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ȼɜɟɞɟɧɢɟ 
ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɱɟɧɧɵɯ ɩɨ-

ɪɨɲɤɨɜɵɯ ɫɩɥɚɜɨɜ Ti-Al ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɦɢɲɟɧɟɣ (ɤɚɬɨɞɨɜ) ɜ ɬɟɯɧɨɥɨɝɢɹɯ 
ɧɚɧɟɫɟɧɢɹ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ. Ɉɞɧɚɤɨ 
ɩɨɪɨɲɤɨɜɵɟ ɤɚɬɨɞɵ Ti-Al ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 
ɧɟ ɧɚɲɥɢ ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨ ɩɪɢɱɢɧɟ ɨɬ-
ɫɭɬɫɬɜɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɣ, ɞɨɫɬɭɩɧɨɣ ɢ ɜɵɫɨ-
ɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɚɬɨɞɨɜ ɫ ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɩɪɢɟɦɥɟɦɨɣ 
ɩɨɪɢɫɬɨɫɬɶɸ. ɂɡɜɟɫɬɧɵ ɩɨɩɵɬɤɢ ɭɦɟɧɶɲɢɬɶ ɩɨ-
ɪɢɫɬɨɫɬɶ ɩɨɪɨɲɤɨɜɵɯ ɤɚɬɨɞɨɜ ɫɩɟɤɚɧɢɟɦ ɩɨɞ ɞɚɜ-
ɥɟɧɢɟɦ ɢɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɚɦɨɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨ-
ɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɢɧɬɟɡɚ ɫ ɩɪɢɥɨɠɟɧɢɟɦ 
ɞɚɜɥɟɧɢɹ Д1Ж. ɗɬɢ ɫɩɨɫɨɛɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɢɡ-
ɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ 
ɝɨɬɨɜɵɯ ɢɡɞɟɥɢɣ. ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɤɚɧɢɹ ɩɨɪɨɲɤɨ-
ɜɵɯ ɫɦɟɫɟɣ Ti-TiAl3 ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɨ-
ɫɬɢɱɶ ɩɪɢɟɦɥɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɪɢɫɬɨɫɬɢ ɫɩɟ-
ɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɯ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ. 

Ɉɞɧɚɤɨ ɞɥɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɜɵɛɨɪɚ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɫɩɟɤɚɧɢɹ (ɫ ɩɨɥɭɱɟɧɢɟɦ ɦɢ-
ɧɢɦɚɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɢ) ɧɟɨɛɯɨɞɢɦɨ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨ-
ɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɮɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɚ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚ-
ɥɚ ɩɪɢ ɫɩɟɤɚɧɢɢ. 

 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ 
ȿɫɥɢ ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɚɤɨɜɵ, ɱɬɨ ɜ ɩɪɨ-

ɰɟɫɫɟ ɧɚɝɪɟɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɟɤɚɧɢɹ ɩɪɟɜɵɲɚɟɬ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɨɛɪɚɡɰɚ (ɬɨ ɟɫɬɶ ɨɛɪɚɡɟɰ ɜ 
ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɩɥɚɜɢɬɫɹ), ɬɨ ɢɫɩɨɥɶɡɭɟɦ ɪɟɨ-
ɥɨɝɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ [2]: 
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       (1) 

ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɫɞɜɢɝɨɜɨɣ ɜɹɡɤɨɫɬɢ. ȼ ɩɪɟ-
ɞɟɥɶɧɨɦ ɫɥɭɱɚɟ   ɢɡ (1) ɫɥɟɞɭɟɬ ɫɨɨɬɧɨɲɟ-
ɧɢɟ Ⱦɸɚɦɟɥɹ-ɇɟɣɦɚɧɚ, ɜ ɫɥɭɱɚɟ 0  ɢɦɟɟɦ 
ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ ıij ɢ İij ɞɥɹ 
ɢɞɟɚɥɶɧɨɣ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɫ ɲɚɪɨɜɵɦ ɬɟɧɡɨɪɨɦ 
ɧɚɩɪɹɠɟɧɢɣ 

ɍɱɢɬɵɜɚɟɦ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɱɬɢ ɧɟ ɢɡɦɟ-
ɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɢ ɨɝɪɚɧɢɱɢɦɫɹ ɩɹɬɶɸ 
ɤɢɧɟɬɢɱɟɫɤɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ [3]: 

AlTiAlTiAl 23  ; TiAlAlTi  ; 

AlTiAlTi 33  ; TiAlTiAlTi 32 3  ; 

AlTiTiAlTi 32  . 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɜɤɥɸɱɚɟɬ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢμ 
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Ɉɛɴɟɦɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɪɚɡɰɚ ɢ ɟɝɨ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɨɰɟɧɢɜɚɟɦ ɩɨ ɮɨɪɦɭɥɚɦμ 
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ɇɚ ɨɫɧɨɜɟ ɫɨɨɬɧɨɲɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ (1) ɞɥɹ 
ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɩɨɥɭɱɚɟɦ 
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 (2) 
ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɜ ɭɪɚɜɧɟ-

ɧɢɟ ɛɚɥɚɧɫɚ ɬɟɩɥɚ ɢ ɩɪɢɜɨɞɹ ɩɨɞɨɛɧɵɟ ɫɥɚɝɚɟɦɵɟ, 
ɩɨɥɭɱɚɟɦ 
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ɝɞɟ Tveff DVcc  3_ ; 03 VKTD T . ɋɭɦɦɚɪ-
ɧɵɣ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ Weff_v ɜɫɥɟɞɫɬɜɢɟ ɯɢɦɢɱɟɫɤɢɯ 
ɪɟɚɤɰɢɣ (ɜɤɥɸɱɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɜ ɯɨɞɟ 
ɪɟɚɤɰɢɣ) ɫ ɭɱɟɬɨɦ ɤɢɧɟɬɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɡɚɩɢ-
ɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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ɝɞɟ 

1111  yq ; 23222  yyq ; 3
2
2133  yyq ; 

4
2
2444  yyq ; 5

3
2355  yyq ; 

jjj QDVQq  3 , 5,..,1i ; 

ɉɨɞɫɬɚɜɥɹɹ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɬɟɩɥɚ ɜ ɭɪɚɜɧɟ-
ɧɢɟ (β) ɢ ɩɪɢɜɨɞɹ ɩɨɞɨɛɧɵɟ ɫɥɚɝɚɟɦɵɟ, ɩɨɥɭɱɚɟɦ 
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ɉɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɨɩɨɥɧɹɟɬɫɹ 
ɭɫɥɨɜɢɹɦɢ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢμ 

:0t  0TT  , 0ii yy  , 5..1i . 

 
ɑɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ȼ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɭɟɦ ɫɪɟɞɧɟɢɧɬɟɝɪɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ 
ɫɢɫɬɟɦɵ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ  

  



2

112

1 T

T
dTT

TT
. 

Ɂɚɞɚɱɚ ɪɟɲɚɥɚɫɶ ɱɢɫɥɟɧɧɨ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɚɥɝɨɪɢɬɦɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɜɵɛɨɪɨɦ ɲɚɝɚ. Ⱦɥɹ 
ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɣ ɱɚɫɬɢ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟ-
ɬɨɞɚ Ɋɭɧɝɟ–Ʉɭɬɬɚ–Ɇɟɪɫɨɧɚ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɢ-
ɧɟɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɢ ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɧɟɹɜɧɵɣ ɦɟɬɨɞ ɗɣɥɟɪɚ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɪɚɜɧɟɧɢɟɦ ɫ ɢɡɜɟɫɬ-
ɧɵɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɪɟɲɟɧɢɹɦɢ ɞɥɹ ɱɚɫɬɧɵɯ 
ɩɪɟɞɟɥɶɧɵɯ ɫɥɭɱɚɟɜ. ɉɪɢ ɫɬɪɟɦɥɟɧɢɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɜɹɡɤɨɫɬɢ ɤ ɧɭɥɸ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɬɪɟɦɢɬɫɹ ɤ 
ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɜ ɬɟɪɦɨɭɩɪɭɝɨɣ ɩɨɫɬɚɧɨɜɤɟ [3]. 
Ɋɟɡɭɥɶɬɚɬɨɦ ɱɢɫɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ 
ɮɚɡɨɜɵɣ ɢ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚν 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɢ ɮɚɡ ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɦɨɞɟɥɢ, ɨɬɜɟ-
ɱɚɸɳɢɯ ɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɨ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟ-
ɧɢɹ ɨɛɴɟɦɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɢɡɦɟ-
ɧɟɧɢɢ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ TiAl3. ȼɢɞɧɨ, ɱɬɨ 
ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɚɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ ɢɧɵɦ, ɱɟɦ ɜ 
ɦɨɞɟɥɢ ɫ ɬɟɪɦɨɭɩɪɭɝɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɞɟɮɨɪ-
ɦɚɰɢɹɦɢ. 

ȼ ɫɥɭɱɚɟ ɜɹɡɤɨɭɩɪɭɝɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪ-
ɦɚɰɢɣ ɪɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸ, ɱɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɨɛɴɟɦɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɨɛ-
ɪɚɡɰɟ ɩɪɢɜɨɞɹɬ ɤ ɩɨɹɜɥɟɧɢɸ ɩɥɚɬɨ ɧɚ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɣ ɤɪɢɜɨɣ, ɧɟ ɫɜɹɡɚɧɧɨɝɨ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ 
(ɤɪɢɜɵɟ 1-γ ɪɢɫ.1, ɚ), ɧɨ ɛɨɥɶɲɟ ɱɟɦ ɜ ɫɥɭɱɚɟ ɬɟɪ-

ɦɨɭɩɪɭɝɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ (ɤɪɢɜɚɹ 4). 
ȼɢɞɧɨ, ɱɬɨ ɧɟɛɨɥɶɲɚɹ ɞɨɛɚɜɤɚ TiAl3 ɩɪɢɜɨɞɢɬ ɤ 
ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɧɢɸ ɭɫɚɞɤɢ ɩɨɪɨɲɤɨɜ. ɇɨ ɭɜɟ-
ɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ TiAl3 ɜ ɩɪɟɫɫɨɜɤɟ ɩɪɢɜɨɞɢɬ ɤ 
ɦɨɧɨɬɨɧɧɨɣ ɭɫɚɞɤɟ ɩɨɪɨɲɤɨɜ ɢ ɭɜɟɥɢɱɟɧɢɸ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɚ, ɱɬɨ ɫɢɥɶɧɟɟ ɫɤɚɡɵɜɚɟɬɫɹ ɞɥɹ 
ɜɹɡɤɨɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɹɯ. 
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Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ (ɚ), ɨɛɴɟɦɧɵɯ ɞɟ-
ɮɨɪɦɚɰɢɣ (ɛ), ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɨɛɪɚɡɰɚ 

(ɜ) ɢ ɦɨɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɮɚɡ Ti  ɢ AlTi3  (ɝ) – (ɞ) 
ɜɨ ɜɪɟɦɟɧɢ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɢ ɫɩɟɤɚɧɢɹ ɩɪɢ ɪɚɡ-

ɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɨɛɴɟɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 3TiAl : 

1. –   % 3.031 TiAly , 2. –   % 4.031 TiAly , 3. – 

  % 5.031 TiAly  ɜ ɫɥɭɱɚɟ ɜɹɡɤɨɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ 
ɢ 4. –   % 3.031 TiAly  ɜ ɫɥɭɱɚɟ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚ-

ɰɢɣ 
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