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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɤɚɮɟɞɪɟ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ Ɏɟɞɟɪɚɥɶɧɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɚɜɬɨɧɨɦɧɨɝɨ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɜɵɫɲɟɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ «ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
«Ɇɂɋɢɋ». 

 

 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ: Ⱦɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 

ɉɪɨɤɨɲɤɢɧ ɋɟɪɝɟɣ Ⱦɦɢɬɪɢɟɜɢɱ  

 

ɇɚɭɱɧɵɣ ɤɨɧɫɭɥɶɬɚɧɬ: 
 

Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

ɏɦɟɥɟɜɫɤɚя ɂɪɢɧɚ ɘɪɶɟɜɧɚ 

 

Ɉɮɢɰɢɚɥɶɧɵɟ ɨɩɩɨɧɟɧɬɵ: Ⱦɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ  
Ɇɚɪɤɨɜɚ Ƚɚɥɢɧɚ ȼɢɤɬɨɪɨɜɧɚ 

Ɍɭɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 

 Ʉɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, 
ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ  
ɋɭɧɞɟɟɜ Ɋɨɦɚɧ ȼяɱɟɫɥɚɜɨɜɢɱ 

Ɇɨɫɤɨɜɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 

ȼɟɞɭɳɚя ɨɪɝɚɧɢɡɚɰɢя: 
 

ɂɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢя 
ɢɦ. Ⱥ.Ⱥ.Ȼɚɣɤɨɜɚ ɊȺɇ 

 

 

Ɂɚɳɢɬɚ ɫɨɫɬɨɢɬɫɹ «14» ɢɸɧɹ 2018 ɝɨɞɚ ɜ 1530 ɱ ɧɚ ɡɚɫɟɞɚɧɢɢ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ Ⱦ 212.132.08 ɩɪɢ Ɏɟɞɟɪɚɥɶɧɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ 
ɚɜɬɨɧɨɦɧɨɦ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɦ ɭɱɪɟɠɞɟɧɢɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ  
«ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ «Ɇɂɋɢɋ»  
ɩɨ ɚɞɪɟɫɭ: 119049, ɝ. Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, ɞ. 6, ɫɬɪ. 2, ɚɭɞ. Ⱥ-305. 

 

 

ɋ ɞɢɫɫɟɪɬɚɰɢɟɣ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɫɹ ɜ ɛɢɛɥɢɨɬɟɤɟ ɇɂɌɍ «Ɇɂɋɢɋ» ɢ ɧɚ 
ɫɚɣɬɟ http://www.misis.ru. 

 

 

Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɚɡɨɫɥɚɧ «    » ɚɩɪɟɥɹ 2018 ɝɨɞɚ 

 

 

 

ɍɱɟɧɵɣ ɫɟɤɪɟɬɚɪɶ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ      ɋ.ɂ. Ɇɭɯɢɧ 

ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ,   

ɩɪɨɮɟɫɫɨɪ 
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Ɉɛɳɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɛɨɬɵ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɩɥɚɜɵ ɫ ɩɚɦɹɬɶɸ ɮɨɪɦɵ (ɋɉɎ) ɧɚ ɨɫɧɨɜɟ Ti-Ni ɜɯɨɞɹɬ ɜ ɱɢɫɥɨ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ, ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɍɫɥɨɠɧɟɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ ɩɚɦɹɬɢ ɮɨɪɦɵ 
(ɗɉɎ), ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɩɨɜɵɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɦɩɥɟɤɫɭ ɫɜɨɣɫɬɜ ɋɉɎ Ti-Ni. ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɧɚɢɥɭɱɲɢɣ ɤɨɦɩɥɟɤɫ ɫɜɨɣɫɬɜ ɋɉɎ Ti-Ni ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɜ ɫɩɥɚɜɟ 
ɩɨɥɧɨɫɬɶɸ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ (ɇɄ) ɫɬɪɭɤɬɭɪɵ ɫ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ ɦɟɧɟɟ 100 ɧɦ. Ɍɚɤɚɹ 
ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɜ ɬɨɧɤɢɯ ɫɟɱɟɧɢɹɯ, ɧɨ ɟɟ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɭɞɚɥɨɫɶ 
ɩɨɥɭɱɢɬɶ ɜ ɨɛɴɟɦɧɵɯ ɡɚɝɨɬɨɜɤɚɯ ɷɬɢɯ ɫɩɥɚɜɨɜ.  

Ɉɞɧɨɣ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ (ɦɟɝɚɩɥɚɫɬɢɱɟɫɤɨɣ) 
ɞɟɮɨɪɦɚɰɢɢ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɨɜ ɹɜɥɹɟɬɫɹ ɪɚɜɧɨɤɚɧɚɥɶɧɨɟ ɭɝɥɨɜɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (ɊɄɍɉ). ɇɨ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɜ ɋɉɎ Ti-Ni ɦɟɬɨɞɨɦ ɊɄɍɉ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 350-400 °ɋ ɭɞɚɥɨɫɶ 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɞɨɫɬɢɠɟɧɢɟ 
ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ.  ɇɟɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɇɄ 
ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɦɨɳɶɸ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɯɟɦ ɊɄɍɉ ɫɜɹɡɚɧɚ ɫ ɱɚɫɬɢɱɧɵɦ ɪɚɡɭɩɪɨɱɧɟɧɢɟɦ 
ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɨɞɨɝɪɟɜɨɜ ɦɟɠɞɭ ɩɪɨɯɨɞɚɦɢ.  

Ɋɟɲɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɩɨɢɫɤɨɦ ɧɨɜɵɯ ɫɯɟɦ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɜɟɞɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ 
ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɦ ɪɟɠɢɦɟ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɨɛɪɚɛɨɬɨɤ.  

ɋɥɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ ɋɉɎ Ti-Ni ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɬɫɭɬɫɬɜɢɢ ɫɜɟɞɟɧɢɣ ɨ ɞɢɚɝɪɚɦɦɚɯ ɞɟɮɨɪɦɚɰɢɢ ɢ ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɫɬɪɭɤɬɭɪɟ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 600 °C, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ. 
 ɉɨɥɭɱɟɧɢɟ ɤɪɢɜɵɯ ɬɟɱɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ ɨɬ 20 ɞɨ  900 °C 
ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɞɟɮɨɪɦɚɰɢɢ ɋɉɎ Ti-Ni ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ 
ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɧɢɯ ɇɄ ɢɥɢ ɞɪɭɝɨɣ ɡɚɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ 
ɪɟɚɥɢɡɚɰɢɢ ɜɵɫɨɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɞɟɮɨɪɦɚɰɢɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɧɚɢɥɭɱɲɢɟ ɟɟ ɭɫɥɨɜɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɧɚɝɪɭɡɤɢ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɟɮɨɪɦɚɰɢɢ ɜ 
ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ ɢɡ 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɨɜ ɋɉɎ Ti-Ni ɫ ɇɄ 
ɫɬɪɭɤɬɭɪɨɣ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɦɨɞɭɥɟ 
ɆɚхStrain ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Gleeble. 

 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɰɟɥɶ ɧɚɫɬɨяɳɟɣ ɪɚɛɨɬɵ:  
ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ, 

ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ Ti-Ni ɫ ɩɚɦɹɬɶɸ 
ɮɨɪɦɵ ɩɪɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ (ɌɆɈ) ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɫɤɨɪɨɫɬɟɣ ɢ 
ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ; ɩɨɥɭɱɢɬɶ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɨɫɟɜɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɯɟɦɟ MaxStrain 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni ɢ ɨɛɟɫɩɟɱɢɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɥɭɱɲɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ. 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1 ɉɨɫɬɪɨɢɬɶ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɧɟɫɬɚɪɟɸɳɢɯ ɢ ɫɬɚɪɟɸɳɢɯ ɋɉɎ Ti-Ni ɜ 
ɲɢɪɨɤɢɯ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ (20-900 °ɋ), ɫɤɨɪɨɫɬɟɣ (�̇� = 0,1-5 ɫ-1) ɢ ɫɬɟɩɟɧɟɣ (ɞɨ е = 0,9) 

ɞɟɮɨɪɦɚɰɢɢ, ɨɩɪɟɞɟɥɢɬɶ ɢɯ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ. 
2 ɂɡɭɱɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɣ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɧɟɫɬɚɪɟɸɳɢɯ ɢ 

ɫɬɚɪɟɸɳɢɯ ɋɉɎ Ti-Ni, ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɜ 
ɪɚɡɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ.   
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3 Ɉɩɪɟɞɟɥɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ (ɬɜɟɪɞɨɫɬɶ) ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɋɉɎ Ti-Ni ɩɨɫɥɟ 
ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɜ ɪɚɡɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ.  

4 ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ (ɉȾɈ) ɧɚ ɫɬɪɭɤɬɭɪɭ, ɮɚɡɨɜɵɣ 
ɫɨɫɬɚɜ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɋɉɎ Ti-Ni, ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨ ɪɚɡɧɵɦ 
ɪɟɠɢɦɚɦ. 

5 Ɉɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ 
ɪɟɠɢɦɵ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ ɋɉɎ Ti-Ni ɨɛɳɟɬɟɯɧɢɱɟɫɤɨɝɨ ɢ 
ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɧɢɯ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɢɥɢ ɞɪɭɝɨɣ ɡɚɞɚɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢ ɪɟɚɥɢɡɚɰɢɢ ɜɵɫɨɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ. 

6 ɉɪɨɜɟɫɬɢ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɭɸ ɩɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚ 
ɦɨɞɭɥɟ ɦɧɨɝɨɨɫɟɜɨɣ ɞɟɮɨɪɦɚɰɢɢ MaxStrain, ɜɯɨɞɹɳɟɦ ɜ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɚ Gleeble, ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɨɣ (ɍɆɁ) ɫɬɪɭɤɬɭɪɵ ɋɉɎ Ti-Ni. 

7 ɉɪɨɜɟɫɬɢ ɤɨɦɩɥɟɤɫɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ, ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɋɉɎ Ti-Ni, ɩɨɞɜɟɪɝɧɭɬɵɯ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ, ɦɟɬɨɞɚɦɢ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɤɚɥɨɪɢɦɟɬɪɢɢ, 
ɢɡɦɟɪɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. 

8 ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ, 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɡɚɞɚɧɢɹ ɮɨɪɦɵ ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ, ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɋɉɎ Ti-Ni. 

9 Ɋɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɨɛɴɟɦɧɵɯ ɡɚɝɨɬɨɜɨɤ ɋɉɎ Ti-Ni, ɩɨɡɜɨɥɹɸɳɟɣ ɩɨɥɭɱɢɬɶ ɜ ɧɢɯ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 
ɫɬɪɭɤɬɭɪɭ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. 
 

ɇɚɭɱɧɚя ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ: 
1 ȼɩɟɪɜɵɟ ɩɨɫɬɪɨɟɧɵ, ɨɩɢɫɚɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɨɜ  

Ti-Ni ɫ ɩɚɦɹɬɶɸ ɮɨɪɦɵ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɩɨɞɤɥɚɫɫɨɜ: ɧɟɫɬɚɪɟɸɳɟɝɨ Ti-50,0 ɚɬ.% Ni ɢ ɫɬɚɪɟɸɳɟɝɨ  
Ti-50,8 ɚɬ.% Ni, – ɩɪɢ ɌɆɈ ɜ ɲɢɪɨɤɢɯ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ, ɫɤɨɪɨɫɬɟɣ ɢ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ. 

2 Ɉɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɭɩɪɨɱɧɟɧɢɹ 
(ɜɨɡɜɪɚɬɚ, ɩɨɥɢɝɨɧɢɡɚɰɢɢ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɜ ɲɢɪɨɤɢɯ ɢɧɬɟɪɜɚɥɚɯ 
ɬɟɦɩɟɪɚɬɭɪ, ɫɤɨɪɨɫɬɟɣ ɢ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɫɜɨɣɫɬɜ ɋɉɎ Ti-Ni.  

3 Ɉɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɯɟɦɟ MaxStrain ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ 
ɨɛɴɟɦɧɵɯ ɋɉɎ Ti-Ni. 

4 ȼɩɟɪɜɵɟ ɩɨɥɭɱɟɧɚ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ (ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɨɜ 
ɫɬɪɭɤɬɭɪɵ 55±10 ɧɦ) ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni ɦɟɬɨɞɨɦ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɯɟɦɟ MaxStrain, 

ɨɛɟɫɩɟɱɢɜɲɚɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɫɬɟɩɟɧɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɮɨɪɦɵ. 
 

ɉɪɚɤɬɢɱɟɫɤɚя ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ: 
1 ȼɵɹɜɥɟɧɵ ɫɩɨɫɨɛ ɢ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɮɨɪɦɢɪɨɜɚɬɶ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni. 

2 Ɋɚɡɪɚɛɨɬɚɧɵ ɪɟɠɢɦɵ ɌɆɈ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɜɵɫɨɤɨɝɨ 
ɭɪɨɜɧɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɜ ɋɉɎ Ti-Ni. 

3 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɭɬɤɨɜ 
ɋɉɎ Ti-Ni ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɫɜɨɣɫɬɜ ɜ ɈɈɈ «ɉɪɨɦɵɲɥɟɧɧɵɣ ɰɟɧɬɪ ɆȺɌɗɄ-ɋɉɎ». 
 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɩɨɥɨɠɟɧɢя, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 
1 Ⱦɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɚɰɢɢ ɧɟɫɬɚɪɟɸɳɢɯ ɢ ɫɬɚɪɟɸɳɢɯ ɫɩɥɚɜɨɜ ɫ ɩɚɦɹɬɶɸ ɮɨɪɦɵ Ti-Ni ɜ 

ɲɢɪɨɤɢɯ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɤɨɪɨɫɬɟɣ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ. 
2 ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɢ ɭɫɥɨɜɢɹ ɞɨɫɬɢɠɟɧɢɹ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɢ ɋɉɎ Ti-Ni.  
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3 Ɉɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɋɉɎ Ti-Ni. 

4 Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɯɟɦɟ 
MaxStrain ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɨɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɵ ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni.  

5 Ⱦɨɫɬɢɠɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɢɯ ɞɥɹ ɷɤɜɢɚɬɨɦɧɨɝɨ ɫɩɥɚɜɚ Ti-Ni ɡɧɚɱɟɧɢɣ ɨɛɪɚɬɢɦɨɣ 
ɢ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜ ɨɛɴɟɦɧɵɯ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɞɟɮɨɪɦɚɰɢɢ MaxStrain. 

 

ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɟɫɩɟɱɟɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɨɜɪɟɦɟɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɴɟɦɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɢ ɢɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɚ ɬɚɤɠɟ ɤɨɦɩɥɟɤɫɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɪɟɲɟɧɢɸ 
ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɡɚɢɦɨɞɨɩɨɥɧɹɸɳɢɯ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɬɫɭɬɫɬɜɢɟɦ ɩɪɨɬɢɜɨɪɟɱɢɣ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɫɧɨɜɧɵɦ 
ɩɨɥɨɠɟɧɢɹɦ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɟɬɚɥɥɨɜɟɞɟɧɢɹ ɢ ɢɦɟɸɳɢɦɫɹ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɵɧɧɵɦ. 
 

Ⱥɩɪɨɛɚɰɢя ɪɚɛɨɬɵ 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɫɥɟɞɭɸɳɢɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɤɨɧɮɟɪɟɧɰɢɹɯ: ɤɨɧɝɪɟɫɫɟ «ɉɪɨɰɟɫɫɵ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɇɚɭɤɚ, ɬɟɯɧɨɥɨɝɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɨ», ɋɚɦɚɪɚ, 2017 ɝ.; VII-ɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ «Ⱦɟɮɨɪɦɚɰɢɹ ɢ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ», Ɇɨɫɤɜɚ, 2017ɝ.;  
5-ɨɦ ɢ 6-ɨɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɦ ɫɟɦɢɧɚɪɟ «Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɛɢɨɦɚɬɟɪɢɚɥɵ», Ɇɨɫɤɜɚ, 2017 ɝ.;  
XIV Ɋɨɫɫɢɣɫɤɨɣ ɟɠɟɝɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɦɨɥɨɞɵɯ ɧɚɭɱɧɵɯ ɫɨɬɪɭɞɧɢɤɨɜ ɢ ɚɫɩɢɪɚɧɬɨɜ «Ɏɢɡɢɤɨ-

ɯɢɦɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ», Ɇɨɫɤɜɚ, 2015 ɢ 2017 ɝɝ.; ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɦ 
ɫɟɦɢɧɚɪɟ «Ȼɟɪɧɲɬɟɣɧɨɜɫɤɢɟ ɱɬɟɧɢɹ ɩɨ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ», Ɇɨɫɤɜɚ, 2014, 2016 ɝ.; Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɩɥɚɜɵ ɫ ɷɮɮɟɤɬɨɦ 
ɩɚɦɹɬɢ ɮɨɪɦɵ», ɋɚɧɤɬ ɉɟɬɟɪɛɭɪɝ, 2016 ɝ.; VII-ɨɣ ɢ VIII-ɨɣ ȿɜɪɚɡɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ «ɉɊɈɋɌ», Ɇɨɫɤɜɚ, 2014 ɢ 2016 ɝɝ., 5-ɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɍɦɧɵɟ ɢ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɢɫɬɟɦɵ CIMTEC», ɉɟɪɭɞɠɚ, ɂɬɚɥɢɹ, 2016 ɝ.; 
ȿɜɪɨɩɟɣɫɤɨɦ ɫɢɦɩɨɡɢɭɦɟ ɩɨ ɦɚɪɬɟɧɫɢɬɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ ESOMAT, Ⱥɧɬɜɟɪɩɟɧ, Ȼɟɥɶɝɢɹ, 

2015 ɝ.; 6-ɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɧɚɧɨɦɚɬɟɪɢɚɥɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɢɧɬɟɧɫɢɜɧɨɣ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɟɣ, NanoSPD6, Ɇɟɰ, Ɏɪɚɧɰɢɹ, 2014 ɝ. ɢ ɞɪ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɦɚɬɢɱɟɫɤɢɦɢ ɩɥɚɧɚɦɢ ɇɂɈɄɊ ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɨ 
ɪɹɞɭ ɩɪɨɟɤɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ:  

 Ɏɐɉ № 14.575.21.0094 2014-2016 ɝɝ. «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɚɞɚɩɬɢɜɧɵɯ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɨɛɥɚɞɚɸɳɟɝɨ ɫɜɨɣɫɬɜɚɦɢ ɩɚɦɹɬɢ ɮɨɪɦɵ ɧɢɬɢɧɨɥɚ 
ɦɟɞɢɰɢɧɫɤɨɝɨ ɢ ɨɛɳɟɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ»; 

 Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɡɚɞɚɧɢɟ №11.1495.2017/ɉɑ 2017-2019 ɝɝ. «Ɋɚɡɪɚɛɨɬɤɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɫɧɨɜ ɩɨɥɭɱɟɧɢɹ ɨɛɴɟɦɧɵɯ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɫɩɥɚɜɨɜ Ti-Ni ɫ 
ɩɨɜɵɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɚɦɹɬɢ ɮɨɪɦɵ ɦɟɬɨɞɚɦɢ ɤɜɚɡɢɧɟɩɪɟɪɵɪɵɜɧɨɣ ɢɧɬɟɧɫɢɜɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ». 
 

ɉɭɛɥɢɤɚɰɢɢ  
Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ ɜ 28 ɩɟɱɚɬɧɵɯ ɪɚɛɨɬɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ 7 ɜ 

ɢɡɞɚɧɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ (ɢɡ ɧɢɯ 6 ɢɧɞɟɤɫɢɪɭɸɬɫɹ ɜ ɛɚɡɚɯ Web of Science ɢ/ɢɥɢ Scopus), 

ɨɮɨɪɦɥɟɧɨ 3 ɧɨɭ-ɯɚɭ. 
 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ 

 Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɝɥɚɜ, ɜɵɜɨɞɨɜ ɢ ɬɪɟɯ ɩɪɢɥɨɠɟɧɢɣ. 
Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 153 ɥɢɫɬɚɯ ɮɨɪɦɚɬɚ Ⱥ4, ɫɨɞɟɪɠɢɬ 78 ɪɢɫɭɧɤɨɜ ɢ 13 ɬɚɛɥɢɰ. ɋɩɢɫɨɤ 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜɤɥɸɱɚɟɬ 160 ɧɚɢɦɟɧɨɜɚɧɢɣ.  
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ɉɨɥɭɱɟɧɧɵɟ ɧɚɝɪɚɞɵ 

Ⱦɢɩɥɨɦ ɥɚɭɪɟɚɬɚ ɤɨɧɤɭɪɫɚ «Ɇɨɥɨɞɵɟ ɭɱɟɧɵɟ» XX, XXI ɢ XXIII Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɜɵɫɬɚɜɤɢ «Ɇɟɬɚɥɥ ɗɤɫɩɨ», ɜ 2014, 2015 ɢ 2017 ɝɝ.; ɞɢɩɥɨɦ ɡɚ ɥɭɱɲɢɣ ɭɫɬɧɵɣ 
ɞɨɤɥɚɞ ɫɪɟɞɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɧɚ VII-ɨɣ ɢ VIII-ɨɣ ȿɜɪɚɡɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɱɧɨɫɬɶ ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɬɪɭɤɬɭɪ ɉɊɈɋɌ» ɜ 2014 ɢ 2016 ɝɝ.; ɝɪɚɧɬ ɩɨɛɟɞɢɬɟɥɹ 
ɩɪɨɝɪɚɦɦɵ «ɍɆɇɂɄ» ɮɨɧɞɚ ɫɨɞɟɣɫɬɜɢɹ ɪɚɡɜɢɬɢɸ ɦɚɥɵɯ ɮɨɪɦ ɩɪɟɞɩɪɢɹɬɢɣ ɜ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɫɮɟɪɟ ɧɚ 2014-2016 ɝɝ.; ɞɢɩɥɨɦ ɩɨɛɟɞɢɬɟɥɹ ɤɨɧɮɟɪɟɧɰɢɢ ɜ ɪɚɦɤɚɯ 68-ɯ ɢ 69-ɯ Ⱦɧɟɣ 
ɧɚɭɤɢ ɇɂɌɍ «Ɇɂɋɢɋ» ɜ 2013 ɢ 2014 ɝɝ.; ɩɨɛɟɞɢɬɟɥɶ ɤɨɧɤɭɪɫɚ ɧɚ ɩɨɥɭɱɟɧɢɟ 
ɫɬɢɩɟɧɞɢɢ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɨɛɭɱɟɧɢɹ ɡɚ ɪɭɛɟɠɨɦ ɜ 2013/2014, 2015/2016, 2016/2017 ɝɝ. ɢ ɞɥɹ 
ɨɛɭɱɚɸɳɢɯɫɹ ɩɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɜ 2017/2018 ɝɝ. ɢ ɞɪ. 

 

Ʌɢɱɧɵɣ ɜɤɥɚɞ  
Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɢ ɜ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ ɩɨ ɬɟɦɟ 

ɪɚɛɨɬɵ, ɩɨɥɭɱɟɧɵ ɥɢɱɧɨ ɚɜɬɨɪɨɦ. Ɉɧ ɩɪɢɧɢɦɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɰɟɥɢ, 
ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱ, ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɮɨɪɦɭɥɢɪɨɜɤɟ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ ɢ ɜɵɜɨɞɨɜ, ɚ ɬɚɤɠɟ ɧɚɩɢɫɚɧɢɢ ɫɬɚɬɟɣ.  

Ɋɭɤɨɜɨɞɫɬɜɨ ɪɚɛɨɬɨɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɞ.ɮ.-ɦ.ɧ., ɩɪɨɮɟɫɫɨɪ 
ɋ.Ⱦ. ɉɪɨɤɨɲɤɢɧ ɢ ɧɚɭɱɧɵɣ ɤɨɧɫɭɥɶɬɚɧɬ ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ɂ.ɘ. ɏɦɟɥɟɜɫɤɚɹ (ɇɂɌɍ «Ɇɂɋɢɋ»). 
ɑɚɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɜ Ɍɍ «Ɏɪɚɣɛɟɪɝɫɤɚɹ ɝɨɪɧɚɹ ɚɤɚɞɟɦɢɹ» 
(Ƚɟɪɦɚɧɢɹ) ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɞ-ɪ ɢɧɠ., ɩɪɨɮɟɫɫɨɪɚ Ɋ. Ʉɚɜɚɥɥɵ ɢ ɞ-ɪ ɢɧɠ. Ƚ. Ʉɨɪɩɚɥɵ. 
 

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ 

Ƚɥɚɜɚ 1 Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɯɚɧɢɡɦɵ ɷɮɮɟɤɬɚ ɩɚɦɹɬɢ ɮɨɪɦɵ ɋɉɎ ɧɚ ɨɫɧɨɜɟ Ti-Ni, 

ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɮɚɤɬɨɪɵ, 
ɜɥɢɹɸɳɢɟ ɧɚ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɚɰɢɢ. ɉɪɟɞɫɬɚɜɥɟɧ ɨɛɡɨɪ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɌɆɈ, 

ɜɤɥɸɱɚɸɳɟɣ ɢɧɬɟɧɫɢɜɧɭɸ ɩɥɚɫɬɢɱɟɫɤɭɸ (ɦɟɝɚɩɥɚɫɬɢɱɟɫɤɭɸ) ɞɟɮɨɪɦɚɰɢɸ, ɧɚ ɫɬɪɭɤɬɭɪɭ, 
ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɋɉɎ ɧɚ ɨɫɧɨɜɟ Ti-Ni ɢ ɩɨɤɚɡɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɫɯɟɦ ɞɟɮɨɪɦɚɰɢɢ ɫ ɰɟɥɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɨɛɴɟɦɧɵɯ 
ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni ɇɄ ɫɬɪɭɤɬɭɪɵ ɢ ɪɟɚɥɢɡɚɰɢɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ 
ɨɫɧɨɜɧɵɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɛɨɬɵ. 
 

Ƚɥɚɜɚ 2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ (ɬɚɛɥɢɰɚ 1) ɢ ɌɆɈ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ, 
ɨɩɢɫɚɧɵ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɩɪɭɬɤɢ ɢɡ ɫɩɥɚɜɨɜ 1 ɢ 2 ɞɢɚɦɟɬɪɨɦ 5 ɦɦ ɢ ɜɵɫɨɬɨɣ 10 ɦɦ. Ʉɨɧɬɪɨɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɜɤɥɸɱɚɥɚ 
ɧɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 700 °ɋ (30 ɦɢɧ) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɜɨɞɟ. ɉɥɚɫɬɨɦɟɬɪɢɱɟɫɤɢɟ 
ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɠɚɬɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɦɩɥɟɤɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ WUMSI ɩɪɢ 
ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ 0,1; 1 ɢ 5 ɫ-1 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 20 ɞɨ 900 °C. Ɉɛɪɚɛɨɬɤɭ 
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ AUK – Index Version 3.0. 
 

Ɍɚɛɥɢɰɚ 1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ 

ɋɩɥɚɜ 
Ni 

ɦɚɫɫ. % / ɚɬ. % 

Ti 

ɦɚɫɫ. % 

ɉɪɢɦɟɫɢ ɜ ɦɚɫɫ. % 

C O N H Ɉɫɬ. 

1 54,95 / 50,0 ɛɚɥɚɧɫ 0,038 0,038 0,002 ɧɟ ɛɨɥɟɟ 0,001 ɧɟ ɛɨɥɟɟ 0,1 

2 55,80 / 50,8 ɛɚɥɚɧɫ 0,020 0,050 0,002 ɧɟ ɛɨɥɟɟ 0,001 ɧɟ ɛɨɥɟɟ 0,1 

3 55,25 / 50,2 ɛɚɥɚɧɫ 0,035 0,030 0,002 ɧɟ ɛɨɥɟɟ 0,001  ɧɟ ɛɨɥɟɟ 0,1 

4 54,98 / 50,0 ɛɚɥɚɧɫ 0,040 0,030 0,003 ɧɟ ɛɨɥɟɟ 0,001 ɧɟ ɛɨɥɟɟ 0,1 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ 1 ɢ 2 ɩɨɫɥɟ ɨɫɚɞɤɢ ɨɛɪɚɡɰɨɜ, 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨ ɫɤɨɪɨɫɬɶɸ 1 ɫ-1 ɞɨ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ е = 0,5 ɩɪɨɜɨɞɢɥɢ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 100 ɞɨ 900 °C.  Ɉɛɪɚɡɰɵ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɞɜɭɯ ɫɨɫɬɨɹɧɢɹɯ: 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ (ɉȾɈ). ɉȾɈ ɫɩɥɚɜɚ 1 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ 400 °ɋ (1 ɱ), ɫɩɥɚɜɚ 2 −  ɩɪɢ 430 °ɋ (1 ɱ). ɇɟɦɟɞɥɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɩɨɫɥɟ ɜɫɟɯ 
ɨɛɪɚɛɨɬɨɤ ɩɪɨɜɨɞɢɥɢ ɜ ɜɨɞɟ. 

ɋɩɥɚɜɵ 3 ɢ 4 ɞɟɮɨɪɦɢɪɨɜɚɥɢ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚ ɦɨɞɭɥɟ ɦɧɨɝɨɨɫɟɜɨɣ 
ɞɟɮɨɪɦɚɰɢɢ MaxStrain ɤɨɦɩɥɟɤɫɚ Gleeble.  Ɉɛɪɚɡɰɵ ɫ ɢɫɯɨɞɧɨɣ ɪɚɛɨɱɟɣ (ɞɟɮɨɪɦɢɪɭɟɦɨɣ) 
ɡɨɧɨɣ ɪɚɡɦɟɪɨɦ 10ɯ10ɯ11ɦɦ ɞɟɮɨɪɦɢɪɨɜɚɥɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 0,5 ɦɦ/ɫ ɢ ɫ ɩɚɭɡɨɣ ɦɟɧɟɟ 5 ɫ ɦɟɠɞɭ 
ɨɛɠɚɬɢɹɦɢ ɩɪɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2. Ɋɚɛɨɱɚɹ ɱɚɫɬɶ 
ɨɛɪɚɡɰɚ ɞɟɮɨɪɦɢɪɭɟɬɫɹ ɫɠɚɬɢɟɦ ɞɜɭɦɹ ɛɨɣɤɚɦɢ, ɡɚɬɟɦ ɨɛɪɚɡɟɰ ɩɨɜɨɪɚɱɢɜɚɸɬ ɧɚ 90° ɜɨɤɪɭɝ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɢ ɩɨɜɬɨɪɧɨ ɞɟɮɨɪɦɢɪɭɸɬ (ɪɢɫɭɧɨɤ 1). Ⱦɚɥɟɟ, ɨɛɪɚɡɟɰ ɩɨɜɨɪɚɱɢɜɚɸɬ ɨɛɪɚɬɧɨ ɧɚ 
90° ɢ ɫɧɨɜɚ ɞɟɮɨɪɦɢɪɭɸɬ. ɗɬɨɬ ɰɢɤɥ ɩɨɜɬɨɪɹɥɢ ɦɧɨɝɨɤɪɚɬɧɨ. 

 

 
Ɋɢɫɭɧɨɤ 1 – ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɦɨɞɭɥɹ MaxStrain 

 

Ɍɚɛɥɢɰɚ 2  Ɍɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ  
№ Ɉɛɪɚɛɨɬɤɚ Ɍɟɦɩɟɪɚɬɭɪɚ 

ɞɟɮɨɪɦɚɰɢɢ, °C 

Ʉɨɥɢɱɟɫɬɜɨ 

ɨɛɠɚɬɢɣ 

ɋɬɟɩɟɧɶ ɧɚɤɨɩɥɟɧɧɨɣ 
ɢɫɬɢɧɧɨɣ ɞɟɮɨɪɦɚɰɢɹ 

Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɭɫɢɥɢɟ, ɤɇ 

ɋɩɥɚɜ 3 

1 MS1 400 6 3,5 115 

ɋɩɥɚɜ 4 

2 MS2 400 10 4,6 110 

3 MS4 370 10 4,6 117 

4 MS5 370 10 6,6 148 

5 MS6 350 10 6,6 154 

6 MS7 350 14 9,5 159 

7 MS8 330 14 9,5 168 

8 MS11 250 17 11 180 

 

 ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɪɬɟɧɫɢɬɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ (Ɇɉ) ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ) ɧɚ ɤɚɥɨɪɢɦɟɬɪɟ Mettler Toledo. 

Ɉɯɥɚɠɞɟɧɢɟ ɢ ɧɚɝɪɟɜ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 10 °ɋ/ɦɢɧ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 
ɦɢɧɭɫ 100 ɞɨ 140 °ɋ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ 1 ɢ 2 ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɜɟɬɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ 
UNION ɢ ɷɥɟɤɬɪɨɧɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ ɦɢɤɪɨɫɤɨɩɟ Tescan Vega 3. Ɋɚɡɦɟɪ ɡɟɪɟɧ ɨɩɪɟɞɟɥɹɥɢ 
ɦɟɬɨɞɨɦ ɫɥɭɱɚɣɧɵɯ ɫɟɤɭɳɢɯ. 

ɗɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɢɯ ɷɥɟɤɬɪɨɧɧɵɯ 
ɦɢɤɪɨɫɤɨɩɚɯ JEM 200ɋХ ɢ JEM 2100. 
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Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɚɯ Brucker D8 Advance, 

Ultima IV Rigaku ɢ ДɊɈɇ-3.0. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɫɧɢɦɚɥɢ ɜ CuKα ɢɡɥɭɱɟɧɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɪɢ 150 °ɋ. 

ɉɚɪɚɦɟɬɪɵ ɪɟɲɟɬɤɢ ɦɨɧɨɤɥɢɧɧɨɝɨ ȼ19-ɦɚɪɬɟɧɫɢɬɚ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ, ɚ ȼ2-ɚɭɫɬɟɧɢɬɚ – ɦɟɬɨɞɨɦ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɧɚ θ = 90°. 
 Ɍɜɟɪɞɨɫɬɶ ɩɨ ȼɢɤɤɟɪɫɭ ɢɡɦɟɪɹɥɢ ɧɚ ɬɜɟɪɞɨɦɟɪɟ Ɇетолɚɛ 421 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɨɞ ɧɚɝɪɭɡɤɨɣ 1 ɇ ɫ ɜɵɞɟɪɠɤɨɣ 10 ɫ. 
 Ɉɫɧɨɜɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɋɉɎ: ɩɨɥɧɭɸ ɨɛɪɚɬɢɦɭɸ ɞɟɮɨɪɦɚɰɢɸ 𝜀𝑟𝑡 ɢ ɟё 
ɫɨɫɬɚɜɥɹɸɳɢɟ (ɭɩɪɭɝɭɸ 𝜀 , ɨɛɪɚɬɢɦɭɸ ɡɚ ɫɱɟɬ ɷɮɮɟɤɬɚ ɩɚɦɹɬɢ ɮɨɪɦɵ 𝜀𝑟эп˗

 ɢ ɨɫɬɚɬɨɱɧɭɸ 
ɧɟɨɛɪɚɬɢɦɭɸ 𝜀 ), ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɭɸ ɞɟɮɨɪɦɚɰɢɸ (𝜀𝑟,1𝑚𝑎𝑥), ɫɬɟɩɟɧɶ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ (ɋȼɎ) ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ ɨɩɪɟɞɟɥɹɥɢ 
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ⱦɟɮɨɪɦɚɰɢɸ ɧɚɜɨɞɢɥɢ ɢɡɝɢɛɨɦ ɨɛɪɚɡɰɨɜ ɜɨɤɪɭɝ ɨɩɪɚɜɨɤ 
ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ, ɡɚɬɟɦ ɪɚɡɝɪɭɠɚɥɢ ɢ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɧɚɝɪɟɜɟ ɮɢɤɫɢɪɨɜɚɥɢ ɨɫɬɚɬɨɱɧɭɸ 
ɧɟɨɛɪɚɬɢɦɭɸ ɞɟɮɨɪɦɚɰɢɸ 𝜀 . Ⱦɟɮɨɪɦɚɰɢɸ ɨɛɪɚɡɰɨɜ ɫɩɥɚɜɨɜ 1, 3 ɢ 4 ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɫɩɥɚɜɚ 2 − ɜ ɠɢɞɤɨɦ ɚɡɨɬɟ. 
 ɂɫɯɨɞɹ ɢɡ ɭɱɟɬɚ ɪɚɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɚɦɹɬɢ ɮɨɪɦɵ (ɷɮɮɟɤɬ ɩɚɦɹɬɢ ɮɨɪɦɵ – ɗɉɎ ɢ 
ɫɜɟɪɯɭɩɪɭɝɨɫɬɶ – ɋɍ), ɨɛɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɨɰɟɧɢɜɚɥɢ ɩɨ ɫɭɦɦɚɪɧɨɣ 
ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɡɚ ɫɱɟɬ ɪɟɚɥɢɡɚɰɢɢ ɗɉɎ ɢ ɋɍ, ɬ.ɟ. ɩɨ ɜɟɥɢɱɢɧɟ: 𝜀𝑟𝑡 =  𝜀𝑟эп˗ + 𝜀𝑟с˖

. 

ɉɨɫɤɨɥɶɤɭ ɭɫɥɨɜɢɹ ɩɪɨɜɨɞɢɦɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɩɨɡɜɨɥɹɥɢ ɜɵɞɟɥɢɬɶ ɜɨɡɦɨɠɧɭɸ 
ɫɜɟɪɯɭɩɪɭɝɭɸ ɞɟɮɨɪɦɚɰɢɸ 𝜀𝑟с˖

 ɢɡ ɪɟɝɢɫɬɪɢɪɭɟɦɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ «ɤɚɠɭɳɟɣɫɹ» ɭɩɪɭɝɨɣ 𝜀 , 

ɨɰɟɧɤɭ ɫɩɨɫɨɛɧɨɫɬɢ ɫɩɥɚɜɚ ɤ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɩɪɨɜɨɞɢɥɢ ɩɨ ɜɟɥɢɱɢɧɟ ɩɨɥɧɨɣ ɨɛɪɚɬɢɦɨɣ 
ɞɟɮɨɪɦɚɰɢɢ: 𝜀𝑟𝑡 =  𝜀𝑟эп˗ + 𝜀𝑟с˖ = 𝜀𝑡 − 𝜀  ɢ ɫɬɟɩɟɧɢ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ: СВФ𝑡 = 𝜀𝑟𝑡/𝜀𝑡 , ɝɞɟ 𝜀𝑡 - ɩɨɥɧɚɹ ɧɚɜɨɞɢɦɚɹ ɞɟɮɨɪɦɚɰɢɹ. ɉɪɢ ɷɬɨɦ ɞɚɧɧɵɟ ɩɨ 𝜀𝑟эп˗ɢ 𝜀𝑖  

(ɧɚɜɟɞɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ) ɧɟ ɬɟɪɹɸɬ ɫɜɨɟɣ ɜɚɠɧɨɫɬɢ, ɬ.ɤ. ɨɩɢɫɵɜɚɸɬ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɢɦɟɧɧɨ ɡɚ ɫɱɟɬ ɗɉɎ ɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɨɰɟɧɤɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɩɨɫɥɟ  
MS-ɞɟɮɨɪɦɚɰɢɢ.  

 

Ƚɥɚɜɚ 3 Ⱥɧɚɥɢɡ ɞɢɚɝɪɚɦɦ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɋɉɎ Ti-Ni ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɫɩɥɚɜɨɜ 1 ɢ 2 ɞɨ 

e = 0,9 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 900 ɞɨ 100 °ɋ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ 0,1; 1 ɢ 5 c-1. Ɏɨɪɦɚ 
ɤɪɢɜɵɯ ɬɟɱɟɧɢɹ ɨɛɨɢɯ ɫɩɥɚɜɨɜ ɨɬɜɟɱɚɟɬ ɨɛɳɢɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ ɝɨɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɤɭɪɟɧɰɢɟɣ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɢ ɪɚɡɭɩɪɨɱɧɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɭɱɚɟɬ ɜɫɟ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɭɠɟ ɜ ɯɨɞɟ ɞɟɮɨɪɦɚɰɢɢ. 
ȼ ɫɩɥɚɜɟ 2 ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɤɟɥɹ ɩɨɫɥɟ ɜɫɟɯ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ ɭɪɨɜɟɧɶ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜɵɲɟ, ɱɟɦ ɭ ɫɩɥɚɜɚ 1 (ɪɢɫɭɧɨɤ 2). 

ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ ɨɬ 900 ɞɨ 600 °ɋ ɤɪɢɜɵɟ ɬɟɱɟɧɢɹ ɫɩɥɚɜɚ 1 ɢ 2 

ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ (ɜ ɩɪɟɞɟɥɚɯ е = 0,1) ɜɵɯɨɞɹɬ ɧɚ ɭɫɬɚɧɨɜɢɜɲɭɸɫɹ ɫɬɚɞɢɸ (ɪɢɫɭɧɨɤ 2 ɚ, ɝ). 

ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɫɦɟɳɚɟɬ ɧɚɱɚɥɨ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ 
ɫɬɚɞɢɢ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ. ɏɚɪɚɤɬɟɪ ɬɟɱɟɧɢɹ ɫɩɥɚɜɚ 1 ɦɟɧɹɟɬɫɹ 
ɧɚɱɢɧɚɹ ɫ ɬɟɦɩɟɪɚɬɭɪɵ 500 °ɋ: ɩɪɢ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ (𝑒 ̇ = 1 ɢ 5 ɫ-1) ɧɚɩɪɹɠɟɧɢɟ 
ɬɟɱɟɧɢɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɩɨɥɨɝɢɣ ɦɚɤɫɢɦɭɦ, ɡɚɬɟɦ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ Δσ ≈ 50 Ɇɉɚ ɢ ɜɵɯɨɞɢɬ ɧɚ 
ɭɫɬɚɧɨɜɢɜɲɭɸɫɹ ɫɬɚɞɢɸ; ɜ ɫɩɥɚɜɟ 2 ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɚɱɢɧɚɟɬɫɹ ɪɚɧɶɲɟ – ɩɪɢ 600 °ɋ. 

ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɞɨ 300 °ɋ ɪɨɫɬ ɧɚɩɪɹɠɟɧɢɹ ɬɟɱɟɧɢɹ ɫɦɟɧɹɟɬɫɹ 
ɜɵɯɨɞɨɦ ɧɚ ɭɫɬɚɧɨɜɢɜɲɭɸɫɹ ɫɬɚɞɢɸ ɩɪɢ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ e ɛɨɥɟɟ 0,5 ɩɪɢ �̇� = 5 ɫ-1, ɚ ɜ ɫɥɭɱɚɟ �̇� = 1 ɢ 0,1 ɫ-1 ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɫɬɚɞɢɹ ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ 300 °ɋ ɞɥɹ 
ɫɩɥɚɜɨɜ 1 ɢ 2 ɹɜɥɹɟɬɫɹ ɝɪɚɧɢɱɧɨɣ ɦɟɠɞɭ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ (ɫ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɫɬɚɞɢɟɣ – 

ɪɢɫɭɧɨɤ 2 ɛ, ɞ) ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ (ɛɟɡ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɫɬɚɞɢɢ – ɪɢɫɭɧɨɤ 2 ɜ, ɟ) ɬɢɩɚɦɢ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɜɟɞɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 2 – Ʉɪɢɜɵɟ ɬɟɱɟɧɢɹ ɫɩɥɚɜɚ 1 (ɚ-ɜ) ɢ 2 (ɝ-ɟ) ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ  

0,1; 1 ɢ 5 ɫ- 1 ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 900, 400 ɢ 200 °ɋ 

 

ȼ ɫɥɭɱɚɟ ɞɟɮɨɪɦɚɰɢɢ ɨɛɨɢɯ ɫɩɥɚɜɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɛɥɸɞɚɥɢ ɧɚɢɛɨɥɟɟ 
ɫɢɥɶɧɨɟ ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɢ ɩɪɢ e = 0,3-0,35 ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɨɜ. 
ɉɨɷɬɨɦɭ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɯɨɥɨɞɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɛɟɡ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɬɠɢɝɨɜ ɜ ɰɢɤɥɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɫɫɢɜɧɵɯ 
ɡɚɝɨɬɨɜɨɤ ɢɡ ɧɢɤɟɥɢɞɚ ɬɢɬɚɧɚ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɤɪɢɜɵɯ ɬɟɱɟɧɢɹ ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɜɵɜɨɞ ɨ ɞɨɫɬɢɠɟɧɢɢ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ 
ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɥɚɝɨɩɪɢɹɬɧɨɣ 
ɞɢɧɚɦɢɱɟɫɤɢ ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ  
(ɨɬ 300 ɞɨ 500 °ɋ) ɢ ɫɤɨɪɨɫɬɟɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ ɛɨɥɟɟ 0,5. 

Ⱥɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɟɱɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɤɨɪɨɫɬɢ 
ɞɟɮɨɪɦɚɰɢɢ ɜɵɹɜɥɹɟɬ ɪɚɡɥɢɱɢɟ ɜ ɯɚɪɚɤɬɟɪɟ ɢɡɦɟɧɟɧɢɹ σmax ɜ ɫɩɥɚɜɚɯ 1 ɢ 2 (ɪɢɫɭɧɨɤ 3 ɚ). Ɂɧɚɱɟɧɢɹ 
σmax ɫɩɥɚɜɚ 1 ɩɥɚɜɧɨ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ. ɉɪɢɱɟɦ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɭɦɟɧɶɲɟɧɢɹ σmax ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɨɬɪɟɡɤɟ, ɚ 
ɡɚɬɟɦ ɷɬɨɬ ɩɪɨɰɟɫɫ «ɡɚɬɭɯɚɟɬ» ɩɨ ɦɟɪɟ ɪɨɫɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ. Ɍɚɤɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɪɚɡɜɢɬɢɹ ɜ ɫɭɛɫɬɪɭɤɬɭɪɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɥɥɚ 
ɩɪɨɰɟɫɫɨɜ ɜɨɡɜɪɚɬɚ, ɧɟ ɭɫɥɨɠɧɟɧɧɨɝɨ ɧɚɥɨɠɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɬɚɪɟɧɢɹ.  

 

 
Ɋɢɫɭɧɨɤ 3 – Ɂɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ σmax (ɚ) ɢ ɩɚɪɚɦɟɬɪɚ emax (ɛ) ɫɩɥɚɜɨɜ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ 
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ȼ ɫɬɚɪɟɸɳɟɦ ɠɟ ɫɩɥɚɜɟ 2 ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɨɬ ɱɚɫɬɢɰ ɜɵɞɟɥɹɸɳɟɣɫɹ ɮɚɡɵ 
Ti3Ni4 (ɫɦ. ɝɥɚɜɭ 4) ɢ ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɢɦɢ ɬɨɪɦɨɠɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɜɪɚɬɚ ɢ 
ɩɨɥɢɝɨɧɢɡɚɰɢɢ ɡɚɦɟɞɥɹɸɬ ɩɚɞɟɧɢɟ σmax (ɪɢɫɭɧɨɤ 3 ɚ). ɉɨɷɬɨɦɭ ɨɛɥɚɫɬɶ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ 2 ɫɞɜɢɝɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ ɜɵɲɟ 400 °ɋ.  

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ еmax (ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɢɤɭ ɢɥɢ 
ɧɚɱɚɥɭ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɫɬɚɞɢɢ ɧɚ ɤɪɢɜɨɣ ɬɟɱɟɧɢɹ) ɜ ɫɩɥɚɜɚɯ 1 ɢ 2 ɬɚɤɠɟ ɪɚɡɥɢɱɟɧ. Ɂɧɚɱɟɧɢɹ еmax 

ɫɩɥɚɜɚ 1 ɪɟɡɤɨ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɨɬ 300 ɞɨ 600 °ɋ  
(ɪɢɫɭɧɨɤ 3 ɛ) ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ ɧɚ ɭɪɨɜɧɟ ɧɟ ɜɵɲɟ 0,1 ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɨɫɬɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɞɟɮɨɪɦɚɰɢɢ. ȼ ɫɩɥɚɜɟ 2 (ɪɢɫɭɧɨɤ 3 ɛ) еmax ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ 
ɝɨɪɚɡɞɨ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɜ ɫɩɥɚɜɟ 1, ɩɪɢɱɢɧɨɣ ɱɟɝɨ ɬɚɤɠɟ ɜɵɫɬɭɩɚɟɬ ɬɨɪɦɨɡɹɳɟɟ ɜɥɢɹɧɢɟ ɱɚɫɬɢɰ 
ɜɵɞɟɥɹɸɳɟɣɫɹ ɮɚɡɵ Ti3Ni4. 

ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ – ɧɚɛɨɪ ɤɪɢɜɵɯ ɬɟɱɟɧɢɹ ɢ ɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɣ – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɡɭ 
ɞɚɧɧɵɯ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ ɜ 
ɭɫɥɨɜɢɹɯ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ. 
 

Ƚɥɚɜɚ 4 ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɋɉɎ Ti-Ni, ɩɨɞɜɟɪɝɧɭɬɵɯ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɢ 

ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɦɭ ɨɬɠɢɝɭ 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ 
ɫɜɨɣɫɬɜ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɛɥɚɝɨɩɪɢɹɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɋɉɎ Ti-Ni ɜɵɛɪɚɥɢ ɧɚɢɛɨɥɟɟ 
ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɣ ɞɟɮɨɪɦɚɰɢɨɧɧɵɣ ɪɟɠɢɦ: ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ e = 0,5 ɩɪɢ ɫɤɨɪɨɫɬɢ �̇� = 1 ɫ-1. 

Ⱦɟɮɨɪɦɚɰɢɸ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 100 ɞɨ 900 °ɋ. ɉȾɈ ɫɩɥɚɜɚ 1 ɩɪɨɜɨɞɢɥɢ ɩɪɢ 
400 °ɋ, ɚ ɫɩɥɚɜɚ 2 – ɩɪɢ 430 °ɋ, ɱɬɨ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɷɬɢɯ ɫɩɥɚɜɨɜ (450 ɢ 
550 °ɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɫɬɪɚɧɟɧɢɹ ɢɡɛɵɬɨɱɧɨɝɨ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɧɚɤɥɟɩɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɩɟɪɚɰɢɸ ɡɚɞɚɧɢɹ ɪɚɛɨɱɟɣ («ɜɫɩɨɦɢɧɚɟɦɨɣ») 
ɮɨɪɦɵ ɤɨɧɟɱɧɨɦɭ ɢɡɞɟɥɢɸ. 

ɗɥɟɤɬɪɨɧɧɨɦɢɤɪɨɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɩɥɚɜɚ 1 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ 
ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ ɚɭɫɬɟɧɢɬɚ ɜɭɚɥɢɪɭɸɬɫɹ ɫɭɛɫɬɪɭɤɬɭɪɨɣ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ȼ19'-ɦɚɪɬɟɧɫɢɬɚ, ɩɨɫɤɨɥɶɤɭ ɞɢɫɥɨɤɚɰɢɨɧɧɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɚɭɫɬɟɧɢɬɚ ɧɚɫɥɟɞɭɟɬɫɹ ɦɚɪɬɟɧɫɢɬɨɦ, ɤɨɬɨɪɵɣ ɧɚɤɥɚɞɵɜɚɟɬ ɧɚ ɧɟɟ ɫɨɛɫɬɜɟɧɧɭɸ ɞɢɫɥɨɤɚɰɢɨɧɧɭɸ 
ɫɭɛɫɬɪɭɤɬɭɪɭ. ɗɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɫɥɟ 
ɞɟɮɨɪɦɚɰɢɢ ɜ ɧɢɠɧɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ (100-400 °ɋ). Ɍɨɥɶɤɨ ɩɨɫɥɟ 
ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɚ 1 ɩɪɢ 500 °ɋ, ɤɨɝɞɚ ɦɚɪɬɟɧɫɢɬ  
ɧɚɫɥɟɞɭɟɬ ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɜ ɚɭɫɬɟɧɢɬɟ ɱɟɬɤɢɟ 
ɫɭɛɝɪɚɧɢɰɵ, ɧɚ ɮɨɧɟ ɤɪɢɫɬɚɥɥɨɜ ɜɢɞɧɵ 
ɭɧɚɫɥɟɞɨɜɚɧɧɵɟ ɢɦɢ ɫɭɛɡɟɪɧɚ ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɨɣ 
ɫɭɛɫɬɪɭɤɬɭɪɵ ɚɭɫɬɟɧɢɬɚ (ɪɢɫɭɧɨɤ 4). Ɍɚɤɨɟ 
ɫɨɫɬɨɹɧɢɟ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ 
ɩɟɪɟɯɨɞɧɨɟ ɨɬ ɞɢɧɚɦɢɱɟɫɤɢ ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɨɝɨ ɤ 
ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɦɭ, ɩɨɫɤɨɥɶɤɭ ɦɟɫɬɚɦɢ 
ɤɪɢɫɬɚɥɥɵ ȼ19'-ɦɚɪɬɟɧɫɢɬɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɧɭɬɪɢ 
ɦɟɥɤɢɯ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɡɟɪɟɧ (2-5 ɦɤɦ). 
ɋɬɪɭɤɬɭɪɚ ɚɭɫɬɟɧɢɬɚ ɫɩɥɚɜɚ 1 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɢ 600 °ɋ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɚ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɢ 700 °ɋ ɩɨɥɧɨɫɬɶɸ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ 2 
ɜ ɫɜɟɬɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɪɟɞɧɢɣ 
ɪɚɡɦɟɪ ɡɟɪɧɚ B2-ɚɭɫɬɟɧɢɬɚ, ɢɡɦɟɪɟɧɧɵɣ ɩɨɫɥɟ 
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 100 ɞɨ 600 °ɋ, ɫ 

 

 
Ɋɢɫɭɧɨɤ 4  ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ 1 ɩɨɫɥɟ 

ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 500 °ɋ. 
ɉɪɨɫɜɟɱɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ 

ɦɢɤɪɨɫɤɨɩɢɹ 
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ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 16 ɞɨ 22 ɦɤɦ, ɩɪɢ ɷɬɨɦ 
ɜɵɬɹɧɭɬɚɹ ɮɨɪɦɚ ɡɟɪɧɚ ɫɨɯɪɚɧɹɟɬɫɹ (ɪɢɫɭɧɨɤ 5). ɗɬɨɬ ɪɨɫɬ ɤɚɠɭɳɢɣɫɹ ɩɨɫɤɨɥɶɤɭ ɩɪɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɜ ɪɚɫɱɟɬ ɦɨɝɥɢ ɜɨɣɬɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɩɨɥɨɫɵ, ɤɨɧɬɭɪɵ ɤɨɬɨɪɵɯ 
ɢɫɱɟɡɚɸɬ ɩɨ ɦɟɪɟ ɪɨɫɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɜɢɬɢɹ ɩɨɥɢɝɨɧɢɡɚɰɢɢ. Ⱦɟɮɨɪɦɚɰɢɹ ɩɪɢ 
700 °C ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɵɯ ɦɟɥɤɢɯ ɡɟɪɟɧ (ɡɚ ɫɱɟɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ), 
ɫɪɟɞɧɢɣ ɠɟ ɪɚɡɦɟɪ ɡɟɪɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ (23 ɦɤɦ, ɤɚɤ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɪɨɥɶɧɨɣ 
ɨɛɪɚɛɨɬɤɢ). ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɞɨ 900 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɧɨɣ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɞɨ 33 ɦɤɦ (ɪɢɫɭɧɨɤ 5).  

 

   
ɄɈ 250 °ɋ 400 °ɋ 

   
500 °ɋ 600 °ɋ 900 °ɋ 

Ɋɢɫɭɧɨɤ 5 − ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ 2 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɜɟɬɨɜɚɹ 
ɦɢɤɪɨɫɤɨɩɢɹ 

 

ɉɪɢ ɷɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɩɥɚɜɚ 2 ɫɪɚɜɧɢɜɚɥɢ ɫɬɪɭɤɬɭɪɧɵɟ 
ɫɨɫɬɨɹɧɢɹ, ɧɚɛɥɸɞɚɟɦɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200, 
400 ɢ 600 °C, ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɩɨɫɥɟ ɉȾɈ. 

Ⱦɟɮɨɪɦɚɰɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 200 °C ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɡɜɢɬɨɣ ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ 
ɫɭɛɫɬɪɭɤɬɭɪɵ ɫ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɢɫɥɨɤɚɰɢɣ ɧɚ ɮɨɧɟ ɩɨɥɨɫ ɞɟɮɨɪɦɚɰɢɢ ɢ/ɢɥɢ 
ɦɚɪɬɟɧɫɢɬɨɩɨɞɨɛɧɵɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɥɚɫɬɢɧ (ɪɢɫɭɧɨɤ 6 ɚ). Ɇɟɫɬɚɦɢ ɬɚɤɚɹ 
ɞɢɫɥɨɤɚɰɢɨɧɧɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɤɚɤ ɹɱɟɢɫɬɚɹ. ɇɚ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɟ ɢɞɟɧɬɢɮɢɰɢɪɭɸɬɫɹ ɪɟɮɥɟɤɫɵ ȼ2-ɚɭɫɬɟɧɢɬɚ ɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɪɟɮɥɟɤɫɵ R-ɮɚɡɵ. ɏɚɪɚɤɬɟɪɧɵɟ ɪɟɮɥɟɤɫɵ ɮɚɡ ɭɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ. ɉɨɢɫɤ ɪɟɮɥɟɤɫɨɜ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧɬɪɚɫɬɚ ɮɚɡɵ Ti3Ni4, ɤɨɬɨɪɚɹ ɦɨɝɥɚ ɛɵ ɨɛɪɚɡɨɜɚɬɶɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɬɚɪɟɧɢɹ, ɧɟ ɨɛɧɚɪɭɠɢɥ ɹɜɧɵɯ ɟɟ ɫɥɟɞɨɜ. 

ɉȾɈ ɩɪɢ 430 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɤɨɧɬɪɚɫɬɚ ɜ ɜɢɞɟ ɱɪɟɡɜɵɱɚɣɧɨ ɞɢɫɩɟɪɫɧɨɣ 
(ɧɚɧɨɪɚɡɦɟɪɧɨɣ) ɬɨɱɟɱɧɨɣ ɪɹɛɢ, ɜɭɚɥɢɪɭɸɳɟɣ ɞɢɫɥɨɤɚɰɢɨɧɧɭɸ ɫɭɛɫɬɪɭɤɬɭɪɭ ɢ ɨɬɬɟɧɹɸɳɟɣ 
ɝɪɚɧɢɰɵ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɥɨɫ ɜ ȼ2-ɚɭɫɬɟɧɢɬɟ ɢ ɤɪɢɫɬɚɥɥɨɜ R-ɮɚɡɵ. ɇɚ ɷɥɟɤɬɪɨɧɧɨ-

ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɟ ɩɨɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɱɟɧɶ ɫɥɚɛɵɟ ɢ ɪɚɡɦɵɬɵɟ ɪɟɮɥɟɤɫɵ. 
ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɭɞɚɥɨɫɶ ɚɬɪɢɛɭɬɢɪɨɜɚɬɶ ɤɚɤ ɪɟɮɥɟɤɫɵ ɮɚɡɵ Ti3Ni4 (ɪɢɫɭɧɨɤ 6 ɛ). 
ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɜɵɞɟɥɢɜɲɟɣɫɹ ɩɪɢ ɉȾɈ ɮɚɡɵ Ti3Ni4 ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɢ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨɦ 
ɚɧɚɥɢɡɟ ɬɟɦɧɨɩɨɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ ɪɟɮɥɟɤɫɚɯ ȼ2 (R) ɨɬ ɪɚɡɧɵɯ 
ɨɪɢɟɧɬɢɪɨɜɨɤ.  Ʉɚɠɞɚɹ ɬɟɦɧɚɹ ɨɛɥɚɫɬɶ ɧɚ ɨɛɨɢɯ ɬɟɦɧɨɩɨɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɫɨɞɟɪɠɢɬ ɪɨɫɫɵɩɶ 
ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɜɟɬɹɳɢɯɫɹ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɢ ɹɜɥɹɸɬɫɹ ɱɚɫɬɢɰɚɦɢ ɮɚɡɵ Ti3Ni4. 

Ⱦɟɮɨɪɦɚɰɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400 °ɋ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɡɜɢɬɨɣ 
ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ ȼ2-ɚɭɫɬɟɧɢɬɚ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɫɬɚɞɢɢ ɩɨɥɢɝɨɧɢɡɚɰɢɢ ɢ 

ɭɧɚɫɥɟɞɨɜɚɧɧɨɣ R-ɮɚɡɨɣ (ɪɢɫɭɧɨɤ 7 ɚ). ɉɪɢ ɷɬɨɦ ɭɠɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɧɚ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɨɱɟɧɶ ɫɥɚɛɵɟ ɢ ɪɚɡɦɵɬɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɮɥɟɤɫɵ, ɚ ɧɚ 



12 

 

ɬɟɦɧɨɩɨɥɶɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɜɵɹɜɥɹɟɬɫɹ ɪɨɫɫɵɩɶ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɜɟɬɹɳɢɯɫɹ ɬɨɱɟɤ –  ɱɚɫɬɢɰ 
ɮɚɡɵ Ti3Ni4. ɗɬɨ ɥɨɝɢɱɧɨ, ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
(400 °ɋ) ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ ɫɬɚɪɟɧɢɟ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɞɟɮɨɪɦɚɰɢɟɣ ɩɪɢ 200 °ɋ. 

ɉɨɫɥɟ ɉȾɈ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɫɟ ɬɪɢ ɮɚɡɵ, ɩɪɢɱɟɦ ɱɚɫɬɢɰɵ ɮɚɡɵ Ti3Ni4 ɡɚɦɟɬɧɨ ɩɨɞɪɚɫɬɚɸɬ 
(ɪɢɫɭɧɨɤ 6 ɛ). ɉɨɥɢɝɨɧɢɡɨɜɚɧɧɚɹ ɞɢɫɥɨɤɚɰɢɨɧɧɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ ɩɨɫɥɟ ɷɬɨɣ ɨɛɪɚɛɨɬɤɢ 
ɪɚɡɥɢɱɚɟɬɫɹ ɫ ɬɪɭɞɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɨɠɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ R-ɮɚɡɵ ɢ ɜɵɞɟɥɢɜɲɢɯɫɹ ɩɪɢ ɫɬɚɪɟɧɢɢ 
ɱɚɫɬɢɰ Ti3Ni4. 

 

   

ɚ 

    

 

 

 

 

ɛ 

Ɋɢɫɭɧɨɤ 6 − ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ 2 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 200 °C (ɚ) ɢ ɩɨɫɥɟ ɉȾɈ ɩɪɢ 
430 °ɋ (ɛ); ɫɩɪɚɜɚ ɧɚɥɟɜɨ: ɫɜɟɬɥɨɩɨɥɶɧɵɟ, ɬɟɦɧɨɩɨɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɞɢɮɪɚɤɰɢɨɧɧɵɟ 

ɤɚɪɬɢɧɵ (1 ɢ 2 – ɪɟɮɥɟɤɫɵ, ɜ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɬɟɦɧɨɩɨɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ) 
 

   

ɚ 

    

   

ɛ 

Ɋɢɫɭɧɨɤ 7 − ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ 2 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 400 °ɋ (ɚ) ɢ ɩɨɫɥɟ ɉȾɈ ɩɪɢ 430 °ɋ (ɛ); 
ɫɩɪɚɜɚ ɧɚɥɟɜɨ: ɫɜɟɬɥɨɩɨɥɶɧɵɟ, ɬɟɦɧɨɩɨɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ 
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ɉɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 600 °ɋ ɧɚɛɥɸɞɚɸɬɫɹ ɞɨɜɨɥɶɧɨ ɤɪɭɩɧɵɟ ɡɟɪɧɚ ɫ 
ɧɟɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɢɫɥɨɤɚɰɢɣ (ɨɤɨɥɨ 109 ɫɦ-2). ȼ ɫɬɪɭɤɬɭɪɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ȼ2-ɚɭɫɬɟɧɢɬ ɢ  
R-ɮɚɡɚ, ɚ ɩɪɢɡɧɚɤɨɜ ɩɪɢɫɭɬɫɬɜɢɹ ɮɚɡɵ Ti3Ni4 ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ɉȾɈ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɱɚɫɬɢɰ 
ɮɚɡɵ Ti3Ni4 ɛɨɥɟɟ ɤɪɭɩɧɵɯ, ɱɟɦ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ɉ ɞɟɮɨɪɦɚɰɢɨɧɧɨɦ ɭɩɪɨɱɧɟɧɢɢ ɫɩɥɚɜɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ ɫɭɞɢɥɢ ɩɨ 
ɢɡɦɟɧɟɧɢɸ ɬɜɟɪɞɨɫɬɢ ɢ ɲɢɪɢɧɵ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɢɧɢɣ (110) B2-ɚɭɫɬɟɧɢɬɚ ɢ  
(002) B19'-ɦɚɪɬɟɧɫɢɬɚ. 

 Ɍɜɟɪɞɨɫɬɶ ɫɩɥɚɜɚ 1 ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɦɟɧɶɲɟ, ɱɟɦ ɫɩɥɚɜɚ 2, ɧɚ 50-100 HV. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɨɬ 100 ɞɨ 900 °ɋ ɬɜɟɪɞɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. ɗɬɨ ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ 
ɦɟɞɥɟɧɧɟɟ ɜ ɫɩɥɚɜɟ 2 ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ ɧɢɠɟ 600 °ɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨɦɭ ɫɬɚɪɟɧɢɸ ɫɩɥɚɜɚ 2. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ 600 °ɋ ɢ ɜɵɲɟ ɬɜɟɪɞɨɫɬɶ 

ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɭɪɨɜɧɸ ɤɨɧɬɪɨɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɬɟɤɚɧɢɢ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

 Ɉɬɠɢɝ ɫɩɥɚɜɚ 1 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 200 °ɋ ɢ ɜɵɲɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɬɜɟɪɞɨɫɬɢ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ (ɪɢɫɭɧɨɤ 8). ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400 °ɋ ɜ ɫɩɥɚɜɟ 1 
ɟɳɟ ɫɨɯɪɚɧɹɟɬɫɹ ɪɚɡɜɢɬɚɹ ɞɢɫɥɨɤɚɰɢɨɧɧɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ ȼ2-ɚɭɫɬɟɧɢɬɚ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ 
ɞɢɫɥɨɤɚɰɢɣ, ɱɬɨ, ɜɢɞɢɦɨ, ɢ ɧɟ ɞɚɟɬ ɪɚɡɜɢɬɶɫɹ ɫɢɥɶɧɨɦɭ ɪɚɡɭɩɪɨɱɧɟɧɢɸ ɩɪɢ ɉȾɈ ɩɨɫɥɟ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. ȼ ɫɬɚɪɟɸɳɟɦ ɫɩɥɚɜɟ 2 ɫɢɬɭɚɰɢɹ ɨɬɥɢɱɚɟɬɫɹ: ɉȾɈ ɩɪɢ 430 °ɋ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɬɜɟɪɞɨɫɬɢ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ 100-600 °ɋ (ɪɢɫɭɧɨɤ 8). 

ɗɬɨɬ ɷɮɮɟɤɬ ɉȾɈ ɹɜɥɹɟɬɫɹ ɨɱɟɜɢɞɧɵɦ ɫɥɟɞɫɬɜɢɟɦ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɢ 
ɬɨɪɦɨɠɟɧɢɹ ɪɚɡɭɩɪɨɱɧɹɸɳɢɯ ɩɪɟɞɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

 

 
Ɋɢɫɭɧɨɤ 8 − ɂɡɦɟɧɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɫɩɥɚɜɨɜ 1 ɢ 2 ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ ɢ ɉȾɈ 

 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɩɥɚɜɨɜ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɉɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ ɫɩɥɚɜɚ 1 ɩɨɫɥɟ ɜɫɟɯ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɥɶɧɵɟ ɥɢɧɢɢ ȼ19'-ɦɚɪɬɟɧɫɢɬɚ. Ʉɨɥɢɱɟɫɬɜɨ ɨɫɬɚɬɨɱɧɵɯ ɮɚɡ (R ɢ/ɢɥɢ ȼ2) ɧɟ 
ɩɪɟɜɵɲɚɟɬ 5-10 %. ȼ ɫɩɥɚɜɟ 2 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ȼ19'-ɦɚɪɬɟɧɫɢɬ ɨɬɫɭɬɫɬɜɭɟɬ, 
ɧɚɛɥɸɞɚɸɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧɨɱɧɵɟ ɥɢɧɢɢ ȼ2-ɚɭɫɬɟɧɢɬɚ, ɧɚ ɤɨɬɨɪɵɟ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɥɢɧɢɢ R-ɮɚɡɵ. 
 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɲɢɪɢɧɵ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 
ɥɢɧɢɢ {110}, ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɢ ɬɜɟɪɞɨɫɬɢ ȼ2-ɚɭɫɬɟɧɢɬɚ ɫɩɥɚɜɚ 2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ, 
ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 9 ɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɛɳɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɨ 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɢ ɫɩɥɚɜɨɜ Ti-Ni ɜ ɭɫɥɨɜɢɹɯ ɞɟɮɨɪɦɚɰɢɢ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɞɟɮɨɪɦɚɰɢɢ ɲɢɪɢɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɥɢɧɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫɧɚɱɚɥɚ ɦɟɞɥɟɧɧɨ  
(ɞɨ 300 °ɋ), ɡɚɬɟɦ ɛɵɫɬɪɨ (ɨɬ 300 ɞɨ 600 °ɋ) ɢ ɞɚɥɟɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ (ɪɢɫɭɧɨɤ 9 ɚ).  

Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ ɲɢɪɢɧɵ ɥɢɧɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɫɬɟɩɟɧɢ ɞɟɮɟɤɬɧɨɫɬɢ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɡɚ ɫɱɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜɨɡɜɪɚɬɚ, 
ɩɨɥɢɝɨɧɢɡɚɰɢɢ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 9  Ɂɚɜɢɫɢɦɨɫɬɶ ɲɢɪɢɧɵ ɥɢɧɢɢ {110}, ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɢ ɬɜɟɪɞɨɫɬɢ ȼ2-ɚɭɫɬɟɧɢɬɚ  

ɫɩɥɚɜɚ 2 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɚ); ɡɚɜɢɫɢɦɨɫɬɶ ɬɜɟɪɞɨɫɬɢ ɢ ɪɚɡɦɟɪɚ 
ɡɟɪɧɚ ɨɬ ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ (ɛ) 

 

Ɉɞɧɚɤɨ ɛɵɫɬɪɨɟ ɭɦɟɧɶɲɟɧɢɟ ɞɟɮɟɤɬɧɨɫɬɢ ɪɟɲɟɬɤɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ 
ɡɟɪɧɚ ɜ ɫɩɥɚɜɟ 2 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300-600 °ɋ ɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɟɡɤɢɦ ɭɦɟɧɶɲɟɧɢɟɦ 
ɬɜɟɪɞɨɫɬɢ (ɪɢɫɭɧɨɤ 9 ɛ). Ɉɱɟɜɢɞɧɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɭɛɫɬɪɭɤɬɭɪɧɨɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ 
ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɞɢɫɩɟɪɫɢɨɧɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ ɨɬ ɜɵɞɟɥɹɸɳɢɯɫɹ ɱɚɫɬɢɰ ɮɚɡɵ Ti3Ni4. ȼ 
ɧɟɫɬɚɪɟɸɳɟɦ ɫɩɥɚɜɟ 1 ɭɤɚɡɚɧɧɵɣ ɷɮɮɟɤɬ ɧɟ ɩɪɨɹɜɥɹɟɬɫɹ. 

ɉȾɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɟɦɧɨɝɨ ɭɦɟɧɶɲɚɟɬ ɲɢɪɢɧɭ 
ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɢɧɢɣ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɧɢɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬ ɟё 

(ɪɢɫɭɧɨɤ 9 ɚ). 
ɋɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ (ɫɦ. ɝɥɚɜɭ 3), ɩɪɨɰɟɫɫɨɜ 

ɫɬɪɭɤɬɭɪɨ- ɢ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ (100-900 °ɋ) ɋɉɎ 
Ti-Ni, ɢɡɦɟɧɟɧɢɹ ɬɜɟɪɞɨɫɬɢ ɢ ɫɨɜɦɟɫɬɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɢɥɢ ɨɛɨɫɧɨɜɚɬɶ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɚɠɧɵɣ ɜɵɜɨɞ ɨ ɝɪɚɧɢɰɚɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɨɛɥɚɫɬɟɣ ɪɚɡɜɢɬɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɞɟɮɨɪɦɚɰɢɢ ɋɉɎ Ti-Ni. Ɉɧ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 
Ɉɛɥɚɫɬɶ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɜɪɚɬɚ ɫɩɥɚɜɨɜ 1 ɢ 2 ɫɨɫɬɚɜɥɹɟɬ 100-300 °ɋ, ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɧɚɛɥɸɞɟɧɢɹ 
ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɢ ɫɭɛɫɬɪɭɤɬɭɪɵ ɬɢɩɚ ɹɱɟɢɫɬɨɣ, ɚ ɬɚɤɠɟ ɩɪɟɜɚɥɢɪɨɜɚɧɢɹ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɧɚɞ ɪɚɡɭɩɪɨɱɧɟɧɢɟɦ. Ɉɛɥɚɫɬɶ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɩɨɥɢɝɨɧɢɡɚɰɢɢ ɫɩɥɚɜɚ 1 ɫɨɫɬɚɜɥɹɟɬ 300-500 °ɋ, ɫɩɥɚɜɚ 2  300-600 °ɋ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ, ɭɫɤɨɪɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɲɢɪɢɧɵ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɥɢɧɢɢ ɢ ɞɨɫɬɢɠɟɧɢɟ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɫɬɚɞɢɢ ɧɚ ɞɢɚɝɪɚɦɦɟ ɞɟɮɨɪɦɚɰɢɢ. Ɉɛɥɚɫɬɶ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ 1 ɥɟɠɢɬ ɜɵɲɟ 500 °ɋ, ɫɩɥɚɜɚ 2  ɜɵɲɟ 600 °ɋ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚɛɥɸɞɟɧɢɟɦ ɧɨɜɵɯ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɡɟɪɟɧ ɢ «ɜɨɡɜɪɚɳɟɧɢɟɦ» ɲɢɪɢɧɵ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɥɢɧɢɢ ɤ ɭɪɨɜɧɸ ɤɨɧɬɪɨɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. Ɂɚɦɟɞɥɟɧɢɟ ɩɟɪɟɯɨɞɚ ɤ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɫɩɥɚɜɟ 2 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ 1 ɨɛɴɹɫɧɹɟɬɫɹ ɬɨɪɦɨɡɹɳɢɦ ɜɥɢɹɧɢɟɦ 
ɜɵɞɟɥɹɸɳɢɯɫɹ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɮɚɡɵ Ti3Ni4 ɧɚ ɦɢɝɪɚɰɢɸ ɝɪɚɧɢɰ ɢ ɫɭɛɝɪɚɧɢɰ ɜ ɚɭɫɬɟɧɢɬɟ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɹɜɥɹɸɬɫɹ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɩɥɚɜɚ 1 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɤ 
ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɢ ɫɨɨɬɧɨɲɟɧɢɹ ɟё ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɉȾɈ. Ɍɚɤ, ɋȼɎ ɩɪɢ ɧɚɜɟɞɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 𝜀𝑖  = 8 % ɦɚɤɫɢɦɚɥɶɧɚ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ  
350-500 °ɋ, ɨɬɜɟɱɚɸɳɟɣ ɮɨɪɦɢɪɨɜɚɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢ ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ. ɉȾɈ 
ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɉȾɈ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɋȼɎ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɜɢɬɢɹ 

ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɥɢɝɨɧɢɡɚɰɢɢ, ɚ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɉȾɈ ɢ ɜɵɲɟ ɧɟ ɜɧɨɫɢɬ 
ɢɡɦɟɧɟɧɢɣ ɜ ɋȼɎ, ɩɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɟɬ ɫɬɪɭɤɬɭɪɭ (ɪɢɫɭɧɨɤ 10 ɚ). 
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Ɋɢɫɭɧɨɤ 10 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɩɥɚɜɚ 1 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ 
ɨɛɪɚɛɨɬɤɢ: ɫɬɟɩɟɧɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ ɞɨ ɢ ɩɨɫɥɟ ɉȾɈ ɩɪɢ ɧɚɜɟɞɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ  

i = 8 % (ɚ); ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɚɹ ɞɟɮɨɪɦɚɰɢɹ ɞɨ ɢ ɩɨɫɥɟ ɉȾɈ (ɛ) 
 

 Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10 ɛ, ɜɥɢɹɧɢɟ ɉȾɈ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɩɨɥɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ 𝜀𝑟𝑡,1𝑚𝑎𝑥  ɫɩɥɚɜɚ 1 ɚɧɚɥɨɝɢɱɧɨ ɜɥɢɹɧɢɸ ɧɚ ɋȼɎ. ȼɢɞɧɨ, ɱɬɨ ɉȾɈ ɩɨɜɵɲɚɟɬ 𝜀𝑟𝑡,1𝑚𝑎𝑥 ɫ  
2,5-3 ɞɨ 4,5-5 % ɞɥɹ ɫɥɭɱɚɟɜ ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100-500 °ɋ. 
 ɋɩɥɚɜɵ «ɡɚɷɤɜɢɚɬɨɦɧɨɝɨ» ɫɨɫɬɚɜɚ ɨɛɥɚɞɚɸɬ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢ ɩɨɧɢɠɟɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɬɟɦɩɟɪɚɬɭɪ ɦɚɪɬɟɧɫɢɬɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɷɤɜɢɚɬɨɦɧɵɦɢ. ɉɨɫɥɟ ɜɫɟɯ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ ɜɟɥɢɱɢɧɚ 
ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɹ ɛɵɥɚ ɧɟ ɦɟɧɟɟ 7 %. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɫɬɶɸ 
ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ 𝜀𝑟𝑡 = 9 % ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 400-600 °ɋ. ɉȾɈ ɩɪɢɜɟɥ 
ɤ ɭɜɟɥɢɱɟɧɢɸ 𝜀𝑟𝑡 ɜ ɫɥɭɱɚɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 400 °ɋ ɢ ɜɵɲɟ – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨ 10-11,5 %. 

ɍɫɬɚɧɨɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɧɨɣ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ εrt ɨɬ 
ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ. ȼ ɫɩɥɚɜɟ 1 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 100-350 °ɋ 
ɩɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɧɚɜɨɞɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɨɬ 1,3 ɞɨ 13 %) ɞɨɥɹ ɨɛɪɚɬɢɦɨɣ 
ɫɜɟɪɯɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ 𝜀𝑟𝑡с˖

 ɛɨɥɶɲɟ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɗɉɎ 𝜀𝑟эп˗.  ɉɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 400-900 °C ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɨɥɶɡɭ 𝜀𝑟эп˗ ɧɚ ɨɬɪɟɡɤɟ 
ɧɚɜɨɞɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ 𝜀𝑡 ɨɬ 1,3 ɞɨ 8 %. ɉɪɢ 𝜀𝑡 ɛɨɥɟɟ 8 % ɞɥɹ ɪɟɠɢɦɨɜ ɫ ɞɟɮɨɪɦɚɰɢɟɣ ɩɪɢ 400, 
600, 700 ɢ 900 °C ɫɜɟɪɯɭɩɪɭɝɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɧɨɜɚ ɩɪɟɨɛɥɚɞɚɟɬ ɧɚɞ ɫɨɫɬɚɜɥɹɸɳɟɣ ɗɉɎ. ȼ 
ɫɩɥɚɜɟ 2 ɫɨɨɬɧɨɲɟɧɢɟ ɜɤɥɚɞɨɜ ɗɉɎ ɢ ɋɍ ɜ ɩɨɥɧɭɸ ɨɛɪɚɬɢɦɭɸ ɞɟɮɨɪɦɚɰɢɸ ɩɨɫɥɟ ɛɨɥɶɲɢɧɫɬɜɚ 
ɪɟɠɢɦɨɜ ɛɵɥɨ ɜ ɩɨɥɶɡɭ ɗɉɎ.  ɉɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 300 °ɋ ɷɬɢ ɞɨɥɢ ɛɵɥɢ ɛɥɢɡɤɢ ɩɨ ɜɟɥɢɱɢɧɟ 
(𝜀𝑟𝑡с˖ = 6,4 % ɢ 𝜀𝑟𝑡эп˗ = 5,4 %).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ ɜɵɫɨɤɢɯ 
ɡɧɚɱɟɧɢɹɯ ɧɚɜɨɞɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ (11-12 %), ɛɥɢɡɤɢɯ ɤ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɪɟɫɭɪɫɭ ɨɛɪɚɬɢɦɨɣ 
ɞɟɮɨɪɦɚɰɢɢ, ɜ ɫɩɥɚɜɟ 1 ɩɨɥɭɱɟɧɵ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ 350-500 °ɋ, ɚ ɜ ɫɩɥɚɜɟ 2 −  
ɩɪɢ 400-600 °ɋ. 
 ȼ ɰɟɥɨɦ ɩɪɢɦɟɧɟɧɢɟ ɉȾɈ ɜ ɫɩɥɚɜɚɯ 1 ɢ 2 ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɉȾɈ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ, 
ɬɨ ɉȾɈ ɜɧɨɫɢɬ ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ (ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɜɢɬɢɹ 
ɩɪɨɰɟɫɫɨɜ ɜɨɡɜɪɚɬɚ ɢ ɩɨɥɢɝɨɧɢɡɚɰɢɢ) ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɜɵɲɚɸɬɫɹ. ȿɫɥɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɉȾɈ ɪɚɜɧɚ ɢɥɢ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ, ɬɨ ɉȾɈ ɧɟ ɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɷɤɜɢɚɬɨɦɧɨɝɨ ɫɩɥɚɜɚ. ȼ ɡɚɷɤɜɢɚɬɨɦɧɨɦ 

ɫɩɥɚɜɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɉȾɈ ɜɵɪɚɠɟɧɨ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɉȾɈ 
ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ (ɜɫɥɟɞɫɬɜɢɟ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ). 
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Ƚɥɚɜɚ 5 ȼɥɢяɧɢɟ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɯɟɦɟ MaxStrain 

ɢ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɋɉɎ Ti-Ni 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɝɥɚɜɚɯ 3 ɢ 4, ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ (300-500 °ɋ) ɩɪɨɜɟɞɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ 
ɦɟɝɚɩɥɚɫɬɢɱɟɫɤɨɣ) ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢ ɩɨɥɢɝɨɧɢɡɨɜɚɧɧɨɣ ɢ/ɢɥɢ 
ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɜ ɋɉɎ  

Ti-Ni ɷɤɜɢɚɬɨɦɧɨɝɨ ɫɨɫɬɚɜɚ. 
ɇɚ ɷɬɚɩɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɚɩɪɨɛɚɰɢɢ ɫɯɟɦɵ ɢɧɬɟɧɫɢɜɧɨɣ 

ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɦɨɞɭɥɟ ɦɧɨɝɨɨɫɟɜɨɣ ɞɟɮɨɪɦɚɰɢɢ MaxStrain (MS) 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɋɉɎ Ti-Ni ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɥɚɛɨɫɬɚɪɟɸɳɢɣ ɫɩɥɚɜ 3 (Ti-50,2 ɚɬ.% Ni). ɉɨɫɥɟ 
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 400 °ɋ ɫɨ ɫɬɟɩɟɧɶɸ е = 3,5 ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɨɬɠɢɝɭ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 350, 400 ɢ 700 °ɋ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɩɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɨɢɡɜɨɞɢɥɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ – ɝɨɪɹɱɟɣ ɪɨɬɚɰɢɨɧɧɨɣ ɤɨɜɤɨɣ (ɊɄ) 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800-900 °ɋ. 

ɗɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɩɨɫɥɟ  
MS-ɞɟɮɨɪɦɚɰɢɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɊɄ 

(ɪɢɫɭɧɨɤ 11 ɚ), ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɢɫɥɨɤɚɰɢɣ ɢ ɧɚɥɢɱɢɟɦ ɤɚɤ ɦɚɥɨɭɝɥɨɜɵɯ, ɬɚɤ ɢ 
ɜɵɫɨɤɨɭɝɥɨɜɵɯ ɝɪɚɧɢɰ (ɪɢɫɭɧɨɤ 11 ɛ). Ʉɨɥɶɰɟɜɚɹ ɬɨɱɟɱɧɚɹ ɞɢɮɪɚɤɰɢɨɧɧɚɹ ɤɚɪɬɢɧɚ ɫ 
ɥɨɤɚɥɶɧɵɦɢ ɞɭɝɨɜɵɦɢ ɦɟɫɬɚɦɢ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɦɢ ɫɝɭɳɟɧɢɹɦɢ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 11 ɛ, 

ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɬɚɤɨɝɨ ɫɦɟɲɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  Ɋɚɡɦɟɪ ɷɥɟɦɟɧɬɨɜ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɵ (ɡɟɪɟɧ ɢ 
ɫɭɛɡɟɪɟɧ) ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 50 ɞɨ 300 ɧɦ. Ȼɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜ ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɧɚɤɨɩɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɩɨɩɚɞɚɧɢɹ ɜ 
ɧɚɧɨɦɟɬɪɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ. 

ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɲɢɪɟɧɢɟ ɪɟɧɬɝɟɧɨɜɫɤɢɯ 
ɥɢɧɢɣ, ɧɚɛɥɸɞɚɟɦɨɟ ɩɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ, ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɉȾɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
350 ɢ 400 °ɋ, ɚ ɉȾɈ ɩɪɢ 700 °ɋ ɩɪɢɜɟɥ ɤ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɲɢɪɢɧɵ ɥɢɧɢɣ ɜɫɥɟɞɫɬɜɢɟ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ B2-ɚɭɫɬɟɧɢɬɚ. 
  Ɉɛɪɚɡɰɵ, ɜ ɫɨɫɬɨɹɧɢɹɯ ɤɚɤ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ, ɬɚɤ ɢ ɩɨɫɥɟ ɉȾɈ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 350 ɢ 400 C (1 ɱ), ɩɨɤɚɡɚɥɢ ɜɵɫɨɤɭɸ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɭɸ ɞɟɮɨɪɦɚɰɢɸ:  𝜀𝑟,1𝑚𝑎𝑥= 7 %. ɉȾɈ ɩɪɢ 700 C (30 ɦɢɧ) ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ȼ2-ɮɚɡɵ ɢ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɨ 𝜀𝑟,1𝑚𝑎𝑥= 2 %. Ɍɚɤɢɟ ɠɟ 
ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɭɱɟɧɵ ɩɨɫɥɟ ɪɨɬɚɰɢɨɧɧɨɣ ɤɨɜɤɢ, ɬɚɤɠɟ 

ɮɨɪɦɢɪɭɸɳɟɣ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ȼ2-ɚɭɫɬɟɧɢɬɚ (ɪɢɫɭɧɨɤ 11 ɚ). 

 

 
Ɋɢɫɭɧɨɤ 11 – ɉɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɫɥɟ ɪɨɬɚɰɢɨɧɧɨɣ ɤɨɜɤɢ (ɚ) 

ɢ ɆS -ɞɟɮɨɪɦɚɰɢɢ (ɛ) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ, 
ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ (400 °ɋ, е=3,5) ɧɚ 

ɦɨɞɭɥɟ MaxStrain ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɨ ɨɫɧɨɜɧɨɦɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɫɜɨɣɫɬɜɭ – ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ – 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɨɛɪɚɛɨɬɨɤ.  
ȼ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɫɬɚɪɟɧɢɹ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni, ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɧɟɫɬɚɪɟɸɳɢɣ ɷɤɜɢɚɬɨɦɧɵɣ ɫɩɥɚɜ 4 (Ti-50,0 ɚɬ.% Ni). ȼ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨɫɬɟɩɟɧɧɨ 
ɩɨɜɵɲɚɥɢ ɫɬɟɩɟɧɶ ɢ ɩɨɧɢɠɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɞɟɮɨɪɦɚɰɢɢ (ɞɨ e = 11 ɢ T = 250 °C).  

Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɦɚɪɬɟɧɫɢɬɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɫɩɥɚɜɟ 4 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɬɧɨɟ Ɇɉ ȼ19ȼ2 ɜ ɨɛɨɢɯ ɫɩɥɚɜɚɯ ɤɚɤ ɩɪɚɜɢɥɨ 
ɢɞɟɬ ɜ ɞɜɟ ɫɬɚɞɢɢ: ȼ19R ɢ R→B2. Ɉɛɨɫɨɛɥɟɧɢɟ ɷɬɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɜɨɡɪɚɫɬɚɟɬ ɫ ɪɨɫɬɨɦ ɜɟɥɢɱɢɧɵ ɢ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫɭɧɨɤ 12), ɱɬɨ 
ɨɫɨɛɟɧɧɨ ɹɪɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɧɚɢɛɨɥɟɟ «ɠɟɫɬɤɢɯ» ɭɫɥɨɜɢɹɯ (ɪɟɠɢɦ MS11: 

е = 11, T = 250 °ɋ). 
 

 
Ɋɢɫɭɧɨɤ 12 – Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɫɩɥɚɜɚ 4 ɩɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ ɢ ɄɈ 
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ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɨɛɪɚɬɧɨɦ ɦɚɪɬɟɧɫɢɬɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɢɧ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɩɢɤ. ɉɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ ɷɬɨɬ ɩɢɤ ɚɫɢɦɦɟɬɪɢɱɟɧ, ɨɱɟɜɢɞɧɨ, 
ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɜɢɬɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɛɪɚɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ȼ19 R→B2. ɋɧɢɠɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ Ɇɉ ɩɪɨɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ е = 6,6 ɢ ɛɨɥɟɟ 
(ɪɟɠɢɦɵ MS5-MS11). ɉȾɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ ɧɟ ɢɡɦɟɧɹɟɬ ɯɚɪɚɤɬɟɪ Ɇɉ: ɨɧɢ 
ɩɪɨɬɟɤɚɸɬ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɭɸ R-ɮɚɡɭ. ȼɵɪɚɠɟɧɧɵɣ ɷɮɮɟɤɬ ɉȾɈ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɨɛɪɚɡɰɚɯ MS8 

ɜ ɜɢɞɟ ɫɭɠɟɧɢɹ (ɨɤɨɥɨ 10 °C) ɢɧɬɟɪɜɚɥɨɜ Ɇɉ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɫɨ ɫɬɟɩɟɧɶɸ 
е = 4,6 (ɪɟɠɢɦɵ MS2, MS4), ɤɚɤ ɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɧɢɢ B19-ɦɚɪɬɟɧɫɢɬɚ, ɨɬɱɟɬɥɢɜɵɯ ɥɢɧɢɣ R-ɮɚɡɵ ɢɥɢ ȼ2-ɚɭɫɬɟɧɢɬɚ ɧɟ 
ɨɛɧɚɪɭɠɟɧɨ. ɉɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ е = 6,6 (MS5) ɥɢɧɢɢ R-ɮɚɡɵ ɩɨɹɜɥɹɸɬɫɹ, ɢ ɤɨɥɢɱɟɫɬɜɨ ɟɟ ɪɚɫɬɟɬ 
ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɦɚɪɬɟɧɫɢɬɚ ɫ ɪɨɫɬɨɦ ɞɟɮɨɪɦɚɰɢɢ ɞɨ е = 11 (ɪɟɠɢɦɵ MS7-MS11). 

Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɩɪɹɦɨɝɨ 
ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ R→B19 ɫ ɪɨɫɬɨɦ ɞɟɮɟɤɬɧɨɫɬɢ ɪɟɲɟɬɤɢ (ɪɢɫɭɧɨɤ 13). Ɉɛ 
ɭɜɟɥɢɱɟɧɢɢ ɞɟɮɟɤɬɧɨɫɬɢ ɪɟɲɟɬɤɢ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɫɬɟɩɟɧɢ ɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɞɟɮɨɪɦɚɰɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɜɟɥɢɱɟɧɢɟ ɲɢɪɢɧɵ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɢɧɢɣ  
ȼ2-ɚɭɫɬɟɧɢɬɚ. ɉȾɈ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɧɟɤɨɬɨɪɵɦ ɫɭɠɟɧɢɟɦ ɥɢɧɢɣ ȼ2-ɚɭɫɬɟɧɢɬɚ – ɞɟɮɟɤɬɧɨɫɬɶ 
ɪɟɲɟɬɤɢ ɫɧɢɠɚɟɬɫɹ (ɪɢɫɭɧɨɤ 13).  

 

 
Ɋɢɫɭɧɨɤ 13 – Ɂɚɜɢɫɢɦɨɫɬɶ ɲɢɪɢɧɵ ɥɢɧɢɣ ȼ2-ɚɭɫɬɟɧɢɬɚ ɨɬ ɧɚɤɨɩɥɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

 

ɗɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɞɬɜɟɪɞɢɥɨ ɩɪɢɫɭɬɫɬɜɢɟ ɬɪɟɯ ɨɫɧɨɜɧɵɯ 
ɮɚɡ: ȼ19- ɢ R-ɦɚɪɬɟɧɫɢɬɨɜ, ɚ ɬɚɤɠɟ ȼ2-ɚɭɫɬɟɧɢɬɚ ɧɚ ɮɨɧɟ ɪɚɡɜɢɬɨɣ ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ 
ɫɭɛɫɬɪɭɤɬɭɪɵ ɫ ɩɥɨɬɧɨɫɬɶɸ ɫɜɨɛɨɞɧɵɯ ɞɢɫɥɨɤɚɰɢɣ ɨɰɟɧɨɱɧɨ ɨɤɨɥɨ 1011 ɫɦ-2 ɢ ɧɟɪɚɜɧɨɨɫɧɵɯ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ  ɡɟɪɟɧ ɢ ɫɭɛɡɟɪɟɧ ɫɭɛɦɢɤɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ, ɢɦɟɸɳɢɯ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɭɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɨɪɢɟɧɬɢɪɨɜɤɭ. Ⱥɧɚɥɢɡ ɫɜɟɬɥɨɩɨɥɶɧɵɯ ɢ ɬɟɦɧɨɩɨɥɶɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɫɨɜɦɟɫɬɧɨ ɫ ɞɢɮɪɚɤɰɢɨɧɧɵɦɢ ɤɚɪɬɢɧɚɦɢ ɜɵɹɜɥɹɟɬ ɝɪɭɩɩɢɪɨɜɤɢ ɛɥɢɡɤɨ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɫɭɛɡɟɪɟɧ) ɢ ɨɬɞɟɥɶɧɵɟ ɫɜɟɬɥɵɟ ɷɥɟɦɟɧɬɵ  ɡɟɪɧɚ ɫ 
ɜɵɫɨɤɨɭɝɥɨɜɨɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ (ɪɢɫɭɧɨɤ 14). 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɟɞɫɬɚɜɢɬɶ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɭɸɳɟɣɫɹ 
ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɜ ɨɛɴɟɦɟ, ɷɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ MS11 

ɩɪɨɜɟɥɢ, ɢɫɩɨɥɶɡɭɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɮɨɥɶɝ ɩɥɚɫɬɢɧɵ, ɜɵɪɟɡɚɧɧɵɟ ɜ ɬɪɟɯ ɜɡɚɢɦɧɨ-

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɥɨɫɤɨɫɬɹɯ ɨɛɪɚɡɰɚ: ɩɚɪɚɥɥɟɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɧɚɝɪɭɡɤɢ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɫɜɨɛɨɞɧɨɝɨ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ (ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɜɫɟɯ ɞɪɭɝɢɯ 
ɨɛɪɚɛɨɬɨɤ, MS1-MS8) – ɩɥɨɫɤɨɫɬɶ 1; ɩɚɪɚɥɥɟɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɧɚɝɪɭɡɤɢ ɢ ɩɚɪɚɥɥɟɥɶɧɨɣ 
ɧɚɩɪɚɜɥɟɧɢɸ ɫɜɨɛɨɞɧɨɝɨ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ – ɩɥɨɫɤɨɫɬɶ 2; ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ 
ɧɚɝɪɭɡɤɢ – ɩɥɨɫɤɨɫɬɶ 3 (ɪɢɫɭɧɨɤ 15).  
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Ɋɢɫɭɧɨɤ 14 – ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ 4 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɪɟɠɢɦɚɦ MS4 (ɚ), MS5 (ɛ), MS6 (ɜ), 

MS7 (ɝ) ɢ MS8 (ɞ). ɉɪɨɫɜɟɱɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ: ɫɥɟɜɚ ɫɜɟɬɥɨɩɨɥɶɧɵɟ, ɫɩɪɚɜɚ 
ɬɟɦɧɨɩɨɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɦɟɠɞɭ ɧɢɦɢ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ 
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ɋɬɪɭɤɬɭɪɚ, ɧɚɛɥɸɞɚɟɦɚɹ ɜɨ ɜɫɟɯ ɬɪɟɯ ɩɥɨɫɤɨɫɬɹɯ, ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚ. Ɉɧɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜ ɨɫɧɨɜɧɨɦ ɨɛɥɚɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɡɟɪɧɚ ɢ ɫɭɛɡɟɪɧɚ  
(ɪɢɫɭɧɨɤ 15 ɚ, ɜ, ɞ). ɗɬɢ ɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ ɢɦɟɸɬ ɤɚɤ ɪɚɜɧɨɨɫɧɭɸ, ɬɚɤ ɢ ɜ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ 
ɜɵɬɹɧɭɬɭɸ ɮɨɪɦɭ. ɂɯ ɫɪɟɞɧɢɣ ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ, ɢɡɦɟɪɟɧɧɵɣ ɧɚ ɮɨɥɶɝɚɯ ɩɥɨɫɤɨɫɬɟɣ  
1, 2 ɢ 3, ɨɞɢɧɚɤɨɜ: ɨɧ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ MS8, ɢ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 56±10, 48±10 ɢ 
54±10 ɧɦ. Ɇɟɫɬɚɦɢ ɬɚɤɠɟ ɧɚɛɥɸɞɚɸɬɫɹ ɛɨɥɟɟ ɤɪɭɩɧɵɟ, ɫɭɛɦɢɤɪɨɧɧɵɟ ɛɟɫɮɨɪɦɟɧɧɵɟ ɨɛɥɚɫɬɢ ɫ 
ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɢɫɥɨɤɚɰɢɣ ɜɧɭɬɪɢ (ɪɢɫɭɧɨɤ 15 ɛ, ɝ, ɟ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɪɮɨɥɨɝɢɹ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɨɛɠɚɬɢɣ ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɤɚɤ ɩɪɢ ɱɟɬɧɨɦ 
ɱɢɫɥɟ ɨɛɠɚɬɢɣ (N = 10-14 ɩɪɢ MS2-MS8), ɬɚɤ ɢ ɩɪɢ ɧɟɱɟɬɧɨɦ (N = 17 ɩɪɢ MS11).  

 

 
Ɋɢɫɭɧɨɤ 15 – ɋɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ 4 ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɪɟɠɢɦɭ MS11 ɜ ɬɪɟɯ ɩɥɨɫɤɨɫɬɹɯ. 

ɉɪɨɫɜɟɱɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɪɮɨɥɨɝɢɹ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɪɢ MS-ɞɟɮɨɪɦɚɰɢɢ ɫɬɪɭɤɬɭɪɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɢɯ ɞɟɮɨɪɦɚɰɢɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɚɤɪɨɞɟɮɨɪɦɚɰɢɟɣ ɜɫɟɝɨ ɨɛɪɚɡɰɚ, 
ɚ ɩɪɨɰɟɫɫɚɦɢ ɞɟɮɨɪɦɚɰɢɢ ɢ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ ɜ ɭɫɥɨɜɢɹɯ ɱɟɪɟɞɨɜɚɧɢɹ ɞɜɭɯ 
ɫɯɟɦ ɫɥɨɠɧɨɝɨ ɬɪɟɯɨɫɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɇɟɯɚɧɢɡɦɵ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɧɭɠɞɚɸɬɫɹ 
ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɤɨɬɨɪɨɟ ɧɟ ɜɯɨɞɢɥɨ ɜ ɡɚɞɚɱɢ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɚɡɦɟɪɚ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɫɜɟɬɥɨɩɨɥɶɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɫ 4,6 ɞɨ 11 ɢ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ c 370 ɞɨ 
250 °C ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɥɨɫɤɨɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɨɛɠɚɬɢɹ, ɫɨ 16015 ɞɨ 5510 ɧɦ. ɂɡ ɫɪɚɜɧɟɧɢɹ 
ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɤɚɪɬɢɧ ɜɢɞɧɨ, ɱɬɨ ɡɚɩɨɥɧɟɧɢɟ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɤɨɥɟɰ ɬɨɱɟɱɧɵɦɢ ɪɟɮɥɟɤɫɚɦɢ 
ɩɪɢ ɷɬɨɦ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɩɥɨɬɧɵɦ, ɱɬɨ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɡɦɟɥɶɱɟɧɢɢ ɡɟɪɟɧ. ɋɥɟɞɭɟɬ 
ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ ɮɚɤɬ ɞɨɫɬɢɠɟɧɢɹ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɟɧɟɟ 100 ɧɦ, ɬ.ɟ. 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨɫɤɨɥɶɤɭ ɞɨ ɫɢɯ ɩɨɪ ɜ 
ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni ɭɞɚɜɚɥɨɫɶ ɩɨɥɭɱɚɬɶ ɬɨɥɶɤɨ ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɜɫɟɯ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɟɠɢɦɨɜ 
MS-ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɞɢɚɝɪɚɦɦɚ, ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɳɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɪɟɠɢɦɚɦɢ 
ɨɛɪɚɛɨɬɤɢ ɢ ɪɚɡɦɟɪɚɦɢ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɡɜɨɥɹɸɳɚɹ, ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɪɟɠɢɦɨɜ 
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ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚɧɨɫɬɪɭɤɬɭɪɵ, 
ɜ ɫɩɥɚɜɟ 4 (ɪɢɫɭɧɨɤ 16).  

 

 

Ɋɢɫɭɧɨɤ 16 – Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɡɦɟɪɚ ɡɟɪɧɚ/ɫɭɛɡɟɪɧɚ ɫɩɥɚɜɚ 3 ɢ 4 ɨɬ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ  
MS-ɞɟɮɨɪɦɚɰɢɢ 

 

Ɉɬɠɢɝ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɨɜ MS8 ɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɨɫɬɨɦ 
ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ, ɨɧɢ ɨɫɬɚɸɬɫɹ ɜ ɧɚɧɨɪɚɡɦɟɪɧɨɦ ɞɢɚɩɚɡɨɧɟ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɫɬɪɭɤɬɭɪɨɣ, ɮɨɪɦɢɪɭɟɦɨɣ ɌɆɈ, ɧɨ ɢ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɮɚɡɵ – ȼ2-ɚɭɫɬɟɧɢɬɚ. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɪɟɫɭɪɫ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɪɟɲɟɬɤɢ ɚɭɫɬɟɧɢɬɚ ɩɪɢ ɟɝɨ ɩɪɟɜɪɚɳɟɧɢɢ ɜ ɦɚɪɬɟɧɫɢɬ 𝑚𝑎𝑥 ɢ ɫɢɥɶɧɨ 
ɡɚɜɢɫɢɬ ɨɬ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ (ɡɟɪɧɟ), ɫ ɤɨɬɨɪɵɦ ɫɨɜɩɚɞɚɟɬ 
ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ. ɋɚɦɵɦ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɋɉɎ Ti-Ni ɹɜɥɹɟɬɫɹ 
ɧɚɩɪɚɜɥɟɧɢɟ <477>B2, ɩɪɢɟɦɥɟɦɵɦ – <111>B2, ɦɟɧɟɟ ɩɪɢɟɦɥɟɦɵɦ – <110>B2 ɢ ɧɟɩɪɢɟɦɥɟɦɵɦ – 

<100>B2, 𝑚𝑎𝑥  ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 11,48; 10,71; 8,86 ɢ 2,94 %  (ɞɥɹ Ti-50,2 ɚɬ.% Ni).  

ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɄɈ) ɬɟɤɫɬɭɪɚ ɚɭɫɬɟɧɢɬɚ ɜɵɪɚɠɟɧɚ ɜɟɫɶɦɚ ɫɥɚɛɨ, ɧɟɛɨɥɶɲɨɟ 
ɩɨɜɵɲɟɧɢɟ ɩɨɥɸɫɧɨɣ ɩɥɨɬɧɨɫɬɢ ɡɚɦɟɬɧɨ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ, 
ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɩɨɥɸɫɭ <110>B2 ɜ ɨɛɪɚɡɰɚɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɫɥɟɞɧɟɝɨ 
ɨɛɠɚɬɢɹ. Ⱥɧɚɥɢɡ ɈɉɎ ɩɨɤɚɡɚɥ, ɱɬɨ MS-ɞɟɮɨɪɦɚɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɚɤɫɢɚɥɶɧɨɣ 
ɬɟɤɫɬɭɪɵ <111>B2 ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ MS4, ɤɨɬɨɪɚɹ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɜɟɥɢɱɟɧɢɹ 
ɫɬɟɩɟɧɢ MS-ɞɟɮɨɪɦɚɰɢɢ ɛɵɫɬɪɨ ɨɫɥɚɛɟɜɚɟɬ, ɚ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ MS11 ɬɟɪɹɟɬ ɨɬɱɟɬɥɢɜɨɫɬɶ 
(ɪɢɫɭɧɨɤ 17). Ɉɬɫɭɬɫɬɜɢɟ ɫɢɥɶɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ MS-ɞɟɮɨɪɦɚɰɢɢ ɧɟ 
ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɚɧɢɡɨɬɪɨɩɢɢ ɦɚɪɬɟɧɫɢɬɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 17 – Ɉɛɪɚɬɧɵɟ ɩɨɥɸɫɧɵɟ ɮɢɝɭɪɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɞɥɹ ɩɥɨɫɤɨɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɨɛɠɚɬɢɹ 

ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ MS-ɞɟɮɨɪɦɚɰɢɢ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɆS-ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɫɬɶɸ 
ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ: 7,3-9,6 %, ɱɬɨ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜɵɲɟ 𝜀𝑟,1𝑚𝑎𝑥 ɩɨɫɥɟ ɤɨɧɬɪɨɥɶɧɨɣ 
ɨɛɪɚɛɨɬɤɢ – 2,5 % (ɪɢɫɭɧɨɤ 18 ɚ). ɉɪɢɦɟɧɟɧɢɟ ɉȾɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ MS-ɞɟɮɨɪɦɚɰɢɢ, ɩɪɢɜɟɥɨ 
ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ: ɞɥɹ ɪɟɠɢɦɚ MS8  

ɫ 9,3 ɞɨ 8,6 %. ȼɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɚɜɢɥɚ 10 % ɩɪɢ ɫɬɟɩɟɧɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ ɛɨɥɟɟ 90 %. Ɍɚɤɢɟ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɨ ɫɢɯ 
ɩɨɪ ɧɚ ɷɤɜɢɚɬɨɦɧɨɦ ɋɉɎ Ti-Ni ɧɟ ɞɨɫɬɢɝɚɥɢɫɶ. 

Ɍɟɧɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ  𝜀𝑟,1𝑚𝑎𝑥 ɫ ɪɨɫɬɨɦ ɫɬɟɩɟɧɢ 
ɧɚɤɨɩɥɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɢ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɜɩɚɞɚɟɬ ɫ ɬɟɧɞɟɧɰɢɟɣ ɪɨɫɬɚ ɬɜɟɪɞɨɫɬɢ, 
ɩɨɞɬɜɟɪɠɞɚɸɳɟɣ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɧɚɤɥɟɩɚ (ɪɢɫɭɧɨɤ 19 ɛ). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɨɫɬ ɬɜɟɪɞɨɫɬɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɞɢɫɥɨɤɚɰɢɨɧɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ y ɫɩɥɚɜɚ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɞɢɫɥɨɤɚɰɢɨɧɧɵɦ ɢ ɮɚɡɨɜɵɦ ɩɪɟɞɟɥɨɦ ɬɟɤɭɱɟɫɬɢ Δ = y - tr 

ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɢ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ, ɱɬɨ ɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɛɨɥɟɟ ɩɨɡɞɧɟɟ ɜɨɜɥɟɱɟɧɢɟ ɧɟɨɛɪɚɬɢɦɨɝɨ ɞɢɫɥɨɤɚɰɢɨɧɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɜ ɨɛɳɢɣ ɩɪɨɰɟɫɫ 
ɞɟɮɨɪɦɚɰɢɢ. 

 

 
Ɋɢɫɭɧɨɤ 18 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɚ) ɢ ɬɜɟɪɞɨɫɬɢ ɩɨ ȼɢɤɤɟɪɫɭ ɨɬ 

ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ MS-ɞɟɮɨɪɦɚɰɢɢ 

   

  

ɄɈ MS4 

MS8 MS11 
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ȼɵɜɨɞɵ 

1 ɉɨɥɭɱɟɧɵ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɚɰɢɢ, ɢɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɭɫɬɚɧɨɜɥɟɧɵ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɩɪɨɰɟɫɫɨɜ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɢ ɪɚɡɭɩɪɨɱɧɟɧɢɹ 
ɧɟɫɬɚɪɟɸɳɢɯ (ɫɩɥɚɜ 1) ɢ ɫɬɚɪɟɸɳɢɯ (ɫɩɥɚɜ 2) ɫɩɥɚɜɨɜ ɫ ɩɚɦɹɬɶɸ ɮɨɪɦɵ Ti-Ni ɜ ɦɚɤɫɢɦɚɥɶɧɨ 
ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɟɦ (20-900 °C) ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ ɜ 
ɢɧɬɟɪɜɚɥɟ (0,1-5 ɫ-1) ɢ ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ ɞɨ е = 0,9. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɞɟɮɨɪɦɚɰɢɢ 
300 °ɋ ɹɜɥɹɟɬɫɹ ɝɪɚɧɢɱɧɨɣ ɞɥɹ ɩɟɪɟɯɨɞɚ ɨɬ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɬɢɩɚ ɞɢɚɝɪɚɦɦ ɞɟɮɨɪɦɚɰɢɢ ɤ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɞɥɹ ɋɉɎ Ti-Ni. 

2 ɍɫɬɚɧɨɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɭɩɪɨɱɧɟɧɢɹ 
ɋɉɎ Ti-Ni: ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɜɪɚɬɚ ɫɩɥɚɜɨɜ 1 ɢ 2 – ɜ ɢɧɬɟɪɜɚɥɟ 20-300 °ɋ; ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɩɨɥɢɝɨɧɢɡɚɰɢɢ ɫɩɥɚɜɚ 1 – ɜ ɢɧɬɟɪɜɚɥɟ 300-500 °ɋ, ɫɩɥɚɜɚ 2  300-600 °ɋ; ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ 1 – ɜɵɲɟ 500 °ɋ, ɫɩɥɚɜɚ 2  ɜɵɲɟ 600 °ɋ. Ɍɨɪɦɨɠɟɧɢɟ ɩɪɨɰɟɫɫɨɜ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɜ ɫɩɥɚɜɟ 2 ɨɛɭɫɥɨɜɥɟɧɨ ɪɚɡɜɢɬɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɬɚɪɟɧɢɹ – ɜɵɞɟɥɟɧɢɟɦ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɮɚɡɵ Ti3Ni4. ɍɫɬɚɧɨɜɢɜɲɚɹɫɹ 
ɫɬɚɞɢɹ ɞɟɮɨɪɦɚɰɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ е = 0,5 ɢ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ (ɨɬ 300 ɞɨ 900 °ɋ) ɢ ɫɤɨɪɨɫɬɟɣ (ɨɬ 0,1 ɞɨ 5 ɫ-1) ɞɟɮɨɪɦɚɰɢɢ. 

3 ɋɩɥɚɜ ɡɚɷɤɜɢɚɬɨɦɧɨɝɨ ɩɨ ɧɢɤɟɥɸ ɫɨɫɬɚɜɚ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɤɜɢɚɬɨɦɧɵɦ: ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɚɹ ɩɨɥɧɚɹ 
ɞɟɮɨɪɦɚɰɢɹ 𝜀𝑟𝑡,1𝑚𝑎𝑥 = 11,8 ɢ 3,3 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɧɚɜɨɞɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ (11-12 %) ɜ 
ɫɩɥɚɜɟ 1 ɩɨɥɭɱɟɧɵ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ 350-500 °ɋ, ɚ ɜ ɫɩɥɚɜɟ 2 – ɩɪɢ 400-600 °ɋ. 
ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɧɨɣ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɫɩɥɚɜɨɜ 𝜀rt (ɨɛɪɚɬɢɦɨɣ ɫɜɟɪɯɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ 𝜀𝑟с˖

 ɢ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ ɗɉɎ 𝜀𝑟эп˗) ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɞɟɮɨɪɦɚɰɢɢ.  

4 ȼɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɩɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɬɠɢɝɚ 
(ɉȾɈ) ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɋɉɎ Ti-Ni. ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɉȾɈ  
ɫɩɥɚɜɨɜ 1 (400 °ɋ) ɢ 2 (430 °ɋ) ɩɪɟɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɞɟɮɨɪɦɚɰɢɢ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 
ɞɟɮɟɤɬɧɨɫɬɢ ɪɟɲɟɬɤɢ ȼ2-ɚɭɫɬɟɧɢɬɚ, ɚ ɜ ɫɬɚɪɟɸɳɟɦ ɫɩɥɚɜɟ 2 – ɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɜɵɞɟɥɟɧɢɸ 
ɧɚɧɨɱɚɫɬɢɰ ɮɚɡɵ Ti3Ni4. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɩɨɫɨɛɧɨɫɬɶ ɫɩɥɚɜɨɜ ɤ ɮɨɪɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɨɜɵɲɚɟɬɫɹ.  ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɉȾɈ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ ɢɥɢ ɧɢɠɟ ɟɟ, ɷɬɨ ɧɟ 
ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɞɟɮɟɤɬɧɨɫɬɢ ɪɟɲɟɬɤɢ, ɧɨ ɜ ɫɬɚɪɟɸɳɟɦ ɫɩɥɚɜɟ 2 ɩɪɢ ɉȾɈ ɪɚɡɜɢɜɚɟɬɫɹ 
ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɜɵɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɮɚɡɵ Ti3Ni4. ɉɨɷɬɨɦɭ ɉȾɈ ɧɟ 
ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ 1, ɚ ɜ ɫɥɭɱɚɟ ɫɩɥɚɜɚ 2 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɬɚɤɨɝɨ ɉȾɈ ɜɵɪɚɠɟɧɨ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ.  

5 ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɯɟɦɟ MaxStrain ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɨɜ Ti-Ni ɫ ɩɚɦɹɬɶɸ ɮɨɪɦɵ ɩɪɢ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɛɥɢɡɤɨɣ ɤ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ. ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɨɜ ɋɉɎ Ti-50,0 ɚɬ.% Ni ɫ 400 ɞɨ 250 °ɋ ɢ ɭɜɟɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɧɚɤɨɩɥɟɧɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɫ е = 4,6 ɞɨ 11 ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɥɶɱɟɧɢɸ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ)  
ȼ2-ɮɚɡɵ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɡɟɪɟɧɧɨ/ɫɭɛɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɨ ɫɪɟɞɧɢɦ 
ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ 55±10 ɧɦ, ɱɬɨ ɞɨ ɫɢɯ ɩɨɪ ɩɨɥɭɱɢɬɶ ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ ɋɉɎ Ti-Ni ɧɟ 
ɭɞɚɜɚɥɨɫɶ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɨɫɥɚɛɥɟɧɢɟ ɢ ɢɫɱɟɡɧɨɜɟɧɢɟ ɬɟɤɫɬɭɪɵ ɢ ɚɧɢɡɨɬɪɨɩɢɢ ɫɬɪɭɤɬɭɪɵ, 
ɜɨɡɧɢɤɲɢɯ ɜ ɪɟɡɭɥɶɬɚɬɟ MS-ɞɟɮɨɪɦɚɰɢɢ. 

6  ɇɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ, ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɆS-ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ  
330-250  °ɋ ɫɨ ɫɬɟɩɟɧɶɸ е = 9,5-11, ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ (𝜀𝑟𝑚𝑎𝑥 = 10 % ɩɪɢ ɫɬɟɩɟɧɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ 
ɛɨɥɟɟ 90 %) ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɥɧɨɫɬɶɸ ɨɛɪɚɬɢɦɨɣ ɞɟɮɨɪɦɚɰɢɢ (𝜀𝑟,1𝑚𝑎𝑥 = 9,3-9,6 %), 

ɩɪɟɜɵɲɚɸɳɢɯ ɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɥɹ ɫɩɥɚɜɚ Ti-Ni ɷɤɜɢɚɬɨɦɧɨɝɨ ɫɨɫɬɚɜɚ. ɉɪɢ ɷɬɨɦ ɪɟɠɢɦ 
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 250 °C ɫ e = 11 ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ, ɩɨɫɤɨɥɶɤɭ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɬɪɟɳɢɧ. 
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7 ɉɨɫɥɟɞɟɮɨɪɦɚɰɢɨɧɧɵɣ ɨɬɠɢɝ (ɉȾɈ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 
ɡɚɞɚɧɢɹ ɮɨɪɦɵ ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ, ɩɨɫɥɟ MS-ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɫɬɟɩɟɧɟɣ е = 4,6-9,5 

ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɦɭ ɪɚɡɭɩɪɨɱɧɟɧɢɸ ɫɩɥɚɜɚ, ɧɨ ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚɧɢɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
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