
 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɤɨɧɨɦɢɤɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ» 
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ɉɨɫɥɟ ɨɛɥɭɱɟɧɢɹ ɜ ɚɡɨɬɫɨɞɟɪɠɚɳɟɣ ɩɥɚɡɦɟ (ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɩɭɱɤɟ 50 

Ⱦɠ/ɫɦ2) ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɩɥɨɬɶ ɞɨ 600 ɨɋ 

(ɪɢɫ. 4,ɚ).  ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɬɪɭɤɬɭɪɧɵɯ ɭɪɨɜɧɟɣ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨ-
ɝɨ ɫɩɥɚɜɚ ɩɨɜɵɲɚɟɬ ɫɬɨɣɤɨɫɬɶ ɦɟɬɚɥɥɨɤɟɪɚɦɢɤɢ ɜ ɭɫɥɨɜɢɹɯ ɪɟɡɚɧɢɹ ɦɟɬɚɥɥɚ. ɗɮɮɟɤɬ ɭɤɚɡɚɧɧɨɝɨ 
ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɞɨɫɬɢɝɚɟɬ 20 ɢ ɛɨɥɟɟ ɤɪɚɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɨɣɤɨɫɬɶɸ ɦɟɬɚɥɥɨɤɟɪɚɦɢɤɢ ɜ 
ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɢɫ. 4,ɛ).  

げí¡¿0ôñÖóñ 
ɇɚ ɩɪɢɦɟɪɟ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ «ɤɚɪɛɢɞ ɬɢɬɚɧɚ – ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ» ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɭɪɨɜɧɟɣ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ 
ɫɩɥɚɜɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɟɝɨ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɬɪɟɧɢɹ), ɦɧɨɝɨɤɪɚɬɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɩɪɢ ɪɟɡɚɧɢɢ ɦɟ-
ɬɚɥɥɚ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟ-
ɫɤɨɝɨ ɫɩɥɚɜɚ ɢɟɪɚɪɯɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɭɪɨɜɧɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ  ɚɞɟɤɜɚɬɧɭɸ ɪɟɚɤɰɢɸ ɫɩɥɚɜɚ ɧɚ ɢɡɦɟɧɟ-
ɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɛɟɫɩɟɱɢɜɚɹ ɜɵɫɨɤɢɣ ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɩɥɚ-
ɜɚ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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ゑçñÑñÖóñ 
ȼɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɨɤɢɫɥɟ-

ɧɢɸ  ɫɨɜɪɟɦɟɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɨɩɪɟɞɟɥɹɸɬ ɢɯ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɯ ɫɩɥɚɜɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 

ɷɧɟɪɝɨɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɢɡɞɟɥɢɣ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. ɍɪɨɜɟɧɶ ɫɜɨɣɫɬɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɪɚɛɨɬɨ-
ɫɩɨɫɨɛɧɨɫɬɶ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ, ɬɚɤɢɯ ɤɚɤ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ, ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɦɚ-
ɥɨɰɢɤɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ ɢɯ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ – c ɩɨɜɵɲɟɧɢɟɦ 

ɞɢɫɩɟɪɫɧɨɫɬɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɜɵɲɚɸɬɫɹ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ [1,2]. ɉɨ-
ɜɵɲɟɧɢɟ ɞɢɫɩɟɪɫɧɨɫɬɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɭɳɟɫɬɜɟɧɧɨ  ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɢ ɧɚɩɪɹɠɟ-
ɧɢɟ ɪɚɡɪɵɜɚ ɫɩɥɚɜɨɜ, ɩɪɢ ɷɬɨɦ ɩɨɜɵɲɚɸɬɫɹ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɪɨɤ ɫɥɭɠ-

ɛɵ ɫɩɥɚɜɨɜ ɜ ɭɫɥɨɜɢɹɯ ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɞɢɫɩɟɪɫɧɨɫɬɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɞɨɛɚɜɨɤ ɤ ɫɩɥɚɜɚɦ ɜ ɜɢɞɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɯɢɦɢɱɟ-
ɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ [2,3]. ɗɬɢ ɱɚɫɬɢɰɵ ɦɨɝɭɬ ɧɟ ɢɦɟɬɶ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɪɚɡɦɟɪɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫɩɥɚɜɚ, ɧɨ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɚɞɫɨɪɛɰɢɢ ɢ ɭɞɟɪɠɚɧɢɸ ɧɚ ɫɜɨɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ, ɢɡɨɦɨɪɮɧɵɯ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫɩɥɚɜɚ. ɉɪɢ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɢ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɪɚɫɩɥɚɜɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɨɛɪɚɡɭɸɬɫɹ ɭɫɬɨɣɱɢɜɵɟ ɯɢɦɢɱɟɫɤɢɟ 
ɫɨɟɞɢɧɟɧɢɹ, ɩɪɟɞɨɯɪɚɧɹɸɳɢɟ ɧɚɧɨɱɚɫɬɢɰɵ ɨɬ ɪɚɫɬɜɨɪɟɧɢɹ ɜ ɪɚɫɩɥɚɜɟ ɢ ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɢɯ ɤɨɚɝɭɥɹ-
ɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ ɷɬɨɦ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɨɦ. ȼ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɢ ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɭɤɚɡɚɧɧɵɟ ɱɚɫɬɢɰɵ ɩɪɨɹɜɥɹɸɬ ɫɟɛɹ ɜ ɤɚɱɟɫɬɜɟ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ [3-7]. ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɚɧɨ-
ɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɪɚɫɩɥɚɜɟ ɨɛɪɚɡɭɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɟɧɬɪɨɜ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɪɚɡɦɟɪ ɡɟɪɟɧ ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɨɜ.  

ɉɪɢɦɟɪɚɦɢ ɭɤɚɡɚɧɧɵɯ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ ɤɚɪɛɢɞɵ, ɧɢɬɪɢɞɵ ɢ ɛɨɪɢɞɵ ɫ ɜɵɫɨ-
ɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ: TiC (3257 C), ZrC (3530 C), TaC (3985 C), TiN (2950 C), ZrN (2980 

C), TaN (3087 C), TiB (3200 C), ZiB (3000 C), TaB(3037 C) [8, 9], ɚ ɩɪɢɦɟɪɚɦɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟ-
ɦɟɧɬɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɭɫɬɨɣɱɢɜɵɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɸɬɫɹ Ti, 

Ni, Cr, Si, Nb ɢ ɢɯ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ.  
Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ ɜɜɟɞɟɧɢɟɦ ɜ 

ɪɚɫɩɥɚɜ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɧɚɧɨɱɚɫɬɢɰ ɜ ɪɚɫ-
ɩɥɚɜɟ. ɋɤɚɡɚɧɧɨɟ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɜ ɫɥɭɱɚɟ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ, ɪɚɫɩɥɚɜɵ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɸɬɫɹ 
ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɛɨɥɶɲɢɧɫɬɜɭ ɢɡɜɟɫɬɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɱɚɫɬɢɰ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɧɢɤɟɥɟɜɵɯ ɪɚɫɩɥɚɜɚɯ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 
ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɵɛɨɪ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜ ɤɚɱɟɫɬɜɟ ɢɧɨɤɭɥɹɬɨɪɨɜ ɬɭɝɨɩɥɚɜɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɧɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɪɚɫɩɥɚ-
ɜɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɯ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɤ 
ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ. ɍɤɚɡɚɧɧɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ ɦɨɠɟɬ ɛɵɬɶ ɦɢɧɢɦɢɡɢɪɨɜɚɧɨ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɱɚɫɬɢɰ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɬɭɝɨɩɥɚɜɤɢɯ 
ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ NiAl, ɩɨɤɪɵɬɢɹ ɢɡ 
ɤɨɬɨɪɨɝɨ ɡɚɦɟɞɥɹɸɬ ɩɪɨɰɟɫɫɵ ɪɚɫɬɜɨɪɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɧɢɤɟɥɟɜɨɦ ɪɚɫɩɥɚɜɟ, ɩɨɜɵɲɚɹ ɜɟɪɨɹɬɧɨɫɬɶ 
ɨɛɪɚɡɨɜɚɧɢɹ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚ ɧɚɧɨɱɚɫɬɢɰɚɯ  ɬɭɝɨɩɥɚɜɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɨ-
ɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ 

ɬɭɝɨɩɥɚɜɤɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ ɢɧ-

ɬɟɪɦɟɬɚɥɥɢɞɚ NiAl ɧɚ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɨɝɨ  ɧɢɤɟɥɟ-
ɜɨɝɨ ɫɩɥɚɜɚ Inconel 718. 

ぜíöñëóí¿▲ ó ½ñöÜÑ▲ óïï¿ñÑÜçíÖó　. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ  ɫɩɥɚɜɚ Inconel 718 ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 

ɗɥɟɦɟɧɬ ɋ Nb Ti Co Mo Al Cr Ni Fe 

ɦɚɫɫ. % 0,08 4,95 0,95 1,00 3,07 0,55 19,50 53,00 ɨɫɬɚɥɶɧɨɟ 
 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɧɚɧɨɱɚɫɬɢɰɵ 

ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiN ɢ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiC0,5N0,5 (ɪɢɫ.1,2). 

 

 
Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɧɚɧɨɱɚɫɬɢɰ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiN ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ 
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«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɤɨɧɨɦɢɤɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ» 

 

 191

 
Ɋɢɫ. 2. Ɉɛɳɢɣ ɜɢɞ ɧɚɧɨɱɚɫɬɢɰ  ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiC0,5N0,5 ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ 

 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɤɨɦɩɚɤɬɵ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ NiAl ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɢɧɬɟɡɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɩɨɪɨɲɤɨɜɵɯ ɫɦɟɫɹɯ ɧɢɤɟɥɹ ɫ ɚɥɸɦɢɧɢɟɦ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɫɨɞɟɪɠɚɳɢɯ ɡɚɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ ɬɭɝɨɩɥɚɜ-
ɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɤɨɦɩɚɤɬɵ ɩɨɞɜɟɪɝɚɥɢ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɢɡɦɟɥɶɱɟ-
ɧɢɸ ɞɨ ɫɨɫɬɨɹɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɱɚɫɬɢɰ ɡɚɞɚɧɧɨɝɨ ɪɚɡɦɟɪɚ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɰɢ-

ɪɭɸɳɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɦɩɨɡɢɰɢɢ NiAl+0,025 ɦɚɫɫ.%TiN ɢ 

NiAl+0,035 ɦɚɫɫ.% TiC0,5N0,5. ɇɚ ɪɢɫ. 3 ɢ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲ-

ɤɨɜɵɯ ɱɚɫɬɢɰ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiN (ɪɢɫ.3) ɢ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiC0,5N0,5 

(ɪɢɫ. 4) ɢ ɞɚɧɧɵɟ ɥɨɤɚɥɶɧɨɝɨ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɤɨɩɥɟɧɢɣ ɧɚɧɨ-
ɱɚɫɬɢɰ ɜ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟ. 

 

 
Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɱɚɫɬɢɰɵ NiAl+0,025 ɦɚɫɫ.%TiN ɢ ɞɚɧɧɵɟ ɥɨɤɚɥɶɧɨɝɨ ɪɟɧɬ-

ɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɱɚɫɬɢɰɵ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɜ NiAl-ɦɚɬɪɢɰɟ 
 

 
Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɱɚɫɬɢɰɵ NiAl+0,035 ɦɚɫɫ.% TiC0,5N0,5 ɢ ɞɚɧɧɵɟ ɥɨɤɚɥɶɧɨɝɨ 

ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɱɚɫɬɢɰɵ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɜ NiAl-ɦɚɬɪɢɰɟ 
 

Ɇɨɞɢɮɢɤɚɰɢɸ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɜɜɟɞɟ-
ɧɢɹ ɜ ɢɯ ɪɚɫɩɥɚɜɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1460-1550 ˚C ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɪɚɡɥɢɜɤɢ 
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ɤɰɢɹ 2: ɂɧɧɨ
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ɤɬɭɪɧɨ-ɮɚɡɨɜ
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nel 718 ɜ ɢɫɯɨ
ɩɨɫɥɟ ɦɨɞɢɮɢ
ɨɡɢɰɢɨɧɧɵɦɢ
iAl+0,025 ɦɚɫ

Al+0,035 ɦɚɫɫ

ɨɜɚɰɢɨɧɧɵɟ ɬ

ɩɟɪɚɬɭɪɵ  90

ɢɤɪɨɫɬɪɭɤɬɭɪ
ɣ ɢ ɩɪɨɫɜɟɱɢɜ
ɢ ɢɫɩɵɬɚɧɢɣ
ñ ëñ£Ü¿áöíöÜ
ɵɟ ɫɜɨɣɫɬɜɚ ɢ
ɢ 3 ɩɪɟɞɫɬɚ
ɩɟɪɚɬɭɪɟ.  

ɜɨɟ ɫɨɫɬɨɹɧɢɟ
ɧɢɟ 
ɧɨɟ ɤɨɦɩ
0,025 ɦɚɫɫ.%T

ɧɨɟ ɤɨɦɩ
0,035 ɦɚɫɫ.% 

ɨɜɨɟ ɫɨɫɬɨɹɧɢ

ɨɟ ɫɨɫɬɨɹɧɢɟ 
ɧɨɟ ɤɨɦɩɨɡɢɰ

Al+0,025 ɦɚɫɫ
ɧɨɟ ɤɨɦɩɨɡɢɰ
0,035 ɦɚɫɫ.% 

ɞɚɧɧɵɟ ɱɚɫɬɢ

           ɜ) 
ɫɬɪɭɤɬɭɪɚ ɫɩɥ
ɨɞɧɨɦ ɫɨɫɬɨɹ
ɢɰɢɪɨɜɚɧɢɹ ɤ
ɢ ɩɨɪɨɲɤɚɦɢ
ɫɫ.%TiN (ɛ) ɢ
.% TiC0,5N0,5 

ɬɟɯɧɨɥɨɝɢɢ ɩ

00 ˚C ɤɟɪɚɦɢ

ɪɭ ɧɢɤɟɥɟɜɨɝ
ɜɚɸɳɟɣ ɷɥɟɤ
ɣ ɧɚ ɪɚɫɬɹɠɟɧ
ç 

ɢ ɡɟɪɟɧɧɚɹ ɫɬ
ɚɜɥɟɧɵ ɞɚɧɧɵ

ɟ ɫɩɥɚɜɚ 

ɨɡɢɰɢɨɧɧɵɦ 

TiN 

ɨɡɢɰɢɨɧɧɵɦ 

TiC0,5N0,5 

ɢɟ ɫɩɥɚɜɚ 

ɰɢɨɧɧɵɦ 

.%TiN 

ɰɢɨɧɧɵɦ 

TiC0,5N0,5 

ɫɬɚɬɢɪ
ɡɢɰɢɨ
ɬɭɝɨɩ
ɜɪɟɦɟ
ɬɟɥɶɧ
ɞɥɢɬɟ
1,3–1,

ɩɨɤɚɡ
ɫɩɥɚɜ
NiAl+

ɫɥɨɜɥ
2 ɪɚɡɚ

ɤɭɸ ɫɬ

ɧɢɤɟɥ
ɪɚɫɩɪ
ɞɢɫɥɨ
(ɦɢɥɥ
ȼ ɨɬɞ
ɜɬɨɪɨ
ɱɟɤ (ɪ

ɢɰɵ ɢɦɟɸɬ ɫ

 

ɥɚɜɚ 
ɧɢɢ 

ɤɨɦ-

ɢ 

ɢ 

(ɜ) 

 

 

 

 

 

 

ɩɨɥɭɱɟɧɢɹ ɢ ɨ
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ɢɱɟɫɤɢɟ ɮɨɪɦ

ɨ ɫɩɥɚɜɚ ɢɫɫ
ɤɬɪɨɧɧɨɣ ɦɢɤ
ɧɢɟ, ɧɚ ɞɥɢɬɟɥ

ɬɪɭɤɬɭɪɚ ɫɩɥ
ɵɟ ɨ ɩɪɨɱɧɨɫ

ıb, Ɇɉɚ 
910 

1060 

1100 

Ⱦɥɢɬɟɥɶɧɚɹ ɩ
ɩɟɪɚɬɭɪɟ 650

1

Ĳ, ɱ 
45,00 

58,00 

67,80 

ɉɪɢɜɟɞɟɧɧɵ
ɪɨɜɚɬɶ, ɱɬɨ ɜ
ɨɧɧɵɯ ɩɨɪɨɲ
ɩɥɚɜɤɢɯ ɫɨɟɞɢ
ɟɧɧɨɝɨ ɫɨɩɪɨ
ɧɨɝɨ ɭɞɥɢɧɟɧɢ
ɟɥɶɧɨɣ ɩɪɨɱɧ
,5 ɪɚɡɚ.  
ɂɫɫɥɟɞɨɜɚɧ
ɚɥɨ, ɱɬɨ ɭɤ
ɜɚ ɩɪɢ ɟɝɨ ɦ
+0,025 ɦɚɫɫ.%
ɥɟɧɨ ɭɦɟɧɶɲɟ
ɚ (ɪɢɫ. 5). 

ȼɥɢɹɧɢɟ ɧɚ
ɬɪɭɤɬɭɪɭ ɫɩɥ
ȼ ɢɫɯɨɞɧɨɦ

ɥɟɜɨɝɨ ɫɩɥɚɜ
ɪɟɞɟɥɟɧɧɵɯ ɞ
ɨɤɚɰɢɣ -  =

ɥɢɦɟɬɪɵ), ɬ.ɤ
ɞɟɥɶɧɵɯ ɫɥɭɱ
ɨɣ ɮɚɡɵ ɪɚɡɦ
ɪɢɫ. 6,b). ɂɧɞ
ɫɨɫɬɚɜ FeNi ɢ

ɨɛɪɚɛɨɬɤɢ ɦɚ

ɦɵ ɧɟɩɨɫɪɟɞɫ

ɫɥɟɞɨɜɚɥɢ ɦɟ
ɤɪɨɫɤɨɩɢɢ, ɩɪ
ɥɶɧɭɸ ɩɪɨɱɧ

ɥɚɜɚ Inconel 7

ɫɬɧɵɯ ɫɜɨɣɫɬ

ı02, Ɇɉ
841 

963 

1000 

ɩɪɨɱɧɨɫɬɶ ɩɪ
0 ˚C ɩɨɞ ɧɚɝɪ
95 Ɇɉɚ 
įS, % 

4,00 

2,52 

3,76 

ɵɟ ɜ ɬɚɛɥɢɰɚ
ɜɜɟɞɟɧɢɟ ɜ ɪɚ
ɲɤɨɜ, ɫɨɞɟɪɠ
ɢɧɟɧɢɣ, ɩɪɢɜ
ɨɬɢɜɥɟɧɢɹ ɪɚ
ɢɹ ɩɪɢ ɤɨɦɧ
ɧɨɫɬɢ ɩɪɢ 65

ɧɢɟ ɡɟɪɟɧɧɨɣ
ɤɚɡɚɧɧɨɟ ɩɨɜ
ɦɨɞɢɮɢɤɚɰɢɢ
%TiN ɢ NiA

ɟɧɢɟɦ ɫɪɟɞɧɟ

ɚɧɨɱɚɫɬɢɰ ɬɭ
ɥɚɜɚ Inconel

ɦ ɫɨɫɬɨɹɧɢɢ
ɚ ɯɚɪɚɤɬɟɪɢɡ
ɞɢɫɥɨɤɚɰɢɣ 

= 2,51010 cm-

ɤ. ɧɚ ɮɨɥɶɝɟ ɧ
ɱɚɹɯ ɜ ɨɛɴɟɦ
ɟɪɨɦ ~50 ɧɦ
ɞɢɰɢɪɨɜɚɧɢɟ 
ɢ ɨɛɪɚɡɨɜɚɥɢɫ

ɚɬɟɪɢɚɥɨɜ ɜ ɦ

ɫɬɜɟɧɧɨ ɜ ɜɚɤ

ɟɬɨɞɚɦɢ ɨɩɬɢ
ɪɨɱɧɨɫɬɧɵɟ 
ɧɨɫɬɶ ɢ ɰɢɤɥɢ

718. 

ɬɜɚɯ ɫɩɥɚɜɚ ɩ

ɉɚ į
7,2 

11,3 

9,1 

ɪɢ ɬɟɦ-

ɪɭɡɤɨɣ  

ɐɢ
ɥɨ

ȥ, % Ʉɨ
3,17 

7,68 

3,75 

ɚɯ 2 ɢ 3 ɞɚɧɧ
ɚɫɩɥɚɜ ɧɢɤɟɥɟ
ɠɚɳɢɯ ɧɚɧɨɞ
ɜɨɞɢɬ ɤ ɭɜɟɥ
ɚɡɪɭɲɟɧɢɸ, ɧ
ɧɚɬɧɨɣ ɬɟɦɩɟɪ

0 ˚C  ɩɨɞ ɧɚ

ɣ ɫɬɪɭɤɬɭɪɵ 

ɜɵɲɟɧɢɟ ɩɪ
 ɤɨɦɩɨɡɢɰɢɨ

Al+0,035 ɦɚɫ
ɟɝɨ ɪɚɡɦɟɪɚ ɡ

ɭɝɨɩɥɚɜɤɢɯ ɫ
718 

ɢ ɞɢɫɥɨɤɚɰɢɨ
ɡɭɟɬɫɹ ɫɤɨɩɥ
(ɪɢɫ. 6,ɚ). ɋɤ
-2. Ɋɚɡɦɟɪ ɡɟ
ɧɟ ɧɚɛɥɸɞɚɸ
ɦɟ ɡɟɪɟɧ ɜɵɹɜ
ɦ, ɪɚɫɩɨɥɚɝɚɸ
ɦɢɤɪɨɷɥɟɤɬɪ
ɫɶ ɜ ɪɟɡɭɥɶɬɚ

ɦɚɲɢɧɨɫɬɪɨɟɧ

ɤɭɭɦɧɨɣ ɤɚɦ

ɢɱɟɫɤɨɣ ɦɟɬɚ
ɫɜɨɣɫɬɜɚ ɫɩɥ
ɢɱɟɫɤɭɸ ɭɫɬɚ

ɩɪɢ ɟɝɨ ɪɚɫɬ

Ɍɚɛ
įS, % ȥ,

8,2

27

28

Ɍɚɛ
ɢɤɥɢɱɟɫɤɚɹ ɭ
ɨɫɬɶ ɩɪɢ ɬɟɦɩ
ɬɭɪɟ  482˚C

ɨɥɢɱɟɫɬɜɨ ɰɢ
7446 

11239 

52130 

ɧɵɟ ɩɨɡɜɨɥɹɸ
ɟɜɨɝɨ ɫɩɥɚɜɚ 
ɢɫɩɟɪɫɧɵɟ ɱ
ɥɢɱɟɧɢɸ ɧɚ 1

ɧɚ 20-50 % ɨ
ɪɚɬɭɪɟ, ɩɨɜɵ
ɚɝɪɭɡɤɨɣ 195 

ɫɩɥɚɜɚ Incon

ɨɱɧɨɫɬɧɵɯ ɫ
ɨɧɧɵɦɢ ɩɨɪɨ
ɫɫ.% TiC0,5N

ɡɟɪɧɚ ɜ ɫɩɥɚɜ

ɫɨɟɞɢɧɟɧɢɣ ɧ

ɨɧɧɚɹ ɫɭɛɫɬɪ
ɥɟɧɢɹɦɢ ɯɚɨɬ
ɤɚɥɹɪɧɚɹ ɩɥɨ
ɪɟɧ ɨɱɟɧɶ ɛɨ
ɸɬɫɹ ɝɪɚɧɢɰɵ
ɜɥɹɸɬɫɹ ɜɤɥ
ɸɳɢɟɫɹ ɜ ɜɢɞ
ɪɨɧɨɝɪɚɦɦɵ 

ɚɬɟ ɞɟɧɞɪɢɬɧ

ɧɢɢ 

ɦɟɪɟ ɢɧ-

ɚɥɥɨɝɪɚ-
ɥɚɜɚ ɢɫ-
ɥɨɫɬɶ. 

ɬɹɠɟɧɢɢ 

ɛɥɢɰɚ 2 

 % 

2 

79??? 

86??? 

ɛɥɢɰɚ 3 

ɭɫɬɚ-
ɩɟɪɚ-
C 

ɤɥɨɜ 

ɸɬ ɤɨɧ-

ɤɨɦɩɨ-
ɱɚɫɬɢɰɵ 

12-20 % 

ɨɬɧɨɫɢ-

ɵɲɟɧɢɸ 

Ɇɉɚ ɜ 

nel 718 

ɫɜɨɣɫɬɜ 
ɨɲɤɚɦɢ 

N0,5 ɨɛɭ-
ɜɟ ɜ 1,5-

ɧɚ ɬɨɧ-

ɪɭɤɬɭɪɚ 
ɬɢɱɟɫɤɢ 

ɨɬɧɨɫɬɶ 
ɨɥɶɲɨɣ 

ɵ ɡɟɪɟɧ. 

ɸɱɟɧɢɹ 
ɞɟ ɫɬɪɨ-
(ɪɢɫ. 7, 

ɨɣ ɥɢɤ-
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Ɋɢɫ. 6. Ⱦɢɫɥɨɤɚɰɢɨɧɧɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ (ɚ) ɢ ɜɤɥɸɱɟɧɢɹ ɜɬɨɪɨɣ ɮɚɡɵ FeNi (b) (ɭɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ) ɜ 

ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɩɥɚɜɚ Inconel 718 

 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɞɨɛɚɜɤɚɦɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɨɪɨɲɤɚ NiAl+0,025 ɦɚɫɫ.%TiN ɫɩɥɚɜ ɢɦɟ-
ɟɬ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫɩɥɚɜɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ,  ɯɚɨɬɢɱɟɫɤɭɸ ɞɢɫɥɨɤɚɰɢɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɪɢ ɫɤɚ-
ɥɹɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ   = 3,01010 ɫɦ-2. ȼ ɨɛɴɟɦɟ ɡɟɪɟɧ ɜɵɹɜɥɹɸɬɫɹ ɜɤɥɸɱɟɧɢɹ ɧɢɬɪɢɞɚ ɬɢ-

ɬɚɧɚ TiN ɪɚɡɦɟɪɨɦ 50…150 nm, ɤɨɬɨɪɵɟ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɪɢɫ. 7). 

 

 
Ɋɢɫ. 7. ȼɤɥɸɱɟɧɢɹ ɜɬɨɪɨɣ ɮɚɡɵ (ɭɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ); ɚ – ɫɜɟɬɥɨɟ ɩɨɥɟ, b – ɬɟɦɧɨɟ ɩɨɥɟ, ɩɨɥɭɱɟɧɧɨɟ ɜ 
ɪɟɮɥɟɤɫɚɯ (111)Ni-Cr-Fe+(002)TiN, ɫ – ɦɢɤɪɨɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ, ɫɬɪɟɥɤɨɣ ɭɤɚɡɚɧ ɪɟɮɥɟɤɫ, ɜ ɤɨɬɨɪɨɦ 

ɩɨɥɭɱɟɧɨ ɬɟɦɧɨɟ ɩɨɥɟ. ɇɚ (ɚ) ɢ (b) ɫɬɪɟɥɤɚɦɢ ɭɤɚɡɚɧɵ ɱɚɫɬɢɰɵ ɜɬɨɪɨɣ ɮɚɡɵ 

 

ȼ ɫɥɭɱɚɟ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ Inconel 718 ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɩɨɪɨɲɤɨɦ NiAl+0,035 

ɦɚɫɫ.% TiC0,5N0,5 ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɫɩɥɚɜɚ ɮɨɪɦɢɪɭɸɬɫɹ  ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɪɨɫɥɨɣɤɢ ɢɡ 
ɱɚɫɬɢɰ TiC0,5N0,5 (ɪɢɫ. 8). Ɋɚɡɦɟɪɵ ɱɚɫɬɢɰ ɜ ɩɪɨɫɥɨɣɤɚɯ ɫɨɫɬɚɜɥɹɸɬ 10…20 nm, ɪɚɡɦɟɪɵ ɫɤɨɩɥɟɧɢɣ 

ɱɚɫɬɢɰ ɜ ɩɪɨɫɥɨɣɤɚɯ ɞɨɫɬɢɝɚɸɬ 50 nm. 

 

 
Ɋɢɫ. 8. ɋɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɪɨɫɥɨɣɤɢ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧ-

ɧɵɦ ɩɨɪɨɲɤɨɦ NiAl+0,035 ɦɚɫɫ.% TiC0,5N0,5 ɫɩɥɚɜɚ Inconel 718 (ɧɚ (ɚ) ɭɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ), ɫɨɫɬɨɹ-
ɳɢɟ ɢɡ ɧɚɧɨɱɚɫɬɢɰ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiC0,5N0,5; ɚ – ɫɜɟɬɥɨɟ ɩɨɥɟ; b – ɦɢɤɪɨɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ; c – 

ɫɯɟɦɚ ɪɚɫɲɢɮɪɨɜɤɢ ɦɢɤɪɨɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ (ɫɩɥɨɲɧɵɦɢ ɤɨɥɶɰɚɦɢ ɭɤɚɡɚɧɵ ɪɟɮɥɟɤɫɵ ɫɩɥɚɜɚ Inconel 

718, ɩɭɧɤɬɢɪɧɵɦɢ ɤɨɥɶɰɚɦɢ – TiC0,5N0,5 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɨɡɢɰɢ-

ɨɧɧɵɦɢ ɩɨɪɨɲɤɚɦɢ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ NiAl, ɚɪɦɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɧɢɬɪɢɞɚ ɬɢɬɚɧɚ 
TiN ɢ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ TiC0,5N0,5 ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɦɨɞɢɮɢɰɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚɧɨɩɨɪɨɲɤɨɜ ɬɭ-
ɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɪɚɡɦɟɪ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ Inconel 718 ɜɵɪɚɠɚɟɬɫɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɜ 
ɫɩɥɚɜɟ ɦɢɤɪɨɨɛɴɟɦɨɜ ɫ ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɫɥɨɟɤ 
ɧɚ ɫɬɵɤɚɯ ɢ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɧɨɱɚɫɬɢɰɵ ɧɢɬɪɢɞɚ ɢ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ. ȼ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɩɪɨɹɜɥɹɟɬɫɹ ɢɧɨɤɭɥɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɩɪɨɰɟɫɫɵ ɡɚɪɨ-
ɠɞɟɧɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ (ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ), ɚ 
ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɧɚɧɨɱɚɫɬɢɰɵ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ ɫɬɨɩɨɪɚɦɢ ɞɥɹ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰ 

ɡɟɪɟɧ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ. Ʉɨɧɟɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɞɢɮɢɰɢɪɭɸ-

ɳɟɝɨ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɢ 

ɩɨɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ.   
げí¡¿0ôñÖóñ  
1. ɉɪɢɦɟɧɟɧɢɟ ɧɚɧɨɩɨɪɨɲɤɨɜɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭ-

ɪɭ ɢ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ Inconel 718: ɜ 1,5-2 ɪɚɡɚ ɭɦɟɧɶɲɚɟɬɫɹ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɺɪɟɧ, ɜ 1,5 

ɪɚɡɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜ ɩɪɢ 650 ɨɋ, ɱɢɫɥɨ ɰɢɤɥɨɜ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ 482 ɨɋ  ɜɨɡ-
ɪɚɫɬɚɟɬ ɜ 7 ɪɚɡ. 

2. ȼɜɟɞɟɧɢɟ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɪɚɫɩɥɚɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜ ɫ ɡɚɞɚɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 

ɧɚɧɨɱɚɫɬɢɰ ɧɢɬɪɢɞɚ ɢɥɢ ɤɚɪɛɨɧɢɬɪɢɞɚ ɬɢɬɚɧɚ ɢɧɢɰɢɢɪɭɟɬ ɧɟɫɤɨɥɶɤɨ  ɧɟɡɚɜɢɫɢɦɵɯ ɩɪɨɰɟɫɫɨɜ, ɨɫ-
ɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ  ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɡɚ-
ɪɨɞɵɲɟɣ ɡɺɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ) ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɤɨɩɥɟɧɢɣ ɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɝɪɚɧɢ-

ɰɚɯ ɢ ɫɬɵɤɚɯ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɡɺɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɡɚɪɨɞɵɲɟɣ ɹɜɥɹɟɬɫɹ ɧɟ-
ɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɭɦɟɧɶɲɟɧɢɹ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ, ɚ ɨɫɚɠɞɟɧɢɟ ɱɚɫɬɢɰ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢ-

ɧɟɧɢɣ ɧɚ ɝɪɚɧɢɰɚɯ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɡɟɪɟɧ ɡɚɦɟɞɥɹɟɬ ɩɪɨɰɟɫɫɵ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɩɪɟɞɨɬɜɪɚɳɚɟɬ 
ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɚ  ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɡɟɪɟɧ ɩɭɬɟɦ ɢɯ ɨɛɴɟɞɢɧɟɧɢɹ). 
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