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ȺɇɈɌȺɐȱə 

 

Ȼɨɞɸɥ Ɉ.ɋ. Ɍɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɬɚ 

ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ. – Ʉɜɚɥɿɮɿɤɚɰɿɣɧɚ ɧɚɭɤɨɜɚ ɩɪɚɰɹ ɧɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ 

(ɞɨɤɬɨɪɚ ɮɿɥɨɫɨɮɿʀ) ɡɚ ɫɩɟɰɿɚɥɶɧɿɫɬɸ 05.14.06 – Ɍɟɯɧɿɱɧɚ ɬɟɩɥɨɮɿɡɢɤɚ ɬɚ 

ɩɪɨɦɢɫɥɨɜɚ ɬɟɩɥɨɟɧɟɪɝɟɬɢɤɚ. – Ɉɞɟɫɶɤɚ ɧɚɰɿɨɧɚɥɶɧɚ ɚɤɚɞɟɦɿɹ ɯɚɪɱɨɜɢɯ 

ɬɟɯɧɨɥɨɝɿɣ, Ɉɞɟɫɚ, 2019. 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ Ȼɨɞɸɥ Ɉ.ɋ. ɩɪɢɫɜɹɱɟɧɚ ɜɢɪɿɲɟɧɧɸ ɩɪɨɛɥɟɦɢ 

ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ ɬɚ ɜ ɨɞɧɨɮɚɡɧɿɣ ɨɛɥɚɫɬɿ ɜ 

ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɪɨɡɪɨɛɤɚ ɡɚɫɨɛɿɜ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɤɪɿɨɝɟɧɧɢɯ ɪɟɱɨɜɢɧ (ɮɪɟɨɧɿɜ ɦɟɬɚɧɨɜɨɝɨ ɪɹɞɭ) ɧɚ ɨɫɧɨɜɿ ɩɨєɞɧɚɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ 

ɦɟɬɨɞɿɜ ɪɨɡɪɚɯɭɧɤɭ ɡ ɤɨɦɩ'ɸɬɟɪɧɢɦ ɦɨɞɟɥɸɜɚɧɧɹɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

Ɉɛ'єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɦɟɬɚɧ ɋH4 ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɿ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧ 

ɋF4 ɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧ CCХ4 ɜ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ. 

ɉɪɟɞɦɟɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɮɚɡɨɜɿ ɞɿɚɝɪɚɦɢ ɜ ɨɛɥɚɫɬɿ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɬɚ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɫɩɿɜɿɫɧɭɸɱɢɯ ɮɚɡ ɤɨɧɞɟɧɫɨɜɚɧɨɝɨ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɭ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. 

Ɉɫɧɨɜɧɿ ɦɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ ɜ ɪɨɛɨɬɿ – ɪɨɡɪɚɯɭɧɤɨɜɨ-ɬɟɨɪɟɬɢɱɧɿ, ɡɚɫɧɨɜɚɧɿ 

ɧɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɚ ɬɚɤɨɠ ɦɟɬɨɞ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

ɍ ɜɫɬɭɩɿ ɨɛґɪɭɧɬɨɜɚɧɨ ɜɢɛɿɪ ɬɟɦɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ, ɚɤɬɭɚɥɶɧɿɫɬɶ 

ɞɨɫɥɿɞɠɟɧɧɹ, ɫɮɨɪɦɭɥɶɨɜɚɧɨ ɦɟɬɭ ɬɚ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧɹ, ɩɨɤɚɡɚɧɢɣ ʀʀ ɡɜ’ɹɡɨɤ ɡ 

ɿɫɧɭɸɱɢɦɢ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ ɿ ɬɟɦɚɦɢ, ɪɨɡɝɥɹɧɭɬɨ ɧɚɭɤɨɜɭ ɧɨɜɢɡɧɭ ɿ 

ɩɪɚɤɬɢɱɧɭ ɰɿɧɧɿɫɬɶ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. ɇɚɜɟɞɟɧɨ ɞɚɧɿ ɩɪɨ ɨɫɨɛɢɫɬɢɣ 

ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ, ɚɩɪɨɛɚɰɿɸ ɪɨɛɨɬɢ ɬɚ ɩɭɛɥɿɤɚɰɿʀ.  

Ɂɦɿɫɬ ɪɨɛɨɬɢ ɪɨɡɤɪɢɜɚєɬɶɫɹ ɜ ɱɨɬɢɪɶɨɯ ɨɫɧɨɜɧɢɯ ɪɨɡɞɿɥɚɯ. 
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ɉɟɪɲɢɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ ɪɨɡɝɥɹɞɭ ɬɟɨɪɟɬɢɱɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɩɨɛɭɞɨɜɢ 

ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ 

ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɋF4, ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCХ4. ȼɢɤɨɧɚɧɨ ɨɝɥɹɞ ɿɫɧɭɸɱɢɯ ɪɨɡɪɚ-

ɯɭɧɤɨɜɨ-ɬɟɨɪɟɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ. Ɋɨɡɝɥɹɧɭɬɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ 

ɬɟɨɪɿɸ ɡɛɭɪɟɧɶ ɹɤ ɨɫɧɨɜɭ ɩɨɛɭɞɨɜɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ ɦɟɬɚɧɭ. 

ɇɚɜɟɞɟɧɨ ɤɨɪɨɬɤɢɣ ɚɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ, ɳɨɞɨ ɬɟɨɪɟɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɞɨɫɥɿɞɠɟɧɧɹ 

ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ. ɍɜɚɝɭ ɩɪɢɞɿɥɟɧɨ 

ɦɟɬɨɞɚɦ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɨɬɪɢɦɚɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ, 

ɡɨɤɪɟɦɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. Ɋɨɡɝɥɹɧɭɬɨ ɬɚ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɨɫɧɨɜɧɿ ɩɪɨɛɥɟɦɢ, ɳɨ 

ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɪɨɡɪɨɛɰɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɫɢɥɶɧɨ ɫɬɢɫɧɭɬɢɯ ɬɜɟɪɞɢɯ ɬɿɥ ɬɚ 

ɜɢɞɿɥɟɧɨ ɧɚɩɪɹɦɤɢ ɜ ʀɯ ɜɢɪɿɲɟɧɧɿ. Ɋɨɡɝɥɹɧɭɬɨ ɪɨɛɨɬɢ, ɳɨ ɩɪɢɫɜɹɱɟɧɿ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ ɞɨɫɥɿɞɠɟɧɧɹɦ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɧɚ 

ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɬɚ ɩɥɚɜɥɟɧɧɹ ɩɪɢ ɜɢɫɨɤɨɦɢɯɭ ɬɢɫɤɚɯ. 

ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɦɨɠɥɢɜɨɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ ɹɤ ɿɧɫɬɪɭɦɟɧɬɭ ɞɨɫɥɿɞɠɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ 

ɪɟɱɨɜɢɧ ɜ ɨɛɥɚɫɬɿ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ. 

ɍ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ ɤɨɧɞɟɧɫɨɜɚɧɨɝɨ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɩɨɛɭɞɨɜɚɧɟ ɜ 

ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɞɟ ɜ ɹɤɨɫɬɿ ɧɭɥɶɨɜɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɜɢɫɬɭɩɚє ɤɪɢɫɬɚɥ, ɳɨ 

ɫɤɥɚɞɚєɬɶɫɹ ɡɿ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɚ ɜ ɹɤɨɫɬɿ ɩɨɬɟɧɰɿɚɥɭ ɡɛɭɪɟɧɧɹ – ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ. Ⱦɨɫɥɿɞɠɟɧɨ ɨɞɧɭ ɡ ɮɚɡ ɤɪɢɫɬɚɥɿɱɧɨɝɨ 

ɦɟɬɚɧɭ – ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɭ ɤɭɛɿɱɧɭ (ȽɐɄ) ɮɚɡɭ, ɹɤɚ ɯɚɪɚɤ-

ɬɟɪɢɡɭєɬɶɫɹ ɩɪɚɤɬɢɱɧɨ ɜɿɥɶɧɢɦ ɨɛɟɪɬɚɧɧɹɦ ɦɨɥɟɤɭɥ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɜɭɡɥɚɯ 

ґɪɚɬɤɢ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɧɟɰɟɧɬɪɚɥɶɧɢɣ ɯɚɪɚɤɬɟɪ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ ɋɇ4 ɧɚ 

ɦɚɥɢɯ ɜɿɞɫɬɚɧɹɯ ɦɚɥɨ ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɩɨɜɟɞɿɧɰɿ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ 

ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ȼɿɞɧɨɫɧɨ ɧɟɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ ɩɨɩɪɚɜɤɢ ɧɚ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ ɞɨɡɜɨɥɢɥɨ ɡɚɫɬɨɫɭɜɚɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ 

ɬɟɨɪɿɸ ɡɛɭɪɟɧɶ, ɞɟ ɜ ɹɤɨɫɬɿ ɧɭɥɶɨɜɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɜɢɫɬɭɩɚє ɫɢɫɬɟɦɚ ɫɮɟɪɢɱɧɢɯ 
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ɦɨɥɟɤɭɥ, ɚ ɜ ɹɤɨɫɬɿ ɩɨɬɟɧɰɿɚɥɭ ɡɛɭɪɟɧɧɹ – ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ 

ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ. Ɂɚɩɪɨɩɨɧɨɜɚɧɟ ɤɚɧɨɧɿɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɦɟɬɚɧɭ ɦɿɫɬɢɬɶ 

ɨɫɧɨɜɧɢɣ ɜɧɟɫɨɤ ɭ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɦɨɞɟɥɿ Ʌɟɧɧɚɪɞ-

Ⱦɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɭ ɡ ȽɐɄ ґɪɚɬɤɨɸ, ɚ ɬɚɤɨɠ ɩɨɩɪɚɜɤɭ ɧɚ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ. Ȼɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɪɨɡɪɨɛɥɟɧɟ ɜ ɪɚɦɤɚɯ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɨɡɜɨɥɹє ɞɨɫɢɬɶ ɧɚɞɿɣɧɨ 

ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɮɭɧɤɰɿʀ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɮɚɡɢ ɦɟɬɚɧɭ ɧɚ 

ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɜ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 40 Ʉ ɞɨ 90 Ʉ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦɭ 

ɬɢɫɤɭ ɬɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɜ ɨɛɥɚɫɬɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 90 Ʉ ɞɨ γ00 Ʉ ɬɚ ɬɢɫɤɭ ɞɨ 

10 ɤɛɚɪ. Ɉɬɪɢɦɚɧɿ ɭ ɪɨɛɨɬɿ ɪɨɡɪɚɯɭɧɤɨɜɿ ɞɚɧɿ ɡ ɞɨɫɬɚɬɧɶɨɸ ɬɨɱɧɿɫɬɸ 

ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. 

ȼɢɤɨɧɚɧɿ ɪɨɡɪɚɯɭɧɤɢ ɞɨɡɜɨɥɢɥɢ ɨɰɿɧɢɬɢ ɜɤɥɚɞɢ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ 

ɩɥɚɜɥɟɧɧɹ, ɚ ɬɚɤɨɠ ɱɭɬɥɢɜɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨ ɜɢɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ. 

Ɍɪɟɬɿɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ ɞɨɫɥɿɞɠɟɧɧɸ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɦɟɬɚɧɭ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ ɬɚ ɜɥɚɫɬɢɜɨɫɬɹɦ ɫɩɿɜɿɫɧɭɸɱɢɯ ɮɚɡ ɩɪɢ ɜɢɫɨɤɨɦɭ 

ɬɢɫɤɭ. Ⱦɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

ɞɥɹ ɤɪɢɫɬɚɥɿɱɧɨʀ ɮɚɡɢ ɬɚ ɞɥɹ ɪɿɞɤɨʀ ɮɚɡɢ ɦɟɬɚɧɭ. Ɉɛɢɞɜɚ ɪɿɜɧɹɧɧɹ ɨɬɪɢɦɚɧɿ ɜ 

ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɜ ɹɤɿɣ ɤɪɢɫɬɚɥ ɚɛɨ ɪɿɞɢɧɚ, ɳɨ ɫɤɥɚɞɚɸɬɶɫɹ ɡɿ ɫɮɟɪɢɱɧɢɯ 

ɦɨɥɟɤɭɥ, ɜɢɫɬɭɩɚɸɬɶ ɜ ɹɤɨɫɬɿ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ, ɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ 

ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ є ɡɛɭɪɟɧɧɹɦ. ȼ ɹɤɨɫɬɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ ɞɥɹ 

ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɛɭɥɨ ɨɛɪɚɧɨ ɪɿɜɧɹɧɧɹ, ɡɚɩɪɨɩɨɧɨɜɚɧɟ ɭ ɪɨɛɨɬɿ Ʉɨɥɚɮɢ ɿ ɇɟɡɛɟɞɢ, 

ɹɤɟ ɞɚє ɧɚɣɤɪɚɳɢɣ ɨɩɢɫ ɞɚɧɢɯ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɞɥɹ Ʌɟɧɧɚɪɞ-

Ⱦɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ. ɐɟ ɪɿɜɧɹɧɧɹ ɛɭɥɨ ɞɨɩɨɜɧɟɧɨ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ 

ɩɨɩɪɚɜɤɨɸ ɧɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ. Ɍɟɦɩɟɪɚɬɭɪɧɚ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ 

ɩɥɚɜɥɟɧɧɹ ɿ ɝɭɫɬɢɧɢ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɛɭɥɢ 

ɜɢɡɧɚɱɟɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɬɚɧɞɚɪɬɧɢɯ ɭɦɨɜ ɦɟɯɚɧɿɱɧɨɝɨ (ɪɿɜɧɨɫɬɿ ɬɢɫɤɿɜ) ɿ 

ɦɚɬɟɪɿɚɥɶɧɨɝɨ (ɪɿɜɧɨɫɬɿ ɯɿɦɿɱɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ) ɛɚɥɚɧɫɿɜ ɩɪɢ ɪɿɜɧɨɫɬɿ ɬɟɦɩɟɪɚɬɭɪ. 
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Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɩɚɪɚɦɟɬɪɿɜ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɞɨɛɪɟ 

ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɞɚɧɢɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ, ɨɬɪɢɦɚɧɢɯ ɞɟɤɿɥɶɤɨɦɚ 

ɪɿɡɧɢɦɢ ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɦɟɬɨɞɚɦɢ.  

ɑɟɬɜɟɪɬɢɣ ɪɨɡɞɿɥ ɞɢɫɟɪɬɚɰɿʀ ɩɪɢɫɜɹɱɟɧɢɣ ɞɨɫɥɿɞɠɟɧɧɸ ɬɟɩɥɨɮɿɡɢɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɬɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɦɟɬɨɞɨɦ 

ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɬɨɞɨɦ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɹɤɿ ɩɨɪɿɜɧɹɧɨ ɡ ɪɨɡɪɚɯɭɧɤɚɦɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɩɪɟɞɫɬɚɜɥɟɧɢɦɢ ɜ ɪɨɡɞɿɥɿ β. ȼɿɞɫɭɬɧɿɫɬɶ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ, ɡɚɥɢɲɚє ɬɿɥɶɤɢ ɦɨɠɥɢɜɿɫɬɶ 

ɨɰɿɧɢɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɲɥɹɯɨɦ ɩɨɪɿɜɧɹɧɧɹ ɡ ɤɨɦɩ’ɸɬɟɪɧɢɦ ɟɤɫɩɟɪɢɦɟɧɬɨɦ. 

Ɋɨɡɪɚɯɭɧɤɢ ɞɨɡɜɨɥɢɥɢ ɧɟ ɬɿɥɶɤɢ ɩɟɪɟɤɨɧɚɬɢɫɹ ɜ ɧɚɞɿɣɧɨɫɬɿ ɡɚɫɬɨɫɨɜɭɜɚɧɢɯ 

ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɚɥɟ ɬɚɤɨɠ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɪɨɡɲɢɪɢɬɢ 

ɨɛɥɚɫɬɶ ʀɯ ɡɚɫɬɨɫɭɜɚɧɧɹ. Ɍɚɤ, ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɦɿɧɚ ɬɢɩɭ ɤɪɢɫɬɚɥɿɱɧɨʀ 

ɪɟɲɿɬɤɢ CF4 ɡ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɨʀ ɧɚ ɦɨɧɨɤɥɿɧɧɭ ɧɟ ɜɩɥɢɜɚє ɫɭɬɬєɜɨ ɧɚ ɜɟɥɢɱɢɧɭ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɤɪɢɫɬɚɥɚ, ɨɫɤɿɥɶɤɢ ɜɨɧɢ ɜɢɡɧɚɱɚɸɬɶɫɹ ɝɨɥɨɜɧɢɦ 

ɱɢɧɨɦ ɜɡɚєɦɨɞɿєɸ ɧɚɣɛɥɢɠɱɢɯ ɦɨɥɟɤɭɥ, ɪɨɡɬɚɲɭɜɚɧɧɹ ɹɤɢɯ ɜ ɰɢɯ ɬɢɩɚɯ 

ɤɪɢɫɬɚɥɿɱɧɢɯ ɫɬɪɭɤɬɭɪ ɨɞɧɚɤɨɜɟ. Ɍɚɤɨɠ ɭ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɨ ɨɧɨɜɥɟɧɭ 

ɜɟɪɫɿɸ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ «TСОrЦШPrШ-η», ɩɪɢɡɧɚɱɟɧɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ 

ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɭ ɬɟɯɧɿɱɧɨ ɜɚɠɥɢɜɢɯ ɪɟɱɨɜɢɧ.  

ȼ ɪɨɛɨɬɿ ɨɬɪɢɦɚɧɨ ɪɹɞ ɧɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ, ɡɨɤɪɟɦɚ: 

– ɜɩɟɪɲɟ ɪɨɡɪɚɯɨɜɚɧɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ  

ɬɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ, ɚ ɬɚɤɨɠ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ 

ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɨɪɿєɧɬɚɰɿɣɧɨ-ɡɚɥɟɠɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ; 

– ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ ɦɟɬɚɧɭ, ɡɚɫɬɨɫɨɜɭɸɱɢ ɨɤɪɟɦɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ 

ɣɨɝɨ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ єɞɢɧɨɝɨ 

ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɭ; 
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– ɨɬɪɢɦɚɜ ɩɨɞɚɥɶɲɢɣ ɪɨɡɜɢɬɨɤ ɩɿɞɯɿɞ ɞɨ ɩɨɛɭɞɨɜɢ ɬɟɨɪɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ, ɳɨ ɜɪɚɯɨɜɭɸɬɶ ɧɟɰɟɧɬɪɚɥɶɧɭ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ. Ɂɿɫɬɚɜɥɟɧɧɹ 

ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɿɜ, ɳɨ ɜɢɤɨɧɚɧɿ ɜ ɪɨɛɨɬɿ, ɡ ɧɚɹɜɧɢɦɢ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ 

ɩɨɤɚɡɭє, ɳɨ ɪɨɡɪɨɛɥɟɧɿ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɿ ɪɿɜɧɹɧɧɹ 

ɫɬɚɧɭ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɿ ɞɨ ɿɧɲɢɯ ɯɨɥɨɞɨɚɝɟɧɬɿɜ, ɳɨ ɦɚɸɬɶ ɫɬɪɭɤɬɭɪɭ, 

ɩɨɞɿɛɧɭ ɞɨ ɦɟɬɚɧɭ. 

ɇɚɭɤɨɜɟ ɡɧɚɱɟɧɧɹ ɦɚɸɬɶ ɧɚɫɬɭɩɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ: 

– ɨɬɪɢɦɚɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɭє ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɜ  

ɲɢɪɨɤɿɣ ɨɛɥɚɫɬɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ ɬɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ; 

– ɨɰɿɧɟɧɢɣ ɫɭɬɬєɜɢɣ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɭ ɜɥɚɫɬɢɜɨɫɬɿ 

ɦɟɬɚɧɭ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ; 

– ɜɢɹɜɥɟɧɚ ɭɡɝɨɞɠɟɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ, 

ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɜ ɪɨɛɨɬɿ, ɡ ɧɚɹɜɧɢɦɢ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ; 

– ɨɞɟɪɠɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ 

ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɭ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɦɚɸɬɶ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɪɨɛɨɬɿ ɬɚɛɥɢɰɿ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɚ ɬɚɤɨɠ ɨɧɨɜɥɟɧɚ 

ɜɟɪɫɿɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɬɟɯɧɿɱɧɨ ɜɚɠɥɢɜɢɯ ɞɥɹ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɬɟɯɧɿɤɢ ɪɟɱɨɜɢɧ «TСОrЦШPrШ-η», ɞɟ 

ɪɟɚɥɿɡɨɜɚɧɿ ɪɨɡɪɚɯɭɧɤɨɜɨ-ɬɟɨɪɟɬɢɱɧɿ ɦɟɬɨɞɢ, ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿʀ. 

 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ:  ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɮɚɡɨɜɚ ɞɿɚɝɪɚɦɚ, ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, 

ɥɿɧɿɹ ɩɥɚɜɥɟɧɧɹ, ɦɟɬɚɧ, ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ, 

ɩɨɬɟɧɰɿɚɥ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɚɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ ɪɨɡɪɚɯɭɧɤɭ. 
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ABSTRACT 

 

Bodiul O.S. Thermophysical properties of condensed phases of methane and 

its halogen derivatives. – Manuscript. 

Thesis for the degree of Candidate of Technical Sciences in specialty 05.14.06 – 

Technical Thermophysics and Industrial Heat Power Engineering. – Odessa National 

Academy of Food Technologies, Odessa, 2019. 

The thesis is devoted to the complex theoreticaly-based study of thermophysical 

properties of the condensed phases of methane and its halogen derivatives on their 

melting lines and in single-phase regions over a wide range of temperatures and 

pressures.  

The purpose of the work is to develop the means for calculating the 

thermophysical properties of cryogenic substances (methane series freons) on the basis 

of a combination of theoretical calculation methods with the Monte Carlo computer 

simulation. 

TСО ШЛУОМЭ ШП ЭСО ЬЭЮНв ТЬ ЦОЭСКЧО ɋH4 and its halogenated tetrafluoromethane 

ɋF4 and carbon tetrachloride CCl4 in a condensed state. 

The subject of the study is the phase diagrams in the melting line and the 

thermodynamic properties of the coexisting phases of the condensed methane and its 

halogen derivatives in a wide range of temperatures and pressures. 

The main methods of research in the work – calculated and theoretical, based on 

the thermodynamic theory of perturbations, as well as the method of computer 

modeling Monte Carlo. 

The introduction substantiates the choice of the topic of dissertation work, the 

relevance of the research, formulates the purpose and objectives of the study, shows its 

connection with existing scientific programs and topics, reviews the scientific novelty 

and the practical value of the results obtained. The data on the personal contribution of 

the applicant, testing of work and publication are given. 

The content of the work is revealed in four main sections. 
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The first section is devoted to the consideration of theoretical approaches to the 

construction of equations of state of condensed phases of methane, tetrafluoromethane 

and tetrachloromethane. A review of existing dissection-theoretical methods of 

studying the thermodynamic properties of molecular crystals at high pressures is 

performed. The thermodynamic theory of perturbations is considered as the basis for 

constructing an equation of state of solid and liquid phases of methane. A brief 

analysis of publications, on theoretical methods of investigation of thermophysical 

properties of molecular crystals is given. Attention is paid to methods that allow us to 

obtain a state equation in the region of high pressures, in particular on the melting line. 

The main problems that arise in developing the equation of the state of strongly 

compressed solids are considered and analyzed and the directions in their solution are 

highlighted. The paper devoted to the experimental study of the properties of methane 

and its derivatives on the sublimation and melting lines at high pressures is considered. 

The possibilities of using the Monte Carlo computer experiment as an instrument 

for studying the properties of condensed phases of substances in the field of extreme 

state parameters are analyzed. 

In the second section, the equation for the free energy of a Helmholtz of 

condensed methane and its halogen derivatives is proposed, constructed in the 

framework of the perturbation theory, where the crystal consisting of spherical 

molecules acts as a zero approximation, and the octupole-octupole interaction of 

methane molecules acts as a potential for perturbation. One of the phases of crystalline 

methane - a high-temperature, fcc-phase, which is characterized by the practically free 

rotation of molecules located in the nodes of the lattice, is studied. It was established 

that the noncentral nature of the interaction of CH4 molecules at small distances affects 

the behavior of crystalline methane in the region of high temperatures. The relatively 

small correction value for the octupol-octupole interaction of methane molecules 

allowed the use of the thermodynamic perturbation theory, where the system of 

spherical molecules acts as a zero approximation, and as octopole-octupole interaction 

of methane molecules as a potential of perturbation. The proposed canonical state of 
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equation for methane contains the main contribution to free energy, which corresponds 

to the Lennard-Johnson crystal model with the fcc lattice, as well as the correction for 

the octupole-octupole interaction. It has been established that the state of the equation 

developed in the framework of the thermodynamic perturbation theory allows to 

reliably calculate the thermodynamic functions of the high-temperature phase of 

methane on the sublimation line in the temperature range from 40 K to 90 K at 

atmospheric pressure and on the melting line in the temperature range from 90 K to 

300 K and pressure up to 10 kbar. The calculated data obtained in the work with 

sufficient accuracy are consistent with the experimental data. 

The performed calculations made it possible to estimate the contributions of 

octupol-octupole interaction in the thermodynamic properties of solid methane in the 

sublimation and melting lines, as well as the sensitivity of the results to the selection of 

potential parameters. 

The third section is devoted to the study of the position of the melting line of 

methane on the phase diagram and the properties of coexisting phases at high pressure. 

To predict the melting curve, the state equation for the crystalline phase and for the 

liquid phase of methane are used. Both equations are obtained in the theory of 

perturbations, in which a crystal or a liquid composed of spherical molecules act as a 

reference system, and the octopole-octupole interaction of methane molecules is 

perturbation. As the equation of the state of the reference system for liquid methane, 

the equation proposed in the Kolafi and Bezsudi work was chosen, which gives the 

best description of computer modeling data for the Lennard-Jones fluids. This equation 

was supplemented in the dissertation by the correction for the octupole-octupole 

interaction. The temperature dependence of the melting pressure and the density of the 

solid and liquid phases on the melting line of methane were determined using the 

standard mechanical (equivalence of pressure) and material (equalities of chemical 

potentials) balances for temperature equilibrium. 
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The results of calculations of the parameters of the melting line of methane are in 

good agreement with the data of computer simulation obtained by several different 

computational methods. 

The fourth section of the dissertation is devoted to the study of thermophysical 

properties of methane, tetrafluoromethane and tetrachloromethane by computer 

modeling. The results of the Monte Carlo method are presented, which are compared 

with the calculations of the thermodynamic properties of methane and its halogen 

derivatives. The lack of experimental data at high pressures leaves only the possibility 

to estimate the state equation by comparison with a computer experiment. The 

calculations allowed not only to verify the reliability of the theoretically grounded 

state equations, but also to expand the scope of their application. Thus, it was found 

that a change in the type of crystalline lattice CF4 from a centered monoclinic does not 

significantly affect the magnitude of the thermodynamic functions of the crystal, since 

they are determined predominantly by the interaction of the nearest molecules, the 

positions of which in these types of crystalline structures are the same. Also, the fourth 

section descriЛОЬ ЭСО ЮЩНКЭОН ЯОrЬТШЧ ШП ЭСО КЮЭШЦКЭОН ЬвЬЭОЦ «TСОrЦШPrШ-η», 

intended for calculations of thermophysical properties of a wide range of technically 

important substances. 

A new results were obtained in the work: 

- for the first time thermodynamic properties of crystalline methane and 

tetrachloromethane were calculated, as well as the monoclinic structure of solid 

tetrafluoromethane on the sublimation line using the Monte Carlo method using the 

orientation-dependent molecular interaction potential; 

- for the first time the possibility of forecasting the position of the melting line on 

the phase diagram of methane was studied, using separate state equations for its solid 

and liquid phases within the theory of perturbations using a single small parameter; 

- received a further development approach to the construction of theoretical 

equations of the state of molecular crystals, taking into account the noncentral 

octupole-octupole interaction of methane molecules and their halogen derivatives. The 
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comparison of the calculated and experimental data shows that the developed 

equations of state can be applied also to other refrigerants having structure similar to 

methane. 

The following results have a scientific importance: 

- the equation of state that adequately describes the properties of methane in a 

wide range of temperatures and pressures and on the melting line is adequately 

described; 

- appreciated the significant contribution octupol-octupole interaction in the 

properties of methane on the sublimation and melting lines; 

- the co-ordination of the obtained results of Monte-Carlo simulation was 

revealed using the interaction potential proposed in the work, with available 

experimental data; 

- obtained results of calculation of thermodynamic properties of methane and its 

halogen derivatives in a wide range of temperatures and pressures. 

Practical significance are presented in the table of thermodynamic properties of 

methane and its halogen derivatives, as well as an updated version of the automated 

system for calculating the thermodynamic properties of «ThermoPro-5» technically 

important substances for low-temperature technology, where the calculation and 

theoretical methods proposed in the dissertation are implemented. 

 

 

Key words: thermodynamic properties, phase diagram, equation of state, 

melting line, methane, Monte Carlo method, octupole-octupole interaction, the 

Lennard-Jones potential, an automated calculation system. 
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ȽɐɄ – ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɚ ɤɭɛɿɱɧɚ ґɪɚɬɤɚ; 

ɄɊ – ɤɨɦɛɿɧɚɰɿɣɧɟ ɪɨɡɫɿɸɜɚɧɧɹ; 

ɆɄ – ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ; 

ɌɌɁ –  ɬɟɪɦɨɞɢɧɚɦɿɱɧɚ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ; 

Ɋɋ – ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ; 

Ab initio – ɡ ɩɟɪɲɨɨɫɧɨɜ, ɡ ɩɟɪɲɢɯ ɩɪɢɧɰɢɩɿɜ;  

NPT – ɫɬɚɬɢɫɬɢɱɧɢɣ (ɤɚɧɨɧɿɱɧɢɣ) ɚɧɫɚɦɛɥɶ ɡ ɩɨɫɬɿɣɧɢɦɢ N (ɤɿɥɶɤɿɫɬɶ ɱɚɫɬɢɧɨɤ),  

Ɋ (ɬɢɫɤ) ɿ T (ɬɟɦɩɟɪɚɬɭɪɚ); 
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Ω – ɨɤɬɭɩɨɥɶɧɢɣ ɦɨɦɟɧɬ; 
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h – ɩɢɬɨɦɚ ɟɧɬɚɥɶɩɿɹ, ɤȾɠ/ɦɨɥɶ;  

M, m  – ɦɨɥɟɤɭɥɹɪɧɚ ɦɚɫɚ, ɤɝ/ɤɦɨɥɶ; 

p – ɬɢɫɤ, Ɇɉɚ; 

p* – ɡɜɟɞɟɧɢɣ ɬɢɫɤ,  p* = pσ3/; 

R  – ɭɧɿɜɟɪɫɚɥɶɧɚ ɝɚɡɨɜɚ ɫɬɚɥɚ, Ⱦɠ/(ɦɨɥɶ·Ʉ); 

s – ɩɢɬɨɦɚ ɟɧɬɪɨɩɿɹ, Ⱦɠ/(ɦɨɥɶ·Ʉ); 

Ɍ  – ɚɛɫɨɥɸɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

Ɍ* – ɡɜɟɞɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ, Ɍ*= kT /; 
t  – ɬɟɦɩɟɪɚɬɭɪɚ, ɋ; 
UN – ɩɨɬɟɧɰɿɚɥɶɧɚ ɟɧɟɪɝɿɹ ɫɢɫɬɟɦɢ N ɦɨɥɟɤɭɥ; 

u(r ) – ɩɨɬɟɧɰɿɚɥ «ɡɛɭɪɟɧɧɹ»; 

Δu – ɟɧɟɪɝɿɹ «ɡɛɭɪɟɧɧɹ»; 

v – ɦɨɥɹɪɧɢɣ ɨɛ’єɦ, ɫɦ3/ɦɨɥɶ; 

wi j  – ɩɚɪɧɢɣ ɤɨɪɟɥɹɰɿɣɧɢɣ ɩɨɬɟɧɰɿɚɥ. 

 

ȱɧɞɟɤɫɢ: 

i, j – ɿɧɞɟɤɫɢ ɤɨɟɮɿɰɿєɧɬɿɜ; 

m – ɿɧɞɟɤɫ ɩɚɪɚɦɟɬɪɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. 
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ȼɋɌɍɉ 
 

Ɉɛґɪɭɧɬɭɜɚɧɧɹ ɜɢɛɨɪɭ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɋɿɲɟɧɧɹ ɰɿɥɨɝɨ ɪɹɞɭ 

ɩɪɢɤɥɚɞɧɢɯ ɡɚɜɞɚɧɶ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɬɟɯɧɿɤɢ, ɬɟɩɥɨɮɿɡɢɤɢ, ɚɫɬɪɨɧɨɦɿʀ 

ɧɟɦɨɠɥɢɜɨ ɛɟɡ ɧɚɞɿɣɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɬɚ 

ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ. ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɛɚɝɚɬɶɨɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ 

ɧɟɨɛɯɿɞɧɿ ɞɚɧɿ ɳɨɞɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ, ɡɨɤɪɟɦɚ ɩɪɢ 

ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ. ɉɪɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɚɩɚɪɚɬɭɪɢ, ɳɨ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɩɟɪɟɪɨɛɤɢ ɦɟɬɚɧɭ, ɩɨɬɪɿɛɧɿ ɬɨɱɧɿ ɞɚɧɿ ɩɪɨ ɣɨɝɨ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɹɤ ɜ ɪɿɞɤɿɣ ɬɚɤ ɿ ɜ ɬɜɟɪɞɿɣ 

ɮɚɡɚɯ. ɉɨɪɹɞ ɡ ɿɧɲɢɦɢ ɞɠɟɪɟɥɚɦɢ ɯɨɥɨɞɭ, ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɫɢɫɬɟɦɢ 

ɡɚɯɨɥɨɞɠɟɧɧɹ – ɤɪɿɨɫɬɚɬɢ ɧɚ ɡɚɬɜɟɪɞɿɥɢɯ ɝɚɡɚɯ, ɜ ɹɤɢɯ ɡɚ ɪɚɯɭɧɨɤ ɫɭɛɥɿɦɚɰɿʀ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɭ ɬɜɟɪɞɨɦɭ ɫɬɚɧɿ ɚɛɨ ɩɥɚɜɥɟɧɧɹ ɯɨɥɨɞɨɚɝɟɧɬɭ ɜɿɞɛɭɜɚєɬɶɫɹ 

ɜɿɞɛɿɪ ɬɟɩɥɚ ɜɿɞ ɨɯɨɥɨɞɠɭɜɚɧɨɝɨ ɟɥɟɦɟɧɬɚ ɩɪɢɥɚɞɭ. Ⱦɚɧɿ ɩɪɨ ɬɟɩɥɨɮɿɡɢɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ є ɞɭɠɟ ɜɚɠɥɢɜɢɦɢ ɞɥɹ ɩɨɩɟɪɟɞɠɟɧɧɹ ɝɿɞɪɚɬɨɭɬɜɨɪɟɧɧɹ ɬɚ 

ɩɪɨɦɟɪɡɚɧɧɹ ɩɨɜɟɪɯɨɧɶ ɬɟɪɬɹ ɨɛɥɚɞɧɚɧɧɹ ɝɚɡɨɪɨɡɩɨɞɿɥɶɱɢɯ ɫɬɚɧɰɿɣ ɭ ɫɢɫɬɟɦɚɯ 

ɬɪɚɧɫɩɨɪɬɭ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɭ, ɨɫɧɨɜɧɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɹɤɨɝɨ є ɦɟɬɚɧ. ɉɪɢ 

ɩɪɨɟɤɬɭɜɚɧɧɿ ɭɫɬɚɧɨɜɨɤ ɤɪɿɨɝɟɧɧɨʀ ɬɟɯɧɿɤɢ ɬɚ ɨɛɥɚɞɧɚɧɧɹ ɡ ɪɨɡɞɿɥɟɧɧɹ 

ɚɬɦɨɫɮɟɪɧɢɯ ɝɚɡɿɜ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɜɥɚɫɬɢɜɨɫɬɿ ɮɪɟɨɧɿɜ ɦɟɬɚɧɨɜɨɝɨ ɪɹɞɭ ɬɚ ɿɧɲɢɯ 

ɤɪɿɨɝɟɧɧɢɯ ɪɟɱɨɜɢɧ ɜ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ ɬɚɤɨɠ є ɧɟɨɛɯɿɞɧɨɸ [1, 2].   

ȼ ɨɫɬɚɧɧɿ ɪɨɤɢ ɜɢɧɢɤ ɜɟɥɢɤɢɣ ɿɧɬɟɪɟɫ ɞɨ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɨɥɟɤɭɥɹɪɧɢɯ 

ɤɪɢɫɬɚɥɿɜ, ɬɚɤɢɯ ɹɤ ɦɟɬɚɧ ɿ ɛɿɧɚɪɧɿ ɫɭɦɿɲɿ, ɳɨ ɜɤɥɸɱɚɸɬɶ ɦɟɬɚɧ, ɩɪɢ ɜɢɫɨɤɨɦɭ 

ɬɢɫɤɭ ɩɿɫɥɹ ɬɨɝɨ, ɹɤ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɟɬɚɧ ɭ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ ɿɫɧɭє ɧɟ 

ɬɿɥɶɤɢ ɧɚ Ɂɟɦɥɿ, ɚɥɟ ɿ ɧɚ ɞɟɹɤɢɯ ɩɥɚɧɟɬɚɯ ɋɨɧɹɱɧɨʀ ɫɢɫɬɟɦɢ, ɧɚɩɪɢɤɥɚɞ, ɧɚ 

ɫɭɩɭɬɧɢɤɭ ɋɚɬɭɪɧɚ – Ɍɢɬɚɧɿ [3]. Ɇɟɬɚɧ CH4 є ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɨɸ ɨɪɝɚɧɿɱɧɨɸ 

ɪɟɱɨɜɢɧɨɸ ɭ ȼɫɟɫɜɿɬɿ. Ɂɧɚɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɨɪɦ ɦɟɬɚɧɭ, ɚ ɬɚɤɨɠ 

ɣɨɝɨ ɮɚɡɨɜɨʀ ɞɿɚɝɪɚɦɢ ɦɚє ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ ɧɟ ɬɿɥɶɤɢ ɞɥɹ ɩɥɚɧɟɬɚɪɧɨʀ ɮɿɡɢɤɢ, ɚ ɿ 

ɞɥɹ ɪɹɞɭ ɿɧɲɢɯ ɝɚɥɭɡɟɣ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ.  
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Ɍɟɬɪɚɮɬɨɪɦɟɬɚɧ (CF4) ɬɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧ (CCl4) є ɚɧɚɥɨɝɚɦɢ ɦɟɬɚɧɭ, 

ɤɨɦɟɪɰɿɣɧɟ ɡɧɚɱɟɧɧɹ ɹɤɢɯ ɧɟɳɨɞɚɜɧɨ ɡɧɚɱɧɨ ɡɛɿɥɶɲɢɥɨɫɹ ɩɿɫɥɹ ɪɨɡɪɨɛɤɢ 

ɬɟɯɧɨɥɨɝɿʀ ɫɭɯɨɝɨ ɬɪɚɜɥɟɧɧɹ ɜ ɦɿɤɪɨɟɥɟɤɬɪɨɧɿɰɿ [4]. CF4 ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

ɜ ɩɪɨɰɟɫɿ ɪɟɤɬɢɮɿɤɚɰɿʀ ɩɪɢ ɪɨɡɞɿɥɟɧɧɿ ɝɚɡɨɜɢɯ ɫɭɦɿɲɟɣ ɜ ɹɤɨɫɬɿ ɪɟɱɨɜɢɧɢ-

ɩɨɫɟɪɟɞɧɢɤɚ. 

ɓɟ ɨɞɧɿєɸ ɫɮɟɪɨɸ ɡɚɫɬɨɫɭɜɚɧɧɹ ɰɢɯ ɞɚɧɢɯ є ɩɨɲɭɤ ɧɨɜɢɯ ɟɧɟɪɝɨєɦɧɢɯ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɿ ɜɭɝɥɟɰɟɜɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɩɪɢɞɚɬɧɢɯ ɞɥɹ ɡɛɟɪɿɝɚɧɧɹ 

ɿ ɥɟɝɤɨɝɨ ɜɢɥɭɱɟɧɧɹ ɡ ɧɢɯ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɧɸ ɹɤ ɩɚɥɢɜɚ, ɳɨ ɜɢɦɚɝɚє ɡɧɚɧɧɹ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɰɢɯ ɪɟɱɨɜɢɧ ɩɪɢ ɜɢɫɨɤɨɦɭ ɬɢɫɤɭ [5].   

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɜɫɿɯ ɰɢɯ ɡɚɜɞɚɧɶ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ ɧɚɞɿɣɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɪɟɱɨɜɢɧ ɜ ɲɢɪɨɤɿɣ ɨɛɥɚɫɬɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. Ɉɛɦɟɠɟɧɿ 

ɦɨɠɥɢɜɨɫɬɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ 

ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɪɨɛɥɹɬɶ ɧɟɨɛɯɿɞɧɢɦ ɩɪɨɜɟɞɟɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɚ ɬɚɤɨɠ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ 

ɟɤɫɩɟɪɢɦɟɧɬɭ. 

ɍ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɋH4, 

ɋF4, CCl4, (ɮɪɟɨɧɿɜ Rη0, R10 ɬɚ R14 ɦɟɬɚɧɨɜɨɝɨ ɪɹɞɭ) ɡɪɨɛɢɥɢ ɜɟɥɢɤɢɣ ɜɧɟɫɨɤ 

ɧɚɭɤɨɜɰɿ Ɉɞɟɫɶɤɨʀ ɲɤɨɥɢ ɬɟɩɥɨɮɿɡɢɤɢ: ȼɚɫɫɟɪɦɚɧ Ɉ.Ⱥ., ɇɟɞɨɫɬɭɩ ȼ.ȱ., 

Ƚɟɥɥɟɪ ȼ.Ɂ.; ɜɱɟɧɿ ɎɌȱɇɌ ɇȺɇ ɍɤɪɚʀɧɢ, ɧɚɭɤɨɜɚ ɲɤɨɥɚ ɚɤɚɞɟɦɿɤɚ 

ȼ.Ƚ. Ɇɚɧɠɟɥɿɹ: ɉɪɨɯɜɚɬɿɥɨɜ Ⱥ.ȱ., Ȼɚɝɚɰɶɤɢɣ Ɇ.ȱ, ɚ ɬɚɤɨɠ ɧɿɦɟɰɶɤɿ ɧɚɭɤɨɜɰɿ 

ȱɧɫɬɢɬɭɬɭ ɬɟɪɦɨ- ɿ ɮɥɸʀɞɞɢɧɚɦɿɤɢ (RЮСr UЧТЯОrЬТЭв BШМСЮЦ): Ɂɟɬɰɦɚɧɧ 

(U. Setzmann), ȼ. ȼɚɝɧɟɪ (W. Wagner) ɬɚ ɿɧ. 

ɍ ɞɨɫɥɿɞɠɟɧɧɹ ɮɚɡɨɜɢɯ ɞɿɚɝɪɚɦ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ ɡɧɚɱɧɢɣ ɜɧɟɫɨɤ 

ɡɪɨɛɢɥɢ Ɋ. Ȼɿɧɿ (R. Bini), ȿ. Ⱥɛɪɚɦɫɨɧ (E. Abramson), Ɇ. ɑɟɧɝ (M. Cheng), 

ȼ. Ⱦɟɧɢɟɥɫ (W. Daniels),  ȼ. Ȼɿɧ (V. Bean), ɋ. ɋɚɫɚɤɿ (S. Sasaki), ȱ. ȱɤɟɞɚ (Y. Ikeda), 

Ɍ. əɝɿ (T. Yagi). 

ȼɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɩɪɢ ɫɟɪɟɞɧɶɨɦɭ ɬɢɫɤɭ ɦɚɸɬɶ ɜɢɪɿɲɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɞɥɹ 

ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɪɨɡɭɦɿɧɧɹ ɮɨɪɦɭɜɚɧɧɹ ɿ ɫɬɚɛɿɥɶɧɨɫɬɿ ɜɭɝɥɟɜɨɞɧɿɜ ɜ ɦɚɧɬɿʀ Ɂɟɦɥɿ 

ɬɚ ɡɟɦɧɨʀ ɤɨɪɢ [6]. 
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Ɍɟɬɪɚɮɬɨɪɦɟɬɚɧ CF4 (ɮɪɟɨɧ R14) – ɦɨɥɟɤɭɥɹɪɧɢɣ ɚɧɚɥɨɝ ɦɟɬɚɧɭ, ɡɚɜɞɹɤɢ 

ɫɜɨʀɣ ɩɪɨɫɬɨɬɿ ɿ ɜɢɫɨɤɿɣ ɫɢɦɟɬɪɿʀ ɩɪɢɜɟɪɬɚє ɭɜɚɝɭ ɛɚɝɚɬɶɨɯ ɞɨɫɥɿɞɧɢɰɶɤɢɯ ɝɪɭɩ. 

ȼɿɞɡɧɚɱɚєɬɶɫɹ ɡɧɚɱɧɢɣ ɨɛɫɹɝ ɞɨɫɥɿɞɠɟɧɶ ɣɨɝɨ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜ ɪɿɡɧɢɯ ɿɧɬɟɪɜɚɥɚɯ 

ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. Ɍɟɬɪɚɮɬɨɪɦɟɬɚɧ ɬɚɤɨɠ є ɩɨɛɿɱɧɢɦ ɩɪɨɞɭɤɬɨɦ ɞɟɬɨɧɚɰɿʀ ɿ 

ɪɨɡɭɦɿɧɧɹ ɣɨɝɨ ɯɿɦɿɱɧɢɯ ɿ ɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚє ɜɢɪɿɲɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɞɥɹ 

ɦɨɞɟɥɸɜɚɧɧɹ ɮɿɡɢɤɢ ɜɢɛɭɯɨɜɢɯ ɪɟɱɨɜɢɧ.  

Ɍɟɬɪɚɯɥɨɪɦɟɬɚɧ ɋɋХ4 (ɮɪɟɨɧ R10) ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɱɢɫɥɚ ɜɢɫɨɤɨɤɢɩɥɹɱɢɯ 

ɪɟɱɨɜɢɧ. Ƀɨɝɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɞɨɛɪɟ ɜɢɜɱɟɧɿ ɜ ɪɿɞɤɿɣ ɮɚɡɿ ɬɚ ɧɚ ɥɿɧɿʀ 

ɧɚɫɢɱɟɧɧɹ, ɚɥɟ ɨɛɫɹɝ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɬɜɟɪɞɨʀ ɮɚɡɢ ɜɤɪɚɣ ɨɛɦɟɠɟɧɢɣ. 

ɋɢɫɬɟɦɚɬɢɡɚɰɿʀ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɡɚɡɧɚɱɟɧɢɯ ɪɟɱɨɜɢɧ 

ɩɪɢɫɜɹɱɟɧɿ ɮɭɧɞɚɦɟɧɬɚɥɶɧɿ ɦɨɧɨɝɪɚɮɿʀ, ɡɨɤɪɟɦɚ «Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɦɟɬɚɧɚ» ȼ.ȼ. ɋɢɱɨɜɚ, Ⱥ.Ⱥ. ȼɚɫɫɟɪɦɚɧɚ, ȼ.Ⱥ. Ɂɚɝɨɪɭɱɟɧɤɚ ɬɚ ɿɧ. Д7]. ɍ ɰɿɣ 

ɦɨɧɨɝɪɚɮɿʀ ɦɿɫɬɢɬɶɫɹ ɞɨɤɥɚɞɧɢɣ ɚɧɚɥɿɡ ɧɚɹɜɧɢɯ ɧɚ ɱɚɫ ʀʀ ɜɢɞɚɧɧɹ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɚ ɬɚɤɨɠ ɬɚɛɥɢɰɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ ɬɟɪɦɿɱɧɢɯ ɿ 

ɤɚɥɨɪɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɿɞɤɨʀ ɮɚɡɢ ɦɟɬɚɧɭ. ȼ ɦɨɧɨɝɪɚɮɿʀ ɬɚɤɨɠ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 

ɧɟɜɟɥɢɤɢɣ ɨɛɫɹɝ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ. 

Ɉɛɦɟɠɟɧɢɣ ɨɛɫɹɝ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ 

ɩɨɜ'ɹɡɚɧɢɣ ɡ ɰɿɥɨɸ ɧɢɡɤɨɸ ɦɟɬɨɞɢɱɧɢɯ ɬɪɭɞɧɨɳɿɜ ɜ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ 

ɩɪɢ ɜɤɪɚɣ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɡɚ ɪɨɤɢ, ɹɤɿ ɦɢɧɭɥɢ ɡ 

ɦɨɦɟɧɬɭ ɜɢɯɨɞɭ ɦɨɧɨɝɪɚɮɿʀ [7Ж, ɨɛɫɹɝ ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɨɦɿɬɧɨ ɡɛɿɥɶɲɢɜɫɹ, ɚɥɟ є ɧɟɞɨɫɬɚɬɧɿɦ ɞɥɹ 

ɩɨɛɭɞɨɜɢ ɟɦɩɿɪɢɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ. 

ɍ ɦɨɧɨɝɪɚɮɿʀ «Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɮɪɟɨɧɨɜ» ɩɿɞ ɪɟɞɚɤɰɿєɸ 

ɋ.Ʌ. Ɋɢɜɤɿɧɚ (ɚɜɬɨɪɢ ȼ.ȼ. Ⱥɥɬɭɧɿɧ, ȼ.Ɂ. Ƚɟɥɥɟɪ) [8Ж ɧɚɜɟɞɟɧɿ ɜɢɱɟɪɩɧɿ ɞɚɧɿ ɩɪɨ 

ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɰɢɯ ɮɪɟɨɧɿɜ ɜ ɪɿɞɤɨɦɭ ɫɬɚɧɿ ɧɚ ɥɿɧɿɹɯ ɧɚɫɢɱɟɧɧɹ ɿ 

ɤɢɩɿɧɧɹ, ɚɥɟ ɩɪɚɤɬɢɱɧɨ ɜɿɞɫɭɬɧɿ ɞɚɧɿ ɩɨ ɬɜɟɪɞɿɣ ɮɚɡɿ ɋɋХ4, ɬɚ ɧɚɜɟɞɟɧɿ ɥɢɲɟ 

ɦɚɥɨɱɢɫɥɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɩɨ ɋF4 . 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɬɚɤɢɯ ɡɚɜɞɚɧɶ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ ɧɚɞɿɣɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɪɟɱɨɜɢɧ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ. Ɉɛɦɟɠɟɧɿ ɦɨɠɥɢɜɨɫɬɿ 
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ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ 

ɪɨɛɥɹɬɶ ɚɤɬɭɚɥɶɧɢɦ ɩɪɨɜɟɞɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɨ-ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɚ ɬɚɤɨɠ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ 

ɟɤɫɩɟɪɢɦɟɧɬɭ. Ⱦɨɫɥɿɞɠɟɧɧɹ, ɜɢɤɨɧɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, ɤɨɦɩɟɧɫɭɸɬɶ 

ɞɟɮɿɰɢɬ ɞɚɧɢɯ ɜ ɨɞɧɨɮɚɡɧɿɣ ɨɛɥɚɫɬɿ ɿɫɧɭɜɚɧɧɹ ɬɜɟɪɞɨʀ ɮɚɡɢ ɿ ɧɚ ɥɿɧɿɹɯ ɩɥɚɜɥɟɧɧɹ 

ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ. 

ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɧɚɧɨ ɤɨɦɩɥɟɤɫɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɩɥɨɮɿɡɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɧɚ ɨɫɧɨɜɿ ɩɨєɞɧɚɧɧɹ 

ɬɟɨɪɟɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɬɚ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. 

Ɂɜ'ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. Ⱦɢɫɟɪ-

ɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɜɢɤɨɧɭɜɚɥɚɫɶ ɡɝɿɞɧɨ ɿɡ Ɂɚɤɨɧɨɦ ɍɤɪɚʀɧɢ «ɉɪɨ 

ɟɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ», ɡɚɬɜɟɪɞɠɟɧɢɦ ɉɨɫɬɚɧɨɜɨɸ ȼɟɪɯɨɜɧɨʀ Ɋɚɞɢ ɍɤɪɚʀɧɢ  №74/94 

01.07.1994 ɪ., «Ɉɫɧɨɜɧɢɯ ɩɨɥɨɠɟɧɶ ɟɧɟɪɝɟɬɢɱɧɨʀ ɫɬɪɚɬɟɝɿʀ ɍɤɪɚʀɧɢ ɧɚ ɩɟɪɿɨɞ ɞɨ 

β0γ0 ɪ.», ɩɪɢɣɧɹɬɢɯ Ʉɚɛɿɧɟɬɨɦ Ɇɿɧɿɫɬɪɿɜ ɍɤɪɚʀɧɢ 1η.0γ.β00θ ɪ.; Ɂɚɤɨɧɨɦ 

Ʉɚɛɿɧɟɬɭ Ɇɿɧɿɫɬɪɿɜ ɍɤɪɚʀɧɢ № 148 ɜɿɞ 0η.0β.97 ɪ., ɳɨ ɡɚɬɜɟɪɞɢɜ «Ʉɨɦɩɥɟɤɫɧɭ  

Ⱦɟɪɠɚɜɧɭ ɉɪɨɝɪɚɦɭ ȿɧɟɪɝɨɡɛɟɪɟɠɟɧɧɹ». 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɧɚ ɤɚɮɟɞɪɿ ɬɟɩɥɨɮɿɡɢɤɢ ɬɚ ɩɪɢɤɥɚɞɧɨʀ 

ɟɤɨɥɨɝɿʀ ȱɧɫɬɢɬɭɬɭ ɯɨɥɨɞɭ, ɤɪɿɨɬɟɯɧɨɥɨɝɿɣ ɬɚ ɟɤɨɟɧɟɪɝɟɬɢɤɢ 

ɿɦ. ȼ.ɋ. Ɇɚɪɬɢɧɨɜɫɶɤɨɝɨ Ɉɞɟɫɶɤɨʀ ɧɚɰɿɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ 

ɆɈɇ ɍɤɪɚʀɧɢ. Ⱦɨɫɥɿɞɠɟɧɧɹ, ɳɨ ɭɜɿɣɲɥɢ ɞɨ ɡɦɿɫɬɭ ɞɚɧɨʀ ɪɨɛɨɬɢ, ɜɢɤɨɧɭɜɚɥɢɫɶ 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɤɚɮɟɞɪɚɥɶɧɨʀ ɬɟɦɚɬɢɤɢ «Ɍɟɨɪɟɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɮɚɡɨɜɢɯ ɞɿɚɝɪɚɦ 

ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ» ɬɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨʀ 

ɞɟɪɠɛɸɞɠɟɬɧɨʀ ɪɨɛɨɬɢ ɩɨ ɩɪɨɟɤɬɭ «ɇɚɭɤɨɜɿ ɨɫɧɨɜɢ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɚɧɨɦɚɥɶɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɧɚɧɨɫɬɪɭɤɬɭɪɨɜɚɧɢɯ ɬɚ ɟɧɟɪɝɨєɦɧɢɯ ɧɚɞɤɪɢɬɢɱɧɢɯ ɪɿɞɢɧ» ɆɄ-

16/01 ȾɊ № 011θU004θ8η. 

Ɇɟɬɚ ɿ ɡɚɜɞɚɧɧɹ ɞɨɫɥɿɞɠɟɧɧɹ. Ɇɟɬɨɸ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ є 

ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɱɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ (ɮɪɟɨɧɿɜ ɦɟɬɚɧɨɜɨɝɨ ɪɹɞɭ ɋF4 ɬɚ CCХ4) ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ 
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ɩɥɚɜɥɟɧɧɹ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ, ɞɟ ɜɿɞɫɭɬɧɿ ɧɚɞɿɣɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ, 

ɧɚ ɨɫɧɨɜɿ ɮɿɡɢɱɧɨ-ɨɛґɪɭɧɬɨɜɚɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɿ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. 

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɩɨɬɪɿɛɧɨ ɛɭɥɨ ɫɮɨɪɦɭɥɸɜɚɬɢ ɬɚ 

ɜɢɪɿɲɢɬɢ ɧɚɫɬɭɩɧɿ ɨɫɧɨɜɧɿ ɡɚɞɚɱɿ: 

– ɜɢɡɧɚɱɢɬɢ ɫɭɱɚɫɧɢɣ ɫɬɚɧ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɬɚ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɮɪɟɨɧɿɜ ɦɟɬɚɧɨɜɨɝɨ ɪɹɞɭ; 

– ɜ ɪɚɦɤɚɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɨɬɪɢɦɚɬɢ ɬɟɨɪɟɬɢɱɧɢɣ ɜɢɪɚɡ ɞɥɹ 

ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ, ɚ ɬɚɤɨɠ ɬɟɪɦɿɱɧɨɝɨ ɬɚ ɤɚɥɨɪɢɱɧɨɝɨ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɿ 

ɩɪɨɜɟɫɬɢ ɨɰɿɧɤɭ ɦɨɠɥɢɜɨɫɬɿ ʀɯ ɡɚɫɬɨɫɭɜɚɧɧɹ ɭ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɿ 

ɬɢɫɤɿɜ; 

– ɨɰɿɧɢɬɢ ɦɨɠɥɢɜɢɣ ɜɩɥɢɜ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɭ 

ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ, ɭ ɬɨɦɭ ɱɢɫɥɿ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ 

ɩɥɚɜɥɟɧɧɹ; 

– ɜɢɡɧɚɱɢɬɢ ɬɟɦɩɟɪɚɬɭɪɧɭ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɩɨɛɭɞɨɜɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ ɭ 

ɬɜɟɪɞɿɣ ɬɚ ɪɿɞɤɿɣ ɮɚɡɚɯ; 

– ɪɨɡɪɚɯɭɜɚɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɜ 

ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ;  

– ɩɪɨɜɟɫɬɢ ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɬɚ ɪɨɡɪɚɯɭɧɤɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɦɟɬɚɧɭ, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɬɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɜ 

ɨɛɥɚɫɬɿ, ɞɟ ɜɿɞɫɭɬɧɿ ɧɚɞɿɣɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ; 

– ɩɟɪɟɜɿɪɢɬɢ ɧɚɞɿɣɧɿɫɬɶ ɡɚɫɬɨɫɨɜɚɧɨɝɨ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɦɟɬɨɞɭ ɩɨɪɿɜɧɹɧɧɹɦ 

ɡ ɩɪɹɦɢɦɢ ɨɛɱɢɫɥɟɧɧɹɦɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ; 

– ɦɨɞɟɪɧɿɡɭɜɚɬɢ ɬɚ ɚɞɚɩɬɭɜɚɬɢ ɞɨ ɩɪɚɤɬɢɱɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɚɜɬɨɦɚɬɢɡɨɜɚɧɭ ɫɢɫɬɟɦɭ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɞɥɹ 

ɯɨɥɨɞɨɚɝɟɧɬɿɜ ɭ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ. 
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Ɉɛ'єɤɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɤɪɿɨɝɟɧɧɿ ɪɟɱɨɜɢɧɢ – ɦɟɬɚɧ ɋH4 ɬɚ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɿ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧ ɋF4 ɬɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧ CCl4  ɜ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ 

ɫɬɚɧɿ. 

ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ:  ɮɚɡɨɜɿ ɞɿɚɝɪɚɦɢ ɜ ɨɛɥɚɫɬɿ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɬɚ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ  ɜɥɚɫɬɢɜɨɫɬɿ ɫɩɿɜɿɫɧɭɸɱɢɯ ɮɚɡ ɤɨɧɞɟɧɫɨɜɚɧɨɝɨ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɭ  ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. 

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ: ɨɫɧɨɜɧɿ ɦɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ ɜ ɪɨɛɨɬɿ –ɪɨɡɪɚɯɭɧɤɨɜɨ-

ɬɟɨɪɟɬɢɱɧɿ, ɡɚɫɧɨɜɚɧɿ ɧɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɚ ɬɚɤɨɠ ɦɟɬɨɞɢ 

ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ. ȼ ɪɨɛɨɬɿ ɨɬɪɢɦɚɧɨ ɪɹɞ ɧɨɜɢɯ 

ɪɟɡɭɥɶɬɚɬɿɜ, ɡɨɤɪɟɦɚ: 

 ɜɩɟɪɲɟ ɪɨɡɪɚɯɨɜɚɧɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ  

ɬɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCХ4, ɚ ɬɚɤɨɠ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ ɬɜɟɪɞɨɝɨ 

ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɋF4 ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɨɪɿєɧɬɚɰɿɣɧɨ-ɡɚɥɟɠɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ; 

 ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ ɦɟɬɚɧɭ, ɡɚɫɬɨɫɨɜɭɸɱɢ ɨɤɪɟɦɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɣɨɝɨ 

ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ єɞɢɧɨɝɨ ɦɚɥɨɝɨ 

ɩɚɪɚɦɟɬɪɭ; 

 ɨɬɪɢɦɚɜ ɩɨɞɚɥьɲɢɣ ɪɨɡɜɢɬɨɤ ɩɿɞɯɿɞ ɞɨ ɩɨɛɭɞɨɜɢ ɬɟɨɪɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ, ɳɨ ɜɪɚɯɨɜɭɸɬɶ ɧɟɰɟɧɬɪɚɥɶɧɭ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ.  

ɇɚɭɤɨɜɟ ɡɧɚɱɟɧɧɹ ɦɚɸɬɶ ɧɚɫɬɭɩɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ: 

– ɨɬɪɢɦɚɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɭє ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɜ  

ɲɢɪɨɤɿɣ ɨɛɥɚɫɬɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ ɬɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ; 

– ɨɰɿɧɟɧɢɣ ɫɭɬɬєɜɢɣ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɭ ɜɥɚɫɬɢɜɨɫɬɿ 

ɦɟɬɚɧɭ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ; 
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– ɜɢɹɜɥɟɧɚ ɭɡɝɨɞɠɟɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ, 

ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɜ ɪɨɛɨɬɿ, ɡ ɧɚɹɜɧɢɦɢ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ. 

– ɨɞɟɪɠɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ 

ɬɚ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɭ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. 

Ɉɛґɪɭɧɬɨɜɚɧɿɫɬь ɿ ɞɨɫɬɨɜɿɪɧɿɫɬь ɧɚɭɤɨɜɢɯ ɩɨɥɨɠɟɧɶ ɬɚ ɪɟɡɭɥɶɬɚɬɿɜ 

ɩɪɨɜɟɞɟɧɢɯ ɭ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɶ ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɨɪɟɬɢɱɧɨ-

ɨɛґɪɭɧɬɨɜɚɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɿ ɡɝɨɞɨɸ ʀɯ ɡɧɚɱɟɧɶ ɡ ɨɛɦɟɠɟɧɢɦɢ 

ɞɚɧɢɦɢ ɧɚɬɭɪɧɨɝɨ ɬɚ ɨɬɪɢɦɚɧɢɦɢ ɜ ɪɨɛɨɬɿ ɞɚɧɢɦɢ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɦɚɸɬɶ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɪɨɛɨɬɿ ɬɚɛɥɢɰɿ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ (ɝɭɫɬɢɧɢ, ɟɧɬɚɥɶɩɿʀ, ɟɧɬɪɨɩɿʀ ɬɚ ɤɨɟɮɿɰɿєɧɬɚ 

ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɲɢɪɟɧɧɹ) ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɚ ɬɚɤɨɠ ɪɨɡɪɨɛɥɟɧɚ 

ɚɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɟɯɧɿɱɧɨ 

ɜɚɠɥɢɜɢɯ ɞɥɹ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɬɟɯɧɿɤɢ ɪɟɱɨɜɢɧ «TСОrЦШPrШ-η», ɞɟ 

ɪɟɚɥɿɡɨɜɚɧɿ ɪɨɡɪɚɯɭɧɤɨɜɨ-ɬɟɨɪɟɬɢɱɧɿ ɦɟɬɨɞɢ, ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿʀ. ɐɟɣ 

ɩɪɨɝɪɚɦɧɢɣ ɩɪɨɞɭɤɬ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ ɧɚɜɱɚɥɶɧɨɦɭ ɩɪɨɰɟɫɿ Ɉɞɟɫɶɤɨʀ 

ɧɚɰɿɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ ɯɚɪɱɨɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ ɬɚ 

ɩɿɞ ɱɚɫ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ. 

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ, ɚ ɬɚɤɨɠ ɬɚɛɥɢɰɿ 

ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜɩɪɨɜɚɞɠɟɧɿ  ɭ ȼɄɎ «Ʉɪɿɨɩɪɨɦ» ɌɈȼ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. Ɉɫɧɨɜɧɿ ɪɟɡɭɥɶɬɚɬɢ, ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ 

ɧɚɭɤɨɜɨɸ ɧɨɜɢɡɧɨɸ ɿ ɫɬɚɧɨɜɥɹɬɶ ɩɪɟɞɦɟɬ ɡɚɯɢɫɬɭ, ɧɚɥɟɠɚɬɶ ɨɫɨɛɢɫɬɨ ɚɜɬɨɪɭ. 

ɉɪɢ ɜɢɤɨɧɚɧɧɿ ɞɢɫɟɪɬɚɰɿɣɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɜ ɭɞɨɫɤɨɧɚɥɟɧɢɣ ɦɟɬɨɞ ɫɤɥɚɞɚɧɧɹ 

ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ, 

ɳɨ ɪɚɧɿɲɟ ɛɭɜ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɧɚɭɤɨɜɢɦ ɤɟɪɿɜɧɢɤɨɦ. Ɉɫɨɛɢɫɬɨ ɡɞɨɛɭɜɚɱɟɦ 

ɜɢɤɨɧɚɧɨ: ɡɛɿɪ ɬɚ ɚɧɚɥɿɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɞɥɹ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɬɚ ɜ ɨɞɧɨɮɚɡɧɿɣ ɨɛɥɚɫɬɿ; ɪɨɡɪɚɯɭɧɤɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ, ɚɞɚɩɬɚɰɿɹ 

ɤɨɦɩ’ɸɬɟɪɧɨʀ ɩɪɨɝɪɚɦɢ, ɳɨ ɪɟɚɥɿɡɭє ɦɚɲɢɧɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ Ɇɨɧɬɟ-Ʉɚɪɥɨ; 
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ɪɨɡɪɨɛɤɚ ɧɨɜɨʀ ɜɟɪɫɿʀ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ «TСОrЦШPrШ-η». 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥьɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ  

Ɉɫɧɨɜɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɚɜɬɨɪɨɦ ɧɚ ɫɟɦɿɧɚɪɚɯ ɬɚ 

ɧɚɭɤɨɜɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ (ɜ ɬɨɦɭ ɱɢɫɥɿ ɞɟɜ’ɹɬɢ ɦɿɠɧɚɪɨɞɧɢɯ): 14-ɦɭ ɋɢɦɩɨɡɿɭɦɿ ɡ 

ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ βη-γ0 ɱɟɪɜɧɹ, ɦ. Ȼɨɭɥɞɟɪ, ɋɒȺ, β000 p.; 15-ɦɭ 

ɋɢɦɩɨɡɿɭɦɿ ɡ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ββ-27 ɱɟɪɜɧɹ, ɦ. Ȼɨɭɥɞɟɪ, ɋɒȺ, 

2003 ɪ.; VI Ɇɿɠɧɚɪɨɞɧɨɦɭ ɫɟɦɿɧɚɪɿ «ɋɇ4-β01θ», 7-10 ɱɟɪɜɧɹ, ɦ. Ɉɞɟɫɚ, ɍɤɪɚʀɧɚ, 

2016 ɪ.; 7-ɣ Ɇɿɠɧɚɪɨɞɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «PСвЬТМЬ ШП ХТqЮТН ЦКЭЭОr: ЦШНОrЧ ЩrШЛХОЦЬ», 

27-31 ɬɪɚɜɧɹ, ɦ. Ʉɢʀɜ, ɍɤɪɚʀɧɚ, β01θ ɪ.; 11-ɣ Ɇɿɠɧɚɪɨɞɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ ɩɨ 

ɤɪɿɨɤɪɢɫɬɚɥɚɦ ɿ ɤɜɚɧɬɨɜɢɦ ɤɪɢɫɬɚɥɚɦ, 18-24 ɫɟɪɩɧɹ, ɦ. Ɍɭɪɤɭ, Ɏɿɧɥɹɧɞɿɹ, 

2016 ɪ.; ɏVȱ ȼɫɟɭɤɪɚʀɧɫɶɤɿɣ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «Ⱥɤɬɭɚɥɶɧɿ 

ɩɪɨɛɥɟɦɢ ɟɧɟɪɝɟɬɢɤɢ ɬɚ ɟɤɨɥɨɝɿʀ», η-7 ɠɨɜɬɧɹ, ɦ. Ɉɞɟɫɚ, ɍɤɪɚʀɧɚ, β01θ ɪ.; 77-ɣ 

ɇɚɭɤɨɜɿɣ ɤɨɧɮɟɪɟɧɰɿʀ ɩɟɞɚɝɨɝɿɱɧɨɝɨ ɫɤɥɚɞɭ ɈɇȺɏɌ, 18-21 ɤɜɿɬɧɹ, ɦ. Ɉɞɟɫɚ, 

ɍɤɪɚʀɧɚ, β017 ɪ.; Ɇɿɠɧɚɪɨɞɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ ɞɥɹ ɩɪɨɮɟɫɿɨɧɚɥɿɜ ɿ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ 

«ЄШа ЭОЦЩОrКЭЮrО ЩСвЬТМЬ» (ICPВS ЄTP β017), β9 ɬɪɚɜɧɹ – 2 ɱɟɪɜɧɹ, ɦ. ɏɚɪɤɿɜ, 

ɍɤɪɚʀɧɚ, β017 ɪ.; 8-ɣ Ɇɿɠɧɚɪɨɞɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «PСвЬТМЬ ШП ХТqЮТН ЦКЭЭОr: ЦШНОrЧ 

ЩrШЛХОЦЬ», 18-22  ɬɪɚɜɧɹ, ɦ. Ʉɢʀɜ, ɍɤɪɚʀɧɚ, β018 ɪ.; 1β-ɣ Ɇɿɠɧɚɪɨɞɧɿɣ 

ɤɨɧɮɟɪɟɧɰɿʀ ɩɨ ɤɪɿɨɤɪɢɫɬɚɥɚɦ ɿ ɤɜɚɧɬɨɜɢɦ ɤɪɢɫɬɚɥɚɦ, βθ-γ1 ɫɟɪɩɧɹ, ɦ. ȼɪɨɰɥɚɜ, 

ɉɨɥɶɳɚ, β018 ɪ.; ɏVȱȱ ȼɫɟɭɤɪɚʀɧɫɶɤɿɣ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «Ⱥɤɬɭɚɥɶɧɿ 

ɩɪɨɛɥɟɦɢ ɟɧɟɪɝɟɬɢɤɢ ɬɚ ɟɤɨɥɨɝɿʀ», βθ-β9 ɜɟɪɟɫɧɹ, ɦ. Ɉɞɟɫɚ, ɍɤɪɚʀɧɚ, β018 ɪ. 

ɉɭɛɥɿɤɚɰɿʀ. Ɉɫɧɨɜɧɢɣ ɡɦɿɫɬ ɞɢɫɟɪɬɚɰɿʀ ɩɪɟɞɫɬɚɜɥɟɧɨ ɭ 9 ɩɭɛɥɿɤɚɰɿɹɯ (ɨɞɧɚ 

ɛɟɡ ɫɩɿɜɚɜɬɨɪɿɜ) ɜ ɧɚɭɤɨɜɢɯ ɠɭɪɧɚɥɚɯ, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɢɦɨɝɚɦ ȾȺɄ ɆɈɇ 

ɍɤɪɚʀɧɢ, ɬɚ ɱɨɬɢɪɢ ɡ ɹɤɢɯ ɜɤɥɸɱɟɧɨ ɞɨ ɦɿɠɧɚɪɨɞɧɨʀ ɧɚɭɤɨɦɟɬɪɢɱɧɨʀ ɛɚɡɢ ɞɚɧɢɯ 

Scopus, ɚ ɬɚɤɨɠ ɭ 9 ɬɟɡɚɯ ɞɨɩɨɜɿɞɟɣ ɜ ɡɛɿɪɧɢɤɚɯ ɩɪɚɰɶ ɦɿɠɧɚɪɨɞɧɢɯ ɬɚ 

ɪɟɝɿɨɧɚɥɶɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ. 

 

Ɉɛɫɹɝ ɿ ɫɬɪɭɤɬɭɪɚ ɞɢɫɟɪɬɚɰɿʀ  



27 
  
 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɜɢɤɥɚɞɟɧɚ ɧɚ 187 ɫɬɨɪɿɧɤɚɯ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɭ, 

ɫɤɥɚɞɚєɬɶɫɹ ɡɿ ɜɫɬɭɩɭ, 4 ɪɨɡɞɿɥɿɜ, ɡɚɝɚɥɶɧɢɯ ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ 

ɞɠɟɪɟɥ ɬɚ γ ɞɨɞɚɬɤɿɜ, ɭ ɹɤɢɯ ɧɚɜɟɞɟɧɿ ɬɚɛɥɢɰɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. 

Ɉɛɫɹɝ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɭ ɞɢɫɟɪɬɚɰɿʀ ɫɤɥɚɞɚє 158 ɫɬɨɪɿɧɨɤ ɞɪɭɤɨɜɚɧɨɝɨ ɬɟɤɫɬɭ. 

Ɋɨɛɨɬɚ ɿɥɸɫɬɪɨɜɚɧɚ 25 ɬɚɛɥɢɰɹɦɢ, 29 ɪɢɫɭɧɤɚɦɢ. ɋɩɢɫɨɤ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ 

ɦɿɫɬɢɬɶ 141 ɧɚɣɦɟɧɭɜɚɧɧɹ, ɡ ɧɢɯ 33 ɤɢɪɢɥɢɰɟɸ ɬɚ 108 ɥɚɬɢɧɢɰɟɸ. 
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ɊɈɁȾȱɅ 1   

ɆȿɌɈȾɂ ȾɈɋɅȱȾɀȿɇɇə ɌȿɊɆɈȾɂɇȺɆȱɑɇɂɏ ȼɅȺɋɌɂȼɈɋɌȿɃ 

ɄɈɇȾȿɇɋɈȼȺɇɂɏ ɎȺɁ ɆɈɅȿɄɍɅəɊɇɂɏ ɋɂɋɌȿɆ 

 

1.1 ȿɦɩɿɪɢɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɢɯ ɬɿɥ ɿ ɪɿɞɢɧ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ 

ɬɢɫɤɿɜ 

 

Ⱦɥɹ ɨɩɢɫɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɢɯ ɬɿɥ ɿɫɬɨɪɢɱɧɨ ɩɟɪɲɢɦɢ 

ɛɭɥɢ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɦɨɞɟɥɶɧɿ ɬɟɨɪɿʀ ȿɣɧɲɬɟɣɧɚ ɿ Ⱦɟɛɚɹ Д9Ж, ɰɿ ɦɨɞɟɥɿ ɫɜɨɝɨ ɱɚɫɭ 

ɞɨɡɜɨɥɢɥɢ ɨɬɪɢɦɚɬɢ ɪɹɞ ɜɚɠɥɢɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɛɚɝɚɬɶɨɯ ɤɪɢɫɬɚɥɿɜ. ɉɪɢ 

ɪɨɡɝɥɹɞɿ ɬɜɟɪɞɨɝɨ ɫɬɚɧɭ ɡ ɩɟɪɲɢɯ ɩɪɢɧɰɢɩɿɜ ɜɤɪɚɣ ɪɿɞɤɨ ɜɞɚєɬɶɫɹ ɨɬɪɢɦɚɬɢ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɩɪɢɞɚɬɧɟ ɞɥɹ ɤɨɧɤɪɟɬɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ. Ɂɚɡɜɢɱɚɣ ɧɚ ɨɫɧɨɜɿ ɬɿєʀ ɱɢ ɿɧɲɨʀ ɦɨɞɟɥɿ ɨɬɪɢɦɭɸɬɶ ɪɿɜɧɹɧɧɹ, ɳɨ 

ɦɿɫɬɢɬɶ ɪɹɞ ɩɚɪɚɦɟɬɪɿɜ, ɡɧɚɱɟɧɧɹ ɹɤɢɯ ɜɢɡɧɚɱɚɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɧɚɹɜɧɢɯ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ. 

Ⱦɥɹ ɨɩɢɫɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɫɬɚɧɭ ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɿɜɧɹɧɧɹ 

Ƚɪɸɧɚɣɡɟɧɚ (Gruneisen) [10Ж. ɉɪɨɫɬɨɬɚ ɪɿɜɧɹɧɧɹ ɿ ɞɨɫɢɬɶ ɞɨɛɪɟ ɭɡɝɨɞɠɟɧɧɹ ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɨɦ ɪɨɛɥɹɬɶ ɣɨɝɨ ɡɪɭɱɧɢɦ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɹɤɿɫɧɢɯ 

ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ. ɉɨɬɪɿɛɧɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɦɟɬɨɞ Ƚɪɸɧɚɣɡɟɧɚ ɨɩɢɫɭє 

ɚɧɝɚɪɦɨɧɿɱɧɿ ɟɮɟɤɬɢ ɥɢɲɟ ɱɚɫɬɤɨɜɨ, ɚɧɝɚɪɦɨɧɿɱɧɿ ɱɥɟɧɢ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɧɟ ɹɜɧɨ, ɚ 

ɬɿɥɶɤɢ ɱɟɪɟɡ ɡɚɥɟɠɧɿɫɬɶ ɞɪɭɝɢɯ ɩɨɯɿɞɧɢɯ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ ɜɿɞ ɨɛ’єɦɭ. Ɍɨɦɭ ɬɟɨɪɿɹ 

Ƚɪɸɧɚɣɡɟɧɚ ɞɚє ɥɢɲɟ ɧɚɩɿɜɤɿɥɶɤɿɫɧɢɣ ɨɩɢɫ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɤɪɢɫɬɚɥɚ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɨɛ’єɦɭ. 

Ɍɪɭɞɧɨɳɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɪɟɱɨɜɢɧ ɜ ɭɦɨɜɚɯ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ Д6Ж ɜɟɞɭɬɶ ɞɨ ɡɪɨɫɬɚɧɧɹ ɪɨɥɿ ɬɟɨɪɟɬɢɱɧɢɯ 

ɦɟɬɨɞɿɜ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ʀɯ ɩɨɜɟɞɿɧɤɢ Д11]. ɇɚɹɜɧɿɫɬɶ ɚɞɟɤɜɚɬɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ 

ɧɚɛɭɜɚє ɨɫɨɛɥɢɜɨʀ ɜɚɠɥɢɜɨɫɬɿ ɭ ɡɜ'ɹɡɤɭ ɡ ɧɟɨɛɯɿɞɧɿɫɬɸ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚɤɢɯ 

ɪɿɜɧɹɧɶ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿɣ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ, ɭ ɬ.ɱ. ɥɿɧɿɣ ɩɥɚɜɥɟɧɧɹ. ȿɦɩɿɪɢɱɧɿ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɿ ɪɿɜɧɹɧɧɹ 
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ɫɬɚɧɭ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɹɤ ɜ ɧɚɭɤɨɜɢɯ, ɬɚɤ ɿ ɜ ɿɧɠɟɧɟɪɧɢɯ ɡɚɫɬɨɫɭɜɚɧɧɹɯ, 

ɲɢɪɨɤɨ ɨɛɝɨɜɨɪɸɜɚɥɢɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ [9, 11, 12, 13]. 

Ⱦɥɹ ɱɢɫɬɢɯ ɪɟɱɨɜɢɧ ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɿɡɧɹɬɢ ɟɦɩɿɪɢɱɧɿ ɟɬɚɥɨɧɧɿ ɪɿɜɧɹɧɧɹ 

ɫɬɚɧɭ ɿ ɬɟɯɧɿɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ Д13]. ɍ ɬɨɣ ɱɚɫ ɹɤ ɟɬɚɥɨɧɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜ 90-ɿ 

ɪɨɤɢ β0-ɝɨ ɫɬɨɥɿɬɬɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɜ ɨɫɧɨɜɧɨɦɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɚɛɥɢɰɶ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɫɶɨɝɨɞɧɿ ɧɚɣɛɿɥɶɲ ɬɨɱɧɿ ɟɬɚɥɨɧɧɿ ɪɿɜɧɹɧɧɹ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜ ɚɧɚɥɿɬɢɱɧɨɦɭ ɜɢɝɥɹɞɿ ɜ ɲɢɪɨɤɨɦɭ ɫɩɟɤɬɪɿ 

ɧɚɭɤɨɜɢɯ ɿ ɬɟɯɧɿɱɧɢɯ ɞɨɞɚɬɤɿɜ. 

Ɉɫɧɨɜɧɚ ɿɞɟɹ ɤɨɧɰɟɩɰɿʀ ɟɬɚɥɨɧɧɢɯ ɟɦɩɿɪɢɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɩɨɥɹɝɚє ɜ 

ɬɨɦɭ, ɳɨ ɨɞɧɟ ɪɿɜɧɹɧɧɹ ɦɚє ɛɭɬɢ ɜ ɡɦɨɡɿ ɨɩɢɫɚɬɢ ɜɫɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɜɿɞɨɦɢɯ ɞɥɹ ɩɟɜɧɨʀ ɪɿɞɢɧɢ ɚɛɨ ɬɜɟɪɞɨɝɨ ɬɿɥɚ ɜ 

ɦɟɠɚɯ ʀɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɫɚɦɟ 

ɩɨ ɫɨɛɿ ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɹɤ ɞɠɟɪɟɥɨ ɞɚɧɢɯ ɩɪɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ Д13]. 

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɡɚɡɜɢɱɚɣ ɮɨɪɦɭɥɸɸɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ ɹɤ ɮɭɧɤɰɿʀ ɤɚɧɨɧɿɱɧɢɯ ɡɦɿɧɧɢɯ – ɨɛ’єɦɭ v ɿ ɬɟɦɩɟɪɚɬɭɪɢ T:  F = F(T, 

v). 

ɍ ɪɿɜɧɹɧɧɿ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ ɜɢɞɿɥɹєɬɶɫɹ ɱɚɫɬɢɧɚ, ɹɤɚ ɨɩɢɫɭє 

ɩɨɜɟɞɿɧɤɭ ɝɿɩɨɬɟɬɢɱɧɨɝɨ ɿɞɟɚɥɶɧɨɝɨ ɝɚɡɭ ɩɪɢ ɡɚɞɚɧɢɯ ɡɧɚɱɟɧɧɹɯ ɬɟɦɩɟɪɚɬɭɪɢ ɿ 

ɝɭɫɬɢɧɢ, ɿ ɱɚɫɬɢɧɚ, ɹɤɚ ɨɩɢɫɭє ɩɨɜɟɞɿɧɤɭ ɧɚɞɥɢɲɤɨɜɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɟɚɥɶɧɨʀ 

ɪɿɞɢɧɢ ɚɛɨ ɬɜɟɪɞɨɝɨ ɬɿɥɚ. Ɂɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɜ ɟɦɩɿɪɢɱɧɢɯ ɪɿɜɧɹɧɧɹɯ 

ɜɢɡɧɚɱɚɸɬɶɫɹ ɲɥɹɯɨɦ ɩɿɞɝɨɧɤɢ ʀɯ ɞɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ; ɜɿɞɩɨɜɿɞɧɿ 

ɦɟɬɨɞɢ ɪɨɡɪɨɛɥɹɥɢɫɹ ɩɪɨɬɹɝɨɦ ɬɪɢɜɚɥɨɝɨ ɱɚɫɭ Д13]. 

ɇɚ ɠɚɥɶ, ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ, ɳɨ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, 

ɬɚɤɿ ɦɟɬɨɞɢ ɧɟ ɩɿɞɯɨɞɹɬɶ. Ƚɨɥɨɜɧɚ ɩɪɢɱɢɧɚ ɰɶɨɝɨ ɩɨɥɹɝɚє ɭ ɜɿɞɫɭɬɧɨɫɬɿ 

ɞɨɫɬɚɬɧɶɨʀ ɤɿɥɶɤɨɫɬɿ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ. 

ɉɪɨɛɥɟɦɚ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɪɟɱɨɜɢɧɢ ɜ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɭɦɨɜɚɯ ɜɢɧɢɤɥɚ ɜɠɟ 

ɞɨɫɢɬɶ ɞɚɜɧɨ, ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɜ ɡɜ'ɹɡɤɭ ɡ ɪɨɡɪɨɛɤɨɸ ɬɟɯɧɿɱɧɢɯ ɩɪɢɫɬɪɨʀɜ ɜ ɚɬɨɦɧɿɣ 

ɩɪɨɦɢɫɥɨɜɨɫɬɿ Д12Ж. ɍ ɡɚɜɞɚɧɧɹɯ ɨɩɢɫɭ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ ɜ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɭɦɨɜɚɯ, 
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ɡɨɤɪɟɦɚ, ɩɪɢ ɨɛɪɨɛɰɿ ɞɚɧɢɯ ɫɬɢɫɧɟɧɧɹ ɬɜɟɪɞɢɯ ɬɿɥ ɫɢɥɶɧɢɦɢ ɭɞɚɪɧɢɦɢ ɯɜɢɥɹɦɢ, 

ɛɚɝɚɬɨ ɩɪɨɫɬɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɧɟɩɪɚɜɢɥɶɧɨʀ ɩɟɪɟɞɚɱɿ 

ɫɩɿɜɜɿɞɧɨɲɟɧɶ ɦɿɠ ɬɟɩɥɨɜɢɦɢ ɫɤɥɚɞɨɜɢɦɢ ɬɢɫɤɿɜ ɿ ɟɧɟɪɝɿɣ ɿ ɧɟ ɞɚɸɬɶ ɩɪɚɜɢɥɶɧɨʀ 

ɚɫɢɦɩɬɨɬɢɤɢ ɩɪɢ ɩɟɪɟɯɨɞɿ ɞɨ ɝɪɚɧɢɱɧɢɯ ɫɬɚɧɿɜ [14]. 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɬɚɤɢɯ ɟɦɩɿɪɢɱɧɢɯ ɿ ɧɚɩɿɜɟɦɩɿɪɢɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɱɚɫɬɨ 

ɩɨɛɭɞɨɜɚɧɢɯ ɧɚ ɛɚɡɿ ɧɚɣɩɪɨɫɬɿɲɢɯ ɮɿɡɢɱɧɢɯ ɦɨɞɟɥɟɣ, ɨɛɦɟɠɟɧɨ, ɜ ɨɫɧɨɜɧɨɦɭ, 

ɨɛɥɚɫɬɸ ɫɬɚɧɿɜ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɟɥɢɤɢɦ ɡɧɚɱɟɧɧɹɦ ɝɭɫɬɢɧɢ ɿ ɜɿɞɧɨɫɧɨ 

ɧɢɡɶɤɢɦ, ɚɛɨ ɧɚɜɩɚɤɢ, ɧɚɞɜɢɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ Д12]. 

Ɂɚɡɜɢɱɚɣ ɬɚɤɿ ɟɦɩɿɪɢɱɧɿ (ɚɛɨ ɧɚɩɿɜɟɦɩɿɪɢɱɧɿ) ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɡɚɩɢɫɭɸɬɶɫɹ ɜ 

ɮɨɪɦɿ, ɞɟ ɩɟɪɲɢɣ ɞɨɞɚɧɨɤ ɯɚɪɚɤɬɟɪɢɡɭє ɫɬɚɬɢɱɧɭ ɫɤɥɚɞɨɜɭ (ɟɧɟɪɝɿɸ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ T = 0 Ʉ); ɚ ɞɪɭɝɟ ɩɨɜ'ɹɡɚɧɟ ɡ ɬɟɩɥɨɜɢɦɢ ɤɨɥɢɜɚɧɧɹɦɢ ɚɬɨɦɿɜ ɿ 

ɡɛɭɞɠɟɧɧɹɦ ɟɥɟɤɬɪɨɧɿɜ. ȼɿɞɩɨɜɿɞɧɨ, ɫɬɚɧɞɚɪɬɧɢɦ ɩɿɞɯɨɞɨɦ ɩɪɢ ɩɨɛɭɞɨɜɿ ɬɚɤɢɯ 

ɦɨɞɟɥɟɣ є ɩɨɞɿɥ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ ɧɚ ɬɚɤ ɡɜɚɧɭ «ɯɨɥɨɞɧɭ ɫɤɥɚɞɨɜɭ» ɿ 

ɜɧɟɫɨɤ, ɨɛɭɦɨɜɥɟɧɢɣ ɬɟɪɦɿɱɧɢɦ ɡɛɭɞɠɟɧɧɹɦ: 

 

       (1.1) 

 

Ɍɭɬ ɤɨɧɤɪɟɬɧɢɣ ɜɢɞ ɨɤɪɟɦɢɯ ɜɧɟɫɤɿɜ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɨɝɨ, ɱɢ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɛɭɞɶ-ɹɤɚ ɡ ɬɟɨɪɟɬɢɱɧɢɯ ɚɛɨ ɧɚɩɿɜɟɦɩɿɪɢɱɧɢɯ ɦɨɞɟɥɟɣ. 

Ɉɫɤɿɥɶɤɢ ɩɪɢ T = 0 ɪɿɡɧɢɰɿ ɦɿɠ ɜɿɥɶɧɨɸ ɿ ɜɧɭɬɪɿɲɧɶɨɸ ɟɧɟɪɝɿєɸ ɧɟɦɚє, ɚ ɜɫɿ 

ɪɟɱɨɜɢɧɢ, ɡɚ ɜɢɧɹɬɤɨɦ ɝɟɥɿɸ, ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɬɜɟɪɞɧɭɬɶ, ɬɨ «ɯɨɥɨɞɧɭ 

ɫɤɥɚɞɨɜɭ» ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ ɜ ɪɿɜɧɹɧɧɿ (1.1) ɦɨɠɧɚ ɿɧɬɟɪɩɪɟɬɭɜɚɬɢ ɹɤ ɟɧɟɪɝɿɸ 

ɫɬɚɬɢɱɧɨʀ ґɪɚɬɤɢ ɤɪɢɫɬɚɥɚ ɜɿɞɩɨɜɿɞɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɿɥɚ. 

Ɉɞɧɚɤ ɩɪɢ ɰɶɨɦɭ ɜɢɧɢɤɚє ɩɟɜɧɚ ɫɤɥɚɞɧɿɫɬɶ ɜ ɿɧɬɟɪɩɪɟɬɚɰɿʀ «ɯɨɥɨɞɧɨʀ 

ɫɤɥɚɞɨɜɨʀ» ɹɤ ɟɧɟɪɝɿʀ ɫɬɚɬɢɱɧɨʀ ґɪɚɬɤɢ, ɬɨɦɭ ɳɨ ɭ ɬɜɟɪɞɿɣ ɮɚɡɿ ɜ ɡɚɝɚɥɶɧɨɦɭ 

ɜɢɩɚɞɤɭ ɦɨɠɥɢɜɿ ɩɨɥɿɦɨɪɮɧɿ ɩɟɪɟɯɨɞɢ ɦɿɠ ɪɿɡɧɢɦɢ ɬɜɟɪɞɢɦɢ ɮɚɡɚɦɢ ɿ ɩɪɢ ɞɚɧɿɣ 

ɬɟɦɩɟɪɚɬɭɪɿ ɦɨɠɟ ɪɟɚɥɿɡɨɜɭɜɚɬɢɫɹ ɡɨɜɫɿɦ ɧɟ ɬɚ ɤɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ, ɹɤɭ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ T = 0 ɦɚє ɞɚɧɚ ɪɟɱɨɜɢɧɚ. 

     0 TF T,V F V F T,V 
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ɉɪɢ ɜɿɞɧɨɫɧɨ ɧɟɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿ ɫɬɢɫɧɟɧɧɿ ɞɨ ɬɢɫɤɿɜ ɜ ɞɟɫɹɬɤɢ Ƚɉɚ 

ɞɥɹ ɬɜɟɪɞɢɯ ɬɿɥ ɭɫɩɿɲɧɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɤɜɚɡɿɝɚɪɦɨɧɿɱɧɚ ɦɨɞɟɥɶ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

Ɇɿ – Ƚɪɸɧɚɣɡɟɧɚ. Ɂɚɡɜɢɱɚɣ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜ ɬɚɤɿɣ ɦɨɞɟɥɿ ɡɚɩɢɫɭɸɬɶ ɭ ɜɢɝɥɹɞɿ 

      0 0P V,E P V E E V
V

   ,         (1.2) 

ɞɟ Ȗ = Ȗ(V) –  ɩɚɪɚɦɟɬɪ (ɤɨɟɮɿɰɿєɧɬ) Ƚɪɸɧɚɣɡɟɧɚ. 

Ɉɞɧɚɤ ɡɿɫɬɚɜɥɟɧɧɹ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɧɟɡɚɥɟɠɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɚ 

Ƚɪɸɧɚɣɡɟɧɚ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɭɞɚɪɧɨ-ɯɜɢɥɶɨɜɨɝɨ ɫɬɢɫɤɭ ɩɨɤɚɡɭє, 

ɳɨ ɠɨɞɧɚ ɡ ɤɜɚɡɿɝɚɪɦɨɧɿɱɧɢɯ ɦɨɞɟɥɟɣ ɧɟ ɡɚɛɟɡɩɟɱɭє ɜɢɪɿɲɚɥɶɧɨʀ ɩɟɪɟɜɚɝɢ ɜ 

ɨɩɢɫɿ ɞɢɧɚɦɿɱɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ. ɇɚɫɬɿɥɶɤɢ ɠ ɧɟɡɚɞɨɜɿɥɶɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɪɢ 

ɩɨɪɿɜɧɹɧɧɿ ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɚє ɿ ɧɚɣɛɿɥɶɲ ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɚ ɜ 

ɪɨɡɪɚɯɭɧɤɚɯ ɧɚɣɩɪɨɫɬɿɲɚ ɚɩɪɨɤɫɢɦɚɰɿɹ    ⁄        . 
Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ Ɇɿ – Ƚɪɸɧɚɣɡɟɧɚ (1.β), ɳɨ ɨɩɢɫɭє ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɢɯ ɬɿɥ 

ɩɪɢ ɜɿɞɧɨɫɧɨ ɧɟɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜ ɟɦɩɿɪɢɱɧɨɦɭ ɜɚɪɿɚɧɬɿ ɦɿɫɬɢɬɶ ɞɜɿ 

ɧɟɜɿɞɨɦɿ ɮɭɧɤɰɿʀ –  0P V  ɿ Ȗ(V), ɹɤɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ 

ɞɚɧɢɯ – ɧɚɩɪɢɤɥɚɞ, ɭɞɚɪɧɨʀ ɚɞɿɚɛɚɬɢ. ɉɪɢ ɰɶɨɦɭ ɪɿɡɧɿ ɚɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ, ɳɨ 

ɨɞɧɚɤɨɜɨ ɞɨɛɪɟ ɨɩɢɫɭɸɬɶ ɜɯɿɞɧɭ ɭɞɚɪɧɨɯɜɢɥɶɨɜɭ ɿɧɮɨɪɦɚɰɿɸ, ɞɚɸɬɶ ɪɿɜɧɹɧɧɹ 

ɫɬɚɧɭ, ɜ ɹɤɢɯ ɯɚɪɚɤɬɟɪ ɡɚɥɟɠɧɨɫɬɿ Ȗ(V) ɹɤɿɫɧɨ ɪɿɡɧɢɣ. Ɋɹɞ ɬɚɤɢɯ ɪɿɜɧɹɧɶ 

ɩɪɨɚɧɚɥɿɡɨɜɚɧɢɣ ɜ ɪɨɛɨɬɿ Д14Ж, ɰɿ ɪɿɜɧɹɧɧɹ ɜ ɝɪɚɧɢɱɧɢɯ ɜɢɩɚɞɤɚɯ ɩɟɪɟɯɨɞɹɬɶ ɜ 

ɪɿɜɧɹɧɧɹ Ɇɿ – Ƚɪɸɧɚɣɡɟɧɚ ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɿɥɚ. Ɍɨɦɭ, ɤɨɥɢ ɦɨɜɚ ɣɞɟ ɩɪɨ ɨɩɢɫ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɪɟɱɨɜɢɧɢ ɜ ɲɢɪɨɤɢɯ ɞɿɚɩɚɡɨɧɚɯ ʀɯ ɡɦɿɧɢ, ɫɥɿɞ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɿɧɲɿ, ɛɿɥɶɲ ɫɤɥɚɞɧɿ ɿ ɛɿɥɶɲ ɿɧɮɨɪɦɚɬɢɜɧɿ ɧɚɩɿɜɟɦɩɿɪɢɱɧɿ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. Ⱦɥɹ ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɨʀ ɝɭɫɬɢɧɢ ɿ ɩɨɦɿɪɧɢɯ ɬɟɦɩɟɪɚɬɭɪ 

ɧɚɣɛɿɥɶɲ ɿɫɬɨɬɧɿ ɬɪɭɞɧɨɳɿ – ɧɟɨɛɯɿɞɧɿɫɬɶ ɨɞɧɨɱɚɫɧɨɝɨ ɨɛɥɿɤɭ ɫɢɥɶɧɢɯ 

ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɟɮɟɤɬɿɜ ɿ ɤɨɪɟɥɹɰɿɣ ɦɿɠ ɡɦɿɳɟɧɧɹɦɢ ɱɚɫɬɢɧɨɤ ɡ ɜɭɡɥɿɜ ґɪɚɬɤɢ. 

ɓɟ ɨɞɧɿєɸ ɩɪɨɛɥɟɦɨɸ ɜ ɨɩɢɫɿ ɫɢɥɶɧɨ ɫɬɢɫɧɭɬɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɬɜɟɪɞɢɯ ɬɿɥ 

є ɧɚɹɜɧɿɫɬɶ ɜɠɟ ɡɝɚɞɭɜɚɧɨɝɨ ɜɢɳɟ ɜɟɥɢɤɨɝɨ ɱɢɫɥɚ ɩɨɥɿɦɨɪɮɧɢɯ ɮɚɡɨɜɢɯ 

ɩɟɪɟɯɨɞɿɜ ɜ ɧɢɯ. Ʉɪɿɦ ɬɨɝɨ, ɛɟɡ ɞɟɬɚɥɶɧɢɯ ɞɚɧɢɯ ɩɪɨ ɩɨɜɟɞɿɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɜɟɪɞɢɯ ɬɿɥ ɩɨɛɥɢɡɭ ɤɪɢɜɢɯ ɩɥɚɜɥɟɧɧɹ ɧɟɦɨɠɥɢɜɚ ɩɨɛɭɞɨɜɚ 

ɩɨɫɥɿɞɨɜɧɨʀ ɬɟɨɪɿʀ ɩɥɚɜɥɟɧɧɹ Д15]. 

ɉɨɜɟɪɬɚɸɱɢɫɶ ɞɨ ɪɿɜɧɹɧɧɹ Ɇɿ – Ƚɪɸɧɚɣɡɟɧɚ (1.β), ɫɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɜɨɧɨ 

ɩɪɨɝɧɨɡɭє ɥɿɧɿɣɧɭ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ ɜɿɞ ɜɧɭɬɪɿɲɧɶɨʀ ɟɧɟɪɝɿʀ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɤɨɟɮɿɰɿєɧɬɚ Ƚɪɸɧɚɣɡɟɧɚ (ɹɤ ɩɚɪɚɦɟɬɪɚ ɚɛɨ ɹɤ ɮɭɧɤɰɿʀ ɨɛ’єɦɭ) ɦɨɠɭɬɶ ɛɭɬɢ 

ɜɢɤɨɪɢɫɬɚɧɿ ɦɨɞɟɥɿ, ɡɚɫɧɨɜɚɧɿ ɧɚ ɦɟɬɨɞɚɯ ɫɬɚɬɢɫɬɢɱɧɨʀ ɬɟɨɪɿʀ, ɧɚɩɪɢɤɥɚɞ, 

ɩɪɢɩɭɳɟɧɧɹ ɩɪɨ ɝɚɪɦɨɧɿɣɧɢɣ ɯɚɪɚɤɬɟɪ ɤɨɥɢɜɚɧɶ ɱɚɫɬɢɧɨɤ ɤɪɢɫɬɚɥɚ. Ɍɨɞɿ ɦɨɠɧɚ 

ɝɨɜɨɪɢɬɢ ɜɠɟ ɧɟ ɩɪɨ ɟɦɩɿɪɢɱɧɭ, ɚ ɧɚɩɿɜɟɦɩɿɪɢɱɧɭ ɜɟɪɫɿɸ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ. 

ȼ ɨɛɥɚɫɬɿ ɩɨɦɿɪɧɢɯ ɝɭɫɬɢɧ ɿ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɨɩɢɫɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɮɭɧɤɰɿɣ ɬɜɟɪɞɢɯ ɬɿɥ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɬɚɤɨɠ ɪɹɞ ɿɧɲɢɯ ɦɨɞɟɥɶɧɢɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ. Ɍɚɤ, ɭ ɜɿɞɨɦɿɣ ɦɨɧɨɝɪɚɮɿʀ Ɋɚɛɢɧɨɜɢɱɚ, ȼɚɫɫɟɪɦɚɧɚ, ɇɟɞɨɫɬɭɩɚ ɿ ȼɟɤɫɥɟɪ 

[16Ж ɞɥɹ ɨɩɢɫɭ ɜɥɚɫɬɢɜɨɫɬɟɣ ɨɬɜɟɪɞɿɥɢɯ ɿɧɟɪɬɧɢɯ ɝɚɡɿɜ ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɮɚɡɢ, ɡɚɫɧɨɜɚɧɟ ɧɚ ɦɨɞɟɥɿ Ƚɪɸɧɚɣɡɟɧɚ. 

Ɂɚɡɜɢɱɚɣ ɩɪɢ ɨɛɝɨɜɨɪɟɧɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɩɟɪɟɞɛɚɱɚєɬɶɫɹ, ɳɨ ɦɨɜɚ ɣɞɟ ɩɪɨ 

ɤɪɢɫɬɚɥ, ɹɤɢɣ ɦɚє ɬɿɥɶɤɢ ɬɪɚɧɫɥɹɰɿɣɧɢɦɢ ɫɬɭɩɟɧɹɦɢ ɫɜɨɛɨɞɢ, ɬɚɤɢɦ ɹɤ, 

ɧɚɩɪɢɤɥɚɞ, ɡɚɬɜɟɪɞɿɥɿ ɿɧɟɪɬɧɿ ɝɚɡɢ. ȼ ɪɨɛɨɬɿ Д17Ж ɩɨɤɚɡɚɧɨ, ɹɤ ɦɨɠɧɚ ɜ ɪɚɦɤɚɯ 

ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ Ƚɪɸɧɚɣɡɟɧɚ ɜɪɚɯɭɜɚɬɢ ɨɛɟɪɬɚɥɶɧɢɣ ɪɭɯ ɦɨɥɟɤɭɥ 

ɜ ɤɪɢɫɬɚɥɿ. ɍ ɰɿɣ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɪɿɜɧɹɧɧɹ Ƚɪɸɧɚɣɡɟɧɚ ɞɥɹ ɩɚɪɚɜɨɞɧɸ ɿ 

ɨɪɬɨɞɟɣɬɟɪɿɸ, ɩɪɢ ɰɶɨɦɭ ɚɜɬɨɪɢ ɡɦɭɲɟɧɿ ɛɭɥɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɩɪɨ ɝɭɫɬɢɧɭ ɬɜɟɪɞɨɝɨ ɩɚɪɚɜɨɞɧɸ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɞɨ 

ɬɢɫɤɭ γ4 Ɇɉɚ, ɬɚɤɨɠ ɡɚɥɭɱɚɥɢɫɹ ɿ ɿɧɲɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ. 

ɇɚ ɨɫɧɨɜɿ ɰɶɨɝɨ ɤɨɪɨɬɤɨɝɨ ɨɝɥɹɞɭ ɟɦɩɿɪɢɱɧɢɯ ɿ ɧɚɩɿɜɟɦɩɿɪɢɱɧɢɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɞɥɹ ɩɨɫɬɚɜɥɟɧɨʀ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɡɚɞɚɱɿ 

ɬɚɤɢɣ ɩɿɞɯɿɞ ɧɟ ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ ɧɚɞɿɣɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɨɩɢɫɭє 

ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ 

ɬɢɫɤɿɜ. 

Ɉɞɧɚɤ ɦɨɠɥɢɜɢɣ ɿ ɿɧɲɢɣ ɲɥɹɯ. Ɍɚɤ ɜ ɪɨɛɨɬɿ Ʌ. Ɇ. əɤɭɛ Д18Ж ɞɥɹ ɨɩɢɫɭ 

ɨɫɨɛɥɢɜɨɫɬɟɣ ɩɨɥɿɦɟɪɧɨʀ cubic gauche-ɮɚɡɢ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɜɭɝɥɟɰɸ ɛɭɥɚ 
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ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɦɨɞɢɮɿɤɚɰɿɹ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ Ɇɿ – Ƚɪɸɧɚɣɡɟɧɚ ɡɿ ɡɦɿɧɧɢɦ 

ɩɚɪɚɦɟɬɪɨɦ Ƚɪɸɧɚɣɡɟɧɚ. 

ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜ ɡɜ’ɹɡɤɭ ɡ ɜɿɞɫɭɬɧɿɫɬɸ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɛɭɥɢ 

ɜɢɤɨɧɚɧɿ ɪɨɡɪɚɯɭɧɤɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɡɚɫɧɨɜɚɧɿ ɧɚ 

ɩɨɬɟɧɰɿɚɥɶɧɿɣ ɦɨɞɟɥɿ (ɤɚɥɿɛɪɨɜɚɧɢɣ ɧɚ ɞɚɧɢɯ ab initio ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɿɱɧɢɯ 

ɪɨɡɪɚɯɭɧɤɿɜ), ɪɟɡɭɥɶɬɚɬɢ ɹɤɢɯ ɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬ 

ɪɿɜɧɹɧɧɹ. ɍ ɧɚɫɬɭɩɧɨɦɭ ɩɿɞɪɨɡɞɿɥɿ ɛɭɞɭɬɶ ɛɿɥɶɲ ɞɟɬɚɥɶɧɨ ɪɨɡɝɥɹɧɭɬɿ ɦɨɠɥɢɜɨɫɬɿ 

ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚɤɨɝɨ ɩɿɞɯɨɞɭ ɞɨ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ, ɩɨɫɬɚɜɥɟɧɢɯ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ. 

 

1.2 Ɍɟɨɪɟɬɢɱɧɿ ɩɿɞɯɨɞɢ ɞɨ ɩɨɛɭɞɨɜɢ ɪɿɜɧɹɧь ɫɬɚɧɭ ɦɨɥɟɤɭɥɹɪɧɢɯ 

ɬɜɟɪɞɢɯ ɬɿɥ 

 

Ɍɟɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɬɿɥɚ ɩɪɢ 

ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ґɪɭɧɬɭɸɬɶɫɹ ɧɚ ɞɢɧɚɦɿɱɧɿɣ ɬɟɨɪɿʀ ɤɪɢɫɬɚɥɿɱɧɢɯ ґɪɚɬɨɤ ɜ 

ɝɚɪɦɨɧɿɣɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ Д19Ж. Ɇɿɤɪɨɫɤɨɩɿɱɧɚ ɬɟɨɪɿɹ ɦɟɯɚɧɿɱɧɢɯ ɿ ɬɟɩɥɨɜɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɜ Д20Ж є ɨɫɧɨɜɨɸ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɢɯ ɬɿɥ ɩɪɢ ɧɢɡɶɤɢɯ ɿ ɩɨɦɿɪɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿ ɬɢɫɤɚɯ. 

ɍ ɫɬɚɬɢɫɬɢɱɧɿɣ ɬɟɨɪɿʀ ɤɥɚɫɢɱɧɢɯ ɤɪɢɫɬɚɥɿɜ ɿɫɧɭɸɬɶ ɞɜɿ ɨɫɧɨɜɧɿ ɩɪɨɛɥɟɦɢ: 

ɩɪɨɛɥɟɦɚ ɟɮɟɤɬɢɜɧɨɝɨ ɨɛɥɿɤɭ ɤɨɪɟɥɹɰɿɣ ɜ ɡɫɭɜɚɯ ɚɬɨɦɿɜ ɡ ɜɭɡɥɿɜ ґɪɚɬɤɢ ɿ 

ɩɪɨɛɥɟɦɚ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɟɮɟɤɬɿɜ. 

ɉɪɢ ɩɿɞɜɢɳɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɪɨɥɶ ɤɜɚɧɬɨɜɢɯ ɟɮɟɤɬɿɜ ɩɨɫɬɭɩɨɜɨ 

ɡɧɢɠɭєɬɶɫɹ, ɚɥɟ ɪɨɥɶ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɟɮɟɤɬɿɜ ɪɿɡɤɨ ɡɪɨɫɬɚє. Ɋɨɥɶ ɚɧɝɚɪɦɨɧɿɱɧɢɯ 

ɟɮɟɤɬɿɜ ɨɫɨɛɥɢɜɨ ɜɚɠɥɢɜɚ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɬ.ɱ. ɧɚ ɥɿɧɿɹɯ 

ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ. 

ɍ ɪɨɛɨɬɚɯ ȱ. ɉ. Ȼɚɡɚɪɨɜɚ [21, 22Ж ɪɨɡɜɢɜɚєɬɶɫɹ ɦɟɬɨɞ ɪɨɡɪɚɯɭɧɤɭ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɥɚɫɢɱɧɢɯ ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɤɪɢɫɬɚɥɿɜ, 

ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɿɞɟʀ ɦɭɥɶɬɢɩɥɿɤɚɬɢɜɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ʀɯ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ 

(ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ). ȱɞɟɹ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ ɞɨ 

ɨɩɢɫɭ ɤɪɢɫɬɚɥɿɜ ɛɭɥɚ ɪɨɡɜɢɧɟɧɚ ȱ. ɉ. Ȼɚɡɚɪɨɜɢɦ ɜ ɪɨɛɨɬɿ [22]. 
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ɍ ɪɨɛɨɬɿ ȼ. ȱ. Ɂɭɛɨɜɚ ɬɚ ɿɧ. [23Ж ɛɭɜ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɩɨɞɚɥɶɲɢɣ ɪɨɡɜɢɬɨɤ 

ɫɬɚɬɢɫɬɢɱɧɨʀ ɬɟɨɪɿʀ ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɤɪɢɫɬɚɥɿɜ. ɐɟɣ ɧɚɩɪɹɦɨɤ ɛɭɜ 

ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɜɢɫɭɧɭɬɿɣ ə. ɉ. Ɍɟɪɥɟɰɤɿɦ ɿɞɟʀ ɩɪɨ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ, 

ɧɟɫɢɦɟɬɪɢɱɧɿ ɳɨɞɨ ɩɟɪɟɫɬɚɧɨɜɨɤ ɨɞɧɚɤɨɜɢɯ ɱɚɫɬɨɤ. Ɉɫɧɨɜɢ ɰɿєʀ ɬɟɨɪɿʀ, ɧɚɡɜɚɧɨʀ 

ɚɜɬɨɪɚɦɢ ɤɨɪɟɥɹɰɿɣɧɢɦ ɦɟɬɨɞɨɦ ɧɟɫɢɦɟɬɪɢɡɨɜɚɧɨɝɨ ɫɚɦɨɭɡɝɨɞɠɟɧɨɝɨ ɩɨɥɹ, 

ɡɚɤɥɚɞɟɧɿ ɜ ɪɨɛɨɬɚɯ ə. ɉ. Ɍɟɪɥɟɰɶɤɨɝɨ ɿ ȼ. ȱ. Ɂɭɛɨɜɚ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɢɣ ɩɿɞɯɿɞ ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɩɨɛɭɞɨɜɿ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɳɨ 

ɜɢɤɨɪɢɫɬɨɜɭє ɦɚɥɿɫɬɶ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɜɧɟɫɤɿɜ ɜ ɟɧɟɪɝɿɸ. Ȼɚɝɚɬɨ ɚɜɬɨɪɿɜ 

ɧɚɦɚɝɚɥɢɫɹ ɪɨɡɪɨɛɢɬɢ ɟɮɟɤɬɢɜɧɿ ɬɟɨɪɟɬɢɱɧɿ ɩɿɞɯɨɞɢ ɞɥɹ ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɨɝɨ 

ɤɪɢɫɬɚɥɚ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɝɚɪɦɨɧɿɣɧɟ ɧɚɛɥɢɠɟɧɧɹ ɜ ɹɤɨɫɬɿ ɛɚɡɨɜɨɝɨ 

ɧɚɛɥɢɠɟɧɧɹ Д24Ж. Ɉɞɧɚɤ ɧɚ ɰɶɨɦɭ ɲɥɹɯɭ ɛɭɥɨ ɞɨɫɹɝɧɭɬɨ ɥɢɲɟ ɨɛɦɟɠɟɧɢɣ ɭɫɩɿɯ, 

ɹɤɢɣ ɧɟ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɹɤɿɫɧɨɝɨ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɜ ɩɨɛɥɢɡɭ 

ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. 

Ɉɞɧɨɱɚɫɧɨ ɡ ɪɨɛɨɬɚɦɢ ȼ. ȱ. Ɂɭɛɨɜɚ Д23Ж ɜ ɪɨɛɨɬɿ Ʌ. Ɇ. əɤɭɛ Д25Ж ɛɭɜ 

ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɳɟ ɨɞɢɧ ɩɿɞɯɿɞ ɞɨ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɿ ɬɟɪɦɨɞɢɧɚɦɿɤɢ 

ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɤɪɢɫɬɚɥɿɜ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɭɡɚɝɚɥɶɧɟɧɧɿ ɦɟɬɨɞɭ Ȼɨɝɨɥɸɛɨɜɚ 

[26Ж ɪɨɡɤɥɚɞɚɧɧɹ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɤɪɢɫɬɚɥɚ ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ. 

ɍ ɰɶɨɦɭ ɦɟɬɨɞɿ ɪɨɡɤɥɚɞɚɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɹɤɢɣ 

ɩɪɟɞɫɬɚɜɥɹє ɫɨɛɨɸ ɜɿɞɧɨɲɟɧɧɹ ɤɭɛɚ ɫɟɪɟɞɧɶɨɝɨ ɡɦɿɳɟɧɧɹ ɱɚɫɬɢɧɤɢ ɡ ɜɭɡɥɚ 

ґɪɚɬɤɢ ɞɨ ɩɢɬɨɦɨɝɨ ɨɛ’єɦɭ Д27Ж, ɹɤɢɣ ɡɚɥɢɲɚєɬɶɫɹ ɦɚɥɢɦ ɧɚɜɿɬɶ ɜ ɫɢɥɶɧɨ 

ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɤɪɢɫɬɚɥɚɯ. 

ɐɟɣ ɦɟɬɨɞ ɞɨɡɜɨɥɢɜ ɞɨɫɥɿɞɢɬɢ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɤɥɚɫɢɱɧɢɯ ɨɞɧɨɚɬɨɦɧɢɯ 

ɤɪɢɫɬɚɥɿɜ ɿ ɨɬɪɢɦɚɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ 

ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɨɬɪɢɦɚɧɟ ɪɨɡɤɥɚɞɚɧɧɹɦ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɡɚ ɬɚɤɢɦ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɜ ɩɟɪɲɨɦɭ ɿ ɞɪɭɝɨɦɭ 

ɧɚɛɥɢɠɟɧɧɹɯ ɬɟɨɪɿʀ ɭɫɩɿɲɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɨɬɜɟɪɞɿɥɢɯ ɿɧɟɪɬɧɢɯ ɝɚɡɿɜ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɝɭɫɬɢɧ Д27]. 

Ɋɚɡɨɦ ɡ ɬɢɦ ɜɠɟ ɜ ɞɪɭɝɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɬɟɨɪɿʀ ɜɢɧɢɤɥɢ ɡɧɚɱɧɿ ɬɪɭɞɧɨɳɿ, 

ɩɨɜ'ɹɡɚɧɿ ɡ ɨɛɱɢɫɥɟɧɧɹɦ ɬɪɢɱɚɫɬɤɨɜɢɯ ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ, ɳɨ ɧɟ ɞɨɡɜɨɥɢɥɨ ɜ 
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ɪɚɦɤɚɯ ɰɶɨɝɨ ɦɟɬɨɞɭ ɩɪɨɫɭɧɭɬɢɫɹ ɜ ɧɚɩɪɹɦɤɭ ɨɛɥɿɤɭ ɩɨɬɪɿɣɧɢɯ ɤɨɪɟɥɹɰɿɣ ɦɿɠ 

ɡɦɿɳɟɧɧɹɦɢ ɱɚɫɬɢɧɨɤ ɤɪɢɫɬɚɥɚ. 

ȼ ɪɨɛɨɬɿ Д28Ж ɛɭɜ ɜɩɟɪɲɟ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɧɨɜɢɣ ɩɿɞɯɿɞ ɞɨ ɜɢɪɿɲɟɧɧɹ 

ɩɪɨɛɥɟɦɢ ɨɛɥɿɤɭ ɛɿɧɚɪɧɢɯ, ɩɨɬɪɿɣɧɢɯ ɿ ɬ. ɞ. ɤɨɪɟɥɹɰɿɣ ɦɿɠ ɡɦɿɳɟɧɧɹɦɢ ɱɚɫɬɢɧɨɤ. 

ɐɟɣ ɩɿɞɯɿɞ ɞɨ ɪɨɡɪɚɯɭɧɤɭ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɢɯ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɭɡɚɝɚɥɶɧɟɧɧɿ ɦɚєɪɨɜɫɶɤɨɝɨ 

ɝɪɭɩɨɜɨɝɨ ɪɨɡɤɥɚɞɚɧɧɹ ɧɚ ɬɜɟɪɞɿ ɬɿɥɚ. 

Ɍɚɤɢɣ ɩɿɞɯɿɞ ɧɟ ɞɚє ɧɚɦ ɦɨɠɥɢɜɿɫɬɶ ɜɢɜɱɚɬɢ ɫɬɪɭɤɬɭɪɭ ɤɪɢɫɬɚɥɚ, ɚɥɟ ɦɚє 

ɩɟɪɟɜɚɝɭ ɜ ɬɨɦɭ, ɳɨ ɜɿɧ ɩɪɢɜɨɞɢɬɶ ɞɨ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɧɹ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ, ɹɤɟ ɞɨɡɜɨɥɹє ɩɨɫɥɿɞɨɜɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɤɨɪɟɥɹɰɿʀ ɧɟ ɬɿɥɶɤɢ ɦɿɠ 

ɡɦɿɳɟɧɧɹɦɢ ɩɚɪ, ɚ ɣ ɬɪɿɣɨɤ ɿ ɬ.ɞ. ɚɬɨɦɿɜ ɡ ʀɯ ɪɿɜɧɨɜɚɠɧɢɯ ɩɨɥɨɠɟɧɶ ɜ ɜɭɡɥɚɯ 

ґɪɚɬɤɢ. 

Ɉɛɢɞɜɚ ɦɟɬɨɞɢ – ɦɟɬɨɞ ɪɨɡɤɥɚɞɚɧɧɹ ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ Д27Ж ɿ 

ɡɚɩɪɨɩɨɧɨɜɚɧɟ ɩɿɡɧɿɲɟ ɝɪɭɩɨɜɟ ɪɨɡɤɥɚɞɚɧɧɹ Д28] – ɜ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ 

ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɨɞɧɨɝɨ ɣ ɬɨɝɨ ɠ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɬɚɤ ɡɜɚɧɿɣ ɬɟɨɪɿʀ 

ɜɿɥɶɧɨɝɨ ɨɛ’єɦɭ Д29, 30]. 

Ɇɟɬɨɞ, ɭɡɚɝɚɥɶɧɸɸɱɢɣ ɦɚєɪɨɜɫɶɤɢɣ ɩɿɞɯɿɞ ɧɚ ɬɜɟɪɞɿ ɬɿɥɚ, ɛɭɜ ɪɨɡɜɢɧɟɧɢɣ 

ɜ ɪɨɛɨɬɿ Д28Ж. Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɿɞɟɚɥɶɧɢɣ ɤɪɢɫɬɚɥ, ɬɨɛɬɨ ɫɢɫɬɟɦɚ N ɚɬɨɦɿɜ ɡ 

ɩɨɩɚɪɧɨ-ɚɞɢɬɢɜɧɢɦ ɩɨɬɟɧɰɿɚɥɨɦ ɜɡɚєɦɨɞɿʀ  i j r r , ɜɦɿɳɟɧɚ ɜ ɨɛ’єɦ v ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ Ɍ. 

ɍ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɬɟɨɪɿʀ Д28Ж ɤɪɢɫɬɚɥ ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɫɭɤɭɩɧɿɫɬɸ 

ɧɟɡɚɥɟɠɧɢɯ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɨɫɰɢɥɹɬɨɪɿɜ, ɚ ɣɨɝɨ ɬɟɪɦɨɞɢɧɚɦɿɤɚ ɨɩɢɫɭєɬɶɫɹ ɞɨɛɪɟ 

ɜɿɞɨɦɨɸ ɬɟɨɪɿєɸ ɜɿɥɶɧɨɝɨ ɨɛ'єɦɭ Д29Ж, ɹɤɚ ɡɿɝɪɚɥɚ ɫɜɨɝɨ ɱɚɫɭ ɩɨɦɿɬɧɭ ɪɨɥɶ ɭ 

ɪɨɡɜɢɬɤɭ ɫɬɚɬɢɫɬɢɱɧɨʀ ɬɟɨɪɿʀ ɪɿɞɢɧ Д30]. 

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɨɪɢɝɿɧɚɥɶɧɨʀ ɪɨɛɨɬɢ Ɇɚєɪɚ (J.E. Mayer) [31], f-ɮɭɧɤɰɿɹ 
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,
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 r r
r r , ɹɤɚ ɜɜɨɞɢɬɶɫɹ ɜ ɪɨɛɨɬɿ [28], ɦɿɫɬɢɬɶ ɡɚɦɿɫɬɶ ɩɚɪɧɨɝɨ 

ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɦɿɠ ɦɨɥɟɤɭɥɚɦɢ ɬɚɤ ɡɜɚɧɢɣ ɩɚɪɧɢɣ ɤɨɪɟɥɹɰɿɣɧɢɣ ɩɨɬɟɧɰɿɚɥ 

wi j , ɹɤɢɣ ɜɢɪɚɠɚєɬɶɫɹ ɹɤ ɪɿɡɧɢɰɹ 
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Ɍɭɬ ir  – ɪɚɞɿɭɫ-ɜɟɤɬɨɪ, ɹɤɢɣ ɜɢɡɧɚɱɚє ɦɢɬɬєɜɟ ɩɨɥɨɠɟɧɧɹ ɰɟɧɬɪɭ 

ɦɨɥɟɤɭɥɢ, ɚ iR  – ɪɚɞɿɭɫ-ɜɟɤɬɨɪ, ɳɨ ɡɚɞɚє ɩɨɥɨɠɟɧɧɹ ɜɭɡɥɚ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ, 

ɩɨɛɥɢɡɭ ɹɤɨɝɨ ɡɧɚɯɨɞɢɬɶɫɹ ɰɹ ɦɨɥɟɤɭɥɚ. 

Ɉɫɨɛɥɢɜɿɫɬɸ ɤɨɪɟɥɹɰɿɣɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ wi j  є ɬɟ, ɳɨ ɜɿɧ ɞɨɪɿɜɧɸє ɧɭɥɸ 

ɳɨɪɚɡɭ, ɤɨɥɢ ɭ ɜɭɡɨɥ ґɪɚɬɤɢ ɩɨɬɪɚɩɥɹє ɯɨɱɚ ɛ ɨɞɧɚ ɿɡ ɜɡɚєɦɨɞɿɸɱɢɯ ɦɨɥɟɤɭɥ. 

Ⱦɪɭɝɢɣ ɿ ɧɚɫɬɭɩɧɿ ɱɥɟɧɢ ɝɪɭɩɨɜɨɝɨ ɪɨɡɤɥɚɞɭ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ ɤɪɢɫɬɚɥɚ 

ɜɪɚɯɨɜɭɸɬɶ ɩɚɪɧɿ, ɩɨɬɪɿɣɧɿ ɿ ɬ.ɞ. ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɡɦɿɳɟɧɧɹɦɢ ɚɬɨɦɿɜ ɿ ɛɭɥɢ 

ɨɬɪɢɦɚɧɿ ɜ Д28Ж ɿɡ ɡɚɝɚɥɶɧɨɝɨ ɮɨɪɦɚɥɶɧɨ ɬɨɱɧɨɝɨ ɜɢɪɚɠɟɧɧɹ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ. 

Ɉɛɦɟɠɭɸɱɢɫɶ ɥɢɲɟ ɜɧɟɫɤɚɦɢ ɜɿɞ ɩɚɪ ɿ ɬɪɿɣɨɤ ɱɚɫɬɢɧɨɤ ɿ ɩɪɨɜɨɞɹɱɢ 

ɫɬɚɧɞɚɪɬɧɿ ɞɥɹ ɜɿɞɨɦɨɝɨ ɦɚєɪɨɜɫɶɤɨɝɨ ɝɪɭɩɨɜɨɝɨ ɪɨɡɤɥɚɞɚɧɧɹ [31, 32] 

ɨɛɱɢɫɥɟɧɧɹ ɱɢɫɥɚ ɪɿɡɧɢɯ ɞɿɚɝɪɚɦ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɟɪɟɥɿɱɟɧɢɯ ɜɢɳɟ ɨɫɨɛɥɢɜɨɫɬɟɣ, 

ɜ ɪɨɛɨɬɿ Д28Ж ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɜ ɜɢɪɚɠɟɧɧɿ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ ɪɹɞ ɩɨɫɥɿɞɨɜɧɢɯ 

ɜɧɟɫɤɿɜ, ɳɨ ɜɪɚɯɨɜɭɸɬɶ ɩɚɪɧɿ ɿ ɩɨɬɪɿɣɧɿ ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɡɦɿɳɟɧɧɹɦɢ ɱɚɫɬɢɧɨɤ ɡ 

ɜɭɡɥɿɜ ґɪɚɬɤɢ. 

ȼɿɞɦɿɧɧɿɫɬɶ ɝɪɭɩɨɜɨɝɨ ɪɨɡɤɥɚɞɭ ɞɥɹ ɬɜɟɪɞɨɝɨ ɬɿɥɚ ɜɿɞ ɤɥɚɫɢɱɧɨɝɨ 

ɦɚєɪɨɜɫɶɤɨɝɨ ɩɿɞɯɨɞɭ ɞɥɹ ɧɟɿɞɟɚɥɶɧɨɝɨ ɝɚɡɭ ɫɤɥɚɞɚєɬɶɫɹ, ɩɨ-ɩɟɪɲɟ, ɜ ɬɨɦɭ, ɳɨ f-

ɮɭɧɤɰɿʀ ɦɿɫɬɹɬɶ ɧɟ ɩɚɪɧɢɣ, ɚ ɤɨɪɟɥɹɰɿɣɧɢɣ ɩɨɬɟɧɰɿɚɥ, ɩɨ-ɞɪɭɝɟ, ɜ ɬɨɦɭ, ɳɨ 

ɭɫɟɪɟɞɧɟɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨ ɨɞɧɨɱɚɫɬɤɨɜɢɦ ɮɭɧɤɰɿɹɦ ɪɨɡɩɨɞɿɥɭ 

ɟɣɧɲɬɟɣɧɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ, ɿ ɩɨ-ɬɪɟɬє, ɜ ɧɚɹɜɧɨɫɬɿ ɜɿɞɦɿɧɧɨɫɬɟɣ 

(ɧɟɟɤɜɿɜɚɥɟɧɬɧɨɫɬɿ) ɩɨɥɨɠɟɧɶ ɨɤɪɟɦɢɯ ɱɚɫɬɢɧɨɤ ɜ ɤɪɢɫɬɚɥɿ. 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɹɤ ɦɟɬɨɞ ɪɨɡɤɥɚɞɚɧɧɹ ɡɚ ɦɚɥɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɬɚɤ ɿ 

ɡɚɩɪɨɩɨɧɨɜɚɧɟ ɩɿɡɧɿɲɟ ɝɪɭɩɨɜɟ ɪɨɡɤɥɚɞɚɧɧɹ ɜ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɩɪɢɜɨɞɹɬɶ 

ɞɨ ɨɞɧɨɝɨ ɿ ɬɨɝɨ ɠ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɬɟɨɪɿʀ ɜɿɥɶɧɨɝɨ ɨɛ’єɦɭ. 

ȼɢɫɧɨɜɤɢ ɳɨɞɨ ɦɨɠɥɢɜɨɫɬɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɚɛɫɨɥɸɬɧɨʀ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ ɞɥɹ ɫɢɥɶɧɨ ɚɧɝɚɪɦɨɧɿɱɧɢɯ ɬɜɟɪɞɢɯ ɬɿɥ, ɳɨ ɡɪɨɛɥɟɧɿ ɞɥɹ ɤɥɚɫɢɱɧɨɝɨ 

ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ, ɦɚɸɬɶ ɞɨɫɢɬɶ ɡɚɝɚɥɶɧɢɣ ɯɚɪɚɤɬɟɪ [25]. ȼɨɧɢ 

ɦɨɠɭɬɶ ɛɭɬɢ ɩɨɲɢɪɟɧɿ ɿ ɧɚ ɿɧɲɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɜɤɥɸɱɚɸɱɢ 
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ɟɧɬɪɨɩɿɸ ɿ ɜɧɭɬɪɿɲɧɸ ɟɧɟɪɝɿɸ. ɐɟ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɥɿɧɿɣ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ, 

ɞɟ ɨɛɥɿɤ ɚɧɝɚɪɦɨɧɿɡɦɭ ɤɨɥɢɜɚɧɶ ɚɬɨɦɿɜ ɫɬɚє ɤɪɢɬɢɱɧɨ ɜɚɠɥɢɜɢɦ. ɉɪɨɰɟɞɭɪɚ 

ɪɨɡɪɚɯɭɧɤɭ, ɨɩɢɫɚɧɚ ɜɢɳɟ ɧɚ ɩɪɢɤɥɚɞɿ ȽɐɄ-ɤɪɢɫɬɚɥɚ ɡ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɨɸ 

ɤɭɛɿɱɧɨɸ ґɪɚɬɤɨɸ, ɦɨɠɟ ɛɭɬɢ ɥɟɝɤɨ ɩɨɲɢɪɟɧɚ ɿ ɧɚ ɿɧɲɿ ɤɭɛɿɱɧɿ ɫɬɪɭɤɬɭɪɢ 

ɬɜɟɪɞɢɯ ɪɟɱɨɜɢɧ, ɧɚɩɪɢɤɥɚɞ ɦɟɬɚɧ. 

ɉɪɨɛɥɟɦɚ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɹɤɿ ɧɚɞɿɣɧɨ ɨɩɢɫɭɸɬɶ ɜɥɚɫɬɢɜɨɫɬɿ 

ɪɟɱɨɜɢɧ ɜ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡɚɯ, є ɧɚɞɡɜɢɱɚɣɧɨ ɜɚɠɥɢɜɨɸ, ɨɫɤɿɥɶɤɢ ɬɨɱɧɿɫɬɶ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɟɥɢɱɢɧ, ɳɨ ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ, ɡɚɥɟɠɢɬɶ ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɜɿɞ 

ɬɨɱɧɨɫɬɿ ɡɚɫɬɨɫɨɜɭɜɚɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ. ȼ ɩɟɪɲɭ ɱɟɪɝɭ ɰɟ ɫɬɨɫɭєɬɶɫɹ ɬɜɟɪɞɨɝɨ 

ɫɬɚɧɭ, ɨɫɤɿɥɶɤɢ ɧɚɜɿɬɶ ɩɪɨɫɬɿ ɦɨɥɟɤɭɥɹɪɧɿ ɤɪɢɫɬɚɥɢ ɦɚɸɬɶ ɛɚɝɚɬɭ ɮɚɡɨɜɭ 

ɞɿɚɝɪɚɦɭ, ɩɟɪɟɯɿɞ ɡ ɨɞɧɿєʀ ɤɪɢɫɬɚɥɿɱɧɨʀ ɫɬɪɭɤɬɭɪɢ ɜ ɿɧɲɭ ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ 

ɩɨɥɿɦɨɪɮɧɢɦɢ ɮɚɡɨɜɢɦɢ ɩɟɪɟɯɨɞɚɦɢ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɤɨɠɧɨʀ ɤɪɢɫɬɚɥɿɱɧɨʀ 

ɫɬɪɭɤɬɭɪɢ ɜɢɦɚɝɚє ɚɞɟɤɜɚɬɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɩɨɛɭɞɨɜɚɧɨɝɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 

ɨɫɨɛɥɢɜɨɫɬɟɣ ɰɿєʀ  ɫɬɪɭɤɬɭɪɢ. 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɪɹɞɭ ɩɨɫɬɚɜɥɟɧɢɯ ɜ ɞɢɫɟɪɬɚɰɿʀ ɡɚɜɞɚɧɶ, ɩɨɜ'ɹɡɚɧɢɯ ɡ ɨɩɢɫɨɦ 

ɩɥɚɜɥɟɧɧɹ ɬɚ ɿɧɲɢɯ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɜ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ, ɜɚɠɥɢɜɨ ɦɚɬɢ ɧɟ 

ɬɿɥɶɤɢ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɢɯ ɬɿɥ, ɚɥɟ ɿ ɪɿɞɢɧ. 

ɉɟɪɜɿɫɧɟ ɪɨɡɭɦɿɧɧɹ ɩɪɢɪɨɞɢ ɪɿɞɤɨɝɨ ɫɬɚɧɭ ɪɟɱɨɜɢɧɢ ɩɨɜ’ɹɡɚɧɨ ɡ ɪɿɜɧɹɧɧɹɦ 

ɫɬɚɧɭ, ɫɮɨɪɦɭɥɶɨɜɚɧɨɦɭ ȼɚɧ ɞɟɪ ȼɚɚɥɶɫɨɦ. ȼɚɧ ɞɟɪ ȼɚɚɥɶɫ ɜɩɟɪɲɟ ɜɪɚɯɭɜɚɜ 

ɪɿɡɧɿ ɪɨɥɿ ɫɢɥɶɧɨʀ ɤɨɪɨɬɤɨɞɿɸɱɨʀ ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɨʀ ɬɚ ɩɪɢɬɹɝɚɥɶɧɨʀ 

ɦɿɠɦɨɥɟɤɭɥɹɪɧɨʀ ɜɡɚєɦɨɞɿʀ ɩɪɢ ɮɨɪɦɭɜɚɧɧɿ ɪɿɜɧɨɜɚɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɭɫɬɢɯ 

ɪɿɞɢɧ. Ɂɝɿɞɧɨ ɰɿɣ ɤɚɪɬɢɧɿ, ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɿ ɜɡɚєɦɨɞɿʀ ɜɢɡɧɚɱɚɸɬɶ ɫɬɪɭɤɬɭɪɭ 

ɮɥɸʀɞɭ ɜɢɫɨɤɨʀ ɝɭɫɬɢɧɢ. ɏɨɱɚ ɜɧɟɫɨɤ ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ є ɟɧɬɪɨɩɿɣɧɢɦ, 

ɜɧɟɫɨɤ ɩɪɢɬɹɝɚɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ ɨɫɧɨɜɧɨɦɭ ɟɧɟɪɝɟɬɢɱɧɢɣ ɿ ɣɨɝɨ ɦɨɠɧɚ 

ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɡɛɭɪɟɧɧɹ.  

ɇɚ ɨɫɧɨɜɿ ɫɬɚɬɢɫɬɢɱɧɨʀ ɦɟɯɚɧɿɤɢ ɛɭɜ ɪɨɡɪɨɛɥɟɧɢɣ ɪɹɞ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, 

ɡɚɫɧɨɜɚɧɢɯ ɧɚ ɬɚɤ ɡɜɚɧɿɣ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ ɧɚɞɚɬɢ 

ɬɟɨɪɟɬɢɱɧɭ ɨɫɧɨɜɭ ɦɟɬɨɞɭ ȼɚɧ ɞɟɪ ȼɚɚɥɶɫɚ ɿ ɨɛɱɢɫɥɸɜɚɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɪɟɱɨɜɢɧɢ, ɜɢɯɨɞɹɱɢ ɿɡ ɡɚɞɚɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ [29]. ɍ 
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ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ – ɦɟɬɨɞ ɧɚɛɥɢɠɟɧɨɝɨ ɪɿɲɟɧɧɹ ɡɚɞɚɱ 

ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ, ɹɤɢɣ ɦɨɠɧɚ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɜ ɬɨɦɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɜ ɡɚɜɞɚɧɧɿ 

ɩɪɢɫɭɬɧɿɣ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ, ɩɪɢɱɨɦɭ ɜ ɧɟɯɬɭɜɚɧɧɿ ɰɢɦ ɩɚɪɚɦɟɬɪɨɦ ɡɚɜɞɚɧɧɹ ɦɚє 

ɬɨɱɧɟ ɪɿɲɟɧɧɹ. 

Ȼɭɞɶ-ɹɤɚ ɮɿɡɢɱɧɚ ɜɟɥɢɱɢɧɚ А, ɪɨɡɪɚɯɨɜɚɧɚ ɡɚ ɬɟɨɪɿєɸ ɡɛɭɪɟɧɶ, ɦɨɠɟ ɛɭɬɢ 

ɡɚɩɢɫɚɧɚ ɭ ɜɢɝɥɹɞɿ ɪɹɞɭ 

     0 1 12 ...A A A A        ,    (1.4) 

ɞɟ  0A  – ɪɿɲɟɧɧɹ ɧɟɡɛɭɪɟɧɨɝɨ ɡɚɜɞɚɧɧɹ,  – ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ. Ʉɨɟɮɿɰɿєɧɬɢ  kA
, k = 1,β, ... ɜɢɪɚɠɚɸɬɶ ɩɨɩɪɚɜɤɢ ɩɨɫɥɿɞɨɜɧɢɯ ɧɚɛɥɢɠɟɧɶ. 

ȼ ɪɚɦɤɚɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ (ɌɌɁ) ɩɚɪɧɢɣ ɩɨɬɟɧɰɿɚɥ ɜɡɚєɦɨɞɿʀ 

ɦɨɥɟɤɭɥ  r  ɪɨɡɞɿɥɹєɬɶɫɹ ɧɚ ɞɜɿ ɱɚɫɬɢɧɢ: 

       0r r u r   ,     (1.5) 

ɞɟ    0 r  – ɩɨɬɟɧɰɿɚɥ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ ɬɚɤ ɡɜɚɧɨʀ «ɨɩɨɪɧɨʀ» ɫɢɫɬɟɦɢ (ɧɭɥɶɨɜɟ 

ɧɚɛɥɢɠɟɧɧɹ ɌɌɁ), ɚ  u r  – ɩɨɬɟɧɰɿɚɥ «ɡɛɭɪɟɧɧɹ». ȼɿɞɩɨɜɿɞɧɨ, ɩɨɬɟɧɰɿɚɥɶɧɚ 

ɟɧɟɪɝɿɹ ɫɢɫɬɟɦɢ N ɦɨɥɟɤɭɥ  
1

N
i j N

U r
  

   ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɫɭɦɢ 

 0
N NU U u   ,      (1.6 ) 

ɞɟ      0 0

1
N ij

i j N

U r
  

   – ɩɨɬɟɧɰɿɚɥɶɧɚ ɟɧɟɪɝɿɹ «ɨɩɨɪɧɨʀ» ɫɢɫɬɟɦɢ, ɚ u  – ɟɧɟɪɝɿɹ 

«ɡɛɭɪɟɧɧɹ». 

ȼ ɪɚɦɤɚɯ ɌɌɁ ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ ɩɨɞɚєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɧɚɫɬɭɩɧɨɝɨ ɪɹɞɭ: 

      20 21

2
F V T F V T u u u

kT
         , , ...   (1.7 ) 
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ɍ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿɣ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɞɥɹ ɩɪɨɫɬɨʀ ɪɿɞɢɧɢ ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ 

ɫɢɫɬɟɦɢ (ɚ ɪɚɡɨɦ ɡ ɧɟɸ ɿ ɜɫɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɮɭɧɤɰɿʀ) ɪɨɡɤɥɚɞɚєɬɶɫɹ ɡɚ ɫɬɭɩɟɧɹɦɢ 

«ɡɛɭɪɸɸɱɨɝɨ» ɩɨɬɟɧɰɿɚɥɭ, ɩɪɢɱɨɦɭ ɜ ɹɤɨɫɬɿ ɧɟɡɛɭɪɟɧɨɝɨ ɞɨɞɚɧɤɚ ɜɢɛɢɪɚєɬɶɫɹ 

ɩɨɬɟɧɰɿɚɥ ɬɜɟɪɞɢɯ ɤɭɥɶ. 

ɉɟɪɲɚ ɩɨɫɥɿɞɨɜɧɚ ɬɟɨɪɿɹ ɪɿɞɢɧ ɧɚ ɨɫɧɨɜɿ ɿɞɟʀ ȼɚɧ ɞɟɪ ȼɚɚɥɶɫɚ ɛɭɥɚ 

ɡɚɩɪɨɩɨɧɨɜɚɧɚ Ȼɚɪɤɟɪɨɦ ɿ ɏɟɧɞɟɪɫɨɧɨɦ (J.A. Barker  and D. Henderson) ɭ 

ɪɨɛɨɬɿ [33Ж. ȼ ɪɚɦɤɚɯ ɰɿєʀ ɬɟɨɪɿʀ ɦɿɠɦɨɥɟɤɭɥɹɪɧɢɣ ɩɨɬɟɧɰɿɚɥ ɩɨɞɿɥɹєɬɶɫɹ ɧɚ 

ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɿ ɬɚ ɩɪɢɬɹɝɚɥɶɧɿ ɱɚɫɬɢɧɢ. ȼɿɞɲɬɨɜɯɭɜɚɥɶɧɢɣ ɜɧɟɫɨɤ ɨɩɢɫɚɧɢɣ ɜ 

ɪɚɦɤɚɯ ɦɨɞɟɥɿ ɬɜɟɪɞɢɯ ɫɮɟɪ, ɜ ɬɨɣ ɱɚɫ ɹɤ ɩɪɢɬɹɝɚɥɶɧɚ ɱɚɫɬɢɧɚ ɜɤɥɸɱɟɧɚ ɜ 

ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. 

Ʉɿɥɶɤɚ ɪɨɤɿɜ ɩɨ ɬɨɦɭ ȼɿɤɫ, ɑɚɧɞɥɟɪ ɿ Ⱥɧɞɟɪɫɟɧ (J.D. Weeks, D. Chandler, 

H.C. Andersen) [34Ж ɪɨɡɪɨɛɢɥɢ ɞɟɳɨ ɿɧɲɭ ɬɟɨɪɿɸ ɪɿɞɢɧɢ ɧɚ ɨɫɧɨɜɿ ɩɿɞɯɨɞɭ 

ɜɚɧ ɞɟɪ ȼɚɚɥɶɫɚ. ɍ ɰɿɣ ɬɟɨɪɿʀ ɦɿɠɦɨɥɟɤɭɥɹɪɧɿ ɜɡɚєɦɨɞɿʀ ɬɚɤɨɠ ɩɨɞɿɥɹɥɢɫɹ ɧɚ 

ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɿ ɬɚ ɩɪɢɬɹɝɚɥɶɧɿ ɱɚɫɬɢɧɢ. Ɉɞɧɚɤ ɚɜɬɨɪɢ Д34Ж ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ 

ɨɩɬɢɦɿɡɨɜɚɧɟ ɤɥɚɫɬɟɪɧɟ ɪɨɡɤɥɚɞɚɧɧɹ ɡɚɦɿɫɬɶ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ 

ɞɥɹ ɨɛɥɿɤɭ ɫɢɥ ɩɪɢɬɹɝɚɧɧɹ. 

ɉɟɪɲɢɣ ɱɥɟɧ ɩɨɩɪɚɜɤɢ ɬɟɨɪɿʀ ɡɛɭɪɟɧɧɹ, ɩɨɜ’ɹɡɚɧɨɝɨ ɡ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɦ ɧɚɛɥɢɠɟɧɧɹɦ, ɜ ɨɛɨɯ ɬɟɨɪɿɹɯ ɿɞɟɧɬɢɱɧɢɣ ɡɚ ɜɢɧɹɬɤɨɦ 

ɬɨɝɨ, ɳɨ ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɿ ɬɚ ɩɪɢɬɹɝɚɥɶɧɿ ɜɡɚєɦɨɞɿʀ ɜ ɧɢɯ ɧɟ ɡɨɜɫɿɦ ɨɞɧɟ ɣ ɬɟ 

ɫɚɦɟ. Ʉɨɪɟɤɬɧɿɫɬɶ ɤɨɠɧɨʀ ɬɚɤɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɧɹ ɩɟɪɟɜɿɪɹєɬɶɫɹ ɡɛɿɝɨɦ ɪɟɡɭɥɶɬɚɬɿɜ 

ɪɨɡɪɚɯɭɧɤɿɜ ɡ ɤɨɦɩ'ɸɬɟɪɧɢɦ ɟɤɫɩɟɪɢɦɟɧɬɨɦ ɚɛɨ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɿɱɧɢɦ 

ɦɨɞɟɥɸɜɚɧɧɹɦ, ɜɢɤɨɧɚɧɢɦɢ ɞɥɹ ɬɨɝɨ ɠ ɫɚɦɨɝɨ ɩɨɬɟɧɰɿɚɥɭ. 

ɓɟ ɨɞɧɢɦ ɟɮɟɤɬɢɜɧɢɦ ɦɟɬɨɞɨɦ, ɳɨ ɞɨɡɜɨɥɹє ɜɢɪɿɲɭɜɚɬɢ ɡɚɜɞɚɧɧɹ, 

ɩɨɫɬɚɜɥɟɧɿ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ, є ɤɨɦɩ'ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

Ⱦɟɬɚɥɶɧɿɲɟ ɜɿɧ ɛɭɞɟ ɪɨɡɝɥɹɧɭɬɢɣ ɭ ɧɚɫɬɭɩɧɨɦɭ ɩɿɞɪɨɡɞɿɥɿ.  

ɉɪɹɦɟ ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɨɡɜɨɥɹє ɬɨɱɧɨ 

ɨɛɱɢɫɥɢɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɫɢɫɬɟɦɢ ɦɨɥɟɤɭɥ, ɳɨ ɜɡɚєɦɨɞɿɸɬɶ ɨɞɧɚ ɡ 

ɨɞɧɨɸ ɡɚ ɡɚɞɚɧɢɦ ɩɨɬɟɧɰɿɚɥɨɦ. Ɉɞɧɚɤ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɬɨɱɧɢɯ ɤɿɧɰɟɜɢɯ 

ɪɟɡɭɥɶɬɚɬɿɜ ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɰɢɦ ɦɟɬɨɞɨɦ ɩɨɬɪɿɛɧɨ ɛɚɝɚɬɨ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɱɚɫɭ. 
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Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɧɟɨɛɯɿɞɧɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɨɬɟɧɰɿɚɥɢ, ɳɨ ɪɟɚɥɿɫɬɢɱɧɨ ɨɩɢɫɭɸɬɶ ɯɚɪɚɤɬɟɪ 

ɦɿɠɦɨɥɟɤɭɥɹɪɧɢɯ ɫɢɥ ɜ ɨɛɥɚɫɬɿ ɬɢɫɤɿɜ ɿ ɬɟɦɩɟɪɚɬɭɪ, ɹɤɿ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɿɧɬɟɪɟɫ 

ɞɥɹ ɞɨɫɥɿɞɧɢɤɿɜ. ɇɚ ɞɚɧɢɣ ɱɚɫ ɞɥɹ ɪɹɞɭ ɪɟɱɨɜɢɧ ɜɿɞɨɦɿ ɮɿɡɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɿ 

ɮɨɪɦɢ ɚɧɿɡɨɬɪɨɩɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ, ɡɧɚɣɞɟɧɿ ɜ ɬɟɨɪɟɬɢɱɧɢɯ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɿɱɧɢɯ 

ɪɨɡɪɚɯɭɧɤɚɯ ab initio, ɹɤɿ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ ɦɨɥɟɤɭɥɹɪɧɿɣ ɞɢɧɚɦɿɰɿ. ɇɟɡɜɚɠɚɸɱɢ 

ɧɚ ɨɛґɪɭɧɬɨɜɚɧɿɫɬɶ ɰɢɯ ɩɨɬɟɧɰɿɚɥɿɜ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ, ɜɨɧɢ ɧɟ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ 

ɩɪɚɤɬɢɱɧɨɦɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ. Ɍɨɦɭ ɞɥɹ ɧɚɲɢɯ ɰɿɥɟɣ ɩɨɬɪɿɛɧɿ 

ɩɨɬɟɧɰɿɚɥɢ ɮɭɧɤɰɿɨɧɚɥɶɧɨ ɛɿɥɶɲ ɩɪɨɫɬɿ, ɚɥɟ ɹɤɿ ɡɛɟɪɿɝɚɸɬɶ ɪɟɚɥɿɫɬɢɱɧɿɫɬɶ 

ɫɤɥɚɞɧɢɯ ɚɧɿɡɨɬɪɨɩɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ. 

ɍ ɛɿɥɶɲɨɫɬɿ ɫɭɱɚɫɧɢɯ ɪɨɛɿɬ, ɜɢɤɨɧɚɧɢɯ ɧɚ ɨɫɧɨɜɿ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɨɬɟɧɰɿɚɥɢ ɜɢɞɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɬɜɟɪɞɢɯ ɫɮɟɪ ɿ ɪɿɡɧɿ ʀɯ 

ɤɨɦɛɿɧɚɰɿʀ. ɉɪɢ ɰɶɨɦɭ ɬɚɤɢɣ ɩɿɞɯɿɞ ɜɞɚєɬɶɫɹ ɡɚɫɬɨɫɭɜɚɬɢ ɞɨ ɨɛ’єɤɬɿɜ, ɹɤɿ ɪɚɧɿɲɟ 

ɧɟ ɛɭɥɢ ɞɨɫɥɿɞɠɟɧɿ ɩɨɞɿɛɧɢɦ ɱɢɧɨɦ. 

 

1.3 Ʉɨɦɩ’ɸɬɟɪɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ ɹɤ ɿɧɫɬɪɭɦɟɧɬ ɞɨɫɥɿɞɠɟɧɧɹ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ 

 

Ⱦɨɜɝɢɣ ɱɚɫ ɜ ɧɚɭɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɬɿɥɶɤɢ ɞɜɚ 

ɬɪɚɞɢɰɿɣɧɿ ɩɿɞɯɨɞɢ – ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɣ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɫɩɨɫɬɟɪɟɠɟɧɧɹɯ ɿ 

ɜɢɦɿɪɚɯ, ɿ ɬɟɨɪɟɬɢɱɧɢɣ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɭɡɚɝɚɥɶɧɟɧɧɿ ɫɩɨɫɬɟɪɟɠɟɧɶ, ʀɯ ɥɨɝɿɱɧɨɦɭ 

ɚɧɚɥɿɡɿ ɬɚ ɜɢɹɜɥɟɧɧɿ ɩɪɢɱɢɧ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ. ȼ ɞɚɧɢɣ ɱɚɫ 

ɦɨɠɧɚ ɜɩɟɜɧɟɧɨ ɝɨɜɨɪɢɬɢ ɩɪɨ ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɹɤ ɬɪɟɬɿɣ ɩɿɞɯɿɞ, 

ɡɚɫɧɨɜɚɧɢɣ ɧɚ «ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ» ɞɨɫɥɿɞɠɟɧɧɿ ɦɨɞɟɥɶɧɢɯ ɫɢɫɬɟɦ, 

ɪɟɚɥɿɡɨɜɚɧɢɯ ɭ ɜɢɝɥɹɞɿ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɩɪɨɝɪɚɦ. 

Ɋɨɥɶ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɜ ɬɟɩɥɨɮɿɡɢɰɿ ɨɫɬɚɧɧɿɦ ɱɚɫɨɦ ɫɬɚє ɜɫɟ 

ɛɿɥɶɲ ɜɚɠɥɢɜɨɸ. Ɂɚɞɚɱɿ ɦɨɞɟɥɸɜɚɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɩɨɜɟɞɿɧɤɢ ɪɟɚɥɶɧɢɯ ɿ 

ɦɨɞɟɥɶɧɢɯ ɫɤɥɚɞɧɢɯ ɪɿɞɢɧ ɿ ɬɜɟɪɞɢɯ ɬɿɥ ɬɚ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ʀɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɿ 

ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɜ ɧɢɯ, ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɡɧɚɱɧɢɣ ɿɧɬɟɪɟɫ ɧɚ 
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ɫɭɱɚɫɧɨɦɭ ɟɬɚɩɿ ɪɨɡɜɢɬɤɭ ɬɟɨɪɿʀ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɨɫɨɛɥɢɜɨ ɜ 

ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɭɦɨɜɚɯ Д6].  

ɍ ɞɢɫɟɪɬɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɜɚ ɩɿɞɯɨɞɢ ɞɨ ɞɨɫɥɿɞɠɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɤɪɢɫɬɚɥɿɱɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɩɨɯɿɞɧɢɯ: ɹɤ ɬɟɨɪɟɬɢɱɧɢɣ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭє 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɨɬɪɢɦɚɧɿ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ 

ɜɢɫɨɤɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɬɚɤ ɿ ɦɟɬɨɞ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ. 

Ɉɞɧɢɦ ɡ ɧɚɩɪɹɦɤɿɜ ɭ ɬɚɤɨɦɭ ɩɿɞɯɨɞɿ є ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ [35Ж, ɿɧɲɢɦ – 

ɦɟɬɨɞ ɦɨɥɟɤɭɥɹɪɧɨʀ ɞɢɧɚɦɿɤɢ Д36]. ȼɩɟɪɲɟ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡɚɫɬɨɫɭɜɚɥɢ 

Ɇɟɬɪɨɩɨɥɿɫ (N. Metropolis) ɿ ɍɥɚɦ (S. Ulam), ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɚɥɝɨɪɢɬɦ, 

ɧɚɡɜɚɧɢɣ ɡɝɨɞɨɦ ɚɥɝɨɪɢɬɦɨɦ Ɇɟɬɪɨɩɨɥɿɫɚ [37]. Ɇɚɣɠɟ ɨɞɧɨɱɚɫɧɨ Ɏɟɪɦɿ, ɉɚɫɬɚ ɿ 

ɍɥɚɦ (E. Fermi, P. Pasta, S. Ulam) [38Ж ɜɢɤɨɧɚɥɢ ɤɨɦɩ’ɸɬɟɪɧɟ ɞɨɫɥɿɞɠɟɧɧɹ 

ɞɢɧɚɦɿɤɢ ɚɧɝɚɪɦɨɧɿɱɧɨɝɨ ɨɞɧɨɜɢɦɿɪɧɨɝɨ ɤɪɢɫɬɚɥɚ. Ɂ ɬɢɯ ɩɿɪ ɦɟɬɨɞɨɥɨɝɿɹ 

ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɛɭɥɚ ɡɧɚɱɧɨ ɩɪɨɫɭɧɭɬɚ, ɯɨɱɚ ɜɚɪɬɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ 

ɨɫɧɨɜɧɿ ɚɥɝɨɪɢɬɦɢ ɩɪɚɤɬɢɱɧɨ ɧɟ ɡɦɿɧɢɥɢɫɹ.  

Ɍɟɯɧɿɤɚ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ, ɡɚɫɧɨɜɚɧɚ ɧɚ ɦɟɬɨɞɿ Ɇɨɧɬɟ-Ʉɚɪɥɨ, 

ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ ɤɥɚɫɢɱɧɢɯ ɫɢɫɬɟɦ ɛɚɝɚɬɶɨɯ ɬɿɥ, ɬɨɛɬɨ ɬɚɤɢɯ ɫɢɫɬɟɦ, 

ɞɥɹ ɹɤɢɯ ɡɚɤɨɧɢ ɪɭɯɭ ɫɤɥɚɞɨɜɢɯ ʀɯ ɱɚɫɬɢɧɨɤ ɩɿɞɤɨɪɹɸɬɶɫɹ ɡɚɤɨɧɚɦ ɤɥɚɫɢɱɧɨʀ 

ɦɟɯɚɧɿɤɢ. ɐɟɣ ɩɿɞɯɿɞ ɞɚє ɜɿɞɦɿɧɧɟ ɧɚɛɥɢɠɟɧɧɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɨɥɚ ɪɟɱɨɜɢɧ, ɹɤɿ 

ɡɧɚɯɨɞɹɬɶɫɹ ɩɪɢ ɩɨɦɿɪɧɢɯ ɿ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ɂɨɤɪɟɦɚ, ɜ ɤɥɚɫɢɱɧɨɦɭ 

ɧɚɛɥɢɠɟɧɧɿ ɦɨɠɧɚ ɨɩɢɫɭɜɚɬɢ ɩɨɫɬɭɩɚɥɶɧɢɣ ɪɭɯ ɜɚɠɤɢɯ ɦɨɥɟɤɭɥ (Ar, Kr, БО, ...) 

ɿ, ɩɟɜɧɨɸ ɦɿɪɨɸ, ɨɛɟɪɬɚɥɶɧɢɣ ɿ ɤɨɥɢɜɚɥɶɧɢɣ ɪɭɯ ɞɜɨɚɬɨɦɧɢɯ ɦɨɥɟɤɭɥ (І2, C2 ɬɚ 

ɿɧ.) ɿ ɦɚɤɪɨɫɤɨɩɿɱɧɢɯ ɬɿɥ, ɳɨ ɫɤɥɚɞɚɸɬɶɫɹ ɡ ɬɚɤɢɯ ɦɨɥɟɤɭɥ. Ʉɜɚɧɬɨɜɿ ɟɮɟɤɬɢ ɩɪɢ 

ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿɫɬɨɬɧɨ ɩɪɨɹɜɥɹɸɬɶɫɹ ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ ɬɿɥɶɤɢ ɧɚ ɪɿɜɧɿ 

ɟɥɟɤɬɪɨɧɧɨɝɨ ɡɛɭɞɠɟɧɧɹ. 

Ʉɥɚɫɢɱɧɢɣ ɚɥɝɨɪɢɬɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɜ ɡɝɚɞɚɧɿɣ ɜɢɳɟ 

ɨɫɧɨɜɨɩɨɥɨɠɧɿɣ ɪɨɛɨɬɿ Ɇɟɬɪɨɩɨɥɿɫɚ ɡɿ ɫɩɿɜɚɜɬɨɪɚɦɢ Д37Ж, ɞɚɜɧɨ ɫɬɚɜ 

ɫɬɚɧɞɚɪɬɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɿ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɫɢɫɬɟɦ ɿ ɛɚɡɨɸ, ɧɚ ɹɤɿɣ ɩɟɪɟɜɿɪɹєɬɶɫɹ ɹɤɿɫɬɶ ɿ ɬɨɱɧɿɫɬɶ ɩɪɨɝɧɨɡɿɜ 

ɛɭɞɶ-ɹɤɨʀ ɬɟɨɪɿʀ Д39]. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɰɶɨɝɨ ɦɟɬɨɞɭ ɦɨɠɭɬɶ ɛɭɬɢ ɜɿɞɧɨɫɧɨ ɩɪɨɫɬɨ 
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ɨɛɱɢɫɥɟɧɿ ɟɧɟɪɝɿɹ, ɬɢɫɤ ɿ ɬɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɹɤɿ ɦɨɠɭɬɶ ɛɭɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɿ ɹɤ ɫɟɪɟɞɧɿ ɡɚ ɝɿɛɛɫɨɜɫɶɤɢɦ ɚɧɫɚɦɛɥɟɦ [35]. 

ɍ ɬɨɣ ɠɟ ɱɚɫ ɚɥɝɨɪɢɬɦ Ɇɟɬɪɨɩɨɥɿɫɚ ɧɟɩɪɢɞɚɬɧɢɣ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɜɿɥɶɧɨʀ 

ɟɧɟɪɝɿʀ, ɟɧɬɪɨɩɿʀ ɿ ɯɿɦɿɱɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ. ɉɪɨɛɥɟɦɚ ɩɪɹɦɨɝɨ ɨɛɱɢɫɥɟɧɧɹ ɰɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɜ ɤɨɦɩ’ɸɬɟɪɧɨɦɭ ɟɤɫɩɟɪɢɦɟɧɬɿ ɜɠɟ ɞɚɜɧɨ ɨɛɝɨɜɨɪɸєɬɶɫɹ ɜ 

ɥɿɬɟɪɚɬɭɪɿ. Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɩɪɨɛɥɟɦɢ ɪɨɡɪɨɛɥɟɧɨ ɛɚɝɚɬɨ ɫɩɟɰɿɚɥɶɧɢɯ ɦɟɬɨɞɿɜ, 

ɬɚɤɿ ɹɤ ɦɟɬɨɞ ɬɟɫɬɨɜɨʀ ɱɚɫɬɢɧɤɢ ȼɚɣɞɨɦɚ, ɦɟɬɨɞɢ, ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɇɨɪɦɚɧɨɦ ɿ 

Ɏɿɥɿɧɨɜɢɦ (G.E. Norman and V. S. Filinov) [40Ж, Ɏɪɟɧɤɟɥɟɦ ɿ Ʌɟɞɞɨɦ (D. Frenkel 

and A.J.C. Ladd) [41Ж, Ȼɪɸɫɨɦ, ȼɚɣɥɞɿɧɝɨɦ ɿ Ɉɤɥɟɧɞɨɦ (D. Bruce, N. B. Wilding, 

and G.J. Ackland) [42], ɜɚɧ ɞɟɪ ɏɨɮɨɦ (M.A. van der Hoef) [43Ж ɬɚ ɿɧɲɢɦɢ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɢɫɬɟɦɢ ɜ ɛɭɞɶ-ɹɤɢɣ ɦɨɞɢɮɿɤɚɰɿʀ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

ɡɚɞɚєɬɶɫɹ ɮɿɤɫɨɜɚɧɨɸ. Ⱥɥɝɨɪɢɬɦ Ɇɟɬɪɨɩɨɥɿɫɚ ɡɚɛɟɡɩɟɱɭє ɭɦɨɜɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɿ ɪɿɜɧɨɜɚɠɧɢɣ ɝɿɛɛɫɨɜɫɶɤɢɣ ɪɨɡɩɨɞɿɥ ɦɨɥɟɤɭɥ ɡɚ 

ɟɧɟɪɝɿɹɦɢ. 

Ʉɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɨɩɭɫɤɚє ɦɨɠɥɢɜɿɫɬɶ ɜɢɛɨɪɭ 

ɦɨɞɟɥɿ ɩɨɬɟɧɰɿɚɥɭ ɿ ɞɨɡɜɨɥɹє ɞɨɫɥɿɞɠɭɜɚɬɢ ɡɝɚɞɚɧɿ ɫɢɫɬɟɦɢ ɡɚ ɦɟɠɚɦɢ 

ɦɨɠɥɢɜɨɫɬɟɣ ɫɭɱɚɫɧɨɝɨ ɬɟɩɥɨɮɿɡɢɱɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ. ɉɪɨɬɟ, ɩɪɨɝɧɨɡ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɿ ɬɨɱɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿɣ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ, ɚ ɬɚɤɨɠ ʀɯ ɩɨɪɹɞɤɭ 

ɧɚ ɨɫɧɨɜɿ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ є ɧɟɩɪɨɫɬɢɦ ɡɚɜɞɚɧɧɹɦ. 

ȼ ɪɨɛɨɬɿ Ⱥɯɦɟɞɚ ɬɚ ɿɧ. (A. Ahmed and R.J. Sadus) [44Ж ɚɜɬɨɪɢ ɜɢɡɧɚɱɚɥɢ 

ɜɥɚɫɬɢɜɨɫɬɿ ɮɥɸʀɞɭ ɡɿ ɫɩɿɜɿɫɧɭɸɱɢɦɢ ɬɜɟɪɞɨɸ ɿ ɪɿɞɤɨɸ ɮɚɡɚɦɢ ɜɿɞ ɩɨɬɪɿɣɧɨʀ 

ɬɨɱɤɢ ɞɨ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ. Ɉɛ’єɞɧɚɜɲɢ ɰɿ ɞɚɧɿ ɡ ɛɿɥɶɲ ɪɚɧɧɿɦ ɦɨɞɟɥɸɜɚɧɧɹɦ 

ɩɚɪɨɪɿɞɢɧɧɨʀ ɫɢɫɬɟɦɢ, ɜɨɧɢ ɩɨɜɧɿɫɬɸ ɜɿɞɬɜɨɪɢɥɢ ɮɚɡɨɜɭ ɩɨɜɟɞɿɧɤɭ ɰɢɯ ɫɢɫɬɟɦ. 

Ȼɭɥɢ ɡɧɚɣɞɟɧɿ ɚɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ ɞɥɹ ɝɭɫɬɢɧɢ ɹɤ ɮɭɧɤɰɿʀ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɞɥɹ 

ɫɩɿɜɿɫɧɭɸɱɢɯ ɮɚɡ – ɪɿɞɢɧɢ ɿ ɬɜɟɪɞɨɝɨ ɬɿɥɚ, ɹɤɿ ɬɨɱɧɨ ɜɿɞɬɜɨɪɸɸɬɶ ɞɚɧɿ 

ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. Ȼɭɥɢ ɬɚɤɨɠ ɨɰɿɧɟɧɿ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ, ɬɢɫɤɭ, ɿ 

ɝɭɫɬɢɧɢ ɪɿɞɢɧɢ ɿ ɤɪɢɫɬɚɥɚ ɜ ɩɨɬɪɿɣɧɿɣ ɬɨɱɰɿ. Ɍɟɦɩɟɪɚɬɭɪɚ ɿ ɬɢɫɤ ɜ ɩɨɬɪɿɣɧɿɣ 

ɬɨɱɰɿ ɦɚɫɲɬɚɛɭɸɬɶɫɹ ɳɨɞɨ 1/n, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɪɨɫɬɢɯ ɥɿɧɿɣɧɢɯ 

ɫɩɿɜɜɿɞɧɨɲɟɧɶ, ɹɤɿ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɿ ɬɟɦɩɟɪɚɬɭɪɢ 
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ɞɥɹ ɝɪɚɧɢɱɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (-6). Ɉɬɪɢɦɚɧɿ ɞɚɧɿ ɩɨɤɚɡɭɸɬɶ, ɳɨ 

ɜɿɞɨɦɟ ɩɪɚɜɢɥɨ Ʌɿɧɞɟɦɚɧɧɚ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɨ ɞɥɹ ɫɢɫɬɟɦ ɡ ɩɨɬɟɧɰɿɚɥɚɦɢ 

Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (n-6). 

ȼ ɪɨɛɨɬɿ Ɇɚɫɬɧɿ ɿ ɞɟ ɉɚɛɥɨ (E.A. Mastny, J.J. de Pablo) [45Ж ɨɛɝɨɜɨɪɸɸɬɶɫɹ 

ɪɟɡɭɥɶɬɚɬɢ ɨɰɿɧɨɤ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ ɿ 

ɜɿɞɡɧɚɱɚєɬɶɫɹ, ɳɨ ɪɟɡɭɥɶɬɚɬɢ ɜɚɪɿɸɸɬɶɫɹ ɜ ɦɟɠɚɯ 10 %. ɉɨɯɨɞɠɟɧɧɹ ɬɚɤɢɯ 

ɧɟɜɿɞɩɨɜɿɞɧɨɫɬɟɣ ɡɚɥɢɲɚєɬɶɫɹ ɧɟɹɫɧɢɦ. ɇɚɜɟɞɟɧɨ ɬɨɱɧɿ ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ 

ɩɥɚɜɥɟɧɧɹ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɿ ɪɨɡɝɥɹɧɭɬɿ ɦɨɠɥɢɜɿ ɞɠɟɪɟɥɚ ɫɢɫɬɟɦɚɬɢɱɧɢɯ 

ɩɨɯɢɛɨɤ ɜ ɩɪɨɝɧɨɡɿ ɬɨɱɨɤ ɩɥɚɜɥɟɧɧɹ, ɜɤɥɸɱɚɸɱɢ ɟɮɟɤɬɢ ɤɿɧɰɟɜɨɝɨ ɪɨɡɦɿɪɭ ɿ 

ɜɡɚєɦɨɞɿʀ. 

Ɇɨɞɟɥɶ ɪɿɞɢɧɢ, ɹɤɚ ɫɤɥɚɞɚєɬɶɫɹ ɡɿ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɳɨ ɜɡɚєɦɨɞɿɸɬɶ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (12-6), ɦɨɠɥɢɜɨ є ɨɞɧɿєɸ ɡ 

ɧɚɣɩɪɨɫɬɿɲɢɯ ɦɨɞɟɥɟɣ, ɡɞɚɬɧɢɯ ɜɿɞɬɜɨɪɸɜɚɬɢ ɩɨɜɧɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɩɨɜɟɞɿɧɤɭ 

ɤɥɚɫɢɱɧɢɯ ɪɿɞɢɧ. Ɂɚ ɨɫɬɚɧɧɿ ɞɜɚ ɞɟɫɹɬɢɥɿɬɬɹ ɛɭɥɨ ɞɨɫɹɝɧɭɬɨ ɤɨɧɫɟɧɫɭɫɭ ɳɨɞɨ 

ɬɨɱɧɢɯ ɤɨɨɪɞɢɧɚɬ ɩɚɪɚɦɟɬɪɿɜ ɫɩɿɜɿɫɧɭɜɚɧɧɹ ɩɚɪɚ, ɪɿɞɢɧɢ, ɛɿɧɨɞɚɥɶɧɨʀ ɤɪɢɜɨʀ ɿ 

ɤɪɢɬɢɱɧɨʀ ɬɨɱɤɢ ɰɿєʀ ɫɢɫɬɟɦɢ. ɇɚɜɩɚɤɢ, ɞɨɫɬɭɩɧɿ ɨɰɿɧɤɢ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɡɧɚɱɧɨ 

ɪɿɡɧɹɬɶɫɹ. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɟɪɟɯɨɞɿɜ ɬɜɟɪɞɟ ɬɿɥɨ – ɪɿɞɢɧɚ ɡɧɚɱɧɨ ɫɤɥɚɞɧɿɲɟ, ɧɿɠ 

ɪɿɜɧɨɜɚɝɢ ɦɿɠ ɩɚɪɚɦɢ ɿ ɪɿɞɢɧɚɦɢ. Ɇɨɥɟɤɭɥɹɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɹɤ ɩɪɨɫɬɢɯ, ɬɚɤ ɿ 

ɫɤɥɚɞɧɢɯ ɮɥɸʀɞɿɜ ɡɚɡɜɢɱɚɣ ɩɪɨɜɨɞɢɬɶɫɹ ɧɚ ɫɢɫɬɟɦɚɯ, ɳɨ ɫɤɥɚɞɚɸɬɶɫɹ ɡ 

ɞɟɤɿɥɶɤɨɯ ɫɨɬɟɧɶ ɚɛɨ ɬɢɫɹɱ ɱɚɫɬɢɧɨɤ. Ɍɚɤɟ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɡɜɢɱɚɣ ɜɢɤɨɪɢɫɬɨɜɭє 

ɭɫɿɱɟɧɢɣ ɩɨɬɟɧɰɿɚɥ ɜɡɚєɦɨɞɿʀ, ɡɧɚɱɟɧɧɹ ɹɤɨɝɨ ɜɜɚɠɚɸɬɶɫɹ ɪɿɜɧɢɦɢ ɧɭɥɸ ɡɚ 

ɦɟɠɚɦɢ ɩɟɜɧɨɝɨ ɪɚɞɿɭɫɚ. 

ɍ 19θ9 ɪɨɰɿ ɏɚɧɫɟɧ ɿ ȼɟɪɥɟ (J.P. Hansen and L. Vɟɝ1ɟЭ) [46Ж ɩɨɜɿɞɨɦɢɥɢ ɩɪɨ 

ɩɟɪɲɿ ɨɰɿɧɤɢ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ. ȼɨɧɢ 

ɨɰɿɧɸɜɚɥɢ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ ɬɜɟɪɞɨʀ ɿ ɪɿɞɤɨʀ ɮɚɡ ɧɟɡɚɥɟɠɧɨ ɿ ɪɨɡɪɚɯɨɜɭɜɚɥɢ 

ɜɥɚɫɬɢɜɨɫɬɿ ɫɩɿɜɿɫɧɭɜɚɧɧɹ ɩɪɢ ɱɨɬɢɪɶɨɯ ɪɿɡɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɢ ɰɶɨɦɭ ɲɥɹɯ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ, ɹɤɢɣ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɜɿɥɶɧɨʀ 

ɟɧɟɪɝɿʀ ɬɜɟɪɞɨɝɨ ɬɿɥɚ, ɜɤɥɸɱɚɜ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ. 
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Ⱥɝɪɚɜɚɥ ɢ Ʉɨɮɤɟ (R. Agrawal and D. A. Kofke) [47Ж ɩɪɨɜɟɥɢ ɩɨɞɚɥɶɲɟ 

ɞɨɫɥɿɞɠɟɧɧɹ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɫɢɫɬɟɦɢ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ. Ɉɫɤɿɥɶɤɢ ɩɨɬɟɧɰɿɚɥ 

ɜɡɚєɦɨɞɿʀ ɫɩɨɱɚɬɤɭ ɡɦɿɧɸɜɚɜɫɹ ɡ ɱɢɫɬɨ ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɨʀ, ɠɨɪɫɬɤɨʀ ɫɮɟɪɢ ɧɚ 

ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɭ ɱɚɫɬɢɧɭ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɟɬɢɱɧɨʀ ɮɭɧɤɰɿʀ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, 

ɚ ɩɨɬɿɦ ɧɚ ɩɨɜɧɭ ɮɭɧɤɰɿɸ ɟɧɟɪɝɿʀ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɜɨɧɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ 

ɪɿɜɧɹɧɧɹ Ƚɿɛɛɫɚ – Ⱦɸɝɟɦɚ ɞɥɹ ɜɿɞɫɬɟɠɟɧɧɹ ɬɨɱɤɢ ɩɥɚɜɥɟɧɧɹ. ȼɿɞɩɪɚɜɧɨɸ ɬɨɱɤɨɸ 

ɞɥɹ ɰɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɛɭɥɚ єɞɢɧɚ ɬɨɱɤɚ ɩɥɚɜɥɟɧɧɹ, ɜɿɞɩɨɜɿɞɧɚ ɫɢɫɬɟɦɿ ɬɜɟɪɞɢɯ 

ɫɮɟɪ. Ȳɯ ɪɨɡɪɚɯɭɧɤɢ ɩɪɨɜɨɞɢɥɢɫɹ ɧɚ ɫɢɫɬɟɦɚɯ ɡ 100-η00 ɱɚɫɬɢɧɨɤ; ɟɮɟɤɬɢ 

ɤɿɧɰɟɜɨɝɨ ɪɨɡɦɿɪɭ ɧɟ ɨɰɿɧɸɜɚɥɢɫɶ. ȼɨɧɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɪɚɞɿɭɫ ɨɛɪɿɡɚɧɧɹ, ɹɤɢɣ 

ɞɨɪɿɜɧɸє ɩɨɥɨɜɢɧɿ ɞɨɜɠɢɧɢ ɤɨɦɿɪɤɢ ɿ ɩɪɢɩɭɫɤɚɥɢ ɨɞɢɧɢɱɧɭ ɪɚɞɿɚɥɶɧɭ ɮɭɧɤɰɿɸ 

ɪɨɡɩɨɞɿɥɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɨɩɪɚɜɤɢ ɫɟɪɟɞɧɶɨɝɨ ɩɨɥɹ ɞɥɹ ɞɚɥɟɤɨɞɿɣɧɢɯ  

ɜɡɚєɦɨɞɿɣ. 

ȼ ɪɨɛɨɬɿ [43] ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɿɛɛɫɚ ɛɭɥɢ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ 

ɤɨɪɟɤɰɿʀ ɨɩɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ɜɚɧ ɞɟɪ ɏɨɮɚ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨʀ ɬɜɟɪɞɨʀ ɪɟɱɨɜɢɧɢ. ɉɨєɞɧɚɧɧɹ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜɚɧ 

ɞɟɪ ɏɨɮɚ ɬɚ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɢɯ ɮɥɸʀɞɧɢɯ ɮɚɡ ɞɨɡɜɨɥɢɥɨ 

ɚɜɬɨɪɚɦ ɩɪɨɝɧɨɡɭɜɚɬɢ ɥɿɧɿɸ ɩɥɚɜɥɟɧɧɹ. Ɂ ɪɟɡɭɥɶɬɚɬɚɦɢ ɰɢɯ ɧɚɣɛɿɥɶɲ ɬɨɱɧɢɯ 

ɞɚɧɢɯ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨɪɿɜɧɹɧɧɹ ɧɚɲɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ. 

Ɇɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɨɬɪɟɛɭє ɩɟɜɧɭ ɩɨɬɟɧɰɿɚɥɶɧɭ ɦɨɞɟɥɶ ɞɥɹ ɞɚɧɨʀ 

ɫɬɪɭɤɬɭɪɢ, ɚ ȽɐɄ-ɤɪɢɫɬɚɥ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɦɨɥɟɤɭɥ, ɹɤɿ ɜɡɚєɦɨɞɿɸɬɶ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, є ɤɥɚɫɢɱɧɨɸ ɟɬɚɥɨɧɧɨɸ ɫɢɫɬɟɦɨɸ, ɧɚ 

ɹɤɿɣ ɡɚɡɜɢɱɚɣ ɜɢɩɪɨɛɨɜɭɸɬɶ ɬɟɨɪɟɬɢɱɧɿ ɦɟɬɨɞɢ ɪɨɡɪɚɯɭɧɤɭ. Ⱦɥɹ ɬɚɤɨɝɨ ɤɪɢɫɬɚɥɚ 

є ɱɢɫɥɟɧɧɿ ɞɚɧɿ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɦɟɬɨɞɚɦɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɬɚ 

ɦɨɥɟɤɭɥɹɪɧɨʀ ɞɢɧɚɦɿɤɢ, ɩɨɱɢɧɚɸɱɢ ɡ ɤɥɚɫɢɱɧɨʀ ɪɨɛɨɬɢ ɏɚɧɫɟɧɚ ɿ ȼɟɪɥɟ Д46] ɞɨ 

ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ, ɜ ɹɤɢɯ ɜɢɡɧɚɱɟɧɿ ɡɧɚɱɟɧɧɹ ɚɛɫɨɥɸɬɧɨʀ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ Д48, 49]. 

Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɜ ɭɦɨɜɚɯ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ ɲɢɪɨɤɨ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɿ ɿɧɲɿ ɨɛɱɢɫɥɸɜɚɥɶɧɿ ɦɟɬɨɞɢ. Ɇɟɬɨɞ ɪɨɡɪɚɯɭɧɤɭ ɮɚɡɨɜɢɯ 



45 
  
 
ɪɿɜɧɨɜɚɝ ɦɿɠ ɬɜɟɪɞɨɸ ɿ ɪɿɞɤɨɸ ɮɚɡɚɦɢ ɜ ɫɩɥɚɜɚɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɨɪɿʀ 

ɮɭɧɤɰɿɨɧɚɥɚ ɝɭɫɬɢɧɢ (DFT) ɪɨɡɝɥɹɧɭɬɨ ɜ ɪɨɛɨɬɿ [50]. Ɇɟɬɨɞ ɪɨɡɪɚɯɭɧɤɭ ɪɿɡɧɢɰɿ ɜ 

ɜɿɥɶɧɢɯ ɟɧɟɪɝɿɹɯ Ƚɿɛɛɫɚ ɦɿɠ ɬɜɟɪɞɢɦ ɬɿɥɨɦ ɿ ɪɿɞɢɧɨɸ ɜ ɪɚɦɤɚɯ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɜ ɪɨɛɨɬɿ [51]. Ɋɨɡɪɚɯɭɧɨɤ ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɨɞɧɨɦɭ 

ɤɨɦɩ’ɸɬɟɪɧɨɦɭ ɟɤɫɩɟɪɢɦɟɧɬɿ ɲɥɹɯɨɦ ɡɚɫɬɨɫɭɜɚɧɧɹ ɝɚɪɦɨɧɿɣɧɨɝɨ ɩɨɥɹ, ɹɤɟ 

ɡɦɿɳɭє ɫɢɫɬɟɦɢ ɞɨ ɞɜɨɮɚɡɧɨʀ ɤɨɧɮɿɝɭɪɚɰɿʀ. Ɋɿɡɧɢɰɹ ɜɿɥɶɧɢɯ ɟɧɟɪɝɿɣ Ƚɿɛɛɫɚ ɮɚɡ 

ɜɢɡɧɚɱɚєɬɶɫɹ ɿɡ ɫɟɪɟɞɧɶɨʀ ɫɢɥɢ, ɹɤɭ ɩɪɢɤɥɚɞɟɧɟ ɩɨɥɟ ɫɩɪɚɜɥɹє ɧɚ ɫɢɫɬɟɦɭ. 

Ɍɟɪɦɨɞɢɧɚɦɿɤɚ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɢɬɢ ɩɚɪɚɦɟɬɪɢ ɪɿɜɧɨɜɚɠɧɨɝɨ 

ɞɜɨɮɚɡɧɨɝɨ ɫɬɚɧɭ ɫɢɫɬɟɦɢ, ɫɩɢɪɚɸɱɢɫɶ ɧɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɭ ɭɦɨɜɭ ɦɿɧɿɦɭɦɭ 

ɜɿɞɩɨɜɿɞɧɨɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ (ɜɢɛɿɪ ɩɨɬɟɧɰɿɚɥɭ ɡɚɥɟɠɢɬɶ ɜɿɞ ɭɦɨɜ 

ɫɩɨɥɭɱɟɧɧɹ ɫɢɫɬɟɦɢ ɿɡ ɡɨɜɧɿɲɧɿɦ ɫɟɪɟɞɨɜɢɳɟɦ). Ɇɚɸɱɢ ɜ ɫɜɨєɦɭ ɪɨɡɩɨɪɹɞɠɟɧɧɿ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɿ ɪɿɞɤɨʀ ɮɚɡ, ɦɨɠɧɚ ɜɿɞɧɨɜɢɬɢ ɜɢɝɥɹɞ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɿ 

ɪɨɡɪɚɯɭɜɚɬɢ ɫɬɪɢɛɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɪɢ ɩɟɪɟɯɨɞɿ ɡ ɬɜɟɪɞɨʀ ɮɚɡɢ 

ɜ ɪɿɞɤɭ ɮɚɡɭ. 

ȼ ɪɨɛɨɬɿ [52] ɩɪɟɞɫɬɚɜɥɟɧɿ ɤɨɦɩ’ɸɬɟɪɧɿ ɦɨɞɟɥɿ ɪɿɞɤɢɯ ɿ ɬɜɟɪɞɢɯ ɮɚɡ 

ɤɨɧɞɟɧɫɨɜɚɧɨɝɨ ɦɟɬɚɧɭ ɩɪɢ ɬɢɫɤɚɯ ɧɢɠɱɟ βη Ƚɉɚ ɿ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɿɞ 1η0 Ʉ ɞɨ 

300 Ʉ. Ⱥɜɬɨɪɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɜ ɬɜɟɪɞɿɣ 

ɪɟɱɨɜɢɧɿ ɦɟɬɚɞɢɧɚɦɿɱɧɢɣ ɚɥɝɨɪɢɬɦ ɿ ɩɨɪɿɜɧɹɥɢ ɪɟɡɭɥɶɬɚɬɢ ɞɟɤɿɥɶɤɨɯ ɦɟɬɨɞɿɜ ɜ 

ɪɚɡɿ ɩɟɪɟɯɨɞɭ ɡ ɬɜɟɪɞɨɝɨ ɫɬɚɧɭ ɜ ɪɿɞɤɢɣ. ɍ ɰɿɣ ɪɨɛɨɬɿ ɚɜɬɨɪɢ ɜɢɤɨɧɚɥɢ ɦɚɲɢɧɧɟ 

ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɿɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɨɪɿʀ ɮɭɧɤɰɿɨɧɚɥɚ 

ɝɭɫɬɢɧɢ ɞɥɹ ɬɨɝɨ, ɳɨɛ ɩɟɪɟɜɿɪɢɬɢ ɟɦɩɿɪɢɱɧɭ ɦɨɞɟɥɶ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ 

ɧɚɲɢɯ ɤɥɚɫɢɱɧɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɦɨɞɟɥɹɯ. 

Ⱦɜɨɮɚɡɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɜɨɞɢɥɨɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɟɪɿɨɞɢɱɧɢɯ 

ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɭ ɞɜɨɯ ɫɭɩɟɪɤɨɦɿɪɤɚɯ, ɳɨ ɦɿɫɬɹɬɶ γ4ηθ ɦɨɥɟɤɭɥ, ɩɨɥɨɜɢɧɚ ɡ 

ɹɤɢɯ ɛɭɥɢ ɩɿɞɝɨɬɨɜɥɟɧɿ ɜ ɬɜɟɪɞɿɣ ɮɚɡɿ ȽɐɄ ɚ ɞɪɭɝɚ ɩɨɥɨɜɢɧɚ ɜ ɪɿɞɤɿɣ ɮɚɡɿ ɩɪɢ 

ɬɢɫɤɚɯ ɜ 0,01, 0,η ɿ 1 Ƚɉɚ. Ɋɿɞɢɧɚ ɿ ɬɜɟɪɞɿ ɮɚɡɢ ɛɭɥɢ ɫɩɨɱɚɬɤɭ ɜɪɿɜɧɨɜɚɠɟɧɿ 

ɨɤɪɟɦɨ ɜ ɪɨɡɪɚɯɭɧɤɚɯ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɚɧɫɚɦɛɥɸ ІPT (ɩɨɫɬɿɣɧɿ: ɤɿɥɶɤɿɫɬɶ 

ɱɚɫɬɢɧɨɤ, ɬɢɫɤ ɿ ɬɟɦɩɟɪɚɬɭɪɚ) ɡ ɮɿɤɫɨɜɚɧɨɸ ɮɨɪɦɨɸ ɤɨɦɿɪɨɤ, ɚ ɩɨɬɿɦ ɞɜɿ ɫɢɫɬɟɦɢ 

ɛɭɥɢ ɡɥɢɬɿ ɜɨєɞɢɧɨ ɜ ɨɞɧɭ ɧɚɞɤɨɦɿɪɤɭ ɡ ɩɨɜɟɪɯɧɟɸ ɪɨɡɞɿɥɭ ɬɜɟɪɞɟ ɬɿɥɨ – ɪɿɞɢɧɚ. 
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ɍ ɪɨɡɞɿɥɿ 4.β ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɪɹɦɢɯ ɨɛɱɢɫɥɟɧɶ ɜɥɚɫɬɢɜɨɫɬɟɣ ȽɐɄ 

ɮɚɡɢ ɿ ɦɨɧɨɤɥɿɧɧɨʀ ɮɚɡɢ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɩɨɬɟɧɰɿɚɥɶɧɭ 

ɦɨɞɟɥɶ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɡ ɞɨɞɚɬɤɨɜɢɦ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɢɦ ɜɧɟɫɤɨɦ, 

ɡɚɝɚɥɶɧɢɣ ɜɢɞ ɩɨɬɟɧɰɿɚɥɭ ɞɟɬɚɥɶɧɨ ɨɛɝɨɜɨɪɸєɬɶɫɹ ɜ ɪɨɡɞɿɥɿ β.1. 

 

 

1.4 ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɿ ɮɚɡɨɜɢɯ ɞɿɚɝɪɚɦ 

ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ 

 

Ɇɟɬɚɧ CH4, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧ CF4 ɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧ CCХ4 є ɧɚɣɩɪɨɫɬɿɲɢɦɢ 

ɩɪɟɞɫɬɚɜɧɢɤɚɦɢ ɜɟɥɢɤɨɝɨ ɤɥɚɫɭ ɪɟɱɨɜɢɧ, ɭɬɜɨɪɟɧɢɯ ɦɨɥɟɤɭɥɚɦɢ ɬɟɬɪɚɟɞɪɢɱɧɨʀ 

ɫɢɦɟɬɪɿʀ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɩɨɯɿɞɧɢɯ ɩɪɢ ɜɢɫɨɤɨɦɭ ɬɢɫɤɭ є ɚɤɬɭɚɥɶɧɢɦ ɡɚɜɞɚɧɧɹɦ ɜ ɝɚɥɭɡɿ ɧɟɬɪɚɞɢɰɿɣɧɨʀ 

ɟɧɟɪɝɟɬɢɤɢ, ɚ ɬɚɤɨɠ ɭ ɡɜ’ɹɡɤɭ ɡ ɩɨɲɭɤɨɦ ɧɨɜɢɯ ɟɧɟɪɝɨєɦɧɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ 

ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɿ ɧɨɜɢɯ ɜɭɝɥɟɰɟɜɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɩɪɢɞɚɬɧɢɯ ɞɥɹ ɡɛɟɪɿɝɚɧɧɹ ɿ 

ɥɟɝɤɨɝɨ ɜɢɥɭɱɟɧɧɹ ɡ ɧɢɯ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɧɸ ɹɤ ɩɚɥɢɜɚ. 

Ɉɫɨɛɥɢɜɢɣ ɿɧɬɟɪɟɫ ɞɨ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ, ɬɚɤɢɯ ɹɤ 

ɦɟɬɚɧ ɿ ɛɿɧɚɪɧɿ ɫɭɦɿɲɿ, ɹɤɿ ɦɿɫɬɹɬɶ ɚɡɨɬ ɿ ɦɟɬɚɧ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ, ɜɢɧɢɤ ɩɿɫɥɹ 

ɬɨɝɨ, ɹɤ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɟɬɚɧ CH4 ɜ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ ɿɫɧɭє ɧɟ ɬɿɥɶɤɢ 

ɧɚ Ɂɟɦɥɿ, ɚɥɟ ɿ ɧɚ ɞɟɹɤɢɯ ɩɥɚɧɟɬɚɯ ɋɨɧɹɱɧɨʀ ɫɢɫɬɟɦɢ. ɍ ɩɪɨɰɟɫɿ ɜɢɜɱɟɧɧɹ 

ɞɚɥɟɤɨɝɨ ɤɨɫɦɨɫɭ [3, 53, 54] ɩɪɢ ɫɩɟɤɬɪɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɤɪɢɠɚɧɢɯ 

ɩɨɜɟɪɯɨɧɶ ɩɥɚɧɟɬ ɋɨɧɹɱɧɨʀ ɫɢɫɬɟɦɢ ɬɚ ʀɯ ɫɭɩɭɬɧɢɤɿɜ ɛɭɥɢ ɜɢɹɜɥɟɧɿ ɯɚɪɚɤɬɟɪɧɿ 

ɥɿɧɿʀ ɰɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ [55]. 

ɐɿ ɤɪɢɫɬɚɥɢ ɡɚ ɿɧɬɟɧɫɢɜɧɿɫɬɸ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɠɧɚ ɩɨɪɿɜɧɹɬɢ ɡ ɬɜɟɪɞɢɦ 

ɜɨɞɧɟɦ ɿ ɚɡɨɬɨɦ. ɉɪɨ ɰɟ ɫɜɿɞɱɢɬɶ ɡɧɚɱɧɚ ɤɿɥɶɤɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿ 

ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɛɿɬ, ɜɢɤɨɧɚɧɢɯ ɜ ɨɫɬɚɧɧɿ ɪɨɤɢ ɜ ɪɿɡɧɢɯ ɤɪɚʀɧɚɯ ɿ ɩɪɢɫɜɹɱɟɧɢɯ 

ɜɢɜɱɟɧɧɸ ɫɬɪɭɤɬɭɪɢ, ɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɿ ɩɪɢɪɨɞɢ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɜ 

ɦɟɬɚɧɿ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ. 
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ȼ ɬɨɣ ɠɟ ɱɚɫ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɰɢɯ ɪɟɱɨɜɢɧ ɭɫɤɥɚɞɧɟɧɿ, ɳɨ 

ɩɨɜ'ɹɡɚɧɨ ɡ ɿɫɬɨɬɧɢɦɢ ɬɪɭɞɧɨɳɚɦɢ ɜɢɪɨɳɭɜɚɧɧɹ ɦɨɧɨɤɪɢɫɬɚɥɿɜ. Ɋɹɞ ɪɨɛɿɬ, 

ɩɪɢɫɜɹɱɟɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɜɢɜɱɟɧɧɸ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɩɨɯɿɞɧɢɯ 

ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ, ɨɛɝɨɜɨɪɸɸɬɶɫɹ ɜ ɰɶɨɦɭ ɪɨɡɞɿɥɿ. 

ɇɚɜɿɬɶ ɩɪɨɫɬɿ ɦɨɥɟɤɭɥɹɪɧɿ ɤɪɢɫɬɚɥɢ ɦɚɸɬɶ ɛɚɝɚɬɿ ɮɚɡɨɜɿ ɞɿɚɝɪɚɦɢ, ɞɟ 

ɦɨɠɥɢɜɿ ɱɢɫɥɟɧɧɿ ɩɟɪɟɯɨɞɢ ɡ ɨɞɧɿєʀ ɤɪɢɫɬɚɥɿɱɧɨʀ ɫɬɪɭɤɬɭɪɢ ɜ ɿɧɲɭ, ɡɜɚɧɿ 

ɩɨɥɿɦɨɪɮɧɢɦɢ ɮɚɡɨɜɢɦɢ ɩɟɪɟɯɨɞɚɦɢ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɤɨɠɧɨʀ ɤɪɢɫɬɚɥɿɱɧɨʀ 

ɫɬɪɭɤɬɭɪɢ ɜɢɦɚɝɚє ɚɞɟɤɜɚɬɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɩɨɛɭɞɨɜɚɧɨɝɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɰɿєʀ 

ɫɬɪɭɤɬɭɪɢ. 

Ɋɚɧɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɤɚɡɚɥɢ, ɳɨ ɬɜɟɪɞɢɣ ɦɟɬɚɧ ɿɫɧɭє ɜ ɬɪɶɨɯ ɚɥɨɬɪɨɩɿɱɧɢɯ 

ɦɨɞɢɮɿɤɚɰɿɹɯ Д56, 57], ɹɤɿ ɦɚɸɬɶ ɪɿɡɧɿ ɫɬɪɭɤɬɭɪɢ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ. Ɉɞɧɚ ɡ ɮɚɡ 

ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ – ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚ -ɮɚɡɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɩɪɚɤɬɢɱɧɨ 

ɜɿɥɶɧɢɦ ɨɛɟɪɬɚɧɧɹɦ ɦɨɥɟɤɭɥ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɜɭɡɥɚɯ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɨʀ 

ɤɭɛɿɱɧɨʀ ґɪɚɬɤɢ. ɐɹ ɮɚɡɚ ɫɬɿɣɤɚ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɜɿɞ β0,η Ʉ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ 

ɩɨɬɪɿɣɧɨʀ ɬɨɱɤɢ (90,7 K), ɚ ɬɚɤɨɠ ɩɪɢ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɚɠ ɞɨ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ, ɞɟ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɟɪɟɯɿɞ ɜ ɨɪɿєɧɬɚɰɿɣɧɨ 

ɜɩɨɪɹɞɤɨɜɚɧɭ ɮɚɡɭ. 

Ɂɚ ɞɚɧɢɦɢ Д56, 57, 58] ɬɢɫɤ   – ɩɟɪɟɯɨɞɭ ɛɥɢɡɶɤɨ 10 ɤɛɚɪ ɩɪɢ T = 70 Ʉ, 

ɛɥɢɡɶɤɨ 1η ɤɛɚɪ ɩɪɢ T = 120 Ʉ ɿ ɩɪɨɞɨɜɠɭє ɡɪɨɫɬɚɬɢ ɡ ɩɨɞɚɥɶɲɢɦ ɡɪɨɫɬɚɧɧɹɦ 

ɬɟɦɩɟɪɚɬɭɪɢ. Ɉɪɿєɧɬɚɰɿɣɧɟ ɜɩɨɪɹɞɤɭɜɚɧɧɹ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿ ɜɢɫɨɤɢɯ 

ɬɢɫɤɚɯ ɩɨɜ’ɹɡɚɧɟ ɡɿ ɫɥɚɛɤɨɸ ɚɧɿɡɨɬɪɨɩɿєɸ ɦɿɠɦɨɥɟɤɭɥɹɪɧɨʀ ɜɡɚєɦɨɞɿʀ 

ɦɨɥɟɤɭɥ ɋɇ4. 

Ⱦɚɥɟɤɨ ɜɿɞ ɥɿɧɿʀ ɩɟɪɟɯɨɞɭ ɧɟɰɟɧɬɪɚɥɶɧɢɣ ɯɚɪɚɤɬɟɪ ɜɡɚєɦɨɞɿʀ ɦɚɥɨ 

ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɩɨɜɟɞɿɧɰɿ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ. Ɉɫɧɨɜɧɢɦ ɜɧɟɫɤɨɦ 

ɧɟɫɮɟɪɢɱɧɢɯ ɫɢɥ ɩɪɢ ɰɶɨɦɭ є ɨɤɬɭɩɨɥɶ–ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɋɇ4, ɋF4 

ɿ ɋCХ4. 

ȼ ɪɨɛɨɬɿ Д59Ж ɜɢɤɨɧɚɧɨ ɚɧɚɥɿɡ ɦɟɯɚɧɿɱɧɢɯ, ɫɬɪɭɤɬɭɪɧɢɯ, ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɿ 

ɫɩɟɤɬɪɚɥɶɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɜ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 0,η Ttr ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɬɪɿɣɧɨʀ ɬɨɱɤɢ Ttr ɩɪɢ ɪɿɜɧɨɜɚɠɧɨɦɭ ɬɢɫɤɭ ɩɚɪɢ. Ɉɫɧɨɜɧɭ ɭɜɚɝɭ 
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ɚɜɬɨɪɢ ɡɜɟɪɬɚɸɬɶ ɧɚ ɨɛɥɚɫɬɶ ɬɟɦɩɟɪɚɬɭɪ θ0-70 Ʉ, ɬɨɦɭ ɳɨ ɧɢɦɢ ɛɭɥɨ ɩɨɤɚɡɚɧɨ, 

ɳɨ ɬɭɬ ɿɫɧɭɸɬɶ ɚɧɨɦɚɥɿʀ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ θ0-70 Ʉ 

ɜɨɧɢ ɫɩɨɫɬɟɪɿɝɚɥɢɫɹ ɿ ɜ ɪɨɛɨɬɚɯ ɿɧɲɢɯ ɚɜɬɨɪɿɜ. 

ɍ ɪɨɛɨɬɿ Ⱥ. ȱ. ɉɪɨɯɜɚɬɿɥɨɜɚ ɿ Ⱥ. ɉ. ȱɫɚɤɿɧɨʀ [60Ж ɛɭɥɢ ɩɪɨɜɟɞɟɧɿ 

ɪɟɧɬɝɟɧɿɜɫɶɤɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɬɚɧɭ ɜ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 10 Ʉ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ Tm.. Ɉɬɪɢɦɚɧɿ ɞɚɧɿ ɩɪɨ ɩɚɪɚɦɟɬɪɢ ґɪɚɬɤɢ ɿ ɤɨɟɮɿɰɿєɧɬɢ 

ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɦɟɬɚɧɭ ɩɨɛɥɢɡɭ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɞɨɡɜɨɥɢɥɢ 

ɨɰɿɧɢɬɢ ɝɭɫɬɢɧɭ ɿ ɤɨɧɰɟɧɬɪɚɰɿɸ ɬɟɪɦɿɱɧɨ ɪɿɜɧɨɜɚɠɧɢɯ ɜɚɤɚɧɫɿɣ.  

Ɉɬɪɢɦɚɧɿ ɜ ɪɨɛɨɬɿ [60Ж ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ґɪɚɬɤɢ ɞɨɛɪɟ ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ 

ɩɪɟɰɢɡɿɣɧɢɦɢ ɜɢɦɿɪɚɦɢ ɜɿɞɧɨɫɧɨʀ ɡɦɿɧɢ ɩɚɪɚɦɟɬɪɚ ґɪɚɬɤɢ a  [61]. 

ȼ ɪɨɛɨɬɿ Д62Ж ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɟɬɚɧ ɡɚɦɟɪɡɚє ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜ ȽɐɄ-

ɫɬɪɭɤɬɭɪɭ ɩɪɢ ɜɫɿɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ γ00 Ʉ. ȽɐɄ-ɫɬɪɭɤɬɭɪɚ ɡɛɟɪɿɝɚɥɚɫɹ ɡ ɬɨɱɤɢ 

ɡɚɦɟɪɡɚɧɧɹ ɩɪɢ ɬɢɫɤɚɯ ɜɿɞ 1η,9 ɤɛɚɪ ɞɨ ηβ,η ɤɛɚɪ, ɚ ɩɪɢ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ 

ɦɨɧɨɤɪɢɫɬɚɥ, ɹɤ ɛɭɥɨ ɩɨɤɚɡɚɧɨ ɜ ɪɨɛɨɬɿ Д63Ж, ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɩɨɥɿɤɪɢɫɬɚɥɿɱɧɢɣ 

ɚɝɪɟɝɚɬ. 

ɍ ɪɨɛɨɬɿ Д63Ж ɛɭɥɢ ɞɨɫɥɿɞɠɟɧɿ ɡɪɚɡɤɢ ɬɜɟɪɞɨɝɨ CH4, ɹɤɿ ɜɢɪɨɳɭɜɚɥɢ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ ɩɥɚɜɥɟɧɧɹ 140 Ʉ, 198,6 Ʉ ɿ β40,γ Ʉ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɬɢɫɤɭ ɩɥɚɜɥɟɧɧɹ 

2,3 ɤɛɚɪ, 5,9 ɤɛɚɪ ɿ 8,9 ɤɛɚɪ. ȼɿɞɩɨɜɿɞɧɿ ɦɨɥɹɪɧɿ ɨɛ’єɦɢ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɡɚ 

ɞɚɧɢɦɢ Дθ4Ж, ɞɨɪɿɜɧɸɸɬɶ γ0,θ0; β8,ηη ɿ β7,40 ɫɦ3/ɦɨɥɶ. 

ȼ ɪɨɛɨɬɿ Д62Ж ɧɚɜɟɞɟɧɚ ɡɚɥɟɠɧɿɫɬɶ p(T) ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ ɬɜɟɪɞɨɝɨ 

ɦɟɬɚɧɭ (CH4) ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 0 Ʉ ɞɨ 140 Ʉ ɿ ɞɿɚɩɚɡɨɧɿ ɬɢɫɤɿɜ ɜɿɞ 

0 ɤɛɚɪ ɞɨ 8 ɤɛɚɪ. Ʌɿɧɿɹ ɩɥɚɜɥɟɧɧɹ ɿ ɥɿɧɿʀ ɩɟɪɟɯɨɞɭ ɜ ɬɜɟɪɞɿɣ ɮɚɡɿ ɛɭɥɢ ɩɪɢɣɧɹɬɿ ɡɚ 

ɞɚɧɢɦɢ ɪɨɛɨɬɢ [61]. 

ɋɩɪɨɛɢ ɨɬɪɢɦɚɬɢ ɦɨɧɨɤɪɢɫɬɚɥ ɞɪɭɝɨʀ ȕ-ɮɚɡɢ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɦɟɬɚɧɭ ɧɟ 

ɛɭɥɢ ɭɫɩɿɲɧɢɦɢ. ɋɥɿɞ, ɨɞɧɚɤ, ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɟɤɫɬɪɚɩɨɥɹɰɿɹ ɤɨɪɞɨɧɿɜ ɮɚɡ ɦɟɬɚɧɭ 

ɡ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨ ɤɿɦɧɚɬɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɞɚє ɬɢɫɤ ɩɟɪɟɯɨɞɭ, ɹɤɢɣ 

ɞɨɪɿɜɧɸє ɩɪɢɛɥɢɡɧɨ η0 ɤɛɚɪ. 

Ʌɿɧɿɹ ɩɥɚɜɥɟɧɧɹ ɿ ɨɛ’єɦɢ ɫɩɿɜɿɫɧɭɸɸɱɢɯ ɮɚɡ ɦɟɬɚɧɭ ɬɚ ɚɡɨɬɭ ɛɭɥɢ 

ɞɨɫɥɿɞɠɟɧɿ ɜ ɪɨɛɨɬɿ ɑɟɧɝɚ ɿɡ ɫɩɿɜɚɜɬɨɪɚɦɢ (V.M. Cheng, W.B. Daniels, 
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R.K. Crawford) [57Ж. Ⱦɚɧɿ ɩɪɨ ɦɨɥɹɪɧɢɣ ɨɛ’єɦ ɪɿɞɤɨʀ ɿ ɬɜɟɪɞɨʀ ɮɚɡ ɿ ɬɢɫɤ 

ɩɟɪɟɯɨɞɿɜ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɩɪɢ ɬɢɫɤɚɯ ɜɿɞ 0 ɞɨ 10 ɤɛɚɪ. 

ɐɿ ɪɟɡɭɥɶɬɚɬɢ ɜ ɩɨєɞɧɚɧɿ ɡ ɿɫɧɭɸɱɢɦɢ ɥɿɬɟɪɚɬɭɪɧɢɦɢ ɞɚɧɢɦɢ ɩɪɨ ɦɨɥɹɪɧɿ 

ɨɛ’єɦɢ ɬɜɟɪɞɢɯ ɪɟɱɨɜɢɧ ɛɭɥɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜɿɞɩɨɜɿɞɧɢɦɢ ɟɦɩɿɪɢɱɧɢɦɢ 

ɪɿɜɧɹɧɧɹɦɢ ɡ ɪɨɛɨɬɢ ɑɟɧɝɚ ɬɚ ɫɩɿɜɚɜɬɨɪɿɜ [57Ж. Ʌɿɧɿɹ ɩɥɚɜɥɟɧɧɹ, ɨɬɪɢɦɚɧɚ ɜ 

ɪɨɛɨɬɿ ɑɟɧɝɚ, ɛɭɥɚ ɩɨɤɥɚɞɟɧɚ ɜ ɨɫɧɨɜɭ ɩɪɨɜɟɞɟɧɢɯ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ ɪɨɡɪɚɯɭɧɤɿɜ 

ɩɪɢ ɜɢɫɨɤɨɦɭ ɬɢɫɤɭ, ɹɤ ɦɟɠɚ ɿɫɧɭɜɚɧɧɹ ɬɜɟɪɞɨʀ ȽɐɄ ɮɚɡɢ ɦɟɬɚɧɭ. 

ɇɢɠɱɟ ɜ ɪɨɡɞɿɥɿ γ ɞɢɫɟɪɬɚɰɿʀ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɿɞɧɨɜɥɟɧɚ ɥɿɧɿɹ ɩɥɚɜɥɟɧɧɹ 

ɦɟɬɚɧɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɚɧɨɧɿɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɿ ɪɿɞɤɨʀ ɮɚɡ. 

Ɋɟɡɭɥɶɬɚɬɢ ɰɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ ɦɢ 

ɩɨɪɿɜɧɸєɦɨ ɡ ɞɚɧɢɦɢ, ɧɚɜɟɞɟɧɢɦɢ ɜ ɪɨɛɨɬɿ [57]. 

ȼ ɞɚɧɢɣ ɱɚɫ ɜɟɞɭɬɶɫɹ ɲɢɪɨɤɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɥɟɤɭɥɹɪɧɢɯ 

ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ ɜ ɚɥɦɚɡɧɢɯ ɤɨɜɚɞɥɚɯ Д67]. 

ɇɚ ɠɚɥɶ, ɬɚɤɿ ɞɨɫɥɿɞɠɟɧɧɹ ɳɟ ɧɟ ɦɨɠɭɬɶ ɡɚɞɨɜɨɥɶɧɢɬɢ ɜɫɿ ɡɚɩɢɬɢ ɩɪɨ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. 

Ɍɚɤ, ɤɪɢɜɚ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ əɝɿ ɬɚ ɋɭɡɭɤɿ (T. Yagi and H. Suzuki) [67] 

ɛɭɥɚ ɜɢɦɿɪɹɧɚ ɞɨ 4,8 Ƚɉɚ ɿ βθ0 °ɋ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɚɩɚɪɚɬ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɧɚ 

ɚɥɦɚɡɧɨɦɭ ɤɨɜɚɞɥɿ. Ɍɢɫɤ ɿ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɤɚɦɟɪɿ ɜɢɦɿɪɸɜɚɥɢ ɩɨ ɞɨɜɠɢɧɿ ɯɜɢɥɿ ɿ 

ɲɢɪɢɧɿ ɮɥɭɨɪɟɫɰɟɧɬɧɨʀ ɥɿɧɿʀ, ɳɨ ɜɢɩɭɫɤɚєɬɶɫɹ ɡ ɪɭɛɿɧɨɜɨɝɨ ɱɿɩɚ, ɹɤɢɣ ɛɭɜ 

ɪɨɡɦɿɳɟɧɢɣ ɜ ɡɪɚɡɤɭ. 

Ʉɪɢɜɿ ɩɥɚɜɥɟɧɧɹ ɚɪɝɨɧɭ ɿ ɦɟɬɚɧɭ ɛɭɥɢ ɜɢɦɿɪɹɧɿ ɬɚɤɨɠ ȿ. Ⱥɛɪɚɦɫɨɧɨɦ 

(E.H. Abramson) [68Ж ɜ ɤɨɦɿɪɰɿ ɡ ɚɥɦɚɡɧɢɦ ɤɨɜɚɞɥɨɦ ɜɿɞ β90 Ʉ ɞɨ ɬɟɦɩɟɪɚɬɭɪ, 

ɛɿɥɶɲɢɯ ɡɚ 700 K ɿ ɬɢɫɤɭ θ,0 ɬɚ θ,8 Ƚɉɚ ɜɿɞɩɨɜɿɞɧɨ. ȼɢɫɨɤɿ ɬɢɫɤɢ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɜ 

ɤɨɦɿɪɤɚɯ ɡ ɚɥɦɚɡɧɢɦɢ ɤɨɜɚɞɥɚɦɢ ɦɨɞɢɮɿɤɨɜɚɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ. Ʉɨɦɿɪɤɢ 

ɡɚɜɚɧɬɚɠɭɜɚɥɢɫɹ ɪɿɞɤɢɦ ɚɪɝɨɧɨɦ ɚɛɨ ɦɟɬɚɧɨɦ ɡ ɧɨɦɿɧɚɥɶɧɨɸ ɱɢɫɬɨ-

ɬɨɸ 99,995 %, ɫɤɨɧɞɟɧɫɨɜɚɧɢɦɢ ɡ ɝɚɡɨɜɨʀ ɮɚɡɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɩɪɢɛɥɢɡɧɨ 77 Ʉ. 

Ʉɨɠɧɭ ɤɨɦɿɪɤɭ ɩɨɦɿɳɚɥɢ ɜ ɩɿɱ ɿ ɜɢɦɿɪɸɜɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɸ 

ɬɟɪɦɨɩɚɪɨɸ ɩɨɛɥɢɡɭ ɚɥɦɚɡɿɜ. ȼɢɦɿɪɸɜɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜɟɥɢɫɹ ɡ ɬɨɱɧɿɫɬɸ 

ɞɨ 1 Ʉ. Ʉɚɥɿɛɪɭɜɚɧɧɹ ɛɭɥɨ ɩɟɪɟɜɿɪɟɧɨ ɲɥɹɯɨɦ ɝɟɪɦɟɬɢɡɚɰɿʀ ɫɜɢɧɰɟɜɨɝɨ (PЛ) 
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ɡɪɚɡɤɚ ɜ ɨɞɧɭ ɡ ɤɨɦɿɪɨɤ (ɜ ɨɬɨɱɟɧɧɿ ɩɨɜɿɬɪɹ ɩɪɢ 1 ɛɚɪ) ɿ ɮɿɤɫɚɰɿʀ ɣɨɝɨ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ. 

ȼ ɨɫɬɚɧɧɿ ɪɨɤɢ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɟɣ ɬɢɫɤɭ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɞɨɡɜɨɥɢɥɢ 

ɧɚɦɿɬɢɬɢ ɜɫɿ ɮɚɡɨɜɿ ɦɟɠɿ ɜ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ ɦɟɬɚɧɭ, ɹɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɭ 

1.1 [69]. 

ȼ ɪɨɛɨɬɿ Ɋ. Ȼɿɧɿ ɬɚ Ⱦɠ. ɉɪɚɬɟɡɿ (R. Bini and G. Pratesi) Дθ9Ж ɛɭɥɢ 

ɿɞɟɧɬɢɮɿɤɨɜɚɧɿ ɫɿɦ ɪɿɡɧɢɯ ɮɚɡ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɟɣ ɜɿɞ ɬɢɫɤɭ ɿ ɬɟɦɩɟɪɚɬɭɪɢ 

ɞɨɡɜɨɥɢɥɢ ɧɚɦɿɬɢɬɢ ɜɫɿ ɮɚɡɨɜɿ ɦɟɠɿ ɜ ɰɿɣ ɱɚɫɬɢɧɿ ɞɿɚɝɪɚɦɢ. Ȼɭɥɚ ɜɢɹɜɥɟɧɚ ɮɚɡɚ 

ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ (ȼɌ), ɫɬɚɛɿɥɶɧɚ ɭ ɜɫɶɨɦɭ ɚɧɚɥɿɡɨɜɚɧɨɦɭ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ 

ɞɿɚɩɚɡɨɧɿ. ɉɟɪɟɯɿɞ ɞɨ ɰɿєʀ ɮɚɡɢ ɜɿɞɛɭɜɚєɬɶɫɹ ɛɥɢɡɶɤɨ 8 Ƚɉɚ ɩɪɢ η0 Ʉ, ɿ ɩɪɢ 

25 Ƚɉɚ ɩɪɢ γ00 Ʉ. ɒɢɪɨɤɢɣ ɞɿɚɩɚɡɨɧ ɫɬɿɣɤɨɫɬɿ ɰɿєʀ ɮɚɡɢ ɩɟɪɟɞɛɚɱɚє ɩɪɨɫɬɭ ɫɚɣɬ-

ɜɩɨɪɹɞɤɨɜɚɧɭ ɫɬɪɭɤɬɭɪɭ. 

əɤ ɜɢɞɧɨ, ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ ɮɚɡɨɜɚ ɞɿɚɝɪɚɦɚ ɦɟɬɚɧɭ ɞɨɫɢɬɶ ɫɤɥɚɞɧɚ. ɉɪɢ 

ɜɢɫɨɤɨɦɭ ɬɢɫɤɭ ɿɫɧɭє ɤɿɥɶɤɚ ɬɜɟɪɞɢɯ ɮɚɡ, ɳɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɹɤ ɡɚ ɪɨɡɬɚɲɭɜɚɧɧɹɦ 

ɚɬɨɦɿɜ ɜɭɝɥɟɰɸ, ɬɚɤ ɿ ɡɚ ɨɪɿєɧɬɚɰɿєɸ ɦɨɥɟɤɭɥ ɜ ɟɥɟɦɟɧɬɚɪɧɿɣ ɤɨɦɿɪɰɿ. Ɂɚ 

ɤɿɦɧɚɬɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɿ p < 1,6 Ƚɉɚ ɦɟɬɚɧ ɤɪɢɫɬɚɥɿɡɭєɬɶɫɹ ɜ ɬɚɤ ɡɜɚɧɭ ɮɚɡɭ I ɡ 

ɚɬɨɦɚɦɢ ɜɭɝɥɟɰɸ, ɹɤɿ ɡɚɣɦɚɸɬɶ ɜɭɡɥɢ ȽɐɄ ґɪɚɬɤɢ, ɜ ɬɨɣ ɱɚɫ ɹɤ ɦɨɥɟɤɭɥɢ ɦɨɠɭɬɶ 

ɜɿɥɶɧɨ ɨɛɟɪɬɚɬɢɫɹ.  
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Ɋɢɫɭɧɨɤ 1.1 – Ɏɚɡɨɜɚ ɞɿɚɝɪɚɦɚ ɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɜɢɫɨɤɨɝɨ 

ɬɢɫɤɭ [65] 

 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚɥɚɫɹ ɬɿɥɶɤɢ ɮɚɡɚ I, ɳɨ ɦɟɠɭє ɡ 

ɪɿɞɢɧɨɸ. Ⱦɥɹ ɰɿєʀ ɮɚɡɢ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɹɤɟ ɞɨɡɜɨɥɹє ɬɟɨɪɟɬɢɱɧɨ 

ɩɪɨɝɧɨɡɭɜɚɬɢ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ 

ɬɟɦɩɟɪɚɬɭɪ. ɐɹ ɮɚɡɚ є ɫɬɚɛɿɥɶɧɨɸ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ ɿ 

ɩɟɪɟɯɨɞɢɬɶ ɜ ɪɿɞɤɭ ɮɚɡɭ ɩɪɢ ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼɿɞɬɜɨɪɟɧɧɹ ɤɪɢɜɨʀ 

ɩɥɚɜɥɟɧɧɹ ɫɚɦɨ ɩɨ ɫɨɛɿ є ɨɞɧɢɦ ɡ ɬɚɤɢɯ ɜɢɩɪɨɛɭɜɚɧɶ, ɿ ɜɡɚɝɚɥɿ ɪɨɡɪɚɯɭɧɤɢ 

ɡɚɥɟɠɚɬɶ ɜɿɞ ɚɞɟɤɜɚɬɧɨɝɨ ɡɧɚɧɧɹ ɦɿɠɚɬɨɦɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ, ɹɤɿ, ɜ ɫɜɨɸ ɱɟɪɝɭ, 

ɦɨɠɭɬɶ ɛɭɬɢ ɜɿɞɤɚɥɿɛɪɨɜɚɧɿ ɩɨ ɤɪɢɜɿɣ ɩɥɚɜɥɟɧɧɹ, ɹɤɚ ɜɢɦɿɪɸєɬɶɫɹ ɜ ɲɢɪɨɤɨɦɭ 

ɞɿɚɩɚɡɨɧɿ ɝɭɫɬɢɧɢ ɿ ɬɟɦɩɟɪɚɬɭɪɢ. 
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ȼɩɥɢɜ ɬɢɫɤɭ ɧɚ ɯɿɦɿɱɧɿ ɜɡɚєɦɨɞɿʀ ɜ ɰɶɨɦɭ ɤɥɚɫɿ ɫɩɨɥɭɤ є ɜɚɠɥɢɜɢɦ ɡ 

ɯɿɦɿɱɧɨʀ, ɮɿɡɢɱɧɨʀ ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɬɨɱɨɤ ɡɨɪɭ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɟɣ ɜɿɞ 

ɬɢɫɤɭ ɿ ɬɟɦɩɟɪɚɬɭɪɢ ɞɨɡɜɨɥɢɥɢ ɧɚɦɿɬɢɬɢ ɜɫɿ ɮɚɡɨɜɿ ɦɟɠɿ ɜ ɞɿɚɝɪɚɦɿ Д69]. 

Ɇɨɥɟɤɭɥɹɪɧɢɣ ɚɧɚɥɨɝ ɦɟɬɚɧɭ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧ CF4 є ɧɚɣɛɿɥɶɲ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɦ ɧɚɫɢɱɟɧɢɦ ɮɬɨɪɜɭɝɥɟɰɟɦ, ɹɤɢɣ ɦɚє ɫɤɥɚɞɧɭ ɨɩɬɢɱɧɭ 

ɩɨɜɟɞɿɧɤɭ, ɳɨ ɞɨɫɢɬɶ ɧɟɡɜɢɱɧɨ ɞɥɹ ɬɚɤɨʀ ɩɪɨɫɬɨʀ ɦɨɥɟɤɭɥɹɪɧɨʀ ɫɢɫɬɟɦɢ. ȱɫɧɭє 

ɡɧɚɱɧɚ ɤɿɥɶɤɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɪɨɛɿɬ ɡ ɜɢɜɱɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ CF4, 

ɜɤɥɸɱɚɸɱɢ ɹɞɟɪɧɢɣ ɦɚɝɧɿɬɧɢɣ ɪɟɡɨɧɚɧɫ (əɆɊ), ɧɟɣɬɪɨɧɧɭ ɞɢɮɪɚɤɰɿɸ, 

ɪɟɧɬɝɟɧɿɜɫɶɤɭ ɞɢɮɪɚɤɰɿɸ, ɚ ɬɚɤɨɠ ɫɩɟɤɬɪɨɫɤɨɩɿɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ. 

ɋɬɪɭɤɬɭɪɚ ɿ ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɭ ɬɜɟɪɞɨɦɭ ɫɬɚɧɿ 

ɞɨɫɥɿɞɠɟɧɿ ɛɚɝɚɬɶɦɚ ɚɜɬɨɪɚɦɢ Д70, 71, 72, 73Ж. ɍ 19θ9-1970 ɪɪ. ɨɩɭɛɥɿɤɨɜɚɧɿ 

ɪɟɡɭɥɶɬɚɬɢ ɜɢɦɿɪɸɜɚɧɧɹ ɬɟɩɥɨєɦɧɨɫɬɿ ɬɜɟɪɞɨɝɨ CF4: ɜ ɿɧɬɟɪɜɚɥɿ β–20 Ʉ Д73Ж, ɜ 

ɿɧɬɟɪɜɚɥɿ 4–89,5 Ʉ Д74Ж ɿ ɜ ɿɧɬɟɪɜɚɥɿ 1β–89,5 Ʉ Д71Ж.  

Ɍɟɬɪɚɮɬɨɪɦɟɬɚɧ ɋF4 ɜ ɬɜɟɪɞɨɦɭ ɫɬɚɧɿ ɩɪɢ ɪɿɜɧɨɜɚɠɧɨɦɭ ɬɢɫɤɭ ɩɚɪɢ ɦɚє 

ɬɿɥɶɤɢ ɨɞɢɧ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɪɢ Ɍ = 76,2 Ʉ, ɨɛɭɦɨɜɥɟɧɢɣ ɡɦɿɧɨɸ ɨɪɿєɧɬɚɰɿɣɧɨɝɨ 

ɩɨɪɹɞɤɭ ɦɨɥɟɤɭɥ [75].  

ɇɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɚ ɮɚɡɚ (-CF4), ɿɫɧɭɸɱɚ ɧɢɠɱɟ 7θ,β Ʉ, ɦɚє ɦɨɧɨɤɥɿɧɧɭ 

ґɪɚɬɤɭ ɫɢɦɟɬɪɿʀ (C2/n), ɫɬɪɭɤɬɭɪɚ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɮɚɡɢ ɨɛɝɨɜɨɪɸєɬɶɫɹ ɜ 

ɥɿɬɟɪɚɬɭɪɿ Д64] (C2/c). 

Ɍɟɬɪɚɮɬɨɪɦɟɬɚɧ ɬɜɟɪɞɧɟ ɜ ɨɪɿєɧɬɚɰɿɣɧɨ ɪɚɡɭɩɨɪɹɞɤɨɜɚɧɭ ɮɚɡɭ I ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɿ 89,η Ʉ ɿ ɚɬɦɨɫɮɟɪɧɨɦɭ ɬɢɫɤɭ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɛɿɥɶɲɨɫɬɿ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɡ ɜɢɫɨɤɨɸ ɫɢɦɟɬɪɿєɸ, ɬɚɤɢɯ ɹɤ ɦɟɬɚɧ, ɮɚɡɚ I ɜ CF4, ɹɤ 

ɩɨɜɿɞɨɦɥɹєɬɶɫɹ ɜ ɛɚɝɚɬɶɨɯ ɪɨɛɨɬɚɯ, ɧɟ є ȽɐɄ-ɮɚɡɨɸ. ɉɪɢ Ɍ = 76,2 Ʉ CF4 

ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɮɚɡɭ II, ɨɪɿєɧɬɚɰɿɣɧɨ ɜɩɨɪɹɞɤɨɜɚɧɨʀ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ ɡ 4 

ɦɨɥɟɤɭɥɚɦɢ ɜ ɤɨɦɿɪɰɿ Д4Ж. 

ȼ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɪɨɡɪɚɯɭɧɤɿɜ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɮɚɡɚ II 

(-ɋF4) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ Ɍ = 77 Ʉ ɦɚє ɦɨɧɨɤɥɿɧɧɭ ґɪɚɬɤɭ ɡ ɩɚɪɚɦɟɬɪɚɦɢ 

ɚ = 13,732 й, b = 12,815 й, ɋ = 13,429 й,  = 9γ,θ° [64]. ɉɪɢ ɰɶɨɦɭ ɤɿɥɶɤɿɫɬɶ 

ɦɨɥɟɤɭɥ ɜ ɟɥɟɦɟɧɬɚɪɧɿɣ ɤɨɦɿɪɰɿ ɨɛ’єɦɨɦ 44,γη ɫɦɡ/ɦɨɥɶ ɞɨɪɿɜɧɸє 32. 
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Ɉɬɪɢɦɚɧɟ ɜ Д64Ж ɡɧɚɱɟɧɧɹ ɝɭɫɬɢɧɢ  = 1,985 ɝ/ɫɦ3 ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ 

ɪɟɧɬɝɟɧɿɜɫɶɤɚ ɝɭɫɬɢɧɚ ɩɨɜɢɧɧɚ ɛɭɬɢ ɬɪɨɯɢ ɛɿɥɶɲɟ ɩɿɤɧɨɦɟɬɪɢɱɧɨʀ, ɜɿɞɧɨɫɧɨ 

ɞɨɛɪɟ ɭɡɝɨɞɠɭєɬɶɫɹ ɡ ɞɚɧɢɦɢ ɿɧɲɢɯ ɪɨɛɿɬ, ɡɚ ɨɰɿɧɤɨɸ ɚɜɬɨɪɿɜ ɹɤɢɯ ɝɭɫɬɢɧɚ 

ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɩɪɢ 77 Ʉ ɿ ɬɢɫɤɭ ɪ = 1 ɚɬɦ ɞɨɪɿɜɧɸє (1,94γ ± 0,007) ɝ/ɫɦ3, ɚ 

ɦɨɥɹɪɧɢɣ ɨɛ’єɦ 4η,γ ɫɦ3/ɦɨɥɶ. 

ɍ ɪɨɛɨɬɿ Ⱥ. ȱ. ɉɪɨɯɜɚɬɿɥɨɜɚ, ɇ. ɇ. Ƚɚɥɶɰɨɜɚ, ɇ. Ⱥ. Ʉɥɿɦɟɧɤɨ ɿ 

Ɇ. Ⱥ. ɋɬɪɠɟɦɟɱɧɨɝɨ Дθ5Ж ɩɪɢɜɟɞɟɧɿ ɪɟɧɬɝɟɧɿɜɫɶɤɿ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ -ɮɚɡɢ ɿ ɨɪɿєɧɬɚɰɿɣɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ 

ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ. ȼɢɡɧɚɱɟɧɨ, ɳɨ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɜ ɋF4 , ɹɤ ɿ ɜ ɫɢɥɚɧɿ SТH4, є 

ɩɟɪɟɯɨɞɨɦ ȱ ɪɨɞɭ ɿ ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɡɧɚɱɧɢɦ ɫɬɪɢɛɤɨɦ ɨɛ’єɦɭ, ɳɨ ɞɨɫɹɝɚє 

ɜɟɥɢɱɢɧɢ  V/V = 4,5 %. 

ɍ ɪɨɛɨɬɿ ДθηЖ ɡɜɟɪɧɭɬɨ ɭɜɚɝɭ ɧɚ ɫɩɨɪɿɞɧɟɧɿɫɬɶ ɜɫɬɚɧɨɜɥɟɧɢɯ ɫɬɪɭɤɬɭɪ -

ɋF4 ɿ -Ȱɿɇ4 ɡɿ ɫɬɪɭɤɬɭɪɚɦɢ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɮɚɡ ɜɚɠɤɢɯ ɬɟɬɪɚɝɚɥɨʀɞɿɜ 

ɦɟɬɚɧɭ -ɋɋХ4 ɬɚ -ɋȼr4. Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɨɝɧɨɡɭєɬɶɫɹ, ɳɨ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚ 

-ɮɚɡɚ ɋF4 ɦɚє ɦɨɧɨɤɥɿɧɧɭ ɫɬɪɭɤɬɭɪɭ, ɩɨɞɿɛɧɭ ɨɬɪɢɦɚɧɿɣ ɚɜɬɨɪɚɦɢ ДθηЖ ɪɚɧɿɲɟ 

ɞɥɹ -ɮɚɡɢ Ȱɿɇ4. 

Ɇɨɥɟɤɭɥɚ CF4 ɩɪɢ ɩɨɦɿɪɧɢɯ ɬɢɫɤɚɯ ɧɢɠɱɟ 1β Ƚɉɚ ɹɜɥɹє ɫɨɛɨɸ 

ɬɟɬɪɚɟɞɪɢɱɧɭ ɦɨɥɟɤɭɥɭ, ɳɨ ɦɚє ɱɨɬɢɪɢ ɨɫɧɨɜɧɿ ɜɧɭɬɪɿɲɧɿ ɤɨɥɢɜɚɥɶɧɿ ɦɨɞɢ, ɜɫɿ ɡ 

ɹɤɢɯ є ɚɤɬɢɜɧɢɦɢ ɪɚɦɚɧɿɜɫɶɤɢɦɢ: v1 (ɩɨɜɧɿɫɬɸ ɫɢɦɟɬɪɢɱɧɟ ɪɨɡɬɹɝɧɟɧɧɹ), Юβ 

(ɞɜɿɱɿ ɜɢɪɨɞɠɟɧɢɣ ɜɢɝɢɧ), vγ (ɬɪɢɱɿ ɜɢɪɨɞɠɟɧɟ ɚɧɬɢɫɢɦɟɬɪɢɱɧɟ ɪɨɡɬɹɝɧɟɧɧɹ) ɿ Ю4 

(ɬɪɢɱɿ ɜɢɪɨɞɠɟɧɢɣ ɜɢɝɢɧ). 

ɋɩɟɤɬɪɢ ɤɨɦɛɿɧɚɰɿɣɧɨɝɨ ɪɨɡɫɿɸɜɚɧɧɹ (ɄɊ) ɜ ɬɜɟɪɞɨɦɭ CF4 ɞɨɫɥɿɞɠɟɧɨ ɜ 

ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɬɢɫɤɭ ɜɿɞ 1,θ Ƚɉɚ ɞɨ γ0 Ƚɉɚ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɜ 

ɪɨɛɨɬɿ Ʌɨɪɟɧɰɚɧɚ ɿɡ ɫɩɿɜɚɜɬɨɪɚɦɢ (H.E. Lorenzana, M.J. Lipp, W.J. Evans and 

N. Hemmi) [4Ж. ɋɩɟɤɬɪɢ ɄɊ ɩɪɨɹɜɥɹɸɬɶ ɩɨɥɹɪɢɡɚɰɿɣɧɨ-ɡɚɥɟɠɧɿ ɜɚɪɿɚɰɿʀ 

ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɬɚ ɞɟɦɨɧɫɬɪɭɸɬɶ ɜɿɞɫɭɬɧɿɫɬɶ ɚɛɨ ɧɚɹɜɧɿɫɬɶ ɜ ɧɢɯ ɫɬɪɭɤɬɭɪ, 

ɯɚɪɚɤɬɟɪɧɢɯ ɞɥɹ ɮɚɡ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ, ɳɨ ɦɨɠɟ ɡɚɥɟɠɚɬɢ ɜɿɞ ɩɟɪɟɞɿɫɬɨɪɿʀ ɡɦɿɧɢ 

ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ Д4Ж ɩɟɪɟɤɨɧɥɢɜɨ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɪɚɧɿɲɟ 

ɿɞɟɧɬɢɮɿɤɨɜɚɧɿ ɮɚɡɨɜɿ ɩɟɪɟɯɨɞɢ ɜ CF4 ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɝɥɹɧɭɬɢ. ɏɨɱɚ 
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ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɜɤɚɡɭɸɬɶ ɧɚ ɦɨɠɥɢɜɿɫɬɶ ɿɫɧɭɜɚɧɧɹ ɧɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɩɪɢ 

ɜɢɫɨɤɨɦɭ ɬɢɫɤɨɜɿ, ɜɨɧɢ ɧɟ ɛɭɥɢ ɿɞɟɧɬɢɮɿɤɨɜɚɧɿ ɱɟɪɟɡ ʀɯ ɫɩɟɤɬɪɚɥɶɧɭ ɫɤɥɚɞɧɿɫɬɶ. 

Ɉɫɬɚɧɧɿɦ ɱɚɫɨɦ ɋɚɫɚɤɿ ɬɚ ɫɩɿɜɚɜɬɨɪɚɦɢ (S. Sasaki, Y. Ikeda, and H. Shimizu) 

[66Ж ɛɭɥɢ ɜɢɦɿɪɹɧɿ ɫɩɟɤɬɪɢ ɄɊ CF4 ɩɿɞ ɬɢɫɤɨɦ ɞɨ 8 Ƚɉɚ ɩɪɢ γ00 Ʉ. Ⱥɜɬɨɪɢ 

ɩɨɜɿɞɨɦɥɹɸɬɶ ɩɪɨ ɤɿɥɶɤɚ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ. Ⱦɨɫɥɿɞɧɢɤɢ ɩɪɢɣɲɥɢ ɞɨ ɜɢɫɧɨɜɤɭ, 

ɳɨ ɩɟɪɟɯɿɞ ɡ ɪɿɞɤɨʀ ɮɚɡɢ ɜ ɮɚɡɭ I, ɩɟɪɟɯɨɞɢ ɮɚɡɚ I – ɮɚɡɚ II ɿ ɮɚɡɚ II – ɮɚɡɚ III 

ɜɿɞɛɭɜɚɸɬɶɫɹ, ɜɿɞɩɨɜɿɞɧɨ, ɩɪɢ 1,8θ  Ƚɉɚ, β,84 Ƚɉɚ ɿ γ,η Ƚɉɚ, ɚ ɬɚɤɨɠ 

ɡɚɩɪɨɩɨɧɭɜɚɥɢ ɞɥɹ ɮɚɡɢ I ɦɨɧɨɤɥɿɧɧɭ ɫɬɪɭɤɬɭɪɭ. Ȼɭɜ ɡɪɨɛɥɟɧɢɣ ɜɢɫɧɨɜɨɤ, ɳɨ 

ɩɟɪɟɯɿɞ ɪɿɞɢɧɢ ɩɪɢ Ɍ = 300 Ʉ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɪɢ ɬɢɫɤɭ 1,8θ, β,84 Ƚɉɚ ɿ γ,η Ƚɉɚ. 

ɇɚ ɪɢɫɭɧɤɭ 1.β ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɚɡɨɜɚ ɞɿɚɝɪɚɦɚ CF4, ɧɚɜɟɞɟɧɚ ɜ ɪɨɛɨɬɿ 

Ʌɨɪɟɧɰɚɧɨ Д4Ж. 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɩɪɨɫɬɨɬɭ ɦɨɥɟɤɭɥɹɪɧɨʀ ɫɬɪɭɤɬɭɪɢ, ɩɨɜɟɞɿɧɤɚ CF4 ɩɪɢ 

ɫɬɢɫɧɟɧɧɿ ɜɢɹɜɢɥɚɫɹ ɧɟɫɩɨɞɿɜɚɧɨ ɛɚɝɚɬɨɸ ɿ ɫɤɥɚɞɧɨɸ. Ɍɜɟɪɞɿ ɮɚɡɢ ɜɢɫɨɤɨɝɨ 

ɬɢɫɤɭ CF4 ɜɢɜɱɚɥɢɫɹ ɞɨ γβ Ƚɉɚ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɞɨɫɥɿɞɠɟɧɧɹ ɫɩɟɤɬɪɿɜ ɄɊ. 

ɋɤɥɚɞɧɿɫɬɶ ɫɩɟɤɬɪɿɜ ɄɊ, ɯɚɪɚɤɬɟɪɧɢɯ ɞɥɹ ɫɬɪɭɤɬɭɪɢ ɡ ɧɢɡɶɤɨɸ ɫɢɦɟɬɪɿєɸ, 

ɫɩɨɫɬɟɪɿɝɚɥɚɫɹ ɞɨ ɧɚɣɜɢɳɨɝɨ ɞɨɫɥɿɞɠɟɧɨɝɨ ɬɢɫɤɭ. ɋɩɟɤɬɪɢ ɤɨɦɛɿɧɚɰɿɣɧɨɝɨ 

ɪɨɡɫɿɸɜɚɧɧɹ ɧɟ ɩɨɤɚɡɚɥɢ ɱɿɬɤɢɯ ɞɨɤɚɡɿɜ ɩɟɪɟɯɨɞɭ ɩɪɢ 9 Ƚɉɚ, ɹɤ ɩɨɜɿɞɨɦɥɹɥɨɫɹ 

ɪɚɧɿɲɟ. ȯ ɫɜɿɞɱɟɧɧɹ ɩɪɨ ɬɟ, ɳɨ ɩɟɪɟɯɿɞ ɦɨɠɟ ɜɿɞɛɭɜɚɬɢɫɹ ɩɪɢɛɥɢɡɧɨ ɧɚ 1θ Ƚɉɚ, 

ɚɥɟ ɱɟɪɟɡ ɫɤɥɚɞɧɿɫɬɶ ɩɨɜɟɞɿɧɤɢ ɫɩɟɤɬɪɿɜ ɄɊ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɧɚɬɢ ɞɨɞɚɬɤɨɜɿ 

ɜɢɦɿɪɸɜɚɧɧɹ, ɳɨɛ ɰɟ ɩɿɞɬɜɟɪɞɢɬɢ. Ⱦɟɹɤɿ ɜɿɞɦɿɧɧɨɫɬɿ ɜ ɫɩɟɤɬɪɚɯ, ɹɤ ɛɭɥɨ 

ɜɫɬɚɧɨɜɥɟɧɨ ɜ ДθθЖ, є ɪɟɡɭɥɶɬɚɬɨɦ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ ɨɪɿєɧɬɚɰɿʀ ɿ ɩɨɥɹɪɢɡɚɰɿʀ 

ɫɜɿɬɥɚ. 
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Ɋɢɫɭɧɨɤ 1.β – Ɏɚɡɨɜɚ ɞɿɚɝɪɚɦɚ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɬɚ 

ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ Д4] 

 

Ɏɚɡɨɜɚ ɞɿɚɝɪɚɦɚ CC14 ɩɿɞ ɬɢɫɤɨɦ ɛɭɥɚ ɜɩɟɪɲɟ ɞɨɫɥɿɞɠɟɧɚ ɳɟ Ȼɪɢɞɠɦɟɧɨɦ 

(P. W. Bridgman) [76Ж ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɢɫɤɭ ɛɥɢɡɶɤɨ 1,β Ƚɉɚ. ȼɿɧ ɩɨɜɿɞɨɦɢɜ 

ɩɪɨ ɬɜɟɪɞɿ ɮɚɡɢ I, II ɿ III. ɉɨɬɿɦ ɛɭɥɢ ɜɢɦɿɪɹɧɿ ɝɭɫɬɢɧɢ ɮɚɡ ɡɚ ɦɟɬɨɞɢɤɨɸ, ɹɤɚ, ɹɤ 

ɫɬɜɟɪɞɠɭɜɚɥɨɫɹ, ɦɚє ɜɢɫɨɤɭ ɬɨɱɧɿɫɬɶ. ɇɚ ɨɫɧɨɜɿ ɞɟɬɚɥɶɧɢɯ ɜɢɦɿɪɿɜ Ɋɨɫɫ ɿ 

Ⱥɧɞɟɪɫɫɨɧ (R.G. Ross and P. Andersson) [77Ж ɩɪɟɞɫɬɚɜɢɥɢ ɫɜɨɸ ɮɚɡɨɜɭ ɞɿɚɝɪɚɦɭ, 

ɩɿɡɧɿɲɟ ɮɚɡɨɜɭ ɞɿɚɝɪɚɦɭ ɩɪɟɞɫɬɚɜɢɥɢ ɬɚɤɨɠ Ȼɿɧ ɿ ȼɭɞ (V. Bean and D. Wood) [78] 

(ɪɢɫɭɧɨɤ 1.γ). 

Ɍɟɬɪɚɯɥɨɪɦɟɬɚɧ CC14 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɧɢɠɱɟ βη0,γ Ʉ ɩɪɢ ɿ ɚɬɦɨɫɮɟɪɧɨɦɭ 

ɬɢɫɤɭ ɤɪɢɫɬɚɥɿɡɭєɬɶɫɹ ɭ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɭ ɤɭɛɿɱɧɭ ɮɚɡɭ IК, ɹɤɚ ɞɟɤɿɥɶɤɨɦɚ 
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ɝɪɚɞɭɫɚɦɢ ɧɢɠɱɟ ɫɩɨɧɬɚɧɧɨ ɩɟɪɟɯɨɞɢɬɶ ɭ ɪɨɦɛɨɟɞɪɢɱɧɭ IЛ-ɮɚɡɭ. ɉɪɢ 

ɩɨɞɚɥɶɲɨɦɭ ɨɯɨɥɨɞɠɟɧɧɿ ɞɨ ββη, η Ʉ ɪɨɦɛɨɟɞɪɢɱɧɚ ɮɚɡɚ IЛ ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ 

ɦɨɧɨɤɥɿɧɧɭ (C2/c) ɮɚɡɭ II. 

Ʉɪɢɜɚ ɩɥɚɜɥɟɧɧɹ ɮɚɡ IЛ, IК ɿ ɤɪɢɜɚ ɩɟɪɟɯɨɞɭ ɦɿɠ ɮɚɡɚɦɢ II ɿ IЛ ɡ 

ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɩɟɪɟɯɨɞɿɜ ɩɪɢɜɟɞɟɧɚ ɧɚ ɮɚɡɨɜɿɣ p-T ɞɿɚɝɪɚɦɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ 

(ɞɢɜ. ɪɢɫɭɧɨɤ 1.γ). ɉɪɢ ɧɚɞɜɢɫɨɤɢɯ ɬɢɫɤɚɯ ɜ CCХ4 ɦɚɸɬɶ ɦɿɫɰɟ ɧɟ ɬɿɥɶɤɢ ɮɚɡɢ IК, 

IЛ ɿ II, ɚɥɟ ɜɢɧɢɤɚɸɬɶ ɬɚɤɨɠ ɮɚɡɢ III ɿ IV, ɹɤ ɩɨɤɚɡɚɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɡɧɢɯ ɦɟɬɨɞɿɜ Д77Ж. 

 

– ɞɚɧɿ Ɋɨɫɫɚ ɿ Ⱥɧɞɟɪɫɫɨɧɚ, – ɞɚɧɿ Ɇɚɤɿɬɚ ɿ Ɍɚɧɚɝɿ, , ,▲ – ɞɚɧɿ Ȼɿɧɚ ɿ ȼɭɞɚ 

Ɋɢɫɭɧɨɤ 1.γ – Ɏɚɡɨɜɚ ɞɿɚɝɪɚɦɚ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ 

ɡɚ ɞɚɧɢɦɢ ɪɨɛɨɬɢ [78] 

 

ȼ ɪɨɛɨɬɿ Д79Ж ɛɭɥɢ ɜɢɡɧɚɱɟɧɿ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɫɤɭ ɿ ɬɟɦɩɟɪɚɬɭɪɢ ɦɨɥɹɪɧɨɝɨ 

ɨɛ’єɦɭ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɩɨɛɥɢɡɭ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. Ⱥɧɚɥɿɡɭɸɱɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ 

ɞɚɧɿ ɞɥɹ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɜ ɬɜɟɪɞɿɣ ɿ ɪɿɞɤɿɣ ɮɚɡɚɯ CCХ4, ɚɜɬɨɪɢ 
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[79Ж ɫɩɪɨɝɧɨɡɭɜɚɥɢ ɦɨɥɹɪɧɢɣ ɨɛ’єɦ ɹɤ ɮɭɧɤɰɿɸ ɬɢɫɤɭ ɩɪɢ ɩɨɫɬɿɣɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ 

ɩɪɢ Ɍ = 302 Ʉ, ɚ ɬɚɤɨɠ ɬɟɦɩɟɪɚɬɭɪɧɭ ɡɚɥɟɠɧɿɫɬɶ ɦɨɥɹɪɧɨɝɨ ɨɛ’єɦɭ ɩɪɢ 

ɩɨɫɬɿɣɧɨɦɭ ɬɢɫɤɭ, ɛɥɢɡɶɤɨɦɭ ɞɨ ɬɨɱɤɢ ɩɥɚɜɥɟɧɧɹ. Ⱥɧɚɥɿɡ ɩɨɜɟɞɿɧɤɢ ɦɨɥɹɪɧɨɝɨ 

ɨɛ’єɦɭ CCХ4 ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧ ɧɟ ɡɚɡɧɚє ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɬɜɨɪɟɧɧɹ ɞɪɭɝɨɝɨ ɪɨɞɭ ɚɠ ɞɨ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɹɤɚ ɞɨɫɥɿɞɠɟɧɚ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ.  

ȼ ɪɨɛɨɬɿ [80] ɞɨɫɥɿɞɠɟɧɨ ɿɡɨɯɨɪɧɭ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɿ ɬɟɪɦɿɱɧɢɣ ɬɢɫɤ 

ɦɨɧɨɤɥɿɧɧɨʀ ɬɚ ɪɨɦɛɨɟɞɪɢɱɧɨʀ ɮɚɡ ɬɜɟɪɞɨɝɨ CCХ4, ɩɪɢ ɪɿɡɧɢɯ ɡɧɚɱɟɧɧɹɯ ɝɭɫɬɢɧɢ 

ɜ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ β10 ɞɨ γ00 Ʉ ɿ ɞɨ ɬɢɫɤɭ β00 Ɇɉɚ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ 

ɩɪɢ ɩɨɫɬɿɣɧɿɣ ɝɭɫɬɢɧɿ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɶ ɡɪɨɫɬɚє ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ ɜ 

ɨɛɨɯ ɮɚɡɚɯ. Ɋɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɭ ɨɛɝɨɜɨɪɸɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɤɨɧɰɟɩɰɿʀ 

ɦɿɧɿɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ. 

ɇɚɜɟɞɟɧɢɣ ɜɢɳɟ ɨɝɥɹɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɪɨɛɿɬ ɧɟ є ɜɢɱɟɪɩɧɢɦ, ɨɫɤɿɥɶɤɢ 

ɜ ɧɶɨɦɭ ɪɨɡɝɥɹɧɭɬɿ ɬɿɥɶɤɢ ɮɚɡɨɜɿ ɞɿɚɝɪɚɦɢ ɿ ɨɫɧɨɜɧɿ ɪɨɛɨɬɢ ɩɨ ɞɨɫɥɿɞɠɟɧɧɸ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɮɚɡ, ɹɤɿ ɦɟɠɭɸɬɶ ɡ ɪɿɞɢɧɨɸ, ɿ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɿɧɬɟɪɟɫ ɞɥɹ 

ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ ɞɚɧɨʀ ɪɨɛɨɬɢ. Ɇɨɠɧɚ ɡɪɨɛɢɬɢ ɡɚɝɚɥɶɧɢɣ ɜɢɫɧɨɜɨɤ, ɳɨ ɧɚɜɧɢɯ 

ɞɚɧɢɯ ɩɪɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɿɜ ɦɟɬɚɧɭ, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɿ 

ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɧɟɞɨɫɬɚɬɧɶɨ ɞɥɹ ɫɩɪɨɛɢ ɨɩɢɫɚɬɢ ʀɯ ɟɦɩɿɪɢɱɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ, 

ɿ ɧɟɨɛɯɿɞɧɟ ɡɚɥɭɱɟɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɞɨɫɥɿɞɠɟɧɧɹ. 

Ɉɞɧɚ ɡ ɬɚɤɢɯ ɦɟɬɨɞɢɤ, ɡɚɫɧɨɜɚɧɚ ɧɚ ɩɪɹɦɿɣ ɦɿɧɿɦɿɡɚɰɿʀ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ, ɛɭɥɚ 

ɜɿɞɩɪɚɰɶɨɜɚɧɚ ɪɚɧɿɲ ɧɚ ɤɥɚɫɢɱɧɿɣ ɡɚɞɚɱɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɚɪɝɨɧɭ Д81Ж. ȼɢɪɿɲɟɧɧɹ ɰɶɨɝɨ ɡɚɜɞɚɧɧɹ ɛɚɡɭєɬɶɫɹ ɧɚ ɨɩɢɫɚɧɨɦɭ ɜ 

ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɤɚɧɨɧɿɱɧɨɦɭ ɪɿɜɧɹɧɧɿ ɫɬɚɧɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ ɿ 

ɧɟɡɚɥɟɠɧɨɦɭ ɪɿɜɧɹɧɧɿ ɫɬɚɧɭ ɪɿɞɤɨʀ ɮɚɡɢ ɿ ɛɭɞɟ ɪɨɡɝɥɹɧɭɬɨ ɧɢɠɱɟ ɜ ɪɨɡɞɿɥɿ β.β. 

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɜ ɪɨɡɞɿɥɿ γ.1. ȼɢɤɨɪɢɫɬɚɧɧɹ 

ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɞɥɹ ɨɛɨɯ ɮɚɡ ɞɨɡɜɨɥɹє ɜɫɬɚɧɨɜɢɬɢ ɥɿɧɿɸ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɜ 

ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɢɫɤɿɜ. 
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ɊɈɁȾȱɅ 2   

Ɋȱȼɇəɇɇə ɋɌȺɇɍ ɈɌȼȿɊȾȱɅɈȽɈ ɆȿɌȺɇɍ 

 

2.1  ɉɨɬɟɧɰɿɚɥьɧɚ ɦɨɞɟɥь ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ 

 

Ɋɨɡɝɥɹɧɭɬɿ ɜɢɳɟ ɮɚɡɨɜɿ ɞɿɚɝɪɚɦɢ ɦɟɬɚɧɭ, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɿ 

ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɿɥɸɫɬɪɭɸɬɶ ʀɯ ɫɤɥɚɞɧɭ ɫɬɪɭɤɬɭɪɭ ɿ ɧɚɹɜɧɿɫɬɶ ɪɹɞɭ ɮɚɡ ɜɢɫɨɤɨɝɨ 

ɬɢɫɤɭ ɰɢɯ ɪɟɱɨɜɢɧ. ɐɟ ɫɬɚɜɢɬɶ ɫɤɥɚɞɧɿ ɡɚɜɞɚɧɧɹ ɩɟɪɟɞ ɬɟɨɪɟɬɢɤɚɦɢ. ɉɪɨɛɥɟɦɢ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɪɿɲɟɧɿ ɜɢɤɥɸɱɧɨ ɿɧɞɢɜɿɞɭɚɥɶɧɨ ɞɥɹ ɤɨɠɧɨʀ ɮɚɡɢ 

CH4, CCl4 ɿ CF4. 

ȼɢɤɨɧɚɧɿ ɭ ɞɚɧɿɣ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜɿɞɧɨɫɹɬɶɫɹ ɜɢɤɥɸɱɧɨ ɞɨ ɮɚɡ I ɰɢɯ 

ɪɟɱɨɜɢɧ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɜɿɞɧɨɫɧɨ ɜɿɥɶɧɢɦ ɨɛɟɪɬɚɧɧɹɦ ɦɨɥɟɤɭɥ ɿ ɦɟɠɭɸɬɶ 

ɧɚ ɮɚɡɨɜɢɯ ɞɿɚɝɪɚɦɚɯ ɡ ɪɿɞɢɧɨɸ ɚɛɨ ɩɚɪɨɸ. 

ɋɟɪɟɞ ɛɟɡɥɿɱɿ ɩɪɨɫɬɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɨɬɜɟɪɞɿɥɢɣ ɦɟɬɚɧ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɿ ɫɬɨɹɬɶ ɧɚɣɛɥɢɠɱɟ ɞɨ ɦɨɞɟɥɿ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɨɫɤɿɥɶɤɢ ɮɨɪɦɚ 

ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ ɛɥɢɡɶɤɚ ɞɨ ɫɮɟɪɢɱɧɨʀ. ɇɟɰɟɧɬɪɚɥɶɧɢɣ ɜɧɟɫɨɤ ɭ ɜɡɚєɦɨɞɿɸ ɦɚɥɨ 

ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɩɨɜɟɞɿɧɰɿ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɩɪɢ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

əɤɳɨ ɪɨɡɝɥɹɧɭɬɢ ɦɭɥɶɬɢɩɨɥɶɧɟ ɪɨɡɤɥɚɞɚɧɧɹ, ɬɨ ɞɥɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ ɨɫɧɨɜɧɢɣ 

ɜɧɟɫɨɤ ɧɟɰɟɧɬɪɚɥɶɧɢɯ ɫɢɥ ɜ ɤɨɧɞɟɧɫɨɜɚɧɨɦɭ ɫɬɚɧɿ ɞɚє ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ 

ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɋɇ4, ɚ ɜɫɿ ɧɚɫɬɭɩɧɿ ɜɧɟɫɤɢ ɪɨɡɤɥɚɞɚɧɧɹ (ɝɟɤɫɚɞɟɤɚɩɨɥɶɧɢɣ ɿ 

ɬ.ɞ.) ɧɟ ɜɧɨɫɹɬɶ ɡɧɚɱɢɦɨɝɨ ɜɧɟɫɤɭ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ CCl4 ɿ CF4 [82]. 

Ɇɨɞɟɥɶɧɢɣ ɜɢɪɚɡ ɞɥɹ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ ɫɢɫɬɟɦɢ N ɦɨɥɟɤɭɥ, ɳɨ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɧɢɠɱɟ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ, ɩɟɪɟɞɛɚɱɚє ɩɨɩɚɪɧɭ ɚɞɢɬɢɜɧɿɫɬɶ ɟɧɟɪɝɿɣ 

ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ Φ(Ri, Rj) ɿ ɦɚє ɜɢɝɥɹɞ: 

 
1

N i j
i j N

U
  

  R R, .     (2.1) 

Ɍɭɬ Φ(Ri, Rj) – ɟɧɟɪɝɿɹ ɩɚɪɧɨʀ ɜɡɚєɦɨɞɿʀ ɦɿɠ ɦɨɥɟɤɭɥɚɦɢ: 
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      i j i j i jV   R R R R R R, ,  ,    (2.2) 

Ɏ(r) =  i j R R  – ɰɟɧɬɪɚɥɶɧɢɣ ɩɨɬɟɧɰɿɚɥ Ʌɟɧɧɚɪɞ –Ⱦɠɨɧɫɚ  

  12 6

4r
r r

                  .    (2.3) 

ɉɚɪɚɦɟɬɪɢ İ ɿ σ ɩɨɬɟɧɰɿɚɥɭ ɹɜɥɹɸɬɶ ɫɨɛɨɸ, ɜɿɞɩɨɜɿɞɧɨ, ɝɥɢɛɢɧɭ 

ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɹɦɢ ɿ ɯɚɪɚɤɬɟɪɧɢɣ ɞɿɚɦɟɬɪ ɦɨɥɟɤɭɥ. 

Ⱦɪɭɝɢɣ ɞɨɞɚɧɨɤ  i jV R R,  ɜɪɚɯɨɜɭє ɧɟɰɟɧɬɪɚɥɶɧɭ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɭ 

ɜɡɚєɦɨɞɿɸ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ. Ⱦɥɹ ɣɨɝɨ ɚɧɚɥɿɬɢɱɧɨɝɨ ɭɹɜɥɟɧɧɹ ɛɭɜ ɜɢɤɨɪɢɫɬɚɧɢɣ 

ɬɨɱɧɢɣ ɜɢɪɚɡ, ɨɬɪɢɦɚɧɢɣ ɜ ɪɨɛɨɬɿ ȱɫɧɚɪɞɚ, Ɋɨɛɟɪɬɚ ɿ Ƚɚɥɚɬɪɿ (P. Isnard, D. Robert 

and L. Galatry) [82]. ȼ ɰɿɣ ɪɨɛɨɬɿ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨɝɥɹɞ ɡɚɝɚɥɶɧɨʀ ɬɟɨɪɿʀ 

ɪɨɡɪɚɯɭɧɤɭ ɞɚɥɟɤɨɞɿɣɧɨʀ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ, ɹɤɚ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɚ ɧɟ 

ɬɿɥɶɤɢ ɞɨ ɜɡɚєɦɨɞɿʀ ɦɿɠ ɞɜɨɦɚ ɬɟɬɪɚɟɞɪɢɱɧɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɚɥɟ ɿ ɞɨ ɛɿɥɶɲ 

ɫɤɥɚɞɧɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɫɬɪɭɤɬɭɪ. ɍ ɰɿɣ ɪɨɛɨɬɿ ɜɢɤɥɚɞɟɧɿ ɡɚɝɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ, 

ɳɨ ɫɬɨɫɭɸɬɶɫɹ ɡɜɢɱɚɣɧɨɝɨ ɞɚɥɟɤɨɞɿɣɧɨɝɨ ɜɧɟɫɤɭ (ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɨɝɨ, 

ɿɧɞɭɤɰɿɣɧɨɝɨ, ɞɢɫɩɟɪɫɿɣɧɨɝɨ) ɜ ɦɿɠɦɨɥɟɤɭɥɹɪɧɢɣ ɩɨɬɟɧɰɿɚɥ. 

ȼ ɪɨɛɨɬɿ Д82Ж ɧɚɜɨɞɹɬɶɫɹ ɬɚɤɨɠ ɞɨɤɥɚɞɧɿ ɜɢɪɚɡɢ ɜɧɟɫɤɿɜ ɞɥɹ ɬɪɶɨɯ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɩɚɪ: ɬɟɬɪɚɟɞɪɢɱɧɚ ɦɨɥɟɤɭɥɚ – ɚɬɨɦ, ɬɟɬɪɚɟɞɪɢɱɧɚ ɦɨɥɟɤɭɥɚ –

 ɥɿɧɿɣɧɚ ɦɨɥɟɤɭɥɚ, ɬɟɬɪɚɟɞɪɢɱɧɚ ɦɨɥɟɤɭɥɚ – ɬɟɬɪɚɟɞɪɢɱɧɚ ɦɨɥɟɤɭɥɚ (ɧɚɩɪɢɤɥɚɞ, 

ɋɇ4–ɋɇ4). 

ɇɢɠɱɟ ɧɚɜɟɞɟɧɢɣ ɜɢɪɚɡ ɞɥɹ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ ɜ ɟɧɟɪɝɿɸ 

ɜɡɚєɦɨɞɿʀ ɞɜɨɯ ɬɟɬɪɚɟɞɪɢɱɧɢɯ ɦɨɥɟɤɭɥ Д82]:  

                 {                }.  (2.4) 

 

Ɍɭɬ Ω1 ɿ Ω2 – ɨɤɬɭɩɨɥɶɧɿ ɦɨɦɟɧɬɢ ɩɟɪɲɨʀ ɿ ɞɪɭɝɨʀ ɦɨɥɟɤɭɥ, 
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    ሺ      ሻ(      )ሺ      ሻ,    ሺ      ሻ(      )ሺ      ሻ, 

   ሺ       ሻ(      )ሺ      ሻ(      )ሺ      ሻ    (       )ሺ      ሻሺ      ሻሺ      ሻሺ      ሻ    ሺ       ሻሺ      ሻ(      )ሺ      ሻ(      )    (       )(      )ሺ      ሻሺ      ሻሺ      ሻ    ሺ       ሻ(      )ሺ      ሻሺ      ሻ(      )    (       )ሺ      ሻሺ      ሻ(      )ሺ      ሻ    (       )ሺ      ሻሺ      ሻሺ      ሻ(      )    ሺ       ሻሺ      ሻ(      )(      )ሺ      ሻ    (       )ሺ      ሻ(      )ሺ      ሻሺ      ሻ ,       (2.5) 

   {ሺ       ሻ(       )  (       )(       )}ሺ      ሻሺ      ሻ    {ሺ       ሻ(       )  ሺ       ሻ(       )}(      )ሺ      ሻ    {(       )(       )  ሺ       ሻ(       )}ሺ      ሻሺ      ሻ    {(       )ሺ       ሻ  (       )ሺ       ሻ}(      )ሺ      ሻ    {(       )(       )  (       )ሺ       ሻ}ሺ      ሻሺ      ሻ    {(       )ሺ       ሻ  (       )(       )}ሺ      ሻሺ      ሻ    {(       )ሺ       ሻ  ሺ       ሻ(       )}ሺ      ሻ(      )    {ሺ       ሻሺ       ሻ  ሺ       ሻሺ       ሻ}(      )(      )    {(       )ሺ       ሻ  ሺ       ሻ(       )}ሺ      ሻ(      ) 
   ሺ       ሻ(       )ሺ       ሻ  ሺ       ሻ(       )(       )    (       )(       )ሺ       ሻ  (       )(       )ሺ       ሻ    ሺ       ሻ(       )(       )  ሺ       ሻ(       )ሺ       ሻ . 
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ɍ ɜɢɪɚɡɚɯ (β.η) ɱɟɪɟɡ 2 1
0

2 1

 
R R

R
R R

 ɩɨɡɧɚɱɟɧɢɣ ɨɪɬ ɜɟɤɬɨɪɚ, ɳɨ ɡ’єɞɧɭє 

ɰɟɧɬɪɢ ɞɜɨɯ ɜɡɚєɦɨɞɿɸɱɢɯ ɦɨɥɟɤɭɥ, ɚ ɱɟɪɟɡ eix, eiy, eiz – ɨɪɬ ɬɪɶɨɯ ɜɟɤɬɨɪɿɜ, ɳɨ 

ɜɢɡɧɚɱɚɸɬɶ ɨɪɿєɧɬɚɰɿɸ i-ɣ ɦɨɥɟɤɭɥɢ ɜ ɩɪɨɫɬɨɪɿ, ɚ ɫɤɚɥɹɪɧɿ ɞɨɛɭɬɤɢ ɩɚɪ ɜɟɤɬɨɪɿɜ 

ɩɨɡɧɚɱɚɸɬɶɫɹ ɹɤ  i ke e . 

ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɳɨ ɜɢɡɧɚɱɚє ɜɡɚєɦɧɟ ɪɨɡɬɚɲɭɜɚɧɧɹ ɞɜɨɯ 

ɬɟɬɪɚɟɞɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɚ ɬɚɤɨɠ ɩɨɡɧɚɱɟɧɧɹ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɭ ɜɢɪɚɡɚɯ 

(2.4) – (β.η), ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫɭɧɤɭ β.1. 

 

 

Ɋɢɫɭɧɨɤ β.1 – ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɜɡɚєɦɧɟ ɪɨɡɬɚɲɭɜɚɧɧɹ ɞɜɨɯ 

ɬɟɬɪɚɟɞɪɢɱɧɢɯ ɦɨɥɟɤɭɥ [82] 
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Ɉɩɢɫɚɧɚ ɜɢɳɟ ɩɨɬɟɧɰɿɚɥɶɧɚ ɦɨɞɟɥɶ (β.β) – (β.η) ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ ɜ 

ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ 

ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɡɚ ɪɿɜɧɹɧɧɹɦɢ ɫɬɚɧɭ, ɨɩɢɫɚɧɢɦ ɧɢɠɱɟ, ɚ ɬɚɤɨɠ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ 

ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ (ɪɨɡɞɿɥ 4.1). 

 

2.2  Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɤɥɚɫɢɱɧɨɝɨ ȽɐɄ-ɤɪɢɫɬɚɥɚ 

 

ɉɪɨɛɥɟɦɚ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɹɤɿ ɧɚɞɿɣɧɨ ɨɩɢɫɭɸɬɶ ɜɥɚɫɬɢɜɨɫɬɿ 

ɪɟɱɨɜɢɧ ɜ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡɚɯ, є ɧɚɞɡɜɢɱɚɣɧɨ ɜɚɠɥɢɜɨɸ. ȼ ɩɟɪɲɭ ɱɟɪɝɭ ɰɟ 

ɫɬɨɫɭєɬɶɫɹ ɬɜɟɪɞɨɝɨ ɫɬɚɧɭ, ɨɫɤɿɥɶɤɢ ɩɪɨɛɥɟɦɚ ɩɨɛɭɞɨɜɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɩɨɜ'ɹɡɚɧɚ, ɩɟɪɲ ɡɚ ɜɫɟ, ɡ ɪɿɡɧɨɦɚɧɿɬɬɹɦ ɮɚɡ, ɳɨ 

ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɫɬɚɧɿ ɪɿɜɧɨɜɚɝɢ, ɬɨɛɬɨ ɧɚɹɜɧɨɫɬɿ ɱɢɫɥɟɧɧɢɯ ɩɨɥɿɦɨɪɮɧɢɯ ɮɚɡɨɜɢɯ 

ɩɟɪɟɯɨɞɿɜ. 

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɨɥɟɤɭɥɹɪɧɢɯ ɮɚɡ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɜɿɞɿɝɪɚє ɜɚɠɥɢɜɭ ɪɨɥɶ ɭ 

ɜɫɬɚɧɨɜɥɟɧɧɿ ɤɨɧɬɭɪɿɜ ɮɚɡɨɜɨʀ ɞɿɚɝɪɚɦɢ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ ɿ ɬɟɦɩɟɪɚɬɭɪ. ɍ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɚɯ ɱɚɫɬɨ ɿɫɧɭɸɬɶ ɤɿɥɶɤɚ ɮɚɡ, ɜ ɹɤɢɯ ɦɨɥɟɤɭɥɢ ɡɛɟɪɿɝɚɸɬɶ 

ɫɜɨɸ ɿɧɞɢɜɿɞɭɚɥɶɧɿɫɬɶ. ɐɿ ɮɚɡɢ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɨɞɧɚ ɜɿɞ ɨɞɧɨʀ ɜ ɨɫɧɨɜɧɨɦɭ ɬɢɩɨɦ 

ґɪɚɬɤɢ ɿ ɯɚɪɚɤɬɟɪɨɦ ɨɛɟɪɬɚɥɶɧɨɝɨ ɪɭɯɭ ɦɨɥɟɤɭɥ. 

ȼ ɨɞɧɢɯ ɮɚɡɚɯ ɨɛɟɪɬɚɥɶɧɢɣ ɪɭɯ ɡɚɝɚɥɶɦɨɜɚɧɟ (ɦɨɠɥɢɜɿ ɬɿɥɶɤɢ ɥɿɛɪɚɰɿʀ 

ɦɨɥɟɤɭɥ), ɚ ɜ ɿɧɲɢɯ ɨɛɟɪɬɚɥɶɧɢɣ ɪɭɯ ɜɿɞɧɨɫɧɨ ɜɿɥɶɧɢɣ. ɍ ɡɜ'ɹɡɤɭ ɡ ɧɟɡɧɚɱɧɨɸ 

ɟɧɟɪɝɟɬɢɱɧɨɸ ɜɿɞɦɿɧɧɿɫɬɸ ɰɢɯ ɮɚɡ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ʀɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɦɨɠɭɬɶ ɨɩɢɫɭɜɚɬɢɫɹ ɨɞɧɢɦ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ. 

ȼɚɠɥɢɜɢɦ ɡɚɜɞɚɧɧɹɦ є ɬɚɤɨɠ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɹɤɟ ɚɞɟɤɜɚɬɧɨ 

ɨɩɢɫɭє ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɧɟ ɬɿɥɶɤɢ ɧɚ ɥɿɧɿʀ 

ɫɭɛɥɿɦɚɰɿʀ, ɚɥɟ ɿ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ, ɳɨ ɩɨɜ'ɹɡɚɧɨ ɿɡ ɡɚɞɚɱɚɦɢ ɨɬɪɢɦɚɧɧɹ ɧɨɜɢɯ 

ɟɧɟɪɝɨєɦɧɢɯ ɪɟɱɨɜɢɧ, ɩɪɨɛɥɟɦɚɦɢ ɜɢɜɱɟɧɧɹ ɧɚɞɪ ɡɟɦɥɿ ɿ ɜɢɹɜɥɟɧɧɹɦ ɦɟɬɚɧɭ ɧɚ 

ɫɭɩɭɬɧɢɤɚɯ ɩɥɚɧɟɬ ɫɨɧɹɱɧɨʀ ɫɢɫɬɟɦɢ ɬɚ ɿɧ. [53, 54, 55]. 

ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɨɛɭɞɨɜɢ ɬɟɨɪɟɬɢɱɧɨ 

ɨɛґɪɭɧɬɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɭɦɨɜ, ɹɤɟ ɧɟ ɛɚɡɭєɬɶɫɹ ɧɚ 
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ɨɩɢɫɿ ɦɧɨɠɢɧɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɹɤ ɜɿɞɨɦɿ ɟɦɩɿɪɢɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. ɍ 

ɞɚɧɿɣ ɪɨɛɨɬɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɬɚɤɟ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, 

ɨɬɪɢɦɚɧɟ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɧɹ. 

əɤ ɜɠɟ ɡɚɡɚɧɚɱɚɥɨɫɶ ɜɢɳɟ, ɩɪɢ ɩɨɛɭɞɨɜɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɚ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ Д83Ж, ɞɟ ɜ ɹɤɨɫɬɿ ɧɭɥɶɨɜɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɜɢɫɬɭɩɚє 

ɿɞɟɚɥɶɧɢɣ ɤɪɢɫɬɚɥ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɫɮɟɪɢɱɧɢɯ ɱɚɫɬɢɧɨɤ, ɚ ɜ ɹɤɨɫɬɿ ɩɨɬɟɧɰɿɚɥɭ 

ɡɛɭɪɟɧɧɹ – ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ. ȼ ɨɫɧɨɜɭ ɜɢɞɭ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɹɤɟ ɜɢɫɬɭɩɚє ɜ ɪɨɥɿ ɛɚɡɨɜɨɝɨ ɜɧɟɫɤɭ, ɩɨɤɥɚɞɟɧɚ ɬɚ ɠ 

ɮɭɧɤɰɿɨɧɚɥɶɧɚ ɡɚɥɟɠɧɿɫɬɶ, ɹɤɚ ɜɢɩɥɢɜɚє ɡ ɜɢɪɚɡɭ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

ɨɞɧɨɚɬɨɦɧɨɝɨ ɤɪɢɫɬɚɥɚ ɿ ɪɨɡɝɥɹɧɭɬɚ ɜ ɪɨɛɨɬɚɯ [27, 28]. 

ȼ ɞɢɫɟɪɬɚɰɿʀ ɩɪɨɩɨɧɭєɬɶɫɹ ɤɚɧɨɧɿɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɨɥɟɤɭɥɹɪɧɢɯ 

ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ. ȼɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ (ɜ 

ɪɨɡɪɚɯɭɧɤɭ ɧɚ ɨɞɧɭ ɦɨɥɟɤɭɥɭ) ɦɨɠɟ ɛɭɬɢ ɡɚɩɢɫɚɧɚ ɭ ɜɢɝɥɹɞɿ: 

     ɫɮ
octF V T F V T F , ,  ,       (2.6) 

ɞɟ F(ɫɮ)(V,T) – ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ ɤɪɢɫɬɚɥɚ, ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡɿ 

ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ (ɨɫɧɨɜɧɢɣ ɜɧɟɫɨɤ). ȼ ɹɤɨɫɬɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɜɢɪɚɡɭ ɞɥɹ ɰɶɨɝɨ 

ɜɧɟɫɤɭ ɭ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ, ɹɤɟ ɜɪɚɯɨɜɭє ɹɤ ɚɧɝɚɪɦɨɧɿɱɧɿ ɟɮɟɤɬɢ, ɬɚɤ ɿ 

ɤɨɪɟɥɹɰɿʀ ɜ ɡɦɿɳɟɧɧɹɯ ɚɬɨɦɿɜ, ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɜ ɪɨɛɨɬɿ Д28Ж ɜ ɪɚɦɤɚɯ ɭɡɚɝɚɥɶɧɟɧɧɹ 

ɦɚєɪɨɜɫɶɤɨɝɨ ɝɪɭɩɨɜɨɝɨ ɪɨɡɤɥɚɞɚɧɧɹ ɧɚ ɬɜɟɪɞɿ ɬɿɥɚ. ȼ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɰɟ 

ɪɿɜɧɹɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɪɢ ɩɨɛɭɞɨɜɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ 

(ɹɤ ɦɟɬɚɧɭ CH4, ɬɚɤ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ). 

ȼɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ ɜ ɪɨɛɨɬɿ Д28Ж ɛɭɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɹɤ ɪɹɞ ɜɧɟɫɤɿɜ, 

ɳɨ ɦɿɫɬɹɬɶ ɩɚɪɧɿ, ɩɨɬɪɿɣɧɿ ɿ ɬ.ɞ. ɤɨɪɟɥɹɰɿɣɧɿ ɩɨɩɪɚɜɤɢ: 

       1
2 3, ,N NF V T F V T NkT W W    ,                       (2.7) 
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Ɍɭɬ F(1)(V,T) – ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ ɜ ɟɣɧɲɬɟɣɧɿɜɫɶɤɨɦɭ 

(ɨɞɧɨɱɚɫɬɤɨɜɨɦɭ) ɧɚɛɥɢɠɟɧɧɿ, ɹɤɚ ɜɢɪɚɠɚєɬɶɫɹ ɱɟɪɟɡ ɜɟɥɢɱɢɧɭ ɜɿɥɶɧɨɝɨ ɨɛ'єɦɭ 

fv  [29]: 

       1 0 lnid f
N N N

v
F U V F NkT

v

       ,      

ɞɟ  
1( )

f

v

u kT
v e d

   r
r  –  ɬɚɤ ɡɜɚɧɢɣ ɜɿɥɶɧɢɣ ɨɛ'єɦ Д58Ж, ɞɟ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜ 

(β.7) ɩɪɨɜɨɞɢɬɶɫɹ ɡɚ ɨɛ’єɦɨɦ ɤɨɦɿɪɤɢ ȼɿɝɧɟɪɚ-Ɂɟɣɬɰɚ,     0
NU V ɹɜɥɹє ɫɨɛɨɸ 

ɟɧɟɪɝɿɸ ɫɬɚɬɢɱɧɨʀ ґɪɚɬɤɢ, ɚ ɜɟɥɢɱɢɧɢ W2, W3,… ɜɪɚɯɨɜɭɸɬɶ ɜɿɞɩɨɜɿɞɧɨ ɩɨɞɜɿɣɧɿ, 

ɩɨɬɪɿɣɧɿ ɿ ɬ.ɞ. ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɡɦɿɳɟɧɧɹɦɢ ɚɬɨɦɿɜ ɿɡ ɜɭɡɥɿɜ ґɪɚɬɤɢ. 

ȼɿɥɶɧɢɣ ɨɛ’єɦ ɿ ɤɨɪɟɥɹɰɿɣɧɿ ɩɨɩɪɚɜɤɢ W2, W3 ɜ ɪɿɜɧɹɧɧɿ (β.7) ɜɢɪɚɠɚɸɬɶɫɹ, 

ɜɿɞɩɨɜɿɞɧɨ, ɱɟɪɟɡ ɬɪɢ-, ɲɟɫɬɢ- ɿ ɞɟɜ'ɹɬɢɤɪɚɬɧɿ ɿɧɬɟɝɪɚɥɢ ɿ ɞɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ʀɯ 

ɬɨɱɧɢɯ ɡɧɚɱɟɧɶ ɜɢɤɨɪɢɫɬɚɧɿ ɫɩɟɰɿɚɥɶɧɿ ɱɢɫɟɥɶɧɿ ɦɟɬɨɞɢ. Ɍɚɤɢɣ ɪɨɡɪɚɯɭɧɨɤ ɜ Д28] 

ɜɢɤɨɧɚɧɨ ɞɥɹ ɜɿɥɶɧɨɝɨ ɨɛ'єɦɭ, ɚ ɬɚɤɨɠ ɤɨɪɟɥɹɰɿɣɧɢɯ ɩɨɩɪɚɜɨɤ W2 ɢ W3.   

Ⱥɧɚɥɿɡ ɨɰɿɧɤɢ ɜɧɟɫɤɿɜ ɿ ɬɨɱɧɨɫɬɿ ɬɟɪɦɿɱɧɨɝɨ ɿ ɤɚɥɨɪɢɱɧɨɝɨ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɜ 

ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ Ɍ* = 0,ηη...4,η ɿ ɞɿɚɩɚɡɨɧɿ ɡɜɟɞɟɧɢɯ ɝɭɫɬɢɧ 0,9θ...1,γ9 ɛɭɥɢ 

ɜɢɤɨɧɚɧɿ ɜ ɪɨɛɨɬɿ Д84]. ȼɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ ɩɨɪɿɜɧɸɜɚɥɚɫɹ ɡ ɞɚɧɢɦɢ 

ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ Ȼɚɪɪɨɡɨ ɿ Ɏɟɪɪɟɣɪɚ (M.A. Barroso and A.L. Ferreira) 

[49Ж, ɹɤɿ ɜɜɚɠɚɸɬɶɫɹ ɜ ɞɚɧɢɣ ɱɚɫ ɧɚɣɛɿɥɶɲ ɬɨɱɧɢɦɢ. ȼ ɪɨɛɨɬɿ Д84Ж ɜɿɞɡɧɚɱɟɧɨ 

ɩɪɚɤɬɢɱɧɨ ɩɨɜɧɢɣ ɡɛɿɝ ɬɟɨɪɟɬɢɱɧɨɝɨ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɜɟɥɢɱɢɧɢ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ ɡ ɧɚɣɛɿɥɶɲ ɬɨɱɧɢɦɢ ɞɚɧɢɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ Д49]. 

Ɍɚɤɨɠ ɛɭɥɨ ɜɿɞɡɧɚɱɟɧɚ ɚɛɫɨɥɸɬɧɚ ɫɩɿɜɜɿɞɧɨɫɧɿɫɬɶ ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ 

ɟɧɬɪɨɩɿʀ ɿ ɫɬɢɫɥɢɜɨɫɬɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɹɤ ɩɚɪɧɢɯ, ɬɚɤ ɿ ɩɨɬɪɿɣɧɢɯ ɤɨɪɟɥɹɰɿɣ ɡ 

ɞɚɧɢɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɧɚ ɥɿɧɿɹɯ ɩɥɚɜɥɟɧɧɹ ɿ ɫɭɛɥɿɦɚɰɿʀ, ɞɟ ɜɧɟɫɨɤ 

ɚɧɝɚɪɦɨɧɿɡɦɭ ɧɚɣɫɭɬɬєɜɿɲɢɣ. Ɍɢɦ ɫɚɦɢɦ ɛɭɥɚ ɞɨɜɟɞɟɧɚ ɚɞɟɤɜɚɬɧɿɫɬɶ ɨɩɢɫɭ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ ɬɟɨɪɟɬɢɱɧɢɦ 

ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ Д84]. 
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ȼ ɪɨɛɨɬɿ Д85Ж ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɫɟɧɨɧɭ. Ȼɥɢɡɶɤɿɫɬɶ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ ɞɨ 

ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ ɨɬɜɟɪɞɿɥɢɯ ɿɧɟɪɬɧɢɯ ɝɚɡɿɜ ɞɨɡɜɨɥɹє ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɣɨɝɨ ɜ 

ɹɤɨɫɬɿ ɨɩɨɪɧɨɝɨ ɪɿɜɧɹɧɧɹ (ɞɢɜ. ɩɿɞɪɨɡɞɿɥ β.γ). 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɜ ɪɨɛɨɬɿ Д84Ж ɚɧɚɥɿɬɢɱɧɚ 

ɚɩɪɨɤɫɢɦɚɰɿɹ ɤɚɧɨɧɿɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ, 

ɹɤɚ є ɡɪɭɱɧɨɸ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɩɪɚɤɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ. Ɋɿɜɧɹɧɧɹ ɛɭɥɨ ɡɚɩɢɫɚɧɨ ɜ 

ɩɪɨɫɬɿɣ ɚɧɚɥɿɬɢɱɧɿɣ ɮɨɪɦɿ, ɩɨɞɿɛɧɨʀ ɞɨ ɬɿєʀ, ɳɨ ɛɭɥɚ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ȼɚɧ ɞɟɪ 

ɏɨɮɨɦ (Van der Hoef) [43]: 

      3
0 1

0 2 0

3

2 1 1

n m
n m nmn n

n m n

a b
f T u T T T T cT

m n


  
      max max

* * * * * * * * * *, ln    . (2.8) 

Ɍɭɬ  f = F(ɫɮ ) ⁄ İ,  T*  = kT ⁄ İ   ɿ  ρ* = Nσ 3 ⁄ V – ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɿ 

ɝɭɫɬɢɧɚ, ɡɜɟɞɟɧɿ ɞɨ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, bn , anm 

(n = 0,…,nmax;  m = 2,…,mmax), nmax = 2,  mmax = 5 – ɩɿɞɝɿɧɧɿ ɩɚɪɚɦɟɬɪɢ. 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɿɜɧɹɧɧɹ, ɨɬɪɢɦɚɧɟ ɜ ɪɨɛɨɬɿ Д84Ж, ɜ ɹɤɿɣ 

ɛɭɥɢ ɪɨɡɲɢɪɟɧɿ ɦɟɠɿ ɣɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ. ȼɟɪɯɧɹ ɦɟɠɚ ɿɧɞɟɤɫɭ n ɛɭɥɚ ɡɛɿɥɶɲɟɧɚ ɿ 

ɜɫɿ ɤɨɟɮɿɰɿєɧɬɢ ɛɭɥɢ ɡɧɚɣɞɟɧɿ ɲɥɹɯɨɦ ɦɿɧɿɦɿɡɚɰɿʀ ɪɨɡɛɿɠɧɨɫɬɟɣ ɦɿɠ ɩɪɨɝɧɨɡɚɦɢ 

ɬɟɨɪɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɿ ɪɿɜɧɹɧɧɹ ȼɚɧ ɞɟɪ ɏɨɮɚ.  

ɇɚ ɨɫɧɨɜɿ ɤɚɧɨɧɿɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ (β.8) ɡɚ ɜɿɞɨɦɢɦɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦɢ 

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ ɦɨɠɭɬɶ ɛɭɬɢ ɪɨɡɪɚɯɨɜɚɧɿ ɜɧɟɫɤɢ ɰɟɧɬɪɚɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ 

ɦɨɥɟɤɭɥ ɜ ɬɟɪɦɿɱɧɟ ɿ ɤɚɥɨɪɢɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɚ ɬɚɤɨɠ ɜ ɡɧɚɱɟɧɧɹ ɟɧɬɪɨɩɿʀ, 

ɬɟɩɥɨєɦɧɨɫɬɿ ɫɊ ɿ ɫV,, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ T ɿ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ T. ɉɪɢ ɰɶɨɦɭ ɪɿɜɧɹɧɧɹ (β.8) ɡɚɛɟɡɩɟɱɭє ɞɨɛɪɟ ɧɚɛɥɢɠɟɧɧɹ ɞɚɧɢɯ 

ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ T* ɜ ɦɟɠɚɯ ɜɿɞ 0,1 ɞɨ β,0  ɿ 

ɝɭɫɬɢɧɿ  * ɜ ɦɟɠɚɯ ɜɿɞ 0,θ ɞɨ 1,γ9 Д49]. 

Ʉɨɟɮɿɰɿєɧɬɢ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ (β.8) ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ β.1. 

 



66 
  
 

Ɍɚɛɥɢɰɹ β.1 – Ʉɨɟɮɿɰɿєɧɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ (β.8) ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ 

ɤɪɢɫɬɚɥɭ Д79Ж 

m 2ma  
3ma  

4ma  
5ma  

mb  

0 –8,746173 11,8028902 –5,184794 0,70708457 71,2333239 

1 13,956628 –19,93555 8,9107652 –1,222133 –133,76170 

2 –5,424685 8,08241592 –3,660847 0,50423532 96,3416738 

3 –0,055328 0,1337603 –0,071999 0,0106930 –24,836470 

c = –24,19212 

 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɚɧɚɥɿɬɢɱɧɨʀ ɮɨɪɦɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɤɥɚɫɢɱɧɨɝɨ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ (β.8), ɹɤɟ ɞɨɛɪɟ ɡɚɪɟɤɨɦɟɧɞɭɜɚɥɨ ɫɟɛɟ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ 

ɬɢɫɤɿɜ, ɜɢɪɿɲɭє ɩɪɨɛɥɟɦɭ ɩɨɱɚɬɤɨɜɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɞɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ «ɨɩɨɪɧɨʀ» 

ɫɢɫɬɟɦɢ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ. ȼɨɧɨ ɧɚɞɚє ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ «ɨɩɨɪɧɿɣ» ɫɢɫɬɟɦɿ 

ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ F ( ɫɮ)(V,T) ɜ (β.θ) ɹɤ ɨɫɧɨɜɧɢɣ ɜɧɟɫɨɤ ɭ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ, ɳɨ 

ɜɿɞɩɨɜɿɞɚє ɦɨɞɟɥɿ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ ɡ ȽɐɄ ґɪɚɬɚɦɢ, ɞɨ ɹɤɨʀ ɫɥɿɞ 

ɞɨɞɚɬɢ ɩɨɩɪɚɜɤɭ ɧɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ.  

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɡɚɝɚɥɶɧɟ ɪɨɡɤɥɚɞɚɧɧɹ ɌɌɁ, ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ: 

      221

2
          , , ...ɫɮ

ɧɟɫɮ ɧɟɫɮ ɧɟɫɮF V T F V T U U U
kT

  (2.9 ) 

Ɍɭɬ ɧɟɫɮU  – ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ, ɭɫɟɪɟɞɧɟɧɚ 

ɡɚ ɨɪɿєɧɬɚɰɿɹɦɢ ɬɚ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ ɡ 

ɰɟɧɬɪɚɥɶɧɨɸ ɜɡɚєɦɨɞɿєɸ, ɚ    ,ɫɮF V T ɜɪɚɯɨɜɭє ɬɚɤɨɠ ɿɞɟɚɥɶɧɨ-ɝɚɡɨɜɢɣ ɜɧɟɫɨɤ   

ɜɿɞ ɜɧɭɬɪɿɲɧɿɯ ɤɨɥɢɜɚɧɶ ɚɬɨɦɿɜ ɬɚ ɜɿɥɶɧɨɝɨ ɨɛɟɪɬɚɧɧɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ. 

ɍɫɟɪɟɞɧɟɧɧɹ ɡɚ ɨɪɿєɧɬɚɰɿɹɦɢ ɦɨɠɧɚ ɩɪɨɜɨɞɢɬɢ ɬɚɤ ɫɚɦɨ, ɹɤ ɿ ɞɥɹ ɫɢɫɬɟɦɢ 

ɜɿɥɶɧɢɯ ɪɨɬɚɬɨɪɿɜ. ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɭɥɶɬɢɩɨɥɶɧɚ ɫɢɦɟɬɪɿɹ ɧɟɰɟɧɬɪɚɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɬɨɝɨ, ɳɨ ɩɨɩɪɚɜɤɚ ɩɟɪɲɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɧɟɫɮU  

ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɧɭɥɶ ɿ ɨɰɿɧɤɚ ɜɩɥɢɜɭ ɧɟɫɮɟɪɢɱɧɨɫɬɿ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɧɚ 
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ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɫɢɫɬɟɦɢ ɞɚє ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɤɜɚɞɪɚɬɭ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ: 

  
kT

U
TVFTVF

ɧɟɫɮɫɮ

2
,),(

2 .    (2.10) 

 

ɉɨɞɚɥɶɲɿ ɨɛɱɢɫɥɟɧɧɹ ɛɥɢɡɶɤɿ ɞɨ ɨɛɱɢɫɥɟɧɶ, ɩɪɨɜɟɞɟɧɢɯ ɪɚɧɿɲɟ ɜ 

ɪɨɛɨɬɿ [22]. 

Ɉɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɢɣ ɜɧɟɫɨɤ (β.4) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ ɞɨɛɭɬɤɭ 

ɪɚɞɿɚɥɶɧɨʀ ɿ ɤɭɬɨɜɢɯ ɱɚɫɬɢɧ: 

              ሺ                 ሻ.   (2.11) 

 

Ɍɭɬ și, φi, ψi – ɟɣɥɟɪɨɜɢ ɤɭɬɢ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɨɪɿєɧɬɚɰɿɸ i-ɨʀ ɦɨɥɟɤɭɥɢ 

(i = 1, β) ɜ ɩɪɨɫɬɨɪɿ. 

Ɂɝɿɞɧɨ (β.4): 

  ሺ                 ሻ      {                }.  

 

Ɍɨɞɿ 

   22 4
1 1 1 12 14

2 1

1 1

2ɧɟɫɮ У У У У
j N j

N N
U dVdV

V R 
          , , , , ,      

.
 

Ɍɚɤ, ɭɫɟɪɟɞɧɟɧɧɹ ɤɜɚɞɪɚɬɚ ɤɭɬɨɜɨʀ ɱɚɫɬɢɧɢ ɜɟɥɢɱɢɧɢ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɞɚє            , ɚ ɿɧɬɟɝɪɭɜɚɧɧɹ ɡɚ ɤɨɨɪɞɢɧɚɬɚɦɢ ɦɨɠɟ 
ɛɭɬɢ ɜ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɡɚɦɿɧɟɧɨ ɩɿɞɫɭɦɨɜɭɜɚɧɧɹɦ ɩɨ ɜɭɡɥɚɯ ɫɬɚɬɢɱɧɨʀ 

ґɪɚɬɤɢ, ɹɤɚ ɞɚє ɧɚɣɛɿɥɶɲɢɣ ɜɧɟɫɨɤ ɭ ɰɸ ɜɟɥɢɱɢɧɭ.  
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ȼ ɪɟɡɭɥɶɬɚɬɿ ɞɥɹ ɛɟɡɪɨɡɦɿɪɧɨɝɨ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ ɜ ɜɿɥɶɧɭ 

ɟɧɟɪɝɿɸ Ƚɟɥɶɦɝɨɥɶɰɚ (ɬɨɛɬɨ ɡɜɟɞɟɧɨɝɨ ɞɨ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-

Ⱦɠɨɧɫɚ  ɿ ) ɧɟɫɮ
ɧɟɫɮ

U
U N

 *   ɜɢɯɨɞɢɬɶ ɬɚɤɢɣ ɜɢɪɚɡ: 

ۄ (       )ۃ                  ⁄  ,     (2.12) 

 

ɞɟ S14  – ґɪɚɬɤɨɜɚ ɫɭɦɚ Д85],  7     – ɡɜɟɞɟɧɢɣ ɨɤɬɭɩɨɥɶɧɢɣ ɦɨɦɟɧɬ 

ɦɨɥɟɤɭɥɢ ɋɇ4. 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɰɟɣ ɜɢɪɚɡ, ɦɨɠɧɚ ɧɚɛɥɢɠɟɧɨ ɩɿɞɪɚɯɭɜɚɬɢ ɜɧɟɫɤɢ 

ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ ɭɫɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɮɭɧɤɰɿʀ. 

ɍ ɪɨɡɞɿɥɿ 2.3 ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ 

ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ. Ɉɛɝɨɜɨɪɸєɬɶɫɹ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɡɚєɦɨɞɿʀ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɨɛɥɚɫɬɿ 

ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ. 

 

2.3 Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ 

ɩɥɚɜɥɟɧɧɹ 

 

Ɍɜɟɪɞɢɣ ɦɟɬɚɧ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɝɪɭɩɢ ɥɟɝɤɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ, ɹɤɿ 

ɜɢɹɜɥɹɸɬɶ ɩɨɦɿɬɧɿ ɤɜɚɧɬɨɜɿ ɟɮɟɤɬɢ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɪɢ ɛɿɥɶɲ 

ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɥɹ ɰɢɯ ɤɪɢɫɬɚɥɿɜ ɜɚɠɥɢɜɭ ɪɨɥɶ ɜɿɞɿɝɪɚɸɬɶ 

ɚɧɝɚɪɦɨɧɿɱɧɿɫɬɶ ɬɪɚɧɫɥɹɰɿɣɧɢɯ ɤɨɥɢɜɚɧɶ ɿ ɤɨɪɟɥɹɰɿʀ ɜ ɡɦɿɳɟɧɧɹɯ ɱɚɫɬɢɧɨɤ. ɐɿ 

ɨɫɨɛɥɢɜɨɫɬɿ ɛɭɥɢ ɜɪɚɯɨɜɚɧɿ ɩɪɢ ɩɨɛɭɞɨɜɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɿ ɩɪɢ 

ɜɢɛɨɪɿ ɨɛɥɚɫɬɿ ɞɨɫɥɿɞɠɟɧɶ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ. 

ȼɿɞɡɧɚɱɢɦɨ, ɳɨ ɜɢɤɨɪɢɫɬɚɧɟ ɜ ɪɨɛɨɬɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɧɟ ɪɨɡɝɥɹɞɚє ɿ ɧɟ 

ɜɪɚɯɨɜɭє ɤɜɚɧɬɨɜɿ ɟɮɟɤɬɢ ɿ ɩɪɢɡɧɚɱɚєɬɶɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɩɪɢ ɜɿɞɧɨɫɧɨ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɜɿɞ Ɍ = 50 K) ɧɚ ɥɿɧɿʀ 

ɫɭɛɥɿɦɚɰɿʀ ɿ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ. ɍ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɹɯ ɛɿɥɶɲ 
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ɜɚɠɤɢɯ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɦɟɬɚɧɭ CF4, ɿ CCХ4 ɤɜɚɧɬɨɜɿ ɟɮɟɤɬɢ ɩɨɦɿɬɧɨ ɧɟ 

ɜɢɹɜɥɹɸɬɶɫɹ. 

Ɇɟɬɨɞ, ɹɤɢɣ ɥɟɠɢɬɶ ɜ ɨɫɧɨɜɿ ɩɨɛɭɞɨɜɢ ɛɚɡɨɜɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɧɟɹɜɧɨ 

ɜɪɚɯɨɜɭє ɹɤ ɚɧɝɚɪɦɨɧɿɡɦ ɤɨɥɢɜɚɧɶ, ɬɚɤ ɿ ɩɨɞɜɿɣɧɿ ɿ ɩɨɬɪɿɣɧɿ ɤɨɪɟɥɹɰɿʀ ɦɿɠ 

ɡɦɿɳɟɧɧɹɦɢ ɱɚɫɬɢɧɨɤ Д54]. Ⱦɥɹ ɟɮɟɤɬɢɜɧɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ 

ɚɧɚɥɿɬɢɱɧɢɣ ɜɢɪɚɡ ɞɥɹ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɭɡɝɨɞɠɟɧɢɦ ɱɢɧɨɦ 

ɨɛɱɢɫɥɢɬɢ ɜɫɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɮɭɧɤɰɿʀ – ɹɤ ɬɟɪɦɿɱɧɿ, ɬɚɤ ɿ ɤɚɥɨɪɢɱɧɿ. Ɍɚɤɭ 

ɦɨɠɥɢɜɿɫɬɶ ɞɚє ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɭ ɜɢɝɥɹɞɿ (β.10 – β.1β), ɜ ɹɤɨɦɭ ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ 

Ƚɟɥɶɦɝɨɥɶɰɚ ɜɢɡɧɚɱɟɧɚ ɹɤ ɮɭɧɤɰɿɹ ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɨɛ'єɦɭ. 

əɤ ɜɠɟ ɡɚɡɧɚɱɚɥɨɫɹ ɜɢɳɟ, ɜ ɪɨɛɨɬɿ ɪɨɡɪɚɯɨɜɚɧɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ 

ɦɟɬɚɧɭ ɬɿɥɶɤɢ ɜ ɨɛɥɚɫɬɿ ɿɫɧɭɜɚɧɧɹ ɮɚɡɢ I, ɹɤɚ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ (ɪɢɫɭɧɨɤ 1.1) 

ɦɟɠɭє ɡ ɥɿɧɿєɸ ɩɥɚɜɥɟɧɧɹ. ɐɹ ɮɚɡɚ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ 

ɩɪɚɤɬɢɱɧɨ ɜɿɥɶɧɢɦ ɨɛɟɪɬɚɧɧɹɦ ɦɨɥɟɤɭɥ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɜɭɡɥɚɯ 

ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɨʀ ɤɭɛɿɱɧɨʀ ґɪɚɬɤɢ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɟɨɪɿʀ, 

ɪɨɡɪɨɛɥɟɧɨʀ ɞɥɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ ɿ ɩɟɪɟɜɿɪɟɧɨʀ ɧɚ ɪɨɡɪɚɯɭɧɤɭ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɨɬɜɟɪɞɿɥɢɯ ɿɧɟɪɬɧɢɯ ɝɚɡɿɜ Д85Ж, є ɨɛґɪɭɧɬɨɜɚɧɢɦ. 

Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɡɚ 

ɪɿɜɧɹɧɧɹɦɢ (β.10 – β.1β) ɩɨɬɪɿɛɧɨ ɡɚɞɚɬɢ ɩɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ 

İ ɿ σ ɬɚ ɨɤɬɭɩɨɥɶɧɢɣ ɦɨɦɟɧɬ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ Ω, ɚ ɬɚɤɨɠ ɿɞɟɚɥɶɧɨ-ɝɚɡɨɜɿ ɮɭɧɤɰɿʀ 

ɞɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɿɞɟɚɥɶɧɨ-ɝɚɡɨɜɿ ɮɭɧɤɰɿʀ ɩɪɢɣɧɹɬɿ ɡɚ ɞɚɧɢɦɢ ɇɚɰɿɨɧɚɥɶɧɨɝɨ 

ɿɧɫɬɢɬɭɬɭ ɫɬɚɧɞɚɪɬɿɜ ɿ ɬɟɯɧɨɥɨɝɿɣ, ɋɒȺ (National Institute of Standards and 

Technology) [87]. ȼɢɪɚɡɢ ɞɥɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɿ ɤɨɟɮɿɰɿєɧɬɢ ɪɿɜɧɹɧɧɹ 

ɒɨɦɚɬɟ (Shomate) ɧɚɜɟɞɟɧɿ ɧɢɠɱɟ. 

 

 

Cp° = A + B·t + C·t 2 + D·t 3 + E/t 2 ; 

h° − h°298,15= A·t  + B·t 2/2 + C·t 3/3 + D·t 4/4 − E/t  + F – H;            (2.13) 
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s° = A·ln (t) + B·t + C·t 2/2 + D·t 3/γ − E/(2·t 2) + G. 

Ɍɭɬ Cp° – ɿɡɨɛɚɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ ɿɞɟɚɥɶɧɨɝɨ ɝɚɡɭ, Ⱦɠ/(ɦɨɥɶ·Ʉ); 

h° – ɫɬɚɧɞɚɪɬɧɚ ɟɧɬɚɥɶɩɿɹ, ɤȾɠ/ɦɨɥɶ; 

s° – ɫɬɚɧɞɚɪɬɧɚ ɟɧɬɪɨɩɿɹ, Ⱦɠ/(ɦɨɥɶ·Ʉ); 

t – ɡɜɟɞɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ,  t = T / 1000. 

 

Ɍɚɛɥɢɰɹ 2.2 – Ʉɨɟɮɿɰɿєɧɬɢ ɿɞɟɚɥɶɧɨ-ɝɚɡɨɜɢɯ ɮɭɧɤɰɿɣ [86] 

Ʉɨɟɮɿɰɿєɧɬɢ 
Ⱦɿɚɩɚɡɨɧɢ ɬɟɦɩɟɪɚɬɭɪ Ɍ, Ʉ 

298 – 1300 1300 – 6000 

A –0,703029 85,81217 

B 108,4773 11,26467 

C –42,52157 –2,114146 

D 5,862788 0,138190 

E 0,678565 –26,42221 

F –76,84376 –153,5327 

G 158,7163 224,4143 

H –74,87310 –74,87310 

 

Ɉɫɤɿɥɶɤɢ ɜɢɤɨɪɢɫɬɚɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɧɟ ɦɚє ɿɧɲɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɤɪɿɦ 

ɜɟɥɢɱɢɧɢ ɨɤɬɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɿ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɹɤɿ ɜ 

ɞɚɧɿɣ ɪɨɛɨɬɿ ɩɪɢɣɦɚɸɬɶɫɹ ɡɚ ɥɿɬɟɪɚɬɭɪɧɢɦɢ ɞɠɟɪɟɥɚɦɢ, ɬɨ ɞɥɹ ɭɫɩɿɲɧɢɯ 

ɪɨɡɪɚɯɭɧɤɿɜ ɜɚɠɥɢɜɢɦ є ɩɪɚɜɢɥɶɧɢɣ ɜɢɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɿɡ ɧɚɹɜɧɢɯ ɜ ɥɿɬɟɪɚɬɭɪɿ. 

ȼ ɥɿɬɟɪɚɬɭɪɿ ɜɿɞɨɦɢɣ ɪɹɞ ɧɚɛɨɪɿɜ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (12-6), 

ɳɨ ɚɩɪɨɤɫɢɦɭɸɬɶ ɜɡɚєɦɨɞɿɸ ɋɇ4-ɋɇ4. Ɉɞɧɚɤ ɰɿ ɡɧɚɱɟɧɧɹ, ɹɤ ɩɪɚɜɢɥɨ, 

ɟɮɟɤɬɢɜɧɨ ɜɪɚɯɨɜɭɸɬɶ ɿ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ. 

ȼ ɫɜɨʀɯ ɪɨɛɨɬɚɯ [88, 89] ɦɢ ɨɛɪɚɥɢ ɩɚɪɚɦɟɬɪɢ ɟɮɟɤɬɢɜɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ 

Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɋɇ4-ɋɇ4, ɧɚɜɟɞɟɧɿ ɜ ɦɨɧɨɝɪɚɮɿʀ Д90Ж. ɐɿ ɩɚɪɚɦɟɬɪɢ ɛɭɥɢ 

ɨɬɪɢɦɚɧɿ ɡ ɞɚɧɢɯ ɩɨ ɜ'ɹɡɤɨɫɬɿ ɬɚ ɞɪɭɝɨɦɭ ɜɿɪɿɚɥɶɧɨɦɭ ɤɨɟɮɿɰɿєɧɬɭ. əɤ ɛɭɥɨ 
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ɜɿɞɡɧɚɱɟɧɨ ɜ ɪɨɛɨɬɿ Д90Ж, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɳɨ ɩɟɪɟɜɢɳɭɸɬɶ η00 Ʉ, ɡɧɚɱɟɧɧɹ 

ɩɚɪɚɦɟɬɪɿɜ ɩɟɪɟɫɬɚɸɬɶ ɡɦɿɧɸɜɚɬɢɫɹ, ɞɨɫɹɝɧɭɜɲɢ ɡɧɚɱɟɧɶ İ/k = 148 Ʉ ɿ 

σ = 3,77 й. ɐɟ ɩɨɜ'ɹɡɚɧɨ ɡ ɬɢɦ, ɳɨ ɩɪɢ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɥɟɤɭɥɢ ɲɜɢɞɤɨ 

ɨɛɟɪɬɚɸɬɶɫɹ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɦɭɥɶɬɢɩɨɥɶɧɿ ɜɡɚєɦɨɞɿʀ ɭɫɟɪɟɞɧɸɸɬɶɫɹ ɿ ɱɟɪɟɡ ʀɯ 

ɫɢɦɟɬɪɿʀ ɧɟ ɞɚɸɬɶ ɜɧɟɫɤɭ ɭ ɜɥɚɫɬɢɜɨɫɬɿ ɪɟɱɨɜɢɧɢ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɬɚɤɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɞɨɡɜɨɥɹє ɭɧɢɤɧɭɬɢ ɩɨɜɬɨɪɧɨɝɨ ɨɛɥɿɤɭ 

ɟɮɟɤɬɢɜɧɨʀ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ, ɹɤɚ ɜɠɟ ɧɟɹɜɧɨ ɩɪɢɫɭɬɧɹ ɜ 

ɩɚɪɚɦɟɬɪɚɯ ɩɨɬɟɧɰɿɚɥɭ, ɨɬɪɢɦɚɧɢɯ ɡɚ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɦɢ ɞɚɧɢɦɢ. 

Ɂɧɚɱɟɧɧɹ ɨɤɬɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɞɥɹ ɦɨɥɟɤɭɥɢ ɦɟɬɚɧɭ Ω = 4,η·10–34 ɨɞ. 

ɡɚɪɹɞɭ/ɫɦ3 ɛɭɥɨ ɩɪɢɣɧɹɬɨ ɡɚ ɞɚɧɢɦɢ ɪɨɛɨɬɢ Д91Ж, ɬɚɤɟ ɠ ɡɧɚɱɟɧɧɹ ɨɤɬɭɩɨɥɶɧɨɝɨ 

ɦɨɦɟɧɬɭ ɦɨɥɟɤɭɥɢ ɦɟɬɚɧɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ ɿ ɜ ɪɨɛɨɬɿ Д65]. ȼɿɞɧɟɫɟɧɢɣ ɞɨ ɰɢɯ 

ɡɧɚɱɟɧɶ ɡɜɟɞɟɧɢɣ ɨɤɬɭɩɨɥɶɧɢɣ ɦɨɦɟɧɬ ɦɨɥɟɤɭɥɢ ɋɇ4 ɜɢɹɜɥɹєɬɶɫɹ ɪɿɜɧɢɦ 

* = 0,308. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɫɧɨɜɧɢɣ ɧɚɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɞɥɹ 

ɪɨɡɪɚɯɭɧɤɿɜ ɬɜɟɪɞɨʀ ɮɚɡɢ ɦɟɬɚɧɭ, ɜɢɤɨɪɢɫɬɚɧɢɣ ɭ ɞɚɧɿɣ ɪɨɛɨɬɿ, ɛɭɜ ɩɪɢɣɧɹɬɢɣ 

ɬɚɤɢɦ: 

 = γ,77 й;     /k = 148 K;      * = 0,308. 

ȼɿɞɡɧɚɱɢɦɨ, ɳɨ ɛɥɢɡɶɤɿ ɡɧɚɱɟɧɧɹ İ/k = 154 Ʉ ɿ   = 3,725 й ɛɭɥɢ 

ɜɢɤɨɪɢɫɬɚɧɿ ɜ ɪɨɡɪɚɯɭɧɤɭ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ Дθ5Ж. Ɍɚɤɨɠ ɜ 

ɞɚɧɿɣ ɪɨɛɨɬɿ ɛɭɥɢ ɜɢɩɪɨɛɭɜɚɧɿ ɡɧɚɱɟɧɧɹ İ/k = 148 Ʉ ɿ  = 3,817 й, ɪɟɤɨɦɟɧɞɨɜɚɧɿ 

ɞɥɹ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ Д60]. ɇɢɠɱɟ ɧɚ ɪɢɫɭɧɤɚɯ β.γ, β.7 ɿ β.8 ɦɢ ɧɚɜɨɞɢɦɨ 

ɩɨɪɿɜɧɹɧɧɹ ɨɛ’єɦɭ ɿ ɬɢɫɤɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɞɥɹ ɰɢɯ ɞɜɨɯ ɧɚɛɨɪɿɜ ɩɚɪɚɦɟɬɪɿɜ 

ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. 

Ɋɨɡɪɚɯɭɧɤɢ ɞɥɹ ɦɟɬɚɧɭ ɛɭɥɢ ɜɢɤɨɧɚɧɿ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 

T = 50 °ɋ (223 Ʉ) ɿ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ Д89Ж. Ɇɢ ɨɛɦɟɠɢɥɢɫɹ ɧɢɠɧɶɨɸ 

ɦɟɠɟɸ ɬɟɦɩɟɪɚɬɭɪɢ 50 °ɋ (223 Ʉ), ɳɨɛ ɜɢɤɥɸɱɢɬɢ ɜɩɥɢɜ ɤɜɚɧɬɨɜɢɯ ɟɮɟɤɬɿɜ ɧɚ 

ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨєɦɧɨɫɬɿ ɿ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ Д88]. 

Ȼɭɥɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɿ ɪɨɡɪɚɯɭɧɤɢ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɜ ɨɛɥɚɫɬɿ ɿɫɧɭɜɚɧɧɹ ɮɚɡɢ I ɞɨ ɬɢɫɤɿɜ ɜ 10 ɤɛɚɪ Д89Ж ɿ ɩɪɨɜɟɞɟɧɿ 
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ɪɨɡɪɚɯɭɧɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ 

ɿɫɧɭɜɚɧɧɹ ɮɚɡɢ I, ɳɨ ɦɟɠɭє ɡ ɪɿɞɢɧɨɸ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ (ɦɨɥɹɪɧɨɝɨ ɨɛ’єɦɭ 

v, ɟɧɬɚɥɶɩɿʀ h, ɟɧɬɪɨɩɿʀ s, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P ɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ T, ɚ ɬɚɤɨɠ ɬɟɩɥɨєɦɧɨɫɬɟɣ cV ɿ cP) ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ 

ɜ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ 40 – 90 Ʉ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ 2.3 ɿ ɧɚ 

ɪɢɫɭɧɤɚɯ 2.2 - 2.6. 

 

Ɍɚɛɥɢɰɹ 2.3 – Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ 

T, K 
v, 

ɫɦ3/ɦɨɥɶ 
h, 

ɤȾɠ /ɦɨɥɶ 
s,  Ⱦɠ / 

(ɦɨɥɶ·K) 
P, 

1/ɤK 

T, 

1/Ƚɉɚ 
cP,  Ⱦɠ / 

(ɦɨɥɶ·K) 

40 30,57 –2,0 –32,939 1,260 0,466 37,775 

50 30,95 –1,6 –23,833 1,267 0,5113 35,585 

60 31,36 –1,2 –16,565 1,316 0,5649 34,315 

70 31,78 –0,8 –10,427 1,400 0,6309 33,479 

80 32,25 –0,4 –5,050 1,523 0,7141 32,891 

90 32,77 0,02 –0,176 1,701 0,8254 32,474 

 

ɇɚ ɪɢɫɭɧɤɚɯ β.β – β.γ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ 

ɦɨɥɹɪɧɨɝɨ ɨɛ'єɦɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ, ɨɬɪɢɦɚɧɢɦɢ ɪɿɡɧɢɦɢ ɦɟɬɨɞɚɦɢ: ɪɟɧɬɝɟɧɿɜɫɶɤɢɦ, 

ɞɢɮɪɚɤɰɿɣɧɢɦ, ɩɿɤɧɨɦɟɬɪɢɱɧɢɦ, ɹɤɿ ɧɚɜɟɞɟɧɿ ɜ ɪɨɛɨɬɚɯ  [56, 60, 92, 93, 94]. 

Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɡɧɚɱɟɧɧɹ ɝɭɫɬɢɧɢ ɤɪɢɫɬɚɥɿɜ, ɜɢɡɧɚɱɟɧɿ ɞɢɮɪɚɤɰɿɣɧɢɦɢ ɦɟɬɨɞɚɦɢ, 

ɹɤɿ ɦɚɥɨɱɭɬɥɢɜɿ ɞɨ ɜɚɤɚɧɫɿɣ ɿ ɿɧɲɢɯ ɞɟɮɟɤɬɿɜ, ɡɜɢɱɚɣɧɨ ɬɪɨɯɢ ɜɢɳɟ 

ɩɿɤɧɨɦɟɬɪɢɱɧɢɯ ɜɢɦɿɪɸɜɚɧɶ ɝɭɫɬɢɧɢ. 
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Ɋɢɫɭɧɨɤ β.β – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɡɧɚɱɟɧɶ 
ɦɨɥɹɪɧɨɝɨ ɨɛ'єɦɭ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ.  

ɋɭɰɿɥɶɧɚ ɥɿɧɿɹ – ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ; 
ɲɬɪɢɯ-ɩɭɧɤɬɢɪɧɚ ɥɿɧɿɹ – ɞɚɧɿ ɪɟɧɬɝɟɧɿɜɫɶɤɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ȱɫɚɤɿɧɨʀ Дθ0Ж; 

ȿɤɫɩɟɪɢɦɟɧɬ: 1 – ɞɚɧɿ ɪɨɛɨɬɢ Д92], 2 – ɞɚɧɿ ɪɨɛɨɬɢ Д93], 3 – ɞɚɧɿ ɪɨɛɨɬɢ ДηθЖ,   
4 – ɞɚɧɿ ɪɨɛɨɬɢ Д94] 

 

Ɂɧɚɱɟɧɧɹ ɝɭɫɬɢɧɢ ɦɟɬɚɧɭ, ɜɢɡɧɚɱɟɧɿ ɜ ɪɨɛɨɬɿ Д60], ɡɧɚɯɨɞɹɬɶɫɹ ɜ 

ɪɨɡɭɦɧɨɦɭ ɭɡɝɨɞɠɟɧɧɿ ɡ ɞɚɧɢɦɢ Д93Ж, ɩɪɢɱɨɦɭ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

«ɪɟɧɬɝɟɧɿɜɫɶɤɚ» ɝɭɫɬɢɧɚ ɧɚ 0,γη % ɛɿɥɶɲɟ «ɩɿɤɧɨɦɟɬɪɢɱɧɨʀ», ɚ ɜ 

ɩɟɪɟɞɩɥɚɜɢɥɶɧɿɣ ɨɛɥɚɫɬɿ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ Ɍ = 85 Ʉ ɪɨɡɛɿɠɧɨɫɬɿ ɞɨɫɹɝɚɸɬɶ 0,6 %. 
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Ɋɢɫɭɧɨɤ β.γ – Ɇɨɥɹɪɧɢɣ ɨɛ'єɦ ɦɟɬɚɧɭ, ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɡ 

ɞɜɨɦɚ ɧɚɛɨɪɚɦɢ ɩɚɪɚɦɟɬɪɿɜ ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ Д60Ж. Ɉɰɿɧɟɧɚ ɜ ɪɨɛɨɬɿ Д60] 

ɩɨɯɢɛɤɚ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ ɜɿɞɩɨɜɿɞɚє ɪɨɡɦɿɪɭ ɫɢɦɜɨɥɭ ɧɚ ɪɢɫɭɧɤɭ.  

  –  = 3,817 й,    –  = 3,758 й 

 

 

ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɿɜ ɦɨɥɹɪɧɨɝɨ ɨɛ’єɦɭ ɦɟɬɚɧɭ 

ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫɭɧɤɭ β.γ, ɹɤɿ ɛɭɥɢ ɜɢɤɨɧɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɜɨɯ ɧɚɛɨɪɿɜ 

ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɡ ɞɚɧɢɦɢ ɪɨɛɨɬɢ ȱɫɚɤɿɧɨʀ Д60Ж ɫɜɿɞɱɚɬɶ 

ɩɪɨ ɬɟ, ɳɨ ɜ ɩɪɢɧɰɢɩɿ ɦɨɠɧɚ ɩɿɞɿɛɪɚɬɢ ɩɚɪɚɦɟɬɪɢ, ɹɤɿ ɛ ɨɩɢɫɭɜɚɥɢ ɨɛ’єɦ ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɸ ɬɨɱɧɿɫɬɸ, ɩɪɨɬɟ ɬɚɤɟ ɡɚɜɞɚɧɧɹ ɜ ɪɨɛɨɬɿ ɧɟ ɫɬɚɜɢɥɨɫɹ.  

 

ɉɨɪɿɜɧɹɧɧɹ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ, ɨɬɪɢɦɚɧɢɯ ɩɿɤɧɨɦɟɬɪɢɱɧɢɦ ɦɟɬɨɞɨɦ Д92, 93, 

94] ɿ ɜ ɪɟɧɬɝɟɧɿɜɫɶɤɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ Д60Ж ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ, ɩɪɟɞɫɬɚɜɥɟɧɟ ɧɚ 

ɪɢɫɭɧɤɭ β.β, ɩɨɤɚɡɭє, ɳɨ ɜɚɤɚɧɫɿʀ ɬɭɬ ɜ ɫɟɪɟɞɧɶɨɦɭ ɞɚɸɬɶ ɜɧɟɫɨɤ ɩɨɪɹɞɤɭ γ %, ɜ 

ɬɨɣ ɱɚɫ ɹɤ ɧɚɲɿ ɪɨɡɪɚɯɭɧɤɨɜɿ ɞɚɧɿ ɡ ɯɨɪɨɲɨɸ ɬɨɱɧɿɫɬɸ (ɩɪɢɛɥɢɡɧɨ 1 %) 
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ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɞɚɧɢɦɢ Д60]. ɉɨɪɿɜɧɹɧɧɹ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ Д60Ж ɿ ɪɨɡɪɚɯɭɧɤɿɜ 

ɞɚɧɨʀ ɪɨɛɨɬɢ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ, ɩɪɟɞɫɬɚɜɥɟɧɟ ɧɚ ɪɢɫɭɧɤɭ β.γ, ɩɨɤɚɡɭє, ɳɨ 

ɩɪɢɣɧɹɬɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɜ ɞɚɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞɬɜɨɪɸɸɬɶ 

ɦɨɥɹɪɧɢɣ ɨɛ’єɦ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɜ ɫɟɪɟɞɧɶɨɦɭ ɡ ɬɨɱɧɿɫɬɸ 0,θη %. 

ɇɚ ɪɢɫɭɧɤɭ β.4 ɩɪɟɞɫɬɚɜɥɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ 

ɤɨɟɮɿɰɿєɧɬɚ ɨɛ'єɦɧɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɢɥɚɬɨɦɟɬɪɢɱɧɢɯ ɿ 

ɪɟɧɬɝɟɧɿɜɫɶɤɢɯ ɜɢɦɿɪɿɜ. ɉɨɯɢɛɤɚ ɭ ɜɢɡɧɚɱɟɧɧɿ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ (ɜɢɤɥɸɱɚɸɱɢ ɨɛɥɚɫɬɶ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ) ɫɬɚɧɨɜɢɬɶ (η…7) %, 

ɩɨɛɥɢɡɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɪɚɣɨɧɿ ɬɟɦɩɟɪɚɬɭɪɢ Ɍ = 90 K, ɩɨɯɢɛɤɚ ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ ɧɟ ɩɟɪɟɜɢɳɭє 1η % [60]. 

ȼɿɞɦɿɧɧɨɫɬɿ ɞɢɥɚɬɨɦɟɬɪɢɱɧɢɯ ɿ ɪɟɧɬɝɟɧɿɜɫɶɤɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ, ɳɨ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɜ ɩɟɪɟɞɩɥɚɜɢɥɶɧɿɣ ɨɛɥɚɫɬɿ ɿ ɞɨɫɹɝɚɸɬɶ 

ɩɪɢɛɥɢɡɧɨ 1η % ɜ ɦɟɬɚɧɿ ɩɪɢ Ɍ = 90 Ʉ, ɩɨɜ'ɹɡɚɧɿ, ɲɜɢɞɲɟ ɡɚ ɜɫɟ, ɡ ɩɪɢɫɭɬɧɿɫɬɸ 

ɬɨɱɤɨɜɢɯ ɞɟɮɟɤɬɿɜ ɜ ɡɪɚɡɤɚɯ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɧɚɣɩɪɨɫɬɿɲɿ ɦɨɥɟɤɭɥɹɪɧɿ 

ɤɪɢɫɬɚɥɢ, ɬɚɤɿ ɹɤ ɦɟɬɚɧ, ɣɨɝɨ ɩɨɯɿɞɧɿ ɿ ɨɫɨɛɥɢɜɨ ɨɬɜɟɪɞɿɥɿ ɿɧɟɪɬɧɿ ɝɚɡɢ, є 

ɿɞɟɚɥɶɧɢɦɢ ɨɛ'єɤɬɚɦɢ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɬɟɨɪɿʀ ɬɨɱɤɨɜɢɯ ɞɟɮɟɤɬɿɜ ɜ ɬɜɟɪɞɢɯ ɬɿɥɚɯ. 

ɇɚɲɿ ɪɨɡɪɚɯɭɧɤɨɜɿ ɞɚɧɿ Д88Ж (ɪɢɫɭɧɨɤ β.4) ɤɪɚɳɟ ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ 

ɪɟɧɬɝɟɧɿɜɫɶɤɢɦɢ ɜɢɦɿɪɚɦɢ, ɨɫɤɿɥɶɤɢ ɜ ɪɿɜɧɹɧɧɿ ɫɬɚɧɭ ɧɟ ɜɪɚɯɨɜɚɧɢɣ ɜɧɟɫɨɤ 

ɜɚɤɚɧɫɿɣ. 
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Ɋɢɫɭɧɨɤ β.4 – Ʉɨɟɮɿɰɿєɧɬ ɨɛ'єɦɧɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ 

ɋɭɰɿɥɶɧɚ ɥɿɧɿɹ – ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ (ɞɚɧɚ ɪɨɛɨɬɚ); ɲɬɪɢɯ-

ɩɭɧɤɬɢɪɧɚ ɥɿɧɿɹ – ɪɨɡɪɚɯɭɧɤɨɜɿ ɞɚɧɿ ɪɨɛɨɬɢ [60];  

ȿɤɫɩɟɪɢɦɟɧɬ: 1– ɞɚɧɿ ɪɨɛɿɬ Д88, 93, 95], 2 – ɞɚɧɿ ɪɨɛɨɬɢ Д94],   

3 – ɞɚɧɿ ɪɨɛɨɬɢ Д95] 

 

 

ɇɚɣɛɿɥɶɲɿ ɪɨɡɛɿɠɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ 

ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɜ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. Ɉɫɬɚɧɧє ɩɨɜ'ɹɡɚɧɨ ɡ ɬɢɦ, ɳɨ ɜ 

ɬɚɤɢɯ ɜɥɚɫɬɢɜɨɫɬɹɯ, ɹɤ ɬɟɩɥɨєɦɧɿɫɬɶ ɿ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɿɫɬɨɬɧɨ 

ɩɪɨɹɜɥɹɸɬɶɫɹ ɤɜɚɧɬɨɜɿ ɟɮɟɤɬɢ, ɳɨ ɧɟ ɜɪɚɯɨɜɭɸɬɶɫɹ ɜ ɰɿɣ ɬɟɨɪɿʀ. 
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Ɋɢɫɭɧɨɤ β.η – Ʉɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ: 

ɫɭɰɿɥɶɧɚ ɥɿɧɿɹ – ɞɚɧɿ ɰɿєʀ ɪɨɛɨɬɢ, ɪɨɦɛɢ – ɞɚɧɿ ɪɨɛɨɬɢ Д60] 

 

ȱɫɬɨɬɧɿ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɤɚɡɭє 

ɤɨɟɮɿɰɿєɧɬ ɨɛ'єɦɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ, ɜ ɹɤɨɦɭ, ɩɨɪɹɞ ɡ ɬɟɩɥɨєɦɧɿɫɬɸ, 

ɧɚɣɛɿɥɶɲ ɿɫɬɨɬɧɢɣ ɜɧɟɫɨɤ ɞɚɸɬɶ ɤɜɚɧɬɨɜɿ ɟɮɟɤɬɢ. ɇɚ ɪɢɫɭɧɤɭ β.η ɩɨɪɿɜɧɸɸɬɶɫɹ 

ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɡ 

ɞɚɧɢɦɢ Дθ0Ж. Ɍɚɤ ɫɚɦɨ, ɹɤ ɿ ɞɥɹ ɦɨɥɹɪɧɨɝɨ ɨɛ'єɦɭ, ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɞɨɛɪɟ 

ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ. 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ, ɳɨ ɧɚɜɟɞɟɧɿ ɧɚ 

ɪɢɫɭɧɤɭ β.η, ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɞɨɫɥɿɞɧɢɦɢ ɜ ɦɟɠɚɯ ɩɨɯɢɛɤɢ ɜɢɦɿɪɸɜɚɧɶ, ɳɨ ɦɨɠɟ 

ɜɜɚɠɚɬɢɫɹ ɛɿɥɶɲ ɧɿɠ ɡɚɞɨɜɿɥɶɧɢɦ ɞɥɹ ɬɟɨɪɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ, ɳɨ ɧɟ ɦɿɫɬɢɬɶ 

ɩɿɞɝɿɧɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. Ɇɚɤɫɢɦɚɥɶɧɿ ɪɨɡɛɿɠɧɨɫɬɿ ɤɨɟɮɿɰɿєɧɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ ɨɰɿɧɟɧɿ ɜ 4,3 %. Ɉɞɧɚɤ ɫɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɰɹ ɜɟɥɢɱɢɧɚ ɯɚɪɚɤɬɟɪɢɡɭє 

ɜɿɞɦɿɧɧɿɫɬɶ ɜ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɿ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ ɬɿɥɶɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ, ɛɥɢɡɶɤɨʀ 

ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ. ɉɪɢ ɛɿɥɶɲ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɭɡɝɨɞɠɟɧɧɹ 
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ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɿ ɞɨɫɥɿɞɧɢɯ ɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿєɧɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɡɧɚɱɧɨ 

ɤɪɚɳɟ. 

ɇɚ ɪɢɫɭɧɤɭ β.θ ɩɪɟɞɫɬɚɜɥɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ 

ɿɡɨɯɨɪɧɨʀ ɬɟɩɥɨєɦɧɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɡ ɞɚɧɢɦɢ, ɧɚɜɟɞɟɧɢɦɢ 

ɜ ɪɨɛɨɬɿ Д56Ж. ɇɚ ɿɡɨɯɨɪɧɭ ɬɟɩɥɨєɦɧɿɫɬɶ ɿ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ, ɧɚ 

ɜɿɞɦɿɧɭ ɜɿɞ ɤɨɟɮɿɰɿєɧɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ, ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɫɢɥɶɧɨ ɜɩɥɢɜɚɸɬɶ ɤɜɚɧɬɨɜɿ, ɚ ɩɪɢ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ – ɚɧɝɚɪɦɨɧɿɱɧɿ ɟɮɟɤɬɢ. 

əɤ ɜɢɞɧɨ, ɬɭɬ ɭɡɝɨɞɠɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɫɚɦɟ ɜ ɨɛɥɚɫɬɿ ɜɿɞɧɨɫɧɨ ɜɢɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ. Ɇɚɤɫɢɦɚɥɶɧɿ ɪɨɡɛɿɠɧɨɫɬɿ ɧɚɲɢɯ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɞɚɧɢɯ ɩɨ 

ɬɟɩɥɨєɦɧɨɫɬɿ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ ɞɚɧɢɯ ɪɨɛɨɬɢ Д60Ж ɫɤɥɚɞɚɸɬɶ ɩɪɢɛɥɢɡɧɨ 7 %. ȼ 

ɰɿɥɨɦɭ ɭɡɝɨɞɠɟɧɧɹ ɪɨɡɪɚɯɭɧɤɭ ɿ ɟɤɫɩɟɪɢɦɟɧɬɭ ɡɚ ɤɨɟɮɿɰɿєɧɬɨɦ ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ (ɪɢɫɭɧɨɤ β.4) ɿ ɬɟɩɥɨєɦɧɨɫɬɿ (ɪɢɫɭɧɨɤ β.θ) ɦɨɠɧɚ ɨɰɿɧɢɬɢ ɹɤ ɞɨɛɪɟ, 

ɜɪɚɯɨɜɭɸɱɢ ɬɭ ɨɛɫɬɚɜɢɧɭ, ɳɨ ɜɨɧɢ ɜɢɪɚɠɚɸɬɶɫɹ ɱɟɪɟɡ ɞɪɭɝɿ ɩɨɯɿɞɧɿ ɜɿɥɶɧɨʀ 

ɟɧɟɪɝɿʀ ɩɨ ɬɟɦɩɟɪɚɬɭɪɿ ɬɚ ɝɭɫɬɢɧɿ. Ⱦɨ ɬɨɝɨ ɠ ɰɿ ɜɟɥɢɱɢɧɢ ɹɜɥɹɸɬɶ ɫɨɛɨɸ ɬɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɿɜ, ɹɤɿ ɧɚɣɛɿɥɶɲɨɸ ɦɿɪɨɸ ɫɯɢɥɶɧɿ ɞɨ ɜɩɥɢɜɭ ɤɜɚɧɬɨɜɢɯ 

ɟɮɟɤɬɿɜ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɹɤɿ ɧɟ ɜɪɚɯɨɜɭɸɬɶɫɹ ɜ ɪɚɦɤɚɯ ɬɢɯ 

ɬɟɨɪɟɬɢɱɧɢɯ ɦɨɞɟɥɟɣ, ɹɤɿ ɡɚɫɬɨɫɨɜɚɧɿ ɞɥɹ ɩɨɛɭɞɨɜɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɜ ɪɨɛɨɬɿ 

ɪɿɜɧɹɧɶ ɫɬɚɧɭ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɬɟɨɪɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, 

ɜɢɡɧɚɱɟɧɟ ɪɿɜɧɹɧɧɹɦɢ (β.10–β.1β), ɳɨ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭє ɫɩɟɰɿɚɥɶɧɨ ɩɿɞɝɿɧɧɢɯ 

ɩɚɪɚɦɟɬɪɿɜ, ɞɨɡɜɨɥɹє ɞɨɫɢɬɶ ɧɚɞɿɣɧɨ ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɮɭɧɤɰɿʀ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɮɚɡɢ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ. 
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Ɋɢɫɭɧɨɤ β.θ – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɿɡɨɯɨɪɧɨʀ ɬɟɩɥɨєɦɧɨɫɬɿ 

ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ (ɫɭɰɿɥɶɧɚ ɥɿɧɿɹ) ɿ ɞɚɧɢɯ ɪɨɛɨɬɢ Д60Ж ɧɚ ɥɿɧɿʀ 

ɫɭɛɥɿɦɚɰɿʀ (ɪɨɦɛɢ) 

 

Ɇɨɠɥɢɜɨɫɬɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɦɟɬɚɧɭ, ɨɬɪɢɦɚɧɨɝɨ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ 

ɡɛɭɪɟɧɧɹ ɿ ɹɤɟ ɧɟ ɡɚɥɭɱɚє ɞɨɫɥɿɞɧɿ ɞɚɧɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ, ɞɨɡɜɨɥɹɸɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɣɨɝɨ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ, ɞɟ 

ɬɟɨɪɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɨɫɨɛɥɢɜɨ ɩɪɢɜɚɛɥɢɜɨ. ɉɪɢ ɰɶɨɦɭ ɦɨɥɹɪɧɢɣ ɨɛ’єɦ 

ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɩɪɨɝɧɨɡɭєɬɶɫɹ ɡ ɩɨɯɢɛɤɨɸ ɜ (0,6–0,8) % ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɢ γ00 Ʉ. Ɉɛɥɚɫɬɶ ɡɦɿɧɢ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 100 Ʉ ɞɨ 

300 Ʉ ɿ ɬɢɫɤɭ ɞɨ 10 Ƚɉɚ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɨɛɥɚɫɬɿ ɿɫɧɭɜɚɧɧɹ ɮɚɡɢ I ɧɚ ɮɚɡɨɜɿɣ 

ɞɿɚɝɪɚɦɿ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ 

(ɦɨɥɹɪɧɨɝɨ ɨɛ’єɦɭ v, ɟɧɬɚɥɶɩɿʀ h, ɟɧɬɪɨɩɿʀ s, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ 
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 P ɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T, ɚ ɬɚɤɨɠ ɬɟɩɥɨєɦɧɨɫɬɟɣ cV ɿ cP) ɜ ɿɧɬɟɪɜɚɥɿ 

ɬɟɦɩɟɪɚɬɭɪ 90 – 300 Ʉ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɜ ɬɚɛɥɢɰɿ 2.4 ɿ ɜ 

ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɬɚ ɬɢɫɤɿɜ ɜ ɞɨɞɚɬɤɭ ɞɨ ɞɢɫɟɪɬɚɰɿʀ ɜ ɬɚɛɥɢɰɿ A1. 

Ɇɚє ɫɟɧɫ ɩɟɪɟɜɿɪɢɬɢ, ɧɚɫɤɿɥɶɤɢ ɱɭɬɥɢɜɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɞɨ ɜɢɛɨɪɭ 

ɬɢɯ ɱɢ ɿɧɲɢɯ ɡɧɚɱɟɧɶ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ. 

 

Ɍɚɛɥɢɰɹ 2.4 – Ɋɨɡɪɚɯɭɧɨɤ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ 

ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

T, K p, 

Ɇɉɚ 
v, 

ɫɦ3/ɦɨɥɶ 
h, 

ɤȾɠ /ɦɨɥɶ 
s,  Ⱦɠ / 

(ɦɨɥɶ·K) 
P, 

1/ɤK 

T, 

1/Ƚɉɚ 
CP,  Ⱦɠ / 

(ɦɨɥɶ·K) 
100 38 33,54 1,51 2,230 1,456 0,7371 32,306 
110 81 33,01 3,15 4,204 1,241 0,6288 32,168 
120 127 32,51 4,86 5,961 1,074 0,5437 32,041 
130 175 32,03 6,63 7,544 0,942 0,4756 31,921 
140 227 31,58 8,46 8,981 0,835 0,4203 31,809 
150 281 31,16 10,34 10,296 0,747 0,3747 31,705 
160 337 30,76 12,28 11,508 0,674 0,3367 31,614 
170 397 30,38 14,28 12,631 0,613 0,3046 31,537 
180 458 30,01 16,32 13,677 0,560 0,2773 31,478 
190 522 29,67 18,41 14,657 0,514 0,2537 31,439 
200 589 29,33 20,55 15,579 0,474 0,2333 31,419 
210 657 29,02 22,74 16,450 0,439 0,2155 31,42 
220 729 28,71 24,97 17,277 0,408 0,1998 31,44 
230 802 28,42 27,24 18,066 0,38 0,1859 31,476 
240 878 28,14 29,56 18,819 0,356 0,1735 31,526 
250 956 27,87 31,92 19,541 0,334 0,1624 31,585 
260 1036 27,61 34,32 20,235 0,314 0,1525 31,648 
270 1118 27,36 36,76 20,903 0,296 0,1435 31,711 
280 1202 27,12 39,23 21,547 0,280 0,1354 31,766 
290 1289 26,88 41,75 22,167 0,266 0,128 31,809 
300 1378 26,66 44,30 22,765 0,254 0,1213 31,832 
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ɇɚ ɪɢɫɭɧɤɭ β.7 ɞɚɧɿ ɪɨɡɪɚɯɭɧɤɭ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ 

ɞɚɧɢɦɢ ɑɟɧɝɚ ɬɚ ɫɩɿɜɚɜɬɨɪɿɜ Д57Ж ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. ȼɢɞɧɨ, ɳɨ ɩɚɪɚɦɟɬɪɢ 

İ/k = 148 Ʉ ɿ σ = 3,817 й, ɪɟɤɨɦɟɧɞɨɜɚɧɿ ɞɥɹ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ Д65Ж, ɞɚɸɬɶ 

ɡɚɞɨɜɿɥɶɧɟ ɭɡɝɨɞɠɟɧɧɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɨɦ ɭɡɞɨɜɠ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ  ɞɨ 10 

ɤɛɚɪ. 

 

 

 

Ɋɢɫɭɧɨɤ β.7 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɬɢɫɤɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ ɑɟɧɝɚ 

   – ɪɨɡɪɚɯɭɧɨɤ ɡ ɩɚɪɚɦɟɬɪɨɦ σ = 3,817 й,   – ɪɨɡɪɚɯɭɧɨɤ ɡ 

ɩɚɪɚɦɟɬɪɨɦ σ = 3,77 й,   – ɞɚɧɿ ɑɟɧɝɚ ɬɚ ɫɩɿɜɚɜɬɨɪɿɜ Дη7Ж 
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ɇɚ ɪɢɫɭɧɤɭ β.8 ɩɨɤɚɡɚɧɿ ɧɚɲɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɡ ɞɜɨɦɚ ɧɚɛɨɪɚɦɢ 

ɩɚɪɚɦɟɬɪɿɜ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɹɤɿ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ 

ɋɬɸɚɪɬɚ [56] ɧɚ ɿɡɨɬɟɪɦɿ 77 Ʉ. 

 

 

Ɋɢɫɭɧɨɤ 2.8 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɧɚ ɿɡɨɬɟɪɦɿ Ɍ = 77 Ʉ 

ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɋɬɸɚɪɬɚ  

 – ɪɨɡɪɚɯɭɧɨɤ ɡ ɩɚɪɚɦɟɬɪɨɦ σ = 3,817 й,   – ɪɨɡɪɚɯɭɧɨɤ ɡ 

ɩɚɪɚɦɟɬɪɨɦ σ = 3,77 й,   – ɞɚɧɿ ɋɬɸɚɪɬɚ ДηθЖ 

 

ɇɚ ɰɿɣ ɿɡɨɬɟɪɦɿ ɧɚɣɤɪɚɳɟ ɭɡɝɨɞɠɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɪɢ ɩɚɪɚɦɟɬɪɿ 

σ = 3,77 й, ɯɨɱɚ ɞɚɧɿ Дη6Ж ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɡɧɚɱɧɨɸ ɧɟɬɨɱɧɿɫɬɸ. əɤ ɜɠɟ 

ɡɝɚɞɭɜɚɥɨɫɹ ɜɢɳɟ, ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ 

ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ ɛɭɥɢ ɩɪɢɣɧɹɬɿ ɩɚɪɚɦɟɬɪɢ: İ/k = 148 Ʉ ɿ σ = 3,77 й, ɚ ɜɿɞɧɟɫɟɧɢɣ 
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ɞɨ ɰɢɯ ɡɧɚɱɟɧɶ ɡɜɟɞɟɧɢɣ ɨɤɬɭɩɨɥɶɧɢɣ ɦɨɦɟɧɬ ɦɨɥɟɤɭɥɢ ɋɇ4 ɞɨɪɿɜɧɸє 

Ω* = 0,308. 

Ɂɚ ɩɨɱɚɬɨɤ ɜɿɞɥɿɤɭ ɤɚɥɨɪɢɱɧɢɯ ɮɭɧɤɰɿɣ ɩɪɢɣɧɹɬɿ ʀɯ ɡɧɚɱɟɧɧɹ ɜ ɩɨɬɪɿɣɧɿɣ 

ɬɨɱɰɿ. Ɍɟɦɩɟɪɚɬɭɪɧɚ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɞɥɹ ɦɟɬɚɧɭ pm(Ɍ) 

ɡɚɩɨɡɢɱɟɧɚ ɡ ɪɨɛɨɬɢ ɑɟɧɝɚ ɿ ɫɩɿɜɚɜɬɨɪɿɜ Д57Ж, ɜ ɹɤɿɣ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ 

ɧɚɜɟɞɟɧɿ ɞɨ 10 ɤɛɚɪ. Ɋɨɡɪɚɯɭɧɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɛɭɥɢ ɜɢɤɨɧɚɧɿ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɿ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɰɶɨɝɨ ɜɧɟɫɤɭ, ɳɨ 

ɞɨɡɜɨɥɢɥɨ ɨɰɿɧɢɬɢ ɜɧɟɫɨɤ ɰɿєʀ ɜɡɚєɦɨɞɿʀ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ. 

ȼɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ɪɿɡɧɢɰɹ ɜ 

ɪɨɡɪɚɯɭɧɤɚɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ, ɜɢɤɨɧɚɧɢɯ ɡ ɜɧɟɫɤɨɦ ɿ ɛɟɡ ɜɧɟɫɤɭ 

ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɜɧɟɫɤɭ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ 

ɫɭɛɥɿɦɚɰɿʀ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ 2.5. 

 

Ɍɚɛɥɢɰɹ 2.5 – Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɜɧɟɫɤɭ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ 

T, K 
v, 

ɫɦ3/ɦɨɥɶ 
įv,  
% 

įαP,  
% 

įȕT, 
 % 

įcV, 
 % 

40 30,57 –1,5 66,0 –2,51 36,0 

50 30,95 –1,0 40,3 1,45, 17,2 

60 31,36 –0,7 26,8 4,03, 6,7 

70 31,78 –0,3 19,0 6,21, 0,7 

80 32,25 –0,3 14,9 8,20, –4,1 

90 32,77 –0,1 8,0 8,61, –6,2 
 

ɇɚɣɛɿɥɶɲɢɣ ɿɧɬɟɪɟɫ ɡ ɬɨɱɤɢ ɡɨɪɭ ɨɰɿɧɤɢ ɜɧɟɫɤɭ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɩɪɟɞɫɬɚɜɥɹɸɬɶ 

ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ (ɬɨɛɬɨ ɩɪɢ ɬɢɫɤɭ, ɛɥɢɡɶɤɨɦɭ ɞɨ 

ɚɬɦɨɫɮɟɪɧɨɝɨ, ɤɨɥɢ ɚɛɫɨɥɸɬɧɚ ɜɟɥɢɱɢɧɚ ɬɢɫɤɭ ɧɟ ɜɩɥɢɜɚє ɧɚ ɜɥɚɫɬɢɜɨɫɬɿ 

ɤɪɢɫɬɚɥɚ) ɿ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɨɫɤɿɥɶɤɢ ʀɯ ɡɿɫɬɚɜɥɟɧɧɹ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɡɪɨɡɭɦɿɬɢ 
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ɪɨɥɶ ɟɮɟɤɬɿɜ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ ɧɚ ɜɧɟɫɨɤ ɧɟɰɟɧɬɪɚɥɶɧɢɯ ɫɢɥ ɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɢɯ ɬɿɥ. 

Ɍɚɛɥɢɰɹ 2.5 ɿɥɸɫɬɪɭє ɰɟɣ ɜɧɟɫɨɤ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɦɟɬɚɧɭ CH4. Ɍɭɬ 

ɩɪɟɞɫɬɚɜɥɟɧɿ ɜɿɞɧɨɫɧɿ ɜɧɟɫɤɢ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɞɨ ɦɨɥɹɪɧɨɝɨ 

ɨɛ’єɦɭ v, ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P : 

    
0

0

P P

P
P

     ,       (2.14) 

ɞɟ  0
P  ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ CH4, ɨɛɱɢɫɥɟɧɢɣ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ 

ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ. 

ȼɿɞɩɨɜɿɞɧɨ ɜɿɞɧɨɫɧɿ ɜɧɟɫɤɢ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ ɤɨɟɮɿɰɿєɧɬ 

ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T , ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɿ β.4, 

ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 

    
0

0

T T

T
T

     ,        (2.15) 

 

ɞɟ  0
T – ɤɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ CH4, ɨɛɱɢɫɥɟɧɢɣ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ 

ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ ɜ ɧɶɨɝɨ. 

Ⱥɧɚɥɨɝɿɱɧɨ ɛɭɜ ɜɢɡɧɚɱɟɧɢɣ ɿ ɜɿɞɧɨɫɧɢɣ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ ɜ ɿɡɨɯɨɪɧɭ ɬɟɩɥɨєɦɧɿɫɬɶ CV  (ɨɫɬɚɧɧɹ ɤɨɥɨɧɤɚ ɬɚɛɥɢɰɿ β.4): 

    
0

V

0V

V

V

C C
C

C

  ,       (2.16) 

ɞɟ  0
VC  – ɿɡɨɯɨɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ ɦɟɬɚɧɭ, ɨɛɱɢɫɥɟɧɚ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ ɩɪɢ ɬɿɣ ɠɟ ɝɭɫɬɢɧɿ ɬɚ ɬɟɦɩɟɪɚɬɭɪɿ. 
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Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɢɠɱɟ ɜ 

ɬɚɛɥɢɰɿ 2.6. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɬɚɛɥɢɰɿ 2.5, ɜ ɬɚɛɥɢɰɿ 2.6 ɧɚɜɟɞɟɧɿ ɡɧɚɱɟɧɧɹ 

ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɬɢɫɤɭ ɿ ɜɟɥɢɱɢɧ ɹɤ ɚɛɫɨɥɸɬɧɨɝɨ      0P P V T P V T  , , , ɬɚɤ ɿ 

ɜɿɞɧɨɫɧɨɝɨ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ ɜ ɪɨɡɪɚɯɭɧɤɨɜɢɣ ɬɢɫɤ ɹɤ ɮɭɧɤɰɿɸ 

ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɨɛ'єɦɭ: 

 0
PP

P
  ,        (2.17) 

ɞɟ    0P V T,  – ɬɢɫɤ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ, ɪɨɡɪɚɯɨɜɚɧɢɣ ɡɚ ɬɿєɸ ɠɟ ɬɟɦɩɟɪɚɬɭɪɨɸ ɬɚ 

ɨɛ’єɦɨɦ, ɚɥɟ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɝɨ ɜɧɟɫɤɭ. (ɇɟɨɛɯɿɞɧɿɫɬɶ ɜ 

ɨɰɿɧɰɿ ɚɛɫɨɥɸɬɧɨɝɨ ɜɧɟɫɤɭ ɧɟɰɟɧɬɪɚɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜɢɧɢɤɚє ɜ ɡɜ'ɹɡɤɭ ɡ ɬɢɦ, ɳɨ 

ɩɪɢ ɧɢɡɶɤɨɦɭ ɬɢɫɤɭ ɡɧɚɦɟɧɧɢɤ ɜ (β.17) ɩɪɹɦɭє ɞɨ ɧɭɥɹ). 

 

Ɍɚɛɥɢɰɹ 2.6 – Ɋɨɡɪɚɯɭɧɨɤ ɜɧɟɫɤɭ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

T, K 
v, 

ɫɦ3/ɦɨɥɶ 
Δp, 
Ƚɉɚ 

įp, % įcv /R, % įαP, % įȕT , % 

90,7 32,87 –0,008 – 43,9 27,5 9,5 

111,3 31,75 –0,013 –15,0 30,1 20,1 6,5 

131,8 30,92 –0,015 –8,1 18,3 36,6 11,9 

157,0 29,97 –0,011 –3,4 27,3 23,8 8,2 

180,4 29,09 –0,009 –1,9 14,9 6,2 1,0 

212,9 28,16 –0,009 –1,3 12,4 2,7 –0,4 

237,6 27,47 –0,010 –1,2 10,1 4,0 0,5 

260,9 26,88 –0,009 –0,9 12,2 8,2 1,7 

 

əɤ ɜɢɞɧɨ ɡ ɞɚɧɢɯ, ɧɚɜɟɞɟɧɢɯ ɜ ɬɚɛɥɢɰɿ 2.6, ɧɚɣɛɿɥɶɲɢɣ ɜɧɟɫɨɤ ɜɡɚєɦɨɞɿʀ 

ɨɤɬɭɩɨɥɟɣ ɩɪɢ ɧɢɡɶɤɨɦɭ ɬɢɫɤɭ (ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ) ɩɪɨɹɜɥɹєɬɶɫɹ ɩɪɢ ɜɿɞɧɨɫɧɨ 



86 
  
 
ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɿɡ ɡɪɨɫɬɚɧɧɹɦ ɬɢɫɤɭ ɜɿɧ ɡɦɟɧɲɭєɬɶɫɹ. 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ ɿ ɳɟ ɨɞɧɭ ɨɛɫɬɚɜɢɧɭ: ɧɚɣɛɿɥɶɲɟ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ 

ɜɩɥɢɜɚє ɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ ɿ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ. 

ȼ ɰɿɥɨɦɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ 

ɜɢɹɜɥɹєɬɶɫɹ ɦɟɧɲɢɦ, ɧɿɠ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ. Ɇɚɤɫɢɦɚɥɶɧɢɣ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɜ ɬɟɩɥɨєɦɧɿɫɬɶ ɿ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿ ɬɢɫɤɚɯ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɭɡɚɝɚɥɶɧɸɸɱɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɪɟɡɭɥɶɬɚɬɢ, ɦɨɠɧɚ ɜɿɞɡɧɚɱɢɬɢ, 

ɳɨ ɩɪɨɜɟɞɟɧɿ ɜ ɪɨɛɨɬɿ ɨɰɿɧɤɢ ɜɧɟɫɤɿɜ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɩɨɤɚɡɚɥɢ, ɳɨ ɜ ɪɨɡɝɥɹɧɭɬɨɦɭ 

ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɣɨɝɨ ɫɟɪɟɞɧɿɣ ɜɧɟɫɨɤ ɭ ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɚ, ɹɤɿ 

ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ, ɫɬɚɧɨɜɢɬɶ: –0,5 % (ɝɭɫɬɢɧɚ), θ % (ɬɟɩɥɨɜɟ ɪɨɡɲɢɪɟɧɧɹ), –2 % 

(ɫɬɢɫɥɢɜɿɫɬɶ), 7 % (ɬɟɩɥɨєɦɧɿɫɬɶ). 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɨɛ’єɦɭ, ɟɧɟɪɝɿʀ, ɟɧɬɚɥɶɩɿʀ, ɟɧɬɪɨɩɿʀ, ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ, ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɿ ɬɟɩɥɨєɦɧɨɫɬɿ ɹɤ ɬɜɟɪɞɨɝɨ, ɬɚɤ ɿ ɪɿɞɤɨɝɨ 

ɦɟɬɚɧɭ ɜ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ, ɧɚɜɟɞɟɧɿ ɜ Ⱦɨɞɚɬɤɭ Ⱥ. 
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ɊɈɁȾȱɅ 3  

ɊɈɁɊȺɏɍɇɄɂ ɅȱɇȱȲ ɉɅȺȼɅȿɇɇə ɆȿɌȺɇɍ 

 

3.1  Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɪɿɞɤɨʀ ɮɚɡɢ ɦɟɬɚɧɭ 

 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɜɟɥɢɤɢɣ ɩɪɨɝɪɟɫ ɦɨɥɟɤɭɥɹɪɧɢɯ ɬɟɨɪɿɣ ɪɿɞɢɧ, ɞɨɫɹɝɧɭɬɢɣ ɡɚ 

ɨɫɬɚɧɧɿ ɬɪɢ ɞɟɫɹɬɢɥɿɬɬɹ, ɜɩɥɢɜ ɜɫɿɯ ɞɨɫɹɝɧɟɧɶ ɜ ɿɧɠɟɧɟɪɧɿɣ ɩɪɚɤɬɢɰɿ ɛɭɜ ɹɜɧɨ 

ɧɟɞɨɫɬɚɬɧɿɦ. Ɉɞɧɚ ɡ ɩɪɢɱɢɧ ɨɱɟɜɢɞɧɚ: ɡɚɥɟɠɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ ɜɿɞ ɨɛɪɚɧɨʀ 

ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɦɨɞɟɥɿ ɿ ɧɟɡɧɚɧɧɹ ɬɨɱɧɨʀ ɮɨɪɦɢ ɮɚɤɬɢɱɧɨʀ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ. ɓɟ 

ɨɞɧɚ ɩɪɢɱɢɧɚ, ɡɚ ɹɤɨɸ ɿɧɠɟɧɟɪɢ ɧɟɨɯɨɱɟ ɩɪɢɣɦɚɸɬɶ ɬɟɨɪɟɬɢɱɧɿ ɪɟɡɭɥɶɬɚɬɢ, є 

ɡɚɡɜɢɱɚɣ ʀɯ ɫɤɥɚɞɧɿɫɬɶ ɿ, ɳɨ ɳɟ ɛɿɥɶɲ ɜɚɠɥɢɜɨ, ɧɟɞɨɫɬɚɬɧɹ ɬɨɱɧɿɫɬɶ. Ɋɚɧɿɲɟ ɩɪɢ 

ɩɪɨɜɟɞɟɧɧɿ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜɞɚɜɚɥɢɫɹ ɞɨ ɟɦɩɿɪɢɱɧɢɯ 

ɪɿɜɧɹɧɶ, ɧɚɩɪɢɤɥɚɞ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ Ȼɟɧɟɞɢɤɬɚ – ȼɟɛɛɚ – Ɋɭɛɿɧɚ ɡ 33 ɩɿɞɝɿɧɧɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ. 

Ɉɫɤɿɥɶɤɢ ɜ ɨɫɬɚɧɧɿ ɪɨɤɢ ɫɬɚɥɚ ɛɟɡɫɭɦɧɿɜɧɨɸ ɤɨɪɢɫɧɿɫɬɶ ɫɬɚɬɢɫɬɢɤɨ-

ɦɟɯɚɧɿɱɧɢɯ ɬɟɨɪɿɣ ɪɿɞɢɧ, ɫɶɨɝɨɞɧɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɛɿɥɶɲ ɬɟɨɪɟɬɢɱɧɨ 

ɨɛґɪɭɧɬɨɜɚɧɢɣ ɩɿɞɯɿɞ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɡɚɩɢɫɭɜɚɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɭ ɜɢɝɥɹɞɿ 

ɪɨɡɤɥɚɞɚɧɧɹ ɡɚ ɡɛɭɪɟɧɧɹɦ ɡ ɨɩɨɪɧɨɸ ɫɢɫɬɟɦɨɸ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɫɢɫɬɟɦɿ ɡ 

ɤɨɪɨɬɤɨɞɿɸɱɢɦɢ ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɢɦɢ ɫɢɥɚɦɢ, ɚ ɛɿɥɶɲ ɞɚɥɟɤɨɞɿɣɧɿ (ɧɚɩɪɢɤɥɚɞ, 

ɞɢɫɩɟɪɫɿɣɧɿ) ɫɢɥɢ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɹɤ ɡɛɭɪɟɧɧɹ. 

ɉɨɬɟɧɰɿɚɥ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (1β-6) є ɧɚɣɩɨɩɭɥɹɪɧɿɲɨɸ ɿ ɜɢɞɚɬɧɨɸ 

ɦɨɞɟɥɥɸ ɫɟɪɟɞ ɭɫɿɯ ɪɟɚɥɿɫɬɢɱɧɢɯ ɩɨɬɟɧɰɿɚɥɶɧɢɯ ɦɨɞɟɥɟɣ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 

ɜ ɬɟɨɪɿɹɯ ɪɿɞɢɧ. ȼɿɧ ɩɪɚɰɸє ɞɨɫɢɬɶ ɞɨɛɪɟ ɩɪɢ ɧɨɪɦɚɥɶɧɢɯ ɭɦɨɜɚɯ, ɬɚɤ ɹɤ 

ɜɪɚɯɨɜɭє ɹɤ ɜɿɞɲɬɨɜɯɭɜɚɥɶɧɢɣ, ɬɚɤ ɿ ɩɪɢɬɹɝɚɥɶɧɢɣ ɜɧɟɫɤɢ ɮɚɤɬɢɱɧɢɯ ɜɡɚєɦɨɞɿɣ 

ɦɿɠ ɦɨɥɟɤɭɥɚɦɢ ɩɪɨɫɬɢɯ ɪɿɞɢɧ. 

Ɍɚɤ, ɜ ɪɨɛɨɬɿ Ʉɨɥɚɮɢ ɿ ɇɟɡɛɟɞɢ (J. Kolafa and I. Nezbeda) [96Ж ɚɜɬɨɪɢ 

ɩɨɫɬɚɜɢɥɢ ɡɚɜɞɚɧɧɹ, ɤɿɧɰɟɜɨɸ ɦɟɬɨɸ ɹɤɨɝɨ ɛɭɥɨ ɩɨɤɚɡɚɬɢ, ɳɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ ɦɨɠɭɬɶ ɛɭɬɢ ɨɩɢɫɚɧɿ ɚɧɚɥɿɬɢɱɧɨ ɡ 
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ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɬɜɟɪɞɢɯ ɫɮɟɪ ɡ ɬɨɱɧɿɫɬɸ ɤɪɚɳɨɸ 

ɚɛɨ, ɩɪɢɧɚɣɦɧɿ, ɩɨɪɿɜɧɹɧɧɨɸ ɡ ɱɢɫɬɨ ɟɦɩɿɪɢɱɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ. 

Ⱥɜɬɨɪɚɦɢ ɪɨɛɨɬɢ [96Ж ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɧɨɜɟ ɚɧɚɥɿɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ 

ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ. ɉɿɞɯɿɞ ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɤɨɧɰɟɩɰɿʀ, ɜ ɹɤɿɣ ɪɿɜɧɹɧɧɹ 

ɫɬɚɧɭ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ ɦɚє ɬɟɨɪɟɬɢɱɧɢɣ ɜɢɝɥɹɞ, ɞɨ ɹɤɨɝɨ ɞɨɥɭɱɟɧɨ ɟɦɩɿɪɢɱɧɢɣ 

ɩɨɩɪɚɜɨɱɧɢɣ ɱɥɟɧ. Ɋɿɜɧɹɧɧɹ ɨɯɨɩɥɸє ɧɚɛɚɝɚɬɨ ɲɢɪɲɢɣ ɞɿɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ 

ɫɟɦɢɤɪɚɬɧɨʀ ɤɪɢɬɢɱɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ), ɧɿɠ ɿɫɧɭɸɱɿ ɪɿɜɧɹɧɧɹ, ɡɧɚɱɧɨ ɛɿɥɶɲ ɬɨɱɧɟ ɿ 

ɦɚє ɦɟɧɲɟ ɩɚɪɚɦɟɬɪɿɜ, ɧɿɠ ɧɚɣɤɪɚɳɿ ɪɿɜɧɹɧɧɹ ɞɨɫɬɭɩɧɿ ɧɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ, ɹɤ 

ɧɚɩɪɢɤɥɚɞ, ɦɨɞɢɮɿɤɨɜɚɧɟ ɪɿɜɧɹɧɧɹ Ȼɟɧɟɞɢɤɬɚ – ȼɟɛɛɚ – Ɋɭɛɿɧɚ. 

ȼ ɪɨɛɨɬɿ [96Ж ɬɚɤɨɠ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɜɢɫɨɤɨɬɨɱɧɿ ɚɧɚɥɿɬɢɱɧɿ ɤɨɪɟɥɹɰɿʀ ɞɿɚɦɟɬɪɿɜ 

ɠɨɪɫɬɤɨʀ ɫɮɟɪɢ Ȼɚɪɤɟɪɚ – ɏɟɧɞɟɪɫɨɧɚ ɿ ɍɿɤɫɚ – ɑɚɧɞɥɟɪ – Ⱥɧɞɟɪɫɟɧɚ.  

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɡ ɪɨɛɨɬɢ Д96] ɞɟɬɚɥɶɧɨ ɨɛɝɨɜɨɪɸєɬɶɫɹ ɧɢɠɱɟ, ɬɨɦɭ ɳɨ ɫɚɦɟ 

ɰɟ ɪɿɜɧɹɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ ɪɨɛɨɬɿ ɹɤ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ ɞɥɹ 

ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ Д97]. 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ 

ɞɨɛɪɟ ɪɨɡɜɢɧɟɧɚ ɬɟɪɦɨɞɢɧɚɦɿɱɧɚ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ. ȼ ɹɤɨɫɬɿ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ ɛɭɜ 

ɨɛɪɚɧɢɣ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɢɣ ɮɥɸʀɞ, ɚ ɜ ɹɤɨɫɬɿ ɡɛɭɪɟɧɧɹ – ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ. Ⱦɥɹ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ ɪɿɞɤɨɝɨ 

ɦɟɬɚɧɭ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɚ ɬɟɨɪɿɹ ɡɛɭɪɟɧɧɹ ɜ ɬɿɣ ɫɚɦɿɣ ɮɨɪɦɿ, ɜ 

ɹɤɿɣ ɛɭɥɚ ɜɢɤɨɪɢɫɬɚɧɚ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɮɚɡɢ ɦɟɬɚɧɭ ɜ 

ɪɨɡɞɿɥɿ β.γ. 

ɇɚɣɤɪɚɳɢɣ ɨɩɢɫ ɞɚɧɢɯ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ ɞɚє ɧɚɫɬɭɩɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɡɜɟɞɟɧɨʀ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ 

Ƚɟɥɶɦɝɨɥɶɰɚ, ɡɚɩɪɨɩɨɧɨɜɚɧɟ ɜ ɪɨɛɨɬɿ Д96]: 

      2
2

2
       ** * * * * *

,

,
iɫɮ j

HS HS ij
i j

f T f e T B C T .       (3.1) 
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Ɋɿɜɧɹɧɧɹ ɞɥɹ ɡɜɟɞɟɧɨʀ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ 
 ɫɮf  ɹɤ ɮɭɧɤɰɿʀ 

ɡɜɟɞɟɧɨʀ ɝɭɫɬɢɧɢ ρ* ɿ ɡɜɟɞɟɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ Ɍ* = ФɌ/ ɜɤɥɸɱɚє ɨɫɧɨɜɧɢɣ ɜɧɟɫɨɤ 

fHS (Ș), ɹɤɢɣ ɩɪɟɞɫɬɚɜɥɹє ɫɨɛɨɸ ɡɜɟɞɟɧɭ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ Ƚɟɥɶɦɝɨɥɶɰɚ ɪɿɞɤɨʀ 

ɫɢɫɬɟɦɢ ɬɜɟɪɞɢɯ ɫɮɟɪ ɡ ɩɚɪɚɦɟɬɪɨɦ ɭɩɚɤɨɜɤɢ   (Ș = πρ * / 6). 

Ⱦɪɭɝɢɣ ɱɥɟɧ ɜ ɩɪɚɜɿɣ ɱɚɫɬɢɧɿ ɪɿɜɧɹɧɧɹ (γ.1) ΔB2,HS ɩɪɟɞɫɬɚɜɥɹє ɜɧɟɫɨɤ 

ɬ.ɡɜ. «ɡɚɥɢɲɤɨɜɨɝɨ» ɞɪɭɝɨɝɨ ɜɿɪɿɚɥɶɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ, ɳɨ ɜɪɚɯɨɜɭє ɪɿɡɧɢɰɸ ɦɿɠ 

ɞɪɭɝɢɦɢ ɜɿɪɿɚɥɶɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ ɿ ɫɢɫɬɟɦɢ 

ɠɨɪɫɬɤɢɯ ɫɮɟɪ. Ɉɫɬɚɧɧɹ ɫɭɦɚ ɜɪɚɯɨɜɭє ɜɫɿ ɿɧɲɿ ɜɧɟɫɤɢ ɜ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ 

Ƚɟɥɶɦɝɨɥɶɰɚ. Ɋɿɜɧɹɧɧɹ (γ.1) ɞɨɫɢɬɶ ɬɨɱɧɨ ɜɿɞɬɜɨɪɸє ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ 

ɦɨɞɟɥɶɧɨʀ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɪɿɞɢɧɢ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɝɭɫɬɢɧɢ ɩɪɢ 

ɡɜɟɞɟɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ Ɍ * =3.  

ȼ ɬɚɛɥɢɰɿ γ.1 ɩɪɟɞɫɬɚɜɥɟɧɿ  ɤɨɟɮɿɰɿєɧɬɢ Ci j  ɪɿɜɧɹɧɧɹ (γ.1), ɹɤɿ ɧɚɜɟɞɟɧɿ ɜ 

ɪɨɛɨɬɿ Ʉɨɥɚɮɢ ɿ ɇɟɡɛɟɞɢ [96]. 

 

Ɍɚɛɥɢɰɹ γ.1 – Ʉɨɟɮɿɰɿєɧɬɢ ɩɚɪɚɦɟɬɪɢɡɚɰɿʀ ɞɿɚɦɟɬɪɚ ɠɨɪɫɬɤɨʀ ɫɮɟɪɢ ɿ 

ɡɚɥɢɲɤɨɜɨɝɨ ɞɪɭɝɨɝɨ ɜɿɪɿɚɥɶɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ Д95] 

i j Ci j   i j Ci j   i j Ci j  

0 2 2,01546797 –1 5 93,92740328 –4 2 –13,37031968 

0 3 –28,17881636 –1 6 –27,37737354 –4 3 65,38059570 

0 4 28,28313847 –2 2 29,34470520 –4 4 –115,09233113 

0 5 –10,42402873 –2 3 –112,35356937 –4 5 88,91973082 

–1 2 –19,58371655 –2 4 170,64908980 –4 6 –25,62099890 

–1 3 75,62340289 –2 5 –123,06669187  

–1 4 –120,70586598 –2 6 34,42288969 Ȗ 1,92907278 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ γ.1 

dhBH  ΔB2,hBH 

i Ci  i Ci  

–2 0,011117524 –7 –0,58544978 

–1 –0,076383859 –6 0,43102052 

0 1,080142248 –5 0,87361369 

1 0,000693129 –4 –4,13749995 

ln –0,063920968 –3 2,90616279 

 –2 –7,02181962 

0 0,02459877 
 

Ɋɿɜɧɹɧɧɹ Ʉɨɥɚɮɢ ɿ ɇɟɡɛɟɞɢ (γ.1), ɳɨ ɜɢɡɧɚɱɚє ɨɩɨɪɧɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɭ 

ɫɢɫɬɟɦɭ, ɞɨɩɨɜɧɟɧɨ ɩɨɩɪɚɜɤɨɸ ɧɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ. 

      221

2
ɫɮ

ɧɟɫɮ ɧɟɫɮ ɧɟɫɮF V T F V T U U U
kT

          , , ...(3.2) 

Ɍɭɬ F(V,T) – ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ, ɧɟɫɮU  – ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ 

ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ, ɭɫɟɪɟɞɧɟɧɚ ɡɚ ɨɪɿєɧɬɚɰɿɹɦɢ ɬɚ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ ɡ ɰɟɧɬɪɚɥɶɧɨɸ ɜɡɚєɦɨɞɿєɸ. 

Ɉɫɧɨɜɧɢɣ ɜɧɟɫɨɤ ɭ ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ Ƚɟɥɶɦɝɨɥɶɰɚ ɬɚ ɿɧɲɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ 

ɮɭɧɤɰɿʀ ɜɧɨɫɢɬɶ ɩɟɪɲɢɣ ɞɨɞɚɧɨɤ ɪɿɜɧɹɧɧɹ (3.1)    ,ɫɮF V T , ɳɨ ɜɿɞɩɨɜɿɞɚє ɨɩɨɪɧɿɣ 

ɫɢɫɬɟɦɿ. 

ɍɫɟɪɟɞɧɟɧɧɹ ɡɚ ɨɪɿєɧɬɚɰɿɹɦɢ ɩɪɨɜɨɞɢɬɶɫɹ ɬɚɤ ɫɚɦɨ, ɹɤ ɿ ɞɥɹ ɫɢɫɬɟɦɢ 

ɜɿɥɶɧɢɯ ɪɨɬɚɬɨɪɿɜ. ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɭɥɶɬɢɩɨɥɶɧɚ ɫɢɦɟɬɪɿɹ ɧɟɰɟɧɬɪɚɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɬɨɝɨ, ɳɨ ɩɨɩɪɚɜɤɚ ɩɟɪɲɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɧɟɫɮU  

ɨɛɟɪɬɚєɬɶɫɹ ɜ ɧɭɥɶ, ɿ ɨɰɿɧɤɭ ɜɩɥɢɜɭ ɧɟɫɮɟɪɢɱɧɨɫɬɿ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɧɚ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɫɢɫɬɟɦɢ ɞɚє ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɤɜɚɞɪɚɬɚ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ 2 ɧɟɫɮU . 
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əɤ ɿ ɜ ɪɚɡɿ ɤɪɢɫɬɚɥɚ, ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɧɟɫɮɟɪɢɱɧɨʀ ɫɤɥɚɞɨɜɨʀ ɜɡɚєɦɨɞɿʀ 

ɞɨɪɿɜɧɸє ɧɭɥɸ, ɬɨɦɭ ɞɨɫɢɬɶ ɨɰɿɧɢɬɢ ɥɢɲɟ ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɣɨɝɨ ɤɜɚɞɪɚɬɚ: 

ۄ       ۃ          (3.3)ۄ  –  ۃ           

Ɍɭɬ ۄ  –  ۃ – ɭɫɟɪɟɞɧɟɧɟ ɡɧɚɱɟɧɧɹ 14-ɝɨ ɫɬɭɩɟɧɹ ɡɜɟɞɟɧɨʀ ɡɜɨɪɨɬɧɨʀ 

ɜɿɞɫɬɚɧɿ ɦɿɠ ɰɟɧɬɪɚɦɢ ɦɨɥɟɤɭɥ, ɨɛɱɢɫɥɟɧɟ ɡɚ ɜɿɞɨɦɨɸ ɪɚɞɿɚɥɶɧɨɸ ɮɭɧɤɰɿєɸ 

ɪɨɡɩɨɞɿɥɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ 

 14 2
14

2
g r

r r dr
r

  *   

ɬɚ ɚɩɪɨɤɫɢɦɨɜɚɧɟ ɭ ɜɢɝɥɹɞɿ: 

ۄ      ۃ                            ሺ        +                       ሻ   .      (3.4) 

Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɚɧɚɥɿɬɢɱɧɢɣ ɜɢɪɚɡ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɪɨɡɪɚɯɭɜɚɬɢ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɭ ɩɨɩɪɚɜɤɭ ɞɨ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ, ɚ ɬɚɤɨɠ ɞɨ ɜɫɿɯ ɿɧɲɢɯ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɛɢɞɜɚ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ – ɞɥɹ ɤɪɢɫɬɚɥɚ ɿ ɮɥɸʀɞɭ, ɛɭɥɢ 

ɨɬɪɢɦɚɧɿ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɜ ɹɤɿɣ ɤɪɢɫɬɚɥ ɚɛɨ ɪɿɞɢɧɚ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ ɜɢɫɬɭɩɚɸɬɶ ɜ ɹɤɨɫɬɿ ɨɩɨɪɧɨʀ ɫɢɫɬɟɦɢ, ɚ ɨɤɬɭɩɨɥɶ-

ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ є ɡɛɭɪɟɧɧɹɦ. ɇɚɜɟɞɟɧɿ ɜɢɳɟ ɤɚɧɨɧɿɱɧɿ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɨɡɜɨɥɹɸɬɶ ɩɪɨɝɧɨɡɭɜɚɬɢ ɥɿɧɿɸ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ. 

 

3.2 Ɋɨɡɪɚɯɭɧɨɤ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ 

 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɛɭɥɢ ɪɨɡɪɚɯɨɜɚɧɿ ɡɚ 

ɪɿɜɧɹɧɧɹɦɢ (γ.1) – (3.4) ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɜ ɲɢɪɨɤɿɣ ɨɛɥɚɫɬɿ ɩɚɪɚɦɟɬɪɿɜ 

ɫɬɚɧɭ ɡ ɿɧɬɟɪɜɚɥɨɦ ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɦ 100 – 300 Ʉ ɿ ɩɨ ɬɢɫɤɚɦ 1 – 1200 Ɇɉɚ. 
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ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɪɨɡɪɚɯɭɧɤɿɜ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ, ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɪɿɞɤɨʀ ɮɚɡɢ ɜɢɤɨɧɭɜɚɜɫɹ ɩɿɞɛɿɪ ɩɚɪɚɦɟɬɪɿɜ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ. Ɂɦɿɧɸɜɚɥɢ ɧɟ 

ɬɿɥɶɤɢ ɜɟɥɢɱɢɧɭ σ, ɚɥɟ ɿ /k. ɉɿɞɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɡɞɿɣɫɧɸɜɚɥɢ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ 

ɜɿɞɬɜɨɪɢɬɢ ɦɨɥɹɪɧɢɣ ɨɛ'єɦ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ, ɧɚɜɟɞɟɧɢɣ ɭ 

ɦɨɧɨɝɪɚɮɿʀ Д7Ж (ɞɚɧɿ, ɚɬɟɫɬɨɜɚɧɿ Ⱦɟɪɠɫɬɚɧɞɚɪɬɨɦ). Ɋɨɡɪɚɯɭɧɤɢ ɛɭɥɢ ɧɚɣɛɿɥɶɲ 

ɭɫɩɿɲɧɿ ɞɥɹ ɧɚɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ /k = 145 K ɿ σ = 3,725 й, ɛɥɢɡɶɤɢɦ ɞɨ ɬɢɯ, ɳɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɱɧɨʀ ɮɚɡɢ. 

ɇɢɠɱɟ ɜɢɤɨɧɚɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɝɭɫɬɢɧɢ ɡɚ 

ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɡ ɞɚɧɢɦɢ ɪɨɛɿɬ Д7, 13]. 

ɍ ɬɚɛɥɢɰɿ γ.β ɩɪɟɞɫɬɚɜɥɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɧɹ ɝɭɫɬɢɧɢ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ 

ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ ɡ ɞɚɧɢɦɢ ДβЖ, ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ ɜɢɤɨɪɢɫɬɚɧɿ ɧɚɜɟɞɟɧɿ ɜɢɳɟ 

ɩɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɭ ɪɨɛɨɬɿ Д7] 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜɿɞɨɦɟ єɞɢɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɟɬɚɧɭ, ɩɪɟɞɫɬɚɜɥɟɧɟ ɭ ɜɢɝɥɹɞɿ 

ɩɨɞɜɿɣɧɨɝɨ ɪɨɡɤɥɚɞɚɧɧɹ ɫɬɢɫɥɢɜɨɫɬɿ ɡɚ ɫɬɭɩɟɧɹɦɢ ɝɭɫɬɢɧɢ ɿ ɬɟɦɩɟɪɚɬɭɪɢ. 

ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɝɭɫɬɢɧɢ ɩɪɨɜɨɞɢɬɶɫɹ ɬɚɤɨɠ ɡ ɞɚɧɢɦɢ ɪɨɛɨɬɢ 

Ɂɟɬɰɦɚɧɧɚ ɬɚ ȼɚɝɧɟɪɚ [13]. Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɟɬɚɧɭ ɜ ɪɨɛɨɬɿ [13Ж ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɭ 

ɜɢɝɥɹɞɿ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɪɿɜɧɹɧɧɹ, ɳɨ ɜɢɡɧɚɱɚє ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ Ƚɟɥɶɦɝɨɥɶɰɚ. 

Ɏɭɧɤɰɿɹ, ɳɨ ɚɩɪɨɤɫɢɦɭє ɜɿɥɶɧɭ ɟɧɟɪɝɿɸ Ƚɟɥɶɦɝɨɥɶɰɚ, ɦɿɫɬɢɬɶ 40 ɩɿɞɝɿɧɧɢɯ 

ɤɨɟɮɿɰɿєɧɬɿɜ ɿ ɛɭɥɚ ɨɬɪɢɦɚɧɚ ɿɡ ɡɚɥɭɱɟɧɧɹɦ ɨɤɪɟɦɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ 

ɩɨ ɪɹɞɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜɿɞɩɨɜɿɞɚє Ɇɿɠɧɚɪɨɞɧɿɣ 

ɬɟɦɩɟɪɚɬɭɪɧɿɣ ɲɤɚɥɿ 1990 ɪɨɤɭ (ITS-90). 

Ⱥɜɬɨɪɢ ɪɨɛɨɬɢ Д13Ж ɨɰɿɧɸɸɬɶ ɝɭɫɬɢɧɭ ɡ ɧɟɜɢɡɧɚɱɟɧɿɫɬɸ ±0,0γ % ɩɪɢ 

ɬɢɫɤɚɯ ɧɢɠɱɟ 1β Ɇɉɚ ɿ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɱɟ γη0 Ʉ, ɿ ɜɿɞ ±0,0γ % ɞɨ ±0,1η % ɞɥɹ 

ɛɿɥɶɲ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ ɿ ɬɟɦɩɟɪɚɬɭɪ. Ɂɚɩɪɨɩɨɧɨɜɚɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɧɟ ɡɚɥɭɱɚє 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɞɟɦɨɧɫɬɪɭє ɝɚɪɧɭ ɡɝɨɞɭ ɡ ɞɚɧɢɦɢ ɪɨɛɨɬɢ [13Ж ɜ 

ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ. ɍ ɬɚɛɥɢɰɿ  γ.γ ɦɢ ɩɨɪɿɜɧɸєɦɨ ɪɟɡɭɥɶɬɚɬɢ ɩɨ ɝɭɫɬɢɧɿ ɜ 

ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɜɿɞ 100 Ʉ ɞɨ 300 Ʉ ɿ ɬɢɫɤɿɜ ɜɿɥ 1 Ɇɉɚ ɞɨ 1000 Ɇɉɚ. 

Ɇɚɤɫɢɦɚɥɶɧɿ ɪɨɡɛɿɠɧɨɫɬɿ ɩɨ ɝɭɫɬɢɧɿ ɩɪɢ ɧɢɡɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɿ ɧɢɡɶɤɢɯ ɬɢɫɤɚɯ 
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ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɦɟɠɚɯ – 3,9 %, ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ ɡɧɚɯɨɞɹɬɶɫɹ ɜ 

ɦɟɠɚɯ (0,θη – 0,15) %. 

Ɇɚɤɫɢɦɚɥɶɧɿ ɪɨɡɛɿɠɧɨɫɬɿ ɩɨ ɝɭɫɬɢɧɿ ɪɿɞɢɧɢ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ 

ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɦɟɠɚɯ 0,β4 %, ɫɟɪɟɞɧɹ ɪɨɡɛɿɠɧɿɫɬɶ ɜ ɿɧɬɟɪɜɚɥɿ ɧɚɜɟɞɟɧɢɯ ɞɚɧɢɯ 

ɚɜɬɨɪɚɦɢ ɪɨɛɨɬɢ Д7Ж ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ 0,04 %.  

Ɇɨɠɥɢɜɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɧɟ ɡɚɥɭɱɚє 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɚ ɬɚɤɨɠ ɨɰɿɧɤɢ ɬɨɱɧɨɫɬɿ ɧɚɲɢɯ ɞɚɧɢɯ, ɞɨɡɜɨɥɹɸɬɶ 

ɡɧɚɱɧɨ ɪɨɡɲɢɪɢɬɢ ɨɛɥɚɫɬɶ ɞɨɫɥɿɞɠɟɧɧɹ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɞɨ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ (ɞɨ 

1000 Ɇɉɚ). Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɜɧɟɫɟɧɨ ɞɨ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ 

ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɟɱɨɜɢɧ «TСОrЦШPrШ-η», ɪɚɦɤɚɯ ɹɤɨʀ 

ɪɨɡɪɚɯɨɜɚɧɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ (ɦɨɥɹɪɧɢɣ ɨɛ’єɦ v, 

ɟɧɬɚɥɶɩɿɹ h, ɟɧɬɪɨɩɿɹ s, ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P, ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ T, ɜɧɟɫɨɤ ɧɟɿɞɟɚɥɶɧɨɫɬɿ ɜ ɬɟɩɥɨєɦɧɿɫɬɶ ɫP) ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ ɜ 

ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ 90 – 115 K, ɳɨ ɜɿɞɩɨɜɿɞɚє ɿɧɬɟɪɜɚɥɭ ɬɢɫɤɿɜ ɞɨ 100 Ɇɉɚ, 

ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ γ.4.  

 

Ɍɚɛɥɢɰɹ γ.β – ɉɨɪɿɜɧɹɧɧɹ ɝɭɫɬɢɧɢ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ, ɪɨɡɪɚɯɨɜɚɧɨʀ ɡɚ 
ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ, ɡ ɞɚɧɢɦɢ ɪɨɛɨɬɢ [7] 

T, K  p, Ѕɉɚ 
ρ, ɤɝ/ɦ3 

į ρ, % ɡɚ ɞɚɧɢɦɢ 
ɪɨɛɨɬɢ Д7] 

ɡɚ ɪɿɜɧɹɧɧɹɦ 
ɫɬɚɧɭ (γ.1) 

91 1,3 451,9 451,7 –0,04 
92 5,2 453,2 453,1 –0,02 
93 9,1 454,4 454,5 0,03 
94 13,2 455,7 455,8 0,02 
95 17,0 457,0 457,1 0,02 
96 21,5 458,3 458,3 0,00 
97 25,0 459,5 459,6 0,02 
98 30,1 460,8 460,8 0,00 
99 33,0 462,1 462,0 –0,03 
100 39,0 463,4 463,2 –0,05 
105 62,5 470,0 468,9 –0,24 
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Ɍɚɛɥɢɰɹ γ.3 – Ɂɿɫɬɚɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ ɝɭɫɬɢɧɢ ɡ ɬɚɛɥɢɱɧɢɦɢ 
ɞɚɧɢɦɢ ɪɨɛɨɬɢ [13]  

p, 
ЅɉК 

ρ, ɤɝ/ɦ3 

įρ,% 
p, 

ЅɉК 

ρ, ɤɝ/ɦ3 

įρ,% ɡɚ ɞɚɧɢɦɢ 
ɚɜɬɨɪɚ 

ɞɢɫɟɪɬɚɰɿʀ 

ɡɚ ɞɚɧɢɦɢ 
ɪɨɛɨɬɢ Д13] 

ɡɚ ɞɚɧɢɦɢ 
ɚɜɬɨɪɚ 

ɞɢɫɟɪɬɚɰɿʀ 

ɡɚ ɞɚɧɢɦɢ 
ɪɨɛɨɬɢ Д13] 

T=100 K T=220 K 
1 438,80 439,62 –0,19 10 180,23 187,59 –3,92 

10 445,74 446,02 –0,06 20 273,81 278,37 –1,64 
20 452,62 452,37 0,06 50 344,24 364,74 –5,62 

T=120 K 100 393,58 394,47 –0,23 
1 408,30 410,80 –0,61 200 445,86 445,11 0,17 

10 418,05 419,79 –0,41 500 524,50 521,75 0,53 
20 427,13 428,24 –0,26 T=240 K 
50 448,24 448,03 0,05 10 123,38 128,40 –3,91 

100 473,53 471,72 0,38 20 237,20 241,22 –1,67 
T=140 K 50 324,36 326,88 –0,77 

1 373,06 377,51 –1,18 100 379,35 380,37 –0,27 
10 388,01 391,22 –0,82 200 435,16 434,63 0,12 
20 400,56 402,88 –0,58 500 516,71 514,37 0,45 
50 427,06 427,81 –0,18 T=260 K 

100 456,16 455,37 0,17 10 98,27 101,01 –2,71 
200 494,53 491,58 0,60 20 203,11 206,41 –1,60 

T=160 K 50 305,13 307,59 –0,80 
10 354,15 358,81 –1,30 100 365,66 366,78 –0,31 
20 372,42 375,79 –0,90 200 424,91 424,55 0,08 
50 406,08 407,55 –0,36 500 509,30 507,29 0,40 

100 439,61 439,48 0,03 1000 580,68 579,45 0,21 
200 481,24 479,19 0,43 T=280 K 

T=180 K 10 83,82 85,507 –1,97 
10 313,68 319,56 –1,84 20 174,93 177,57 –1,49 
20 342,16 346,34 –1,21 50 286,79 289,11 –0,80 
50 385,24 387,23 –0,51 100 352,54 353,70 0,33 

100 423,70 424,04 –0,08 200 415,07 414,85 0,05 
200 468,82 467,36 0,31 1000 575,11 574,07 0,18 

T=200 K T=300 K 
10 259,61 266,19 –2,47 10 74,02 75,175 –1,54 
20 309,31 313,91 –1,47 20 153,25 155,28 –1,31 
50 364,59 366,92 –0,64 50 269,55 271,69 –0,79 

100 408,36 409,03 –0,16 100 339,98 341,16 –0,35 
200 457,06 456,01 0,23 200 405,63 405,52 0,03 
500 532,76 529,46 0,62 1000 569,75 568,89 0,15 
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Ɍɚɛɥɢɰɹ γ.4 – Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ 

T, K p, Ɇɉɚ v, 
ɫɦ3//ɦɨɥɶ 

h, 
ɤȾɠ/ɦɨɥɶ 

s, 
Ⱦɠ/(ɦɨɥɶ·Ʉ) 

P, 
1/ɤɄ 

T , 
1/Ƚɉɚ 

ɫP , 
Ⱦɠ/(ɦɨɥɶ·Ʉ) 

91 1 35,51 2,71 20,04 3,09 1,58 46,70 

92 5 35,40 2,88 20,33 3,01 1,52 46,58 

93 9 35,29 3,05 20,61 2,93 1,48 46,48 

94 13 35,19 3,21 20,89 2,86 1,43 46,39 

95 17 35,09 3,38 21,17 2,79 1,39 46,32 

96 21 35,00 3,55 21,45 2,73 1,35 46,25 

97 25 34,90 3,72 21,73 2,66 1,31 46,20 

98 29 34,81 3,89 22,00 2,60 1,27 46,15 

99 33 34,72 4,06 22,27 2,55 1,24 46,11 

100 38 34,63 4,23 22,54 2,49 1,21 46,07 

101 42 34,54 4,40 22,81 2,44 1,18 46,05 

102 46 34,46 4,57 23,07 2,39 1,15 46,03 

103 50 34,37 4,74 23,33 2,34 1,12 46,01 

104 54 34,29 4,92 23,59 2,30 1,10 46,00 

105 59 34,21 5,09 23,85 2,26 1,07 45,99 

106 63 34,13 5,27 24,11 2,21 1,05 45,98 

107 67 34,05 5,44 24,36 2,17 1,02 45,98 

108 72 33,97 5,62 24,62 2,13 1,00 45,99 

109 76 33,89 5,79 24,87 2,10 0,98 45,99 

110 81 33,82 5,97 25,12 2,06 0,96 46,00 

111 85 33,74 6,15 25,36 2,02 0,94 46,01 

112 90 33,67 6,33 25,61 1,99 0,92 46,02 

113 94 33,60 6,51 25,85 1,96 0,90 46,03 

114 99 33,53 6,69 26,09 1,92 0,89 46,05 

115 103 33,46 6,87 26,33 1,89 0,87 46,06 
 

Ɋɨɡɪɚɯɨɜɚɧɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P ɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ T ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɞɚɧɢɦɢ ɪɨɛɨɬɢ Ɂɟɬɰɦɚɧɧɚ ɿ 

ȼɚɝɧɟɪɚ [13] ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɿ γ.η 
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Ɍɚɛɥɢɰɹ γ.η – Ɂɿɫɬɚɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ P ɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T  ɡ ɬɚɛɥɢɱɧɢɦɢ ɞɚɧɢɦɢ ɪɨɛɨɬɢ Д13]  

p, 
Ɇɉɚ 

P, 
1/ɤK P 

T, 
1 / Ƚɉɚ 

  ɡɚ ɞɚɧɢɦɢ 
ɚɜɬɨɪɚ 

ɞɢɫɟɪɬɚɰɿʀ 

ɡɚ ɞɚɧɢɦɢ 
ɪɨɛɨɬɢ 

[13] 

ɡɚ ɞɚɧɢɦɢ 
ɚɜɬɨɪɚ 

ɞɢɫɟɪɬɚɰɿʀ 

ɡɚ ɞɚɧɢɦɢ 
ɪɨɛɨɬɢ 

[13] 

T = 100 K 

1 3,298 3,113 5,9 1,8668 1,7159 8,8 

10 3,014 2,845 5,9 1,6304 1,5058 8,3 

20 2,779 2,616 6,2 1,4395 1,3320 8,1 

30 2,601 2,436 6,8 1,2956 1,1985 8,1 

T = 200 K 

1 5,970 6,123 –2,5 1063,2 1073,60 –1,0 

10 12,606 12,246 2,9 34,983 32,893 6,4 

100 1,844 1,808 2,0 1,6194 1,5558 4,1 

200 1,254 1,219 2,9 0,8196 0,7935 3,3 

500 0,801 0,7446 7,6 0,3412 0,3363 1,5 

T = 300 K 

1 3,523 3,546 –0,6 1025,4 1017,0 0,8 

10 5,591 5,786 –3,4 111,18 111,8209 –0,6 

100 1,804 1,797 0,4 2,8301 2,7680 2,2 

500 0,674 0,654 3,1 0,4148 0,4124 0,6 

1000 0,461 0,447 3,1 0,1954 0,2031 –3,8 
 

Ɋɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ ɿɡɨɯɨɪɧɨʀ cv ɬɚ ɿɡɨɛɚɪɧɨʀ cp 

ɬɟɩɥɨєɦɧɨɫɬɟɣ ɡ ɬɚɛɥɢɱɧɢɦɢ ɞɚɧɢɦɢ ɪɨɛɨɬɢ Д13Ж ɭ ɬɨɦɭ ɠ ɫɚɦɨɦɭ ɿɧɬɟɪɜɚɥɿ 

ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ ɞɟɦɨɧɫɬɪɭɸɬɶ ɫɭɬɬєɜɿ ɪɨɡɛɿɠɧɨɫɬɿ ɜɿɞ γ% ɞɨ β0%.  

Ɋɨɡɪɚɯɨɜɚɧɿ ɜ ɪɨɛɨɬɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ ɜ ɨɛɥɚɫɬɿ, 

ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɧɢɠɱɟ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɧɚɜɟɞɟɧɨʀ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ 

(ɪɢɫɭɧɨɤ 1.1), ɞɨɛɪɟ ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɞɚɧɢɦɢ ɪɨɛɨɬ [7, 13Ж ɧɟ ɬɿɥɶɤɢ ɡɚ ɝɭɫɬɢɧɨɸ, 

ɚɥɟ ɿ ɡɚ ɿɧɲɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ.  
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3.3 Ɉɰɿɧɤɚ ɡɚɥɟɠɧɨɫɬɿ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫьɤɨɝɨ 

ɤɪɢɫɬɚɥɭ ɜɿɞ ɬɢɫɤɭ 

 

əɤ ɜɚɠɥɢɜɢɣ ɤɪɨɤ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɫɢɫɬɟɦɢ ɜ ɹɤɨɫɬɿ 

ɟɬɚɥɨɧɭ ɜ ɩɨɞɚɥɶɲɢɯ ɪɨɡɪɚɯɭɧɤɚɯ ɞɥɹ ɦɟɬɚɧɭ, ɜ ɪɨɛɨɬɿ ɨɰɿɧɟɧɚ ɦɨɠɥɢɜɿɫɬɶ 

ɩɪɨɝɧɨɡɭɜɚɬɢ ɡɚɥɟɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɬɢɫɤɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɞɥɹ ɰɿєʀ ɫɢɫɬɟɦɢ 

ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɿ ɪɿɞɤɨʀ ɮɚɡ. ɋɭɱɚɫɧɿ ɬɟɨɪɿʀ ɪɿɞɢɧ ɡɚɡɜɢɱɚɣ 

ɡɚɫɧɨɜɚɧɿ ɧɚ ɫɩɨɫɬɟɪɟɠɟɧɧɿ, ɳɨ ɜ ɫɬɪɭɤɬɭɪɿ ɳɿɥɶɧɢɯ ɮɥɸʀɞɿɜ ɩɟɪɟɜɚɠɚє ɪɿɡɤɟ 

ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ ɦɿɠ ɚɬɨɦɚɦɢ ɚɛɨ ɦɨɥɟɤɭɥɚɦɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɧɹ ɫɢɥɶɧɨ 

ɡɚɥɟɠɢɬɶ ɜɿɞ ɦɿɠɚɬɨɦɧɢɯ ɫɢɥ ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ. ɉɨɬɟɧɰɿɚɥ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (1β-6) 

ɚɞɟɤɜɚɬɧɢɣ ɚɬɨɦɧɢɦ ɮɥɸʀɞɚɦ, ɬɨɞɿ ɹɤ ɦɨɞɟɥɸɜɚɧɧɹ ɩɨɜɟɞɿɧɤɢ ɦɨɥɟɤɭɥ ɚɛɨ 

ɦɨɧɨɦɟɪɿɜ ɩɨɥɿɦɟɪɧɢɯ ɥɚɧɰɸɝɿɜ ɡɚɡɜɢɱɚɣ ɜɢɦɚɝɚє ɩɨɬɟɧɰɿɚɥɭ ɡ ɛɿɥɶɲ ɦ'ɹɤɢɦ 

ɜɿɞɲɬɨɜɯɭɜɚɧɧɹɦ ɦɨɥɟɤɭɥ. 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɞɥɹ ɬɚɤɢɯ (n-6) ɩɨɬɟɧɰɿɚɥɿɜ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɛɭɥɨ 

ɨɩɭɛɥɿɤɨɜɚɧɨ ɤɿɥɶɤɚ ɞɨɫɥɿɞɠɟɧɶ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɪɿɜɧɨɜɚɝɢ ɦɿɠ 

ɩɚɪɨɸ ɿ ɪɿɞɢɧɨɸ, ɜɩɥɢɜ ɡɦɿɧɢ n ɞɥɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɦɿɠ ɬɜɟɪɞɨɸ ɿ ɪɿɞɤɨɸ 

ɮɚɡɚɦɢ ɧɟ ɛɭɥɨ ɲɢɪɨɤɨ ɞɨɫɥɿɞɠɟɧɨ. 

ȼ ɪɨɛɨɬɿ Ⱥɯɦɟɞɚ ɬɚ ɿɧ. ( Ahmed A., Sadus R.J.) [44Ж ɚɜɬɨɪɢ ɜɢɡɧɚɱɢɥɢ 

ɜɥɚɫɬɢɜɨɫɬɿ ɮɥɸʀɞɭ ɡɿ ɫɩɿɜɿɫɧɭɸɱɢɦɢ ɬɜɟɪɞɨɸ ɿ ɪɿɞɤɨɸ ɮɚɡɚɦɢ ɜɿɞ ɩɨɬɪɿɣɧɨʀ 

ɬɨɱɤɢ ɞɨ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ, ɜ ɹɤɢɯ ɦɨɥɟɤɭɥɢ ɜɡɚєɦɨɞɿɸɬɶ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɬɟɧɰɿɚɥɿɜ 

(n-6) Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɞɟ n = 12, 11, 10, 9, 8 ɿ 7. Ȼɭɥɢ ɨɰɿɧɟɧɿ ɡɧɚɱɟɧɧɹ 

ɬɟɦɩɟɪɚɬɭɪɢ, ɬɢɫɤɭ ɿ ɝɭɫɬɢɧɢ ɪɿɞɢɧɢ ɜ ɩɨɬɪɿɣɧɿɣ ɬɨɱɰɿ. Ɍɟɦɩɟɪɚɬɭɪɢ ɿ ɬɢɫɤɢ ɜ 

ɩɨɬɪɿɣɧɿɣ ɬɨɱɰɿ ɦɚɫɲɬɚɛɭɸɬɶɫɹ ɳɨɞɨ 1/n, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɪɨɫɬɢɯ ɥɿɧɿɣɧɢɯ 

ɫɩɿɜɜɿɞɧɨɲɟɧɶ, ɹɤɿ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɿ ɬɟɦɩɟɪɚɬɭɪɢ 

ɞɥɹ ɝɪɚɧɢɱɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ -θ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ. Ɉɬɪɢɦɚɧɨ ɞɚɧɿ ɞɥɹ ɩɪɚɜɢɥ 

ɩɥɚɜɥɟɧɧɹ RMS (Ravechц – Mountain – Streett) ɿ Ʌɿɧɞɟɦɚɧɧɚ (Lindemann), ɹɤɿ 

ɩɨɤɚɡɭɸɬɶ, ɳɨ ʀɦ ɩɿɞɤɨɪɹɸɬɶɫɹ ɩɨɬɟɧɰɿɚɥɢ (n-6) Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ.  

ɋɢɫɬɟɦɚ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɦɨɠɥɢɜɨ є ɨɞɧɿєɸ ɡ ɧɚɣɩɪɨɫɬɿɲɢɯ ɦɨɞɟɥɟɣ, 

ɡɞɚɬɧɢɯ ɜɿɞɬɜɨɪɸɜɚɬɢ ɩɨɜɧɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɭ ɩɨɜɟɞɿɧɤɭ ɤɥɚɫɢɱɧɢɯ ɪɿɞɢɧ. Ɂɚ 



98 
  
 
ɨɫɬɚɧɧɿ ɞɜɚ ɞɟɫɹɬɢɥɿɬɬɹ ɛɭɥɨ ɞɨɫɹɝɧɭɬɨ ɤɨɧɫɟɧɫɭɫɭ ɳɨɞɨ ɬɨɱɧɢɯ ɤɨɨɪɞɢɧɚɬ 

ɫɩɿɜɿɫɧɭɜɚɧɧɹ ɩɚɪɚ-ɪɿɞɢɧɢ ɚɛɨ ɛɿɧɨɞɚɥɶɧɨʀ ɤɪɢɜɨʀ ɬɚ ʀʀ ɤɪɢɬɢɱɧɨʀ ɬɨɱɤɢ. ɍ ɬɨɣ ɠɟ 

ɱɚɫ, ɞɨɫɬɭɩɧɿ ɨɰɿɧɤɢ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɡɧɚɱɧɨ ɪɿɡɧɹɬɶɫɹ. 

ȼ ɪɨɛɨɬɿ Д45Ж ɨɛɝɨɜɨɪɸɸɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɨɰɿɧɨɤ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɫɢɫɬɟɦɢ 

Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɿ ɜɿɞɡɧɚɱɚєɬɶɫɹ, ɳɨ ɪɟɡɭɥɶɬɚɬɢ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɩɪɢɛɥɢɡɧɨ ɧɚ 

10 %. ɉɨɯɨɞɠɟɧɧɹ ɬɚɤɢɯ ɧɟɜɿɞɩɨɜɿɞɧɨɫɬɟɣ ɡɚɥɢɲɚєɬɶɫɹ ɧɟɹɫɧɢɦ. ɇɚɜɟɞɟɧɨ ɬɨɱɧɿ 

ɡɧɚɱɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɿ ɪɨɡɝɥɹɧɭɬɿ ɦɨɠɥɢɜɿ ɞɠɟɪɟɥɚ 

ɫɢɫɬɟɦɚɬɢɱɧɢɯ ɩɨɯɢɛɨɤ ɜ ɩɪɨɝɧɨɡɿ ɬɨɱɨɤ ɩɥɚɜɥɟɧɧɹ, ɜɤɥɸɱɚɸɱɢ ɟɮɟɤɬɢ 

ɤɿɧɰɟɜɨɝɨ ɪɨɡɦɿɪɭ ɿ ɜɡɚєɦɨɞɿʀ. 

Ʉɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɬɜɟɪɞɨɬɿɥɶɧɢɯ ɪɿɜɧɨɜɚɝ ɬɚ ɪɿɜɧɨɜɚɝɢ ɦɿɠ 

ɤɪɢɫɬɚɥɨɦ ɬɚ ɪɿɞɢɧɨɸ ɡɧɚɱɧɨ ɫɤɥɚɞɧɿɲɟ, ɧɿɠ ɪɿɜɧɨɜɚɝɢ ɦɿɠ ɩɚɪɚɦɢ ɿ ɪɿɞɢɧɚɦɢ. 

Ɇɨɥɟɤɭɥɹɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɫɬɢɯ ɚɛɨ ɫɤɥɚɞɧɢɯ ɮɥɸʀɞɿɜ ɡɚɡɜɢɱɚɣ ɩɪɨɜɨɞɢɬɶɫɹ 

ɧɚ ɫɢɫɬɟɦɚɯ, ɳɨ ɫɤɥɚɞɚɸɬɶɫɹ ɡ ɞɟɤɿɥɶɤɨɯ ɫɨɬɟɧɶ ɚɛɨ ɬɢɫɹɱ ɱɚɫɬɢɧɨɤ. Ɍɚɤɿ 

ɪɨɡɪɚɯɭɧɤɢ ɡɚɡɜɢɱɚɣ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤ ɡɜɚɧɢɣ «ɨɛɪɿɡɚɧɢɣ» ɩɨɬɟɧɰɿɚɥ 

ɜɡɚєɦɨɞɿʀ, ɡɧɚɱɟɧɧɹ ɹɤɨɝɨ ɜɜɚɠɚєɬɶɫɹ ɪɿɜɧɢɦ ɧɭɥɸ ɡɚ ɦɟɠɚɦɢ ɩɟɜɧɨɝɨ ɪɚɞɿɭɫɚ. 

ȼ ɪɨɛɨɬɿ Д45] ɩɪɢ ɩɪɨɝɧɨɡɭɜɚɧɧɿ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɿɛɛɫɚ ɨɩɨɪɧɚ ɤɨɧɫɬɚɧɬɚ 

ɛɭɥɚ ɫɤɨɪɢɝɨɜɚɧɚ ɱɟɪɟɡ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ȼɚɧ ɞɟɪ ɏɨɮɚ ɞɥɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ 

ɪɟɱɨɜɢɧɢ ɜ ɬɜɟɪɞɨɦɭ ɫɬɚɧɿ. ɉɨєɞɧɚɧɧɹ ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ȼɚɧ ɞɟɪ 

ɏɨɮɚ ɬɚ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ Ⱦɠɨɧɫɨɧɚ ɞɥɹ ɮɥɸʀɞɧɢɯ ɮɚɡ ɞɨɡɜɨɥɢɥɨ ɚɜɬɨɪɚɦ 

ɩɪɨɝɧɨɡɭɜɚɬɢ ɥɿɧɿɸ ɩɥɚɜɥɟɧɧɹ. Ɂ ɪɟɡɭɥɶɬɚɬɚɦɢ ɰɢɯ ɧɚɣɛɿɥɶɲ ɬɨɱɧɢɯ ɞɚɧɢɯ 

ɩɪɨɜɨɞɢɬɶɫɹ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɲɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨʀ ɪɟɱɨɜɢɧɢ. 

ɇɢɠɱɟ ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɭ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɬɚ ɩɨɪɿɜɧɹɧɧɹ ɡ ɥɿɬɟɪɚɬɭɪɧɢɦɢ 

ɞɚɧɢɦɢ. Ɍɟɦɩɟɪɚɬɭɪɧɚ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ ɩɥɚɜɥɟɧɧɹ ɿ ɨɛ’єɦɢ ɬɜɟɪɞɨʀ ɿ ɪɿɞɤɨʀ ɮɚɡ 

ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɭ ɛɭɥɢ ɜɢɡɧɚɱɟɧɿ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɬɚɧɞɚɪɬɧɢɯ ɭɦɨɜ ɦɚɬɟɪɿɚɥɶɧɨɝɨ (ɪɿɜɧɨɫɬɿ ɯɿɦɿɱɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ) 

ɛɚɥɚɧɫɭ: 



99 
  
    Ɍ Ɍ ɀ ɠT,V T,V      (3.5) 

ɿ ɦɟɯɚɧɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ (ɪɿɜɧɿɫɬɶ ɬɢɫɤɿɜ ɮɚɡ) 

   Ɍ Ɍ ɠ ɠP T,V P T,V ,    (3.6) 

ɞɟ ɯɿɦɿɱɧɢɣ ɩɨɬɟɧɰɿɚɥ ɦɨɥɟɤɭɥɹɪɧɨʀ ɮɚɡɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɫɬɚɧɞɚɪɬɧɢɦ ɱɢɧɨɦ: 

   Ɍ
Ɍ Ɍ

F T,V
T,V

N
   . 

ȼɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ ɞɥɹ ɬɜɟɪɞɨʀ ɮɚɡɢ ɛɭɥɚ ɜɢɡɧɚɱɟɧɚ ɡɚ ɪɿɜɧɹɧɧɹɦ 

(β.7), ɪɨɡɞɿɥ β.β, ɚ ɞɥɹ ɪɿɞɤɨʀ ɮɚɡɢ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ – ɡɚ 

ɪɿɜɧɹɧɧɹɦɢ Ʉɨɥɚɮɢ ɿ ɇɟɡɛɟɞɢ (γ.1-γ.γ), ɹɤɿ ɞɚɸɬɶ ɧɚɣɤɪɚɳɢɣ ɨɩɢɫ ɞɚɧɢɯ 

ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɞɥɹ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɮɥɸʀɞɭ. 

ɇɢɠɱɟ ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɥɟɧɧɚɪɞ-

ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ, ɹɤɿ ɜɢɤɨɧɚɧɿ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ. Ʉɪɢɜɚ ɩɥɚɜɥɟɧɧɹ, 

ɜɿɞɧɨɜɥɟɧɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɨɪɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ 

ɤɪɢɫɬɚɥɚ ɿ ɮɥɸʀɞɭ, ɩɨɪɿɜɧɸєɬɶɫɹ ɡ ɧɚɣɛɿɥɶɲ ɬɨɱɧɢɦɢ ɞɚɧɢɦɢ ɦɨɞɟɥɸɜɚɧɧɹ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ Д44, 45Ж ɧɚ ɪɢɫɭɧɤɚɯ γ.1 ɿ γ.β. 

ɇɚ ɪɢɫɭɧɤɭ γ.1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɩɪɨɝɧɨɡɨɜɚɧɨʀ ɡɜɟɞɟɧɨʀ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɹɤ ɮɭɧɤɰɿʀ ɡɜɟɞɟɧɨɝɨ ɬɢɫɤɭ ɡ ɞɚɧɢɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ Д45Ж, ɚ ɧɚ ɪɢɫɭɧɤɭ γ.β ɪɨɡɪɚɯɨɜɚɧɿ ɝɭɫɬɢɧɢ ɫɩɿɜɿɫɧɭɸɸɱɢɯ ɪɿɞɤɢɯ ɿ 

ɬɜɟɪɞɢɯ ɮɚɡ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɞɚɧɢɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ Д44]. 

əɤ ɜɢɞɧɨ, ɨɫɧɨɜɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɜɿɞɬɜɨɪɸɸɬɶɫɹ ɤɚɧɨɧɿɱɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ ɫɬɚɧɭ (2.8) ɿ (3.1)  ɚɠ ɞɨ 

ɬɟɦɩɟɪɚɬɭɪɢ T* = 3,0. 
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Ɋɢɫɭɧɨɤ 3.1 – ɉɨɪɿɜɧɹɧɧɹ ɩɪɨɝɧɨɡɨɜɚɧɨʀ ɡɜɟɞɟɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɹɤ 

ɮɭɧɤɰɿʀ ɡɜɟɞɟɧɨɝɨ ɬɢɫɤɭ ɡ ɞɚɧɢɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ:  – ɡɚ 

ɪɨɡɪɚɯɭɧɤɚɦɢ ɞɚɧɨʀ ɪɨɛɨɬɢ;  ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ:  – Ⱥɯɦɟɞ (Ⱥ. Ahmed) 

[44],   – Ɇɚɫɬɧɿ (ȿ. Mastny) [45]   
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Ɋɢɫɭɧɨɤ 3.2 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɝɭɫɬɢɧɢ ɫɩɿɜɿɫɧɭɸɱɢɯ ɪɿɞɤɨʀ ɬɚ 

ɬɜɟɪɞɨʀ ɮɚɡ ɡ ɞɚɧɢɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ [44], [45]. 

Ɂɚ ɪɨɡɪɚɯɭɧɤɚɦɢ ɞɚɧɨʀ ɪɨɛɨɬɢ:    – ɬɜɟɪɞɚ ɮɚɡɚ;   – ɪɿɞɤɚ ɮɚɡɚ. 

Ɇɨɞɟɥɸɜɚɧɧɹ:   – ɪɿɞɤɚ ɮɚɡɚ,  – ɬɜɟɪɞɚ ɮɚɡɚ (Ⱥɯɦɟɞ, β009) ;  

 – ɬɜɟɪɞɚ ɮɚɡɚ,   – ɪɿɞɤɚ ɮɚɡɚ (Ɇɚɫɬɧɿ, β007) 

 

ɉɨɪɿɜɧɹɧɧɹ ɫɬɪɢɛɤɚ ɨɛ’єɦɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɡ ɞɚɧɢɦɢ ɦɨɞɟɥɸɜɚɧɧɹ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɪɢɫɭɧɤɭ γ.γ ɩɿɞɬɜɟɪɞɠɭє ɯɨɪɨɲɭ ɹɤɿɫɬɶ ɨɛɨɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ – ɞɥɹ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ. 
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Ɋɢɫɭɧɨɤ γ.γ – ɉɨɪɿɜɧɹɧɧɹ ɡɧɚɱɟɧɶ ɫɬɪɢɛɤɚ ɨɛ’єɦɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɫɢɫɬɟɦɢ 

Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɡ ɞɚɧɢɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ:  – ɡɚ 

ɪɨɡɪɚɯɭɧɤɚɦɢ ɞɚɧɨʀ ɪɨɛɨɬɢ; ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ:    – Ɇɚɫɬɧɿ β007 Д4ηЖ  

 – Ⱥɯɦɟɞ β009 Д44Ж   

 

 

3.4  Ɋɨɡɪɚɯɭɧɨɤ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɬɚ ɦɨɥɹɪɧɢɯ ɨɛ'єɦɿɜ ɬɜɟɪɞɨʀ ɮɚɡɢ 

ɿ ɮɥɸʀɞɭ ɦɟɬɚɧɭ 

 

ȼ ɨɫɬɚɧɧɿ ɪɨɤɢ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɩɪɢ ɜɢɫɨɤɢɯ ɬɢɫɤɚɯ 

ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɨɛɱɢɫɥɸɜɚɥɶɧɿ ɦɟɬɨɞɢ. Ɉɞɧɚɤ ɭ ɡɜ'ɹɡɤɭ ɡ ɜɿɞɧɨɫɧɨ 

ɜɢɫɨɤɨɸ ɜɚɪɬɿɫɬɸ ɬɚɤɢɯ ɨɛɱɢɫɥɟɧɶ ɿ ɧɟɨɛɯɿɞɧɨɸ ɭɦɨɜɨɸ ɧɚɹɜɧɨɫɬɿ 

ɫɭɩɟɪɤɨɦɩ'ɸɬɟɪɿɜ, ɚɤɬɭɚɥɶɧɢɦɢ ɡɚɥɢɲɚɸɬɶɫɹ ɦɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɮɚɡɨɜɢɯ ɥɿɧɿɣ 

ɧɚ ɞɿɚɝɪɚɦɿ ɫɬɚɧɭ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. 
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Ɉɞɧɚ ɡ ɬɚɤɢɯ ɦɟɬɨɞɢɤ, ɡɚɫɧɨɜɚɧɚ ɧɚ ɩɪɹɦɿɣ ɦɿɧɿɦɿɡɚɰɿʀ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ, ɛɭɥɚ 

ɜɿɞɩɪɚɰɶɨɜɚɧɚ ɧɚ ɤɥɚɫɢɱɧɿɣ ɡɚɞɚɱɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɥɨɠɟɧɧɹ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɚɪɝɨɧɭ Д80Ж. ȼɢɪɿɲɟɧɧɹ ɰɶɨɝɨ ɡɚɜɞɚɧɧɹ, ɳɨ ɛɚɡɭєɬɶɫɹ ɧɚ ɨɩɢɫɚɧɨɦɭ ɜ ɩɟɪɲɨɦɭ 

ɪɨɡɞɿɥɿ ɤɚɧɨɧɿɱɧɨɦɭ ɪɿɜɧɹɧɧɿ ɫɬɚɧɭ ɥɟɧɧɚɪɞ-ɞɠɨɧɫɿɜɫɶɤɨɝɨ ɤɪɢɫɬɚɥɚ ɿ 

ɧɟɡɚɥɟɠɧɨɦɭ ɪɿɜɧɹɧɧɿ ɫɬɚɧɭ ɪɿɞɤɨʀ ɮɚɡɢ, ɨɩɢɫɚɧɨ ɧɢɠɱɟ ɜ ɩɟɪɲɨɦɭ ɩɿɞɪɨɡɞɿɥɿ 

ɞɚɧɨɝɨ ɪɨɡɞɿɥɭ. 

Ɇɚɸɱɢ ɜ ɫɜɨєɦɭ ɪɨɡɩɨɪɹɞɠɟɧɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨʀ ɿ ɪɿɞɤɨʀ ɮɚɡ ɦɟɬɚɧɭ, 

ɦɨɠɧɚ ɜɿɞɧɨɜɢɬɢ ɜɢɝɥɹɞ ɤɪɢɜɨʀ ɩɥɚɜɥɟɧɧɹ ɿ ɪɨɡɪɚɯɭɜɚɬɢ ɫɬɪɢɛɤɢ ɨɛ’єɦɭ ɩɪɢ 

ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɿ.   

Ɍɟɦɩɟɪɚɬɭɪɧɚ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ ɩɥɚɜɥɟɧɧɹ ɿ ɝɭɫɬɢɧɢ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ 

ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɛɭɥɢ ɜɢɡɧɚɱɟɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɬɚɧɞɚɪɬɧɢɯ ɭɦɨɜ 

ɦɟɯɚɧɿɱɧɨɝɨ (γ.η) (ɪɿɜɧɨɫɬɿ ɬɢɫɤɿɜ) ɿ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ (γ.θ) (ɪɿɜɧɨɫɬɿ 

ɯɿɦɿɱɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ). 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ p-Ɍ ɡɚɥɟɠɧɨɫɬɿ ɬɚ ɜɥɚɫɬɢɜɨɫɬɟɣ ɫɩɿɜɿɫɧɭɸɱɢɯ ɮɚɡ ɛɭɥɢ 

ɜɢɤɨɪɢɫɬɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ (β.7) ɞɥɹ ɬɜɟɪɞɨʀ ɮɚɡɢ ɬɚ ɪɿɜɧɹɧɧɹ (γ.1–γ.4) ɞɥɹ 

ɪɿɞɤɨɝɨ ɦɟɬɚɧɭ. ɉɪɢ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɛɭɥɢ 

ɩɪɢɣɧɹɬɿ ɡɚ ɥɿɬɟɪɚɬɭɪɧɢɦɢ ɞɚɧɢɦɢ ɿ ɦɚɸɬɶ ɬɚɤɿ ɡɧɚɱɟɧɧɹ: 

k = 148 K, = 3,77 й. Ɂɧɚɱɟɧɧɹ ɨɤɬɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɭ 

(Ω = 4,5·10-34 ɨɞ. ɡɚɪɹɞɭ / ɫɦ3) ɛɭɥɨ ɩɪɢɣɧɹɬɨ ɡɚ ɥɿɬɟɪɚɬɭɪɧɢɦɢ ɞɚɧɢɦɢ Д87]. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɿ ɩɨɪɿɜɧɹɧɧɹ ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ ɿ 

ɞɚɧɢɦɢ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫɭɧɤɚɯ γ.β ɿ γ.γ.  

ɇɚɹɜɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ Д97, 98, 99Ж ɨɯɨɩɥɸɸɬɶ ɜɟɫɶ ɪɨɡɪɚɯɨɜɚɧɢɣ ɜ 

ɪɨɛɨɬɿ ɿɧɬɟɪɜɚɥ ɬɢɫɤɿɜ, ɰɿ ɞɚɧɿ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɸɜɚɧɧɹ, ɜɢɤɨɧɚɧɨɝɨ ɜ ɪɨɛɨɬɿ ɋɩɚɧɭ ɡɿ ɫɩɿɜɚɜɬɨɪɚɦɢ (L. Spanu, D. Donadio, 

D. Hohl, G. Galli) [52Ж, ɹɤɿ ɩɪɨɜɟɥɢ ɩɨɪɿɜɧɹɧɧɹ ɫɜɨʀɯ ɪɨɡɪɚɯɭɧɤɿɜ ɡ ɞɚɧɢɦɢ, 

ɨɬɪɢɦɚɧɢɦɢ ɞɟɤɿɥɶɤɨɦɚ ɪɿɡɧɢɦɢ ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɦɟɬɨɞɚɦɢ. Ɋɨɡɪɚɯɭɧɤɨɜɿ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɞɟɦɨɧɫɬɪɭɸɬɶ ɝɚɪɧɭ ɡɝɨɞɭ ɡ ɞɚɧɢɦɢ ɦɚɲɢɧɧɨɝɨ 

ɟɤɫɩɟɪɢɦɟɧɬɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ Д52Ж, ɩɨɬɟɧɰɿɚɥɶɧɚ ɦɨɞɟɥɶ, ɧɚɜɟɞɟɧɚ ɜ ɪɨɛɨɬɿ Д52], 

ɜɿɞɩɨɜɿɞɚє ɦɨɞɟɥɿ, ɹɤɚ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ. 
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ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ, ɨɬɪɢɦɚɧɢɯ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ Д96Ж ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɨɪɟɬɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɧɟ ɦɚє ɩɿɞɝɿɧɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɜɢɤɨɧɚɧɢɦɢ ɧɚ ɫɭɩɟɪɤɨɦɩ’ɸɬɟɪɚɯ ɿ 

ɹɤɿ ɪɟɚɥɿɡɭɸɬɶ ɫɤɥɚɞɧɭ ɩɪɨɝɪɚɦɭ, ɩɪɟɞɫɬɚɜɥɟɧɟ ɧɚ ɪɢɫɭɧɤɭ γ.4 ɿ ɞɟɦɨɧɫɬɪɭє 

ɩɪɚɤɬɢɱɧɨ ɬɿ ɠ ɪɟɡɭɥɶɬɚɬɢ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ. 

 

 

 

Ɋɢɫɭɧɨɤ 3.4 – p-T ɡɚɥɟɠɧɿɫɬɶ ɥɿɧɿʀ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɦɟɬɚɧɭ ɡ ɬɜɟɪɞɨʀ ɜ ɪɿɞɤɭ 

ɮɚɡɭ. ɋɭɰɿɥɶɧɚ ɥɿɧɿɹ – ɥɿɧɿɹ ɮɚɡɨɜɨʀ ɪɿɜɧɨɜɚɝɢ (ɪɨɡɪɚɯɭɧɨɤ); ɪɟɡɭɥɶɬɚɬɢ 

ɦɚɲɢɧɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɋɩɚɧɭ ДηβЖ:  – ɦɟɬɨɞ ɫɩɿɜɿɫɧɭɜɚɧɧɹ ɮɚɡ 

(ɫɭɩɟɪɤɨɦɿɪɤɚ – γ4ηθ ɦɨɥɟɤɭɥ),  – ɿɧɬɟɝɪɭɜɚɧɧɹ ɪɿɜɧɹɧɧɹ Ʉɥɚɩɟɣɪɨɧɚ 

(ɫɭɩɟɪɤɨɦɿɪɤɚ – 108 ɦɨɥɟɤɭɥ),  – ɿɧɬɟɝɪɭɜɚɧɧɹ ɪɿɜɧɹɧɧɹ Ʉɥɚɩɟɣɪɨɧɚ 

(ɫɭɩɟɪɤɨɦɿɪɤɚ – η00 ɦɨɥɟɤɭɥ). ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ:  – Ʉɟɧɧɟɞɿ Д98Ж,  – əɝɿ 

[97],  – ɋɬɪɚɣɥɟɧɞ Д99Ж. 
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ɍɡɝɨɞɠɟɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɪɨɛɨɬɢ [52Ж є ɞɨɛɪɢɦ ɩɿɞɬɜɟɪɞɠɟɧɧɹɦ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɬɟɨɪɿʀ 

ɡɛɭɪɟɧɧɹ ɞɥɹ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡ ɦɟɬɚɧɭ. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ, ɨɬɪɢɦɚɧɢɯ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɞɨɡɜɨɥɢɥɨ ɜɿɞɧɨɜɢɬɢ ɥɿɧɿɸ ɩɥɚɜɥɟɧɧɹ 

ɡ ɬɨɱɧɿɫɬɸ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɳɨ ɪɟɚɥɿɡɭє ɫɤɥɚɞɧɿ ɨɛɱɢɫɥɸɜɚɥɶɧɿ ɦɟɬɨɞɢ 

ɿ ɜɢɦɚɝɚє ɪɨɡɪɚɯɭɧɤɿɜ ɧɚ ɫɭɩɟɪɤɨɦɩ'ɸɬɟɪɚɯ. 

 

 

 

 

Ɋɢɫɭɧɨɤ γ.5 – ɉɨɪɿɜɧɹɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɦɨɥɹɪɧɢɯ ɨɛ'єɦɿɜ ɬɜɟɪɞɨʀ ɮɚɡɢ  ɿ 

ɮɥɸʀɞɭ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ Д57]. 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɞɚɧɿ:  – ɮɥɸʀɞ,   – ɬɜɟɪɞɚ ɮɚɡɚ;    

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ: – ɮɥɸʀɞ,  – ɬɜɟɪɞɚ ɮɚɡɚ 
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ɍ ɬɨɣ ɠɟ ɱɚɫ ɜɢɞɧɨ, ɳɨ ɹɤ ɤɨɦɩ'ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ, ɬɚɤ ɿ ɬɟɨɪɟɬɢɱɧɿ 

ɩɪɨɝɧɨɡɢ ɧɟɞɨɨɰɿɧɸɸɬɶ ɬɢɫɤ ɩɥɚɜɥɟɧɧɹ. ɋɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɫɢɫɬɟɦɚɬɢɱɧɟ 

ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɳɨ ɦɚɛɭɬɶ ɩɨɜ'ɹɡɚɧɟ ɿɡ ɡɚɧɚɞɬɨ ɪɿɡɤɢɦ 

ɜɿɞɲɬɨɜɯɭɜɚɧɧɹɦ ɦɨɥɟɤɭɥ ɧɚ ɦɚɥɢɯ ɜɿɞɫɬɚɧɹɯ, ɳɨ ɡɚɞɚєɬɶɫɹ ɞɜɚɧɚɞɰɹɬɢɦ 

ɫɬɭɩɟɧɟɦ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (12-6). 

ɇɟɨɛɯɿɞɧɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɜɢɤɨɪɢɫɬɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɨɠɭɬɶ ɛɭɬɢ 

ɩɨɲɢɪɟɧɿ ɧɚ ɿɧɲɿ ɪɟɱɨɜɢɧɢ, ɳɨ ɧɟ ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɦɨɠɥɢɜɢɦ ɩɪɢ 

ɤɨɦɩ'ɸɬɟɪɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ. 

ɇɚ ɡɚɤɿɧɱɟɧɧɹ ɫɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɯɨɱɚ ɩɪɨɝɧɨɡɨɜɚɧɿ ɨɛ’єɦɢ ɨɛɨɯ ɮɚɡ 

(ɪɢɫɭɧɨɤ γ.β) ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɪɨɡɭɦɧɿɣ (γ – 10 %) ɭɡɝɨɞɠɟɧɨɫɬɿ ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ, ɚɥɟ ɫɬɪɢɛɨɤ ɨɛ’єɦɭ (ɪɢɫɭɧɨɤ γ.γ), ɨɫɨɛɥɢɜɨ ɩɪɢ 

ɜɢɫɨɤɨɦɭ ɬɢɫɤɭ, ɩɨɦɿɬɧɨ ɡɚɜɢɳɟɧɢɣ. ɇɚ ɧɚɲɭ ɞɭɦɤɭ, ɡɚɫɧɨɜɚɧɿɣ ɧɚ ɚɧɚɥɿɡɿ 

ɡɝɚɞɭɜɚɧɨʀ ɜ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɪɨɛɨɬɢ Ⱥɯɦɟɞɚ ɬɚ ɫɩɿɜɚɜɬɨɪɿɜ Д44Ж, ɰɟ ɩɨɜ'ɹɡɚɧɨ ɡ 

ɞɭɠɟ ɪɿɡɤɢɦ ɜɿɞɲɬɨɜɯɭɜɚɧɧɹɦ ɦɨɥɟɤɭɥ, ɳɨ ɡɚɞɚєɬɶɫɹ 1β-ɦ ɫɬɭɩɟɧɟɦ ɩɨɬɟɧɰɿɚɥɭ 

Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ. 
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ɊɈɁȾȱɅ 4  

ɄɈɆɉ'ɘɌȿɊɇȿ ɆɈȾȿɅɘȼȺɇɇə  ɌȿɊɆɈȾɂɇȺɆȱɑɇɂɏ 

ȼɅȺɋɌɂȼɈɋɌȿɃ  ɄɊɂɋɌȺɅȱɑɇɂɏ  ɎȺɁ  ɆȿɌȺɇɍ  ȱ  ɃɈȽɈ 

ȽȺɅɈȲȾɈɉɈɏȱȾɇɂɏ  
 

4.1  Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɋɇ4, CF4  ɿ 

CCl4 ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

 

Ʉɨɧɞɟɧɫɨɜɚɧɿ ɮɚɡɢ ɦɟɬɚɧɭ CH4, CCl4 ɿ CF4 ɜ ɯɨɪɨɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɦɨɠɧɚ 

ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɫɢɫɬɟɦɢ ɱɚɫɬɢɧɨɤ, ɳɨ ɜɡɚєɦɨɞɿɸɬɶ ɡɚ ɞɨɩɨɦɨɝɨɸ ɟɮɟɤɬɢɜɧɨɝɨ 

ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (1β-6), ɞɨɩɨɜɧɟɧɢɦ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨɸ 

ɜɡɚєɦɨɞɿєɸ ɦɨɥɟɤɭɥ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɧɚ 

ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ, ɪɨɡɪɨɛɥɟɧɢɦ ɧɚ ɨɫɧɨɜɿ ɬɚɤɨʀ 

ɦɨɥɟɤɭɥɹɪɧɨʀ ɦɨɞɟɥɿ, ɛɭɥɢ ɡɿɫɬɚɜɥɟɧɿ ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ ɜ ɪɨɡɞɿɥɿ β.β. 

ȼ ɰɶɨɦɭ ɪɨɡɞɿɥɿ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. Ɋɟɡɭɥɶɬɚɬɢ ɦɚɲɢɧɧɨɝɨ ɟɤМɩɟɪɢɦɟɧɬɭ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ 

ɞɚɧɢɦɢ, ɨɬɪɢɦɚɧɢɦɢ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɿ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ ɩɪɨ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ CCl4 ɿ CF4 ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ ɜ ɨɛɥɚɫɬɿ 

ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ. 

əɤ ɜɠɟ ɡɚɡɧɚɱɚɥɨɫɹ ɜɢɳɟ, ɤɨɠɟɧ ɡ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɜ ɞɢɫɟɪɬɚɰɿʀ ɦɟɬɨɞɿɜ 

ɩɨɬɪɟɛɭє ɩɟɜɧɨʀ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɦɨɞɟɥɿ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ. əɤɳɨ ɬɚɤɚ 

ɩɨɬɟɧɰɿɚɥɶɧɚ ɦɨɞɟɥɶ ɡɚɞɚɧɚ, ɬɨ ɦɨɠɥɢɜɨ ɩɪɨɜɟɫɬɢ ɩɪɹɦɿ ɨɛɱɢɫɥɟɧɧɹ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-

Ʉɚɪɥɨ. ȼ ɹɤɨɫɬɿ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɦɨɞɟɥɿ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ ɜ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɿɣ 

ȽɐɄ ɮɚɡɿ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɬɨɱɧɢɣ ɜɢɪɚɡ ɞɥɹ ɩɨɬɟɧɰɿɚɥɶɧɨʀ 

ɟɧɟɪɝɿʀ ɫɢɫɬɟɦɢ N ɦɨɥɟɤɭɥ (β.1 – β.γ), ɹɤɢɣ ɛɭɥɨ ɞɟɬɚɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɩɿɞɪɨɡɞɿɥɿ β.1. Ⱦɥɹ ɣɨɝɨ ɚɧɚɥɿɬɢɱɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɛɭɜ ɜɢɤɨɪɢɫɬɚɧɢɣ ɬɨɱɧɢɣ 

ɜɢɪɚɡ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ (β.11), ɨɬɪɢɦɚɧɢɣ ɜ 

ɪɨɛɨɬɿ [82]. 
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ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɚɜɟɞɟɧɢɯ ɜɢɳɟ ɫɩɿɜɜɿɞɧɨɲɟɧɶ ɜ ɪɚɦɤɚɯ 

ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɚє ɚɥɶɬɟɪɧɚɬɢɜɧɢɣ ɬɟɨɪɟɬɢɱɧɨ 

ɨɛґɪɭɧɬɨɜɚɧɢɣ ɲɥɹɯ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ 

ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɜ ɨɛɥɚɫɬɿ, ɞɟ ɩɪɹɦɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɜɢɦɿɪɸɜɚɧɧɹ ɭɬɪɭɞɧɟɧɿ. 

Ʉɨɦɩ'ɸɬɟɪɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ ɜɢɦɚɝɚє ɪɨɡɪɨɛɤɢ ɫɩɟɰɿɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ, ɨɫɤɿɥɶɤɢ ɧɚɹɜɧɿ ɩɪɨɝɪɚɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɟ 

ɞɨɡɜɨɥɹɸɬɶ ɪɟɚɥɿɡɭɜɚɬɢ ɦɨɥɟɤɭɥɹɪɧɿ ɦɨɞɟɥɿ ɡ ɬɚɤɢɦɢ ɫɤɥɚɞɧɢɦɢ ɩɨɬɟɧɰɿɚɥɚɦɢ 

ɜɡɚєɦɨɞɿʀ, ɹɤ (β.4) – (2.6). 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɰɢɯ ɡɚɜɞɚɧɶ ɛɭɥɚ ɫɩɟɰɿɚɥɶɧɨ ɪɨɡɪɨɛɥɟɧɚ ɩɪɨɝɪɚɦɚ 

ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɜ ɨɫɧɨɜɿ ɹɤɨʀ ɥɟɠɢɬɶ ɤɥɚɫɢɱɧɢɣ ɚɥɝɨɪɢɬɦ 

Ɇɟɬɪɨɩɨɥɿɫɚ ɿ ɩɟɪɿɨɞɢɱɧɿ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ. ɉɪɨɝɪɚɦɚ ɞɨɡɜɨɥɹє ɡɞɿɣɫɧɸɜɚɬɢ 

ɩɪɹɦɢɣ ɪɨɡɪɚɯɭɧɨɤ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɱɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɿ 

ɣɨɝɨ ɝɚɥɨʀɞɨɩɨɯɿɞɧɢɯ. ɋɭɬɶ ɚɥɝɨɪɢɬɦɭ ʀʀ ɪɨɛɨɬɢ ɩɨɥɹɝɚє ɜ ɧɚɫɬɭɩɧɨɦɭ. 

ɉɿɫɥɹ ɪɨɡɦɿɳɟɧɧɹ ɦɨɥɟɤɭɥ ɜ ɤɨɦɿɪɰɿ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɥɹ ɤɨɠɧɨʀ ɦɨɥɟɤɭɥɢ 

ɛɭɥɢ ɜɢɡɧɚɱɟɧɿ ʀʀ ɤɨɨɪɞɢɧɚɬɢ. ɉɨɬɿɦ ɡɚɩɭɫɤɚєɬɶɫɹ ɩɪɨɰɟɫ ɩɟɪɟɦɿɳɟɧɧɹ ɱɚɫɬɢɧɨɤ 

ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɿɞɨɦɢɯ ɭɦɨɜ Ɇɟɬɪɨɩɨɥɿɫɚ Д37Ж, ɩɪɢɣɧɹɬɬɹ ɚɛɨ ɧɟɩɪɢɣɧɹɬɬɹ 

ɤɪɨɤɿɜ ɩɟɪɟɦɿɳɟɧɧɹ ɿ ɨɛɱɢɫɥɟɧɧɹ ɫɟɪɟɞɧɿɯ ɡɧɚɱɟɧɶ ɟɧɟɪɝɿʀ, ɬɢɫɤɭ, ɬɟɩɥɨєɦɧɨɫɬɟɣ 

ɿ ɬɟɪɦɿɱɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ. 

Ȼɥɨɤ-ɫɯɟɦɚ ɬɚɤɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɭ 4.1. 

Ʉɨɥɢ ɦɨɥɟɤɭɥɢ ɪɨɡɦɿɳɟɧɿ ɭ ɜɭɡɥɚɯ ґɪɚɬɤɢ, ʀɯ ɨɪɿєɧɬɚɰɿʀ ɡɚɞɚɸɬɶɫɹ 

ɦɿɧɿɦɿɡɚɰɿєɸ ɟɧɟɪɝɿʀ ґɪɚɬɤɢ ɚɛɨ ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ. ɍ ɤɨɠɧɨʀ ɦɨɥɟɤɭɥɢ є ɲɿɫɬɶ 

ɩɪɨɫɬɨɪɨɜɢɯ ɡɦɿɧɧɢɯ – ɬɪɢ ɞɟɤɚɪɬɨɜɿ ɤɨɨɪɞɢɧɚɬɢ ɯ, ɭ, z ɰɟɧɬɪɭ ɦɚɫ ɿ ɬɪɢ 

ɟɣɥɟɪɨɜɢɯ ɤɭɬɚ (), ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɨɪɿєɧɬɚɰɿɸ ɬɟɬɪɚɟɞɪɢɱɧɨʀ ɦɨɥɟɤɭɥɢ. 
ɋɩɨɱɚɬɤɭ ɜ ɨɫɧɨɜɧɿɣ ɤɨɦɿɪɰɿ ɜ ɜɭɡɥɚɯ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ ɪɨɡɦɿɳɭɜɚɥɢɫɹ N 

ɦɨɥɟɤɭɥ CБ4 (Б = H, F, CХ), ɱɢɫɥɨ N ɹɤɢɯ ɦɨɠɧɚ ɜɚɪɿɸɜɚɬɢ.  

Ɋɨɡɪɚɯɭɧɤɢ ɛɭɥɢ ɜɢɤɨɧɚɧɿ ɜ ІVT ɚɧɫɚɦɛɥɿ ɞɥɹ ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ N ɜ 

ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɢɩɭ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ ɿ ɪɨɡɦɿɪɭ ɤɨɦɿɪɤɢ: ɜɿɞ N = 1β8 ɞɥɹ 

ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ Fm3n ɞɨ N = βηθ ɞɥɹ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɨʀ ґɪɚɬɤɢ. 
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Ɋɢɫɭɧɨɤ 4.1 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɰɟɫɭ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

 

ȼ ɩɪɨɰɟɫɿ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ ɜɢɛɢɪɚɥɢɫɹ 

ɨɤɪɟɦɿ ɦɨɥɟɤɭɥɢ ɿ ɪɨɛɢɥɢɫɹ ɫɩɪɨɛɢ ʀɯ ɩɟɪɟɦɿɳɟɧɧɹ ɜ ɧɨɜɟ ɜɢɩɚɞɤɨɜɟ ɩɨɥɨɠɟɧɧɹ, 

ɜɿɞɞɚɥɟɧɟ ɜɿɞ ɩɨɱɚɬɤɨɜɨɝɨ ɧɟ ɛɿɥɶɲɟ ɧɿɠ ɧɚ ɡɚɞɚɧɭ ɜɟɥɢɱɢɧɭ. ɉɪɢ ɰɶɨɦɭ 

ɨɛɪɚɧɢɦ ɦɨɥɟɤɭɥɚɦ ɞɚɜɚɥɢɫɹ ɧɟɜɟɥɢɤɿ ɜɢɩɚɞɤɨɜɿ ɡɦɿɳɟɧɧɹ ɤɨɠɧɨʀ ɡ ɩɪɨɫɬɨɪɨɜɢɯ 

ɡɦɿɧɧɢɯ (ɜɿɞɩɨɜɿɞɧɨ ɝɟɧɟɪɭɜɚɥɢɫɹ ɲɿɫɬɶ ɜɢɩɚɞɤɨɜɢɯ ɱɢɫɟɥ) ɿ ɪɟɚɥɿɡɭɜɚɜɫɹ ɩɪɨɰɟɫ 

ȼɢɜɟɞɟɧɧɹ ɧɚ 
ɟɤɪɚɧ ɿ ɜ ɮɚɣɥ 

ȱɧɿɰɿɚɥɿɡɚɰɿɹ ɞɚɬɱɢɤɚ 
ɜɢɩɚɞɤɨɜɢɯ ɱɢɫɟɥ 

ɉɭɫɤ ɩɪɨɝɪɚɦɢ 

Ɂɚɜɟɪɲɟɧɧɹ ɪɨɛɨɬɢ 

ɉɟɪɟɦɿɳɟɧɧɹ ɦɨɥɟɤɭɥ 
ɿ ɧɚɤɨɩɢɱɭɜɚɧɧɹ ɫɭɦ 

Ɉɛɱɢɫɥɟɧɧɹ ɫɟɪɟɞɧɿɯ 

ȼɜɟɞɟɧɧɹ 
ɩɨɱɚɬɤɨɜɢɯ 
ɞɚɧɢɯ  

N > Nm 
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ɩɟɪɟɦɿɳɟɧɧɹ ɨɤɪɟɦɢɯ ɦɨɥɟɤɭɥ (ɦɨɥɟɤɭɥɚ ɡɦɿɳɚɥɚɫɹ ɿ ɨɞɧɨɱɚɫɧɨ ɩɨɜɟɪɬɚɥɚɫɹ). 

Ȼɭɜ ɡɚɞɚɧɢɣ ɿɧɬɟɪɜɚɥ ɦɨɠɥɢɜɢɯ ɡɦɿɳɟɧɶ ɞɥɹ ɤɭɬɨɜɢɯ ɿ ɩɪɨɫɬɨɪɨɜɢɯ ɩɟɪɟɦɿɳɟɧɶ. 

ɐɿ ɜɟɥɢɱɢɧɢ ɩɿɞɛɢɪɚɥɢɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɱɚɫɬɤɚ ɭɫɩɿɲɧɢɯ ɩɟɪɟɦɿɳɟɧɶ ɛɭɥɚ 

ɛɥɢɡɶɤɨ 40 %. ɐɿ ɩɟɪɟɦɿɳɟɧɧɹ ɩɪɢɣɦɚɥɢɫɹ ɚɛɨ ɜɿɞɯɢɥɹɥɢɫɹ ɡɝɿɞɧɨ ɡ ɚɥɝɨɪɢɬɦɨɦ 

Ɇɟɬɪɨɩɨɥɿɫɚ Д37], ɹɤɢɣ ɨɛɝɨɜɨɪɸɜɚɜɫɹ ɜ ɩɿɞɪɨɡɞɿɥɿ 1.4. 

Ɂɝɿɞɧɨ ɡ ɰɢɦ ɚɥɝɨɪɢɬɦɨɦ ɡɚɞɚɜɚɥɚɫɹ ɩɟɜɧɚ ɦɟɠɚ (ɛɥɢɡɶɤɨ 0,1 й) ɞɥɹ 

ɡɦɿɳɟɧɧɹ ɦɨɥɟɤɭɥɢ ɜɡɞɨɜɠ ɤɨɠɧɨʀ ɤɨɨɪɞɢɧɚɬɢ ɞɟɤɚɪɬɨɜɨʀ ɫɢɫɬɟɦɢ ɡɚ ɨɞɢɧ ɤɪɨɤ, 

ɩɨɬɿɦ ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ ɜɢɛɢɪɚɥɚɫɹ ɨɞɧɚ ɡ ɦɨɥɟɤɭɥ ɿ ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ 

ɨɛɢɪɚɥɚɫɹ ɜɟɥɢɱɢɧɚ ʀʀ ɡɦɿɳɟɧɧɹ ɜɡɞɨɜɠ ɤɨɠɧɨʀ ɡ ɨɫɟɣ ɜ ɰɢɯ ɦɟɠɚɯ. 

ɉɨɬɿɦ ɪɨɡɪɚɯɨɜɭɜɚɥɚɫɹ E0 – ɟɧɟɪɝɿɹ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥɢ ɡ ɭɫɿɦɚ ɿɧɲɢɦɢ ɜ 

ɩɨɱɚɬɤɨɜɿɣ ɤɨɧɮɿɝɭɪɚɰɿʀ, ɿ ɟɧɟɪɝɿɹ ȿ ɜ ɬɿɣ ɤɨɧɮɿɝɭɪɚɰɿʀ, ɹɤɚ ɜɢɯɨɞɢɥɚ ɩɿɫɥɹ 

ɡɦɿɳɟɧɧɹ. ɍ ɪɚɡɿ, ɤɨɥɢ ɜɢɤɨɧɭɜɚɥɚɫɹ ɭɦɨɜɚ Ɇɟɬɪɨɩɨɥɿɫɚ (E < E0 ɚɛɨ 

ɟɯɪ [(E0 _ E) / kT] > , ɞɟ – ɡɧɚɱɟɧɧɹ ɜɢɩɚɞɤɨɜɨʀ ɜɟɥɢɱɢɧɢ, ɪɿɜɧɨɦɿɪɧɨ 

ɪɨɡɩɨɞɿɥɟɧɨʀ ɧɚ ɜɿɞɪɿɡɤɭ Д0...1Ж), ɩɟɪɟɦɿɳɟɧɧɹ ɜɜɚɠɚɥɨɫɹ ɬɚɤɢɦ, ɳɨ ɜɿɞɛɭɥɨɫɹ. 

ȱɧɚɤɲɟ – ɦɨɥɟɤɭɥɚ ɩɨɜɟɪɬɚɥɚɫɹ ɜ ɩɨɱɚɬɤɨɜɢɣ ɫɬɚɧ. ɉɨɬɿɦ ɪɨɛɢɥɚɫɹ ɧɚɫɬɭɩɧɚ 

ɫɩɪɨɛɚ ɩɟɪɟɦɿɳɟɧɧɹ ɿ ɬ.ɞ. ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɯɟɦɢ, ɧɚɜɟɞɟɧɨʀ ɧɚ ɪɢɫɭɧɤɭ 4.1. 

ȼɢɤɨɧɚɧɿ ɜ ɪɨɛɨɬɿ ɩɪɹɦɿ ɨɛɱɢɫɥɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ 

ɦɟɬɚɧɭ CH4, CCl4 ɿ CF4 ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɨɡɜɨɥɹɸɬɶ ɩɟɪɟɜɿɪɢɬɢ 

ɦɨɠɥɢɜɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ ɩɪɢ 

ɜɿɞɫɭɬɧɨɫɬɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ. ɉɪɹɦɿ ɪɨɡɪɚɯɭɧɤɢ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɨɞɨɦ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɩɨɬɟɧɰɿɚɥ ɜɡɚєɦɨɞɿʀ, ɩɪɢɣɧɹɬɢɣ ɭ 

ɜɢɝɥɹɞɿ (β.11) ɡɝɿɞɧɨ ɡ ɪɨɛɨɬɨɸ Д82], ɩɪɢ ɩɨɪɿɜɧɹɧɧɿ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɨɡɪɚɯɭɧɤɿɜ 

ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɧɹ ɞɨɡɜɨɥɹɸɬɶ ɩɨɪɿɜɧɹɬɢ ɨɰɿɧɤɢ 

ɜɧɟɫɤɿɜ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ, ɨɛɱɢɫɥɟɧɿ ɞɜɨɦɚ ɫɩɨɫɨɛɚɦɢ. Ɂɜɚɠɚɸɱɢ 

ɧɚ ɬɟ, ɳɨ ɨɛɫɹɝ ɧɚɹɜɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɧɟɞɨɫɬɚɬɧɿɣ ɞɥɹ ɧɚɞɿɣɧɨʀ 

ɨɰɿɧɤɢ ɬɨɱɧɨɫɬɿ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɪɨɡɪɚɯɨɜɚɧɢɯ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ, ɞɚɧɿ Ɇɨɧɬɟ-

Ʉɚɪɥɨ ɦɨɠɭɬɶ ɜɢɫɬɭɩɚɬɢ ɿ ɜ ɪɨɥɿ ɞɚɧɢɯ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ. ɉɪɢ ɰɶɨɦɭ 

ɜɢɤɨɧɚɧɿ ɜ ɪɨɛɨɬɿ ɪɨɡɪɚɯɭɧɤɢ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɤɪɿɦ ɫɚɦɨɫɬɿɣɧɨɝɨ 

ɧɚɭɤɨɜɨɝɨ ɡɧɚɱɟɧɧɹ, ɜɿɞɿɝɪɚɸɬɶ ɜɚɠɥɢɜɭ ɪɨɥɶ, ɨɫɤɿɥɶɤɢ ɞɨɡɜɨɥɹɸɬɶ ɨɰɿɧɢɬɢ 
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ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ, ɨɬɪɢɦɚɧɨɝɨ ɞɥɹ ȽɐɄ ґɪɚɬɤɢ. 

Ⱦɥɹ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɟɨɛɯɿɞɧɨ ɡɚɞɚɬɢ ɫɬɪɭɤɬɭɪɭ 

ɤɪɢɫɬɚɥɿɱɧɨʀ ɮɚɡɢ. ɍ ɪɚɡɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCl4 ɞɨɫɥɿɞɠɟɧɚ ɜ ɪɨɛɨɬɿ ɮɚɡɚ, ɳɨ 

ɦɟɠɭє ɡ ɪɿɞɢɧɨɸ, ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɚє ȽɐɄ ɫɬɪɭɤɬɭɪɭ ɿ ɩɪɚɤɬɢɱɧɨ ɜɿɥɶɧɟ 

ɨɛɟɪɬɚɧɧɹ ɦɨɥɟɤɭɥ. 

Ɉɝɥɹɞ ɪɨɛɿɬ [65, 72, 73, 80, 101] ɡ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ 

CF4 ɩɨɤɚɡɭє, ɳɨ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɜ ɩɟɪɟɞɩɥɚɜɢɥɶɧɿɣ ɨɛɥɚɫɬɿ CF4 ɦɚє ɞɜɿ 

ɦɨɧɨɤɥɿɧɧɿ ɮɚɡɢ, ɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɮɚɡɚ, ɹɤɚ ɦɟɠɭє ɡ ɪɿɞɢɧɨɸ, ɦɚє ɿɦɨɜɿɪɧɨ 

ɪɨɦɛɨɟɞɪɢɱɧɭ ɫɬɪɭɤɬɭɪɭ. 

Ɇɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ȽɐɄ-ɮɚɡɢ 

ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɜ ІVT ɚɧɫɚɦɛɥɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɦɿɪɤɢ 

ɿɡ N = 256 ɦɨɥɟɤɭɥ ɡ ɩɟɪɿɨɞɢɱɧɢɦɢ ɝɪɚɧɢɱɧɢɦɢ ɭɦɨɜɚɦɢ. 

ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɤɨɧɬɪɨɥɸɜɚɥɚɫɹ ɪɟɥɚɤɫɚɰɿɹ ɩɨɱɚɬɤɨɜɨʀ ɫɬɪɭɤɬɭɪɢ ɿ 

ɮɨɪɦɭɜɚɧɧɹ ɬɿєʀ, ɹɤɚ є ɪɿɜɧɨɜɚɠɧɨɸ ɩɪɢ ɡɚɞɚɧɢɯ ɩɚɪɚɦɟɬɪɚɯ ɫɬɚɧɭ. ɉɿɫɥɹ 

ɞɨɫɹɝɧɟɧɧɹ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɧɭ ɩɪɨɜɨɞɢɥɨɫɹ ɧɚɤɨɩɢɱɟɧɧɹ ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɚɧɢɯ, 

ɧɟɨɛɯɿɞɧɢɯ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɟɧɟɪɝɿʀ, ɬɢɫɤɭ, ɬɟɩɥɨєɦɧɨɫɬɟɣ CV ɿ CP, ɚ ɬɚɤɨɠ 

ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P ɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T. 

Ⱦɥɹ ɤɨɧɬɪɨɥɸ ɩɪɚɜɢɥɶɧɨɫɬɿ ɡɚɜɞɚɧɧɹ ɩɨɱɚɬɤɨɜɢɯ ɞɚɧɢɯ ɿ ɩɨɞɚɥɶɲɨɝɨ 

ɚɧɚɥɿɡɭ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɧɚ ɟɤɪɚɧ ɿ ɜ ɮɚɣɥ ɥɿɫɬɢɧɝɭ ɜɢɜɨɞɢɥɢɫɹ: 

– ɩɨɬɨɱɧɿ ɩɚɪɚɦɟɬɪɢ ɫɬɚɧɭ – ɬɟɦɩɟɪɚɬɭɪɚ T ɿ ɨɛ’єɦ v; 

– ɪɨɡɦɿɪ ɤɨɦɿɪɤɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ; 

– ɩɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ  ɿ İ/k; 

– ɩɨɬɨɱɧɢɣ ɪɟɠɢɦ ɪɨɛɨɬɢ ɿ ɪɿɜɟɧɶ ɧɚɥɚɝɨɞɠɟɧɧɹ. 

Ʉɪɿɦ ɬɨɝɨ, ɜ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɢ ɧɚ ɟɤɪɚɧɿ ɜɿɞɫɬɟɠɭɜɚɥɢɫɹ ɧɚɫɬɭɩɧɿ 

ɩɚɪɚɦɟɬɪɢ: 

– ɩɨɜɧɟ ɱɢɫɥɨ ɤɪɨɤɿɜ; 

– ɱɢɫɥɨ ɭɫɩɿɲɧɢɯ ɤɪɨɤɿɜ ɦɟɬɨɞɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ; 

– ɜɿɞɧɨɲɟɧɧɹ ɰɢɯ ɱɢɫɟɥ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭє ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɪɨɰɟɫɭ; 

– ɩɨɬɨɱɧɢɣ ɬɢɫɤ, ɜɧɭɬɪɿɲɧɹ ɟɧɟɪɝɿɹ, ɬɟɩɥɨєɦɧɿɫɬɶ, ɤɨɟɮɿɰɿєɧɬ ɫɬɢɫɥɢɜɨɫɬɿ 
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Z = pv / RT, ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P, ɤɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ T; 

– ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɤɭɬɿɜ  ɿ , ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɨɪɿєɧɬɚɰɿɸ ɦɨɥɟɤɭɥ; 
– ɬɿ ɠ ɜɟɥɢɱɢɧɢ, ɭɫɟɪɟɞɧɟɧɿ ɡɚ ɜɫɿɦɚ ɩɨɩɟɪɟɞɧɿɦɢ ɤɪɨɤɚɦɢ; 

– ɿɧɞɟɤɫ ɨɫɬɚɧɧɶɨʀ ɭɫɩɿɲɧɨ ɩɟɪɟɦɿɳɟɧɨʀ ɦɨɥɟɤɭɥɢ ɬɚ ʀʀ ɡɦɿɳɟɧɧɹ; 

– ɜɢɬɪɚɱɟɧɢɣ ɤɨɦɩ'ɸɬɟɪɧɢɣ ɱɚɫ. 

Ɋɢɫɭɧɨɤ 4.β ɿɥɸɫɬɪɭє ɜɢɝɥɹɞ ɜɿɤɧɚ ɩɪɨɝɪɚɦɢ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ. ɍ 

ɡɜ'ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɩɪɨɰɟɫ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡɚɣɦɚɜ ɡɧɚɱɧɢɣ ɱɚɫ ɧɚ 

ɞɨɫɬɭɩɧɢɯ ɧɚɦ ɤɨɦɩ'ɸɬɟɪɚɯ, ɩɪɨɝɪɚɦɚ ɛɭɥɚ ɨɪɝɚɧɿɡɨɜɚɧɚ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨ ʀʀ 

ɪɨɛɨɬɚ ɦɨɝɥɚ ɜ ɛɭɞɶ-ɹɤɢɣ ɦɨɦɟɧɬ ɛɭɬɢ ɩɟɪɟɪɜɚɧɚ ɿ ɩɨɬɿɦ ɜɿɞɧɨɜɥɟɧɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 4.β – ɋɤɪɿɧɲɨɬ ɜɿɤɧɚ ɩɪɨɝɪɚɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

 

Ⱦɥɹ ɰɶɨɝɨ ɩɟɪɿɨɞɢɱɧɨ ɜɫɿ ɤɪɢɬɢɱɧɨ ɧɟɨɛɯɿɞɧɿ ɞɚɧɿ (ɩɨɬɨɱɧɿ ɩɚɪɚɦɟɬɪɢ ɿ 

ɤɨɨɪɞɢɧɚɬɢ ɜɫɿɯ ɦɨɥɟɤɭɥ) ɡɚɩɢɫɭɜɚɥɢɫɹ ɜ ɮɚɣɥ, ɞɚɧɿ ɡ ɹɤɨɝɨ ɜ ɪɚɡɿ ɧɟɨɛɯɿɞɧɨɫɬɿ 

ɩɪɨɞɨɜɠɟɧɧɹ ɪɨɛɨɬɢ ɡɱɢɬɭɜɚɥɢɫɹ ɿ ɩɨɩɟɪɟɞɧɿɣ ɫɬɚɧ ɦɨɞɟɥɶɨɜɚɧɨʀ ɫɢɫɬɟɦɢ 

ɜɿɞɧɨɜɥɸɜɚɜɫɹ. 
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ɉɪɢ ɰɶɨɦɭ ɞɨɞɚɬɤɨɜɨ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɜ ɿɧɲɨɦɭ ɮɚɣɥɿ 

ɩɟɪɿɨɞɢɱɧɨ ɡɛɟɪɿɝɚɥɢɫɹ: 

– ɩɨɜɧɟ ɱɢɫɥɨ ɤɪɨɤɿɜ, ɱɢɫɥɨ ɭɫɩɿɲɧɢɯ ɤɪɨɤɿɜ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɫɟɪɟɞɧє 

ɜɿɞɧɨɲɟɧɧɹ ɰɢɯ ɱɢɫɟɥ; 

– ɩɨɬɨɱɧɟ ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ p ɿ ɣɨɝɨ ɨɰɿɧɟɧɚ ɣɦɨɜɿɪɧɚ ɩɨɯɢɛɤɚ; 

– ɩɨɬɨɱɧɟ ɡɧɚɱɟɧɧɹ ɜɧɭɬɪɿɲɧɶɨʀ ɟɧɟɪɝɿʀ E ɬɚ ʀʀ ɣɦɨɜɿɪɧɚ ɩɨɯɢɛɤɚ; 

– ɿɡɨɯɨɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ CV / R ɬɚ ɿɡɨɛɚɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ CP / R; 

– ɲɜɢɞɤɿɫɬɶ ɡɜɭɤɭ; 

– ɤɨɟɮɿɰɿєɧɬ ɫɬɢɫɥɢɜɨɫɬɿ Z = p v / RT; 

– ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P; 

– ɤɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T. 

ɉɪɢ ɪɨɡɪɚɯɭɧɤɭ ɟɧɟɪɝɿʀ ɜɡɚєɦɨɞɿʀ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɫɬɚɧɞɚɪɬɧɿ ɩɟɪɿɨɞɢɱɧɿ 

ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ. Ʉɭɛɿɱɧɚ ɤɨɦɿɪɤɚ, ɹɤɚ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɨɬɨɱɭɜɚɥɚɫɹ ɡ ɭɫɿɯ ɛɨɤɿɜ ɳɟ 

βθ ɩɨɞɿɛɧɢɦɢ ɤɨɦɿɪɤɚɦɢ, ɜ ɹɤɢɯ ɫɢɧɯɪɨɧɧɨ ɩɟɪɟɦɿɳɚɥɢɫɹ ɦɨɥɟɤɭɥɢ – ɨɛɪɚɡɢ. 

ȼɪɚɯɨɜɭɜɚɥɨɫɹ ɜɡɚєɦɨɞɿɹ ɨɛɪɚɧɨʀ ɦɨɥɟɤɭɥɢ ɡ ɭɫɿɦɚ ɦɨɥɟɤɭɥɚɦɢ ɬɚ ʀɯ ɨɛɪɚɡɚɦɢ, 

ɹɤɿ ɩɟɪɟɛɭɜɚɸɬɶ ɧɚ ɜɿɞɫɬɚɧɿ, ɦɟɧɲɿɣ, ɧɿɠ ɬ. ɡɜ. «ɪɚɞɿɭɫ ɨɛɪɿɡɚɧɧɹ» ɜɡɚєɦɨɞɿʀ. ȼɿɧ 

ɨɛɢɪɚɜɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɧɟ ɩɟɪɟɜɢɳɭɜɚɜ ɩɨɥɨɜɢɧɭ ɪɨɡɦɿɪɭ ɤɨɦɿɪɤɢ (ɜɿɞ 8 й 

ɞɨ 12 й). 

ɇɿɹɤɿ ɫɩɟɰɿɚɥɶɧɿ ɨɛɦɟɠɟɧɧɹ, ɳɨ ɡɚɛɟɡɩɟɱɭɸɬɶ ɡɛɟɪɟɠɟɧɧɹ ɤɪɢɫɬɚɥɿɱɧɨʀ 

ɫɬɪɭɤɬɭɪɢ, ɜ ɩɪɨɰɟɫɿ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɧɟ ɜɜɨɞɢɥɢɫɹ. Ɍɨɦɭ ɜɚɠɥɢɜɨ 

ɛɭɥɨ ɤɨɧɬɪɨɥɸɜɚɬɢ, ɳɨ ɩɨɱɚɬɤɨɜɚ ɤɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɚ ɡɛɟɪɿɝɚєɬɶɫɹ. 

Ⱦɥɹ ɰɶɨɝɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɡɚɫɨɛɢ ɜɿɡɭɚɥɿɡɚɰɿʀ, ɡɨɤɪɟɦɚ ɜɿɞɨɦɚ ɩɪɨɝɪɚɦɚ JMol  

– Java ɩɪɨɝɪɚɦɚ ɞɥɹ ɜɿɡɭɚɥɿɡɚɰɿʀ ɬɪɢɜɢɦɿɪɧɢɯ ɦɨɥɟɤɭɥɹɪɧɢɯ ɫɬɪɭɤɬɭɪ [102]. 

Ɉɛɱɢɫɥɟɧɧɹ ɜ ɪɚɡɿ ɦɟɬɚɧɭ ɛɭɥɢ ɩɪɨɜɟɞɟɧɿ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɧɚ ɜɨɫɶɦɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɢ ɡɧɚɱɟɧɧɹɯ ɦɨɥɹɪɧɢɯ ɨɛ’єɦɿɜ, ɜɿɞɩɨɜɿɞɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ 

ɞɚɧɢɦ Д57Ж. Ȳɯ ɪɟɡɭɥɶɬɚɬɢ ɨɛɝɨɜɨɪɸɸɬɶɫɹ ɿ ɚɧɚɥɿɡɭɸɬɶɫɹ ɧɢɠɱɟ ɿ ɧɚɜɨɞɹɬɶɫɹ ɜ 

ɧɚɫɬɭɩɧɢɯ ɪɨɡɞɿɥɚɯ ɪɨɛɨɬɢ. 

Ɋɢɫɭɧɨɤ 4.γ ɞɚє ɭɹɜɥɟɧɧɹ ɩɪɨ ɬɟ, ɹɤ ɜɢɝɥɹɞɚє ɤɨɦɿɪɤɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ ȽɐɄ-

ɫɬɪɭɤɬɭɪɢ, ɚ ɪɢɫɭɧɨɤ 4.4 – ɬɟɠ ɫɚɦɟ ɞɥɹ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ. 
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Ɋɢɫɭɧɨɤ 4.γ – ȼɿɡɭɚɥɿɡɚɰɿɹ ɤɨɦɿɪɤɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡ ȽɐɄ ɫɬɪɭɤɬɭɪɨɸ 

 ɜ ɫɟɪɟɞɨɜɢɳɿ JMol 

 

 

Ɋɢɫɭɧɨɤ 4.4 – ȼɿɡɭɚɥɿɡɚɰɿɹ ɨɫɟɪɟɞɤɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɪɚɡɿ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ 

 ɜ ɫɟɪɟɞɨɜɢɳɿ JMol 
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Ɉɞɧɨɱɚɫɧɨ ɡ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɦɢ ɮɭɧɤɰɿɹɦɢ ɪɨɡɪɚɯɨɜɭɜɚɥɢɫɹ ɨɪɿєɧɬɚɰɿɣɧɿ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɤɭɬɿɜ  ɿ . Ȳɯ ɧɭɥɶɨɜɿ ɡɧɚɱɟɧɧɹ ɞɚɜɚɥɢ 
ɦɨɠɥɢɜɿɫɬɶ ɩɟɪɟɤɨɧɚɬɢɫɹ ɭ ɜɿɞɫɭɬɧɨɫɬɿ ɨɪɿєɧɬɚɰɿɣɧɨʀ ɜɩɨɪɹɞɤɨɜɚɧɨɫɬɿ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɮɚɡɢ. 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɜɿɞɩɨɜɿɞɚɜ ІVT-

ɚɧɫɚɦɛɥɸ Ƚɿɛɛɫɚ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɧɚɫɬɭɩɧɿ ɜɢɪɚɡɢ ɞɥɹ ɰɢɯ ɜɟɥɢɱɢɧ. 

ȼɧɭɬɪɿɲɧɹ ɟɧɟɪɝɿɹ ɪɨɡɪɚɯɨɜɭɜɚɥɚɫɹ ɹɤ ɫɭɦɚ ɤɿɧɟɬɢɱɧɨʀ ɿ ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿɣ 

ɜɫɿɯ ɱɚɫɬɢɧɨɤ: 

3 1

2 2 NE kT U
N

        (4.1) 

Ɍɭɬ UN – ɩɨɬɟɧɰɿɚɥɶɧɚ ɟɧɟɪɝɿɹ, ɹɤɚ ɜɢɡɧɚɱɚєɬɶɫɹ ɜɢɪɚɡɨɦ (β.β), (β.4) – (2.6). 

Ɍɢɫɤ ɨɛɱɢɫɥɸɜɚɜɫɹ ɡɚ ɬɟɨɪɟɦɨɸ ɜɿɪɿɚɥɚ Д31]: 

1

6 N

NkT
P V

V N
  ,      (4.2) 

ɞɟ  
 ij

ij
1 1 ij

, , ,
N

i N j N
i j

r
V r

r   

     
 – ɬɚɤ ɡɜɚɧɢɣ ɜɿɪɿɚɥ ɦɿɠɦɨɥɟɤɭɥɹɪɧɢɯ ɫɢɥ, 

ɳɨ ɜɤɥɸɱɚє ɹɤ ɰɟɧɬɪɚɥɶɧɿ, ɬɚɤ ɿ ɧɟɰɟɧɬɪɚɥɶɧɿ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ. 

ȱɡɨɯɨɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ ɜɢɡɧɚɱɚɥɚɫɶ ɡɚ ɜɿɞɨɦɨɸ ɮɨɪɦɭɥɨɸ Д30]: 

22

2

3

2V

U U
C k

kT

  .      (4.3) 

Ⱥɧɚɥɨɝɿɱɧɿ ɜɢɪɚɡɢ ɞɥɹ ɬɟɪɦɿɱɧɨɝɨ ɬɢɫɤɭ ɿ ɡɜɨɪɨɬɧɨʀ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ ɦɚɸɬɶ ɜɢɝɥɹɞ: 

1

6 N N N N
V

P NkT
T U V U V

T V NkT

            ;    (4.4) 
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  21 21 1
1

6 18T N N N N N N

NkT
W V V V U V

V N NkT
                 .       (4.5) 

Ɍɭɬ  
 2

ij2
ij 2

1 1 ij

, , ,
N

i N j N
i j

r
W r

r   

      
, – ɚ ɤɭɬɨɜɿ ɞɭɠɤɢ ɨɡɧɚɱɚɸɬɶ 

ɭɫɟɪɟɞɧɟɧɧɹ ɡɚ ɤɨɨɪɞɢɧɚɬɚɦɢ ɿ ɤɭɬɚɦɢ ɜɫɿɯ ɦɨɥɟɤɭɥ ɧɚ ɤɨɠɧɨɦɭ ɤɪɨɰɿ ɥɚɧɰɸɝɚ 

Ɇɚɪɤɨɜɚ, ɝɟɧɟɪɨɜɚɧɨɝɨ ɡɝɿɞɧɨ ɡɿ ɡɝɚɞɚɧɢɦ ɚɥɝɨɪɢɬɦɨɦ Ɇɟɬɪɨɩɨɥɿɫɚ, ɳɨ ɜ ɦɟɠɿ 

ɜɟɥɢɤɨɝɨ ɱɢɫɥɚ ɤɪɨɤɿɜ ɝɚɪɚɧɬɭє ɡɛɿɠɧɿɫɬɶ ɞɨ ɫɟɪɟɞɧɶɨɝɨ ɩɨ ІVT-ɚɧɫɚɦɛɥɸ 

Ƚɿɛɛɫɚ. Ʉɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ, ɜ ɫɜɨɸ ɱɟɪɝɭ, ɨɛɱɢɫɥɸɜɚɜɫɹ ɱɟɪɟɡ 

ɬɟɪɦɿɱɧɢɣ ɬɢɫɤ ɬɚ ɿɡɨɬɟɪɦɿɱɧɭ ɫɬɢɫɥɢɜɿɫɬɶ. 

ɉɿɫɥɹ β000-γ000 ɭɫɩɿɲɧɢɯ ɤɪɨɤɿɜ ɜɫɬɚɧɨɜɥɸɜɚɜɫɹ ɫɬɚɰɿɨɧɚɪɧɢɣ ɫɬɚɧ, 

ɩɨɬɿɦ ɩɪɢɛɥɢɡɧɨ ɱɟɪɟɡ ɤɨɠɧɿ η00-1000 ɤɪɨɤɿɜ ɨɛɱɢɫɥɸɜɚɥɢɫɹ ɬɢɫɤ, ɜɧɭɬɪɿɲɧɹ 

ɟɧɟɪɝɿɹ, ɬɟɩɥɨєɦɧɿɫɬɶ, ɬɟɪɦɿɱɧɢɣ ɬɢɫɤ ɿ ɤɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɬɚ 

ɡɛɟɪɿɝɚɥɢɫɹ ɭ ɮɚɣɥɿ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɿ ɨɛɪɨɛɤɢ. Ɋɟɡɭɥɶɬɚɬɢ 

ɭɫɟɪɟɞɧɸɜɚɥɢɫɹ ɩɪɨɬɹɝɨɦ ɩɪɢɛɥɢɡɧɨ 10000 ɩɨɫɥɿɞɨɜɧɢɯ ɭɫɩɿɲɧɢɯ ɤɪɨɤɿɜ. ɉɿɫɥɹ 

ɞɟɹɤɨɝɨ ɱɢɫɥɚ ɤɪɨɤɿɜ (ɩɪɢɛɥɢɡɧɨ ɩɨ β-γ ɭɫɩɿɲɧɢɯ ɩɟɪɟɦɿɳɟɧɧɹ ɜ ɫɟɪɟɞɧɶɨɦɭ ɧɚ 

ɤɨɠɧɭ ɦɨɥɟɤɭɥɭ) ɩɪɨɜɨɞɢɜɫɹ ɩɿɞɪɚɯɭɧɨɤ ɜɧɭɬɪɿɲɧɶɨʀ ɟɧɟɪɝɿʀ ɿ ɬɢɫɤɭ ɡɚ 

ɬɟɨɪɟɦɨɸ ɜɿɪɿɚɥɚ. Ɂɧɚɱɟɧɧɹ ɧɚɣɛɿɥɶɲ ɜɿɪɨɝɿɞɧɨʀ ɩɨɯɢɛɤɢ ɨɰɿɧɸɜɚɥɢɫɹ ɩɨ 

ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɦɭ ɜɿɞɯɢɥɟɧɧɸ ɨɤɪɟɦɢɯ ɨɛɱɢɫɥɸɜɚɧɢɯ ɜ ɩɪɨɰɟɫɿ 

ɦɨɞɟɥɸɜɚɧɧɹ ɡɧɚɱɟɧɶ ɟɧɟɪɝɿʀ ɿ ɬɢɫɤɭ ɜɿɞ ɡɝɚɞɚɧɢɯ ɫɟɪɟɞɧɿɯ. 

 

4.2 Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɢɯ ɮɚɡ ɋɇ4, CF4 ɬɚ CCХ4 ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɿ ɫɭɛɥɿɦɚɰɿʀ. ɉɨɪɿɜɧɹɧɧɹ ɬɟɨɪɿʀ ɬɚ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ 

 

ɋɩɪɨɦɨɠɧɿɫɬɶ ɛɭɞɶ-ɹɤɨɝɨ ɪɨɡɪɚɯɭɧɤɨɜɨɝɨ ɦɟɬɨɞɭ ɬɪɚɞɢɰɿɣɧɨ 

ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɲɥɹɯɨɦ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ ɡ 

ɧɚɬɭɪɧɢɦ ɟɤɫɩɟɪɢɦɟɧɬɨɦ ɚɛɨ ɡ ɞɚɧɢɦɢ ɦɚɲɢɧɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. 

ȼ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ ɋɇ4, CF4 ɬɚ CCХ4 ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɿ ɫɭɛɥɿɦɚɰɿʀ 
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ɜɢɤɨɪɢɫɬɚɧɿ ɞɜɚ ɦɟɬɨɞɢ: ɦɟɬɨɞ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɿ ɦɟɬɨɞ, ɹɤɢɣ 

ɜɢɤɨɪɢɫɬɨɜɭє ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ, 

ɨɬɪɢɦɚɧɿ ɰɢɦɢ ɞɜɨɦɚ ɦɟɬɨɞɚɦɢ, ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɧɚɹɜɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ 

ɞɚɧɢɦɢ. 

Ɉɫɤɿɥɶɤɢ ɜ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɞɨɡɜɨɥɹє ɩɪɨɜɨɞɢɬɢ 

ɪɨɡɪɚɯɭɧɤɢ ɜ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ, ɞɟ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɧɟɱɢɫɥɟɧɧɿ ɚɛɨ 

ɜɿɞɫɭɬɧɿ, ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɿɜ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ 

ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɨɞɢɧ ɣ ɬɨɣ ɫɚɦɢɣ ɧɚɛɿɪ ɩɨɬɟɧɰɿɚɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. 

Ɇɨɠɥɢɜɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɜ ɪɨɛɨɬɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɛɭɥɢ ɩɪɨɬɟɫɬɨɜɚɧɿ 

ɪɨɡɪɚɯɭɧɤɚɦɢ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɦɟɬɚɧɭ Д85Ж ɿ ɛɭɥɢ ɡɿɫɬɚɜɥɟɧɿ ɡ ɞɨɫɥɿɞɧɢɦɢ 

ɞɚɧɢɦɢ, ɳɨ ɛɭɥɨ ɪɨɡɝɥɹɧɭɬɨ ɜɢɳɟ ɜ ɪɨɡɞɿɥɿ β.β. Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ 

CCl4 ɿ CF4 ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ ɨɛɝɨɜɨɪɸɸɬɶɫɹ ɧɢɠɱɟ. 

Ⱥɧɚɥɿɡ ɧɚɜɟɞɟɧɢɯ ɜ ɪɨɛɨɬɿ ɪɨɡɪɚɯɭɧɤɿɜ ɞɨɡɜɨɥɢɜ ɪɨɡɲɢɪɢɬɢ ɞɨɫɥɿɞɠɟɧɧɹ 

ɧɚ ɨɛɥɚɫɬɶ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ ɿ ɬɟɦɩɟɪɚɬɭɪ. Ɍɭɬ, ɩɟɪɲ ɡɚ ɜɫɟ, ɰɿɤɚɜɢɬɶ ɨɛɥɚɫɬɶ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ, ɞɟ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚ ȽɐɄ-ɮɚɡɚ ɦɟɬɚɧɭ ɫɩɿɜɿɫɧɭє ɡ ɪɿɞɢɧɨɸ. 

ɍ ɪɨɡɞɿɥɿ γ.γ ɩɨɪɿɜɧɸєɬɶɫɹ ɥɿɧɿɹ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ, ɹɤɚ ɜɿɞɧɨɜɥɟɧɚ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɜɨɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, ɡ 

ɞɚɧɢɦɢ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ (ɦɨɥɹɪɧɨɝɨ 

ɨɛ’єɦɭ v, ɟɧɬɚɥɶɩɿʀ h, ɟɧɬɪɨɩɿʀ s, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P ɬɚ 

ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T, ɚ ɬɚɤɨɠ ɬɟɩɥɨєɦɧɨɫɬɟɣ CV ɿ CP) ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ 

ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɹɯ 2.3 ɿ β.4 ɜ ɪɨɡɞɿɥɿ β. 

Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɬɜɟɪɞɢɯ ɮɚɡ ɋF4 ɿ ɋCХ4, ɹɤ ɿ ɞɥɹ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ, 

ɧɟɨɛɯɿɞɧɨ ɩɿɞɿɛɪɚɬɢ ɩɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɿ ɡɧɚɱɟɧɧɹ 

ɜɟɥɢɱɢɧɢ ɨɤɬɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɭ Ω ɦɨɥɟɤɭɥ ɋF4 ɿ ɋCХ4. Ɂɧɚɱɟɧɧɹ ɨɤɬɭɩɨɥɶɧɨɝɨ 

ɦɨɦɟɧɬɭ ɋF4 Ω = 4,44×10–34 ɨɞ. ɡɚɪɹɞɭ / ɫɦ3 ɿ ɨɤɬɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɋCХ4 

Ω = 1η×10–34 ɨɞ. ɡɚɪɹɞɭ / ɫɦ3 ɛɭɥɢ ɩɪɢɣɧɹɬɿ ɡɚ ɞɚɧɢɦɢ ɪɨɛɿɬ [74, 103].  
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ɉɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (1β-6), ɳɨ ɚɩɪɨɤɫɢɦɭɸɬɶ ɜɡɚєɦɨɞɿʀ 

ɋF4 – ɋF4 : /k = 141 Ʉ ɿ  = 4,177 й. Ɂɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɜɡɚєɦɨɞɿʀ ɋCХ4 – ɋCХ4 : 

/k = 327 Ʉ ɿ  = 5,22 й, ɹɤɿ ɨɬɪɢɦɚɧɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɞɚɧɢɯ, ɳɨ ɪɟɤɨɦɟɧɞɨɜɚɧɿ ɜ 

ɪɨɛɨɬɚɯ [74, 104, 105].  

Ɉɫɤɿɥɶɤɢ ɪɨɡɪɚɯɭɧɤɢ ɜɢɤɨɧɚɧɿ ɞɥɹ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ ɋF4 ɡɚ 

ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ, ɡɚɩɪɨɩɨɧɨɜɚɧɢɦ ɞɥɹ ɦɟɬɚɧɭ (ȽɐɄ ґɪɚɬɤɢ), ɩɚɪɚɦɟɬɪɢ 

ɩɨɬɟɧɰɿɚɥɭ ɜɡɚєɦɨɞɿʀ ɦɨɥɟɤɭɥ ɋF4 – ɋF4 ɛɭɥɢ ɭɡɝɨɞɠɟɧɿ ɡ ɞɚɧɢɦɢ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɿ ɩɪɢɣɧɹɬɿ ɪɿɜɧɢɦɢ /k = 141 Ʉ ɿ  = 4,177 й, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ  = 4,63 й, 

ɩɪɢɣɧɹɬɨɝɨ ɜ ɪɨɡɪɚɯɭɧɤɚɯ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ (ɦɨɥɹɪɧɨɝɨ 

ɨɛ’єɦɭ v, ɟɧɬɚɥɶɩɿʀ h, ɟɧɬɪɨɩɿʀ s, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P ɬɚ 

ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T, ɚ ɬɚɤɨɠ ɜɧɟɫɤɢ ɧɟɿɞɟɚɥɶɧɨɫɬɿ ɜ ɬɟɩɥɨєɦɧɨɫɬɿ ɫV 

ɿ ɫP) ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ 

ɬɚɛɥɢɰɿ 4.1. 

 

Ɍɚɛɥɢɰɹ 4.1 – Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

T, K 
p, 

MPa 
v, 

ɫɦ3/ɦɨɥɶ 
h, ɤȾɠ/ 
ɦɨɥɶ 

s,  Ⱦɠ/ 
(ɦɨɥɶ·Ʉ) 

P, 
1/ɤK 

T, 
1/Ƚɉɚ 

CP , 
Ⱦɠ/ 

(ɦɨɥɶ·Ʉ) 
90 3,6 44,72 –7,86 0,625 1,818 1,2118 19,322 

100 56,0 43,09 –5,61 0,185 1,276 0,8390 19,398 

110 111,6 41,84 –3,26 0,113 0,991 0,6437 19,396 

120 170,3 40,80 –0,82 0,196 0,811 0,5211 19,358 

130 232,2 39,92 1,69 0,348 0,686 0,4362 19,304 

140 297,3 39,13 4,29 0,531 0,594 0,3738 19,250 

150 365,5 38,42 6,96 0,726 0,522 0,3259 19,206 

160 437,0 37,78 9,71 0,923 0,464 0,2879 19,177 

170 511,6 37,18 12,54 1,120 0,417 0,2570 19,167 

180 589,4 36,63 15,45 1,312 0,377 0,2315 19,176 

190 670,4 36,11 18,43 1,501 0,344 0,2101 19,202 
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Кіɧɟɰɶ ɬɚɛɥɢɰі 4.1  

T, K 
p, 

MPa 
v, 

ɫɦ3/ɦɨɥɶ 
h, ɤȾɠ/ 
ɦɨɥɶ 

s,  Ⱦɠ/ 
(ɦɨɥɶ·Ʉ) 

P, 
1/ɤK 

T, 
1/Ƚɉɚ 

CP , Ⱦɠ/ 
(ɦɨɥɶ·Ʉ) 

200 754,5 35,62 21,48 1,686 0,314 0,1919 19,242 

210 841,8 35,16 24,61 1,868 0,289 0,1762 19,288 

220 932,3 34,72 27,80 2,046 0,267 0,1625 19,333 

230 1026,0 34,31 31,08 2,219 0,247 0,1506 19,367 

240 1122,8 33,91 34,42 2,388 0,230 0,1401 19,379 

250 1222,8 33,53 37,83 2,550 0,215 0,1307 19,358 

260 1326,0 33,16 41,31 2,705 0,202 0,1224 19,293 

270 1432,4 32,81 44,86 2,849 0,190 0,1149 19,173 

280 1542,0 32,47 48,47 2,982 0,180 0,1081 18,987 

290 1654,7 32,15 52,14 3,099 0,171 0,1020 18,726 

300 1770,6 31,83 55,88 3,198 0,163 0,0965 18,384 
 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCХ4 (ɦɨɥɹɪɧɨɝɨ 

ɨɛ’єɦɭ v, ɟɧɬɚɥɶɩɿʀ h, ɟɧɬɪɨɩɿʀ s, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P ɿ 

ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T, ɚ ɬɚɤɨɠ ɜɧɟɫɤɢ ɧɟɿɞɟɚɥɶɧɨɫɬɿ ɜ ɬɟɩɥɨєɦɧɨɫɬɿ ɫV 

ɿ ɫP) ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.β. 
 

Ɍɚɛɥɢɰɹ 4.β – Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɮɚɡɢ Ia (ȽɐɄ) ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCl4 ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

T, K 
p, 

MPa 
v, 

ɫɦ3/ɦɨɥɶ 
h, ɤȾɠ/ 
ɦɨɥɶ 

s,  Ⱦɠ/ 
(ɦɨɥɶ·Ʉ) 

P, 
1/ɤK 

T, 
1/Ƚɉɚ 

CP , 
Ⱦɠ/ 

(ɦɨɥɶ·Ʉ) 
250 14,8 89,32 –18,372 262,2 0,938 1,259 84,11 

260 46,6 86,99 –15,907 263,8 0,718 0,951 86,58 

270 81,8 84,99 –13,180 265,6 0,580 0,758 88,77 

280 120,3 83,21 –10,210 267,5 0,485 0,625 90,73 

290 162,1 81,60 –7,010 269,4 0,414 0,528 92,48 

300 207,3 80,13 –3,589 271,4 0,361 0,453 94,06 

310 255,8 78,77 0,044 273,5 0,318 0,395 95,50 

320 307,7 77,50 3,885 275,5 0,284 0,348 96,80 
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Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɜɥɚɫɬɢɜɨɫɬɟɣ ɋF4 ɿ ɋCХ4 ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɜ 

ɮɨɪɦɿ (β.η), ɪɨɡɪɨɛɥɟɧɨɝɨ ɞɥɹ ɦɟɬɚɧɭ, ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɞɚɧɢɦɢ, ɨɬɪɢɦɚɧɢɦɢ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. 

 

Ɍɚɛɥɢɰɹ 4.γ – ȼɿɞɧɨɫɧɿ ɜɧɟɫɤɢ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ, ɹɤɿ ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

T, K p, % P, % T, % CV, 

90,7 – 27,5 9,5 43,9 

111,3 –15,0 20,1 6,5 30,1 
131,8 –8,1 15,0 5,1 22,3 

156,97 –3,4 11,1 3,0 18,0 

180,36 –1,9 6,2 1,0 14,9 
212,85 –1,3 2,7 -0,4 12,4 
237,58 –1,2 4,0 0,5 10,1 

260,85 –0,9 8,2 1,7 12,2 
 

Ɋɨɡɪɚɯɭɧɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ, ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ ɿ 

ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ ɛɭɥɢ ɜɢɤɨɧɚɧɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɿ 

ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɰɶɨɝɨ ɜɧɟɫɤɭ, ɳɨ ɞɨɡɜɨɥɢɥɨ ɨɰɿɧɢɬɢ ɜɧɟɫɨɤ ɰɿєʀ ɜɡɚєɦɨɞɿʀ ɜ 

ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɢɫɤɿɜ (ɪɨɡɞɿɥ β.γ) ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

ȼɿɞɧɨɫɧɢɣ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ ɬɢɫɤ, ɜ ɤɨɟɮɿɰɿєɧɬɢ 

ɨɛ'єɦɧɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɿ ɫɬɢɫɤɚɧɧɹ, ɚ ɬɚɤɨɠ ɜ ɧɚɞɥɢɲɤɨɜɭ ɬɟɩɥɨєɦɧɿɫɬɶ ɦɟɬɚɧɭ, 

ɹɤɿ ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫɭɧɤɭ 4.η ɬɚ ɜ 

ɬɚɛɥɢɰɿ 4.3. ɇɚɣɛɿɥɶɲɢɣ ɜɧɟɫɨɤ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɜ ɬɟɩɥɨєɦɧɿɫɬɶ ɿ 

ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɜ ɪɚɣɨɧɿ ɩɨɬɪɿɣɧɨʀ ɬɨɱɤɢ, ɡ 

ɪɨɫɬɨɦ ɬɢɫɤɭ ɜɧɟɫɤɢ ɜ ɭɫɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɿɫɬɨɬɧɨ ɡɦɟɧɲɭɸɬɶɫɹ. 
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Ɋɢɫɭɧɨɤ 4.5 – ɉɨɪɿɜɧɹɧɧɹ ɜɿɞɧɨɫɧɢɯ ɜɧɟɫɤɿɜ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ ɞɨ 

ɬɢɫɤɭ ( ), ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ( ), ɤɨɟɮɿɰɿєɧɬɚ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫ-

ɥɢɜɨɫɬɿ ( ), ɿɡɨɯɨɪɧɨʀ ɬɟɩɥɨєɦɧɨɫɬɿ ( ) ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɳɨ ɪɨɡɪɚɯɨɜɚɧɿ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɢɫɤɭ, ɟɧɟɪɝɿʀ, ɤɨɟɮɿɰɿєɧɬɚ ɨɛ'єɦɧɨɝɨ ɪɨɡɲɢɪɟɧɧɹ, 

ɫɬɢɫɥɢɜɨɫɬɿ, ɧɚɞɥɢɲɤɨɜɨʀ ɬɟɩɥɨєɦɧɨɫɬɿ ɦɟɬɚɧɭ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɹɯ 4.4 – 4.6. 

ɍ ɬɚɛɥɢɰɿ 4.4 ɩɨɪɿɜɧɸɸɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɜɢɤɨɧɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ (ɆɄ) ɿ 

ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ (β.10) (Ɋɋ) ɡ ɩɚɪɚɦɟɬɪɚɦɢ  = γ,77 й, /k = 148 K, * = 0,308. 

 

Ɍɚɛɥɢɰɹ 4.4 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɮɭɧɤɰɿɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ  
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T, K p, Ƚɉɚ Ɇɟɬɨɞ v, ɫɦ3/ɦɨɥɶ P, 10-3K-1 T, Ƚɉɚ-1 

90,7 0,008 
MɄ 32,87 1,896 0,907 

Ɋɋ 32,81 1,716  0,835 

111,3 0,087 
MɄ 31,75 1,295 0,642 

Ɋɋ 31,80 1,236  0,605  

131,8 0,186 
MɄ 30,92 1,144 0,535 

Ɋɋ 30,88 0,943  0,460 

156,97 0,323 
MɄ 29,97 0,797 0,396 

Ɋɋ 29,87 0,715  0,346 

180,36 0,465 
MɄ 29,09 0,614 0,310 

Ɋɋ 29,04 0,575  0,276 

212,85 0,677 
MɄ 28,16 0,453 0,238 

Ɋɋ 28,02 0,444  0,211 

237,58 0,866 
MɄ 27,47 0,388 0,201 

Ɋɋ 28,18 0,374  0,177 

260,85 1,034 
MɄ 26,88 0,347 0,176 

Ɋɋ 26,74 0,323  0,152 

 

ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨ ɨɛ’єɦɭ, ɤɨɟɮɿɰɿєɧɬɭ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɿ 

ɫɬɢɫɤɚɧɧɹ, ɳɨ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.4, ɞɟɦɨɧɫɬɪɭє ɯɨɪɨɲɿ ɦɨɠɥɢɜɨɫɬɿ 

ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. Ɇɨɠɧɚ ɜɿɞɡɧɚɱɢɬɢ ɡɝɨɞɭ ɦɿɠ ɪɨɡɪɚɯɭɧɤɨɦ ɿ 

ɦɚɲɢɧɧɢɦ ɟɤɫɩɟɪɢɦɟɧɬɨɦ ɹɤ ɞɥɹ ɬɢɫɤɭ, ɬɚɤ ɿ ɞɥɹ ɬɟɪɦɿɱɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ 

(ɬɚɛɥɢɰɹ 4.5). 

Ⱦɚɧɿ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɨ ɬɢɫɤɭ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ ɧɚɹɜɧɢɦɢ 

ɧɟɛɚɝɚɬɶɦɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. Ɉɰɿɧɤɚ 

ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɪɟɡɭɥɶɬɚɬɿɜ ɧɚɲɢɯ ɦɚɲɢɧɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɜɢɤɨɧɚɧɚ ɲɥɹɯɨɦ 

ɩɨɪɿɜɧɹɧɧɹ ɞɚɧɢɯ ɪɨɡɪɚɯɭɧɤɭ ɬɢɫɤɭ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɡ ɪɨɛɨɬɢ ɑɟɧɝɚ Дη7Ж ɿ ȺɛɪɚɦɫɨɧК Дθ8Ж. Ɇɨɠɧɚ 

ɜɿɞɡɧɚɱɢɬɢ ɭɡɝɨɞɠɟɧɿɫɬɶ ɜ ɪɚɦɤɚɯ ɬɨɱɧɨɫɬɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ. 
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Ɍɚɛɥɢɰɹ 4.η – ȼɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɪɨɡɪɚɯɭɧɤɭ ɦɨɥɹɪɧɢɯ ɨɛ'єɦɿɜ ɦɟɬɚɧɭ ɧɚ 

ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ (ɆɄ) ɿ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ (β.7). 

 

T, K 

 

p, Ƚɉɚ 
v, ɫɦ3/ɦɨɥɶ  

v, % ɆɄ Ɋɋ (β.7) 
90,7 –0,008 32,87 32,81 –0,18 

111,3 0,087 31,75 31,80 –0,16 

131,8 0,186 30,92 30,88 –0,13 

156,97 0,323 29,97 29,87 –0,03 

180,36 0,465 29,09 29,04 –0,17 

212,85 0,677 28,16 28,02 –0,50 

237,58 0,866 27,47 27,33 –0,51 

260,85 1,049 26,88 26,74 –0,52 

 

əɤ ɜɢɞɧɨ, ɨɛɪɚɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ   7й ɿ İ/k = 148 K ɬɚ 

ɨɤɬɭɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɭ   = 4,4.10-34   ɨɞ. ɡɚɪɹɞɭ/ɫɦ3 [60, 89] ɡɚɛɟɡɩɟɱɭɸɬɶ ɞɨɛɪɭ 

ɡɝɨɞɭ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ p,v,T-ɞɚɧɢɯ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ. 

 

Ɍɚɛɥɢɰɹ 4.θ – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɬɢɫɤɭ ɦɟɬɚɧɭ ɦɟɬɨɞɨɦ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɑɟɧɝɚ Д57] 

T, K v, ɫɦ3/ɦɨɥɶ pɆɄ, Ƚɉɚ pɆɄ – pɟɤɫɩ, 
Ƚɉɚ 

90,7 32,87 –0,008 –0,008 

111,3 31,75 0,074 –0,013 

131,8 30,92 0,171 –0,015 

156,97 29,97 0,312 –0,011 

180,36 29,09 0,456 –0,009 

212,85 28,16 0,668 –0,009 

237,58 27,47 0,856 –0,010 

260,85 26,88 1,040 –0,009 
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ɇɚ ɪɢɫɭɧɤɭ 4.7 ɧɚɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɬɢɫɤɭ ɦɟɬɨɞɨɦ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɑɟɧɝɚ Д57Ж ɿ ȺɛɪɚɦɫɨɧК Д68Ж. ɇɚ 

ɠɚɥɶ, ɜ ɪɨɛɨɬɿ ȺɛɪɚɦɫɨɧК ɧɟ ɧɚɜɟɞɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɝɭɫɬɢɧɢ ɜɢɳɟ 

300 Ʉ, ɬɨɦɭ ɞɥɹ ɬɚɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɪɨɡɪɚɯɭɧɤɢ ɧɟ ɩɪɨɜɨɞɢɥɢɫɹ. Ɇɨɠɧɚ 

ɩɪɢɩɭɫɬɢɬɢ, ɳɨ ɟɤɫɬɪɚɩɨɥɹɰɿɹ ɞɚɧɢɯ ɪɨɡɪɚɯɭɧɤɭ ɜ ɨɛɥɚɫɬɶ ɬɢɫɤɿɜ, ɹɤɿ ɧɚɜɟɞɟɧɿ ɜ 

ɪɨɛɨɬɿ Д57Ж, ɛɭɞɟ ɬɚɤɨɠ ɭɫɩɿɲɧɨɸ. 

 

 

Ɋɢɫɭɧɨɤ 4.6 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɬɢɫɤɭ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɑɟɧɝɚ Д57Ж ɿ Ⱥɛɪɚɦɫɨɧɚ Д68]:  – ɦɟɬɨɞ Ɇɨɧɬɟ-

Ʉɚɪɥɨ,  – ɞɚɧɿ ɪɨɛɨɬɢ Дη7Ж,   – ɞɚɧɿ ɪɨɛɨɬɢ Дθ8Ж 
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əɤ ɜɢɞɧɨ, ɿ ɬɭɬ ɨɛɪɚɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɭ ɪɨɛɨɬɚɯ [60, 90] ɡɚɛɟɡɩɟɱɭɸɬɶ 

ɞɨɛɪɭ ɡɝɨɞɭ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

ɦɟɬɚɧɭ. 

ɇɚ ɪɢɫɭɧɤɭ 4.7 ɩɪɢɜɟɞɟɧɚ ɡɚɥɟɠɧɿɫɬɶ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɦɟɬɚɧɭ 

ɜɡɞɨɜɠ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɩɨɪɿɜɧɸɸɬɶɫɹ ɞɚɧɿ ɨɬɪɢɦɚɧɿ ɜ ɪɨɛɨɬɿ ɞɜɨɦɚ ɦɟɬɨɞɚɦɢ 

(ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɿ ɦɟɬɨɞ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ). 

 

 

Ɋɢɫɭɧɨɤ 4.7 – Ɂɚɥɟɠɧɿɫɬɶ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ. ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɡɚ ɪɿɜɧɹɧɧɹɦ 

ɫɬɚɧɭ ɡ ɞɚɧɢɦɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ: 

 –  ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ, –––– – ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 
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Ʉɪɿɦ ɞɨɤɥɚɞɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɛɭɥɢ ɩɪɨɜɟɞɟɧɿ ɤɨɦɩ'ɸɬɟɪɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ 
ɞɥɹ ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɞɥɹ ɮɚɡɢ ȱȱ 

(-ɮɚɡɢ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ T ɜɿɞ 60 Ʉ ɞɨ 76 K [64Ж ɬɚ ɞɥɹ ɤɪɢɫɬɚɥɿɱɧɨɝɨ 
CCl4 ɭɡɞɨɜɠ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɭ ȽɐɄ-ɮɚɡɿ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɜɿɞ T = 245 K ɞɨ 
T = 320 K [77].  

ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɧɚɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜɿɞɧɨɫɹɬɶɫɹ ɜɢɤɥɸɱɧɨ ɞɨ 
ɮɚɡ ɰɢɯ ɤɪɢɫɬɚɥɿɜ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɜɿɞɧɨɫɧɨ ɜɿɥɶɧɢɦ ɨɛɟɪɬɚɧɧɹɦ ɦɨɥɟɤɭɥ ɿ 
ɦɟɠɭɸɬɶ ɧɚ ɮɚɡɨɜɢɯ ɞɿɚɝɪɚɦɚɯ ɡ ɪɿɞɢɧɨɸ. 

ȼɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɿ ɮɚɡɢ ɬɜɟɪɞɢɯ ɋɋ14, ɋȼr4, ɋȱ4, ɹɤ ɿ ɦɟɬɚɧ ɋɇ4, 

ɨɪɿєɧɬɚɰɿɣɧɨ ɪɚɡɭɩɨɪɹɞɤɨɜɚɧɿ ɿ ɦɚɸɬɶ ȽɐɄ ґɪɚɬɤɭ ɡ ɱɨɬɢɪɦɚ ɦɨɥɟɤɭɥɚɦɢ ɜ 
ɤɨɦɿɪɰɿ Д17Ж. ɇɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɿ ɮɚɡɢ ɱɚɫɬɿɲɟ ɦɚɸɬɶ ɦɨɧɨɤɥɿɧɧɿ ґɪɚɬɤɢ. 
Ɂ ɝɪɭɩɢ ɝɚɥɨɝɟɧɨɦɟɬɚɧɿɜ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧ ɜɢɞɿɥɹєɬɶɫɹ ɞɨɫɢɬɶ ɧɢɡɶɤɨɸ 
ɬɟɦɩɟɪɚɬɭɪɨɸ ɩɥɚɜɥɟɧɧɹ ɿ ɫɬɪɭɤɬɭɪɨɸ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ ɮɚɡɢ. 
Ɍɟɬɪɚɮɬɨɪɦɟɬɚɧ ɦɚє ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɧɹ 89,β Ʉ, ɰɟ ɧɚ 1,β Ʉ ɧɢɠɱɟ 
ɬɟɦɩɟɪɚɬɭɪɢ ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ, ɚ ɬɚɤɿ ɩɚɪɚɦɟɬɪɢ ɹɤ ɦɚɫɚ, ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɿ 
ɤɜɚɞɪɭɩɨɥɶɧɢɣ ɦɨɦɟɧɬ ɦɨɥɟɤɭɥ ɋF4 ɡɧɚɱɧɨ ɜɢɳɟ, ɧɿɠ ɭ ɦɨɥɟɤɭɥ ɦɟɬɚɧɭ Д19]. 

ȼ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɋF4 ɜ ɮɚɡɿ ȱȱ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɿ 77 Ʉ ɦɚє ɦɨɧɨɤɥɿɧɧɭ ɫɬɪɭɤɬɭɪɭ ɡ ɩɚɪɚɦɟɬɪɚɦɢ a = 13,732 й, 

b = 1β,81η й,  c = 1γ,4β9 й,   ɤɭɬ = 9γ,θ° Д18]. 

ȼ ɪɨɛɨɬɿ Д18Ж ɛɭɜ ɜɢɤɨɧɚɧɢɣ ɚɧɚɥɿɡ ɫɬɪɭɤɬɭɪ ɦɨɥɟɤɭɥɹɪɧɢɯ ɤɪɢɫɬɚɥɿɜ, 
ɭɬɜɨɪɟɧɢɯ ɬɟɬɪɚɟɞɪɢɱɧɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɿ ɚɜɬɨɪɢ ɜɢɫɥɨɜɢɥɢ ɩɪɢɩɭɳɟɧɧɹ, ɳɨ – 

ɝɚɥɨɝɟɧɨɦɟɬɚɧɢ ɡɚ ɚɧɚɥɨɝɿєɸ ɡ ɞɟɣɬɟɪɨɦɟɬɚɧɨɦ ɦɨɠɧɚ ɭɦɨɜɧɨ ɪɨɡɝɥɹɞɚɬɢ ɹɤ 
ɱɢɫɬɢɣ ɦɟɬɚɧ ɩɿɞ ɜɢɫɨɤɢɦ ɬɢɫɤɨɦ. 

ȼ ɩɪɨɰɟɫɿ ɦɨɞɟɥɸɜɚɧɧɹ ɿ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 
ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɮɚɡ CF4 ɿ CCХ4 ɧɚ ɥɿɧɿɹɯ ɫɭɛɥɿɦɚɰɿʀ ɿ ɩɥɚɜɥɟɧɧɹ ɧɟɨɛɯɿɞɧɚ 
ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɫɬɪɭɤɬɭɪɭ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɮɚɡ. CF4 ɦɚє ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɜ ɮɚɡɿ ȱ 

(-ɮɚɡɿ) ɬɚ ɮɚɡɿ ȱȱ (-ɮɚɡɿ) ɦɨɧɨɤɥɿɧɧɭ ґɪɚɬɤɭ [101]. ɉɚɪɚɦɟɬɪɢ ɮɚɡɢ ȱ 
ɦɨɧɨɤɥɿɧɧɨʀ ɫɬɪɭɤɬɭɪɢ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɪɨɛɨɬɿ, ɩɪɢɣɧɹɬɿ ɡɚ ɞɚɧɢɦɢ Д101] 

ɿ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.7. 

Ɏɚɡɚ CF4 , ɹɤɚ ɦɟɠɭє ɡ ɪɿɞɢɧɨɸ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɦɚє ɪɨɦɛɨɟɞɪɢɱɧɭ 
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ɫɬɪɭɤɬɭɪɭ ɿ ɪɨɡɪɚɯɭɧɤɢ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɥɹ ɧɟʀ ɧɟ ɩɪɨɜɨɞɢɥɢɫɹ. Ⱦɥɹ ɮɚɡɢ 
CF4 , ɳɨ ɫɩɿɜɿɫɧɭє ɡ ɪɿɞɢɧɨɸ, ɪɨɡɪɚɯɭɧɤɢ ɩɪɨɜɨɞɢɥɢɫɹ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ 
(ɪɨɡɞɿɥ 2). 

 

Ɍɚɛɥɢɰɹ 4.7 – ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɦɨɧɨɤɥɿɧɧɨʀ 

ɤɪɢɫɬɚɥɿɱɧɨʀ ɝɪɚɬɤɢ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 [101] 

T, K a, й b, й c, й ȕ, ɨ ρ, ɝ/Мɦ3 

60 8,517 4,381 8,380 119,01 2,137 

65 8,533 4,395 8,382 118,92 2,124 

70 8,567 4,420 8,387 118,79 2,100 

75 8,592 4,433 8,378 118,79 2,090 
 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɨɧɨɤɥɿɧɧɨʀ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ 

ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ -ɮɚɡɢ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 , 

ɹɤɿ ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɹɯ 4.9 – 4.10. 

 

Ɍɚɛɥɢɰɹ 4.8 – ɉɚɪɚɦɟɬɪɢ ɩɚɪɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɞɥɹ CF4 ɿ CCХ4 [65] 

Ɇɨɥɟɤɭɥɚ /k, K , й , 10-34 esu
CF4 141 4,63 4,4 

CCl4 327 5,22 15,0 

 

Ɋɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɧɹ ɦɨɥɹɪɧɢɯ ɨɛ’єɦɿɜ, ɪɨɡɪɚɯɨɜɚɧɢɯ ɦɟɬɨɞɨɦ 

ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ Д101Ж ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.9. 

Ɋɨɡɪɚɯɭɧɤɢ ɜɢɤɨɧɚɧɿ ɧɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɡɧɚɱɟɧɧɹɯ ɝɭɫɬɢɧɢ, ɹɤɿ ɡɚ ɞɚɧɢɦɢ 

[101Ж ɜɿɞɩɨɜɿɞɚɸɬɶ ɧɭɥɶɨɜɨɦɭ ɬɢɫɤɭ.  

ɇɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.9 ɨɛ’єɦɢ vMC ɨɞɟɪɠɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɡɪɚɯɭɧɤɿɜ 

ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. Ȼɭɥɢ ɜɢɤɨɪɢɫɬɚɧɿ ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɿ ɿɡɨɬɟɪɦɿɱɧɨʀ 

ɫɬɢɫɥɢɜɨɫɬɿ ɬɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ V(p =0 )= V(p )–ȕ T ( p ) V. 
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ɉɨɦɿɬɧɿ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɬɿɥɶɤɢ 

ɩɪɢ ɜɿɞɧɨɫɧɨ ɧɢɡɶɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ T = 60 Ʉ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɜɟɞɟɧɿ ɧɚ 

ɪɢɫɭɧɤɭ 4.8 ɿ  ɜ ɬɚɛɥɢɰɹɯ 4.9 – 4.10. 

  

 
 

Ɋɢɫɭɧɨɤ 4.8 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɨɛ’єɦɭ CF4  ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-

Ʉɚɪɥɨ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɎɌȱɇɌ Д7βЖ: 

  –  ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ,  – ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ 

 

Ɍɚɛɥɢɰɹ 4.9 – ɉɨɪɿɜɧɹɧɧɹ ɦɨɥɹɪɧɢɯ ɨɛ’єɦɿɜ CF4 , ɪɨɡɪɚɯɨɜɚɧɢɯ ɧɚ ɥɿɧɿʀ 

ɫɭɛɥɿɦɚɰɿʀ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ Д101] 

T, K vexp, ɫɦ3/ɦɨɥɶ vMC, ɫɦ3/ɦɨɥɶ v, 

60 41,18 40,00 –2,9 

65 41,43 40,57 –2,1 

70 41,90 41,24 –1,6 

75 42.11 41.81 –0,7 
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Ɍɚɛɥɢɰɹ 4.10 – Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɨɧɨɤɥɿɧɧɨʀ ɤɪɢɫɬɚɥɿɱɧɨʀ 

ґɪɚɬɤɢ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ -ɮɚɡɢ ɧɚ ɥɿɧɿʀ ɫɭɛɥɿɦɚɰɿʀ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚ-

ɧɭ CF4, ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

T, K 
ρ, 

ɝ/Мɦ3 
ɪ , Ƚɉɚ U/k, K cV/R αP , 1/ɤK ȕT, 1/Ƚɉɚ 

60 2,137 –0,022 –489,0 2,108 0,820 1,306 

65 2,124 –0,018 –477,7 1,462 1,148 1,151 

70 2,100 –0,014 –466,2 1,252 1,012 1,140 

76 2,090 –0,007 –457,3 1,076 0,826 1,018 

 

Ɂɝɿɞɧɨ ɡ ɞɚɧɢɦɢ ɪɨɛɨɬɢ ДθηЖ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɞɥɹ ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨʀ 

ɮɚɡɢ CɋХ4 ɧɚɣɛɿɥɶɲ ɿɦɨɜɿɪɧɚ ɫɬɪɭɤɬɭɪɚ ȽɐɄ. ɐɹ ɮɚɡɚ ɦɚє ɦɿɫɰɟ ɜ ɿɧɬɟɪɜɚɥɿ 

ɬɟɦɩɟɪɚɬɭɪ β4η – 320 ºɋ. ɉɨɬɿɦ ɜ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚɬɭɪ ɪɟɚɥɿɡɭєɬɶɫɹ 

ɦɨɧɨɤɥɿɧɧɚ ɤɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɿ ɪɨɦɛɨɟɞɪɢɱɧɚ. ɇɚɦɢ ɛɭɥɚ ɜɩɟɪɲɟ ɡɪɨɛɥɟɧɚ 

ɫɩɪɨɛɚ ɪɨɡɪɚɯɭɜɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ ȽɐɄ ɮɚɡɢ CɋХ4 ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 

ɉɪɢ ɰɶɨɦɭ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɩɚɪɚɦɟɬɪɢ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ ɬɜɟɪɞɨɝɨ 

ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CɋХ4 ДθηЖ, ɹɤɿ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.11. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ 

ɿɥɸɫɬɪɭє ɬɚɛɥɢɰɹ 4.1β. Ɂɿɫɬɚɜɥɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɞɚɧɢɯ ɡ ɞɨɫɥɿɞɧɢɦɢ ɞɚɧɢɦɢ Д107] 

ɩɨɤɚɡɚɥɨ, ɳɨ ɩɨɯɢɛɤɚ ɜɢɡɧɚɱɟɧɧɹ ɨɛ’єɦɭ ɬɜɟɪɞɨɝɨ CCХ4 ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɟ 

ɩɟɪɟɜɢɳɭє 0,η %. 

 

Ɍɚɛɥɢɰɹ 4.11 – ɉɚɪɚɦɟɬɪɢ ɦɨɧɨɤɥɿɧɧɨʀ ɤɪɢɫɬɚɥɿɱɧɨʀ ґɪɚɬɤɢ ɮɚɡɢ I ɬɜɟɪɞɨɝɨ 

ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CɋХ4 [65Ж, ɩɪɢɣɧɹɬɿ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɪɨɡɪɚɯɭɧɤɿɜ ɦɟɬɨɞɨɦ 

Ɇɨɧɬɟ-Ʉɚɪɥɨ 

T, K a, й b, й c , й ,
 о

 
ρ, 

ɝ/Мɦ3 

203 20,3 11,6 19,9 111,0 1,90 
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Ɍɚɛɥɢɰɹ 4.1β – Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɨɧɨɤɥɿɧɧɨʀ ɤɪɢɫɬɚɥɿɱɧɨʀ 

ґɪɚɬɤɢ ɮɚɡɢ I ɬɜɟɪɞɨɝɨ CCХ4, ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ (ɬɭɬ cV = 

= cV – cV 
(ɿɞ.ɝɚɡ)  – ɜɧɟɫɨɤ ɧɟɿɞɟɚɥɶɧɨɫɬɿ ɜ ɿɡɨɯɨɪɧɭ ɬɟɩɥɨєɦɧɿɫɬɶ) 

T, K 
ρ, 

ɝ/Мɦ3 
ɪ , Ƚɉɚ U/k, K cV/R αP , 1/ɤK ȕT, 1/Ƚɉɚ 

203 1,900 –0,006 –1010,1 1,007 0,363 0,983 
293 1,596 –0,015 –791,3 0,646 0,258 1,339 

 

ȼɿɞɫɭɬɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɝɭɫɬɢɧɢ ɬɜɟɪɞɨʀ ɮɚɡɢ ɜ ɪɨɛɨɬɚɯ, 

ɩɪɢɫɜɹɱɟɧɢɯ ɞɨɫɥɿɞɠɟɧɧɸ ɮɚɡɨɜɨʀ ɞɿɚɝɪɚɦɢ, ɡɚɥɢɲɚɸɬɶ ɥɢɲɟ ɦɨɠɥɢɜɿɫɬɶ 

ɩɨɪɿɜɧɹɬɢ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɨɛ’єɦɭ ɡɚ ɬɟɨɪɟɬɢɱɧɢɦ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɡ 

ɞɚɧɢɦɢ, ɨɬɪɢɦɚɧɢɦɢ ɦɟɬɨɞɨɦ ɦɚɲɢɧɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ.  Ɉɫɤɿɥɶɤɢ 

ɜ ɦɟɬɨɞɿ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɨɛ’єɦɢ ɡɚɞɚɸɬɶɫɹ, ɦɢ ɛɭɥɢ ɡɦɭɲɟɧɿ ɡɚɤɥɚɫɬɢ ɜ ɩɪɨɝɪɚɦɭ 

ɪɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧɧɹ ɨɛ’єɦɿɜ, ɜɿɞɤɨɪɢɝɭɜɚɜɲɢ ɩɪɢ ɰɶɨɦɭ ɬɢɫɤɢ ɧɚ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ. 

Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɢɫɬɚɥɿɱɧɨʀ ȽɐɄ 

ɮɚɡɢ ɬɜɟɪɞɨɝɨ CCХ4 , ɹɤɿ ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɬɚɛɥɢɰɿ 4.1γ ɿ ɧɚ ɪɢɫɭɧɤɭ 4.9, ɞɟ ɜɨɧɢ ɩɨɪɿɜɧɸɸɬɶɫɹ ɡ 

ɪɟɡɭɥɶɬɚɬɚɦɢ, ɹɤɿ ɨɬɪɢɦɚɧɿ ɡɚ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ. ɉɚɪɚɦɟɬɪɢ ɩɨɬɟɧɰɿɚɥɭ Ʌɟɧɧɚɪɞ-

Ⱦɠɨɧɫɚ ɩɪɢɣɧɹɬɿ ɡɚ ɞɚɧɢɦɢ ДθηЖ. 

 

Ɍɚɛɥɢɰɹ 4.1γ – Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɿɱɧɨʀ ȽɐɄ ɮɚɡɢ 

ɬɜɟɪɞɨɝɨ CCХ4 , ɪɨɡɪɚɯɨɜɚɧɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ 

T, K 
v, 

Мɦ3 / ɝ Щ,  Ɇɉɚ cV/R αP , 1/ɤK ȕT, 1/Ƚɉɚ 

250 89,32 81 1,371 0,190 0,333 
260 86,99 104 1,350 0,161 0,287 
270 84,99 143 1,435 0,153 0,253 
280 83,21 181 1,427 0,125 0,217 
290 81,60 223 1,515 0,130 0,200 
300 80,13 277 1,532 0,115 0,175 
320 77,50 363 1,352 0,082 0,143 
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Ɋɢɫɭɧɨɤ 4.9 – ɉɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɭ ɦɨɥɹɪɧɨɝɨ ɨɛ’єɦɭ CCХ4 ɡɚ 

ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ ɡ ɞɚɧɢɦɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɳɨ ɨɬɪɢɦɚɧɿ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ:  

 – ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ,   – ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɨɩɢɫɚɧɢɯ ɜɢɳɟ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɪɨɡɪɚɯɭɜɚɬɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɜ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ 

ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ, ɳɨ ɩɪɟɞɫɬɚɜɥɹє ɿɧɬɟɪɟɫ ɜ ɬɨɦɭ ɱɢ ɿɧɲɨɦɭ ɩɪɚɤɬɢɱɧɨɦɭ 

ɡɚɫɬɨɫɭɜɚɧɧɿ. 

Ⱦɨɤɥɚɞɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɚɤɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ Ⱦɨɞɚɬɤɭ Ⱥ. ȼ ɭɫɿɯ 

ɧɚɜɟɞɟɧɢɯ ɬɚɛɥɢɰɹɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɧɚɫɬɭɩɧɿ ɩɨɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɫɬɚɧɭ ɿ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ, ɚ ɬɚɤɨɠ ɜɿɞɩɨɜɿɞɧɿ ʀɦ ɨɞɢɧɢɰɿ ɜɢɦɿɪɭ: 

– ɬɟɦɩɟɪɚɬɭɪɚ T, K; 

– ɦɨɥɹɪɧɢɣ ɨɛ’єɦ v, ɫɦ3 / ɦɨɥɶ; 

– ɬɢɫɤ p, Ɇɉɚ; 

– ɟɧɬɚɥɶɩɿɹ h, ɤȾɠ / ɦɨɥɶ; 
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– ɟɧɬɪɨɩɿɹ s, Ⱦɠ / (ɦɨɥɶ·Ʉ); 

– ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ P, 1 / K; 

– ɤɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ T, 1 / Ƚɉɚ; 

– ɿɡɨɯɨɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ cv , ɿɡɨɛɚɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ cP , Ⱦɠ / (ɦɨɥɶ·Ʉ). 

ɍ Ⱦɨɞɚɬɤɭ Ⱥ ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɨɛ’єɦɭ, ɟɧɟɪɝɿʀ, ɟɧɬɚɥɶɩɿʀ, 

ɟɧɬɪɨɩɿʀ, ɚ ɬɚɤɨɠ ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ, ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ 

ɬɚ ɬɟɩɥɨєɦɧɨɫɬɿ ɬɜɟɪɞɢɯ ɮɚɡ ɦɟɬɚɧɭ CH4, ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 ɿ 

ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCl4 (ȽɐɄ-ɮɚɡ) ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɿ ɜ ɨɞɧɨɮɚɡɧɿɣ ɨɛɥɚɫɬɿ. 

Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ CH4 ɧɚ ɿɡɨɬɟɪɦɚɯ 

T = 100 - 300 K (ɡ ɤɪɨɤɨɦ 10 Ʉ ɡɚ ɬɟɦɩɟɪɚɬɭɪɨɸ) ɜ ɿɧɬɟɪɜɚɥɿ ɬɢɫɤɿɜ ɞɨ p = 10 Ƚɉɚ 

ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ Ⱥ.1 Ⱦɨɞɚɬɤɭ Ⱥ. ȼɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 ɧɚ 

ɿɡɨɬɟɪɦɚɯ T = 90 – 300 K ɜ ɿɧɬɟɪɜɚɥɿ ɬɢɫɤɿɜ ɞɨ p = 2 Ƚɉɚ ɬɚɤɨɠ ɧɚɜɟɞɟɧɿ ɜ 

ɬɚɛɥɢɰɿ Ⱥ.β Ⱦɨɞɚɬɤɭ Ⱥ, ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCl4 ɧɚ ɿɡɨɬɟɪɦɚɯ 

T = 250 – 320 K ɜ ɿɧɬɟɪɜɚɥɿ ɬɢɫɤɿɜ ɞɨ p = 2 Ƚɉɚ ɬɚɤɨɠ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ Ⱥ.γ 

Ⱦɨɞɚɬɤɭ Ⱥ. 

ɍ ɤɨɠɧɿɣ ɬɚɛɥɢɰɿ ɩɟɪɲɢɣ ɪɹɞɨɤ ɜɿɞɩɨɜɿɞɚє ɫɬɚɧɭ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. Ɂɚ 

ɩɨɱɚɬɨɤ ɜɿɞɥɿɤɭ ɤɚɥɨɪɢɱɧɢɯ ɮɭɧɤɰɿɣ ɩɪɢɣɧɹɬɿ ʀɯ ɡɧɚɱɟɧɧɹ ɜ ɩɨɬɪɿɣɧɿɣ ɬɨɱɰɿ. 

 

4.3 Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɪɟɱɨɜɢɧ «TСОrЦoPro-5» 

 

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɛɭɥɢ ɧɚɜɟɞɟɧɿ ɜ ɩɨɩɟɪɟɞɧɿɯ ɪɨɡɞɿɥɚɯ ɰɿєʀ ɪɨɛɨɬɢ, 

ɜɿɞɨɛɪɚɠɟɧɿ ɜ ɧɨɜɿɣ ɜɟɪɫɿʀ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ «ThermoPro-5», ɦɟɬɨɸ 

ɪɨɡɪɨɛɤɢ ɹɤɨʀ ɛɭɥɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɤɨɪɢɫɬɭɜɚɱɿɜ ɞɚɧɢɦɢ ɩɪɨ ɬɟɩɥɨɮɿɡɢɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɭ ɬɟɯɧɿɱɧɨ ɜɚɠɥɢɜɢɯ ɪɟɱɨɜɢɧ. 

Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ «ThermoPro-5» ɹɜɥɹє ɫɨɛɨɸ ɿɧɮɨɪɦɚɰɿɣɧɨ-

ɨɛɱɢɫɥɸɜɚɥɶɧɭ ɫɢɫɬɟɦɭ ɡ ɛɚɝɚɬɨɜɿɤɨɧɧɢɦ ɿɧɬɟɪɮɟɣɫɨɦ, ɚɜɬɨɧɨɦɧɢɦɢ 

ɩɪɨɝɪɚɦɧɢɦɢ ɦɨɞɭɥɹɦɢ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɟɱɨɜɢɧ. 

ɉɪɢ ɫɬɜɨɪɟɧɧɿ ɫɢɫɬɟɦɢ ɿɧɬɟɪɮɟɣɫɧɚ ɱɚɫɬɢɧɚ ɩɪɨɝɪɚɦɢ, ɜɡɚєɦɨɞɿɹ ɦɨɞɭɥɿɜ ɦɿɠ 
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ɫɨɛɨɸ, ɨɛɪɨɛɤɚ ɿ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɞɚɧɢɯ ɜɢɤɨɧɚɧɿ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɤɨɧɰɟɩɰɿɣ 

ɨɛ'єɤɬɧɨ-ɨɪɿєɧɬɨɜɚɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ.  

ɉɟɪɲɚ ɜɟɪɫɿɹ ɫɢɫɬɟɦɢ ɛɭɥɚ ɪɨɡɪɨɛɥɟɧɚ ɳɟ ɜ 1999 ɪɨɰɿ. ɉɪɨɝɪɚɦɚ 

ɞɨɡɜɨɥɹɥɚ ɜɢɡɧɚɱɚɬɢ ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɛɥɢɡɶɤɨ ɬɪɢɞɰɹɬɢ ɪɟɱɨɜɢɧ. 

Ɋɟɡɭɥɶɬɚɬɢ ɜɢɤɨɧɚɧɨʀ ɪɨɡɪɨɛɤɢ ɛɭɥɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɜ ɞɨɤɥɚɞɿ ɫɩɿɜɚɜɬɨɪɚ 

ɩɪɨɮ. ȼɚɫɫɟɪɦɚɧɚ Ɉ.Ⱥ. ɜ β000 ɪɨɰɿ ɧɚ 14-ɦɭ ɋɢɦɩɨɡɿɭɦɿ ɡ ɬɟɩɥɨɮɿɡɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɭ ɦ. Ȼɨɭɥɞɟɪ (Ʉɨɥɨɪɚɞɨ, ɋɒȺ) Д107]. 

ȼɞɨɫɤɨɧɚɥɟɧɚ ɜɟɪɫɿɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ, ɹɤɚ ɛɭɥɚ ɪɨɡɪɨɛɥɟɧɚ ɜ 

2002 ɪɨɰɿ, ɞɨɡɜɨɥɹɥɚ ɜɢɤɨɧɭɜɚɬɢ ɬɚɤɨɠ ɪɨɡɪɚɯɭɧɤɢ ɩɚɪɚɦɟɬɪɿɜ ɩɪɨɰɟɫɿɜ ɜ 

ɚɩɚɪɚɬɚɯ ɬɚ ɦɚɲɢɧɚɯ ɤɪɿɨɝɟɧɧɢɯ ɭɫɬɚɧɨɜɨɤ. Ⱦɟɦɨɧɫɬɪɚɰɿɹ ɩɪɨɝɪɚɦɢ ɬɚ ɞɨɤɥɚɞ 

ɩɪɨ ɪɨɡɪɨɛɥɟɧɭ ɚɜɬɨɦɚɬɢɡɨɜɚɧɭ ɫɢɫɬɟɦɭ ɛɭɥɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɚɜɬɨɪɨɦ ɞɢɫɟɪɬɚɰɿʀ ɜ 

2003 ɪɨɰɿ ɧɚ 1η-ɦɭ ɋɢɦɩɨɡɿɭɦɿ ɡ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, 

ɦ. Ȼɨɭɥɞɟɪ, (Ʉɨɥɨɪɚɞɨ, ɋɒȺ) [108]. 

ȼ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɧɚɞ ɞɢɫɟɪɬɚɰɿєɸ ɛɭɥɨ ɫɬɜɨɪɟɧɨ ɧɨɜɭ ɜɟɪɫɿɸ 

ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ «ThermoPro-5» [104], ɩɪɢ ɪɨɡɪɨɛɰɿ ɹɤɨʀ ɛɭɥɨ 

ɩɨɫɬɚɜɥɟɧɨ ɡɚɜɞɚɧɧɹ ɡɚɛɟɡɩɟɱɢɬɢ ɤɨɪɢɫɬɭɜɚɱɿɜ ɞɚɧɢɦɢ ɩɪɨ ɬɟɩɥɨɮɿɡɢɱɧɿ 

ɜɥɚɫɬɢɜɨɫɬɿ ɛɿɥɶɲ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɭ ɪɟɱɨɜɢɧ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ 

ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. 

ɇɨɜɚ ɜɟɪɫɿɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ «ThermoPro-5» ɡɞɚɬɧɚ ɨɛɱɢɫɥɸɜɚɬɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɟɱɨɜɢɧ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ, ɚ ɬɚɤɨɠ ɪɨɡɪɚɯɨɜɭɜɚɬɢ 

ɜɥɚɫɬɢɜɨɫɬɿ ɜ ɬɜɟɪɞɿɣ ɿ ɪɿɞɤɿɣ ɮɚɡɚɯ. ȼ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ ɩɟɪɟɞɛɚɱɟɧɚ 

ɦɨɠɥɢɜɿɫɬɶ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ ɣɨɝɨ ɩɨɯɿɞɧɢɯ 

ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ, 

ɩɨɛɭɞɨɜɚɧɨɝɨ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɞɟ ɜ ɹɤɨɫɬɿ ɨɩɨɪɧɨʀ ɜɢɫɬɭɩɚє ɫɢɫɬɟɦɚ 

ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ є ɡɛɭɪɟɧɧɹɦ.  

ȼ ɞɚɧɢɣ ɱɚɫ ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɨɛɨɱɢɯ ɬɿɥ ɡɚɡɜɢɱɚɣ ɜɢɡɧɚɱɚɸɬɶ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɫɩɟɰɿɚɥɶɧɢɯ ɩɪɨɝɪɚɦɧɢɯ ɩɪɨɞɭɤɬɿɜ – ɛɚɡ ɞɚɧɢɯ, ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ 

ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ. Ɉɞɧɚ ɡ ɧɚɣɜɿɞɨɦɿɲɢɯ ɤɨɦɟɪɰɿɣɧɢɯ ɩɪɨɝɪɚɦ ɬɚɤɨɝɨ ɪɨɞɭ – 

ɰɟ ɩɪɨɝɪɚɦɚ REFPRЇP ɇɚɰɿɨɧɚɥɶɧɨɝɨ ɿɧɫɬɢɬɭɬɭ ɫɬɚɧɞɚɪɬɿɜ ɿ ɬɟɯɧɨɥɨɝɿɣ ɋɒȺ 
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(NIST) [109]. Ɉɞɧɚɤ ɨɫɧɨɜɧɢɣ ɧɟɞɨɥɿɤ ɩɪɨɝɪɚɦɢ REFPRЇP ɬɚ ɩɨɞɿɛɧɢɯ ɩɪɨɝɪɚɦ 

ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɚɧɿ (ɜɥɚɫɬɢɜɨɫɬɿ ɪɟɱɨɜɢɧ), ɹɤɿ ɝɟɧɟɪɭɸɬɶɫɹ 

ɜ ɧɢɯ, ɜ ɤɨɧɤɪɟɬɧɢɯ ɿɧɠɟɧɟɪɧɨ-ɬɟɯɧɿɱɧɿ ɪɨɡɪɚɯɭɧɤɚɯ, ɳɨ ɜɢɤɨɧɭɸɬɶɫɹ ɜ 

ɩɪɢɤɥɚɞɧɢɯ ɩɪɨɝɪɚɦɚɯ, ɦɨɠɧɚ ɬɿɥɶɤɢ ɤɨɩɿɸɜɚɧɧɹɦ «ɜɪɭɱɧɭ». ɐɟ ɭɫɤɥɚɞɧɸє, ɚɛɨ 

ɜɡɚɝɚɥɿ ɭɧɟɦɨɠɥɢɜɥɸє ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜ ɩɪɢɤɥɚɞɧɢɯ ɩɪɨɝɪɚɦɚɯ ɤɨɪɢɫɬɭɜɚɱɿɜ, 

ɨɫɨɛɥɢɜɨ ɩɪɢ ɛɚɝɚɬɨɜɚɪɿɚɧɬɧɢɯ ɚɛɨ ɨɩɬɢɦɿɡɚɰɿɣɧɢɯ ɪɨɡɪɚɯɭɧɤɚɯ ɚɩɚɪɚɬɿɜ, 

ɦɚɲɢɧ, ɤɪɿɨɝɟɧɧɢɯ ɬɚ ɯɨɥɨɞɢɥɶɧɢɯ ɰɢɤɥɿɜ, ɛɚɝɚɬɶɨɯ ɿɧɲɢɯ ɟɧɟɪɝɟɬɢɱɧɢɯ 

ɭɫɬɚɧɨɜɨɤ ɿ ɫɢɫɬɟɦ. 

ɋɩɪɨɛɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɬɪɢɦɚɧɿ ɞɚɧɿ ɩɪɨ ɜɥɚɫɬɢɜɨɫɬɿ ɜ ɫɟɪɟɞɨɜɢɳɚɯ 

ɦɚɬɟɦɚɬɢɱɧɢɯ ɩɚɤɟɬɿɜ (ɧɚɩɪɢɤɥɚɞ, Mathcad) ɜ ɨɤɪɟɦɢɯ ɜɢɩɚɞɤɚɯ ɞɨɡɜɨɥɹɸɬɶ 

ɜɢɤɨɧɚɬɢ ɩɟɜɧɿ ɪɨɡɪɚɯɭɧɤɢ. Ⱥɥɟ ɜɢɤɨɧɚɧɧɹ ɲɢɪɨɤɨɝɨ ɤɨɥɚ ɡɚɜɞɚɧɶ ɩɪɨɟɤɬɭɜɚɧɧɹ 

ɦɚɲɢɧ, ɚɩɚɪɚɬɿɜ, ɜɢɤɨɧɚɧɧɹ ɛɚɝɚɬɨɜɚɪɿɚɧɬɧɢɯ ɿ ɨɩɬɢɦɿɡɚɰɿɣɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ 

ɧɟɦɨɠɥɢɜɨ. Ɍɚɤɿ ɠ ɩɪɨɛɥɟɦɢ ɜɢɧɢɤɚɸɬɶ ɿ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɡɜ'ɹɡɤɿɜ REFPRЇP ɿ 

Excel. 

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɡɚ ɞɨɞɚɬɤɨɜɭ ɩɥɚɬɭ (REFPROP – ɤɨɦɟɪɰɿɣɧɚ ɩɪɨɝɪɚɦɚ) 

ɦɨɠɧɚ ɩɪɢɞɛɚɬɢ ɜɢɯɿɞɧɿ ɬɟɤɫɬɢ ɩɿɞɩɪɨɝɪɚɦ, ɳɨ ɪɟɚɥɿɡɨɜɚɧɿ ɧɚ ɦɨɜɿ Ɏɨɪɬɪɚɧ. Ⱥɥɟ 

ɜɢɧɢɤɚɸɬɶ ɩɟɜɧɿ ɩɪɨɛɥɟɦɢ ɜ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɿɧɲɢɯ ɦɨɜ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɚɛɨ 

ɫɭɱɚɫɧɢɯ ɫɢɫɬɟɦ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦɧɢɯ ɩɪɨɞɭɤɬɿɜ.  

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ REFPRЇP ɚɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ «ThermoPro-5» 

ɜɢɤɨɪɢɫɬɨɜɭє ɚɜɬɨɧɨɦɧɿ ɦɨɞɭɥɿ, ɹɤɿ ɧɚɞɡɜɢɱɚɣɧɨ ɩɪɨɫɬɨ ɜɛɭɞɨɜɭɸɬɶɫɹ ɜ ɛɭɞɶ-

ɹɤɭ ɩɪɢɤɥɚɞɧɭ ɩɪɨɝɪɚɦɭ ɤɨɪɢɫɬɭɜɚɱɚ, ɧɚɩɢɫɚɧɭ ɧɚ ɦɨɜɿ ɩɪɨɝɪɚɦɭɜɚɧɧɹ Object 

Pascal (Delphi). ɐɟ ɛɭɥɨ ɧɟɨɞɧɨɪɚɡɨɜɨ ɜɢɤɨɧɚɧɨ ɩɪɢ ɪɨɡɪɨɛɰɿ ɛɚɝɚɬɶɨɯ 

ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɩɪɨɝɪɚɦ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɰɢɤɥɿɜ, 

ɬɟɩɥɨɦɚɫɨɨɛɦɿɧɧɢɯ ɚɩɚɪɚɬɿɜ, ɦɚɲɢɧ, ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ ɭɫɬɚɧɨɜɨɤ ɿ ɫɢɫɬɟɦ 

ɞɥɹ ɧɚɭɤɨɜɢɯ ɿ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɶɤɢɯ ɪɨɛɿɬ ɪɹɞɭ ɨɪɝɚɧɿɡɚɰɿɣ ɬɚ ɮɿɪɦ.  

Ⱦɥɹ ɪɨɡɪɨɛɤɢ ɿɧɬɟɪɮɟɣɫɭ ɧɨɜɨʀ ɜɟɪɫɿʀ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ 

«ThermoPro-5» ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ ɿɧɬɟɝɪɨɜɚɧɟ ɫɟɪɟɞɨɜɢɳɟ ЄКгКrЮЬ 1.6 – 

ɜɿɞɤɪɢɬɟ ɫɟɪɟɞɨɜɢɳɟ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɚ ɦɨɜɿ ЇЛУОМЭ PКЬМКХ 

ɞɥɹ ɤɨɦɩɿɥɹɬɨɪɚ FrОО Pascal. ȼɢɛɿɪ ɞɚɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɜɿɡɭɚɥɶɧɨɝɨ 
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ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɞɨɡɜɨɥɹє ɡɧɹɬɢ ɩɪɨɛɥɟɦɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɟɥɿɰɟɧɡɿɣɧɨɝɨ 

ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ, ɧɚɞɚє ɦɨɠɥɢɜɿɫɬɶ ɤɪɨɫɩɥɚɬɮɨɪɦɟɧɨʀ ɪɨɡɪɨɛɤɢ 

ɞɨɞɚɬɤɿɜ ɜ DОХЩСТ-ɩɨɞɿɛɧɨɦɭ ɨɬɨɱɟɧɧɿ – ɞɨɡɜɨɥɹє ɫɬɜɨɪɸɜɚɬɢ ɩɪɨɝɪɚɦɢ ɡ 

ɝɪɚɮɿɱɧɢɦ ɿɧɬɟɪɮɟɣɫɨɦ ɩɿɞ ɪɿɡɧɿ ɨɩɟɪɚɰɿɣɧɿ ɫɢɫɬɟɦɢ: ЄТЧЮб, FrООBSD, ЅКМ ЇS Б, 

Microsoft Windows, Android. 

ȼ ɚɜɬɨɧɨɦɧɢɯ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɦɨɞɭɥɹɯ ɪɨɡɪɨɛɥɟɧɨʀ ɫɢɫɬɟɦɢ «ThermoPro-5» 

ɩɪɢɛɥɢɡɧɨ (70-80) % ɩɪɨɰɟɞɭɪ ɿ ɮɭɧɤɰɿɣ є ɡɚɝɚɥɶɧɢɦɢ (ɭɧɿɜɟɪɫɚɥɶɧɢɦɢ), ɳɨ 

ɛɟɡɭɦɨɜɧɨ ɫɭɬɬєɜɨ ɫɤɨɪɨɱɭє ɪɨɡɪɨɛɤɭ ɧɨɜɨɝɨ ɦɨɞɭɥɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɡɚ ɧɨɜɢɦ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ, ɹɤɟ ɧɟɨɛɯɿɞɧɨ ɜɤɥɸɱɢɬɢ ɜ 

ɚɜɬɨɦɚɬɢɡɨɜɚɧɭ ɫɢɫɬɟɦɭ. 

ɍ ɫɢɫɬɟɦɿ «ThermoPro-5» ɱɢɫɥɨ ɪɟɱɨɜɢɧ, ɞɥɹ ɹɤɢɯ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɡɧɚɱɟɧɿ 

ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɡɛɿɥɶɲɟɧɨ ɞɨ ηη. ɋɢɫɬɟɦɚ ɞɨɡɜɨɥɹє ɪɨɡɪɚɯɨɜɭɜɚɬɢ 

ɜɥɚɫɬɢɜɨɫɬɿ ɬɚɤɢɯ ɪɟɱɨɜɢɧ, ɹɤ: ɦɟɬɚɧ, ɩɪɨɩɚɧ, ɟɬɚɧ, ɟɬɢɥɟɧ, ɞɜɨɨɤɢɫ ɜɭɝɥɟɰɸ, 

ɚɡɨɬ, ɤɢɫɟɧɶ, ɚɪɝɨɧ, ɤɫɟɧɨɧ, ɤɪɢɩɬɨɧ, ɧɟɨɧ, ɝɟɥɿɣ-4, ɩɨɜɿɬɪɹ, ɜɨɞɟɧɶ 

(ɧɨɪɦɚɥɶɧɢɣ), ɩɚɪɚɜɨɞɟɧɶ, ɨɪɬɨɜɨɞɟɧɶ, ɞɟɣɬɟɪɿɣ, ɨɪɬɨɞɟɣɬɟɪɿɣ, ɩɚɪɚɞɟɣɬɟɪɿɣ, 

ɜɨɞɚ ɿ ɜɨɞɹɧɚ ɩɚɪɚ, ɟɬɚɧɨɥ, ɛɭɬɚɧ, ɝɟɤɫɚɧ, ɝɟɩɬɚɧ, ɞɟɤɚɧ, ɞɢɦɟɬɢɥɨɜɢɣ ɟɮɿɪ, 

ɿɡɨɛɭɬɚɧ, ɿɡɨɝɟɤɫɚɧ, ɿɡɨɩɟɧɬɚɧ, ɨɤɬɚɧ, ɩɟɧɬɚɧ, ɦɨɧɨɨɤɫɢɞ ɜɭɝɥɟɰɸ, ɧɟɨɩɟɧɬɚɧ, 

ɧɨɧɚɧ, ɨɤɢɫ ɟɬɢɥɟɧɭ, ɨɤɫɢɞ ɚɡɨɬɭ, ɫɭɥɶɮɿɞ ɜɨɞɧɸ, ɮɬɨɪ, ɲɟɫɬɢɮɬɨɪɢɫɬɚ ɫɿɪɤɚ, 

ɚɰɟɬɨɧ, ɚɦɿɚɤ, R11θ, R1βγγгН(E), R1β34yf, R1234ze(E), R125, R134a, R143a, 

R152a, R161, R218, R227ea, R23, R245ca, R245fa, R32, R365mfc, R41. 

ɍ ɬɚɛɥɢɰɿ Ȼ.1 Ⱦɨɞɚɬɤɭ Ȼ ɧɚɜɟɞɟɧɢɣ ɩɟɪɟɥɿɤ ɪɟɱɨɜɢɧ, ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ, 

ɯɿɦɿɱɧɢɯ ɮɨɪɦɭɥ ɿ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ (ɞɿɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ, 

ɦɚɤɫɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɿ ɝɭɫɬɢɧɢ) ɞɥɹ ɜɫɿɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɹɤɿ ɛɭɥɢ 

ɜɢɤɨɪɢɫɬɚɧɿ ɩɪɢ ɪɨɡɪɨɛɰɿ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɫɢɫɬɟɦɢ. 

ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɩɟɪɲɢɯ ɜɟɪɫɿɣ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ Д107, 108] ɧɨɜɚ 

ɜɟɪɫɿɹ «ThermoPro-5» [104] ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɚɬɢ ɞɥɹ ɪɹɞɭ ɪɟɱɨɜɢɧ ɜɥɚɫɬɢɜɨɫɬɿ ɧɚ 

ɥɿɧɿɹɯ ɡɚɬɜɟɪɞɿɧɧɹ ɿ ɩɥɚɜɥɟɧɧɹ, ɚ ɬɚɤɨɠ ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɢɯ ɬɿɥ.  

ȼ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ «ThermoPro-5» ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɧɚɣɛɿɥɶɲ ɬɨɱɧɿ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɟɯɧɿɱɧɨ ɜɚɠɥɢɜɢɯ ɪɟɱɨɜɢɧ, ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɹɤɿ ɨɩɭɛɥɿɤɨɜɚɧɿ ɡɚ 
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ɨɫɬɚɧɧɿ ɪɨɤɢ ɜ ɦɨɧɨɝɪɚɮɿɹɯ ɬɚ ɧɚɭɤɨɜɢɯ ɠɭɪɧɚɥɚɯ. Ⱦɥɹ ɬɚɤɢɯ ɪɿɜɧɹɧɶ ɡɜɢɱɚɣɧɨ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɮɨɪɦɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɳɨ ɜɢɪɚɠɚє ɟɧɟɪɝɿɸ 

Ƚɟɥɶɦɝɨɥɶɰɚ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɝɭɫɬɢɧɢ ɿ ɬɟɦɩɟɪɚɬɭɪɢ.  

Ɉɫɨɛɥɢɜɢɣ ɿɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɬɚɤ ɡɜɚɧɿ «ɟɬɚɥɨɧɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ» – 

ɞɨɜɿɞɤɨɜɿ ɪɿɜɧɹɧɧɹ, ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɹɤ ɜ ɬɟɯɧɿɱɧɢɯ, ɬɚɤ ɿ ɜ ɧɚɭɤɨɜɢɯ 

ɫɬɚɧɞɚɪɬɚɯ ɞɥɹ ɨɩɢɫɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɟɜɧɨʀ ɪɟɱɨɜɢɧɢ [110].  

ɉɟɪɲɚ ɝɪɭɩɚ ɟɬɚɥɨɧɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɹɜɥɹє ɫɨɛɨɸ ɜɢɫɨɤɨɬɨɱɧɿ ɪɿɜɧɹɧɧɹ 

ɫɬɚɧɭ, ɳɨ ɨɩɢɫɭɸɬɶ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɟɱɨɜɢɧ ɡ ɜɢɤɥɸɱɧɨ 

ɜɢɫɨɤɨɹɤɿɫɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. Ɍɢɩɨɜɢɦɢ ɨɫɨɛɥɢɜɨɫɬɹɦɢ ɬɚɤɢɯ 

ɪɿɜɧɹɧɶ ɫɬɚɧɭ є ɬɨɱɧɢɣ ɨɩɢɫ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜ ɤɪɢɬɢɱɧɿɣ ɿ ɛɿɥɹɤɪɢɬɢɱɧɿɣ ɨɛɥɚɫɬɿ, 

ɜɢɫɨɤɚ ɬɨɱɧɿɫɬɶ ɜ ɧɚɣɛɿɥɶɲ ɜɚɠɥɢɜɢɯ ɨɛɥɚɫɬɹɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɩɨɜɟɪɯɧɿ, 

ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɧɚɧɧɹ ɟɤɫɬɪɚɩɨɥɹɰɿʀ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɨɬɪɢɦɚɧɧɹ ɧɚɞɿɣɧɢɯ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɿ ɪɨɡɪɨɛɤɚ ɜɢɫɨɤɨɬɨɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɞɭɠɟ 

ɬɪɭɞɨɦɿɫɬɤɿ. Ɍɨɦɭ ɧɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɩɟɪɲɨʀ ɝɪɭɩɢ ɪɨɡɪɨɛɥɟɧɿ 

ɬɿɥɶɤɢ ɞɥɹ ɞɟɤɿɥɶɤɨɯ ɪɟɱɨɜɢɧ,  ɞɨ ɹɤɢɯ ɜɿɞɧɨɫɹɬɶɫɹ: ɚɡɨɬ Д111], ɚɪɝɨɧ Д112], 

ɞɜɨɨɤɢɫ ɜɭɝɥɟɰɸ Д113], ɜɨɞɚ ɿ ɜɨɞɹɧɚ ɩɚɪɚ Д114], ɦɟɬɚɧ Д13Ж, ɟɬɢɥɟɧ Д115].  

Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɪɭɝɨʀ ɝɪɭɩɢ ɬɚɤɨɠ ɪɨɡɪɨɛɥɟɧɿ ɹɤ ɪɿɜɧɹɧɧɹ ɜɢɫɨɤɨʀ ɹɤɨɫɬɿ 

ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɹɞɭ ɪɟɱɨɜɢɧ, ɚɥɟ ɱɟɪɟɡ 

ɨɛɦɟɠɟɧɧɹ ɳɨɞɨ ɧɚɹɜɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɚɛɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ 

ɦɟɬɨɞɿɜ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɧɹ, ɜɨɧɢ ɧɟ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɜɢɫɨɤɢɦ ɜɢɦɨɝɚɦ, ɹɤɿ 

ɩɪɟɞ'ɹɜɥɹɸɬɶɫɹ ɞɨ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɳɨ ɪɨɡɝɥɹɞɚɥɢɫɶ ɜɢɳɟ. Ɋɿɜɧɹɧɧɹ ɞɪɭɝɨʀ ɝɪɭɩɢ 

ɦɟɧɲ ɬɨɱɧɿ (ɩɪɢɛɥɢɡɧɨ ɜ η-10 ɪɚɡɿɜ), ɧɿɠ ɪɿɜɧɹɧɧɹ ɩɟɪɲɨʀ ɝɪɭɩɢ.  

ɍ ɪɨɡɪɨɛɥɟɧɿɣ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ ɜ ɨɫɧɨɜɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɿ ɫɭɱɚɫɧɿ 

єɞɢɧɿ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɿ ɮɭɧɞɚɦɟɧɬɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɩɟɪɲɨʀ ɬɚ ɞɪɭɝɨʀ 

ɝɪɭɩɢ. Ɋɿɜɧɹɧɧɹ ɫɬɚɧɭ ɛɚɡɭɸɬɶɫɹ ɧɚ Ɇɿɠɧɚɪɨɞɧɿɣ ɬɟɦɩɟɪɚɬɭɪɧɿɣ ɲɤɚɥɿ 1990 ɪɨɤɭ 

(ITS-90). Ɂ ɦɟɬɨɸ ɪɨɡɲɢɪɟɧɧɹ ɞɿɚɩɚɡɨɧɭ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ, ɩɪɢ ɹɤɢɯ 

ɡɞɿɣɫɧɸєɬɶɫɹ ɜɢɡɧɚɱɟɧɧɹ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ 

ɫɢɫɬɟɦɿ ɞɥɹ ɪɹɞɭ ɪɟɱɨɜɢɧ (ɚɪɝɨɧ, ɤɫɟɧɨɧ, ɤɪɢɩɬɨɧ, ɧɟɨɧ, ɚɡɨɬ, ɤɢɫɟɧɶ, ɩɨɜɿɬɪɹ, 

ɜɨɞɟɧɶ, ɜɨɞɹɧɚ ɩɚɪɚ, ɦɨɧɨɨɤɫɢɞ ɜɭɝɥɟɰɸ, ɨɤɫɢɞ ɚɡɨɬɭ, ɮɬɨɪ, ɝɟɤɫɚɮɬɨɪɢɞ ɫɿɪɤɢ) 
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ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɬɚɤɨɠ ɧɚɜɟɞɟɧɿ ɜ ɪɨɛɨɬɿ ȼ.ɇ. Ɂɭɛɚɪɟɜɚ ɬɚ ɿɧ. Д116] ɜɿɪɿɚɥɶɧɿ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɨɛɥɚɫɬɿ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɬɢɫɤɿɜ.  

əɤ ɜɠɟ ɛɭɥɨ ɡɚɡɧɚɱɟɧɨ, ɧɨɜɚ ɜɟɪɫɿɹ ɫɢɫɬɟɦɢ ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɚɬɢ ɞɥɹ ɪɹɞɭ 

ɪɟɱɨɜɢɧ ɜɥɚɫɬɢɜɨɫɬɿ ɧɚ ɥɿɧɿɹɯ ɡɚɬɜɟɪɞɿɧɧɹ ɿ ɩɥɚɜɥɟɧɧɹ, ɚ ɬɚɤɨɠ ɪɨɡɪɚɯɨɜɭɜɚɬɢ 

ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɢɯ ɬɿɥ. Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ, ɫɢɫɬɟɦɚ ɞɨɡɜɨɥɹє ɪɨɡɪɚɯɭɜɚɬɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɟɬɚɧɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɨɝɨ 

ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ, ɩɨɛɭɞɨɜɚɧɨɝɨ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɞɟ ɜ 

ɹɤɨɫɬɿ ɨɩɨɪɧɨʀ ɜɢɫɬɭɩɚє ɫɢɫɬɟɦɚ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ 

ɜɡɚєɦɨɞɿɹ є ɡɛɭɪɟɧɧɹɦ Д89Ж. Ɍɚɤɨɠ ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ ɦɨɠɭɬɶ ɛɭɬɢ 

ɪɨɡɪɚɯɨɜɚɧɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɤɫɟɧɨɧɭ. 

ȱɧɬɟɪɮɟɣɫ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɪɨɡɪɨɛɥɟɧɢɣ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɢɩɨɜɢɯ 

ɩɨɬɪɟɛ ɤɨɪɢɫɬɭɜɚɱɿɜ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɩɿɞ ɱɚɫ ɜɢɪɿɲɟɧɧɹ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɩɪɨɟɤɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɶɤɢɯ ɿ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɡɚɞɚɱ.  

ȼ ɫɢɫɬɟɦɿ «ThermoPro-5» ɩɟɪɟɞɛɚɱɟɧɚ ɦɨɠɥɢɜɿɫɬɶ: 

 ɜɢɛɪɚɬɢ ɡɿ ɫɩɢɫɤɭ ɧɟɨɛɯɿɞɧɭ ɪɟɱɨɜɢɧɭ ɞɥɹ ɩɨɞɚɥɶɲɢɯ ɪɨɡɪɚɯɭɧɤɿɜ; 

 ɜɢɛɪɚɬɢ ɨɞɢɧɢɰɿ ɜɢɦɿɪɭ (ɦɨɥɹɪɧɿ ɚɛɨ ɩɢɬɨɦɿ); 

 ɜɤɚɡɚɬɢ ɱɢɫɥɨ ɡɧɚɱɭɳɢɯ ɰɢɮɪ ɭ ɪɟɡɭɥɶɬɚɬɚɯ ɪɨɡɪɚɯɭɧɤɭ; 

 ɜɢɛɪɚɬɢ ɨɛɥɚɫɬɶ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɩɨɜɟɪɯɧɿ ɞɥɹ ɨɛɱɢɫɥɟɧɶ 

(ɨɞɧɨɮɚɡɧɚ, ɞɜɨɮɚɡɧɚ, ɧɚ ɥɿɧɿɹɯ ɧɚɫɢɱɟɧɧɹ, ɡɚɬɜɟɪɞɿɧɧɹ); 

 ɜɢɛɪɚɬɢ ɿɡ ɡɚɝɚɥɶɧɨɝɨ ɱɢɫɥɚ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɳɨ ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ, 

ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɡɚɧɟɫɟɧɧɹ ɜ ɬɚɛɥɢɰɸ ɪɟɡɭɥɶɬɚɬɿɜ; 

 ɜɢɛɪɚɬɢ ɩɚɪɭ ɧɟɡɚɥɟɠɧɢɯ ɡɦɿɧɧɢɯ – ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ; 

 ɜɢɛɪɚɬɢ ɬɢɩ ɨɛɱɢɫɥɟɧɶ (ɨɞɢɧɢɱɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɚɛɨ ɪɨɡɪɚɯɭɧɨɤ ɜ 

ɪɟɞɚɝɨɜɚɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧɶ ɡ ɡɚɞɚɧɢɦ ɤɪɨɤɨɦ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɧɚɱɟɧɶ ɧɚ 

ɿɡɨɬɟɪɦɚɯ ɿ ɿɡɨɛɚɪɚɯ); 

 ɡɛɟɪɟɝɬɢ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɭ ɜɢɝɥɹɞɿ ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɭ ɞɥɹ 

ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɿ ɞɪɭɤɭ. 

Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ «ThermoPro-5» ɞɨɡɜɨɥɹє ɪɨɡɪɚɯɨɜɭɜɚɬɢ γ9 

ɜɥɚɫɬɢɜɨɫɬɟɣ, ɫɟɪɟɞ ɹɤɢɯ ɬɢɫɤ, ɬɟɦɩɟɪɚɬɭɪɚ, ɝɭɫɬɢɧɚ, ɩɢɬɨɦɢɣ ɨɛ'єɦ, ɟɧɬɚɥɶɩɿɹ, 
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ɟɧɬɪɨɩɿɹ, ɜɧɭɬɪɿɲɧɹ ɟɧɟɪɝɿɹ, ɟɧɟɪɝɿɹ Ƚɿɛɛɫɚ, ɜɿɥɶɧɚ ɟɧɟɪɝɿɹ Ƚɟɥɶɦɝɨɥɶɰɚ, 

ɿɡɨɯɨɪɧɚ ɬɚ ɿɡɨɛɚɪɧɚ ɬɟɩɥɨєɦɧɨɫɬɿ, ɬɟɩɥɨɬɚ ɩɚɪɨɭɬɜɨɪɟɧɧɹ, ɫɬɭɩɿɧɶ ɫɭɯɨɫɬɿ, 

ɩɨɤɚɡɧɢɤ ɚɞɿɚɛɚɬɢ, ɲɜɢɞɤɿɫɬɶ ɡɜɭɤɭ, ɤɨɟɮɿɰɿєɧɬ ɫɬɢɫɥɢɜɨɫɬɿ, ɚ ɬɚɤɨɠ 

ɮɭɝɿɬɢɜɧɿɫɬɶ, ɤɨɟɮɿɰɿєɧɬɢ ɞɢɧɚɦɿɱɧɨʀ ɿ ɤɿɧɟɦɚɬɢɱɧɨʀ ɜ'ɹɡɤɨɫɬɿ, ɤɨɟɮɿɰɿєɧɬ 

ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, ɿɡɨɬɟɪɦɿɱɧɢɣ ɞɪɨɫɟɥɶ-ɟɮɟɤɬ, ɤɨɟɮɿɰɿєɧɬ ɨɛ'єɦɧɨɝɨ 

ɪɨɡɲɢɪɟɧɧɹ, ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ, ɞɪɭɝɢɣ ɿ ɬɪɟɬɿɣ ɜɿɪɿɚɥɶɧɿ ɤɨɟɮɿɰɿєɧɬɢ ɬɚ ɿɧ.  

ɇɚ ɪɢɫɭɧɤɭ 4.10 ɧɚɞɚɧɢɣ ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɞɿɚɥɨɝɨɜɨɝɨ ɜɿɤɧɚ ɫɢɫɬɟɦɢ, ɜ 

ɹɤɨɦɭ ɡɞɿɣɫɧɸєɬɶɫɹ ɜɢɛɿɪ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɧɟɨɛɯɿɞɧɢɯ ɞɥɹ ɩɨɞɚɥɶɲɢɯ ɪɨɡɪɚɯɭɧɤɿɜ ɿ 

ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɭ ɬɚɛɥɢɱɧɿɣ ɮɨɪɦɿ.  

ɉɪɢ ɜɢɪɿɲɟɧɧɿ ɩɪɚɤɬɢɱɧɢɯ ɡɚɜɞɚɧɶ ɞɭɠɟ ɱɚɫɬɨ ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ 

ɜɢɡɧɚɱɚɬɢ ɬɟɩɥɨɮɿɡɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɩɪɢ ɪɿɡɧɢɯ ɜɯɿɞɧɢɯ ɞɚɧɢɯ, ɤɨɥɢ ɜɿɞɨɦɢɦɢ 

ɜɟɥɢɱɢɧɚɦɢ є ɩɚɪɚɦɟɬɪɢ, ɹɤɿ ɧɟ є ɚɪɝɭɦɟɧɬɚɦɢ ɭ ɮɭɧɤɰɿɨɧɚɥɶɧɿɣ ɡɚɥɟɠɧɨɫɬɿ, ɳɨ 

ɨɩɢɫɭє ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ. ɍ ɬɚɤɢɯ ɜɢɩɚɞɤɚɯ ɜ ɩɪɨɝɪɚɦɿ ɪɟɚɥɿɡɭɸɬɶɫɹ ɿɬɟɪɚɰɿɣɧɿ 

ɦɟɬɨɞɢ (ɚɛɨ ɪɿɲɟɧɧɹ ɫɢɫɬɟɦ ɪɿɜɧɹɧɶ) ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɧɚɱɟɧɧɹ ɝɭɫɬɢɧɢ ɿ 

ɬɟɦɩɟɪɚɬɭɪɢ, ɹɤɿ, ɧɚɩɪɢɤɥɚɞ, ɧɟɨɛɯɿɞɧɿ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ 

ɪɿɜɧɹɧɧɹɯ ɫɬɚɧɭ – ɡɚɥɟɠɧɨɫɬɹɯ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ ɜɿɞ ɝɭɫɬɢɧɢ ɿ 

ɬɟɦɩɟɪɚɬɭɪɢ. Ⱦɥɹ ɰɶɨɝɨ ɩɟɪɲ ɡɚ ɜɫɟ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɨɛɥɚɫɬɶ 

ɬɟɪɦɨɞɢɧɚɦɢɱɧɨʀ ɩɨɜɟɪɯɧɿ ɞɥɹ ɩɨɞɚɥɶɲɨʀ ɥɨɤɚɥɿɡɚɰɿʀ ɤɨɪɧɹ ɩɪɢ ɪɿɲɟɧɧɿ ɪɿɜɧɹɧɶ 

ɜ ɿɬɟɪɚɰɿɣɧɢɯ ɩɪɨɰɟɞɭɪɚɯ (ɨɛɥɚɫɬɶ ɧɚɞɤɪɢɬɢɱɧɚ, ɨɛɥɚɫɬɶ ɪɿɞɢɧɢ, ɨɛɥɚɫɬɶ ɩɚɪɢ, 

ɞɜɨɮɚɡɧɚ ɨɛɥɚɫɬɶ ɩɚɪɚ-ɪɿɞɢɧɚ).  

Ɂɧɚɱɟɧɧɹ ɬɢɫɤɭ ɧɚɫɢɱɟɧɧɹ ɿ ɝɭɫɬɢɧɢ ɧɚɫɢɱɟɧɢɯ ɩɚɪɢ ɿ ɪɿɞɢɧɢ ɜɢɡɧɚɱɚɸɬɶɫɹ 

ɜ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɡɚ ɞɨɩɨɦɿɠɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ, ɚ ɩɨɬɿɦ ɡɚ ɪɿɜɧɹɧɧɹɦ 

ɫɬɚɧɭ ɧɚ ɨɫɧɨɜɿ ɩɪɚɜɢɥɚ Ɇɚɤɫɜɟɥɥɚ (ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɬɟɦɩɟɪɚɬɭɪ, ɬɢɫɤɿɜ ɿ ɡɧɚɱɟɧɶ 

ɩɨɬɟɧɰɿɚɥɭ Ƚɿɛɛɫɚ ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɬɨɱɤɚɯ ɩɪɢɤɨɪɞɨɧɧɨʀ ɤɪɢɜɨʀ) ɜ ɿɬɟɪɚɰɿɣɧɢɯ 

ɩɪɨɰɟɞɭɪɚɯ.  

ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɪɿɦ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɬɚɤɿ ɞɨɩɨɦɿɠɧɿ ɡɚɥɟɠɧɨɫɬɿ (ɿɞɟɚɥɶɧɨ-ɝɚɡɨɜɨʀ ɿɡɨɛɚɪɧɨʀ 

ɬɟɩɥɨєɦɤɨɫɬɿ, ɝɭɫɬɢɧɢ ɧɚɫɢɱɟɧɨʀ ɩɚɪɢ ɿ ɧɚɫɢɱɟɧɨʀ ɪɿɞɢɧɢ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ 

ɬɢɫɤɭ, ɦɚɤɫɢɦɚɥɶɧɨʀ ɝɭɫɬɢɧɢ – ɝɭɫɬɢɧɢ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 
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ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɿɧ.). əɤɳɨ ɬɚɤɿ ɞɨɩɨɦɿɠɧɿ ɡɚɥɟɠɧɨɫɬɿ ɧɟ ɛɭɥɢ ɧɚɜɟɞɟɧɿ 

ɪɨɡɪɨɛɧɢɤɚɦɢ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɜ ɫɜɨʀɯ ɩɭɛɥɿɤɚɰɿɹɯ, ɬɨ ɩɪɢ ɪɨɡɪɨɛɰɿ 

ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ «TСОrЦШPrШ-η» ɞɨɜɨɞɢɥɨɫɹ ɫɚɦɨɫɬɿɣɧɨ ɨɬɪɢɦɭɜɚɬɢ 

ɚɩɪɨɤɫɢɦɚɰɿɣɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɨɱɚɬɤɨɜɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɜ 

ɿɬɟɪɚɰɿɣɧɢɯ ɩɪɨɰɟɞɭɪɚɯ. 

 

 

Ɋɢɫɭɧɨɤ 4.10 – Ⱦɿɚɥɨɝɨɜɟ ɜɿɤɧɨ ɞɥɹ ɜɢɛɨɪɭ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɹɤɿ ɧɟɨɛɯɿɞɧɨ 

ɨɛɱɢɫɥɢɬɢ ɬɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɬɚɛɥɢɰɿ ɪɟɡɭɥɶɬɚɬɿɜ 

 

Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ ɧɚɞɚє ɦɨɠɥɢɜɿɫɬɶ ɜɢɛɨɪɭ ɞɜɨɯ ɩɚɪɚɦɟɬɪɿɜ – 

ɧɟɡɚɥɟɠɧɢɯ ɡɦɿɧɧɢɯ ɜ ɹɤɨɫɬɿ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɞɥɹ ɨɛɱɢɫɥɟɧɶ ɜ ɨɞɧɨɮɚɡɧɿɣ, 

ɞɜɨɮɚɡɧɿɣ ɨɛɥɚɫɬɹɯ ɿ ɧɚ ɤɪɢɜɢɯ ɮɚɡɨɜɨʀ ɪɿɜɧɨɜɚɝɢ.  
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Ɂɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɨɞɧɨɝɨ ɡ ɞɿɚɥɨɝɨɜɢɯ ɜɿɤɨɧ ɡ ɜɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɿ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɨɡɪɚɯɭɧɤɿɜ ɜ ɨɤɪɟɦɨɦɭ ɜɿɤɧɿ ɡ ɬɚɛɥɢɰɟɸ ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫɭɧɤɭ 4.11.  

 

 
 

Ɋɢɫɭɧɨɤ 4.11 – Ⱦɿɚɥɨɝɨɜɟ ɜɿɤɧɨ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɨɞɢɧɨɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ 

ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜ ɨɞɧɨɮɚɡɧɿɣ ɿ ɞɜɨɮɚɡɧɿɣ ɨɛɥɚɫɬɹɯ ɬɚ ɬɚɛɥɢɰɹ ɡ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɨɡɪɚɯɭɧɤɿɜ 

 

ȼ ɫɢɫɬɟɦɿ ɩɟɪɟɞɛɚɱɟɧɿ ɨɞɢɧɚɞɰɹɬɶ ɤɨɦɛɿɧɚɰɿɣ ɧɟɡɚɥɟɠɧɢɯ ɡɦɿɧɧɢɯ (ɬɢɫɤ-

ɬɟɦɩɟɪɚɬɭɪɚ, ɬɢɫɤ-ɟɧɬɚɥɶɩɿɹ, ɬɢɫɤ-ɟɧɬɪɨɩɿɹ, ɬɢɫɤ-ɫɬɭɩɿɧɶ ɫɭɯɨɫɬɿ, ɬɢɫɤ-ɩɢɬɨɦɢɣ 

ɨɛ'єɦ, ɬɟɦɩɟɪɚɬɭɪɚ-ɝɭɫɬɢɧɚ, ɬɟɦɩɟɪɚɬɭɪɚ-ɩɢɬɨɦɢɣ ɨɛ'єɦ, ɬɟɦɩɟɪɚɬɭɪɚ-ɟɧɬɪɨɩɿɹ, 

ɬɟɦɩɟɪɚɬɭɪɚ-ɫɬɭɩɿɧɶ ɫɭɯɨɫɬɿ ɿ ɿɧ.). ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ REFPRЇP ɬɚ ɿɧɲɢɯ ɩɨɞɿɛɧɢɯ 
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ɩɪɨɝɪɚɦ, ɚɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ «TСОrЦШPrШ-η» ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ 

ɡɚ ɬɚɤɢɦɢ ɜɯɿɞɧɢɦɢ ɞɚɧɢɦɢ, ɹɤ ɟɧɬɚɥɶɩɿɹ–ɟɧɬɪɨɩɿɹ. 

Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ «ThermoPro-5» ɞɨɡɜɨɥɹє ɭ ɜɤɚɡɚɧɨɦɭ ɞɿɚɩɚɡɨɧɿ 

ɡɧɚɱɟɧɶ ɬɟɦɩɟɪɚɬɭɪɢ ɚɛɨ ɬɢɫɤɭ ɡ ɨɛɪɚɧɢɦ ɤɪɨɤɨɦ ɪɨɡɪɚɯɭɜɚɬɢ ɿ ɡɚɧɟɫɬɢ ɜ 

ɬɚɛɥɢɰɸ ɡɧɚɱɟɧɧɹ ɞɟɹɤɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɧɚ ɥɿɧɿɹɯ ɩɥɚɜɥɟɧɧɹ, ɚ ɬɚɤɨɠ ɧɚɞɚє 

ɦɨɠɥɢɜɿɫɬɶ ɩɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɟɣ ɬɢɫɤɭ ɿ ɝɭɫɬɢɧɢ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ 

ɥɿɧɿɹɯ ɩɥɚɜɥɟɧɧɹ ɿ ɡɚɬɜɟɪɞɿɧɧɹ ɞɥɹ ɦɟɬɚɧɭ ɿ ɤɫɟɧɨɧɭ, ɡɚɥɟɠɧɨɫɬɟɣ ɬɟɦɩɟɪɚɬɭɪɢ 

ɜɿɞ ɬɢɫɤɭ. ɉɨɛɭɞɨɜɚɧɿ ɝɪɚɮɿɤɢ ɦɨɠɧɚ ɡɛɟɪɟɝɬɢ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ, 

ɧɚɩɪɢɤɥɚɞ ɜ ɬɟɤɫɬɨɜɢɯ ɮɚɣɥɚɯ (ɪɢɫɭɧɨɤ 4.12). 

 
 

Ɋɢɫɭɧɨɤ 4.1β – Ⱦɿɚɥɨɝɨɜɟ ɜɿɤɧɨ ɡ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɦɟɬɚɧɭ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ ɿ 

ɝɪɚɮɿɤɨɦ ɡɚɥɟɠɧɨɫɬɿ ɬɢɫɤɭ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɥɿɧɿʀ ɡɚɬɜɟɪɞɿɧɧɹ 

 

ȼ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɬɟɨɪɟɬɢɱɧɟ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 

ɬɜɟɪɞɨʀ ɪɟɱɨɜɢɧɢ, ɩɨɛɭɞɨɜɚɧɟ ɜ ɪɚɦɤɚɯ ɬɟɨɪɿʀ ɡɛɭɪɟɧɧɹ, ɞɟ ɜ ɹɤɨɫɬɿ ɧɭɥɶɨɜɨɝɨ 
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ɧɚɛɥɢɠɟɧɧɹ ɜɢɫɬɭɩɚє ɤɪɢɫɬɚɥ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɿɡ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɚ ɜ ɹɤɨɫɬɿ 

ɩɨɬɟɧɰɿɚɥɭ ɡɛɭɪɟɧɧɹ – ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ ɦɨɥɟɤɭɥ Д8βЖ.  

ɋɢɫɬɟɦɚ «TСОrЦШPrШ-η» ɞɨɡɜɨɥɹє ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ 

ɦɟɬɚɧɭ ɿ ɤɫɟɧɨɧɭ. Ɂɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ ɞɿɚɥɨɝɨɜɨɝɨ ɜɿɤɧɚ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɬɚɤɢɯ 

ɪɨɡɪɚɯɭɧɤɿɜ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ ɪɢɫɭɧɤɭ 4.1γ.  

 

 

 

Ɋɢɫɭɧɨɤ 4.13 – Ⱦɿɚɥɨɝɨɜɟ ɜɿɤɧɨ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ 

 

ɉɿɞ ɱɚɫ ɫɬɜɨɪɟɧɧɹ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɞɨɫɬɚɬɧɶɨ ɭɜɚɝɢ ɩɪɢɞɿɥɟɧɨ 

ɿɧɮɨɪɦɚɰɿɣɧɿɣ ɫɤɥɚɞɨɜɿɣ. ȼ «ThermoPro-5» ɦɿɫɬɹɬɶɫɹ ɞɨɤɥɚɞɧɿ ɬɟɨɪɟɬɢɱɧɿ 

ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɧɚɜɟɞɟɧɿ ɪɟɱɨɜɢɧɢ, ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ, 

ɞɿɚɩɚɡɨɧɢ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɬɨɱɧɿɫɬɶ ɿ ɬ.ɞ.  

ɉɪɢ ɪɨɡɪɨɛɰɿ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɛɭɥɢ ɫɬɜɨɪɟɧɿ ɚɜɬɨɧɨɦɧɿ ɩɪɨɝɪɚɦɧɿ 

ɦɨɞɭɥɿ, ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɠɧɨʀ 

ɪɟɱɨɜɢɧɢ ɡɚ ɨɤɪɟɦɢɦ ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ. ɍ ɰɶɨɦɭ ɠ ɦɨɞɭɥɿ ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ ɬɚɤɨɠ 

ɬɪɚɧɫɩɨɪɬɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɹɤ ɮɭɧɤɰɿɹ ɜɿɞ ɝɭɫɬɢɧɢ ɿ ɬɟɦɩɟɪɚɬɭɪɢ, ɚɤɭɫɬɢɱɧɿ 
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ɜɥɚɫɬɢɜɨɫɬɿ, ɚ ɬɚɤɨɠ ɿ ɪɹɞ ɿɧɲɢɯ ɩɚɪɚɦɟɬɪɿɜ. Ɍɚɤɿ ɚɜɬɨɧɨɦɧɿ ɦɨɞɭɥɿ ɞɥɹ 

ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɪɟɱɨɜɢɧ ɦɚɸɬɶ ɨɞɧɚɤɨɜɭ ɫɬɪɭɤɬɭɪɭ, ɳɨ 

ɿɫɬɨɬɧɨ ɫɤɨɪɨɱɭє ɱɚɫ ɜɤɥɸɱɟɧɧɹ ɜ ɫɢɫɬɟɦɭ ɧɨɜɨɝɨ ɦɨɞɭɥɹ, ɹɤɢɣ ɞɨɞɚєɬɶɫɹ ɜ 

ɚɜɬɨɦɚɬɢɡɨɜɚɧɭ ɫɢɫɬɟɦɭ. 

Ⱦɥɹ ɨɞɧɿєʀ ɪɟɱɨɜɢɧɢ ɦɨɠɭɬɶ ɛɭɬɢ ɤɿɥɶɤɚ ɦɨɞɭɥɿɜ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɪɿɡɧɢɦ 

ɪɿɜɧɹɧɧɹɦ ɫɬɚɧɭ. ȼɫɟɪɟɞɢɧɿ ɦɨɞɭɥɹ ɡɧɚɯɨɞɹɬɶɫɹ ɩɪɨɰɟɞɭɪɢ ɿ ɮɭɧɤɰɿʀ, ɩɪɢɡɧɚɱɟɧɿ 

ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɡɚɜɞɚɧɶ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɪɿɡɧɢɯ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɿ 

ɧɟɨɛɯɿɞɧɢɯ ɪɟɡɭɥɶɬɚɬɚɯ ɪɨɡɪɚɯɭɧɤɿɜ.  

ɉɨɞɿɛɧɚ ɨɪɝɚɧɿɡɚɰɿɹ ɦɨɞɭɥɿɜ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɞɨɤɥɚɞɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɧɨɜɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɨɡɜɨɥɹє, ɩɪɢ 

ɧɟɨɛɯɿɞɧɨɫɬɿ, ɞɨɫɢɬɶ ɥɟɝɤɨ ɪɨɡɪɨɛɥɹɬɢ ɧɨɜɿ ɦɨɞɭɥɿ ɿ ɜɤɥɸɱɚɬɢ ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɭ 

ɫɢɫɬɟɦɭ ɚɛɨ ɜ ɿɧɲɿ ɩɪɢɤɥɚɞɧɿ ɩɪɨɝɪɚɦɢ, ɩɨɜ'ɹɡɚɧɿ ɡ ɪɨɡɪɚɯɭɧɤɚɦɢ ɬɟɩɥɨɮɿɡɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɞɥɹ ɪɿɡɧɢɯ ɝɚɥɭɡɟɣ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ. 

Ɋɨɡɪɨɛɥɟɧɿ ɬɚɤɢɦ ɱɢɧɨɦ ɩɪɨɝɪɚɦɧɿ ɦɨɞɭɥɿ ɧɟɨɞɧɨɪɚɡɨɜɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɜ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɩɪɢɤɥɚɞɧɢɯ ɩɪɨɝɪɚɦɚɯ, ɜ ɹɤɢɯ ɜɢɧɢɤɚɥɚ 

ɩɨɬɪɟɛɚ ɭ ɜɢɡɧɚɱɟɧɧɿ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɬɿєʀ ɱɢ ɿɧɲɨʀ ɪɟɱɨɜɢɧɢ. 

Ɋɨɡɪɨɛɥɟɧɚ ɚɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ «ThermoPro-5» ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ 

ɧɚɜɱɚɥɶɧɨɦɭ ɩɪɨɰɟɫɿ: ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɪɨɡɪɨɛɥɟɧɢɯ ɦɨɞɭɥɿɜ ɜɢɤɨɧɭɸɬɶɫɹ ɛɚɝɚɬɨ 

ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ ɩɪɢ ɜɢɜɱɟɧɧɿ ɞɢɫɰɢɩɥɿɧɢ «Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɿ ɨɛ'єɤɬɿɜ 

ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ», ɜ ɤɭɪɫɨɜɨɦɭ ɬɚ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɭɜɚɧɧɿ. 

ɍ Ⱦɨɞɚɬɤɭ Ȼ ɧɚɜɟɞɟɧɨ ɩɟɪɟɥɿɤ ɪɟɱɨɜɢɧ, ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɿ 

ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ ɞɿɚɩɚɡɨɧɿɜ ɩɚɪɚɦɟɬɪɿɜ, ɹɤɿ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ 

ɫɢɫɬɟɦɿ «TСОrЦШPrШ-η». 
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ȼɂɋɇɈȼɄɂ 

 

ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɧɚɧɨ ɤɨɦɩɥɟɤɫɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɩɥɨɮɿɡɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɨɧɞɟɧɫɨɜɚɧɢɯ ɮɚɡ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɧɚ ɨɫɧɨɜɿ ɩɨєɞɧɚɧɧɹ 

ɬɟɨɪɟɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɬɚ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. 

Ɉɫɧɨɜɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɚ ɜɢɫɧɨɜɤɢ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɥɹɝɚɸɬɶ ɭ ɧɚɫɬɭɩɧɨɦɭ: 

1. Ɋɨɡɪɨɛɥɟɧɿ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɟɬɚɧɭ ɿ ɣɨɝɨ 

ɩɨɯɿɞɧɢɯ, ɳɨ ɜɪɚɯɨɜɭɸɬɶ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɭ ɜɡɚєɦɨɞɿɸ ɦɨɥɟɤɭɥ. Ⱦɥɹ ɨɛɥɿɤɭ 

ɰɿєʀ ɜɡɚєɦɨɞɿʀ ɜ ɪɨɛɨɬɿ ɛɭɥɢ ɜɢɤɨɪɢɫɬɚɧɿ ɜɿɞɨɦɿ ɜ ɥɿɬɟɪɚɬɭɪɿ ɫɬɪɨɝɿ ɬɟɨɪɟɬɢɱɧɿ 

ɜɢɪɚɡɢ. ȼɨɧɢ ɞɨɡɜɨɥɢɥɢ ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɹɤɢɣ 

ɞɨɛɪɟ ɡɚɪɟɤɨɦɟɧɞɭɜɚɜ ɫɟɛɟ ɜ ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɤɨɧɞɟɧɫɨɜɚɧɢɯ 

ɪɟɱɨɜɢɧ. ɐɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɚɸɬɶ ɜɢɝɥɹɞ ɡɚɥɟɠɧɨɫɬɿ ɜɿɥɶɧɨʀ ɟɧɟɪɝɿʀ Ƚɟɥɶɦɝɨɥɶɰɚ 

(ɬ.ɡɜ. ɤɚɧɨɧɿɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ). ȼɢɤɨɪɢɫɬɚɧɧɹ ɬɚɤɨʀ ɮɨɪɦɢ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɞɚє 

ɦɨɠɥɢɜɿɫɬɶ ɡɚɫɬɨɫɭɜɚɬɢ ʀɯ ɧɟ ɬɿɥɶɤɢ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ 

(ɦɨɥɹɪɧɨɝɨ ɨɛ’єɦɭ, ɟɧɬɚɥɶɩɿʀ, ɟɧɬɪɨɩɿʀ, ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ ɬɚ 

ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ, ɚ ɬɚɤɨɠ ɬɟɩɥɨєɦɧɨɫɬɟɣ CV ɿ CP), ɚɥɟ ɿ ɥɟɝɤɨ 

ɨɛɱɢɫɥɸɜɚɬɢ ɯɿɦɿɱɧɿ ɩɨɬɟɧɰɿɚɥɢ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɩɚɪɚɦɟɬɪɢ ɥɿɧɿɣ 

ɩɟɪɟɯɨɞɭ ɦɿɠ ɪɿɡɧɢɦɢ ɮɚɡɚɦɢ ɱɢɫɬɨʀ ɪɟɱɨɜɢɧɢ. 

β. ɉɨɤɚɡɚɧɨ, ɳɨ ɨɬɪɢɦɚɧɟ ɜ ɪɨɛɨɬɿ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɟ ɪɿɜɧɹɧɧɹ 

ɫɬɚɧɭ ɞɨɡɜɨɥɹє ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɨ ɪɨɡɪɚɯɭɜɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ ɨɪɿєɧɬɚɰɿɣɧɨ 

ɪɨɡɭɩɨɪɹɞɤɨɜɚɧɢɯ ɮɚɡ ɤɪɢɫɬɚɥɭ CH4 ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ CCХ4 ɬɚ CF4, ґɪɭɧɬɭɸɱɢɫɶ 

ɥɢɲɟ ɧɚ ɜɿɞɨɦɢɯ ɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɡɧɚɱɟɧɧɹɯ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ 

ɦɿɠɦɨɥɟɤɭɥɹɪɧɨʀ ɜɡɚєɦɨɞɿʀ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɡɧɚɱɟɧɧɹɯ 

ɨɤɬɭɩɨɥɶɧɢɯ ɦɨɦɟɧɬɿɜ ɦɨɥɟɤɭɥ. ɐɟ ɞɨɡɜɨɥɢɥɨ ɭɧɢɤɧɭɬɢ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɬɪɚɞɢɰɿɣɧɨɝɨ ɩɿɞɯɨɞɭ, ɡɚɫɧɨɜɚɧɨɝɨ ɧɚ ɚɩɪɨɤɫɢɦɚɰɿʀ ɧɚɹɜɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ 

pvT-ɞɚɧɢɯ ɿ ɩɿɞɝɨɧɤɢ ɩɚɪɚɦɟɬɪɿɜ ɟɦɩɿɪɢɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, ɳɨ ɞɚɥɨ ɦɨɠɥɢɜɿɫɬɶ 

ɩɪɨɜɟɫɬɢ ɪɨɡɪɚɯɭɧɤɢ ɜ ɨɛɥɚɫɬɿ, ɞɟ ɞɨɫɥɿɞɧɢɯ ɞɚɧɢɯ ɧɟɞɨɫɬɚɬɧɶɨ ɞɥɹ 

ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɝɚɞɚɧɢɯ ɜɢɳɟ ɬɪɚɞɢɰɿɣɧɢɯ ɦɟɬɨɞɿɜ. 
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γ. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɤɚɧɨɧɿɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɞɥɹ ɬɜɟɪɞɨʀ ɬɚ ɪɿɞɤɨʀ ɮɚɡɢ 

ɦɟɬɚɧɭ ɛɭɥɚ ɞɨɫɥɿɞɠɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɢɬɢ ɦɿɫɰɟ ɪɨɡɬɚɲɭɜɚɧɧɹ ɣɨɝɨ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɧɚ ɮɚɡɨɜɿɣ ɞɿɚɝɪɚɦɿ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɩɚɪɚɦɟɬɪɿɜ ɥɿɧɿʀ 

ɩɥɚɜɥɟɧɧɹ ɦɟɬɚɧɭ ɞɨɛɪɟ ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɞɚɧɢɦɢ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ, 

ɨɬɪɢɦɚɧɢɯ ɞɟɤɿɥɶɤɨɦɚ ɪɿɡɧɢɦɢ ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɦɟɬɨɞɚɦɢ.  

ɍ ɬɨɣ ɠɟ ɱɚɫ ɫɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɬɭɬ є ɩɟɜɧɿ ɪɨɡɛɿɠɧɨɫɬɿ ɡ ɧɚɹɜɧɢɦɢ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɩɪɢɤɥɚɞɧɢɯ 

ɪɨɡɪɚɯɭɧɤɿɜ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɦɟɬɚɧɭ ɞɥɹ ɨɰɿɧɤɢ ɧɢɠɧɶɨʀ 

ɦɟɠɿ ɩɨ ɬɢɫɤɭ ɛɭɥɢ ɜɢɤɨɪɢɫɬɚɧɿ ɧɚɹɜɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ. 

4. Ɇɟɬɨɞɨɦ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɪɨɜɟɞɟɧɿ 

ɪɨɡɪɚɯɭɧɤɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɜ ɨɛɥɚɫɬɿ, ɞɟ 

ɜɿɞɫɭɬɧɿ ɧɚɞɿɣɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ. ɐɿ ɪɨɡɪɚɯɭɧɤɢ ɞɨɡɜɨɥɢɥɢ ɧɟ ɬɿɥɶɤɢ 

ɩɟɪɟɤɨɧɚɬɢɫɹ ɜ ɧɚɞɿɣɧɨɫɬɿ ɡɚɫɬɨɫɨɜɭɜɚɧɢɯ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɢɯ ɪɿɜɧɹɧɶ 

ɫɬɚɧɭ, ɚɥɟ ɬɚɤɨɠ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɪɨɡɲɢɪɢɬɢ ɨɛɥɚɫɬɶ ʀɯ ɡɚɫɬɨɫɭɜɚɧɧɹ. Ɍɚɤ, ɛɭɥɨ 

ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɦɿɧɚ ɬɢɩɭ ɤɪɢɫɬɚɥɿɱɧɨʀ ɪɟɲɿɬɤɢ CF4 ɡ ɝɪɚɧɟɰɟɧɬɪɨɜɚɧɨʀ ɧɚ 

ɦɨɧɨɤɥɿɧɧɭ ɧɟ ɜɩɥɢɜɚє ɫɭɬɬєɜɨ ɧɚ ɜɟɥɢɱɢɧɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɤɪɢɫɬɚɥɚ, 

ɨɫɤɿɥɶɤɢ ɜɨɧɢ ɜɢɡɧɚɱɚɸɬɶɫɹ ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ ɜɡɚєɦɨɞɿєɸ ɧɚɣɛɥɢɠɱɢɯ ɦɨɥɟɤɭɥ, 

ɪɨɡɬɚɲɭɜɚɧɧɹ ɹɤɢɯ ɜ ɰɢɯ ɬɢɩɚɯ ɤɪɢɫɬɚɥɿɱɧɢɯ ɫɬɪɭɤɬɭɪ ɨɞɧɚɤɨɜɟ. 

5. Ɂ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɱɚɫɧɢɯ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɪɨɡɪɨɛɥɟɧɨ 

ɚɥɝɨɪɢɬɦɿɱɧɟ ɬɚ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɞɨɫɤɨɧɚɥɟɧɨʀ ɜɟɪɫɿʀ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ 

ɿɧɮɨɪɦɚɰɿɣɧɨ-ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɫɢɫɬɟɦɢ «TСОrЦШPrШ-η» ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 

ɬɟɩɥɨɮɿɡɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɯɨɥɨɞɨɚɝɟɧɬɿɜ, ɹɤɚ ɡɞɚɬɧɚ ɨɛɱɢɫɥɸɜɚɬɢ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɪɟɱɨɜɢɧ ɜ ɬɜɟɪɞɿɣ ɿ ɪɿɞɤɿɣ ɮɚɡɚɯ, ɚ ɬɚɤɨɠ 

ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ ɧɚ ɛɚɡɿ ɧɨɜɿɬɧɿɯ 

ɜɢɫɨɤɨɬɨɱɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ. ȼ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ «TСОrЦШPrШ-η» 

ɩɟɪɟɞɛɚɱɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɪɨɡɪɚɯɭɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɿ 

ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɨɪɟɬɢɱɧɨ ɨɛґɪɭɧɬɨɜɚɧɢɯ ɪɿɜɧɹɧɶ ɫɬɚɧɭ, 

ɩɨɛɭɞɨɜɚɧɢɯ ɜ ɪɚɦɤɚɯ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ, ɞɟ ɜ ɹɤɨɫɬɿ ɨɩɨɪɧɨʀ 
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ɫɢɫɬɟɦɢ ɜɢɫɬɭɩɚє ɫɢɫɬɟɦɚ ɫɮɟɪɢɱɧɢɯ ɦɨɥɟɤɭɥ, ɳɨ ɜɡɚєɦɨɞɿɸɬɶ ɡɚ ɩɨɬɟɧɰɿɚɥɨɦ 

Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, ɚ ɨɤɬɭɩɨɥɶ-ɨɤɬɭɩɨɥɶɧɚ ɜɡɚєɦɨɞɿɹ є ɡɛɭɪɟɧɧɹɦ.  

θ. Ɂ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɨɡɪɨɛɥɟɧɨʀ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɩɪɨɝɧɨɡɨɜɚɧɨ 

ɩɨɜɟɞɿɧɤɭ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɟɬɚɧɭ ɬɚ ɣɨɝɨ ɩɨɯɿɞɧɢɯ ɜ ɨɞɧɨɮɚɡɧɿɣ 

ɨɛɥɚɫɬɿ ɬɚ ɧɚ ɥɿɧɿʀ ɩɥɚɜɥɟɧɧɹ. Ȼɭɥɢ ɪɨɡɪɚɯɨɜɚɧɿ ɞɟɬɚɥɶɧɿ ɬɚɛɥɢɰɿ 

ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ ɜ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɢɫɤɿɜ. Ⱥɜɬɨɦɚɬɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɬɚɤɨɠ ɜ ɧɚɜɱɚɥɶɧɨɦɭ ɩɪɨɰɟɫɿ: ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɪɨɡɪɨɛɥɟɧɢɯ 

ɩɪɨɝɪɚɦɧɢɯ ɦɨɞɭɥɿɜ ɜɢɤɨɧɭɸɬɶɫɹ ɥɚɛɨɪɚɬɨɪɧɿ ɪɨɛɨɬɢ ɩɪɢ ɜɢɜɱɟɧɧɿ ɞɢɫɰɢɩɥɿɧɢ 

«Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɿ ɨɛ'єɤɬɿɜ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ», ɚ ɬɚɤɨɠ ɜ 

ɤɭɪɫɨɜɨɦɭ ɬɚ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɭɜɚɧɧɿ. 

7. Ɂɿɫɬɚɜɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɪɚɯɭɧɤɿɜ, ɳɨ ɜɢɤɨɧɚɧɿ ɜ ɪɨɛɨɬɿ, ɡ ɧɚɹɜɧɢɦɢ 

ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɨɤɚɡɭє, ɳɨ ɪɨɡɪɨɛɥɟɧɿ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɬɟɨɪɟɬɢɱɧɨ 

ɨɛґɪɭɧɬɨɜɚɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɿ ɞɨ ɿɧɲɢɯ ɯɨɥɨɞɨɚɝɟɧɬɿɜ, 

ɳɨ ɦɚɸɬɶ ɫɬɪɭɤɬɭɪɭ, ɩɨɞɿɛɧɭ ɞɨ ɦɟɬɚɧɭ. 
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ȾɈȾȺɌɈɄ Ⱥ 

Ɍɚɛɥɢɰɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɡɧɚɱɟɧɶ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɮɭɧɤɰɿɣ  

ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɬɢɫɤɭ 
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ɉɨɡɧɚɱɟɧɧɹ ɬɚ ɪɨɡɦɿɪɧɨɫɬɿ ɬɚɛɥɢɱɧɢɯ ɜɟɥɢɱɢɧ 

 

T – ɚɛɫɨɥɸɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ, K; 

p – ɬɢɫɤ, Ɇɉɚ; 

v – ɦɨɥɹɪɧɢɣ ɨɛ’єɦ, ɫɦ3/ɦɨɥɶ; 

h – ɟɧɬɚɥɶɩɿɹ, ɤȾɠ/ɦɨɥɶ; 

s – ɟɧɬɪɨɩɿɹ, Ⱦɠ/(ɦɨɥɶ·Ʉ); 

P – ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɜɨɝɨ ɪɨɡɲɢɪɟɧɧɹ, 1/ɤK; 

T – ɤɨɟɮɿɰɿєɧɬ ɿɡɨɬɟɪɦɿɱɧɨʀ ɫɬɢɫɥɢɜɨɫɬɿ, 1/Ƚɉɚ; 

cP – ɿɡɨɛɚɪɧɚ ɬɟɩɥɨєɦɧɿɫɬɶ, Ⱦɠ/(ɦɨɥɶ·Ʉ). 
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Ɍɚɛɥɢɰɹ Ⱥ.1 – Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɜɟɪɞɨɝɨ ɦɟɬɚɧɭ CH4  

p v h s P T CP 

T = 100 K 
38 33,54 1,51 2,23 1,456 0,7371 32,306 
50 33,24 1,87 1,648 1,349 0,6783 32,350 

100 32,27 3,31 –0,304 1,063 0,5207 32,539 
200 30,91 6,18 –3,152 0,778 0,3649 32,908 
400 29,17 11,79 –6,997 0,540 0,2362 33,535 
600 28,00 17,22 –9,736 0,430 0,1776 34,059 
800 27,12 22,51 –11,910 0,364 0,1435 34,517 

1000 26,42 27,68 –13,733 0,320 0,1210 34,930 
1500 25,10 40,18 –17,362 0,251 0,0877 35,834 
2000 24,14 52,19 –20,187 0,211 0,0693 36,619 
2500 23,39 63,83 –22,515 0,183 0,0575 37,331 
3000 22,78 75,17 –24,497 0,162 0,0493 37,990 
3500 22,26 86,25 –26,219 0,145 0,0432 38,610 
4000 21,81 97,11 –27,735 0,131 0,0385 39,199 
4500 21,41 107,78 –29,082 0,119 0,0348 39,765 
5000 21,06 118,28 –30,287 0,108 0,0317 40,310 
6000 20,46 138,82 –32,346 0,091 0,0270 41,353 
7000 19,95 158,84 –34,022 0,076 0,0235 42,346 
8000 19,51 178,42 –35,387 0,063 0,0209 43,301 
9000 19,13 197,62 –36,491 0,052 0,0188 44,225 

10000 18,79 216,49 –37,371 0,041 0,0171 45,124 
T = 110 K 

81 33,1 3,15 4,204 1,241 0,6288 32,168 
100 32,63 3,71 3,454 1,130 0,5672 32,224 
200 31,15 6,56 0,450 0,802 0,3852 32,532 
400 29,32 12,16 –3,486 0,544 0,2438 33,103 
600 28,12 17,59 –6,243 0,428 0,1818 33,597 
800 27,22 22,88 –8,412 0,361 0,1462 34,035 

1000 26,50 28,05 –10,223 0,316 0,1175 34,475 
1500 25,16 40,55 –13,806 0,247 0,0887 35,320 
2000 24,19 52,57 –16,581 0,206 0,0700 36,099 
2500 23,43 64,22 –18,859 0,178 0,0580 36,807 
3000 22,81 75,56 –20,793 0,157 0,0497 37,466 
3500 22,29 86,65 –22,467 0,140 0,0435 38,088 
4000 21,84 97,51 –23,937 0,127 0,0388 38,680 
4500 21,44 108,18 –25,240 0,115 0,0350 39,248 
5000 21,08 118,68 –26,401 0,104 0,0319 39,796 
6000 20,47 139,23 –28,375 0,086 0,0272 40,843 
7000 19,96 159,26 –29,969 0,072 0,0237 41,841 
8000 19,52 178,86 –31,254 0,059 0,0210 42,798 
9000 19,14 198,06 –32,279 0,047 0,0189 43,724 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  

p v h s P T CP 

10000 18,79 216,94 –33,081 0,037 0,0172 44,623 
T = 120 K 

127 32,51 4,86 5,961 1,074 0,5437 32,041 
200 31,41 6,94 3,760 0,831 0,4079 32,222 
400 29,48 12,52 –0,290 0,549 0,2520 32,733 
600 28,24 17,96 –3,073 0,428 0,1861 33,199 
800 27,32 23,25 –5,245 0,359 0,1489 33,623 

1000 26,59 28,42 –7,046 0,313 0,1248 34,015 
1500 25,22 40,92 –10,593 0,243 0,0898 34,896 
2000 24,24 52,94 –13,324 0,202 0,0706 35,680 
2500 23,48 64,60 –15,558 0,174 0,0585 36,401 
3000 22,85 75,94 –17,447 0,153 0,0501 37,074 
3500 22,32 87,03 –19,078 0,136 0,0438 37,711 
4000 21,86 97,91 –20,506 0,123 0,0390 38,320 
4500 21,46 108,58 –21,768 0,111 0,0352 38,905 
5000 21,11 119,09 –22,889 0,100 0,0321 39,470 
6000 20,49 139,64 –24,785 0,083 0,0273 40,551 
7000 19,98 159,68 –26,302 0,068 0,0238 41,580 
8000 19,53 179,29 –27,513 0,055 0,0211 42,568 
9000 19,15 198,50 –28,465 0,044 0,0190 43,523 

10000 18,80 217,38 –29,195 0,033 0,0173 44,450 
T = 130 K 

175 32,03 6,63 7,544 0,942 0,4756 31,921 
200 31,68 7,32 6,834 0,867 0,4335 31,969 
400 29,65 12,89 2,648 0,557 0,2606 32,413 
600 28,36 18,32 –0,171 0,430 0,1906 32,851 
800 27,42 23,61 –2,349 0,357 0,1518 33,262 

1000 26,67 28,78 –4,146 0,310 0,1268 33,647 
1500 25,28 41,29 –7,662 0,239 0,0908 34,530 
2000 24,29 53,31 –10,354 0,198 0,0713 35,327 
2500 23,52 64,97 –12,546 0,170 0,0590 36,066 
3000 22,88 76,32 –14,394 0,149 0,0504 36,761 
3500 22,35 87,42 –15,985 0,133 0,0441 37,421 
4000 21,89 98,30 –17,374 0,119 0,0393 38,053 
4500 21,49 108,98 –18,596 0,107 0,0354 38,661 
5000 21,13 119,49 –19,679 0,097 0,0323 39,250 
6000 20,51 140,05 –21,500 0,079 0,0275 40,379 
7000 19,99 160,10 –22,946 0,064 0,0239 41,454 
8000 19,54 179,71 –24,085 0,051 0,0212 42,487 
9000 19,15 198,94 –24,967 0,040 0,0191 43,485 

10000 18,81 217,83 –25,628 0,030 0,0174 44,454 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  

p v h s P T CP 

T = 140 K 
227 31,58 8,46 8,981 0,835 0,4203 31,809 
400 29,81 13,26 5,371 0,567 0,2698 32,136 
600 28,48 18,68 2,508 0,432 0,1953 32,545 
800 27,51 23,97 0,318 0,357 0,1546 32,941 

1000 26,75 29,14 –1,478 0,308 0,1287 33,321 
1500 25,34 41,65 –4,969 0,236 0,0918 34,205 
2000 24,34 53,68 –7,625 0,195 0,0720 35,016 
2500 23,56 65,35 –9,779 0,167 0,0595 35,775 
3000 22,92 76,70 –11,588 0,146 0,0508 36,492 
3500 22,38 87,81 –13,140 0,129 0,0444 37,176 
4000 21,92 98,69 –14,491 0,115 0,0395 37,833 
4500 21,51 109,37 –15,676 0,103 0,0356 38,467 
5000 21,15 119,89 –16,722 0,093 0,0325 39,081 
6000 20,52 140,46 –18,471 0,075 0,0276 40,261 
7000 20,00 160,52 –19,846 0,061 0,0241 41,387 
8000 19,55 180,14 –20,916 0,048 0,0214 42,469 
9000 19,16 199,38 –21,730 0,036 0,0192 43,516 

10000 18,81 218,27 –22,323 0,026 0,0175 44,532 
T = 150 K 

281 31,16 10,34 10,296 0,747 0,3747 31,705 
400 29,99 13,63 7,914 0,578 0,2798 31,900 
600 28,61 19,04 4,998 0,435 0,2002 32,275 
800 27,61 24,33 2,792 0,357 0,1576 32,655 

1000 26,83 29,50 0,994 0,307 0,1308 33,027 
1500 25,40 42,01 –2,477 0,233 0,0929 33,910 
2000 24,38 54,05 –5,101 0,192 0,0726 34,732 
2500 23,59 65,72 –7,219 0,163 0,0599 35,507 
3000 22,95 77,08 –8,991 0,142 0,0512 36,243 
3500 22,41 88,19 –10,507 0,126 0,0447 36,949 
4000 21,94 99,07 –11,821 0,112 0,0398 37,628 
4500 21,53 109,76 –12,970 0,100 0,0359 38,285 
5000 21,17 120,28 –13,980 0,090 0,0327 38,923 
6000 20,54 140,87 –15,659 0,072 0,0278 40,150 
7000 20,01 160,94 –16,966 0,057 0,0242 41,323 
8000 19,56 180,57 –17,968 0,044 0,0215 42,451 
9000 19,17 199,81 –18,716 0,033 0,0193 43,543 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  
p v h s P T CP 

10000 18,82 218,72 –19,242 0,023 0,0176 44,604 
T = 160 K 

337 30,76 12,28 11,508 0,674 0,3367 31,614 
400 30,16 14,00 10,305 0,592 0,2905 31,702 
600 28,73 19,40 7,326 0,439 0,2053 32,040 
800 27,71 24,68 5,099 0,358 0,1607 32,401 

1000 26,92 29,85 3,297 0,306 0,1329 32,763 
1500 25,46 42,37 –0,160 0,231 0,0939 33,638 
2000 24,43 54,41 –2,755 0,189 0,0733 34,465 
2500 23,63 66,08 –4,840 0,160 0,0604 35,250 
3000 22,98 77,45 –6,577 0,139 0,0515 36,000 
3500 22,44 88,57 –8,057 0,122 0,0450 36,721 
4000 21,97 99,46 –9,336 0,108 0,0400 37,417 
4500 21,55 110,16 –10,451 0,097 0,0361 38,092 
5000 21,18 120,68 –11,427 0,086 0,0329 38,747 
6000 20,55 141,28 –13,038 0,069 0,0280 40,011 
7000 20,02 161,36 –14,278 0,054 0,0244 41,221 
8000 19,57 180,99 –15,215 0,041 0,0216 42,387 
9000 19,17 200,25 –15,897 0,030 0,0194 43,515 

10000 18,82 219,17 –16,358 0,019 0,0177 44,612 
T = 170 K 

397 30,38 14,28 12,631 0,613 0,3046 31,537 
400 30,34 14,37 12,566 0,608 0,3022 31,542 
600 28,86 19,76 9,516 0,444 0,2108 31,838 
800 27,81 25,04 7,262 0,359 0,1639 32,178 

1000 27,00 30,21 5,452 0,305 0,1351 32,526 
1500 25,52 42,73 2,006 0,229 0,0950 33,385 
2000 24,48 54,77 –0,564 0,186 0,0740 34,208 
2500 23,67 66,45 –2,618 0,157 0,0609 34,995 
3000 23,01 77,83 –4,323 0,136 0,0519 35,750 
3500 22,46 88,94 –5,770 0,119 0,0453 36,479 
4000 21,99 99,84 –7,016 0,105 0,0403 37,183 
4500 21,57 110,54 –8,097 0,094 0,0363 37,867 
5000 21,20 121,07 –9,041 0,083 0,0331 38,533 
6000 20,57 141,68 –10,587 0,065 0,0281 39,818 
7000 20,03 161,77 –11,762 0,051 0,0245 41,051 
8000 19,58 181,42 –12,636 0,038 0,0217 42,240 
9000 19,18 200,69 –13,255 0,026 0,0195 43,392 

10000 18,82 219,61 –13,653 0,016 0,0178 44,512 
T = 180 K 

458 30,01 16,32 13,677 0,560 0,2773 31,478 
600 28,99 20,12 11,584 0,450 0,2165 31,670 
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 ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  
p v h s P T CP 

800 27,91 25,40 9,300 0,361 0,1673 31,985 
1000 27,08 30,56 7,479 0,306 0,1373 32,316 
1500 25,58 43,08 4,037 0,227 0,0961 33,150 
2000 24,52 55,13 1,490 0,183 0,0747 33,959 
2500 23,71 66,82 –0,537 0,154 0,0614 34,737 
3000 23,05 78,19 –2,212 0,133 0,0523 35,487 
3500 22,49 89,32 –3,629 0,116 0,0456 36,213 
4000 22,01 100,22 –4,843 0,102 0,0405 36,916 
4500 21,59 110,93 –5,893 0,091 0,0365 37,599 
5000 21,22 121,46 –6,806 0,080 0,0333 38,266 
6000 20,58 142,08 –8,290 0,062 0,0283 39,553 
7000 20,04 162,18 –9,404 0,048 0,0246 40,790 
8000 19,58 181,84 –10,217 0,035 0,0219 41,985 
9000 19,18 201,12 –10,775 0,023 0,0197 43,143 

10000 18,83 220,06 –11,113 0,013 0,0179 44,270 
T = 190 K 

522 29,67 18,41 14,657 0,514 0,2537 31,439 
600 29,12 20,49 13,549 0,458 0,2226 31,534 
800 28,01 25,75 11,228 0,364 0,1707 31,821 

1000 27,16 30,92 9,392 0,306 0,1396 32,133 
1500 25,64 43,44 5,951 0,225 0,0972 32,931 
2000 24,57 55,49 3,421 0,181 0,0754 33,715 
2500 23,74 67,18 1,419 0,152 0,0619 34,473 
3000 23,08 78,56 –0,229 0,131 0,0527 35,206 
3500 22,52 89,69 –1,617 0,114 0,0459 35,917 
4000 22,03 100,60 –2,803 0,100 0,0408 36,607 
4500 21,61 111,31 –3,825 0,088 0,0367 37,279 
5000 21,24 121,85 –4,708 0,077 0,0335 37,934 
6000 20,59 142,48 –6,135 0,060 0,0284 39,202 
7000 20,05 162,59 –7,192 0,045 0,0248 40,422 
8000 19,59 182,26 –7,948 0,032 0,0220 41,601 
9000 19,19 201,55 –8,448 0,020 0,0198 42,746 

10000 18,83 220,50 –8,728 0,009 0,0180 43,860 
T = 200 K 

589 29,33 20,55 15,579 0,474 0,2333 31,419 
600 29,26 20,85 15,422 0,466 0,2290 31,432 
800 28,12 26,11 13,061 0,367 0,1744 31,688 

1000 27,25 31,27 11,207 0,307 0,1419 31,976 
1500 25,69 43,79 7,759 0,224 0,0984 32,729 
2000 24,61 55,85 5,243 0,179 0,0761 33,475 
2500 23,78 67,54 3,262 0,150 0,0624 34,201 
3000 23,11 78,93 1,638 0,128 0,0530 34,905 
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 ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  
p v h s P T CP 

3500 22,54 90,06 0,275 0,111 0,0462 35,588 
4000 22,06 100,97 –0,885 0,097 0,0411 36,252 
4500 21,63 111,69 –1,881 0,085 0,0370 36,899 
5000 21,25 122,24 –2,738 0,075 0,0337 37,531 
6000 20,60 142,88 –4,112 0,057 0,0286 38,756 
7000 20,06 163,00 –5,116 0,042 0,0249 39,935 
8000 19,60 182,68 –5,819 0,029 0,0221 41,075 
9000 19,19 201,98 –6,266 0,017 0,0199 42,183 

10000 18,83 220,93 –6,492 0,007 0,0181 43,263 
T = 210 K 

657 29,02 22,74 16,450 0,439 0,2155 31,420 
800 28,22 26,47 14,808 0,371 0,1782 31,586 

1000 27,33 31,63 12,933 0,309 0,1444 31,848 
1500 25,75 44,14 9,474 0,224 0,0995 32,544 
2000 24,65 56,20 6,967 0,178 0,0768 33,241 
2500 23,81 67,89 5,003 0,148 0,0629 33,921 
3000 23,14 79,29 3,399 0,126 0,0534 34,582 
3500 22,57 90,42 2,058 0,109 0,0465 35,224 
4000 22,08 101,34 0,920 0,095 0,0413 35,849 
4500 21,65 112,07 –0,052 0,083 0,0372 36,458 
5000 21,27 122,62 –0,886 0,073 0,0339 37,054 
6000 20,62 143,27 –2,213 0,055 0,0288 38,208 
7000 20,07 163,40 –3,170 0,040 0,0251 39,321 
8000 19,60 183,09 –3,824 0,027 0,0222 40,398 
9000 19,19 202,39 –4,223 0,015 0,0200 41,445 

10000 18,83 221,36 –4,399 0,004 0,0182 42,467 
T = 220 K 

729 28,71 24,97 17,277 0,408 0,1998 31,440 
800 28,32 26,83 16,480 0,376 0,1822 31,515 

1000 27,42 31,98 14,581 0,311 0,1469 31,747 
1500 25,81 44,49 11,104 0,223 0,1007 32,377 
2000 24,70 56,55 8,603 0,177 0,0775 33,012 
2500 23,85 68,25 6,651 0,147 0,0634 33,633 
3000 23,16 79,64 5,063 0,125 0,0538 34,237 
3500 22,59 90,79 3,740 0,107 0,0469 34,824 
4000 22,10 101,71 2,622 0,093 0,0416 35,396 
4500 21,67 112,44 1,669 0,081 0,0374 35,954 
5000 21,28 122,99 0,855 0,071 0,0340 36,499 
6000 20,63 143,65 `–0,431 0,053 0,0289 37,557 
7000 20,08 163,79 –1,346 0,038 0,0252 38,577 
8000 19,61 183,49 –1,958 0,024 0,0223 39,565 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  
p v h s P T CP 

9000 19,20 202,80 –2,314 0,012 0,0201 40,526 
10000 18,83 221,78 –2,446 0,002 0,0183 41,464 

T = 230 K 
802 28,42 27,24 18,066 0,380 0,1859 31,476 

1000 27,50 32,34 16,160 0,313 0,1496 31,675 
1500 25,87 44,84 12,659 0,223 0,1019 32,228 
2000 24,74 56,90 10,158 0,176 0,0782 32,790 
2500 23,88 68,60 8,215 0,146 0,0639 33,339 
3000 23,19 80,00 6,639 0,123 0,0542 33,872 
3500 22,61 91,14 5,330 0,106 0,0472 34,391 
4000 22,12 102,07 4,227 0,092 0,0418 34,895 
4500 21,68 112,80 3,290 0,080 0,0376 35,388 
5000 21,30 123,36 2,493 0,069 0,0342 35,869 
6000 20,64 144,02 1,240 0,051 0,0291 36,802 
7000 20,09 164,17 0,360 0,036 0,0253 37,702 
8000 19,61 183,88 –0,216 0,022 0,0225 38,574 
9000 19,20 203,20 –0,535 0,014 0,0202 39,423 

10000 18,83 222,19 –0,629 0,011 0,0184 40,252 
T = 240 K 

878 28,14 29,56 18,819 0,356 0,1735 31,526 
1000 27,59 32,69 17,677 0,317 0,1523 31,631 
1500 25,93 45,19 14,146 0,224 0,1032 32,100 
2000 24,79 57,25 11,640 0,176 0,0790 32,576 
2500 23,92 68,95 9,701 0,145 0,0644 33,039 
3000 23,22 80,35 8,133 0,122 0,0546 33,489 
3500 22,64 91,50 6,834 0,105 0,0475 33,925 
4000 22,14 102,42 5,742 0,091 0,0421 34,349 
4500 21,70 113,16 4,817 0,078 0,0379 34,762 
5000 21,31 123,72 4,032 0,068 0,0344 35,165 
6000 20,65 144,39 2,806 0,050 0,0292 35,947 
7000 20,09 164,55 1,953 0,034 0,0255 36,700 
8000 19,62 184,26 1,406 0,021 0,0226 37,429 
9000 19,20 203,59 1,118 0,009 0,0203 38,140 

10000 18,83 222,59 1,055 0,002 0,0185 38,834 
T = 250 K 

956 27,87 31,92 19,541 0,334 0,1624 31,585 
1000 27,68 33,05 19,138 0,320 0,1551 31,616 
1500 25,98 45,54 15,572 0,225 0,1044 31,993 
2000 24,83 57,60 13,057 0,176 0,0797 32,372 
2500 23,95 69,30 11,116 0,144 0,0649 32,738 
3000 23,25 80,70 9,551 0,122 0,0550 33,091 
3500 22,66 91,85 8,258 0,104 0,0478 33,431 



172 
  
 

  
ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.1  
p v h s P T CP 

4000 22,16 102,78 7,172 0,090 0,0424 33,761 
4500 21,72 113,51 6,255 0,078 0,0381 34,081 
5000 21,33 124,07 5,478 0,067 0,0346 34,393 
6000 20,66 144,75 4,270 0,049 0,0294 34,996 
7000 20,10 164,91 3,437 0,033 0,0256 35,575 
8000 19,62 184,63 2,911 0,020 0,0227 36,137 
9000 19,20 203,97 2,646 0,008 0,0205 36,683 

10000 18,83 222,97 2,608 –0,004 0,0186 37,218 
T = 260 K 

1036 27,61 34,32 20,235 0,314 0,1525 31,648 
1500 26,04 45,89 16,943 0,226 0,1057 31,907 
2000 24,87 57,94 14,412 0,176 0,0805 32,179 
2500 23,99 69,64 12,466 0,145 0,0654 32,437 
3000 23,28 81,04 10,900 0,122 0,0554 32,681 
3500 22,69 92,19 9,607 0,104 0,0481 32,913 
4000 22,18 103,12 8,524 0,090 0,0426 33,136 
4500 21,74 113,86 7,610 0,077 0,0383 33,350 
5000 21,34 124,42 6,837 0,067 0,0349 33,558 
6000 20,67 145,10 5,638 0,048 0,0296 33,957 
7000 20,11 165,26 4,817 0,033 0,0258 34,338 
8000 19,62 184,98 4,304 0,019 0,0229 34,706 
9000 19,20 204,33 4,054 0,007 0,0206 35,064 

10000 18,83 223,33 4,034 –0,005 0,0187 35,414 
T = 270 K 

1118 27,36 36,76 20,903 0,296 0,1435 31,711 
1500 26,10 46,24 18,265 0,228 0,1071 31,843 
2000 24,92 58,29 15,713 0,177 0,0813 32,000 
2500 24,02 69,98 13,757 0,145 0,0660 32,139 
3000 23,31 81,38 12,184 0,122 0,0558 32,263 
3500 22,71 92,53 10,887 0,104 0,0484 32,376 
4000 22,20 103,46 9,801 0,090 0,0429 32,480 
4500 21,75 114,19 8,886 0,077 0,0386 32,577 
5000 21,36 124,76 8,112 0,066 0,0351 32,669 
6000 20,68 145,44 6,914 0,048 0,0297 32,840 
7000 20,11 165,60 6,096 0,033 0,0259 32,999 
8000 19,63 185,32 5,588 0,019 0,0230 33,150 
9000 19,20 204,67 5,345 0,006 0,0207 33,296 

10000 18,83 223,68 5,334 0,005 0,0188 33,439 
T = 280 K 

1202 27,12 39,23 21,547 0,280 0,1354 31,766 
1500 26,16 46,59 19,541 0,230 0,1084 31,802 
2000 24,96 58,63 16,965 0,178 0,0821 31,837 
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Ʉɿɧɟɰɶ ɬɚɛɥɢɰɿ Ⱥ.1   
p v h s P T CP 

2500 24,06 70,32 14,992 0,146 0,0665 31,847 
3000 23,34 81,72 13,408 0,123 0,0562 31,842 
3500 22,73 92,86 12,102 0,105 0,0487 31,825 
4000 22,22 103,79 11,009 0,090 0,0432 31,800 
4500 21,77 114,52 10,087 0,078 0,0388 31,770 
5000 21,37 125,09 9,309 0,067 0,0353 31,735 
6000 20,69 145,76 8,102 0,048 0,0299 31,657 
7000 20,12 165,93 7,278 0,033 0,0261 31,573 
8000 19,63 185,65 6,767 0,019 0,0231 31,486 
9000 19,21 204,99 6,523 0,006 0,0208 31,399 

10000 18,83 224,00 6,512 0,005 0,0189 31,313 
T = 290 K 

1289 26,88 41,75 22,167 0,266 0,1280 31,809 
1500 26,22 46,94 20,776 0,232 0,1098 31,783 
2000 25,01 58,97 18,170 0,180 0,0828 31,690 
2500 24,09 70,66 16,177 0,147 0,0670 31,565 
3000 23,36 82,05 14,577 0,124 0,0566 31,422 
3500 22,76 93,19 13,257 0,106 0,0491 31,267 
4000 22,24 104,12 12,152 0,091 0,0434 31,105 
4500 21,79 114,85 11,220 0,079 0,0390 30,938 
5000 21,38 125,41 10,431 0,068 0,0355 30,768 
6000 20,70 146,08 9,207 0,049 0,0301 30,423 
7000 20,13 166,24 8,368 0,033 0,0262 30,077 
8000 19,64 185,96 7,844 0,019 0,0232 29,733 
9000 19,21 205,30 7,590 0,007 0,0209 29,394 

10000 18,83 224,30 7,572 0,005 0,0190 29,062 
T = 300 K 

1378 26,66 44,30 22,765 0,254 0,1213 31,832 
1500 26,28 47,29 21,975 0,235 0,1112 31,786 
2000 25,05 59,32 19,334 0,182 0,0836 31,561 
2500 24,13 70,99 17,316 0,149 0,0676 31,296 
3000 23,39 82,38 15,695 0,125 0,0570 31,009 
3500 22,78 93,52 14,357 0,107 0,0494 30,710 
4000 22,26 104,44 13,235 0,092 0,0437 30,403 
4500 21,80 115,16 12,287 0,080 0,0392 30,092 
5000 21,40 125,72 11,484 0,069 0,0357 29,779 
6000 20,71 146,38 10,233 0,050 0,0303 29,152 
7000 20,13 166,53 9,370 0,035 0,0263 28,530 
8000 19,64 186,25 8,825 0,020 0,0234 27,915 
9000 19,21 205,58 8,552 0,008 0,0210 27,309 

10000 18,83 224,58 8,518 0,004 0,0192 26,714 
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Ɍɚɛɥɢɰɹ Ⱥ.2 – Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɬɟɬɪɚɮɬɨɪɦɟɬɚɧɭ CF4 

p v h s P T CP 

T = 90 K 
3,6 44,84 –5,551 172,3 1,806 1,227 46,78 

5 44,77 –5,499 172,2 1,778 1,206 46,62 
10 44,51 –5,310 171,8 1,683 1,137 46,09 
20 44,03 –4,931 171,1 1,527 1,024 45,22 
40 43,21 –4,170 169,9 1,300 0,860 44,00 
60 42,53 –3,407 168,8 1,142 0,746 43,19 
80 41,93 –2,645 167,9 1,025 0,661 42,61 

100 41,41 –1,884 167,1 0,934 0,596 42,18 
150 40,32 0,001 165,4 0,774 0,481 41,48 

T = 100 K 
56 43,18 –3,034 174,5 1,262 0,845 45,04 
80 42,38 –2,129 173,3 1,087 0,717 44,03 

100 41,81 –1,374 172,5 0,980 0,639 43,44 
120 41,30 –0,620 171,7 0,897 0,578 42,99 
140 40,85 0,130 171,0 0,829 0,529 42,64 
160 40,44 0,878 170,3 0,772 0,488 42,37 
180 40,06 1,622 169,7 0,725 0,454 42,14 
200 39,71 2,364 169,2 0,684 0,425 41,96 
220 39,38 3,102 168,6 0,649 0,399 41,80 

T = 110 K 
111,6 41,91 –0,416 177,0 0,978 0,647 44,58 

120 41,68 –0,101 176,6 0,940 0,619 44,34 
140 41,20 0,646 175,9 0,863 0,562 43,88 
160 40,76 1,390 175,2 0,800 0,516 43,52 
180 40,35 2,132 174,6 0,747 0,477 43,23 
200 39,98 2,871 174,0 0,702 0,445 42,99 
220 39,64 3,608 173,5 0,664 0,416 42,79 
240 39,32 4,341 173,0 0,630 0,392 42,62 
260 39,02 5,071 172,5 0,600 0,371 42,48 
280 38,74 5,798 172,0 0,574 0,352 42,37 
300 38,48 6,523 171,6 0,550 0,335 42,26 
350 37,87 8,321 170,6 0,501 0,299 42,07 

T = 120 K 
170,3 40,86 2,296 179,4 0,801 0,523 44,73 

200 40,27 3,390 178,5 0,724 0,466 44,25 
220 39,91 4,124 178,0 0,681 0,435 43,99 
240 39,57 4,856 177,4 0,645 0,408 43,78 
260 39,26 5,585 176,9 0,613 0,385 43,61 
280 38,97 6,311 176,5 0,584 0,364 43,46 
300 38,69 7,034 176,0 0,559 0,346 43,33 
350 38,07 8,830 175,0 0,507 0,308 43,08 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.2 
p v h s P T CP 

T = 130 K 
232,2 39,97 5,100 181,9 0,677 0,437 45,26 

240 39,83 5,384 181,7 0,662 0,426 45,16 
260 39,50 6,110 181,1 0,628 0,401 44,94 
280 39,20 6,834 180,7 0,597 0,378 44,75 
300 38,91 7,556 180,2 0,570 0,358 44,59 
350 38,26 9,349 179,2 0,514 0,318 44,28 
400 37,69 11,126 178,2 0,470 0,286 44,06 
450 37,18 12,888 177,4 0,434 0,260 43,91 
500 36,72 14,634 176,6 0,405 0,239 43,80 

T = 140 K 
297,3 39,17 7,995 184,2 0,586 0,375 46,06 

300 39,14 8,092 184,2 0,582 0,372 46,03 
350 38,46 9,882 183,1 0,522 0,328 45,65 
400 37,87 11,657 182,2 0,476 0,294 45,38 
450 37,34 13,416 181,3 0,438 0,267 45,19 
500 36,87 15,161 180,5 0,407 0,245 45,05 
550 36,44 16,892 179,8 0,382 0,226 44,95 
600 36,04 18,610 179,1 0,359 0,210 44,88 

T = 150 K 
365,6 38,46 10,982 186,6 0,515 0,326 47,05 

400 38,05 12,201 185,9 0,482 0,302 46,84 
450 37,51 13,958 185,0 0,443 0,274 46,60 
500 37,02 15,702 184,2 0,411 0,250 46,42 
550 36,58 17,432 183,5 0,384 0,231 46,30 
600 36,17 19,148 182,8 0,361 0,214 46,21 
650 35,80 20,853 182,2 0,341 0,200 46,14 
700 35,45 22,545 181,6 0,323 0,188 46,10 

T = 160 K 
437 37,81 14,059 188,9 0,459 0,288 48,19 
450 37,67 14,515 188,6 0,449 0,281 48,12 
500 37,17 16,256 187,8 0,415 0,256 47,91 
550 36,72 17,985 187,1 0,386 0,236 47,75 
600 36,30 19,701 186,4 0,362 0,219 47,63 
650 35,92 21,404 185,8 0,342 0,204 47,55 
700 35,57 23,096 185,2 0,324 0,191 47,49 
800 34,93 26,446 184,1 0,294 0,171 47,42 

T = 170 K 
511,6 37,21 17,228 191,1 0,412 0,257 49,42 

550 36,86 18,553 190,5 0,390 0,241 49,28 
600 36,44 20,267 189,8 0,365 0,223 49,14 
650 36,04 21,970 189,2 0,343 0,208 49,03 

  



176 
  
 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.2 
p v h s P T CP 

700 35,68 23,661 188,6 0,325 0,195 48,95 
800 35,03 27,010 187,5 0,294 0,173 48,85 
900 34,46 30,318 186,5 0,269 0,156 48,82 

T = 180 K 
589,4 36,66 20,487 193,3 0,373 0,232 50,74 

600 36,57 20,850 193,2 0,368 0,228 50,70 
650 36,17 22,551 192,5 0,346 0,212 50,57 
700 35,80 24,241 191,9 0,326 0,198 50,47 
800 35,14 27,589 190,8 0,294 0,176 50,33 
900 34,56 30,896 189,8 0,269 0,158 50,27 

1000 34,04 34,165 189,0 0,248 0,144 50,25 
T = 190 K 

670,4 36,14 23,837 195,5 0,340 0,210 52,10 
700 35,92 24,837 195,1 0,328 0,202 52,03 
800 35,24 28,183 194,0 0,295 0,179 51,86 
900 34,65 31,490 193,0 0,269 0,161 51,76 

1000 34,12 34,759 192,2 0,248 0,146 51,72 
1100 33,65 37,992 191,4 0,230 0,134 51,71 
1200 33,22 41,193 190,6 0,215 0,124 51,73 

T = 200 K 
754,5 35,65 27,276 197,6 0,311 0,192 53,50 

800 35,35 28,793 197,2 0,297 0,182 53,41 
900 34,74 32,098 196,2 0,270 0,163 53,28 

1000 34,21 35,366 195,3 0,248 0,148 53,20 
1100 33,73 38,600 194,5 0,230 0,136 53,17 
1200 33,29 41,801 193,7 0,214 0,126 53,16 

T = 210 K 
841,8 35,18 30,804 199,8 0,286 0,176 54,91 

900 34,84 32,722 199,2 0,271 0,166 54,81 
1000 34,29 35,989 198,3 0,248 0,150 54,70 
1100 33,80 39,222 197,5 0,230 0,138 54,64 
1200 33,36 42,423 196,8 0,214 0,127 54,60 
1300 32,95 45,594 196,1 0,200 0,118 54,60 
1400 32,58 48,736 195,4 0,188 0,110 54,61 

T = 220 K 
932,3 34,75 34,420 201,9 0,264 0,163 56,32 
1000 34,38 36,626 201,3 0,249 0,152 56,22 
1100 33,88 39,859 200,5 0,230 0,139 56,12 
1200 33,43 43,059 199,7 0,214 0,128 56,05 
1300 33,02 46,230 199,0 0,200 0,119 56,02 
1400 32,64 49,372 198,4 0,188 0,112 56,00 
1500 32,29 52,487 197,8 0,177 0,105 56,00 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.2 
p v h s P T CP 

T = 230 K 
1026 34,33 38,122 204,0 0,245 0,151 57,71 
1100 33,96 40,510 203,4 0,231 0,141 57,61 
1200 33,50 43,710 202,6 0,214 0,130 57,51 
1300 33,09 46,880 201,9 0,200 0,121 57,43 
1400 32,70 50,022 201,3 0,188 0,113 57,38 
1500 32,35 53,137 200,7 0,177 0,106 57,35 
1600 32,02 56,227 200,1 0,167 0,100 57,33 
1700 31,71 59,294 199,6 0,159 0,094 57,32 

T = 240 K 
1122,8 33,93 41,910 206,0 0,228 0,140 59,07 

1200 33,57 44,376 205,4 0,215 0,132 58,96 
1300 33,15 47,545 204,7 0,201 0,122 58,85 
1400 32,76 50,686 204,1 0,188 0,114 58,77 
1500 32,40 53,801 203,5 0,177 0,107 58,70 
1600 32,07 56,890 203,0 0,168 0,101 58,64 
1700 31,76 59,956 202,4 0,159 0,095 58,60 
1800 31,47 63,000 201,9 0,151 0,090 58,57 

T = 250 K 
1222,8 33,55 45,782 208,1 0,213 0,131 60,39 

1300 33,22 48,223 207,5 0,202 0,123 60,27 
1400 32,83 51,364 206,9 0,189 0,115 60,14 
1500 32,46 54,478 206,3 0,178 0,108 60,04 
1600 32,12 57,567 205,7 0,168 0,101 59,95 
1700 31,81 60,632 205,2 0,159 0,096 59,87 
1800 31,51 63,675 204,7 0,151 0,091 59,80 
1900 31,24 66,696 204,2 0,144 0,087 59,74 
2000 30,97 69,697 203,8 0,137 0,083 59,69 

T = 260 K 
1326 33,18 49,737 210,1 0,200 0,122 61,64 
1400 32,89 52,055 209,6 0,190 0,116 61,52 
1500 32,52 55,168 209,0 0,179 0,109 61,37 
1600 32,18 58,256 208,4 0,169 0,102 61,24 
1700 31,86 61,320 207,9 0,160 0,097 61,12 
1800 31,56 64,362 207,4 0,152 0,092 61,01 
1900 31,28 67,382 206,9 0,144 0,087 60,92 
2000 31,01 70,383 206,5 0,137 0,083 60,83 

T = 270 K 
1432,4 32,83 53,772 212,0 0,188 0,115 62,83 

1500 32,58 55,871 211,6 0,181 0,110 62,71 
1600 32,23 58,958 211,1 0,170 0,103 62,53 
1700 31,91 62,021 210,5 0,161 0,098 62,37 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ⱥ.2 
p v h s P T CP 

1800 31,61 65,061 210,0 0,153 0,093 62,22 
1900 31,33 68,081 209,6 0,146 0,088 62,08 
2000 31,06 71,080 209,1 0,139 0,084 61,94 

T = 280 K 
1542 32,49 57,886 214,0 0,178 0,108 63,94 
1600 32,29 59,673 213,7 0,172 0,104 63,82 
1700 31,96 62,734 213,1 0,163 0,099 63,61 
1800 31,66 65,772 212,6 0,155 0,093 63,42 
1900 31,37 68,790 212,2 0,147 0,089 63,23 
2000 31,10 71,788 211,7 0,140 0,085 63,05 

T = 290 K 
1654,7 32,16 62,076 215,9 0,169 0,102 64,96 

1700 32,02 63,459 215,7 0,165 0,099 64,85 
1800 31,71 66,496 215,2 0,157 0,094 64,61 
1900 31,42 69,511 214,7 0,149 0,089 64,38 
2000 31,14 72,507 214,2 0,142 0,085 64,16 
2500 29,97 87,208 212,3 0,114 0,069 63,13 

T = 300 K 
1770,6 31,85 66,341 217,8 0,162 0,096 65,89 

1800 31,76 67,231 217,7 0,159 0,095 65,81 
1900 31,47 70,244 217,2 0,152 0,090 65,53 
2000 31,19 73,237 216,7 0,145 0,086 65,26 
2500 30,01 87,927 214,7 0,116 0,070 64,00 
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Ɍɚɛɥɢɰɹ Ⱥ.3 – Ɍɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɬɟɬɪɚɯɥɨɪɦɟɬɚɧɭ CCХ4 

p v h s P T CP 

T = 250 K 
14,8 89,32 –18,372 262,2 0,938 1,259 75,69 

20 88,76 –18,014 261,8 0,880 1,175 75,75 
40 86,91 –16,607 260,4 0,720 0,947 75,94 
60 85,41 –15,171 259,2 0,618 0,802 76,12 
80 84,15 –13,722 258,3 0,546 0,699 76,27 

100 83,04 –12,267 257,4 0,492 0,622 76,42 
110 82,54 –11,539 257,0 0,470 0,591 76,48 

T = 260 K 
46,6 86,99 –15,907 263,8 0,718 0,951 78,18 

60 85,96 –14,955 263,0 0,646 0,846 78,29 
80 84,62 –13,517 262,0 0,565 0,731 78,44 

100 83,46 –12,071 261,1 0,506 0,647 78,58 
110 82,94 –11,346 260,7 0,482 0,613 78,65 
120 82,44 –10,620 260,3 0,461 0,582 78,71 
130 81,98 –9,895 259,9 0,441 0,555 78,77 
140 81,53 –9,169 259,6 0,424 0,530 78,83 
150 81,11 –8,445 259,2 0,408 0,508 78,89 
160 80,71 –7,720 258,9 0,394 0,488 78,94 

T = 270 K 
81,8 84,99 –13,180 265,6 0,580 0,758 80,39 
100 83,89 –11,870 264,7 0,522 0,674 80,51 
110 83,34 –11,149 264,3 0,495 0,636 80,57 
120 82,83 –10,427 263,9 0,472 0,603 80,63 
130 82,34 –9,704 263,5 0,452 0,574 80,69 
140 81,88 –8,981 263,2 0,433 0,547 80,75 
150 81,45 –8,259 262,8 0,416 0,523 80,80 
160 81,03 –7,536 262,5 0,401 0,502 80,86 
170 80,63 –6,813 262,2 0,387 0,482 80,91 
180 80,25 –6,092 261,9 0,375 0,464 80,96 
190 79,89 –5,371 261,6 0,363 0,447 81,01 
200 79,54 –4,652 261,3 0,352 0,432 81,06 

T = 280 K 
120,3 83,21 –10,21 267,5 0,485 0,625 82,35 

130 82,72 –9,511 267,1 0,463 0,594 82,41 
140 82,24 –8,791 266,7 0,443 0,565 82,46 
150 81,79 –8,071 266,4 0,425 0,540 82,52 
160 81,36 –7,350 266,0 0,409 0,517 82,57 
170 80,95 –6,630 265,7 0,394 0,496 82,62 
180 80,56 –5,911 265,4 0,381 0,477 82,67 
190 80,18 –5,191 265,1 0,369 0,459 82,72 
200 79,82 –4,473 264,8 0,357 0,443 82,77 
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Ʉɿɧɟɰɶ ɬɚɛɥɢɰɿ Ⱥ.γ 
p v h s P T CP 

220 79,14 –3,038 264,2 0,337 0,414 82,86 
T = 290 K 

162,1 81,60 –7,010 269,4 0,414 0,528 84,12 
170 81,27 –6,445 269,2 0,402 0,510 84,15 
180 80,87 –5,727 268,9 0,388 0,490 84,20 
190 80,48 –5,010 268,5 0,375 0,471 84,25 
200 80,11 –4,293 268,3 0,363 0,454 84,29 
220 79,41 –2,862 267,7 0,342 0,424 84,38 
240 78,76 –1,433 267,2 0,323 0,397 84,47 
260 78,15 0,070 266,7 0,307 0,375 84,56 
280 77,59 1,414 266,2 0,293 0,354 84,64 
300 77,05 2,832 265,8 0,281 0,337 84,72 

T = 300 K 
207,3 80,13 –3,589 271,4 0,361 0,453 85,70 

220 79,68 –2,684 271,1 0,347 0,434 85,76 
240 79,02 –1,258 270,5 0,328 0,406 85,84 
260 78,40 0,166 270,0 0,311 0,382 85,92 
280 77,81 1,585 269,6 0,296 0,361 86,00 
300 77,27 3,001 269,1 0,283 0,343 86,08 
350 76,03 6,523 268,1 0,256 0,304 86,27 

T = 310 K 
255,8 78,77 0,044 273,5 0,318 0,395 87,14 

260 78,64 0,339 273,3 0,315 0,390 87,16 
280 78,05 1,757 272,9 0,299 0,368 87,23 
300 77,49 3,171 272,4 0,286 0,349 87,31 
350 76,23 6,690 271,4 0,258 0,309 87,49 

T = 320 K 
307,7 77,50 3,885 275,5 0,284 0,348 88,45 

350 76,43 6,856 274,6 0,260 0,314 88,60 
400 75,30 10,347 273,7 0,237 0,282 88,77 
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ȾɈȾȺɌɈɄ Ȼ 

ɉɟɪɟɥɿɤ ɪɟɱɨɜɢɧ, ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɿ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ ɞɿɚɩɚɡɨɧɿɜ ɩɚɪɚɦɟɬɪɿɜ 

ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ «TСОrЦШPrШ-η» 
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Ɍɚɛɥɢɰɹ Ȼ.1 – ɉɟɪɟɥɿɤ ɪɟɱɨɜɢɧ, ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɿ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ 

ɞɿɚɩɚɡɨɧɿɜ ɩɚɪɚɦɟɬɪɿɜ ɜ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿɣ ɫɢɫɬɟɦɿ «ThermoPro-5» 

ɋɢɫɬɟɦɚɬɢɱɧɟ ɧɚɣɦɟ-
ɧɭɜɚɧɧɹ ɪɟɱɨɜɢɧɢ /  
ɧɨɦɟɪ ɡɚ ɫɬɚɧɞɚɪɬɨɦ 

ISO 817-2014 

ɏɿɦɿɱɧɚ 
ɮɨɪɦɭɥɚ 

ɉɟɪɲɢɣ ɡ 
ɚɜɬɨɪɿɜ, ɪɿɤ 
ɩɭɛɥɿɤɚɰɿʀ, 
ɞɠɟɪɟɥɨ, 

Ⱦɿɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ, 

Ʉ 

Ɇɚɤɫɢ-
ɦɚɥɶɧɚ 
ɝɭɫɬɢɧɚ, 
ɤɝ/ɦ3 

Ɇɚɤɫɢ-
ɦɚɥɶɧɢɣ 
ɬɢɫɤ, 
Ɇɉɚ 

Ⱥɰɟɬɨɧ C3H6O 
Lemmon, 2006 
[116] 

178,5–550 913,5 700 

Ⱥɡɨɬ 
(R728) 

N2 Span, 1998 [110] 63,15–2000 1600 2200 

Ⱥɡɨɬ (ɤɚɥɿɛɪɨɜɨɱɧɟ 
ɪɿɜɧɹɧɧɹ)  

N2 Span, 1998 [110] 270–350 332 30 

Ⱥɡɨɬ  N2 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

300–2500 300 300 

Ⱥɦɿɚɤ   
(R717) 

NH3 
Tillner-Roth, 
1993 [117] 

195,5–700 900 1000 

Ⱥɪɝɨɧ  
(R740) 

Ar 
Tegeler, 1999 
[111] 

84,8–700 1500 1000 

Ⱥɪɝɨɧ Ar 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

373–3000 400 300 

Ȼɭɬɚɧ   
(R600) 

C4H10 
BüМФОr, β00θ 
[118] 

134,9–575 767 69 

ȼɨɞɚ ɢ ɜɨɞɹɧɚ ɩɚɪɚ  
(R718) 

H2O 
Wagner, 2002, 
[113] 

273,16–2000 1332 1000 

ȼɨɞɹɧɚ ɩɚɪɚ H2O 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

573–2000 125 120 

ȼɨɞɟɧɶ  
(R702) 

H2 
Leachman, 2009 
[119] 

13,96–1000 205 2000 

ȼɨɞɟɧɶ  H2 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

400–3000 300 350 

Ƚɟɥɿɣ-4  
(R704) 

He4 
McCarty, 1990 
[121] 

2,18–1500 355 100 

Ƚɟɤɫɚɧ C6H14 Kunz, 2012 [122] 177,8–600 762 100 
Ƚɟɤɫɚɮɬɨɪɢɞ ɫɿɪɤɢ SF6 Guder, 2009[131] 223,6–625 1846 150 

Ƚɟɤɫɚɮɬɨɪɢɞ ɫɿɪɤɢ SF6 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

300–1500 300 20 

Ƚɟɩɬɚɧ C7H16 Kunz, 2012 [122] 182,6–600 776 100 
Ⱦɜɨɨɤɢɫ ɜɭɝɥɟɰɸ  
(R744) 

ɋɈβ Span, 1996 [112] 216,6–2000 1639 800 

Ⱦɜɨɨɤɢɫ ɜɭɝɥɟɰɸ   ɋɈβ 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

573–2500 300 180 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ȼ.1  

ɋɢɫɬɟɦɚɬɢɱɧɟ ɧɚɣɦɟ-
ɧɭɜɚɧɧɹ ɪɟɱɨɜɢɧɢ /  
ɧɨɦɟɪ ɡɚ ɫɬɚɧɞɚɪɬɨɦ 

ISO 817-2014 

ɏɿɦɿɱɧɚ 
ɮɨɪɦɭɥɚ 

ɉɟɪɲɢɣ ɡ 
ɚɜɬɨɪɿɜ, ɪɿɤ 
ɩɭɛɥɿɤɚɰɿʀ, 
ɞɠɟɪɟɥɨ, 

Ⱦɿɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ, 

Ʉ 

Ɇɚɤɫɢ-
ɦɚɥɶɧɚ 
ɝɭɫɬɢɧɚ, 
ɤɝ/ɦ3 

Ɇɚɤɫɢ-
ɦɚɥɶɧɢɣ 
ɬɢɫɤ, 
Ɇɉɚ 

Ⱦɟɣɬɟɪɿɣ D2 
Richardson, 2014 
[123] 

18,7–600 200 2000 

Ⱦɟɤɚɧ  C10H22 
Lemmon, 2006, 
[116] 

243,5–675 770 800 

Ⱦɢɦɟɬɢɥɨɜɢɣ ɟɬɟɪ C2H6O  Wu, 2011, [124] 131,7–550 882 50 
ȿɬɚɧ  
(R170) 

C2H6 
BüМФОr, β00θ 
[132] 

90,4–675 674 900 

ȿɬɚɧɨɥ C2H5OH 
Schroeder, 2014 
[133] 

160–650 909 280 

ȿɬɢɥɟɧ  
(R1150) 

C2H4 
Smukala, 2000 
[114] 

104–450 758 300 

ȱɡɨɛɭɬɚɧ  C4H10 
BüМФОr, β00θ 
[118] 

113,7–575 750 35 

ȱɡɨɝɟɤɫɚɧ C6H14 
Lemmon, 2006 
[116] 

119,6–550 808 1000 

ȱɡɨɩɟɧɬɚɧ  C5H12 
Lemmon, 2006 
[116] 

112,7–500 959 1000 

Ʉɢɫɟɧɶ  
(R732) 

O2 
Schmidt, 1985 
[125] 

54,4–2000 1387 82 

Ʉɢɫɟɧɶ O2 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

323–2500 330 280 

Ʉɫɟɧɨɧ Xe 
S ТПЧОr, 1994, 
[126] 

161,4–800 3348 350 

Ʉɫɟɧɨɧ Xe 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

323-3000 600 120 

Ʉɪɢɩɬɨɧ Kr 
Lemmon, 2006 
[116] 

115,8–750 2800 200 

Ʉɪɢɩɬɨɧ Kr 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

373–3000 600 220 

Ɇɟɬɚɧ 
(R50)) 

CH4 
Setzmann, 1991 
[13] 

90,7–625 643 1000 

Ɇɟɬɚɧ CH4 Jakub, 2016,  [88] 90–300 607 1337 

Ɇɨɧɨɨɤɫɢɞ ɜɭɝɥɟɰɸ CO 
Lemmon, 2006, 
[116] 

68,2–500 948 100 

Ɇɨɧɨɨɤɫɢɞ ɜɭɝɥɟɰɸ  CO  
Ɂɭɛɚɪɟɜ, 1989 
[115] 

323–2250 600 220 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ Ȼ.1 

ɋɢɫɬɟɦɚɬɢɱɧɟ ɧɚɣɦɟ-
ɧɭɜɚɧɧɹ ɪɟɱɨɜɢɧɢ /  
ɧɨɦɟɪ ɡɚ ɫɬɚɧɞɚɪɬɨɦ 

ISO 817-2014 

ɏɿɦɿɱɧɚ 
ɮɨɪɦɭɥɚ 

ɉɟɪɲɢɣ ɡ 
ɚɜɬɨɪɿɜ, ɪɿɤ 
ɩɭɛɥɿɤɚɰɿʀ, 
ɞɠɟɪɟɥɨ, 

Ⱦɿɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ, 

Ʉ 

Ɇɚɤɫɢ-
ɦɚɥɶɧɚ 
ɝɭɫɬɢɧɚ, 
ɤɝ/ɦ3 

Ɇɚɤɫɢ-
ɦɚɥɶɧɢɣ 
ɬɢɫɤ, 
Ɇɉɚ 

ɇɟɨɧ 
(R720) 

Ne Katti, 1986 [127]  24,6–700 1252 700 

ɇɟɨɧ Ne 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

200–3000 300 400 

ɇɟɨɩɟɧɬɚɧ C5H12 
Lemmon, 2006 
[116] 

256,6–550 628 200 

ɇɨɧɚɧ  C9H20 
Lemmon, 2006 
[116] 

219,7–600 777 800 

Ɉɤɫɢɞ ɟɬɢɥɟɧɭ C2H4O Thol, 2015  [128] 200–500 642 10 

Ɉɤɫɢɞ ɚɡɨɬɭ  ІɈ 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

272–2000 400 280 

Ɉɤɬɚɧ  C8H18 
Lemmon, 2006 
[116] 

216,4–600 764 100 

Ɉɪɬɨɜɨɞɟɧɶ H2-ortho 
Leachman, 2009 
[119] 

14,0–1000 209 2000 

ɉɚɪɚɜɨɞɟɧɶ  H2-para 
Leachman, 2009 
[119] 

14,0–1000 209 2000 

ɉɟɧɬɚɧ  C5H12 Kunz, 2012 [122] 143,5–600 808 100 

ɉɨɜɿɬɪɹ N2+O2+Ar 
Lemmon, 2000 
[120] 

60 – 2000 1650 2000 

ɉɨɜɿɬɪɹ N2+O2+Ar 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

323–2500 320 300 

ɉɪɨɩɚɧ  
(R290) 

C3H8 
Lemmon, 2009 
[130] 

85,5–650 908 1000 

ɋɭɥɶɮɿɞ ɜɨɞɧɹ H2S 
Lemmon, 2006 
[116] 

187,7–760 992 170 

Ɏɬɨɪ F2 
Jacobsen, 1997 
[109] 

53,5–300 727 20 

Ɏɬɨɪ F2 
Ɂɭɛɚɪɟɜ, 1989 
[115] 

230–1000 550 160 

Ⱦɢɮɬɨɪɦɟɬɚɧ  
(R32)  

CH2F2 
Tillner-Roth, 
1997 [130] 

136,3–435 1429 70 

https://www.google.com.ua/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22Richard+T.+Jacobsen%22
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Ʉɿɧɟɰɶ ɬɚɛɥɢɰɿ Ȼ.1 

ɋɢɫɬɟɦɚɬɢɱɧɟ ɧɚɣɦɟ-
ɧɭɜɚɧɧɹ ɪɟɱɨɜɢɧɢ /  
ɧɨɦɟɪ ɡɚ ɫɬɚɧɞɚɪɬɨɦ 

ISO 817-2014 

ɏɿɦɿɱɧɚ 
ɮɨɪɦɭɥɚ 

ɉɟɪɲɢɣ ɡ 
ɚɜɬɨɪɿɜ, ɪɿɤ 
ɩɭɛɥɿɤɚɰɿʀ, 
ɞɠɟɪɟɥɨ, 

Ⱦɿɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ, 

Ʉ 

Ɇɚɤɫɢ-
ɦɚɥɶɧɚ 
ɝɭɫɬɢɧɚ, 
ɤɝ/ɦ3 

Ɇɚɤɫɢ-
ɦɚɥɶɧɢɣ 
ɬɢɫɤ, 
Ɇɉɚ 

Ɏɬɨɪɦɟɬɚɧ  
(R41)  

CH3F 
Lemmon, 2006 
[116] 

129,8–425 1009 70 

Ƚɟɤɫɚɮɬɨɪɟɬɚɧ  
(R116) 

C2F6 
Lemmon, 2006 
[116] 

173,1–425 1700 50 

ɉɟɧɬɚɮɬɨɪɟɬɚɧ  
(R125) 

C2HF5 
Lemmon, 2005 
[137] 

172,5–500 1691 60 

1,1,1,2-Ɍɟɬɪɚɮɬɨɪɟɬɚɧ 
(R134a) 

C2H2F4 
Tillner-Roth, 
1994 [138] 

169.9–455 1592 70 

1,1,1-Ɍɪɢɮɬɨɪɟɬɚɧ 
(R143a) 

C2H3F3 
Lemmon, 2000 
[139] 

161,3–650 1332 100 

1,1-Ⱦɢɮɬɨɪɟɬɚɧ  
(R152a)  

C2H4 F2 
Outcalt, 1996  
[140] 

154,6–500 1194 60 

Ɏɬɨɪɟɬɚɧ  
(R161) 

C3H3 F5 Qi, 2016 [141] 130–420 865 100 

Ɉɤɬɚɮɬɨɪɩɪɨɩɚɧ  
(R218) 

C3F8 
Lemmon, 2006 
[116] 

125,5–440 2010 20 

Ɍɪɚɧɫ-1-ɯɥɨɪ-3,3,3-
ɬɪɢɮɬɨɪɩɪɨɩɢɥɟɧ  
(R1233zd(E)) 

C3H2ClF3 
Mondejar, 2015 
[134] 

195,2–550 1489 100 

2,3,3,3-
Ɍɟɬɪɚɮɬɨɪɩɪɨɩɢɥɟɧ  
(R1234yf) 

C3H2 F4 
Richter, 2011, 
[135]  

220–410 1327 30 

Ɍɪɚɧɫ-1,2,2,2-
ɬɟɬɪɚɮɬɨɪɩɪɨɩɢɥɟɧ  
(R1234ze(E) 

C3H2 F4 Thol, 2016 [136] 168,6–420 1512 20 
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ȾɈȾȺɌɈɄ ȼ  

Ⱦɨɤɭɦɟɧɬɢ ɩɪɨ ɜɩɪɨɜɚɞɠɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ 
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