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Ⱥɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɜ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɟɞɢ  

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

1ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɫɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ 

ɦɟɬɚɥɥɨɜ 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 

ȼ ɪɚɛɨɬɟ ɢɡɭɱɚɥɢɫɶ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɟɞɢ ɜ ɯɨɞɟ 

ɞɥɢɬɟɥɶɧɨɣ (ɞɨ 2 ɥɟɬ) ɜɵɞɟɪɠɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ, 

ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɨɥɶɲɢɯ (e≈8.2) ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɹɜɥɹɟɬɫɹ 

ɧɟɫɬɚɛɢɥɶɧɨɣ, ɢ ɜ ɧɟɣ ɢɦɟɟɬ ɦɟɫɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɨɦɭ 

ɩɪɨɰɟɫɫɭ ɩɪɟɞɲɟɫɬɜɭɟɬ ɞɥɢɬɟɥɶɧɵɣ (ɞɨ 1 ɝɨɞɚ) ɢɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɪɟɡɤɨ ɭɯɭɞɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɤɨɩɥɟɧɧɨɣ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ.   

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ʉɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ; Ɇɟɞɶ; ɋɬɚɛɢɥɶɧɨɫɬɶ; Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ; 

ɂɡɦɟɥɶɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ; Ɍɟɤɫɬɭɪɚ 

Keywords: Cryogenic deformation, Copper, Stability, Microstructure, Microstructure 

refinement, Texture 

1. ȼɜɟɞɟɧɢɟ 

Ⱦɟɮɨɪɦɚɰɢɢ ɩɪɢ ɧɢɡɤɢɯ ɚɛɫɨɥɸɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ – ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ, ɤɪɢɨɝɟɧɧɵɟ 

ɞɟɮɨɪɦɚɰɢɢ – ɜɵɡɵɜɚɸɬ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɫɪɟɞɢ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ Д1-

6]. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɱɟɧɶ ɧɢɡɤɢɟ ɝɨɦɨɥɨɝɢɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɞɨɥɠɧɵ 

ɩɨɞɚɜɢɬɶ ɩɪɨɰɟɫɫɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɜɪɚɬɚ/ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɦɨɝɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɚɤɬɢɜɢɡɚɰɢɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ (ɩɪɢɱɟɦ ɞɚɠɟ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɚɥɥɚɯ Д4,5]) ɢ, 
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ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɫɭɛɦɢɤɪɨ- ɢ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ (ɋɆɄ ɢ ɇɄ) ɦɚɬɟɪɢɚɥɨɜ.  

ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɨɞɧɚɤɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɜɟɫɶɦɚ ɧɟɫɬɚɛɢɥɶɧɚ. ɇɚɩɪɢɦɟɪ, ɜ ɦɟɞɢ ɛɵɥɢ ɨɬɦɟɱɟɧɵ ɩɪɢɡɧɚɤɢ 

ɩɟɪɜɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɨɬɨɝɪɟɜɟ ɦɚɬɟɪɢɚɥɚ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ 

ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ Д7-9] ɢ ɷɤɫɬɪɭɡɢɢ Д10]. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɬɨɬ ɮɟɧɨɦɟɧ ɨɛɭɫɥɨɜɥɟɧ 

ɩɨɜɵɲɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɚɤɚɧɫɢɣ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɭɜɟɥɢɱɢɬɶ ɩɨɞɜɢɠɧɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɢɦɭɥɢɪɨɜɚɬɶ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɸ 

[7]. Ɇɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɷɬɨɬ ɷɮɮɟɤɬ ɫɬɚɧɟɬ ɟɳɟ ɛɨɥɟɟ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɧɚɤɨɩɥɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ 

ɦɨɠɟɬ ɫɬɚɬɶ ɞɨɜɨɥɶɧɨ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɢ ɤɪɢɨɝɟɧɧɵɯ ɢɧɬɟɧɫɢɜɧɵɯ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ (ɂɉȾ).   

ɏɨɬɹ ɹɜɥɟɧɢɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɞɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɛɵɥɨ ɨɬɤɪɵɬɨ 

ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɢɥɟɬɢɣ ɬɨɦɭ ɧɚɡɚɞ [7-10], ɟɝɨ ɩɪɢɪɨɞɚ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɜɩɨɥɧɟ ɹɫɧɚ. Ⱦɚɧɧɨɟ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɬɱɚɫɬɢ ɫɜɹɡɚɧɨ ɫ ɧɟɞɨɫɬɚɬɤɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɇɚɩɪɢɦɟɪ, 

ɩɪɨɬɟɤɚɧɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɥɢɲɶ ɜ ɯɨɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ 

ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɞɨ 1 ɝɨɞɚ) Д8], ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɫɬɚɟɬɫɹ ɧɟ ɜɩɨɥɧɟ ɩɨɧɹɬɧɵɦ, ɹɜɥɹɟɬɫɹ ɥɢ ɫɬɪɭɤɬɭɪɚ ɫɬɚɛɢɥɶɧɨɣ ɩɪɢ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɣ 

ɜɵɞɟɪɠɤɟ ɧɚ ɜɨɡɞɭɯɟ ɢɥɢ ɧɟɬ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɟɞɢ ɜ ɯɨɞɟ ɞɥɢɬɟɥɶɧɨɝɨ ɯɪɚɧɟɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ – ɨɬ 1 

ɝɨɞɚ ɞɨ 2 ɥɟɬ.     

2. Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

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

ɦɚɪɤɢ Ɇ1. ɉɨɫɬɚɜɥɟɧɧɵɣ ɝɨɪɹɱɟɤɚɬɚɧɵɣ ɩɪɭɬɨɤ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 
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ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ “abc” ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 500-300ɨɋ Д11]. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɜ ɦɚɬɟɪɢɚɥɟ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɨɫɧɚɹ ɡɟɪɟɧɧɚɹ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ з 1.7 ɦɤɦ, ɞɨɥɟɣ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ з 59% 

ɢ ɫɥɚɛɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɨɣ ɤɭɛɚ.  

ɉɨɫɥɟɞɭɸɳɚɹ ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɝɥɭɛɨɤɨɣ 

ɨɫɚɞɤɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ “abc” ɞɟɮɨɪɦɚɰɢɢ. ɐɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɞɢɚɦɟɬɪɨɦ 24 ɦɦ ɢ 

ɜɵɫɨɬɨɣ 60 ɦɦ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɢɡ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɤɨɜɨɤ, ɩɨɦɟɳɟɧɵ ɜ ɫɬɚɥɶɧɭɸ 

ɨɛɨɥɨɱɤɭ ɬɨɥɳɢɧɨɣ 8 ɦɦ ɢ ɨɫɚɠɟɧɵ ɧɚ 88% ɩɨ ɜɵɫɨɬɟ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

ɞɟɮɨɪɦɚɰɢɢ ~ 6x10-3 ɫ-1.  ɉɟɪɟɞ ɨɫɚɞɤɨɣ ɨɛɪɚɡɰɵ ɢ ɛɨɣɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɯɥɚɠɞɚɥɢɫɶ ɜ 

ɤɨɧɬɟɣɧɟɪɟ ɫ ɠɢɞɤɢɦ ɚɡɨɬɨɦ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ. ɂɡ ɰɟɧɬɪɚɥɶɧɨɣ (ɧɚɢɛɨɥɟɟ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ) ɱɚɫɬɢ ɨɫɚɠɟɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɩɪɢɡɦɚɬɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ 

ɪɚɡɦɟɪɚɦɢ 8ɯ6ɯ6 ɦɦ3 ɢ ɩɨɞɜɟɪɝɧɭɬɵ ɤɪɢɨɝɟɧɧɨɣ “abc” ɞɟɮɨɪɦɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɫɠɚɬɢɹ ɩɪɢɦɟɪɧɨ ɧɚ 45% ɩɨ ɜɵɫɨɬɟ ɜɞɨɥɶ 

ɬɪɟɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɨɫɟɣ ɨɛɪɚɡɰɨɜ. ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɚɜɥɹɥɚ з 10-3 ɫ-1. 

Ⱦɟɮɨɪɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɫɩɟɰɢɚɥɶɧɨ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɦ ɲɬɚɦɩɟ ɜ ɫɪɟɞɟ ɠɢɞɤɨɝɨ 

ɚɡɨɬɚ. ȼ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ 10 ɨɫɚɞɤɚɦ; ɧɚɤɨɩɥɟɧɧɚɹ ɢɫɬɢɧɧɚɹ 

ɞɟɮɨɪɦɚɰɢɹ ɛɵɥɚ ɨɰɟɧɟɧɚ ɤɚɤ О≈8.2.     

ɉɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɵ ɯɪɚɧɢɥɢɫɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɂɡɦɟɧɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜ ɯɨɞɟ ɜɵɥɟɠɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɧɚ ɜɨɡɞɭɯɟ ɢɡɭɱɚɥɨɫɶ ɜ 

ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɨɬ 1 ɝɨɞɚ ɞɨ 2 ɥɟɬ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 

(ɉɗɆ) ɢ ɦɟɬɨɞɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ-ɪɚɫɫɟɹɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɜ (EBSD).   

3. Ɋɟɡɭɥɶɬɚɬɵ 

3.1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɱɟɪɟɡ 1 ɝɨɞ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 
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Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɬɟɤɫɬɭɪɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɝɨɞɨɜɨɣ ɜɵɞɟɪɠɤɢ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. ɇɚ EBSD ɤɚɪɬɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 1ɚ, 

ɦɚɥɨɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ (ɆɍȽ, ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɨɬ 2ɨ ɞɨ 15ɨ) ɢɡɨɛɪɚɠɟɧɵ ɬɨɧɤɢɦɢ 

ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ɚ ɛɨɥɶɲɟɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ (ȻɍȽ, ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɨɬ 15ɨ ɢ ɜɵɲɟ) – 

ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɞɨɜɨɥɶɧɨ ɨɞɧɨɪɨɞɧɚ ɜ ɦɚɫɲɬɚɛɚɯ ɤɚɪɬɵ, ɢ 

ɟɟ ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɹɜɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɩɨɞ ɭɝɥɨɦ ɩɪɢɦɟɪɧɨ 45ɨ ɤ ɨɫɢ ɩɨɫɥɟɞɧɟɣ 

ɨɫɚɞɤɢ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ, ɜɨɡɦɨɠɧɨ, ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɢɡɦɟɧɟɧɢɹ ɨɫɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜ 

ɯɨɞɟ “abc” ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɨɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɥɨɤɚɥɢɡɚɰɢɟɣ 

ɞɟɮɨɪɦɚɰɢɢ ɜ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɨɥɨɫɚɯ ɫɞɜɢɝɚ/ɫɛɪɨɫɚ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ (ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɦɢɤɪɨɧ) ɡɟɪɟɧ, ɜɵɬɹɧɭɬɵɯ ɜ ɨɛɳɟɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɢ 

ɦɟɥɤɢɯ (<1 ɦɤɦ) ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɩɨɫɥɟɞɧɢɟ ɪɚɫɩɨɥɨɠɟɧɵ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɞɨɥɶ ɝɪɚɧɢɰ ɜɵɬɹɧɭɬɵɯ ɡɟɪɟɧ, ɮɨɪɦɢɪɭɹ “ɫɬɪɭɤɬɭɪɭ ɨɠɟɪɟɥɶɹ”. 

Ʉɪɭɩɧɵɟ ɡɟɪɧɚ ɫɨɞɟɪɠɚɬ ɪɚɡɜɢɬɭɸ ɫɟɬɶ ɦɚɥɨɭɝɥɨɜɵɯ ɝɪɚɧɢɰ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɟɥɤɢɟ 

ɪɚɜɧɨɨɫɧɵɟ ɡɟɪɧɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɜɨɛɨɞɧɵ ɨɬ ɫɭɛɫɬɪɭɤɬɭɪɵ. Ɍɢɩɢɱɧɚɹ ɉɗɆ ɮɨɬɨɝɪɚɮɢɹ, 

ɩɨɤɚɡɚɧɧɚɹ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ ɪɢɫ. 1ɚ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɧɚ ɮɨɧɟ 

ɫɢɥɶɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɦɟɟɬ ɦɟɫɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɛɨɥɶɲɢɯ (з 1 ɦɤɦ) 

ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɡɟɪɟɧ. ɋɭɦɦɢɪɭɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɯɨɞɟ 

ɞɥɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ 

ɦɚɬɟɪɢɚɥɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɢɞɭɬ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ ɢ ɛɵɥɨ 

ɨɬɦɟɱɟɧɨ ɜ ɪɚɛɨɬɚɯ Д7-10]. 

ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɢɫ. 1ɛ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɦɚɥɨɭɝɥɨɜɵɦ 

ɦɚɤɫɢɦɭɦɨɦ, ɨɬɪɚɠɚɸɳɢɦ ɪɚɡɜɢɬɭɸ ɫɟɬɶ ɆɍȽ ɜ ɬɟɥɟ ɤɪɭɩɧɵɯ ɡɟɪɟɧ (ɪɢɫ. 1ɚ).  ȼ ɰɟɥɨɦ, 

ɧɚ ɦɚɥɨɭɝɥɨɜɵɟ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɦɟɪɧɨ 54% ɨɬ ɨɛɳɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ 



 5 

ɝɪɚɧɢɰ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɬɚɤɠɟ ɧɟɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ 3 (~ 3%), 

ɨɫɢ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬ ɫɥɚɛɵɣ ɤɥɚɫɬɟɪ ɨɤɨɥɨ ɩɨɥɸɫɚ <111>.  

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɣ Д12] ɬɟɤɫɬɭɪ 

(ɪɢɫ. 1ɜ), ɦɚɬɟɪɢɚɥɭ ɩɪɢɫɭɳɚ ɫɥɚɛɚɹ <110> ɚɤɫɢɚɥɶɧɚɹ ɬɟɤɫɬɭɪɚ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɬɨɪɨɣ ɢ 

ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɩɪɢ ɯɨɥɨɞɧɨɣ ɨɫɚɞɤɟ ɦɟɞɢ Д12].  

ȼ ɰɟɥɨɦ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɫɥɟ ɝɨɞɨɜɨɣ ɜɵɞɟɪɠɤɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɦɚɬɟɪɢɚɥɟ 

ɩɪɟɨɛɥɚɞɚɟɬ ɞɟɮɨɪɦɚɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɬɟɤɫɬɭɪɚ, ɚ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ 

ɟɫɥɢ ɢ ɢɦɟɸɬ ɦɟɫɬɨ, ɬɨ ɪɚɡɜɢɜɚɸɬɫɹ ɞɨɜɨɥɶɧɨ ɦɟɞɥɟɧɧɨ.  

3.2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɱɟɪɟɡ 2 ɝɨɞɚ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

3.2.1. ɐɟɧɬɪɚɥɶɧɚɹ ɡɨɧɚ ɨɛɪɚɡɰɚ 

ɋɬɪɭɤɬɭɪɚ ɢ ɬɟɤɫɬɭɪɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɬɨɝɨ ɠɟ ɫɚɦɨɝɨ ɨɛɪɚɡɰɚ ɩɨɫɥɟ 2-ɥɟɬɧɟɝɨ 

ɩɪɟɛɵɜɚɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɡɦɟɧɢɥɚɫɶ (ɪɢɫ. 2ɚ). Ɋɚɡɦɟɪɵ ɧɟɤɨɬɨɪɵɯ ɡɟɪɟɧ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɥɢɫɶ – ɞɨ 100 ɦɤɦ ɢ ɛɨɥɟɟ. ɇɚɪɹɞɭ ɫ ɧɢɦɢ, ɨɞɧɚɤɨ, ɜ ɫɬɪɭɤɬɭɪɟ 

ɫɨɯɪɚɧɢɥɚɫɶ ɬɚɤɠɟ ɢ ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɞɢɫɩɟɪɫɧɵɯ ɡɟɪɟɧ ɜɟɥɢɱɢɧɨɣ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ 

ɦɢɤɪɨɧ.  ɇɚɥɢɱɢɟ ɫɬɨɥɶ ɛɨɥɶɲɨɣ ɪɚɡɧɢɰɵ ɜ ɪɚɡɦɟɪɚɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɡɟɪɟɧ ɩɨɡɜɨɥɹɟɬ 

ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɦɚɬɟɪɢɚɥɟ ɢɦɟɥ ɦɟɫɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ.  

ȼ ɫɬɪɭɤɬɭɪɟ ɨɬɱɟɬɥɢɜɨ ɜɵɹɜɥɹɟɬɫɹ ɦɚɤɪɨɩɨɥɨɫɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɩɨɞ ɭɝɥɨɦ 

ɩɪɢɦɟɪɧɨ 55ɨ ɤ ɨɫɢ ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɨɫɨɛɟɧɧɨ ɤɪɭɩɧɵɦɢ 

ɪɚɡɦɟɪɚɦɢ ɡɟɪɟɧ (ɪɢɫ. 2ɚ). ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɡɟɪɟɧ ɜ 

ɫɬɪɭɤɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫ. 1ɚ), ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɨɫɬ ɡɟɪɟɧ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨ 

ɪɚɡɜɢɜɚɥɫɹ ɜ ɨɛɥɚɫɬɹɯ ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ (ɦɚɤɫɢɦɚɥɶɧɨɣ) ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ.  

ɉɗɆ ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɬɢɩɢɱɧɚɹ ɮɨɬɨɝɪɚɮɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ 

ɭɝɥɭ ɪɢɫ. 2ɚ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɯɚɪɚɤɬɟɪɧɚ ɧɢɡɤɚɹ ɩɥɨɬɧɨɫɬɶ 

ɞɢɫɥɨɤɚɰɢɣ ɢ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ. ɉɪɢɦɟɱɚɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
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ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɦɢɝɪɚɰɢɹ 

ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ (ɬɨ ɟɫɬɶ, ɪɨɫɬ ɡɟɪɟɧ) ɜ ɦɚɬɟɪɢɚɥɚɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ 

ɷɧɟɪɝɢɟɣ ɞɟɮɟɤɬɚ ɭɩɚɤɨɜɤɢ (ɜɤɥɸɱɚɹ ɦɟɞɶ) ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɞɜɨɣɧɢɤɨɜ Д13], ɢ ɩɨɷɬɨɦɭ ɷɬɨɬ ɷɮɮɟɤɬ ɫɚɦ ɩɨ ɫɟɛɟ ɧɟ ɹɜɥɹɟɬɫɹ ɧɟɨɠɢɞɚɧɧɵɦ.  

Ɉɛ ɢɧɬɟɧɫɢɜɧɨɦ ɪɚɡɜɢɬɢɢ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɫɩɟɤɬɪ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɢɫ. 2ɛ), ɤɨɬɨɪɵɣ ɩɪɢɦɟɱɚɬɟɥɟɧ ɨɫɬɪɵɦ ɩɢɤɨɦ ɨɤɨɥɨ 60ɨ ɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ, ɚ ɬɚɤɠɟ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɤɥɚɫɬɟɪɨɦ 

ɨɤɨɥɨ ɩɨɥɸɫɚ <111> ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ ɨɫɹɦ; ɤɥɚɫɬɟɪ ɨɤɨɥɨ ɩɨɥɸɫɚ <101> ɬɚɤɠɟ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɛɭɫɥɨɜɥɟɧ ɞɜɨɣɧɢɤɨɜɵɦɢ ɪɚɡɨɪɢɟɧɬɚɰɢɹɦɢ 9. Ɉɛɳɚɹ ɞɨɥɹ 

ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ (3+9) ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɪɨɫɥɚ ɡɚ ɩɟɪɢɨɞ ɩɪɟɛɵɜɚɧɢɹ ɨɛɪɚɡɰɚ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 1 ɝɨɞɚ ɞɨ 2 ɥɟɬ, ɞɨɫɬɢɝɧɭɜ з 27%. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɨɥɹ 

ɦɚɥɨɭɝɥɨɜɵɯ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɜ ɫɩɟɤɬɪɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɥɚɫɶ ɞɨ ɩɪɢɦɟɪɧɨ 25%, ɱɬɨ, 

ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɡɚɦɟɬɚɧɢɟɦ ɆɍȽ ɦɢɝɪɢɪɭɸɳɢɦɢ ɝɪɚɧɢɰɚɦɢ ɡɟɪɟɧ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɨɛɪɚɬɧɨɣ ɩɨɥɸɫɧɨɣ ɮɢɝɭɪɵ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 2ɜ, 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɨɫɢ <101> ɩɨ-ɩɪɟɠɧɟɦɭ ɬɹɝɨɬɟɸɬ ɤ ɨɫɢ ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ ɢ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɫɤɥɚɞɵɜɚɟɬɫɹ ɜɩɟɱɚɬɥɟɧɢɟ, ɱɬɨ ɬɟɤɫɬɭɪɚ ɧɟ ɢɡɦɟɧɢɥɚɫɶ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɡɚ 

ɢɫɫɥɟɞɨɜɚɧɧɵɣ ɩɟɪɢɨɞ. Ɉɞɧɚɤɨ ɨɛɳɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɤɫɬɭɪɵ ɜɨɡɪɨɫɥɚ ɛɨɥɟɟ ɱɟɦ ɜ 2 

ɪɚɡɚ, ɱɬɨ ɜɵɝɥɹɞɢɬ ɧɟ ɜɩɨɥɧɟ ɩɨɧɹɬɧɵɦ  ɧɚ ɮɨɧɟ ɪɚɞɢɤɚɥɶɧɨɝɨ ɪɨɫɬɚ ɡɟɪɟɧ. ɋ ɰɟɥɶɸ 

ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɤɫɬɭɪɟ, ɧɚ ɨɫɧɨɜɟ EBSD ɞɚɧɧɵɯ ɛɵɥɢ 

ɜɵɱɢɫɥɟɧɵ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɨɤ (ɎɊɈ), ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɎɊɈ ɬɚɤɠɟ ɩɪɟɬɟɪɩɟɥɚ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ 

ɜɪɟɦɟɧɢ ɨɬ 1 ɝɨɞɚ ɞɨ 2 ɥɟɬ. ȼ ɱɚɫɬɧɨɫɬɢ, ɬɟɤɫɬɭɪɧɚɹ ɤɨɦɩɨɧɟɧɬɚ Ƚɨɫɫɚ д110ж<100> 

(ɤɨɬɨɪɚɹ ɨɬɦɟɱɟɧɚ ɛɟɥɵɦɢ ɪɨɦɛɢɤɚɦɢ ɧɚ ɎɊɈ) ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɢɥɢɥɚɫɶ ɡɚ ɢɫɫɥɟɞɨɜɚɧɧɵɣ 

ɩɟɪɢɨɞ ɢ, ɮɚɤɬɢɱɟɫɤɢ, ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɜ ɦɚɬɟɪɢɚɥɟ ɩɨɫɥɟ 2-ɥɟɬɧɟɣ ɜɵɞɟɪɠɤɢ ɧɚ 
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ɜɨɡɞɭɯɟ (ɪɢɫ. 3ɛ). ɉɪɢ ɷɬɨɦ, ɨɞɧɚɤɨ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ (з 15-20ɨ) ɭɝɥɨɜɨɟ 

ɪɚɫɫɟɹɧɢɟ ɜɨɤɪɭɝ ɷɬɨɣ ɤɨɦɩɨɧɟɧɬɵ (ɪɢɫ. 3ɛ).   

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɫɬɭɪɵ Ƚɨɫɫɚ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɚɥɥɚɯ ɨɛɵɱɧɨ ɚɫɫɨɰɢɢɪɭɟɬɫɹ ɫ 

ɩɟɪɜɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ [13]. EBSD ɤɚɪɬɵ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɧɧɨɣ ɬɟɤɫɬɭɪɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4.  ɂɡ 

ɪɢɫ. 4ɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ, ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɩɨɫɥɟ ɝɨɞɨɜɨɝɨ ɩɪɟɛɵɜɚɧɢɹ 

ɨɛɪɚɡɰɚ ɧɚ ɜɨɡɞɭɯɟ, ɬɨɥɶɤɨ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɦɟɥɤɢɯ (“ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ”) ɡɟɪɟɧ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɪɢɟɧɬɢɪɨɜɤɨɣ, ɛɥɢɡɤɨɣ ɤ ɬɟɤɫɬɭɪɟ Ƚɨɫɫɚ (ɩɪɢɦɟɪ ɨɬɦɟɱɟɧ ɫɬɪɟɥɤɨɣ). ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɪɢɟɧɬɚɰɢɹ ɧɟɤɨɬɨɪɵɯ ɤɪɭɩɧɵɯ (“ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ”) ɡɟɪɟɧ ɬɚɤɠɟ ɛɥɢɡɤɚ 

ɤ д110ж<100>; ɞɚɧɧɵɣ ɮɚɤɬ, ɜɟɪɨɹɬɧɨ, ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɬɟɤɫɬɭɪɚ Ƚɨɫɫɚ ɜɯɨɞɢɬ ɜ 

ɞɟɮɨɪɦɚɰɢɨɧɧɭɸ ɚɤɫɢɚɥɶɧɭɸ ɬɟɤɫɬɭɪɭ <101> (ɪɢɫ. 3ɚ).  Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 4ɛ, 

ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ ɭɫɢɥɟɧɢɟ ɬɟɤɫɬɭɪɵ Ƚɨɫɫɚ ɩɨɫɥɟ ɠɟ 2-ɥɟɬɧɟɝɨ ɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɚɧɨɦɚɥɶɧɵɦ ɪɨɫɬɨɦ ɡɟɪɟɧ ɜ ɩɨɥɨɫɟ 

ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

3.2.2. ɉɟɪɢɮɟɪɢɣɧɚɹ ɡɨɧɚ ɨɛɪɚɡɰɚ 

Ʉɚɤ ɜɵɬɟɤɚɟɬ ɢɡ ɪɢɫ. 2ɚ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɫɥɟ 2-ɥɟɬɧɟɝɨ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ 

ɜɨɡɞɭɯɟ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɟɨɞɧɨɪɨɞɧɨɣ. ɂɡɦɟɧɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ, ɢɡɦɟɪɟɧɧɨɟ ɤɚɤ 

ɜɞɨɥɶ ɨɫɢ ɫɠɚɬɢɹ (ɪɢɫ. 5ɚ), ɬɚɤ ɢ ɜɞɨɥɶ ɪɚɞɢɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɨɛɪɚɡɰɚ (ɪɢɫ. 5ɛ), 

ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɵɜɨɞ ɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ.  Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɷɬɢɯ 

ɪɢɫɭɧɤɨɜ, ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ (ɨɱɟɜɢɞɧɨ, 

ɫɜɹɡɚɧɧɨɟ ɫ ɚɧɨɦɚɥɶɧɵɦ ɪɨɫɬɨɦ ɡɟɪɟɧ), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ ɟɝɨ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɱɚɫɬɤɚɯ 

ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɷɬɢɯ ɨɛɥɚɫɬɹɯ ɨɫɬɚɥɚɫɶ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɞɚɠɟ ɩɨɫɥɟ 2-ɥɟɬɧɟɝɨ 

ɩɪɟɛɵɜɚɧɢɹ ɨɛɪɚɡɰɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  
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Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɬɟɤɫɬɭɪɚ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɭɱɚɫɬɤɚ ɨɛɪɚɡɰɚ – ɡɨɧɵ ɡɚɫɬɨɣɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɨɫɚɞɤɟ -  ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 6. ȼɢɞɧɨ, ɱɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɞɨɫɬɚɬɨɱɧɨ 

ɞɢɫɩɟɪɫɧɚ (ɪɢɫ. 6ɚ), ɢ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɫɨɫɬɚɜɥɹɟɬ з 0.5 ɦɤɦ.  ȼ ɰɟɥɨɦ, ɦɚɬɟɪɢɚɥ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɩɨɞɨɛɟɧ ɬɚɤɨɜɨɦɭ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɝɨɞɨɜɨɣ 

ɜɵɞɟɪɠɤɢ ɧɚ ɜɨɡɞɭɯɟ (ɪɢɫ. 1): ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ (“ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ”) ɢ ɦɟɥɤɢɯ (“ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ”) ɡɟɪɟɧ 

(ɪɢɫ. 6ɚ), ɞɨɥɹ ɆɍȽ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ (з 51% - ɪɢɫ. 6ɛ), ɩɪɟɨɛɥɚɞɚɟɬ ɫɥɚɛɚɹ <101> 

ɚɤɫɢɚɥɶɧɚɹ ɬɟɤɫɬɭɪɚ (ɪɢɫ. 6ɛ).  ȿɫɬɶ, ɨɞɧɚɤɨ, ɢ ɧɟɤɨɬɨɪɵɟ ɨɬɥɢɱɢɹ – ɧɚɩɪɢɦɟɪ, ɬɟɤɫɬɭɪɚ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɣ ɤɨɦɩɨɧɟɧɬɨɣ ɬɟɤɫɬɭɪɵ ɤɭɛɚ {100}<100> 

(ɨɛɭɫɥɚɜɥɢɜɚɸɳɟɣ ɦɚɤɫɢɦɭɦ ɨɤɨɥɨ ɩɨɥɸɫɚ <001> ɧɚ ɨɛɪɚɬɧɨɣ ɩɨɥɸɫɧɨɣ ɮɢɝɭɪɟ, ɪɢɫ. 6ɜ). 

ɇɚɥɢɱɢɟ ɞɚɧɧɨɣ ɬɟɤɫɬɭɪɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɚɥɥɚɯ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɪɢɡɧɚɤɨɦ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ [13]. 

ɋɭɦɦɢɪɭɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɬɚɤɠɟ ɢɦɟɟɬ ɦɟɫɬɨ ɢ ɜ ɨɛɥɚɫɬɢ ɡɚɫɬɨɣɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɨɞɧɚɤɨ ɷɬɨɬ ɩɪɨɰɟɫɫ 

ɪɚɡɜɢɜɚɟɬɫɹ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɜ ɰɟɧɬɪɟ ɨɛɪɚɡɰɚ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɭɜɟɥɢɱɟɧɢɟ ɧɚɤɨɩɥɟɧɧɨɣ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɨɬ ɩɟɪɢɮɟɪɢɢ ɨɛɪɚɡɰɚ ɤ ɟɝɨ ɰɟɧɬɪɭ) ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ. 

4. Ɉɛɫɭɠɞɟɧɢɟ 

4.1. Ⱦɜɢɠɭɳɚɹ ɫɢɥɚ ɚɧɨɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɡɟɪɟɧ 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɪɨɫɬɚ ɡɟɪɟɧ (ɜɤɥɸɱɚɹ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ) ɹɜɥɹɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɝɪɚɧɢɰɚɦɢ ɪɚɡɨɪɢɟɧɬɚɰɢɢ. ɗɬɢɦ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɭɩɪɭɝɚɹ ɷɧɟɪɝɢɹ 

ɞɢɫɥɨɤɚɰɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɢɧɬɟɪɟɫɧɨ ɫɪɚɜɧɢɬɶ ɪɚɡɜɟɬɜɥɟɧɧɨɫɬɶ ɫɢɫɬɟɦɵ ɝɪɚɧɢɰ ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ (ɝɞɟ ɩɪɨɲɟɥ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ) ɢ ɧɚ ɟɝɨ ɩɟɪɢɮɟɪɢɢ (ɝɞɟ 

ɫɬɪɭɤɬɭɪɚ ɛɵɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɛɢɥɶɧɚ). Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɬɚɛɥɢɰɵ 1, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 
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ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ, ɚ ɬɚɤɠɟ ɭɞɟɥɶɧɵɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ ɜ ɨɛɟɢɯ ɨɛɥɚɫɬɹɯ ɜɩɨɥɧɟ 

ɫɨɩɨɫɬɚɜɢɦɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɪɹɞ ɥɢ ɞɢɫɩɟɪɫɧɨɫɬɶ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɫɚɦɚ ɩɨ ɫɟɛɟ, ɛɵɥɚ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɚɧɨɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɡɟɪɟɧ ɜ ɰɟɧɬɪɟ 

ɨɛɪɚɡɰɚ. Ⱦɚɧɧɵɣ ɜɵɜɨɞ, ɜ ɨɛɳɟɦ-ɬɨ, ɜɩɨɥɧɟ ɬɪɢɜɢɚɥɟɧ, ɬɚɤ ɤɚɤ ɩɪɢ ɩɨɦɨɳɢ ɂɉȾ, 

ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɜ ɦɟɞɢ ɭɞɚɜɚɥɨɫɶ ɫɮɨɪɦɢɪɨɜɚɬɶ ɢ ɛɨɥɟɟ 

ɞɢɫɩɟɪɫɧɭɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɧɨ ɩɪɢ ɷɬɨɦ ɜ ɦɚɬɟɪɢɚɥɟ ɨɛɵɱɧɨ ɧɟ ɨɬɦɟɱɚɥɨɫɶ ɫɬɨɥɶ 

ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɨɫɬɚ ɡɟɪɟɧ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɭɫɥɨɜɢɹɯ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɭɩɪɭɝɚɹ ɷɧɟɪɝɢɹ ɞɢɫɥɨɤɚɰɢɣ, ɬɚɤ 

ɤɚɤ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɨɫɥɟɞɧɹɹ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɡɚɩɚɫɟɧɧɨɣ ɷɧɟɪɝɢɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɚɦɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɡɟɪɟɧ ɩɪɢ 

ɨɱɟɧɶ ɧɢɡɤɨɣ ɝɨɦɨɥɨɝɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (з 0.2 Tɩɥ) ɛɵɥɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɚ ɫ 

ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɚɤɚɧɫɢɣ, ɤɚɤ ɢ ɛɵɥɨ ɩɪɟɞɩɨɥɨɠɟɧɨ ɜ ɪɚɛɨɬɟ Д7].  

4.2. Ⱥɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɢɥɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ? 

ɉɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɜ ɦɚɫɫɢɜɧɵɯ ɨɞɧɨɮɚɡɧɵɯ ɦɚɬɟɪɢɚɥɚɯ 

ɜɨɡɦɨɠɟɧ ɩɪɢ ɭɫɥɨɜɢɢ, ɟɫɥɢ ɜ ɦɚɬɟɪɢɚɥɟ ɟɫɬɶ ɧɟɛɨɥɶɲɚɹ ɮɪɚɤɰɢɹ ɡɟɪɟɧ, ɫɩɨɫɨɛɧɵɯ ɤ 

ɪɨɫɬɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɢɝɪɚɰɢɹ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɡɟɪɟɧɧɵɯ ɝɪɚɧɢɰ ɡɧɚɱɢɬɟɥɶɧɨ 

ɡɚɬɪɭɞɧɟɧɚ (ɜ ɨɫɧɨɜɧɨɦ, ɫɢɥɚɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜ ɫɬɵɤɚɯ ɫ ɧɢɡɤɨɦɨɛɢɥɶɧɵɦɢ 

ɆɍȽ). ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɷɬɨɬ ɩɪɨɰɟɫɫ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɩɨɞɨɛɟɧ ɩɟɪɜɢɱɧɨɣ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɝɞɟ ɪɨɫɬ ɡɚɪɨɞɵɲɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɮɨɧɟ ɧɟɩɨɞɜɢɠɧɵɯ ɝɪɚɧɢɰ 

ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ), ɢ ɩɨɷɬɨɦɭ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɢɧɨɝɞɚ ɞɚɠɟ ɢɦɟɧɭɟɬɫɹ ɜɬɨɪɢɱɧɨɣ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɜ 

ɭɫɥɨɜɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ ɨɛɭɫɥɨɜɥɟɧ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦ ɪɨɫɬɨɦ 

ɦɟɥɤɢɯ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɡɟɪɟɧ, ɬɚɤ ɤɚɤ ɩɨɞɜɢɠɧɨɫɬɶ ɢɯ ɝɪɚɧɢɰ ɧɟ ɛɵɥɚ ɫɤɨɜɚɧɚ ɆɍȽ.  

Ɉ ɧɚɥɢɱɢɢ ɫɜɹɡɢ ɦɟɠɞɭ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢ ɚɧɨɦɚɥɶɧɵɦ ɪɨɫɬɨɦ ɡɟɪɟɧ ɝɨɜɨɪɢɬ ɬɚɤɠɟ 
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ɩɪɟɨɛɥɚɞɚɧɢɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɬɟɤɫɬɭɪɵ Ƚɨɫɫɚ ɜ ɪɟɝɢɨɧɚɯ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɝɨ ɪɨɫɬɚ 

ɡɟɪɟɧ (ɪɢɫ. 4ɛ). ɋɥɟɞɭɟɬ, ɜɩɪɨɱɟɦ, ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɭ ɚɜɬɨɪɨɜ ɧɟɬ ɩɪɹɦɵɯ ɞɨɤɚɡɚɬɟɥɶɫɬɜ 

ɬɨɝɨ, ɱɬɨ ɚɧɨɦɚɥɶɧɵɟ ɡɟɪɧɚ ɧɚ ɪɢɫ. 2ɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɪɨɢɫɯɨɞɹɬ ɨɬ ɦɟɥɤɢɯ 

“ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ” ɡɟɪɟɧ ɧɚ ɪɢɫ. 1ɚ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɚ ɝɢɩɨɬɟɡɚ ɬɪɟɛɭɟɬ 

ɞɚɥɶɧɟɣɲɟɣ ɩɪɨɜɟɪɤɢ.  

4.3. Ʉɪɢɬɟɪɢɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɨɫɬɚ ɡɟɪɟɧ 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɩɨɫɥɟ ɝɨɞɨɜɨɝɨ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɦɟɥɤɢɯ 

“ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ” ɡɟɪɟɧ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɲɥɢɮɚ (ɪɢɫ. 1ɚ). ɂɯ ɪɚɜɧɨɩɪɚɜɧɵɣ ɪɨɫɬ 

ɜɪɹɞ ɥɢ ɦɨɝ ɛɵ ɩɪɢɜɟɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɧɨɦɚɥɶɧɨ ɤɪɭɩɧɵɯ ɡɟɪɟɧ ɪɚɡɦɟɪɚɦɢ з 100 ɦɤɦ, 

ɜɢɞɢɦɵɯ ɧɚ ɪɢɫ. 2ɚ (ɬɚɤ ɤɚɤ ɩɥɨɳɚɞɶ EBSD ɤɚɪɬɵ ɧɚ ɪɢɫ. 1ɚ ɫɨɫɬɚɜɥɹɟɬ 30ɯ30 ɦɤɦ2). 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɟ ɫɨɜɫɟɦ ɩɨɧɹɬɧɨ, ɩɨɱɟɦɭ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɦɭ ɪɨɫɬɭ ɡɟɪɟɧ ɩɪɟɞɲɟɫɬɜɨɜɚɥ 

ɫɬɨɥɶ ɞɥɢɬɟɥɶɧɵɣ ɢɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ – ɞɨ 1 ɝɨɞɚ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɦɨɠɧɨ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɡɟɪɟɧ (ɟɫɥɢ ɨɧ ɞɟɣɫɬɜɢɬɟɥɶɧɨ 

ɢɦɟɥ ɦɟɫɬɨ) ɛɵɥ ɫɟɥɟɤɬɢɜɧɵɦ, ɢ ɫɭɳɟɫɬɜɨɜɚɥɚ ɤɚɤɚɹ-ɬɨ ɩɪɢɱɢɧɚ, ɩɪɟɩɹɬɫɬɜɭɸɳɚɹ ɷɬɨɦɭ 

ɩɪɨɰɟɫɫɭ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ.  

ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɞɨɛɢɟ ɦɟɠɞɭ ɩɟɪɜɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢ 

ɚɧɨɦɚɥɶɧɵɦ ɪɨɫɬɨɦ ɡɟɪɟɧ (ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɤɚɤ 

ɨɛɫɭɠɞɚɥɨɫɶ ɜɵɲɟ), ɜ ɨɬɧɨɲɟɧɢɢ ɩɨɫɥɟɞɧɟɝɨ ɩɪɨɰɟɫɫɚ ɭɦɟɫɬɧɨ ɩɪɢɦɟɧɢɬɶ ɩɨɧɹɬɢɟ 

ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ ɡɟɪɧɚ, ɫɩɨɫɨɛɧɨɝɨ ɤ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɦɭ ɪɨɫɬɭ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ, ɷɬɨɬ ɪɚɡɦɟɪ ɞɨɥɠɟɧ ɨɩɪɟɞɟɥɹɬɶɫɹ ɛɚɥɚɧɫɨɦ ɦɟɠɞɭ ɡɟɪɧɨɝɪɚɧɢɱɧɨɣ 

ɷɧɟɪɝɢɟɣ ɡɚɪɨɞɵɲɚ (ɰɟɧɬɪɚ ɪɨɫɬɚ) ɢ ɭɩɪɭɝɨɣ ɷɧɟɪɝɢɟɣ ɞɢɫɥɨɤɚɰɢɣ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ 

ɦɚɬɪɢɰɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɢɬɟɪɢɣ ɚɧɨɦɚɥɶɧɨɝɨ ɪɨɫɬɚ ɡɟɪɟɧ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ ɤɚɤ 

                                                   25.0
2

Gb
R


                                                     (1) 



 11 

ɝɞɟ: 

  - ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɝɪɚɧɢɰ ɡɟɪɟɧ;  2/6.0~ mJ [13], 

R  - ɢɫɤɨɦɵɣ ɤɪɢɬɢɱɟɫɤɢɣ ɪɚɡɦɟɪ ɡɟɪɧɚ, 

  - ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ; 21615 1010~  m ; 

G  - ɦɨɞɭɥɶ ɘɧɝɚ; 210 /102.4~ mNG  [13]; 

b  - ɜɟɤɬɨɪ Ȼɸɪɝɟɪɫɚ; nmb 26.0 [13] 

Ɉɬɫɸɞɚ ɤɪɢɬɢɱɟɫɤɢɣ ɪɚɡɦɟɪ ɡɟɪɧɚ: 

                                                   m
Gb

R 



6.006.0~
5.0

2
2

                                (2) 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ “ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ” ɡɟɪɟɧ ɧɚ ɪɢɫ. 1ɚ ɢɦɟɟɬ ɪɚɡɦɟɪ 

ɛɨɥɶɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ, 

ɨɩɪɟɞɟɥɹɸɳɢɦ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ (ɩɨɦɢɦɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ), ɛɵɥɚ ɛɥɢɡɨɫɬɶ ɟɝɨ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɢɪɨɜɤɢ ɤ ɬɟɤɫɬɭɪɟ Ƚɨɫɫɚ д100ж<100> (ɪɢɫ. 3ɛ ɢ ɪɢɫ. 4ɛ). Ʉɚɤ 

ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 4ɚ, ɬɨɥɶɤɨ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ “ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ” ɡɟɪɟɧ 

ɩɪɢɧɚɞɥɟɠɚɥɨ ɞɚɧɧɨɣ ɬɟɤɫɬɭɪɧɨɣ ɤɨɦɩɨɧɟɧɬɟ (ɩɪɢɦɟɪ ɬɚɤɨɝɨ ɡɟɪɧɚ ɨɛɨɡɧɚɱɟɧ ɫɬɪɟɥɤɨɣ), 

ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɯ ɫɟɥɟɤɬɢɜɧɵɣ ɪɨɫɬ ɦɨɝ ɜ ɩɪɢɧɰɢɩɟ ɩɪɢɜɟɫɬɢ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 

ɚɧɨɦɚɥɶɧɨ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. ȼɩɪɨɱɟɦ, ɨɫɬɚɟɬɫɹ ɫɨɜɟɪɲɟɧɧɨ ɧɟɩɨɧɹɬɧɵɦ, 

ɱɟɦ ɢɦɟɧɧɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɪɨɫɬɟ ɡɟɪɟɧ ɫ ɩɨɞɨɛɧɨɣ ɨɪɢɟɧɬɢɪɨɜɤɨɣ.  

ɋɭɦɦɢɪɭɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɧɚɥɢɱɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ (з 1 ɝɨɞ) ɛɵɥɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɢɡɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 

ɡɚɪɨɞɵɲɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ ɢ ɧɟɨɛɯɨɞɢɦɨɣ ɨɪɢɟɧɬɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.   

5. ȼɵɜɨɞɵ 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɟɞɢ Ɇ1 ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɣ (ɨɬ 1 ɝɨɞɚ ɞɨ 2 ɥɟɬ) ɜɵɞɟɪɠɤɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɇɚ ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

1) ɋɬɪɭɤɬɭɪɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɨɥɶɲɢɯ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, 

ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɛɢɥɶɧɨɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼ ɧɟɣ ɢɦɟɟɬ ɦɟɫɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ 

ɡɟɪɟɧ, ɤɨɬɨɪɵɣ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɟɞɜɚɪɹɟɬɫɹ ɱɚɫɬɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. ɉɪɟɞɩɨɥɨɠɟɧɨ, 

ɱɬɨ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɹɜɥɹɟɬɫɹ ɩɪɹɦɵɦ ɪɚɡɜɢɬɢɟɦ ɩɪɨɰɟɫɫɚ ɩɟɪɜɢɱɧɨɣ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨ ɪɚɫɬɭɬ ɡɚɪɨɞɵɲɢ ɤɪɢɬɢɱɟɫɤɨɝɨ 

ɪɚɡɦɟɪɚ ɢ ɢɦɟɸɳɢɟ ɨɪɢɟɧɬɚɰɢɸ, ɛɥɢɡɤɭɸ ɤ ɬɟɤɫɬɭɪɟ Ƚɨɫɫɚ. 

2) Ʉɚɬɚɫɬɪɨɮɢɱɟɫɤɨɦɭ ɪɨɫɬɭ ɡɟɪɟɧ ɩɪɟɞɲɟɫɬɜɭɟɬ ɞɥɢɬɟɥɶɧɵɣ (ɩɨɪɹɞɤɚ 1 ɝɨɞɚ) 

ɢɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ, ɤɚɤ ɩɨɥɚɝɚɟɬɫɹ, ɢ ɮɨɪɦɢɪɭɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ 

ɡɚɪɨɞɵɲɢ. 

3) ɋɬɚɛɢɥɶɧɨɫɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɯɭɞɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɧɚɤɨɩɥɟɧɧɨɣ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. ɉɪɟɞɩɨɥɨɠɟɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɧɟ 

ɫɬɨɥɶɤɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɟɪɧɨɝɪɚɧɢɱɧɨɣ ɷɧɟɪɝɢɢ, ɫɤɨɥɶɤɨ ɫ ɪɨɫɬɨɦ ɭɩɪɭɝɨɣ ɷɧɟɪɝɢɢ 

ɞɢɫɥɨɤɚɰɢɣ.  

 

Ⱥɜɬɨɪɵ ɩɪɢɡɧɚɬɟɥɶɧɵ ɩɪɨɮɟɫɫɨɪɭ ɋɚɥɢɳɟɜɭ Ƚ.Ⱥ. ɡɚ ɢɞɟɸ ɩɪɨɟɤɬɚ ɩɨ 

ɢɫɫɥɟɞɨɜɚɧɢɸ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɟɞɢ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɞɚɧɧɚɹ 

ɪɚɛɨɬɚ. Ɉɧɢ ɬɚɤɠɟ ɯɨɬɟɥɢ ɛɵ ɜɵɪɚɡɢɬɶ ɫɜɨɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɤ.ɬ.ɧ. Ƚɚɥɟɟɜɭ Ɋ.Ɇ. ɢ ɤ.ɬ.ɧ. 

ȼɚɥɢɚɯɦɟɬɨɜɭ Ɉ.Ɋ. ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɚ 

ɬɚɤɠɟ ɤ.ɮ.-ɦ.ɧ. Ⱦɚɦɢɧɨɜɭ Ɋ.Ɋ. ɡɚ ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
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ɛ 
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Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɱɟɪɟɡ 1 ɝɨɞ ɩɨɫɥɟ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ: (a) EBSD-ɤɚɪɬɚ ɢ ɉɗɆ-ɮɨɬɨɝɪɚɮɢɹ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɉɗɆ-ɮɨɬɨɝɪɚɮɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ 

ɪɢɫɭɧɤɚ), (ɛ) ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɩɨɤɚɡɚɧɨ ɜ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɪɢɫɭɧɤɚ), (ɜ) ɨɛɪɚɬɧɵɟ 

ɩɨɥɸɫɧɵɟ ɮɢɝɭɪɵ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɚɞɤɢ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɬɟɤɫɬɭɪɭ. 

ɉɪɢɦɟɱɚɧɢɟ: ɇɈ ɢ Ɋɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ ɢ ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ɚ 

 

 

ɛ 

 

ɜ 

Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɱɟɪɟɡ 2 ɝɨɞɚ ɩɨɫɥɟ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ: (a) EBSD-ɤɚɪɬɚ ɢ ɉɗɆ-ɮɨɬɨɝɪɚɮɢɹ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɉɗɆ-ɮɨɬɨɝɪɚɮɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ 

ɪɢɫɭɧɤɚ), (ɛ) ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ 
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ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɩɨɤɚɡɚɧɨ ɜ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɪɢɫɭɧɤɚ), (ɜ) ɨɛɪɚɬɧɚɹ 

ɩɨɥɸɫɧɚɹ ɮɢɝɭɪɚ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɚɞɤɢ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɬɟɤɫɬɭɪɭ. 

ɉɪɢɦɟɱɚɧɢɟ: ɇɈ ɢ Ɋɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ ɢ ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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Ɋɢɫ. 3. Ɏɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɨɤ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ: 

(a) ɱɟɪɟɡ 1 ɝɨɞ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, (ɛ) ɱɟɪɟɡ 2 ɝɨɞɚ. Ⱦɥɹ 

ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɰɟɥɟɣ ɧɚ ɎɊɈ ɨɛɨɡɧɚɱɟɧɚ (ɛɟɥɵɦɢ ɪɨɦɛɢɤɚɦɢ) ɬɟɤɫɬɭɪɚ 

Ƚɨɫɫɚ д110ж<100>. 
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ɚ 

 

ɛ 

Ɋɢɫ. 4. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɤɫɬɭɪɵ Ƚɨɫɫɚ д110ж<100> 

(ɜɵɞɟɥɟɧɨ ɫɟɪɵɦ ɰɜɟɬɨɦ) ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɱɟɪɟɡ 1 ɝɨɞ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ (a), ɱɟɪɟɡ 2 ɝɨɞɚ (ɛ).  

ɉɪɢɦɟɱɚɧɢɟ: ɬɟɤɫɬɭɪɚ Ƚɨɫɫɚ ɩɨɤɚɡɚɧɚ ɜ ɩɪɟɞɟɥɚɯ 15ɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ 

ɢɞɟɚɥɶɧɨɣ ɨɪɢɟɧɬɢɪɨɜɤɢ.   
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ɚ 

 

ɛ 

Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɜɞɨɥɶ ɨɫɢ ɫɠɚɬɢɹ (ɚ) ɢ ɜɞɨɥɶ 

ɪɚɞɢɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ (ɛ) ɜ ɨɛɪɚɡɰɟ ɩɨɫɥɟ 2-ɥɟɬɧɟɝɨ ɩɪɟɛɵɜɚɧɢɹ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.   
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ɚ 

 

 

ɛ 

 

 

ɜ 

Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɧɚ ɩɟɪɢɮɟɪɢɣɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ ɱɟɪɟɡ 2 ɝɨɞɚ ɩɨɫɥɟ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ: (ɚ) EBSD-ɤɚɪɬɚ, (ɛ) ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

(ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɩɨɤɚɡɚɧɨ ɜ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ 

ɭɝɥɭ ɪɢɫɭɧɤɚ), (ɜ) ɨɛɪɚɬɧɚɹ ɩɨɥɸɫɧɚɹ ɮɢɝɭɪɚ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɚɞɤɢ, 

ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɬɟɤɫɬɭɪɭ.  
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ɉɪɢɦɟɱɚɧɢɟ: ɇɈ ɢ Ɋɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ ɢ ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

 

Ɍɚɛɥɢɰɚ 1. Ɋɚɡɜɟɬɜɥɟɧɧɨɫɬɶ ɫɢɫɬɟɦɵ ɝɪɚɧɢɰ/ɫɭɛɝɪɚɧɢɰ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɢ 

ɩɟɪɢɮɟɪɢɣɧɨɣ ɱɚɫɬɹɯ ɨɛɪɚɡɰɚ. 

ɋɬɪɭɤɬɭɪɚ 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ 

ɫɭɛɡɟɪɟɧ/ɡɟɪɟɧ, ɦɤɦ 

ɍɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɝɪɚɧɢɰ, ɦɤɦ-1 

ɆɍȽ ȻɍȽ 

ɐɟɧɬɪ ɨɛɪɚɡɰɚ, 1 
ɝɨɞ ɧɚ ɜɨɡɞɭɯɟ 

(ɪɢɫ. 1ɚ) 
0.3/0.6 7.97 6.66 

ɉɟɪɢɮɟɪɢɹ 
ɨɛɪɚɡɰɚ, 2 ɝɨɞɚ ɧɚ 

ɜɨɡɞɭɯɟ  
(ɪɢɫ. 6ɚ) 

0.2/0.5 8.52 8.13 

 


