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Ɋɚɡɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ ɩɨɫɪɟɞɫɬɜɨɦ 

EBSD 

Ɍ. ɇ. Ʉɨɧɶɤɨɜɚ1, ɋ. ɘ. Ɇɢɪɨɧɨɜ1,2, Ⱥ. ȼ. Ʉɨɪɡɧɢɤɨɜ1, Ɇ. Ɇ. Ɇɵɲɥɹɟɜ3,4 

1ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ ɉɪɨɛɥɟɦ 

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

2ɍɧɢɜɟɪɫɢɬɟɬ Ɍɨɯɨɤɭ, Ⱦɟɩɚɪɬɚɦɟɧɬ Ɉɛɪɚɛɨɬɤɢ Ɇɚɬɟɪɢɚɥɨɜ, ȼɵɫɲɚɹ 

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

3ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ Ɇɟɬɚɥɥɭɪɝɢɢ ɢ 

Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢɦ. Ȼɚɣɤɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, 49, 

119991, Ɋɨɫɫɢɹ  

4ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 

ɊȺɇ, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥ., ɑɟɪɧɨɝɨɥɨɜɤɚ, ɭɥ. Ⱥɤɚɞɟɦɢɤɚ Ɉɫɢɩɶɹɧɚ, 2, 142432, 

Ɋɨɫɫɢɹ.  

ɍȾɄ 669.3:539.89:539.25 

Ɋɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɪɚɡɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ 

ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɢɯ ɝɪɚɧɢɰɚɯ ɨɬ 3 

ɩɨɫɪɟɞɫɬɜɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɜ (EBSD). ɉɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɩɪɢ ɢɡɭɱɟɧɢɢ ɱɚɫɬɢɱɧɨ 

ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɫɨɞɟɪɠɚɳɢɯ ɨɛɚ ɬɢɩɚ ɞɜɨɣɧɢɤɨɜ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɇɚɬɟɪɢɚɥɵ ɫ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ ɞɟɮɟɤɬɚ ɭɩɚɤɨɜɤɢ; EBSD; 

Ⱦɜɨɣɧɢɤɢ. 
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 Keywords: Materials with low stacking fault energy; EBSD; Twins. 

1. ȼɜɟɞɟɧɢɟ 

ȼ ɧɟɤɨɬɨɪɵɯ ȽɐɄ ɦɟɬɚɥɥɚɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ ɞɟɮɟɤɬɚ 

ɭɩɚɤɨɜɤɢ (ɚɭɫɬɟɧɢɬɧɵɯ ɫɬɚɥɹɯ, ɥɚɬɭɧɢ ɢ ɞɚɠɟ ɦɟɞɢ) ɜɨɡɦɨɠɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ ɜ ɯɨɞɟ ɞɟɮɨɪɦɚɰɢɢ, ɬɚɤ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ ɩɪɢ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ/ɢɥɢ ɪɨɫɬɟ ɡɟɪɟɧ. ȼ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ 

ɫɬɪɭɤɬɭɪɚɯ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɝɭɬ ɫɨɫɭɳɟɫɬɜɨɜɚɬɶ ɞɜɨɣɧɢɤɢ ɨɛɨɢɯ ɬɢɩɨɜ. 

ɂɧɨɝɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɨɩɪɟɞɟɥɟɧɢɟ ɞɨɦɢɧɢɪɭɸɳɟɣ ɪɚɡɧɨɜɢɞɧɨɫɬɢ 

ɞɜɨɣɧɢɤɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɟɧ ɱɟɬɤɢɣ ɤɪɢɬɟɪɢɣ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɬɥɢɱɚɬɶ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ ɨɬ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɞɨɛɧɨɝɨ ɤɪɢɬɟɪɢɹ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɩɟɰɢɮɢɱɟɫɤɚɹ 

ɦɨɪɮɨɥɨɝɢɹ ɞɜɨɣɧɢɤɨɜ. Ɍɚɤ, ɨɛɳɟɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ 

ɞɜɨɣɧɢɤɢ ɢɦɟɸɬ ɤɥɢɧɨɜɢɞɧɭɸ ɢɥɢ ɥɢɧɡɨɨɛɪɚɡɧɭɸ ɮɨɪɦɭ ɢ ɹɜɥɹɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɢɦɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ ɧɟɪɟɞɤɨ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɨɣ ɢ ɹɜɥɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɢɪɨɤɢɦɢ. 

ɉɪɢ ɤɚɠɭɳɟɣɫɹ ɩɪɨɫɬɨɬɟ ɷɬɨɝɨ ɩɨɞɯɨɞɚ, ɨɧ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 

ɬɪɭɞɨɟɦɤɢɦ (ɬɚɤ ɤɚɤ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜɢɡɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 

ɞɜɨɣɧɢɤɨɜ) ɢ ɫɭɛɴɟɤɬɢɜɧɵɦ.  

ȼ ɤɚɱɟɫɬɜɟ ɛɨɥɟɟ ɨɛɴɟɤɬɢɜɧɨɝɨ ɤɪɢɬɟɪɢɹ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰɚɯ. ɇɚ ɦɨɦɟɧɬ ɫɜɨɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ, ɤɚɤ ɢ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ ɜ ȽɐɄ ɦɟɬɚɥɥɚɯ, 
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ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɞɢɧɚɤɨɜɨɣ ɪɚɡɨɪɢɟɧɬɚɰɢɟɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɬɪɢɰɟ – 

60ɨ<111>. Ɉɞɧɚɤɨ ɜ ɯɨɞɟ ɩɨɫɥɟɞɭɸɳɟɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɧɚ ɝɪɚɧɢɰɚɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ ɨɛɵɱɧɨ ɨɬɤɥɨɧɹɟɬɫɹ 

ɨɬ ɫɜɨɟɝɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ Д1]. ɗɬɨɬ ɮɚɤɬ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ 

ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɦɧɨɝɨɤɪɚɬɧɨɟ 

ɢɡɦɟɪɟɧɢɟ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɜɞɨɥɶ ɝɪɚɧɢɰ ɞɜɨɣɧɢɤɨɜ. Ⱦɥɹ ɩɨɞɨɛɧɨɣ ɪɚɛɨɬɵ 

ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɨɞɯɨɞɢɬ ɦɟɬɨɞ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ 

ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (EBSD).  

Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɬɟɫɬɢɪɨɜɚɧɢɸ ɷɬɨɝɨ “ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ” 

ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɩɪɢɪɨɞɵ ɞɜɨɣɧɢɤɨɜ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɪɢ ɩɨɦɨɳɢ EBSD ɛɭɞɭɬ 

ɫɧɚɱɚɥɚ ɨɰɟɧɟɧɵ ɨɬɤɥɨɧɟɧɢɹ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɝɪɚɧɢɰɚɯ ɞɜɨɣɧɢɤɨɜ ɧɚ 

ɩɪɢɦɟɪɟ ɞɜɭɯ ɦɨɞɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ – ɫɨɞɟɪɠɚɳɢɯ ɥɢɛɨ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ, 

ɥɢɛɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ. Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɵɣ ɨɩɵɬ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ 

ɞɜɨɣɧɢɤɢ ɨɛɨɢɯ ɬɢɩɨɜ.  

ɇɚ ɜɫɟɯ EBSD ɤɚɪɬɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ, ɦɚɥɨɭɝɥɨɜɵɟ 

ɝɪɚɧɢɰɵ (ɆɍȽ) ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ, ɛɨɥɶɲɟɭɝɥɨɜɵɟ 

ɝɪɚɧɢɰɵ (ȻɍȽ) – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ, ɚ ɝɪɚɧɢɰɵ ɞɜɨɣɧɢɤɨɜ (ɜ 

ɩɪɟɞɟɥɚɯ 5ɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ 3) – ɬɨɥɫɬɵɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ. ȼ ɤɚɱɟɫɬɜɟ 

ɤɪɢɬɟɪɢɹ, ɪɚɡɞɟɥɹɸɳɟɝɨ ɆɍȽ ɢ ȻɍȽ, ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ 15ɨ. 
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2. Ɇɨɞɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ 

2.1. Ⱦɜɨɣɧɢɤɢ ɨɬɠɢɝɚ 

ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ, ɛɵɥɚ 

ɜɵɛɪɚɧɚ ɚɭɫɬɟɧɢɬɧɚɹ ɫɬɚɥɶ ɜ ɯɨɪɨɲɨ ɨɬɨɠɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɏɪɚɝɦɟɧɬ 

EBSD ɤɚɪɬɵ ɫɬɪɭɤɬɭɪɵ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1ɚ. Ʉɚɤ ɫɥɟɞɭɟɬ 

ɢɡ ɪɢɫɭɧɤɚ, ɦɨɪɮɨɥɨɝɢɹ ɢ ɬɨɥɳɢɧɚ ɞɜɨɣɧɢɤɨɜ, ɜɢɞɢɦɵɯ ɧɚ ɲɥɢɮɟ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɜɚɪɶɢɪɭɸɬɫɹ. Ɉɞɧɚɤɨ ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɩɨɞɚɜɥɹɸɳɟɝɨ 

ɛɨɥɶɲɢɧɫɬɜɚ ɞɜɨɣɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɫɬɨɹɧɫɬɜɨ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɢɯ ɝɪɚɧɢɰɚɯ. ɇɚ EBSD ɤɚɪɬɟ ɞɚɧɧɵɣ ɮɚɤɬ ɩɪɨɹɜɥɹɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɞɜɨɣɧɢɤɨɜɵɟ ɝɪɚɧɢɰɵ ɨɞɧɨɪɨɞɧɨ ɨɤɪɚɲɟɧɵ ɜ ɫɟɪɵɣ ɰɜɟɬ, ɱɬɨ 

ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɨɬ 3 ɧɟ ɩɪɟɜɵɲɚɟɬ 

5ɨ ɜɞɨɥɶ ɜɫɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ.  

ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɢɫɫɥɟɞɭɟɦɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1ɛ. 

ɇɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɢ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɚɰɢɣ ɨɬɱɟɬɥɢɜɨ 

ɜɵɞɟɥɹɸɬɫɹ ɞɜɨɣɧɢɤɨɜɵɟ ɦɚɤɫɢɦɭɦɵ ɨɤɨɥɨ 60ɨ ɢ ɩɨɥɸɫɚ <111>. ȼ ɤɚɱɟɫɬɜɟ 

ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɵ ɷɬɢɯ ɩɢɤɨɜ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɢɯ ɨɫɬɪɨɬɭ, ɤɨɬɨɪɚɹ 

ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɬɨɱɧɨ ɞɜɨɣɧɢɤɨɜɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɹɜɥɹɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦɢ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɡɦɟɪɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰ ɨɬ ɢɞɟɚɥɶɧɨɣ 3 (ɜ ɩɪɟɞɟɥɚɯ ɢɧɬɟɪɜɚɥɚ Ȼɪɟɧɞɨɧɚ) ɞɚɧɨ ɧɚ ɪɢɫ. 1ɜ. ȼ 
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ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ (з 87%) ɜɵɹɜɥɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ 

ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ EBSD (~ 2ɨ).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ, ɤɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɧɚ ɝɪɚɧɢɰɚɯ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ ɨɱɟɧɶ ɛɥɢɡɤɚ ɤ ɢɞɟɚɥɶɧɨɦɭ 

ɫɨɨɬɧɨɲɟɧɢɸ 60ɨ<111>.  

2.2. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɫɨɞɟɪɠɚɳɟɣ ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ, 

ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɚɹ ɦɟɞɶ ɛɵɥɚ ɩɪɨɤɚɬɚɧɚ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 

ɫɬɟɩɟɧɢ ɨɛɠɚɬɢɹ 50%. Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɚ ɜ 

ɪɚɛɨɬɟ Д2]. Ɏɪɚɝɦɟɧɬ EBSD ɤɚɪɬɵ ɫɬɪɭɤɬɭɪɵ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫ. 2ɚ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ, 

ɡɚɱɚɫɬɭɸ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɥɢɧɡɨɨɛɪɚɡɧɨɣ ɢɥɢ ɤɥɢɧɨɜɢɞɧɨɣ ɦɨɪɮɨɥɨɝɢɟɣ ɢ 

ɹɜɥɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɢɫɩɟɪɫɧɵɦɢ. ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ ɩɪɢ ɷɬɨɦ, ɱɬɨ ɜ 

ɫɬɪɭɤɬɭɪɟ ɜɫɬɪɟɱɚɸɬɫɹ ɞɜɨɣɧɢɤɢ ɫɚɦɨɣ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɠɟ ɱɟɪɬɨɣ ɛɨɥɶɲɢɧɫɬɜɚ ɞɜɨɣɧɢɤɨɜ ɫɥɭɠɢɬ ɧɟɩɨɫɬɨɹɧɫɬɜɨ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɢɯ ɝɪɚɧɢɰɚɯ. ɇɚ EBSD ɤɚɪɬɟ ɷɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɜɞɨɥɶ ɝɪɚɧɢɰ ɞɜɨɣɧɢɤɨɜ ɫɟɪɵɟ ɫɟɝɦɟɧɬɵ (ɩɨɞɪɚɡɭɦɟɜɚɸɳɢɟ ɛɥɢɡɨɫɬɶ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɤ 3) ɱɟɪɟɞɭɸɬɫɹ ɫ ɱɟɪɧɵɦɢ ɫɟɝɦɟɧɬɚɦɢ (ɨɡɧɚɱɚɸɳɢɦɢ 

ɩɪɨɢɡɜɨɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɪɚɡɨɪɢɟɧɬɚɰɢɢ). ɇɟɫɤɨɥɶɤɨ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɢɦɟɪɨɜ 

ɜɵɞɟɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. 
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ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɜɟɞɟɧ ɧɚ 

ɪɢɫ. 2ɛ. ȼ ɤɚɱɟɫɬɜɟ ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɵ ɞɜɨɣɧɢɤɨɜɵɯ ɦɚɤɫɢɦɭɦɨɜ ɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɢ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɢɯ 

ɪɚɡɦɵɬɨɫɬɶ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ. Ⱦɚɧɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɜ 

ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɥɢɱɢɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰɚɯ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

60o<111>.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɤɥɨɧɟɧɢɣ ɪɚɡɨɪɢɟɧɬɚɰɢɣ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰɚɯ ɨɬ 

3 (ɜ ɩɪɟɞɟɥɚɯ ɢɧɬɟɪɜɚɥɚ Ȼɪɟɧɞɨɧɚ) ɞɚɧɨ ɧɚ ɪɢɫ. 2ɜ. ȼ 73% ɫɥɭɱɚɟɜ ɜɟɥɢɱɢɧɚ 

ɨɬɤɥɨɧɟɧɢɣ ɩɪɟɜɵɲɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ EBSD.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɝɪɚɧɢɰ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ ɯɚɪɚɤɬɟɪɧɵ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɨɬ ɬɨɱɧɨ ɞɜɨɣɧɢɤɨɜɨɝɨ 

ɫɨɩɪɹɠɟɧɢɹ.  

3. ɑɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɫɨɞɟɪɠɚɳɟɣ 

ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ, ɬɚɤ ɢ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ, ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɚɹ ɦɟɞɶ 

ɛɵɥɚ ɩɪɨɤɚɬɚɧɚ ɞɨ ɜɟɥɢɱɢɧɵ ɨɛɠɚɬɢɹ 93% ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ 

ɡɚɬɟɦ ɩɨɞɜɟɪɝɧɭɬɚ ɞɥɢɬɟɥɶɧɨɣ (з 1.5 ɝɨɞɚ) ɜɵɞɟɪɠɤɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ [2]. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɚɹ ɦɟɞɶ ɫɤɥɨɧɧɚ ɤ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
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ɩɪɢ ɨɬɨɝɪɟɜɟ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ Д3,4], ɱɬɨ ɢ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ.  

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ EBSD ɤɚɪɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 3ɚ, 

ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɢɥɶɧɨ 

ɜɵɬɹɧɭɬɵɯ ɡɟɪɟɧ, ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɜɢɬɭɸ ɫɭɛɫɬɪɭɤɬɭɪɭ, ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɪɚɜɧɨɨɫɧɵɯ ɤɪɭɩɧɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɩɪɚɤɬɢɱɟɫɤɢ ɫɜɨɛɨɞɧɵɯ ɨɬ ɆɍȽ. ɂɧɵɦɢ 

ɫɥɨɜɚɦɢ, ɫɬɪɭɤɬɭɪɚ, ɞɟɣɫɬɜɢɬɟɥɶɧɨ, ɹɜɥɹɟɬɫɹ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ. 

Ʉɪɭɩɧɵɟ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɟ ɡɟɪɧɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ ɞɜɨɣɧɢɤɨɜ ɫ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɫɬɨɹɧɧɨɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɧɚ ɝɪɚɧɢɰɚɯ (ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ), 

ɚ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɢɬɚɯ ɪɚɫɩɨɥɨɠɟɧɵ ɨɫɬɚɬɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɞɜɨɣɧɢɤɨɜ (ɩɪɢɦɟɪ ɨɬɦɟɱɟɧ ɫɬɪɟɥɤɨɣ ɧɚ ɪɢɫɭɧɤɟ).  

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 3ɛ, ɞɜɨɣɧɢɤɨɜɵɟ ɦɚɤɫɢɦɭɦɵ ɧɚ ɫɩɟɤɬɪɟ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɭɡɤɢɦɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ 

ɩɪɟɨɛɥɚɞɚɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɹɦɵɟ ɢɡɦɟɪɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ 

ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰɚɯ (ɪɢɫ. 3ɜ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɜ ~ 58% ɫɥɭɱɚɟɜ ɢɯ 

ɜɟɥɢɱɢɧɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɬɪɭɤɬɭɪɟ 

ɩɪɟɨɛɥɚɞɚɸɬ ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ.  
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4. Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɫɭɠɞɚɥɚɫɶ ɦɟɬɨɞɢɤɚ ɪɚɡɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɞɜɨɣɧɢɤɨɜ ɢ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɢɯ ɝɪɚɧɢɰɚɯ ɨɬ ɬɨɱɧɨ ɞɜɨɣɧɢɤɨɜɨɝɨ ɫɨɩɪɹɠɟɧɢɹ 

ɩɨɫɪɟɞɫɬɜɨɦ EBSD. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɡɨɪɢɟɧɬɚɰɢɹ ɝɪɚɧɢɰ ɞɜɨɣɧɢɤɨɜ 

ɨɬɠɢɝɚ ɨɱɟɧɶ ɛɥɢɡɤɚ ɤ 3, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚ ɝɪɚɧɢɰɚɯ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɞɜɨɣɧɢɤɨɜ ɟɺ ɜɟɥɢɱɢɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ 

ɜɵɹɜɥɟɧɢɹ ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ ɬɢɩɚ ɞɜɨɣɧɢɤɨɜ ɜ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ 

ɫɬɪɭɤɬɭɪɟ.  

 

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

ɢɫɫɥɟɞɨɜɚɧɢɸ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɟɞɢ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɛɵɥɚ 

ɜɵɩɨɥɧɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɜɵɪɚɠɚɸɬ 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 ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɩɪɨɤɚɬɤɟ.  
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ: (ɚ) EBSD-ɤɚɪɬɚ, 

(ɛ) ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɞɚɧɨ ɜ 



 11 

ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ), (ɜ) ɨɬɤɥɨɧɟɧɢɟ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰɚɯ ɨɬ 3.  
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Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɚ, ɫɨɞɟɪɠɚɳɚɹ ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ: (ɚ) EBSD-ɤɚɪɬɚ, (ɛ) 

ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɞɚɧɨ ɜ 

ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ), (ɜ) ɨɬɤɥɨɧɟɧɢɟ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰɚɯ ɨɬ 3. ɉɨɞɪɨɛɧɨɫɬɢ ɢɡɥɨɠɟɧɵ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ. 
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ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɞɚɧɨ ɜ ɩɪɚɜɨɦ 

ɜɟɪɯɧɟɦ ɭɝɥɭ), (ɜ) ɨɬɤɥɨɧɟɧɢɟ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɧɚ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰɚɯ ɨɬ 

3. ɉɨɞɪɨɛɧɨɫɬɢ ɢɡɥɨɠɟɧɵ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ. 


