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ɍȾɄ 621.371  
ȼ. ɘ. Ʉɭɱɟɪɭɤ ɞ.ɬ.ɧ, ɩɪɨɮɟɫɨɪ; ə. Ɉ. Ȼɿɥɟɰɶɤɢɣ ɫɬɭɞɟɧɬ, ɋ. Ɍɢɯɨɧɨɜɚ 
ɆȱɄɊɈɉɊɈɐȿɋɈɊɇɂɃ ɄɈɇɌɊɈɅȿɊ ɋɈɇəɑɇɈȽɈ ɄɈɅȿɄɌɈɊȺ 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɢɬɪɚɬɢ, ɬɟɦɩɟɪɚɬɭɪɚ, ɫɨɧɹɱɧɢɣ ɤɨɥɟɤɬɨɪ, ɬɟɩɥɨɧɨɫɿɣ, ɦɿɤɪɨɤɨɧɬɪɨɥɟɪ, 
ɜɨɞɨɩɨɫɬɚɱɚɧɧɹ. 

Ɂ ɪɨɡɜɢɬɤɨɦ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɬɟɯɧɿɤɢ ɜɢɧɢɤɚє ɩɨɬɪɟɛɚ ɩɨɬɪɟɛɚ ɭ ɬɨɦɭ, ɳɨɛ ɦɨɞɟɪɧɿɡɭɜɚɬɢ 
ɫɢɫɬɟɦɢ ɤɨɧɬɪɨɥɸ. Ɉɞɧɿєɸ ɡ ɬɚɤɢɯ ɫɢɫɬɟɦ є ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɸ ɫɨɧɹɱɧɨɝɨ ɤɨɥɟɤɬɨɪɚ. 
ɉɪɨɚɧɚɥɿɡɭɜɚɜɲɢ ɡɚɤɨɪɞɨɧɿ ɚɧɚɥɨɝɢ ɬɚ ɜɪɚɯɭɜɚɜɲɢ ɜɿɞɫɭɬɧɿɫɬɶ ɜɿɬɱɢɡɧɹɧɢɯ ɚɧɚɥɨɝɿɜ ɞɚɧɨʀ ɫɢɫɬɟɦɢ 
ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɞɚɧɚ ɝɚɥɭɡɶ є ɩɟɪɫɩɟɤɬɢɜɧɨɸ ɞɥɹ ɪɨɡɜɢɬɤɭ. 

Ɉɫɧɨɜɧɨɸ ɦɟɬɨɸ ɞɚɧɨʀ ɪɨɛɨɬɢ є ɩɨɤɪɚɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɿɛɪɚɧɨʀ ɫɨɧɹɱɧɢɦ 
ɤɨɥɟɤɬɨɪɨɦ ɟɧɟɪɝɿʀ, ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɭɩɪɚɜɥɿɧɧɹ ɬɚ ɚɜɬɨɦɚɬɢɡɚɰɿɹ ɪɨɛɨɬɢ ɫɨɧɹɱɧɨɝɨ ɤɨɥɟɤɬɨɪɚ ɡɚ 
ɪɚɯɭɧɨɤ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɬɟɯɧɿɤɢ. 

ɋɨɧɹɱɧɢɣ ɤɨɥɟɤɬɨɪ – ɰɟ ɩɪɢɫɬɪɿɣ ɞɥɹ ɡɛɨɪɭ ɟɧɟɪɝɿʀ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɋɨɧɰɹ ɭ ɜɢɞɢɦɨɦɭ ɬɚ 
ɿɧɮɪɚɱɟɪɜɨɧɨɦɭ ɫɩɟɤɬɪɿ. Ɂɿɛɪɚɧɚ ɟɧɟɪɝɿɹ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɧɚɝɪɿɜɭ ɦɚɬɟɪɿɚɥɭ – ɬɟɩɥɨɧɨɫɿɹ ɚɛɨ 
ɜɨɞɢ [1]. Ⱦɥɹ ɩɟɪɟɞɚɱɿ ɡɿɛɪɚɧɨʀ ɟɧɟɪɝɿʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɨɧɤɿ ɦɿɞɧɿ ɬɪɭɛɤɢ ɡɚɩɨɜɧɟɧɿ ɥɟɝɤɨ 
ɡɚɤɢɩɚɸɱɨɸ ɪɿɞɢɧɨɸ, ɹɤɿ ɡ’єɞɧɚɧɿ ɡ ɬɟɩɥɨɨɛɦɿɧɧɢɤɨɦ. ȼ ɫɜɨɸ ɱɟɪɝɭ ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɜɢɫɬɭɩɚє 
ɩɨɫɟɪɟɞɧɢɤɨɦ ɩɪɢ ɩɟɪɟɞɚɱɿ ɬɟɩɥɚ ɧɚɤɨɩɢɱɭɜɚɥɶɧɨɦɭ ɛɨɣɥɟɪɭ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɚɝɪɿɜɚєɬɶɫɹ ɜɨɞɚ ɞɥɹ 
ɝɚɪɹɱɨɝɨ ɜɨɞɨɩɨɫɬɚɱɚɧɧɹ ɬɚ ɧɚɝɪɿɜɭ ɜɨɞɢ ɜ ɛɚɫɟɣɧɿ [2]. 

Ʉɨɧɬɪɨɥɟɪ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜ ɬɢɯ ɠɟ ɝɚɥɭɡɹɯ, ɞɟ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɿ ɫɨɧɹɱɧɢɣ ɤɨɥɟɤɬɨɪ, 
ɬɨɛɬɨ ɞɥɹ ɨɩɚɥɟɧɧɹ ɩɪɨɦɢɫɥɨɜɢɯ ɿ ɩɨɛɭɬɨɜɢɯ ɩɪɢɦɿɳɟɧɶ, ɝɚɪɹɱɨɝɨ ɜɨɞɨɩɨɫɬɚɱɚɧɧɹ ɜɢɪɨɛɧɢɱɢɯ 
ɩɪɨɰɟɫɿɜ, ɩɨɛɭɬɨɜɢɯ ɩɨɬɪɟɛ [3]. ɇɚɣɛɿɥɶɲɚ ɤɿɥɶɤɿɫɬɶ ɜɢɪɨɛɧɢɱɢɯ ɩɪɨɰɟɫɿɜ, ɜ ɹɤɢɯ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɬɟɩɥɚ ɬɚ ɝɚɪɹɱɚ ɜɨɞɚ (30-90 °C), ɩɪɨɯɨɞɹɬɶ ɜ ɯɚɪɱɨɜɿɣ ɿ ɬɟɤɫɬɢɥɶɧɿɣ 
ɩɪɨɦɢɫɥɨɜɨɫɬɿ, ɹɤɿ ɬɚɤɢɦ ɱɢɧɨɦ ɦɚɸɬɶ ɧɚɣɜɢɳɢɣ ɩɨɬɟɧɰɿɚɥ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɨɧɬɪɨɥɟɪɚ [4]. 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪ, ɹɤɢɣ ɜ 
ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ ɨɬɪɢɦɭє ɞɚɧɿ ɩɪɨ ɫɬɚɧ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɜɢɬɪɚɬ ɬɟɩɥɨɧɨɫɿɹ ɿɡ ɜɿɞɩɨɜɿɞɧɢɯ 
ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɤɚɧɚɥɿɜ ɬɚ ɡɞɿɣɫɧɸє ɪɟɝɭɥɸɜɚɧɧɹ ɫɬɚɧɭ ɫɨɧɹɱɧɨɝɨ ɤɨɥɟɤɬɨɪɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɢɫɬɟɦɢ 
ɭɩɪɚɜɥɿɧɧɹ. ȼɢɦɿɪɸɜɚɥɶɧɢɣ ɤɚɧɚɥ ɬɟɦɩɟɪɚɬɭɪɢ ɬɟɩɥɨɧɨɫɿɹ ɫɤɥɚɞɚєɬɶɫɹ ɿɡ ɩɟɪɜɢɧɧɨɝɨ 
ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ, ɹɤɢɣ ɡɞɿɣɫɧɸє ɩɟɪɟɬɜɨɪɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɪɿɡɧɢɰɸ ɩɨɬɟɧɰɿɚɥɿɜ 
ɬɚ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ, ɹɤɢɣ ɨɰɢɮɪɨɜɭє ɡɧɚɱɟɧɧɹ ɧɚɩɪɭɝɢ ɡ ɩɟɪɜɢɧɧɨɝɨ 
ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ. ȼ ɫɜɨɸ ɱɟɪɝɭ ɤɚɧɚɥ ɜɢɦɿɪɸɜɚɧɧɹ ɜɢɬɪɚɬ ɬɟɩɥɨɧɨɫɿɹ ɫɤɥɚɞɚєɬɶɫɹ ɡ 
ɩɟɪɜɢɧɧɨɝɨ ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɡɧɚɱɟɧɧɹ ɜɢɬɪɚɬ ɪɿɞɢɧɢ 
ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɿɦɩɭɥɶɫɿɜ. Ⱦɚɧɭ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɿɦɩɭɥɶɫɿɜ ɩɿɞɪɚɯɨɜɭє ɥɿɱɢɥɶɧɢɤ 
ɿɦɩɭɥɶɫɿɜ, ɹɤɢɣ є ɞɪɭɝɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ ɤɚɧɚɥɭ. 

ȼ ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɡɭ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɞɥɹ ɪɨɡɪɨɛɤɢ ɞɚɧɨɝɨ ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨɝɨ ɤɨɧɬɪɨɥɟɪɚ 
ɛɭɥɢ ɨɛɪɚɧɿ ɦɟɬɨɞɢ ɬɭɪɛɿɧɧɨɝɨ ɜɢɬɪɚɬɨɦɿɪɭ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɜɢɬɪɚɬ ɬɚ ɬɟɪɦɨɟɥɟɤɬɪɢɱɧɨɝɨ 
ɬɟɪɦɨɦɟɬɪɚ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ. ɇɚ ɨɫɧɨɜɿ ɨɛɪɚɧɢɯ ɦɟɬɨɞɿɜ ɛɭɥɚ ɪɨɡɪɨɛɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚ 
ɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɚ ɫɯɟɦɚ ɩɪɢɥɚɞɭ.  
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