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Ⱦɢɫɟɪɬɚɰɿɹ є ɪɭɤɨɩɢɫɨɦ. 
 

Ɋɨɛɨɬɭ ɜɢɤɨɧɚɧɨ ɜ Ɉɞɟɫɶɤɿɣ ɧɚɰɿɨɧɚɥɶɧɿɣ ɚɤɚɞɟɦɿʀ ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ 
Ɇɿɧɿɫɬɟɪɫɬɜɚ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ. 

 
ɇɚɭɤɨɜɢɣ ɤɟɪɿɜɧɢɤ –   ɞɨɤɬɨɪ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ, 

Ɇɨɪɨɡɸɤ Ʌɚɪɢɫɚ ȱɜɚɧɿɜɧɚ, 
Ɉɞɟɫɶɤɚ ɧɚɰɿɨɧɚɥɶɧɚ ɚɤɚɞɟɦɿɹ ɯɚɪɱɨɜɢɯ 
ɬɟɯɧɨɥɨɝɿɣ, ɇɚɜɱɚɥɶɧɨ-ɧɚɭɤɨɜɢɣ ɿɧɫɬɢɬɭɬ 
ɯɨɥɨɞɭ, ɤɪɿɨɬɟɯɧɨɥɨɝɿɣ ɬɚ ɟɤɨɟɧɟɪɝɟɬɢɤɢ    
ɿɦ. ȼ.ɋ. Ɇɚɪɬɢɧɨɜɫɶɤɨɝɨ, ɆɈɇ ɍɤɪɚʀɧɢ, 
ɩɪɨɮɟɫɨɪ ɤɚɮɟɞɪɢ ɤɪɿɨɝɟɧɧɨʀ ɬɟɯɧɿɤɢ 

 
Ɉɮɿɰɿɣɧɿ ɨɩɨɧɟɧɬɢ –   ɞɨɤɬɨɪ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, 

ɉɟɬɪɚɲ ȼɿɬɚɥɿɣ Ⱦɟɦ’ɹɧɨɜɢɱ,  
Ɉɞɟɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ 
ɚɪɯɿɬɟɤɬɭɪɢ, ɆɈɇ ɍɤɪɚʀɧɢ, 
ɡɚɜɿɞɭɜɚɱ ɤɚɮɟɞɪɢ ɨɩɚɥɟɧɧɹ, ɜɟɧɬɢɥɹɰɿʀ ɬɚ 
ɨɯɨɪɨɧɢ ɩɨɜɿɬɪɹɧɨɝɨ ɛɚɫɟɣɧɭ  
 
ɞɨɤɬɨɪ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, 
Ⱦɟɧɢɫɨɜɚ Ⱥɥɥɚ Єɜɫɿʀɜɧɚ 
Ɉɞɟɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ, ɆɈɇ ɍɤɪɚʀɧɢ,  
ɩɪɨɮɟɫɨɪ ɤɚɮɟɞɪɢ ɬɟɩɥɨɜɢɯ ɟɥɟɤɬɪɨɫɬɚɧɰɿɣ 
ɬɚ ɟɧɟɪɝɨɡɛɟɪɿɝɚɸɱɢɯ ɬɟɯɧɨɥɨɝɿɣ, 
ɞɢɪɟɤɬɨɪ ɧɚɜɱɚɥɶɧɨ-ɧɚɭɤɨɜɨɝɨ ɭɤɪɚʀɧɫɶɤɨ-
ɩɨɥɶɫɶɤɨɝɨ ɿɧɫɬɢɬɭɬɭ Ɉɇɉɍ  

 
Ɂɚɯɢɫɬ ɞɢɫɟɪɬɚɰɿʀ ɜɿɞɛɭɞɟɬɶɫɹ «04» ɱɟɪɜɧɹ 2018 ɪ. ɨ 11 ɝɨɞɢɧɿ 00 ɯɜɢɥɢɧ ɜ ɚɭɞ. 108 ɧɚ 
ɡɚɫɿɞɚɧɧɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɜɱɟɧɨʀ ɪɚɞɢ Ⱦ41.088.03 ɜ Ɉɞɟɫɶɤɿɣ ɧɚɰɿɨɧɚɥɶɧɿɣ ɚɤɚɞɟɦɿʀ 
ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɡɚ ɚɞɪɟɫɨɸ: ɜɭɥ. Ⱦɜɨɪɹɧɫɶɤɚ, 1/3, ɦ. Ɉɞɟɫɚ, 65082, ɍɤɪɚʀɧɚ. 
 
Ɂ ɞɢɫɟɪɬɚɰɿєɸ ɦɨɠɧɚ ɨɡɧɚɣɨɦɢɬɢɫɶ ɜ ɛɿɛɥɿɨɬɟɰɿ Ɉɞɟɫɶɤɨʀ ɧɚɰɿɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ 
ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɡɚ ɚɞɪɟɫɨɸ: ɜɭɥ. Ⱦɜɨɪɹɧɫɶɤɚ, 1/3, ɦ. Ɉɞɟɫɚ, 65082, ɍɤɪɚʀɧɚ. 

 
Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɨɡɿɫɥɚɧɨ «25» ɤɜɿɬɧɹ 2018 ɪ. 

 
ȼɱɟɧɢɣ ɫɟɤɪɟɬɚɪ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ 
ɜɱɟɧɨʀ ɪɚɞɢ Ⱦ41.088.03 
ɞɨɤɬɨɪ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ       Ɇɿɥɨɜɚɧɨɜ ȼ.ȱ. 
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Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ.  
Ɂ ɨɝɥɹɞɭ ɧɚ ɬɟɪɦɨɞɢɧɚɦɿɤɭ, ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɡɚɜɠɞɢ ɩɨɜ’ɹɡɚɧɿ ɡ ɬɟɩɥɨɜɢɦɢ 

ɦɚɲɢɧɚɦɢ. əɤɳɨ ɬɟɩɥɨɜɚ ɬɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ ɦɚɸɬɶ єɞɢɧɭ ɪɨɛɨɱɭ ɪɟɱɨɜɢɧɭ, ɬɨ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɤɨɦɩɥɟɤɫɧɢɣ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ, ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɩɪɨɫɬɢɯ 
ɩɪɹɦɨɝɨ ɿ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɿɜ. Ɍɚɤɿ ɦɚɲɢɧɢ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɬɢɩɭ ɬɟɩɥɨ-
ɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɬɚ ɩɨɞɿɥɹɸɬɶɫɹ ɦɿɠ ɫɨɛɨɸ ɧɚ ɝɪɭɩɢ: ɫɨɪɛɰɿɣɧɿ, ɟɠɟɤɬɨɪɧɿ ɿ 
ɤɨɦɩɪɟɫɨɪɧɿ. 

ɉɟɪɫɩɟɤɬɢɜɧɢɦ ɲɥɹɯɨɦ ɪɨɡɜɢɬɤɭ ɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɫɭɱɚɫɧɢɯ ɬɟɩɥɨ-
ɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ є ʀɯ ɨɛ’єɞɧɚɧɧɹ ɡ ɟɧɟɪɝɟɬɢɱɧɨɸ ɫɢɫɬɟɦɨɸ ɤɨɝɟɧɟɪɚɰɿʀ 
(ɨɬɪɢɦɚɧɧɹ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɿ ɬɟɩɥɚ). ȼɢɧɢɤɚє ɬɪɢɝɟɧɟɪɚɰɿɹ – ɨɞɧɨɱɚɫɧɟ ɨɬɪɢɦɚɧɧɹ 
ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ: ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ ɡɚ ɜɢɤɨɪɢɫɬɚɧɧɹɦ єɞɢɧɨɝɨ 
ɜɢɞɭ ɩɟɪɜɢɧɧɨʀ ɟɧɟɪɝɿʀ – ɬɟɩɥɚ. 

Ɂ ɿɫɧɭɸɱɢɯ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ ɜɿɞɨɤɪɟɦɥɸɸɬɶɫɹ 
ɫɢɫɬɟɦɢ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ. ȼɨɧɢ ɧɚɣɛɿɥɶɲ ɡɚɬɪɟɛɭɜɚɧɿ, ɚɥɟ ɦɚɸɬɶ ɧɚɞɬɨ ɦɚɥɭ 
ɬɟɯɧɿɱɧɭ ɿɧɮɨɪɦɚɰɿɸ ɜɿɞɧɨɫɧɨ ɪɨɡɜɢɬɤɭ. 

Ɇɚɥɚ ɟɧɟɪɝɟɬɢɤɚ ɜɢɪɿɲɭє ɩɪɨɛɥɟɦɢ ɧɚɫɟɥɟɧɢɯ ɩɭɧɤɬɿɜ, ɜɿɞɞɚɥɟɧɢɯ ɜɿɞ 
ɰɟɧɬɪɚɥɶɧɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɫɢɫɬɟɦ, ɬɚ ɧɟɡɚɥɟɠɧɢɯ ɦɚɥɢɯ ɩɿɞɩɪɢєɦɫɬɜ, ɡɨɤɪɟɦɚ, 
ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ. 

ȼ ɨɪɝɚɧɿɡɚɰɿʀ ɬɪɢɝɟɧɟɪɚɰɿʀ ɝɨɥɨɜɧɢɦ ɿ ɜɚɠɥɢɜɢɦ є ɧɚɹɜɧɿɫɬɶ ɫɩɨɠɢɜɚɱɿɜ ɬɟɩɥɚ ɿ 
ɯɨɥɨɞɭ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɟɣ ɬɚ ɬɟɦɩɟɪɚɬɭɪɧɢɯ 
ɪɟɠɢɦɿɜ. 

ȼɪɚɯɨɜɭɸɱɢ ɫɤɚɡɚɧɟ, ɚɤɬɭɚɥɶɧɢɦ є ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɪɿɡɧɢɯ ɬɢɩɿɜ 
ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɜ ɪɟɠɢɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ, ɹɤɢɣ ɧɚɞɚє ɦɨɠɥɢɜɿɫɬɶ 
ɩɨɩɟɪɟɞɧɶɨ ɜɢɡɧɚɱɢɬɢ ɧɟ ɬɿɥɶɤɢ ɟɧɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ ɟɤɨɥɨɝɿɱɧɭ ɛɟɡɩɟɤɭ, 
ɚɥɟ ɣ ɫɬɜɨɪɢɬɢ ɭɹɜɥɟɧɧɹ ɩɪɨ ɧɢɡɤɭ ɿɧɠɟɧɟɪɧɢɯ ɮɚɤɬɨɪɿɜ, ɬɚɤɢɯ ɹɤ ɦɚɫɚ, ɝɚɛɚɪɢɬɢ, 
ɹɤɿɫɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɿɧ. 

Ɂɜ’ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ.  
Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɜɢɤɨɧɭɜɚɥɚɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ Ɂɚɤɨɧɭ ɍɤɪɚʀɧɢ №75/94-ȼɊ 

«ɉɪɨ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ» ɜɿɞ 01.07.1994 ɪ., ɉɨɫɬɚɧɨɜɨɸ Ʉɚɛɿɧɟɬɭ Ɇɿɧɿɫɬɪɿɜ ɍɤɪɚʀɧɢ 
№2274-11 (2274-14) «ȿɧɟɪɝɟɬɢɱɧɚ ɫɬɪɚɬɟɝɿɹ ɍɤɪɚʀɧɢ ɧɚ ɩɟɪɿɨɞ ɞɨ 2030 ɪɨɤɭ» ɜɿɞ 
22.02.2001 ɪ., Ɂɚɤɨɧɭ ȼɟɪɯɨɜɧɨʀ Ɋɚɞɢ ɍɤɪɚʀɧɢ №2623-III «ɉɪɨ ɩɪɿɨɪɢɬɟɬɧɿ ɧɚɩɪɹɦɢ 
ɪɨɡɜɢɬɤɭ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ» ɜɿɞ 11.07.2001 ɪ., Ɂɚɤɨɧɭ ɍɤɪɚʀɧɢ №2509-IV «ɉɪɨ 
ɤɨɦɛɿɧɨɜɚɧɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɩɥɨɜɨʀ ɬɚ ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ (ɤɨɝɟɧɟɪɚɰɿɸ) ɬɚ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɤɢɞɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ» ɜɿɞ 05.04.2005 ɪ. 

Ɇɟɬɚ ɬɚ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧɹ. 
Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ є ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ 

ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ. Ɂɚɞɚɱɿ: 
– ɉɪɨɜɟɫɬɢ ɚɧɚɥɿɡ ɫɬɚɧɭ ɩɪɨɛɥɟɦɢ ɪɨɡɜɢɬɤɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ, 

ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ, ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɞɿɣɫɧɢɯ ɡɜɨɪɨɬɧɢɯ ɰɢɤɥɿɜ ɟɧɟɪɝɨ-
ɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ; 

– Ɋɨɡɪɨɛɢɬɢ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɿ ɪɿɲɟɧɧɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ ɡ 
ɩɨɡɢɰɿɣ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ; 

– ɉɪɨɜɟɫɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɜ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɿɣ 
ɯɨɥɨɞɢɥɶɧɿɣ ɦɚɲɢɧɿ ɡ NH3-H2O ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ ɜ ɪɟɠɢɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ; 
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– ɉɪɨɜɟɫɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɤɨɦɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɡ ɋɈ2 ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ ɜ ɪɟɠɢɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ. 
Ɉɛ’єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɤɨɦɩɪɟɫɨɪɧɿ ɬɚ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɿ ɬɟɩɥɨ-

ɜɢɤɨɪɢɫɬɚɥɶɧɿ ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɜ ɫɢɫɬɟɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ. 
ɉɪɟɞɦɟɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɩɪɨɰɟɫɢ ɜ ɤɨɦɩɪɟɫɨɪɧɢɯ ɬɚ 

ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧɚɯ ɜ ɪɟɠɢɦɚɯ 
ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ: ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɬɚ ɱɢɫɥɨɜɟ ɦɨɞɟɥɸɜɚɧɧɹ 
ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɤɨɦɩɪɟɫɨɪɧɢɯ ɬɚ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ 
ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧɚɯ ɜ ɪɟɠɢɦɚɯ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. 
Ɉɫɧɨɜɨɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ є ɪɿɜɧɹɧɧɹ ɤɥɚɫɢɱɧɨʀ ɬɟɪɦɨɞɢɧɚɦɿɤɢ.  

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨɥɹɝɚє ɭ ɬɚɤɨɦɭ: 
– ȼ ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɿ 

ɪɿɲɟɧɧɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ ɡ ɪɨɡɜ’ɹɡɚɧɧɹɦ ɡɚɞɚɱ ɟɧɟɪɝɨ-
ɡɛɟɪɟɠɟɧɧɹ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ;  

– Ⱦɨɜɟɞɟɧɨ, ɳɨ ɦɚɤɫɢɦɚɥɶɧɭ ɟɧɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɤɨɦɩɪɟɫɨɪɧɨʀ 
ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡɚɛɟɡɩɟɱɟɧɨ ɡɚ ɭɦɨɜɢ ɨɞɧɨɱɚɫɧɢɯ 
ɩɪɨɰɟɫɿɜ ɩɟɪɟɯɪɟɫɧɨʀ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɿ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ ɬɚ 
ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ; 

– ȼɩɟɪɲɟ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɿ ɪɿɲɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨ-
ɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2: ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɬɚ ɡ ɮɭɧɤɰɿєɸ 
ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ; 

– ȼɩɟɪɲɟ ɜɢɤɨɪɢɫɬɚɧɨ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɦɟɬɨɞ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɞɥɹ 
ɨɰɿɧɤɢ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ                
NH3-H2O.  

Ɉɛґɪɭɧɬɨɜɚɧɿɫɬɶ ɿ ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɧɚɭɤɨɜɢɯ ɩɨɥɨɠɟɧɶ, ɜɢɫɧɨɜɤɿɜ ɿ 
ɪɟɤɨɦɟɧɞɚɰɿɣ ɜɢɡɧɚɱɚɸɬɶɫɹ: ɤɨɪɟɤɬɧɨɸ ɩɨɫɬɚɧɨɜɤɨɸ ɡɚɜɞɚɧɧɹ ɿ ɣɨɝɨ ɜɢɪɿɲɟɧɧɹ ɡ 
ɩɨɛɭɞɨɜɨɸ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɧɚ ɤɥɚɫɢɱɧɢɯ ɪɿɜɧɹɧɧɹɯ ɬɟɪɦɨɞɢɧɚɦɿɤɢ. Ɉɬɪɢɦɚɧɿ 
ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɤɨɦɩɪɟɫɨɪɧɢɯ ɿ ɚɛɫɨɪɛɰɿɣɧɨ-
ɪɟɡɨɪɛɰɿɣɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ є ɞɨɫɬɨɜɿɪɧɢɦɢ, ɨɫɤɿɥɶɤɢ 
ɫɩɿɜɩɚɞɚɸɬɶ ɡ ɬɚɤɢɦɢ ɭ ɞɿɣɫɧɢɯ ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ, ɳɨ ɩɪɚɰɸɸɬɶ ɡɚ 
ɚɧɚɥɨɝɿɱɧɢɦɢ ɬɟɦɩɟɪɚɬɭɪɧɢɦɢ ɪɟɠɢɦɚɦɢ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨɥɹɝɚє ɭ ɬɚɤɨɦɭ: 
– Ɋɨɡɪɨɛɥɟɧɟ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɞɥɹ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɜ ɫɢɫɬɟɦɿ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɭɫɬɚɬɤɭɜɚɧɧɹ, ɹɤɟ ɜɢɩɭɫɤɚєɬɶɫɹ ɫɜɿɬɨɜɢɦɢ ɮɿɪɦɚɦɢ ɞɥɹ ɪɨɛɨɬɢ ɡ 
NH3-H2O ɪɨɡɱɢɧɨɦ; 

– Ɋɨɡɪɨɛɥɟɧɿ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɿ ɪɿɲɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ 
ɋɈ2 ɡ ɮɭɧɤɰɿєɸ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɨɠɧɚ ɪɟɤɨɦɟɧɞɭɜɚɬɢ ɞɨ ɪɟɚɥɿɡɚɰɿʀ ɹɤ 
ɫɚɦɨɫɬɿɣɧɨʀ ɫɢɫɬɟɦɢ, ɬɚɤ ɿ ɜ ɫɤɥɚɞɿ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɭɫɬɚɬɤɭɜɚɧɧɹ, ɹɤɟ ɜɢɩɭɫɤɚєɬɶɫɹ ɫɜɿɬɨɜɢɦɢ ɮɿɪɦɚɦɢ ɞɥɹ ɪɨɛɨɬɢ ɡ ɋɈ2; 

– ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɤɨɦɩɨɧɟɧɬɿɜ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɬɟɩɥɨ-
ɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɞɶ-
ɹɤɢɯ ɚɛɫɨɪɛɰɿɣɧɢɯ ɫɢɫɬɟɦ, ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɪɨɞɭ ɪɨɛɨɱɨʀ ɫɭɦɿɲɿ ɬɚ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ 
ɪɿɲɟɧɶ; 
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– Ɇɚɬɟɪɿɚɥɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɧɚɜɱɚɥɶɧɨɦɭ ɩɪɨɰɟɫɿ 

ɞɥɹ ɩɿɞɝɨɬɨɜɤɢ ɫɬɭɞɟɧɬɿɜ ɫɩɟɰɿɚɥɶɧɨɫɬɿ 142 «ȿɧɟɪɝɟɬɢɱɧɟ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ» ɝɚɥɭɡɿ 
ɡɧɚɧɶ 14 «ȿɥɟɤɬɪɢɱɧɚ ɿɧɠɟɧɟɪɿɹ» ɜ ɤɭɪɫɚɯ ɥɟɤɰɿɣ «Ɍɟɨɪɟɬɢɱɧɿ ɨɫɧɨɜɢ ɯɨɥɨɞɢɥɶɧɨʀ 
ɬɟɯɧɿɤɢ», «ɋɭɱɚɫɧɿ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɿ ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ» ɬɚ «Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ 
ɚɧɚɥɿɡ ɰɢɤɥɿɜ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɬɚ ɬɟɩɥɨɜɢɯ ɧɚɫɨɫɿɜ», ɜ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɭɜɚɧɧɿ 
ɬɚ ɩɿɞ ɱɚɫ ɜɢɤɨɧɚɧɧɹ ɦɚɝɿɫɬɟɪɫɶɤɢɯ ɪɨɛɿɬ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɧɚɭɤɨɜɢɦɢ ɩɭɛɥɿɤɚɰɿɹɦɢ, ɜ 
ɹɤɢɯ ɜɿɞɨɛɪɚɠɚɸɬɶɫɹ ɨɫɧɨɜɧɿ ɿɞɟʀ ɿ ɩɨɥɨɠɟɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɡɪɨɛɨɤ. Ɉɫɨɛɢɫɬɨ 
ɚɜɬɨɪɨɦ ɩɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ ɫɬɚɧɭ ɩɪɨɛɥɟɦɢ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɝɥɹɞɭ ɥɿɬɟɪɚɬɭɪɧɢɯ 
ɞɠɟɪɟɥ. Ⱥɜɬɨɪɨɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɧɨɜɿ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɿ ɪɿɲɟɧɧɹ ɦɚɲɢɧɢ ɿ ɫɢɫɬɟɦɢ 
ɬɪɢɝɟɧɟɪɚɰɿʀ ɧɚ ʀʀ ɛɚɡɿ, ɜɢɤɨɧɚɧɨ ɜɚɪɿɚɧɬɧɿ ɪɨɡɪɚɯɭɧɤɢ ɟɧɟɪɝɟɬɢɱɧɨʀ (ɟɤɫɟɪɝɟɬɢɱɧɨʀ) 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɩɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɛɨɬɢ. Ⱦɢɫɟɪɬɚɰɿɸ ɨɛɝɨɜɨɪɟɧɨ ɧɚ ɡɚɫɿɞɚɧɧɹɯ 
ɤɚɮɟɞɪɢ ɤɪɿɨɝɟɧɧɨʀ ɬɟɯɧɿɤɢ ɈɇȺɏɌ. Ɋɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɞɨɩɨɜɿɞɚɥɢɫɶ 
ɧɚ ȼɫɟɭɤɪɚʀɧɫɶɤɿɣ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ ɬɚ ɫɬɭɞɟɧɬɿɜ 
«ɋɬɚɧ, ɞɨɫɹɝɧɟɧɧɹ ɿ ɩɟɪɫɩɟɤɬɢɜɢ ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ ɿ ɬɟɯɧɨɥɨɝɿʀ» (ɦ. Ɉɞɟɫɚ, 
ɍɤɪɚʀɧɚ, 2014, 2015, 2016, 2017),10-ɿɣ Ɇɿɠɧɚɪɨɞɧɿɣ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ 
«ɋɭɱɚɫɧɿ ɩɪɨɛɥɟɦɢ ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ ɿ ɬɟɯɧɨɥɨɝɿʀ» (ɦ. Ɉɞɟɫɚ, ɍɤɪɚʀɧɚ, 2015), 1st 
European Seminar on Supercritical CO2 (sCO2) Power Systems (Vienna, Austria, 2016), 
7-ɿɣ Ɇɿɠɧɚɪɨɞɧɿɣ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «Ʉɚɡɚɯɫɬɚɧ – ɏɨɥɨɞ 2017»                 
(ɦ. Ⱥɥɦɚɬɢ, Ʉɚɡɚɯɫɬɚɧ, 2017), 7-ɨɦɭ Ɇɿɠɧɚɪɨɞɧɨɦɭ ɫɟɦɿɧɚɪɿ «NH3&CO2-2017»                
(ɦ. Ɉɞɟɫɚ, ɍɤɪɚʀɧɚ, 2017). 

ɉɭɛɥɿɤɚɰɿʀ. Ɉɫɧɨɜɧɢɣ ɡɦɿɫɬ ɞɢɫɟɪɬɚɰɿʀ ɜɿɞɨɛɪɚɠɟɧɨ ɜ 14 ɩɭɛɥɿɤɚɰɿɹɯ, ɡ ɹɤɢɯ 5 
ɫɬɚɬɟɣ ɨɩɭɛɥɿɤɨɜɚɧɨ ɭ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɧɚɭɤɨɜɢɯ ɠɭɪɧɚɥɚɯ, ɡɚɬɜɟɪɞɠɟɧɢɯ ȾȺɄ 
ɆɈɇ ɍɤɪɚʀɧɢ, 1 ɫɬɚɬɬɹ – ɭ ɧɚɭɤɨɜɨɦɭ ɠɭɪɧɚɥɿ, ɳɨ ɿɧɞɟɤɫɭєɬɶɫɹ ɭ ɧɚɭɤɨɦɟɬɪɢɱɧɿɣ 
ɛɚɡɿ Scopus, 2 ɫɬɚɬɬɿ – ɭ ɦɿɠɧɚɪɨɞɧɢɯ ɧɚɭɤɨɜɢɯ ɜɢɞɚɧɧɹɯ ɬɚ 6 ɬɟɡ ɞɨɩɨɜɿɞɟɣ ɧɚ 
ɫɟɦɿɧɚɪɚɯ ɬɚ ɤɨɧɮɟɪɟɧɰɿɹɯ. 

Ɉɛ’єɦ ɿ ɫɬɪɭɤɬɭɪɚ ɞɢɫɟɪɬɚɰɿʀ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɿɡ ɜɫɬɭɩɭ, 
ɱɨɬɢɪɶɨɯ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ. ɉɨɜɧɢɣ ɨɛɫɹɝ ɪɨɛɨɬɢ 
ɫɤɥɚɞɚє 135 ɫɬɨɪɿɧɨɤ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɦɿɫɬɢɬɶ 80 ɪɢɫɭɧɤɿɜ, 13 ɬɚɛɥɢɰɶ, ɫɩɢɫɨɤ 
ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ ɿɡ 98 ɧɚɣɦɟɧɭɜɚɧɶ ɧɚ 11 ɫɬɨɪɿɧɤɚɯ. 

 
ɈɋɇɈȼɇɂɃ ɁɆȱɋɌ ɊɈȻɈɌɂ 

 
ɍ ɜɫɬɭɩɿ ɨɛґɪɭɧɬɨɜɚɧɨ ɚɤɬɭɚɥɶɧɿɫɬɶ ɪɨɛɨɬɢ, ɫɮɨɪɦɭɥɶɨɜɚɧɨ ɦɟɬɭ ɿ ɡɚɞɚɱɿ 

ɞɨɫɥɿɞɠɟɧɧɹ, ɹɤɿ ɜɢɩɥɢɜɚɸɬɶ ɿɡ ɫɭɱɚɫɧɨɝɨ ɫɬɚɧɭ ɩɪɨɛɥɟɦɢ, ɜɢɤɥɚɞɟɧɨ ɧɚɭɤɨɜɿ 
ɩɨɥɨɠɟɧɧɹ, ɧɨɜɢɡɧɭ, ɨɫɧɨɜɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɚ ɜɢɡɧɚɱɟɧɨ ʀɯ ɩɪɚɤɬɢɱɧɭ ɰɿɧɧɿɫɬɶ, 
ɧɚɜɟɞɟɧɨ ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɚɩɪɨɛɚɰɿɸ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɛɨɬɢ ɿ ɩɭɛɥɿɤɚɰɿʀ, ɜɤɚɡɚɧɨ 
ɨɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. 

ɍ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ «Аɧɚɥɿɡ ɫɬɚɧɭ ɩɪɨɛɥɟɦɢ» ɪɨɡɝɥɹɧɭɬɨ ɫɬɚɧ ɩɪɨɛɥɟɦɢ 
ɫɭɱɚɫɧɨɝɨ ɪɨɡɜɢɬɤɭ ɬɟɯɧɿɤɢ, ɩɨɜ’ɹɡɚɧɨɝɨ ɡ ɧɟɨɛɯɿɞɧɿɫɬɸ ɪɨɡɪɨɛɤɢ ɬɚ ɨɧɨɜɥɟɧɧɹ 
ɛɭɞɶ-ɹɤɢɯ ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ ɿ ɭɫɬɚɬɤɭɜɚɧɧɹ. ȱɧɬɟɧɫɢɜɧɟ ɨɧɨɜɥɟɧɧɹ ɩɚɪɤɭ ɦɚɥɢɯ 
ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ (ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɞɨ 1 Ɇȼɬ) ɜ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ɫɬɚɥɨ 
ɧɚɫɥɿɞɤɨɦ ɩɨɹɜɢ ɦɿɠɧɚɪɨɞɧɢɯ ɪɨɡɩɨɪɹɞɱɢɯ ɞɨɤɭɦɟɧɬɿɜ ɩɪɨ ɨɛɨɜ’ɹɡɤɨɜɟ ɡɞɿɣɫɧɟɧɧɹ 
ɩɪɢɪɨɞɨɨɯɨɪɨɧɧɢɯ ɡɚɯɨɞɿɜ ɜ ɤɨɧɬɟɤɫɬɿ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɫɿɯ ɩɪɢɪɨɞɧɢɯ 
ɪɟɫɭɪɫɿɜ, ɜɤɥɸɱɚɸɱɢ ɩɚɥɢɜɧɨ-ɟɧɟɪɝɟɬɢɱɧɿ. 
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ȼ ɪɟɡɭɥɶɬɚɬɿ, ɪɨɡɜɢɬɨɤ ɦɚɥɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ, ɜ ɩɨєɞɧɚɧɧɿ ɡ ɟɤɨɥɨɝɿɱɧɨ 

ɱɢɫɬɢɦɢ ɟɧɟɪɝɨɡɛɟɪɿɝɚɸɱɢɦɢ ɬɟɯɧɨɥɨɝɿɹɦɢ, ɩɿɲɨɜ ɩɨ ɲɥɹɯɭ ɨɫɜɨєɧɧɹ ɧɨɜɢɯ 
ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ. Ɂɦɿɧ ɡɚɡɧɚɥɢ ɭɹɜɥɟɧɧɹ ɩɪɨ ɪɨɛɨɱɿ ɪɟɱɨɜɢɧɢ, ɪɚɰɿɨɧɚɥɶɧɿ 
ɤɨɧɫɬɪɭɤɰɿʀ, ɩɚɪɚɦɟɬɪɢ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɥɚɞɧɚɧɧɹ, ɚ ɪɚɡɨɦ ɡ ɰɢɦ ɦɟɬɨɞɢ ɿ 
ɩɪɢɣɨɦɢ ɩɪɨɟɤɬɭɜɚɧɧɹ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɚɧɚɥɿɡɭ ɜɡɚєɦɨɡɜ’ɹɡɤɿɜ ɜ ɤɥɚɫɿ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ 
(ɪɢɫ.1) ɭɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɧɚɣɩɪɨɫɬɿɲɢɣ ɿ ɜɨɞɧɨɱɚɫ ɩɟɪɫɩɟɤɬɢɜɧɢɣ ɲɥɹɯ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɟɪɜɢɧɧɨʀ ɟɧɟɪɝɿʀ (ɩɚɥɢɜɚ) ɞɥɹ ɜɢɪɨɛɥɟɧɧɹ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ 
(ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɬɟɩɥɚ ɬɚ ɯɨɥɨɞɭ) ґɪɭɧɬɭєɬɶɫɹ ɧɚ ɤɨɧɰɟɩɰɿʀ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

Ɉɛ’єɞɧɚɧɧɹ ɜ єɞɢɧɢɣ ɤɨɦɩɥɟɤɫ ɫɢɫɬɟɦɢ ɤɨɝɟɧɟɪɚɰɿʀ ɬɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 
ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɪɨɛɧɢɰɬɜɨɦ ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ ɡɞɚɬɧɟ ɞɚɬɢ 
ɦɚɤɫɢɦɚɥɶɧɢɣ ɟɮɟɤɬ ɟɤɨɧɨɦɿʀ ɩɪɢɪɨɞɧɢɯ ɪɟɫɭɪɫɿɜ. Ɂɜ’ɹɡɨɤ ɜɫɬɚɧɨɜɥɟɧɨ ɡ ɨɝɥɹɞɭ 
ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ, ɹɤɿ ɡɞɿɣɫɧɸɸɬɶ ɭɫɿ ɩɪɨɰɟɫɢ ɫɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɬɪɢ ɩɨɡɢɰɿʀ: ɫɬɜɨɪɟɧɧɹ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ 
ɦɚɲɢɧ, ɫɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɬɚ ɦɟɬɨɞɿɜ ʀɯ ɩɪɨɟɤɬɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɞɿɣɫɧɢɯ 
ɰɢɤɥɿɜ. ȼɢɤɨɧɚɧɨ  ɤɪɢɬɢɱɧɢɣ  ɚɧɚɥɿɡ  ɿɫ- 
ɧɭɸɱɢɯ ɬɢɩɿɜ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨ-
ɞɢɥɶɧɢɯ ɦɚɲɢɧɢ ɡɚ ɤɨɦɩɟɧɫɭɸɱɢɦɢ 
ɩɪɨɰɟɫɚɦɢ (ɚɛɫɨɪɛɰɿɣɧɢɯ, ɤɨɦɩɪɟɫɨɪɧɢɯ, 
ɟɠɟɤɬɨɪɧɢɯ), ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ ɬɚ 
ɬɟɦɩɟɪɚɬɭɪɧɢɦɢ ɪɿɜɧɹɦɢ ɞɠɟɪɟɥ ɬɟɩɥɚ. 
Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɨɛɪɚɧɨ ɩɪɢɪɨɞɧɿ ɪɨɛɨɱɿ 
ɪɟɱɨɜɢɧɢ NH3-H2O ɬɚ ɋɈ2, ɧɚɜɟɞɟɧɨ 
ɨɝɥɹɞ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɪɿɡɧɨɝɨ ɩɪɢɡ-
ɧɚɱɟɧɧɹ ɡ ɰɢɦɢ ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ. 
ɉɪɨɜɟɞɟɧɨ ɨɝɥɹɞ ɪɨɛɿɬ, ɩɪɢɫɜɹɱɟɧɢɯ 
ɿɫɧɭɸɱɢɦ ɫɢɫɬɟɦɚɦ ɤɨɝɟɧɟɪɚɰɿʀ ɬɚ 
ɬɪɢɝɟɧɟɪɚɰɿʀ. ɇɚ ɩɿɞɫɬɚɜɿ ɥɿɬɟɪɚɬɭɪɧɢɯ 
ɞɠɟɪɟɥ ɩɨɞɚɧɨ ɨɝɥɹɞ ɧɚɹɜɧɢɯ ɦɟɬɨɞɿɜ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɬɚ ɤɪɢɬɢɱɧɨ ɨɰɿɧɟɧɨ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɭ ɩɪɨɰɟɫɿ ɫɭɱɚɫɧɨɝɨ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ, ɡɨɤɪɟɦɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ. ɍ ɪɟɡɭɥɶɬɚɬɿ 
ɚɧɚɥɿɡɭ ɨɬɪɢɦɚɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɫɮɨɪɦɨɜɚɧɨ ɨɫɧɨɜɧɿ ɡɚɞɚɱɿ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ. 

ɍ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ «ɇɨɜɿ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɰɿ» 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɨɜɿ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɰɿ. Ɍɪɢɝɟɧɟɪɚɰɿɹ 
ɡɚɛɟɡɩɟɱɭє ɜɢɤɨɪɢɫɬɚɧɧɹ ɝɟɧɟɪɭɸɱɨɝɨ ɩɪɢɫɬɪɨɸ ɩɪɨɬɹɝɨɦ ɜɫɶɨɝɨ ɪɨɤɭ, ɬɢɦ ɫɚɦɢɦ 
ɧɟ ɡɧɢɠɭɸɱɢ ɜɢɫɨɤɨɝɨ ɄɄȾ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. ɍ ɥɿɬɧɿɣ ɩɟɪɿɨɞ, ɤɨɥɢ ɩɨɬɪɟɛɚ ɭ 
ɜɢɪɨɛɧɢɰɬɜɿ ɬɟɩɥɚ ɩɚɞɚє, ɡɛɿɥɶɲɭєɬɶɫɹ ɩɨɬɪɟɛɚ ɜ ɯɨɥɨɞɿ.  

ɍ ɪɨɡɞɿɥɿ ɪɨɡɝɥɹɧɭɬɨ ɪɿɡɧɿ ɫɯɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɬɚ ɪɨɡɩɨɞɿɥɢ ɟɧɟɪɝɟɬɢɱɧɢɯ 
ɩɨɬɨɤɿɜ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɨɬɪɟɛ ɜɢɪɨɛɧɢɰɬɜɚ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ.  

ȼ ɫɢɫɬɟɦɿ (ɪɢɫ.2) ɝɨɥɨɜɧɨɸ є ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ (ȿɍ) ɡ ɜɢɪɨɛɧɢɰɬɜɨɦ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ (ȿȿ). ɉɟɪɜɢɧɧɨɸ ɟɧɟɪɝɿєɸ (ɉȿ) є ɩɚɥɢɜɨ (ɬɜɟɪɞɟ, ɪɿɞɤɟ, ɝɚɡɨɩɨɞɿɛɧɟ, 
ɛɿɨɝɚɡ ɬɚ ɿɧ.). ɋɢɫɬɟɦɚ ɦɚє ɞɜɚ ɨɛɨɜ’ɹɡɤɨɜɢɯ ɫɤɢɞɚɧɧɹ ɜ ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳɟ: ɜ 
ɟɧɟɪɝɟɬɢɱɧɿɣ ɭɫɬɚɧɨɜɰɿ ɿ ɯɨɥɨɞɢɥɶɧɿɣ (Ɉɋ), ɿ ɜɧɭɬɪɿɲɧɿ ɧɟɨɛɨɪɨɬɧɿ ɜɬɪɚɬɢ (Ⱦ) ɜ 
ɫɢɫɬɟɦɿ (ɞɟɫɬɪɭɤɰɿɹ ɟɧɟɪɝɿʀ).  
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̛̥̹̦̌̌

˃епло̏̌
̛̥̹̦̌̌

˃епло

˃епло̛̜̏
̦̭̌о̭

ˈолод 
̬і̦̚о̐о 

поте̶̦і̌лу

˃епло 
̬і̦̚о̐о 

поте̶̦і̌лу  
Ɋɢɫ.1. ȼɡɚєɦɨɡɜ’ɹɡɨɤ  

ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɦɚɲɢɧ 
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ȼɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɭɬɢɥɿɡɨɜɚɧɟ ɬɟɩɥɨ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɞɜɨɯ 
ɬɟɪɦɿɱɧɢɯ ɟɮɟɤɬɿɜ – ɬɟɩɥɚ (Ɍȿɉ) ɿ 
ɯɨɥɨɞɭ (ɏɈɅ). Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ 
ɜɢɬɪɚɱɚɸɬɶ ɱɚɫɬɢɧɭ ɜɢɪɨɛɥɟɧɨɝɨ ɬɟɩɥɚ, 
ɚ ɫɢɫɬɟɦɭ ɤɨɦɩɥɟɤɬɭɸɬɶ ɬɟɩɥɨɜɢɤɨɪɢɫ-
ɬɚɥɶɧɨɸ ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ. 

ɍ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ, ɟɧɟɪɝɟɬɢɱ-
ɧɢɣ ɛɚɥɚɧɫ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɚɬɟɦɚɬɢɱɧɢɦ ɜɢɪɚɡɨɦ: 

                   ( / ) ( / )ɩɟ ɟɟ ɬɟɩ ɬɟɩ ɯɨɥ ɯɨɥ ɨɫ ɞQ Q Q ɋɈɊ Q ɋɈɊ Q Q     ,                        (1)           

ɞɟ ɩɟQ  – ɩɟɪɜɢɧɧɚ ɟɧɟɪɝɿɹ; ɟɟQ  – ɬɟɩɥɨ, ɩɪɢɡɧɚɱɟɧɟ ɞɥɹ ɨɬɪɢɦɚɧɧɹ 

ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ; ɬɟɩQ  – ɬɟɩɥɨ, ɩɪɢɡɧɚɱɟɧɟ ɞɥɹ ɨɩɚɥɟɧɧɹ; ɯɨɥQ  – ɬɟɩɥɨ, ɩɪɢɡɧɚɱɟɧɟ ɞɥɹ 
ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ; ɨɫQ  – ɨɛɨɜ’ɹɡɤɨɜɟ ɬɟɩɥɨɜɟ ɫɤɢɞɚɧɧɹ ɜ ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳɟ; 

ɞQ  – ɞɟɫɬɪɭɤɰɿɹ ɟɧɟɪɝɿʀ ɜ ɫɢɫɬɟɦɿ; ɬɟɩɋɈɊ  – ɤɨɟɮɿɰɿєɧɬ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɭ (ɜɢɪɨɛɧɢɰɬɜɨ ɬɟɩɥɚ); ɯɨɥɋɈɊ  – ɤɨɟɮɿɰɿєɧɬ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ (ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ). 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ ɜɫɿɯ ɞɨɞɚɧɤɿɜ ɭ ɪɿɜ.(1) ɜɪɚɯɨɜɭєɬɶɫɹ ɲɢɪɨɤɟ ɪɨɡɦɚʀɬɬɹ 
ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ (ɝɚɡɨɩɨɪɲɧɟɜɿ, ɝɚɡɨɬɭɪɛɿɧɧɿ, ɩɚɥɢɜɧɿ ɟɥɟɦɟɧɬɢ, ɞɢɡɟɥɶ-
ɝɟɧɟɪɚɬɨɪɢ, ɫɨɧɹɱɧɿ ɛɚɬɚɪɟʀ ɬɚ ɿɧ.). ɋɭɦɚɪɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ 
ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɩɨɜɧɿɫɬɸ ɜɢɡɧɚɱɚєɬɶɫɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɸ ɞɨɫɤɨɧɚɥɿɫɬɸ 
ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ ɬɟɩɥɚ ɬɟɩQ  ɿ ɯɨɥɨɞɭ ɯɨɥQ  
ɡɚɥɟɠɢɬɶ ɜɿɞ ɩɨɬɪɟɛ ɩɪɨɦɢɫɥɨɜɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ, ɚ ɞɥɹ ɫɿɥɶɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɣɨɝɨ 
ɜɟɥɢɱɢɧɚ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɤɥɿɦɚɬɢɱɧɢɦɢ ɭɦɨɜɚɦɢ, ɜ ɹɤɢɯ ɡɧɚɯɨɞɢɬɶɫɹ 
ɤɨɧɤɪɟɬɧɟ ɜɢɪɨɛɧɢɰɬɜɨ, ɿ ɪɨɞɨɦ ɣɨɝɨ ɜɢɪɨɛɧɢɱɨʀ ɞɿɹɥɶɧɨɫɬɿ. ɉɪɢ ɰɶɨɦɭ ɜɚɠɥɢɜɢɣ 
ɜɩɥɢɜ ɧɚɞɚɸɬɶ ɫɟɡɨɧɧɿ ɿ ɞɨɛɨɜɿ ɤɨɥɢɜɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ. Ɉɬɠɟ, 
ɞɪɭɝɢɣ ɬɚ ɬɪɟɬɿɣ ɞɨɞɚɧɤɢ ɭ ɪɿɜ.(1) ɡɦɿɧɸɸɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɩɨɬɪɟɛ ɜɢɪɨɛɧɢɰɬɜɚ 
ɩɪɢ ɡɛɟɪɟɠɟɧɧɿ ɡɚɝɚɥɶɧɨɝɨ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ. Ⱦɚɥɿ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɟɤɿɥɶɤɚ 
ɫɯɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ NH3-H2O ɬɚ ɋɈ2 ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ, 
ɹɤɿ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɧɨɜɢɦɢ ɬɟɯɧɿɱɧɢɦɢ ɪɿɲɟɧɧɹɦɢ ɧɚ ɩɿɞɫɬɚɜɿ ɨɝɥɹɞɭ ɥɿɬɟɪɚɬɭɪɧɢɯ 
ɞɠɟɪɟɥ ɭ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɪɨɛɨɬɢ. Ʉɨɧɫɬɪɭɤɬɢɜɧɭ ɫɯɟɦɭ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɚɛɫɨɪɛɰɿɣɧɨ-

ɪɟɡɨɪɛɰɿɣɧɨɸ ɯɨɥɨ-
ɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ 
ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ.3.  
     ȼɨɧɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ 
ɝɨɥɨɜɧɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɭɫɬɚɧɨɜɤɢ ɡ ɤɨɬɥɨɦ-
ɭɬɢɥɿɡɚɬɨɪɨɦ ɿ ɯɨɥɨ-
ɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. 
     Ƚɚɡɨɩɨɪɲɧɟɜɢɣ ɚɝ-
ɪɟɝɚɬ ɩɪɚɰɸє ɧɚ ɩɪɢ-
ɪɨɞɧɨɦɭ ɝɚɡɿ ɿ ɜɢɪɨɛ-
ɥɹє ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ. 

ˁКИʪАʻʻЯ           (Оˁ) 

ʪʫˁ˃ˀ˄КˉІЯ        (ʪ)

ʫʻ
ʫˀ

ʧʫ
˃И

Ч
ʻ

А

˄ˁ
˃А

ʻ
О

ʦК
А

   
   

   
 (ʫ

˄)
ʿʫˀʦИʻʻА 

ʫʻʫˀʧІЯ (ʿʫ)

(ˈОЛ)        ˈОЛОʪ

(˃ʫʿ)         ˃ʫʿЛО

(ʫʫ)    ʫЛʫК˃ˀОʫʻʫˀʧІЯ

  
Ɋɢɫ.2. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ 
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Ɉɛɨɜ’ɹɡɤɨɜɢɦ ɫɤɢɞɚɧɧɹɦ є ɜɢɤɢɞɧɿ ɝɚɡɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɛɥɢɡɶɤɨ 800…1100ɨɋ. ȼ 
ɤɨɬɥɿ-ɭɬɢɥɿɡɚɬɨɪɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɨɬɪɢɦɚɧɧɹ ɝɚɪɹɱɨʀ ɜɨɞɢ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ ɧɚ ɪɿɜɧɿ 
140ɨɋ, ɡɚɛɟɡɩɟɱɭɸɱɢ ɩɨɬɪɟɛɢ ɫɩɨɠɢɜɚɱɚ ɜ ɨɩɚɥɟɧɧɿ.  

ɑɚɫɬɢɧɚ ɝɚɪɹɱɨʀ ɜɨɞɢ ɡ ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ ɜɿɞɛɢɪɚєɬɶɫɹ ɞɥɹ ɪɨɛɨɬɢ ɬɟɩɥɨ-
ɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. ɋɢɫɬɟɦɿ ɜɿɞɩɨɜɿɞɚє ɪɨɡɩɨɞɿɥ ɟɧɟɪɝɟɬɢɱɧɢɯ 
ɩɨɬɨɤɿɜ ɧɚ ɪɢɫ.2. 

ɍɦɨɜɚɦɢ ɞɥɹ ɪɨɛɨɬɢ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ ɡ NH3-H2O ɜ ɫɤɥɚɞɿ ɫɢɫɬɟɦɢ 
ɬɪɢɝɟɧɟɪɚɰɿʀʀ ɜɢɡɧɚɱɟɧɨ: ɲɢɪɨɤɢɣ ɿɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ, ɲɢɪɨɤɢɣ 
ɿɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ, ɪɿɡɧɟ ɩɨєɞɧɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɟɠɢɦɿɜ 
ɪɨɛɨɬɢ ɫɩɨɠɢɜɚɱɿɜ ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ, ɦɨɠɥɢɜɿɫɬɶ ɡɧɚɱɧɨɝɨ ɩɿɞɿɝɪɿɜɭ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ ɜ ɩɪɨɰɟɫɚɯ ɜɿɞɜɟɞɟɧɧɹ ɬɟɩɥɚ ɜ ɟɥɟɦɟɧɬɚɯ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. 

Ɋɨɡɩɨɞɿɥ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɫɢɫ- 
ɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɨɠɟ ɭɫɤɥɚɞɧɸɜɚɬɢɫɹ 
ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɨɬɪɟɛ ɭ ɜɢɪɨɛɧɢɰɬɜɿ 
ɯɨɥɨɞɭ. ɇɚ ɪɢɫ.4 ɡɨɛɪɚɠɟɧɨ ɟɧɟɪɝɟɬɢɱɧɿ 
ɩɨɬɨɤɢ ɫɢɫɬɟɦɢ, ɜ ɹɤɿɣ ɱɚɫɬɤɚ ɭɬɢɥɿɡɨ-
ɜɚɧɨɝɨ ɬɟɩɥɚ ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ ɞɜɚ ɤɨ-
ɪɢɫɧɢɯ ɟɮɟɤɬɢ – ɯɨɥɨɞ ɬɚ ɞɨɞɚɬɤɨɜɭ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ, ɧɚ ɪɢɫ.5 – ɤɨɧɫɬɪɭɤɬɢɜɧɚ 
ɫɯɟɦɚ ɬɚɤɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɪɿɲɟɧɧɹ 
ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɚɛɫɨɪɛ-
ɰɿɣɧɨʀ ɦɚɲɢɧɢ ɡ NH3-H2O.  

       ɇɨɜɚ ɩɪɨɩɨɡɢɰɿɹ ɜɦɿɳɭє ɬɚɤɟ. Ƚɚɪɹɱɿ ɜɢɤɢɞɧɿ ɝɚɡɢ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ ɡ 
ɬɟɦɩɟɪɚɬɭɪɚɦɢ 800…1100 ɨɋ ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɢ. Ɉɞɢɧ ɩɨɬɿɤ ɩɪɹɦɭє ɞɨ 
ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ, ɞɟ ɜɢɤɨɧɭє ɩɪɹɦɭ ɮɭɧɤɰɿɸ – ɜɢɪɨɛɧɢɰɬɜɨ ɝɚɪɹɱɨʀ ɜɨɞɢ ɡ 
ɬɟɦɩɟɪɚɬɭɪɨɸ 140 ɨɋ. ȼɨɞɚ ɣɞɟ ɭ ɝɟɧɟɪɚɬɨɪ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ, ɡɚɛɟɡɩɟɱɭɸɱɢ 
ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ. 

       Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɞɨ-
ɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ 
(Ⱦȿȿ) ɜ ɫɯɟɦɿ ɩɟɪɟɞɛɚ-
ɱɟɧɨ ɫɚɦɨɫɬɿɣɧɿ ɤɨɧɬɭɪɢ 
ɰɢɪɤɭɥɹɰɿʀ: ɞɪɭɝɨɝɨ ɩɨɬɨ-
ɤɭ ɜɢɤɢɞɧɢɯ ɝɚɡɿɜ ɜɢɫɨ-
ɤɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɱɚɫɬɢ-
ɧɢ ɩɨɬɨɤɭ ɯɨɥɨɞɨɚɝɟɧɬɭ, 
ɜɿɞɿɛɪɚɧɨʀ ɩɿɫɥɹ ɤɨɧɞɟɧ-
ɫɚɬɨɪɚ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚ-
ɲɢɧɢ. ȼɧɚɫɥɿɞɨɤ ɬɟɩɥɨ-
ɜɨʀ ɜɡɚєɦɨɞɿʀ ɰɢɯ ɩɨɬɨɤɿɜ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɰɢɤɥ Ɋɟɧɤɿ-

ɧɚ ɡ ɩɚɪɨɜɨɸ ɬɭɪɛɿɧɨɸ. ȿɧɟɪɝɟɬɢɱɧɢɣ ɛɚɥɚɧɫ ɫɢɫɬɟɦɢ ɡɚɩɢɫɚɧɨ ɭ ɜɢɝɥɹɞɿ: 
* ( / ) ( / )ɩɟ ɟɟ ɟɟ ɬɟɩ ɬɟɩ ɯɨɥ ɯɨɥ ɨɫ ɞQ Q Q Q ɋɈɊ Q ɋɈɊ Q Q       (2) 

Ⱦɨɞɚɬɤɨɜɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɿɜɧɿ, ɜɿɞɦɿɧɧɨɦɭ ɜɿɞ ɝɨɥɨɜɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɛɨɱɢɯ 
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ʿʫˀʦИʻʻА 
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(ʫʫ)    ʫЛʫК˃ˀОʫʻʫˀʧІЯ

(ʪʫʫ)       ʪОʪА˃КОʦА 

ʫЛʫК˃ˀОʫʻʫˀʧІЯ 

 ˁКИʪАʻʻЯ       (Оˁ)

 
Ɋɢɫ.4. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ 

ɨɬɪɢɦɚɧɧɹɦ ɞɨɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ 
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ɪɟɱɨɜɢɧ, ɜɿɞɦɿɧɧɢɯ ɜɿɞ ɝɨɥɨɜɧɨʀ ɦɚɲɢɧɢ: ɩɪɢɪɨɞɧɢɯ ɚɛɨ ɫɢɧɬɟɡɨɜɚɧɢɯ, ɱɢɫɬɢɯ ɚɛɨ 
ɫɭɦɿɲɟɣ. 

Ɉɛɨɜ’ɹɡɤɨɜɢɦɢ ɭɦɨɜɚɦɢ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɫɢɫɬɟɦɢ є ɛɚɥɚɧɫ – ɞɨɞɚɬɤɨɜɚ 
ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ *

ɟɟQ  ɛɿɥɶɲɚ ɚɛɨ ɞɨɪɿɜɧɸє ɧɟɨɛɯɿɞɧɿɣ ɞɥɹ ɪɨɛɨɬɢ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 
( / )ɯɨɥ ɯɨɥQ ɋɈɊ . 

ɋɢɫɬɟɦɭ  ɬɪɢɝɟɧɟɪɚɰɿʀ  ɡ  ɤɨɦɩɪɟɫɨɪɧɨɸ  ɯɨɥɨɞɢɥɶɧɨɸ  ɦɚɲɢɧɨɸ ɩɪɟɞɫɬɚɜɥɟɧɨ    
ɰɢɤɥɨɦ   ɑɢɫɬɹɤɨɜɚ- ɉɥɨɬɧɿɤɨɜɚ ɡ ɋɈ2 ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ ɬɚ ɚɝɪɟɝɚɬɨɦ «ɬɭɪɛɿɧɚ-
ɤɨɦɩɪɟɫɨɪ» (ɪɢɫ.6). Ɂɚɝɚɥɶɧɢɣ ɰɢɤɥ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɪɟɚɥɿɡɭєɬɶɫɹ ɜ ɞɜɨɯ 
ɨɛɥɚɫɬɹɯ: ɜ ɧɚɞɤɪɢɬɢɱɧɿɣ – ɩɪɹɦɢɣ, ɜ ɞɜɨɮɚɡɧɿɣ – ɡɜɨɪɨɬɧɢɣ. Ɋɨɛɨɱɿ ɩɪɨɰɟɫɢ ɜ 
ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɬɚ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ ɦɚɲɢɧɢ ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɚ ɡɦɿɧɧɢɦɢ  
ɬɟɦɩɟɪɚɬɭɪɚɦɢ  ɹɤ  ɪɨɛɨɱɨʀ  ɪɟɱɨɜɢɧɢ,  ɬɚɤ ɿ  ɞɜɨɯ  ɞɠɟɪɟɥ  ɬɟɩɥɚ  –  ɜɢɫɨɤɨɬɟɦɩɟ- 

ɪɚɬɭɪɧɨɝɨ ɬɚ ɫɟɪɟɞɧɶɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ. 
       Ɋɨɡɝɥɹɧɭɬɚ    ɫɢɫɬɟɦɚ 
ɪɨɡɲɢɪɸє ɦɨɠɥɢɜɨɫɬɿ 
ɭɬɢɥɿɡɚɰɿʀ ɨɛɨɜ’ɹɡɤɨɜɢɯ 
ɫɤɢɞɚɧɶ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɭɫɬɚɧɨɜɤɢ. Ɍɟɦɩɟɪɚɬɭɪ-
ɧɢɣ ɞɿɚɩɚɡɨɧ ɪɨɛɨɬɢ 
ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ ɞɨ 
300...500 °ɋ , ɬɟɦɩɟɪɚ-

ɬɭɪɧɢɣ ɿɧɬɟɪɜɚɥ ɨɬɪɢɦɚɧɨɝɨ ɬɟɩɥɚ ɞɨ 200 ɋ , ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɿɧɬɟɪɜɚɥ ɨɬɪɢɦɚɧɨɝɨ 
ɯɨɥɨɞɭ ɞɨ 30 ɋ  ɡ ɜɿɞɩɨɜɿɞɧɢɦ ɩɿɞɜɢɳɟɧɧɹɦ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ 
ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ ɫɢɫɬɟɦɢ. 

Ɋɨɡɝɥɹɧɭɬɿ ɫɢɫɬɟɦɢ ɦɚɸɬɶ ɝɨɥɨɜɧɭ ɟɧɟɪɝɟɬɢɱɧɭ ɭɫɬɚɧɨɜɤɭ ȿɍ ɡɿ ɫɜɨєɸ ɪɨɛɨɱɨɸ 
ɪɟɱɨɜɢɧɨɸ, ɹɤɚ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. 

Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ 
ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨ 
ɫɯɟɦɭ, ɜ ɹɤɿɣ ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ ɬɚ 
ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ ɦɚɬɢɦɭɬɶ єɞɢɧɭ 
ɪɨɛɨɱɭ ɪɟɱɨɜɢɧɭ – ɋɈ2. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ 
ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ ɤɨɦɩɪɟɫɨɪɧɚ ɯɨɥɨ-
ɞɢɥɶɧɚ ɦɚɲɢɧɚ ɜɢɤɨɧɭє ɮɭɧɤɰɿʀ ɫɢɫɬɟɦɢ 
ɬɪɢɝɟɧɟɪɚɰɿʀ. ɋɯɟɦɭ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ 
ɫɢɫɬɟɦɢ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ.7, ɤɨɧɫɬɪɭɤ-

ɬɢɜɧɭ – ɧɚ ɪɢɫ.8.  ȼ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɝɟɧɟɪɭєɬɶɫɹ ɩɨɬɿɤ ɋɈ2 ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɬɚ 
ɬɟɦɩɟɪɚɬɭɪɢ ɡɚ ɬɟɩɥɨɨɛɦɿɧɨɦ ɡ ɫɚɦɨɫɬɿɣɧɢɦ ɝɪɿɸɱɢɦ ɞɠɟɪɟɥɨɦ. ɇɚɞɚɥɿ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɪɨɡɲɢɪɟɧɧɹ ɜ ɬɭɪɛɿɧɿ ɡ ɨɬɪɢɦɚɧɧɹɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. ȿɥɟɤɬɪɢɱɧɚ 
ɟɧɟɪɝɿɹ ɪɨɡɩɨɞɿɥɹєɬɶɫɹ ɦɿɠ ɫɬɨɪɨɧɧɿɦ ɫɩɨɠɢɜɚɱɟɦ, ɤɨɦɩɪɟɫɨɪɨɦ, ɧɚɫɨɫɨɦ ɡɚ ɭɦɨɜɢ 
ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ ɫɢɫɬɟɦɢ (ɪɿɜ.3):                                                                                    

                                                                                                                              (3) 
Ʉɨɧɫɬɪɭɤɰɿɹ ɤɨɦɩɪɟɫɨɪɚ ɞɥɹ  ɦɚɲɢɧɢ ɧɟ ɨɝɨɜɨɪɸєɬɶɫɹ. ȼ ɦɚɲɢɧɿ ɪɟɚɥɿɡɭєɬɶɫɹ 

ɛɭɞɶ-ɹɤɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɡ ɲɢɪɨɤɢɦ ɿɧɬɟɪɜɚɥɨɦ ɬɟɦɩɟɪɚɬɭɪ ɨɬɪɢɦɚɧɨɝɨ ɯɨɥɨɞɭ. 
Ɇɨɠɥɢɜɟ ɪɟɝɭɥɸɜɚɧɧɹ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 100 % ɞɨ   
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 ˁКИʪАʻʻЯ              (Оˁ)

 
Ɋɢɫ.7. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ 

єɞɢɧɨɸ ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ 

ɩɟ ɟɟ ɟɟ ɬɟɩ ɯɨɥ ɯɨɥ ɨɫ ɞQ Q Q Q Q ɋɈɊ Q Q     * ( / )
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0%. ȼɢɹɜɥɟɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɪɨɛɥɹɬɶ ɫɯɟɦ-
ɧɟ ɪɿɲɟɧɧɹ ɭɧɿɜɟɪɫɚɥɶɧɢɦ ɿ ɞɨɡɜɨɥɹɸɬɶ 
ɦɚɲɢɧɿ ɩɪɚɰɸɜɚɬɢ ɰɿɥɨɪɿɱɧɨ, ɧɟɡɜɚɠɚ-
ɸɱɢ ɧɚ ɫɟɡɨɧɧɿɫɬɶ ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ. 
Ⱥɜɬɨɧɨɦɧɿɫɬɶ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡɚ-
ɛɟɡɩɟɱɭє ɬɪɟɬɿɣ ɤɨɪɢɫɧɢɣ ɟɮɟɤɬ – ɜɢɪɨɛ-
ɧɢɰɬɜɨ ɬɟɩɥɚ, ɹɤ ɫɚɦɨɫɬɿɣɧɢɣ, ɡ ɨɝɥɹɞɭ 
ɧɚ ɩɨɬɪɿɛɧɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɬɚ ɬɟɦɩɟɪɚ-
ɬɭɪɧɢɣ ɪɿɜɟɧɶ. 
        Ɇɨɠɥɢɜɿɫɬɶ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ 
ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɱɧɿɣ ɭɫɬɚ-
ɧɨɜɰɿ ɿɥɸɫɬɪɭɸɬɶ ɪɨɡɪɚɯɭɧɤɢ ɟɧɟɪɝɟ-
ɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɧɚ ɩɪɢɤɥɚɞɿ ɨɤɪɟɦɨɝɨ 
ɮɟɪɦɟɪɫɶɤɨɝɨ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ 
ɜɢɪɨɛɧɢɰɬɜɚ. 

ɇɟɜɟɥɢɤɟ ɮɟɪɦɟɪɫɶɤɟ ɝɨɫɩɨɞɚɪɫɬɜɨ 
ɜɤɥɸɱɚє ɠɢɬɥɨɜɢɣ ɛɭɞɢɧɨɤ ɡɚɝɚɥɶɧɢɦ 
ɨɛ'єɦɨɦ 600 ɦ3, ɝɨɫɩɨɞɚɪɫɶɤɨ-ɩɨɛɭɬɨɜɟ 
ɩɪɢɦɿɳɟɧɧɹ ɨɛ'єɦɨɦ 1000 ɦ3, ɬɟɩɥɢɰɸ 
ɨɛ'єɦɨɦ 120 ɦ3, ɬɪɢ ɫɚɦɨɫɬɿɣɧɿ ɨɯɨɥɨ-

ɞɠɭɜɚɧɿ ɩɪɢɦɿɳɟɧɧɹ ɞɥɹ ɡɛɟɪɿɝɚɧɧɹ ɩɪɨɞɭɤɬɿɜ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ 
ɡɚɝɚɥɶɧɢɦ ɨɛ’єɦɨɦ 750 ɦ3. Ɉɬɠɟ, ɝɨɫɩɨɞɚɪɫɬɜɨ ɦɚє ɨɞɧɨɱɚɫɧɭ ɿ ɩɨɫɬɿɣɧɭ ɩɨɬɪɟɛɭ ɜ 
ɩɟɜɧɢɯ ɨɛɫɹɝɚɯ ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ, ɯɨɥɨɞɭ ɬɚ ɬɟɩɥɨɜɨʀ ɟɧɟɪɝɿʀ.  

ɍɬɢɥɿɡɨɜɚɧɟ ɬɟɩɥɨ Qɭɬ  ɡɝɿɞɧɨ ɡ ɟɧɟɪɝɟɬɢɱɧɢɦ ɛɚɥɚɧɫɨɦ ɫɬɚɧɨɜɢɬɶ: 
                                       ɭɬ ɨɩ ɦɤ ɬɜ ɬɩ ɯɨɥ ɫɛQ Q Q Q Q Q Q                                                (4) 

ɞɟ Qɨɩ – ɨɩɚɥɟɧɧɹ ɠɢɬɥɨɜɢɯ, ɜɢɪɨɛɧɢɱɢɯ ɿ ɩɿɞɫɨɛɧɢɯ ɩɪɢɦɿɳɟɧɶ ɜ ɯɨɥɨɞɧɭ ɩɨɪɭ 
ɪɨɤɭ; Qɦɤ – ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɚɛɨ ɩɿɞɬɪɢɦɚɧɧɹ ɦɿɤɪɨɤɥɿɦɚɬɭ ɜ ɠɢɬɥɨɜɢɯ ɿ ɜɢɪɨɛɧɢɱɢɯ 
ɩɪɢɦɿɳɟɧɧɹɯ ɜ ɬɟɩɥɭ ɩɨɪɭ ɪɨɤɭ; Qɬɜ – ɰɿɥɨɪɿɱɧɟ ɨɬɪɢɦɚɧɧɹ ɬɟɩɥɨʀ ɜɨɞɢ ɞɥɹ 
ɩɨɛɭɬɨɜɢɯ ɿ ɜɢɪɨɛɧɢɱɢɯ ɩɨɬɪɟɛ; Qɬɩ – ɫɟɡɨɧɧɟ ɨɩɚɥɟɧɧɹ ɬɟɩɥɢɰɿ; Qɯɨɥ – ɫɟɡɨɧɧɟ 
ɨɯɨɥɨɞɠɟɧɧɹ ɬɚ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɡɛɟɪɿɝɚɧɧɹ ɲɜɢɞɤɨɩɫɭɜɧɢɯ ɩɪɨɞɭɤɬɿɜ 
ɪɨɫɥɢɧɧɨɝɨ ɿ ɬɜɚɪɢɧɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ; Qɨɫ – ɨɛɨɜ’ɹɡɤɨɜɿ ɬɟɩɥɨɜɿ ɫɤɢɞɚɧɧɹ ɜ 
ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳɟ.  

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɟɣ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ ɿ ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɟɠɢɦɿɜ 
ɜɢɪɨɛɧɢɰɬɜɚ ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ (ɪɢɫ.9) ɩɨɜɧɿɫɬɸ ɡɚɥɟɠɚɬɶ ɜɿɞ ɩɨɬɪɟɛ ɩɟɜɧɨɝɨ 
ɜɢɪɨɛɧɢɤɚ, ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɢɡɧɚɱɚɸɬɶɫɹ ɤɨɥɢɜɚɧɧɹɦɢ ɬɟɦɩɟɪɚɬɭɪɢ ɡɨɜɧɿɲɧɶɨɝɨ 
ɩɨɜɿɬɪɹ ɿ ɟɧɟɪɝɟɬɢɱɧɨɸ ɟɮɟɤɬɢɜɧɿɫɬɸ ɭɫɬɚɧɨɜɨɤ, ɹɤɿ ɜɢɪɨɛɥɹɸɬɶ ɤɨɠɟɧ ɟɮɟɤɬ. 

Ɉɫɧɨɜɧɿ ɤɥɿɦɚɬɢɱɧɿ ɿ ɬɟɯɧɿɱɧɿ ɞɚɧɿ, ɩɪɢɣɧɹɬɿ ɭ ɹɤɨɫɬɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ: 
1) ɬɟɦɩɟɪɚɬɭɪɢ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɩɨɜɿɬɪɹ ɭ ɪɿɡɧɿ ɩɨɪɭ ɪɨɤɭ: ɜɡɢɦɤɭ 10 °ɋɧɡt   ; 
ɜɥɿɬɤɭ 28,6 °ɋɧɥt  ; ɧɚɜɟɫɧɿ ɬɚ ɜɨɫɟɧɢ 5 °ɋɧɜɨt  ; 2) ɬɟɦɩɟɪɚɬɭɪɢ ɭ ɫɩɨɠɢɜɚɱɚ: ɜ 
ɛɭɞɿɜɥɹɯ 20 °ɋɜt  ; ɜ ɨɯɨɥɨɞɠɭɜɚɧɢɯ ɨɛ’єɤɬɚɯ 4 °ɋɤt  ; ɜ ɬɟɩɥɢɰɿ 15 °ɋɬɩt  ; 
ɝɚɪɹɱɚ ɜɨɞɚ 70 °ɋɝɜt  ; ɜɨɞɨɩɪɨɜɿɞɧɚ ɜɨɞɚ:

 20 °ɋɜɜt  ; 3) ɞɚɧɿ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɭɫɬɚɧɨɜɤɢ: ɜɢɤɢɞɧɿ ɝɚɡɢ 800 °ɋɨɝt  ; ɬɟɩɥɨɧɨɫɿɣ ɧɚ ɜɯɨɞɿ 80 °ɋɜɯt   ɬɚ ɜɢɯɨɞɿ

140 °ɋɜɢɯt  . 
Ɋɨɡɪɚɯɭɧɤɢ ɩɨɬɪɟɛ ɬɟɩɥɚ ɬɚ ɯɨɥɨɞɭ ɮɟɪɦɟɪɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɩɪɨɬɹɝɨɦ ɪɨɤɭ 

ɡɞɿɣɫɧɟɧɨ  ɡɚ  ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ  ɞɨɜɿɞɤɨɜɨʀ  ɬɟɯɧɿɱɧɨʀ  ɿɧɮɨɪɦɚɰɿʀ  ɬɚ  ɧɨɪɦɚɬɢɜɧɢɯ 
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ȽɇɊɌɈ2 10

7
ɌɈ

11 ȿɥɟɤɬɪɨɟɧɟɪɝɿɹ 
(WE) 

Ɍɟɩɥɨ (QɌɈ) 

Хɨɥɨɞ (Q0)

 Ɋɢɫ.8. ɋɯɟɦɚ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ єɞɢɧɨɸ 
ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ 
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ɞɨɤɭɦɟɧɬɿɜ ɋɇȱɉ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɜɟɞɟɧɨ ɜ ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ ɧɚ ɪɢɫ.10. 

        ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɪɨɡɪɚɯɭɧɤɿɜ ɩɨ- 
ɬɪɟɛɚ ɬɟɩɥɚ ɜ ɡɢɦɨɜɢɣ ɩɟɪɿɨɞ 
ɫɬɚɧɨɜɢɬɶ 75 ɤȼɬ, ɳɨ є ɦɚɤɫɢ-
ɦɚɥɶɧɨɸ ɬɟɩɥɨɜɨɸ ɩɪɨɞɭɤɬɢɜ-
ɧɿɫɬɸ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. 

ɍ ɜɟɫɧɹɧɨ-ɨɫɿɧɧɿɣ ɩɟɪɿɨɞ 
ɩɨɬɪɟɛɚ ɬɟɩɥɚ ɫɬɚɧɨɜɢɬɶ 40 ɤȼɬ. 
Ɋɟɡɟɪɜ ɬɟɩɥɚ ɭ ɤɿɥɶɤɨɫɬɿ 35 ɤȼɬ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɡɚ ɬɟɦɩɟɪɚɬɭ-
ɪɚɦɢ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɩɨɜɿɬɪɹ, 
ɜɿɞɦɿɧɧɢɦɢ ɜɿɞ ɪɨɡɪɚɯɭɧɤɨɜɢɯ: ɞɥɹ 
ɨɩɚɥɟɧɧɹ ɿ ɬɟɩɥɢɰɿ (ɩɪɢ ɡɧɢɠɟɧɧɿ 
ɬɟɦɩɟɪɚɬɭɪɢ), ɞɥɹ ɯɨɥɨɞɨɩɨɫ-
ɬɚɱɚɧɧɹ ɩɪɢɦɿɳɟɧɶ (ɩɪɢ ɩɿɞɜɢ-
ɳɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ). ɍ ɥɿɬɧɿɣ 
ɩɟɪɿɨɞ ɩɨɬɪɟɛɚ ɬɟɩɥɚ ɫɬɚɧɨɜɢɬɶ              
40 ɤȼɬ, ɪɟɡɟɪɜ, ɭ ɤɿɥɶɤɨɫɬɿ 35 ɤȼɬ, 
ɫɩɪɹɦɨɜɚɧɨ ɧɚ ɤɨɧɞɢɰɿɸɜɚɧɧɹ 
ɩɨɜɿɬɪɹ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ 
ɫɜɿɞɱɚɬɶ ɩɪɨ ɩɟɪɫɩɟɤɬɢɜɧɿɫɬɶ 
ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɬɪɢɝɟɧɟɪɚɰɿʀ 
ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɰɿ. 

ɍ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ «Ɍɟɪɦɨ-
ɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɜ 
ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ ɦɚɲɢ-
ɧɚɯ (АɊХɆ)» ɡɞɿɣɫɧɟɧɨ ɬɟɪɦɨɞɢ-
ɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɚɛɫɨɪɛ-
ɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ. ɉɪɢɧ-
ɰɢɩɨɜɚ ɜɿɞɦɿɧɧɿɫɬɶ ɦɿɠ ɪɟɡɨɪɛ-
ɰɿɣɧɨɸ ɬɚ ɡɜɢɱɚɣɧɨɸ ɚɛɫɨɪɛ-

ɰɿɣɧɨɸ ɦɚɲɢɧɚɦɢ ɜɢɡɧɚɱɢɥɚ ɩɟɪɟɜɚɝɢ ɩɟɪɲɨʀ ɜ ɫɤɥɚɞɿ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ.  
ȼɫɿ ɱɨɬɢɪɢ ɩɪɨɰɟɫɢ ɮɚɡɨɜɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ȺɊɏɆ (ɪɢɫ.11) 

ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɚ ɡɦɿɧɧɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ ɜ ɞɟɝɚɡɚɬɨɪɿ ɬɚ 
ɜɿɞɞɚɜɚɧɧɹ ɬɟɩɥɚ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɦɭ ɫɟɪɟɞɨɜɢɳɭ ɜ ɪɟɡɨɪɛɟɪɿ ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ, 
ɜ ɝɟɧɟɪɚɬɨɪɿ ɿ ɚɛɫɨɪɛɟɪɿ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ.  

ɐɹ ɨɫɨɛɥɢɜɿɫɬɶ ɜɩɥɢɜɚє ɧɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɞɨɫɤɨɧɚɥɿɫɬɶ ɦɚɲɢɧɢ ɿ ɜɢɡɧɚɱɚє 
ɝɚɥɭɡɶ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɹɤɨɸ, ɡɨɤɪɟɦɚ, є ɪɨɡɝɥɹɧɭɬɚ ɫɢɫɬɟɦɚ. Щɟ ɨɞɧɚ 
ɩɟɪɟɜɚɝɚ ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ – ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ ɬɚ ɪɟɡɨɪɛɟɪɿ, ɳɨ є ɧɟɡɚɥɟɠɧɨɸ 
ɜɟɥɢɱɢɧɨɸ. ȼɿɞ ɧɶɨɝɨ ɡɚɥɟɠɚɬɶ: ɬɟɩɥɨɜɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɚɩɚɪɚɬɢ, ɟɧɟɪɝɟɬɢɱɧɚ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ ɟɤɫɩɥɭɚɬɚɰɿɣɧɚ ɧɚɞɿɣɧɿɫɬɶ.  

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɭ ɞɨɫɤɨɧɚɥɿɫɬɶ ȺɊɏɆ ɜ ɪɟɠɢɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜɫɬɚɧɨɜɥɟɧɨ 
ɟɧɟɪɝɟɬɢɱɧɢɦɢ (ɋɈɊ) ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɢɦɢ ɟ( )  ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɰɢɤɥɭ. 

Ɉɰɿɧɤɭ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ ɡɞɿɣɫɧɟɧɨ ɡɚ ɪɨɡɜ’ɹɡɚɧɧɹɦ ɨɤɪɟɦɢɯ 
ɡɚɞɚɱ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɡ ɩɨɞɚɥɶɲɢɦ ʀɯ ɨɛ’єɞɧɚɧɧɹɦ. 

Ⱦɥɹ   ɪɨɡɪɚɯɭɧɤɿɜ   ɨɛɪɚɧɨ   ɜɢɯɿɞɧɿ  ɩɚɪɚɦɟɬɪɢ,  ɹɤɿ   ɜɿɞɩɨɜɿɞɚɸɬɶ   ɞɿɣɫɧɢɦ 

ʺ̌л̌
е̦е̬̐ет̸̛̦̌

у̭т̦̌о̏к̌ 

Котел- 

ут̛лі̌̚то̬

Qут

ˈолод̛ль̦̌
̛̥̹̦̌̌

Qхол

   ˃еплоо̥̍і̛̦̦к 
̬у̹̍̌к̛ 

о̵олод̙е̦̦́

˃еплоо̥̍і̛̦̦к
̭по̸̛̙̏̌̌

ˀ̌ді̌то̬ 
̭к̛д̦о̐о тепл̌

Qск

ʻ̛̚ькоте̥пе̬̌ту̬̦е

̍̚е̬і̦̦̐̌́

ʿопе̬ед̦є

о̵олод̙е̦̦́
Ко̦д̶̛і̦̦̀̏̌́ 

по̏іт̬́
Ж̛тло 

Qоп (QМк)

ʦ̛̬о̶̛̦̍т̏о

Qоп (QМк)
˃епл̶̛́

Qтп

98 °ˁ

140 °ˁ

10 °ˁ-20 °ˁ

90 °ˁ

70 °ˁ

120 °ˁ

28 °ˁ
800 °ˁ

50 °ˁ
45 °ˁ

˃епл̌ ̏од̌

Qтв

 
Ɋɢɫ.9. ɋɯɟɦɚ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɜ ɫɢɫɬɟɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ 

 

 
Ɋɢɫ.10. ɋɟɡɨɧɧɿ ɩɨɬɪɟɛɢ ɬɟɩɥɚ ɞɥɹ ɝɨɫɩɨɞɚɪɫɬɜɚ 
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Ɋɢɫ.11.  ɋɯɟɦɚ ɬɚ ɰɢɤɥ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 

 
ɬɟɦɩɟɪɚɬɭɪɧɢɦ ɪɟɠɢɦɚɦ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɞɥɹ ɮɟɪɦɟɪɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ: 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ (ɬɟɩɥɨɧɨɫɿɹ) 70...140°ɋɝɪɌ  ; ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ 20...40°ɋɫɟɪɌ  ; ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɨɠɢɜɚɱɚ ɯɨɥɨɞɭ 
(ɯɨɥɨɞɨɧɨɫɿɹ) 0...15°ɋɯɨɥɌ  ; ɪɨɛɨɱɢɣ ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ ɬɚ ɪɟɡɨɪɛɟɪɿ 

0,5...1ɆɉɚȽɪ  . 
ɉɚɪɚɦɟɬɪɢ ɭ ɜɭɡɥɨɜɢɯ ɬɨɱɤɚɯ 2,3,4,6,8 ɰɢɤɥɭ ɬɚ ɩɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɚɩɚɪɚɬɿɜ ɜɢɡɧɚɱɟɧɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɢɱɧɢɯ ɪɟɤɨɦɟɧɞɚɰɿɣ ɞɨ ɪɨɡɪɚɯɭɧɤɿɜ 
ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ. 

Ɋɨɡɜ’ɹɡɚɧɨ ɱɨɬɢɪɢ ɡɚɞɚɱɿ ɜɢɡɧɚɱɟɧɧɹ ɋɈɊ ȺɊɏɆ ɡɚ ɭɦɨɜɢ: 
Зɚɞɚɱɚ 1: ;ɝɪ ɯɨɥɌ var;Ɍ ɫonst  ; ;ɫɟɪ ȽɌ ɫonst p ɫonst   

Зɚɞɚɱɚ 2: ;ɯɨɥ ɝɪɌ var;Ɍ ɫonst  ; ;ɫɟɪ ȽɌ ɫonst p ɫonst   
Зɚɞɚɱɚ3: ;ɫɟɪ ɯɨɥɌ var;Ɍ ɫonst  ; ;ɝɪ ȽɌ ɫonst p ɫonst   

Зɚɞɚɱɚ 4: ;Ƚ ɯɨɥɪ var;Ɍ ɫonst  ; .ɝɪ ɫɟɪɌ ɫonst Ɍ ɫonst   
          Ɋɨɡɜ’ɹɡɚɧɧɹ  ɡɚɞɚɱ  ɞɟɦɨɧɫɬɪɭє  ɪɢɫ. 12, ɚ ɪɟɡɭɥɶɬɚɬɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɝɪɚɮɿɱɧɿɣ  

ɮɨɪɦɿ ɧɚ ɪɢɫ. 13 ɜ єɞɢɧɿɣ 
ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ: 
ɋɈɊ =  f (Ɍɝɪ,  Ɍɯɨɥ, Ɍɫɟɪ, ɪȽ). Ɂɚ-
ɝɚɥɶɧɢɣ ɞɿɚɩɚɡɨɧ ɡɧɚɱɟɧɶ ɟɧɟɪ-
ɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ (ɋɈɊ) 
ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨ-
ɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɳɨ ɩɪɚɰɸє ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɿ ɫɢɫɬɟ-
ɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢ-
ɤɢ, ɫɬɚɧɨɜɢɬɶ 0.25...0.65, ɳɨ є 
ɤɥɚɫɢɱɧɢɦ ɩɨɤɚɡɧɢɤɨɦ ɞɥɹ 
ɚɛɫɨɪɛɰɿɣɧɨʀ ɬɟɯɧɿɤɢ. Ɉɫɧɨɜɧɿ 
ɜɢɫɧɨɜɤɢ ɳɨɞɨ ɟɤɫɟɪɝɟɬɢɱɧɨʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚ-ɲɢɧɢ ɡɪɨɛɥɟɧɨ 
ɧɚ ɩɿɞɫɬɚɜɿ ɚɧɚ-ɥɿɡɭ ɜɟɥɢɱɢɧɢ 
ɜɬɪɚɬɢ ɟɤɫɟɪɝɿʀ ( )ȿ  ɜ ɤɨɠɧɨɦɭ 
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Ɋɢɫ. 12. Ɋɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ 
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ɤɨɦɩɨɧɟɧɬɿ ȺɊɏɆ ɿ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɄɄȾ ɫɢɫɬɟɦɢ ɟ( )  ɜ ɰɿɥɨɦɭ. ɋɯɟɦɭ ɩɪɨɫɬɨʀ 
ȺɊɏɆ ɞɥɹ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 14, ɰɢɤɥ – ɧɚ ɪɢɫ. 15. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ 
ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɢɫ 15. ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ:  
ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɨɧɨɫɿɹ ɧɚ 
ɜɢɯɨɞɿ ɡ ɞɟɝɚɡɚɬɨɪɚ: 19ɯɨɥɌ Ɍ ; 
ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɝɚ-
ɡɚɰɿʀ: 9 19 ɯɨɥɌ Ɍ Ɍ  ; ɬɢɫɤ ɜ 
ɞɟɝɚɡɚɬɨɪɿ: '9( , )rɨɪ П T  ; ɦɚɤ-
ɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɝɚ-
ɡɚɰɿʀ: 8 18 ɯɨɥɌ Ɍ Ɍ  ; ɬɢɫɤ ɜ 
ɚɛɫɨɪɛɟɪɿ: (1 )А ɨ Aɪ ɪ ɪ  ; ɦɿ-
ɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɡɨɪɛ-
ɰɿʀ: 7 14 ɤɌ Ɍ Ɍ   ; ɬɢɫɤ ɜ ɪɟ-              

ɡɨɪɛɟɪɿ: ɤɪ   ɧɟɡɚɥɟɠɧɚ ɡɦɿɧɧɚ; 
ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɟɧɟ-
ɪɚɰɿʀ: 2 12 ɝɌ Ɍ Ɍ  ; ɬɢɫɤ ɜ 
ɝɟɧɟɪɚɬɨɪɿ: (1 )ɝ ɤ ɝɪ ɪ ɪ   ; ɬɟɦ-
ɩɟɪɚɬɭɪɚ ɩɨɱɚɬɤɭ ɤɢɩɿɧɧɹ ɜ 
ɝɟɧɟɪɚɬɨɪɿ: *1

( , )r ɝɌ П p  ; ɦɿɧɿ-
ɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɚɛɫɨɪɛɰɿʀ:  

4 16 АɌ Ɍ Ɍ   ; ɤɨɧɰɟɧɬɪɚɰɿɹ 
ɫɥɚɛɤɨɝɨ ɪɨɡɱɢɧɭ ɜ ɬɟɪɦɨɯɿɦɿɱ-
ɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ: 2( , )ɚ ɝf T p  ; 
ɤɨɧɰɟɧɬɪɚɰɿɹ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ 
ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ:

4( , )r Аf T p  ; ɤɨɧɰɟɧɬɪɚɰɿɹ ɯɨ-
ɥɨɞɨɚɝɟɧɬɭ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ 
ɫɬɭɩɟɧɿ: 5( , )d ɤf T p  ; ɤɨɧɰɟɧɬ-

ɪɚɰɿɹ ɫɥɚɛɤɨɝɨ ɪɨɡɱɢɧɭ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ: ' 8( , )ɚ ɨf T p  ; ɤɨɧɰɟɧɬɪɚɰɿɹ 
ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ: ' 7( , )r ɤf T p  . Ɍɟɦɩɟɪɚɬɭɪɚ 5Ɍ  є 
ɫɟɪɟɞɧɶɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ ɭ ɩɪɨɰɟɫɿ ɤɢɩɿɧɧɹ ɜ ɝɟɧɟɪɚɬɨɪɿ: *5 2 1

( ) 2Ɍ Ɍ Ɍ  . 

Ɂɚɝɚɥɶɧɢɣ ɰɢɤɥ ȺɊɏɆ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɥɹ ɟɤɫɟɪɝɟɬɢɱɧɢɝɨ ɚɧɚɥɿɡɭ ɞɜɨɦɚ 
ɨɤɪɟɦɢɦɢ – ɰɢɤɥɨɦ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ ɿ ɰɢɤɥɨɦ ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ. 

– ɜɢɬɪɚɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɿɜ: 
Ɂɚɝɚɥɶɧɚ ɜɢɬɪɚɬɚ ɯɨɥɨɞɨɚɝɟɧɬɭ: 10 6 6 7/ [ ( '( )]ɯɨɥ ɯɨɥm Q h h f h h     
Ⱦɥɹ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ:  

           4 1 ɯɨɥm m f m            2 3 ( 1) ɯɨɥm m f m         ( ) / ( )d ɚ r ɚf       
Ⱦɥɹ ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ: 
                    7 9 ' ɯɨɥm m f m            8 6 ( ' 1) ɯɨɥm m f m         ' ' '' ( ) / ( )d ɚ r ɚf       

 
Ɋɢɫ.13.  ɋɈɊ =  f (Ɍɝɪ,  Ɍɯɨɥ, Ɍɫɟɪ, ɪȽ) 

 
Ɋɢɫ.14.  ɋɯɟɦɚ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 
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– ɟɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ: 

5 2 2 1 12 13 12 13[( ) ( )] ( )Ƚ ɯɨɥQ m h h f h h m h h     
10 3 3 4 16 17 16 17[( ) ( )] ( )А ɯɨɥQ m h h f h h m h h     
5 6 6 7 14 15 14 15[ ( '( )] ( )ɊЗ ɯɨɥQ m h h f h h m h h     
10 6 6 7 18 19 18 19[ ( '( )] ( )ȾЗ ɯɨɥQ m h h f h h m h h     

– ɟɤɫɟɪɝɟɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɧɟɧɬɿɜ: 
, 12 13 2 5 1( ) ( )D ȽE E E E E E      
, 3 10 4 16 17( ) ( )D AE E E E E E      
, 5 6 7 14 15( ) ( )D ɊЗE E E E E E      
, 9 7 9 7( ) ( )Ɇ Ɇ Ɍ Ɍ

D ȾE E E E E   
 

, 9 10 8 18 19( ) ( )D ȾЗE E E E E E      

         Ⱦɥɹ ɚɧɚɥɿɡɭ ȺɊɏɆ ɡɚɝɚɥɶɧɭ ɟɤɫɟɪɝɿɸ, 
ɩɨɜ'ɹɡɚɧɭ ɡ ɩɨɬɨɤɚɦɢ ɪɟɱɨɜɢɧɢ, ɪɨɡɞɿɥɟɧɨ ɧɚ 
ɬɟɪɦɿɱɧɭ ɫɤɥɚɞɨɜɭ ɮɿɡɢɱɧɨʀ ɟɤɫɟɪɝɿʀ, 
ɦɟɯɚɧɿɱɧɭ ɫɤɥɚɞɨɜɭ ɮɿɡɢɱɧɨʀ ɟɤɫɟɪɝɿʀ ɬɚ 
ɯɿɦɿɱɧɭ ɫɤɥɚɞɨɜɭ ɞɥɹ ɩɨɬɨɤɭ. ȼɢɡɧɚɱɟɧɧɹ 
ɩɚɪɚɦɟɬɪɿɜ ɬɨɱɨɤ ɪɿɜɧɨɜɚɝɢ ɡ ɧɚɜɤɨɥɢɲɧɿɦ 
ɫɟɪɟɞɨɜɢɳɟɦ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɮɿɡɢɱɧɨʀ ɟɤɫɟɪɝɿʀ 
ɫɭɦɿɲɟɣ ɡ ɪɿɡɧɢɦɢ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 
ɞɟɦɨɧɫɬɪɭє ɡɨɛɪɚɠɟɧɧɹ ʀɯ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɞɿɚɝɪɚɦ h   ɿ s   (ɪɢɫ.16).  

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɪɟɚɥɶɧɨɝɨ ɰɢɤɥɭ 
ɜɢɤɨɧɚɧɨ ɧɚ ɨɤɪɟɦɨɦɭ ɩɪɢɤɥɚɞɿ. Ⱦɥɹ 
ɪɨɡɪɚɯɭɧɤɭ ɨɛɪɚɧɨ ɜɢɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ, ɹɤɿ 
ɜɿɞɩɨɜɿɞɚɸɬɶ ɞɿɣɫɧɢɦ ɬɟɦɩɟɪɚɬɭɪɧɢɦ ɪɟ-
ɠɢɦɚɦ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɞɥɹ ɮɟɪɦɟɪɫɶɤɨɝɨ 
ɝɨɫɩɨɞɚɪɫɬɜɚ. 

ȼɢɯɿɞɧɢɦɢ ɧɟɡɚɥɟɠɧɢɦɢ ɩɨɫɬɿɣɧɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ є: ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɯɨɥQ , 

ɬɟɦɩɟɪɚɬɭɪɢ 12 14 16 18 19, , , ,Ɍ Ɍ Ɍ Ɍ Ɍ . Ɍɟɦɩɟɪɚɬɭɪɢ 

13,Ɍ 15 17,Ɍ Ɍ  ɬɚɤɨɠ ɡɚɞɚɧɿ, ɚɥɟ ɜ ɩɪɨɰɟɫɿ ɚɧɚɥɿɡɭ 
ɦɨɠɭɬɶ ɡɦɿɧɸɜɚɬɢɫɹ. ȼɫɿ ɩɪɨɰɟɫɢ ɬɟɩɥɨɩɟɪɟ-
ɞɚɜɚɧɧɹ – ɿɡɨɛɚɪɧɿ. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ 
ɜɤɥɸɱɚє ɜɫɿ ɧɟɨɛɨɪɨɬɧɨɫɬɿ: 

5...10Ʉ, 2...6 Ʉ, 10...20 Ʉ,ɊЗ ȾЗ ȽT T T       

0,01...0.015Ɇɉɚ, 0.01...0,02 Ɇɉɚ,А Ƚɪ ɪ   
5...10Ʉ.АT   

         Ⱥɧɚɥɿɡ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɤɨɠɧɨɝɨ ɤɨɦɩɨ-
ɧɟɧɬɚ ɿɧɞɢɜɿɞɭɚɥɶɧɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɿɞɩɨɜɿɞɧɢɯ ɧɟɨɛɨɪɨɬɧɨɫɬɟɣ. Ɋɟɡɭɥɶɬɚɬɢ ɚɧɚɥɿɡɭ 
ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɿ 1.  

əɤ ɫɜɿɞɱɚɬɶ ɩɨɤɚɡɧɢɤɢ, ɩɪɨɫɬɚ ȺɊɏɆ, ɹɤɚ ɧɟ ɭɫɤɥɚɞɧɟɧɚ ɜɧɭɬɪɿɲɧɶɨɸ 
ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ, ɦɚє ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɄɄȾ ɧɚ ɪɿɜɧɿ 6%. 
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Ɋɢɫ.15. ɐɢɤɥ ɩɪɨɫɬɨʀ ɚɛɫɨɪɛɰɿɣɧɨ-

ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɜ 
ɞɿɚɝɪɚɦɚɯ h   ɿ s   
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                            Тɚɛɥɢɰя 1. Рɟɡɭɥьɬɚɬɢ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥіɡɭ АРХМ 

ɐɟ ɜɡɚɝɚɥɿ ɩɨɡɢɬɢ-
ɜɧɢɣ ɩɨɤɚɡɧɢɤ ɞɥɹ 
ɚɛɫɨɪɛɰɿɣɧɨʀ ɬɟɯɧɿ-
ɤɢ ɡ ɩɟɪɫɩɟɤɬɢɜɨɸ 
ɡɪɨɫɬɚɧɧɹ.  
    Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ 
ɚɧɚɥɿɡ ɩɪɨɞɟɦɨɧɫ-
ɬɪɭɜɚɜ ɦɨɠɥɢɜɿɫɬɶ 
ɪɟɚɥɿɡɚɰɿʀ ɫɯɟɦɧɨ- 
ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ 
ȺɊɏɆ ɞɥɹ ɤɨɦɩɥɟɤɬɚɰɿʀ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ. 

ȼ ɪɨɡɞɿɥɿ ɪɨɡɝɥɹɧɭɬɨ ɩɟɪɟɞɭɦɨɜɢ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɚɛɫɨɪɛɰɿɣɧɨ-
ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɥɚɫɬɢɧɱɚɬɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ.  

ɍ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ «Ɍɟɪɦɨɞɢɧɚ-
ɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɜ ɬɟɩɥɨɜɢɤɨɪɢɫ-
ɬɚɥьɧɢɯ ɤɨɦɩɪɟɫɨɪɧɢɯ ɦɚɲɢɧɚɯ» ɪɨɡɝɥɹ-
ɧɭɬɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦ-
ɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɬɚ 
ɪɟɝɟɧɟɪɚɰɿɸ ɬɟɩɥɚ ɜ ɦɚɲɢɧɿ ɹɤ ɦɟɬɨɞ 
ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ. 

Ⱥɧɚɥɿɡ ɩɪɨɜɟɞɟɧɨ ɨɤɪɟɦɨ ɞɥɹ: 
ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ 
(ɤɥɚɫɢɱɧɢɣ ɊɌɈ1 ɩɚɪɨɜɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 
ɦɚɲɢɧɢ), ɭ ɩɪɹɦɨɦɭ ɰɢɤɥɿ (ɤɥɚɫɢɱɧɢɣ 
ɊɌɈ2 ɩɚɪɨɫɢɥɨɜɨʀ ɦɚɲɢɧɢ). Ɋɨɡɝɥɹɧɭɬɨ 
ɩɟɪɟɯɪɟɫɧɭ ɪɟɝɟɧɟɪɚɰɿɸ ɬɟɩɥɚ (ɊɌɈ3) ɦɿɠ 
ɩɨɬɨɤɨɦ ɯɨɥɨɞɧɨʀ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɩɿɫɥɹ 
ɧɚɫɨɫɚ (ɩɪɹɦɢɣ ɰɢɤɥ) ɬɚ ɝɚɪɹɱɨʀ ɫɭɦɿɲɿ 
ɩɨɬɨɤɿɜ ɩɿɫɥɹ ɬɭɪɛɿɧɢ (ɩɪɹɦɢɣ ɰɢɤɥ) ɿ 
ɤɨɦɩɪɟɫɨɪɚ (ɡɜɨɪɨɬɧɢɣ ɰɢɤɥ) ɬɚ ɨɞɧɨɱɚɫɧɟ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɟɪɟɯɪɟɫɧɨʀ ɪɟɝɟɧɟɪɚɰɿʀ ɿ 
ɪɟɝɟɧɟɪɚɰɿʀ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ (ɊɌɈ3 + 
ɊɌɈ1).  

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɜɩɥɢɜɭ 
ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɧɚ ɟɧɟɪɝɟɬɢɱɧɭ ɞɨɫɤɨɧɚ-
ɥɿɫɬɶ ɰɢɤɥɭ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɜɫɿɯ ɫɯɟɦɧɢɯ 
ɪɿɲɟɧɶ. ȼ ɪɟɮɟɪɚɬɿ ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ 
ɚɧɚɥɿɡɭ ɧɚ ɩɪɢɤɥɚɞɿ ɩɨɪɿɜɧɹɧɧɹ ɪɿɲɟɧɧɹ ɡ 
(ɊɌɈ3 + ɊɌɈ1) (ɪɢɫ. 17) ɡ ɩɪɨɫɬɢɦ ɊɌɈ1 ɜ 
ɨɞɧɨɦɭ ɨɤɪɟɦɨɦɭ ɪɟɠɢɦɿ ( 250 °ɋ;ɝɧt   

6 320Ɇɉɚ; 7,5 Ɇɉɚ;ɝɧɪ ɪ ɪ  
3 0 030 °C; 25 °C; 100ɤȼɬt t Q    ).       

         ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɜ ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ 
ɧɚɞɚɧɨ ɜ ɤɨɨɪɞɢɧɚɬɚɯ Q-Ɍ (ɪɢɫ.18).  

=303 К
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=303 К

Ɍo

ξɚ ξr ξdξrξa, ,

, ,

0(ξr )
0(ξa ), ,

ξ=0 ξ=1

h, ɤȾɠ/ɤɝ

s, ɤȾɠ/ɤɝ K.

ɤɨɧɰɟɧɬɪɚɰія

Ɋɢɫ.16. ȼɢɡɧɚɱɟɧɧɹ ɬɨɱɨɤ 0 
ɞɥɹ ɡɧɚɱɟɧɶ ɟɤɫɟɪɝɿʀ ɫɭɦɿɲɟɣ ɿɡ 

ɪɿɡɧɢɦɢ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 

( ' ', , , , )ɚ r Н ɚ r      

Ʉɨɦɩɨɧɟɧɬ , ,ɤȼɬF kE  , ,ɤȼɬɊ kE  , ,ɤȼɬD kE  ,%k  
Ƚɟɧɟɪɚɬɨɪ 15,94 12,81 3,13 80 
Ⱥɛɫɨɪɛɟɪ 8,57 1,90 6,67 22 
Ɋɟɡɨɪɛɟɪ 3,51 0,94 2,57 27 

Ⱦ2   0,93 - 
Ⱦ1   0,27 - 

Ⱦɟɝɚɡɚɬɨɪ 1,42 1,0 0,42 70 
ɇɚɫɨɫ   0,95 - 

Ɇɚɲɢɧɚ ɜ ɰɿɥɨɦɭ 15,94 1,0 14,94 6 
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Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɞɟɦɨɧɫɬɪɭɸɬɶ ɪɢɫ.19, 20.                                                      
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Ɋɢɫ.17. ɋɯɟɦɚ ɦɚɲɢɧɢ ɡ (ɊɌɈ3 + ɊɌɈ1) 
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Ɉ1

 
Ɋɢɫ.18. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ 

 
Ɋɢɫ.19. ȿɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɋɈɊ  

 
Ɋɢɫ.20.ȿɤɫɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɲɢɧɢ ȿɆ  

ȼɢɤɨɪɢɫɬɚɧɧɹ ɫɯɟɦɢ ɪɟɝɟɧɟɪɚɰɿʀ (ɊɌɈ3+ɊɌɈ1) ɩɿɞɜɢɳɭє ɟɧɟɪɝɟɬɢɱɧɭ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɲɢɧɢ ɦɚɣɠɟ ɜɞɜɿɱɿ, ɚ ɟɤɫɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ – ɧɚ 30%. 

Ɉɩɬɢɦɿɡɚɰɿɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɲɢɧɢ ɡ (ɊɌɈ3+ɊɌɈ1) ɡ’ɹɫɨɜɚɧɨ ɲɥɹɯɨɦ 
ɪɨɡɪɚɯɭɧɤɿɜ ɡɚ ɡɦɿɧɧɢɦɢ ɜɢɯɿɞɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 090...700 °ɋ; 5 °C;ɝɧt t   

6 3 310...30Ɇɉɚ; 7,5 Ɇɉɚ; 30 °C; 0,85; 0,9; 0,8;ɝɧ Ɍ ɇ КɆɪ ɪ ɪ t        
00,95; 0,95; 100ɤȼɬ.ɟɞ ɟɝ Q     

Ⱦɟɹɤɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɞɚɧɨ ɜ ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ ɧɚ ɪɢɫ. 21-24.  

  
                    ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ                                                     ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

                    Ɋɢɫ.21. Ɂɚɥɟɠɧɿɫɬɶ ɋɈɊ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

3

1

ɊɌɈ

ɊɌɈ


1ɊɌɈ
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                               ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ                                                 ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

Ɋɢɫ.22. Ɂɚɥɟɠɧɿɫɬɶ ɩɢɬɨɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ ɝɧq  

ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɧɶɨɦɭ 

  
                              ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ                                                    ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

Ɋɢɫ.23. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ ɟɦ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ  

ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 
 

  
                      ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ                                                     ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

Ɋɢɫ.24. Ɂɚɥɟɠɧɿɫɬɶ ɡɚɝɚɥɶɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɞɦȿ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ  

ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

Ɂɪɨɫɬɚɧɧɹ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɫɩɪɢɹє 
ɩɿɞɜɢɳɟɧɧɸ ɤɨɟɮɿɰɿєɧɬɚ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ  ɜ 1.2…2.8 ɪɚɡɢ.  

ɉɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɬɚ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɩɪɚɤɬɢɱɧɚ 
ɪɟɚɥɿɡɚɰɿɹ ɦɚɲɢɧɢ ɧɟ ɦɚє ɫɟɧɫɭ, ɦɚɲɢɧɚ ɦɚє ɧɢɡɶɤɿ ɡɧɚɱɟɧɧɹ ɋɈɊ  ɞɨ 0,2. 

ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɨɜɨɝɨ ɧɚɝɪɿɜɚɱɚ ɝɧq  ɡɪɨɫɬɚɸɬɶ ɭ ɜɫɶɨɦɭ ɿɧɬɟɪɜɚɥɿ 
ɬɢɫɤɿɜ ɬɚ ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɚɝɪɿɜɚɱɿ. ɉɪɢ ɰɶɨɦɭ ɝɧq  ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɢɫɤɭ, ɚ ɥɢɲɟ ɜɿɞ  
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ɬɟɦɩɟɪɚɬɭɪɢ. 

ȼ ɪɨɡɞɿɥɿ ɡɞɿɣɫɧɟɧɨ ɩɨɲɭɤ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ 
ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɤɨɦɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2, ɹɤɢɣ ɛɚɡɭєɬɶɫɹ ɧɚ 
ɡɚɝɚɥɶɧɨɦɭ ɦɟɬɨɞɿ ɩɨɪɿɜɧɹɥɶɧɨʀ ɨɰɿɧɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɰɢɤɥɿɜ, ɳɨ ɜɢɡɧɚɱɢɥɨ 
ɩɪɚɤɬɢɱɧɭ ɞɨɰɿɥɶɧɿɫɬɶ ɪɟɚɥɿɡɚɰɿʀ ɿ ɜɩɪɨɜɚɞɠɟɧɧɹ ɧɨɜɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɪɿɲɟɧɧɹ. 

Ⱦɥɹ ɫɤɥɚɞɧɨɝɨ ɰɢɤɥɭ ɦɚɲɢɧɢ ɫɬɜɨɪɸɸɬɶɫɹ ɭɦɨɜɢ, ɡɚ ɹɤɢɯ ɩɪɨɰɟɫɢ ɜ ɩɪɹɦɨɦɭ 
ɰɢɤɥɿ ɡɞɿɣɫɧɸɸɬɶɫɹ ɜ ɧɚɞɤɪɢɬɢɱɧɿɣ ɨɛɥɚɫɬɿ, ɚ ɜ ɡɜɨɪɨɬɧɨɦɭ ɜ ɞɜɨɯ ɨɛɥɚɫɬɹɯ – ɜ 
ɧɚɞɤɪɢɬɢɱɧɿɣ ɿ ɞɜɨɮɚɡɧɿɣ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɜɨɫɬɭɩɟɧɟɜɨɝɨ ɫɬɢɫɧɟɧɧɹ. 

ɉɪɹɦɢɣ ɰɢɤɥ ɪɟɚɥɿɡɭєɬɶɫɹ ɡ ɜɿɥɶɧɢɦ ɜɢɛɨɪɨɦ ɪɨɛɨɱɢɯ ɬɢɫɤɿɜ ɝɧ ɝɨ ɤɪɪ ɪ ɪ 
 
ɿ 

ɬɟɦɩɟɪɚɬɭɪ .ɝɧ ɝɨ ɤɪɌ Ɍ Ɍ   ɉɪɨɰɟɫɢ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɡɞɿɣɫɧɸɸɬɶɫɹ ɜ ɦɟɠɚɯ 
ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ: ɤɪɢɬɢɱɧɢɯ ɿ ɩɨɬɪɿɣɧɨʀ ɬɨɱɤɢ. 

ɉɪɢ ɜɫɬɚɧɨɜɥɟɧɢɯ ɨɫɧɨɜɧɢɯ ɝɪɚɧɢɱɧɢɯ ɩɚɪɚɦɟɬɪɚɯ ɡɚɝɚɥɶɧɨɝɨ ɰɢɤɥɭ 
ɪɨɡɝɥɹɧɭɬɨ ɬɪɢ ɜɚɪɿɚɧɬɢ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɦɚɲɢɧɢ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ 
ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɬɚ ɪɿɡɧɢɦ ɫɩɨɫɨɛɨɦ ɩɪɨɦɿɠɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɦɿɠ ɤɨɦɩɪɟɫɨɪɚɦɢ: 
ɛɟɡ ɩɪɨɦɿɠɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ; ɿɡ ɜɩɨɪɫɤɭɜɚɧɧɹɦ ɜɨɥɨɝɨʀ ɩɚɪɢ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɭ 
ɜɫɦɨɤɬɭɜɚɥɶɧɭ ɥɿɧɿɸ Ʉȼɋ; ɡ ɩɪɨɦɿɠɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ ɦɿɠ ɤɨɦɩɪɟɫɨɪɚɦɢ ɭ 
ɜɿɞɞɿɥɶɧɢɤɭ ɪɿɞɢɧɢ (ȼɊ) ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ.  

Ⱥɧɚɥɿɡ ɧɚɞɚɧɨ ɞɜɨɦɚ ɛɥɨɤɚɦɢ. Ȼɥɨɤ ɩɟɪɲɢɣ – ɚɧɚɥɿɡ ɞɜɨɫɬɭɩɟɧɟɜɢɯ ɡɜɨɪɨɬɧɢɯ 
ɰɢɤɥɿɜ ɞɥɹ ɜɫɿɯ ɫɯɟɦ, ɭɦɨɜɢ: ,ɩɪ varp   ɨɝ constp   ɿ ɝɨ constɌ  . Ȼɥɨɤ ɞɪɭɝɢɣ – ɚɧɚɥɿɡ 
ɡɚɝɚɥɶɧɨɝɨ ɰɢɤɥɭ ɦɚɲɢɧɢ ɩɪɨɜɟɞɟɧɨ ɿɡ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɛɟɡ  ɩɪɨɦɿɠɧɨɝɨ 
ɨɯɨɥɨɞɠɟɧɧɹ. Ɂɜɨɪɨɬɧɢɣ ɰɢɤɥ ɪɟɚɥɿɡɭєɬɶɫɹ ɡɚ ɩɪ constp  , ɩɪɹɦɢɣ – ɡɚ ,ɝɧ varp   ɿ 

,ɝɧ varɌ  . 
ȼɢɛɿɪ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɩɪp

 
ɞɥɹ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɭ ɬɚ ɪɨɡɪɚɯɭɧɤɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɲɢɧɢ ɡɞɿɣɫɧɟɧɨ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɟɨɪɿʀ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɩɪɢ 
ɜɢɪɿɲɟɧɧɿ ɨɞɧɿєʀ ɡ ɬɪɶɨɯ ɡɚɞɚɱ: ɟɧɟɪɝɟɬɢɱɧɨʀ, ɬɪɚɧɫɩɨɪɬɧɨʀ ɬɚ ɭɧɿɮɿɤɚɰɿʀ 
(ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ ɧɚɞɿɣɧɨɫɬɿ). 

ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ: ɨt  -500C; ɝɧt =300…400 0C; ɝɧɪ = 10…20 Ɇɉɚ; 

ɫɟɪt =300C; ɝɨɪ = 7 Ɇɉɚ; ɩɪɪ = 2…4 Ɇɉɚ; 0,8;КɆ   0,85;Ɍ   0,7.ɇ   

Ɋɨɡɪɚɯɭɧɤɢ ɩɨɤɚɡɚɥɢ ɩɟɪɟɜɚɝɢ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ɡ ɜɿɞɞɿɥɶɧɢɤɨɦ 
ɪɿɞɢɧɢ (ȼɊ), ɹɤɟ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 25.  
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Ɋɢɫ.25. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ: ɚ) ɫɯɟɦɚ; ɛ) ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ Ɍ-s 
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Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ 
ɦɚɲɢɧɢ ɜ ɰɿɥɨɦɭ ɡɚ ɩɪɢɣɧɹ-
ɬɢɦɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 
ɬɢɫɤɚɦɢ (10…20 Ɇɉɚ) ɬɚ 
ɬɟɦɩɟɪɚɬɭɪɚɦɢ (300…400 0C) 
ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɢɫɤɭ ɿ ɦɚɣɠɟ 
ɧɟɡɦɿɧɧɢɣ ɡɚ ɬɟɦɩɟɪɚɬɭɪɨɸ 
(ɪɢɫ.26). Ɍɟɦɩɟɪɚɬɭɪɢ ɝɪɿɸɱɨ-
ɝɨ ɞɠɟɪɟɥɚ ɥɢɲɟ ɡɚɛɟɡɩɟɱɭɸɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɪɿɜɟɧɶ ɨɯɨɥɨ-
ɞɠɭɜɚɧɨɝɨ ɨɛ’єɤɬɚ. 

 
ȼɂɋɇɈȼɄɂ ɌȺ ɊȿɁɍɅЬɌȺɌɂ 

 
1. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜɫɿ ɬɢɩɢ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɡ NH3-H2O ɬɚ ɋɈ2 

ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ ɦɨɠɭɬɶ ɤɨɦɩɥɟɤɬɭɜɚɬɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ 
ɟɧɟɪɝɟɬɢɤɢ ɡ ɪɨɡɜ’ɹɡɚɧɧɹɦ ɡɚɜɞɚɧɶ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ, ɦɚɸɬɶ 
ɿɧɞɢɜɿɞɭɚɥɶɧɭ ɨɛɥɚɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɿ ɧɟ є ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɿɧɲɢɦ. 

2. Ɂɚ ɭɦɨɜɢ ɨɞɧɨɱɚɫɧɢɯ ɩɪɨɰɟɫɿɜ ɩɟɪɟɯɪɟɫɧɨʀ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɿ 
ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ ɬɚ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ, ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 
ɩɿɞɜɢɳɟɧɧɹ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ ɧɚɞɿɣɧɨɫɬɿ ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɹɤɚ ɜɞɜɿɱɿ ɜɢɳɚ ɡɚ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɲɢɧɢ ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɚ ɟɤɫɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ – ɧɚ 30%.  

3. ȼɩɟɪɲɟ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɬɟɯɧɨɥɨɝɿɱɧɭ ɫɯɟɦɭ ɡ ɜɢɫɨɤɨɸ ɟɧɟɪɝɟɬɢɱɧɨɸ 
ɟɮɟɤɬɢɜɧɿɫɬɸ ( 0,42...0,65ȿ  ) ɬɚ ɟɤɨɥɨɝɿɱɧɨɸ ɛɟɡɩɟɤɨɸ, ɜ ɹɤɿɣ ɟɧɟɪɝɟɬɢɱɧɚ 
ɭɫɬɚɧɨɜɤɚ ɬɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ ɦɚɸɬɶ єɞɢɧɭ ɪɨɛɨɱɭ ɪɟɱɨɜɢɧɭ – ɋɈ2. ɍ ɰɶɨɦɭ 
ɜɢɩɚɞɤɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ ɦɚɲɢɧɚ ɫɚɦɨɫɬɿɣɧɨ ɜɢɤɨɧɭє ɮɭɧɤɰɿʀ ɫɢɫɬɟɦɢ 
ɬɪɢɝɟɧɟɪɚɰɿʀ.  

4. ȼɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ 
ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2 ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ 
ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɧɚ ɪɿɜɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜ ɨɯɨɥɨɞɠɭɜɚɧɨɦɭ ɨɛ'єɤɬɿ -500C. Ʉɨɟɮɿɰɿєɧɬ 
ɩɟɪɟɬɜɨɪɟɧɧɹ ɦɚɲɢɧɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɨɜɢɬɶ 0,08…0,2. 
Ɇɨɠɟ ɛɭɬɢ ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɞɨ ɿɧɲɢɯ ɜɢɞɿɜ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ 
ɦɚɲɢɧ, ɡɨɤɪɟɦɚ ɚɛɫɨɪɛɰɿɣɧɢɯ ɡ NH3-H2O. 

5. Ⱦɨɫɥɿɞɠɟɧɧɹɦ ɜɢɹɜɥɟɧɨ, ɳɨ ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɚɛɫɨɪɛɰɿɣɧɨ-
ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɜ ɪɟɠɢɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɨɜɢɬɶ 0,25…0,65, ɳɨ є ɤɥɚɫɢɱɧɢɦ 
ɩɨɤɚɡɧɢɤɨɦ ɞɥɹ ɚɛɫɨɪɛɰɿɣɧɨʀ ɬɟɯɧɿɤɢ. 

6. Ⱦɨɫɥɿɞɠɟɧɧɹɦ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɨɫɬɚ ȺɊɏɆ, ɹɤɚ ɧɟ ɭɫɤɥɚɞɧɟɧɚ 
ɜɧɭɬɪɿɲɧɶɨɸ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ, ɦɚє ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɄɄȾ ɧɚ ɪɿɜɧɿ 6% ɡ 
ɩɟɪɫɩɟɤɬɢɜɨɸ ɡɪɨɫɬɚɧɧɹ.  

7. Ɂɚ ɜɢɛɨɪɨɦ ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜ ɤɨɦɩɨɧɟɧɬɚɯ ȺɊɏɆ ɜɢɤɨɧɭɸɬɶɫɹ ɭɦɨɜɢ, 
ɧɚɛɥɢɠɟɧɿ ɞɨ ɡɨɜɧɿɲɧɶɨʀ ɨɛɨɪɨɬɧɨɫɬɿ ɜ ɩɪɨɰɟɫɚɯ ɝɟɧɟɪɚɰɿʀ ɿ ɞɟɝɚɡɚɰɿʀ, ɳɨ 
ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɜɢɫɨɤɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɄɄȾ ɝɟɧɟɪɚɬɨɪɚ – 80% ɬɚ 
ɞɟɝɚɡɚɬɨɪɚ – 70%. 

 

 
Ɋɢɫ.26. Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ ɦɚɲɢɧɢ  

ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ  
ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 
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ɋɉɂɋɈɄ ɈɉɍȻɅȱɄɈȼȺɇɂɏ ɉɊȺɐЬ ɁȾɈȻɍȼȺɑȺ 

1. Ƚɪɭɞɤɚ Ȼ.Ƚ. Ɍɪɢɝɟɧɟɪɚɰɢɹ – ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɦɚɥɨɣ 
ɷɧɟɪɝɟɬɢɤɟ ɞɥɹ ɚɝɪɚɪɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ɂ. Ɇɨɪɨɡɸɤ, ɋ.ȼ. Ƚɚɣɞɭɤ // 
ɏɨɥɨɞɢɥɶɧɚ ɬɟɯɧɿɤɚ ɬɚ ɬɟɯɧɨɥɨɝɿɹ. – 2015. – №4(51). – ɋ. 65-69. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ: ɨɝɥɹɞ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ, ɚɧɚɥɿɡ ɿɧɮɨɪɦɚɰɿʀ ɳɨɞɨ ɬɟɦɢ 
ɩɭɛɥɿɤɚɰɿʀ, ɜɚɪɿɚɧɬɧɿ ɪɨɡɪɚɯɭɧɤɢ, ɩɿɞɝɨɬɨɜɤɚ ɦɚɬɟɪɿɚɥɿɜ ɞɨ ɩɭɛɥɿɤɚɰɿʀ. 

2. Ƚɪɭɞɤɚ Ȼ.Ƚ. Ⱥɧɚɥɿɡ ɫɯɟɦɧɢɯ ɪɿɲɟɧɶ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 
ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ R744 / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ȱ. Ɇɨɪɨɡɸɤ, ɋ.ȼ. Ƚɚɣɞɭɤ // ȼɨɫɬɨɱɧɨ-
ɟɜɪɨɩɟɣɫɤɢɣ ɠɭɪɧɚɥ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ [EEJET]. – 2016. – Ɍ.1, №8(79). –                
ɋ. 29-39. 
 Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ: ɚɧɚɥɿɡ ɤɥɚɫɢɮɿɤɚɰɿʀ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥьɧɢɯ ɫɢɫɬɟɦ, 
ɜɚɪɿɚɧɬɧɿ ɪɨɡɪɚɯɭɧɤɢ ɟɧɟɪɝɟɬɢɱɧɨʀ ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɰɢɤɥɿɜ 
ɤɨɦɩɪɟɫɨɪɧɢɯ ɦɚɲɢɧ ɡ ɪɿɡɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ, ɩɿɞɝɨɬɨɜɤɚ 
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ɆɈɇ ɍɤɪɚʀɧɢ, Ɉɞɟɫɚ, 2017. 

Ⱦɢɫɟɪɬɚɰɿɸ ɩɪɢɫɜɹɱɟɧɨ ɜɢɪɿɲɟɧɧɸ ɜɚɠɥɢɜɨʀ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɨʀ ɩɪɨɛɥɟɦɢ – 
ɩɿɞɜɢɳɟɧɧɸ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ ɦɚɥɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ 
ɭɫɬɚɧɨɜɨɤ ɲɥɹɯɨɦ ɜɩɪɨɜɚɞɠɟɧɧɹ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ – ɰɿɥɨɪɿɱɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ 
ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ, ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ ɡɚ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɨɞɧɨɝɨ ɜɢɞɭ ɩɟɪɜɢɧɧɨʀ ɟɧɟɪɝɿʀ – 
ɬɟɩɥɚ. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɿɫɧɭɸɱɢɯ ɫɭɱɚɫɧɢɯ ɬɢɩɿɜ 
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ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɤɨɦɩɥɟɤɬɭɜɚɬɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ 
ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ ɡ ɜɢɪɿɲɟɧɧɹɦ ɡɚɜɞɚɧɶ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ 
ɞɨɰɿɥɶɧɨ ɚɛɫɨɪɛɰɿɣɧɢɦɢ ɦɚɲɢɧɚɦɢ ɡ ІH3-ɇ2Ɉ ɚɛɨ  ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɦɢ 
ɤɨɦɩɪɟɫɨɪɧɢɦɢ ɡ ɋɈ2 ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ.  

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɪɿɡɧɢɯ ɬɢɩɿɜ ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ ɜɤɚɡɚɜ ɧɚ ɩɟɪɟɜɚɝɢ 
ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɨɛɭɦɨɜɥɟɧɿ ɡɨɜɧɿ ɨɛɨɪɨɬɧɢɦɢ 
ɩɪɨɰɟɫɚɦɢ ɝɟɧɟɪɚɰɿʀ ɿ ɞɟɝɚɡɚɰɿʀ (ɬɟɦɩɟɪɚɬɭɪɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɡɦɿɧɸєɬɶɫɹ ɩɨɞɿɛɧɨ 
ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɞɠɟɪɟɥɚ ɬɟɩɥɚ). Ɉɰɿɧɟɧɨ ɟɧɟɪɝɟɬɢɱɧɭ ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ 
ɡɚɡɧɚɱɟɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɿ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ 
ɟɧɟɪɝɟɬɢɤɢ.  

Ⱦɨɫɥɿɞɠɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɩɨɜ'ɹɡɚɧɨ ɡ ɪɨɡɪɨɛɤɨɸ 
ɧɨɜɢɯ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɿ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ 
ɦɚɲɢɧɢ, ɩɪɢ ɩɟɪɟɯɪɟɫɧɨɦɭ ɬɟɩɥɨɨɛɦɿɧɿ ɜ ɰɢɤɥɚɯ. ȼɢɡɧɚɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɞɨɫɤɨɧɚɥɨɫɬɿ ɩɪɢɣɧɹɬɢɯ ɪɿɲɟɧɶ ɡ ɨɞɧɨɱɚɫɧɢɦ ɜɢɪɿɲɟɧɧɹɦ ɡɚɜɞɚɧɶ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ 
ɜɢɤɨɧɚɧɨ ɟɧɟɪɝɟɬɢɱɧɢɦ ɿ ɟɤɫɟɪɝɟɬɢɱɧɢɦ ɦɟɬɨɞɚɦɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ. 
Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɭ (ɞɨ -50ɨɋ). ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɭ ɤɨɦɩɪɟɫɨɪɧɭ 
ɦɚɲɢɧɭ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɬɚ ɫɢɫɬɟɦɭ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ єɞɢɧɨɸ ɪɨɛɨɱɨɸ 
ɪɟɱɨɜɢɧɨɸ ɋɈ2 ɜ ɟɧɟɪɝɟɬɢɱɧɿɣ ɭɫɬɚɧɨɜɰɿ ɿ ɯɨɥɨɞɢɥɶɧɿɣ ɦɚɲɢɧɿ. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ 
ɚɧɚɥɿɡ ɞɜɨɯ ɨɫɬɚɧɧɿɯ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɨɰɿɧɢɜ ɦɨɠɥɢɜɿɫɬɶ ʀɯ ɩɪɚɤɬɢɱɧɨʀ 
ɪɟɚɥɿɡɚɰɿʀ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Ɇɚɥɚ ɟɧɟɪɝɟɬɢɤɚ, ɬɪɢɝɟɧɟɪɚɰɿɹ, ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ, 
ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ, ɤɨɦɩɪɟɫɨɪɧɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ 
ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ, ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ, ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ, ɟɧɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ.  

 
ȺɇɇɈɌȺɐɂə 

Ƚɪɭɞɤɚ Ȼ.Ƚ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɳɢɯ ɯɨɥɨɞɢɥɶɧɵɯ 
ɦɚɲɢɧ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɢɢ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɢ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ ɩɨ 
ɫɩɟɰɢɚɥɶɧɨɫɬɢ 05.05.14 – «ɏɨɥɨɞɢɥɶɧɚɹ, ɜɚɤɭɭɦɧɚɹ ɢ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɬɟɯɧɢɤɚ, ɫɢɫɬɟɦɵ 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ». – Ɉɞɟɫɫɤɚɹ ɧɚɰɢɨɧɚɥɶɧɚɹ ɚɤɚɞɟɦɢɹ ɩɢɳɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɆɈɇ 
ɍɤɪɚɢɧɵ, Ɉɞɟɫɫɚ, 2017.  

Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɪɟɲɟɧɢɸ ɜɚɠɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ – 
ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɚɥɵɯ  
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɩɭɬɟɦ ɜɧɟɞɪɟɧɢɹ ɫɢɫɬɟɦɵ ɬɪɢɝɟɧɟɪɚɰɢɢ – ɤɪɭɝɥɨɝɨɞɢɱɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɬɟɩɥɚ ɢ ɯɨɥɨɞɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɧɨɝɨ ɜɢɞɚ 
ɩɟɪɜɢɱɧɨɣ ɷɧɟɪɝɢɢ – ɬɟɩɥɚ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɨɜɪɟɦɟɧɧɵɯ ɬɢɩɨɜ ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɳɢɯ ɦɚɲɢɧ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɤɨɦɩɥɟɤɬɨɜɚɬɶ ɫɢɫɬɟɦɵ ɬɪɢɝɟɧɟɪɚɰɢɢ ɦɚɥɨɣ ɷɧɟɪɝɟɬɢɤɢ ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɚɛɫɨɪɛɰɢɨɧɧɵɦɢ 
ɦɚɲɢɧɚɦɢ ɫ NH3-H2O ɢɥɢ ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɳɢɦɢ ɤɨɦɩɪɟɫɫɨɪɧɵɦɢ ɫ ɋɈ2 ɪɚɛɨɱɢɦɢ 
ɜɟɳɟɫɬɜɚɦɢ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɚɛɫɨɪɛɰɢɨɧɧɵɯ ɦɚɲɢɧ ɭɤɚɡɚɥ ɧɚ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɚɛɫɨɪɛɰɢɨɧɧɨ-ɪɟɡɨɪɛɰɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɜɧɟɲɧɟ ɨɛɪɚɬɢɦɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɝɟɧɟɪɚɰɢɢ ɢ ɞɟɝɚɡɚɰɢɢ (ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɝɨ 
ɜɟɳɟɫɬɜɚ ɢɡɦɟɧɹɟɬɫɹ ɩɨɞɨɛɧɨ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ). Ɉɰɟɧɟɧɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɤɚɡɚɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ ɫɢɫɬɟɦɵ ɬɪɢɝɟɧɟɪɚɰɢɢ ɦɚɥɨɣ ɷɧɟɪɝɟɬɢɤɢ. ɇɚ ɩɪɢɦɟɪɟ 
ɮɟɪɦɟɪɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɪɢɜɟɞɟɧ ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɥɨɣ ɫɢɫɬɟɦɵ ɬɪɢɝɟɧɟɪɚɰɢɢ.  
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɦɩɪɟɫɫɨɪɧɵɯ ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɳɢɯ ɦɚɲɢɧ ɫ ɋɈ2 ɫɜɹɡɚɧɨ ɫ 

ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɵɯ ɪɟɲɟɧɢɣ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦ ɢ 
ɨɛɪɚɬɧɨɦ ɰɢɤɥɚɯ ɦɚɲɢɧɵ, ɩɪɢ ɩɟɪɟɤɪɟɫɬɧɨɦ ɬɟɩɥɨɨɛɦɟɧɟ ɜ ɰɢɤɥɚɯ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɜɟɪɲɟɧɫɬɜɚ ɩɪɢɧɹɬɵɯ ɪɟɲɟɧɢɣ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜɵɩɨɥɧɟɧɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɉɪɟɞɥɨɠɟɧɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ (ɞɨ -50ɨɋ) 
ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɳɚɹ ɤɨɦɩɪɟɫɫɨɪɧɚɹ ɦɚɲɢɧɚ ɫ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɨɛɪɚɬɧɵɦ ɰɢɤɥɨɦ ɢ 
ɫɢɫɬɟɦɭ ɬɪɢɝɟɧɟɪɚɰɢɢ ɫ ɟɞɢɧɵɦ ɪɚɛɨɱɢɦ ɜɟɳɟɫɬɜɨɦ ɋɈ2 ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɢ 
ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɟ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɵɯ 
ɪɟɲɟɧɢɣ ɨɰɟɧɢɥ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɇɚɥɚɹ ɷɧɟɪɝɟɬɢɤɚ, ɬɪɢɝɟɧɟɪɚɰɢɹ, ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɚɛɫɨɪɛɰɢɨɧɧɨ-ɪɟɡɨɪɛɰɢɨɧɧɚɹ ɯɨɥɨɞɢɥɶɧɚɹ ɦɚɲɢɧɚ, ɤɨɦɩɪɟɫɫɨɪɧɚɹ 
ɬɟɩɥɨɢɫɩɨɥɶɡɭɸɲɚɹ ɯɨɥɨɞɢɥɶɧɚɹ ɦɚɲɢɧɚ, ɪɟɝɟɧɟɪɚɰɢɹ ɬɟɩɥɚ, ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 

 
ABSTRACT 

Hrudka B. Thermodynamic analysis of the heat-driven refrigeration machines 
within trigeneration systems. – The manuscript. 

The thesis for Candidate of science degree by specialty 05.10.14 – «RОПrТРОrКЭТЧР, 
vacuum and compressor technique, КТr МoЧНТЭТoЧТЧР ЬвЬЭОЦЬ». – Odessa national academy of 
food technologies. MESYS of Ukraine, Odessa, 2017. 

The dissertation is devoted in solving a relevant scientific and technical problem that is 
the increasing the energy efficiency and ecological effectiveness of the small energy systems 
through the introduction of the trigeneration for year-round generation of electrical energy, 
heat and cold using heat as the only source of driving energy. 

The comparative analysis of modern types of the heat-driven refrigeration machines 
has been conducted. It was found out that the implementation of the NH3-H2O absorption 
refrigeration machines as well as heat-driven compression machines with ɋɈ2 as the working 
fluid to the trigeneration systems of small energetics is feasible from the point of view of 
energy efficiency and ecological effectiveness. 

The thermodynamic analysis of different types of absorption machines demonstrated 
the advantages of the absorption-resorption refrigeration machines: the external reversibility 
within the processes of generation and degasation (the temperature profile of the working 
fluid is similar to the temperature profile of heat source/sick). A farmer household is used as 
an application example for the formation of the small trigeneration system. 

The research of the compression heat-driven machines with ɋɈ2 as the working fluid 
has been done to the direction of creating the new cycles and schemes where the heat 
regeneration process is used within direct and inverse cycles as well as between these cycles. 
The energetic evaluation of the new cycles and schemes taking into account the options for 
energy saving has been performed using energy and exergy analyses. New cycles and 
schemes of the low-temperature (up to -50ɨɋ) compression heat-driven refrigeration machines 
with two-stage inverse cycle and trigeneration system with ɋɈ2 as the working fluid for 
power generation system and refrigeration machine have been proposed. The practical 
feasibility of these machines has been confirmed using the results obtained from the 
thermodynamic analysis. 

Keywords: Small energetics, energy efficiency, absorption-resorption refrigeration 
machine, compression heat-driven refrigeration machine, heat regeneration, energy analysis, 
exergy analysis. 
 



- 22 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɉɿɞɩɢɫɚɧɨ ɞɨ ɞɪɭɤɭ 30.03.2018 
Ɉɛɫɹɝ 0.9 ɚɜɬ. ɚɪɤ. Ɏɨɪɦɚɬ 60ɯ84/16 

Ɍɢɪɚɠ 100 ɩɪɢɦ. ɉɚɩɿɪ ɨɮɫɟɬɧɢɣ. Ɂɚɦ. № 2348 
    

ɇɚɞɪɭɤɨɜɚɧɨ ɭ ɤɨɩɿɸɜɚɥɶɧɨɦɭ ɰɟɧɬɪɿ «Ƚɪɟɱɟɫɤɢɣ ɞɨɦ» 
(ɋɜɿɞɨɰɬɜɨ 23206828 ɜɿɞ 21.05.2004) 

ɦ. Ɉɞɟɫɚ,  ɜɭɥ. ȼɿɰɟ-ɚɞɦɿɪɚɥɚ ɀɭɤɨɜɚ, 3/7 
Ɍɟɥ./ɮɚɤɫ: (0482) 375-235 

 


