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ɍȾɄ 669.3:539.89:539.25 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɦɟɞɢ  
 

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

1ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɫɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɊȺɇ, ɝ. ɍɮɚ, 450001, Ɋɨɫɫɢɹ 

2ɍɧɢɜɟɪɫɢɬɟɬ Ɍɨɯɨɤɭ, ɝ. ɋɟɧɞɚɣ, əɩɨɧɢɹ 

 

ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɦɟɞɢ ɫ ɢɫɯɨɞɧɨɣ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ (з100 ɦɤɦ) ɫɬɪɭɤɬɭɪɨɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɮɨɪɦɚɰɢɹ ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢ ɚɤɬɢɜɢɡɢɪɭɟɬ ɦɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ, ɨɞɧɚɤɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ.   

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ, ɦɟɞɶ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɬɟɤɫɬɭɪɚ 

 

1. ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɜɧɢɦɚɧɢɟ ɤ ɞɟɮɨɪɦɚɰɢɹɦ ɩɪɢ 

ɨɱɟɧɶ ɧɢɡɤɢɯ ɚɛɫɨɥɸɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ – ɤ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɤɪɢɨɝɟɧɧɵɦ 

ɞɟɮɨɪɦɚɰɢɹɦ [1–7]. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɠɢɞɤɨɝɨ 

ɚɡɨɬɚ ɢɥɢ ɝɟɥɢɹ ɩɨɞɚɜɢɬ ɩɪɨɰɟɫɫɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɜɪɚɬɚ/ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ, ɫɬɢɦɭɥɢɪɭɟɬ ɦɟɯɚɧɢɱɟɫɤɨɟ 

ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɤɨɪɢɬ ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ȼ 

ɧɟɤɨɬɨɪɵɯ ɫɬɚɬɶɹɯ Д1, 3–7] ɤɪɢɨɝɟɧɧɭɸ ɞɟɮɨɪɦɚɰɢɸ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɞɚɠɟ ɜ ɤɚɱɟɫɬɜɟ 

ɩɪɨɫɬɨɣ ɢ ɞɟɲɟɜɨɣ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɴɟɦɧɵɯ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 

ɦɚɬɟɪɢɚɥɨɜ. 

                                                           
Ʉɨɧɶɤɨɜɚ Ɍɚɬɶɹɧɚ ɇɢɤɨɥɚɟɜɧɚ, e-mail: konkova_05@mail.ru. 

mailto:konkova_05@mail.ru
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ȼ ɪɚɛɨɬɟ Д8] ɨɰɟɧɢɜɚɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɦɟɞɢ ɞɥɹ 

ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɟɧ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɨɫɥɟ 

ɨɞɢɧɚɤɨɜɵɯ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ (ɨɫɚɞɤɚ, e 

~1,0) ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɫɩɨɫɨɛɫɬɜɭɸɬ ɧɟɤɨɬɨɪɨɣ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢ ɚɤɬɢɜɚɰɢɢ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɷɮɮɟɤɬ ɨɤɚɡɚɥɫɹ ɝɨɪɚɡɞɨ ɧɢɠɟ, ɱɟɦ 

ɨɠɢɞɚɥɨɫɶ. Ȼɨɥɟɟ ɬɨɝɨ, ɨɧ ɫɬɚɧɨɜɢɥɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɡɚɦɟɬɧɵɦ ɩɪɢ ɨɱɟɧɶ ɛɨɥɶɲɢɯ 

ɞɟɮɨɪɦɚɰɢɹɯ (ɫɞɜɢɝ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, e ~8,4). ȼ ɰɟɥɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɞɢ ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɧɟ 

ɨɱɟɧɶ ɜɵɫɨɤɨɣ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɭɩɨɦɹɧɭɬɨɣ ɪɚɛɨɬɟ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɥɤɨɡɟɪɧɢɫɬɵɣ ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ 

~1,7 ɦɤɦ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɦɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɢ ɮɪɚɝɦɟɧɬɚɰɢɹ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɞɚɜɥɹɸɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ Д9, 10]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɧɟ ɢɫɤɥɸɱɟɧɨ, ɱɬɨ ɫɩɟɰɢɮɢɱɟɫɤɚɹ (ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ) ɩɪɢɪɨɞɚ ɦɚɬɟɪɢɚɥɚ ɧɟ ɩɨɡɜɨɥɢɥɚ 

ɩɨɥɧɨɫɬɶɸ ɪɚɫɤɪɵɬɶ ɩɨɬɟɧɰɢɚɥ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ.  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫ ɰɟɥɶɸ ɭɬɨɱɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɞɥɹ 

ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɟɧ ɜ ɦɟɞɢ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧ ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɣ (з100 

ɦɤɦ) ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ. Ⱦɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɥɟɱɟɧ ɦɟɬɨɞ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ-ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (EBSD). 

ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ 

ɡɧɚɱɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɚɬɟɪɢɚɥɟ (ɪɚɡɦɟɪɟ ɡɟɪɟɧ, ɫɩɟɤɬɪɟ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɝɪɚɧɢɰ 

ɡɟɪɟɧ ɢ ɬɟɤɫɬɭɪɟ), ɫɜɨɣɫɬɜɟɧɧɚɹ EBSD, ɩɨɡɜɨɥɢɬ ɩɨɥɧɟɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɢɫɫɥɟɞɭɟɦɵɟ ɫɬɪɭɤɬɭɪɵ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɚɞɟɤɜɚɬɧɨ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. 
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2. Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɚɹ (99,9%) 

ɦɟɞɶ ɦɚɪɤɢ Ɇ1. ȼ ɫɨɫɬɨɹɧɢɢ ɩɨɫɬɚɜɤɢ ɦɚɬɟɪɢɚɥ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ ɝɨɪɹɱɟɤɚɬɚɧɵɣ 

ɩɪɭɬɨɤ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ ~100 ɦɤɦ. 

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɷɮɮɟɤɬɚ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ 

ɨɞɧɨɨɫɧɨɣ ɨɫɚɞɤɟ ɩɪɢɦɟɪɧɨ ɧɚ 60% ɩɨ ɜɵɫɨɬɟ ɧɚ ɜɨɡɞɭɯɟ ɢ ɜ ɫɩɟɰɢɚɥɶɧɨ 

ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɦ ɲɬɚɦɩɟ ɜ ɫɪɟɞɟ ɠɢɞɤɨɝɨ ɚɡɨɬɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɢɡ ɢɫɯɨɞɧɨɝɨ 

ɩɪɭɬɤɚ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɩɪɢɡɦɚɬɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɪɚɡɦɟɪɚɦɢ 556 ɦɦ ɢ ɨɫɚɠɟɧɵ ɧɚ 

ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ Schenck ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 

ɬɪɚɜɟɪɫɵ 1 ɦɦ/ɦɢɧ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ 

ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɢ ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɚɦɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ) ɢ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ 

ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (EBSD). Ɉɛɪɚɡɰɵ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ 

ɩɨɞɜɟɪɝɚɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɲɥɢɮɨɜɚɧɢɸ ɧɚ ɚɛɪɚɡɢɜɧɨɣ ɛɭɦɚɝɟ ɢ ɚɥɦɚɡɧɨɣ ɩɚɫɬɟ 

ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɤɟ. ȼ ɫɥɭɱɚɟ EBSD ɨɛɪɚɡɰɵ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɚɥɢ ɜ 

70%-ɧɨɦ ɪɚɫɬɜɨɪɟ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ H3PO4 ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɚɩɪɹɠɟɧɢɢ 5 ȼ. ȼ ɫɥɭɱɚɟ ɉɗɆ ɷɥɟɤɬɪɨɥɢɬ ɩɪɟɞɫɬɚɜɥɹɥ 

ɫɨɛɨɣ 7%-ɧɵɣ ɪɚɫɬɜɨɪ ɬɨɣ ɠɟ ɫɚɦɨɣ ɤɢɫɥɨɬɵ, ɚ ɩɪɢɥɨɠɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɫɨɫɬɚɜɥɹɥɨ 4 ȼ.  

Ⱦɥɹ ɉɗɆ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧ ɦɢɤɪɨɫɤɨɩ JEM-2000EX, ɪɚɛɨɬɚɸɳɢɣ 

ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 160 ɤȼ. EBSD-ɚɧɚɥɢɡ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ TSL OIMTM, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ 

ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɫ ɩɨɥɟɜɵɦ ɤɚɬɨɞɨɦ Hitachi S-4300SE. ȼ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ 

ɛɵɥɨ ɨɬɫɧɹɬɨ 16 EBSD ɤɚɪɬ, ɫɨɫɬɨɹɳɢɯ ɢɡ з200 000-550 000 ɩɢɤɫɟɥɟɣ. ɒɚɝ 

ɫɤɚɧɢɪɨɜɚɧɢɹ (ɪɚɡɦɟɪ ɩɢɤɫɟɥɹ) ɜɚɪɶɢɪɨɜɚɥɢ ɫ 50 ɧɦ ɞɨ 1 ɦɤɦ. ȼ ɰɟɥɹɯ ɦɢɧɢɦɢɡɚɰɢɢ 

ɨɲɢɛɤɢ ɤɚɠɞɚɹ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɧɞɢɰɢɪɨɜɚɥɚɫɶ ɩɨ ɫɟɦɢ Ʉɢɤɭɱɢ-
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ɥɢɧɢɹɦ. Ⱦɨɥɹ ɭɫɩɟɲɧɨ ɢɧɞɢɰɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɫɨɫɬɚɜɥɹɥɚ 99,6–99,9% ɨɬ 

ɢɯ ɨɛɳɟɝɨ ɱɢɫɥɚ. ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɤɨɪɪɟɤɬɧɨɫɬɶ 

ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ Confidence Index, CI [11]) 

ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ EBSD ɤɚɪɬ ɫ 0,22 ɞɨ 0,56. (Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ: ɫɱɢɬɚɟɬɫɹ, 

ɱɬɨ ɟɫɥɢ ɷɬɨɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɜɵɲɚɟɬ 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 ɟɟ ɨɩɢɫɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 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) ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ 15ɨ. Ɋɚɡɦɟɪ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ 

(ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ) ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɫɟɤɭɳɢɯ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ȼɢɤɤɟɪɫɭ. ɗɤɫɩɟɪɢɦɟɧɬ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɵɩɨɥɧɹɥɢ ɧɚ ɩɪɢɛɨɪɟ Akashi MVK-H1 ɩɪɢ ɧɚɝɪɭɡɤɟ 50 ɝ ɢ 

ɜɵɞɟɪɠɤɟ 10 ɫ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɞɶ, ɩɨɞɜɟɪɝɧɭɬɚɹ ɛɨɥɶɲɢɦ ɩɥɚɫɬɢɱɟɫɤɢɦ 

ɞɟɮɨɪɦɚɰɢɹɦ ɤɚɤ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ [12–15], ɬɚɤ ɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ [7, 16-

17], ɦɨɠɟɬ ɛɵɬɶ ɫɤɥɨɧɧɚ ɤ ɱɚɫɬɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ 

ɯɪɚɧɟɧɢɢ ɧɚ ɜɨɡɞɭɯɟ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɦɨɠɟɬ ɛɵɬɶ ɜɚɠɧɨɣ ɩɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɢ 

ɫɜɨɣɫɬɜ. ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɦ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 

20 ºɋ ɢ –196 ºɋ, ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ EBSD ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɢɥɨ 1,5 ɦɟɫ., ɩɟɪɟɞ ɉɗɆ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ – 1 ɞɟɧɶ ɢ ɢɡɦɟɪɟɧɢɟɦ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ – 15 ɦɢɧ. 
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3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

3.1. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ 

Ⱦɢɚɝɪɚɦɦɵ ɨɫɚɞɤɢ ɨɛɪɚɡɰɨɜ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 

ɜ ɫɪɟɞɟ ɠɢɞɤɨɝɨ ɚɡɨɬɚ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1, ɚ. ȼɫɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɟɡɤɢɦ ɡɚɝɢɛɨɦ ɜɜɟɪɯ ɧɚ ɮɢɧɚɥɶɧɨɣ ɫɬɚɞɢɢ ɧɚɝɪɭɠɟɧɢɹ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɪɚɡɨɜɚɧɢɸ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɛɨɱɤɢ. ɇɚ ɷɬɚɩɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɞɧɨɪɨɞɧɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɞɥɹ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɯɚɪɚɤɬɟɪɧɨ 

ɩɨɜɵɲɟɧɧɨɟ ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ. 

Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ, ɢɡɦɟɪɟɧɧɚɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɨɛɪɚɡɰɨɜ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1, ɛ. Ʉɚɤ ɢ ɨɠɢɞɚɥɨɫɶ, ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ 

ɦɚɬɟɪɢɚɥ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ.  

 

3.2. Ɉɛɳɢɟ ɬɟɧɞɟɧɰɢɢ ɜ ɷɜɨɥɸɰɢɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 

Ɉɛɡɨɪɧɵɟ EBSD-ɤɚɪɬɵ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɩɨ ɜɵɫɨɬɟ ɨɫɚɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2 (ɧɚ ɤɚɪɬɚɯ ɨɛɨɡɧɚɱɟɧɵ ɬɨɥɶɤɨ 

ȻɍȽ). ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɧɟɨɞɧɨɪɨɞɧɨɣ ɩɨ ɫɟɱɟɧɢɸ 

ɨɛɪɚɡɰɨɜ, ɨɬɨɛɪɚɠɚɹ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɩɪɢ ɨɫɚɞɤɟ. ȼ 

ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɚɫɬɨɣɧɵɦ ɡɨɧɚɦ ɩɪɢ 

ɨɛɪɚɡɨɜɚɧɢɢ «ɛɨɱɤɢ», ɜɵɹɜɥɹɸɬɫɹ ɨɫɬɚɬɤɢ ɢɫɯɨɞɧɨɣ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɫɨɫɬɨɹɳɟɣ 

ɢɡ ɤɪɭɩɧɵɯ ɡɟɪɟɧ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ. Ȼɥɢɠɟ ɤ ɰɟɧɬɪɭ ɢɫɯɨɞɧɵɟ ɡɟɪɧɚ ɢ ɞɜɨɣɧɢɤɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɫɩɥɸɳɢɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɟɨɦɟɬɪɢɟɣ ɞɟɮɨɪɦɚɰɢɢ. Ʉɪɨɦɟ ɷɬɨɝɨ, 

ɫɬɪɭɤɬɭɪɚ ɡɚɦɟɬɧɨ ɭɫɥɨɠɧɹɟɬɫɹ, ɩɨɹɜɥɹɸɬɫɹ ɩɪɢɡɧɚɤɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɦɟɥɤɢɯ 

ɡɟɪɟɧ (ɢɥɢ ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ). ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ 

ɧɟɨɞɧɨɪɨɞɧɨ, ɢ ɟɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ ɡɟɪɧɚ ɤ ɡɟɪɧɭ. ɂɡ 
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ɨɛɟɢɯ ɫɬɪɭɤɬɭɪ ɛɵɫɬɪɨ ɢɫɱɟɡɚɸɬ ɢɫɯɨɞɧɵɟ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ; ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ ɨɧɢ ɮɪɚɝɦɟɧɬɢɪɭɸɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ.  

ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2, ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɰɟɫɫ 

ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɪɚɡɜɢɜɚɟɬɫɹ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ. ȼɩɪɨɱɟɦ, ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ EBSD ɤɚɪɬ (ɲɚɝ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 1 ɦɤɦ) ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɨɞɧɨɡɧɚɱɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɧɚ ɷɬɨɬ ɫɱɟɬ. 

 

3.3. Ɉɫɨɛɟɧɧɨɫɬɢ ɦɨɪɮɨɥɨɝɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

Ɏɪɚɝɦɟɧɬɵ EBSD-ɤɚɪɬ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ ɫ 

ɰɟɧɬɪɚɥɶɧɵɯ (ɧɚɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ) ɨɛɥɚɫɬɟɣ ɨɫɚɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3. ɇɚ ɷɬɢɯ ɤɚɪɬɚɯ ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ɚ 

ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. Ⱦɥɹ ɨɛɨɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɯɚɪɚɤɬɟɪɧɚ 

ɪɚɡɜɢɬɚɹ ɫɢɫɬɟɦɚ ɫɭɛɝɪɚɧɢɰ ɜ ɬɟɥɟ ɡɟɪɟɧ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɥɨɬɧɨɫɬɶ ɆɍȽ ɜ ɫɪɟɞɧɟɦ 

ɩɨɜɵɲɚɟɬɫɹ ɨɬ ɰɟɧɬɪɚ ɡɟɪɟɧ ɤ ɢɯ ɝɪɚɧɢɰɚɦ. Ɇɨɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɫɥɚɛɭɸ 

ɬɟɧɞɟɧɰɢɸ ɜɵɪɚɜɧɢɜɚɧɢɹ ɆɍȽ ɩɪɢɦɟɪɧɨ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɫɩɥɸɳɟɧɧɵɯ 

ɡɟɪɟɧ. ɇɟɤɨɬɨɪɵɟ ɫɟɝɦɟɧɬɵ ɫɭɛɝɪɚɧɢɰ ɧɚɤɨɩɢɥɢ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ ɫɜɵɲɟ 15ɨ, 

ɩɪɟɜɪɚɬɢɜɲɢɫɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ȻɍȽ (ɩɪɢɦɟɪɵ ɩɨɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ); ɜ ɤɪɢɨɝɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɨɛɪɚɡɰɟ ɷɬɨɬ ɷɮɮɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɛɨɥɟɟ ɹɪɤɨ 

ɜɵɪɚɠɟɧɧɵɦ.  

Ⱦɥɹ ɨɛɟɢɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɬɢɩɢɱɧɨ ɧɚɥɢɱɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɮɪɚɤɰɢɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɥɤɢɯ ɡɟɪɟɧ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. Ɉɱɟɧɶ ɱɚɫɬɨ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɧɚ ɢɯ 

ɝɪɚɧɢɰɚɯ ɛɥɢɡɤɚ ɤ 60o<111>, ɯɨɬɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɢɧɬɟɪɜɚɥɚ Ȼɪɟɧɞɨɧɚ 

ɞɥɹ 3. Ɇɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɷɬɨ ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɟ ɨɫɬɚɬɤɢ ɞɜɨɣɧɢɤɨɜ – ɤɚɤ 

ɢɫɯɨɞɧɵɯ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ, ɬɚɤ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ, «ɪɚɡɪɭɲɟɧɧɵɯ» ɜ ɯɨɞɟ 

ɞɟɮɨɪɦɚɰɢɢ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɮɮɟɤɬ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ «ɪɚɡɪɭɲɟɧɢɹ» ɞɜɨɣɧɢɤɨɜ 

ɜɩɟɪɜɵɟ ɛɵɥ ɨɩɢɫɚɧ ɜ ɪɚɛɨɬɟ Д18]. Ʉɚɤ ɛɵɥɨ ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɪɚɡɜɨɪɨɬ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɤɚɤ ɞɜɨɣɧɢɤɨɜ, ɬɚɤ ɢ ɦɚɬɪɢɰɵ ɜ ɯɨɞɟ ɩɪɨɞɨɥɠɚɸɳɟɣ 
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ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɨɬɤɥɨɧɟɧɢɸ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰɚɯ ɨɬ ɬɨɱɧɨ ɞɜɨɣɧɢɤɨɜɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɟɦɭ ɩɨɫɬɟɩɟɧɧɨɦɭ 

ɩɪɟɜɪɚɳɟɧɢɸ ɜ ɩɪɨɢɡɜɨɥɶɧɵɟ (ɧɟ 3) ȻɍȽ; ɞɜɨɣɧɢɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɨɛɵɱɧɵɟ ɡɟɪɧɚ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɜɩɪɨɱɟɦ, ɞɜɨɣɧɢɤɢ ɩɨɥɧɨɫɬɶɸ ɨɤɚɣɦɥɟɧɵ ɝɪɚɧɢɰɚɦɢ ɫ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ, ɛɥɢɡɤɨɣ ɤ ɢɞɟɚɥɶɧɨɣ 3 (ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɜɵɞɟɥɟɧɵ ɧɚ 

ɪɢɫ. 3, ɛ). ɗɬɨ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɫɜɟɠɢɟ ɞɜɨɣɧɢɤɢ, ɩɨɹɜɢɜɲɢɟɫɹ ɧɚ ɩɨɡɞɧɢɯ ɷɬɚɩɚɯ 

ɞɟɮɨɪɦɚɰɢɢ, ɬɚɤ ɢ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɭɠɟ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɜ 

ɯɨɞɟ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ EBSD-ɢɫɫɥɟɞɨɜɚɧɢɟɦ. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ Д5, 6], ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɯɨɞɟ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɦɨɝɭɬ ɢɦɟɬɶ ɨɱɟɧɶ ɞɢɫɩɟɪɫɧɵɟ ɪɚɡɦɟɪɵ – ɦɟɧɟɟ 100 ɧɦ. 

Ⱦɥɹ ɢɯ ɜɵɹɜɥɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ EBSD ɧɟɨɛɯɨɞɢɦ ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɝɨɪɚɡɞɨ 

ɦɟɧɶɲɢɣ, ɱɟɦ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɤɚɪɬ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3.  

Ɏɪɚɝɦɟɧɬɵ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɯ EBSD-ɤɚɪɬ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɲɚɝɨɦ 50 ɧɦ, 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4. Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ 

ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. ɉɪɢɦɟɪɵ ɞɜɨɣɧɢɤɨɜ ɧɚ ɷɬɢɯ ɤɚɪɬɚɯ 

ɩɨɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ. ɉɨɞɨɛɧɵɟ ɞɜɨɣɧɢɤɢ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɜ ɨɛɨɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɫɨɫɬɨɹɧɢɹɯ, ɨɞɧɚɤɨ ɢɯ ɮɪɚɤɰɢɹ ɜ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɛɵɥɚ 

ɜɵɲɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɜɵɹɜɥɹɟɦɨɣ ɧɚ 

ɪɢɫ. 4, ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɬɟɧɞɟɧɰɢɸ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɭɛɝɪɚɧɢɰ ɫɨ ɫɥɟɞɚɦɢ 

ɩɥɨɫɤɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ д111ж, ɨɛɨɡɧɚɱɟɧɧɵɯ ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɤɚɪɬɚɯ. 

Ⱦɚɧɧɵɣ ɮɟɧɨɦɟɧ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ ɨɩɢɫɚɧ ɞɥɹ ȽɐɄ-ɦɟɬɚɥɥɨɜ, ɩɪɨɤɚɬɚɧɧɵɯ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Д19]. ȼ ɤɨɧɬɟɤɫɬɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ 

ɦɨɠɟɬ ɤɨɫɜɟɧɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ, ɱɬɨ ɢ ɜ ɭɫɥɨɜɢɹɯ ɤɪɢɨɝɟɧɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 

ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɨɣ ɫɤɨɥɶɠɟɧɢɹ ɹɜɥɹɥɚɫɶ д111ж<110>. 
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ɋɭɦɦɢɪɭɹ ɪɟɡɭɥɶɬɚɬɵ ɞɜɭɯ ɩɪɟɞɵɞɭɳɢɯ ɪɚɡɞɟɥɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ 

ɰɟɥɨɦ ɷɜɨɥɸɰɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɯɨɞɟ ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɢ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɫɩɥɸɳɢɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ, ɜɧɭɬɪɢ ɤɨɬɨɪɵɯ 

ɢɦɟɥɢ ɦɟɫɬɨ ɮɪɚɝɦɟɧɬɚɰɢɹ ɢ ɞɜɨɣɧɢɤɨɜɚɧɢɟ. 

 

3.4. Ɋɚɡɦɟɪɵ ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ, 

ɹɜɥɹɸɬɫɹ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɦɢ. Ɉɧɢ ɫɨɫɬɨɹɬ ɢɡ ɨɱɟɧɶ ɤɪɭɩɧɵɯ (ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ 

ɦɢɤɪɨɧ) ɫɩɥɸɳɟɧɧɵɯ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ (ɫɦ. ɪɢɫ. 2), ɮɪɚɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɨɫɬɚɬɤɨɜ 

ɢɫɯɨɞɧɵɯ ɞɜɨɣɧɢɤɨɜ (ɫɦ. ɪɢɫ. 3), ɚ ɬɚɤɠɟ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɞɜɨɣɧɢɤɨɜ 

ɞɟɮɨɪɦɚɰɢɢ/ɨɬɠɢɝɚ (ɫɦ. ɪɢɫ. 4). ȼɧɭɬɪɢ ɡɟɪɟɧ ɢ ɞɜɨɣɧɢɤɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɪɚɡɜɢɬɚɹ 

ɫɭɛɫɬɪɭɤɬɭɪɚ, ɩɪɢɱɟɦ ɧɟɤɨɬɨɪɵɟ ɫɟɝɦɟɧɬɵ ɫɭɛɝɪɚɧɢɰ ɭɠɟ ɧɚɤɨɩɢɥɢ ɛɨɥɶɲɟɭɝɥɨɜɭɸ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ (ɪɢɫ. 3, 4). Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɫɬɨɥɶ ɝɟɬɟɪɨɝɟɧɧɨɣ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ. Ⱦɥɹ ɨɰɟɧɤɢ 

ɪɚɡɦɟɪɨɜ ɫɩɥɸɫɧɭɬɵɯ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɯ ɭɜɟɥɢɱɟɧɢɹɯ; ɜ ɫɥɭɱɚɟ EBSD ɷɬɨ ɨɡɧɚɱɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɛɨɥɶɲɨɣ ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ (ɪɢɫ. 2, 3). Ⱦɥɹ ɭɱɟɬɚ ɠɟ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɵɯ 

ɞɜɨɣɧɢɤɨɜ (ɪɢɫ. 4) ɧɭɠɧɵ ɛɨɥɶɲɢɟ ɭɜɟɥɢɱɟɧɢɹ (ɢɥɢ ɦɚɥɵɣ ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ). ɉɪɢ 

ɷɬɨɦ ɧɚɞɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɚɹ ɩɥɨɳɚɞɶ ɦɨɠɟɬ ɰɟɥɢɤɨɦ ɧɚɯɨɞɢɬɶɫɹ ɜɧɭɬɪɢ 

ɨɞɧɨɝɨ ɤɪɭɩɧɨɝɨ ɢɫɯɨɞɧɨɝɨ ɡɟɪɧɚ, ɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɪɹɞ ɥɢ ɛɭɞɭɬ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɦɢ ɞɥɹ ɜɫɟɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜ ɰɟɥɨɦ.  

ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɪɨɦɢɫɫɧɨɝɨ ɪɟɲɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɡɦɟɪɵ ɡɟɪɟɧ ɜ 

ɨɛɨɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɨɩɪɟɞɟɥɹɥɢ ɫɪɚɡɭ ɩɨ ɞɜɭɦ ɪɚɡɥɢɱɧɵɦ EBSD-

ɤɚɪɬɚɦ – ɩɨɥɭɱɟɧɧɵɦ ɤɚɤ ɫ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ (ɪɢɫ. 3), ɬɚɤ ɢ 0,05 ɦɤɦ 

(ɪɢɫ. 4); ɪɚɡɦɟɪɵ ɠɟ ɫɭɛɡɟɪɟɧ ɨɰɟɧɢɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ EBSD-ɤɚɪɬ, ɫɧɹɬɵɯ ɫ ɲɚɝɨɦ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 0,1 ɢ 0,05 ɦɤɦ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɪɢɫ. 3 ɢ 4 ɩɪɢɜɟɞɟɧɵ ɬɨɥɶɤɨ 

ɮɪɚɝɦɟɧɬɵ EBSD-ɤɚɪɬ, ɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɪɚɡɦɟɪɚɯ ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ 
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ɜɵɜɨɞɢɥɢɫɶ ɫ ɩɨɥɧɵɯ ɤɚɪɬ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5 ɢ ɜ ɬɚɛɥ. 1. 

ɇɢ ɨɞɢɧ ɢɡ ɧɢɯ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɧɟ ɨɩɢɫɵɜɚɟɬ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

ɢɫɱɟɪɩɵɜɚɸɳɟ, ɨɞɧɚɤɨ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɫɨɫɬɚɜɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɚɞɟɤɜɚɬɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɞɢɫɩɟɪɫɧɨɫɬɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ.  

ɋɬɪɭɤɬɭɪɚ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɢɦɟɪɧɨ 

ɜɞɜɨɟ ɦɟɧɶɲɢɦ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ ɢ ɫɭɛɡɟɪɟɧ (ɬɚɛɥ. 1), ɚ ɰɟɧɬɪɵ ɬɹɠɟɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɡɟɪɟɧ ɩɨ ɪɚɡɦɟɪɚɦ ɞɨɜɨɥɶɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɦɟɳɟɧɵ ɜɥɟɜɨ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ, ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

(ɪɢɫ. 5, ɚ, ɛ, ɝ, ɞ). ɗɬɨ ɤɨɫɜɟɧɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɝɪɚɧɢɰ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɤɚɤ ɜɫɥɟɞɫɬɜɢɟ ɞɜɨɣɧɢɤɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɧɚɛɨɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɞɢɫɥɨɤɚɰɢɨɧɧɵɯ ɝɪɚɧɢɰɚɯ. 

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɞɟɮɨɪɦɚɰɢɹ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɜɨɥɶɧɨ ɡɚɦɟɬɧɨ 

ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, 

ɯɨɬɹ ɦɨɞɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɡɟɪɟɧ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ 0,1 ɦɤɦ (ɪɢɫ. 5, ɝ, ɞ), ɭɞɟɥɶɧɵɣ 

ɨɛɴɟɦ ɡɟɪɟɧ ɜɟɥɢɱɢɧɨɣ ɦɟɧɟɟ 1 ɦɤɦ ɜɟɫɶɦɚ ɧɟɡɧɚɱɢɬɟɥɟɧ (ɪɢɫ. 5, ɜ, ɟ). Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɤɪɢɨɝɟɧɧɚɹ ɨɫɚɞɤɚ ɫɚɦɚ ɩɨ ɫɟɛɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ ɪɟɚɥɶɧɭɸ 

ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ (ɬɟɦ ɛɨɥɟɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ) ɫɬɪɭɤɬɭɪɭ. 

Ⱦɚɧɧɵɣ ɜɵɜɨɞ ɩɪɨɬɢɜɨɪɟɱɢɬ ɞɚɧɧɵɦ ɪɚɛɨɬ Д5, 6], ɜ ɤɨɬɨɪɵɯ ɨɬɦɟɱɚɥɨɫɶ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɜ ɯɨɞɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɦɟɞɢ. ȼ 

ɷɬɨɣ ɫɜɹɡɢ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɚɤɢɟ ɜɵɜɨɞɵ ɛɵɥɢ ɫɞɟɥɚɧɵ, ɜɨ-ɩɟɪɜɵɯ, ɞɥɹ ɫɥɭɱɚɹ 

ɢɫɯɨɞɧɨɝɨ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɟɞɢ, ɜɨ-ɜɬɨɪɵɯ, ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɉɗɆ, ɬ. ɟ. ɪɟɡɭɥɶɬɚɬɵ ɛɚɡɢɪɨɜɚɥɢɫɶ ɧɚ ɝɨɪɚɡɞɨ ɯɭɞɲɟɣ 

ɫɬɚɬɢɫɬɢɤɟ, ɱɟɦ ɞɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɷɬɨɣ ɫɬɚɬɶɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ ɧɟ 

ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɢɡɦɟɪɹɟɦɵɟ ɡɟɪɧɚ ɢ ɫɭɛɡɟɪɧɚ. 

 

3.5. ɉɗɆ ɚɧɚɥɢɡ 
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Ɍɢɩɢɱɧɵɟ ɉɗɆ ɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 6. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ 

ɩɚɪɚɥɥɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɪɨɦɤɟ ɤɚɞɪɚ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɫɧɢɦɤɨɜ, ɫɞɟɥɚɧɧɵɯ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ (ɨɛɡɨɪɧɵɯ) ɭɜɟɥɢɱɟɧɢɹɯ (ɪɢɫ. 6, ɚ, ɝ), ɜ ɨɛɨɢɯ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɥɭɱɚɹɯ ɢɦɟɥɨ ɦɟɫɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɥɨɫɨɜɨɣ ɫɬɪɭɤɬɭɪɵ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɪɢɦɟɪɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ ɫɠɚɬɢɹ. ɗɬɨ ɜ ɰɟɥɨɦ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ EBSD-ɚɧɚɥɢɡɚ, ɬɚɤɠɟ ɜɵɹɜɢɜɲɢɦ ɬɟɧɞɟɧɰɢɸ ɜɵɪɚɜɧɢɜɚɧɢɹ ɆɍȽ 

ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɫɩɥɸɳɟɧɧɵɯ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ (ɫɦ. ɪɢɫ. 3). ɋɪɟɞɧɢɣ 

ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ («ɬɨɥɳɢɧɚ») ɩɨɥɨɫ ɜ ɦɚɬɟɪɢɚɥɟ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɫɬɚɜɥɹɟɬ з0,4 ɦɤɦ (ɪɢɫ. 6, ɚ), ɬɨɝɞɚ ɤɚɤ ɜ ɤɪɢɨɝɟɧɧɨ-

ɨɫɚɠɟɧɧɨɦ ɦɚɬɟɪɢɚɥɟ – ɩɪɢɦɟɪɧɨ 0,2 ɦɤɦ (ɪɢɫ. 6, ɝ). ɗɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, ɱɟɦ 

ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɭɛɡɟɪɟɧ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ EBSD-ɚɧɚɥɢɡɚ 

(ɬɚɛɥ. 2). Ⱦɚɧɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɮɪɚɤɰɢɟɣ ɆɍȽ, 

ɢɦɟɸɳɢɯ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ ɦɟɧɶɲɟ 2º ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, «ɧɟɜɢɞɢɦɵɯ» ɞɥɹ EBSD. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɮɪɚɤɰɢɹ ɞɜɨɣɧɢɤɨɜ; ɩɪɢɦɟɪ ɞɜɨɣɧɢɤɨɜɨɝɨ ɩɚɤɟɬɚ ɩɪɢɜɟɞɟɧ 

ɧɚ ɪɢɫ. 6, ɞ (ɪɚɫɲɢɮɪɨɜɤɚ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ). Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɜɨɣɧɢɤɢ 

ɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɭɡɤɢɦɢ (з50 ɧɦ) ɢ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ. ɉɨ-

ɜɢɞɢɦɨɦɭ, ɷɬɢ ɞɜɨɣɧɢɤɢ ɹɜɥɹɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɦɢ, ɚ ɧɟ ɞɜɨɣɧɢɤɚɦɢ ɨɬɠɢɝɚ. 

ɋɬɪɭɤɬɭɪɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 6, ɞ, ɜɩɨɥɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɚ ɤɚɤ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ. ɗɬɨɬ ɩɪɢɦɟɪ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɥɨɠɧɨɫɬɶ 

ɚɞɟɤɜɚɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɪɟɞɫɬɜɨɦ ɉɗɆ. ɇɚɪɹɞɭ ɫ ɜɵɫɨɤɨɣ 

ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɷɬɨɦɭ ɦɟɬɨɞɭ ɫɜɨɣɫɬɜɟɧɧɚ ɬɚɤɠɟ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɧɚɹ 

ɩɥɨɳɚɞɶ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɗɬɨ ɧɚɞɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɚɬɬɟɫɬɚɰɢɢ ɧɟɨɞɧɨɪɨɞɧɨɣ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɹɜɥɹɸɳɟɣɫɹ ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɛɨɥɶɲɢɯ ɞɟɮɨɪɦɚɰɢɣ). ȼ ɷɬɨɣ ɫɜɹɡɢ 

EBSD ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɨɛɴɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ ɜ 

ɫɢɥɶɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪɚɯ.  
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Ⱦɢɫɥɨɤɚɰɢɨɧɧɚɹ ɫɭɛɫɬɪɭɤɬɭɪɚ ɜɧɭɬɪɢ ɩɨɥɨɫ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɜ ɯɨɞɟ 

ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɜ ɧɟɤɨɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɢɫɚɧɚ ɜ ɪɚɦɤɚɯ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ (ɪɢɫ. 6, ɛ). ɇɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵɦ 

ɞɢɫɥɨɤɚɰɢɨɧɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɟɬɤɚ (ɪɢɫ. 6, ɜ), ɩɥɨɬɧɨɫɬɶ ɫɜɨɛɨɞɧɵɯ 

ɞɢɫɥɨɤɚɰɢɣ ɜɧɭɬɪɢ ɹɱɟɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ. ȼ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ 

ɨɛɪɚɡɰɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɧɟɟ ɨɪɝɚɧɢɡɨɜɚɧɧɵɦ, ɢ ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵɦɢ ɩɪɢ ɷɬɨɦ ɹɜɥɹɸɬɫɹ ɞɢɫɥɨɤɚɰɢɨɧɧɵɟ 

ɤɥɭɛɤɢ ɢ ɠɝɭɬɵ (ɪɢɫ. 6, ɟ); ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚɹ. ȼɨɡɦɨɠɧɨ, 

ɱɬɨ ɪɚɡɥɢɱɢɹ ɜ ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɟ ɨɩɪɟɞɟɥɹɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɟ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɜ ɯɨɞɟ ɨɫɚɞɤɢ ɜ ɠɢɞɤɨɦ ɚɡɨɬɟ (ɫɦ. ɪɢɫ. 1, ɚ). 

 

3.6. ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɝɪɚɧɢɰ ɡɟɪɟɧ 

ɋɩɟɤɬɪɵ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 7 ɢ ɜ 

ɬɚɛɥ. 2. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɥɨɭɝɥɨɜɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɭɞɟɥɶɧɨɣ ɞɨɥɢ ȻɍȽ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ EBSD-ɤɚɪɬɵ, ɫɧɹɬɵɟ ɫ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 

0,1 ɢ 0,05 ɦɤɦ (ɪɢɫ. 7, ɚ, ɬɚɛɥ. 2). Ⱦɥɹ ɚɧɚɥɢɡɚ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

(ɜɤɥɸɱɚɹ ɞɜɨɣɧɢɤɨɜɵɟ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɚɧɧɵɟ EBSD, ɩɨɥɭɱɟɧɧɵɟ ɫ ɲɚɝɨɦ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɢ 0,05 ɦɤɦ (ɪɢɫ. 7, ɛ, ɬɚɛɥ. 2). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 7, ɩɨɫɬɪɨɟɧɵ ɜ ɧɟ ɫɨɜɫɟɦ 

ɨɛɵɱɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ: ɭɞɟɥɶɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɝɪɚɧɢɰ (ɦɤɦ–1) ʊ ɭɝɨɥ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ (ɝɪɚɞ); ɭɞɟɥɶɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɵɱɢɫɥɹɥɚɫɶ ɤɚɤ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ 

ɝɪɚɧɢɰ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɧɚ EBSD-ɤɚɪɬɟ, ɨɬɧɟɫɟɧɧɚɹ ɤ 

ɩɥɨɳɚɞɢ ɤɚɪɬɵ. Ʉɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɞɚɥɟɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɨɛɧɨɣ ɦɟɬɪɢɤɢ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɧɟɤɨɬɨɪɭɸ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 7, ɚ, ɭɞɟɥɶɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɆɍȽ ɜ ɤɪɢɨɝɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 20 ºɋ. 
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ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɦɟɧɶɲɢɦ ɪɚɡɦɟɪɨɦ ɫɭɛɡɟɪɟɧ (ɫɦ. ɬɚɛɥ. 1) ɢ ɬɚɤɠɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ 

ɷɮɮɟɤɬɚ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɩɨɜɵɲɟɧɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ȻɍȽ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ з15–25ɨ (ɪɢɫ. 7, ɛ). 

Ʉ ɯɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɢ ɛɨɥɶɲɟɭɝɥɨɜɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

ɤɪɢɨɝɟɧɧɨ-ɨɫɚɠɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɨɬɧɨɫɢɬɫɹ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɦɚɤɫɢɦɭɦ ɜ ɪɚɣɨɧɟ 60ɨ 

(ɪɢɫ. 7, ɛ). ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɨɬɪɚɠɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɮɪɚɤɰɢɸ ɦɢɤɪɨɞɜɨɣɧɢɤɨɜ ɜ 

ɞɚɧɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ (ɫɦ. ɪɢɫ. 4, ɛ) ɢ ɯɨɪɨɲɨ ɫɨɨɬɧɨɫɢɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ 

ɞɚɧɧɵɦɢ, ɨɬɦɟɱɚɸɳɢɦɢ ɚɤɬɢɜɢɡɚɰɢɸ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɦɟɞɢ [5, 6]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɜɨɣɧɢɤɨɜɵɣ ɩɢɤ ɧɚ 

ɪɢɫ. 7, ɛ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɢɦ, ɚ ɞɨɥɹ ɝɪɚɧɢɰ ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɜ ɩɪɟɞɟɥɚɯ 

ɢɧɬɟɪɜɚɥɚ Ȼɪɟɧɞɨɧɚ ɞɥɹ 3 ɞɨɜɨɥɶɧɨ ɦɚɥɚ (ɫɦ. ɬɚɛɥ. 2). ɋɤɨɪɟɟ ɜɫɟɝɨ, ɷɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɞɜɨɣɧɢɤɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɢɤ ɧɚ ɪɢɫ. 7, ɛ, 

ɛɵɥɨ ɪɚɡɪɭɲɟɧɨ ɜ ɯɨɞɟ ɩɪɨɞɨɥɠɚɸɳɟɣɫɹ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɤɚɤ ɨɛɫɭɠɞɚɥɨɫɶ 

ɜɵɲɟ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɢɦɟɥɨ ɦɟɫɬɨ ɢɦɟɧɧɨ ɜ ɯɨɞɟ ɞɟɮɨɪɦɚɰɢɢ, ɬ. ɟ. 

ɛɵɥɨ ɦɟɯɚɧɢɱɟɫɤɢɦ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɢɧɬɟɧɫɢɜɧɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɢ ɚɤɬɢɜɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ ɧɚɛɨɪɚ 

ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɧɚ ɝɪɚɧɢɰɚɯ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɤɪɢɨɝɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɞɨɥɟɣ ȻɍȽ, 

ɤɨɬɨɪɚɹ ɜɩɨɥɧɟ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɫɨɫɬɨɹɧɢɟɦ, ɨɫɚɠɟɧɧɵɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

(ɫɦ. ɬɚɛɥ. 2). ɋ ɭɱɟɬɨɦ ɠɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɨɥɢ ɝɪɚɧɢɰ ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɧɢɠɟ 2ɨ 

(ɤɚɤ ɨɛɫɭɠɞɚɥɨɫɶ ɜɵɲɟ) ɪɟɚɥɶɧɚɹ ɮɪɚɤɰɢɹ ȻɍȽ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɫɨɜɫɟɦ ɧɟɛɨɥɶɲɨɣ. 

 

3.7. Ɍɟɤɫɬɭɪɚ 
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Ɍɟɤɫɬɭɪɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɨɛɪɚɬɧɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɠɚɬɢɹ ɧɚ ɪɢɫ. 8, ɚ, 

ɛ. Ɍɟɤɫɬɭɪɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɨɛɡɨɪɧɵɯ EBSD ɤɚɪɬ, ɫɧɹɬɵɯ ɫ ɲɚɝɨɦ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 1 ɦɤɦ (ɫɦ. ɪɢɫ. 2). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɧɚ ɪɢɫ. 8, ɜ ɩɪɢɜɟɞɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɦɨɞɟɥɹɦ Ɍɟɣɥɨɪɚ ɢ Ɂɚɤɫɚ ɬɟɤɫɬɭɪɵ ɦɟɞɢ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ 

ɫɠɚɬɢɟɦ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ Д20]. 

ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɪɢɫ. 8, ɚ, ɛ) ɫ ɷɬɚɥɨɧɚɦɢ 

ɬɟɤɫɬɭɪ (ɪɢɫ. 8, ɜ) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɜ ɯɨɞɟ ɨɫɚɞɤɢ ɤɚɤ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ, ɬɚɤ ɢ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɥɢɠɟ ɤ ɫɯɟɦɟ Ɂɚɤɫɚ, ɧɟɠɟɥɢ ɤ ɫɯɟɦɟ 

Ɍɟɣɥɨɪɚ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧ ɫ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɩɪɢɪɨɞɨɣ 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɜɦɟɫɬɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 

ɫɦɟɠɧɵɯ ɡɟɪɟɧ (ɹɜɥɹɸɳɚɹɫɹ ɨɫɧɨɜɨɣ ɫɯɟɦɵ Ɍɟɣɥɨɪɚ) ɜɚɠɧɚ ɥɢɲɶ ɜ ɩɪɢɝɪɚɧɢɱɧɵɯ 

ɪɚɣɨɧɚɯ, ɤɨɬɨɪɵɟ, ɜɟɪɨɹɬɧɨ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ 

ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɝɪɭɛɨɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɜ ɬɟɥɟ ɡɟɪɟɧ (ɫɨɫɬɚɜɥɹɸɳɟɝɨ ɨɫɧɨɜɭ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ 

ɦɚɬɟɪɢɚɥɚ) ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫɨɛɫɬɜɟɧɧɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɡɟɪɟɧ, 

ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɢ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɩɪɟɨɛɥɚɞɚɧɢɟ ɫɯɟɦɵ Ɂɚɤɫɚ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɨɟ ɩɨɞɨɛɢɟ ɬɟɤɫɬɭɪ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɜ ɨɛɨɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɫɨɫɬɨɹɧɢɹɯ, ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ 

ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɵɥɨ ɨɛɵɱɧɨɟ ɞɢɫɥɨɤɚɰɢɨɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ 

{111}<110>.   

ȼ ɤɚɱɟɫɬɜɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɪɢɨɝɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɠɧɨ 

ɨɬɦɟɬɢɬɶ ɧɟɫɤɨɥɶɤɨ ɛɨɥɟɟ ɨɫɬɪɭɸ ɬɟɤɫɬɭɪɭ (ɫɦ. ɪɢɫ. 8, ɚ, ɛ). Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ 

ɜɨɡɦɨɠɧɨ ɫɜɹɡɚɧ ɫ ɡɚɬɪɭɞɧɟɧɢɟɦ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ 

ɞɢɫɥɨɤɚɰɢɣ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɚɤ ɤɚɤ ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ ɞɟɣɫɬɜɭɸɳɢɯ 

ɫɢɫɬɟɦ ɫɤɨɥɶɠɟɧɢɹ (ɢɥɢ ɚɤɬɢɜɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ) ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɤɫɬɭɪɵ. Ⱦɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ 
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ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɪɚɡɜɢɬɨɣ ɹɱɟɢɫɬɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ ɜ ɤɪɢɨɝɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ.  

 

4. Ɂɚɤɥɸɱɟɧɢɟ 

Ⱦɟɮɨɪɦɚɰɢɹ ɦɟɞɢ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɭɳɟɫɬɜɟɧɧɨɣ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɟɧ ɡɚ ɫɱɟɬ ɚɤɬɢɜɢɡɚɰɢɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɞɜɨɣɧɢɤɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰ ɞɢɫɥɨɤɚɰɢɨɧɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɉɞɧɚɤɨ ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɡɟɪɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɜɟɫɶɦɚ ɧɟɨɞɧɨɪɨɞɧɚ, ɢ 

ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɡɟɪɟɧ ɜɟɥɢɱɢɧɨɣ ɦɟɧɟɟ 1 ɦɤɦ ɞɨɜɨɥɶɧɨ ɦɚɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɤɪɢɨɝɟɧɧɚɹ ɨɫɚɞɤɚ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɦɟɞɢ.   

 

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

ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɟɞɢ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ. 

Ɉɧɢ ɬɚɤɠɟ ɨɱɟɧɶ ɩɪɢɡɧɚɬɟɥɶɧɵ ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ Ɋ. Ɇ. Ƚɚɥɟɟɜɭ ɢ ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ 

Ɉ. Ɋ. ȼɚɥɢɚɯɦɟɬɨɜɭ ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɚ 

ɬɚɤɠɟ Ɇ. ɂ. ɇɚɝɢɦɨɜɭ ɡɚ ɩɨɦɨɳɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨ ɨɫɚɞɤɟ ɨɛɪɚɡɰɨɜ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Huang Y., Prangnell P. B. The effect of cryogenic temperature and change in deformation mode on 

the limiting grain size in a severely deformed dilute aluminium alloy // Acta Mater. 2008. V. 56. 

P. 1619-1632. 

2. Zahid G.H., Huang Y., Prangnell P.B. Microstructure and texture evolution during annealing a 

cryogenic-DPD processed Al-alloy with a nanoscale lamellar HAGB grain structure // Acta Mater. 2009. 

V. 57. P. 3509-3521. 

3. Panigrahi S.K., Jayaganathan R. A study on the mechanical properties of cryorolled Al-Mg-Si 

alloy // Mater. Sci. Eng. 2008. V. A480. P. 299-305. 



 15 

4. Panigrahi S.K., Jayaganathan R., Chawla V. Effect of cryorolling on microstructure of Al-Mg-Si 

alloy // Mater. Letter. 2008. V. 62. P. 2626-2629. 

5. Li Y.S., Tao N.R., Lu K. Microstructural evolution and nanostructure formation in copper during 

dynamic plastic deformation at cryogenic temperatures // Acta Mater. 2008. V. 56. P. 230–241. 

6. Zhang Y., Tao N.R., Lu K. Mechanical properties and rolling behaviors of nano-grained copper with 

embedded nano-twin bundles // Acta Mater. 2008. V. 56. P. 2429–2440. 

7. Estrin Y., Isaev N.V., Lubenets S.V. et al. Effect of microstructure on plastic deformation of Cu at 

low homologous temperatures // Acta Mater. 2006. V. 54. P. 5581–5590. 

8. Ʉɨɧɶɤɨɜɚ Ɍ.ɇ., Ɇɢɪɨɧɨɜ ɋ.ɘ., Ʉɨɪɡɧɢɤɨɜ Ⱥ.ȼ. Ɉɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɞɢ // Ɏɢɡɢɱɟɫɤɚɹ ɦɟɡɨɦɟɯɚɧɢɤɚ. 2011. Ɍ. 14. ʋ 1. ɋ. 83-92.  

9. Humphreys F.J. and Hatherly M. Recrystallization and related phenomena. Elsevier, UK, 2004. 

574 p.  

10. Humphreys F.J., Prangnell P.B., Bowen J.R. et al. Developing stable fine-grain microstructures by 

large strain deformation // Phil. Trans. R. Soc. 1999. V. A357. P. 1663-1681.  

11. Field D.P. Recent advances in the application of orientation imaging // Ultramicroscopy. 1997. V. 67. 

P. 1–9.  

12. Meingelberg H.D., Meixner M., Lucke K. The kinetics of the recrystallization of copper deformed at 

low temperatures // Acta Metal. 1965. V. 13. P. 835-844. 

13. Ƚɢɧɞɢɧ ɂ.Ⱥ., Ⱥɤɫɟɧɨɜ ȼ.Ʉ., Ȼɨɪɢɫɨɜɚ ɂ.Ɏ., ɋɬɚɪɨɞɭɛɨɜ ə.Ⱦ. Ɉɫɨɛɟɧɧɨɫɬɢ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɞɢ // ɎɆɆ. 1975. T. 39. C. 88-93.  

14. Ƚɢɧɞɢɧ ɂ.Ⱥ., Ʌɚɡɚɪɟɜ Ȼ.Ƚ., ɋɬɚɪɨɞɭɛɨɜ ə.Ⱦ., Ʌɚɡɚɪɟɜɚ Ɇ.Ȼ. Ɉ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɞɢ, ɩɪɨɤɚɬɚɧɧɨɣ ɩɪɢ 77 ɢ 20ɨɄ // ȾȺɇ ɋɋɋɊ. 1966. T. 171. C. 552-554. 

15. Ƚɢɧɞɢɧ ɂ.Ⱥ., ɋɬɚɪɨɞɭɛɨɜ ə.Ⱦ., ɋɬɚɪɨɥɚɬ Ɇ.ɉ., ɏɚɣɦɨɜɢɱ ɉ.Ⱥ. Ɉɫɨɛɟɧɧɨɫɬɢ ɞɟɮɟɤɬɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɦɟɞɢ, ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɨɣ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ // ɎɆɆ. 1979. T. 48. C. 1004-1009. 

16. Mishin O.V. and Godfrey A. Microstructure of ECAE-processed copper after long-term room-

temperature storage // Met. Metall. Trans. 2008. V. A39. P. 2923–2930.  

17. Gertsman V.Y., Birringer R. On the room-temperature grain growth in nanocrystalline copper // 

Scripta Met. Mater. 1994. V. 30. P. 577-581.  

18. ɇɟɫɬɟɪɨɜɚ ȿ.ȼ., Ɋɵɛɢɧ ȼ.ȼ. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɢ ɮɪɚɝɦɟɧɬɚɰɢɹ ɬɟɯɧɢɱɟɫɤɢ 

ɱɢɫɬɨɝɨ ɬɢɬɚɧɚ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ // ɎɆɆ. 1985. T. 59. C. 395-406. 



 16 

19. Hansen N., Jensen D.J. Development of microstructure in FCC metals during cold work // Phil. 

Trans. R. Soc. 1999. V. A357. P. 1447–1469. 

20. MƍGuil S., Ahzi S., Youssef H. et al. A comparison of viscoplastic intermediate approaches for 

deformation texture evolution in face-centered cubic polycrystals // Acta Mater. 2009. V. 57. 

P. 2496-2508.  



 17 

1. ɋɪɟɞɧɢɟ ɪɚɡɦɟɪɵ ɡɟɪɟɧ ɢ ɫɭɛɡɟɪɟɧ (ɩɨ ɞɚɧɧɵɦ EBSD-

ɚɧɚɥɢɡɚ) 

ɉɚɪɚɦɟɬɪ 
Ɍɟɦɩɟɪɚɬɭɪɚ, oC 

20 –196 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ, ɦɤɦ*: 

ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɚɞɤɢ 

ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

 

9,5/7,0 

16,2/8,0 

 

4,4/3,3 

7,2/3,4 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɭɛɡɟɪɟɧ, ɦɤɦ**: 

ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɚɞɤɢ 

ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

 

1,1/1,7 

1,3/1,8 

 

0,5/1,2 

0,7/0,9 

*ȼ ɱɢɫɥɢɬɟɥɟ – ɩɪɢ ɲɚɝɟ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – 

ɩɪɢ 0,05 ɦɤɦ. 

**ȼ ɱɢɫɥɢɬɟɥɟ – ɩɪɢ ɲɚɝɟ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,1 ɦɤɦ, 

ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɩɪɢ 0,05 ɦɤɦ. 

 

2. ɋɨɞɟɪɠɚɧɢɟ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɢ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰ (ɩɨ ɞɚɧɧɵɦ EBSD-ɚɧɚɥɢɡɚ) 

ɉɚɪɚɦɟɬɪ 
Ɍɟɦɩɟɪɚɬɭɪɚ, oC 

20 –196 

Ⱦɨɥɹ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ Ȉ3, %* 0,5/1,5 3,7/5,8 

Ⱦɨɥɹ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ, %** 19/12 17/18 

*ȼ ɩɪɟɞɟɥɚɯ ɢɧɬɟɪɜɚɥɚ Ȼɪɟɧɞɨɧɚ. ȼ ɱɢɫɥɢɬɟɥɟ – ɩɪɢ ɲɚɝɟ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɩɪɢ 0,05 ɦɤɦ. 

**ȼ ɱɢɫɥɢɬɟɥɟ – ɩɪɢ ɲɚɝɟ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,1 ɦɤɦ, ɜ 

ɡɧɚɦɟɧɚɬɟɥɟ – ɩɪɢ 0,05 ɦɤɦ. 
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Ɋɢɫ. 1. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɦɟɞɢ: 

ɚ – ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɩɪɢ ɫɠɚɬɢɢ; ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɛɪɚɡɰɨɜ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɤɪɢɨɝɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ 
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Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨ ɜɵɫɨɬɟ ɨɛɪɚɡɰɨɜ ɦɟɞɢ, ɨɫɚɠɟɧɧɵɯ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ (ɚ) ɢ ɤɪɢɨɝɟɧɧɨɣ (ɛ) ɬɟɦɩɟɪɚɬɭɪɟ; EBSD-ɤɚɪɬɵ (ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 

1 ɦɤɦ), ɩɨɤɚɡɚɧɵ ɬɨɥɶɤɨ ɛɨɥɶɲɟɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ 
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Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɰɟɧɬɪɟ ɨɛɪɚɡɰɨɜ, ɨɫɚɠɟɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ (ɚ) ɢ ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ (ɛ) ɬɟɦɩɟɪɚɬɭɪɟ; ɮɪɚɝɦɟɧɬɵ EBSD-ɤɚɪɬ (ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ) 

ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ, ɇɈ 

– ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ, ɉɇ – ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɞɜɨɣɧɢɤɢ 
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Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜ ɰɟɧɬɪɟ ɨɛɪɚɡɰɨɜ, ɨɫɚɠɟɧɧɵɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ (ɚ) ɢ 

ɤɪɢɨɝɟɧɧɨɣ (ɛ) ɬɟɦɩɟɪɚɬɭɪɟ; ɮɪɚɝɦɟɧɬɵ EBSD-ɤɚɪɬ (ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,05 ɦɤɦ), 

ɩɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɟɞɚɦ ɩɥɨɫɤɨɫɬɟɣ д111ж, ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ 

ɞɜɨɣɧɢɤɢ 
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Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɡɟɪɟɧ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɲɚɝɟ 

EBSD-ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ (ɚ–ɜ) ɢ 0,05 ɦɤɦ (ɝ–ɟ) 
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Ɋɢɫ. 6. Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ (ɚ–ɜ) ɢ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ 

(ɝ–ɟ) ɬɟɦɩɟɪɚɬɭɪɟ. ɇɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ ɜɟɪɬɢɤɚɥɶɧɨɟ 
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Ɋɢɫ. 7. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ:  

ɚ – ɦɚɥɨɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ (ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,1 ɦɤɦ); ɛ – ɛɨɥɶɲɟɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ 

(ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,5 ɦɤɦ) 
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Ɋɢɫ. 8. Ɉɛɪɚɬɧɵɟ ɩɨɥɸɫɧɵɟ ɮɢɝɭɪɵ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɠɚɬɢɹ: 

ɚ, ɛ – ɨɫɚɞɤɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɜ –

 ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɚɹ ɬɟɤɫɬɭɪɚ ɞɥɹ ɫɯɟɦɵ Ɍɟɣɥɨɪɚ ɢ Ɂɚɤɫɚ Д20] 

 

 


