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1 

ɁȺȽȺɅЬɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊɈȻɈɌɂ 

Ƚɿɞɪɨɬɟɯɧɿɱɧɿ ɫɩɨɪɭɞɢ ɩɪɢɡɧɚɱɟɧɧɿ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɨɞɧɢɯ ɪɟɫɭɪɫɿɜ, ɛɨɪɨɬɶɛɢ 
ɬɚ ɩɨɩɟɪɟɞɠɟɧɧɹ ɲɤɿɞɥɢɜɨʀ ɞɿʀ ɜɨɞɧɨʀ ɫɬɢɯɿʀ. Ɂɚ ʀɯ ɞɨɩɨɦɨɝɨɸ ɦɨɠɧɚ ɛɟɡɩɨɫɟɪɟɞɧɶɨ 
ɤɟɪɭɜɚɬɢ ɜɨɞɨɬɨɤɚɦɢ ɿ ɜɨɞɨɣɦɚɦɢ ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡ ɜɢɦɨɝɚɦɢ ɤɨɪɢɫɬɭɜɚɱɿɜ. ɉɪɢ ɩɪɨ-
ɟɤɬɭɜɚɧɧɿ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ ɞɨɜɨɞɢɬɶɫɹ ɱɚɫɬɨ ɩɪɨɜɨɞɢɬɢ ɝɿɞɪɚɜɥɿɱɧɿ ɪɨɡɪɚɯɭɧɤɢ 
ɜɨɞɨɡɥɢɜɿɜ, ɨɫɨɛɥɢɜɨ ɭ ɜɢɩɚɞɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɜɟɪɬɢɤɚɥɶɧɨɸ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ. ȼɨɧɢ 
ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɭ ɜɨɞɨɝɨɫɩɨɞɚɪɫɶɤɿɣ ɿ ɦɟɥɿɨɪɚɬɢɜɧɿɣ ɩɪɚɤɬɢɤɚɯ, ɝɿɞɪɨɬɟɯɧɿɱ-
ɧɢɯ ɥɚɛɨɪɚɬɨɪɿɹɯ, ɞɟ ɧɟɨɛɯɿɞɧɚ ɜɢɫɨɤɚ ɬɨɱɧɿɫɬɶ ɜɢɡɧɚɱɟɧɧɹ ɜɢɬɪɚɬɢ ɜɨɞɢ. ȼɨɞɧɨɱɚɫ, 
ɜɨɧɢ є ɨɞɧɢɦ ɡ ɧɚɣɩɪɨɫɬɿɲɢɯ ɜɢɞɿɜ ɦɿɪɧɢɯ ɡɚɫɨɛɿɜ. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ. ɇɚ ɞɚɧɢɣ ɱɚɫ, ɧɟ ɡɜɚɠɚɸɱɢ ɧɚ ɜɟɥɢɤɢɣ ɨɛ’єɦ ɜɢɤɨɧɚɧɢɯ ɬɟ-
ɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ, ɡɚɞɚɱɚ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ, ɜ ɛɿɥɶ-
ɲɨɫɬɿ ɜɢɩɚɞɤɿɜ, ɡɜɨɞɢɬɶɫɹ ɥɢɲɟ ɞɨ ɜɢɡɧɚɱɟɧɧɹ ɣɨɝɨ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ, ɲɥɹɯɨɦ 
ɜɜɟɞɟɧɧɹ ɜ ɪɿɜɧɹɧɧɹ ɜɨɞɨɡɥɢɜɭ ɟɦɩɿɪɢɱɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɜɢɬɪɚɬɢ, ɳɨ ɨɬɪɢɦɚɧɿ ɩɪɢ 
ɞɨɫɥɿɞɠɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɦɨɞɟɥɟɣ ɜɨɞɨɡɥɢɜɿɜ ɦɚɥɢɯ ɪɨɡɦɿɪɿɜ ɩɪɢ ɡɦɿɧɿ ɞɿɸɱɢɯ 
ɮɚɤɬɨɪɿɜ ɜ ɧɟɡɧɚɱɧɨɦɭ ɞɿɚɩɚɡɨɧɿ. ɉɪɢ ɰɶɨɦɭ, ɧɟ ɜɪɚɯɨɜɚɧɨ ɦɚɫɲɬɚɛɧɢɣ ɟɮɟɤɬ ɩɟɪɟ-
ɯɨɞɭ ɜɿɞ ɦɨɞɟɥɟɣ ɜɨɞɨɡɥɢɜɿɜ, ɞɥɹ ɹɤɢɯ ɨɬɪɢɦɚɧɿ ɟɦɩɿɪɢɱɧɿ ɤɨɟɮɿɰɿєɧɬɢ, ɞɨ ɪɟɚɥɶɧɢɯ 
ɫɩɨɪɭɞ. Ɋɨɡɪɚɯɨɜɚɧɿ ɡɚ ɪɿɡɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ ɜɢɬɪɚɬɢ, ɞɥɹ ɨɞɧɢɯ ɿ ɬɢɯ ɫɚɦɢɯ ɭɦɨɜ, 
ɦɨɠɭɬɶ ɡɧɚɱɧɨ ɜɿɞɪɿɡɧɹɬɢɫɶ ɦɿɠ ɫɨɛɨɸ. 

ɇɟ ɡɜɚɠɚɸɱɢ ɧɚ ɩɪɢɣɧɹɬɿ, ɩɟɪɟɜɿɪɟɧɧɿ ɦɟɬɨɞɢɤɢ ɪɨɡɪɚɯɭɧɤɭ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨ-
ɪɭɞ, ɚɜɚɪɿʀ ɧɚ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɨɛ’єɤɬɚɯ ɩɪɨɞɨɜɠɭɸɬɶ ɬɪɚɩɥɹɬɢɫɶ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ 
ɤɚɬɚɫɬɪɨɮɿɱɧɢɯ ɧɚɫɥɿɞɤɿɜ. Ɍɨɦɭ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɬɨɞɢɤ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ 
ɬɚɤɢɯ ɫɩɨɪɭɞ ɚɤɬɭɚɥɶɧɟ ɬɚ ɩɨɬɪɟɛɭє ɜɪɚɯɭɜɚɧɧɹ ɞɨɩɭɳɟɧɧɢɯ ɧɟɞɨɥɿɤɿɜ. ȼɢɧɢɤɚє ɧɟ-
ɨɛɯɿɞɧɿɫɬɶ ɜ ɪɨɡɪɨɛɰɿ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ, ɹɤɚ ɛ ɜɢɤɨɪɢɫɬɚɜɲɢ ɧɨɜɿ ɬɟɨɪɟɬɢɱɧɿ ɩɿɞ-
ɯɨɞɢ, ɳɨ ʉɪɭɧɬɭɸɬɶɫɹ ɧɚ ɡɚɤɨɧɚɯ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ, ɜɪɚɯɭɜɚɥɚ ɛ 

ɿɫɧɭɸɱɿ ɧɟɞɨɥɿɤɢ ɩɪɢ ɜɢɛɨɪɿ ɟɦɩɿɪɢɱɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɭ ɜɢɬɪɚɬɢ ɜɨɞɨɡɥɢɜɭ ɬɚ ɞɚɥɚ ɛ 

ɦɨɠɥɢɜɿɫɬɶ ɡɚ ɞɿɸɱɢɦɢ ɮɚɤɬɨɪɚɦɢ ɜɢɡɧɚɱɢɬɢ, ɧɟ ɬɿɥɶɤɢ ɣɨɝɨ ɩɪɨɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ, ɚ 
ɣ ɨɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. Ɋɨɡɪɨɛɥɟɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɞɨ-
ɡɜɨɥɢɬɶ ɭɞɨɫɤɨɧɚɥɢɬɢ ɦɟɬɨɞɢɤɭ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 

Ɂɜ'ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ. Ɋɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɡɝɿɞɧɨ ɡ ɩɪɿɨɪɢɬɟɬ-
ɧɢɦɢ ɧɚɩɪɹɦɤɚɦɢ ɪɨɡɜɢɬɤɭ ɧɚɭɤɢ ɿ ɬɟɯɧɿɤɢ, ɜɢɡɧɚɱɟɧɢɦɢ ɜ Ɂɚɤɨɧɿ ɍɤɪɚʀɧɢ ɜɿɞ 
26 ɥɢɫɬɨɩɚɞɚ 2015 ɪɨɤɭ № 848-Vȱȱȱ «ɉɪɨ ɩɪɿɨɪɢɬɟɬɧɿ ɧɚɩɪɹɦɤɢ ɪɨɡɜɢɬɤɭ ɧɚɭɤɢ ɿ ɬɟɯ-
ɧɿɤɢ» ɧɚɩɪɹɦɤɭ «ɪɚɰɿɨɧɚɥɶɧɟ ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ». Ɋɨɛɨɬɭ ɜɢɤɨɧɚɧɨ ɡɝɿɞɧɨ ɡ ɩɥɚ-
ɧɨɦ ɞɟɪɠɛɸɞɠɟɬɧɨʀ ɇȾɊ ɧɚ ɬɟɦɭ: «ȼɞɨɫɤɨɧɚɥɢɬɢ ɤɨɧɫɬɪɭɤɰɿʀ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ 
ɿ ɦɟɬɨɞɢ ʀɯ ɪɨɡɪɚɯɭɧɤɭ» (ɧɨɦɟɪ ɞɟɪɠɚɜɧɨʀ ɪɟєɫɬɪɚɰɿʀ – 0112U007223), ɜ ɹɤɿɣ ɚɜɬɨɪ 
ɛɪɚɜ ɭɱɚɫɬɶ ɹɤ ɫɩɿɜɜɢɤɨɧɚɜɟɰɶ. 

Ɇɟɬɚ ɿ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɶ. Ɇɟɬɨɸ ɞɢɫɟɪɬɚɰɿɣɧɢɯ ɞɨɫɥɿɞɠɟɧɶ є ɭɞɨɫɤɨɧɚɥɟɧɧɹ 
ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ ɡɛɟ-
ɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ. 

Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛɯɿɞɧɨ ɜɢɪɿɲɢɬɢ ɬɚɤɿ ɡɚɞɚɱɿ: 
– ɜɢɤɨɧɚɬɢ ɚɧɚɥɿɡ ɫɭɱɚɫɧɨɝɨ ɫɬɚɧɭ ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ 

ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ, ɜɢɡɧɚɱɢɬɢ ɨɫɧɨɜɧɿ ɞɿɸɱɿ ɮɚɤɬɨɪɢ; 
– ɜɫɬɚɧɨɜɢɬɢ ɬɟɨɪɟɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɪɿɜɧɹɧɧɹ ɡɛɟ-

ɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ, ɚ ɫɚɦɟ: ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɧɚɞ ɤɪɨɦɤɨɸ ɜɨɞɨɡɥɢɜɭ ɬɚ ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟ-
ɠɚɯ ɜɨɞɨɡɥɢɜɭ ɿ ɧɚ ʀɯ ɨɫɧɨɜɿ ɨɬɪɢɦɚɬɢ ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɞɥɹ ɜɨɞɨɡ-
ɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ; 
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– ɜɫɬɚɧɨɜɢɬɢ ɬɟɨɪɟɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɪɿɜɧɹɧɧɹ ɤɿɥɶ-
ɤɨɫɬɿ ɪɭɯɭ, ɚ ɫɚɦɟ: ɫɢɥɭ ɬɢɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ, ɫɢɥɭ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨ-
ɬɨɤɭ ɿ ɧɚ ʀɯ ɨɫɧɨɜɿ ɨɬɪɢɦɚɬɢ ɪɿɜɧɹɧɧɹ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɞɥɹ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ; 

– ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɫɥɿɞɢɬɢ ɜɩɥɢɜ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ 
ɪɿɜɧɹɧɶ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɣ ɩɟɪɟɜɿɪɢɬɢ ɚɞɟɤɜɚɬɧɿɫɬɶ ɨɬɪɢ-
ɦɚɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ ɞɥɹ ʀɯ ɜɢɡɧɚɱɟɧɧɹ; 

– ɪɨɡɪɨɛɢɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ 
ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɬɚ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ʀʀ, ɭɞɨɫɤɨɧɚɥɢɬɢ ɦɟɬɨɞɢ ɝɿ-
ɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ. 

Ɉɛ’єɤɬ ɞɨɫɥɿɞɠɟɧь: ɪɭɯ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ. 
ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧь: ɦɟɬɨɞɢ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ 

ɫɬɿɧɤɨɸ. 
Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɶ. Ɂɚɫɬɨɫɨɜɭɜɚɥɢɫɶ ɦɟɬɨɞɢ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɣ ɮɿɡɢɱɧɨɝɨ ɦɨɞɟ-

ɥɸɜɚɧɧɹ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɡ ɜɢ-
ɤɨɪɢɫɬɚɧɧɹɦ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɩɥɚɧɭɜɚɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ. Ƚɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɩɨɬɨ-
ɤɭ ɜɢɡɧɚɱɚɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɬɚɧɞɚɪɬɧɢɯ ɚɩɪɨɛɨɜɚɧɢɯ ɦɟɬɨɞɢɤ. ȼɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞɢ 
ɫɬɚɬɢɫɬɢɱɧɨʀ ɨɛɪɨɛɤɢ ɨɬɪɢɦɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ 
ɚɞɟɤɜɚɬɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. 
– ɜɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧ-

ɤɨɸ ɫɬɿɧɤɨɸ, ɹɤɚ ʉɪɭɧɬɭєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ 
ɩɨɬɨɤɭ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɜɟɞɟɧɨ ʀʀ ɚɞɟɤɜɚɬɧɿɫɬɶ; 

– ɜɩɟɪɲɟ ɨɬɪɢɦɚɧɨ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɩɟɪɟɪɿɡɿ ɧɚɞ ɤɪɨ-
ɦɤɨɸ ɜɨɞɨɡɥɢɜɭ ɬɚ ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɹɤɿ є ɝɪɚɧɢɱɧɢɦɢ ɭɦɨɜɚɦɢ ɪɿɜ-
ɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɞɥɹ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ; 

– ɜɩɟɪɲɟ ɨɬɪɢɦɚɧɨ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɪɿɜɧɹɧɧɹ ɤɿɥɶɤɨ-
ɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ: ɫɢɥɢ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɿ ɫɢɥɭ ɨɩɨɪɭ 
ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ, ɳɨ ɞɚɥɨ ɦɨɠɥɢɜɿɫɬɶ ɨɬɪɢɦɚɬɢ ɪɿɜɧɹɧɧɹ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ 
ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ; 

– ɞɨɜɟɞɟɧɨ ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɚɤɨɧɿɜ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɿ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ 
ɬɚ ɨɬɪɢɦɚɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ 
ɞɥɹ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɬɨɞɿɜ ɣɨɝɨ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. ɍɞɨɫɤɨɧɚɥɟɧɢɣ ɦɟɬɨɞ ɝɿɞɪɚɜɥɿɱ-
ɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɜɢɤɨɪɢɫɬɚɧɨ ɩɪɢ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɢɤɢ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡ-
ɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ. Ɋɨɡɪɨɛɥɟɧɭ ɦɟɬɨɞɢɤɭ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɨɰɿɧɤɢ ɩɪɨɟɤɬɧɨɝɨ 
ɪɿɲɟɧɧɹ ɜɢɤɨɧɚɧɨɝɨ ɉȺɌ «ɍɤɪɜɨɞɩɪɨɟɤɬ» ɳɨɞɨ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɨɞɨɡɥɢɜ-
ɧɨʀ ɝɪɟɛɥɿ Ƚȿɋ ɋɟɧɞɠɟ ɜ ɪɚɣɨɧɿ ɧɚɫɟɥɟɧɨɝɨ ɩɭɧɤɬɭ ɋɟɧɞɠɟ ɧɚ ɪ. ȼɟɥє ɜ ɤɨɧɬɢɧɟɧɬɚ-
ɥɶɧɿɣ ɱɚɫɬɢɧɿ Ɋɟɫɩɭɛɥɿɤɢ ȿɤɜɚɬɨɪɿɚɥɶɧɚ Ƚɜɿɧɟɹ. ɇɚ ɨɫɧɨɜɿ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ ɥɚɛɨɪɚɬɨɪɿʀ ɤɚɮɟɞɪɢ ɝɿɞɪɨɬɟɯɧɿɱɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɝɿɞɪɚɜɥɿɤɢ 
ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɨɟɤɬɧɚ ɤɨɧɫɬɪɭɤɰɿɹ ɦɚє ɡɚɧɢɠɟɧɭ ɩɪɨɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ. ɇɚ ɨɫɧɨɜɿ 
ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɪɨɡɪɨɛɥɟɧɨ ɩɪɨɟɤɬɧɟ 
ɪɿɲɟɧɧɹ, ɹɤɟ ɡɚɛɟɡɩɟɱɭє ɩɪɨɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ ɜɨɞɨɡɥɢɜɧɨʀ ɝɪɟɛɥɿ ɲɥɹɯɨɦ ɩɨɧɢɠɟɧɧɹ 
ɜɿɞɦɿɬɤɢ ʀʀ ɩɨɪɨɝɭ. 

Ɋɨɡɪɨɛɥɟɧɭ ɦɟɬɨɞɢɤɭ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɩɟɪɟɞɚɧɨ ɞɨ 
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Ⱦɟɪɠɚɜɧɨɝɨ ɩɿɞɩɪɢєɦɫɬɜɚ «ɉɪɨɟɤɬɧɨ-ɜɢɲɭɤɭɜɚɥɶɧɢɣ ɿɧɫɬɢɬɭɬ «Ɋɿɜɧɟɞɿɩɪɨɜɨɞɝɨɫɩ» 
ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. ȼɫɿ ɨɫɧɨɜɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ ɨɬɪɢɦɚɧɨ ɚɜ-
ɬɨɪɨɦ ɫɚɦɨɫɬɿɣɧɨ, ɡɨɤɪɟɦɚ: 

– ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɪɨɡɪɨɛɥɟɧɨ ɦɚ-
ɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ; 

– ɜɢɤɨɧɚɧɨ ɬɟɨɪɟɬɢɱɧɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɨɫɧɨɜɧɢɯ ɞɿɸ-
ɱɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɪɨɡɩɨɞɿɥ ɬɚ ɫɢɥɭ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ 
ɬɢɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡɥɢɜɭ, ɫɢɥɭ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ; 

− ɩɪɨɜɟɞɟɧɨ ɫɬɚɬɢɫɬɢɱɧɭ ɨɛɪɨɛɤɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɬɚ ɞɨɜɟɞɟɧɨ ɚɞɟɤɜɚ-
ɬɧɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɿɜɧɹɧɶ; 

− ɭɞɨɫɤɨɧɚɥɟɧɨ ɦɟɬɨɞɢ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ. 
Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ. Ɉɫɧɨɜɧɿ ɩɨɥɨɠɟɧɧɹ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ 

ɞɨɩɨɜɿɞɚɥɢ ɬɚ ɨɛɝɨɜɨɪɸɜɚɥɢ ɧɚ ɬɚɤɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ: ɧɚ ɦɿɠɧɚɪɨɞɧɿɣ ɧɚɭɤɨɜɨ-

ɩɪɚɤɬɢɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «Ɋɨɥɶ ɦɟɥɢɨɪɚɰɢɢ ɜɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜ ɢɧɧɨɜɚɰɢɨɧɧɨɦ ɪɚɡ-
ɜɢɬɢɢ ȺɉɄ» (Ɇɨɫɤɜɚ, 2012 ɪ.); ɧɚ ɜɫɟɭɤɪɚʀɧɫɶɤɿɣ ɧɚɭɤɨɜɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «ɋɭɱɚɫɧɿ 
ɩɪɨɛɥɟɦɢ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɦɟɬɨɞɿɜ» (Ɋɿɜɧɟ 2013 ɪ.); 
ɧɚ ɦɿɠɧɚɪɨɞɧɿɣ ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ «ȼɞɨɫɤɨɧɚɥɟɧɧɹ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɢ-
ɫɬɟɦ» (ɏɟɪɫɨɧ, 25-26 ɬɪɚɜɧɹ 2017 ɪ); ɧɚ ɦɿɠɧɚɪɨɞɧɿɣ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ 
«Ƚɿɞɪɨɬɟɯɧɿɱɧɟ ɿ ɬɪɚɧɫɩɨɪɬɧɟ ɛɭɞɿɜɧɢɰɬɜɨ» (Ɉɞɟɫɚ, 1 ɱɟɪɜɧɹ 2017 ɪ); ɧɚ XVIth Interna-

tional Scientific Conference Košice-Lviv-Rzeszów “Current Issues of Civil and Environ-

mental Engineering Košice-Lviv-Rzeszów” (6-8 September 2017, Kosice, Slovakia); ɧɚ 
ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ ɩɪɨɮɟɫɨɪɫɶɤɨ-ɜɢɤɥɚɞɚɰɶɤɨɝɨ ɫɤɥɚɞɭ ɇɍȼȽɉ ɡ 2009 

ɩɨ 2018 ɪɪ. 
ɉɭɛɥɿɤɚɰɿʀ. Ɂɚ ɬɟɦɨɸ ɞɢɫɟɪɬɚɰɿʀ ɨɩɭɛɥɿɤɨɜɚɧɨ 14 ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ, ɡ ɧɢɯ 7 ɫɬɚɬɟɣ 

ɭ ɮɚɯɨɜɢɯ ɜɢɞɚɧɧɹɯ ɍɤɪɚʀɧɢ, ɬɪɢ ɫɬɚɬɬɿ ɜ ɿɧɨɡɟɦɧɢɯ ɩɟɪɿɨɞɢɱɧɢɯ ɜɢɞɚɧɧɹɯ, ɨɞɧɚ ɩɭ-
ɛɥɿɤɚɰɿɹ ɜ ɦɚɬɟɪɿɚɥɚɯ ɿɧɨɡɟɦɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ ɬɚ ɞɜɨє ɬɟɡ ɞɨɩɨɜɿɞɟɣ. 

ɋɬɪɭɤɬɭɪɚ ɬɚ ɨɛ’єɦ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ. Ɋɨɛɨɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɡɿ ɜɫɬɭɩɭ, ɩ’ɹɬɢ 
ɪɨɡɞɿɥɿɜ, ɡɚɝɚɥɶɧɢɯ ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ ɿɡ 128 ɧɚɣɦɟɧɭɜɚɧɶ ɧɚ  
9 ɫɬɨɪɿɧɤɚɯ. Ɂɚɝɚɥɶɧɢɣ ɨɛɫɹɝ ɪɨɛɨɬɢ ɫɬɚɧɨɜɢɬɶ 155 ɫɬɨɪɿɧɨɤ, ɹɤɢɣ ɜɤɥɸɱɚє 
21 ɬɚɛɥɢɰɸ ɬɚ 52 ɪɢɫɭɧɤɢ. 

ɈɋɇɈȼɇɂɃ ɁɆȱɋɌ ɊɈȻɈɌɂ 

ɍ ɜɫɬɭɩɿ ɨɛʉɪɭɧɬɨɜɚɧɨ ɚɤɬɭɚɥɶɧɿɫɬɶ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ, ɫɮɨɪɦɭɥɶɨɜɚɧɨ ɦɟɬɭ 
ɬɚ ɡɚɜɞɚɧɧɹ ɪɨɛɨɬɢ, ɨɛ’єɤɬ ɿ ɩɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɶ, ɧɚɜɟɞɟɧɨ ɨɫɧɨɜɧɿ ɩɨɥɨɠɟɧɧɹ, ɹɤɿ 
ɥɹɝɥɢ ɜ ɨɫɧɨɜɭ ɧɚɭɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ, ɩɨɤɚɡɚɧɨ ɧɚɭɤɨɜɭ ɧɨɜɢɡɧɭ ɪɨɛɨɬɢ, ɜɢɡɧɚɱɟɧɨ 
ɩɪɚɤɬɢɱɧɭ ɰɿɧɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ ɬɚ ɨɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. 

ɍ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɜɢɤɨɧɚɧɨ ɨɝɥɹɞ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ, ɩɪɢɫɜɹɱɟɧɢɯ ɩɢɬɚɧɧɹɦ 

ɤɥɚɫɢɮɿɤɚɰɿʀ ɬɚ ɨɛɥɚɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜɨɞɨɡɥɢɜɿɜ, ɞɨɫɥɿɞɠɟɧɧɸ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ 
ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɿ ɜɢɡɧɚɱɟɧɧɸ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ 
ɧɚ ɣɨɝɨ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ. 

Ɋɨɡɪɨɛɤɨɸ ɬɟɨɪɿʀ ɪɭɯɭ ɩɨɬɨɤɭ ɱɟɪɟɡ ɜɨɞɨɡɥɢɜɢ ɜ ɪɿɡɧɿ ɱɚɫɢ ɡɚɣɦɚɥɢɫɶ ɜɢɞɚɬɧɿ ɜɿ-
ɬɱɢɡɧɹɧɿ ɬɚ ɡɚɤɨɪɞɨɧɧɿ ɜɱɟɧɿ: ɋɦɢɫɥɨɜ ȼ. ȼ., Ȼɟɪɟɡɿɧɫɶɤɢɣ Ɉ. Ɋ., ɉɚɜɥɨɜɫɶɤɢɣ Ɇ. Ɇ., 
ɋɭɯɨɦɟɥ Ƚ. Ƀ., ɉɿɤɚɥɨɜ Ɏ. ȱ., Ɇɨɞɡɚɥɟɜɫɶɤɢɣ Ⱥ. ȱ., ɑɟɪɬɨɭɫɨɜ Ɇ. Ⱦ., Ʉɭɦɿɧ Ⱦ. ȱ., Ɉɮɿ-
ɰɟɪɨɜ Ⱥ. ɋ., Ɋɨɭɡ ɏ. (Rouse Hunter), Ȼɨɫ Ɇ. Ƚ. (Bos M. G.), ɏɚɝɟɪ Ƚ. ȼ. (Hager H. W.), 

Ƚɟɪɲɿ Ɋ. ȼ (Herschy R. W.), ȼ. Ʉɪɢɝɟɪ (W. P. Creager) ɬɚ ɿɧ. 
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Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɪɨɡɩɨɱɚɥɢɫɹ ɳɟ 
ɧɚ ɩɨɱɚɬɤɭ XIX ɫɬ. ɡ ɟɤɫɩɟɪɢɦɟɧɬɿɜ Ɇ. Ʉɚɫɬɟɥɹ (M. Castel), Ɏ. Ⱦ'Ɉɛɸɫɫɨɧɚ 

(F. D'Aubuisson), Ɇ. ɉɨɧɫɟɥɟ ɬɚ Ɇ. Ʌɟɫɛɪɨɫɚ (M. Poncelet and V. Lesbros). ʈɪɭɧɬɨɜɧɿ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ, ɹɤɿ ɣ ɞɨɫɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɩɪɚɤɬɢɰɿ ɪɨɡɪɚɯɭɧɤɿɜ 
ɬɚ ɩɪɨɟɤɬɭɜɚɧɧɹ ɩɪɨɜɟɞɟɧɧɿ Ƚ. Ȼɚɡɟɧɨɦ (H. Bazin). Ɍɚɤɨɠ, ɡɚɫɥɭɝɨɜɭɸɬɶ ɭɜɚɝɢ ɪɨɛɨɬɢ 
Ɇ. ȿɝɥɿ (M. Hegly), Ⱦ. Ɏɪɟɧɫɿɫɚ (James B. Francis), Ⱥ. Ɏɬɟɥɿ ɬɚ Ɏ. ɋɬɟɪɧɚ (A. Fteley 

and F. Stearns), Ƚ. Ʉɿɧɝɚ (H. W. King), Ʉɿɧɞɫɜɨɬɟɪɚ – Ʉɚɪɬɟɪɚ (Kindsvater – Carter), 

Ɍ. Ɋɟɛɨɤɚ (T. Rehbock), Ɋ. Ɋ. ɑɭɝɚɟɜɚ, Ʉ. Ʉɚɧɞɚɫɜɚɦɿ (K. Kandaswamy), Ƚ. Ɋɨɭɡ 
(H. Rouse), Ʉ. ɋɜɚɦɦɿ (K. Swamee), ɏ. Ⱥɮɡɚɥɿɦɟɪ (H. Afzalimehr). 

Ɉɫɧɨɜɧɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ ɜɨɞɨɡɥɢɜɭ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭ-
єɬɶɫɹ ɩɪɢ ɣɨɝɨ ɪɨɡɪɚɯɭɧɤɭ, є ɤɨɟɮɿɰɿєɧɬ ɜɢɬɪɚɬɢ 0m . ȼɢɤɨɧɚɧɢɣ ɩɨɪɿɜɧɹɧɨ ɤɨɪɨɬɤɢɣ 
ɚɧɚɥɿɡ ɡɚɥɟɠɧɨɫɬɟɣ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ 0m  ɜɤɚɡɚɜ ɧɚ ɡɧɚɱɧɟ ɪɨɡɯɨɞɠɟɧɧɹ ɪɟ-
ɡɭɥɶɬɚɬɿɜ, ɨɛɪɚɯɨɜɚɧɢɯ ɡɚ ɪɿɡɧɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ, ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɧɟɞɨɫɬɚɬɧɸ ɜɢɜɱɟ-
ɧɿɫɬɶ ɞɚɧɨɝɨ ɩɢɬɚɧɧɹ. ɉɪɢɜɟɞɟɧɢɣ ɧɚ ɪɢɫ. 1 ɝɪɚɮɿɤ ɡɦɿɧɢ ɤɨɟɮɿɰɿєɧɬɚ ɜɢɬɪɚɬɢ ɜɨɞɨɡ-
ɥɢɜɭ ɡɚɥɟɠɧɨ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ: ɧɚɩɨɪɭ H  ɬɚ ɜɢɫɨɬɢ ɜɨɞɨɡɥɢɜɧɨʀ 
ɫɬɿɧɤɢ ɜc , ɩɿɞɪɚɯɨɜɚɧɢɣ ɡɚ ɡɚɥɟɠɧɨɫɬɹɦɢ, ɹɤɿ ɧɚɣɛɿɥɶɲ ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɜ ɩɪɚɤɬɢɰɿ, є 
ɹɫɤɪɚɜɢɦ ɬɨɦɭ ɩɪɢɤɥɚɞɨɦ. Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ, ɚɜɬɨɪɨɦ ɞɨɞɚɬɤɨɜɨ ɧɚɜɟɞɟɧɨ ɧɚ ɰɶɨɦɭ 
ɪɢɫɭɧɤɭ ɝɪɚɮɿɤ, ɪɨɡɪɚɯɨɜɚɧɢɣ ɡɚ ɜɥɚɫɧɨɸ ɭɞɨɫɤɨɧɚɥɟɧɨɸ ɦɟɬɨɞɢɤɨɸ (ɩɨɡɢɰɿɹ 17). 
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Ɋɢɫɭɧɨɤ 1 – Ƚɪɚɮɿɤɢ  ɜcHfm 0  ɡɝɿɞɧɨ ɮɨɪɦɭɥ: 1 – Ɏ. Ⱦ’Ɉɛɸɫɫɨɧɚ; 2 – ɉ. Ȼɭɚɥɟ; 
3 – Ƚ. Ȼɚɡɟɧɚ; 4 – Ȼɚɡɟɧ-ȿɝɥɿ; 5 – Ⱦ. Ɏɪɟɧɫɿɫɚ; 6 – Ⱥ. Ɏɬɟɥɿ, Ɏ. ɋɬɟɪɧɚ; 7 – Ƚ. Ʉɿɧɝɚ; 

8 – Ʉɿɧɞɫɜɨɬɟɪɚ – Ʉɚɪɬɟɪɚ; 9 – Ɍ. Ɋɟɛɨɤɚ; 10 – ɌɒȱȺ;11 – ȱɧɫɬɢɬɭɬɭ ɦ. Ɍɭɥɭɡɢ; 
12 – Ɋ. ɑɭɝɚɟɜɚ;13 – Ʉ. Ʉɚɧɞɚɫɜɚɦɿ, Ƚ. Ɋɨɭɡɚ; 14 – Ʉ. ɋɜɚɦɦɿ; 15 – ɏ. Ⱥɮɡɚɥɿɦɟɪɚ; 

16 – ɋ. Ȼɚɝɟɪɿ; 17 – ɡɚ ɭɞɨɫɤɨɧɚɥɟɧɨɸ ɦɟɬɨɞɢɤɨɸ ɪɨɡɪɚɯɭɧɤɭ ɚɜɬɨɪɚ 
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ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɡɦɿɧɢ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɬɚ ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɜɢɤɨɪɢ-
ɫɬɚɧɨ ɬɟɨɪɟɬɢɱɧɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɋ. Ȼɚɝɟɪɿ (S. Bagheri), 

Ɇ. ɏɚɣɞɟɪɩɭɪ (M. Heidarpour), Ɉ. Ʉɚɫɬɪɨ-Ɉɪɝɚɡɚ (O. Castro-Orgaz), Ⱦɠ. Ƚɿɪɚɥɶɞɡɚ 

(J. V. Giraldez) ɬɚ Ʌ. Ⱥɸɡɨ (L. Ayuso). ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɪɨɡɩɨɞɿɥɭ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢ-
ɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡɥɢɜɭ ɜɢɤɨɪɢɫɬɚɧɨ ɬɟɨɪɟɬɢɱɧɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ 
ɇ. Ɋɚɹɪɚɬɧɚɦɚ (N. Rajaratnam), Ⱦ. Ɇɭɪɚɥɿɞɚɪɚ (D. Muralidhar), Ⱥ. Ɋɚɦɚɦɭɬɿ 
(A. Ramamurthy), Ʉ. Ƚɨɧɡɚɥɟɫɚ (C. Gonzalez), Ƚ. Ⱥ. Ⱥɦɛɚɪɰɭɦɹɧɚ. 

Ʉɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ, ɜɢɳɟɡɚɡɧɚɱɟɧɢɯ ɚɜɬɨɪɿɜ, ɞɚɜ ɡɦɨɝɭ ɡɪɨɛɢɬɢ 
ɨɰɿɧɤɭ ɫɬɚɧɭ ɩɨɜɧɨɬɢ ɜɢɜɱɟɧɨɫɬɿ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɶ ɬɚ ɜɢɦɨɝ ɫɶɨɝɨɞɟɧɧɹ ɞɨ ɩɨɫɬɚɜɥɟ-
ɧɨʀ ɦɟɬɢ ɪɨɛɨɬɢ, ɳɨ ɞɨɡɜɨɥɢɥɨ ɨɤɪɟɫɥɢɬɢ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɶ. 

ɇɚ ɪɢɫ. 2 ɧɚɜɟɞɟɧɨ ɛɥɨɤ-ɫɯɟɦɭ ɩɟɪɟɞɛɚɱɟɧɢɯ ɜ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɶ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ 
ɭɦɨɜɧɢɦɢ ɩɨɡɧɚɱɟɧɧɹɦɢ. 

ɍ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɨ ɨɫɧɨɜɧɿ ɦɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɶ, ɭɦɨɜɢ ɩɥɚɧɭɜɚɧɧɹ ɬɚ 
ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. 

Ʌɚɛɨɪɚɬɨɪɧɿ ɞɨɫɥɿɞɠɟɧɧɹ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɧɚɬɭɪɧɢɯ (ɜ ɩɨɥɶɨɜɢɯ ɭɦɨɜɚɯ), ɞɨɡɜɨ-
ɥɹɸɬɶ ɜɢɤɨɧɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɢ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɡɦɿɧɢ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ 
ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ. Ʉɪɿɦ ɰɶɨɝɨ, ɬɨɱɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɭ ɜ ɥɚɛɨɪɚɬɨɪɧɢɯ ɭɦɨɜɚɯ ɡɧɚɱɧɨ 
ɜɢɳɚ, ɧɿɠ ɜ ɧɚɬɭɪɧɢɯ. Ʌɚɛɨɪɚɬɨɪɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɝɿɞɪɚɜɥɿɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɟ-
ɞɟɧɨ ɜ ɥɚɛɨɪɚɬɨɪɿʀ ɤɚɮɟɞɪɢ ɝɿɞɪɨɬɟɯɧɿɱɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɝɿɞɪɚɜɥɿɤɢ ɇɚɰɿɨɧɚɥɶɧɨɝɨ 
ɭɧɿɜɟɪɫɢɬɟɬɭ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ ɜ ɞɡɟɪɤɚɥɶɧɨɦɭ ɥɨɬɤɭ. 

ȼ ɨɫɧɨɜɭ ɦɨɞɟɥɸɜɚɧɧɹ ɜɨɞɨɡɥɢɜɭ ɩɨɤɥɚɞɟɧɨ ɪɨɡɪɨɛɤɢ ȱ. ȱ. Ʌɟɜɿ, ȼ. Ɇ. Ʌɹɯɬɟɪɚ, 
Ɉ. Ɇ. ɉɪɭɞɤɨɜɫɶɤɨɝɨ, ɚ ɭɦɨɜɢ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɥɚɛɨɪɚɬɨɪɧɢɯ ɞɨɫɥɿ-
ɞɠɟɧɶ ɩɪɢɣɧɹɬɨ ɧɚ ɨɫɧɨɜɿ ɬɟɨɪɿʀ ɩɥɚɧɭɜɚɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ, ɪɨɡɪɨɛɥɟɧɨʀ 
ɘ. ɉ. Ⱥɞɥɟɪɨɦ, Ɉ. ȼ. Ɇɚɪɤɨɜɨɸ, ɘ. ȼ. Ƚɪɚɧɨɜɫɶɤɢɦ. 

ɒɢɪɢɧɚ ɪɨɛɨɱɨʀ ɱɚɫɬɢɧɢ ɞɿɥɹɧɤɢ ɥɨɬɤɚ ɫɤɥɚɞɚɥɚ 20 ɫɦ, ɚ ɞɨɜɠɢɧɚ – 4,0 ɦ, ɳɨ 
ɡɚɛɟɡɩɟɱɢɥɨ ɫɬɜɨɪɟɧɧɹ ɧɨɪɦɚɥɶɧɢɯ ɭɦɨɜ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. ȼɢɫɨɬɚ ɫɬɿ-
ɧɨɤ ɥɨɬɤɚ ɞɨɪɿɜɧɸɜɚɥɚ 1,0 ɦ. ȼ ɥɨɬɤɭ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ ɜɟɪɬɢɤɚɥɶɧɭ ɬɨɧɤɭ ɫɬɿɧɤɭ, 
ɜɢɤɨɧɚɧɭ ɿɡ ɦɟɬɚɥɟɜɨʀ ɩɥɚɫɬɢɧɢ ɬɨɜɳɢɧɨɸ 5,0 ɦɦ ɡ ɤɪɨɦɤɨɸ ɡɚɜɬɨɜɲɤɢ 2,0 ɦɦ 

(ɪɢɫ. 3). ȼɢɫɨɬɚ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɡɿ ɫɬɨɪɨɧɢ ɜɟɪɯɧɶɨɝɨ ɛ’єɮɭ ɡɦɿɧɸɜɚɥɚɫɹ ɡɚ ɪɚɯɭ-
ɧɨɤ ɡɦɿɧɢ ɩɨɥɨɠɟɧɧɹ ɞɧɚ ɥɨɬɤɚ, ɡɝɿɞɧɨ ɡ ɭɦɨɜɚɦɢ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ. Ⱦɥɹ ɡɚɩɨ-
ɛɿɝɚɧɧɹ ɭɬɜɨɪɟɧɧɹ ɜɚɤɭɭɦɭ ɡɚ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɜɨɞɨɡɥɢɜɭ, ɡ ɧɢɠɧɶɨɝɨ ɛ’єɮɭ ɛɭɥɨ ɡɚ-
ɛɟɡɩɟɱɟɧɨ ɜɿɥɶɧɟ ɧɚɞɯɨɞɠɟɧɧɹ ɩɨɜɿɬɪɹ ɩɿɞ ɫɬɪɭɦɢɧɭ. 

ɉɪɢɣɧɹɬɚ ɤɨɧɫɬɪɭɤɰɿɹ ɦɨɞɟɥɿ ɜɨɞɨɡɥɢɜɭ ɞɚɥɚ ɦɨɠɥɢɜɿɫɬɶ ɩɪɨɜɨɞɢɬɢ ɞɨɫɥɿɞɠɟɧ-
ɧɹ ɩɪɢ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɦɟɠɚɯ ɜɿɞ 17954 ɞɨ 764797, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɜɚɞɪɚɬɢɱ-
ɧɿɣ ɡɨɧɿ ɨɩɨɪɭ ɩɨɬɨɤɭ, ɱɢɫɥɚɯ Ɏɪɭɞɚ ɜ ɩɟɪɟɪɿɡɿ ɩɟɪɟɞ ɜɨɞɨɡɥɢɜɧɨɸ ɫɬɿɧɤɨɸ – ɜɿɞ 
0,003 ɞɨ 0,93, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɫɩɨɤɿɣɧɨɦɭ ɪɟɠɢɦɭ ɩɨɬɨɤɭ ɿ ɜɿɞɧɨɲɟɧɧɿ ɨɫɧɨɜɧɢɯ ɞɿ-
ɸɱɢɯ ɮɚɤɬɨɪɿɜ ɜɫɇ  – ɜɿɞ 0,11 ɞɨ 9,0, ɳɨ ɨɯɨɩɥɸє ɞɿɚɩɚɡɨɧ ɪɨɛɨɬɢ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧ-
ɤɨɸ ɫɬɿɧɤɨɸ ɜ ɪɟɚɥɶɧɢɯ ɭɦɨɜɚɯ. 

ȼɿɞɥɿɤɢ ɮɿɡɢɱɧɨʀ ɩɨɜɟɪɯɧɿ ɞɧɚ, ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ ɬɚ ɟɥɟɦɟɧɬɿɜ ɦɨɞɟɥɟɣ ɜɨɞɨɡɥɢɜɿɜ 
ɜ ɩɪɢɣɧɹɬɢɯ ɫɬɜɨɪɚɯ ɥɨɬɤɚ ɜɢɦɿɪɸɜɚɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɚɫɬɟɪɚ ɡɚɤɪɿɩɥɟɧɨɝɨ ɧɚ ɪɭɯɨ-
ɦɿɣ ɤɚɪɟɬɰɿ ɥɨɬɤɚ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɩɨɞɿɥɭ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡɥɢ-
ɜɭ, ɧɚ ɛɨɤɨɜɿɣ ɫɬɿɧɰɿ ɥɨɬɤɚ ɜɫɬɚɧɨɜɥɟɧɨ ɩ’єɡɨɦɟɬɪɢɱɧɿ ɞɚɬɱɢɤɢ, ɡ’єɞɧɚɧɿ ɿɡ ɦɿɤɪɨɦɚ-
ɧɨɦɟɬɪɨɦ, ɩɨ ɩɨɤɚɡɚɯ ɹɤɨɝɨ ɡɧɿɦɚɥɢɫɶ ɜɿɞɥɿɤɢ ɩɨɥɨɠɟɧɧɹ ɧɢɠɧɶɨɝɨ ɦɟɧɿɫɤɭ ɜ 
ɩ’єɡɨɦɟɬɪɢɱɧɢɯ ɬɪɭɛɤɚɯ. 
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Ɋɢɫɭɧɨɤ 2 – Ȼɥɨɤ-ɫɯɟɦɚ ɞɨɫɥɿɞɠɟɧɶ: 

1Ɋ


 – ɫɢɥɚ ɬɢɫɤɭ ɜ ɩɟɪɟɪɿɡɿ 11 , ɇ; 1E , 2E  – ɩɢɬɨɦɿ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɩɟɪɟɪɿɡɚɯ 11  ɬɚ 
22 , ɫɦ; ɜɜ Pp


,  – ɪɨɡɩɨɞɿɥ ɬɚ ɫɢɥɚ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ ɧɚɞ ɤɪɨɦɤɨɸ ɜɨɞɨɡɥɢɜɭ, 

ɇ/ɫɦ2, ɇ; ɧɧ Pp


,  – ɪɨɡɩɨɞɿɥ ɬɚ ɫɢɥɚ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ, ɇ/ɫɦ2, ɇ; 
x

Ɋ


 – 

ɫɢɥɚ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɇ; wh  – ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨ-
ɞɨɡɥɢɜɭ, ɫɦ; Kɜ , Kɧ  – ɜɿɞɩɨɜɿɞɧɨ ɤɨɟɮɿɰɿєɧɬɢ, ɳɨ ɜɯɨɞɹɬɶ ɜ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɪɨɡ-
ɩɨɞɿɥɭ ɬɢɫɤɭ ɜ ɫɬɪɭɦɢɧɿ ɬɚ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ;   – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє 

ɜɧɭɬɪɿɲɧɿ ɨɩɨɪɢ ɪɭɯɭ ɪɿɞɢɧɢ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ 

 

1. Аɧɚɥɿɡ ɫɬɚɧɭ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь ɪɭɯɭ 
ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. Ɉɫɧɨɜɧɿ ɞɿɸɱɿ ɮɚɤɬɨɪɢ ɬɚ ʀɯ ɜɩɥɢɜ ɧɚ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ 

ɩɨɬɨɤɭ ɿ ɣɨɝɨ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ 

H cɜ 

2. Ɍɟɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ 

8. Ɇɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥь ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ 
ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ 

hw 

7. ȿɤɫɩɟɪɢɦɟɧɬɚɥьɧɚ ɩɟɪɟɜɿɪɤɚ ɩɪɢɣɧɹɬɢɯ ɝɿɩɨɬɟɡ ɬɚ ɨɰɿɧɤɚ 

ɧɟɜɿɞɨɦɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɜ ɪɟɤɨɦɟɧɞɨɜɚɧɢɯ ɡɚɥɟɠɧɨɫɬɹɯ: 

– ɩɪɨ ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ; 
– ɩɪɨ ɪɨɡɩɨɞɿɥ ɬɚ ɫɢɥɭ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ; 
– ɩɪɨ ɪɨɡɩɨɞɿɥ ɬɚ ɫɢɥɭ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ; 
– ɩɪɨ ɫɢɥɭ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. 

6. Ɋɿɜɧɹɧɧɹ ɤɿɥьɤɨɫɬɿ ɪɭɯɭ ɜ ɦɟɠɚɯ 

ɜɨɞɨɡɥɢɜɭ 

Kɧ Kɜ ζ 

h q 

E2 E1 

9. ɍɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ 
ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ 

3. Ⱦɨɫɥɿɞɠɟɧɧɹ ɡɦɿɧɢ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ 
ɜɨɞɨɡɥɢɜɭ ɬɚ ɡɚɥɟɠɧɨɫɬɿ ɡɝɿɞɧɨ ɩɪɢɣɧɹɬɢɯ 

ɝɿɩɨɬɟɡ: 
– ɩɢɬɨɦɨʀ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɫɬɪɭɦɢɧɢ ɧɚɞ 

ɤɪɨɦɤɨɸ ɜɨɞɨɡɥɢɜɭ; 
– ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. 

4. Ⱦɨɫɥɿɞɠɟɧɧɹ ɧɟɜɿɞɨɦɢɯ ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ 
ɪɿɜɧɹɧɧɹ ɤɿɥьɤɨɫɬɿ ɪɭɯɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɿ 
ɡɚɥɟɠɧɨɫɬɿ ɡɝɿɞɧɨ ɩɪɢɣɧɹɬɢɯ ɝɿɩɨɬɟɡ: 
– ɪɨɡɩɨɞɿɥɭ ɬɚ ɫɢɥɢ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ; 
– ɪɨɡɩɨɞɿɥɭ ɬɚ ɫɢɥɢ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɫɬɿɧɤɢ; 

– ɫɢɥɢ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ. 

 

5. Ɋɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ 
ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ 

ɜɜ Pp


,  ɧɧ Pp


,  x
Ɋ


 

1P

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Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɭɫɬɚɧɨɜɤɢ: 

1 – ɬɪɭɛɨɩɪɨɜɿɞ ɞɥɹ ɩɨɞɚɱɿ ɜɨɞɢ ɜ ɥɨɬɿɤ; 2 – ɡɚɫɭɜɤɚ ɞɥɹ ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɬɪɚɬɢ ɜɨɞɢ; 
3 – ɧɚɩɿɪɧɢɣ ɛɚɤ; 4 – ɪɟɲɿɬɤɚ ɞɥɹ ɝɚɫɿɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɧɚɩɿɪɧɨɦɭ ɛɚɤɭ; 5 – ɦɿɪɧɢɣ 

ɬɪɢɤɭɬɧɢɣ ɜɨɞɨɡɥɢɜ; 6 – ɩ'єɡɨɦɟɬɪ ɦɿɪɧɨɝɨ ɬɪɢɤɭɬɧɨɝɨ ɜɨɞɨɡɥɢɜɭ; 7 – ɞɡɟɪɤɚɥɶɧɢɣ 
ɥɨɬɿɤ; 8 – ɤɚɦɟɪɚ ɞɥɹ ɝɚɫɿɧɧɹ ɟɧɟɪɝɿʀ ɩɚɞɚɸɱɨɝɨ ɩɨɬɨɤɭ; 9 – ɪɟɲɿɬɤɢ ɞɥɹ ɝɚɫɿɧɧɹ ɟɧɟɪ-
ɝɿʀ ɩɨɬɨɤɭ ɩɪɢ ɜɯɨɞɿ ɜ ɞɡɟɪɤɚɥɶɧɢɣ ɥɨɬɿɤ; 10 – ɡɥɢɜɧɚ ɬɪɚɧɲɟɹ; 11 – ɜɨɞɨɡɥɢɜ ɡ ɬɨɧ-
ɤɨɸ ɫɬɿɧɤɨɸ; 12 – ɪɭɯɨɦɚ ɤɚɪɟɬɤɚ ɡ ɬɚɫɬɟɪɨɦ; 13 – ɩ'єɡɨɦɟɬɪɢ; 14 – ɦɿɤɪɨɦɚɧɨɦɟɬɪ; 

15 – ɫɬɪɭɧɚ; 16 – ɞɡɟɪɤɚɥɨ 

ɉɪɢ ɜɢɤɨɧɚɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɡɚɫɬɨɫɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɧɟ ɩɥɚɧɭ-
ɜɚɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɳɨ ɞɚɥɨ ɦɨɠɥɢɜɿɫɬɶ ɨɛɪɚɬɢ ɨɩɬɢɦɚɥɶɧɢɣ ɨɛ’єɦ ɟɤɫɩɟɪɢɦɟɧɬɿɜ 
ɬɚ ɡɚɛɟɡɩɟɱɢɬɢ ɫɬɚɬɢɫɬɢɱɧɿ ɜɢɦɨɝɢ. Ɉɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ ɲɥɹɯɨɦ ɧɟɜɿɞɨɦɿ 
ɩɚɪɚɦɟɬɪɢ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɩɨɛɭɞɭɜɚɬɢ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɨɛ’єɤɬɚ ɞɨɫɥɿɞɠɟɧɶ ɬɚ 
ɞɨɜɟɫɬɢ ʀɯ ɚɞɟɤɜɚɬɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ ɞɚɧɢɦ. 

ɍ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨ-
ɞɨɡɥɢɜɭ, ɳɨ ɜɢɡɧɚɱɚє ɣɨɝɨ ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɬɚ ɜɩɥɢɜ ɧɚ ɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ. 

ȼ ɨɫɧɨɜɭ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɩɨɤɥɚɞɟɧɨ ɡɚɤɨɧɢ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ 
ɪɭɯɭ ɩɨɬɨɤɭ. Ⱦɥɹ ɡɚɩɢɫɭ ɰɢɯ ɡɚɤɨɧɿɜ ɩɪɢɣɧɹɬɨ ɪɨɡɪɚɯɭɧɤɨɜɭ ɫɯɟɦɭ ɞɿɥɹɧɤɢ ɧɟɩɿɞɬɨɩ-
ɥɟɧɨɝɨ ɜɨɞɨɡɥɢɜɭ ɡ ɜɟɪɬɢɤɚɥɶɧɨɸ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɜ ɩɪɢɡɦɚɬɢɱɧɨɦɭ ɩɪɹɦɨɤɭɬɧɨɦɭ 
ɪɭɫɥɿ ɡ ɝɨɪɢɡɨɧɬɚɥɶɧɢɦ ɞɧɨɦ (ɪɢɫ. 4). 

ɉɟɪɟɪɿɡ 11  ɩɪɢɣɧɹɬɨ ɭ ɜɟɪɯɧɶɨɦɭ ɛ'єɮɿ ɧɚ ɞɨɫɬɚɬɧɿɣ ɜɿɞɫɬɚɧɿ ɜɿɞ ɜɨɞɨɡɥɢɜɭ, ɞɟ 
ɜɿɞɫɭɬɧɿɣ ɜɩɥɢɜ ɤɪɢɜɨʀ ɫɩɚɞɭ ɜɿɥɶɧɨʀ ɩɨɜɟɪɯɧɿ ɿ ɩɨɬɿɤ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɪɿɜɧɨɦɿɪɧɢɦ. 
Ƚɥɢɛɢɧɚ ɩɨɬɨɤɭ ɜ ɰɶɨɦɭ ɩɟɪɟɪɿɡɿ ɫɬɚɧɨɜɢɬɶ ɇɫɜ  , ɞɟ ɜɫ  – ɜɢɫɨɬɚ ɫɬɿɧɤɢ ɡɿ ɫɬɨɪɨɧɢ 
ɜɟɪɯɧɶɨɝɨ ɛ’єɮɭ, ɫɦ; ɇ  – ɧɚɩɿɪ ɧɚ ɜɨɞɨɡɥɢɜ, ɫɦ. ɉɟɪɟɪɿɡ 22  ɩɪɢɣɧɹɬɨ ɜ ɫɬɜɨɪɿ ɜɨ-
ɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ, ɞɟ ɝɥɢɛɢɧɚ ɩɨɬɨɤɭ ɧɚ ɩɨɪɨɡɿ ɜɨɞɨɡɥɢɜɭ ɫɬɚɧɨɜɢɬɶ h , ɫɦ. 

Ɂɚɩɪɨɩɨɧɨɜɚɧɟ ɧɚɦɢ ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɳɨ 
ɜɪɚɯɨɜɭє ɜɬɪɚɬɢ ɧɚɩɨɪɭ wh  ɩɪɢ ɩɟɪɟɮɨɪɦɭɜɚɧɧɿ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɨɬɨɤɭ ɜ ɩɟɪɟɪɿɡɿ 11  

ɞɨ ɜɿɥɶɧɨʀ ɫɬɪɭɦɢɧɢ ɜ ɩɟɪɟɪɿɡɿ 22  ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧɢ ɩɨɪɿɜɧɹɧɧɹ 00   ɦɚє ɜɢɞ 

 
  wɜ

ɜ
ɜ h

gh

qh
c

Hcg

q
Hc 




2

2
2

2

2
1

222


, (1) 
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ɞɟ q  – ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ ɩɨɬɨɤɭ ɧɚ ɜɨɞɨɡɥɢɜɿ, ɫɦ2/ɫ; 2hcɜ   – ɜɢɫɨɬɧɟ ɩɨɥɨɠɟɧɧɹ ɨɫɿ 
ɫɬɪɭɦɢɧɢ ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧɢ 00  , ɫɦ;  22

2 2ghq  – ɩɢɬɨɦɚ ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɫɬɪɭ-
ɦɢɧɢ ɜ ɫɬɜɨɪɿ 22 , ɫɦ; 1 , 2  – ɜɿɞɩɨɜɿɞɧɨ ɤɨɪɟɤɬɢɜɢ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɜ ɩɟɪɟɪɿɡɚɯ 

11  ɬɚ 22 . 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ 

ɡ ɜɟɪɬɢɤɚɥɶɧɨɸ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɬɪɚɬ ɧɚɩɨɪɭ wh , ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦɭ ɡɜɭɠɟɧɧɿ 
ɩɨɬɨɤɭ, ɜɧɚɫɥɿɞɨɤ ɣɨɝɨ ɫɬɢɫɧɟɧɧɹ ɜɟɪɬɢɤɚɥɶɧɨɸ ɫɬɿɧɤɨɸ ɬɚ ɣɨɝɨ ɩɟɪɟɮɨɪɦɭɜɚɧɧɿ ɜ 
ɫɬɪɭɦɢɧɭ, ɧɚɦɢ ɩɪɢɣɧɹɬɨ ɝɿɩɨɬɟɡɭ: ɜɬɪɚɬɢ ɧɚɩɨɪɭ wh  ɦɨɠɧɚ ɨɰɿɧɢɬɢ ɮɨɪɦɭɥɨɸ ɏɚɣ-
ɧɞɫɚ (I. Hinds), ɹɤɚ ɨɩɢɫɭє ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɩɪɢ ɪɚɩɬɨɜɨɦɭ ɡɜɭɠɟɧɧɿ ɩɨɬɨɤɭ ɜ ɤɚɧɚɥɿ 

 
  












2

1

2

2
2

2 Hchg

q
h

ɜ
w

 , (2) 

ɞɟ   – ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɪɚɯɨɜɭє ɜɧɭɬɪɿɲɧɿ ɨɩɨɪɢ ɪɭɯɭ ɪɿɞɢɧɢ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. 

ȼɪɚɯɨɜɭɸɱɢ ɮɨɪɦɭɥɭ ɏɚɣɧɞɫɚ (2), ɡɚɩɪɨɩɨɧɨɜɚɧɟ ɧɚɦɢ ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ 
ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ (1) ɩɪɢɣɦɟ ɜɢɞ 

 
    

















2

1

2

2
2

2

2
2

2

2
1

2222 Hchg

q

gh

qh

Hcg

q
H

ɜɜ


. (3) 

Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɪɿɜɧɹɧɧɹ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɭɦɨɜɧɨ ɜɢɞɿ-
ɥɟɧɨ ɞɿɥɹɧɤɭ ɩɨɬɨɤɭ ABCD  (ɪɢɫ. 4), ɞɨ ɹɤɨʀ ɩɪɢɤɥɚɞɟɧɨ ɫɢɥɢ ɬɢɫɤɭ 1P


 ɿ 2Ɋ


, ɳɨ ɡɚɦɿ-

ɧɸɸɬɶ ɞɿɸ ɥɿɜɨʀ ɿ ɩɪɚɜɨʀ ɱɚɫɬɢɧ ɩɨɬɨɤɭ ɬɚ ɩɪɨɬɢɞɿɸ ɫɬɿɧɤɢ. ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɫɢɥ ɞɿɸ-
ɱɢɯ ɧɚ ɜɿɞɫɿɤ ABCD  ɩɪɢɣɧɹɬɨ ɧɚɫɬɭɩɧɿ ɭɦɨɜɢ: 
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– ɬɢɫɤ ɜ ɠɢɜɨɦɭ ɩɟɪɟɪɿɡɿ 11  ɪɨɡɩɨɞɿɥɹєɬɶɫɹ ɡɚ ɝɿɞɪɨɫɬɚɬɢɱɧɢɦ ɡɚɤɨɧɨɦ; 
– ɪɨɡɩɨɞɿɥ ɬɢɫɤɭ ɜ ɩɟɪɟɪɿɡɿ 22  ɩɨɬɪɟɛɭє ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ; 
– ɫɢɥɚ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ Ɋ


 ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɳɨ ɜɢɧɢɤɚє ɜɧɚɫɥɿɞɨɤ 

ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɜɭɠɟɧɧɹ (ɫɬɢɫɧɟɧɧɹ) ɩɨɬɨɤɭ ɬɚ ɣɨɝɨ ɩɟɪɟɮɨɪɦɭɜɚɧɧɿ ɡ ɪɿɜɧɨɦɿɪɧɨɝɨ 
ɩɨɬɨɤɭ ɜ ɫɬɪɭɦɢɧɭ ɩɨɬɪɟɛɭє ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ; 

– ɫɢɥɚ ɬɹɠɿɧɧɹ ɬF


 ɬɚ ɤɨɦɩɨɧɟɧɬɚ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ 

yɊ


 ɧɚ ɜɿɫɶ ɯ0  ɩɪɨɟɤɬɭɸɬɶɫɹ ɜ ɧɭɥɶ; 

– ɫɢɥɢ ɬɟɪɬɹ ɧɚ ɝɪɚɧɢɱɧɢɯ ɩɨɜɟɪɯɧɹɯ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɿɞɫɿɤɭ ABCD  є ɧɟɡɧɚɱɧɢ-
ɦɢ, ɬɨɦɭ ɧɢɦɢ ɡɧɟɯɬɭɜɚɧɨ. 

Ɂɚ ɩɪɨɦɿɠɨɤ ɱɚɫɭ dt  ɨɛ’єɦ ɪɿɞɢɧɢ ABCD  ɩɿɞ ɞɿєɸ ɞɿɸɱɢɯ ɫɢɥ ɩɟɪɟɦɿɳɭєɬɶɫɹ ɜ 
ɩɨɥɨɠɟɧɧɹ DCBA  . Ɂɝɿɞɧɨ ɡɚɤɨɧɭ ɩɪɨ ɩɪɢɪɿɫɬ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɪɿɞɢɧɢ – ɩɪɨɟɤɰɿɹ ɤɿ-
ɥɶɤɨɫɬɿ ɪɭɯɭ  xКɊ  ɧɚ ɜɿɫɶ ɯ0 , ɳɨ ɫɩɿɜɩɚɞɚє ɡ ɧɚɩɪɹɦɨɦ ɪɭɯɭ ɩɨɬɨɤɭ, ɞɨɪɿɜɧɸє ɫɭɦɿ 
ɩɪɨɟɤɰɿɣ ɿɦɩɭɥɶɫɿɜ ɫɢɥ  xІɋ  ɧɚ ɰɸ ɠ ɜɿɫɶ 

    xx ІɋКɊ   . (4) 

ɉɪɨɟɤɰɿɹ ɩɪɢɪɨɫɬɭ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɪɿɞɢɧɢ ɧɚ ɜɿɫɶ ɯ0  ɦɿɠ ɩɟɪɟɪɿɡɚɦɢ 11  ɬɚ 22  

ɜɢɡɧɚɱɢɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ 

    
 

dt
Hc

q
Hcbdt

h

q
bhКɊ

ɜ
ɜx 2

2

012

2

02


  , (5) 

ɚ ɫɭɦɚ ɩɪɨɟɤɰɿɣ ɿɦɩɭɥɶɫɿɜ ɜɫɿɯ ɩɪɢɤɥɚɞɟɧɢɯ ɞɨ ɜɢɞɿɥɟɧɨɝɨ ɨɛ’єɦɭ ABCD  ɫɢɥ ɧɚ ɜɿɫɶ 

ɯ0  ɡɝɿɞɧɨ ɡ ɩɪɢɣɧɹɬɢɦɢ ɩɪɢɩɭɳɟɧɧɹɦɢ ɜɢɡɧɚɱɢɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ 

     dtɊdtɊdtHɫgbІɋ xɜx   2

2

2

1
. (6) 

Ɂɝɿɞɧɨ ɪɿɜɧɹɧɶ (4-6) ɧɚɦɢ ɨɬɪɢɦɚɧɨ ɪɿɜɧɹɧɧɹ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜɨɞɨɡɥɢɜɭ – 

ɨɫɧɨɜɧɟ ɪɿɜɧɹɧɧɹ ɜɨɞɨɡɥɢɜɭ 

 
 

  dtɊdtɊdtHɫgbdt
Hc

q
Hcbdt

h

q
bh xɜ

ɜ
ɜ  


 2

2

2

2

012

2

02
2

1
, 

ɚɛɨ 

    
gb

Ɋ
gb

Ɋ
Hɫ

Hcg

q

gh

q x

ɜ
ɜ 

 


 22
2

01

2

02
2

1
. (7) 

ɇɚ ɪɢɫ. 5 ɧɚɜɟɞɟɧɨ ɫɯɟɦɭ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɩɟɪɟɪɿɡɿ 22  . ɉɪɢ ɩɿɞɯɨɞɿ ɩɨɬɨɤɭ ɞɨ 
ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɜɿɧ ɡɚɡɧɚє ɞɟɮɨɪɦɚɰɿʀ, ɜɧɚɫɥɿɞɨɤ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɬɢɫɧɟɧɧɹ ɿ ɭɬɜɨ-
ɪɟɧɧɹ ɤɪɢɜɨʀ ɫɩɚɞɭ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɪɨɡɩɨɞɿɥ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡ-
ɥɢɜɭ. Ɂɚ ɯɚɪɚɤɬɟɪɨɦ ɣɨɝɨ ɪɨɡɩɨɞɿɥɭ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɞɜɿ ɫɤɥɚɞɨɜɿ ɞɿɥɹɧɤɢ: ɜɢɳɟ ɤɪɨ-
ɦɤɢ ɜɨɞɨɡɥɢɜɭ (ɜ ɫɬɪɭɦɢɧɿ) – ɜɪ  ɬɚ ɜ ɦɟɠɚɯ ɫɬɿɧɤɢ – ɧɪ . 

ɋɬɪɭɦɢɧɚ, ɹɤɚ ɜɢɧɢɤɚє ɧɚ ɩɨɪɨɡɿ ɜɨɞɨɡɥɢɜɭ, ɦɚє ɤɪɢɜɨɥɿɧɿɣɧɭ ɨɩɭɤɥɭ ɮɨɪɦɭ. ɇɚ 
ɤɨɠɧɭ ɱɚɫɬɨɱɤɭ ɥɿɧɿʀ ɬɨɤɭ ɫɬɪɭɦɢɧɢ ɞɿє ɫɢɥɚ ɬɹɠɿɧɧɹ ɬɚ ɜɿɞɰɟɧɬɪɨɜɚ ɫɢɥɚ, ɹɤɚ ɨɛɭɦɨ-
ɜɥɟɧɚ ɤɪɢɜɢɡɧɨɸ ɩɨɬɨɤɭ. ɋɢɥɚ ɬɹɠɿɧɧɹ ɧɚɩɪɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ ɿ ɩɪɢɞɚє ɱɚɫɬɨ-
ɱɰɿ ɩɪɢɫɤɨɪɟɧɧɹ g

 . ȼɿɞɰɟɧɬɪɨɜɚ ɫɢɥɚ ɧɚɩɪɚɜɥɟɧɚ ɩɨ ɪɚɞɿɭɫɭ ɜɿɞ ɰɟɧɬɪɚ ɤɪɢɜɢɡɧɢ ɥɿ-
ɧɿʀ ɬɨɤɭ ɿ ɩɪɢɞɚє ʀɣ ɩɪɢɫɤɨɪɟɧɧɹ j . ȼɟɪɬɢɤɚɥɶɧɭ ɤɨɦɩɨɧɟɧɬɭ ɩɪɢɫɤɨɪɟɧɧɹ ɱɚɫɬɨɱɤɢ 
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ɩɨɬɨɤɭ ɡ ɤɨɨɪɞɢɧɚɬɨɸ ɜɫɭ   ɜɿɞ ɞɿʀ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɢɥɢ ɩɨɡɧɚɱɟɧɨ ɱɟɪɟɡ 
ɜɫɭj 


 (ɪɢɫ. 5). 

əɤ ɧɚɫɥɿɞɨɤ, ɩ’єɡɨɦɟɬɪɢɱɧɢɣ ɬɢɫɤ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ ɦɟɧɲɢɣ ɡɚ ɝɿɞɪɨɫɬɚɬɢɱɧɢɣ. Ƀɨ-
ɝɨ ɫɢɥɚ ɩɨɡɧɚɱɟɧɚ ɧɚ ɪɢɫ. 5 – ɜɊ


. 

 

Ɋɢɫɭɧɨɤ 5 – Ƚɪɚɮɿɤɢ ɪɨɡɩɨɞɿɥɭ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɫɬɜɨɪɿ ɜɨɞɨɡɥɢɜɭ 

ɬɚ ɫɯɟɦɚ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɩɟɪɟɪɿɡɿ 22  ɩɪɢ 560,cH ɜ   

Ɋɨɡɩɨɞɿɥ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɩɨ ɜɢɫɨɬɿ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɨɛɭɦɨɜɥɟɧɨ ɯɚɪɚɤ-
ɬɟɪɨɦ ɩɪɢɫɤɨɪɟɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɪɭɯɭ ɱɚɫɬɨɱɨɤ ɪɿɞɢɧɢ ɩɨ ɥɿɧɿʀ ɬɨɤɭ ɜɡɞɨɜɠ ɫɬɿɧɤɢ. 
ɇɚ ɱɚɫɬɨɱɤɭ ɡ ɤɨɨɪɞɢɧɚɬɨɸ ɭ  ɞɿє ɫɢɥɚ ɡɟɦɧɨɝɨ ɬɹɠɿɧɧɹ, ɹɤɚ ɧɚɩɪɚɜɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ 
ɜɧɢɡ ɿ ɩɪɢɞɚє ʀɣ ɩɪɢɫɤɨɪɟɧɧɹ g


 ɬɚ ɫɢɥɚ ɜɿɞ ɞɿʀ ɧɚɩɨɪɭ, ɹɤɚ ɧɚɞɚє ʀɣ ɩɪɢɫɤɨɪɟɧɢɣ ɜɟɪ-

ɬɢɤɚɥɶɧɢɣ ɪɭɯ ɭɜɟɪɯ ɜɡɞɨɜɠ ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ ɿɡ ɩɪɢɫɤɨɪɟɧɧɹɦ yj


 (ɪɢɫ. 5). ȼɧɚ-
ɫɥɿɞɨɤ ɱɨɝɨ, ɩ’єɡɨɦɟɬɪɢɱɧɢɣ ɬɢɫɤ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɦɟɧɲɢɣ ɡɚ ɝɿɞɪɨɫɬɚɬɢ-
ɱɧɢɣ. Ƀɨɝɨ ɫɢɥɚ ɩɨɡɧɚɱɟɧɚ ɧɚ ɪɢɫ. 5 – ɧP


. 

Ⱦɢɮɟɪɟɧɰɿɚɥ ɪɨɡɩɨɞɿɥɭ ɬɢɫɤɭ ɩɨ ɜɢɫɨɬɿ ɩɨɬɨɤɭ ɫɬɪɭɦɢɧɢ, ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɜɢɳɟɡɚ-
ɡɧɚɱɟɧɢɯ ɩɪɢɫɤɨɪɟɧɶ ɦɚє ɜɢɞ 

  dyjgdp ɭ  . (8) 

ɇɚ ɨɫɧɨɜɿ ɭɡɚɝɚɥɶɧɟɧɧɹ ɪɨɡɝɥɹɧɭɬɢɯ ɬɚ ɩɪɨɜɟɞɟɧɢɯ ɧɚɦɢ ɞɨɫɥɿɞɠɟɧɶ ɩɪɢɣɧɹɬɨ 

ɝɿɩɨɬɟɡɢ: ɪɿɜɧɹɧɧɹ, ɹɤɟ ɜɪɚɯɨɜɭє ɯɚɪɚɤɬɟɪ ɡɦɿɧɢ ɩɪɢɫɤɨɪɟɧɧɹ 
ɜɫɭj   ɩɨ ɜɢɫɨɬɿ ɫɬɪɭɦɢ-

ɧɢ ɬɚ ɡɚɞɨɜɨɥɶɧɹє ɣɨɝɨ ɝɪɚɧɢɱɧɿ ɡɧɚɱɟɧɧɹ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨ-
ɪɿɜ: ɜɢɫɨɬɢ ɫɬɿɧɤɢ ɜɫ  ɣ ɞɿɸɱɨɝɨ ɧɚɩɨɪɭ ɇ  ɦɚє ɜɢɞ 

 















 



Rɜ
ɜ

ɫɭ
H

ɫɭ
gj

ɜ
1 , (9) 
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ɚ ɡɦɿɧɢ ɩɪɢɫɤɨɪɟɧɧɹ ɭj  ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ 

 

Rɧ

ɜ
y ɫ

y
gj 








 , (10) 

ɞɟ Rɜ , Rɧ  – ɩɨɤɚɡɧɢɤɢ ɫɬɟɩɟɧɹ, ɹɤɿ ɜɪɚɯɨɜɭɸɬɶ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɩɨɬɨɤɭ ɧɚ ɜɨɞɨɡɥɢɜɿ 

 
Hɫ
hɫ

KɜRɜ
ɜ

ɜ




 ,           (11)                                    
hH

Hɫ
KɧRɧ ɜ




 , (12) 

ɞɟ Kɜ , Kɧ  – ɤɨɟɮɿɰɿєɧɬɢ ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ, ɹɤɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɞɨɫɥɿɞɧɢɦ ɲɥɹɯɨɦ. 
ȼɪɚɯɨɜɭɸɱɢ ɪɿɜɧɹɧɧɹ (9-12) ɪɨɡɩɨɞɿɥ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɩɨ ɜɢɫɨɬɿ ɫɬɪɭɦɢɧɢ 

ɬɚ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɜɢɡɧɚɱɹɬɶɫɹ ɡɚ ɜɿɞɩɨɜɿɞɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ 

  ɭhɫg
H

ɫɭ
p ɜ

Rɜ
ɜ

ɜ 





 

  ,      (13)                  ɭHɫg
ɫ
y

p ɜ

Rɧ

ɜ
ɧ 






















 1 . (14) 

ɋɢɥɢ ɬɢɫɤɭ ɜ ɩɟɪɟɪɿɡɿ 22   ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ ɜP  ɿ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɧP  ɜɢɡɧɚ-
ɱɹɬɶɫɹ ɜɿɞɩɨɜɿɞɧɢɦɢ ɨɛ'єɦɚɦɢ ɟɩɸɪ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ 
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
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


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
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

0

1 . 

ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɨɬɪɢɦɚєɦɨ 

2

2 23

1
gbh

H

h

RɜRɜ
P
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ɜ 
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
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 ,  (15)      

2

2 123

1

2

1
ɜ

ɜ
ɧ gbɫ

ɫ
H

Rɧ
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RɧRɧ
P 


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
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





 .   (16) 

ɇɚɦɢ ɩɪɢɣɧɹɬɨ ɝɿɩɨɬɟɡɭ: ɤɨɦɩɨɧɟɧɬɚ 
ɯ

Ɋ  ɫɢɥɢ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ, ɳɨ 

ɩɪɨɬɢɞɿє ɬɚ ɫɬɜɨɪɸє ɨɩɿɪ ɣɨɝɨ ɪɭɯɭ, ɩɪɨɩɨɪɰɿɣɧɚ ɜɬɪɚɬɚɦ ɧɚɩɨɪɭ ɬɚ ɩɟɪɟɩɚɞɭ ɪɿɜɧɿɜ 
ɜɨɞɢ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ 

   gbhHhɊ wx


 
02

1
, (17) 

ɚɛɨ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɬɪɚɬ ɧɚɩɨɪɭ wh  ɡɚ ɮɨɪɦɭɥɨɸ ɏɚɣɧɞɫɚ 
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. (18) 

Ɋɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ (3) ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ (7) 
ɭɬɜɨɪɸɸɬɶ ɩɪɨɩɨɧɨɜɚɧɭ ɧɚɦɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ 
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

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ɍ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ, 
ɳɨ ɞɨɜɨɞɹɬɶ ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɩɪɢɣɧɹɬɢɯ ɝɿɩɨɬɟɡ ɜɩɥɢɜɭ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ ɧɚ 
ɝɿɞɪɚɜɥɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɜɨɞɨɡɥɢɜɭ ɬɚ ɨɰɿɧɟɧɨ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ  , Kɜ  ɬɚ Kɧ , ɳɨ 
ɜɯɨɞɹɬɶ ɞɨ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. ɍɦɨɜɢ ɩɪɨɜɟɞɟɧɧɹ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥɢɰɹ 1 – ɍɦɨɜɢ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

Ɏɚɤɬɨɪɢ Ɋɿɜɧɿ ɜɚɪɿɸɜɚɧɧɹ 
ȱɧɬɟɪɜɚɥ 

ɜɚɪɿɸɜɚɧɧɹ 
ɧɚɬɭɪɚɥɶɧɢɣ 

ɜɢɞ 

ɤɨɞɨɜɚɧɢɣ 

ɜɢɞ 
-1 -0,75 -0,5 -0,25 0 0,25 0,5 0,75 1 

ɫɜ, ɫɦ X1 5    25    45 20 

ɇ, ɫɦ X2 5 10 15 20 25 30 35 40 45 5 

ɉɨɪɹɞɨɤ ɜɢɤɨɧɚɧɧɹ ɞɨ-
ɫɥɿɞɿɜ X2 ɞɥɹ ɤɨɠɧɨɝɨ X1 

7 21 1 2 26 15 27 5 22 

– 12 3 13 18 9 20 25 14 19 

8 6 10 16 11 23 24 17 4 

Ɉɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɨɫɟɪɟɞɧɟɧɢɯ ɜɬɪɚɬ ɧɚɩɨɪɭ ɚɩɪɨɤɫɢɦɨɜɚɧɨ 
ɝɪɚɮɿɤɚɦɢ, ɪɨɡɪɚɯɨɜɚɧɢɦɢ ɡɚ ɪɿɜɧɹɧɧɹɦ (2) (ɪɢɫ. 6, ɚ), ɳɨ ɩɿɞɬɜɟɪɞɢɥɨ, ɡ ɣɦɨɜɿɪɧɿɫɬɸ 
95%, ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɩɪɢɣɧɹɬɨʀ ɧɚɦɢ ɝɿɩɨɬɟɡɢ ɩɪɨ ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɿ 
ɚɞɟɤɜɚɬɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɮɨɪɦɭɥɢ ɏɚɣɧɞɫɚ ɞɥɹ ɨɰɿɧɤɢ ʀɯ ɜɟɥɢɱɢɧɢ ɩɪɢ ɩɪɢɣɧɹɬɨɦɭ 
ɤɨɟɮɿɰɿєɧɬɿ, ɳɨ ɜɪɚɯɨɜɭє ɜɧɭɬɪɿɲɧɿ ɨɩɨɪɢ ɪɭɯɭ ɪɿɞɢɧɢ, 35,1 . 

ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɝɪɚɮɿɤɿɜ ɜɩɥɢɜɭ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɜɬɪɚɬɢ ɧɚɩɨɪɭ 
 ɜw ɫ,Hfh   ɧɚɜɟɞɟɧɢɯ ɧɚ ɪɢɫ. 6, ɚ ɜɢɞɧɨ, ɳɨ ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɡɪɨɫɬɚɸɬɶ ɩɪɢ ɡɛɿɥɶ-

ɲɟɧɧɿ ɞɿɸɱɨɝɨ ɧɚɩɨɪɭ ɿ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɢɫɨɬɢ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ. 
ɇɚ ɪɢɫ. 6, ɛ ɧɚɜɟɞɟɧɨ ɨɫɟɪɟɞɧɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɜɬɪɚɬ ɧɚɩɨɪɭ ɭ ɜɿɞɧɨɫ-

ɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ, ɹɤɿ ɚɞɟɤɜɚɬɧɨ ɚɩɪɨɤɫɢɦɨɜɚɧɨ, ɞɥɹ ɪɿɡɧɨʀ ɜɢɫɨɬɢ ɫɬɿɧɤɢ, ɭɧɿɜɟɪɫɚɥɶ-
ɧɢɦ ɝɪɚɮɿɤɨɦ  ɜw ɫHfEh 1 , ɪɨɡɪɚɯɨɜɚɧɢɦ ɡɚ ɮɨɪɦɭɥɨɸ ɏɚɣɧɞɫɚ. ɉɪɢ ɜɿɞɧɨɲɟɧɧɿ 

20  ɜɫH  ɜɿɞɧɨɫɧɿ ɜɬɪɚɬɢ ɪɿɡɤɨ ɡɛɿɥɶɲɭɸɬɶɫɹ, ɚ ɩɪɢ 5ɜɫH  ɜɨɧɢ ɧɟ ɡɦɿɧɸɸɬɶɫɹ. 
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Ɋɢɫɭɧɨɤ 6 – Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ: ɚ)  ɜw ɫ,Hfh  ; ɛ)  ɜw ɫHfEh 1  
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Ɉɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɩ'єɡɨɦɟɬɪɢɱɧɢɯ ɧɚɩɨɪɿɜ ɩɨ ɜɢɫɨɬɿ ɫɬɪɭɦɢɧɢ 
ɚɩɪɨɤɫɢɦɨɜɚɧɨ ɝɪɚɮɿɤɚɦɢ, ɪɨɡɪɚɯɨɜɚɧɢɦɢ ɡɚ ɪɿɜɧɹɧɧɹɦ (13) (ɪɢɫ. 7, ɚ), ɳɨ ɩɿɞɬɜɟɪ-
ɞɢɥɨ, ɡ ɣɦɨɜɿɪɧɿɫɬɸ 95%, ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɩɪɢɣɧɹɬɨʀ ɧɚɦɢ ɝɿɩɨɬɟɡɢ ɩɪɨ ɯɚɪɚɤɬɟɪ ɡɦɿɧɢ 
ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɤɥɚɞɨɜɨʀ ɜɿɞɰɟɧɬɪɨɜɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɱɚɫɬɨɱɤɢ ɪɿɞɢɧɢ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢ-
ɧɢ 

ɜɫɭj   (9) ɿ ɚɞɟɤɜɚɬɧɿɫɬɶ ɨɬɪɢɦɚɧɨɝɨ ɪɿɜɧɹɧɧɹ (13), ɩɪɢ ɩɪɢɣɧɹɬɨɦɭ ɤɨɟɮɿɰɿєɧɬɿ 
ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ 330,Kɜ  . 
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Ɋɢɫɭɧɨɤ 7 – Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ: ɚ)     Hcyfgp ɜɜ , ; ɛ)  ɜɜ ɫHfP ,  

Ⱥɧɚɥɿɡ ɝɪɚɮɿɤɿɜ, ɧɚɜɟɞɟɧɢɯ ɧɚ ɪɢɫ. 7, ɚ ɩɨɤɚɡɚɜ, ɳɨ ɜ ɧɢɠɧɿɣ ɬɚ ɜɟɪɯɧɿɣ ɬɨɱɤɚɯ 
ɫɬɪɭɦɢɧɢ ɩ'єɡɨɦɟɬɪɢɱɧɢɣ ɬɢɫɤ ɪɿɜɧɢɣ ɚɬɦɨɫɮɟɪɧɨɦɭ. Ƀɨɝɨ ɪɨɡɩɨɞɿɥ ɩɨ ɜɢɫɨɬɿ ɠɢɜɨ-
ɝɨ ɩɟɪɟɪɿɡɭ ɿɧɬɟɧɫɢɜɧɨ ɡɪɨɫɬɚє ɜ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɫɬɪɭɦɢɧɢ, ɧɚɛɭɜɚє ɫɜɨɝɨ ɦɚɤɫɢɦɚɥɶ-
ɧɨɝɨ ɡɧɚɱɟɧɧɹ ɩɪɢ  ɜcy,y  250  ɬɚ ɚɫɢɦɩɬɨɬɢɱɧɨ ɧɚɛɥɢɠɚєɬɶɫɹ ɞɨ ɪɨɡɩɨɞɿɥɭ ɡɚ ɝɿ-
ɞɪɨɫɬɚɬɢɱɧɢɦ ɡɚɤɨɧɨɦ, ɹɤɢɣ ɩɨɤɚɡɚɧɨ ɲɬɪɢɯɨɜɨɸ ɥɿɧɿєɸ. ɉɪɢ ɡɛɿɥɶɲɟɧɧɿ ɞɿɸɱɨɝɨ 
ɧɚɩɨɪɭ (ɜɢɫɨɬɚ ɫɬɿɧɤɢ ɩɨɫɬɿɣɧɚ) ɝɥɢɛɢɧɚ ɧɚ ɩɨɪɨɡɿ ɜɨɞɨɡɥɢɜɭ ɿ ɜɟɥɢɱɢɧɚ ɩɪɨɬɢɞɿɸɱɨ-
ɝɨ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜɿɞɩɨɜɿɞɧɨ ɡɪɨɫɬɚɸɬɶ, ɚɥɟ ɯɚɪɚɤɬɟɪ ɝɪɚɮɿɤɿɜ ɡɚɥɢɲɚєɬɶɫɹ 
ɩɨɞɿɛɧɢɦ. 

ɇɚ ɪɢɫ. 7, ɛ ɧɚɜɟɞɟɧɨ ɝɪɚɮɿɤɢ ɫɢɥɢ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ, ɳɨ 
ɩɪɨɬɢɞɿє ɪɭɯɭ ɩɨɬɨɤɭ ɜP , ɪɨɡɪɚɯɨɜɚɧɨʀ ɡɚ ɮɨɪɦɭɥɨɸ (15), ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɨɫɧɨɜɧɢɯ 
ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ. ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɝɪɚɮɿɤɿɜ ɧɚ ɪɢɫ. 7, ɛ ɜɢɞɧɨ, ɳɨ ɫɢɥɚ ɜP  ɡɪɨɫɬɚє ɿɡ 
ɡɛɿɥɶɲɟɧɧɹɦ ɞɿɸɱɨɝɨ ɧɚɩɨɪɭ ɬɚ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɢɫɨɬɢ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ. 

Ɉɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɩ'єɡɨɦɟɬɪɢɱɧɢɯ ɧɚɩɨɪɿɜ ɩɨ ɜɢɫɨɬɿ ɜɨɞɨɡɥɢɜɧɨʀ 
ɫɬɿɧɤɢ ɚɩɪɨɤɫɢɦɨɜɚɧɨ ɝɪɚɮɿɤɚɦɢ, ɪɨɡɪɚɯɨɜɚɧɢɦɢ ɡɚ ɪɿɜɧɹɧɧɹɦ (14) (ɪɢɫ. 8, ɚ), ɳɨ ɩɿ-
ɞɬɜɟɪɞɢɥɨ, ɡ ɣɦɨɜɿɪɧɿɫɬɸ 95%, ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɩɪɢɣɧɹɬɨʀ ɧɚɦɢ ɝɿɩɨɬɟɡɢ ɩɪɨ ɯɚɪɚɤɬɟɪ 
ɡɦɿɧɢ ɩɪɢɫɤɨɪɟɧɧɹ ɱɚɫɬɨɱɤɢ ɪɿɞɢɧɢ ɭj  ɩɨ ɥɿɧɿʀ ɬɨɤɭ ɜɡɞɨɜɠ ɜɟɪɬɢɤɚɥɶɧɨʀ ɜɨɞɨɡɥɢɜ-
ɧɨʀ ɫɬɿɧɤɢ (10) ɿ ɚɞɟɤɜɚɬɧɿɫɬɶ ɨɬɪɢɦɚɧɨɝɨ ɪɿɜɧɹɧɧɹ (14), ɩɪɢ ɩɪɢɣɧɹɬɨɦɭ ɤɨɟɮɿɰɿєɧɬɿ 
ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ 01,Kɧ  . 

ɇɚ ɪɢɫ. 8, ɛ ɧɚɜɟɞɟɧɨ ɝɪɚɮɿɤɢ ɫɢɥɢ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜɿɞ ɩɪɨɬɢɞɿʀ ɜɨɞɨɡɥɢ-
ɜɧɨʀ ɫɬɿɧɤɢ ɧP  ɪɨɡɪɚɯɨɜɚɧɨʀ ɡɚ ɮɨɪɦɭɥɨɸ (16) ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤ-
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ɬɨɪɿɜ. ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɰɢɯ ɝɪɚɮɿɤɿɜ ɜɢɞɧɨ, ɳɨ ɜɟɥɢɱɢɧɚ ɫɢɥɢ ɧP  ɡɪɨɫɬɚє ɿɡ ɡɛɿɥɶ-
ɲɟɧɧɹɦ ɞɿɸɱɨɝɨ ɧɚɩɨɪɭ ɬɚ ɜɢɫɨɬɢ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ. 
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Ɋɢɫɭɧɨɤ 8 – Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ: ɚ)     Hcyfgp ɜɧ , ; ɛ)  ɜɧ ɫHfP ,  

Ɂɧɚɣɞɟɧɿ ɫɢɥɢ ɬɢɫɤɭ ɜP , ɧP  є ɫɤɥɚɞɨɜɢɦɢ ɫɢɥɢ 2P , ɳɨ ɜɯɨɞɢɬɶ ɞɨ ɪɿɜɧɹɧɧɹ ɤɿɥɶ-
ɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ (7) ɬɚ, ɜɿɞɩɨɜɿɞɧɨ, ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ (19). 

Ɉɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɨɫɟɪɟɞɧɟɧɢɯ ɫɢɥ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɚɩ-
ɪɨɤɫɢɦɨɜɚɧɨ ɝɪɚɮɿɤɚɦɢ, ɪɨɡɪɚɯɨɜɚɧɢɦɢ ɡɚ ɪɿɜɧɹɧɧɹɦ (18) (ɪɢɫ. 9, ɚ), ɳɨ ɩɿɞɬɜɟɪɞɢɥɨ, 
ɡ ɣɦɨɜɿɪɧɿɫɬɸ 95%, ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɩɪɢɣɧɹɬɨʀ ɧɚɦɢ ɝɿɩɨɬɟɡɢ ɩɪɨ ɤɨɦɩɨɧɟɧɬɭ xɊ  ɫɢɥɢ 
ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɿ ɚɞɟɤɜɚɬɧɿɫɬɶ ɨɬɪɢɦɚɧɨɝɨ ɪɿɜɧɹɧɧɹ (18). 
ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɝɪɚɮɿɤɿɜ  ɜx ɫHfɊ ,  (ɪɢɫ. 9, ɚ) ɜɢɞɧɨ, ɳɨ ɫɢɥɚ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ 
ɩɨɬɨɤɭ xɊ  ɡɪɨɫɬɚє ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɞɿɸɱɨɝɨ ɧɚɩɨɪɭ ɬɚ ɫɩɚɞɚє ɩɪɢ ɡɦɟɧɲɟɧɧɿ ɜɢɫɨɬɢ 
ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ. 
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Ɋɢɫɭɧɨɤ 9 – Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ: ɚ)  ɜx ɫ,HfɊ  ; ɛ)  ɜx ɫHfPɊ 1  



15 

ɇɚ ɪɢɫ. 9, ɛ ɧɚɜɟɞɟɧɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɫɢɥɢ xɊ  ɭ ɜɿɞɧɨɫɧɢɯ ɤɨɨɪɞɢɧɚ-
ɬɚɯ, ɹɤɿ ɚɞɟɤɜɚɬɧɨ ɚɩɪɨɤɫɢɦɨɜɚɧɨ ɭɧɿɜɟɪɫɚɥɶɧɢɦ ɝɪɚɮɿɤɨɦ  ɜx ɫHfPɊ 1  ɪɨɡɪɚ-
ɯɨɜɚɧɢɦ ɡɚ ɪɿɜɧɹɧɧɹɦ (18) ɿ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɢɫɨɬɢ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ. ɉɪɢ ɡɛɿɥɶ-
ɲɟɧɧɿ ɜɿɞɧɨɲɟɧɧɹ ɜɫH  ɜɿɞɧɨɫɧɚ ɫɢɥɚ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ 1PɊ x  ɜɿɞɩɨɜɿɞɧɨ 

ɡɪɨɫɬɚє. 

ɇɚ ɨɫɧɨɜɿ ɜɢɤɨɧɚɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɿɞɬɜɟɪ-
ɞɠɟɧɨ ɩɪɢɣɧɹɬɿ ɧɚɦɢ ɝɿɩɨɬɟɡɢ. ɇɚ ɪɢɫ. 10, ɨɫɟɪɟɞɧɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɨɱɤɢ ɝɥɢɛɢ-
ɧɢ ɩɨɬɨɤɭ ɧɚ ɩɨɪɨɡɿ ɜɨɞɨɡɥɢɜɭ h  (ɪɢɫ. 10, ɚ) ɬɚ ɩɢɬɨɦɨʀ ɜɢɬɪɚɬɢ q  (ɪɢɫ. 10, ɛ) ɡɚɥɟɠ-
ɧɨ ɜɿɞ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ ɚɩɪɨɤɫɢɦɨɜɚɧɨ ɝɪɚɮɿɤɚɦɢ, ɪɨɡɪɚɯɨɜɚɧɢɦɢ ɡɚ ɦɚɬɟ-
ɦɚɬɢɱɧɨɸ ɦɨɞɟɥɥɸ (19), ɳɨ ɩɿɞɬɜɟɪɞɢɥɨ, ɡ ɣɦɨɜɿɪɧɿɫɬɸ 95%, ʀʀ ɞɨɫɬɨɜɿɪɧɿɫɬɶ. 
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Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɿɤɢ ɡɚɥɟɠɧɨɫɬɿ: ɚ)  ɜɫ,Hfh  ; ɛ)  ɜɫ,Hfq   

ɇɚ ɪɢɫ. 10, ɚ ɩɨɤɚɡɚɧɨ ɜɩɥɢɜ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ɝɥɢɛɢɧɭ ɩɨɬɨɤɭ ɧɚ ɩɨɪɨɡɿ ɜɨɞɨ-
ɡɥɢɜɭ, ɚ ɧɚ ɪɢɫ. 10, ɛ – ɧɚ ɩɢɬɨɦɭ ɜɢɬɪɚɬɭ, ɜɿɞɩɨɜɿɞɧɨ. Ɂ ɚɧɚɥɿɡɭ ɝɪɚɮɿɤɿɜ ɜɢɞɧɨ, ɳɨ 
ɨɫɧɨɜɧɢɦ ɮɚɤɬɨɪɨɦ, ɹɤɢɣ ɜɩɥɢɜɚє ɧɚ ɝɥɢɛɢɧɭ ɩɨɬɨɤɭ ɧɚ ɩɨɪɨɡɿ ɜɨɞɨɡɥɢɜɭ є ɧɚɩɿɪ, ɚ 
ɜɢɫɨɬɚ ɫɬɿɧɤɢ ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɩɥɢɜɚє ɧɚ ɧɟʀ. Ƚɥɢɛɢɧɚ ɩɨɬɨɤɭ ɧɚ ɜɨɞɨɡɥɢɜɿ ɜ ɡɚɥɟɠɧɨɫɬɿ 
ɜɿɞ ɧɚɩɨɪɭ ɡɦɿɧɸєɬɶɫɹ ɥɿɧɿɣɧɨ. ɉɪɢ ɡɛɿɥɶɲɟɧɿ ɞɿɸɱɨɝɨ ɧɚɩɨɪɭ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ ɱɟɪɟɡ 
ɜɨɞɨɡɥɢɜ ɦɨɧɨɬɨɧɧɨ ɡɪɨɫɬɚє. ɉɪɢ ɡɛɿɥɶɲɟɧɿ ɜɢɫɨɬɢ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɩɢɬɨɦɚ ɜɢ-
ɬɪɚɬɚ, ɡɚ ɨɞɧɚɤɨɜɢɯ ɞɿɸɱɢɯ ɧɚɩɨɪɚɯ, ɜɿɞɩɨɜɿɞɧɨ, ɡɦɟɧɲɭєɬɶɫɹ. 

ɍ ɩ’ɹɬɨɦɭ ɪɨɡɞɿɥɿ  ɧɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟ-
ɠɚɯ ɜɨɞɨɡɥɢɜɭ (19) ɧɚɜɟɞɟɧɨ ɦɟɬɨɞɢɤɭ ɪɨɡɪɚɯɭɧɤɭ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɨɞɨɡɥɢ-
ɜɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ. 

Ⱥɥɝɨɪɢɬɦ ɪɨɡɪɚɯɭɧɤɭ 

1. ȼɢɡɧɚɱɚєɦɨ ɝɥɢɛɢɧɭ ɩɨɬɨɤɭ ɧɚɞ ɩɨɪɨɝɨɦ ɜɨɞɨɡɥɢɜɭ h  ɬɚ ɩɢɬɨɦɭ ɜɢɬɪɚɬɭ q  

ɲɥɹɯɨɦ ɪɿɲɟɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ (19), ɜɪɚɯɨɜɭɸɱɢ ɪɿɜɧɹɧɧɹ (15) ɿ (16). 
2. ȼɢɡɧɚɱɚєɦɨ ɜɬɪɚɬɢ ɧɚɩɨɪɭ wh  ɡɚ ɮɨɪɦɭɥɨɸ (2). 
3. ȼɢɡɧɚɱɚєɦɨ ɫɢɥɭ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ 

ɯ
Ɋ  ɡɚ ɮɨɪɦɭɥɨɸ (18). 

4. ȼɢɡɧɚɱɚєɦɨ ɫɢɥɭ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɫɬɪɭɦɢɧɢ ɜP  ɡɚ ɮɨɪɦɭɥɨɸ (15). 
5. ȼɢɡɧɚɱɚєɦɨ ɫɢɥɭ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ ɧP  ɡɚ ɮɨɪɦɭɥɨɸ (16). 
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6. ȼɢɡɧɚɱɚєɦɨ ɤɨɟɮɿɰɿєɧɬ ɜɢɬɪɚɬɢ ɜɨɞɨɡɥɢɜɭ 0m  

 
230

2 /
Hg

q
m  . (20) 

Ɋɟɡɭɥɶɬɚɬɢ ɧɚɭɤɨɜɨʀ ɪɨɛɨɬɢ ɡ ɪɨɡɪɨɛɤɢ ɦɟɬɨɞɢɤɢ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧ-
ɤɨɸ ɫɬɿɧɤɨɸ ɩɟɪɟɞɚɧɨ ɞɨ Ⱦɟɪɠɚɜɧɨɝɨ ɩɿɞɩɪɢєɦɫɬɜɚ «ɉɪɨɟɤɬɧɨ-ɜɢɲɭɤɭɜɚɥɶɧɢɣ ɿɧ-
ɫɬɢɬɭɬ «Ɋɿɜɧɟɞɿɩɪɨɜɨɞɝɨɫɩ» ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɝɿɞɪɨɬɟ-
ɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 

ɁȺȽȺɅЬɇȱ ȼɂɋɇɈȼɄɂ 

1. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɩɨɫɬɚɜɥɟɧɨ ɿ ɪɨɡɜ’ɹɡɚɧɨ ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɟ ɡɚɜɞɚɧɧɹ, 
ɳɨ ɩɨɥɹɝɚɥɨ ɜ ɭɞɨɫɤɨɧɚɥɟɧɧɿ ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ 
ɫɬɿɧɤɨɸ ɲɥɹɯɨɦ ɪɨɡɪɨɛɤɢ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɹɤɚ 
ʉɪɭɧɬɭєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ. Ɋɨɡɪɨɛɥɟɧɚ ɦɚɬɟ-
ɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɡɚ ɡɚɞɚɧɢɦɢ ɞɿɸɱɢɦɢ ɮɚɤɬɨɪɚɦɢ ɜɢɡɧɚɱɚɬɢ ɨɫɧɨɜɧɿ 
ɝɿɞɪɚɜɥɿɱɧɿ ɬɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɧɟɨɛɯɿɞɧɢɯ ɩɪɢ 
ɩɪɨɟɤɬɭɜɚɧɧɿ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 

2. ɇɚ ɨɫɧɨɜɿ ɜɢɤɨɧɚɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜɩɟɪɲɟ 
ɨɬɪɢɦɚɧɨ ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ 
ɹɤɟ ɜɪɚɯɨɜɭє ɜɬɪɚɬɢ ɧɚɩɨɪɭ ɩɪɢ ɩɟɪɟɮɨɪɦɭɜɚɧɧɿ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɨɬɨɤɭ, ɜɧɚɫɥɿɞɨɤ ɧɚɹ-
ɜɧɨɫɬɿ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ, ɜ ɫɬɪɭɦɢɧɭ. 

3. ȼɢɤɨɧɚɧɧɿ ɬɟɨɪɟɬɢɱɧɿ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɜɩɟ-
ɪɲɟ, ɧɚ ɨɫɧɨɜɿ ɪɿɜɧɹɧɧɹ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ, ɨɬɪɢɦɚɬɢ ɨɫɧɨɜɧɟ ɪɿɜɧɹɧɧɹ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧ-
ɤɨɸ ɫɬɿɧɤɨɸ. ȼɩɟɪɲɟ ɜɢɤɨɧɚɧɨ ɬɟɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɧɟɜɿɞɨɦɢɯ ɝɪɚɧɢɱɧɢɯ ɭɦɨɜ ɜ 
ɫɬɜɨɪɿ ɜɨɞɨɡɥɢɜɭ, ɩɪɢɣɧɹɬɨ ɝɿɩɨɬɟɡɢ ɧɚ ɨɫɧɨɜɿ ɹɤɢɯ ɨɬɪɢɦɚɧɨ ɚɞɟɤɜɚɬɧɿ ɦɚɬɟɦɚɬɢɱɧɿ 
ɦɨɞɟɥɿ ɪɨɡɩɨɞɿɥɭ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɧɨʀ ɫɬɿɧɤɢ ɬɚ ɫɬɪɭɦɢɧɢ. 

4. Ɋɟɡɭɥɶɬɚɬɢ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ 
ɫɤɥɚɫɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ, ɹɤɚ ɜɤɥɸɱɚє ɨɬɪɢɦɚɧɧɿ ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ 
ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɿɫɧɭɸɱɢɯ ɟɦɩɿɪɢɱɧɢɯ ɦɟɬɨ-
ɞɿɜ ɪɨɡɪɚɯɭɧɤɭ, ɹɤɿ ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɢɬɢ ɥɢɲɟ ɩɪɨɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ ɜɨɞɨɡɥɢ-
ɜɭ, ɨɬɪɢɦɚɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɪɨɡɤɪɢɜɚє ɡɜ'ɹɡɨɤ ɨɫɧɨɜɧɢɯ ɞɿɸɱɢɯ ɮɚɤɬɨɪɿɜ ɡ ɝɿɞ-
ɪɚɜɥɿɱɧɢɦɢ ɬɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɬɨɤɭ, ɳɨ ɡɧɚɱɧɨ ɪɨɡɲɢɪɸє ɦɟɠɿ ɜɢ-
ɤɨɪɢɫɬɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɬɚ ɩɿɞɜɢɳɭє ɧɚɞɿɣɧɿɫɬɶ 
ɪɨɛɨɬɢ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 

5. Ɋɨɡɪɨɛɥɟɧɭ ɦɟɬɨɞɢɤɭ ɪɨɡɪɚɯɭɧɤɭ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɨɰɿɧɤɢ ɩɪɨɟɤɬɧɨɝɨ ɪɿɲɟɧɧɹ 
ɜɢɤɨɧɚɧɨɝɨ ɉȺɌ «ɍɤɪɜɨɞɩɪɨɟɤɬ» ɳɨɞɨ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɨɞɨɡɥɢɜɧɨʀ ɝɪɟɛɥɿ 
ɝɿɞɪɨɟɥɟɤɬɪɨɫɬɚɧɰɿʀ ɋɟɧɞɠɟ ɜ ɪɚɣɨɧɿ ɧɚɫɟɥɟɧɨɝɨ ɩɭɧɤɬɭ ɋɟɧɞɠɟ ɧɚ ɪ. ȼɟɥє ɜ ɤɨɧɬɢ-
ɧɟɧɬɚɥɶɧɿɣ ɱɚɫɬɢɧɿ Ɋɟɫɩɭɛɥɿɤɢ ȿɤɜɚɬɨɪɿɚɥɶɧɚ Ƚɜɿɧɟɹ. ɇɚ ɨɫɧɨɜɿ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ ɥɚɛɨɪɚɬɨɪɿʀ ɤɚɮɟɞɪɢ ɝɿɞɪɨɬɟɯɧɿɱɧɨɝɨ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɝɿɞɪɚ-
ɜɥɿɤɢ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɨɟɤɬɧɚ ɤɨɧɫɬɪɭɤɰɿɹ ɦɚє ɡɚɧɢɠɟɧɭ ɩɪɨɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ. ɇɚ 
ɨɫɧɨɜɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɦɟɬɨɞɢɤɢ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɪɨɡɪɨɛɥɟɧɨ 
ɩɪɨɟɤɬɧɟ ɪɿɲɟɧɧɹ, ɹɤɟ ɡɚɛɟɡɩɟɱɭє ɩɪɨɩɭɫɤɧɭ ɡɞɚɬɧɿɫɬɶ ɜɨɞɨɡɥɢɜɧɨʀ ɝɪɟɛɥɿ ɲɥɹɯɨɦ 
ɩɨɧɢɠɟɧɧɹ ɜɿɞɦɿɬɤɢ ʀʀ ɩɨɪɨɝɭ. 

6. Ɇɟɬɨɞɢɤɭ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɩɟɪɟɞɚɧɨ ɞɨ Ⱦɟɪɠɚɜɧɨɝɨ 
ɩɿɞɩɪɢєɦɫɬɜɚ «ɉɪɨɟɤɬɧɨ-ɜɢɲɭɤɭɜɚɥɶɧɢɣ ɿɧɫɬɢɬɭɬ «Ɋɿɜɧɟɞɿɩɪɨɜɨɞɝɨɫɩ» ɞɥɹ ɩɨɞɚɥɶ-
ɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 
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ɋɉɂɋɈɄ ɈɉɍȻɅȱɄɈȼȺɇɂɏ ɉɊȺɐЬ ɁȺ ɌȿɆɈɘ ȾɂɋȿɊɌȺɐȱȲ 

1. ɏɥɚɩɭɤ Ɇ. Ɇ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɩɭɫɤɧɨʀ ɫɩɪɨɦɨɠɧɨɫɬɿ ɜɨɞɨɡɥɢɜɧɨʀ ɝɪɟɛɥɿ Ƚȿɋ 
ɋɟɧɞɠɟ ɧɚ ɪɿɱɰɿ ȼɟɥɟ ɜ ɤɨɧɬɢɧɟɧɬɚɥɶɧɿɣ ɱɚɫɬɢɧɿ Ɋɟɫɩɭɛɥɿɤɢ ȿɤɜɚɬɨɪɿɚɥɶɧɚ Ƚɜɿɧɟɹ / 
Ɇ. Ɇ. ɏɥɚɩɭɤ, Ɉ. ȼ. Ȼɟɡɭɫɹɤ, ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ, Ɉ. Ⱥ. əɪɦɨɥɚєɜ, Ɇ. Ʉ. Ʉɚɥɭɠɧɢɣ, 
ȼ. Ⱦ. ɋɢɞɨɪɭɤ. // Ƚɿɞɪɨɬɟɯɧɿɤɚ: ɡɛɿɪɧɢɤ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ. – Ɋɿɜɧɟ, 2014. – ȼɢɩ. 1(1). – 

ɋ. 3–11. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟɞɟɧɧɿ ɮɿɡɢɱɧɨɝɨ ɦɨɞɟɥɸ-
ɜɚɧɧɹ ɬɚ ɨɛɪɨɛɰɿ ɪɟɡɭɥьɬɚɬɿɜ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь). 

2. ɏɥɚɩɭɤ Ɇ. Ɇ. ɍɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɬɨɞɭ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɩɭɫɤɧɨʀ 
ɡɞɚɬɧɨɫɬɿ ɜɨɞɨɡɥɢɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ / Ɇ. Ɇ. ɏɥɚɩɭɤ, Ɉ. ȼ. Ȼɟɡɭɫɹɤ, 
ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ. // ȼɿɫɧɢɤ ɇɍȼȽɉ. Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ: ɡɛ. ɧɚɭɤ. ɩɪɚɰɶ. – Ɋɿɜɧɟ, 2015. – 

ȼɢɩ. 3(71). ɑ. 1. – ɋ. 118–126. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟ-
ɞɟɧɧɿ ɚɧɚɥɿɡɭ ɡɚɥɟɠɧɨɫɬɟɣ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ ɜɨɞɨɡɥɢɜɿɜ). 

3. Ʉɨɪɧɿɣɱɭɤ ȼ. ȱ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɦɟɠɚɯ ɜɟɪɬɢɤɚɥɶɧɨʀ 
ɫɬɿɧɤɢ ɜɨɞɨɡɥɢɜɭ ɡ ɝɨɫɬɪɨɸ ɤɪɨɦɤɨɸ / ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ. // ȼɿɫɧɢɤ ɇɍȼȽɉ. Ɍɟɯɧɿɱɧɿ 
ɧɚɭɤɢ: ɡɛ. ɧɚɭɤ. ɩɪɚɰɶ. – Ɋɿɜɧɟ, 2015. – ȼɢɩ. 3(71). ɑ. 1. – ɋ. 127–135. 

4. ɏɥɚɩɭɤ Ɇ. Ɇ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɫɬɪɭɦɢɧɿ ɩɨɬɨɤɭ ɜɨɞɨɡ-
ɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ / Ɇ. Ɇ. ɏɥɚɩɭɤ, Ɉ. ȼ. Ȼɟɡɭɫɹɤ, ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ. // ȼɿɫɧɢɤ 
ɇɍȼȽɉ. Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ: ɡɛ. ɧɚɭɤ. ɩɪɚɰɶ. – Ɋɿɜɧɟ, 2015. – ȼɢɩ. 3(71). ɑ. 2. – ɋ. 74–81. 

(Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟɞɟɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿ-
ɞɠɟɧь ɬɚ ɨɛɪɨɛɰɿ ɪɟɡɭɥьɬɚɬɿɜ). 

5. Ʉɨɪɧɿɣɱɭɤ ȼ. ȱ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩ'єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɧɚɞ ɩɨɪɨɝɨɦ ɜɨɞɨɡɥɢɜɭ ɡ 
ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ / ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ // ȼɿɫɧɢɤ ɇɍȼȽɉ. Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ: ɡɛ. ɧɚɭɤ. ɩɪɚɰɶ. – 

Ɋɿɜɧɟ, 2015. – ȼɢɩ. 4(72). – ɋ. 121–131. 

6. ɏɥɚɩɭɤ Ɇ. Ɇ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɡɦɿɧɢ ɩɢɬɨɦɨʀ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ 
ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ / Ɇ. Ɇ. ɏɥɚɩɭɤ, ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ. // ȼɿɫɧɢɤ ɇɍȼȽɉ. Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ: 
ɡɛ. ɧɚɭɤ. ɩɪɚɰɶ. – Ɋɿɜɧɟ, 2016. – ȼɢɩ. 3(75). – ɋ. 82–90. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭ-
ɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟɞɟɧɧɿ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь ɩɢɬɨ-
ɦɨʀ ɟɧɟɪɝɿʀ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ). 

7. ɏɥɚɩɭɤ Ɇ. Ɇ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɫɢɥɢ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɞɨɫɤɨɧɚɥɨ-
ɝɨ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ / Ɇ. Ɇ. ɏɥɚɩɭɤ, ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ, Ɉ. ȼ. Ȼɟɡɭɫɹɤ. // ȼɿ-
ɫɧɢɤ ɇɍȼȽɉ. Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ: ɡɛ. ɧɚɭɤ. ɩɪɚɰɶ. – Ɋɿɜɧɟ, 2017. – ȼɢɩ. 1(77). – ɋ. 3–11. 

(Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟɞɟɧɧɿ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟ-
ɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь ɫɢɥɢ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ). 

8. Ʉɨɪɧɿɣɱɭɤ ȼ. ȱ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧ-
ɤɨɸ / ȼ. ȱ. Ʉɨɪɧɿɣɱɭɤ, Ɇ. Ɇ. ɏɥɚɩɭɤ, Ɉ. ȼ. Ȼɟɡɭɫɹɤ. // ȼɿɫɧɢɤ Ɉɞɟɫɶɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚ-
ɞɟɦɿʀ ɛɭɞɿɜɧɢɰɬɜɚ ɬɚ ɚɪɯɿɬɟɤɬɭɪɢ: ɡɛɿɪɧɢɤ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ. – Ɉɞɟɫɚ, 2017. – ȼɢɩ. 66. – 

ɋ. 148–154. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟɞɟɧɧɿ ɬɟɨɪɟɬɢɱɧɢɯ 
ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ). 

9. Khlapuk M.M. Sharp-crested weirs formula improvement / Khlapuk M.M., Be-

zusyak A.V., Korniichuk V.I. // ZESZYTY NAUKOWE Inżynieria Lądowa I Wodna W 

Kształtowaniu Środowiska. – Kalisz, Poland, 2017 – Nr. 16, pp. 9–18. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ 
Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɫɢɫɬɟɦɚɬɢɡɚɰɿʀ ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢ-
ɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ). 

10. Korniichuk V. I. Discharge coefficient of a rectangular sharp-crested weir / 

Korniichuk V. I., Yasinska L. R. // J Austria-science. – Innsbruck, Austria, 2018. – 
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Vol. 12(1), pp. 29–35. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɩɪɨɜɟɞɟɧɧɿ ɬɟɨ-
ɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧь ɡɧɚɱɟɧь ɤɨɟɮɿɰɿєɧɬɿɜ ɜɢɬɪɚɬɢ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ). 

11. V. Korniichuk Sharp-crested weir head losses investigation / V. Korniichuk, 

M. Khlapuk, O. Bezusyak, L. Yasinska // J Civil Engineering, Environment And 

Architecture. – Rzeszow University of Technology, 2018. – JCEEA, t. XXXV, z. 65(1/18), 

pp. 27–34, DOI:10.7862/rb.2018.3. (Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ Кɨɪɧɿɣɱɭɤɚ В. І. ɩɨɥɹɝɚє ɜ ɪɨɡ-
ɪɨɛɰɿ ɦɚɬɪɢɰɿ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥьɧɢɯ ɞɨɫɥɿɞɠɟɧь). 

ȺɇɈɌȺɐȱə 

Ʉɨɪɧɿɣɱɭɤ ȼ. ȱ. ɍɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢ-
ɜɿɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ. – 

ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 
Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ ɡɚ ɫɩɟɰɿɚ-

ɥɶɧɿɫɬɸ 05.23.16 – ɝɿɞɪɚɜɥɿɤɚ ɬɚ ɿɧɠɟɧɟɪɧɚ ɝɿɞɪɨɥɨɝɿɹ. – ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 
ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ, Ɋɿɜɧɟ, 2019. 

Ɋɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɭɞɨɫɤɨɧɚɥɟɧɧɸ ɦɟɬɨɞɿɜ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ 
ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɲɥɹɯɨɦ ɪɨɡɪɨɛɤɢ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɣɨɝɨ ɦɟɠɚɯ, 
ɹɤɚ ʉɪɭɧɬɭєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɡɚɤɨɧɿɜ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ. Ⱦɥɹ 
ɫɤɥɚɞɚɧɧɹ ɞɚɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ, ɧɚ ɨɫɧɨɜɿ ɜɢɤɨɧɚɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ, ɜɩɟɪɲɟ, ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧ-
ɧɹ ɜɬɪɚɬ ɧɚɩɨɪɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ, ɪɨɡɩɨɞɿɥɭ ɬɚ ɫɢɥɢ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ ɜ ɫɬɜɨ-
ɪɿ ɜɨɞɨɡɥɢɜɭ ɬɚ ɫɢɥɢ ɨɩɨɪɭ ɫɬɢɫɧɟɧɧɸ ɩɨɬɨɤɭ. ɐɿ ɡɚɥɟɠɧɨɫɬɿ ɞɚɥɢ ɦɨɠɥɢɜɿɫɬɶ ɨɬɪɢ-
ɦɚɬɢ ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɿ ɡɦɿɧɢ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ, ɿ ɜ ɪɟɡɭɥɶɬɚɬɿ, ɫɤɥɚɫ-
ɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɪɭɯɭ ɩɨɬɨɤɭ ɜ ɦɟɠɚɯ ɜɨɞɨɡɥɢɜɭ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ ɹɤɭ ɜɢɤɨ-
ɪɢɫɬɚɧɨ ɩɪɢ ɭɞɨɫɤɨɧɚɥɟɧɧɿ ɦɟɬɨɞɢɤɢ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ ɜɨɞɨɡɥɢɜɿɜ. 

Ɋɨɡɪɨɛɥɟɧɭ ɦɟɬɨɞɢɤɭ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɨɰɿɧɤɢ ɩɪɨɟɤɬɧɨɝɨ ɪɿɲɟɧɧɹ ɜɢɤɨɧɚɧɨɝɨ 
ɉȺɌ «ɍɤɪɜɨɞɩɪɨɟɤɬ» ɬɚ ɩɟɪɟɜɿɪɤɢ ɝɿɞɪɚɜɥɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɨɞɨɡɥɢɜɧɨʀ ɛɟɬɨɧɧɨʀ 
ɝɪɟɛɥɿ ɝɿɞɪɨɟɥɟɤɬɪɨɫɬɚɧɰɿʀ ɋɟɧɞɠɟ ɜ ɪɚɣɨɧɿ ɧɚɫɟɥɟɧɨɝɨ ɩɭɧɤɬɭ ɋɟɧɞɠɟ ɧɚ ɪ. ȼɟɥє ɜ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɿɣ ɱɚɫɬɢɧɿ Ɋɟɫɩɭɛɥɿɤɢ ȿɤɜɚɬɨɪɿɚɥɶɧɚ Ƚɜɿɧɟɹ. ɇɚ ɨɫɧɨɜɿ ɜɢɤɨɧɚɧɢɯ ɪɨɡ-
ɪɚɯɭɧɤɿɜ, ɡɝɿɞɧɨ ɪɨɡɪɨɛɥɟɧɨʀ ɦɟɬɨɞɢɤɢ, ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɩɪɨɟɤɬɧɟ ɪɿɲɟɧɧɹ ɞɥɹ ɡɚɛɟɡ-
ɩɟɱɟɧɧɹ ʀʀ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ. Ɂɚɩɪɨɩɨɧɨɜɚɧɭ ɦɟɬɨɞɢɤɭ ɩɟɪɟɞɚɧɨ ɞɨ Ⱦɟɪɠɚɜɧɨɝɨ 
ɩɿɞɩɪɢєɦɫɬɜɚ «ɉɪɨɟɤɬɧɨ-ɜɢɲɭɤɭɜɚɥɶɧɢɣ ɿɧɫɬɢɬɭɬ «Ɋɿɜɧɟɞɿɩɪɨɜɨɞɝɨɫɩ» ɞɥɹ ɩɨɞɚɥɶ-
ɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɝɿɞɪɨɬɟɯɧɿɱɧɢɯ ɫɩɨɪɭɞ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɨɞɨɡɥɢɜ ɡ ɬɨɧɤɨɸ ɫɬɿɧɤɨɸ, ɩɢɬɨɦɚ ɟɧɟɪɝɿɹ ɩɨɬɨɤɭ, ɪɿɜɧɹɧɧɹ 
ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ, ɜɬɪɚɬɢ ɧɚɩɨɪɭ, ɪɨɡɩɨɞɿɥ ɬɚ ɫɢɥɚ ɩ’єɡɨɦɟɬɪɢɱɧɨɝɨ ɬɢɫɤɭ, ɡɚɤɨɧɢ ɡɛɟ-
ɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɪɭɯɭ ɩɨɬɨɤɭ. 

ȺɇɇɈɌȺɐɂə 

Ʉɨɪɧɟɣɱɭɤ ȼ. ɂ. ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
ɜɨɞɨɫɥɢɜɨɜ ɫ ɬɨɧɤɨɣ ɫɬɟɧɤɨɣ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɤɨɥɢɱɟ-
ɫɬɜɚ ɞɜɢɠɟɧɢɹ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɢ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ ɩɨ ɫɩɟ-
ɰɢɚɥɶɧɨɫɬɢ 05.23.16 – ɝɢɞɪɚɜɥɢɤɚ ɢ ɢɧɠɟɧɟɪɧɚɹ ɝɢɞɪɨɥɨɝɢɹ. – ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢ-
ɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ, Ɋɨɜɧɨ, 2019. 

Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɟɬɨɞɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜɨɞɨɫ-
ɥɢɜɨɜ ɫ ɬɨɧɤɨɣ ɫɬɟɧɤɨɣ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜ 
ɟɝɨ ɩɪɟɞɟɥɚɯ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɢ ɢɡɦɟɧɟ-
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ɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ. Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɞɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 
ɧɚ ɨɫɧɨɜɟ ɜɵɩɨɥɧɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɩɟɪɜɵɟ 
ɩɪɟɞɥɨɠɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɩɪɟɞɟɥɚɯ 
ɜɨɞɨɫɥɢɜɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɫɢɥɵ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɬɜɨɪɟ ɜɨɞɨɫɥɢɜɚ ɢ 
ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɠɚɬɢɸ ɩɨɬɨɤɚ. ɗɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟ-
ɧɢɹ ɫɨɯɪɚɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ, ɢ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ, ɫɨɫɬɚɜɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɩɪɟɞɟɥɚɯ ɜɨɞɨɫɥɢɜɚ ɫ 
ɬɨɧɤɨɣ ɫɬɟɧɤɨɣ, ɤɨɬɨɪɭɸ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɦɟɬɨɞɢɤɢ ɟɝɨ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɰɟɧɤɢ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ, ɩɪɨɢɡ-
ɜɟɞɟɧɧɨɝɨ ɉȺɈ «ɍɤɪɜɨɞɩɪɨɟɤɬ» ɢ ɩɪɨɜɟɪɤɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɨɫɥɢɜ-
ɧɨɣ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɋɟɧɞɠɟ ɜ ɪɚɣɨɧɟ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ 
ɋɟɧɞɠɟ ɧɚ ɪ. ȼɷɥɟ. ɇɚ ɨɫɧɨɜɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɨɜ, ɫɨɝɥɚɫɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨ-
ɞɢɤɢ, ɩɪɟɞɥɨɠɟɧɨ ɩɪɨɟɤɬɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɟɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
ɉɪɟɞɥɨɠɟɧɧɭɸ ɦɟɬɨɞɢɤɭ ɩɟɪɟɞɚɧɨ ɜ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ɉɪɨɟɤɬɧɨ-

ɢɡɵɫɤɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ «Ɋɨɜɧɨɝɢɩɪɨɜɨɞɯɨɡ» ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɨɞɨɫɥɢɜ ɫ ɬɨɧɤɨɣ ɫɬɟɧɤɨɣ, ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɨɬɨɤɚ, ɭɪɚɜɧɟ-
ɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ, ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɫɢɥɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ. 

ABSTRACT 

Korniichuk V. I. Sharp-crested weir hydraulic calculating methods improve-

ment based on energy and momentum conservation principles. – Manuscript. 

Thesis is for competition of a scientific degree of candidate of technical sciences in 

specialty 05.23.16 – hydraulics and engineering hydrology. – National University of Water 

and Environmental Engineering. – Rivne, 2019. 

At present, in spite of large amount of performed theoretical and experimental studies, 

the task of the weir calculating in most cases is reduced only to the determination of its dis-

charge capacity, by introducing into its equation empirical discharge constants. These con-

stants are obtained while investigating small-scaled sharp-crested weirs models in short 

range of operative factors. Herewith, scale effect of the transition from the models of the 

weirs, for which discharge constants were obtained, to the real structures is not taken into 

account. Discharges calculated by different dependencies, for the same conditions, can vary 

considerably among themselves. 

Studies conducted by various scientists have shown that existing theories do not reflect 

with sufficient completeness and accuracy all phenomena typical for sharp-crested weirs, 

and to obtain more accurate and concrete solutions, it is necessary to obtain a mathematical 

model that would allow to connect all the operating factors for weir flow task computation. 

The thesis is dedicated to the improvement of methods for hydraulic calculation of the 

sharp-crested weirs by developing a mathematical model of the flow, which is based on the 

energy and momentum flow conservation principles. To receive these laws, the simplest 

form of the weir, consisting of a plate set perpendicular to the flow in a rectangular horizon-

tal channel with vertical upper edge running the full width of the channel is considered, and 

two calculated sections are set. First section is located in the channel upstream at a suffi-

cient distance from the weir, where dropping curve doesn’t influence the stream line sur-
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face and the flow can be suggested as uniform. The pressure in this section is distributed 

according to the hydrostatic law, and the specific energy of the stream corresponds to an 

open uniform flow. 

The second section is located in the section of the weir. The distribution and the force 

of the piezometric pressure in this section, which is the boundary condition of the momen-

tum conservation principles, according to our research, consists of two component parts: 

the upper edge of the weir (in the jet stream) and within the weir plate. We have considered 

the motion scheme of the flow particles within the stream and within the vertical weir plate 

and determined the main forces acting on them. 

It is determined that the distribution of the piezometric pressure along the nappe de-

pends on the curvilinear character of the flow upwards the weir plate. Each part of the cur-

rent line forces gravity and the centrifugal forces, which is due to the curvature of the flow. 

The distribution of piezometric pressure within the weir plate is defined by the accelerated 

vertical movement of the flow along the vertical plate. Each part of the flow forces gravity 

and the head action of the flow, which gives it an accelerated upwards movement. 

We have accepted a hypothesis about the influence of main operating factors on the 

change of the vertical component of the centrifugal acceleration of the flow particles within 

the nappe and the vertical acceleration of the flow particles along the height of the weir 

plate. These hypotheses were proved on the basis of the experimental researches. On the 

basis of accepted hypotheses dependences for determining the distribution of the piezomet-

ric pressure in the section of the sharp-crested weir were obtained. These dependences sat-

isfy limit values of the piezometric pressure and take into consideration the centrifugal 

forces within the nappe due to the curvature of the flow and the inertial forces caused by the 

acceleration of the flow along the vertical current line within the weir plate. The equation 

for determining the horizontal forces of the piezometric pressure in the nappe and within 

the weir plate are obtained. They constitute the boundary conditions of the flow in the sec-

ond section. 

The flow moving over sharp-crested weir suffers sudden vertical contraction (com-

pression) and transforms from the uniform flow to the nappe. As the pressure above and 

under the nappe is atmospheric, we consider it, with some assumptions, as jet stream flow. 

Hence, flow energy in second section is determined for the jet stream flow. 

Within the sharp-crested weir due to sudden vertical contraction of the flow develop 

weir head losses and a force that counteracts the compression of the flow and resists its 

movement – flow contraction resistance force, which is the part of flow momentum conser-

vation principle. To determine head losses, we accepted a hypothesis that they can be eval-

uated with Hind’s formula, which describes similar head losses caused by sudden flow con-

traction in the channel. Also, we accepted a hypothesis that flow contraction resistance 

force is proportional to head losses. Boss these hypotheses were confirmed by experimental 

studies. 

Obtained unknown components of the energy and momentum flow conservation prin-

ciples allowed us to introduce a novel mathematical flow model over sharp-crested weir 

that determines its hydraulic parameters. This mathematical model was attained and used to 

improve sharp-crested weir hydraulic calculating methods and methodology in whole. 

Keywords: sharp-crested weir, specific energy of flow, momentum conservation 

principle, head losses, distribution and force of piezometric pressure, energy and momen-

tum conservation principles. 
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