that the dependences of the process cross-section on the electrons’ energy are known). 

To determine the concentration of electrons as a function of temperature, the Sach equation 

was used, in which oxygen was excluded to simplify the analysis. This work used the 

database of Taras Shevchenko National University of Kyiv of all known velocities of 

plasma-chemical processes involving heavy particles. By including the reactions of 

vibrationally-excited nitrogen and oxygen molecules in the calculation, it became possible 

to increase the volume fraction of NO formed by 2.15 times compared to the exclusion of 

these reactions in the calculation, which significantly reduced the discrepancies between 

experimental and calculated data. The calculation with the inclusion of reactions by 

vibrationally excited nitrogen and oxygen molecules made it possible to increase the 

formation of the volume fraction of NO by 2.15 times, compared to the calculation without 

including the reactions of vibrationally excited molecules of N2 and O2, which significantly 

reduced the discrepancies between experimental and calculated data. 

The fifth section describes the optimization of the output of nitrogen oxides in RF 

induction plasma. During the solution of this problem, optical registration of the emission 

spectrum of plasma in the UV and visible ranges was carried out. The RFI plasma 

experimental setup was created, where at the first stage quenching was studied due to the 

water-cooling walls of the quenching section of the plasma reactor, at the second stage 
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quenching was studied due to the mixing of plasma chemical products reactions with 

atmospheric air, on the third, quenching was studied due to the mixing of cooled exhaust 

gases (recirculated products). Mass fractions of nitrogen oxides of no more than 6.84% were 

obtained when using recycled products as a coolant, compared to at most 5.63% for air 

cooling, but the mass flow rate of nitrogen oxides was 1.57 times higher when air cooling 

than when cooling with recirculated products. In order to study the average rate of 

quenching from 3900 K to 2000 K, simulation of the preservation of NO at different rates 

of quenching (with constant and two-stage) was carried out. To find the optimal range of 

temperature over which to perform quenching when the pressure increases from 1 bar to 2 

bar, additional modeling was carried out. 

 

Key words - Plasma technologies, radio frequency plasma, RFI plasma torch, 

equilibrium plasma, NOX production, concentration of nitrogen oxides, fixation of nitrogen 

oxides, quenching, quenching reactor, rate of quenching. 
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ɉȿɊȿɅІɄ ɍɆɈȼɇɂɏ ɉɈɁɇАЧȿɇЬ 

 

ȼЧ   ɜɢɫɨɤɨɱɚɫɬɨɬɧɢɣ 

ȼЧІ   ɜɢɫɨɤɨɱɚɫɬɨɬɧɢɣ ɿɧɞɭɤɰɿɣɧɢɣ 

ȽȾɄ   ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɨɧɰɟɧɬɪɚɰɿɹ 

ɟȼ   ɟɥɟɤɬɪɨɧ ɜɨɥьɬ 

ІЧ   ɿɧɮɪɚɱɟɪɜɨɧɢɣ 

Ʉȼɉ   ɤɨɧɬɪɨɥьɧɨ ɜɢɦɿɪɸɜɚɥьɧɿ ɩɪɢɫɬɪɨʀ 

ɄɄȾ   ɤɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ 

ɇȼЧ  ɧɚɞɜɢɫɨɤɨɱɚɫɬɨɬɧɢɣ 

 

ɋ  ɨɛ’єɦɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ 

Hpl   ɩɢɬɨɦɚ ɟɧɬɚɥьɩɿɹ ɩɨɜɿɬɪɹ 

Npl   ɩɨɬɭɠɧɿɫɬь ɟɧɟɪɝɨɜɤɥɚɞɭ ɭ ɩɥɚɡɦɭ 

Nrf   ɩɨɬɭɠɧɿɫɬь ɠɢɜɥɟɧɧɹ ȼЧІ ɪɨɡɪɹɞɭ 

Nloss   ɡɚɝɚɥьɧɿ ɬɟɩɥɨɜɿ ɜɬɪɚɬɢ 

Gpl   ɜɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ 

P   ɬɢɫɤ ɝɚɡɭ 

R  ɪɚɞɿɭɫ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ ɜ ɩɥɚɡɦɨɬɪɨɧɿ 

Iφ   ɤɿɥьɰɟɜɢɣ ɫɬɪɭɦ ɭ ɩɥɚɡɦɿ 

Ɏ   ɦɚɝɧɿɬɧɢɣ ɩɨɬɿɤ 

Tpl  ɫɟɪɟɞɧьɨɦɚɫɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɡɦɢ 

Tpl-in   ɫɟɪɟɞɧьɨɦɚɫɨɜɟ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɜɯɨɞɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ 

Tpl-out   ɫɟɪɟɞɧьɨɦɚɫɨɜɟ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɜɢɯɨɞɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ 

Ua  ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ ȼЧ ɛɥɨɤɚ ɠɢɜɥɟɧɧɹ ȼЧІ ɪɨɡɪɹɞɭ 

Vax-in   ɨɫьɨɜɚ ɫɤɥɚɞɨɜɚ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɧɚ ɜɯɨɞɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ 

Vax-out  ɨɫьɨɜɚ ɫɤɥɚɞɨɜɚ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɧɚ ɜɢɯɨɞɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ 

1   ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɿɞɞɚɱɿ 

z  ɜɿɞɫɬɚɧь ɜɿɞ ɜɯɿɞɧɨɝɨ ɩɟɪɟɬɢɧɭ ɩɥɚɡɦɨɬɪɨɧɭ 
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ȼɋɌɍɉ 

 

Ɉɛґɪɭɧɬɭɜɚɧɧя ɜɢɛɨɪɭ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧя. Ɉɤɫɢɞ ɚɡɨɬɭ NO ɬɚ ɞɿɨɤɫɢɞ ɚɡɨɬɭ 

NO2, ɹɤɿ ɦɚɸɬь ɡɚɝɚɥьɧɢɣ ɬɟɪɦɿɧ NOX, ɜ ɚɬɦɨɫɮɟɪɿ ɭɬɜɨɪɸɸɬьɫɹ ɹɤ ɭɧɚɫɥɿɞɨɤ 

ɩɪɢɪɨɞɧɢɯ ɹɜɢɳ, ɬɚɤɢɯ ɹɤ ɛɥɢɫɤɚɜɤɢ ɬɚ ɥɿɫɨɜɿ ɩɨɠɟɠɿ, ɬɚɤ ɿ ɜɧɚɫɥɿɞɨɤ ɞɿɹɥьɧɨɫɬɿ 

ɥɸɞɢɧɢ ɩɪɢ ɫɩɚɥɸɜɚɧɧɿ ɜɭɝɥɟɜɨɞɧɿɜ, ɨɫɨɛɥɢɜɨ ɡɚ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɇɚ ɫьɨɝɨɞɧɿ ɨɤɫɢɞɢ ɚɡɨɬɭ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɹɤ ɞɥɹ ɩɪɨɦɢɫɥɨɜɢɯ 

ɩɨɬɪɟɛ, ɡɨɤɪɟɦɚ, ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɫɿɪɱɚɧɨʀ ɬɚ ɚɡɨɬɧɨʀ ɤɢɫɥɨɬ, ɧɟɨɛɯɿɞɧɢɯ ɭ ɜɢɪɨɛɧɢɰɬɜɿ 

ɞɨɛɪɢɜ, ɨɱɢɳɟɧɧɹ ɩɨɪɨɲɤɨɜɢɯ ɦɚɬɟɪɿɚɥɿɜ ɬɚɤ ɿ ɞɥɹ ɦɟɞɢɱɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɭ ɜɢɝɥɹɞɿ 

ɥɿɤɚɪɫьɤɢɯ ɩɪɟɩɚɪɚɬɿɜ ɚɛɨ ɩɥɚɡɦɨɜɢɯ ɫɬɪɭɦɟɧɿɜ ɞɥɹ ɞɟɡɿɧɮɟɤɰɿʀ ɬɚ ɡɚɝɨєɧɧɹ ɪɚɧ [1-2]. 

Аɤɬɭɚɥьɧɿɫɬь ɬɟɦɢ. Зɚɡɜɢɱɚɣ NOX ɨɬɪɢɦɭɸɬь ɡ ɚɦɿɚɤɭ ɭ ɫɤɥɚɞɧɨɦɭ ɬɚ 

ɛɚɝɚɬɨɫɬɚɞɿɣɧɨɦɭ ɩɪɨɰɟɫɿ, ɞɟ ɹɤ ɜɢɯɿɞɧɭ ɫɢɪɨɜɢɧɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɜɢɤɨɩɧɿ 

ɜɭɝɥɟɜɨɞɧɿ. ɇɟɝɚɬɢɜɧɢɦɢ ɪɢɫɚɦɢ ɬɚɤɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ є ɡɚɥɟɠɧɿɫɬь ɜɿɞ ɜɢɬɪɚɬ ɧɚ 

ɨɞɟɪɠɚɧɧɹ ɬɚ ɩɟɪɟɪɨɛɤɭ ɚɦɿɚɤɭ ɬɚ ɡɚɥɟɠɧɿɫɬь ɜɿɞ ɜɢɤɨɩɧɢɯ ɩɚɥɢɜ. Ɍɨɦɭ ɡɧɢɠɟɧɧɹ 

ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɤɨɩɧɢɯ ɜɭɝɥɟɜɨɞɧɿɜ, ɫɩɪɨɳɟɧɧɹ ɬɚ ɡɞɟɲɟɜɥɟɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ, ɡɧɢɠɟɧɧɹ ʀɯ ɜɚɪɬɨɫɬɿ є ɚɤɬɭɚɥьɧɢɦ ɡɚɜɞɚɧɧɹɦ. 

Ɉɞɧɢɦ ɿɡ ɪɿɲɟɧь є ɪɨɡɪɨɛɤɚ ɩɥɚɡɦɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɜɢɪɨɛɧɢɰɬɜɚ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɡ 

ɧɚɣɛɿɥьɲ ɞɨɫɬɭɩɧɨʀ ɬɚ ɞɟɲɟɜɨʀ ɫɢɪɨɜɢɧɢ – ɧɚɜɤɨɥɢɲɧьɨɝɨ ɩɨɜɿɬɪɹ. ȼɚɪɬɿɫɬь 

ɫɩɨɠɢɜɚɧɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜ ɰьɨɦɭ ɩɪɨɰɟɫɿ ɦɨɠɟ ɡɧɢɠɭɜɚɬɢɫɹ ɡɚɥɟɠɧɨ ɜɿɞ 

ɡɚɜɚɧɬɚɠɟɧɧɹ ɝɟɧɟɪɭɸɱɢɯ ɟɥɟɤɬɪɨɫɬɚɧɰɿɣ, ɧɚɩɪɢɤɥɚɞ, ɭ ɧɿɱɧɢɣ ɱɚɫ. 

Ɇɟɬɚ ɪɨɛɨɬɢ ɬɚ ɡɚɜɞɚɧɧя ɞɨɫɥɿɞɠɟɧɧя. Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɟ ɬɚ 

ɬɟɨɪɟɬɢɱɧɟ ɜɢɜɱɟɧɧɹ ɩɪɨɰɟɫɭ ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɟɥɢɤɢɯ ɨɛɫɹɝɿɜ ɬɚ 

ɤɨɧɰɟɧɬɪɚɰɿɣ ɜ ɯɿɦɿɱɧɨ ɱɢɫɬɿɣ ɩɨɜɿɬɪɹɧɿɣ ɩɥɚɡɦɿ ɜɢɫɨɤɨɱɚɫɬɨɬɧɨʀ ɿɧɞɭɤɰɿɣɧɨʀ (ȼɑІ) 

ɩɨɬɭɠɧɨʀ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ. 

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɰɿєʀ ɦɟɬɢ ɜ ɪɨɛɨɬɿ ɪɨɡɜ'ɹɡɭɜɚɥɢɫь ɬɚɤɿ ɨɫɧɨɜɧɿ ɧɚɭɤɨɜɿ ɡɚɜɞɚɧɧя: 

1. Ɋɨɡɪɨɛɤɚ ɬɚ ɫɬɜɨɪɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ (ɫɢɫɬɟɦɢ) ɞɥɹ ɫɢɧɬɟɡɭ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɯɿɦɿɱɧɨ ɱɢɫɬɨɦɭ ɩɨɜɿɬɪɿ ɧɚ ɛɚɡɿ ȼɑІ ɝɟɧɟɪɚɬɨɪɚ ɪɿɜɧɨɜɚɠɧɨʀ ɩɥɚɡɦɢ 

APT-100 ɮɿɪɦɢ Applied Plasma Technologies, Corp. ɫ ɩɚɫɩɨɪɬɧɨɸ ɩɨɬɭɠɧɿɫɬɸ 100 ɤȼɬ 

ɬɚ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ ɡ ɫɢɫɬɟɦɚɦɢ ɟɦɿɫɿɣɧɨʀ ɨɩɬɢɱɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɩɥɚɡɦɢ ɜ 

ɮɚɤɟɥɿ ȼɑІ ɪɨɡɪɹɞɭ, ɦɨɧɿɬɨɪɢɧɝɭ ɫɤɥɚɞɭ ɝɚɡɿɜ, ɬɟɩɥɨɜɢɯ ɩɨɬɨɤɿɜ ɭ ɜɫɿɯ 
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ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɜɭɡɥɚɯ ɩɥɚɡɦɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɬɚ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ, 

ɫɢɫɬɟɦɢ ɩɿɞɬɪɢɦɤɢ ɞɢɧɚɦɿɱɧɨʀ ɫɬɚɛɿɥьɧɨɫɬɿ ɩɥɚɡɦɢ, ɡɚɯɢɫɬɭ ɜɿɞ ɡɦɿɧɢ ɤɪɢɬɢɱɧɢɯ 

ɪɟɠɢɦɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. 

2. ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ ɮɚɤɟɥɭ ɩɨɬɭɠɧɨɝɨ ȼɑІ 

ɪɨɡɪɹɞɭ ɫɭɱɚɫɧɢɦɢ ɦɟɬɨɞɚɦɢ ɨɩɬɢɱɧɨʀ ɟɦɿɫɿɣɧɨʀ ɫɩɟɤɬɪɨɦɟɬɪɿʀ ɩɨ ɜɢɡɧɚɱɟɧɧɸ 

ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɤɥɚɞɭ ɫɩɟɤɬɪɿɜ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɩɥɚɡɦɢ ɬɚ ɬɟɦɩɟɪɚɬɭɪ ɡɚɫɟɥɟɧɧɹ 

ɡɛɭɞɠɟɧɢɯ ɟɥɟɤɬɪɨɧɧɢɯ ɪɿɜɧɿɜ ɚɬɨɦɿɜ, ɤɨɥɢɜɚɥьɧɢɯ ɬɚ ɨɛɟɪɬɚɥьɧɢɯ ɪɿɜɧɿɜ ɦɨɥɟɤɭɥ. 

3. ɉɪɨɟɤɬɭɜɚɧɧɹ ɝɚɪɬɭɜɚɥьɧɢɯ ɪɟɚɤɬɨɪɿɜ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɪɟɡɭɥьɬɚɬɿɜ ɱɢɫɥɨɜɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ ɝɚɡɨɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɭ ɜ ɪɟɚɤɬɨɪɚɯ ɤɨɞɨɦ Ansys 

Fluent, ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɜɢɡɧɚɱɟɧɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɡ ȼɑІ ɪɨɡɪɹɞɭ ɿ 

ɨɫɨɛɥɢɜɨɫɬɟɣ ɯɿɦɿɱɧɨʀ ɤɿɧɟɬɢɤɢ ɩɪɨɰɟɫɿɜ ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɩɨɜɿɬɪɿ. 

4. Ɍɟɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɨɫɨɛɥɢɜɨɫɬɟɣ ɤɿɧɟɬɢɤɢ ɝɟɧɟɪɭɜɚɧɧɹ NOX ɭ ɩɥɚɡɦɿ 

ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɜ ɝɚɪɬɭɜɚɥьɧɨɦɭ ɪɟɚɤɬɨɪɿ ɡɚ ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɡɦɿɧɢ 

ɬɟɦɩɟɪɚɬɭɪɢ ɦɟɬɨɞɨɦ ɱɢɫɥɨɜɨɝɨ ɫɢɦɭɥɸɜɚɧɧɹ ɤɨɞɚɦɢ Bolsig+ ɬɚ ZDPlascin. 

5. ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɫɤɥɚɞɭ ɩɪɨɞɭɤɬɿɜ ɧɚ ɜɢɯɨɞɿ ɩɥɚɡɦɨɜɨʀ 

ɫɢɫɬɟɦɢ ɞɥɹ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɯɿɦɿɱɧɨ ɱɢɫɬɨɦɭ ɩɨɬɨɰɿ ɩɨɜɿɬɪɿ ɚɤɬɢɜɨɜɚɧɨɦɭ 

ɪɿɜɧɨɜɚɠɧɨɸ ɩɥɚɡɦɨɸ ȼɑІ ɪɨɡɪɹɞɭ ɡɚ ɪɿɡɧɢɯ ɭɦɨɜ ɬɚ ɦɟɬɨɞɿɜ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ 

ɫɢɧɬɟɡɭ. 

6. ȼɢɡɧɚɱɟɧɧɹ ɭɦɨɜ ɟɮɟɤɬɢɜɧɨɝɨ ɫɢɧɬɟɡɭ NO ɬɚ NO2. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ. 

 ȼɩɟɪɲɟ ɩɪɨɜɟɞɟɧɨ ɤɨɦɩɥɟɤɫ ɞɨɫɥɿɞɠɟɧь ɡ ɨɞɟɪɠɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ȼɑІ 

ɩɥɚɡɦɨɜɿɣ ɫɢɫɬɟɦɿ ɜɢɫɨɤɨʀ ɩɨɬɭɠɧɨɫɬɿ. ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɦ ɲɥɹɯɨɦ ɨɬɪɢɦɚɧɿ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ȼɑІ ɩɥɚɡɦɨɜɨɸ ɫɢɫɬɟɦɨɸ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɥɚɡɦɨɬɪɨɧɚ 

ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ. 

 ȼɩɟɪɲɟ, ɧɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ ɦɟɬɨɞɚɦɢ 

ɨɩɬɢɱɧɨʀ ɫɩɟɤɬɪɨɦɟɬɪɿʀ, ɨɬɪɢɦɚɧɿ ɞɚɧɿ ɤɨɧɰɟɧɬɪɚɰɿɣ ɦɨɥɹɪɧɢɯ ɱɚɫɬɨɤ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

ɩɨɜɿɬɪɹɧɨʀ ȼɑ ɿɧɞɭɤɰɿɣɧɨ ɩɨɜ'ɹɡɚɧɨʀ ɩɥɚɡɦɢ. 

 Ȼɭɥɨ ɩɪɨɜɟɞɟɧɨ ɭɧɿɤɚɥьɧɟ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɡɧɚɱɟɧь 

ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɩɨɜɿɬɪɹɧɨʀ ȼɑІ ɩɥɚɡɦɢ ɜɿɞ ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɪɿɡɧɢɯ ɦɟɬɨɞɿɜ ɡɚɝɚɪɬɭɜɚɧɧɹ. 
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 ȼɩɟɪɲɟ ɜɢɹɜɥɟɧɨ ɟɮɟɤɬ ɞɨɨɤɢɫɧɟɧɧɹ NO ɜ NO2 ɩɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɩɥɚɡɦɨɜɨɝɨ 

ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɦɟɬɨɞɚɦɢ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɬɚ ɨɯɨɥɨɞɠɟɧɢɦɢ 

ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɤɥɿɧɝɭ ɜɢɯɥɨɩɧɨɝɨ ɝɚɡɭ, ɳɨ ɡɧɚɱɧɨ ɡɛɿɥьɲɭє ɦɚɫɨɜɢɣ ɜɢɯɿɞ NOX ɬɚ 

ɩɿɞɜɢɳɭє ɬɟɯɧɿɱɧɭ ɿ ɟɤɨɧɨɦɿɱɧɭ ɩɪɢɜɚɛɥɢɜɿɫɬь ɦɚɣɛɭɬɧьɨʀ ɬɟɯɧɨɥɨɝɿʀ. 

 ȼɩɟɪɲɟ ɜɢɤɨɪɢɫɬɚɧɨ ɱɢɫɥɨɜɟ ɫɢɦɭɥɸɜɚɧɧɹ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɤɿɧɟɬɢɤɢ 

ɭɬɜɨɪɟɧɧɹ NO ɹɤ ɜ ɿɡɨɬɟɪɦɿɱɧɿɣ ɩɨɜɿɬɪɹɧɿɣ ɩɥɚɡɦɿ ɩɨɬɭɠɧɨɝɨ ȼɑІ ɪɨɡɪɹɞɭ, ɬɚɤ ɿ ɜ 

ɝɚɪɬɭɜɚɥьɧɿɣ ɡɨɧɿ ɪɟɚɤɬɨɪɚ ɡɚ ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɫɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪɢ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɚɜɬɨɪɚ ɩɨɥɹɝɚє ɭ: 

 ɤɚɪɞɢɧɚɥьɧɿɣ ɦɨɞɟɪɧɿɡɚɰɿʀ ɫɬɚɧɞɚɪɬɧɨʀ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ APT-100 ɞɥɹ 

ɜɢɤɨɧɚɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɩɨ ɨɬɪɢɦɚɧɧɸ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɢɫɨɤɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɬɚ 

ɨɛ’єɦɿɜ ɧɚ ɛɚɡɿ ɜɢɦɨɝ ɩɪɨɦɢɫɥɨɜɨɝɨ ɡɚɦɨɜɧɢɤɚ; 

 ɜɢɹɜɥɟɧɧɿ ɜɩɥɢɜɭ ɜɢɫɨɤɢɯ ɜɢɬɪɚɬ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ ɧɚ ɟɧɟɪɝɟɬɢɱɧɿ 

ɩɚɪɚɦɟɬɪɢ ɫɢɫɬɟɦɢ ɬɚ ʀʀ ɧɚɞɿɣɧɿɫɬь; 

 ɫɬɜɨɪɟɧɧɿ ɫɢɫɬɟɦ ɬɚ ɜɿɞɩɪɚɰɸɜɚɧɧɿ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɨɛ’єɦɧɨʀ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɦɟɬɨɞɨɦ ɩɨɩɟɪɟɞɧьɨɝɨ ɪɨɡɜɟɞɟɧɧɹ ɩɪɨɛ ɬɚ ɨɩɬɢɱɧɨʀ ɫɩɟɤɬɪɨɦɟɬɪɿʀ; 

 ɫɬɜɨɪɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ 

ɤɨɦɩɥɟɤɫɧɢɯ ɞɨɫɥɿɞɠɟɧь, ɩɪɨɝɪɚɦ ɬɚ ɦɟɬɨɞɢɤɢ ʀɯ ɜɢɤɨɧɚɧɧɹ; 

 ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɭɱɚɫɬɿ ɭ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь; 

 ɪɨɡɪɨɛɰɿ ɮɿɡɢɱɧɢɯ ɦɨɞɟɥɟɣ ɤɿɧɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɭɬɜɨɪɟɧɧɹ NOX ɭ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɿ ɬɚ ɦɨɞɟɥɸɜɚɧɧɿ ɤɿɧɟɬɢɤɢ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɪɟɚɤɰɿɣ ɿɡ ɪɿɡɧɢɦɢ 

ɲɜɢɞɤɨɫɬɹɦɢ ɨɯɨɥɨɞɠɟɧɧɹ, ɨɛɪɨɛɰɿ ɪɟɡɭɥьɬɚɬɿɜ ɞɨɫɥɿɞɠɟɧь ɬɚ ʀɯ ɚɧɚɥɿɡ. 

Аɩɪɨɛɚцɿя ɪɟɡɭɥьɬɚɬɿɜ ɞɢɫɟɪɬɚцɿʀ. Ɉɫɧɨɜɧɿ ɩɨɥɨɠɟɧɧɹ ɪɨɛɨɬɢ ɞɨɩɨɜɿɞɚɥɢɫь ɬɚ 

ɨɛɝɨɜɨɪɸɜɚɥɢɫь ɧɚ ɡɚɫɿɞɚɧɧɹɯ ɤɚɮɟɞɪɢ ɮɿɡɢɱɧɨʀ ɟɥɟɤɬɪɨɧɿɤɢ ɮɚɤɭɥьɬɟɬɭ 

ɪɚɞɿɨɮɿɡɢɤɢ, ɟɥɟɤɬɪɨɧɿɤɢ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɫɢɫɬɟɦ Кɢʀɜɫьɤɨɝɨ ɧɚɰɿɨɧɚɥьɧɨɝɨ 

ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɜɿɞɤɪɢɬɢɯ ɫɟɦɿɧɚɪɚɯ ɤɨɦɩɚɧɿʀ Applied Plasma 

Technologies, ɚ ɬɚɤɨɠ ɧɚ ɧɚɫɬɭɩɧɢɯ ɧɚɭɤɨɜɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ: 

 XХVIІ ɳɨɪɿɱɧɚ ɧɚɭɤɨɜɚ ɤɨɧɮɟɪɟɧɰɿɹ ɿɧɫɬɢɬɭɬɭ ɹɞɟɪɧɢɯ ɞɨɫɥɿɞɠɟɧь ɇȺɇ 

ɍɤɪɚʀɧɢ, 21-25 ɜɟɪɟɫɧɹ, Кɢʀɜ, 2020. 
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 XVI International Scientific Conference “Electronic and Applied Physics”, 18-21 

November, Kyiv, Ukraine, 2020. 

  XХVIІI ɳɨɪɿɱɧɚ ɧɚɭɤɨɜɚ ɤɨɧɮɟɪɟɧɰɿɹ ɿɧɫɬɢɬɭɬɭ ɹɞɟɪɧɢɯ ɞɨɫɥɿɞɠɟɧь ɇȺɇ 

ɍɤɪɚʀɧɢ, 27 ɜɟɪɟɫɧɹ - 1 ɠɨɜɬɧɹ, Кɢʀɜ, 2021. 

 XXII International Young Scientists Conference on Applied Physics, 17-21 May, 

Kyiv, Ukraine, 2022. 

 Ɇɿɠɧɚɪɨɞɧɚ ɤɨɧɮɟɪɟɧɰɿɹ «ɍɠɝɨɪɨɞɫьɤɚ ɲɤɨɥɚ ɡ ɚɬɨɦɧɨʀ ɮɿɡɢɤɢ ɬɚ ɤɜɚɧɬɨɜɨʀ 

ɟɥɟɤɬɪɨɧɿɤɢ» ɞɨ 100-ɪɿɱɱɹ ɜɿɞ ɞɧɹ ɧɚɪɨɞɠɟɧɧɹ ɩɪɨɮɟɫɨɪɚ Іɜɚɧɚ ɉɪɨɯɨɪɨɜɢɱɚ 

Зɚɩɿɫɨɱɧɨɝɨ, 26-27 ɬɪɚɜɧɹ, ɍɠɝɨɪɨɞ, 2022. 

Зɚ ɦɚɬɟɪɿɚɥɚɦɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɨɩɭɛɥɿɤɨɜɚɧɨ 4 ɧɚɭɤɨɜɿ ɪɨɛɨɬɢ, ɭɫɿ 

ɜɤɥɸɱɟɧɿ ɞɨ ɦɿɠɧɚɪɨɞɧɨʀ ɧɚɭɤɨɦɟɬɪɢɱɧɨʀ ɛɚɡɢ Scopus. Ɍɪɢ ɫɬɚɬɬɿ ɨɩɭɛɥɿɤɨɜɚɧɿ ɜ 

ɿɧɨɡɟɦɧɨɦɭ ɠɭɪɧɚɥɿ «IEEE Transactions on Plasma Science», ɨɞɧɚ ɭ ɜɿɬɱɢɡɧɹɧɨɦɭ 

ɠɭɪɧɚɥɿ «Ukrainian Journal of Physics». 

Сɬɪɭɤɬɭɪɚ ɬɚ ɨɛɫяɝ ɞɢɫɟɪɬɚцɿʀ. Ⱦɢɫɟɪɬɚɰɿɹ ɫɤɥɚɞɚєɬьɫɹ ɿɡ ɚɧɨɬɚɰɿʀ, ɜɫɬɭɩɭ, 

ɩ’ɹɬɢ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ ɭ ɤɿɥьɤɨɫɬɿ 57 ɧɚɣɦɟɧɭɜɚɧь, 

ɬɚ ɞɨɞɚɬɤɭ. ɉɨɜɧɢɣ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɫɬɚɧɨɜɢɬь 138 ɫɬɨɪɿɧɨɤ ɬɚ ɦɿɫɬɢɬь 73 

ɪɢɫɭɧɤɚ ɿ 6 ɬɚɛɥɢɰь. 
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ɊɈЗȾІɅ 1 

АɇАɅІɁ ɋɍЧАɋɇɈȽɈ ɋɌАɇɍ ɈɌɊɂɆАɇɇə NOX ȾɅə ɉɊɈɆɂɋɅɈȼɂХ 
ɁАɋɌɈɋɍȼАɇЬ (ɈȽɅəȾ ɅІɌȿɊАɌɍɊɂ Ч.І) 

 

1.1 ȼɥɚɫɬɢɜɨɫɬɿ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

Ⱦɥɹ ɭɡɚɝɚɥьɧɟɧɨɝɨ ɩɨɡɧɚɱɟɧɧɹ ɛɿɧɚɪɧɢɯ ɫɩɨɥɭɤ ɚɡɨɬɭ ɡ ɨɤɫɢɝɟɧɨɦ, ɫɟɪɟɞ ɹɤɢɯ 

ɨɫɧɨɜɧɢɦɢ є ɨɤɫɢɞ ɚɡɨɬɭ NO ɬɚ ɞɿɨɤɫɢɞ ɚɡɨɬɭ NO2, ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɮɨɪɦɭɥɚ NOX, 

ɹɤɚ ɩɨɡɧɚɱɚє ɬɚɤɨɠ ɿɧɲɿ ɫɩɨɥɭɤɢ, ɬɚɤɿ ɹɤ NO3, N2O, N2O5. 

Ɉɤɫɢɞ ɚɡɨɬɭ NO є ɛɟɡɛɚɪɜɧɢɦ ɬɚ ɜɚɠɤɨ ɡɪɿɞɠɭɜɚɧɢɦ ɝɚɡɨɦ. Ɋɿɞɤɢɣ NO ɤɢɩɢɬь 

ɩɪɢ ɦɿɧɭɫ 151,7 °ɋ ɿ ɬɜɟɪɞɧɟ ɩɪɢ ɦɿɧɭɫ 163,7 °ɋ. ɋɩɨɥɭɤɚ є ɦɚɥɨɪɨɡɱɢɧɧɨɸ ɭ ɜɨɞɿ – ɭ 

ɨɞɧɨɦɭ ɨɛ’єɦɿ ɜɨɞɢ ɩɪɢ 0 °ɋ ɪɨɡɱɢɧɹєɬьɫɹ ɥɢɲɟ 0,07 ɨɛ’єɦɭ NO. Зɚ ɯɿɦɿɱɧɢɦɢ 

ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɨɤɫɢɞ ɚɡɨɬɭ ɧɚɥɟɠɢɬь ɞɨ ɧɟɫɨɥɟɬɜɨɪɧɢɯ (ɛɚɣɞɭɠɢɯ) ɨɤɫɢɞɿɜ, ɨɫɤɿɥьɤɢ 

ɧɟ ɭɬɜɨɪɸє ɠɨɞɧɨʀ ɤɢɫɥɨɬɢ. Зɚ ɤɿɦɧɚɬɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ NO ɧɟ ɪɨɡɤɥɚɞɚєɬьɫɹ, ɿ ɥɢɲɟ ɡɚ 

ɬɟɦɩɟɪɚɬɭɪ ɜɢɳɟ 1000 °ɋ ɪɨɡɩɨɱɢɧɚєɬьɫɹ ɣɨɝɨ ɪɨɡɩɚɞ ɧɚ ɚɡɨɬ ɿ ɤɢɫɟɧь ɡ ɩɨɦɿɬɧɨɸ 

ɲɜɢɞɤɿɫɬɸ. ɇɚɜɿɬь ɡɚ ɞɭɠɟ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɪɨɡɩɚɞ NO ɩɪɨɯɨɞɢɬь ɧɟ ɞɨ ɤɿɧɰɹ ɿ ɜ 

ɫɢɫɬɟɦɿ NO – N2 – O2 ɜɫɬɚɧɨɜɥɸєɬьɫɹ ɪɿɜɧɨɜɚɝɚ. Зɚɜɞɹɤɢ ɰьɨɦɭ ɨɤɫɢɞ ɚɡɨɬɭ ɦɨɠɧɚ 

ɨɬɪɢɦɚɬɢ ɿɡ ɩɪɨɫɬɢɯ ɪɟɱɨɜɢɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɟɥɟɤɬɪɢɱɧɨʀ ɞɭɝɢ (3000 – 4000 °ɋ). ɍ 

ɩɪɨɦɢɫɥɨɜɨɫɬɿ NO є ɩɪɨɦɿɠɧɢɦ ɩɪɨɞɭɤɬɨɦ ɩɪɢ ɨɬɪɢɦɚɧɧɿ ɚɡɨɬɧɨʀ ɤɢɫɥɨɬɢ. Ⱦɥɹ 

ɨɤɫɢɞɭ ɚɡɨɬɭ ɯɚɪɚɤɬɟɪɧɚ ɨɤɢɫɧɸɜɚɥьɧɨ-ɜɿɞɧɨɜɧɚ ɞɜɨʀɫɬɿɫɬь. ɉɿɞ ɜɩɥɢɜɨɦ ɫɢɥьɧɢɯ 

ɨɤɢɫɧɸɜɚɱɿɜ ɜɿɧ ɨɤɢɫɥɸєɬьɫɹ, ɚ ɫɢɥьɧɢɯ ɜɿɞɧɨɜɧɢɤɿɜ – ɜɿɞɧɨɜɥɸєɬьɫɹ. Ɍɚɤ, ɜɿɧ ɥɟɝɤɨ 

ɨɤɢɫɥɸєɬьɫɹ ɤɢɫɧɟɦ ɩɨɜɿɬɪɹ ɞɨ ɞɿɨɤɫɢɞɭ ɚɡɨɬɭ [1]. 

Ⱦɿɨɤɫɢɞ ɚɡɨɬɭ NO2 ɡɚ ɬɟɦɩɟɪɚɬɭɪɢ ɜɢɳɟ 21,2 °C (294,3 Ʉ є ɨɬɪɭɣɧɢɦ ɝɚɡɨɦ 

ɱɟɪɜɨɧɭɜɚɬɨ-ɛɭɪɨɝɨ ɤɨɥьɨɪɭ ɡ ɪɿɡɤɢɦ ʀɞɤɢɦ ɡɚɩɚɯɨɦ, ɡɚ ɧɢɠɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɫɬɚє 

ɠɨɜɬɭɜɚɬɨ-ɤɨɪɢɱɧɟɜɨɸ ɪɿɞɢɧɨɸ, ɚ ɡɚ ɬɟɦɩɟɪɚɬɭɪɢ ɧɢɠɱɟ ɦɿɧɭɫ 11,2 °C (261,9 K) 

ɩɟɪɟɬɜɨɪɸєɬьɫɹ ɧɚ ɛɟɡɛɚɪɜɧɢɣ ɬɟɬɪɨɤɫɢɞ ɞɿɨɤɫɢɞɭ ɚɡɨɬɭ N2O4 [2].  

ɑɟɪɜɨɧɨ-ɤɨɪɢɱɧɟɜɢɣ ɤɨɥɿɪ ɝɚɡɭ є ɧɚɫɥɿɞɤɨɦ ɩɟɪɟɜɚɠɧɨɝɨ ɩɨɝɥɢɧɚɧɧɹ ɫɜɿɬɥɚ 

ɫɢɧьɨɝɨ ɤɨɥьɨɪɭ (400 – 500 ɧɦ), ɯɨɱɚ NO2 ɩɨɝɥɢɧɚє ɫɜɿɬɥɨ ɭɫьɨɝɨ ɜɢɞɢɦɨɝɨ (ɧɚ ɛɿɥьɲ 

ɤɨɪɨɬɤɢɯ ɞɨɜɠɢɧɚɯ ɯɜɢɥь) ɬɚ ɿɧɮɪɚɱɟɪɜɨɧɨɝɨ (ɧɚ ɜɟɥɢɤɢɯ ɞɨɜɠɢɧɚɯ ɯɜɢɥь) 
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ɞɿɚɩɚɡɨɧɿɜ. ɉɨɝɥɢɧɚɧɧɹ ɫɜɿɬɥɚ ɧɚ ɞɨɜɠɢɧɚɯ ɯɜɢɥь ɦɟɧɲɟ 400 ɧɦ ɩɪɢɡɜɨɞɢɬь ɞɨ 

ɮɨɬɨɥɿɡɭ ɡ ɭɬɜɨɪɟɧɧɹɦ NO ɬɚ ɚɬɨɦɚɪɧɨɝɨ ɤɢɫɧɸ Ɉ. ȼɡɚєɦɨɞɿɹ ɭɬɜɨɪɟɧɨɝɨ ɬɚɤɢɦ 

ɱɢɧɨɦ ɚɬɨɦɚ O ɡ O2 ɩɪɢɡɜɨɞɢɬь ɞɨ ɭɬɜɨɪɟɧɧɹ ɨɡɨɧɭ ɭ ɚɬɦɨɫɮɟɪɿ. 

Ɉɫɤɿɥьɤɢ ɚɬɨɦ ɚɡɨɬɭ ɜ NO2 ɦɚє ɨɞɢɧ ɧɟɫɩɚɪɟɧɢɣ ɟɥɟɤɬɪɨɧ, ɨɫɧɨɜɧɢɦ 

ɟɥɟɤɬɪɨɧɧɢɦ ɫɬɚɧɨɦ ɞɿɨɤɫɢɞɭ ɚɡɨɬɭ є ɞɭɛɥɟɬɧɢɣ ɿ ɫɩɨɥɭɤɚ є ɜɿɥьɧɢɦ ɪɚɞɢɤɚɥɨɦ. 

 

1.2 Ɇɟɯɚɧɿɡɦɢ ɭɬɜɨɪɟɧɧя NOX 

Ⱦɨɛɪɟ ɜɢɜɱɟɧɿ ɧɚɫɬɭɩɧɿ ɩɪɨɦɢɫɥɨɜɿ ɦɟɯɚɧɿɡɦɢ ɭɬɜɨɪɟɧɧɹ NOX[3]: 

 ɲɜɢɞɤɢɣ, ɯɿɦɿɱɧɢɣ ɦɟɯɚɧɿɡɦ ɚɛɨ ɦɟɯɚɧɿɡɦ Ɏɟɧɿɦɨɪɚ [4]; 

 ɦɟɯɚɧɿɡɦ, ɩɨɜ’ɹɡɚɧɢɣ ɡ ɭɬɜɨɪɟɧɧɹɦ NOX ɡ ɚɡɨɬɨɜɦɿɫɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ 

ɩɚɥɢɜɚ [5]; 

 ɬɟɩɥɨɜɢɣ ɦɟɯɚɧɿɡɦ, ɚɛɨ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɣ ɦɟɯɚɧɿɡɦ Зɟɥьɞɨɜɢɱɚ [6]; 

 ɜ ɪɟɡɭɥьɬɚɬɿ ɪɟɚɤɰɿʀ ɞɢɫɨɰɿɚɰɿʀ N2O4 ⇌ 2NO2. 

ɒɜɢɞɤɢɣ ɦɟɯɚɧɿɡɦ ɚɛɨ ɦɟɯɚɧɿɡɦ Ɏɟɧɿɦɨɪɚ ɩɨɜ'ɹɡɚɧɢɣ ɡ ɭɬɜɨɪɟɧɧɹɦ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɧɚ ɪɚɧɧɿɣ ɫɬɚɞɿʀ ɡɝɨɪɹɧɧɹ. ɐɟɣ ɦɟɯɚɧɿɡɦ ɩɨɹɫɧɸє ɩɨɹɫɧɸє ɲɜɢɞɤɟ ɩɟɪɟɯɿɞɧɟ 

ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɟɪɜɢɧɧɿɣ ɡɨɧɿ ɪɟɚɤɰɿʀ ɚɬɦɨɫɮɟɪɧɨɝɨ ɚɡɨɬɭ N2 ɬɚɤɢɦɢ 

ɭɬɜɨɪɸɜɚɧɢɦɢ ɩɪɢ ɡɝɨɪɹɧɧɿ ɩɚɥɢɜɚ ɪɚɞɢɤɚɥɚɦɢ, ɹɤ C, CH, CH2 [4]. 

CH + N2 ⇌ NCN + H,     (1.1) 

NCN + O2 ⇌ NCO + NO,    (1.2) 

NCO + O ⇌ CO + NO,     (1.3) 

NCN + OH ⇌ HCN + NO.    (1.4) 

Ɉɤɢɫɥɟɧɧɹ ɚɡɨɬɭ ɩɪɢ ɡɝɨɪɹɧɧɿ ɩɚɥɢɜɚ є ɞɨɦɿɧɭɸɱɢɦ ɞɠɟɪɟɥɨɦ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. 

ɉɿɞ ɱɚɫ ɡɝɨɪɹɧɧɹ ɚɡɨɬ, ɳɨ ɦɿɫɬɢɬьɫɹ ɭ ɩɚɥɢɜɿ, ɜɢɞɿɥɹєɬьɫɹ ɭ ɜɢɝɥɹɞɿ ɜɿɥьɧɨɝɨ ɪɚɞɢɤɚɥɚ 

ɿ ɡɪɟɲɬɨɸ ɭɬɜɨɪɸє ɜɿɥьɧɢɣ N2 ɚɛɨ NO. Ɉɤɫɢɞɢ ɚɡɨɬɭ, ɨɬɪɢɦɚɧɿ ɡɚɡɧɚɱɟɧɢɦ 

ɦɟɯɚɧɿɡɦɨɦ, ɦɨɠɭɬь ɫɬɚɧɨɜɢɬɢ ɞɨ 50% ɜɿɞ ɡɚɝɚɥьɧɢɯ ɜɢɤɢɞɿɜ ɩɪɢ ɫɩɚɥɸɜɚɧɧɿ ɧɚɮɬɢ 

ɬɚ ɞɨ 80% ɩɪɢ ɫɩɚɥɸɜɚɧɧɿ ɜɭɝɿɥɥɹ. 
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ɏɿɦɿɱɧɢɣ ɦɟɯɚɧɿɡɦ [4] ɬɚ ɦɟɯɚɧɿɡɦ ɡɜ’ɹɡɚɧɢɣ ɿɡ ɭɬɜɨɪɟɧɧɹɦ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɿɡ 

ɤɨɦɩɨɧɟɧɬɿɜ ɩɚɥɢɜɚ [5] ɨɩɢɫɭɸɬь ɩɪɨɰɟɫɢ ɡɚ ɜɿɞɧɨɫɧɨ ɧɟɜɟɥɢɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɜɢɦɿɪɸɜɚɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɩɪɢ ɰьɨɦɭ ɫɭɬɬєɜɨ ɜɿɞɪɿɡɧɹɸɬьɫɹ 

ɜɿɞ ɪɨɡɪɚɯɭɧɤɿɜ, ɜɢɤɨɧɚɧɢɯ ɡɚ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɦ ɦɟɯɚɧɿɡɦɨɦ Зɟɥьɞɨɜɢɱɚ [6]. 

Ɍɟɩɥɨɜɢɣ ɚɛɨ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɣ ɦɟɯɚɧɿɡɦ Зɟɥьɞɨɜɢɱɚ ɩɨɹɫɧɸє ɭɬɜɨɪɟɧɧɹ 

NOX ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɦ ɨɤɢɫɧɟɧɧɹɦ N2. ɒɜɢɞɤɿɫɬь ɭɬɜɨɪɟɧɧɹ ɫɩɨɥɭɤɢ ɡɚɥɟɠɢɬь 

ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɬɪɢɜɚɥɨɫɬɿ ɩɟɪɟɛɭɜɚɧɧɹ ɡɚ ɬɚɤɨʀ ɬɟɦɩɟɪɚɬɭɪɿ. ɍ ɟɤɫɩɟɪɢɦɟɧɬɿ ɰɿ 

ɪɟɚɤɰɿʀ ɛɭɥɢ ɜɢɜɱɟɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɢɛɭɯɨɜɢɯ ɛɨɦɛ, ɞɟ ɫɩɚɥɸɜɚɥɢ ɫɭɦɿɲ ɜɨɞɧɸ ɬɚ 

ɤɢɫɧɸ. 

ɉɪɢ ɧɚɝɪɿɜɚɧɧɿ ɩɨɜɿɬɪɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɤɿɥьɤɚ ɬɢɫɹɱ ɝɪɚɞɭɫɿɜ ɭ ɧьɨɦɭ ɩɪɨɬɿɤɚє 

ɯɿɦɿɱɧɚ ɪɟɚɤɰɿɹ [7]: ଵଶ Nଶ  + ଵଶ Oଶ + ʹͳ,Ͷ ˍˍаˎ/ˏоˎь → NO ,   (1.5) 

ɜɧɚɫɥɿɞɨɤ ɹɤɨʀ ɭɬɜɨɪɸєɬьɫɹ ɞɨɫɢɬь ɡɧɚɱɧɚ ɤɿɥьɤɿɫɬь ɨɤɢɫɭ ɚɡɨɬɭ. Ɋɿɜɧɨɜɚɠɧɚ 

ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɿɞ 3000 Ʉ ɞɨ 10000 Ʉ ɬɚ ɧɨɪɦɚɥьɧɿɣ 

ɳɿɥьɧɨɫɬɿ ɩɨɜɿɬɪɹ ɞɨɫɹɝɚє ɤɿɥьɤɨɯ ɜɿɞɫɨɬɤɿɜ. Ⱦɟɹɤɚ ɤɿɥьɤɿɫɬь ɨɤɫɢɞɭ ɨɤɢɫɥɸєɬьɫɹ ɞɨ 

ɞɿɨɤɫɢɞɭ NO2, ɪɿɜɧɨɜɚɠɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɹɤɨɝɨ ɜ ɡɚɡɧɚɱɟɧɢɯ ɭɦɨɜɚɯ ɦɚє ɩɨɪɹɞɨɤ ɜɿɞ 

10-4% ɞɨ 10-2%. Зɧɚɱɧɢɦ є ɜɧɟɫɨɤ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɿ ɩɨɝɥɢɧɚɧɧɹ ɫɜɿɬɥɚ 

ɧɚɝɪɿɬɢɦ ɩɨɜɿɬɪɹɦ. Ɍɚɤ, ɭ ɞɿɚɩɚɡɨɧɭ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 2000 Ʉ ɞɨ 4000 Ʉ ɨɩɬɢɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɜɿɬɪɹ ɭ ɜɢɞɢɦɿɣ ɱɚɫɬɢɧɿ ɫɩɟɤɬɪɭ ɩɪɚɤɬɢɱɧɨ ɰɿɥɤɨɦ ɡɭɦɨɜɥɟɧɿ 

ɩɪɢɫɭɬɧɿɫɬɸ ɦɨɥɟɤɭɥ NO2. 

Ɋɟɚɤɰɿɹ ɨɤɢɫɥɟɧɧɹ ɚɡɨɬɭ ɦɚє ɜɟɥɢɤɭ ɟɧɟɪɝɿɸ ɚɤɬɢɜɚɰɿʀ, ɬɨɦɭ ɩɪɚɤɬɢɱɧɨ ɜɨɧɚ 

ɩɪɨɬɿɤɚє ɬɿɥьɤɢ ɩɪɢ ɞɨɫɢɬь ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɛɥɢɡьɤɨ 2000 Ʉ ɿ ɜɢɳɟ). 

ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɪɟɚɤɰɿʀ ɭɬɜɨɪɟɧɧɹ ɬɚ ɪɨɡɤɥɚɞɚɧɧɹ ɨɤɢɫɭ ɚɡɨɬɭ ɜɢɜɱɚɥɢɫɹ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɜɢɛɭɯɨɜɢɯ ɛɨɦɛ, ɭ ɹɤɢɯ ɫɩɚɥɸɜɚɥɢ ɫɭɦɿɲ ɜɨɞɧɸ ɬɚ ɤɢɫɧɸ. ɉɪɨɰɟɫ 

ɡ'єɞɧɚɧɧɹ ɤɢɫɧɸ ɡ ɜɨɞɧɟɦ ɫɥɭɠɢɜ ɡɚɫɨɛɨɦ ɨɬɪɢɦɚɧɧɹ ɜɢɫɨɤɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɪɹɞɤɭ 

2000 Ʉ. Ⱦɨ ɫɭɦɿɲɿ H2 ɬɚ O2 ɞɨɞɚɜɚɥɢ ɨɤɫɢɞ ɚɡɨɬɭ ɭ ɪɿɡɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɹɯ. ɉɪɢ ɦɚɥɢɯ 

ɞɨɛɚɜɤɚɯ NO ɜɿɧ ɩɟɪɟɜɚɠɧɨ ɭɬɜɨɪɸɜɚɜɫɹ ɜ ɪɟɡɭɥьɬɚɬɿ ɡ'єɞɧɚɧɧɹ ɤɢɫɧɸ ɬɚ ɚɡɨɬɭ, ɩɪɢ 

ɜɟɥɢɤɢɯ ɞɨɛɚɜɤɚɯ ɜɜɟɞɟɧɢɣ NO ɫɩɨɱɚɬɤɭ ɪɨɡɤɥɚɞɚɜɫɹ. ɉɿɫɥɹ ɜɢɛɭɯɭ ɜɢɡɧɚɱɚɥɢ 
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ɡɚɥɢɲɤɨɜɿ ɤɿɥьɤɨɫɬɿ NO ɬɚ ɡɿɫɬɚɜɥɹɥɢ ɬɟɨɪɟɬɢɱɧɨ ɪɨɡɪɚɯɨɜɚɧɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ 

ɨɬɪɢɦɚɧɿ ɲɜɢɞɤɨɫɬɿ ɪɟɚɤɰɿɣ ɭɬɜɨɪɟɧɧɹ ɬɚ ɪɨɡɤɥɚɞɚɧɧɹ NO [6]. 

Ɋɟɚɤɰɿɹ ɨɤɢɫɥɟɧɧɹ ɚɡɨɬɭ ɣɞɟ ɥɚɧɰɸɝɨɜɢɦ ɦɟɯɚɧɿɡɦɨɦ, ɭ ɹɤɨɦɭ ɚɤɬɢɜɧɭ ɪɨɥь 

ɝɪɚɸɬь ɜɿɥьɧɿ ɚɬɨɦɢ O ɢ N [7]: O + Nଶ ↔ NO + N − ͹ͷ,ͷ ˍˍаˎ/ˏоˎь,   (1.6) N + Oଶ ↔ NO + O + ͵ʹ,ͷ ˍˍаˎ/ˏоˎь.   (1.7) 

ɒɜɢɞɤɿɫɬь ɜɫьɨɝɨ ɩɪɨɰɟɫɭ ɡɚɝɚɥɨɦ ɜɢɡɧɚɱɚєɬьɫɹ ɟɧɞɨɬɟɪɦɿɱɧɨɸ ɪɟɚɤɰɿєɸ, ɹɤɚ 

ɩɨɬɪɟɛɭє ɟɧɟɪɝɿʀ ɚɤɬɢɜɚɰɿʀ ɧɟ ɦɟɧɲɟ 75,5 ɤɤɚɥ/ɦɨɥь. ȼɢɜɿɥьɧɟɧɢɣ ɭ ɪɟɚɤɰɿʀ ɡ ɚɬɨɦ N 

ɨɞɪɚɡɭ ɪɟɚɝɭє ɿɡ ɤɢɫɧɟɦ O2, ɜɿɞɧɨɜɥɸɸɱɢ ɚɬɨɦ O. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɚɬɨɦɿɜ O ɭ ɯɨɞɿ 

ɪɟɚɤɰɿʀ ɡɚɥɢɲɚєɬьɫɹ ɫɬɚɰɿɨɧɚɪɧɨɸ, ɚ ɪɿɜɧɨɜɚɝɚ ɡ ɦɨɥɟɤɭɥɚɦɢ O2 ɜɫɬɚɧɨɜɥɸєɬьɫɹ 

ɲɜɢɞɲɟ, ɧɿɠ ɩɪɨɬɿɤɚє ɪɟɚɤɰɿɹ ɨɤɢɫɧɟɧɧɹ ɚɡɨɬɭ. 

ȿɧɟɪɝɿɹ ɚɤɬɢɜɚɰɿʀ ɪɟɚɤɰɿʀ ɪɨɡɤɥɚɞɚɧɧɹ ɨɤɢɫɭ ɚɡɨɬɭ є ɞɭɠɟ ɜɟɥɢɤɨɸ (92 

ɤɤɚɥ/ɦɨɥь), ɬɨɦɭ ɡɚ ɧɢɡьɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɤɢɫ ɪɨɡɤɥɚɞɚєɬьɫɹ ɞɭɠɟ ɩɨɜɿɥьɧɨ. Зɚɜɞɹɤɢ 

ɰьɨɦɭ ɩɪɢ ɲɜɢɞɤɨɦɭ ɨɯɨɥɨɞɠɟɧɧɿ (ɩɪɨɰɟɫ ɝɚɪɬɭɜɚɧɧɹ) ɫɩɨɱɚɬɤɭ ɧɚɝɪɿɬɨɝɨ ɩɨɜɿɬɪɹ 

ɨɤɫɢɞ ɚɡɨɬɭ, ɳɨ ɭɬɜɨɪɢɜɫɹ ɜ ɧьɨɦɭ ɩɪɢ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɡɛɟɪɿɝɚєɬьɫɹ ɩɿɫɥɹ 

ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɨɬɹɝɨɦ ɬɪɢɜɚɥɨɝɨ ɱɚɫɭ, ɬɚɤ ɳɨ ɣɨɝɨ ɤɨɧɰɟɧɬɪɚɰɿɹ ɡɧɚɱɧɨ ɩɟɪɟɜɢɳɭє 

ɪɿɜɧɨɜɚɠɧɿ ɡɧɚɱɟɧɧɹ, ɹɤɿ ɞɭɠɟ ɦɚɥɿ ɩɪɢ ɧɢɡьɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ɋɟɚɤɰɿɹ ɭɬɜɨɪɟɧɧɹ ɞɜɨɨɤɢɫɭ ɚɡɨɬɭ ɿɡ ɨɤɢɫɭ [7]: ʹNO + Oଶ  → ʹNOଶ  + ʹͷ,͸ ˍˍаˎ/ˏоˎь,    (1.8) 

є ɟɤɡɨɬɟɪɦɿɱɧɨɸ, ɬɨɦɭ ɳɨ ɧɢɠɱɚ ɬɟɦɩɟɪɚɬɭɪɚ, ɬɢɦ ɛɿɥьɲɟ ɪɿɜɧɨɜɚɝɚ ɡɫɭɧɭɬɚ ɭ ɛɿɤ 

ɨɤɢɫɥɟɧɧɹ ɨɤɢɫɭ. Ɋɟɚɤɰɿɹ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɭ ɩɪɨɦɢɫɥɨɜɨɫɬɿ ɬɚ ɞɨɛɪɟ 

ɜɢɜɱɟɧɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɱɟ 1000 °C. Зɚɜɞɹɤɢ ɞɭɠɟ ɦɚɥɿɣ 

ɟɧɟɪɝɿʀ ɚɤɬɢɜɚɰɿʀ ɪɟɚɤɰɿɹ ɩɪɨɬɿɤɚє ɩɪɢ ɧɨɪɦɚɥьɧɢɯ ɭɦɨɜ. 

ɍ ɪɚɡɿ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɟɜɚɠɚє ɿɧɲɢɣ ɦɟɯɚɧɿɡɦ ɭɬɜɨɪɟɧɧɹ ɞɜɨɨɤɢɫɭ [7]: NO + Oଶ  + Ͷͷ ˍˍаˎ/ˏоˎь → NOଶ  + O.    (1.9) 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɰɹ ɪɟɚɤɰɿɹ ɟɧɞɨɬɟɪɦɿɱɧɚ, ɜɨɧɚ ɦɚє ɬɭ ɩɟɪɟɜɚɝɭ, ɳɨ 

ɡɞɿɣɫɧɸєɬьɫɹ ɲɥɹɯɨɦ ɧɟ ɩɨɬɪɿɣɧɢɯ, ɚ ɩɚɪɧɢɯ ɡɿɬɤɧɟɧь ɦɨɥɟɤɭɥ. ɐɹ ɩɟɪɟɜɚɝɚ 

ɩɪɨɹɜɥɹєɬьɫɹ ɫɚɦɟ ɡɚ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɤɨɥɢ ɭɦɨɜɢ ɚɤɬɢɜɚɰɿʀ ɫɩɪɢɹɬɥɢɜɿ [7]. 
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Ⱦɿɨɤɫɢɞ ɚɡɨɬɭ ɩɟɪɟɬɜɨɪɸєɬьɫɹ ɧɚ ɛɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ ɱɨɬɢɪɢɨɤɫɢɞɭ ɚɡɨɬɭ N2O4 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɱɟ ɦɿɧɭɫ 11,2 °C. ɉɪɢ ɧɚɝɪɿɜɚɧɧɿ N2O4 ɪɨɡɩɚɞɚєɬьɫɹ ɡ 

ɭɬɜɨɪɟɧɧɹɦ ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɢɯ ɦɨɥɟɤɭɥ NO2, ɩɨɜɧɚ ɞɢɫɨɰɿɚɰɿɹ ɜɿɞɛɭɜɚєɬьɫɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ 140 °C. Ɍɚɤɢɦ ɱɢɧɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɜɿɞ ɦɿɧɭɫ 11,2 °C ɞɨ 140 °C 

ɮɨɪɦɭєɬьɫɹ ɪɿɜɧɨɜɚɠɧɚ ɫɭɦɿɲ N2O4 ɡ NO2.  

З 1930 ɪɨɤɭ N2O4 ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭєɬьɫɹ ɜ ɪɚɤɟɬɧɿɣ ɬɟɯɧɿɰɿ ɹɤ ɜɢɫɨɤɨɤɢɩɥɹɱɢɣ 

(ɧɟɤɪɿɨɝɟɧɧɢɣ) ɨɤɢɫɥɸɜɚɱ ɪɚɤɟɬɧɨɝɨ ɩɚɥьɧɨɝɨ. Зɚ ɫɬɭɩɟɧɟɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɚɣɦɚє 

ɞɪɭɝɟ ɦɿɫɰɟ ɩɿɫɥɹ ɪɿɞɤɨɝɨ ɤɢɫɧɸ. ɍ ɪɚɤɟɬɧɢɯ ɞɜɢɝɭɧɚɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɭ ɩɚɪɿ ɡ 

ɩɚɥɢɜɚɦɢ ɧɚ ɨɫɧɨɜɿ ɩɨɯɿɞɧɢɯ ɝɿɞɪɚɡɢɧɭ (ɦɟɬɢɥɝɢɞɪɚɡɢɧɨɦ, ɧɟɫɢɦɟɬɪɢɱɧɢɦ 

ɞɢɦɟɬɢɥɝɢɞɪɚɡɢɧɨɦ) [8]. 

З ɭɫɿɯ ɦɨɠɥɢɜɢɯ ɫɩɨɫɨɛɿɜ ɯɿɦɿɱɧɨɝɨ ɡɜ'ɹɡɭɜɚɧɧɹ ɚɡɨɬɭ, ɦɚɛɭɬь, 

ɧɚɣɩɪɢɜɚɛɥɢɜɿɲɢɦ є ɛɟɡɩɨɫɟɪɟɞɧє ɨɤɢɫɧɟɧɧɹ ɚɡɨɬɭ ɤɢɫɧɟɦ ɩɨɜɿɬɪɹ ɡ ɭɬɜɨɪɟɧɧɹɦ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ. Зɚɜɞɹɤɢ ɲɢɪɨɤɨɦɭ ɩɨɲɢɪɟɧɧɸ ɬɚ ɧɢɡьɤɿɣ ɜɚɪɬɨɫɬɿ ɜɢɯɿɞɧɨɝɨ ɩɪɨɞɭɤɬɭ 

(ɩɨɜɿɬɪɹ) ɞɨ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɫɢɫɬɟɦ ɨɬɪɢɦɚɧɧɹ NOX ɧɚɥɟɠɚɬь ɩɥɚɡɦɨɜɿ ɫɢɫɬɟɦɢ ɡ 

ɝɟɧɟɪɚɰɿєɸ ɧɟɪɿɜɧɨɜɚɠɧɨʀ ɬɚ ɪɿɜɧɨɜɚɠɧɨʀ ɩɥɚɡɦɢ [9, 10]. 

 

1.3 ɉɥɚɡɦɨɜɿ ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ NOX 

Ɋɨɡɪɨɛɤɚ ɩɪɨɰɟɫɿɜ ɫɢɧɬɟɡɭ NOX ɭ ɩɥɚɡɦɿ ɬɿɫɧɨ ɩɨɜ'ɹɡɚɧɚ ɿɡ ɜɢɪɿɲɟɧɧɹɦ 

ɩɪɨɛɥɟɦɢ ɮɿɤɫɚɰɿʀ (ɡɜ'ɹɡɭɜɚɧɧɹ) ɚɬɦɨɫɮɟɪɧɨɝɨ ɚɡɨɬɭ. ɐɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɚ ɜɢɪɿɲɢɬɢ 

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɧɟɪɿɜɧɨɜɚɠɧɭ (ɧɟɬɟɪɦɿɱɧɭ) ɚɛɨ ɪɿɜɧɨɜɚɠɧɭ (ɬɟɪɦɿɱɧɭ) ɩɥɚɡɦɭ, ɬɨɦɭ 

ɩɥɚɡɦɨɜɿ ɩɪɨɰɟɫɢ ɜɜɚɠɚɸɬь ɨɞɧɢɦ ɡ ɝɨɥɨɜɧɢɯ ɩɪɿɨɪɢɬɟɬɿɜ ɜ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɬɟɯɧɨɥɨɝɿʀ 

ɜɢɪɨɛɧɢɰɬɜɚ NOX ɬɚ ɟɤɨɧɨɦɿʀ ɟɧɟɪɝɿʀ [9]. 

ɉɪɢ ɰьɨɦɭ ɞɥɹ ɡɛɟɪɟɠɟɧɧɹ ɜɢɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɪɟɤɨɦɟɧɞɨɜɚɧɿ 

ɜɢɫɨɤɿ (ɧɚɜɤɨɥɨ 107 – 108 ɝɪɚɞ/ɫ) ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ [9]. ɇɟɨɛɯɿɞɧɨ ɧɟ ɬɿɥьɤɢ 

ɡɚɛɟɡɩɟɱɢɬɢ ɫɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ ɭ ɩɟɜɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ, ɚ 

ɬɚɤɨɠ ɞɨɬɪɢɦɭɜɚɬɢɫь ɜɢɦɨɝ ɞɨ ɡɚɥɟɠɧɿɫɬɿ 𝑑𝑇𝑑𝑡 = 𝑓ሺ𝑇ሻ. ɉɨɪɭɲɟɧɧɹ ɰɿєʀ ɡɚɥɟɠɧɿɫɬɿ ɜ 

ɩɟɜɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɦɨɠɧɚ ɤɨɦɩɟɧɫɭɜɚɬɢ ɡɛɿɥьɲɟɧɧɹɦ ɲɜɢɞɤɨɫɬɿ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɜ ɿɧɲɨɦɭ ɞɿɚɩɚɡɨɧɿ [9]. 
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1.3.1 ɇɟɪɿɜɧɨɜɚɠɧɿ ɚɛɨ ɧɟɬɟɪɦɿɱɧɿ ɩɥɚɡɦɨɜɿ ɫɢɫɬɟɦɢ 

ȼ ɪɨɛɨɬɿ [11] ɨɩɢɫɚɧɚ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɝɟɧɟɪɚɰɿʀ ɦɨɥɟɤɭɥɢ ɨɤɫɢɞɭ ɚɡɨɬɭ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɟɫɬɚɰɿɨɧɚɪɧɨɝɨ ɤɨɚɤɫɿɚɥьɧɨɝɨ ɩɥɚɡɦɨɬɪɨɧɚ ɧɢɡьɤɨɝɨ ɫɬɪɭɦɭ. 

ȼɧɭɬɪɿɲɧɿɣ ɞɿɚɦɟɬɪ ɫɨɩɥɚ ɩɥɚɡɦɨɬɪɨɧɚ ɫɤɥɚɞɚє 0,5 ɫɦ, ɚ ɜɢɬɪɚɬɚ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ ɜɚɪɿɸє ɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 0,2 ɝ/ɫ ɞɨ 1,5 ɝ/ɫ. Ɋɨɡɪɹɞ ɭ ɜɢɯɨɪɿ 

ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ ɯɚɪɚɤɬɟɪɢɡɭєɬьɫɹ ɫɩɨɧɬɚɧɧɢɦɢ ɩɟɪɟɯɨɞɚɦɢ ɜɿɞ ɬɥɿɸɱɨɝɨ ɪɨɡɪɹɞɭ 

ɞɨ ɞɭɝɨɜɨɝɨ. ɋɬɪɭɤɬɭɪɚ ɪɨɡɪɹɞɧɨɝɨ ɩɪɨɫɬɨɪɭ ɫɤɥɚɞɚєɬьɫɹ ɡ ɩɥɚɡɦɨɜɨɝɨ ɫɬɨɜɩɚ ɡ 

ɚɧɨɞɧɨɸ ɩɥɹɦɨɸ ɬɚ ɩɥɚɡɦɨɜɨɝɨ ɫɬɪɭɦɟɧɹ. ɋɢɥɚ ɫɟɪɟɞɧьɨɝɨ ɫɬɪɭɦɭ ɪɨɡɪɹɞɭ ɜ 

ɩɥɚɡɦɨɬɪɨɧɿ ɡɧɚɯɨɞɢɬьɫɹ ɜ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 0,05 Ⱥ ɞɨ 0,2 Ⱥ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɫɟɪɟɞɧɿɣ 

ɩɨɬɭɠɧɨɫɬɿ, ɳɨ ɪɨɡɫɿɸєɬьɫɹ ɜ ɪɨɡɪɹɞɿ ɜɿɞ 65 ȼɬ ɞɨ 160 ȼɬ. ɋɩɟɰɢɮɿɱɧɢɣ ɩɨɤɚɡɧɢɤ 

ɟɧɟɪɝɿʀ ɧɚ ɨɞɢɧɢɰɸ ɦɚɫɢ ɩɨɜɿɬɪɹɧɨɝɨ ɩɨɬɨɤɭ, ɳɨ ɩɪɨɣɲɨɜ ɤɪɿɡь ɫɨɩɥɚ ɩɥɚɡɦɨɬɪɨɧɭ, 

ɫɬɚɧɨɜɢɬь ɜɿɞ 100 Ⱦɠ/ɝ ɞɨ 500 Ⱦɠ/ɝ. Зɚ ɬɚɤɢɯ ɭɦɨɜ ɜɦɿɫɬ ɨɤɫɢɞɭ ɚɡɨɬɭ ɭ ɜɢɯɿɞɧɨɦɭ 

ɝɚɡɿ ɫɬɚɧɨɜɢɜ ɤɿɥьɤɚ ɝɪɚɦɿɜ ɧɚ ɤɭɛɿɱɧɢɣ ɦɟɬɪ, ɚ ɜɢɬɪɚɬɢ ɟɧɟɪɝɿʀ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɨɞɧɿєʀ 

ɦɨɥɟɤɭɥɢ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜɢɹɜɢɥɚɫɹ ɧɚ ɪɿɜɧɿ ɜɿɞ 50 ɟȼ ɞɨ 35 ɟȼ (ɪɢɫ. 1.1). 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1.1 – ȼɦɿɫɬ NOX ɭ ɜɢɯɿɞɧɨɦɭ ɝɚɡɿ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɨɬɨɤɭ ɩɨɜɿɬɪɹ ɱɟɪɟɡ 

ɤɨɚɤɫɿɚɥьɧɢɣ ɩɥɚɡɦɨɬɪɨɧ ɧɢɡьɤɨɝɨ ɫɬɪɭɦɭ [11] 

 

ɍ ɪɨɛɨɬɿ [12] ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ ɩɪɨɬɨɬɢɩ ɥɨɤɚɥьɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ NO, 

ɡɚɫɧɨɜɚɧɨɝɨ ɧɚ ɿɦɩɭɥьɫɧɨɦɭ ɞɭɝɨɜɨɦɭ ɪɨɡɪɹɞɿ, ɬɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɝɟɧɟɪɚɬɨɪɚ ɨɤɫɢɞɭ ɚɡɨɬɚ ɞɥɹ ɦɟɞɢɱɧɢɯ ɡɚɫɬɨɫɭɜɚɧь. əɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1.2, ɞɟ 
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ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɚɥɟɠɧɿɫɬь ɤɨɧɰɟɧɬɪɚɰɿʀ ɭɬɜɨɪɸɜɚɧɨɝɨ NO ɜɿɞ ɬɪɢɜɚɥɨɫɬɿ ɧɚɝɪɿɜɚɧɧɹ 

ɬɚɤɨɝɨ ɝɟɧɟɪɚɬɨɪɭ, ɱɚɫ ɞɨɫɹɝɧɟɧɧɹ ɧɟɨɛɯɿɞɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɫɬɚɧɨɜɢɬь ɜɿɞ 20 ɫ ɞɨ 

30 ɫ. ɇɚ ɪɢɫ. 1.2 ɩɨɤɚɡɚɧɨ ɬɚɤɨɠ ɪɟɡɭɥьɬɚɬɢ ɩɟɪɟɜɿɪɤɢ ɜɿɞɬɜɨɪɸɜɚɧɨɫɬɿ ɝɟɧɟɪɚɰɿʀ NO 

ɭ ɩɪɢɫɬɪɨʀ, ɳɨ ɫɬɚɧɨɜɢɥɚ ɦɟɧɲɟ ɧɿɠ 2,0% ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɛɥɢɡьɤɨ 1061 ppm. ɍ 

ɪɨɛɨɬɿ [12] ɧɚɜɟɞɟɧɨ ɪɟɡɭɥьɬɚɬɢ ɜɢɩɪɨɛɭɜɚɧь ɡɚ ɬɟɪɦɿɧɨɦ ɟɤɫɩɥɭɚɬɚɰɿʀ ɝɟɧɟɪɚɬɨɪɚ ɬɚ 

ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ ɦɨɠɥɢɜɿɫɬь ɣɨɝɨ 75-ɝɨɞɢɧɧɨʀ ɪɨɛɨɬɢ ɛɟɡ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ. ɑɟɪɟɡ 75 

ɝɨɞɢɧ ɪɨɡɪɹɞ ɩɨɫɬɭɩɨɜɨ ɫɬɚɜɚɜ ɧɟɫɬɚɛɿɥьɧɢɦ, ɤɨɧɰɟɧɬɪɚɰɿɹ NO ɡ ɱɚɫɨɦ ɪɨɛɨɬɢ 

ɡɦɟɧɲɭɜɚɥɚɫɹ. Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɞɚɥьɲɨʀ ɫɬɚɛɿɥьɧɨɫɬɿ ɪɨɛɨɬɢ ɭɫɬɚɬɤɭɜɚɧɧɹ ɩɨɬɪɟɛɭє 

ɩɨɜɬɨɪɧɨɝɨ ɧɚɥɚɲɬɭɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɨɡɪɹɞɭ. ɐɟ ɨɡɧɚɱɚє, ɳɨ ɞɥɹ ɬɪɢɜɚɥɨʀ ɪɨɛɨɬɢ 

ɝɟɧɟɪɚɬɨɪ NO ɩɨɬɪɟɛɭє ɜɜɟɞɟɧɧɹ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ ɦɿɠ ɤɨɧɰɟɧɬɪɚɰɿєɸ NO ɬɚ 

ɩɚɪɚɦɟɬɪɚɦɢ ɪɨɡɪɹɞɭ [12]. 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1.2 – Ʉɨɧɰɟɧɬɪɚɰɿɹ NO ɬɚ ɱɚɫ ɨɬɪɢɦɚɧɧɹ NO ɭ ɧɟɨɛɯɿɞɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ ɭ 

ɝɟɧɟɪɚɬɨɪɿ ɿɡ ɿɦɩɭɥьɫɧɢɦ ɞɭɝɨɜɢɦ ɪɨɡɪɹɞɨɦ [12] 

 

ȼɢɪɨɛɧɢɰɬɜɨ ɨɤɫɢɞɭ ɚɡɨɬɭ ɦɿɤɪɨɯɜɢɥьɨɜɢɦ ɩɥɚɡɦɨɜɢɦ ɮɚɤɟɥɨɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨ 

ɞɥɹ ɣɨɝɨ ɛɿɨɥɨɝɿɱɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɡɨɤɪɟɦɚ, ɞɥɹ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɤɥɿɬɢɧ [13]. 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɪɿɜɟɧь ɭɬɜɨɪɸɜɚɧɨɝɨ ɨɤɫɢɞɭ ɚɡɨɬɭ ɡɚɥɟɠɢɬь ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ 

ɝɚɡɨɩɨɞɿɛɧɨɝɨ ɚɡɨɬɭ, ɦɨɥьɧɨʀ ɱɚɫɬɤɢ ɝɚɡɨɩɨɞɿɛɧɨɝɨ ɤɢɫɧɸ ɬɚ ɩɨɬɭɠɧɨɫɬɿ 

ɦɿɤɪɨɯɜɢɥьɨɜɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ. 

Ⱦɿɚɝɧɨɫɬɢɤɚ ɩɥɚɡɦɨɜɢɯ ɩɪɨɰɟɫɿɜ є ɫɤɪɭɬɧɨɸ ɱɟɪɟɡ ɜɢɫɨɤɿ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ 

ɭ ɩɥɚɡɦɿ ɿ ɩɥɚɡɦɨɜɢɯ ɫɬɪɭɦɟɧɹɯ. Ɉɞɧɢɦ ɿɡ ɫɩɨɫɨɛɿɜ ʀɯ ɜɢɦɿɪɸɜɚɧɧɹ є ɨɩɬɢɱɧɚ 
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ɫɩɟɤɬɪɨɫɤɨɩɿɹ. ɉɟɪɟɜɚɝɨɸ ɬɚɤɨɝɨ ɦɟɬɨɞɭ є ɦɨɠɥɢɜɿɫɬь ɛɟɡɤɨɧɬɚɤɬɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜɫɟɪɟɞɢɧɿ ɝɚɪɹɱɨʀ ɡɨɧɢ, ɨɫɤɿɥьɤɢ ɜɦɿɳɟɧɧɹ ɭ ɩɨɬɿɤ ɛɭɞь-ɹɤɨɝɨ ɞɚɬɱɢɤɚ, 

ɧɚɩɪɢɤɥɚɞ, ɬɟɪɦɨɩɚɪɢ ɩɪɢɡɜɨɞɢɬь ɞɨ ɣɨɝɨ ɜɢɯɨɞɭ ɡ ɥɚɞɭ ɿ ɿɫɬɨɬɧɨ ɫɩɨɬɜɨɪɸє 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɬɨɤɭ. ɐɟɣ ɦɟɬɨɞ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɚɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɡ ɜɢɫɨɤɨɸ 

ɱɚɫɨɜɨɸ ɪɨɡɞɿɥьɧɨɸ ɡɞɚɬɧɿɫɬɸ, ɚɥɟ ɧɟ ɡɚɛɟɡɩɟɱɭє ɥɨɤɚɥьɧɿɫɬь ɜɢɦɿɪɸɜɚɧь. 

ɋɩɟɤɬɪɢ ɦɿɤɪɨɪɨɡɪɹɞɧɨʀ ɩɥɚɡɦɢ ɭ ɜɢɯɪɨɜɨɦɭ ɩɨɬɨɰɿ ɩɨɜɿɬɪɹ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɭ 

ɪɨɛɨɬɿ [14]. Ɍɟɦɩɟɪɚɬɭɪɢ ɡɚɫɟɥɟɧɧɹ ɡɛɭɞɠɟɧɢɯ ɤɨɥɢɜɚɥьɧɢɯ ɬɚ ɨɛɟɪɬɚɥьɧɢɯ ɪɿɜɧɿɜ 

ɦɨɥɟɤɭɥ ɜɢɡɧɚɱɚɥɢɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ Specair. Ȼɭɥɨ 

ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɫɩɟɤɬɪ ɟɦɿɫɿʀ ɦɿɤɪɨɩɥɚɡɦɢ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɣ ɿ ɦɿɫɬɢɬь 

ɦɨɥɟɤɭɥɹɪɧɿ ɫɦɭɝɢ ɚɡɨɬɧɨʀ ɫɢɫɬɟɦ (NଶሺC − Bሻሻ, OHሺA − Xሻሻ, Nଶ+. Ⱥ ɨɫɧɨɜɧɢɦ 

ɤɨɦɩɨɧɟɧɬɨɦ ɦɿɤɪɨɪɚɡɪɹɞɧɨɣ ɩɥɚɡɦɢ є ɞɪɭɝɚ ɩɨɡɢɬɢɜɧɚ ɫɢɫɬɟɦɚ NଶሺC − Bሻ. 

Ⱦɥɹ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɢɜɱɚɥɢ ɪɨɛɨɬɭ ɪɟɚɤɬɨɪɚ ɡ ɤɨɜɡɧɨɸ ɞɭɝɨɸ, ɳɨ 

ɩɪɚɰɸє ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ [15]. Ȼɭɥɨ ɨɰɿɧɟɧɨ ɟɥɟɤɬɪɢɱɧɿ ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɿ 

ɩɚɪɚɦɟɬɪɢ ɪɟɚɤɬɨɪɚ ɡ ɤɨɜɡɧɨɸ ɞɭɝɨɸ, ɹɤ ɱɚɫɬɨɬɚ, ɬɪɢɜɚɥɿɫɬь ɿɦɩɭɥьɫɭ, ɚɦɩɥɿɬɭɞɚ ɬɚ 

ɜɢɬɪɚɬɚ ɝɚɡɭ. ȼɢɹɜɥɟɧɨ, ɳɨ ɧɚɣɜɢɳɚ ɤɨɧɰɟɧɬɪɚɰɿɹ NOx ɫɤɥɚɞɚє ɩɪɢɛɥɢɡɧɨ 1% ɩɪɢ 

ɫɩɨɠɢɜɚɧɧɿ ɟɧɟɪɝɿʀ 10 ɤȼɬɝ/ɤɝ NOx. 

Ɋɟɡɭɥьɬɚɬɢ ɩɪɹɦɨɝɨ ɫɢɧɬɟɡɭ NOx ɢɡ Nଶ ɢ Oଶ ɭ ɧɢɡьɤɨɬɟɦɩɟɪɚɬɭɪɧɿɣ ɩɥɚɡɦɿ ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɭ ɪɨɛɨɬɿ [16]. ɉɪɹɦɢɣ ɫɢɧɬɟɡ NOx ɛɭɜ ɜɢɜɱɟɧɢɣ 

ɲɥɹɯɨɦ ɜɦɿɳɟɧɧɹ ɪɿɡɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɧɨɫɿɹ ɤɚɬɚɥɿɡɚɬɨɪɚ ɭ ɪɟɚɤɬɨɪ ɡ ɞɿɟɥɟɤɬɪɢɱɧɢɦ 

ɛɚɪ'єɪɧɢɦ ɪɨɡɪɹɞɨɦ. ɉɨɤɚɡɚɧɨ, ɳɨ ɦɿɠ ɜɢɧɢɤɧɟɧɧɹɦ ɦɿɤɪɨɪɨɡɪɹɞɿɜ ɬɚ ɭɬɜɨɪɟɧɧɹɦ NOx, ɿɫɧɭє ɩɪɹɦɚ ɤɨɪɟɥɹɰɿɹ ɿ ɳɨ ɩɿɞɜɢɳɟɧɧɹ ɱɚɫɬɨɬɢ ɦɿɤɪɨɪɨɡɪɹɞɿɜ, ɦɨɠɟ ɛɭɬɢ 

ɡɚɫɨɛɨɦ ɡɛɿɥьɲɟɧɧɹ ɮɿɤɫɚɰɿʀ (ɡɜ'ɹɡɭɜɚɧɧɹ) ɚɡɨɬɭ ɭ ɩɥɚɡɦɿ (ɪɢɫ. 1.3). Ȼɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, 

ɳɨ ɩɪɢ ɬɪɢɜɚɥɨɫɬɿ ɝɟɧɟɪɚɰɿʀ NOx 0,4 ɫ, ɣɨɝɨ ɤɨɧɰɟɧɬɪɚɰɿɹ ɫɬɚɧɨɜɢɥɚ 5700 ɱ/ɦɥɧ., ɚ 

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɜɟɥɢɱɢɧ Nଶ/Oଶ ɩɪɢ ɩɨɞɚɱɿ ɪɿɜɧɟ ɨɞɢɧɢɰɿ ɛɭɥɨ ɨɩɬɢɦɚɥьɧɢɦ ɞɥɹ 

ɭɬɜɨɪɟɧɧɹ NOx. 

 

 



27 
 

 

 

 

 

 

 

 

       Ɋɢɫ. 1.3 – ɋɢɧɬɟɡ NOx ɢɡ Nଶ ɢ Oଶ ɭ ɧɢɡьɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɩɥɚɡɦɢ [16] 

 

ɍ ɪɨɛɨɬɿ [17] ɞɨɫɥɿɞɠɟɧɨ ɝɟɧɟɪɚɰɿɸ ɱɢɫɥɨɜɢɦ ɦɨɞɟɥɸɜɚɧɧɹɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 

ɝɚɡɭ ɭ ɩɥɚɡɦɨɜɨɦɭ ɤɚɧɚɥɿ 1000 Ʉ ɬɚ ɧɚɩɪɭɠɟɧɨɫɬɿ ɟɥɟɤɬɪɢɱɧɨɝɨ ɩɨɥɹ 1000 ȼ/ɫɦ. ɋɭɯɟ 

ɩɨɜɿɬɪɹ ɿ ɫɭɦɿɲ ɩɨɜɿɬɪɹ ɬɚ ɜɨɞɹɧɨʀ ɩɚɪɢ (1% ɚɛɫɨɥɸɬɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ) ɛɭɥɢ 

ɜɢɤɨɪɢɫɬɚɧɿ ɜ ɹɤɨɫɬɿ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ. ȼɢɹɜɥɟɧɨ, ɳɨ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɭ ɩɥɚɡɦɿ ɫɭɯɨɝɨ ɩɨɜɿɬɪɹ ɡɧɚɱɧɨ ɧɢɠɱɚ, ɧɿɠ ɭ ɩɥɚɡɦɿ ɜɨɥɨɝɨɝɨ ɩɨɜɿɬɪɹ, ɨɬɠɟ 

ɩɪɢɫɭɬɧɿɫɬь ɜɨɞɢ ɡɧɚɱɧɨ ɡɦɿɧɸє ɤɿɧɟɬɢɤɭ ɝɟɧɟɪɚɰɿʀ NOx. 

ɇɚɜɟɞɟɧɨ ɨɫɧɨɜɧɿ ɪɟɚɤɰɿʀ ɡ ɭɬɜɨɪɟɧɧɹɦ NO ɭ ɩɥɚɡɦɿ ɫɭɯɨɝɨ ɩɨɜɿɬɪɹ: N + O + O → NO + O,     (1.10) N + Oଶ  → NO + O,     (1.11) NଶሺA͵ሻ + O → NO + NሺʹDሻ.    (1.12) 

ɬɚ ɭ ɩɥɚɡɦɿ ɜɨɥɨɝɨɝɨ ɩɨɜɿɬɪɹ: NH + O → NO + H,     (1.13) H + NOଶ  → NO + OH.     (1.14) 

Ɉɬɪɢɦɚɧɿ ɭ ɪɨɛɨɬɚɯ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɧɢɡьɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɩɥɚɡɦɢ ɞɚɧɿ ɳɨɞɨ 

ɤɿɧɟɬɢɱɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɭɬɜɨɪɟɧɧɹ ɚɛɨ ɪɨɡɤɥɚɞɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɦɨɠɭɬь ɛɭɬɢ 

ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɭɬɜɨɪɟɧɧɹ NOx ɭ ɪɿɡɧɢɯ ɩɥɚɡɦɨɜɢɯ ɩɪɢɫɬɪɨɹɯ. 

 

1.3.2 Ɋɿɜɧɨɜɚɠɧɿ ɚɛɨ ɬɟɪɦɿɱɧɿ ɩɥɚɡɦɨɜɿ ɫɢɫɬɟɦɢ 

Зɝɿɞɧɨ ɪɟɡɭɥьɬɚɬɿɜ ɞɨɫɥɿɞɠɟɧɧɹ Ʌɚ Ɋɨɲɚ [9] ɭ ɩɥɚɡɦɿ ɜɢɫɨɤɨɱɚɫɬɨɬɧɢɯ ɪɨɡɪɹɞɿɜ 

ɦɨɠɧɚ ɞɨɫɹɝɬɢ ɜɢɳɨɝɨ ɜɢɯɨɞɭ NO. ɉɪɢ ɜɿɞɛɨɪɿ ɩɪɨɛɢ ɡ ɦɚɥɨɸ ɲɜɢɞɤɿɫɬɸ 
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ɡɚɝɚɪɬɭɜɚɧɧɹ ɦɚɤɫɢɦɚɥьɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ NO ɩɟɪɟɜɢɳɭɜɚɥɚ 2%. ȼɢɤɨɪɢɫɬɚɧɧɹ 

ɩɪɢɫɬɪɨʀɜ, ɳɨ ɡɚɛɟɡɩɟɱɭɸɬь ɜɟɥɢɤɭ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ, ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ NO ɭ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɛɿɥьɲɟ 4%. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɩɪɹɦɨɝɨ ɨɤɢɫɥɟɧɧɹ ɚɡɨɬɭ ɜ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɨɜɿɬɪɹ ɹɤ плазɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ ɛɭɥɨ ɨɩɢɫɚɧɨ Ɇɚɬɜɟɟɜɢɦ ɿ 

ɋɟɪɛɿɧɢɦ ɭ ɫɬɚɬɬɿ [18]. əɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.1.4. ɨɩɬɢɦɚɥьɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ NO ɩɪɢ 

ɬɢɫɤɭ 1 ɛɚɪ ɫɩɨɫɬɟɪɿɝɚɥɚɫь ɡɚ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢɛɥɢɡɧɨ 3600 Ʉ. 

ɉɿɡɧɿɲɟ ɤɨɦɩɚɧɿɹ Applied Plasma Technologies, Corp. ɪɨɡɪɨɛɢɥɚ ɩɥɚɡɦɨɜɭ 

ɫɢɫɬɟɦɭ APT-100-3, ɡɚɫɧɨɜɚɧɭ ɧɚ ɩɥɚɡɦɨɜɨɦɭ ɩɚɥьɧɢɤɭ ɡ ɿɧɞɭɤɬɢɜɧɨ ɡɜ'ɹɡɚɧɨɸ 

ɩɥɚɡɦɨɸ ɚɛɨ ȼɑІ ɩɥɚɡɦɨɬɪɨɧ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ [19]. Ɋɨɡɪɨɛɥɟɧɨ ȼɑІ ɩɥɚɡɦɨɜɭ ɫɢɫɬɟɦɭ 

2-ɝɨ ɩɨɤɨɥɿɧɧɹ ɡ ɪɟɝɭɥьɨɜɚɧɨɸ ɩɨɬɭɠɧɿɫɬɸ ɞɨ 50 ɤȼɬ ɭ ɩɥɚɡɦɨɜɨɦɭ ɮɚɤɟɥɿ ɞɥɹ 

ɛɟɡɩɟɪɟɪɜɧɨʀ ɪɨɛɨɬɢ ɧɚ ɪɿɡɧɢɯ ɝɚɡɚɯ, ɜɤɥɸɱɚɸɱɢ ɚɪɝɨɧ, ɩɨɜɿɬɪɹ, N2, ɚɛɨ ɫɭɦɿɲɿ 

ɩɟɪɟɪɚɯɨɜɚɧɢɯ ɝɚɡɿɜ. Ⱦɿɚɩɚɡɨɧ ɬɢɫɤɭ ɧɚ ɜɢɯɨɞɿ ɩɥɚɡɦɨɬɪɨɧɭ ɫɤɥɚɞɚɜ ɜɿɞ ɤɿɥьɤɨɯ Ɍɨɪɪ 

ɞɨ 7 ɛɚɪ. Ʉɨɧɰɟɩɬɭɚɥьɧɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɫɢɫɬɟɦɢ APT-100-3, ɦɨɞɢɮɿɤɨɜɚɧɿɣ ɞɥɹ ɪɨɛɨɬɢ 

ɡ ɦɚɤɫɢɦɚɥьɧɨ ɦɨɠɥɢɜɨɸ ɟɮɟɤɬɢɜɧɿɫɬɸ, ɛɭɥɢ ɩɪɨɜɟɞɟɧɿ 17 ɝɪɭɞɧɹ 2018 ɪɨɤɭ. 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1.4 – Ɋɨɡɪɚɯɭɧɤɨɜɚ ɡɚɥɟɠɧɿɫɬь ɦɚɫɨɜɨʀ ɱɚɫɬɤɢ NO ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɭ ȼɑІ 

ɩɥɚɡɦɨɜɿɣ ɫɢɫɬɟɦɿ [18] 

 

29 ɬɪɚɜɧɹ 2019 ɪɨɤɭ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɜɢɩɪɨɛɭɜɚɧɧɹ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ  

APT-100-5, ɫɬɜɨɪɟɧɨʀ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɩɪɨɦɢɫɥɨɜɢɯ ɦɚɫɲɬɚɛɚɯ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɚ ɭɫɬɚɧɨɜɤɚ ɦɿɫɬɢɥɚ ɪɟɚɤɬɨɪ ɝɚɡɨɜɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɬɚ 
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ɝɚɡɨɚɧɚɥɿɡɚɬɨɪ FTIR, ɜɿɞɤɚɥɿɛɪɨɜɚɧɢɣ ɞɥɹ ɚɧɚɥɿɡɭ ɡ ɜɢɫɨɤɢɦ ɜɦɿɫɬɨɦ NOx [19]. 

ɋɟɪɟɞɧьɨɦɚɫɨɜɭ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɡɦɢ ɡɧɚɯɨɞɢɥɢ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɩɢɬɨɦɨʀ ɟɧɬɚɥьɩɿʀ 

ɩɨɜɿɬɪɹ H୮l ɬɚ ɞɚɧɢɯ ɬɚɛɥɢɰь ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɨɜɿɬɪɹ ɩɪɢ ɜɢɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ [20]. Ɉɰɿɧɤɚ ɩɢɬɨɦɨʀ ɟɧɬɚɥьɩɿʀ ɩɨɜɿɬɪɹ H୮l ɧɚ ɜɢɯɨɞɿ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ 

ɩɪɨɜɨɞɢɥɚɫь ɡɚ ɬɚɤɢɦɢ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɹɤ ɩɨɬɭɠɧɿɫɬь ɟɧɟɪɝɨɜɤɥɚɞɭ ɭ ɩɥɚɡɦɭ N୮l ɬɚ ɜɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ G୮l: H୮l = N୮l / G୮l,     (1.15) 

ɉɨɬɭɠɧɿɫɬь ɟɧɟɪɝɨɜɤɥɚɞɭ ɭ ɩɥɚɡɦɭ N୮l ɨɰɿɧɸɜɚɥɢ ɬɚɤɢɦ ɱɢɧɨɦ: N୮l = N୰f − Nl୭ୱୱ,     (1.16) 

ɞɟ N୰f – ɩɨɬɭɠɧɿɫɬь ɠɢɜɥɟɧɧɹ ȼɑІ ɪɨɡɪɹɞɭ, Nl୭ୱୱ – ɡɚɝɚɥьɧɿ ɬɟɩɥɨɜɿ ɜɬɪɚɬɢ. 

Зɚɝɚɥьɧɿ ɬɟɩɥɨɜɿ ɜɬɪɚɬɢ Nl୭ୱୱ, ɹɤɿ ɫɤɥɚɞɚɥɢɫь ɿɡ ɜɬɪɚɬ ɧɚ ɧɚɝɪɿɜɚɧɧɹ ɿɧɞɭɤɬɨɪɚ 

ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɜɬɪɚɬ ɭ ɫɬɿɧɤɚɯ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ, ɜɢɦɿɪɸɜɚɥɢ ɤɚɥɨɪɢɦɟɬɪɢɱɧɢɦ 

ɦɟɬɨɞɨɦ. 

 

 

Ɋɢɫ. 1.5 – Зɚɥɟɠɧɿɫɬь ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɜɿɞ ɫɟɪɟɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɡɦɢ ɧɚ 

ɜɢɯɿɞɧɨɦɭ ɡɪɿɡɿ ɫɨɩɥɚ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ APT-100-5 (ɚ) ɬɚ ɜɿɞ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ (ɛ). 

 

Ɉɬɪɢɦɚɧɿ ɡɚɥɟɠɧɨɫɬɿ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɜɿɞ ɫɟɪɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ 

ɜɢɯɿɞɧɨɦɭ ɡɪɿɡɿ ɫɨɩɥɚ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ APT-100-5 (ɚ) ɬɚ ɜɿɞ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ (ɛ) 
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ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 1.5. Зɚɥɟɠɧɨɫɬɿ ɧɚ ɪɢɫ. 1.5 (ɚ) ɝɚɪɧɨ ɤɨɪɟɥɸɸɬь ɡ ɜɿɞɨɦɢɦɢ ɞɚɧɢɦɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɤɥɚɞɭ ɪɿɜɧɨɜɚɠɧɨʀ ɩɥɚɡɦɢ ɩɨɜɿɬɪɹ 

[21] ɬɚ ɜɤɚɡɭɸɬь ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɿɫɬь ɜɢɤɨɪɢɫɬɚɧɧɹ ȼɑІ ɩɥɚɡɦɨɜɢɯ ɫɢɫɬɟɦ ɞɥɹ ɫɢɧɬɟɡɭ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ. 

 

1.4 ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 1 

ɉɪɢɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɚɧɢɯ ɩɨɤɚɡɭє ɩɟɪɫɩɟɤɬɢɜɧɿɫɬь ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɝɚɡɨɪɨɡɪɹɞɧɨʀ ɩɥɚɡɦɢ ɞɥɹ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɩɨɜɿɬɪɹɧɨɦɭ ɩɨɬɨɰɿ. Ɉɫɨɛɥɢɜɨʀ 

ɭɜɚɝɢ ɡɚɫɥɭɝɨɜɭє ɦɟɬɨɞ ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ, ɩɪɢɧɰɢɩɨɜɨɸ 

ɨɫɨɛɥɢɜɿɫɬɸ ɹɤɨɝɨ є ɜɿɞɫɭɬɧɿɫɬь ɤɨɧɬɚɤɬɭ ɩɥɚɡɦɢ ɡ ɦɚɬɟɪɿɚɥɨɦ ɟɥɟɤɬɪɨɞɭ. Ⱥɥɟ 

ɪɟɚɥɿɡɚɰɿɹ ɩɨɬɭɠɧɨɝɨ ȼɑІ ɪɨɡɪɹɞɭ ɩɨɬɭɠɧɿɫɬɸ ɜ ɞɟɫɹɬɤɢ ɤȼɬ ɡɚ ɬɢɫɤɿɜ ≥ 1ɚɬɦ є 

ɞɨɫɬɚɬɧьɨ ɫɤɥɚɞɧɨɸ ɬɟɯɧɿɱɧɨɸ ɡɚɞɚɱɟɸ, ɜ ɡɜ’ɹɡɤɭ ɡ ɱɢɦ ɫьɨɝɨɞɧɿ ɡɚ ɩɨɞɿɛɧɢɯ ɭɦɨɜ 

ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ ɜɿɧ ɩɪɚɤɬɢɱɧɨ ɧɟ ɞɨɫɥɿɞɠɟɧɢɣ. 
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ɊɈɁȾІɅ 2 

ɈɌɊɂɆАɇɇə NOX Ɂ ȼɊАХɍȼАɇɇəɆ ɅІɌȿɊАɌɍɊɇɂХ ȾАɇɂХ ɌА 
ɋɍЧАɋɇɂХ ȼɂɆɈȽ ɉɊɈɆɂɋɅɈȼɈɋɌІ (ɈȽɅəȾ ɅІɌȿɊАɌɍɊɂ Ч.ІI) 

 

ɍ ɩɪɨɦɢɫɥɨɜɢɯ ɦɚɫɲɬɚɛɚɯ ɫɢɧɬɟɡ ɨɤɫɢɞɭ ɚɡɨɬɭ NO ɞɨɛɭɜɚɸɬь ɨɤɢɫɧɟɧɧɹɦ 

ɚɦɿɚɤɭ ɤɢɫɧɟɦ ɩɨɜɿɬɪɹ ɜ ɩɪɢɫɭɬɧɨɫɬɿ ɤɚɬɚɥɿɡɚɬɨɪɿɜ [22]: 

 

 

Ʉɿɥьɤɿɫɬь ɩɟɪɟɬɜɨɪɟɧɨɝɨ ɜ NO ɚɦɿɚɤɭ ɫɬɚɧɨɜɢɬь ~ 93% – 98%. Іɧɲɢɦɢ 

ɩɨɛɿɱɧɢɦɢ ɪɟɚɤɰɿɹɦɢ є ɭɬɜɨɪɟɧɧɹ ɚɡɨɬɭ ɬɚ ɨɤɫɢɞɭ ɚɡɨɬɭ N2O: 

4NH3 + 5O2 → 2N2 + 6H2O,    (2.2) 

2NH3 + 2O2 → N2O + 3H2O,    (2.3) 

ɍ ɬɟɯɧɿɰɿ ɝɨɥɨɜɧɢɦ ɫɩɨɫɨɛɨɦ ɞɨɛɭɜɚɧɧɹ ɚɦɿɚɤɭ є ɩɪɹɦɢɣ ɫɢɧɬɟɡ ɣɨɝɨ ɡ ɚɡɨɬɭ ɿ 

ɜɨɞɧɸ ɡɚ ɪɟɚɤɰɿєɸ [23]: 

H2 + 3H2 ⇌ 2NH3,     (2.4) 

ɐɹ ɪɟɚɤɰɿɹ ɜɿɞɛɭɜɚєɬьɫɹ ɥɢɲɟ ɩɪɢ ɞɭɠɟ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ (ɤɿɥьɤɚ ɫɨɬɟɧь 

ɚɬɦɨɫɮɟɪ), ɜɢɫɨɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɿ ɧɚɹɜɧɨɫɬɿ ɤɚɬɚɥɿɡɚɬɨɪɚ. Ɍɢɩɨɜɢɦɢ ɭɦɨɜɚɦɢ є 

ɬɟɦɩɟɪɚɬɭɪɚ ɛɥɢɡьɤɨ 400 – 450°ɋ. ɇɢɠɱɟ 400°ɋ ɪɟɚɤɰɿɹ ɜɿɞɛɭɜɚєɬьɫɹ ɞɭɠɟ ɩɨɜɿɥьɧɨ, 

ɚ ɜɢɳɟ 450 – 500 °ɋ ɚɦɿɚɤ ɩɨɦɿɬɧɨ ɪɨɡɤɥɚɞɚєɬьɫɹ ɧɚ ɚɡɨɬ ɿ ɜɨɞɟɧь.  

ɋɜɿɬɨɜɢɣ ɜɢɩɭɫɤ ɚɦɿɚɤɭ ɫɬɚɧɨɜɢɬь ɛɥɢɡьɤɨ 200 ɦɥɧ ɬ/ɪɿɤ, ɣɨɝɨ ɜɢɪɨɛɧɢɰɬɜɨ 

ɡɞɿɣɫɧɸɸɬь ɩɨɧɚɞ 80 ɤɪɚʀɧ. Ʉɪɿɦ ɬɨɝɨ, ɭ ɯɿɦɿɱɧɿɣ ɩɪɨɦɢɫɥɨɜɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬь 

ɡɜ'ɹɡɚɧɢɣ ɚɡɨɬ ɭ ɜɢɝɥɹɞɿ ɬɚɤɢɯ ɫɩɨɥɭɤ, ɹɤ ɚɡɨɬɧɚ ɬɚ ɫɢɧɢɥьɧɚ ɤɢɫɥɨɬɢ. 

ɇɚ ɞɚɧɢɣ ɱɚɫ ɜɢɪɨɛɧɢɰɬɜɨ ɚɦɿɚɤɭ ɛɭɥɨ ɛɚɝɚɬɨ ɜ ɱɨɦɭ ɜɞɨɫɤɨɧɚɥɟɧɨ, ɡɨɤɪɟɦɚ, 

ɫɬɜɨɪɟɧɨ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿ ɛɟɡɜɿɞɯɨɞɧɿ ɭɫɬɚɧɨɜɤɢ ɡ ɦɿɧɿɦɚɥьɧɨ ɦɨɠɥɢɜɢɦ 

ɫɩɨɠɢɜɚɧɧɹɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. Ɉɞɧɚɤ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɰɟ, ɫɢɧɬɟɡ ɚɦɿɚɤɭ ɦɚє ɧɢɡɤɭ 

ɧɟɞɨɥɿɤɿɜ [24]: 

 ɫɤɥɚɞɧɿɫɬь ɜɢɪɨɛɧɢɰɬɜɚ, ɳɨ ɜɤɥɸɱɚє ɫɬɚɞɿʀ ɨɞɟɪɠɚɧɧɹ ɫɭɦɿɲɿ ɚɡɨɬɭ ɿ ɜɨɞɧɸ, 

ɚɦɿɚɤɭ ɬɚ ɣɨɝɨ ɫɩɚɥɸɜɚɧɧɹ ɞɥɹ ɨɞɟɪɠɚɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ; 

400 – 600 °C 
4NH3 + 5O2 4NO + 6H2O,  (2.1) 
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 ɧɟɨɛɯɿɞɧɿɫɬь ɡɚɫɬɨɫɭɜɚɧɧɹ ɚɩɚɪɚɬɿɜ, ɹɤɿ ɩɪɚɰɸɸɬь ɩɿɞ ɬɢɫɤɨɦ; 

 ɡɧɚɱɧɚ ɦɟɬɚɥɨɦɿɫɬɤɿɫɬь ɭɫɬɚɧɨɜɨɤ; 

 ɝɪɨɦɿɡɞɤɿɫɬь ɜɢɪɨɛɧɢɰɬɜɚ ɡ ɝɭɫɬɨɸ ɦɟɪɟɠɟɸ ɤɨɦɭɧɿɤɚɰɿɣ; 

 ɡɧɚɱɧɿ ɿɧɜɟɫɬɢɰɿʀ; 

 ɟɤɨɧɨɦɿɱɧɚ ɡɚɥɟɠɧɿɫɬь ɜɿɞ ɜɚɪɬɨɫɬɿ ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ – ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ, 

ɧɚɮɬɢ ɱɢ ɬɜɟɪɞɨɝɨ ɩɚɥɢɜɚ. 

ȼɟɥɢɤɟ ɩɪɨɦɢɫɥɨɜɟ ɡɧɚɱɟɧɧɹ ɯɿɦɿɱɧɨ ɡɜ'ɹɡɚɧɨɝɨ ɚɡɨɬɭ – ɰɟ ɨɞɧɚ ɡ ɩɪɢɱɢɧ, ɱɟɪɟɡ 

ɹɤɭ ɜɱɟɧɿ ɳɟ ɧɚɩɪɢɤɿɧɰɿ 19 ɿ ɧɚ ɩɨɱɚɬɤɭ 20 ɫɬ. ɡɜɟɪɧɭɥɢ ɭɜɚɝɭ ɧɚ ɞɨɫɥɿɞɠɟɧɧɹ 

ɩɪɨɰɟɫɿɜ ɛɟɡɩɨɫɟɪɟɞɧьɨʀ ɮɿɤɫɚɰɿʀ ɚɡɨɬɭ ɩɥɚɡɦɨɯɿɦɿɱɧɢɦɢ ɦɟɬɨɞɚɦɢ. 

ɉɥɚɡɦɨɯɿɦɿɱɧɢɣ ɦɟɬɨɞ ɮɿɤɫɚɰɿʀ ɚɡɨɬɭ ɩɪɨɯɨɞɢɬь ɭ ɞɜɿ ɫɬɚɞɿʀ. ɇɚ ɩɟɪɲɿɣ ɫɬɚɞɿʀ 

ɩɪɨɯɨɞɢɬь ɧɚɝɪɿɜɚɧɧɹ ɜɢɯɿɞɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ. Ɍɟɪɦɿɱɧɢɣ ɚɛɨ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɣ 

ɦɟɯɚɧɿɡɦ Ɂɟɥьɞɨɜɢɱɚ ɩɨɹɫɧɸє ɭɬɜɨɪɟɧɧɹ NOɏ ɡɚ ɪɚɯɭɧɨɤ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɨɤɢɫɥɟɧɧɹ N2 [9]. Ɉɤɫɢɞɢ ɚɡɨɬɭ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨ 

ɧɟɫɬɚɛɿɥьɧɿ, ɚ ɩɨɜɿɥьɧɟ ɨɯɨɥɨɞɠɟɧɧɹ ɚɡɨɬɢɫɬɢɯ ɝɚɡɿɜ ɜɢɤɥɢɤɚє ʀɯ ɪɨɡɤɥɚɞɚɧɧɹ. ɓɨɛ 

ɭɧɢɤɧɭɬɢ ɰьɨɝɨ, ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɲɜɢɞɤɟ ɨɯɨɥɨɞɠɟɧɧɹ, ɬɚɤ ɡɜɚɧɟ ɡɚɝɚɪɬɭɜɚɧɧɹ. 

Ɍɨɦɭ ɧɚ ɞɪɭɝɿɣ ɫɬɚɞɿʀ ɜɢɤɨɧɭɸɬь ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ.  

Ɉɫɧɨɜɧɿ ɜɢɦɨɝɢ ɞɨ ɩɪɨɰɟɫɭ ɫɢɧɬɟɡɭ NOɏ , ɳɨ ɛɭɥɢ ɜɪɚɯɨɜɚɧɿ ɹɤ ɤɪɢɬɟɪɿʀ ɭ ɞɚɧɿɣ 

ɪɨɛɨɬɿ ɬɚ ɭɡɝɨɞɠɟɧɿ ɡ ɩɪɨɦɢɫɥɨɜɢɦ ɡɚɦɨɜɧɢɤɨɦ ɛɭɥɢ ɬɚɤɢɦɢ: 

 Ⱦɨɫɬɭɩɧɿɫɬь ɬɚ ɦɿɧɿɦɚɥьɧɚ ɜɚɪɬɿɫɬь ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ. 

 ȼɿɞɫɭɬɧɿɫɬь ɫɬɨɪɨɧɧɿɯ ɞɨɦɿɲɨɤ ɭ ɰɿɥьɨɜɨɦɭ ɩɪɨɞɭɤɬɿ. 

 ɑɚɫ ɛɟɡɩɟɪɟɪɜɧɨʀ ɪɨɛɨɬɢ ɩɨɧɚɞ 1000 ɝɨɞɢɧ. 

 Ɋɨɛɨɱɢɣ ɬɢɫɤ 0,1 Ɇɉɚ – 0,5 Ɇɉɚ. 

 Ɉɛ'єɦɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɤɿɧɰɟɜɨɦɭ ɩɪɨɞɭɤɬɿ ɧɟ ɦɟɧɲɟ 4%. 

 ȿɧɟɪɝɟɬɢɱɧɿ ɜɢɬɪɚɬɢ ɧɚ ɭɬɜɨɪɟɧɧɹ ɨɞɧɿєʀ ɦɨɥɟɤɭɥɢ NOX ɧɟ ɛɿɥьɲɟ 50 ɟȼ, ɚɛɨ 

150 ɤȼɬ/ɝ. 

 Ɇɨɠɥɢɜɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ. 

 Ʉɟɪɨɜɚɧɿɫɬь ɩɥɚɡɦɨɯɿɦɿɱɧɨɝɨ ɩɪɨɰɟɫɭ. 

 Ɍɟɯɧɿɱɧɚ ɪɟɚɥɿɡɚɰɿɹ ɩɟɪɫɩɟɤɬɢɜɧɨʀ ɬɟɯɧɨɥɨɝɿʀ. 

 Ɇɚɫɲɬɚɛɨɜɚɧɿɫɬь ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ ɡɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɬɚ ɩɨɬɭɠɧɿɫɬɸ. 



33 
 

2.1 Ⱦɨɫɬɭɩɧɿɫɬь ɬɚ ɦɿɧɿɦɚɥьɧɚ ɜɚɪɬɿɫɬь ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ 

Ɂ ɭɫɿɯ ɦɨɠɥɢɜɢɯ ɫɩɨɫɨɛɿɜ ɯɿɦɿɱɧɨʀ ɮɿɤɫɚɰɿʀ ɚɡɨɬɭ ɨɞɢɧ ɿɡ ɜɚɠɥɢɜɢɯ ɿ 

ɩɪɢɜɚɛɥɢɜɢɯ ɩɨɥɹɝɚє ɭ ɛɟɡɩɨɫɟɪɟɞɧьɨɦɭ ɨɤɢɫɥɟɧɧɿ ɚɡɨɬɭ ɤɢɫɧɟɦ ɩɨɜɿɬɪɹ ɡ 

ɭɬɜɨɪɟɧɧɹɦ ɨɤɢɫɭ ɚɡɨɬɭ [9]. ɒɢɪɨɤɟ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ ɜɢɯɿɞɧɨɝɨ ɩɪɨɞɭɤɬɭ, 

ɧɚɜɤɨɥɢɲɧьɨɝɨ ɩɨɜɿɬɪɹ, ɿ ɧɢɡьɤɚ ɣɨɝɨ ɜɚɪɬɿɫɬь ɦɚє ɡɪɟɲɬɨɸ ɜɩɥɢɧɭɬɢ ɿ ɧɚ ɡɧɢɠɟɧɧɹ 

ɜɚɪɬɨɫɬɿ ɨɬɪɢɦɚɧɢɯ ɡɚ ɧɨɜɨɸ ɬɟɯɧɨɥɨɝɿєɸ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ є ɪɨɛɨɬɢ, 

ɧɚɩɪɢɤɥɚɞ, [15] ɞɟ ɹɤ ɜɢɯɿɞɧɭ ɫɢɪɨɜɢɧɭ ɡɚɫɬɨɫɨɜɭɜɚɥɢ ɚɡɨɬ – ɤɢɫɧɟɜɭ ɫɭɦɿɲ. 

Ɇɚɤɫɢɦɚɥьɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ NOX ɫɬɚɧɨɜɢɥɚ ~ 1%. 

Ɋɨɡɝɥɹɧɟɦɨ ɹɤ ɜɩɥɢɜɚє ɜɦɿɫɬ ɤɢɫɧɸ ɭ ɜɢɯɿɞɧɿɣ ɫɢɪɨɜɢɧɿ ɧɚ ɡɧɚɱɟɧɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ. Ⱥɧɚɥɿɡ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɩɨɜɿɬɪɹ ɜɢɹɜɥɹє ɬɚɤɭ 

ɨɫɨɛɥɢɜɿɫɬь – ɩɪɢ 3500 Ʉ ɭ ɩɨɜɿɬɪɿ ɦɿɫɬɢɬьɫɹ 15,1% ɚɬɨɦɚɪɧɨɝɨ ɤɢɫɧɸ. ȼ ɪɟɡɭɥьɬɚɬɿ 

ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɨɬɿɤɚє ɜɬɨɪɢɧɧɚ ɪɟɚɤɰɿɹ, ɡɚ ɹɤɨʀ ɚɬɨɦɚɪɧɢɣ ɤɢɫɟɧь ɪɟɤɨɦɛɿɧɭє ɜ 

ɦɨɥɟɤɭɥɹɪɧɢɣ, ɳɨ ɩɪɢɡɜɨɞɢɬь ɞɨ ɩɟɪɟɪɨɡɩɨɞɿɥɭ ɨɛ'єɦɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɪɟɱɨɜɢɧ ɭ 

ɧɿɬɪɨɡɧɢɯ ɝɚɡɚɯ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɬɨɪɢɧɧɢɯ ɪɟɚɤɰɿɣ, ɦɚɤɫɢɦɚɥьɧɨ 

ɦɨɠɥɢɜɚ ɨɛ'єɦɧɚ ɱɚɫɬɤɚ NO ɜ ɨɯɨɥɨɞɠɟɧɿɣ ɫɭɦɿɲɿ ɫɬɚɧɨɜɢɬь 5,9%. ɇɚ ɪɢɫ. 2.1 

ɧɚɜɟɞɟɧɨ ɡɚɥɟɠɧɿɫɬь ɦɚɤɫɢɦɚɥьɧɨʀ ɨɛ'єɦɧɨʀ ɱɚɫɬɤɢ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜɿɞ ɜɦɿɫɬɭ ɤɢɫɧɸ ɭ 

ɜɢɯɿɞɧɿɣ ɫɭɦɿɲɿ ɬɚ ɬɢɫɤɭ [24]. 

Ɋɟɡɭɥьɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ȼɑ ɩɥɚɡɦɨɬɪɨɧɿ [18] 

ɜɤɚɡɭɸɬь, ɳɨ ɞɨɞɚɜɚɧɧɹ ɤɢɫɧɸ ɞɨ ɡɧɚɱɟɧь ɦɚɫɨɜɨʀ ɱɚɫɬɤɢ ɤɢɫɧɸ ɭ ɫɭɦɿɲɿ ɿɡ ɩɨɜɿɬɪɹɦ 

0,375 – 0,4 ɡɛɿɥьɲɭɸɬь ɜɢɯɿɞ NO. Ɇɚɤɫɢɦɚɥьɧɚ ɦɚɫɨɜɚ ɱɚɫɬɤɚ ɨɤɫɢɞɭ ɚɡɨɬɭ ɞɥɹ 

ɫɭɦɿɲɿ ɩɨɜɿɬɪɹ ɡ ɤɢɫɧɟɦ ɩɪɢ ɦɚɫɨɜɿɣ ɱɚɫɬɰɿ ɤɢɫɧɸ 0,375 ɫɬɚɧɨɜɢɬь 7,7% ɡɚ ɧɨɪɦɚɥьɧɨʀ 

ɬɟɦɩɟɪɚɬɭɪɢ 3750 Ʉ ɬɚ ɚɬɦɨɫɮɟɪɧɢɯ ɭɦɨɜ , ɚ ɭ ɪɚɡɿ ɩɿɞɜɢɳɟɧɨɝɨ ɬɢɫɤɭ (0,5 Ɇɉɚ) – 

9,9% ɡɚ ɧɨɪɦɚɥьɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ 4000 Ʉ. 

Ɍɚɤɢɦ ɱɢɧɨɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɭɦɿɲɿ ɝɚɡɿɜ N2 ɢ O2 ɞɚє ɦɨɠɥɢɜɿɫɬь ɡɛɿɥьɲɢɬɢ 

ɤɨɧɰɟɧɬɪɚɰɿɸ ɨɤɫɢɞɭ ɚɡɨɬɭ ɡɚ ɪɚɯɭɧɨɤ ɡɛɿɥьɲɟɧɧɹ ɱɚɫɬɤɢ ɤɢɫɧɸ. Ɉɞɧɚɤ, ɜɤɚɡɚɧɿ ɝɚɡɢ 

ɯɨɱ ɿ ɲɢɪɨɤɨ ɩɨɲɢɪɟɧɿ, ɬɚ ɜɫɟ ɠ ɬɚɤɢ ɩɨɬɪɟɛɭɸɬь ɞɨɞɚɬɤɨɜɢɯ ɜɢɬɪɚɬ ɧɚ ʀɯ 

ɜɢɪɨɛɧɢɰɬɜɨ ɬɚ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ. 
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Ɋɢɫ. 2.1 – Ɂɚɥɟɠɧɿɫɬь ɦɚɤɫɢɦɚɥьɧɨʀ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ NO ɜɿɞ ɜɦɿɫɬɭ ɤɢɫɧɸ ɜ ɜɢɯɿɞɧɨʀ 

ɫɭɦɿɲɿ ɬɚ ɬɢɫɤɭ: 1 – Ɋ = 0,0981 Ɇɉɚ, T = 3500 K; 2 – Ɋ = 0,49 Ɇɉɚ, Ɍ = 3800 Ʉ; 

3 – Ɋ = 0,981 Ɇɉɚ, Ɍ = 4000 Ʉ; პ – ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɿ ɞɚɧɿ Ʌ.ɋ. ɉɨɥɚɤɚ ɿ  

ȼ.ɋ. ɓɢɩɚɱɟɜɚ, ჟ – ȼ.Ⱦ. ɉɚɪɯɨɦɟɧɤɨ ɢ Ⱥ.ɂ. Ɋɭɞɟɧɤɨ [24] 

 

Ɂɚɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɿɣ ɧɚɤɥɚɞɚє ɨɛɦɟɠɟɧɧɹ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ, 

ɚɥɟ ɜɟɥɢɤɨɝɨ ɡɧɚɱɟɧɧɹ ɧɚ ɜɢɛɿɪ ɬɢɩɭ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ ɧɟ ɦɚє, ɨɫɤɿɥьɤɢ ɭɫɩɿɲɧɿ 

ɪɨɛɨɬɢ ɡ ɝɚɡɨɜɢɦɢ ɪɨɡɪɹɞɚɦɢ ɜ ɩɨɜɿɬɪɿ ɡ ɦɟɬɨɸ ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɩɪɨɜɨɞɢɥɢɫɹ 

ɹɤ ɡ ɧɟɪɿɜɧɨɜɚɠɧɢɦɢ, ɬɚɤ ɿ ɡ ɪɿɜɧɨɜɚɠɧɢɦɢ ɩɥɚɡɦɨɜɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɪɨɡɞɿɥ 1. 

 

2.2 ȼɿɞɫɭɬɧɿɫɬь ɫɬɨɪɨɧɧɿɯ ɞɨɦɿɲɨɤ ɭ ɰɿɥьɨɜɨɦɭ ɩɪɨɞɭɤɬɿ 

Ɂɚ ɬɢɩɨɦ ɟɥɟɤɬɪɢɱɧɨɝɨ ɪɨɡɪɹɞɭ, ɱɚɫɬɨɬɨɸ ɫɬɪɭɦɭ ɬɚ ɬɢɩɨɦ ɞɠɟɪɟɥɚ ɠɢɜɥɟɧɧɹ 

ɩɥɚɡɦɨɬɪɨɧɢ ɩɨɞɿɥɹɸɬьɫɹ ɧɚ ɬɪɢ ɜɟɥɢɤɿ ɝɪɭɩɢ: ɞɭɝɨɜɿ ɩɥɚɡɦɨɬɪɨɧɢ, ɜɢɫɨɤɨɱɚɫɬɨɬɧɿ 

ȼɑ ɿ ɧɚɞɜɢɫɨɤɨɱɚɫɬɨɬɧɿ ɇȼɑ (ɦɿɤɪɨɯɜɢɥьɨɜɿ) [25].  

Ⱦɭɝɨɜɿ ɩɥɚɡɦɨɬɪɨɧɢ ɞɥɹ ɯɿɦɿɤɨ-ɦɟɬɚɥɭɪɝɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɬɚ ʀɯ ɞɠɟɪɟɥɚ 

ɠɢɜɥɟɧɧɹ ɨɬɪɢɦɚɥɢ ɧɚɣɛɿɥьɲɢɣ ɪɨɡɜɢɬɨɤ ɜ ɨɫɬɚɧɧɿ ɞɟɫɹɬɢɥɿɬɬɹ ɦɢɧɭɥɨɝɨ ɫɬɨɪɿɱɱɹ. 

Ɉɞɧɚɤ ɟɥɟɤɬɪɨɞɢ ɡɧɨɲɭɸɬьɫɹ, ɦɚɬɟɪɿɚɥ ɟɥɟɤɬɪɨɞɿɜ ɩɨɬɪɚɩɥɹє ɞɨ ɫɤɥɚɞɭ ɫɩɨɥɭɤɢ, ɳɨ 

ɫɢɧɬɟɡɭєɬьɫɹ ɚɛɨ ɨɛɪɨɛɥɹєɬьɫɹ, ɳɨ ɩɨɪɨɞɠɭє ɩɪɨɛɥɟɦɭ ɹɤɨɫɬɿ. ȿɥɟɤɬɪɨɞɢ – ɨɫɧɨɜɧɢɣ 

ɟɥɟɦɟɧɬ, ɳɨ ɜɢɬɪɚɱɚєɬьɫɹ ɭ ɞɭɝɨɜɢɯ ɩɥɚɡɦɨɬɪɨɧɚɯ, ʀɯ ɜɢɤɨɧɭɸɬь ɡ ɦɿɞɿ ɬɚ ɦɿɞɧɢɯ 
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ɫɩɥɚɜɿɜ, ɜɨɥьɮɪɚɦɭ, ɰɢɪɤɨɧɿɸ, ɝɪɚɮɿɬɭ ɬɚ ɿɧɲɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɡɚɥɟɠɧɨ ɜɿɞ ɤɨɧɫɬɪɭɤɰɿʀ 

ɩɥɚɡɦɨɬɪɨɧɭ, ɣɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɬɚ ɿɧ. [26]. Ɉɞɧɚɤ ɩɨɜɧɿɫɬɸ ɭɫɭɧɭɬɢ ɡɚɛɪɭɞɧɟɧɧɹ 

ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɚ ɦɚɬɟɪɿɚɥɨɦ ɟɥɟɤɬɪɨɞɿɜ ɭ ɞɭɝɨɜɢɯ ɩɥɚɡɦɨɬɪɨɧɚɯ ɧɟ ɜɞɚєɬьɫɹ, ɳɨ 

ɭɫɤɥɚɞɧɸє ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɨɛɪɨɛɰɿ ɬɚ ɨɞɟɪɠɚɧɧɿ «ɱɢɫɬɢɯ» ɦɚɬɟɪɿɚɥɿɜ ɬɚ 

ɩɪɨɞɭɤɬɿɜ. 

ɇȼɑ ɪɨɡɪɹɞɢ ɬɚ ɩɥɚɡɦɨɬɪɨɧɢ ɫɬɜɨɪɸɸɬь ɛɟɡɟɥɟɤɬɪɨɞɧɭ ɩɥɚɡɦɭ, ɳɨ ɧɟ ɦɚє 

ɟɥɟɤɬɪɢɱɧɨɝɨ ɬɚ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɚɤɬɿɜ ɡ ɟɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɿʀ ɪɨɡɪɹɞɧɨʀ ɤɚɦɟɪɢ. ɍ 

ɇȼɑ-ɩɥɚɡɦɨɬɪɨɧɚɯ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɚ ɟɧɟɪɝɿɹ, ɳɨ ɝɟɧɟɪɭєɬьɫɹ ɦɚɝɧɟɬɪɨɧɨɦ, 

ɬɪɚɧɫɩɨɪɬɭєɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɯɜɢɥɟɜɨɞɿɜ ɿ, ɩɪɨɧɢɤɚɸɱɢ ɜ ɩɥɚɡɦɭ, ɫɬɜɨɪɸє 

ɫɚɦɨɩɿɞɬɪɢɦɭɸɱɢɣ ɫɬɚɰɿɨɧɚɪɧɢɣ ɇȼɑ-ɪɨɡɪɹɞ, ɹɤɢɣ ɦɨɠɟ ɛɭɬɢ ɨɬɪɢɦɚɧɢɣ ɜɫɟɪɟɞɢɧɿ 

ɫɢɫɬɟɦɢ ɯɜɢɥɟɜɨɞɭ ɚɛɨ ɧɚ ʀʀ ɜɢɯɨɞɿ. ɋɬɚɛɿɥɿɡɚɰɿɹ ɇȼɑ-ɪɨɡɪɹɞɭ ɜ ɩɪɨɫɬɨɪɿ 

ɡɞɿɣɫɧɸєɬьɫɹ ɚɤɫɿɚɥьɧɢɦ ɚɛɨ ɜɢɯɪɨɜɢɦ ɫɬɪɭɦɟɧɟɦ ɩɥɚɡɦɨɭɬɜɨɪɸɸɱɨɝɨ ɝɚɡɭ [25]. 

Ɇɨɠɥɢɜɿ ɪɿɡɧɿ ɫɩɨɫɨɛɢ ɩɿɞɜɟɞɟɧɧɹ ɟɧɟɪɝɿʀ ɇȼɑ ɩɨɥɹ ɞɨ ɩɥɚɡɦɢ. Ɉɞɢɧ ɿɡ ɬɢɩɨɜɢɯ 

ɫɯɟɦ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 2.2. ɏɜɢɥɟɜɿɞ ɩɪɹɦɨɤɭɬɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɪɨɧɢɡɭєɬьɫɹ 

ɞɿɟɥɟɤɬɪɢɱɧɨɸ ɬɪɭɛɤɨɸ, ɩɪɨɡɨɪɨɸ ɞɥɹ ɇȼɑ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ. ɍ ɬɪɭɛɰɿ ɜ ɨɛɥɚɫɬɿ 

ɩɟɪɟɬɢɧɭ ɡ ɯɜɢɥɟɜɨɞɨɦ ɝɨɪɢɬь ɪɨɡɪɹɞ. ɉɥɚɡɦɚ ɩɿɞɬɪɢɦɭєɬьɫɹ ɡɚ ɪɚɯɭɧɨɤ ɞɢɫɢɩɚɰɿʀ ɜ 

ɧɿɣ ɟɧɟɪɝɿʀ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ ɯɜɢɥɿ, ɳɨ ɛɿɠɢɬь ɩɨ ɯɜɢɥɟɜɨɞɭ. Ɍɟɩɥɨ, ɳɨ ɜɢɞɿɥɹєɬьɫɹ, 

ɚɛɨ ɜɿɞɜɨɞɢɬьɫɹ ɲɥɹɯɨɦ ɬɟɩɥɨɩɟɪɟɧɨɫɭ ɜ ɨɯɨɥɨɞɠɭɜɚɧɿ ɫɬɿɧɤɢ ɬɪɭɛɤɢ, ɚɛɨ 

ɩɪɨɞɭɜɚɧɧɹɦ ɝɚɡɭ ɱɟɪɟɡ ɬɪɭɛɤɭ. ȼ ɨɫɬɚɧɧьɨɦɭ ɜɚɪɿɚɧɬɿ ɫɢɫɬɟɦɚ ɹɜɥɹє ɫɨɛɨɸ ɇȼɑ 

ɩɥɚɡɦɨɬɪɨɧ [27]. 

 

 

 

 

 

 

 

Ɋɢɫ. 2.2 – ɋɯɟɦɚ ɇȼɑ ɪɨɡɪɹɞɭ ɭ ɯɜɢɥɟɜɨɞɭ: 

1 – ɯɜɢɥɟɜɿɞ, 2 – ɞɿɟɥɟɤɬɪɢɱɧɚ ɬɪɭɛɤɚ, 3 – ɪɨɡɪɹɞɧɚ ɩɥɚɡɦɚ [27] 
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ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɩɭ ɩɥɚɡɦɨɬɪɨɧɚ, ɭ ȼɑ ɩɥɚɡɦɨɬɪɨɧɿ ɪɟɚɥɿɡɭєɬьɫɹ 

ɜɢɫɨɤɨɱɚɫɬɨɬɧɢɣ ɿɧɞɭɤɰɿɣɧɢɣ, ɚɛɨ єɦɧɿɫɧɢɣ ɪɨɡɪɹɞ, ɹɤɢɣ є ɟɮɟɤɬɢɜɧɢɦ ɞɠɟɪɟɥɨɦ 

ɧɢɡьɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɩɥɚɡɦɢ [28]. 

ɉɪɢɧɰɢɩ ɪɨɛɨɬɢ ȼɑ ɿɧɞɭɤɰɿɣɧɨɝɨ ɩɥɚɡɦɨɬɪɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2.3. ɇɚɝɪɿɜ 

ɩɥɚɡɦɢ ɡɞɿɣɫɧɸєɬьɫɹ ɜ ɛɟɡɟɥɟɤɬɪɨɞɧɨɦɭ ɜɢɫɨɤɨɱɚɫɬɨɬɧɨɦɭ ɩɥɚɡɦɨɬɪɨɧɿ ɿɧɞɭɤɰɿɣɧɨɝɨ 

ɬɢɩɭ ɿ ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɜɿɞɨɦɨɦɭ ɡɚɤɨɧɿ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ ɿɧɞɭɤɰɿʀ - ɿɧɞɭɤɰɿɣɧɨɦɭ 

ɧɚɝɪɿɜɚɧɧɿ ɩɪɨɜɿɞɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɜ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɦɭ ɩɨɥɿ ȼɑ. ɉɪɨɜɿɞɧɢɦ 

ɫɟɪɟɞɨɜɢɳɟɦ є ɿɨɧɿɡɨɜɚɧɢɣ ɝɚɡ – ɩɥɚɡɦɚ. ȼɢɫɨɤɨɱɚɫɬɨɬɧɟ ɡɦɿɧɧɟ ɦɚɝɧɿɬɧɟ ɩɨɥɟ 

ɤɨɬɭɲɤɢ dɎ/dt ɿɧɞɭɤɭє ɭ ɩɥɚɡɦɿ ɤɿɥьɰɟɜɢɣ ɫɬɪɭɦ Iφ (ɪɢɫ. 2.3). Ȼɟɡɟɥɟɤɬɪɨɞɧɚ ɤɿɥьɰɟɜɚ 

ɮɨɪɦɚ ɫɬɪɭɦɭ ɬɚ ɜɿɞɫɭɬɧɿɫɬь ɟɥɟɤɬɪɨɞɿɜ ɜɢɡɧɚɱɚɸɬь ɱɢɫɬɨɬɭ ɩɥɚɡɦɢ ɭ ɬɚɤɨɦɭ 

ɩɥɚɡɦɨɬɪɨɧɿ. ɓɨɛ ɭɬɜɨɪɢɬɢ ɩɪɨɜɿɞɧɟ ɫɟɪɟɞɨɜɢɳɟ ɜɫɟɪɟɞɢɧɿ ɩɥɚɡɦɨɬɪɨɧɚ ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ, ɧɟɨɛɯɿɞɧɨ ɫɩɨɱɚɬɤɭ ɿɨɧɿɡɭɜɚɬɢ ɝɚɡ ɜɿɞ ɡɨɜɧɿɲɧьɨɝɨ ɞɠɟɪɟɥɚ, 

ɬɨɛɬɨ – ɡɚɩɚɥɢɬɢ ɩɥɚɡɦɨɬɪɨɧ [28]. 

 

 

Ɋɢɫ. 2.3 – ɋɯɟɦɚ ɿɧɞɭɤɰɿɣɧɨɝɨ ɧɚɝɪɿɜɭ ɩɥɚɡɦɢ (a) ɿ ɮɨɬɨ ȼɑ ɩɥɚɡɦɨɬɪɨɧɚ (b):  

 1 – ɤɨɬɭɲɤɚ ɿɧɞɭɤɬɢɜɧɨɫɬɿ, 2 – ɩɥɚɡɦɚ, 3 – ɤɜɚɪɰɨɜɚ ɬɪɭɛɚ [28] 
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɚɧɨɦɭ ɤɪɢɬɟɪɿɸ ɡɚɞɨɜɨɥьɧɹɸɬь ɹɤ ȼɑ, ɬɚɤ ɿ ɇȼɑ ɩɥɚɡɦɨɬɪɨɧɢ, 

ɹɤɿ ɞɨɡɜɨɥɹɸɬь ɨɬɪɢɦɚɬɢ ɱɢɫɬɭ ɛɟɡɟɥɟɤɬɪɨɞɧɭ ɩɥɚɡɦɭ, ɳɨ ɧɟ ɦɚє ɟɥɟɤɬɪɢɱɧɨɝɨ 

ɤɨɧɬɚɤɬɭ ɡ ɟɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɿʀ. 

 

2.3 Чɚɫ ɛɟɡɭɩɢɧɧɨʀ ɪɨɛɨɬɢ ɛɿɥьɲɟ 1000 ɝɨɞɢɧ 

ȿɥɟɤɬɪɨɞɢ ɟɥɟɤɬɪɨɞɭɝɨɜɢɯ ɩɥɚɡɦɨɬɪɨɧɿɜ ɩɨɪɿɜɧɹɧɨ ɲɜɢɞɤɨ ɡɧɨɲɭɸɬьɫɹ. 

Ɋɨɡɪɨɛɥɟɧɨ ɪɹɞ ɫɩɨɫɨɛɿɜ ɡɚɯɢɫɬɭ ɟɥɟɤɬɪɨɞɿɜ ɞɭɝɨɜɢɯ ɩɥɚɡɦɨɬɪɨɧɿɜ ɜɿɞ ɡɧɨɲɭɜɚɧɧɹ 

ɩɿɞ ɞɿєɸ ɟɥɟɤɬɪɨɞɧɢɯ ɩɥɹɦ ɞɭɝɢ: ɰɟ ɜɿɞɩɨɜɿɞɧɢɣ ɪɟɠɢɦ ɨɯɨɥɨɞɠɟɧɧɹ, ɬɚɧɝɟɧɰɿɚɥьɧɟ 

ɜɜɟɞɟɧɧɹ ɝɚɡɭ ɜ ɤɚɦɟɪɭ ɩɥɚɡɦɨɬɪɨɧɭ, ɦɚɝɧɿɬɧɿ ɩɨɥɹ ɜɿɞɩɨɜɿɞɧɨʀ ɤɨɧɮɿɝɭɪɚɰɿʀ ɬɨɳɨ. 

Іɫɧɭɸɬь ɩɥɚɡɦɨɬɪɨɧɢ, ɭ ɹɤɢɯ ɤɚɬɨɞ ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ, ɧɟ ɩɟɪɟɪɢɜɚɸɱɢ ɪɨɛɨɬɢ 

ɩɥɚɡɦɨɬɪɨɧɭ, ɚ ɞɨɜɠɢɧɭ ɫɬɟɪɠɧɟɜɨɝɨ ɟɥɟɤɬɪɨɞɚ ɦɨɠɧɚ ɚɜɬɨɦɚɬɢɱɧɨ ɜɿɞɧɨɜɥɸɜɚɬɢ ɭ 

ɦɿɪɭ ɣɨɝɨ ɜɢɬɪɚɬɢ. ɇɢɧɿ ɫɬɜɨɪɟɧɿ ɩɥɚɡɦɨɬɪɨɧɢ, ɭ ɹɤɢɯ ɱɚɫ ɛɟɡɩɟɪɟɪɜɧɨʀ ɪɨɛɨɬɢ 

ɟɥɟɤɬɪɨɞɿɜ ɞɨɫɹɝɚє ɦɚɣɠɟ 1000 ɝɨɞ, ɚɥɟ ɞɥɹ ɩɪɨɦɢɫɥɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɰьɨɝɨ 

ɧɟɞɨɫɬɚɬɧьɨ [28]. 

əɤ ɛɭɥɨ ɡɚɡɧɚɱɟɧɨ ɪɚɧɿɲɟ, ɜɿɞɦɿɧɧɚ ɨɡɧɚɤɚ, ɳɨ ɩɨєɞɧɭє ȼɑ ɬɚ ɇȼɑ 

ɩɥɚɡɦɨɬɪɨɧɢ – ɰɟ ɦɨɠɥɢɜɿɫɬь ɨɬɪɢɦɚɧɧɹ ɡɚ ʀɯ ɞɨɩɨɦɨɝɨɸ ɱɢɫɬɨʀ ɛɟɡɟɥɟɤɬɪɨɞɧɨʀ 

ɩɥɚɡɦɢ, ɹɤɚ ɧɟ ɦɚє ɬɟɩɥɨɜɨɝɨ ɬɚ ɟɥɟɤɬɪɢɱɧɨɝɨ ɤɨɧɬɚɤɬɿɜ ɡ ɟɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɿʀ. ɍ 

ɡɜ'ɹɡɤɭ ɡ ɰɢɦ, ɞɥɹ ȼɑ ɬɚ ɇȼɑ-ɩɥɚɡɦɨɬɪɨɧɿɜ ɪɟɫɭɪɫ ɱɚɫɭ ʀɯ ɪɨɛɨɬɢ ɜɢɡɧɚɱɚєɬьɫɹ ɥɢɲɟ 

ɪɟɫɭɪɫɨɦ ɪɨɛɨɬɢ ɞɠɟɪɟɥɚ ɠɢɜɥɟɧɧɹ, ɳɨ ɫɬɚɧɨɜɢɬь, ɹɤ ɩɪɚɜɢɥɨ, ɬɢɫɹɱɿ ɝɨɞɢɧ [9, 29]. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɬɿɥьɤɢ ȼɑ ɬɚ ɇȼɑ ɩɥɚɡɦɨɬɪɨɧɢ ɦɚɸɬь ɦɨɠɥɢɜɿɫɬь ɡɚɛɟɡɩɟɱɢɬɢ 

ɛɟɡɩɟɪɟɪɜɧɭ ɪɨɛɨɬɭ ɛɿɥьɲ ɧɿɠ 1000 ɝɨɞɢɧ. 

 

2.4 Ɋɨɛɨɱɢɣ ɬɢɫɤ 0,1 Ɇɉɚ – 0,5 Ɇɉɚ 

ȼɩɥɢɜ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɪɿɜɧɨɜɚɠɧɭ ɨɛ'єɦɧɭ ɱɚɫɬɤɭ ɨɤɫɢɞɭ ɚɡɨɬɭ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2.4. ɉɪɢ ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ ɦɚɤɫɢɦɚɥьɧɭ ɨɛ'єɦɧɭ ɱɚɫɬɤɭ NO 

ɭ ɝɚɡɿ ɨɬɪɢɦɭɸɬь ɜ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 3300 Ʉ ɞɨ 3600 Ʉ. ɉɿɞɜɢɳɟɧɧɹ ɬɢɫɤɭ 

ɫɩɪɢɹє ɡɛɿɥьɲɟɧɧɸ ɨɛ'єɦɧɨʀ ɱɚɫɬɤɢ ɨɤɫɢɞɭ ɚɡɨɬɭ. Ɂ ɩɨɞɚɧɨʀ ɧɚ ɪɢɫ. 2.4 ɡɚɥɟɠɧɨɫɬɿ 

ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ, ɳɨ ɡɛɿɥьɲɟɧɧɹ ɬɢɫɤɭ ɜɿɞ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɨ 0,49 Ɇɉɚ ɬɚ ɧɟɡɧɚɱɧɟ 

ɡɛɿɥьɲɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɞɨ ɨɩɬɢɦɚɥьɧɨɝɨ ɪɿɜɧɹ ɜɿɞ 3600 Ʉ ɞɨ 3900 Ʉ, ɩɪɢ ɹɤɨɦɭ 



38 
 

ɭɬɜɨɪɸєɬьɫɹ ɦɚɤɫɢɦɚɥьɧɚ ɱɚɫɬɤɚ ɨɤɫɢɞɭ ɚɡɨɬɭ, ɞɨɡɜɨɥɹє ɡɛɿɥьɲɢɬɢ ɨɛ'єɦɧɭ ɱɚɫɬɤɭ 

NO ɧɚ 25%. 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 2.4 – Ɂɚɥɟɠɧɿɫɬь ɪɿɜɧɨɜɚɠɧɨʀ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ  NO  ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɬɢɫɤɭ:  

1 – 0,0981 Ɇɉɚ; 2 – 0,49; 3 – 0,981; 4 – 1,471; 5 – 1,961; 6 – 4,903; 7 – 9,807 Ɇɉɚ [24] 

 

Ɋɟɡɭɥьɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ [18] 

ɜɤɚɡɭɸɬь ɧɚ ɩɿɞɜɢɳɟɧɧɹ ɦɚɫɨɜɨʀ ɞɨɥɿ NO ɡ 5,6% ɞɨ 7,2%, ɩɪɢ ɩɿɞɜɢɳɟɧɧɿ ɬɢɫɤɭ ɡ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɨ 0,5 Ɇɉɚ, ɩɪɢ ɧɟɡɧɚɱɧɨɦɭ ɩɿɞɜɢɳɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɡ 3500 Ʉ ɞɨ 4000 

Ʉ. ɉɿɞɜɢɳɟɧɧɹ ɠɟ ɬɢɫɤɭ ɞɨ 4,0 Ɇɉɚ ɩɪɢɡɜɨɞɢɬь ɞɨ ɡɧɚɱɧɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɦɚɫɨɜɨʀ 

ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɞɨ 9,8% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 4500 Ʉ. 

Ɉɞɧɚɤ ɜɢɛɿɪ ɬɢɫɤɭ ɜɢɳɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɨɛɭɦɨɜɥɟɧɢɣ ɧɟ ɬɿɥьɤɢ ɡɛɿɥьɲɟɧɧɹɦ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɧɚ ɜɢɯɨɞɿ, ɚ ɣ ɜɢɦɨɝɚɦɢ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ, ɚ ɫɚɦɟ, 

ɧɟɨɛɯɿɞɧɿɫɬɸ ɡɚɛɟɡɩɟɱɢɬɢ ɪɨɛɨɬɭ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧь 

ɬɢɫɤɭ. 

Ɉɱɟɜɢɞɧɨ, ɳɨ ɡɛɿɥьɲɟɧɧɹ ɨɛ'єɦɧɨʀ ɱɚɫɬɤɢ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɡɚ ɪɚɯɭɧɨɤ ɩɿɞɜɢɳɟɧɧɹ 

ɬɢɫɤɭ ɚɛɨ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɨɛɦɟɠɟɧɨ ɦɨɠɥɢɜɨɫɬɹɦɢ ɩɥɚɡɦɨɜɨʀ ɬɟɯɧɿɤɢ. 

ɇȼɑ ɪɨɡɪɹɞɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɫɤɭ ɩɨɞɿɥɹɸɬь ɧɚ ɬɪɢ ɝɪɭɩɢ: ɪɨɡɪɹɞɢ ɧɢɡьɤɨɝɨ 

ɬɢɫɤɭ (ɞɨ 10 Ɍɨɪɪ), ɪɨɡɪɹɞɢ ɩɨɦɿɪɧɨ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ (ɞɨ 200 Ɍɨɪɪ), ɪɨɡɪɹɞɢ ɜɢɫɨɤɨɝɨ 

ɬɢɫɤɭ (ɞɨ 1 ɚɬɦ.) [26]. ɍ ɫɬɚɬɿ [27] ɜɤɚɡɭєɬьɫɹ ɞɿɚɩɚɡɨɧ ɪɨɛɨɱɢɯ ɬɢɫɤɿɜ ɇȼɑ ɪɨɡɪɹɞɭ 

ɜɿɞ 10-5 Ɍɨɪɪ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ. 
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ȼɑ ɿɧɞɭɤɰɿɣɧɚ ɪɨɡɪɹɞɧɚ ɤɚɦɟɪɚ ɋ. ȼ. Ⱦɪɟɫɜɢɧɚ ɬɚ ɿɧ. [25] ɡɞɚɬɧɚ ɩɪɚɰɸɜɚɬɢ ɹɤ 

ɩɪɢ ɡɧɢɠɟɧɨɦɭ, ɬɚɤ ɿ ɜɢɫɨɤɨɦɭ ɬɢɫɤɭ (5 – 10 ɚɬɦ.). Ⱥ ɜ [28] ɜɤɚɡɭєɬьɫɹ ɩɪɨ ɦɨɠɥɢɜɿɫɬь 

ɨɬɪɢɦɭɜɚɬɢ ȼɑ ɿɧɞɭɤɬɢɜɧɭ ɩɥɚɡɦɭ ɹɤ ɡɚ 10-3 Ɍɨɪɪ, ɬɚɤ ɿ ɩɪɢ ɬɢɫɤɚɯ 5 – 6 ɚɬɦ. 

Ɇɚɤɫɢɦɚɥьɧɢɣ ɪɨɛɨɱɢɣ ɬɢɫɤ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɚ ɤɨɦɩɚɧɿʀ Applied Plasma 

Technologies, Corp ɫɤɥɚɞɚє 7 ɛɚɪ [19]. 

Ɂɚɡɧɚɱɟɧɿ ɞɚɧɿ ɫɜɿɞɱɚɬь ɩɪɨ ɬɟ, ɳɨ ɡ ȼɑ ɬɚ ɇȼɑ ɩɥɚɡɦɨɬɪɨɧɿɜ ɬɿɥьɤɢ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧ ɡɚɞɨɜɨɥьɧɹє ɧɟɨɛɯɿɞɧɢɦ ɤɪɢɬɟɪɿɹɦ, ɬɚ ɦɚє ɩɨɬɟɧɰɿɚɥ ɞɥɹ ɩɨɞɚɥьɲɨɝɨ 

ɡɛɿɥьɲɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ ɲɥɹɯɨɦ ɩɿɞɜɢɳɟɧɧɹ ɬɢɫɤɭ. 
 

2.5 Ɉɛ’єɦɧɚ ɤɨɧɰɟɧɬɪɚɰɿя ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɤɿɧɰɟɜɨɦɭ ɩɪɨɞɭɤɬɿ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɩɬɢɦɚɥьɧɢɯ ɭɦɨɜ ɭɬɜɨɪɟɧɧɹ ɦɚɤɫɢɦɚɥьɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɪɨɡɝɥɹɧɟɦɨ ɫɢɫɬɟɦɭ ɚɡɨɬ – ɤɢɫɟɧь ɡɚ ɭɦɨɜ ɯɿɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ. ɇɚ ɪɢɫ. 

2.5 ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɚɥɟɠɧɿɫɬь ɬɟɪɦɨɞɢɧɚɦɿɱɧɨ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɫɭɦɿɲɿ ɡ 79% 

ɚɡɨɬɭ ɬɚ 21% ɤɢɫɧɸ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ. Ɂ ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɞɚɧɢɯ ɜɢɞɧɨ, ɳɨ ɧɢɠɱɟ 2000 Ʉ 

ɭɬɜɨɪɸєɬьɫɹ ɦɟɧɲɟ ɧɿɠ 1% NO, ɩɨɬɿɦ ɡɿ ɡɪɨɫɬɚɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞɛɭɜɚєɬьɫɹ 

ɲɜɢɞɤɟ ɡɛɿɥьɲɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NO, ɿ ɦɚɤɫɢɦɚɥьɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ 

5,2% ɞɨɫɹɝɚєɬьɫɹ ɩɪɢ 3500 Ʉ [9]. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɩɪɨɰɟɫɭ ɜ ɨɩɬɢɦɚɥьɧɢɯ ɭɦɨɜɚɯ ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ ɜ ɪɿɜɧɨɜɚɠɧɿɣ ɫɢɫɬɟɦɿ ɚɡɨɬ-ɤɢɫɟɧь ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɢɧɧɚ ɛɭɬɢ ɜ 

ɞɿɚɩɚɡɨɧɿ ɜɿɞ 3300 Ʉ ɞɨ 3600 Ʉ. ȼɢɳɟ ɰɢɯ ɬɟɦɩɟɪɚɬɭɪ ɣɞɟ ɬɟɪɦɿɱɧɟ ɪɨɡɤɥɚɞɚɧɧɹ 

ɩɪɨɞɭɤɬɭ, ɧɢɠɱɟ – ɩɪɨɞɭɤɬ ɭɬɜɨɪɸєɬьɫɹ ɜ ɦɟɧɲɿɣ ɤɿɥьɤɨɫɬɿ. Ɉɱɟɜɢɞɧɨ, ɳɨ ɞɨɫɢɬь 

ɩɨɜɿɥьɧɟ ɨɯɨɥɨɞɠɟɧɧɹ ɝɚɡɨɜɨʀ ɫɭɦɿɲɿ ɜɿɞ 3500 Ʉ ɞɨ 2000 Ʉ ɩɨɜɢɧɧɨ ɩɪɢɡɜɨɞɢɬɢ ɞɨ 

ɪɨɡɤɥɚɞɚɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ, ɬɨɦɭ ɧɟɨɞɦɿɧɧɨɸ ɫɤɥɚɞɨɜɨɸ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɬɟɯɧɨɥɨɝɿʀ 

ɦɚє ɛɭɬɢ ɫɬɚɞɿɹ ɡɚɝɚɪɬɭɜɚɧɧɹ (ɲɜɢɞɤɨɝɨ ɡɦɟɧɲɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪ). Ɍɪɢɜɚɥɿɫɬь ɩɪɨɰɟɫɭ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɨɜɢɧɧɚ ɛɭɬɢ ɫɭɬɬєɜɨ ɦɟɧɲɨɸ ɱɚɫɭ ɜɫɬɚɧɨɜɥɟɧɧɹ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɧɭ. 
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Ɋɢɫ. 2.5 – Ɍɟɦɩɟɪɚɬɭɪɧɚ ɡɚɥɟɠɧɿɫɬь ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɤɥɚɞɭ ɩɨɜɿɬɪɹ ɩɪɢ 1 ɚɬɦ. [9] 

 

ȼɦɿɫɬ NO ɜ ɝɚɡɿ ɡɧɚɱɧɨ ɡɚɥɟɠɢɬь ɹɤ ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ, ɬɚɤ ɿ ɜɿɞ 

ɬɟɦɩɟɪɚɬɭɪɢ ɡɚɝɚɪɬɭɜɚɧɧɹ. Ɍɨɦɭ ɩɨɱɢɧɚɬɢ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɧɚɞ 

3600 Ʉ, ɤɨɥɢ ɪɿɜɧɨɜɚɠɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɧɟɜɟɥɢɤɚ, ɧɟ ɦɚє ɫɟɧɫɭ. 

ɇɟɨɛɯɿɞɧɨ ɩɨɜɿɥьɧɨ ɡɧɢɡɢɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ ~ 3500 Ʉ, ɳɨɛ ɡɚ ɱɚɫ ɨɯɨɥɨɞɠɟɧɧɹ 

ɭɬɜɨɪɢɜɫɹ ɨɤɫɢɞ ɭ ɦɚɤɫɢɦɚɥьɧɨ ɞɨɫɹɠɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ, ɩɿɫɥɹ ɱɨɝɨ ɜɢɤɨɧɭɜɚɬɢ 

ɡɚɝɚɪɬɭɜɚɧɧɹ. 

ȼ ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɡ ɧɟɪɿɜɧɨɜɚɠɧɢɦɢ ɚɛɨ ɧɟɬɟɪɦɿɱɧɢɦɢ ɩɥɚɡɦɨɜɢɦɢ ɫɢɫɬɟɦɚɦɢ, 

ɪɨɡɝɥɹɧɭɬɢɦɢ ɜ ɪɨɡɞɿɥɿ 1, ɬɟɦɩɟɪɚɬɭɪɢ ɧɟɣɬɪɚɥьɧɨʀ ɤɨɦɩɨɧɟɧɬɢ ɩɥɚɡɦɢ ɧɟ 

ɩɟɪɟɜɢɳɭɜɚɥɢ 1200 Ʉ [30]. 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢɫɬɪɨʀɜ, ɡɚɫɧɨɜɚɧɢɯ ɧɚ ɡɚɫɬɨɫɭɜɚɧɧɿ ɬɥɿɸɱɨɝɨ, ɤɨɪɨɧɧɨɝɨ ɬɚ 

ɿɧɲɢɯ ɜɢɞɿɜ ɟɥɟɤɬɪɢɱɧɨɝɨ ɪɨɡɪɹɞɭ, ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ ɯɿɦɿɱɧɿ ɪɟɚɤɰɿʀ ɜ 

ɧɟɪɿɜɧɨɜɚɠɧɿɣ ɩɥɚɡɦɿ, ɤɨɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɚɠɤɢɯ ɱɚɫɬɢɧɨɤ ɫɬɚɧɨɜɢɬь 300 Ʉ, ɚ 

ɟɥɟɤɬɪɨɧɢ ɦɚɸɬь ɫɟɪɟɞɧɸ ɟɧɟɪɝɿɸ ɩɨɪɹɞɤɭ ɞɟɤɿɥьɤɨɯ ɟɥɟɤɬɪɨɧ-ɜɨɥьɬ [9, 30].  
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɥɢɲɟ ɪɿɜɧɨɜɚɠɧɚ ɚɛɨ ɬɟɪɦɿɱɧɚ ɩɥɚɡɦɚ ɦɨɠɟ ɡɚɛɟɡɩɟɱɢɬɢ 

ɩɨɬɪɿɛɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɞɿɚɩɚɡɨɧ. Ɂɝɿɞɧɨ ɤɥɚɫɢɮɿɤɚɰɿʀ ɪɨɡɪɹɞɿɜ ɞɨ ɪɿɜɧɨɜɚɠɧɨʀ 

ɩɥɚɡɦɢ [27] ɜɿɞɧɨɫɹɬь: ɩɨɡɢɬɢɜɧɢɣ ɫɬɨɜɩ ɞɭɝɢ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ, ɿɧɞɭɤɰɿɣɧɢɣ ɪɨɡɪɹɞ ɭ 

ȼɑІ ɬɚ ɇȼɑ ɩɥɚɡɦɨɬɪɨɧɚɯ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ. Ɉɞɧɚɤ ɟɥɟɤɬɪɨɞɭɝɨɜɿ ɩɥɚɡɦɨɬɪɨɧɢ ɧɟ 

ɜɿɞɩɨɜɿɞɚɸɬь ɜɢɳɟ ɪɨɡɝɥɹɧɭɬɢɦ ɤɪɢɬɟɪɿɹɦ ɿ ɬɨɦɭ ɧɟ ɦɨɠɭɬь ɛɭɬɢ ɜɿɞɿɛɪɚɧɢɦɢ. 

Ɋɨɡɝɥɹɧɟɦɨ ɇȼɑ ɩɥɚɡɦɨɬɪɨɧɢ. ɑɚɫɬɨɬɚ ɫɬɪɭɦɭ ɠɢɜɥɟɧɧɹ ɡɧɚɯɨɞɢɬьɫɹ ɜ 

ɞɿɚɩɚɡɨɧɿ ɜɿɞ 900 ɆȽɰ ɞɨ 2500 ɆȽɰ. Ɇɿɤɪɨɯɜɢɥьɨɜɿ ɩɥɚɡɦɨɬɪɨɧɢ, ɩɪɟɞɫɬɚɜɥɟɧɿ 

ɫɯɟɦɚɬɢɱɧɨ ɧɚ ɪɢɫ 2.1, ɡɚ ɫɬɭɩɟɧɟɦ ɬɟɯɧɨɥɨɝɿɱɧɨɫɬɿ ɦɨɠɧɚ ɪɨɡɞɿɥɢɬɢ ɧɚ ɬɪɢ ɝɪɭɩɢ: 

ɥɚɛɨɪɚɬɨɪɧɿ ɩɥɚɡɦɨɬɪɨɧɢ ɩɨɬɭɠɧɿɫɬɸ 1 – 5 ɤȼɬ, ɩɥɚɡɦɨɬɪɨɧɢ ɩɨɬɭɠɧɿɫɬɸ 20 – 50 ɤȼɬ 

ɞɥɹ ɫɬɟɧɞɨɜɢɯ ɩɥɚɡɦɨɜɢɯ ɭɫɬɚɧɨɜɨɤ, ɩɥɚɡɦɨɬɪɨɧɢ ɩɨɬɭɠɧɿɫɬɸ 100 – 500 ɤȼɬ ɞɥɹ 

ɞɨɫɥɿɞɧɨ – ɩɪɨɦɢɫɥɨɜɢɯ ɩɪɨɰɟɫɿɜ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɚɠɤɢɯ ɱɚɫɬɢɧɨɤ (ɚɬɨɦɿɜ, ɿɨɧɿɜ, ɦɨɥɟɤɭɥ) ɫɤɥɚɞɚє 1500 Ʉ – 5000 Ʉ 

ɿ ɡɚɥɟɠɢɬь ɜɿɞ ɝɚɡɨɞɢɧɚɦɿɤɢ ɪɨɡɪɹɞɭ [25, 29].  

ɍ ɫɬɚɬɿ [18] ɩɨɤɚɡɚɧɨ, ɳɨ ɨɩɬɢɦɚɥьɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɪɟɡɭɥьɬɚɬɿ 

ɩɪɹɦɨɝɨ ɨɤɢɫɥɟɧɧɹ ɚɡɨɬɭ ɤɢɫɧɟɦ ɩɨɜɿɬɪɹ ɜ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝɧɭɬɚ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ ɛɥɢɡьɤɨ 3600 Ʉ ɿ ɬɢɫɤɭ 1 ɛɚɪ. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɜ ȼɑ ɩɥɚɡɦɨɬɪɨɧɿ ɡ ɩɨɬɭɠɧɿɫɬɸ ɩɥɚɡɦɢ 30 ɤȼɬ ɿ 

ɲɜɢɞɤɿɫɬɸ ɩɨɬɨɤɭ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ 60 ɥ/ɯɜ [31] ɜɤɚɡɭє ɧɚ ɞɿɚɩɚɡɨɧ 

ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɜɡɞɨɜɠ ɪɚɞɿɭɫɭ ɜɢɯɿɞɧɨɝɨ ɡɪɿɡɭ ɩɥɚɡɦɨɬɪɨɧɚ ɜɿɞ 3000 Ʉ ɞɨ 7000 Ʉ. 

ɉɥɚɡɦɨɜɚ ȼɑІ ɫɢɫɬɟɦɚ APT-100 ɤɨɦɩɚɧɿʀ Applied Plasma Technologies Corp 

ɞɨɡɜɨɥɹє ɪɟɝɭɥɸɜɚɬɢ ɩɨɬɭɠɧɿɫɬь ɭ ɩɥɚɡɦɿ ɞɨ 40 ɤȼɬ ɿ ɫɟɪɟɞɧɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 

ɜɢɯɿɞɧɨɦɭ ɡɪɿɡɿ ɩɥɚɡɦɨɬɪɨɧɚ ɞɨ 6000 °C [19]. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɥɚɡɦɨɜɿ ȼɑІ ɬɚ ɇȼɑ ɫɢɫɬɟɦɢ ɞɨɡɜɨɥɹɸɬь ɞɨɫɹɝɬɢ ɧɟɨɛɯɿɞɧɨɝɨ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɿɚɩɚɡɨɧɭ ɞɥɹ ɨɩɬɢɦɚɥьɧɨɝɨ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ. 

ɉɪɨɜɟɞɟɧɧɹ ɩɥɚɡɦɨɯɿɦɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɤɢɫɧɟɧɧɹ ɚɡɨɬɭ 

ɜ ɨɩɬɢɦɚɥьɧɢɯ ɭɦɨɜɚɯ ɬɚ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɟɨɛɯɿɞɧɨɝɨ ɡɚɝɚɪɬɭɜɚɧɧɹ – ɰɟ ɝɨɥɨɜɧɿ ɭɦɨɜɢ 

ɞɨɫɹɝɧɟɧɧɹ ɦɚɤɫɢɦɚɥьɧɨɝɨ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɓɨ ɠ ɞɨ ɩɪɚɤɬɢɱɧɢɯ ɡɧɚɱɟɧь, ɬɨ 

ɭ ɬɚɛɥɢɰɿ 2.1 ɧɚɜɟɞɟɧɨ ɨɫɧɨɜɧɿ ɩɥɚɡɦɨɜɿ ɫɢɫɬɟɦɢ, ɜɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ 

ɬɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɧɚ ɩɿɞɫɬɚɜɿ ɚɧɚɥɿɡɭ ɫɭɱɚɫɧɨɝɨ ɫɬɚɧɭ ɦɟɬɨɞɿɜ ɨɬɪɢɦɚɧɧɹ 

NOX, ɝɥɚɜɚ 1. 
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Ɂ ɧɚɜɟɞɟɧɢɯ ɞɚɧɢɯ ɬɚɛɥɢɰɿ 2.1 ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɩɟɪɟɜɚɝɭ ȼɑІ ɧɚɞ ɿɧɲɢɦɢ 

ɜɢɞɚɦɢ ɩɥɚɡɦɨɜɢɯ ɫɢɫɬɟɦ. ɇɟɨɛɯɿɞɧɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɜɢɯɿɞ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

ɡɛɿɥьɲɭєɬьɫɹ ɭ ɫɬɿɥьɤɢ ɠ ɪɚɡɿɜ, ɭ ɫɤɿɥьɤɢ ɡɛɿɥьɲɭєɬьɫɹ ɜɢɬɪɚɬɚ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɿɧɲɢɦɢ ɞɠɟɪɟɥɚɦɢ ɩɥɚɡɦɢ, ɡɚ ɭɦɨɜɢ 

ɪɿɜɧɨɫɬɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɐɟ ɦɚє ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ ɞɥɹ ɩɪɨɦɢɫɥɨɜɢɯ 

ɡɚɫɬɨɫɭɜɚɧь, ɞɟ ɨɞɧɢɦ ɡ ɨɫɧɨɜɧɢɯ ɤɪɢɬɟɪɿʀɜ ɩɪɢ ɩɪɢɣɧɹɬɬɿ ɪɿɲɟɧɧɹ ɳɨɞɨ 

ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɨɜɨʀ ɬɟɯɧɨɥɨɝɿʀ є ɜɢɯɿɞ ɰɿɥьɨɜɨɝɨ ɩɪɨɞɭɤɬɭ. 

Ɍɚɛɥɢɰɹ 2.1 

ɉɥɚɡɦɨɜɿ ɫɢɫɬɟɦɢ ɬɚ ʀɯ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX 

ɋɢɫɬɟɦɚ NOX, ɨɛ. % G ɩɨɜɿɬɪɹ, ɥ/ɦɿɧ 

Ʉɨɚɤɫɿɚɥьɧɢɣ ɩɥɚɡɦɨɬɪɨɧ ɧɢɡьɤɨɝɨ ɫɬɪɭɦɭ [11] 0,1 – 0,4 10 – 75 

Ɋɟɚɤɬɨɪ ɡɿ ɤɨɜɡɧɨɸ ɞɭɝɨɸ [15] 1 1 

ȼɑ ɪɨɡɪɹɞɢ Ʌɚ Ɋɨɲɚ [9] 2 - 

ɇȼɑ ɩɥɚɡɦɨɜɚ ɫɢɫɬɟɦɚ [32] 0,45 6 

ȼɑІ ɩɥɚɡɦɨɜɚ ɫɢɫɬɟɦɚ APT-100 3,8 – 5  250 – 100 

 

2.6 ȿɧɟɪɝɟɬɢɱɧɿ ɜɢɬɪɚɬɢ ɧɚ ɭɬɜɨɪɟɧɧя ɦɨɥɟɤɭɥɢ NOX 

ȿɧɟɪɝɟɬɢɱɧɿ ɜɢɬɪɚɬɢ ɧɚ ɭɬɜɨɪɟɧɧɹ ɨɞɧɿєʀ ɦɨɥɟɤɭɥɢ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɦɨɠɭɬь ɛɭɬɢ 

ɜɢɡɧɚɱɟɧɿ ɹɤ [11]: 

 η =  Q×୑ొోx×ρairρair×ωొోx×Gair × NA    (2.5) 

 

ɞɟ Q – ɩɢɬɨɦɚ ɟɧɟɪɝɿɹ ɱɟɪɟɡ ɩɥɚɡɦɨɬɪɨɧ ɟȼ, M୒୓x – ɦɨɥɹɪɧɚ ɦɚɫɚ NOX ɤɝ/ɦɨɥь, ρair – ɳɿɥьɧɿɫɬь ɩɨɜɿɬɪɹ ɤɝ/ɦ3, ω୒୓x – ɦɚɫɨɜɚ ɞɨɥɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ, Gair – ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ 

ɱɟɪɟɡ ɩɥɚɡɦɨɬɪɨɧ ɤɝ/ɫ, NA – ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ ɦɨɥь-1. 

 

Ɉɞɢɧ ɿɡ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ ɜɢɡɧɚɱɚє ɟɧɟɪɝɟɬɢɱɧɭ ɜɚɪɬɿɫɬь ɦɨɥɟɤɭɥɢ – ɰɟ 

ɩɢɬɨɦɚ ɟɧɟɪɝɿɹ, ɹɤɚ ɜɜɨɞɢɬьɫɹ ɜ ɨɞɢɧɢɰɸ ɦɚɫɢ ɝɚɡɭ, ɳɨ ɩɪɨɣɲɥɚ ɱɟɪɟɡ ɫɨɩɥɨ 
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ɩɥɚɡɦɨɬɪɨɧɚ. ɉɢɬɨɦɿ ɟɧɟɪɝɨɜɢɬɪɚɬɢ ɭɬɜɨɪɟɧɧɹ ɦɨɥɟɤɭɥɢ NO ɫɤɥɚɥɢ ɜɿɞ 50 ɞɨ 30 ɟȼ, 

ɭɬɜɨɪɟɧɧɹ ɦɨɥɟɤɭɥɢ NOX ɩɨɬɪɟɛɭɜɚɥɨ ɛɥɢɡьɤɨ 40 ɟȼ. Ɂɚɜɞɹɤɢ ɬɚɤɢɦ ɡɧɚɱɟɧɧɹɦ 

ɨɬɪɢɦɚɧɨ ɧɚɞɡɜɢɱɚɣɧɨ ɧɢɡьɤɭ ɜɚɪɬɿɫɬь ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɥɟɤɭɥɢ NO [11]. Ɂɚɡɧɚɱɟɧɢɣ 

ɜɢɫɧɨɜɨɤ ɩɿɞɬɜɟɪɞɠɭє ɫɬɚɬɬɹ [33], ɞɟ ɧɚɜɟɞɟɧɨ ɨɝɥɹɞ ɩɥɚɡɦɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɮɿɤɫɚɰɿʀ 

ɚɡɨɬɭ. 

ɍ ɡɜ'ɹɡɤɭ ɡ ɜɢɳɟɡɤɚɡɚɧɢɦ, ɭ ɹɤɨɫɬɿ ɡɚɡɧɚɱɟɧɨɝɨ ɤɪɢɬɟɪɿɸ ɛɭɥɨ ɨɛɪɚɧɨ ɡɧɚɱɟɧɧɹ 

50 ɟȼ/ɦɨɥɟɤɭɥɭ NOX. 

Ɂɚ ɪɟɡɭɥьɬɚɬɚɦɢ ɜɢɩɪɨɛɭɜɚɧь 29 ɬɪɚɜɧɹ 2019 ɪɨɤɭ ȼɑІ ɫɢɫɬɟɦɢ APT-100-5 ɛɭɥɨ 

ɩɪɨɜɟɞɟɧɨ ɜɿɞɩɨɜɿɞɧɿ ɪɨɡɪɚɯɭɧɤɢ [19]. ɉɪɢ ɦɚɫɨɜɿɣ ɱɚɫɬɰɿ NOX 5,86 % ɬɚ ɜɢɬɪɚɬɿ 

ɩɥɚɡɦɨɜɨɝɨ ɩɨɜɿɬɪɹ 3 ɝ/ɫ, ɩɨɬɭɠɧɨɫɬɿ ɜ ɩɥɚɡɦɿ 25 ɤȼɬ ɟɧɟɪɝɟɬɢɱɧɿ ɜɢɬɪɚɬɢ ɧɚ 

ɜɢɪɨɛɧɢɰɬɜɨ ɦɨɥɟɤɭɥɢ NOX ɫɤɥɚɥɢ 50 ɟȼ, ɚɛɨ 142 ɤȼɬ/ɝ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. ɐɟ ɡɚɞɨɜɨɥьɧɹє 

ɭɦɨɜɚɦ ɞɚɧɨɝɨ ɤɪɢɬɟɪɿɹ.  

 

2.7 ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 2 

Ɍɚɤɢɦ ɱɢɧɨɦ ɧɚ ɫьɨɝɨɞɧɿɲɧɿɣ ɱɚɫ ɡɚɜɞɹɤɢ: 

 ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚɜɤɨɥɢɲɧьɨɝɨ ɩɨɜɿɬɪɹ ɭ ɹɤɨɫɬɿ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ, ɳɨ ɧɟ ɩɨɬɪɟɛɭє ɞɨɞɚɬɤɨɜɢɯ ɜɢɬɪɚɬ ɧɚ ɜɢɪɨɛɧɢɰɬɜɨ ɬɚ 

ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ, 

 ɜɿɞɫɭɬɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɬɚ ɟɥɟɤɬɪɢɱɧɨɝɨ ɤɨɧɬɚɤɬɿɜ ɡ ɟɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɿʀ 

ɪɨɡɪɹɞɧɨʀ ɤɚɦɟɪɢ (ɩɥɚɡɦɨɬɪɨɧɭ), ɚ ɬɨɦɭ ɿ ɱɢɫɬɨʀ ɛɟɡɟɥɟɤɬɪɨɞɧɨʀ ɩɥɚɡɦɢ ɬɚ ɱɚɫɭ 

ɛɟɡɩɟɪɟɪɜɧɨʀ ɪɨɛɨɬɢ ɩɨɧɚɞ 1000 ɝɨɞɢɧ, 

 ɞɿɚɩɚɡɨɧɭ ɪɨɛɨɱɨɝɨ ɬɢɫɤɭ ɜɿɞ 0,1 Ɇɉɚ ɞɨ 0,5 Ɇɉɚ, ɚ ɬɨɦɭ ɿ ɧɚɹɜɧɨɦɭ 

ɩɨɬɟɧɰɿɚɥɭ ɞɥɹ ɩɨɞɚɥьɲɨɝɨ ɡɛɿɥьɲɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ ɬɚ ɦɨɠɥɢɜɨɫɬɿ 

ɭɡɝɨɞɠɟɧɧɹ ɩɥɚɡɦɨɬɪɨɧɭ ɡ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɩɪɨɰɟɫɨɦ, 

 ɪɿɜɧɨɜɚɠɧɿɣ ɚɛɨ ɬɟɪɦɿɱɧɿɣ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ, ɡɚɛɟɡɩɟɱɟɧɧɸ ɩɪɨɜɟɞɟɧɧɹ 

ɩɥɚɡɦɨɯɿɦɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɤɢɫɧɟɧɧɹ ɚɡɨɬɭ ɜ ɨɩɬɢɦɚɥьɧɢɯ 

ɭɦɨɜɚɯ, ɚ ɬɨɦɭ ɿ ɦɨɠɥɢɜɨɫɬɿ ɞɨɫɹɝɧɟɧɧɹ ɨɛ’єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɛɿɥьɲ 

ɧɿɠ 4%, 
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 ɧɟɜɟɥɢɤɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɜɢɬɪɚɬ ɧɚ ɭɬɜɨɪɟɧɧɹ ɨɞɧɿєʀ ɦɨɥɟɤɭɥɢ NOX, (ɧɟ 

ɛɿɥьɲɟ 50 ɟȼ, ɚɛɨ 150 ɤȼɬ/ɝ), 

 ɦɨɠɥɢɜɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ, 

 ɤɟɪɨɜɚɧɨɫɬɿ ɬɚ ɬɟɯɧɿɱɧɿɣ ɪɟɚɥɿɡɚɰɿʀ ɩɟɪɫɩɟɤɬɢɜɧɨʀ ɬɟɯɧɨɥɨɝɿʀ, 

 ɦɚɫɲɬɚɛɨɜɚɧɨɫɬɿ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ ɡɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɬɚ ɩɨɬɭɠɧɿɫɬɸ 

ɬɿɥьɤɢ ȼɑІ ɩɥɚɡɦɨɜɿ ɭɫɬɚɧɨɜɤɢ, ɩɨɪɿɜɧɹɧɨ ɡ ɿɧɲɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɨɞɟɪɠɚɧɧɹ ɩɥɚɡɦɢ, 

ɧɚɣɤɪɚɳɟ ɜɿɞɩɨɜɿɞɚɸɬь ɫɭɤɭɩɧɨɫɬɿ ɨɛɪɚɧɢɯ ɤɪɢɬɟɪɿʀɜ ɨɰɿɧɸɜɚɧɧɹ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɿ 

ɬɟɯɧɨɥɨɝɿʀ ɫɢɧɬɟɡɭ NOX. 
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ɊɈЗȾІɅ 3 

ɊɈɁɊɈȻɄȺ ȿɄɋɉȿɊɂɆȿɇɌȺɅЬɇɈȲ ɍɋɌȺɇɈȼɄɂ ɌȺ ɆȿɌɈȾȱȼ 
ȾɈɋɅȱȾɀȿɇə ɍɌȼɈɊȿɇɇə ɈɄɋɂȾȱȼ ȺɁɈɌɍ ȼ ȼЧȱ ɉɅȺɁɆȱ 

 

Ⱦɥɹ ɜɿɞɩɪɚɰɸɜɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɨɤɫɢɞɿɜ ɚɡɨɬɭ, ɡɚ ɞɨɩɨɦɨɝɨɸ ȼɑ 

ɿɧɞɭɤɬɢɜɧɨ ɡɜ'ɹɡɚɧɨʀ ɩɥɚɡɦɢ, ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɭ ɭɫɬɚɧɨɜɤɭ, ɹɤɚ 

ɫɤɥɚɞɚɥɚɫь ɡ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ, ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ ɬɚ ɞɨɩɨɦɿɠɧɢɯ ɫɢɫɬɟɦ 

ɜɨɞɹɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ, ɩɨɞɚɱɿ ɝɚɡɭ, ɜɿɞɛɨɪɭ ɩɪɨɛ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX 

ɜɢɯɥɨɩɧɢɯ ɝɚɡɿɜ, ɚɜɬɨɦɚɬɢɱɧɭ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɿɧɧɹ. 

ɍ ɡɜ'ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɜɢɯɿɞ NOX ɡɚɥɟɠɢɬь ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ, ɛɭɥɨ 

ɩɪɢɣɧɹɬɨ ɪɿɲɟɧɧɹ ɩɪɨɜɨɞɢɬɢ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɪɿɡɧɢɦɢ 

ɲɥɹɯɚɦɢ: 

 ȼɢɦɿɪɸɜɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɜɿɬɥɨɜɨɝɨ ɫɜɿɱɟɧɧɹ ɮɚɤɟɥɚ ɭ ɜɢɯɿɞɧɨɦɭ 

ɫɨɩɥɿ ɩɥɚɡɦɨɬɪɨɧɚ ɨɩɬɢɱɧɢɦ ɫɩɟɤɬɪɨɦɟɬɪɨɦ. 

 ȼɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɝɚɡɨɜɢɦ ɚɧɚɥɿɡɚɬɨɪɨɦ ɡɚ ɭɦɨɜɢ ɜɿɞɛɨɪɭ 

ɩɪɨɛɢ ɡ ɜɢɯɿɞɧɨɝɨ ɫɨɩɥɚ ɩɥɚɡɦɨɬɪɨɧɚ ɡ ɩɨɞɚɥьɲɢɦ ɡɚɝɚɪɬɭɜɚɧɧɹɦ ɭ ɝɚɪɬɭɜɚɥьɧɨɦɭ 

ɩɪɢɫɬɪɨʀ. 

 ȼɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɝɚɡɨɜɢɦ ɚɧɚɥɿɡɚɬɨɪɨɦ ɜ ɫɢɫɬɟɦɿ 

ɪɨɡɜɟɞɟɧɧɹ ɡɚ ɭɦɨɜɢ ɜɿɞɛɨɪɭ ɩɪɨɛɢ ɧɚ ɜɢɯɨɞɿ ɿɡ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. 

 ȼɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɿɧɮɪɚɱɟɪɜɨɧɢɦ Ɏɭɪ'є ɫɩɟɤɬɪɨɦɟɬɪɨɦ ɡɚ 

ɭɦɨɜɢ ɜɿɞɛɨɪɭ ɩɪɨɛɢ ɧɚ ɜɢɯɨɞɿ ɿɡ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. 

Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɡɚɡɧɚɱɟɧɨɝɨ ɪɿɲɟɧɧɹ ɛɭɥɢ ɫɩɟɰɿɚɥьɧɨ ɪɨɡɪɨɛɥɟɧɿ ɝɚɪɬɭɜɚɥьɧɢɣ 

ɪɟɚɤɬɨɪ ɬɚ ɝɚɪɬɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ. ɍ ɩɟɪɲɨɦɭ ɜɚɪɿɚɧɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɨɫɹ 

ɬɿɥьɤɢ ɡɚ ɪɚɯɭɧɨɤ ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɫɬɿɧɨɤ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. ɍ ɞɪɭɝɨɦɭ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɥɢ ɲɥɹɯɨɦ ɡɦɿɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɡ 

ɩɨɜɿɬɪɹɦ, ɭ ɬɪɟɬьɨɦɭ – ɡɦɿɲɭɜɚɧɧɹɦ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ ɝɚɡɚɦɢ, ɬɨɛɬɨ ɡɚ 

ɪɚɯɭɧɨɤ ɪɟɰɢɪɤɭɥɹɰɿʀ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ. 
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ɇɚ ɪɢɫ. 3.1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɥɨɤ-ɫɯɟɦɭ, ɚ ɧɚ ɪɢɫ. 3.2 - ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ NOX ɡɚ ɞɨɩɨɦɨɝɨɸ ȼɑ ɿɧɞɭɤɰɿɣɧɨʀ 

ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ, ɮɿɤɫɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɝɚɪɬɭɜɚɥьɧɨɦɭ ɪɟɚɤɬɨɪɿ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ 

ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ. 

 

Ɋɢɫ. 3.1 – Ȼɥɨɤ-ɫɯɟɦɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ NOX: 

1 – Ɇɨɞɭɥь ɠɢɜɥɟɧɧɹ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ, 2 – ɭɡɝɨɞɠɭɜɚɥьɧɢɣ ɦɨɞɭɥь ɡ 

ɩɥɚɡɦɨɬɪɨɧɨɦ, 3 – ɝɚɪɬɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ, 4 – ɝɚɪɬɭɜɚɥьɧɢɣ ɪɟɚɤɬɨɪ, 5- ɨɩɬɢɱɧɢɣ 

ɫɩɟɤɬɪɨɦɟɬɪ Avantes BV, 6 – ɫɢɫɬɟɦɚ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɡ ɚɧɚɥɿɡɚɬɨɪɨɦ 

Testo 350-XL, 7 – ɿɧɮɪɚɱɟɪɜɨɧɢɣ Ɏɭɪ'є ɫɩɟɤɬɪɨɦɟɬɪ iS50 Nicolet 

 

 

 

 

 

 

 

Ɋɢɫ. 3.2 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ NOX: 

ɥɿɜɨɪɭɱ – ɦɨɞɭɥь ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɬɚ ȼɑ ɦɨɞɭɥь, ɭ ɰɟɧɬɪɿ ɩɭɥьɬ ɞɢɫɬɚɧɰɿɣɧɨɝɨ 

ɤɟɪɭɜɚɧɧɹ, ɩɪɚɜɨɪɭɱ – ɭɡɝɨɞɠɭɜɚɥьɧɢɣ ɦɨɞɭɥь ɡ ɩɥɚɡɦɨɬɪɨɧɨɦ ɬɚ 

ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɦ ɝɚɪɬɭɜɚɥьɧɢɦ ɪɟɚɤɬɨɪɨɦ 

ɉɥɚɡɦɨɜɢɣ ɝɚɡ: 
Ⱥɪɝɨɧ, ɉɨɜɿɬɪɹ 

Ʉɨɚɤɫɿɚɥьɧɢɣ 
ɤɚɛɟɥь Ɉɩɬɢɱɧɢɣ 

ɤɚɛɟɥь 

NOX 

5 1 

3 

6 

4 

2 

7 

Ɉɯɨɥɨɞɠɭɸɱɢɣ ɝɚɡ: 
ɉɨɜɿɬɪɹ, Ɋɟɰɢɪɤɭɥɹɰɿɹ 
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3.1 ȼЧȱ ɩɥɚɡɦɨɜɚ ɫɢɫɬɟɦɚ APT-100 

ɍ ɹɤɨɫɬɿ ɫɢɫɬɟɦɢ ɝɟɧɟɪɚɰɿʀ ɩɥɚɡɦɢ ɡɚɫɬɨɫɨɜɚɧɨ ɩɥɚɡɦɨɜɭ ɫɢɫɬɟɦɭ APT-100 ɡ 

ɩɥɚɡɦɨɬɪɨɧɨɦ ɜɟɥɢɤɨʀ ɜɢɬɪɚɬɢ ɬɚ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɝɚɡɭ, ɦɨɞɢɮɿɤɨɜɚɧɭ ɞɥɹ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɚɜɤɨɥɢɲɧьɨɝɨ ɩɨɜɿɬɪɹ ɹɤ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ ɞɥɹ ɨɬɪɢɦɚɧɧɹ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ. 

APT-100 є ȼɑ ɩɥɚɡɦɨɜɨɸ ɫɢɫɬɟɦɨɸ 2-ɝɨ ɩɨɤɨɥɿɧɧɹ ɿ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɝɟɧɟɪɚɰɿʀ 

ȼɑ ɿɧɞɭɤɬɢɜɧɨʀ ɩɥɚɡɦɢ, ɿɡ ɪɟɝɭɥьɨɜɚɧɨɸ ɩɨɬɭɠɧɿɫɬɸ ɞɨ 50 ɤȼɬ ɭ ɩɥɚɡɦɨɜɨɦɭ 

ɫɬɪɭɦɟɧɿ. ɉɥɚɡɦɨɜɚ ɫɢɫɬɟɦɚ ɪɨɡɪɨɛɥɟɧɚ ɹɤ ɞɥɹ ɞɨɫɥɿɞɧɢɰьɤɢɯ ɰɿɥɟɣ, ɬɚɤ ɿ ɞɨɫɥɿɞɧɨ-

ɩɪɨɦɢɫɥɨɜɨʀ ɟɤɫɩɥɭɚɬɚɰɿʀ ɡ ɦɨɠɥɢɜɿɫɬɸ ɬɪɢɜɚɥɨʀ (ɬɢɫɹɱɿ ɝɨɞɢɧ) ɛɟɡɩɟɪɟɪɜɧɨʀ ɪɨɛɨɬɢ 

ɧɚ ɪɿɡɧɢɯ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɯ ɝɚɡɚɯ, ɡɨɤɪɟɦɚ Ar, ɩɨɜɿɬɪɿ, N2, ɡɛɚɝɚɱɟɧɨɦɭ ɤɢɫɧɟɦ 

ɩɨɜɿɬɪɿ, ɫɭɦɿɲɿ Ar + O2, Ar + N2 ɬɚ ɿɧɲɢɯ ɿɡ ɬɢɫɤɨɦ ɧɚ ɜɢɯɨɞɿ ɡ ɩɥɚɡɦɨɬɪɨɧɭ ɜɿɞ 

ɞɟɤɿɥьɤɨɯ Ɍɨɪɪ ɞɨ 7 ɛɚɪ [19]. 

ɋɤɥɚɞ APT-100 ɫɢɫɬɟɦɢ:  

 ɦɨɞɭɥь ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ;  

 ȼɑ ɦɨɞɭɥь; 

 ɤɨɚɤɫɿɚɥьɧɢɣ ɤɚɛɟɥь ɩɟɪɟɞɚɱɿ ȼɑ ɧɚɩɪɭɝɢ; 

 ɭɡɝɨɞɠɭɸɱɢɣ ɦɨɞɭɥь ɡ ɩɥɚɡɦɨɬɪɨɧɨɦ. 

З ɜɢɤɨɪɢɫɬɚɧɧɹɦ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ ɞɥɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ 

ɛɭɥɨ ɡɞɿɣɫɧɟɧɨ: 

 Ɋɨɡɪɨɛɤɭ ɬɚ ɜɩɪɨɜɚɞɠɟɧɧɹ ɫɭɱɚɫɧɨʀ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɧɚ 

ɛɚɡɿ ɩɪɨɝɪɚɦɨɜɚɧɨɝɨ ɥɨɝɿɱɧɨɝɨ ɤɨɧɬɪɨɥɟɪɚ ɬɚ ɫɢɫɬɟɦɢ ɜɿɡɭɚɥɿɡɚɰɿʀ ɥɸɞɢɧɨ-

ɦɚɲɢɧɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɮɿɪɦɢ Siemens. 

 Ɋɨɡɪɨɛɤɭ, ɜɩɪɨɜɚɞɠɟɧɧɹ ɬɚ ɧɚɥɚɝɨɞɠɟɧɧɹ ɩɪɨɝɪɚɦɧɨ-ɚɥɝɨɪɢɬɦɿɱɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ, ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɭɩɪɚɜɥɿɧɧɹ ɬɚ ɪɟɝɭɥɸɜɚɧɧɹ. 

 Ⱦɥɹ ɡɪɭɱɧɨɫɬɿ ɬɚ ɛɟɡɩɟɤɢ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɪɨɛɿɬ ɪɟɚɥɿɡɨɜɚɧɨ 

ɦɨɠɥɢɜɿɫɬь ɜɿɞɞɚɥɟɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɭɫɬɚɧɨɜɤɨɸ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɨɛɿɥьɧɨɝɨ 

ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɩɭɥьɬɚ ɤɟɪɭɜɚɧɧɹ (ɞɢɜ. ɪɢɫ. 3.2). 
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 Ɋɨɡɪɨɛɤɭ ɬɚ ɜɩɪɨɜɚɞɠɟɧɧɹ ɤɨɦɩɥɟɤɫɭ ɚɜɚɪɿɣɧɢɯ ɡɚɯɢɫɬɿɜ ɬɚ 

ɩɨɩɟɪɟɞɠɭɜɚɥьɧɢɯ ɫɢɝɧɚɥɿɡɚɰɿɣ ɩɪɨ ɞɨɫɹɝɧɟɧɧɹ ɤɪɢɬɢɱɧɢɯ ɪɿɜɧɿɜ ɩɚɪɚɦɟɬɪɿɜ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɭɫɬɚɧɨɜɤɢ ɬɚ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ. 

 Ɋɨɡɪɨɛɤɭ ɬɚ ɜɩɪɨɜɚɞɠɟɧɧɹ ɩɪɨɝɪɚɦɧɨ-ɚɩɚɪɚɬɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ 

ɪɟɝɭɥɸɜɚɧɧɹ ɧɚɩɪɭɝɨɸ ɬɟɪɦɨɟɥɟɤɬɪɨɧɧɨɝɨ ɤɚɬɨɞɚ, ɹɤ ɨɞɧɨɝɨ ɡ ɤɥɸɱɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ, 

ɳɨ ɜɩɥɢɜɚɸɬь ɧɚ ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚ ɪɟɫɭɪɫ ɪɨɛɨɬɢ ɟɥɟɤɬɪɨɧɧɨʀ 

ɥɚɦɩɢ. 

 Ɋɨɡɪɨɛɤɭ ɬɚ ɜɩɪɨɜɚɞɠɟɧɧɹ ɩɪɨɝɪɚɦɧɨ-ɚɩɚɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɞɥɹ 

ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɬɚ ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɬɪɚɬɨɸ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ. 

ɐɿ ɪɨɡɪɨɛɤɢ ɞɨɡɜɨɥɢɥɢ ɡɚɛɟɡɩɟɱɢɬɢ ɜɢɛɿɪ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɬɚ ɪɟɠɢɦɭ ɭɩɪɚɜɥɿɧɧɹ 

ɩɥɚɡɦɨɜɨɸ ɫɢɫɬɟɦɨɸ, ɚɜɬɨɦɚɬɢɱɧɢɣ ɡɚɩɭɫɤ, ɚɜɬɨɦɚɬɢɱɧɭ ɩɿɞɬɪɢɦɤɭ ɚɧɨɞɧɨʀ ɧɚɩɪɭɝɢ 

ɬɚ ɧɚɩɪɭɝɢ ɜ ɥɚɧɰɸɡɿ ɧɚɤɚɥɭ ɤɚɬɨɞɚ ɟɥɟɤɬɪɨɧɧɨʀ ɥɚɦɩɢ. Ⱥɜɬɨɦɚɬɢɱɧɟ ɪɟɝɭɥɸɜɚɧɧɹ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɦ ɝɚɡɨɦ ɞɨɡɜɨɥɢɥɨ ɡɞɿɣɫɧɢɬɢ ɿɧɿɰɿɸɜɚɧɧɹ ɩɥɚɡɦɢ, ɛɟɡɩɟɪɟɪɜɧɢɣ 

ɩɟɪɟɯɿɞ ɡ ɩɭɫɤɨɜɨɝɨ ɝɚɡɭ ɚɪɝɨɧɭ ɧɚ ɩɨɜɿɬɪɹ, ɩɥɚɡɦɨɜɭ ɫɬɚɛɿɥɿɡɚɰɿɸ (ɩɿɞɬɪɢɦɤɭ ɜɢɬɪɚɬɢ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɝɚɡɭ ɹɤ ɮɭɧɤɰɿʀ ɜɿɞ ɚɧɨɞɧɨʀ ɧɚɩɪɭɝɢ). ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɧɨɝɨ 

ɭɩɪɚɜɥɿɧɧɹ ɡɚɛɟɡɩɟɱɭɜɚɥɚ ɜɿɡɭɚɥɿɡɚɰɿɸ ɩɪɨɰɟɫɭ ɬɚ ɚɪɯɿɜɭɜɚɧɧɹ ɜɫɿɯ ɪɨɛɨɱɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɿ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ, ɪɨɡɪɚɯɭɧɨɤ ɬɟɩɥɨɜɢɯ ɜɬɪɚɬ ɭ 

ɤɨɧɬɭɪɚɯ ɨɯɨɥɨɞɠɟɧɧɹ ɬɚ ɪɨɡɪɚɯɭɧɨɤ ɪɟɚɥьɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɜ ɩɥɚɡɦɨɜɨɦɭ ɮɚɤɟɥɿ, 

ɚɜɚɪɿɣɧɨ-ɩɨɩɟɪɟɞɠɭɜɚɥьɧɭ ɫɢɝɧɚɥɿɡɚɰɿɸ ɬɚ ɚɜɬɨɦɚɬɢɱɧɢɣ ɡɚɩɭɫɤ ɚɥɝɨɪɢɬɦɿɜ 

ɛɟɡɩɟɱɧɨɝɨ ɜɿɞɤɥɸɱɟɧɧɹ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɜɢɯɨɞɿ ɤɨɧɬɪɨɥьɨɜɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɡɚ ɦɟɠɿ 

ɞɨɩɭɫɬɢɦɢɯ ɡɧɚɱɟɧь. 

Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɬɚ ȼɑ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ 

ɪɢɫ. 3.3. Ɇɨɞɭɥь ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɩɿɞɤɥɸɱɚєɬьɫɹ ɞɨ 3-ɯ ɮɚɡɧɨʀ ɦɟɪɟɠɟɜɨʀ ɧɚɩɪɭɝɢ 

380 ȼ, 50 Ƚɰ ɚɛɨ 480 ȼ, 60 Ƚɰ. ȼɑ ɦɨɞɭɥь ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɚɛɟɥьɧɢɯ ɥɿɧɿɣ ɨɬɪɢɦɭє ɜɿɞ 

ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɜɢɩɪɹɦɥɟɧɭ ɜɢɫɨɤɨɜɨɥьɬɧɭ ɧɚɩɪɭɝɭ, ɤɨɦɚɧɞɢ ɤɟɪɭɜɚɧɧɹ 

ɜɢɤɨɧɚɜɱɢɦɢ ɦɟɯɚɧɿɡɦɚɦɢ, ɜɿɞɩɪɚɜɥɹє ɞɨ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɿɧɮɨɪɦɚɰɿɣɧɿ 

ɫɢɝɧɚɥɢ ɿɡ ɞɚɬɱɢɤɿɜ ɬɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɨɚɤɫɿɚɥьɧɨɝɨ ɤɚɛɟɥɸ ɩɟɪɟɞɚɱɿ ȼɑ ɧɚɩɪɭɝɢ 

ɩɿɞɤɥɸɱɚєɬьɫɹ ɞɨ ɭɡɝɨɞɠɭɸɱɨɝɨ ɦɨɞɭɥɹ ɡ ɩɥɚɡɦɨɬɪɨɧɨɦ. 
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Ɋɢɫ. 3.3 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ (ɩɪɚɜɨɪɭɱ) ɬɚ ȼɑ 

ɦɨɞɭɥɹ (ɥɿɜɨɪɭɱ) 

 

Ɇɨɞɭɥь ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ 

Ɇɨɞɭɥь ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ є ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɨɸ ɲɚɮɨɸ ɪɨɡɦɿɪɚɦɢ 762 ɦɦ x 

1067 ɦɦ x 1524 ɦɦ ɿ ɦɚɫɨɸ 910 ɤɝ. ɍɫɟɪɟɞɢɧɿ ɲɚɮɢ ɧɚ ɩɚɧɟɥɹɯ ɪɨɡɦɿɳɟɧɨ ɩɪɢɥɚɞɢ 

Ʉȼɉ, ɿɦɩɭɥьɫɧɿ ɛɥɨɤɢ ɠɢɜɥɟɧɧɹ, ɫɢɥɨɜɿ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɿ ɩɪɢɥɚɞɢ, ɫɢɫɬɟɦɭ 

ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɧɚ ɛɚɡɿ ɫɭɱɚɫɧɨɝɨ ɩɪɨɝɪɚɦɨɜɚɧɨɝɨ ɥɨɝɿɱɧɨɝɨ ɤɨɧɬɪɨɥɟɪɚ. 

ɇɚ ɞɜɟɪɰɹɯ ɪɨɡɦɿɳɟɧɨ ɩɪɢɫɬɪɨʀ ɭɩɪɚɜɥɿɧɧɹ ɬɚ ɜɥɚɲɬɭɜɚɧɧɹ ɥɸɞɢɧɨ-ɦɚɲɢɧɧɨɝɨ 

ɿɧɬɟɪɮɟɣɫɭ.  

Ɏɭɧɤɰɿʀ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ: 

 ɉɟɪɟɬɜɨɪɟɧɧɹ 3-ɯ ɮɚɡɧɨʀ ɦɟɪɟɠɟɜɨʀ ɧɚɩɪɭɝɢ 380 ȼ, 50 Ƚɰ ɚɛɨ 480 ȼ, 60 Ƚɰ 

ɧɚ ɩɨɫɬɿɣɧɭ, ɪɟɝɭɥьɨɜɚɧɭ ɜ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 0,5 ɤȼ ɞɨ 12 ɤȼ ɧɚɩɪɭɝɭ, ɧɟɨɛɯɿɞɧɭ ɞɥɹ 

ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹ ɚɧɨɞɧɨɝɨ ɤɨɧɬɭɪɭ ɟɥɟɤɬɪɨɧɧɨʀ ɥɚɦɩɢ ȼɑ ɦɨɞɭɥɹ. 

 Зɚɛɟɡɩɟɱɟɧɧɹ 2-ɯ ɮɚɡɧɢɦ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɦ 380 ȼ, 50 Ƚɰ ɚɛɨ 480 ȼ, 60 Ƚɰ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɥɚɧɰɸɝɚ ɪɨɡɠɚɪɟɧɧɹ ɟɥɟɤɬɪɨɧɧɨʀ ɥɚɦɩɢ ȼɑ ɦɨɞɭɥɹ. 

 Зɚɛɟɡɩɟɱɟɧɧɹ ɨɞɧɨɮɚɡɧɢɦ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɦ 120 ȼ, 50 Ƚɰ ɚɛɨ 60 Ƚɰ 

ɫɢɥɨɜɢɯ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɢɯ ɩɪɢɫɬɪɨʀɜ ɬɚ ɞɨɩɨɦɿɠɧɢɯ ɩɪɢɫɬɪɨʀɜ, ɬɚɤɢɯ ɹɤ ɜɟɧɬɢɥɹɬɨɪɢ 

ɨɯɨɥɨɞɠɟɧɧɹ, ɩɧɟɜɦɚɬɢɱɧɢɣ ɤɥɚɩɚɧ ɫɢɫɬɟɦɢ ɡɚɩɚɥɟɧɧɹ, ɿɦɩɭɥьɫɧɢɯ ɛɥɨɤɿɜ 

ɠɢɜɥɟɧɧɹ 24 ȼ, ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ. 
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 Зɚɛɟɡɩɟɱɟɧɧɹ ɟɥɟɤɬɪɨɠɢɜɥɟɧɧɹɦ 24 ȼ Ʉȼɉ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɬɚ 

ȼɑ ɦɨɞɭɥɹ, ɡɚɩɿɪɧɨ-ɪɟɝɭɥɸɸɱɨʀ ɚɪɦɚɬɭɪɢ ȼɑ ɦɨɞɭɥɹ. 

 Зɛɿɪ ɬɚ ɚɪɯɿɜɭɜɚɧɧɹ ɞɚɧɢɯ Ʉȼɉ, ɤɨɧɬɪɨɥɸ ɬɚ ɜɿɡɭɚɥɿɡɚɰɿʀ ɬɟɯɧɨɥɨɝɿɱɧɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɩɥɚɡɦɨɜɨʀ ɭɫɬɚɧɨɜɤɢ. 

ɇɚ ɪɢɫ. 3.4 ɧɚɜɟɞɟɧɨ ɨɞɧɨɥɿɧɿɣɧɭ ɟɥɟɤɬɪɢɱɧɭ ɫɯɟɦɭ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ, 

ɞɟ S1, S2, S3 – ɰɟ ɚɜɬɨɦɚɬɢɱɧɿ ɜɢɦɢɤɚɱɿ; FL – ɦɟɪɟɠɟɜɢɣ ɮɿɥьɬɪ; CS1, CS2 – ɤɨɧɬɚɤɬɢ 

ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɤɨɧɬɚɤɬɨɪɿɜ; SCR1 – ɬɪɢɮɚɡɧɢɣ ɬɢɪɢɫɬɨɪɧɢɣ ɪɟɝɭɥɹɬɨɪ, SCR2 – 

ɨɞɧɨɮɚɡɧɢɣ ɬɢɪɢɫɬɨɪɧɢɣ ɪɟɝɭɥɹɬɨɪ, TR1.1 – ɬɪɚɧɫɮɨɪɦɚɬɨɪ 380 (480)/2780 ȼ; TR1.2 

- ɬɪɚɧɫɮɨɪɦɚɬɨɪ 380 (480)/4811 ȼ; BD1.1, BD1.2 – ɜɢɩɪɹɦɧɢɣ ɦɿɫɬ; DR1 – ɞɪɨɫɟɥь ɬɚ 

C1 – ɤɨɧɞɟɧɫɚɬɨɪ ɞɥɹ ɡɚɝɥɭɲɟɧɧɹ ɡɦɿɧɧɨʀ ɫɤɥɚɞɨɜɨʀ ɫɬɪɭɦɭ ɬɚ ɡɧɢɠɟɧɧɹ ɩɭɥьɫɚɰɿɣ 

ɜɢɩɪɹɦɥɟɧɨʀ ɧɚɩɪɭɝɢ; TR2 - ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɥɚɫɧɢɯ ɩɨɬɪɟɛ 380 (480)/120 ȼ; DU1 – 

ɞɚɬɱɢɤ ɜɢɦɿɪɭ ɚɧɨɞɧɨʀ ɧɚɩɪɭɝɢ; DU2 – ɞɚɬɱɢɤ ɜɢɦɿɪɭ ɚɧɨɞɧɨɝɨ ɫɬɪɭɦɭ; F – 

ɡɚɩɨɛɿɠɧɢɤɢ; M – ɞɨɩɨɦɿɠɧɿ ɫɩɨɠɢɜɚɱɿ 120 ȼ; A – ɫɢɥɨɜɿ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɿ ɩɪɢɫɬɪɨʀ; 

PS – ɩɟɪɟɬɜɨɪɸɜɚɱɿ ɧɚɩɪɭɝɢ 120 ȼ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ/24 ȼ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ; M1 – 

ɫɩɨɠɢɜɚɱɿ 24 ȼ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ. 

 

Ɋɢɫ. 3.4 – Ɉɞɧɨɥɿɧɿɣɧɚ ɟɥɟɤɬɪɢɱɧɚ ɫɯɟɦɚ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ 
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Ɉɫɧɨɜɧɨɸ ɮɭɧɤɰɿєɸ ɦɨɞɭɥɹ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ є ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɚɩɪɭɝɨɸ 

ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɚɧɨɞɧɨɝɨ ɤɨɧɬɭɪɭ ɟɥɟɤɬɪɨɧɧɨʀ ɥɚɦɩɢ ȼɑ ɦɨɞɭɥɹ. Ɋɟɚɥɿɡɚɰɿɹ ɞɚɧɨʀ 

ɮɭɧɤɰɿʀ ɡɞɿɣɫɧɸєɬьɫɹ ɬɚɤɢɦɢ ɩɪɢɫɬɪɨɹɦɢ ɹɤ: ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɣ ɤɨɧɬɚɤɬɨɪ CS1 ɞɥɹ 

ɭɩɪɚɜɥɿɧɧɹ ɩɨɞɚɱɟɸ ɧɚɩɪɭɝɢ, ɩɿɞɜɢɳɭɸɱɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɢ ɡ ɩɟɪɜɢɧɧɢɦɢ ɨɛɦɨɬɤɚɦɢ 

ɡ'єɞɧɚɧɿ ɜ ɬɪɢɤɭɬɧɢɤ, ɜɬɨɪɢɧɧɢɦɢ ɜ ɡɿɪɤɭ TR1.1 ɿ ɬɪɢɤɭɬɧɢɤ TR1.2, ɜɢɫɨɤɨɜɨɥьɬɧɿ 

ɜɢɩɪɹɦɥɹɱɿ BD1.1 ɿ BD1.2, ɬɪɢɮɚɡɧɢɣ ɪɟɝɭɥɹɬɨɪ SCR1 ɞɥɹ ɪɟɝɭɥɸɜɚɧɧɹ ɧɚɩɪɭɝɢ 

ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ ɜɿɞ 0 ɞɨ 12 ɤȼ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɧɢ ɤɭɬɚ ɡɫɭɜɭ ɿɦɩɭɥьɫɿɜ, ɳɨ 

ɜɿɞɤɪɢɜɚɸɬь ɬɢɪɢɫɬɨɪɢ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɢ TR1.1 ɬɚ TR1.2, ɜɢɩɪɹɦɥɹɱɿ BD1.1 ɬɚ BD1.2 ɭɬɜɨɪɸɸɬь 12-ɬɢ 

ɩɭɥьɫɨɜɢɣ ɬɪɢɮɚɡɧɢɣ ɜɢɩɪɹɦɥɹɱ ɡ ɩɨɫɥɿɞɨɜɧɢɦ ɩɿɞɤɥɸɱɟɧɧɹɦ ɦɨɫɬɿɜ. ȼɢɛɿɪ 12-ɬɢ 

ɩɭɥьɫɨɜɨʀ ɫɢɫɬɟɦɢ ɜɢɩɪɹɦɥɟɧɧɹ ɨɛɭɦɨɜɥɟɧɢɣ ɜɢɫɨɤɨɸ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɨɸ 

ɟɮɟɤɬɢɜɧɿɫɬɸ. Ɍɚɤɿ ɩɨɡɢɬɢɜɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɚɤɨʀ ɫɢɫɬɟɦɢ ɜɢɩɪɹɦɥɟɧɧɹ, ɹɤ: ɜɢɫɨɤɢɣ 

ɄɄȾ, ɡɦɟɧɲɟɧɧɹ ɜɬɪɚɬ, ɡɧɢɠɟɧɧɹ ɫɩɨɠɢɜɚɧɧɹ ɪɟɚɤɬɢɜɧɨʀ ɟɧɟɪɝɿʀ, ɩɿɞɜɢɳɟɧɧɹ ɹɤɨɫɬɿ 

ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ, ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬɢ ɦɚɬɟɪɿɚɥɿɜ ɧɚ ɜɢɝɨɬɨɜɥɟɧɧɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ 

[34] ɞɭɠɟ ɜɚɠɥɢɜɿ, ɨɫɤɿɥьɤɢ ɟɮɟɤɬɢɜɧɿɫɬь ɬɚ ɟɤɨɧɨɦɿɱɧɿɫɬь ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

ɜɩɥɢɜɚɬɢɦɭɬь ɧɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɩɪɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɚɧɨʀ ɬɟɯɧɨɥɨɝɿʀ. 

ɉɿɞ ɱɚɫ ɪɨɛɨɬɢ ɬɢɪɢɫɬɨɪɧɨɝɨ ɩɪɢɫɬɪɨɸ ɪɟɝɭɥьɨɜɚɧɚ ɧɚɩɪɭɝɚ ɜɿɞɪɿɡɧɹєɬьɫɹ ɜɿɞ 

ɫɢɧɭɫɨʀɞɚɥьɧɨʀ ɮɨɪɦɢ. ɉɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɧɹ ɜɢɩɪɨɛɭɜɚɧь ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ, ɳɨ ɩɪɢ 12 

ɩɭɥьɫɨɜɿɣ ɫɯɟɦɿ ɜɢɩɪɹɦɥɟɧɧɹ ɡ ɬɢɪɢɫɬɨɪɧɢɦ ɪɟɝɭɥɹɬɨɪɨɦ ɫɢɥɨɜɿ ɬɪɚɧɫɮɨɪɦɚɬɨɪɢ, ɳɨ 

ɩɿɞɜɢɳɭɸɬь ɧɚɩɪɭɝɭ, ɧɚɜɚɧɬɚɠɭɸɬьɫɹ ɧɟɪɿɜɧɨɦɿɪɧɨ. Ɇɚɤɫɢɦɚɥьɧɚ ɪɿɡɧɢɰɹ ɫɬɪɭɦɿɜ ɜ 

ɩɟɪɜɢɧɧɢɯ ɥɚɧɰɸɝɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ ɩɪɢ ɰьɨɦɭ ɫɬɚɧɨɜɢɥɚ ɛɥɢɡьɤɨ ± 7% ɜɿɞ ʀɯɧьɨɝɨ 

ɫɟɪɟɞɧьɨɝɨ ɡɧɚɱɟɧɧɹ. Ȼɭɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɸɜɚɧɧɹ ɭ ɩɪɨɝɪɚɦɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ 

MATLAB [35], ɹɤɟ ɩɨɤɚɡɚɥɨ ɫɯɨɠɿ ɪɟɡɭɥьɬɚɬɢ. Ɍɚɤɢɣ ɯɚɪɚɤɬɟɪ ɪɨɡɩɨɞɿɥɭ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɪɢɡɜɨɞɢɬь ɞɨ ɩɟɪɟɜɚɧɬɚɠɟɧɧɹ ɨɞɧɨɝɨ ɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ ɬɚ 

ɧɟɡɚɜɚɧɬɚɠɟɧɿ ɿɧɲɨɝɨ, ɳɨ ɭ ɫɜɨɸ ɱɟɪɝɭ, ɡɧɢɠɭє ɤɨɟɮɿɰɿєɧɬ ɩɨɬɭɠɧɨɫɬɿ ɬɚ 

ɟɮɟɤɬɢɜɧɿɫɬь ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ. Ⱦɥɹ ɭɫɭɧɟɧɧɹ ɰɢɯ ɧɟɞɨɥɿɤɿɜ ɛɭɥɨ 

ɪɨɡɪɨɛɥɟɧɨ, ɩɟɪɟɜɿɪɟɧɨ ɭ ɫɟɪɟɞɨɜɢɳɿ MATLAB ɬɚ ɜɩɪɨɜɚɞɠɟɧɨ ɫɢɫɬɟɦɭ ɪɨɡɩɨɞɿɥɭ 

ɩɨɜɧɢɯ ɩɨɬɭɠɧɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ. Ⱥɩɚɪɚɬɧɨɸ ɱɚɫɬɢɧɨɸ ɞɚɧɨʀ ɫɢɫɬɟɦɢ є 

ɿɧɞɢɜɿɞɭɚɥьɧɿ ɬɢɪɢɫɬɨɪɧɿ ɪɟɝɭɥɹɬɨɪɢ SCR1.1 ɿ SCR1.2 ɡ ɤɨɧɬɪɨɥɟɦ ɥɿɧɿɣɧɢɯ ɫɬɪɭɦɿɜ 
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I1.1, I1.2 ɭ ɩɟɪɜɢɧɧɢɯ ɥɚɧɰɸɝɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ TR1.1 ɿ TR1.2, ɚ ɬɚɤɨɠ ɜɢɦɿɪɸɜɚɥьɧɿ 

ɬɚ ɤɟɪɭɸɱɿ ɤɚɧɚɥɢ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ ACS (ɞɢɜ . ɪɢɫ. 3.5). 

 

Ɋɢɫ. 3.5 – Ɉɞɧɨɥɿɧɿɣɧɚ 12-ɬɢ ɩɭɥьɫɨɜɚ ɟɥɟɤɬɪɢɱɧɚ ɫɯɟɦɚ ɜɢɩɪɹɦɥɟɧɧɹ ɡ 

ɪɟɝɭɥɸɜɚɧɧɹɦ ɜɢɩɪɹɦɥɟɧɨʀ ɧɚɩɪɭɝɢ ɬɚ ɪɨɡɩɨɞɿɥɨɦ ɩɨɜɧɢɯ ɩɨɬɭɠɧɨɫɬɟɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ 

 

ɇɚ ɪɢɫ. 3.6 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɬɪɭɤɬɭɪɭ ɚɥɝɨɪɢɬɦɭ ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɩɪɹɦɥɟɧɨʀ 

ɧɚɩɪɭɝɢ ɡ ɪɨɡɩɨɞɿɥɨɦ ɩɨɜɧɢɯ ɩɨɬɭɠɧɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ. Ⱦɚɧɿ ɜɢɦɿɪɸɜɚɧь 

ɥɿɧɿɣɧɢɯ ɫɬɪɭɦɿɜ ɜ ɩɟɪɜɢɧɧɢɯ ɥɚɧɰɸɝɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ I1.1 ɬɚ I1.2, ɡɧɚɱɟɧɧɹ 

ɜɢɩɪɹɦɥɟɧɨʀ ɚɧɨɞɧɨʀ ɧɚɩɪɭɝɢ VAnode ɬɚ ɡɚɜɞɚɧɧɹ VAnodeSP ɪɟɝɭɥɹɬɨɪɭ ɚɧɨɞɧɨʀ ɧɚɩɪɭɝɢ 

PI regulator ɧɚɞɯɨɞɢɥɢ ɞɨ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ACS. Зɚ ɡɧɚɱɟɧɧɹɦ 

ɥɿɧɿɣɧɢɯ ɫɬɪɭɦɿɜ ɜɢɡɧɚɱɚɥɢ ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ IAVE, ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ Ratio ɫɬɪɭɦɿɜ I1.1, 

I1.2 ɬɚ ɤɨɟɮɿɰɿєɧɬ ɤɨɪɟɤɰɿʀ VAnodeCV
Corr ɞɥɹ ɜɢɪɿɜɧɸɜɚɧɧɹ ɩɨɜɧɢɯ ɩɨɬɭɠɧɨɫɬɟɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ. ȼɿɞɤɨɪɢɝɨɜɚɧɟ ɡɧɚɱɟɧɧɹ ɩɪɨɩɨɪɰɿɣɧɨ-ɿɧɬɟɝɪɚɥьɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɜɢɩɪɹɦɥɟɧɨʀ ɧɚɩɪɭɝɢ VAnode
CV ɯ VAnodeCV

Corr ɧɚɞɯɨɞɢɥɨ ɜ ɛɥɨɤ ɮɨɪɦɭɜɚɧɧɹ ɤɟɪɭɸɱɢɯ 

ɫɢɝɧɚɥɿɜ V1.1
OP, V1.2

OP ɡ ɩɨɞɚɥьɲɨɸ ɩɟɪɟɞɚɱɟɸ ɤɟɪɭɸɱɢɯ ɤɨɦɚɧɞ ɧɚ ɬɢɪɢɫɬɨɪɧɿ 

ɪɟɝɭɥɹɬɨɪɢ SCR1.1, SCR1.2. Зɚɜɞɹɤɢ ɬɚɤɨɦɭ ɪɿɲɟɧɧɸ ɛɭɥɨ ɡɚɛɟɡɩɟɱɟɧɨ ɪɿɜɧɨɦɿɪɧɢɣ 
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ɪɨɡɩɨɞɿɥ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɢ ɬɚ ɡɛɿɥьɲɟɧɨ ɤɨɟɮɿɰɿєɧɬ ɩɨɬɭɠɧɨɫɬɿ ɧɚ 

7% – 10%. 

 

Ɋɢɫ. 3.6 – ɋɬɪɭɤɬɭɪɚ ɚɥɝɨɪɢɬɦɭ ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɩɪɹɦɥɟɧɨʀ ɧɚɩɪɭɝɢ ɡ ɪɨɡɩɨɞɿɥɨɦ 

ɩɨɜɧɢɯ ɩɨɬɭɠɧɨɫɬɟɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɿɜ 

 

ȼЧ ɦɨɞɭɥь 

ȼɑ ɦɨɞɭɥь є ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɨɸ ɲɚɮɨɸ, ɪɨɡɦɿɪɚɦɢ 813 ɦɦ x 1016 ɦɦ ɯ 1626 ɦɦ 

ɿ ɦɚɫɨɸ 300 ɤɝ. ɍɫɟɪɟɞɢɧɿ ɲɚɮɢ ɪɨɡɦɿɳɟɧɨ ɛɥɨɤ ȼɑ ɝɟɧɟɪɚɬɨɪɚ ɡ ɟɥɟɤɬɪɨɧɧɨɸ 

ɥɚɦɩɨɸ, ɩɪɢɫɬɪɿɣ ɬɚ ɩɪɢɧɰɢɩ ɞɿʀ ɹɤɨɝɨ ɞɨɫɢɬь ɩɨɜɧɨ ɨɩɢɫɚɧɢɣ [28], ɫɢɫɬɟɦɚ ɜɨɞɹɧɨɝɨ 

ɨɯɨɥɨɞɠɟɧɧɹ ɟɥɟɤɬɪɨɧɧɨʀ ɥɚɦɩɢ ɬɚ ɭɡɝɨɞɠɭɜɚɥьɧɨɝɨ ɦɨɞɭɥɹ ɡ ɩɥɚɡɦɨɬɪɨɧɨɦ; 

ɫɢɫɬɟɦɚ ɪɟɝɭɥɸɜɚɧɧɹ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɦɢ ɝɚɡɚɦɢ. 

Ɉɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɑɚɫɬɨɬɚ – 5,28 MȽɰ +/- 10 %. 

 Ɇɿɧɿɦɚɥьɧɚ ɜɢɬɪɚɬɚ ɨɯɨɥɨɞɠɭɜɚɥьɧɨʀ ɜɨɞɢ 25 ɥ/ɦɿɧ. 

 ȼɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɭɫɤɨɜɨɝɨ ɝɚɡɭ – ɚɪɝɨɧɭ ɨɬ 0,5 ɝ/ɫ ɞɨ 2 ɝ/ɫ. 

 Ɋɨɛɨɱɚ ɜɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɨɫɧɨɜɧɨɝɨ ɝɚɡɭ – ɩɨɜɿɬɪɹ ɜɿɞ 1,5 ɝ/ɫ 

ɞɨ 5 ɝ/ɫ. 

ɉɪɢ ɧɚɥɚɲɬɭɜɚɧɧɿ ɪɨɛɨɱɨʀ ɱɚɫɬɨɬɢ ɡɚ ɛɚɡɨɜɭ ɛɭɥɚ ɩɪɢɣɧɹɬɚ ɱɚɫɬɨɬɚ 5 ɆȽɰ [25] 

ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ, ɜɢɬɪɚɬɿ ɩɨɜɿɬɪɹ 150 ɥ/ɯɜ, ɞɿɚɦɟɬɪɿ ɩɥɚɡɦɨɬɪɨɧɚ 60 ɦɦ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɦ ɲɥɹɯɨɦ ɞɥɹ ɪɨɛɨɱɢɯ ɞɿɚɩɚɡɨɧɿɜ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ ɬɚ ɜɢɩɪɹɦɥɟɧɨʀ 
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ɧɚɩɪɭɝɢ ɛɭɥɚ ɨɫɬɚɬɨɱɧɨ ɧɚɥɚɲɬɨɜɚɧɚ ɪɨɛɨɱɚ ɱɚɫɬɨɬɚ. Ʉɪɢɬɟɪɿɹɦɢ ɨɰɿɧɤɢ ɫɬɚɥɢ 

ɫɬɚɛɿɥьɧɿɫɬь ɿɧɿɰɿɸɜɚɧɧɹ ɩɥɚɡɦɢ ɬɚ ɫɬɿɣɤɿɫɬь ɪɨɛɨɬɢ ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɚ. 

ɋɩɟɰɿɚɥьɧɨ ɪɨɡɪɨɛɥɟɧɚ ɫɢɫɬɟɦɚ ɪɟɝɭɥɸɜɚɧɧɹ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɦɢ ɝɚɡɚɦɢ 

ɞɨɡɜɨɥɢɥɚ ɡɞɿɣɫɧɸɜɚɬɢ: 

 ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɬɪɚɬɢ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɭɫɤɨɜɨɝɨ ɝɚɡɭ; 

 ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɬɪɚɬɢ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɨɫɧɨɜɧɨɝɨ ɝɚɡɭ; 

 ɪɭɱɧɟ ɚɛɨ ɚɜɬɨɦɚɬɢɱɧɟ ɤɨɧɬɪɨɥɸɜɚɧɧɹ ɜɢɬɪɚɬ ɭ ɩɭɫɤɨɜɨɦɭ, ɪɨɛɨɱɨɦɭ ɬɚ 

ɚɜɚɪɿɣɧɨɦɭ ɪɟɠɢɦɚɯ; 

 ɚɜɬɨɦɚɬɢɱɧɢɣ ɩɟɪɟɯɿɞ ɡ ɩɭɫɤɨɜɨɝɨ ɧɚ ɨɫɧɨɜɧɢɣ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɣ ɝɚɡ; 

 ɡɚɛɟɡɩɟɱɟɧɧɹ ɪɨɛɨɬɢ ɪɟɠɢɦɭ ɩɥɚɡɦɨɜɨʀ ɫɬɚɛɿɥɿɡɚɰɿʀ. 

Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɫɢɫɬɟɦɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.7, ɧɚ ɪɢɫ. 3.8 ʀʀ ɫɬɪɭɤɬɭɪɧɚ 

ɫɯɟɦɚ. Ⱦɚɬɱɢɤɢ ɬɢɫɤɭ P1, P2, P3, P4 ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ T1, T2 ɧɚɞɚɸɬь ɞɚɧɿ ɫɢɫɬɟɦɿ 

ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ACS. əɤ ɜɢɤɨɧɚɜɱɿ ɨɪɝɚɧɢ ɛɭɥɢ ɨɛɪɚɧɿ ɟɥɟɤɬɪɨɤɟɪɨɜɚɧɿ 

ɝɚɡɨɜɿ ɩɪɨɩɨɪɰɿɣɧɿ ɤɥɚɩɚɧɢ CV1 ɿ CV2. 

 

 

 

 

Ɋɢɫ. 3.7 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɫɢɫɬɟɦɢ ɪɟɝɭɥɸɜɚɧɧɹ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɦɢ ɝɚɡɚɦɢ 

 

 

 

 

 

Ɋɢɫ. 3.8 – ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɢ ɪɟɝɭɥɸɜɚɧɧɹ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɢɦɢ ɝɚɡɚɦɢ 
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ɉɪɨɰɟɫ ɞɪɨɫɟɥɸɜɚɧɧɹ ɝɚɡɭ ɱɟɪɟɡ ɩɪɨɯɿɞɧɢɣ ɩɟɪɟɪɿɡ ɝɚɡɨɜɢɯ ɤɪɚɧɿɜ CV1, CV2 є 

ɚɞɿɚɛɚɬɧɢɣ ɡ ɪɨɡɲɢɪɟɧɧɹɦ, ɩɪɢ ɹɤɨɦɭ ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɩɨɬɨɤɭ ɡɪɨɫɬɚє, ɚ ɳɿɥьɧɿɫɬь, 

ɬɢɫɤ ɿ ɬɟɦɩɟɪɚɬɭɪɚ ɡɦɟɧɲɭɸɬьɫɹ. əɤɳɨ ɧɟ ɜɪɚɯɨɜɭɜɚɬɢ ɜɬɪɚɬɢ ɧɚ ɬɟɪɬɹ ɬɚ ɜɢɤɨɧɚɧɧɹ 

ɦɟɯɚɧɿɱɧɨʀ ɪɨɛɨɬɢ, ɬɨ ɡɝɿɞɧɨ [36, 37] ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ G (ɤɝ/ɫ) ɫɬɢɫɧɭɬɨɝɨ ɝɚɡɭ ɱɟɪɟɡ 

ɩɪɨɯɿɞɧɢɣ ɩɟɪɟɪɿɡ S ɜɢɡɧɚɱɚєɬьɫɹ ɳɿɥьɧɿɫɬɸ γ ɬɚ ɲɜɢɞɤɿɫɬɸ ɩɟɪɟɛɿɝɭ ɝɚɡɭ 𝜔 ɧɚ ɜɯɨɞɿ 

ɬɚ ɜɢɯɨɞɿ ɝɚɡɨɜɨɝɨ ɤɪɚɧɚ: 

 G = γଶ ∙ ωଶ ∙ S = γଵ ∙ ωଵ ∙ S = S ∙ γଵ ∙ ቀPమPభቁଵ/k ∙ √ଶ∙k∙R∙Tభk-ଵ [ͳ- ቀPమPభቁሺk-ଵሻ/k], (3.1) 

ɞɟ   𝛾ଶ, 𝛾ଵ – ɳɿɥьɧɿɫɬь ɝɚɡɭ ɧɚ ɜɢɯɨɞɿ ɬɚ ɜɯɨɞɿ CV ɜɿɞɩɨɜɿɞɧɨ, ɤɝ/ɦ³; 𝜔ଶ, 𝜔ଵ – ɲɜɢɞɤɿɫɬь ɩɟɪɟɛɿɝɭ ɝɚɡɭ ɧɚ ɜɢɯɨɞɿ ɬɚ ɜɯɨɞɿ CV ɜɿɞɩɨɜɿɞɧɨ, ɦ/ɫ; 𝑃ଶ, 𝑃ଵ – ɚɛɫɨɥɸɬɧɢɣ ɬɢɫɤ ɝɚɡɭ ɧɚ ɜɢɯɨɞɿ ɬɚ ɜɯɨɞɿ CV ɜɿɞɩɨɜɿɞɧɨ, ɉɚ; 

  Тଵ – ɡɧɚɱɟɧɧɹ ɚɛɫɨɥɸɬɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɚɡɭ ɧɚ ɜɯɨɞɿ CV, Ʉ; 

  𝑘 – ɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɚɞɿɚɛɚɬɢ ɝɚɡɭ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, Ⱦɠ/(ɦɨɥь·Ʉ). 

ȼɪɚɯɨɜɭɸɱɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɿɞɟɚɥьɧɨɝɨ ɝɚɡɭ 𝛾ଵ = 𝑃భ𝑅·𝑇భ , ɨɬɪɢɦɭєɦɨ ɡɧɚɱɟɧɧɹ 

ɜɢɬɪɚɬɢ, ɤɝ/ɝ: 

𝐺 = ܵ ∙ 𝑃ଵ ∙ √ ଶ∙𝑘ሺ𝑘−ଵሻ∙𝑅∙𝑇భ [ቀ𝑃మ𝑃భቁଶ/𝑘 − ቀ𝑃మ𝑃భቁሺ𝑘+ଵሻ/𝑘].    (3.2) 

Ⱦɥɹ ɤɪɢɬɢɱɧɨɝɨ (ɜɿɞɧɨɲɟɧɧɹ ɬɢɫɤɿɜ 𝑃ଶ/𝑃ଵ~Ͳ.5) ɬɚ ɧɚɞɤɪɢɬɢɱɧɨɝɨ (ɜɿɞɧɨɲɟɧɧɹ 

ɬɢɫɤɿɜ 𝑃ଶ/𝑃ଵ < Ͳ.5) ɩɟɪɟɛɿɝɭ ɝɚɡɭ ɩɪɢ ɧɟɡɦɿɧɧɢɯ ɩɨɱɚɬɤɨɜɢɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɩɚɪɚɦɟɬɪɚɯ (𝑃ଵ и Тଵ) ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ ɦɚє ɦɚɤɫɢɦɚɥьɧɨ ɦɨɠɥɢɜɟ ɡɧɚɱɟɧɧɹ: 

𝐺к = ܵ ∙ 𝑃ଵ ∙ √ 𝑘𝑅∙𝑇భ ቀ ଶ𝑘+ଵቁሺ𝑘+ଵሻ/ሺ𝑘−ଵሻ
,     (3.3) 
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ɍɡɝɨɞɠɭɸɱɢɣ ɦɨɞɭɥь ɿɡ ɩɥɚɡɦɨɬɪɨɧɨɦ 

ɍɡɝɨɞɠɭɸɱɢɣ ɦɨɞɭɥь ɿɡ ɩɥɚɡɦɨɬɪɨɧɨɦ (ɪɢɫ 3.9) ɩɪɟɞɫɬɚɜɥɹє ɫɨɛɨɸ 

ɚɥɸɦɿɧɿєɜɢɣ ɹɳɢɤ ɪɨɡɦɿɪɚɦɢ 305 ɦɦ ɯ 305 ɦɦ ɯ 610 ɦɦ, ɡɚɝɚɥьɧɨɸ ɦɚɫɨɸ 30 ɤɝ. ɍ 

ɧьɨɦɭ ɜɫɬɚɧɨɜɥɟɧɨ ȼɑІ ɩɥɚɡɦɨɬɪɨɧ ɬɚ ɛɚɬɚɪɟɸ ɤɨɧɞɟɧɫɚɬɨɪɿɜ. Іɧɞɭɤɬɨɪ ɩɥɚɡɦɨɬɪɨɧɚ 

ɬɚ ɛɚɬɚɪɟɹ ɤɨɧɞɟɧɫɚɬɨɪɿɜ ɭɬɜɨɪɸɸɬь ɧɚɜɚɧɬɚɠɭɜɚɥьɧɢɣ ɤɨɧɬɭɪ ȼɑІ ɝɟɧɟɪɚɬɨɪɚ, 

ɧɚɥɚɲɬɨɜɚɧɢɣ ɞɥɹ ɪɨɛɨɬɢ ɩɥɚɡɦɨɬɪɨɧɚ ɧɚ ɩɨɜɿɬɪɿ ɚɬɦɨɫɮɟɪɧɨɝɨ ɬɢɫɤɭ ɬɚ ɜɟɥɢɤɨʀ 

ɜɢɬɪɚɬɢ. ɇɚ ɡɚɯɢɫɧɢɯ ɩɚɧɟɥɹɯ ɜɫɬɚɧɨɜɥɟɧɿ ɜɟɧɬɢɥɹɬɨɪɢ ɫɢɫɬɟɦɢ ɜɟɧɬɢɥɹɰɿʀ, ɳɨ 

ɧɚɝɧɿɬɚє ɿ ɜɿɞɤɚɱɭє ɩɨɜɿɬɪɹ. 

 

 

 

 

 

 

Ɋɢɫ. 3.9 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɭɡɝɨɞɠɭɜɚɥьɧɨɝɨ ɦɨɞɭɥɹ ɿɡ ɩɥɚɡɦɨɬɪɨɧɨɦ 

ɛɟɡ ɡɚɯɢɫɧɢɯ ɩɚɧɟɥɟɣ 

 

ɉɪɢ ɞɿʀ ɧɚ ɤɢɫɟɧь ɩɨɜɿɬɪɹ ɭɥьɬɪɚɮɿɨɥɟɬɨɜɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ (ɍɎ) 

ɭɬɜɨɪɸєɬьɫɹ ɨɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ 10-3 – 10-6 ɨɛ'єɦɧɢɯ %. Ɍɚɤɢɣ ɩɪɨɰɟɫ ɜɿɞɛɭɜɚєɬьɫɹ ɿ ɭ 

ɜɟɪɯɧɿɯ ɲɚɪɚɯ ɚɬɦɨɫɮɟɪɢ, ɞɟ ɩɿɞ ɞɿєɸ ɫɨɧɹɱɧɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɭɬɜɨɪɸєɬьɫɹ ɬɚ 

ɩɿɞɬɪɢɦɭєɬьɫɹ ɨɡɨɧɨɜɢɣ ɲɚɪ [38]. ɉɪɢ ɨɬɪɢɦɚɧɧɿ O3 ɜ ɍɎ-ɝɟɧɟɪɚɬɨɪɚɯ ɜɿɞɡɧɚɱɚɸɬь, 

ɳɨ ɨɛɥɚɫɬь ɨɩɪɨɦɿɧɟɧɧɹ ɜɢɳɟ 190 ɧɦ ɩɪɚɤɬɢɱɧɨ ɧɟ ɩɪɢɞɚɬɧɚ ɞɥɹ ɭɬɜɨɪɟɧɧɹ ɨɡɨɧɭ 

ɱɟɪɟɡ ɧɢɡьɤɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɨɝɥɢɧɚɧɧɹ ɤɢɫɧɸ. ȿɮɟɤɬɢɜɧɿɲɢɦ є ɨɩɪɨɦɿɧɟɧɧɹ ɭ 

ɞɿɚɩɚɡɨɧɿ ɫɦɭɝɢ ɒɭɦɚɧɚ-Ɋɭɧɝɟ ɜɿɞ 175 ɧɦ ɞɨ 200 ɧɦ ɬɚ ɤɨɧɬɢɧɭɭɦ ɒɭɦɚɧɚ-Ɋɭɧɝɟ ɜɿɞ 

130 ɧɦ ɞɨ 175 ɧɦ [34]. Зɝɿɞɧɨ [40] ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɚ ɤɨɧɰɟɧɬɪɚɰɿɹ (ȽȾɄ) ɨɡɨɧɭ ɜ 

ɩɨɜɿɬɪɿ ɪɨɛɨɱɨʀ ɡɨɧɢ – 0,1 ɦɝ/ɦ3, ɦɚɤɫɢɦɚɥьɧɚ ɪɚɡɨɜɚ ȽȾɄ ɨɡɨɧɭ ɜ ɚɬɦɨɫɮɟɪɧɨɦɭ 

ɩɨɜɿɬɪɿ – 0,16 ɦɝ/ɦ3, ɫɟɪɟɞɧɹ ɞɨɛɨɜɚ ȽȾɄ ɨɡɨɧɭ ɜ ɚɬɦɨɫɮɟɪɧɨɦɭ ɩɨɜɿɬɪɿ – 0,03 ɦɝ/ɦ3. 
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ɉɿɞ ɞɿєɸ ɭɥьɬɪɚɮɿɨɥɟɬɨɜɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɩɨɜɿɬɪɹɧɨʀ ȼɑІ ɩɥɚɡɦɢ ɜɫɟɪɟɞɢɧɿ 

ɭɡɝɨɞɠɭɜɚɥьɧɨɝɨ ɦɨɞɭɥɹ ɭɬɜɨɪɸєɬьɫɹ ɨɡɨɧ ɤɨɧɰɟɧɬɪɚɰɿɣ, ɳɨ ɡɚɝɪɨɠɭɸɬь ɹɤ ɡɞɨɪɨɜ'ɸ 

ɩɟɪɫɨɧɚɥɭ, ɬɚ ɫɩɪɢɱɢɧɹɸɬь ɪɢɡɢɤ ɜɢɧɢɤɧɟɧɧɹ ɟɥɟɤɬɪɢɱɧɨɝɨ ɩɪɨɛɨɸ ɦɿɠ ɜɢɬɤɚɦɢ 

ɿɧɞɭɤɬɨɪɚ ɩɥɚɡɦɨɬɪɨɧɚ. Ɍɨɦɭ ɞɥɹ ɜɢɞɚɥɟɧɧɹ ɨɡɨɧɭ ɡ ɭɡɝɨɞɠɭɜɚɥьɧɨɝɨ ɦɨɞɭɥɹ ɛɭɥɚ 

ɜɩɪɨɜɚɞɠɟɧɚ ɫɢɫɬɟɦɚ ɜɟɧɬɢɥɹɰɿʀ. 

 

3.2 Ƚɚɪɬɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ 

З ɦɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ ɫɤɥɚɞɭ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɭ ɩɪɨɛɿ, ɜɿɞɿɛɪɚɧɿɣ ɡ 

ɜɢɯɿɞɧɨɝɨ ɫɨɩɥɚ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɚ, ɛɭɥɨ ɫɩɪɨɟɤɬɨɜɚɧɨ ɝɚɪɬɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ. 

Ƚɚɪɬɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ є ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɥьɧɨɸ ɫɟɤɰɿєɸ ɞɥɹ ɜɿɞɛɨɪɭ ɬɚ ɡɚɝɚɪɬɭɜɚɧɧɹ 

ɩɪɨɛɢ ɞɥɹ ɩɨɞɚɥьɲɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ ɫɤɥɚɞɭ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɣ ɝɚɡɿɜ. 

ȼɨɞɨɨɯɨɥɨɞɠɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ ɩɿɞɤɥɸɱɚєɬьɫɹ ɞɨ ɜɢɯɿɞɧɨɝɨ ɫɨɩɥɚ ɩɥɚɡɦɨɬɪɨɧɚ, 

ɣɨɝɨ ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɩɨɞɚɧɨ ɧɚ ɪɢɫ. 3.10. 

Ɉɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ: 

 ȼɢɬɪɚɬɚ ɩɪɨɛɢ ɝɚɡɭ – ɜɿɞ 1,5 ɥ/ɯɜ ɞɨ 2,0 ɥ/ɯɜ. 

 ȼɢɬɪɚɬɚ ɨɯɨɥɨɞɠɭɜɚɥьɧɨʀ ɜɨɞɢ – ɜɿɞ 1 ɥ/ɯɜ ɞɨ 3 ɥ/ɯɜ. 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɜɯɿɞɧɨʀ ɜɨɞɢ – ɜɿɞ 15 °C ɞɨ 30 °C. 

 Ɍɟɦɩɟɪɚɬɭɪɚ ɜɢɯɿɞɧɨʀ ɜɨɞɢ ɦɟɧɲɟ ɧɿɠ 50 °C. 

 

 

 

 

 

Ɋɢɫ. 3.10 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ 
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3.3 Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ 

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ, ɜɿɞɛɨɪɭ ɩɪɨɛ ɞɥɹ 

ɜɢɦɿɪɸɜɚɧɧɹ ɫɤɥɚɞɭ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɣ ɜɢɯɿɞɧɢɯ ɝɚɡɿɜ, ɜɿɞɜɟɞɟɧɧɹ ɩɪɨɞɭɤɬɿɜ 

ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɞɥɹ ɩɨɞɚɥьɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɦɚɣɛɭɬɧьɨɦɭ ɜɢɪɨɛɧɢɱɨɦɭ 

ɰɢɤɥɿ ɛɭɜ ɫɩɟɰɿɚɥьɧɨ ɫɩɪɨɟɤɬɨɜɚɧɢɣ ɝɚɪɬɭɜɚɥьɧɢɣ ɪɟɚɤɬɨɪ. 

Ɉɫɧɨɜɧɿ ɜɢɦɨɝɢ, ɞɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɪɟɚɤɬɨɪɚ: 

 ɭɡɝɨɞɠɟɧɧɹ ɝɟɨɦɟɬɪɢɱɧɢɯ ɪɨɡɦɿɪɿɜ ɿɡ ɜɢɯɿɞɧɢɦ ɫɨɩɥɨɦ ɩɥɚɡɦɨɬɪɨɧɚ 

ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ APT-100;  

 ɜɯɿɞɧɚ ɫɟɪɟɞɧьɨɦɚɫɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɿɞ 3000 Ʉ ɞɨ 6000 Ʉ; 

 ɩɨɜɟɪɯɧɿ ɪɟɚɤɬɨɪɚ ɧɟ ɩɨɜɢɧɧɿ ɩɿɞɞɚɜɚɬɢɫɹ ɥɨɤɚɥьɧɨɦɭ ɩɟɪɟɝɪɿɜɭ; 

 ɜɢɫɨɤɚ ɲɜɢɞɤɿɫɬь ɨɯɨɥɨɞɠɟɧɧɹ, ɛɿɥьɲ ɧɿɠ 104 Ʉ/ɫ, ɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ 

ɜɿɞ 3600 Ʉ ɞɨ 2000 Ʉ; 

 ɜɢɬɪɚɬɚ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ – ɜɿɞ 0,5 ɞɨ 10 ɝ/ɫ; 

 ɜɢɬɪɚɬɚ ɨɯɨɥɨɞɠɭɜɚɥьɧɨʀ ɜɨɞɢ – ɜɿɞ 12 ɥ/ɯɜ ɞɨ 30 ɥ/ɯɜ; 

 ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɢ – ɜɿɞ 15 °C ɞɨ 30 °C; 

 ɦɚɤɫɢɦɚɥьɧɚ ɜɢɯɿɞɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɨɥɨɞɠɭɜɚɥьɧɨʀ ɜɨɞɢ 50 °C. 

Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ ɪɢɫ. 3.11. 

Ƚɚɪɬɭɜɚɥьɧɢɣ ɪɟɚɤɬɨɪ ɪɨɡɦɿɳɟɧɨ ɜɟɪɬɢɤɚɥьɧɨ ɧɚ ɨɩɨɪɧɿɣ ɤɨɧɫɬɪɭɤɰɿʀ ɡ ɜɫɬɚɧɨɜɥɟɧɢɦ 

ȼɑІ ɩɥɚɡɦɨɬɪɨɧɨɦ 4 ɡɜɟɪɯɭ. Ɋɟɚɤɬɨɪ ɫɤɥɚɞɚєɬьɫɹ ɡ ɱɨɬɢɪьɨɯ ɩɨɫɥɿɞɨɜɧɢɯ ɱɚɫɬɢɧ: 

ɫɟɤɰɿɹ ɡɚɝɚɪɬɭɜɚɧɧɹ 1, ɨɫɧɨɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɣ ɚɩɚɪɚɬ 2, ɜɢɯɿɞɧɚ ɬɚ ɜɢɦɿɪɸɜɚɥьɧɚ 

ɫɟɤɰɿʀ 3. 

ɋɟɤɰɿɹ ɡɚɝɚɪɬɭɜɚɧɧɹ – ɰɟ ɝɚɡɨɞɢɧɚɦɿɱɧɢɣ ɩɪɢɫɬɪɿɣ, ɳɨ ɩɟɪɟɬɜɨɪɸє ɫɢɥьɧɨ 

ɬɭɪɛɭɥɟɧɬɧɢɣ ɿ ɧɟɨɞɧɨɪɿɞɧɢɣ ɩɥɚɡɦɨɜɢɣ ɮɚɤɟɥ ɭ ɯɨɥɨɞɧɿɲɢɣ ɿ ɦɚɤɫɢɦɚɥьɧɨ 

ɨɞɧɨɪɿɞɧɢɣ ɩɨɬɿɤ. ɋɟɤɰɿɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɞɭɠɟ ɜɚɠɥɢɜɚ, ɨɫɤɿɥьɤɢ ɜɢɡɧɚɱɚє ɦɚɤɫɢɦɚɥьɧɭ 

ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɫьɨɝɨ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. ɍ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɚɧɨ ɞɜɚ 

ɦɟɬɨɞɢ ɡɚɝɚɪɬɭɜɚɧɧɹ. ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɞɨɫɥɿɞɠɭɜɚɥɨɫɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɬɿɥьɤɢ ɡɚ 

ɪɚɯɭɧɨɤ ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɫɬɿɧɨɤ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ. ɇɚ ɞɪɭɝɨɦɭ ɟɬɚɩɿ 

ɩɪɨɜɨɞɢɥɢɫɹ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ 

ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɡ ɚɬɦɨɫɮɟɪɧɢɦ ɩɨɜɿɬɪɹɦ ɬɚ ɩɨɩɟɪɟɞɧьɨ ɨɯɨɥɨɞɠɟɧɢɦɢ 



59 

 

ɩɪɨɞɭɤɬɚɦɢ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɪɟɚɤɰɿɣ, ɬɨɛɬɨ ɡɚ ɪɚɯɭɧɨɤ ɪɟɰɢɪɤɭɥɹɰɿʀ ɭ ɫɢɫɬɟɦɿ. Ⱦɥɹ 

ɩɪɨɜɟɞɟɧɧɹ ɜɢɩɪɨɛɭɜɚɧь ɡɚɝɚɪɬɭɜɚɧɧɹ ɲɥɹɯɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦɢ ɝɚɡɚɦɢ ɛɭɥɨ 

ɪɨɡɪɨɛɥɟɧɨ ɧɨɜɢɣ ɩɪɢɫɬɪɿɣ ɡ ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɥьɧɢɦɢ ɫɬɿɧɚɦɢ, ɩɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ 

ɹɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3.12. ȼɢɯɿɞɧɟ ɫɨɩɥɨ ɩɥɚɡɦɨɬɪɨɧɚ ɩɿɞɤɥɸɱɚєɬьɫɹ ɞɨ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɫɟɤɰɿʀ ɱɟɪɟɡ ɰɢɥɿɧɞɪɢɱɧɢɣ ɩɟɪɟɯɿɞɧɢɤ 1. Зɚɜɢɯɪɸɜɚɱ 3 ɜɢɤɨɧɭє 

ɩɨɞɚɱɭ ɩɨɜɿɬɪɹ ɚɛɨ ɤɢɫɧɸ ɭ ɩɥɚɡɦɨɜɢɣ ɮɚɤɟɥ. Ɉɯɨɥɨɞɠɭɸɱɢɣ ɝɚɡ 2 ɜɜɨɞɢɬьɫɹ ɱɟɪɟɡ 

ɜɫɬɚɜɤɭ «ɲɜɢɞɤɨɝɨ» ɡɚɝɚɪɬɭɜɚɧɧɹ 4, ɡɚ ɧɟɸ ɪɨɡɬɚɲɨɜɚɧɨ ɰɢɥɿɧɞɪɢɱɧɭ ɜɫɬɚɜɤɭ 5 ɡ 

ɤɨɧɿɱɧɨɸ ɡɜɭɠɭɜɚɥьɧɨɸ ɱɚɫɬɢɧɨɸ 6. ɉɿɫɥɹ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɨɯɨɥɨɞɠɟɧɚ ɩɥɚɡɦɚ 7 

ɧɚɞɯɨɞɢɬь ɭ ɜɯɿɞɧɭ ɫɟɤɰɿɸ ɨɫɧɨɜɧɨɝɨ ɜɨɞɹɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɨɝɨ ɚɩɚɪɚɬɭ ɞɥɹ 

ɩɨɞɚɥьɲɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɞɨ ɩɪɢɣɧɹɬɧɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ɉɫɧɨɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɣ ɚɩɚɪɚɬ ɜɢɤɨɧɭє ɮɭɧɤɰɿɸ ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɨɞɭɤɬɿɜ 

ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɡ ɬɚɤɢɯ ɡɧɚɱɟɧь ɬɟɦɩɟɪɚɬɭɪ, ɡɚ ɹɤɨʀ ɲɜɢɞɤɿɫɬь ɨɯɨɥɨɞɠɟɧɧɹ 

ɜɠɟ ɧɟ ɦɚє ɡɧɚɱɟɧɧɹ ɞɥɹ ɮɿɤɫɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ. 

ȼɢɯɿɞɧɭ ɫɟɤɰɿɸ, ɹɤɚ ɜɢɤɨɧɭє ɮɭɧɤɰɿɸ ɤɨɥɟɤɬɨɪɭ ɜɠɟ ɡɚɝɚɪɬɨɜɚɧɨɝɨ ɿ 

ɨɯɨɥɨɞɠɟɧɨɝɨ ɝɚɡɭ, ɜɢɤɨɧɚɧɨ ɭ ɜɢɝɥɹɞɿ ɡɜɭɠɟɧɨɝɨ ɤɨɧɭɫɭ. 

ȼɢɦɿɪɸɜɚɥьɧɚ ɫɟɤɰɿɹ ɹɜɥɹє ɫɨɛɨɸ ɞɿɥɹɧɤɭ ɬɪɭɛɢ ɞɿɚɦɟɬɪɨɦ 2 ɞɸɣɦɢ, ɨɫɧɚɳɟɧɭ 

ɡɨɧɞɨɦ ɞɥɹ ɜɿɞɛɨɪɭ ɩɪɨɛɢ ɝɚɡɭ, ɬɟɪɦɨɪɟɡɢɫɬɨɪɨɦ ɬɚ ɞɚɬɱɢɤɨɦ ɬɢɫɤɭ. 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3.11 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ 
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Ɋɢɫ. 3.12 – ɉɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɲɥɹɯɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ 

ɯɨɥɨɞɧɢɦɢ ɝɚɡɚɦɢ 

 

3.4 Ɂɚɝɚɪɬɭɜɚɧɧɹ ɦɟɬɨɞɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ 
ɝɚɡɚɦɢ 

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɬɨɞɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ ɝɚɡɚɦɢ, ɛɭɥɚ 

ɪɨɡɪɨɛɥɟɧɚ ɫɢɫɬɟɦɚ ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ. Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ 

ɬɚ ɩɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɫɢɫɬɟɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.13 ɬɚ ɪɢɫ. 3.14 

ɜɿɞɩɨɜɿɞɧɨ. ɋɢɫɬɟɦɚ ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɜɿɞɛɨɪɭ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ 

ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ, ʀɯ ɩɿɞɝɨɬɨɜɤɢ ɬɚ ɞɨɡɨɜɚɧɨʀ ɩɨɞɚɱɿ ɞɨ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡ 

ɦɟɬɨɸ ɲɜɢɞɤɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ «ɝɚɪɹɱɢɯ» ɜɢɯɿɞɧɢɯ ɝɚɡɿɜ ɿɡ ɩɥɚɡɦɨɬɪɨɧɚ ɦɟɬɨɞɨɦ 

ɡɦɿɲɭɜɚɧɧɹ. ɋɢɫɬɟɦɚ ɡɚɛɟɡɩɟɱɭɜɚɥɚ ɚɜɬɨɦɚɬɢɱɧɭ ɩɿɞɬɪɢɦɤɭ ɬɢɫɤɭ ɜɿɞ 3 ɛɚɪ ɞɨ 5 ɛɚɪ 

ɭ ɪɟɫɢɜɟɪɿ, ɜɢɬɪɚɬɚ ɞɨ 5 ɝ/ɫ. 

 

 

 

 

 

 

 

Ɋɢɫ. 3.13 – ɋɢɫɬɟɦɚ ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ 

ɡ ɫɢɫɬɟɦɨɸ ɭɩɪɚɜɥɿɧɧɹ 
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ɋɤɥɚɞ ɫɢɫɬɟɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ (ɞɢɜ. ɪɢɫ. 3.14): ɤɨɦɩɪɟɫɨɪ Ɇ1 ɩɨɬɭɠɧɿɫɬɸ 3,5 ɤȼɬ, 

ɨɯɨɥɨɞɠɭɜɚɱ ɝɚɡɭ E1, ɪɟɫɢɜɟɪ ɧɚ 240 ɥɿɬɪɿɜ, ɡɚɩɿɪɧɚ ɚɪɦɚɬɭɪɚ V1-V4, ɞɚɬɱɢɤɢ ɬɢɫɤɭ 

PT1-PT2, ɪɭɱɧɢɣ ɪɟɝɭɥɹɬɨɪ ɜɢɬɪɚɬɢ FT1 ɬɚ CV1, ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɿɧɧɹ ɧɚ ɛɚɡɿ 

ɩɪɨɦɢɫɥɨɜɨɝɨ ɩɪɨɝɪɚɦɨɜɚɧɨɝɨ ɥɨɝɿɱɧɨɝɨ ɤɨɧɬɪɨɥɟɪɚ ɜɢɤɨɧɭє ɮɭɧɤɰɿʀ ɪɟɝɭɥɹɬɨɪɚ 

ɬɢɫɤɭ. 

ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɤɨɦɩɪɟɫɨɪɚ Ɇ1 ɞɨɜɟɥɨɫɹ ɡɚɦɿɧɢɬɢ ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɭ 

ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɿɧɧɹ ɤɨɦɩɪɟɫɨɪɚ ɧɚ ɟɥɟɤɬɪɢɱɧɭ, ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɥɨɝɿɱɧɨɝɨ 

ɤɨɧɬɪɨɥɟɪɚ ɱɟɪɟɡ ɬɟ, ɳɨ ɚɝɪɟɫɢɜɧɟ ɫɟɪɟɞɨɜɢɳɟ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɲɜɢɞɤɨ ɜɢɜɨɞɢɥɨ ɡ ɥɚɞɭ 

ɲɬɚɬɧɭ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɿɧɧɹ. 

 

Ɋɢɫ. 3.14 – ɉɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɫɢɫɬɟɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ 

 

3.5 ȼɢɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɦɟɬɨɞɨɦ ɪɨɡɜɟɞɟɧɧɹ 
ɩɪɨɛ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɧɚɣɛɿɥьɲ ɡɧɚɱɭɳɢɯ ɨɤɫɢɞɿɜ ɚɡɨɬɭ – 

ɨɤɫɢɞɭ ɚɡɨɬɭ NO ɬɚ ɞɿɨɤɫɢɞɭ ɚɡɨɬɭ NO2, ɚ ɬɚɤɨɠ ɤɢɫɧɸ O2 ɦɟɬɨɞɨɦ ɪɨɡɜɟɞɟɧɧɹ ɩɪɨɛɢ 

ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ ɫɢɫɬɟɦɭ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ. 
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Зɝɿɞɧɨ ɞɚɧɢɯ, ɧɚɜɟɞɟɧɢɯ ɭ Ɋɨɡɞɿɥɿ 1 ɪɿɜɟɧь ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɞɥɹ 

ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɞɿɚɩɚɡɨɧɭ ɬɟɦɩɟɪɚɬɭɪ ɡɧɚɯɨɞɢɬьɫɹ ɜɢɳɟ 4% ɚɛɨ 40000 ppm, ɳɨ, ɜ 

ɫɜɨɸ ɱɟɪɝɭ, ɧɚɤɥɚɞɚє ɨɛɦɟɠɟɧɧɹ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɝɚɡɨɜɢɯ ɚɧɚɥɿɡɚɬɨɪɿɜ ɱɟɪɟɡ 

ɧɟɞɨɫɬɚɬɧɿɣ ɞɿɚɩɚɡɨɧ ɜɢɦɿɪɸɜɚɧь. Ⱦɥɹ ɩɨɞɨɥɚɧɧɹ ɰьɨɝɨ ɨɛɦɟɠɟɧɧɹ ɩɪɨɛɭ ɝɚɡɭ ɦɨɠɧɚ 

ɪɨɡɛɚɜɥɹɬɢ ɿɧɲɢɦ ɝɚɡɨɦ (ɡɝɿɞɧɨ ɡɚɤɨɧɭ ɩɚɪɰɿɚɥьɧɢɯ ɬɢɫɤɿɜ Ⱦɚɥьɬɨɧɚ) ɭ ɫɢɫɬɟɦɿ 

ɬɨɱɧɨɝɨ ɡɦɿɲɭɜɚɧɧɹ. ȼɢɦɿɪɸɜɚɧɧɹ ɨɛ'єɦɧɨɝɨ ɜɦɿɫɬɭ NO, NO2 ɬɚ O2 ɭ ɜɠɟ ɪɨɡɜɟɞɟɧɿɣ 

ɩɪɨɛɿ ɡ ɬɨɱɧɢɦɢ ɜɢɦɿɪɹɧɢɦɢ ɜɢɬɪɚɬɚɦɢ ɝɚɡɭ-ɪɨɡɪɿɞɠɭɜɚɱɚ ɬɚ ɩɟɪɜɢɧɧɨʀ ɩɪɨɛɢ 

ɜɢɤɨɧɭɜɚɥɢ ɭ ɜ ɝɚɡɨɜɨɦɭ ɚɧɚɥɿɡɚɬɨɪɿ. 

Ɉɫɧɨɜɧɿ ɟɥɟɦɟɧɬɢ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ: 

 ɫɢɫɬɟɦɚ ɪɨɡɜɟɞɟɧɧɹ ɝɚɡɿɜ Environics Series 4000 [41], ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ ɪɢɫ.3.15; 

 ɝɚɡɨɜɢɣ ɚɧɚɥɿɡɚɬɨɪ Testo 350-XL [42], ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ ɪɢɫ. 

3.15. 

 

 

 

 

Ɋɢɫ. 3.15 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɫɢɫɬɟɦɢ ɡɦɿɲɭɜɚɧɧɹ ɝɚɡɿɜ EnvironicsSeries 4000 

(ɥɿɜɨɪɭɱ) ɬɚ ɜɢɞ ɝɚɡɨɜɨɝɨ ɚɧɚɥɿɡɚɬɨɪɭ Testo 350-XL (ɩɪɚɜɨɪɭɱ) 

 

Ȼɥɨɤ-ɫɯɟɦɚ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɧɚɜɟɞɟɧɚ ɧɚ 

ɪɢɫ. 3.16. ȼɿɞɛɿɪ ɩɪɨɛɢ ɝɚɡɭ ɡ ɪɟɚɤɬɨɪɚ ɭ ɫɢɫɬɟɦɭ ɡɦɿɲɭɜɚɧɧɹ ɝɚɡɿɜ 5 ɡɚɛɟɡɩɟɱɭєɬьɫɹ 

ɧɚɫɨɫɨɦ 1 ɱɟɪɟɡ ɤɨɥɟɤɬɨɪ 2. Ʉɨɧɬɪɨɥь ɿ ɩɿɞɬɪɢɦɚɧɧɹ ɬɢɫɤɭ ɝɚɡɭ ɜ ɩɪɢɣɧɹɬɧɢɯ ɞɥɹ 

ɫɢɫɬɟɦɢ ɡɦɿɲɭɜɚɧɧɹ 5 ɞɿɚɩɚɡɨɧɚɯ ɜɿɞ 0,67 ɛɚɪ ɞɨ 5,04 ɛɚɪ ɡɞɿɣɫɧɸєɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɦɚɧɨɦɟɬɪɚ 3 ɿ ɡɚɩɿɪɧɨ-ɪɟɝɭɥɸɸɱɨɝɨ ɤɪɚɧɚ 8. ɍ ɹɤɨɫɬɿ ɝɚɡɭ-ɪɨɡɪɿɞɠɭɜɚɱɚ 

ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɩɨɜɿɬɪɹ, ɳɨ ɩɨɞɚєɬьɫɹ ɜ ɫɢɫɬɟɦɭ ɡɦɿɲɭɜɚɧɧɹ 5 ɜɿɞ ɥɚɛɨɪɚɬɨɪɧɨʀ 

ɫɢɫɬɟɦɢ ɫɬɢɫɧɟɧɨɝɨ ɩɨɜɿɬɪɹ ɱɟɪɟɡ ɪɟɝɭɥɹɬɨɪ ɬɢɫɤɭ 4, ɡɚɜɞɚɧɧɹɦ ɹɤɨɝɨ є ɩɿɞɬɪɢɦɤɚ 
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ɬɢɫɤɭ, ɡɚɜɞɚɧɧɹɦ ɹɤɨɝɨ є ɩɿɞɬɪɢɦɤɚ ɬɢɫɤɭ ɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 0.67 ɛɚɪ ɞɨ 5.04 ɛɚɪ. 

Ɋɨɡɛɚɜɥɟɧɚ ɩɨɜɿɬɪɹɦ ɩɪɨɛɚ ɡ ɫɢɫɬɟɦɢ ɡɦɿɲɭɜɚɧɧɹ 5 ɧɚɞɯɨɞɢɬь ɱɟɪɟɡ ɤɨɥɟɤɬɨɪ 2 ɭ 

ɝɚɡɨɜɢɣ ɚɧɚɥɿɡɚɬɨɪ 6. ɇɟɨɛɯɿɞɧɢɣ ɪɿɜɟɧь ɬɢɫɤɭ ɜɿɞ ɦɿɧɭɫ 200 ɝɉɚ ɞɨ 200 ɝɉɚ 

ɤɨɧɬɪɨɥɸєɬьɫɹ ɦɚɧɨɦɟɬɪɨɦ 7 ɿ ɡɚɛɟɡɩɟɱɭєɬьɫɹ ɡɚɩɿɪɧɨ-ɪɟɝɭɥɸɸɱɢɦ ɤɪɚɧɨɦ 9. 

 

 

Ɋɢɫ. 3.16 – Ȼɥɨɤ-ɫɯɟɦɚ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ:  

1 – ɧɚɫɨɫ ɜɿɞɛɨɪɭ ɩɪɨɛɢ ɝɚɡɭ, 2 – ɤɨɥɟɤɬɨɪ, 3 – ɦɚɧɨɦɟɬɪ, 4 – ɪɟɝɭɥɹɬɨɪ ɬɢɫɤɭ, 

5 – ɫɢɫɬɟɦɚ ɡɦɿɲɭɜɚɧɧɹ ɝɚɡɿɜ, 6 – ɝɚɡɨɜɢɣ ɚɧɚɥɿɡɚɬɨɪ, 7 – ɦɚɧɨɦɟɬɪ, 

8,9 -ɤɥɚɩɚɧ ɡɚɩɿɪɧɨ-ɪɟɝɭɥɸɸɱɢɣ. 

 

Ɇɟɬɨɞɢɤɚ ɜɢɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɪɨɡɜɟɞɟɧɧɹɦ ɩɪɨɛ 

ɍɬɜɨɪɟɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɟɚɤɰɿɣ, ɞɟ 

ɤɿɧɰɟɜɢɦ ɩɪɨɞɭɤɬɨɦ є ɪɟɱɨɜɢɧɚ ɞɨɫɢɬь ɫɬɿɣɤɚ ɩɪɢ ɤɿɦɧɚɬɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ⱦɥɹ 

ɮɿɤɫɚɰɿʀ ɤɿɧɰɟɜɢɯ ɩɪɨɞɭɤɬɿɜ ɧɟɨɛɯɿɞɧɟ ɡɚɝɚɪɬɭɜɚɧɧɹ. Зɚɜɞɚɧɧɹ ɡɚɝɚɪɬɭɜɚɧɧɹ – 

ɨɯɨɥɨɞɢɬɢ ɩɪɨɞɭɤɬɢ ɪɟɚɤɰɿʀ ɧɚɫɬɿɥьɤɢ ɲɜɢɞɤɨ, ɳɨɛ ɜɨɧɢ ɧɟ ɜɫɬɢɝɥɢ ɪɨɡɤɥɚɫɬɢɫɹ ɭ 

ɩɪɨɦɿɠɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ. Ɋɟɠɢɦ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɧɚɱɧɨɸ ɦɿɪɨɸ ɜɩɥɢɜɚє ɧɚ 

ɜɢɯɿɞ ɩɪɨɞɭɤɬɿɜ, ɬɨɦɭ ɫɤɥɚɞɧɨ ɩɟɪɟɞɛɚɱɢɬɢ ɭ ɹɤɢɯ ɫɚɦɟ ɤɨɧɰɟɧɬɪɚɰɿɹɯ ɛɭɞɟ ɨɬɪɢɦɚɧɨ 

NO, NO2, NOX ɩɿɫɥɹ ɡɚɝɚɪɬɭɜɚɧɧɹ. 

9 

8 

ȼɿɞɛɿɪ 
ɝɚɡɭ 

1 

ɉɨɜɿɬɪɹ 

2 5 

ȼɯɿɞ 1 

ȼɢɯɿɞ 2 

ɋɭɦɿɲ 

2 
ɞɨ 

ɜɢɯɥɨɩɧɨʀ 
ɬɪɭɛɢ 

4 

6 

7 
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Зɜɚɠɚɸɱɢ ɧɚ ɫɭɩɟɪɟɱɥɢɜɿɫɬь ɩɪɚɤɬɢɱɧɢɯ ɞɚɧɢɯ ɳɨɞɨ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ 

ɨɬɪɢɦɭɜɚɧɢɯ ɨɤɫɢɞɿɜ ɚɡɨɬɭ, ɛɭɥɨ ɜɢɪɿɲɟɧɨ ɩɪɢɣɧɹɬɢ ɹɤ ɛɚɡɨɜɭ 4% ɚɛɨ 40000 ppm 

ɨɛ'єɦɧɭ ɤɨɧɰɟɧɬɪɚɰɿɸ NOX ɡɝɿɞɧɨ ɞɚɧɢɯ, ɧɚɜɟɞɟɧɢɯ ɭ Ƚɥɚɜɿ 1.  

Ɇɟɠɿ ɜɢɦɿɪɸɜɚɧɧɹ ɨɛ'єɦɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɝɚɡɨɜɨɝɨ ɚɧɚɥɿɡɚɬɨɪɚ TESTO 350 XM 

ɫɤɥɚɞɚɸɬь: 

 Ⱦɥɹ NO2 – 500 ppm ɚɛɨ 0,05%. 

 Ⱦɥɹ NO – 300 ppm ɚɛɨ 0,03%. 

 Ⱦɥɹ O2 – 21%. 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜɢɛɿɪ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɛɭɜ ɨɛɭɦɨɜɥɟɧɢɣ ɦɚɤɫɢɦɚɥьɧɨ 

ɦɨɠɥɢɜɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ ɜɢɬɪɚɬ ɝɚɡɿɜ, ɳɨ ɡɦɿɲɭɸɬьɫɹ. Ɍɚɤ, ɿɫɧɭє ɨɩɰɿɹ ɭ ɝɚɡɨɜɨɦɭ 

ɚɧɚɥɿɡɚɬɨɪɿ, ɹɤɚ ɞɨɡɜɨɥɹє ɜɢɤɨɧɭɜɚɬɢ ɪɨɡɜɟɞɟɧɧɹ 1 ɞɨ 40 ɱɚɫɬɢɧ. Ɉɞɧɚɤ, ɭ ɪɚɡɿ 4% 

ɨɱɿɤɭɜɚɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX, ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɪɨɡɜɟɞɟɧɿɣ ɩɨɜɿɬɪɹɦ ɩɪɨɛɿ 

ɛɭɞɟ ɛɥɢɡьɤɨ 0,1% ɚɛɨ 1000 ppm, ɳɨ ɩɟɪɟɜɢɳɭє ɦɟɠɭ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ NO2 

ɿ NO ɭ ɧɚɹɜɧɨɦɭ ɝɚɡɨɚɧɚɥɿɡɚɬɨɪɿ. Ɍɨɦɭ, ɭ ɡɜ'ɹɡɤɭ ɡɿ ɡɧɚɱɧɢɦ ɩɟɪɟɜɢɳɟɧɧɹɦ 

ɜɢɦɿɪɸɜɚɧɨɝɨ ɩɪɢɥɚɞɨɦ ɝɪɚɧɢɱɧɨɝɨ ɪɿɜɧɹ ɨɱɿɤɭɜɚɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɛɭɥɨ 

ɜɢɪɿɲɟɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɦɟɬɨɞ ɩɨɩɟɪɟɞɧьɨɝɨ ɪɨɡɜɟɞɟɧɧɹ ɩɪɨɛ. 

ȼɢɛɪɚɧɚ ɫɢɫɬɟɦɚ ɬɨɱɧɨɝɨ ɪɨɡɜɟɞɟɧɧɹ ɞɨɡɜɨɥɹє ɡɦɿɲɭɜɚɬɢ ɝɚɡɢ ɡ ɜɢɬɪɚɬɚɦɢ ɜɿɞ 

0,005 ɥ/ɯɜ ɞɨ 5 ɥ/ɯɜ, ɬɨɛɬɨ, ɭ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɜɢɬɪɚɬ. 

ȿɤɫɩɟɪɢɦɟɧɬ ɡ ɜɢɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɪɨɡɜɟɞɟɧɧɹɦ ɩɪɨɛ 

ɫɤɥɚɞɚɜɫɹ ɿɡ ɧɚɫɬɭɩɧɢɯ ɟɬɚɩɿɜ: 

 ȿɬɚɩ 1 – ɩɟɪɟɜɿɪɤɚ ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɬɚ 

ɤɨɦɩɥɟɤɫɧɟ ɜɢɩɪɨɛɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ. 

 ȿɬɚɩ 2 – ɚɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ ɟɬɚɩɭ 1, ɤɨɪɢɝɭɜɚɧɧɹ ɦɟɬɨɞɢɤɢ, 

ɜɧɟɫɟɧɧɹ ɡɦɿɧ ɞɨ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ, ɚ ɬɚɤɨɠ ɩɨɜɬɨɪɧɟ 

ɩɪɨɜɟɞɟɧɧɹ ɟɬɚɩɭ 1. 

 ȿɬɚɩ 3 –ɜɢɦɿɪɸɜɚɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NO, NO2, NOX, O2. 
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Ɍɚɛɥɢɰɹ 3.1 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ O2 ɟɬɚɩɭ 1 

 

 

 

 

 

 

 

 

ȿɬɚɩ 1 ɜɤɥɸɱɚɜ ɪɨɡɪɚɯɭɧɨɤ ɨɛ'єɦɧɢɯ ɜɢɬɪɚɬ ɩɪɨɛɢ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɝɚɡɭ ɿ ɝɚɡɭ-

ɪɨɡɪɿɞɠɭɜɚɱɚ. Ⱦɥɹ ɩɟɪɟɜɿɪɤɢ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɜɢɤɨɪɢɫɬɚɧɨ 

ɛɟɡɩɟɱɧɿ ɝɚɡɢ: ɚɡɨɬ N2 – ɹɤ ɩɪɨɛɚ, ɿ ɫɭɯɟ ɩɨɜɿɬɪɹ – ɹɤ ɝɚɡ-ɪɨɡɪɿɞɠɭɜɚɱ. ȼɢɦɿɪɸɜɚɧɨɸ 

ɜɟɥɢɱɢɧɨɸ ɛɭɥɚ ɨɛ’єɦɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ O2. Ɋɟɡɭɥьɬɚɬɢ ɜɢɦɿɪɸɜɚɧɧɹ ɧɚɜɟɞɟɧɿ ɭ 

ɬɚɛɥɢɰɿ 3.2. Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɪɟɱɨɜɢɧɢ ɜɢɡɧɚɱɚɥɚɫь ɹɤ VO2/VɋɍɆІɒІ. 

Ɍɚɛɥɢɰɹ 3.2 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɬɚ ɜɢɦɿɪɹɧɿ ɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ O2 

 Ɋɨɡɪɚɯɭɧɨɤ ȼɢɦɿɪ 

ȼɢɬɪɚɬɚ, ɥ/ɦɿɧ O2 O2 

ɉɨɜɿɬɪɹ N2 ɨɛ. % ɨɛ. % 

4,9 4,9 10,5 11,90 

4,9 0,98 17,5 17,8 

4,9 0,49 19,09 19,27 

4,9 0,05 20,79 20,83 

0,4 4,00 1,9 4,6 

0,06 4,40 0,26 3,1 

 ɉɨɜɿɬɪɹ ɋɭɦɿɲ 

ȼɢɬɪɚɬɚ, ɥ/ɦɿɧ O2  O2 

ɉɨɜɿɬɪɹ N2 ɨɛ. % V, ɥ V, ɥ ɨɛ. % 

4,9 4,9 21 1,03 9,80 10,5 

4,9 0,98 21 1,03 5,88 17,5 

4,9 0,49 21 1,03 5,39 19,09 

4,9 0,05 21 1,03 4,95 20,79 

0,4 4,00 21 0,08 4,4 1,9 

0,06 4,40 21 0,01 4,46 0,26 
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ȼɢɡɧɚɱɟɧɨ, ɳɨ ɨɩɬɢɦɚɥьɧɢɣ ɬɢɫɤ ɩɨɜɿɬɪɹ ɬɚ ɚɡɨɬɭ ɧɚ ɜɯɨɞɿ ɜ ɫɢɫɬɟɦɭ 

ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɫɬɚɧɨɜɢɬь ɜɿɞ 0,9 ɛɚɪ ɞɨ 1,6 ɛɚɪ. Ɋɟɝɭɥɹɬɨɪ ɬɢɫɤɭ ɩɨɜɿɬɪɹ 

4 ɛɭɜ ɧɚɥɚɲɬɨɜɚɧɢɣ ɧɚ ɩɿɞɬɪɢɦɤɭ ɬɢɫɤɭ 1 ɛɚɪ. Ɉɩɬɢɦɚɥьɧɢɣ ɜɯɿɞɧɢɣ ɬɢɫɤ N2 

ɤɨɧɬɪɨɥɸɜɚɜɫɹ ɦɚɧɨɦɟɬɪɨɦ 3 ɿ ɪɟɝɭɥɸɜɚɜɫɹ ɡɚɩɿɪɧɨ-ɪɟɝɭɥɸɸɱɢɦ ɤɥɚɩɚɧɨɦ 8 (ɞɢɜ. 

ɪɢɫ. 3.16). 

Ⱦɥɹ ɤɨɧɬɪɨɥɸ ɬɚ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɚɞɥɢɲɤɨɜɨɝɨ ɬɢɫɤɭ ɪɨɡɜɟɞɟɧɨɝɨ ɝɚɡɭ ɩɟɪɟɞ 

ɝɚɡɨɜɢɦ ɚɧɚɥɿɡɚɬɨɪɨɦ 6 ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ ɦɚɧɨɦɟɬɪ 7, ɤɨɥɟɤɬɨɪ 2 ɬɚ ɡɚɩɿɪɧɨ-

ɪɟɝɭɥɸɸɱɢɣ ɤɥɚɩɚɧ 9 (ɡɚɡɧɚɱɟɧɚ ɚɪɦɚɬɭɪɚ ɧɟ ɛɭɥɚ ɩɟɪɟɞɛɚɱɟɧɚ ɩɿɞ ɱɚɫ ɩɟɪɲɨɝɨ 

ɩɪɨɜɟɞɟɧɧɹ ɟɬɚɩɭ 1). Ɉɩɬɢɦɚɥьɧɢɣ ɬɢɫɤ ɪɨɡɜɟɞɟɧɨɝɨ ɝɚɡɭ ɤɨɧɬɪɨɥɸɜɚɜɫɹ ɦɚɧɨɦɟɬɪɨɦ 

7, ɬɚ ɫɬɚɧɨɜɢɜ ɜɿɞ 1,3 psi (0,09 ɛɚɪ) ɞɨ 2,3 psi (0,16 ɛɚɪ). 

Ȼɭɥɨ ɬɚɤɨɠ ɜɢɡɧɚɱɟɧɨ, ɳɨ 30 ɯɜɢɥɢɧɟ ɩɪɨɞɭɜɚɧɧɹ ɜɢɦɿɪɸɜɚɧɨɸ ɫɭɦɿɲɲɸ 

ɱɟɪɟɡ ɝɚɡɨɜɢɣ ɚɧɚɥɿɡɚɬɨɪ 6 є ɨɩɬɢɦɚɥьɧɢɦ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɧɚɣɬɨɱɧɿɲɢɯ ɪɟɡɭɥьɬɚɬɿɜ. 

ɍ ɬɚɛɥ. 3.3 ɧɚɜɟɞɟɧɨ ɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɤɢɫɧɸ ɩɿɫɥɹ ɡɚɡɧɚɱɟɧɢɯ 

ɤɨɪɟɝɭɜɚɧь. Ⱥɛɫɨɥɸɬɧɚ ɩɨɯɢɛɤɚ ɜɛɢɪɚєɬьɫɹ 4%. Ɉɬɪɢɦɚɧɚ ɜɿɞɩɨɜɿɞɧɿɫɬь ɜɢɦɿɪɹɧɢɯ 

ɡɧɚɱɟɧь ɤɨɧɰɟɧɬɪɚɰɿʀ O2 ɪɟɡɭɥьɬɚɬɚɦ ɪɨɡɪɚɯɭɧɤɿɜ ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɩɪɨ 

ɤɨɪɟɤɬɧɿɫɬь ɦɟɬɨɞɢɤɢ, ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ. 

 

Ɍɚɛɥɢɰɹ 3.3 

ȼɢɦɿɪɹɧɿ ɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ O2 ɩɿɫɥɹ ɟɬɚɩɭ 2 

 Ɋɨɡɪɚɯɭɧɨɤ ȼɢɦɿɪ ɉɨɯɢɛɤɚ 

ȼɢɬɪɚɬɚ, ɥ/ɦɿɧ O2 ȼɿɞɧɨɫɧɚ Ⱥɛɫɨɥɸɬ. 

ɉɨɜɿɬɪɹ N2 ɨɛ.% ɨɛ.% % 

4,9 4,9 10,5 10,41 0,09 0,86 

4,9 0,98 17,5 17,65 -0,1 -0,57 

4,9 0,49 19,09 19,17 -0,08 -0,42 

4,9 0,05 20,79 20,73 0,05 0,24 

0,4 4,00 1,9 1,89 0,01 0,53 

0,06 4,40 0,26 0,25 0,01 4 
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ȼɿɞɛɿɪ ɩɪɨɛɢ ɝɚɡɭ ɡɞɿɣɫɧɸɜɚɜɫɹ ɡ ɜɢɯɿɞɧɨʀ ɫɟɤɰɿʀ ɩɥɚɡɦɨɬɪɨɧɚ, ɚ ɡɚɝɚɪɬɭɜɚɧɧɹ 

ɜɢɤɨɧɭɜɚɥɚɫɹ ɜ ɝɚɪɬɭɜɚɥьɧɨɦɭ ɩɪɢɫɬɪɨʀ (ɞɢɜ. ɪɢɫ. 3.10). Ɋɟɡɭɥьɬɚɬɢ ɜɢɦɿɪɸɜɚɧɧɹ 

ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NOX ɟɬɚɩɭ 3 ɛɭɞɭɬь ɧɚɜɟɞɟɧɿ ɜ ɪɨɡɞɿɥɿ 5. 

3.6 ȼɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɿɧɮɪɚɱɟɪɜɨɧɢɦ Ɏɭɪ'є 
ɫɩɟɤɬɪɨɦɟɬɪɨɦ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɡɚ ɞɨɩɨɦɨɝɨɸ ɿɧɮɪɚɱɟɪɜɨɧɨɝɨ 

Ɏɭɪ’є ɫɩɟɤɬɪɨɦɟɬɪɚ ɛɭɥɚ ɡɪɨɛɥɟɧɚ ɫɢɫɬɟɦɚ ɜɢɦɿɪɸɜɚɧɧɹ, ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɫɢɫɬɟɦɢ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.17. 

ɋɢɫɬɟɦɚ ɫɤɥɚɞɚєɬьɫɹ ɡ: 

 Іɧɮɪɚɱɟɪɜɨɧɨɝɨ Ɏɭɪ’є ɫɩɟɤɬɪɨɦɟɬɪɚ Nicolet iS50 1 ɿɡ 2 ɦɟɬɪɨɜɢɦ ɝɚɡɨɜɢɦ 

ɨɫɟɪɟɞɤɨɦ 2, ɩɿɞɿɝɪɿɜɚɱɟɦ ɿ ɪɟɝɭɥɹɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɢ 3 [43]. 

 ȼɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ. 

 Ƚɟɧɟɪɚɬɨɪɚ ɚɡɨɬɭ. 

 Ⱦɚɬɱɢɤɚ ɬɢɫɤɭ. 

 ɋɢɫɬɟɦɢ ɡɦɿɲɭɜɚɧɧɹ Environics Series 4000. 

 Ȼɚɥɨɧɭ ɿɡ ɫɭɦɿɲɿ 10 % ɨɛ’єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɬɚ N2. 

 Ȼɚɥɨɧɭ ɿɡ ɫɭɦɿɲɿ 10 % ɨɛ’єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NO2 ɢ N2. 

 

 

 

 

 

 

 

Ɋɢɫ. 3.17 – Зɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɫɢɫɬɟɦɢ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɧɚ ɛɚɡɿ 

ɿɧɮɪɚɱɟɪɜɨɧɨɝɨ Ɏɭɪ'є ɫɩɟɤɬɪɨɦɟɬɪɚ iS50 Nicolet 
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Зɚ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɨɱɧɨʀ ɫɢɫɬɟɦɢ ɪɨɡɜɟɞɟɧɧɹ ɝɚɡɿɜ, ɛɚɥɨɧɿɜ ɡ 10% ɨɛ'єɦɧɢɦ 

ɜɦɿɫɬɨɦ NO ɬɚ NO2 ɬɚ ɝɟɧɟɪɚɬɨɪɚ ɚɡɨɬɭ ɜɢɤɨɧɭɜɚɥɨɫь ɡɦɿɲɭɜɚɧɧɹ ɨɞɧɨɝɨ ɡ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɡ ɚɡɨɬɨɦ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɤɚɥɿɛɪɭɜɚɥьɧɢɯ ɫɭɦɿɲɟɣ ɜɿɞ 0,1% ɞɨ 6%. ɋɭɦɿɲ 

ɧɚɞɯɨɞɢɥɚ ɞɨ ɝɚɡɨɜɨɝɨ ɨɫɟɪɟɞɤɭ ɿɧɮɪɚɱɟɪɜɨɧɨɝɨ Ɏɭɪ'є ɫɩɟɤɬɪɨɦɟɬɪɚ ɞɥɹ ɨɬɪɢɦɚɧɧɹ 

ɫɩɟɤɬɪɿɜ ɯɚɪɚɤɬɟɪɧɢɯ ɫɩɟɤɬɪɿɜ NO ɬɚ NO2 ɭ ɧɟɨɛɯɿɞɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɤɨɧɰɟɧɬɪɚɰɿɣ. 

Ɉɬɪɢɦɚɧɿ ɤɚɥɿɛɪɭɜɚɥьɧɿ ɡɚɥɟɠɧɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɨɛ'єɦɧɢɯ 

ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɤɫɢɞɭ ɬɚ ɞɿɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɪɨɞɭɤɬɚɯ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɧɚ ɜɢɯɨɞɿ 

ɿɡ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3.18 – ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɩɿɞɤɥɸɱɟɧɧɹ ɝɚɡɨɜɨɝɨ ɨɫɟɪɟɞɤɭ Ɏɭɪ'є ɫɩɟɤɬɪɨɦɟɬɪɚ 

iS50 Nicolet 

 

3.7 Ɉɩɬɢɱɧɢɣ ɦɟɬɨɞ ɨɰɿɧɤɢ ɜɦɿɫɬɭ NO ɭ ɩɥɚɡɦɨɜɨɦɭ ɮɚɤɟɥɿ ȼЧȱ ɪɨɡɪɹɞɭ 

Ɉɞɢɧ ɿɡ ɦɟɬɨɞɿɜ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ – ɰɟ 

ɜɢɦɿɪɸɜɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɜɿɬɥɨɜɨɝɨ ɜɢɩɪɨɦɿɧɟɧɧɹ ɮɚɤɟɥɭ ɭ ɜɢɯɿɞɧɨɦɭ ɫɨɩɥɿ 

ɩɥɚɡɦɨɬɪɨɧɚ ɨɩɬɢɱɧɢɦ ɫɩɟɤɬɪɨɦɟɬɪɨɦ. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɦɨɥɹɪɧɢɯ ɱɚɫɬɨɤ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

ɜɢɡɧɚɱɚɥɢ ɭ ɬɚɤɢɣ ɡɚɫɿɛ. ɋɩɨɱɚɬɤɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɩɬɢɱɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɮɿɪɦɢ 
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“Avantes BV” [44] ɡɧɚɯɨɞɢɥɢ ɡɚɥɟɠɧɿɫɬь ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɿɞ ɞɨɜɠɢɧɢ ɯɜɢɥɿ ɭ ɞɿɚɩɚɡɨɧɿ 

ɜɿɞ 200 ɧɦ ɞɨ 450 ɧɦ. ɉɨɬɿɦ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɡɚ ɞɚɧɢɦɢ ɫɩɟɤɬɪɨɦɟɬɪɚ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ Specair ɮɿɪɦɢ SpectralFit S.A.S. 

  

3.8 ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 3 

З ɦɟɬɨɸ ɜɢɜɱɟɧɧɹ ɩɪɨɰɟɫɭ ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ȼɑІ ɩɥɚɡɦɨɜɨʀ 

ɫɢɫɬɟɦɢ ɛɭɥɚ ɤɚɪɞɢɧɚɥьɧɨ ɦɨɞɟɪɧɿɡɨɜɚɧɚ ȼɑІ ɩɥɚɡɦɨɜɚ ɫɢɫɬɟɦɚ APT-100 ɫ 

ɩɚɫɩɨɪɬɧɨɸ ɩɨɬɭɠɧɿɫɬɸ 100 ɤȼɬ, ɪɨɡɪɨɛɥɟɧɿ ɚɥɝɨɪɢɬɦɢ ɬɚ ɫɢɫɬɟɦɢ ɦɨɧɿɬɨɪɢɧɝɭ 

ɝɚɡɿɜ, ɬɟɩɥɨɜɢɯ ɩɨɬɨɤɿɜ ɭ ɜɫɿɯ ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɜɭɡɥɚɯ ɩɥɚɡɦɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɬɚ 

ɪɟɚɤɬɨɪɚ, ɫɢɫɬɟɦɚ ɩɿɞɬɪɢɦɤɢ ɞɢɧɚɦɿɱɧɨʀ ɫɬɚɛɿɥьɧɨɫɬɿ ɩɥɚɡɦɢ, ɡɚɯɢɫɬɭ ɜɿɞ ɡɦɿɧɢ 

ɤɪɢɬɢɱɧɢɯ ɪɟɠɢɦɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. 

З ɦɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ ɫɤɥɚɞɭ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɣ ɝɚɡɿɜ , ɡ ɜɢɯɿɞɧɨɝɨ ɫɨɩɥɚ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɚ, ɛɭɥɨ ɫɩɪɨɟɤɬɨɜɚɧɨ ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɥьɧɢɣ ɝɚɪɬɭɜɚɥьɧɢɣ ɩɪɢɫɬɪɿɣ, ɳɨ 

ɩɿɞɤɥɸɱɚєɬьɫɹ ɞɨ ɜɢɯɿɞɧɨɝɨ ɫɨɩɥɚ ɩɥɚɡɦɨɬɪɨɧɚ. 

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɛɭɜ ɫɩɪɨɟɤɬɨɜɚɧɢɣ 

ɪɟɚɤɬɨɪ ɞɥɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɭ ɤɿɥьɤɨɯ ɜɚɪɿɚɧɬɚɯ. ɍ ɩɟɪɲɨɦɭ ɜɚɪɿɚɧɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ 

ɩɪɨɜɨɞɢɥɨɫɹ ɬɿɥьɤɢ ɡɚ ɪɚɯɭɧɨɤ ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɫɬɿɧɨɤ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. ɍ 

ɞɪɭɝɨɦɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɥɢ ɲɥɹɯɨɦ ɡɦɿɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ 

ɪɟɚɤɰɿʀ ɡ ɩɨɜɿɬɪɹɦ, ɭ ɬɪɟɬьɨɦɭ – ɡɦɿɲɭɜɚɧɧɹɦ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ ɝɚɡɚɦɢ 

(ɪɟɰɢɪɤɭɥɹɰɿɹ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ). 

ȼɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɢɤɨɧɭɜɚɥɢ: 

 Ɉɩɬɢɱɧɢɦ ɦɟɬɨɞɨɦ, ɜɢɦɿɪɸɜɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɜɿɬɥɨɜɨɝɨ ɜɢɩɪɨɦɿɧɟɧɧɹ 

ɮɚɤɟɥɭ ɭ ɜɢɯɿɞɧɨɦɭ ɫɨɩɥɿ ɩɥɚɡɦɨɬɪɨɧɚ ɨɩɬɢɱɧɢɦ ɫɩɟɤɬɪɨɦɟɬɪɨɦ. 

 Ɇɟɬɨɞɨɦ ɪɨɡɜɟɞɟɧɧɹ ɩɪɨɛ ɭ ɫɢɫɬɟɦɿ ɪɨɡɜɟɞɟɧɧɹ ɬɚ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ 

ɝɚɡɨɜɢɦ ɚɧɚɥɿɡɚɬɨɪɨɦ. 

 Ɇɟɬɨɞɨɦ ɜɢɦɿɪɸɜɚɧɧɹ ɿɧɮɪɚɱɟɪɜɨɧɢɦ Ɏɭɪ’є ɫɩɟɤɬɪɨɦɟɬɪɨɦ. 
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ɊɈɁȾІɅ 4 

ɄІɇȿɌɂɄА ɎɈɊɆɍВАɇɇə NOX  

ɍ ВЧ ІɇȾɍɄɌɂВɇɈɆɍ ɉɅАɁɆɈɌɊɈɇІ 

 

ȼ ɪɚɦɤɚɯ ɞɨɫɥɿɞɠɟɧɶ ɩɪɨɰɟɫɭ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ 

ɪɨɡɪɚɯɭɧɤɨɜɭ ɦɨɞɟɥɶ ɭɬɜɨɪɟɧɧɹ NOX ɭ ȼɑ ɿɧɞɭɤɬɢɜɧɨɦɭ ɩɥɚɡɦɨɬɪɨɧɿ. Ⱦɟɬɚɥɶɧɟ 

ɜɢɜɱɟɧɧɹ ɟɜɨɥɸɰɿʀ ɤɨɦɩɨɧɟɧɬɿɜ ɭɫɟɪɟɞɢɧɿ ɪɨɡɪɹɞɧɨʀ ɤɚɦɟɪɢ ɞɨɡɜɨɥɢɬɶ ɨɬɪɢɦɚɬɢ 

ɞɨɞɚɬɤɨɜɿ ɞɚɧɿ, ɹɤɿ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɭɬɜɨɪɟɧɧɹ 

ɧɟɨɛɯɿɞɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ. 

ɉɪɢ ɜɢɜɱɟɧɧɿ ɤɿɧɟɬɢɤɢ ɮɨɪɦɭɜɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɬɚ 

ɝɚɪɬɭɜɚɥɶɧɿɣ ɡɨɧɿ ɫɢɫɬɟɦɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ Zero-

Dimensional Plasma Kinetics solver (ZDPlasKin) [45]. Ⱦɚɧɢɣ ɤɨɞ ɪɨɡɪɨɛɥɹɜɫɹ ɞɥɹ 

ɤɿɧɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɤɜɚɡɿɪɿɜɧɨɜɚɠɧɨʀ ɩɥɚɡɦɢ: ɞɨ ɹɤɨʀ ɮɭɧɤɰɿɹ ɪɨɡɩɨɞɿɥɭ 

ɟɥɟɤɬɪɨɧɿɜ ɡɚ ɟɧɟɪɝɿєɸ (ɎɊȿȿ) ɧɟ Ɇɚɤɫɜɟɥɥɿɜɫɶɤɚ, ɤɿɧɟɬɢɤɚ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ 

ɤɜɚɡɿɪɿɜɧɨɜɚɠɧɚ – ɤɨɧɫɬɚɧɬɢ ɲɜɢɞɤɨɫɬɿ ɩɪɨɰɟɫɭ є ɮɭɧɤɰɿɹɦɢ ɬɿɥɶɤɢ ɤɿɧɟɬɢɱɧɨʀ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜɚɠɤɢɯ ɱɚɫɬɢɧɨɤ. Ⱦɥɹ ɨɛɱɢɫɥɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɟɥɟɤɬɪɨɧɧɨ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɩɪɨɰɟɫɿɜ ɬɚ ɎɊȿȿ ɩɪɨɝɪɚɦɧɢɣ ɩɚɤɟɬ ZDPlaskin ɜɢɤɨɪɢɫɬɨɜɭє 

ɡɨɜɧɿɲɧɿɣ ɦɨɞɭɥɶ Electron Boltzmann equation (BOLSIG+) [46]. ɐɟɣ ɦɨɞɭɥɶ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɪɿɜɧɹɧɧɹ Ȼɨɥɶɰɦɚɧɚ ɭ ɫɥɚɛɨɿɨɧɿɡɨɜɚɧɢɯ ɝɚɡɚɯ ɭ 

ɨɞɧɨɪɿɞɧɢɯ ɩɨɥɹɯ. Ɍɚɤɿ ɭɦɨɜɢ ɯɚɪɚɤɬɟɪɧɿ ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɬɢɩɿɜ ɟɥɟɤɬɪɢɱɧɢɯ ɪɨɡɪɹɞɿɜ, 

ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɪɢ ɤɨɧɜɟɪɫɿʀ ɜɭɝɥɟɜɨɞɧɿɜ, ɩɥɚɡɦɨɦɟɞɢɰɢɧɿ ɿ ɬ.ɞ. [17]. Ɂɚ ɬɚɤɢɯ 

ɭɦɨɜ ɎɊȿȿ ɧɟ Ɇɚɤɫɜɟɥɥɿɜɫɶɤɚ ɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɟɧɟɪɝɟɬɢɱɧɢɦ ɛɚɥɚɧɫɨɦ ɦɿɠ ɟɧɟɪɝɿєɸ, 

ɨɬɪɢɦɚɧɨɸ ɟɥɟɤɬɪɨɧɚɦɢ ɜɿɞ ɟɥɟɤɬɪɢɱɧɨɝɨ ɩɨɥɹ ȿ ɬɚ ɜɬɪɚɬɚɦɢ ɟɧɟɪɝɿʀ ɩɪɢ ɡɿɬɤɧɟɧɧɿ ɡ 

ɧɟɣɬɪɚɥɶɧɢɦɢ ɱɚɫɬɢɧɤɚɦɢ ɝɚɡɭ. ɋɚɦɟ ɬɨɦɭ ɨɛɨɜ’ɹɡɤɨɜɢɦ ɜɯɿɞɧɢɦ ɩɚɪɚɦɟɬɪɨɦ є 

ɩɪɢɜɟɞɟɧɟ ɟɥɟɤɬɪɢɱɧɟ ɩɨɥɟ E/N, ɞɟ N – ɤɨɧɰɟɧɬɪɚɰɿɹ ɧɟɣɬɪɚɥɶɧɢɯ ɱɚɫɬɢɧɨɤ ɩɥɚɡɦɢ. 

ȼɯɿɞɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɭɥɹ BOLSIG+ є ɡɚɥɟɠɧɨɫɬɿ ɩɟɪɟɪɿɡɿɜ ɜɡɚєɦɨɞɿʀ 

ɟɥɟɤɬɪɨɧɿɜ ɡ ɿɧɲɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɥɚɡɦɢ. Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɟɥɟɤɬɪɨɧɧɨ-

ɦɨɥɟɤɭɥɹɪɧɢɯ ɩɪɨɰɟɫɿɜ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɩɟɪɟɥɿɤ 123 ɟɥɟɤɬɪɨɧɧɨ-ɦɨɥɟɤɭɥɹɪɧɢɯ 

ɩɪɨɰɟɫɿɜ, ɪɨɡɪɨɛɥɟɧɢɣ ɭ Ʉɢʀɜɫɶɤɨɦɭ ɇɚɰɿɨɧɚɥɶɧɨɦɭ ɍɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ Ɍɚɪɚɫɚ 
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ɒɟɜɱɟɧɤɚ ɧɚ ɛɚɡɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɭ [47] ɦɟɯɚɧɿɡɦɭ. ɉɟɪɟɪɿɡɢ ɜɡɚєɦɨɞɿʀ ɟɥɟɤɬɪɨɧɿɜ ɡ 

ɦɨɥɟɤɭɥɹɪɧɢɦ ɚɡɨɬɨɦ ɜɡɹɬɨ ɡ Phelps database [48], ɩɟɪɟɪɿɡɢ ɜɡɚєɦɨɞɿʀ ɡ ɦɨɥɟɤɭɥɹɪɧɢɦ 

ɤɢɫɧɟɦ ɡ Biagi (Magboltz versions 8.9 and higher) [49]. Ⱦɥɹ ɩɟɪɟɪɿɡɿɜ ɜɡɚєɦɨɞɿʀ 

ɟɥɟɤɬɪɨɧɿɜ ɡ N, O, NO, NO2, O3 ɬɚ ɤɢɫɧɟɦ, ɜɢɤɨɪɢɫɬɚɧɨ Morgan database (Kinema 

Research Software) [50]. 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɦɨɞɭɥɹ BOLSIG+ ɞɨɡɜɨɥɹє:  

 ɪɨɡɪɚɯɭɜɚɬɢ ɎɊȿȿ ɧɚ ɨɫɧɨɜɿ ɞɚɧɢɯ ɩɪɨ ɩɪɢɜɟɞɟɧɟ ɟɥɟɤɬɪɢɱɧɟ ɩɨɥɟ ɬɚ 

ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɭ, 

 ɪɨɡɪɚɯɭɜɚɬɢ ɤɨɟɮɿɰɿєɧɬɢ ɩɟɪɟɧɨɫɭ ɬɚ ɱɚɫɬɨɬɢ ɡɿɬɤɧɟɧɧɹ, 

 ɪɨɡɪɚɯɭɜɚɬɢ ɲɜɢɞɤɿɫɬɶ ɟɥɟɤɬɪɨɧɧɨ-ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɨɰɟɫɭ. 

ȼɢɦɿɪɸɜɚɧɧɹ ɚɛɨ ɪɨɡɪɚɯɭɧɨɤ ɟɥɟɤɬɪɢɱɧɨɝɨ ɩɨɥɹ ɜ ɩɥɚɡɦɿ ɩɨɬɭɠɧɨɝɨ ȼɑІ 

ɪɨɡɪɹɞɭ є ɨɤɪɟɦɢɦɢ ɫɤɥɚɞɧɢɦɢ ɡɚɞɚɱɚɦɢ, ɹɤɿ ɧɚ ɫɶɨɝɨɞɧɿ ɳɟ ɧɟ ɦɚɸɬɶ ɪɨɡɜ’ɹɡɤɭ. Ɍɨɦɭ 

ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɤɿɧɟɬɢɤɢ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ɩɥɚɡɦɿ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ ɿ 

ɝɚɪɬɭɜɚɥɶɧɿɣ ɡɨɧɿ ɫɢɫɬɟɦɢ ɛɭɥɨ ɜɩɟɪɲɟ ɜɢɤɨɪɢɫɬɚɧɨ ɿɧɲɢɣ ɩɿɞɯɿɞ ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɞɭ 

ZDPlasKin ɞɥɹ ɨɛɪɚɯɭɧɤɭ ɤɿɧɟɬɢɤɢ ɟɥɟɤɬɪɨɧɧɨ ɦɨɥɟɤɭɥɹɪɧɢɯ ɩɪɨɰɟɫɿɜ, ɮɿɡɢɱɧɨɸ 

ɨɫɧɨɜɨɸ ɹɤɨɝɨ є ɩɪɢɩɭɳɟɧɧɹ ɩɪɨ ɪɿɜɧɨɜɚɠɧɿɫɬɶ ɩɥɚɡɦɢ ɩɨɬɭɠɧɨɝɨ ȼɑІ ɪɨɡɪɹɞɭ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɬɢɫɤɭ [18, 25]. ȼɢɯɨɞɹɱɢ ɡ ɰɶɨɝɨ ɜ ɹɤɨɫɬɿ ɎɊȿȿ ɛɭɜ ɜɡɹɬɢɣ ɪɨɡɩɨɞɿɥ 

Ɇɚɤɫɜɟɥɥɚ fሺEሻ. ȼɿɞɩɨɜɿɞɧɨ ɞɥɹ ɤɨɠɧɨɝɨ ɟɥɟɤɬɪɨɧɧɨ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɨɰɟɫɭ ɡ 123 

ɩɪɨɰɟɫɿɜ ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ ɧɚɫɬɭɩɧɚ ɚɩɪɨɤɫɢɦɚɰɿɹ ɩɨ ɜɢɡɧɚɱɟɧɧɸ ɤɨɧɫɬɚɧɬɢ 

ɲɜɢɞɤɨɫɬɿ ɩɪɨɰɟɫɭ k: k = ∫σሺEሻveሺEሻfሺEሻdE,    (4.1) 

ɞɟ ɎɊȿȿ є Ɇɚɤɫɜɟɥɥɿɜɫɶɤɨɸ: 

fሺEሻ = ଶ√π ⋅ ቀ ଵkTቁయమ √Ee−EkT .    (4.2) 

ȼɿɞɩɨɜɿɞɧɨ ɲɜɢɞɤɿɫɬɶ ɤɨɠɧɨɝɨ ɟɥɟɤɬɪɨɧɧɨ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɨɰɟɫɭ: 

e + A → B +C,     (4.3) 
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ɦɨɠɧɚ ɪɨɡɪɚɯɭɜɚɬɢ ɡ ɛɚɥɚɧɫɧɨɝɨ ɪɿɜɧɹɧɧɹ: d[B] dt = k[e][A]⁄ .     (4.4) 

Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɪɟɚɤɰɿɣ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 

ɜɢɡɧɚɱɚɥɢɫɹ ɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɡɚ ɧɢɡɤɢ ɮɿɤɫɨɜɚɧɢɯ ɬɟɦɩɟɪɚɬɭɪ 

(ɛɥɢɡɶɤɢɯ ɞɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ). Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɧɟɨɛɯɿɞɧɨɝɨ ɪɿɜɧɹ 

ɬɨɱɧɨɫɬɿ ɨɬɪɢɦɚɧɢɣ ɧɚɛɿɪ ɬɨɱɨɤ ɚɩɪɨɤɫɢɦɭɜɚɜɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɥɿɧɨɦɚ 4-ɝɨ 

ɫɬɭɩɟɧɹ, ɹɤɢɣ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɟɥɟɤɬɪɨɧɧɨ-

ɦɨɥɟɤɭɥɹɪɧɢɯ ɪɟɚɤɰɿɣ. Ɉɫɤɿɥɶɤɢ ɜɢɤɥɢɤ ɮɭɧɤɰɿɣ ɦɨɞɭɥɹ BOLSIG+ ɞɨɫɢɬɶ 

ɪɟɫɭɪɫɧɨɦɿɫɬɤɢɣ, ɡ'ɹɜɢɥɚɫɹ ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɛɱɢɫɥɸɜɚɥɶɧɭ ɫɿɬɤɭ ɡ 

ɛɿɥɶɲ ɞɪɿɛɧɢɦ ɤɪɨɤɨɦ ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɪɟɡɭɥɶɬɚɬɭ ɡɚ ɩɪɢɣɧɹɬɧɢɣ ɱɚɫ.  

ɇɚɫɬɭɩɧɢɦ ɟɬɚɩɨɦ ɛɭɥɨ ɫɬɜɨɪɟɧɧɹ ɦɨɞɟɥɿ ɫɢɫɬɟɦɢ ɡ ɝɪɚɞɿєɧɬɚɦɢ ɬɟɦɩɟɪɚɬɭɪɢ 

ɹɤ ɡɚ ɱɚɫɨɦ, ɬɚɤ ɿ ɡɚ ɤɨɨɪɞɢɧɚɬɚɦɢ, ɨɫɤɿɥɶɤɢ ZDPlasKin ɬɚɤɨʀ ɦɨɠɥɢɜɨɫɬɿ ɧɟ ɦɚє. 

Ⱦɥɹ ɜɿɞɫɬɟɠɟɧɧɹ ɟɜɨɥɸɰɿʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɤɨɦɩɨɧɟɧɬɿɜ ɭ ɱɚɫɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ 

ɬɚɤɿ ɩɪɢɩɭɳɟɧɧɹ: 

 ɜɿɞɫɭɬɧɿɫɬɶ ɬɭɪɛɭɥɟɧɬɧɢɯ ɡɚɜɢɯɪɟɧɶ, ɳɨ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɪɭɯɭ ɝɚɡɭ ɭ 

ɡɜɨɪɨɬɧɢɣ ɛɿɤ (ɞɨ ɜɯɿɞɧɨʀ ɫɟɤɰɿʀ ɩɥɚɡɦɨɬɪɨɧɚ); 

 ɲɜɢɞɤɿɫɬɶ ɝɚɡɭ ɜɡɞɨɜɠ ɨɫɿ ɩɥɚɡɦɨɬɪɨɧɭ ɩɟɪɟɜɢɳɭє ɲɜɢɞɤɿɫɬɶ ɝɚɡɭ ɭ 

ɪɚɞɿɚɥɶɧɨɦɭ ɧɚɩɪɹɦɤɭ. 

Ɍɚɤɿ ɩɪɢɩɭɳɟɧɧɹ ɞɨɡɜɨɥɹɸɬɶ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɡɚɤɨɧ ɧɟɩɟɪɟɪɜɧɨɫɬɿ ɩɨɬɨɤɭ ɝɚɡɭ. 

Ɂɚ ɜɿɞɨɦɢɦɢ ɝɟɨɦɟɬɪɢɱɧɢɦɢ ɪɨɡɦɿɪɚɦɢ ɪɟɚɤɰɿɣɧɨʀ ɤɚɦɟɪɢ, ɩɨɱɚɬɤɨɜɨʀ ɲɜɢɞɤɨɫɬɿ 

ɩɨɬɨɤɭ ɝɚɡɭ ɬɚ ɩɪɨɫɬɨɪɨɜɨɝɨ ɪɨɡɩɨɞɿɥɭ ɬɟɦɩɟɪɚɬɭɪɢ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɩɨɡɞɨɜɠɧɸ 

ɲɜɢɞɤɿɫɬɶ ɩɨɬɨɤɭ ɧɚ ɤɨɠɧɨɦɭ ɡ ɪɚɞɿɭɫɿɜ ɭɫɟɪɟɞɢɧɿ ɪɟɚɤɰɿɣɧɨʀ ɤɚɦɟɪɢ – ɩɥɚɡɦɨɬɪɨɧɭ. 

Ⱥ ɡɚ ɲɜɢɞɤɿɫɬɸ ɩɨɬɨɤɭ ɜ ɤɨɠɧɿɣ ɬɨɱɰɿ, ɦɨɠɧɚ ɩɨɛɭɞɭɜɚɬɢ ɡɚɥɟɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɢ 

ɜɿɞ ɱɚɫɭ ɞɥɹ ɜɿɞɩɨɜɿɞɧɨʀ ɰɢɥɿɧɞɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ. 

4.1 Ɋɨɡɪɚɯɭɧɤɨɜɚ ɦɨɞɟɥь ВЧІ ɩɥɚɡɦɨɬɪɨɧɭ 

ɇɟɨɛɯɿɞɧɢɣ ɞɥɹ ɫɢɦɭɥɹɰɿʀ ɩɪɨɫɬɨɪɨɜɢɣ ɩɪɨɮɿɥɶ ɪɨɡɩɨɞɿɥɭ ɬɟɦɩɟɪɚɬɭɪɢ ɜ 

ɪɟɚɤɰɿɣɧɿɣ ɤɚɦɟɪɿ ɛɭɥɨ ɜɡɹɬɨ ɡ ɦɨɞɟɥɿ ɩɥɚɡɦɨɬɪɨɧɚ, ɨɩɢɫɚɧɨʀ ɜ ɪɨɛɨɬɿ Ⱦɪɟɫɜɿɧɚ ɬɚ 
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Іɜɚɧɨɜɚ [31]. Ɋɨɡɪɚɯɭɧɨɤ ɩɥɚɡɦɨɜɢɯ ɩɪɨɰɟɫɿɜ, ɭ ɪɨɛɨɬɿ [31], ɩɪɨɜɨɞɢɜɫɹ ɞɥɹ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɚ ɡ ɜɧɭɬɪɿɲɧɿɦ ɞɿɚɦɟɬɪɨɦ 58 ɦɦ, ɪɨɛɨɱɨɸ ɱɚɫɬɨɬɨɸ 5,28 ɆȽɰ, ɩɨɬɭɠɧɿɫɬɸ 

ɩɥɚɡɦɢ 30 ɤȼɬ, ɜɢɬɪɚɬɨɸ ɩɥɚɡɦɨɭɬɜɨɪɸɸɱɨɝɨ ɩɨɜɿɬɪɹ 60 ɥ/ɯɜ. ɇɚ ɪɢɫ. 4.1 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɸɜɚɧɧɹ – ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɮɭɧɤɰɿʀ ɜɢɬɪɚɬɢ ɝɚɡɭ 

ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ.  

ȼɢɯɿɞɧɢɣ ɯɿɦɿɱɧɢɣ ɫɤɥɚɞ ɩɥɚɡɦɨɭɬɜɨɪɸɸɱɨɝɨ ɩɨɜɿɬɪɹ ɡɚ ɨɛ'єɦɧɢɦɢ ɱɚɫɬɤɚɦɢ: 

ɛɭɜ ɬɚɤɢɣ: N2 – 79%, O2 – 21%, H2O – 0%, CO2 – 0%. ɉɨɱɚɬɤɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ – 300 Ʉ 

ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ ɩɨɜɿɬɪɹ.  

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɫɿɬɤɢ ɜɢɤɨɪɢɫɬɚɥɢ ɧɚɫɬɭɩɧɢɣ ɩɿɞɯɿɞ. Ɂ ɦɨɞɟɥɿ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɿɥɸ Ⱦɪɟɫɜɿɧɚ ɬɚ Іɜɚɧɨɜɚ [31] ɛɭɥɨ ɨɛɪɚɧɨ ɩɨɡɞɨɜɠɧɿ 

ɰɢɥɿɧɞɪɢɱɧɿ ɲɚɪɢ ɩɨɬɨɤɭ ɡ ɤɪɨɤɨɦ 5 ɦɦ ɩɨ ɪɚɞɿɭɫɭ ɩɥɚɡɦɨɬɪɨɧɚ (ɞɢɜ. ɱɟɪɜɨɧɿ ɥɿɧɿʀ ɧɚ 

ɪɢɫ. 4.2). Ɍɟɦɩɟɪɚɬɭɪɢ ɜ ɬɨɱɤɚɯ ɩɟɪɟɬɢɧɭ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɡ ɜɿɞɩɨɜɿɞɧɨɸ 

ɿɡɨɬɟɪɦɨɸ ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ ɹɤ ɜɭɡɨɥ ɿɧɬɟɪɩɨɥɹɰɿʀ. Ɂɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɭ 

ɰɢɥɿɧɞɪɢɱɧɨɦɭ ɲɚɪɿ ɩɨɬɨɤɭ ɦɿɠ ɜɭɡɥɚɦɢ ɿɧɬɟɪɩɨɥɹɰɿʀ ɨɛɱɢɫɥɸɜɚɥɢɫɹ ɧɚ ɨɫɧɨɜɿ 

ɥɿɧɿɣɧɨʀ ɿɧɬɟɪɩɨɥɹɰɿʀ ɦɿɠ ɜɭɡɥɚɦɢ. 

 

Ɋɢɫ. 4.1 – Ɋɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ (103 Ʉ, ɭ ɜɟɪɯɧɿɣ ɱɚɫɬɢɧɿ ɩɥɚɡɦɨɬɪɨɧɚ) ɬɚ ɮɭɧɤɰɿʀ 

ɜɢɬɪɚɬɢ ɝɚɡɭ (10-5 ɤɝ/ɫ, ɭ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ) ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ [31] 
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Ɋɢɫ. 4.2 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ (103 Ʉ, ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɥɚɡɦɨɬɪɨɧɚ) ɢ 
ɮɭɧɤɰɢɢ ɪɚɫɯɨɞɚ ɝɚɡɚ (10-5 ɤɝ/ɫ, ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ) ɜ ȼɑɂ ɩɥɚɡɦɨɬɪɨɧɟ 

 

 

 

 

 

 

Ɋɢɫ. 4.2 – Ɋɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ (103 Ʉ, ɭ ɜɟɪɯɧɿɣ ɱɚɫɬɢɧɿ ɩɥɚɡɦɨɬɪɨɧɚ) ɬɚ ɮɭɧɤɰɿʀ 

ɜɢɬɪɚɬɢ ɝɚɡɭ (10-5 ɤɝ/ɫ, ɭ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ) ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɿɡ ɜɢɛɪɚɧɢɦɢ 

ɩɨɡɞɨɜɠɧɿɦɢ ɰɢɥɿɧɞɪɢɱɧɢɦɢ ɲɚɪɚɦɢ ɩɨɬɨɤɭ (ɱɟɪɜɨɧɿ ɥɿɧɿʀ) ɞɥɹ ɩɨɛɭɞɨɜɢ 

ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɿɬɤɢ 

 

ɉɨɱɚɬɤɨɜɭ ɲɜɢɞɤɿɫɬɶ ɩɨɬɨɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɪɟɚɤɰɿɣɧɨʀ ɤɚɦɟɪɢ ɩɥɚɡɦɨɬɪɨɧɭ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 300 Ʉ ɨɛɱɢɫɥɹɥɢ ɡ ɪɿɜɧɹɧɧɹ: νଷ଴଴К = Vπ⋅rమ⋅t = 0,5 ɦ/ɫ,     (4.5) 

ɞɟ V – ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ 60 ɥ/ɯɜ, r – ɪɚɞɢɭɫ ɩɥɚɡɦɨɬɪɨɧɚ 25 ɦɦ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɲɜɢɞɤɨɫɬɿ ɝɚɡɭ ɜ ɰɢɥɿɧɞɪɢɱɧɨɦɭ ɲɚɪɿ ɩɨɬɨɤɭ ɜɿɞ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜɫɟɪɟɞɢɧɿ ɩɥɚɡɦɨɬɪɨɧɚ ɫɤɨɪɢɫɬɚɥɢɫɶ ɡɚɤɨɧɨɦ ɛɟɡɩɟɪɟɪɜɧɨɫɬɿ ɩɨɬɨɤɭ, 

ɡɝɿɞɧɨ ɹɤɨɝɨ ɩɪɢ ɧɚɝɪɿɜɚɧɧɿ ɝɚɡɭ ɡɛɿɥɶɲɭєɬɶɫɹ ɣɨɝɨ ɨɛ’єɦ (ɳɿɥɶɧɿɫɬɶ ɡɧɢɠɭєɬɶɫɹ), ɚ 

ɡɧɚɱɢɬɶ, ɩɨɜɢɧɧɚ ɡɛɿɥɶɲɭɜɚɬɢɫɹ ɿ ɲɜɢɞɤɿɫɬɶ. ɍ ɡɜ'ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɲɜɢɞɤɿɫɬɶ 

ɩɪɨɩɨɪɰɿɣɧɚ ɨɛ’єɦɭ, ɚ ɨɛ’єɦ ɩɪɨɩɨɪɰɿɣɧɢɣ ɬɟɦɩɟɪɚɬɭɪɿ (ɩɪɢ ɩɨɫɬɿɣɧɨɦɭ ɬɢɫɤɭ), 

ɡɚɥɟɠɧɿɫɬɶ ɲɜɢɞɤɨɫɬɿ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɬɚɤɢɦ ɱɢɧɨɦ: ν = νଷ଴଴К ∙ Tଷ଴଴.      (4.6) 
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ȼɭɡɥɢ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɿɬɤɢ ɜɢɡɧɚɱɚɥɢɫɹ ɹɤ ɬɨɱɤɢ ɩɟɪɟɬɢɧɭ ɿɡɨɬɟɪɦ ɡ 

ɩɨɜɟɪɯɧɹɦɢ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ ɩɨɬɨɤɭ (ɱɟɪɜɨɧɿ ɥɿɧɿʀ ɧɚ ɪɢɫ. 4.2). əɤɳɨ ɦɿɠ 

ɬɨɱɤɚɦɢ-ɜɭɡɥɚɦɢ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɿɬɤɢ ɜɡɞɨɜɠ ɞɨɩɨɦɿɠɧɢɯ ɥɿɧɿɣ ɜɢɤɨɧɭєɬɶɫɹ ɥɿɧɿɣɧɢɣ 

ɡɚɤɨɧ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɩɨɜɿɬɪɹ, ɬɨ ɨɬɪɢɦɭєɦɨ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɞɥɹ 

ɪɿɜɧɨɩɪɢɫɤɨɪɟɧɨɝɨ ɪɭɯɭ: 

{ a୧ ≅ νi+భమ −νiమଶ∙ሺxi+భ−xiሻx୧+ଵ = x୧ + ν୧ ∙ t + ai∙tమଶ .     (4.7) 

ȼɢɪɿɲɭɸɱɢ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɧɹ 4.7 ɳɨɞɨ t ɜɢɡɧɚɱɚɥɢ ɱɚɫ ɩɟɪɟɯɨɞɭ ɦɿɠ ɜɭɡɥɚɦɢ 

ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɿɬɤɢ. Ɍɟɦɩɟɪɚɬɭɪɢ ɦɿɠ ɜɭɡɥɚɦɢ ɫɿɬɤɢ ɬɚɤɨɠ ɜɢɡɧɚɱɚɸɬɶɫɹ ɥɿɧɿɣɧɢɦ 

ɡɚɤɨɧɨɦ. ɉɨ ɨɫɿ ɜɡɞɨɜɠ ɩɥɚɡɦɨɬɪɨɧɭ (ɜɿɞɫɬɚɧɶ ɜɿɞ ɜɯɿɞɧɨɝɨ ɩɟɪɟɬɢɧɭ ɩɥɚɡɦɨɬɪɨɧɭ z) 

ɪɨɡɪɚɯɭɧɤɨɜɚ ɫɿɬɤɚ ɛɭɥɚ ɨɛɪɚɧɚ ɡ ɤɪɨɤɨɦ 1 ɦɦ, ɳɨ ɜɿɞɩɨɜɿɞɚɥɨ 240 ɪɨɡɪɚɯɭɧɤɨɜɢɦ 

ɜɭɡɥɚɦ. ɉɪɢɤɥɚɞ ɬɚɤɨʀ ɡɛɭɞɨɜɚɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ ɪɚɞɿɭɫɚ 

R = 20 ɦɦ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ ɪɢɫ. 4.3. 

 

 

 

 

 

 

 

Ɋɢɫ. 4.3 – Ɂɚɥɟɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ ɱɚɫɭ ɩɪɢ ɪɭɫɿ ɜ ɰɢɥɿɧɞɪɢɱɧɨɦɭ ɲɚɪɿ 

ɪɚɞɿɭɫɭ R = 20 ɦɦ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ 

  

ɉɪɢ ɡɦɿɧɿ ɪɚɞɿɭɫɚ R ɡɦɿɧɸєɬɶɫɹ ɿ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɩɪɨɮɿɥɶ, ɳɨ ɬɚɤɨɠ ɩɪɢɡɜɨɞɢɬɶ 

ɞɨ ɡɦɿɧɢ ɪɨɡɩɨɞɿɥɭ ɲɜɢɞɤɨɫɬɟɣ. Ɍɨɦɭ ɞɥɹ ɡɪɭɱɧɨɫɬɿ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ 
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ɦɨɞɟɥɸɜɚɧɧɹ ɛɭɞɭɜɚɥɢ ɝɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ ɩɥɚɡɦɢ ɜ ɰɢɥɿɧɞɪɢɱɧɢɯ 

ɲɚɪɚɯ ɩɨɬɨɤɭ ɭ ɩɥɚɡɦɨɬɪɨɧɿ ɜɿɞ ɱɚɫɭ ɩɪɢ ɪɿɡɧɢɯ ɪɚɞɿɭɫɚɯ ɲɚɪɿɜ (ɪɢɫ. 4.4). 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.4 – Ɂɚɥɟɠɧɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ ɩɥɚɡɦɢ ɜ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɚɯ ɩɨɬɨɤɭ ɭ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɿ ɜɿɞ ɱɚɫɭ ɩɪɢ ɪɚɞɿɭɫɚɯ ɲɚɪɿɜ R = 0, 5, 10, 15 ɬɚ 20 ɦɦ. 

  

Ⱦɥɹ ɨɰɿɧɤɢ ɤɪɨɤɭ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚ ɱɚɫɨɦ ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ 

ɩɪɨɬɿɤɚɧɧɹ ɪɿɡɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɫɢɫɬɟɦɿ. Ɍɟɦɩɟɪɚɬɭɪɚ ɿ ɲɜɢɞɤɿɫɬɶ ɩɪɢ ɬɚɤɿɣ 

ɪɨɡɪɚɯɭɧɤɨɜɿɣ ɫɿɬɰɿ ɡɦɿɧɸєɬɶɫɹ ɜɿɞɧɨɫɧɨ ɩɨɜɿɥɶɧɨ (ɭɩɪɨɞɨɜɠ ɦɿɥɿɫɟɤɭɧɞ), 

ɯɚɪɚɤɬɟɪɧɢɣ ɱɚɫ ɯɿɦɿɱɧɢɯ ɬɚ ɟɥɟɤɬɪɨɧɧɨ-ɦɨɥɟɤɭɥɹɪɧɢɯ ɪɟɚɤɰɿɣ, ɳɨ ɩɪɢɡɜɨɞɹɬɶ ɞɨ 

ɩɨɦɿɬɧɨʀ ɡɦɿɧɢ ɤɨɧɰɟɧɬɪɚɰɿʀ – ɩɨɪɹɞɤɭ ɦɿɤɪɨɫɟɤɭɧɞ, ɬɨɦɭ ɤɪɨɤ ɨɛɪɚɧɢɣ 10-8 ɫ є 

ɨɩɬɢɦɚɥɶɧɢɦ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɟɥɟɤɬɪɨɧɿɜ ɡɚɥɟɠɧɨ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɛɭɥɨ 

ɜɢɤɨɪɢɫɬɚɧɨ ɪɿɜɧɹɧɧɹ ɋɚɯɚ, ɭ ɹɤɨɦɭ ɞɥɹ ɫɩɪɨɳɟɧɧɹ ɪɨɡɝɥɹɞɭ ɛɭɥɨ ɜɢɤɥɸɱɟɧɨ ɤɢɫɟɧɶ. ୬eమ୬−୬i = ଶΛయ ⋅ ୥భ୥బ ⋅ e−εkT,     (4.8) 

ɿɡ ɭɦɨɜ gଵ = g଴ ɦɚєɦɨ neଶ = ሺn − n୧ሻ ⋅ ଶΛయ ⋅ e−εkT,      (4.9) 
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ɞɟ Λ – ɞɨɜɠɢɧɚ ɯɜɢɥɿ Ⱦɟ Ȼɪɨɣɥɹ 

Λ = √ ୦మଶπ⋅୫ek ⋅ √ଵT = ͹.Ͷͷ ⋅ ͳͲ−8 ⋅ √ଵT.   (4.10) 

ȿɧɟɪɝɿɹ ɿɨɧɿɡɚɰɿʀ ɚɡɨɬɭ ɞɨɪɿɜɧɸє 15,6 ɟȼ ≈ 2,5·10-18 Ⱦɠ. 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɨɬɪɢɦɭєɦɨ neଶ = ሺn − n୧ሻ ⋅ Ͷ.ͺʹ ⋅ ͳͲଶଵ ⋅ Tయమ ⋅ e−భఴబఴ6వT → ne =√ሺn − n୧ሻ ⋅ Ͷ.ͺʹ ⋅ ͳͲଶଵ ⋅ Tయమ ⋅ e−భఴబఴ6వT .    (4.11) 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɧɚɜɟɞɟɧɢɯ ɩɪɢɩɭɳɟɧɶ ɛɭɥɨ ɫɬɜɨɪɟɧɨɧɨ ɛɚɡɭ ɤɨɧɫɬɚɧɬ 

ɲɜɢɞɤɨɫɬɟɣ ɟɥɟɤɬɪɨɧɧɨ-ɦɨɥɟɤɭɥɹɪɧɢɯ ɪɟɚɤɰɿɣ ɩɪɢ Ɇɚɤɫɜɟɥɥɿɜɫɶɤɿɣ ɎɊȿȿ ɜ ɩɥɚɡɦɿ 

ɫɭɦɿɲɿ N2/O2. ɐɹ ɛɚɡɚ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɟɥɟɤɬɪɨɧɧɨ-ɦɨɥɟɤɭɥɹɪɧɢɯ ɪɟɚɤɰɿɣ ɪɚɡɨɦ 

ɡ ɛɚɡɨɸ ɞɚɧɢɯ Ʉɇɍ [45] ɳɨɞɨ ɜɫɿɯ ɜɿɞɨɦɢɯ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ 

ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɿ ɜɚɠɤɢɯ ɱɚɫɬɢɧɨɤ ɜ ɩɥɚɡɦɿ ɫɭɦɿɲɿ N2/O2 (670 ɩɪɨɰɟɫɿɜ) ɜ 

ɩɨɞɚɥɶɲɨɦɭ ɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ ɤɨɞɨɦ ZDPlasKin ɩɪɢ ɜɢɜɱɟɧɧɿ ɤɿɧɟɬɢɤɢ ɭɬɜɨɪɟɧɧɹ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɬɚ ɝɚɪɬɭɜɚɥɶɧɿɣ ɡɨɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɫɢɫɬɟɦɢ. 

ɉɟɪɲɢɣ ɜɚɪɿɚɧɬ ɪɨɡɪɚɯɭɧɤɭ ɧɟ ɜɪɚɯɨɜɭɜɚɜ ɡɚɥɟɠɧɿɫɬɶ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ 

ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɜɿɞ ʀɯ ɟɧɟɪɝɿʀ ɡɛɭɞɠɟɧɧɹ. 

Ⱦɪɭɝɢɣ ɜɚɪɿɚɧɬ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɜɨɞɢɥɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ 144 

ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ N2 ɬɚ O2 [51, 52]: kRሺEνሻ = k଴exp [ሺ− Ea−αEνTబ ሻθሺEa − αEνሻ],    (4.12) 

ɞɟ Eν – ɟɧɟɪɝɿɹ ɡɛɭɞɠɟɧɧɹ ɤɨɥɢɜɚɥɶɧɨɝɨ ɪɿɜɧɹ ɡ ɤɜɚɧɬɨɜɢɦ ɱɢɫɥɨɦ ν, k଴ – 

ɩɟɪɟɞɟɤɫɩɨɧɟɧɰɿɣɥɶɧɢɣ ɦɧɨɠɧɢɤ ɤɨɧɫɬɚɧɬɢ ɲɜɢɞɤɨɫɬɿ ɩɪɨɰɟɫɭ ɡɚ ɭɱɚɫɬɿ ɤɨɥɢɜɚɥɶɧɨ 

ɧɟ ɡɛɭɞɠɟɧɨʀ ɦɨɥɟɤɭɥɢ, Ea – ɟɧɟɪɝɿɹ ɚɤɬɢɜɚɰɿʀ ɩɪɨɰɟɫɭ ɡɚ ɭɱɚɫɬɿ ɤɨɥɢɜɚɥɶɧɨ ɧɟ 

ɡɛɭɞɠɟɧɨʀ ɦɨɥɟɤɭɥɢ, α – ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɡɚɥɟɠɢɬɶ ɜɿɞ ɯɚɪɚɤɬɟɪɭ ɯɿɦɿɱɧɨɝɨ ɩɪɨɰɟɫɭ 

(ɬɚɛɥ. 4.1), T0 – ɤɿɧɟɬɢɱɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɡɦɢ, θሺEa − αEνሻ - ɮɭɧɤɰɿɹ ɏɟɜɿɫɚɣɞɚ. 



78 
 

Ɍɚɛɥɢɰɹ 4.1 

Ɂɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ α 

Ɍɢɩ ɯɿɦɿɱɧɨɝɨ ɩɪɨɰɟɫɭ Ɇɨɠɥɢɜɿ ɡɧɚɱɟɧɧɹ Ɂɧɚɱɟɧɧɹ ɩɪɢ 

ɦɨɞɟɥɸɜɚɧɧɿ 

ȿɧɞɨɬɟɪɦɿɱɧɢɣ 0,9 – 1,0 0,8 

ȿɤɡɨɬɟɪɦɿɱɧɢɣ 0,2 – 0,4 0,2 

Ɍɟɪɦɨɧɟɣɬɪɚɥɶɧɢɣ 0,3 – 0,6 0,3 

 

 

4.2 Ɋɟɡɭɥьɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɤɿɧɟɬɢɤɢ ɭɬɜɨɪɟɧɧɹ NO ɛɟɡ ɜɪɚɯɭɜɚɧɧɹ 
ɡɚɥɟɠɧɨɫɬɿ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɜɿɞ ɟɧɟɪɝɿʀ ɤɨɥɢɜɚɥьɧɨɝɨ 
ɡɛɭɞɠɟɧɧɹ ɦɨɥɟɤɭɥ ɤɢɫɧɸ ɬɚ ɚɡɨɬɭ 

4.2.1 Ɉɛ'єɦɧɿ ɱɚɫɬɤɢ ɨɫɧɨɜɧɢɯ ɧɟɣɬɪɚɥьɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɥɚɡɦɢ ɭɡɞɨɜɠ 
ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ 

Ⱦɥɹ ɚɧɚɥɿɡɭ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɡ ɜɪɚɯɭɜɚɧɧɹ 57 ɤɨɦɩɨɧɟɧɬ 

ɛɭɥɢ ɜɿɞɿɛɪɚɧɿ ɤɨɦɩɨɧɟɧɬɢ ɡ ɦɚɤɫɢɦɚɥɶɧɨɸ ɨɛ'єɦɧɨɸ ɱɚɫɬɤɨɸ, ɳɨ ɩɟɪɟɜɢɳɭє 1% 

ɨɛ'єɦɧɨʀ ɞɨɥɶɨɜɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ.  

Ɉɛ'єɦɧɿ ɱɚɫɬɤɢ ɨɫɧɨɜɧɢɯ ɧɟɣɬɪɚɥɶɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɥɚɡɦɢ ɧɚ ɨɫɿ ɩɨɬɨɤɭ ɿ 

ɜɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ ɩɨɬɨɤɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 4.6 – 4.10. 

Ⱦɥɹ ɡɪɭɱɧɨɫɬɿ ɚɧɚɥɿɡɭ ɧɚ ɰɢɯ ɪɢɫɭɧɤɚɯ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɿ ɦɨɥɟɤɭɥɢ ɤɢɫɧɸ ɬɚ ɚɡɨɬɭ 

ɩɪɟɞɫɬɚɜɥɟɧɿ ɥɢɲɟ ɦɨɥɟɤɭɥɚɦɢ ɡɛɭɞɠɟɧɢɦɢ ɧɚ 1-ɢɣ ɪɿɜɟɧɶ. Ⱦɚɧɿ ɞɥɹ ɦɨɥɟɤɭɥ N2 ɿ O2, 

ɳɨ ɡɛɭɞɠɟɧɿ ɧɚ ɛɿɥɶɲ ɜɢɫɨɤɿ ɤɨɥɢɜɚɥɶɧɿ ɪɿɜɧɿ ɛɭɞɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɚɯ ɧɢɠɱɟ. 

ɇɚ ɪɢɫɭɧɤɚɯ 4.5 – 4.10 ɦɨɠɧɚ ɫɩɨɫɬɟɪɿɝɚɬɢ ɩɪɨɰɟɫ ɩɨɹɜɢ ɨɤɫɢɞɭ ɚɡɨɬɭ. ɋɥɿɞ 

ɡɚɡɧɚɱɢɬɢ, ɳɨ ɡ ɭɫɿɯ ɨɤɫɢɞɿɜ ɚɡɨɬɭ, ɬɿɥɶɤɢ ɨɤɫɢɞ ɚɡɨɬɭ NO ɩɪɢɫɭɬɧɿɣ ɭ ɜɢɫɨɤɿɣ (ɛɿɥɶɲɟ 

1%) ɤɨɧɰɟɧɬɪɚɰɿʀ ɿɧɲɿ, ɬɚɤɿ ɹɤ: NO2, NO3, N2O ɯɨɱɚ ɿ є, ɚɥɟ ʀɯ ɤɨɧɰɟɧɬɪɚɰɿɹ ɧɟ ɞɨɫɹɝɚє 

ɿ ɫɨɬɢɯ ɱɚɫɬɨɤ ɜɿɞɫɨɬɤɚ, ɿ ɬɨɦɭ ɜ ɩɨɞɚɥɶɲɨɦɭ ɪɨɡɝɥɹɞɿ ɧɟ ɛɟɪɭɬɶ ɭɱɚɫɬɿ. 
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ɉɨɹɜɚ NO ɭ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɫɬɪɿɦɤɢɦ ɡɪɨɫɬɚɧɧɹɦ ɣɨɝɨ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɧɚ ɞɿɥɶɧɢɰɿ ɜɿɞ z = 0 ɦɦ ɞɨ z = 7 ɦɦ. Ⱦɥɹ ɨɫɶɨɜɨɝɨ ɲɚɪɭ R = 0 ɦɦ ɿ 

ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ ɩɨɬɨɤɭ, R = 5 ɦɦ, 10 ɦɦ ɬɚ 15 ɦɦ ɬɚɤɟ ɡɪɨɫɬɚɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 

ɞɨ ɦɚɤɫɢɦɚɥɶɧɨ ɡɚɮɿɤɫɨɜɚɧɢɯ ɡɧɚɱɟɧɶ ɛɥɢɡɶɤɨ 1,5%. ɉɨɬɿɦ ɫɥɿɞɭє ɡɧɢɠɟɧɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ ɞɨ ɧɭɥɶɨɜɢɯ ɡɧɚɱɟɧɶ ɞɥɹ ɨɫɶɨɜɨɝɨ ɿ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ 

ɩɨɬɨɤɭ R = 0 ɦɦ, 5 ɦɦ ɬɚ 10 ɦɦ. ɇɚ ɞɿɥɹɧɰɿ ɩɪɢɛɥɢɡɧɨ ɜɿɞ 80 ɞɨ 190 ɦɦ ɡɛɟɪɿɝɚєɬɶɫɹ 

ɦɿɧɿɦɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ NO, ɩɨɬɿɦ ɞɨ 240 ɦɦ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɨɜɿɥɶɧɟ ɡɪɨɫɬɚɧɧɹ. 

Ʉɨɧɰɟɧɬɪɚɰɿɹ ɭɡɞɨɜɠ ɲɚɪɭ ɩɨɬɨɤɭ R = 15 ɦɦ ɡɧɢɠɭєɬɶɫɹ ɞɨ 0,4% ɿ ɧɚ ɞɿɥɶɧɢɰɿ ɜɿɞ z 

= 119 ɦɦ ɞɨ z = 190 ɦɦ ɡɛɟɪɿɝɚє ɫɜɨє ɡɧɚɱɟɧɧɹ ɧɟɡɦɿɧɧɢɦ. Ⱦɥɹ ɲɚɪɭ ɩɨɬɨɤɭ R = 20 ɦɦ 

ɯɚɪɚɤɬɟɪɧɚ ɿɧɲɚ ɩɨɜɟɞɿɧɤɚ, ɞɟ ɩɿɫɥɹ ɫɬɪɿɦɤɨɝɨ ɡɪɨɫɬɚɧɧɹ ɧɚ ɞɿɥɹɧɰɿ z = 9 ɦɦ ɞɨ 0,94% 

ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɫɩɨɱɚɬɤɭ ɩɿɞɣɨɦ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨʀ ɜɟɥɢɱɢɧɢ 1,5 % ɧɚ z = 81 ɦɦ, ɚ 

ɩɨɬɿɦ ɫɩɚɞ ɞɨ 0,86 % ɧɚ z = 162 ɦɦ ɿ ɧɚɫɬɭɩɧɟ ɩɥɚɜɧɟ ɡɪɨɫɬɚɧɧɹ ɞɨ 1% ɜɠɟ ɞɨ 

ɜɢɯɿɞɧɨɝɨ ɮɥɚɧɰɹ ɩɥɚɡɦɨɬɪɨɧɭ. 

Ɂ ɩɨɪɿɜɧɹɧɧɹ ɚɛɫɨɥɸɬɧɢɯ ɡɧɚɱɟɧɶ ɤɨɧɰɟɧɬɪɚɰɿɣ NO ɜ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɚɯ 

ɪɿɡɧɢɯ ɪɚɞɿɭɫɿɜ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ ɜ ɪɟɚɤɰɿɣɧɿɣ ɡɨɧɿ ȼɑІ ɪɨɡɪɹɞɭ ɜɢɩɥɢɜɚє, ɳɨ 

ɧɚɣɛɿɥɶɲ ɫɩɪɢɹɬɥɢɜɿ ɭɦɨɜɢ ʀɯ ɫɢɧɬɟɡɭ ɪɟɚɥɿɡɭɸɬɶɫɹ ɜ ɩɪɢɫɬɿɧɤɨɜɿɣ ɱɚɫɬɢɧɿ 

ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ, ɞɟ ɧɚ ɩɨɱɚɬɤɭ ɲɜɢɞɤɿɫɬɶ ɩɿɞɜɢɳɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ є ɜɿɞɧɨɫɧɨ 

ɜɢɫɨɤɨɸ ɡ ɩɨɞɚɥɶɲɢɦ ɩɨɜɿɥɶɧɢɦ ɡɧɢɠɟɧɧɹɦ.  

Ɇɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɭ ɲɚɪɿ ɩɨɬɨɤɭ ɪɚɞɿɭɫɨɦ 20 ɦɦ ɧɟ ɩɟɪɟɜɢɳɭє 6000 Ʉ 

(ɪɢɫ. 4.3). ɇɚ ɞɿɥɹɧɰɿ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ ~ 6000 Ʉ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɜɿɞɧɨɫɧɢɣ ɦɿɧɿɦɭɦ 

ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɞɥɹ ɰɶɨɝɨ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ 

ɜ ɿɧɲɢɯ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɚɯ ɩɨɬɨɤɭ ɬɚɤɨɠ ɡɧɢɠɭєɬɶɫɹ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ 

ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɲɚɪɿ, ɿ ɩɨɫɬɭɩɨɜɨ ɡɪɨɫɬɚє ɡ ɦɨɦɟɧɬɭ 

ɡɧɢɠɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɧɚɛɥɢɠɟɧɧɿ ɞɨ ɜɢɯɿɞɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɥɚɡɦɨɬɪɨɧɭ (ɪɢɫ. 4.5). 

Ɂ ɜɪɚɯɭɜɚɧɧɹɦ ɡɚɥɟɠɧɨɫɬɿ, ɩɪɟɞɫɬɚɜɥɟɧɨʀ ɧɚ ɪɢɫ. 4.4, ɨɬɪɢɦɚєɦɨ, ɳɨ ɡ ɦɨɦɟɧɬɭ 

ɩɨɹɜɢ NO ɞɨ ɞɨɫɹɝɧɟɧɧɹ ɦɿɧɿɦɚɥɶɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɧɚ ɨɫɿ ɩɨɬɨɤɭ ɬɚ ɭ 

ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɚɯ ɩɨɬɨɤɭ ɪɚɞɿɭɫɨɦ 5 ɦɦ, 10 ɦɦ, 15 ɦɦ ɬɚ 20 ɦɦ ɦɢɧɚє 0,59·10-2 ɫ, 

0,73·10-2 ɫ, 1,17·10-2 ɫ ɬɚ 2,15·10-2 ɫ ɜɿɞɩɨɜɿɞɧɨ Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɥɢɲɤɨɜɚ ɨɛ’єɦɧɚ 

ɤɨɧɰɟɧɬɪɚɰɿɹ NO ɜɢɳɚ ɩɪɢ ɧɚɛɥɢɠɟɧɧɿ ɞɨ ɫɬɿɧɨɤ ɩɥɚɡɦɨɬɪɨɧɭ (ɪɢɫ. 4.5), ɚ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɡɚɥɟɠɧɨɫɬɟɣ ɧɚ ɪɢɫ. 4.3 ɿ ɪɢɫ. 4.4 ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ 
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ɡɛɿɥɶɲɟɧɧɹ ɱɚɫɭ ɩɟɪɟɛɭɜɚɧɧɹ ɩɥɚɡɦɢ ɭ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 3000 Ʉ ɞɨ 5000 

Ʉ ɦɚє ɩɨɡɢɬɢɜɧɢɣ ɟɮɟɤɬ ɞɥɹ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ. 

 

Ɋɢɫ. 4.5 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ NO ɜ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ ɧɚ ɨɫɿ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ 

ɬɚ ɭ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɚɯ ɩɨɬɨɤɭ ɪɿɡɧɢɯ ɪɚɞɿɭɫɿɜ 5, 10, 15, 20 ɦɦ 

 

Ɂɝɿɞɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɫ. 4.5 – 4.9 ɞɚɧɢɯ, ɯɚɪɚɤɬɟɪ ɩɪɨɫɬɨɪɨɜɨɝɨ ɪɨɡɩɨɞɿɥɭ 

ɨɛ'єɦɧɢɯ ɱɚɫɬɨɤ ɧɟɣɬɪɚɥɶɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɥɚɡɦɢ ɧɚ ɨɫɿ ɿ ɜɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ 

ɩɨɬɨɤɭ ɭ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ є ɫɤɥɚɞɧɢɦ ɬɚ ɧɟɦɨɧɨɬɨɧɧɢɦ. 

ȼɿɞ ɦɨɦɟɧɬɭ ɩɟɪɟɬɢɧɭ ɝɚɡɨɜɢɦ ɩɨɬɨɤɨɦ ɜɯɿɞɧɨɝɨ ɩɟɪɟɬɢɧɭ ɩɥɚɡɦɨɬɪɨɧɚ ɞɨ 

ɦɨɦɟɧɬɭ ɩɨɹɜɢ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɟɪɟɯɿɞ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɭ N2 ɬɚ ɤɢɫɧɸ 

O2 ɭ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɣ ɫɬɚɧ N2(V1) ɬɚ O2(V1) ɜɿɞɩɨɜɿɞɧɨ (ɪɢɫ. 4.7). Ⱦɥɹ 

ɩɪɨɫɬɨɪɨɜɢɯ ɡɚɥɟɠɧɨɫɬɟɣ ɨɛ’єɦɧɢɯ ɱɚɫɬɨɤ N2(V1), O2(V1) ɬɚ NO, ɯɚɪɚɤɬɟɪɧɢɦ є 

ɞɨɫɹɝɧɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɧɚ ɦɚɥɢɯ ɜɿɞɫɬɚɧɹɯ ɜɿɞ ɜɯɿɞɧɨɝɨ ɩɟɪɟɬɢɧɭ 

ɩɥɚɡɦɨɬɪɨɧɭ z. Ⱦɢɫɬɚɧɰɿʀ z ɦɚɤɫɢɦɭɦɭ O2(V1) ɜɿɞɩɨɜɿɞɚє ɩɨɱɚɬɨɤ ɪɨɡɩɨɞɿɥɭ NO, ɚ 

ɞɢɫɬɚɧɰɿʀ z ɞɥɹ ɦɚɤɫɢɦɭɦɿɜ N2(V1) ɬɚ NO ɪɿɜɧɿ. ɉɪɨɰɟɫ ɩɨɹɜɢ ɨɤɫɢɞɭ ɚɡɨɬɭ NO 

ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɣɨɝɨ ɲɜɢɞɤɢɦ ɡɪɨɫɬɚɧɧɹɦ ɧɚ ɤɨɪɨɬɤɨɦɭ ɩɪɨɦɿɠɤɭ ɞɢɫɬɚɧɰɿʀ ɜɡɞɨɜɠ 

ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɩɨɱɚɬɤɨɜɢɦ ɲɜɢɞɤɢɦ ɡɪɨɫɬɚɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɬɨɦɚɪɧɨɝɨ ɤɢɫɧɸ ɡ 

ɩɨɞɚɥɶɲɢɦ ɡɛɟɪɟɠɟɧɧɹɦ ɞɨɫɹɝɧɭɬɨɝɨ ɪɿɜɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ. ɉɪɨɰɟɫ ɭɬɜɨɪɟɧɧɹ NO, 
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ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɬɚɤɨɠ ɡɪɨɫɬɚɧɧɹɦ ɜɦɿɫɬɭ ɚɬɨɦɚɪɧɨɝɨ ɚɡɨɬɭ, ɩɪɨɬɟ ɭ ɩɨɦɿɬɧɨ ɧɢɠɱɿɣ 

ɤɨɧɰɟɧɬɪɚɰɿʀ, ɧɿɠ O. Ʉɨɧɰɟɧɬɪɚɰɿɹ N ɞɨɫɹɝɚє ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɿɜɧɹ ɭ ɦɨɦɟɧɬ 

ɡɧɢɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ ɦɚɣɠɟ ɞɨ ɦɿɧɿɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ. 

 

Ɋɢɫ. 4.6 - Ɉɛ'єɦɧɚ ɱɚɫɬɤɚ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɧɚ ɨɫɿ ɩɨɬɨɤɭ ɩɥɚɡɦɢ (R = 0 ɦɦ) 

 

Ɂɝɿɞɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɫ. 4.6 ɞɚɧɢɯ, ɧɚ ɞɿɥɹɧɰɿ ɞɨ 95ɦɦ ɜɡɞɨɜɠ ɩɥɚɡɦɨɬɪɨɧɭ 

ɤɨɧɰɟɧɬɪɚɰɿɹ O(1D) ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 1,05% ɩɪɢ ɡɧɢɠɟɧɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ NO, ɿ ɧɚɜɩɚɤɢ, 

ɡɧɢɠɭєɬɶɫɹ ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ. ɇɚ ɜɤɚɡɚɧɿɣ ɞɿɥɹɧɰɿ 

ɡɧɢɠɭєɬɶɫɹ ɬɚɤɨɠ (ɞɨ 3,5%) ɤɨɧɰɟɧɬɪɚɰɿɹ ɚɬɨɦɚɪɧɨɝɨ ɚɡɨɬɭ, ɯɨɱɚ ɧɚ ɞɿɥɹɧɰɿ 197 ɦɦ 

ɰɟɣ ɩɨɤɚɡɧɢɤ ɡɚɥɢɲɚєɬɶɫɹ ɩɨɫɬɿɣɧɢɦ, ɚ ɧɚ ɞɿɥɹɧɰɿ ɞɨ 240 ɦɦ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɣɨɝɨ 

ɧɟɡɧɚɱɧɟ ɩɿɞɜɢɳɟɧɧɹ (ɞɨ 4,93%). 
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Ɋɢɫ. 4.7 – Ɉɛ'єɦɧɚ ɱɚɫɬɤɚ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɥɚɡɦɢ ɭɡɞɨɜɠ ɨɫɿ 

ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ (R = 0 ɦɦ), ɧɚ ɞɿɥɹɧɰɿ ɜɿɞ z = 0 ɦɦ ɞɨ z = 50 ɦɦ 

 

Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɚɬɨɦɚɪɧɨɝɨ ɤɢɫɧɸ ɨɫɿ ɩɨɬɨɤɭ ɧɚ ɞɿɥɹɧɰɿ 67 ɦɦ ɭɡɞɨɜɠ ɨɫɿ 

ɩɥɚɡɦɨɬɪɨɧɭ ɞɨɫɹɝɚє ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ (33,3%) ɿ ɡɛɟɪɿɝɚєɬɶɫɹ ɧɚ ɰɶɨɦɭ ɪɿɜɧɿ 

ɧɚ ɞɿɥɹɧɰɿ ɞɨ ɜɢɯɿɞɧɨɝɨ ɡɪɿɡɭ ɩɥɚɡɦɨɬɪɨɧɚ (ɪɢɫ. 4.6, 4,7). ɍ ɬɨɦɭ ɠ ɨɫɶɨɜɨɦɭ ɲɚɪɿ 

ɩɨɬɨɤɭ ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɚɬɨɦɚɪɧɨɝɨ ɚɡɨɬɭ ɧɚ ɞɿɥɹɧɰɿ 42 ɦɦ ɞɨɫɹɝɚє ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɧɹ 11%, ɞɚɥɿ ɡɧɢɠɭєɬɶɫɹ ɞɨ 3,6%, ɡɚɥɢɲɚєɬɶɫɹ ɩɨɫɬɿɣɧɨɸ ɧɚ ɞɿɥɹɧɰɿ ɜɿɞ 95 ɦɦ 

ɞɨ 200 ɦɦ, ɚ ɩɨɱɢɧɚɸɱɢ ɡ 200 ɦɦ ɞɨ ɤɿɧɰɟɜɨɝɨ ɤɪɚɹ ɩɥɚɡɦɨɬɪɨɧɭ ɩɿɞɜɢɳɭєɬɶɫɹ ɦɚɣɠɟ 

ɞɨ 5%. 
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Ɋɢɫ. 4.8 – Ɉɛ'єɦɧɚ ɱɚɫɬɤɚ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ 

ɩɨɬɨɤɭ ɪɚɞɿɭɫɭ R = 10 ɦɦ 

 

ɏɚɪɚɤɬɟɪɧɢɦ ɞɥɹ ɩɪɢɨɫɶɨɜɢɯ ɲɚɪɿɜ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ (ɪɢɫ. 4.6, ɪɢɫ 4.8) ɜ 

ɰɟɧɬɪɚɥɶɧɿɣ ɨɛɥɚɫɬɿ ɩɥɚɡɦɨɬɪɨɧɭ ɫɭɬɬєɜɚ ɤɨɪɟɥɹɰɿɹ ɦɿɠ O(1D)(z), NO(z) ɬɚ N(z). Ɍɚɤ 

ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɨɹɜɚ ɿ ɡɛɿɥɶɲɟɧɧɹ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ ɩɟɪɲɨɝɨ ɡɛɭɞɠɟɧɨɝɨ ɫɬɚɧɭ ɤɢɫɧɸ 

O(1D) ɦɚɣɠɟ ɞɨ 2,0% ɧɚ ɞɿɥɹɧɰɿ ɞɨ 130 ɦɦ ɩɪɢ ɡɧɢɠɟɧɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɞɨ ɧɭɥɶɨɜɢɯ 

ɡɧɚɱɟɧɶ, ɿ ɧɚɜɩɚɤɢ, ɡɧɢɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ O(1D) ɞɨ ɧɭɥɶɨɜɢɯ ɡɧɚɱɟɧɶ ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ. ɇɚ ɞɿɥɹɧɰɿ ɞɨ 130 ɦɦ ɜɡɞɨɜɠ ɩɥɚɡɦɨɬɪɨɧɭ ɦɨɠɧɚ 

ɫɩɨɫɬɟɪɿɝɚɬɢ ɬɚɤɨɠ ɿ ɡɧɢɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɬɨɦɚɪɧɨɝɨ ɚɡɨɬɭ ɞɨ 3,1%, ɧɚ ɞɿɥɹɧɰɿ ɞɨ 

160 ɦɦ ɨɛ’єɦɧɚ ɱɚɫɬɤɚ N ɡɚɥɢɲɚєɬɶɫɹ ɩɨɫɬɿɣɧɨɸ ɿ ɡ 160 ɦɦ ɞɨ 240 ɦɦ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 

ɡɧɚɱɧɟ ɩɿɞɜɢɳɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɞɨ 10,2%. 

ɇɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɯɚɪɚɤɬɟɪ ɡɦɿɧɢ 

ɨɛ’єɦɧɢɯ ɱɚɫɬɨɤ ɚɡɨɬɭ ɬɚ ɩɟɪɲɨɝɨ ɡɛɭɞɠɟɧɨɝɨ ɫɬɚɧɭ ɤɢɫɧɸ O(1D) ɭɡɞɨɜɠ ɩɪɢɨɫɶɨɜɨʀ 

ɨɛɥɚɫɬɿ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ ɡɭɦɨɜɥɟɧɢɣ ɪɨɡɩɚɞɨɦ ɦɨɥɟɤɭɥ NO. 
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Ɋɢɫ. 4.9 – Ɉɛ'єɦɧɚ ɱɚɫɬɤɚ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ 

ɩɨɬɨɤɭ R = 10 ɦɦ, ɧɚ ɞɿɥɹɧɰɿ ɜɿɞ 0 ɦɦ ɞɨ 100 ɦɦ ɩɥɚɡɦɨɬɪɨɧɭ 

 

Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɜɦɿɫɬɭ ɨɫɧɨɜɧɢɯ ɧɟɣɬɪɚɥɶɧɢɯ ɤɨɦɩɨɧɟɧɬ ɩɥɚɡɦɢ ɜ 

ɩɪɢɫɬɿɧɤɨɜɢɯ ɲɚɪɚɯ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ ɭ ȼɑІ ɪɨɡɪɹɞɿ (ɪɢɫ. 4.10) ɩɨɤɚɡɭɸɬɶ, ɳɨ ɞɨ 

ɦɨɦɟɧɬɭ ɩɨɹɜɢ ɨɤɫɢɞɭ ɚɡɨɬɭ ɧɚ ɩɨɱɚɬɤɨɜɿɣ ɞɿɥɹɧɰɿ (≤ 7 ɦɦ) ɜɡɞɨɜɠ ɨɫɿ ɩɥɚɡɦɨɬɪɨɧɭ 

ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɭ ɡɧɢɠɭєɬɶɫɹ ɞɨ 52%, ɤɢɫɧɸ – ɞɨ 10,5% ɬɚ 

ɭɬɜɨɪɸɸɬɶɫɹ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɿ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɬɚ ɤɢɫɧɸ Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ 

ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɤɢɫɧɸ ɞɨɫɹɝɚє 5,1% ɧɚ ɞɿɥɹɧɰɿ 7 ɦɦ ɭɡɞɨɜɠ 

ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ ɪɚɞɿɭɫɨɦ 20 ɦɦ. ɇɚ ɰɿɣ ɠɟ ɞɿɥɹɧɰɿ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 

ɭɬɜɨɪɟɧɧɹ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɚɡɨɬɭ, ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɫɬɚɧɨɜɢɬɶ 17,2% ɿ 

ɞɨɫɹɝɚє ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɿɜɧɹ 18,2%, ɧɚ ɞɢɫɬɚɧɰɿʀ 58 ɦɦ. ɉɪɨɰɟɫ ɩɨɹɜɢ NO 

ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɲɜɢɞɤɢɦ ɡɪɨɫɬɚɧɧɹɦ ɣɨɝɨ ɤɨɧɰɟɧɬɪɚɰɿʀ ɧɚ ɤɨɪɨɬɤɿɣ ɞɿɥɹɧɰɿ ɜɡɞɨɜɠ 

ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɧɟɜɟɥɢɤɢɦ ɡɚ ɲɜɢɞɤɿɫɬɸ ɡɪɨɫɬɚɧɧɹɦ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ ɚɬɨɦɚɪɧɨɝɨ 

ɤɢɫɧɸ ɧɚ ɞɿɥɹɧɰɿ ɞɨ 160 ɦɦ ɡ ɩɨɞɚɥɶɲɢɦ ɡɛɟɪɟɠɟɧɧɹɦ ɞɨɫɹɝɧɭɬɨɝɨ ɪɿɜɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿʀ. Ɂɪɨɫɬɚɧɧɹ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ ɚɬɨɦɚɪɧɨɝɨ ɚɡɨɬɭ ɭ ɰɢɥɿɧɞɪɢɱɧɨɦɭ ɲɚɪɿ 
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ɪɚɞɿɭɫɭ R = 20 ɦɦ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɿɧɲɢɯ ɪɨɡɝɥɹɧɭɬɢɯ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ ɩɨɬɨɤɭ, 

ɩɨɱɢɧɚєɬɶɫɹ ɧɚ ɞɿɥɹɧɰɿ 60 ɦɦ ɿ ɞɨɫɹɝɚє ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɿɜɧɹ 5,2% ɧɚ ɞɿɥɹɧɰɿ 158 ɦɦ. 

ɉɨɱɢɧɚɸɱɢ ɡ 160 ɦɦ ɞɨ 240 ɦɦ ɨɛ’єɦɧɚ ɞɨɥɹ N ɡɦɟɧɲɭєɬɶɫɹ ɞɨ 3,64%.  

 

 

Ɋɢɫ. 4.10 – Ɉɛ'єɦɧɚ ɱɚɫɬɤɚ ɨɫɧɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ 

ɩɨɬɨɤɭ R = 20 ɦɦ 

 

4.2.2 Ɋɟɚɤɰɿʀ ɡɚ ɭɱɚɫɬɿ ɤɨɥɢɜɚɥьɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɚɡɨɬɭ ɬɚ ɤɢɫɧɸ 

ɇɚ ɪɢɫ. 4.11 – 4.13 ɬɚ ɪɢɫ. 4.14 – 4.16 ɧɚɜɟɞɟɧɨ ɡɚɥɟɠɧɨɫɬɿ ɨɛ'єɦɧɢɯ ɱɚɫɬɨɤ 

ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɚɡɨɬɭ ɬɚ ɤɢɫɧɸ ɜɿɞɩɨɜɿɞɧɨ ɜɿɞ ɦɿɫɰɹ ɪɨɡɬɚɲɭɜɚɧɧɹ ɭ 

ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɨɤɚɡɚɥɨ, ɳɨ ɧɚɣɛɿɥɶɲ ɲɜɢɞɤɿ ɪɟɚɤɰɿʀ ɭɬɜɨɪɟɧɧɹ ɤɨɥɢɜɚɥɶɧɨ-

ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɦɚɸɬɶ ɲɜɢɞɤɿɫɬɶ 1025 ɫɦ-3ɫ-1: 

N2 + N2 => N2(V1) + N2,      (4.13) 

N2(Vɤ) + N2 => N2(Vɤ+1) + N2,    (4.14) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɜɿɞ 1 ɞɨ 7. 
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ɇɚɫɬɭɩɧɿ ɪɟɚɤɰɿʀ ɦɚɸɬɶ ɲɜɢɞɤɿɫɬɶ 1023 ɫɦ-3ɫ-1 – 1024 ɫɦ-3ɫ-1: 

E + N2 => E + N2(Vɤ),      (4.15) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɜɿɞ 1 ɞɨ 8. 

ɇɚɣɛɿɥɶɲɿ ɨɛ’єɦɧɿ ɱɚɫɬɤɢ ɭ ɫɤɥɚɞɿ ɧɟɣɬɪɚɥɶɧɨʀ ɤɨɦɩɨɧɟɧɬɢ ɩɥɚɡɦɢ ɩɪɢɩɚɞɚɸɬɶ 

ɧɚ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɜ ɨɫɧɨɜɧɨɦɭ ɤɨɥɢɜɚɥɶɧɨɦɭ ɫɬɚɧɿ N2 ɬɚ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɭ ɩɟɪɲɨɦɭ 

ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɦɭ ɫɬɚɧɿ N2(V1) ɧɚ ɩɨɱɚɬɤɭ ɪɟɚɤɰɿɣɧɨʀ ɡɨɧɢ ȼɑІ ɪɨɡɪɹɞɭ. əɤ 

ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɡ ɪɢɫ. 4.11 ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɦɨɥɟɤɭɥ ɚɡɨɬɭ ɜ ɨɫɧɨɜɧɨɦɭ ɤɨɥɢɜɚɥɶɧɨɦɭ 

ɫɬɚɧɿ N2 ɭɡɞɨɜɠ ɨɫɶɨɜɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ ɩɥɚɡɦɢ (R = 0 ɦɦ) ɭ ɩɥɚɡɦɨɬɪɨɧɿ ɲɜɢɞɤɨ 

ɡɧɢɠɭєɬɶɫɹ ɡ 78,8% ɞɨ 31% ɧɚ ɞɿɥɹɧɰɿ ɜɿɞ 0 ɦɦ ɞɨ 8 ɦɦ ɬɚ ɡ ɦɟɧɲɨɸ ɲɜɢɞɤɿɫɬɸ ɜɿɞ 

31% ɞɨ 2% ɧɚ ɞɿɥɹɧɰɿ ɜɿɞ 8 ɦɦ ɞɨ 70 ɦɦ. ɍ ɬɨɣ ɠɟ ɱɚɫ, ɧɚ ɡɚɡɧɚɱɟɧɢɣ ɞɿɥɹɧɰɿ 

ɩɥɚɡɦɨɬɪɨɧɭ ɭɬɜɨɪɸɸɬɶɫɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɭ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɦɭ ɫɬɚɧɿ N2(Vɤ), ɡ 

ɹɤɢɯ N2(V1) ɫɬɚɧɨɜɢɬɶ 16,9% ɧɚ ɞɢɫɬɚɧɰɿʀ 6 ɦɦ (ɪɢɫ. 4.11), ɬɚ 17,7% ɧɚ ɞɢɫɬɚɧɰɿʀ 6 ɦɦ 

(ɪɢɫ. 4.12). Іɧɲɿ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɿ ɫɬɚɧɢ N2(Vɤ), (ɪɢɫ. 4.11 – 4.13) ɧɚɛɭɜɚɸɬɶ 

ɦɟɧɲɿ ɡɧɚɱɟɧɧɹ ɨɛ’єɦɧɨʀ ɱɚɫɬɤɢ, ʀɯ ɪɿɜɟɧɶ ɿ ɪɨɡɩɨɞɿɥ ɭɡɞɨɜɠ ɩɥɚɡɦɨɬɪɨɧɭ ɡɚɥɟɠɢɬɶ 

ɜɿɞ ɪɚɞɿɭɫɭ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ. ɋɭɬɬєɜɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɩɪɢɨɫɶɨɜɨʀ ɨɛɥɚɫɬɿ 

ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ (R ≤ 10 ɦɦ) є ɦɚɥɚ ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɦɨɥɟɤɭɥ ɚɡɨɬɭ ɜ ɨɫɧɨɜɧɨɦɭ 

ɤɨɥɢɜɚɥɶɧɨɦɭ ɫɬɚɧɿ – ɹɤ ɜ ɰɟɧɬɪɚɥɶɧɿɣ, ɬɚɤ ɿ ɜɢɯɿɞɧɿɣ ɨɛɥɚɫɬɿ ɪɟɚɤɰɿɣɧɨʀ ɡɨɧɢ ȼɑІ 

ɪɨɡɪɹɞɭ. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.11 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ N2 ɭɡɞɨɜɠ R = 0 ɦɦ 
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Ɋɢɫ. 4.12 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ N2 ɭɡɞɨɜɠ R = 10 ɦɦ 

Ɋɢɫ. 4.13 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ N2 ɭɡɞɨɜɠ R = 20 ɦɦ 

 

ɇɚɣɛɿɥɶɲ ɲɜɢɞɤɿ ɪɟɚɤɰɿʀ ɭɬɜɨɪɟɧɧɹ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ ɦɨɥɟɤɭɥɢ 

ɤɢɫɧɸ ɦɚɸɬɶ ɲɜɢɞɤɿɫɬɶ 1025 ɫɦ-3ɫ-1: 

O2 + O => O2(V1) + O,      (4.16) 

O2(V1) + O  => O2(Vk+1) + O,     (4.17) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɤɢɫɧɸ ɜɿɞ 1 ɞɨ 3. 
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ɇɚɫɬɭɩɧɿ ɪɟɚɤɰɿʀ ɦɚɸɬɶ ɲɜɢɞɤɿɫɬɶ 1020 ɫɦ-3ɫ-1 – 1022 ɫɦ-3ɫ-1: 

E + O2 => E + O2(Vk),     (4.18) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɤɢɫɧɸ ɜɿɞ 1 ɞɨ 4. 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.14 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ O2 ɭɡɞɨɜɠ R = 0 ɦɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.15 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ O2 ɭɡɞɨɜɠ R = 10 ɦɦ 
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Ɋɢɫ. 4.16 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ O2 ɭɡɞɨɜɠ R = 20 ɦɦ 

 

Ɍɢɩɨɜɿ ɪɟɚɤɰɿʀ ɡɚ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɚɡɨɬɭ: 

N2(V1) + N2 => N2 + N2,      (4.19) 

N2(V1) + O => N2 + O,      (4.20) 

N2(Vk) + N2 => N2(Vk-1) + N2,     (4.21) 

N2(Vk) + O => N2(Vk-1) + O,     (4.22) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɜɿɞ 2 ɞɨ 8. 

N2(Vk) + N2 => N2(Vk+1) + N2,     (4.23) 

N2(Vk) + O => N2(Vk+1) + O,     (4.24) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɜɿɞ 1 ɞɨ 7. 

Ɍɢɩɨɜɿ ɪɟɚɤɰɿʀ ɡɚ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɤɢɫɧɸ: 

O2(V1) + O2 => O2 + O2,      (4.25) 

O2(V1) + O => O2 + O,      (4.26) 

O2(Vk) + O2 => O2(Vk-1) + O2,     (4.27) 

O2(Vk) + O => O2(Vk-1) + O,     (4.28) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɤɢɫɧɸ ɜɿɞ 2 ɞɨ 4. 
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O2(Vk) + O2 => O2(Vk+1) + O2,     (4.29) 

O2(Vk) + O => O2(Vk+1) + O,     (4.30) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɤɢɫɧɸ ɜɿɞ 1 ɞɨ 3. 

Ɋɟɚɤɰɿʀ 4.19, 4.21, 4.23, 4.25, 4.27, 4.29 ɩɪɨɬɿɤɚɸɬɶ ɡɿ ɲɜɢɞɤɿɫɬɸ 1025 ɫɦ-3ɫ-1, ɭ 

ɪɟɚɤɰɿɣ 4.20, 4.22, 4.24, 4.26, 4.28, 4.30 ɲɜɢɞɤɿɫɬɶ ɫɤɥɚɞɚє 1024 ɫɦ-3ɫ-1. Ɂɚɡɧɚɱɟɧɿ ɪɿɜɧɿ 

ɲɜɢɞɤɨɫɬɟɣ ɪɟɚɤɰɿɣ є ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɭ ɪɟɡɭɥɶɬɚɬɿ ɞɚɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. 

 

4.2.3 Ɋɟɚɤɰɿʀ ɡɚɪɨɞɠɟɧɧɹ ɥɚɧɰɸɝɚ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɪɟɚɤɰɿɣ ɡɚɪɨɞɠɟɧɧɹ ɥɚɧɰɸɝɚ ɛɭɥɨ ɜɿɞɿɛɪɚɧɨ ɪɟɚɤɰɿʀ, 

ɹɤɿ ɩɨɱɢɧɚɥɢɫɹ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ ɭɡɞɨɜɠ ɲɚɪɭ ɩɨɬɨɤɭ R = 0 ɦɦ. ɍɦɨɜɧɨ 

ʀɯ ɦɨɠɧɚ ɩɨɞɿɥɢɬɢ ɧɚ ɬɪɢ ɝɪɭɩɢ: 

Ƚɪɭɩɚ 1 – ɪɟɚɤɰɿʀ ɡɿ ɲɜɢɞɤɨɫɬɹɦɢ ɜɿɞ 1017 ɞɨ 1023 ɫɦ-3ɫ-1: 

O2 + N2 => O + O + N2,      (4.31) 

N2 + N => N + N + N,      (4.32) 

N2 + O => N + N + O,      (4.33) 

N + N + N => N2 + N,      (4.34) 

E + N2 => E + N +N,      (4.35) 

E + N2
+ => N +N,       (4.36) 

Ƚɪɭɩɚ 2 – ɪɟɚɤɰɿʀ ɡɿ ɲɜɢɞɤɨɫɬɹɦɢ 1024 ɫɦ-3ɫ-1: 

O2 + O => O + O + O,      (4.37) 

N2 (B3) + N2 => N2 (A3) + N2,     (4.38) 

N + N + O => N2(A3) + O,     (4.39) 

N + N + O => N2(B3) + O,     (4.40) 

Ƚɪɭɩɚ 3 – ɪɟɚɤɰɿʀ ɡɿ ɲɜɢɞɤɿɫɬɸ 1025 ɫɦ-3ɫ-1: 

E + O => E + O(1D),      (4.41) 
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ɇɚ ɪɢɫ. 4.17 – 4.20 ɧɚɜɟɞɟɧɨ ɡɚɥɟɠɧɨɫɬɿ ɲɜɢɞɤɨɫɬɟɣ ɪɟɚɤɰɿɣ ɡɚɪɨɞɠɟɧɧɹ ɿ 

ɩɪɨɞɨɜɠɟɧɧɹ ɥɚɧɰɸɝɚ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜɿɞ ɦɿɫɰɹ ɪɨɡɬɚɲɭɜɚɧɧɹ ɭ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɿ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ R = 0 ɦɦ. 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.17 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɡɚɪɨɞɠɟɧɧɹ ɿ ɩɪɨɞɨɜɠɟɧɧɹ ɥɚɧɰɸɝɚ ɭɬɜɨɪɟɧɧɹ 

NO ɭ ɩɪɢɨɫɶɨɜɨɦɭ ɲɚɪɭ ɩɨɬɨɤɭ R = 0 ɦɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.18 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɡɚɪɨɞɠɟɧɧɹ ɿ ɩɪɨɞɨɜɠɟɧɧɹ ɥɚɧɰɸɝɚ ɭɬɜɨɪɟɧɧɹ 

NO ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ R = 10 ɦɦ 
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Ɋɢɫ. 4.19 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɡɚɪɨɞɠɟɧɧɹ ɿ ɩɪɨɞɨɜɠɟɧɧɹ ɥɚɧɰɸɝɚ ɭɬɜɨɪɟɧɧɹ 

NO ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ R = 15 ɦɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.20 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɡɚɪɨɞɠɟɧɧɹ ɿ ɩɪɨɞɨɜɠɟɧɧɹ ɥɚɧɰɸɝɚ ɭɬɜɨɪɟɧɧɹ 

NO ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ ɩɨɬɨɤɭ R = 20 ɦɦ 
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ɋɢɧɬɟɡ ɨɤɫɢɞɿɜ ɚɡɨɬɭ N2 + O2 => 2NO ɜɢɡɧɚɱɚєɬɶɫɹ ɭ ɩɥɚɡɦɿ ɜɟɥɢɤɢɦ ɧɚɛɨɪɨɦ 

ɟɥɟɦɟɧɬɚɪɧɢɯ ɩɪɨɰɟɫɿɜ, ɿɡ ɤɨɬɪɢɯ ɨɛɦɟɠɭɸɱɢɦɢ є ɬɚɤɿ, ɞɟ ɜɢɤɨɧɭєɬɶɫɹ ɪɨɡɪɢɜ 

ɦɿɰɧɨɝɨ ɡɜ’ɹɡɤɭ ɦɨɥɟɤɭɥɢ N2, ɛɿɥɹ 10 ɟȼ, [51]. Ⱦɨ ɬɚɤɢɯ ɪɟɚɤɰɿɣ ɦɨɠɧɚ ɜɿɞɧɟɫɬɢ 

ɪɟɚɤɰɿʀ ɞɢɫɨɰɿɚɰɿʀ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ 4.32 - 4.34 ɿ ɪɟɚɤɰɿʀ ɞɢɫɨɰɿɚɰɿʀ ɱɟɪɟɡ ɟɥɟɤɬɪɨɧɧɟ 

ɡɛɭɞɠɟɧɧɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ 4.35, ɞɢɫɨɰɿɚɬɢɜɧɚ ɪɟɤɨɦɛɿɧɚɰɿɹ 4.36, ɚ ɬɚɤɨɠ ɿɨɧ-

ɦɨɥɟɤɭɥɹɪɧɿ ɪɟɚɤɰɿʀ, ɬɚɤɿ ɹɤ O+ + N2 => NO+ + N. 

 

4.2.4 Ɋɟɚɤɰɿʀ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɪɟɚɤɰɿɣ ɭɬɜɨɪɟɧɧɹ NO ɛɭɥɨ ɜɿɞɿɛɪɚɧɨ ɪɟɚɤɰɿʀ ɡ 

ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ, ɹɤɿ ɦɨɠɧɚ ɪɨɡɞɿɥɢɬɢ ɧɚ ɬɪɢ ɝɪɭɩɢ: 

Ɋɟɚɤɰɿʀ ɿɡ ɲɜɢɞɤɨɫɬɹɦɢ 1022 – 1023 ɫɦ-3ɫ-1: 

N(2D) + O2 => NO + O      (4.42) 

N2(A3) + O => NO + N(2D)     (4.43) 

N + O + N2 => NO + N2      (4.44) 

N + O + N => NO + N      (4.45) 

Ɋɟɚɤɰɿʀ ɿɡ ɲɜɢɞɤɨɫɬɹɦɢ 1024 ɫɦ-3ɫ-1: 

N + O + O => NO + O      (4.46) 

Ɋɟɚɤɰɿʀ ɿɡ ɲɜɢɞɤɨɫɬɹɦɢ 1025 ɫɦ-3ɫ-1: 

N + O2 => O + NO       (4.47) 

O + N2 => N + NO       (4.48) 
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Ɋɢɫ. 4.21 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɭɬɜɨɪɟɧɧɹ NO ɭ ɩɪɢɨɫɶɨɜɨɦɭ ɲɚɪɿ ɩɨɬɨɤɭ 

R = 0 ɦɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.22 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɭɬɜɨɪɟɧɧɹ NO ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ 

ɩɨɬɨɤɭ R = 10 ɦɦ 

 

5E+18

5E+19

5E+20

5E+21

5E+22

5E+23

5E+24

5E+25

0 40 80 120 160 200 240

ɒ
ɜɢ

ɞɤ
ɿɫ

ɬɶ
 ɪ

ɟɚ
ɤɰ

ɿʀ,
 ɫ

ɦ-3
ɫ-1

z, ɦɦ

N2(A3)+O=>NO+N(2D)

N(2D)+O2=>NO+O

N+O2=>O+NO

O+N2=>N+NO

N+O+N2=>NO+N2

N+O+N=>NO+N

N+O+O=>NO+O

5E+18

5E+19

5E+20

5E+21

5E+22

5E+23

5E+24

5E+25

0 40 80 120 160 200 240

ɒ
ɜɢ

ɞɤ
ɿɫ

ɬɶ
 ɪ

ɟɚ
ɤɰ

ɿʀ,
 ɫ

ɦ-3
ɫ-1

z, ɦɦ

N2(A3)+O=>NO+N(2D)

N(2D)+O2=>NO+O

N+O2=>O+NO

O+N2=>N+NO

N+O+N2=>NO+N2

N+O+N=>NO+N

N+O+O=>NO+O



95 
 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.23 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɭɬɜɨɪɟɧɧɹ NO ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ 

ɩɨɬɨɤɭ R = 15 ɦɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.24 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿɣ ɭɬɜɨɪɟɧɧɹ NO ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɲɚɪɭ 

ɩɨɬɨɤɭ R = 20 ɦɦ 
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əɤ ɜɢɞɧɨ ɿɡ ɪɢɫ. 4.21 – 4.24 ɧɚɣɲɜɢɞɲɢɦɢ ɪɟɚɤɰɿɹɦɢ є ɪɟɚɤɰɿʀ 4.47, 4.48 ɿ ɦɚɛɭɬɶ 

ɦɚɸɬɶ ɿɫɬɨɬɧɢɣ ɜɩɥɢɜ ɧɚ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɹɤ ɩɪɨɞɨɜɠɟɧɧɹ ɪɟɚɤɰɿɣ: 

 ɞɢɫɨɰɿɚɰɿɣ ɦɨɥɟɤɭɥ ɚɡɨɬɭ 4.32 – 4.35, ɚ ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɫɢɧɬɟɡ NO 

ɜɢɤɨɧɭєɬɶɫɹ ɡɚ 4.47; 

 ɞɢɫɨɰɿɚɬɢɜɧɨʀ ɪɟɤɨɦɛɿɧɚɰɿʀ 4.36, ɳɨ ɬɚɤɨɠ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ 

ɚɡɨɬɭ ɭ ɜɬɨɪɢɧɧɢɯ ɪɟɚɤɰɿɹɯ 4.47. 

 

4.2.5 Ɋɟɚɤɰɿʀ ɡ NO ɭ ɹɤɨɫɬɿ ɪɟɚɝɟɧɬɭ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɪɟɚɤɰɿɣ, ɞɟ ɹɤ ɪɟɚɝɟɧɬ ɜɢɫɬɭɩɚє NO ɛɭɥɢ ɜɿɞɿɛɪɚɧɿ 

ɪɟɚɤɰɿʀ ɡ ɦɚɤɫɢɦɚɥɶɧɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ, ɹɤɿ ɦɨɠɧɚ ɪɨɡɞɿɥɢɬɢ ɧɚ ɬɪɢ ɝɪɭɩɢ: 

Ɋɟɚɤɰɿʀ ɡɿ ɲɜɢɞɤɨɫɬɹɦɢ 1022 – 1023 ɫɦ-3ɫ-1: 

N2(B3) + NO => N2(A3) + NO,     (4.49) 

N(2D) + NO => N2 + O,      (4.50) 

O(1D) + NO => O2 + N,      (4.51) 

O(1S) + NO => O + NO,      (4.52) 

O(1S) + NO => O(1D) + NO,     (4.53) 

Ɋɟɚɤɰɿʀ ɡɿ ɲɜɢɞɤɨɫɬɹɦɢ 1024 ɫɦ-3ɫ-1: 

NO + O => N + O + O,      (4.54) 

NO + N => N + O + N,      (4.55) 

Ɋɟɚɤɰɿʀ ɡɿ ɲɜɢɞɤɨɫɬɹɦɢ 1025 ɫɦ-3ɫ-1: 

N + NO => O + N2,       (4.56) 

O + NO => N + O2,       (4.57) 
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Ɋɢɫ. 4.25 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɡ NO ɭ ɹɤɨɫɬɿ ɪɟɚɝɟɧɬɭ ɭ ɩɪɢɨɫɶɨɜɨɦɭ ɲɚɪɿ 

ɩɨɬɨɤɭ R = 0 ɦɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.26 – ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɡ NO ɭ ɹɤɨɫɬɿ ɪɟɚɝɟɧɬɭ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ 

ɲɚɪɭ ɩɨɬɨɤɭ R = 10 ɦɦ 
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Ɋɢɫ. 4.27– ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɡ NO ɭ ɹɤɨɫɬɿ ɪɟɚɝɟɧɬɭ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ 

ɲɚɪɭ ɩɨɬɨɤɭ R = 15 ɦɦ 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4.28– ɒɜɢɞɤɿɫɬɶ ɪɟɚɤɰɿʀ ɡ NO ɭ ɹɤɨɫɬɿ ɪɟɚɝɟɧɬɭ ɭɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɨɝɨ 

ɲɚɪɭ ɩɨɬɨɤɭ R = 20 ɦɦ 
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4.3 Аɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ ɞɪɭɝɨɝɨ ɜɚɪɿɚɧɬɚ ɪɨɡɪɚɯɭɧɤɭ 

Ⱦɪɭɝɢɣ ɜɚɪɿɚɧɬ ɪɨɡɪɚɯɭɧɤɿɜ ɜɪɚɯɨɜɭɜɚɜ ɡɚɥɟɠɧɿɫɬɶ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ 

ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɜɿɞ ʀɯ ɜɧɭɬɪɿɲɧɶɨʀ 

ɟɧɟɪɝɿʀ – ɟɧɟɪɝɿʀ ɡɛɭɞɠɟɧɧɹ. ɋɚɦɟ ɞɥɹ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɿ ɤɨɥɢɜɚɥɶɧɨ-

ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɤɢɫɧɸ ɬɚ ɚɡɨɬɭ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɦɨɞɢɮɿɤɨɜɚɧɿ ɡɝɿɞɧɨ [51, 52] 

ɤɨɧɫɬɚɧɬɢ ɲɜɢɞɤɨɫɬɟɣ ɩɪɨɰɟɫɿɜ. 

Ɉɫɧɨɜɧɿ ɪɟɚɤɰɿʀ ɡɚ ɭɱɚɫɬɸ NO ɬɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɚɡɨɬɭ: 

N2(VK) + O => N + NO,      (4.58) 

N2(VK) + NO => N + N + NO,     (4.59) 

N2(VK) + NO => N + O + N2,     (4.60) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɚɡɨɬɭ ɜɿɞ 1 ɞɨ 8. 

Ɉɫɧɨɜɧɿ ɪɟɚɤɰɿʀ ɡɚ ɭɱɚɫɬɸ NO ɬɚ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɤɢɫɧɸ: 

O2(VK) + N => O + NO,      (4.61) 

O2(VK) + NO => O + O + NO,     (4.62) 

O2(VK) + NO => N + O2 + O,     (4.63) 

ɞɟ k – ɧɨɦɟɪ ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɨɝɨ ɪɿɜɧɹ ɦɨɥɟɤɭɥɢ ɤɢɫɧɸ ɜɿɞ 1 ɞɨ 4. 

Ɉɛ'єɦɧɿ ɱɚɫɬɤɢ NO ɩɥɚɡɦɢ ɧɚ ɨɫɿ ɩɨɬɨɤɭ ɿ ɜɡɞɨɜɠ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɿɜ ɩɨɬɨɤɭ ɭ 

ȼɑІ ɩɥɚɡɦɨɬɪɨɧɿ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 4.29. Ɂ ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɝɪɚɮɿɤɿɜ ɜɢɞɧɨ, ɳɨ 

ɨɩɬɢɦɚɥɶɧɢɦɢ ɭɦɨɜɚɦɢ ɞɥɹ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ є ɬɚɤɿ ɠ ɨɛɥɚɫɬɿ ɩɥɚɡɦɨɬɪɨɧɚ, ɹɤ 

ɿ ɭ ɩɟɪɲɨɦɭ ɜɚɪɿɚɧɬɿ ɪɨɡɪɚɯɭɧɤɭ (ɪɢɫ. 4.5) - ɧɚɣɛɿɥɶɲ ɫɩɪɢɹɬɥɢɜɿ ɭɦɨɜɢ ɫɢɧɬɟɡɭ NO 

ɪɟɚɥɿɡɭɸɬɶɫɹ ɜ ɩɪɢɫɬɿɧɤɨɜɿɣ ɱɚɫɬɢɧɿ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ. Ⱥɥɟ ɛɿɥɶɲɟ ɧɿɠ ɜ ɞɜɚ ɪɚɡɢ 

ɡɛɿɥɶɲɢɥɢɫɶ ɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɱɚɫɬɤɢ NO ɜ ɩɥɚɡɦɿ ɩɨɬɨɤɭ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ 

ɪɨɡɪɚɯɭɧɤɿɜ ɡɚ ɭɱɚɫɬɿ ɤɨɥɢɜɚɥɶɧɨ ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ ɤɢɫɧɸ ɬɚ ɚɡɨɬɭ ɡ ɜɪɚɯɭɜɚɧɧɹɦ 

ɡɚɥɟɠɧɨɫɬɿ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɹɤ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ, ɬɚɤ ɿ ɜɿɞ ʀɯ 

ɜɧɭɬɪɿɲɧɶɨʀ ɟɧɟɪɝɿʀ – ɟɧɟɪɝɿʀ ɤɨɥɢɜɚɥɶɧɨɝɨ ɡɛɭɞɠɟɧɧɹ, ɳɨ ɡɦɟɧɲɚɥɨ ɪɨɡɛɿɠɧɨɫɬɿ ɦɿɠ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɞɚɧɢɦɢ. 
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Ɋɢɫ. 4.29 – Ɉɛ’єɦɧɚ ɱɚɫɬɤɚ NO ɜ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ ɧɚ ɨɫɿ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ 

ɬɚ ɭ ɰɢɥɿɧɞɪɢɱɧɢɯ ɲɚɪɚɯ ɩɨɬɨɤɭ ɪɚɞɿɭɫɿɜ 0 ɦɦ, 5 ɦɦ, 10 ɦɦ, 15 ɦɦ 

 

Ɉɬɪɢɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ ɞɨɡɜɨɥɹє ɩɪɢɩɭɫɬɢɬɢ, ɳɨ є ɨɩɬɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ ɩɥɚɡɦɨɬɪɨɧɚ, ɩɟɪɟɜɢɳɟɧɧɹ ɹɤɨʀ ɜɟɞɟ ɞɨ ɡɧɢɠɟɧɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɰɿɥɶɨɜɨɝɨ ɩɪɨɞɭɤɬɭ. Ɇɨɠɧɚ ɨɰɿɧɢɬɢ ɰɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɢɯɨɞɹɱɢ ɡ ɝɪɚɮɿɤɚ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɧɟɨɛɯɿɞɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɿ ɪɨɡɩɨɞɿɥɭ ɬɟɦɩɟɪɚɬɭɪɢ ɭɡɞɨɜɠ ɲɚɪɭ ɩɨɬɨɤɭ ɭ 

ɩɥɚɡɦɨɬɪɨɧɿ ɜɿɞ 3000 Ʉ ɞɨ 5000 Ʉ, ɳɨ ɫɯɨɞɢɬɶɫɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. 
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4.4 Вɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 4 

ɑɢɫɥɨɜɟ ɦɨɞɟɥɸɜɚɧɧɹ ɤɿɧɟɬɢɤɢ ɩɪɨɰɟɫɿɜ ɜ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ ɜɢɹɜɢɥɨ, ɳɨ 

ɿɫɧɭє ɨɩɬɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ ɩɥɚɡɦɨɬɪɨɧɚ, ɩɟɪɟɜɢɳɟɧɧɹ 

ɹɤɨʀ ɜɟɞɟ ɞɨ ɡɧɢɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɰɿɥɶɨɜɨɝɨ ɩɪɨɞɭɤɬɭ – NO. 

ɉɪɨɰɟɫ ɩɨɹɜɢ ɨɤɫɢɞɭ ɚɡɨɬɭ NO ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɣɨɝɨ ɲɜɢɞɤɢɦ ɡɪɨɫɬɚɧɧɹɦ ɧɚ 

ɤɨɪɨɬɤɨɦɭ ɩɪɨɦɿɠɤɭ ɞɢɫɬɚɧɰɿʀ ɜɡɞɨɜɠ ɩɥɚɡɦɨɬɪɨɧɭ, ɩɨɱɚɬɤɨɜɢɦ ɲɜɢɞɤɢɦ 

ɡɪɨɫɬɚɧɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɬɨɦɚɪɧɨɝɨ ɤɢɫɧɸ ɬɚ ɩɨɞɚɥɶɲɢɦ ɡɛɟɪɟɠɟɧɧɹɦ ɞɨɫɹɝɧɭɬɨɝɨ 

ɪɿɜɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ. Ɂɧɚɱɧɨ ɦɟɧɲɚ, ɜɿɞɧɨɫɧɨ ɤɢɫɧɸ, ɲɜɢɞɤɿɫɬɶ ɡɪɨɫɬɚɧɧɹ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɬɨɦɚɪɧɨɝɨ ɚɡɨɬɭ ɬɚɤɨɠ ɫɭɩɪɨɜɨɞɠɭє ɩɪɨɰɟɫ ɭɬɜɨɪɟɧɧɹ NO, ɚ 

ɦɚɤɫɢɦɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ N ɞɨɫɹɝɚє ɦɨɦɟɧɬɭ ɡɧɢɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɭ ɚɡɨɬɭ 

ɦɚɣɠɟ ɞɨ ɦɿɧɿɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ. 

ɇɚɣɛɿɥɶɲ ɫɩɪɢɹɬɥɢɜɿ ɭɦɨɜɢ ɫɢɧɬɟɡɭ NO ɪɟɚɥɿɡɭɸɬɶɫɹ ɜ ɩɪɢɫɬɿɧɤɨɜɿɣ ɱɚɫɬɢɧɿ 

ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ. 

ȼɪɚɯɭɜɚɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɹɤ ɜɿɞ 

ɬɟɦɩɟɪɚɬɭɪɢ, ɬɚɤ ɿ ɜɿɞ ʀɯ ɜɧɭɬɪɿɲɧɶɨʀ ɟɧɟɪɝɿʀ – ɟɧɟɪɝɿʀ ɤɨɥɢɜɚɥɶɧɨɝɨ ɡɛɭɞɠɟɧɧɹ, 

ɫɭɬɬєɜɨ ɜɩɥɢɜɚє ɧɚ ɪɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɤɿɧɟɬɢɤɢ ɜ ɩɨɜɿɬɪɹɧɿɣ ɩɥɚɡɦɿ ȼɑІ 

ɪɨɡɪɹɞɭ ɿ ɡɦɟɧɲɭє ɪɨɡɛɿɠɧɨɫɬɿ ɦɿɠ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɞɚɧɢɦɢ. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɨɤɚɡɚɥɨ, ɳɨ ɧɚɣɛɿɥɶɲ ɲɜɢɞɤɢɦɢ ɪɟɚɤɰɿɹɦɢ ɭɬɜɨɪɟɧɧɹ 

ɤɨɥɢɜɚɥɶɧɨ-ɡɛɭɞɠɟɧɢɯ ɪɿɜɧɿɜ ɦɨɥɟɤɭɥ N2 ɿ O2 є:  

N2 + N2 => N2(V1) + N2, 

N2(Vk) + N2 => N2(Vk+1) + N2, 

E + N2 => E + N2(Vɤ), 

O2 + O => O2(V1) + O, 

O2(V1) + O => O2(Vk+1) + O, 

E + O2 => E + O2(Vɤ). 

ɉɪɨɰɟɫ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ȼɑІ ɪɨɡɪɹɞɭ ɦɚє ɛɚɝɚɬɨ ɟɬɚɩɧɢɣ 

ɯɚɪɚɤɬɟɪ. Cɩɨɱɚɬɤɭ ɣɞɟɬɶɫɹ ɧɚɩɪɚɰɸɜɚɧɧɹ ɚɬɨɦɿɜ ɚɡɨɬɭ ɿ ɤɢɫɧɸ. Ɉɫɧɨɜɧɢɦɢ 

ɩɪɨɰɟɫɚɦɢ ɩɟɪɲɨɝɨ ɟɬɚɩɭ ɝɟɧɟɪɚɰɿʀ NO є: 

O2 + N2 => O + O + N2, 
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E + N2 => E + N +N, 

N2 + O => N + N + O, 

N2 + N => N + N + N, 

N + N + N => N2 + N, 

E + N2+ => N +N, 

O2 + O => O + O + O. 

ɇɚɫɬɭɩɧɢɦ ɟɬɚɩɨɦ ɜɢɤɨɧɭєɬɶɫɹ ɝɟɧɟɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɭ ɩɪɨɰɟɫɚɯ ɡɚ ɭɱɚɫɬɿ O 

ɿ N, ɧɚɣɲɜɢɞɲɢɦɢ ɡ ɹɤɢɯ є: 

N + O2 => O + NO, 

O + N2 => N + NO. 
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ɊɈЗȾІɅ 5 

ɈɉɌɂɆІɁАɐІə ВɂɏɈȾɍ NOX ɍ ɋɂɋɌȿɆІ Ɂ Вɑ ІɇȾɍɄɐІɃɇɈɘ 
ɉɅАɁɆɈɘ 

 

5.1 Ʉɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɭ ВɑІ ɩɥɚɡɦɨɜɿɣ ɫɢɫɬɟɦɿ 

ɍ ȼɑІ ɩɥɚɡɦɨɜɿɣ ɫɢɫɬɟɦɿ APT-100-3, ɦɨɞɢɮɿɤɨɜɚɧɿɣ ɞɥɹ ɪɨɛɨɬɢ ɡ ɜɢɫɨɤɨɸ 

ɜɢɬɪɚɬɨɸ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ ɬɚ ɦɚɤɫɢɦɚɥьɧɨ ɦɨɠɥɢɜɨɸ ɟɥɟɤɬɪɢɱɧɨɸ 

ɟɮɟɤɬɢɜɧɿɫɬɸ ɜɢɡɧɚɱɚɥɢ ɦɨɥɹɪɧɭ ɱɚɫɬɤɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɦɟɬɨɞɨɦ ɨɩɬɢɱɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ 

ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɚ ɧɚ ɜɢɯɨɞɿ ɡ ȼɑІ ɪɨɡɪɹɞɭ. Ⱦɥɹ ɜɢɦɿɪɸɜɚɧь ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ 

ɫɩɟɤɬɪɨɦɟɬɪ ɮɿɪɦɢ “Avantes BV” ɬɚ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ Specair ɮɿɪɦɢ SpectralFit 

S.A.S. Ɋɟɡɭɥьɬɚɬɢ ɜɢɦɿɪɸɜɚɧь ɬɚ ɱɢɫɥɨɜɨʀ ɫɢɦɭɥɹɰɿʀ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5.1 – ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɣ ɬɚ ɫɢɦɭɥьɨɜɚɧɿ ɡɚ ɪɿɡɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ NO ɟɦɿɫɿɣɧɿ 

ɫɩɟɤɬɪɢ ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɭ ɧɚ ɜɢɯɨɞɿ ȼɑІ ɪɨɡɪɹɞɭ 
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Ɋɟɡɭɥьɬɚɬɨɦ ɩɨɪɿɜɧɹɥьɧɨɝɨ ɚɧɚɥɿɡɭ ɜɢɦɿɪɹɧɢɯ ɫɩɟɤɬɪɿɜ ɡ ɱɢɫɟɥьɧɨ 

ɫɢɦɭɥьɨɜɚɧɢɦɢ ɤɨɞɨɦ Specair є ɜɢɫɨɤɟ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɛɥɢɡьɤɨ 10% ɜ 

ɩɥɚɡɦɿ ɮɚɤɟɥɭ ȼɑІ ɪɨɡɪɹɞɭ ɡɚ ɬɟɦɩɟɪɚɬɭɪɢ ɛɿɥьɲɟ 4000 Ʉ. Ɍɚɤɟ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ 

NO ɜɤɚɡɭє ɧɚ ɡɧɚɱɧɿ ɩɨɬɟɧɰɿɣɧɿ ɦɨɠɥɢɜɨɫɬɿ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ȼɑІ 

ɪɨɡɪɹɞɭ. Ⱥɥɟ ɱɟɪɟɡ ɜɿɞɨɦɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɧɟɫɬɚɛɿɥьɧɿɫɬь ɨɤɫɢɞɭ ɚɡɨɬɭ ɡɚ ɬɟɦɩɟɪɚɬɭɪ 

ɜɢɳɟ 1000 Ʉ ɞɥɹ ɡɛɟɪɟɠɟɧɧɹ ɣɨɝɨ ɤɨɧɰɟɧɬɪɚɰɿʀ ɡɚ ɧɨɪɦɚɥьɧɢɯ ɭɦɨɜ (~ 300 K) 

ɧɟɨɛɯɿɞɧɨɸ ɫɬɚє ɞɪɭɝɚ ɫɬɚɞɿɹ ɩɪɨɰɟɫɭ – ɲɜɢɞɤɟ ɨɯɨɥɨɞɠɟɧɧɹ, ɬɨɛɬɨ ɡɚɝɚɪɬɭɜɚɧɧɹ [9]. 

Ɍɪɢɜɚɥɿɫɬь ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɨɜɢɧɧɚ ɛɭɬɢ ɫɭɬɬєɜɨ ɦɟɧɲɨɸ ɱɚɫɭ ɜɫɬɚɧɨɜɥɟɧɧɹ 

ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɧɭ.  

Ʉɪɿɦ ɬɨɝɨ ɜɦɿɫɬ NO ɜ ɪɿɜɧɨɜɚɠɧɿɣ ɫɢɫɬɟɦɿ ɚɡɨɬ-ɤɢɫɟɧь ɡɚɥɟɠɢɬь ɜɿɞ 

ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɬɢɫɤɭ. ɉɪɢɱɨɦɭ ɡɚɥɟɠɧɿɫɬь ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ є 

ɧɟɦɨɧɨɬɨɧɧɨɸ ɡ ɱɿɬɤɢɦ ɦɚɤɫɢɦɭɦɨɦ – ɡɚ ɬɟɦɩɟɪɚɬɭɪ ɜɢɳɟ ɨɩɬɢɦɚɥьɧɨʀ ɣɞɟ ɬɟɪɦɿɱɧɟ 

ɪɨɡɤɥɚɞɚɧɧɹ NO. Ɍɨɦɭ ɩɨɱɢɧɚɬɢ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɧɚɞ ɨɩɬɢɦɚɥьɧɨʀ, 

ɤɨɥɢ ɪɿɜɧɨɜɚɠɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɧɟɜɟɥɢɤɚ, ɧɟ ɦɚє ɫɟɧɫɭ. ɇɟɨɛɯɿɞɧɨ 

ɩɨɜɿɥьɧɨ ɡɧɢɡɢɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ ɨɩɬɢɦɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ, ɳɨɛ ɡɚ ɱɚɫ ɩɨɜɿɥьɧɨɝɨ 

ɨɯɨɥɨɞɠɟɧɧɹ ɭɬɜɨɪɢɜɫɹ ɨɤɫɢɞ ɭ ɦɚɤɫɢɦɚɥьɧɨ ɞɨɫɹɠɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ, ɩɿɫɥɹ ɱɨɝɨ 

ɜɢɤɨɧɭɜɚɬɢ ɡɚɝɚɪɬɭɜɚɧɧɹ.  

Зɚ ɭɦɨɜ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ ɧɚ ɜɢɯɨɞɿ ɡ ɪɟɚɤɰɿɣɧɨʀ 

ɡɨɧɢ ȼɑІ ɪɨɡɪɹɞɭ ɚɬɦɨɫɮɟɪɧɨɝɨ ɬɢɫɤɭ ɜɢɳɟ 4000 Ʉ (ɪɢɫ. 5.1), ɚ ɨɩɬɢɦɚɥьɧɚ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɜɦɿɫɬɭ NO ɜ ɪɿɜɧɨɜɚɠɧɿɣ ɫɢɫɬɟɦɿ ɚɡɨɬ-ɤɢɫɟɧь – 3500 Ʉ [9]. 

 

5.2 Ɂɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɝɚɡɨ-ɜɨɞɹɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɨɝɨ ɚɩɚɪɚɬɭ 

Ⱦɨ ɫɤɥɚɞɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ȼɑІ ɩɥɚɡɦɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɛɭɥɨ ɜɤɥɸɱɟɧɨ ɩɥɚɡɦɨɜɭ ɫɢɫɬɟɦɭ APT-100-5, ɪɨɡɪɨɛɥɟɧɭ ɤɨɦɩɚɧɿєɸ Applied 

Plasma Technologies, Corp., ɪɟɚɤɬɨɪ ɨɯɨɥɨɞɠɟɧɧɹ ɿ ɝɚɡɨɚɧɚɥɿɡɚɬɨɪ FTIR, 

ɜɿɞɤɚɥɿɛɪɨɜɚɧɢɣ ɞɥɹ ɚɧɚɥɿɡɭ ɝɚɡɿɜ ɡ ɜɢɫɨɤɢɦ ɜɦɿɫɬɨɦ NOX.  

ɋɟɪɟɞɧьɨɦɚɫɨɜɭ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɡɦɢ Tpl ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɜɢɯɨɞɹɱɢ ɿɡ ɩɢɬɨɦɨʀ 

ɟɧɬɚɥьɩɿʀ ɩɨɜɿɬɪɹ: H୮୪ = N୮୪ / G୮୪,     (5.1) 
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ɞɟ N୮୪ – ɩɨɬɭɠɧɿɫɬь ɭ ɩɥɚɡɦɿ, G୮୪ – ɜɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ. 

ɉɨɬɭɠɧɿɫɬь ɭ ɩɥɚɡɦɿ N୮୪ ɨɰɿɧɸɜɚɥɢ ɬɚɤɢɦ ɱɢɧɨɦ: N୮୪ = N୰f − N୪୭ୱୱ,     (5.2) 

ɞɟ N୰f – ɩɨɬɭɠɧɿɫɬь ɠɢɜɥɟɧɧɹ ȼɑІ ɪɨɡɪɹɞɭ, N୪୭ୱୱ – ɡɚɝɚɥьɧɿ ɬɟɩɥɨɜɿ ɜɬɪɚɬɢ. 

Зɚɝɚɥьɧɿ ɬɟɩɥɨɜɿ ɜɬɪɚɬɢ N୪୭ୱୱ, ɳɨ ɫɤɥɚɞɚɥɢɫь ɿɡ ɜɬɪɚɬ ɧɚ ɧɚɝɪɿɜɚɧɧɹ ɿɧɞɭɤɬɨɪɚ 

ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɜɬɪɚɬ ɭ ɫɬɿɧɤɚɯ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ, ɜɢɦɿɪɸɜɚɥɢ ɤɚɥɨɪɢɦɟɬɪɢɱɧɢɦ 

ɦɟɬɨɞɨɦ. 

ɉɨ ɡɧɚɱɟɧɧɹɦ H୮୪, ɿ ɞɚɧɢɦɢ ɬɚɛɥɢɰɿ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɨɜɿɬɪɹ ɩɪɢ 

ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ [20] ɡɧɚɯɨɞɢɥɢ ɫɟɪɟɞɧьɨɦɚɫɨɜɭ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɡɦɢ. 

Зɚɥɟɠɧɿɫɬь ɤɨɧɰɟɧɬɪɚɰɿʀ NOX. ɜɿɞ ɫɟɪɟɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɡɦɢ ɭ ɫɨɩɥɿ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɜɢɬɪɚɬɢ ɩɨɜɿɬɪɹ ɭ ȼɑІ ɪɨɡɪɹɞɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.2. 

Ⱦɥɹ ɩɨɞɚɥьɲɢɯ ɞɨɫɥɿɞɠɟɧь ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɜɞɨɫɤɨɧɚɥɟɧɭ ȼɑІ ɩɥɚɡɦɨɜɭ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɭ ɭɫɬɚɧɨɜɤɭ, ɫɬɜɨɪɟɧɭ ɭ ɥɚɛɨɪɚɬɨɪɿʀ ɤɨɦɩɚɧɿʀ Applied Plasma 

Technologies, Corp ɬɚ ɨɩɢɫɚɧɭ ɭ ɪɨɡɞɿɥɿ 3. 

 

 

Ɋɢɫ. 5.2 – Зɚɥɟɠɧɿɫɬь ɤɨɧɰɟɧɬɪɚɰɿʀ NOX. ɜɿɞ ɫɟɪɟɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɡɦɢ ɭ 

ɫɨɩɥɿ ȼɑІ ɩɥɚɡɦɨɬɪɨɧɭ ɬɚ ɜɢɬɪɚɬɢ ɩɨɜɿɬɪɹ, ɭɫɬɚɧɨɜɤɢ APT-100-5 
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ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɛɭɥɨ ɨɰɿɧɟɧɨ ɪɟɡɭɥьɬɚɬɢ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɚɯɭɧɨɤ 

ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɫɬɿɧɨɤ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɥɚɡɦɨɜɨɝɨ ɪɟɚɤɬɨɪɚ [53]. ɋɟɤɰɿɹ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɫɤɨɧɫɬɪɭɣɨɜɚɧɚ ɭ ɜɢɝɥɹɞɿ ɨɯɨɥɨɞɠɭɜɚɧɨɝɨ ɜɨɞɨɸ ɤɨɧɭɫɚ, ɳɨ 

ɪɨɡɲɢɪɸєɬьɫɹ, ɞɨɜɠɢɧɨɸ 0,5 ɦ, ɜɯɿɞɧɢɦ ɬɚ ɜɢɯɿɞɧɢɦ ɞɿɚɦɟɬɪɚɦɢ 53 ɦɦ ɿ 212 ɦɦ 

ɜɿɞɩɨɜɿɞɧɨ. Ʉɨɪɨɬɤɢɣ ɤɨɚɤɫɿɚɥьɧɢɣ ɰɢɥɿɧɞɪɢɱɧɢɣ ɩɟɪɟɯɿɞɧɢɤ ɩɿɞɤɥɸɱɟɧɢɣ ɞɨ ɜɯɨɞɭ 

ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɦɨɠɟ ɛɭɬɢ ɞɨɩɨɜɧɟɧɢɣ ɫɩɟɰɿɚɥьɧɢɦ ɡɚɜɢɯɪɸɜɚɱɟɦ ɞɥɹ ɩɨɞɚɱɿ 

ɛɭɞь-ɹɤɨʀ ɞɨɛɚɜɤɢ ɚɛɨ ɩɨɜɿɬɪɹ ɜ ɩɨɩɟɪɟɞɧьɨ ɨɯɨɥɨɞɠɟɧɢɣ (ɤɨɚɤɫɿɚɥьɧɢɦ 

ɰɢɥɿɧɞɪɢɱɧɢɦ ɩɟɪɟɯɿɞɧɢɤɨɦ) ɩɥɚɡɦɨɜɢɣ ɮɚɤɟɥ. Ɇɨɞɟɥɸɜɚɧɧɹ ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɭ 

ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɛɚɡɭєɬьɫɹ ɧɚ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɪɿɜɧɹɧь ɡɛɟɪɟɠɟɧɧɹ 

ɦɚɫɢ, ɿɦɩɭɥьɫɭ ɬɚ ɟɧɟɪɝɿʀ ɜ ɬɭɪɛɭɥɟɧɬɧɿɣ ɯɿɦɿɱɧɨ ɿɧɟɪɬɧɿɣ ɫɢɫɬɟɦɿ [53]. 

Ɋɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɦɚɫɢ: 

∂ρ∂୲ + ∇ ∙ ሺρv⃗ ሻ = 0,      (5.3) 

ɞɟ 𝑣   ɜɟɤɬɨɪ ɥɨɤɚɥьɧɨʀ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ,   ɝɭɫɬɢɧɚ ɩɨɬɨɤɭ. 

Ɋɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɿɦɩɭɥьɫɭ: 

∂∂୲ ሺρv⃗ ሻ + ∇ ∙ ሺρv⃗ v⃗ ሻ = −∇p + ∇ ∙ ሺτୱ୲ሻ + ρg⃗ + F⃗ ,   (5.4) 

ɞɟ p  ɫɬɚɬɢɱɧɢɣ ɬɢɫɤ, τୱ୲  ɬɟɧɡɨɪ ɧɚɩɪɭɠɟɧь, ρg⃗   ɫɢɥɚ ɬɹɠɿɧɧɹ, F⃗   ɡɨɜɧɿɲɧɿ 

ɫɢɥɢ. 

Ɋɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ:  

𝜕𝜕𝑡 ሺ𝜌𝐸ሻ +  𝛻 ∙ (𝑣 ሺ𝜌𝐸 + 𝑝ሻ) = 𝛻 ∙ ሺ݇௘௙௙𝛻𝑇 − ∑ 𝐽𝑗𝑗 + + (𝜏௘௙௙ ∙ 𝑣 ሻ), (5.5) 

ɞɟ 𝐸  ɩɨɜɧɚ ɟɧɟɪɝɿɹ, ݇௘௙௙  ɟɮɟɤɬɢɜɧɚ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬь,  𝐽𝑗  ɞɢɮɭɡɧɿɣ 

ɩɨɬɿɤ ɤɨɦɩɨɧɟɧɬɚ ݆, 𝜏௘௙௙ – ɤɨɟɮɿɰɿєɧɬ ɟɮɟɤɬɢɜɧɨʀ ɜ’ɹɡɤɨɫɬɿ. 

Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɭ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɦɨɞɢɮɿɤɨɜɚɧɭ k- 

ɬɭɪɛɭɥɟɧɬɧɭ ɦɨɞɟɥь [53]: 
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ɍ ɞɚɧɢɯ ɪɿɜɧɹɧɧɹɯ k  ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ,   ɲɜɢɞɤɿɫɬь 

ɪɨɡɫɿɸɜɚɧɧɹ, kG   ɝɟɧɟɪɭɜɚɧɧɹ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɡɚ ɪɚɯɭɧɨɤ 

ɝɪɚɞɿєɧɬɿɜ ɲɜɢɞɤɨɫɬɿ, bG    ɝɟɧɟɪɭɜɚɧɧɹ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɡɚ ɪɚɯɭɧɨɤ 

ɩɥɚɜɭɱɨɫɬɿ, MY   ɜɧɟɫɨɤ ɮɥɭɤɬɭɸɱɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɜ ɡɚɝɚɥьɧɭ ɲɜɢɞɤɿɫɬь ɞɢɫɢɩɚɰɿʀ. 

ȼɟɥɢɱɢɧɢ k  ɬɚ    ɰɟ ɡɜɨɪɨɬɧɿ ɟɮɟɤɬɢɜɧɿ ɱɢɫɥɚ ɉɪɚɧɞɬɥɹ ɞɥɹ k ɬɚ , ɜɿɞɩɨɜɿɞɧɨ, 

kS  ɿ S   ɜɢɡɧɚɱɟɧɿ ɤɨɪɢɫɬɭɜɚɱɟɦ ɞɨɞɚɬɤɨɜɿ ɱɥɟɧɢ ɞɢɫɢɩɚɰɿʀ ɬɭɪɛɭɥɟɧɬɧɨʀ ɟɧɟɪɝɿʀ, 𝜇eff – ɟɮɟɤɬɢɜɧɚ ɜ'ɹɡɤɿɫɬь, 𝐶1𝜀, 𝐶2𝜀 ɿ 𝐶3𝜀 – ɤɨɧɫɬɚɧɬɢ ɦɨɞɟɥɿ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ. 

 

ɍ ɪɨɡɪɚɯɭɧɤɚɯ [53] ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɬɚɤɿ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ: 

1) ɧɚ ɜɯɨɞɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚɞɚєɬьɫɹ ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ, ɬɚɧɝɟɧɰɿɚɥьɧɚ 

ɫɤɥɚɞɨɜɚ ɧɚɩɪɹɦɤɭ ɩɨɬɨɤɭ ɫɬɚɧɨɜɢɬь 0,3, ɨɫьɨɜɚ ɫɤɥɚɞɨɜɚ ɧɚɩɪɹɦɤɭ ɩɨɬɨɤɭ ɫɬɚɧɨɜɢɬь 

1,0, ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɡɦɢ ɧɟɪɿɜɧɨɦɿɪɧɢɣ; 

2) ɞɥɹ ɩɨɜɿɬɪɹ: ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ (0,1 – 0,2 ɝ/ɫ), ɩɨ ɧɨɪɦɚɥɿ ɞɨ ɝɪɚɧɢɰɿ, ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɨɜɿɬɪɹ ɞɨɪɿɜɧɸє 300 Ʉ;  

3) ɞɥɹ ɰɢɥɿɧɞɪɢɱɧɢɯ ɿ ɤɨɧɭɫɧɢɯ ɫɬɿɧɨɤ ɜɪɚɯɨɜɚɧɨ ɤɨɧɜɟɤɰɿɸ (ɡɦɿɧɸєɬьɫɹ 

ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɿ), ɬɨɜɳɢɧɚ ɫɬɿɧɤɢ ɡ ɧɟɪɠɚɜɿɸɱɨʀ ɫɬɚɥɿ ɫɤɥɚɞɚє 5 ɦɦ; 

4) ɞɥɹ ɤɨɧɿɱɧɨɝɨ ɜɢɯɨɞɭ: ɡɚɞɚєɬьɫɹ ɜɢɯɿɞɧɢɣ ɬɢɫɤ. 

ɉɪɢ ɪɨɡɪɚɯɭɧɤɚɯ ɡɪɨɛɥɟɧɨ ɩɪɢɩɭɳɟɧɧɹ ɩɪɨ ɬɟɩɥɨɜɭ ɪɿɜɧɨɜɚɝɭ ɩɥɚɡɦɢ ɬɚ 

ɜɢɤɨɪɢɫɬɚɧɨ ɧɚɜɟɞɟɧɿ ɭ ɪɨɛɨɬɢ [20] ɞɚɧɿ ɳɨɞɨ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ 
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(ɝɭɫɬɢɧɚ, ɟɧɬɚɥьɩɿɹ, ɬɟɩɥɨєɦɧɿɫɬь, ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬь, ɥɚɦɿɧɚɪɧɚ ɜ'ɹɡɤɿɫɬь ɬɨɳɨ). Ⱦɥɹ 

ɩɪɢɫɤɨɪɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɡɛɿɠɧɨɫɬɿ ɪɟɡɭɥьɬɚɬɿɜ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ ɬɪɢɜɢɦɿɪɧɚ ɫɿɬɤɚ. 

ɋɿɬɤɚ ɫɤɥɚɞɚɥɚɫɹ ɡ 747053 ɩɨɥɿɟɞɪɢɱɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɨɬɪɢɦɚɧɢɯ ɲɥɹɯɨɦ ɩɟɪɟɬɜɨɪɟɧɧɹ 

3,66 ɦɿɥьɣɨɧɿɜ ɬɟɬɪɚɟɞɪɢɱɧɢɯ ɟɥɟɦɟɧɬɿɜ. Ⱦɨɞɚɬɤɨɜɚ ɲɜɢɞɤɿɫɬь ɩɨɬɨɤɭ ɱɟɪɟɡ ɡɨɧɭ 

ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɚɞɚɩɬɟɪɚ ɡɚɜɢɯɪɸɜɚɱɚ ɜɜɚɠɚɥɚɫɹ ɞɭɠɟ ɦɚɥɨɸ ɿ ɥɢɲɟ ɝɚɪɚɧɬɭɜɚɥɚ, ɳɨ 

ɩɨɜɿɬɪɹɧɚ ɩɥɚɡɦɚ ɧɟ ɩɨɬɪɚɩɥɹє ɞɨ ɤɚɧɚɥɿɜ ɡɚɜɢɯɪɸɜɚɱɚ [53]. 

З ɜɪɚɯɭɜɚɧɧɹɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ ɜɢɤɨɧɭɜɚɥɢ ɪɨɡɪɚɯɭɧɤɢ ɬɪɢɜɢɦɿɪɧɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɫɟɤɰɿʀ ɲɜɢɞɤɨɝɨ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 

Ansys Fluent. Ɋɨɡɪɚɯɭɧɤɢ ɜɢɤɨɧɭɜɚɥɢ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɬɚɤɢɯ ɫɬɚɰɿɨɧɚɪɧɢɯ ɪɟɠɢɦɿɜ 

ɪɨɛɨɬɢ ȼɑІ ɭɫɬɚɧɨɜɤɢ: ɩɨɬɭɠɧɿɫɬь ɭ ɩɥɚɡɦɿ Npl ɛɥɢɡьɤɨ 29 ɤȼɬ, ɜɢɬɪɚɬɚ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ 1,7 ɝ/ɫ; 2,3 ɝ/ɫ; 3,8 ɝ/ɫ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɪɨɡɪɚɯɨɜɚɧɢɦ 

ɡɧɚɱɟɧɧɹɦ ɫɟɪɟɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɡɦɢ 5999; 5009 Ʉ ɬɚ 4000 Ʉ ɧɚ ɜɯɨɞɿ ɜ 

ɫɟɤɰɿɸ ɡɚɝɚɪɬɭɜɚɧɧɹ. Ⱦɥɹ ɫɩɪɨɳɟɧɧɹ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɞɨ ɫɬɿɧɨɤ 

ɝɚɪɬɭɜɚɥьɧɨɝɨ ɩɪɢɫɬɪɨɸ ɜɪɚɯɨɜɭɜɚɥɢ ɥɢɲɟ ɩɪɨɰɟɫɢ ɤɨɧɜɟɤɰɿʀ [53]. 

ɒɜɢɞɤɿɫɬь ɨɯɨɥɨɞɠɟɧɧɹ ɝɪɚє ɿɫɬɨɬɧɭ ɪɨɥь ɭ ɩɥɚɡɦɨɯɿɦɿɱɧɨɦɭ ɦɟɬɨɞɿ 

ɨɬɪɢɦɚɧɧɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɡ ɩɨɜɿɬɪɹ. ɇɚ ɪɢɫ. 5.3 ɧɚɜɟɞɟɧɨ ɪɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧɧɹ 

ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ 𝑉𝑞 ɡɚɥɟɠɧɨ ɜɿɞ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɿɞɞɚɱɿ  ɞɥɹ 

ɬɪьɨɯ ɡɧɚɱɟɧь ɫɟɪɟɞɧьɨɦɚɫɨɜɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɭ. ɋɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬь 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɡɚ ɮɨɪɦɭɥɨɸ: V୯ = ሺT୮୪_i୬ − T୮୪_୭୳୲ሻ/ሺLf୫/ሺVax_i୬ + Vax_୭୳୲ሻ/2ሻ,  (5.8) 

ɞɟ T୮୪_i୬, T୮୪_୭୳୲ – ɫɪɟɞɧьɨɦɚɫɨɜɿ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɜɯɨɞɿ ɿ ɧɚ ɜɢɯɨɞɿ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ, Lf୫ – ɞɨɜɠɢɧɚ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ, Vax_i୬ ɬɚ Vax_୭୳୲ – ɨɫьɨɜɿ ɫɤɥɚɞɨɜɿ 

ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɧɚ ɜɯɨɞɿ ɬɚ ɜɢɯɨɞɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ. 

Зɚɥɟɠɧɿɫɬь ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɿɞɞɚɱɿ ɡɚ 

ɪɿɡɧɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ ɧɚ ɜɯɨɞɿ ɜ ɫɟɤɰɿɸ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 

ɪɢɫ. 5.3. Зɝɿɞɧɨ ɞɚɧɢɯ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɫ. 5.3, ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ 

ɡɦɿɧɸɜɚɥɚɫɹ ɜɿɞ 5,22·103 ɞɨ 4,43·104 Ʉ/ɫ. ɐɿ ɡɧɚɱɟɧɧɹ ɡɧɚɱɧɨ ɧɢɠɱɿ ɡɚ ɪɟɤɨɦɟɧɞɨɜɚɧɿ, 
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ɡɝɿɞɧɨ ɹɤɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ 3000 Ʉ ɲɜɢɞɤɿɫɬь ɝɚɪɬɭ ɩɨɜɢɧɧɚ 

ɜɚɪɿɸɜɚɬɢɫɹ ɜɿɞ 107 ɞɨ 104 Ʉ/ɫ ɞɥɹ ɦɚɤɫɢɦɚɥьɧɨɝɨ ɜɢɯɨɞɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ [53]. 

 

 

 

 

 

 

Ɋɢɫ. 5.3 – Зɚɥɟɠɧɿɫɬь ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɿɞɞɚɱɿ 

ɡɚ ɪɿɡɧɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ ɧɚ ɜɯɨɞɿ ɜ ɫɟɤɰɿɸ ɡɚɝɚɪɬɭɜɚɧɧɹ [53] 

 

ɇɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ ɛɭɥɨ ɪɨɡɪɚɯɨɜɚɧɨ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ, 

ɩɨɤɚɡɧɢɤɨɦ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɛɭɥɚ ɨɬɪɢɦɚɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ NOX. Ɋɟɡɭɥьɬɚɬɢ 

ɩɨɪɿɜɧɹɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɬɟɩɥɨɜɢɯ ɜɬɪɚɬ NW ɭ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.4. Ɋɨɡɪɚɯɭɧɤɨɜɿ ɞɚɧɿ (ɱɟɪɜɨɧɚ ɬɚ ɠɨɜɬɚ ɥɿɧɿʀ) 

ɨɬɪɢɦɚɧɨ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɿɞɞɚɱɿ 1 = 55 ȼɬ/(ɦ2Ʉ). ɉɪɢ ɡɛɿɥьɲɟɧɧɿ 

ɩɨɬɭɠɧɨɫɬɿ ɩɥɚɡɦɢ ɡ 25 ɞɨ 28 ɤȼɬ ɪɨɡɛɿɠɧɿɫɬь ɦɿɠ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɦɢ ɬɚ 

ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɞɚɧɢɦɢ ɡɛɿɥьɲɭєɬьɫɹ. ɐɟ ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ ɬɢɦ, ɳɨ ɦɨɞɟɥь ɧɟ 

ɜɪɚɯɨɜɭє ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɭ, ɹɤɟ ɜɿɞɿɝɪɚє ɿɫɬɨɬɧɭ ɪɨɥь ɭ ɩɪɨɰɟɫɚɯ 

ɩɟɪɟɧɟɫɟɧɧɹ ɟɧɟɪɝɿʀ [53]. 
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Ɋɢɫ. 5.4 – ɉɨɪɿɜɧɹɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɬɟɩɥɨɜɢɯ ɜɬɪɚɬ ɭ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ [53] 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɚɜɿɬь ɡɚ ɜɿɞɧɨɫɧɨ ɜɢɫɨɤɨɝɨ ɩɪɢɣɧɹɬɨɝɨ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ 

ɬɟɩɥɨɜɿɞɞɚɱɿ ɲɜɢɞɤɿɫɬь ɨɯɨɥɨɞɠɟɧɧɹ ɭ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɛɭɥɚ ɧɢɡьɤɨɸ. ɐɟ 

ɩɿɞɬɜɟɪɞɠɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɜɢɦɿɪɹɧɢɦɢ ɧɢɡьɤɢɦɢ (2,4-2,8%) ɡɧɚɱɟɧɧɹɦɢ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɧɚ ɜɢɯɨɞɿ ɿɡ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. 

 

5.3 Ɂɚɝɚɪɬɭɜɚɧɧɹ ɦɟɬɨɞɨɦ ɡɦɿшɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɝɚɡɨɦ 

ɇɚ ɞɪɭɝɨɦɭ ɟɬɚɩɿ ɨɰɿɧɟɧɨ ɪɟɡɭɥьɬɚɬɢ ɲɜɢɞɤɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɭ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɡ ɚɬɦɨɫɮɟɪɧɢɦ 

ɩɨɜɿɬɪɹɦ [54], [55]. Ɇɨɞɟɥɸɜɚɧɧɹ ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɛɚɡɭєɬьɫɹ 

ɧɚ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɪɿɜɧɹɧь ɡɛɟɪɟɠɟɧɧɹ ɦɚɫɢ (5.1), ɿɦɩɭɥьɫɭ (5.2) ɬɚ 

ɟɧɟɪɝɿʀ (5.3) ɜ ɬɭɪɛɭɥɟɧɬɧɿɣ ɯɿɦɿɱɧɨ ɿɧɟɪɬɧɿɣ ɫɢɫɬɟɦɿ. Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɛɭɥɨ 

ɜɢɤɨɪɢɫɬɚɧɨ ɦɨɞɟɥь ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ, ɨɬɪɢɦɚɧɭ ɧɚ ɨɫɧɨɜɿ ɦɢɬɬєɜɢɯ ɪɿɜɧɹɧь ɇɚɜ’є-

ɋɬɨɤɫɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɟɬɨɞɭ, ɳɨ ɧɚɡɢɜɚєɬьɫɹ «ɩɟɪɟɧɨɪɦɭɜɚɧɧɹ 

ɝɪɭɩɢ» (ɦɨɞɟɥь ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ RNG ݇ – 𝜀) [54]. 
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Зɚ ɪɟɡɭɥьɬɚɬɚɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ, ɹɤ ɿ ɭ ɩɨɩɟɪɟɞɧьɨɦɭ ɜɢɩɪɨɛɭɜɚɧɧɿ 

ɜɢɤɨɧɭɜɚɥɢɫɹ ɬɪɢɜɢɦɿɪɧɿ ɪɨɡɪɚɯɭɧɤɢ ɫɟɤɰɿʀ ɲɜɢɞɤɨɝɨ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ Ansys Fluent, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭє ɬɟɯɧɿɤɭ ɧɚ ɨɫɧɨɜɿ 

ɤɨɧɬɪɨɥьɧɨɝɨ ɨɛ’єɦɭ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɚɝɚɥьɧɨɝɨ ɫɤɚɥɹɪɧɨɝɨ ɪɿɜɧɹɧɧɹ ɩɟɪɟɧɨɫɭ ɜ 

ɚɥɝɟɛɪɚʀɱɧɟ ɪɿɜɧɹɧɧɹ, ɹɤɟ ɦɨɠɧɚ ɪɨɡɜ’ɹɡɚɬɢ ɱɢɫɟɥьɧɨ. ɐɹ ɬɟɯɧɿɤɚ ɤɨɧɬɪɨɥьɧɨɝɨ 

ɨɛ’єɦɭ ɩɨɥɹɝɚє ɜ ɿɧɬɟɝɪɭɜɚɧɧɿ ɪɿɜɧɹɧɧɹ ɩɟɪɟɧɨɫɭ ɳɨɞɨ ɤɨɠɧɨɝɨ ɤɨɧɬɪɨɥьɧɨɝɨ ɨɛ’єɦɭ, 

ɳɨ ɞɚє ɞɢɫɤɪɟɬɧɟ ɪɿɜɧɹɧɧɹ, ɹɤɟ ɜɢɪɚɠɚє ɡɚɤɨɧ ɡɛɟɪɟɠɟɧɧɹ ɧɚ ɨɫɧɨɜɿ ɤɨɧɬɪɨɥьɧɨɝɨ 

ɨɛ’єɦɭ. ɍ ɰьɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɞɨɛɪɟ ɜɿɞɨɦɢɣ ɩɨɜ’ɹɡɚɧɢɣ ɚɥɝɨɪɢɬɦ ɧɚ ɨɫɧɨɜɿ ɬɢɫɤɭ 

ɪɨɡɜ’ɹɡɭє ɩɨɜ’ɹɡɚɧɭ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧь, ɳɨ ɫɤɥɚɞɚєɬьɫɹ ɡ ɪɿɜɧɹɧь ɿɦɩɭɥьɫɭ ɬɚ 

ɡɚɫɬɨɫɨɜɚɧɨ ɪɿɜɧɹɧɧɹ ɧɟɩɟɪɟɪɜɧɨɫɬɿ ɧɚ ɨɫɧɨɜɿ ɬɢɫɤɭ [54]. 

Ɋɨɡɪɚɯɭɧɤɢ ɜɢɤɨɧɭɜɚɥɢɫь ɞɥɹ ɬɚɤɢɯ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ȼɑІ ɭɫɬɚɧɨɜɤɢ: ɜɢɬɪɚɬɚ 

ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ 5 ɝ/ɫ, ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ ɱɟɪɟɡ ɡɚɜɢɯɪɸɜɚɱ 0,5 ɝ/ɫ, 

ɜɢɬɪɚɬɚ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ ɱɟɪɟɡ ɫɟɤɰɿɸ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ 1 ɝ/ɫ ɞɨ 5 ɝ/ɫ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɿɬɪɹ 300 Ʉ, ɫɟɪɟɞɧьɨɦɚɫɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɡɦɢ 3656 Ʉ, ɬɟɩɥɨɜɚ 

ɩɨɬɭɠɧɿɫɬь ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɭ ɛɥɢɡьɤɨ 31,34 ɤȼɬ. 

Зɚɥɟɠɧɿɫɬь ɩɨɬɭɠɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ Qloss ɭ ɫɬɿɧɤɭ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ 

ɜɢɬɪɚɬ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ Gair_add ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.5. 

 

 

 

 

 

 

 

Ɋɢɫ. 5.5 – Зɚɥɟɠɧɿɫɬь ɩɨɬɭɠɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ ɭ ɫɬɿɧɤɭ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ 

ɜɢɬɪɚɬ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ [54] 
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Іɡ ɰɿєʀ ɡɚɥɟɠɧɨɫɬɿ ɜɢɩɥɢɜɚє, ɳɨ ɬɟɩɥɨɜɚ ɩɨɬɭɠɧɿɫɬь, ɩɨɝɥɢɧɭɬɚ ɫɬɿɧɤɨɸ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ, ɧɟ ɡɚɥɟɠɢɬь ɜɿɞ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ ɜ ɞɨɫɥɿɞɠɟɧɨɦɭ 

ɞɿɚɩɚɡɨɧɿ ɜɢɬɪɚɬ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ. 

ɐɟ ɦɨɠɟ ɛɭɬɢ ɩɨɜ'ɹɡɚɧɨ ɡ ɩɟɪɟɜɚɠɧɨɸ ɱɚɫɬɤɨɸ ɬɟɩɥɚ, ɳɨ ɜɢɞɿɥɹєɬьɫɹ ɮɚɤɟɥɨɦ 

ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ ɩɟɪɟɞ ɜɫɬɚɜɤɨɸ «ɲɜɢɞɤɨɝɨ» ɡɚɝɚɪɬɭɜɚɧɧɹ (ɞɢɜ. ɪɨɡɞɿɥ 3.3) ɭ 

ɡɚɝɚɥьɧɨɦɭ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɰɿ ɜ ɫɬɿɧɤɭ. 

ɇɚ ɪɢɫ. 5.6 ɬɚ 5.7 ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɚɧɿ ɳɨɞɨ ɡɧɚɱɟɧь ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ 

ɩɨɬɨɤɭ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ ɭ ɩɨɡɞɨɜɠɧьɨɦɭ ɩɟɪɟɪɿɡɿ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɿɡɧɢɯ 

ɜɢɬɪɚɬ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ. 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5.6 – Ɋɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ (Ʉ) ɩɨɬɨɤɭ ɩɥɚɡɦɢ ɭ ɩɨɡɞɨɜɠɧьɨɦɭ ɩɟɪɟɪɿɡɿ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɿɡɧɢɯ ɜɢɬɪɚɬ ɯɨɥɨɞɧɨɝɨ ɩɨɜɿɬɪɹ: 

(ɚ) – 1 ɝ/ɫ, (ɛ) – 3 ɝ/ɫ, (ɜ) – 5 ɝ/ɫ [54] 

 

(ɚ) (ɛ) 

(ɜ) 
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Зɿ ɡɛɿɥьɲɟɧɧɹɦ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ ɜɿɞ 1 ɝ/ɫ ɞɨ 5 ɝ/ɫ ɝɥɢɛɢɧɚ ɣɨɝɨ 

ɩɪɨɧɢɤɧɟɧɧɹ ɞɨ ɝɚɪɬɭɜɚɥьɧɨʀ ɫɟɤɰɿʀ ɡɛɿɥьɲɭєɬьɫɹ (ɪɢɫ. 5.7). ɐɟ ɩɪɢɡɜɨɞɢɬь ɞɨ 

ɟɮɟɤɬɢɜɧɿɲɨɝɨ ɡɦɿɲɭɜɚɧɧɹ ɮɚɤɟɥɚ ɩɨɜɿɬɪɹɧɨʀ ɩɥɚɡɦɢ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɬɚ ɞɨ 

ɛɿɥьɲ ɡɧɚɱɧɨɝɨ ɡɧɢɠɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ (ɪɢɫ. 5.6) ɜ ɨɫьɨɜɨɦɭ ɧɚɩɪɹɦɤɭ. 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5.7 – Ɋɨɡɩɨɞɿɥ ɲɜɢɞɤɨɫɬɿ (ɦ/ɫ) ɩɨɬɨɤɭ ɩɥɚɡɦɢ ɭ ɩɨɡɞɨɜɠɧьɨɦɭ ɩɟɪɟɪɿɡɿ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɿɡɧɢɯ ɜɢɬɪɚɬ ɯɨɥɨɞɧɨɝɨ ɩɨɜɿɬɪɹ: 

(ɚ) – 1 ɝ/ɫ, (ɛ) – 3 ɝ/ɫ, (ɜ) – 5 ɝ/ɫ [54] 

 

Ɋɚɞɿɚɥьɧɢɣ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ ɨɯɨɥɨɞɠɟɧɨʀ ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɿɡ 

ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ 5.8. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɡɧɚɱɧɟ ɜɢɪɿɜɧɸɜɚɧɧɹ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ, ɧɚ ɜɢɯɨɞɿ ɿɡ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ є ɞɿɥɹɧɤɢ ɡ ɩɿɞɜɢɳɟɧɨɸ 

ɬɟɦɩɟɪɚɬɭɪɨɸ. ɐɿ ɨɫɨɛɥɢɜɨɫɬɿ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɩɿɞ ɱɚɫ ɩɪɨɟɤɬɭɜɚɧɧɹ ɩɟɪɟɪɿɡɭ 

ɨɫɧɨɜɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɨɝɨ ɚɩɚɪɚɬɭ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. 

 

(ɚ) (ɛ) 

(ɜ) 



114 
 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5.8 – Ɋɚɞɿɚɥьɧɢɣ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɿɡ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɿɡɧɢɯ ɜɢɬɪɚɬ ɯɨɥɨɞɧɨɝɨ ɩɨɜɿɬɪɹ: (ɚ) – 1 ɝ/ɫ, (ɛ) – 3 ɝ/ɫ, (ɜ) – 5 ɝ/ɫ [54] 

 

ɇɚ ɪɢɫ. 5.9 ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɚɥɟɠɧɿɫɬь ɫɟɪɟɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ 

ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɿɡ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ Tout_es ɜɿɞ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ. 

Зɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɞɜɨɦɚ ɦɟɬɨɞɚɦɢ – ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ Ansys Fluent, Tout_es(calc), ɬɚ ɧɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ ɳɨɞɨ 

ɩɨɝɥɢɧɭɬɨʀ ɫɬɿɧɤɨɸ ɡɚɝɚɪɬɭɜɚɥьɧɨʀ ɫɟɤɰɿʀ ɬɟɩɥɨɜɨʀ ɩɨɬɭɠɧɨɫɬɿ ɩɨɬɨɤɭ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɜɧɹɧɧɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɭ Tout_es(balance_exp). 

 

 

 

(ɚ) 

(ɜ) 

(ɛ) 
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Ɋɢɫ. 5.9 – Зɚɥɟɠɧɿɫɬь ɫɟɪɟɞɧьɨɦɚɫɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɿɡ 

ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ [54] 

 

Зɿ ɡɛɿɥьɲɟɧɧɹɦ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ, ɡɚɜɞɹɤɢ ɡɦɿɲɭɜɚɧɧɸ 

ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɚ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɬɨɤɭ ɡɧɢɠɭєɬьɫɹ, ɧɟɡɜɚɠɚɸɱɢ 

ɧɚ ɦɚɣɠɟ ɩɨɫɬɿɣɧɿ ɬɟɩɥɨɜɿ ɜɬɪɚɬɢ ɜ ɫɬɿɧɤɭ. ɉɪɢ ɜɢɬɪɚɬɿ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ 5 ɝ/ɫ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɬɨɤɭ ɡɧɢɠɭєɬьɫɹ ɦɚɣɠɟ ɞɨ 2000 Ʉ ɿ ɨɫɧɨɜɧɿ ɪɟɚɤɰɿʀ ɮɿɤɫɚɰɿʀ ɚɡɨɬɭ 

ɩɪɚɤɬɢɱɧɨ ɡɚɜɟɪɲɭɸɬьɫɹ [54]. Ⱦɥɹ ɩɨɞɚɥьɲɨɝɨ ɡɧɢɠɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜɢɤɨɪɢɫɬɚɧɨ 

ɬɟɩɥɨɨɛɦɿɧɧɢɣ ɚɩɚɪɚɬ ɡ ɜɨɞɹɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ ɫɬɿɧɨɤ. 

Зɚɥɟɠɧɿɫɬь ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ, ɪɨɡɪɚɯɨɜɚɧɨʀ ɧɚ ɨɫɧɨɜɿ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ Vquen(balance_exp) ɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ Ansys Fluent, Vquen(calc), ɜɿɞ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.10. Зɿ ɡɛɿɥьɲɟɧɧɹɦ ɜɢɬɪɚɬɢ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ ɡ 1 ɝ/ɫ ɞɨ 

5 ɝ/ɫ, ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɛɿɥьɲɭɜɚɥɚɫь ɞɨ 2,9·105 Ʉ/ɫ, ɩɪɢ ɰьɨɦɭ ɦɚɫɨɜɚ ɱɚɫɬɤɚ 

NOX ɞɨɫɹɝɚɥɚ ɦɚɣɠɟ 7% ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ. 
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Ɋɢɫ. 5.10 – Зɚɥɟɠɧɿɫɬь ɫɟɪɟɞɧьɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɜɿɞ ɜɢɬɪɚɬɢ ɯɨɥɨɞɧɨɝɨ 

ɩɨɜɿɬɪɹ [54] 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɚɧɚɥɿɡ ɪɟɡɭɥьɬɚɬɿɜ ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɫɢɧɬɟɡɨɜɚɧɢɯ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɭ ɜɢɫɨɤɨɱɚɫɬɨɬɧɿɣ ɩɨɜɿɬɪɹɧɿɣ ɩɥɚɡɦɿ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ 

ɩɨɜɿɬɪɹɦ ɩɨɤɚɡɚɜ ɜɿɞɩɨɜɿɞɧɿɫɬь ɞɚɧɢɯ ɦɨɞɟɥɸɜɚɧɧɹ ɞɚɧɢɦ ɮɿɡɢɱɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ 

ɩɨ ɦɚɫɨɜɿɣ ɱɚɫɬɰɿ NOX , ɹɤɚ ɜ ɜɢɯɥɨɩɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɫɢɫɬɟɦɢ ɞɨɫɹɝɚɥɚ ɦɚɣɠɟ 7% 

ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ. 

Ⱦɥɹ ɬɨɱɧɨɝɨ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɩɪɨɰɟɫɢ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ 

ɩɥɚɡɦɨɜɢɦ ɮɚɤɟɥɨɦ. Зɝɿɞɧɨ ɨɬɪɢɦɚɧɢɯ ɭ ɟɤɫɩɟɪɢɦɟɧɬɿ ɞɚɧɢɯ, ɦɚɤɫɢɦɚɥьɧɚ ɲɜɢɞɤɿɫɬь 

ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɨɞɭɤɬɿɜ ɫɢɧɬɟɡɭ ɦɟɬɨɞɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɭ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɫɬɚɧɨɜɢɥɚ 2,9·105 Ʉ/ɫ, ɳɨ ɧɚ ɩɨɪɹɞɨɤ ɜɢɳɟ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ 

ɪɟɚɤɬɨɪɚ ɡ ɜɨɞɹɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ [53], ɩɪɨɬɟ ɜɫɟ ɠ ɧɟ ɜɿɞɩɨɜɿɞɚє ɨɩɬɢɦɚɥьɧɢɦ 

ɡɧɚɱɟɧɧɹɦ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ (107 Ʉ/ɫ) [21, 24, 53]. ɉɪɢ ɰьɨɦɭ ɦɚɫɨɜɚ ɱɚɫɬɤɚ 

NOX ɭ ɜɢɯɿɞɧɢɯ ɝɚɡɚɯ ɞɨɫɹɝɚɥɚ ɦɚɣɠɟ 7% ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɿ ɬɟɦɩɟɪɚɬɭɪɿ 300 Ʉ, ɳɨ 

ɫɭɬɬєɜɨ ɜɢɳɟ ɡɚ ɜɿɞɨɦɢɣ ɦɚɤɫɢɦɚɥьɧɢɣ ɜɦɿɫɬ (~ 5%) ɜ ɩɨɜɿɬɪɿ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɡɚ 

ɪɿɜɧɨɜɚɠɧɢɯ ɭɦɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 3500 Ʉ ɡɚ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥьɬɚɬɚɦɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ. 
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5.4 Ɂɚɝɚɪɬɭɜɚɧɧɹ ɦɟɬɨɞɨɦ ɡɦɿшɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ 
ɪɟɰɢɪɤɭɥɹɰɿʀ 

ɉɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɦɟɬɨɞɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɝɚɡɨɦ ɜ ɹɤɨɫɬɿ 

ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɝɚɡɭ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɪɿɡɧɿ ɝɚɡɢ. Ⱥɥɟ ɜɢɦɨɝɚ ɯɿɦɿɱɧɨʀ ɱɢɫɬɨɬɢ 

ɝɚɡɨɜɨʀ ɫɭɦɿɲɿ ɚɡɨɬ-ɤɢɫɟɧь-ɨɤɫɢɞɢ ɚɡɨɬɭ ɧɚ ɜɢɯɨɞɿ ɫɢɫɬɟɦɢ ɞɨɡɜɨɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɬɿɥьɤɢ ɯɿɦɿɱɧɨ ɱɢɫɬɿ N2, O2, ɫɭɦɿɲɿ N2-O2 ɿ ɫɭɦɿɲɿ N2-O2-NOX. Зɪɨɡɭɦɿɥɨ, ɳɨ ɡɚ ɜɢɦɨɝɢ 

ɞɨɫɬɭɩɧɨɫɬɿ ɬɚ ɦɿɧɿɦɚɥьɧɨʀ ɜɚɪɬɨɫɬɿ ɜɢɯɿɞɧɨʀ ɫɢɪɨɜɢɧɢ ɨɫɨɛɥɢɜɨ ɰɿɤɚɜɢɦ ɦɨɠɟ ɛɭɬɢ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɜ ɹɤɨɫɬɿ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɝɚɡɭ ɫɚɦɟ ɫɭɦɿɲɿ N2-O2-NOX 

ɜ ɪɟɠɢɦɿ ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɨɞɭɤɬɿɜ ɡ ɜɢɯɨɞɭ ɫɢɫɬɟɦɢ ɫɢɧɬɟɡɭ, ɹɤɿ ɜɠɟ ɦɿɫɬɹɬь 

ɫɢɧɬɟɡɨɜɚɧɢɣ NOX, ɹɤɢɣ ɡɚ ɬɚɤɨɝɨ ɩɿɞɯɨɞɭ ɱɚɫɬɤɨɜɚ ɜɬɪɚɱɚєɬьɫɹ. Ɍɨɦɭ ɜɚɠɥɢɜɨ 

ɨɰɿɧɢɬɢ ɛɚɥɚɧɫ ɦɿɠ ɫɢɧɬɟɡɨɜɚɧɢɦ NOX ɿ ɜɬɪɚɱɟɧɢɦ ɭ ɫɤɥɚɞɿ ɨɯɨɥɨɞɠɭɜɚɥьɧɢɯ 

ɜɢɯɥɨɩɧɢɯ ɝɚɡɿɜ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɠɥɢɜɨɫɬɟɣ ɦɟɬɨɞɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɪɚɯɭɧɨɤ 

ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ ɝɚɡɚɦɢ ɜɢɤɨɧɭɜɚɥɢ ɡɚ ɬɚɤɢɯ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ 

ȼɑІ ɭɫɬɚɧɨɜɤɢ [55, 56]: ɜɢɬɪɚɬɚ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ 5 ɝ/ɫ, ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ 

ɱɟɪɟɡ ɡɚɜɢɯɪɸɜɚɱ 0,5 ɝ/ɫ, ɬɟɩɥɨɜɚ ɩɨɬɭɠɧɿɫɬь ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɚ ɜɿɞ 25 ɤȼɬ ɞɨ 35 ɤȼɬ, 

ɜɢɬɪɚɬɚ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ ɪɟɰɢɪɤɭɥɹɰɿʀ ɱɟɪɟɡ ɡɚɝɚɥьɧɭ ɫɟɤɰɿɸ – ɜɿɞ 1 ɝ /ɫ ɞɨ 5 

ɝ/ɫ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 300 Ʉ. Ʉɨɧɰɟɧɬɪɚɰɿɸ ɭɬɜɨɪɟɧɢɯ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɜɢɯɥɨɩɧɨɦɭ ɝɚɡɿ 

ɜɢɦɿɪɸɜɚɥɢ ɹɤ ɩɿɞ ɱɚɫ ɩɨɞɚɱɿ ɜ ɡɚɝɚɪɬɭɜɚɥьɧɢɣ ɪɟɚɤɬɨɪ ɯɨɥɨɞɧɨɝɨ ɩɨɜɿɬɪɹ, ɬɚɤ ɿ 

ɩɨɞɚɱɿ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ ɪɟɰɢɪɤɭɥɹɰɿʀ, ɳɨ ɦɿɫɬɹɬь NOX. 

ɍ ɬɚɛɥ. 5.1 ɧɚɜɟɞɟɧɨ ɡɧɚɱɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɞɨɫɹɝɧɭɬɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ 

ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɜɢɯɥɨɩɧɨɦɭ ɝɚɡɿ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ ɩɪɢ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ 

ɩɨɜɿɬɪɹɦ ɿ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ. ɇɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ ɞɚɧɿ 

ɜɤɚɡɭɸɬь, ɳɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɬɢɫɤɭ ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ ɡ 

ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɿ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɢɜɨɞɢɬь ɞɨ ɜɦɿɫɬɭ 

NOX ɜ ɜɢɯɥɨɩɧɨɦɭ ɝɚɡɿ ɫɭɬɬєɜɨ ɜɢɳɨɦɭ ɧɿɠ ɦɚɤɫɢɦɚɥьɧɨ ɦɨɠɥɢɜɢɣ ɜɦɿɫɬ ʀɯ ɜ ɩɥɚɡɦɿ 

ɩɨɜɿɬɪɿ ɡɚ ɪɿɜɧɨɜɚɠɧɢɯ ɭɦɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɬɢɫɤɭ ɹɤ ɡɚ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥьɬɚɬɚɦɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ [21], ɬɚɤ ɿ ɪɟɡɭɥьɬɚɬɚɦɢ ɜɢɤɨɧɚɧɢɯ ɤɿɧɟɬɢɱɧɢɯ 

ɪɨɡɪɚɯɭɧɤɿɜ (Ɋɨɡɞɿɥ 4). ɇɚɫɬɭɩɧɚ ɩɪɢɧɰɢɩɨɜɚ ɜɿɞɦɿɧɧɿɫɬь – ɨɤɫɢɞɨɦ ɡ ɧɚɣɛɿɥьɲɨɸ 
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ɤɨɧɰɟɧɬɪɚɰɿєɸ є NO2 ɜ ɜɢɯɥɨɩɧɨɦɭ ɝɚɡɿ, ɚ ɧɟ NO ɹɤ ɜ ɩɨɜɿɬɪɿ ɡɚ ɪɿɜɧɨɜɚɠɧɢɯ ɭɦɨɜ. 

Ʉɪɿɦ ɬɨɝɨ, ɤɨɧɰɟɧɬɪɚɰɿɹ NOX ɜ ɜɢɯɥɨɩɿ ɩɿɫɥɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɦɨɧɨɬɨɧɧɨ ɡɪɨɫɬɚє ɩɪɢ 

ɡɛɿɥьɲɟɧɧɿ ɩɨɬɨɤɭ ɯɨɥɨɞɧɨɝɨ ɝɚɡɭ. 

Ƚɪɚɮɿɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɝɨɞɢɧɧɨɝɨ ɦɚɫɨɜɨɝɨ ɜɢɯɨɞɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɿɞ ɜɢɬɪɚɬɢ 

ɪɟɰɢɪɤɭɥɹɰɿɣɧɨɝɨ ɝɚɡɭ ɹɤ ɨɯɨɥɨɞɠɭɜɚɥьɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.11 

ɬɚ ɜɿɞ ɡɚɝɚɥьɧɢɯ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ, ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɨɜɿɬɪɹɦ ɧɚ ɪɢɫ. 5.12. 

Ɍɚɛɥɢɰɹ 5.1 

ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɿ ɡɧɚɱɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿɣ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɜɢɯɥɨɩɧɨɦɭ ɝɚɡɿ 

ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɿ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ 

ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ [56] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ua, ɤȼ ȼɢɬɪɚɬɚ 
ɝɚɪɬ. 

ɝɚɡɭ, ɝ/ɫ 

NO NO2 NOX 

Ɉɛ’єɦɧɚ 
ɱɚɫɬɤɚ, % 

Ɇɚɫɨɜɚ 
ɱɚɫɬɤɚ, % 

Ɉɛ’єɦɧɚ 
ɱɚɫɬɤɚ, % 

Ɇɚɫɨɜɚ 
ɱɚɫɬɤɚ, % 

Ɉɛ’єɦɧɚ 
ɱɚɫɬɤɚ, % 

Ɇɚɫɨɜɚ 
ɱɚɫɬɤɚ, % 

Ȼɟɡ ɪɟɰɢɪɤɭɥɹɰɿʀ 

9,0 1,0 0,67 0,694 3,25 5,161 3,92 5,854 

9,0 3,0 0,76 0,787 2,95 4,684 3,71 5,471 

9,0 5,0 0,75 0,777 2,48 3,938 3,23 4,715 

9,5 5,0 0,83 0,860 2,69 4,271 3,52 5,131 

10,0 1,0 0,69 0,715 2,68 4,255 3,37 4,970 

10,0 3,0 0,70 0,725 3,57 5,669 4,27 6,394 

10,0 5,0 0,81 0,839 3,02 4,795 3,83 5,634 

З ɪɟɰɢɪɤɭɥɹɰɿєɸ 

9,0 1,0 0,78 0,808 3,19 5,065 3,97 5,873 

9,0 3,0 0,72 0,746 3,65 5,796 4,37 6,541 

9,0 5,0 0,84 0,870 3,54 5,621 4,38 6,491 

9,5 5,0 0,69 0,715 3,89 6,177 4,58 6,891 

10,0 1,0 0,72 0,746 2,86 4,541 3,58 5,287 

10,0 3,0 0,86 0,891 3,32 5,272 4,18 6,162 

10,0 5,0 0,76 0,787 3,81 6,050 4,57 6,837 
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Ɋɢɫ. 5.11 – Зɚɥɟɠɧɿɫɬь ɝɨɞɢɧɧɨɝɨ ɦɚɫɨɜɨɝɨ ɜɢɯɨɞɭ NO (ɚ), NO2 (ɛ) ɿ NOX (ɜ) ɜɿɞ 

ɡɚɝɚɥьɧɢɯ ɜɢɬɪɚɬ ɝɚɡɭ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ [56] 

 

Зɝɿɞɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɨɬɪɢɦɚɧɢɯ ɞɚɧɢɯ, ɤɨɧɰɟɧɬɪɚɰɿɹ NOX ɭ ɜɢɯɥɨɩɧɨɦɭ 

ɝɚɡɿ ɫɢɫɬɟɦɢ ɨɬɪɢɦɚɧɨɝɨ ɦɟɬɨɞɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ 

ɪɟɰɢɪɤɭɥɹɰɿʀ ɿ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɨɜɿɬɪɹɦ NO2 є ɡɧɚɱɧɨ ɜɢɳɨɸ ɩɨɪɿɜɧɹɧɨ ɡ 

ɤɨɧɰɟɧɬɪɚɰɿєɸ NO (ɪɢɫ. 5.11 ɿ 5.12). ɐɟɣ ɨɬɪɢɦɚɧɢɣ ɧɚɦɢ ɜɩɟɪɲɟ ɪɟɡɭɥьɬɚɬ ɞɨɡɜɨɥɹє 

ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɩɨɜɿɬɪɹ ɜɿɞɿɝɪɚє ɪɨɥь ɧɟ ɥɢɲɟ ɨɯɨɥɨɞɠɭɜɚɱɚ, ɚ ɣ ɨɤɢɫɧɸɜɚɱɚ ɿ 

ɭ ɬɚɤɢɣ ɫɩɨɫɿɛ ɡɧɚɱɧɨ ɩɿɞɜɢɳɭє ɟɮɟɤɬɢɜɧɿɫɬь ɩɪɨɰɟɫɭ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɭ 

ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɫɢɫɬɟɦɿ. ɍ ɬɨɣ ɠɟ ɱɚɫ ɫɭɦɿɲ N2/O2, ɹɤ ɤɨɦɩɨɧɟɧɬ ɩɨɜɿɬɪɹ ɿ 

ɪɟɰɢɪɤɭɥɹɰɿɣɧɢɯ ɝɚɡɿɜ, ɪɨɡɛɚɜɥɹє ɭɬɜɨɪɸɜɚɧɿ NOX , ɡɧɢɠɭɸɱɢ ʀɯ ɤɨɧɰɟɧɬɪɚɰɿɸ. Ɍɨɦɭ 

ɫɥɿɞ ɞɨɬɪɢɦɭɜɚɬɢɫь ɨɩɬɢɦɭɦɭ ɦɿɠ ɤɨɧɰɟɧɬɪɚɰɿєɸ ɿ ɜɢɯɿɞɧɨɸ ɦɚɫɨɸ ɩɪɨɞɭɤɬɭ (NOX), 

ɹɤɢɣ ɩɨɜɢɧɟɧ ɜɿɞɩɨɜɿɞɚɬɢ ɫɩɟɰɢɮɿɤɚɰɿʀ ɤɿɧɰɟɜɨɝɨ ɩɪɨɞɭɤɬɭ. Ɍɚɤ, ɛɿɥьɲɢɣ ɦɚɫɨɜɢɣ 

(ɛ) 

(ɜ) 

(ɚ) 
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ɜɢɯɿɞ NOX ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝɧɭɬɢɣ ɡɚ ɪɚɯɭɧɨɤ ɩɨɞɚɱɿ ɛɿɥьɲɨʀ ɤɿɥьɤɨɫɬɿ ɨɯɨɥɨɞɠɭɸɱɨɝɨ 

ɝɚɡɭ. ɉɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɦɟɬɨɞɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ 

ɪɟɰɢɪɤɭɥɹɰɿʀ ɩɪɚɤɬɢɱɧɨ ɧɟɦɨɠɥɢɜɨ ɩɿɞɜɢɳɢɬɢ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɬɟɯɧɨɥɨɝɿɱɧɨʀ 

ɫɢɫɬɟɦɢ, ɬɚɤ ɹɤ ɡɚɝɚɥьɧɚ ɤɿɥьɤɿɫɬь ɝɚɡɿɜ ɧɚ ɜɢɯɨɞɿ ɡ ɩɥɚɡɦɨɜɨɝɨ ɪɟɚɤɬɨɪɚ ɜɢɡɧɚɱɚєɬьɫɹ 

ɜɢɬɪɚɬɚɦɢ ɩɥɚɡɦɨɭɬɜɨɪɸɜɚɥьɧɨɝɨ ɩɨɜɿɬɪɹ ɬɚ ɩɨɜɿɬɪɹ, ɳɨ ɩɨɞɚєɬьɫɹ ɱɟɪɟɡ ɡɚɜɢɯɪɸɜɚɱ 

ɜ ɰɢɥɿɧɞɪɢɱɧɢɣ ɩɟɪɟɯɿɞɧɢɤ [56] (ɪɢɫ. 3.12). 

 

 

Ɋɢɫ. 5.12 – Зɚɥɟɠɧɿɫɬь ɝɨɞɢɧɧɨɝɨ ɦɚɫɨɜɨɝɨ ɜɢɯɨɞɭ NO (ɚ), NO2 (ɛ) ɿ NOX (ɜ)  

ɜɿɞ ɡɚɝɚɥьɧɢɯ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɨɜɿɬɪɹɦ [56] 

 

ȼɪɚɯɭɜɚɧɧɹ ɟɮɟɤɬɭ ɨɤɢɫɥɟɧɧɹ NO ɡɚ ɪɚɯɭɧɨɤ ȼɑІ ɩɥɚɡɦɢ ɬɚ ɧɨɜɨʀ ɫɟɤɰɿʀ 

ɡɚɝɚɪɬɭɜɚɧɧɹ є ɜɚɠɥɢɜɢɦ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɨɩɬɢɦɚɥьɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 

ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɫɢɧɬɟɡɭ ɨɤɫɢɞɿɜ ɚɡɨɬɭ.  

(ɚ) (ɛ) 

(ɜ) 
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Зɚɥɟɠɧɿɫɬь ɦɚɫɨɜɨʀ ɜɢɬɪɚɬɢ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɪɟɰɢɪɤɭɥɹɰɿɣɧɢɦ 

ɝɚɡɨɦ ɜɿɞ ɩɨɬɭɠɧɨɫɬɿ ɩɥɚɡɦɨɬɪɨɧɚ є ɧɟɡɧɚɱɧɨɸ, ɩɪɨɬɟ ɦɨɠɟ ɡɛɿɥьɲɭɜɚɬɢɫь ɭ ɪɚɡɿ 

ɡɛɿɥьɲɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ. 

Ɋɨɡɤɢɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɚɧɢɯ ɧɚ ɪɢɫ. 5.12 ɬɚ ɪɢɫ. 5.12 ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ 

ɧɟɫɬɚɛɿɥьɧɿɫɬɸ ɩɨɥɨɠɟɧɧɹ ɩɥɚɡɦɨɜɨɝɨ ɫɬɨɜɩɚ ɜ ɪɟɚɤɰɿɣɧɨɦɭ ɩɪɨɫɬɨɪɿ ȼɑІ ɪɨɡɪɹɞɭ 

ɩɪɢ ɡɦɿɧɿ ɪɟɠɢɦɿɜ ɣɨɝɨ ɪɨɛɨɬɢ, ɬɪɢɜɚɥɿɫɬɸ ɜɢɯɨɞɭ ɧɚ ɪɨɛɨɱɢɣ ɪɟɠɢɦ, ɫɤɥɚɞɧɿɫɬɸ 

ɨɩɨɫɟɪɟɞɤɭɜɚɧɧɹ ɬɟɩɥɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɬɚ ɮɥɭɤɬɭɚɰɿɹɦɢ ɜɢɬɪɚɬ ɫɟɪɟɞɨɜɢɳ [56]. 

Зɚɥɟɠɧɿɫɬь ɝɨɞɢɧɧɨɝɨ ɦɚɫɨɜɨɝɨ ɜɢɯɨɞɭ NOX ɜɿɞ ɡɚɝɚɥьɧɢɯ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ ɩɪɢ 

ɡɚɝɚɪɬɭɜɚɧɧɿ ɦɟɬɨɞɚɦɢ ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɜɢɯɥɨɩɧɨɝɨ ɝɚɡɭ ɿ 

ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɡɚ ɨɞɧɚɤɨɜɨʀ ɜɢɯɿɞɧɨʀ ɧɚɩɪɭɝɢ ȼɑ ɛɥɨɤɚ ɠɢɜɥɟɧɧɹ ȼɑІ ɪɨɡɪɹɞɭ 

(Ua =10 ɤȼ) ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5.13. 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5.13 – Зɚɥɟɠɧɿɫɬь ɦɚɫɨɜɨɝɨ ɜɢɯɨɞɭ NOX ɜɿɞ ɡɚɝɚɥьɧɢɯ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ ɩɪɢ 

ɡɚɝɚɪɬɭɜɚɧɧɿ ɦɟɬɨɞɚɦɢ ɡɦɿɲɭɜɚɧɧɹ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɜɢɯɥɨɩɧɨɝɨ 

ɝɚɡɭ ɿ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ ɡɚ ɨɞɧɚɤɨɜɨʀ ɜɢɯɿɞɧɨʀ ɧɚɩɪɭɝɢ ȼɑ ɛɥɨɤɚ ɠɢɜɥɟɧɧɹ 

ȼɑІ ɪɨɡɪɹɞɭ (Ua =10 ɤȼ) [56] 

ɇɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 5.13 ɞɚɧɿ ɜɤɚɡɭɸɬь, ɳɨ ɝɨɞɢɧɧɢɣ ɦɚɫɨɜɢɣ ɜɢɯɿɞ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

ɭ ɪɚɡɿ ɩɨɜɿɬɪɹɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɭ 1,57 ɪɚɡɿɜ ɜɢɳɟ ɧɿɠ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɪɨɞɭɤɬɚɦɢ 

ɪɟɰɢɪɤɭɥɹɰɿʀ. ɉɪɢ ɰьɨɦɭ ɡɝɿɞɧɨ ɬɚɛɥɢɰɿ 5.1 ɦɚɫɨɜɚ ɞɨɥɹ NOX ɭ ɩɨɬɨɰɿ ɜɢɯɥɨɩɧɨɝɨ 
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ɝɚɡɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨʀ ɩɥɚɡɦɨɜɨʀ ɫɢɫɬɟɦɢ ɭ ɪɚɡɿ ɩɨɜɿɬɪɹɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ~ 5,6% 

ɦɟɧɲɚ ɧɿɠ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ ~ 6,8%. ȿɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬь 

ɩɪɨɰɟɫɭ ɫɢɧɬɟɡɭ NOX, ɚɤɬɢɜɨɜɚɧɨɝɨ ɩɥɚɡɦɨɸ ȼɑІ ɪɨɡɪɹɞɭ, ɦɨɠɧɚ ɨɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢ 

ɤɪɢɬɟɪɿɹɦɢ ɩɢɬɨɦɨɝɨ ɟɧɟɪɝɨɫɩɨɠɢɜɚɧɧɹ. ɐɟ ɛɥɢɡьɤɨ 0,07 ɤɝ/ɤȼɬ ɩɨɬɭɠɧɨɫɬɿ 

ɩɥɚɡɦɨɜɨɝɨ ɮɚɤɟɥɚ ɚɛɨ ɞɨ 0,04 ɤɝ ɩɪɨɞɭɤɬɭ ɧɚ ɤȼɬ ɩɨɬɭɠɧɨɫɬɿ ɞɠɟɪɟɥɚ ɠɢɜɥɟɧɧɹ 

ɪɨɡɪɹɞɭ [56]. 

 

5.5 Вɩɥɢɜ шɜɢɞɤɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɧɚ ɜɦɿɫɬ NO ɜ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ 
ɩɨɜɿɬɪɹ 

З ɦɟɬɨɸ ɜɢɡɧɚɱɟɧɧɹ ɨɩɬɢɦɚɥьɧɢɯ ɭɦɨɜ ɡɛɟɪɟɠɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ 

ɩɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɜ ɩɥɚɡɦɨɜɿɣ ɫɢɫɬɟɦɿ ɫɢɧɬɟɡɭ NO ɡ ȼɑІ ɪɨɡɪɹɞɨɦ ɛɭɥɨ ɞɨɫɥɿɞɠɟɧɨ 

ɜɩɥɢɜ ɲɜɢɞɤɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɧɚ ɜɦɿɫɬ NO ɜ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ ɩɨɜɿɬɪɹ. Ⱦɚɧɿ 

ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɢɥɢɫь ɦɟɬɨɞɨɦ ɱɢɫɟɥьɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɤɿɧɟɬɢɤɢ 

ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɞɭ ZDPlasKin. Зɚ 

ɦɟɬɨɞɢɤɨɸ ɞɟɬɚɥьɧɨ ɨɩɢɫɚɧɨɸ ɜ ɪɨɡɞɿɥɿ 4 ɩɪɨɜɨɞɢɥɢɫь ɪɨɡɪɚɯɭɧɤɢ ɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɫɤɥɚɞɭ ɯɿɦɿɱɧɨ ɱɢɫɬɨɝɨ ɩɨɜɿɬɪɹ ɩɪɢ ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 3900 Ʉ ɞɨ 1650 Ʉ ɡ ɪɿɡɧɢɦɢ 

ɲɜɢɞɤɨɫɬɹɦɢ ɨɯɨɥɨɞɠɟɧɧɹ ɜɿɞ 104 Ʉ/ɫ ɞɨ 108 Ʉ/ɫ ɡ ɩɨɫɬɿɣɧɢɦ ɩɨɱɚɬɤɨɜɢɦ 

ɤɨɦɩɨɧɟɧɬɧɢɦ ɫɤɥɚɞɨɦ ɩɪɢ Ɍ = 3900 Ʉ. ȼɢɛɿɪ ɦɟɠ ɞɚɧɨɝɨ ɿɧɬɟɪɜɚɥɭ ɫɩɚɞɭ 

ɬɟɦɩɟɪɚɬɭɪɢ ɨɛɭɦɨɜɥɟɧɢɣ ɫɚɦɟ ɡɚɞɚɱɟɸ ɡɚɝɚɪɬɭɜɚɧɧɹ: 

 ɜɟɪɯɧɹ ɦɟɠɚ – ɧɟ ɧɢɠɱɟ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɹɤɿɣ ɤɨɧɰɟɧɬɪɚɰɿɹ NO ɜ ɩɨɜɿɬɪɿ 

ɦɚɤɫɢɦɚɥьɧɚ ɹɤ ɡɝɿɞɧɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦ ɪɨɡɪɚɯɭɧɤɚɦ (3500 Ʉ) [21, 24], ɬɚɤ ɿ 

ɤɿɧɟɬɢɱɧɢɦ ɪɨɡɪɚɯɭɧɤɚɦ (3900 Ʉ – ɪɨɡɞɿɥ 4); 

 ɧɢɠɧɹ ɦɟɠɚ – ɧɟ ɜɢɳɟ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɹɤɿɣ ɩɪɚɤɬɢɱɧɨ ɜɿɞɫɭɬɧɿ ɜɢɬɪɚɬɧɿ 

ɩɪɨɰɟɫɢ ɞɥɹ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɡɝɿɞɧɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦ ɪɨɡɪɚɯɭɧɤɚɦ (2000 Ʉ) [24]. 

ɉɨɱɚɬɤɨɜɢɣ ɤɨɦɩɨɧɟɧɬɧɢɣ ɫɤɥɚɞ ɩɪɢ Ɍ = 3900 Ʉ ɬɚɤɨɠ ɪɨɡɪɚɯɨɜɭɜɚɜɫɹ 

ɩɪɨɝɪɚɦɨɸ ZDPlasKin ɫ ɡɚɥɟɠɧɿɫɬɸ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɱɚɫɿ ɚɧɚɥɨɝɿɱɧɨɸ ɞɥɹ ɨɫьɨɜɨɝɨ 

ɲɚɪɭ ɩɨɬɨɤɭ ɧɚ ɩɨɱɚɬɤɭ ɪɟɚɤɰɿɣɧɨʀ ɡɨɧɢ ȼɑІ ɪɨɡɪɹɞɭ, ɹɤɢɣ ɪɨɡɝɥɹɞɚɜɫɹ ɭ ɪɨɡɞɿɥɿ 4, 

ɩɪɢ ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 300 Ʉ ɞɨ 3900 Ʉ.  
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ɇɚ ɪɢɫ. 5.14 ɧɚɜɟɞɟɧɨ ɡɚɥɟɠɧɿɫɬь ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ 

ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɩɪɢ ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɹɯ ɨɯɨɥɨɞɠɟɧɧɹ 105, 106, 107, 

108 Ʉ/ɫ. 

 

 

 

 

 

 

 

Ɋɢɫ. 5.14 – Зɚɥɟɠɧɿɫɬь ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 

ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɬɚ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ: 1 – dT/dt =105 Ʉ/ɫ, 2 – dT/dt =106 Ʉ/ɫ, 

3 – dT/dt =107 Ʉ/ɫ, 4 – dT/dt =108 Ʉ/ɫ 

З ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɫ. 5.14 ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɦɨɠɧɚ ɡɪɨɛɢɬɢ  

ɜɢɫɧɨɜɨɤ – ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɫɭɬɬєɜɢɣ ɜɩɥɢɜ ɦɚє ɲɜɢɞɤɿɫɬь ɡɦɟɧɲɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ 

ɩɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ, ɳɨ ɫɭɬɬєɜɨ ɜɩɥɢɜɚє ɧɚ ɡɛɟɪɟɠɟɧɧɹ ɨɛ’єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ 

ɩɥɚɡɦɿ ɩɪɢ ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 2900 Ʉ ɞɨ 2000 Ʉ. Ɍɚɤ, ɭ ɪɚɡɿ ɦɚɤɫɢɦɚɥьɧɨʀ 

ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ 108 Ʉ/ɫ ɡɚ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 2900 ɞɨ 2000 Ʉ ɡɛɟɪɿɝɚєɬьɫɹ ɞɨ 

80% ɨɛ’єɦɧɨʀ ɞɨɥɿ NO, ɚ ɭ ɪɚɡɿ ɦɿɧɿɦɚɥьɧɨʀ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ 105 Ʉ/ɫ ɡɚ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 2900 Ʉ ɞɨ 2000 Ʉ ɡɛɟɪɿɝɚєɬьɫɹ ɥɢɲɟ 40% NO. Зɚ ɬɟɦɩɟɪɚɬɭɪ ɧɢɠɱɟ 

2000 Ʉ ɡɦɿɧɚ ɨɛ’єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ ɜɠɟ ɧɟ ɜɿɞɛɭɜɚєɬьɫɹ. 

Ⱥɥɟ ɜ ɬɨɣ ɠɟ ɱɚɫ, ɨɬɪɢɦɚɧɿ ɪɟɡɭɥьɬɚɬɢ ɤɿɧɟɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɢ 

ɲɜɢɞɤɨɫɬɹɯ ɨɯɨɥɨɞɠɟɧɧɹ 107 Ʉ/ɫ, 108 Ʉ/ɫ ɫɩɪɨɫɬɨɜɭɸɬь ɿɫɧɭɸɱɿ ɜ ɥɿɬɟɪɚɬɭɪɿ [24] 

ɬɜɟɪɞɠɟɧɧɹ ɩɪɨ ɩɪɚɤɬɢɱɧɨ ɩɨɜɧɟ ɡɛɟɪɟɠɟɧɧɹ ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɨɜɿɬɪɹ ɡɚ 

ɲɜɢɞɤɨɫɬɟɣ ɨɯɨɥɨɞɠɟɧɧɹ 107 Ʉ/ɫ, 108 Ʉ/ɫ. Ɍɚɤɨɠ, ɰɿɤɚɜɨɸ є ɨɫɨɛɥɢɜɿɫɬь ɨɬɪɢɦɚɧɢɯ 

ɡɚɥɟɠɧɨɫɬɟɣ ɞɥɹ ɩɨɱɚɬɤɨɜɨʀ ɨɛɥɚɫɬɿ ɫɩɚɞɭ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 3900 Ʉ ɞɨ 3600 Ʉ. ɉɪɢ 
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ɲɜɢɞɤɨɫɬɹɯ ɨɯɨɥɨɞɠɟɧɧɹ 105 Ʉ/ɫ, 106 Ʉ/ɫ ɩɿɫɥɹ ɩɨɱɚɬɤɭ ɨɯɨɥɨɞɠɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬьɫɹ 

ɧɟɡɧɚɱɧɟ ɡɪɨɫɬɚɧɧɹ ɨɛ’єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɞɨ ɦɚɤɫɢɦɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ ɛɥɢɡьɤɨ 3700 Ʉ, ɚ ɩɪɢ ɲɜɢɞɤɨɫɬɹɯ ɨɯɨɥɨɞɠɟɧɧɹ 107 Ʉ/ɫ, 108 Ʉ/ɫ ɬɚɤɟ 

ɡɪɨɫɬɚɧɧɹ ɜɿɞɫɭɬɧє. 

З ɩɨɪɿɜɧɹɧɧɹ ɨɬɪɢɦɚɧɨɝɨ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɞɥɹ ɦɚɤɫɢɦɭɦɭ ɨɛ'єɦɧɨʀ ɞɨɥɿ 

ɨɤɫɢɞɭ ɚɡɨɬɭ (3700 Ʉ), ɹɤɟ ɤɪɚɳɟ ɤɨɪɪɟɥɸє ɡ ɜɿɞɨɦɢɦ 3500 Ʉ, ɨɬɪɢɦɚɧɢɦ ɩɪɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ [24], ɦɨɠɧɚ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɩɪɢ ɫɬɢɦɭɥɸɜɚɧɧɿ 

ɫɢɧɬɟɡɭ NOX ɡ ɩɨɜɿɬɪɹ ɿɡɨɬɟɪɦɿɱɧɨɸ ɩɥɚɡɦɨɸ ȼɑІ ɪɨɡɪɹɞɭ, ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ 

ɦɚɤɫɢɦɚɥьɧɨ ɦɨɠɥɢɜɨɝɨ ɡɧɚɱɟɧɧɹ ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ, 

ɩɟɪɟɞ ɩɨɱɚɬɤɨɦ ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɨɜɢɧɟɧ ɩɟɪɟɞɭɜɚɬɢ ɩɪɨɰɟɫ ɩɨɜɿɥьɧɨɝɨ 

ɡɦɟɧɲɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ Ɍ ≈ 4000 Ʉ ɞɨ Ɍ ≈ 3500 Ʉ. 

Ɍɟɦɩɟɪɚɬɭɪɧɢɣ ɿɧɬɟɪɜɚɥ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ 

ɩɥɚɡɦɨɜɨɝɨ ɩɨɬɨɤɭ ɡ ɯɨɥɨɞɧɢɦ ɝɚɡɨɦ ɛɥɢɡьɤɨ 500 Ʉ ɜ ɟɤɫɩɟɪɢɦɟɧɬɿ, ɨɫɤɿɥьɤɢ ɜ 

ɪɟɚɥьɧɨɦɭ ɟɤɫɩɟɪɢɦɟɧɬɿ ɡɞɿɣɫɧɢɬɢ ɫɬɪɢɛɤɨɩɨɞɿɛɧɨ ɡɦɿɧɭ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ ɧɚ 

ɞɟɤɿɥьɤɚ ɩɨɪɹɞɤɿɜ ɧɟɦɨɠɥɢɜɨ ɜ ɩɪɢɧɰɢɩɿ. Ɍɨɦɭ, ɛɭɥɨ ɜɢɤɨɧɚɧɨ ɪɨɡɪɚɯɭɧɤɢ 

ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɤɥɚɞɭ ɩɥɚɡɦɢ ɩɨɬɨɤɭ ɞɥɹ ɜɢɩɚɞɤɭ ɡ ɜɤɥɸɱɟɧɧɹɦ ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɨɝɨ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɞɨɫɹɝɧɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɡɨɧɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɧɢɠɱɢɣ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ 

3500 Ʉ. Ɍɚɤ, ɧɚ ɪɢɫ. 5.15 ɧɚɜɟɞɟɧɿ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ 

ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɧɚ ɿɧɬɟɪɜɚɥɿ ɜɿɞ 3900 Ʉ ɞɨ  

1650 Ʉ, ɹɤɿ ɨɬɪɢɦɚɧɿ ɡɚ ɪɿɡɧɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɟɯɨɞɭ ɜɿɞ ɦɚɥɨɲɜɢɞɤɿɫɧɨɝɨ (105 Ʉ/ɫ) ɞɨ 

ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ (107 Ʉ/ɫ): 1 – dT/dt = 105 Ʉ/ɫ ɩɪɢ Ɍ = 3900 – 3500 Ʉ ɿ 

dT/dt = 107 Ʉ/ɫ ɩɪɢ Ɍ = 3500 – 1650 Ʉ; 2 – dT/dt =105 Ʉ/ɫ ɩɪɢ Ɍ = 3900 – 3000 Ʉ, ɬɚ 

dT/dt =107 Ʉ/ɫ ɩɪɢ Ɍ =3000 – 1650 Ʉ. 
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Ɋɢɫ. 5.15 – Зɚɥɟɠɧɿɫɬь ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 

ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ: 1 – dT/dt =105 Ʉ/ɫ ɩɪɢ Ɍ =3900 – 3500 Ʉ, dT/dt =107 Ʉ/ɫ  

ɩɪɢ Ɍ =3500 – 1650 Ʉ, 2 – dT/dt =105 Ʉ/ɫ ɩɪɢ Ɍ =3900 – 3000 Ʉ,  

dT/dt =107 Ʉ/ɫ ɩɪɢ Ɍ =3000 – 1650 Ʉ 

 

З ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɫ. 5.15 ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɦɨɠɧɚ ɡɪɨɛɢɬɢ 

ɜɢɫɧɨɜɨɤ, ɳɨ ɡɚɬɹɝɭɜɚɧɧɹ ɩɨɱɚɬɤɭ ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɜ ɡɨɧɿ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ 3000 Ʉ ɧɢɠɱɟ ɨɩɬɢɦɚɥьɧɨʀ ɛɥɢɡьɤɨ 3500 Ʉ ɧɚ ɜɯɨɞɿ ɡɨɧɢ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɧɚ 500 Ʉ ɧɚɜɿɬь ɩɪɢɜɨɞɢɬь ɞɨ ɩɨɦɿɬɧɨɝɨ ɡɪɨɫɬɚɧɧɹ ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ 

ɚɡɨɬɭ ɧɚ ɜɢɯɨɞɿ ɡɨɧɢ ɡɚɝɚɪɬɭɜɚɧɧɹ. Ɍɚɤ ɩɨɪɿɜɧɹɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɨɛ'єɦɧɨʀ ɞɨɥɿ ɨɤɫɢɞɭ 

ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɬɚ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ  

107 Ʉ/ɫ (ɪɢɫ. 5.14) ɡ ɜɿɞɩɨɜɿɞɧɨɸ ɡɚɥɟɠɧɿɫɬɸ 1 ɧɚ ɪɢɫ. 5.15 ɜɤɚɡɭє ɧɚ 20% ɡɛɿɥьɲɟɧɧɹ 

ɞɨɥɿ NO ɜ ɩɥɚɡɦɨɜɨɦɭ ɩɨɬɨɰɿ ɩɿɫɥɹ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɩɨɱɚɬɤɭ ɲɜɢɞɤɿɫɧɨɝɨ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 3000 Ʉ. ɐɿ ɞɚɧɿ ɭɡɝɨɞɠɭɸɬьɫɹ ɡ ɧɚɜɟɞɟɧɢɦɢ ɭ ɪɨɛɨɬɿ 

[24], ɞɟ ɜɤɚɡɭєɬьɫɹ, ɳɨ ɫɚɦɟ ɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 2850 Ʉ ɞɨ 3100 Ʉ ɧɟɨɛɯɿɞɧɚ 

ɦɚɤɫɢɦɚɥьɧɚ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ, ɹɤɨʀ ɫɥɿɞ ɞɨɬɪɢɦɭɜɚɬɢɫь ɩɪɢ ɡɧɢɠɟɧɧɿ 

ɬɟɦɩɟɪɚɬɭɪɢ ɞɨ 2000 Ʉ – 2200 Ʉ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ. 
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Ʉɪɿɦ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ ɳɟ ɨɞɧɢɦ ɨɫɧɨɜɧɢɦ ɩɚɪɚɦɟɬɪɨɦ 

ɩɪɨɰɟɫɭ ɮɿɤɫɚɰɿʀ ɚɬɦɨɫɮɟɪɧɨɝɨ ɚɡɨɬɭ є ɬɢɫɤ, ɹɤɢɣ ɞɭɠɟ ɜɩɥɢɜɚє ɧɚ ɨɛ'єɦɧɭ ɱɚɫɬɤɭ 

ɭɬɜɨɪɸɜɚɧɨɝɨ NO [21]. ɇɚ ɪɢɫ. 5.16 ɧɚɜɟɞɟɧɨ ɪɨɡɪɚɯɨɜɚɧɿ ɡɚɥɟɠɧɨɫɬɿ ɨɛ'єɦɧɨʀ ɞɨɥɿ 

ɨɤɫɢɞɭ ɚɡɨɬɭ ɜ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɬɢɫɤɚɯ 1 ɛɚɪ, 2 ɛɚɪ ɬɚ ɲɜɢɞɤɨɫɬɟɣ 

ɨɯɨɥɨɞɠɟɧɧɹ 107 Ʉ/ɫ, 108 Ʉ/ɫ.  

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 5.16 – Ɉɛ’єɦɧɚ ɞɨɥɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ, 2 ɛɚɪ: 

1 – dT/dt =107 Ʉ/ɫ, ɬɢɫɤ 1 ɛɚɪ; 2 – dT/dt =108 Ʉ/ɫ, ɬɢɫɤ 1 ɛɚɪ; 

3 – dT/dt =107 Ʉ/ɫ, ɬɢɫɤ 2 ɛɚɪ; 4 – dT/dt =108 Ʉ/ɫ, ɬɢɫɤ 2 ɛɚɪ; 

 

З ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɫ. 5.16 ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɦɨɠɧɚ ɡɪɨɛɢɬɢ 

ɜɢɫɧɨɜɨɤ, ɳɨ ɩɪɢ ɡɛɿɥьɲɟɧɧɿ ɬɢɫɤɭ ɡ 1 ɛɚɪ ɞɨ 2 ɛɚɪ ɞɿɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪɢ, ɧɚ ɹɤɨɦɭ 

ɫɥɿɞ ɡɞɿɣɫɧɸɜɚɬɢ ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɟ ɨɯɨɥɨɞɠɟɧɧɹ ɡɦɿɳɭєɬьɫɹ ɜɿɞ 2900 Ʉ ɩɪɢ ɬɢɫɤɭ 1 

ɛɚɪ ɞɨ 3200 Ʉ ɩɪɢ ɬɢɫɤɭ 2 ɛɚɪ (ɪɢɫ. 5.16), ɩɪɢ ɰьɨɦɭ ɜɩɥɢɜ ɬɢɫɤɭ ɧɚ ɜɿɞɫɨɬɨɤ 

ɡɛɟɪɟɠɟɧɨɝɨ ɨɤɫɢɞɭ ɚɡɨɬɭ є ɩɨɦɿɬɧɢɦ ɥɢɲɟ ɩɪɢ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ 108 Ʉ/ɫ, ɚ ɩɪɢ 

dT/dt ≤ 107 Ʉ/ɫ ɜɿɞɫɨɬɨɤ ɡɛɟɪɟɠɟɧɨɝɨ ɡɚɝɚɪɬɭɜɚɧɧɹɦ ɨɤɫɢɞɭ ɚɡɨɬɭ ɡɚɥɢɲɚєɬьɫɹ 

ɧɟɡɦɿɧɧɢɦ. 
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5.6 Вɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 5 

Ɋɚɞɿɚɥьɧɢɣ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ ɨɯɨɥɨɞɠɟɧɨʀ ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɿɡ 

ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ (ɪɢɫ 5.8) ɜɿɞɨɛɪɚɠɚє ɡɧɚɱɧɟ ɜɢɪɿɜɧɸɜɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ ɧɚ 

ɜɢɯɨɞɿ ɿɡ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɢ ɡɛɿɥьɲɟɧɧɿ ɜɢɬɪɚɬ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ. Ⱥɥɟ 

ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɰɟ, ɬɚɤɨɠ є ɩɪɢɨɫьɨɜɿ ɞɿɥɹɧɤɢ ɡ ɩɿɞɜɢɳɟɧɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ. ɐɢɯ 

ɧɟɨɞɧɨɪɿɞɧɨɫɬɟɣ ɫɥɿɞ ɭɧɢɤɚɬɢ ɩɿɞ ɱɚɫ ɩɪɨɟɤɬɭɜɚɧɧɹ ɩɟɪɟɪɿɡɭ ɨɫɧɨɜɧɨɝɨ 

ɬɟɩɥɨɨɛɦɿɧɧɨɝɨ ɚɩɚɪɚɬɭ ɝɚɪɬɭɜɚɥьɧɨɝɨ ɪɟɚɤɬɨɪɚ. 

Ȼɭɥɨ ɜɢɹɜɥɟɧɨ ɟɮɟɤɬ ɨɤɢɫɥɟɧɧɹ NO ɞɨ NO2 ɩɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɹɤ ɦɟɬɨɞɨɦ 

ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ, ɬɚɤ ɿ ɨɯɨɥɨɞɠɟɧɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɰɢɪɤɭɥɹɰɿʀ. 

ȼɢɹɜɥɟɧɢɣ ɟɮɟɤɬ ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɜɢɳɨɝɨ ɦɚɫɨɜɨɝɨ ɜɢɯɨɞɭ NOX 

ɦɨɠɧɚ ɞɨɫɹɝɬɢ, ɡɛɿɥьɲɭɸɱɢ ɤɿɥьɤɿɫɬь ɩɨɞɚɧɨɝɨ ɜ ɝɚɪɬɭɜɚɥьɧɭ ɡɨɧɭ ɫɢɫɬɟɦɢ 

ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɩɨɜɿɬɪɹ, ɳɨ ɫɜɿɞɱɢɬь ɩɪɨ ɬɟɯɧɿɱɧɭ ɬɚ ɟɤɨɧɨɦɿɱɧɭ ɩɪɢɜɚɛɥɢɜɿɫɬь 

ɪɨɡɪɨɛɥɟɧɨʀ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɬɟɯɧɨɥɨɝɿʀ. 

Зɝɿɞɧɨ ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ, ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɪɨɡɪɨɛɥɟɧɢɦ ɩɥɚɡɦɨɯɿɦɿɱɧɢɦ 

ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɭ ɨɤɫɢɞɭ ɚɡɨɬɭ ɭ ɦɚɤɫɢɦɚɥьɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ ɩɪɢ ɬɢɫɤɭ ɜ ɡɨɧɿ 

ɡɚɝɚɪɬɭɜɚɧɧɹ 1 ɛɚɪ ɬɚ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 4000 Ʉ ɞɨ 3000 Ʉ ɧɟɨɛɯɿɞɧɨ 

ɡɞɿɣɫɧɸɜɚɬɢ ɨɯɨɥɨɞɠɟɧɧɹ ɩɥɚɡɦɢ ɩɨɬɨɤɭ ɡ ɦɿɧɿɦɚɥьɧɨ ɦɨɠɥɢɜɨɸ ɲɜɢɞɤɿɫɬɸ ɡɦɿɧɢ 

ɬɟɦɩɟɪɚɬɭɪɢ ɡɚɪɚɞɢ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɡ ɦɚɤɫɢɦɚɥьɧɨɸ ɤɨɧɰɟɧɬɪɚɰɿєɸ. Ⱥ ɜ 

ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ 2850 Ʉ – 3100 Ʉ ɜɠɟ ɧɟɨɛɯɿɞɧɚ ɦɚɤɫɢɦɚɥьɧɚ ɲɜɢɞɤɿɫɬь 

ɡɚɝɚɪɬɭɜɚɧɧɹ, ɹɤɚ ɩɨɜɢɧɧɚ ɡɛɟɪɿɝɚɬɢɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 2000 Ʉ – 2200 Ʉ, ɧɢɠɱɟ ɹɤɢɯ 

ɜɬɪɚɬɧɿ ɩɪɨɰɟɫɢ ɞɥɹ NO ɩɪɚɤɬɢɱɧɨ ɧɟ ɩɪɨɬɿɤɚɸɬь. 

 

 



128 
 

ВɂɋɇɈВКɂ 

 

Ɂ ɦɟɬɨɸ ɜɢɜɱɟɧɧɹ ɦɨɠɥɢɜɨɫɬɟɣ ɚɤɬɢɜɚɰɿʀ ɩɥɚɡɦɨɸ ɛɟɡɟɥɟɤɬɪɨɞɧɨɝɨ ɝɚɡɨɜɨɝɨ 

ɪɨɡɪɹɞɭ, ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɟɥɢɤɢɯ ɜɢɬɪɚɬ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɣ ɜ ɯɿɦɿɱɧɨ ɱɢɫɬɨɦɭ 

ɩɨɬɭɠɧɨɦɭ ɩɨɬɨɰɿ ɩɨɜɿɬɪɹ, ɧɚ ɩɿɞɫɬɚɜɿ ɫɩɟɰɢɮɿɤɚɰɿʀ ɩɪɨɦɢɫɥɨɜɨɝɨ ɡɚɦɨɜɧɢɤɚ, ɜɩɟɪɲɟ 

ɛɭɥɨ ɡɚɫɬɨɫɨɜɚɧɨ ɯɿɦɿɱɧɨ ɱɢɫɬɭ ɩɨɜɿɬɪɹɧɭ ɩɥɚɡɦɭ ВЧІ ɪɨɡɪɹɞɭ ɩɨɬɭɠɧɿɫɬɸ > 50 ɤВɬ 

ɡ ɬɪɢɜɚɥɢɦ ɪɟɫɭɪɫɨɦ ɪɨɛɨɬɢ ɩɥɚɡɦɨɬɪɨɧɚ ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɚɤɬɢɜɚɬɨɪɿɜ ɬɚ 

ɤɚɬɚɥɿɡɚɬɨɪɿɜ. ɍ ɯɨɞɿ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɛɭɥɚ ɤɚɪɞɢɧɚɥьɧɨ ɦɨɞɟɪɧɿɡɨɜɚɧɚ ɩɨɬɭɠɧɚ 

ВЧІ ɩɥɚɡɦɨɜɚ ɭɫɬɚɧɨɜɤɚ APT-100, ɫɩɪɨɟɤɬɨɜɚɧɨ ɿ ɜɢɩɪɨɛɭɜɚɧɨ ɨɪɢɝɿɧɚɥьɧɿ ɡɪɚɡɤɢ 

ɝɚɪɬɭɜɚɥьɧɢɯ ɪɟɚɤɬɨɪɿɜ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɬɪьɨɯ ɜɚɪɿɚɧɬɿɜ ɩɪɨɰɟɫɭ ɡɚɝɚɪɬɭɜɚɧɧɹ. ɍ 

ɩɟɪɲɨɦɭ ɜɚɪɿɚɧɬɿ ɪɟɚɤɬɨɪɚ ɡɚɝɚɪɬɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɨɫɹ ɬɿɥьɤɢ ɡɚ ɪɚɯɭɧɨɤ 

ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɫɬɿɧɨɤ ɪɟɚɤɬɨɪɚ. ɍ ɞɪɭɝɨɦɭ, ɡɚɝɚɪɬɭɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɥɢ ɲɥɹɯɨɦ 

ɡɦɿɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ ɡ ɯɨɥɨɞɧɢɦ ɩɨɜɿɬɪɹɦ, ɭ ɬɪɟɬьɨɦɭ – 

ɩɪɨɜɨɞɢɥɨɫь ɡɦɿɲɭɜɚɧɧɹɦ ɡ ɨɯɨɥɨɞɠɟɧɢɦɢ ɜɢɯɥɨɩɧɢɦɢ ɝɚɡɚɦɢ, ɬɨɛɬɨ ɡɚ ɪɚɯɭɧɨɤ 

ɪɟɰɢɪɤɭɥɹɰɿʀ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ. ɍ ɯɨɞɿ ɜɢɤɨɧɚɧɢɯ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь ɩɥɚɡɦɢ ɩɨɬɭɠɧɨɝɨ ВЧІ ɪɨɡɪɹɞɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫь 

ɟɦɿɫɿɣɧɚ ɫɩɟɤɬɪɨɫɤɨɩɿɹ ɜ ɞɿɩɚɡɨɧɿ 200 – 1000 ɧɦ. Вɢɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɤɥɚɞɭ 

ɫɩɟɤɬɪɿɜ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɩɥɚɡɦɢ ɬɚ ɬɟɦɩɟɪɚɬɭɪ ɡɚɫɟɥɟɧɧɹ ɡɛɭɞɠɟɧɢɯ ɟɥɟɤɬɪɨɧɧɢɯ 

ɪɿɜɧɿɜ ɚɬɨɦɿɜ, ɤɨɥɢɜɚɥьɧɢɯ ɬɚ ɨɛɟɪɬɚɥьɧɢɯ ɪɿɜɧɿɜ ɦɨɥɟɤɭɥ ɩɪɨɜɨɞɢɥɨɫь ɦɟɬɨɞɨɦ 

ɩɨɪɿɜɧɹɧɧɹ ɡ ɫɩɟɤɬɪɚɦɢ ɫɢɦɭɥьɨɜɚɧɢɦɢ ɤɨɞɨɦ SpecAir. Вɢɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɫɤɥɚɞɭ ɝɚɡɭ ɧɚ ɜɢɯɨɞɿ ɫɢɫɬɟɦɢ ɩɪɨɜɨɞɢɥɨɫь ɩɨ ɜɢɦɿɪɹɧɢɦ ІЧ ɫɩɟɤɬɪɚɦ ɩɨɝɥɢɧɚɧɧɹ 

ɝɚɡɿɜ. ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɝɚɪɬɭɜɚɥьɧɢɯ ɪɟɚɤɬɨɪɿɜ ɜɪɚɯɨɜɭɜɚɥɢɫь ɪɟɡɭɥьɬɚɬɢ ɱɢɫɥɨɜɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ ɝɚɡɨɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɭ ɜ ɪɟɚɤɬɨɪɚɯ ɿ ɨɫɨɛɥɢɜɨɫɬɿ 

ɯɿɦɿɱɧɨʀ ɤɿɧɟɬɢɤɢ ɩɪɨɰɟɫɿɜ ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜ ɩɨɜɿɬɪɿ. ɉɪɢ ɝɚɡɨɞɢɧɚɦɿɱɧɨɦɭ 

ɦɨɞɟɥɸɜɚɧɧɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɤɨɞ Ansys Fluent ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɜɢɡɧɚɱɟɧɿ 

ɩɚɪɚɦɟɬɪɢ ɩɥɚɡɦɢ ɧɚ ɜɢɯɨɞɿ ɡ ВЧІ ɪɨɡɪɹɞɭ. Ɉɫɨɛɥɢɜɨɫɬɿ ɤɿɧɟɬɢɤɢ ɝɟɧɟɪɚɰɿʀ ɨɤɫɢɞɿɜ 

ɚɡɨɬɭ ɹɤ ɜ ɩɥɚɡɦɿ ɪɨɡɪɹɞɭ, ɬɚɤ ɿ ɜ ɝɚɪɬɭɜɚɥьɧɨɦɭ ɪɟɚɤɬɨɪɿ ɞɨɫɥɿɞɠɭɜɚɥɢɫь ɦɟɬɨɞɨɦ 

ɱɢɫɥɨɜɨɝɨ ɫɢɦɭɥɸɜɚɧɧɹ ɤɨɞɚɦɢ Bolsig+ ɬɚ ZDPlascin. 
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Ɉɬɪɢɦɚɧɿ ɭ ɪɨɛɨɬɿ ɪɟɡɭɥьɬɚɬɢ ɞɨɡɜɨɥɹɸɬь ɡɪɨɛɢɬɢ ɧɚɫɬɭɩɧɿ висɧɨвки: 
 Еɤɫɩɟɪɢɦɟɧɬɚɥьɧɨ ɞɨɫɹɝɧɭɬɚ ɲɜɢɞɤɿɫɬь ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɨɞɭɤɬɿɜ ɫɢɧɬɟɡɭ 

ɦɟɬɨɞɨɦ ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦɢ ɝɚɡɚɦɢ ɭ ɫɟɤɰɿʀ ɡɚɝɚɪɬɭɜɚɧɧɹ ɫɬɚɧɨɜɢɥɚ 

2,9·105 К/ɫ, ɳɨ ɧɚ ɩɨɪɹɞɨɤ ɜɢɳɟ ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ ɬɿɥьɤɢ ɡɚ ɪɚɯɭɧɨɤ 

ɜɨɞɨɨɯɨɥɨɞɠɭɜɚɧɢɯ ɫɬɿɧɨɤ ɪɟɚɤɬɨɪɚ. ɉɪɢ ɰьɨɦɭ ɦɚɫɨɜɚ ɱɚɫɬɤɚ NOX ɭ ɜɢɯɿɞɧɢɯ 

ɝɚɡɚɯ ɞɨɫɹɝɚɥɚ ɦɚɣɠɟ 7% ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɿ ɬɟɦɩɟɪɚɬɭɪɿ 300 К, ɳɨ ɫɭɬɬєɜɨ ɜɢɳɟ 

ɡɚ ɜɿɞɨɦɢɣ ɦɚɤɫɢɦɚɥьɧɢɣ ɜɦɿɫɬ (~ 5%) ɜ ɩɨɜɿɬɪɿ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɡɚ ɪɿɜɧɨɜɚɠɧɢɯ 

ɭɦɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 3500 К ɡɚ ɜɿɞɨɦɢɦɢ ɪɟɡɭɥьɬɚɬɚɦɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɪɨɡɪɚɯɭɧɤɿɜ. 

 Вɩɟɪɲɟ ɛɭɥɨ ɜɢɹɜɥɟɧɨ ɟɮɟɤɬ ɞɨɨɤɢɫɧɟɧɧɹ NO ɜ NO2 ɩɪɢ ɡɚɝɚɪɬɭɜɚɧɧɿ ɦɟɬɨɞɨɦ 

ɡɦɿɲɭɜɚɧɧɹ ɡ ɯɨɥɨɞɧɢɦɢ ɝɚɡɚɦɢ. ɉɪɢ ɰьɨɦɭ ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɩɪɢ 

ɩɨɜɿɬɪɹɧɨɦɭ ɨɯɨɥɨɞɠɟɧɧɿ ɫɬɚɧɨɜɢɥɚ ɭ 1,57 ɪɚɡɿɜ ɜɢɳɟ ɡɧɚɱɟɧɧɹ ɧɿɠ ɩɪɢ 

ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɪɨɞɭɤɬɿɜ ɪɟɰɢɪɤɭɥɹɰɿʀ ɭ ɹɤɨɫɬɿ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, ɳɨ 

ɡɧɚɱɧɨ ɡɛɿɥьɲɭє ɦɚɫɨɜɢɣ ɜɢɯɿɞ NOX ɬɚ ɩɿɞɜɢɳɭє ɬɟɯɧɿɱɧɭ ɬɚ ɟɤɨɧɨɦɿɱɧɭ 

ɩɪɢɜɚɛɥɢɜɿɫɬь ɪɨɡɪɨɛɥɟɧɨʀ ɬɟɯɧɨɥɨɝɿʀ. 

 Вɩɟɪɲɟ ɜɢɤɨɧɚɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɤɿɧɟɬɢɤɢ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɞɥɹ 

ɪɿɜɧɨɜɚɠɧɨʀ ɩɥɚɡɦɢ ɱɢɫɬɨɝɨ ɩɨɜɿɬɪɹ ɩɪɢ ɬɢɫɤɭ 1 ɛɚɪ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɞɿɜ 

Bolsig+ ɬɚ ZDPlascin ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɜɫɿєʀ ɛɚɡɢ ɜɿɞɨɦɢɯ ɩɟɪɟɬɢɧɿɜ ɩɥɚɡɦɨɜɢɯ 

ɩɪɨɰɟɫɿɜ ɬɚ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɜɿɞɩɨɜɿɞɧɢɯ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 

300 К ɞɨ 9000 К ɜɢɹɜɢɥɨ, ɳɨ ɦɚɤɫɢɦɭɦɭ ɜɦɿɫɬɭ ɨɤɫɢɞɭ ɚɡɨɬɭ ɛɟɡ ɤɨɪɟɤɰɿʀ 

ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɯɿɦɿɱɧɢɯ ɪɟɚɤɰɿɣ ɡɚ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥьɧɨ ɡɛɭɞɠɟɧɢɯ 

ɦɨɥɟɤɭɥ N2 ɬɚ O2 ɜɿɞɩɨɜɿɞɚє ɬɟɦɩɟɪɚɬɭɪɚ 3900 К. Ɂ ɤɨɪɟɤɰɿєɸ ɤɨɧɫɬɚɧɬ 

ɲɜɢɞɤɨɫɬɟɣ ɦɚɤɫɢɦɭɦɭ ɜɦɿɫɬɭ NO ɜɠɟ ɜɿɞɩɨɜɿɞɚє ɬɟɦɩɟɪɚɬɭɪɚ 3700 К. 

Вɿɞɩɨɜɿɞɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ɜɿɞɨɦɢɦɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦɢ ɪɨɡɪɚɯɭɧɤɚɦɢ 3500 К. 

 ɉɪɨɜɟɞɟɧɨ ɦɨɞɟɥɸɜɚɧɧɹ ɤɿɧɟɬɢɤɢ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɩɨɜɿɬɪɿ ɩɪɢ 

ɡɚɝɚɪɬɭɜɚɧɧɿ ɿɡ ɪɿɡɧɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ ɨɯɨɥɨɞɠɟɧɧɹ ɜ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 

3900 К ɞɨ 2000 К ɬɚ ɲɜɢɞɤɨɫɬɟɣ ɨɯɨɥɨɞɠɟɧɧɹ ɜ ɞɿɚɩɚɡɨɧɿ 105 – 108 К/ɫ ɹɤ ɡ 

ɤɨɪɟɤɰɿєɸ ɤɨɧɫɬɚɧɬ ɲɜɢɞɤɨɫɬɟɣ ɯɿɦɿɱɧɢɯ ɪɟɚɤɰɿɣ ɡ ɭɱɚɫɬɸ ɤɨɥɢɜɚɥьɧɨ 

ɡɛɭɞɠɟɧɢɯ ɦɨɥɟɤɭɥ N2 ɬɚ O2, ɬɚɤ ɿ ɛɟɡ ɤɨɪɟɤɰɿʀ. ɉɨɤɚɡɚɧɨ, ɳɨ ɤɨɪɟɤɰɿɹ ɤɨɧɫɬɚɧɬ 

ɲɜɢɞɤɨɫɬɟɣ ɯɿɦɿɱɧɢɯ ɪɟɚɤɰɿɣ ɩɿɞɜɢɳɭє ɦɚɤɫɢɦɚɥьɧɟ ɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ NO ɜ 2,15 
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ɪɚɡɢ. Ɍɚɤɨɠ ɨɬɪɢɦɚɧɿ ɡɚɥɟɠɧɨɫɬɿ ɤɨɧɰɟɧɬɪɚɰɿʀ NO ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɜ 

ɪɨɡɝɥɹɧɭɬɨɦɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 3900 К ɞɨ 2000 К, ɡɚ ɪɿɡɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɡɦɿɧɢ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜɤɚɡɭɸɬь, ɳɨ ɧɢɠɧɹ  ɝɪɚɧɢɰɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɿ ɨɛɥɚɫɬɿ ɡɚɝɚɪɬɭɜɚɧɧɹ 

ɞɥɹ NOX ɜ ɩɨɜɿɬɪɿ ɜɿɞɩɨɜɿɞɚє 2000 К. Ɉɫɬɚɧɧє ɝɚɪɧɨ ɤɨɪɟɥɸє ɡ ɜɿɞɨɦɢɦɢ ɞɚɧɢɦɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ. 

 Ɂɝɿɞɧɨ ɪɟɡɭɥьɬɚɬɿɜ ɤɿɧɟɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɜɢɡɧɚɱɟɧɨ ɨɩɬɢɦɚɥьɧɢɣ ɪɟɠɢɦ 

ɡɚɝɚɪɬɭɜɚɧɧɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɪɨɡɪɨɛɥɟɧɢɦ ɦɟɬɨɞɨɦ ɚɤɬɢɜɚɰɿʀ ɩɥɚɡɦɨɸ ВЧІ 

ɪɨɡɪɹɞɭ ɫɢɧɬɟɡɭ ɨɤɫɢɞɭ ɚɡɨɬɭ ɭ ɦɚɤɫɢɦɚɥьɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ – ɩɪɢ ɬɢɫɤɭ ɜ ɡɨɧɿ 

ɡɚɝɚɪɬɭɜɚɧɧɹ 1 ɛɚɪ ɬɚ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 4000 К ɞɨ 3000 К ɧɟɨɛɯɿɞɧɨ 

ɡɞɿɣɫɧɸɜɚɬɢ ɨɯɨɥɨɞɠɟɧɧɹ ɩɥɚɡɦɢ ɩɨɬɨɤɭ ɡ ɦɿɧɿɦɚɥьɧɨ ɦɨɠɥɢɜɨɸ ɲɜɢɞɤɿɫɬɸ 

ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɡɚɪɚɞɢ ɭɬɜɨɪɟɧɧɹ ɨɤɫɢɞɭ ɚɡɨɬɭ ɡ ɦɚɤɫɢɦɚɥьɧɨɸ 

ɤɨɧɰɟɧɬɪɚɰɿєɸ. А ɜ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 3100 К ɞɨ 2850 К – ɜɠɟ ɧɟɨɛɯɿɞɧɨ 

ɡɚɛɟɡɩɟɱɢɬɢ ɦɚɤɫɢɦɚɥьɧɭ ɲɜɢɞɤɿɫɬь ɡɚɝɚɪɬɭɜɚɧɧɹ, ɹɤɚ ɩɨɜɢɧɧɚ ɡɛɟɪɿɝɚɬɢɫɹ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪ 2000 К – 2200 К, ɧɢɠɱɟ ɹɤɢɯ ɜɬɪɚɬɧɿ ɩɪɨɰɟɫɢ ɞɥɹ NO ɩɪɚɤɬɢɱɧɨ ɧɟ 

ɩɪɨɬɿɤɚɸɬь. 
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ДОДȺɌОК 

ɋɉɂɋɈɄ ɈɉɍȻɅȱɄɈȼȺɇɂɏ ɉɊȺɐЬ ɁȺ ɌȿɆɈЮ ȾɂɋȿɊɌȺɐȱȲ 

 

ɇɚɭɤɨɜɿ ɩɪɚɰɿ, ɜ ɹɤɢɯ ɨɩɭɛɥɿɤɨɜɚɧɨ ɨɫɧɨɜɧɿ ɧɚɭɤɨɜɿ ɪɟɡɭɥьɬɚɬɢ ɞɢɫɟɪɬɚɰɿʀ 
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ɩɥɚɡɦɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɤɨɦɩɥɟɤɫɧɢɯ ɞɨɫɥɿɞɠɟɧь, ɩɪɨɝɪɚɦ ɬɚ 

ɦɟɬɨɞɢɤɢ ʀɯ ɜɢɤɨɧɚɧɧɹ, ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɭɱɚɫɬɿ ɭ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ 

ɞɨɫɥɿɞɠɟɧь ɬɚ  ɩɿɞɝɨɬɨɜɰɿ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɩɭɛɥɿɤɚɰɿʀ. 
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ɫɢɫɬɟɦɢ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɩɨ ɨɬɪɢɦɚɧɧɸ ɨɤɫɢɞɿɜ ɚɡɨɬɭ ɜɢɫɨɤɨʀ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɬɚ ɨɛ’єɦɿɜ, ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɭɱɚɫɬɿ ɭ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ 

ɞɨɫɥɿɞɠɟɧь, ɨɛɪɨɛɰɿ ɬɚ ɚɧɚɥɿɡɿ ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ 

ɞɨɫɥɿɞɠɟɧь ɬɚ  ɩɿɞɝɨɬɨɜɰɿ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɩɭɛɥɿɤɚɰɿʀ. 
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Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɚɜɬɨɪɚ ɩɨɥɹɝɚє ɭ ɫɬɜɨɪɟɧɧɿ ɫɢɫɬɟɦ ɬɚ ɜɿɞɩɪɚɰɸɜɚɧɧɿ 

ɦɟɬɨɞɢɤɢ ɜɢɡɧɚɱɟɧɧɹ ɨɛ’єɦɧɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ ɝɚɡɿɜ ɦɟɬɨɞɨɦ ɩɨɩɟɪɟɞɧьɨɝɨ 

ɪɨɡɜɟɞɟɧɧɹ ɩɪɨɛ ɬɚ ɨɩɬɢɱɧɨʀ ɫɩɟɤɬɪɨɦɟɬɪɿʀ, ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɭɱɚɫɬɿ ɭ ɩɪɨɜɟɞɟɧɧɿ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь ɬɚ  ɩɿɞɝɨɬɨɜɰɿ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɩɭɛɥɿɤɚɰɿʀ. 
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4. A. E. Zinchenko, S. I. Serbin, V. Y. Chernyak. Investigation of the Quenching of 

Nitrogen Oxide Synthesis Products in Air Plasma. Ukrainian Journal of Physics, 

vol. 67, no. 1, pp. 44-53, 2022, doi: 10.15407/ujpe67.1.44. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɚɜɬɨɪɚ ɩɨɥɹɝɚє ɭ ɛɟɡɩɨɫɟɪɟɞɧɿɣ ɭɱɚɫɬɿ ɭ ɪɨɡɪɨɛɰɿ ɮɿɡɢɱɧɢɯ 

ɦɨɞɟɥɟɣ ɤɿɧɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɭɬɜɨɪɟɧɧɹ NOX ɭ ɩɨɬɭɠɧɨɦɭ ȼɑІ 

ɩɥɚɡɦɨɬɪɨɧɿ, ɨɛɪɨɛɰɿ ɬɚ ɚɧɚɥɿɡɿ ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ 

ɞɨɫɥɿɞɠɟɧь ɬɚ  ɩɿɞɝɨɬɨɜɰɿ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɩɭɛɥɿɤɚɰɿʀ. 

 

ɇɚɭɤɨɜɿ ɩɪɚɰɿ, ɹɤɿ ɡɚɫɜɿɞɱɭɸɬь ɚɩɪɨɛɚɰɿɸ ɦɚɬɟɪɿɚɥɿɜ ɞɢɫɟɪɬɚɰɿʀ 

1. ȼ. ɑɟɪɧɹɤ, О. ɐɢɦɛɚɥɸɤ, О. Кɨɥɨɦɿєɰь, О. Ɏɟɧɬɿɫɨɜɚ, О. Ȼɟɥɟɧɤɨ, О. 

ɋɬɨɪɨɠɭɤ, Ⱥ. Зɿɧɱɟɧɤɨ: Кɿɧɟɬɢɤɚ ɩɥɚɡɦɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɭ ɩɥɚɡɦɿ ɩɨɜɿɬɪɹ. 

Ɇɚɬɟɪɿɚɥɢ XХVIІ ɳɨɪɿɱɧɨʀ ɧɚɭɤɨɜɨʀ ɤɨɧɮɟɪɟɧɰɿʀ ɿɧɫɬɢɬɭɬɭ ɹɞɟɪɧɢɯ 

ɞɨɫɥɿɞɠɟɧь ɇАɇ Уɤɪɚʀɧɢ, 21-25 ɜɟɪɟɫɧɹ, Кɢʀɜ, 2020. ɋ. 220-221. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɚɜɬɨɪɚ ɩɨɥɹɝɚє ɭ ɚɧɚɥɿɡɿ ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɿ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь, ɩɿɞɝɨɬɨɜɰɿ ɞɨɩɨɜɿɞɿ, ɩɪɟɡɟɧɬɚɰɿʀ ɬɚ ɬɟɡɢ ɞɨ 

ɭɱɚɫɬɿ ɭ ɤɨɧɮɟɪɟɧɰɿʀ. 

2. O. V. Kolomiiets, V. Ya. Chernyak, O. V. Prysiazhna, O. M. Tsymbaliuk, A. Eu. 

Zinchenko: COMPARISON KINETICS OF AIR PLASMA OF MICRO 

DISCHARGE AND SLIDING DISCHARGE. XVI International Scientific 

Conference “Electronic and Applied Physics”, November 18-21, Kyiv, Ukraine, 

2020. pp. 65-66 [http://aphys.univ.kiev.ua/]. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɚɜɬɨɪɚ ɩɨɥɹɝɚє ɭ ɚɧɚɥɿɡɿ ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɿ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь, ɩɿɞɝɨɬɨɜɰɿ ɞɨɩɨɜɿɞɿ, ɩɪɟɡɟɧɬɚɰɿʀ ɬɚ ɬɟɡɢ ɞɨ 

ɭɱɚɫɬɿ ɭ ɤɨɧɮɟɪɟɧɰɿʀ. 

3. A. E. Zinchenko, S. I. Serbin, V. Ya. Chernyak, O. M. Tsymbaliuk: Investigation of 

the quenching process of nitrogen oxide synthesis products in air plasma. 

Ɇɚɬɟɪɿɚɥɢ XХVIІI ɳɨɪɿɱɧɨʀ ɧɚɭɤɨɜɨʀ ɤɨɧɮɟɪɟɧɰɿʀ ɿɧɫɬɢɬɭɬɭ ɹɞɟɪɧɢɯ 

ɞɨɫɥɿɞɠɟɧь ɇАɇ Уɤɪɚʀɧɢ, 27 ɜɟɪɟɫɧɹ - 1 ɠɨɜɬɧɹ, Кɢʀɜ, 2021. ɋ. 152-153. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɚɜɬɨɪɚ ɩɨɥɹɝɚє ɭ ɚɧɚɥɿɡɿ ɪɟɡɭɥьɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɿ 
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