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Ɍɚʀɫɿɹ Ⱥɤɪɢɬɨɜɚ, Ɇɢɯɚɣɥɨ Ⱥɧɞɪɭɳɟɧɤɨ, Ɉɥɟɤɫɿɣ Ʉɚɩɭɫɬɹɧ,  
Ɋɭɫɥɚɧ Ʉɭɥɢɤɨɜɫɶɤɢɣ, Ɇɢɯɚɣɥɨ Ɉɫɿɩɨɜ 

ɌȿɏɇɈɅɈȽȱə ɁɆȱɐɇȿɇɇə ɒɌȺɆɉȱȼ ɉɊȿɋɎɈɊɆ ȾɅə ȼɂȽɈɌɈȼɅȿɇɇə 
ȼɈȽɇȿɌɊɂȼɄɂɏ ȱ ȻɍȾȱȼȿɅɖɇɂɏ ȼɂɊɈȻȱȼ ɒɅəɏɈɆ ɐȿɆȿɇɌȺɐȱȲ  

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ȼɟɥɢɤɨɸ ɦɿɪɨɸ ɹɤɿɫɬɶ ɿ ɫɨɛɿɜɚɪɬɿɫɬɶ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɬɚ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢ-
ɪɨɛɿɜ ɡɚɥɟɠɢɬɶ ɜɿɞ ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɣ ɧɚɞɿɣɧɨɫɬɿ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ. Ɍɨɦɭ ɜɢɛɿɪ ɨɩɬɢɦɚɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɜɢɝɨɬɨɜ-
ɥɟɧɧɹ ɲɬɚɦɩɿɜ, ɫɩɨɫɨɛɿɜ ʀɯ ɡɦɿɰɧɟɧɧɹ, ɚ ɜ ɪɟɡɭɥɶɬɚɬ ɿ ɡɛɿɥɶɲɟɧɧɹ ɬɟɪɦɿɧɭ є ɚɤɬɭɚɥɶɧɢɦ ɡɚɜɞɚɧɧɹɦ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɇɢɧɿ ɫɬɪɨɤ ɫɥɭɠɛɢ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɞɥɹ ɩɪɟɫɭɜɚɧɧɹ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɬɚ ɜɨɝɧɟɬɪɢɜɤɢɯ 
ɜɢɪɨɛɿɜ ɫɬɚɧɨɜɢɬɶ ɜɿɞ ɞɟɤɿɥɶɤɨɯ ɝɨɞɢɧ ɞɨ 15 ɞɿɛ. Ɉɬɠɟ, ɜɚɠɥɢɜɢɦ є ɪɨɡɪɨɛɤɚ, ɞɨɫɥɿɞɠɟɧɧɹ ɬɚ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɨɫɧɨɜɧɢɯ 
ɤɪɢɬɟɪɿʀɜ ɜɢɛɨɪɭ ɦɚɬɟɪɿɚɥɿɜ ɲɬɚɦɩɿɜ, ɫɩɨɫɨɛɿɜ ɬɚ ɬɟɯɧɨɥɨɝɿɣ ʀɯ ɡɦɿɰɧɟɧɧɹ.  

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɦɨɠɥɢɜɢɯ ɫɭɱɚɫɧɢɯ ɜɚɪɿɚɧɬɿɜ ɜɢɝɨɬɨ-
ɜɥɟɧɧɹ ɲɬɚɦɩɿɜ ɿɡ ɪɿɡɧɢɯ ɫɬɚɥɟɣ ɬɚ ʀɯ ɬɟɪɦɿɱɧɨʀ ɿ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ.  

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɇɚ ɫɶɨɝɨɞɧɿ ɧɟɞɨɫɬɚɬɧɶɨ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɡɞɚɬɧɿɫɬɶ ɞɨ 
ɫɚɦɨɡɦɿɰɧɟɧɧɹ ɜ ɩɪɨɰɟɫɿ ɡɧɨɲɭɜɚɧɧɹ ɿ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ ɰɟɦɟɧɬɨɜɚɧɢɯ ɲɬɚɦɩɿɜ ɿɡ ɧɢɡɶɤɨɥɟɝɨɜɚɧɢɯ ɫɬɚ-
ɥɟɣ ɮɟɪɢɬɨ-ɩɟɪɥɿɬɧɨɝɨ ɤɥɚɫɭ ɜ ɪɿɡɧɢɯ ɫɬɪɭɤɬɭɪɧɢɯ ɫɬɚɧɚɯ ɩɪɢ ɪɿɡɧɨɦɭ ɜɦɿɫɬɭ ɜɭɝɥɟɰɸ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. Ɇɟɬɨɸ ɪɨɛɨɬɢ ɛɭɥɨ ɜɢɛɿɪ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɧɨɜɢɯ ɲɬɚɦɩɿɜ, ɫɬɪɭɤɬɭɪɢ ɪɨɛɨ-
ɱɨʀ ɩɨɜɟɪɯɧɿ ɬɚ ɤɪɨɦɨɤ ɲɬɚɦɩɿɜ, ɬɟɯɧɨɥɨɝɿʀ ʀɯ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ ɡɚɥɟɠɧɨ ɜɿɞ ɭɦɨɜ ɪɨɛɨɬɢ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ⱦɨɫɥɿɞɠɟɧɨ ɭɦɨɜɢ ɪɨɛɨɬɢ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ, ɦɟɯɚɧɿɡɦ ɿ ɯɚɪɚɤɬɟɪ ʀɯ ɡɧɨɲɭɜɚɧɧɹ. 
Ɋɨɡɝɥɹɧɭɬɨ ɞɜɚ ɩɪɢɧɰɢɩɨɜɨ ɪɿɡɧɢɯ ɩɿɞɯɨɞɢ ɞɨ ɩɪɨɰɟɫɿɜ ɡɦɿɰɧɟɧɧɹ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɿɡ ɧɢɡɶɤɨɥɟɝɨɜɚɧɢɯ ɫɬɚɥɟɣ ɬɢɩɭ 
20ɏ. ɉɟɪɲɢɣ – ɰɟ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɚ ɬɟɯɧɨɥɨɝɿɹ ɰɟɦɟɧɬɚɰɿʀ ɩɪɢ ɩɨɪɿɜɧɹɧɨ ɧɟɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ – 860…940 ºɋ 
ɿ ɝɚɪɬɭɜɚɧɧɹ ɧɚ ɩɟɪɟɜɚɠɧɨ ɦɚɪɬɟɧɫɢɬɧɭ ɫɬɪɭɤɬɭɪɭ. Ⱦɪɭɝɢɣ – ɰɟ ɧɚɫɢɱɟɧɧɹ ɩɨɜɟɪɯɧɿ ɞɟɬɚɥɿ ɜɭɝɥɟɰɟɦ ɩɪɢ ɜɢɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ – 1030…1080 ºɋ ɿ ɝɚɪɬɭɜɚɧɧɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɡ ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ (80…95 %) ɜɢɫɨɤɨɜɭɝɥɟɰɟɜɨɝɨ ɦɟɬɚɫ-
ɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɇɚɣɛɿɥɶɲ ɩɪɢɣɧɹɬɧɢɦɢ ɦɚɬɟɪɿɚɥɚɦɢ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ є 
ɫɬɚɥɿ ɮɟɪɢɬɨ-ɩɟɪɥɿɬɧɨɝɨ ɤɥɚɫɭ ɬɢɩɭ 20ɏ ɿ ɡɦɿɰɧɟɧɧɹ ʀɯ ɲɥɹɯɨɦ ɰɟɦɟɧɬɚɰɿʀ ɿ ɝɚɪɬɭɜɚɧɧɹ. ȼɢɛɿɪ ɨɞɧɨɝɨ ɿɡ ɡɚɩɪɨɩɨɧɨ-
ɜɚɧɢɯ ɜɚɪɿɚɧɬɿɜ ɰɟɦɟɧɬɚɰɿʀ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɨɝɨ, ɹɤɚ ɿɡ ɜɢɦɨɝ ɞɨ ɲɬɚɦɩɿɜ є ɝɨɥɨɜɧɨɸ – ɨɩɿɪɧɿɫɬɶ ɲɚɪɠɭɜɚɧɧɸ ɚɛɪɚ-
ɡɢɜɨɦ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ ɱɢ ɨɩɿɪɧɿɫɬɶ ɡɧɨɲɭɜɚɧɧɸ ɪɨɛɨɱɨʀ ɤɪɨɦɤɢ.  

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɲɬɚɦɩ; ɩɪɟɫɮɨɪɦɚ; ɛɭɞɿɜɟɥɶɧɿ ɜɢɪɨɛɢ; ɜɨɝɧɟɬɪɢɜɤɿ ɜɢɪɨɛɢ; ɰɟɦɟɧɬɚɰɿɹ. 
Ɋɢɫ.: 7. Ȼɿɛɥ.: 16. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɇɟɨɛɯɿɞɧɿɫɬɶ ɪɨɡɜɢɬɤɭ ɛɭɞɿɜɟɥɶɧɨʀ, ɦɟɬɚɥɭɪɝɿɣ-
ɧɨʀ, ɦɚɲɢɧɨɛɭɞɿɜɧɨʀ ɬɚ ɿɧɲɢɯ ɝɚɥɭɡɟɣ, ɨɛɭɦɨɜɥɸє ɩɨɬɪɟɛɭ ɡɛɿɥɶɲɟɧɧɹ ɜɢɩɭɫɤɭ ɛɭɞɿɜɟ-
ɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ (ɡɨɤɪɟɦɚ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ) ɬɚ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ, ɩɿɞɜɢɳɟɧɧɹ ɹɤɨɫɬɿ 
ɰɿєʀ ɩɪɨɞɭɤɰɿʀ, ɡɧɢɠɟɧɧɹ ʀʀ ɫɨɛɿɜɚɪɬɨɫɬɿ.  

Ɉɫɧɨɜɧɨɸ ɜɢɦɨɝɨɸ ɞɨ ɜɨɝɧɟɬɪɢɜɤɢɯ ɬɚ ɫɢɥɿɤɚɬɧɢɯ ɜɢɪɨɛɿɜ є ɬɨɱɧɿɫɬɶ ɝɟɨɦɟɬɪɢɱɧɢɯ 
ɪɨɡɦɿɪɿɜ, ɮɨɪɦɢ, ɜɿɞɫɭɬɧɿɫɬɶ ɬɪɿɳɢɧ ɿ ɡɚɞɢɪɨɤ. əɤɿɫɬɶ ɜɢɪɨɛɿɜ ɨɫɬɚɧɧɿɦ ɱɚɫɨɦ ɩɿɞɜɢɳɭɸɬɶ 
ɲɥɹɯɨɦ ɡɛɿɥɶɲɟɧɧɹ ɡɭɫɢɥɶ ɩɪɟɫɭɜɚɧɧɹ ɬɚ ɦɿɰɧɨɫɬɿ ɣ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɚɛɪɚɡɢɜɧɢɯ ɡɟɪɟɧ. ɐɟ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɚɱɧɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡɧɨɲɭɜɚɧɧɹ ɞɟɬɚɥɟɣ ɩɪɟɫɨɜɨʀ ɨɫɧɚ-
ɳɟɧɧɹ, ɨɫɨɛɥɢɜɨ ɲɬɚɦɩɿɜ. Ɍɨɦɭ ɜɢɛɿɪ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɲɬɚɦɩɿɜ, ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɫɬɚɧɭ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ, ɫɩɨɫɨɛɿɜ ɡɦɿɰɧɟɧɧɹ ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɫɬɪɭɤɬɭɪɨɸ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ 
ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɬɚ ɡɛɿɥɶɲɟɧɧɹ ɬɟɪɦɿɧɭ ɟɤɫɩɥɭɚɬɚɰɿʀ є ɚɤɬɭɚɥɶɧɢɦ ɡɚɜɞɚɧɧɹɦ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ȼɿɥɶɲɿɫɬɶ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ ɬɚ ɫɢɥɿɤɚɬɧɭ ɰɟɝɥɭ ɜɢɝɨɬɨɜ-
ɥɹɸɬɶ ɲɥɹɯɨɦ ɧɚɩɿɜɫɭɯɨɝɨ ɩɪɟɫɭɜɚɧɧɹ ɜ ɩɪɟɫɮɨɪɦɚɯ ɧɚ ɝɿɞɪɚɜɥɿɱɧɢɯ ɿ ɦɟɯɚɧɿɱɧɢɯ ɩɪɟ-
ɫɚɯ. ɋɬɪɨɤ ɫɥɭɠɛɢ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɫɬɚɧɨɜɢɬɶ ɜɿɞ ɞɟɤɿɥɶɤɨɯ ɝɨɞɢɧ ɞɨ 15 ɞɿɛ ɡɚɥɟɠɧɨ 
ɜɿɞ ɜɢɞɭ ɚɛɪɚɡɢɜɭ, ɣɨɝɨ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ, ɡɭɫɢɥɶ ɩɪɟɫɭɜɚɧɧɹ ɬɚ ɿɧɲɢɯ ɩɚɪɚɦɟɬɪɿɜ ɭɦɨɜ ɡɧɨ-
ɲɭɜɚɧɧɹ. Ʉɪɿɦ ɬɨɝɨ, ɭ ɛɚɝɚɬɶɨɯ ɜɢɩɚɞɤɚɯ ɡɧɚɱɧɨɸ ɩɪɨɛɥɟɦɨɸ є ɲɚɪɠɭɜɚɧɧɹ ɪɨɛɨɱɨʀ ɩɨ-
ɜɟɪɯɧɿ ɲɬɚɦɩɿɜ. ɇɢɡɶɤɢɣ ɬɟɪɦɿɧ ɟɤɫɩɥɭɚɬɚɰɿʀ ɞɟɬɚɥɟɣ ɡɭɦɨɜɥɟɧɨ ʀɯ ɧɟɞɨɫɬɚɬɧɿɦ ɨɩɨɪɨɦ 
ɡɧɨɲɭɜɚɧɧɸ ɬɚ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨʀ ɧɚɞɿɣɧɨɫɬɿ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ 
ɨɛɥɚɞɧɚɧɧɹ, ɩɨɝɿɪɲɭє ɹɤɿɫɬɶ ɝɨɬɨɜɢɯ ɜɢɪɨɛɿɜ ɬɚ ɡɛɿɥɶɲɭє ʀɯɧɸ ɜɚɪɬɿɫɬɶ. ȼɢɛɿɪ ɦɚɬɟɪɿɚ-
ɥɿɜ, ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɬɚɧɭ ɿ ɫɩɨɫɨɛɿɜ ɡɦɿɰɧɟɧɧɹ ɞɟɬɚɥɟɣ ɧɚɫɚɦɩɟɪɟɞ ɨɛʉɪɭɧɬɨɜɭєɬɶɫɹ ɜɢɦɨ-
ɝɚɦɢ ɞɨ ʀɯɧɿɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɝɚɥɨɦ ɿ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ ɡɨɤɪɟɦɚ. Ɉɬɠɟ, ɜɚɠɥɢɜɢɦ є 
ɪɨɡɪɨɛɤɚ ɬɚ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɨɫɧɨɜɧɢɯ ɤɪɢɬɟɪɿʀɜ ɜɢɛɨɪɭ ɦɚɬɟɪɿɚɥɿɜ ɲɬɚɦɩɿɜ, ɫɩɨɫɨɛɿɜ ɬɚ 
ɬɟɯɧɨɥɨɝɿɣ ʀɯ ɡɦɿɰɧɟɧɧɹ.  

 Ⱥɤɪɢɬɨɜɚ Ɍ. Ɉ., Ⱥɧɞɪɭɳɟɧɤɨ Ɇ. ȱ., Ʉɚɩɭɫɬɹɧ Ɉ. Є., Ʉɭɥɢɤɨɜɫɶɤɢɣ Ɋ. Ⱥ., Ɉɫɿɩɨɜ Ɇ. ɘ., 2020 
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Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. ɇɚɩɿɜɫɭɯɟ ɩɪɟɫɭɜɚɧɧɹ ɛɭɞɿɜɟɥɶɧɢɯ ɬɚ ɜɨ-
ɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ ɜɿɞɛɭɜɚєɬɶɫɹ ɡɞɟɛɿɥɶɲɨɝɨ ɜ ɩɪɟɫɮɨɪɦɚɯ ɞɜɨɯ ɬɢɩɿɜ: ɨɞɧɨɫɬɨɪɨɧɧɹ 
ɞɥɹ ɩɪɟɫɭɜɚɧɧɹ, ɩɟɪɟɜɚɠɧɨ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ (ɪɢɫ. 1, ɚ) ɿ ɞɜɨɫɬɨɪɨɧɧɹ – ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢ-
ɪɨɛɿɜ (ɪɢɫ. 1, ɛ). Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɛɿɥɶɲɿɫɬɶ ɲɬɚɦɩɿɜ ɹɜɥɹɸɬɶ ɫɨɛɨɸ ɩɥɚɫɬɢɧɢ ɬɨɜɳɢɧɨɸ 
ɜɿɞ 10 ɞɨ 30 ɦɦ.  

     

ɚ  ɛ    ɜ 

Ɋɢɫ. 1. ɋɯɟɦɚ ɩɪɟɫɮɨɪɦ ɞɥɹ ɨɞɧɨɫɬɨɪɨɧɧɶɨɝɨ (ɚ) [1] ɬɚ ɞɜɨɫɬɨɪɨɧɧɶɨɝɨ (ɛ) [2]  
ɩɪɟɫɭɜɚɧɧɹ, ɯɚɪɚɤɬɟɪ ɡɧɨɫɭ ɪɨɛɨɱɨʀ ɤɪɨɦɤɢ ɲɬɚɦɩɭ (ɜ) ɧɚ ɪɿɡɧɢɯ ɫɬɚɞɿɹɯ  

ʀʀ ɜɡɚєɦɨɞɿʀ ɡ ɨɛɥɢɰɸɜɚɥɶɧɨɸ ɩɥɚɫɬɢɧɨɸ ɿ ɚɛɪɚɡɢɜɨɦ: 
1 – ɩɪɟɫɨɜɚɧɢɣ ɜɢɪɿɛ; 2 – ɲɬɚɦɩ; 3 – ɨɛɥɢɰɸɜɚɥɶɧɚ ɩɥɚɫɬɢɧɚ; 4 – ɲɬɚɦɩɨɬɪɢɦɚɱ; 5 – ɤɨɪɩɭɫ 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɨɞɧɨɝɨ ɡ ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɯ ɧɚɩɪɹɦɿɜ ɩɿɞɜɢɳɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ 
ɦɚɬɟɪɿɚɥɭ ɩɪɢ ɪɨɛɨɬɿ ɜ ɭɦɨɜɚɯ ɚɛɪɚɡɢɜɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ – ɡɛɿɥɶɲɟɧɧɹ ɜ ɦɚɬɟɪɿɚɥɿ ɤɿɥɶɤɨ-
ɫɬɿ ɮɚɡ, ɹɤɿ ɡɦɿɰɧɸɸɬɶ (ɤɚɪɛɿɞɿɜ ɬɚ ɿɧ.), ɞɥɹ ɭɦɨɜ ɟɤɫɩɥɭɚɬɚɰɿʀ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɧɟ є 
ɩɪɢɣɧɹɬɧɿ. ɐɟ ɩɨɜ’ɹɡɚɧɨ ɡ ɬɢɦ, ɳɨ ɡɚ ɧɚɹɜɧɨɫɬɿ ɜ ɫɬɪɭɤɬɭɪɿ ɤɪɢɯɤɢɯ ɮɚɡɨɜɢɯ ɫɤɥɚɞɨɜɢɯ 
ɧɟ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɞɨɫɬɚɬɧɿɣ ɪɿɜɟɧɶ ɜ’ɹɡɤɨɫɬɿ ɬɚ ɩɥɚɫɬɢɱɧɨɫɬɿ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɫɤɨɥɸ-
ɜɚɧɧɹ ɮɪɚɝɦɟɧɬɿɜ ɤɪɨɦɨɤ ɭ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɲɬɚɦɩɿɜ. 

ȱɧɲɢɣ ɟɮɟɤɬɢɜɧɢɣ ɫɩɨɫɿɛ ɡɛɿɥɶɲɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ, ɩɪɢ ɞɨɫɬɚɬɧɿɣ ɟɤɫɩɥɭɚɬɚɰɿɣɧɿɣ ɧɚ-
ɞɿɣɧɨɫɬɿ, ɰɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɬɚɥɟɣ ɿɡ ɜɢɫɨɤɢɦ ɜɦɿɫɬɨɦ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ (ɞɨ 90 %), 

ɡɞɚɬɧɨɝɨ ɜ ɩɪɨɰɟɫɿ ɛɟɡɭɞɚɪɧɨɝɨ ɚɛɪɚɡɢɜɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ ɩɟɪɟɬɜɨɪɸɜɚɬɢɫɹ ɜ ɦɚɪɬɟɧɫɢɬ ɞɟ-
ɮɨɪɦɚɰɿʀ. ɐɟ ɡɚɛɟɡɩɟɱɭє ɡɧɚɱɧɢɣ ɪɿɜɟɧɶ ɫɚɦɨɡɦɿɰɧɟɧɧɹ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ (ɞɨ 12,5 Ƚɉɚ) ɿ ɜɿɞ-
ɩɨɜɿɞɧɨ ɜɢɫɨɤɭ ɨɩɿɪɧɿɫɬɶ ɩɨɜɟɪɯɧɟɜɨɦɭ ɪɭɣɧɭɜɚɧɧɸ. Ɉɫɨɛɥɢɜɨ ɰɟ ɟɮɟɤɬɢɜɧɨ, ɤɨɥɢ ɡɧɨɲɭ-
ɜɚɧɧɹ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɿɞ ɞɿєɸ ɚɛɪɚɡɢɜɭ ɩɨɪɿɜɧɹɧɨ ɧɟɜɢɫɨɤɨʀ ɬɜɟɪɞɨɫɬɿ (ɤɜɚɪɰɨɜɢɣ ɩɿɫɨɤ, 
ɲɚɦɨɬ, ɦɚɝɧɟɡɢɬ ɬɚ ɿɧ.). Ɍɚɤɢɣ ɩɿɞɯɿɞ ɡɚɞɨɜɨɥɶɧɢɜ ɛɢ ɜɢɦɨɝɢ, ɹɤɿ ɫɮɨɪɦɨɜɚɧɿ ɭɦɨɜɚɦɢ ɪɨ-
ɛɨɬɢ ɤɪɨɦɨɤ ɲɬɚɦɩɿɜ, ɨɞɧɚɤ ɩɨɪɿɜɧɹɧɨ ɦ’ɹɤɚ ɚɭɫɬɟɧɿɬɧɚ ɨɫɧɨɜɚ ɧɟ ɡɞɚɬɧɚ ɞɨɫɬɚɬɧɶɨ ɟɮɟɤ-
ɬɢɜɧɨ ɱɢɧɢɬɢ ɨɩɿɪ ɲɚɪɠɭɜɚɧɧɸ ɩɪɢ ɩɪɟɫɭɜɚɧɧɿ ɛɚɝɚɬɶɨɯ ɜɢɞɿɜ ɜɢɪɨɛɿɜ. 

ɓɟ ɨɞɢɧ ɫɩɨɫɿɛ – ɡɚɫɬɨɫɭɜɚɧɧɹ ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ ɫɬɚɥɟɣ ɬɢɩɭ ɏ12 ɡɿ ɫɬɪɭɤɬɭɪɨɸ, ɹɤɚ 
ɜɤɥɸɱɚє ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ ɜ ɦɟɬɚɥɟɜɿɣ ɦɚɬɪɢɰɿ (ɞɨ 75 %), ɚ ɬɚ-
ɤɨɠ ɞɨ 15 % ɤɚɪɛɿɞɿɜ (CrFe)7C3 ɜ ɡɚɝɚɥɶɧɿɣ ɫɬɪɭɤɬɭɪɿ. ɋɬɚɥɿ ɰɶɨɝɨ ɬɢɩɭ ɜ ɬɚɤɨɦɭ ɫɬɪɭɤɬɭ-
ɪɧɨɦɭ ɫɬɚɧɿ ɞɚɜɧɨ ɟɮɟɤɬɢɜɧɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɨɛɥɢɰɸɜɚɥɶɧɢɯ ɩɥɚɫ-
ɬɢɧ [2]. Ɉɞɧɚɤ ɧɟɨɞɧɨɪɚɡɨɜɿ ɜɢɪɨɛɧɢɱɿ ɜɢɩɪɨɛɭɜɚɧɧɹ, ɩɪɨɜɟɞɟɧɿ ɚɜɬɨɪɚɦɢ ɫɩɿɥɶɧɨ ɡɿ 
ɫɩɟɰɿɚɥɿɫɬɚɦɢ ɩɿɞɩɪɢєɦɫɬɜ, ɩɨɤɚɡɚɥɢ, ɳɨ ɪɟɚɥɿɡɚɰɿɹ ɬɚɤɨɝɨ ɩɿɞɯɨɞɭ ɞɥɹ ɲɬɚɦɩɿɜ, ɨɫɨɛ-
ɥɢɜɨ ɧɟɜɟɥɢɤɨʀ ɬɨɜɳɢɧɢ (10…20 ɦɦ), ɩɪɚɤɬɢɱɧɨ ɧɟ ɦɨɠɥɢɜɚ ɱɟɪɟɡ ɩɿɞɜɢɳɟɧɿ ɜɢɦɨɝɢ ɞɨ 
ɪɿɜɧɹ ʀɯ ɜ’ɹɡɤɨɩɥɚɫɬɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɩɥɚɫɬɢɧɚɦɢ. ɐɟ ɡɭɦɨɜɥɟɧɨ ɪɿɡ-
ɧɢɦɢ ɫɯɟɦɚɦɢ ɪɨɛɨɬɢ ɣ ɭɦɨɜɚɦɢ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɥɚɫɬɢɧ ɿ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ. 

əɤ ɨɞɢɧ ɿɡ ɜɚɪɿɚɧɬɿɜ ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɬɚɥɟɣ ɬɢɩɭ ɏ13 
ɮɟɪɢɬɧɨɝɨ (08ɏ13), ɮɟɪɢɬɨ-ɦɚɪɬɟɧɫɢɬɧɨɝɨ (12ɏ13) ɚɛɨ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɭ (20ɏ13). 
Ɉɞɧɚɤ ɰɿ ɫɬɚɥɿ ɧɟ ɰɟɦɟɧɬɭɸɬɶɫɹ ɡɚ ɬɪɚɞɢɰɿɣɧɨɸ ɬɟɯɧɨɥɨɝɿєɸ ɿ ɜɢɦɚɝɚɸɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ 
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ɫɩɟɰɿɚɥɶɧɢɯ ɤɚɪɛɸɪɢɡɚɬɨɪɿɜ ɿ ɬɟɯɧɨɥɨɝɿɣ ɧɚɫɢɱɟɧɧɹ ɜɭɝɥɟɰɟɦ. ɇɢɧɿ ɰɿ ɦɚɬɟɪɿɚɥɢ ɡɞɟɛɿ-
ɥɶɲɨɝɨ ɡɚɫɬɨɫɨɜɭɸɬɶ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɦɭɥɿɬɨɤɨɪɭɧɞɨɜɢɯ (ɜɢɫɨɤɨɝɥɢɧɨɡɟɦɢɫɬɢɯ) ɜɨ-
ɝɧɟɬɪɢɜɿɜ ɿɡ ɩɨɪɿɜɧɹɧɨ ɜɢɫɨɤɨɸ ɦɿɤɪɨɬɜɟɪɞɿɫɬɸ ɡɟɪɟɧ ɚɛɪɚɡɢɜɧɨʀ ɦɚɫɢ (ɞɨ 23 Ƚɉɚ). 

ɉɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɛɭɞɿɜɟɥɶɧɢɯ ɬɚ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ ɦɟɬɨɞɨɦ ɧɚɩɿɜɫɭɯɨɝɨ ɩɪɟɫɭ-
ɜɚɧɧɹ ɡ ɬɚɤɢɯ ɚɛɪɚɡɢɜɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɹɤ ɲɚɦɨɬ, ɞɢɧɚɫ, ɦɚɝɧɟɡɢɬ, ɲɬɚɦɩɢ ɦɨɠɥɢɜɨ ɜɢɝɨ-
ɬɨɜɥɹɬɢ ɡ ɧɢɡɶɤɨɥɟɝɨɜɚɧɢɯ ɫɬɚɥɟɣ ɮɟɪɢɬɨ-ɩɟɪɥɿɬɧɨɝɨ ɤɥɚɫɭ ɬɢɩɭ 20ɏ, 18ɏȽɌ ɡ ɧɚɫɬɭɩ-
ɧɨɸ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨɸ ɨɛɪɨɛɤɨɸ. 

ɇɚ ɫɶɨɝɨɞɧɿ ɜɿɞɨɦɨ ɧɟ ɦɟɧɲɟ 15…20 ɨɫɧɨɜɧɢɯ ɫɩɨɫɨɛɿɜ ɬɟɪɦɿɱɧɨʀ ɬɚ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ 
ɨɛɪɨɛɤɢ ɫɬɚɥɟɣ ɿ ɫɩɥɚɜɿɜ [3; 4; 5], ɹɤɿ, ɣɦɨɜɿɪɧɨ, ɦɨɠɧɚ ɛɭɥɨ ɛ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɡɦɿ-
ɰɧɟɧɧɹ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɡ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɨɩɨɪɭ ɡɧɨɲɭɜɚɧɧɸ ɪɨɛɨɱɨʀ ɤɪɨɦɤɢ ɣ ɲɚ-
ɪɠɭɜɚɧɧɸ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ. Ⱥɥɟ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɫɩɨɫɨɛɿɜ ɧɟɦɚє ɿ ɤɨɠɧɢɣ ɿɡ ɧɢɯ ɦɚє ɹɤ 
ɩɟɪɟɜɚɝɢ, ɬɚɤ ɿ ɧɟɞɨɥɿɤɢ ɳɨɞɨ ɿɧɲɢɯ. 

ɉɟɪɫɩɟɤɬɢɜɧɢɦ ɡ ɩɨɝɥɹɞɭ ɨɛ’єɦɧɨʀ ɦɿɰɧɨɫɬɿ ɿ ɩɥɚɫɬɢɱɧɨɫɬɿ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɛɨɪɨɜɚɧɢɯ ɞɟɬɚɥɟɣ. Ɍɜɟɪɞɿɫɬɶ ɛɨɪɨɜɚɧɨɝɨ ɲɚɪɭ ɦɨɠɟ ɞɨɫɹɝɚɬɢ 20…22 Ƚɉɚ [4], ɚ ɡɚ ɞɟ-
ɹɤɢɦɢ ɞɚɧɢɦɢ [5] ɧɚɜɿɬɶ 30 Ƚɉɚ, ɳɨ ɩɪɚɤɬɢɱɧɨ ɭ 2…2,5 ɪɚɡɚ ɩɟɪɟɜɢɳɭє ɬɜɟɪɞɿɫɬɶ ɩɨɜɟ-
ɪɯɧɿ ɬɟɪɬɹ ɜ ɫɬɚɥɹɯ ɿɡ ɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ, ɹɤɢɣ ɭ ɩɪɨɰɟɫɿ ɡɧɨ-
ɲɭɜɚɧɧɹ ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɦɚɪɬɟɧɫɢɬ ɞɟɮɨɪɦɚɰɿʀ. ɐɟ ɞɨɫɢɬɶ ɜɢɫɨɤɢɣ ɩɨɤɚɡɧɢɤ ɡ ɩɨɝɥɹɞɭ 
ɜɿɞɧɨɲɟɧɧɹ ɬɜɟɪɞɨɫɬɿ ɚɛɪɚɡɢɜɭ ɇȺ ɞɨ ɬɜɟɪɞɨɫɬɿ ɦɚɬɟɪɿɚɥɭ ɇɆ, ɳɨ ɨɛɭɦɨɜɥɸє ɜɢɫɨɤɢɣ 
ɪɿɜɟɧɶ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ. Ⱥɥɟ ɝɥɢɛɢɧɚ ɟɮɟɤɬɢɜɧɨʀ ɱɚɫɬɢɧɢ ɛɨɪɨɜɚɧɨɝɨ ɲɚɪɭ ɞɨɪɿɜɧɸє ɥɢɲɟ 
30 ɦɤɦ [4; 5], ɳɨ ɜ 10…30 ɪɚɡɿɜ ɦɟɧɲɟ ɜɟɥɢɱɢɧɢ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɨɫɭ ɪɨɛɨɱɢɯ ɤɪɨɦɨɤ 
ɲɬɚɦɩɭ. Ɍɨɦɭ ɞɥɹ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɨɪɨɜɚɧɧɹ ɧɢɧɿ ɧɟ ɦɨɠɧɚ ɜɜɚɠɚɬɢ 
ɩɟɪɫɩɟɤɬɢɜɧɢɦ. 

ȱɡ ɰɢɯ ɠɟ ɩɪɢɱɢɧ ɦɚɥɨ ɟɮɟɤɬɢɜɧɢɦ ɛɭɥɨ ɛ ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɡɨɬɭɜɚɧɧɹ ɲɬɚɦɩɿɜ [6]. 
ɍ ɪɨɛɨɬɚɯ [7; 8; 9] ɡɚɡɧɚɱɟɧɨ, ɳɨ ɞɥɹ ɡɦɿɰɧɟɧɧɹ ɞɟɬɚɥɟɣ ɬɚ ɩɿɞɜɢɳɟɧɧɹ ʀɯɧɶɨʀ ɡɧɨɫɨ-

ɫɬɿɣɤɨɫɬɿ ɨɞɧɢɦ ɿɡ ɩɨɲɢɪɟɧɢɯ ɫɩɨɫɨɛɿɜ є ɧɚɫɢɱɟɧɧɹ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ ɜɭɝɥɟɰɟɦ. ɉɪɢ 
ɰɶɨɦɭ ɝɥɢɛɢɧɚ ɟɮɟɤɬɢɜɧɨɝɨ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɦɨɠɟ ɩɟɪɟɜɢɳɭɜɚɬɢ ɜɟɥɢɱɢɧɭ ɞɨɩɭɫ-
ɬɢɦɨɝɨ ɡɧɨɫɭ ɪɨɛɨɱɨʀ ɤɪɨɦɤɢ ɲɬɚɦɩɿɜ. Ɂɚɥɟɠɧɨ ɜɿɞ ɬɢɩɭ ɫɬɚɥɿ, ɪɟɠɢɦɿɜ ɰɟɦɟɧɬɚɰɿʀ ɬɚ 
ɝɚɪɬɭɜɚɧɧɹ, ɫɬɪɭɤɬɭɪɚ ɿ ɜɥɚɫɬɢɜɨɫɬɿ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɦɨɠɭɬɶ ɡɦɿɧɸɜɚɬɢɫɶ ɭ ɞɭɠɟ 
ɲɢɪɨɤɢɯ ɦɟɠɚɯ [10].  

əɤɿɫɬɶ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɪɟɝɥɚɦɟɧɬɭєɬɶɫɹ ɬɚɤɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ: ɬɜɟɪɞɿɫɬɶ ɩɨɜɟɪ-
ɯɧɿ ɣ ɫɟɪɰɟɜɢɧɢ, ɬɨɜɳɢɧɚ ɲɚɪɭ, ɯɚɪɚɤɬɟɪ ɪɨɡɩɨɞɿɥɭ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɭɝɥɟɰɸ ɩɨ ɝɥɢɛɢɧɿ 
ɲɚɪɭ, ɦɿɤɪɨɫɬɪɭɤɬɭɪɚ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ. Ɍɨɦɭ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɨɩɬɢɦɚɥɶɧɢɯ ɟɤɫɩɥɭ-
ɚɬɚɰɿɣɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɲɬɚɦɩɿɜ ɩɪɟɫɮɨɪɦ ɧɟɨɛɯɿɞɧɟ ɨɬɪɢɦɚɧɧɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɨєɞ-
ɧɚɧɧɹ ɩɟɪɟɪɚɯɨɜɚɧɢɯ ɩɨɤɚɡɧɢɤɿɜ, ɳɨ ɩɨɬɪɟɛɭє ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɇɚ ɫɶɨɝɨɞɧɿ ɧɟɞɨɫɬɚɬɧɶɨ ɿɧ-
ɮɨɪɦɚɰɿʀ ɩɪɨ ɡɞɚɬɧɿɫɬɶ ɞɨ ɫɚɦɨɡɦɿɰɧɟɧɧɹ ɜ ɩɪɨɰɟɫɿ ɡɧɨɲɭɜɚɧɧɹ ɬɚ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɩɨɜɟɪ-
ɯɧɿ ɬɟɪɬɹ ɰɟɦɟɧɬɨɜɚɧɢɯ ɲɬɚɦɩɿɜ ɿɡ ɧɢɡɶɤɨɥɟɝɨɜɚɧɢɯ ɫɬɚɥɟɣ ɮɟɪɢɬɨ-ɩɟɪɥɿɬɧɨɝɨ ɤɥɚɫɭ ɜ 
ɪɿɡɧɢɯ ɫɬɪɭɤɬɭɪɧɢɯ ɫɬɚɧɚɯ ɩɪɢ ɪɿɡɧɨɦɭ ɜɦɿɫɬɭ ɜɭɝɥɟɰɸ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɶ. Ɇɟɬɨɸ ɪɨɛɨɬɢ ɛɭɥɨ ɮɨɪɦɭɥɸɜɚɧɧɹ ɜɢɦɨɝ ɞɨ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɭ 
ɧɨɜɢɯ ɲɬɚɦɩɿɜ ɿ ɞɨ ɫɬɪɭɤɬɭɪɢ ɬɚ ɜɥɚɫɬɢɜɨɫɬɟɣ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɦɚɬɟɪɿɚɥɭ. ȼɢɛɿɪ ɦɚ-
ɬɟɪɿɚɥɿɜ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɧɨɜɢɯ ɲɬɚɦɩɿɜ, ɫɬɪɭɤɬɭɪɢ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ ɬɚ ɤɪɨɦɨɤ 
ɲɬɚɦɩɿɜ, ɬɟɯɧɨɥɨɝɿʀ ʀɯ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ ɡɚɥɟɠɧɨ ɜɿɞ ɭɦɨɜ ɪɨɛɨɬɢ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ɍ ɲɬɚɦɩɚɯ ɩɪɟɫɮɨɪɦ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜɨɝɧɟɬɪɢɜɤɢɯ 
ɬɚ ɛɭɞɿɜɟɥɶɧɢɯ ɜɢɪɨɛɿɜ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɞɜɚ ɨɫɧɨɜɧɢɯ ɟɥɟɦɟɧɬɢ: ɪɨɛɨɱɭ ɩɨɜɟɪɯɧɸ ɬɚ ɪɨ-
ɛɨɱɭ ɤɪɨɦɤɭ. Ɋɨɛɨɱɚ ɩɨɜɟɪɯɧɹ ɲɬɚɦɩɭ ɹɜɥɹє ɫɨɛɨɸ ɝɪɚɧɶ, ɹɤɚ ɩɟɪɟɞɚє ɡɭɫɢɥɥɹ, ɳɨ ɫɬɜɨ-
ɪɸє ɩɪɟɫ, ɧɚ ɫɬɨɜɩ ɚɛɪɚɡɢɜɧɨʀ ɦɚɫɢ; ɮɨɪɦɭє ɧɢɠɧɸ ɬɚ ɜɟɪɯɧɸ ɫɬɨɪɨɧɢ ɜɢɪɨɛɭ; ɜɿɞɧɨɫɧɨ 
ɨɛɥɢɰɸɜɚɥɶɧɢɯ ɩɥɚɫɬɢɧ, ɹɤ ɩɪɚɜɢɥɨ, ɪɨɡɬɚɲɨɜɚɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ (ɪɢɫ. 2, ɚ). ɐɹ ɩɨɜɟ-
ɪɯɧɹ ɡɚɡɜɢɱɚɣ є ɩɥɨɫɤɨɸ, ɿɧɤɨɥɢ ɦɚє ɛɿɥɶɲ ɫɤɥɚɞɧɭ ɤɨɧɮɿɝɭɪɚɰɿɸ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɬɢɩɨɜɨɝɨ ɲɬɚɦɩɭ ɩɪɟɫɮɨɪɦɢ ɞɥɹ ɩɪɟɫɭɜɚɧɧɹ ɜɨɝɧɟɬɪɢɜɤɢɯ  
ɚɛɨ ɛɭɞɿɜɟɥɶɧɢɯ ɜɢɪɨɛɿɜ (ɚ) ɬɚ ɯɚɪɚɤɬɟɪ ɡɧɨɫɭ ɣɨɝɨ ɪɨɛɨɱɢɯ ɤɪɨɦɨɤ (ɛ) 

Ɋɨɛɨɱɚ ɩɨɜɟɪɯɧɹ ɿ ɛɨɤɨɜɚ ɫɬɨɪɨɧɚ ɲɬɚɦɩɭ, ɹɤɚ ʀɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ, ɧɚ ɩɟɪɟɬɢɧɿ ɭɬ-
ɜɨɪɸɸɬɶ ɪɟɛɪɨ, ɹɤɟ ɪɚɡɨɦ ɿɡ ɛɨɤɨɜɨɸ ɫɬɨɪɨɧɨɸ ɡɚ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɨɸ ɬɟɪɦɿɧɨɥɨɝɿєɸ 
ɧɚɡɢɜɚɸɬɶ ɪɨɛɨɱɨɸ ɤɪɨɦɤɨɸ (ɪɢɫ. 2, ɚ). 

Ɂɧɨɲɭɜɚɧɧɹ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɿɞɛɭɜɚєɬɶɫɹ, ɨɫɤɿɥɶɤɢ ɜɡɞɨɜɠ ɧɟʀ ɜɿɞɫɭ-
ɬɧє ɩɟɪɟɦɿɳɟɧɧɹ ɚɛɪɚɡɢɜɧɢɯ ɱɚɫɬɢɧɨɤ. ȼɨɞɧɨɱɚɫ ɤɨɥɢ ɬɜɟɪɞɿɫɬɶ ɚɛɪɚɡɢɜɭ ɩɟɪɟɜɢɳɭє 
ɬɜɟɪɞɿɫɬɶ ɦɟɬɚɥɭ, ɧɟ ɦɟɧɲ ɫɤɥɚɞɧɨɸ ɩɪɨɛɥɟɦɨɸ, ɧɿɠ ɡɧɨɲɭɜɚɧɧɹ, є ɲɚɪɠɭɜɚɧɧɹ ɰɿєʀ ɩɨ-
ɜɟɪɯɧɿ ɲɬɚɦɩɭ ɚɛɪɚɡɢɜɧɢɦɢ ɱɚɫɬɢɧɤɚɦɢ ɦɚɫɢ, ɹɤɚ ɩɪɟɫɭєɬɶɫɹ, ɬɚ ʀɯ ɧɚɥɢɩɚɧɧɹ ɭ ɜɢɝɥɹɞɿ 
ɤɿɪɤɢ (ɪɢɫ. 3), ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɛɪɚɤɭ ɜɢɪɨɛɭ. Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ, ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ ɦɭɥɿɬɨ-
ɤɨɪɭɧɞɨɜɢɯ ɜɨɝɧɟɬɪɢɜɿɜ, ɞɥɹ ɡɚɱɢɳɟɧɧɹ ɩɨɜɟɪɯɧɿ ɲɬɚɦɩɭ ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɪɢɜɚɬɢ ɪɨɛɨɬɭ 
ɩɪɟɫɭ ɱɟɪɟɡ ɤɨɠɧɿ 6…10 ɯɨɞɿɜ. 

 

Ɋɢɫ. 3. ɒɬɚɦɩ ɞɥɹ ɩɪɟɫɭɜɚɧɧɹ ɲɚɦɨɬɧɢɯ ɜɢɪɨɛɿɜ ɿɡ ɲɚɪɠɨɜɚɧɨɸ ɩɨɜɟɪɯɧɟɸ 

Ɋɨɛɨɱɿ ɤɪɨɦɤɢ ɲɬɚɦɩɭ ɜ ɩɪɨɰɟɫɿ ɩɪɟɫɭɜɚɧɧɹ ɩɟɪɟɦɿɳɭɸɬɶɫɹ ɜɡɞɨɜɠ ɨɛɥɢɰɸɜɚɥɶɧɢɯ 
ɩɥɚɫɬɢɧ ɩɪɟɫɮɨɪɦɢ ɿ, ɩɪɢ ɰɶɨɦɭ, ɿɧɬɟɧɫɢɜɧɨ ɡɧɨɲɭɸɬɶɫɹ ɹɤ ɭɧɚɫɥɿɞɨɤ ɫɭɯɨɝɨ ɬɟɪɬɹ ɦɟɬɚɥɭ 
ɩɨ ɦɟɬɚɥɭ ɧɚ ɩɨɱɚɬɤɨɜɿɣ ɫɬɚɞɿʀ ɪɨɛɨɬɢ ɩɪɟɫɮɨɪɦɢ, ɬɚɤ ɿ ɡɚɡɜɢɱɚɣ ɭ ɪɟɡɭɥɶɬɚɬɿ ɞɿʀ ɚɛɪɚɡɢɜ-
ɧɢɯ ɱɚɫɬɢɧɨɤ, ɹɤɿ ɧɟɦɢɧɭɱɟ ɩɨɬɪɚɩɥɹɸɬɶ ɭ ɡɚɡɨɪ ɦɿɠ ɤɪɨɦɤɨɸ ɿ ɩɥɚɫɬɢɧɨɸ (ɪɢɫ. 1, ɜ) [1]. 

Ɂɧɨɲɭɜɚɧɧɹ ɤɪɨɦɨɤ ɩɨ ʀɯ ɜɢɫɨɬɿ ɧɟɪɿɜɧɨɦɿɪɧɟ (ɪɢɫ. 2, ɛ). Ⱦɨɩɭɫɬɢɦɚ ɜɟɥɢɱɢɧɚ ɡɧɨɫɭ ɡɚɥɟ-
ɠɧɨ ɜɿɞ ɜɢɦɨɝ ɞɨ ɹɤɨɫɬɿ ɜɢɪɨɛɿɜ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɦɟɠɚɯ 0,3…1,0 ɦɦ [11]. 

Ɉɩɿɪɧɿɫɬɶ ɡɧɨɲɭɜɚɧɧɸ ɿ ɲɚɪɠɭɜɚɧɧɸ ɡɚɥɟɠɢɬɶ ɜɿɞ ɱɨɬɢɪɶɨɯ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɞɟɬɚɥɟɣ [1]: 

1) ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɡɟɪɟɧ ɚɛɪɚɡɢɜɧɨʀ ɦɚɫɢ, ɡ ɹɤɨʀ ɮɨɪɦɭєɬɶɫɹ ɜɢɪɿɛ; 
2) ɮɨɪɦɢ ɣ ɪɨɡɦɿɪɿɜ ɡɟɪɟɧ; 
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3) ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɜɟɪɯɧɿ; 
4) ɬɢɫɤɭ ɧɚ ɩɨɜɟɪɯɧɸ, ɹɤɚ ɡɧɨɲɭєɬɶɫɹ. 
Ɇɿɤɪɨɬɜɟɪɞɿɫɬɶ ɚɛɪɚɡɢɜɧɢɯ ɱɚɫɬɢɧɨɤ ɡɚɥɟɠɧɨ ɜɿɞ ɜɢɞɭ ɦɚɫɢ, ɡ ɹɤɨʀ ɩɪɟɫɭɸɬɶɫɹ ɜɢ-

ɪɨɛɢ (ɤɜɚɪɰɨɜɢɣ ɩɿɫɨɤ, ɲɚɦɨɬ, ɦɚɝɧɟɡɢɬ, ɟɥɟɤɬɪɨɤɨɪɭɧɞ, ɤɚɪɛɨɪɭɧɞ ɬɚ ɿɧ.), ɡɧɚɯɨɞɢɬɶɫɹ 
ɜ ɦɟɠɚɯ 10…30 Ƚɉɚ [12]. Ɏɨɪɦɚ ɡɟɪɟɧ ɤɜɚɪɰɨɜɨɝɨ ɩɿɫɤɭ (ɪɢɫ. 4, ɚ) ɛɥɢɡɶɤɚ ɞɨ ɤɭɥɹɫɬɨʀ, 
ɬɨɦɭ ɣɦɨɜɿɪɧɿɫɬɶ ɲɚɪɠɭɜɚɧɧɹ ɩɨɜɟɪɯɧɿ ɲɬɚɦɩɭ ɩɪɢ ɩɪɟɫɭɜɚɧɧɿ ɫɢɥɿɤɚɬɧɢɯ ɜɢɪɨɛɿɜ ɧɚ-
ɛɚɝɚɬɨ ɧɢɠɱɚ, ɧɿɠ ɩɪɢ ʀʀ ɜɡɚєɦɨɞɿʀ ɿɡ ɡɟɪɧɚɦɢ ɲɚɦɨɬɭ, ɟɥɟɤɬɪɨɤɨɪɭɧɞɭ (ɪɢɫ. 4, ɛ, ɜ) ɬɚ 
ɿɧɲɢɯ ɩɨɞɿɛɧɢɯ ɚɛɪɚɡɢɜɿɜ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɪɢ ɩɪɟɫɭɜɚɧɧɿ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ.  

   

ɚ     ɛ      ɜ 

Ɋɢɫ. 4. Ⱥɛɪɚɡɢɜɧɿ ɡɟɪɧɚ, ɹɤɿ ɜɯɨɞɹɬɶ ɞɨ ɫɤɥɚɞɭ ɦɚɫ ɞɥɹ ɩɪɟɫɭɜɚɧɧɹ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ  
ɿ ɞɟɹɤɢɯ ɜɢɞɿɜ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ, ×6: 

ɚ – ɤɜɚɪɰɨɜɢɣ ɩɿɫɨɤ; ɛ – ɲɚɦɨɬ; ɜ – ɟɥɟɤɬɪɨɤɨɪɭɧɞ 

ɒɜɢɞɤɿɫɬɶ ɤɨɜɡɚɧɧɹ ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɩɥɢɜɚє ɧɚ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɡɧɨɲɭɜɚɧɧɹ ɞɟɬɚɥɟɣ ɩɪɟ-
ɫɨɜɨʀ ɨɫɧɚɳɟɧɧɹ, ɹɤɳɨ ɜɨɧɚ ɧɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɨɦɿɬɧɨɝɨ ɮɪɢɤɰɿɣɧɨɝɨ ɧɚɝɪɿɜɭ ɩɨɜɟɪɯɨɧɶ 
ɬɟɪɬɹ (150…200° ɋ). ȼ ɭɦɨɜɚɯ ɪɨɛɨɬɢ ɩɪɟɫɮɨɪɦ ɬɚɤɢɣ ɪɿɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɚɤɬɢɱɧɨ ɧɟ 
ɦɨɠɥɢɜɢɣ [1].  

ɉɪɟɫɭɜɚɧɧɹ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɪɢ ɫɟɪɟɞɧɿɯ ɬɢɫɤɚɯ ɜɿɞ 150 ɞɨ 
600 Ɇɉɚ ɡɚɥɟɠɧɨ ɜɿɞ ɡɭɫɢɥɥɹ, ɹɤɟ ɪɨɡɜɢɜɚє ɩɪɟɫ, ɤɿɥɶɤɨɫɬɿ ɬɚ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟ-
ɬɢɧɭ ɜɢɪɨɛɿɜ, ɹɤɿ ɩɪɟɫɭɸɬɶɫɹ ɜɨɞɧɨɱɚɫ. ɉɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɰɟɣ ɩɨɤɚɡɧɢɤ 
ɪɟɠɢɦɭ ɩɪɟɫɭɜɚɧɧɹ ɜ 2…3 ɪɚɡɢ ɧɢɠɱɟ. 

əɤɢɣ ɡɚɝɚɥɶɧɢɣ ɬɢɫɤ ɜɢɧɢɤɚє ɩɪɢ ɞɿʀ ɚɛɪɚɡɢɜɭ ɧɚ ɪɨɛɨɱɭ ɤɪɨɦɤɭ ɜ ɡɚɡɨɪɿ ɦɿɠ ɛɨɤɨɜɨɸ 
ɩɨɜɟɪɯɧɟɸ ɲɬɚɦɩɭ ɣ ɨɛɥɢɰɸɜɚɥɶɧɨɸ ɩɥɚɫɬɢɧɨɸ, ɚ ɬɚɤɨɠ ɜ ɨɞɢɧɢɱɧɨɦɭ ɤɨɧɬɚɤɬɿ ʀʀ ɡ 
ɚɛɪɚɡɢɜɧɢɦ ɡɟɪɧɨɦ ɜɢɡɧɚɱɢɬɢ ɫɤɥɚɞɧɨ. Ɉɞɧɚɤ, ɡɜɚɠɚɸɱɢ ɧɚ ɯɚɪɚɤɬɟɪ ɡɧɨɲɭɜɚɧɨʀ ɩɨɜɟɪ-
ɯɧɿ – ɤɚɧɚɜɤɢ (ɩɨɞɪɹɩɢɧɢ) ɡ ɧɚɜɚɥɚɦɢ ɜɢɬɢɫɧɟɧɨɝɨ ɦɟɬɚɥɭ ɩɨɪɹɞ ɡ ɧɢɦɢ, ɦɨɠɧɚ ɜɜɚɠɚɬɢ, 
ɳɨ ɬɢɫɤ є ɞɨɫɬɚɬɧɿɦ ɞɥɹ ɜɢɧɢɤɧɟɧɧɹ ɧɚɩɪɭɠɟɧɶ ɭ ɦɿɫɰɿ ɤɨɧɬɚɤɬɭ ɨɞɢɧɢɱɧɨɝɨ ɡɟɪɧɚ ɡ ɩɨ-
ɜɟɪɯɧɟɸ ɿ, ɹɤ ɦɿɧɿɦɭɦ, ɜɢɳɟ ɦɟɠɿ ɩɥɢɧɧɨɫɬɿ ɦɟɬɚɥɭ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɿ ɡɚɝɚɪɬɨɜɚɧɨɝɨ ɲɚɪɭ 
ɫɬɚɥɿ 20ɏ (ɬɜɟɪɞɿɫɬɶ 55…63 HRC) [1]. 

Ɂɝɿɞɧɨ ɡ ɚɧɚɥɿɡɨɦ ɭɦɨɜ ɪɨɛɨɬɢ ɲɬɚɦɩɿɜ ɦɨɠɧɚ ɫɮɨɪɦɭɥɸɜɚɬɢ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɝɥɹɞɿ ɨɫ-
ɧɨɜɧɿ ɜɢɦɨɝɢ, ɹɤɿ ɫɬɚɜɥɹɬɶɫɹ ɞɨ ɦɚɬɟɪɿɚɥɿɜ, ɩɪɢɡɧɚɱɟɧɢɯ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɧɨɜɢɯ ɲɬɚɦɩɿɜ: 

- ɩɨɜɢɧɧɚ ɡɚɛɟɡɩɟɱɭɜɚɬɢɫɶ ɞɨɫɬɚɬɧɶɨ ɜɢɫɨɤɚ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɪɨɛɨɱɨʀ ɤɪɨɦɤɢ ɣ ɨɩɿɪ 
ɲɚɪɠɭɜɚɧɧɸ ɚɛɪɚɡɢɜɨɦ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ ɲɬɚɦɩɿɜ; 

- ɬɪɟɛɚ ɡɚɛɟɡɩɟɱɢɬɢ ɩɿɞɜɢɳɟɧɢɣ ɪɿɜɟɧɶ ɜ’ɹɡɤɨɫɬɿ ɬɚ ɩɥɚɫɬɢɱɧɨɫɬɿ ɦɚɬɟɪɿɚɥɭ ɲɬɚɦɩɿɜ 
ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɨɛɥɢɰɸɜɚɥɶɧɢɦɢ ɩɥɚɫɬɢɧɚɦɢ ɩɪɟɫɮɨɪɦ; 

- ɩɨɜɢɧɟɧ ɡɚɛɟɡɩɟɱɭɜɚɬɢɫɶ ɞɨɫɬɚɬɧɿɣ ɪɿɜɟɧɶ ɨɩɿɪɧɨɫɬɿ ɤɪɢɯɤɨɦɭ ɪɭɣɧɭɜɚɧɧɸ ɬɚ ɩɥɚ-
ɫɬɢɱɧɿɣ ɞɟɮɨɪɦɚɰɿʀ (ɡɦɢɧɚɧɧɸ) ɪɨɛɨɱɨʀ ɤɪɨɦɤɢ ɩɪɢ ʀʀ ɜɡɚєɦɨɞɿʀ ɡ ɨɛɥɢɰɸɜɚɥɶɧɨɸ ɩɥɚɫ-
ɬɢɧɨɸ ɩɪɟɫɮɨɪɦɢ.  
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ȼɢɩɪɨɛɭɜɚɧɧɹ ɧɚ ɨɩɿɪ ɚɛɪɚɡɢɜɧɨɦɭ ɡɧɨɲɭɜɚɧɧɸ ɩɪɨɜɨɞɢɥɢ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦɭ ɫɬɟɧɞɿ 
[13], ɪɨɡɪɨɛɥɟɧɨɦɭ ɜ ɇɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ «Ɂɚɩɨɪɿɡɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ», ɹɤɢɣ ɞɨɡɜɨ-
ɥɹє ɮɿɡɢɱɧɨ ɦɨɞɟɥɸɜɚɬɢ ɭɦɨɜɢ ɡɧɨɲɭɜɚɧɧɹ ɞɟɬɚɥɟɣ ɩɪɟɫɨɜɨʀ ɨɫɧɚɳɟɧɧɹ. Ɂɧɨɲɭɜɚɧɧɹ 
ɩɪɨɜɨɞɢɥɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɲɚɦɨɬɭ. Ⱦɨɫɥɿɞɠɭɜɚɥɢɫɹ ɡɪɚɡɤɢ ɡɦɿɰɧɟɧɿ ɞɜɨɦɚ ɨɫɧɨɜɧɢɦɢ 
ɫɩɨɫɨɛɚɦɢ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ. 

ɉɟɪɲɢɣ – ɰɟ ɬɪɚɞɢɰɿɣɧɢɣ, ɲɢɪɨɤɨ ɜɿɞɨɦɢɣ ɫɩɨɫɿɛ [8; 14; 15], ɡɚ ɹɤɢɦ ɧɚɫɢɱɟɧɧɹ ɜɭɝ-
ɥɟɰɟɦ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ (860…920 ºɋ) ɧɚ ɝɥɢɛɢɧɭ ɜɿɞ 1,0 ɞɨ 2,0 ɦɦ. Ƚɚɪɬɭ-
ɜɚɧɧɹ ɩɪɨɜɨɞɢɥɨɫɶ ɡ ɰɟɦɟɧɬɚɰɿɣɧɨɝɨ ɧɚɝɪɿɜɭ ɜɿɞ ɰɢɯ ɠɟ ɫɚɦɢɯ ɬɟɦɩɟɪɚɬɭɪ. Ʉɨɧɰɟɧɬɪɚɰɿɹ 
ɜɭɝɥɟɰɸ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɧɚ ɩɨɜɟɪɯɧɿ ɦɨɠɟ ɫɹɝɚɬɢ 1,0 % (ɪɢɫ. 5, ɤɪɢɜɚ 1). ɉɨ ɦɿɪɿ ɜɿɞɞɚ-
ɥɟɧɧɹ ɜɿɞ ɩɨɜɟɪɯɧɿ, ɣɨɝɨ ɜɦɿɫɬ ɩɥɚɜɧɨ ɡɦɟɧɲɭєɬɶɫɹ ɞɨ ɜɢɯɿɞɧɨɝɨ ɪɿɜɧɹ ɜ ɫɟɪɰɟɜɢɧɿ ɞɟɬɚɥɿ. 
ɇɚ ɪɢɫ. 5 ɡɚɲɬɪɢɯɨɜɚɧɚ ɨɛɥɚɫɬɶ ɜɿɞɩɨɜɿɞɚє ɿɧɬɟɪɜɚɥɭ ɜɟɥɢɱɢɧɢ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɨɫɭ 
ɲɬɚɦɩɿɜ (ɪɢɫ. 2, ɛ). 

 

Ɋɢɫ. 5. Ɂɦɿɧɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɭɝɥɟɰɸ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɱɚɬɤɭ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɟɪɟɬɜɨ-
ɪɟɧɧɹ (Ɇɩ) ɡɚ ɝɥɢɛɢɧɨɸ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ: 

1 – ɡɦɿɧɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɭɝɥɟɰɸ ɩɿɫɥɹ ɰɟɦɟɧɬɚɰɿʀ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 860…920 °ɋ [2];  
2 – ɡɦɿɧɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɭɝɥɟɰɸ ɩɿɫɥɹ ɰɟɦɟɧɬɚɰɿʀ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 1030…1080 °ɋ [2];  

3 – ɡɦɿɧɚ Ɇɩ ɩɿɫɥɹ ɰɟɦɟɧɬɚɰɿʀ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ tɰ = 860…940 °ɋ;  
4 – ɡɦɿɧɚ Ɇɩ ɩɿɫɥɹ ɰɟɦɟɧɬɚɰɿʀ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 1030…1080 °ɋ  

Ɋɨɡɪɚɯɭɧɤɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɱɚɬɤɭ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɟɪɟɬɜɨɪɟɧɧɹ ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ 
Ɇɩ ɞɥɹ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɧɚ ɝɥɢɛɢɧɿ 0,2 ɦɦ ɫɬɚɧɨɜɢɬɶ 150 ºɋ. 

ɍ ɦɿɪɭ ɜɿɞɞɚɥɟɧɧɹ ɜɿɞ ɩɨɜɟɪɯɧɿ ɧɚ ɝɥɢɛɢɧɿ 2,0 ɦɦ Ɇɩ ɡɪɨɫɬɚє ɞɨ 320 ºɋ. ȼ ɿɧɬɟɪɜɚɥɿ 
ɡɧɚɱɟɧɶ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɨɫɭ (0,3…1,0 ɦɦ) Ɇɩ ɡɦɿɧɸєɬɶɫɹ ɜɿɞ 150 ɞɨ 200 ºɋ. Ⱥ ɰɟ ɨɡɧɚɱɚє, 
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ɳɨ ɩɪɢ ɝɚɪɬɭɜɚɧɧɿ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪ ɰɟɦɟɧɬɚɰɿʀ ɜ ɲɚɪɿ ɩɟɪɟɜɚɠɚɬɢɦɟ ɫɬɪɭɤɬɭɪɚ, ɳɨ ɜɤɥɸ-
ɱɚє ɞɨ 15…20 % ɰɟɦɟɧɬɢɬɭ, ɹɤɢɣ ɩɟɪɟɛɭɜɚє ɜ ɩɟɪɟɜɚɠɧɨ ɦɚɪɬɟɧɫɢɬɧɿɣ ɨɫɧɨɜɿ (ɪɢɫ. 6, ɚ). 

Ɂɚɝɚɥɶɧɚ ɬɜɟɪɞɿɫɬɶ ɩɨɜɟɪɯɧɿ ɫɬɚɧɨɜɢɬɶ 55…63 HRC. ɇɚɹɜɧɿɫɬɶ ɰɟɦɟɧɬɢɬɭ ɜ ɫɬɪɭɤɬɭɪɿ 
ɦɨɠɟ ɛɭɬɢ ɧɟ ɬɿɥɶɤɢ ɧɟɤɨɪɢɫɧɨɸ, ɚ ɣ ɦɚɬɢ ɧɟɝɚɬɢɜɧɢɣ ɜɩɥɢɜ ɧɚ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ. ɐɟ 
ɩɨɜ’ɹɡɚɧɨ, ɩɨ-ɩɟɪɲɟ, ɡ ɬɢɦ, ɳɨ ɬɜɟɪɞɿɫɬɶ ɰɟɦɟɧɬɢɬɭ ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɢɳɚ ɡɚ ɬɜɟɪɞɿɫɬɶ ɜɢ-
ɫɨɤɨɜɭɝɥɟɰɟɜɨɝɨ ɦɚɪɬɟɧɫɢɬɭ. ɉɨ-ɞɪɭɝɟ, ɤɪɢɫɬɚɥɿɱɧɚ ɪɟɲɿɬɤɚ ɰɟɦɟɧɬɢɬɭ ɧɟɤɨɝɟɪɟɧɬɧɨ 
ɫɩɨɥɭɱɟɧɚ ɡ ɪɟɲɿɬɤɨɸ ɦɚɪɬɟɧɫɢɬɭ. Ɍɨɦɭ ɦɚɪɬɟɧɫɢɬ ɧɟ ɦɨɠɟ ɫɥɭɠɢɬɢ ɧɚɞɿɣɧɨɸ ɦɟɬɚɥɟ-
ɜɨɸ ɦɚɬɪɢɰɟɸ, ɹɤɚ ɭɬɪɢɦɭє ɰɟɦɟɧɬɢɬ ɭ ɫɬɪɭɤɬɭɪɿ ɩɪɢ ɡɧɨɲɭɜɚɧɧɿ. ɐɿ ɤɚɪɛɿɞɢ ɦɨɠɭɬɶ 
ɜɢɤɪɢɲɭɜɚɬɢɫɶ, ɡɚɥɢɲɚɸɱɢ ɜ ɦɚɪɬɟɧɫɢɬɧɿɣ ɨɫɧɨɜɿ ɦɿɤɪɨɡɚɝɥɢɛɥɟɧɧɹ, ɬɢɦ ɫɚɦɢɦ ɡɦɟɧ-
ɲɭɸɱɢ ʀʀ ɨɩɿɪ ɡɧɨɲɭɜɚɧɧɸ ɚɛɪɚɡɢɜɨɦ. 

Ⱦɪɭɝɢɣ ɜɚɪɿɚɧɬ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ ɪɨɡɪɨɛɥɟɧɢɣ ɭ ɇɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ 
«Ɂɚɩɨɪɿɡɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ» [2]. Ɂɚ ɰɢɦ ɫɩɨɫɨɛɨɦ ɰɟɦɟɧɬɚɰɿɹ ɩɪɨɜɨɞɢɬɶɫɹ ɩɪɢ ɜɢɫɨɤɢɯ ɬɟ-
ɦɩɟɪɚɬɭɪɚɯ – 1030…1080 ºɋ ɡ ɝɚɪɬɭɜɚɧɧɹɦ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɜɿɞ ɰɢɯ ɬɟɦɩɟɪɚɬɭɪ. ɇɚɫɢ-
ɱɟɧɧɹ ɜɭɝɥɟɰɟɦ ɩɨɛɥɢɡɭ ɩɨɜɟɪɯɧɿ ɞɨɫɹɝɚє 1,45 % (ɪɢɫ. 5, ɤɪɢɜɚ 2) ɿ ɩɥɚɜɧɨ ɡɦɟɧɲɭєɬɶɫɹ 
ɞɨ 1,3 % ɧɚ ɜɿɞɫɬɚɧɿ ɜɿɞ ɩɨɜɟɪɯɧɿ ɪɿɜɧɿɣ ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɡɧɨɫɭ. ɐɟ ɞɨɫɢɬɶ ɜɢɫɨɤɢɣ 
ɪɿɜɟɧɶ ɜɦɿɫɬɭ ɜɭɝɥɟɰɸ ɡ ɬɨɱɤɢ ɡɨɪɭ ɡɞɚɬɧɨɫɬɿ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ ɞɨ ɫɚɦɨɡɦɿɰɧɟɧɧɹ ɜ ɩɪɨɰɟɫɿ 
ɡɧɨɲɭɜɚɧɧɹ ɫɬɚɥɟɣ ɿɡ ɦɟɬɚɫɬɚɛɿɥɶɧɢɦ ɚɭɫɬɟɧɿɬɨɦ. Ɋɚɧɿɲɟ ɧɚɲɢɦɢ ɞɨɫɥɿɞɠɟɧɧɹɦɢ ɫɩɟɰɿ-
ɚɥɶɧɨ ɜɢɩɥɚɜɥɟɧɢɯ ɦɨɞɟɥɶɧɢɯ ɫɬɚɥɟɣ ɫɢɫɬɟɦɢ Fe-C-Cr ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɢ ɨɞɧɚ-
ɤɨɜɢɯ ɪɿɜɧɹɯ ɤɿɥɶɤɨɫɬɿ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ ɜ ɫɬɪɭɤɬɭɪɿ ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɜɦɿɫɬɭ ɜɭɝ-
ɥɟɰɸ ɡ 0,5 ɞɨ 1,5 % ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ ɡɪɨɫɬɚє ɡ 9 Ƚɉɚ ɞɨ 12 Ƚɉɚ, ɚ 
ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɜ 5 ɪɚɡɿɜ [16]. 

ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɪɨɡɪɚɯɭɧɤɨɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɱɚɬɤɭ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɟɪɟɬɜɨɪɟɧɧɹ Ɇɩ 

ɞɥɹ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɧɚ ɩɨɱɚɬɤɭ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɛɥɢɡɶɤɚ ɞɨ 0º ɋ. Ɍɨɦɭ ɜ ɫɬɪɭɤɬɭɪɿ 
ɧɚ ɩɨɱɚɬɤɭ ɲɚɪɭ ɤɿɥɶɤɿɫɬɶ ɜɢɫɨɤɨɜɭɝɥɟɰɟɜɨɝɨ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ ɫɤɥɚɞɚє 
80…90 % (ɪɢɫ. 6, ɛ) ɿ ɛɥɢɡɶɤɨ 50 % ɧɚ ɝɥɢɛɢɧɿ ɧɚɫɢɱɟɧɨɝɨ ɲɚɪɭ, ɹɤɚ ɞɨɪɿɜɧɸє ɜɟɥɢɱɢɧɿ 
ɝɪɚɧɢɱɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɨɫɭ ɤɪɨɦɤɢ ɲɬɚɦɩɭ. 
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Ɋɢɫ. 6. ɋɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ ɫɬɚɥɿ 20ɏ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɰɟɦɟɧɬɚɰɿʀ 
860…920 °ɋ (ɚ) ɬɚ 1030…1080 °ɋ (ɛ) [2] 

Ɇɟɯɚɧɿɡɦ ɡɧɨɲɭɜɚɧɧɹ ɨɰɿɧɸɜɚɥɢ ɡɚ ɯɚɪɚɤɬɟɪɨɦ ɩɪɨɞɭɤɬɿɜ ɩɨɜɟɪɯɧɟɜɨɝɨ ɪɭɣɧɭɜɚɧɧɹ. 
Ⱦɥɹ ɜɿɞɨɤɪɟɦɥɟɧɧɹ ɡ ɜɿɞɩɪɚɰɶɨɜɚɧɨɝɨ ɚɛɪɚɡɢɜɭ ɦɟɬɚɥɟɜɢɯ ɩɪɨɞɭɤɬɿɜ ɡɧɨɲɭɜɚɧɧɹ ɜɢ-

ɤɨɪɢɫɬɨɜɭɜɚɥɨɫɶ ɫɩɟɰɿɚɥɶɧɟ ɩɪɢɫɬɨɫɭɜɚɧɧɹ (ɪɢɫ. 7, ɚ). ɉɪɢɧɰɢɩ ɞɿʀ ɬɚɤɢɣ: ɧɟɨɱɢɳɟɧɢɣ 
ɚɛɪɚɡɢɜ ɿɡ ɩɪɨɞɭɤɬɚɦɢ ɡɧɨɲɭɜɚɧɧɹ ɡ ɜɟɪɯɧɶɨɝɨ ɛɭɧɤɟɪɚ 4, ɭ ɪɟɡɭɥɶɬɚɬɿ ɞɿʀ ɜɿɛɪɚɬɨɪɚ 5, 

ɬɨɧɤɢɦ ɲɚɪɨɦ ɩɨɞɚєɬɶɫɹ ɧɚ ɩɨɯɢɥɭ ɫɤɥɹɧɭ ɩɥɚɫɬɢɧɭ 2, ɩɿɞ ɹɤɨɸ ɪɨɡɬɚɲɨɜɚɧɢɣ ɩɨɫɬɿɣ-
ɧɢɣ ɦɚɝɧɿɬ 3. ɉɟɪɟɤɨɱɭɸɱɢɫɶ ɩɨ ɩɥɚɫɬɢɧɿ, ɧɟɦɚɝɧɿɬɧɿ ɡɟɪɧɚ ɚɛɪɚɡɢɜɭ ɩɨɬɪɚɩɥɹɸɬɶ ɭ ɧɢ-
ɠɧɿɣ ɛɭɧɤɟɪ 1, ɚ ɦɟɬɚɥɟɜɿ ɩɪɨɞɭɤɬɢ ɡɧɨɲɭɜɚɧɧɹ ɡɚɥɢɲɚɸɬɶɫɹ ɧɚ ɫɤɥɿ. ɉɪɨɰɟɫ ɩɨɜɬɨɪɸ-
єɬɶɫɹ ɬɪɢ-ɱɨɬɢɪɢ ɪɚɡɢ, ɩɨɤɢ ɧɚ ɫɤɥɿ ɧɟ ɡɚɥɢɲɚєɬɶɫɹ ɠɨɞɧɨʀ ɧɟɦɟɬɚɥɟɜɨʀ ɱɚɫɬɤɢ. 
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Ȼɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɫɟɪɟɞ ɩɪɨɞɭɤɬɿɜ ɡɧɨɲɭɜɚɧɧɹ ɩɟɪɟɜɚɠɚɸɬɶ ɥɭɫɤɨɩɨɞɿɛɧɿ ɱɚɫɬɢ-
ɧɤɢ. ɉɪɨ ɰɟ ɫɜɿɞɱɚɬɶ ɩɪɨɞɭɤɬɢ ɡɧɨɲɭɜɚɧɧɹ ɭ ɜɢɝɥɹɞɿ ɦɿɤɪɨɥɭɫɨɤ, ɹɤɿ ɯɚɪɚɤɬɟɪɧɿ ɞɥɹ ɩɨ-
ɜɟɪɯɧɟɜɨɝɨ ɜɬɨɦɧɨɝɨ ɪɭɣɧɭɜɚɧɧɹ. Ɇɟɯɚɧɿɡɦ ɡɧɨɲɭɜɚɧɧɹ ɜ ɬɚɤɢɯ ɜɢɩɚɞɤɚɯ ɧɨɫɢɬɶ ɦɚɥɨ-
ɰɢɤɥɨɜɢɣ ɩɨɥɿɞɟɮɨɪɦɚɰɿɣɧɢɣ ɯɚɪɚɤɬɟɪ. 

ɋɟɪɟɞ ɩɪɨɞɭɤɬɿɜ ɡɧɨɲɭɜɚɧɧɹ є ɬɚɤɨɠ ɞɭɝɨɩɨɞɿɛɧɿ ɚɛɨ ɫɩɿɪɚɥɟɩɨɞɿɛɧɿ ɦɿɤɪɨɫɬɪɭɠɤɢ 
(ɪɢɫ. 7, ɛ). ɐɟ ɜɤɚɡɭє ɧɚ ɬɟ, ɳɨ ɨɞɧɨɱɚɫɧɨ ɡ ɦɚɥɨɰɢɤɥɨɜɢɦ ɩɨɥɿɞɟɮɨɪɦɚɰɿɣɧɢɦ ɪɭɣɧɭɜɚɧ-
ɧɹɦ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ ɩɪɨɬɿɤɚє ɨɞɧɨɚɤɬɧɟ ɦɿɤɪɨɪɿɡɚɧɧɹ – ɩɪɨɰɟɫ ɡɧɚɱɧɨ ɿɧɬɟɧɫɢɜɧɢɣ, ɧɿɠ ɜɬɨ-
ɦɧɟ ɪɭɣɧɭɜɚɧɧɹ. ɐɟ ɬɚɤɨɠ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɧɚɩɪɭɠɟɧɧɹ ɜ ɦɿɫɰɿ ɤɨɧɬɚɤɬɭ ɚɛɪɚɡɢɜɧɨɝɨ 
ɡɟɪɧɚ ɡɿ ɡɧɨɲɭɜɚɧɨɸ ɩɨɜɟɪɯɧɟɸ ɦɨɠɭɬɶ ɩɟɪɟɜɢɳɭɜɚɬɢ ɦɟɠɭ ɦɿɰɧɨɫɬɿ ɦɟɬɚɥɭ. 

ɉɪɢ ɡɧɨɲɭɜɚɧɧɿ ɪɿɱɤɨɜɢɦ ɤɜɚɪɰɨɜɢɦ ɩɿɫɤɨɦ, ɹɤɢɣ ɞɨɛɭɜɚɸɬɶ ɜ ɪ. Ⱦɧɿɩɪɨ ɩɨɛɥɢɡɭ 
ɦ. Ɂɚɩɨɪɿɠɠɹ, ɦɿɤɪɨɫɬɪɭɠɤɢ ɩɪɚɤɬɢɱɧɨ ɧɟ ɜɢɹɜɥɟɧɨ. 
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Ɋɢɫ. 7. ɋɯɟɦɚ ɩɪɢɫɬɨɫɭɜɚɧɧɹ ɞɥɹ ɜɿɞɨɤɪɟɦɥɟɧɧɹ ɩɪɨɞɭɤɬɿɜ ɡɧɨɲɭɜɚɧɧɹ ɡ ɜɿɞɩɪɚɰɶɨɜɚ-
ɧɨɝɨ ɚɛɪɚɡɢɜɭ (ɚ) ɿ ɯɚɪɚɤɬɟɪɧɢɣ ɜɢɞ ɩɪɨɞɭɤɬɿɜ ɡɧɨɲɭɜɚɧɧɹ (ɛ), ɹɤɿ ɭɬɜɨɪɸɸɬɶɫɹ  

ɜ ɪɟɡɭɥɶɬɚɬɿ ɨɞɧɨɚɤɬɧɢɯ ɩɪɨɰɟɫɿɜ ɦɿɤɪɨɪɿɡɚɧɧɹ 

ɍ ɬɢɯ ɜɢɩɚɞɤɚɯ, ɤɨɥɢ ɨɫɧɨɜɧɨɸ ɜɢɦɨɝɨɸ є ɨɩɿɪɧɿɫɬɶ ɲɚɪɠɭɜɚɧɧɸ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ, 
ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɭ ɨɛɪɨɛɤɭ ɲɬɚɦɩɿɜ ɜɚɪɬɨ ɩɪɨɜɨɞɢɬɢ ɡɚ ɩɟɪɲɢɦ ɫɩɨɫɨɛɨɦ. əɤɳɨ ɠ ɲɬɚɦɩɢ 
ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɞɥɹ ɩɪɟɫɭɜɚɧɧɹ ɦɚɫɢ, ɹɤɚ ɧɟ ɫɯɢɥɶɧɚ ɞɨ ɲɚɪɠɭɜɚɧɧɹ ɩɨɜɟɪɯɧɿ, ɬɨ ʀɯ ɯɿɦɿɤɨ-
ɬɟɪɦɿɱɧɭ ɨɛɪɨɛɤɭ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɧɭɜɚɬɢ ɡɚ ɞɪɭɝɢɦ ɜɚɪɿɚɧɬɨɦ. Ⱦɨɫɥɿɞɠɟɧɧɹ, ɩɪɨɜɟɞɟɧɧɿ ɜ 
ɥɚɛɨɪɚɬɨɪɧɢɯ ɭɦɨɜɚɯ, ɚ ɬɚɤɨɠ ɜɢɪɨɛɧɢɱɿ ɜɢɩɪɨɛɭɜɚɧɧɹ ɲɬɚɦɩɿɜ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɫɢɥɿɤɚ-
ɬɧɨʀ ɰɟɝɥɢ ɬɚ ɜɨɝɧɟɬɪɢɜɤɢɯ ɜɢɪɨɛɿɜ ɩɨɤɚɡɚɥɢ, ɳɨ ɩɪɢ ɨɛɪɨɛɰɿ ɡɪɚɡɤɿɜ ɿ ɞɟɬɚɥɟɣ ɡɚ ɞɪɭɝɢɦ 
ɜɚɪɿɚɧɬɨɦ, ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɩɟɪɲɢɦ ɫɩɨɫɨɛɨɦ, ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɪɨɛɨɱɢɯ ɤɪɨɦɨɤ ɭɞɜɿɱɿ ɜɢɳɚ, 
ɩɪɢ ɛɿɥɶɲ ɜɢɫɨɤɿɣ ɫɬɿɣɤɨɫɬɿ ɞɨ ɫɤɨɥɸɜɚɧɧɹ ɮɪɚɝɦɟɧɬɿɜ ɤɪɨɦɨɤ ɭ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ. Ⱥɥɟ ɧɚ-
ɜɿɬɶ ɩɪɢ ɩɨɜɧɿɣ ɪɟɚɥɿɡɚɰɿʀ ɦɨɠɥɢɜɨɫɬɟɣ ɰɟɦɟɧɬɨɜɚɧɢɯ ɫɬɚɥɟɣ, ɬɟɪɦɿɧ ɫɥɭɠɛɢ ɲɬɚɦɩɿɜ ɭɫɟ 
ɠ ɧɟɞɨɫɬɚɬɧɿɣ. Ɂɚɥɢɲɚєɬɶɫɹ ɩɪɨɛɥɟɦɚ ɫɤɨɥɸɜɚɧɧɹ ɪɨɛɨɱɢɯ ɤɪɨɦɨɤ ɩɥɚɫɬɢɧ ɲɬɚɦɩɿɜ. Ɍɨɦɭ 
ɞɥɹ ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ ɡɚɥɢɲɚєɬɶɫɹ ɚɤɬɭɚɥɶɧɨɸ ɡɚɞɚɱɚ ɪɨɡɪɨɛɤɢ ɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɬɟ-
ɯɧɨɥɨɝɿʀ ɜɿɞɧɨɜɥɟɧɧɹ ʀɯɧɿɯ ɪɨɛɨɱɢɯ ɤɪɨɦɨɤ ɧɚɩɥɚɜɥɟɧɧɹɦ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɒɬɚɦɩɢ ɩɪɟɫɮɨɪɦ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜɨɝɧɟɬɪɢɜɤɢɯ 
ɜɢɪɨɛɿɜ ɿ ɛɭɞɿɜɟɥɶɧɨʀ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɩɨɜɢɧɧɿ ɜɿɞɩɨɜɿɞɚɬɢ ɧɚɫɬɭɩɧɢɦ ɜɢɦɨɝɚɦ: ʀɯɧɹ 
ɪɨɛɨɱɚ ɩɨɜɟɪɯɧɹ ɩɨɜɢɧɧɚ ɦɚɬɢ ɞɨɫɬɚɬɧɶɨ ɜɢɫɨɤɢɣ ɨɩɿɪ ɲɚɪɠɭɜɚɧɧɸ ɚɛɪɚɡɢɜɧɨɸ ɦɚ-
ɫɨɸ, ɚ ɪɨɛɨɱɚ ɤɪɨɦɤɚ – ɹɤɨɦɨɝɚ ɛɿɥɶɲ ɜɢɫɨɤɭ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɩɪɢ ɞɨɫɬɚɬɧɿɣ ɟɤɫɩɥɭɚɬɚ-
ɰɿɣɧɿɣ ɧɚɞɿɣɧɨɫɬɿ. 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɲɬɚɦɩɿɜ ɜɢɫɨɤɨɜɭɝɥɟɰɟɜɢɯ ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ ɫɬɚɥɟɣ 
ɬɢɩɭ ɏ12 ɞɭɠɟ ɭɫɤɥɚɞɧɟɧɨ ɱɟɪɟɡ ɧɟɞɨɫɬɚɬɧɸ ɟɤɫɩɥɭɚɬɚɰɿɣɧɭ ɧɚɞɿɣɧɿɫɬɶ, ɨɫɨɛɥɢɜɨ ɩɪɢ 
ɧɟɡɧɚɱɧɿɣ ʀɯ ɬɨɜɳɢɧɿ. 

ɇɢɧɿ ɧɚɣɛɿɥɶɲ ɩɪɢɣɧɹɬɧɢɦɢ ɦɚɬɟɪɿɚɥɚɦɢ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɲɬɚɦɩɿɜ є ɫɬɚɥɿ ɮɟɪɢɬɨ-
ɩɟɪɥɿɬɧɨɝɨ ɤɥɚɫɭ ɬɢɩɭ 20ɏ ɬɚ ʀɯ ɡɦɿɰɧɟɧɧɹ ɲɥɹɯɨɦ ɰɟɦɟɧɬɚɰɿʀ ɬɚ ɝɚɪɬɭɜɚɧɧɹ ɡɚ ɞɜɨɦɚ 
ɨɫɧɨɜɧɢɦɢ ɜɚɪɿɚɧɬɚɦɢ: 

1) ɰɟɦɟɧɬɚɰɿɹ ɡɚ ɩɨɪɿɜɧɹɧɨ ɧɟɜɢɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 860…940 ºɋ ɿ ɝɚɪɬɭɜɚɧɧɹ ɜɿɞ 
ɰɢɯ ɠɟ ɫɚɦɢɯ  ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɩɟɪɟɜɚɠɧɨ ɦɚɪɬɟɧɫɢɬɧɭ ɫɬɪɭɤɬɭɪɭ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ 
ɬɜɟɪɞɿɫɬɸ 55…63 HRC; 
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2) ɧɚɫɢɱɟɧɧɹ ɜɭɝɥɟɰɟɦ ɩɪɢ ɧɟɬɪɚɞɢɰɿɣɧɨ ɜɢɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɿɧɬɟɪɜɚɥɿ 
1030…1080 ºɋ ɿ ɝɚɪɬɭɜɚɧɧɹ ɜɿɞ ɰɢɯ ɠɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɫɬɪɭɤɬɭɪɭ ɰɟɦɟɧɬɨɜɚɧɨɝɨ ɲɚɪɭ ɡ 
ɩɟɪɟɜɚɠɧɨ ɦɟɬɚɫɬɚɛɿɥɶɧɢɦ ɚɭɫɬɟɧɿɬɨɦ ɬɚ ɬɜɟɪɞɿɫɬɸ ɩɨɜɟɪɯɧɿ 36…42 HRC. 

əɤɳɨ ɩɟɪɟɜɚɠɧɨɸ ɟɤɫɩɥɭɚɬɚɰɿɣɧɨɸ ɜɢɦɨɝɨɸ ɞɨ ɲɬɚɦɩɿɜ є ɨɩɿɪ ʀɯɧɶɨʀ ɪɨɛɨɱɨʀ ɩɨɜɟ-
ɪɯɧɿ ɲɚɪɠɭɜɚɧɧɸ, ɬɨ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɭ ɨɛɪɨɛɤɭ ɧɟɨɛɯɿɞɧɨ ɩɪɨɜɨɞɢɬɢ ɡɚ ɩɟɪɲɢɦ ɜɚɪɿɚɧ-
ɬɨɦ. əɤɳɨ ɲɚɪɠɭɜɚɧɧɹ ɧɟ є ɤɪɢɬɢɱɧɨɸ ɩɪɨɛɥɟɦɨɸ, ɬɨ ɨɛɪɨɛɤɭ ɬɪɟɛɚ ɩɪɨɜɨɞɢɬɢ ɡɚ ɞɪɭ-
ɝɢɦ ɫɩɨɫɨɛɨɦ. ɉɪɢ ɰɶɨɦɭ, ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɩɟɪɲɢɦ ɫɩɨɫɨɛɨɦ, ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɪɨɛɨɱɢɯ 
ɤɪɨɦɨɤ ɭɞɜɿɱɿ ɜɢɳɚ. 

ɋɩɢɫɨɤ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ 
1. Ⱥɧɞɪɭɳɟɧɤɨ Ɇ. ȱ., Ɉɫɿɩɨɜ Ɇ. ɘ., Ʉɚɩɭɫɬɹɧ Ɉ. Є., ɋɚɜɨɧɨɜ ɘ. Ɇ., Ⱥɤɪɢɬɨɜɚ Ɍ. Ɉ., Ʉɭɡɶɦɚ 

ɋ. Ɉ. ȼɿɞɧɨɜɥɟɧɧɹ ɬɚ ɡɦɿɰɧɟɧɧɹ ɲɬɚɦɩɨɬɪɢɦɚɱɿɜ ɩɪɟɫ-ɮɨɪɦ ɞɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ. 
Ⱥɤɬɭɚɥɶɧɵɟ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ : ɦɚɬɟɪɿɚɥɢ ɏɏɏV Ɇɿɠɧɚɪɨɞɧɨʀ ɧɚɭɤɨɜɨʀ 
ɤɨɧɮɟɪɟɧɰɿʀ, ɥɸɬɢɣ 2018 ɪ. ɉɟɪɟɹɫɥɚɜ-ɏɦɟɥɶɧɢɰɶɤɢɣ, 2018. № 2(36), ɱ. 6. ɋ. 151–157. 

2. Ɂɧɨɫɨɫɬɿɣɤɿɫɬɶ ɫɩɥɚɜɿɜ, ɜɿɞɧɨɜɥɟɧɧɹ ɬɚ ɡɦɿɰɧɟɧɧɹ ɞɟɬɚɥɟɣ ɦɚɲɢɧ : ɧɚɜɱ. ɩɨɫɿɛ. / ɡɚ ɪɟɞ. 
ȼ. ɋ. ɉɨɩɨɜɚ. Ɂɚɩɨɪɿɠɠɹ : Ɇɨɬɨɪ ɋɿɱ, 2006. 420 ɫ. 

3. ɑɟɣɥɹɯ Ⱥ. ɉ., ɑɟɣɥɹɯ ə. Ⱥ., ɋɚɦɨɬɭɝɢɧɚ ɘ. ɋ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɭɩɪɨɱɧɹɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ 
ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ : ɭɱɟɛ. ɩɨɫɨɛɢɟ. Ɇɚɪɢɭɩɨɥɶ : ɈɈɈ «ɉɉɇɋ», 2016. 378 ɫ. 
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ɭɫɬɚɥɨɫɬɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɢɨɧɚɦɢ ɚɡɨɬɚ ɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ. Ɏɢɡɢɱɟɫɤɚɹ ɦɟ-
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16. Ⱥɧɞɪɭɳɟɧɤɨ Ɇ. ɂ., Ʉɭɥɢɤɨɜɫɤɢɣ Ɋ. Ⱥ., Ɉɫɢɩɨɜ Ɇ. ɘ., ɏɨɥɨɞ Ⱥ. ȼ., Ʉɚɩɭɫɬɹɧ Ⱥ. ȿ. ɋɩɨ-
ɫɨɛɧɨɫɬɶ ɤ ɫɚɦɨɭɩɪɨɱɧɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɚɲɢɜɚɧɢɹ ɢ ɢɡɧɨɫɨ-
ɫɬɨɣɤɨɫɬɶ ɫɬɚɥɟɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɭɝɥɟɪɨɞɚ ɢ ɯɪɨɦɚ. ɇɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨ-
ɝɢɢ ɜ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ. 2014. № 1. ɋ. 92–99. 

References 
1. Andrushchenko, M. I., Osipov, M. Yu., Kapustian, O. Ye., Savonov, Yu. M., Akrytova, T. O., Kuzma, 

S. O. (2018). Vidnovlennia ta zmitsnennia shtampotrymachiv pres-form dlia vyhotovlennia sylikatnoi tsehly 

[Recovery and strengthening of stampers of press forms for manufacture of silicate brick], materialy ɏɏɏV 
Mizhnarodnoi naukovoi konferentsii [Materials of the ɏɏɏV International Science Conference] (Pereiaslɚv-

Khmelnytskyi, February, 2018). Pereiaslɚv-Khmelnytskyi [in Ukrainian]. 

2. Popov, V. S. (Ed.). (2006). Znosostiikist splaviv, vidnovlennia ta zmitsnennia detalei mashyn [Wear 

resistance of alloys, restoration and hardening of machine parts]. Zaporizhzhia: Motor Sich [in Ukrainian]. 

3. Cheiliakh, A. P., Cheiliakh, Ya. A., Samotuhyna, Yu. S. (2016). Perspektivnye uprochniaiushchie 

tekhnologii obrabotki materialov [Promising hardening technologies of material handling]. Maryupol: 

PPNS [in Russian]. 

4. Kostyk, K. O. (2013). Zmitsnennia pres-form lyttia pid tyskom po nanotekhnolohii [Molds 

hardening for injection molding by nanotechnology]. Mashynobuduvannia – Mechanical engineering, 

12, 113–118 [in Ukrainian]. 

5. Harmaeva, I. A. (2008). Fazovyj sostav i kinetika formirovanija diffuzionnyh sloev pri borirovanii 

stalej [Phase Composition and formation kinetics of diffusion layers at borating of steel]. (PhD thesis). 

Altajskij gosudarstvennyj tehnicheskij universitet im. I. I. Polzunova, Barnaul [in Russian]. 

6. Vitjaz', P. A., Belyj, A. V., Kukareko, V. A., Sharkeev, Ju. P. (2004). Soprotivlenie kontaktnomu 

i ustalostnomu razrusheniju modificirovannyh ionami azota hromistyh stalej [Resistance to contact and 

fatigue failure of chromium steels modified with nitrogen ions]. Fizicheskaja mezomehanika – Physical 

Mesomechanics, 2, 149–152 [in Russian]. 

7. Zhukov, A. A., Navoev, A. P., Fokin, B. V. (2018). ȿnergosberegaɿushɫhaɿa dvukhstupenchataia 

tsementatsiia [Energy-saving two-stage cementation]. Vestnik rybinskoj gosudarstvennoj aviacionnoj 

tehnologicheskoj akademii im. P. A. Soloveva – Herald of Rybinsk state aviation technological academie 

them. P. A. Soloviev, 2 (45), 160–166 [in Russian]. 

8. Zhukov, A. A., Navoev, A. P. (2018). Primenenie tsementatsii v oblasti temperatur polimorfnogo 

prevrashheniia dlia energosberegaiushchego poverhnostnogo uprochneniia pri vosstanovlenii detalei 

mashin [The use of cementation in the temperature range of polymorphic transformation for energy-

saving surface hardening at restoring machine parts]. Mashinostroenie: innovacionnye aspekty razvitija: 

Remont mashin i oborudovanija – Engineering: innovative aspects of development: Repair of machinery 

and equipment, 1, 106–109 [in Russian]. 

9. Cheiliakh, A. P., Riabikina, M. A., Mak-Mak, N. E. (2017). Sviaz iznosostoikosti, sherohovatosti 

poverhnosti i parametrov zakalki tsementovannykh konstruktsionnykh stalei [Communication of wear 

resistance, surface roughness and quenching parameters of cemented structural steels]. Visnyk 

pryazovskoho derzhavnoho tekhnichnoho universytetu – Herald of Priazov State Technical University, 

34, 30–39 [in Russian]. 

10. Cheiliakh, A. P., Riabikina, M. A., Karavaeva, N. E. (2012). Vliianie zakalki na strukturu, sostav 

metastabilnogo ostatochnogo austenita i abrazivnuiu iznosostojkost tsementovannykh 

konstruktsionnykh stalei [The effect of quenching on the structure, composition of metastable residual 

austenite and abrasion resistance of cemented structural steels]. Visnyk pryazovskoho derzhavnoho 

tekhnichnoho universytetu – Herald of Priazov State Technical University, 25, 95–101 [in Russian].  

11. Kulykovskyi, R. A. (2012). Vosstanovlenie naplavkoi shtampov press-form [restoration of 

stamps press-form by surfacing]. Novi materialy i tekhnolohii v metalurhii ta mashynobuduvanni – New 

materials and technologies in metallurgy and mechanical engineering, 2, 67–70 [in Russian]. 

12. Akrytova, T. A., Kapustian, O. Ye., Brykov, M. N., Andrushchenko, M. I., Osipov, M. Yu., 

Mjagkij I. V. (2019). Issledovanie vliianiɿa svoɿstv abrazivnykh materialov na sposobnost 

k samouprochneniɿu i intensivnost iznashivanija staleɿ v razlichnom strukturnom sostoɿanii [Investigation 

of properties influence of abrasive materials on self-hardening ability and intensity wear of steel in various 

structural state]. Materialy ȱɏ Mizhnarodnoi naukovo-praktychnoi konferentsii – Materials of the 

ȱɏ International scientific-practical conference (Chernihiv, May 14-16, 2019) (ɪɪ. 86-88) Chernihiv 

[in Russian].  



№ 2 (20), 2020 Ɍȿɏɇȱɑɇȱ ɇȺɍɄɂ ɌȺ ɌȿɏɇɈɅɈȽȱȲ 
  

TECHNICAL SCIENCES AND TECHNOLOGIES 

 72 

13. Andrushchenko, M. I., Kulykovskyi, R. A., Akrytova, T. O., Kapustian, O. Ye.,  
Brykov, M. M., Osipov, M. Yu. (2019). Doslidzhennia ta rozrobka standartnykh i spetsialnykh 
vyprobuvan materialiv na opir bezudarnomu abrazyvnomu znoshuvanniu [Investigation and 
development of standard and special test of materials resistance to shockless abrasive wear]. 
Perspektyvni tekhnolohii ta prylady – Advanced Technologies and Devices, 14, 12–23 [in Ukrainian]. 

14. Fetisov, G. P., Karpman, M. G. … Matjukin, V. M. (2000). Materialovedenie i tehnologii 

metallov [Materials science and technology of metals]. Moscow: Mashinostroenie [in Russian]. 
15. Lahtina, Ju. M., Rahshtadtta, A. G. (Ed.). (1980). Termicheskaja obrabotka v mashinostroenii 

[Heat treatment in mechanical engineering]. Moscow: Vysshaia shkola [in Russian]. 
16. Andrushchenko, M. I., Kulikovskij, R. A., Osipov, M. Yu., Holod, A. V., Kapustian, O. Ye. 

(2014). Sposobnost k samouprochneniiu poverhnosti treniia v processe abrazivnogo iznashivaniia i 
iznosostoikost stalei v zavisimosti ot soderzhaniia ugleroda i khroma [The ability to self-strengthening 
of friction surfaces in the abrasive wear process and wear resistance of steels depending on the carbon 

and chromium content]. Novye materialy i tehnologii v metallurgii i mashinostroenii – New materials 

and technologies in metallurgy and mechanical engineering, 1, 92–99 [in Russian].  

UDC 621.785.5 

Taisiia Akrytova, Mykhaylo Andrushchenko, Oleksii Kapustian,  

Ruslan Kulykovskyi, Mykhaylo Osipov 

HARDENING TECHNOLOGY OF STAMPS MOLDS FOR THE MANUFACTURE 
OF REFRACTORY AND BUILDING PRODUCTS BY CEMENTATION  

Urgency of the research. To a large extent, the quality and cost of silicate bricks and refractory products depend on the 

durability and reliability of the mold dies. Therefore, the choice of optimal materials for the manufacture of dies, methods of 

hardening and increase service life is an urgent task. 

Target setting. Currently, the life of mold dies for pressing silicate brick and refractory products ranges from several 

hours to 15 days. Therefore, it is important to develop, study and substantiate the main criteria for selecting stamp materials, 

methods and technologies for their strengthening. 

Actual scientific researches and issues analysis. A comparative analysis of possible modern options for the manufacture 

of dies from different steels, their thermal and chemical-thermal treatment. 

Uninvestigated parts of general matters defining. At present, there is insufficient information about the ability to self-

harden during friction and wear resistance of the friction surface of cemented dies made of low-alloy steels of ferrite-pearlite 

class in various structural states with different carbon contents. 

The research objective. The aim of the work was the selection of materials for the manufacture of new dies, the structure of the 

working surface and the edges of the dies, the technology of their chemical-thermal treatment, depending on the working conditions. 

The statement of basic materials. The working conditions of the mold dies, the mechanism and the nature of their wear 

are investigated. Two fundamentally different approaches to the hardening processes of mold dies from low alloy steels of type 

20X are considered. The first is the generally accepted technology of cementation at relatively low temperatures - 860...940º 
C and hardening on a predominantly martensitic structure. The second is the saturation of the surface of the part with carbon 

at high temperatures - 1030...1080º C and hardening on the structure with a large amount (80...95 %) of high-carbon meta-

stable austenite. 

Conclusions. Currently, the most suitable materials for the manufacture of mold dies are steel ferrite-pearlite class type 

20X and their hardening by cementation and hardening. The choice of one of the proposed cementation options depends on 

which of the requirements for dies is the main one - the stability of the abrasive to grind the work surface or the resistance to 

wear of the working edge. 

Keywords: stamp; pres form; construction products; refractory products; cementation. 
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