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ɉɈȼɕɒȿɇɂȿ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ȼɈɁȾȿɃɋɌȼɂə ɆɈȾɂɎɂɄȺɌɈɊɈȼ  
ɉɊɂ ɗɅȿɄɌɊɈɒɅȺɄɈȼɈɆ ɄɈɄɂɅɖɇɈɆ ɅɂɌɖȿ ɀȺɊɈɉɊɈɑɇɕɏ  
ɇɂɄȿɅȿȼɕɏ ɋɉɅȺȼɈȼ ȼ ɌɊȺɇɋɉɈɊɌɇɈɆ ɆȺɒɂɇɈɋɌɊɈȿɇɂɂ 

 

ɋ.ɇ. ɀɟɪɟɛɰɨɜ1, ȿ.Ⱥ. ɑɟɪɧɵɲɨɜ1, Ⱥ.Ⱥ. Ⱥɥɟɤɫɚɧɞɪɨɜ2, ȼ.ɂ. Ƚɭɪɞɢɧ2 
1ɎȽȻɈɍ ȼɈ «ɇɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɇȽɌɍ)» 

ɢɦ. Ɋ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, Ɋɨɫɫɢɹ, ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ 
2ɎȽȻɈɍ ȼɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɪɚɡɪɚɛɨɬɨɤ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢɡɞɟɥɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɫɨɜɦɟɫɬɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɦ ɤɨɤɢɥɶɧɨɦ ɥɢɬɶɟ, 
ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɣ ɢ ɫɥɭɠɟɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɟɬɚɥɥɚ.  

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɟ ɤɨɤɢɥɶɧɨɟ ɥɢɬɶɟ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ, ɠɢɞɤɢɣ 
ɦɟɬɚɥɥ, ɲɥɚɤ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, 
ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ. 
 

ȼɜɟɞɟɧɢɟ 
ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ 

ɪɚɛɨɬɵ ɢɡɞɟɥɢɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɚɜɢɚɰɢɢ, 
ɤɨɫɦɨɧɚɜɬɢɤɟ, ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɢ, 
ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ, ɜ ɝɚɡɨɜɨɦ ɯɨɡɹɣɫɬɜɟ ɜɨ 
ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɨɫɬɢɝɧɭɬɵɦ ɭɪɨɜɧɟɦ 
ɫɥɭɠɟɛɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɥɢɬɵɯ ɢɡɞɟɥɢɣ ɢɡ 
ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. ɉɪɨɝɪɟɫɫ ɜ 
ɷɬɨɣ ɨɛɥɚɫɬɢ ɫɜɹɡɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɟɦɨɜ ɮɢɡɢɱɟɫɤɨɝɨ ɢ 
ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɜ 
ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ, ɪɚɡɥɢɜɤɢ, ɫɜɚɪɤɢ. 
Ⱦɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɨɞɧɵɯ ɢɡɞɟɥɢɣ ɜɵɫɨɤɨɝɨ 
ɤɚɱɟɫɬɜɚ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɡɚɞɚɱ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɥɚɧɚ, 
ɫɜɹɡɚɧɧɨɝɨ ɫ ɜɵɩɥɚɜɤɨɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 
ɬɪɟɛɭɟɦɨɣ ɫɬɪɭɤɬɭɪɵ ɨɬɥɢɜɨɤ. ɋɭɳɟɫɬɜɟɧɧɵɟ 
ɪɟɡɟɪɜɵ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɨɣ ɢ 
ɫɥɭɠɟɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɬɥɢɜɨɤ ɨɬɤɪɵɜɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɫɪɟɞɢ 
ɤɨɬɨɪɵɯ ɜɚɠɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɦɢ 
ɩɨɪɨɲɤɚɦɢ (ɍȾɉ) ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɨɛɪɚɛɨɬɤɚ ɪɚɫɩɥɚɜɨɜ (ȼɌɈɊ). 

Ɉɫɨɛɨ ɚɤɬɭɚɥɶɧɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɩɪɨɛɥɟɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ 
ɡɚɝɨɬɨɜɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɧɟɪɝɨ- ɢ 
ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɫɪɟɞɢ 
ɤɨɬɨɪɵɯ ɜɟɫɶɦɚ ɡɚɦɟɬɧɭɸ ɪɨɥɶ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɢɝɪɚɸɬ ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɬɚɤɢɟ ɤɚɤ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɣ ɩɟɪɟɩɥɚɜ, 

ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɟ ɥɢɬɶɟ, ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɟ 
ɤɨɤɢɥɶɧɨɟ ɥɢɬɶɟ (ɗɒɄɅ) ɢ ɷɥɟɤɬɪɨɲɥɚɤɨɜɚɹ 
ɫɜɚɪɤɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɹɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɜ ɂɧɫɬɢɬɭɬɟ ɷɥɟɤɬɪɨɫɜɚɪɤɢ ɢɦ. ȿ.Ɉ. ɉɚɬɨɧɚ, 
Ⱥɇ ɍɤɪɚɢɧɵ, ɝ. Ʉɢɟɜ, ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɨɬɨɪɵɯ 
ɲɢɪɨɤɨ ɨɩɭɛɥɢɤɨɜɚɧɚ, ɥɢɬɨɣ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɣ ɦɟɬɚɥɥ ɡɚɝɨɬɨɜɨɤ ɢɡ ɬɚɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢ 
ɫɥɭɠɟɛɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɢɡɞɟɥɢɣ ɨɛɵɱɧɨ 
ɭɫɬɭɩɚɟɬ ɩɨɤɨɜɤɚɦ ɢɡ ɦɟɬɚɥɥɚ: ɜɚɤɭɭɦɧɨ-
ɞɭɝɨɜɨɝɨ, ɜɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɝɨ (ȼɂɉ) 
ɩɟɪɟɩɥɚɜɨɜ.  

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɟɢɦɭɳɟɫɬɜ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɚɤɢɯ ɡɚɝɨɬɨɜɨɤ ɫɜɹɡɚɧɚ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɪɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ 
ɩɨɜɵɲɟɧɢɹ ɫɜɨɣɫɬɜ ɥɢɬɨɝɨ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ 
ɦɟɬɚɥɥɚ ɞɨ ɭɪɨɜɧɹ ɩɨɥɭɱɚɟɦɨɝɨ ɨɛɪɚɛɨɬɤɨɣ 
ɞɚɜɥɟɧɢɟɦ. Ⱦɨɫɬɢɠɟɧɢɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɫɜɨɣɫɬɜ ɥɢɬɨɝɨ ɦɟɬɚɥɥɚ 
ɜɨɡɦɨɠɧɨ ɜ ɨɫɧɨɜɧɨɦ ɩɨ ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ: 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɩɭɬɟɦ 
ɜɜɟɞɟɧɢɹ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜɵɯ 
ɤɨɦɩɥɟɤɫɨɜ (ɍȾɉɄ) ɜ ɩɪɨɰɟɫɫɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɨɜɵɲɟɧɢɟɦ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɪɚɫɩɥɚɜɚ ɜ 
ɩɪɨɰɟɫɫɟ ɩɟɪɟɩɥɚɜɚ ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɜ ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɪɚɤɬɢɱɟɫɤɢɦ 
ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 
ɬɟɯɧɨɥɨɝɢɢ ȼɌɈɊ. 

ɗɥɟɤɬɪɨɲɥɚɤɨɜɨɦɭ ɩɟɪɟɩɥɚɜɭ ɩɨɞɜɟɪɝɚɥɢ 
ɧɢɤɟɥɟɜɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ 
ɬɢɩɚ: ɀɋ6-ɍ, ɀɋ6-Ʉ, ɀɋ3-ȾɄ, ɜɨ ɜɪɟɦɹ 
ɩɟɪɟɩɥɚɜɚ ɜɜɨɞɢɥɢ ɦɨɞɢɮɢɤɚɬɨɪɵ 
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ɪɚɡɥɢɱɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ-(TiCN-Ti-Cr, 
TiCN-Ti-Ni, TiCN-Ti-Y, TiCN-Ti-Mo, TiCN-Ti-Va,  
ɜ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɦɨɞɢɮɢɤɚɬɨɪɨɦ Ti(CɯNɭ)-Ti. ȼ 
ɩɪɨɰɟɫɫɟ ɗɒɄɅ ɩɪɨɢɡɜɨɞɢɥɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɟɪɟɝɪɟɜ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ 
ɦɟɬɚɥɥɚ ɜ ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ – ɞɥɹ 
ɩɪɨɜɟɪɤɢ ɧɚɲɟɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɜɥɢɹɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ȼɌɈɊ 
ɫɨɜɦɟɳɟɧɧɨɣ ɫ ɩɪɨɰɟɫɫɨɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɬɥɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ [1, 3]. 

Ɇɟɬɚɥɥ ɩɥɚɜɢɥɢ ɢ ɪɚɡɥɢɜɚɥɢ ɜ ɭɫɬɚɧɨɜɤɟ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ ɥɢɬɶɹ Ⱥ550-ɍ, ɍɒ-148 
ɜɚɪɶɢɪɭɹ ɬɟɦɩɟɪɚɬɭɪɭ ɜɜɟɞɟɧɢɹ ɞɨɛɚɜɤɢ, 

ɫɨɫɬɚɜ ɦɨɞɢɮɢɤɚɬɨɪɚ, ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ, 
ɬɟɦɩɟɪɚɬɭɪɭ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɲɥɚɤɚ, ɫɢɥɭ 
ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɩɥɚɜɚ, 
ɬɟɦɩɟɪɚɬɭɪɭ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɢ ɬ.ɞ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɚ ɪɟɚɥɶɧɚɹ ɫɯɟɦɚ 
ɩɪɨɰɟɫɫɚ ɩɟɪɟɩɥɚɜɚ ɪɚɫɯɨɞɭɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɢɡ ɫɩɥɚɜɚ ɀɋ6-ɍ ɩɨɞ ɫɥɨɟɦ ɡɚɳɢɬɧɨɝɨ 
ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɮɥɸɫɚ ɦɚɪɤɢ CaF2-Al2O3 ɜ 
ɨɯɥɚɠɞɚɟɦɨɣ ɚɜɬɨɝɚɪɧɢɫɚɠɧɨɣ ɩɥɚɜɢɥɶɧɨɣ 
ɟɦɤɨɫɬɢ Д1, 2, 3Ж. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɞɨɫɬɢɝɚɥɚ ɨɬ 1900 ɋ ɞɨ 
2040 ɋ, ɚ ɠɢɞɤɨɝɨ ɮɥɸɫɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬ 
2150 ɋ ɞɨ 2320 ɋ. 

 

 
 

Ɋɢɫ. 1 Ɍɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɗɒɄɅ+ȼɌɈɊ ɪɚɫɯɨɞɭɟɦɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɢɡ ɫɩɥɚɜɚ ɀɋ6-ɍ ɜ ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ 

 

Ʉɨɧɬɪɨɥɶ ɢ ɡɚɩɢɫɶ ɬɨɤɨɜɵɯ ɪɟɠɢɦɨɜ 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ ɪɚɫɯɨɞɭɟɦɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɜ ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ 
ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɩɨɬɟɧɰɢɨɦɟɬɪɚ Ʉɋɉ-4, ɤɨɧɬɪɨɥɶ ɫɤɨɪɨɫɬɢ 
ɩɥɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɜɟɫɚ ɜ ɤɨɦɩɥɟɤɬɟ ɫ 
ɫɚɦɨɩɢɫɰɟɦ ɉɋɊ-1. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ (ɜɨɞɚ) ɧɚ ɜɯɨɞɟ ɢ 
ɜɵɯɨɞɟ ɢɡ ɩɨɞɞɨɧɚ ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɷɥɟɤɬɪɨɧɧɵɦ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɦɧɨɝɨɬɨɱɟɱɧɵɦ 
ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ ɗɉɊ-09ɊɆ3. Ⱦɥɹ ɩɪɹɦɨɝɨ 
ɡɚɦɟɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢ 
ɲɥɚɤɚ ɜ ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 
ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɩɟɪɟɩɥɚɜɚ ɪɚɫɯɨɞɭɟɦɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɩɪɢɦɟɧɹɥɚɫɶ ɜɨɥɶɮɪɚɦ-ɪɟɧɢɜɚɹ 

ɬɟɪɦɨɩɚɪɚ ɬɢɩɚ ȼɊ5(20)5 ɜ ɡɚɳɢɬɧɨɦ ɤɨɪɩɭɫɟ 
ɢɡ ɬɭɝɨɩɥɚɜɤɨɝɨ ɦɟɬɚɥɥɚ.  

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɨɫɥɟ ȼɌɈɊ ɫ 
ɜɜɟɞɟɧɢɟɦ ɍȾɉɄ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚ ɛɚɡɟ 
TiCN-Ti ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ 1450-

1470 ɋ, 1580-1600 ɋ, 1720-1740 ɋ, 
ɩɨɬɪɟɛɨɜɚɥɨ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ 
ɩɨɞɫɬɭɠɢɜɚɧɢɹ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɡɚ 
ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɪɟɦɟɧɢ 
ɜɵɞɟɪɠɤɢ ɨɬ ɦɨɦɟɧɬɚ ɜɜɟɞɟɧɢɹ ɍȾɉɄ ɜ 
ɠɢɞɤɢɣ ɦɟɬɚɥɥ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɥɢɜɤɨɣ ɜ 
ɤɨɤɢɥɶ ɢ ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫɩɥɚɜɚ ɜ ɥɢɬɟɣɧɨɣ ɮɨɪɦɟ Д3, 4]. 

ɉɟɪɟɜɨɞ ɪɚɫɩɥɚɜɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɜ 
ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɪɚɫɩɥɚɜɚ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɟɪɟɝɪɟɜɨɦ ɜɵɲɟ ɜɬɨɪɨɣ 
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ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ tɤɪ2 1830 ɋ (ɞɥɹ 
ɀɋ3-ȾɄ ɢ ɀɋ6-ɍ), ɢ 1800 ɋ ɞɥɹ ɀɋ6-Ʉ. 
ɇɟɨɛɯɨɞɢɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɟɪɟɝɪɟɜɚ 
ɪɚɫɩɥɚɜɚ ɀɋ3-ȾɄ, ɀɋ6-Ʉ, ɀɋ6-ɍ ɞɥɹ 
ɩɟɪɟɜɨɞɚ ɟɝɨ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɨɩɪɟɞɟɥɢɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ 
ɜɹɡɤɨɫɬɢ ɢ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ 
ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ [6, 7]. 

ɇɚ ɩɨɥɢɬɟɪɦɚɯ ɫɬɪɭɤɬɭɪɧɨ-
ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 
ɀɋ3-ȾɄ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɢɧɬɟɪɜɚɥɚ, ɜ ɤɨɬɨɪɵɯ, ɩɨ-ɜɢɞɢɦɨɦɭ, 
ɩɪɨɢɫɯɨɞɹɬ ɢɧɬɟɧɫɢɜɧɵɟ ɢɡɦɟɧɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɚ. ȼ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɨɛɥɚɫɬɢ 1550-1650 ɋ ɚɧɨɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 
ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɫɜɹɡɚɧ ɫ ɪɚɡɪɭɲɟɧɢɟɦ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɚɬɨɦɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨ ɫɨɫɬɚɜɭ ɢ ɫɬɪɨɟɧɢɸ 

ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ ’-ɮɚɡɟ, ɚ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 1780-1830 ɋ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ 
ɩɨɥɧɚɹ ɞɢɫɫɨɰɢɚɰɢɹ ɢ ɪɚɫɬɜɨɪɟɧɢɟ 
ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɪɚɫɩɥɚɜɟ.  

ɋ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɵɬɨɜ ɛɵɥ ɜɵɛɪɚɧ 
ɫɥɟɞɭɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɩɥɚɜɤɢ ɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ: ɩɟɪɟɝɪɟɜ ɞɨ 1840-1850 ɋ,  
ɜɵɞɟɪɠɤɚ 5-10 ɦɢɧ; ɬɟɦɩɟɪɚɬɭɪɚ ɜɜɟɞɟɧɢɹ 
ɍȾɉɄ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1700 ɋ. 
Ɉɩɬɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɜɟɞɟɧɢɹ 
ɦɨɞɢɮɢɤɚɬɨɪɚ ɭɫɬɚɧɨɜɢɥɢ ɩɨ ɢɡɦɟɧɟɧɢɸ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ 
ɀɋ3-ȾɄ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɢ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ ɤɨɤɢɥɶɧɨɝɨ 
ɥɢɬɶɹ (ɬɚɛɥɢɰɚ 1).  

 

Ɍɚɛɥɢɰɚ 1 – ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɜɟɞɟɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ ɩɨɫɥɟ ȼɌɈɊ ɩɪɢ ɗɒɄɅ (1830
ɨɋ) 

ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɀɋ3-ȾɄ 
 

Ɍɟɦɩɟɪɚɬɭɪɚ  
ɜɜɟɞɟɧɢɹ, Ɍ ɨɋ 

ȼ, Ɇɉɚ 0,2, Ɇɉɚ δ, % , % 

1570 1086/1074/1071 793/820/791 18,9/14,0/18,8 21,2/20,0/22,4 

ɋɪɟɞɧɟɟ 1077 801 17,2 21,2 

1610 1056/1075/1036 802/804/794 18,8/18,0/14,8 20,8/20,1/20,5 

ɋɪɟɞɧɟɟ 1055 800 17,2 20,4 

1650 1162/1162/1152 843/843/839 16,0/16,8/16,0 19,7/20,4/18,1 

ɋɪɟɞɧɟɟ 1158 841 16,3 19,4 

ɉɚɫɩɨɪɬ 900 760 14,0 16,0 

 

ȼ ɤɚɱɟɫɬɜɟ ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɗɒɄɅ ɛɵɥɢ 
ɜɡɹɬɵ: ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɜɚ ɪɚɫɩɥɚɜɚ ɩɪɢ 
ȼɌɈɊ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɜɨɞɚ ɍȾɉɄ ɜ ɪɚɫɩɥɚɜ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɥɢɜɤɢ, ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ ɨɬ 
ɦɨɦɟɧɬɚ ɜɜɨɞɚ ɦɨɞɢɮɢɤɚɬɨɪɚ ɞɨ ɡɚɥɢɜɤɢ ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɜɜɨɞɢɦɵɯ ɍȾɉɄ. ȼ ɤɚɱɟɫɬɜɟ 
ɮɭɧɤɰɢɣ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, 
ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɭɸ 
ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ ɀɋ6-ɍ, 
ɀɋ3-ȾɄ, ɀɋ6-Ʉ, ɫɨɝɥɚɫɧɨ ɈɋɌ 1 90126-85. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɩɵɬɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɨɬɥɢɜɨɤ, 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɫɨɜɦɟɳɟɧɢɟ 
ȼɌɈɊ ɫ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ ɢ 
ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɪɚɫɩɥɚɜɚ, 
ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɩɪɨɱɧɨɫɬɶ ɢɡɞɟɥɢɹ ɧɚ 
220-250 Ɇɉɚ, ɩɪɢ ɪɨɫɬɟ ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚ 
ɢɫɩɵɬɭɟɦɵɣ ɨɛɪɚɡɟɰ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɪɚɡɪɭɲɟɧɢɸ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ 
ɩɨɜɵɲɚɟɬɫɹ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 
ɞɢɫɫɢɩɚɰɢɟɣ ɷɧɟɪɝɢɢ ɧɚ ɛɥɨɤɚɯ ɫɬɪɭɤɬɭɪɵ, 

ɨɤɪɭɠɚɸɳɟɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɤɚɪɛɢɞɵ, ɚ 
ɬɚɤɠɟ ɦɟɧɶɲɢɦ ɭɝɥɨɦ «ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ» 
ɫɚɦɢɯ ɡɟɪɟɧ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ [4]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɧɚ 
ɨɛɪɚɡɰɚɯ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɨɬɥɢɜɨɤ  ɫɩɥɚɜɚ 
ɀɋ6-ɍ, ɭɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ 
ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɭ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɫɩɥɚɜɚ ɜɵɲɟ ɧɚ 80140 Ɇɉɚ, ɱɟɦ 
ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ. Ɉɛɪɚɡɰɵ ɢɡ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɀɋ3-ȾɄ ɩɨɫɥɟ 
ɗɒɄɅ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ȼɂɉ ɜɵɞɟɪɠɢɜɚɸɬ 
ɧɚɝɪɭɡɤɭ 700-920 Ɇɉɚ ɩɪɢ 700 °ɋ, ɩɪɢ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɹ ɛɨɥɟɟ 150-265 ɱ 
(ɬɚɛɥɢɰɚ 2). ȼɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɗɒɄɅ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ȼɂɉ ɛɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ ɩɟɪɟɩɥɚɜɚ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. 

ɋɜɨɣɫɬɜɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ 
ɀɋ6-ɍ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ ȼɌɈɊ ɩɪɢ ɗɒɄɅ, 
ɜɟɪɯɧɹɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɞɥɹ ɫɩɥɚɜɚ ɀɋ6-ɍ 
ɫɨɫɬɚɜɥɹɟɬ 1830 °ɋ, ɚ ɧɢɠɧɹɹ 1650 °ɋ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɞɟɪɠɤɢ ɪɚɫɩɥɚɜɚ ɩɪɢ 
1830 °ɋ ɩɪɢɧɢɦɚɥɢ ɪɚɜɧɨɣ 10 ɦɢɧ. 
Ɇɨɞɢɮɢɤɚɬɨɪɵ ɜɜɨɞɢɥɢ ɩɪɢ 1650 °ɋ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
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ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɭɥɭɱɲɢɥɢɫɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ ɩɨɫɥɟ ȼɌɈɊ ɛɟɡ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɨɜɵɫɢɥɢɫɶ:          
ȼ – ɧɚ 10-15%, δ – ɧɚ 35-47%,  – ɧɚ 45-58%. 

 

Ɍɚɛɥɢɰɚ 2 – Ⱦɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɀɋ-3ȾɄ, 
ɜɵɪɟɡɚɧɧɵɯ ɨɬɥɢɜɨɤ (tɢɫɩ-700

ɨɋ) 
 

ɉɟɪɟɩɥɚɜ ɇɚɝɪɭɡɤɚ , Ɇɉɚ ȼɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɱ δ, % , % 

ȼɂɉ 680/720/740 100/106/97 4,7 5,6 

ȼɂɉ 688/720/740/760/780 100/100/100/100/168 3,1 3,7 

ȼɂɉ 680/740 100/93 4,3 6,8 

ɗɒɄɅ 870/920 265/155 6,8 7,5 

ɗɒɄɅ 880/910 240/180 5,4 6,3 

ɗɒɄɅ 680/700 150/130 3,4 5,1 

ȼɂɉ 820/800 130/145 5,2 4,0 
 

Ɋɚɡɦɟɪ ɦɚɤɪɨɡɟɪɧɚ ɜ ɨɬɥɢɜɤɚɯ ɢɡ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɩɪɢ                 
ɗɒɄɅ + ȼɌɈɊ ɫɨɫɬɚɜɢɥ ɜ ɫɪɟɞɧɟɦ 0,7-1,2 ɦɦ, 
ɤɚɪɛɢɞɵ ɩɪɢɨɛɪɟɥɢ ɤɨɦɩɚɤɬɧɭɸ ɮɨɪɦɭ, ɢɯ 
ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɨɫɬɚɜɢɥ 3-5 ɦɤɦ. 
ɇɚɢɥɭɱɲɢɟ ɫɨɱɟɬɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ 
ɫɩɥɚɜɨɜ ɀɋ6-Ʉ, ɀɋ6-ɍ ɩɨɥɭɱɟɧɵ ɩɪɢ 
ɜɜɟɞɟɧɢɢ ɍȾɉ ɤɨɦɩɥɟɤɫɚ ɩɪɢ 1580ɨɋ ɢ 
ɜɵɞɟɪɠɤɟ 5 ɦɢɧ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɡɥɢɜɤɨɣ 
ɩɪɢ 1490-1510 ɋ. 

ɐɢɤɥɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ 
ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ȼɂɉ ɢ 
ɗɒɄɅ ɨɛɪɚɡɰɨɜ ɢɡ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɫɩɥɚɜɚ ɀɋ6-ɍ ɩɪɢ 20 

ɨɋ, ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ 
ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɟ ɢ ɛɚɡɟ 210

7
 ɰɢɤɥɨɜ, 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 166 Ɇɉɚ ɞɨ 200 Ɇɉɚ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ 

ɨɛɪɚɡɰɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ ɀɋ6-ɍ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɧɚɝɪɭɡɤɚɯ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢ 100-ɱɚɫɨɜɨɣ ɧɚɝɪɭɡɤɟ ɧɚ 
ɨɛɪɚɡɟɰ ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɞɨ 30 
Ɇɉɚ. ɉɨ ɫɟɪɬɢɮɢɤɚɬɭ ɡɚɜɨɞɚ ɢɡɝɨɬɨɜɢɬɟɥɹ 
ȼ=1000-1050 Ɇɉɚ; δ = 3-5%;  = 4-8%; 

1000

100
 = 170 Ɇɉɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɞɟɬɚɥɢ ɦɚɲɢɧ (ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ, 
ɥɨɩɚɬɤɢ, ɪɨɬɨɪɚ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 
ɢɡɞɟɥɢɹ «ɋɟɪɞɟɱɧɢɤ ɪɨɝɨɨɛɪɚɡɧɵɣ» ɢ ɞɪ.), 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
ɢ ɚɝɪɟɫɫɢɜɧɵɯ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ, ɜɨɫɩɪɢɧɢɦɚɸɬ 
ɛɨɥɶɲɢɟ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ.  

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ 
ɫɬɪɭɤɬɭɪɵ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ, 
ɨɬɥɢɬɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ȼɌɈɊ, ɬɪɟɛɭɸɬ 
ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɢɡɞɟɥɢɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɠɚɪɨɩɪɨɱɧɨɫɬɢ: ɧɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɫɬɜɨɪɟɧɢɹ 10% ’-ɮɚɡɵ ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ 
ɜɨɡɞɭɯɟ ɢ ɫɬɚɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɱɚɥɚ 
ɪɚɫɬɜɨɪɟɧɢɹ ’-ɮɚɡɵ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ 
ɩɨɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ 
ɨɬɥɢɜɤɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɡɦɟɥɶɱɟɧɢɸ ɤɚɪɛɢɞɨɜ 

Ɇɟɋ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ’-ɮɚɡɵ ɩɪɢ 
ɪɚɫɩɚɞɟ -ɮɚɡɵ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
1400-1500ɋ.  

Ⱦɥɹ ɨɬɪɚɛɨɬɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ȼɌɈɊ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɛɵɥ 
ɩɪɨɜɟɞɟɧ ɪɹɞ ɨɩɵɬɧɵɯ ɩɥɚɜɨɤ ɫɩɥɚɜɨɜ           
ɀɋ6-ɍ, ɀɋ6-Ʉ, ɀɋ3-ȾɄ ɢ ɬ.ɞ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɰɢɨɧɚɥɶɧɵɟ ɪɟɠɢɦɵ 
ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɜɵɫɢɬɶ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɡɚ 
ɫɱɟɬ ɭɥɭɱɲɟɧɢɹ ɫɬɪɨɟɧɢɹ ɤɚɪɛɢɞɧɨɣ ɢ              
’-ɮɚɡɵ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɚ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ  ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ.  

ȼɚɪɶɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 
ɪɚɡɥɢɜɤɢ ɩɨɡɜɨɥɢɥɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɜɟɞɟɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ ɢ ɟɝɨ 
ɫɨɫɬɚɜɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ. 
ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɢ ɫɬɚɛɢɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
ɩɨɥɭɱɟɧɵ ɩɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ 0,025% 
TiCN-Ti ɨɬ ɦɚɫɫɵ ɡɚɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ, ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɜɟɞɟɧɢɹ ɞɨɛɚɜɤɢ 1650-1670 °ɋ 
[1, 4, 5, 8].  

Ȼɵɥ ɩɪɢɧɹɬ ɫɥɟɞɭɸɳɢɣ ɪɟɠɢɦ ɩɥɚɜɤɢ ɢ 
ɪɚɡɥɢɜɤɢ ɫɩɥɚɜɚ ɀɋ6-ɍ ɜ ɢɡɞɟɥɢɟ 
«ɋɟɪɞɟɱɧɢɤ ɪɨɝɨɨɛɪɚɡɧɵɣ»: ȼɌɈɊ ɩɪɢ         
1740 °ɋ, ɜɵɞɟɪɠɤɚ 10-20 ɦɢɧ., ɜɜɟɞɟɧɢɟ 
ɦɨɞɢɮɢɤɚɬɨɪɚ ɩɪɢ 1670 °ɋ, ɬɟɦɩɟɪɚɬɭɪɚ 
ɡɚɥɢɜɤɢ 1530 °ɋ [3, 4].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɳɢɣ ɭɪɨɜɟɧɶ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɢɡ 
ɫɩɥɚɜɨɜ ɀɋ6-ɍ ɩɨɫɥɟ ȼɌɈɊ ɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɫɟɪɬɢɮɢɤɚɬɨɦ ɈɋɌ 1 90126-85: ȼ – ɧɚ 140-
320 Ɇɉɚ, δ% – ɜ 2-4 ɪɚɡɚ, ɩɪɢɱɟɦ ɨɧ 
ɞɨɫɬɢɝɧɭɬ ɛɟɡ ɩɨɫɬɨɪɨɧɧɢɯ ɤɪɢɫɬɚɥɥɨɜ, 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ 
ɲɢɪɨɤɨ ɨɩɪɨɛɨɜɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɨɛɴɟɦɧɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɩɥɚɜɨɜ             
ɀɋ 6-ɍ, ȼɀɅ12-ɍ, ɀɋ3-ȾɄ, ɩɨɡɜɨɥɢɜɲɢɣ 
ɭɜɟɥɢɱɢɜɚɬɶ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɶ ɜ 1,5-2 ɪɚɡɚ ɢ 
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ɩɨɞɧɹɬɶ ɩɪɟɞɟɥ ɰɢɤɥɢɱɟɫɤɨɣ ɜɵɧɨɫɥɢɜɨɫɬɢ 
ɧɚ 25-40 % [1, 4, 6]. 

ȼɵɜɨɞɵ 
ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɥɚɜɨɤ ɫ ɡɚɥɢɜɤɨɣ 
ɨɛɪɚɡɰɨɜ ɢ ɢɯ ɢɫɩɵɬɚɧɢɣ ɨɩɪɟɞɟɥɟɧɵ 
ɫɨɫɬɚɜɵ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɤɨɦɩɥɟɤɫɨɜ, 
ɩɪɢɦɟɧɟɧɢɟ ɤɨɬɨɪɵɯ ɨɤɚɡɵɜɚɟɬ 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɭɜɟɥɢɱɟɧɢɟ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɡɭɱɚɟɦɵɯ 
ɠɚɪɨɩɪɨɱɧɵɯ ɥɢɬɟɣɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. 

ɉɨɥɭɱɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɥɭɠɟɛɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɞɟɥɢɣ, ɩɪɨɢɡɜɟɞɟɧɧɵɯ 
ȼɂɉ ɢ ɗɒɄɅ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɢ ȼɌɈɊ, ɚ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɟɧɵ ɪɟɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɹɦɵɯ 
ɡɚɦɟɪɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢ 
ɲɥɚɤɚ ɩɪɢ ɩɟɪɟɩɥɚɜɟ ɪɹɞɚ ɠɚɪɨɩɪɨɱɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɜ ɚɜɬɨɝɚɪɧɢɫɚɠɧɨɣ 
ɩɥɚɜɢɥɶɧɨɣ ɟɦɤɨɫɬɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢɡɞɟɥɢɣ ɗɒɄɅ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ȼɌɈɊ 
ɫɨɜɦɟɫɬɧɨ ɫ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟɦ ɩɨɡɜɨɥɢɥɨ 
ɩɨɥɭɱɢɬɶ ɫɬɚɛɢɥɶɧɵɟ ɫɥɭɠɟɛɧɵɟ ɫɜɨɣɫɬɜɚ 
ɨɬɥɢɜɨɤ, ɚ ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɜɵɲɟ ɭɪɨɜɧɹ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɟɪɢɣɧɵɯ ɫɩɥɚɜɨɜ 
ɭɤɚɡɚɧɧɵɯ ɜ ɫɟɪɬɢɮɢɤɚɬɚɯ ɧɚ ɦɟɬɚɥɥɵ, 
ɩɨɫɬɚɜɥɹɟɦɵɟ ɡɚɜɨɞɚɦɢ ɢɡɝɨɬɨɜɢɬɟɥɹɦɢ.  
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Abstract. The results of the research, 
theoretical development and practical tests of 
products derived from the process of sharing and 
modification of high-temperature melt processing 
techniques (second) nickel alloys at electroslag chill 
casting, confirming the effectiveness of the 
technologies developed for improving the physical 
and mechanical properties of the product and 
service characteristics of the metal. 
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Аɧɧɨɬɚɰиɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨɥɭɱɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɤɨɩɚɧɢɹ 
ɝɪɭɧɬɨɜ ɧɨɠɚɦɢ ɪɨɬɨɪɧɨ-ɞɢɫɤɨɜɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɫɜɹɡɧɵɯ 
ɝɪɭɧɬɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɩɚɧɢɸ ɝɪɭɧɬɚ ɧɨɠɚɦɢ ɪɨɬɨɪɧɨ-ɞɢɫɤɨɜɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɡɧɚɱɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɝɥɭɛɢɧɵ ɩɨɝɪɭɠɟɧɢɹ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ). ɉɪɢɜɟɞɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɟɧɞɚ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ 
ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɤɨɩɚɧɢɹ ɝɪɭɧɬɨɜ ɧɨɠɚɦɢ ɪɨɬɨɪɧɨ-ɞɢɫɤɨɜɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɩɨɞ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ. Ƚɥɭɛɢɧɚ ɩɨɝɪɭɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɜ ɠɢɞɤɭɸ ɫɪɟɞɭ 
ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɫɨɡɞɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ 
ɝɟɪɦɟɬɢɱɧɨɦ ɤɨɪɩɭɫɟ ɫɬɟɧɞɚ. ɇɚ ɨɫɧɨɜɟ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɯ ɡɚɩɢɫɟɣ ɩɨɥɭɱɟɧɵ 
ɡɧɚɱɟɧɢɹ ɤɚɫɚɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɭɫɢɥɢɣ ɤɨɩɚɧɢɹ ɝɪɭɧɬɨɜ ɢ ɡɧɚɱɟɧɢɹ ɬɹɝɨɜɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɩɚɧɢɹ ɬɪɚɧɲɟɢ ɩɨɞ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ.  
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