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Ɍ. ɇ. Ʉɨɧɶɤɨɜɚ, ɋ. ɘ. Ɇɢɪɨɧɨɜ, Ⱥ. ȼ. Ʉɨɪɡɧɢɤɨɜ 

(ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬ ɉɪɨɛɥɟɦ ɋɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ 

Ɇɟɬɚɥɥɨɜ ɊȺɇ, 450001, ɍɮɚ, Ɋɨɫɫɢɹ) 

Ʉɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɦɟɞɢ   

Ʉɨɧɶɤɨɜɚ Ɍɚɬɶɹɧɚ ɇɢɤɨɥɚɟɜɧɚ – ɚɫɩɢɪɚɧɬ ɍɱɪɟɠɞɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ 

ɂɧɫɬɢɬɭɬɚ ɉɪɨɛɥɟɦ ɋɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ Ɇɟɬɚɥɥɨɜ ɊȺɇ, ɝ. ɍɮɚ, Ɋɨɫɫɢɹ, 
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Ɇɢɪɨɧɨɜ ɋɟɪɝɟɣ ɘɪɶɟɜɢɱ – ɧ.ɫ. ɍɱɪɟɠɞɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɂɧɫɬɢɬɭɬɚ 

ɉɪɨɛɥɟɦ ɋɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ Ɇɟɬɚɥɥɨɜ ɊȺɇ, ɤ.ɮ.-ɦ.ɧ, ɝ. ɍɮɚ, Ɋɨɫɫɢɹ, (347) 282-37-12. 

Ʉɨɪɡɧɢɤɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɟɧɢɚɦɢɧɨɜɢɱ – ɫ.ɧ.ɫ. ɍɱɪɟɠɞɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ 

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

Ɋɨɫɫɢɹ, (347) 282-38-58. 

ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɜ 

ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɣ ɦɟɞɢ. Ɉɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɜɨ ɜɫɟɯ 

ɫɥɭɱɚɹɯ ɹɜɥɹɥɨɫɶ {111}<110> ɞɢɫɥɨɤɚɰɢɨɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ, ɜɤɥɚɞ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɛɵɥ ɨɱɟɧɶ ɦɚɥ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɂɧɬɟɧɫɢɜɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ; Ʉɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ; 
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The effect of cryogenic deformation on the structure refinement of copper was studied. 

The plastic flow arises mainly from conventional {111}<110> dislocations slip whereas the 

contribution of the mechanical twinning was found to be not significant.  

Keywords: Severe plastic deformation, cryogenic deformation, copper, 

microstructure, texture. 

1. ȼɜɟɞɟɧɢɟ 

Ɇɟɬɨɞɵ ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɂɉȾ) ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ Д1], ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɢɱɶ 

ɫɭɛɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ (ɋɆɄ) ɢ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ (ɇɄ) ɪɚɡɦɟɪɧɨɝɨ ɭɪɨɜɧɹ, 

ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɥɨɜ. 

ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɨ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ 

ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɡɚɦɟɞɥɹɟɬɫɹ [2-4]. ɉɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɦɵɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɧɟ 

ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɋɆɄ-ɢɧɬɟɪɜɚɥɚ. ɗɬɨ ɹɜɥɟɧɢɟ ɧɟ ɧɚɯɨɞɢɬ ɞɨɥɠɧɨɝɨ ɨɛɴɹɫɧɟɧɢɹ; ɜ 

ɱɢɫɥɟ ɜɨɡɦɨɠɧɵɯ ɩɪɢɱɢɧ ɧɚɡɵɜɚɟɬɫɹ ɧɚɥɢɱɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɢ ɢɯ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɪɨɫɬɨɦ Д5]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɛɢɬɶɫɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɇɄ-ɫɬɪɭɤɬɭɪ ɩɨɫɪɟɞɫɬɜɨɦ ɂɉȾ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɩɨɤɚ ɧɟ ɭɞɚɟɬɫɹ. ɉɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɵ ɧɨɜɵɟ ɫɩɨɫɨɛɵ, ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɚɬ ɩɪɨɞɨɥɠɟɧɢɟ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɩɥɨɬɶ ɞɨ ɇɄ 

ɞɢɚɩɚɡɨɧɚ.  

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɭɠɚɬ ɩɪɢɱɢɧɨɣ ɚɤɬɢɜɢɡɚɰɢɢ 

ɧɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɭɬ ɤ ɩɪɨɞɨɥɠɟɧɢɸ ɩɪɨɰɟɫɫɚ 

ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɟɧ ɢ ɞɨɫɬɢɠɟɧɢɸ ɇɄ ɪɚɡɦɟɪɧɨɝɨ ɭɪɨɜɧɹ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɵɥ 

ɨɫɭɳɟɫɬɜɥɟɧ ɪɹɞ ɩɨɩɵɬɨɤ ɩɪɨɜɟɞɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɬɚɤ 

ɧɚɡɵɜɚɟɦɚɹ ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ) ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɇɄ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ Д5-7]. 

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɷɬɢɯ ɪɚɛɨɬ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɧɚ ɦɟɞɢ.  
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Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɪɚɛɨɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɢɧɬɟɧɫɢɜɧɨɦ ɞɜɨɣɧɢɤɨɜɚɧɢɢ [6,7], 

ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɨɛɳɟɩɪɢɧɹɬɨɦɭ ɦɧɟɧɢɸ ɨ ɧɟɫɤɥɨɧɧɨɫɬɢ ɦɟɞɢ ɤ ɦɟɯɚɧɢɱɟɫɤɨɦɭ 

ɞɜɨɣɧɢɤɨɜɚɧɢɸ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɢɦɟɧɧɨ ɤɪɢɨɝɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ, ɤɨɬɨɪɚɹ ɩɪɢɜɟɥɚ ɤ ɩɨɞɚɜɥɟɧɢɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɞɢɫɥɨɤɚɰɢɣ Д7].   

ȼɵɲɟɢɡɥɨɠɟɧɧɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɹɜɥɹɟɬɫɹ 

ɢɧɬɟɪɟɫɧɨɣ ɨɛɥɚɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɪɟɛɭɸɳɟɣ ɛɨɥɟɟ 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 ɰɟɥɵɣ 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. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɛɨɥɟɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɪɢɨɝɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɋ ɷɬɨɣ 

ɰɟɥɶɸ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥ ɩɪɢɜɥɟɱɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɜɵɣ ɦɟɬɨɞ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (EBSD) [8].  

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɫɩɨɫɨɛɨɜ ɧɚɝɪɭɠɟɧɢɹ ɜ ɤɪɢɨɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɫɬɪɭɤɬɭɪɭ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɣ ɦɟɞɢ. ȼ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɚɥɚɫɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɜɭɯ ɫɥɭɱɚɟɜ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɞɥɹ 

ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜ ɦɟɞɢ: ɚ) ɨɫɚɞɤɚ ɜ ɨɛɨɥɨɱɤɟ+93%ɩɪɨɤɚɬɤɚ ɢ ɛ) ɨɫɚɞɤɚ ɜ 

ɨɛɨɥɨɱɤɟ+10 ɰɢɤɥɨɜ “abc”-ɞɟɮɨɪɦɚɰɢɢ. 

2. Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɚɹ (99.9%) 

ɦɟɞɶ ɦɚɪɤɢ Ɇ1. ɋɨɫɬɨɹɧɢɟ ɩɨɫɬɚɜɤɢ - ɝɨɪɹɱɟɤɚɬɚɧɵɣ ɩɪɭɬɨɤ. C ɰɟɥɶɸ ɧɚɢɛɨɥɶɲɟɝɨ 

ɢɡɦɟɥɶɱɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɜɵɪɟɡɚɧɧɵɟ ɢɡ ɩɪɭɬɤɚ ɡɚɝɨɬɨɜɤɢ ɞɢɚɦɟɬɪɨɦ 40 

ɦɦ ɢ ɞɥɢɧɨɣ 70 ɦɦ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɣ «abc»-
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ɞɟɮɨɪɦɚɰɢɢ (ɬɪɢ ɨɫɚɞɤɢ ɩɪɢɦɟɪɧɨ ɧɚ 40% ɩɨ ɜɵɫɨɬɟ ɜɞɨɥɶ ɬɪɟɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɨɫɟɣ) ɜ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 500 – 300ɨɋ [9]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɦɚɬɟɪɢɚɥɟ 

ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ з 1.7 ɦɤɦ, ɫ ɞɨɥɟɣ 

ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ з 59% ɢ ɫɥɚɛɨɣ «ɬɟɤɫɬɭɪɨɣ ɤɭɛɚ». Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ 

ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɫɬɪɭɤɬɭɪɵ ɞɚɧɨ ɜ ɪɚɛɨɬɟ Д10]. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɇɄ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɛɵɥ 

ɩɨɞɜɟɪɝɧɭɬ ɩɨɫɥɟɞɭɸɳɟɣ ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɟ ɜ ɨɛɨɥɨɱɤɟ. Ⱦɥɹ ɷɬɨɝɨ ɢɡ ɰɟɧɬɪɚɥɶɧɨɣ 

(ɧɚɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ) ɱɚɫɬɢ ɤɨɜɚɧɵɯ ɡɚɝɨɬɨɜɨɤ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ 

ɨɛɪɚɡɰɵ ɞɢɚɦɟɬɪɨɦ 24 ɦɦ ɢ ɜɵɫɨɬɨɣ 60 ɦɦ. ȼ ɰɟɥɹɯ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɶɲɟɣ 

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɩɨɦɟɳɟɧɵ ɜ ɨɛɨɥɨɱɤɭ ɢɡ ɫɬɚɥɢ ɋɬ20 ɫ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ 8 ɦɦ. Ɉɛɪɚɡɰɵ ɛɵɥɢ 

ɩɨɞɜɟɪɝɧɭɬɵ ɨɫɚɞɤɟ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ ɉȺ-2638 ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

ɞɟɮɨɪɦɚɰɢɢ з 6б10-3 c-1. ɋɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɚɜɥɹɥɚ 88% ɩɨ ɜɵɫɨɬɟ, ɱɬɨ ɩɪɢɦɟɪɧɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɬɢɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ О з2.2. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɦɚɬɟɪɢɚɥɟ 

ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡɟɪɟɧ ~ 0.6 ɦɤɦ, ɫ ɞɨɥɟɣ 

ɛɨɥɶɲɟɭɝɥɨɜɵɯ ɝɪɚɧɢɰ з 50% ɢ ɚɤɫɢɚɥɶɧɨɣ ɬɟɤɫɬɭɪɨɣ, ɝɞɟ ɧɚɩɪɚɜɥɟɧɢɟ <110> ɬɹɝɨɬɟɟɬ 

ɤ ɨɫɢ ɨɫɚɞɤɢ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɫɬɪɭɤɬɭɪɵ ɞɚɧɨ ɜ ɪɚɛɨɬɟ 

[11]. ɉɨɥɭɱɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɡɚ ɢɫɯɨɞɧɨɟ. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɛɵɥɢ ɜɵɪɟɡɚɧɵ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ ɪɚɡɦɟɪɚɦɢ 

50ɯ20ɯ6 ɦɦ3 (ɪɢɫ. 1ɚ, ɛ) ɢɡ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɫɚɠɟɧɧɨɣ ɡɚɝɨɬɨɜɤɢ. 

Ʉɪɢɨɝɟɧɧɚɹ ɩɪɨɤɚɬɤɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɧɚ ɩɪɨɤɚɬɧɨɦ ɫɬɚɧɟ Ʌɂɋ 6/200 ɫ 

ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɢɯ ɜɚɥɤɨɜ 200 ɦɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɪɨɤɚɬɤɢ 100 ɦɦ/ɫ. ɋ 

ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜ ɯɨɞɟ ɩɪɨɤɚɬɤɢ 

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

Ɉɛɳɚɹ ɫɬɟɩɟɧɶ ɨɛɠɚɬɢɹ ɫɨɫɬɚɜɢɥɚ 93%, ɱɬɨ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɬɢɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ Оз3. ɉɪɢ ɨɩɢɫɚɧɢɢ ɩɪɨɰɟɫɫɚ ɩɪɨɤɚɬɤɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɨɛɵɱɧɚɹ ɫɢɫɬɟɦɚ 
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ɤɨɨɪɞɢɧɚɬ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ (ɇɉ), ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

(ɉɇ) ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɇɇ) (ɪɢɫ. 1ɛ).   

Ɉɛɪɚɡɰɵ ɞɥɹ ɤɪɢɨɝɟɧɧɨɣ ɤɨɜɤɢ ɛɵɥɢ ɬɚɤɠɟ ɜɵɪɟɡɚɧɵ ɢɡ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 

ɨɫɚɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɢɦɟɥɢ ɮɨɪɦɭ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɪɚɡɦɟɪɚɦɢ 

6ɯ6ɯ8 ɦɦ3. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ 10 ɰɢɤɥɚɦ ɨɫɚɞɤɢ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ 

EU-100 ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ з 10-3 c-1 ɩɪɢɦɟɪɧɨ ɧɚ 40% ɩɨ ɜɵɫɨɬɟ 

ɜɞɨɥɶ ɬɪɟɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɨɫɟɣ.  

Ʉɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ. ɉɟɪɟɞ 

ɧɚɝɪɭɠɟɧɢɟɦ ɨɛɪɚɡɰɵ ɨɯɥɚɠɞɚɥɢɫɶ ɜ ɤɨɧɬɟɣɧɟɪɟ ɫ ɠɢɞɤɢɦ ɚɡɨɬɨɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ -

196±10ɨɋ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɛɵɫɬɪɨɝɨ ɧɚɝɪɟɜɚ ɦɟɞɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɯɨɞɟ ɞɟɮɨɪɦɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɨɞɤɥɚɞɧɵɟ ɛɨɣɤɢ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɨɯɥɚɠɞɚɥɢɫɶ ɜ 

ɤɨɧɬɟɣɧɟɪɟ ɫ ɠɢɞɤɢɦ ɚɡɨɬɨɦ. ɂɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɢɡɜɥɟɱɟɧɢɟɦ ɨɛɪɚɡɰɨɜ ɢ ɛɨɣɤɨɜ 

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

ɰɢɤɥɚ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɚɜɥɹɥɨ ɩɨɪɹɞɤɚ 2-3 ɦɢɧ. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɰɢɤɥɚ ɞɟɮɨɪɦɚɰɢɢ 

ɨɛɪɚɡɟɰ ɢ ɛɨɣɤɢ ɫɧɨɜɚ ɩɨɦɟɳɚɥɢɫɶ ɜ ɤɨɧɬɟɣɧɟɪ ɫ ɚɡɨɬɨɦ, ɝɞɟ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɞɨ 

ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ; ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɥɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ 

ɧɚɤɨɩɥɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ 

ɛɨɣɤɨɜ, ɢɡɜɥɟɱɟɧɧɵɯ ɢɡ ɤɨɧɬɟɣɧɟɪɚ, ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ ɬɪɟɯ ɦɢɧɭɬ ɩɨɞɧɢɦɚɥɚɫɶ ɥɢɲɶ 

ɧɚ 6ɨɋ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɚɡɨɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɤɪɢɨɝɟɧɧɵɟ 

ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɢ, ɜ ɰɟɥɨɦ, ɨɛɟɫɩɟɱɟɧɵ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɩɪɨɤɚɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɬɨɥɶɤɨ ɜ ɩɥɨɫɤɨɫɬɢ 

ɩɪɨɤɚɬɤɢ ɜɫɥɟɞɫɬɜɢɟ ɨɱɟɧɶ ɦɚɥɨɣ ɤɨɧɟɱɧɨɣ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ; ɤɨɜɚɧɵɣ ɨɛɪɚɡɟɰ 

ɢɫɫɥɟɞɨɜɚɥɫɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ (ɧɚɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ) ɱɚɫɬɢ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ. 

Ⱥɬɬɟɫɬɚɰɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɚɫɶ ɦɟɬɨɞɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɤɚɪɬɢɧ 

ɞɢɮɪɚɤɰɢɢ ɨɛɪɚɬɧɨ ɪɚɫɫɟɹɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (EBSD) ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ (ɉɗɆ).  
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Ɉɛɪɚɡɰɵ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɜɟɪɝɚɥɢɫɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ 

ɲɥɢɮɨɜɚɧɢɸ ɧɚ ɜɨɞɨɭɩɨɪɧɨɣ ɚɛɪɚɡɢɜɧɨɣ ɛɭɦɚɝɟ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɤɟ. ȼ 

ɫɥɭɱɚɟ EBSD ɨɛɪɚɡɰɵ ɷɥɟɤɬɪɨɩɨɥɢɪɨɜɚɥɢɫɶ ɜ 70% ɪɚɫɬɜɨɪɟ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ 

H3PO4 ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɚɩɪɹɠɟɧɢɢ 5 ȼ. ȼ 

ɫɥɭɱɚɟ ɉɗɆ ɷɥɟɤɬɪɨɥɢɬ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ 7% ɪɚɫɬɜɨɪ ɬɨɣ ɠɟ ɫɚɦɨɣ ɤɢɫɥɨɬɵ, ɚ 

ɩɪɢɥɨɠɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 4 ȼ.  

Ⱦɥɹ ɉɗɆ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɢɤɪɨɫɤɨɩ JEM-2000EX, ɪɚɛɨɬɚɸɳɢɣ ɩɪɢ 

ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 160 ɤȼ. 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 ~200.000–500.000 ɩɢɤɫɟɥɟɣ ɢ ɫɨɞɟɪɠɚɳɢɟ ɨɬ 

ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ ɞɨ ɩɨɥɭɬɨɪɚ ɞɟɫɹɬɤɚ ɬɵɫɹɱ ɡɟɪɟɧ. ɒɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ (ɪɚɡɦɟɪ ɩɢɤɫɟɥɹ) 

ɜɚɪɶɢɪɨɜɚɥɫɹ ɨɬ 50 ɞɨ 250 ɧɦ. ȼ ɰɟɥɹɯ ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ ɤɚɠɞɚɹ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɧɞɢɰɢɪɨɜɚɥɚɫɶ ɩɨ ɫɟɦɢ Ʉɢɤɭɱɢ-ɥɢɧɢɹɦ. Ⱦɨɥɹ ɭɫɩɟɲɧɨ 

ɢɧɞɢɰɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɨɬ 98.9% ɞɨ ~ 100% ɨɬ ɢɯ ɨɛɳɟɝɨ 

ɱɢɫɥɚ. ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɤɨɪɪɟɤɬɧɨɫɬɶ 

ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ (ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ, “confidential index”, CI [12]),  

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% [12]. ɇɟɢɧɞɢɰɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ, ɚ ɬɚɤɠɟ 

ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ ɫ ɧɢɡɤɢɦ CI ɨɛɵɱɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɪɟɝɢɨɧɚɦ ɜɨɡɥɟ ɝɪɚɧɢɰ ɡɟɪɟɧ. 

EBSD ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɟ: ɜɫɟ ɦɟɥɤɢɟ ɡɟɪɧɚ, 

ɫɨɫɬɨɹɳɢɟ ɢɡ 3 ɩɢɤɫɟɥɟɣ ɢ ɦɟɧɶɲɟ, ɛɵɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɞɚɥɟɧɵ ɫ EBSD ɤɚɪɬ. ɉɪɢ 

ɜɵɱɢɫɥɟɧɢɢ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɢɡ ɜɫɟɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɟɺ ɨɩɢɫɚɧɢɣ 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɨɩɢɫɚɧɢɟ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɭɝɥɨɦ. Ɋɚɡɨɪɢɟɧɬɢɪɨɜɤɚ ɜɵɱɢɫɥɹɥɚɫɶ ɦɟɠɞɭ 
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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. 

3. Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

3.1. Ɇɨɪɮɨɥɨɝɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɪɚɡɦɟɪ ɡɟɪɟɧ 

Ȼɨɥɶɲɢɟ (ɨɛɡɨɪɧɵɟ) EBSD ɤɚɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2.  

ɇɚ ɷɬɢɯ ɤɚɪɬɚɯ, ɡɟɪɧɚ ɨɤɪɚɲɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ 

ɨɪɢɟɧɬɢɪɨɜɤɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (Ɋɢɫ. 2ɚ) ɢ ɨɫɢ ɨɫɚɞɤɢ (Ɋɢɫ. 

2ɛ), ɰɜɟɬɨɜɨɣ ɤɨɞ ɨɪɢɟɧɬɢɪɨɜɤɢ ɞɚɧ ɜ ɩɪɚɜɨɦ ɧɢɠɧɟɦ ɭɝɥɭ ɪɢɫɭɧɤɚ.  

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɞɨɜɨɥɶɧɨ ɨɞɧɨɪɨɞɧɵ ɜ ɦɚɫɲɬɚɛɚɯ ɤɚɪɬ. 

Ɉɬɦɟɱɚɟɬɫɹ ɜɵɬɹɧɭɬɨɫɬɶ ɡɟɪɟɧ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɤɚɬɤɢ (ɜ ɫɥɭɱɚɟ ɩɪɨɤɚɬɤɢ) ɢ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɧɨɪɦɚɥɢ ɤ ɨɫɢ ɩɨɫɥɟɞɧɟɣ ɨɫɚɞɤɢ (ɜ ɫɥɭɱɚɟ ɤɨɜɤɢ). Ƚɪɚɧɢɰɵ ɜɵɬɹɧɭɬɵɯ 

ɡɟɪɟɧ ɨɩɨɹɫɵɜɚɸɬ ɦɟɥɤɢɟ ɪɚɜɧɨɨɫɧɵɟ ɡɟɪɧɚ, ɞɨɥɹ ɤɨɬɨɪɵɯ ɜɢɡɭɚɥɶɧɨ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɚ. 

Ⱥɧɚɥɨɝɢɱɧɭɸ ɤɚɪɬɢɧɭ ɧɚɛɥɸɞɚɥɢ ɜ ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬɚɯ ɩɨ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɦɟɞɢ, ɝɞɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɞɚɧɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɛɵɥɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɫɩɥɸɳɢɜɚɧɢɟɦ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɹɦɢ 

ɞɟɮɨɪɦɚɰɢɢ Д10,11] ɢ ɱɚɫɬɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ Д10]. 

ȼɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɟ EBSD ɤɚɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3.  

ɇɚ ɷɬɢɯ ɤɚɪɬɚɯ ɩɨɤɚɡɚɧɵ ɬɨɥɶɤɨ ɝɪɚɧɢɰɵ ɪɚɡɨɪɢɟɧɬɚɰɢɢ, ɩɪɢɱɟɦ ɆɍȽ 

ɨɛɨɡɧɚɱɟɧɵ ɬɨɧɤɢɦɢ ɫɟɪɵɦɢ ɥɢɧɢɹɦɢ, ɚ ȻɍȽ – ɬɨɥɫɬɵɦɢ ɬɟɦɧɵɦɢ ɥɢɧɢɹɦɢ. Ɉɛɳɟɣ 

ɱɟɪɬɨɣ ɜɫɟɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɚɹ ɫɟɬɶ ɆɍȽ ɜ ɩɪɟɞɟɥɚɯ ɡɟɪɟɧ (Ɋɢɫ. 3). ȼ 
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ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɆɍȽ ɹɜɥɹɸɬɫɹ ɞɨɜɨɥɶɧɨ ɤɨɪɨɬɤɢɦɢ ɢ ɢɡɜɢɥɢɫɬɵɦɢ, 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɹɝɨɬɟɸɬ ɤ ɝɪɚɧɢɰɚɦ ɢɫɯɨɞɧɵɯ ɡɟɪɟɧ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɭɝɥɨɦ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ. Ɉɞɧɚɤɨ ɧɚɪɹɞɭ ɫ ɷɬɢɦ, ɜ ɫɬɪɭɤɬɭɪɟ  

ɩɨɫɥɟ ɤɨɜɤɢ ɆɍȽ (з54%), ɜ ɫɪɟɞɧɟɦ, ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɨɩɟɪɟɱɧɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɜɵɬɹɧɭɬɵɦ ɡɟɪɧɚɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɫɯɨɞɧɵɟ ɡɟɪɧɚ 

ɫɩɥɸɳɢɜɚɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɫɠɚɬɢɹ, ɢ, ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɷɬɢɦ, 

ɜ ɧɢɯ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɆɍȽ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɭɛɝɪɚɧɢɰ ɜ ɩɪɟɞɟɥɚɯ ɡɟɪɟɧ ɢɦɟɸɬ 

ɦɚɥɨɭɝɥɨɜɭɸ ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ.  

ɂɬɚɤ, ɧɢ ɞɥɹ ɨɞɧɨɣ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɬɪɭɤɬɭɪ ɧɟ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ 

ɧɚɥɢɱɢɟ ɩɪɨɬɹɠɟɧɧɵɯ ɢ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɆɍȽ, ɢɦɟɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɭɸ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɭ ɢ ɪɚɫɫɟɤɚɸɳɢɯ ɢɫɯɨɞɧɵɟ ɡɟɪɧɚ ɧɚ ɱɟɬɤɨ ɨɱɟɪɱɟɧɧɵɟ ɮɪɚɝɦɟɧɬɵ. 

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɪɨɰɟɫɫ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 

ɩɨɞɚɜɥɟɧɧɵɦ.  

ɂɫɤɥɸɱɢɬɟɥɶɧɨ ɜɚɠɧɨɣ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɧɟ ɹɜɥɹɸɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɵɦɢ, ɚ 

ɡɧɚɱɢɬɟɥɶɧɨ ɢɫɤɪɢɜɥɟɧɵ (Ɋɢɫ. 3). ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ (ɩɪɢɦɟɪɵ ɨɬɦɟɱɟɧɵ ɫɬɪɟɥɤɚɦɢ 

ɧɚ ɪɢɫ. 3) ɥɨɤɚɥɶɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɢɫɤɪɢɜɥɟɧɧɵɯ ɝɪɚɧɢɰ ɨɱɟɧɶ ɛɥɢɡɤɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɦɟɥɤɢɯ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ. ȼ ɪɚɛɨɬɟ Д10] ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɤɪɢɨɝɟɧɧɨɣ 

ɩɪɨɤɚɬɤɢ ɷɬɨɬ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɥɨɤɚɥɶɧɨɣ ɦɢɝɪɚɰɢɟɣ ȻɍȽ, ɢ ɱɬɨ ɪɚɡɜɢɬɢɟ ɷɬɨɝɨ 

ɩɪɨɰɟɫɫɚ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɜɟɞɟɬ ɤ ɱɚɫɬɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

 ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ ɩɨɤɚɡɚɧɨ ɜ 

ɬɚɛɥɢɰɟ 1. ȼɢɞɧɨ, ɱɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɧɟ ɩɪɢɜɟɥɚ ɤ ɡɚɦɟɬɧɨɦɭ 

ɢɡɦɟɥɶɱɟɧɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɢ ɇɄ ɞɢɚɩɚɡɨɧ ɬɚɤ ɢ ɧɟ ɞɨɫɬɢɝɧɭɬ ɧɢ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ.  

3.2. Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ 

ɏɚɪɚɤɬɟɪɧɵɟ ɉɗɆ ɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 4. Ɉɛɳɟɣ ɱɟɪɬɨɣ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɹɜɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɜ 
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ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɪɚɜɧɨɨɫɧɵɯ ɡɟɪɟɧ, ɤɨɬɨɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɞɟɪɠɚɬ ɞɢɫɥɨɤɚɰɢɣ ɢ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɥɨɫɱɚɬɵɦ ɤɨɧɬɪɚɫɬɨɦ ɜɞɨɥɶ ɝɪɚɧɢɰ (Ɋɢɫ. 4ɚ, Ɋɢɫ. 4ɝ). ɇɚɥɢɱɢɟ 

ɩɨɞɨɛɧɵɯ ɡɟɪɟɧ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɝɢɩɨɬɟɡɵ ɨ 

ɱɚɫɬɢɱɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɯɨɞɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ.  

3.3. ɋɩɟɤɬɪ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ 

ɋɩɟɤɬɪɵ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɫɬɪɭɤɬɭɪ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɨɫɹɦ ɪɚɡɨɪɢɟɧɬɚɰɢɢ ɞɚɧɵ ɜ ɩɪɚɜɵɯ ɜɟɪɯɧɢɯ ɭɝɥɚɯ 

ɪɢɫɭɧɤɨɜ. Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɰɟɥɟɣ ɩɪɨɢɡɜɨɥɶɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɩɨ ɭɝɥɚɦ 

ɪɚɡɨɪɢɟɧɬɢɪɨɜɤɢ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ 

ɫɨɞɟɪɠɚɧɢɟ ȻɍȽ ɢ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ ɫɭɦɦɢɪɨɜɚɧɨ ɜ ɬɚɛɥɢɰɟ 2. 

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. 3). Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɩɪɨɤɚɬɤɚ ɨɫɚɠɟɧɧɨɝɨ ɜ 

ɨɛɨɥɨɱɤɟ ɨɛɪɚɡɰɚ ɫɩɨɫɨɛɫɬɜɨɜɚɥɚ ɭɜɟɥɢɱɟɧɢɸ ɞɨɥɢ ȻɍȽ (52%), ɬɨɝɞɚ ɤɚɤ ɤɨɜɤɚ 

ɩɪɢɜɟɥɚ ɤ ɨɛɪɚɬɧɨɦɭ ɷɮɮɟɤɬɭ (46%). Ⱦɨɥɹ ɞɜɨɣɧɢɤɨɜɵɯ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ, 

ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɫɥɚɛɵɣ ɩɢɤ ɜ ɪɚɣɨɧɟ 60ɨ ɝɪɚɧɢɰ, ɜ ɩɪɨɤɚɬɚɧɧɨɦ ɨɛɪɚɡɰɟ ɬɚɤɠɟ ɜɵɲɟ, 

ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ȻɍȽ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɱɚɫɬɢ 

ɫɜɹɡɚɧɨ ɫ ɞɜɨɣɧɢɤɨɜɚɧɢɟɦ. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɞɜɨɣɧɢɤɨɜɚɧɢɟ ɜ ɯɨɞɟ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɦɟɞɢ ɬɚɤɠɟ ɨɬɦɟɱɚɥɨɫɶ ɜ ɪɚɛɨɬɚɯ Д6,7].  

ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɨɛɳɭɸ ɞɨɥɸ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ (Ɍɚɛɥɢɰɚ 2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɨɥɶ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɜ ɨɛɳɟɣ 

ɷɜɨɥɸɰɢɢ ɫɬɪɭɤɬɭɪɵ ɛɵɥɚ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɧɟɡɧɚɱɢɬɟɥɶɧɚ. 

3.4. Ɍɟɤɫɬɭɪɚ 

Ɍɟɤɫɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ EBSD, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 6.  
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Ɍɟɤɫɬɭɪɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɩɪɨɤɚɬɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ 

ɩɪɹɦɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ (ɉɉɎ) ɞɥɹ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɩɥɨɫɤɨɫɬɟɣ д100ж, д110ж ɢ 

{111}, ɩɨɥɭɱɟɧɧɵɯ ɫ  ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ. Ɍɟɤɫɬɭɪɚ ɤɨɜɚɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 

ɜɢɞɟ ɨɛɪɚɬɧɨɣ ɩɨɥɸɫɧɨɣ ɮɢɝɭɪɵ ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɚɞɤɢ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɜ 

ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɰɟɥɟɣ ɧɚ ɪɢɫ. 7 ɬɚɤɠɟ ɩɨɤɚɡɚɧɵ ɩɪɨɟɤɰɢɢ 

ɢɞɟɚɥɶɧɨɣ «ɬɟɤɫɬɭɪɵ ɥɚɬɭɧɢ» 112}110{  (ɚ) ɧɚ ɜɫɟ ɬɟɯ ɠɟ ɉɉɎ д100ж, д110ж ɢ д111ж 

ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɦɨɞɟɥɢ Ɍɟɣɥɨɪɚ ɬɟɤɫɬɭɪɚ ɦɟɞɢ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ 

ɫɠɚɬɢɟɦ ɧɚ 100% ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɛ) [13].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɉɉɎ ɧɚ ɪɢɫ. 6 ɢ ɪɢɫ. 7 ɞɚɧɵ ɜ ɨɛɵɱɧɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɩɪɨɤɚɬɤɢ: ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɤɚɬɤɢ ɜɟɪɬɢɤɚɥɶɧɨ ɢ ɩɨɩɟɪɟɱɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨ.  

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɢɞɟɚɥɶɧɵɯ ɉɉɎ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɟɤɫɬɭɪɚ, 

ɫɮɨɪɦɢɪɨɜɚɜɲɚɹɫɹ ɜ ɯɨɞɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ, ɫ ɧɟɤɨɬɨɪɵɦ 

ɩɪɢɛɥɢɠɟɧɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɤɚɤ «ɬɟɤɫɬɭɪɚ ɥɚɬɭɧɢ» {110}<112>. ȼ ɫɥɭɱɚɟ 

ɤɪɢɨɝɟɧɧɨɣ ɤɨɜɤɢ (Ɋɢɫ. 6ɛ) ɢɦɟɥɨ ɦɟɫɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɨɛɵɱɧɨɣ ɚɤɫɢɚɥɶɧɨɣ ɬɟɤɫɬɭɪɵ, ɜ 

ɤɨɬɨɪɨɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ <110> ɬɹɝɨɬɟɟɬ ɤ ɨɫɢ ɨɫɚɞɤɢ. ɋɨɨɬɜɟɬɫɬɜɢɟ 

ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɬɟɤɫɬɭɪɚɦɢ ɧɟ ɹɜɥɹɟɬɫɹ ɚɛɫɨɥɸɬɧɨ 

ɬɨɱɧɵɦ, ɢ ɬɟɤɫɬɭɪɧɵɟ ɩɢɤɢ ɧɚ ɪɟɚɥɶɧɵɯ ɉɉɎ ɨɬɤɥɨɧɟɧɵ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɨɛɴɹɫɧɟɧɢɟɦ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɧɟɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɪɟɚɥɶɧɵɯ 

ɩɥɨɫɤɨɫɬɟɣ ɢ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɨɤɚɬɤɢ ɨɬ ɢɞɟɚɥɶɧɵɯ.  

ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ «ɬɟɤɫɬɭɪɵ ɥɚɬɭɧɢ» д110ж<112> ɜɦɟɫɬɨ 

«ɬɟɤɫɬɭɪɵ ɦɟɞɢ» д112ж<111> ɩɪɢ ɩɪɨɤɚɬɤɟ ȽɐɄ ɦɟɬɚɥɥɨɜ ɬɪɚɞɢɰɢɨɧɧɨ ɫɜɹɡɵɜɚɟɬɫɹ 

ɥɢɛɨ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɞɜɨɣɧɢɤɨɜɚɧɢɟɦ, ɥɢɛɨ ɫ ɡɚɬɪɭɞɧɟɧɢɟɦ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜɵɲɟ, ɜɤɥɚɞ ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɜ ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɛɵɥ ɜɪɹɞ ɥɢ ɜɟɥɢɤ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɨɜɚɧɢɟ «ɬɟɤɫɬɭɪɵ ɥɚɬɭɧɢ» ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ, ɫɤɨɪɟɟ 

ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɩɨɞɚɜɥɟɧɢɟɦ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɜ ɯɨɞɟ 
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ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ⱦɚɧɧɵɣ ɜɵɜɨɞ ɩɨɡɜɨɥɹɟɬ ɨɛɴɹɫɧɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɱɟɬɤɨɣ 

ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ (Ɋɢɫ. 4), ɚ ɬɚɤɠɟ ɡɚɦɟɞɥɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɮɪɚɝɦɟɧɬɚɰɢɢ.  

ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɩɨɥɧɟ ɨɛɵɱɧɵɯ ɬɟɤɫɬɭɪ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɨɛɵɱɧɨɟ ɞɢɫɥɨɤɚɰɢɨɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ д111ж<110>. 

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɧɢ ɤɪɢɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɮɨɪɦɚɰɢɢ, ɧɢ ɢɫɯɨɞɧɚɹ ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ 

ɫɬɪɭɤɬɭɪɚ ɧɟ ɩɪɢɜɟɥɢ ɤ ɢɡɦɟɧɟɧɢɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɞɟɮɨɪɦɚɰɢɢ.   

4. ȼɵɜɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɦɛɢɧɚɰɢɢ 

ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɨɫɚɞɤɚ ɜ ɨɛɨɥɨɱɤɟ+93%ɩɪɨɤɚɬɤɚ ɢ ɨɫɚɞɤɚ 

ɜ ɨɛɨɥɨɱɤɟ+10 ɰɢɤɥɨɜ “abc”-ɞɟɮɨɪɦɚɰɢɢ) ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜ ɦɟɞɢ. ɇɚ 

ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

1) Ɉɛɳɢɦɢ ɱɟɪɬɚɦɢ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɹɜɥɹɸɬɫɹ: ɜɵɫɨɤɚɹ ɞɨɥɹ ɆɍȽ, ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ, ɨɬɫɭɬɫɬɜɢɟ ɹɱɟɢɫɬɨɣ 

ɫɭɛɫɬɪɭɤɬɭɪɵ, ɧɟɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɜɨɣɧɢɤɨɜ. 

2) Ⱦɜɭɯɫɬɚɞɢɣɧɚɹ ɤɪɢɨɝɟɧɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɧɟ ɩɪɢɜɟɥɚ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɇɄ-

ɫɬɪɭɤɬɭɪɵ.  

3) ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɪɢɨɝɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ 

ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɢɡɧɚɧɵ (ɚ) ɧɢɡɤɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 

ɞɜɨɣɧɢɤɨɜɚɧɢɹ ɢ (ɛ) ɩɨɞɚɜɥɟɧɢɟ ɬɟɪɦɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ 

ɞɢɫɥɨɤɚɰɢɣ, ɡɚɬɪɭɞɧɹɸɳɟɝɨ ɮɪɚɝɦɟɧɬɚɰɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 

 

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɧɵ 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 ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɢ ɢ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ.  
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Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 

1. ȼɚɥɢɟɜ Ɋ.Ɂ, Ⱥɥɟɤɫɚɧɞɪɨɜ ɂ.ȼ. ɇɚɧɨɫɬɪɭɤɬɭɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ 

ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ  ɞɟɮɨɪɦɚɰɢɟɣ. - Ɇ.: Ʌɨɝɨɫ, 2000. - 272 ɫ. 

2. Ultra-fine grain structures in aluminium alloys by severe deformation processing / 

P.B. Prangnell, J.R. Bowen, P.J. Apps // Mater. Sci. Eng. 2004. Vol. 375–377. P. 178–185. 

3. Developing stable fine-grain microstructures by large strain deformation / F. J. 

Humphreys, P. B. Prangnell, J. R. Bowen, A. Gholinia and C. Harris // Phil. Trans. R. Soc. 

Lond. 1999. Vol. 357. P. 1663-1681. 

4. Ɉ ɩɪɟɞɟɥɶɧɵɯ ɦɢɧɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɚɯ ɡɟɪɟɧ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɜ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ ɤɪɭɱɟɧɢɟɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ / 

Ʉɨɪɡɧɢɤɨɜ Ⱥ.ȼ., Ɍɸɦɟɧɰɟɜ Ⱥ.ɇ., Ⱦɢɬɟɧɛɟɪɝ ɂ.Ⱥ. // ɎɆɆ. 2008. ɬɨɦ 106. ʋ4. ɫ. 1-7. 

5. The effect of cryogenic temperature and change in deformation mode on the 

limiting grain size in a severely deformed dilute aluminium alloy / Y. Huang, P.B. Prangnell 

// Acta Mater. 2008. Vol. 56. P. 1619–1632. 

6. Microstructural evolution and nanostructure formation in copper during dynamic 

plastic deformation at cryogenic temperatures / Y.S. Li, N.R. Tao, K. Lu // Acta Mater. 2008. 

Vol. 56. P. 230–241. 

7. Mechanical properties and rolling behaviors of nano-grained copper with 

embedded nano-twin bundles / Y. Zhang, N.R. Tao, K. Lu // Acta Mater. 2008. Vol. 56. P. 

2429–2440. 

8. Characterisation of fine-scale microstructures by electron backscatter diffraction 

(EBSD) / F.J. Humphreys // Scripta Mater. 2004. Vol. 51. P. 771–776. 

9.  Submicrocrystalline structure in copper after different severe plastic deformation 

schemes / DoЛКЭФТn S.V., SКХТsМСОv G.A., KЮгnОЭsov A.A., Kon’ФovК T.N. // Materials 

Science Forum. 2007. Vol. 558-559. P. 189-194. 
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10. ɗɜɨɥɸɰɢɹ ɫɬɪɭɤɬɭɪɵ ɜ ɯɨɞɟ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ ɦɟɞɢ / Ɍ.ɇ. Ʉɨɧɶɤɨɜɚ, 

ɋ.ɘ. Ɇɢɪɨɧɨɜ, Ⱥ.ȼ. Ʉɨɪɡɧɢɤɨɜ // ɎɆɆ. ɜ ɩɟɱɚɬɢ ɧɚ ɮɟɜɪɚɥɶ 2010. 

11. ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɨɫɚɞɤɢ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɤɚɬɚɧɨɣ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ 

ɦɟɞɢ / Ɍ.ɇ. Ʉɨɧɶɤɨɜɚ, ɋ.ɘ. Ɇɢɪɨɧɨɜ, Ⱥ.ȼ. Ʉɨɪɡɧɢɤɨɜ // ɉɪɨɢɡɜɨɞɫɬɜɨ ɉɪɨɤɚɬɚ. 2009. 

ʋ9. 

12. TSL. OIM Version 3.0. On-line help. Draper, UP: TSL; 2001. 

13. A new intermediate model for polycrystalline viscoplastic deformation and texture 

evolution / S. AСгТ, S. M’GЮТХ // Acta Mater. 2008. Vol. 56. P. 5359-5369. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɜɵɪɟɡɤɢ ɨɛɪɚɡɰɚ ɞɥɹ ɤɪɢɨɝɟɧɧɨɣ ɩɪɨɤɚɬɤɢ 

  

 

 

 

Ɋɢɫ. 2. Ɉɛɡɨɪɧɵɟ EBSD-ɤɚɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ: ɩɨɫɥɟ ɨɫɚɞɤɢ ɜ ɨɛɨɥɨɱɤɟ+93% ɩɪɨɤɚɬɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ 

ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɚ) ɢ ɩɨɫɥɟ ɨɫɚɞɤɢ+10 ɰɢɤɥɨɜ “abc”-ɞɟɮɨɪɦɚɰɢɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (ɛ). 
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Ɋɢɫ. 3. ȼɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɟ EBSD ɤɚɪɬɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɤɪɢɨɝɟɧɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ: ɩɨɫɥɟ ɨɫɚɞɤɢ ɜ ɨɛɨɥɨɱɤɟ+93% ɩɪɨɤɚɬɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ 

ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɚ) ɢ ɩɨɫɥɟ ɨɫɚɞɤɢ+10 ɰɢɤɥɨɜ “abc”-ɞɟɮɨɪɦɚɰɢɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (ɛ). 
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Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɟɞɢ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ: ɨɫɚɞɤɚ ɜ 

ɨɛɨɥɨɱɤɟ+93%ɩɪɨɤɚɬɤɚ (ɚ,ɛ); ɨɫɚɞɤɚ ɜ ɨɛɨɥɨɱɤɟ+10ɰɢɤɥɨɜ ”abc”-

ɞɟɮɨɪɦɚɰɢɢ (ɜ-ɞ) 

  

Ɋɢɫ. 5. ɋɩɟɤɬɪɵ ɪɚɡɨɪɢɟɧɬɢɪɨɜɨɤ ɫɬɪɭɤɬɭɪ ɩɨɫɥɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ: 

ɩɨɫɥɟ ɨɫɚɞɤɢ ɜ ɨɛɨɥɨɱɤɟ+93% ɩɪɨɤɚɬɤɢ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ 

(ɚ) ɢ ɩɨɫɥɟ ɨɫɚɞɤɢ+10 ɰɢɤɥɨɜ “abc”-ɞɟɮɨɪɦɚɰɢɢ ɫ ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (ɛ). 
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Ɋɢɫ. 6. Ɍɟɤɫɬɭɪɚ: ɩɨɫɥɟ ɨɫɚɞɤɢ ɜ ɨɛɨɥɨɱɤɟ+93% ɩɪɨɤɚɬɤɢ, ɩɨɥɭɱɟɧɚ ɫ 

ɩɥɨɫɤɨɫɬɢ ɩɪɨɤɚɬɤɢ (ɚ) ɢ ɩɨɫɥɟ ɨɫɚɞɤɢ+10 ɰɢɤɥɨɜ “abc”-ɞɟɮɨɪɦɚɰɢɢ ɫ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (ɛ). 

 

 

 

Ɋɢɫ. 7. ɂɞɟɚɥɶɧɚɹ ɬɟɤɫɬɭɪɚ ɥɚɬɭɧɢ 112}110{  (ɚ) ɢ ɬɟɨɪɟɬɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɦɨɞɟɥɢ Ɍɟɣɥɨɪɚ ɬɟɤɫɬɭɪɚ ɦɟɞɢ, ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ 

ɫɠɚɬɢɟɦ ɧɚ 100% ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɛ) [13].   

Ɇɟɬɨɞ 
ɞɟɮɨɪɦɚɰɢɢ 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ, ɦɤɦ ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɫɭɛɡɟɪɟɧ, ɦɤɦ 

ɉɪɨɞɨɥɶɧɵɣ  ɉɨɩɟɪɟɱɧɵɣ ɉɪɨɞɨɥɶɧɵɣ  ɉɨɩɟɪɟɱɧɵɣ 

ɂɫɯɨɞɧɨɟ 
ɫɨɫɬɨɹɧɢɟ 

1.8 1.6 1.3 1.1 

Ɉɫɚɞɤɚ 88% 0.7 0.4 0.2 0.2 

Ɉɫɚɞɤɚ 
88%+93%ɩɪɨɤɚɬɤɚ 

0.6 0.5 0.4 0.3 

Ɉɫɚɞɤɚ 88%+10 

ɰɢɤɥɨɜ ”abc”-

ɞɟɮɨɪɦɚɰɢɢ 

0.6 0.6 0.3 0.3 

 

Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 

ɡɟɪɟɧ/ɫɭɛɡɟɪɟɧ 

 

 



 19 

Ɇɟɬɨɞ 
ɞɟɮɨɪɦɚɰɢɢ 

Ⱦɨɥɹ ȻɍȽ, % Ⱦɨɥɹ ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ, % 

ɂɫɯɨɞɧɨɟ 
ɫɨɫɬɨɹɧɢɟ 

59 4.8 

Ɉɫɚɞɤɚ 88% 50 1.8 

Ɉɫɚɞɤɚ 
88%+93%ɩɪɨɤɚɬɤɚ 

52 5.6 

Ɉɫɚɞɤɚ 88%+10 

ɰɢɤɥɨɜ “КЛМ”-

ɞɟɮɨɪɦɚɰɢɢ 

46 2.8 

 

Ɍɚɛɥɢɰɚ 2. ȼɥɢɹɧɢɟ ɤɪɢɨɝɟɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɞɨɥɸ ȻɍȽ ɢ ɫɨɞɟɪɠɚɧɢɟ 

ɞɜɨɣɧɢɤɨɜɵɯ ɝɪɚɧɢɰ 

 


