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Abstract. In this paper the structure of samples obtained by the EBM method when aluminum wire was built up 

on a titanium substrate in order to obtain an intermetallic compound is studied.It is shown that TiAl and Al3Ti 

intermetallides with high nanohardness values were formed in the samples. 

 

ȼвɟɞɟɧɢɟ. Иɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧ-ɚɥɸɦɢɧɢɣ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɬɨɣɤɢɯ ɫɩɥɚɜɨɜ ɛɥɚɝɨɞɚɪɹ ɢɯ ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɢ, ɜɵɫɨɤɨɣ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ [1]. 

Иɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɩɥɚɜɥɟɧɢɹ (EBM) ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 

ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɫ ɩɪɟɜɨɫɯɨɞɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɟɯɧɨɥɨɝɢɹ EBM ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ 

ɩɨɩɭɥɹɪɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɨɛɥɚɫɬɢ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ȼɥɚɝɨɞɚɪɹ ɜɚɤɭɭɦɧɨɣ ɫɪɟɞɟ, 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɞɟɬɚɥɢ ɥɭɱɲɟɝɨ ɤɚɱɟɫɬɜɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɫɬɪɭɤɬɭɪɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɬɚɥɢ ɡɚɜɢɫɹɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɭɪɨɜɟɧɶ ɬɨɤɚ, ɩɨɥɨɠɟɧɢɟ 

ɬɨɱɤɢ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ, ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢ ɞɪ. [2]. 

ȼ ɷɬɨɣ ɫɬɚɬɶɟ ɢɫɫɥɟɞɨɜɚɧɨ ɫɬɪɨɟɧɢɟ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ EBM ɩɪɢ ɧɚɪɚɳɢɜɚɧɢɢ 

ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ ɧɚ ɩɨɞɥɨɠɤɭ ɢɡ ɬɢɬɚɧɚ, ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ чɚɫɬɶ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɭɫɬɚɧɨɜɤɚ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɩɥɚɜɥɟɧɢɹ, 

ɪɚɡɪɚɛɨɬɚɧɧɚɹ Ɍɨɦɫɤɢɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɦ ɭɧɢɜɟɪɫɢɬɟɬɨɦ (Ɍɨɦɫɤ, Ɋɨɫɫɢɹ), ɫɨ ɫɥɟɞɭɸɳɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɭɫɤɨɪɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 40 ɄȻ, ɜɚɤɭɭɦɧɨɟ ɞɚɜɥɟɧɢɟ 5*10 -3
 ɉɚ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ 

200 ɦȺ, ɦɢɧɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɥɭɱɚ 150 ɦɤɦ, ɩɥɨɳɚɞɶ ɫɛɨɪɤɢ 150*150 ɦɦ ɢ ɦɨɳɧɨɫɬɶ 6 ɤȼɬ [3]. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ 2 ɦɦ, ɦɚɪɤɢ 

ɋɜȺ97 (99,97%  Al). Ɋɨɥɶ ɩɨɞɥɨɠɤɢ ɜɵɩɨɥɧɹɥ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɵɣ ɬɢɬɚɧ ɦɚɪɤɢ ȼɌ1 (99,7% Ti). 

ɋɟɪɢɹ ɨɛɪɚɡɰɨɜ ɛɵɥɚ ɧɚɩɟɱɚɬɚɧɚ ɩɪɢ ɫɢɥɟ ɬɨɤɚ 6,5 ɦȺ, 8 ɦȺ ɢ 9,5 ɦȺ ɢ ɬɨɱɤɟ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ 

1,5 ɦɦ, ɚ ɬɚɤɠɟ ɩɪɢ ɬɨɱɤɚɯ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ 1,5 ɦɦ, 2,0 ɦɦ ɢ 3,5 ɦɦ ɢ ɫɢɥɟ ɬɨɤɚ 8 ɦȺ. 
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  Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɩɟɪɟɱɧɵɯ ɲɥɢɮɨɜ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ Zeiss 

Axiovert 200 M. ɇɚɧɨɬɜɟɪɞɨɫɬɶ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢɡɦɟɪɹɥɢɫɶ ɧɚ ɩɪɢɛɨɪɟ NANO Hardness Tester 

NHT-S-AX-000X ɋ ɧɚɝɪɭɡɤɨɣ 250 ɇ. 

Ɋɟɧɬɝɟɧɨɜɫɤɢɟ ɫɴɟɦɤɢ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ-7 (Ȼɭɪɟɜɟɫɬɧɢɤ, 

Ɋɨɫɫɢɹ) ɜ CoKα-ɢɡɥɭɱɟɧɢɢ. ɋɴɟɦɤɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɫɢɦɦɟɬɪɢɱɧɨɣ ɝɟɨɦɟɬɪɢɢ ɩɨ ɫɯɟɦɟ 

Ȼɪɟɝɝɚ-Ȼɪɟɧɬɚɧɨ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɇɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɛɵɥɨ 

ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɪɨɜɨɥɨɤɚ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɷɧɟɪɝɢɸ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ 

ɞɢɚɩɚɡɨɧɟ 6.5-9.5 ɦȺ, ɧɨ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɬɨɤɚ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɞɚɜɚɟɦɨɣ ɷɧɟɪɝɢɢ 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɛɨɥɶɲɟɣ ɩɨ ɨɛɴɟɦɭ ɜɚɧɧɵ ɪɚɫɩɥɚɜɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɦɭ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ ɫ ɬɢɬɚɧɨɜɨɣ ɩɨɞɥɨɠɤɨɣ, ɨɛɪɚɡɭɹ ɛɨɥɶɲɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ. Иɫɯɨɞɹ ɢɡ 

ɷɬɨɝɨ, ɛɵɥ ɜɵɛɪɚɧ ɪɟɠɢɦ ɩɨɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɨɤ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ 

9,5 ɦȺ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ – 3,5 ɦɦ. 

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɩɨɥɭɱɟɧɧɵɣ ɨɛɪɚɡɟɰ ɢɦɟɟɬ ɱɟɬɤɢɟ ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɚɥɸɦɢɧɢɟɦ ɫɜɟɪɯɭ ɢ 

ɬɢɬɚɧɨɦ ɫɧɢɡɭ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɨɛɪɚɡɭɟɬ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ. 

 

Ɋɢɫ. 1. Ɉɩɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢя ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɬɨɤɟ 9.5 ɦА ɢ ɪɚɫɫɬɨяɧɢɟɦ ɦɟɠɞɭ ɬɨɱɤɚɦɢ 

ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ – 3,5 ɦɦ 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ ɫɥɨɹ ɨɛɪɚɡɰɚ. Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ, 

ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɚɡɚɦ Al3Ti, TiAl ɢ TiAl2O5. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɪɟɲɟɬɤɢ ɮɚɡ Al3Ti ɢ TiAl 

ɨɬɧɨɫɹɬɫɹ ɤ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɪɟɲɟɬɤɚ TiAl2O5 ɨɬɧɨɫɢɬɫɹ ɤ ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ. 

Ɉɛɴɟɦɧɚɹ ɞɨɥɹ ɮɚɡɵ Al3Ti ɫɨɫɬɚɜɢɥɚ 20%, TiAl – 74% ɢ TiAl2O5 – 6%. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ 

ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɜ ɪɢɫɭɧɤɟ 3. 

 

Ɋɢɫ. 2. Ɋɟɧɬɝɟɧɨɜɫɤɚя ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɫ ɜɵɩɨɥɧɟɧɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɮɚɡ ɨɛɪɚɡɰɚ Ti-Al 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɞɟɬɚɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɩɨ ɬɟɯɧɨɥɨɝɢɢ EBM, 

ɨɛɥɚɞɚɸɬ ɡɚɦɟɱɚɬɟɥɶɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɫ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ 87023,71 Ɇɉɚ ɢ ɬɜɟɪɞɨɫɬɶɸ 

901,06 Ɇɉɚ ɞɥɹ ɱɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ ɢ 134626,3 Ɇɉɚ ɢ ɬɜɟɪɞɨɫɬɶɸ 2154,0 Ɇɉɚ ɞɥɹ ɬɢɬɚɧɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɟɦ ɬɢɬɚɧ-ɚɥɸɦɢɧɢɣ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 87023,71 Ɇɉɚ ɢ 

ɬɜɟɪɞɨɫɬɶ 901,06 Ɇɉɚ. ɡɧɚɱɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ - 286055,0 Ɇɉɚ ɢ 8179,0 Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɛɪɚɡɭɸɬɫɹ ɧɨɜɵɟ ɮɚɡɵ, ɫɨɜɟɪɲɟɧɧɨ ɨɬɥɢɱɧɵɟ ɨɬ ɬɢɬɚɧɚ ɢ 

ɚɥɸɦɢɧɢɹ, ɢ ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ, ɬ.ɟ. 

ɧɨɜɵɦɢ ɨɛɪɚɡɭɸɳɢɦɢɫɹ ɮɚɡɚɦɢ ɹɜɥɹɸɬɫɹ TiAl ɢ Al3Ti. 
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(ɚ) (ɛ) (ɜ) 

Ɋɢɫ. 3. Ɉɩɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɫ ɨɬɩɟɱɚɬɤɚɦɢ ɧɚɧɨɬɜɟɪɞɨɦɟɪɚ (ɚ), ɝɪɚɮɢɤ 

ɢɡɦɟɧɟɧɢя ɡɧɚɱɟɧɢɣ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ (ɛ) ɢ ɡɧɚɱɟɧɢɣ ɧɚɧɨɬɜɟɪɞɨɫɬɢ (ɜ) 

Ɂɚɤɥɸчɟɧɢɟ. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɢɬɚɧ-ɚɥɸɦɢɧɢɟɜɵɟ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɩɥɚɜɤɢ ɩɪɢ ɪɚɡɧɵɯ ɫɢɥɚɯ ɬɨɤɚ. 

ɉɪɨɜɟɞɟɧ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɛɪɚɡɰɚɯ ɨɛɪɚɡɨɜɚɥɢɫɶ 

ɢɧɬɟɪɦɟɬɚɥɥɢɞɵ TiAl ɢ Al3Ti, ɢɦɟɸɳɢɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɧɚɧɨɬɜɟɪɞɨɫɬɢ. Ⱥ ɩɨɹɜɥɟɧɢɟ TiAl2O5 ɜ 

ɪɟɡɭɥɶɬɚɬɚɯ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɨɛɥɟɦɨɣ ɜɚɤɭɭɦɧɨɣ ɫɪɟɞɵ ɢɥɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɨɜ ɜ ɤɨɧɬɚɤɬɟ ɫ 

ɜɨɡɞɭɯɨɦ, ɤɨɝɞɚ ɩɪɨɜɨɞɢɥɨɫɶ ɲɥɢɮɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ. 

В ɪɚɛɨɬɟ ɩɪɢɦɟɧяɥɨɫɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ЦКɉ ɇɈИЦ ɇɆɇɌ Ɍɉɍ, ɩɨɞɞɟɪɠɚɧɨ ɩɪɨɟɤɬɨɦ Ɇɢɧɨɛɪɧɚɭɤɢ 

Ɋɨɫɫɢɢ № 075-15-2021-710. 
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