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Ɉɥɟɝ Ɇɚɪɤɨɜ, Ⱥɧɬɨɧ ɏɜɚɳɢɧɫɶɤɢɣ,  
ȼɨɥɨɞɢɦɢɪ ɉɚɧɨɜ, ɉɚɜɥɨ Ɋɿɡɚɤ, Ɋɨɦɚɧ ɀɢɬɧɿɤɨɜ  

ɍȾɈɋɄɈɇȺɅȿɇɇə ɉɊɈɐȿɋɍ ɈɋȺȾɀȿɇɇə ɆȺɋɂȼɇɂɏ ɁȺȽɈɌɈȼɈɄ  
ȾɅə ȼɂȽɈɌɈȼɅȿɇɇə ȾȿɌȺɅȿɃ ȿɇȿɊȽȿɌɂɑɇɈȽɈ ɆȺɒɂɇɈȻɍȾɍȼȺɇɇə 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɍɟɯɧɨɥɨɝɿɱɧɿ ɩɪɨɰɟɫɢ ɤɭɜɚɧɧɹ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ 
ɩɨɬɪɟɛɭɸɬɶ ɬɨɱɧɨɝɨ ɜɫɬɚɧɨɜɥɟɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɟɠɢɦɿɜ ɩɪɨɰɟɫɭ ɞɟɮɨɪɦɭɜɚɧɧɹ. ɐɟ ɩɨɬɪɿɛɧɨ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɢ-
ɫɨɤɨʀ ɹɤɨɫɬɿ ɬɚ ɨɩɬɢɦɚɥɶɧɢɯ ɜɢɬɪɚɬ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɜɢɪɨɛɿɜ ɜɚɝɨɸ ɜɿɞ 20 ɞɨ 200 ɬɨɧɧ. Ɉɩɬɢɦɚɥɶɧɿ ɬɟɯɧɨɥɨɝɿɱɧɿ 
ɪɟɠɢɦɢ ɤɭɜɚɧɧɹ ɦɨɠɧɚ ɜɫɬɚɧɨɜɢɬɢ ɧɚ ɨɫɧɨɜɿ ɞɚɧɢɯ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɤɭɜɚɧɧɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ʉɭɜɚɧɧɹ ɜɟɥɢɤɢɯ ɩɨɤɨɜɨɤ є ɞɪɿɛɧɨɫɟɪɿɣɧɢɦ ɬɚ ɨɞɢɧɢɱɧɢɦ ɜɢɞɨɦ ɞɨɪɨɝɨɜɚɪɬɿɫɧɨɝɨ ɜɢɪɨ-
ɛɧɢɰɬɜɚ ɡ ɧɢɡɶɤɨɸ ɥɿɤɜɿɞɧɿɫɬɸ, ɬɨɦɭ ɰɿ ɩɪɨɰɟɫɢ ɩɨɬɪɟɛɭɸɬɶ ɩɨɩɟɪɟɞɧɶɨɝɨ ɫɤɿɧɱɟɧɨ-ɟɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚ-
ɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɬɚ ɫɢɥɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɤɭɜɚɧɧɹ. Ɇɨɞɟɥɸɜɚɧɧɹ ɩɨɜɢɧɧɨ ɞɨɡɜɨɥɹɬɢ ɬɨɱɧɨ ɜɫɬɚɧɨɜɥɸ-
ɜɚɬɢ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɰɟɫɿ ɤɭɜɚɧɧɹ. 

Ⱥɧɚɥɿɡ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɩɭɛɥɿɤɚɰɿɣ ɡɚ ɨɫɬɚɧɧɿ ɪɨɤɢ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɨɫɧɨɜɧɭ ɭɜɚɝɭ 
ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɩɪɨɰɟɫɿɜ ɤɭɜɚɧɧɹ ɜɟɥɢɤɢɯ ɩɨɤɨɜɨɤ ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɢɯ ɟɥɟɦɟɧɬɿɜ ɩɪɢɞɿɥɹɥɢ ɮɨɪɦɨɡɦɿɧɟɧɧɸ ɡɚɝɨɬɨɜɤɢ 
ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɧɨɜɢɯ ɫɩɨɫɨɛɿɜ ɤɭɜɚɧɧɹ ɬɚ ɞɟɮɨɪɦɭɸɱɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ.  

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɇɟɜɢɪɿɲɟɧɢɦɢ ɡɚɥɢɲɚɸɬɶɫɹ ɩɢɬɚɧɧɹ ɳɨɞɨ ɟɮɟɤɬɢɜɧɢɯ ɤɭɬɚ 
ɬɚ ɝɥɢɛɢɧɢ ɝɪɚɧɟɣ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɨʀ ɡɚɝɨɬɨɜɤɢ, ɹɤɿ ɞɨɡɜɨɥɹɬɶ ɿɧɬɟɧɫɢɮɿɤɭɜɚɬɢ ɡɚɤɨɜɭɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɞɟɮɟɤɬɿɜ. 

Ɇɟɬɨɸ ɫɬɚɬɬɿ є ɩɿɞɜɢɳɟɧɧɹ ɹɤɨɫɬɿ ɞɟɬɚɥɟɣ ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɡɚɜɚɪɸɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ 
ɞɟɮɟɤɬɿɜ ɧɚ ɨɫɧɨɜɿ ɜɞɨɫɤɨɧɚɥɸɜɚɧɧɹ ɨɩɟɪɚɰɿʀ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɥɢɬɤɿɜ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ɍ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɢɣ ɫɩɨɫɿɛ ɨɫɚɞɠɟɧɧɹ ɦɚɫɢɜɧɢɯ ɡɥɢɬɤɿɜ. ɇɚ ɨɫɧɨɜɿ ɫɤɿɧɱɟɧɨ-

ɟɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɛɭɜ ɜɫɬɚɧɨɜɥɟɧɢɣ ɪɨɡɩɨɞɿɥ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɞɟɮɨɪɦɚɰɿɣ ɭ ɦɟɪɢɞɿɨɧɚɥɶɧɨɦɭ ɩɟɪɟɪɿɡɿ ɩɿɫɥɹ 
ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ. Ɍɟɨɪɟɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɡɜɨɥɢɥɨ ɜɫɬɚɧɨɜɢɬɢ ɪɨɡɩɨɞɿɥ ɞɟɮɨɪɦɚɰɿɣ ɜ 
ɨɛ’єɦɿ ɩɨɤɨɜɤɢ ɩɪɢ ɨɫɚɞɠɟɧɧɿ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ. ɋɤɿɧɱɟɧɨ-ɟɥɟɦɟɧɬɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɡɜɨɥɢɥɨ ɜɫɬɚɧɨ-
ɜɢɬɢ, ɳɨ ɪɚɰɿɨɧɚɥɶɧɚ ɜɢɫɨɬɚ ɝɪɚɧɟɣ ɩɨɜɢɧɧɚ ɫɬɚɧɨɜɢɬɢ 15 % ɜɿɞ ɞɿɚɦɟɬɪɚ ɡɚɝɨɬɨɜɤɢ. ɉɪɢ ɬɚɤɿɣ ɜɢɫɨɬɿ ɝɪɚɧɟɣ ɜɿɞ-
ɛɭɜɚєɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɟ ɡɚɤɨɜɭɜɚɧɧɹ ɜɧɭɬɪɿɲɧɶɨɝɨ ɨɬɜɨɪɭ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɋɤɿɧɱɟɧɨ-ɟɥɟɦɟɧɬɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɡɜɨɥɢɥɨ ɜɫɬɚɧɨɜɢɬɢ, ɳɨ ɪɚɰɿɨɧɚɥɶɧɚ ɜɢ-
ɫɨɬɚ ɝɪɚɧɟɣ ɩɨɜɢɧɧɚ ɫɬɚɧɨɜɢɬɢ 15 % ɜɿɞ ɞɿɚɦɟɬɪɚ ɡɚɝɨɬɨɜɤɢ.. ɍ ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɶ ɜɢɤɨɧɚɧɢɯ ɭ ɪɨɛɨɬɿ ɛɭɥɨ 
ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ ɩɿɞɜɢɳɭє ɹɤɿɫɬɶ ɦɚɫɢɜɧɢɯ ɞɟɬɚɥɟɣ.  

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɭɜɚɧɧɹ; ɨɫɚɞɠɟɧɧɹ; ɡɥɢɬɨɤ; ɜɧɭɬɪɿɲɧɿɣ ɞɟɮɟɤɬ; ɦɚɫɢɜɧɚ ɞɟɬɚɥɶ; ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɚ ɡɚɝɨɬɨɜɤɚ; 
ɭɜɿɝɧɭɬɿ ɝɪɚɧɿ; Ɇɋȿ; ɩɚɪɚɦɟɬɪ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ; ɧɚɩɪɭɠɟɧɧɹ ɫɬɢɫɤɚɧɧɹ. 

Ɋɢɫ.: 4. Ȼɿɛɥ.: 14. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ɍɟɯɧɨɥɨɝɿɱɧɿ ɩɪɨɰɟɫɢ ɤɭɜɚɧɧɹ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ 
ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɩɨɬɪɟɛɭɸɬɶ ɬɨɱɧɨɝɨ ɜɫɬɚɧɨɜɥɟɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɪɟɠɢɦɿɜ 
ɩɪɨɰɟɫɭ ɞɟɮɨɪɦɭɜɚɧɧɹ. ɐɟ ɩɨɬɪɿɛɧɨ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɢɫɨɤɨʀ ɹɤɨɫɬɿ ɬɚ ɨɩɬɢɦɚɥɶɧɢɯ ɜɢ-
ɬɪɚɬ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɜɢɪɨɛɿɜ ɜɚɝɨɸ ɜɿɞ 20 ɞɨ 200 ɬɨɧɧ. Ɉɩɬɢɦɚɥɶɧɿ ɬɟɯɧɨɥɨɝɿɱɧɿ ɪɟ-
ɠɢɦɢ ɤɭɜɚɧɧɹ ɦɨɠɧɚ ɜɫɬɚɧɨɜɢɬɢ ɧɚ ɨɫɧɨɜɿ ɞɚɧɢɯ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɡɚɝɨ-
ɬɨɜɤɢ ɩɪɢ ɤɭɜɚɧɧɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ʉɭɜɚɧɧɹ ɜɟɥɢɤɢɯ ɩɨɤɨɜɨɤ є ɞɪɿɛɧɨɫɟɪɿɣɧɢɦ ɬɚ ɨɞɢɧɢɱɧɢɦ 
ɜɢɞɨɦ ɞɨɪɨɝɨɜɚɪɬɿɫɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɡ ɧɢɡɶɤɨɸ ɥɿɤɜɿɞɧɿɫɬɸ, ɬɨɦɭ ɰɿ ɩɪɨɰɟɫɢ ɩɨɬɪɟɛɭ-
ɸɬɶ ɩɨɩɟɪɟɞɧɶɨɝɨ ɫɤɿɧɱɟɧɨ-ɟɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ 
ɬɚ ɫɢɥɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɤɭɜɚɧɧɹ. Ɇɨɞɟɥɸɜɚɧɧɹ ɩɨɜɢɧɧɨ ɞɨɡɜɨɥɹɬɢ ɬɨɱɧɨ ɜɫɬɚɧɨɜɥɸɜɚɬɢ 
ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɰɟɫɿ ɤɭɜɚɧɧɹ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ɋɨɡɪɨɛɤɚ ɬɚ ɩɪɨєɤɬɭɜɚɧɧɹ ɬɟɯɧɨɥɨɝɿɱɧɢɯ 
ɩɪɨɰɟɫɿɜ ɜɢɝɨɬɨɜɥɟɧɧɹ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ ɫɩɪɹɦɨɜɚɧɿ ɧɚ ɩɨɲɭɤ ɪɚɰɿɨɧɚɥɶɧɢɯ ɫɩɨɫɨɛɿɜ 
ɨɫɚɞɠɟɧɧɹ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɞɪɿɛɧɨɡɟɪɧɢɫɬɨɫɬɿ ɫɬɪɭɤɬɭɪɢ ɦɟɬɚɥɭ. ɍ ɦɚɫɢɜɧɢɯ ɡɥɢɬɤɚɯ ɨɫ-
ɧɨɜɧɚ ɥɨɤɚɥɿɡɚɰɿɹ ɭɫɚɞɤɨɜɢɯ ɞɟɮɟɤɬɿɜ ɜɿɞɛɭɜɚєɬɶɫɹ ɜ ɨɫɶɨɜɿɣ ɡɨɧɿ. ɐɟ ɜɢɤɥɢɤɚɧɟ ɜɿɞɩɨ-
ɜɿɞɧɢɦ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɢɦ ɫɬɚɧɨɦ (ɇȾɋ) ɩɪɢ ɞɟɮɨɪɦɭɜɚɧɧɿ. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɨɩɟɪɚ-
ɰɿɣ ɨɫɚɞɠɟɧɧɹ ɬɚ ɩɪɨɬɹɝɭɜɚɧɧɹ ɩɿɞɜɢɳɭє ɪɿɜɧɨɦɿɪɧɿɫɬɶ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɚɥɟ 
ɩɪɢ ɰɶɨɦɭ ɩɿɞɜɢɳɭєɬɶɫɹ ɬɪɭɞɨɦɿɫɬɤɿɫɬɶ ɿ ɟɧɟɪɝɨєɦɧɿɫɬɶ ɩɪɨɰɟɫɭ ɤɭɜɚɧɧɹ. 

Ɉɫɬɚɧɧɿɦɢ ɪɨɤɚɦɢ ɤɿɥɶɤɿɫɬɶ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ, ɜɢɝɨɬɨɜɥɟɧɢɯ ɡɿ ɡɥɢɬɤɿɜ, ɩɿɞɜɢɳɭ-
єɬɶɫɹ. ɐɟ ɩɨɹɫɧɸєɬɶɫɹ ɡɛɿɥɶɲɟɧɧɹɦ ɩɨɬɭɠɧɨɫɬɿ ɜɚɠɤɢɯ ɦɚɲɢɧ. Ɉɞɧɚɤ ɹɤɿɫɬɶ ɜɢɝɨɬɨɜɥɟ-
ɧɢɯ ɩɨɤɨɜɨɤ ɧɟ ɡɚɜɠɞɢ ɜɿɞɩɨɜɿɞɚє ɜɢɦɨɝɚɦ ɡɚɦɨɜɧɢɤɚ. ɇɢɡɶɤɚ ɹɤɿɫɬɶ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ 
ɩɨɹɫɧɸєɬɶɫɹ ɧɢɡɶɤɨɸ ɹɤɿɫɬɸ ɜɢɯɿɞɧɢɯ ɡɥɢɬɤɿɜ [3; 4]. 

 Ɇɚɪɤɨɜ Ɉ. Є., ɏɜɚɳɢɧɫɶɤɢɣ Ⱥ. ɋ., ɉɚɧɨɜ ȼ. ȼ., ɀɢɬɧɿɤɨɜ Ɋ. ɘ., 2020 
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ɉɨɬɪɟɛɚ ɜ ɦɚɫɢɜɧɢɯ ɤɨɜɚɧɢɯ ɞɟɬɚɥɹɯ, ɳɨ ɜɢɝɨɬɨɜɥɹɸɬɶɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɨɩɟɪɚɰɿʀ 
ɨɫɚɞɠɟɧɧɹ, ɨɫɬɚɧɧɿɦ ɱɚɫɨɦ ɡɪɨɫɥɚ, ɹɤ ɩɨɤɚɡɚɧɨ ɜ ɪɨɛɨɬɿ [5]. əɤɿɫɬɶ ɬɚɤɢɯ ɩɨɤɨɜɨɤ ɜɢɡɧɚ-
ɱɚєɬɶɫɹ ɦɟɯɚɧɿɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɬɚ ɫɬɭɩɟɧɟɦ ɧɟɨɞɧɨɪɿɞɧɨɫɬɿ ɫɬɪɭɤɬɭɪɢ ɦɟɬɚɥɭ. Ɂɚɫɬɨ-
ɫɨɜɭɜɚɧɿ ɩɪɨɰɟɫɢ ɤɭɜɚɧɧɹ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ ɧɟ ɝɚɪɚɧɬɭɸɬɶ ɨɞɟɪɠɚɧɧɹ ɜɢɫɨɤɨʀ ɹɤɨɫɬɿ. 

ɍ ɪɨɛɨɬɿ [6] ɪɨɡɝɥɹɧɭɬɨ ɫɩɟɰɿɚɥɶɧɿ ɦɟɬɨɞɢ ɤɭɜɚɧɧɹ ɦɚɫɢɜɧɢɯ ɜɢɪɨɛɿɜ. ɐɿ ɦɟɬɨɞɢ ɤɭ-
ɜɚɧɧɹ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɬɢɩɨɦ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɨɩɟɪɚɰɿɣ, ɪɟɠɢɦɚɦɢ ɞɟɮɨɪɦɭɜɚɧɧɹ ɣ ɝɟɨɦɟ-
ɬɪɿєɸ ɛɨɣɤɿɜ [7]. Ɇɟɯɚɧɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɞɟɬɚɥɟɣ ɩɟɪɟɜɚɠɧɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɩɟ-
ɪɚɰɿɣ ɨɫɚɞɠɟɧɧɹ ɣ ɩɨɞɚɥɶɲɨɝɨ ɩɪɨɬɹɝɭɜɚɧɧɹ. ɉɪɢ ɪɨɡɪɨɛɰɿ ɟɮɟɤɬɢɜɧɢɯ ɬɟɯɩɪɨɰɟɫɿɜ 
ɞɟɮɨɪɦɭɜɚɧɧɹ ɨɫɧɨɜɧɢɣ ɿɧɬɟɪɟɫ ɫɬɚɧɨɜɢɬɶ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɨɩɟɪɚɰɿʀ ɨɫɚɞɠɟɧɧɹ.  

Ɂɪɨɫɬɚɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɨɤɨɜɨɤ ɜɢɫɨɤɨʀ ɹɤɨɫɬɿ ɜɢɦɚɝɚє ɪɨɡɜɢɬɤɭ ɿ ɜɩɪɨɜɚɞɠɟɧɧɹ ɧɨ-
ɜɢɯ ɬɟɯɩɪɨɰɟɫɿɜ ɤɭɜɚɧɧɹ ɡ ɧɢɡɶɤɢɦɢ ɜɢɬɪɚɬɚɦɢ, ɹɤ ɜɿɞɡɧɚɱɚєɬɶɫɹ ɜ ɪɨɛɨɬɿ [8]. Ɉɞɧɚɤ ɭ 
ɪɨɛɨɬɿ ɧɟ ɞɨɫɥɿɞɠɭɜɚɥɢɫɹ ɧɨɜɿ ɫɩɨɫɨɛɢ ɨɫɚɞɠɟɧɧɹ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɡɧɢɡɢɬɢ ɫɢɥɭ ɞɟɮɨɪ-
ɦɭɜɚɧɧɹ. Ⱦɟɮɨɪɦɭɜɚɧɧɹ ɫɟɤɰɿɣɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ ɚɛɨ ɡɦɿɧɚ ɩɟɪɟɪɿɡɭ ɡɚɝɨɬɨɜɤɢ ɞɨɡɜɨɥɹє 
ɡɧɢɡɢɬɢ ɫɢɥɭ ɨɫɚɞɠɟɧɧɹ [9]. 

Ɉɫɧɨɜɧɢɦ ɞɟɮɟɤɬɨɦ ɩɨɤɨɜɨɤ ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ є ɧɟɫɭɰɿɥɶɧɿɫɬɶ ɜ ɨɫɶɨɜɿɣ ɡɨɧɿ, ɹɤɚ ɜɫɬɚ-
ɧɨɜɥɸєɬɶɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɢɦ ɤɨɧɬɪɨɥɟɦ [10]. ɇɚ ɞɭɦɤɭ ɚɜɬɨɪɿɜ, ɜɢɧɢɤɧɟɧɧɹ ɰɶɨɝɨ ɞɟɮɟ-
ɤɬɭ ɩɨɹɫɧɸєɬɶɫɹ ɧɟɫɩɪɢɹɬɥɢɜɢɦ ɇȾɋ ɩɪɢ ɨɫɚɞɠɟɧɧɿ ɡɚɝɨɬɨɜɨɤ ɰɢɥɿɧɞɪɢɱɧɨʀ ɮɨɪɦɢ ɡɚ 
ɪɚɯɭɧɨɤ ɩɨɹɜɢ ɪɚɞɿɚɥɶɧɨɝɨ ɩɥɢɧɭ ɦɟɬɚɥɭ, ɳɨ ɩɪɢɜɨɞɢɬɶ ɞɨ ɜɧɭɬɪɿɲɧɿɯ ɪɨɡɪɢɜɿɜ ɦɟɬɚɥɭ 
ɡɚɝɨɬɨɜɤɢ. Ɉɪɢɝɿɧɚɥɶɧɚ ɦɨɞɟɥɶ, ɳɨ ɨɩɢɫɭє ɡɚɤɪɢɬɬɹ ɞɟɮɟɤɬɿɜ, ɚ ɬɚɤɨɠ ɜɪɚɯɨɜɭє ɨɪɿєɧɬɚ-
ɰɿɸ ɞɟɮɟɤɬɿɜ ɿ ɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ ɡɚɝɨɬɨɜɤɢ ɪɨɡɪɨɛɥɟɧɚ ɚɜɬɨɪɚɦɢ ɪɨɛɨɬɢ [11]. Ɇɨɞɟɥɶ 
ɛɭɥɚ ɪɨɡɪɨɛɥɟɧɚ ɣ ɩɟɪɟɜɿɪɟɧɚ ɧɚ ɨɫɧɨɜɿ ɡɧɚɱɧɨʀ ɤɿɥɶɤɨɫɬɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɦɟɬɨɞɨɦ ɫɤɿɧɱɟ-
ɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ (Ɇɋȿ). Ɉɞɧɚɤ ɜɟɥɢɤɨɝɚɛɚɪɢɬɧɿ ɡɥɢɬɤɢ ɦɚɸɬɶ ɜɧɭɬɪɿɲɧɿ ɞɟɮɟɤɬɢ, ɩɨ-
ɞɨɜɠɟɧɨʀ ɮɨɪɦɢ ɬɨɦɭ ɰɿ ɞɟɮɟɤɬɢ ɤɪɚɳɟ ɦɨɞɟɥɸɜɚɬɢ ɨɫɶɨɜɢɦ ɨɬɜɨɪɨɦ. Ɉɞɧɚɤ ɨɬɪɢɦɚɧɚ 
ɦɨɞɟɥɶ ɧɟ є ɭɧɿɜɟɪɫɚɥɶɧɨɸ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɤɪɢɬɬɹ ɨɫɶɨɜɨʀ ɩɨɪɢɫɬɨɫɬɿ. 

Ⱥɜɬɨɪɚɦɢ ɪɨɛɨɬɢ [12] ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɫɩɨɫɿɛ ɿ ɨɫɧɚɳɟɧɧɹ ɞɥɹ ɨɫɚɞɠɟɧɧɹ ɞɢɫɤɿɜ ɿɡ 
ɛɨɛɢɲɤɨɸ. Ɉɫɚɞɠɟɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɨɩɟɪɚɰɿʀ ɪɨɡɝɨɧɤɢ ɩɨɥɹ ɞɢɫɤɚ. Ɉɛ-
ɦɟɠɟɧɧɹɦ ɰɶɨɝɨ ɫɩɨɫɨɛɭ ɨɫɚɞɠɟɧɧɹ є ɬɟ, ɳɨ ɿɧɫɬɪɭɦɟɧɬ ɧɟ ɩɟɪɟɤɪɢɜɚє ɜɫɟ ɩɨɥɟ ɞɢɫɤɭ. 
Ɂɚɥɢɲɚɸɬɶɫɹ ɧɟɩɪɨɞɟɮɨɪɦɨɜɚɧɿ ɞɿɥɹɧɤɢ ɡ ɭɬɜɨɪɟɧɧɹɦ ɡɚɬɢɫɤɿɜ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶ-
ɲɟɧɧɹ ɜɢɬɪɚɬ ɦɟɬɚɥɭ ɩɪɢ ɦɟɯɚɧɿɱɧɿɣ ɨɛɪɨɛɰɿ.  

ȼɢɞɿɥɟɧɧɹ ɧɟ ɜɢɪɿɲɟɧɢɯ ɪɚɧɿɲɟ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɇɚ ɨɫɧɨɜɿ ɥɿɬɟɪɚɬɭɪ-
ɧɨɝɨ ɨɝɥɹɞɭ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɬɟɯɩɪɨɰɟɫɿɜ ɤɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɩɟɰɿ-
ɚɥɶɧɨɝɨ ɫɩɨɫɨɛɭ ɨɫɚɞɠɟɧɧɹ ɡɚɝɨɬɨɜɨɤ ɹɜɥɹє ɫɨɛɨɸ ɜɚɠɥɢɜɟ ɧɚɭɤɨɜɟ ɬɚ ɩɪɚɤɬɢɱɧɟ ɡɧɚ-
ɱɟɧɧɹ, ɹɤɟ ɩɿɞɬɜɟɪɞɠɭє ɚɤɬɭɚɥɶɧɿɫɬɶ ɪɨɛɨɬɢ [13; 14]. Ȼɿɥɶɲɟ ɬɨɝɨ, ɨɫɚɞɠɟɧɧɹ ɧɟ 
ɡɚɛɟɡɩɟɱɭɸɬɶ ɜɢɫɨɤɢɯ ɿ ɿɡɨɬɪɨɩɧɢɯ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɨɫɶɨɜɨʀ ɡɨɧɢ ɞɟɬɚɥɿ ɱɟɪɟɡ ɧɟ-
ɩɨɜɧɟ ɡɚɤɨɜɭɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɞɟɮɟɤɬɿɜ ɡɥɢɬɤɚ, ɳɨ ɜɢɦɚɝɚє ɩɪɨɜɟɞɟɧɧɹ ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿ-
ɞɠɟɧɶ ɭ ɰɶɨɦɭ ɧɚɩɪɹɦɿ. Ɉɞɧɢɦ ɿɡ ɧɚɩɪɹɦɿɜ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɨɩɟɪɚɰɿʀ ɨɫɚɞɠɟɧɧɹ є ɡɚɫɬɨɫɭ-
ɜɚɧɧɹ ɩɪɨɮɿɥɸɜɚɧɧɹ ɡɚɝɨɬɨɜɤɢ ɩɟɪɟɞ ɨɫɚɞɠɟɧɧɹɦ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɭɜɿɝɧɭɬɿ ɝɪɚɧɿ ɡ ɤɭɬɨɦ 
120° ɧɟ ɫɩɪɢɹɸɬɶ ɩɨɜɧɨɦɭ ɡɚɤɪɢɬɬɸ ɨɫɶɨɜɨʀ ɩɨɪɢɫɬɨɫɬɿ. Ɂɛɿɥɶɲɟɧɧɹ ɝɥɢɛɢɧɢ ɝɪɚɧɟɣ ɩɪɢ 
ɰɶɨɦɭ ɤɭɬɿ ɡɧɢɠɭє ɫɬɭɩɿɧɶ ɡɚɜɚɪɸɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɞɟɮɟɤɬɿɜ. Ɍɨɦɭ ɩɨɬɪɿɛɧɨ ɩɪɨɜɨɞɢɬɢ 
ɩɨɞɚɥɶɲɿ ɞɨɫɥɿɞɠɟɧɧɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɟɮɟɤɬɢɜɧɢɯ ɤɭɬɚ ɬɚ ɝɥɢɛɢɧɢ ɝɪɚɧɟɣ ɱɨɬɢɪɢɩɪɨɦɟ-
ɧɟɜɨʀ ɡɚɝɨɬɨɜɤɢ, ɹɤɿ ɞɨɡɜɨɥɹɬɶ ɿɧɬɟɧɫɢɮɿɤɭɜɚɬɢ ɡɚɤɨɜɭɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɞɟɮɟɤɬɿɜ. 

Ɇɟɬɨɸ ɫɬɚɬɬɿ є ɩɿɞɜɢɳɟɧɧɹ ɹɤɨɫɬɿ ɞɟɬɚɥɟɣ ɜɿɞɩɨɜɿɞɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɡɚ ɪɚɯɭɧɨɤ 
ɡɚɜɚɪɸɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɞɟɮɟɤɬɿɜ ɧɚ ɨɫɧɨɜɿ ɜɞɨɫɤɨɧɚɥɸɜɚɧɧɹ ɨɩɟɪɚɰɿʀ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢ-
ɪɢɩɪɨɦɟɧɟɜɢɯ ɡɥɢɬɤɿɜ.  

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɨɫɚɞɠɟɧɧɹ ɩɪɨɮɿɥɶɨɜɚɧɢɯ ɧɚ 
ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɣ ɩɟɪɟɪɿɡ ɡɚɝɨɬɨɜɨɤ ɩɪɨɜɨɞɢɥɨɫɹ ɦɟɬɨɞɨɦ ɫɤɿɧɱɟɧɢɯ ɟɥɟɦɟɧɬɿɜ (Ɇɋȿ). 
Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɜɫɬɚɧɨɜɥɸɜɚɥɢɫɹ ɪɨɡɩɨɞɿɥ ɇȾɋ ɩɨɤɨɜɤɢ ɣ ɮɨɪɦɨɡɦɿɧɚ 
ɨɫɶɨɜɨɝɨ ɞɟɮɟɤɬɭ ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ. ɉɿɫɥɹ ɩɪɨɮɿɥɸɜɚɧɧɹ ɜɫɿ ɡɚɝɨɬɨɜɤɢ ɨɫɚɞɠɭɜɚɥɢɫɹ ɧɚ 
50 %. Ɋɿɜɧɹɧɧɹ ɡɜ'ɹɡɤɭ ɤɨɦɩɨɧɟɧɬ ɧɚɩɪɭɠɟɧɶ ɿ ɲɜɢɞɤɨɫɬɟɣ ɞɟɮɨɪɦɚɰɿɣ  
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ɞɟ  ij , ij  – ɤɨɦɩɨɧɟɧɬɢ ɲɜɢɞɤɨɫɬɟɣ ɞɟɮɨɪɦɚɰɿɣ ɿ ɧɚɩɪɭɠɟɧɶ; 

ijS  – ɤɨɦɩɨɧɟɧɬɢ ɞɟɜɿɚɬɨɪɚ ɧɚɩɪɭɠɟɧɶ. 
Ʉɪɢɜɚ ɬɟɱɿʀ ɦɚɬɟɪɿɚɥɭ ɡɚɞɚɧɚ ɪɿɜɧɹɧɧɹɦ ),,( T  , 

ɞɟ T,,    – ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɞɟɮɨɪɦɚɰɿɣ ɿ ɲɜɢɞɤɨɫɬɟɣ ɞɟɮɨɪɦɚɰɿɣ; 
T  – ɬɟɦɩɟɪɚɬɭɪɚ. 
Ɂɚɝɨɬɨɜɤɢ ɞɥɹ ɫɤɿɧɱɟɧɨ-ɟɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɚɥɢ ɬɚɤɿ ɪɨɡɦɿɪɢ (ɪɢɫ. 1): ɡɨɜɧɿ-

ɲɧɿɣ ɞɿɚɦɟɬɪ ɡɚɝɨɬɨɜɤɢ D = 1,5 ɦ, ɜɢɫɨɬɚ ɡɚɝɨɬɨɜɤɢ H = 3,75 ɦ, ɞɿɚɦɟɬɪ ɨɬɜɨɪɭ ɞɟɮɟɤɬɭ 
ɩɪɢɣɦɚɜɫɹ 10 % ɜɿɞ ɡɨɜɧɿɲɧɶɨɝɨ ɞɿɚɦɟɬɪɚ ɡɚɝɨɬɨɜɤɢ (0,15 ɦ), ɤɭɬ ɝɪɚɧɟɣ ɡɚɝɨɬɨɜɤɢ ɫɬɚ-
ɧɨɜɢɜ 150°. Ƚɥɢɛɢɧɚ ɭɜɿɝɧɭɬɢɯ ɝɪɚɧɟɣ (h = d / D) ɞɨɫɥɿɞɠɭɜɚɥɚɫɹ ɜ ɞɿɚɩɚɡɨɧɿ 15, 20 ɿ 25 % 

ɜɿɞ ɞɿɚɦɟɬɪɚ ɡɚɝɨɬɨɜɤɢ.  

 

Ɋɢɫ. 1. 3D-ɦɨɞɟɥɶ ɩɪɨɮɿɥɶɨɜɚɧɨʀ ɡɚɝɨɬɨɜɤɢ ɧɚ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɣ ɩɟɪɟɪɿɡ  
Ɇɚɬɟɪɿɚɥ – ɫɬɚɥɶ 70ɏ3ȽɇɆɎ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɿɜɚɧɧɹ ɡɚɝɨɬɨɜɤɢ 1150 ºC, ɬɟɦɩɟɪɚɬɭɪɚ 

ɿɧɫɬɪɭɦɟɧɬɚ – 20 °ɋ, ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ 0,45, ɫɿɬɤɚ ɦɿɫɬɢɬɶ 75 000 ɟɥɟɦɟɧɬɿɜ, ɲɜɢɞɤɿɫɬɶ ɞɟ-
ɮɨɪɦɭɜɚɧɧɹ 35 ɦɦ / ɫ. ɉɚɪɚɦɟɬɪ ɫɯɟɦɢ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɨɫɶɨɜɨʀ ɡɨɧɢ ɡɚɝɨɬɨɜɤɢ 

i

cp






3
 , 

ɞɟ 
 cp  – ɝɿɞɪɨɫɬɚɬɢɱɧɢɣ ɬɢɫɤ, Ɇɉɚ; 

i  – ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɧɚɩɪɭɠɟɧɶ, Ɇɉɚ. 
ɇɚ ɡɚɤɨɜɭɜɚɧɧɹ ɞɟɮɟɤɬɿɜ ɭ ɩɪɨɰɟɫɿ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɨʀ ɡɚɝɨɬɨɜɤɢ ɱɢɧɢɬɶ 

ɜɩɥɢɜ ɝɥɢɛɢɧɚ ɭɜɿɝɧɭɬɢɯ ɝɪɚɧɟɣ. ɍ ɞɨɫɥɿɞɠɟɧɧɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɜɜɿɝɧɭɬɿ ɝɪɚɧɿ ɡ ɤɭɬɨɦ 
150° ɿ ɜɿɞɧɨɫɧɨɸ ʀɯɧɶɨɸ ɝɥɢɛɢɧɨɸ d/D, ɹɤɚ ɫɬɚɧɨɜɢɥɚ 25; 20 ɿ 15 %. ɋɬɭɩɿɧɶ ɡɚɤɨɜɭɜɚɧɧɹ 
ɨɬɜɨɪɭ ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ ɩɪɨɮɿɥɶɨɜɚɧɢɯ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ ɧɚ 50 % ɩɨɤɚɡɚɧɟ ɧɚ 
ɪɢɫ. 2. Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɸɜɚɧɧɹ ɛɭɥɨ ɜɢɹɜɥɟɧɨ, ɳɨ ɞɥɹ ɪɨɡɝɥɹɧɭɬɢɯ ɩɚɪɚɦɟɬɪɿɜ ɝɥɢ-
ɛɢɧ ɝɪɚɧɟɣ ɜɿɞɛɭɜɚєɬɶɫɹ ɡɚɤɨɜɭɜɚɧɧɹ ɨɬɜɨɪɭ ɜ ɫɟɪɟɞɧɿɣ ɱɚɫɬɢɧɿ ɩɨɤɨɜɤɢ. ɋɬɭɩɿɧɶ ɡɚɤɨɜɭ-
ɜɚɧɧɹ ɨɬɜɨɪɭ ɛɿɥɶɲɟ ɞɥɹ ɡɪɚɡɤɿɜ ɿɡ ɜɿɞɧɨɫɧɨɸ ɝɥɢɛɢɧɨɸ ɝɪɚɧɟɣ 15 %. Ɂɚɝɨɬɨɜɤɢ, ɩɪɨɮɿɥɶɨ-
ɜɚɧɿ ɧɚ ɝɥɢɛɢɧɭ 25 %, ɩɨɤɚɡɚɥɢ ɝɿɪɲɿ ɪɟɡɭɥɶɬɚɬɢ ɳɨɞɨ ɡɚɤɪɢɬɬɹ ɨɫɶɨɜɨɝɨ ɞɟɮɟɤɬɭ. 
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Ɋɢɫ. 2. Ɂɚɤɨɜɭɜɚɧɧɹ ɨɬɜɨɪɭ ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ ɩɪɨɮɿɥɶɨɜɚɧɢɯ  
ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ ɧɚ 50 %:  

ɚ – d/D=25 %; ɛ – d/D=20 %; ɜ – d/D=15 % 

Ɂɚɥɟɠɧɿɫɬɶ ɦɟɯɚɧɿɡɦɭ ɡɚɤɨɜɭɜɚɧɧɹ ɨɬɜɨɪɭ ɜ ɩɪɨɰɟɫɿ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ 
ɦɨɞɟɥɟɣ ɡ ɪɿɡɧɨɸ ɜɿɞɧɨɫɧɨɸ ɜɢɫɨɬɨɸ ɝɪɚɧɟɣ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɭ 3. Ⱥɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ ɞɨɡɜɨɥɢɜ ɭɫɬɚɧɨɜɢɬɢ, ɳɨ ɜɿɞɧɨɫɧɚ ɝɥɢɛɢɧɚ ɝɪɚɧɟɣ ɛɿɥɶɲɟ 15 % ɧɟ ɩɪɢɜɨɞɢɬɶ 
ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɫɬɭɩɟɧɹ ɡɚɤɨɜɭɜɚɧɧɹ ɞɟɮɟɤɬɭ.  

ɉɿɫɥɹ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ ɡ d/D=15 % ɧɚ 50 % ɜɿɞɛɭɜɚєɬɶɫɹ ɡɚɤɨ-
ɜɭɜɚɧɧɹ ɞɿɚɦɟɬɪɚ ɞɟɮɟɤɬɭ ɧɚ 50 % (ɪɢɫ. 3). 

 

Ɋɢɫ. 3. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨɝɨ ɞɿɚɦɟɬɪɚ ɨɬɜɨɪɭ ɜ ɩɪɨɰɟɫɿ ɨɫɚɞɠɟɧɧɹ  
ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɦɨɞɟɥɟɣ ɿɡ ɪɿɡɧɨɸ ɜɿɞɧɨɫɧɨɸ ɝɥɢɛɢɧɨɸ ɝɪɚɧɟɣ 

Ɋɨɡɩɨɞɿɥ ɥɨɝɚɪɢɮɦɿɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣ ɭ ɦɟɪɢɞɿɨɧɚɥɶɧɨɦɭ ɩɟɪɟɪɿɡɿ ɩɨɤɨɜɤɢ ɩɿɫɥɹ ɞɟ-
ɮɨɪɦɚɰɿʀ ɧɚ 50 % ɩɪɟɡɟɧɬɨɜɚɧɨ ɧɚ ɪɢɫ. 4. Ⱦɟɮɨɪɦɚɰɿʀ ɡ ɦɚɤɫɢɦɚɥɶɧɨɸ ɜɟɥɢɱɢɧɨɸ ɪɨɡɬɚ-
ɲɨɜɭɸɬɶɫɹ ɜ ɰɟɧɬɪɚɥɶɧɿɣ ɱɚɫɬɢɧɿ ɩɨɤɨɜɤɢ, ɚ ɡ ɦɿɧɿɦɚɥɶɧɨɸ – ɧɚ ɩɥɨɫɤɢɯ ɬɨɪɰɹɯ ɩɨɤɨɜɤɢ. 
Ɋɨɡɩɨɞɿɥ ɞɟɮɨɪɦɚɰɿɣ ɞɥɹ ɪɿɡɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɡɚɝɨɬɨɜɨɤ ɿɡ ɱɨɬɢɪɢɩɪɨɦɿɧɧɢɦ ɩɟɪɟɪɿɡɨɦ ɦɚє 
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ɫɯɨɠɿ ɪɟɡɭɥɶɬɚɬɢ. Ⱥɥɟ ɩɪɢ ɨɫɚɞɠɟɧɧɿ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ ɿɡ ɝɥɢɛɢɧɨɸ ɝɪɚɧɟɣ 
d / D = 15 % ɩɥɨɳɚ ɞɟɮɨɪɦɚɰɿɣ ɿɡ ɦɚɤɫɢɦɚɥɶɧɨɸ ɜɟɥɢɱɢɧɨɸ ɛɿɥɶɲɟ ɧɚ 35…45 % ɭ ɩɨɪɿ-
ɜɧɹɧɧɿ ɡ ɿɧɲɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɡɚɝɨɬɨɜɨɤ (ɪɢɫ. 4).  

 
Ɋɢɫ. 4. Ɋɨɡɩɨɞɿɥ ɥɨɝɚɪɢɮɦɿɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣ ɭ ɩɪɨɰɟɫɿ ɨɫɚɞɠɟɧɧɹ  

ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ (d / D = 0,15) 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍɫɬɚɧɨɜɥɟɧɢɣ ɜɩɥɢɜ ɤɭɬɚ ɝɪɚɧɟɣ ɱɨɬɢɪɢɩɪɨɦɟɧɟɜɢɯ 
ɡɚɝɨɬɨɜɨɤ 150° ɧɚ ɪɨɡɩɨɞɿɥ ɞɟɮɨɪɦɚɰɿɣ, ɧɚɩɪɭɠɟɧɶ ɿ ɡɚɜɚɪɸɜɚɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɞɟɮɟɤɬɿɜ 
ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ. Ɂɚɤɨɜɭɜɚɧɧɹ ɨɬɜɨɪɭ ɩɨɱɢɧɚє ɜɿɞɛɭɜɚɬɢɫɹ ɩɪɢ ɞɟɮɨɪɦɚɰɿʀ 10 %. Ɇɚɤɫɢ-
ɦɚɥɶɧɟ ɡɚɤɨɜɭɜɚɧɧɹ ɨɬɜɨɪɭ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ ɧɚ 65 % ɩɪɢ ɜɿɞɧɨɫɧɿɣ ɝɥɢɛɢɧɿ 
ɝɪɚɧɟɣ 15...20 % ɜɿɞ ɞɿɚɦɟɬɪɚ ɡɚɝɨɬɨɜɤɢ. ɍɜɿɝɧɭɬɿ ɝɪɚɧɿ ɝɥɢɛɢɧɨɸ 15 % ɜɿɞ ɞɿɚɦɟɬɪɚ ɡɚɝɨ-
ɬɨɜɤɢ ɩɿɫɥɹ ɨɫɚɞɠɟɧɧɹ ɧɚ 55 % ɩɪɢɜɨɞɹɬɶ ɞɨ ɜɢɧɢɤɧɟɧɧɹ ɜ ɬɿɥɿ ɡɚɝɨɬɨɜɤɢ ɫɬɢɫɤɚɸɱɢɯ 
ɧɚɩɪɭɠɟɧɶ. Ɋɨɡɪɨɛɥɟɧɢɣ ɧɨɜɢɣ ɧɚɭɤɨɜɨ ɨɛʉɪɭɧɬɨɜɚɧɢɣ ɫɩɨɫɿɛ ɨɫɚɞɠɟɧɧɹ ɱɨɬɢɪɢɩɪɨɦɟ-
ɧɟɜɢɯ ɡɚɝɨɬɨɜɨɤ, ɹɤɢɣ ɩɿɞɜɢɳɭє ɹɤɿɫɬɶ ɦɚɫɢɜɧɢɯ ɩɨɤɨɜɨɤ. ɇɚ ɨɫɧɨɜɿ ɩɪɨɜɟɞɟɧɢɯ ɤɨɦɩɥɟ-
ɤɫɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɪɨɡɪɨɛɥɟɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɥɹ ɩɪɨєɤɬɭɜɚɧɧɹ ɬɟɯɩɪɨɰɟɫɿɜ 
ɤɭɜɚɧɧɹ ɡɚ ɧɨɜɢɦɢ ɫɯɟɦɚɦɢ ɞɟɮɨɪɦɭɜɚɧɧɹ. 
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IMPROVEMENT OF THE DRAUGHT PROCESS OF MASSIVE WORKPIECES  
FOR THE PRODUCTION OF PARTS FOR ENERGY ENGINEERING 

Urgency of the research. Technological processes of forging large-sized workpieces with responsible destination require 
precise determination of technological modes of the deformation process. It is necessary to ensure high quality and optimal 
cost in the manufacture of products weighing from 20 to 200 tons. The optimal technological forging regimes can be established 
on the basis of the data of the stress-strain state of the workpiece during forging. 

Target setting. The forging of large forgings is a small-scale and single type of expensive production with low liquidity; 
therefore, these processes require preliminary finite-element modeling of the stress-strain state and power parameters of forg-
ing. Modeling should allow to accurately establish the stress-strain state of the workpiece in the forging process. 

Actual scientific researches and issues analysis. Based on the analysis of publications in recent years, it was found that 
the main attention in modeling the processes of forging large forgings using the finite element method was given to changing 
the shape of the workpiece when using new methods of forging and deforming tools. 

Uninvestigated parts of general matters defining. Unresolved issues remain the effective angle and depth of the faces of 
the four-beam blanks, which will intensify the forging of internal defects. 

The research objective is to improve the quality of responsible parts by welding of the internal defects on the basis of 
improving the operation of the upsetting of four-beam ingots. 

The statement of basic materials. The method of draught of large ingots has been investigated in this work. Strains effec-
tive and mean stresses in the longitudinal cross-section of the workpiece with concave faces after draught have been determined 
by finite element modeling. The theoretical investigations allowed to determine a distribution of stresses and strains parameters 
into body of the four-beam workpieces after draught. Finite element modeling allowed to found a rational depth of the concave 
faces should be which has to be 15 % from workpiece diameter. Maximum closing of the internal defect take place for this 
depth of the concave faces. 

Conclusions. Finite element modeling allowed to found a rational depth of the concave faces should be which has to be 15 % 
from workpiece diameter. It has been established that draught of the four-beam workpieces improved a quality of the massive parts. 

Keywords: forging; upsetting; ingot; internal defect; massive part; four-beam workpiece; concave faces; FEM; compres-
sive stresses. 
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