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ȼɨɥɨɞɢɦɢɪ Ʉɚɥɶɱɟɧɤɨ, ȼɿɬɚɥɿɣ Ʉɚɥɶɱɟɧɤɨ, əɪɨɫɥɚɜ Ʉɭɠɟɥɶɧɢɣ, ȼɨɥɨɞɢɦɢɪ ȼɢɧɧɢɤ 

ȿɄɋɉȿɊɂɆȿɇɌȺɅɖɇȿ ȾɈɋɅȱȾɀȿɇɇə ɉɊɈɐȿɋɍ ɎɊȿɁȿɊɍȼȺɇɇə 
ɈɉɈɊɇɂɏ ɒɂɃɈɄ ɌȺ ɄɍɅȺɑɄȱȼ ɊɈɁɉɈȾȱɅɖɑɈȽɈ ȼȺɅȺ  

ɇȺ ɆɈȾȿɊɇȱɁɈȼȺɇɈɆɍ ȼȿɊɋɌȺɌȱ ȼɁ 208 Ɏ4 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. Ⱦɥɹ ɬɨɝɨ ɳɨɛ ɫɭɱɚɫɧɿ ɜɿɬɱɢɡɧɹɧɿ ɚɜɬɨɦɨɛɿɥɟɛɭɞɿɜɧɿ ɬɚ ɦɚɲɢɧɨɛɭɞɿɜɧɿ ɜɢɪɨ-
ɛɧɢɰɬɜɚ ɦɚɥɢ ɤɨɧɤɭɪɟɧɬɧɿ ɩɟɪɟɜɚɝɢ, ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɨɛɥɹɬɢ ɧɨɜɿ ɫɩɨɫɨɛɢ ɮɪɟɡɟɪɭɜɚɧɧɹ ɜɿɞɩɨɜɿɞɚɥɶɧɢɯ ɩɨɜɟɪɯɨɧɶ ɪɨɡ-
ɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɡɚɞɚɧɢɯ ɬɟɯɧɿɤɨ-ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɪɨɡɩɨɞɿɥɶ-
ɱɨɝɨ ɜɚɥɚ, ɧɟɨɛɯɿɞɧɨ ɭɞɨɫɤɨɧɚɥɸɜɚɬɢ ɜɠɟ ɧɚɹɜɧɿ ɚɛɨ ɪɨɡɪɨɛɥɹɬɢ ɧɨɜɿ ɟɮɟɤɬɢɜɧɿ ɫɩɨɫɨɛɢ ɦɟɯɚɧɿɱɧɨʀ ɨɛɪɨɛɤɢ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɬɚ ɩɭɛɥɿɤɚɰɿɣ. ȱɫɧɭє ɫɩɨɫɿɛ ɱɢɫɬɨɜɨɝɨ ɮɪɟɡɟɪɭɜɚɧɧɹ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɧɢɯ ɜɚɥɿɜ ɡɿ 
ɫɯɪɟɳɟɧɢɦɢ ɨɫɹɦɢ ɿɧɫɬɪɭɦɟɧɬɚ ɬɚ ɞɟɬɚɥɿ. ɉɪɢ ɰɶɨɦɭ ɱɨɪɧɨɜɟ ɬɚ ɱɢɫɬɨɜɟ ɮɪɟɡɟɪɭɜɚɧɧɹ ɜɿɞɛɭɜɚɸɬɶɫɹ ɡɚ ɨɞɢɧ ɭɫɬɚ-
ɧɨɜ. Ɍɚɤɨɠ ɨɩɢɫɚɧɨ ɬɪɢɜɢɦɿɪɧɟ ɝɟɨɦɟɬɪɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɡɧɹɬɬɹ ɩɪɢɩɭɫɤɭ ɬɚ ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ ɤɭɥɚɱɤɿɜ 
ɪɨɡɩɨɞɿɥɶɧɢɯ ɜɚɥɿɜ. Ʉɪɿɦ ɰɶɨɝɨ, є ɫɩɨɫɿɛ ɮɪɟɡɟɪɭɜɚɧɧɹ ɰɢɥɿɧɞɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɡɿ ɫɯɪɟɳɟɧɢɦɢ ɨɫɹɦɢ ɞɟɬɚɥɿ ɬɚ ɿɧɫɬɪɭ-
ɦɟɧɬɚ. Ɉɫɨɛɥɢɜɿɫɬɶ ɰɶɨɝɨ ɫɩɨɫɨɛɭ ɩɨɥɹɝɚє ɜ ɱɨɪɧɨɜɿɣ ɨɛɪɨɛɰɿ ɬɨɪɰɟɦ ɬɚ ɩɟɪɢɮɟɪɿєɸ ɡɭɛɚ ɮɪɟɡɢ ɬɚ ɱɢɫɬɨɜɿɣ ɨɛɪɨɛɰɿ 
ɬɿɥɶɤɢ ɩɟɪɢɮɟɪɿєɸ ɿɧɫɬɪɭɦɟɧɬɚ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ȼɿɞɫɭɬɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ 
ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɨɪɿєɧɬɨɜɚɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɫɥɿɞɢɬɢ ɩɪɨɰɟɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶ-
ɱɨɝɨ ɜɚɥɚ ɨɪɿєɧɬɨɜɚɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ɇɚɜɟɞɟɧɨ ɩɪɨɰɟɫ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ 
ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɧɚ ɦɨɞɟɪɧɿɡɨɜɚɧɨɦɭ ɜɟɪɫɬɚɬɿ ȼɁ 208 Ɏ4. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜɢɡɧɚɱɟɧɨ ɩɨɬɭɠɧɿɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ, ɚɤɬɢɜɧɭ ɩɨɬɭɠ-
ɧɿɫɬɶ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɡɚɥɟɠɧɨ ɜɿɞ ɜɟɥɢɱɢɧɢ ɩɪɢɩɭɫɤɭ ɬɚ ɤɭɬɚ 
ɨɪɿєɧɬɚɰɿʀ ɿɧɫɬɪɭɦɟɧɬɚ. ɇɚɜɟɞɟɧɨ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɿɞ ɱɚɫ ɩɪɨɰɟɫɭ ɨɛɪɨɛɤɢ. ɒɨɪɫɬɤɿɫɬɶ ɨɛɪɨɛɥɟɧɨʀ ɩɨɜɟɪɯɧɿ 
ɞɟɬɚɥɿ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ Ra = 0,32 – 0,63 ɦɤɦ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ ɞɨɫɥɿɞɠɟɧɧɹ; ɮɪɟɡɟɪɭɜɚɧɧɹ; ɪɨɡɩɨɞɿɥɶɱɢɣ ɜɚɥ; ɨɪɿєɧɬɨɜɚɧɢɣ ɿɧɫɬɪɭɦɟɧɬ; 
ɞɢɫɤɨɜɚ ɮɪɟɡɚ. 

Ɋɢɫ.: 12. Ȼɿɛɥ.: 11. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɓɨɛ ɦɚɬɢ ɤɨɧɤɭɪɟɧɬɧɿ ɩɟɪɟɜɚɝɢ, ɫɭɱɚɫɧɢɦ ɜɿɬɱɢɡɧɹ-
ɧɢɦ ɚɜɬɨɦɨɛɿɥɟɛɭɞɿɜɧɢɦ ɬɚ ɦɚɲɢɧɨɛɭɞɿɜɧɢɦ ɜɢɪɨɛɧɢɰɬɜɚɦ ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɨɛɥɹɬɢ ɧɨɜɿ ɫɩɨ-
ɫɨɛɢ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ. ȼɿɞɩɨɜɿɞɧɨ, ɰɟ ɩɿɞɜɢ-
ɳɢɬɶ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɪɨɰɟɫɭ ɨɛɪɨɛɤɢ ɡɿ ɡɛɟɪɟɠɟɧɧɹɦ ɧɟɨɛɯɿɞɧɨʀ ɬɨɱɧɨɫɬɿ ɬɚ ɹɤɨɫɬɿ ɞɟɬɚɥɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɋɬɚɧ ɜɿɞɩɨɜɿɞɚɥɶɧɢɯ ɩɨɜɟɪɯɨɧɶ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɜɩɥɢɜɚє 
ɧɚ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ, ɞɨɜɝɨɜɿɱɧɿɫɬɶ ɬɚ ɛɟɡɜɿɞɦɨɜɧɿɫɬɶ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɦɟɯɚɧɿɡɦɿɜ (ɧɚɩɪɢɤɥɚɞ, 
ɝɚɡɨɪɨɡɩɨɞɿɥɶɱɢɣ ɦɟɯɚɧɿɡɦ ɞɜɢɝɭɧɚ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɹɧɧɹ). Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɟɨɛɯɿɞ-
ɧɢɯ ɜɢɦɨɝ ɞɨ ɹɤɨɫɬɿ ɬɚ ɬɨɱɧɨɫɬɿ ɰɢɯ ɩɨɜɟɪɯɨɧɶ ɞɟɬɚɥɿ, ɩɨɬɪɿɛɧɨ ɩɨɤɪɚɳɭɜɚɬɢ ɜɠɟ ɫɬɜɨ-
ɪɟɧɿ ɚɛɨ ɪɨɡɪɨɛɥɹɬɢ ɧɨɜɿ ɟɮɟɤɬɢɜɧɿ ɫɩɨɫɨɛɢ ɮɪɟɡɟɪɭɜɚɧɧɹ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɮɪɟɡɟɪɭɜɚɧɧɹ ɰɢɥɿ-
ɧɞɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɧɚɜɟɞɟɧɿ ɜ ɪɨɛɨɬɚɯ [1; 2; 3; 4]. 

Ɋɨɛɨɬɢ [5; 6; 7] ɩɪɢɫɜɹɱɟɧɿ ɞɨɫɥɿɞɠɟɧɧɸ ɦɟɯɚɧɿɱɧɨʀ ɨɛɪɨɛɤɢ ɡɿ ɫɯɪɟɳɟɧɢɦɢ ɨɫɹɦɢ 
ɰɢɥɿɧɞɪɢɱɧɨʀ ɞɟɬɚɥɿ ɬɚ ɿɧɫɬɪɭɦɟɧɬɚ.  

ɍ ɪɨɛɨɬɿ [8] ɧɚɜɟɞɟɧɨ ɫɩɨɫɿɛ ɱɢɫɬɨɜɨɝɨ ɮɪɟɡɟɪɭɜɚɧɧɹ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɢɯ ɜɚɥɿɜ ɡɚ 
ɨɞɢɧ ɭɫɬɚɧɨɜ ɡɿ ɫɯɪɟɳɟɧɢɦɢ ɨɫɹɦɢ ɿɧɫɬɪɭɦɟɧɬɚ ɬɚ ɞɟɬɚɥɿ, ɨɩɢɫɚɧɨ ɬɪɢɜɢɦɿɪɧɟ ɝɟɨɦɟɬɪɢɱɧɟ 
ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɡɧɹɬɬɹ ɩɪɢɩɭɫɤɭ ɬɚ ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ ɜɿɞɩɨɜɿɞɧɢɯ ɩɨɜɟɪɯɨɧɶ ɞɟɬɚɥɿ. 

ɍ ɪɨɛɨɬɿ [9] ɪɨɡɝɥɹɧɭɬɨ ɫɩɨɫɿɛ ɮɪɟɡɟɪɭɜɚɧɧɹ ɤɭɥɚɱɤɿɜ ɨɪɿєɧɬɨɜɚɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ. 
Ɉɫɨɛɥɢɜɿɫɬɶ ɞɚɧɨɝɨ ɫɩɨɫɨɛɭ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɱɨɪɧɨɜɟ ɬɚ ɱɢɫɬɨɜɟ ɮɪɟɡɟɪɭɜɚɧɧɹ ɜɿɞɛɭ-
ɜɚɸɬɶɫɹ ɡɚ ɨɞɢɧ ɭɫɬɚɧɨɜ. Ɍɚɤɨɠ ɛɭɥɨ ɧɚɜɟɞɟɧɟ ɦɨɞɭɥɶɧɟ ɬɪɢɜɢɦɿɪɧɟ ɝɟɨɦɟɬɪɢɱɧɟ ɦɨɞɟ-
ɥɸɜɚɧɧɹ ɩɪɨɰɟɫɿɜ ɡɧɹɬɬɹ ɩɪɢɩɭɫɤɭ ɡ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɢɯ ɜɚɥɿɜ ɬɚ ʀɯ ɮɨɪɦɨɭɬɜɨɪɟɧɧɹ. 

ɍ ɪɨɛɨɬɿ [10] ɨɩɢɫɚɧɨ ɫɩɨɫɿɛ ɮɪɟɡɟɪɭɜɚɧɧɹ ɰɢɥɿɧɞɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɡɿ ɫɯɪɟɳɟɧɢɦɢ 
ɨɫɹɦɢ ɜɚɥɚ ɬɚ ɿɧɫɬɪɭɦɟɧɬɚ, ɩɪɢ ɹɤɨɦɭ ɱɨɪɧɨɜɚ ɨɛɪɨɛɤɚ ɜɿɞɛɭɜɚєɬɶɫɹ ɬɨɪɰɟɜɨɸ ɱɚɫɬɢɧɨɸ 
ɬɚ ɩɟɪɢɮɟɪɿєɸ ɡɭɛɚ ɮɪɟɡɢ, ɚ ɱɢɫɬɨɜɚ ɨɛɪɨɛɤɚ ɬɿɥɶɤɢ ɩɟɪɢɮɟɪɿɣɧɨɸ ɱɚɫɬɢɧɨɸ. 

ɍ ɪɨɛɨɬɿ [11] ɧɚɜɟɞɟɧɿ ɲɥɿɮɭɜɚɥɶɧɿ ɜɟɪɫɬɚɬɢ ɞɥɹ ɨɛɪɨɛɤɢ ɪɨɡɩɨɞɿɥɶɱɢɯ ɜɚɥɿɜ. 
ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ȼɿɞɫɭɬɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚ-

ɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ 
ɜɚɥɚ ɨɪɿєɧɬɨɜɚɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ. 

 Ʉɚɥɶɱɟɧɤɨ ȼ. ȱ., Ʉɚɥɶɱɟɧɤɨ ȼ. ȼ., Ʉɭɠɟɥɶɧɢɣ ə. ȼ., ȼɢɧɧɢɤ ȼ. Ɉ., 2020 
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Ɇɟɬɚ ɫɬɚɬɬɿ. Ɇɟɬɨɸ ɫɬɚɬɬɿ є ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɮɪɟɡɟɪɭɜɚɧɧɹ 
ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɧɚ ɦɨɞɟɪɧɿɡɨɜɚɧɨɦɭ ɜɟɪɫɬɚɬɿ ȼɁ 208 Ɏ4. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɏɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶ-
ɱɨɝɨ ɜɚɥɚ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɨɞɟɪɧɿɡɨɜɚɧɨɦɭ ɜɟɪɫɬɚɬɿ ȼɁ 208 Ɏ4 (ɪɢɫ. 1). Ɂɚɫɬɨɫɨɜɭɜɚɥɚɫɶ 
ɞɢɫɤɨɜɚ ɬɪɶɨɯɫɬɨɪɨɧɧɹ ɮɪɟɡɚ 160×18×32 (ɪɢɫ. 2). Ɇɚɬɟɪɿɚɥ ɿɧɫɬɪɭɦɟɧɬɚ Ɋ6Ɇ5. 

 
ɚ 

 
ɛ 

Ɋɢɫ. 1. Ɂɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɦɨɞɟɪɧɿɡɨɜɚɧɨɝɨ ɜɟɪɫɬɚɬɚ ȼɁ 208 Ɏ4: 
ɚ – ɜɢɞ ɡ ɩɟɪɟɞɭ; ɛ – ɜɢɞ ɡ ɛɨɤɭ 

 

Ɋɢɫ. 2. Ɂɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɮɪɟɡɢ 
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Ɇɨɞɟɪɧɿɡɚɰɿɹ ɜɟɪɫɬɚɬɚ ɩɨɥɹɝɚɥɚ ɜ ɭɫɬɚɧɨɜɰɿ ɟɥɟɤɬɪɨɧɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ (ɪɢɫ. 3). 

 

ɚ 

 

ɛ 

Ɋɢɫ. 3. ȿɥɟɤɬɪɨɧɧɚ ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ: 
ɚ – ɨɫɧɨɜɧɿ ɟɥɟɦɟɧɬɢ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ; ɛ – ɿɧɤɨɞɟɪ; 

1 – ɛɥɨɤ ɠɢɜɥɟɧɧɹ; 2 – ɤɨɧɬɪɨɥɟɪ; 3 – ɞɪɚɣɜɟɪ 

ɉɪɨɜɨɞɢɜɫɹ ɩɪɨɰɟɫ ɮɪɟɡɟɪɭɜɚɧɧɹ (ɪɢɫ. 4) ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ 
(ɪɢɫ. 5), ɦɚɬɟɪɿɚɥ ɞɟɬɚɥɿ – ɋɬɚɥɶ 18ɏȽɌ. Ɉɛɪɨɛɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɬɨɪɰɟɦ ɬɚ ɩɟɪɢɮɟɪɿєɸ ɮɪɟɡɢ. 

 

Ɋɢɫ. 4. ɉɪɨɰɟɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ 
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Ɋɢɫ. 5. Ɉɛɪɨɛɥɸɜɚɥɶɧɚ ɞɟɬɚɥɶ 

ɉɿɞ ɱɚɫ ɨɛɪɨɛɤɢ ɛɭɥɚ ɜɢɡɧɚɱɟɧɚ ɩɨɬɭɠɧɿɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ (ɪɢɫ. 6) ɬɚ ɚɤɬɢɜɧɚ ɩɨɬɭ-
ɠɧɿɫɬɶ (ɪɢɫ. 7, 8). Ɏɪɟɡɟɪɭɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɥɨɫɶ ɿɡ ɪɿɡɧɢɦ ɩɪɢɩɭɫɤɨɦ: 0,1; 0,2 ɬɚ 0,3 ɦɦ ɬɚ 
ɡ ɤɭɬɚɦɢ ɨɪɿєɧɬɚɰɿʀ ɿɧɫɬɪɭɦɟɧɬɚ 0° ɬɚ 5°. 

 

Ɋɢɫ. 6. ɉɨɬɭɠɧɿɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ 

 

ɚ 

Ɋɢɫ. 7. Ⱥɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɡ ɩɪɢɩɭɫɤɨɦ  
ɧɚ ɨɛɪɨɛɤɭ 0,1 ɦɦ (ɚ) 0,2 ɦɦ (ɛ) ɬɚ 0,3 ɦɦ (ɜ), ɤɭɬ ɨɪɿєɧɬɚɰɿʀ ɿɧɫɬɪɭɦɟɧɬɚ 0° 
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ɛ 

 
ɜ 

Ɋɢɫ. 7, ɚɪɤɭɲ 2 

 
ɚ 

Ɋɢɫ. 8. Ⱥɤɬɢɜɧɚ ɩɨɬɭɠɧɿɫɬɶ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɡ ɩɪɢɩɭɫɤɨɦ ɧɚ ɨɛɪɨɛɤɭ 0,1 ɦɦ (ɚ) 
0,2 ɦɦ (ɛ) ɬɚ 0,3 ɦɦ (ɜ), ɤɭɬ ɨɪɿєɧɬɚɰɿʀ ɿɧɫɬɪɭɦɟɧɬɚ 5° 
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ɛ 

 

ɜ 

Ɋɢɫ. 8, ɚɪɤɭɲ 2 

Ⱦɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɩɨɬɭɠɧɨɫɬɿ ɩɿɞ ɱɚɫ ɨɛɪɨɛɤɢ ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ ɚɧɚɥɿɡɚɬɨɪ ɩɨɬɭɠɧɨɫɬɿ 
ɋ.Ⱥ 8220 (ɪɢɫ. 9), ɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɩɨɞɿɥɭ ɬɟɦɩɟɪɚɬɭɪɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɬɟɩɥɨɜɿɡɨɪ 
ɦɨɞɟɥɿ ULIRVISION Ɍȱ-384 (ɪɢɫ. 10). 

 

  
Ɋɢɫ. 9. Ⱥɧɚɥɿɡɚɬɨɪ ɩɨɬɭɠɧɨɫɬɿ ɋ.Ⱥ 8220  Ɋɢɫ. 10. Ɍɟɩɥɨɜɿɡɨɪ ɦɨɞɟɥɿ  ULIRVISION 

Ɍȱ-384 

ɇɚ ɪɢɫ. 11 ɧɚɜɟɞɟɧɨ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ. 
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Ɋɢɫ. 11. Ɋɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɩɨɪɬɚɬɢɜɧɢɣ ɩɪɨɮɿɥɨɦɟɬɪ Pocket Surf, ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ ɲɨɪɫɬɤɿɫɬɶ 
Ra ɩɨɜɟɪɯɧɿ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ. Ɂɝɿɞɧɨ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɢɦɿɪɸɜɚɧɧɹ (ɪɢɫ. 12), ɜɟɥɢɱɢɧɚ 
ɲɨɪɫɬɤɨɫɬɿ ɨɛɪɨɛɥɟɧɨʀ ɩɨɜɟɪɯɧɿ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ 
Ra = 0,32 – 0,63 ɦɤɦ. 

 
Ɋɢɫ. 12. ȼɢɦɿɪɸɜɚɧɧɹ ɲɨɪɫɬɤɨɫɬɿ ɨɛɪɨɛɥɟɧɨʀ ɩɨɜɟɪɯɧɿ ɞɟɬɚɥɿ 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɫɥɿɞɠɟɧɨ ɩɪɨɰɟɫ ɮɪɟɡɟɪɭɜɚɧɧɹ 
ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɧɚ ɦɨɞɟɪɧɿɡɨɜɚɧɨɦɭ ɜɟɪɫɬɚɬɿ ȼɁ 208 Ɏ4. 
ɉɪɢ ɰɶɨɦɭ ɫɩɨɫɨɛɭ ɮɪɟɡɟɪɭɜɚɧɧɹ ɱɨɪɧɨɜɚ ɨɛɪɨɛɤɚ ɡɞɿɣɫɧɸєɬɶɫɹ ɬɨɪɰɟɦ ɿɧɫɬɪɭɦɟɧɬɚ, ɚ 
ɱɢɫɬɨɜɚ – ɩɟɪɢɮɟɪɿєɸ. 

Ȼɭɥɨ ɜɢɦɿɪɹɧɨ ɩɨɬɭɠɧɿɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ, ɚɤɬɢɜɧɭ ɩɨɬɭɠɧɿɫɬɶ ɩɿɞ ɱɚɫ ɮɪɟɡɟɪɭɜɚɧɧɹ 
ɡ ɪɿɡɧɢɦɢ ɩɪɢɩɭɫɤɚɦɢ ɧɚ ɨɛɪɨɛɤɭ (0,1; 0,2 ɬɚ 0,3 ɦɦ) ɬɚ ɡ ɪɿɡɧɢɦɢ ɤɭɬɚɦɢ ɨɪɿєɧɬɚɰɿʀ ɿɧ-
ɫɬɪɭɦɟɧɬɚ (0° ɬɚ 5°). ɇɚɜɟɞɟɧɨ ɪɨɡɩɨɞɿɥ ɬɟɦɩɟɪɚɬɭɪɢ ɩɿɞ ɱɚɫ ɩɪɨɰɟɫɭ ɮɪɟɡɟɪɭɜɚɧɧɹ. 

ȼɟɥɢɱɢɧɚ ɲɨɪɫɬɤɨɫɬɿ ɨɛɪɨɛɥɟɧɨʀ ɩɨɜɟɪɯɧɿ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɡɝɿɞɧɨ ɿɡ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɜɢɦɿɪɸɜɚɧɧɹ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ Ra = 0,32 – 0,63 ɦɤɦ. 

Ɋɨɡɛɿɠɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ, ɹɤɿ ɨɬɪɢɦɚɥɢ ɩɪɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɬɚ ɬɟɨɪɟɬɢɱɧɨɦɭ ɞɨ-
ɫɥɿɞɠɟɧɧɹɯ ɩɪɨɰɟɫɭ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɩɨɪɧɢɯ ɲɢɣɨɤ ɬɚ ɤɭɥɚɱɤɿɜ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɚ ɨɪɿєɧ-
ɬɨɜɚɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ, ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ 9 %. 

ɋɩɢɫɨɤ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ 
1. ɉɨɥɟɬɚɟɜ ȼ. Ⱥ., ȼɨɥɤɨɜ Ⱦ. ɂ. Ɉɫɨɛɟɧɧɨɫɬɢ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɢ ɮɪɟ-

ɡɨɬɨɱɟɧɢɢ ɬɟɥ ɜɪɚɳɟɧɢɹ. ɂɧɠɟɧɟɪɧɵɣ ɠɭɪɧɚɥ. 2001. № 7. ɋ. 18–21. 
2. ɉɨɥɟɬɚɟɜ ȼ. Ⱥ. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɜɨɞɨɜ ɩɨɞɚɱ ɫɬɚɧɤɨɜ ɞɥɹ ɤɪɭɝɨɜɨɝɨ ɮɪɟ-

ɡɟɪɨɜɚɧɢɹ. ɂɧɠɟɧɟɪɧɵɣ ɠɭɪɧɚɥ. 2001. № 8. ɋ. 63–64. 
3. Ƚɪɹɡɟɜ Ɇ. ȼ., ɋɬɟɩɚɧɟɧɤɨ Ⱥ. ȼ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɪɚ-

ɳɟɧɢɹ ɮɪɟɡɟɪɨɜɚɧɢɦ. ɂɡɜɟɫɬɢɹ ɌɭɥȽɍ. ɋɟɪɢɹ Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ. 2010. 2, ɱ. 1. ɋ. 130–136.  
4. Ƚɪɹɡɟɜ Ɇ. ȼ., ɋɬɟɩɚɧɟɧɤɨ Ⱥ. ȼ. Ɏɪɟɡɟɪɨɜɚɧɢɟ ɧɚɪɭɠɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɬɨɪɰɨɜɨɣ ɮɪɟɡɨɣ. ɂɡɜɟɫɬɢɹ ɌɭɥȽɍ. ɋɟɪɢɹ Ɍɟɯɧɢɱɟɫɤɢɟ ɧɚɭɤɢ. 2010. 2, ɱ. 1. ɋ. 140–148. 
5. Kalchenko V. V., Yeroshenko A. M., Boyko S. V., Sira N. M. Determination of cutting forces in 

grinding with crossed axes of tool and workpiece. Acta Mechanica et Automatica. 2017. Vol. 11, 
No. 1(39) P. 58–63. DOI: 10.1515/ama-2017-0009. 
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6. ɋɿɪɚ ɇ. Ɇ. Ɇɨɞɭɥɶɧɟ 3D-ɦɨɞɟɥɸɜɚɧɧɹ ɿɧɫɬɪɭɦɟɧɬɿɜ, ɩɪɨɰɟɫɿɜ ɡɧɹɬɬɹ ɩɪɢɩɭɫɤɭ ɬɚ ɮɨɪɦɨ-
ɭɬɜɨɪɟɧɧɹ ɩɿɞ ɱɚɫ ɲɥɿɮɭɜɚɧɧɿ ɡɿ ɫɯɪɟɳɟɧɢɦɢ ɨɫɹɦɢ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɜɚɥɚ ɣ ɚɛɪɚɡɢɜɧɨɝɨ ɤɪɭɝɚ. 
Ɍɟɯɧɿɱɧɿ ɧɚɭɤɢ ɬɚ ɬɟɯɧɨɥɨɝɿʀ. 2016. № 3 (5). ɋ. 67–75. 

7. Development of a model of tool surface dressing when grinding with crossed wheel and 
cylindrical part axes / Kalchenko V. et al. Eastern-European Journal of Enterprise Technologies, 2020. 
Vol. 3, No. 1 (105). P. 23–29. 
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Volodymyr Kalchenko, Vitalii Kalchenko, Yaroslav Kuzhelnyi, Volodymyr Vynnyk 

EXPERIMENTAL RESEARCH OF THE PROCESS OF MILLING THE SUPPORT 

NECKS AND CAMS OF THE CAMSHAFT ON AN UPGRADED MACHINE VZ 208 F4 

Urgency of the research. In order for modern domestic automobile and machine-building productions to have competitive 

advantages, it is necessary to develop new methods of milling the responsible surfaces of the camshaft. 

Target setting. To obtain the specified technical and economic indicators during the milling of the camshaft, it is necessary 

to improve existing or develop new effective methods of machining. 

Actual scientific researches and issues analysis. There is a method of finishing milling the cams of the camshafts with 

crossed tool axes and parts. In this case, roughing and finishing milling take place in one run. Three-dimensional geometric 

modeling of the processes of allowance removal and shaping the cams of camshafts is also described. In addition, there is a 

method of milling cylindrical surfaces with crossed axes of the part and the tool. The peculiarity of this method is the roughing 

of the end and periphery of the tooth of the cutter and finishing only the periphery of the tool. 

Uninvestigated parts of general matters defining. Lack of experimental research of the process of milling the support 

necks and cams of the camshaft with an oriented tool. 

The research objective. Experimentally investigate the process of milling the support necks and cams of the camshaft with 

an oriented tool. 

The statement of basic materials. The process of experimental research of milling the support necks and cams of the 

camshaft on a modernized machine VZ 208 F4 initiated. 

Conclusions. The power of idling, active power during milling of support necks and cams of a camshaft depending on the 

size of an allowance and an angle of orientation of the tool are experimentally defined. The temperature distribution during 

the processing is given. The roughness of the processed surface of the part is in the range of Ra = 0,32 – 0,63 ȝm. 
Keywords: experimental research; milling; camshaft; oriented tool; disc cutter. 
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