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ɍȾɄ 669.3:539.89:539.25 

Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɧɚ ɨɫɧɨɜɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɝɪɚɧɢɰ 

Ɍ. ɇ. Ʉɨɧɶɤɨɜɚ*, ɋ. ɘ. Ɇɢɪɨɧɨɜ*,**, Ⱥ. ȼ. Ʉɨɪɡɧɢɤɨɜ*, Ɇ. Ɇ. Ɇɵɲɥɹɟɜ†,‡ 

*ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ ɉɪɨɛɥɟɦ 

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

**ɍɧɢɜɟɪɫɢɬɟɬ Ɍɨɯɨɤɭ, Ⱦɟɩɚɪɬɚɦɟɧɬ Ɉɛɪɚɛɨɬɤɢ Ɇɚɬɟɪɢɚɥɨɜ, ȼɵɫɲɚɹ ɒɤɨɥɚ 

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

†ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ Ɇɟɬɚɥɥɭɪɝɢɢ ɢ 

Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢɦ. Ȼɚɣɤɨɜɚ ɊȺɇ, 119991, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, 

49, Ɋɨɫɫɢɹ  

‡ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ Ɍɜɟɪɞɨɝɨ Ɍɟɥɚ 

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

Ɋɨɫɫɢɹ.  
 

Ɋɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɧɚ ɨɫɧɨɜɟ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɨɬ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɩɪɢ ɢɡɭɱɟɧɢɢ 

ɷɜɨɥɸɰɢɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɯɨɞɟ ɞɟɮɨɪɦɚɰɢɢ, ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɪɨɫɬɚ ɡɟɪɟɧ.  

 Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ; ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

ɝɪɚɧɢɰ ɪɚɡɨɪɢɟɧɬɚɰɢɣ 

 

1. ȼɜɟɞɟɧɢɟ 

Ƚɪɚɧɢɰɵ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɷɥɟɦɟɧɬɨɜ 

ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɋɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɧɚɥɢɱɢɟ ɜ ɦɚɬɟɪɢɚɥɟ “ɤɪɢɬɢɱɟɫɤɨɣ ɦɚɫɫɵ” ɝɪɚɧɢɰ ɫ ɬɨɣ ɢɥɢ 

ɢɧɨɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɦɨɠɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɥɢɹɬɶ ɧɚ ɟɝɨ ɩɨɜɟɞɟɧɢɟ ɜ 

ɭɫɥɨɜɢɹɯ ɞɟɮɨɪɦɚɰɢɢ, ɨɬɠɢɝɚ ɢɥɢ ɤɨɪɪɨɡɢɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɚɧɚɥɢɡ 
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ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɚɰɢɣ ɷɬɢɯ ɝɪɚɧɢɰ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɜɚɠɟɧ 

ɞɥɹ ɛɨɥɟɟ ɝɥɭɛɨɝɨ ɩɨɧɢɦɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɢɯ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɯɚɪɚɤɬɟɪɢɡɚɰɢɹ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɩɨɫɬɟɩɟɧɧɨ ɫɬɚɧɨɜɢɬɫɹ ɜ 

ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɬɚɤɨɣ ɠɟ ɧɟɨɛɯɨɞɢɦɨɣ ɨɩɟɪɚɰɢɟɣ ɩɪɢ ɚɬɬɟɫɬɚɰɢɢ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤɚɤ ɢɡɦɟɪɟɧɢɟ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ.  

Ɉɞɢɧ ɢɡ ɩɟɪɜɵɯ ɫɩɨɫɨɛɨɜ ɨɩɢɫɚɧɢɹ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɛɵɥ 

ɨɫɧɨɜɚɧ ɧɚ ɭɱɟɬɟ ɤɨɥɢɱɟɫɬɜɚ ɝɪɚɧɢɰ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɞ ɟɞɢɧɢɱɧɨɣ ɝɪɚɧɢɰɟɣ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɡɞɟɥɹɸɳɢɣ ɞɜɚ ɫɦɟɠɧɵɯ ɡɟɪɧɚ ɢ 

ɧɚɯɨɞɹɳɢɣɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɬɪɨɣɧɵɦɢ ɫɬɵɤɚɦɢ (ɧɚ ɲɥɢɮɟ). Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ 

ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɝɞɟ ɨɧ 

ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɪɹɞ ɜɚɠɧɟɣɲɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɷɜɨɥɸɰɢɢ ɫɬɪɭɤɬɭɪɵ 

Дɧɚɩɪɢɦɟɪ, 1]. Ɉɞɧɚɤɨ ɟɝɨ ɫɟɪɶɟɡɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ 

ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɚɧɢɡɨɬɪɨɩɢɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɧɢɤɚɤ 

ɧɟ ɭɱɢɬɵɜɚɟɬ ɪɚɡɧɢɰɭ ɜ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɝɪɚɧɢɰ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɦɟɧɧɨɣ ɜɞɨɥɶ 

ɝɪɚɧɢɰɵ (ɧɚɩɪɢɦɟɪ, ɜɫɥɟɞɫɬɜɢɟ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɟɪɧɚɯ), ɢ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ.  

ɉɨɫɤɨɥɶɤɭ ɷɧɟɪɝɢɹ ɝɪɚɧɢɰ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɚ ɫ ɩɥɨɳɚɞɶɸ ɢɯ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɛɨɥɟɟ ɮɢɡɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɟɬɨɞ ɨɩɢɫɚɧɢɹ 

ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɧɚ ɨɫɧɨɜɟ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɞɥɢɧɚ ɝɪɚɧɢɰ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɳɟɣ 

ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ ɧɚ ɲɥɢɮɟ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɢɱɟɫɤɢ ɛɨɥɟɟ 

ɫɥɨɠɧɵɦ, ɧɨ ɡɚɬɨ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦ. Ɉɧ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ 

(EBSD).  
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ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɭɞɟɥɶɧɚɹ ɞɨɥɹ ɝɪɚɧɢɰ, ɮɢɝɭɪɢɪɭɸɳɚɹ ɜ ɞɜɭɯ 

ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɫɩɨɫɨɛɚɯ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, ɹɜɥɹɟɬɫɹ 

ɛɟɡɪɚɡɦɟɪɧɨɣ ɜɟɥɢɱɢɧɨɣ. ɗɬɨ ɭɞɨɛɧɨ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɫ ɦɨɞɟɥɶɧɵɦɢ ɫɩɟɤɬɪɚɦɢ - ɧɚɩɪɢɦɟɪ, ɩɪɨɢɡɜɨɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɜɵɜɟɞɟɧɧɵɦ ɧɚ ɨɫɧɨɜɟ ɬɟɤɫɬɭɪɵ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɧɟ ɧɟɫɟɬ ɜ ɫɟɛɟ ɧɢɤɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɬɟɩɟɧɢ 

ɪɚɡɜɟɬɜɥɟɧɧɨɫɬɢ ɫɟɬɢ ɝɪɚɧɢɰ ɜ ɫɬɪɭɤɬɭɪɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫɩɟɤɬɪɵ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɤɪɭɩɧɨ- ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɦɢ. ɗɬɨ ɦɨɠɟɬ ɡɚɬɪɭɞɧɢɬɶ ɚɞɟɤɜɚɬɧɭɸ 

ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɤɚɤ ɫɚɦɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɬɚɤ ɢ ɩɪɨɰɟɫɫɨɜ ɟɺ 

ɮɨɪɦɢɪɨɜɚɧɢɹ.  

ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɨɬɧɨɫɢɬɶ ɞɥɢɧɭ ɝɪɚɧɢɰ ɫ 

ɬɨɣ ɢɥɢ ɢɧɨɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɧɟ ɤ ɨɛɳɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ ɧɚ ɲɥɢɮɟ, 

ɚ ɤ ɩɥɨɳɚɞɢ ɲɥɢɮɚ. ɉɨɥɭɱɚɸɳɚɹɫɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫ 

ɪɚɡɦɟɪɧɨɫɬɶɸ ɦ-1 (ɜ ɫɢɫɬɟɦɟ ɋɂ) ɫɩɨɫɨɛɧɚ, ɫɪɟɞɢ ɩɪɨɱɟɝɨ, ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɪɚɡɜɟɬɜɥɟɧɧɨɫɬɶ ɡɟɪɧɨɝɪɚɧɢɱɧɨɣ ɫɟɬɢ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ.  

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɭɠɟ ɨɩɢɫɚɧ ɜ ɥɢɬɟɪɚɬɭɪɟ Дɧɚɩɪɢɦɟɪ, 2] ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɧ ɧɟ ɹɜɥɹɟɬɫɹ ɨɪɢɝɢɧɚɥɶɧɨɣ ɢɞɟɟɣ ɚɜɬɨɪɨɜ ɷɬɨɣ ɫɬɚɬɶɢ. Ɉɞɧɚɤɨ, ɤɚɤ ɫɥɟɞɭɟɬ 

ɢɡ ɚɧɚɥɢɡɚ ɥɢɬɟɪɚɬɭɪɵ, ɨɧ ɧɟ ɨɱɟɧɶ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ. ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɩɨɩɵɬɚɟɦɫɹ ɡɚɨɫɬɪɢɬɶ ɜɧɢɦɚɧɢɟ ɱɢɬɚɬɟɥɟɣ ɧɚ 

ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ. ɋ ɷɬɨɣ 

ɰɟɥɶɸ ɦɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɟɝɨ ɩɨɬɟɧɰɢɚɥ ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɪɨɰɟɫɫɨɜ 

ɞɟɮɨɪɦɚɰɢɢ, ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɪɨɫɬɚ ɡɟɪɟɧ. 

2. Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ 

ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɩɪɨɟɤɬɚ ɩɨ ɨɰɟɧɤɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 



 4 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɣ (99,9%) ɦɟɞɢ Ɇ1. Ȼɨɥɟɟ 

ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɚɧɨ ɜ ɪɚɛɨɬɚɯ Д3-8]. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɞɥɹ 

ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɩɨɥɶɡɨɜɚɥɫɹ EBSD-ɚɧɚɥɢɡ. ȼɜɢɞɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɷɬɨɝɨ 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. ɇɚ ɜɫɟɯ EBSD ɤɚɪɬɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ 

ɫɬɚɬɶɟ, ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ 

ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. 

3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

3.1. Ⱦɟɮɨɪɦɚɰɢɹ 

Ⱦɟɮɨɪɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɨɞɧɨɨɫɧɨɣ ɨɫɚɞɤɢ ɧɚ 88% ɩɨ 

ɜɵɫɨɬɟ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɞɪɨɛɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɚɯ [3,4]. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɰɟɧɬɪɚɥɶɧɨɣ (ɧɚɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ) ɱɚɫɬɢ 

ɨɛɪɚɡɰɨɜ. Ɏɪɚɝɦɟɧɬɵ EBSD ɤɚɪɬ ɢɫɯɨɞɧɨɝɨ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɣ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɨɫɚɞɤɚ ɩɪɢɜɟɥɚ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɫɠɚɬɢɸ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ 

ɞɟɮɨɪɦɚɰɢɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜɧɭɬɪɢ ɧɢɯ ɪɚɡɜɢɬɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟɜɢɞɧɨɫɬɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɪɢɫ. 1, 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ, ɩɨɫɬɪɨɟɧɧɨɟ ɫ ɭɱɟɬɨɦ 

ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ (ɪɢɫ. 2, ɚ), ɧɟ ɜɵɹɜɢɥɨ ɛɨɥɶɲɨɣ ɪɚɡɧɢɰɵ ɦɟɠɞɭ 

ɢɫɯɨɞɧɵɦ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ. ɍɦɟɫɬɧɨ ɨɬɦɟɬɢɬɶ ɥɢɲɶ 

ɧɟɤɨɬɨɪɨɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɜ ɦɚɥɨɭɝɥɨɜɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɢ 

ɢɫɱɟɡɧɨɜɟɧɢɟ ɞɜɨɣɧɢɤɨɜɨɝɨ ɩɢɤɚ ɨɤɨɥɨ 60ɨ. ɉɨɫɥɟɞɧɢɣ ɷɮɮɟɤɬ ɨɱɟɜɢɞɧɨ 

ɫɜɹɡɚɧ ɫ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ ɪɚɡɪɭɲɟɧɢɟɦ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ 

ɜ ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɟ.  
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ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɭɱɟɬɨɦ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ (ɪɢɫ. 2, ɛ), ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɝɨɪɚɡɞɨ ɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɤ ɫɬɪɭɤɬɭɪɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɆɍȽ ɨɬɜɟɱɚɟɬ ɢɧɬɟɧɫɢɜɧɨɦɭ ɮɨɪɦɢɪɨɜɚɧɢɸ ɝɪɚɧɢɰ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜɧɭɬɪɢ ɡɟɪɟɧ ɢ ɪɨɫɬɭ ɭɝɥɚ ɪɚɡɨɪɢɟɧɬɚɰɢɢ 

ɧɚ ɧɢɯ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɞɧɨɪɨɞɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ȻɍȽ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɨɬ 15ɨ ɞɨ з 60ɨ ɨɬɪɚɠɚɟɬ 

ɫɠɚɬɢɟ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɢɯ 

ɝɪɚɧɢɰ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɨɫɚɠɟɧɧɨɝɨ ɨɛɪɚɡɰɚ.  

Ɉɞɧɨɜɪɟɦɟɧɧɵɣ ɩɪɢɪɨɫɬ ɩɥɨɳɚɞɢ ɤɚɤ ɆɍȽ, ɬɚɤ ɢ ȻɍȽ ɩɪɢɜɟɥ ɤ ɬɨɦɭ, 

ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɞɨɥɢ ɷɬɢɯ ɝɪɚɧɢɰ ɧɟ ɢɡɦɟɧɢɥɢɫɶ ɫɭɳɟɫɬɜɟɧɧɨ, ɢ ɩɨɷɬɨɦɭ 

ɷɬɢ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɨɤɚɡɚɥɢɫɶ ɧɟɡɚɦɟɬɧɵɦɢ ɞɥɹ ɦɟɬɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ 

ɧɚ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ (ɪɢɫ. 2, ɚ). ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɩɨɫɨɛ, ɨɫɧɨɜɚɧɧɵɣ 

ɧɚ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ (ɪɢɫ. 2, ɛ), ɨɬɪɚɠɚɟɬ ɥɸɛɵɟ ɢɡɦɟɧɟɧɢɹ ɢɯ 

ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɧɚ ɲɥɢɮɟ ɢ ɩɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɝɢɛɤɢɦ.  

 

3.2. Ⱦɟɮɨɪɦɚɰɢɹ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ (ɪɢɫ. 1, ɚ) ɛɵɥ ɩɪɨɤɚɬɚɧ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ 50% ɢ 93%, ɩɨɫɥɟ ɱɟɝɨ ɯɪɚɧɢɥɫɹ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ з 1,5 ɥɟɬ ɩɟɪɟɞ ɢɡɭɱɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ. Ȼɨɥɟɟ 

ɩɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɚɯ Д5,6]. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ.  

Ɏɪɚɝɦɟɧɬɵ EBSD ɤɚɪɬ ɩɪɨɤɚɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3. 

Ⱦɟɮɨɪɦɚɰɢɹ ɧɚ 50% ɨɛɠɚɬɢɹ (ɪɢɫ. 3, ɚ) ɩɪɢɜɟɥɚ ɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɠɚɬɢɸ 

ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜɧɭɬɪɢ ɧɢɯ ɪɚɡɜɢɬɨɣ 

ɫɟɬɢ ɆɍȽ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɜɨɣɧɢɤɨɜ 

(ɩɪɢɦɟɪ ɩɨɤɚɡɚɧ ɫɬɪɟɥɤɨɣ). ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɢɦɟɟɬ ɦɟɫɬɨ ɬɢɩɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ 
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ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɇɚɬɟɪɢɚɥ ɩɨɫɥɟ 93% ɩɪɨɤɚɬɤɢ ɢ ɞɥɢɬɟɥɶɧɨɣ 

ɜɵɞɟɪɠɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɪɢɫ. 3, ɛ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɤɚɱɟɫɬɜɟɧɧɨ ɢɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ. ȼɞɨɥɶ ɝɪɚɧɢɰ ɤɪɭɩɧɵɯ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜɵɬɹɧɭɬɵɯ ɡɟɪɟɧ ɢɦɟɟɬ ɦɟɫɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɟɥɤɢɯ 

ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ, ɫɜɨɛɨɞɧɵɯ ɨɬ ɫɭɛɝɪɚɧɢɰ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɤɪɢɨɝɟɧɧɨ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɚɹ ɦɟɞɶ ɫɤɥɨɧɧɚ ɤ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɯɨɞɟ ɞɥɢɬɟɥɶɧɨɝɨ 

ɩɪɟɛɵɜɚɧɢɹ ɧɚ ɜɨɡɞɭɯɟ Д9,10], ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɧɚɪɭɠɟɧɧɵɣ ɷɮɮɟɤɬ ɦɨɠɟɬ 

ɛɵɬɶ ɬɪɚɤɬɨɜɚɧ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɱɚɫɬɢɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ, ɩɨɫɬɪɨɟɧɧɨɟ ɧɚ 

ɨɫɧɨɜɟ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ, ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4, ɚ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, 

ɩɪɨɤɚɬɤɚ ɧɚ 50% ɞɟɮɨɪɦɚɰɢɢ ɫɩɨɫɨɛɫɬɜɨɜɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 

ɞɨɥɢ ɆɍȽ ɢ ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɭɦɟɧɶɲɟɧɢɟɦ ɞɨɥɢ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ 

(ɨɛɪɚɡɭɸɳɢɯ ɩɢɤ ɨɤɨɥɨ 60ɨ). ɉɪɨɤɚɬɤɚ ɧɚ 93% ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɚɹ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɢɜɟɥɢ ɤ ɫɨɤɪɚɳɟɧɢɸ ɨɛɳɟɣ ɞɨɥɢ ɆɍȽ. Ɍɚɤɠɟ ɢɦɟɥɨ 

ɦɟɫɬɨ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɜ ɦɚɥɨɭɝɥɨɜɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ: ɮɪɚɤɰɢɹ ɆɍȽ 

ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ 2ɨ-5ɨ ɭɦɟɧɶɲɢɥɚɫɶ, ɚ ɫ 10ɨ-15ɨ – ɜɨɡɪɨɫɥɚ. ɗɬɢ 

ɧɚɛɥɸɞɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɬɪɚɤɬɨɜɚɧɵ ɜ ɪɚɦɤɚɯ ɩɨɫɬɟɩɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ 

ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɧɚ ɆɍȽ ɢ ɢɯ ɩɨɫɬɟɩɟɧɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ȻɍȽ. ɂɧɵɦɢ 

ɫɥɨɜɚɦɢ, ɷɜɨɥɸɰɢɹ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ 

ɩɪɨɬɟɤɚɧɢɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ “in-situ”.  

ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɝɪɚɧɢɰ, ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 4, ɛ. ɉɪɨɤɚɬɤɚ ɧɚ 50% ɩɪɢɜɟɥɚ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɨɬ 2ɨ ɞɨ з 20ɨ. Ⱦɚɧɧɵɣ 

ɮɚɤɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɧɬɟɧɫɢɜɧɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ ɝɪɚɧɢɰ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢ ɨ ɩɪɟɜɪɚɳɟɧɢɢ ɱɚɫɬɢ ɆɍȽ ɜ ȻɍȽ. Ɍɚɤɠɟ 

ɭɦɟɫɬɧɨ ɭɩɨɦɹɧɭɬɶ ɧɟɤɨɬɨɪɨɟ ɭɦɟɧɶɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 30ɨ-55ɨ 

ɝɪɚɧɢɰ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɫɠɚɬɢɟɦ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɢ, ɬɚɤɢɦ 
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ɨɛɪɚɡɨɦ, ɭɦɟɧɶɲɟɧɢɟɦ ɫɭɦɦɚɪɧɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɢɯ ɝɪɚɧɢɰ ɜ ɩɥɨɫɤɨɫɬɢ 

ɩɪɨɤɚɬɤɢ. ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ ɪɨɫɬ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰ, ɨɬɪɚɠɚɸɳɢɣ ɚɤɬɢɜɢɡɚɰɢɸ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɩɪɢ 

ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

ɉɪɨɤɚɬɤɚ ɧɚ 93% ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɩɪɢɜɟɥɢ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɭɜɟɥɢɱɟɧɢɸ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 10ɨ-15ɨ ɝɪɚɧɢɰ. 

ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨ ɦɟɯɚɧɢɡɦɭ “in situ”. ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɬɚɤɠɟ ɢɦɟɥɨ ɦɟɫɬɨ ɫɨɤɪɚɳɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 2ɨ-6ɨ 

ɝɪɚɧɢɰ. ɂɫɱɟɡɧɨɜɟɧɢɟ ɝɪɚɧɢɰ ɢɡ ɫɬɪɭɤɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɭɦɟɫɬɧɵɦ ɫɜɹɡɚɬɶ ɫ ɢɯ ɩɨɝɥɨɳɟɧɢɟɦ ɦɢɝɪɢɪɭɸɳɢɦɢ ɝɪɚɧɢɰɚɦɢ ɡɟɪɟɧ, ɬɨ 

ɟɫɬɶ, ɫ ɩɪɟɪɵɜɢɫɬɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɧɨɫɬɶ ɝɪɚɧɢɰ ɡɟɪɟɧ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ з 15ɨ-55ɨ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɨɫɥɚ. ɉɨɫɤɨɥɶɤɭ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 

ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ, ɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɞɨ 93% 

ɞɨɥɠɧɨ ɛɵɥɨ ɛɵ ɩɪɢɜɟɫɬɢ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɫɠɚɬɢɸ ɡɟɪɟɧ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɫɨɤɪɚɳɟɧɢɸ ɢɯ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɧɚɛɥɸɞɚɟɦɵɣ ɪɨɫɬ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ (ɪɢɫ. 4, ɛ) ɦɨɠɧɨ 

ɨɛɴɹɫɧɢɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟɦ “ɹɡɵɤɨɜ” ɜɞɨɥɶ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɢɯ ɩɨɫɥɟɞɭɸɳɢɦ 

ɩɪɟɜɪɚɳɟɧɢɟɦ ɜ ɡɚɪɨɞɵɲɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɧɚɛɥɸɞɚɟɦɨɣ ɧɚ 

ɪɢɫ. 3, ɛ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɩɪɟɪɵɜɢɫɬɚɹ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɧɨɫɢɥɚ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɷɜɨɥɸɰɢɸ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɟɤɨɬɨɪɨɟ ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɜɨɣɧɢɤɨɜɵɯ 

ɝɪɚɧɢɰ ɩɨɫɥɟ ɨɛɠɚɬɢɹ ɧɚ 93% ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɞɜɨɣɧɢɤɨɜ 

ɨɬɠɢɝɚ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɫ ɭɱɟɬɨɦ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɩɪɢ ɢɡɭɱɟɧɢɢ 

ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɱɟɦ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ.  

 

3.3. Ɋɨɫɬ ɡɟɪɟɧ 

ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ (ɪɢɫ. 1, ɚ) ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɫɞɜɢɝɭ ɩɨɞ ɜɵɫɨɤɢɦ 

ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɟɮɨɪɦɚɰɢɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ 20 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɨɜɨɪɨɬɨɜ ɧɚɤɨɜɚɥɶɧɢ ɩɨ- ɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ ɧɚ 

ɭɝɨɥ 45ɨ. ɇɚ ɫɟɪɟɞɢɧɟ ɪɚɞɢɭɫɚ ɨɛɪɚɡɰɚ ɧɚɤɨɩɥɟɧɧɚɹ ɢɫɬɢɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ 

ɛɵɥɚ ɨɰɟɧɟɧɚ ɤɚɤ e~8,41 . ɉɨɞɪɨɛɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɢɫɚɧɵ ɜ 

ɪɚɛɨɬɚɯ Д7,8]. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɜ ɩɥɨɫɤɨɫɬɢ 

ɫɞɜɢɝɚ ɧɚ ɫɟɪɟɞɢɧɟ ɪɚɞɢɭɫɚ ɡɚɝɨɬɨɜɤɢ ɢ ɩɪɨɜɨɞɢɥɢɫɶ ɞɜɚɠɞɵ - ɫɩɭɫɬɹ 2 

ɧɟɞɟɥɢ ɢ 11 ɦɟɫɹɰɟɜ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ. Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɫɬɪɭɤɬɭɪɚ 

ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɟɞɢ ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɛɢɥɶɧɨɣ ɜ ɭɫɥɨɜɢɹɯ 

ɞɥɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Д9,10]. ɉɨɷɬɨɦɭ 

ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɫɨɫɬɨɹɧɢɹ ɛɵɥɢ ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ “ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ” 

ɢ “ɨɬɨɠɠɟɧɧɨɟ”.  

Ɏɪɚɝɦɟɧɬɵ EBSD ɤɚɪɬ ɨɛɨɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ 

ɪɢɫ. 5. Ⱦɟɮɨɪɦɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ (ɪɢɫ. 5, ɚ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɞɧɨɪɨɞɧɨɣ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ɉɞɧɚɤɨ ɩɨɫɥɟ 11 ɦɟɫɹɰɟɜ 

ɩɪɟɛɵɜɚɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɡɟɪɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 

ɢɡɦɟɧɢɥɚɫɶ (ɪɢɫ. 5, ɛ). ȿɺ ɯɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɹɜɥɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɚɧɨɦɚɥɶɧɨ 

ɤɪɭɩɧɵɯ ɡɟɪɟɧ ɧɚ ɮɨɧɟ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɦɚɬɪɢɰɵ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɛɵɥ 

ɬɪɚɤɬɨɜɚɧ ɤɚɤ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ Д8]. Ʉɪɨɦɟ ɫɟɥɟɤɬɢɜɧɨɝɨ ɪɨɫɬɚ 

ɨɬɞɟɥɶɧɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɢɦɟɥɨ ɦɟɫɬɨ ɬɚɤɠɟ ɧɟɛɨɥɶɲɨɟ ɭɤɪɭɩɧɟɧɢɟ ɡɟɪɟɧ 

                                                           
1 Ⱦɚɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɛɵɥ ɜɵɩɨɥɧɟɧ ɜ Forshungszentrum Karlsruhe, ɝ. Ʉɚɪɥɫɪɭɷ, Ƚɟɪɦɚɧɢɹ. 
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ɦɚɬɪɢɰɵ, ɯɨɬɹ ɷɬɨɬ ɷɮɮɟɤɬ ɦɟɧɟɟ ɨɱɟɜɢɞɟɧ ɧɚ ɪɢɫɭɧɤɟ (ɬɨ ɟɫɬɶ ɧɚɛɥɸɞɚɥɫɹ ɢ 

ɧɨɪɦɚɥɶɧɵɣ ɪɨɫɬ ɡɟɪɟɧ). 

ɇɟɫɦɨɬɪɹ ɧɚ ɤɚɱɟɫɬɜɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɣ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ 

ɪɢɫ. 5, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ, ɩɨɫɬɪɨɟɧɧɨɟ ɧɚ ɨɫɧɨɜɟ 

ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ (ɪɢɫ. 6, ɚ), ɧɟ ɜɵɹɜɢɥɨ ɛɨɥɶɲɨɣ ɪɚɡɧɢɰɵ ɜ ɫɬɪɭɤɬɭɪɟ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɢ ɨɬɨɠɠɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. ɍɦɟɫɬɧɨ ɨɬɦɟɬɢɬɶ ɥɢɲɶ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ, ɫɜɹɡɚɧɧɨɟ, ɤɚɤ 

ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ.  

ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɚɰɢɣ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɭɱɟɬɨɦ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɝɪɚɧɢɰ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɤ ɫɬɪɭɤɬɭɪɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. 

ȼɵɹɜɥɟɧɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ȻɍȽ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 

ɭɝɥɨɜ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɨɬ 15ɨ ɞɨ з 55ɨ ɫɜɹɡɚɧɨ ɫ ɪɨɫɬɨɦ ɡɟɪɟɧ ɢ, ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ, ɭɦɟɧɶɲɟɧɢɟɦ ɫɭɦɦɚɪɧɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɢɯ ɝɪɚɧɢɰ ɧɚ ɨɞɧɨɣ ɢ ɬɨɣ 

ɠɟ ɩɥɨɳɚɞɢ ɲɥɢɮɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɧɢɠɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɆɍȽ ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɩɨɝɥɨɳɟɧɢɟɦ ɦɢɝɪɢɪɭɸɳɢɦɢ ɝɪɚɧɢɰɚɦɢ ɡɟɪɟɧ, ɤɚɤ 

ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɬɚɤɠɟ ɢ 

ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɡɟɪɟɧ.  

 

4. Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɫɭɠɞɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɩɨɫɨɛ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɭɱɟɬɟ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ, ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɤ ɥɸɛɵɦ ɢɡɦɟɧɟɧɢɹɦ 

ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɩɪɢ 

ɢɡɭɱɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɞɟɮɨɪɦɚɰɢɢ, ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɥɢ ɪɨɫɬɚ ɡɟɪɟɧ.  
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Ⱥɜɬɨɪɵ ɩɪɢɡɧɚɬɟɥɶɧɵ ɩɪɨɮɟɫɫɨɪɭ ɋɚɥɢɳɟɜɭ Ƚ.Ⱥ. ɡɚ ɢɞɟɸ ɩɪɨɟɤɬɚ ɩɨ 

ɢɡɭɱɟɧɢɸ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɟɞɢ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ 

ɞɚɧɧɚɹ ɪɚɛɨɬɚ. Ɉɧɢ ɬɚɤɠɟ ɛɥɚɝɨɞɚɪɧɵ ɤ.ɬ.ɧ. Ƚɚɥɟɟɜɭ Ɋ.Ɇ. ɢ ɤ.ɬ.ɧ. 

ȼɚɥɢɚɯɦɟɬɨɜɭ Ɉ.Ɋ. ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɚ ɬɚɤɠɟ ɤ.ɮ.-ɦ.ɧ. Ⱦɚɦɢɧɨɜɭ Ɋ.Ɋ. ɡɚ ɩɨɦɨɳɶ ɜ ɨɫɭɳɟɫɬɜɥɟɧɢɢ 

ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɢ ɢ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɜɬɨɪɵ ɨɱɟɧɶ 

ɩɪɢɡɧɚɬɟɥɶɧɵ ForsСunРsгentrum KКrlsruСe (Ƚɟɪɦɚɧɢɹ) ɜ ɥɢɰɟ ɩɪɨɮɟɫɫɨɪɚ H.-J. 

Fecht, Dr. JuliК IЯКnisenko ɢ KurmКnКeЯК LiliК ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɨɦɨɳɶ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɤɪɢɨɝɟɧɧɨɦɭ ɫɞɜɢɝɭ 

ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ. 
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Ɋɢɫ. 1. Ɏɪɚɝɦɟɧɬɵ EBSD ɤɚɪɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɚ) ɢ 

ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɨɞɧɨɤɪɚɬɧɨɣ ɨɫɚɞɤɢ ɧɚ 88% ɩɨ ɜɵɫɨɬɟ ɩɪɢ ɤɪɢɨɝɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ (ɛ). ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – 

ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. ɇɈ – ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɚɞɤɢ, Ɋɇ – ɪɚɞɢɚɥɶɧɨɟ 

ɧɚɩɪɚɜɥɟɧɢɟ. 
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Ɋɢɫ. 2. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɜ ɢɫɯɨɞɧɨɦ ɢ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ, ɩɨɫɬɪɨɟɧɧɵɟ ɫ ɭɱɟɬɨɦ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ 

(ɚ) ɢ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ (ɛ). 
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Ɋɢɫ. 3. Ɏɪɚɝɦɟɧɬɵ EBSD ɤɚɪɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɧɚ 

50% ɨɛɠɚɬɢɹ (ɚ) ɢ 93% ɨɛɠɚɬɢɹ (ɛ). ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ 

ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. ɉɨɞɪɨɛɧɨɫɬɢ ɞɚɧɵ ɜ ɬɟɤɫɬɟ 

ɫɬɚɬɶɢ. ɇɉ – ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ, ɉɇ – ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɇɇ – 

ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ. 
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Ɋɢɫ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɜ ɢɫɯɨɞɧɨɦ, 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ, ɩɨɫɬɪɨɟɧɧɵɟ ɫ ɭɱɟɬɨɦ 

ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ (ɚ) ɢ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ (ɛ). ɉɨɞɪɨɛɧɨɫɬɢ 

ɞɚɧɵ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ. 

 

 

 

 

 

 

 

 

 



 16 

 
 

 

      

Ɋɢɫ. 5. Ɏɪɚɝɦɟɧɬɵ EBSD ɤɚɪɬ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɨɦ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ (ɚ) ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 11-

ɦɟɫɹɱɧɨɝɨ “ɨɬɠɢɝɚ” ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɛ). ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ 

ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. ɉɨɞɪɨɛɧɨɫɬɢ 

ɞɚɧɵ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ. Ɋɇ – ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɇɋ – ɧɚɩɪɚɜɥɟɧɢɟ 

ɫɞɜɢɝɚ, ɇɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ. 
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Ɋɢɫ. 6. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ 

ɢ ɨɬɨɠɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ, ɩɨɫɬɪɨɟɧɧɵɟ ɫ ɭɱɟɬɨɦ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɝɪɚɧɢɰ (ɚ) ɢ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɢɰ (ɛ). ɉɨɞɪɨɛɧɨɫɬɢ ɞɚɧɵ ɜ ɬɟɤɫɬɟ ɫɬɚɬɶɢ. 

 


