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ɊȿɇɌȽȿɇɈȽɊȺɎɂɑȿɋɄɂȿ ɂɋɋɅȿȾɈȼȺɇɂə ɋɌɊɍɄɌɍɊɕ 
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«ɏɚɪɶɤɨɜɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ» 

 
Аɧɧɨɬаɰиɹ. ɂɫɫɥɟɞɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ ɢ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɞɟɧɫɚɬɨɜ Al–Fe, 

ɩɨɥɭɱɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɦ ɢɫɩɚɪɟɧɢɟɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɟɣ ɜ ɜɚɤɭɭɦɟ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɥɟɝɢɪɨɜɚɧɢɟ ɚɥɸɦɢɧɢɹ ɠɟɥɟɡɨɦ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ 

ɪɚɫɫɟɢɜɚɧɢɹ (ɛɥɨɤɨɜ), ɪɚɫɲɢɪɟɧɢɸ ɝɪɚɧɢɰ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɟɥɟɡɚ ɜ ȽɐК ɪɟɲɟɬɤɢ ɚɥɸɦɢɧɢɹ, 
ɭɜɟɥɢɱɟɧɢɸ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɜ. 
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Аɧɨɬаɰіɹ. Ⱦɨɫɥɿɞɠɟɧɨ ɫɬɪɭɤɬɭɪɭ ɬɚ ɩɢɬɨɦɢɣ ɟɥɟɤɬɪɨɨɩɿɪ ɤɨɧɞɟɧɫɚɬɿɜ Al–Fe, ɨɬɪɢɦɚɧɢɯ 
ɟɥɟɤɬɪɨɧɧɨ-ɩɪɨɦɟɧɟɜɢɦ ɜɢɩɚɪɨɜɭɜɚɧɧɹɦ ɡ ɧɚɫɬɭɩɧɨɸ ɤɨɧɞɟɧɫɚɰɿєɸ ɭ ɜɚɤɭɭɦɿ. ɉɨɤɚɡɚɧɨ, ɳɨ 
ɥɟɝɭɜɚɧɧɹ ɚɥɸɦɿɧɿɸ ɡɚɥɿɡɨɦ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ ɪɨɡɦɿɪɿɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɨɡɫɿɸ-
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X-RAY STUDIES OF THE STRUCTURE OF VACUUM Al–Fe CONDENSATES  
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Abstract. The structure and the resistivity of Al–Fe condensates produced by electron–beam evapora-

tion, followed by vacuum condensation are analyzed. It is shown that alloying of aluminum with iron 

leads to a decrease of coherent scattering regions (blocks) size, expands the boundaries of the iron 

solubility in the fcc of the aluminum lattice, increases the electrical resistance of condensates. 
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ȼɫɬɭɩɥɟɧɢɟ 
 

ɉɨɜɵɲɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢ-
ɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɞɢɫɩɟɪɫɧɨɫɬɢ ɢɯ ɫɬɪɭɤɬɭɪ-

ɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɪɟɫɵɳɟɧɧɵɯ 
ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚ-
ɦɢ ɫ ɦɚɬɪɢɱɧɵɦ ɦɟɬɚɥɥɨɦ, ɩɨɜɵɲɟɧɢɟɦ ɤɨ-
ɝɟɡɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɢ ɬ.ɞ. ȼ 
ɷɬɨɦ ɩɥɚɧɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ, ɩɨɡ-
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ɜɨɥɹɸɳɟɣ ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɭɤɚ-
ɡɚɧɧɵɟ ɩɨɞɯɨɞɵ, ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɟ 
ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɟ ɢɫɩɚɪɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸ-
ɳɚɹ ɤɨɧɞɟɧɫɚɰɢɹ ɫɦɟɫɢ ɩɚɪɨɜ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɬɜɟɪɞɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. ȼɦɟ-
ɫɬɟ ɫ ɬɟɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ, ɜɥɢɹɧɢɟ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ, ɢɯ ɫɨɫɬɚɜɚ, ɪɟ-
ɚɥɢɡɭɟɦɨɟ ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɮɭɧɤɰɢ-
ɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ 
ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɞɚɧɧɚɹ 
ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɜɚɤɭ-
ɭɦɧɵɯ ɤɨɧɞɟɧɫɚɬɨɜ ɚɥɸɦɢɧɢɹ ɥɟɝɢɪɨɜɚɧɧɵɯ 
ɠɟɥɟɡɨɦ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɀɟɥɟɡɨ ɫɱɢɬɚɟɬɫɹ ɜɪɟɞɧɨɣ ɩɪɢɦɟɫɶɸ ɜ ɚɥɸ-
ɦɢɧɢɟɜɵɯ ɫɩɥɚɜɚɯ. ɇɚɩɪɢɦɟɪ, ɜ ɦɟɬɚɥɥɭɪɝɢ-
ɱɟɫɤɢɯ ɫɩɥɚɜɚɯ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɫɨɞɟɪ-
ɠɚɧɢɟ ɠɟɥɟɡɚ ɤɚɤ ɜɪɟɞɧɨɣ ɩɪɢɦɟɫɢ ɨɝɪɚɧɢ-
ɱɢɜɚɟɬɫɹ 0,5–0,7 ɜɟɫ. % [1]. ɗɬɨ ɫɜɹɡɚɧɨ ɫ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ Al–Fe, ɡɚ-
ɤɥɸɱɚɸɳɟɟɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɠɟɥɟɡɚ ɜ ɚɥɸɦɢɧɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 
~650°ɋ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ, ɤɨɬɨɪɵɟ ɫɧɢɠɚɸɬ ɩɥɚɫɬɢɱɧɨɫɬɶ, 
ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɡɜɢ-
ɬɢɸ ɬɪɟɳɢɧ. Ɉɞɧɚɤɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ 
ɥɢɬɟɪɚɬɭɪɟ [1] ɢɦɟɟɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɚɹ ɢɧ-
ɮɨɪɦɚɰɢɹ ɨ ɯɚɪɚɤɬɟɪɟ ɜɥɢɹɧɢɹ ɠɟɥɟɡɚ ɤɚɤ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɢɡɢ-
ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɥɸɦɢɧɢɹ. ȼ ɪɚ-
ɛɨɬɚɯ [2–3] ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɭɸ 
ɪɨɥɶ ɠɟɥɟɡɚ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɞɢɫɩɟɪ-
ɝɢɪɨɜɚɧɢɢ ɡɟɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɚɥɸɦɢɧɢɹ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɨɜɵɲɟɧɢɢ ɟɝɨ ɩɪɨɱɧɨɫɬ-
ɧɵɯ ɫɜɨɣɫɬɜ. ɉɭɛɥɢɤɚɰɢɢ [2–6] ɩɨɫɜɹɳɟɧɵ 
ɪɚɫɲɢɪɟɧɢɸ ɝɪɚɧɢɰɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɟɥɟɡɚ 
ɜ ɚɥɸɦɢɧɢɢ ɩɭɬɟɦ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ ɨɯɥɚ-
ɠɞɟɧɢɹ ɪɚɫɩɥɚɜɨɜ [5,6], ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢ-
ɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɟɣ [2,6] ɢ ɨɫɚɠɞɟɧɢɟɦ ɢɡ 
ɩɚɪɨɜɨɣ ɮɚɡɵ ɜ ɜɚɤɭɭɦɟ [3].  
 
Ɍɟɪɦɢɱɟɫɤɨɟ ɢɫɩɚɪɟɧɢɟ ɚɥɸɦɢɧɢɹ ɤɨɧɬɪɨ-
ɥɢɪɭɟɦɨɣ ɱɢɫɬɨɬɵ ɜ ɜɚɤɭɭɦɟ ɢ ɥɟɝɢɪɨɜɚɧɢɟ 
ɟɝɨ ɩɚɪɨɜɨɝɨ ɩɨɬɨɤɚ ɠɟɥɟɡɨɦ, ɫ ɩɨɫɥɟɞɭɸ-
ɳɟɣ ɤɨɧɞɟɧɫɚɰɢɟɣ ɫɦɟɫɢ ɢɯ ɩɚɪɨɜ ɧɚ ɧɟɨɪɢ-
ɟɧɬɢɪɭɸɳɢɯ ɩɨɞɥɨɠɤɚɯ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɫɩɥɚɜɵ Al–Fe ɡɚɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ. ȼɚɠɧɵɦ 
ɹɜɥɹɟɬɫɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɭɞɚɟɬɫɹ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɧɟɤɨɧ-
ɬɪɨɥɢɪɭɟɦɵɯ ɩɪɢɦɟɫɟɣ, ɨɛɵɱɧɨ ɩɪɢɫɭɬɫɬɜɭ-
ɸɳɢɯ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɫɩɥɚɜɚɯ ɧɚ ɨɫɧɨɜɟ 
ɚɥɸɦɢɧɢɹ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɢɬɶ 
ɫɬɪɭɤɬɭɪɵ ɜɚɤɭɭɦɧɵɯ ɤɨɧɞɟɧɫɚɬɨɜ Al–Fe ɫ 
ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ; ɭɫɬɚɧɨɜɢɬɶ 
ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɟɪɟɫɵɳɟɧɧɵɯ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɨɩɪɟɞɟ-
ɥɢɬɶ ɫɭɛɫɬɪɭɤɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɤɨɧɞɟɧɫɚ-
ɬɵ ɚɥɸɦɢɧɢɹ ɢ Al–Fe, ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨɧ-
ɧɨ-ɥɭɱɟɜɵɦ ɢɫɩɚɪɟɧɢɟɦ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫ-
ɬɨɱɧɢɤɨɜ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɟɣ ɢɯ 
ɩɚɪɨɜɵɯ ɫɦɟɫɟɣ ɧɚ ɫɢɬɚɥɥɨɜɵɯ ɩɨɞɥɨɠɤɚɯ ɜ 
ɜɚɤɭɭɦɟ 10-3 ɉɚ. Ɍɨɥɳɢɧɚ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜ-
ɥɹɥɚ 20–50 ɦɤɦ. ɋɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜɚɪɶɢ-
ɪɨɜɚɥɢ ɨɬ 1 ɞɨ 3,5 ɚɬ.%. ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɦ 
ɚɧɚɥɢɡɨɦ. Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɪɨ-
ɜɟɞɟɧ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ-3. ɉɟɪɢɨɞ 
ɪɟɲɟɬɤɢ ɚɥɸɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɵ ɨɩɪɟɞɟɥɹɥɫɹ 
ɩɪɟɰɢɡɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɫ ɩɨɬɨɱɟɱɧɨɣ ɪɟɝɢ-
ɫɬɪɚɰɢɟɣ ɩɪɨɮɢɥɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɢɢ 
(511) ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ ɢɡɥɭɱɟɧɢɢ kα–Cu 
(2ș~162,5°)  ɢ ɜ ɢɡɥɭɱɟɧɢɢ kα- Fe ɩɨ ɥɢɧɢɢ 
(400) – 2ș~146,2°. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟ-
ɪɢɨɞɚ ɪɟɲɟɬɤɢ ɫɨɫɬɚɜɢɥɚ ±2·10-4Å. Ⱦɥɹ ɭɱɟɬɚ 
ɫɦɟɳɟɧɢɹ ɥɢɧɢɢ ɡɚ ɫɱɟɬ ɦɚɤɪɨɧɚɩɪɹɠɟɧɢɣ ɢ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ ɩɪɨɜɨ-
ɞɢɥɢɫɶ ɧɚɤɥɨɧɧɵɟ ɫɴɟɦɤɢ. Ɋɚɡɦɟɪ ɛɥɨɤɨɜ 
ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ–ɒɟɪɪɟɪɚ. 
Ɍɟɤɫɬɭɪɢɪɨɜɚɧɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɚɧɚɥɢɡɢɪɨɜɚ-
ɥɚɫɶ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɞɢ-
ɮɪɚɤɰɢɨɧɧɵɯ ɥɢɧɢɣ (111) ɢ (200) ɢ ɦɟɬɨɞɨɦ 
ɨɛɪɚɬɧɵɯ ɩɨɥɸɫɧɵɯ ɮɢɝɭɪ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɩɟɪɢɨɞɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ 
ɚɥɸɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɵ ɢ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨ–
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɜ Al–Fe. Ʉɚɤ ɫɥɟ-
ɞɭɟɬ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ (ɪɢɫ.1 ɤɪɢɜɚɹ 
2), ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ ɧɟɥɟɝɢɪɨɜɚɧɧɨɝɨ ɤɨɧɞɟɧ-
ɫɚɬɚ ɚɥɸɦɢɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ, ɯɚ-
ɪɚɤɬɟɪɧɨɦɭ ɞɥɹ ɱɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ ɦɟɬɚɥɥɭɪ-
ɝɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ 
4,0488 Å. Ɉɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɯɚɪɚɤ-
ɬɟɪ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɟɪɢɨɞɚ 
ɪɟɲɟɬɤɢ. ɇɚɛɥɸɞɚɸɬɫɹ ɞɜɚ ɭɱɚɫɬɤɚ: ɞɨ ɫɨ-
ɞɟɪɠɚɧɢɹ ɠɟɥɟɡɚ ɩɪɢɦɟɪɧɨ 2 ɚɬ.% ɧɟ ɩɪɨɢɫ-
ɯɨɞɢɬ ɡɚɦɟɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɟɪɢɨɞɚ ɪɟɲɟɬ-
ɤɢ. ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ Fe > 2 ɚɬ.% ɩɟɪɢɨɞ 
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ɪɟɲɟɬɤɢ ɚɥɸɦɢɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ ɩɟɪɟɫɵɳɟɧɧɨɝɨ 
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ [7]. 
 

 
 

Ɋɢɫ. 1. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɟɪɢɨ-
ɞɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɭɞɟɥɶɧɨɝɨ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɜ Al–Fe: 
1 – ɩɪɹɦɚɹ ȼɟɝɚɪɞɚ; 2 – ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ; 3 
– єɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ; 4 – ɤɨɧɞɟɧɫɚɬ 
ɧɟɥɟɝɢɪɨɜɚɧɧɨɝɨ Al 

 

ɋɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟ-
ɲɟɬɤɟ ɚɥɸɦɢɧɢɹ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ ɡɚɦɟɳɟɧɢɹ, 
ɨɰɟɧɟɧɧɨɟ ɩɨ ɡɚɤɨɧɭ ȼɟɝɚɪɞɚ, ɩɪɢ ɨɛɳɟɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ Fe 3,5 ɚɬ.% ɫɨɫɬɚɜɥɹɟɬ ~ 1 ɚɬ.%, 
ɱɬɨ ɛɨɥɟɟ ɱɟɦ ɧɚ ɩɨɪɹɞɨɤ ɩɪɟɜɵɲɚɟɬ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɶ ɠɟɥɟɡɚ ɜ ɚɥɸɦɢɧɢɢ ɜ ɪɚɜɧɨɜɟɫɧɨɦ 
ɫɨɫɬɨɹɧɢɢ [1]. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢ-
ɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɪɢɫ. 
1, ɤɪɢɜɚɹ 3) ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɡɚɜɢ-
ɫɢɦɨɫɬɶɸ ɩɟɪɢɨɞɚ ɪɟɲɟɬɤɢ. ȼɢɞɧɨ, ɱɬɨ ɩɪɢ 
ɫɨɞɟɪɠɚɧɢɢ ɠɟɥɟɡɚ ɦɟɧɟɟ ~ 3 ɚɬ.% ɧɚɛɥɸɞɚ-
ɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɝɨ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ. ɉɨ-
ɜɵɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ρ ~ 3,7 ɦɤɈɦ*ɫɦ2 ɤɨɧ-
ɞɟɧɫɚɬɨɜ ɚɥɸɦɢɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨ-
ɝɢɱɧɵɦ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɦ ɚɥɸɦɢɧɢɟɦ  
(ρ ~ 2,7 ɦɤɈɦ*ɫɦ2), ɬɚɤɨɣ ɠɟ ɱɢɫɬɨɬɵ, ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɩɨɜɵɲɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ, ɨɛɵɱɧɨ ɩɪɢɫɭɬɫɬɜɭɸ-
ɳɢɯ ɜ ɬɚɤɢɯ ɨɛɴɟɤɬɚɯ [7].  
 
Ʉɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧ-
ɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɦɟɪ ɛɥɨɤɨɜ ɚɥɸɦɢɧɢɟɜɨɣ 
ɦɚɬɪɢɰɵ (ɪɢɫ. 2). ɀɟɥɟɡɨ ɜɵɡɵɜɚɟɬ ɞɢɫɩɟɪ-
ɝɢɪɨɜɚɧɢɟ ɛɥɨɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɚɥɸɦɢɧɢɟɜɨɣ 
ɦɚɬɪɢɰɵ, ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɛɨɥɟɟ 2 ɚɬ.% ɪɚɡ-
ɦɟɪ ɛɥɨɤɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɩɨɪɹɞɨɤ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɧɟɥɟɝɢɪɨɜɚɧɧɵɦ ɚɥɸɦɢɧɢɟɦ. 
 
Ɉ ɫɬɟɩɟɧɢ ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɨɫɬɢ ɧɚɝɥɹɞɧɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɟɬ ɨɬɧɨɲɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɥɢɧɢɣ (200) 
ɢ (111) (ɪɢɫ. 3). 

 
 

Ɋɢɫ. 2. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɡ-
ɦɟɪɚ ɛɥɨɤɨɜ (L) ɤɨɧɞɟɧɫɚɬɨɜ Al–Fe 

 
ȼɵɹɜɥɟɧɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɤɨɧɞɟɧɫɚɬɚɯ ɨɬɧɨɲɟ-
ɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɨɪɟɬɢ-
ɱɟɫɤɨɣ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ I(200) ɡɧɚɱɢɬɟɥɶɧɨ 
ɛɨɥɶɲɟ I(111), ɱɬɨ ɦɨɠɟɬ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɬɶ 
ɨ ɧɚɥɢɱɢɢ ɚɤɫɢɚɥɶɧɨɣ ɬɟɤɫɬɭɪɵ ɬɢɩɚ <100> ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɨɛɪɚɡɰɨɜ. Ⱥɧɚɥɢɡ ɨɛɪɚɬɧɵɯ ɩɨɥɸɫɧɵɯ 
ɮɢɝɭɪ ɩɨɞɬɜɟɪɞɢɥ ɧɚɥɢɱɢɟ ɭɤɚɡɚɧɧɨɣ ɬɟɤ-
ɫɬɭɪɵ <100>, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɬɟɤɫɬɭɪɨɣ 
ɪɨɫɬɚ. ɋɬɟɩɟɧɶ ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɨɫɬɢ ɡɚɜɢɫɢɬ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ Fe. 
 

 
 
Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Fe ɧɚ ɫɨɨɬɧɨ-

ɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɣ ɚɥɸɦɢɧɢɹ: 
1 – ɫɨ ɫɬɨɪɨɧɵ ɢɫɩɚɪɢɬɟɥɹ; 2 – ɫɨ ɫɬɨɪɨ-
ɧɵ ɩɨɞɥɨɠɤɢ 

 
Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɩɥɟɧɨɤ (ɫɦ. ɪɢɫ. 4), ɩɨɤɚ-
ɡɵɜɚɸɬ, ɱɬɨ ɧɚɪɹɞɭ ɫ ɥɢɧɢɹɦɢ Al ɢɦɟɸɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɥɢɧɢɢ ɩɪɢ 
ɫɨɞɟɪɠɚɧɢɢ ɠɟɥɟɡɚ ɛɨɥɟɟ 1 ɚɬ.%, ɱɬɨ ɭɤɚɡɵ-
ɜɚɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ 
ɮɚɡ. Ɉɫɧɨɜɧɵɦ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɦ ɹɜɥɹɟɬɫɹ 
ɮɚɡɚ Al13Fe4. 
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Ɋɢɫ. 4. Ɏɪɚɝɦɟɧɬɵ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɥɟɧɨɤ Al 
ɢ Al–Fe (λ-Cu ɢɡɥɭɱɟɧɢɹ): ɚ – Al, ɛ – Al 
– 3,5 ɚɬ.%. Fe 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɨɬɦɟɬɢɬɶ 
ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟ-
ɧɟɧɢɟ ɩɟɪɢɨɞɚ ɪɟɲɟɬɤɢ, ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɠɟɥɟɡɚ ɛɨɥɟɟ 2 ɚɬ.%. 

 
ȼɵɜɨɞɵ 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɫɥɟɞɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɨɤ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɚɥɸ-
ɦɢɧɢɹ ɠɟɥɟɡɚ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ ɢɯ ɩɚɪɨɜɵɯ 
ɩɨɬɨɤɨɜ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɟɣ ɧɚ 
ɧɟɨɪɢɟɧɬɢɪɭɸɳɟɣ ɩɨɞɥɨɠɤɟ. ɉɪɢɜɟɞɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞ-
ɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɞɟɧɫɚɰɢɢ ɫɦɟɫɢ 
ɩɚɪɨɜ ɚɥɸɦɢɧɢɹ ɢ ɠɟɥɟɡɚ ɩɪɨɢɫɯɨɞɢɬ ɨɛɨ-
ɝɚɳɟɧɢɟ ɝɪɚɧɢɰ ɚɥɸɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɵ ɚɬɨ-
ɦɚɦɢ ɠɟɥɟɡɚ, ɤɨɬɨɪɵɟ ɛɥɨɤɢɪɭɸɬ ɢɯ ɪɨɫɬ. 
ɉɨɫɥɟ ɧɚɫɵɳɟɧɢɹ ɢɯ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɟɦɤɨ-
ɫɬɢ, ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɟ-
ɡɚ, ɱɚɫɬɶ ɚɬɨɦɨɜ ɠɟɥɟɡɚ ɨɛɪɚɡɭɟɬ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɵ, ɚ ɱɚɫɬɶ «ɡɚɦɭɪɨɜɵɜɚɟɬɫɹ» ɮɪɨɧ-
ɬɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɩɟɪɟɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɠɟɥɟ-
ɡɚ ɜ ɚɥɸɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɟ. Ⱥɧɚɥɨɝɢɱɧɵɟ 
ɩɪɨɰɟɫɫɵ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɩɪɢ ɢɡɭɱɟɧɢɢ 
ɫɬɪɭɤɬɭɪɵ ɤɨɧɞɟɧɫɚɬɨɜ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɧɚ 
ɨɫɧɨɜɟ ɦɟɞɢ [8]. 
 
Ⱦɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɛɥɨɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɚɥɸ-
ɦɢɧɢɟɜɨɣ ɦɚɬɪɢɰɵ, ɨɛɪɚɡɨɜɚɧɢɟ ɩɟɪɟɫɵɳɟɧ-
ɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɫɨɡɞɚɧɢɟ ɨɩɪɟɞɟɥɟɧ-
ɧɨɣ ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɭɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɚɥɸɦɢɧɢɹ ɠɟɥɟ-
ɡɨɦ.   
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