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Єɜɝɟɧɿɣ ɋɚɯɧɨ, Ɉɥɟɤɫɿɣ Ɍɟɪɟɳɭɤ, ɋɬɚɧɿɫɥɚɜ Ɏɟɞɨɪɰɨɜ, ȼɿɤɬɨɪ ɋɢɩɥɢɜɟɰɶ  
ɌȿɊɆɈɆɈȾȿɊɇȱɁȺɐȱə ɈȽɈɊɈȾɀɍȼȺɅɖɇɂɏ ɄɈɇɋɌɊɍɄɐȱɃ  

ȻɍȾȱȼȿɅɖ ȱ ɋɉɈɊɍȾ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɂɚɝɚɥɶɧɨɜɿɞɨɦɨ, ɳɨ ɛɿɥɶɲɭ ɱɚɫɬɢɧɭ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɛɭɞɢɧɤɭ 
ɡɚɣɦɚɸɬɶ ɡɨɜɧɿɲɧɿ ɫɬɿɧɢ, ɬɨɦɭ ʀɯɧɿɣ ɜɩɥɢɜ ɧɚ ɜɬɪɚɬɢ ɬɟɩɥɨɬɢ ɛɭɞɿɜɥɟɸ є ɨɫɧɨɜɧɢɦɢ. ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɮɚɫɚɞɧɢɯ 
ɫɢɫɬɟɦ ɭɬɟɩɥɟɧɧɹ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɧɟ ɬɿɥɶɤɢ ɜɢɫɨɤɢɣ ɩɨɤɚɡɧɢɤ ɨɩɨɪɭ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, ɚɥɟ ɣ ɧɨɪɦɚɥɶɧɢɣ ɜɨɥɨɝɨɫɬɿɣ-
ɤɢɣ ɪɟɠɢɦ ɤɨɧɫɬɪɭɤɰɿɣ ɩɪɢ ɟɤɫɩɥɭɚɬɚɰɿʀ, ɚ ɨɬɠɟ, ɤɨɦɮɨɪɬɧɿ ɭɦɨɜɢ ɞɥɹ ɩɪɨɠɢɜɚɧɧɹ ɥɸɞɟɣ. Ⱦɥɹ ɬɟɩɥɨɿɡɨɥɹɰɿʀ ɡɨɜɧɿ-
ɲɧɿɯ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɡɞɟɛɿɥɶɲɨɝɨ ɡɚɫɬɨɫɨɜɭɸɬɶ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɿ ɦɚɬɟɪɿɚɥɢ, ɿ ɜ ɛɚɝɚɬɨɲɚɪɨɜɢɯ ɨɝɨɪɨ-
ɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɹɯ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɿ ɦɚɬɟɪɿɚɥɢ ɡɚɫɬɨɫɨɜɭɸɬɶ ɹɤ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɣ ɲɚɪ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɛɭɞɿɜɟɥɶɧɢɯ ɪɨɛɿɬ ɬɪɟɛɚ ɜɪɚɯɨɜɭɜɚɬɢ, ɳɨ ɬɟɪɦɨɦɨɞɟɪɧɿɡɚɰɿɹ ɛɭɞɿɜɟɥɶ – 
ɰɟ ɰɿɥɢɣ ɤɨɦɩɥɟɤɫ ɪɨɛɿɬ, ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ ɪɚɰɿɨɧɚɥɿɡɚɰɿɸ ɬɟɩɥɨɬɟɯɧɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ, 
ɩɨɤɚɡɧɢɤɿɜ ɫɩɨɠɢɜɚɧɧɹ ɟɧɟɪɝɟɬɢɱɧɢɯ ɪɟɫɭɪɫɿɜ ɿɧɠɟɧɟɪɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɬɚ ɡɚɛɟɡɩɟɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɛɭɞɿɜɟɥɶ ɧɚ ɪɿɜɧɿ, ɧɟ ɧɢɠɱɨɦɭ, ɧɿɠ ɜɫɬɚɧɨɜɥɟɧɨ ɦɿɧɿɦɚɥɶɧɢɦɢ ɜɢɦɨɝɚɦɢ ɳɨɞɨ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɍ ɪɨɛɨɬɿ ɛɭɥɢ ɪɨɡɝɥɹɧɭɬɿ ɨɫɬɚɧɧɿ ɩɭɛɥɿɤɚɰɿʀ ɡ ɰɿєʀ ɬɟɦɢ, ɹɤɿ ɩɪɟɞɫɬɚ-
ɜɥɟɧɨ ɭ ɜɿɞɤɪɢɬɨɦɭ ɞɨɫɬɭɩɿ, ɜɤɥɸɱɚɸɱɢ ɱɢɧɧɿ ɧɨɪɦɚɬɢɜɧɿ ɞɨɤɭɦɟɧɬɢ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. Ɂɧɚɱɧɚ ɱɚɫɬɤɚ ɧɚɹɜɧɢɯ ɧɢɧɿ ɛɭɞɿɜɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ 
ɞɭɠɟ ɧɢɡɶɤɢɦ ɪɿɜɧɟɦ ɬɟɩɥɨɡɚɯɢɫɬɭ ɬɚ ɧɟɩɪɢɩɭɫɬɢɦɨ ɜɢɫɨɤɢɦɢ ɜɢɬɪɚɬɚɦɢ ɬɟɩɥɚ ɧɚ ɩɿɞɬɪɢɦɚɧɧɹ ɧɟɨɛɯɿɞɧɢɯ ɩɚɪɚ-
ɦɟɬɪɿɜ ɦɿɤɪɨɤɥɿɦɚɬɭ. ɋɟɪɟɞ ɨɫɧɨɜɧɢɯ ɩɪɢɱɢɧ ɦɚɥɨʀ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɟɥɶ є ɧɢɡɶɤɢɣ ɪɿɜɟɧɶ ɬɟɪɦɨɨɩɨɪɭ ɨɫɧɨ-
ɜɧɢɯ ɛɭɞɿɜɟɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ. Ɍɨɦɭ ɜ ɞɚɧɿɣ ɧɚɭɤɨɜɿɣ ɪɨɛɨɬɿ ɫɬɚɜɢɬɶɫɹ ɡɚɜɞɚɧɧɹ ɩɟɪɟɞɛɚɱɢɬɢ ɜɥɚɲɬɭɜɚɧɧɹ ɬɟɩɥɨɜɿɞ-
ɛɢɜɧɨʀ ɬɟɩɥɨɿɡɨɥɹɰɿʀ ɦɿɠ ɩɪɢɥɚɞɚɦɢ ɨɩɚɥɟɧɧɹ ɬɚ ɡɨɜɧɿɲɧɶɨɸ ɫɬɿɧɨɸ (ɡɚɪɚɞɿɚɬɨɪɧɨɝɨ ɟɤɪɚɧɚ), ɚ ɬɚɤɨɠ ɜɢɛɨɪɭ 
ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɞɥɹ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. Ɇɟɬɨɸ ɰɿєʀ ɧɚɭɤɨɜɨʀ ɪɨɛɨɬɢ є ɮɨɪɦɭɜɚɧɧɹ ɡɚɯɨɞɿɜ ɡ ɦɨɞɟɪɧɿɡɚɰɿʀ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫ-
ɬɪɭɤɰɿɣ ɛɭɞɿɜɟɥɶ ɬɚ ɫɩɨɪɭɞ ɧɚ ɨɫɧɨɜɿ ɤɨɦɩɥɟɤɫɧɨɝɨ ɚɧɚɥɿɡɭ ɨɛ’єɦɧɨ-ɩɥɚɧɭɜɚɥɶɧɢɯ, ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɬɚ ɿɧɠɟɧɟɪɧɨ-
ɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ, ɚ ɬɚɤɨɠ ɞɥɹ ɩɥɚɧɭɜɚɧɧɹ, ɨɪɝɚɧɿɡɚɰɿʀ ɿ ɩɪɨɜɟɞɟɧɧɹ ɟɧɟɪɝɨɚɭɞɢɬɭ ɿɫɧɭɸɱɢɯ ɛɭɞɿɜɟɥɶ ɿɡ ɪɨɡɪɨɛɤɨɸ 
ɪɟɤɨɦɟɧɞɚɰɿɣ ɳɨɞɨ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɢɯ ɨɛ’єɤɬɿɜ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɍɟɩɥɨɿɡɨɥɹɰɿɣɧɢɣ ɲɚɪ ɡɚɥɟɠɧɨ ɜɿɞ ɬɢɩɭ ɬɚ ɝɭɫɬɢɧɢ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɜɢɪɨɛɿɜ, ɳɨ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ, ɦɨɠɟ ɜɢɤɨɧɭɜɚɬɢɫɶ ɪɿɡɧɢɦɢ ɦɟɬɨɞɚɦɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɪɨɛɿɬ ɡ ɟɧɟɪɝɨɡɚɯɢɫɬɭ ɛɭɞɿɜɥɿ ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ 
ɝɟɨɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ 22 ɤɨɪɩɭɫɭ ɑɇɌɍ, ɧɚ ɨɫɧɨɜɿ ɹɤɢɯ ɩɪɨɜɨɞɢɜɫɹ ɪɨɡɪɚɯɭɧɨɤ ɬɟɩɥɨɬɟɯɧɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɛɭɞɿɜɥɿ ɡ 
ɩɨɞɚɥɶɲɢɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ ɜɢɡɧɚɱɟɧɧɹɦ ɬɟɩɥɨɜɿɡɿɣɧɢɯ ɞɿɚɝɪɚɦ ɬɚ ʀɯ ɨɛɪɨɛɤɨɸ ɜ ɩɪɨɝɪɚɦɧɨɦɭ ɤɨɦɩɥɟɤɫɿ.  

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɨɬɪɢɦɚɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɭɞɿɜɥɿ, ɹɤɿ 
ɞɨɡɜɨɥɹɸɬɶ ɨɰɿɧɢɬɢ ʀʀ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬɶ. ɉɪɢ ɰɶɨɦɭ ɤɨɥɢ ɛɭɞɿɜɥɹ ɦɚє ɜɢɫɨɤɢɣ ɤɥɚɫ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ, ɰɟ ɞɨɡɜɨɥɹє 
ɜɢɞɿɥɹɬɢ ɧɚ ɧɟʀ ɦɟɧɲɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɿ ɹɤ ɧɚɫɥɿɞɨɤ, ɡɦɟɧɲɭɸɬɶɫɹ ɜɢɬɪɚɬɢ ɧɚ ɨɩɚɥɟɧɧɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɦɟ-
ɬɨɞɢɤɚ ɨɰɿɧɤɢ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɥɿ ɬɚ ɜɢɛɨɪɭ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɹɤɚ ɜɤɥɸɱɚє ɪɨɡɪɚɯɭɧɤɨɜɿ ɭɦɨɜɢ 
ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɛɭɞɿɜɥɿ, ɝɟɨɦɟɬɪɢɱɧɿ ɬɚ ɬɟɩɥɨɬɟɯɧɿɱɧɿ ɩɨɤɚɡɧɢɤɢ, ɚ ɬɚɤɨɠ ɤɨɟɮɿɰɿєɧɬɢ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɤɨɦ-
ɩɥɟɤɫɧɿ ɩɨɤɚɡɧɢɤɢ ɞɨɡɜɨɥɹє ɪɚɰɿɨɧɚɥɶɧɨ ɩɿɞɿɛɪɚɬɢ ɫɯɟɦɭ ɬɟɪɦɨɦɨɞɟɪɧɿɡɚɰɿʀ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ȼɢɤɨɪɢɫ-
ɬɚɧɧɹ ɰɿєʀ ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɰɿɧɸɜɚɧɧɹ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɪɩɭɫɭ ɑɇɌɍ ɞɨɡɜɨɥɹє ɩɿɞɜɢɳɢɬɢ ɟɧɟɪɝɝɨɟ-
ɮɟɤɬɢɜɧɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨɝɨ ɨɛ’єɤɬɭ ɬɚ ɡɦɟɧɲɢɬɢ ɜɢɬɪɚɬɢ ɧɚ ɣɨɝɨ ɨɩɚɥɟɧɧɹ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɟɧɟɪɝɨɨɳɚɞɧɿɫɬɶ; ɬɟɩɥɨɜɿɡɨɪ; ɨɝɨɪɨɞɠɭɜɚɥɶɧɿ ɤɨɧɫɬɪɭɤɰɿʀ. 
Ɋɢɫ.: 7. Ȼɿɛɥ.: 5. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ. Ɂɚɝɚɥɶɧɨɜɿɞɨɦɨ, ɳɨ ɛɿɥɶɲɭ ɱɚɫɬɢɧɭ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭ-
ɤɰɿɣ ɛɭɞɢɧɤɭ ɡɚɣɦɚɸɬɶ ɡɨɜɧɿɲɧɿ ɫɬɿɧɢ, ɬɨɦɭ ʀɯɧɿɣ ɜɩɥɢɜ ɧɚ ɜɬɪɚɬɢ ɬɟɩɥɨɬɢ ɛɭɞɿɜɥɟɸ є 
ɨɫɧɨɜɧɢɦɢ. ȼɿɞɨɦɨ, ɳɨ ɮɚɫɚɞɧɿ ɫɢɫɬɟɦɢ ɭɬɟɩɥɟɧɧɹ ɛɭɞɿɜɟɥɶ є ɨɞɧɢɦ ɿɡ ɧɚɣɤɪɚɳɢɯ ɤɨɧɫ-
ɬɪɭɤɬɢɜɧɢɯ ɡɚɫɨɛɿɜ ɡɛɿɥɶɲɟɧɧɹ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫ-
ɬɪɭɤɰɿɣ. ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɮɚɫɚɞɧɢɯ ɫɢɫɬɟɦ ɭɬɟɩɥɟɧɧɹ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɧɟ ɬɿɥɶɤɢ ɜɢɫɨɤɢɣ 
ɩɨɤɚɡɧɢɤ ɨɩɨɪɭ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, ɚɥɟ ɣ ɧɨɪɦɚɥɶɧɢɣ ɜɨɥɨɝɨɫɬɿɣɤɢɣ ɪɟɠɢɦ ɤɨɧɫɬɪɭɤɰɿɣ 
ɩɪɢ ɟɤɫɩɥɭɚɬɚɰɿʀ, ɚ ɡɜɿɞɫɢ ɤɨɦɮɨɪɬɧɿ ɭɦɨɜɢ ɞɥɹ ɩɪɨɠɢɜɚɧɧɹ ɥɸɞɟɣ [1-3]. Ⱦɥɹ ɬɟɩɥɨɿɡɨ-
ɥɹɰɿʀ ɡɨɜɧɿɲɧɿɯ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɡɚɡɜɢɱɚɣ ɡɚɫɬɨɫɨɜɭɸɬɶ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɿ 
ɦɚɬɟɪɿɚɥɢ, ɿ ɜ ɛɚɝɚɬɨɲɚɪɨɜɢɯ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɹɯ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɿ ɦɚɬɟɪɿɚɥɢ 
ɡɚɫɬɨɫɨɜɭɸɬɶ ɹɤ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɣ ɲɚɪ.  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɍ ɩɪɨɰɟɫɿ ɩɪɨɜɟɞɟɧɧɹ ɛɭɞɿɜɟɥɶɧɢɯ ɪɨɛɿɬ ɬɪɟɛɚ ɜɪɚɯɨɜɭɜɚɬɢ, 
ɳɨ ɬɟɪɦɨɦɨɞɟɪɧɿɡɚɰɿɹ ɛɭɞɿɜɟɥɶ – ɰɟ ɰɿɥɢɣ ɤɨɦɩɥɟɤɫ ɪɨɛɿɬ, ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ ɪɚɰɿɨɧɚɥɿɡɚ-
ɰɿɸ ɬɟɩɥɨɬɟɯɧɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɛɭɞɿɜɟɥɶ, ɩɨɤɚɡɧɢɤɿɜ ɫɩɨ-
ɠɢɜɚɧɧɹ ɟɧɟɪɝɟɬɢɱɧɢɯ ɪɟɫɭɪɫɿɜ ɿɧɠɟɧɟɪɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɬɚ ɡɚɛɟɡɩɟɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɟɥɶ ɧɚ ɪɿɜɧɿ, ɧɟ ɧɢɠɱɨɦɭ, ɧɿɠ ɜɫɬɚɧɨɜɥɟɧɨ ɦɿɧɿɦɚɥɶɧɢɦɢ ɜɢɦɨɝɚɦɢ 
ɳɨɞɨ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ. Ɍɨɦɭ ɡɚɯɨɞɢ, ɳɨ ɡɞɿɣɫɧɸɸɬɶɫɹ ɩɿɞ ɱɚɫ ɜɢɤɨɧɚɧɧɹ ɪɨɛɿɬ 
ɿɡ ɪɟɤɨɧɫɬɪɭɤɰɿʀ, ɤɚɩɿɬɚɥɶɧɨɝɨ ɱɢ ɩɨɬɨɱɧɨɝɨ ɪɟɦɨɧɬɭ ɛɭɞɿɜɟɥɶ ɪɿɡɧɢɦɢ ɿɡɨɥɹɰɿɣɧɢɦɢ ɦɚ-
ɬɟɪɿɚɥɚɦɢ, ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɧɭɜɚɬɢ ɩɿɫɥɹ ɪɟɬɟɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɬɟɩɥɨɬɟɯɧɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ.  

 ɋɚɯɧɨ Є. ɘ., Ɍɟɪɟɳɭɤ Ɉ. ȱ., Ɏɟɞɨɪɰɨɜ ɋ. Ɉ., ɋɢɩɥɢɜɟɰɶ ȼ. ȼ., 2020 
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Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɍ ɪɨɛɨɬɚɯ [1-3] ɧɚɜɟɞɟɧɨ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚ-
ɜɨɜɿ ɚɫɩɟɤɬɢ ɬɚ ɜɢɦɨɝɢ ɳɨɞɨ ɟɧɟɪɝɨɡɚɯɢɫɬɭ, ɪɟɤɨɦɟɧɞɚɰɿʀ ɡ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɿ ɡɚɯɨɞɢ ɡ 
ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ, ɚ ɬɚɤɨɠ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɟɪɠɚɜɧɿ ɫɬɚɧɞɚɪɬɢ, ɞɟɪɠɚɜɧɿ 
ɛɭɞɿɜɟɥɶɧɿ ɧɨɪɦɢ ɬɚ ɿɧɲɢɣ ɤɟɪɿɜɧɢɣ ɦɚɬɟɪɿɚɥ. ɍ [4] ɜɢɡɧɚɱɟɧɨ ɪɨɥɶ ɦɨɧɿɬɨɪɢɧɝɭ ɜ ɛɭɞɿɜ-
ɧɢɰɬɜɿ, ɝɨɥɨɜɧɨɸ ɦɟɬɨɸ ɹɤɨɝɨ є ɨɬɪɢɦɚɧɧɹ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɫɬɚɬɢɫɬɢɱɧɿ ɣ ɞɢɧɚɦɿɱɧɿ ɯɚɪɚ-
ɤɬɟɪɢɫɬɢɤɢ ɨɛ’єɤɬɿɜ ɛɭɞɿɜɧɢɰɬɜɚ, ɬɟɯɧɨɥɨɝɿɱɧɿ ɩɪɨɰɟɫɢ ɣ ɡɚɫɨɛɢ ɛɭɞɿɜɟɥɶɧɨɝɨ ɜɢɪɨɛɧɢɰ-
ɬɜɚ ɡ ɩɢɬɚɧɶ ɟɧɟɪɝɨɡɚɯɢɫɬɭ. ɍ ɪɨɛɨɬɿ [5] ɪɨɡɝɥɹɧɭɬɨ ɩɢɬɚɧɧɹ ɫɬɜɨɪɟɧɧɹ ɟɤɫɩɪɟɫ-ɨɰɿɧɤɢ 
ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɟɥɶ ɬɚ ɫɩɨɪɭɞ, ɳɨ ɧɚɛɭɜɚє ɩɟɪɲɨɱɟɪɝɨɜɨɝɨ ɡɧɚɱɟɧɧɹ.  

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. Ɂɧɚɱɧɚ ɱɚɫɬɤɚ ɧɚɹɜɧɢɯ ɧɢɧɿ 
ɛɭɞɿɜɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɞɭɠɟ ɧɢɡɶɤɢɦ ɪɿɜɧɟɦ ɬɟɩɥɨɡɚɯɢɫɬɭ, ɧɟɩɪɢɩɭɫɬɢɦɨ ɜɢɫɨɤɢɦɢ 
ɜɢɬɪɚɬɚɦɢ ɬɟɩɥɚ ɧɚ ɩɿɞɬɪɢɦɚɧɧɹ ɧɟɨɛɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɿɤɪɨɤɥɿɦɚɬɭ. ɋɟɪɟɞ ɨɫɧɨɜɧɢɯ 
ɩɪɢɱɢɧ ɦɚɥɨʀ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɟɥɶ є ɧɢɡɶɤɢɣ ɪɿɜɟɧɶ ɬɟɪɦɨɨɩɨɪɭ ɨɫɧɨɜɧɢɯ ɛɭɞɿ-
ɜɟɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ. Ɍɨɦɭ ɜ ɰɿɣ ɧɚɭɤɨɜɿɣ ɪɨɛɨɬɿ ɫɬɚɜɢɬɶɫɹ ɡɚɜɞɚɧɧɹ ɩɟɪɟɞɛɚɱɢɬɢ ɜɥɚɲ-
ɬɭɜɚɧɧɹ ɬɟɩɥɨɜɿɞɛɢɜɧɨʀ ɬɟɩɥɨɿɡɨɥɹɰɿʀ ɦɿɠ ɩɪɢɥɚɞɚɦɢ ɨɩɚɥɟɧɧɹ ɣ ɡɨɜɧɿɲɧɶɨɸ ɫɬɿɧɨɸ (ɡɚ-
ɪɚɞɿɚɬɨɪɧɨɝɨ ɟɤɪɚɧɚ), ɚ ɬɚɤɨɠ ɜɢɛɨɪɭ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɞɥɹ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ 
ɤɨɧɫɬɪɭɤɰɿɣ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ (ɰɿɥɟɣ ɫɬɚɬɬɿ). Ɇɟɬɨɸ ɰɿєʀ ɧɚɭɤɨɜɨʀ ɪɨɛɨɬɢ є ɮɨɪɦɭɜɚɧɧɹ ɡɚɯɨ-
ɞɿɜ ɿɡ ɦɨɞɟɪɧɿɡɚɰɿʀ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɛɭɞɿɜɟɥɶ ɬɚ ɫɩɨɪɭɞ ɧɚ ɨɫɧɨɜɿ ɤɨɦɩɥɟɤɫ-
ɧɨɝɨ ɚɧɚɥɿɡɭ ɨɛ’єɦɧɨ-ɩɥɚɧɭɜɚɥɶɧɢɯ, ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɬɚ ɿɧɠɟɧɟɪɧɨ-ɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ, ɚ ɬɚ-
ɤɨɠ ɞɥɹ ɩɥɚɧɭɜɚɧɧɹ, ɨɪɝɚɧɿɡɚɰɿʀ ɿ ɩɪɨɜɟɞɟɧɧɹ ɟɧɟɪɝɨɚɭɞɢɬɭ ɿɫɧɭɸɱɢɯ ɛɭɞɿɜɟɥɶ ɿɡ 
ɪɨɡɪɨɛɤɨɸ ɪɟɤɨɦɟɧɞɚɰɿɣ ɳɨɞɨ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɢɯ ɨɛ’єɤɬɿɜ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɍɟɩɥɨɿɡɨɥɹɰɿɣɧɢɣ ɲɚɪ ɡɚɥɟɠɧɨ ɜɿɞ ɬɢɩɭ ɬɚ ɝɭɫɬɢɧɢ 
ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɜɢɪɨɛɿɜ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ, ɦɨɠɟ ɜɢɤɨɧɭɜɚɬɢɫɶ[1; 2]:  

- ɨɞɧɨɲɚɪɨɜɢɦ – ɧɚ ɨɫɧɨɜɿ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɜɢɪɨɛɿɜ ɨɞɧɨɝɨ ɬɢɩɭ ɬɚ ɝɭɫɬɢɧɢ;  
- ɛɚɝɚɬɨɲɚɪɨɜɢɦ – ɧɚ ɨɫɧɨɜɿ ɞɜɨɯ ɚɛɨ ɛɿɥɶɲɟ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɜɢɪɨɛɿɜ ɪɿɡɧɨʀ ɝɭɫɬɢɧɢ 

ɬɚ ɬɢɩɭ;  
- ɤɨɦɛɿɧɨɜɚɧɢɦ – ɧɚ ɨɫɧɨɜɿ ɛɚɝɚɬɨɲɚɪɨɜɢɯ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɜɢɪɨɛɿɜ ɨɞɧɨɝɨ ɬɢɩɭ ɜɢ-

ɤɨɧɚɧɢɯ ɡ ɲɚɪɿɜ ɪɿɡɧɨʀ ɝɭɫɬɢɧɨɸ, ɳɨ ɫɩɨɥɭɱɟɧɿ ɦɿɠ ɫɨɛɨɸ ɡɚ ɪɚɯɭɧɨɤ ɹɤ ɯɿɦɿɱɧɢɯ, ɬɚɤ ɿ 
ɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ.  

ȼɢɛɿɪ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɡɞɿɣɫɧɸɸɬɶ ɞɥɹ ɬɚɤɢɯ ɬɢɩɿɜ ɧɟɩɪɨɡɨɪɢɯ ɤɨɧɫɬɪɭ-
ɤɰɿɣ ɛɭɞɿɜɥɿ:  

- ɡɚɝɥɢɛɥɟɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɛɭɞɿɜɥɿ, ɰɨɤɨɥɶɧɿ ɤɨɧɫɬɪɭɤɰɿʀ;  
- ɩɿɞɥɨɝɢ ɩɨ ʉɪɭɧɬɭ;  
- ɡɨɜɧɿɲɧɿ ɫɬɿɧɢ;  
- ɩɟɪɟɤɪɢɬɬɹ (ɰɨɤɨɥɶɧɿ, ɦɿɠɩɨɜɟɪɯɨɜɿ, ɝɨɪɢɳɧɿ);  
- ɩɨɤɪɢɬɬɹ.  
Ɍɟɪɦɨɦɨɞɟɪɧɿɡɚɰɿɹ ɛɭɞɿɜɟɥɶ ɡɞɿɣɫɧɸєɬɶɫɹ ɛɟɡ ɪɨɡɪɨɛɥɟɧɧɹ ɩɪɨєɤɬɧɨʀ ɞɨɤɭɦɟɧɬɚɰɿʀ, 

ɨɬɪɢɦɚɧɧɹ ɞɨɤɭɦɟɧɬɿɜ, ɳɨ ɞɚɸɬɶ ɩɪɚɜɨ ɧɚ ɜɢɤɨɧɚɧɧɹ ɛɭɞɿɜɟɥɶɧɢɯ ɪɨɛɿɬ, ɬɚ ɩɪɢɣɧɹɬɬɹ 
ɬɚɤɨɝɨ ɨɛ’єɤɬɚ ɜ ɟɤɫɩɥɭɚɬɚɰɿɸ ɥɢɲɟ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɪɨɛɿɬ ɿɡ:  

1. ȱɫɧɭɸɱɢɦɢ ɡɚɩɨɜɧɟɧɧɹɦɢ ɜɿɤɨɧɧɢɯ, ɛɚɥɤɨɧɧɢɯ ɬɚ ɞɜɟɪɧɢɯ ɛɥɨɤɿɜ ɚɛɨ ɿɧɠɟɧɟɪɧɢɦɢ 
ɫɢɫɬɟɦɚɦɢ (ɤɪɿɦ ɪɨɛɿɬ ɿɡ ɪɟɤɨɧɫɬɪɭɤɰɿʀ ɚɛɨ ɤɚɩɿɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɭ ɿɧɠɟɧɟɪɧɢɯ ɫɢɫɬɟɦ).  

2. Ɉɝɨɪɨɞɠɭɜɚɥɶɧɢɦɢ ɤɨɧɫɬɪɭɤɰɿɹɦɢ ɨɛ’єɤɬɿɜ ɿɡ ɧɟɡɧɚɱɧɢɦɢ ɧɚɫɥɿɞɤɚɦɢ.  
3. Ɂɚɦɿɧɢ ɩɨɤɪɢɬɬɹ ɩɨɤɪɿɜɟɥɶ ɛɭɞɿɜɟɥɶ, ɹɤɿ ɧɟ ɩɟɪɟɞɛɚɱɚɸɬɶ ɜɬɪɭɱɚɧɧɹ ɜ ɨɝɨɪɨɞɠɭɜɚ-

ɥɶɧɿ ɬɚ ɧɟɫɭɱɨ-ɨɝɨɪɨɞɠɭɜɚɥɶɧɿ ɤɨɧɫɬɪɭɤɰɿʀ.  
4. ɉɪɢєɞɧɚɧɧɹ ɬɚ ɩɿɞɤɥɸɱɟɧɧɹ ɿɧɞɢɜɿɞɭɚɥɶɧɢɯ (ɫɚɞɢɛɧɢɯ) ɠɢɬɥɨɜɢɯ ɛɭɞɢɧɤɿɜ, ɫɚɞɨ-

ɜɢɯ, ɞɚɱɧɢɯ ɛɭɞɢɧɤɿɜ ɞɨ ɿɧɠɟɧɟɪɧɢɯ ɦɟɪɟɠ.  
ɉɪɢ ɰɶɨɦɭ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɦ ɩɨɧɹɬɬɹɦ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɸ (ɌɄ) є ɬɟɦɩɟɪɚɬɭɪɧɢɣ 

ɫɢɝɧɚɥ, ɹɤɢɣ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ɪɿɡɧɢɰɹ ɬɟɦɩɟɪɚɬɭɪ ɭ ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɬɨɱɰɿ ɣ ɭ ɡɨɧɿ, ɩɪɢɣɧɹ-
ɬɨʀ ɡɚ ɛɟɡɞɟɮɟɤɬɧɭ:  (ɜ ɚɧɝɥɨɦɨɜɧɿɣ ɥɿɬɟɪɚɬɭɪɿ ɞɥɹ ɩɨɡ-
ɧɚɱɟɧɧɹ  ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɧɟɤɨɪɟɤɬɧɢɣ ɬɟɪɦɿɧ «ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɤɨɧɬɪɚɫɬ»). 

),,(),,(),,(  ɭɯTɭɯɌyxT ɛɞ
T
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ɉɪɢ ɰɶɨɦɭ ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɤɪɿɡɶ ɫɬɿɧɭ ɦɨɠɟ ɪɨɡɝɥɹɞɚɬɢɫɶ ɫɬɚɰɿɨɧɚɪɧɨɸ ɚɛɨ ɧɟɫɬɚɰɿɨɧɚɪ-
ɧɨɸ [4]. ɋɬɚɰɿɨɧɚɪɧɿɫɬɶ є ɨɛɨɜ’ɹɡɤɨɜɨɸ ɭɦɨɜɨɸ ɹɤɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɮɨɪɦɭɥɢ, ɪɟɤɨ-
ɦɟɧɞɨɜɚɧɿ ɡɚɪɭɛɿɠɧɢɦɢ ɫɬɚɧɞɚɪɬɚɦɢ, ɬɨɞɿ ɳɿɥɶɧɿɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ ɤɪɿɡɶ ɨɝɨɪɨɞɠɭ-
ɸɱɢ ɤɨɧɫɬɪɭɤɰɿɸ ɫɤɥɚɞɚє: 

air
out

w
outref

air
out

w
outav

refcuravcur
TT

TT
QQ




 __

,     (1) 

ɞɟ refcurQ _ – ɰɟ ɧɚɹɜɧɟ ɡɧɚɱɟɧɧɹ ɳɿɥɶɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ ɭ ɜɢɛɪɚɧɿɣ ɟɬɚɥɨɧɧɨʀ ɬɨɱɰɿ 

ɧɚ ɜɧɭɬɪɿɲɧɿɣ ɩɨɜɟɪɯɧɿ ɫɬɿɧɢ; air

out

w

outref TT   – ɪɿɡɧɢɰɹ ɬɟɦɩɟɪɚɬɭɪ ɡɨɜɧɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɫɬɿɧ 

ɭ ɟɬɚɥɨɧɧɿɣ ɬɨɱɰɿ ɬɚ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ; w

outavT  – ɫɟɪɟɞɧɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɨɜɧɿɲɧɶɨʀ ɫɬɿɧɢ, 
ɪɨɡɪɚɯɨɜɚɧɚ ɲɥɹɯɨɦ ɭɫɟɪɟɞɧɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɬɟɩɥɨɜɿɡɿɣɧɨʀ ɡɣɨɦɤɢ.  

ɉɪɢɣɦɚєɬɶɫɹ, ɳɨ ɡɚ ɪɚɯɭɧɨɤ ɥɿɧɿɣɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɳɿɥɶɧɿɫɬɶ ɩɨɬɭɠɧɨ-
ɫɬɿ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ ɜ ɪɿɡɧɢɯ ɬɨɱɤɚɯ ɩɪɨɩɨɪɰɿɣɧɚ ɪɿɡɧɢɰɿ ɬɟɦɩɟɪɚɬɭɪ ɡɨɜɧɿɲɧɶɨʀ ɫɬɿɧɢ 
ɬɚ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ. ɉɪɢ ɰɢɯ ɪɨɡɪɚɯɭɧɤɚɯ ɧɟ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɬɟɩɥɨɜɬɪɚɬɢ ɡɚ ɪɚɯɭɧɨɤ 
ɜɟɧɬɢɥɹɰɿʀ. Ɋɿɜɧɹɧɧɹ (1) ɞɨɡɜɨɥɹє ɩɟɪɟɬɜɨɪɢɬɢ ɡɜɢɱɚɣɧɭ ɬɟɪɦɨɝɪɚɦɭ ɡɨɜɧɿɲɧɶɨʀ ɫɬɿɧɢ ɜ 
ɡɨɛɪɚɠɟɧɧɹ ɡ ɤɚɥɿɛɪɭɜɚɧɧɹɦ ɩɨɬɭɠɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ. Ɍɨɞɿ ɡɚɝɚɥɶɧɿ ɬɟɩɥɨɜɬɪɚɬɢ 
ɦɨɠɥɢɜɨ ɨɰɿɧɢɬɢ ɮɨɪɦɭɥɨɸ: 
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 _
,    (2) 

ɞɟ S  – ɨɛɥɚɫɬɶ, ɭ ɹɤɨʀ ɡɞɿɣɫɧɟɧɨ ɭɫɟɪɟɞɧɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɬɟɩɥɨɜɿɡɿɣɧɢɯ ɡɚɦɿɪɿɜ.  
ȼɟɥɢɱɢɧɚ refcurQ _ ɡɚɥɟɠɢɬɶ ɜɿɞ ɨɩɨɪɭ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɫɬɿɧɢ, ɚ ɿɧɲɿ ɩɚɪɚɦɟɬɪɢ ɤɨɪɟɤɬɭ-

ɸɬɶ ɬɟɩɥɨɜɬɪɚɬɢ ɩɨ ɜɫɿɣ ɩɨɜɟɪɯɧɿ ɨɝɨɪɨɞɠɭɜɚɥɶɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɡɝɿɞɧɨ ɧɨɪɦɚɬɢɜɚɦ. Ɋɨɡ-
ɝɥɹɧɟɦɨ ɫɬɚɰɿɨɧɚɪɧɭ ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɱɟɪɟɡ ɩɥɨɫɤɭ ɫɬɿɧɤɭ (ɪɢɫ. 1, ɚ), ɨɫɤɿɥɶɤɢ ɜɿɞɩɨɜɿɞɧɿ 
ɡɚɜɞɚɧɧɹ ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɬɟɩɥɨɜɿɡɿɣɧɨʀ ɞɿɚɝɧɨɫɬɢɰɿ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɛɭɞɿ-
ɜɟɥɶ ɿ ɫɩɨɪɭɞ, ɚ ɬɚɤɨɠ ɞɢɦɨɜɢɯ ɬɪɭɛ.  

 
ɚ      ɛ 

Ɋɢɫ. 1. Ɍɟɪɦɨɝɪɚɮɿɱɧɿ ɜɢɦɿɪɸɜɚɧɧɹ:  
ɚ – ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɸ ɱɟɪɟɡ ɩɥɨɫɤɭ ɫɬɿɧɤɭ; ɛ – ɲɤɚɥɚ ɡɧɚɱɟɧɶ )(tf ɬɚ ɜɿɞɩɨɜɿɞɧɢɯ ɜɟɥɢɱɢɧ 

ɬɟɪɦɿɱɧɨɝɨ ɨɩɨɪɭ r  (ɦ2ɋ/Ʉɤɚɥ) ɿ ɜɿɞɧɨɫɧɨʀ ɳɿɥɶɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ 
ɧɨɪɦqq /  

Ɋɨɡɝɥɹɧɟɦɨ ɩɥɨɫɤɭ ɫɬɿɧɤɭ, ɳɨ ɪɨɡɞɿɥɹє ɞɜɚ ɫɟɪɟɞɨɜɢɳɚ ɡ ɪɿɡɧɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ a
inT  ɿ 

a
outT (ɪɢɫ. 1, ɚ), ɬɟɩɥɨɨɛɦɿɧ ɧɚ ɩɨɜɟɪɯɧɹɯ ɩɥɚɫɬɢɧɢ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɤɨɟɮɿɰɿєɧɬɚɦɢ in  

ɿ out . Ɉɞɧɨɲɚɪɨɜɚ ɩɥɚɫɬɢɧɚ ɦɚє ɬɟɪɦɿɱɧɢɣ ɨɩɿɪ ,/LRt   ɛɚɝɚɬɨɲɚɪɨɜɚ - 
i

N

i
it LR /

1




 .  

Ɍɟɩɥɨɜɢɣ ɩɨɬɿɤ ɤɪɿɡɶ ɫɬɿɧɤɭ ɞɨɪɿɜɧɸє: 
t

w
out

w
in

R

TT
Q


 , ɚɛɨ 

R

TT
Q

a
out

a
in 

 , ɞɟ 

outtin RR  /1/1   – ɩɨɜɧɢɣ ɬɟɩɥɨɜɢɣ ɨɩɿɪ ɫɬɿɧɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɩɨɪɿɜ ɩɪɢɤɨɪɞɨɧɧɢɯ 
ɲɚɪɿɜ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɨɛɦɿɧɭ. ɐɟ ɜɢɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɚє 
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ɬɟɩɥɨɜɿɡɿɣɧɿɣ ɞɿɚɝɧɨɫɬɢɰɿ ɹɤɨɫɬɿ ɬɟɩɥɨɿɡɨɥɹɰɿʀ ɞɢɦɨɜɢɯ ɬɪɭɛ ɚɛɨ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫ-
ɬɪɭɤɰɿɣ ɛɭɞɿɜɟɥɶɧɢɯ ɫɩɨɪɭɞ. ɉɪɢ ɰɶɨɦɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɩɥɨɜɿɡɨɪɚ ɜɢɦɿɪɸɸɬɶ ɬɟɦɩɟɪɚɬɭ-
ɪɧɟ ɩɨɥɟ ɧɚ ɡɨɜɧɿɲɧɿɣ ɩɨɜɟɪɯɧɿ ɫɬɜɨɥɚ ɬɪɭɛɢ (ɫɬɿɧɢ ɛɭɞɿɜɥɿ) w

outT  ɿ ɡɚ ɣɨɝɨ ɚɦɩɥɿɬɭɞɨɸ ɚɛɨ 
ɬɟɤɫɬɭɪɿ ɫɭɞɹɬɶ ɩɪɨ ɧɚɹɜɧɿɫɬɶ ɩɪɢɯɨɜɚɧɢɯ ɞɟɮɟɤɬɚɯ ɿ ɨɰɿɧɸɸɬɶ ʀɯ ɩɚɪɚɦɟɬɪɢ. ȼɢɡɧɚɱɟɧɧɹ 
ɬɟɪɦɿɱɧɨɝɨ ɨɩɨɪɭ ɫɬɿɧɤɢ ɹɜɥɹє ɫɨɛɨɸ ɬɢɩɨɜɭ ɡɜɨɪɨɬɧɭ ɡɚɞɚɱɭ ɬɟɯɧɿɱɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ.  

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɟɩɥɨɬɟɯɧɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɛɭɞɿɜɟɥɶ ɜɢɤɨɪɢɫɬɨɜɭ-
єɬɶɫɹ ɜɿɞɧɨɫɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɩɥɨɨɛɦɿɧɭ ɦɿɠ ɩɨɜɟɪɯɧɟɸ ɫɬɿɧɢ ɣ ɡɨɜɧɿɲɧɿɦ ɫɟɪɟɞɨɜɢ-
ɳɟɦ )(tf , ɹɤɚ ɞɨɪɿɜɧɸє ɜɿɞɧɨɲɟɧɧɸ ɪɿɡɧɢɰɿ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɜɟɪɯɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɿ ɩɨɜɿɬɪɹ 
ɞɥɹ ɛɚɡɨɜɨɝɨ ɞɿɥɹɧɤɢ: 

)](),(/[)](),([)( tTɜtOTtTɜtOTtf
ɛ 

.        (3)
 

ɐɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɟɤɜɿɜɚɥɟɧɬɧɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɸ ɞɥɹ ɡɧɚɱɟɧɶ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɦ-
ɩɟɪɚɬɭɪɢ ɡɚ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɬɚ ɥɿɧɿɣɧɨɫɬɿ ɚɩɚɪɚ-
ɬɭɪɧɨɝɨ ɩɟɪɟɬɜɨɪɟɧɧɹ ɪɚɞɿɚɰɿɣɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ. ɉɪɢ ɪɿɜɧɨɫɬɿ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɨɛɦɿɧɭ 
(Ʉ) ɞɥɹ ɨɛɨɯ ɬɨɱɨɤ ɩɨɜɟɪɯɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ )(tf  ɞɨɪɿɜɧɸє ɜɿɞɧɨɲɟɧɧɸ ɝɭɫɬɢɧɢ ɬɟɩɥɨ-
ɜɢɯ ɩɨɬɨɤɿɜ ɭ ɰɢɯ ɬɨɱɤɚɯ. ȼɿɞɩɨɜɿɞɧɨ, ɩɪɢ ɥɿɧɿɣɧɨɦɭ ɡɜ’ɹɡɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɦɩɟɪɚ-
ɬɭɪɢ ɿ ɹɫɤɪɚɜɨɫɬɿ ɧɚ ɬɟɩɥɨɜɨɦɭ ɡɧɿɦɤɭ )(J : btJɜatTɜbtaJtOT  )()(;)(),( , ɿ ɩɚɪɚ-
ɦɟɬɪ )(tf  ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɢɪɚɠɚєɬɶɫɹ ɱɟɪɟɡ ɜɿɞɩɨɜɿɞɧɿ ɡɧɚɱɟɧɧɹ ɹɫɤɪɚɜɨɫɬɿ: 

)]()(/[)]()([)( tJɜtJtJɜtJtf
ɛ  .           (4)

 

Ɍɟɩɥɨɜɟ ɡɨɛɪɚɠɟɧɧɹ ɩɨɜɟɪɯɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɩɨɬɪɿɛɧɨ ɜɿɞɤɨɪɢɝɭɜɚɬɢ ɧɚ ɝɟɨɦɟɬɪɢɱɧɿ ɜɢ-
ɤɪɢɜɥɟɧɧɹ ɿ ɧɚ ɩɨɤɚɡɧɢɤɚɯ ɜɿɞ ɧɚɣɛɥɢɠɱɢɯ ɨɛ'єɤɬɿɜ, ɹɤɿ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɜ ɬɟɩɥɨɨɛɦɿɧɿ ɜɢ-
ɩɪɨɦɿɧɸɜɚɧɧɹɦ. Ɂɚ ɬɟɩɥɨɜɢɦ ɡɨɛɪɚɠɟɧɧɹɦ ɪɨɡɪɚɯɨɜɭєɬɶɫɹ «ɡɨɛɪɚɠɟɧɧɹ» )(tf  (ɦɚɫɢɜ 
ɡɧɚɱɟɧɶ )(tf ) ɨɤɪɟɦɨ ɞɥɹ ɜɫɿɯ ɞɿɥɹɧɨɤ ɩɨɜɟɪɯɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɡ ɪɿɡɤɨ ɧɟɫɯɨɠɢɦɢ ɡɧɚɱɟɧ-
ɧɹɦɢ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɨɛɦɿɧɭ ɿ ɤɨɟɮɿɰɿєɧɬɚ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ. Ɂɚɥɟɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɢ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɩɨɜɿɬɪɹ ɜɿɞ ɱɚɫɭ ɚɩɪɨɤɫɢɦɭєɬɶɫɹ ɜɢɪɚɡɨɦ: 
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m
mm tmCostmSinɈTɜtTɜ

1

)()()()(  , ɞɟ ɤɨɟɮɿɰɿєɧɬɢ )(ɈTɜ , 
m ɿ

m  ɨɛɱɢɫɥɸɸɬɶɫɹ ɡɚ 

ɡɧɚɱɟɧɧɹɦɢ )(tTɜ . Ɂɚɥɟɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɢ ɡɨɜɧɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɨɝɨɪɨɞɠɭɜɚɥɶɧɨʀ ɤɨɧɫ-
ɬɪɭɤɰɿʀ ɜɿɞ ɱɚɫɭ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɛɭɞɟ ɜɢɡɧɚɱɚɬɢɫɹ ɜɢɪɚɡɨɦ: 

),,,()1/()]([)(),( KrtZKtTɜTtTɜtOT rs     (5) 

ɞɟ ),,( KrtZ  – ɤɨɟɮɿɰɿєɧɬ ɡɚɥɟɠɧɨɫɬɿ ɞɨɛɭɬɤɭ ɳɿɥɶɧɨɫɬɿ ɪɟɱɨɜɢɧɢ ɨɛɨɥɨɧɤɢ ɛɭɞɢɧɤɭ ɧɚ 
ɣɨɝɨ ɬɟɩɥɨєɦɧɿɫɬɶ – pC . 

Ɂɚ ɞɚɧɢɦɢ ɨɩɨɪɧɢɯ ɜɢɦɿɪɿɜ ɭ ɛɚɡɨɜɢɯ ɬɨɱɤɚɯ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ (ɨɰɿɧɢɬɢ) ɡɧɚɱɟɧɧɹ 
ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɨɛɦɿɧɭ )](),(/[ tTɜtɈTqK

ɛɛɛ  ɿ ɜɢɡɧɚɱɢɬɢ (ɨɰɿɧɢɬɢ) ɬɟɪɦɿɱɧɟ ɨɩɿɪ r  

ɡɚ ɮɨɪɦɭɥɨɸ (5), ɡɧɚɸɱɢ ɜɢɦɿɪɹɧɟ ɡɧɚɱɟɧɧɹ ),( tɈT
ɛ , ɛ

sT .  

əɤɳɨ ɧɟɦɨɠɥɢɜɨ ɜɢɦɿɪɹɬɢ ɛ
sT , ɬɨ ɹɤ ɛɚɡɨɜɿ ɜɢɛɢɪɚɸɬɶɫɹ ɜɿɡɭɚɥɶɧɨ ɧɨɪɦɚɥɶɧɿ (ɛɟɡ 

ɜɢɞɢɦɢɯ ɞɟɮɟɤɬɿɜ) ɡɨɧɢ ɨɝɨɪɨɞɠɭɜɚɥɶɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɧɚɣɛɿɥɶɲ 
ɩɪɟɞɫɬɚɜɧɢɰɶɤɢɦɢ ɫɟɪɟɞɧɿɦɢ ɡɧɚɱɟɧɧɹɦɢ ɹɫɤɪɚɜɨɫɬɿ ɧɚ ɬɟɩɥɨɜɨɦɭ ɡɧɿɦɤɭ. Ⱦɥɹ ɬɚɤɢɯ ɡɨɧ 
ɜɟɥɢɱɢɧɢ r  ɿ pC  ɩɨɤɥɚɞɚɸɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɩɪɨєɤɬɧɢɦ. ɉɨɞɚɥɶɲɚ ɨɛɪɨɛɤɚ ɡɞɿɣɫɧɸєɬɶɫɹ 
ɡɚ ɦɚɫɢɜɨɦ ɡɧɚɱɟɧɶ (ɡɨɛɪɚɠɟɧɧɸ) )(tf . ɉɪɢɩɭɫɤɚєɦɨ, ɳɨ ɜɿɞɦɿɧɧɿɫɬɶ )(tf ɜɢɡɧɚɱɚє ɡɦɿɧɭ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜɧɭɬɪɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɤɨɧɫɬɪɭɤɰɿʀ Ts , ɬɨɞɿ: )(]1)([ tStfTsTs
ɛ  , 

)1)]((),([)(  ɛɛɛ
rKtTɜtɈTtS . 
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ɉɨɛɭɞɨɜɚɧɟ «ɡɨɛɪɚɠɟɧɧɹ» (ɦɚɫɢɜ) }{ ɛ
TsTs   ɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢɦɟ ɡɦɿɧɭ ɬɟɦɩɟɪɚɬɭɪɢ 

ɜɧɭɬɪɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɨɝɨɪɨɞɠɭɜɚɥɶɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɹɤɚ ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɧɚ ɜɿɞɩɨɜɿɞɧɢɦ 
ɞɿɣɫɧɨɫɬɿ ɧɚ ɨɫɧɨɜɿ ɚɩɪɿɨɪɧɢɯ (ɡɨɤɪɟɦɚ ɦɨɞɟɥɶɧɢɯ) ɭɹɜɥɟɧɶ. Ȼɭɞɟɦɨ ɩɨɡɧɚɱɚɬɢ ɪɿɡɧɢɰɸ 
ɬɟɦɩɟɪɚɬɭɪɢ ɜɧɭɬɪɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɡɚɯɢɫɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɿɦɨɜɿɪɧɨ ɜɿɞɩɨɜɿɞɧɨʀ ɞɿɣɫɧɨɫɬɿ – 

Ts . Ɋɨɡɪɚɯɭɧɤɢ ɣ ɤɨɧɤɪɟɬɧɚ ɩɪɚɤɬɢɤɚ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɜɟɥɢɱɢɧɚ )(tf  ɫɥɚɛɨ ɡɚɥɟɠɢɬɶ ɜɿɞ 
ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɜɧɭɬɪɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɫɬɿɧɢ. ɉɪɨɬɟ ɜɢɫɨɤɚ ɬɨɱɧɿɫɬɶ ɜɢɦɿɪɸɜɚɧɶ ɿ ɨɛ-
ɱɢɫɥɟɧɧɹ ɜɟɥɢɱɢɧɢ )(tf  ɭ «ɜɞɚɥɢɣ» ɱɚɫ ɞɨɡɜɨɥɹɸɬɶ ɮɿɤɫɭɜɚɬɢ ɡɦɿɧɭ ɬɟɦɩɟɪɚɬɭɪɢ ɜɧɭɬ-
ɪɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ ɫɬɿɧɢ ɩɨɪɹɞɤɭ 1°Ʉ.  

ɒɤɚɥɚ ɡɧɚɱɟɧɶ ɬɟɩɥɨɬɟɯɧɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɢɡɧɚɱɟɧɢɯ ɜɟɥɢɱɢɧɨɸ f(t) ɦɚє ɡɦɿɧɧɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ (ɪɢɫ. 1, ɛ). Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ, ɧɚɜɟɞɟɧɚ ɲɤɚɥɚ ɡɧɚɱɟɧɶ r ɩɪɢ 1)( tf  ɞɚɧɚ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɦɨɠɥɢɜɨʀ ɡɦɿɧɢ Ʉ ɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 10 ɞɨ 20 ȼɬ/ɦ2Ʉ, ɚ ɲɤɚɥɚ ɡɧɚɱɟɧɶ 

ɧɨɪɦ
cpcp qq /  ɜ ɨɛɥɚɫɬɿ f(t)π1 ɞɚɧɚ, ɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɡɦɟɧɲɟɧɧɹ f(t) ɩɨɜ’ɹɡɚɧɟ ɡɿ ɡɪɨɫɬɚɧ-

ɧɹɦ Ʉ ɱɟɪɟɡ ɬɪɿɳɢɧɢ, ɩɨɪɢɫɬɨɫɬɿ ɣ ɜɨɥɨɝɨɫɬɿ ɡɨɜɧɿɲɧɶɨɝɨ ɲɚɪɭ ɫɬɿɧɢ, ɚ ɬɚɤɨɠ ɜɢɤɥɢɤɚ-
ɧɢɦ ɧɢɦɢ ɡɦɟɧɲɟɧɧɹɦ ɬɟɪɦɿɱɧɨɝɨ ɨɩɨɪɭ ɬɚɤɢɦ ɱɢɧɨɦ: r = 1,0; 0,8; 0,6 ȼɬ/ɦ2Ʉ ɞɥɹ 

3,0;5,0;7,0)( tf . 

ȼɟɥɢɱɢɧɚ f(t) ɧɚɣɛɿɥɶɲɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɟɪɦɿɱɧɨɝɨ ɨɩɨɪɭ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ. ȼɿɞɩɨ-
ɜɿɞɧɨ ɡɦɿɧɚ f(t) ɱɟɪɟɡ ɡɦɿɧɭ Ʉ - ɜ 20 ɪɚɡɿɜ ɦɟɧɲɟ. Ɂɦɿɧɚ ɜɟɥɢɱɢɧɢ ɞɨɛɭɬɤɭ ɳɿɥɶɧɨɫɬɿ ɦɚ-
ɬɟɪɿɚɥɭ ɲɚɪɭ ɧɚ ɣɨɝɨ ɬɟɩɥɨєɦɧɿɫɬɶ pC  ɧɚ 1·106 Ⱦɠ/ɦ 3Ʉ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɦɿɧɢ ɡɧɚɱɟɧɧɹ 
f(t) ɩɪɢɛɥɢɡɧɨ ɧɚ 0,4. ɉɟɪɟɜɚɠɧɨ ɩɪɢ ɨɛɫɬɟɠɟɧɧɿ ɛɭɞɿɜɟɥɶ ɜɩɥɢɜɨɦ ɦɨɠɥɢɜɨʀ ɡɦɿɧɢ ɜɟ-
ɥɢɱɢɧɢ pC  ɦɨɠɧɚ ɡɧɟɯɬɭɜɚɬɢ. ȼɟɥɢɱɢɧɚ f(t) ɜ ɪɿɡɧɢɯ ɡɨɧɚɯ ɨɛɨɥɨɧɤɢ ɛɭɞɿɜɥɿ ɦɨɠɟ ɛɭɬɢ 
ɹɤ ɛɿɥɶɲɟ, ɬɚɤ ɿ ɦɟɧɲɟ ɨɞɢɧɢɰɿ. Ɉɛɥɚɫɬɶ ɡɧɚɱɟɧɶ f(t), ɛɿɥɶɲɟ ɨɞɢɧɢɰɿ, ɩɪɢ ɨɛɥɿɤɭ ɦɨɠɥɢ-
ɜɨɝɨ ɡɦɟɧɲɟɧɧɹ Ʉ ɬɚ ɡɛɿɥɶɲɟɧɧɹ Ɍs, ɜɿɞɩɨɜɿɞɚє ɡɦɟɧɲɟɧɧɸ ɬɟɪɦɿɱɧɨɝɨ ɨɩɨɪɭ ɲɚɪɭ. Ɂɧɚ-
ɱɟɧɧɹ f(t), ɦɟɧɲɿ ɨɞɢɧɢɰɿ, ɩɪɢ ɨɛɥɿɤɭ ɦɨɠɥɢɜɨɝɨ ɡɦɟɧɲɟɧɧɹ Ɍs (ɿ ɦɨɠɥɢɜɨɝɨ ɡɛɿɥɶɲɟɧɧɹ 
r), ɹɤ ɩɪɚɜɢɥɨ ɩɨɜ'ɹɡɚɧɿ ɡ ɿɫɬɨɬɧɢɦ ɡɪɨɫɬɚɧɧɹɦ Ʉ ɿ ɡɦɟɧɲɟɧɧɹɦ ),( tOT  ɤɪɿɡɶ ɬɪɿɳɢɧɢ, 
ɩɨɪɢɫɬɨɫɬɿ, ɜɨɥɨɝɨɫɬɿ ɲɚɪɭ ɿ ɩɨɜ'ɹɡɚɧɢɦ ɡ ɧɢɦɢ ɡɦɟɧɲɟɧɧɹɦ ɬɟɪɦɿɱɧɨɝɨ ɨɩɨɪɭ ɿ ɡɛɿɥɶ-
ɲɟɧɧɹ ɜɿɞɧɨɫɧɢɯ ɬɟɩɥɨɜɢɯ ɜɬɪɚɬ. Ɍɨɦɭ ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɞɛɚɱɢɬɢ ɜɥɚɲɬɭɜɚɧɧɹ ɬɟɩɥɨɜɿɞɛɢ-
ɜɧɨʀ ɬɟɩɥɨɿɡɨɥɹɰɿʀ ɦɿɠ ɩɪɢɥɚɞɚɦɢ ɨɩɚɥɟɧɧɹ ɣ ɡɨɜɧɿɲɧɶɨɸ ɫɬɿɧɨɸ (ɡɚɪɚɞɿɚɬɨɪɧɨɝɨ ɟɤ-
ɪɚɧɭ). ȼɫɬɚɧɨɜɥɟɧɧɹ ɬɟɩɥɨɜɿɞɛɢɜɚɸɱɢɯ ɟɤɪɚɧɿɜ ɡɧɚɱɧɨ ɫɩɪɢɹє ɩɨɥɿɩɲɟɧɧɸ ɤɨɦɮɨɪɬɭ ɜ 
ɩɪɢɦɿɳɟɧɧɿ, ɨɫɤɿɥɶɤɢ ɟɧɟɪɝɿɹ, ɹɤɚ ɪɚɧɿɲɟ ɜɢɬɪɚɱɚɥɚɫɶ ɧɚ ɩɪɨɝɪɿɜ ɫɬɿɧɢ, ɛɭɞɟ ɜɢɤɨɪɢɫɬɚɧɚ 
ɤɨɪɢɫɧɨ ɞɥɹ ɩɿɞɧɹɬɬɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɩɪɢɦɿɳɟɧɧɿ  

Ɉɛ’єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɜ ɰɿɣ ɧɚɭɤɨɜɿɣ ɪɨɛɨɬɿ ɛɭɥɨ ɨɛɪɚɧɨ ɬɪɢɩɨɜɟɪɯɨɜɢɣ ɤɨɪɩɭɫ № 22 
ɑɟɪɧɿɝɿɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ, ɳɨ ɪɨɡɬɚɲɨɜɚɧɢɣ ɧɚ ɜɭɥɢɰɿ 
Ȼєɥɨɜɚ, 4 ɦ. ɑɟɪɧɿɝɨɜɚ. ɍ ɞɨɫɥɿɞɚɯ ɛɪɢɚɥɢ ɭɱɚɫɬɶ ɩɪɟɞɫɬɚɜɧɢɤɢ ɩɿɞɩɪɢєɦɫɬɜɚ «Ɍɟɩɥɨ-
ɩɚɪ+» ɬɚ ɦɚɝɿɫɬɪɢ ɇɇȱȻ ɑɇɌɍ (ɪɢɫ. 2). Ȼɭɥɨ ɩɪɨɜɟɞɟɧɨ ɡɚɦɿɪɢ ɜɬɪɚɬ ɬɟɩɥɚ ɹɤ ɿɡ ɡɨɜɧɿɲ-
ɧɶɨʀ ɫɬɨɪɨɧɢ ɛɭɞɿɜɥɿ, ɬɚɤ ɿ ɜɫɟɪɟɞɢɧɿ ɩɪɢɦɿɳɟɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɩɥɨɜɿɡɨɪɚ Testo 875-1ɿ, 
ɫɟɪɿɣɧɢɣ ɧɨɦɟɪ 60470428. 

  
ɚ ɛ ɜ 

Ɋɢɫ. 2. ɉɪɨɜɟɞɟɧɧɹ ɦɨɧɿɬɨɪɢɧɝɭ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɥɿ ɦɚɝɿɫɬɪɚɦɢ ɇɇȱȻ ɑɇɌɍ: 
ɚ – ɡɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɬɟɩɥɨɜɿɡɨɪɚ; ɛ, ɜ – ɩɪɨɜɟɞɟɧɧɹ ɜɢɦɿɪɿɜ 
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Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɨ ɨɛɪɚɧɨ ɬɚɤɿ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɿ ɦɚ-
ɬɟɪɿɚɥɢ [4]: 

ɉɿɧɨɩɨɥɿɫɬɢɪɨɥ – ɭɧɿɜɟɪɫɚɥɶɧɢɣ ɭɬɟɩɥɸɜɚɱ, ɹɤɢɣ ɡɚɜɠɞɢ ɛɭɜ ɥɿɞɟɪɨɦ ɜɿɬɱɢɡɧɹɧɨɝɨ ɪɢ-
ɧɤɭ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɦɚɬɟɪɿɚɥɿɜ. ɉɨɩɭɥɹɪɧɿɫɬɶ ɰɶɨɝɨ ɭɬɟɩɥɸɜɚɱɚ ɡɭɦɨɜɥɸєɬɶɫɹ ɨɩɬɢɦɚ-
ɥɶɧɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ ɜɚɪɬɨɫɬɿ ɣ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ – ɡɚ ɰɢɦ ɩɚɪɚɦɟɬɪɨɦ 
ɩɿɧɨɩɨɥɿɫɬɢɪɨɥ ɩɟɪɟɜɟɪɲɭє ɜɫɿ ɜɿɞɨɦɿ ɦɚɬɟɪɿɚɥɢ ɞɥɹ ɭɬɟɩɥɟɧɧɹ. ɉɿɧɨɩɨɥɿɫɬɢɪɨɥ ɲɢɪɨɤɨ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɹɤ ɨɫɧɨɜɧɢɣ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɣ ɦɚɬɟɪɿɚɥ ɭ ɩɪɢɜɚɬɧɨɦɭ ɿ ɩɪɨɦɢɫɥɨɜɨɦɭ 
ɛɭɞɿɜɧɢɰɬɜɿ. Ɉɫɧɨɜɧɢɦ ɮɚɤɬɨɪɨɦ, ɹɤɢɣ ɨɛɭɦɨɜɥɸє ɡɚɬɪɟɛɭɜɚɧɿɫɬɶ ɩɿɧɨɩɨɥɿɫɬɢɪɨɥɶɧɢɯ 
ɭɬɟɩɥɸɜɚɱɿɜ, є ʀɯɧɹ ɦɿɧɿɦɚɥɶɧɚ ɜɚɪɬɿɫɬɶ, ɹɤɚ ɡɧɚɱɧɨ ɦɟɧɲɚ, ɧɚɩɪɢɤɥɚɞ, ɜɿɞ ɰɿɧɢ ɦɿɧɟɪɚɥɶ-
ɧɨʀ ɜɚɬɢ ɚɛɨ ɿɧɲɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɧɚ ɪɢɧɤɭ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɦɚɬɟɪɿɚɥɿɜ. 

Ⱦɟɪɟɜɧɨɫɬɪɭɠɤɨɜɚ ɩɥɢɬɚ є ɞɟɲɟɜɢɦ ɥɢɫɬɨɜɢɦ ɦɚɬɟɪɿɚɥɨɦ, ɜɢɪɨɛɥɟɧɢɦ ɝɚɪɹɱɢɦ 
ɩɪɟɫɭɜɚɧɧɹɦ ɞɟɪɟɜɢɧɧɢɯ ɱɚɫɬɢɧɨɤ, ɩɟɪɟɜɚɠɧɨ ɫɬɪɭɠɤɢ, ɿɡ ɜɜɟɞɟɧɧɹɦ ɫɩɟɰɿɚɥɶɧɢɯ ɞɨɛɚ-
ɜɨɤ (6-18 % ɜɿɞ ɦɚɫɢ ɫɬɪɭɠɨɤ). ɉɪɟɫɭɜɚɧɧɹ ɜɢɤɨɧɭɸɬɶ ɧɚ ɨɞɧɨ- ɬɚ ɛɚɝɚɬɨɩɨɜɟɪɯɨɜɢɯ ɩɟ-
ɪɿɨɞɢɱɧɢɯ ɩɪɟɫɚɯ ɡɚ ɬɢɫɤɭ 0,2-5 Ɇɉɚ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ 100–140 °ɋ ɚɛɨ ɜ ɛɟɡɩɟɪɟɪɜɧɢɯ ɫɬɪɿ-
ɱɤɨɜɢɯ, ɝɭɫɟɧɢɱɧɢɯ ɚɛɨ ɟɤɫɬɪɭɡɿɣɧɢɯ ɚɝɪɟɝɚɬɚɯ. 

Ɏɨɥɶɝɨɿɡɨɥ – ɮɨɥɶɝɨɩɟɪɝɚɦɿɧ ɝɿɞɪɨɿɡɨɥɹɰɿɣɧɢɣ ɦɚɬɟɪɿɚɥ, ɜɢɝɨɬɨɜɥɟɧɢɣ ɡɝɿɞɧɨ ɡ 
ȾɋɌɍ Ȼ.ȼ.2.7. 272-2011 ɹɜɥɹє ɫɨɛɨɸ ɪɭɥɨɧɧɢɣ ɝɿɞɪɨɿɡɨɥɹɰɿɣɧɢɣ ɦɚɬɟɪɿɚɥ, ɡɪɨɛɥɟɧɢɣ ɧɚ 
ɨɫɧɨɜɿ ɪɟɥɶєɮɧɨɸ ɮɨɥɶɝɢ ɩɨɤɪɢɬɨʀ ɫɩɿɧɟɧɨʀ ɨɫɧɨɜɨɸ. ɐɟɣ ɦɚɬɟɪɿɚɥ ɩɨɤɥɢɤɚɧɢɣ ɦɿɧɿɦɿ-
ɡɭɜɚɬɢ ɩɟɪɜɢɧɧɿ ɜɬɪɚɬɢ ɬɟɩɥɚ, ɜɿɞɛɢɜɲɢ ɣɨɝɨ ɜɿɞ ɫɜɨєʀ ɩɨɜɟɪɯɧɿ ɧɚɡɚɞ (ɬɟɩɥɨ ɩɚɪɤɚɧ), 
ɥɟɝɤɢɣ ɭ ɦɨɧɬɚɠɿ ɣ ɜɢɬɪɢɦɭє ɩɪɚɤɬɢɱɧɨ ɛɭɞɶ-ɹɤɿ ɬɟɦɩɟɪɚɬɭɪɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ. 

ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɯɟɦɭ ɭɬɟɩɥɟɧɧɹ ɡɚ ɪɚɞɿɚɬɨɪɧɨʀ ɞɿɥɹɧɤɢ ɪɿɡɧɢɦɢ ɦɚɬɟɪɿɚɥɚɦɢ. 

 

ɚ             ɛ 

 
ɜ          ɝ         ɞ 

Ɋɢɫ. 3. ɋɯɟɦɚ ɭɬɟɩɥɟɧɧɹ ɫɬɿɧɢ:  
ɚ – ɤɪɟɫɥɟɧɧɹ ɜɿɤɧɚ ɬɚ ɩɿɞɜɿɤɨɧɧɨɝɨ ɩɪɨɫɬɨɪɭ; 1 – ɮɪɚɝɦɟɧɬ ɫɬɿɧɢ; 2 – ɩɥɢɬɚ ɩɟɪɟɤɪɢɬɬɹ;  

3 – ɜɿɤɨɧɧɚ ɪɚɦɚ; 4 – ɫɤɥɨ; 5 – ɩɿɞɜɿɤɨɧɧɹ; 6 – ɩɿɞɜɿɤɨɧɧɚ ɧɿɲɚ; 7 – ɛɚɬɚɪɟɹ; 8 – ɬɪɭɛɢ ɨɩɚɥɟɧɧɹ; 
ɛ – ɜɢɯɿɞ ɬɟɩɥɚ ɡ ɪɚɞɿɚɬɨɪɚ; ɜ, ɝ, ɞ – ɭɬɟɩɥɟɧɧɹ ɫɬɿɧɢ  

ɜɿɞɩɨɜɿɞɧɨ ɩɿɧɨɩɨɥɿɫɬɢɪɨɥɨɦ, ɞɟɪɟɜɧɨɫɬɪɭɠɤɨɜɨɸ ɩɥɢɬɨɸ ɬɚ ɮɨɥɶɝɨɿɡɨɥɨɦ 

https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BE%D0%B7%D0%B8%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB
https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D1%81%D1%82%D1%80%D1%83%D0%B7%D1%96%D1%8F
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ɇɚ ɪɢɫ. 4-6 ɩɨɤɚɡɚɧɨ ɪɟɡɭɥɶɬɚɬɢ ɜɢɦɿɪɿɜ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɭɬɟɩɥɟɧɧɹ ɡɚ ɪɚɞɿɚɬɨɪ-
ɧɨɝɨ ɩɪɨɫɬɨɪɭ ɪɿɡɧɢɦɢ ɦɚɬɟɪɿɚɥɚɦɢ. ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɡ ɭɬɟɩɥɟɧɧɹ ɫɬɿɧɢ ɟɤɫɬɪɭɞɟɪɨɦ ɬɨɜɳɢɧɨɸ 20 ɦɦ. Ɇɨɠɟɦɨ ɫɩɨɫɬɟɪɿɝɚɬɢ 
ɳɨ ɞɿɥɹɧɤɚ ɫɬɿɧɢ 2 (ɪɢɫ. 4, ɚ), ɹɤɚ ɛɭɥɚ ɭɬɟɩɥɟɧɚ, ɩɪɚɤɬɢɱɧɨ ɧɟ ɦɚє ɜɬɪɚɬ ɟɧɟɪɝɿʀ, ɳɨ ɹɫɤ-
ɪɚɜɨ ɜɢɞɧɨ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡɿ ɫɬɿɧɚɦɢ 1, 3, ɞɟ ɭɬɟɩɥɸɜɚɱɚ ɧɟɦɚє. 

 

ɚ         ɛ      ɜ 

ȼɢɦɿɪɸɜɚɥɶɧɿ ɨɛ’єɤɬɢ Ɍɟɦɩ.(°C] Ʉ, ɜɢɩɪ. ȼɿɞɨɛɪ. ɬɟɦɩ.[°C] № ɜɿɤɧɚ 

ɋɚɦɚ ɬɟɩɥɚ ɬɨɱɤɚ 1 -1,8 0,94 14,0 1,3 - ɛɟɡ ɭɬɟɩɥɸɜɚɱɚ;  
2 ɡɚɤɪɢɬɚ ɟɤɫɬɪɭɞɟɪɨɦ ɋɚɦɚ ɬɟɩɥɚ ɬɨɱɤɚ 2 -0,1 0,94 14,0 

ɝ 

Ɋɢɫ. 4. ɍɬɟɩɥɟɧɧɹ ɫɬɿɧɢ ɤɨɪɩɭɫɭ № 22 ɑɇɌɍ ɡɚ ɞɨɩɨɦɨɝɨɸ ɟɤɫɬɪɭɞɟɪɚ:  
ɚ – ɮɨɬɨɝɪɚɮɿɹ ɫɬɿɧɢ; ɛ – ɬɟɪɦɨɝɪɚɦɚ; ɜ – ɡɦɿɧɚ ɬɟɦɩɟɪɚɬɭɪɢ ɭɡɞɨɜɠ ɥɿɧɿʀ ɩɪɨɮɿɥɸ;  

ɝ – ɬɟɩɥɨɬɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɡ ɭɬɟɩɥɟɧɧɹ 
ɫɬɿɧɢ ɡɚ ɞɨɩɨɦɨɝɨɸ Ⱦɋɉ ɬɨɜɳɢɧɨɸ 20 ɦɦ. Ɂ ɪɢɫ. 5 ɜɢɞɧɨ, ɳɨ ɞɿɥɹɧɤɚ 3 ɫɬɿɧɢ, ɹɤɚ ɛɭɥɚ 
ɭɬɟɩɥɟɧɚ, ɦɚє ɧɢɠɱɿ ɜɬɪɚɬɢ ɬɟɩɥɚ, ɧɿɠ ɫɬɿɧɚ ɩɿɞ ɩɟɪɲɢɦ ɬɚ ɞɪɭɝɢɦ ɜɿɤɧɨɦ, ɞɟ ɭɬɟɩɥɸɜɚɱɚ 
ɧɟɦɚє.  

 

ɚ    ɛ      ɜ 

ȼɢɦɿɪɸɜɚɥɶɧɿ ɨɛ’єɤɬɢ Ɍɟɦɩ.(°C] ȼɢɩɪ. ȼɿɞɨɛɪ. Ɍɟɦɩ.[°C] № ɜɿɤɧɚ 

ɋɚɦɚ ɬɟɩɥɚ ɬɨɱɤɚ. 1 -1,4 0,94 14,0 1,2 – ɛɟɡ ɭɬɟɩɥɸɜɚɱɚ;  
3 – ɡɚɤɪɢɬɚ Ⱦɋɉ ɋɚɦɚ ɬɟɩɥɚ ɬɨɱɤɚ. 2 0,1 0,94 14,0 

ɝ 

Ɋɢɫ. 5. ɍɬɟɩɥɟɧɧɹ ɫɬɿɧɢ ɤɨɪɩɭɫɭ №22 ɑɇɌɍɡɚ ɞɨɩɨɦɨɝɨɸ Ⱦɋɉ:  
ɚ – ɮɨɬɨɝɪɚɮɿɹ ɫɬɿɧɢ; ɛ – ɬɟɪɦɨɝɪɚɦɚ; ɜ – ɡɦɿɧɚ ɬɟɦɩɟɪɚɬɭɪɢ ɭɡɞɨɜɠ ɥɿɧɿʀ ɩɪɨɮɿɥɸ;  

ɝ – ɬɟɩɥɨɬɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ 

ɇɚ ɪɢɫ. 6 ɦɨɠɧɚ ɫɩɨɫɬɟɪɿɝɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬ ɡ ɭɬɟɩɥɟɧɧɹ ɫɬɿɧɢ ɞɜɨɦɚ ɪɿɡɧɢɦɢ ɦɚɬɟɪɿɚ-
ɥɚɦɢ: Ⱦɋɉ, ɿ ɮɨɥɶɝɚɿɡɨɥ. Ɂ ɪɢɫ. 6 ɜɢɞɧɨ, ɳɨ ɞɿɥɹɧɤɚ ɫɬɿɧɢ 1 ɹɤɚ ɛɭɥɚ ɭɬɟɩɥɟɧɚ Ⱦɋɉ, ɦɚє 
ɧɢɠɱɿ ɜɬɪɚɬɢ ɬɟɩɥɚ, ɧɿɠ ɫɬɿɧɢ ɩɿɞ ɞɪɭɝɢɦ ɬɚ ɬɪɟɬɿɦ ɜɿɤɧɚɦɢ. ɉɪɢ ɰɶɨɦɭ ɭɬɟɩɥɟɧɧɹ ɫɬɿɧɢ 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɨɥɶɝɚɿɡɨɥɭ 2 ɩɪɚɤɬɢɱɧɨ ɧɿ ɞɚє ɧɿ ɹɤɨɝɨ ɩɨɡɢɬɢɜɧɨɝɨ ɟɮɟɤɬɭ, ɡɦɿɧɚ ɬɟɦɩɟ-
ɪɚɬɭɪɢ ɩɪɚɤɬɢɱɧɨ ɜɿɞɩɨɜɿɞɚє ɞɿɥɹɧɰɿ ɫɬɿɧɢ ɛɟɡ ɭɬɟɩɥɸɜɚɱɚ 3. 

ɉɪɢ ɰɶɨɦɭ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɬɟɪɦɨɝɪɚɮɿʀ IR Soft ɞɨɡɜɨɥɹє ɡ ɥɟɝɤɿɫɬɸ ɨɛɪɨ-
ɛɥɹɬɢ ɿɧɮɪɚɱɟɪɜɨɧɿ ɡɨɛɪɚɠɟɧɧɹ ɬɚ ɩɪɨɜɨɞɢɬɢ ʀɯ ɚɧɚɥɿɡ ɧɚ ɉɄ. Ɏɭɧɤɰɿʀ ɜɫɟɛɿɱɧɨɝɨ ɚɧɚɥɿɡɭ 
ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɩɪɨɮɟɫɿɣɧɨʀ ɨɛɪɨɛɤɢ ɬɟɪɦɨɝɪɚɦ. Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ ɦɨɠɥɢɜɚ ɩɨɞɚɥɶɲɚ ɤɨɪɟ-
ɤɬɭɜɚɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɪɿɡɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɩɟɜɧɢɯ ɞɿɥɹɧɨɤ ɡɨɛɪɚɠɟɧɧɹ 
ɚɠ ɞɨ ɨɤɪɟɦɢɯ ɩɿɤɫɟɥɿɜ. Ʉɪɿɦ ɬɨɝɨ, ɦɨɠɧɚ ɡɚɞɚɜɚɬɢ ɧɟɨɛɦɟɠɟɧɭ ɤɿɥɶɤɿɫɬɶ ɬɨɱɨɤ ɜɢɦɿɪɸ-
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ɜɚɧɧɹ, ɜɿɞɨɛɪɚɠɚɬɢ ɝɚɪɹɱɿ ɿ ɯɨɥɨɞɧɿ ɬɨɱɤɢ ɿ ɪɨɛɢɬɢ ɝɨɥɨɫɨɜɿ ɤɨɦɟɧɬɚɪɿ ɞɨ ɬɟɪɦɨɝɪɚɦɢ. ɉɿ-
ɫɥɹ ɨɛɪɨɛɤɢ ɨɬɪɢɦɚɧɢɯ ɞɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ «Testo Soft ware» 
ɛɭɥɨ ɜɢɹɜɥɟɧɨ ɨɫɧɨɜɧɿ «ɬɨɱɤɢ ɯɨɥɨɞɭ» ɜ ɛɭɞɿɜɥɿ, ɹɤɿ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɨɫɧɨɜɧɿ ɜɬɪɚɬɢ ɬɟɩɥɚ 
ɩɪɢɩɚɞɚɸɬɶ ɧɚ ɫɬɢɤɢ ɩɚɧɟɥɟɣ ɩɟɪɟɤɪɢɬɬɹ ɡ ɮɚɫɚɞɚɦɢ ɛɭɞɿɜɥɿ, ɜɿɤɧɚ ɬɚ ɨɩɚɥɸɜɚɥɶɧɿ ɛɚɬɚɪɟʀ, 
ɹɤɿ ɫɜɿɬɹɬɶɫɹ ɹɫɤɪɚɜɨ ɱɟɪɜɨɧɢɦ ɫɜɿɬɥɨɦ ɧɚ ɮɚɫɚɞɿ ɫɩɨɪɭɞɢ [4]. 

 

ɚ      ɛ      ɜ 

ȼɢɦɿɪɸɜɚɥɶɧɿ ɨɛ’єɤɬɢ Ɍɟɦɩ.(°C] Ʉ, ȼɢɩɪ ȼɿɞɨɛɪ. ɬɟɦɩ.[°C] № ɜɿɤɧɚ 

ɋɚɦɚ ɬɟɩɥɚ ɬɨɱɤɚ 1 -1,4 0,94 14,0 1 -ɡɚɤɪɢɬɚ Ⱦɋɉ; 2 - ɡɚɤɪɢɬɚ ɮɨɥɶɝɚɿɡɨɥɨɦ; 
3 -ɛɟɡ ɭɬɟɩɥɸɜɚɱɚ ɋɚɦɚ ɬɟɩɥɚ ɬɨɱɤɚ 2  0,4 0,94 14,0 

ɝ 

Ɋɢɫ. 6. ɍɬɟɩɥɟɧɧɹ ɫɬɿɧɢ ɤɨɪɩɭɫɭ № 22 ɑɇɌɍɡɚ ɞɨɩɨɦɨɝɨɸ Ⱦɋɉ ɿ ɮɨɥɶɝɚɿɡɨɥɚ: 
ɚ – ɮɨɬɨɝɪɚɮɿɹ ɫɬɿɧɢ; ɛ – ɬɟɪɦɨɝɪɚɦɚ; ɜ – ɡɦɿɧɚ ɬɟɦɩɟɪɚɬɭɪɢ ɭɡɞɨɜɠ ɥɿɧɿʀ ɩɪɨɮɿɥɸ;  

ɝ – ɬɟɩɥɨɬɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɟɥɶ ɬɚ ɫɩɨɪɭɞ ɡɚ ɦɟɬɨɞɢɤɨɸ, ɳɨ ɧɚɜɟɞɟɧɚ ɜ 
ɪɨɛɨɬɿ [5], ɛɭɥɨ ɫɬɜɨɪɟɧɨ ɩɪɨɝɪɚɦɧɢɣ ɤɨɦɩɥɟɤɫ «THERMAL ENERGY» (ɪɢɫ. 7), ɹɤɢɣ 
ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɚɬɢ ɫɭɦɚɪɧɿ ɜɬɪɚɬɢ ɬɟɩɥɨɜɨʀ ɟɧɟɪɝɿʀ. Ⱦɥɹ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɛɭɥɨ ɨɛɪɚɧɨ ɬɢ-
ɩɿɡɨɜɚɧɭ ɨɛ’єɤɬɧɨ-ɨɪɿєɧɬɨɜɚɧɭ ɦɨɜɭ ɩɪɨɝɪɚɦɭɜɚɧɧɹ Java, ɹɤɭ ɪɨɡɪɨɛɥɟɧɨ ɤɨɦɩɚɧɿєɸ Sun 
Microsystems (ɭ ɩɨɞɚɥɶɲɨɦɭ ɩɪɢɞɛɚɧɨʀ ɤɨɦɩɚɧɿєɸ Oracle). ɉɪɨɝɪɚɦɢ Java ɡɚɡɜɢɱɚɣ ɬɪɚ-
ɧɫɥɸɸɬɶɫɹ ɭ ɫɩɟɰɿɚɥɶɧɢɣ ɛɚɣɬ-ɤɨɞ, ɬɨɦɭ ɜɨɧɢ ɦɨɠɭɬɶ ɩɪɚɰɸɜɚɬɢ ɧɚ ɛɭɞɶ-ɹɤɿɣ 
ɤɨɦɩ’ɸɬɟɪɧɿɣ ɚɪɯɿɬɟɤɬɭɪɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɿɪɬɭɚɥɶɧɨʀ Java-ɦɚɲɢɧɢ. ɇɚ ɪɢɫɭɧɤɭ 7, ɛ, ɜ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜɜɟɞɟɧɧɹ ɞɚɧɢɯ ɬɚ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɿɜ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ. 
ɍ ɪɟɡɭɥɶɬɚɬɿ ɡɞɿɣɫɧɟɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɡɚɯɨɞɿɜ ɬɚ ɩɪɨɜɟɞɟɧɧɹ ɪɨɡɪɚɯɭɧɤɿɜ ɭ ɩɪɨɝɪɚ-

ɦɧɨɦɭ ɤɨɦɩɥɟɤɫɿ «THERMAL ENERGY» ɿɧɠɟɧɟɪ-ɟɧɟɪɝɨɚɭɞɢɬɨɪ ɩɨɜɢɧɟɧ ɡɞɿɣɫɧɸɜɚɬɢ 
ɬɚɤɿ ɬɟɯɧɨɥɨɝɿɱɧɿ ɨɩɟɪɚɰɿʀ: 

- ɪɨɡɪɨɛɥɹɬɢ ɣ ɪɟɚɥɿɡɨɜɭɜɚɬɢ ɟɧɟɪɝɨ- ɬɚ ɪɟɫɭɪɫɨɡɛɟɪɿɝɚɸɱɿ ɡɚɯɨɞɢ ɩɪɢ ɩɪɨєɤɬɭɜɚɧɧɿ 
ɬɚ ɟɤɫɩɥɭɚɬɚɰɿʀ ɬɟɩɥɨɟɧɟɪɝɟɬɢɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɨɜɿɬɧɿɯ ɞɨɫɹɝɧɟɧɶ; 

- ɿɧɬɟɝɪɭɜɚɬɢ ɡɧɚɧɧɹ ɡ ɪɿɡɧɢɯ ɫɮɟɪ ɿɧɠɟɧɟɪɧɨʀ ɞɿɹɥɶɧɨɫɬɿ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɤɨɦɩɥɟɤɫ-
ɧɢɯ ɩɪɚɤɬɢɱɧɢɯ ɡɚɞɚɱ; 

- ɪɨɡɪɨɛɥɹɬɢ ɿ ɜɩɪɨɜɚɞɠɭɜɚɬɢ ɟɤɨɥɨɝɿɱɧɨ ɛɟɡɩɟɱɧɿ, ɟɧɟɪɝɨ- ɬɚ ɪɟɫɭɪɫɨɡɛɟɪɿɝɚɸɱɿ ɬɟ-
ɯɧɨɥɨɝɿʀ; 

- ɜɢɤɨɧɭɜɚɬɢ ɬɟɯɧɿɱɧɿ ɪɨɡɪɚɯɭɧɤɢ ɡɚ ɩɪɨɟɤɬɚɦɢ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɨɝɨ ɿ ɮɭɧɤɰɿɨɧɚ-
ɥɶɧɨ-ɜɚɪɬɿɫɧɨɝɨ ɚɧɚɥɿɡɭ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɨɟɤɬɧɢɯ ɪɿɲɟɧɶ, ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɢɤɥɚɞɧɨɝɨ 
ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɿɜ ɿ ɜɢɛɨɪɭ ɫɟɪɿɣɧɨɝɨ ɬɚ ɪɨɡɪɨɛɤɢ ɧɨ-
ɜɨɝɨ ɬɟɩɥɨɟɧɟɪɝɟɬɢɱɧɨɝɨ ɬɚ ɬɟɩɥɨɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ; 

- ɩɪɢɣɦɚɬɢ ɩɪɨɟɤɬɧɿ ɪɿɲɟɧɧɹ ɩɪɢ ɩɪɨєɤɬɭɜɚɧɧɿ ɫɢɫɬɟɦ ɬɟɩɥɨ- ɬɚ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹ, 
ɨɛɢɪɚɬɢ ɬɢɩ ɬɚ ɤɨɧɫɬɪɭɤɰɿʀ ɭɫɬɚɧɨɜɨɤ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɧɟɬɪɚɞɢɰɿɣɧɿ ɞɠɟɪɟɥɚ ɟɧɟɪɝɿʀ; 

- ɨɰɿɧɸɜɚɬɢ ɜɚɪɬɿɫɬɶ ɬɚ ɬɟɯɧɿɤɨɟɤɨɧɨɦɿɱɧɭ ɞɨɰɿɥɶɧɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɿɞɧɨɜɥɸɜɚɧɢɯ 
ɞɠɟɪɟɥ ɟɧɟɪɝɿʀ ɜ ɫɢɫɬɟɦɚɯ ɨɩɚɥɟɧɧɹ ɬɚ ɝɚɪɹɱɨɝɨ ɜɨɞɨɩɨɫɬɚɱɚɧɧɹ ɠɢɬɥɨɜɢɯ ɛɭɞɿɜɟɥɶ. 

ɉɪɢ ɰɶɨɦɭ ɫɥɿɞ ɦɚɬɢ ɧɚ ɭɜɚɡɿ, ɳɨ ɤɨɠɧɚ ɛɭɞɿɜɥɹ ɭɧɿɤɚɥɶɧɚ, ɬɨɦɭ ɤɨɠɧɢɣ ɩɪɨєɤɬ ɩɨ-
ɜɢɧɟɧ ɪɨɡɝɥɹɞɚɬɢɫɶ ɿɧɞɢɜɿɞɭɚɥɶɧɨ, ɳɨɛ ɜɢɡɧɚɱɢɬɢ ɫɩɟɰɢɮɿɱɧɿ ɦɨɠɥɢɜɨɫɬɿ ɩɿɞɜɢɳɟɧɧɹ 
ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ.  
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Ɋɢɫ. 7. ɉɪɨɝɪɚɦɧɢɣ ɤɨɦɩɥɟɤɫ «THERMAL ENERGY»: 
ɚ – ɿɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɢ; ɛ – ɜɜɟɞɟɧɧɹ ɞɚɧɢɯ; ɜ – ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɨɬɪɢɦɚɧɿ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɛɭɞɿɜɥɿ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ ɨɰɿɧɢɬɢ ʀʀ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬɶ. ɉɪɢ ɰɶɨɦɭ ɤɨɥɢ ɛɭɞɿɜɥɹ 
ɦɚє ɜɢɫɨɤɢɣ ɤɥɚɫ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ, ɰɟ ɞɨɡɜɨɥɹє ɜɢɞɿɥɹɬɢ ɧɚ ɧɟʀ ɦɟɧɲɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ, ɿ ɹɤ ɧɚɫɥɿɞɨɤ, ɡɦɟɧɲɭɸɬɶɫɹ ɜɢɬɪɚɬɢ ɧɚ ɨɩɚɥɟɧɧɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɨɰɿɧɤɢ 
ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɛɭɞɿɜɥɿ ɬɚ ɜɢɛɨɪɭ ɬɟɩɥɨɿɡɨɥɹɰɿɣɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɹɤɚ ɜɤɥɸɱɚє ɪɨɡɪɚɯɭ-
ɧɤɨɜɿ ɭɦɨɜɢ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɛɭɞɿɜɥɿ, ɝɟɨɦɟɬɪɢɱɧɿ ɬɚ ɬɟɩɥɨɬɟɯɧɿɱɧɿ ɩɨɤɚɡɧɢɤɢ, ɚ ɬɚɤɨɠ ɤɨ-
ɟɮɿɰɿєɧɬɢ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɤɨɦɩɥɟɤɫɧɿ ɩɨɤɚɡɧɢɤɢ ɞɨɡɜɨɥɹє ɪɚɰɿɨɧɚɥɶɧɨ ɩɿɞɿɛɪɚɬɢ 
ɫɯɟɦɭ ɬɟɪɦɨɦɨɞɟɪɧɿɡɚɰɿʀ ɨɝɨɪɨɞɠɭɜɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ȼɢɤɨɪɢɫɬɚɧɧɹ ɰɿєʀ ɦɟɬɨɞɢɤɢ ɩɪɢ 
ɨɰɿɧɰɿ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɪɩɭɫɭ ɑɇɌɍ ɞɨɡɜɨɥɹє ɩɿɞɜɢɳɢɬɢ ɟɧɟɪɝɨɟɮɟɤ-
ɬɢɜɧɿɫɬɶ ɛɭɞɿɜɟɥɶɧɨɝɨ ɨɛ’єɤɬɚ ɬɚ ɡɦɟɧɲɢɬɢ ɜɢɬɪɚɬɢ ɧɚ ɣɨɝɨ ɨɩɚɥɟɧɧɹ. 

ɋɩɢɫɨɤ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ 
1. ȾȻɇ ȼ.2.6-31:2006. Ʉɨɧɫɬɪɭɤɰɿʀ ɛɭɞɢɧɤɿɜ ɿ ɫɩɨɪɭɞ. Ɍɟɩɥɨɜɚ ɿɡɨɥɹɰɿɹ ɛɭɞɿɜɟɥɶ. [ɑɢɧɧɢɣ ɜɿɞ 

2006-09-09]. Ʉɢʀɜ : Ɇɿɧɛɭɞ ɍɤɪɚʀɧɢ, 2006. 65 ɫ. 
2. ɐɢɛɭɥɶɤɨ Ⱥ. ȱɧɮɨɪɦɚɰɿɣɧɢɣ ɩɨɫɿɛɧɢɤ ɇɨɜɢɣ ɨɫɜɿɬɧɿɣ ɩɪɨɫɬɿɪ (ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɿɫɬɶ) ɫɬɚɧɨɦ 

ɧɚ 1 ɛɟɪɟɡɧɹ 2019 ɪɨɤɭ. URL: http://www.minregion.gov.ua/uncategorized/informatsiyniy-posibnik-

noviy-osvitniy-prostir-energoefektivnist-stanom-na-1-bereznya-2019-roku/. 



Ɍȿɏɇȱɑɇȱ ɇȺɍɄɂ ɌȺ ɌȿɏɇɈɅɈȽȱȲ № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

295 

3. ɉɟɪɟɝɭɞɚ Є. ȼ. ȱɧɧɨɜɚɰɿɣɧɢɣ ɩɨɬɟɧɰɿɚɥ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɬɚ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɫɬɿ ɭ ɠɢɬɥɨ-
ɜɨɦɭ ɫɟɤɬɨɪɿ: ɩɨɥɿɬɢɱɧɿ ɚɫɩɟɤɬɢ. ɇɚɭɤɨɜɿ ɩɪɚɰɿ ɆȺɍɉ. 2017. ȼɢɩ. 52(1). ɋ. 75–84. 

4. Ɍɟɪɟɳɭɤ Ɉ. ȱ., ɋɚɯɧɨ Є. ɘ., Ɇɚɪɝɚɫɨɜ Ⱦ. ȼ., Ʉɨɪɡɚɱɟɧɤɨ Ɇ. Ɇ. Ɇɨɧɿɬɨɪɢɧɝ ɟɧɟɪɝɨɟɮɟɤɬɢ-
ɜɧɨɫɬɿ ɦɚɥɨɩɨɜɟɪɯɨɜɢɯ ɛɭɞɿɜɟɥɶ : ɦɨɧɨɝɪɚɮɿɹ. ɑɟɪɧɿɝɿɜ : ɑɇɌɍ, 2018. 356 ɫ. 

5. Ɍɟɪɟɳɭɤ Ɉ. ȱ., ɋɚɯɧɨ Є. ɘ., ɓɟɪɛɚɤ ɘ. ȼ., Ɂɢɦɨɜɟɰɶ Ⱦ. ȼ. ɉɪɨɜɟɞɟɧɧɹ ɬɟɩɥɨɜɿɡɿɣɧɨɝɨ 
ɦɨɧɿɬɨɪɢɧɝɭ ɟɧɟɪɝɨɨɳɚɞɧɨɫɬɿ ɛɭɞɿɜɟɥɶ ɿ ɫɩɨɪɭɞ. Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ ɬɚ ɬɟɯɧɨɥɨɝɿʀ. 2019. № 1(15). 

ɋ. 278-288. 
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THERMAL MODERNIZATION OF PROTECTING CONSTRUCTIONS  

OF BUILDINGS AND STRUCTURES 

Urgency of the research. It is well known that most of the building envelopes are occupied by external walls, so their 

influence on the loss of heat by the building is the main one. Therefore, when using facade insulation systems, not only a high 

rate of thermal conductivity is ensured, but also a normal moisture-resistant mode of structures during operation, and hence 

comfortable conditions for people to live. As a rule, heat-insulating materials are used for thermal insulation of exterior 

walling, and in multilayer walling, heat-insulating materials are used as a heat-insulating layer. 

Target setting. When carrying out construction work, it should be borne in mind that the thermal modernization of 

buildings is a whole range of works aimed at rationalizing the heat engineering indicators of building envelopes, indicators of 

energy consumption by engineering systems and ensuring the energy efficiency of buildings at a level not lower than that 

established by the minimum requirements for energy efficiency. 

Actualscientific researches and issues analysis. The work reviewed the latest publications on this topic, which are 

presented in the public domain, including existing regulatory documents. 

Uninvestigated parts of general matters defining. A significant proportion of the currently existing buildings is 

characterized by an extremely low level of thermal protection and unacceptably high heat costs to maintain the necessary 

microclimate parameters. Among the main reasons for the low energy efficiency of buildings, there is a low level of thermal 

resistance of the main building structures. Therefore, in this scientific work, the task is to provide for a device of heat-reflecting 

thermal insulation between the heating devices and the outer wall and also the choice of heat-insulating material for building 

envelopes. 

The research objective. The purpose of this scientific work is to formulate measures for the modernization of building 

envelopes of buildings and structures based on a comprehensive analysis of space-planning, structural and engineering 

solutions, as well as for planning, organizing and conducting energy audits of existing buildings with the development of 

recommendations for improving the energy efficiency of relevant facilities. 

The statement of basic materials. The thermal insulation layer can be performed by various methods, depending on the type and 

density of the thermal insulation products. The geometrical parameters of the 22 building of the CNUT for energy protection of the 

building were determined, and on their basis the thermal engineering parameters of the building were calculated with the subsequent 

experimental determination of thermal imaging diagrams and their processing in the software package. 

Conclusions. As a result of the research, the characteristics of the building were obtained, which allow to evaluate its energy 

efficiency. Moreover, when the building has a high energy saving class, this allows to allocate less heat load to it, and as a result, 

heating costs are reduced. A methodology for assessing the energy efficiency of the building and the choice of heat-insulating 

materials has been proposed, and it includes the estimated conditions for the functioning of the building, geometric and heat 

http://www.minregion.gov.ua/uncategorized/informatsiyniy-posibnik-noviy-osvitniy-prostir-energoefektivnist-stanom-na-1-bereznya-2019-roku/
http://www.minregion.gov.ua/uncategorized/informatsiyniy-posibnik-noviy-osvitniy-prostir-energoefektivnist-stanom-na-1-bereznya-2019-roku/
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engineering indicators, as well as energy efficiency coefficients and complex indicators that allow rational selection of the thermal 

modernization scheme for building envelopes. The use of this technique in assessing the energy efficiency of the educational 

building of CNUT allows increasing the energy efficiency of the construction site and reducing the cost of heating it. 

Keywords: energysaving; thermal imager; fencing structures. 

Fig.: 7. References: 5. 
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