
Strathprints Institutional Repository

Konkova, Tatyana and Mironov, S. and Korznikov, A. (2011) Об 

эффективности криогенной деформации для измельчения 

микроструктуры меди. Физическая мезомеханика, 14 (1). pp. 83-92. 

ISSN 1683-805X , 

This version is available at http://strathprints.strath.ac.uk/58582/

Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 

Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 

for the papers on this site are retained by the individual authors and/or other copyright owners. 

Please check the manuscript for details of any other licences that may have been applied. You 

may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 

commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the 

content of this paper for research or private study, educational, or not-for-profit purposes without 

prior permission or charge. 

Any  correspondence  concerning  this  service  should  be  sent  to  Strathprints  administrator: 

strathprints@strath.ac.uk

http://strathprints.strath.ac.uk/
mailto:strathprints@strath.ac.uk


 1 

Ɉɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɞɢ  

Ɍ. ɇ. Ʉɨɧɶɤɨɜɚ1, ɋ. ɘ. Ɇɢɪɨɧɨɜ1,2, Ⱥ. ȼ. Ʉɨɪɡɧɢɤɨɜ1 

1ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ ɉɪɨɛɥɟɦ ɋɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ 

Ɇɟɬɚɥɥɨɜ ɊȺɇ, 450001, ɍɮɚ, ɭɥ. ɏɚɥɬɭɪɢɧɚ, 39, Ɋɨɫɫɢɹ 

2ɍɧɢɜɟɪɫɢɬɟɬ Ɍɨɯɨɤɭ, Ⱦɟɩɚɪɬɚɦɟɧɬ Ɉɛɪɚɛɨɬɤɢ Ɇɚɬɟɪɢɚɥɨɜ, ȼɵɫɲɚɹ ɒɤɨɥɚ 

ɂɧɠɟɧɟɪɨɜ, 980-8579, ɋɟɧɞɚɣ, Ⱥɪɚɦɚɤɢ-ɚɡɚ-Ⱥɨɛɚ, 6-6-02, əɩɨɧɢɹ 

ɍȾɄ 669.3:539.89:539.25 

ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɜ ɬɟɯɧɢɱɟɫɤɢ 

ɱɢɫɬɨɣ ɦɟɞɢ ɩɨɫɥɟ ɨɞɢɧɚɤɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɠɢɞɤɨɝɨ ɚɡɨɬɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ 

(ɨɫɚɞɤɚ, e ~1.0) ɤɪɢɨɝɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɚɤɬɢɜɢɡɚɰɢɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɢ ɧɟɫɤɨɥɶɤɨ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɠɟ ɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ 

ɞɟɮɨɪɦɚɰɢɣ (ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, e ~8.4) ɷɮɮɟɤɬ ɤɪɢɨɝɟɧɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɩɪɢ 

ɢɡɦɟɥɶɱɟɧɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɱɟɧɶ ɦɚɥ.      

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ʉɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ; Ɇɟɞɶ; ɂɡɦɟɥɶɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ; 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ; Ɍɟɤɫɬɭɪɚ 

Keywords: Cryogenic deformation, Copper, Microstructure refinement, Microstructure, 

Texture 

1. ȼɜɟɞɟɧɢɟ 

ɂɧɬɟɪɟɫ ɤ ɤɪɢɨɝɟɧɧɵɦ ɞɟɮɨɪɦɚɰɢɹɦ, ɤɨɬɨɪɵɣ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ 

ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ Д1-7], ɨɛɭɫɥɨɜɥɟɧ, ɜ ɨɫɧɨɜɧɨɦ, ɧɚɞɟɠɞɨɣ ɧɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɭɛɦɢɤɪɨ- ɢ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ (ɋɆɄ ɢ ɇɄ) ɦɚɬɟɪɢɚɥɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɱɟɧɶ ɧɢɡɤɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɞɨɥɠɧɵ ɩɨɞɚɜɢɬɶ ɩɪɨɰɟɫɫɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
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ɜɨɡɜɪɚɬɚ/ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɜɵɫɢɬɶ ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ ɢ ɫɬɢɦɭɥɢɪɨɜɚɬɶ 

ɦɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ (ɞɚɠɟ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɚɥɥɚɯ Д5, 6]), ɭɫɤɨɪɢɜ, ɬɟɦ ɫɚɦɵɦ, 

ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɨɞɧɚɤɨ, ɱɬɨ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɦɨɠɟɬ 

ɡɚɬɪɭɞɧɢɬɶ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɨɟ ɩɨɩɟɪɟɱɧɨɟ ɫɤɨɥɶɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɡɚɦɟɞɥɢɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɇɟɤɨɬɨɪɵɟ ɤɨɫɜɟɧɧɵɟ 

ɩɪɢɡɧɚɤɢ ɷɬɨɝɨ ɷɮɮɟɤɬɚ ɨɬɦɟɱɟɧɵ ɜ ɥɢɬɟɪɚɬɭɪɟ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ Д8] ɨɛɧɚɪɭɠɟɧɨ 

ɨɬɫɭɬɫɬɜɢɟ III ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ (ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ) ɩɪɢ ɤɪɢɨɝɟɧɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɦɟɞɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɟ ɚɥɸɦɢɧɢɹ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ “ɬɟɤɫɬɭɪɵ ɥɚɬɭɧɢ” [1], 

ɤɨɬɨɪɚɹ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɚɥɥɚɯ ɱɚɫɬɨ ɚɫɫɨɰɢɢɪɭɟɬɫɹ ɫ ɩɨɞɚɜɥɟɧɢɟɦ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɤɨɥɶɠɟɧɢɹ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɪɚɞɢɤɚɥɶɧɨɟ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɭɠɟ ɧɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɋɆɄ ɢ ɇɄ 

ɫɬɪɭɤɬɭɪ.   

ɏɨɬɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɠɢɞɤɨɝɨ 

ɚɡɨɬɚ ɢɥɢ ɝɟɥɢɹ, ɨɛɵɱɧɨ ɢ ɨɬɦɟɱɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɟɧ [1-6], 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ, ɧɚɩɪɢɦɟɪ, ɫ ɚɧɚɥɨɝɢɱɧɨɣ 

ɞɟɮɨɪɦɚɰɢɟɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɜɫɟɝɞɚ ɨɱɟɜɢɞɧɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪ, 

ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɩɨɫɥɟ ɨɞɢɧɚɤɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɠɢɞɤɨɝɨ ɚɡɨɬɚ. 

2. Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɚɹ (99.9%) ɦɟɞɶ 

ɦɚɪɤɢ Ɇ1. ɉɨɫɬɚɜɥɟɧɧɵɣ ɝɨɪɹɱɟɤɚɬɚɧɵɣ ɩɪɭɬɨɤ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ “abc” ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 500-300ɨɋ Д9]. ȼ 
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ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɜ ɦɚɬɟɪɢɚɥɟ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɨɫɧɚɹ ɡɟɪɟɧɧɚɹ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ з1.7 ɦɤɦ, ɞɨɥɟɣ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ з59% 

ɢ ɫɥɚɛɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɨɣ ɤɭɛɚ. ɉɨɥɭɱɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɡɚ 

ɢɫɯɨɞɧɨɟ.  

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɜɥɢɹɧɢɹ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɨɞɧɨɨɫɧɨɣ 

ɨɫɚɞɤɟ ɩɪɢɦɟɪɧɨ ɧɚ 65% ɩɨ ɜɵɫɨɬɟ (e ~1.0) ɧɚ ɜɨɡɞɭɯɟ ɢ ɜ ɫɪɟɞɟ ɠɢɞɤɨɝɨ ɚɡɨɬɚ (ɜ 

ɫɩɟɰɢɚɥɶɧɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɦ ɲɬɚɦɩɟ). ɉɪɢɡɦɚɬɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɚɦɢ 6x5x5 ɦɦ3 

ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɢɡ ɢɫɯɨɞɧɵɯ ɩɨɤɨɜɨɤ ɢ ɨɫɚɠɟɧɵ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ 

“Schenck” ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɪɚɜɟɪɫɵ 1 ɦɦ/ɦɢɧ.  

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɚ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ 

ɦɚɬɟɪɢɚɥ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɫɞɜɢɝɭ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜ 

ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. Ɉɛɪɚɡɰɵ ɜ ɮɨɪɦɟ ɞɢɫɤɨɜ ɞɢɚɦɟɬɪɨɦ 10 ɦɦ ɢ ɧɚɱɚɥɶɧɨɣ ɬɨɥɳɢɧɨɣ 2 

ɦɦ ɛɵɥɢ ɞɟɮɨɪɦɢɪɨɜɚɧɵ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ “Schenck” ɩɪɢ 

ɩɪɢɥɨɠɟɧɧɨɦ ɞɚɜɥɟɧɢɢ 4.5 Ƚɉɚ 1 . Ⱦɟɮɨɪɦɚɰɢɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ 20 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɨɜɨɪɨɬɨɜ ɧɚɤɨɜɚɥɶɧɢ ɩɨ- ɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ ɧɚ ɭɝɨɥ 45ɨ ɢ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɛɟɡ 

ɛɨɤɨɜɨɣ ɩɨɞɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ (ɩɪɟɩɹɬɫɬɜɭɸɳɟɣ ɜɵɬɟɤɚɧɢɸ ɦɚɬɟɪɢɚɥɚ ɢɡ-ɩɨɞ ɧɚɤɨɜɚɥɟɧ); ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɨɜ ɭɦɟɧɶɲɢɥɚɫɶ ɞɨ з100 ɦɤɦ. ɂɫɬɢɧɧɚɹ ɧɚɤɨɩɥɟɧɧɚɹ 

ɞɟɮɨɪɦɚɰɢɹ ɛɵɥɚ ɨɰɟɧɟɧɚ ɩɨ ɮɨɪɦɭɥɟ Д10]: 

                                        












 


h

h

h

R
e 0

2

ln1ln


                                         (1) 

ɝɞɟ  - ɭɝɨɥ ɩɨɜɨɪɨɬɚ, R - ɪɚɞɢɭɫ ɨɛɪɚɡɰɚ, h - ɤɨɧɟɱɧɚɹ ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ ɢ 
0h - ɧɚɱɚɥɶɧɚɹ 

ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ. ɇɚ ɫɟɪɟɞɢɧɟ ɪɚɞɢɭɫɚ ɢɫɬɢɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɨɫɬɚɜɢɥɚ О з8.4. ȼɨ ɜɫɟɯ 

                                                           
1 Ⱦɚɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɛɵɥ ɜɵɩɨɥɧɟɧ ɜ Forshungszentrum Karlsruhe, ɝ. Ʉɚɪɥɫɪɭɷ, Ƚɟɪɦɚɧɢɹ. 
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ɫɥɭɱɚɹɯ ɞɟɮɨɪɦɚɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ; ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɪɢɨɝɟɧɧɵɯ 

ɭɫɥɨɜɢɣ ɧɚɝɪɭɠɟɧɢɹ ɨɛɪɚɡɰɵ, ɚ ɬɚɤɠɟ ɛɨɣɤɢ ɨɯɥɚɠɞɚɥɢɫɶ ɜ ɫɪɟɞɟ ɠɢɞɤɨɝɨ ɚɡɨɬɚ ɜ ɬɟɱɟɧɢɟ 

20 ɦɢɧ ɩɟɪɟɞ ɧɚɝɪɭɠɟɧɢɟɦ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɝɪɟɜ ɨɛɪɚɡɰɨɜ ɢ 

ɧɚɤɨɜɚɥɟɧ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɞɟɮɨɪɦɚɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɧɚ ɜɨɡɞɭɯɟ 

ɫɨɫɬɚɜɥɹɥ ɜɫɟɝɨ 6ɨɋ ɢ 3ɨɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ ɧɚɝɪɟɜ ɧɚɤɨɜɚɥɟɧ ɧɚ ɜɨɡɞɭɯɟ 

ɡɚ ɜɪɟɦɹ ɧɚɝɪɭɠɟɧɢɹ (з 8 ɦɢɧ) ɫɨɫɬɚɜɢɥ ɜɫɟɝɨ ɨɤɨɥɨ 37ɨɋ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɢ, ɜ ɰɟɥɨɦ, ɨɛɟɫɩɟɱɟɧɵ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɚɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɫɞɜɢɝɚ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢɡɭɱɚɥɚɫɶ ɜ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ ɩɪɢɦɟɪɧɨ ɧɚ ɫɟɪɟɞɢɧɟ ɪɚɞɢɭɫɚ ɡɚɝɨɬɨɜɤɢ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɦɟɬɨɞɚɦɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ) ɢ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ-ɪɚɫɫɟɹɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɜ (EBSD). Ɉɛɪɚɡɰɵ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɜɟɪɝɚɥɢɫɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɲɥɢɮɨɜɚɧɢɸ ɧɚ ɚɛɪɚɡɢɜɧɨɣ ɛɭɦɚɝɟ ɢ ɚɥɦɚɡɧɨɣ ɩɚɫɬɟ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ 

ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɤɟ. ȼ ɫɥɭɱɚɟ EBSD ɨɛɪɚɡɰɵ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɚɥɢɫɶ ɜ 70% ɪɚɫɬɜɨɪɟ 

ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ H3PO4 ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 

ɧɚɩɪɹɠɟɧɢɢ 5 ȼ. ȼ ɫɥɭɱɚɟ ɉɗɆ ɷɥɟɤɬɪɨɥɢɬ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ 7% ɪɚɫɬɜɨɪ ɬɨɣ ɠɟ ɫɚɦɨɣ 

ɤɢɫɥɨɬɵ, ɚ ɩɪɢɥɨɠɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 4 ȼ. 

Ⱦɥɹ ɉɗɆ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɢɤɪɨɫɤɨɩɵ Philips CM30 ɢ JEM-

2000EX, ɪɚɛɨɬɚɸɳɢɟ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 300 ɤȼ ɢ 160 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

EBSD-ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ TSL OIMTM, 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɫ ɩɨɥɟɜɵɦ ɤɚɬɨɞɨɦ Hitachi S-

4300SE. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ EBSD ɤɚɪɬɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ з 100000 - 500000 ɩɢɤɫɟɥɟɣ ɢ 

ɫɨɞɟɪɠɚɳɢɟ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ ɩɨɥɭɬɨɪɚ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɡɟɪɟɧ. ɒɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 

(ɪɚɡɦɟɪ ɩɢɤɫɟɥɹ) ɜɚɪɶɢɪɨɜɚɥɫɹ ɨɬ 25 ɞɨ 250 ɧɦ. ȼ ɰɟɥɹɯ ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ ɤɚɠɞɚɹ 
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ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɧɞɢɰɢɪɨɜɚɥɚɫɶ ɩɨ ɫɟɦɢ Ʉɢɤɭɱɢ-ɥɢɧɢɹɦ. Ⱦɨɥɹ ɭɫɩɟɲɧɨ 

ɢɧɞɢɰɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɫɨɫɬɚɜɥɹɥɚ ɨɬ 99.5% ɞɨ 99.9% ɨɬ ɢɯ ɨɛɳɟɝɨ ɱɢɫɥɚ. 

ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɤɨɪɪɟɤɬɧɨɫɬɶ ɢɧɞɢɰɢɪɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ, “confidential index”, CI [11]) ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ EBSD ɤɚɪɬ ɨɬ 0.14 ɞɨ 0.36. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɟɫɥɢ ɷɬɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɜɵɲɚɟɬ ɜɟɥɢɱɢɧɭ 0.1, ɬɨ ɞɨɥɹ ɤɨɪɪɟɤɬɧɨ ɢɧɞɢɰɢɪɨɜɚɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɫɨɫɬɚɜɥɹɟɬ 95% Д11].  ɋ ɰɟɥɶɸ ɢɡɛɚɜɥɟɧɢɹ ɨɬ ɫɨɦɧɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

EBSD ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɟ: ɜɫɟ ɦɟɥɤɢɟ ɡɟɪɧɚ, 

ɫɨɫɬɨɹɳɢɟ ɢɡ ɬɪɟɯ ɢ ɦɟɧɟɟ ɩɢɤɫɟɥɟɣ, ɛɵɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɞɚɥɟɧɵ ɫ EBSD ɤɚɪɬ, ɤɚɤ ɧɟ 

ɜɧɭɲɚɸɳɢɟ ɞɨɜɟɪɢɹ. ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɢɡ ɜɫɟɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ 

ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɟɺ ɨɩɢɫɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɨɩɢɫɚɧɢɟ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɭɝɥɨɦ. ȼɜɢɞɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ EBSD ɦɟɬɨɞɚ ɜɫɟ ɦɚɥɨɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ ɫ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɦɟɧɟɟ 2ɨ ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɦɚɥɨ- 

ɢ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ (ɆɍȽ ɢ ȻɍȽ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ 

15ɨ. Ɋɚɡɦɟɪ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ) ɨɩɪɟɞɟɥɹɥɫɹ ɦɟɬɨɞɨɦ ɫɟɤɭɳɢɯ. 

ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɛɵɥɢ ɬɚɤɠɟ 

ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ȼɢɤɤɟɪɫɭ. ɗɤɫɩɟɪɢɦɟɧɬ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɵɩɨɥɧɹɥɫɹ ɩɪɢ ɧɚɝɪɭɡɤɟ 50 ɝ ɢ ɜɵɞɟɪɠɤɟ 10 ɫ.  

ɇɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɦɟɞɶ, ɩɨɞɜɟɪɝɧɭɬɚɹ ɛɨɥɶɲɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɦɨɠɟɬ ɛɵɬɶ ɫɤɥɨɧɧɚ ɤ ɱɚɫɬɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ 

ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Д12-15]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɧɚɯɨɠɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɜɨɡɞɭɯɟ ɦɨɠɟɬ ɛɵɬɶ ɜɚɠɧɨɣ ɩɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢ 

ɫɜɨɣɫɬɜ. ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɧɢɟɦ 

ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ. 1.   
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3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

3.1. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ 

ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 1. ȼɨ 

ɜɫɟɯ ɫɥɭɱɚɹɯ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɪɨɜɨɞɢɥɢɫɶ ɱɟɪɟɡ ɜɫɟ ɫɟɱɟɧɢɟ ɨɛɪɚɡɰɨɜ – ɜ 

ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜ ɫɥɭɱɚɟ ɨɫɚɞɤɢ (ɪɢɫ. 1ɚ) ɢ ɜɞɨɥɶ ɞɢɚɦɟɬɪɚ ɩɨɫɥɟ ɫɞɜɢɝɚ ɩɨɞ 

ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɪɢɫ. 1ɛ). Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɨɜ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ 

ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɧɟɨɞɧɨɪɨɞɧɵɦ, ɱɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɨɦ  

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɫɯɟɦɚɯ ɧɚɝɪɭɠɟɧɢɹ.   

ȼ ɫɥɭɱɚɟ ɨɫɚɞɤɢ (ɪɢɫ. 1ɚ) ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɤɚɤ ɢ ɨɠɢɞɚɥɨɫɶ, 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɜ ɡɨɧɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

(ɰɟɧɬɪɚɥɶɧɚɹ ɡɨɧɚ ɨɛɪɚɡɰɚ). ɉɨɫɥɟ ɫɞɜɢɝɚ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɨɞɧɚɤɨ, 

ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɧɚ ɩɟɪɢɮɟɪɢɣɧɨɣ (ɧɚɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ) ɱɚɫɬɢ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ 

ɹɜɥɹɟɬɫɹ ɫɨɩɨɫɬɚɜɢɦɨɣ (ɪɢɫ. 1ɛ). ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨɧɢɠɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ -196ɨɋ ɧɟ ɩɨɜɥɢɹɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢ 

ɛɨɥɶɲɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ.  

3.2. Ɇɨɪɮɨɥɨɝɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɪɚɡɦɟɪ ɡɟɪɟɧ 

Ɏɪɚɝɦɟɧɬɵ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɯ EBSD ɤɚɪɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɫɨɫɬɨɹɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. ɇɚ ɷɬɢɯ ɤɚɪɬɚɯ ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ 

ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɪɚɡɦɟɪɚɯ ɡɟɪɟɧ, 

ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɥɧɵɯ EBSD ɤɚɪɬ (ɫɨɞɟɪɠɚɳɢɯ ɨɬ з 700 ɞɨ з 1200 ɡɟɪɟɧ), ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 

3 ɢ ɜ ɬɚɛɥ. 2.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɫɚɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 2ɚ, ɛ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟɦ 

ɡɟɪɟɧ, ɫɩɥɸɫɧɭɬɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɠɚɬɢɹ ɢ ɜɵɬɹɧɭɬɵɯ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ⱦɚɧɧɚɹ 

ɦɨɪɮɨɥɨɝɢɹ ɫɬɪɭɤɬɭɪɵ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɚ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɫɩɥɸɳɢɜɚɧɢɟɦ ɢɫɯɨɞɧɵɯ 

ɡɟɪɟɧ ɜ ɯɨɞɟ ɨɫɚɞɤɢ. ȼɧɭɬɪɢ ɡɟɪɟɧ ɢɦɟɟɬ ɦɟɫɬɨ ɞɨɜɨɥɶɧɨ ɪɚɡɜɢɬɚɹ ɫɢɫɬɟɦɚ ɫɭɛɝɪɚɧɢɰ, 
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ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ ɫɠɚɬɢɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɭɛɡɟɪɟɧ ɜ ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɟ, ɱɟɦ 

ɜ ɨɛɪɚɡɰɟ ɩɨɫɥɟ ɤɨɦɧɚɬɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɬɚɛɥ. 2) ɢ ɷɬɨ, ɜɨɡɦɨɠɧɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɧɟɤɨɬɨɪɨɣ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ.  

ɉɪɢɦɟɱɚɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɦɢɤɪɨɞɜɨɣɧɢɤɨɜ. Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜɩɨɥɧɟ ɫɨɨɬɧɨɫɢɬɫɹ ɫ 

ɚɤɬɢɜɢɡɚɰɢɟɣ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɨɬɦɟɱɟɧɧɨɝɨ ɜ 

ɥɢɬɟɪɚɬɭɪɟ Д5, 6]. Ɋɚɡɦɟɪɵ ɦɢɤɪɨɞɜɨɣɧɢɤɨɜ ɫɨɫɬɚɜɥɹɸɬ з 0.1 - 0.3 ɦɤɦ, ɢ ɩɪɢɫɭɬɫɬɜɢɟ ɢɯ 

ɫɭɳɟɫɬɜɟɧɧɨɣ ɮɪɚɤɰɢɢ ɜ ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɢɣ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ (ɬɚɛɥ. 2) ɢ ɧɟɤɨɬɨɪɵɟ ɪɚɡɥɢɱɢɹ ɜ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ ɡɟɪɟɧ ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫ. 3ɚ, ɛ). ȼɩɪɨɱɟɦ, ɤɚɤ ɜɵɬɟɤɚɟɬ ɢɡ ɪɢɫ. 3ɜ, ɭɞɟɥɶɧɵɣ 

ɨɛɴɺɦ ɦɢɤɪɨɞɜɨɣɧɢɤɨɜ ɨɱɟɧɶ ɦɚɥ.   

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɞɜɢɝɚ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, 

ɤɚɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɪɢɫ. 2ɜ), ɬɚɤ ɢ ɜ ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɪɢɫ. 2ɝ) ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɨɞɨɛɧɵ ɞɪɭɝ ɞɪɭɝɭ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɩɪɟɨɛɥɚɞɚɸɬ 

ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɨɫɧɵɟ ɡɟɪɧɚ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ~ 0.3 ɦɤɦ (ɬɚɛɥ. 2) ɢ ɨɱɟɧɶ ɫɯɨɠɢɦɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫ. 3ɝ, ɞ) ɢ ɩɨ ɩɥɨɳɚɞɹɦ ɫɟɱɟɧɢɣ (ɪɢɫ. 3ɟ). ȼ ɨɛɨɢɯ 

ɫɨɫɬɨɹɧɢɹɯ ɷɬɢ ɡɟɪɧɚ ɫɨɞɟɪɠɚɬ ɞɨɫɬɚɬɨɱɧɨ ɪɚɡɜɢɬɭɸ ɫɭɛɫɬɪɭɤɬɭɪɭ (ɪɢɫ. 2ɜ, ɝ), ɯɨɬɹ 

ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɢɦ ɫɪɟɞɧɢɦ 

ɪɚɡɦɟɪɨɦ ɫɭɛɡɟɪɟɧ (ɬɚɛɥ. 2). ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɧɚɥɢɱɢɟ ɜ ɨɛɟɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚɯ 

ɨɬɞɟɥɶɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ (з 1 ɦɤɦ) ɡɟɪɟɧ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɆɍȽ 

(ɩɪɢɦɟɪɵ ɨɛɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2ɜ, ɝ). 

ɋɭɦɦɢɪɭɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ -

196ɨɋ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɣ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
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ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɞɟɮɨɪɦɚɰɢɹɯ (ɨɫɚɞɤɚ, e ~ 1.0), ɧɨ ɧɟ ɢɝɪɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɣ 

ɪɨɥɢ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ (ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, e ~ 8.4).  

3.3. Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ 

Ɍɢɩɢɱɧɵɟ ɉɗɆ ɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɨɫɚɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ 

ɪɢɫ. 4; ɧɚ ɜɫɟɯ ɫɧɢɦɤɚɯ ɨɫɶ ɫɠɚɬɢɹ ɜɟɪɬɢɤɚɥɶɧɚɹ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɢɫ. 4ɚ-ɛ ɢ 

ɪɢɫ. 4ɝ-ɞ, ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɨɬɥɢɱɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɭɡɤɢɯ ɤɨɧɬɭɪɨɜ 

ɷɤɫɬɢɧɤɰɢɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɯ ɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɹɯ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɫɨɤɨɣ ɬɟɧɡɨɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɦɧɚɬɧɨɣ 

ɞɟɮɨɪɦɚɰɢɟɣ (ɪɢɫ. 4ɜ) ɫɬɪɭɤɬɭɪɚ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɚɤɠɟ ɢ ɛɨɥɟɟ 

ɜɵɫɨɤɨɣ ɫɤɚɥɹɪɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɢɫɥɨɤɚɰɢɣ (ɪɢɫ. 4ɟ); ɬɢɩɢɱɧɵɦ ɞɢɫɥɨɤɚɰɢɨɧɧɵɦ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɹɜɥɹɸɬɫɹ ɧɟ ɫɟɬɤɢ (ɪɢɫ. 4ɜ), ɚ ɠɝɭɬɵ ɢ ɤɥɭɛɤɢ (ɪɢɫ. 4ɟ). ȼ ɤɚɱɟɫɬɜɟ 

ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ 

(ɩɪɢɦɟɪ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɞɜɨɣɧɢɤɨɜɨɝɨ2 ɩɚɤɟɬɚ ɜɵɞɟɥɟɧ ɧɚ ɪɢɫ. 4ɞ). 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɫɥɟ ɫɞɜɢɝɚ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɬɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɨɢɯ 

ɨɛɪɚɡɰɨɜ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɨɞɨɛɧɚ ɞɪɭɝ ɞɪɭɝɭ (ɪɢɫ. 5). ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 

ɨɛɨɢɯ ɫɥɭɱɚɹɯ, ɧɚ ɮɨɧɟ ɫɢɥɶɧɨ ɧɚɤɥɟɩɚɧɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɵɞɟɥɹɸɬɫɹ ɨɬɞɟɥɶɧɵɟ 

ɡɟɪɧɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɞɢɫɥɨɤɚɰɢɣ ɢ ɩɪɨɢɡɜɨɞɹɳɢɟ ɜɩɟɱɚɬɥɟɧɢɟ 

ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ (ɩɪɢɦɟɪɵ ɨɛɨɡɧɚɱɟɧɵ ɫɬɪɟɥɤɚɦɢ ɧɚ ɪɢɫ. 5); ɢɯ ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɧɟ 

ɜɩɨɥɧɟ ɩɨɧɹɬɧɨ.     

3.4. ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

ɋɩɟɤɬɪɵ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɯ EBSD ɤɚɪɬ, 

ɫɭɦɦɢɪɨɜɚɧɵ ɧɚ ɪɢɫ. 6 ɢ ɜ ɬɚɛɥ. 3. ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ 

ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 6, ɩɨɫɬɪɨɟɧɵ ɜ ɧɟ ɫɨɜɫɟɦ ɨɛɵɱɧɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ: ɭɞɟɥɶɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɝɪɚɧɢɰ (ɦɤɦ-1) – ɭɝɨɥ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ (ɝɪɚɞ); 
                                                           
2 Ɋɚɫɲɢɮɪɨɜɤɚ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ. 
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ɭɞɟɥɶɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɵɱɢɫɥɹɥɚɫɶ ɤɚɤ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɝɪɚɧɢɰ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ 

ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ EBSD ɤɚɪɬɟ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɩɥɨɳɚɞɢ EBSD ɤɚɪɬɵ. Ʉɚɤ 

ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɧɢɠɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɨɛɧɨɣ ɦɟɬɪɢɤɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɧɟɤɨɬɨɪɭɸ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɰɟɫɫɚɯ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 

ɇɚ ɪɢɫ. 6 ɜɢɞɧɨ, ɱɬɨ ɭɞɟɥɶɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɆɍȽ ɜ ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ 

ɦɚɬɟɪɢɚɥɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɪɭɤɬɭɪɚɯ ɩɨɫɥɟ ɤɨɦɧɚɬɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɦɟɧɶɲɢɦ ɪɚɡɦɟɪɨɦ ɫɭɛɡɟɪɟɧ (ɬɚɛɥ. 2) ɢ ɬɚɤɠɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. Ɉɛ ɷɬɨɦ ɬɚɤɠɟ ɤɨɫɜɟɧɧɨ 

ɝɨɜɨɪɢɬ ɢ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɢɣ ɫɪɟɞɧɢɣ ɭɝɨɥ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɆɍȽ ɜ ɫɬɪɭɤɬɭɪɚɯ ɩɨɫɥɟ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɬɚɛɥ. 3), ɯɨɬɹ ɢ ɜɵɹɜɥɟɧɧɚɹ ɪɚɡɧɢɰɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ 

ɦɚɥɨɡɧɚɱɢɬɟɥɶɧɨɣ ɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ EBSD ɦɟɬɨɞɚ (~ 2o).  

Ʉɪɢɨɝɟɧɧɨ ɨɫɚɠɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɞɨɥɟɣ ɞɜɨɣɧɢɤɨɜɵɯ 

ɪɚɡɨɪɢɟɧɬɚɰɢɣ (ɬɚɛɥ. 3), ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɩɢɤ ɜɨɡɥɟ 60ɨ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɝɪɚɧɢɰ ɩɨ 

ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ (ɪɢɫ. 6ɚ). ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɨɬɪɚɠɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɮɪɚɤɰɢɸ 

ɦɢɤɪɨɞɜɨɣɧɢɤɨɜ ɜ ɞɚɧɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɢ ɯɨɪɨɲɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ 

ɞɚɧɧɵɦɢ, ɨɬɦɟɱɚɸɳɢɦɢ ɚɤɬɢɜɢɡɚɰɢɸ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɜ ɦɟɞɢ ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ Д5, 6]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɜɩɪɨɱɟɦ, ɱɬɨ ɨɛɳɚɹ ɞɨɥɹ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰ ɞɨɜɨɥɶɧɨ ɦɚɥɚ – ɜɫɟɝɨ ɨɤɨɥɨ 4% (ɬɚɛɥ. 3); ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɦɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɜɪɹɞ ɥɢ ɢɝɪɚɥɨ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɷɜɨɥɸɰɢɢ ɫɬɪɭɤɬɭɪɵ. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɧɚɤɨɩɥɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, e ~ 8.4) 

ɞɨɥɹ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ ɜ ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 2% 

(ɬɚɛɥ. 3), ɱɬɨ ɛɥɢɡɤɨ ɤ ɭɪɨɜɧɸ ɮɨɧɚ ɜ ȽɐɄ ɦɟɬɚɥɥɚɯ [16]. ɋɤɨɪɟɟ ɜɫɟɝɨ, ɷɬɨ ɨɡɧɚɱɚɟɬ 

ɩɨɫɬɟɩɟɧɧɨɟ ɩɨɞɚɜɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɫ ɪɚɡɜɢɬɢɟɦ ɞɟɮɨɪɦɚɰɢɢ, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɦ ɹɜɥɟɧɢɟɦ.  
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ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɟ ɫɨɜɫɟɦ ɩɨɧɹɬɧɚ ɩɨɜɵɲɟɧɧɚɹ ɞɨɥɹ ɞɜɨɣɧɢɤɨɜ ɜ ɨɛɪɚɡɰɟ, 

ɩɨɞɜɟɪɝɧɭɬɨɦ ɫɞɜɢɝɭ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɬɚɛɥ. 3, ɪɢɫ. 

6ɛ). Ɉɛɴɹɫɧɟɧɢɟ ɷɬɨɝɨ ɥɸɛɨɩɵɬɧɨɝɨ ɮɟɧɨɦɟɧɚ ɜɵɯɨɞɢɬ ɡɚ ɪɚɦɤɢ ɞɚɧɧɨɣ ɫɬɚɬɶɢ, ɢ ɡɞɟɫɶ 

ɚɜɬɨɪɵ ɬɨɥɶɤɨ ɦɨɝɭɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɧ, ɜɨɡɦɨɠɧɨ, ɫɜɹɡɚɧ ɫ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ 

ɪɚɡɨɝɪɟɜɨɦ ɨɛɪɚɡɰɚ ɢ ɫɨɩɭɬɫɬɜɭɸɳɢɦ ɩɪɨɬɟɤɚɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ʉɚɤ 

ɢɡɜɟɫɬɧɨ, ɦɢɝɪɚɰɢɹ ȻɍȽ (ɧɚɩɪɢɦɟɪ, ɜ ɯɨɞɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) ɜ ȽɐɄ ɦɟɬɚɥɥɚɯ ɦɨɠɟɬ 

ɩɪɢɜɨɞɢɬɶ ɤ ɩɨɹɜɥɟɧɢɸ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ Д16,17], ɱɬɨ ɢ ɦɨɝɥɨ ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɫɩɟɤɬɪɟ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɬɚɛɥ. 3, ɪɢɫ. 6ɛ). 

3.5. Ɍɟɤɫɬɭɪɚ 

Ɍɟɤɫɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɛɨɥɶɲɢɯ EBSD ɤɚɪɬ (ɫɨɞɟɪɠɚɳɢɯ ɨɬ ɨɞɧɨɝɨ ɞɨ 

ɩɨɥɭɬɨɪɚ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɡɟɪɟɧ), ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 7. ȼ ɫɥɭɱɚɟ ɨɫɚɞɤɢ (ɪɢɫ. 7ɚ-ɜ) ɬɟɤɫɬɭɪɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɨɛɪɚɬɧɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ ɞɥɹ ɨɫɢ ɫɠɚɬɢɹ, ɚ ɜ ɫɥɭɱɚɟ ɫɞɜɢɝɚ ɩɨɞ 

ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɪɢɫ. 7ɝ-ɟ) – ɜ ɜɢɞɟ ɩɪɹɦɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ (ɉɉɎ) д111ж ɜ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ: ɧɚɩɪɚɜɥɟɧɢɟ ɫɞɜɢɝɚ (ɇɋ) – ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ (ɇɇ). Ⱦɥɹ 

ɫɪɚɜɧɟɧɢɹ ɧɚ ɪɢɫ. 7 ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɚɥɨɧɵ ɬɟɤɫɬɭɪ: ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɦɨɞɟɥɢ Ɍɟɣɥɨɪɚ ɢ Ɂɚɤɫɚ ɬɟɤɫɬɭɪɵ ɦɟɞɢ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɫɠɚɬɢɟɦ ɜ 

ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ Д18] (ɪɢɫ. 7ɚ), ɚ ɬɚɤɠɟ ɤɨɦɩɨɧɟɧɬɵ ɢɞɟɚɥɶɧɵɯ ɬɟɤɫɬɭɪ 

ɫɞɜɢɝɚ Д19] (ɪɢɫ. 7ɝ). 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 7, ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɟɟ ɫɢɥɶɧɨɣ ɬɟɤɫɬɭɪɨɣ, ɯɨɬɹ ɷɬɨɬ ɷɮɮɟɤɬ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɧɚɤɨɩɥɟɧɢɟɦ 

ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɨɫɚɞɤɢ (e ~ 1.0) ɤ ɫɞɜɢɝɭ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (e ~ 8.4). ɉɨɞɨɛɧɵɣ 

ɪɟɡɭɥɶɬɚɬ ɛɵɥ ɩɨɥɭɱɟɧ ɢ ɧɚ ɱɢɫɬɨɦ ɚɥɸɦɢɧɢɢ Д1], ɝɞɟ ɨɧ ɛɵɥ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧ ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ ɢɫɱɟɡɧɨɜɟɧɢɹ ɩɨɥɨɫ ɫɞɜɢɝɚ/ɫɛɪɨɫɚ (ɪɚɡɦɵɜɚɸɳɢɯ ɬɟɤɫɬɭɪɭ) ɫ ɩɨɧɢɠɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɜɩɪɨɱɟɦ, ɱɬɨ ɷɬɨɬ ɷɮɮɟɤɬ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ 

ɫɜɹɡɚɧ ɢ ɫ ɩɨɞɚɜɥɟɧɢɟɦ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ, ɬɚɤ ɤɚɤ ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ ɞɟɣɫɬɜɭɸɳɢɯ 
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ɫɢɫɬɟɦ ɫɤɨɥɶɠɟɧɢɹ (ɢɥɢ ɚɤɬɢɜɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ) ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɤɫɬɭɪɵ.  

 ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɷɬɚɥɨɧɨɜ ɬɟɤɫɬɭɪ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɧɚ ɪɢɫ. 7ɚ-ɜ 

ɜɵɬɟɤɚɟɬ, ɱɬɨ ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɦɟɞɢ ɜ ɯɨɞɟ ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɢ ɛɵɥɨ ɛɥɢɠɟ ɤ ɫɯɟɦɟ 

Ɂɚɤɫɚ, ɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ – ɤ ɫɯɟɦɟ Ɍɟɣɥɨɪɚ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɦɨɠɟɬ ɬɚɤɠɟ ɛɵɬɶ 

ɬɪɚɤɬɨɜɚɧ ɜ ɩɨɥɶɡɭ ɝɢɩɨɬɟɡɵ ɨ ɩɨɞɚɜɥɟɧɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɜɵɹɜɥɟɧɧɚɹ ɚɤɬɢɜɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

(ɬɚɛɥ. 2, ɪɢɫ. 6) ɜɨɡɦɨɠɧɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɜɧɭɬɪɟɧɧɢɯ 

ɧɚɩɪɹɠɟɧɢɣ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɬɟɤɫɬɭɪɵ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɜ ɦɚɬɟɪɢɚɥɟ ɩɨɫɥɟ ɫɞɜɢɝɚ ɩɨɞ 

ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ  - ɤɚɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɪɢɫ. 7ɞ), ɬɚɤ ɢ ɜ ɤɪɢɨɝɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ (ɪɢɫ. 7ɟ) - ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɨɞɨɛɧɵ ɞɪɭɝ ɞɪɭɝɭ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɬɟɤɫɬɭɪɚ 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɜ ɪɚɦɤɚɯ ɫɭɩɟɪɩɨɡɢɰɢɢ <110> ɢ д111ж ɱɚɫɬɢɱɧɵɯ ɚɤɫɢɚɥɶɧɵɯ 

ɬɟɤɫɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ (ɪɢɫ. 7ɝ). ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɢɞɟɚɥɶɧɵɟ ɬɟɤɫɬɭɪɵ ɧɚ ɪɢɫ. 7ɝ 

ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɢɫɯɨɞɹ ɢɡ ɦɨɞɟɥɢ Ɍɟɣɥɨɪɚ Д19]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɞɨ -196ɨɋ ɧɟ ɩɨɜɥɢɹɥɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɚ ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɧɚ ɷɬɚɩɟ ɛɨɥɶɲɢɯ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɫɯɟɦɟ Ɍɟɣɥɨɪɚ. 

4. ȼɵɜɨɞɵ 

ɇɚ ɷɬɚɩɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ (ɨɫɚɞɤɚ, e ~ 1.0) 

ɤɪɢɨɝɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɨɫɨɛɫɬɜɭɸɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɟɧ ɡɚ 

ɫɱɟɬ ɚɤɬɢɜɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ 

ɞɢɫɥɨɤɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ȼ ɭɫɥɨɜɢɹɯ ɩɨɞɚɜɥɟɧɢɹ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ 

ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɞɢɫɥɨɤɚɰɢɣ ɩɨɫɥɟɞɧɢɣ ɷɮɮɟɤɬ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɫɜɹɡɚɧ ɫ 

ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɞɢɚɩɚɡɨɧɟ ɠɟ ɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ 
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ɞɟɮɨɪɦɚɰɢɣ (ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, e ~ 8.4) ɷɮɮɟɤɬ ɤɪɢɨɝɟɧɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 

ɨɱɟɧɶ ɦɚɥ.  

 

Ⱥɜɬɨɪɵ ɩɪɢɡɧɚɬɟɥɶɧɵ ɤ.ɬ.ɧ. Ƚɚɥɟɟɜɭ Ɋ.Ɇ. ɢ ɤ.ɬ.ɧ. ȼɚɥɢɚɯɦɟɬɨɜɭ Ɉ.Ɋ. ɡɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɜɬɨɪɵ ɬɚɤɠɟ ɯɨɬɟɥɢ 

ɛɵ ɩɨɛɥɚɝɨɞɚɪɢɬɶ FШrsСЮЧРsгОЧЭrЮЦ KarХsrЮСО (Ƚɟɪɦɚɧɢɹ) ɜ ɥɢɰɟ ɩɪɨɮɟɫɫɨɪɚ H.-J. Fecht, 

Dr. JЮХТa IvaЧТsОЧФШ ɢ KЮrЦaЧaОva LТlia ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɨ ɫɞɜɢɝɭ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɢ ɩɨɦɨɳɶ ɜ ɉɗɆ ɚɧɚɥɢɡɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 
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Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɩɨɫɥɟɞɭɸɳɭɸ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ: (ɚ) ɨɫɚɞɤɚ, (ɛ) ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ.  
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Ɋɢɫ. 2. Ɏɪɚɝɦɟɧɬɵ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɯ EBSD ɤɚɪɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ 

ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɚ, ɜ) ɢ ɜ ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɛ, ɝ).  

ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ 

ɥɢɧɢɹɦɢ. ɋɬɪɟɥɤɢ ɨɛɨɡɧɚɱɚɸɬ ɩɪɢɦɟɪɵ ɞɜɨɣɧɢɤɨɜ; ɧɚ ɪɢcɭɧɤɚɯ (ɜ) ɢ (ɝ) 

ɜɵɞɟɥɟɧɵ ɡɟɪɧɚ, ɧɟ ɫɨɞɟɪɠɚɳɢɟ ɫɭɛɫɬɪɭɤɬɭɪɵ.  

ɉɪɢɦɟɱɚɧɢɟ: ɇɈ – ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ, Ɋɇ – ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɇɋ – 

ɧɚɩɪɚɜɥɟɧɢɟ ɫɞɜɢɝɚ, ɇɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ.  
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ɟ 

Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɟɪɟɧ ɩɨ 

ɪɚɡɦɟɪɚɦ ɢ ɩɨ ɩɥɨɳɚɞɹɦ: ɨɫɚɞɤɚ (ɚ-ɜ), ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɝ-ɟ). 
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Ɋɢɫ. 4. ɉɗɆ ɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɨɫɚɞɤɨɣ: (ɚ-ɜ) 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, (ɝ-ɟ) ɜ ɠɢɞɤɨɦ ɚɡɨɬɟ. ɇɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ 

ɜɟɪɬɢɤɚɥɶɧɨɟ. ɇɚ ɪɢɫ. (ɞ) ɜɵɞɟɥɟɧ ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɩɚɤɟɬ ɞɜɨɣɧɢɤɨɜ. 
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ɚ 
 

ɛ 
 

Ɋɢɫ. 5. ɉɗɆ ɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɨɦ ɩɨɞ 

ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ: (ɚ) ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, (ɛ) ɜ ɤɪɢɨɝɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. ɋɬɪɟɥɤɚɦɢ ɭɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɡɟɪɟɧ, ɫɜɨɛɨɞɧɵɯ ɨɬ ɞɢɫɥɨɤɚɰɢɣ. 

 

 

 

 

 

 

 



 22 
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Ɋɢɫ. 6. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ: ɨɫɚɞɤɚ (ɚ), ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɛ). 
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ɝ 

Ɍ=20ɨɋ 

 
ɞ 

Ɍ=-196ɨɋ 

 

ɟ 

 

Ɋɢɫ. 7. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɬɟɤɫɬɭɪɭ: ɨɫɚɞɤɚ (ɚ-ɜ), ɫɞɜɢɝ ɩɨɞ 

ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɝ-ɟ). ɉɪɢɦɟɱɚɧɢɟ: ɇɋ – ɧɚɩɪɚɜɥɟɧɢɟ ɫɞɜɢɝɚ, ɇɇ – 

ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ. 
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Ɉɛɪɚɡɟɰ 

ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ 
ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ 

Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ ɉɗɆ EBSD 

Ɉɫɚɞɤɚ ɩɪɢ 
20ɨɋ 

15 ɦɢɧ 1 ɞɟɧɶ 2 ɦɟɫɹɰɚ 

Ɉɫɚɞɤɚ ɩɪɢ 

-196ɨɋ 

15 ɦɢɧ 1 ɞɟɧɶ 2 ɦɟɫɹɰɚ 

ɋɞɜɢɝ ɩɨɞ 
ɜɵɫɨɤɢɦ 

ɞɚɜɥɟɧɢɟɦ ɩɪɢ 
20ɨɋ 

15 ɦɢɧ 30 ɦɢɧɭɬ 2 ɧɟɞɟɥɢ 

ɋɞɜɢɝ ɩɨɞ 
ɜɵɫɨɤɢɦ 

ɞɚɜɥɟɧɢɟɦ ɩɪɢ  
-196ɨɋ 

15 ɦɢɧ 30 ɦɢɧɭɬ 2 ɧɟɞɟɥɢ 

 

Ɍɚɛɥɢɰɚ 1. ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ. 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɞɟɮɨɪɦɚɰɢɢ 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ, ɦɤɦ 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɭɛɡɟɪɟɧ, 

ɦɤɦ 

ɉɪɨɞɨɥɶɧɵɣ ɉɨɩɟɪɟɱɧɵɣ ɉɪɨɞɨɥɶɧɵɣ ɉɨɩɟɪɟɱɧɵɣ 

Ɉɫɚɞɤɚ 

T=20oC 0.9 0.8 0.5 0.5 

T=-196oC 0.8 0.7 0.4 0.3 

ɋɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ 

T=20oC 0.3 0.3 0.2 0.2 

T=-196oC 0.3 0.3 0.2 0.1 

Ɍɚɛɥɢɰɚ 2. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɢ 

ɫɭɛɡɟɪɟɧ. 
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Ɍɟɦɩɟɪɚɬɭɪɚ 
ɞɟɮɨɪɦɚɰɢɢ 

ɋɪɟɞɧɢɣ ɭɝɨɥ 
ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ 

ɆɍȽ, ɝɪɚɞ 

Ⱦɨɥɹ ȻɍȽ, % 

Ⱦɨɥɹ 
ɞɜɨɣɧɢɤɨɜɵɯ 
ɝɪɚɧɢɰ 3, % 

Ɉɫɚɞɤɚ 

T=20oC 5.2 46 2.9 

T=-196oC 5.3 35 4.2 

ɋɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ 

T=20oC 5.6 55 3.9 

T=-196oC 5.7 38 2.0 

Ɍɚɛɥɢɰɚ 3. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɫɪɟɞɧɢɣ ɭɝɨɥ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɆɍȽ, ɞɨɥɸ ȻɍȽ ɢ ɫɨɞɟɪɠɚɧɢɟ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ. 

 

 

 


