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Ɋɨɫɬɢɫɥɚɜ Ʉɪɟɣɞɚ, ɋɟɪɝɿɣ ɋɚɩɨɧ, Ƚɟɨɪɝɿɣ Ʉɚɧɚɲɟɜɢɱ 

ȺɇȺɅȱɁ ɋɉɈɋɈȻȱȼ ɈȻɊɈȻɄɂ ɇȿɉɈȼɇɂɏ ɁɈȼɇȱɒɇȱɏ ɋɎȿɊɂɑɇɂɏ 
ɉɈȼȿɊɏɈɇɖ ɅȿɁɈȼɂɆ ȱɇɋɌɊɍɆȿɇɌɈɆ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ȼɢɦɨɝɢ ɞɨ ɬɨɱɧɨɫɬɿ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɥɟɡɨɜɢɦ ɿɧɫɬɪɭ-
ɦɟɧɬɨɦ ɩɨɫɬɿɣɧɨ ɡɪɨɫɬɚɸɬɶ. Ɍɨɦɭ ɩɨɲɭɤ ɲɥɹɯɿɜ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɡɨɜɧɿɲɧɿɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟ-
ɪɯɨɧɶ є ɚɤɬɭɚɥɶɧɨɸ ɧɚɭɤɨɜɨɸ ɬɚ ɩɪɚɤɬɢɱɧɨɸ ɡɚɞɚɱɟɸ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ȼɢɛɿɪ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɟɬɨɞɿɜ ɡɚɛɟɡɩɟɱɟɧɧɹ ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ, ɪɨɡɦɿɪɿɜ ɬɚ ɹɤɨɫɬɿ ɩɨɜɟɪɯ-
ɧɟɜɨɝɨ ɲɚɪɭ ɞɟɬɚɥɟɣ ɡɿ ɫɮɟɪɢɱɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ є ɨɞɧɢɦ ɿɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ʀɯɧɸ ɫɨɛɿɜɚɪ-
ɬɿɫɬɶ. ȼɢɪɿɲɟɧɧɹ ɡɚɞɚɱɿ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɢɫɨɤɨʀ ɹɤɨɫɬɿ ɞɟɬɚɥɟɣ ɩɪɢ ʀɯɧɿɣ ɦɿɧɿɦɚɥɶɧɿɣ ɫɨɛɿɜɚɪɬɨɫɬɿ ɞɨɡɜɨɥɢɬɶ ɜɿɬɱɢɡ-
ɧɹɧɢɦ ɩɿɞɩɪɢєɦɫɬɜɚɦ ɜɢɩɭɫɤɚɬɢ ɤɨɧɤɭɪɟɧɬɨ ɡɞɚɬɧɭ ɩɪɨɞɭɤɰɿɸ ɧɚ ɫɜɿɬɨɜɨɦɭ ɪɢɧɤɭ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɇɢɧɿ ɜɿɞɨɦɿ ɪɿɡɧɨɦɚɧɿɬɧɿ ɫɩɨɫɨɛɢ ɨɛɪɨɛɤɢ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɥɟɡɨ-
ɜɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ, ɹɤɿ ɲɢɪɨɤɨ ɨɩɢɫɚɧɿ ɬɚ ɩɪɨɚɧɚɥɿɡɨɜɚɧɿ ɜ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɥɿɬɟɪɚɬɭɪɿ. ɉɪɨɬɟ ɫɭɱɚɫɧɢɣ ɪɨɡɜɢɬɨɤ 
ɜɟɪɫɬɚɬɨɛɭɞɭɜɚɧɧɹ, ɜɢɪɨɛɧɢɰɬɜɚ ɦɟɬɚɥɨɨɛɪɨɛɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɬɚ ɫɩɨɫɨɛɿɜ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ ɩɨɜɟɪɯɨɧɶ ɜɤɚɡɭɸɬɶ ɧɚ 
ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɰɢɯ ɫɩɨɫɨɛɿɜ , ɜɢɡɧɚɱɟɧɧɹ ɩɟɪɟɜɚɝ ɬɚ ɧɟɞɨɥɿɤɿɜ ɤɨɠɧɨɝɨ ɫɩɨɫɨɛɭ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɓɟ ɞɨ ɧɟɞɚɜɧɨ ɜɜɚɠɚɥɨɫɹ, ɳɨ ɨɛɪɨɛɤɚ ɩɪɟɰɢɡɿɣɧɢɯ ɫɮɟ-
ɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɩɨɬɪɟɛɭє ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɿɧɫɬɪɭɦɟɧɬɭ ɚɛɨ ɩɪɢɫɬɨɫɭɜɚɧɧɹ. Ɉɞɧɚɤ ɫɶɨɝɨɞɧɿ 
ɫɢɬɭɚɰɿɹ ɤɚɪɞɢɧɚɥɶɧɨ ɡɦɿɧɢɥɚɫɹ, ɿ ɬɨɦɭ ɧɚ ɫɭɱɚɫɧɢɯ ɦɚɲɢɧɨɛɭɞɿɜɧɢɯ ɩɿɞɩɪɢєɦɫɬɜɚɯ ɬɚɤɿ ɩɨɜɟɪɯɧɿ ɨɛɪɨɛɥɹɸɬɶɫɹ ɧɚ 
ɬɨɤɚɪɧɢɯ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ. ȼɿɞɩɨɜɿɞɧɨ є ɚɤɬɭɚɥɶɧɢɦ ɤɨɦɩɥɟɤɫɧɟ ɩɨɪɿɜɧɹɧɧɹ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ 
ɡɚ ʀɯɧɶɨɸ ɹɤɿɫɬɸ, ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɬɚ ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɸ. 

Ɇɟɬɨɸ ɫɬɚɬɬɿ є ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɫɭɱɚɫɧɢɯ ɫɩɨɫɨɛɿɜ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɡɨɜɧɿɲɧɿɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ 
ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɡ ɩɨɡɢɰɿʀ ʀɯɧɶɨʀ ɹɤɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɬɚ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɤɪɢɬɟ-
ɪɿʀɜ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɢ ɪɨɡɪɨɛɰɿ ɬɟɯɧɨɥɨɝɿʀ ɨɛɪɨɛɤɢ ɧɚ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ɍ ɪɨɛɨɬɿ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɫɩɨɫɨɛɢ ɨɛɪɨɛɤɢ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɮɚɫɨɧɧɢɦɢ ɪɿɡ-
ɰɹɦɢ, ɤɨɩɿɸɜɚɧɧɹɦ ɩɪɨɮɿɥɸ, ɧɚ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ, ɨɝɢɧɚɧɧɹɦ ɬɚ ɨɛɤɚɬɧɢɦ ɮɪɟɡɟɪɭɜɚɧɧɹɦ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɫɩɨɫɨɛɭ ɧɚ-
ɜɟɞɟɧɚ ɫɯɟɦɚ ɨɛɪɨɛɤɢ ɡ ɨɩɢɫɨɦ ɩɪɨɰɟɫɭ ɬɚ ɜɢɞɿɥɟɧɿ ɩɟɪɟɜɚɝɢ ɣ ɧɟɞɨɥɿɤɢ. ȼɫɬɚɧɨɜɥɟɧɨ ɝɪɚɧɢɱɧɭ ɲɨɪɫɬɤɿɫɬɶ ɩɨɜɟɪɯɧɿ, 
ɨɛɪɨɛɥɟɧɨʀ ɤɨɠɧɢɦ ɡɿ ɫɩɨɫɨɛɿɜ ɬɚ ɩɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɧɚ ɩɪɢɤɥɚɞɿ ɧɟɩɨɜɧɨʀ ɫɮɟɪɢɱɧɨʀ ɞɟɬɚɥɿ ɝɿɪɨ-
ɫɤɨɩɭ. ɋɢɫɬɟɦɚɬɢɡɨɜɚɧɨ ɫɩɨɫɨɛɢ ɨɛɪɨɛɤɢ ɡɚ ʀɯ ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɸ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɉɪɨɜɟɞɟɧɨ ɤɨɦɩɥɟɤɫɧɟ ɩɨɪɿɜɧɹɧɧɹ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɡ ɩɨ-
ɡɢɰɿʀ ʀɯɧɶɨʀ ɹɤɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ. ȼɢɡɧɚɱɟɧɿ ɤɪɢɬɟɪɿʀ ɜɢɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨ-
ɫɨɛɭ ɨɛɪɨɛɤɢ ɞɚɸɬɶ ɡɦɨɝɭ ɧɚɞɚɥɿ ʀɯ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɢ ɪɨɡɪɨɛɰɿ ɿɧɧɨɜɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɨɛɪɨɛɤɢ ɞɟ-
ɬɚɥɟɣ ɬɚ ɩɪɢ ɩɥɚɧɭɜɚɧɧɿ ɜɢɪɨɛɧɢɰɬɜɚ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɮɟɪɢɱɧɚ ɩɨɜɟɪɯɧɹ; ɫɩɨɫɨɛɢ ɨɛɪɨɛɤɢ; ɥɟɡɨɜɚ ɨɛɪɨɛɤɚ, ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ. 
Ɋɢɫ.: 8. Ɍɚɛɥ.: 3. Ȼɿɛɥ.: 22. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɍ ɫɭɱɚɫɧɨɦɭ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ ɬɚ ɩɪɢɥɚɞɨɛɭɞɭ-
ɜɚɧɧɿ ɞɟɬɚɥɿ ɡ ɧɟɩɨɜɧɢɦɢ ɫɮɟɪɢɱɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ ɬɪɚɩɥɹɸɬɶɫɹ ɞɟɞɚɥɿ ɱɚɫɬɿɲɟ (ɪɢɫ. 1), 

ɚ ɜɢɦɨɝɢ ɞɨ ɧɢɯ ɡɪɨɫɬɚɸɬɶ [19]. ȼɨɞɧɨɱɚɫ ɩɨɹɜɚ ɧɚ ɪɢɧɤɭ ɤɨɦɟɪɰɿɣɧɨ ɞɨɫɬɭɩɧɢɯ ɜɢɫɨ-
ɤɨɩɪɟɰɢɡɿɣɧɢɯ ɬɨɤɚɪɧɢɯ ɜɟɪɫɬɚɬɿɜ ɿɡ ɑɉɍ ɬɚ ɭɧɿɜɟɪɫɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɡɿ ɡɦɿɧɧɢɦɢ 
ɩɪɟɰɢɡɿɣɧɢɦɢ ɪɚɞɿɭɫɧɢɦɢ ɩɥɚɫɬɢɧɚɦɢ ɞɥɹ ɨɛɪɨɛɤɢ ɫɤɥɚɞɧɨɩɪɨɮɿɥɶɧɢɯ ɩɨɜɟɪɯɨɧɶ ɬɿɥ 
ɨɛɟɪɬɚɧɧɹ ɫɬɜɨɪɢɥɚ ɩɟɪɟɞɭɦɨɜɢ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɟɨɛɯɿɞɧɨʀ ɹɤɨɫɬɿ ɞɟɬɚɥɟɣ ɡɿ ɫɮɟɪɢɱ-
ɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɩɟɰɿɚɥɶɧɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ. ɉɪɨɬɟ ɤɨɦɩɥɟɤɫɧɚ ɡɚ-
ɞɚɱɚ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ ɬɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɡɨɜɧɿɲɧɿɯ ɫɮɟɪɢ-
ɱɧɢɯ ɩɨɜɟɪɯɨɧɶ є ɚɤɬɭɚɥɶɧɨɸ ɧɚɭɤɨɜɢɦ ɬɚ ɩɪɚɤɬɢɱɧɢɦ ɡɚɜɞɚɧɧɹɦ ɿ ɡɚɥɢɲɢɬɶɫɹ ɬɚɤɢɦ ɭ 
ɦɚɣɛɭɬɧɶɨɦɭ. 

    
ɚ ɛ ɜ ɝ 

Ɋɢɫ. 1. Ⱦɟɬɚɥɿ ɦɚɲɢɧ ɡɿ ɫɮɟɪɢɱɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ:  
ɚ – ɞɟɬɚɥɶ ɪɨɬɨɪɚ ɩɨɩɥɚɜɤɨɜɨɝɨ ɝɿɪɨɫɤɨɩɚ; ɛ – ɲɚɪɨɜɚ ɨɩɨɪɚ ɚɜɬɨɦɨɛɿɥɹ;  

ɜ – ɤɥɚɩɚɧ ɫɮɟɪɢɱɧɨɝɨ ɤɪɚɧɚ; ɝ – ɜɧɭɬɪɿɲɧє ɤɿɥɶɰɟ ɫɮɟɪɢɱɧɨɝɨ ɩɿɞɲɢɩɧɢɤɚ ɤɨɜɡɚɧɧɹ 

 Ʉɪɟɣɞɚ Ɋ. Ɇ., ɋɚɩɨɧ ɋ. ɉ., Ʉɚɧɚɲɟɜɢɱ Ƚ. ȼ., 2020 
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ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ȼɢɛɿɪ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɟɬɨɞɿɜ ɡɚɛɟɡɩɟɱɟɧɧɹ ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ, 
ɪɨɡɦɿɪɿɜ ɬɚ ɹɤɨɫɬɿ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ ɞɟɬɚɥɟɣ ɡɿ ɫɮɟɪɢɱɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ є ɨɞɧɢɦ ɿɡ ɧɚɣ-
ɜɚɠɥɢɜɿɲɢɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ʀɯɧɸ ɫɨɛɿɜɚɪɬɿɫɬɶ. ȼɢɪɿɲɟɧɧɹ ɡɚɞɚɱɿ ɡɚɛɟɡɩɟ-
ɱɟɧɧɹ ɜɢɫɨɤɨʀ ɹɤɨɫɬɿ ɞɟɬɚɥɟɣ ɩɪɢ ʀɯ ɦɿɧɿɦɚɥɶɧɿɣ ɫɨɛɿɜɚɪɬɨɫɬɿ ɞɨɡɜɨɥɢɬɶ ɜɿɬɱɢɡɧɹɧɢɦ ɩɿɞ-
ɩɪɢєɦɫɬɜɚɦ ɜɢɩɭɫɤɚɬɢ ɤɨɧɤɭɪɟɧɬɨɡɞɚɬɧɭ ɩɪɨɞɭɤɰɿɸ ɧɚ ɫɜɿɬɨɜɨɦɭ ɪɢɧɤɭ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɉɪɨɛɥɟɦɚ ɡɚɛɟɡɩɟɱɟɧɧɹ ɹɤɨɫɬɿ, ɩɪɨɞɭɤɬɢ-
ɜɧɨɫɬɿ ɬɚ ɦɿɧɿɦɚɥɶɧɨʀ ɫɨɛɿɜɚɪɬɨɫɬɿ ɩɪɢ ɨɛɪɨɛɰɿ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɫɜɨɝɨ 
ɱɚɫɭ ɛɭɥɚ ɭɫɩɿɲɧɨ ɜɢɪɿɲɟɧɚ, ɩɪɨ ɳɨ ɫɜɿɞɱɚɬɶ ɪɨɛɨɬɢ [2-4; 6]. Ɂɧɚɱɧɚ ɤɿɥɶɤɿɫɬɶ ɩɚɬɟɧɬɿɜ 
ɡɚ ɫɯɟɦɚɦɢ ɨɛɪɨɛɤɢ ɬɚ ɦɟɬɨɞɚɦ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜ ɰɶɨɦɭ ɩɢɬɚɧɧɿ, ɞɨɞɚɬɤɨɜɨ ɩɿɞɤɪɟɫɥɸє 
ɜɚɠɥɢɜɿɫɬɶ ɰɿєʀ ɡɚɞɚɱɿ [8-14]. ɉɪɨɬɟ ɫɭɱɚɫɧɢɣ ɪɨɡɜɢɬɨɤ ɜɟɪɫɬɚɬɨɛɭɞɭɜɚɧɧɹ ɬɚ ɜɢɪɨɛɧɢɰ-
ɬɜɚ ɪɿɡɚɥɶɧɢɯ ɿɧɫɬɪɭɦɟɧɬɿɜ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɩɨɞɢɜɢɬɢɫɹ ɧɚ ɩɪɨɛɥɟɦɭ ɡɚɛɟɡɩɟɱɟɧɧɹ ɹɤɨɫɬɿ 
ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɡ ɿɧɲɨɝɨ ɛɨɤɭ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. Ɂɚɞɚɱɚ ɩɨɪɿɜɧɹɧɧɹ ɫɩɨɫɨɛɿɜ 
ɨɛɪɨɛɤɢ є ɞɨɫɢɬɶ ɧɟ ɩɪɨɫɬɨɸ, ɨɫɤɿɥɶɤɢ ɡɚɛɟɡɩɟɱɢɬɢ ɨɞɧɚɤɨɜɿ ɭɦɨɜɢ ɩɨɪɿɜɧɹɧɧɹ ɮɚɤɬɢɱɧɨ 
ɧɟɦɨɠɥɢɜɨ. ɋɚɦɟ ɬɨɦɭ ɛɿɥɶɲɿɫɬɶ ɞɨɫɥɿɞɧɢɤɿɜ ɩɪɨɜɨɞɹɬɶ ɣɨɝɨ, ɧɟ ɜɪɚɯɨɜɭɸɱɢ ɜɟɥɢɤɨʀ ɤɿ-
ɥɶɤɨɫɬɿ ɮɚɤɬɨɪɿɜ [3; 6] ɚɛɨ ɜɡɚɝɚɥɿ ɝɿɩɨɬɟɬɢɱɧɨ [2]. ɉɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ 
ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ, ɹɤɢɣ ɜɪɚɯɨɜɭє ɨɫɧɨɜɧɿ ɫɤɥɚɞɨɜɿ ɟɮɟɤɬɢɜɧɨɫɬɿ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ, 
ɞɚɫɬɶ ɦɨɠɥɢɜɿɫɬɶ ɬɟɯɧɨɥɨɝɚɦ ɨɩɟɪɭɜɚɬɢ ɤɨɧɤɪɟɬɧɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ ɭ ɩɪɨɰɟɫɿ ɩɥɚɧɭ-
ɜɚɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ. 

Ɇɟɬɨɸ ɫɬɚɬɬɿ є ɚɧɚɥɿɡ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɨɠɥɢɜɨɫɬɟɣ ɬɚ ɫɢɫɬɟɦɚɬɢɡɚɰɿɹ ɜɿɞɨɦɢɯ ɫɩɨɫɨ-
ɛɿɜ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɡ ɩɨɡɢɰɿʀ ʀɯɧɶɨʀ ɹɤɨ-
ɫɬɿ, ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɬɚ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɤɪɢɬɟɪɿʀɜ ɟɮɟɤ-
ɬɢɜɧɨɫɬɿ ɩɪɢ ɪɨɡɪɨɛɰɿ ɬɟɯɧɨɥɨɝɿʀ ɨɛɪɨɛɤɢ ɧɚ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ.  

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɂɚ ɫɩɨɫɨɛɨɦ ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ ɫɩɨɫɨɛɢ ɨɛɪɨɛɤɢ ɡɨɜɧɿ-
ɲɧɿɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɦɨɠɧɚ ɩɨɞɿɥɢɬɢ ɧɚ ɬɪɢ ɝɪɭɩɢ: 

1) ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ ɲɥɹɯɨɦ ɤɨɩɿɸɜɚɧɧɹ ɩɪɨɮɿɥɸ ɮɚɫɨɧɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ (ɨɛɪɨɛɤɚ 
ɮɚɫɨɧɧɢɦɢ ɪɿɡɰɹɦɢ ɧɚ ɬɨɤɚɪɧɢɯ ɜɟɪɫɬɚɬɚɯ); 

2) ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɤɪɢɜɨɥɿɧɿɣɧɨɝɨ ɪɭɯɭ ɿɧɫɬɪɭɦɟɧɬɭ (ɫɭɦɿɳɟɧɧɹɦ 
ɞɜɨɯ ɩɨɞɚɱ ɧɚ ɬɨɤɚɪɧɢɯ ɜɟɪɫɬɚɬɚɯ, ɨɝɢɧɚɧɧɹɦ ɡɚɝɨɬɨɜɤɢ ɿɧɫɬɪɭɦɟɧɬɨɦ ɧɚ ɫɮɟɪɨɬɨɤɚɪɧɢɯ 
ɜɟɪɫɬɚɬɚɯ); 

3) ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ ɲɥɹɯɨɦ ɨɛɤɚɬɤɢ ɩɨɜɟɪɯɧɿ ɡɚɝɨɬɨɜɤɢ ɿɧɫɬɪɭɦɟɧɬɨɦ, ɪɿɡɚɥɶɧɚ ɤɪɨ-
ɦɤɚ ɹɤɨɝɨ ɪɭɯɚєɬɶɫɹ ɩɨ ɤɨɥɭ ɡ ɜɿɫɫɸ, ɳɨ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɜɿɫɶ ɨɛɟɪɬɚɧɧɹ ɡɚɝɨɬɨɜɤɢ (ɨɛ-
ɪɨɛɤɚ ɨɛɤɚɬɧɢɦ ɮɪɟɡɟɪɭɜɚɧɧɹɦ ɧɚ ɬɨɤɚɪɧɢɯ ɚɛɨ ɮɪɟɡɟɪɧɢɯ ɜɟɪɫɬɚɬɚɯ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɫɩɟɰɿɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɿ ɨɫɧɚɳɟɧɧɹ).  

Ɋɨɡɝɥɹɧɟɦɨ ɤɨɠɟɧ ɫɩɨɫɿɛ ɨɛɪɨɛɤɢ ɡɚ ɫɯɟɦɨɸ 
ɣɨɝɨ ɪɟɚɥɿɡɚɰɿʀ.  

Ɉɛɪɨɛɤɚ ɮɚɫɨɧɧɢɦɢ ɪɿɡɰɹɦɢ (ɪɢɫ. 2). ɋɭɬɶ 
ɦɟɬɨɞɭ ɩɨɥɹɝɚє ɜ ɧɚɫɬɭɩɧɨɦɭ. ȱɧɫɬɪɭɦɟɧɬ, ɡɞɿɣ-
ɫɧɸɸɱɢ ɩɨɩɟɪɟɱɧɭ ɩɨɞɚɱɭ ɜɪɿɡɚɧɧɹ, ɤɨɩɿɸє ɮɨ-
ɪɦɭ ɫɜɨɝɨ ɩɪɨɮɿɥɸ ɧɚ ɩɨɜɟɪɯɧɸ ɞɟɬɚɥɿ. ȼɪɿɡɚɧɧɹ 
ɜɿɞɪɚɡɭ ɜɫɿєɸ ɲɢɪɢɧɨɸ ɪɿɡɰɹ ɧɚɤɥɚɞɚє ɧɚ ɰɟɣ 
ɦɟɬɨɞ ɨɛɦɟɠɟɧɧɹ ɭ ɜɢɝɥɹɞɿ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɿɚ-
ɦɟɬɪɚ ɨɛɪɨɛɤɢ ɡɚɝɨɬɨɜɤɢ, ɹɤɢɣ, ɹɤ ɩɪɚɜɢɥɨ, ɧɟ 
ɩɟɪɟɜɢɳɭє 20 ɦɦ [7]. ɐɟ ɩɨɜ’ɹɡɚɧɨ ɡɿ ɡɧɚɱɧɢɦɢ 
ɫɢɥɚɦɢ ɪɿɡɚɧɧɹ, ɹɤɿ ɜɢɤɥɢɤɚɸɬɶ ɜɿɛɪɚɰɿʀ. əɤɳɨ ɠ 
ɜɢɦɨɝɢ ɞɨ ɞɟɬɚɥɿ ɧɟ ɜɢɫɨɤɿ ɚɛɨ ɡɚɝɨɬɨɜɤɚ ɡ 
ɦ’ɹɤɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɬɨ ɞɿɚɦɟɬɪ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪ-
ɯɧɿ, ɨɬɪɢɦɚɧɨʀ ɬɚɤɢɦ ɦɟɬɨɞɨɦ, ɦɨɠɟ ɛɭɬɢ ɡɧɚɱɧɨ 

ɛɿɥɶɲɢɦ.  

Ɋɢɫ. 2. ɋɯɟɦɚ ɨɛɪɨɛɤɢ ɮɚɫɨɧɧɢɦ ɪɿɡɰɟɦ 
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ɒɨɪɫɬɤɿɫɬɶ ɩɨɜɟɪɯɧɿ ɨɬɪɢɦɚɧɨʀ ɬɨɱɿɧɧɹɦ ɮɚɫɨɧɧɢɦɢ ɪɿɡɰɹɦɢ ɧɟ ɩɟɪɟɜɢɳɭє Ra 
2,0 ɦɤɦ [15]. Ɍɨɱɧɿɫɬɶ ɮɨɪɦɢ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ, ɨɛɪɨɛɥɟɧɨʀ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ, ɧɟ ɦɨɠɟ 
ɛɭɬɢ ɦɟɧɲɟ ɡɚ 30 ɦɤɦ, ɳɨ ɡɭɦɨɜɥɟɧɨ ɜɿɛɪɚɰɿɹɦɢ ɬɚ ɩɪɭɠɧɢɦ ɜɿɞɬɢɫɤɚɧɧɹɦ ɥɚɧɨɤ ɬɟɯɧɨ-
ɥɨɝɿɱɧɨʀ ɫɢɫɬɟɦɢ ɜɧɚɫɥɿɞɨɤ ɜɟɥɢɤɨʀ ɲɢɪɢɧɢ ɨɛɪɨɛɤɢ [3]. 

ɉɟɪɟɜɚɝɢ ɫɩɨɫɨɛɭ ɨɛɪɨɛɤɢ ɮɚɫɨɧɧɢɦ ɪɿɡɰɟɦ ɩɨɥɹɝɚɸɬɶ ɭ ɦɨɠɥɢɜɨɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɭɧɿɜɟɪɫɚɥɶɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɫɩɨɫɨɛɭ.  

ɇɟɞɨɥɿɤɢ: 
- ɹɤɿɫɬɶ ɨɛɪɨɛɥɟɧɨʀ ɞɟɬɚɥɿ ɜɟɥɢɤɨɸ ɦɿɪɨɸ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɨɱɧɨɫɬɿ ɿɧɫɬɪɭɦɟɧɬɚ ɣ ɲɨɪɫ-

ɬɤɨɫɬɿ ɣɨɝɨ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ; 
- ɧɟɨɛɯɿɞɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɪɿɡɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ; 
- ɧɟɪɿɜɧɨɦɿɪɧɢɣ ɡɧɨɫ ɪɿɡɚɥɶɧɨʀ ɤɪɨɦɤɢ ɿɧɫɬɪɭɦɟɧɬɭ, ɹɤɢɣ ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɬɨɱɧɨɫɬɿ 

ɞɟɬɚɥɿ; 
- ɡɚɥɟɠɧɿɫɬɶ ɲɢɪɢɧɢ ɪɿɡɰɹ ɜɿɞ ɞɿɚɦɟɬɪɚ ɫɮɟɪɢ. 
Ɉɛɪɨɛɤɚ ɩɨ ɲɚɛɥɨɧɭ (ɪɢɫ. 3). ɋɭɬɶ ɫɩɨɫɨɛɭ ɩɨ-

ɥɹɝɚє ɜ ɧɚɞɚɧɧɿ ɿɧɫɬɪɭɦɟɧɬɭ ɪɭɯɭ ɩɨ ɬɪɚєɤɬɨɪɿʀ ɭ ɜɢ-
ɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ ɲɥɹɯɨɦ ɫɭɦɿɳɟɧɧɹ ɩɨɩɟɪɟɱɧɨʀ ɿ ɩɨ-
ɜɡɞɨɜɠɧɶɨʀ ɩɨɞɚɱɿ ɧɚ ɬɨɤɚɪɧɨɦɭ ɜɟɪɫɬɚɬɿ. 
ɉɚɪɚɦɟɬɪɢ ɹɤɨɫɬɿ ɞɟɬɚɥɿ ɡɧɚɱɧɨɸ ɦɿɪɨɸ ɡɚɥɟɠɚɬɶ 
ɜɿɞ ɬɨɝɨ, ɹɤ ɪɟɚɥɿɡɨɜɚɧɢɣ ɰɟɣ ɫɩɨɫɿɛ.  

1. Ʉɨɩɿɸɜɚɧɧɹɦ ɩɪɨɮɿɥɸ. Ɉɛɪɨɛɤɚ ɩɪɨɜɨɞɢɬɶɫɹ 
ɧɚ ɤɨɩɿɸɜɚɥɶɧɢɯ ɜɟɪɫɬɚɬɚɯ ɚɛɨ ɧɚ ɭɧɿɜɟɪɫɚɥɶɧɢɯ 
ɬɨɤɚɪɧɢɯ ɨɫɧɚɳɟɧɢɯ ɫɩɟɰɿɚɥɶɧɢɦɢ ɩɪɢɫɬɨɫɭɜɚɧ-
ɧɹɦɢ. ɋɭɬɶ ɫɩɨɫɨɛɭ ɩɨɥɹɝɚє ɜ ɧɚɫɬɭɩɧɨɦɭ. ɉɨ ɫɩɟ-
ɰɿɚɥɶɧɨ ɜɢɝɨɬɨɜɥɟɧɿɣ ɞɟɬɚɥɿ (ɲɚɛɥɨɧɭ) ɤɨɜɡɚє ɫɥɿɞ-
ɤɭɸɱɢɣ ɩɚɥɟɰɶ ɚɛɨ ɪɨɥɢɤ, ɹɤɢɣ є ɱɚɫɬɢɧɨɸ 
ɤɨɩɿɸɜɚɥɶɧɨɝɨ ɩɪɢɫɬɨɫɭɜɚɧɧɹ, ɳɨ ɩɟɪɟɦɿɳɭє ɪɿɡɚ-
ɥɶɧɢɣ ɿɧɫɬɪɭɦɟɧɬ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɚɛɨ ɱɟɪɟɡ ɹɤɢɣ-ɧɟɛɭɬɶ ɩɿɞɫɢɥɸɸɱɢɣ ɩɪɢɫɬɪɿɣ. ɇɚɣ-
ɛɿɥɶɲ ɩɨɲɢɪɟɧɢɦɢ ɫɩɨɫɨɛɚɦɢ ɫɥɿɞɤɭɜɚɧɧɹ ɡɚ ɤɨɧɬɭɪɨɦ ɲɚɛɥɨɧɚ є ɪɭɱɧɢɣ, ɦɟɯɚɧɿɱɧɢɣ, 
ɝɿɞɪɚɜɥɿɱɧɢɣ ɿ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɣ. 

ɉɟɪɟɜɚɝɢ ɫɩɨɫɨɛɭ ɜ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɬɚ ɜɢɫɨɤɿɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ.  
ɇɟɞɨɥɿɤɢ: 
- ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɢɝɨɬɨɜɥɟɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɲɚɛɥɨɧɚ, ɬɨɱɧɿɫɬɶ ɹɤɨɝɨ ɦɚє ɡɧɚɱɧɨ ɩɟɪɟ-

ɜɢɳɭɜɚɬɢ ɬɨɱɧɿɫɬɶ ɞɟɬɚɥɿ, ɳɨ ɨɛɪɨɛɥɹєɬɶɫɹ; 
- ɧɟɨɛɯɿɞɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɤɨɩɿɸɜɚɥɶɧɨɝɨ ɩɪɢɫɬɪɨɸ; 
- ɜɟɥɢɤɚ ɤɿɥɶɤɿɫɬɶ ɪɭɯɨɦɢɯ ɟɥɟɦɟɧɬɿɜ ɭ ɤɿɧɟɦɚɬɢɱɧɿɣ ɫɯɟɦɿ ɤɨɩɿɸɜɚɥɶɧɨɝɨ ɩɪɢɫɬɨɫɭ-

ɜɚɧɧɹ, ɳɨ ɧɟɝɚɬɢɜɧɨ ɜɿɞɨɛɪɚɠɚєɬɶɫɹ ɧɚ ɬɨɱɧɨɫɬɿ ɞɟɬɚɥɿ. 
2. ɇɚ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ. ɉɪɢ ɨɛɪɨɛɰɿ ɧɚ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ ɿɧɫɬɪɭɦɟɧɬ ɪɭɯɚєɬɶɫɹ ɩɨ ɬɪɚ-

єɤɬɨɪɿʀ, ɹɤɚ ɡɚɞɚєɬɶɫɹ ɭɩɪɚɜɥɹɸɱɨɸ ɩɪɨɝɪɚɦɨɸ. Ɉɫɬɚɧɧɹ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜɢɫɬɭɩɚє ɲɚ-
ɛɥɨɧɨɦ ɭ ɧɟɹɜɧɨɦɭ ɜɢɞɿ.  

ɉɟɪɟɜɚɝɢ: ɜɢɫɨɤɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ, ɬɨɱɧɿɫɬɶ ɨɛɪɨɛɤɢ, ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɶ, ɝɧɭɱɤɿɫɬɶ ɫɩɨ-
ɫɨɛɭ, ɜɿɞɫɭɬɧɿɫɬɶ ɩɨɬɪɟɛɢ ɫɩɟɰɿɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɱɢ ɨɫɧɚɳɟɧɧɹ. 

Єɞɢɧɢɦ ɧɟɞɨɥɿɤɨɦ ɫɩɨɫɨɛɭ є ɩɨɪɿɜɧɹɧɨ ɜɢɫɨɤɚ ɜɚɪɬɿɫɬɶ ɨɛɥɚɞɧɚɧɧɹ (ɜɟɪɫɬɚɬɚ), ɨɞɧɚɤ 
ɞɟɞɚɥɿ ɰɟɣ ɧɟɞɨɥɿɤ ɜɫɟ ɦɟɧɲ ɜɿɞɱɭɬɧɢɣ. 

ɐɟɣ ɫɩɨɫɿɛ ɦɚє ɲɢɪɨɤɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɚ ɜɿɬɱɢɡɧɹɧɢɯ ɦɚɲɢɧɨɛɭɞɿɜɧɢɯ ɩɿɞɩɪɢєɦɫɬɜɚɯ. 
Ɂɨɤɪɟɦɚ ɧɚ Ⱦɉ ɇȼɄ «Ɏɨɬɨɩɪɢɥɚɞ», (ɦ. ɑɟɪɤɚɫɢ) ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ ɨɛɪɨɛɥɹɸɬɶ ɧɟɩɨɜɧɿ 
ɜɧɭɬɪɿɲɧɿ ɬɚ ɡɨɜɧɿɲɧɿ ɫɮɟɪɢɱɧɿ ɩɨɜɟɪɯɧɿ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɞɟɬɚɥɟɣ ɫɢɫɬɟɦ ɧɚɜɿɝɚɰɿʀ ɬɚ 
ɤɟɪɭɜɚɧɧɹ. ɉɪɢ ɰɶɨɦɭ ɞɨɫɹɠɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɮɨɪɦɢ ɫɮɟɪɢ ɫɬɚɧɜɨɢɬɶ 5 ɦɤɦ ɿɡ ɲɨɪɫɬɤɿ-
ɫɬɸ Ra 0,25 ɦɤɦ. 

Ɋɢɫ. 3. ɋɯɟɦɚ ɨɛɪɨɛɤɢ ɡɚ ɲɚɛɥɨɧɨɦ  
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Ɉɛɪɨɛɤɚ ɨɝɢɧɚɧɧɹɦ ɩɪɨɮɿɥɸ (ɪɢɫ. 4). Ɂɚ 
ɞɨɩɨɦɨɝɨɸ ɫɩɟɰɿɚɥɶɧɢɯ ɩɨɜɨɪɨɬɧɢɯ ɩɪɢ-
ɫɬɪɨʀɜ, ɹɤɿ ɩɟɪɟɞɛɚɱɟɧɿ ɤɨɧɫɬɪɭɤɰɿєɸ ɜɟɪɫɬɚɬɚ 
(ɫɮɟɪɨɬɨɤɚɪɧɢɣ) ɚɛɨ ɜɫɬɚɧɨɜɥɟɧɿ ɧɚ ɜɟɪɫɬɚɬ, 
ɪɿɡɟɰɶ ɡɞɿɣɫɧɸє ɨɛɟɪɬɚɧɧɹ ɧɚɜɤɨɥɨ ɰɟɧɬɪɚ 
ɫɮɟɪɢ, ɹɤɢɣ ɪɨɡɬɚɲɨɜɚɧɢɣ ɧɚ ɨɫɿ ɨɛɟɪɬɚɧɧɹ ɡɚ-
ɝɨɬɨɜɤɢ. Ɉɛɪɨɛɥɸɜɚɧɚ ɩɨɜɟɪɯɧɹ ɭɬɜɨɪɸєɬɶɫɹ 
ɜ ɪɟɡɭɥɶɬɚɬɿ ɫɭɦɿɳɟɧɧɹ ɞɜɨɯ ɨɛɟɪɬɚɧɶ, ɳɨ є 
ɩɟɪɟɞɭɦɨɜɨɸ ɭɬɜɨɪɟɧɧɹ ɜɢɫɨɤɨʀ ɬɨɱɧɨɫɬɿ ɮɨ-
ɪɦɢ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ ɞɟɬɚɥɿ. ɉɨ ɬɚɤɿɣ ɫɯɟɦɿ 
ɩɪɚɰɸɸɬɶ ɿ ɧɚɣɛɿɥɶɲ ɬɨɱɧɿ ɫɮɟɪɨɲɥɿɮɭɜɚɥɶɧɿ 
ɜɟɪɫɬɚɬɢ.  

ɉɟɪɟɜɚɝɢ ɫɩɨɫɨɛɭ: ɜɢɫɨɤɚ ɬɨɱɧɿɫɬɶ ɨɛɪɨ-
ɛɤɢ ɬɚ ɩɨɫɬɿɣɧɿɫɬɶ ɤɭɬɿɜ ɪɿɡɚɧɧɹ. 

ɇɟɞɨɥɿɤɢ ɩɨɥɹɝɚɸɬɶ ɭ ɫɤɥɚɞɧɨɫɬɿ ɧɚɥɚɝɨɞɠɟɧɧɹ ɬɚ ɩɨɬɪɟɛɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɩɟɰɿɚɥɶ-
ɧɨɝɨ ɨɫɧɚɳɟɧɧɹ ɱɢ ɨɛɥɚɞɧɚɧɧɹ.  

Ɉɛɪɨɛɤɚ ɨɝɢɧɚɧɧɹɦ ɩɪɨɮɿɥɸ, ɹɤ ɿ ɨɛɪɨɛɤɚ ɩɨ ɲɚɛɥɨɧɭ, ɡɚ ɫɜɨєɸ ɫɭɬɬɸ, ɧɿɱɢɦ ɧɟ ɜɿɞ-
ɪɿɡɧɹɸɬɶɫɹ ɜɿɞ ɡɜɢɱɚɣɧɨɝɨ ɩɪɨɰɟɫɭ ɬɨɱɿɧɧɹ. ɐɿ ɫɩɨɫɨɛɢ ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢɫɬɨɜɭ-
ɜɚɬɢ ɫɬɚɧɞɚɪɬɧɢɣ ɪɿɡɚɥɶɧɢɣ ɿɧɫɬɪɭɦɟɧɬ ɿɡ ɡɦɿɧɧɢɦɢ ɩɥɚɫɬɢɧɤɚɦɢ ɞɥɹ ɜɢɫɨɤɨɩɪɨɞɭɤɬɢɜ-
ɧɨʀ ɨɛɪɨɛɤɢ (ɚɥɦɚɡ, ɟɥɶɛɨɪ ɬɨɳɨ). ȿɤɨɧɨɦɿɱɧɨ ɞɨɫɹɠɧɚ ɲɨɪɫɬɤɿɫɬɶ ɩɨɜɟɪɯɨɧɶ 
ɨɛɪɨɛɥɟɧɢɯ ɬɚɤɢɦɢ ɫɩɨɫɨɛɚɦɢ ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ ɦɟɠɿ Ra 0,2 ɦɤɦ [7]. ɍ ɪɨɛɨɬɿ [3] ɡɚɡɧɚ-
ɱɟɧɨ, ɳɨ ɩɨɯɢɛɤɚ ɮɨɪɦɢ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ, ɨɬɪɢ-
ɦɚɧɨʀ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ, ɧɟ ɦɨɠɟ ɛɭɬɢ ɦɟɧɲɨɸ ɧɿɠ 
40 ɦɤɦ. ɇɚ ɧɚɲɭ ɞɭɦɤɭ, ɬɚɤɚ ɿɧɮɨɪɦɚɰɿɹ ɩɨɬɪɟɛɭє 
ɭɬɨɱɧɟɧɧɹ. 

Ɉɛɪɨɛɤɚ ɨɛɤɚɬɧɢɦ ɮɪɟɡɟɪɭɜɚɧɧɹɦ (ɪɢɫ. 5). ɉɪɢ 
ɰɶɨɦɭ ɫɩɨɫɨɛɿ ɨɛɪɨɛɤɢ ɝɨɥɨɜɧɢɣ ɪɭɯ ɪɿɡɚɧɧɹ ɡɞɿɣɫ-
ɧɸє ɫɩɟɰɿɚɥɶɧɢɣ ɪɿɡɚɥɶɧɢɣ ɿɧɫɬɪɭɦɟɧɬ. Ɂɚɝɨɬɨɜɤɚ 
ɨɛɟɪɬɚєɬɶɫɹ ɡ ɱɚɫɬɨɬɨɸ ɦɟɧɲɨɸ ɱɚɫɬɨɬɢ ɨɛɟɪɬɚɧɧɹ 
ɿɧɫɬɪɭɦɟɧɬɭ, ɬɚɤɢɦ ɱɢɧɨɦ ɡɞɿɣɫɧɸɸɱɢ ɪɭɯ ɤɪɭɝɨɜɨʀ 
ɩɨɞɚɱɿ. ɋɮɟɪɢɱɧɚ ɩɨɜɟɪɯɧɹ ɡɚɝɨɬɨɜɤɢ ɭɬɜɨɪɸєɬɶɫɹ 
ɨɛɤɚɬɭɜɚɧɧɹɦ ɤɨɥɚ, ɹɤɟ ɫɬɜɨɪɸɸɬɶ ɪɿɡɚɥɶɧɿ ɤɪɨɦɤɢ 
ɿɧɫɬɪɭɦɟɧɬɭ, ɰɟɧɬɪ ɨɛɟɪɬɚɧɧɹ ɹɤɢɯ ɡɛɿɝɚєɬɶɫɹ ɡ 
ɜɿɫɫɸ ɨɛɟɪɬɚɧɧɹ ɡɚɝɨɬɨɜɤɢ.  

ɉɟɪɟɜɚɝɢ: 
- ɜɢɫɨɤɚ ɬɨɱɧɿɫɬɶ ɮɨɪɦɢ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ, ɹɤɚ 

ɞɨɫɹɝɚєɬɶɫɹ ɤɿɧɟɦɚɬɢɤɨɸ ɨɛɪɨɛɤɢ; 
- ɜɢɫɨɤɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɮɿɧɿɲɧɨʀ ɨɛɪɨɛɤɢ, ɹɤɚ 

ɞɨɫɹɝɚєɬɶɫɹ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɛɚɝɚɬɨɥɟɡɨɜɨɝɨ ɿɧɫɬɪɭɦɟɧɬɚ; 
- ɡɧɨɫ ɪɿɡɚɥɶɧɢɯ ɤɪɨɦɨɤ ɿɧɫɬɪɭɦɟɧɬɚ ɮɚɤɬɢɱɧɨ ɧɟ ɜɩɥɢɜɚє ɧɚ ɬɨɱɧɿɫɬɶ ɮɨɪɦɢ ɞɟɬɚɥɿ, 

ɳɨ ɨɛɪɨɛɥɹєɬɶɫɹ. 
ɇɟɞɨɥɿɤɢ: 
- ɩɨɬɪɟɛɭє ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɪɿɡɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ; 
- ɡɚɥɟɠɧɿɫɬɶ ɞɿɚɦɟɬɪɚ ɿɧɫɬɪɭɦɟɧɬɭ ɜɿɞ ɞɿɚɦɟɬɪɚ ɨɛɪɨɛɥɸɜɚɧɨʀ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ; 
- ɧɟɪɿɜɧɨɦɿɪɧɚ ɲɨɪɫɬɤɿɫɬɶ ɫɮɟɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ ɜɧɚɫɥɿɞɨɤ ɪɿɡɧɨʀ ɲɜɢɞɤɨɫɬɿ ɪɿɡɚɧɧɹ ɧɚ 

ɪɿɡɧɢɯ ɞɿɥɹɧɤɚɯ ɨɛɪɨɛɥɸɜɚɧɨʀ ɞɟɬɚɥɿ; 
- ɫɤɥɚɞɧɿɫɬɶ ɧɚɥɚɝɨɞɠɟɧɧɹ. 
Ⱦɨɫɢɬɶ ɫɤɥɚɞɧɢɣ ɬɚ ɧɟɪɿɜɧɨɦɿɪɧɢɣ ɩɪɨɰɟɫ ɡɪɿɡɚɧɧɹ ɩɪɢɩɭɫɤɭ, ɚ ɬɚɤɨɠ ɱɚɫɬɤɨɜɚ ɨɛɪɨ-

ɛɤɚ ɩɨɜɟɪɯɧɿ ɩɪɨɰɟɫɨɦ, ɫɩɨɪɿɞɧɟɧɢɦ ɞɨ ɜɢɝɥɚɞɠɭɜɚɧɧɹ, ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɪɨɡɛɿɠɧɨɫɬɿ ɩɨ-
ɤɚɡɧɢɤɿɜ ɲɨɪɫɬɤɨɫɬɿ ɧɚ ɫɮɟɪɢɱɧɿɣ ɩɨɜɟɪɯɧɿ ɞɟɬɚɥɿ ɞɨ 25 %, ɚ ɫɚɦɚ ɜɢɫɨɬɚ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɿ 

Ɋɢɫ. 4. ɋɯɟɦɚ ɨɛɪɨɛɤɢ ɨɝɢɧɚɧɧɹɦ ɩɪɨɮɿɥɸ 

Ɋɢɫ. 5. ɋɯɟɦɚ ɨɛɪɨɛɤɢ ɨɛɤɚɬɧɢɦ 
ɮɪɟɡɟɪɭɜɚɧɧɹɦ 
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ɪɿɞɤɨ ɞɨɫɹɝɚєɬɶɫɹ ɦɟɧɲɟ Ra 1,0 ɦɤɦ. ȼɿɞɯɢɥɟɧɧɹ ɜɿɞ ɮɨɪɦɢ ɫɮɟɪɢ ɡɚɥɟɠɢɬɶ ɥɢɲɟ ɜɿɞ 
ɜɿɞɫɬɚɧɿ ɦɿɠ ɨɫɹɦɢ ɡɚɝɨɬɨɜɤɢ ɬɚ ɿɧɫɬɪɭɦɟɧɬɭ ɿ ɞɨɫɹɝɚєɬɶɫɹ ɞɨ 5 ɦɤɦ ɧɚɜɿɬɶ ɩɪɢ ɨɛɪɨɛɰɿ 
ɧɚ ɜɟɪɫɬɚɬɚɯ ɡɜɢɱɚɣɧɨʀ ɬɨɱɧɨɫɬɿ [1]. Ɂɚ ɿɧɲɢɦɢ ɞɚɧɢɦɢ [22] ɲɨɪɫɬɤɿɫɬɶ Ra ɩɨɜɟɪɯɧɿ, ɨɛ-
ɪɨɛɥɟɧɨʀ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ, ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ ɜɿɞ 0,4…1,2 ɦɤɦ, ɚ ɜɿɞɯɢɥɟɧɧɹ ɝɟɨɦɟɬɪɢ-
ɱɧɨʀ ɮɨɪɦɢ ɧɟ ɛɿɥɶɲɟ 50 ɦɤɦ. 

Ⱥɧɚɥɿɡɭɸɱɢ ɤɨɠɟɧ, ɜɢɳɟ ɩɟɪɟɪɚɯɨɜɚɧɢɣ, ɫɩɨɫɿɛ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɡɨɜɧɿɲɧɿɯ 
ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɩɪɨɰɟɫ ɭɬɜɨɪɟɧɧɹ ɫɮɟɪɢ є ɞɨɫɢɬɶ 
ɫɤɥɚɞɧɢɦ ɿ ɡɞɟɛɿɥɶɲɨɝɨ ɩɨɬɪɟɛɭє ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɱɢ ɿɧɫɬɪɭɦɟɧɬɭ, ɱɢ ɨɫɧɚ-
ɳɟɧɧɹ, ɱɢ ɨɛɥɚɞɧɚɧɧɹ. ɋɩɨɫɿɛ ɨɛɪɨɛɤɢ ɜɢɛɢɪɚєɬɶɫɹ ɬɟɯɧɨɥɨɝɨɦ ɿɧɞɢɜɿɞɭɚɥɶɧɨ ɜ ɤɨɠɧɨɦɭ 
ɨɤɪɟɦɨɦɭ ɜɢɩɚɞɤɭ ɿ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɨɠɥɢɜɨɫɬɟɣ ɩɿɞɩɪɢєɦɫɬɜɚ, ɹɤɨɫɬɿ ɫɮɟɪɢ-
ɱɧɨʀ ɩɨɜɟɪɯɧɿ, ɹɤɭ ɩɨɬɪɿɛɧɨ ɜɢɝɨɬɨɜɢɬɢ, ɬɚ ɫɟɪɿɣɧɨɫɬɿ ɜɢɪɨɛɧɢɰɬɜɚ. ɇɚɣɛɿɥɶɲɭ ɫɤɥɚɞɧɿɫɬɶ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɹɤɨɫɬɿ ɩɨɜɟɪɯɧɿ ɹɜɥɹɸɬɶ ɫɨɛɨɸ ɞɟɬɚɥɿ ɿɡ ɩɪɟɰɢɡɿɣɧɢɦɢ ɫɮɟɪɢɱɧɢɦɢ ɩɨɜɟɪɯ-
ɧɹɦɢ. Ɍɚɤɿ ɞɟɬɚɥɿ ɩɟɪɟɜɚɠɧɨ ɩɿɞɞɚɸɬɶ ɱɨɪɧɨɜɿɣ ɬɚ ɧɚɩɿɜɱɢɫɬɨɜɿɣ ɨɛɪɨɛɰɿ ɧɚ ɭɧɿɜɟɪɫɚɥɶɧɢɯ 
ɬɨɤɚɪɧɢɯ ɜɟɪɫɬɚɬɚɯ. Ɏɿɧɿɲɧɭ ɨɛɪɨɛɤɭ ɩɪɨɜɨɞɹɬɶ ɡɚ ɦɟɬɨɞɨɦ ɨɝɢɧɚɧɧɹ ɚɛɨ ɨɛɤɚɬɧɢɦ ɮɪɟ-
ɡɟɪɭɜɚɧɧɹɦ. Ɉɞɧɚɤ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɩɟɰɿɚɥɶɧɨɝɨ ɪɿɡɚɥɶɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ, ɨɫɧɚɳɟɧɧɹ ɱɢ ɨɛ-
ɥɚɞɧɚɧɧɹ, ɹɤɿ ɩɨɬɪɟɛɭɸɬɶ ɜɜɟɞɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɨɩɟɪɚɰɿɣ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɭɞɨɪɨɠɱɚɧɧɹ ɜɚɪ-
ɬɨɫɬɿ ɞɟɬɚɥɿ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɬɪɟɛɚ ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ ɧɚ ɫɩɨɫɿɛ ɨɛɪɨɛɤɢ ɡɚ ɲɚɛɥɨɧɨɦ ɧɚ 
ɬɨɤɚɪɧɢɯ ɜɟɪɫɬɚɬɚɯ ɿɡ ɑɉɍ. ɋɭɱɚɫɧɿ ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɿ ɜɟɪɫɬɚɬɢ ɡ ɑɉɍ ɯɚɪɚɤɬɟɪɢɡɭ-
ɸɬɶɫɹ ɜɢɫɨɤɨɸ ɠɨɪɫɬɤɿɫɬɸ ɬɚ ɜɿɛɪɨɫɬɿɣɤɿɫɬɸ, ɬɨɱɧɿɫɬɸ ɩɨɡɢɰɿɸɜɚɧɧɹ. Ⱦɢɫɤɪɟɬɧɿɫɬɶ ɪɭɯɿɜ 
ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɜɟɪɫɬɚɬɚ ɛɿɥɶɲɟ ɧɟ є ɤɥɸɱɨɜɢɦ ɮɚɤɬɨɪɨɦ, ɹɤɢɣ ɜɩɥɢɜɚє ɧɚ ɬɨɱɧɿɫɬɶ ɮɨ-
ɪɦɢ ɩɨɜɟɪɯɧɿ ɩɪɢ ɨɛɪɨɛɰɿ ɫɮɟɪ. Ɂɚɝɚɥɨɦ ɦɨɠɧɚ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɨɛɪɨɛɤɚ ɧɚ ɜɟɪɫɬɚɬɚɯ ɿɡ 
ɑɉɍ ɜ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ ɛɿɥɶɲɟ ɧɟ є ɫɩɟɰɿɚɥɶɧɢɦ ɫɩɨɫɨɛɨɦ ɨɛɪɨɛɤɢ ɣ 
ɨɩɪɚɜɞɨɜɭє ɫɟɛɟ ɧɚɜɿɬɶ ɭ ɞɪɿɛɧɨɫɟɪɿɣɧɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ. 

ɍ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɧɚɫɬɭɩɧɿ ɲɥɹɯɢ ɩɿɞɜɢɳɟɧɧɹ ɨɛɪɨɛɤɢ ɧɟɩɨɜ-
ɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɥɟɡɨɜɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ, ɹɤɿ ɩɨɤɚɡɚɧɿ ɧɚ ɪɢɫ. 6. 

 

Ɋɢɫ. 6. ɒɥɹɯɢ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɛɪɨɛɤɢ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ  
ɥɟɡɨɜɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ 

Ɂɚɥɟɠɧɨ ɜɿɞ ɫɟɪɿɣɧɨɫɬɿ ɜɢɪɨɛɧɢɰɬɜɚ ɤɨɠɟɧ ɫɩɨɫɿɛ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨ-
ɜɟɪɯɨɧɶ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɢɣ ɭ ɬɨɦɭ ɱɢ ɿɧɲɨɦɭ ɜɢɩɚɞɤɭ. Ɉɞɧɢɦ ɿɡ ɧɚɣɛɿɥɶɲ ɜɚɠɥɢ-
ɜɢɯ ɩɨɤɚɡɧɢɤɿɜ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɩɨɫɨɛɭ ɨɛɪɨɛɤɢ є ɣɨɝɨ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ. ɇɚ ɧɚɲɭ ɞɭɦɤɭ, 
ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ, ɩɪɨɜɟɞɟɧɢɣ ɜ ɪɨɛɨɬɿ [5], є ɧɟ 
ɨɛ’єɤɬɢɜɧɢɣ, ɨɫɤɿɥɶɤɢ ɧɟ ɡɪɨɡɭɦɿɥɨ, ɱɢɦ ɨɩɟɪɭɜɚɥɢɫɶ ɚɜɬɨɪɢ ɩɪɢ ɜɢɛɨɪɿ ɪɟɠɢɦɿɜ ɪɿɡɚɧɧɹ. 
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Ɇɢ ɩɪɨɩɨɧɭєɦɨ ɹɤ ɨɛɦɟɠɟɧɧɹ ɩɪɢɣɧɹɬɢ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɿ ɪɟɠɢɦɢ ɪɿɡɚɧɧɹ ɞɥɹ ɿɧ-
ɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɹɤɿ ɜɿɡɶɦɟɦɨ ɡ ɤɚɬɚɥɨɝɿɜ ɿɧɫɬɪɭɦɟɧɬɭ ɤɨɦɩɚɧɿʀ TaeguTec [16-

18]. Ⱦɨɞɚɬɤɨɜɨ ɜɜɟɞɟɦɨ ɨɛɦɟɠɟɧɧɹ ɡɚ ɲɨɪɫɬɤɿɫɬɸ ɬɚ ɬɨɱɧɨɫɬɿ ɨɛɪɨɛɥɟɧɨʀ ɩɨɜɟɪɯɧɿ, ɹɤɭ 
ɩɪɢɣɦɟɦɨ ɪɿɜɧɨɸ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɹɠɧɿɣ ɩɪɢ ɨɛɪɨɛɰɿ ɮɚɫɨɧɧɢɦɢ ɪɿɡɰɹɦɢ, ɹɤ ɧɚɣɦɟɧɲ 
ɬɨɱɧɨɝɨ ɫɩɨɫɨɛɭ, ɬɨɛɬɨ Ra 2,0 ɦɤɦ ɬɚ IT9. Ɂɜɿɞɫɢ ɪɨɡɪɚɯɭєɦɨ ɬɟɨɪɟɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɩɨɞɚɱɿ 
ɞɥɹ ɿɧɲɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ, ɹɤɟ ɜɢɪɚɡɢɦɨ ɡ ɮɨɪɦɭɥɢ ɑɟɛɢɲɟɜɚ: ܵ = √ͺ ∙ ݎ ∙ ܴ௭  ,                                                            (1) 

ɞɟ  ܴ௭ – ɜɢɫɨɬɚ ɧɟɪɿɜɧɨɫɬɿ ɩɪɨɮɿɥɸ ɩɨ ɞɟɫɹɬɢ ɬɨɱɤɚɯ, ɦɤɦ; 
S – ɩɨɞɚɱɚ, ɦɦ/ɨɛ (ɩɪɢ ɬɨɱɿɧɧɿ) ɬɚ ɦɦ/ɡɭɛ (ɩɪɢ ɮɪɟɡɟɪɭɜɚɧɧɿ); 
r – ɪɚɞɿɭɫ ɩɪɢ ɜɟɪɲɢɧɿ ɩɥɚɫɬɢɧɢ, ɦɦ. 
əɤ ɩɪɢɤɥɚɞ ɩɪɨɜɟɞɟɦɨ ɩɨɪɿɜɧɹɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ ɞɟɬɚɥɟɣ ɿɡ ɫɮɟ-

ɪɢɱɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ ɩɪɢ ɨɛɪɨɛɰɿ ɞɟɬɚɥɿ «ɉɨɩɥɚɜɨɤ» ɿɡ ɦɚɬɟɪɿɚɥɭ Ⱦ16Ɍ (ɪɢɫ. 7). ɉɪɢɩɭɫɤ 
ɧɚ ɨɛɪɨɛɤɭ ɩɪɢɣɦɟɦɨ ɪɿɜɧɢɦ 2 ɦɦ. Ⱦɚɧɿ ɡ ɤɚɬɚɥɨɝɿɜ ɿɧɫɬɪɭɦɟɧɬɭ ɡɜɟɞɟɦɨ ɜ ɬɚɛɥ. 1. 

  
ɚ ɛ 

Ɋɢɫ. 7. ȿɫɤɿɡ ɡɚɝɨɬɨɜɤɢ ɚ) ɬɚ ɞɟɬɚɥɿ ɛ) «ɉɨɩɥɚɜɨɤ» 

Ɍɚɛɥɢɰɹ 1 

Ɋɟɤɨɦɟɧɞɨɜɚɧɿ ɪɟɠɢɦɢ ɪɿɡɚɧɧɹ 

ɋɩɨɫɿɛ ɨɛɪɨɛɤɢ 
ȼɢɝɥɹɞ ɩɥɚɫɬɢ-

ɧɤɢ 

ɇɚɡɜɚ ɩɥɚɫɬɢ-
ɧɤɢ 

Ɇɚɬɟɪɿɚɥ 
ɩɥɚɫɬɢɧɤɢ 

Ɋɟɠɢɦɢ ɪɿɡɚɧɧɹ 

V, ɦ/ɯɜ S, ɦɦ/ɨɛ(ɡɭɛ) t, ɦɦ 

Ɂɚ ɲɚɛɥɨɧɨɦ 

 

TDA 4.00-2.00 Ʉ10 40-350 0,20-0,43 0,0-2,0 

Ɉɝɢɧɚɧɧɹɦ  
ɩɪɨɮɿɥɸ  

VCGT  

110304 FL 
Ʉ10 40-350 0,05-0,25 0,5-3,0 

Ɉɛɤɚɬɧɢɦ  
ɮɪɟɡɟɪɭɜɚɧɧɹɦ 

 

RYHX  

0803-AL 
K10 40-350 0,8-0,1 1,0-3,5 

Ɂɚɝɚɥɨɦ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɨɛɪɨɛɤɢ ɦɨɠɧɚ ɡɧɚɣɬɢ ɡɚ ɮɨɪɦɭɥɨɸ: ʞ = ௏˒ʡˑ,                                                                   (2) 

ɞɟ   ܸ˒  – ɨɛ’єɦ ɩɪɢɩɭɫɤɭ. 
Ɂɧɚɣɞɟɦɨ ܸ˒  ɪɨɡɪɚɯɭɜɚɜɲɢ Ɇɐɏ ɡɚɝɨɬɨɜɤɢ ɬɚ ɞɟɬɚɥɿ: ܸ˒ = зܸ − ܸ̌ = ͹͸ͻ͵.͵ͳ ˏˏଷ,                                            (3) 

Ɋɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧɧɹ ɪɟɠɢɦɿɜ ɪɿɡɚɧɧɹ ɬɚ ɨɫɧɨɜɧɨɝɨ ɱɚɫɭ ɩɨɤɚɡɚɧɿ ɜ ɬɚɛɥ. 2. 
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Ɍɚɛɥɢɰɹ 2 

Ɋɨɡɪɚɯɭɧɨɤ ɨɫɧɨɜɧɨɝɨ ɱɚɫɭ ɨɛɪɨɛɤɢ ɞɟɬɚɥɿ 
№ 
ɡ/ɩ 

ɋɩɨɫɿɛ ɨɛɪɨɛɤɢ 
Ɋɟɠɢɦɢ ɪɿɡɚɧɧɹ Ɉɫɧɨɜɧɢɣ ɱɚɫ ɉɪɨɞɭɤɬɢɜɧɿɫɬɶ 

V, ɦ/ɯɜ S, ɦɦ/ɨɛ(ɡɭɛ) n, ɯɜ-1 Ɍɨ, ɯɜ ɉ, ɦɦ3/ɯɜ 

1 Ɏɚɫɨɧɧɢɦɢ ɪɿɡɰɹɦɢ 100 0,02 637* 0.157 49002 

2 Ɂɚ ɲɚɛɥɨɧɨɦ 100 0,36 2274-637** 0.216 35617 

3 Ɉɝɢɧɚɧɧɹɦ ɩɪɨɮɿɥɸ 100 0,11 2274-637** 0.716 10745 

4 
Ɉɛɤɚɬɧɢɦ  

ɮɪɟɡɟɪɭɜɚɧɧɹɦ 100 0,5 650*** 0,245**** 31401 

* ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ ɛɭɥɨ ɩɪɢɣɧɹɬɨ ɞɿɚɦɟɬɪ ɨɛɪɨɛɤɢ 50 ɦɦ; 
** ɨɛɪɨɛɤɚ ɧɚ ɜɟɪɫɬɚɬɚɯ ɡ ɑɉɍ ɡ ɮɭɧɤɰɿєɸ ɤɨɧɬɪɨɥɸ ɲɜɢɞɤɨɫɬɿ ɪɿɡɚɧɧɹ ɧɚ ɩɨɜɟɪɯɧɿ; 
*** ɪɨɡɪɚɯɭɧɨɤ ɩɪɨɜɟɞɟɧɨ ɡɚ ɮɨɪɦɭɥɚɦɢ, ɧɚɜɟɞɟɧɢɦɢ ɜ ɪɨɛɨɬɿ [5]; 
**** ɩɪɢ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɨɝɨ ɱɚɫɭ ɤɿɥɶɤɿɫɬɶ ɡɭɛɿɜ ɮɪɟɡɢ ɩɪɢɣɧɹɬɨ 2. 

ɍ ɫɭɱɚɫɧɢɯ ɟɤɨɧɨɦɿɱɧɢɯ ɭɦɨɜɚɯ ɦɚɲɢɧɨɛɭɞɿɜɧɢɦ ɩɿɞɩɪɢєɦɫɬɜɚɦ ɞɨɜɨɞɢɬɶɫɹ ɫɬɢɤɚ-
ɬɢɫɹ ɡ ɱɚɫɬɢɦɢ ɡɦɿɧɚɦɢ ɧɨɦɟɧɤɥɚɬɭɪɢ ɞɟɬɚɥɟɣ ɬɚ ɜɢɪɨɛɿɜ, ɳɨ ɩɨɬɪɟɛɭɸɬɶ ɜɢɝɨɬɨɜɥɟɧɧɹ. 
Ɂɚ ɬɚɤɢɯ ɨɛɫɬɚɜɢɧ ɦɢ ɩɪɨɩɨɧɭєɦɨ ɤɨɪɢɫɬɭɜɚɬɢɫɶ ɤɪɢɬɟɪɿєɦ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɩɪɢ ɩɥɚɧɭ-
ɜɚɧɧɿ ɜɢɪɨɛɧɢɰɬɜɚ (ɬɚɛɥ. 3). 

Ɍɚɛɥɢɰɹ 3 

Ʉɪɢɬɟɪɿʀ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ 

Ɏɚɤɬɨɪ 

ɋɩɨɫɿɛ ɨɛɪɨɛɤɢ 

ɮɚɫɨɧɧɢɦɢ  
ɪɿɡɰɹɦɢ 

ɡɚ ɲɚɛɥɨɧɨɦ 
ɨɝɢɧɚɧɧɹɦ  

ɩɪɨɮɿɥɸ 

ɨɛɤɚɬɧɢɦ  
ɮɪɟɡɟɪɭɜɚɧɧɹɦ 

Ɍɢɩ ɨɛɥɚɞɧɚɧɧɹ ɍɧɿɜɟɪɫɚɥɶɧɟ ɍɧɿɜɟɪɫɚɥɶɧɟ ɋɩɟɰɿɚɥɶɧɟ ɍɧɿɜɟɪɫɚɥɶɧɟ 

Ɍɢɩ ɿɧɫɬɪɭɦɟɧɬɭ ɋɩɟɰɿɚɥɶɧɢɣ ɍɧɿɜɟɪɫɚɥɶɧɢɣ ɍɧɿɜɟɪɫɚɥɶɧɢɣ ɋɩɟɰɿɚɥɶɧɢɣ 

ɍɧɿɜɟɪɫɚɥɶɧɿɫɬɶ 
ɫɩɨɫɨɛɭ 

ɍɧɿɜɟɪɫɚɥɶɧɢɣ  
ɫɩɨɫɿɛ, ɹɤɢɣ ɩɨɬɪɟ-
ɛɭє ɫɩɟɰɿɚɥɶɧɨɝɨ 

ɿɧɫɬɪɭɦɟɧɬɭ 

ɍɧɿɜɟɪɫɚɥɶɧɢɣ  
ɫɩɨɫɿɛ 

ɋɩɟɰɿɚɥɶɧɢɣ ɫɩɨɫɿɛ 

ɍɧɿɜɟɪɫɚɥɶɧɢɣ ɫɩɨ-
ɫɿɛ, ɹɤɢɣ ɩɨɬɪɟɛɭє 

ɫɩɟɰɿɚɥɶɧɨɝɨ 

ɿɧɫɬɪɭɦɟɧɬɭ 

Ʉɨɟɮɿɰɿєɧɬ  
ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ 0,5 1 0 0,5 

ɉɨɪɿɜɧɹɧɧɹ ɦɟɬɨɞɿɜ ɨɛɪɨɛɤɢ ɡ ɤɪɢɬɟɪɿєɦ ɫɨɛɿɜɚɪɬɨɫɬɿ ɦɚє ɞɪɭɝɨɪɹɞɧɢɣ ɯɚɪɚɤɬɟɪ, 
ɨɫɤɿɥɶɤɢ ɡɚ ɿɧɲɢɯ ɪɿɜɧɢɯ ɭɦɨɜ ɭɫɟ ɡɜɨɞɢɬɶɫɹ ɞɨ ɜɢɬɪɚɬ ɧɚ ɿɧɫɬɪɭɦɟɧɬ. Ɉɱɟɜɢɞɧɨ, ɳɨ ɫɩɟ-
ɰɿɚɥɶɧɢɣ ɿɧɫɬɪɭɦɟɧɬ ɡɧɚɱɧɨ ɞɨɪɨɠɱɢɣ ɭɧɿɜɟɪɫɚɥɶɧɨɝɨ, ɨɞɧɚɤ ɰɟ ɤɨɦɩɟɧɫɭєɬɶɫɹ ɿɧɲɢɦɢ 
ɮɚɤɬɨɪɚɦɢ, ɧɚɩɪɢɤɥɚɞ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ. Ⱥɧɚɥɿɡ ɮɿɧɚɧɫɨɜɨ-ɟɤɨɧɨɦɿɱɧɨʀ ɞɿɹɥɶɧɨɫɬɿ ɦɚɲɢ-
ɧɨɛɭɞɿɜɧɢɯ ɩɿɞɩɪɢєɦɫɬɜ ɩɨɤɚɡɚɜ, ɳɨ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɜɢɬɪɚɬɢ ɧɚ ɿɧɫɬɪɭɦɟɧɬ ɫɬɚɧɨ-
ɜɥɹɬɶ ɛɥɢɡɶɤɨ 5 % ɜɿɞ ɡɚɝɚɥɶɧɨʀ ɜɚɪɬɨɫɬɿ ɜɢɪɨɛɭ [20; 21]. 

ɉɚɪɚɦɟɬɪɢ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ, ɪɨɡɪɚɯɨɜɚɧɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɫɩɨɫɨɛɿɜ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ 
ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ, ɚ ɬɚɤɨɠ ɲɨɪɫɬɤɿɫɬɶ ɩɨɜɟɪɯɧɿ ɬɚ ɬɨɱɧɿɫɬɶ ɮɨɪɦɢ, ɹɤɚ 
ɨɬɪɢɦɭєɬɶɫɹ ɪɨɡɝɥɹɧɭɬɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɩɪɟɞɫɬɚɜɢɦɨ ɭ ɜɢɝɥɹɞɿ ɞɿɚɝɪɚɦɢ ɧɚ ɪɢɫ. 8. Ɉɫɤɿ-
ɥɶɤɢ ɪɨɡɝɥɹɧɭɬɿ ɩɚɪɚɦɟɬɪɢ ɦɚɸɬɶ ɪɿɡɧɨɝɨ ɩɨɪɹɞɤɭ ɜɟɥɢɱɢɧɢ ɩɪɢɣɦɟɦɨ ɞɿɚɩɚɡɨɧ ɡɧɚɱɟɧɶ 
ɡɚ 100 %. ɍɫɿ ɡɧɚɱɟɧɧɹ ɛɭɞɭɬɶ ɡɧɚɯɨɞɢɬɢɫɶ ɜɿɞ 0 ɞɨ 1, ɞɟ 1 – ɤɪɚɳɢɣ ɩɨɤɚɡɧɢɤ. Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɫɩɨɫɿɛ ɨɛɪɨɛɤɢ, ɹɤɢɣ ɦɚє ɧɚɣɛɿɥɶɲɭ ɡɚ ɩɥɨɳɟɸ ɮɿɝɭɪɭ, ɛɭɞɟ ɦɚɬɢ ɩɟɪɟɜɚɝɭ ɧɚɞ 
ɿɧɲɢɦɢ ɫɩɨɫɨɛɚɦɢ.  
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Ɋɢɫ. 8. ɉɨɪɿɜɧɹɥɶɧɚ ɞɿɚɝɪɚɦɚ ɫɩɨɫɨɛɿɜ ɥɟɡɨɜɨʀ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ  
ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. 
1. ɉɪɨɜɟɞɟɧɨ ɤɨɦɩɥɟɤɫɧɟ ɩɨɪɿɜɧɹɧɧɹ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪ-

ɯɨɧɶ ɡ ɩɨɡɢɰɿʀ ʀɯɧɶɨʀ ɹɤɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɬɚ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ. ȼɢɡɧɚ-
ɱɟɧɿ ɤɪɢɬɟɪɿʀ ɜɢɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɭ ɨɛɪɨɛɤɢ ɞɚɸɬɶ ɡɦɨɝɭ ɧɚɞɚɥɿ ʀɯ ɜɢɤɨɪɢɫɬɨɜɭ-
ɜɚɬɢ ɩɪɢ ɪɨɡɪɨɛɰɿ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɨɛɪɨɛɤɢ ɞɟɬɚɥɟɣ ɬɚ ɩɥɚɧɭɜɚɧɧɿ ɜɢɪɨɛɧɢɰɬɜɚ. 

2. ȼɢɡɧɚɱɟɧɨ ɲɥɹɯɢ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪ-
ɯɨɧɶ ɥɟɡɨɜɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ.  

3. ɉɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ ɧɟɩɨɜɧɢɯ ɫɮɟɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɥɟɡɨɜɢɦ ɿɧ-
ɫɬɪɭɦɟɧɬɨɦ ɡɿ ɜɫɬɚɧɨɜɥɟɧɧɹɦ ɩɟɪɟɜɚɝ ɿ ɧɟɞɨɥɿɤɿɜ ɬɚ ɝɪɚɧɢɱɧɨ ɞɨɫɹɠɧɨʀ ɲɨɪɫɬɤɨɫɬɿ ɬɚ 
ɬɨɱɧɨɫɬɿ ɮɨɪɦɢ ɤɨɠɧɨɝɨ ɫɩɨɫɨɛɭ. ɉɪɨɜɟɞɟɧɨ ɩɪɢɤɥɚɞ ɩɨɪɿɜɧɹɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɜɿɞɨ-
ɦɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɤɢ ɡɿ ɫɩɨɫɨɛɨɦ, ɡɚ ɹɤɢɦ ɭ ɩɪɨɦɢɫɥɨɜɢɯ ɭɦɨɜɚɯ ɛɭɥɨ ɜɢɝɨɬɨɜɥɟɧɨ ɞɟ-
ɬɚɥɶ «ɉɨɩɥɚɜɨɤ» ɞɥɹ ɝɿɪɨɫɤɨɩɚ. 

ɋɩɢɫɨɤ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ 
1. Ʉɨɪɨɬɤɢɯ Ɇ. Ɍ., Ʉɪɹɠɟɜ Ⱦ. ɘ. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨ-

ɫɬɟɣ ɨɛɤɚɬɨɱɧɵɦ ɮɪɟɡɟɪɨɜɚɧɢɟɦ. Ɇɟɬɚɥɥɨɨɛɪɚɛɨɬɤɚ. 2001. № 4 (4). ɋ. 10–12.  

2. ɀɟɪɟɛɹɬɶɟɜ Ⱦ. ɇ. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɦɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ : ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.02.08 / Ɉɦɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. Ɉɦɫɤ, 2002. 179 ɫ. 

3. Ʉɪɹɠɟɜ Ⱦ. ɘ. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɩɪɟɰɢɡɢɨɧɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨ-
ɫɬɟɣ ɮɪɟɡɟɪɨɜɚɧɢɟɦ : ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.03.01 / ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2001. 208 ɫ. 

4. ɏɦɟɥɶɧɢɰɤɢɣ Ɋ. ɋ. Ɍɟɯɧɨɥɨɝɢɹ ɫɤɨɪɨɫɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɧɟɩɨɥɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɜɪɚɳɚɸɳɢɦɫɹ ɥɟɡɜɢɣɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ : ɚɜɬɨɪɟɮ. ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 
05.02.07 / Ȼɟɥɨɪɭɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. Ɇɢɧɫɤ, 2018. 27 ɫ. 
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5. ɏɦɟɥɶɧɢɰɤɢɣ Ɋ. ɋ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɩɨɫɨɛɨɦ 
ɨɯɜɚɬɵɜɚɸɳɟɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ. ȼɟɫɬɧɢɤ ɉɨɥɨɰɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 2007. № 8. 
ɋ. 53–58. 

6. ɉɨɩɨɤ ɇ. ɇ., Ɍɟɪɟɧɬɶɟɜ ȼ. Ⱥ., ɏɦɟɥɶɧɢɰɤɢɣ Ɋ. ɋ., ɋɢɞɢɤɟɜɢɱ Ⱥ. ȼ. Ⱥɧɚɥɢɡ ɫɩɨɫɨɛɨɜ ɨɛɪɚ-
ɛɨɬɤɢ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ. ȼɟɫɬɧɢɤ ɉɨɥɨɰɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 
2006. № 12. ɋ. 42–45. 

7. Ⱦɚɥɶɫɶɤɢɣ Ⱥ. Ɇ., Ʉɨɫɢɥɨɜɚ Ⱥ. Ƚ., Ɇɟɳɟɪɹɤɨɜ Ɋ. Ʉ., ɋɭɫɥɨɜ Ⱥ. Ƚ. ɋɩɪɚɜɨɱɧɢɤ ɬɟɯɧɨɥɨɝɚ-
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɹ : ɜ 2 ɬ. Ɍ. 1. 5-ɟ ɢɡɞ., ɢɫɩɪɚɜɥ. Ɇɨɫɤɜɚ : Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ-1, 2003. 912 ɫ. 

8. ɉɚɬɟɧɬ RU 2405666 ɋ1, ɆɉɄ ȼ24ȼ 11/00, ȼ24ȼ 5/16. ɋɩɨɫɨɛ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ / ȼ. ȼ. ɉɥɚɬɨɧɨɜ, Ⱥ. Ƚ. ɗɩɨɜ, Ʌ. ȼ. Ʌɚɬɵɲ, Ɇ. Ⱥ. ȼɨɥɤɨɜ, Ɏ. ɉ. Ȼɵ-
ɱɟɧɤɨɜɚ. Ɂɚɹɜɤɚ № 2009115406/02 ɨɬ 22.04.2009; ɨɩɭɛɥ. 10.12.2010, Ȼɸɥ. № 34. 6 ɫ. 

9. ɉɚɬɟɧɬ RU 2393047 ɋ2, ɆɉɄ ȼ22ɋ 9/00. ɋɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɮɟɪɢɱɟɫɤɨɣ ɡɚɝɨɬɨɜɤɢ 
ɩɪɨɛɤɢ ɲɚɪɨɜɨɝɨ ɤɪɚɧɚ / ȼ. ɉ. Ⱥɧɢɫɢɦɨɜ, Ⱥ. Ⱥ. ɐɵɛɭɥɚɟɜ. Ɂɚɹɜɤɚ № 2008135944/02 ɨɬ 08.09.2008; 
ɨɩɭɛɥ. 27.06.2010, Ȼɸɥ. № 18. 8 ɫ. 

10. ɉɚɬɟɧɬ RU 2184013 ɋ2, ɆɉɄ ȼ23ȼ 5/40. ɋɩɨɫɨɛ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ / Ⱥ. ȼ. ɋɭɬɨɪɦɢɧ. Ɂɚɹɜɤɚ № 2000113864/02 ɨɬ 01.06.2000; ɨɩɭɛɥ. 27.06.2002. 7 ɫ. 

11. ɉɚɬɟɧɬ RU 182576 U1, ɆɉɄ ȼ23ȼ 5/40. ɋɬɚɧɨɤ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɚɪɭɠɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ / Ⱥ.Ɉ.Ɇ. Ⱥɯɦɟɞɨɜ. Ɂɚɹɜɤɚ № 2016148140 ɨɬ 07.12.2016; ɨɩɭɛɥ. 23.08.2018, 
Ȼɸɥ. № 24. 6 ɫ. 

12. ɉɚɬɟɧɬ RU 2210485 ɋ1, ɆɉɄ ȼ24ȼ 39/00. ɋɩɨɫɨɛ ɨɛɪɚɛɨɬɤɢ ɧɚɪɭɠɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨ-
ɜɟɪɯɧɨɫɬɟɣ ɦɧɨɝɨɲɚɪɢɤɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ / ɋ. ɇ. ɋɟɦɟɧɸɤ. Ɂɚɹɜɤɚ № 2002100575/02 ɨɬ 
08.01.2002; ɨɩɭɛɥ. 20.08.2003. 6 ɫ. 

13. ɉɚɬɟɧɬ RU 2286535 ɋ1, ɆɉɄ G01ɋ 25/00, B23P 15/00. ɋɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɨɬɨɪɚ ɲɚ-
ɪɨɜɨɝɨ ɝɢɪɨɫɤɨɩɚ / Ȼ. ȿ. Ʌɚɧɞɚɭ, Ⱥ. ə. Ȼɭɰɵɤ, ɋ. ɇ. Ȼɟɞɹɟɜ, Ⱥ. ɉ. Ȼɭɪɚɜɥɟɜ, Ⱥ. Ƚ. ɓɟɪɛɚɤ. Ɂɚɹɜɤɚ 
№ 2005107600/02 ɨɬ 10.03.2005; ɨɩɭɛɥ. 27.10.2006, Ȼɸɥ. № 30. 12 ɫ. 

14. ɉɚɬɟɧɬ RU 2087763 ɋ1, ɆɉɄ F16C 23/04, F16C 33/14. ɒɚɪɧɢɪɧɵɣ ɩɨɞɲɢɩɧɢɤ ɫɤɨɥɶɠɟ-
ɧɢɹ ɢ ɫɩɨɫɨɛ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ / Ⱥ. ȼ. Ʉɨɪɨɥɟɜ, ȼ. ɉ. Ʉɭɪɛɚɬɨɜ, ȼ. ɘ. Ⱦɨɪɨɮɟɟɜ. Ɂɚ-
ɹɜɤɚ № 94009119/28 ɨɬ 17.03.1994; ɨɩɭɛɥ. 20.08.1997. 5 ɫ. 

15. Ƚɪɚɧɨɜɫɤɢɣ Ƚ. ɂ., ɉɚɧɱɟɧɤɨ Ʉ. ɉ. Ɏɚɫɨɧɧɵɟ ɪɟɡɰɵ. Ɇɨɫɤɜɚ : Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1975. 309 ɫ. 
16. Ɍɨɤɚɪɧɚɹ ɨɛɪɚɛɨɬɤɚ. URL: http://taegutec.com.ua/wp-content/uploads/2020/04/A-tokarnaya-

obrabotka.pdf. 
17. Ɉɬɪɟɡɤɚ ɢ ɨɛɪɚɛɨɬɤɚ ɤɚɧɚɜɨɤ. URL: http://taegutec.com.ua/wp-content/uploads/2020/04/B-

otrezka-i-obrabotka-kanavok.pdf. 
18. Ɏɪɟɡɟɪɧɵɣ ɢɧɫɬɪɭɦɟɧɬ. URL: http://taegutec.com.ua/wp-content/uploads/2020/04/E-

frezernyj-instrument.pdf. 
19. Ʉɪɟɣɞɚ Ɋ. Ɇ., Ɇɚɰɟɩɚ ɋ. Ɇ., Ƚɨɪɞɿєɧɤɨ ȼ. ȱ., Ƚɨɥɭɛ Ɇ. ȼ. Ɉɫɨɛɥɢɜɨɫɬɿ ɜɢɝɨɬɨɜɥɟɧɧɹ ɪɨ-

ɬɨɪɚ ɞɥɹ ɩɨɩɥɚɜɤɨɜɨɝɨ ɝɿɪɨɫɤɨɩɚ ɜ ɭɦɨɜɚɯ ɜɢɪɨɛɧɢɰɬɜɚ. ȼɿɫɧɢɤ ɑɟɪɤɚɫɶɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɬɟɯɧɨ-
ɥɨɝɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ. 2020. № 2. ɋ. 143–149. 

20. ɇɨɜɢɤɨɜ Ɏ. ȼ., ɀɨɜɬɨɛɪɸɯ ȼ. Ⱥ., ɇɨɜɢɤɨɜ Ƚ. ȼ. Ɉɫɧɨɜɵ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ : ɦɨɧɨɝɪɚɮɢɹ. Ⱦɧɟɩɪ : ɅɂɊȺ, 2017. 452 ɫ. 

21. ɇɨɜɢɤɨɜ Ɏ. ȼ., ɀɨɜɬɨɛɪɸɯ ȼ. Ⱥ., ɇɨɜɢɤɨɜ Ƚ. ȼ. Ɉɩɬɢɦɚɥɶɧɵɟ ɪɟɲɟɧɢɹ ɜ ɦɟɬɚɥɥɨɨɛɪɚ-
ɛɨɬɤɟ : ɦɨɧɨɝɪɚɮɢɹ. Ⱦɧɟɩɪ : ɅɂɊȺ, 2017. 476 ɫ. 

22. ɉɨɩɨɤ ɇ. ɇ., ɏɦɟɥɶɧɢɰɤɢɣ Ɋ. ɋ., Ⱥɧɢɫɢɦɨɜ ȼ. ɋ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɛɪɚ-
ɛɨɬɤɢ ɧɟɩɨɥɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. ȼɟɫɬɧɢɤ ɉɨɥɨɰɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧ-
ɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 2018. № 3. ɋ. 54–60. 

References 
1. Korotkikh, M. T., Kriazhev, D. Iu. (2001). Povyshenie effektivnosti obrabotki sfericheskikh 

poverkhnostei obkatochnym frezerovaniem [Improving the efficiency of processing spherical surfaces 
by rolling milling]. Metalloobrabotka. – Metalworking, 4(4), 10-12 [in Russian]. 

2. Zherebiatev, D. N. (2002). Povyshenie effektivnosti razmernoi obrabotki sfericheskikh 
poverkhnostei detalei mashin tekhnologicheskimi metodami [Improving the efficiency of dimensional 
processing of spherical surfaces of machine parts by technological methods]. (PhD thesis). Omsk State 
Technical University. Omsk [in Russian]. 

3. Kriazhev, D. Iu. (2001). Povyshenie effektivnosti obrabotki pretcizionnykh sfericheskikh 

poverkhnostei frezerovaniem [Improving the processing efficiency of precision spherical surfaces by 

milling]. (PhD thesis). St. Petersburg State Technical University. St. Petersburg [in Russian]. 



№ 2 (20), 2020 Ɍȿɏɇȱɑɇȱ ɇȺɍɄɂ ɌȺ ɌȿɏɇɈɅɈȽȱȲ 
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 98 

4. Khmelnitckii, R. S. (2018). Tekhnologiia skorostnoi obrabotki nepolnykh sfericheskikh 
poverkhnostei detalei mashin vrashchaiushchimsia lezviinym instrumentom [Technology for high-speed 
processing of incomplete spherical surfaces of machine parts with a rotating blade tool]. (PhD thesis). 
Belarusian National Technical University. Minsk [in Russian]. 

5. Khmelnitckii, R. S. (2007). Issledovanie protcessa obrabotki sfericheskikh poverkhnostei sposobom 
okhvatyvaiushchego frezerovaniia [Investigation of the processing of spherical surfaces by the method of 
covering milling]. Vestnik Polotckogo gosudarstvennogo universiteta. – Bulletin of Polotsk State 
University, 8, 53–58 [in Russian]. 

6. Popok, N. N., Terentev, V. A., Khmelnitckii, R. S., Sidikevich, A. V. (2006). Analiz sposobov 
obrabotki sfericheskikh poverkhnostei detalei [Analysis of methods for processing spherical surfaces 
of parts]. Vestnik Polotckogo gosudarstvennogo universiteta – Bulletin of Polotsk State University, 12, 
42–45 [in Russian]. 

7. Dialskii, A. M., Kosilova, A. G., Meshcheriakov, R. K., Suslov, A. G. (2003). Spravochnik 
tekhnologa-mashinostroitelia [Handbook of a mechanical engineer] (Vol. 1, 5th ed.) Moscow: 
Mashinostroenie-1 [in Russian]. 

8. Platonov, V. V., Epov, A. G., Latysh, L. V., Volkov, M. A., Bychenkova, F. P. (2010). Sposob 
mekhanicheskoi obrabotki sfericheskikh poverkhnostei [The method of machining spherical surfaces]. 

Patent RU 2405666 ɋ1 [in Russian]. 
9. Anisimov, V. P., Tcybulaev, A. A. (2010). Sposob izgotovleniia sfericheskoi zagotovki probki 

sharovogo krana [A method of manufacturing a spherical blank cork ball valve]. Patent RU 2393047 
ɋ2 [in Russian]. 

10. Sutormin, A. V. (2002). Sposob formoobrazovaniia sfericheskikh poverkhnostei [The method of 
forming spherical surfaces]. Patent RU 2184013 ɋ2 [in Russian]. 

11. Akhmedov, A. O. M. (2018). Stanok dlia obrabotki naruzhnoi sfericheskoi poverkhnosti 
[External Spherical Surface Processing Machine]. Patent RU 182576 U1 [in Russian]. 

12. Semeniuk, S. N. (2003). Sposob obrabotki naruzhnykh sfericheskikh poverkhnostei 

mnogosharikovym instrumentom [The method of processing external spherical surfaces with a multi-
ball tool]. Patent RU 2210485 ɋ1 [in Russian]. 

13. Landau, B. E., Butcyk, A. Ia., Bediaev, S. N., Buravlev, A. P., Shcherbak, A. G. (2006). Sposob 

izgotovleniia rotora sharovogo giroskopa [A method of manufacturing a rotor of a ball gyroscope]. 
Patent RU 2286535 ɋ1 [in Russian]. 

14. Korolev, A. V., Kurbatov, V. P., Dorofeev, V. Iu. (1997). Sharnirnyi podshipnik skolzheniia i 

sposob ego izgotovleniia [Spherical plain bearing and method of its manufacture]. Patent RU 2087763 
ɋ1 [in Russian].  

15. Granovskii, G. I., Panchenko, K. P. (1975). Fasonnye reztcy [Shaped Cutters]. Moscow: 
Mashinostroenie [in Russian]. 

16. Tokarnaia obrabotka [Turning]. (n.d.). Retrieved from http://taegutec.com.ua/wp-
content/uploads/2020/04/A-tokarnaya-obrabotka.pdf 

17. Otrezka i obrabotka kanavok [Parting and grooving]. (n.d.). Retrieved from 
http://taegutec.com.ua/wp-content/uploads/2020/04/B-otrezka-i-obrabotka-kanavok.pdf. 

18. Frezernyi instrument [Milling tools]. (n.d.). Retrieved from http://taegutec.com.ua/wp-
content/uploads/2020/04/E-frezernyj-instrument.pdf. 

19. Kreida, R. M., Matsepa, S. M., Hordienko, V. I., Holub, M. V. (2020). Osoblyvosti 
vyhotovlennia rotora dlia poplavkovoho hiroskopa v umovakh vyrobnytstva [Peculiarities of 
manufacture of a rotor for float gyroscope in the production conditions]. Visnyk Cherkaskoho 
derzhavnoho tekhnolohichnoho universytetu – Bulletin of Cherkasy State Technological University, 2, 
143-149 [in Ukrainian]. 

20. Novikov, F. V., Zhovtobriukh, V. A., Novikov, G. V. (2017). Osnovy povysheniia kachestva i 
proizvoditelnosti mekhanicheskoi obrabotki [Fundamentals of improving the quality and productivity of 
machining]. Dnipro: LIRA [in Russian]. 

21. Novikov, F. V., Zhovtobriukh, V. A., Novikov, G. V. (2017). Optimalnye resheniia v 
metalloobrabotke [Optimal metalworking solutions]. Dnipro: LIRA [in Russian]. 

22. Popok, N. N., Khmelnitckii, R. S., Anisimov, V. S. (2018). Tekhnologicheskoye obespecheniye 
obrabotki nepolnykh sfericheskikh poverkhnostey detaley mashin [Technological support for processing 
incomplete spherical surfaces of machine parts]. Vestnik Polotckogo gosudarstvennogo universiteta – 
Bulletin of Polotsk State University, 3, 54–60 [in Russian].  



Ɍȿɏɇȱɑɇȱ ɇȺɍɄɂ ɌȺ ɌȿɏɇɈɅɈȽȱȲ № 2 (20), 2020 
 

TECHNICAL SCIENCES AND TECHNOLOGIES 

99 

UDC 621.9.04 

Rostyslav Kreida, Serhii Sapon, Heorhii Kanashevych 

ANALYSIS OF METHODS FOR PROCESSING PARTIAL EXTERIOR  

SPHERICAL SURFACES WITH A BLADE TOOLS 

Urgency of the research. Accuracy requirements for machining of incomplete spherical surfaces with a blade tool are 

constantly growing. Therefore, the search for ways to improve the accuracy of processing incomplete external spherical 

surfaces is an urgent scientific and practical task. 

Target setting. The choice of technological methods to ensure the accuracy of the shape, size and quality of the surface 

layer of parts with spherical surfaces is one of the most important factors affecting their cost. The solution to the problem of 

ensuring the high quality of parts with their minimum cost will allow domestic enterprises to produce competitive products on 

the world market. 

Actual scientific researches and issues analysis. Currently, various methods of processing spherical surfaces with a blade 

tool are known, which are widely described and analyzed in the scientific and technical literature. However, the modern 

development of machine tools, the production of metal-cutting tools and methods of blade processing of surfaces indicate the 

need for further analysis of these methods, determining the advantages and disadvantages of each method. 

Uninvestigated parts of general matters defining. Until recently, it was believed that the processing of precision spherical 

surfaces requires the use of special equipment, tools or devices. However, today the situation has changed dramatically and 

therefore at modern machine-building enterprises such surfaces are processed on CNC lathes. Accordingly, a comprehensive 

comparison of methods for processing spherical surfaces in terms of quality, productivity, versatility is relevant. 

The research objective is a comparative analysis of modern methods of blade processing of incomplete external spherical 

surfaces of machine parts from the standpoint of their quality, shape accuracy, productivity and versatility to formulate 

performance criteria when developing processing technology on CNC machines. 

The statement of basic materials. In the work, methods for processing spherical surfaces with shaped cutters, copying a 

profile, on CNC machines, rounding and round milling are analyzed. For each method, a processing scheme is described with 

a description of the process and the advantages and disadvantages are highlighted. The ultimate roughness of the surface 

processed by each of the methods is established and productivity is compared by the example of an incomplete spherical part 

of a gyroscope. Processing methods for their versatility were systematized. 

Conclusions. A comprehensive comparison of the methods of processing spherical surfaces from the standpoint of their 

quality, accuracy of shape, performance, versatility is carried out. Criteria for choosing the optimal processing method are 

determined. This allows their further use in the development of innovative technological processes for processing parts and in 

production planning. 

Keywords: spherical surface; processing methods; blade processing, mechanical engineering. 
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