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ɂɧɫɬɢɬɭɬɚ ɉɪɨɛɥɟɦ ɋɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ Ɇɟɬɚɥɥɨɜ ɊȺɇ, ɞ.ɬ.ɧ, ɩɪɨɮɟɫɫɨɪ, ɝ. ɍɮɚ, 

Ɋɨɫɫɢɹ, (347) 282-38-58. 

 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɤɚɬɤɢ 

ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɥɶɱɟɧɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɜɨɥɸɰɢɹ ɡɟɪɟɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɹɥɚɫɶ ɜɵɬɹɝɢɜɚɧɢɟɦ ɡɟɪɟɧ ɜ ɯɨɞɟ ɩɪɨɤɚɬɤɢ, ɚ ɜɤɥɚɞ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɛɵɥ ɧɟɜɟɥɢɤ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɟɤɫɬɭɪɧɵɯ ɞɚɧɧɵɯ 

ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɹɜɥɹɥɨɫɶ 

«ɨɛɵɱɧɨɟ» д111ж<110> ɞɢɫɥɨɤɚɰɢɨɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɢɨɝɟɧɧɚɹ 

ɩɪɨɤɚɬɤɚ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɢ ɧɟɤɨɬɨɪɨɦɭ ɫɧɢɠɟɧɢɸ 

ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ.    
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The effect of cryogenic rolling on the structure and mechanical properties of copper 

was studied. The grain structure evolution was shown to be mainly governed by the 

geometrical effect of the imposed strain whereas the contribution of the mechanical twinning 

and grain subdivision was found to be not significant. The analysis of the developed texture 

demonstrated that the plastic flow arises mainly from conventional {111}<110> slip. The 

cryogenic rolling was shown to increase strength and decrease ductility and both effects 

might be attributed to the substructure.  

Keywords: Severe plastic deformation, cryogenic deformation, rolling, copper, 

microstructure, texture. 

 

1. ȼɜɟɞɟɧɢɟ 

 

ɂɡɦɟɥɶɱɟɧɢɟ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɥɭɱɲɢɬɶ ɢɯ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ 

ɩɥɚɫɬɢɱɟɫɤɢɟ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɹɱɟɣ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɦɟɟɬ ɦɟɫɬɨ ɭɫɬɨɣɱɢɜɵɣ 

ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɤ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɪɚɞɢɤɚɥɶɧɨ ɭɦɟɧɶɲɢɬɶ 

ɪɚɡɦɟɪ ɡɟɪɟɧ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɟɞ ɦɚɬɟɪɢɚɥɨɜɟɞɚɦɢ ɫɬɨɢɬ ɡɚɞɚɱɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɭɛɦɢɤɪɨ- ɢ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ (ɋɆɄ ɢ ɇɄ) ɫɬɪɭɤɬɭɪ, ɩɪɢɱɟɦ ɜ ɨɛɴɺɦɚɯ, ɩɪɢɝɨɞɧɵɯ 

ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ.   

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɋɆɄ ɫɬɪɭɤɬɭɪ ɜ ɧɚɫɬɨɹɳɢɣ 

ɦɨɦɟɧɬ ɫɱɢɬɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ (ɂɉȾ) [1]. ɂɉȾ ɹɜɥɹɟɬɫɹ 

ɜɚɠɧɵɦ ɦɟɬɨɞɨɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɋɆɄ 

ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɹ ɷɜɨɥɸɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜ ɯɨɞɟ ɛɨɥɶɲɢɯ ɞɟɮɨɪɦɚɰɢɣ. 

Ʉ ɫɨɠɚɥɟɧɢɸ ɦɟɬɨɞɵ ɂɉȾ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɹɞɨɦ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ, 

ɡɚɬɪɭɞɧɹɸɳɢɯ ɢɯ ɩɪɨɦɵɲɥɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ. ȼɚɠɧɟɣɲɢɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢ ɞɨɪɨɝɨɜɢɡɧɚ ɷɬɢɯ ɦɟɬɨɞɨɜ, ɚ ɬɚɤɠɟ ɤɪɚɣɧɟ 

ɨɝɪɚɧɢɱɟɧɧɵɟ ɨɛɴɟɦɵ ɦɚɬɟɪɢɚɥɚ, ɜ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɢɪɨɜɚɧɚ ɋɆɄ ɫɬɪɭɤɬɭɪɚ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɟɫɬɶ ɧɚɫɭɳɧɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɛɨɥɟɟ ɩɪɨɫɬɵɯ ɢ ɞɟɲɟɜɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ.   

Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɩɪɨɤɚɬɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɠɢɞɤɨɝɨ ɚɡɨɬɚ (ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɤɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ).  ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɪɚɣɧɟ 
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ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɪɭɞɧɹɬ ɩɪɨɰɟɫɫɵ ɜɨɡɜɪɚɬɚ ɢ, ɬɟɦ 

ɫɚɦɵɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɬ ɢɡɦɟɥɶɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ.  

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɩɨɩɵɬɨɤ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɢɨɝɟɧɧɨɣ 

ɩɪɨɤɚɬɤɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ Д2-4]. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɷɬɢɯ ɪɚɛɨɬ ɛɵɥɚ 

ɜɵɩɨɥɧɟɧɚ ɧɚ ɦɟɞɢ, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɴɹɫɧɹɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ 

ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɗɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɦɟɞɢ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɞɜɨɣɧɢɤɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɮɨɪɦɢɪɨɜɚɧɢɟɦ 

ɩɨɥɨɫ ɫɞɜɢɝɚ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɨ 

ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ ɩɨɪɹɞɤɚ 0.1 ɦɤɦ [3,4].  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɡɚɫɥɭɠɢɜɚɸɬ 

ɨɫɨɛɨ ɬɳɚɬɟɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ 

ɷɬɨɣ ɨɛɥɚɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ, ɜ ɨɫɧɨɜɧɨɦ, ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ). Ɉɞɧɚɤɨ, ɧɚɪɹɞɭ ɫ ɨɱɟɜɢɞɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɉɗɆ ɢɦɟɟɬ ɪɹɞ 

ɫɟɪɶɟɡɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɟ ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɜɨɞɢɬɶ ɩɨɥɧɭɸ ɚɬɬɟɫɬɚɰɢɸ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. Ʉ ɱɢɫɥɭ ɜɚɠɧɟɣɲɢɯ ɢɡ ɧɢɯ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɬɪɭɞɨɟɦɤɨɫɬɶ 

ɢɡɦɟɪɟɧɢɣ (ɨɫɨɛɟɧɧɨ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ), ɚ ɬɚɤɠɟ ɤɪɚɣɧɟ ɧɢɡɤɭɸ ɢɯ 

ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɜɵɛɨɪɤɭ.  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨɣ 

ɚɬɬɟɫɬɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɞɢ ɩɨɞɜɟɪɝɧɭɬɨɣ ɤɪɢɨɝɟɧɧɨɣ 

ɩɪɨɤɚɬɤɟ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥ ɩɪɢɜɥɟɱɟɧ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɣ ɦɟɬɨɞ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ 

ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (EBSD) [5]. 

 

2. Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɚɹ 

(99.9%) ɦɟɞɶ ɦɚɪɤɢ Ɇ1. Ƚɨɪɹɱɟɤɚɬɚɧɵɣ ɩɪɭɬɨɤ ɛɵɥ ɪɚɡɪɟɡɚɧ ɧɚ ɱɚɫɬɢ ɞɢɚɦɟɬɪɨɦ 40 ɦɦ 

ɢ ɞɥɢɧɨɣ 70 ɦɦ ɢ ɩɨɞɜɟɪɝɧɭɬ «abc» ɞɟɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 500-300ɨɋ [6]. 

ɉɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ 3 ɨɫɚɞɤɚɦ ɩɪɢɦɟɪɧɨ ɧɚ 40% ɩɨ 

ɜɵɫɨɬɟ ɜɞɨɥɶ ɬɪɟɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɨɫɟɣ. ɋɨɫɬɨɹɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ 

ɨɛɪɚɛɨɬɤɢ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɡɚ ɢɫɯɨɞɧɨɟ.  

ɂɡ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɨɜɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɨɛɪɚɡɰɵ ɞɥɹ ɩɪɨɤɚɬɤɢ 

ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ ɪɚɡɦɟɪɚɦɢ 45б45б5 ɦɦ3 (Ɋɢɫ. 1). Ʉɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ 

ɧɚ ɩɪɨɤɚɬɧɨɦ ɫɬɚɧɟ Ʌɂɋ 6/200 ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ 200 ɦɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
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ɫɤɨɪɨɫɬɢ ɩɪɨɤɚɬɤɢ 100 ɦɦ/ɫ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢ ɨɩɢɫɚɧɢɢ ɩɪɨɰɟɫɫɚ ɩɪɨɤɚɬɤɢ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɨɛɵɱɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ 

(ɇɉ), ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ (ɉɇ) ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɇɇ) 

(Ɋɢɫ. 1ɛ). ɋ ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɚɹ ɫɬɟɩɟɧɶ ɨɛɠɚɬɢɹ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ – ɨɤɨɥɨ 10%. 

Ɉɛɳɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɨɫɬɚɜɥɹɥɚ 50% ɨɛɠɚɬɢɹ, ɱɬɨ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɬɢɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ e~1.0.  

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɜɨɡɞɭɲɧɨɣ 

ɚɬɦɨɫɮɟɪɟ. ɉɟɪɟɞ ɤɚɠɞɵɦ ɰɢɤɥɨɦ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɵ ɨɯɥɚɠɞɚɥɢɫɶ ɜ ɤɨɧɬɟɣɧɟɪɟ ɫ 

ɠɢɞɤɢɦ ɚɡɨɬɨɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ -196±10ɨɋ. ɂɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɢɡɜɥɟɱɟɧɢɟɦ 

ɨɛɪɚɡɰɚ ɢɡ ɤɨɧɬɟɣɧɟɪɚ ɢ ɧɚɱɚɥɨɦ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɚɜɥɹɥ, ɜ ɫɪɟɞɧɟɦ, ɨɤɨɥɨ 40 ɫɟɤ; 

ɨɛɳɟɟ ɜɪɟɦɹ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɚɜɥɹɥɨ ɩɨɪɹɞɤɚ 2-3 ɦɢɧ. ɉɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɟɰ 

ɫɧɨɜɚ ɩɨɦɟɳɚɥɫɹ ɜ ɤɨɧɬɟɣɧɟɪ ɫ ɚɡɨɬɨɦ, ɝɞɟ ɜɵɞɟɪɠɢɜɚɥɫɹ ɞɨ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɪɨɰɟɫɫ ɩɨɜɬɨɪɹɥɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɢ ɧɚɤɨɩɥɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɢ, ɜ ɰɟɥɨɦ, 

ɨɛɟɫɩɟɱɟɧɵ.  

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɫɬɪɭɤɬɭɪɵ ɜ ɪɟɚɥɶɧɨɦ (ɬɪɟɯɦɟɪɧɨɦ) 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɞɜɭɯ ɫɟɱɟɧɢɹɯ 

ɩɪɨɤɚɬɚɧɧɨɝɨ ɨɛɪɚɡɰɚ: ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɇɉ-ɉɇ ɩɥɨɫɤɨɫɬɶ ɧɚ ɪɢɫ. 1ɛ) ɢ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ (ɇɉ-ɇɇ ɩɥɨɫɤɨɫɬɶ ɧɚ ɪɢɫ. 1ɛ). Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ 

ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɦɟɬɨɞɨɦ EBSD. Ɉɛɪɚɡɰɵ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨɞɜɟɪɝɚɥɢɫɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɲɥɢɮɨɜɤɟ ɧɚ ɜɨɞɨɭɩɨɪɧɨɣ ɚɛɪɚɡɢɜɧɨɣ ɛɭɦɚɝɟ ɫ 

ɪɚɡɥɢɱɧɵɦ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ ɚɛɪɚɡɢɜɚ. Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɭɬɟɦ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɪɨɜɤɢ ɜ 7% ɪɚɫɬɜɨɪɟ ɨɪɬɨɮɨɫɮɨɪɧɨɣ 

ɤɢɫɥɨɬɵ H3PO4 ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɚɩɪɹɠɟɧɢɢ ɨɬ 

10 ɞɨ 35 ȼ.  

EBSD-ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ TSL OIMTM, 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɫ ɩɨɥɟɜɵɦ ɤɚɬɨɞɨɦ Hitachi 

S-4300SE. EBSD-ɫɤɚɧɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɩɭɱɤɚ ɷɥɟɤɬɪɨɧɨɜ ɩɨ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɟɬɤɟ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ EBSD-ɤɚɪɬɵ 

ɫɨɫɬɨɹɳɢɟ ɢɡ ~400.000–500.000 ɩɢɤɫɟɥɟɣ ɢ ɫɨɞɟɪɠɚɳɢɟ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ 

ɩɨɥɭɬɨɪɚ ɞɟɫɹɬɤɚ ɬɵɫɹɱ ɡɟɪɟɧ. ɒɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ (ɪɚɡɦɟɪ ɩɢɤɫɟɥɹ) ɜɚɪɶɢɪɨɜɚɥɫɹ ɨɬ 50 

ɞɨ 500 ɧɦ. ȼ ɰɟɥɹɯ ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ ɤɚɠɞɚɹ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɢɧɞɢɰɢɪɨɜɚɥɚɫɶ ɩɨ ɫɟɦɢ Ʉɢɤɭɱɢ-ɥɢɧɢɹɦ. Ⱦɨɥɹ ɭɫɩɟɲɧɨ ɢɧɞɢɰɢɪɨɜɚɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɨɬ 99.9% ɞɨ ~100% ɨɬ ɢɯ ɨɛɳɟɝɨ ɱɢɫɥɚ. ɋɪɟɞɧɹɹ 
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ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɤɨɪɪɟɤɬɧɨɫɬɶ ɢɧɞɢɰɢɪɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ, «confidential index», CI [7]) ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ EBSD-ɤɚɪɬ ɨɬ 0.15 ɞɨ 0.66. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɟɫɥɢ ɷɬɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɜɵɲɚɟɬ ɜɟɥɢɱɢɧɭ 0.1, ɬɨ ɞɨɥɹ ɤɨɪɪɟɤɬɧɨ ɢɧɞɢɰɢɪɨɜɚɧɧɵɯ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɫɨɫɬɚɜɥɹɟɬ 95% [7]. ɇɟɢɧɞɢɰɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ, ɚ ɬɚɤɠɟ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ ɫ ɧɢɡɤɢɦ CI ɨɛɵɱɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɪɟɝɢɨɧɚɦ ɜɨɡɥɟ ɝɪɚɧɢɰ ɡɟɪɟɧ. ɋ 

ɰɟɥɶɸ ɢɡɛɚɜɥɟɧɢɹ ɨɬ ɫɨɦɧɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ EBSD ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɟ: ɜɫɟ ɦɟɥɤɢɟ ɡɟɪɧɚ, ɫɨɫɬɨɹɳɢɟ ɢɡ 3 ɩɢɤɫɟɥɟɣ ɢ ɦɟɧɶɲɟ, 

ɛɵɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɞɚɥɟɧɵ ɫ EBSD ɤɚɪɬ ɤɚɤ ɧɟ ɜɧɭɲɚɸɳɢɟ ɞɨɜɟɪɢɹ. ɉɪɢ 

ɜɵɱɢɫɥɟɧɢɢ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɢɡ ɜɫɟɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɟɺ ɨɩɢɫɚɧɢɣ 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɨɩɢɫɚɧɢɟ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɭɝɥɨɦ. Ɋɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɜɵɱɢɫɥɹɥɚɫɶ ɦɟɠɞɭ 

ɫɨɫɟɞɧɢɦɢ (ɫɦɟɠɧɵɦɢ) ɬɨɱɤɚɦɢ ɫɤɚɧɢɪɨɜɚɧɢɹ. ȼɜɢɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

EBSD-ɦɟɬɨɞɚ ɜɫɟ ɦɚɥɨɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɦɟɧɶɲɟ 2ɨ ɛɵɥɢ 

ɢɫɤɥɸɱɟɧɵ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɦɚɥɨ- ɢ ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ 

(ɆɍȽ ɢ ȻɍȽ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ 15ɨ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 

ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɩɪɢɜɨɞɢɥɨɫɶ ɩɨ ɢɯ ɞɥɢɧɟ. Ɋɚɡɦɟɪ ɫɬɪɭɤɬɭɪɧɵɯ 

ɷɥɟɦɟɧɬɨɜ (ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ) ɨɩɪɟɞɟɥɹɥɫɹ ɦɟɬɨɞɨɦ ɫɟɤɭɳɢɯ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɞɧɨɨɫɧɨɟ 

ɪɚɫɬɹɠɟɧɢɟ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɣ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɩɨ ȼɢɤɤɟɪɫɭ. Ɉɛɪɚɡɰɵ ɞɥɹ 

ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɢɦɟɥɢ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 12ɯ3ɯ2 ɦɦ3 ɢ ɜɵɪɟɡɚɥɢɫɶ ɥɢɛɨ ɢɡ 

ɪɚɞɢɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɢɫɯɨɞɧɨɣ ɤɨɜɚɧɨɣ ɡɚɝɨɬɨɜɤɢ (ɜ ɫɥɭɱɚɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ), ɥɢɛɨ 

ɢɡ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɫ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɩɚɪɚɥɥɟɥɶɧɨ ɇɉ (ɜ ɫɥɭɱɚɟ ɤɪɢɨɝɟɧɧɨɣ 

ɩɪɨɤɚɬɤɢ). ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɲɥɢɮɨɜɚɥɚɫɶ ɧɚ ɚɛɪɚɡɢɜɧɨɣ ɛɭɦɚɝɟ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɩɨɥɢɪɨɜɤɨɣ ɧɚ ɚɥɦɚɡɧɨɣ ɩɚɫɬɟ. ɂɫɩɵɬɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɧɚ 

ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ «INSTRON» ɦɨɞɟɥɢ 1185 ɢ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɪɚɜɟɪɫɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 10-3 ɫ-1.  ȼɫɟɝɨ ɢɫɩɵɬɵɜɚɥɨɫɶ ɩɨ 4 ɨɛɪɚɡɰɚ ɧɚ ɤɚɠɞɨɟ 

ɢɡ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɫɬɨɹɧɢɣ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɨɛɳɟɝɨ ɭɞɥɢɧɟɧɢɹ ɞɨ 

ɪɚɡɪɭɲɟɧɢɹ ɧɚ ɨɞɧɭ ɢɡ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɧɚɧɟɫɟɧɵ ɪɢɫɤɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɨɫɢ ɪɚɫɬɹɠɟɧɢɹ ɱɟɪɟɡ ɤɚɠɞɵɟ 0.5 ɦɦ. Ɋɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɪɢɫɤɚɦɢ ɢ ɨɛɳɢɟ ɪɚɡɦɟɪɵ 

ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɡɚɦɟɪɟɧɵ ɞɨ ɢ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ ɂɆɐ 150ɯ50 ɫ ɬɨɱɧɨɫɬɶɸ ɩɨɪɹɞɤɚ 10 ɦɤɦ.  

ɂɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɜɵɩɨɥɧɹɥɢɫɶ ɧɚ ɩɪɢɛɨɪɟ AбТovОrt 100 ɫ ɩɪɢɫɬɚɜɤɨɣ 

ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ Microhardness Tester ɩɪɢ ɧɚɝɪɭɡɤɟ 50 ɝ ɢ ɜɵɞɟɪɠɤɟ 10 ɫ. 

ȼɫɟɝɨ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ 10 ɢɡɦɟɪɟɧɢɣ ɧɚ ɤɚɠɞɨɟ ɢɡ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɫɬɨɹɧɢɣ.  
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3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

 

3.1. ɂɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ ɬɟɤɫɬɭɪɚ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. ɇɚ EBSD 

ɤɚɪɬɟ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 2ɚ, ɡɟɪɧɚ ɨɤɪɚɲɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɢɪɨɜɤɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ (ɰɜɟɬɨɜɨɣ 

ɤɨɞ ɨɪɢɟɧɬɢɪɨɜɤɢ ɞɚɧ ɜ ɩɪɚɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ ɤɚɪɬɵ); ɆɍȽ ɢɡɨɛɪɚɠɟɧɵ ɬɨɧɤɢɦɢ 

ɫɜɟɬɥɵɦɢ ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. ȼɢɞɧɨ, ɱɬɨ ɡɟɪɟɧɧɚɹ 

ɫɬɪɭɤɬɭɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɞɧɨɪɨɞɧɚ ɜ ɩɪɟɞɟɥɚɯ ɤɚɪɬɵ, ɢ ɜ ɧɟɣ ɩɪɟɨɛɥɚɞɚɸɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɜɧɨɨɫɧɵɟ ɡɟɪɧɚ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɫɬɪɭɤɬɭɪɟ ɨɬɦɟɱɚɟɬɫɹ ɧɟɤɨɬɨɪɚɹ 

ɫɬɪɨɱɟɱɧɨɫɬɶ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 1.6 ɦɤɦ, ɚ ɜ ɪɚɞɢɚɥɶɧɨɦ – 1.8 ɦɤɦ. ȼ ɫɬɪɭɤɬɭɪɟ 

ɩɪɟɨɛɥɚɞɚɸɬ ȻɍȽ, ɭɞɟɥɶɧɚɹ ɞɨɥɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ~ 69%.  

ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ (Ɋɢɫ. 2ɛ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ 

ɦɚɥɨɭɝɥɨɜɵɦ ɦɚɤɫɢɦɭɦɨɦ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ 

60o<111>, ɭɞɟɥɶɧɚɹ ɞɨɥɹ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ~5%. Ⱦɜɨɣɧɢɤɨɜɵɟ ɦɚɤɫɢɦɭɦɵ ɭɤɚɡɚɧɵ 

ɫɬɪɟɥɤɚɦɢ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹɯ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɢ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ. ɍɦɟɫɬɧɨ 

ɭɩɨɦɹɧɭɬɶ, ɱɬɨ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɜɨɣɧɢɤɨɜ ɨɬɠɢɝɚ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɦɟɞɢ 

ɨɛɵɱɧɨ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɪɨɰɟɫɫɚɦɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɪɨɫɬɚ ɡɟɪɟɧ. 

Ɍɟɤɫɬɭɪɚ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɹɦɵɦɢ ɩɨɥɸɫɧɵɦɢ ɮɢɝɭɪɚɦɢ 

д100ж, д110ж ɢ д111ж (Ɋɢɫ. 2ɜ). Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɦɚɬɟɪɢɚɥɭ ɩɪɢɫɭɳɚ ɫɥɚɛɚɹ 

ɬɟɤɫɬɭɪɚ ɤɭɛɚ  {100}<100>. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɤɫɬɭɪɚ ɤɭɛɚ ɜ ȽɐɄ ɦɟɬɚɥɥɚɯ 

ɨɛɵɱɧɨ ɚɫɫɨɰɢɢɪɭɟɬɫɹ ɫ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. 

 

3.2. Ʉɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ 

3.2.1. Ɇɨɪɮɨɥɨɝɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɪɚɡɦɟɪ ɡɟɪɟɧ 

Ȼɨɥɶɲɢɟ (ɨɛɡɨɪɧɵɟ) EBSD ɤɚɪɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɫɬɚ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3ɚ ɢ 3ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚ ɷɬɢɯ ɤɚɪɬɚɯ 

ɡɟɪɧɚ ɨɤɪɚɲɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧɬɢɪɨɜɤɨɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɰɜɟɬɨɜɨɣ ɤɨɞ ɨɪɢɟɧɬɢɪɨɜɤɢ ɞɚɧ ɜ ɩɪɚɜɨɦ 

ɜɟɪɯɧɟɦ ɭɝɥɭ ɪɢɫɭɧɤɨɜ). Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɬɨɥɶɤɨ ȻɍȽ ɩɨɤɚɡɚɧɵ ɧɚ ɤɚɪɬɚɯ.  

ɏɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɹɜɥɹɟɬɫɹ ɟɺ 

ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɩɨɞ ɭɝɥɨɦ ɩɪɢɦɟɪɧɨ 35ɨ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɨɤɚɬɤɢ (Ɋɢɫ. 3ɚ). ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ ɜɢɞɧɨ, ɱɬɨ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɪɚɡɦɟɪɵ ɡɟɪɟɧ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɥɢɫɶ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ, ɫɨɫɬɚɜɥɹɸɳɢɦ 1.8 ɦɤɦ.  ȼ ɷɬɨɣ 
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ɫɜɹɡɢ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɨɤɚɬɚɧɧɨɝɨ ɥɢɫɬɚ (Ɋɢɫ. 3ɛ) ɡɟɪɧɚ 

ɫɢɥɶɧɨ ɜɵɬɹɧɭɬɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɤɚɬɤɢ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɫɨɩɨɫɬɚɜɥɟɧɢɢ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɨɛɨɢɯ ɫɟɱɟɧɢɣ ɥɢɫɬɚ (Ɋɢɫ. 3), ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɫɯɨɞɧɵɟ ɡɟɪɧɚ 

ɛɵɥɢ ɫɩɥɸɳɟɧɵ ɜ ɯɨɞɟ ɩɪɨɤɚɬɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɭɥɚɬɨɦ Ɍɟɣɥɨɪɚ. ȼɚɠɧɨ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɪɟɞɧɹɹ «ɬɨɥɳɢɧɚ» ɡɟɪɟɧ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ (Ɋɢɫ. 3ɛ) ɭɦɟɧɶɲɢɥɚɫɶ 

ɩɪɢɦɟɪɧɨ ɜɞɜɨɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0.8 

ɦɤɦ.  ɍɱɢɬɵɜɚɹ, ɱɬɨ ɨɛɳɟɟ ɨɛɠɚɬɢɟ ɜ ɯɨɞɟ ɩɪɨɤɚɬɤɢ ɫɨɫɬɚɜɥɹɥɨ 50%, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɞɟɮɨɪɦɚɰɢɢ ɢɝɪɚɥ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɷɜɨɥɸɰɢɢ 

ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

ȼɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɟ EBSD ɤɚɪɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɤɚɤ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ, ɬɚɤ ɢ 

ɫ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɫɬɚ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4ɚ ɢ 4ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚ ɷɬɢɯ ɤɚɪɬɚɯ 

ɩɨɤɚɡɚɧɵ ɬɨɥɶɤɨ ɝɪɚɧɢɰɵ ɪɚɡɨɪɢɟɧɬɚɰɢɢ, ɩɪɢ ɱɟɦ ɆɍȽ ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ 

ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. 

ȼɢɞɧɨ, ɱɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɩɪɢɫɭɳɚ ɞɨɜɨɥɶɧɚ ɪɚɡɜɢɬɚɹ ɫɟɬɶ ɆɍȽ, ɭɞɟɥɶɧɚɹ 

ɞɨɥɹ ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 73% ɞɨ 79% ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ. ȼ 

ɧɟɤɨɬɨɪɵɯ ɡɟɪɧɚɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɚɥɢɱɢɟ ɫɟɪɢɣ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɢ ɩɪɨɬɹɠɟɧɧɵɯ 

ɫɭɛɝɪɚɧɢɰ ɪɚɫɫɟɤɚɸɳɢɯ ɡɟɪɧɚ ɧɚ ɱɟɬɤɨ ɨɱɟɪɱɟɧɧɵɟ ɮɪɚɝɦɟɧɬɵ, ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɧɚ 

ɞɨɜɨɥɶɧɨ ɩɪɨɬɹɠɟɧɧɵɯ ɫɟɝɦɟɧɬɚɯ ɩɨɞɨɛɧɵɯ ɫɭɛɝɪɚɧɢɰ ɩɪɟɜɵɲɚɟɬ 15ɨ (ɜɵɞɟɥɟɧɨ 

ɪɚɦɤɨɣ ɧɚ ɪɢɫ. 4ɛ). Ⱦɚɧɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɩɪɢɡɧɚɤ 

ɮɪɚɝɦɟɧɬɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ [8,9]. Ɉɞɧɚɤɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɆɍȽ ɹɜɥɹɸɬɫɹ 

ɞɨɜɨɥɶɧɨ ɤɨɪɨɬɤɢɦɢ ɢ ɢɡɨɝɧɭɬɵɦɢ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɭ ɝɪɚɧɢɰ 

ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɮɪɚɝɦɟɧɬɚɰɢɹ ɪɚɡɜɢɜɚɟɬɫɹ ɧɟ ɨɱɟɧɶ 

ɢɧɬɟɧɫɢɜɧɨ, ɢ ɟɺ ɜɤɥɚɞ ɜ ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟ ɨɱɟɧɶ ɜɟɥɢɤ.   

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɨɢɯ ɫɟɱɟɧɢɣ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 

ɥɢɧɡɨɨɛɪɚɡɧɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ (ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɭɤɚɡɚɧɵ ɫɬɪɟɥɤɚɦɢ ɧɚ ɪɢɫ. 4), 

ɨɤɚɣɦɥɟɧɧɵɯ ɝɪɚɧɢɰɚɦɢ ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɨɣ ɛɥɢɡɤɨɣ ɤ ɞɜɨɣɧɢɤɨɜɨɣ ɪɚɡɨɪɢɟɧɬɚɰɢɢ 

60o<111>. ɍɱɢɬɵɜɚɹ ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ, ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɦɨɪɮɨɥɨɝɢɸ 

ɷɬɢɯ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɚ ɬɚɤɠɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɨɧɢ ɧɟɪɟɞɤɨ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜ ɫɟɪɢɢ, ɦɨɠɧɨ ɫ 

ɭɜɟɪɟɧɧɨɫɬɶɸ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɬɨ, ɫɤɨɪɟɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɞɜɨɣɧɢɤɢ, ɧɟɠɟɥɢ 

ɞɜɨɣɧɢɤɢ ɨɬɠɢɝɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ Д3,4], ɨɬɦɟɱɚɸɳɢɦ ɚɤɬɢɜɢɡɚɰɢɸ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɉɞɧɚɤɨ ɭɞɟɥɶɧɚɹ ɞɨɥɹ ɞɜɨɣɧɢɤɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɜɢɡɭɚɥɶɧɨ ɧɟ 

ɨɱɟɧɶ ɜɵɫɨɤɚ, ɱɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɪɨɥɢ ɷɬɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɜ ɷɜɨɥɸɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ.   
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ɋɭɦɦɢɪɭɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɷɜɨɥɸɰɢɹ ɡɟɪɟɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ, ɜɟɪɨɹɬɧɨ, ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɥɚɫɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɫɠɚɬɢɟɦ ɡɟɪɟɧ, ɱɬɨ 

ɜɟɥɨ ɤ ɢɡɦɟɧɟɧɢɸ ɢɯ ɮɨɪɦɵ, ɧɨ ɧɟ ɦɟɧɹɥɨ ɨɛɴɟɦɚ. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɢ 

ɮɪɚɝɦɟɧɬɚɰɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɥɨɫ ɫɞɜɢɝɚ), ɯɨɬɹ ɢ 

ɢɦɟɥɢ ɦɟɫɬɨ, ɧɨ ɢɯ ɜɤɥɚɞ ɜ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ ɛɵɥ ɧɟ ɜɟɥɢɤ.  

 

3.2.2. ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

ɋɩɟɤɬɪɵ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɞɥɹ ɫɬɪɭɤɬɭɪ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɢ ɜ ɩɪɨɞɨɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɥɢɫɬɚ ɞɚɧɵ ɧɚ ɪɢɫ. 5ɚ ɢ 5ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ 

ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɩɨɤɚɡɚɧɵ ɜ ɩɪɚɜɵɯ ɜɟɪɯɧɢɯ ɭɝɥɚɯ ɪɢɫɭɧɤɨɜ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ 

ɩɪɨɢɡɜɨɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 5. 

ȼɢɞɧɨ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ 

ɪɚɡɥɢɱɢɟ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɝɨ ɦɚɥɨɭɝɥɨɜɨɝɨ ɦɚɤɫɢɦɭɦɚ ɜ ɪɟɚɥɶɧɵɯ 

ɫɩɟɤɬɪɚɯ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ. Ɏɚɤɬɢɱɟɫɤɢ ɞɚɧɧɵɣ ɩɢɤ ɨɬɪɚɠɚɟɬ ɪɚɡɜɢɬɭɸ ɫɟɬɶ 

ɦɚɥɨɭɝɥɨɜɵɯ ɝɪɚɧɢɰ ɜ ɩɪɟɞɟɥɚɯ ɡɟɪɟɧ (Ɋɢɫ. 4). ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɥɹ ȻɍȽ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ (27%) ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ, ɱɟɦ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (21%). Ɇɨɠɧɨ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɜɵɬɹɝɢɜɚɧɢɟɦ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ (Ɋɢɫ. 3ɛ) ɢ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɢɯ ɝɪɚɧɢɰ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ.  

ɋɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɬɚɤɠɟ ɧɟɫɤɨɥɶɤɨ ɩɨɜɵɲɟɧɧɭɸ ɞɨɥɸ ɞɜɨɣɧɢɤɨɜɵɯ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɫɥɚɛɵɣ ɩɢɤ ɜ ɪɚɣɨɧɟ 60ɨ ɢ ɤɥɚɫɬɟɪ ɜɨɡɥɟ ɩɨɥɸɫɚ 

<111>.  Ⱦɨɥɹ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (4.7%) ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ, ɱɟɦ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɥɢɫɬɚ (3.5%). ɍɱɢɬɵɜɚɹ ɚɧɢɡɨɬɪɨɩɧɭɸ (ɥɢɧɡɨɨɛɪɚɡɧɭɸ) ɮɨɪɦɭ 

ɞɜɨɣɧɢɤɨɜ, ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɷɬɨɬ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɧɚɥɢɱɢɟɦ ɧɟɤɨɬɨɪɨɣ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɨɪɢɟɧɬɚɰɢɢ ɞɜɨɣɧɢɤɨɜ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɇɉ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɭɦɦɚɪɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ ɜ 

ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ, ɱɟɦ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. ɏɨɬɹ ɜɧɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɟɱɟɧɢɹ, ɞɨɥɸ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ 

ɜɵɜɨɞ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɪɨɥɢ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ.  

 

3.2.3. Ɍɟɤɫɬɭɪɚ 

Ɍɟɤɫɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ EBSD ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ ɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɫɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɩɪɹɦɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ (ɉɉɎ) ɞɥɹ 

ɩɥɨɫɤɨɫɬɟɣ д100ж, д110ж ɢ д111ж ɧɚ ɪɢɫ. 6ɚ ɢ 6ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɧɚ ɪɢɫ. 
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6ɜ ɬɚɤɠɟ ɩɨɤɚɡɚɧɵ ɩɪɨɟɤɰɢɢ ɢɞɟɚɥɶɧɨɣ ɬɟɤɫɬɭɪɵ ɥɚɬɭɧɢ ]121)[110(  ɧɚ ɉɉɎ {100}, 

д110ж ɢ д111ж. ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɜɫɟ ɉɉɎ ɧɚ ɪɢɫ. 6 ɞɚɧɵ ɜ ɨɛɵɱɧɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɩɪɨɤɚɬɤɢ: ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ ɜɟɪɬɢɤɚɥɶɧɨ ɢ ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨ. 

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɤɚɤ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ, ɬɚɤ ɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɫɬɚ (ɪɢɫ. 6ɚ ɢ 6ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ȼɢɞɧɨ, ɱɬɨ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 

ɬɟɤɫɬɭɪɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɦɚɬɟɪɢɚɥɟ, ɫ ɧɟɤɨɬɨɪɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɢɫɚɧɚ ɤɚɤ ɬɟɤɫɬɭɪɚ ɥɚɬɭɧɢ ]121)[110(  (ɪɢɫ. 6ɜ). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɛɨɢɯ 

ɫɥɭɱɚɹɯ ɬɟɤɫɬɭɪɧɵɟ ɦɚɤɫɢɦɭɦɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɉɉɎ ɧɟɫɤɨɥɶɤɨ ɫɦɟɳɟɧɵ ɨɬ 

ɫɜɨɢɯ ɢɞɟɚɥɶɧɵɯ ɩɨɥɨɠɟɧɢɣ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧ ɫ ɧɟɛɨɥɶɲɢɦɢ 

ɨɬɤɥɨɧɟɧɢɹɦɢ ɪɟɚɥɶɧɵɯ ɩɥɨɫɤɨɫɬɢ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɤɚɬɤɢ ɨɬ ɢɞɟɚɥɶɧɵɯ. Ʉɪɨɦɟ 

ɤɚɱɟɫɬɜɟɧɧɨɝɨ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɢ ɯɨɪɨɲɟɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɟɤɫɬɭɪ: ɜ 

ɨɛɨɢɯ ɫɟɱɟɧɢɹɯ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɤɫɬɭɪɵ ɩɪɢɦɟɪɧɨ ɜ ɱɟɬɵɪɟ ɪɚɡɚ 

ɩɪɟɜɵɲɚɟɬ ɭɪɨɜɟɧɶ ɮɨɧɚ (ɪɢɫ. 6ɚ ɢ 6ɛ).  

Ɍɟɤɫɬɭɪɚ ɥɚɬɭɧɢ ɨɛɵɱɧɨ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ ɩɪɨɤɚɬɤɟ ȽɐɄ ɦɟɬɚɥɥɨɜ ɧɚ 

ɭɦɟɪɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɨɛɠɚɬɢɹ. ɇɚɩɪɢɦɟɪ, ɨɛɪɚɡɨɜɚɧɢɟ ɷɬɨɣ ɬɟɤɫɬɭɪɵ ɛɵɥɨ ɧɟɞɚɜɧɨ 

ɨɬɦɟɱɟɧɨ ɜ ɯɨɞɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɚɥɸɦɢɧɢɹ Д2]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɬɟɤɫɬɭɪɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɢ 

ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ, ɧɢ ɢɫɯɨɞɧɚɹ ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟ ɩɪɢɜɟɥɢ ɤ 

ɢɡɦɟɧɟɧɢɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 

ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ.  

 

3.3. ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɯɨɞɧɨɝɨ ɢ ɩɪɨɤɚɬɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

1. ȼɢɞɧɨ, ɱɬɨ ɤɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ ɫɭɳɟɫɬɜɟɧɧɨ (ɜ ɫɪɟɞɧɟɦ, ɩɪɢɦɟɪɧɨ ɜ ɩɨɥɬɨɪɚ ɪɚɡɚ) 

ɩɨɜɵɫɢɥɚ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ. Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜɵɲɟ, ɞɟɮɨɪɦɚɰɢɹ ɜ ɭɫɥɨɜɢɹɯ 

ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɧɟ ɫɨɩɪɨɜɨɠɞɚɥɚɫɶ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɥɶɱɟɧɢɟɦ ɡɟɪɟɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɩɪɨɱɧɹɸɳɢɣ ɷɮɮɟɤɬ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧ ɜ ɪɚɦɤɚɯ 

ɡɚɤɨɧɚ ɏɨɥɥɚ-ɉɟɬɱɚ. ɋ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ ɜɥɢɹɧɢɹ ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɜ ɦɚɬɟɪɢɚɥɟ 

ɬɟɤɫɬɭɪɵ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɧɚ ɨɫɧɨɜɟ EBSD-ɞɚɧɧɵɯ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɮɚɤɬɨɪɵ ɒɦɢɞɬɚ ɢ 

Ɍɟɣɥɨɪɚ ɞɥɹ ɭɫɥɨɜɢɣ ɨɞɧɨɨɫɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ; ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɮɚɤɬɨɪɨɜ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. ȼɢɞɧɨ, ɱɬɨ ɪɚɡɧɢɰɚ ɦɚɥɨɡɧɚɱɢɬɟɥɶɧɚ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɪɢɪɨɫɬ ɩɪɨɱɧɨɫɬɢ ɧɟ ɦɨɝ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɬɟɤɫɬɭɪɨɣ. ɂɫɯɨɞɹ 

ɢɡ ɷɬɨɝɨ, ɭɦɟɫɬɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɛɧɚɪɭɠɟɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɫɜɹɡɚɧɨ, ɝɥɚɜɧɵɦ 
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ɨɛɪɚɡɨɦ, ɫ ɫɭɛɫɬɪɭɤɬɭɪɨɣ: ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɪɚɡɜɢɬɨɣ ɫɟɬɢ ɆɍȽ (Ɋɢɫ. 4 ɢ 5), ɚ ɬɚɤɠɟ, 

ɜɨɡɦɨɠɧɨ, ɫ ɩɨɜɵɲɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɢɫɥɨɤɚɰɢɣ ɜ ɩɪɟɞɟɥɚɯ ɡɟɪɟɧ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ ɬɚɛɥ. 1, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɨɜɥɢɹɥɚ ɧɚ ɥɨɤɚɥɢɡɨɜɚɧɧɨɟ ɫɭɠɟɧɢɟ ɜ ɲɟɣɤɟ, ɩɪɢɬɨɦ, ɱɬɨ ɨɛɳɟɟ 

ɭɞɥɢɧɟɧɢɟ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɧɢɡɢɥɨɫɶ ɩɨɱɬɢ ɜɞɜɨɟ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɨɛɧɚɪɭɠɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɫɜɹɡɚɧɨ, ɜ ɨɫɧɨɜɧɨɦ, ɫ ɥɨɤɚɥɢɡɚɰɢɟɣ 

ɞɟɮɨɪɦɚɰɢɢ ɜ «ɲɟɣɤɟ». ɋɨɝɥɚɫɧɨ ɢɡɜɟɫɬɧɨɦɭ ɤɪɢɬɟɪɢɸ Ʉɨɧɫɢɞɟɪɚ, Нı/Нİ ≤ ı 

ɥɨɤɚɥɢɡɚɰɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜ «ɲɟɣɤɟ» ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɨɛɭɫɥɨɜɥɟɧɚ 

ɪɚɜɟɧɫɬɜɨɦ ɧɚɩɪɹɠɟɧɢɣ ɬɟɱɟɧɢɹ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɭɛɫɬɪɭɤɬɭɪɧɨɟ ɭɩɪɨɱɧɟɧɢɟ ɭɫɤɨɪɢɥɨ ɨɛɪɚɡɨɜɚɧɢɟ ɲɟɣɤɢ ɢ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɦɟɧɶɲɢɥɨ ɨɛɳɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ ɞɨ ɪɚɡɪɭɲɟɧɢɹ. 

 

4. ȼɵɜɨɞɵ 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ. ɇɚ ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

1) ɉɨɤɚɡɚɧɨ, ɱɬɨ ɷɜɨɥɸɰɢɹ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɜ ɨɫɧɨɜɧɨɦ, ɨɩɪɟɞɟɥɹɥɚɫɶ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɜɤɥɚɞ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɢ 

ɮɪɚɝɦɟɧɬɚɰɢɢ ɛɵɥ ɦɚɥ. 

2) ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɟɤɫɬɭɪɧɵɯ ɞɚɧɧɵɯ ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ 

ɞɟɮɨɪɦɚɰɢɢ ɧɟ ɩɪɢɜɟɥɢ ɤ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɯɚɪɚɤɬɟɪɚ ɩɥɚɫɬɢɱɟɫɤɨɝɨ 

ɬɟɱɟɧɢɹ, ɢ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɨ «ɨɛɵɱɧɨɟ» д111ж<110> 

ɫɤɨɥɶɠɟɧɢɟ. 

3) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 

ɩɪɨɱɧɨɫɬɢ ɢ ɧɟɤɨɬɨɪɨɦɭ ɫɧɢɠɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɚ ɷɮɮɟɤɬɚ ɦɨɝɭɬ 

ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɪɚɡɜɢɬɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ ɜ ɩɪɟɞɟɥɚɯ ɡɟɪɟɧ.  

 

Ⱥɜɬɨɪɵ ɩɪɢɡɧɚɬɟɥɶɧɵ ɩɪɨɮɟɫɫɨɪɭ ɋɚɥɢɳɟɜɭ Ƚ.Ⱥ. ɡɚ ɢɞɟɸ ɞɚɧɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɧɢ ɬɚɤɠɟ ɨɱɟɧɶ ɩɪɢɡɧɚɬɟɥɶɧɵ ɤ.ɬ.ɧ. Ƚɚɥɟɟɜɭ Ɋ.Ɇ. ɢ ɤ.ɬ.ɧ. ȼɚɥɢɚɯɦɟɬɨɜɭ 

Ɉ.Ɋ. ɡɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɬɟɩɥɨɣ «abc» ɞɟɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɤ.ɮ-ɦ.ɧ. Ⱦɚɦɢɧɨɜɭ Ɋ.Ɋ. ɡɚ 

ɩɨɦɨɳɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɟ.  
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Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɞɢ 

Ɇɚɬɟɪɢɚɥ 

ɉɪɨɱɧɨɫɬɶ ɉɥɚɫɬɢɱɧɨɫɬɶ 

ɉɪɟɞɟɥ 
ɬɟɤɭɱɟɫɬɢ, 
0.2 (Ɇɉɚ) 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ, 
0.2 (Ɇɉɚ) 

Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ 
(Hv) 

Ɉɛɳɟɟ 
ɭɞɥɢɧɟɧɢɟ ɞɨ 

ɪɚɡɪɭɲɟɧɢɹ,  
(%) 

ɋɭɠɟɧɢɟ ɜ 
ɲɟɣɤɟ,  

(%) 

ɂɫɯɨɞɧɵɣ 
ɦɚɬɟɪɢɚɥ 

210 270 1170 48 90 

Ʉɪɢɨɝɟɧɧɚɹ 
ɩɪɨɤɚɬɤɚ 

340 391 1650 25 89 

 

Ɍɚɛɥɢɰɚ 2. Ɏɚɤɬɨɪɵ ɒɦɢɞɬɚ ɢ Ɍɟɣɥɨɪɚ 

Ɇɚɬɟɪɢɚɥ ɋɪɟɞɧɢɣ ɮɚɤɬɨɪ ɒɦɢɞɬɚ ɋɪɟɞɧɢɣ ɮɚɤɬɨɪ Ɍɟɣɥɨɪɚ 

ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ 0,45 2,92 

Ʉɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ 0,47 3,00 

 

 

Ɋɢɫ. 1. Ɉɛɪɚɡɟɰ ɞɥɹ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ: ɫɯɟɦɚ ɜɵɪɟɡɤɢ (ɚ), ɪɚɡɦɟɪɵ ɢ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ (ɛ). 
ɉɪɢɦɟɱɚɧɢɟ: ɇɉ-ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ, ɉɇ – ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɇɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ 
ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɂɫɯɨɞɧɚɹ ɡɚɝɨɬɨɜɤɚ ɩɨɫɥɟ  
ɬɟɩɥɨɣ «abc» ɞɟɮɨɪɦɚɰɢɢ 

Ɉɛɪɚɡɟɰ ɞɥɹ  
ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ 

Ɉɫɶ ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ 
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Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ: (ɚ) EBSD-ɤɚɪɬɚ, (ɛ) ɫɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

(ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɩɨɤɚɡɚɧɨ ɜ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɪɢɫɭɧɤɚ), (ɜ) Ɍɟɤɫɬɭɪɚ.  

ɉɪɢɦɟɱɚɧɢɟ: ɇɈ – ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ, Ɋɇ – ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɨɛɪɚɡɰɚ. 
 

 
 

 

 

Ɋɢɫ. 3. Ɉɛɡɨɪɧɵɟ EBSD-ɤɚɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɚ) ɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɤɚɬɚɧɧɨɝɨ ɥɢɫɬɚ (ɛ). ɉɪɢɦɟɱɚɧɢɟ: ɇɉ – ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ, ɇɇ – 

ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ, ɉɇ – ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
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Ɋɢɫ. 4. ȼɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɟ EBSD-ɤɚɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ 

(ɚ) ɢ ɫ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɤɚɬɚɧɧɨɝɨ ɥɢɫɬɚ (ɛ). ɉɪɢɦɟɱɚɧɢɟ: ɇɉ – ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ, ɇɇ – 

ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ, ɉɇ – ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

 
 

Ɋɢɫ. 5. 

 

Ɋɢɫ. 5. ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɞɥɹ ɫɬɪɭɤɬɭɪɵ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɚ) ɢ ɫɬɪɭɤɬɭɪɵ ɩɪɨɞɨɥɶɧɨɝɨ 

ɫɟɱɟɧɢɹ ɩɪɨɤɚɬɚɧɧɨɝɨ ɥɢɫɬɚ (ɛ). ɉɪɢɦɟɱɚɧɢɟ: ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɞɚɧɵ ɜ 

ɩɪɚɜɵɯ ɜɟɪɯɧɢɯ ɭɝɥɚɯ ɪɢɫɭɧɤɨɜ. 
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Ɋɢɫ. 6. Ɍɟɤɫɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɚ) ɢ ɫ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɤɚɬɚɧɧɨɝɨ 
ɥɢɫɬɚ (ɛ), ɚ ɬɚɤɠɟ ɫɯɟɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɬɟɤɫɬɭɪɭ ɥɚɬɭɧɢ (ɜ). ɉɪɢɦɟɱɚɧɢɟ: ɇɉ – ɧɚɩɪɚɜɥɟɧɢɟ 
ɩɪɨɤɚɬɤɢ, ɉɇ – ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɇɇ – ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 


