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05.05.14 - ɏɨɥɨɞɢɥɶɧɚ, ɜɚɤɭɭɦɧɚ ɬɚ ɤɨɦɩɪɟɫɨɪɧɚ ɬɟɯɧɿɤɚ, ɫɢɫɬɟɦɢ ɤɨɧɞɢɰɿɸɜɚɧɧɹ 
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ȺɇɈɌȺɐȱə 

Ƚɪɭɞɤɚ Ȼ.Ƚ. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɜ 

ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ. – Ʉɜɚɥɿɮɿɤɚɰɿɣɧɚ ɧɚɭɤɨɜɚ ɩɪɚɰɹ ɧɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ ɡɚ 

ɫɩɟɰɿɚɥɶɧɿɫɬɸ 05.05.14 – «ɏɨɥɨɞɢɥɶɧɚ, ɜɚɤɭɭɦɧɚ ɬɚ ɤɨɦɩɪɟɫɨɪɧɚ ɬɟɯɧɿɤɚ, 

ɫɢɫɬɟɦɢ ɤɨɧɞɢɰɿɸɜɚɧɧɹ». Ɉɞɟɫɶɤɚ ɧɚɰɿɨɧɚɥɶɧɚ ɚɤɚɞɟɦɿɹ ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ. 

ɆɈɇ ɍɤɪɚʀɧɢ, Ɉɞɟɫɚ, 2017. 

Ɋɨɡɜɢɬɨɤ ɦɚɥɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ, ɜ ɩɨєɞɧɚɧɧɿ ɡ ɟɤɨɥɨɝɿɱɧɨ ɱɢɫɬɢɦɢ 

ɟɧɟɪɝɨɡɛɟɪɿɝɚɸɱɢɦɢ ɬɟɯɧɨɥɨɝɿɹɦɢ, ɩɿɲɨɜ ɩɨ ɲɥɹɯɭ ɨɫɜɨєɧɧɹ ɧɨɜɢɯ ɫɯɟɦɧɨ-

ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ. Ɂɦɿɧ ɡɚɡɧɚɥɢ ɪɨɛɨɱɿ ɪɟɱɨɜɢɧɢ, ɪɚɰɿɨɧɚɥɶɧɿ ɤɨɧɫɬɪɭɤɰɿʀ, 

ɩɚɪɚɦɟɬɪɢ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɥɚɞɧɚɧɧɹ, ɦɟɬɨɞɢ ɿ ɩɪɢɣɨɦɢ ɩɪɨɟɤɬɭɜɚɧɧɹ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɚɧɚɥɿɡɭ ɜɡɚєɦɨɡɜ’ɹɡɤɿɜ ɜ ɤɥɚɫɿ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ 

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 ɬɟɩɥɨ-

ɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɪɨɛɧɢɰɬɜɨɦ ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ 

ɡɞɚɬɧɟ ɞɚɬɢ ɦɚɤɫɢɦɚɥɶɧɢɣ ɟɮɟɤɬ ɟɤɨɧɨɦɿʀ ɩɪɢɪɨɞɧɢɯ ɪɟɫɭɪɫɿɜ. 

ȼɢɤɨɧɚɧɨ ɤɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ ɿɫɧɭɸɱɢɯ ɬɢɩɿɜ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ 

ɯɨɥɨɞɢɥɶɧɢɯ 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 ɩɪɢɡɧɚɱɟɧɧɹ 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 ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɨɜɿ ɬɟɯɧɿɱɧɿ ɪɿɲɟɧɧɹ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɰɿ.  
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ɉɪɟɡɟɧɬɨɜɚɧɨ ɧɨɜɿ ɫɯɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɬɚ ɪɨɡɩɨɞɿɥɢ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɜ 

ɧɢɯ ɜɿɞ ɩɨɬɪɟɛ ɜɢɪɨɛɧɢɰɬɜɚ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ. Ɋɨɡɝɥɹɧɭɬɨ ɫɯɟɦɭ, ɜ ɹɤɿɣ ɱɚɫɬɤɚ 

ɭɬɢɥɿɡɨɜɚɧɨɝɨ ɬɟɩɥɚ ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ ɞɜɚ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɢ – ɯɨɥɨɞ ɬɚ 

ɞɨɞɚɬɤɨɜɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ ɡ NH3-H2O.  

ɋɢɫɬɟɦɭ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɤɨɦɩɪɟɫɨɪɧɨɸ ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɰɢɤɥɨɦ ɑɢɫɬɹɤɨɜɚ-ɉɥɨɬɧɿɤɨɜɚ ɡ ɋɈ2 ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ ɬɚ ɚɝɪɟɝɚɬɨɦ «ɬɭɪɛɿɧɚ-

ɤɨɦɩɪɟɫɨɪ». Ɂɚɝɚɥɶɧɢɣ ɰɢɤɥ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɪɟɚɥɿɡɭєɬɶɫɹ ɜ ɞɜɨɯ ɨɛɥɚɫɬɹɯ: ɜ 

ɧɚɞɤɪɢɬɢɱɧɿɣ – ɩɪɹɦɢɣ, ɜ ɞɜɨɮɚɡɧɿɣ – ɡɜɨɪɨɬɧɢɣ. Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ 

ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɯɟɦɭ, 

ɜ ɹɤɿɣ ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ ɬɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ ɦɚɸɬɶ єɞɢɧɭ ɪɨɛɨɱɭ 

ɪɟɱɨɜɢɧɭ – ɋɈ2. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ ɤɨɦɩɪɟɫɨɪɧɚ ɯɨɥɨɞɢɥɶɧɚ 

ɦɚɲɢɧɚ ɜɢɤɨɧɭє ɮɭɧɤɰɿʀ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. ɇɚ ɩɪɢɤɥɚɞɿ ɮɟɪɦɟɪɫɶɤɨɝɨ 

ɝɨɫɩɨɞɚɪɫɬɜɚ ɧɚɞɚɧɨ ɫɩɨɫɿɛ ɮɨɪɦɭɜɚɧɧɹ ɦɚɥɨʀ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. ɉɨɤɚɡɚɧɨ, 

ɳɨ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ, ɬɟɦɩɟɪɚɬɭɪɧɿ ɪɟɠɢɦɢ ɜɢɪɨɛɧɢɰɬɜɚ ɬɟɩɥɚ ɿ 

ɯɨɥɨɞɭ ɩɨɜɧɿɫɬɸ ɡɚɥɟɠɚɬɶ ɜɿɞ ɩɨɬɪɟɛ ɩɟɜɧɨɝɨ ɜɢɪɨɛɧɢɤɚ, ɛɟɡɩɨɫɟɪɟɞɧɶɨ 

ɜɢɡɧɚɱɚɸɬɶɫɹ ɤɨɥɢɜɚɧɧɹɦɢ ɬɟɦɩɟɪɚɬɭɪɢ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ ɿ ɟɧɟɪɝɟɬɢɱɧɨɸ 

ɟɮɟɤɬɢɜɧɿɫɬɸ ɭɫɬɚɧɨɜɨɤ, ɹɤɿ ɜɢɪɨɛɥɹɸɬɶ ɤɨɠɟɧ ɟɮɟɤɬ. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɪɿɡɧɢɯ ɬɢɩɿɜ ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ ɜɤɚɡɚɜ ɧɚ 

ɩɟɪɟɜɚɝɢ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɨɛɭɦɨɜɥɟɧɿ ɧɢɡɶɤɢɦɢ 

ɬɢɫɤɚɦɢ ɬɚ ɡɨɜɧɿ ɨɛɨɪɨɬɧɢɦɢ ɩɪɨɰɟɫɚɦɢ ɝɟɧɟɪɚɰɿʀ ɿ ɞɟɝɚɡɚɰɿʀ (ɬɟɦɩɟɪɚɬɭɪɚ 

ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɡɦɿɧɸєɬɶɫɹ ɩɨɞɿɛɧɨ ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɞɠɟɪɟɥɚ ɬɟɩɥɚ). 

Ɉɰɿɧɟɧɨ ɟɧɟɪɝɟɬɢɱɧɭ ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɡɧɚɱɟɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɜ ɪɟɠɢɦɿ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ. Ɋɨɡɝɥɹɧɭɬɨ 

ɩɟɪɟɞɭɦɨɜɢ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɥɚɫɬɢɧɱɚɬɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ 

ɩɨɜ'ɹɡɚɧɨ ɡ ɪɨɡɪɨɛɤɨɸ ɧɨɜɢɯ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ ɜ 

ɩɪɹɦɨɦɭ ɿ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ. Ⱥɧɚɥɿɡ ɩɪɨɜɟɞɟɧɨ ɨɤɪɟɦɨ ɞɥɹ: ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ 

ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ (ɤɥɚɫɢɱɧɢɣ ɊɌɈ ɩɚɪɨɜɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ), ɜ ɩɪɹɦɨɦɭ 

ɰɢɤɥɿ (ɤɥɚɫɢɱɧɢɣ ɊɌɈ ɩɚɪɨɫɢɥɨɜɨʀ ɦɚɲɢɧɢ). Ɋɨɡɝɥɹɧɭɬɨ ɩɟɪɟɯɪɟɫɧɭ ɪɟɝɟɧɟɪɚɰɿɸ 
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ɬɟɩɥɚ ɦɿɠ ɩɨɬɨɤɚɦɢ ɩɪɹɦɨɝɨ ɬɚ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɿɜ ɬɚ ɨɞɧɨɱɚɫɧɟ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɩɟɪɟɯɪɟɫɧɨʀ ɬɚ ɪɟɝɟɧɟɪɚɰɿʀ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ. ȼɢɡɧɚɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ 

ɞɨɫɤɨɧɚɥɨɫɬɿ ɩɪɢɣɧɹɬɢɯ ɪɿɲɟɧɶ ɡ ɨɞɧɨɱɚɫɧɢɦ ɜɢɪɿɲɟɧɧɹɦ ɡɚɜɞɚɧɶ 

ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɜɢɤɨɧɚɧɨ ɟɧɟɪɝɟɬɢɱɧɢɦ ɬɚ 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 ɜɢɡɧɚɱɢɜ ɦɨɠɥɢɜɿɫɬɶ ʀɯ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Ɇɚɥɚ ɟɧɟɪɝɟɬɢɤɚ; ɬɪɢɝɟɧɟɪɚɰɿɹ; ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ; 

ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ; ɤɨɦɩɪɟɫɨɪɧɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ 

ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ; ɪɟɝɟɧɟɪɚɰɢɹ ɬɟɩɥɚ, ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ; ɟɧɟɪɝɟɬɢɱɧɢɣ 

ɚɧɚɥɿɡ. 

ABSTRACT 

Hrudka B. Thermodynamic analysis of the heat-driven refrigeration machines within 

systems. – The manuscript. 

The thesis for Candidate of science degree by specialty 05.10.14 – «RОПrТРОrКtТЧР, 

vacuum and compressor technique, КТr МШЧНТtТШЧТЧР sвstОЦs». – Odessa national 

academy of food technologies. MESYS of Ukraine, Odessa, 2017. 

The development of small power plants in combination with environmentally 

friendly energy-saving technologies has gone on the way of mastering new cycles and 

schemes solutions. The working fluids, rational constructions, parameters and 

characteristics of equipment, methods and techniques of design have undergone 

changes. 

Based on the analysis of the interconnections in the class of the power 

transforming systems it was established that the simplest and at the same time a 
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promising way of utilizing primary energy (fuel) for the development of useful effects 

(electricity, heat and cold) is based on the concept of trigeneration. 

The maximum effect of saving natural resources can be obtained by combining 

into a single complex of a cogeneration system and a heat-driven refrigeration machine 

with the production of three beneficial effects. 

The critical analysis of existing types of heat-driven refrigeration machines by 

compensating processes (absorption, compressor and ejector processes), working fluids 

and temperature levels of heat sources is performed. The natural working fluids           

NH3-H2O КЧН ɋɈ2 are selected for study and the review of refrigeration machines for 

different application using obtained working fluids is given. The review of works 

devoted to the existing cogeneration and trigeneration systems is carried out. On the 

basis of literary sources, the overview of available thermodynamic analysis methods is 

presented and critically evaluation for their use in the process of modern refrigeration 

machines design in particular thermal-driven ones is given. The new technical 

solutions for trigeneration in small power engineering as a result of the received 

information analysis are presented. 

The new schemes of trigeneration and energy flows distribution in such schemes 

in depending on the beneficial effects production needs are presented. The scheme with 

transformation of a part of utilizing heat into two beneficial effects such as cold and 

additional electricity by using an NH3-H2O absorption refrigeration machines is 

considered. 

The trigeneration system with a compression refrigeration machine is represented 

by the Chistyakov-Plotnikov cycle with CO2 as a working fluid and the turbine-

compressor unit. The general cycle of the refrigeration machine is realized in two 

areas: as a direct cycle in a supercritical area and as a reverse cycle in biphasic area. In 

order to increase energy efficiency and ecological safety of the trigeneration system, 

the scheme with a CO2 as a single working fluid both for power unit and refrigeration 

unit is proposed. In this case, the heat-driven compression refrigeration machine 

performs the function of the trigeneration system. A farmer household is used as an 

application example for the formation of the small trigeneration system. It has been 
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shown that the beneficial effects performance and the temperature modes of the heat 

and cold production completely depend on the needs of a particular manufacturer and 

they are directly determined by fluctuations in the outside air temperature and the 

energy efficiency of the units that produce each effect. 

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). The energy and exergy efficiency of this refrigeration machine working 

in the mode of small energy trigeneration system is estimated. The preconditions of 

practical realization of an absorption-resorption refrigeration machine with plate heat 

exchangers are considered. 

The research of the compression heat-НrТЯОЧ ЦКМСТЧОs аТtС 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 analysis was conducted separately for heat regeneration in the reverse 

cycle (the classical recuperator of the vapour compression refrigeration cycle) and in 

the direct cycle (the classical recuperator of the power cycle). The cross-sectional heat 

regeneration between direct and reverse cycles and the simultaneous use of intersection 

and regeneration in the reverse cycle are considered. 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 -50 °ɋ) 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 

is proposed. The practical feasibility of these machines has confirmed using the results 

obtained from the thermodynamic analysis. 

Keywords: small energetics, trigeneration; energy efficiency, absorption-

resorption refrigeration machine, compression heat-driven refrigeration machine, heat 

regeneration, energy analysis, exergy analysis. 
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ɋɩɢɫɨɤ ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɩɪɚɰɶ ɡɞɨɛɭɜɚɱɚ 
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2. Ƚɪɭɞɤɚ Ȼ.Ƚ. Ⱥɧɚɥɿɡ ɫɯɟɦɧɢɯ ɪɿɲɟɧɶ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ R744 / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.І. Ɇɨɪɨɡɸɤ, ɋ.ȼ. Ƚɚɣɞɭɤ // 

ȼɨɫɬɨɱɧɨ-ɟɜɪɨɩɟɣɫɤɢɣ ɠɭɪɧɚɥ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ [EEJET]. – 2016. – Ɍ.1, 

№8(79). – ɋ. 29-39. 

3. Ƚɪɭɞɤɚ Ȼ.Ƚ. Ⱥɧɚɥɿɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɹɦɨɝɨ ɰɢɤɥɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɤɨɦɩɪɟɫɨɪɧɨʀ ɦɚɲɢɧɢ ɡ R744 / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.І. Ɇɨɪɨɡɸɤ, ɋ.ȼ. Ƚɚɣɞɭɤ // 

ɏɨɥɨɞɢɥɶɧɚ ɬɟɯɧɿɤɚ ɬɚ ɬɟɯɧɨɥɨɝɿɹ. – 2016. – №2 (52). – ɋ. 12-22. 

4. Ƚɪɭɞɤɚ Ȼ.Ƚ. Эɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɛɫɨɪɛɰɢɨɧɧɨ-

ɪɟɡɨɪɛɰɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɜ ɫɢɫɬɟɦɟ ɬɪɢɝɟɧɟɪɚɰɢɢ ɦɚɥɨɣ ɷɧɟɪɝɟɬɢɤɢ 

/ Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ɂ. Ɇɨɪɨɡɸɤ // ɏɨɥɨɞɢɥɶɧɚ ɬɟɯɧɿɤɚ ɬɚ ɬɟɯɧɨɥɨɝɿɹ. – 2016. – №4 

(52). – ɋ. 4-10. 

5. Study of a tri-generation system based on a supercritical CO2 cycle /              

T. Morosuk, G. Tsatsaronis, L. Morozyuk et al. // 1st European Seminar on 

Supercritical CO2 (sCO2) Power Systems. – Vienna, Austria, 29-30.09.2016. 

6. Ƚɪɭɞɤɚ Ȼ.Ƚ. ɇɨɜɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɬɪɢɝɟɧɟɪɚɰɢɢ ɜ ɦɚɥɨɣ 

ɷɧɟɪɝɟɬɢɤɟ/ Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ɂ. Ɇɨɪɨɡɸɤ // «Ʉɚɡɚɯɫɬɚɧ-ɏɨɥɨɞ 2017»: ɋɛ. ɞɨɤɥ. 

ɦɟɠɞ. ɧɚɭɱ.-ɬɟɯɧ. ɤɨɧɮ. – Ⱥɥɦɚɬɵ: ȺɌɍ, 15-16.03.2017. – ɋ.166-174. 

7. Ƚɪɭɞɤɚ Ȼ.Ƚ. ȼɜɟɞɟɧɢɟ ɜ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɚɛɫɨɪɛɰɢɨɧɧɨ-

ɪɟɡɨɪɛɰɢɨɧɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ɂ. Ɇɨɪɨɡɸɤ // ɏɨɥɨɞɢɥɶɧɚ 

ɬɟɯɧɿɤɚ ɬɚ ɬɟɯɧɨɥɨɝɿɹ. – 2017. – №1 (53). – ɋ. 4-10. 
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ɦɚɲɢɧɵ ɫ R744 / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ɂ. Ɇɨɪɨɡɸɤ, ɋ.ȼ. Ƚɚɣɞɭɤ ɢ ɞɪ. // ɏɨɥɨɞɢɥɶɧɚ 
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ɉɭɛɥɿɤɚɰɿʀ ɚɩɪɨɛɚɰɿɣɧɨɝɨ ɯɚɪɚɤɬɟɪɭ 

1. Ƚɪɭɞɤɚ Ȼ.Ƚ. ɋɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɬɪɢɝɟɧɟɪɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɟɡɨɪɛɰɢɨɧɧɨɣ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɦɚɲɢɧɵ ДɌɟɤɫɬ] / Ȼ.Ƚ. Ƚɪɭɞɤɚ // Ɇɿɠɧɚɪɨɞɧɚ 

ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɚ ɤɨɧɮɟɪɟɧɰɿɹ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ, ɚɫɩɿɪɚɧɬɿɜ ɬɚ ɫɬɭɞɟɧɬɿɜ «ɋɬɚɧ, 

ɞɨɫɹɝɧɟɧɧɹ ɿ ɩɟɪɫɩɟɤɬɢɜɢ ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ ɿ ɬɟɯɧɨɥɨɝɿʀ» – 2014. – ɫ. 53-54. 

2. Ƚɪɭɞɤɚ Ȼ.Ƚ. Ɉɛɥɚɫɬɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɟɩɥɨɢɫɩɨɥɶ-ɡɭɸɳɢɯ 

ɦɚɲɢɧ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɢɢ ДɌɟɤɫɬ] / Ȼ.Ƚ. Ƚɪɭɞɤɚ // Ɇɿɠɧɚɪɨɞɧɚ ɧɚɭɤɨɜɨ-

ɬɟɯɧɿɱɧɚ ɤɨɧɮɟɪɟɧɰɿɹ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ, ɚɫɩɿɪɚɧɬɿɜ ɬɚ ɫɬɭɞɟɧɬɿɜ «ɋɬɚɧ, ɞɨɫɹɝɧɟɧɧɹ 

ɿ ɩɟɪɫɩɟɤɬɢɜɢ ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ ɿ ɬɟɯɧɨɥɨɝɿʀ» – 2015. – ɫ. 17-18. 

3. Ƚɪɭɞɤɚ Ȼ.Ƚ. ɉɟɪɫɩɟɤɬɢɜɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɛɫɨɪɛɰɢɨɧɧɨ-ɪɟɡɨɪɛɰɢɨɧɧɵɯ 

ɯɨɥɨɞɢɥɶɧɵɯ ɦɚɲɢɧ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɢɢ [Ɍɟɤɫɬ] / Ȼ.Ƚ. Ƚɪɭɞɤɚ, Ʌ.ɂ. 

Ɇɨɪɨɡɸɤ // 10-ɚ Ɇɿɠɧɚɪɨɞɧɚ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɚ ɤɨɧɮɟɪɟɧɰɿɹ «ɋɭɱɚɫɧɿ ɩɪɨɛɥɟɦɢ 

ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ ɿ ɬɟɯɧɨɥɨɝɿʀ» – 2015. – ɫ. 32-33. 

4. Ƚɪɭɞɤɚ Ȼ.Ƚ. Ⱥɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɛɫɨɪɛɰɢɨɧɧɨ-ɪɟɡɨɪɛɰɢɨɧɧɨɣ 
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E − ɟɤɫɟɪɝɿɹ, (ȼɬ) 
F − ɩɥɨɳɚ, (ɦ2)  

M  − ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ, (ɤɝ/ɫ) [ɪɨɡɞɿɥ 4] 
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m − ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ, (ɤɝ/ɫ) Дɪɨɡɞɿɥ 3] 
p − ɬɢɫɤ, (ɉɚ) 

q − 
ɝɭɫɬɢɧɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɭ, (ȼɬ/ɦ2) Дɪɨɡɞɿɥ 3.4.2] 
ɩɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ, (ɤȾɠ/ɤɝ) 

s − ɩɢɬɨɦɚ ɟɧɬɪɨɩɿɹ (ɤȾɠ/(ɤɝ∙Ʉ)) 
t − ɬɟɦɩɟɪɚɬɭɪɚ, (0ɋ) 
w − ɪɨɛɨɬɚ, (ɤȾɠ/ɤɝ) 
  − ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɿɞɚɜɚɧɧɹ (ȼɬ/(ɦ2∙Ʉ)) 
ε − ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɄɄȾ 
  − ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ (ȼɬ/(ɦ∙Ʉ)) 
γ − ɤɨɟɮɿɰɿєɧɬ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ 

η − 
ɤɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ 
ɟɤɫɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ Дɪɨɡɞɿɥ 4] 

ξ − ɤɨɧɰɟɧɬɪɚɰɿɹ   − ɩɪɢɪɿɫɬ ɮɭɧɤɰɿʀ Дɪɨɡɞɿɥ 3.3] 
Ⱥ − ɚɛɫɨɪɛɟɪ 
ȼ − ɜɢɩɚɪɧɢɤ 
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ȼɊ − ɜɿɞɞɿɥɶɧɢɤ ɪɿɞɢɧɢ 
Ƚ − ɝɟɧɟɪɚɬɨɪ 

Γɇ − ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ 
ȽɈ − ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ 

Ⱦȿȿ − ɞɨɞɚɬɤɨɜɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ 
ȾɁ − ɞɟɝɚɡɚɬɨɪ 
ȾɊ − ɞɪɨɫɟɥɶ 
ȿɍ − ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ 
ȿȿ − ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ 
ɄȾ − ɤɨɧɞɟɧɫɚɬɨɪ 
ɄɆ − ɤɨɦɩɪɟɫɨɪ 
Ʉȼɋ − ɤɨɦɩɪɟɫɨɪ ɜɟɪɯɧɶɨʀ ɫɬɭɩɟɧɿ 
Ʉɇɋ − ɤɨɦɩɪɟɫɨɪ ɧɢɠɧɶɨʀ ɫɬɭɩɟɧɿ 

ɇ − ɧɚɫɨɫ 
ɉȿ − ɩɟɪɜɢɧɧɚ ɟɧɟɪɝɿɹ 
ɊɁ − ɪɟɡɨɪɛɟɪ 

ɊɌɈ − ɪɟɝɟɧɟɪɚɬɢɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɤ 
Ɍ − ɬɭɪɛɿɧɚ 

ɌɈ − ɬɟɩɥɨɨɛɦɿɧɧɢɤ 
ɌɊ − ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɪɨɡɱɢɧɿɜ 

COP − ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ 
 

ɧɢɠɧіɣ іɧɞɟɤɫ 
(●)0 − ɤɢɩɿɧɧɹ; ɪɨɛɨɱɚ ɪɟɱɨɜɢɧɚ ɜ ɨɞɧɨɮɚɡɧɨɦɭ ɫɬɚɧɿ 
(●)а

 − ɫɥɚɛɤɢɣ ɪɨɡɱɢɧ ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ Дɪɨɡɞɿɥ 3] 
(●)а'

 − ɫɥɚɛɤɢɣ ɪɨɡɱɢɧ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ 
 (●)аbs

 − ɚɛɫɨɪɛɟɧɬ 
(●)D − ɞɟɫɬɪɭɤɰɿɹ Дɪɨɡɞɿɥ 3] 
(●)d − ɤɨɧɰɟɧɬɪɚɰɿɹ ɯɨɥɨɞɨɚɝɟɧɬɭ 
(●)ȿ − ɟɤɫɟɪɝɟɬɢɱɧɢɣ 
(●)F − «ɩɚɥɢɜɨ» ɜ ɟɤɫɟɪɝɟɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ Дɪɨɡɞɿɥ 3] 
(●)k − k-ɢɣ ɤɨɦɩɨɧɟɧɬ 
(●)L − ɜɬɪɚɬɢ ɟɤɫɟɪɝɿʀ Дɪɨɡɞɿɥ 3] 

(●)min − ɦɿɧɿɦɚɥɶɧɢɣ 
(●)Ɋ − «ɩɪɨɞɭɤɬ» ɜ ɟɤɫɟɪɝɟɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ Дɪɨɡɞɿɥ 3] 
(●)r − ɦɿɰɧɢɣ ɪɨɡɱɢɧ ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ 
(●)r'

 − ɦɿɰɧɢɣ ɪɨɡɱɢɧ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ 
(●)ref − ɯɨɥɨɞɨɚɝɟɧɬ 
(●)tot − ɡɚɝɚɥɶɧɚ 
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(●)а − ɪɨɛɨɱɚ ɪɟɱɨɜɢɧɚ Дɪɨɡɞɿɥ 4] 
(●)А − ɚɛɫɨɪɛɟɪ 
(●)ȼ − ɜɬɪɚɬɢ Дɪɨɡɞɿɥ 4] 
(●)ɜ − ɠɢɬɥɨɜɟ ɩɪɢɦɿɳɟɧɧɹ Дɪɨɡɞɿɥ 2] 
(●)ɜɜ − ɜɨɞɨɩɪɨɜɿɞɧɚ ɜɨɞɚ  
(●)ɜɢх − ɬɟɩɥɨɧɨɫɿɣ, ɳɨ ɜɢɯɨɞɢɬɶ 
(●)ɜɪ − ɜɿɞɞɿɥɶɧɢɤ ɪɿɞɢɧɢ 
(●)ɜх − ɬɟɩɥɨɧɨɫɿɣ, ɳɨ ɜɯɨɞɢɬɶ 
(●)Ƚ − ɝɟɧɟɪɚɬɨɪ 
(●)ɝɜ − ɝɚɪɹɱɚ ɜɨɞɚ 
(●)ɝɧ − ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ 
(●)ɝɨ − ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ 
(●)ɝɨɪ − ɝɨɪɹɱɢɣ 
(●)ɝɩ − ɝɨɫɩɨɞɚɪɫɶɤɨ-ɩɨɛɭɬɨɜɿ ɩɨɬɪɟɛɢ 
(●)ɝɪ − ɝɪɿɸɱɟ ɞɠɟɪɟɥɨ 
(●)ɞ − ɞɿɣɫɧɚ; ɞɟɫɬɪɭɤɰɿɹ  
(●)ɟɝ − ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ 
(●)ɟɞ − ɟɥɟɤɬɪɨɞɜɢɝɭɧ 
(●)ɟɟ − ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ 
(●)ɟɤɜ − ɟɤɜɿɜɚɥɟɧɬɧɢɣ 
(●)ɟ − ɟɮɟɤɬɢɜɧɢɣ 
(●)ɡɜ − ɡɜɨɪɨɬɧɢɣ ɰɢɤɥ 
(●)ɤ − ɬɢɫɤ ɤɨɧɞɟɧɫɚɰɿʀ 

(●)ɤаɦ − ɤɚɦɟɪɚ 
(●)КȾ − ɤɨɧɞɟɧɫɚɬɨɪ 
(●)КɆ − ɤɨɦɩɪɟɫɨɪ 
(●)ɤɪ − ɤɪɢɬɢɱɧɢɣ 

(●)Кȼɋ − ɤɨɦɩɪɟɫɨɪ ɜɟɪɯɧɶɨɝɨ ɫɬɭɩɟɧɹ 
(●)Кɇɋ − ɤɨɦɩɪɟɫɨɪ ɧɢɠɧɶɨɝɨ ɫɬɭɩɟɧɹ 
(●)ɦɤ − ɦɿɤɪɨɤɥɿɦɚɬ 
(●)ɇ − ɧɚɫɨɫ 
(●)ɧɜɨ − ɡɨɜɧɿɲɧє ɩɨɜɿɬɪɹ ɭ ɜɟɫɧɹɧɨ-ɨɫɿɧɧɿɣ ɩɟɪɿɨɞ 
(●)ɧɡ − ɡɨɜɧɿɲɧє ɩɨɜɿɬɪɹ ɜɡɢɦɤɭ 
(●)ɧɥ − ɡɨɜɧɿɲɧє ɩɨɜɿɬɪɹ ɜɥɿɬɤɭ 
(●)ɨɝ − ɜɿɞɩɪɚɰɶɨɜɚɧɿ ɝɚɡɢ 
(●)ɨɩ − ɨɩɚɥɟɧɧɹ 
(●)ɨɫ − ɨɛɨɜ’ɹɡɤɨɜɟ ɫɤɢɞɚɧɧɹ 
(●)ɉ − «ɩɚɥɢɜɨ» ɜ ɟɤɫɟɪɝɟɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ Дɪɨɡɞɿɥ 4] 
(●)ɩɟ − ɩɟɪɜɢɧɧɚ ɟɧɟɪɝɿɹ 
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(●)ɩɪ − ɩɪɹɦɢɣ ɰɢɤɥ; ɩɪɨɦɿɠɧɢɣ ɬɢɫɤ 
(●)ɉɊ − «ɩɪɨɞɭɤɬ» ɜ ɟɤɫɟɪɝɟɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ Дɪɨɡɞɿɥ 4] 
(●)Ɋ − ɪɟɡɨɪɛɟɪ 

(●)ɊɌɈ − ɪɟɝɟɧɟɪɚɬɢɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɤ 
(●)ɫɟɪ − ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳє 
(●)ɫɬ − ɫɬɿɧɤɚ 
(●)Ɍ − ɬɭɪɛɿɧɚ; ɬɟɩɥɨɨɛɦɿɧɧɢɤ 
(●)ɬɜ − ɬɟɩɥɚ ɜɨɞɚ 
(●)ɬɟɩ − ɬɟɩɥɨ ɞɥɹ ɬɟɩɥɨɜɨʀ ɦɚɲɢɧɢ 
(●)ɬɥ − ɬɟɩɥɢɰɹ 
(●)ɬɬ − ɩɨɬɪɿɣɧɚ ɬɨɱɤɚ 
(●)ɭɬ − ɭɬɢɥɿɡɨɜɚɧɢɣ 
(●)хɨɥ − ɯɨɥɨɞɧɢɣ; ɬɟɩɥɨ ɞɥɹ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 

   
   

ɜɟɪхɧіɣ іɧɞɟɤɫ 
(●)ƍ − ɪɿɞɢɧɚ 
(●)Ǝ − ɩɚɪɚ 
(●)CH − ɯɿɦɿɱɧɚ 
(●)PH − ɮɿɡɢɱɧɚ 
(●)Ɍ − ɬɟɪɦɿɱɧɚ 
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ȼɋɌɍɉ 

Ⱥɤɬɭɚɥьɧɿɫɬь 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 ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɬɚ ɩɨɞɿɥɹɸɬɶɫɹ ɦɿɠ ɫɨɛɨɸ ɧɚ ɝɪɭɩɢ: ɫɨɪɛɰɿɣɧɿ, 

ɟɠɟɤɬɨɪɧɿ ɿ ɤɨɦɩɪɟɫɨɪɧɿ. 

ɉɟɪɫɩɟɤɬɢɜɧɢɦ ɲɥɹɯɨɦ ɪɨɡɜɢɬɤɭ ɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɫɭɱɚɫɧɢɯ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ 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 
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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. 

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɜɢɪɿɲɟɧɿ ɬɚɤɿ ɡɚɞɚɱɿ: 

– ɉɪɨɜɟɫɬɢ ɚɧɚɥɿɡ ɫɬɚɧɭ ɩɪɨɛɥɟɦɢ ɪɨɡɜɢɬɤɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ, 

ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ, ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɞɿɣɫɧɢɯ ɡɜɨɪɨɬɧɢɯ ɰɢɤɥɿɜ 

ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ 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; 

– ɉɪɨɜɟɫɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɤɨɦɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɡ ɋɈ2 ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ ɜ ɪɟɠɢɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

Ɉɛ’єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɤɨɦɩɪɟɫɨɪɧɿ ɬɚ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɿ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɿ 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 ɪɟɡɭɥьɬɚɬɿɜ ɩɨɥɹɝɚє ɭ ɬɚɤɨɦɭ: 

– ȼ ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɿ 

ɪɿɲɟɧɧɹ    ɫɢɫɬɟɦ    ɬɪɢɝɟɧɟɪɚɰɿʀ    ɦɚɥɨʀ    ɟɧɟɪɝɟɬɢɤɢ    ɡ   ɪɨɡɜ’ɹɡɚɧɧɹɦ   ɡɚɞɚɱ    
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ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ 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 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 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.  

Ɉɛґɪɭɧɬɨɜɚɧɿɫɬь ɿ ɞɨɫɬɨɜɿɪɧɿɫɬь ɧɚɭɤɨɜɢɯ ɩɨɥɨɠɟɧь, ɜɢɫɧɨɜɤɿɜ ɿ 

ɪɟɤɨɦɟɧɞɚɰɿɣ ɜɢɡɧɚɱɚɸɬьɫɹ: 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 ɪɟɡɭɥьɬɚɬɿɜ 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 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ 

ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɞɶ-ɹɤɢɯ ɚɛɫɨɪɛɰɿɣɧɢɯ ɫɢɫɬɟɦ, ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɪɨɞɭ ɪɨɛɨɱɨʀ ɫɭɦɿɲɿ  
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ɬɚ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ; 

– 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 ɪɟɡɭɥьɬɚɬɿɜ 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. 
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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. 
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ɊɈɁȾȱɅ 1 

ȺɇȺɅȱɁ ɋɌȺɇɍ ɉɊɈȻɅȿɆɂ 

 

1.1 Ɂɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

ɇɟɨɛɯɿɞɧɿɫɬɶ ɪɨɡɪɨɛɤɢ ɬɚ ɨɧɨɜɥɟɧɧɹ ɛɭɞɶ-ɹɤɢɯ ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ ɿ 

ɭɫɬɚɬɤɭɜɚɧɧɹ ɞɢɤɬɭєɬɶɫɹ ɜɢɦɨɝɚɦɢ ɫɭɱɚɫɧɨɝɨ ɪɨɡɜɢɬɤɭ ɬɟɯɧɿɤɢ. 

ɉɪɨɦɢɫɥɨɜɚ ɩɨɥɿɬɢɤɚ ɜ ɛɭɞɶ-ɹɤɿɣ ɝɚɥɭɡɿ ɬɟɯɧɿɤɢ ɜɤɥɸɱɚє ɧɚɭɤɨɜɢɣ ɩɨɲɭɤ 

ɧɨɜɢɯ ɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ, ʀɯ ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ, ɩɨɞɚɥɶɲɟ ɜɞɨɫɤɨɧɚɥɟɧɧɹ, ɚ 

ɩɨɬɿɦ ɿ ɡɧɹɬɬɹ ʀɯ ɡ ɜɢɪɨɛɧɢɰɬɜɚ. 

Іɧɬɟɧɫɢɜɧɟ ɨɧɨɜɥɟɧɧɹ ɩɚɪɤɭ ɦɚɥɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ 

(ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɞɨ 1 Ɇȼɬ) ɜ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ɫɬɚɥɨ ɧɚɫɥɿɞɤɨɦ ɩɨɹɜɢ 

ɦɿɠɧɚɪɨɞɧɢɯ ɞɨɤɭɦɟɧɬɿɜ, ɪɨɡɩɨɪɹɞɱɢɯ ɜɫɿɣ ɫɜɿɬɨɜɿɣ ɫɩɿɥɶɧɨɬɿ, ɡɞɿɣɫɧɟɧɧɹ 

ɩɪɢɪɨɞɨɨɯɨɪɨɧɧɢɯ ɡɚɯɨɞɿɜ ɜ ɤɨɧɬɟɤɫɬɿ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɫɿɯ 

ɩɪɢɪɨɞɧɢɯ ɪɟɫɭɪɫɿɜ, ɜɤɥɸɱɚɸɱɢ ɩɚɥɢɜɧɨ-ɟɧɟɪɝɟɬɢɱɧɿ. 

ȼ ɪɟɡɭɥɶɬɚɬɿ, ɪɨɡɜɢɬɨɤ ɦɚɥɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ, ɜ ɩɨєɞɧɚɧɧɿ ɡ 

ɟɤɨɥɨɝɿɱɧɨ ɱɢɫɬɢɦɢ ɟɧɟɪɝɨɡɛɟɪɿɝɚɸɱɢɦɢ ɬɟɯɧɨɥɨɝɿɹɦɢ, ɩɿɲɨɜ ɩɨ ɲɥɹɯɭ ɨɫɜɨєɧɧɹ 

ɧɨɜɢɯ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ, ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ, ɤɨɧɫɬɪɭɤɰɿɣɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, 

ɧɨɜɢɯ ɬɢɩɿɜ ɤɨɦɩɪɟɫɨɪɿɜ, ɬɟɩɥɨɨɛɦɿɧɧɢɯ ɩɨɜɟɪɯɨɧɶ ɿ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ, ɦɟɬɨɞɿɜ 

ɪɟɝɭɥɸɜɚɧɧɹ ɿ ɤɨɧɬɪɨɥɸ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɦɚɲɢɧ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɡɦɿɧ ɡɚɡɧɚɥɢ 

ɭɹɜɥɟɧɧɹ ɩɪɨ ɪɚɰɿɨɧɚɥɶɧɿ ɤɨɧɫɬɪɭɤɰɿʀ, ɩɚɪɚɦɟɬɪɢ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɥɚɞɧɚɧɧɹ, ɚ 

ɪɚɡɨɦ ɡ ɰɢɦ ɦɟɬɨɞɢ ɿ ɩɪɢɣɨɦɢ ɩɪɨɟɤɬɭɜɚɧɧɹ. 

ɋɭɱɚɫɧɟ ɩɪɨɟɤɬɭɜɚɧɧɹ ɩɟɪɟɞɛɚɱɚє ɜɠɟ ɧɚ ɫɬɚɞɿʀ ɪɨɡɪɨɛɤɢ ɩɪɨɟɤɬɭ 

ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɨɡɧɚɱɢɬɢ ɪɚɰɿɨɧɚɥɶɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɨɛɥɚɞɧɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɣɨɝɨ 

ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ. 

 

1.2 Ʉɥɚɫɢɮɿɤɚɰɿɹ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥьɧɢɯ ɫɢɫɬɟɦ 

ȿɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɿ ɫɢɫɬɟɦɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɨɫɬɚɧɧɶɨɝɨ ɤɨɪɢɫɧɨɝɨ 

ɟɮɟɤɬɭ ɩɨɞɿɥɹɸɬɶɫɹ ɧɚ ɬɪɢ ɝɪɭɩɢ: ɬɟɩɥɨɜɿ ɦɚɲɢɧɢ, ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɬɚ 

ɬɟɩɥɨɜɿ ɧɚɫɨɫɢ (ɪɢɫ. 1.1). Ɍɟɩɥɨɜɿ ɦɚɲɢɧɢ ɩɟɪɟɬɜɨɪɸɸɬɶ ɩɟɪɜɢɧɧɭ ɬɟɩɥɨɜɭ 

ɟɧɟɪɝɿɸ ɜ ɟɥɟɤɬɪɢɱɧɭ, ɦɟɯɚɧɿɱɧɭ ɣ ɬɟɩɥɨɜɭ. Ʉɨɪɢɫɧɢɦ ɟɮɟɤɬɨɦ ɯɨɥɨɞɢɥɶɧɨʀ 
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ɦɚɲɢɧɢ є ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ ɪɿɡɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ, ɬɟɩɥɨɜɨɝɨ 

ɧɚɫɨɫɭ – ɨɬɪɢɦɚɧɧɹ ɬɟɩɥɚ ɪɿɡɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ. 

 

ʿе̛̬̦̦̏̌ е̦е̬̐і́ Ко̛̛̬̭̦̜ е̴ект

ʫлект̸̛̬̦̌,

̥е̵̦̌і̸̦̌
ʫ̦е̬̐і́

˃епло ̬і̦̚о̐о 
поте̶̦і̌лу

ʺе̵̦̌і̸̦̌
ʫлект̸̛̬̦̌

˃епло
ˈолод̛ль̦̌

̛̥̹̦̌̌

˃епло̏̌
̛̥̹̦̌̌

˃епло

˃епло̛̜̏
̦̭̌о̭

ˈолод 
̬і̦̚о̐о 

поте̶̦і̌лу

˃епло 
̬і̦̚о̐о 

поте̶̦і̌лу  

Ɋɢɫ.1.1. ȼɡɚєɦɨɡɜ’ɹɡɨɤ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɦɚɲɢɧ  

                                                                              

Ɉɞɢɧ ɡ ɧɚɣɩɪɨɫɬɿɲɢɯ ɿ ɜɨɞɧɨɱɚɫ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɲɥɹɯɿɜ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɩɟɪɜɢɧɧɨʀ ɟɧɟɪɝɿʀ (ɩɚɥɢɜɚ) ɞɥɹ ɜɢɪɨɛɥɟɧɧɹ ɩɟɪɲɢɯ ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ, 

ɬɟɩɥɨɜɨʀ, ɟɥɟɤɬɪɢɱɧɨʀ ɬɚ ɦɟɯɚɧɿɱɧɨʀ ɟɧɟɪɝɿʀ, ґɪɭɧɬɭєɬɶɫɹ ɧɚ ɤɨɧɰɟɩɰɿʀ ɤɨɝɟɧɟɪɚɰɿʀ. 

Ʉɨɝɟɧɟɪɚɰɿɣɧɿ ɬɟɯɧɨɥɨɝɿʀ ɩɟɪɟɞɛɚɱɚɸɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɩɥɨɜɨʀ ɟɧɟɪɝɿʀ ɜɢɤɢɞɧɢɯ 

ɝɚɡɿɜ ɬɟɩɥɨɜɢɯ ɦɚɲɢɧ ɭ ɩɪɨɰɟɫɿ ɜɢɪɨɛɧɢɰɬɜɚ ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ. Ʉɨɝɟɧɟɪɚɰɿɣɧɿ 

ɭɫɬɚɧɨɜɤɢ ɦɚɸɬɶ ɪɹɞ ɿɫɬɨɬɧɢɯ ɩɟɪɟɜɚɝ: ɜɿɞɫɭɬɧɿɫɬɶ ɜɟɥɢɤɢɯ ɤɚɩɿɬɚɥɨɜɤɥɚɞɟɧɶ; 

ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɜɢɦɨɝɚɦ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ; ɦɨɠɥɢɜɿɫɬɶ ɡɧɢɠɟɧɧɹ ɜɬɪɚɬ ɜ 

ɦɟɪɟɠɚɯ ɦɿɠ ɜɢɪɨɛɧɢɤɨɦ ɬɚ ɫɩɨɠɢɜɚɱɟɦ; ɡɦɨɝɚ ɧɟɬɪɚɞɚɰɿɣɧɨ ɪɨɡɜ’ɹɡɭɜɚɬɢ 

ɟɧɟɪɝɟɬɢɱɧɿ ɩɪɨɛɥɟɦɢ ɛɭɞɶ-ɹɤɨʀ ɤɪɚʀɧɢ. ɍɬɢɥɿɡɚɰɿɹ ɜɢɫɨɤɨɩɨɬɟɧɰɿɣɧɨɝɨ ɫɤɢɞɧɨɝɨ 

ɬɟɩɥɚ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ – ɦɟɬɨɞ ɟɤɨɧɨɦɿʀ ɟɧɟɪɝɟɬɢɱɧɢɯ ɪɟɫɭɪɫɿɜ           

ɩɥɚɧɟɬɢ [1].  

Ɉɬɪɢɦɚɬɢ ɞɜɚ ɨɫɬɚɧɧɿ ɤɨɪɢɫɧɿ ɟɮɟɤɬɢ ɦɨɠɥɢɜɨ, ɚɥɟ «ɧɟɨɛɯɨɞɢɦɨ 

ɫɨɜɟɪɲɢɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɫɭɦɦɚɪɧɚɹ ɷɧɬɪɨɩɢɹ 
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ɜɟɳɟɫɬɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜɨ ɜɫɟɯ ɩɪɨɰɟɫɫɚɯ ɨɫɬɚɜɚɥɚɫɶ ɛɵ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, 

ɧɟɢɡɦɟɧɧɨɣ» Д2]. Ⱦɪɭɝɢɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɿɤɢ ɧɟ ɜɢɡɧɚɱɚє ɯɚɪɚɤɬɟɪɭ 

ɤɨɦɩɟɧɫɭɸɱɨɝɨ ɩɪɨɰɟɫɭ, ɬɨɦɭ ɞɥɹ ɣɨɝɨ ɡɞɿɣɫɧɟɧɧɹ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɛɭɞɶ-

ɹɤɢɣ ɤɨɪɢɫɧɢɣ ɟɮɟɤɬ ɬɟɩɥɨɜɨʀ ɦɚɲɢɧɢ: ɟɥɟɤɬɪɢɱɧɭ, ɦɟɯɚɧɿɱɧɭ ɬɚ ɬɟɩɥɨɜɭ 

ɟɧɟɪɝɿɸ. Ɂɪɨɡɭɦɿɥɨ, ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɬɚ ɬɟɩɥɨɜɿ ɧɚɫɨɫɢ ɡɚɜɠɞɢ ɩɨɜ’ɹɡɚɧɿ ɡ 

ɬɟɩɥɨɜɢɦɢ ɦɚɲɢɧɚɦɢ. ȼɫɬɚɧɨɜɢɦɨ ɰɟɣ ɡɜ’ɹɡɨɤ ɡ ɨɝɥɹɞɭ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ, ɹɤɿ 

ɡɞɿɣɫɧɸɸɬɶ ɭɫɿ ɩɪɨɰɟɫɢ. 

ȼɚɪɿɚɧɬ ɩɟɪɲɢɣ – ɬɟɩɥɨɜɚ ɬɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ (ɬɟɩɥɨɜɢɣ ɧɚɫɨɫ) 

ɩɪɚɰɸɸɬɶ ɡ pɿɡɧɢɦɢ ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ. Ɇɚɲɢɧɢ ɦɚɸɬɶ ɫɚɦɨɫɬɿɣɧɢɣ 

ɤɨɧɫɬɪɭɤɬɢɜɧɢɣ ɟɥɟɦɟɧɬɧɢɣ ɫɤɥɚɞ, ɜ ɯɨɥɨɞɢɥɶɧɿɣ ɦɚɲɢɧɿ ɡɞɿɣɫɧɸєɬɶɫɹ 

ɦɟɯɚɧɿɱɧɢɣ ɤɨɦɩɟɧɫɭɸɱɢɣ ɩɪɨɰɟɫ, ɜɨɧɢ ɦɚɸɬɶ ɧɚɡɜɭ «ɤɨɦɩɪɟɫɨɪɧɿ». 

ȼɚɪɿɚɧɬ ɞɪɭɝɢɣ – ɬɟɩɥɨɜɚ ɬɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ (ɬɟɩɥɨɜɢɣ ɧɚɫɨɫ) ɦɚɸɬɶ 

єɞɢɧɭ ɪɨɛɨɱɭ ɪɟɱɨɜɢɧɭ – ɧɢɡɶɤɨɤɢɩɥɹɱɭ (ɱɢɫɬɭ ɚɛɨ ɫɭɦɿɲ) ɡɝɿɞɧɨ ɭɦɨɜ 

ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ (ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ). ɉɪɢ ɰɶɨɦɭ ɡɞɿɣɫɧɸєɬɶɫɹ ɤɨɦɩɥɟɤɫɧɢɣ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ, ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɜɡɚєɦɨɩɨɜ'ɹɡɚɧɢɯ ɩɪɨɫɬɢɯ – 

ɩɪɹɦɨɝɨ (ɬɟɩɥɨɜɚ ɦɚɲɢɧɚ) ɿ ɡɜɨɪɨɬɧɨɝɨ (ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ). Ɍɚɤɿ ɦɚɲɢɧɢ 

ɨɬɪɢɦɚɥɢ ɧɚɡɜɭ «ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ». 

ɍɫɟɪɟɞɢɧɿ ɫɜɨɝɨ ɤɥɚɫɭ ɦɚɲɢɧɢ ɩɨɞɿɥɹɸɬɶɫɹ ɧɚ ɝɪɭɩɢ ɡɚ ɤɨɦɩɟɧɫɭɸɱɢɦ 

ɩɪɨɰɟɫɨɦ. Ɂɝɿɞɧɨ ɡ ɤɥɚɫɢɮɿɤɚɰɿєɸ ɞɨ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ 

ɜɿɞɧɨɫɹɬɶ: ɚɛɫɨɪɛɰɿɣɧɿ ɡ ɬɟɪɦɨɯɿɦɿɱɧɢɦ ɤɨɦɩɟɧɫɭɸɱɢɦ ɩɪɨɰɟɫɨɦ Д3], ɟɠɟɤɬɨɪɧɿ ɡ 

ɩɚɪɨɫɬɪɭɣɧɨɸ ɤɨɦɩɪɟɫɿєɸ [4] ɬɚ ɩɚɪɨɤɨɦɩɪɟɫɨɪɧɿ ɡ ɩɪɢɜɨɞɨɦ ɜɿɞ ɬɭɪɛɿɧɢ, ɹɤɚ 

ɩɪɚɰɸє ɧɚ єɞɢɧɿɣ ɪɨɛɨɱɿɣ ɪɟɱɨɜɢɧɿ ɡ ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ [5]. Ɇɟɯɚɧɿɱɧɢɣ 

ɤɨɦɩɟɧɫɭɸɱɢɣ ɩɪɨɰɟɫ, ɜ ɹɤɨɦɭ ɦɟɯɚɧɿɱɧɚ ɪɨɛɨɬɚ ɪɨɡɲɢɪɟɧɧɹ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɩɟɪɟɞɚєɬɶɫɹ ɧɚ ɫɬɢɫɧɟɧɧɹ ɭ ɡɜɨɪɨɬɧɨɦɭ, ɚɫɨɰɿɸєɬɶɫɹ ɡ ɦɟɯɚɧɿɱɧɢɦ 

ɤɨɦɩɪɟɫɨɪɨɦ, ɚ ɦɚɲɢɧɚ ɦɚє ɧɚɡɜɭ «ɤɨɦɩɪɟɫɨɪɧɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɿ». Ʉɨɠɧɚ ɡ 

ɦɚɲɢɧ ɦɚє ɫɜɨє ɤɨɥɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚ ɪɨɛɨɱɿ ɪɟɱɨɜɢɧɢ 

Ɍɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɿ ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɦɚɸɬɶ ɫɬɨɪɿɱɧɭ ɿɫɬɨɪɿɸ, ʀɯɧɿ 

ɲɥɹɯɢ ɪɨɡɜɢɬɤɭ ɛɭɥɢ ɞɨɫɢɬɶ ɫɤɥɚɞɧɢɦɢ ɿ ɫɭɩɟɪɟɱɥɢɜɢɦɢ ɭ ɪɿɡɧɿ ɱɚɫɢ 

ɫɬɚɧɨɜɥɟɧɧɹ ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ. Ɉɫɧɨɜɧɿ ɧɚɩɪɹɦɢ ɭ ɪɨɡɜɢɬɤɭ ɜɤɚɡɚɧɢɯ ɦɚɲɢɧ 
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ɜɢɡɧɚɱɚɸɬɶ ɫɭɱɚɫɧɢɣ ɫɬɚɧ ɿ ɩɪɨɝɧɨɡɭɸɬɶ ɩɟɪɫɩɟɤɬɢɜɢ ʀɯ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɬɚ 

ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ. 

 

1.3 Ⱥɛɫɨɪɛɰɿɣɧɿ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥьɧɿ ɯɨɥɨɞɢɥьɧɿ ɦɚɲɢɧɢ. 

Ɋɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ ɜ ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧɚɯ є ɪɿɞɤɢɣ ɚɛɫɨɪɛɟɧɬ ɿ 

ɯɨɥɨɞɢɥɶɧɢɣ ɚɝɟɧɬ. ɒɢɪɨɤɨ ɜɿɞɨɦɢɦɢ ɬɚ ɩɟɪɫɩɟɤɬɢɜɧɢɦɢ ɞɨɬɟɩɟɪ є ɜɨɞɹɧɢɣ 

ɪɨɡɱɢɧ ɛɪɨɦɿɫɬɨɝɨ ɥɿɬɿɹ ɬɚ ɜɨɞɨɚɦɿɚɱɧɢɣ ɪɨɡɱɢɧ. Ɍɟɨɪɿɹ ɬɚ ɪɨɡɜɢɬɨɤ 

ɛɪɨɦɿɫɬɨɥɿɬɿєɜɢɯ ɦɚɲɢɧ ɞɨɫɹɝɥɢ ɫɜɨєʀ ɦɟɠɿ, ɚ ɩɪɚɤɬɢɱɧɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɛɦɟɠɟɧɟ 

ɤɨɧɞɢɰɿɸɜɚɧɧɹɦ ɩɨɜɿɬɪɹ ɬɚ ɨɬɪɢɦɚɧɧɹɦ ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɜɨɞɢ [6,7]. ɇɚɣɛɿɥɶɲ 

ɩɟɪɫɩɟɤɬɢɜɧɢɦɢ є ɜɨɞɨɚɦɿɚɱɧɿ ɦɚɲɢɧɢ Д8]. ȼɫɟ ɧɨɜɟ ɿ ɩɟɪɫɩɟɤɬɢɜɧɟ ɜ 

ɜɨɞɨɚɦɿɚɱɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧɚɯ ɿ ɬɟɩɥɨɜɢɯ ɧɚɫɨɫɚɯ ɨɩɪɢɥɸɞɧɟɧɨ ɜ ɪɿɡɧɿ 

ɪɨɤɢ ɜɱɟɧɢɦɢ ɪɿɡɧɢɯ ɤɪɚʀɧ ɬɚ ɧɚɭɤɨɜɢɯ ɲɤɿɥ Д3,6,9,10,11,12]. ɑɢɫɥɟɧɧɿɫɬɶ 

ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɫɯɟɦ ɫɬɚɥɚ ɦɨɠɥɢɜɨɸ ɡɚɜɞɹɤɢ ɝɥɢɛɨɤɨɦɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɦɭ 

ɚɧɚɥɿɡɭ ɩɪɨɰɟɫɿɜ ɿ ɫɢɧɬɟɡɭ ɧɚ ɩɿɞɫɬɚɜɿ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɦɟɬɨɞɭ Д8,11,13,14]. 

Ⱥɛɫɨɪɛɰɿɣɧɿ ɦɚɲɢɧɢ ɨɪɿєɧɬɨɜɚɧɿ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɠɟɪɟɥ ɬɟɩɥɚ, ɹɤɿ ɝɪɿɸɬɶ 

ɡ ɜɿɞɧɨɫɧɨ ɧɢɡɶɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɢɦ ɩɨɬɟɧɰɿɚɥɨɦ 90-250 ɨɋ ɬɚ ɤɨɟɮɿɰɿєɧɬɨɦ 

ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ = 0,3…0,8.  

 

1.4.ȿɠɟɤɬɨɪɧɿ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥьɧɿ ɯɨɥɨɞɢɥьɧɿ ɦɚɲɢɧɢ. 

Ɇɚɲɢɧɢ ɡɿ ɫɬɪɭɦɢɧɧɢɦ ɤɨɦɩɪɟɫɨɪɨɦ (ɟɠɟɤɬɨɪɨɦ) ɦɚɸɬɶ ɲɢɪɨɤɢɣ 

ɿɧɬɟɪɜɚɥ ɩɪɨɞɭɤɬɢɜɧɨɫɬɟɣ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɡɧɢɯ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ: ɩɪɢɪɨɞɧɿɯ 

ɬɚ ɫɢɧɬɟɡɨɜɚɧɢɯ, ɱɢɫɬɢɯ ɿ ɫɭɦɿɲɟɣ, ɜɢɫɨɤɨ- ɿ ɧɢɡɶɤɨɤɢɩɥɹɱɢɯ. Ɋɟɡɭɥɶɬɚɬɢ 

ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɟɠɟɤɬɨɪɧɢɯ ɦɚɲɢɧ ɧɚɞɚɧɿ ɜ ɪɨɛɨɬɚɯ [15,16]. 

Ɂɚɫɬɨɫɭɜɚɧɧɹ ɨɛɦɟɠɟɧɟ ɫɩɟɰɿɚɥɶɧɢɦɢ ɭɦɨɜɚɦɢ: ɫɢɫɬɟɦɢ ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɦɚɥɨʀ  

ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɡ ɩɪɢɜɨɞɨɦ ɜɿɞ ɜɿɞɧɨɜɥɸɜɚɧɢɯ ɞɠɟɪɟɥ ɟɧɟɪɝɿʀ ɚɛɨ ɭɬɢɥɿɡɨɜɚɧɨɝɨ 

ɬɟɩɥɚ ɪɿɡɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ ɡ ɬɟɦɩɟɪɚɬɭɪɧɢɦ ɞɿɚɩɚɡɨɧɨɦ 100…140 ɨɋ. Ʉɨɟɮɿɰɿєɧɬ 

ɩɟɪɟɬɜɨɪɟɧɧɹ ɜɤɚɡɚɧɢɯ ɦɚɲɢɧ ɫɬɚɧɨɜɢɬɶ ɋɈɊ = 0,28…0,30. 

 

1.5. Ʉɨɦɩɪɟɫɨɪɧɿ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥьɧɿ ɯɨɥɨɞɢɥьɧɿ ɦɚɲɢɧɢ 

Ʉɨɦɩɪɟɫɨɪɧɿ ɦɚɲɢɧɢ ɡ'ɹɜɢɥɢɫɹ ɨɫɬɚɧɧɿɦɢ ɜ ɤɥɚɫɢɮɿɤɚɰɿɣɧɿɣ ɝɪɭɩɿ.  
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Ɍɟɨɪɟɬɢɱɧɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɱɚɥɢɫɹ ɜ 50-ɯ ɪɨɤɚɯ 

ɦɢɧɭɥɨɝɨ ɫɬɨɥɿɬɬɹ ɪɟɚɥɿɡɚɰɿєɸ ɰɢɤɥɭ ɑɢɫɬɹɤɨɜɚ-ɉɥɨɬɧɿɤɨɜɚ ɧɚ ɧɢɡɶɤɨɤɢɩɥɹɱɢɯ 

ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧɚɯ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɭɪɛɨɬɟɯɧɿɤɢ ɜ ɚɝɪɟɝɚɬɿ «ɬɭɪɛɿɧɚ-

ɤɨɦɩɪɟɫɨɪ» [17].  

ɉɪɨɞɨɜɠɟɧɧɹɦ ɰɶɨɝɨ ɧɚɩɪɹɦɭ ɯɨɥɨɞɢɥɶɧɨɝɨ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ ɫɬɚɧɨɜɥɹɬɶ 

ɞɨɫɥɿɞɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɶɤɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ, ɨɩɪɢɥɸɞɧɟɧɿ ɜ 

ɪɨɛɨɬɚɯ [18-21], ɹɤɿ ɫɬɚɥɢ ɨɫɬɚɧɧɶɨɸ ɡɚɤɥɸɱɧɨɸ ɧɚɭɤɨɜɨɸ ɿɧɮɨɪɦɚɰɿєɸ ɜ 

ɨɛɥɚɫɬɿ ɤɨɦɩɪɟɫɨɪɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɡɚ ɰɿɥɨɸ ɧɢɡɤɨɸ ɪɿɡɧɢɯ 

ɨɛɫɬɚɜɢɧ. ɇɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɿ ɪɨɛɨɬɢ ɜ ɰɶɨɦɭ ɧɚɩɪɹɦɤɭ ɩɪɢɩɢɧɟɧɿ. 

Ɉɞɧɿєɸ ɡ ɩɪɢɱɢɧ ɡ'ɹɜɢɥɚɫɹ ɡɚɛɨɪɨɧɚ ɧɚ ɜɿɞɨɦɿ ɪɨɛɨɱɿ ɪɟɱɨɜɢɧɢ 

ɯɨɥɨɞɢɥɶɧɨʀ ɬɟɯɧɿɤɢ. ɋɢɬɭɚɰɿɹ ɧɚ ɪɢɧɤɭ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ ɜɢɹɜɢɥɚɫɹ ɞɨɫɢɬɶ 

ɫɤɥɚɞɧɨɸ, ɩɪɨɩɨɧɭɸɬɶɫɹ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɚɥɨɜɢɜɱɟɧɿ ɜ ɧɚɭɤɨɜɨɦɭ ɩɥɚɧɿ ɪɨɛɨɱɿ 

ɪɟɱɨɜɢɧɢ. ɉɨɜɟɪɧɟɧɧɹ ɞɨ ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɢɯ ɦɚɲɢɧ ɫɩɨɧɭɤɚɥɢ 

ɧɚɭɤɨɜɰɿɜ ɞɨ ɪɨɡɝɥɹɞɭ ɋɈ2 (ɞɿɨɤɫɢɞɭ ɜɭɝɥɟɰɸ) ɭ ɹɤɨɫɬɿ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɧɨɜɨɝɨ 

ɩɨɤɨɥɿɧɧɹ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ. Ɍɢɦ ɛɿɥɶɲɟ, ɳɨ ɋɈ2 ɜ ɞɚɧɢɣ ɱɚɫ є 

ɨɞɧɢɦ ɡ ɧɚɣɛɿɥɶɲ ɡɚɬɪɟɛɭɜɚɧɢɯ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ ɜ ɟɧɟɪɝɟɬɢɰɿ ɬɚ ɯɨɥɨɞɢɥɶɧɿɣ 

ɬɟɯɧɿɰɿ. ɇɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɚ ɿɧɮɨɪɦɚɰɿɹ, ɳɨɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɋɈ2 ɜ ɹɤɨɫɬɿ ɪɨɛɨɱɨʀ 

ɪɟɱɨɜɢɧɢ ɜ ɯɨɥɨɞɢɥɶɧɿɣ ɬɟɯɧɿɰɿ ɬɚ ɟɧɟɪɝɟɬɢɰɿ ɬɚ ɫɬɜɨɪɟɧɧɹ ɧɨɜɨɝɨ ɩɨɤɨɥɿɧɧɹ 

ɦɚɲɢɧ, ɩɪɢɫɭɬɧɹ ɜ ɪɨɛɨɬɚɯ ɨɫɬɚɧɧɿɯ 15 ɪɨɤɿɜ [22-26]. 

ȼ ɪɨɛɨɬɿ Д22] ɮɿɪɦɢ GEA ɬɚ BOCK ɿɧɮɨɪɦɭɸɬɶ ɫɩɟɰɿɚɥɿɫɬɿɜ ɳɨɞɨ 

ɤɨɧɫɬɪɭɤɰɿɣ ɤɨɦɩɪɟɫɨɪɿɜ ɡ ɋɈ2. ȼ ɪɨɛɨɬɿ Д23] ɣɞɟɬɶɫɹ ɩɪɨ ɬɟɨɪɟɬɢɱɧɿ 

ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɭɫɬɚɧɨɜɨɤ (ɟɧɟɪɝɟɬɢɱɧɢɯ ɬɚ ɯɨɥɨɞɢɥɶɧɢɯ) ɹɤ 

ɟɥɟɦɟɧɬɿɜ ɦɨɛɿɥɶɧɢɯ ɫɢɫɬɟɦ. Ɋɨɛɨɬɭ Д24] ɩɪɢɫɜɹɱɟɧɨ 100-ɪɿɱɱɸ ɯɨɥɨɞɢɥɶɧɨʀ 

ɬɟɯɧɿɤɢ ɿ ɜɩɥɢɜɭ ɋɈ2 ɧɚ ʀʀ ɪɨɡɜɢɬɨɤ. Ɍɟɯɧɨɥɨɝɿʀ ɩɿɞɿɝɪɿɜɚɧɧɹ ɜɨɞɢ ɬɟɩɥɨɜɢɦɢ 

ɧɚɫɨɫɚɦɢ ɡ ɋɈ2 ɪɨɡɝɥɹɧɭɬɨ ɜ ɪɨɛɨɬɿ Д25]. Ɍɟɩɥɨɜɿ ɧɚɫɨɫɢ ɡ ɰɢɤɥɨɦ ɭ 

ɧɚɞɤɪɢɬɢɱɧɿɣ ɨɛɥɚɫɬɿ ɋɈ2 ɬɚ ɭɫɬɚɬɤɭɜɚɧɧɹ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɩɥɚ, ɳɨ 

ɜɿɞɜɨɞɢɬɶɫɹ, ɩɪɟɡɟɧɬɨɜɚɧɿ ɜ ɪɨɛɨɬɿ Д26]. Ɋɟɚɥɿɡɨɜɚɧɨ ɟɧɟɪɝɟɬɢɱɧɿ ɞɨɤɪɢɬɢɱɧɢɣ 

[27,28] ɬɚ ɧɚɞɤɪɢɬɢɱɧɢɣ ɰɢɤɥɢ Ȼɪɚɣɬɨɧɚ [29,30]. Ɇɚɲɢɧɢ ɡɚ ɰɢɤɥɨɦ Ȼɪɚɣɬɨɧɚ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɜ ɚɬɨɦɧɢɯ ɟɥɟɤɬɪɨɫɬɚɧɰɿɹɯ. Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ ɩɨɤɚɡɚɥɢ 

ɜɢɫɨɤɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɚɧɚɥɨɝɿɱɧɢɦɢ ɰɢɤɥɚɦɢ Ɋɟɧɤɿɧɚ Д31]. 
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Ʉɚɫɤɚɞɧɿ ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɪɿɜɧɿ            

-110…-30 ɨɋ ɡ ɋɈ2 ɹɤ ɭ ɜɟɪɯɧɶɨɦɭ ɤɚɫɤɚɞɿ, ɬɚɤ ɿ ɜ ɧɢɠɧɶɨɦɭ Д32, 33], 

ɨɞɧɨɫɬɭɩɟɧɟɜɿ ɩɚɪɨɤɨɦɩɪɟɫɨɪɧɿ ɦɚɲɢɧɢ ɡ ɩɪɨɰɟɫɚɦɢ ɭ ɧɚɞɤɪɢɬɢɱɧɿɣ ɨɛɥɚɫɬɿ 

ɪɨɡɝɥɹɧɭɬɨ ɭ ɰɿɥɨɦɭ ɪɹɞɿ ɪɨɛɿɬ. ɇɚɩɪɢɤɥɚɞ, ɜ ɪɨɛɨɬɿ Д34] ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɞɨ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɪɲɧɟɜɢɣ ɞɟɬɚɧɞɟɪ ɹɤ ɪɨɡɲɢɪɸɜɚɥɶɧɢɣ ɩɪɢɫɬɪɿɣ ɡ ɜɢɫɨɤɢɦ ɄɄȾ. 

Ʉɨɦɟɪɰɿɣɧɿ ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɡ ɩɪɨɦɿɠɧɢɦ ɯɨɥɨɞɨɧɨɫɿєɦ ɋɈ2 ɜ 

ɪɨɛɨɬɿ Д35], ɚ ɪɨɛɨɬɚ Д36] ɩɪɢɫɜɹɱɟɧɚ ɩɢɬɚɧɧɹɦ ɜɩɪɨɜɚɞɠɟɧɧɹ ɯɨɥɨɞɢɥɶɧɢɯ 

ɦɚɲɢɧ ɡ ɋɈ2 ɜ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɚɤɭɦɭɥɹɰɿєɸ ɟɧɟɪɝɿʀ. Ⱥɧɚɥɿɡ ɫɯɟɦɧɨ-

ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɩɚɪɨɤɨɦɩɪɟɫɨɪɧɢɯ ɦɚɲɢɧ ɡ ɋɈ2, ɹɤɿ ɩɪɚɰɸɸɬɶ ɭ ɧɚɞɤɪɢɬɢɱɧɿɣ 

ɨɛɥɚɫɬɿ, ɩɪɨɜɟɞɟɧɨ ɜ ɪɨɛɨɬɿ Д37]. Ɍɟɨɪɟɬɢɱɧɢɦ ɞɨɫɥɿɞɠɟɧɧɹɦ ɧɚɞɤɪɢɬɢɱɧɢɯ 

ɰɢɤɥɿɜ ɡ ɋɈ2 ɜ ɫɢɫɬɟɦɚɯ ɫɭɩɟɪɦɚɪɤɟɬɿɜ ɩɪɢɫɜɹɱɟɧɨ ɪɨɛɨɬɭ Д38]. Ɋɨɛɨɬɚ Д39] – 

ɨɝɥɹɞɨɜɚ ɞɥɹ ɧɚɞɤɪɢɬɢɱɧɢɯ ɰɢɤɥɿɜ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɬɚ ɬɟɩɥɨɜɢɯ ɧɚɫɨɫɿɜ. 

ɋɢɫɬɟɦɢ ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɩɨɜɿɬɪɹ ɧɚ ɬɪɚɧɫɩɨɪɬɿ ɩɪɟɡɟɧɬɨɜɚɧɿ ɜ [23]. ȼ ɭɫɿɯ 

ɜɤɚɡɚɧɢɯ ɦɚɲɢɧɚɯ ɩɪɢɜɿɞ ɤɨɦɩɪɟɫɨɪɚ ɡɞɿɣɫɧɸєɬɶɫɹ ɜɿɞ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ ɬɚ ɜ 

ɬɪɚɧɫɩɨɪɬɧɢɯ – ɜɿɞ ɬɭɪɛɿɧɢ, ɹɤɚ ɩɪɚɰɸє ɜɿɞ ɜɢɤɢɞɧɢɯ ɝɚɡɿɜ. ɉɪɨ ɩɪɚɤɬɢɱɧɭ 

ɪɟɚɥɿɡɚɰɿɸ ɋɈ2 ɜ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧɚɯ ɚɛɨ ɫɬɜɨɪɟɧɧɹ ɫɯɟɦɧɨ-

ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ɩɨɞɿɛɧɨʀ ɦɚɲɢɧɢ ɜ ɿɧɨɡɟɦɧɢɯ ɜɢɞɚɧɧɹɯ ɿɧɮɨɪɦɚɰɿʀ ɧɟɦɚє. Ɂ 

2010 ɪɨɤɭ ɡɞɿɣɫɧɸɸɬɶɫɹ ɞɨɫɥɿɞɠɟɧɧɹ, ɜ ɪɟɡɭɥɶɬɚɬɿ ɹɤɢɯ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɯɟɦɧɨ-

ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2 

ɜ ɹɤɨɫɬɿ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ Д40]. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɿɡ ɡɚɥɭɱɟɧɧɹɦ ɉɟɪɲɨɝɨ 

ɬɚ Ⱦɪɭɝɨɝɨ ɡɚɤɨɧɿɜ (ɟɧɟɪɝɟɬɢɱɧɢɣ ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɞɿɣɫɧɢɯ ɰɢɤɥɿɜ) ɞɨɜɿɜ, 

ɳɨ ɫɬɜɨɪɟɧɟ ɧɨɜɟ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɦɨɠɟ ɦɚɬɢ ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ ɣ 

ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɟ ɡ ɿɫɧɭɸɱɢɦɢ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɦɢ ɦɚɲɢɧɚɦɢ, 

ɫɨɪɛɰɿɣɧɢɦɢ ɬɚ ɟɠɟɤɬɨɪɧɢɦɢ [41]. 

Ɂ ɨɝɥɹɞɭ ɧɚ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɬɚ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 

ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɤɨɦɩɪɟɫɨɪɧɨʀ ɦɚɲɢɧɢ ɡ ɪɨɡɝɚɥɭɠɟɧɨɸ 

ɦɨɠɥɢɜɿɫɬɸ ɭɬɢɥɿɡɚɰɿʀ ɚɛɨ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɚɦɨɫɬɿɣɧɨɝɨ ɞɠɟɪɟɥɚ ɬɟɩɥɚ ɡ ɛɭɞɶ-

ɹɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɢɦ ɩɨɬɟɧɰɿɚɥɨɦ, ɩɪɨɞɨɜɠɭɸɬɶɫɹ ɞɨɫɥɿɞɠɟɧɧɹ ɧɨɜɢɯ ɫɯɟɦ ɬɚ 

ɰɢɤɥɿɜ. 
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1.6. ɋɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

Ɋɨɡɜɢɬɨɤ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɤɚɯ ɡ ɭɬɢɥɿɡɚɰɿєɸ 

ɬɟɩɥɚ ɜɢɤɢɞɧɢɯ ɝɚɡɿɜ ɩɨɜ'ɹɡɚɧɟ ɡ ɪɨɫɬɨɦ ɰɿɧ ɧɚ ɟɧɟɪɝɨɧɨɫɿʀ ɬɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ ɞɥɹ 

ɟɤɫɩɥɭɚɬɚɰɿɿ ɜɟɥɢɤɢɯ ɛɭɞɿɜɟɥɶɧɢɯ ɨɛ’єɤɬɿɜ ɪɿɡɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɿ ɡɚɛɟɡɩɟɱɟɧɧɹ 

ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɩɪɨɦɢɫɥɨɜɢɯ ɩɿɞɩɪɢєɦɫɬɜ ɡ ɪɿɡɧɢɦ ɬɟɦɩɟɪɚɬɭɪɧɢɦ 

ɪɿɜɧɟɦ ɜɢɪɨɛɧɢɰɬɜɚ. Ʉɪɿɦ ɬɨɝɨ, ɿɫɧɭє ɞɟɮɿɰɢɬ ɟɥɟɤɬɪɢɱɧɢɯ ɤɨɦɭɧɿɤɚɰɿɣ ɭ ɜɟɥɢɤɿɣ 

ɤɿɥɶɤɨɫɬɿ ɧɚɫɟɥɟɧɢɯ ɩɭɧɤɬɿɜ, ɜɿɞɞɚɥɟɧɢɯ ɜɿɞ ɰɟɧɬɪɚɥɿɡɨɜɚɧɢɯ ɩɨɫɬɚɱɚɥɶɧɢɤɿɜ 

ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. 

Ɋɿɲɟɧɧɹ ɩɪɨ ɞɨɰɿɥɶɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɞɥɹ ɤɨɧɤɪɟɬɧɢɯ 

ɫɩɨɠɢɜɚɱɿɜ ɡ ɜɢɛɨɪɨɦ ɪɨɛɨɱɢɯ ɩɚɪɚɦɟɬɪɿɜ ɛɥɨɤɿɜ ɫɢɫɬɟɦɢ, ɩɨɬɪɟɛɭє ɞɟɬɚɥɶɧɨɝɨ 

ɚɧɚɥɿɡɭ ɿ ɡɛɨɪɭ ɞɚɧɢɯ ɜɿɞɧɨɫɧɨ ɪɟɚɥɶɧɢɯ ɜɟɥɢɱɢɧ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɞɨɫɤɨɧɚɥɨɫɬɿ 

ɤɨɠɧɨɝɨ ɛɥɨɤɭ. ɐɿ ɞɚɧɿ ɦɨɠɭɬɶ ɛɭɬɢ ɨɬɪɢɦɚɧɿ ɿɡ ɦɨɧɿɬɨɪɢɧɝɭ ɞɿɣɫɧɢɯ ɭɫɬɚɧɨɜɨɤ ɿ 

ɪɨɡɜɢɬɤɭ ɫɭɱɚɫɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ Д42]. 

Ɉɬɠɟ, ɨɛ’єɞɧɚɧɧɹ ɜ ɤɨɦɩɥɟɤɫ ɫɢɫɬɟɦɢ ɤɨɝɟɧɟɪɚɰɿʀ ɬɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɜɢɪɨɛɧɢɰɬɜɨɦ ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ ɡɞɚɬɧɟ ɞɚɬɢ 

ɦɚɤɫɢɦɚɥɶɧɢɣ ɟɮɟɤɬ ɟɤɨɧɨɦɿʀ ɩɪɢɪɨɞɧɢɯ ɪɟɫɭɪɫɿɜ Д43]. ɋɭɱɚɫɧɿ ɫɢɫɬɟɦɢ 

ɬɪɢɝɟɧɟɪɚɰɿʀ ɫɤɥɚɞɚɸɬɶɫɹ ɿɡ ɝɚɡɨɜɨɝɨ ɞɜɢɝɭɧɚ ɡ ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɦ ɞɥɹ 

ɨɬɪɢɦɚɧɧɹ ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ, ɨɛɥɚɞɧɚɧɧɹ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɿ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɚɛɫɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ [44]. Ⱦɥɹ ɪɨɛɨɬɢ 

ɫɢɫɬɟɦɢ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɿ ɿɧɲɿ ɞɠɟɪɟɥɚ ɬɟɩɥɚ: ɫɨɧɹɱɧɭ ɟɧɟɪɝɿɸ, ɞɢɡɟɥɶɧɟ 

ɩɚɥɢɜɨ, ɝɚɡ, ɫɦɿɬɬɹ, ɩɚɥɢɜɧɿ ɟɥɟɦɟɧɬɢ ɬɚ ɿɧɲɟ Д45]. ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɞɭ ɩɚɥɢɜɚ 

ɬɚ ɤɨɧɫɬɪɭɤɰɿʀ ɟɥɟɦɟɧɬɿɜ, ɦɨɠɧɚ ɨɬɪɢɦɭɜɚɬɢ ɜɟɥɢɤɿ ɞɿɚɩɚɡɨɧɢ ɬɟɦɩɟɪɚɬɭɪ 

(60…900 ɨɋ) ɞɥɹ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. Ɍɪɢɝɟɧɟɪɚɰɿɣɧɚ ɟɧɟɪɝɟɬɢɱɧɚ 

ɭɫɬɚɧɨɜɤɚ є ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɨɸ ɬɚ ɩɟɪɟɜɢɳɭє ɜ 3 ɪɚɡɢ ɡɚ ɟɮɟɤɬɢɜɧɿɫɬɸ 

ɫɬɚɧɞɚɪɬɧɿ ɰɟɧɬɪɚɥɶɧɿ ɟɧɟɪɝɟɬɢɱɧɿ ɫɢɫɬɟɦɢ Д46]. Ɂɝɿɞɧɨ ɡ ɪɨɡɪɚɯɭɧɤɚɦɢ ɚɜɬɨɪɿɜ 

ɪɨɛɨɬɢ [46] ʀʀ ɟɮɟɤɬɢɜɧɿɫɬɶ ɞɨɫɹɝɚє 86…93%  ɩɪɨɬɢ 33% ɫɬɚɧɞɚɪɬɧɨʀ. 

Ɂ ɿɫɧɭɸɱɢɯ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ ɜɢɞɿɥɹɸɬɶɫɹ ɜ 

ɨɤɪɟɦɭ ɝɪɭɩɭ ɫɢɫɬɟɦɢ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ. ȼɨɧɢ ɧɚɣɛɿɥɶɲ ɡɚɬɪɟɛɭɜɚɧɿ, ɚɥɟ ɦɚɸɬɶ 

ɧɚɣɦɟɧɲɭ ɬɟɯɧɿɱɧɭ ɿɧɮɨɪɦɚɰɿɸ ɳɨɞɨ ɪɨɡɜɢɬɤɭ. 
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Ɇɚɥɚ ɟɧɟɪɝɟɬɢɤɚ ɜɢɪɿɲɭє ɩɪɨɛɥɟɦɢ ɜɿɞɞɚɥɟɧɢɯ ɜɿɞ ɰɟɧɬɪɚɥɿɡɨɜɚɧɢɯ 

ɟɧɟɪɝɟɬɢɱɧɢɯ ɫɢɫɬɟɦ ɧɚɫɟɥɟɧɢɯ ɩɭɧɤɬɿɜ ɿ ɧɟɡɚɥɟɠɧɢɯ ɦɚɥɢɯ ɜɢɪɨɛɧɢɰɬɜ, 

ɡɨɤɪɟɦɚ, ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ. ɉɪɢɛɥɢɡɧɨ, 60-70% ɬɟɪɢɬɨɪɿɣ ɛɚɝɚɬɶɨɯ ɞɟɪɠɚɜ 

ɧɟ ɨɯɨɩɥɟɧɿ ɰɟɧɬɪɚɥɿɡɨɜɚɧɢɦ ɟɥɟɤɬɪɨɩɨɫɬɚɱɚɧɧɹɦ [47]. Ɋɟɚɥɿɡɨɜɚɧɚ ɜ ɬɚɤɢɯ 

ɭɦɨɜɚɯ ɫɢɫɬɟɦɚ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ ɡɞɚɬɧɚ ɩɿɞɜɢɳɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɟɪɜɢɧɧɨʀ ɟɧɟɪɝɿʀ ɿ ɜɿɞɧɨɲɟɧɧɹ ɫɭɦɚɪɧɨʀ ɜɢɪɨɛɥɹєɦɨʀ ɩɨɬɭɠɧɨɫɬɿ 

ɞɨ ɦɚɫɢ ɨɛɥɚɞɧɚɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ. ȼ ɪɨɛɨɬɚɯ [48-50] ɩɪɢɫɭɬɧɹ 

ɿɧɮɨɪɦɚɰɿɹ ɳɨɞɨ ɧɚɹɜɧɨɫɬɿ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɪɿɡɧɢɯ ɝɚɥɭɡɹɯ 

ɩɪɨɦɢɫɥɨɜɨɫɬɟɣ, ɹɤɿ є ɬɢɩɨɜɢɦɢ ɫɩɨɠɢɜɚɱɚɦɢ ɨɞɧɨɱɚɫɧɨ ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ 

Ɂɚɫɥɭɝɨɜɭє ɨɤɪɟɦɨʀ ɭɜɚɝɢ ɪɨɛɨɬɚ Д45]. ȼ ɪɨɛɨɬɿ ɜɢɫɜɿɬɥɸɸɬɶɫɹ ɧɨɜɿ 

ɪɨɡɪɨɛɤɢ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɚɥɢɜɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɹɤ ɛɚɡɨɜɨʀ 

ɬɟɯɧɨɥɨɝɿʀ ɨɬɪɢɦɚɧɧɹ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɬɚ ɬɟɩɥɚ ɞɥɹ ɦɿɤɪɨɦɟɪɟɠ, ɝɚɡɨɜɢɯ 

ɦɿɤɪɨɬɭɪɛɿɧ, ɞɜɢɝɭɧɿɜ ɋɬɿɪɥɿɧɝɚ ɬɚ ɿɧ. Ⱥɜɬɨɪɢ ɪɨɛɨɬɢ ɧɚɜɨɞɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɢɫɬɟɦ ɤɨɝɟɧɟɪɚɰɿʀ ɬɚ ɬɪɢɝɟɧɟɪɚɰɿʀ ɿɡ ɩɚɥɢɜɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ, ɜɿɞɦɿɱɚɸɱɢ 

ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɩɨɜɿɬɪɹ ɹɤ ɝɚɥɭɡɶ ɩɟɪɲɨɝɨ ɩɨɪɹɞɤɭ (75%) ɜ ɛɚɝɚɬɶɨɯ ɤɪɚʀɧɚɯ 

ɫɜɿɬɭ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɤɥɚɫɢɮɿɤɚɰɿʀ ɩɚɥɢɜɧɢɯ ɟɥɟɦɟɧɬɿɜ ɡɚ ɟɥɟɤɬɪɨɥɿɬɨɦ, 

ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɬɚ ɪɨɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ (ɜɢɫɨɤɢɦɢ – 65…1000 ɨɋ ɬɚ 

ɧɢɡɶɤɢɦɢ – 60…250 ɨɋ) ɧɚɞɚɧɿ ɬɢɩɢ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɭ ɫɤɥɚɞɿ ɫɢɫɬɟɦ 

ɬɪɢɝɟɧɟɪɚɰɿʀ, ɹɤɿ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɞɨɫɹɝɧɟɧɧɹ ɜɢɫɨɤɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ 

(ɞɨ 90%). 

ȼ ɤɨɧɬɟɤɫɬɿ ɡ ɰɿєɸ ɪɨɛɨɬɨɸ, ɧɚɛɭɜɚє ɩɟɪɫɩɟɤɬɢɜɢ ɪɨɡɝɥɹɞɚɧɧɹ ɩɢɬɚɧɶ 

ɫɬɜɨɪɟɧɧɹ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2 ɞɥɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ 

ɩɚɥɢɜɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ. 

ɇɨɜɢɦ ɧɚɩɪɹɦɨɦ ɜ ɞɨɫɥɿɞɠɟɧɧɿ ɦɚɥɢɯ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ є ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɟɠɟɤɬɨɪɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ Д16]. 

ɋɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɤɨɦɩɪɟɫɨɪɧɢɦɢ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɦ 

ɯɨɥɨɞɢɥɶɧɢɦɢ ɦɚɲɢɧɚɦɢ ɭ ɜɿɞɤɪɢɬɿɣ ɬɟɯɧɿɱɧɿɣ ɥɿɬɟɪɚɬɭɪɿ ɧɟ ɪɨɡɝɥɹɧɭɬɿ. 

ɐɟɣ ɮɚɤɬ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɩɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ є ɜɚɠɥɢɜɨɸ ɧɚɭɤɨɜɨ-

ɩɪɚɤɬɢɱɧɨɸ ɡɚɞɚɱɟɸ, ɪɨɡɜ’ɹɡɚɧɧɹ ɹɤɨʀ ɡɚɛɟɡɩɟɱɭє ɭɦɨɜɢ ɫɬɜɨɪɟɧɧɹ 
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ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɢɯ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ ɧɚ ɡɚɫɚɞɚɯ ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ 

ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ. 

 

1.7. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɰɢɤɥɿɜ. 

ɉɨɹɜɚ ɧɨɜɢɯ ɿ ɦɨɞɟɪɧɿɡɚɰɿɹ ɞɿɸɱɢɯ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ 

ɜɢɦɚɝɚє ɤɪɢɬɢɱɧɨɝɨ ɫɬɚɜɥɟɧɧɹ ɞɨ ɧɢɯ ɿ ɨɫɨɛɥɢɜɨʀ ɭɜɚɝɢ ɞɨ ɬɢɯ ɚɫɩɟɤɬɿɜ, ɹɤɿ 

ɦɨɠɭɬɶ ɩɪɢɜɟɫɬɢ ɞɨ ɟɤɨɧɨɦɿʀ ɟɧɟɪɝɟɬɢɱɧɢɯ ɪɟɫɭɪɫɿɜ. Ɋɟɚɥɿɡɚɰɿɹ ɧɨɜɢɯ ɬɟɯɧɿɱɧɢɯ 

ɪɿɲɟɧɶ ɿ ɧɚɜɿɬɶ ɫɬɜɨɪɟɧɧɹ ɬɟɯɧɿɱɧɢɯ ɩɪɨɟɤɬɿɜ ɩɨɜ’ɹɡɚɧɿ ɡɿ ɡɧɚɱɧɢɦɢ ɤɚɩɿɬɚɥɶɧɢɦɢ 

ɿ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɦɢ ɜɢɬɪɚɬɚɦɢ. Ɉɞɧɚɤ ɩɪɢ ɪɨɡɝɥɹɞɿ ɬɿєʀ ɱɢ ɿɧɲɨʀ ɩɪɨɩɨɡɢɰɿʀ ɞɭɠɟ 

ɱɚɫɬɨ ɧɟɦɚє ɧɟɨɛɯɿɞɧɨɫɬɿ ɜɞɚɜɚɬɢɫɹ ɞɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɿ, ɬɢɦ ɛɿɥɶɲɟ, ɞɨ ɫɬɜɨɪɟɧɧɹ 

ɭɫɬɚɧɨɜɤɢ, ɬɚɤ ɹɤ ɜɫɟɛɿɱɧɢɣ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɰɢɤɥɭ, ɡɚ ɹɤɢɦ ɩɪɚɰɸє 

ɭɫɬɚɧɨɜɤɚ, ɞɨɡɜɨɥɹє ɞɨɫɢɬɶ ɩɨɜɧɨ ɡ’ɹɫɭɜɚɬɢ ɩɟɪɟɜɚɝɢ ɿ ɧɟɞɨɥɿɤɢ ɞɚɧɨʀ 

ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɨʀ ɫɢɫɬɟɦɢ. 

Ɉɫɶ ɱɨɦɭ ɬɚɤ ɜɚɠɥɢɜɨ ɜɫɬɚɧɨɜɢɬɢ ɬɿ ɨɫɧɨɜɧɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɿɜ, ɹɤɿ ɞɨɡɜɨɥɢɥɢ ɛ ɩɪɚɜɢɥɶɧɨ ɿ ɜɫɟɛɿɱɧɨ ɨɰɿɧɸɜɚɬɢ ɪɿɡɧɿ 

ɰɢɤɥɢ (ɩɪɹɦɿ ɿ ɡɜɨɪɨɬɧɿ) ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ. Ɂɜɢɱɚɣɧɨ, 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɧɟ ɡɚɜɠɞɢ ɦɨɠɟ ɞɚɬɢ ɨɫɬɚɬɨɱɧɭ ɨɰɿɧɤɭ ɜɢɝɿɞɧɨɫɬɿ 

ɩɪɨɩɨɡɢɰɿʀ, ɚɥɟ ɜɿɧ ɡɚɜɠɞɢ є ɩɨɱɚɬɤɨɜɨɸ ɫɬɚɞɿєɸ ɛɭɞɶ-ɹɤɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ. 

ȼ ɨɫɬɚɧɧɿ ɞɟɫɹɬɢɥɿɬɬɹ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɦɟɬɨɞ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ є 

ɧɟɜɿɞ’єɦɧɨɸ ɱɚɫɬɢɧɨɸ ɧɚɭɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ. ȼɿɧ ɜɤɚɡɭє ɧɚ ɝɪɚɧɢɱɧɿ ɦɨɠɥɢɜɨɫɬɿ 

ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɢ ɿ ɞɚє ɤɪɢɬɟɪɿʀ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ 

ɪɿɡɧɢɯ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ ɡɚ ɰɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ. 

ɉɟɪɲɿ ɪɨɛɨɬɢ ɡ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɨɩɭɛɥɿɤɨɜɚɧɿ ɜ 1960-ɯ ɪɨɤɚɯ Д51], 

ɪɨɡɲɢɪɟɧɿ ɬɚ ɡɚɝɥɢɛɥɟɧɿ ɜ ɪɨɛɨɬɚɯ Д52-55] ɿ ɫɶɨɝɨɞɧɿ ɫɤɥɚɞɚɸɬɶ «ɡɨɥɨɬɢɣ ɮɨɧɞ» 

ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɜ ɫɜɿɬɿ. 

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɚɛɫɨɪɛɰɿɣɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɜɩɟɪɲɟ 

ɨɩɪɢɥɸɞɧɟɧɢɣ ɜ ɪɨɛɨɬɿ Д51] ɜ 1964 ɪ. ɿ ɛɭɜ ɜɢɤɨɪɢɫɬɚɧɢɦ ɜ ɹɤɨɫɬɿ ɛɚɡɨɜɨɝɨ ɞɥɹ 

ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ. Ɂ ɪɨɡɜɢɬɤɨɦ ɩɪɢɤɥɚɞɧɨʀ ɬɟɪɦɨɞɢɧɚɦɿɤɢ ɡɦɿɧɢɜɫɹ ɩɿɞɯɿɞ ɿ 

ɞɨ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ. ɇɨɜɢɣ ɩɿɞɯɿɞ ɞɨ ɚɧɚɥɿɡɭ 

ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ ɞɨɡɜɨɥɢɜ ɩɿɞɜɢɳɢɬɢ ɬɨɱɧɿɫɬɶ ɨɞɟɪɠɭɜɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ, 
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ɪɨɡɭɦɿɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɧɟɟɮɟɤɬɢɜɧɨɫɬɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɜɤɚɡɚɬɢ ɧɚ ɫɩɨɫɨɛɢ 

ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɫɢɫɬɟɦɢ Д55]. Ⱥɧɚɥɿɡ ɩɪɨɜɨɞɢɜɫɹ ɩɟɪɟɜɚɠɧɨ ɞɥɹ ɛɪɨɦɿɫɬɨɥɿɬɿєɜɢɯ 

ɚɛɨ ɝɿɛɪɢɞɧɢɯ ɚɛɫɨɪɛɰɿɣɧɢɯ ɿ ɤɨɦɩɪɟɫɨɪɧɢɯ ɦɚɲɢɧ Д56,57]. 

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ ɧɟ ɩɪɨɜɨɞɢɜɫɹ 

ɱɟɪɟɡ ɨɛɦɟɠɟɧɢɣ ɩɨɩɢɬ ɧɚ ɪɢɧɤɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ. Ɂ ɪɨɡɜɢɬɤɨɦ 

ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɟɧɟɪɝɟɬɢɰɿ ɡɿ ɫɩɟɰɢɮɿɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɠɟɪɟɥ ɬɟɩɥɚ 

ɪɨɛɥɹɬɶ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɿ ɦɚɲɢɧɢ ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɢɦɢ ɡ ɿɧɲɢɦɢ 

ɬɢɩɚɦɢ ɦɚɲɢɧ, ɚ ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɬɚє ɚɤɬɭɚɥɶɧɨɸ 

ɩɪɨɛɥɟɦɨɸ. 

ɋɭɱɚɫɧɢɣ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɤɨɦɩɪɟɫɨɪɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ 

ɦɚɲɢɧ ɡɞɿɣɫɧɟɧɨ ɜ ɪɨɛɨɬɿ Д58] ɩɿɞ ɱɚɫ ɞɨɫɥɿɞɠɟɧɧɹ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ 

ɦɚɲɢɧɢ ɡ ɋɈ2 ɭ ɹɤɨɫɬɿ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ. ɋɚɦɟ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɩɨɤɚɡɚɜ 

ɦɨɠɥɢɜɿɫɬɶ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɰɢɤɥɿɜ ɡɚ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ 

300…400 ɨɋ, ɬɢɫɤɚɯ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ 20…30 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɨɸ 

ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ 25…35 ɨɋ ɬɚ ɨɯɨɥɨɞɠɭɜɚɧɨɝɨ ɨɛ’єɤɬɭ -15…-10 ɨɋ ɡ 

ɟɤɫɟɪɝɟɬɢɱɧɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ ɄɄȾ = 13…15% Д58]. 

ɍɫɿ ɪɨɡɝɥɹɧɭɬɿ ɚɫɩɟɤɬɢ ɫɜɿɞɱɚɬɶ ɩɪɨ ɬɟ, ɳɨ ɩɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ є 

ɜɚɠɥɢɜɨɸ ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɨɸ ɡɚɞɚɱɟɸ, ɪɨɡɜ’ɹɡɚɧɧɹ ɹɤɨʀ ɡɚɛɟɡɩɟɱɭє ɭɦɨɜɢ 

ɫɬɜɨɪɟɧɧɹ ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɢɯ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ ɧɚ ɡɚɫɚɞɚɯ 

ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ. 

 

1.8. ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 

1. Ɉɝɥɹɞɨɦ ɥɿɬɟɪɚɬɭɪɢ ɜɫɬɚɧɨɜɥɟɧɨ ɮɚɤɬɢ ɿɫɧɭɜɚɧɧɹ ɫɭɱɚɫɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ 

ɨɛɥɚɫɬɿ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɪɿɡɧɢɯ ɬɢɩɿɜ: ɚɛɫɨɪɛɰɿɣɧɢɯ, ɟɠɟɤɬɨɪɧɢɯ, 

ɤɨɦɩɪɟɫɨɪɧɢɯ ɪɿɡɧɢɦɢ ɫɜɿɬɨɜɢɦɢ ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɢɰɶɤɢɦ ɝɪɭɩɚɦɢ. 

2. ȼɫɬɚɧɨɜɥɟɧɨ ɦɨɠɥɢɜɢɣ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɩɨɬɟɧɰɿɚɥ ɭɬɢɥɿɡɨɜɚɧɨɝɨ ɬɟɩɥɚ 

ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ ɡ ɨɝɥɹɞɭ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

3. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜɫɿ ɬɢɩɢ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ ɦɨɠɭɬɶ 

ɤɨɦɩɥɟɤɬɭɜɚɬɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ, ɦɚɸɬɶ ɿɧɞɢɜɿɞɭɚɥɶɧɭ ɨɛɥɚɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɿ ɧɟ є ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɿɧɲɢɦ. 
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4. Ɉɬɪɢɦɚɧɨ ɿɧɮɨɪɦɚɰɿɸ ɳɨɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɿɨɤɫɢɞɭ ɜɭɝɥɟɰɸ ɜ ɹɤɨɫɬɿ 

ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ ɬɚ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɹɤɚ 

ɜɫɬɚɧɨɜɥɸє ɩɟɪɫɩɟɤɬɢɜɧɿɫɬɶ ɧɚɭɤɨɜɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ. 
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ɊɈɁȾȱɅ 2 

ɇɈȼȱ Ɍȿɏɇȱɑɇȱ Ɋȱɒȿɇɇə ɌɊɂȽȿɇȿɊȺɐȱȲ ȼ ɆȺɅȱɃ ȿɇȿɊȽȿɌɂɐȱ 

 

2.1. Ɂɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

Ɍɟɪɦɿɧɭ «ɬɪɢɝɟɧɟɪɚɰɿɹ» ɦɨɠɧɚ ɧɚɞɚɬɢ ɬɚɤɟ ɜɢɡɧɚɱɟɧɧɹ – ɩɪɨɰɟɫ 

ɨɞɧɨɱɚɫɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ ɜɿɞ ɨɞɧɿєʀ ɟɧɟɪɝɟɬɢɱɧɨʀ 

ɭɫɬɚɧɨɜɤɢ, ɳɨ ɜɢɪɨɛɥɹє ɟɥɟɤɬɪɢɱɧɭ ɿ ɭɬɢɥɿɡɭє ɬɟɩɥɨɜɭ ɟɧɟɪɝɿɸ, ɡ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨɸ ɯɨɥɨɞɢɥɶɧɨɸ ɭɫɬɚɧɨɜɤɨɸ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭє ɨɬɪɢɦɚɧɭ 

ɬɟɩɥɨɜɭ ɬɚ ɧɟɡɧɚɱɧɭ ɤɿɥɶɤɿɫɬɶ ɟɥɟɤɬɪɢɱɧɨʀ ɟɧɟɪɝɿʀ.  

Ɋɿɲɟɧɧɹ ɩɪɨ ɞɨɰɿɥɶɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɞɥɹ ɤɨɧɤɪɟɬɧɢɯ 

ɫɩɨɠɢɜɚɱɿɜ ɡ ɜɢɛɨɪɨɦ ɪɨɛɨɱɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɥɨɤɿɜ ɫɢɫɬɟɦɢ 

ɜɢɦɚɝɚє ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɿ ɡɛɨɪɭ ɞɚɧɢɯ ɳɨɞɨ ɪɟɚɥɶɧɢɯ ɜɟɥɢɱɢɧ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɞɨɫɤɨɧɚɥɨɫɬɿ ɤɨɠɧɨɝɨ ɛɥɨɤɭ. ɐɿ ɞɚɧɿ ɦɨɠɭɬɶ ɛɭɬɢ ɨɬɪɢɦɚɧɿ ɡ 

ɦɨɧɿɬɨɪɢɧɝɭ ɞɿɣɫɧɢɯ ɭɫɬɚɧɨɜɨɤ ɿ ɪɨɡɜɢɬɤɭ ɫɭɱɚɫɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ. 

 

2.2. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ 

ɍ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɰɿ ɬɟɩɥɨ, ɜɢɪɨɛɥɟɧɟ ɤɨɦɛɿɧɨɜɚɧɨɸ ɟɧɟɪɝɨɫɢɫɬɟɦɨɸ, 

ɩɪɢɡɧɚɱɚєɬɶɫɹ, ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ, ɞɥɹ ɨɩɚɥɟɧɧɹ ɛɭɞɶ-ɹɤɢɯ ɩɪɢɦɿɳɟɧɶ. ɉɟɪɿɨɞ 

ɪɟɚɥɶɧɨʀ ɩɨɬɪɟɛɢ ɜ ɬɟɩɥɿ ɨɛɦɟɠɭєɬɶɫɹ ɩɟɪɿɨɞɨɦ ɪɨɤɭ ɡ ɧɢɡɶɤɨɸ ɫɟɪɟɞɧɶɨɸ 

ɬɟɦɩɟɪɚɬɭɪɨɸ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ, ɧɚɩɪɢɤɥɚɞ, ɜ ɤɪɚʀɧɚɯ ɡ ɩɨɦɿɪɧɢɦ ɤɥɿɦɚɬɨɦ. ɍ 

ɬɨɣ ɠɟ ɱɚɫ, ɿɫɧɭє ɡɧɚɱɧɚ ɩɨɬɪɟɛɚ ɜ ɯɨɥɨɞɨɩɨɫɬɚɱɚɧɧɿ ɞɥɹ ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɬɢɯ ɠɟ 

ɩɪɢɦɿɳɟɧɶ ɬɚ ɡɛɟɪɿɝɚɧɧɹ ɨɯɨɥɨɞɠɟɧɢɯ ɩɪɨɞɭɤɬɿɜ ɜ ɬɟɩɥɢɣ ɩɟɪɿɨɞ ɪɨɤɭ. ȼ ɞɚɧɢɯ 

ɜɢɩɚɞɤɚɯ, ɦɚɸɱɢ ɤɨɦɛɿɧɨɜɚɧɭ ɟɧɟɪɝɨɫɢɫɬɟɦɭ, ɪɟɝɟɧɟɪɨɜɚɧɟ ɬɟɩɥɨ ɦɨɠɧɚ 

ɟɤɫɩɥɭɚɬɭɜɚɬɢ ɩɪɨɬɹɝɨɦ ɭɫɶɨɝɨ ɪɨɤɭ [59]. 

ȼ ɫɢɫɬɟɦɿ (ɪɢɫ. 2.1) ɝɨɥɨɜɧɨɸ є ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ (ȿɍ) ɡ 

ɜɢɪɨɛɧɢɰɬɜɨɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ (ȿȿ). ɉɟɪɜɢɧɧɨɸ ɟɧɟɪɝɿєɸ (ɉȿ) є ɩɚɥɢɜɨ (ɬɜɟɪɞɟ, 

ɪɿɞɤɟ, ɝɚɡɨɩɨɞɿɛɧɟ, ɛɿɨɝɚɡ ɿ ɬ. ɿ.). 

ɋɢɫɬɟɦɚ ɦɚє ɞɜɚ ɨɛɨɜ'ɹɡɤɨɜɢɯ ɫɤɢɞɚɧɧɹ ɜ ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳɟ (Ɉɋ) – ɜ 

ɟɧɟɪɝɟɬɢɱɧɿɣ ɭɫɬɚɧɨɜɰɿ ɿ ɯɨɥɨɞɢɥɶɧɨʀ, ɿ ɜɧɭɬɪɿɲɧɿ ɧɟɨɛɨɪɨɬɧɿ ɜɬɪɚɬɢ ɜ ɫɢɫɬɟɦɿ – 

Ⱦ (ɞɟɫɬɪɭɤɰɿɹ ɟɧɟɪɝɿʀ). ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɟɣ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɿɜ 
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ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɩɨɜɧɿɫɬɸ ɜɢɡɧɚɱɚєɬɶɫɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɸ ɞɨɫɤɨɧɚɥɿɫɬɸ 

ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. 
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ʿʫˀʦИʻʻА 
ʫʻʫˀʧІЯ (ʿʫ)

(ˈОЛ)        ˈОЛОʪ

(˃ʫʿ)         ˃ʫʿЛО

(ʫʫ)    ʫЛʫК˃ˀОʫʻʫˀʧІЯ

 

                               ɚ)                                                                ɛ) 

 Ɋɢɫ. 2.1. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ: 

  ɚ) ɫɢɫɬɟɦɢ ɤɨɝɟɧɟɪɚɰɿʀ; ɛ) ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

 

ȼɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɬɟɩɥɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɞɜɨɯ 

ɬɟɪɦɿɱɧɢɯ ɟɮɟɤɬɿɜ – ɬɟɩɥɚ (Ɍȿɉ) ɿ ɯɨɥɨɞɭ (ɏɈɅ). Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ 

ɜɢɬɪɚɱɚɸɬɶ ɱɚɫɬɢɧɭ ɜɢɪɨɛɥɟɧɨɝɨ ɬɟɩɥɚ, ɚ ɫɢɫɬɟɦɭ ɤɨɦɩɥɟɤɬɭɸɬɶ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨɸ ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ, ɧɚɩɪɢɤɥɚɞ, ɚɛɫɨɪɛɰɿɣɧɨɸ. 

Ɍɟɨɪɟɬɢɱɧɨ ɬɪɢɝɟɧɟɪɚɰɿɹ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɩɟɪɟɬɜɨɪɸɜɚɬɢ ɜ ɯɨɥɨɞ ɞɨ 80% 

ɬɟɩɥɨɜɨʀ ɩɨɬɭɠɧɨɫɬɿ ɤɨɝɟɧɟɪɚɰɿɣɧɨʀ ɭɫɬɚɧɨɜɤɢ, ɳɨ ɡɧɚɱɧɨ ɡɛɿɥɶɲɭє ʀʀ ɄɄȾ ɣ 

ɩɿɞɜɢɳɭє ɤɨɟɮɿɰɿєɧɬ ʀʀ ɩɨɬɭɠɧɢɯ ɪɟɫɭɪɫɿɜ. 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɟɣ ɬɚ ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɟɠɢɦɿɜ ɭɫɬɚɧɨɜɨɤ 

ɜɢɪɨɛɧɢɰɬɜɚ ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ ɩɨɜɧɿɫɬɸ ɜɢɡɧɚɱɚɸɬɶɫɹ ɤɨɧɤɪɟɬɧɢɦ ɫɩɨɠɢɜɚɱɟɦ. 

ɍ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ, ɟɧɟɪɝɟɬɢɱɧɢɣ ɛɚɥɚɧɫ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɨɠɧɚ 

ɡɚɩɢɫɚɬɢ ɦɚɬɟɦɚɬɢɱɧɢɦ ɜɢɪɚɡɨɦ: 

                       ( / ) ( / )ɩɟ ɟɟ ɬɟɩ ɬɟɩ хɨɥ хɨɥ ɨɫ ɞQ Q Q ɋɈɊ Q ɋɈɊ Q Q     ,             (2.1) 

ɞɟ ɩɟQ  – ɩɟɪɜɢɧɧɚ ɟɧɟɪɝɿɹ; 

ɟɟQ  – ɬɟɩɥɨ, ɩɪɢɡɧɚɱɟɧɟ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ; 

ɬɟɩQ  – ɬɟɩɥɨ, ɩɪɢɡɧɚɱɟɧɟ ɞɥɹ ɨɩɚɥɟɧɧɹ; 

хɨɥQ – ɬɟɩɥɨ, ɩɪɢɡɧɚɱɟɧɟ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ; 

ɨɫQ  – ɨɛɨɜ’ɹɡɤɨɜɟ ɬɟɩɥɨɜɟ ɫɤɢɞɚɧɧɹ ɜ ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳɟ; 

ɞQ  – ɞɟɫɬɪɭɤɰɿɹ ɟɧɟɪɝɿʀ ɜ ɫɢɫɬɟɦɿ; 
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ɬɟɩɋɈɊ  – ɤɨɟɮɿɰɿєɧɬ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ 

(ɜɢɪɨɛɧɢɰɬɜɨ ɬɟɩɥɚ); 

хɨɥɋɈɊ  – ɤɨɟɮɿɰɿєɧɬ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ  

(ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ). 

Ⱦɥɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ ɪɿɜ.(2.1) ɦɚє ɜɢɝɥɹɞ: 

                                      ɩɟ ɟɟ ɨɫ ɞQ Q Q Q                                           (2.2) 

Ⱦɥɹ ɫɢɫɬɟɦɢ ɤɨɝɟɧɟɪɚɰɿʀ ɜɿɞɩɨɜɿɞɧɨ: 

                                   ( / )ɩɟ ɟɟ ɬɟɩ ɬɟɩ ɨɫ ɞQ Q Q ɋɈɊ Q Q                              (2.3) 

ɋɬɭɩɿɧɶ ɭɬɢɥɿɡɚɰɿʀ ɬɟɩɥɚ ɜɢɡɧɚɱɚєɬɶɫɹ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚ ɩɪɹɦɢɦ 

ɩɪɢɡɧɚɱɟɧɧɹɦ (ɨɩɚɥɟɧɧɹɦ) ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɨɠɢɜɚɱɚ. Ɇɚɤɫɢɦɚɥɶɧɟ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɩɥɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɫɢɫɬɟɦɢ 

ɨɩɚɥɟɧɧɹ ɿ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɜɟɥɢɱɢɧɨɸ ɞQ  (ɪɢɫ. 2.1). 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ ɜɫɿɯ ɞɨɞɚɧɤɿɜ ɜ ɪɿɜ. (2.2, 2.3) ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ 

ɲɢɪɨɤɟ ɪɨɡɦɚʀɬɬɹ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ (ɝɚɡɨɩɨɪɲɧɟɜɿ, ɝɚɡɨɬɭɪɛɿɧɧɿ, ɩɚɥɢɜɧɿ 

ɟɥɟɦɟɧɬɢ, ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɢ, ɫɨɧɹɱɧɿ ɛɚɬɚɪɟʀ ɬɚ ɿɧ.). 

ɇɚɣɜɢɳɢɣ ɟɥɟɤɬɪɢɱɧɢɣ ɄɄȾ ɞɨɫɹɝɚє 35% ɭ ɝɚɡɨɜɿɣ ɬɭɪɛɿɧɢ, ɿ ɛɥɢɡɶɤɨ 45% 

ɭ ɝɚɡɨɩɨɪɲɧɟɜɨɝɨ ɞɜɢɝɭɧɚ ɩɿɞ 100%-ɢɦ ɧɚɜɚɧɬɚɠɟɧɧɹɦ, ɚ ɜ ɪɟɠɢɦɿ ɤɨɝɟɧɟɪɚɰɿʀ – 

ɛɥɢɡɶɤɨ 85%. ɉɪɢ ɡɧɢɠɟɧɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨ 50%, ɡɚɫɬɨɫɨɜɭɸɬɶ ɝɚɡɨɩɨɪɲɧɟɜɿ 

ɞɜɢɝɭɧɢ, ɹɤɳɨ ɧɟɨɛɯɿɞɧɨ ɜɢɪɨɛɥɹɬɢ ɪɿɜɧɭ ɤɿɥɶɤɿɫɬɶ ɬɟɩɥɨɜɨʀ ɬɚ ɟɥɟɤɬɪɢɱɧɨʀ 

ɟɧɟɪɝɿʀ, ɚ ɝɚɡɨɬɭɪɛɿɧɧɿ – ɹɤɳɨ ɧɟɨɛɯɿɞɧɨ ɜɢɪɨɛɥɹɬɢ ɜ 2-2,5 ɪɚɡɢ ɛɿɥɶɲɟ ɬɟɩɥɨɜɨʀ 

ɟɧɟɪɝɿʀ, ɧɿɠ ɟɥɟɤɬɪɢɱɧɨʀ Д60]. 

ɍ ɿɫɧɭɸɱɢɯ ɩɚɥɢɜɧɢɯ ɟɥɟɦɟɧɬɿɜ ɟɥɟɤɬɪɢɱɧɢɣ ɄɄȾ ɫɬɚɧɨɜɢɬɶ 35-60%, ɜ 

ɪɟɠɢɦɿ ɤɨɝɟɧɟɪɚɰɿʀ – ɛɥɢɡɶɤɨ 80% ɿ ɜɢɳɟ Д61]. ɇɚɩɪɢɤɥɚɞ, ɩɪɢ ɫɚɦɨɫɬɿɣɧɿɣ 

ɟɤɫɩɥɭɚɬɚɰɿʀ ɟɥɟɤɬɪɢɱɧɚ ɩɨɬɭɠɧɿɫɬɶ ɬɜɟɪɞɨɨɤɫɢɞɧɢɯ ɩɚɥɢɜɧɢɯ ɟɥɟɦɟɧɬɿɜ 

ɫɬɚɧɨɜɢɬɶ 60%, ɚ ɡɚɝɚɥɶɧɚ ɬɟɩɥɨɜɚ ɩɨɬɭɠɧɿɫɬɶ ɩɪɢ ɤɨɝɟɧɟɪɚɰɿʀ – 85% [62]. 

ȼɢɫɨɤɨɟɮɟɤɬɢɜɧɿ ɿ ɟɤɨɥɨɝɿɱɧɿ ɩɚɥɢɜɧɿ ɟɥɟɦɟɧɬɢ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɿɧɧɨɜɚɰɿɣɧɢɯ 

ɩɪɨɞɭɤɬɿɜ, ɿ ɬɨɦɭ ɳɟ ɧɟ ɨɬɪɢɦɚɥɢ ɞɨɫɬɚɬɧɶɨ ɲɢɪɨɤɨɝɨ ɩɨɩɢɬɭ. 

 ȼ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɤɚɯ ɧɟɜɟɥɢɤɢɯ ɜɫɬɚɧɨɜɥɟɧɢɯ ɩɨɬɭɠɧɨɫɬɟɣ ɣ ɜ 

ɦɨɛɿɥɶɧɢɯ     ɝɟɧɟɪɚɬɨɪɧɢɯ      ɭɫɬɚɧɨɜɤɚɯ      ɡɚɫɬɨɫɨɜɭɸɬɶ       ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɿ  
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ɪɿɞɤɨɩɚɥɢɜɧɿ ɭɫɬɚɧɨɜɤɢ. 

ɉɿɫɥɹ ɚɧɚɥɿɡɭ ɪɿɜ. (2.2) ɬɚ ɪɿɜ. (2.3) ɞɥɹ ɩɨɞɚɥɶɲɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɛɭɥɢ 

ɜɢɜɟɞɟɧɿ ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɜɢɪɨɛɥɟɧɧɹ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɿ ɬɟɩɥɚ 

ɤɨɝɟɧɟɪɚɰɿɣɧɨɸ ɭɫɬɚɧɨɜɤɨɸ 35 %,ɟɟQ  50 %,ɬɟɩQ  ( ) 15 %.ɞ ɨɫQ Q   

Ɍɪɢɝɟɧɟɪɚɰɿɹ ɡɚɛɟɡɩɟɱɭє ɜɢɤɨɪɢɫɬɚɧɧɹ ɝɟɧɟɪɭɸɱɨɝɨ ɩɪɢɫɬɪɨɸ ɧɚ ɩɪɨɬɹɡɿ 

ɜɫɶɨɝɨ ɪɨɤɭ, ɬɢɦ ɫɚɦɢɦ ɧɟ ɡɧɢɠɭɸɱɢ ɜɢɫɨɤɨɝɨ ɄɄȾ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. ɍ 

ɥɿɬɧɿɣ ɩɟɪɿɨɞ, ɤɨɥɢ ɩɨɬɪɟɛɚ ɜ ɜɢɪɨɛɧɢɰɬɜɿ ɬɟɩɥɚ ɩɚɞɚє, ɡɛɿɥɶɲɭєɬɶɫɹ ɩɨɬɪɟɛɚ ɜ 

ɯɨɥɨɞɿ.  

ɋɭɦɚɪɧɟ ɜɢɪɨɛɧɢɰɬɜɨ ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ 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. (2.1) ɡɦɿɧɸɸɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɩɨɬɪɟɛ 

ɜɢɪɨɛɧɢɰɬɜɚ ɩɪɢ ɡɛɟɪɟɠɟɧɧɿ ɡɚɝɚɥɶɧɨɝɨ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ. 

Ɋɨɡɩɨɞɿɥɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɨɠɟ 

ɭɫɤɥɚɞɧɸɜɚɬɢɫɹ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɩɭ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ, ɹɤɿ ɜɯɨɞɹɬɶ ɞɨ 

ɫɤɥɚɞɭ ɫɢɫɬɟɦɢ. ɇɚ ɪɢɫ. 2.2 ɡɨɛɪɚɠɟɧɨ ɟɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɫɢɫɬɟɦɢ, ɜ ɹɤɢɯ ɱɚɫɬɤɚ 

ɭɬɢɥɿɡɨɜɚɧɨɝɨ ɬɟɩɥɚ ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ ɞɜɚ ɤɨɪɢɫɧɢɯ ɟɮɟɤɬɢ – ɯɨɥɨɞ ɬɚ 

ɞɨɞɚɬɤɨɜɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ, ɧɚ ɪɢɫ. 2.3 – ɞɨɞɚɬɤɨɜɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ є ɩɟɪɜɢɧɧɨɸ 

ɞɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ. 

ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɭɬɢɥɿɡɨɜɚɧɟ ɬɟɩɥɨ є ɞɠɟɪɟɥɨɦ ɞɥɹ ɬɪɶɨɯ ɤɨɪɢɫɧɢɯ 

ɟɮɟɤɬɿɜ: ɯɨɥɨɞɭ (ɏɈɅ), ɬɟɩɥɚ (Ɍȿɉ) ɬɚ ɞɨɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ (Ⱦȿȿ). 

ȿɧɟɪɝɟɬɢɱɧɢɣ ɛɚɥɚɧɫ ɫɢɫɬɟɦ (ɪɢɫ. 2.2, 2.3) ɦɨɠɟ ɛɭɬɢ ɡɚɩɢɫɚɧɨ ɭ ɜɢɝɥɹɞɿ: 

                  * ( / ) ( / )ɩɟ ɟɟ ɟɟ ɬɟɩ ɬɟɩ хɨɥ хɨɥ ɨɫ ɞQ Q Q Q ɋɈɊ Q ɋɈɊ Q Q                

ɞɟ *
ɟɟQ  – ɞɨɞɚɬɤɨɜɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ. 
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ʫ˄

) 

ʿʫˀʦИʻʻА 
ʫʻʫˀʧІЯ (ʿʫ)

(ˈОЛ)        ˈОЛОʪ

(˃ʫʿ)       ˃ʫʿЛО

(ʫʫ)    ʫЛʫК˃ˀОʫʻʫˀʧІЯ

(ʪʫʫ)       ʪОʪА˃КОʦА 

ʫЛʫК˃ˀОʫʻʫˀʧІЯ 

 ˁКИʪАʻʻЯ       (Оˁ)

 

Ɋɢɫ. 2.2. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɜ ɫɢɫɬɟɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɬɪɚɧɫɮɨɪɦɚɰɿєɸ 

ɱɚɫɬɤɢ ɭɬɢɥɿɡɨɜɚɧɨɝɨ ɬɟɩɥɚ ɜ ɯɨɥɨɞ ɬɚ ɞɨɞɚɬɤɨɜɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ 

 

                            

ʪʫˁ˃ˀ˄КˉІЯ       (ʪ) ʫʻ
ʫˀ

ʧʫ
˃И

Чʻ
А

˄ˁ
˃А

ʻО
ʦК

А 
   

   
 (ʫ

˄)

ʿʫˀʦИʻʻА 
ʫʻʫˀʧІЯ (ʿʫ)

(ˈОЛ)      ˈОЛОʪ

(˃ʫʿ)       ˃ʫʿЛО

(ʫʫ)       ʫЛʫК˃ˀОʫʻʫˀʧІЯ
ˁКИʪАʻʻЯ         (Оˁ) 

(ʪʫʫ)

ʪОʪА˃КОʦА ʫЛʫК˃ˀОʫʻʫˀʧІЯ 
 

Ɋɢɫ. 2.3. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɜ ɫɢɫɬɟɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɬɪɚɧɫɮɨɪɦɚɰɿєɸ  

ɞɨɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜ ɯɨɥɨɞ 

 

Ⱦɥɹ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ ɫɢɫɬɟɦɭ ɤɨɦɩɥɟɤɬɭɸɬɶ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɦɢ 

ɯɨɥɨɞɢɥɶɧɢɦɢ ɦɚɲɢɧɚɦɢ – ɚɛɫɨɪɛɰɿɣɧɢɦɢ, ɟɠɟɤɬɨɪɧɢɦɢ ɚɛɨ ɤɨɦɩɪɟɫɨɪɧɢɦɢ. 

əɤɳɨ ɨɬɪɢɦɚɧɚ ɞɨɞɚɬɤɨɜɚ ɟɥɟɤɬɪɨɟɧɟɪɝɿɹ  ɜɢɬɪɚɱɚєɬɶɫɹ ɧɚ ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ 

(ɪɢɫ.2.3), ɬɨ ɫɢɫɬɟɦɭ ɦɨɠɧɚ ɤɨɦɩɥɟɤɬɭɜɚɬɢ ɩɚɪɨɤɨɦɩɪɟɫɨɪɧɨɸ ɯɨɥɨɞɢɥɶɧɨɸ 

ɦɚɲɢɧɨɸ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ, ɜɿɞɦɿɧɧɢɯ ɜɿɞ ɝɨɥɨɜɧɨʀ ɦɚɲɢɧɢ: 

ɩɪɢɪɨɞɧɢɯ ɚɛɨ ɫɢɧɬɟɡɨɜɚɧɢɯ, ɱɢɫɬɢɯ ɚɛɨ ɫɭɦɿɲɟɣ. Ɉɛɨɜ’ɹɡɤɨɜɢɦɢ ɭɦɨɜɚɦɢ 

ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ ɫɢɫɬɟɦɢ є ɛɚɥɚɧɫ – ɤɿɥɶɤɿɫɬɶ ɞɨɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɟɟQ*  ɛɿɥɶɲɟ 

ɚɛɨ ɞɨɪɿɜɧɸє ɧɟɨɛɯɿɞɧɿɣ ɞɥɹ ɪɨɛɨɬɢ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ( / )хɨɥ хɨɥQ ɋɈɊ .  

Ɋɨɡɝɥɹɧɭɬɿ ɫɢɫɬɟɦɢ ɦɚɸɬɶ ɝɨɥɨɜɧɭ ɟɧɟɪɝɟɬɢɱɧɭ ɭɫɬɚɧɨɜɤɭ (ȿɍ) ɡɿ ɫɜɨєɸ 

ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ, ɹɤɚ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɚɛɨ ɫɩɿɜɩɚɞɚє ɡ ɧɟɸ. Ɍɟɦɩɟɪɚɬɭɪɧɿ ɪɿɜɧɿ ɩɪɨɰɟɫɿɜ ɜ ɫɢɫɬɟɦɿ ɰɿɥɤɨɦ 

ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ ɹɤ ɟɧɟɪɝɟɬɢɱɧɨʀ, ɬɚɤ ɿ ɯɨɥɨɞɢɥɶɧɨʀ: 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɝɪɌ  ɜɢɡɧɚɱɚєɬɶɫɹ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɠɟɪɟɥɚ: ɫɤɢɞɧɢɯ ɝɚɡɿɜ ɫɩɚɥɸɜɚɧɨɝɨ ɩɚɥɢɜɚ, 

ɭɬɢɥɿɡɨɜɚɧɨɝɨ ɬɟɩɥɚ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ, ɜɬɨɪɢɧɧɢɯ ɩɪɨɦɢɫɥɨɜɢɯ ɿ 

ɩɪɢɪɨɞɧɢɯ ɩɨɧɨɜɥɸɜɚɧɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɪɟɫɭɪɫɿɜ. Ⱦɥɹ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ 

ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɟɧɟɪɚɰɿʀ ɩɨɜɧɿɫɬɸ ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɨɛɨɱɢɯ ɪɟɱɨɜɢɧ: ɚɛɫɨɪɛɰɿɣɧɢɯ ɛɪɨɦɿɫɬɨɥɿɬɿєɜɢɯ – 90...120°ɋ[6], 

ɞɥɹ ɚɛɫɨɪɛɰɿɣɧɢɯ ɜɨɞɨɚɦɿɚɱɧɢɯ – 180°ɋ Д7], ɞɥɹ ɤɨɦɩɪɟɫɨɪɧɢɯ ɿ ɟɠɟɤɬɨɪɧɢɯ ɡ 

ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ ɬɢɩɭ HFC ɿ HCFC – 250°ɋ  Д4]. Ⱦɥɹ ɋɈ2 ɦɚɤɫɢɦɚɥɶɧɚ 

ɬɟɦɩɟɪɚɬɭɪɚ ɝɟɧɟɪɚɰɿʀ ɡɚɥɟɠɢɬɶ ɥɢɲɟ ɜɿɞ ɦɨɠɥɢɜɨɫɬɟɣ ɤɨɧɫɬɪɭɤɰɿɣ ɟɥɟɦɟɧɬɿɜ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɛɥɨɤɭ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ Д63].  

Ɂɚɝɚɥɶɧɢɣ ɰɢɤɥ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɦɚɲɢɧɢ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɩɪɨɫɬɢɯ 

ɰɢɤɥɿɜ, ɩɪɹɦɨɝɨ (ɫɢɥɨɜɨɝɨ) ɿ ɡɜɨɪɨɬɧɨɝɨ (ɯɨɥɨɞɢɥɶɧɨɝɨ), ɡ ɬɪɶɨɦɚ ɞɠɟɪɟɥɚɦɢ 

ɬɟɩɥɚ: ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɦ ɝɪɌ , ɫɟɪɟɞɧɶɨɬɟɦɩɟɪɚɬɭɪɧɢɦ ɫɟɪɌ  ɿ ɧɢɡɶɤɨ-

ɬɟɦɩɟɪɚɬɭɪɧɢɦ хɨɥɌ . Ⱦɥɹ ɩɪɨɫɬɢɯ ɰɢɤɥɿɜ ɫɟɪɟɞɧɶɨɬɟɦɩɟɪɚɬɭɪɧɟ ɞɠɟɪɟɥɨ є 

ɡɚɝɚɥɶɧɢɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɣɨɝɨ ɞɨɪɿɜɧɸє ɬɟɦɩɟɪɚɬɭɪɿ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ. 

Ɂ ɬɪɶɨɯ ɞɠɟɪɟɥ ɬɟɩɥɚ ɞɥɹ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɦɚɲɢɧ ɞɜɚ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɞɚɧɿ 

ɞɨɜɿɥɶɧɨ, ɬɪɟɬɿɣ – ɮɭɧɤɰɿɹ ɜɿɞ ɩɟɪɲɢɯ ɞɜɨɯ. Ɂɝɿɞɧɨ ɪɨɛɨɬɿ [64] 

                                              
2 -

хɨɥ ɫɟɪ
ɝɪ

хɨɥ ɫɟɪ

Ɍ Ɍ
Ɍ

Ɍ Ɍ
                                                   (2.4) 

Ɍɟɦɩɟɪɚɬɭɪɢ ɫɟɪɌ  ɿ хɨɥɌ  ɜɿɞɨɦɿ, ɜɢɯɨɞɹɱɢ ɡ ɩɪɢɡɧɚɱɟɧɧɹ ɦɚɲɢɧɢ ɬɚ ɭɦɨɜ ʀ 

ɟɤɫɩɥɭɚɬɚɰɿʀ, ɩɨɜ’ɹɡɚɧɢɯ ɡ ɧɚɜɤɨɥɢɲɧɿɦ ɫɟɪɟɞɨɜɢɳɟɦ. Ɍɨɞɿ ɡɝɿɞɧɨ ɡ ɪɿɜ. (2.4) 

ɿɫɧɭє ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɌ , ɡɚ ɹɤɨʀ ɤɨɧɤɪɟɬɧɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ ɦɚɲɢɧɚ 

ɦɚє ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ. əɤɳɨ ɜɿɞɨɦɚ ɬɟɦɩɟɪɚɬɭɪɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɠɟɪɟɥɚ, ɬɨɞɿ ɜɢɫɜɿɬɥɸєɬɶɫɹ ɞɨɩɭɫɬɢɦɚ ɦɿɧɿɦɚɥɶɧɚ 

ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɠɟɪɟɥɚ ɿ, ɹɤ ɧɚɫɥɿɞɨɤ, ɤɨɧɫɬɪɭɤɰɿɹ ɦɚɲɢɧɢ, 

ɡɞɚɬɧɨʀ ɪɟɚɥɿɡɭɜɚɬɢ ɩɨɬɪɟɛɢ ɡɚɦɨɜɧɢɤɚ. 

Ɋɨɡɝɥɹɧɟɦɨ ɞɟɤɿɥɶɤɚ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɫɯɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ, ɟɧɟɪɝɟɬɢɱɧɿ 

ɩɨɬɨɤɢ ɹɤɢɯ ɪɨɡɝɥɹɧɭɬɨ ɜɢɳɟ. 
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2.3. Ɍɟɯɧɨɥɨɝɿɱɧɿ ɫɯɟɦɢ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ . 

ɋɯɟɦɭ ɫɭɱɚɫɧɨʀ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ ɜɟɥɢɤɨʀ 

ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɹɤɚ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɫɜɿɬɨɜɨɦɭ ɪɢɧɤɭ, ɡɨɛɪɚɠɟɧɨ ɧɚ                       

ɪɢɫ. 2.4. 

 

Ɋɢɫ. 2.4.  ɋɯɟɦɚ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɚɛɫɨɪɛɰɿɣɧɨɸ ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ 

 

ɋɢɫɬɟɦɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɝɨɥɨɜɧɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ ɡ ɤɨɬɥɨɦ-

ɭɬɢɥɿɡɚɬɨɪɨɦ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɬɟɩɥɚ ɿ ɚɛɫɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. 

Ƚɚɡɨɩɨɪɲɧɟɜɢɣ ɚɝɪɟɝɚɬ ɩɪɚɰɸє ɧɚ ɩɪɢɪɨɞɧɨɦɭ ɝɚɡɿ ɿ ɜɢɪɨɛɥɹє ɟɥɟɤɬɪɨɟɧɟɪɝɿɸ. 

Ɉɛɨɜ'ɹɡɤɨɜɢɦ ɫɤɢɞɚɧɧɹɦ є ɜɿɞɩɪɚɰɶɨɜɚɧɿ ɞɢɦɨɜɿ ɝɚɡɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɛɥɢɡɶɤɨ 

800...1100°ɋ . ȼɨɧɢ ɧɚɩɪɚɜɥɹɸɬɶɫɹ ɜ ɤɨɬɟɥ-ɭɬɢɥɿɡɚɬɨɪ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɝɚɪɹɱɨʀ 

ɜɨɞɢ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ ɧɚ ɪɿɜɧɿ 140°ɋ , ɬɢɦ ɫɚɦɢɦ ɡɚɛɟɡɩɟɱɭɸɱɢ ɩɨɬɪɟɛɢ 

ɫɩɨɠɢɜɚɱɚ ɜ ɨɩɚɥɟɧɧɿ. Ɂɚ ɧɟɨɛɯɿɞɧɿɫɬɸ ɱɚɫɬɢɧɚ ɝɚɪɹɱɨʀ ɜɨɞɢ ɡ ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ 

ɜɿɞɛɢɪɚєɬɶɫɹ ɞɥɹ ɪɨɛɨɬɢ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. əɤɳɨ ɯɨɥɨɞ 

ɧɟɨɛɯɿɞɧɢɣ ɞɥɹ ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɬɚ/ɚɛɨ ɨɬɪɢɦɚɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɜɨɞɢ ɧɚ ɪɿɜɧɿ 

7...10°ɋ , ɞɨɰɿɥɶɧɨ ɤɨɦɩɥɟɤɬɭɜɚɬɢ ɫɢɫɬɟɦɭ ɛɪɨɦɿɫɬɨɥɿɬɿєɜɨɸ ɭɫɬɚɧɨɜɤɨɸ Д3]. 

əɤɳɨ ɿɫɧɭє ɩɨɬɪɟɛɚ ɜ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɡɛɟɪɿɝɚɧɧɿ ɩɪɨɞɭɤɬɿɜ ɚɛɨ 

ɜɢɪɨɛɧɢɱɨɦɭ ɬɟɯɧɨɥɨɝɿɱɧɨɦɭ ɩɪɨɰɟɫɿ, ɞɨɰɿɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜɨɞɨɚɦɿɚɱɧɭ 

ɯɨɥɨɞɢɥɶɧɭ ɦɚɲɢɧɭ Д65]. ɋɢɫɬɟɦɢ ɜɢɩɭɫɤɚє ɮɿɪɦɚ TСОrЦКб Д66]. 

ɇɨɜɨɸ ɩɪɨɩɨɡɢɰɿєɸ ɦɨɠɧɚ ɜɪɚɯɭɜɚɬɢ ɫɯɟɦɭ, ɧɚɞɚɧɭ ɧɚ ɪɢɫ. 2.5. 
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Ɋɢɫ. 2.5. ɋɯɟɦɚ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɜɨɞɨɚɦɿɚɱɧɨɸ ɚɛɫɨɪɛɰɿɣɧɨɸ ɦɚɲɢɧɨɸ ɬɚ 

ɨɬɪɢɦɚɧɧɹɦ ɞɨɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ 

 

Ɍɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɭ ɦɚɲɢɧɭ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɧɚ ɩɿɞɫɬɚɜɿ ɪɨɛɨɬɢ [67]. 

Ƚɚɪɹɱɿ ɜɿɞɩɪɚɰɶɨɜɚɧɿ ɝɚɡɢ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ ɡ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 

800...1100°ɋɪɨɡɩɨɞɿɥɹɸɬɶɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɢ. ɉɟɪɲɢɣ ɩɨɬɿɤ ɩɪɹɦɭє ɞɨ ɤɨɬɥɚ-

ɭɬɢɥɿɡɚɬɨɪɚ, ɞɟ ɜɢɤɨɧɭє ɩɪɹɦɭ ɮɭɧɤɰɿɸ – ɜɢɪɨɛɧɢɰɬɜɨ ɝɚɪɹɱɨʀ ɜɨɞɢ ɡ 

ɬɟɦɩɟɪɚɬɭɪɨɸ 140°ɋ . ȼɨɞɚ ɣɞɟ ɭ ɝɟɧɟɪɚɬɨɪ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ, ɡɚɛɟɡɩɟɱɭɸɱɢ 

ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ. 

Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɞɨɞɚɬɤɨɜɨʀ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ (Ⱦȿȿ) ɜ ɫɯɟɦɿ ɩɟɪɟɞɛɚɱɟɧɿ 

ɫɚɦɨɫɬɿɣɧɿ ɤɨɧɬɭɪɢ ɰɢɪɤɭɥɹɰɿʀ: ɞɪɭɝɨɝɨ ɩɨɬɨɤɭ ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡɿɜ ɜɢɫɨɤɨʀ 

ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɱɚɫɬɢɧɢ ɩɨɬɨɤɭ ɯɨɥɨɞɨɚɝɟɧɬɭ, ɜɿɞɿɛɪɚɧɨʀ ɩɿɫɥɹ ɤɨɧɞɟɧɫɚɬɨɪɚ 

ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ. ȼ ɧɚɫɥɿɞɨɤ ɬɟɩɥɨɜɨʀ ɜɡɚєɦɨɞɿʀ ɰɢɯ ɩɨɬɨɤɿɜ ɡɞɿɣɫɧɸєɬɶɫɹ 

ɰɢɤɥ Ɋɟɧɤɿɧɚ ɡ ɩɚɪɨɜɨɸ ɬɭɪɛɿɧɨɸ [67]. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ, ɜɿɞɩɨɜɿɞɧɿ 

ɪɨɡɝɥɹɧɭɬɿɣ ɫɯɟɦɿ, ɞɟɦɨɧɫɬɪɭє ɪɢɫ. 2.2. 

ɍɦɨɜɚɦɢ ɞɥɹ ɪɨɛɨɬɢ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ ɜ ɫɤɥɚɞɿ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ 

ɦɨɠɭɬɶ ɛɭɬɢ: 
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• ɲɢɪɨɤɢɣ ɿɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ, ɹɤɢɦ є ɩɪɨɦɿɠɧɢɣ 

ɬɟɩɥɨɧɨɫɿɣ ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ, ɩɟɪɟɜɚɠɧɨ ɜɨɞɚ; 

• ɲɢɪɨɤɢɣ ɿɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ; 

• ɦɨɠɥɢɜɟ ɪɿɡɧɟ ɩɨєɞɧɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɫɩɨɠɢɜɚɱɿɜ 

ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ ɜ ɫɢɫɬɟɦɿ; 

• ɦɨɠɥɢɜɿɫɬɶ ɡɧɚɱɧɨɝɨ ɩɿɞɿɝɪɿɜɭ ɨɯɨɥɨɞɠɭɸɱɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɜ ɩɪɨɰɟɫɚɯ 

ɜɿɞɜɟɞɟɧɧɹ ɬɟɩɥɚ ɜ ɟɥɟɦɟɧɬɚɯ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. 

Ɂ ɰɢɯ ɩɨɡɢɰɿɣ ɫɥɿɞ ɪɨɡɝɥɹɧɭɬɢ ɩɪɢɧɰɢɩɨɜɭ ɜɿɞɦɿɧɧɿɫɬɶ ɦɿɠ ɪɟɡɨɪɛɰɿɣɧɨɸ 

ɬɚ ɡɜɢɱɚɣɧɨɸ ɚɛɫɨɪɛɰɿɣɧɨɸ ɦɚɲɢɧɚɦɢ, ɹɤɚ ɜɢɡɧɚɱɚє ɩɟɪɟɜɚɝɢ ɩɟɪɲɨʀ ɜ ɫɤɥɚɞɿ 

ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ (ɪɢɫ. 2.6). ȼɫɿ ɱɨɬɢɪɢ ɩɪɨɰɟɫɢ ɮɚɡɨɜɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɪɨɛɨɱɨʀ 

ɪɟɱɨɜɢɧɢ ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɪɢ ɡɦɿɧɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ ɜ 

ɞɟɝɚɡɚɬɨɪɿ ɿ ɜɿɞɞɚɜɚɧɧɹ ɬɟɩɥɚ ɨɯɨɥɨɞɠɭɸɱɨɦɭ ɫɟɪɟɞɨɜɢɳɭ ɜ ɪɟɡɨɪɛɟɪɿ 

ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ, ɚ ɬɚɤɨɠ ɜ ɝɟɧɟɪɚɬɨɪɿ ɿ ɚɛɫɨɪɛɟɪɿ. ɐɹ ɨɫɨɛɥɢɜɿɫɬɶ 

ɜɢɪɿɲɚɥɶɧɢɦ ɱɢɧɨɦ ɜɩɥɢɜɚє ɧɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɞɨɫɤɨɧɚɥɿɫɬɶ ɦɚɲɢɧɢ ɿ ɜɢɡɧɚɱɚє 

ɨɛɥɚɫɬɶ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɹɤɨɸ, ɡɨɤɪɟɦɚ, є ɪɨɡɝɥɹɧɭɬɚ ɫɢɫɬɟɦɚ Д6]. 

 

Ɋɢɫ. 2.6. ɋɯɟɦɚ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨɸ 

 ɯɨɥɨɞɢɥɶɧɨɸ ɦɚɲɢɧɨɸ [68] 

 

ɓɟ ɨɞɧɢɦ ɜɚɠɥɢɜɢɦ ɮɚɤɬɨɪɨɦ, ɳɨ ɜɩɥɢɜɚє ɧɚ ɜɢɛɿɪ ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ, 

є ɪɨɛɨɱɿ ɬɢɫɤɢ ɜ ɚɩɚɪɚɬɚɯ. ɇɢɡɶɤɢɣ ɬɢɫɤ ɜ ɦɚɲɢɧɿ ɜɢɡɧɚɱɟɧɨ ɬɟɦɩɟɪɚɬɭɪɨɸ 
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ɤɢɩɿɧɧɹ ɜ ɞɟɝɚɡɚɬɨɪɿ, ɚ ɜɢɫɨɤɢɣ ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ ɬɚ ɪɟɡɨɪɛɟɪɿ є ɧɟɡɚɥɟɠɧɨɸ 

ɜɟɥɢɱɢɧɨɸ. Ƀɨɝɨ ɜɢɛɿɪ ɜɢɡɧɚɱɚє ɭɫɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧɢ: ɬɟɩɥɨɜɿ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɚɩɚɪɚɬɢ, ɟɧɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ ɟɤɫɩɥɭɚɬɚɰɿɣɧɭ 

ɧɚɞɿɣɧɿɫɬɶ. 

Ʉɨɦɩɪɟɫɨɪɧɿ ɦɚɲɢɧɢ ɭ ɫɤɥɚɞɿ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɩɪɟɞɫɬɚɜɥɟɧɿ ɰɢɤɥɨɦ 

ɑɢɫɬɹɤɨɜɚ-ɉɥɨɬɧɿɤɨɜɚ. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ ɡɞɿɣɫɧɸєɬɶɫɹ ɧɢɡɶɤɨɤɢɩɥɹɱɢɦɢ 

ɪɨɛɨɱɢɦɢ ɪɟɱɨɜɢɧɚɦɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɚɝɪɟɝɚɬɭ «ɬɭɪɛɿɧɚ-ɤɨɦɩɪɟɫɨɪ» Д5]. 

ɇɚ ɩɿɞɫɬɚɜɿ ɩɪɨɜɟɞɟɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ Д41] ɩɪɨɩɨɧɭєɬɶɫɹ ɧɨɜɟ 

ɬɟɯɧɿɱɧɟ ɪɿɲɟɧɧɹ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ, ɫɯɟɦɭ ɹɤɨɝɨ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 2.7. 

 

Ɋɢɫ. 2.7. ɋɯɟɦɚ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɤɨɦɩɪɟɫɨɪɧɨɸ  

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨɸ ɦɚɲɢɧɨɸ 

 

Ƚɚɡɨɩɨɪɲɧɟɜɢɣ ɚɝɪɟɝɚɬ ɡ ɭɬɢɥɿɡɚɬɨɪɨɦ є ɛɚɡɨɜɨɸ ɬɟɩɥɨɜɨɸ ɦɚɲɢɧɨɸ, 

ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ – ɤɨɦɩɪɟɫɨɪɧɚ ɡ ɋɈ2 ɜ ɹɤɨɫɬɿ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ. ɐɢɤɥ 

ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɪɟɚɥɿɡɭєɬɶɫɹ ɜ ɞɜɨɯ ɨɛɥɚɫɬɹɯ: ɩɪɹɦɢɣ – ɜ ɧɚɞɤɪɢɬɢɱɧɿɣ, 

ɡɜɨɪɨɬɧɢɣ – ɜ ɞɜɨɮɚɡɧɿɣ. Ɋɨɛɨɱɿ ɩɪɨɰɟɫɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɬɚ ɝɚɡɨɜɨɦɭ 

ɨɯɨɥɨɞɠɭɜɚɱɿ ɦɚɲɢɧɢ ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɚ ɡɦɿɧɧɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɹɤ ɪɨɛɨɱɨʀ 

ɪɟɱɨɜɢɧɢ, ɬɚɤ ɿ ɞɜɨɯ ɞɠɟɪɟɥ ɬɟɩɥɚ – ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɬɚ ɫɟɪɟɞɧɶɨ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ. Ɋɨɡɝɥɹɧɭɬɚ ɫɢɫɬɟɦɚ ɪɨɡɲɢɪɸє ɦɨɠɥɢɜɨɫɬɿ ɭɬɢɥɿɡɚɰɿʀ 

ɨɛɨɜ’ɹɡɤɨɜɢɯ ɫɤɢɞɚɧɶ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɋɈ2 ɞɨɡɜɨɥɢɥɨ 
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ɪɨɡɲɢɪɢɬɢ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɞɿɚɩɚɡɨɧ ɪɨɛɨɬɢ ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ ɞɨ 300...500°ɋ, 

ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɿɧɬɟɪɜɚɥ ɨɬɪɢɦɚɧɨɝɨ ɬɟɩɥɚ ɞɨ 200°ɋ , ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɿɧɬɟɪɜɚɥ 

ɨɬɪɢɦɚɧɨɝɨ ɯɨɥɨɞɭ ɞɨ -30°ɋ  ɡ ɜɿɞɩɨɜɿɞɧɢɦ ɩɿɞɜɢɳɟɧɧɹɦ ɟɧɟɪɝɟɬɢɱɧɨʀ 

ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ ɫɢɫɬɟɦɢ Д28]. ɍɫɬɚɬɤɭɜɚɧɧɹ ɞɥɹ 

ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ ɡ ɋɈ2 ɜɢɩɭɫɤɚɸɬɶ ɩɪɨɜɿɞɧɿ ɫɜɿɬɨɜɿ ɮɿɪɦɢ Д69]. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɰɢɤɥɭ ɡ ɋɈ2 ɞɨɜɿɜ, ɳɨ ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ ɡ 

ɭɬɢɥɿɡɚɬɨɪɨɦ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭє ɩɨɜɧɿɫɬɸ ɩɨɬɟɧɰɿɚɥ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ ɞɥɹ 

ɧɚɝɪɿɜɚɧɧɹ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɭ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɣ ɧɟ ɜɿɞɩɨɜɿɞɚє ɟɤɨɥɨɝɿɱɧɿɣ 

ɛɟɡɩɟɰɿ ɫɢɫɬɟɦɢ Д63]. 

Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɛɟɡɩɟɤɢ ɫɢɫɬɟɦɢ 

ɬɪɢɝɟɧɟɪɚɰɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɯɟɦɭ, ɜ ɹɤɿɣ ɟɧɟɪɝɟɬɢɱɧɚ ɭɫɬɚɧɨɜɤɚ ɬɚ ɯɨɥɨɞɢɥɶɧɚ 

ɦɚɲɢɧɚ ɦɚɬɢɦɭɬɶ єɞɢɧɭ ɪɨɛɨɱɭ ɪɟɱɨɜɢɧɭ ɋɈ2 [63]. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ ɤɨɦɩɪɟɫɨɪɧɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ ɜɢɫɬɭɩɚє ɹɤ ɫɚɦɨɫɬɿɣɧɚ 

ɬɪɢɝɟɧɟɪɚɰɿɣɧɚ ɭɫɬɚɧɨɜɤɚ. ɋɯɟɦɭ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɫɢɫɬɟɦɢ ɡɨɛɪɚɠɟɧɨ              

ɧɚ ɪɢɫ. 2.8. 
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Ɋɢɫ. 2.8. ȿɧɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ єɞɢɧɨɸ  

ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ. 

 

ȼ ɫɢɫɬɟɦɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɬɟɩɥɨ ɚɜɬɨɧɨɦɧɨɝɨ 

ɞɠɟɪɟɥɚ (ɉȿ). Ɍɟɩɥɨ, ɹɤ ɤɨɪɢɫɧɢɣ ɟɮɟɤɬ (Ɍȿɉ), є ɱɚɫɬɢɧɨɸ ɫɤɢɞɧɨɝɨ ɬɟɩɥɚ 

ɩɪɹɦɨɝɨ ɬɚ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɿɜ ɫɢɫɬɟɦɢ. 

Ɉɬɪɢɦɚɧɚ ɪɨɛɨɬɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɪɨɡɩɨɞɿɥɹєɬɶɫɹ ɦɿɠ ɞɜɨɦɚ ɤɨɪɢɫɧɢɦɢ 

ɟɮɟɤɬɚɦɢ – ɜɢɪɨɛɧɢɰɬɜɨɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ (ȿȿ) ɬɚ ɯɨɥɨɞɭ (ɏɈɅ). 
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Ʉɿɥɶɤɿɫɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɩɥɨɜɢɯ ɩɨɬɨɤɿɜ ɦɚє ɦɚɬɟɦɚɬɢɱɧɢɣ ɜɢɝɥɹɞ: 

                           * ( / )ɩɟ ɟɟ ɟɟ ɬɟɩ хɨɥ хɨɥ ɨɫ ɞQ Q Q Q Q ɋɈɊ Q Q                    (2.5) 

Ɍɟɯɧɨɥɨɝɿɱɧɚ ɫɯɟɦɚ ɦɚɲɢɧɢ (ɪɢɫ. 2.9) ɫɤɥɚɞɚєɬɶɫɹ ɡ: ɝɚɡɨɜɨɝɨ               

ɧɚɝɪɿɜɚɱɚ (Ƚɇ), ɝɚɡɨɜɨɝɨ ɨɯɨɥɨɞɠɭɜɚɱɚ (ȽɈ), ɜɢɩɚɪɧɢɤɚ (ȼ), ɬɭɪɛɿɧɢ (Ɍ) ɡ 

ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɦ, ɤɨɦɩɪɟɫɨɪɚ (ɄɆ), ɧɚɫɨɫɚ (ɇ), ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ 

ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ (ɊɌɈ), ɤɨɦɟɪɰɿɣɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ (ɌɈ). 
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                  ɚ)                                                                      ɛ) 

Ɋɢɫ. 2.9. Ɍɟɯɧɨɥɨɝɿɱɧɚ ɫɯɟɦɚ (ɚ) ɬɚ ɰɢɤɥ (ɛ) ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ  

єɞɢɧɨɸ ɪɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ [70].  

 

ȼ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɝɟɧɟɪɭєɬɶɫɹ ɩɨɬɿɤ ɋɈ2 ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ 

ɡɚ ɬɟɩɥɨɨɛɦɿɧɨɦ ɡ ɝɪɿɸɱɢɦ ɞɠɟɪɟɥɨɦ. ɇɚɞɚɥɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɪɨɡɲɢɪɟɧɧɹ ɜ ɬɭɪɛɿɧɿ 

ɡ ɨɬɪɢɦɚɧɧɹɦ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. ȿɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɿɹ ɪɨɡɩɨɞɿɥɹєɬɶɫɹ ɦɿɠ ɫɬɨɪɨɧɧɿɦ 

ɫɩɨɠɢɜɚɱɟɦ, ɤɨɦɩɪɟɫɨɪɨɦ, ɧɚɫɨɫɨɦ ɿɡ ɡɛɟɪɿɝɚɧɧɹɦ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ 

ɫɢɫɬɟɦɢ. Ʉɨɧɫɬɪɭɤɰɿɹ ɤɨɦɩɪɟɫɨɪɚ ɞɥɹ ɦɚɲɢɧɢ ɧɟ ɨɝɨɜɨɪɸєɬɶɫɹ. Ɇɚɲɢɧɚ ɦɨɠɟ 

ɛɭɬɢ ɛɭɞɶ-ɹɤɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɡ ɲɢɪɨɤɢɦ ɿɧɬɟɪɜɚɥɨɦ ɬɟɦɩɟɪɚɬɭɪ ɨɬɪɢɦɚɧɨɝɨ 

ɯɨɥɨɞɭ. Ɇɨɠɥɢɜɨ ɪɟɝɭɥɸɜɚɧɧɹ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 

100 % ɞɨ 0%. ȼɢɹɜɥɟɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɪɨɛɥɹɬɶ ɫɯɟɦɧɟ ɪɿɲɟɧɧɹ ɭɧɿɜɟɪɫɚɥɶɧɢɦ ɿ 
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ɞɨɡɜɨɥɹɸɬɶ ɦɚɲɢɧɿ ɩɪɚɰɸɜɚɬɢ ɰɿɥɢɣ ɪɿɤ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɫɟɡɨɧɧɿɫɬɶ ɨɬɪɢɦɚɧɧɹ 

ɯɨɥɨɞɭ. 

Ⱥɜɬɨɧɨɦɧɿɫɬɶ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡɚɛɟɡɩɟɱɭє ɬɪɟɬɿɣ ɤɨɪɢɫɧɢɣ ɟɮɟɤɬ – 

ɜɢɪɨɛɧɢɰɬɜɨ ɬɟɩɥɚ, ɹɤ ɫɚɦɨɫɬɿɣɧɢɣ, ɡ ɨɝɥɹɞɭ ɧɚ ɣɨɝɨ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɬɚ 

ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɪɿɜɟɧɶ (ɧɚɩɪɢɤɥɚɞ, ɧɚɝɪɿɜɚɧɧɹ ɜɨɞɢ, ɿɧɲɢɯ ɬɟɩɥɨɧɨɫɿʀɜ ɞɥɹ 

ɬɟɯɧɿɱɧɢɯ ɩɨɬɪɟɛ ɩɿɞɩɪɢєɦɫɬɜ, ɫɢɫɬɟɦ ɨɩɚɥɟɧɧɹ ɩɪɢɦɿɳɟɧɶ ɬɚ ɿɧ.). 

ɇɨɜɿ ɫɯɟɦɢ ɬɚ ɰɢɤɥɢ ɚɜɬɨɧɨɦɧɢɯ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɡ ɋɈ2 ɹɤ ɪɨɛɨɱɨɸ 

ɪɟɱɨɜɢɧɨɸ ɧɚɞɚɧɿ ɜ ɪɨɛɨɬɿ Д63]. 

 

2.4. ɋɢɫɬɟɦɚ ɬɪɢɝɟɧɟɪɚɰɿʀ ɞɥɹ ɮɟɪɦɟɪɫьɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ. 

Ɋɨɡɝɥɹɧɟɦɨ ɦɨɠɥɢɜɿɫɬɶ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ 

ɭɫɬɚɧɨɜɤɢ ɧɚ ɨɤɪɟɦɨɦɭ ɩɪɢɤɥɚɞɿ ɮɟɪɦɟɪɫɶɤɨɝɨ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ 

ɜɢɪɨɛɧɢɰɬɜɚ [71-74] (ɪɢɫ. 2.10). 

 

Ɋɢɫ. 2.10. Ɂɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɝɨɫɩɨɞɚɪɫɬɜɚ ɡ ɿɧɞɢɜɿɞɭɚɥɶɧɨɸ 

ɟɧɟɪɝɟɬɢɱɧɨɸ ɭɫɬɚɧɨɜɤɨɸ. 
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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 ɨɯɨɥɨɞɠɭɜɚɧɿ 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 – ɞɥɹ ɨɩɚɥɟɧɧɹ ɬɚ ɝɨɫɩɨɞɚɪɫɶɤɨ-ɩɨɛɭɬɨɜɢɯ 

ɩɨɬɪɟɛ. 

Ɍɟɩɥɨ, ɭɬɢɥɿɡɨɜɚɧɟ ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɱɧɿɣ ɭɫɬɚɧɨɜɰɿ ɮɟɪɦɟɪɫɶɤɨɝɨ 

ɝɨɫɩɨɞɚɪɫɬɜɚ Qɭɬ ɡɝɿɞɧɨ ɟɧɟɪɝɟɬɢɱɧɨɦɭ ɛɚɥɚɧɫɭ 

                                      
ɭɬ ɨɩ ɦɤ ɬɜ ɬɩ хɨɥ ɨɫQ Q Q Q Q Q Q                                  (2.6) 

ɦɨɠɟ ɪɨɡɩɨɞɿɥɹɬɢɫɹ ɡɚ ɩɨɬɪɟɛɨɸ (ɪɢɫ. 2.11): 

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;  

Qɬɥ – ɫɟɡɨɧɧɟ ɨɩɚɥɟɧɧɹ ɬɟɩɥɢɰɿ; 

Qхɨɥ – 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 ɩɨɜɧɿɫɬɸ ɡɚɥɟɠɚɬɶ ɜɿɞ ɩɨɬɪɟɛ ɩɟɜɧɨɝɨ 

ɜɢɪɨɛɧɢɤɚ, ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɢɡɧɚɱɚɸɬɶɫɹ ɤɨɥɢɜɚɧɧɹɦɢ ɬɟɦɩɟɪɚɬɭɪɢ ɡɨɜɧɿɲɧɶɨɝɨ 

ɩɨɜɿɬɪɹ ɿ ɟɧɟɪɝɟɬɢɱɧɨɸ ɟɮɟɤɬɢɜɧɿɫɬɸ ɭɫɬɚɧɨɜɨɤ, ɹɤɿ ɜɢɪɨɛɥɹɸɬɶ ɤɨɠɟɧ ɟɮɟɤɬ. 

Ɍɭɬ ɫɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ є ɞɭɠɟ ɜɚɠɥɢɜɢɦ ɮɚɤɬɨɪɨɦ 

ɞɥɹ ɮɟɪɦɟɪɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ, ɨɫɤɿɥɶɤɢ ɞɨɡɜɨɥɹє ɜɢɪɨɛɧɢɤɭ ɫɚɦɨɫɬɿɣɧɨ 

ɩɟɪɟɪɨɛɥɹɬɢ ɫɢɪɨɜɢɧɭ ɿ ɡɛɟɪɿɝɚɬɢ ɜɢɪɨɛɥɟɧɢɣ ɩɪɨɞɭɤɬ, ɡɚɛɟɡɩɟɱɭɸɱɢ ɣɨɝɨ 

ɧɚɞɯɨɞɠɟɧɧɹ ɧɚ ɪɢɧɨɤ ɡ ɜɢɫɨɤɨɸ ɹɤɿɫɬɸ ɩɪɨɬɹɝɨɦ ɰɿɥɨɝɨ ɪɨɤɭ. 
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ʺ̌л̌
е̦е̬̐ет̸̛̦̌

у̭т̦̌о̏к̌ 

Котел- 

ут̛лі̌̚то̬

Qут

ˈолод̛ль̦̌
̛̥̹̦̌̌

Qхол

   ˃еплоо̥̍і̛̦̦к 
̬у̹̍̌к̛ 

о̵олод̙е̦̦́

˃еплоо̥̍і̛̦̦к
̭по̸̛̙̏̌̌

ˀ̌ді̌то̬ 
̭к̛д̦о̐о тепл̌

Q̭к

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

Qт̏

Ɋɢɫ. 2.11. ɋɯɟɦɚ ɟɧɟɪɝɟɬɢɱɧɢɯ ɩɨɬɨɤɿɜ ɜ ɫɢɫɬɟɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ. 

 

Ɉɫɧɨɜɧɿ ɤɥɿɦɚɬɢɱɧɿ ɿ ɬɟɯɧɿɱɧɿ ɞɚɧɿ, ɩɪɢɣɧɹɬɿ ɭ ɹɤɨɫɬɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ [75]: 

– ɬɟɦɩɟɪɚɬɭɪɚ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ ɜ ɡɢɦɨɜɢɣ ɩɟɪɿɨɞ: 10 °Cɧɡt   ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ ɜ ɥɿɬɧɿɣ ɩɟɪɿɨɞ: 28 6 °Cɧɥt  , ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ ɭ ɜɟɫɧɹɧɨ-ɨɫɿɧɧɿɣ ɩɟɪɿɨɞ: 5°Cɧɜɨt  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɿɬɪɹ ɜ ɠɢɬɥɨɜɢɯ ɩɪɢɦɿɳɟɧɧɹɯ: 20 °Cɜt  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɨɯɨɥɨɞɠɭɜɚɧɢɯ ɨɛ’єɤɬɚɯ:  4 °Cɤаɦt  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɿɬɪɹ ɜ ɬɟɩɥɢɰɿ:  15°Cɬɥt  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɪɹɱɨʀ ɜɨɞɢ: 70 °Cɝɜt  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɨɩɪɨɜɿɞɧɨʀ ɜɨɞɢ: 20 °Cɜɜt  . 

ɍɬɢɥɿɡɚɰɿɹ ɬɟɩɥɚ ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡɿɜ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ 

ɜɿɞɛɭɜɚєɬɶɫɹ ɜ ɤɨɬɥɿ-ɭɬɢɥɿɡɚɬɨɪɿ, ɬɟɩɥɨ ɩɟɪɟɞɚєɬɶɫɹ ɩɪɨɦɿɠɧɨɦɭ ɬɟɩɥɨɧɨɫɿɸ 

(ɜɨɞɿ). Ɉɫɧɨɜɧɿ ɬɟɦɩɟɪɚɬɭɪɧɿ ɞɚɧɿ, ɩɪɢɣɧɹɬɿ ɜ ɹɤɨɫɬɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ Д76]: 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɝɚɡɿɜ: 800 °Cɨɝt  ; 
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– ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɿɹ, ɳɨ ɜɯɨɞɢɬɶ: 80 °Cɜхt  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɿɹ, ɳɨ ɜɢɯɨɞɢɬɶ: 140 °Cɜɢхt  . 

Ɋɨɡɪɚɯɭɧɨɤ ɩɨɬɪɟɛ ɬɟɩɥɚ ɬɚ ɯɨɥɨɞɭ ɮɟɪɦɟɪɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɩɪɨɬɹɝɨɦ 

ɪɨɤɭ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ ɞɨɜɿɞɤɨɜɨʀ ɬɟɯɧɿɱɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɬɚ 

ɧɨɪɦɚɬɢɜɧɢɯ ɞɨɤɭɦɟɧɬɿɜ ɋɇІɉ: 

– ɧɚ ɨɩɚɥɟɧɧɹ ɩɪɢɦɿɳɟɧɶ ɨɛ’єɦɨɦ 600 ɦ3  ɬɚ 1000 ɦ3: 

                                            ɤȼɬɨɩ ɨɩ ɜ ɧɡQ q V t t   ( ),                                            (2.7) 

ɞɟ 30,52ȼɬ/ɦ °ɋɨɩq    – ɩɢɬɨɦɚ ɨɩɚɥɸɜɚɥɶɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɛɭɞɿɜɟɥɶ Д77]; 

– ɧɚ ɨɩɚɥɟɧɧɹ ɬɟɩɥɢɰɿ ɩɥɨɳɟɸ 2200ɦF  : 

                                  ɤȼɬɬɥ ɬɥ ɧɡQ k F t t   ( ),                                            (2.8) 

ɞɟ 25,5ȼɬ/ɦ Kk   – ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɜɚɧɧɹ ɞɥɹ ɬɟɩɥɢɰɿ ɡɿ ɫɤɥɹɧɢɦ 

ɩɨɤɪɢɬɬɹɦ [77]; 

– ɞɥɹ ɩɿɞɬɪɢɦɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɭ ɜ ɬɪɶɨɯ ɨɯɨɥɨɞɠɭɜɚɧɢɯ 

ɩɪɢɦɿɳɟɧɧɹɯ ɡɚɝɚɥɶɧɨɸ ɩɥɨɳɟɸ 810 ɦ2: 

                                      3 ɤȼɬхɨɥ ɤаɦ ɧɡQ k F t t    ( ),                                    (2.9) 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɬɟɩɥɨ хɨɥQ  ɧɟɨɛɯɿɞɧɟ ɞɥɹ ɨɩɚɥɟɧɧɹ ɨɯɨɥɨɞɠɭɜɚɧɢɯ 

ɩɪɢɦɿɳɟɧɶ, ɳɨɛ ɭɧɢɤɧɭɬɢ ɩɿɞɦɟɪɡɚɧɧɹ ɩɪɨɞɭɤɬɿɜ. 

ɜ ɿɧɲɿ ɩɟɪɿɨɞɢ ɪɨɤɭ 

                                   3 ɤȼɬхɨɥ ɤаɦ ɧɜɨ хɨɥQ k F t t ɋɈɊ    ( ) / ,                       (2.10) 

ɞɟ 20,6ȼɬ/ɦ Kk   – ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɜɚɧɧɹ ɞɥɹ ɤɨɧɫɬɪɭɤɰɿɣ 

ɩɪɢɦɿɳɟɧɶ ɡɛɟɪɿɝɚɧɧɹ ɪɨɫɥɢɧɧɨʀ ɫɢɪɨɜɢɧɢ Д77]. 

0,5...0,7хɨɥɋɈɊ  – ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɰɢɤɥɭ ɚɛɫɨɪɛɰɿɣɧɨʀ 

ɬɟɩɥɨɜɢɤɨɪɢɫ- ɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ Д65]. 

– ɧɚ ɝɨɫɩɨɞɚɪɫɶɤɨ-ɩɨɛɭɬɨɜɿ ɩɨɬɪɟɛɢ. 

                            3( ) (1 ) 10 ,ɤȼɬɝɩ ɜ ɝɜ ɜɜQ а m М t t К                         (2.11) 

ɞɟ 30,0141 /а ɦ ɥɸɞ – ɧɨɪɦɚ ɜɢɬɪɚɬɢ ɝɚɪɹɱɨʀ ɜɨɞɢ ɧɚ 1 ɥɸɞɢɧɭ ɜɿɞɩɨɜɿɞɧɨ            

ɞɨ Д77];  

10m – ɤɿɥɶɤɿɫɬɶ ɨɫɿɛ, ɳɨ ɤɨɪɢɫɬɭɸɬɶɫɹ ɜɨɞɨɸ;  
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β = 0,8 – ɤɨɟɮɿɰɿєɧɬ ɡɦɿɧɢ ɫɟɪɟɞɧɶɨʀ ɜɢɬɪɚɬɢ ɜɨɞɢ;  

К = 0,35 – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє ɜɬɪɚɬɢ ɬɟɩɥɚ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ ɝɚɪɹɱɨɝɨ 

ɜɨɞɨɩɨɫɬɚɱɚɧɧɹ. 

Ɋɨɡɪɚɯɭɧɤɢ ɩɨɬɪɟɛ ɬɟɩɥɚ ɜɢɤɨɧɭɸɬɶɫɹ ɞɥɹ ɭɫɿɯ ɩɟɪɿɨɞɿɜ ɪɨɤɭ.  

Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɜɟɞɟɧɿ ɜ ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ 

ɧɚ ɪɢɫ. 2.12, ɚ ɪɨɡɪɚɯɭɧɤɢ ɡɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɸ 2.1. 

 

 

Ɋɢɫ. 2.12. ɋɟɡɨɧɧɿ ɩɨɬɪɟɛɢ ɬɟɩɥɚ ɞɥɹ ɝɨɫɩɨɞɚɪɫɬɜɚ. 

 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɪɨɡɪɚɯɭɧɤɿɜ ɩɨɬɪɟɛɚ ɬɟɩɥɚ ɜ ɡɢɦɨɜɢɣ ɩɟɪɿɨɞ ɫɬɚɧɨɜɢɬɶ                     

75 ɤȼɬ, ɳɨ є ɦɚɤɫɢɦɚɥɶɧɨɸ ɬɟɩɥɨɜɨɸ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɟɧɟɪɝɟɬɢɱɧɨʀ ɭɫɬɚɧɨɜɤɢ. 

ɍ ɜɟɫɧɹɧɨ-ɨɫɿɧɧɿɣ ɩɟɪɿɨɞ ɩɨɬɪɟɛɚ ɬɟɩɥɚ ɫɬɚɧɨɜɢɬɶ 40 ɤȼɬ. Ɋɟɡɟɪɜ ɬɟɩɥɚ ɜ 

ɤɿɥɶɤɨɫɬɿ 35 ɤȼɬ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɡɚ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɡɨɜɧɿɲɧɶɨɝɨ ɩɨɜɿɬɪɹ, 

ɜɿɞɦɿɧɧɢɯ ɜɿɞ ɪɨɡɪɚɯɭɧɤɨɜɢɯ, ɹɤ ɞɥɹ ɨɩɚɥɟɧɧɹ ɠɢɬɥɨɜɢɯ ɩɪɢɦɿɳɟɧɶ ɿ ɬɟɩɥɢɰɿ 

(ɩɪɢ ɡɧɢɠɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ), ɬɚɤ ɿ ɞɥɹ ɩɿɞɬɪɢɦɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɭ ɜ 

ɨɯɨɥɨɞɠɭɜɚɧɢɯ ɩɪɢɦɿɳɟɧɧɹɯ (ɩɪɢ ɩɿɞɜɢɳɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ). 
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ɉɨɬɪɟɛɢ ɬɟɩɥɚ ɮɟɪɦɟɪɫьɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ                                 Ɍɚɛɥɢɰɹ 2.1 

 
Ɂɢɦɨɜɢɣ 

ɩɟɪɿɨɞ 

Ʌɿɬɧɿɣ 

ɩɟɪɿɨɞ 

ȼɟɫɧɹɧɨ-ɨɫɿɧɧɿɣ 

ɩɟɪɿɨɞ 

Ɉɩɚɥɟɧɧɹ ɩɪɢɦɿɳɟɧɶ, ɤȼɬ 24,96 0 12 

Ɉɩɚɥɟɧɧɹ ɬɟɩɥɢɰɿ, ɤȼɬ 27,5 0 11 

ɉɿɞɬɪɢɦɚɧɧɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɭ ɜ 

ɬɪɶɨɯ ɨɯɨɥɨɞɠɭɜɚɧɢɯ 

ɩɪɢɦɿɳɟɧɧɹɯ, ɤȼɬ 

6,804 59 0,972 

Ƚɨɫɩɨɞɚɪɫɶɤɨ-ɩɨɛɭɬɨɜɿ 

ɩɨɬɪɟɛɢ, ɤȼɬ 
15,36 15,36 15,36 

Ƚɨɫɩɨɞɚɪɫɶɤɨ-ɩɨɛɭɬɨɜɿ 

ɩɨɬɪɟɛɢ, ɤȼɬ 
15,36 15,36 15,36 

Ɂɚɝɚɥɨɦ 75 75 40 

 

ɍ ɥɿɬɧɿɣ ɩɟɪɿɨɞ ɩɨɬɪɟɛɚ ɜ ɬɟɩɥɿ ɫɬɚɧɨɜɢɬɶ 40 ɤȼɬ. Ɋɟɡɟɪɜ ɩɨ ɬɟɩɥɭ ɜ ɤɿɥɶɤɨɫɬɿ 

35 ɤȼɬ ɦɨɠɟ ɛɭɬɢ ɫɩɪɹɦɨɜɚɧɨ ɧɚ ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɩɨɜɿɬɪɹ ɜ ɠɢɬɥɨɜɢɯ 

ɩɪɢɦɿɳɟɧɧɹɯ. 

 

2.5. ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 

1. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɫɜɿɞɱɚɬɶ ɩɪɨ 

ɩɟɪɫɩɟɤɬɢɜɧɿɫɬɶ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɦɚɥɿɣ ɟɧɟɪɝɟɬɢɰɿ. 

2. ɐɿɥɨɪɿɱɧɟ ɤɨɧɞɢɰɿɸɜɚɧɧɹ ɩɨɜɿɬɪɹ є ɫɩɨɠɢɜɚɱɟɦ ɩɟɪɲɨɝɨ ɩɨɪɹɞɤɭ ɿ 

ɡɚɛɟɡɩɟɱɭє ɫɬɚɛɿɥɶɧɭ ɪɨɛɨɬɭ ɟɧɟɪɝɟɬɢɱɧɨʀ ɫɢɫɬɟɦɢ (ɡɛɿɥɶɲɟɧɧɹ ɩɨɩɢɬɭ ɧɚ 

ɨɯɨɥɨɞɠɟɧɧɹ, ɳɨ ɡɛɿɝɚєɬɶɫɹ ɡɿ ɡɧɢɠɟɧɧɹɦ ɩɨɩɢɬɭ ɧɚ ɨɩɚɥɟɧɧɹ). 

3. ȼ ɨɪɝɚɧɿɡɚɰɿʀ ɬɪɢɝɟɧɟɪɚɰɿʀ ɝɨɥɨɜɧɢɦ ɿ ɜɚɠɥɢɜɢɦ є ɧɚɹɜɧɿɫɬɶ ɫɩɨɠɢɜɚɱɿɜ 

ɬɟɩɥɚ ɿ ɯɨɥɨɞɭ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɟɣ ɬɚ 

ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɟɠɢɦɿɜ. 
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ɊɈɁȾȱɅ 3 

ɌȿɊɆɈȾɂɇȺɆȱɑɇɂɃ ȺɇȺɅȱɁ ɉɊɈɐȿɋȱȼ  

ȼ ȺȻɋɈɊȻɐȱɃɇɈ-ɊȿɁɈɊȻɐȱɃɇɂɏ ɆȺɒɂɇȺɏ (ȺɊɏɆ) 

 

3.1. Ɂɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

ȼɢɛɿɪ ɦɚɲɢɧɢ ɛɚɡɭєɬɶɫɹ ɧɚ ɩɨɪɿɜɧɹɥɶɧɨɦɭ ɚɧɚɥɿɡɿ ɞɜɨɯ ɫɯɟɦ ɿ ɰɢɤɥɿɜ 

ɜɨɞɨɚɦɿɚɱɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ: ɨɞɧɨɫɬɭɩɟɧɟɜɨʀ ɚɛɫɨɪɛɰɿɣɧɨʀ ɿ 

ɨɞɧɨɫɬɭɩɟɧɟɜɨʀ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ (ɪɢɫ. 3.1). ȼ ɨɛɨɯ ɫɯɟɦɚɯ ɩɪɢɫɭɬɧɿɣ 

ɬɟɪɦɨɯɿɦɿɱɧɢɣ ɤɨɦɩɪɟɫɨɪ (ɪɢɫ. 3.1ɚ), ɜ ɹɤɨɦɭ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɪɹɦɢɣ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ. ɉɪɨɰɟɫɢ ɜ ɡɜɨɪɨɬɧɢɯ ɰɢɤɥɚɯ ɚɛɫɨɪɛɰɿɣɧɨʀ (ɪɢɫ. 3.1ɛ) ɿ 

ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧ (ɪɢɫ. 3.1ɜ) ɜɿɞɛɭɜɚɸɬɶɫɹ 

ɜ ɬɟɩɥɨɨɛɦɿɧɧɢɯ ɚɩɚɪɚɬɚɯ: ɤɨɧɞɟɧɫɚɬɨɪɿ ɿ ɜɢɩɚɪɧɢɤɭ, ɪɟɡɨɪɛɟɪɿ ɿ ɞɟɝɚɡɚɬɨɪɿ. 

 

              ɚ)                                          ɛ)                                       ɜ) 

Ɋɢɫ. 3.1. ɉɪɢɧɰɢɩɨɜɿ ɫɯɟɦɢ ɨɞɧɨɫɬɭɩɟɧɟɜɢɯ ɜɨɞɨɚɦɿɚɱɧɢɯ ɦɚɲɢɧ, 

ɚɛɫɨɪɛɰɿɣɧɨʀ (ȺɏɆ) ɢ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ (ȺɊɏɆ) 

 

ɉɪɢɧɰɢɩɨɜɚ ɜɿɞɦɿɧɧɿɫɬɶ ɪɟɡɨɪɛɰɿɣɧɨʀ ɜɿɞ ɡɜɢɱɚɣɧɨʀ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ 

ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɜɫɿ ɱɨɬɢɪɢ ɩɪɨɰɟɫɢ ɮɚɡɨɜɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ 

ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɪɢ ɡɦɿɧɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ ɜ ɞɟɝɚɡɚɬɨɪɿ ɿ 
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ɜɿɞɞɚɜɚɧɧɹ ɬɟɩɥɚ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɦɭ ɫɟɪɟɞɨɜɢɳɭ ɜ ɪɟɡɨɪɛɟɪɿ ɪɟɡɨɪɛɰɿɣɧɨɝɨ 

ɫɬɭɩɟɧɹ, ɚ ɬɚɤɨɠ ɜ ɝɟɧɟɪɚɬɨɪɿ ɿ ɚɛɫɨɪɛɟɪɿ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ. ɐɹ 

ɨɫɨɛɥɢɜɿɫɬɶ ɜɢɪɿɲɚɥɶɧɢɦ ɱɢɧɨɦ ɜɩɥɢɜɚє ɧɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɞɨɫɤɨɧɚɥɿɫɬɶ 

ɦɚɲɢɧɢ ɿ ɜɢɡɧɚɱɚє ɨɛɥɚɫɬɶ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɹɤɨɸ, ɡɨɤɪɟɦɚ, є 

ɪɨɡɝɥɹɧɭɬɚ ɫɢɫɬɟɦɚ Д6]. 

ɓɟ ɨɞɧɢɦ ɜɚɠɥɢɜɢɦ ɮɚɤɬɨɪɨɦ, ɳɨ ɜɩɥɢɜɚє ɧɚ ɜɢɛɿɪ ɪɟɡɨɪɛɰɿɣɧɨʀ  ɦɚɲɢɧɢ, 

є ɪɨɛɨɱɿ ɬɢɫɤɢ ɜ ɚɩɚɪɚɬɚɯ. ɇɢɡɶɤɢɣ ɬɢɫɤ ɜ ɚɛɫɨɪɛɟɪɿ ɬɚ ɞɟɝɚɡɚɬɨɪɿ ɜɢɡɧɚɱɟɧɨ 

ɦɿɧɿɦɚɥɶɧɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ ɤɢɩɿɧɧɹ ɜ ɞɟɝɚɡɚɬɨɪɿ, ɚ ɜɢɫɨɤɢɣ ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ ɬɚ 

ɪɟɡɨɪɛɟɪɿ є ɧɟɡɚɥɟɠɧɨɸ ɡɦɿɧɧɨɸ. Ƀɨɝɨ ɜɢɛɿɪ ɜɢɡɧɚɱɚє ɜɫɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɦɚɲɢɧɢ: ɬɟɩɥɨɜɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɚɩɚɪɚɬɢ, ɟɧɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɚ 

ɟɤɫɩɥɭɚɬɚɰɿɣɧɭ ɧɚɞɿɣɧɿɫɬɶ. 

Ɋɟɚɥɶɧɿ ɭɦɨɜɢ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜɫɬɚɧɨɜɥɸɸɬɶ ɪɿɡɧɿ ɩɨєɞɧɚɧɧɹ 

ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɿ ɜɢɡɧɚɱɚɸɬɶ ʀʀ ɟɧɟɪɝɟɬɢɱɧɭ 

ɟɮɟɤɬɢɜɧɿɫɬɶ. ȼɢɛɿɪ ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɨɥɹɝɚє ɜ ɡɚɛɟɡɩɟɱɟɧɧɿ ɪɟɚɥɿɡɚɰɿʀ 

ɬɟɯɧɿɱɧɨɝɨ ɡɚɜɞɚɧɧɹ ɫɩɨɠɢɜɚɱɚ ɡ ɦɚɤɫɢɦɚɥɶɧɨɸ ɟɮɟɤɬɢɜɧɿɫɬɸ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɰɢɤɥɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ. 

Ɉɰɿɧɤɚ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɜɢɪɿɲɭє ɬɚɤɿ ɡɚɜɞɚɧɧɹ: 

– ɜɫɬɚɧɨɜɥɸє ɦɨɠɥɢɜɿɫɬɶ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɭɦɨɜ ɬɟɯɧɿɱɧɨɝɨ ɡɚɜɞɚɧɧɹ 

ɫɩɨɠɢɜɚɱɚ ɧɚ ɫɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ; 

– ɜɢɡɧɚɱɚє ɜɢɯɿɞɧɿ ɪɨɛɨɱɿ ɩɚɪɚɦɟɬɪɢ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ 

ɦɚɤɫɢɦɚɥɶɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɰɢɤɥɭ. 

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 

ɩɿɞɜɢɳɭє ɬɨɱɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ, ɩɨɝɥɢɛɥɸє ɪɨɡɭɦɿɧɧɹ ɩɪɢɱɢɧ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɧɟɟɮɟɤɬɢɜɧɨɫɬɟɣ ɬɚ, ɹɤ ɧɚɫɥɿɞɨɤ, ɜɤɚɡɭє ɧɚ ɫɩɨɫɨɛɢ 

ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɦɚɲɢɧɢ ɜ ɰɿɥɨɦɭ Д17]. 

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ ɧɟ ɩɪɨɜɨɞɢɜɫɹ 

ɱɟɪɟɡ ɨɛɦɟɠɟɧɢɣ ɩɨɩɢɬ ɧɚ ɪɢɧɤɭ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ. Ɂ ɪɨɡɜɢɬɤɨɦ 

ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɟɧɟɪɝɟɬɢɰɿ ɡɿ ɫɩɟɰɢɮɿɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɠɟɪɟɥ ɬɟɩɥɚ 
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ɪɨɛɥɹɬɶ ȺɊɏɆ ɤɨɧɤɭɪɟɧɬɨɫɩɪɨɦɨɠɧɢɦɢ ɡ ɿɧɲɢɦɢ ɬɢɩɚɦɢ ɦɚɲɢɧ, ɚ 

ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɬɚє ɧɟɨɛɯɿɞɧɢɦ. 

 

3.2. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ 

ɦɚɲɢɧɢ 

ɍ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡɿ ɫɯɟɦɨɸ, ɹɤɭ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 3.1ɜ, ɰɢɤɥ ɜ 

ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ. ɐɢɪɤɭɥɹɰɿɹ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ 

ɜɨɞɨɚɦɿɚɱɧɢɦ ɧɚɫɨɫɨɦ ɇ2, ɹɤɢɣ ɧɚɝɧɿɬɚє ɫɥɚɛɤɢɣ ɪɨɡɱɢɧ ɿɡ ɞɟɝɚɡɚɬɨɪɚ ɞɨ 

ɪɟɡɨɪɛɟɪɚ. Ɂɜɨɪɨɬɧɢɣ ɩɨɬɿɤ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɿɡ ɪɟɡɨɪɛɟɪɚ ɞɨ ɞɟɝɚɡɚɬɨɪɚ 

ɩɨɜɟɪɬɚєɬɶɫɹ ɱɟɪɟɡ ɞɪɨɫɟɥɶɧɢɣ ɩɪɢɫɬɪɿɣ ȾɊ2. ɉɨɬɨɤɢ ɦɿɰɧɨɝɨ ɿ ɫɥɚɛɤɨɝɨ ɪɨɡɱɢɧɿɜ 

ɦɿɠ ɪɟɡɨɪɛɟɪɨɦ ɬɚ ɞɟɝɚɡɚɬɨɪɨɦ ɩɪɨɯɨɞɹɬɶ ɪɟɝɟɧɟɪɚɬɢɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɊɌɈ. 

Ɂɜ'ɹɡɨɤ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ (ɪɢɫ. 3.1ɚ) ɡ ɪɟɡɨɪɛɰɿɣɧɢɦ ɫɬɭɩɟɧɟɦ 

(ɪɢɫ. 3.1ɜ) ɿɫɧɭє ɩɨ ɥɿɧɿɹɦ: ɝɟɧɟɪɚɬɨɪ-ɪɟɡɨɪɛɟɪ ɿ ɚɛɫɨɪɛɟɪ-ɞɟɝɚɡɚɬɨɪ. 

ɐɢɤɥ ɨɞɧɨɫɬɭɩɟɧɟɜɨʀ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 

ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 3.2 ɜ ɞɿɚɝɪɚɦɿ h-ξ (ɟɧɬɚɥɶɩɿɹ-ɤɨɧɰɟɧɬɪɚɰɿɹ). 

ɇɟɡɚɥɟɠɧɢɦɢ ɜɢɯɿɞɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɰɢɤɥɭ є: 

– ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ Ɍɝɪ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ Ɍɫɟɪ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɨɠɢɜɚɱɚ ɯɨɥɨɞɭ Ɍхɨɥ; 

– ɪɨɛɨɱɢɣ ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ ɿ ɪɟɡɨɪɛɟɪɿ ɪȽ. 

Ɍɟɦɩɟɪɚɬɭɪɢ ɭ ɜɭɡɥɨɜɢɯ ɬɨɱɤɚɯ 2,3,4,6,8 ɰɢɤɥɭ ɡɚɞɚɸɬɶ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɪɿɡɧɢɰɿ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɬɟɩɥɨɩɟɪɟɞɚɜɚɧɧɹ ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɚɩɚɪɚɬɚɯ ɦɚɲɢɧɢ Д71]. 

Ʉɨɧɰɟɧɬɪɚɰɿɹ 11  ɜɢɳɚ ɡɚ ɤɨɧɰɟɧɬɪɚɰɿɸ ɩɚɪɢ d , ɬɨɦɭ ɞɥɹ ɤɿɥɶɤɿɫɧɨɝɨ 

ɪɿɜɧɹɧɧɹ ɩɨɬɨɤɿɜ ɦɿɠ ɬɟɪɦɨɯɿɦɿɱɧɢɦ ɤɨɦɩɪɟɫɨɪɨɦ ɬɚ ɪɟɡɨɪɛɰɿɣɧɢɦ ɫɬɭɩɟɧɟɦ 

ɩɨɬɪɿɛɧɨ ɡɦɟɧɲɭɜɚɬɢ ɤɨɧɰɟɧɬɪɚɰɿɸ 11  ɞɨ ɤɨɧɰɟɧɬɪɚɰɿʀ d  ɲɥɹɯɨɦ ɜɩɨɪɫɤɭɜɚɧɧɹ 

 ɤɝ/ɤɝ ɪɨɡɱɢɧɭ, ɫɬɚɧ ɹɤɨɝɨ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɬɨɱɤɨɸ 8. Ʉɿɥɶɤɿɫɬɶ ɪɨɡɱɢɧɭ 

ɜɢɡɧɚɱɚɸɬɶ ɡ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ:  

                                               11 11 '( ) / ( )d a       .                                  (3.1) 

ȼ ɪɟɡɭɥɶɬɚɬɿ ɡ ɞɟɝɚɡɚɬɨɪɚ ɜɢɯɨɞɢɬɶ ɩɚɪɨɪɿɞɢɧɧɚ ɫɭɦɿɲ ɡ ɟɧɬɚɥɶɩɿєɸ 10h . 
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3.2.1.ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɭ 

ξα ξr ξα' ξr' ξd ξ11

ɨɯɨɥɨɞɠɭɜаɥьɧɟ  ɫɟɪɟɞɨɜɢщɟ  

ɯɨɥɨɞɨɧɨɫіɣ 

ɟɧ
ɬ

аɥ
ьɩ

ія
 

ɤɨɧɰɟɧɬɪаɰія 

2

3
1

4
9
7

6

8

11

10

5

ɬɟɩɥɨɧɨɫіɣ  

ɪȽ

ɪɨ

ɪȽ

ɪɨ

 

Ɋɢɫ. 3.2. ɐɢɤɥ ȺɊɏɆ ɜ ɞɿɚɝɪɚɦɿ h-ξ 

 

1. Ʉɪɚɬɧɿɫɬɶ ɰɢɪɤɭɥɹɰɿʀ ɪɨɡɱɢɧɭ ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ: 

                                             ( ) / ( )d а r аf      , ɤɝ/ɤɝ                                    (3.2) 
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2. ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɪɨɡɱɢɧɿɜ 

ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ: 

                                       2 3( 1)( )ɌɊq f h h   , ɤȾɠ/ɤɝ                                    (3.3) 

3. ȿɧɬɚɥɶɩɿɹ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɧɚ ɜɯɨɞɿ ɜ ɝɟɧɟɪɚɬɨɪ: 

                                         1 4 /ɌɊh h q f  , ɤȾɠ/ɤɝ                                         (3.4) 

4. ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɟɧɟɪɚɬɨɪ: 

                                      5 2 2 1( ) ( )Ƚq h h f h h    , ɤȾɠ/ɤɝ                             (3.5) 

5. ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɚɛɫɨɪɛɟɪ: 

                                     10 3 3 4( ) ( )Аq h h f h h    , ɤȾɠ/ɤɝ                             (3.6) 

6. ȿɧɬɚɥɶɩɿɹ ɜɨɥɨɝɨʀ ɩɚɪɢ ɧɚ ɜɯɨɞɿ ɜ ɚɛɫɨɪɛɟɪ: 

                        10 11 11 10 11 8 11 8( ).( ) / ( )h h h h       , ɤȾɠ/ɤɝ                     (3.7) 

7. ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɤ 

ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ:  

                                           6 8( ' 1)( )ɊɌɈq f h h   , ɤȾɠ/ɤɝ                              (3.8) 

8. Ʉɪɚɬɧɿɫɬɶ ɰɢɪɤɭɥɹɰɿʀ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ: 

                                         ' ' '' ( ) / ( )а r аdf      , ɤɝ/ɤɝ                              (3.9) 

9. ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɪɟɡɨɪɛɟɪ: 

                                       5 6 6 7( '( ))Ɋq h h f h h    , ɤȾɠ/ɤɝ                         (3.10) 

10. ɉɢɬɨɦɚ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ: 

                                      10 8 9( ' 1) 'ɨq h h f f h    , ɤȾɠ/ɤɝ                           (3.11) 

11. Ɍɟɩɥɨɜɢɣ ɛɚɥɚɧɫ ɦɚɲɢɧɢ: 

                                          ɨ Ƚ Ɋ Аq q q q   , ɤȾɠ/ɤɝ                                    (3.12) 

12. Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ (ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɰɢɤɥɭ): 

                                                    /ɨ ȽɋɈɊ q q                                                 (3.13) 

 

3.2.2. Ⱥɧɚɥɿɡ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ 

Ɋɨɡɝɥɹɧɟɦɨ ɨɤɪɟɦɿ ɡɚɜɞɚɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɡ ɩɨɞɚɥɶɲɢɦ ʀɯ 

ɨɛ'єɞɧɚɧɧɹɦ. 
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Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ ɨɛɪɚɧɿ ɜɢɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɞɿɣɫɧɢɦ 

ɬɟɦɩɟɪɚɬɭɪɧɢɦ ɪɟɠɢɦɚɦ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɞɥɹ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨɝɨ 

ɝɨɫɩɨɞɚɪɫɬɜɚ [71,78,79]: 

– ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɦɿɠɧɨɝɨ ɬɟɩɥɨɧɨɫɿɹ ɭ ɤɨɬɥɿ-ɭɬɢɥɿɡɚɬɨɪɿ (ɞɠɟɪɟɥɨ 

ɜɢɫɨɤɨɩɨɬɟɧɰɿɣɧɨɝɨ ɬɟɩɥɚ ɞɥɹ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ): 70...140°ɋɝɪɌ  ;  

– ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ (ɞɠɟɪɟɥɨ ɫɟɪɟɞɧɶɨ-

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɬɟɩɥɚ ɞɥɹ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ): 20...40°ɋɫɟɪɌ  ; 

– ɪɨɛɨɱɢɣ ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ ɬɚ ɪɟɡɨɪɛɟɪɿ: 0,4...1,0ɆɉɚȽɪ  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɦɿɠɧɨɝɨ ɯɨɥɨɞɨɧɨɫɿɹ ɜ ɞɟɝɚɡɚɬɨɪɿ (ɞɠɟɪɟɥɨ 

ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɬɟɩɥɚ ɞɥɹ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ): 0...15°ɋхɨɥɌ  . 

Ɋɨɡɝɥɹɧɟɦɨ ɱɨɬɢɪɢ ɡɚɞɚɱɿ. 

Ɂɚɞɚɱɿ ɜɢɪɿɲɟɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɜɧɹɧɶ (3.2-3.13). Ɋɟɡɭɥɶɬɚɬɢ ɧɚɜɟɞɟɧɿ ɜ 

ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ ɧɚ ɪɢɫɭɧɤɚɯ (3.3-3.10) ɬɚ ɬɚɛɥɢɰɹɯ (3.1-3.8) 

 

Заɞаɱа 1. ȼɢɡɧɚɱɢɬɢ ɋɈɊ ȺɊɏɆ ɩɪɢ: 110...130°ɋ ;ɝɪɌ var   

5°ɋ ; 30°ɋ ; 0,5 Ɇɉɚ .хɨɥ ɫɟɪ ȽɌ ɫonst Ɍ ɫonst p ɫonst        

ξα ξr ξα' ξr' ξd

2

3

1

4
9
7

6

8

ɪȽ

ɪ0

1

 
Ɋɢɫ. 3.3. Ⱦɨ ɡɚɞɚɱɿ 1: ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ h-ξ 
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ɉɚɪɚɦɟɬɪɢ ɰɢɤɥɭ                                                                              Ɍɚɛɥɢɰɹ 3.1.  

№ 

ɬɨɱɨɤ 
Ɍ, °ɋ  ɪ, Ɇɉɚ ξ, ɤɝ/ɤɝ h, ɤȾɠ/ɤɝ 

 І  ІІ ІІІ І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ 

1    0,5 0,5 0,5 0,319 0,319 0,319 254,2 276,9 292,3 

2 110 120 130 0,5 0,5 0,5 0,142 0,102 0,067 414,3 476,2 525,9 

3 40 40 40 0,13 0,13 0,13 0,142 0,102 0,067 109,3 125,5 139,2 

4 30 30 30 0,13 0,13 0,13 0,319 0,319 0,319 16,2 16,2 16,2 

5    0,5 0,5 0,5 0,948 0,948 0,948 1819,5 1819,5 1819,5 

6 20 20 20 0,5 0,5 0,5 0,468 0,468 0,468 -13,8 -13,8 -13,8 

7 30 30 30 0,5 0,5 0,5 0,544 0,544 0,544 77,1 77,1 77,1 

8 5 5 5 0,13 0,13 0,13 0,468 0,468 0,468 -77,1 -77,1 -77,1 

9 -5 -5 -5 0,13 0,13 0,13 0,544 0,544 0,544 -90,9 -90,9 -90,9 

10    0,13 0,13 0,13 0,948 0,948 0,948 1500,3 1500,3 1500,3 

11       0,995 0,995 0,995 1654,8 1654,8 1654,8 

 

ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɭ                                                      Ɍɚɛɥɢɰɹ 3.2. 

                                         ɋɈɊ 

Ɋɟɠɢɦ І 940 1815 1259 2134 0,425 

Ɋɟɠɢɦ ІІ 940 1801 1259 2120 0,444 

Ɋɟɠɢɦ ІІІ 940 1791 1259 2110 0,464 

 

ɇɚɣɜɢɳɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɿɧɧɹ ɪɨɡɱɢɧɭ ɜ ɝɟɧɟɪɚɬɨɪɿ ɩɨɜɧɿɫɬɸ ɡɚɥɟɠɢɬɶ ɜɿɞ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɿɧɬɟɪɜɚɥɭ ɬɟɩɥɨɧɨɫɿɹ ɤɨɬɥɚ-ɭɬɢɥɿɡɚɬɨɪɚ. Ⱦɥɹ ɪɨɡɝɥɹɧɭɬɢɯ ɭɦɨɜ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɪɿɡɧɢɰɿ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɬɟɩɥɨɩɟɪɟɞɚɜɚɧɧɹ 2 max( ) 130°ɋɌ  . ɇɢɠɧɸ 

ɦɟɠɭ 2 min( ) 90°ɋɌ   ɜɢɡɧɚɱɟɧɨ ɡɨɧɨɸ ɞɟɝɚɡɚɰɿʀ, ɿ ɜ ɞɿɣɫɧɢɯ ɦɚɲɢɧɚɯ ɧɟ ɦɟɧɲɟ                             min = 6 %  
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Тхол = const

Т̭е̬ = const

̬̐ = const
 

 

                                                                                                                                                   

 

                                                                                                                Ɍɝɪ  

 

Ɋɢɫ. 3.4. Ⱦɨ ɡɚɞɚɱɿ 1: ɋɈɊ =  f (Ɍɝɪ) 

 

ȿɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɜɟɥɢɱɢɧɚɦɢ 0,4 ... 0,5. 

 

Заɞаɱа 2. ȼɢɡɧɚɱɢɬɢ ɋɈɊ ȺɊɏɆ ɩɪɢ: 10...0 °ɋ ;хɨɥɌ var    

120°ɋ ; 30°ɋ ; 0,5 Ɇɉɚ .ɝɪ ɫɟɪ ȽɌ ɫonst Ɍ ɫonst p ɫonst       

ξα ξr ξα' ξr' ξd

2

3

1

4
9

7
6

8

ɪȽ

ɪ0

2

 

Ɋɢɫ. 3.5. Ⱦɨ ɡɚɞɚɱɿ 2: ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ h-ξ 
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ɉɚɪɚɦɟɬɪɢ ɰɢɤɥɭ                                                                              Ɍɚɛɥɢɰɹ 3.3.  

№ 

ɬɨɱɨɤ 
Ɍ, °ɋ  ɪ, Ɇɉɚ ξ, ɤɝ/ɤɝ h, ɤȾɠ/ɤɝ 

 І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ 

1    0,5 0,5 0,5 0,295 0,319 0,347 292,3 276,9 266,8 

2 120 120 120 0,5 0,5 0,5 0,102 0,102 0,102 476,2 476,2 476,2 

3 40 40 40 0,11 0,13 0,16 0,102 0,102 0,102 125,5 125,5 125,5 

4 30 30 30 0,11 0,13 0,16 0,295 0,319 0,347 23 16,2 16,1 

5    0,5 0,5 0,5 0,934 0,948 0,961 1845,9 1819,5 1798,7 

6 20 20 20 0,5 0,5 0,5 0,441 0,468 0,5 -25,3 -13,8 0 

7 30 30 30 0,5 0,5 0,5 0,544 0,544 0,544 77,1 77,1 77,1 

8 5 5 5 0,11 0,13 0,16 0,441 0,468 0,5 -86,3 -77,1 -67,8 

9 -10 -5 0 0,11 0,13 0,16 0,544 0,544 0,544 -111,6 -90,9 -71 

10    0,11 0,13 0,16 0,934 0,948 0,961 1472,1 1500,3 1535,5 

11    0,11 0,13 0,16 0,994 0,995 0,996 1661,8 1654,8 1657,2 

 

ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɭ                                                      Ɍɚɛɥɢɰɹ 3.4. 

                                         ɋɈɊ 

Ɋɟɠɢɦ І 728 1794 991 2057 0,3538 

Ɋɟɠɢɦ ІІ 940 1801 1259 2120 0,4434 

Ɋɟɠɢɦ ІІІ 1007 1788 1381 2162 0,4659 

 

Ɂɿ ɡɧɢɠɟɧɧɹɦ хɨɥɌ  ɡɦɟɧɲɭєɬɶɫɹ ɬɢɫɤ 0ɪ  ɿ ɡɦɟɧɲɭєɬɶɫɹ ɤɨɧɰɟɧɬɪɚɰɿɹ 

ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ ξr  (ɪɢɫ. 3.5), ɹɤ ɧɚɫɥɿɞɨɤ, 

ɡɦɟɧɲɭєɬɶɫɹ ɋɈɊ (ɪɢɫ. 3.6). ɉɪɢ ɦɿɧɿɦɚɥɶɧɿɣ ɡɨɧɿ ɞɟɝɚɡɚɰɿʀ        min = 6 % ɜ 

ɞɿɣɫɧɢɯ ɜɨɞɨɚɦɿɚɱɧɢɯ ɦɚɲɢɧɚɯ Д65] ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɿɧɧɹ ɜ 

ɪɨɡɝɥɹɧɭɬɢɯ ɭɦɨɜɚɯ ɦɨɠɟ ɞɨɫɹɝɚɬɢ 20°ɋхɨɥɌ   .  
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0,32

0,34

0,36

0,38

0,4
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 Ɋɢɫ. 3.6. Ⱦɨ ɡɚɞɚɱɿ 2: ɋɈɊ =  f (Ɍхɨɥ) 

 

ȿɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɪɢ ɰɶɨɦɭ ɡɧɢɠɭєɬɶɫɹ ɞɨ   0,25. 

 

Заɞаɱа 3. ȼɢɡɧɚɱɢɬɢ ɋɈɊ ȺɊɏɆ ɩɪɢ: 20...40°ɋ ;ceɪɌ var   

120°ɋ ;ɝɪɌ ɫonst  0,5Ɇɉɚ ;Ƚp ɫonst  5°ɋ .хɨɥɌ ɫonst    

ξα ξr ξα' ξr' ξd

2

3
1

4

9

7

6
8

ɪȽ

ɪ0

3

 

Ɋɢɫ. 3.7. Ⱦɨ ɡɚɞɚɱɿ 3: ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ h-ξ 
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ɉɚɪɚɦɟɬɪɢ ɰɢɤɥɭ                                                                              Ɍɚɛɥɢɰɹ 3.5.  

№ 

ɬɨɱɨɤ 
Ɍ, °ɋ  ɪ, Ɇɉɚ ξ, ɤɝ/ɤɝ h, ɤȾɠ/ɤɝ 

 І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ 

1    0,5 0,5 0,5 0,446 0,319 0,215 226,1 276,9 342,6 

2 120 120 120 0,5 0,5 0,5 0,102 0,102 0,102 476,2 476,2 476,2 

3 30 40 50 0,13 0,13 0,13 0,102 0,102 0,102 79,4 125,5 171,7 

4 20 30 40 0,13 0,13 0,13 0,446 0,319 0,215 -17,5 16,2 84 

5    0,5 0,5 0,5 0,993 0,948 0,852 1691,7 1819,5 1952,8 

6 13 20 20 0,5 0,5 0,5 0,544 0,468 0,415 0 -13,8 -26,7 

7 20 30 40 0,5 0,5 0,5 0,642 0,544 0,485 88,6 77,1 88,6 

8 5 5 5 0,13 0,13 0,13 0,544 0,468 0,415 -34,5 -77,1 -93,2 

9 -5 -5 -5 0,13 0,13 0,13 0,642 0,544 0,485 -25,3 -90,9 -113,9 

10    0,13 0,13 0,13 0,993 0,948 0,852 1630,4 1500,3 1231,9 

11    0,13 0,13 0,13 0,999 0,995 0,993 1652,6 1654,8 1659,5 

 

ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɭ                                                      Ɍɚɛɥɢɰɹ 3.6. 

                                         ɋɈɊ 

Ɋɟɠɢɦ І 1224,4 1801,9 1285,8 1863,3 0,6571 

Ɋɟɠɢɦ ІІ 940 1801 1259,1 2120,1 0,4434 

Ɋɟɠɢɦ ІІІ 538,8 1642,3 1259,7 2363,2 0,228 

 

Іɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɜɢɡɧɚɱɚєɬɶɫɹ 

ɤɥɿɦɚɬɢɱɧɢɦɢ ɭɦɨɜɚɦɢ, ɜ ɹɤɢɯ ɩɪɚɰɸє ɫɢɫɬɟɦɚ. ɉɪɢ ɡɧɢɠɟɧɧɿ ɫɟɪɌ  ɿ ɩɨɫɬɿɣɧɨɦɭ 

ɬɢɫɤɭ Ƚp = const ɜ ɝɟɧɟɪɚɬɨɪɿ ɿ ɪɟɡɨɪɛɟɪɿ ɡɛɿɥɶɲɭєɬɶɫɹ ɡɨɧɚ ɞɟɝɚɡɚɰɿʀ           ɜ 

ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ.  
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0,15
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Ɋɢɫ. 3.8. Ⱦɨ ɡɚɞɚɱɿ 3: ɋɈɊ =  f (Ɍɫɪ) 

 

ɉɪɢ ɩɨɫɬɿɣɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ хɨɥɌ  =  const ɡɛɿɥɶɲɭєɬɶɫɹ 

ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɿ ɡɪɨɫɬɚє ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ, ɜɟɥɢɱɢɧɚ ɹɤɨʀ ɜ ɡɚɞɚɱɿ 

ɫɬɚɧɨɜɢɬɶ   0,65. 

 

Заɞаɱа 4. ȼɢɡɧɚɱɢɬɢ ɋɈɊ ȺɊɏɆ ɩɪɢ: 0,4...0,6Ɇɉɚ ;Ƚp var 
5°ɋ ; 30°ɋ ;хɨɥ ɫɟɪɌ ɫonst Ɍ ɫonst     120°ɋ .ɝɪɌ ɫonst   

ξα ξr ξα' ξr' ξd

2

3

1

4
9
7

6

8

ɪȽ

ɪ0

4

 

Ɋɢɫ. 3.9. Ⱦɨ ɡɚɞɚɱɿ 4: ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ h-ξ 
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ɉɚɪɚɦɟɬɪɢ ɰɢɤɥɭ                                                                              Ɍɚɛɥɢɰɹ 3.7.  

№ 

ɬɨɱɨɤ 
Ɍ, °ɋ  ɪ, Ɇɉɚ ξ, ɤɝ/ɤɝ h, ɤȾɠ/ɤɝ 

 І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ І ІІ ІІІ 

1    0,4 0,5 0,6 0,281 0,319 0,351 285,8 276,9 264,5 

2 120 120 120 0,4 0,5 0,6 0,069 0,102 0,125 484,4 476,2 461,3 

3 40 40 40 0,13 0,13 0,13 0,069 0,102 0,125 139,2 125,5 116,2 

4 30 30 30 0,13 0,13 0,13 0,281 0,319 0,351 25,3 16,2 13,8 

5    0,4 0,5 0,6 0,933 0,948 0,951 1843,6 1819,5 1817,2 

6 20 20 20 0,4 0,5 0,6 0,427 0,468 0,5 -29,9 -13,8 0 

7 30 30 30 0,4 0,5 0,6 0,5 0,544 0,587 48,4 77,1 97,8 

8 5 5 5 0,13 0,13 0,13 0,427 0,468 0,5 -90,9 -77,1 -65,5 

9 -5 -5 -5 0,13 0,13 0,13 0,5 0,544 0,587 -111,6 -90,9 -69 

10    0,13 0,13 0,13 0,933 0,948 0,951 1466,4 1500,3 1502 

11    0,13 0,13 0,13 0,995 0,995 0,995 1657,2 1654,8 1654,9 

 

ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɭ                                                      Ɍɚɛɥɢɰɹ 3.8. 

                                         ɋɈɊ 

Ɋɟɠɢɦ І 953,5 1791,4 1330,8 2168,6 0,4397 

Ɋɟɠɢɦ ІІ 940 1801 1259,1 2120,1 0,4434 

Ɋɟɠɢɦ ІІІ 995 1760 1310,2 2075,2 0,4795 

 

ɍ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧɚɯ ɜɿɞɫɭɬɧɿɣ ɨɞɧɨɡɧɚɱɧɢɣ 

ɡɜ'ɹɡɨɤ ɦɿɠ ɜɿɞɩɨɜɿɞɧɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɿ ɬɢɫɤɚɦɢ, ɬɨɦɭ ɜɢɛɿɪ ɨɞɧɨɝɨ ɡ ɬɢɫɤɿɜ ɜ 

ɞɨɩɭɫɬɢɦɢɯ ɦɟɠɚɯ ɞɨɜɿɥɶɧɢɣ. ɉɪɢ ɩɿɞɜɢɳɟɧɧɿ ɪȽ  ɡɛɿɥɶɲɭɸɬɶɫɹ ɦɚɫɨɝɚɛɚɪɢɬɧɿ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧɢ, ɩɪɢ ɣɨɝɨ ɡɧɢɠɟɧɧɿ ɡɦɟɧɲɭєɬɶɫɹ ɋɈɊ. ɍ ɡɚɞɚɱɿ 

ɜɢɤɨɪɢɫɬɚɧɿ ɡɧɚɱɟɧɧɹ ɬɢɫɤɿɜ ɪȽ , ɜɢɯɨɞɹɱɢ ɡ ɞɨɫɜɿɞɭ ɟɤɫɩɥɭɚɬɚɰɿʀ ɞɿɣɫɧɢɯ 

ɭɫɬɚɧɨɜɨɤ Д65]. ȼ ɫɢɫɬɟɦɿ ɬɪɢɝɟɧɟɪɚɰɿʀ ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ȺɊɏɆ ɹɤ 

ɮɭɧɤɰɿɹ ɬɢɫɤɭ ɪȽ  ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɧɚɱɟɧɧɹɦɢ 0,4 ... 0,5. 
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Ɋɢɫ. 3.10. Ⱦɨ ɡɚɞɚɱɿ 4: ɋɈɊ =  f (ɪȽ)  

 

Ɂɚɝɚɥɶɧɢɣ ɞɿɚɩɚɡɨɧ ɜɟɥɢɱɢɧ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɚɛɫɨɪɛɰɿɣɧɨ-

ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɳɨ ɩɪɚɰɸє ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɿ 

ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ, ɫɬɚɧɨɜɢɬɶ 0,25 ... 0,65. 

 

3.2.3. Ⱥɧɚɥɿɡ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ 

3.2.3.1. Ɉɫɧɨɜɧɿ ɟɤɫɟɪɝɟɬɢɱɧɿ ɤɪɢɬɟɪɿʀ 

Ƚɨɥɨɜɧɢɦɢ ɧɚɩɪɹɦɤɚɦɢ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɫɬɚɥɢ ɩɢɬɚɧɧɹ ɪɨɡɪɚɯɭɧɤɭ 

ɟɤɫɟɪɝɿʀ ɩɨɬɨɤɭ. Ⱥɧɚɥɿɡ ґɪɭɧɬɭɜɚɜɫɹ ɧɚ ɟɤɫɟɪɝɟɬɢɱɧɨɦɭ ɛɚɥɚɧɫɿ, ɹɤɢɣ ɡɚɩɢɫɚɧɨ ɜ 

ɬɟɪɦɿɧɚɯ ɜɯɿɞɧɨʀ ɬɚ ɜɢɯɿɞɧɨʀ ɟɤɫɟɪɝɿʀ: 

                                                  ɜх ɜɢхȿ ȿ ȿ  ,                                                (3.14) 

ɡ ɩɨɞɚɥɶɲɢɦ ɜɢɡɧɚɱɟɧɧɹɦ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɄɄȾ: 

                                                          ɜɢх ɜхȿ ȿ  .                                           (3.15) 

Ɍɚɤɢɣ ɩɿɞɯɿɞ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɨɫɿ, ɬɚɤ ɹɤ є ɩɪɨɫɬɢɦ, ɥɟɝɤɢɦ ɭ 

ɡɚɫɬɨɫɨɜɭɜɚɧɧɿ ɞɨ ɯɿɦɿɤɨ-ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɫɢɫɬɟɦ. 

Ɉɫɧɨɜɧɿ ɜɢɫɧɨɜɤɢ ɳɨɞɨ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɨʀ ɫɢɫɬɟɦɢ 

ɜɢɧɢɤɚɥɢ ɧɚ ɩɿɞɫɬɚɜɿ ɚɧɚɥɿɡɭ ɜɟɥɢɱɢɧɢ ɜɬɪɚɬɢ ɟɤɫɟɪɝɿʀ ( )ȿ  ɜ ɤɨɦɩɨɧɟɧɬɿ ɿ 

ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɄɄȾ ɫɢɫɬɟɦɢ ( )  ɜ ɰɿɥɨɦɭ. 
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ɉɟɪɲɢɦ ɿɫɬɨɬɧɢɦ ɜɧɟɫɤɨɦ ɜ ɪɨɡɜɢɬɨɤ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɫɬɚɥɨ 

ɜɜɟɞɟɧɧɹ ɩɨɧɹɬɶ «ɟɤɫɟɪɝɿɹ ɩɚɥɢɜɚ» ɿ «ɟɤɫɟɪɝɿɹ ɩɪɨɞɭɤɬɭ» Д52]. əɤ ɩɨɤɚɡɭє ɚɧɚɥɿɡ, 

ɧɟ ɜɫɿ ɜɯɿɞɧɿ ɟɤɫɟɪɝɟɬɢɱɧɿ ɩɨɬɨɤɢ ɹɜɥɹɸɬɶ ɫɨɛɨɸ «ɩɚɥɢɜɨ» ɿ ɧɟ ɭɫɿ ɜɢɯɿɞɧɿ - 

«ɩɪɨɞɭɤɬ». Ɍɚɤɚ ɡɚɦɿɧɚ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɛɿɥɶɲ ɬɨɱɧɨ ɨɩɢɫɚɬɢ ɩɪɨɰɟɫɢ, ɳɨ 

ɜɿɞɛɭɜɚɸɬɶɫɹ ɡ ɩɨɬɨɤɨɦ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɩɪɢ ɩɪɨɯɨɞɠɟɧɧɿ ɱɟɪɟɡ ɤɨɠɟɧ 

ɤɨɦɩɨɧɟɧɬ ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɨʀ ɫɢɫɬɟɦɢ. Ɉɞɧɨɱɚɫɧɨ ɡ ɰɢɦ ɩɨɧɹɬɬɹ 

«ɟɤɫɟɪɝɟɬɢɱɧɿ ɜɬɪɚɬɢ» ɹɤ єɞɢɧɢɣ ɞɨɞɚɧɨɤ ɭ ɪɿɜ. (3.14) ɬɚɤɨɠ ɡɦɿɧɢɥɨɫɹ. ɍ 

ɫɭɱɚɫɧɨɦɭ ɟɤɫɟɪɝɟɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ ɪɨɡɪɿɡɧɹɸɬɶ ɩɨɧɹɬɬɹ «ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ» 

( )Dȿ  ɿ «ɜɬɪɚɬɢ ɟɤɫɟɪɝɿʀ» ( )Lȿ  ɡɚ ɚɧɚɥɨɝɿєɸ ɡ ɜɢɪɨɛɧɢɰɬɜɨɦ ɟɧɬɪɨɩɿʀ ɿ ɩɨɬɨɤɨɦ 

ɟɧɬɪɨɩɿʀ ɜ ɬɟɪɦɨɞɢɧɚɦɿɰɿ ɧɟɨɛɨɪɨɬɧɢɯ ɩɪɨɰɟɫɿɜ Д52]: 

                                                    D Lȿ ȿ ȿ   .                                                (3.16) 

ɉɟɪɲɢɣ ɞɨɞɚɧɨɤ ɭ ɪɿɜ. (3.16) ɨɩɢɫɭє ɧɟɨɛɨɪɨɬɧɨɫɬɿ, ɳɨ ɦɚɸɬɶ ɦɿɫɰɟ ɜ 

ɤɨɠɧɨɦɭ ɤɨɦɩɨɧɟɧɬɿ ɫɢɫɬɟɦɢ, ɞɪɭɝɢɣ – ɩɪɢ ɜɡɚєɦɨɞɿʀ ɰɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɫɢɫɬɟɦɢ ɡ 

ɧɚɜɤɨɥɢɲɧɿɦ ɫɟɪɟɞɨɜɢɳɟɦ Д53]. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɚɧɚɥɿɡɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɪɿɜɧɹɧɧɹ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ 

ɤɨɠɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɢɫɬɟɦɢ ɿ ɫɢɫɬɟɦɢ ɜ ɰɿɥɨɦɭ Д52, 54]: 

                                                   , , ,F k P k D kE E E                                            (3.17ɚ) 

                                            , , , ,F tot P tot D k L tot
k

E E ȿ E                                 (3.17ɛ) 

ȿɤɫɟɪɝɟɬɢɱɧɢɦɢ ɤɪɢɬɟɪɿɹɦɢ є: 

– ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ,D kE ; 

– ɜɬɪɚɬɢ ɟɤɫɟɪɝɿʀ ,L totE ; 

– ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɄɄȾ 

                                 , , , ,/ 1 /k P k F k D k F kE E E E                                 (3.18ɚ) 

                                          , ,/tot P tot F totE E                                           (3.18ɛ) 

– ɜɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ 

                                        , , ,/D k D k F toty E E                                             (3.19) 

– ɜɿɞɧɨɫɧɿ ɜɬɪɚɬɢ ɟɤɫɟɪɝɿʀ 

                                  , , ,/L k L tot F toty E E                                             (3.20) 
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– ɞɨɥɹ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɭ k-ɨɦɭ ɤɨɦɩɨɧɟɧɬɿ ɫɢɫɬɟɦɢ ɞɨ ɡɚɝɚɥɶɧɨʀ 

ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɜ ɫɢɫɬɟɦɿ 

                                   
*

, , ,/D k D k D k
k

y E E                                          (3.21) 

ɍ ɬɚɤɨɦɭ ɜɢɝɥɹɞɿ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɧɚɛɭɜ ɲɢɪɨɤɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚ 

ɩɨɞɚɥɶɲɢɣ ɪɨɡɜɢɬɨɤ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɟɧɟɪɝɟɬɢɱɧɢɯ ɫɢɫɬɟɦ Д52]. 

 

3.2.3.2.ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɞɨ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ 

ɋɯɟɦɭ ɩɪɨɫɬɨʀ ȺɊɏɆ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.11, ɰɢɤɥ – ɧɚ ɪɢɫ. 3.12. Ⱦɥɹ 

ɡɞɿɣɫɧɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɰɢɤɥɭ ȺɊɏɆ (ɪɢɫ. 3.12) ɧɟɨɛɯɿɞɧɨ ɬɪɢ ɞɠɟɪɟɥɚ 

ɬɟɩɥɚ ɪɿɡɧɢɯ ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ Д65]: 

 

Ɋɢɫ. 3.11. ɋɯɟɦɚ ɞɨ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ 
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– ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɞɠɟɪɟɥɨ ɬɟɩɥɚ ɝɪQ  ɡ ɝɪɌ  ɭ ɹɤɨɫɬɿ ɡɨɜɧɿɲɧɶɨʀ ɟɧɟɪɝɿʀ 

(ɟɤɫɟɪɝɿʀ) ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ. ɐɟ ɞɠɟɪɟɥɨ ɬɟɩɥɚ ɚɫɨɰɿɸєɬɶɫɹ ɡ «ɩɚɥɢɜɨɦ» ɞɥɹ ɜɫɿєʀ 

ȺɊɏɆ, ɬɨɛɬɨ , ,F Ƚ F totE E ; 

– ɫɟɪɟɞɧɶɨɬɟɦɩɟɪɚɬɭɪɧɟ ɞɠɟɪɟɥɨ ɬɟɩɥɚ ɫɟɪQ  ɡ ɫɟɪɌ  ɭ ɹɤɨɫɬɿ 

ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɞɥɹ ɪɟɡɨɪɛɟɪɚ ɿ ɚɛɫɨɪɛɟɪɚ; 

– ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɞɠɟɪɟɥɨ ɬɟɩɥɚ хɨɥQ  ɡ хɨɥɌ  ɹɤ ɩɪɨɞɭɤɬ ɞɥɹ ɞɟɝɚɡɚɬɨɪɚ. 

ɐɟ ɬɟɩɥɨɜɟ ɞɠɟɪɟɥɨ ɚɫɨɰɿɸєɬɶɫɹ ɡ «ɩɪɨɞɭɤɬɨɦ» ɜɫɿєʀ ȺɊɏɆ, ɬɨɛɬɨ

, ,Ɋ ȿ Ɋ totE E const   ɞɥɹ ɚɧɚɥɿɡɭ. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɢɫ 3.12. ɩɪɟɞɫɬɚɜɥɟɧɨ ɬɚɤɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ [80]: 

– ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɨɧɨɫɿɹ ɧɚ ɜɢɯɨɞɿ ɡ ɞɟɝɚɡɚɬɨɪɚ: 19хɨɥɌ Ɍ ; 

– ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɝɚɡɚɰɿʀ: 9 19 хɨɥɌ Ɍ Ɍ  ; 

– ɬɢɫɤ ɜ ɞɟɝɚɡɚɬɨɪɿ: '9( , )rɨɪ П T  ; 

– ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɝɚɡɚɰɿʀ: 8 18 хɨɥɌ Ɍ Ɍ  ; 

– ɬɢɫɤ ɜ ɚɛɫɨɪɛɟɪɿ: (1 )А ɨ Aɪ ɪ ɪ  ; 

– ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɡɨɪɛɰɿʀ: 7 14 ɤɌ Ɍ Ɍ    ;    

– ɬɢɫɤ ɜ ɪɟɡɨɪɛɟɪɿ: ɤɪ   ɧɟɡɚɥɟɠɧɚ ɡɦɿɧɧɚ; 

– ɬɢɫɤ ɜ ɝɟɧɟɪɚɬɨɪɿ: (1 )ɝ ɤ ɝɪ ɪ ɪ   ; 

– ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɟɧɟɪɚɰɿʀ: 2 12 ɝɌ Ɍ Ɍ  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɱɚɬɤɭ ɤɢɩɿɧɧɹ ɜ ɝɟɧɟɪɚɬɨɪɿ: *1
( , )r ɝɌ П p  ; 

– ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɚɛɫɨɪɛɰɿʀ: 4 16 АɌ Ɍ Ɍ   ; 

– ɤɨɧɰɟɧɬɪɚɰɿɹ ɫɥɚɛɤɨɝɨ ɪɨɡɱɢɧɭ ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ: 2( , )а ɝf T p   

– ɤɨɧɰɟɧɬɪɚɰɿɹ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɜ ɬɟɪɦɨɯɿɦɿɱɧɨɦɭ ɤɨɦɩɪɟɫɨɪɿ: 4( , )r Аf T p  ; 

– ɤɨɧɰɟɧɬɪɚɰɿɹ ɯɨɥɨɞɨɚɝɟɧɬɭ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ: 5( , )d ɤf T p  ; 

– ɤɨɧɰɟɧɬɪɚɰɿɹ ɫɥɚɛɤɨɝɨ ɪɨɡɱɢɧɭ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ: ' 8( , )а ɨf T p  ; 

– ɤɨɧɰɟɧɬɪɚɰɿɹ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɜ ɪɟɡɨɪɛɰɿɣɧɨɦɭ ɫɬɭɩɟɧɿ: ' 7( , )r ɤf T p  . 

Ɍɟɦɩɟɪɚɬɭɪɚ 5Ɍ  ɩɪɟɞɫɬɚɜɥɹє ɫɟɪɟɞɧɸ ɬɟɦɩɟɪɚɬɭɪɭ ɭ ɩɪɨɰɟɫɿ ɤɢɩɿɧɧɹ ɜ  
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ɝɟɧɟɪɚɬɨɪɿ: *5 2 1
( ) 2Ɍ Ɍ Ɍ   

p
o =0.14 Ɇɉа

ξа ξr ξdξа, ξr,

po=0.14 Ɇɉа
pɤ=0.5 Ɇɉа

pɤ=0.5 Ɇɉа
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Ɋɢɫ. 3.12. ɐɢɤɥ ɞɨ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ 

Ⱦɥɹ    ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ    ɚɧɚɥɿɡɭ    ɡɚɝɚɥɶɧɢɣ    ɰɢɤɥ    ȺɊɏɆ    ɦɨɠɟ    ɛɭɬɢ  
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ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɨɦɚ ɨɤɪɟɦɢɦɢ – ɰɢɤɥɨɦ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ ɿ ɰɢɤɥɨɦ 

ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ. 

 

3.2.3.3. ȼɢɬɪɚɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ 

ɉɪɨɰɟɫɢ ɪɟɡɨɪɛɰɿɣɧɨɝɨ ɫɬɭɩɟɧɹ ɡɞɿɣɫɧɸɸɬɶɫɹ ɭ ɱɨɬɢɪɶɨɯ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ 

ɤɨɦɩɨɧɟɧɬɚɯ ɪɟɡɨɪɛɟɪɿ (ɊɁ), ɞɪɨɫɟɥɶɧɨɦɭ ɩɪɢɫɬɪɨʀ (Ⱦ2), ɞɟɝɚɡɚɬɨɪɿ (ȾɁ) ɬɚ ɧɚɫɨɫɿ 

(ɇ2): ɪɟɡɨɪɛɰɿɹ (ɩɨɝɥɢɧɚɧɧɹ) 6-7, ɪɨɡɲɢɪɟɧɧɹ 7-9, ɞɟɝɚɡɚɰɿɹ (ɜɢɞɚɥɟɧɧɹ) 9-8 ɿ 

ɫɬɢɫɧɟɧɧɹ 8-6. ɐɢɤɥ ɨɛɦɟɠɭɸɬɶ ɜɭɡɥɨɜɿ ɬɨɱɤɢ 5-6-7-9-8. Ɋɨɛɨɱɚ ɪɟɱɨɜɢɧɚ ɜ 

ɫɬɭɩɟɧɿ є ɫɭɦɿɲɲɸ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 'r  ɞɥɹ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɿ 'а  ɞɥɹ ɫɥɚɛɤɨɝɨ 

ɪɨɡɱɢɧɭ. 

ɏɨɥɨɞɨɚɝɟɧɬ ɜ ɰɢɤɥɿ є ɫɭɦɿɲɲɸ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ d , ɚ ɣɨɝɨ ɦɚɫɨɜɭ 

ɜɢɬɪɚɬɭ ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɨ ɹɤ: 

                                        10 8 9/ [ ( ' 1) ' ]хɨɥ хɨɥm Q h h f f h                               (3.22) 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɞɥɹ ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 'r : 

                                                7 9 ' хɨɥm m f m                                                  (3.23) 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɞɥɹ ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 'а : 

                                                8 6 ( ' 1) хɨɥm m f m                                            (3.24) 

Ɍɭɬ 'f – ɤɪɚɬɧɿɫɬɶ ɰɢɪɤɭɥɹɰɿʀ ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 'r   

                                                ' ' '' ( ) / ( )d а r аf                                          (3.25) 

 

3.2.3.4. ȼɢɬɪɚɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ 

ɐɢɤɥ ɬɟɪɦɨɯɿɦɿɱɧɨɝɨ ɤɨɦɩɪɟɫɨɪɚ ɡɞɿɣɫɧɸєɬɶɫɹ ɜ ɱɨɬɢɪɶɨɯ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ 

ɤɨɦɩɨɧɟɧɬɚɯ: ɝɟɧɟɪɚɬɨɪɿ (Ƚ), ɚɛɫɨɪɛɟɪɿ (Ⱥ), ɞɪɨɫɟɥɶɧɨɦɭ ɩɪɢɫɬɪɨʀ (Ⱦ1), 

ɞɟɝɚɡɚɬɨɪɿ (ȾɁ) ɿ ɧɚɫɨɫɿ (ɇ) ɡɿ ɜɫɿɦɚ ɩɪɨɰɟɫɚɦɢ ɩɪɹɦɨɝɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɰɢɤɥɭ 

ɬɚ ɡɿ ɫɬɢɫɧɟɧɧɹɦ ɜɿɞ ɡɜɨɪɨɬɧɨɝɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɰɢɤɥɭ. ɐɢɤɥ ɨɛɦɟɠɭɸɬɶ 

ɜɭɡɥɨɜɿ ɬɨɱɤɢ 1-2-3-4-5. Ɋɨɛɨɱɚ ɪɟɱɨɜɢɧɚ ɹɜɥɹє ɫɨɛɨɸ ɫɭɦɿɲ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ 

r  ɞɥɹ ɦɿɰɧɨɝɨ ɪɨɡɱɢɧɭ ɿ а  ɞɥɹ ɫɥɚɛɤɨɝɨ ɪɨɡɱɢɧɭ.  

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ r : 

                                                      4 1 хɨɥm m f m                                             (3.26) 
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Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɞɥɹ ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ а : 

                                                     2 3 ( 1) хɨɥm m f m                                       (3.27) 

Ɍɭɬ f – ɤɪɚɬɧɿɫɬɶ ɰɢɪɤɭɥɹɰɿʀ ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ r : 

                                                   ( ) / ( )d а r аf                                        (3.28) 

Ɇɚɫɨɜɿ ɜɢɬɪɚɬɢ ɯɨɥɨɞɨɧɨɫɿɹ ɿ ɬɟɩɥɨɧɨɫɿɹ ɜɢɡɧɚɱɚɸɬɶɫɹ ɡ ɪɿɜɧɹɧɶ 

ɟɧɟɪɝɟɬɢɱɧɢɯ ɛɚɥɚɧɫɿɜ ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɦɚɲɢɧɢ: 

– ɝɟɧɟɪɚɬɨɪɚ:  

 

                        5 2 2 1 12 13 12 13[( ) ( )] ( )Ƚ хɨɥQ m h h f h h m h h                          (3.29) 

– ɚɛɫɨɪɛɟɪɚ:  

              

                         10 3 3 4 16 17 16 17[( ) ( )] ( )А хɨɥQ m h h f h h m h h                      (3.30) 

– ɪɟɡɨɪɛɟɪɚ:  

 

                        5 6 6 7 14 15 14 15[ ( '( )] ( )ɊЗ хɨɥQ m h h f h h m h h                       (3.31) 
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– ɞɟɝɚɡɚɬɨɪɚ:  

          

                           10 8 9 18 19 18 19[ ( ' 1) ' ] ( )ȾЗ хɨɥQ m h h f f h m h h                    

(3.32) 

ɉɪɨɰɟɫɢ ɫɬɢɫɧɟɧɧɹ ɜ ɧɚɫɨɫɚɯ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɿɞɟɚɥɶɧɢɦɢ 4 1( )s s ɿ 8 6( )s s , 

ɨɫɤɿɥɶɤɢ ɜɢɬɪɚɱɟɧɚ ɪɨɛɨɬɚ ɞɭɠɟ ɦɚɥɚ ɿ ɜ ɞɿɣɫɧɢɯ ɦɚɲɢɧɚɯ ɫɬɚɧɨɜɢɬɶ ɧɟ ɛɿɥɶɲɟ 

1,0...1,5%. ȼɜɟɞɟɧɧɹ ɜ ɚɧɚɥɿɡ ɩɪɨɰɟɫɿɜ ɜ ɧɚɫɨɫɚɯ ɧɟ ɦɨɠɟ ɧɚɞɚɬɢ ɛɭɞɶ-ɹɤɨɝɨ 

ɡɧɚɱɧɨɝɨ ɜɩɥɢɜɭ. ɇɚɫɨɫɢ ɛɭɞɭɬɶ ɜɢɤɥɸɱɟɧɿ ɡ ɚɧɚɥɿɡɭ Д65]. 

 

3.2.3.5. ȿɤɫɟɪɝɟɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɧɟɧɬɿɜ ɦɚɲɢɧɢ 

Ⱥɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɿ ɯɨɥɨɞɢɥɶɧɿ ɦɚɲɢɧɢ ɦɿɫɬɹɬɶ ɧɚɣɛɿɥɶɲ ɫɤɥɚɞɧɟ 

ɩɨєɞɧɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɿ ɩɪɨɰɟɫɿɜ ɜ ɤɥɚɫɿ ɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ. 

ɉɪɨɜɟɞɟɦɨ ɚɧɚɥɿɡ ɜɫɿɯ ɩɪɨɰɟɫɿɜ ȺɊɏɆ ɡ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɬɨɱɤɢ ɡɨɪɭ [80]. 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɪɢɫ. 3.7 ɪɿɜɧɹɧɧɹ ɟɤɫɟɪɝɟɬɢɱɧɢɯ ɛɚɥɚɧɫɿɜ ɦɚɸɬɶ ɜɢɝɥɹɞ: 

– ɝɟɧɟɪɚɬɨɪ:  

                                          , 12 13 2 5 1( ) ( )D ȽE E E E E E                              (3.33) 

– ɚɛɫɨɪɛɟɪ:    

                                         , 3 10 4 16 17( ) ( )D AE E E E E E                              (3.34) 

– ɪɟɡɨɪɛɟɪ:      

                                       , 5 6 7 14 15( ) ( )D ɊЗE E E E E E                               (3.35) 

– ɞɪɨɫɟɥɶɧɢɣ ɩɪɢɫɬɪɿɣ:    

                                          , 9 7 9 7( ) ( )Ɇ Ɇ Ɍ Ɍ
D ȾE E E E E                                  (3.36) 

– ɞɟɝɚɡɚɬɨɪ:  

                                           , 9 10 8 18 19( ) ( )D ȾЗE E E E E E                           (3.37) 
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Ⱦɨ ɫɤɥɚɞɭ ɦɚɲɢɧɢ ɜɯɨɞɹɬɶ ɞɜɚ ɞɪɨɫɟɥɶɧɢɯ ɩɪɢɫɬɪɨʀ: Ⱦ1 ɞɥɹ ɫɭɦɿɲɿ ɡ 

ɤɨɧɰɟɧɬɪɚɰɿєɸ а , ɳɨ ɩɪɚɰɸє ɜɢɳɟ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ ɫɟɪɟɞɨɜɢɳɚ ɬɚ Ⱦ2 ɞɥɹ ɫɭɦɿɲɿ 

ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 'r , ɳɨ ɩɪɚɰɸє ɡɚ ɬɟɦɩɟɪɚɬɭɪɨɸ ɧɢɠɱɟ ɫɟɪɟɞɨɜɢɳɚ. ȼɿɞɩɨɜɿɞɧɨ 

ɞɨ ɩɨɧɹɬɶ «ɩɪɨɞɭɤɬɭ» ɿ «ɩɚɥɢɜɚ» Ⱦ1 ɿ Ⱦ2 ɚɧɚɥɿɡɭɸɬɶ ɪɿɡɧɢɦ ɱɢɧɨɦ. Ⱦ1 ɬɿɥɶɤɢ 

ɡɦɟɧɲɭє ɬɢɫɤ ɜɿɞ ɝɪ  ɞɨ аɪ  ɬɚ є ɞɢɫɢɩɚɬɢɜɧɢɦ ɤɨɦɩɨɧɟɧɬɨɦ. ɉɪɢɡɧɚɱɟɧɧɹ Ⱦ2 ɞɥɹ 

ɫɭɦɿɲɿ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ 'r  – ɞɨɫɹɝɧɟɧɧɹ ɧɢɡɶɤɨʀ ɬɟɦɩɟɪɚɬɭɪɢ 
2, 9 7( )Ɍ Ɍ

Ɋ ȾE E E   

ɡɚ ɪɚɯɭɧɨɤ ɦɟɯɚɧɿɱɧɨʀ ɟɤɫɟɪɝɿʀ 
2, 9 7( )Ɇ Ɇ

Ɋ ȾE E E   [55]. 

Ⱦɥɹ ɚɧɚɥɿɡɭ ȺɊɏɆ ɪɨɡɞɿɥɢɦɨ ɡɚɝɚɥɶɧɭ ɟɤɫɟɪɝɿɸ, ɩɨɜ'ɹɡɚɧɭ ɡ ɩɨɬɨɤɚɦɢ 

ɪɟɱɨɜɢɧɢ, ɧɚ ɮɿɡɢɱɧɭ ɿ ɯɿɦɿɱɧɭ ɫɤɥɚɞɨɜɿ ɞɥɹ ɩɨɬɨɤɭ 1E  ɱɟɪɟɡ 10E : 

                                                   PH CH
j j jE E E                                               (3.38) 

ɉɢɬɨɦɚ ɮɿɡɢɱɧɚ ɟɤɫɟɪɝɿɹ j-ɝɨ ɩɨɬɨɤɭ  

                                    ,0 0 ,0( )PH
j j j j jɟ С С T s s                                          (3.39) 

Ⱦɥɹ ɩɨɬɨɤɿɜ 7E  ɢ 9E  ɧɟɨɛɯɿɞɧɨ ɪɨɡɞɿɥɢɬɢ ɮɿɡɢɱɧɭ ɟɤɫɟɪɝɿɸ ɧɚ ɬɟɪɦɿɱɧɭ ɿ 

ɦɟɯɚɧɿɱɧɭ ɫɤɥɚɞɨɜɿ 

 
0, 0 , , ,0 0 , ,0[( ) ( )] [( ) ( )]

T M

PH
j j j M j j M p const j M j j M j T const

e e

ɟ С С T s s С С T s s           (3.40) 

ɡ ɬɨɱɤɨɸ Ɇ, ɩɚɪɚɦɟɬɪɢ ɹɤɨʀ ɪɿɜɧɿ ɬɢɫɤɭ ɪ  ɢ ɬɟɦɩɟɪɚɬɭɪɿ 0Ɍ . 

ɉɢɬɨɦɭ ɯɿɦɿɱɧɭ ɟɤɫɟɪɝɿɸ ɫɭɦɿɲɿ ɯɨɥɨɞɨɚɝɟɧɬɭ ɿ ɚɛɫɨɪɛɟɧɬɭ j-ɝɨ ɩɨɬɨɤɭ 

ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɨ ɪɿɜɧɹɧɧɹɦ [55] 

                                        (1 ) ,
j

ɋH CH CH rОv
j j ref j absɟ О О w                                 (3.41) 

ɞɟ 
j

rev
xw  – ɩɢɬɨɦɚ ɪɨɛɨɬɚ ɡɦɿɲɚɧɧɹ ɱɢɫɬɨɝɨ ɯɨɥɨɞɨɚɝɟɧɬɭ ( 1)d   ɿ ɱɢɫɬɨɝɨ 

ɚɛɫɨɪɛɟɧɬɭ ( 0)d  , ɹɤɚ ɞɨɪɿɜɧɹє: 

        ,0 ,0 ,0 0 ,0 ,0 ,0[ (1 ) ] [ (1 ) ]
j

rev
j j ref j abs j j ref j absw h h h T s s s                 (3.42)

 
ɉɨɹɫɧɢɦɨ ɦɚɬɟɦɚɬɢɱɧɿ ɜɢɪɚɡɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦ h   ɿ s              

(ɪɢɫ. 3.13).  
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=303 К

0(ξd)

0(ξr )

Ɍo

po=0.1 Ɇɉа

0(ξа) 0(ξr)

0(ξa )

ɟɧ
ɬа

ɥь
ɩія

ɟɧ
ɬɪ

ɨɩ
ія

po=0.1 Ɇɉа

po=0.1 Ɇɉа

po=0.1 Ɇɉа

0(ξа)

0(ξr)

0(ξd)

=303 К

Ɍo

ξа ξr ξdξrξa, ,

, ,

0(ξr )
0(ξa ), ,

ξ=0 ξ=1

h, ɤȾɠ/ɤɝ

s, ɤȾɠ/ɤɝ K.

ɤɨɧɰɟɧɬɪаɰія

 

Ɋɢɫ. 3.13. ȼɢɡɧɚɱɟɧɧɹ ɬɨɱɨɤ 0 ɞɥɹ ɡɧɚɱɟɧɶ ɟɤɫɟɪɝɿʀ ɫɭɦɿɲɟɣ ɿɡ  

ɪɿɡɧɢɦɢ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ ( ' ', , , , )а r Н а r      

 
ɉɪɢɧɰɢɩɨɜɚ ɜɿɞɦɿɧɧɿɫɬɶ ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɱɨɬɢɪɢ 

ɩɪɨɰɟɫɭ ɮɚɡɨɜɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ (ɫɭɦɿɲɿ) ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɚ 

ɡɦɿɧɧɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ: ɩɿɞɜɟɞɟɧɧɹ ɬɟɩɥɚ ɜ ɝɟɧɟɪɚɬɨɪɿ ɿ ɜɢɪɨɛɧɢɰɬɜɨ ɯɨɥɨɞɭ ɜ 

ɞɟɝɚɡɚɬɨɪɿ, ɜɿɞɜɟɞɟɧɧɹ ɬɟɩɥɚ ɨɯɨɥɨɞɠɭɜɚɥɶɧɢɦ ɫɟɪɟɞɨɜɢɳɟɦ ɜ ɪɟɡɨɪɛɟɪɿ ɬɚ 

ɚɛɫɨɪɛɟɪɿ. ȼ ɚɧɚɥɿɡɿ ɰɹ ɨɫɨɛɥɢɜɿɫɬɶ ɜɪɚɯɨɜɚɧɚ ɩɿɞɫɭɦɨɜɭɜɚɧɧɹɦ ɮɿɡɢɱɧɨʀ ɿ 
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ɯɿɦɿɱɧɨʀ ɟɤɫɟɪɝɿʀ ɞɥɹ ɤɨɠɧɨɝɨ ɩɨɬɨɤɭ ɪɟɱɨɜɢɧɢ. ɇɚ ɨɤɪɟɦɨɦɭ ɩɪɢɤɥɚɞɿ ɧɚɜɟɞɟɧɨ 

ɫɩɨɫɿɛ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɬɨɱɨɤ ɪɿɜɧɨɜɚɝɢ ɡ ɧɚɜɤɨɥɢɲɧɿɦ ɫɟɪɟɞɨɜɢɳɟɦ ɞɥɹ 

ɪɨɡɪɚɯɭɧɤɭ ɮɿɡɢɱɧɨʀ ɟɤɫɟɪɝɿʀ ɫɭɦɿɲɟɣ ɡ ɪɿɡɧɢɦɢ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɞɿɚɝɪɚɦ h   ɿ s  . 

ɉɚɪɚɦɟɬɪɢ ɬɨɱɨɤ 0 ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɮɿɡɢɱɧɨʀ ɟɤɫɟɪɝɿʀ ɡɚɥɟɠɚɬɶ ɜɿɞ 

ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɦɿɲɿ  . Іɡɨɬɟɪɦɚ 0Ɍ  (ɧɚɩɪɢɤɥɚɞ, 0 303ɄɌ  ) є ɝɟɨɦɟɬɪɢɱɧɢɦ 

ɦɿɫɰɟɦ ɬɨɱɨɤ ɡ ɪɿɡɧɨɸ ɤɨɧɰɟɧɬɪɚɰɿєɸ ɩɪɢ 0ɪ  (ɧɚɩɪɢɤɥɚɞ, 0 0.1Ɇɉɚɪ  ). 

ȼ ɪɟɡɭɥɶɬɚɬɿ, ɞɥɹ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ȺɊɏɆ ɩɨɜɢɧɧɨ ɛɭɬɢ ɜɢɡɧɚɱɟɧɨ 

ɩ'ɹɬɶ ɡɧɚɱɟɧɶ ɩɢɬɨɦɨʀ ɯɿɦɿɱɧɨʀ ɟɤɫɟɪɝɿʀ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɿɣ ' ', , , ,а r Н а r     , ɬɚɤɨɠ 

ɩ'ɹɬɶ ɬɨɱɨɤ 0 ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɮɿɡɢɱɧɨʀ ɟɤɫɟɪɝɿʀ ɩɪɢ ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɹɯ 

ɫɭɦɿɲɿ. 

 

3.3. ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɪɟɚɥьɧɨɝɨ ɰɢɤɥɭ 

ɇɚ ɪɢɫ. 3.12 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɚɥɶɧɢɣ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɚɯ 

h   ɿ s  . ȼɢɯɿɞɧɢɦɢ ɧɟɡɚɥɟɠɧɢɦɢ ɩɨɫɬɿɣɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ є: 

ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ хɨɥQ , 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. 

Ɋɨɛɨɱɨɸ ɪɟɱɨɜɢɧɨɸ є ɜɨɞɨɚɦɿɚɱɧɚ ɫɭɦɿɲ. ȼɫɿ ɩɪɨɰɟɫɢ ɬɟɩɥɨɩɟɪɟɞɚɜɚɧɧɹ 

ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɿɡɨɛɚɪɧɢɦɢ. Ɋɟɚɥɶɧɢɣ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɰɢɤɥ ɜ ȺɊɏɆ ɜɤɥɸɱɚє 

ɜɫɿ ɧɟɨɛɨɪɨɬɧɨɫɬɿ: , , ɿ , ɿ .ɊЗ ȾЗ Ƚ Ƚ А АT T T ɪ T ɪ       

ɇɚ ɩɿɞɫɬɚɜɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ Д8] ɦɨɠɧɚ ɩɪɢɣɧɹɬɢ: 

, 5...10Ʉ, 2...6 Ʉ, 10...20 Ʉ, 0.01...0,02 Ɇɉɚ,
5...10Ʉ, 0,01...0.015Ɇɉɚ.

ɊЗ ȾЗ Ƚ Ƚ

А А

T T T ɪ
T ɪ

       
     

Ⱥɧɚɥɿɡ ɩɪɨɜɨɞɢɬɶɫɹ ɞɥɹ ɤɨɠɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɿɧɞɢɜɿɞɭɚɥɶɧɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɜɿɞɩɨɜɿɞɧɢɯ ɧɟɨɛɨɪɨɬɧɨɫɬɟɣ ɜ ɩɪɢɩɭɳɟɧɧɿ, ɳɨ ɜɫɿ ɿɧɲɿ ɤɨɦɩɨɧɟɧɬɢ є 

ɬɟɨɪɟɬɢɱɧɢɦɢ. ɉɚɪɚɦɟɬɪɢ ɜɫɿɯ ɬɨɱɨɤ ɬɚ ɩɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɜɟɞɟɧɨ ɜ 

ɬɚɛɥɢɰɿ 3.9 Д81], ɪɟɡɭɥɶɬɚɬɢ ɚɧɚɥɿɡɭ – ɜ ɬɚɛɥɢɰɿ 3.10. 

Ⱥɧɚɥɿɡ ɚɛɫɨɪɛɟɪɚ ɡɞɿɣɫɧɸɜɚɜɫɹ ɪɚɡɨɦ ɡ ɞɪɨɫɟɥɶɧɢɦ ɩɪɢɫɬɪɨєɦ Ⱦ1, ʀɯ 

ɧɟɨɛɨɪɨɬɧɨɫɬɿ ɩɿɞɫɭɦɨɜɭɜɚɥɢɫɹ. 



                                                                         
ɉɚɪɚɦɟɬɪɢ ɰɢɤɥɭ                                                                                                                                                Ɍɚɛɥɢɰɹ 3.9 Д81] 

ɉɨɬɿɤ 
Ɋɨɛɨɱɚ 

ɪɟɱɨɜɢɧɚ 
m, 

ɤɝ/ɫ 
Ɍ,  
Ʉ  

ɪ, 
Ɇɉɚ 

ξ, 
ɤɝ/ɤɝ 

h, 
ɤȾɠ/ɤɝ 

s, 
ɤȾɠ/ɤɝɄ 

eCH, 
ɤȾɠ/ɤɝ 

ePH, 
ɤȾɠ/ɤɝ ɋɬɚɧ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ 

1 NH3-H20 0,0849 303 0,51 0,319 -698,0 0,35 6241 1,17 ɉɟɪɟɨɯɨɥɨɞɠɟɧɢɣ ɦɿɰɧɢɣ ɪɨɡɱɢɧ 
2 NH3-H20 0,0631 393 0,51 0,102 436,7 1,57 1973 59,57 ɋɥɚɛɤɢɣ ɪɨɡɱɢɧ ɡ ɝɟɧɟɪɚɬɨɪɚ  
3 NH3-H20 0,0631 365 0,15 0,102 437,0 1,59 1973 55,22 Ɇɿɰɧɢɣ ɪɨɡɱɢɧ ɩɿɫɥɹ Ⱦ1  
4 NH3-H20 0,0849 303 0,15 0,319 -69,3 0,36 6241 0,79 Ɇɿɰɧɢɣ ɪɨɡɱɢɧ ɡ ɚɛɫɨɪɛɟɪɚ 

5 NH3-H20 
0,0218 

367 0,5 
0,948 1548,0 5,42 18768 246,50 ɉɚɪɚ ɡ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɜɯɨɞɿ ɜ 

ɪɟɡɨɪɛɟɪ  

6 NH3-H20 
0,0574 

278 0,5 
0,468 -217,2 -0,091 9208 11,23 ɋɥɚɛɤɢɣ ɪɨɡɱɢɧ Ɋɋ ɧɚ ɜɯɨɞɿ ɜ 

ɪɟɡɨɪɛɟɪ  

7 NH3-H20 
0,0791 

303 0,5 
0,600 -96,3 0,28 11837 49,13 Ɇɿɰɧɢɣ ɪɨɡɱɢɧ Ɋɋ ɧɚ ɜɢɯɨɞɿ ɡ 

ɪɟɡɨɪɛɟɪɚ 

8 NH3-H20 
0,0574 

278 0,16 
0,468 -217,5 -0,09 9208 10,82 ɋɥɚɛɤɢɣ ɪɨɡɱɢɧ Ɋɋ ɧɚ ɜɢɯɨɞɿ ɡ 

ɞɟɝɚɡɚɬɨɪɚ 
9 NH3-H20 0,0791 273 0,16 0,600 -99,5 0,30 11837 37,30 Ɇɿɰɧɢɣ ɪɨɡɱɢɧ Ɋɋ ɩɿɫɥɹ Ⱦ2 
10 NH3-H20 0,0218 278 0,16 0,948 1142,0 4,66 18768 63,15 ɉɚɪɚ ɡ Ɋɋ ɧɚ ɜɯɨɞɿ ɜ ɚɛɫɨɪɛɟɪ 

11 NH3-H20 
0,0218 

278 0,16 
0,995 1292,0 5,18 19704 67,42 ɇɚɫɢɱɟɧɚ ɩɚɪɚ, ɪɿɜɧɨɜɚɠɧɚ 

ɫɥɚɛɤɨɦɭ ɪɨɡɱɢɧɭ Ɋɋ 
12 ɜɨɞɚ 0,0282 413 0,15 - 2752 7,37 - 595,30 ȼɯɿɞ ɜ ɝɟɧɟɪɚɬɨɪ 
13 ɜɨɞɚ 0,0282 363 0,15 - 376,4 1,19 - 30,33 ȼɢɯɿɞ ɡ ɝɟɧɟɪɚɬɨɪɚ 
14 ɜɨɞɚ 0,3450 293 0,1 - 83,3 0,29 - 0 ȼɯɿɞ ɜ ɪɟɡɨɪɛɟɪ 
15 ɜɨɞɚ 0,3450 313 0,1 - 167 0,57 - 2,73 ȼɢɯɿɞ ɡ ɪɟɡɨɪɛɟɪɚ 
16 ɜɨɞɚ 0,6967 293 0,1 - 83,3 0,29 - 0 ȼɯɿɞ ɜ ɚɛɫɨɪɛɟɪ 
17 ɜɨɞɚ 0,6967 313 0,1 - 167,0 0,57 - 2,73 ȼɢɯɿɞ ɡ ɚɛɫɨɪɛɟɪɚ 
18 ɜɨɞɚ 0,5950 283 0,12 - 41,5 0,15 - 0,75 ȼɯɿɞ ɜ ɞɟɝɚɡɚɬɨɪ 
19 ɜɨɞɚ 0,5950 275 0,12 - 7,9 0,03 - 2,44 ȼɢɯɿɞ ɡ ɞɟɝɚɡɚɬɨɪɚ 
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Ɋɟɡɭɥьɬɚɬɢ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ                                             Ɍɚɛɥɢɰɹ 3.10 

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 14,94 6 

 

Ⱦɪɨɫɟɥɶɧɢɣ ɩɪɢɫɬɪɿɣ Ⱦ2 є єɞɢɧɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɜ ɯɨɥɨɞɢɥɶɧɿɣ ɦɚɲɢɧɿ, 

ɹɤɢɣ ɧɟ ɦɨɠɟ ɛɭɬɢ ɩɨɥɿɩɲɟɧɨ ɡɚ ɪɚɯɭɧɨɤ ɞɟɫɬɪɭɤɰɿʀ ɜ ɧɶɨɦɭ. Ɂɦɟɧɲɟɧɧɹ 

ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɦɨɠɥɢɜɟ ɡɚ ɪɚɯɭɧɨɤ ɩɨɥɿɩɲɟɧɧɹ ɿɧɲɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɬɚ ʀɯ 

ɫɬɪɭɤɬɭɪɢ ɜ ɡɚɝɚɥɶɧɿɣ ɫɢɫɬɟɦɿ. 

əɤ ɫɜɿɞɱɚɬɶ ɩɨɤɚɡɧɢɤɢ, ɩɪɨɫɬɚ ȺɊɏɆ, ɹɤɚ ɧɟ ɭɫɤɥɚɞɧɟɧɚ ɜɧɭɬɪɿɲɧɶɨɸ 

ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ, ɦɚє ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɄɄȾ ɧɚ ɪɿɜɧɿ 6%. ɐɟ ɜɡɚɝɚɥɿ ɩɨɡɢɬɢɜɧɢɣ 

ɩɨɤɚɡɧɢɤ ɞɥɹ ɚɛɫɨɪɛɰɿɣɧɨʀ ɬɟɯɧɿɤɢ ɡ ɩɟɪɫɩɟɤɬɢɜɨɸ ɡɪɨɫɬɚɧɧɹ. ɋɟɪɟɞ ɨɤɪɟɦɢɯ 

ɤɨɦɩɨɧɟɧɬɿɜ ɜɢɫɨɤɿ ɡɧɚɱɟɧɧɹ ɟɤɫɟɪɝɟɬɢɱɧɢɯ ɄɄȾ ɦɚɸɬɶ ɝɟɧɟɪɚɬɨɪ ɬɚ ɞɟɝɚɡɚɬɨɪ, 

ɜɿɞɩɨɜɿɞɧɨ 80% ɬɚ 70%. ɇɢɡɶɤɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɚɩɚɪɚɬɿɜ, ɨɯɨɥɨɞɠɭɜɚɧɢɯ 

ɧɚɜɤɨɥɢɲɧɿɦ ɫɟɪɟɞɨɜɢɳɟɦ, ɚɛɫɨɪɛɟɪɚ ɬɚ ɪɟɡɨɪɛɟɪɚ ɩɨɬɪɟɛɭє ɭɜɚɝɢ ɩɪɨɟɤɬɚɧɬɿɜ. 

Ⱦɥɹ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɜɤɚɡɚɧɢɯ ɚɩɚɪɚɬɿɜ є ɩɟɪɫɩɟɤɬɢɜɢ. 

 

3.4. ɉɪɚɤɬɢɱɧɚ ɪɟɚɥɿɡɚɰɿɹ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ȺɊɏɆ 

3.4.1. ɉɟɪɟɞɭɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɜ ɦɨɠɥɢɜɿɫɬɶ ɪɟɚɥɿɡɚɰɿʀ ɫɯɟɦɧɨ- 

ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ȺɊɏɆ ɞɥɹ ɤɨɦɩɥɟɤɬɚɰɿʀ ɫɢɫɬɟɦɢ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɨʀ 

ɟɧɟɪɝɟɬɢɤɢ. ɉɪɚɤɬɢɱɧɚ ɪɟɚɥɿɡɚɰɿɹ ɩɿɫɥɹ ɰɶɨɝɨ ɩɨɜ’ɹɡɚɧɚ ɡ ɜɢɛɨɪɨɦ ɤɨɧɫɬɪɭɤɰɿɣ 

ɤɨɦɩɨɧɟɧɬɿɜ ɦɚɲɢɧɢ. 

Іɧɮɨɪɦɚɰɿɹ ɩɪɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɨɞɨɚɦɿɚɱɧɢɯ ɦɚɲɢɧ ɜ ɫɢɫɬɟɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ 

ɦɚɥɨʀ ɟɧɟɪɝɟɬɢɤɢ ɜ ɥɿɬɟɪɚɬɭɪɿ ɜɿɞɫɭɬɧɹ. Ɉɞɧɚɤ ɫɚɦɟ ɬɚɤɿ ɦɚɲɢɧɢ ɞɨɰɿɥɶɧɨ 
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ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɭ ɜɿɞɞɚɥɟɧɢɯ ɜɿɞ ɰɟɧɬɪɚɥɿɡɨɜɚɧɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɫɢɫɬɟɦ 

ɧɚɫɟɥɟɧɢɯ ɩɭɧɤɬɚɯ ɬɚ ɧɟɡɚɥɟɠɧɢɯ ɦɚɥɢɯ ɜɢɪɨɛɧɢɰɬɜɚɯ, ɡɨɤɪɟɦɚ, ɜ 

ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɩɿɞɩɪɢєɦɫɬɜɚɯ ɡ ɦɚɥɢɦɢ ɟɧɟɪɝɟɬɢɱɧɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ. 

ɉɟɪɫɩɟɤɬɢɜɢ ɜɨɞɨɚɦɿɚɱɧɨɝɨ ɪɨɡɱɢɧɭ ɜɢɡɧɚɱɚɸɬɶ: ɩɪɢɪɨɞɧɟ ɩɨɯɨɞɠɟɧɧɹ, 

ɧɢɡɶɤɚ ɜɚɪɬɿɫɬɶ, ɫɟɪɟɞɧɿ ɪɨɛɨɱɿ ɬɢɫɤɢ, ɲɢɪɨɤɢɣ ɿɧɬɟɪɜɚɥ ɪɟɚɥɿɡɨɜɚɧɢɯ 

ɬɟɦɩɟɪɚɬɭɪ (-20 ... 190 ɨɋ). ɋɭɱɚɫɧɿ ɤɨɧɫɬɪɭɤɰɿʀ ɩɥɚɫɬɢɧɱɚɫɬɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɯ 

ɚɩɚɪɚɬɿɜ ɞɥɹ ɜɨɞɨɚɦɿɚɱɧɢɯ ɚɛɫɨɪɛɰɿɣɧɢɯ ɦɚɲɢɧ ɩɪɨɩɨɧɭє ɮɿɪɦɚ AlfaLaval [82]. 

Ɂ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɚɬɟɪɿɚɥɿɜ ɮɿɪɦɢ, ɩɪɟɞɫɬɚɜɥɹєɦɨ ɤɨɧɫɬɪɭɤɬɢɜɧɭ ɫɯɟɦɭ 

ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ ɡ NH3/H2O (ɪɢɫ 3.14). 

 

Ɋɢɫ 3.14. Ʉɨɧɫɬɪɭɤɬɢɜɧɚ ɫɯɟɦɚ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ  

ɧɚ ɨɫɧɨɜɿ ɩɥɚɫɬɢɧɱɚɬɢɯ ɚɩɚɪɚɬɿɜ ɮɿɪɦɢ AlfaLaval 

 

ȼɢɩɚɪɧɢɤ, ɤɨɧɞɟɧɫɚɬɨɪ, ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɪɨɡɱɢɧɿɜ ɿ ɪɟɝɟɧɟɪɚɬɢɜɧɢɣ 

ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɜ ɡɜɢɱɚɣɧɢɯ ɚɛɫɨɪɛɿɣɧɢɯ ɦɚɲɢɧɚɯ – ɡɜɢɱɚɣɧɿ ɞɜɨɩɨɬɨɱɧɿ 

ɬɟɩɥɨɨɛɦɿɧɧɢɤɢ. ɉɪɨɰɟɫɢ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɜ ɧɢɯ, ɩɨɜ'ɹɡɚɧɿ ɡ ɬɟɩɥɨɨɛɦɿɧɨɦ 

ɨɞɧɨɮɚɡɧɢɯ ɩɨɬɨɤɿɜ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɚɛɨ ɮɚɡɨɜɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɱɢɫɬɢɯ 
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ɤɨɦɩɨɧɟɧɬɿɜ ɫɭɦɿɲɿ. Ⱥɛɫɨɪɛɟɪ ɿ ɝɟɧɟɪɚɬɨɪ – ɬɟɩɥɨɨɛɦɿɧɧɿ ɚɩɚɪɚɬɢ ɡ ɩɪɨɰɟɫɚɦɢ 

ɡɦɿɲɭɜɚɧɧɹ ɿ ɤɨɧɞɟɧɫɚɰɿʀ ɚɛɨ ɤɢɩɿɧɧɹ ɡ ɩɨɞɿɥɨɦ ɫɭɦɿɲɿ.  

ȼ ɪɟɡɨɪɛɰɿɣɧɿɣ ɦɚɲɢɧɿ ɜɫɿ ɬɟɩɥɨɨɛɦɿɧɧɿ ɚɩɚɪɚɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬɶ 

ɬɪɶɨɩɨɬɨɤɨɜɿ ɤɨɧɫɬɪɭɤɰɿʀ ɡ ɞɜɨɦɚ ɩɨɬɨɤɚɦɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɨɞɧɨɦɭ ɤɚɧɚɥɿ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɟ ɪɿɲɟɧɧɹ ɬɚɤɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ, ɧɚ ɩɪɢɤɥɚɞɿ ɚɛɫɨɪɛɟɪɚ Д82], 

ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ 3.15. 

 

Ɋɢɫ 3.15. ɋɯɟɦɚ ɩɨɬɨɤɿɜ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɬɚ ɬɟɩɥɨɧɨɫɿɹ ɭ ɚɛɫɨɪɛɟɪɿ: 
       – ɩɚɪɚ ɡ ɞɟɝɚɡɚɬɨɪɚ;      – ɫɥɚɛɤɢɣ ɪɨɡɱɢɧ ɡ ɝɟɧɟɪɚɬɨɪɚ;      

   – ɦɿɰɧɢɣ ɪɨɡɱɢɧ ɡ ɚɛɫɨɪɛɟɪɚ;    – ɩɪɨɦɿɠɧɢɣ ɬɟɩɥɨɧɨɫɿɣ [82]. 
 

ɉɪɨɛɥɟɦɨɸ ɞɥɹ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ є ɪɨɡɩɨɞɿɥ ɫɭɦɿɲɿ ɪɿɜɧɨɦɿɪɧɨ ɩɨ ɜɫɿɦ 

ɤɚɧɚɥɚɦ. Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɜɯɿɞɧɢɣ ɩɚɬɪɭɛɨɤ ɜɢɤɨɧɚɧɨ ɭ ɜɢɝɥɹɞɿ 

ɤɨɧɫɬɪɭɤɰɿʀ «ɬɪɭɛɚ ɜ ɬɪɭɛɿ». ɉɨ ɜɧɭɬɪɿɲɧɿɣ ɬɪɭɛɰɿ ɩɨɞɚєɬɶɫɹ ɫɥɚɛɤɢɣ ɪɨɡɱɢɧ ɿ 

ɱɟɪɟɡ ɨɬɜɨɪɢ ɿɧɠɟɤɬɭєɬɶɫɹ ɪɿɜɧɨɦɿɪɧɨ ɩɨ ɤɚɧɚɥɚɦ, ɡɚɯɨɩɥɸɸɱɢ ɩɚɪɭ, ɳɨ 

ɩɪɢɣɲɥɚ ɿɡ ɜɢɩɚɪɧɢɤɚ. 

Ɂɚ ɚɧɚɥɨɝɿєɸ ɡ ɤɨɧɫɬɪɭɤɰɿєɸ ɚɛɫɨɪɛɟɪɚ ɜɢɪɿɲɭєɬɶɫɹ ɩɪɨɛɥɟɦɚ ɿɧɲɢɯ 

ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ ȺɊɏɆ. 

 

3.4.2. Ɍɟɩɥɨɜɿ ɿ ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɪɨɡɪɚɯɭɧɤɢ ɤɨɦɩɨɧɟɧɬɿɜ  

Ɍɟɩɥɨɜɿ ɿ ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɪɨɡɪɚɯɭɧɤɢ ɤɨɦɩɨɧɟɧɬɿɜ ȺɊɏɆ ɜɢɤɨɧɚɧɨ ɧɚ 

ɨɤɪɟɦɨɦɭ ɩɪɢɤɥɚɞɿ ɿɡ ɡɚɥɭɱɟɧɧɹɦ ɤɪɢɬɟɪɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɿ ɦɟɬɨɞɢɤ (ɬɚɛɥ.3.11), 
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ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɥɚɫɬɢɧɱɚɫɬɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ ɜ ɫɜɿɬɨɜɿɣ 

ɩɪɚɤɬɢɰɿ Д83]. 

Ʉɪɢɬɟɪɿɚɥьɧɿ ɪɿɜɧɹɧɧɹ ɿ ɦɟɬɨɞɢɤɢ                                                Ɍɚɛɥɢɰɹ 3.11 

ɇɚɡɜɚ 

ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 

Ɍɟɩɥɨɜɿɞɚɜɚɧɧɹ ɡɿ ɫɬɨɪɨɧɢ 

ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ 

Ɍɟɩɥɨɜɿɞɚɜɚɧɧɹ ɡɿ ɫɬɨɪɨɧɢ 

ɬɟɩɥɨɧɨɫɿɹ ɱɢ ɯɨɥɨɞɨɧɨɫɿɹ 

Ⱥɛɫɨɪɛɟɪ [84] 0.12 0.33
ɚɝ Nu ɩ ɩ0.2 Re Pr      0.8

ɨ.ɜ. ɟɤɜ(Nu ) / ( )n d     

Ɋɟɡɨɪɛɟɪ [84] 0.12 0.33
ɚɝ Nu ɩ ɩ0.2 Re Pr      0.8

ɨ.ɜ. ɟɤɜ(Nu ) / ( )n d     

Ⱦɟɝɚɡɚɬɨɪ [85] 2.2
ɫɬ ɨ3800 ( )aq t t    0.8

ɨ.ɜ. ɟɤɜ(Nu ) / ( )n d     

Ƚɟɧɟɪɚɬɨɪ [86] 0.65.52 q     

 

Ƚɪɚɮɨɚɧɚɥɿɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɜɢɡɧɚɱɟɧɨ ɪɨɡɪɚɯɭɧɤɨɜɿ ɝɭɫɬɢɧɢ ɬɟɩɥɨɜɢɯ 

ɩɨɬɨɤɿɜ ɩɪɢ ɪɿɡɧɿɣ ɤɿɥɶɤɨɫɬɿ ɩɥɚɫɬɢɧ ɡ ɧɚɫɬɭɩɧɢɦ ɜɢɛɨɪɨɦ ɜɟɥɢɱɢɧɢ 

ɬɟɩɥɨɨɛɦɿɧɧɨʀ ɩɨɜɟɪɯɧɿ ɚɩɚɪɚɬɿɜ (ɪɢɫ.3.16.. 3.21). 

 

 

Ɋɢɫ. 3.16. Іɥɸɫɬɪɚɰɿɹ ɝɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɚɛɫɨɪɛɟɪɚ 
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Ɋɢɫ.3.17. Ⱦɨ ɜɢɡɧɚɱɟɧɧɹ ɦɚɫɨɝɚɛɚɪɢɬɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɛɫɨɪɛɟɪɚ 

 

 

Ɋɢɫ. 3.18. Іɥɸɫɬɪɚɰɿɹ ɝɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɪɟɡɨɪɛɟɪɚ 
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Ɋɢɫ. 3.19. Ⱦɨ ɜɢɡɧɚɱɟɧɧɹ ɦɚɫɨɝɚɛɚɪɢɬɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɡɨɪɛɟɪɚ 

 

 

Ɋɢɫ. 3.20. Іɥɸɫɬɪɚɰɿɹ ɝɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɞɟɝɚɡɚɬɨɪɚ 
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Ɋɢɫ. 3.21. Ⱦɨ ɜɢɡɧɚɱɟɧɧɹ ɦɚɫɨɝɚɛɚɪɢɬɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɟɝɚɡɚɬɨɪɚ 

3.4.3. Ɇɚɫɨɝɚɛɚɪɢɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ȼɢɬɪɚɬɚ ɦɟɬɚɥɭ ɧɚ ɜɢɝɨɬɨɜɥɟɧɧɹ ɚɩɚɪɚɬɿɜ ɪɟɡɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ ɦɨɠɟ ɛɭɬɢ 

ɜɢɡɧɚɱɟɧɚ ɡɚ ɭɤɪɭɩɧɟɧɢɦɢ ɜɢɦɿɪɸɜɚɧɧɹɦɢ ɧɚ ɩɿɞɫɬɚɜɿ ɿɫɧɭɸɱɢɯ ɤɚɬɚɥɨɝɿɜ ɪɿɡɧɢɯ 

ɮɿɪɦ ɚɛɨ ɞɿɣɫɧɢɯ ɭɫɬɚɧɨɜɨɤ. ɉɢɬɨɦɚ ɜɢɬɪɚɬɚ ɦɟɬɚɥɭ (ɤɝ/ɤȼɬ) ɞɥɹ ɚɛɫɨɪɛɰɿɣɧɢɯ 

ɦɚɲɢɧ ɫɟɪɟɞɧɶɨʀ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɨɫɬɿ (80…400 ɤȼɬ), ɹɤɿ ɩɪɚɰɸɸɬɶ ɭ 

ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɟɠɢɦɿ, ɭɤɨɦɩɥɟɤɬɨɜɚɧɿ ɤɨɠɭɯɨɬɪɭɛɧɢɦɢ ɤɨɧɫɬɪɭɤɰɿɹɦɢ 

ɡɦɿɧɸєɬɶɫɹ ɜɿɞɧɨɫɧɨ ɦɚɥɨ ɿ ɫɤɥɚɞɚє ɨɪɿєɧɬɨɜɧɨ 40…50 ɤɝ/ɤȼɬ Д65]. 

Ɍɟɩɥɨɨɛɦɿɧɧɿ ɩɨɜɟɪɯɧɿ ɚɩɚɪɚɬɿɜ ɜ ɞɚɧɨɦɭ ɩɪɨɟɤɬɿ ɜɢɡɧɚɱɟɧɿ ɡɚ ɜɢɛɨɪɨɦ 

ɤɨɧɫɬɪɭɤɰɿʀ ɨɞɧɿєʀ ɩɥɚɫɬɢɧɢ (ɪɢɫ.3.22) [87]. 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɦɚɫɨɝɚɛɚɪɢɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɚɪɚɬɿɜ ɧɚɜɟɞɟɧɨ ɜ                             

ɬɚɛɥɢɰɿ 3.12. 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɦɚɫɨɝɚɛɚɪɢɬɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɚɪɚɬɿɜ           Ɍɚɛɥɢɰɹ 3.12 

№ 
ɡ/ɩ 

Ⱥɩɚɪɚɬ Ƚɚɛɚɪɢɬɧɿ ɪɨɡɦɿɪɢ, ɦɦ Ɉɛ’єɦ, ɦ3 Ɇɚɫɚ , ɤɝ 

1 Ⱥɛɫɨɪɛɟɪ 191ɯ616ɯ31 0,0036 6,92 
2 Ɋɟɡɨɪɛɟɪ 191ɯ616ɯ79 0,0093 13,57 
3 Ⱦɟɝɚɡɚɬɨɪ 191ɯ616ɯ54 0,0064 10,07 
4 Ƚɟɧɟɪɚɬɨɪ 191ɯ616ɯ46 0,0054 9,02 

Ɇɚɲɢɧɚ   0,0247 39,58 
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S1, S2, S3, S4 – ɩɚɬɪɭɛɤɢ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ ɧɚ ɩɟɪɟɞɧɿɣ ɩɥɚɫɬɢɧɿ; 

    Ⱥ – ɝɥɢɛɢɧɚ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ, ɦɦ; 

    Ɇɚɬɟɪɿɚɥ ɜɢɝɨɬɨɜɥɟɧɧɹ ɩɥɚɫɬɢɧ – ɧɟɪɠɚɜɿɸɱɚ ɫɬɚɥɶ  

ɑɢɫɥɨ ɩɥɚɫɬɢɧ, ɲɬ Ƚɥɢɛɢɧɚ, ɦɦ Ɇɚɫɚ, ɤɝ 

n 15 + 2.56n 4.82 + 0.35n 
 

Ɋɢɫ. 3.22. Ʉɨɧɫɬɪɭɤɰɿɹ ɬɚ ɝɚɛɚɪɢɬɧɿ ɪɨɡɦɿɪɢ  

ɩɥɚɫɬɢɧɱɚɬɨɝɨ ɩɚɹɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 

 

ɉɢɬɨɦɚ ɜɢɬɪɚɬɚ ɦɟɬɚɥɭ, ɹɤɢɣ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɣɞɟ ɬɿɥɶɤɢ ɧɚ ɬɟɩɥɨɨɛɦɿɧɧɿ 

ɚɩɚɪɚɬɢ, ɫɬɚɧɨɜɢɬɶ 3,3 ɤɝ/ɤȼɬ. ȼɿɞɦɿɧɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɿ ɞɚɧɢɯ 

ɪɨɛɨɬɢ [65] ɩɨɥɹɝɚє ɭ ɦɚɫɲɬɚɛɧɨɦɭ ɮɚɤɬɨɪɿ ɬɚ ɡɦɿɧɿ ɿɫɧɭɸɱɢɯ ɬɟɯɧɨɥɨɝɿɣ 

ɜɢɪɨɛɧɢɰɬɜɚ ɬɟɩɥɨɨɛɦɿɧɧɢɯ ɚɩɚɪɚɬɿɜ. ȼɚɪɬɿɫɬɶ ɜɫɿɯ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ, ɡɚ 

ɰɿɧɨɜɢɦɢ ɞɚɧɢɦɢ ɮɿɪɦɢ AlfaLaval ɫɤɥɚɞɚє ɩɪɢɛɥɢɡɧɨ 1000 єɜɪɨ Д88]. 

 

3.5. ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 

1. ɉɨɡɢɬɢɜɧɢɦɢ ɹɤɨɫɬɹɦɢ ɨɞɧɨɫɬɭɩɟɧɟɜɢɯ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɢɯ 

ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɭ ɫɤɥɚɞɿ ɫɢɫɬɟɦ ɬɪɢɝɟɧɟɪɚɰɿʀ ɦɚɥɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ ɭɫɬɚɧɨɜɨɤ 

є ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ, ɧɢɡɶɤɢɯ 



83 

ɪɨɛɨɱɢɯ ɬɢɫɤɿɜ ɜ ɝɟɧɟɪɚɬɨɪɿ ɬɚ ɪɟɡɨɪɛɟɪɿ ɿ ɦɨɠɥɢɜɿɫɬɶ ɛɿɥɶɲɨɝɨ ɩɿɞɿɝɪɿɜɭ 

ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɜ ɪɟɡɨɪɛɟɪɿ, ɭ ɩɨɪɿɜɧɹɧɧɿ ɡɿ ɡɜɢɱɚɣɧɢɦɢ 

ɚɛɫɨɪɛɰɿɣɧɢɦɢ ɦɚɲɢɧɚɦɢ. 

2. Ⱥɥɝɨɪɢɬɦ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɨɤɪɟɦɢɯ ɤɨɦɩɨɧɟɧɬɿɜ ɿ ɪɟɡɨɪɛɰɿɣɧɨʀ 

ɦɚɲɢɧɢ ɜ ɰɿɥɨɦɭ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɞɶ-ɹɤɢɯ 

ɚɛɫɨɪɛɰɿɣɧɢɯ ɫɢɫɬɟɦ, ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɪɨɞɭ ɪɨɛɨɱɨʀ ɫɭɦɿɲɿ ɿ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ 

ɪɿɲɟɧɶ. 

3. ɉɪɚɤɬɢɱɧɚ ɪɟɚɥɿɡɚɰɿɹ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 

ɦɨɠɥɢɜɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɦɩɚɤɬɧɢɯ ɫɭɱɚɫɧɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɯ ɚɩɚɪɚɬɿɜ. 

4. ȿɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɚɛɫɨɪɛɰɿɣɧɨ-ɪɟɡɨɪɛɰɿɣɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɜ ɪɟɠɢɦɚɯ ɬɪɢɝɟɧɟɪɚɰɿʀ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɜɢɯɿɞɧɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɨɜɢɬɶ 0,25…0,65. 

5. əɤ ɫɜɿɞɱɚɬɶ ɩɨɤɚɡɧɢɤɢ, ɩɪɨɫɬɚ ȺɊɏɆ, ɹɤɚ ɧɟ ɭɫɤɥɚɞɧɟɧɚ ɜɧɭɬɪɿɲɧɶɨɸ 

ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ, ɦɚє ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɄɄȾ ɧɚ ɪɿɜɧɿ 6%. ɐɟ ɜɡɚɝɚɥɿ ɩɨɡɢɬɢɜɧɢɣ 

ɩɨɤɚɡɧɢɤ ɞɥɹ ɚɛɫɨɪɛɰɿɣɧɨʀ ɬɟɯɧɿɤɢ ɡ ɩɟɪɫɩɟɤɬɢɜɨɸ ɡɪɨɫɬɚɧɧɹ.  

6. ȼ ɦɚɲɢɧɿ ɜɢɤɨɧɭɸɬɶɫɹ ɭɦɨɜɢ ɡɨɜɧɿɲɧɶɨʀ ɨɛɨɪɨɬɧɨɫɬɿ ɜ ɩɪɨɰɟɫɚɯ 

ɝɟɧɟɪɚɰɿʀ ɬɚ ɞɟɝɚɡɚɰɿʀ (ɬɟɦɩɟɪɚɬɭɪɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɡɦɿɧɸєɬɶɫɹ ɬɚɤ, ɹɤ 

ɡɦɿɧɸєɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɠɟɪɟɥɚ), ɳɨ ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɜɢɫɨɤɢɦɢ ɡɧɚɱɟɧɧɹɦɢ 

ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɄɄȾ ɝɟɧɟɪɚɬɨɪɚ (80%) ɬɚ ɞɟɝɚɡɚɬɨɪɚ (70%) ɜɿɞɩɨɜɿɞɧɨ. 
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ɊɈɁȾȱɅ 4 

ɌȿɊɆɈȾɂɇȺɆȱɑɇɂɃ ȺɇȺɅȱɁ ɉɊɈɐȿɋȱȼ ȼ 

ɌȿɉɅɈȼɂɄɈɊɂɋɌȺɅЬɇɂɏ ɄɈɆɉɊȿɋɈɊɇɂɏ ɆȺɒɂɇȺɏ 

 

4.1. Ɂɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

ɋɤɥɚɞɧɢɣ ɰɢɤɥ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2 ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ 

ɩɪɨɫɬɢɯ ɰɢɤɥɿɜ, ɩɪɹɦɨɝɨ ɿ ɡɜɨɪɨɬɧɨɝɨ ɡ ɬɪɶɨɦɚ ɞɠɟɪɟɥɚɦɢ ɬɟɩɥɚ: ɜɢɫɨɤɨʀ 

ɬɟɦɩɟɪɚɬɭɪɢ ɝɧT , ɫɟɪɟɞɧɶɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɨT  ɧɢɡɶɤɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɨT . Ⱦɥɹ ɩɪɨɫɬɢɯ 

ɰɢɤɥɿɜ ɫɟɪɟɞɧɶɨɬɟɦɩɟɪɚɬɭɪɧɟ ɞɠɟɪɟɥɨ є ɡɚɝɚɥɶɧɢɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɹɤɨɝɨ ɞɨɪɿɜɧɸє 

ɬɟɦɩɟɪɚɬɭɪɿ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɝɨ ɫɟɪT Ɍ , ɛɥɢɡɶɤɚ ɚɛɨ ɞɨɪɿɜɧɸє 

ɤɪɢɬɢɱɧɿɣ ɞɥɹ ɋɈ2. ɋɬɜɨɪɸɸɬɶɫɹ ɭɦɨɜɢ, ɡɚ ɹɤɢɯ ɩɪɨɰɟɫɢ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

ɡɞɿɣɫɧɸɸɬɶɫɹ ɭ ɧɚɞɤɪɢɬɢɱɧɿɣ ɨɛɥɚɫɬɿ, ɚ ɜ ɡɜɨɪɨɬɧɨɦɭ – ɜ ɞɜɨɯ ɨɛɥɚɫɬɹɯ, 

ɧɚɞɤɪɢɬɢɱɧɿɣ ɿ ɞɜɨɮɚɡɧɿɣ. 

ɉɪɹɦɢɣ ɰɢɤɥ ɩɪɚɰɸє ɡɚ ɩɪɢɧɰɢɩɨɦ ɩɪɹɦɨɝɨ ɰɢɤɥɭ Ȼɪɚɣɬɨɧɚ Д89] 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 

, ɤɪɤɪ pT  (ɤɪɢɬɢɱɧɢɯ) ɿ ,ɬɬ ɬɬɪT  (ɩɨɬɪɿɣɧɨʀ ɬɨɱɤɢ). 

 

4.2.Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ 

ɦɚɲɢɧɢ 

ɉɪɢɧɰɢɩɨɜɭ ɫɯɟɦɭ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɦɚɲɢɧɿ ɪɨɡɪɨɛɥɟɧɨ, 

ɫɢɧɬɟɡɨɜɚɧɨ ɬɚ ɨɩɪɢɥɸɞɧɟɧɨ ɜ ɪɨɛɨɬɿ Д58].  

ɇɚɝɚɞɚєɦɨ ɨɫɧɨɜɧɿ ɩɪɨɰɟɫɢ ɬɚ ʀɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

(Ƚɇ) ɋɈ2 ɡɚ ɜɢɫɨɤɢɦ ɬɢɫɤɨɦ ɧɚɝɪɿɜɚєɬɶɫɹ ɡɨɜɧɿɲɧɿɦ ɜɢɫɨɤɨɩɨɬɟɧɰɿɣɧɢɦ 

ɞɠɟɪɟɥɨɦ ɬɟɩɥɚ (ɪɢɫ.4.1) Д40]. Ɂ ɜɢɫɨɤɢɦɢ ɬɢɫɤɨɦ ɬɚ ɬɟɦɩɟɪɚɬɭɪɨɸ ɋɈ2 

ɪɨɡɲɢɪɸєɬɶɫɹ ɜ ɬɭɪɛɿɧɿ (Ɍ) ɞɨ ɫɟɪɟɞɧɶɨɝɨ ɬɢɫɤɭ. Ɉɬɪɢɦɚɧɚ ɪɨɛɨɬɚ ɜɢɬɪɚɱɚєɬɶɫɹ 

ɜ ɤɨɦɩɪɟɫɨɪɿ (ɄɆ) ɬɚ ɧɚɫɨɫɿ (ɇ). 

ɉɚɪɚ ɧɢɡɶɤɨɝɨ ɬɢɫɤɭ ɡ ɜɢɩɚɪɧɢɤɚ (ȼ) ɫɬɢɫɤɚєɬɶɫɹ ɜ ɤɨɦɩɪɟɫɨɪɿ (ɄɆ) ɞɨ 

ɫɟɪɟɞɧɶɨɝɨ ɬɢɫɤɭ. 



85 

              
6

5

7

2

1
4

3

ȼ

Ƚɇ
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ɄɆȾɊ

Ɍ

ȽɈ (ɄȾ)

Ɉɯɨɥɨɞɠɭɜɚɥɶɧɟ
ɫɟɪɟɞɨɜɢɳɟ

ɋɩɨɠɢɜɚɱ
ɯɨɥɨɞɭ

Ƚɪɿɸɱɟ 
ɞɠɟɪɟɥɨ 

 

Ɋɢɫ. 4.1. ɉɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɬɚ ɰɢɤɥ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ 

 

Ⱦɜɚ ɩɨɬɨɤɢ ɩɚɪɢ ɫɟɪɟɞɧɶɨɝɨ ɬɢɫɤɭ ɡɦɿɲɭɸɬɶɫɹ, ɨɯɨɥɨɞɠɭɸɬɶɫɹ ɚɛɨ 

ɤɨɧɞɟɧɫɭɸɬɶɫɹ (ȽɈ ɚɛɨ ɄȾ) ɲɥɹɯɨɦ ɜɿɞɜɟɞɟɧɧɹ ɬɟɩɥɚ ɜ ɧɚɜɤɨɥɢɲɧє ɫɟɪɟɞɨɜɢɳɟ. 

ɉɿɫɥɹ ɤɨɧɞɟɧɫɚɰɿʀ (ɨɯɨɥɨɞɠɟɧɧɹ) ɩɨɬɨɤɢ ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ. Ɉɞɢɧ ɩɨɫɬɭɩɚє ɜ ɧɚɫɨɫ 

(ɇ) ɚ ɞɪɭɝɢɣ – ɜ ɞɪɨɫɟɥɶ (ȾɊ). 

ɉɪɨɰɟɫ ɨɬɪɢɦɚɧɧɹ ɯɨɥɨɞɭ ɪɟɚɥɿɡɭєɬɶɫɹ ɜ ɜɢɩɚɪɧɢɤɭ ɩɪɢ ɬɟɩɥɨɨɛɦɿɧɿ ɡ 

ɨɯɨɥɨɞɠɭɜɚɧɢɦ ɨɛ’єɤɬɨɦ. 

 

4.2.1.ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɭ 

Ɍɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ  

                                                6 5- ,ɤȾɠ/ɤɝɝɧq h h                                             (4.1) 

Ⱥɞɿɚɛɚɬɧɚ ɪɨɛɨɬɚ ɪɨɡɲɢɪɟɧɧɹ ɜ ɬɭɪɛɿɧɿ 

                                             6 7- ,ɤȾɠ/ɤɝɌw h h                                         (4.2) 

Ⱦɿɣɫɧɚ ɪɨɛɨɬɚ ɬɭɪɛɿɧɢ 

                                         6 7( - ) ,ɤȾɠ/ɤɝɌɞ Ɍ Ɍ Ɍw h h w                                (4.3) 
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Ⱥɞɿɚɛɚɬɧɚ ɪɨɛɨɬɚ ɧɚɫɨɫɭ 

                                              5 3- ,ɤȾɠ/ɤɝɇw h h                                              (4.4) 

Ⱦɿɣɫɧɚ ɪɨɛɨɬɚ ɧɚɫɨɫɭ 

                                            5 3( - ) / / ,ɤȾɠ/ɤɝɇɞ ɇ ɇ ɇw h h w                        (4.5) 

Ⱥɞɿɚɛɚɬɧɚ ɪɨɛɨɬɚ ɫɬɢɫɧɟɧɧɹ ɜ ɤɨɦɩɪɟɫɨɪɿ 

                                                  2 1- ,ɤȾɠ/ɤɝКɆw h h                                        (4.6) 

Ⱦɿɣɫɧɚ ɪɨɛɨɬɚ ɤɨɦɩɪɟɫɨɪɚ 

                                         2 1( - ) / / ,ɤȾɠ/ɤɝКɆɞ КɆ КɆ КɆw h h w                    (4.7) 

Ɍɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ  ɜɢɩɚɪɧɢɤ 

                                               0 1 4- ,ɤȾɠ/ɤɝq h h                                               (4.8) 

Ɍɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ  

                                               2 3- ,ɤȾɠ/ɤɝɝɨɡɜq h h                                           (4.9) 

Ɍɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

                                                7 3- ,ɤȾɠ/ɤɝɝɨɩɪq h h                                        (4.10) 

 

4.2.2. Ɂɚɝɚɥьɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɥɟɦɟɧɬɿɜ ɦɚɲɢɧɢ 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ 

                                                 0 0/ , ɤɝ/ɫaɡɜM Q q                                          (4.11) 

Ȼɚɥɚɧɫ ɪɨɛɨɬɢ ɦɚɲɢɧɢ 

6 7 5 3 2 1( - ) - (( - ) / ) - (( - ) / ) 0aɩɪ ɟɝ аɩɪ ɟɞ аɡɜ ɟɞM h h Ɇ С С Ɇ С С      
        

(4.12) 

ɞɟ aɩɪM , аɡɜɆ  – ɦɚɫɨɜɿ ɜɢɬɪɚɬɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɩɪɹɦɨɦɭ ɬɚ ɡɜɨɪɨɬɧɨɦɭ 

ɰɢɤɥɚɯ ɜɿɞɩɨɜɿɞɧɨ, ɤɝ/ɫ. 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɡ ɛɚɥɚɧɫɭ  

 3 5 6 72 1
1 - --

/ ,ɤɝ/ɫɟɝ ɟɞ ɟɝ ɟɞ
aɩɪ aɡɜ

ɟɞ ɟɞ

h h h hh h
M M

         
   

 
           

(4.13) 

ɉɨɬɭɠɧɿɫɬɶ ɬɭɪɛɿɧɢ: 

ɧɚ ɜɚɥɭ (ɛɟɡ ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ)   

                                              , ɤȼɬɌ аɩɪ ɌW Ɇ w                                             (4.14) 
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ɧɚ ɜɢɯɨɞɿ ɡ ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ 

                                               .,ɤȼɬɌɟɝ Ɍ ɟɝW W                                              (4.15) 

ɉɨɬɭɠɧɿɫɬɶ ɧɚɫɨɫɚ: 

ɛɟɡ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ 

 ,ɤȼɬɇ аɩɪ ɇW Ɇ w 
                                 

(4.16) 

ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɜɬɪɚɬ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ 

 / ,ɤȼɬɇɟɞ ɇ ɟɞW W                                    (4.17) 

ɉɨɬɭɠɧɿɫɬɶ ɤɨɦɩɪɟɫɨɪɚ: 

ɛɟɡ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ 

 ,ɤȼɬКɆ аɡɜ KMW Ɇ w                                 (4.18) 

ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɜɬɪɚɬ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ 

 ./ ,ɤȼɬКɆɟɞ КɆ ɟɞW W                                  (4.19) 

Ɍɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ 

 ,ɤȼɬɝɧ аɩɪ ɝɧQ Ɇ q 
                                 

(4.20) 

Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɟɧɟɪɝɿʀ ɋɈɊ 

            0 / ɝɧɋɈɊ Q Q                                          (4.21) 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ɦɚɲɢɧɢ ɩɟɪɟɞɛɚɱɚє 

ɜɢɡɧɚɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɬɚ ɟɤɨɥɨɝɿɱɧɨʀ ɣɨɝɨ ɟɮɟɤɬɢɜɧɨɫɬɿ.  

ȿɧɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɜɢɡɧɚɱɚє ɦɚɤɫɢɦɚɥɶɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ, ɚɥɟ ɧɟ ɜɢɫɜɿɬɥɸє 

ɟɮɟɤɬɢɜɧɿɫɬɶ ɨɤɪɟɦɨ ɤɨɠɧɨɝɨ ɡ ɟɥɟɦɟɧɬɿɜ ɬɚ ɜɡɚєɦɧɢɣ ɜɩɥɢɜ ʀɯ ɩɪɢ ɡɦɿɧɿ 

ɩɚɪɚɦɟɬɪɿɜ ɪɨɛɨɬɢ. 

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɨɰɿɧɸє ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɞɨɫɤɨɧɚɥɿɫɬɶ ɹɤ ɨɤɪɟɦɢɯ 

ɟɥɟɦɟɧɬɿɜ, ɬɚɤ ɿ ɰɢɤɥɭ ɜ ɰɿɥɨɦɭ, ɛɚɡɭɸɱɢɫɶ ɧɚ ɞɪɭɝɨɦɭ ɡɚɤɨɧɿ ɬɟɪɦɨɞɢɧɚɦɿɤɢ. 

Ɇɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɬɚɤɨɝɨ ɚɧɚɥɿɡɭ ɪɨɡɪɨɛɥɟɧɨ ɞɥɹ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ, 

ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɧɟʀ ɩɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ, ɪɟɡɭɥɶɬɚɬɢ ɨɩɭɛɥɿɤɨɜɚɧɨ ɜ 

ɪɨɛɨɬɿ Д41]. 

 

4.3. Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɦɚɲɢɧɿ ɹɤ ɦɟɬɨɞ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ. 

Ɋɟɧɟɪɚɰɿɹ   ɬɟɩɥɚ  є  ɟɧɟɪɝɟɬɢɱɧɨɸ  ɫɬɪɚɬɟɝɿєɸ   ɜ  ɩɿɞɜɢɳɟɧɧɿ   ɟɮɟɤɬɢɜɧɨɫɬɿ  
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ɟɧɟɪɝɨɩɟɪɟɬɜɨɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ. 

Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɛɭɞɶ-ɹɤɨɦɭ ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɡɦɟɧɲɭє ɤɿɥɶɤɿɫɬɶ ɬɟɩɥɚ, 

ɩɿɞɜɟɞɟɧɨɝɨ ɜɿɞ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɡɨɜɧɿɲɧɶɨɝɨ ɞɠɟɪɟɥɚ ɚɛɨ ɫɬɜɨɪɸє ɡɚɩɚɫ 

ɬɟɩɥɚ ɞɥɹ ɞɨɞɚɬɤɨɜɨʀ ɪɟɚɥɿɡɚɰɿʀ ɣɨɝɨ ɜ ɰɢɤɥɿ. Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɡɜɨɪɨɬɧɨɦɭ 

ɰɢɤɥɿ ɫɩɪɢɹє ɩɿɞɜɢɳɟɧɧɸ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ ɿ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ 

ɧɚɞɿɣɧɨɫɬɿ ɤɨɦɩɪɟɫɨɪɚ. 

ɉɪɨɚɧɚɥɿɡɭєɦɨ ɦɨɠɥɢɜɨɫɬɿ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɦɭ ɪɿɲɟɧɧɿ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2 ɜ ɹɤɨɫɬɿ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ. 

 

4.3.1. Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ 

ɋɯɟɦɚ ɬɚ ɰɢɤɥ ɡ ɪɟɝɟɧɟɪɚɬɢɜɧɢɦ ɬɟɩɥɨɨɛɦɿɧɧɢɤɨɦ ɊɌɈ1 ɿɥɸɫɬɪɨɜɚɧɿ ɧɚ 

ɪɢɫ. 4.2. Ⱥɧɚɥɿɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɜɟɞɟɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɨɛɪɚɠɟɧɧɹ ɰɢɤɥɭ ɜ 

ɞɿɚɝɪɚɦɿ Ɍ-s (ɪɢɫ. 4.2ɚ) ɬɚ ɞɿɚɝɪɚɦɿ Q-t (ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ – ɬɟɦɩɟɪɚɬɭɪɚ) 

ɬɟɩɥɨɜɢɯ ɩɨɬɨɤɿɜ ɜ ɬɟɩɥɨɨɛɦɿɧɧɢɯ ɚɩɚɪɚɬɚɯ (ɪɢɫ. 4.3). 

Ⱥɧɚɥɿɡ ɤɨɧɫɬɚɬɭє, ɳɨ ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɩɪɢɡɜɨɞɢɬɶ ɞɨ 

ɡɛɿɥɶɲɟɧɧɹ ɩɢɬɨɦɨʀ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɧɚ ɜɟɥɢɱɢɧɭ 0'q  

 0 4 4"' . '- 4 - 4'- ' - ,q ɩɥ b а С С                                  (4.22) 

ɳɨ є ɩɨɡɢɬɢɜɧɢɦ ɩɨɤɚɡɧɢɤɨɦ ɞɥɹ ɰɢɤɥɭ. Ɉɞɧɨɱɚɫɧɨ ɡɛɿɥɶɲɭєɬɶɫɹ ɪɨɛɨɬɚ 

ɤɨɦɩɪɟɫɨɪɚ ɧɚ ɜɟɥɢɱɢɧɭ 'КɆw  

  2 ' 1 2 0' . 0 -1'- 2' - 2 ( ) - ( ).КɆ s s s sw ɩɥ С С С С                    (4.23) 

Ɂɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 0' ' 1КɆq w   , ɋɈɊ ɦɚɲɢɧɢ ɡɚɥɢɲɚєɬɶɫɹ ɛɟɡ ɡɦɿɧ. Ɂɿ 

ɡɧɢɠɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 'хɨɥT  ɞɨ "хɨɥɌ  0 0' ''p p ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ  

0'' '' 1КɆq w   , ɋɈɊ ɦɚɲɢɧɢ ɡɦɟɧɲɭєɬɶɫɹ. 

Ɂɛɿɥɶɲɟɧɧɹ ɪɨɛɨɬɢ ɤɨɦɩɪɟɫɨɪɚ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɭ ɩɨɬɪɟɛɭє ɞɨɞɚɬɤɨɜɨʀ 

ɜɢɬɪɚɬɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ аɩɪɆ  ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɿɜɧɹɧɧɹ (4.12) ɬɚ 

ɞɨɞɚɬɤɨɜɨɝɨ ɩɿɞɜɟɞɟɧɧɹ ɬɟɩɥɚ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ. 
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                  ɚ)                                                      ɛ) 

Ɋɢɫ. 4.2. ɋɯɟɦɚ ɬɚ ɰɢɤɥ ɦɚɲɢɧɢ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ  

ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ: ɚ) ɫɯɟɦɚ; ɛ) ɰɢɤɥ 
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Ɋɢɫ. 4.3. Ɍɟɩɥɨɜɿ ɩɨɬɨɤɢ ɜ ɦɚɲɢɧɿ ɡ ɊɌɈ1 
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Ɇɨɠɧɚ ɫɤɚɡɚɬɢ, ɳɨ ɮɚɤɬɢɱɧɨ ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2 ɧɟ ɩɪɢɡɜɟɞɟ ɞɨ ɩɿɞɜɢɳɟɧɧɹ 

ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɫɿєʀ ɦɚɲɢɧɢ, ɳɨ ɩɿɞɬɜɟɪɞɠɭє ɿ ɩɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ 

ɿɧɲɢɦɢ ɞɨɫɥɿɞɧɢɤɚɦɢ Д90]. Ɍɚɤɟ ɹɜɢɳɟ є ɧɚɫɥɿɞɤɨɦ ɚɧɨɦɚɥɶɧɨʀ  ɩɨɜɟɞɿɧɤɢ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɋɈ2, ɩɨɜ’ɹɡɚɧɟ ɡ ɤɪɢɬɢɱɧɢɦɢ ɹɜɢɳɚɦɢ, ɹɤɿ ɜ ɤɥɚɫɢɱɧɿɣ 

ɬɟɪɦɨɞɢɧɚɦɿɰɿ ɦɚɸɬɶ ɧɚɡɜɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɞɪɭɝɨɝɨ ɪɨɞɭ.  

ɉɪɢ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɿ ɞɪɭɝɨɝɨ ɪɨɞɭ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɦɿɧɚ ɩɢɬɨɦɨʀ 

ɿɡɨɛɚɪɧɨʀ ɬɟɩɥɨєɦɧɨɫɬɿ (ɪɢɫ. 4.4.) Д91], ɤɨɟɮɿɰɿєɧɬɚ ɫɬɢɫɧɟɧɧɹ ɬɚ ɤɨɟɮɿɰɿєɧɬɚ 

ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ. ȼ 1860 ɪ. Ⱦ. І. Ɇɟɧɞɟɥєєɜ, ɞɨɫɥɿɞɠɭɸɱɢ ɡɚɥɟɠɧɿɫɬɶ 

ɩɨɜɟɪɯɧɟɜɨɝɨ ɧɚɬɹɝɭ ɪɿɞɢɧɢ ɜɿɞ ʀʀ ɬɟɦɩɟɪɚɬɭɪɢ, ɜɢɹɜɢɜ ɦɨɦɟɧɬ, ɤɨɥɢ 

ɩɨɜɟɪɯɧɟɜɢɣ ɧɚɬɹɝ ɡɧɢɤɚє. ɉɪɢ ɰɶɨɦɭ ɞɜɿ ɮɚɡɢ (ɪɿɞɢɧɚ ɿ ɩɚɪɚ) ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ 

ɿɫɧɭɸɬɶ ɨɞɧɨɱɚɫɧɨ ɿ є ɬɨɬɨɠɧɢɦɢ (ɿɞɟɧɬɢɱɧɢɦɢ). ɍ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ ɜɢɧɢɤɧɟɧɧɹ 

ɧɨɜɨʀ ɮɚɡɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ (ɩɚɪɢ ɚɛɨ ɪɿɞɢɧɢ) ɧɟ ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɜɢɧɢɤɧɟɧɧɹɦ 

ɩɨɜɟɪɯɧɟɜɨʀ ɟɧɟɪɝɿʀ, ɱɟɪɟɡ ɰɟ ɩɪɢ ɛɟɡɩɟɪɟɪɜɧɨɦɭ ɩɟɪɟɯɨɞɿ ɪɟɱɨɜɢɧɢ (ɮɚɡɨɜɢɣ 

ɩɟɪɟɯɿɞ ɞɪɭɝɨɝɨ ɪɨɞɭ) ɩɟɪɟɝɪɿɜɚɧɧɹ ɚɛɨ ɩɟɪɟɨɯɨɥɨɞɠɟɧɧɹ ɧɟɦɨɠɥɢɜɿ [92]. 

 

Ɋɢɫ. 4.4. Ɂɚɥɟɠɧɿɫɬɶ ɿɡɨɛɚɪɧɨʀ ɬɟɩɥɨєɦɧɨɫɬɿ ɋɈ2 ɜ ɨɛɥɚɫɬɿ ɤɪɢɬɢɱɧɨʀ ɬɨɱɤɢ 

ɡɚ ɬɢɫɤɚɦɢ 74…78 ɛɚɪ. 

 

4.3.2. Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

ɍ ɩɨɪɿɜɧɹɧɧɿ ɡɿ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ, ɩɪɹɦɢɣ ɰɢɤɥ ɦɚє ɲɢɪɨɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɞɿɚɩɚɡɨɧ ɪɟɚɥɿɡɚɰɿʀ ɪɟɝɟɧɟɪɚɰɿʀ ɬɚ ɩɟɜɧɿ ɬɟɦɩɟɪɚɬɭɪɧɿ ɨɛɦɟɠɟɧɧɹ,  
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ɡɚ ɹɤɢɯ ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ є ɧɟɦɨɠɥɢɜɨɸ. 

Ɋɨɡɝɥɹɧɟɦɨ ɬɟɦɩɟɪɚɬɭɪɧɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɪɟɝɟɧɟɪɚɰɿʀ               

ɬɟɩɥɚ (ɪɢɫ. 4.5). 
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Ɋɢɫ. 4.5. ɉɟɪɟɞɭɦɨɜɢ ɪɟɚɥɿɡɚɰɿʀ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

 

Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɦɨɠɥɢɜɚ ɥɢɲɟ ɡɚ ɧɚɹɜɧɿɫɬɸ ɪɿɡɧɢɰɿ ɬɟɦɩɟɪɚɬɭɪ 

 7 5-t t t   ɦɿɠ ɩɨɬɨɤɚɦɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɧɚ ɜɢɯɨɞɿ ɡ ɧɚɫɨɫɚ 5t  ɬɚ ɩɿɫɥɹ 

ɪɨɡɲɢɪɟɧɧɹ ɜ ɬɭɪɛɿɧɧɿ 7t  ɡɚ ɭɦɨɜɢ 0t   7 5t t . 

Ɋɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɡɚ ɧɢɡɶɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɝɪɿɸɱɨɝɨ 

ɞɠɟɪɟɥɚ ɧɟ ɦɚє ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ, ɡɚ ɜɢɫɨɤɢɦɢ – ɨɛɦɟɠɟɧɧɹ ɜɿɞɫɭɬɧɿ. 

ȼɤɥɸɱɢɦɨ ɞɨ ɫɯɟɦɢ ɦɚɲɢɧɢ ɪɟɝɟɧɟɪɚɬɢɜɧɢɣ ɬɟɩɥɨɨɛɦɿɧɧɢɤ ɊɌɈ2 ɦɿɠ ɩɨɬɨɤɚɦɢ 

ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɩɿɫɥɹ ɬɭɪɛɿɧɢ ɬɚ ɩɟɪɟɞ ɝɚɡɨɜɢɦ ɧɚɝɪɿɜɚɱɟɦ (ɪɢɫ. 4.6ɚ).  

ȼɿɞɩɨɜɿɞɧɨ ɞɨ (ɪɢɫ. 4.6ɛ) ɬɚ (ɪɢɫ. 4.7) ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɬɟɩɥɚ, ɩɿɞɜɟɞɟɧɨɝɨ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ, ɧɚ 

ɜɟɥɢɱɧɭ Ƚɇq . ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɪɿɜ. (4.1) ɡɦɟɧɲɭєɬɶɫɹ ɡɚɝɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ 
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ɩɿɞɜɟɞɟɧɨɝɨ ɬɟɩɥɚ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ȽɇQ  ɩɪɢ ɧɟɡɦɿɧɧɨɦɭ ɬɟɩɥɨɜɨɦɭ 

ɧɚɜɚɧɬɚɠɟɧɧɿ ɧɚ ɜɢɩɚɪɧɢɤ 0.Q  

5

2

1

4

3

ȼ

ɇ

ɄɆȾɊ

Ɍ

6
ȽɇɊɌɈ2 10

7

9
ȽɈ (ɄȾ)

Ƚɪɿɸɱɟ 
ɞɠɟɪɟɥɨ 

Ɉɯɨɥɨɞɠɭɜɚɥɶɧɟ
ɫɟɪɟɞɨɜɢɳɟ

ɋɩɨɠɢɜɚɱ
ɯɨɥɨɞɭ

2

3

6

5

4

7

Tɝɪ Ɍɝɧ

ɌɯɨɥɌ0

Ɍɝɨ (ɤɞ)

10

s

T

ɚ c b

1

Ƚɇ ɊɌɈ Ƚɇ.ɊɌɈq =q +q

Ƚɇ.ɊɌɈq

ɊɌɈq ɊɌɈq

9

 

                  ɚ)                                                        ɛ) 
Ɋɢɫ. 4.6. ɋɯɟɦɚ ɬɚ ɰɢɤɥ ɦɚɲɢɧɢ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ  

ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ: ɚ) ɫɯɟɦɚ; ɛ) ɰɢɤɥ 
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 Ɋɢɫ. 4.7. Ɍɟɩɥɨɜɿ ɩɨɬɨɤɢ ɜ ɦɚɲɢɧɿ ɡ ɊɌɈ2 
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Ɋɟɝɟɧɟɪɚɰɿɹ ɫɩɪɢɹє ɡɪɨɫɬɚɧɧɸ ɋɈɊ ɰɢɤɥɭ 

                                         0 -ɝɧ ɝɧɋɈɊ Q Q Q                                            (4.24) 

Ɉɞɧɨɱɚɫɧɨ, ɡɚɜɞɹɤɢ ɪɟɝɟɧɟɪɚɰɿʀ, ɡɦɟɧɲɭєɬɶɫɹ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ 

ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ, ɜɢɧɢɤɚє ɟɤɨɧɨɦɿɹ ɦɚɬɟɪɿɚɥɶɧɢɯ ɪɟɫɭɪɫɿɜ, ɩɨɜ’ɹɡɚɧɢɯ ɡ 

ɰɢɪɤɭɥɹɰɿєɸ ɬɟɩɥɨɧɨɫɿɹ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ. 

 

4.3.3. ɋɯɟɦɚ ɡ ɩɟɪɟɯɪɟɫɧɨɸ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ ɦɿɠ ɰɢɤɥɚɦɢ 

Іɫɧɭє ɫɩɨɫɿɛ ɩɨɞɚɥɶɲɨɝɨ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɦɚɲɢɧɢ – ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɩɟɪɟɯɪɟɫɧɨʀ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɦɿɠ ɩɨɬɨɤɚɦɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɩɪɹɦɨɦɭ ɬɚ 

ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ. Ɋɨɡɝɥɹɧɟɦɨ ɫɯɟɦɭ ɬɚ ɰɢɤɥ (ɪɢɫ. 4.8) ɬɚ ɬɟɩɥɨɜɿ ɩɨɬɨɤɢ ɜ 

ɦɚɲɢɧɿ (ɪɢɫ. 4.9). ɉɨɬɿɤ ɫɭɦɿɲɿ ɝɚɡɿɜ ɫɬɚɧɨɦ 2 ɬɚ 7 ɜ ɬɟɩɥɨɨɛɦɿɧɧɢɤɭ ɊɌɈ3 

ɨɯɨɥɨɞɠɭєɬɶɫɹ ɩɨɬɨɤɨɦ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɭ ɫɬɚɧɿ 5 ɩɿɫɥɹ ɧɚɫɨɫɭ. əɤ ɪɟɡɭɥɶɬɚɬ, 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɢ ɧɚ ɜɯɨɞɿ ɞɨ ɝɚɡɨɜɨɝɨ ɧɚɝɪɿɜɚɱɚ ɩɿɞɜɢɳɭєɬɶɫɹ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ 

ɡɦɟɧɲɟɧɧɹ ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ. 
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                   ɚ)                                                         ɛ) 

Ɋɢɫ. 4.8. ɋɯɟɦɚ ɬɚ ɰɢɤɥ ɦɚɲɢɧɢ ɡ ɩɟɪɟɯɪɟɫɧɨɸ ɪɟɝɟɧɟɪɚɰɿєɸ  

ɬɟɩɥɚ ɜ ɊɌɈ3: ɚ) ɫɯɟɦɚ; ɛ) ɰɢɤɥ 
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Ɂɞɿɣɫɧɟɧɧɹ ɩɨɞɿɛɧɨʀ ɪɟɝɟɧɟɪɚɰɿʀ ɦɨɠɥɢɜɟ ɡɚ ɭɦɨɜɢ: ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɦɿɲɿ 

ɡɧɚɱɧɨ ɜɢɳɚ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɩɿɫɥɹ ɧɚɫɨɫɭ. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜɨʀ 

ɫɭɦɿɲɿ ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɜɢɬɪɚɬ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɭ 

ɜɿɞɩɨɜɿɞɧɢɯ ɰɢɤɥɚɯ. Ɂ ɞɜɨɯ ɬɟɦɩɟɪɚɬɭɪ ɡɚɜɠɞɢ ɜɢɳɨɸ є ɩɿɫɥɹ ɬɭɪɛɿɧɢ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɧɿɬɚɧɧɹ ɤɨɦɩɪɟɫɨɪɚ ɦɨɠɟ ɛɭɬɢ ɜɢɫɨɤɨɸ ɡɚ ɞɜɨɦɚ ɨɛɫɬɚɜɢɧɚɦɢ: 

ɧɢɡɶɤɚ ɬɟɦɩɟɪɚɬɭɪɚɯ ɤɢɩɿɧɧɹ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ (ɜɟɥɢɤɢɣ ɫɬɭɩɿɧɶ ɫɬɢɫɧɟɧɧɹ) 

ɚɛɨ ɧɚɹɜɧɨɫɬɿ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ ɊɌɈ1 

(ɩɿɞɜɢɳɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɦɨɤɬɭɜɚɧɧɹ ɜ ɤɨɦɩɪɟɫɨɪ).  
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 Ɋɢɫ. 4.9. Ɍɟɩɥɨɜɿ ɩɨɬɨɤɢ ɜ ɦɚɲɢɧɿ ɡ ɊɌɈ3 

 

ȼ ɬɚɤɨɦɭ ɰɢɤɥɿ ɡɦɟɧɲɭєɬɶɫɹ ɧɟɨɛɯɿɞɧɟ ɩɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ 

ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ, ɧɚ ɜɟɥɢɱɧɭ Ƚɇq , ɳɨ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɿɜ. (4.1) ɩɪɢɡɜɨɞɢɬɶ ɞɨ 

ɡɦɟɧɲɟɧɧɹ ɡɚɝɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ ɬɚ ɡɪɨɫɬɚɧɧɹ 

ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɡɪɨɛɥɟɧɢɯ ɜɢɫɧɨɜɤɿɜ ɫɮɨɪɦɭєɦɨ ɫɯɟɦɭ ɬɚ ɰɢɤɥ ɯɨɥɨɞɢɥɶɧɨʀ 

ɦɚɲɢɧɢ ɡ ɞɜɨɦɚ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚɦɢ ɊɌɈ1 ɿ ɊɌɈ3 (ɪɢɫ. 4.10) ɬɚ ɞɿɚɝɪɚɦɭ ɬɟɩɥɨɜɢɯ 

ɩɨɬɨɤɿɜ ɜ ɬɟɩɥɨɨɛɦɿɧɧɢɯ ɚɩɚɪɚɬɚɯ (ɪɢɫ. 4.11). 

Ɍɟɩɥɨɨɛɦɿɧɧɢɤ ɊɌɈ1 ɡɚɛɟɡɩɟɱɭє ɩɨɬɪɿɛɧɭ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɧɿɬɚɧɧɹ ɜ 

ɤɨɦɩɪɟɫɨɪɿ, ɹɤɚ ɩɨɜɢɧɧɚ ɛɭɬɢ ɛɥɢɡɶɤɨɸ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɨɤɭ ɝɚɡɭ ɩɿɫɥɹ 
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ɬɭɪɛɿɧɢ ɿ ɨɞɧɨɱɚɫɧɨ ɩɿɞɜɢɳɭє ɟɤɫɩɥɭɚɬɚɰɿɣɧɭ ɧɚɞɿɣɧɿɫɬɶ ɤɨɦɩɪɟɫɨɪɚ ɡɜɨɪɨɬɧɨɝɨ 

ɰɢɤɥɭ. 
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                  ɚ)                                                       ɛ) 

Ɋɢɫ. 4.10. ɋɯɟɦɚ ɬɚ ɰɢɤɥ ɦɚɲɢɧɢ ɡ ɩɟɪɟɯɪɟɫɧɨɸ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ ɊɌɈ3 ɬɚ 

ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɊɌɈ1: ɚ) ɫɯɟɦɚ; ɛ) ɰɢɤɥ 

 

Ɍ

Q

-25

0

25

50

75

100

125

150

175

200

225

Ƚаɡɨɜɢɣ 
ɧаɝɪіɜач

Ƚаɡɨɜɢɣ 
ɨхɨɥɨɞɠɭɜач ȼɢɩаɪɧɢɤɊɌ

Ɉ
3

ɊɌ
Ɉ

1

 

Ɋɢɫ. 4.11. Ɍɟɩɥɨɜɿ ɩɨɬɨɤɢ ɜ ɦɚɲɢɧɿ ɡ ɊɌɈ3 ɿ ɊɌɈ2 
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Ɍɚɤɢɣ ɬɢɩ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɡɦɟɧɲɭє ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ 

ɚɧɚɥɨɝɿɱɧɨ ɡɿ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɦ ɪɿɲɟɧɧɹɦ (ɪɢɫ. 4.8). Ⱦɜɚ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ ɜ ɫɯɟɦɿ 

ɡɚɛɟɡɩɟɱɭɸɬɶ ɩɿɞɜɢɳɟɧɧɹ ɋɈɊ ɰɢɤɥɭ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɫɯɟɦɚ ɦɚɲɢɧɢ ɦɨɠɟ ɦɚɬɢ 

ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ. 

 

4.4. ȿɧɟɪɝɟɬɢɱɧɢɣ ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɰɢɤɥɿɜ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

ɬɟɩɥɚ. 

Ⱦɥɹ ɚɧɚɥɿɡɭ ɞɨɞɚɦɨ ɜ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ, ɪɨɡɪɨɛɥɟɧɿ ɜ ɪɨɛɨɬɿ [63], 

ɞɨɞɚɬɤɨɜɿ ɡɚɥɟɠɧɨɫɬɿ. 

 

4.4.1 ɉɢɬɨɦɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɢɤɥɿɜ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

ȿɧɟɪɝɟɬɢɱɧɢɣ ɛɚɥɚɧɫ ɊɌɈ1 

                                                  1 0 3 8- -h h h h .                                              (4.25) 

ȿɧɟɪɝɟɬɢɱɧɢɣ ɛɚɥɚɧɫ ɊɌɈ2 

                                                   7 9 10 5- -h h h h .                                           (4.26) 

ȿɧɟɪɝɟɬɢɱɧɢɣ ɛɚɥɚɧɫ ɊɌɈ3 

                            7 9 2 9 11 5- - - , ɤɝ/ɫаɩɪ аɡɜ аɩɪɆ С С Ɇ С С Ɇ С С                  (4.27) 

ɉɢɬɨɦɚ ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɰɢɤɥɭ ɡ ɊɌɈ1 

                                                 0 0 4- ,ɤȾɠ/ɤɝq h h                                        (4.28) 

ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ: 

ɡ ɊɌɈ2                                       6 10- ,ɤȾɠ/ɤɝɝɧq h h                                       (4.29) 

ɡ ɊɌɈ3                         6 11- ,ɤȾɠ/ɤɝɝɧq h h                                       (4.30) 

ɉɢɬɨɦɟ ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ: 

                                                 9 3- ,ɤȾɠ/ɤɝɝɨɩɪq h h                                     (4.31) 

 

4.4.2. ȿɤɫɟɪɝɟɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɨɛɦɿɧɧɢɤɿɜ 

ȿɤɫɟɪɝɿɹ ɩɪɨɞɭɤɬɚ і ɬɨɝɨ  ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 

                                                     
1. 3 8- ,ɤȼɬɉɊ ɊɌɈE ȿ ȿ                                   (4.32) 
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2. 10 5- ,ɤȼɬɉɊ ɊɌɈE ȿ ȿ                                 (4.33) 

                                                    
3. 11 5- ,ɤȼɬɉɊ ɊɌɈE ȿ ȿ                                   (4.34) 

ȿɤɫɟɪɝɿɹ ɩɚɥɢɜɚ і ɬɨɝɨ  ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 

                                                    
1. 1 0- ,ɤȼɬɉ ɊɌɈE ȿ ȿ                                     (4.35) 

                                                    
2. 7 9- ,ɤȼɬɉ ɊɌɈE ȿ ȿ                                    (4.36) 

                                              
3. 7 2 9( ) - ,ɤȼɬɉ ɊɌɈE ȿ ȿ ȿ                                  (4.37) 

Ⱥɛɫɨɥɸɬɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ і ɬɨɝɨ  ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 

                                       
1 1 1. . .- ,ɤȼɬɞ ɊɌɈ ɉ ɊɌɈ ɉɊ ɊɌɈE E E                                    (4.38) 

                                       
2 2 2. . .- ,ɤȼɬɞ ɊɌɈ ɉ ɊɌɈ ɉɊ ɊɌɈE E E                                   (4.39) 

                                       
3 3 3. . .- ,ɤȼɬɞ ɊɌɈ ɉ ɊɌɈ ɉɊ ɊɌɈE E E                                   (4.40) 

ȿɤɫɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ і ɬɨɝɨ  ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 

                                              
1 1 1. . .ȿ ɊɌɈ ɉɊ ɊɌɈ ɉ ɊɌɈȿ ȿ                                      (4.41) 

                                              
2 2 2. . .ȿ ɊɌɈ ɉɊ ɊɌɈ ɉ ɊɌɈȿ ȿ                                     (4.42) 

                                              
3 3 3. . .ȿ ɊɌɈ ɉɊ ɊɌɈ ɉ ɊɌɈȿ ȿ                                      (4.43) 

 

4.4.3. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɰɢɤɥɿɜ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɧɚ ɨɤɪɟɦɨɦɭ 

ɩɪɢɤɥɚɞɿ [58] 

Ɇɨɠɥɢɜɨɫɬɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɩɪɨɞɟɦɨɧɫɬɪɭєɦɨ ɧɚ ɨɤɪɟɦɨɦɭ 

ɩɪɢɤɥɚɞɿ. ȼɢɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ ɞɨ ɪɨɡɪɚɯɭɧɤɿɜ: 

– ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 250 °ɋɝɧt  ; 

– ɬɢɫɤ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 
6 20Ɇɉɚɝɧɪ ɪ  ; 

– ɬɢɫɤ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ – 
3 7,5Ɇɉɚɪ  ; 

– ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ –
3 30 °Ct  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɿɧɧɹ 
0 -25°Ct  ; 

– ɄɄȾ ɬɭɪɛɿɧɢ 0,85Ɍ  , ɧɚɫɨɫɚ 0,9ɇ   ɿ ɤɨɦɩɪɟɫɨɪɚ 0,8КɆ  ;    

– ɄɄȾ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ 0,95,ɟɞ   ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ 0,95ɟɝ  ; 
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– ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ 
0 100ɤȼɬQ . 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɞɚɧɨ ɧɚ ɪɢɫ. 4.12 – 4.23  

 

Ɋɢɫ. 4.12. ȿɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɋɈɊ  

 

 

Ɋɢɫ. 4.13. Ɍɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ ȽɇQ  

 

ɇɚ ɩɿɞɫɬɚɜɿ ɪɨɡɪɚɯɭɧɤɿɜ ɨɬɪɢɦɭєɦɨ ɬɚɤɿ ɪɟɡɭɥɶɬɚɬɢ. ȼɢɤɨɪɢɫɬɚɧɧɹ 

ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɊɌɈ2, ɬɚ ɡɜɨɪɨɬɧɨɦɭ ɊɌɈ1, ɩɟɪɟɯɪɟɫɧɨʀ ɊɌɈ3 

ɬɚ ɨɞɧɨɱɚɫɧɨʀ – ɩɟɪɟɯɪɟɫɧɨʀ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɊɌɈ3+ɊɌɈ1 

ɩɿɞɜɢɳɭє ɟɧɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɲɢɧɢ ɦɚɣɠɟ ɜɞɜɿɱɿ (ɪɢɫ. 4.12.). 

ɇɚɣɛɿɥɶɲɢɣ ɜɩɥɢɜ ɧɚ ɋɈɊ ɰɢɤɥɭ ɦɚє ɨɞɧɨɱɚɫɧɚ ɩɟɪɟɯɪɟɫɧɚ ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɡ 

ɪɟɝɟɧɟɪɚɰɿєɸ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɊɌɈ3, ɡɚɜɞɹɤɢ ɡɦɟɧɲɟɧɧɸ ɬɟɩɥɨɜɨɝɨ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ (ɪɢɫ. 4.13). 
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Ɋɢɫ.4.14. Ɂɚɝɚɥɶɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɦɚɲɢɧɿ ȾɆȿ  

 

Ɋɢɫ.4.15. ȿɤɫɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɲɢɧɢ ȿɆ  

 

Ɋɢɫ. 4.16. ȿɤɫɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɟɥɟɦɟɧɬɿɜ ɦɚɲɢɧɢ ȿі  
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Ɋɢɫ. 4.17. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɤɨɦɩɪɟɫɨɪɿ ȾКɆɭ
 

 

Ɋɢɫ. 4.18. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ ȾȽɈɭ  

 

Ɋɢɫ. 4.19. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɞɪɨɫɟɥɿ ȾȾȼɭ
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Ɋɢɫ. 4.20. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɬɭɪɛɿɧɿ ȾɌɭ
 

 

Ɋɢɫ. 4.21. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɧɚɫɨɫɿ Ⱦɇɭ
 

 

Ɋɢɫ. 4.22. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ȾȽɇɭ  
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Ɋɢɫ. 4.23. ȼɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɭ ɜɢɩɚɪɧɢɤɭ Ⱦȼɭ  

 

ɋɯɟɦɧɟ ɪɿɲɟɧɧɹ ɦɚɲɢɧɢ ɡ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚɦɢ ɊɌɈ3+ɊɌɈ1 ɦɚє ɦɚɤɫɢɦɚɥɶɧɭ 

ɟɤɫɟɪɝɟɬɢɱɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ (ɪɢɫ. 4.15) ɬɚ ɧɚɣɦɟɧɲɭ ɞɟɫɬɪɭɤɰɿɸ ɟɤɫɟɪɝɿʀ ɜ ɦɚɲɢɧɿ 

(ɪɢɫ. 4.14), ʀʀ ɡɦɟɧɲɟɧɧɹ ɞɨɫɹɝɚє 40 %. 

ȿɤɫɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɟɥɟɦɟɧɬɿɜ ɦɚɲɢɧɢ ɞɨɜɿɜ, ɳɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɊɌɈ3+ɊɌɈ1 ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɭ 

ɟɥɟɦɟɧɬɿɜ ɦɚɲɢɧɢ ɨɤɪɿɦ ɝɚɡɨɜɨɝɨ ɨɯɨɥɨɞɠɭɜɚɱɚ ɬɚ ɤɨɦɩɪɟɫɨɪɚ (ɪɢɫ. 4.16). 

ɇɚɣɜɢɳɚ ɜɿɞɧɨɫɧɚ ɞɟɫɬɪɭɤɰɿɹ ɟɤɫɟɪɝɿʀ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɜ ɤɨɦɩɪɟɫɨɪɿ ɭ ɜɫɿɯ 

ɫɯɟɦɧɢɯ ɪɿɲɟɧɧɹɯ (ɪɢɫ.4.17); ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ ɡ ɊɌɈ1 (ɪɢɫ.4.18); ɜ 

ɞɪɨɫɟɥɿ ɡ ɊɌɈ3 (ɪɢɫ. 4.19); ɜ ɬɭɪɛɿɧɿ ɡ ɊɌɈ3+ɊɌɈ1 (ɪɢɫ. 4.20); ɜ ɧɚɫɨɫɿ ɡ 

ɊɌɈ3+ɊɌɈ1 (ɪɢɫ. 4.21); ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɡ ɊɌɈ1 (ɪɢɫ. 4.22); ɭ ɜɢɩɚɪɧɢɤɭ ɡ 

ɊɌɈ3+ɊɌɈ1 (ɪɢɫ. 4.23). ɋɚɦɟ ɰɢɦ ɟɥɟɦɟɧɬɚɦ (ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɤɨɧɤɪɟɬɧɨɝɨ 

ɫɯɟɦɧɨɝɨ ɪɿɲɟɧɧɹ) ɩɨɬɪɿɛɧɨ ɩɪɢɞɿɥɹɬɢ ɦɚɤɫɢɦɚɥɶɧɭ ɭɜɚɝɭ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ 

ɦɚɲɢɧɢ. 

4.5. Ⱥɧɚɥɿɡ ɟɧɟɪɝɟɬɢɱɧɢɯ ɿ ɟɤɫɟɪɝɟɬɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚ ɡɦɿɧɨɸ 

ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ [93] 

Ⱥɧɚɥɿɡ, ɡɞɿɣɫɧɟɧɢɣ ɭ ɩɨɩɟɪɟɞɧɶɨɦɭ ɩɚɪɚɝɪɚɮɿ, ɬɨɪɤɚɜɫɹ ɥɢɲɟ ɨɤɪɟɦɨɝɨ 

ɜɢɩɚɞɤɭ. əɤɳɨ ɦɨɜɚ ɣɞɟ ɩɪɨ ɨɩɬɢɦɿɡɚɰɿɸ ɪɨɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɟɨɛɯɿɞɧɨ 

ɩɪɨɜɟɫɬɢ ɪɨɡɪɚɯɭɧɤɢ ɡɚ ɡɦɿɧɧɢɦɢ ɜɢɯɿɞɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɚɲɢɧɢ. 

ȼɢɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ ɞɨ ɪɨɡɪɚɯɭɧɤɿɜ: 

– ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

90...700 °ɋɝɧt  ; 
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– ɬɢɫɤ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 
6 10...30Ɇɉɚɝɧɪ ɪ   ; 

– ɬɢɫɤ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ – 
3 7,5Ɇɉɚɪ  ; 

– ɦɿɧɿɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ –
3 30 °Ct  ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɿɧɧɹ 
0 5°Ct  ; 

– ɄɄȾ ɬɭɪɛɿɧɢ 0,85Ɍ  , ɧɚɫɨɫɚ 0,9ɇ  , ɤɨɦɩɪɟɫɨɪɚ 0,8КɆ  ; 

– ɄɄȾ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ 0,95,ɟɞ   ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ 0,95ɟɝ  ; 

– ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ 
0 100ɤȼɬQ . 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɞɚɧɨ ɜ ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ ɧɚ ɪɢɫɭɧɤɚɯ 4.24…4.40. 

 

4.5.1. ȿɧɟɪɝɟɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

  

                               ɚ)                                                                  ɛ) 
Ɋɢɫ. 4.24. Ɂɚɥɟɠɧɿɫɬɶ ɤɨɟɮɿɰɿєɧɬɚ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ  ɜɿɞ ɬɢɫɤɭ ɝɧp   

ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

     

ɚ)                                                               ɛ) 
Ɋɢɫ. 4.25. Ɂɚɥɟɠɧɿɫɬɶ ɩɢɬɨɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ     

ɝɧq ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɧɶɨɦɭ:  

ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 
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ɚ)                                                             ɛ) 
Ɋɢɫ. 4.26. Ɂɚɥɟɠɧɿɫɬɶ ɦɚɫɨɜɨʀ ɜɢɬɪɚɬɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ                  

аɩɪɆ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:   

ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

                              ɚ)                                                                      ɛ) 
Ɋɢɫ. 4.27. Ɂɚɥɟɠɧɿɫɬɶ ɩɨɬɭɠɧɨɫɬɿ ɬɭɪɛɿɧɢ ɌN ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ  

ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

ɚ)                                                           ɛ) 
Ɋɢɫ. 4.28. Ɂɚɥɟɠɧɿɫɬɶ ɩɨɬɭɠɧɨɫɬɿ ɧɚɫɨɫɭ ɇN  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ  

ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 
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                             ɚ)                                                                       ɛ) 
Ɋɢɫ. 4.29. Ɂɚɥɟɠɧɿɫɬɶ ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ ɝɧQ  

ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɧɶɨɦɭ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

 

Іɡ ɡɪɨɫɬɚɧɧɹɦ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɝɚɡɨɜɨɦɭ 

ɧɚɝɪɿɜɚɱɿ ɝɧt  ɜɿɞ 90...400°ɋ ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ  ɡɪɨɫɬɚє ɜ 1.2…2,8 

ɪɚɡɢ. ȼɢɫɨɤɿ ɡɧɚɱɟɧɧɹ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ (ɪɢɫ. 4.24). 

ɉɪɢ ɡɪɨɫɬɚɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ 400ɞɨ 700°ɋ  ɡɧɚɱɟɧɧɹ ɋɈɊ  ɫɬɚɛɿɥɿɡɭєɬɶɫɹ 

ɧɚ ɧɚɣɜɢɳɨɦɭ ɪɿɜɧɿ ɡɝɿɞɧɨ ɡ ɜɫɬɚɧɨɜɥɟɧɢɦ ɬɢɫɤɨɦ. 

ɉɪɢ ɬɢɫɤɭ 10Ɇɉɚ ɋɈɊ  ɧɚɣɦɟɧɲɢɣ ɿ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ.  

ɉɿɞɜɢɳɟɧɧɹ ɪɨɛɨɱɨɝɨ ɬɢɫɤɭ ɜ ɧɚɝɪɿɜɚɱɿ ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɡɪɨɫɬɚɧɧɹɦ 

ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɰɢɤɥɭ. 

ɉɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 90...150 °ɋ  ɬɚ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ 20...30Ɇɉɚ  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 (ɪɢɫ. 4.25). ɉɪɢ ɰɶɨɦɭ ɝɧq  ɧɟ ɡɚɥɟɠɢɬɶ 

ɜɿɞ ɬɢɫɤɭ, ɚ ɥɢɲɟ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ. 

Ɂɦɿɧɚ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɜɩɥɢɜɚɸɬɶ ɧɚ ɦɚɫɨɜɭ 

ɜɢɬɪɚɬɭ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ. Ɂ ɩɿɞɜɢɳɟɧɧɹɦ ɬɢɫɤɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ 
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ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɡɦɟɧɲɭєɬɶɫɹ, ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

90...300ɋ  ɜɢɬɪɚɬɚ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɡɪɨɫɬɚє ɜ 4…6 ɪɚɡɿɜ (ɪɢɫ. 4.26). 

Ɂ ɨɞɧɨɱɚɫɧɢɦ ɩɿɞɜɢɳɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɬɢɫɤɭ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

ɡɦɟɧɲɭɸɬɶɫɹ ɩɨɬɭɠɧɨɫɬɿ ɧɚɫɨɫɚ ɿ ɬɭɪɛɿɧɢ (ɪɢɫ. 4.27 ɿ 4.28). 

ɉɪɢ ɧɢɡɶɤɢɯ ɬɢɫɤɚɯ 10 Ɇɉɚ  ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɟ ɬɟɩɥɨɜɟ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ. Ɂ ɩɿɞɜɢɳɟɧɧɹɦ ɬɢɫɤɭ ɜɨɧɨ ɡɦɟɧɲɭєɬɶɫɹ ɞɨ 4,5 

ɪɚɡɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɫɤɭ ɬɚ ɦɚє ɦɿɧɿɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɜ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ 

300...500 °ɋ  (ɪɢɫ. 4.29). ȼ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ 90...320 °ɋɡɦɿɧɚ ɬɟɦɩɟɪɚɬɭɪɢ ɜ 

ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɩɪɢ ɩɨɫɬɿɣɧɨɦɭ ɬɢɫɤɭ ɡɧɚɱɧɨ ɜɩɥɢɜɚє ɧɚ ɬɟɩɥɨɜɟ 

ɧɚɜɚɧɬɚɠɟɧɧɹ. Ɋɟɤɨɦɟɧɞɭєɬɶɫɹ ɩɪɚɰɸɜɚɬɢ ɧɚ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ ɬɚ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (ɪɢɫ. 4.29).  

Ɋɨɛɨɬɚ ɬɭɪɛɿɧɢ ɡɚ ɬɢɫɤɨɦ 10Ɇɉɚ  ɿ ɬɟɦɩɟɪɚɬɭɪɨɸ 90 ɞɨ 700°ɋ  ɡɪɨɫɬɚє ɜ 

3..3,5 ɪɚɡɢ, ɚ ɡɚ ɬɢɫɤɨɦ 30Ɇɉɚ  – ɜ 6,5…7 ɪɚɡɿɜ. 

Ɋɨɛɨɬɚ ɧɚɫɨɫɚ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ, ɚ ɡɪɨɫɬɚє 

ɬɿɥɶɤɢ ɜɿɞ ɬɢɫɤɭ  

 

4.5.2.ȿɤɫɟɪɝɟɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

  

                                       ɚ )                                                          ɛ) 
Ɋɢɫ. 4.30. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ ɟɦ ɜɿɞ ɬɢɫɤɭ 

ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 
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                            ɚ)                                                                      ɛ) 
Ɋɢɫ. 4.31. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɧɚɫɨɫɚ ɟɧ ɜɿɞ ɬɢɫɤɭ 

ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

                               ɚ)                                                                   ɛ)  
Ɋɢɫ. 4.32. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɬɭɪɛɿɧɢ ɟɬ ɜɿɞ ɬɢɫɤɭ 

ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

ɚ)                                                               ɛ) 
Ɋɢɫ. 4.33. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɝɚɡɨɜɨɝɨ ɧɚɝɪɿɜɚɱɚ ɟɝɧ  

ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɧɶɨɦɭ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 
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                                        ɚ)                                                 ɛ) 
Ɋɢɫ. 4.34. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɝɚɡɨɜɨɝɨ  

ɨɯɨɥɨɞɠɭɜɚɱɚ ɟɝɨ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ 
ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ: ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

                                ɚ)                                                            ɛ)   
Ɋɢɫ. 4.35. Ɂɚɥɟɠɧɿɫɬɶ ɡɚɝɚɥɶɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɞɦȿ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ 

ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

                               ɚ)                                                                  ɛ)  
Ɋɢɫ. 4.36. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɭ ɬɭɪɛɿɧɿ ɞɬɭ  ɜɿɞ ɬɢɫɤɭ 

ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 
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                              ɚ)                                                                 ɛ)  
Ɋɢɫ. 4.37. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɭ ɧɚɫɨɫɿ ɞɧɭ  ɜɿɞ ɬɢɫɤɭ 

ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ:  
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

                                      ɚ)                                                  ɛ) 
Ɋɢɫ. 4.38. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɭ ɝɚɡɨɜɨɦɭ  

ɧɚɝɪɿɜɚɱɿ ɞɝɧɭ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɧɶɨɦɭ: 
ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 

  

                                  ɚ)                                                                     ɛ) 
Ɋɢɫ. 4.39. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ  ɭ ɝɚɡɨɜɨɦɭ  

ɨɯɨɥɨɞɠɭɜɚɱɿ ɞɝɨɭ  ɜɿɞ ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ 
ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ: ɚ) ɛɟɡ ɪɟɝɟɧɟɪɚɰɿʀ, ɛ) ɡ ɪɟɝɟɧɟɪɚɰɿєɸ 
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Ɋɢɫ. 4.40. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨʀ ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɜ ɊɌɈ2 2ɞɪɬɨɭ  ɜɿɞ  

ɬɢɫɤɭ ɝɧp  ɬɚ ɦɚɤɫɢɦɚɥɶɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɝɧt  ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 
 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɊɌɈ1 ɧɚ ɧɢɡɶɤɿ ɬɟɦɩɟɪɚɬɭɪɢ ɤɢɩɿɧɧɹ 0 50 °Ct  

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɦɟɧɲɟɧɧɹ: ɞɟɫɬɪɭɤɰɿʀ ɟɤɫɟɪɝɿʀ ɜ ɦɚɲɢɧɿ ɧɚ 10%, ɟɤɫɟɪɝɟɬɢɱɧɨʀ 

ɟɮɟɤɬɢɜɧɨɫɬɿ ɝɚɡɨɜɨɝɨ ɨɯɨɥɨɞɠɭɜɚɱɚ ɧɚ 4% (ɪɢɫ. 4.34.), ɜɿɞɧɨɫɧɨʀ ɞɟɫɬɪɭɤɰɿʀ 

ɟɤɫɟɪɝɿʀ ɜ ɞɪɨɫɟɥɿ ɧɚ 7,8%, ɜ ɤɨɦɩɪɟɫɨɪɿ ɧɟ ɡɦɿɧɸєɬɶɫɹ. 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɊɌɈ1 ɧɚ ɧɢɡɶɤɿ ɬɟɦɩɟɪɚɬɭɪɢ ɤɢɩɿɧɧɹ 0 50 °Ct  

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ: ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ ɧɚ 5,5%           

(ɪɢɫ. 4.30); ɟɤɫɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɞɪɨɫɟɥɹ ɧɚ 8%, ɤɨɦɩɪɟɫɨɪɚ ɧɚ 3%, 

ɜɿɞɧɨɫɧɨʀ ɞɨɥɿ ɞɟɫɬɪɭɤɰɿʀ ɭ ɜɢɩɚɪɧɢɤɭ ɧɚ 2%, ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ ɧɚ 6,5% 

(ɪɢɫ. 4.39). 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚ ɊɌɈ1 ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɧɟ ɜɩɥɢɜɚє ɧɚ ɤɨɟɮɿɰɿєɧɬ 

ɩɟɪɟɬɜɨɪɟɧɧɹ ɰɢɤɥɭ ɦɚɲɢɧɢ ɋɈɊ ɜ ɭɫɶɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɿɧɧɹ ɭ 

ɜɢɩɚɪɧɢɤɭ. 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɊɌɈ1 ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɤɢɩɿɧɧɹ 0 50 °Ct  

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɩɢɬɨɦɨʀ ɪɨɛɨɬɢ ɫɬɢɫɧɟɧɧɹ ɜ ɤɨɦɩɪɟɫɨɪɿ ɞɨ 25%, 

ɩɢɬɨɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɜɢɩɚɪɧɢɤ ɞɨ 32% ɬɚ ɡɦɟɧɲɟɧɧɹ ɦɚɫɨɜɨʀ 

ɜɢɬɪɚɬɢ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɞɨ 38%, ɩɪɹɦɨɦɭ – ɞɨ 7% ɬɚ 

ɬɟɩɥɨɜɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ ɞɨ 4%; 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɧɿɬɚɧɧɹ ɤɨɦɩɪɟɫɨɪɚ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɭ ɡɪɨɫɬɚє ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɊɌɈ1. 
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ȼɢɤɨɪɢɫɬɚɧɧɹ ɊɌɈ1 ɧɚ ɜɢɫɨɤɿ ɬɟɦɩɟɪɚɬɭɪɢ ɤɢɩɿɧɧɹ 0 0...5 °Ct  ɧɟ 

ɜɩɥɢɜɚє ɧɚ ɟɧɟɪɝɟɬɢɱɧɿ ɬɚ ɟɤɫɟɪɝɟɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɥɟɦɟɧɬɿɜ ɦɚɲɢɧɢ ɬɚ 

ɦɚɲɢɧɢ ɜ ɰɿɥɨɦɭ  

 

4.6. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɧɢɡьɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɤɨɦɩɪɟɫɨɪɧɨʀ 

ɦɚɲɢɧɢ 

ɍ ɤɥɚɫɿ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɿɥɶɤɢ ɚɛɫɨɪɛɰɿɣɧɿ ɜɨɞɨɚɦɿɚɱɧɿ ɜ ɪɟɠɢɦɿ ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɿɧɧɹ 

50... 30 °C[3]. ɉɪɨ ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ ɤɨɦɩɪɟɫɨɪɧɨʀ ɦɚɲɢɧɢ ɩɨɞɿɛɧɨʀ 

ɿɧɮɨɪɦɚɰɿʀ ɧɟɦɚє. 

Ɂɞɿɣɫɧɢɦɨ ɩɨɲɭɤ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɤɨɦɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɋɈ2, ɹɤɢɣ ɛɚɡɭєɬɶɫɹ 

ɧɚ ɡɚɝɚɥɶɧɨɦɭ ɦɟɬɨɞɿ ɩɨɪɿɜɧɹɥɶɧɨʀ ɨɰɿɧɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɰɢɤɥɿɜ, ɳɨ ɜɢɡɧɚɱɚє 

ɩɪɚɤɬɢɱɧɭ ɞɨɰɿɥɶɧɿɫɬɶ ɪɟɚɥɿɡɚɰɿʀ ɿ ɜɩɪɨɜɚɞɠɟɧɧɹ ɧɨɜɢɯ ɬɟɯɧɿɱɧɢɯ ɪɿɲɟɧɶ. 

 

4.6.1. ɋɢɧɬɟɡ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ [94, 95] 

Ⱦɥɹ ɡɞɿɣɫɧɟɧɧɹ ɫɢɧɬɟɡɭ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɦɚɲɢɧɢ ɧɚɝɚɞɚєɦɨ ɨɫɧɨɜɧɿ 

ɩɨɥɨɠɟɧɧɹ ɞɥɹ ɋɈ2. Ɍɟɦɩɟɪɚɬɭɪɢ 0T  ɿ ɝɨT  ɜɿɞɨɦɿ, ɜɢɯɨɞɹɱɢ ɡ ɩɪɢɡɧɚɱɟɧɧɹ 

ɦɚɲɢɧɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɝɧɌ  ɜɢɡɧɚɱɚєɬɶɫɹ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɞɠɟɪɟɥɚ. Ⱦɥɹ ɰɢɤɥɭ ɡ ɋɈ2 ɪɨɡɪɚɯɭɧɤɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨT  ɛɥɢɡɶɤɚ ɚɛɨ ɞɨɪɿɜɧɸє 

ɤɪɢɬɢɱɧɿɣ ɞɥɹ ɋɈ2. Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɬɜɨɪɸɸɬɶɫɹ ɭɦɨɜɢ, ɩɪɢ ɹɤɢɯ ɩɪɨɰɟɫɢ ɜ 

ɩɪɹɦɨɦɭ ɰɢɤɥɿ (ɫɢɥɨɜɨɦɭ ɤɨɧɬɭɪɿ) ɡɞɿɣɫɧɸɸɬɶɫɹ ɜ ɧɚɞɤɪɢɬɢɱɧɿɣ ɨɛɥɚɫɬɿ, ɚ ɜ 

ɡɜɨɪɨɬɧɨɦɭ (ɯɨɥɨɞɢɥɶɧɨɦɭ ɤɨɧɬɭɪɿ) ɜ ɞɜɨɯ ɨɛɥɚɫɬɹɯ – ɜ ɧɚɞɤɪɢɬɢɱɧɿɣ ɿ 

ɞɜɨɮɚɡɧɿɣ. 

ɋɢɥɨɜɢɣ ɤɨɧɬɭɪ ɩɪɚɰɸє ɡɚ ɩɪɢɧɰɢɩɨɦ ɩɪɹɦɨɝɨ ɰɢɤɥɭ Ȼɪɚɣɬɨɧɚ Д89] ɡ 

ɜɿɥɶɧɢɦ ɜɢɛɨɪɨɦ ɪɨɛɨɱɢɯ ɬɢɫɤɿɜ ɝɧ ɝɨ ɤɪɪ ɪ ɪ 
 
ɿ ɬɟɦɩɟɪɚɬɭɪ .ɝɧ ɝɨ ɤɪɌ Ɍ Ɍ   

ɏɨɥɨɞɢɥɶɧɢɣ ɤɨɧɬɭɪ – ɞɜɨɫɬɭɩɟɧɟɜɚ ɯɨɥɨɞɢɥɶɧɚ ɦɚɲɢɧɚ ɡ ɩɨɫɥɿɞɨɜɧɢɦ 

ɫɬɢɫɧɟɧɧɹɦ ɋɈ2 ɜ ɞɜɨɯ ɤɨɦɩɪɟɫɨɪɚɯ, ɳɨ ɧɚɡɢɜɚɸɬɶɫɹ ɤɨɦɩɪɟɫɨɪɨɦ ɧɢɠɧɶɨɝɨ 

ɫɬɭɩɟɧɸ (Ʉɇɋ) ɿ ɤɨɦɩɪɟɫɨɪɨɦ ɜɟɪɯɧɶɨɝɨ ɫɬɭɩɟɧɸ (Ʉȼɋ). 
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ɉɪɨɰɟɫɢ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɡɞɿɣɫɧɸɸɬɶɫɹ ɜ ɦɟɠɚɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ 

, ɤɪɤɪ pT  (ɤɪɢɬɢɱɧɢɯ) ɿ ,ɬɬ ɬɬɪT  (ɩɨɬɪɿɣɧɨʀ ɬɨɱɤɢ). Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɫɹ ɞɜɨɮɚɡɧɚ 

ɨɛɥɚɫɬɶ ɋɈ2 є ɩɪɟɞɦɟɬɨɦ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ. ɉɪɨɦɿɠɧɢɣ ɬɢɫɤ ɩɪɪ  
ɜ ɰɢɤɥɿ 

ɪɨɡɦɟɠɨɜɭє ɪɨɛɨɬɭ Ʉɇɋ ɿ Ʉȼɋ. ȼɢɛɿɪ ɬɢɫɤɿɜ ɜ ɰɢɤɥɿ ɩɨɛɭɞɨɜɚɧɨ ɧɚ             

ɩɪɢɧɰɢɩɚɯ Д96]: 

– ɧɢɡɶɤɢɣ ɪɨɛɨɱɢɣ ɬɢɫɤ ( );o op f T  

– ɩɪɨɦɿɠɧɢɣ ɬɢɫɤ ( );ɩɪ ɩɪp f T  

– ɩɪɨɦɿɠɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ;ɤɪ ɩɪ oT T T   

– ɜɢɫɨɤɢɣ ɪɨɛɨɱɢɣ ɬɢɫɤ .ɝɨ ɤɪp p  

Ɋɨɛɨɱɢɣ ɬɢɫɤ ɝɨɪ  ɿ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɌ  
є ɡɚɝɚɥɶɧɢɦɢ ɞɥɹ ɩɪɹɦɨɝɨ ɿ ɡɜɨɪɨɬɧɨɝɨ 

ɰɢɤɥɿɜ. 

ɉɪɨɫɬɿ ɰɢɤɥɢ ɞɥɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɮɨɪɦɭɸɬɶ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɟɨɪɿʀ 

ɉɥɚɧɤɚ Д96]. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɰɢɤɥɢ ɦɿɫɬɹɬɶ ɡɨɜɧɿɲɧɿ ɨɛɨɪɨɬɧɿ ɩɪɨɰɟɫɢ ɜ 

ɬɟɩɥɨɨɛɦɿɧɧɢɤɚɯ ɿ ɜɧɭɬɪɿɲɧɶɨ ɧɟɨɛɨɪɨɬɧɿ ɩɪɨɰɟɫɢ ɫɬɢɫɧɟɧɧɹ ɿ ɪɨɡɲɢɪɟɧɧɹ 

(ɬɭɪɛɿɧɚ, ɤɨɦɩɪɟɫɨɪ, ɧɚɫɨɫ, ɞɪɨɫɟɥɶ). 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɬɟɨɪɿʀ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɿɫɧɭɸɬɶ ɪɿɡɧɿ ɫɯɟɦɢ 

ɞɜɨɫɬɭɩɟɧɟɜɨɝɨ ɫɬɢɫɧɟɧɧɹ Д96]. Ɂ ɧɢɯ ɞɥɹ ɋɈ2 ɨɛɪɚɧɿ ɬɚɤɿ, ɹɤɿ ɩɪɢ ɩɪɚɤɬɢɱɧɿɣ 

ɪɟɚɥɿɡɚɰɿʀ ɜɿɞɩɨɜɿɞɚɬɢɦɭɬɶ ɦɚɥɨєɦɤɢɦ ɩɨ ɪɨɛɨɱɿɣ ɪɟɱɨɜɢɧɿ ɦɚɲɢɧɚɦ, ɦɚɲɢɧɚɦ 

ɦɚɥɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɚɛɨ ɦɚɲɢɧɚɦ ɡ ɞɜɨɦɚ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜɢɪɨɛɧɢɰɬɜɚ ɯɨɥɨɞɭ. 

ɉɪɢ ɰɶɨɦɭ ɬɟɦɩɟɪɚɬɭɪɚ ɤɿɧɰɹ ɫɬɢɫɧɟɧɧɹ ɜ Ʉȼɋ ɜɢɡɧɚɱɚє ɫɬɭɩɿɧɶ ɨɯɨɥɨɞɠɟɧɧɹ 

ɋɈ2 ɦɿɠ ɫɬɭɩɟɧɹɦɢ Д69]. 

ɉɪɢ ɜɫɬɚɧɨɜɥɟɧɢɯ ɨɫɧɨɜɧɢɯ ɝɪɚɧɢɱɧɢɯ ɩɚɪɚɦɟɬɪɚɯ ɡɚɝɚɥɶɧɨɝɨ ɰɢɤɥɭ 

ɪɨɡɝɥɹɧɟɦɨ ɬɪɢ ɜɚɪɿɚɧɬɢ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɦɚɲɢɧɢ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ 

ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ. 

 

4.6.1.1. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ 

ɛɟɡ ɩɪɨɦɿɠɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɿ ɨɞɧɨɪɚɡɨɜɢɦ ɞɪɨɫɟɥɸɜɚɧɧɹɦ (ɪɢɫ. 4.41). 

ɋɢɥɨɜɢɣ ɤɨɧɬɭɪ (ɪɢɫ. 4.41ɚ) ɜɤɥɸɱɚє ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ (Ƚɇ), ɬɭɪɛɿɧɭ (Ɍ), 

ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ (ȽɈ) ɿ ɧɚɫɨɫ (ɇ), ɯɨɥɨɞɢɥɶɧɢɣ ɤɨɧɬɭɪ – ɜɢɩɚɪɧɢɤ (ȼ), 
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ɤɨɦɩɪɟɫɨɪ (Ʉɇɋ), ɤɨɦɩɪɟɫɨɪ (Ʉȼɋ), ɝɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ (ȽɈ) ɿ ɞɪɨɫɟɥɶɧɢɣ 

ɩɪɢɫɬɪɿɣ (Ⱦ1). Ƚɚɡɨɜɢɣ ɨɯɨɥɨɞɠɭɜɚɱ (ȽɈ) ɧɚɥɟɠɢɬɶ ɨɛɨɦ ɤɨɧɬɭɪɚɦ ɿ ɫɜɿɞɱɢɬɶ ɩɪɨ 

ɧɚɹɜɧɿɫɬɶ єɞɢɧɨʀ ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɜ ɦɚɲɢɧɿ. 
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              ɚ)                                  ɛ)                                          ɜ)      

Ɋɢɫ. 4.41. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɛɟɡ 

ɩɪɨɦɿɠɧɨɝɨ ɨɯɨɥɨɞɠɟɧɧɹ ɿ ɨɞɧɨɪɚɡɨɜɢɦ ɞɪɨɫɟɥɸɜɚɧɧɹɦ: ɚ) ɡ ɨɞɧɿєɸ ɬɭɪɛɿɧɨɸ, 

ɛ) ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ Ɍ-s, ɜ) ɡ ɞɜɨɦɚ ɚɝɪɟɝɚɬɚɦɢ «ɬɭɪɛɿɧɚ-ɤɨɦɩɪɟɫɨɪ» 

 

ɉɪɹɦɢɣ ɰɢɤɥ ɦɚɲɢɧɢ (ɪɢɫ. 4.41ɛ), ɹɤɢɣ ɡɨɛɪɚɠɟɧɨ ɜ ɞɿɚɝɪɚɦɿ T-s, 

ɨɛɦɟɠɟɧɢɣ ɜɭɡɥɨɜɢɦɢ ɬɨɱɤɚɦɢ 5,8,9,10 ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɩɪɨɰɟɫɚɦɢ:                

8-9 – ɧɚɝɪɿɜɚɧɧɹ ɝɚɡɭ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ Ƚɇ, 9-10 – ɪɨɡɲɢɪɟɧɧɹ ɜ ɬɭɪɛɿɧɿ Ɍ,               

10-5 – ɨɯɨɥɨɞɠɟɧɧɹ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ ȽɈ, 5-8 – ɫɬɢɫɧɟɧɧɹ ɜ ɧɚɫɨɫɿ ɇ. 

Ɂɜɨɪɨɬɧɢɣ ɰɢɤɥ ɨɛɦɟɠɟɧɨ ɜɭɡɥɨɜɢɦɢ ɬɨɱɤɚɦɢ: 1,2(3),4,5,7 ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ 

ɩɪɨɰɟɫɚɦɢ: 7-1 – ɤɢɩɿɧɧɹ ɭ ɜɢɩɚɪɧɢɤɭ ȼ, 1-2 – ɫɬɢɫɧɟɧɧɹ ɜ ɤɨɦɩɪɟɫɨɪɿ Ʉɇɋ,           

3-4 – ɫɬɢɫɧɟɧɧɹ ɜ ɤɨɦɩɪɟɫɨɪɿ Ʉȼɋ, 4-5 – ɨɯɨɥɨɞɠɟɧɧɹ ɜ ɝɚɡɨɜɨɦɭ           

ɨɯɨɥɨɞɠɭɜɚɱɿ ȽɈ, 5-7 – ɞɪɨɫɟɥɸɜɚɧɧɹ ɜ Ⱦ1. 

Ⱦɥɹ ɿɥɸɫɬɪɚɰɿʀ ɩɟɪɟɞɚɜɚɧɧɹ ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ ɿ ɪɿɜɧɨɫɬɿ ɪɨɛɿɬ ɜ ɩɪɹɦɨɦɭ ɿ 

ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ ɬɭɪɛɿɧɚ, ɤɨɦɩɪɟɫɨɪɢ ɬɚ ɧɚɫɨɫ ɭɦɨɜɧɨ ɡɨɛɪɚɠɟɧɿ ɧɚ ɨɞɧɿɣ ɜɿɫɿ. 

Ʉɨɧɫɬɪɭɤɰɿʀ ɤɨɦɩɪɟɫɨɪɿɜ ɿ ɧɚɫɨɫɚ ɩɪɢ ɰɶɨɦɭ ɧɟ ɨɛɭɦɨɜɥɸɸɬɶɫɹ, ɦɨɠɥɢɜɢɣ 

ɜɚɪɿɚɧɬ ɩɪɢɜɨɞɭ ɜɿɞ ɟɥɟɤɬɪɨɞɜɢɝɭɧɿɜ, ɹɤɿ ɨɬɪɢɦɭɸɬɶ ɟɧɟɪɝɿɸ ɜɿɞ ɤɨɦɩɥɟɤɫɭ 

ɬɭɪɛɿɧɚ-ɟɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ, ɳɨ ɜɯɨɞɢɬɶ ɞɨ ɫɤɥɚɞɭ ɦɚɲɢɧɢ . 

Ɇɚɬɟɦɚɬɢɱɧɢɣ ɜɢɪɚɡ ɭɦɨɜ ɛɚɥɚɧɫɭ:  

                                                           nɪ ɡɜN N                                          (4.44) 



114 

ɞɟ ,nɪ ɡɜN N  – ɩɨɬɭɠɧɿɫɬɶ ɬɭɪɛɿɧɢ ɿ ɤɨɦɩɪɟɫɨɪɿɜ ɜɿɞɩɨɜɿɞɧɨ  

                                          ( ) ( )аɩɪ аɡɜ ɤɜɫ ɤɧɫɌ ɇM w w M w w                        (4.45) 

,аɩɪ аɡɜM M  – ɦɚɫɨɜɿ ɜɢɬɪɚɬɢ ɋɈ2 ɜ ɩɪɹɦɨɦɭ ɢ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɚɯ 

ɜɿɞɩɨɜɿɞɧɨ.  

Ɇɚɫɨɜɿ ɜɢɬɪɚɬɢ ɩɨ ɫɬɭɩɟɧɹɦ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɭ ɪɿɜɧɿ аɡɜ ɤɧɫ ɤɜɫɆ Ɇ Ɇ  , 

ɜɟɥɢɱɢɧɢ ɪɨɛɿɬ ɤɧɫw  ɿ ɤɜɫw  ɡɚɥɟɠɚɬɶ ɜɿɞ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɩɪp  [96]. 

Іɡ ɭɪɚɯɭɜɚɧɧɹɦ ɧɟɡɜɨɪɨɬɧɨɫɬɟɣ ɜ ɩɪɨɰɟɫɚɯ ɪɨɡɲɢɪɟɧɧɹ ɿ ɫɬɢɫɧɟɧɧɹ 

ɨɬɪɢɦɭєɦɨ:                    

                         ( ) ( )ɤɜɫ ɤɧɫɇ
аɩɪ аɡɜɌ Ɍ

ɤɜɫ ɤɧɫɇ

w w wM w M      
                            

(4.46) 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɋɈ2 ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ а , ɜɿɞɧɟɫɟɧɚ ɞɨ 1 ɤɝ ɋɈ2, ɳɨ 

ɰɢɪɤɭɥɸє ɱɟɪɟɡ ɜɢɩɚɪɧɢɤ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ: 

                                            

1)( )( ɇ
Ɍ Ɍ

ɇ

ɤɜɫ ɤɧɫ

ɤɜɫ ɤɧɫ

w
w

w wа                                  (4.47) 

Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ, ɳɨ ɨɩɢɫɭє ɟɮɟɤɬɢɜɧɿɫɬɶ ɰɢɤɥɭ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ, ɜɢɡɧɚɱɚєɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹɦ:  

                                            / ,ɨɡɜ ɝɧɩɪQCOP Q                                                  (4.48) 

ɞɟ 71( )oɡɜ аɡɜQ M h h   – ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ; 

89( )ɝɧɩɪ аɩɪQ аɆ С С   – ɬɟɩɥɨɜɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɝɚɡɨɜɢɣ ɧɚɝɪɿɜɚɱ ɜ 

ɩɪɹɦɨɦɭ ɰɢɤɥɿ; 

h – ɟɧɬɚɥɶɩɿɹ ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɜɭɡɥɨɜɢɯ ɬɨɱɤɚɯ ɰɢɤɥɭ. 

 

4.6.1.2. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɿɡ 

ɜɩɨɪɫɤɭɜɚɧɧɹɦ ɜɨɥɨɝɨʀ ɩɚɪɢ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɭ ɜɫɦɨɤɬɭɜɚɥьɧɭ ɥɿɧɿɸ Ʉȼɋ 

ɪɢɫ. (4.42) 

ɍ ɯɨɥɨɞɢɥɶɧɨɦɭ ɤɨɧɬɭɪɿ ɩɟɪɟɞɛɚɱɟɧɨ ɞɨɩɨɦɿɠɧɢɣ ɞɪɨɫɟɥɶ (Ⱦ2). ɑɚɫɬɢɧɚ 

ɩɨɬɨɤɭ ɩɿɫɥɹ ȽɈ ɱɟɪɟɡ Ⱦ2 ɜɩɨɪɫɤɭєɬɶɫɹ ɭ ɜɫɦɨɤɬɭɜɚɥɶɧɭ ɥɿɧɿɸ Ʉȼɋ. ȼɿɞɛɭɜɚєɬɶɫɹ 

ɡɦɿɲɭɜɚɧɧɹ ɩɟɪɟɝɪɿɬɨʀ ɩɚɪɢ ɜ ɫɬɚɧɿ 2 ɩɿɫɥɹ Ʉɇɋ ɿ ɜɨɥɨɝɨʀ ɩɚɪɢ ɜ ɫɬɚɧɿ 6 ɩɿɫɥɹ Ⱦ2. 

ɋɬɚɧ  ɫɭɦɿɲɿ  ɜ  ɬɨɱɰɿ 3 ɿ  ɦɚɫɨɜɚ  ɜɢɬɪɚɬɚ  ɱɟɪɟɡ  ɞɨɩɨɦɿɠɧɢɣ ɞɪɨɫɟɥɶ 2ȾM   
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ɜɢɡɧɚɱɚɸɬɶ ɡɚ ɭɦɨɜɢ ɩɪɨɰɟɫɭ ɡɦɿɲɭɜɚɧɧɹ: 

                                    2 2 6 2 3)(ɤɧɫ ɤɧɫȾ ȾM h M h M M h   
                            (4.49) 

Ɂɜɿɞɫɢ ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ b ɱɟɪɟɡ Ⱦ2, ɜɿɞɧɟɫɟɧɚ ɞɨ 1 ɤɝ Ɇɤɧɫ, ɳɨ ɰɢɪɤɭɥɸє 

ɱɟɪɟɡ ɜɢɩɚɪɧɢɤ: 

                                                   

2 3

3 6

h h
b

h h
                                                        (4.50)  

ɉɢɬɨɦɚ ɞɿɣɫɧɚ ɪɨɛɨɬɚ ɫɬɢɫɧɟɧɧɹ ɡɜɞw  ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ           

                                          (1 ) ɤɜɫɤɧɫ
ɡɜɞ

ɤɧɫ ɤɜɫ

b www                                            (4.51) 

 

5

7

2

1

8

9

10

3

4

9

10

a

a

6

ɪɝɨ

ɪɩɪ

ɪɝɧTɝɧ

ɪɨ

Ɍɩɪ

Ɍɨ

Ɍɝɨ

Ɍ

s

  

               ɚ)                                     ɛ)                                       ɜ) 
Ɋɢɫ. 4.42. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ  

ɡɿ ɜɩɨɪɫɤɭɜɚɧɧɹɦ ɜɨɥɨɝɨʀ ɩɚɪɢ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɩɪp  ɭ ɜɫɦɨɤɬɭɜɚɥɶɧɭ  

ɥɿɧɿɸ Ʉȼɋ: ɚ) ɡ ɨɞɧɿєɸ ɬɭɪɛɿɧɨɸ, ɛ) ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ Ɍ-s,  

ɜ) ɡ ɞɜɨɦɚ ɚɝɪɟɝɚɬɚɦɢ «ɬɭɪɛɿɧɚ-ɤɨɦɩɪɟɫɨɪ» 

 
Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɋɈ2 ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ а , ɜɿɞɧɟɫɟɧɚ ɞɨ 1 ɤɝ ɋɈ2, ɳɨ 

ɰɢɪɤɭɥɸє ɱɟɪɟɡ ɜɢɩɚɪɧɢɤ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ: 

              1 1(1 )
) )( ( )(ɇ ɇ

ɡɜɞ Ɍ Ɍ Ɍ Ɍ
ɇ ɇ

ɤɜɫ ɤɧɫ

ɤɜɫ ɤɧɫ

bw w
w w w

w wа                              (4.52) 

Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ ɰɢɤɥɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹɦ  

                                           /ɨɡɜ ɝɧɩɪQCOP Q                                                   (4.53) 

                                       71( )oɡɜ ɤɧɫQ M h h                                                  (4.53ɚ) 

                                       89( )ɤɧɫɝɧɩɪQ аM С С                                               (4.53ɛ) 
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4.6.1.3. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɩɪɨɦɿɠɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ ɦɿɠ 

ɫɬɭɩɟɧɹɦɢ ɭ ɜɿɞɞɿɥьɧɢɤɭ ɪɿɞɢɧɢ (ȼɊ) ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ (ɪɢɫ. 4.43) 

Ɂɦɿɧɚ ɜ ɫɯɟɦɧɨɦɭ ɪɿɲɟɧɧɿ ɯɨɥɨɞɢɥɶɧɨɝɨ ɤɨɧɬɭɪɭ ɩɨɜ'ɹɡɚɧɚ ɡ ɭɫɬɚɧɨɜɤɨɸ 

ɜɿɞɞɿɥɶɧɢɤɚ ɪɿɞɢɧɢ (ȼɊ) ɿ ɫɬɭɩɟɧɟɜɢɦ ɞɪɨɫɟɥɸɜɚɧɧɹɦ ɜ Ⱦ2 ɿ Ⱦ1. 
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ɪɩɪ
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Ɍɩɪ
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ɪɨ Ɍɨ
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            ɚ)                                      ɛ)                                        ɜ) 

Ɋɢɫ. 4.43. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ  

ɿ ɩɪɨɦɿɠɧɢɦ ɨɯɨɥɨɞɠɟɧɧɹɦ ɦɿɠ ɫɬɭɩɟɧɹɦɢ ɭ ɜɿɞɞɿɥɶɧɢɤɭ ɪɿɞɢɧɭ (ȼɊ) 

ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɩɪp : ɚ) ɡ ɨɞɧɿєɸ ɬɭɪɛɿɧɨɸ, ɛ) ɰɢɤɥ ɜ ɞɿɚɝɪɚɦɿ Ɍ-s,  

ɜ) ɡ ɞɜɨɦɚ ɚɝɪɟɝɚɬɚɦɢ «ɬɭɪɛɿɧɚ-ɤɨɦɩɪɟɫɨɪ» 

 

ɋɬɚɧ ɋɈ2 ɭ ɬɨɱɰɿ 3 ɿ ɦɚɫɨɜɭ ɜɢɬɪɚɬɭ ɱɟɪɟɡ Ʉȼɋ ɜɢɡɧɚɱɚɸɬɶ ɡɚ ɭɦɨɜɢ 

ɩɪɨɰɟɫɭ ɡɦɿɲɭɜɚɧɧɹ ɩɨɬɨɤɿɜ ɩɚɪɢ ɭ ɫɬɚɧɿ 2 ɿ 6b ɭ ɜɿɞɞɿɥɶɧɢɤɭ ɪɿɞɢɧɢ: 

                           32 6 )(ɤɧɫ ɜɪ ɤɧɫ ɜɪbM h M h M M h                                       (4.54) 

ɞɟ ɜɪɆ  – ɦɚɫɨɜɚ ɜɢɬɪɚɬɚ ɫɭɯɨʀ ɧɚɫɢɱɟɧɨʀ ɩɚɪɢ, ɳɨ ɭɬɜɨɪɢɥɚɫɹ ɭ ȼɊ. 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɫɭɯɨʀ ɧɚɫɢɱɟɧɨʀ ɩɚɪɢ ɫ, ɜɿɞɧɟɫɟɧɚ ɞɨ 1 ɤɝ ɤɧɫM : 

                                               

2 3

3 6b

h hɫ
h h

                                                          (4.55) 

Ɇɚɫɨɜɚ ɜɢɬɪɚɬɚ ɋɈ2 ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ а , ɜɿɞɧɟɫɟɧɚ ɞɨ 1 ɤɝ ɋɈ2, ɳɨ 

ɰɢɪɤɭɥɸє ɱɟɪɟɡ ɜɢɩɚɪɧɢɤ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ, ɚɧɚɥɨɝɿɱɧɨ ɞɨ ɪɿɜ. (4.47): 

                                 

1(1 )
)( )( ɇ

Ɍ Ɍ
ɇ

ɤɜɫ ɤɧɫ

ɤɜɫ ɤɧɫ

ɫ w
w

w wа                                       (4.56) 

Ɇɚɫɨɜɿ ɜɢɬɪɚɬɢ ɋɈ2 ɩɨ ɫɬɭɩɟɧɹɦ ɭ ɞɜɨɯ ɨɫɬɚɧɧɿɯ ɰɢɤɥɚɯ ɪɿɡɧɿ, ɪɨɛɨɬɚ ɤɧɫw   
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ɿ ɤɜɫw  ɡɚɥɟɠɢɬɶ ɜɿɞ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɩɪp  
ɿ ɜɿɞɧɨɲɟɧɧɹ ɦɚɫɨɜɢɯ ɜɢɬɪɚɬ ɩɨ 

ɫɬɭɩɟɧɹɦ. 

ȼɢɛɿɪ ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɩɪp  
ɞɥɹ ɡɜɨɪɨɬɧɨɝɨ ɰɢɤɥɭ ɡɞɿɣɫɧɸєɬɶɫɹ 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɟɨɪɿʀ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ ɩɪɢ ɜɢɪɿɲɟɧɧɿ ɨɞɧɿєʀ ɡ ɬɪɶɨɯ ɡɚɞɚɱ: 

ɟɧɟɪɝɟɬɢɱɧɨʀ, ɬɪɚɧɫɩɨɪɬɧɨʀ ɬɚ ɭɧɿɮɿɤɚɰɿʀ (ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ ɧɚɞɿɣɧɨɫɬɿ) Д96]. 

Ⱦɥɹ ɜɫɿɯ ɪɨɡɝɥɹɧɭɬɢɯ ɦɚɲɢɧ ɫɬɭɩɟɧɟɜɟ ɫɬɢɫɧɟɧɧɹ ɜ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ 

ɦɨɠɧɚ ɡɞɿɣɫɧɢɬɢ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɚɝɪɟɝɚɬɢ «ɬɭɪɛɿɧɚ-ɤɨɦɩɪɟɫɨɪ» Д97], ɹɤɿ є 

ɤɥɚɫɢɱɧɢɦ ɪɿɲɟɧɧɹɦ ɞɥɹ ɨɞɧɨɫɬɭɩɟɧɟɜɢɯ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɦɚɲɢɧ                

(ɪɢɫ. 4.41ɜ, 4.42ɜ, 4.43ɜ). ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɭɪɛɨɤɨɦɩɪɟɫɨɪɢ ɡ 

ɜɢɫɨɤɢɦɢ ɟɧɟɪɝɟɬɢɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ɍ ɫɢɥɨɜɢɯ ɤɨɧɬɭɪɚɯ ɜɫɬɚɧɨɜɥɟɧɿ ɬɭɪɛɿɧɢ Ɍ1 ɿ Ɍ2 ɡ ɩɪɨɰɟɫɚɦɢ 9-10, ɹɤɿ 

ɨɛ'єɞɧɚɧɿ ɡ ɤɨɦɩɪɟɫɨɪɚɦɢ Ʉȼɋ ɿ Ʉɇɋ ɜ ɚɝɪɟɝɚɬɢ. 

ȿɧɟɪɝɟɬɢɱɧɿ ɛɚɥɚɧɫɢ ɚɝɪɟɝɚɬɿɜ ɩɪɟɞɫɬɚɜɥɟɧɿ ɭ ɜɢɝɥɹɞɿ: 

– ɞɥɹ ɚɝɪɟɝɚɬɭ ɡ Ʉɇɋ  

                                        2 2 2 /ɤɧɫ ɤɧɫ ɤɧɫT T TM w M w                                (4.57) 

– ɞɥɹ ɚɝɪɟɝɚɬɭ ɡ Ʉȼɋ 

                                        1 1 1 /ɤɜɫ ɤɜɫ ɤɜɫT T TM w M w                                  (4.58) 

ɇɚɫɨɫɢ ɜ ɫɢɥɨɜɨɦɭ ɤɨɧɬɭɪɿ ɦɚɸɬɶ ɜɥɚɫɧɢɣ ɩɪɢɜɿɞ.  

Ɇɚɫɨɜɿ ɜɢɬɪɚɬɢ ɋɈ2 ɱɟɪɟɡ ɬɭɪɛɿɧɢ 2Tm  ɿ 1Tm , ɜɿɞɧɟɫɟɧɿ ɞɨ 1 ɤɝ ɋɈ2, ɳɨ 

ɰɢɪɤɭɥɸɸɬɶ ɱɟɪɟɡ ɜɿɞɩɨɜɿɞɧɿ ɤɨɦɩɪɟɫɨɪɢ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ: 
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Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɰɢɤɥɭ 
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                          (4.61) 

ɉɨɞɚɥɶɲɢɣ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɣ ɚɧɚɥɿɡ ɩɨɬɪɿɛɟɧ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɨɛɨɱɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ, ɩɪɢ ɹɤɢɯ ɦɚɲɢɧɚ ɦɨɠɟ ɦɚɬɢ ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ ɚɛɨ 

ɪɿɲɟɧɧɹ ɤɨɧɤɪɟɬɧɨɝɨ ɡɚɜɞɚɧɧɹ. 
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4.6.2. ȿɧɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɨɝɨ ɪɿɲɟɧɧɹ 

ȿɧɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɩɟɪɲɨɦɭ ɡɚɤɨɧɿ ɬɟɪɦɨɞɢɧɚɦɿɤɢ, 

ɜɫɬɚɧɨɜɥɸє ɜɟɥɢɱɢɧɭ ɤɨɟɮɿɰɿєɧɬɚ ɩɟɪɟɬɜɨɪɟɧɧɹ ɟɧɟɪɝɿʀ ɋɈɊ ɰɢɤɥɭ. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɚɲɢɧɢ є ɮɭɧɤɰɿєɸ ɛɚɝɚɬɶɨɯ ɩɚɪɚɦɟɬɪɿɜ. 

ɉɪɢ ɚɧɚɥɿɡɿ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ ɬɿ ɿɧɬɟɪɜɚɥɢ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ, ɡɚ ɹɤɢɦɢ ɦɚɲɢɧɚ 

ɦɨɠɟ ɦɚɬɢ ɩɪɚɤɬɢɱɧɭ ɪɟɚɥɿɡɚɰɿɸ, ɜɢɪɿɲɟɧɧɹ ɤɨɧɤɪɟɬɧɨɝɨ ɡɚɜɞɚɧɧɹ ɚɛɨ 

ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ. 

Ɍɚɤɢɣ ɚɧɚɥɿɡ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɨɞɧɨɫɬɭɩɟɧɟɜɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɤɨɦɩɪɟɫɨɪɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ Д58] ɿ ɜɫɬɚɧɨɜɥɟɧɨ ɜɢɫɨɤɿ ɡɧɚɱɟɧɧɹ COP ɜ 

ɤɥɚɫɿ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɢɯ ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ є ɮɭɧɤɰɿєɸ ɝɧɌ , ɨT ɝɧp , ɨɝɪ , ɝɨT –ɩɚɪɚɦɟɬɪɿɜ. ɍ 

ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɜɢɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ: ɬɢɫɤ ɝɧp , ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ ɝɧɌ . 

Ʉɨɠɟɧ ɩɚɪɚɦɟɬɪ ɦɚє ɨɛɦɟɠɟɧɧɹ, ɹɤɿ ɜɢɡɧɚɱɚɸɬɶ ɪɟɠɢɦ ɪɨɛɨɬɢ ɫɢɥɨɜɨɝɨ 

ɤɨɧɬɭɪɭ. Ɋɨɛɨɱɢɣ ɬɢɫɤ ɝɧp  ɨɛɦɟɠɟɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɬɭɪɛɿɧɢ ɿ 

ɧɚɫɨɫɭ, ɬɟɦɩɟɪɚɬɭɪɚ ɝɧɌ  – ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɠɟɪɟɥɚ. 

Ⱦɥɹ ɯɨɥɨɞɢɥɶɧɨɝɨ ɰɢɤɥɭ ɞɨɞɚɬɤɨɜɨ ɜɜɟɞɟɧɿ ɜɢɯɿɞɧɿ ɧɟɡɚɥɟɠɧɿ ɩɚɪɚɦɟɬɪɢ: 

ɩɪɨɦɿɠɧɢɣ ɬɢɫɤ ɩɪp
 
ɦɿɠ ɫɬɭɩɟɧɹɦɢ ɿ ɦɚɤɫɢɦɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɿɧɰɹ ɫɬɢɫɧɟɧɧɹ 

ɜ Ʉȼɋ 4Ɍ . 

ɉɪɨɜɟɞɟɦɨ ɟɧɟɪɝɟɬɢɱɧɢɣ ɚɧɚɥɿɡ ɧɚ ɩɟɜɧɨɦɭ ɩɪɢɤɥɚɞɿ. 

Ɉɛɫɹɝ ɜɢɤɨɧɭɜɚɧɨɝɨ ɚɧɚɥɿɡɭ ɧɚɞɚɧɨ ɞɜɨɦɚ ɛɥɨɤɚɦɢ. Ȼɥɨɤ ɩɟɪɲɢɣ – ɚɧɚɥɿɡ 

ɞɜɨɫɬɭɩɟɧɟɜɢɯ ɡɜɨɪɨɬɧɢɯ ɰɢɤɥɿɜ ɞɥɹ ɫɯɟɦ ɧɚ ɪɢɫ. 4.41ɚ. 4.42ɚ, 4.43ɚ, ɭɦɨɜɢ:   

var,ɩɪp   ɨɝɪ Мonst ɿ ɝɨ constT  . Ȼɥɨɤ ɞɪɭɝɢɣ – ɚɧɚɥɿɡ ɰɢɤɥɭ ɦɚɲɢɧɢ ɜ ɰɿɥɨɦɭ 

ɩɪɨɜɨɞɢɬɶɫɹ ɞɥɹ ɫɯɟɦɢ, ɡɨɛɪɚɠɟɧɨʀ ɧɚ ɪɢɫ. 4.41ɚ. Ɂɜɨɪɨɬɧɢɣ ɰɢɤɥ ɪɟɚɥɿɡɭєɬɶɫɹ ɡɚ 

ɩɪ constp  , ɩɪɹɦɢɣ – ɡɚ varɝɧp   ɿ varɝɧɌ  . 

Ɍɚɤɢɣ ɩɿɞɯɿɞ ɧɟ ɦɚє ɧɚ ɦɟɬɿ ɡɿɫɬɚɜɥɟɧɧɹ ɫɯɟɦɧɨ-ɰɢɤɥɨɜɢɯ ɪɿɲɟɧɶ ɿ ɜɢɛɨɪɭ 

ɧɚɣɤɪɚɳɨɝɨ, ɚ ɥɢɲɟ ɞɟɦɨɧɫɬɪɭє ɦɨɠɥɢɜɨɫɬɿ ɫɬɜɨɪɟɧɧɹ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ 

ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɿ ɦɨɠɥɢɜɨɫɬɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ 

ɚɧɚɥɿɡɭ ɜ ɨɰɿɧɰɿ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɬɟɯɧɿɱɧɨɝɨ ɪɿɲɟɧɧɹ. 
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ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ:  

–  ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɫɟɪt =300C; 

–  ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɝɧt =300…400 0C; 

–  ɬɢɫɤ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɝɧɪ = 10…20 Ɇɉɚ; 

–  ɬɢɫɤ ɜ ɝɚɡɨɜɨɦɭ ɨɯɨɥɨɞɠɭɜɚɱɿ ɝɨɪ = 7 Ɇɉɚ; 

–  ɄɉȾ ɤɨɦɩɪɟɫɨɪɿɜ 0,8 ;КɆ   ɄɉȾ ɬɭɪɛɿɧɢ 0,85 ;Ɍ   ɄɉȾ ɧɚɫɨɫɭ 0,7;ɇ   

– ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɿɧɧɹ ɭ ɜɢɩɚɪɧɢɤɭ ɨT  -500C; 

–  ɩɪɨɦɿɠɧɢɣ ɬɢɫɤ ɦɿɠ ɫɬɭɩɟɧɹɦɢ ɩɪɪ = 2…4 Ɇɉɚ; 

– ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɿɧɰɹ ɫɬɢɫɧɟɧɧɹ ɜ Ʉȼɋ 4t =300C. 

ȼɢɛɿɪ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɿɧɬɟɪɜɚɥɭ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɪɿɜ. (2.4). 

Ɋɨɡɪɚɯɭɧɤɢ ɜɢɤɨɧɚɧɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɪɿɜ. (4.44)-(4.61), ɦɟɬɨɞɢɱɧɢɯ 

ɪɟɤɨɦɟɧɞɚɰɿɣ ɪɨɛɨɬɢ [98] ɿ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɝɪɚɮɿɱɧɨɦɭ ɜɢɝɥɹɞɿ ɧɚ ɪɢɫ. 4.44-4.46. 

 

 

Ɋɢɫ. 4.44. Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ ɡɜɨɪɨɬɧɢɯ ɰɢɤɥɿɜ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 
ɩɪɨɦɿɠɧɨɝɨ ɬɢɫɤɭ ɦɿɠ ɫɬɭɩɟɧɹɦɢ. 
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Ɋɢɫ. 4.45. Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ ɦɚɲɢɧɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

 

  

Ɋɢɫ. 4.46. Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɋɈɊ ɦɚɲɢɧɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɫɤɭ ɜ 

ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ 

 

Ɉɛɪɚɧɿ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɯɟɦɢ ɿ ɰɢɤɥɢ ɞɜɨɫɬɭɩɟɧɟɜɨɝɨ ɫɬɢɫɧɟɧɧɹ ɡɚ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɿɡɭ ɦɚɸɬɶ ɩɨɫɬɿɣɧɭ ɜɟɥɢɱɢɧɭ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜ 
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ɪɨɡɝɥɹɧɭɬɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ. ɉɿɞɜɢɳɟɧɟ ɡɧɚɱɟɧɧɹ ɋɈɊ ɞɥɹ ɰɢɤɥɭ ɡ 

ɜɿɞɞɿɥɶɧɢɤɨɦ ɪɿɞɢɧɢ ȼɊ (ɪɢɫ. 4.43) ɨɛɭɦɨɜɥɟɧɟ ɡɛɿɥɶɲɟɧɧɹɦ ɩɢɬɨɦɨʀ 

ɯɨɥɨɞɨɩɪɨɞɭɤɬɢɜɧɨɫɬɿ. ɍ ɫɯɟɦɚɯ (ɪɢɫ. 4.42) ɿ (ɪɢɫ. 4.43) ɡ ɩɪɨɦɿɠɧɢɦ 

ɨɯɨɥɨɞɠɟɧɧɹɦ ɦɿɠ ɫɬɭɩɟɧɹɦɢ ɲɥɹɯɨɦ ɜɩɨɪɫɤɭɜɚɧɧɹ ɞɨɞɚɬɤɨɜɨʀ ɤɿɥɶɤɨɫɬɿ ɩɚɪɢ, 

ɞɿɣɫɧɚ ɪɨɛɨɬɚ Ʉȼɋ (ɪɿɜ. 4.56) ɛɭɞɟ ɜɢɡɧɚɱɚɬɢɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɤɿɧɰɹ ɫɬɢɫɧɟɧɧɹ. 

ɉɪɨɦɿɠɧɟ ɨɯɨɥɨɞɠɟɧɧɹ ɡɚɛɟɡɩɟɱɭє ɥɢɲɟ ɡɦɟɧɲɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɤɿɧɰɹ 

ɫɬɢɫɧɟɧɧɹ ɜ Ʉȼɋ, ɬɨɛɬɨ ɩɨɡɢɬɢɜɧɨ ɜɩɥɢɜɚє ɧɚ ɩɨɤɚɡɧɢɤɢ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ 

ɧɚɞɿɣɧɨɫɬɿ ɩɪɨɟɤɬɨɜɚɧɨʀ ɦɚɲɢɧɢ. 

Ʉɨɟɮɿɰɿєɧɬɢ ɩɟɪɟɬɜɨɪɟɧɧɹ ɦɚɲɢɧɢ ɜ ɰɿɥɨɦɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɪɢɣɧɹɬɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ ɜɿɞ 300 ɞɨ 400 0C ɡɚɥɢɲɚɸɬɶɫɹ ɦɚɣɠɟ 

ɧɟɡɦɿɧɧɢɦɢ. Ɍɟɦɩɟɪɚɬɭɪɢ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ ɡɚɛɟɡɩɟɱɭɸɬɶ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɪɿɜɟɧɶ 

ɨɯɨɥɨɞɠɭɜɚɧɨɝɨ ɨɛ'єɤɬɚ. 

Ʉɨɟɮɿɰɿєɧɬɢ ɩɟɪɟɬɜɨɪɟɧɧɹ ɦɚɲɢɧɢ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɪɢɣɧɹɬɢɯ ɡɧɚɱɟɧɶ 

ɬɢɫɤɿɜ ɜ ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ (10…20 Ɇɉɚ) ɫɬɚɧɨɜɥɹɬɶ 0,08…0,2. ɉɨɞɚɥɶɲɟ 

ɩɿɞɜɢɳɟɧɧɹ ɬɢɫɤɭ ɡɚɛɟɡɩɟɱɢɬɶ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ. 

Ɉɬɠɟ, ɟɧɟɪɝɟɬɢɱɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɦɚɲɢɧɢ ɜ ɨɫɧɨɜɧɨɦɭ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɨɛɨɱɨɝɨ ɬɢɫɤɭ ɜ 

ɝɚɡɨɜɨɦɭ ɧɚɝɪɿɜɚɱɿ. ɍɞɨɫɤɨɧɚɥɟɧɧɹ ɩɪɨɰɟɫɿɜ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ ɦɚɲɢɧɢ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɫɿєʀ ɦɚɲɢɧɢ. 

Ɉɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɩɟɪɟɬɜɨɪɟɧɧɹ є ɞɨɫɬɨɜɿɪɧɢɦɢ, ɨɫɤɿɥɶɤɢ 

ɡɛɿɝɚɸɬɶɫɹ ɡɿ ɡɧɚɱɟɧɧɹɦɢ COP ɜɨɞɨɚɦɿɚɱɧɨʀ ɚɛɫɨɪɛɰɿɣɧɨʀ ɦɚɲɢɧɢ, ɳɨ ɩɪɚɰɸє ɜ 

ɪɟɠɢɦɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨ -400C[65]. 

 

4.7. ȼɢɫɧɨɜɤɢ ɞɨ ɪɨɡɞɿɥɭ 

1. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɡ ɪɟɝɟɧɟɪɚɰɿєɸ ɬɟɩɥɚ ɭ ɡɜɨɪɨɬɧɨɦɭ ɰɢɤɥɿ ɧɟ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɰɢɤɥɭ, ɚ ɥɢɲɟ ɩɿɞɜɢɳɭє 

ɟɤɫɩɥɭɚɬɚɰɿɣɧɭ ɧɚɞɿɣɧɿɫɬɶ ɤɨɦɩɪɟɫɨɪɚ ɬɚ ɡɚɛɟɡɩɟɱɭє ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ ɊɌɈ3. 

2. ɉɟɪɟɯɪɟɫɧɚ ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɚɛɨ ɪɟɝɟɧɟɪɚɰɿɹ ɬɟɩɥɚ ɜ ɩɪɹɦɨɦɭ ɰɢɤɥɿ 

ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧɢ ɜɞɜɿɱɿ. 
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3. Ɍɟɦɩɟɪɚɬɭɪɧɢɣ ɪɿɜɟɧɶ ɨɯɨɥɨɞɠɭɜɚɧɨɝɨ ɨɛ’єɤɬɭ ɜɢɡɧɚɱɚє ɩɨɬɪɿɛɧɢɣ 

ɪɿɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪ ɝɪɿɸɱɨɝɨ ɞɠɟɪɟɥɚ ɬɚ ɫɢɫɬɟɦɢ ɪɟɝɟɧɟɪɚɰɿʀ ɬɟɩɥɚ ɜ ɰɢɤɥɿ 

ɦɚɲɢɧɢ.  

4. ɋɯɟɦɧɨ-ɰɢɤɥɨɜɟ ɪɿɲɟɧɧɹ ɤɨɦɩɪɟɫɨɪɧɨʀ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɨʀ 

ɯɨɥɨɞɢɥɶɧɨʀ ɦɚɲɢɧɢ ɡ ɞɜɨɫɬɭɩɟɧɟɜɢɦ ɡɜɨɪɨɬɧɢɦ ɰɢɤɥɨɦ ɦɨɠɟ ɦɚɬɢ ɩɪɚɤɬɢɱɧɭ 

ɪɟɚɥɿɡɚɰɿɸ. 

5. ɇɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɚ ɬɟɩɥɨɜɢɤɨɪɢɫɬɚɥɶɧɚ ɤɨɦɩɪɟɫɨɪɧɚ ɯɨɥɨɞɢɥɶɧɚ 

ɦɚɲɢɧɚ ɡ ɋɈ2 ɧɚ ɪɿɜɧɿ ɪɨɡɝɥɹɧɭɬɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɨɯɨɥɨɞɠɭɜɚɧɨɦɭ ɨɛ'єɤɬɿ            

(-500C) ɦɨɠɟ ɛɭɬɢ ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɞɨ ɿɧɲɢɯ ɜɢɞɿɜ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ 

ɯɨɥɨɞɢɥɶɧɢɯ ɦɚɲɢɧ. 
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ȼɂɋɇɈȼɄɂ 

 

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. 

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.  
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7. Ɂɚ ɜɢɛɨɪɨɦ ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜ ɤɨɦɩɨɧɟɧɬɚɯ ȺɊɏɆ ɜɢɤɨɧɭɸɬɶɫɹ 

ɭɦɨɜɢ ɡɨɜɧɿɲɧɶɨʀ ɨɛɨɪɨɬɧɨɫɬɿ ɜ ɩɪɨɰɟɫɚɯ ɝɟɧɟɪɚɰɿʀ ɬɚ ɞɟɝɚɡɚɰɿʀ (ɬɟɦɩɟɪɚɬɭɪɚ 

ɪɨɛɨɱɨʀ ɪɟɱɨɜɢɧɢ ɡɦɿɧɸєɬɶɫɹ ɬɚɤ, ɹɤ ɡɦɿɧɸєɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɠɟɪɟɥɚ), ɳɨ 

ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɜɢɫɨɤɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɟɤɫɟɪɝɟɬɢɱɧɨɝɨ ɄɄȾ ɝɟɧɟɪɚɬɨɪɚ – 80% ɬɚ 

ɞɟɝɚɡɚɬɨɪɚ – 70%. 
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