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ɉȿɊȿɑȿɇɖ ɍɋɅɈȼɇɕɏ ɈȻɈɁɇȺɑȿɇɂɃ 

 

UM − ɭɫɤɨɪɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 

IA − ɚɧɨɞɧɵɣ ɬɨɤ 

P – ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ 

d − ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ 

∆m − ɪɚɡɧɢɰɚ ɦɚɫɫ 

S − ɩɥɨɳɚɞɶ ɨɛɪɚɡɰɚ 

ȡ − ɩɥɨɬɧɨɫɬɶ ɩɥɟɧɨɱɧɨɝɨ ɨɛɪɚɡɰɚ 

Ɍɷ − ɷɥɟɤɬɪɨɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɡɦɵ 

Vɨɯɥ − ɷɮɮɟɤɬɢɜɧɚɹ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ 

Ȗ – ɚɬɨɦɧɵɣ ɩɨɬɨɤ ɜɟɳɟɫɬɜɚ 

 − ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ 

ȿȺ − ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

ȿɩɥ – ɦɨɞɭɥɶ ɘɧɝɚ ɞɥɹ ɩɥɟɧɤɢ 

Įɩɥ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɲɢɪɟɧɢɹ ɩɥɟɧɤɢ 

Įɩɞ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɲɢɪɟɧɢɹ ɩɨɞɥɨɠɤɢ 

ǻɌ – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɩɥɟɧɤɚ/ɩɨɞɥɨɠɤɚ 

ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 

ȼr – ɨɫɬɚɬɨɱɧɚɹ ɢɧɞɭɤɰɢɹ 

ȼs – ɢɧɞɭɤɰɢɹ ɧɚɫɵɳɟɧɢɹ 

Hɋ − ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ 

ɊɄȾ − ɪɟɧɬɝɟɧɨɜɫɤɚɹ ɤɚɦɟɪɚ Ⱦɟɛɚɹ 

Ɂɀɋ − ɡɚɤɚɥɤɚ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ȼɊɌ − ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɬɟɦɩɟɪɚɬɭɪ 

Ɂɉɋ − ɡɚɤɚɥɤɚ ɢɡ ɩɚɪɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ȺɎ − ɚɦɨɪɮɧɚɹ ɮɚɡɚ 

ɈɄɊ − ɨɛɥɚɫɬɶ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ 

      ɌɄɋ − ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ 
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ȼȼȿȾȿɇɂȿ 
 

 
ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɫɥɨɜɢɹɦɢ 

ɬɜɟɪɞɟɧɢɹ ɪɚɫɩɥɚɜɨɜ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ. ɐɟɥɟɧɚ-

ɩɪɚɜɥɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɬɪɭɤɬɭɪɨ- ɢ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɛɭɟɬ ɩɨɧɢɦɚɧɢɹ 

ɨɛɳɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ ɜ ɩɪɨɰɟɫɫɟ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɬɜɟɪɞɟɧɢɹ 

ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. 

Ɉɫɬɚɸɬɫɹ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɧɵɦɢ ɬɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɜɟɪɞɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɜɨ ɜɪɟɦɹ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɝɨ 

ɥɢɛɨ ɩɚɪɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɬɪɭɞɧɨɫɬɹ-

ɦɢ ɧɚɞɟɠɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

ɋɜɟɪɯɧɟɪɚɜɧɨɜɟɫɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɟɦ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɫɬɢ 

ɥɢɛɨ ɩɚɪɚ, ɢɦɟɸɬ ɭɧɢɤɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɧɬɟɪɟɫ 

ɤ ɢɯ ɧɚɭɱɧɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ ɢ ɲɢɪɨɤɨɦɭ ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɩɪɢ ɪɚɡ-

ɪɚɛɨɬɤɟ ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɭɫɬɨɣɱɢɜɨ-

ɫɬɶɸ, ɤɚɤ ɭɠɟ ɲɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɢɫɬɟɦ (MnBi, FePt, NiBi) ɬɚɤ ɢ ɦɚɥɨɢɡɭ-

ɱɟɧɧɵɯ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɛɚɪɶɟɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (MnBiCr, NiBiW, FeBiMo). 

Ɉɞɧɢɦɢ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ 

ɚɦɨɪɮɧɵɯ ɫɬɪɭɤɬɭɪ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ (ɂɉɇ), 

ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɜ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬ 1012 – 1014 Ʉ/ɫ ɢ ɦɟɬɨɞ ɡɚɤɚɥɤɢ ɢɡ 

ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (Ɂɀɋ) ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɨɯɥɚɠɞɟɧɢɹ ɨɬ 105 ɞɨ 108 K/ɫ.  

ɋɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢɡ ɩɚɪɚ ɢ ɠɢɞɤɨɫɬɢ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨ-

ɤɨɦɭ ɩɨɧɢɦɚɧɢɸ ɦɟɯɚɧɢɡɦɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɚɦɨɪɮɢɡɚɰɢɢ ɫɢɫɬɟɦ (ɜ ɬɨɦ ɱɢ-

ɫɥɟ ɧɚ ɨɫɧɨɜɟ ɥɟɝɤɨɩɥɚɜɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (MnBi, NiBi) ; ɧɟ ɫɦɟɲɢɜɚɸɳɢɯɫɹ, ɥɢ-

ɛɨ ɱɚɫɬɢɱɧɨ ɫɦɟɲɢɜɚɸɳɢɯɫɹ (MoBi); ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɫɢɫɬɟɦ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 

ɛɚɪɶɟɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (MnBiCr, NiBiW, FeBiMo, FeBiPt)). 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɨ ɜɥɢɹɧɢɸ ɭɫɥɨɜɢɣ 

ɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɠɢɞɤɨɫɬɢ ɥɢɛɨ ɩɚɪɚ ɧɚ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ ɢ ɮɢɡɢ-
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ɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶɸ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɛɨɫɧɨɜɚɧɢɣ, ɤɚɫɚɸɳɢɯɫɹ ɮɨɪɦɢɪɨ-

ɜɚɧɢɹ ɚɦɨɪɮɧɵɯ, ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ  ɫɬɪɭɤɬɭɪ ɜ ɧɟ-

ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɫɜɟɪɯɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ; 

ɋɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. ɂɫɫɥɟɞɨ-

ɜɚɧɢɹ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɞɢɫɫɟɪɬɚɰɢɢ, ɜɵɩɨɥɧɟɧɵ ɧɚ ɤɚɮɟɞɪɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ ɢ ɮɢɡɢɤɢ ɦɟɬɚɥɥɨɜ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶ-

ɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɫɨɝɥɚɫɧɨ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɩɥɚɧɨɦ 

ɪɚɛɨɬɵ ɚɫɩɢɪɚɧɬɚ ɢ ɧɚɭɱɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɤɚɮɟɞɪɵ ɜ ɪɚɦɤɚɯ ɝɨɫɛɸɞɠɟɬɧɵɯ 

ɬɟɦ: «Ɉɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɢ ɚɦɨɪɮ-

ɧɵɯ ɫɩɥɚɜɨɜ ɜ ɭɫɥɨɜɢɹɯ ɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɠɢɞɤɨɝɨ ɢ ɩɚɪɨɨɛɪɚɡɧɨɝɨ ɫɨɫ-

ɬɨɹɧɢɣ» (β01γ ɪ. ʋ ɝɨɫɪɟɝɟɫɬɪɚɰɢɢ 0111U001150), «ɋɩɥɚɜɵ, ɩɨɤɪɵɬɢɹ ɢ ɤɨɦ-

ɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ, ɦɢɤɪɨ- ɢ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫ-

ɤɨɣ ɫɬɪɭɤɬɭɪɨɣ» (2014 ʋ ɝɨɫɪɟɝɟɫɬɪɚɰɢɢ ɇȾɊ: 011γU003043). 

 ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 

ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɰɟɫɫɨɜ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɮɢɡɢɱɟɫ-

ɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɫɬɪɨɝɨ ɨɯɥɚɠ-

ɞɟɧɢɹ ɢɡ ɠɢɞɤɨɫɬɢ ɥɢɛɨ ɩɚɪɚ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɬɚɤɢɟ ɡɚɞɚɱɢ: 

- ɨɩɪɟɞɟɥɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɢɡ ɠɢɞ-

ɤɨɫɬɢ ɢ ɩɚɪɚ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ. 

- ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɮɚɡ, ɚ ɬɚɤɠɟ ɭɫɬɚ-

ɧɨɜɥɟɧɢɟ ɢɯ ɤɨɪɪɟɥɹɰɢɢ ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɚ. 

- ɭɫɬɚɧɨɜɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɭɫɥɨɜɢɣ ɩɨɥɭ-

ɱɟɧɢɹ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɨɜɵɲɟɧɢɸ 

ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɨɛɪɚɡɰɚɯ. 

- ɭɫɬɚɧɨɜɥɟɧɢɟ ɫɨɫɬɚɜɨɜ ɢ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚ-

ɧɢɟ ɚɦɨɪɮɧɨɣ ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɩɥɟɧɤɚɯ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ ɧɚ 

ɨɫɧɨɜɟ AХ. 
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Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼɥɢɹɧɢɟ ɩɪɨɰɟɫɫɨɜ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɮɚɡɨɨɛɪɚɡɨɜɚ-

ɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɢɡ ɠɢɞɤɨɫɬɢ ɢ 

ɩɚɪɚ ɨɛɪɚɡɰɨɜ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɋɬɪɭɤɬɭɪɚ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ ɢɡ 

ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢɲɟɧɟɣ Mn, Bi, Ni, Mo; ɫɩɥɚɜɨɜ ɞɜɨɣɧɵɯ ɫɢɫɬɟɦ MnBi, 

MnCr, NiBi , MoBi, FePt; ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ MnBiCr, NiBiW, FeBiMo, FeBiPt, ɚ ɬɚ-

ɤɠɟ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ AХCЮCШ, AlCuFe, AlNiCo, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ 

ɫɜɟɪɯɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɫɩɥɚɜɵ ɩɨɥɭɱɟɧɵ ɦɟɬɨ-

ɞɚɦɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢ 

ɡɚɤɚɥɤɨɣ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (Ɂɀɋ).   

Ɉɰɟɧɤɚ ɬɨɥɳɢɧɵ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɜɟɫɨɜɨɝɨ 

ɦɟɬɨɞɚ, ɩɭɬɟɦ ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɩɨɞɥɨɠɤɢ ɞɨ ɢ ɩɨɫɥɟ ɧɚɩɵɥɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɪɚɞɢɨɱɚɫɬɨɬɧɵɦ ɦɟɬɨɞɨɦ.  

ɋɬɪɭɤɬɭɪɧɵɟ ɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɫ ɩɨɦɨɳɶɸ ɬɪɚ-

ɧɫɦɢɫɫɢɨɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ; ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨ-

ɩɢɢ; ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ɬɢɩɚ ȾɊɈɇ ɜ ɦɟɞɧɨɦ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨ-

ɜɚɧɧɨɦ ɢɡɥɭɱɟɧɢɢ ɢ ɮɨɬɨɦɟɬɨɞɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɦɟɪɵ Ⱦɟɛɚɹ ɜ Co-Ʉ-

ɢɡɥɭɱɟɧɢɢ.  

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɫɩɥɚɜɨɜ ɢɫɫɥɟɞɨɜɚɧɨ ɩɭɬɟɦ ɩɨɫɬɪɨɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɜɚɤɭɭɦɟ, ɚ ɬɚ-

ɤɠɟ ɦɚɝɧɢɬɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɦɚɝɧɢɬɨɦɟɬɪɚ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟ-

ɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɤɪɢɬɟɪɢɸ ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɵ, ɦɨɝɭɬ ɛɵɬɶ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1. ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɡɚɤɚɥɤɟ ɢɡ ɠɢɞɤɨɫɬɢ ɢ 

ɩɚɪɚ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɮɚɡ Mn. Ⱦɥɹ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ (Vɨɯɥ = 

1012-1014 K/ɫ) ɮɨɪɦɢɪɭɟɬɫɹ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɧɟɪɚɜɧɨɜɟɫɧɚɹ ɮɚɡɚ ȕ-Mn, ɚ 

ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɨɛɪɚɡɰɨɜ ɡɚɤɚɥɤɨɣ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɨɛɪɚɡɭɟɬɫɹ ɥɢɛɨ ɨɞ-
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ɧɨɮɚɡɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ Ȗ-Mn (Vɨɯɥ = 5∙107 K/ɫ), ɥɢɛɨ ɞɜɭɯɮɚɡɧɚɹ 

ɫɬɪɭɤɬɭɪɚ Į-Mn ɢ Ȗ-Mn (Vɨɯɥ = 5∙106 K/ɫ). 

2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɩɪɢ ɧɚ-

ɩɵɥɟɧɢɢ ɩɥɟɧɨɤ Bi ɨɬ β0 ɞɨ β00 ɷȼ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ 

ɮɚɡɵ ɈɐɄ-Bi, ɤɨɬɨɪɚɹ ɛɵɥɚ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ ɪɚɧɟɟ ɬɨɥɶɤɨ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ 

ɞɚɜɥɟɧɢɹ. Ɍɚɤɠɟ ɮɨɪɦɢɪɭɟɬɫɹ Į-ɮɚɡɚ Bi2O3, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɹɜɥɟɧɢɸ 

ɝɢɫɬɟɪɟɡɢɫɧɵɯ ɫɜɨɣɫɬɜ, ɚ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ ɨɛɪɚɡɰɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɞɨɫɬɢɝɚɟɬ ɇɫз15 ɤȺ/ɦ. 

3. ȼɩɟɪɜɵɟ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɟ ɩɥɟɧɨɤ σТ ɜɦɟɫɬɟ ɫ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ ȽɐɄ -σТ ɩɨɥɭɱɟɧɚ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ ɮɚɡɚ -σТ ɫ 

Ƚɉɍ ɪɟɲɟɬɤɨɣ, ɢ ɨɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɩɨɧɢɠɟɧɢ-

ɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɨɬ 100 ɞɨ β0 ɷȼ. 

4. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɹɜɥɟɧɢɟ ɝɢɫɬɟɪɟɡɢɫɧɵɯ ɫɜɨɣɫɬɜ ɜ ɧɚɩɵɥɟɧɧɵɯ 

ɩɥɟɧɤɚɯ ɫɢɫɬɟɦɵ MnBi ɮɨɪɦɢɪɨɜɚɧɢɟɦ Į-ɮɚɡɵ Bi2O3 (ɇɫ~ 2 - 32 ɤȺ/ɦ), ɚ ɜ 

Ɂɀɋ-ɨɛɪɚɡɰɚɯ (ɇɫ~ 10 - 400 ɤȺ/ɦ) – ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɨɣ Į-MnBi. 

5. ȼɩɟɪɜɵɟ ɨɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɢɨɧɧɨ-

ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɧɟɞɪɟɧɢɟ ɜ ɫɬɪɭɤɬɭɪɭ ɛɚɪɶɟɪɧɵɯ ɤɨɦɩɨɧɟɧ-

ɬɨɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɤɨɧɨ-

ɦɟɪɧɨɫɬɶ ɪɨɫɬɚ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ β-γ ɪɚɡɚ ɫ ɭɜɟ-

ɥɢɱɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɨɬ β0 ɞɨ 100 ɷȼ. 

6. ȼɩɟɪɜɵɟ, ɦɨɞɟɥɶ ɪɚɫɱɟɬɨɜ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɥɟɧɨɤ ɜ ɩɪɢɛ-

ɥɢɠɟɧɢɢ ɞɜɭɯɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɤ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɩɥɟɧɤɚɦ Bi, 

Mn ɢ Ni ɜ ɭɫɥɨɜɢɹɯ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɭɱɟ-

ɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ ɈɐɄ-Bi ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɪɟɡɤɢɦ ɪɨɫɬɨɦ ɭɪɨɜɧɹ ɦɟ-

ɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɜɵɡɜɚɧɧɨɝɨ ɩɨɜɵɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨ-

ɦɨɜ ɨɬ β0 ɞɨ β00 ɷȼ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ MnBi, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɡɚ-

ɤɚɥɤɢ ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɮɭɧɤɰɢɨ-

ɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɢɦɢ ɦɚɝɧɢɬɨɬɜɟɪɞɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɨɜɵ-
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ɲɟɧɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ 

ɤɚɱɟɫɬɜɟ ɦɚɝɧɢɬɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢɧɮɨɪɦɚɰɢɢ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɡɚɩɢɫɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɧɚɩɵɥɟɧɢɹ ɩɥɟɧɨɤ ɦɧɨɝɨɤɨɦɩɨ-

ɧɟɧɬɧɵɯ ɫɢɫɬɟɦ AlCuFe, AlCuCo, AlCoNi ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɭ 

ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɩɪɟɰɢɡɢɨɧɧɵɟ ɬɨɧɤɨɩɥɟɧɨɱɧɵɟ ɪɟɡɢɫɬɨɪɵ ɞɥɹ ɦɢ-

ɤɪɨɷɥɟɤɬɪɨɧɢɤɢ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ. ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɛɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɞɢɫɫɟɪɬɚɰɢɢ, ɪɟɚɥɢɡɨɜɚɧɨ ɚɜɬɨɪɨɦ ɧɚ ɤɚɮɟɞɪɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ ɢ ɮɢɡɢɤɢ ɦɟɬɚɥɥɨɜ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶ-

ɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ.  

Ⱥɜɬɨɪɨɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɩɨɥɧɟɧɵ: ɫɛɨɪ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɩɪɢɝɨɬɨɜɥɟɧɢɟ 

ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɢɫɫɥɟɞɨ-

ɜɚɧɢɟ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɨɪɟɡɢɫɬɢɜɧɵɯ ɫɜɨɣɫɬɜ, ɪɚɫɱɟɬɵ ɦɟɯɚɧɢɱɟɫ-

ɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɪɚɡɦɟɪɨɜ ɨɛɥɚ-

ɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ, ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɬɨɤ, ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɢ ɨɛɪɚɛɨɬɤɚ, 

ɚɧɚɥɢɡ ɢ ɨɛɨɛɳɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ.  

ȼɵɛɨɪ ɬɟɦɚɬɢɤɢ, ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɛɨɛɳɟɧɢɟ ɷɤɫɩɟɪɢɦɟ-

ɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ 

ɤ.ɮ.-ɦ.ɧ. Ɋɹɛɰɟɜɵɦ ɋ.ɂ. 

Ⱥɩɪɨɛɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨ-

ɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɢɯ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ:  

III ɦɿɠɧɚɪɨɞɧɚ ɤɨɧɮɟɪɟɧɰɿɹ ɡ ɜɢɫɨɤɢɯ ɬɟɯɧɨɥɨɝɿɣ ɜ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɿ 

HighMatTech, (Ʉɢʀɜ, ɍɤɪɚʀɧɚ, ɀɨɜɬɟɧɶ, γ – 7, 2011); III ɦɿɠɧɚɪɨɞɧɚ ɧɚɭɤɨɜɚ 

ɤɨɧɮɟɪɟɧɰɿɹ " ɇɚɧɨɫɬɪɭɤɬɭɪɧɿ ɦɚɬɟɪɿɚɥɢ NANO",  (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ɋɨɫɿɹ, 

Ʌɢɫɬɨɩɚɞ, 19 – 22, 2012); XI ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "ȼɵɫɨɤɢɟ ɞɚɜɥɟɧɢɹ. 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ ɩɪɢɤɥɚɞɧɵɟ ɚɫɩɟɤɬɵ", (ɋɭɞɚɤ, ɍɤɪɚɢɧɚ, ɋɟɧɬɹɛɪɹ, β6 – 30, 

2010); XII ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "ȼɵɫɨɤɢɟ ɞɚɜɥɟɧɢɹ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 

ɢ ɩɪɢɤɥɚɞɧɵɟ ɚɫɩɟɤɬɵ", (ɋɭɞɚɤ, ɍɤɪɚɢɧɚ, ɋɟɧɬɹɛɪɹ, βγ – 27, 2012); I Interna-

tional Conference Nanomaterials: Applications & Properties NAP (Alushta, Ukraine, 
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September, 27 –30, 2011); II  International Conference Nanomaterials: Applications 

& Properties NAP (Alushta, Ukraine, September, 17 –22, 2012); III  International 

Conference Nanomaterials: Applications & Properties NAP (Alushta, Ukraine, Sep-

tember, 16 –21, 2013); VII ɦɿɠɧɚɪɨɞɧɚ ɤɨɧɮɟɪɟɧɰɿɹ Ɇȿȿ: Ɇɚɬɟɪɿɚɥɢ ɿ ɩɨɤɪɢɬɬɹ 

ɜ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɭɦɨɜɚɯ: ɞɨɫɥɿɞɠɟɧɧɹ, ɡɚɫɬɨɫɭɜɚɧɧɹ, ɟɤɨɥɨɝɿɱɧɨ ɱɢɫɬɿ ɬɟɯɧɨɥɨ-

ɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɿ ɭɬɢɥɿɡɚɰɿʀ ɜɢɪɨɛɿɜ (Ʉɚɰɢɜɟɥɿ, ɍɤɪɚʀɧɚ, ȼɟɪɟɫɟɧɶ, 24 – 28, 

2012); VII ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "Ɏɭɥɥɟɪɟɧɵ ɢ ɧɚɧɨɫɬɪɭɤɬɭɪɵ 

ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɟɪɟɞɚɯ. Ɏɇɋ" (Ɇɢɧɫɤ, Ȼɟɥɨɪɭɫɶ, ɂɸɧɶ, 9 – 13, 2013); IV 

ɦɿɠɧɚɪɨɞɧɚ ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɚ ɤɨɧɮɟɪɟɧɰɿɹ "ɇɚɧɨɪɨɡɦɿɪɧɿ ɫɢɫɬɟɦɢ: ɛɭɞɨɜɚ,  

ɜɥɚɫɬɢɜɨɫɬɿ, ɬɟɯɧɨɥɨɝɿʀ. ɇȺɇɋɂɋ" (Ʉɢʀɜ, ɍɤɪɚʀɧɚ, Ʌɢɫɬɨɩɚɞ, 19 – 22, 2013); In-

ternational Young Scientists Forum on Applied Physics. YSF, (Dnipropetrovsk, 

Ukraine, September 29 – October 2, 2015); БII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱ-

ɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ" (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, 

ɚɩɪɟɥɶ, 7 – 9, 2010); БIII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ "ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ" (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 1γ – 15, 

2011); БIV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

"ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ" (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 11 – 13, 2012); БV Ɇɟ-

ɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "ɑɟɥɨɜɟɤ ɢ Ʉɨɫ-

ɦɨɫ" (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 10 – 12, 2013); БVI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 

ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ" (Ⱦɧɟɩɪɨɩɟ-

ɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, ɚɩɪɟɥɶ, 9 – 11, 2014); БVII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱ-

ɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ "ɑɟɥɨɜɟɤ ɢ Ʉɨɫɦɨɫ" (Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ, 

ɚɩɪɟɥɶ, 8 – 11, 2015). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɨ 24 

ɩɟɱɚɬɧɵɯ ɪɚɛɨɬɵ, ɜ ɬɨɦ ɱɢɫɥɟ 7 ɫɬɚɬɟɣ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɠɭɪɧɚɥɚɯ ɢ ɬɟɡɢ-

ɫɵ ɞɨɤɥɚɞɨɜ ɧɚ 17 ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ.  

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 

ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɪɚɡɞɟɥɨɜ, ɜɵɜɨɞɨɜ ɢ ɫɩɢɫɤɚ ɰɢɬɢɪɭɟɦɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢ-

ɤɨɜ (136). Ɉɛɳɢɣ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 135 ɫɬɪɚɧɢɰ, ɜɤɥɸɱɚɹ ɨɫɧɨɜ-

ɧɨɣ ɬɟɤɫɬ ɧɚ 122 ɫɬɪɚɧɢɰɚɯ, ɫɨɞɟɪɠɢɬ 52 ɪɢɫɭɧɤɚ ɢ 22 ɬɚɛɥɢɰɭ. 
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ɊȺɁȾȿɅ 1 

 

ɆȿɌɈȾɕ ɉɈɅɍɑȿɇɂə ɇȿɊȺȼɇɈȼȿɋɇɕɏ ɆȿɌȺɅɅɂɑȿɋɄɂɏ 
ɋɌɊɍɄɌɍɊ, ɂɏ ɋȼɈɃɋɌȼȺ ɂ ɈȻɅȺɋɌɂ ɉɊɂɆȿɇȿɇɂə 

   

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɮɨɪɦɚɰɢɹ 

ɨ ɦɧɨɠɟɫɬɜɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɢɤ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɮɨɥɶɝ ɢɡ 

ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ. Ʉɚɠɞɵɣ ɢɡ ɦɟɬɨɞɨɜ ɨɛɥɚɞɚɟɬ ɯɚɪɚɤɬɟɪɧɵɦɢ ɩɪɟɢɦɭɳɟ-

ɫɬɜɚɦɢ ɢ ɧɟɞɨɫɬɚɬɤɚɦɢ, ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟɣ 

ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɋ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɨɛ-

ɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɢ ɭɥɭɱɲɟɧɢɸ ɫɜɨɣɫɬɜ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɢ ɮɨɥɶɝ, ɜ ɩɨɫɥɟɞɧɟɟ 

ɜɪɟɦɹ ɫɬɚɥɨ ɚɤɬɭɚɥɶɧɵɦ ɪɚɡɪɚɛɨɬɤɚ ɢ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɢ ɦɨɞɢ-

ɮɢɰɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɜɦɟɳɚɬɶ ɜ ɫɟɛɟ ɩɪɟ-

ɢɦɭɳɟɫɬɜɚ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɚɬɟɪɢɚɥɵ ɫ ɭɧɢ-

ɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ ɪɚɛɨɬɟ Д1Ж ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɹɞ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨ-

ɞɢɤ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ, ɬɚɤɢɯ ɤɚɤ: ɜɚɤɭɭɦɧɨɟ ɩɨɥɢɦɟɪɧɨɟ ɨɫɚɠɞɟɧɢɟ (VPD); 

ɚɬɨɦɧɨɟ ɩɨɫɥɨɣɧɨɟ ɨɫɚɠɞɟɧɢɟ (ALD); ɜɵɫɨɤɨɢɦɩɭɥɶɫɧɨɟ ɦɚɝɧɟɬɪɨɧɧɨɟ ɪɚɫɩɵ-

ɥɟɧɢɟ (HPPMS ɢɥɢ HIPIMS); ɨɫɚɠɞɟɧɢɟ ɩɪɢ ɭɝɥɟ ɫɤɨɥɶɠɟɧɢɹ (GLAD) ɢ ɞɪɭɝɢɟ.  

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɟɞɟɧ ɤɪɚɬɤɢɣ ɚɧɚɥɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ 

ɪɚɛɨɬ ɩɨ ɬɟɦɚɬɢɤɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɢ ɮɨɥɶɝ, ɚ ɬɚɤɠɟ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɚɟɦɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. 

 

 1.1. Ɉɛɡɨɪ ɢ ɫɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪ 
ɨɫɚɠɞɟɧɧɵɯ ɢɡ ɩɚɪɚ. 
 

 Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɥɟɧɨɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɨɧɤɢɣ ɫɥɨɣ ɫɜɹ-

ɡɚɧɧɨɝɨ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɩɪɢɫɭɳɢ ɜ ɨɫɧɨɜɧɨɦ ɫɜɨɣ-

ɫɬɜɚ ɨɛɴɟɦɧɨɝɨ ɬɟɥɚ, ɧɨ ɢɡ-ɡɚ ɪɚɡɦɟɪɧɵɯ ɷɮɮɟɤɬɨɜ ɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɭɬ ɡɚ-

ɦɟɬɧɨ ɦɟɧɹɬɶɫɹ Д2Ж. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ, ɬɚɤɠɟ ɤɚɤ ɢ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ 
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ɫɥɨɟ (ɞɨ 10-β0 ɧɦ), ɨɫɨɛɟɧɧɨ ɹɜɧɨ ɩɪɨɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɵ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ. 

ɉɥɟɧɨɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɦɧɨɝɢɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɫɬɪɭɤ-

ɬɭɪ ɢ ɨɛɥɚɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɟɪɟɞ ɨɛɴɟɦɧɵɦɢ ɦɚɬɟɪɢɚɥɚ-

ɦɢ. ɉɨɫɤɨɥɶɤɭ ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɨɧɤɢɯ 

ɩɥɟɧɨɤ, ɹɜɥɹɸɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ, ɬɨ ɫɨɫɬɚɜ ɬɚɤɢɯ ɩɥɟɧɨɤ ɧɟ 

ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɧɵɦɢ ɞɢɚɝɪɚɦɦɚɦɢ ɫɨɫɬɨɹɧɢɹ. ɋɬɪɭɤɬɭɪɚ ɢ ɮɚɡɨɜɵɣ 

ɫɨɫɬɚɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɥɟɧɨɤ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ 

ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɢ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ ɥɸɛɵɟ ɫɜɨɣɫɬɜɚ ɬɨɧɤɢɯ 

ɩɥɟɧɨɤ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɪɢɛɨɥɨɝɢɱɟ-

ɫɤɢɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɭɫɥɨɜɢɹɦɢ ɮɨɪɦɢ-

ɪɨɜɚɧɢɹ ɩɥɟɧɨɤ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɧɟɧɵ ɜ ɩɪɨɰɟɫɫɟ ɨɫɚɠɞɟɧɢɹ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ 

ɫɬɪɭɤɬɭɪ.  

ɋɜɨɣɫɬɜɚ ɩɥɟɧɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɝɨ ɫɨɫɬɚɜɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɪɚɡ-

ɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɛɭɞɭɬ ɬɚɤɠɟ ɨɬɥɢɱɚɬɶɫɹ, ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɡ-

ɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ. Ʉɚɠɞɵɣ ɦɟɬɨɞ ɨɫɚɠɞɟɧɢɹ ɨɛɥɚɞɚɟɬ ɫɜɨɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹ-

ɦɢ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɜɵɫɨɤɚɹ ɚɞɝɟɡɢɹ, ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɨɞɧɨɪɨɞɧɨɫɬɶ ɫɨɫɬɚɜɚ 

ɢ ɬ.ɞ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɭɫɥɨɜɢɹ ɨɫɚɠɞɟɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɭɟ-

ɦɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɩɪɢɦɟɧɟɧɢɟɦ. ɇɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɦɨɝɭɬ ɛɵɬɶ 

ɩɨɥɭɱɟɧɵ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɣ ɜɚɤɭɭɦɧɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɧɚɩɪɢɦɟɪ, 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɟɮɟɤɬɨɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ, ɩɨɥɭɱɚɬɶ 

ɚɦɨɪɮɧɵɟ ɦɚɬɟɪɢɚɥɵ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɡɚɤɚɥɤɢ, ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɨɥɭ-

ɱɚɟɦɭɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢ ɞɪɭɝɢɟ ДγЖ.  

Ɍɚɤɢɟ ɫɬɪɭɤɬɭɪɵ ɤɚɤ ɫɜɟɪɯɪɟɲɟɬɤɢ, ɧɚɧɨɥɚɦɢɧɚɬɵ, ɧɚɧɨɬɪɭɛɤɢ, ɧɚɧɨ-

ɤɨɦɩɨɡɢɬɵ ɢ ɞɪɭɝɢɟ, ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɹɸɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɬɨɧɤɢɯ ɩɥɟɧɨɤ 

ɢ ɩɨɤɪɵɬɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ. ɉɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ, ɚ ɬɚɤɠɟ 

ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɨɫɚɠɞɟɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɥɭɱɲɟɧɧɵɯ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɬɪɭɤ-

ɬɭɪ, ɩɨɥɭɱɟɧɢɟ ɤɨɬɨɪɵɯ ɩɪɢ ɩɨɦɨɳɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɛɵɥɨ ɧɟɜɨɡɦɨɠ-

ɧɵɦ ɟɳɟ ɞɟɫɹɬɶ ɥɟɬ ɧɚɡɚɞ. ɇɚɩɪɢɦɟɪ, ɫɨɜɦɟɳɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧ-

ɧɨɝɨ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɢ ɤɚɬɨɞɧɨɝɨ ɞɭɝɨɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɞɚɟɬ ɜɨɡɦɨɠ-
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ɧɨɫɬɶ ɞɨɫɬɢɝɚɬɶ ɪɟɤɨɪɞɧɭɸ ɬɜɟɪɞɨɫɬɶ ɞɥɹ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɛɨ-

ɪɢɪɨɜɚɧɢɢ ɧɚ Co, Ni- ɫɨɞɟɪɠɚɳɢɯ ɩɨɞɥɨɠɤɚɯ [1Ж. Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ 

ɨɫɚɠɞɟɧɢɹ ɫɨɱɟɬɚɸɬ ɜ ɫɟɛɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɨɬɞɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɧɚɯɨɞɹɬ ɜɫɟ 

ɧɨɜɵɟ ɩɪɢɦɟɧɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɷɬɢ ɠɟ ɩɪɨɰɟɫɫɵ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɧɟ ɞɚɸɬ ɜɨɡ-

ɦɨɠɧɨɫɬɢ ɞɨɫɬɢɱɶ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɦɧɨɝɨɫɥɨɣɧɵɯ ɢ ɧɚ-

ɧɨɤɨɦɩɨɡɢɬɧɵɯ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɨɤɪɵɬɢɣ.  

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɮɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɫɚɠɞɟɧɢɹ ɩɥɟ-

ɧɨɤ ɜ ɜɚɤɭɭɦɟ ɢɥɢ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɮɢɡɢ-

ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚ: ɢɫɩɚɪɟɧɢɟ ɚɬɨɦɨɜ ɥɢɛɨ ɦɨɥɟɤɭɥ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨ-

ɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɛɢɜɚɧɢɟ ɚɬɨɦɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɩɨɬɨɤɨɜ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ Д4].  

ɉɪɨɰɟɫɫɵ ɮɢɡɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɩɚɪɚ (PVD) ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɪɹɞ 

ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɢɦɟɸɳɢɯ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɪɚɡɥɢɱɢɹ, ɤɚɤ ɜ ɮɢɡɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɚɯ ɨɫɚɠɞɟɧɢɹ, ɬɚɤ ɢ ɜ ɫɜɨɣɫɬɜɚɯ ɩɨɥɭɱɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ:  

- ɬɟɪɦɢɱɟɫɤɨɟ ɢɫɩɚɪɟɧɢɟ 

- ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɟ ɢɫɩɚɪɟɧɢɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɟ ɢɫ-

ɩɚɪɟɧɢɟ 

- ɪɚɫɩɵɥɟɧɢɟ (ɰɢɥɢɧɞɪɢɱɟɫɤɨɟ ɦɚɝɧɟɬɪɨɧɧɨɟ, ɞɜɨɣɧɨɟ ɦɚɝɧɟɬɪɨɧɧɨɟ, 

ɢɦɩɭɥɶɫɧɨɟ ɦɚɝɧɟɬɪɨɧɧɨɟ ɪɚɫɩɵɥɟɧɢɟ HPPMS, ɚɫɢɦɦɟɬɪɢɱɧɨɟ ɦɚɝɧɟ-

ɬɪɨɧɧɨɟ UBM, ɦɚɝɧɟɬɪɨɧɧɨɟ ɜ ɡɚɦɤɧɭɬɨɦ ɩɨɥɟ, ɪɚɫɩɵɥɟɧɢɟ ɩɭɱɤɨɦ 

ɢɨɧɨɜ, ɞɢɨɞɧɨɟ, ɬɪɢɨɞɧɨɟ) ɢ ɪɟɚɤɬɢɜɧɨɟ ɪɚɫɩɵɥɟɧɢɟ 

- ɷɥɟɤɬɪɨɞɭɝɨɜɨɟ ɪɚɫɩɵɥɟɧɢɟ (Arc-PVD) 

- ɢɨɧɧɨɟ ɧɚɩɵɥɟɧɢɟ 

- ɢɦɩɭɥɶɫɧɨɟ ɥɚɡɟɪɧɨɟ ɨɫɚɠɞɟɧɢɟ 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ. 

ɉɪɢɦɟɧɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɱɧɵɯ 

ɫɬɪɭɤɬɭɪ ɪɚɫɬɟɬ ɛɵɫɬɪɵɦɢ ɬɟɦɩɚɦɢ, ɬɚɤ ɤɚɤ ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɬɪɟɛɭɸɬ 

ɫɨɡɞɚɧɢɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɤɨɦɛɢɧɚɰɢɟɣ 

ɫɜɨɣɫɬɜ ɬɚɤɢɯ ɤɚɤ: ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ, ɫɩɟ-
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ɰɢɮɢɱɟɫɤɢɟ ɨɩɬɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢɥɢ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɢɡɧɨɫɨɫɬɨɣ-

ɤɨɫɬɶ, ɫɩɨɫɨɛɧɨɫɬɶ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɫɥɨɠɧɵɟ ɮɨɪɦɵ, ɫɬɨɢɦɨɫɬɶ ɢ ɬ.ɞ. 

 

1.1.1 Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɮɢɡɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɩɚɪɚ ɢɫɩɚɪɟɧɢɟɦ 

ɢ ɪɚɫɩɵɥɟɧɢɟɦ ɜɟɳɟɫɬɜɚ. 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɨɟ ɢɫɩɚ-

ɪɟɧɢɟ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɜɚɤɭɭɦɧɵɦ ɢ ɪɟɡɢɫɬɢɜɧɵɦ ɢɫɩɚɪɟɧɢɟɦ, 

ɨɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɩɚɪɟɧɢɹ ɜɟɳɟɫɬɜɚ ɫ ɩɨɦɨɳɶɸ ɧɚɝɪɟɜɚ ɜ ɜɚɤɭɭɦɟ ɢ 

ɨɫɚɠɞɟɧɢɟ ɟɝɨ ɧɚ ɩɨɞɥɨɠɤɟ ɜ ɜɢɞɟ ɩɥɟɧɤɢ. ɉɨɬɨɤ ɚɬɨɦɨɜ ɢɥɢ ɦɨɥɟɤɭɥ ɩɪɢ ɬɟɪ-

ɦɢɱɟɫɤɨɦ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɢ ɜ ɜɚɤɭɭɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ƚɟɪɰɚ-

Ʉɧɭɞɫɟɧɚ Д5] 

 
  2/12 mkT

pp
J h


 

 ,         (1.1) 

ɝɞɟ Į – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɚɪɟɧɢɹ ɨɬ 0 ɞɨ 1; ɪɧ – ɞɚɜɥɟɧɢɟ ɧɚ-

ɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ, ɪ – ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ, m – ɦɚɫɫɚ ɦɨɥɟɤɭɥɵ 

ɢɥɢ ɚɬɨɦɚ, k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ. 

Ʉɪɨɦɟ ɢɫɩɚɪɟɧɢɹ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɡɦɨɠɧɨ ɢɫɩɚɪɟɧɢɟ ɝɚɡɨɜ 

ɢɡ ɢɡɨɬɟɪɦɢɱɟɫɤɢ ɡɚɦɤɧɭɬɨɝɨ ɨɛɴɟɦɚ (ɹɱɟɣɤɢ Ʉɧɭɞɫɟɧɚ) ɱɟɪɟɡ ɦɚɥɨɟ ɨɬɜɟɪɫɬɢɟ. 

ɇɚ ɨɫɧɨɜɟ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɟɣɫɬɜɭɟɬ ɦɟɬɨɞ  ɦɨɥɟɤɭɥɹɪɧɨ-ɥɭɱɟɜɨɣ ɷɩɢɬɚɤɫɢɢ 

[6Ж. ɇɚɝɪɟɜ ɢɫɩɚɪɢɬɟɥɟɣ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɨɤɨɦ (ɪɟɡɢɫɬɢɜɧɨ), ɂɄ-ɥɭɱɨɦ, 

ɥɚɡɟɪɨɦ, ɢɧɞɭɤɰɢɨɧɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɬ.ɞ. ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɞɢɫ-

ɤɪɟɬɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɢɥɢ ɦɟɬɨɞ ɜɫɩɵɲɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɚ ɩɟɪɟ-

ɝɪɟɬɵɣ ɢɫɩɚɪɢɬɟɥɶ ɫɤɚɬɵɜɚɸɬɫɹ ɝɪɚɧɭɥɵ ɜɟɳɟɫɬɜɚ, ɩɪɟɬɟɪɩɟɜɚɸɳɢɟ ɦɝɧɨɜɟɧ-

ɧɨɟ ɢɫɩɚɪɟɧɢɟ. ɗɬɨɬ ɫɩɨɫɨɛ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɫɩɚɪɟɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɝɪɚɧɭɥ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɜɟɳɟɫɬɜ ɫ ɪɚɡɧɵɦɢ ɞɚɜɥɟɧɢɹɦɢ ɩɚɪɨɜ ɩɪɢ 

ɢɫɩɚɪɟɧɢɢ. ȿɫɥɢ ɢɫɩɚɪɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɬɨ 

ɨɧɨ ɧɚɡɵɜɚɟɬɫɹ ɪɟɚɤɬɢɜɧɵɦ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɬɨɧɤɢɯ ɩɥɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɢɫɩɚɪɟɧɢɹ ɜ ɜɚɤɭɭɦɟ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɫɥɨɜɢɹɦɢ ɢɯ ɨɫɚ-

ɠɞɟɧɢɹ ɢ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɪɨɞɵ ɢɫɩɚɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɫɬɪɭɤɬɭɪɵ ɩɨɞɥɨɠɤɢ, ɫɬɟ-
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ɩɟɧɢ ɜɚɤɭɭɦɚ, ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɭɝɥɚ ɩɚɞɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɭɱ-

ɤɚ ɧɚ ɩɨɞɥɨɠɤɭ ɢ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ Д7]. 

ɇɚ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɢɫɥɨɜ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɫɨɫɬɚɜ ɨɫɬɚɬɨɱɧɵɯ 

ɝɚɡɨɜ ɜ ɪɚɛɨɱɟɦ ɨɛɴɟɦɟ ɭɫɬɚɧɨɜɤɢ, ɨɫɨɛɟɧɧɨ ɧɚɥɢɱɢɟ ɩɚɪɨɜ ɜɨɞɵ. ɉɪɢ ɜɵɫɨɤɨ-

ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢ ɞɥɢɬɟɥɶɧɨɦ ɨɬɠɢɝɟ ɩɥɟɧɤɢ ɜ ɜɚɤɭɭɦɟ ɢɥɢ ɜ ɡɚɳɢɬɧɨɣ (ɢɧɟɪɬ-

ɧɨɣ) ɚɬɦɨɫɮɟɪɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɢɫɥɚ ɜɨɡɪɚɫɬɚɟɬ ɢ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɨɤɢɫɥɟɧɢɟ 

ɩɥɟɧɤɢ. 

ȼɚɤɭɭɦɧɨɟ ɨɫɚɠɞɟɧɢɟ ɢɦɟɟɬ ɬɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢ-

ɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɨɫɚɠɞɟɧɢɹ ɢɡ ɩɚɪɚ, ɤɚɤ: ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ 

ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɨɫɚɠɞɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɤɨɧɬɪɨɥɶ ɫɤɨɪɨɫɬɢ ɨɫɚɠ-

ɞɟɧɢɹ, ɪɚɡɧɨɨɛɪɚɡɢɟ ɮɨɪɦɵ ɢɫɬɨɱɧɢɤɚ ɢɫɩɚɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨ, ɱɬɨ ɬɟɯɧɢɤɚ ɹɜɥɹ-

ɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɨɣ ɢ ɩɪɨɫɬɨɣ ɜ ɩɪɢɦɟɧɟɧɢɢ. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɦɧɨɝɢɯ 

ɫɩɥɚɜɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɫɨɤɭɸ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ, ɧɟ-

ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɫɩɚɪɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɟɨɩɬɢɦɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 

ɩɨɥɭɱɚɟɦɵɯ ɩɥɟɧɨɤ, ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɨɟ  ɱɢɫɥɨ ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɫɚɠ-

ɞɟɧɢɹ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɢ ɫɬɪɭɤɬɭɪɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɭɤɚɡɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ, ɜɚɤɭɭɦɧɨɟ ɧɚɩɵɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢ-

ɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɧɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɨɫɚɠɞɟɧɢɹ ɢɡ ɩɚɪɚ. ȼɚɤɭ-

ɭɦɧɨɟ ɨɫɚɠɞɟɧɢɟ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ: 

- ɗɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ ɩɨɤɪɵɬɢɹ – ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɚɹ ɤɟɪɚɦɢɤɚ (ɧɚɩɪɢ-

ɦɟɪ, TТ-Au, Ti-Pd-Au, Al, Al-Cu-Si, Cr-Au, Ti-AР), ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɟ ɩɨɥɭɩɪɨ-

ɜɨɞɧɢɤɢ (ɧɚɩɪɢɦɟɪ, AХ : CЮ (β%) ɧɚ Si), ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ 

ɮɨɥɶɝɢ (ɧɚɩɪɢɦɟɪ, ГЧ, AХ). 

- Ɉɩɬɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢɹ – ɨɬɪɚɠɚɸɳɢɟ ɢ ɚɧɬɢɛɥɢɤɨɜɵɟ ɦɧɨɝɨɫɥɨɣɧɵɟ 

ɩɨɤɪɵɬɢɹ, ɬɟɩɥɨɜɵɟ ɡɟɪɤɚɥɚ, ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ. 

- Ⱦɟɤɨɪɚɬɢɜɧɵɟ ɩɨɤɪɵɬɢɹ (ɧɚɩɪɢɦɟɪ, AХ, AЮ ɧɚ ɩɥɚɫɬɢɤɟ). 

- ɍɩɚɤɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɡɚɳɢɳɚɸɳɢɟ ɨɬ ɜɥɚɝɢ ɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɤɢ-

ɫɥɨɪɨɞɚ (ɧɚɩɪɢɦɟɪ, Al  ɢ SiO1,8 ɧɚ ɩɨɥɢɦɟɪɧɨɣ ɬɤɚɧɢ). 

- Ʉɨɪɪɨɡɢɨɧɧɨ-ɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ (ɧɚɩɪɢɦɟɪ, AХ ɧɚ ɫɬɚɥɢ). 
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- ɂɡɨɥɹɰɢɨɧɧɵɟ ɫɥɨɢ ɞɥɹ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ. 

- ɋɟɥɟɧɨɜɵɟ ɩɨɤɪɵɬɢɹ ɞɥɹ ɷɥɟɤɬɪɨɝɪɚɮɢɢ ɢ ɤɫɟɪɨɝɪɚɮɢɢ. 

- ɂɡɝɨɬɨɜɥɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɫɬɪɭɤɬɭɪ. 

- ȼɚɤɭɭɦɧɵɟ ɩɨɤɪɵɬɢɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ (ɧɚɩɪɢɦɟɪ, Cd ɧɚ ɫɬɚɥɢ). 

Ʉ ɮɢɡɢɱɟɫɤɨɦɭ ɨɫɚɠɞɟɧɢɸ ɢɡ ɩɚɪɚ ɬɚɤɠɟ ɨɬɧɨɫɢɬɫɹ ɦɟɬɨɞ ɢɫɩɚɪɟɧɢɹ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɨɣ (Arc-PVD). Ⱦɭɝɨɜɨɟ ɝɚɡɨɮɚɡɧɨɟ ɨɫɚɠɞɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɡɚɠɢɝɚɧɢɹ ɜɚɤɭɭɦɧɨɣ ɞɭɝɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɜɵɫɨɤɢɦ ɬɨɤɨɦ ɢ 

ɧɢɡɤɢɦ ɧɚɩɪɹɠɟɧɢɟɦ, ɤɨɬɨɪɚɹ ɮɨɪɦɢɪɭɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ (ɤɚɬɨɞɚ) ɪɹɞ 

ɷɦɢɫɫɢɨɧɧɵɯ ɡɨɧ ɫ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɢɧɬɟɧ-

ɫɢɜɧɨɟ ɢɫɩɚɪɟɧɢɟ ɢ ɢɨɧɢɡɚɰɢɸ ɦɚɬɟɪɢɚɥɚ ɤɚɬɨɞɚ Д8-11]. 

ȼɩɟɪɜɵɟ ɞɭɝɨɜɨɟ ɢɫɩɚɪɟɧɢɟ ɛɵɥɨ ɩɪɢɦɟɧɟɧɨ ɜ ɷɥɟɤɬɪɨɤɨɧɬɚɤɬɧɨɣ ɬɟɯɧɢ-

ɤɟ Д12Ж, ɞɭɝɨɜɨɣ ɩɥɚɜɤɟ ɫɩɥɚɜɨɜ Д13Ж, ɤɚɤ ɢɫɬɨɱɧɢɤ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɢ 

ɬɟɪɦɨɹɞɟɪɧɨɝɨ ɪɟɚɤɬɨɪɚ Д14, 15Ж. ɂɡɧɚɱɚɥɶɧɨ ɦɟɬɨɞ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɨɝɨ ɨɫɚɠɞɟ-

ɧɢɹ ɩɥɟɧɨɤ ɩɪɢɦɟɧɹɥɫɹ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɭɝɥɟɪɨɞɧɵɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ 

[16, 17]. 

Ⱦɭɝɨɜɨɟ ɢɫɩɚɪɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ, ɱɟɦ  

ɩɪɢ ɮɢɡɢɱɟɫɤɨɦ ɧɚɩɵɥɟɧɢɢ, ɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɢ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɢɫɩɚ-

ɪɟɧɢɢ. Ɇɟɬɨɞ  ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɫɨɤɢɣ ɩɨɬɨɤ ɢɨɧɨɜ ɞɥɹ ɨɱɢɫɬɤɢ ɩɥɟ-

ɧɨɤ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɢɯ ɫɜɨɣɫɬɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ ɜɨ 

ɜɪɟɦɹ ɨɫɚɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɚ ɫɱɟɬ ɧɢɡɤɨɝɨ ɧɚ-

ɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ. 

Ⱥɧɨɞɧɨɟ ɢ ɤɚɬɨɞɧɨɟ ɞɭɝɨɜɨɟ ɢɫɩɚɪɟɧɢɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɫɚɠ-

ɞɟɧɢɹ ɩɪɨɱɧɵɯ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɯ, ɞɟɤɨɪɚɬɢɜɧɵɯ ɢ  ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɨɤɪɵɬɢɣ 

[10, 18Ж. Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɢ ɩɨɤɪɵɬɢɹ ɬɨɥɳɢɧɨɣ ɜ ɧɟɫɤɨɥɶɤɨ ɦɢɤɪɨɦɟɬɪɨɜ. Ɇɧɨ-

ɝɢɟ ɩɪɨɰɟɫɫɵ ɞɭɝɨɜɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɟɬɨɞɚɯ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ, 

ɬ.ɟ. ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɨɣ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɱɚɫɬɢɰɚɦɢ ɜ 

ɩɪɨɰɟɫɫɟ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɤɢ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɟɟ ɫɜɨɣɫɬɜɚ Д19Ж. Ʉɚɬɨɞɧɨɟ ɞɭɝɨɜɨɟ 

ɨɫɚɠɞɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɨɫɚɠɞɟɧɢɹ 

ɷɥɟɤɬɪɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɩɥɚɜɵ TТ-AХ ɢ ɞɪ. Ɍɚɤɠɟ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ: 
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- Ɉɫɚɠɞɟɧɢɟ ɭɩɪɨɱɧɹɸɳɢɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɨɜ (TТσ, ГЫσ, TТC, 

Ti(C,N), (Ti,Al)N, CrN). 

- Ɉɫɚɠɞɟɧɢɟ TiN ɢ Zr(CN)(ɡɨɥɨɬɨɣ ɢ ɠɟɥɬɵɣ), ZrN (ɰɜɟɬ ɥɚɬɭɧɢ), TiC 

(ɱɟɪɧɵɣ), Ti(N,C) (ɪɨɡɨɜɵɣ, ɮɢɨɥɟɬɨɜɵɣ, ɢ ɞɪ.) ɞɥɹ ɞɟɤɨɪɚɬɢɜɧɵɯ ɢɡɧɨɫɨɫɬɨɣ-

ɤɢɯ ɩɨɤɪɵɬɢɣ. 

- Ɉɫɚɠɞɟɧɢɟ ɨɤɫɢɞɨɜ ɞɥɹ ɨɩɬɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ. 

- Ɉɫɚɠɞɟɧɢɟ ɚɞɝɟɡɢɨɧɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ. 

- Ɉɫɚɠɞɟɧɢɟ ɚɦɨɪɮɧɨ-ɭɝɥɟɪɨɞɧɵɯ ɢ ɚɥɦɚɡɨɩɨɞɨɛɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɩɨɤɪɵ-

ɬɢɣ. 

- ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɚɞɝɟɡɢɨɧɧɨɝɨ ɩɨɞɫɥɨɹ, ɧɚ ɤɨɬɨɪɨɟ ɧɚɧɨɫɢɬɫɹ ɩɨ-

ɤɪɵɬɢɟ ɧɚɩɵɥɟɧɢɟɦ ɥɢɛɨ ɬɟɪɦɢɱɟɫɤɢɦ ɢɫɩɚɪɟɧɢɟɦ. 

ɋ ɰɟɥɶɸ ɨɫɚɠɞɟɧɢɹ ɜɟɳɟɫɬɜɚ ɜ ɜɢɞɟ ɩɥɟɧɨɤ, ɬɚɤɠɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɟ ɩɭɱɤɢ. ȼ ɦɟɬɨɞɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɧɚɩɵɥɟɧɢɹ, ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ ɢ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ, ɩɪɨɢɫɯɨɞɢɬ 

ɩɟɪɟɧɨɫ ɱɚɫɬɢɰ ɢ ɢɯ ɨɫɚɠɞɟɧɢɟ ɧɚ ɩɨɞɥɨɠɤɟ. ɗɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɫɨ-

ɫɬɚɜɥɹɟɬ з 5 – β0 ɤɷȼ [1]. Ɇɨɳɧɵɟ ɭɫɬɚɧɨɜɤɢ ɫ ɷɧɟɪɝɢɟɣ ɞɨɫɬɢɝɚɸɳɟɣ 40 ɤɷȼ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɬɨɥɫɬɵɯ ɩɥɟɧɨɤ ɢ ɩɨɤɪɵɬɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɫɚɠɞɟ-

ɧɢɹ ɰɟɥɵɯ ɝɪɚɧɭɥ ɜ ɜɢɞɟ ɩɨɪɨɲɤɨɜ. ɉɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɷɥɟɤɬɪɨɧɨɜ ɫ ɦɢɲɟɧɶɸ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ, ɤɨɬɨɪɚɹ ɪɚɫɯɨ-

ɞɭɟɬɫɹ ɧɚ ɧɚɝɪɟɜ ɢ ɢɫɩɚɪɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢ ɷɥɟɤɬɪɨɧ-

ɧɵɟ ɥɢɧɡɵ ɩɨɡɜɨɥɹɸɬ ɬɨɱɧɨ ɫɮɨɤɭɫɢɪɨɜɚɬɶ ɷɥɟɤɬɪɨɧɧɵɣ ɩɭɱɨɤ ɧɚ ɦɢɲɟɧɢ. ȼ 

ɪɹɞɟ ɭɫɬɪɨɣɫɬɜ ɫ ɩɨɦɨɳɶɸ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɢɟ  ɧɚɩɪɚɜɥɟɧɢɹ 

ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɤ ɦɢɲɟɧɢ ɧɚ ɭɝɥɵ ɛɨɥɟɟ 90°. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɧɚ-

ɡɵɜɚɸɬɫɹ ɷɥɟɤɬɪɨɧɧɵɦɢ ɩɭɲɤɚɦɢ ɫ ɢɡɝɢɛɨɦ ɬɪɚɟɤɬɨɪɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɫɩɵɥɹɟɦɵɣ ɦɚɬɟɪɢɚɥ ɧɟ ɡɚɝɪɹɡɧɹɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɭɲɤɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɮɨɤɭɫɢɪɨɜɚɬɶ ɥɭɱ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɟɳɟ-

ɫɬɜɨ ɧɚɝɪɟɜɚɥɨɫɶ ɢ ɢɫɩɚɪɹɥɨɫɶ ɬɨɥɶɤɨ ɫ ɱɚɫɬɢ ɦɢɲɟɧɢ. Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚ-

ɟɬɫɹ ɪɟɠɢɦɨɦ ɚɜɬɨɬɢɝɥɹ, ɩɨɫɤɨɥɶɤɭ ɤɚɩɥɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɢɬɫɹ 

ɜɧɭɬɪɢ ɬɜɟɪɞɨɝɨ ɦɚɫɫɢɜɚ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 
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Ʉɪɨɦɟ ɩɪɨɰɟɫɫɨɜ ɧɚɩɵɥɟɧɢɹ ɩɥɟɧɨɤ ɷɥɟɤɬɪɨɧɧɵɣ ɥɭɱ ɬɚɤɠɟ ɩɪɢɦɟɧɹɟɬɫɹ 

ɞɥɹ ɫɜɚɪɤɢ, ɪɟɡɤɢ, ɬɪɚɜɥɟɧɢɹ, ɩɚɣɤɢ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɢ ɭɞɚɥɟɧɢɸ ɞɟɮɟɤɬɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɬɠɢɝɚ. ɗɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɟ ɭɫɬɪɨɣɫɬɜɚ 

ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɧɚɩɵɥɟɧɢɹ ɩɥɟɧɨɤ. ɇɚ-

ɩɪɢɦɟɪ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ Nb3Sn, ɪɚɫɩɵɥɟɧɢɟ Nb ɩɪɨɢɫɯɨɞɢɬ ɷɥɟɤɬɪɨɧɧɨ-

ɥɭɱɟɜɵɦ ɦɟɬɨɞɨɦ, ɚ ɨɥɨɜɨ ɢɫɩɚɪɹɟɬɫɹ ɢɡ ɬɢɝɥɹ ɩɪɢ ɪɟɡɢɫɬɢɜɧɨɦ ɧɚɝɪɟɜɟ. 

Ɇɚɝɧɟɬɪɨɧɧɵɣ ɦɟɬɨɞ ɧɚɧɟɫɟɧɢɹ ɩɥɟɧɨɤ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɪɚɫɩɵɥɟɧɢɢ ɦɚ-

ɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɜ ɩɥɚɡɦɟ ɜ ɫɤɪɟɳɟɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ, ɜ 

ɚɬɦɨɫɮɟɪɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ, ɢ ɨɫɚɠɞɟɧɢɟ ɜɵɛɢɬɵɯ ɚɬɨɦɨɜ ɧɚ ɩɨɞɥɨɠɤɟ. ɉɨɞɛɨɪ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɫɢɥɶɧɨ ɭɦɟɧɶ-

ɲɢɬɶ ɞɢɮɮɭɡɢɸ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɡɨɧɵ ɪɚɡɪɹɞɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɥɨɤɚɥɢɡɚɰɢɢ ɜɵ-

ɫɨɤɨɢɨɧɢɡɨɜɚɧɧɨɣ ɱɚɫɬɢ ɪɚɡɪɹɞɚ ɜɛɥɢɡɢ ɤɚɬɨɞɚ-ɦɢɲɟɧɢ (ɷɮɮɟɤɬ ɦɚɝɧɢɬɧɨɣ ɥɨ-

ɜɭɲɤɢ). 

Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɫɤɨ-

ɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ, ɦɚɥɭɸ ɞɟɮɟɤɬɧɨɫɬɶ ɢ ɨɩɬɢɦɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ (ɛɥɢɡ-

ɤɨɣ ɤ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ), ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɪɦɚɥɢɡɚɰɢɢ ɪɚɫ-

ɩɵɥɟɧɧɵɯ ɚɬɨɦɨɜ ɜ ɫɪɟɞɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ ɧɚ ɩɭɬɢ ɤ ɩɨɞɥɨɠɤɟ. 

ȼɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɪɚɫɩɵɥɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ ɢ ɭɥɭɱɲɢɬɶ ɚɞɝɟɡɢɸ. Ɍɚɤɠɟ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 

ɧɚɩɵɥɟɧɢɟ ɩɥɟɧɨɤ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɥɟɧɬɨɱɧɵɟ ɨɛɪɚɡɰɵ ɫ 

ɩɨɦɨɳɶɸ ɩɨɞɜɢɠɧɨɝɨ ɦɚɝɧɟɬɪɨɧɚ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɜɢɠɧɨɝɨ ɦɚɝɧɟɬɪɨɧɚ ɩɨɡɜɨ-

ɥɹɟɬ ɩɨɥɭɱɚɬɶ ɨɞɧɨɪɨɞɧɵɟ ɩɨɤɪɵɬɢɹ ɫ ɜɵɫɨɤɨɣ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶɸ ɫɬɪɭɤɬɭ-

ɪɵ ɢ ɫɜɨɣɫɬɜ. ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɦɚɝɧɟɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ: ɩɥɨɫɤɢɣ ɞɢɫɤɨɜɨɣ ɦɚɝ-

ɧɟɬɪɨɧ, ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɩɥɨɫɤɢɣ ɦɚɝɧɟɬɪɨɧ, ɦɚɝɧɟɬɪɨɧ ɫ ɮɚɫɨɧɧɨɣ ɦɢɲɟɧɶɸ, 

ɩɨɥɵɣ ɦɚɝɧɟɬɪɨɧ Д1Ж ɢ ɬ.ɞ. 

Ɇɟɬɨɞ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɵɝɨɞɧɵɦ ɞɥɹ ɩɨɥɭɱɟ-

ɧɢɹ ɞɟɤɨɪɚɬɢɜɧɵɯ ɩɨɤɪɵɬɢɣ (ɧɚɩɪɢɦɟɪ, TТ, CЫ, ГЫ ɢ ɧɢɬɪɢɞɨɜ ɭɝɥɟɪɨɞɚ), ɜ ɫɢɥɭ 

ɫɝɥɚɠɟɧɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɤ, ɨɫɚɠɞɟɧɧɵɯ ɧɚ ɪɟɥɶɟɮɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. Ɍɨ 

ɠɟ ɫɚɦɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɞɟɥɚɟɬ ɦɚɝɧɟɬɪɨɧɧɨɟ ɪɚɫɩɵɥɟɧɢɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟ-
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ɦɵɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ (ɧɚɩɪɢɦɟɪ, CЫσ, CЫ2σ ɢ ɪɚɡɥɢɱ-

ɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɚɥɦɚɡɨɩɨɞɨɛɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɩɨɤɪɵɬɢɣ). 

 

1.1.β Ɇɟɬɨɞɵ ɢɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɢ ɨɫɚɠɞɟɧɢɹ. 

Ʉɪɨɦɟ ɨɩɢɫɚɧɧɵɯ ɦɟɬɨɞɨɜ, ɮɢɡɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɦɨɠɟɬ 

ɪɟɚɥɢɡɨɜɚɬɶɫɹ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɵɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɜ ɜɚɤɭɭɦɟ ɢɥɢ ɩɥɚɡɦɟ 

ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɦɟɬɨɞɚɦɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ (ɤɚɬɨɞɧɨɝɨ, ɦɚɝɧɟɬɪɨɧɧɨɝɨ) 

ɪɚɫɩɵɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɫɩɚɪɟɧɧɵɯ ɢ/ɢɥɢ ɪɚɫɩɵɥɟɧ-

ɧɵɯ ɜ ɜɚɤɭɭɦɟ ɥɢɛɨ ɩɥɚɡɦɟ ɦɚɬɟɪɢɚɥɨɜ ɜ ɜɢɞɟ ɚɬɨɦɚɪɧɨɝɨ ɢɥɢ ɢɨɧɧɨɝɨ ɩɭɱɤɨɜ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞɥɨɠɤɢ. 

ɉɪɨɰɟɫɫ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɮɢɡɢɱɟɫɤɨɟ (ɧɟ 

ɬɟɩɥɨɜɨɟ) ɢɫɩɚɪɟɧɢɟ ɚɬɨɦɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɞɚɱɢ ɢɦ-

ɩɭɥɶɫɚ ɨɬ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ 

ɬɟɨɪɢɢ ɩɟɪɟɞɚɱɢ ɢɦɩɭɥɶɫɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɨɜ ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɩɟ-

ɪɟɞɚɧɚ ɜ ɪɚɛɨɬɚɯ [20,21Ж. ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɬɟɨɪɢɢ ɛɵɥɨ ɫɞɟɥɚɧɨ ɪɹɞ ɜɚɠɧɵɯ 

ɡɚɤɥɸɱɟɧɢɣ: 

1) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ (ɨɬɧɨɲɟɧɢɟ ɪɚɫɩɵɥɟɧɧɵɯ ɚɬɨɦɨɜ ɤ ɤɨɥɢ-

ɱɟɫɬɜɭ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɚɞɚɸɳɢɯ ɱɚɫɬɢɰ) ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫ 

ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɨɬ ɢɯ ɷɧɟɪɝɢɢ. 

2) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ ɩɚɞɟɧɢɹ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ 

ɱɚɫɬɢɰ. 

3) ɋɭɳɟɫɬɜɭɟɬ ɩɨɪɨɝɨɜɚɹ ɷɧɟɪɝɢɹ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɪɚɫɩɵɥɟɧɢɟ ɧɟ ɩɪɨɢɫ-

ɯɨɞɢɬ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɜɵɫɨɤɢɣ ɛɨɦɛɚɪɞɢɪɭɸɳɢɣ ɩɨ-

ɬɨɤ. 

4) Ɇɧɨɝɢɟ ɪɚɫɩɵɥɟɧɧɵɟ ɚɬɨɦɵ ɢɦɟɸɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɧɚɦɧɨɝɨ 

ɩɪɟɜɵɲɚɸɳɭɸ ɷɧɟɪɝɢɸ ɬɟɪɦɢɱɟɫɤɢ ɢɫɩɚɪɹɟɦɵɯ ɚɬɨɦɨɜ. 

5) Ⱥɬɨɦɵ, ɜɵɛɢɬɵɟ ɢɡ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɭɫɤɚɸɬɫɹ 

ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɵɯ ɩɥɨɫɤɨɫɬɟɣ. 
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6) ȼ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ ɧɟɤɨɬɨɪɵɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟ-

ɫɤɢɟ ɩɥɨɫɤɨɫɬɢ ɪɚɫɩɵɥɹɸɬɫɹ ɛɵɫɬɪɟɟ, ɱɟɦ ɞɪɭɝɢɟ (ɩɪɟɢɦɭɳɟɫɬɜɟɧ-

ɧɵɟ ɩɥɨɫɤɨɫɬɢ ɪɚɫɩɵɥɟɧɢɹ). 

7) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ ɩɨɧɢɠɚɟɬɫɹ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɹɯ, 

ɩɨɫɤɨɥɶɤɭ ɢɨɧɵ ɬɟɪɹɸɬ ɛɨɥɶɲɢɧɫɬɜɨ ɫɜɨɟɣ ɷɧɟɪɝɢɢ ɜɞɚɥɢ ɨɬ ɩɨ-

ɜɟɪɯɧɨɫɬɢ. 

8) Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɵɥɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 

ɪɚɫɩɵɥɹɟɦɨɣ ɦɢɲɟɧɢ. 

Ɇɟɬɨɞɵ ɮɢɡɢɱɟɫɤɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢɦɟɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ: 

- Ʌɸɛɵɟ ɦɚɬɟɪɢɚɥɵ (ɷɥɟɦɟɧɬɵ, ɫɩɥɚɜɵ, ɫɨɟɞɢɧɟɧɢɹ) ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɵ-

ɥɟɧɵ ɢ ɨɫɚɠɞɟɧɵ. 

- Ɋɚɫɩɵɥɹɟɦɚɹ ɦɢɲɟɧɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɪɚɛɨɬɵ ɢɫɬɨɱɧɢɤɚ ɢɫɩɚɪɟɧɢɹ. 

- ȼ ɧɟɤɨɬɨɪɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɪɚɫɩɵɥɹɟɦɚɹ ɦɢɲɟɧɶ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɛɨɥɶɲɭɸ ɨɛɥɚɫɬɶ ɢɫɩɚɪɟɧɢɹ. 

- ȼ ɧɟɤɨɬɨɪɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɪɚɫɩɵɥɹɟɦɚɹ ɦɢɲɟɧɶ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɫɩɟɰɢɮɢɱɟɫɤɭɸ ɝɟɨɦɟɬɪɢɸ ɢɫɩɚɪɟɧɢɹ. 

- Ɋɚɫɩɵɥɹɟɦɚɹ ɦɢɲɟɧɶ ɦɨɠɟɬ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɚ ɫ ɩɨɜɬɨɪɟɧɢɟɦ ɪɟɥɶɟɮɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ (ɬɚɤɨɝɨ ɤɚɤ ɤɨɧɭɫ ɢɥɢ ɫɮɟɪɚ). 

- ɍɫɥɨɜɢɹ ɪɚɫɩɵɥɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɜɨɫɩɪɨɢɡɜɟɞɟɧɵ ɨɬ ɡɚɩɭɫɤɚ ɤ ɡɚ-

ɩɭɫɤɭ. 

- ɉɪɢ ɪɟɚɤɬɢɜɧɨɦ ɪɚɫɩɵɥɟɧɢɢ ɪɟɚɤɰɢɢ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɩɥɚɡɦɟ. 

- Ɉɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɩɵɥɟɧɧɨɝɨ 

ɜɟɳɟɫɬɜɚ. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɨɜ ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɨɬɧɨɫɹɬɫɹ:  

- ȼɨ ɦɧɨɝɢɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɪɚɫɩɵɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɟɪɚɜɧɨɦɟɪɧɨ. 

- Ȼɨɥɶɲɢɧɫɬɜɨ ɷɧɟɪɝɢɢ ɪɚɫɩɵɥɟɧɢɹ ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨ ɧɚ ɦɢɲɟɧɢ, ɜ ɫɜɹɡɢ 

ɫ ɱɟɦ ɨɧɚ ɞɨɥɠɧɚ ɨɯɥɚɠɞɚɬɶɫɹ. 

- ɋɤɨɪɨɫɬɶ ɪɚɫɩɵɥɟɧɢɹ ɧɢɡɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɪɦɢɱɟɫɤɢɦ ɢɫɩɚɪɟɧɢɟɦ. 

- Ɋɚɫɩɵɥɟɧɢɟ ɧɟ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨ. 
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- ȼɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɪɚɫɩɵɥɹɟɦɵɯ ɦɢɲɟɧɟɣ. 

- Ɋɚɫɩɵɥɹɟɦɵɟ ɦɢɲɟɧɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɢɡɨɥɹɬɨɪɵ, ɦɨɝɭɬ ɛɵɬɶ ɯɪɭɩɤɢɦɢ ɢ 

ɥɨɦɚɬɶɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢɥɢ ɨɬ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɝɪɟɜɚ. 

- ɉɨɞɥɨɠɤɢ ɢ ɩɥɟɧɤɢ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɛɨɦɛɚɪɞɢɪɨɜɤɟ ɤɨɪɨɬɤɨɜɨɥɧɨ-

ɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, ɱɬɨ ɦɨɠɟɬ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɚɬɶɫɹ 

ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

- Ɂɚɝɪɹɡɧɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɦɟɪɵ ɨɫɚɠɞɟɧɢɹ ɥɟɝɤɨ ɞɟɫɨɪɛɢɪɭɸɬɫɹ 

ɩɪɢ ɩɥɚɡɦɟɧɧɨɦ ɪɚɫɩɵɥɟɧɢɢ. 

Ɇɟɬɨɞ ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ: 

- Ɉɞɧɨ- ɢ ɦɧɨɝɨɫɥɨɣɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɥɟɧɨɤ ɞɥɹ ɦɢɤ-

ɪɨɷɥɟɤɬɪɨɧɢɤɢ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɭɫɬɪɨɣɫɬɜ, ɧɚɩɪɢɦɟɪ Al , Mo, Mo/Au, Ta, 

Ta/Au, Ti, Ti/Au, Ti/Pd/Au, Ti/Pd/Cu/Au, Cr, Cr/Au, Cr/Pd/Au, Ni-Cr, W, W-Ti/Au, 

W/Au. 

- ɉɥɟɧɨɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ, ɧɚɩɪɢɦɟɪ, 

WSi2, TaSi2, MoSi2, PtSi. 

- Ȼɚɪɶɟɪɧɵɯ ɫɥɨɟɜ ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɦɟɬɚɥɥɢɡɚɰɢɢ, ɧɚɩɪɢɦɟɪ, TiN, 

WTi. 

- Ɇɚɝɧɢɬɧɵɯ ɩɥɟɧɨɤ ɞɥɹ ɡɚɩɢɫɢ ɢɧɮɨɪɦɚɰɢɢ, ɧɚɩɪɢɦɟɪ, Fe-Al -Si, Co-Nb-

Zr, Co-Cr, Fe-Ni-Mo, Fe-Si, Co-Ni-Cr, Co-Ni-Si. 

- Ɉɩɬɢɱɟɫɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ (ɨɬɪɚɠɚɸɳɢɟ, ɱɚɫɬɢɱɧɨ ɨɬɪɚ-

ɠɚɸɳɢɟ), ɧɚɩɪɢɦɟɪ, Cr, Al , Ag. 

- Ɉɩɬɢɱɟɫɤɢɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ (ɚɧɬɢɛɥɢɤɨɜɵɟ ɢ ɫɟɥɟɤɬɢɜɧɨ 

ɨɬɪɚɠɚɸɳɢɟ), ɧɚɩɪɢɦɟɪ, MgO, TiO2, ZrO2. 

- Ɉɩɬɢɱɟɫɤɢɯ ɩɪɨɡɪɚɱɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ, ɧɚɩɪɢɦɟɪ, InO2, SnO2, In-Sn-O. 

- ɗɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, Cr2O3, RuO2. 

- ɂɡɧɨɫɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ, ɧɚɩɪɢɦɟɪ, TiN (Ti-Al )N, Ti(C-N), CrN, Al 2O3, 

TiB2. 

- Ⱦɟɤɨɪɚɬɢɜɧɵɯ, ɧɚɩɪɢɦɟɪ. Cr, ɫɩɥɚɜɵ Cr, ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ. 

- Ⱦɟɤɨɪɚɬɢɜɧɵɯ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɯ, ɧɚɩɪɢɦɟɪ, TiC, TiN, ZrN, Ti(CN), (Ti-

Al )N, Cr, Ni-Cr, CrN, HfN. 
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- Ⱥɜɬɨɧɨɦɧɵɯ ɫɬɪɭɤɬɭɪ [22, 23]. 

Ɏɢɡɢɱɟɫɤɨɟ ɪɚɫɩɵɥɟɧɢɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹɳɟɟ, ɱɟɦ ɜɚɤɭɭɦ-

ɧɨɟ ɢɫɩɚɪɟɧɢɟ. Ɍ.ɨ., ɜɵɛɨɪ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɧɨɝɨ 

ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɫɜɨɢɯ ɩɪɟɢɦɭɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɞɨɥɝɨɫɪɨɱɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɢɫɩɚ-

ɪɟɧɢɹ ɢ ɞɪ. 

Ɉɩɢɫɚɧɢɟ ɤɨɧɰɟɩɰɢɢ ɢ ɩɪɢɦɟɧɟɧɢɹ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ (ion plating) ɜɩɟɪ-

ɜɵɟ ɩɨɹɜɢɥɨɫɶ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɜ 1964 ɝɨɞɭ Д24-26]. ɗɬɨɬ ɦɟɬɨɞ ɢɡɧɚɱɚɥɶ-

ɧɨ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɚɞɝɟɡɢɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɥɟɧɨɤ, 

ɩɨɥɭɱɟɧɧɵɯ ɮɢɡɢɱɟɫɤɢɦɢ ɝɚɡɨɮɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɉɨɡɞɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɢɨɧɧɚɹ ɛɨɦɛɚɪɞɢɪɨɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɜɨɣɫɬɜɚɦɢ 

ɩɥɟɧɨɤ, ɬɚɤɢɦɢ ɤɚɤ ɩɥɨɬɧɨɫɬɶ ɢ ɨɫɬɚɬɨɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟД27-30].  

ɋɭɳɟɫɬɜɭɟɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ. 

Ⱦɥɹ ɦɟɬɨɞɚ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɜ ɩɥɚɡɦɟ (ЩХКЬЦК-ЛКЬОН ТШЧ ЩХКЭТЧР) ɨɬɪɢɰɚɬɟɥɶɧɨ 

ɡɚɪɹɠɟɧɧɚɹ ɩɨɞɥɨɠɤɚ ɛɨɦɛɚɪɞɢɪɭɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɢɨɧɚɦɢ ɭɫɤɨɪɹɸɳɢ-

ɦɢɫɹ ɢɡ ɩɥɚɡɦɵ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɞɥɨɠɤɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɚ ɤɚɤ 

ɜ ɨɛɥɚɫɬɢ ɝɟɧɟɪɚɰɢɢ ɩɥɚɡɦɵ, ɬɚɤ ɢ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɚɤɬɢɜɧɨɣ ɨɛɥɚɫ-

ɬɢ ɩɥɚɡɦɨɨɛɪɚɡɨɜɚɧɢɹ. ȼ ɜɚɤɭɭɦɧɨɦ ɢɨɧɧɨɦ ɨɫɚɠɞɟɧɢɢ (ЯКМЮЮЦ-based ion 

ЩХКЭТЧР) ɩɥɟɧɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɥɭɱɚɸɬ ɜ ɜɚɤɭɭɦɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɨɦɛɚɪɞɢɪɨɜɤɢ 

ɦɢɲɟɧɢ ɢɡ ɢɨɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ (ɢɨɧɧɨɣ ɩɭɲɤɢ) [31Ж. Ⱦɥɹ ɜɚɤɭɭɦɧɨɝɨ ɦɟɬɨɞɚ ɢɫ-

ɬɨɱɧɢɤ ɢɫɩɚɪɟɧɢɹ ɢ ɢɫɬɨɱɧɢɤ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢɨɧɨɜ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟ-

ɥɟɧɵ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɢɨɧɧɨ-ɥɭɱɟɜɵɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɨɫɚɠɞɟ-

ɧɢɟɦ (IШЧ BОКЦ AЬЬТЬЭОН DОЩШЬТЭТШЧ) Д32]. 

ɑɚɫɬɨ ɬɟɪɦɢɧ «ɢɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ» ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɞɨɩɨɥ-

ɧɟɧɢɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ: ɪɟɚɤɬɢɜɧɨɟ ɢɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ; ɯɢɦɢɱɟɫɤɨɟ ɢɨɧɧɨɟ ɨɫɚɠ-

ɞɟɧɢɟ; ɩɟɪɟɦɟɧɧɨɟ ɢɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ; ɞɭɝɨɜɨɟ ɢɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɢ ɬ.ɞ., ɤɨɬɨ-

ɪɵɟ ɭɤɚɡɵɜɚɸɬ ɧɚ ɢɫɬɨɱɧɢɤ ɨɫɚɠɞɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼɚɠɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɢ ɧɟɪɟɚɤɬɢɜɧɨɦ ɢɨɧɧɨɦ ɨɫɚɠɞɟɧɢɢ ɹɜɥɹɸɬɫɹ 

ɦɚɫɫɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɢ ɨɬɧɨɲɟɧɢɟ ɩɨɬɨɤɨɜ 

ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɢ ɨɫɚɠɞɚɟɦɵɯ ɚɬɨɦɨɜ. Ɉɬɧɨɲɟɧɢɟ ɩɨɬɨɤɨɜ (ɢɨ-

ɧɵ/ɚɬɨɦɵ) ɦɨɠɟɬ ɛɵɬɶ ɨɬ 1:10, ɟɫɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢɨɧɵ 
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(>500 ɷȼ) ɞɨ 10:1, ɟɫɥɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢɨɧɵ (<10 ɷȼ). ȼɵ-

ɲɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɪɨɜɧɹ ɷɧɟɪɝɢɢ ɨɬɧɨɲɟɧɢɟ ɩɨɬɨɤɨɜ  ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɜɚɠɧɵɦ 

ɩɚɪɚɦɟɬɪɨɦ ɩɪɢ ɦɨɞɢɮɢɤɚɰɢɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɱɟɦ ɷɧɟɪɝɢɹ ɛɨɦɛɚɪɞɢɪɭɸ-

ɳɢɯ ɱɚɫɬɢɰ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɦɟɞɢ ɷɬɚ ɷɧɟɪɝɢɹ ɫɨɫɬɚɜɥɹɟɬ з β00 ɷȼ. ȼɵɫɨɤɨɷɧɟɪ-

ɝɟɬɢɱɟɫɤɚɹ ɢ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɛɨɦɛɚɪɞɢɪɨɜɤɚ ɨɤɚɡɵɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɷɮɮɟɤ-

ɬɵ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ. ɇɚɩɪɢɦɟɪ, ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɛɨɦɛɚɪɞɢ-

ɪɨɜɤɚ (з 5 ɷȼ) ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɚɬɨɦɨɜ ɢ ɢɫɩɨɥɶɡɭɟɬ-

ɫɹ ɞɥɹ ɷɩɢɬɚɤɫɢɚɥɶɧɨɝɨ ɪɨɫɬɚ ɩɥɟɧɨɤ Д33Ж, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ 

ɛɨɦɛɚɪɞɢɪɨɜɤɚ ɜ ɰɟɥɨɦ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ ɝɚɡɚ Д34], 

ɭɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɵɦ ɜ ɩɪɨɰɟɫɫɟ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ. 

Ɇɟɬɨɞɵ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: 

- Ɉɬɥɢɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

- ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɧɚ ɦɟɫɬɟ. 

- ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɧɚɝɪɟɜɚ ɢ ɞɟɮɟɤɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɧɟ-

ɫɤɨɥɶɤɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɦɨɧɨɫɥɨɟɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚ-

ɧɢɹ, ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ ɢ ɞɢɮɮɭɡɢɢ. 

- Ⱦɨɫɬɢɠɟɧɢɟ ɯɨɪɨɲɟɣ ɚɞɝɟɡɢɢ ɞɥɹ ɦɧɨɝɢɯ ɫɢɫɬɟɦ. 

- Ƚɢɛɤɨɫɬɶ ɜ ɩɨɥɭɱɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ (ɦɨɪɮɨɥɨɝɢɢ, ɩɥɨɬɧɨ-

ɫɬɢ, ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ), ɩɭɬɟɦ ɤɨɧɬɪɨɥɹ ɭɫɥɨɜɢɣ ɛɨɦɛɚɪɞɢɪɨɜɤɢ. 

- ɂɫɬɨɱɧɢɤ ɧɚɧɟɫɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɦɨɠɟɬ ɛɵɬɶ ɨɬ ɬɟɩɥɨɜɨɝɨ ɢɫɩɚɪɟɧɢɹ, 

ɪɚɫɩɵɥɟɧɢɹ, ɞɭɝɨɜɨɝɨ ɢɫɩɚɪɟɧɢɹ ɢ ɞɪ. 

- ɍɥɭɱɲɟɧɢɟ ɪɟɚɤɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɫɚɠɞɟɧɢɹ – ɚɤɬɢɜɚɰɢɹ ɯɢɦɢɱɟɫɤɢ ɚɤ-

ɬɢɜɧɵɯ ɝɚɡɨɜ. 

- ȼ ɩɪɨɰɟɫɫɟ ɢɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɫɚɠɞɟɧɢɹ (IBAD ) ɦɨɠɧɨ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɢɨɧɨɜ ɤ ɨɫɚɠɞɚɸɳɢɦɫɹ ɚɬɨɦɚɦ 

[27,28]. 

ɂɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɢɦɟɟɬ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ: 
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- Ȼɨɥɶɲɨɟ ɱɢɫɥɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɤɨɧɬɪɨ-

ɥɢɪɨɜɚɬɶɫɹ. 

- Ⱦɟɫɨɪɛɰɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɥɚɡɦɵ ɫ ɩɨɜɟɪɯ-

ɧɨɫɬɶɸ. 

- Ɂɚɝɪɹɡɧɟɧɢɟ ɚɤɬɢɜɢɪɭɟɬɫɹ ɜ ɩɥɚɡɦɟ ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɩɪɨɰɟɫɫɚ. 

- ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɝɚɡɨɜɵɯ ɱɚɫɬɢɰ, 

ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɜɧɟɞɪɟɧɵ ɜ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞɥɨɠɤɢ ɢ ɨɫɚɠɞɚɟɦɨɣ ɩɥɟɧɤɢ. 

- ɇɚɝɪɟɜ ɩɨɞɥɨɠɤɢ ɦɨɠɟɬ ɛɵɬɶ ɱɪɟɡɦɟɪɧɵɦ. 

- Ɉɛɪɚɡɨɜɚɧɢɟ ɜ ɩɥɟɧɤɚɯ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɠɚ-

ɬɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɚɬɨɦɧɵɦ ɭɩɥɨɬɧɟɧɢɟɦ. 

Ɍɟɯɧɢɤɚ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɨɤɪɵɬɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɬɪɟ-

ɛɭɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɧɮɢ-

ɝɭɪɚɰɢɹ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɜ ɩɥɚɡɦɟ: 

- Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɯɨɪɨɲɟɣ ɚɞɝɟɡɢɢ ɦɟɠɞɭ ɩɥɟɧɤɨɣ ɢ ɩɨɞɥɨɠɤɨɣ. ɇɚɩɪɢ-

ɦɟɪ Ag ɧɚ ɫɬɚɥɢ ɞɥɹ ɡɟɪɤɚɥ ɢ ɩɨɞɲɢɩɧɢɤɨɜ, Ag ɧɚ Be ɞɥɹ ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ 

[35,36]. 

- ɗɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɫɥɨɟɜ, ɧɚɩɪɢɦɟɪ, Al , Ag, Au ɧɚ ɩɥɚɫɬɢɤɚɯ ɢ ɩɨɥɭ-

ɩɪɨɜɨɞɧɢɤɚɯ. 

- ɂɡɧɨɫɨɫɬɨɣɤɢɯ ɩɨɤɪɵɬɢɣ, ɧɚɩɪɢɦɟɪ, TiN, TiCxNy, Ti0.5Al0.5N [37Ж ɧɚ ɪɟ-

ɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɚɯ, ɸɜɟɥɢɪɧɵɯ ɢɡɞɟɥɢɹɯ ɢ ɬ.ɞ. 

- Ⱦɟɤɨɪɚɬɢɜɧɵɯ ɩɨɤɪɵɬɢɣ (TiN – ɡɨɥɨɬɢɫɬɨɟ ɩɨɤɪɵɬɢɟ, TiCxNy – ɪɨɡɨɜɨɟ 

ɩɨɤɪɵɬɢɟ, Tiɋ – ɱɟɪɧɨɟ ɩɨɤɪɵɬɢɟ, ZrN – ɥɚɬɭɧɧɨɟ ɩɨɤɪɵɬɢɟ), ɧɚɩɪɢɦɟɪ, ɧɚ 

ɨɛɨɪɭɞɨɜɚɧɢɢ, ɸɜɟɥɢɪɧɵɯ ɢɡɞɟɥɢɹɯ, ɨɪɭɠɢɢ, Д38Ж ɫɬɨɥɨɜɵɯ ɩɪɢɛɨɪɚɯ. 

- Ʉɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɧɚɩɪɢɦɟɪ, Al  ɧɚ U, [39Ж ɦɹɝɤɨɣ ɫɬɚɥɢ ɢ Ti; ɋ 

ɧɚ Ɍɚ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢɦɩɥɚɧɬɚɬɚɯ. 

- ɇɚɧɟɫɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ, ɧɚɩɪɢɦɟɪ, HfN 

ɢ TiN ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ. 

- ɇɚɧɟɫɟɧɢɟ ɢɡɨɥɹɰɢɨɧɧɵɯ ɩɥɟɧɨɤ, ɧɚɩɪɢɦɟɪ, Al2O3, SiO2, ZrO2. 
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- ɇɚɧɟɫɟɧɢɟ ɨɩɬɢɱɟɫɤɢ ɩɪɨɡɪɚɱɧɵɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɯ ɫɥɨɟɜ (ɨɤɫɢɞ ɢɧ-

ɞɢɹ ITO) [40]. 

- ɇɚɧɟɫɟɧɢɟ ɛɚɪɶɟɪɨɜ ɩɪɨɧɢɤɧɨɜɟɧɢɹ Д41]. 

Ɇɟɬɨɞ ɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɤɪɵɬɢɹ ɨɱɟɧɶ ɛɨɥɶɲɢɯ 

ɫɬɪɭɤɬɭɪɧɵɯ ɱɚɫɬɟɣ ɚɥɸɦɢɧɢɟɦ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ Д42Ж. ɂɨɧɧɨɟ ɨɫɚɠɞɟ-

ɧɢɟ ɩɨɤɪɵɬɢɣ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɚɞɝɟɡɢɨɧɧɵɯ ɫɥɨ-

ɟɜ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɨɫɚɠɞɟɧɢɹ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ Д43,44]. 

ɂɨɧɧɨɟ ɨɫɚɠɞɟɧɢɟ ɜ ɜɚɤɭɭɦɟ (VКМЮЮЦ-BКЬОН IШЧ PХКЭТЧР) ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ: 

- ɉɥɨɬɧɵɟ ɨɩɬɢɱɟɫɤɢɟ ɩɨɤɪɵɬɢɹ, ɧɚɩɪɢɦɟɪ, ɫ ɜɵɫɨɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟ-

ɥɨɦɥɟɧɢɹ (ZrO2, TiO2, ZnS), ɫ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɪɟɥɨɦɥɟɧɢɹ (SiO2, 

MgF2). 

- Ʉɨɦɩɨɡɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɪɟɚɤ-

ɬɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (CuO, Cu2O) [45]. 

- Ʉɨɪɪɨɡɢɨɧɧɨ-ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ Д46]. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɪɚɫɩɵɥɟɧɢɟ ɛɵɥɨ ɷɮɮɟɤɬɢɜɧɵɦ, ɦɚɫɫɚ ɢɨɧɨɜ ɞɨɥɠɧɚ 

ɛɵɬɶ ɛɥɢɡɤɚ ɤ ɦɚɫɫɟ ɚɬɨɦɨɜ ɪɚɫɩɵɥɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ɋɤɨɪɨɫɬɶ ɪɚɫɩɵɥɟɧɢɹ ɜɟ-

ɳɟɫɬɜɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɵɥɟɧɢɹ ɦɢɲɟɧɢ (Ʉ), ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɤɨɥɢ-

ɱɟɫɬɜɭ ɪɚɫɩɵɥɟɧɧɵɯ ɚɬɨɦɨɜ ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɨɞɧɭ ɛɨɦɛɚɪɞɢɪɭɸɳɭɸ ɱɚɫɬɢɰɭ.  

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɩɵɥɟɧɢɹ ɩɥɟɧɨɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɬɚ-

ɧɨɜɤɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɪɦɨɷɦɢɫɫɢɟɣ ɷɥɟɤɬɪɨɧɨɜ. ɂɨɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɫ ɜɵɫɨ-

ɤɨɱɚɫɬɨɬɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɡɜɨɥɹɸɬ ɪɚɫɩɵɥɹɬɶ ɧɟ ɬɨɥɶɤɨ ɩɪɨɜɨɞɹɳɢɟ ɦɚɬɟ-

ɪɢɚɥɵ, ɧɨ ɢ ɞɢɷɥɟɤɬɪɢɤɢ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɪɟɚɤɬɢɜɧɨɝɨ ɩɪɢ-

ɝɨɬɨɜɥɟɧɢɹ ɧɢɬɪɢɞɨɜ ɢ ɨɤɫɢɞɨɜ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɫ ɚɡɨɬɨɦ ɢɥɢ ɤɢɫɥɨɪɨɞɨɦ. 

 

1.2. Ɇɟɬɨɞɵ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

 

Ɇɟɬɨɞɢɤɢ ɡɚɤɚɥɤɢ ɢɡ ɪɚɫɩɥɚɜɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

1) ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɬɨɧɤɭɸ ɩɥɟɧɤɭ ɢ ɟɝɨ ɨɯɥɚɠɞɟɧɢɟ ɱɟɪɟɡ 

ɬɟɩɥɨɩɪɨɜɨɞɹɳɭɸ ɦɚɫɫɭ; β) ɜɵɬɹɝɢɜɚɧɢɟ ɬɨɧɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɢɬɟɣ ɢɡ ɪɚɫ-
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ɩɥɚɜɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ ɨɯɥɚɠɞɟɧɢɟɦ; γ) ɞɪɨɛɥɟɧɢɟ ɪɚɫɩɥɚɜɚ ɢ ɢɧɬɟɧɫɢɜɧɨɟ 

ɨɯɥɚɠɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ. 

Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɦɟɬɨɞɢɤ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (Ɂɀɋ) ɨɫɧɨ-

ɜɚɧɨ ɧɚ ɨɬɜɨɞɟ ɬɟɩɥɚ ɨɬ ɬɨɧɤɨɝɨ ɫɥɨɹ ɪɚɫɩɥɚɜɚ ɜ ɩɨɞɥɨɠɤɭ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ Д47,48Ж. Ɉɯɥɚɠɞɚɟ-

ɦɵɟ ɩɨɞɥɨɠɤɢ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɧɟɩɨɞɜɢɠɧɵɦɢ, ɬɚɤ ɢ ɩɨɞɜɢɠɧɵɦɢ (ɧɚɩɪɢɦɟɪ, 

ɜɪɚɳɚɸɳɢɟɫɹ ɜɚɥɤɢ) Д47-52Ж. ȼ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɚɯ ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɭɫɬɨɪɨɧɧɟɟ, 

ɨɞɧɨɫɬɨɪɨɧɧɟɟ ɢ ɨɯɥɚɠɞɟɧɢɟ ɜ ɫɬɪɭɟ ɠɢɞɤɨɫɬɢ ɥɢɛɨ ɝɚɡɚ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɧɟ-

ɫɤɨɥɶɤɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɦɟɬɨɞɚ ɨɯɥɚɠɞɟɧɢɹ. ȼ ɨɞɧɨɣ ɢɡ ɧɢɯ, 

ɠɢɞɤɚɹ ɤɚɩɥɹ, ɫ ɩɨɦɨɳɶɸ ɞɜɢɠɭɳɢɯɫɹ ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ ɦɟɞɧɵɯ ɩɥɚɫɬɢɧ, 

ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɬɨɧɤɭɸ ɩɥɟɧɤɭ. ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɟ ɪɚɡ-

ɧɨɜɢɞɧɨɫɬɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ Д53,54Ж. ȼ ɬɚɤɢɯ ɦɨɞɢɮɢɤɚɰɢɹɯ ɨɯɥɚɠɞɚɸɳɢɟ ɩɥɚ-

ɫɬɢɧɵ ɡɚɦɟɧɟɧɵ ɞɢɫɤɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɫɠɚɬɵɦ ɝɚɡɨɦ, ɢ ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ ɠɢɞɤɨɣ ɤɚɩɥɢ ɜ ɩɥɟɧɤɭ. 

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚɤɚɥɤɨɣ ɢɡ 

ɠɢɞɤɨɣ ɮɚɡɵ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɬɨɪɵɯ ɧɟ ɩɪɟɞɴɹɜɥɹɥɢɫɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨ-

ɜɚɧɢɹ ɤ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɨɞɧɚɤɨ ɩɪɨɰɟɫɫ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɫɢɥɭ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɟɬɨɞɚ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɭɫɥɨɜɢɹɯ ɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

Ʉ ɬɚɤɢɦ ɦɟɬɨɞɚɦ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɬɧɨɫɹɬɫɹ ɜɵɬɹɝɢɜɚɧɢɟ ɥɢɬɨɝɨ ɦɢɤɪɨɩɪɨɜɨɞɚ ɢ 

ɩɨɥɭɱɟɧɢɟ ɩɨɪɨɲɤɨɜ ɩɭɬɟɦ ɪɚɫɩɵɥɟɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ ɢɡ ɬɭɝɨɩɥɚɜɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɥɚɡɦɟɧ-

ɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɥɚɜɢɬɶ ɦɟɬɚɥɥ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟɣ ɢɥɢ ɨɛɵɱɧɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɨɣ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ. 

ɋɪɟɞɢ ɛɨɥɶɲɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɦɟɬɨɞɨɜ Ɂɀɋ Д47,48,51,52,55-58Ж, ɜ ɧɚ-

ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ. ȼ 

ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɫɬɪɭɹ ɪɚɫɩɥɚɜɚ ɩɨɩɚɞɚɟɬ ɧɚ ɜɧɟɲɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɜɪɚɳɚɸɳɟ-

ɝɨɫɹ ɡɚɤɚɥɨɱɧɨɝɨ ɜɚɥɤɚ ɢ ɡɚɬɜɟɪɞɟɜɚɟɬ ɜ ɮɨɪɦɟ ɬɨɧɤɨɣ ɥɟɧɬɵ. Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ 

ɦɟɬɨɞɢɤɢ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ ɪɚɫɩɥɚɜɚ ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ ɮɚɤɬɨɪɵ ɤɚɤ ɜɵɫɨɤɢɟ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɶ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɭɞɨɛɧɚɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɚ ɫɟ-

ɱɟɧɢɹ ɨɛɪɚɡɰɨɜ. 
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ɉɪɨɰɟɫɫ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ ɪɚɫɩɥɚɜɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɰɟɥɵɣ ɪɹɞ ɩɚɪɚɦɟɬ-

ɪɨɜ, ɨɬ ɫɨɱɟɬɚɧɢɹ ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɥɟɧɬ, ɢɯ ɤɚɱɟɫɬɜɨ 

ɢ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ. ɋɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ Ɂɀɋ. Ɉɰɟɧɤɚ ɢ ɤɨɧɬɪɨɥɶ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɱɪɟɡɜɵ-

ɱɚɣɧɨ ɜɚɠɧɵ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɡɚɤɚɥɤɢ, ɢ ɫɜɨɣɫɬɜ ɩɨɥɭɱɚɟɦɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ  ɫɨ-

ɫɬɨɹɧɢɹɯ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɜɚɠɧɟɣɲɢɦ ɩɚɪɚɦɟɬɪɨɦ ɩɪɨɰɟɫɫɚ Ɂɀɋ ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɫɩɥɚɜɚ ɢ ɩɨɞɥɨɠɤɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɥɳɢɧɵ ɡɚ-

ɬɜɟɪɞɟɜɚɸɳɢɯ ɫɥɨɟɜ.  

 

1.3 ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɮɢɡɢɱɟɫɤɨɝɨ 
ɨɫɚɠɞɟɧɢɹ 

 

1.γ.1 Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɬɨɧɤɢɯ ɩɥɟɧɨɤ 

ȼ ɫɥɭɱɚɟ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ ɦɟɬɨɞɚɦɢ ɢɫɩɚɪɟɧɢɹ ɨɫɧɨɜɧɵɦɢ ɩɟɪɟɦɟɧɧɵ-

ɦɢ ɹɜɥɹɸɬɫɹ: 1) ɩɪɢɪɨɞɚ ɩɨɞɥɨɠɤɢ; β) ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ ɜɨ ɜɪɟɦɹ ɨɫɚɠɞɟ-

ɧɢɹ; γ) ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ; 4) ɬɨɥɳɢɧɚ ɨɫɚɠɞɟɧɧɨɝɨ ɫɥɨɹ; 5) ɭɝɨɥ ɩɚɞɟɧɢɹ ɩɨ-

ɬɨɤɚ ɨɫɚɠɞɚɸɳɢɯɫɹ ɱɚɫɬɢɰ; 6) ɞɚɜɥɟɧɢɟ ɢ ɩɪɢɪɨɞɚ ɝɚɡɨɜɨɣ ɫɪɟɞɵ. Ɏɨɪɦɢɪɨɜɚ-

ɧɢɟ ɡɚɪɨɞɵɲɟɣ ɩɪɨɢɫɯɨɞɢɬ ɜ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɹɯ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɩɨɞɥɨɠɤɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɪɨɫɬ ɩɨ ɜɫɟɦɭ ɮɪɨɧɬɭ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɢ ɩɨ ɬɨɥɳɢɧɟ (ɨɫɬɪɨɜɤɨɜɚɹ ɫɬɚɞɢɹ ɪɨɫɬɚ). ȼ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɨɛɪɚɡɭ-

ɟɬɫɹ ɫɩɥɨɲɧɚɹ ɩɥɟɧɤɚ. Ɍɢɩ ɩɨɞɥɨɠɤɢ (ɚɦɨɪɮɧɚɹ, ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɢ ɬ.ɞ.), 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɩɪɨɰɟɫɫɟ ɮɢɡɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɬɪɭɤ-

ɬɭɪɨɨɛɪɚɡɨɜɚɧɢɢ ɬɨɧɤɢɯ ɩɥɟɧɨɤ. ɉɪɢɦɟɧɟɧɢɟ ɚɦɨɪɮɧɵɯ ɩɨɞɥɨɠɟɤ ɩɨɡɜɨɥɹɟɬ 

ɢɡɨɥɢɪɨɜɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɨɬɞɟɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɨɫɚɠɞɟɧɢɹ ɧɚ ɪɚɡɜɢɬɢɟ ɬɟɤ-

ɫɬɭɪɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɞɥɨɠɤɢ ɩɪɢɜɨɞɹɬ ɤ ɫɦɟɳɟɧɢɸ 

ɬɟɤɫɬɭɪɵ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɭɫɥɨɜɢɹɦɢ ɨɫɚɠɞɟ-

ɧɢɹ. ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɨɫɚɠɞɟɧɢɟ ɧɚ ɚɦɨɪɮɧɵɟ ɩɨɞɥɨɠɤɢ ɜ ɩɪɨɰɟɫɫɟ ɡɚɪɨ-
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ɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɪɢɟɧɬɢɪɨɜɤɟ ɨɫɬɪɨɜɤɨɜ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. ɉɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɚɠɞɟɧɢɹ, ɬɟɤɫɬɭɪɚ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɭɫɬɚɧɚɜɥɢɜɚɬɶ-

ɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. ɉɪɢɫɭɬɫɬɜɢɟ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɤ ɩɥɨɫɤɨɫɬɹɦ ɫ ɢɧɞɟɤɫɚɦɢ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɩɨ-

ɪɹɞɤɚ. Ɍ.ɨ., ɤɢɧɟɬɢɤɚ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɷɧɟɪɝɢɢ ɚɬɨɦɨɜ, ɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ, ɞɟɮɟɤɬɨɜ ɪɟɲɟɬɤɢ, ɩɨɜɟɪɯɧɨɫɬ-

ɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɡɚɝɪɹɡɧɟɧɢɹ. 

Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɫɚɠɞɟɧɧɵɯ ɩɥɟɧɤɚɯ ɛɵɜɚɸɬ ɞɜɭɯ ɬɢɩɨɜ. ɉɟɪ-

ɜɵɣ ɬɢɩ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ ɜɵɫɬɪɚɢɜɚɧɢɹ ɚɬɨɦɨɜ ɜ ɩɪɨɰɟɫ-

ɫɟ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ ɢ ɪɨɫɬɚ ɡɟɪɟɧ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɚɠɞɟɧɢɹ ɜɵɡɵ-

ɜɚɟɬ ɡɚɦɟɬɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɷɬɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Д59Ж. Ⱦɪɭɝɢɦ ɢɫɬɨɱɧɢ-

ɤɨɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨ-

ɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɨɞɥɨɠɤɢ ɢ ɨɫɚɠɞɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȿɟ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ 

ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨɥɳɢɧɵ ɢ ɪɚɡɦɟɪɨɜ 

ɩɨɞɥɨɠɤɢ ɢ ɨɫɚɠɞɟɧɧɨɣ ɩɥɟɧɤɢ. 

 

1.γ.β Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɨɧɤɢɯ ɩɥɟɧɨɤ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɌɄɋ) ɢ ɧɟɤɨɬɨɪɵɯ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ (ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɪɚɠɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ ɢ ɞɪ.) ɩɨɞ-

ɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɪɚɛɨɬɟ Д60Ж. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 

ɢɦɟɸɬ ɧɟɤɨɬɨɪɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɜ ɫɢɥɭ ɧɟɞɨɫɬɨɜɟɪ-

ɧɨɫɬɢ ɢ ɧɟɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧ ɫɪɟɞɧɟɝɨ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ, ɬɨɥɳɢɧɵ 

ɩɥɟɧɨɤ ɢ ɞɪ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟ ɜɫɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɱɧɵɯ 

ɫɬɪɭɤɬɭɪ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɨɫɬɚɬɨɱɧɭɸ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɱɢɫɬɨɬɭ 

ɩɥɟɧɨɤ.  

ȼ ɪɹɞɟ ɪɚɛɨɬ ɭɤɚɡɵɜɚɟɬɫɹ ɩɪɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɩɨɜɟɞɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɜ ɬɨɧɤɢɯ ɩɥɟɧɤɚɯ ɢ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɚɯ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɨɜɟɞɟɧ ɪɹɞ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɧɚ ɷɥɟɤɬɪɨɫɨɩɪɨ-

ɬɢɜɥɟɧɢɟ [61-63]. ȼ ɪɚɛɨɬɟ [61] ɭɫɬɚɧɨɜɥɟɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɪɨɫɬɚ ɷɥɟɤɬɪɨɫɨ-
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ɩɪɨɬɢɜɥɟɧɢɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɥɟɧɨɤ ɢ ɩɨɧɢɠɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɢɫɩɚɪɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ Д64-66] ɨɬɨɛɪɚɠɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ 

ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨ-

ɜɢɹɯ. Ɍɚɤ ɜ ɪɚɛɨɬɟ Д64] ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɤɨɷɪɰɢɬɢɜɧɨɫɬɢ ɩɥɟɧɨɤ MnBi ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɞɭɝɨɜɨɣ ɩɥɚɜɤɢ ɢ 

ɭɫɬɚɧɨɜɥɟɧ ɪɨɫɬ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɦɚɤɫɢɦɭɦɨɦ 

ɩɪɢ 540 Ʉ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɢɣ ɫɩɚɞ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɚɪɞɚ ɮɟɪɪɨɦɚɝ-

ɧɢɬɧɨɣ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ MnBi. 

 

1.3.3 Ɋɚɡɦɟɪɧɵɟ ɷɮɮɟɤɬɵ ɜ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪɚɯ. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɜɚɧɬɨɜɵɯ ɪɚɡɦɟɪɧɵɯ ɷɮɮɟɤɬɨɜ (ɄɊɗ) 

ɩɨɥɭɦɟɬɚɥɥɨɜ ɢ ɦɟɬɚɥɥɨɜ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɪɚɠɟɧɵ ɜ ɨɛɡɨɪɚɯ Д67, 68Ж. Ʉɚɤ ɢɡ-

ɜɟɫɬɧɨ, ɤɜɚɧɬɨɜɵɣ ɪɚɡɦɟɪɧɵɣ ɷɮɮɟɤɬ ɩɪɨɹɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɪɚɡɦɟɪ ɫɢɫɬɟɦɵ ɫɬɚ-

ɧɨɜɢɬɫɹ ɫɪɚɜɧɢɦɵɦ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. ȼ ɞɜɭɦɟɪɧɵɯ ɫɢɫɬɟɦɚɯ, ɬɚɤɢɯ ɤɚɤ ɩɥɟɧɤɢ 

ɢ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪɵ, ɜ ɤɨɬɨɪɵɯ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɨɝɪɚɧɢɱɟɧɨ ɜ ɨɞɧɨɦ ɢɡ ɬɪɟɯ 

ɧɚɩɪɚɜɥɟɧɢɣ, ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɫɥɟɞɫɬɜɢɣ ɩɪɨɹɜɥɟɧɢɹ ɄɊɗ ɹɜɥɹɟɬɫɹ ɩɨɹɜ-

ɥɟɧɢɟ ɨɫɰɢɥɥɹɰɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɦɟɧ-

ɬɚɪɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɨɥɳɢɧɵ (ɫ ɩɟɪɢɨɞɨɦ ɪɚɜɧɵɦ ɩɨɥɨɜɢɧɟ 

ɞɥɢɧɵ ɜɨɥɧɵ ɞɟ Ȼɪɨɣɥɹ).. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɹɜɥɟɧɢɹ ɄɊɗ ɜ ɧɟɤɨɬɨɪɵɯ ɩɥɟɧɤɚɯ 

ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭ-

ɪɵ ɩɥɚɜɥɟɧɢɹ, ɫɦɟɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ). ɉɪɢ ɨɩɪɟɞɟ-

ɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɞɚɧɧɵɯ ɩɥɟɧɤɚɯ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɫɬɚɛɢɥɢɡɚɰɢɹ 

ɮɚɡ, ɧɟ ɧɚɛɥɸɞɚɟɦɵɯ ɜ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɚɯ. ȼ ɪɚɛɨɬɟ Д69Ж ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨ-

ɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢ ɫɦɟɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟ-

ɜɪɚɳɟɧɢɣ ɫ ɭɱɟɬɨɦ ɜɤɥɚɞɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɨɛɳɭɸ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ ɧɚɧɨɨɛɴ-

ɟɤɬɨɜ, ɚ ɜ ɪɚɛɨɬɟ Д70Ж ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ, ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɧɢɠɟɧɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɦɟɥɤɢɯ ɤɪɢɫɬɚɥɥɢɤɨɜ, ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɥɭɱɢɥɨ ɪɚɡɜɢ-

ɬɢɟ ɜ ɪɚɛɨɬɚɯ Д71-73]. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɞɟɬ ɪɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ ɪɚɡɦɟɪɧɵɯ ɷɮɮɟɤɬɨɜ ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɩɥɚɜɥɟɧɢɹ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɫɢɫɬɟɦ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɧɚɩɪɚɜɥɟ-

ɧɢɣ, ɩɨ ɤɨɬɨɪɵɦ ɢɞɟɬ ɟɟ ɪɚɡɜɢɬɢɟ Д74].  

 

1.4 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɹɞɚ ɩɪɨ-

ɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɰɟɫɫɚɦɢ ɨɫɚɠɞɟɧɢɹ ɬɨɧɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ ɢ 

ɮɨɥɶɝ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɢɡɭɱɟɧɢɟɦ ɢɯ ɫɜɨɣɫɬɜ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ 

ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢɡ-

ɜɟɫɬɧɵɯ ɦɟɬɨɞɢɤ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɨɩ-

ɪɟɞɟɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɨɛɪɚɡ-

ɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɡɚɤɚɥɤɨɣ ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ, ɱɬɨ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɪɟɲɚɥɢɫɶ ɫɥɟ-

ɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

• ɢɡɝɨɬɨɜɢɬɶ ɩɥɟɧɤɢ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢɲɟɧɟɣ, ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 

ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ ɨɛɪɚɡ-

ɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ; 

• ɨɩɪɟɞɟɥɢɬɶ ɭɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɮɚɡ, ɚ ɬɚɤɠɟ ɭɫɬɚ-

ɧɨɜɥɟɧɢɟ ɢɯ ɤɨɪɪɟɥɹɰɢɢ ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɚ; 

• ɭɫɬɚɧɨɜɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ 

ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɨɜɵɲɟɧɢɸ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɨɛɪɚɡɰɚɯ; 

• ɭɫɬɚɧɨɜɢɬɶ ɫɨɫɬɚɜɵ ɢ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɚɦɨɪɮɧɨɣ ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɩɥɟɧɤɚɯ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫ-

ɧɨɜɟ AХ. 
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ɊȺɁȾȿɅ 2  

 

ɆȺɌȿɊɂȺɅɕ ɂ ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ, ɩɪɢɦɟɧɹɟɦɵɟ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɧɚɩɵ-

ɥɟɧɢɟɦ ɢ ɡɚɤɚɥɤɨɣ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɟ-

ɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ 

ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢɲɟɧɟɣ: Mn, Bi, Ni ɢ 

Mo; ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ: MnBi, MnCr, CoBi, NiBi , MoBi ɢ FePt; ɬɪɟɯɤɨɦɩɨɧɟɧɬ-

ɧɵɯ: MnBiCr, NiBiW, FeBiMo, FeBiPt ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ: AlCuCo, 

AlCuFe, AlNiCo ɧɚ ɩɨɞɥɨɠɤɚɯ ɫɢɬɚɥɥɚ ɢ NaCl. 

 

2.1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɵɦɢ ɡɚɞɚɱɚɦɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, 

ɜɵɩɨɥɧɟɧ ɤɨɦɩɥɟɤɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɩɨɥɭɱɟɧɢɸ ɦɟɬɨɞɚɦɢ ɛɵɫɬɪɨ-

ɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɪɚɡɰɨɜ ɫ ɩɟɪɟ-

ɦɟɧɧɵɦ ɫɨɫɬɚɜɨɦ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɵɥɟɧɧɵɯ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ 

ɦɢɲɟɧɟɣ ɩɥɟɧɨɤ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ Mn, Bi, Ni ɢ Mo, ɩɨ-

ɥɭɱɟɧɧɵɯ ɜ ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ. 

ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɦɢɲɟɧɢ ɨɛɭɫɥɨɜɥɟɧ ɫɥɟɞɭɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ: 

1) ɉɨɥɢɦɨɪɮɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɪɹɞɚ ɤɨɦɩɨɧɟɧɬɨɜ ɨɛɪɚɡɭɸɬɫɹ ɬɨɥɶɤɨ 

ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ (Mn, Bi, Ni). Ʉɪɨɦɟ ɬɨɝɨ, Mn 

ɢɦɟɟɬ ɪɹɞ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɨɛɥɚɞɚɸɳɢɯ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɤ ɩɪɢɦɟɪɭ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ Į-Mn ɹɜɥɹɟɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨ ɯɪɭɩɤɢɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ Ȗ- ɢ ɨɬɱɚɫɬɢ ȕ-Mn – ɩɥɚɫɬɢɱɟɧ, ɱɬɨ ɹɜɥɹɟɬ-

ɫɹ ɧɟɦɚɥɨɜɚɠɧɵɦ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɩɥɚɜɨɜ ɦɚɪɝɚɧɰɚ Д75]. 
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2) ɋɩɥɚɜɵ ɭɤɚɡɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɚɦɢ ɞɚɸɬ ɜɨɡɦɨ-

ɠɧɨɫɬɶ ɩɨɜɵɫɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ. ɇɚɩɪɢɦɟɪ, 

ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɚɥɥɨɜ ɜ ɫɩɥɚɜɚɯ Mn ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɦɨɞɢɮɢɤɚ-

ɰɢɹɯ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɢɯ (Cu, Fe, Co, Ni ɫɬɚɛɢɥɢɡɢɪɭɸɬ Ȗ- ɦɨɞɢɮɢɤɚɰɢɸ) Д76], 

ɱɬɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ Mn ɩɨɞɞɚɸɳɢɯɫɹ ɩɥɚɫɬɢɱɟɫ-

ɤɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

3) Ɋɚɡɥɢɱɢɟɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɫɤɨ-

ɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɜɫɟ ɱɟɬɵɪɟ ɦɨɞɢɮɢɤɚɰɢɢ Mn ɩɨ ɪɚɡɧɨɦɭ ɪɚɫɬ-

ɜɨɪɹɸɬ ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ – ɫɚɦɚɹ ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ Ȗ-ɮɚɡɟ. Ȼɨɥɶ-

ɲɢɧɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɡɭɸɬ ɫ Mn ɨɛɥɚɫɬɢ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ 

[77]. 

4) Ɂɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ. Ɍɟ-

ɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɜɵɛɪɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚɯɨɞɹɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 544 

(Bi) ɞɨ γ695 Ʉ (W). Ⱦɚɧɧɵɣ ɮɚɤɬɨɪ ɨɩɪɟɞɟɥɹɟɬ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɜɫɟɝɨ ɫɩɥɚɜɚ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɨɤ ɨɬ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ Д78]. 

5) Ɋɚɡɧɨɨɛɪɚɡɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. ȼɵɛɪɚɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɩɪɟɞɫɬɚ-

ɜɥɹɸɬ ɫɨɛɨɣ ɪɚɡɥɢɱɧɵɟ ɤɥɚɫɫɵ ɦɚɬɟɪɢɚɥɨɜ: ɞɢɚɦɚɝɧɟɬɢɤ (Bi); ɩɚɪɚɦɚɝɧɟɬɢɤ 

(Mo); ɮɟɪɪɨɦɚɝɧɟɬɢɤ (Ni) ɢ ɚɧɬɢɮɟɪɪɨɦɚɝɧɟɬɢɤ (Mn). Ɇɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 

ɫɩɥɚɜɨɜ ɞɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɦɟɸɳɢɟ ɨɩɢɫɚɧɢɟ ɜ ɪɹɞɟ ɩɭɛɥɢɤɚɰɢɣ Д79-81], 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

 Ʉɪɨɦɟ ɩɨɥɭɱɟɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɥɟɧɨɤ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢɲɟ-

ɧɟɣ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɚ ɚɧɚɥɢɡɭ ɫɬɪɭɤɬɭɪɵ ɢ ɮɢɡɢɱɟɫ-

ɤɢɯ ɫɜɨɣɫɬɜ ɞɜɨɣɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ Bi-ɫɨɞɟɪɠɚɳɢɯ ɩɥɟɧɨɤ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɢɫɫɥɟɞɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɫɢɫɬɟɦɵ: ɮɟɪɪɨɦɚɝɧɟɬɢɤ – ɥɟɝɤɨɩɥɚɜɤɢɣ ɞɢɚɦɚɝɧɟɬɢɤ 

(NiBi ); ɬɭɝɨɩɥɚɜɤɢɣ – ɥɟɝɤɨɩɥɚɜɤɢɣ ɤɨɦɩɨɧɟɧɬ (MoBi); ɮɟɪɪɨɦɚɝɧɟɬɢɤ – ɞɢɚ-

ɦɚɝɧɟɬɢɤ – ɬɭɝɨɩɥɚɜɤɢɣ ɤɨɦɩɨɧɟɧɬ (NiBiW, FeBiMo, FeBiPt). Ɍɚɤɠɟ ɨɬɪɚɠɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɬɭɝɨɩɥɚɜɤɢɯ ɛɚɪɶɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (Cr, 

Mo, W) ɧɚ ɫɬɪɭɤɬɭɪɭ, ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɟ-

ɧɨɤ ɫɢɫɬɟɦ, ɨɛɥɚɞɚɸɳɢɯ ɦɚɝɧɢɬɨɠɟɫɬɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɧɚɩɪɢɦɟɪ, 

MnBi) [65].  
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ɋ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɦɨɪɮɧɵɯ ɢ ɤɜɚ-

ɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ ɜɥɢɹɧɢɹ ɫɜɟɪɯɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚ 

ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ, ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦ AlCuCo, 

AlCuFe, AlNiCo. ȼ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɢɦɟɸɬɫɹ ɨɛɲɢɪɧɵɟ ɫɜɟɞɟɧɢɹ ɩɨ 

ɫɜɨɣɫɬɜɚɦ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ (ɩɥɟɧɨɱɧɵɯ Д82Ж, ɥɟɧɬɨɱɧɵɯ Д83Ж ɢ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɨɜ Д84]).  

ɍɤɚɡɚɧɧɵɟ ɮɚɤɬɨɪɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɫɩɥɚɜɨɜ ɞɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 

ɧɚɧɨ- ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɜ ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɚɧɚɥɢɡɚ ɡɚɜɢɫɢɦɨɫɬɟɣ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ 

ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɨɬ ɭɫɥɨɜɢɣ ɢɯ ɩɨɥɭɱɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

 

2.2. Ɇɟɬɨɞ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɩɥɟɧɨɤ  
 

ɂɫɫɥɟɞɭɟɦɵɟ ɩɥɟɧɨɱɧɵɟ ɨɛɪɚɡɰɵ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧ-

ɧɨɝɨ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɍɊɆɁ β79-

014 [85]. 

ɋ ɰɟɥɶɸ ɩɪɟɨɞɨɥɟɧɢɹ ɪɹɞɚ ɧɟɞɨɫɬɚɬɤɨɜ ɦɟɬɨɞɚ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚ-

ɩɵɥɟɧɢɹ ɧɚ ɤɚɮɟɞɪɟ ɦɟɬɚɥɥɨɮɢɡɢɤɢ Ⱦɇɍ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɨɪɢɝɢɧɚɥɶɧɵɣ ɷɧɟɪ-

ɝɨɫɛɟɪɟɝɚɸɳɢɣ ɛɥɨɤ  ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɢɨɧɨɜ. Ⱦɚɧɧɵɣ ɛɥɨɤ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ 

ɪɚɫɩɵɥɟɧɢɟ ɫ ɦɨɡɚɢɱɧɨɣ ɦɢɲɟɧɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɱɢɫɬɵɯ ɷɥɟɦɟɧɬɨɜ ɥɢɛɨ ɢɯ 

ɫɩɥɚɜɨɜ. ɍɫɬɪɨɣɫɬɜɨ ɭɫɤɨɪɹɸɳɟɝɨ ɛɥɨɤɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ, ɜɨ-ɩɟɪɜɵɯ, ɫ ɩɨ-

ɦɨɳɶɸ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɜɡɚɢɦɧɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 

ɨɫɚɠɞɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɫɨɫɟɞɧɢɯ ɹɱɟɟɤ, ɜɨ-ɜɬɨɪɵɯ, ɫ ɩɨɦɨɳɶɸ ɬɟɯ ɠɟ ɛɚɪɶɟ-

ɪɨɜ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɥɢɧɡɵ, ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶ-

ɧɨɦɭ ɭɫɤɨɪɟɧɢɸ ɢɨɧɨɜ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɜɛɥɢɡɢ ɦɢɲɟɧɢ ɩɟɪɟɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ 

ɫɬɨɥɤɧɨɜɟɧɢɟɦ (Ɋɢɫ.β.1).  
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Ɋɢɫ. β.1 ɋɯɟɦɚ ɭɫɤɨɪɹɸɳɟɝɨ ɛɥɨɤɚ: Ɇ – ɦɢɲɟɧɶ; Ⱥ – ɚɧɨɞ; ɉ – ɩɨɞɥɨɠɤɚ; Ɋ – 

ɩɥɚɡɦɟɧɧɵɣ ɩɨɬɨɤ; ɂ – ɢɡɨɥɹɬɨɪɵ; + – ɢɨɧɵ ɚɪɝɨɧɚ; G – ɫɟɬɤɚ ɩɥɚɫɬɢɧ; h – ɜɵ-

ɫɨɬɚ ɩɥɚɫɬɢɧ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɜɚɞɪɚɬɨɜ ɦɢɲɟɧɢ. 

 

ɉɪɨɜɟɞɟɧɧɚɹ ɨɰɟɧɤɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɩɨɤɚ-

ɡɚɥɚ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɤɚɡɚɧɧɨɝɨ ɛɥɨɤɚ, ɟɟ ɡɧɚɱɟɧɢɟ ɞɨɫɬɢɝɚɟɬ ɩɨɪɹɞɤɚ 

γ00 ɷȼ. ɋɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɪɚɫɩɵɥɟɧɢɹ ɢ ɦɚɬɟɪɢɚɥɚ 

ɦɢɲɟɧɢ, ɫɨɫɬɚɜɥɹɟɬ 1015-1018 ɚɬɨɦɨɜ/(ɫɦ2āɦɢɧ).  

ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɢɧɟɪɬɧɵɣ 

Ⱥr. ɇɚɱɚɥɶɧɵɣ ɜɚɤɭɭɦ ɩɟɪɟɞ ɧɚɩɵɥɟɧɢɟɦ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 1,γ ɦɉɚ. ɉɪɨɰɟɫɫ 

ɧɚɩɵɥɟɧɢɹ ɩɪɨɜɨɞɢɥɫɹ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɭɫɤɨɪɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ U = 

– β ɤȼ; ɚɧɨɞɧɵɣ ɬɨɤ I = 0,8 – 5 Ⱥ; ɢ ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ P = 1,6 – 1β ɫɉɚ. 

Ɋɚɫɩɵɥɟɧɢɸ ɩɨɞɜɟɪɝɚɥɢɫɶ ɦɢɲɟɧɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɜɨ-

ɤɭɩɧɨɫɬɶ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ ɩɪɹɦɨɭɝɨɥɶ-

ɧɵɯ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɜ ɫ ɪɚɡɦɟɪɚɦɢ β0×β0×5 ɦɦ. Ɇɢɲɟɧɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 

ɫɢɫɬɟɦ ɫɤɥɚɞɵɜɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɩɪɟɞɩɨɥɚ-

ɝɚɟɦɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɫɩɵɥɟɧɢɹ ɢ ɨɫɚɠɞɟɧɢɹ ɦɚɬɟɪɢ-

ɚɥɚ ɧɚ ɩɨɞɥɨɠɤɭ, ɦɢɲɟɧɶ ɩɨɞɜɟɪɝɚɟɬɫɹ ɬɪɟɧɢɪɨɜɤɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɨɧɧɨɣ ɛɨɦɛɚ-
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ɪɞɢɪɨɜɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɞɥɨɠɟɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɥɚɫɬɢɧɤɢ ɫɢɬɚɥɥɚ ɢ ɦɨɧɨɤɪɢɫ-

ɬɚɥɥɵ NaCl. ɇɚɩɵɥɟɧɢɟ ɩɥɟɧɨɤ ɩɪɨɢɫɯɨɞɢɬ ɰɢɤɥɚɦɢ ɩɨ 6-ɬɶ ɦɢɧɭɬ ɫ ɩɟɪɟɪɵɜɚ-

ɦɢ ɜ 10-15 ɦɢɧ (ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɩɨɞɥɨɠɤɢ). ɉɥɟɧɤɢ, ɨɫɚɠ-

ɞɟɧɧɵɟ ɧɚ ɫɢɬɚɥɥɨɜɵɟ ɩɨɞɥɨɠɤɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫ-

ɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɛɪɚɡɰɨɜ. ɉɥɟɧɤɢ, 

ɨɫɚɠɞɟɧɧɵɟ ɧɚ ɦɨɧɨɤɪɢɫɬɚɥɥɵ NaCl, ɩɨɞɜɟɪɝɚɸɬɫɹ ɨɬɞɟɥɟɧɢɸ ɨɬ ɩɨɞɥɨɠɟɤ, 

ɩɭɬɟɦ ɪɚɫɬɜɨɪɟɧɢɹ ɫɨɥɢ ɜ ɜɨɞɟ, ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɯ ɢ ɷɥɟɤɬ-

ɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

ɗɮɮɟɤɬɢɜɧɚɹ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɫɚɠɞɟɧɢɹ ɩɥɟ-

ɧɨɤ, ɫɜɹɡɚɧɧɚɹ ɫ ɜɪɟɦɟɧɟɦ ɪɟɥɚɤɫɚɰɢɢ ɨɬɞɟɥɶɧɨɝɨ ɚɬɨɦɚ ɧɚ ɩɨɞɥɨɠɤɟ, ɬɟɨɪɟɬɢ-

ɱɟɫɤɢ ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ 1012 – 1014 Ʉ/ɫ Д3]. 

 

2.3. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɩɥɟɧɨɤ 

 

Ɍɨɥɳɢɧɚ ɩɥɟɧɨɤ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɹɜɥɟɧɢɹ ɪɚɡɦɟɪɧɨɝɨ ɷɮɮɟɤɬɚ ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ  ɢɡɦɟɧɟɧɢɸ 

ɬɚɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɪɚɡɰɚ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɚɪɚɦɟɬɪɵ 

ɪɟɲɟɬɤɢ ɢ ɞɪɭɝɢɟ Д86]. 

ɋɭɳɟɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɨɫɚɠɞɚɟɦɵɯ ɩɥɟ-

ɧɨɤ, ɬɚɤɢɯ ɤɚɤ: ɷɥɟɤɬɪɢɱɟɫɤɢɣ; ɱɚɫɬɨɬɧɵɣ; ɜɟɫɨɜɨɣ; ɦɟɬɨɞ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɢ ɞɪ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɩɥɟɧɨɤ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜɟɫɨɜɨɣ ɦɟ-

ɬɨɞ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɡɜɟɲɢɜɚɧɢɢ ɩɨɞɥɨɠɤɢ ɞɨ ɢ ɩɨɫɥɟ ɧɚɩɵɥɟ-

ɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɧɢɰɚ ɷɬɢɯ ɦɚɫɫ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɟɫɭ ɩɥɟɧɤɢ. Ɂɧɚɹ ɪɚɡɧɢ-

ɰɭ ɦɚɫɫ, ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ β.1: 

                                       



S

m
d ,                                   (2.1) 

Ƚɞɟ d – ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ; ∆m – ɪɚɡɧɢɰɚ ɦɚɫɫ; S – ɩɥɨɳɚɞɶ ɨɛɪɚɡ-

ɰɚ; ȡ – ɩɥɨɬɧɨɫɬɶ ɩɥɟɧɨɱɧɨɝɨ ɨɛɪɚɡɰɚ. 

Ɍɨɥɳɢɧɵ ɩɨɥɭɱɟɧɧɵɯ ɩɥɟɧɨɤ ɧɚɯɨɞɹɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 80 ɞɨ 1500 ɧɦ. 
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2.4. Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

 

ɋɬɪɭɤɬɭɪɚ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ з 10 – 50 · 103 ɤɪɚɬ. ɉɨɥɭɱɟɧɧɵɟ 

ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɡɜɨɥɢɥɢ ɨɰɟɧɢɬɶ ɪɚɡɦɟɪɵ ɡɟɪɟɧ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɢɫ-

ɯɨɞɧɵɯ ɩɥɟɧɨɤ. ɋɧɢɦɤɢ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ-

ɪɹɞɭ ɫ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɦ ɚɧɚɥɢɡɨɦ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɬɨɧ-

ɤɢɯ ɩɥɟɧɨɤ. 

Ʉɪɨɦɟ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɥɟɧɨɤ ɢɫɫɥɟɞɨɜɚɥɫɹ 

ɮɨɬɨɦɟɬɨɞɨɦ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɩɨɦɨɳɢ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɤɚɦɟɪɵ 

Ⱦɟɛɚɹ (ɊɄȾ) ɜ CoKĮ-ɢɡɥɭɱɟɧɢɢ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ = 0,1790β ɧɦ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ Fe-ɮɢɥɶɬɪɚ. Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɫɴɟɦɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟ-

ɧɢɢ U = β5 ɤȼ ɢ ɬɨɤɨɦ I = β0 ɦȺ ɧɚ ɩɪɨɬɹɠɟɧɢɢ γ – 5 ɱɚɫɨɜ. 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɩɥɟɧɨɤ ɨɩɪɟɞɟɥɹɥɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɦɟ-

ɬɨɞɚ ɮɨɬɨɦɟɬɪɢɪɨɜɚɧɢɹ ɢ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɮɢɥɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɭɝɥɨɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɨ ɫɩɪɚɜɨɱɧɵɦɢ 

ɞɚɧɧɵɦɢ AMCSD (American Mineralogist Crystal Structure Database). ɋɭɬɶ ɦɟɬɨ-

ɞɚ ɮɨɬɨɦɟɬɪɢɪɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɤɚɧɢɪɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɧɬɝɟɧɨɝɪɚɦɦ 

ɢ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɚ ɤɚɮɟɞɪɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ ɢ ɮɢɡɢɤɢ ɦɟɬɚɥɥɨɜ ɩɪɨɝɪɚɦɦɵ Wizard Photometr. 

Ⱦɥɹ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ ɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ ɢ Ɂɀɋ-ɨɛɪɚɡɰɨɜ ɮɚɡɨɜɵɣ 

ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ɬɢɩɚ ȾɊɈɇ ɜ 

ɦɟɞɧɨɦ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɢɡɥɭɱɟɧɢɢ (ɞɥɢɧɚ ɜɨɥɧɵ Ȝ=0,154β ɧɦ). 

 

2.5. Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɨɧɤɢɯ ɩɥɟɧɨɤ 

 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɱ-

ɧɵɯ ɫɬɪɭɤɬɭɪ, ɚ ɬɚɤɠɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɩɥɟɧɤɚɯ, ɩɨɥɭ-

ɱɟɧɧɵɯ ɩɪɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɚɠɞɟɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ ɢɡɦɟɪɟ-
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ɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɧɚɝɪɟɜɚ. Ɋɟɡɢɫɬɨɦɟɬɪɢɱɟɫ-

ɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɩɪɢ ɨɫɬɚɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ з1,γā10-3 ɉɚ. 

ɂɡɦɟɪɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚ-

ɡɰɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɩɥɟɧɤɢ, ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɫɢɬɚɥɥɨɜɵɟ ɩɥɚɫɬɢɧɤɢ ɞɥɢɧɨɣ 

4 – 10 ɦɦ ɢ ɲɢɪɢɧɨɣ β – 4 ɦɦ. Ⱦɥɹ ɡɚɩɢɫɢ ɤɪɢɜɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɪɚɡɰɵ ɡɚɤɪɟɩɥɹɥɢɫɶ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɞɟɪɠɚɬɟɥɹɯ ɢ ɪɚɡ-

ɦɟɳɚɥɢɫɶ ɜ ɤɜɚɪɰɟɜɨɣ ɬɪɭɛɤɟ, ɤɨɬɨɪɚɹ ɨɬɤɚɱɢɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɮɨɪɜɚɤɭɭɦɧɨɝɨ 

ɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɧɚɫɨɫɨɜ. ɇɚɝɪɟɜ ɩɥɟɧɨɤ ɩɪɨɜɨɞɢɥɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɩɨɪɹɞɤɚ 

670-870 Ʉ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɧɚɝɪɟɜɚ 4,5 – 18 Ʉ/ɦɢɧ. Ɍɟɦɩɟɪɚɬɭɪɚ ɮɢɤɫɢɪɨɜɚɥɚɫɶ ɫ 

ɩɨɦɨɳɶɸ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɣ ɥɢɛɨ ɩɥɚɬɢɧɨ-ɩɥɚɬɢɧɨɪɨɞɢɟɜɨɣ ɬɟɪɦɨɩɚɪɵ. ɉɨ-

ɫɬɨɹɧɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ, ɢɡɨɛɪɚɠɟɧ-

ɧɨɣ ɧɚ ɪɢɫ. β.γ.  

 

Ɋɢɫ.β.γ Ȼɥɨɤ-ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨ-

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɨɧɤɢɯ ɩɥɟɧɨɤ 

 

Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɞɟɪɠɢɬ: 1 – ɤɨɧɬɪɨɥɶɧɚɹ ɬɟɪɦɨɩɚɪɚ; β – ɭɩɪɚɜɥɹɸɳɚɹ 

ɬɟɪɦɨɩɚɪɚ; γ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɝɪɟɜɚɬɟɥɸ ɩɟɱɢ; 4 – ɛɥɨɤ Ɋ-

111 ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɬɟɦɩɟɪɚɬɭɪ (ȼɊɌ) ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɪɟɠɢ-

ɦɨɜ ɩɨɞɞɟɪɠɢɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ; 5 – ɛɥɨɤ ɂ-10β, ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɭɩɪɚɜɥɹɸɳɟɣ ɬɟɪɦɨɩɚɪɵ; 6 – ɰɢɮɪɨɜɨɣ ɜɨɥɶɬɦɟɬɪ; 7 – ɨɦɦɟɬɪ ɓ-34; 8 – ɢɫɫɥɟ-

ɞɭɟɦɵɣ ɨɛɪɚɡɟɰ; 10 – ɤɜɚɪɰɟɜɚɹ ɬɪɭɛɤɚ; 11 – ɩɪɨɝɪɚɦɦɚɬɨɪ ɉɊ-8; 12 – ɩɟɱɶ. 
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ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɢɥɢ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟ-

ɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱥɧɚɥɢɡ ɯɚɪɚɤɬɟɪɧɵɯ ɤɪɢɜɵɯ ɩɪɟɞɨɫɬɚɜɢɥ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɤɨɬɨɪɵɟ ɯɚ-

ɪɚɤɬɟɪɢɡɭɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɪɨɫɬɨɦ ɬɟɦ-

ɩɟɪɚɬɭɪɵ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɮɚɡɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɥɚɜɧɨɟ 

ɢɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɩɪɢɜɨɞɢɬ ɤ 

ɫɦɟɳɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ.  

Ɍɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢɫɶ ɩɨɜɬɨɪɧɨɦɭ 

ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɦɭ ɚɧɚɥɢɡɭ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

ɩɥɟɧɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. 

 
2.6. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 

 

Ɋɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɪɨɜɨɞɢɥɫɹ ɦɟɬɨɞɨɦ Ʉɢɫɫɟ-

ɧɞɠɟɪɚ Д87Ж. ɂɫɩɨɥɶɡɭɹ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɨ-

ɥɭɱɟɧɧɵɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚ, ɩɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɶ ln(T/V), 

(ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ, ɚ V – ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ) ɨɬ 

ɮɭɧɤɰɢɢ F(1000/T). ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɬɢɩɚ Ⱥɪɪɟɧɢɭɫɚ 

(Ĳ = Ĳ0exp(-U/kT)). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɧɚɤɥɨɧɭ ɩɪɹɦɨɣ ln(T/V)= F(1000/T)ɦɨɠɧɨ 

ɨɰɟɧɢɬɶ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, ɱɬɨ ɞɚɟɬ ɧɚɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɟɦɩɟɪɚɬɭ-

ɪɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɟɧɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

2.7. Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɜɢɛɪɚ-

ɰɢɨɧɧɨɝɨ ɦɚɝɧɢɬɨɦɟɬɪɚ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɤɨɬɨ-

ɪɨɝɨ ɫɨɫɬɚɜɥɹɥɚ ɩɨɪɹɞɤɚ β50 ɤȺ/ɦ, ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɨɬ ɩɥɟɧɤɢ ɢ ɨɛɪɚ-

ɡɰɚ ɱɢɫɬɨɝɨ Fe, ɞɥɹ ɤɨɬɨɪɨɝɨ ɢɡɜɟɫɬɧɵ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɧɚɫɵɳɟɧɢɹ ɢ ɨɫɬɚɬɨɱ-

ɧɚɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɶ (Ɋɢɫ. β.4).  
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Ɋɢɫ.β.4 Ȼɥɨɤ-ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɦɚɝɧɢɬɨɦɟɬɪɚ. 

 

Ƚɞɟ, 1 – ɜɢɛɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, β – ɲɬɨɤ, γ – ɨɛɪɚɡɟɰ, 4 –ɩɚɪɚ ɪɟɝɢɫɬɪɢɪɭ-

ɸɳɢɯ ɤɚɬɭɲɟɤ, 5 – ɝɟɧɟɪɚɬɨɪ, 6 – ɫɢɧɯɪɨɧɧɵɣ ɞɟɬɟɤɬɨɪ, 7 – ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ 

ɭɫɢɥɢɬɟɥɶ, 8 – ɫɢɫɬɟɦɚ ɫɛɨɪɚ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, 9 – ɷɥɟɤɬɪɨɦɚɝɧɢɬ, 10 

– ɭɩɪɚɜɥɹɟɦɵɣ ɛɥɨɤ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɜ ɞɟɪɠɚɬɟɥɟ ɦɚɝɧɟɬɨɦɟɬɪɚ ɡɚɤɪɟɩɥɹɸɬ ɷɬɚɥɨɧɧɵɣ ɨɛɪɚɡɟɰ, 

ɡɚɬɟɦ ɨɛɪɚɡɭɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɧɚɫɵɳɟɧɢɹ, ɢ ɨɬɦɟɱɚɸɬɫɹ 

ɩɨɤɚɡɚɧɢɹ ɜɨɥɶɬɦɟɬɪɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ. ɇɚ ɫɥɟɞɭɸɳɟɦ 

ɷɬɚɩɟ, ɜɦɟɫɬɨ ɷɬɚɥɨɧɚ ɡɚɤɪɟɩɥɹɟɬɫɹ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ ɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɚɦ-

ɩɥɢɬɭɞɟ ɢ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ɨɬɦɟɱɚɸɬɫɹ ɩɨɤɚɡɚɬɟɥɢ ɜɨɥɶɬɦɟɬɪɚ. Ɍɚɤ ɤɚɤ ɢɡɦɟ-

ɪɟɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɜ ɪɚɡɨɦɤɧɭɬɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɬɨ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɧɚɦɚɝɧɢ-

ɱɟɧɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜɜɨɞɢɬɫɹ ɩɨɩɪɚɜɤɚ ɧɚ ɪɚɡɦɚɝɧɢɱɢɜɚɸɳɢɣ ɮɚɤɬɨɪ. 

 

2.8. Ɇɟɬɨɞɢɤɚ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

 

Ɂɚɤɚɥɤɨɣ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɥɭɱɚɥɢ ɨɛɪɚɡɰɵ ɫɩɥɚɜɨɜ: MЧ– ɚɬ.% (β5, 

41, 5β, 61) BТ. Ɇɟɬɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɫɬɪɟɥ ɤɚɩɥɢ ɪɚɫɩɥɚɜɚ, ɧɚɯɨɞɢɜɲɟ-

ɝɨɫɹ ɜ ɩɟɱɢ Ɍɚɦɦɚɧɚ (Ɋɢɫ. β.5) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 1700 ɞɨ β100 K, ɜ ɡɚɜɢɫɢ-
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ɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ, ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɛɵɫɬɪɨɜɪɚɳɚɸɳɟɝɨɫɹ 

ɦɟɞɧɨɝɨ ɰɢɥɢɧɞɪɚ ɪɚɞɢɭɫɨɦ 1γ5 ɦɦ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ з 7500 ɨɛ/ɦɢɧ Д48].  

 

Ɋɢɫ. β.5. ɋɯɟɦɚ ɦɟɬɨɞɚ „ɜɵɫɬɪɟɥɚ” ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

1 – ɧɚɜɟɫɤɚ ɦɟɬɚɥɥɚ, β – ɧɚɝɪɟɜɚɟɦɚɹ ɬɪɭɛɤɚ, γ –ɩɟɱɶ Ɍɚɦɦɚɧɚ, 4 – ɜɪɚɳɚ-

ɸɳɢɣɫɹ ɦɟɞɧɵɣ ɰɢɥɢɧɞɪ 

 

ɉɟɪɟɞ ɡɚɤɚɥɤɨɣ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɥɚɜɚ ɜ ɩɟɱɢ Ɍɚɦɦɚɧɚ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɫ 

ɩɨɦɨɳɶɸ А–Re-ɬɟɪɦɨɩɚɪɵ. ɋɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɩɪɨɰɟɫɫɟ Ɂɀɋ 

ɨɰɟɧɢɜɚɥɢ ɩɨ ɬɨɥɳɢɧɟ ɩɨɥɭɱɚɟɦɵɯ ɮɨɥɶɝ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚ-

ɛɨɬɚɯ Д48; 88Ж. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɬɛɢɪɚɥɢ ɮɨɥɶɝɢ ɬɨɥɳɢɧɨɣ 5–β0 ɦɤɦ, ɱɬɨ ɫɨ-

ɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɹɦ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɨɬ 106 ɞɨ 5ā107 K/ɫ. 
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ɊȺɁȾȿɅ 3  

 

ɎȺɁɈɈȻɊȺɁɈȼȺɇɂȿ ɂ ɎɂɁɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɈȻɊȺɁ-
ɐɈȼ  Mn, Bi, Ni ɂ Mo ɉɈɅɍɑȿɇɇɕɏ ɉɊɂ ȼɕɋɈɄɂɏ ɋɄɈɊɈɋɌəɏ 

ɈɏɅȺɀȾȿɇɂə 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɦɟɬɨɞɢɤ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɩɨɥɭɱɚɬɶ ɧɨɜɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɢɡ ɠɢɞɤɨɫɬɢ ɥɢɛɨ ɩɚɪɚ, ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ ɢɯ ɩɨ-

ɥɭɱɟɧɢɹ. ɂɡɜɟɫɬɧɵɟ ɦɟɬɨɞɢɤɢ ɢɦɟɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɭɩɪɚɜɥɹɟɦɵɯ 

ɩɚɪɚɦɟɬɪɚɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɹɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɪɨɛɧɨɝɨ ɢɡɭɱɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɫ ɰɟɥɶɸ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɨɬ ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ.  

ɂɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɦ 

ɧɚɩɵɥɟɧɢɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ, ɱɬɨ ɩɪɢɜɨ-

ɞɢɬ ɤ ɩɪɨɹɜɥɟɧɢɸ ɫɜɨɣɫɬɜ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɜ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɚɯ. 

Ɍɪɟɯɷɥɟɤɬɪɨɞɧɚɹ ɫɢɫɬɟɦɚ ɫ ɬɟɪɦɨɷɦɢɫɫɢɨɧɧɵɦ ɤɚɬɨɞɨɦ ɞɚɟɬ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɦɟɧɹɬɶ ɷɧɟɪɝɢɸ ɪɚɫɩɵɥɟɧɧɵɯ ɚɬɨɦɨɜ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɢ ɩɨɬɨɤɚ ɢɨɧɨɜ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɭɫɤɨɪɟɧɧɵɯ ɜ ɬɟɦɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɵ-

ɫɨɤɨɜɨɥɶɬɧɨɝɨ ɡɨɧɞɚ. ɉɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɢɨɧɧɨɝɨ ɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬ-

ɫɹ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɡɦɵ (Ɍɷ), ɩɥɨɬɧɨɫɬɶɸ ɢɨɧɨɜ ɩɥɚɡɦɵ (Чi), ɤɨɬɨ-

ɪɵɟ ɜ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɣ ɫɢɫɬɟɦɟ ɢɡɦɟɧɹɸɬɫɹ ɡɚ ɫɱɟɬ ɬɨɤɚ ɨɫɧɨɜɧɨɝɨ ɪɚɡɪɹɞɚ (IA), 

ɧɚɩɪɹɠɟɧɢɹ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɡɨɧɞɚ (UM) ɢ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (P) Д89Ж. Ɍɷ 

ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɡɧɚɱɟɧɢɸ ɧɟɝɚɬɢɜɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (Uɫɬ) ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɷɥɟ-

ɤɬɪɨɞɚ, ɤɨɬɨɪɵɣ ɧɟɫɥɨɠɧɨ ɢɡɦɟɪɹɬɶ ɩɪɢ ɧɚɩɵɥɟɧɢɢ. Ɍ.ɨ., ɜɟɥɢɱɢɧɵ IA, UM, P, Ɍɷ 

(Uɫɬ) ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɬ ɩɥɨɬɧɨɫɬɶ ɢɨɧɧɨɝɨ ɬɨɤɚ ɢ ɷɧɟɪɝɢɸ ɢɨɧɨɜ Д89, 90]. 

ɉɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɢɨɧɚ ɫ ɦɚɬɟɪɢɚɥɨɦ ɦɢɲɟɧɢ ɜɨɡɧɢɤɚɟɬ ɰɟɩɶ ɫɨɭɞɚɪɟɧɢɣ, ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɢɦɩɭɥɶɫ ɢ ɷɧɟɪɝɢɹ ɢɨɧɚ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛ-

ɥɚɫɬɢ, ɫɨɫɬɚɜɥɹɸɳɟɣ з100 ɚɬɨɦɧɵɯ ɫɥɨɟɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ 
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ɜɵɥɟɬɚɸɬ ɚɬɨɦɵ ɫ ɷɧɟɪɝɢɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɳɟɣ ɷɧɟɪɝɢɸ ɢɫɩɚɪɟɧɢɹ 

ɜɟɳɟɫɬɜɚ Д91Ж, ɞɨɫɬɢɝɚɸɳɭɸ 0,β-0,4 ɷȼ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɵɫɨɤɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɩɨɡ-

ɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɜɟɪɯɧɟɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɨɹɧɢɹ ɜ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɥɟɧɤɚɯ 

[92Ж. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟ-

ɬɨɞ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɫ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ 

ɭɫɤɨɪɢɬɟɥɟɦ ɢɨɧɨɜ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ, AЫ Д93Ж. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɢɧɟ-

ɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɦɨɞɟɪɧɢɡɢ-

ɪɨɜɚɧɧɨɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɨɬ 100 ɞɨ β00 ɷȼ ɫ 

ɭɦɟɧɶɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ ɨɬ 5γ ɞɨ 1γ ɦɉɚ Д94Ж. ɉɨɜɵ-

ɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ ɭɜɟɥɢɱɢɜɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɡɚɪɹɞɤɢ 

ɢɨɧɨɜ AЫ ɢ ɫɧɢɠɚɟɬ ɡɧɚɱɟɧɢɟ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ. Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸ-

ɳɢɯɫɹ ɚɬɨɦɨɜ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɥɹɟɬ зβ0 ɷȼ, ɟɫɥɢ ɨɰɟɧɢɜɚɬɶ ɩɨ ɩɪɟɞɥɨɠɟɧ-

ɧɨɦɭ ɪɚɧɟɟ ɦɟɬɨɞɭ Д94Ж. ɉɪɢ ɨɛɵɱɧɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɦ ɪɚɫɩɵɥɟɧɢɢ ɷɬɚ ɷɧɟɪ-

ɝɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ γ-5% ɨɬ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɢɨɧɚ, ɬ.ɟ. 6 ɷȼ Д89, 94Ж. ɗɮɮɟɤɬɢɜɧɚɹ 

ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɦ ɪɚɫɩɵɥɟɧɢɢ, ɫɜɹɡɚɧɧɚɹ ɫ ɜɪɟɦɟ-

ɧɟɦ ɪɟɥɚɤɫɚɰɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɚɬɨɦɚ ɧɚ ɩɨɞɥɨɠɤɟ, ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɰɟɧɢɜɚɟɬ-

ɫɹ ɤɚɤ 1012- 1014 Ʉ/ɫ Д93Ж. Ɍ.ɟ. ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ “ɡɚɤɚɥɤɟ ɢɡ ɩɚɪɨɨɛɪɚɡɧɨɝɨ ɫɨɫ-

ɬɨɹɧɢɹ” (Ɂɉɋ). 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨ-

ɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪ MЧ, BТ, σТ ɢ MШ, ɩɨɥɭɱɟɧɧɵɯ ɡɚɤɚɥ-

ɤɨɣ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɚɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ.  

 

3.1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ Mn ɜ ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɛɵɫɬ-
ɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɩɚɪɚ ɢ ɠɢɞɤɨɫɬɢ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɦɚɪɝɚɧɟɰ ɢɦɟɟɬ ɱɟɬɵɪɟ ɚɥɥɨɬ-

ɪɨɩɢɱɟɫɤɢɟ ɦɨɞɢɮɢɤɚɰɢɢ Д95]. 
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1000 K 1373 K

1373 K 1411 K

-Mn ( 0.8913 nm) -Mn ( 0.6314 nm)

-Mn (ȽɐɄ, 0.γ86β ЧЦ) -MЧ (ɈɐɄ, 0.γ081 ЧЦ).

a a

a a

    

   
 

 ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 1000 K ɭɫɬɨɣɱɢɜ Į-Mn (ɚ = 

0,891γ ɧɦ ɫ ɈɐɄ ɪɟɲɟɬɤɨɣ); ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ: 1000 – 1γ70 Ʉ – ȕ-Mn 

(ɚ = 0,6γ1β ɧɦ, ɈɐɄ); ɩɪɢ 1γ70 – 1400 Ʉ ɭɫɬɨɣɱɢɜ Ȗ-Mn (ɚ = 0,γ86β ɧɦ); ɢ ɧɚɤɨ-

ɧɟɰ ɫɜɵɲɟ 1400 Ʉ – į-Mn (ɚ = 0,γ081 ɧɦ, ɈɐɄ). ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ Ȗ- ɦɨɞɢ-

ɮɢɤɚɰɢɹ ɢɦɟɟɬ ȽɐɄ ɪɟɲɟɬɤɭ, ɤɨɬɨɪɚɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɩɪɢ 566 Ʉ ɩɟɪɟɯɨɞɢɬ ɜ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɪɟɲɟɬɤɭ 

(ɚ=0,γ78 ɧɦ, ɫ=0,γ55 ɧɦ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɭɪɨɜɧɹ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟ-

ɝɨ ɞɚɜɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɨɜɵɲɚɸɬɫɹ, 

ɱɬɨ ɧɚɢɛɨɥɟɟ ɪɟɡɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɞɥɹ Įĺȕ ɩɟɪɟɯɨɞɚ, ɫ 980 Ʉ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 

ɞɚɜɥɟɧɢɢ ɞɨ 1γ80 Ʉ ɩɪɢ ɞɚɜɥɟɧɢɢ 4 Ƚɉɚ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɯɚɪɚɤ-

ɬɟɪɧɚ ɱɪɟɡɜɵɱɚɣɧɨ ɦɚɥɚɹ ɫɤɨɪɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɛɨɥɶɲɨɦ 

ɝɢɫɬɟɪɟɡɢɫɟ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɨɯɥɚɠɞɟɧɢɢ Д96Ж. ɉɪɢ ɩɟɪɟɯɨɞɚɯ ȕļȖ ɢ Ȗļį ɬɟɦɩɟ-

ɪɚɬɭɪɧɵɣ ɝɢɫɬɟɪɟɡɢɫ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡ-ɡɚ ɦɚɥɵɯ ɡɧɚɱɟɧɢɣ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜ-

ɥɟɧɢɹ ɨɛɴɟɦɧɨɝɨ MЧ ɫɨɫɬɚɜɥɹɟɬ ~ 15β0 Ʉ. ɇɚ ɜɨɡɞɭɯɟ MЧ ɨɤɢɫɥɹɟɬɫɹ, ɜ ɪɟɡɭɥɶ-

ɬɚɬɟ ɱɟɝɨ, ɨɛɪɚɡɭɟɬɫɹ ɩɥɨɬɧɵɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɨɤɫɢɞɧɵɣ ɫɥɨɣ, ɤɨɬɨɪɵɣ ɩɪɟɩɹɬ-

ɫɬɜɭɟɬ ɞɚɥɶɧɟɣɲɟɦɭ ɨɤɢɫɥɟɧɢɸ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɢɫɥɨɪɨɞɨɦ, MЧ ɨɛɪɚ-

ɡɭɟɬ ɰɟɥɵɣ ɪɹɞ ɨɤɫɢɞɨɜ: MnO, MnO2, Mn2O3 ɢ ɬ.ɞ.  

ɉɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ Mn ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɚɝɧɟɬɢɤɨɦ, ɨɞɧɚɤɨ ɧɟɤɨɬɨ-

ɪɵɟ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɢ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɂɫ-

ɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ  Į-ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɚ ɹɜɥɹɟɬɫɹ ɚɧ-

ɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ TN ~ 100 K [76Ж. ȕ-Mn ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɚɝɧɟ-

ɬɢɤɨɦ, ɤɚɤ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ, ɬɚɤ ɢ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ Д95Ж. Ȗ-

ɦɨɞɢɮɢɤɚɰɢɹ Mn ɤɚɤ ɢ Į-Mn ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɦ ɫɨɫɬɨɹ-

ɧɢɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɇɟɟɥɹ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 660 Ʉ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɯɨɞɚ Ȗ-Mn 

ɢɡ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ ɜ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ, ɩɪɢɛɥɢ-

ɠɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɯɨɞɧɨɣ ȽɐɄ ɪɟɲɟɬɤɢ ɜ 

ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ. Ɇɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ į-Mn ɹɜɥɹɸɬɫɹ 

ɦɚɥɨɢɡɭɱɟɧɧɵɦɢ ɩɨ ɩɪɢɱɢɧɟ ɟɝɨ ɪɚɫɩɚɞɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟ-
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ɪɚɬɭɪɵ. Ɉɞɧɚɤɨ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɞɚɧɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɬɚɤɠɟ ɦɨɠɟɬ ɩɟɪɟɯɨ-

ɞɢɬɶ ɜ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɇɟɟɥɹ ɩɨɪɹɞɤɚ 6β5 Ʉ 

[76]. 

Mn ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɩɪɨɹɜɥɹɟɬ 

ɧɟɨɛɵɱɧɭɸ ɞɥɹ ɦɟɬɚɥɥɨɜ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ Д76Ж. Ⱦɨ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɪɹɞɤɚ 70 Ʉ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ, ɡɚɬɟɦ ɫɩɚɞɚɟɬ, ɞɨɫɬɢɝɚɹ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɟ ɩɪɢ 95 Ʉ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɵɣ ɪɨɫɬ ɜɩɥɨɬɶ 

ɞɨ 900 Ʉ. ȼɨ ɜɫɟɦ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɪɨɦɟɠɭɬɤɚ ɨɬ 

70 ɞɨ 95 Ʉ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɥɨɠɢɬɟɥɟɧ. ɉɪɢ ɬɟ-

ɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 900 Ʉ ɢ ɞɨ ɩɥɚɜɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɨɬɪɢɰɚɬɟɥɟɧ. ɉɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɫɜɹɡɚɧɧɵɯ ɫ ɚɥɥɨɬɪɨɩɢɱɟɫɤɢɦɢ ɩɪɟɜɪɚ-

ɳɟɧɢɹɦɢ ɢ ɩɥɚɜɥɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɧɹɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɨɜ Mn, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɫɜɟ-

ɪɯɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɠɢɞɤɨɝɨ ɢ ɩɚɪɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɣ, ɢɧɬɟɪɜɚɥɨɜ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɮɚɡ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ: 

ɭɫɥɨɜɢɹ ɨɫɚɠɞɟɧɢɹ – ɫɬɪɭɤɬɭɪɚ – ɫɜɨɣɫɬɜɚ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɪɚɫɫ-

ɦɚɬɪɢɜɚɟɦɨɣ ɜ ɞɚɧɧɨɦ ɩɨɞɪɚɡɞɟɥɟ.  

ȼ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɥɟɧɨɤ Mn, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 

ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢɲɟɧɟɣ. Ɉɛɪɚɡɰɵ, ɨɫɚ-

ɠɞɟɧɧɵɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚ ɩɨɞɥɨɠɤɚɯ ɫɢ-

ɬɚɥɥɚ ɢ NaCl, ɫ ɬɨɥɳɢɧɚɦɢ з 160 ɧɦ, ɩɨɥɭɱɚɥɢ ɩɪɢ ɚɧɨɞɧɨɦ ɬɨɤɟ ~ 1 Ⱥ ɢ ɞɚɜɥɟ-

ɧɢɢ ɪɚɛɨɱɟɝɨ ɝɚɡɚ ~ 1β0 ɦɉɚ. Ⱦɚɧɧɵɟ ɭɫɥɨɜɢɹ ɨɩɪɟɞɟɥɹɸɬ ɭɪɨɜɟɧɶ ɤɢɧɟɬɢɱɟɫ-

ɤɨɣ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ~ β0 ɷȼ [98].  

ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ.1 (ɚ-ɛ). 

ɚ ɛ  

Ɋɢɫ.γ.1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ MЧ 
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Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɞɚɧɧɵɯ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ  

ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɱɬɨ, ɢɫɯɨɞɧɵɟ ɩɥɟɧɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɞɢɫɩɟɪɫɧɭɸ ɫɬɪɭɤɬɭɪɭ ȕ-Mn (ɬɟɦɧɵɟ ɭɱɚɫɬɤɢ) ɢ ɨɤɫɢɞɚ MnO2, ɨɛɪɚɡɨ-

ɜɚɧɧɨɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ (ɫɜɟɬɥɵɟ ɭɱɚɫɬɤɢ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɥɟɧɨɤ Mn ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɢɫɯɨɞɧɵɟ ɨɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɶ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ 

(ɇɄɎ) ȕ-Mn ɫ ɤɭɛɢɱɟɫɤɨɣ ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɨɣ ɢ ɞɢɨɤɫɢɞɚ ɦɚɪ-

ɝɚɧɰɚ MnO2 ɫ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ=0,44β; b=0,5βγ; ɫ=0,β87 ɧɦ) (ɪɢɫ. 

γ.β ɚ).  

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, MnO2 ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɦɚɪɝɚ-

ɧɰɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɥɨɠɟɧɢɹ з 808 Ʉ Д97Ж. Ɋɚɡɦɟɪ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫ-

ɫɟɹɧɢɹ (ɈɄɊ), ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚ, ɞɥɹ ɮɚɡɵ ȕ-Mn ɫɨ-

 

Ɋɢɫ.γ.β. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ MЧ: ɚ) MЧ ɢɫɯ; ɛ) MЧ ɬɨ 

710 Ʉ 
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ɫɬɚɜɥɹɟɬ L з 7,4 ɧɦ. Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ȕ-Mn ɫɨɫɬɚɜɥɹɟɬ з 

0,65 ɧɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɪɚɜɧɨɜɟɫɧɵɟ ɡɧɚɱɟɧɢɹ (0,6γ14 ɧɦ), ɩɪɟɞ-

ɩɨɥɨɠɢɬɟɥɶɧɨ ɩɨ ɩɪɢɱɢɧɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ ɬɚɤɠɟ 

ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɧɟɪɚɜɧɨɜɟɫɧɨɫɬɢ ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɨ ɫɜɟɪ-

ɯɛɵɫɬɪɨɣ ɫɤɨɪɨɫɬɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɝɪɟɜ ɩɥɟ-

ɧɨɤ ɜ ɜɚɤɭɭɦɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з 7β0 Ʉ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɨɢɫɯɨ-

ɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɯɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɨɫɬɨɹɳɟɣ ɢɡ ȕ-Mn, ɨɤɫɢɞɚ MnO 

(ɚ=0,4408 ɧɦ) ɢ ɫɥɟɞɨɜ MnO2 (ɪɢɫ. γ.β ɛ). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɚɫɬɢɱɧɵɣ ɪɚ-

ɫɩɚɞ ɮɚɡɵ MnO2 ɜ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɚɯ ɧɚɱɢɧɚɟɬɫɹ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ~ 700 

Ʉ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɚɞɚ ɞɚɧɧɨɣ ɮɚɡɵ 

(808 Ʉ). Ɋɚɡɦɟɪ ɈɄɊ ɮɚɡɵ ȕ-Mn ɜɨɡɪɚɫɬɚɟɬ ɫ 7,4 ɞɨ 10,5 ɧɦ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭ-

ɟɬ ɨɛ ɭɤɪɭɩɧɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɚɪɚɦɟɬɪ 

ɪɟɲɟɬɤɢ ɮɚɡɵ ȕ-Mn ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɛɥɢɠɟ ɤ ɪɚɜɧɨɜɟɫɧɵɦ ɡɧɚɱɟɧɢɹɦ 

~ 0,647 ɧɦ. ȼ ɪɚɛɨɬɟ Д76Ж ɭɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɚɹ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ 

ɦɟɠɚɬɨɦɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɡɥɢɱɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɥɟɤɬɪɨ-

ɧɨɜ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɞɚɧɧɵɯ ɮɚɡ ɢ ɦɨɞɢɮɢɤɚɰɢɣ. 

ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɨɛɪɚɡɰɨɜ MЧ ɦɟɬɨɞɨɦ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

(Ɂɀɋ) ɫɨ ɫɤɨɪɨɫɬɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ Vɨɯɥ = 5∙107 K/ɫ ɨɛɪɚɡɭɟɬɫɹ ɦɟ-

ɬɚɫɬɚɛɢɥɶɧɵɣ -Mn (a = 0.γ706 ɧɦ), ɚ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɞɨ 

Vɨɯɥ = 5∙106 K/ɫ – ɫɦɟɫɶ ɞɜɭɯ ɦɨɞɢɮɢɤɚɰɢɣ -MЧ ɢ -Mn [98Ж. Ɉɞɧɨɜɪɟɦɟɧɧɨɟ 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɞɜɭɯ ɦɨɞɢɮɢɤɚɰɢɣ ɜ ɡɚɤɚɥɟɧɧɵɯ ɢɡ ɠɢɞɤɨɫɬɢ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨ-

ɜɢɹɯ ɨɛɪɚɡɰɚɯ MЧ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɟɟ ɤɨɧɬɚɤɬɧɚɹ ɢ ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɯɥɚɠɞɚɥɢɫɶ ɫ ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢɡ-ɡɚ ɪɚɡɥɢɱɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ 

ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨ ɫɬɪɭɤɬɭɪɟ ɛɵɫɬɪɨɨɯɥɚɠɞɟɧɧɵɯ ɨɛɪɚɡɰɨɜ Mn ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɞɚɧ-

ɧɵɯ ɪɚɛɨɬɵ Д99], ɜ ɤɨɬɨɪɨɣ ɫɨɨɛɳɚɥɨɫɶ ɨ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɢ Ɂɀɋ ɮɚɡɵ ɧɟ ɫ 

ȽɐɄ-, ɚ ɫ Ƚɐ-ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ɉɬɦɟɱɟɧɧɨɟ ɪɚɡɧɨɝɥɚɫɢɟ ɜɟɪɨɹɬɧɨ 

ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɢɹɦɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɩɪɨɰɟɫɫɚ Ɂɀɋ, ɜ ɱɚɫɬɧɨɫɬɢ c ɢɫɩɨ-

ɥɶɡɨɜɚɧɢɟɦ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɟɝɪɟɜɚ ɪɚɫɩɥɚɜɚ 
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ɩɟɪɟɞ ɡɚɤɚɥɤɨɣ. ɂɡ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ > 107 K/ɫ ɜ 

ɫɬɪɭɤɬɭɪɟ ɡɚɤɚɥɟɧɧɵɯ ɢɡ ɠɢɞɤɨɫɬɢ ɨɛɪɚɡɰɨɜ Mn ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɮɢɤɫɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɦɟɬɚɫɬɚɛɢɥɶɧɵɣ, ɞɥɹ ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ, ɜɵ-

ɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ȽɐɄ-Ȗ-Mn (ɚ = 0.γ706 ɧɦ). ɋɮɨɪɦɢɪɨɜɚɜɲɢɫɶ ɩɪɢ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ, MЧ ɧɟ ɭɫɩɟɜɚɟɬ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɟɨɛɪɚɡɨɜɚɬɶɫɹ ɜ ɧɢɡɤɨɬɟɦɩɟ-

ɪɚɬɭɪɧɭɸ ɦɨɞɢɮɢɤɚɰɢɸ. ɍɦɟɧɶɲɟɧɧɵɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ 

(ɚ = 0.3862 ɧɦ) [100Ж ɩɟɪɢɨɞ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɤɚɤ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɜ ɩɪɨɰɟɫɫɟ Ɂɀɋ ɡɚɤɚɥɨɱɧɵɯ ɜɚɤɚɧɫɢɣ, ɬɚɤ ɢ ɬɟɦ, ɱɬɨ ɨɰɟɧɤɚ ɩɟ-

ɪɢɨɞɚ ɪɟɲɟɬɤɢ ɩɨɥɭɱɟɧɧɨɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ Ȗ-ɮɚɡɵ ɩɪɨɜɨɞɢɥɚɫɶ ɧɟ ɩɪɢ ɬɟ-

ɦɩɟɪɚɬɭɪɟ ɟɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ (1γ7γ K), ɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚ-

ɬɭɪɟ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɲɢɪɟɧɢɹ Ȗ-MЧ ɫɨɫɬɚɜɥɹɟɬ з 

39·10–6 K–1, ɱɬɨ ɫɪɚɜɧɢɦɨ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɲɢɪɟ-

ɧɢɹ -Mn (~ 29.8·10–6 K–1) [101].  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚɩɵɥɟɧɧɵɯ 

ɩɥɟɧɨɤ Mn ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɨɟ ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ γ.γ. (ɚ - 

ɛ). 

 

Ɋɢɫ.γ.γ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ MЧ: ɚ) 
v1=0,075 Ʉ/ɫ; ɛ) v3=0,3 Ʉ/ɫ 
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Ɍɟɦɧɚɹ ɤɪɢɜɚɹ ɢɥɥɸɫɬɪɢɪɭɟɬ ɩɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɪɨɫɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɉɟɪɜɵɣ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 610 - 670 Ʉ, ɜ ɡɚ-

ɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɚɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨ-

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ. 

ȼɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɱɚɫɬɨɤ, ɨɬɦɟɱɟɧɧɵɣ ɧɚ ɝɪɚɮɢɤɟ, ɨɬ 610 ɞɨ 680 Ʉ 

(ɪɢɫ.γ.γ ɚ) ɢ ɨɬ 670 ɞɨ 770 Ʉ (ɪɢɫ.γ.γ ɛ) ɢɥɥɸɫɬɪɢɪɭɟɬ ɧɟɨɛɪɚɬɢɦɨɟ ɢɡɦɟɧɟɧɢɟ 

ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ ɜ 

ɩɥɟɧɤɟ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɟɪɟɯɨɞɨɦ ȕ-MЧĺMnO, ɚ ɬɚɤɠɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɞɟɬ ɤ ɩɥɚɜɧɨɦɭ ɪɨɫɬɭ ɫɨɩ-

ɪɨɬɢɜɥɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɜɵɲɟɧɢɸ ɭɪɨɜɧɹ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ MnO. 

ɋɜɟɬɥɚɹ ɤɪɢɜɚɹ ɨɬɨɛɪɚɠɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɥɟɧɤɢ. ɍɱɚɫɬɨɤ ɬɟɦɩɟɪɚɬɭɪ 770 – 570 Ʉ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɨɫ-

ɬɨɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɬɟɦ ɩɟɪɟɯɨɞɢɬ ɜ ɩɥɚɜɧɵɣ ɫɩɚɞ ɨɬ 5β0 Ʉ 

ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɦɟɬɨɞɨɦ 

Ʉɢɫɫɟɧɞɠɟɪɚ, ɞɥɹ ɩɥɟɧɨɤ Mn ɫɨɫɬɚɜɢɥɚ ȿȺ ~ 5×103 Ʉ. ɋ ɰɟɥɶɸ ɫɪɚɜɧɟɧɢɹ ɭɪɨɜ-

ɧɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɩɥɟɧɨɤ ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɚɠɞɟ-

ɧɢɹ, ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɞɥɹ ɨɛɪɚɡɰɨɜ Mn ɫ ɬɨɥɳɢɧɚɦɢ ~ 1800 ɧɦ ɢ ɷɧɟɪɝɢɟɣ 

ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ~ 100 ɷȼ. 

Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ (ɛɨɥɟɟ ɱɟɦ ɜ ɬɪɢ ɪɚɡɚ) ɷɧɟɪɝɢɣ 

ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɞɥɹ ɩɥɟɧɨɤ Mn (ȿȺ ~ 17×103 Ʉ), ɱɬɨ ɨɱɟ-

ɜɢɞɧɨ ɫɜɹɡɚɧɨ ɫ ɭɫɥɨɜɢɹɦɢ ɩɨɥɭɱɟɧɢɹ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɪɚɡɰɨɜ. ȼ ɪɚɛɨɬɟ 

[102Ж ɭɤɚɡɵɜɚɟɬɫɹ ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 

ɨɬ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɢ ɨɬ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ ɜ ɫɥɭɱɚɟ ɩɥɟɧɨɤ ɫ 

ɛɨɥɶɲɨɣ ɬɨɥɳɢɧɨɣ (1800 ɧɦ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɦɟɫɶ ɮɚɡ MnO2 ɢ ɫɥɟɞɨɜ ȕ-Mn. ɉɨɫ-

ɤɨɥɶɤɭ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɤɫɢɞɚ MnO2  ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ 

ɧɚɩɵɥɟɧɢɹ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɬɨɦɧɨɝɨ ɫɥɨɹ ɜ ɩɥɟɧɤɟ, ɬɨ ɢ ɫɬɪɭɤɬɭɪɚ ɨɛ-

ɪɚɡɰɚ ɛɨɥɶɲɟɣ ɬɨɥɳɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɮɚɡɭ MnO2 ɜ ɛɨɥɶɲɟɦ 

ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ, ɱɬɨ ɢ ɜɥɢɹɟɬ ɧɚ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɟɪɟɯɨɞɚ 

ȕ-MЧĺMnO. 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ Mn, ɩɪɨɜɟɞɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ 

ɜɢɛɪɨɦɚɝɧɟɬɨɦɟɬɪɚ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɩɨɤɚ-

ɡɚɥɢ ɩɪɨɹɜɥɟɧɢɟ ɢɡɨɬɪɨɩɢɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɨɪɢɟɧɬɢɪɨɜɤɢ 

ɨɛɪɚɡɰɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɢɞ ɤɪɢɜɨɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-

ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɦɟɧɹɥɫɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɦɨ-

ɞɢɮɢɤɚɰɢɢ Mn ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɧɚɪɭ-

ɠɟɧɧɚɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɟɧɤɚɯ ȕ-ɦɨɞɢɮɢɤɚɰɢɹ, ɤɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɥɢɬɟɪɚɬɭɪɵ, 

ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɚɝɧɟɬɢɤɨɦ ɤɚɤ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɬɚɤ ɢ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-

ɧɨɦ ɢɧɬɟɪɜɚɥɟ. ɇɚɝɪɟɜ ɩɥɟɧɨɤ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 6β0 Ʉ ɩɪɢɜɨɞɢɬ ɤ ɫɬɪɭɤɬɭɪɧɵɦ 

ɢɡɦɟɧɟɧɢɹɦ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɥɢɹɟɬ ɧɚ ɜɢɞ ɦɚɝɧɢɬɧɨɣ ɤɪɢɜɨɣ (ɪɢɫ. γ.4 ɚ-ɛ). 

 
 

Ɋɢɫ.γ.4. Ʉɪɢɜɵɟ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ Mn: ɚ) ɢɫɯɨɞɧɵɣ Mn 
ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ; ɛ) Mn ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 6β0 Ʉ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ 

ɩɨɥɟ 
 

3.2. ɋɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ Bi ɜ ɧɟɪɚɜɧɨɜɟɫɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

 

Ʉɚɤ ɭɤɚɡɵɜɚɟɬɫɹ ɜ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ, ɜ ɨɛɪɚɡɰɚɯ Bi ɩɪɢ ɚɬɦɨɫ-

ɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ Д103Ж. Ʉɪɢɫɬɚɥɥɢɱɟ-

ɫɤɢɣ ɜɢɫɦɭɬ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɥɥɨɬɪɨɩɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ, 

ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɜɨ-

ɫɟɦɶ ɦɨɞɢɮɢɤɚɰɢɣ Bi. ɉɪɢ ɞɚɜɥɟɧɢɢ β,57 Ƚɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ β98 Ʉ, ɤɪɢɫɬɚɥɥɢ-

ɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɜɢɫɦɭɬɚ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɨɥɢɦɨɪɮɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɢɡ ɪɨɦɛɨɷɞ-
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ɪɢɱɟɫɤɨɣ ɜ ɦɨɧɨɤɥɢɧɧɭɸ. ɉɪɢ ɞɚɜɥɟɧɢɢ 7,74 Ƚɉɚ ɜɢɫɦɭɬ ɢɦɟɟɬ ɤɭɛɢɱɟɫɤɭɸ 

ɪɟɲɟɬɤɭ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ IЦγЦ ɫ ɩɚɪɚɦɟɬɪɨɦ К = 0,γ795 ɧɦ). ȼ ɢɧɬɟɪ-

ɜɚɥɟ ɞɚɜɥɟɧɢɣ β,γ—5,β Ƚɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪ 770—850 Ʉ ɜɢɫɦɭɬ ɢɦɟɟɬ ɬɟɬɪɚɝɨɧɚ-

ɥɶɧɭɸ ɪɟɲɟɬɤɭ, ɢ ɬ.ɞ. ɋɭɳɟɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ ɨɤɫɢɞɨɜ Bi: BiO ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɩɥɚɜɥɟɧɢɹ 1175 Ʉ, Bi2O3 (Ɍɩɥ= 98γ Ʉ) ɢ Bi2O5 (Ɍɩɥ~ 4βγ Ʉ). ɉɪɢɱɟɦ ɬɪɟɯɨɤɢɫɶ 

ɜɢɫɦɭɬɚ ɢɦɟɟɬ ɱɟɬɵɪɟ ɩɨɥɢɦɨɪɮɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ Į-, ȕ-, Ȗ- ɢ į-Bi2O3. Ɉɫɨɛɟɧɧɨ 

ɢɧɬɟɪɟɫɧɨɣ ɹɜɥɹɟɬɫɹ Į-ɦɨɞɢɮɢɤɚɰɢɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɢɫɯɨɞɧɵɯ ɜɟ-

ɳɟɫɬɜ ɞɥɹ ɫɢɧɬɟɡɚ ɪɹɞɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜ ɢ Bi-

ɫɨɞɟɪɠɚɳɢɯ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Д104Ж. ɇɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 

100β Ʉ ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Įĺį-ɦɨɞɢɮɢɤɚɰɢɸ, ɹɜɥɹɸɳɭɸɫɹ  ɫɬɚɛɢɥɶ-

ɧɨɣ ɜɩɥɨɬɶ ɞɨ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ 1097 Ʉ. Ɇɟɬɚɫɬɚɛɢɥɶɧɵɟ ȕ ɢ Ȗ-ɦɨɞɢɮɢɤɚɰɢɢ 

ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ į-ɮɨɪɦɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 9βγ ɢ 91β Ʉ ɫɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ. ȕ ɢ Ȗ ĺĮ-ɦɨɞɢɮɢɤɚɰɢɸ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 9βγ-77γ Ʉ. 

Ɉɤɢɫɥɟɧɢɟ BiO ɜ Bi2O3 ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɨɤɨɥɨ 45γ Ʉ. Bi2O3 ɩɥɚɜɢɬɫɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ 9β7 ɢ 98γ Ʉ, ɨɞ-

ɧɚɤɨ ɩɟɪɟɝɪɟɬɚɹ ɜɵɲɟ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɬɪɟɯɨɤɢɫɶ ɩɟɪɟɯɨɞɢɬ ɢɡ ɭɫɬɨɣɱɢɜɨɣ 

ɤɭɛɢɱɟɫɤɨɣ ɜ ɪɨɦɛɢɱɟɫɤɭɸ ɧɟɭɫɬɨɣɱɢɜɭɸ ɦɨɞɢɮɢɤɚɰɢɸ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟ-

ɧɢɹ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ 11γγ Ʉ. 

Bi ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ 

ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɱɟɦ ɜ ɬɜɟɪɞɨɦ. ɍɞɟɥɶɧɨɟ ɷɥɟɤ-

ɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɠɢɞɤɨɝɨ Bi ɩɪɢ 570 Ʉ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɬɜɟɪɞɨɝɨ Bi 

ɩɪɢ 470 Ʉ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 570 ɞɨ 10β0 Ʉ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨ-

ɩɪɨɬɢɜɥɟɧɢɟ ɠɢɞɤɨɝɨ Bi ɜɨɡɪɚɫɬɚɟɬ ɩɥɚɜɧɨ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɟ Bi ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ. ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɥɟɧɨɤ Bi ɧɚɩɪɹɦɭɸ 

ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɚɝɪɟɜ ɥɢɛɨ ɨɯɥɚɠɞɟɧɢɟ 

ɩɨɞɥɨɠɟɤ, ɧɚ ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɢɬ ɨɫɚɠɞɟɧɢɟ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɷɥɟɤɬɪɨ-

ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɩɥɟɧɤɢ Bi, ɩɨɥɭɱɟɧɧɵɟ ɤɚɬɨɞɧɵɦ ɪɚɫɩɵɥɟɧɢɟɦ ɜ 

ɜɨɞɨɪɨɞɟ, ɢɦɟɥɢ ɜɵɫɨɤɨɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨ ɩɥɟɧɤɚɦ, ɩɨɥɭ-

ɱɟɧɧɵɦ ɨɫɚɠɞɟɧɢɟɦ ɧɚ ɨɯɥɚɠɞɟɧɧɨɟ ɫɬɟɤɥɨ Д103Ж. ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
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ɬɪɟɯɨɤɢɫɶ ɜɢɫɦɭɬɚ Bi2O3 ɧɟ ɩɪɨɜɨɞɢɬ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɧɨ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɟɟ ɩɪɨɜɨɞɢɦɨɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ. 

ɋɪɟɞɢ ɩɪɨɱɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ Bi ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ ɬɨ, ɱɬɨ ɨɧ ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ 

ɧɢɡɤɨɣ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶɸ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ~ -176×10-6 

ɫɪɟɞɢ ɦɟɬɚɥɥɨɜ. Ɉɤɫɢɞ ɜɢɫɦɭɬɚ Bi2O3 ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɢɚɦɚɝɧɢɬɧɨɟ 

ɫɨɟɞɢɧɟɧɢɟ, ɨɞɧɚɤɨ ɜ ɪɹɞɟ ɪɚɛɨɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɟɝɨ ɦɚɝɧɢɬɧɵɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɨɠɧɟɟ, ɱɟɦ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɪɚɧɟɟ Д104]. 

Ȼɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɨɞɢɮɢɤɚɰɢɣ Bi ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɚɧɨɦɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɨɤɫɢɞɚ ɜɢɫɦɭɬɚ Bi2O3, ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɚɤɬɭɚɥɶɧɨɫɬɶ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ Bi, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɡ-

ɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ (Ɍɚɛ.γ.1) ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. 

Ɍɚɛɥɢɰɚ 3.1. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ Bi 

 d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 2
1610,

ɫɦɦɢɧ
ɚɬ


  

Bi(1) 1200 0,8 16 -2 200 7,92 

Bi(2) 500 1 120 -2 20 7,89 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ; Ȗ – ɚɬɨɦɧɵɣ ɩɨɬɨɤ ɜɟɳɟɫɬɜɚ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚ-

ɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 
ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ.5. 

 

Ɋɢɫ.γ.5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ Bi(2) 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɥɟɧɨɤ Bi(2) ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ  

ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɢɫ-

ɩɟɪɫɧɭɸ ɫɬɪɭɤɬɭɪɭ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi (ɬɟɦɧɵɟ ɭɱɚɫɬɤɢ) ɨɤɪɭɠɟɧɧɨɝɨ ɮɚɡɨɣ 

ɨɤɫɢɞɚ Į-Bi2O3 (ɫɜɟɬɥɵɟ ɭɱɚɫɬɤɢ). 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ Bi(1) ɮɨɪɦɢ-

ɪɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ ɪɚɜɧɨɜɟɫɧɨɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ Bi ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɨɣ (ɚ = 0,47459 ɧɦ, Į = 57,βγ7ż), ɪɚɡɦɟɪ ɈɄɊ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ L ~ 6,5 

ɧɦ, ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ Bi ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,γ795 ɧɦ), ɮɨɪɦɢɪɭɸɳɟɝɨ-

ɫɹ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɢ Į-

ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɫɢɞɚ Bi2O3 ɫ ɦɨɧɨɤɥɢɧɧɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,58486; b = 0,81661; ɫ 

= 0,75097 ɧɦ). Ɏɚɡɨɜɵɣ ɚɧɚɥɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɩɥɟɧɨɤ Bi(2) ɧɟ ɩɨɤɚɡɚɥ ɜ 

ɫɨɫɬɚɜɟ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ ɤɭɛɢɱɟɫɤɨɝɨ Bi (ɪɢɫ. γ.6 ɛ), ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟ-

ɧɢɟɦ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɫ ɩɨɪɹɞɤɚ ɞɟɫɹɬɢɤɪɚɬɧɵɦ ɪɚɡɥɢɱɢ-

ɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. Ⱦɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɞɚɜɥɟɧɢɹ ɪɚɛɨ-

ɱɟɝɨ ɝɚɡɚ (16 ɦɉɚ) ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɩɥɟɧɨɤ Bi(1) ɩɪɢɜɟɥ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɬɚɫ-

ɬɚɛɢɥɶɧɨɣ ɞɥɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɮɚɡɵ Bi. Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɮɚɡɵ 

Bi ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɩɨɤɚɡɚɥ ɩɨɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɪɚɜɧɨɜɟɫɧɵɦɢ ɚ = 0,4515 ɧɦ (ɚɬɚɛ = 0,47459 ɧɦ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜɥɢɹɧɢɟɦ 

ɭɫɥɨɜɢɣ ɫɜɟɪɯɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ. 

ɇɚɝɪɟɜ ɩɥɟɧɨɤ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 750 Ʉ, ɩɪɟɜɵɲɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜ-

ɥɟɧɢɹ Bi (з544 Ʉ) ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɨɯɥɚɠɞɟɧɢɟ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ-

ɜɨɞɢɬ ɤ ɪɚɫɩɚɞɭ ɤɭɛɢɱɟɫɤɨɝɨ Bi ɢ ɩɟɪɟɯɨɞɭ ɟɝɨ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɪɨɢ-

ɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɈɄɊ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɞɨ L з 8 ɧɦ, ɚ ɬɚɤɠɟ ɢɡ-

ɦɟɧɹɟɬɫɹ ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ ɛɥɢɠɟ ɤ  ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ (ɚ = 0,455β ɧɦ). Ɍ.ɨ. 

ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɟ ɩɥɟɧɤɢ Bi(1) ɢ Bi(2) ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɜɭɯɮɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ 

ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɢ ɨɤɫɢɞɚ Į-Bi2O3 (ɪɢɫ. γ.6 ). 
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Ɋɢɫ.γ.6. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Bi: ɚ) Bi(1) ɢɫɯ; ɛ) Bi(2) 

ɢɫɯ; ɜ) Bi(2) ɬɨ 750 Ʉ 

 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɧɚɩɵɥɟɧɧɵɟ 

ɩɥɟɧɤɢ Bi(1) ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɬɚɤɠɟ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ (ɪɢɫ. γ.7) ɜ 

ɋu- ɢɡɥɭɱɟɧɢɢ. 
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Ɋɢɫ.γ.7. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ Bi(1), ɝɞɟ ɫ – ɤɭɛɢɱɟɫɤɢɣ Bi; * – ɪɨɦɛɨɷɞɪɢɱɟɫɤɢɣ Bi 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟ-

ɧɨɤ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨ-

ɜɵɯ ɩɟɪɟɯɨɞɨɜ Bi, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɬɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɏɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ γ.8 ɚ-ɜ. 

 

Ɋɢɫ.γ.8. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ Bi(2): ɚ) v1=0,075 
Ʉ/ɫ; ɛ) v2=0,15 Ʉ/ɫ; ɜ) v3=0,3 Ʉ/ɫ 
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Ʉɪɢɜɚɹ ɧɚɝɪɟɜɚ (ɬɟɦɧɚɹ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɪɟɦɹ ɭɱɚɫɬɤɚɦɢ. ɇɚ ɩɟɪɜɨɦ, ɜ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 570-6β0 Ʉ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ 

ɧɚɝɪɟɜɚ, ɢɞɟɬ ɩɥɚɜɧɨɟ ɩɨɧɢɠɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼɬɨɪɨɣ ɭɱɚɫɬɨɤ ɨɬɨɛ-

ɪɚɠɚɟɬ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɜ ɠɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɱɬɨ ɩɪɨɹɜ-

ɥɹɟɬɫɹ ɜ ɜɢɞɟ ɪɟɡɤɨɝɨ ɩɨɧɢɠɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɧɚ-

ɩɪɢɦɟɪ, ɞɥɹ ɫɤɨɪɨɫɬɢ v3, ~630-670 Ʉ (ɪɢɫ. γ.8.ɜ). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɠɟ 

ɩɪɢ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ v1 ɩɥɚɜɥɟɧɢɟ Bi ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟ-

ɜɵɲɚɸɳɟɣ ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɴɟɦɧɵɯ ɨɛɪɚɡɰɨɜ 575 Ʉ (Ɍɩɥ = 544 Ʉ). 

ɉɪɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɩɥɟɧɤɚɯ ɨɩɢɫɚɧɚ ɜ ɪɚɛɨɬɟ 

[89Ж, ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɦɟɪɧɵɦɢ ɷɮɮɟɤɬɚɦɢ ɜ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɢɫɬɟɦɚɯ. Ⱦɚɥɶ-

ɧɟɣɲɢɣ ɧɚɝɪɟɜ ɩɥɟɧɨɤ, ɩɨ ɡɚɜɟɪɲɟɧɢɸ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɪɢɜɨɞɢɬ ɤ ɩɥɚɜɧɨ-

ɦɭ ɩɨɜɵɲɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɚɫɩɥɚɜɥɟɧɧɵɣ Bi ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɩɨɪɚɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ Į-Bi2O3, ɤɨɬɨɪɚɹ 

ɧɟ ɩɥɚɜɢɬɶɫɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 98γ Ʉ.  

Ɉɯɥɚɠɞɟɧɢɟ ɩɥɟɧɤɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з480 Ʉ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨ-

ɦɭ ɢɡɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɪɢ ɷɬɨɦ Bi ɨɫɬɚɟɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹ-

ɧɢɢ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з480 Ʉ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɩɥɟɧɨɤ (ɪɢɫ. γ.8.ɚ-ɜ). ɗɬɨ ɹɜɥɟɧɢɟ, ɬɚɤɠɟ ɨɩɢɫɚɧɧɨɟ ɜ ɪɚɛɨɬɟ Д105Ж ɫɜɹɡɚɧɨ ɫ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ Bi, ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ Bi ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ ɠɢɞɤɨɝɨ Д103Ж. ɇɚ ɩɨɫɥɟ-

ɞɧɟɦ ɭɱɚɫɬɤɟ ɤɪɢɜɨɣ, ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ, ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɵɲɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɞɨ ɭɪɨɜɧɹ ɩɪɟɜɵɲɚɸɳɟɝɨ ɢɫɯɨɞɧɨɟ.  

ȼ ɬɚɛɥɢɰɟ γ.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɮɚɡɨɜɵɯ 

ɩɪɟɜɪɚɳɟɧɢɣ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ Bi ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚ 

ɩɥɟɧɨɤ Bi(2), ɚ ɬɚɤɠɟ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɪɚɫɫɱɢ-

ɬɚɧɧɚɹ ɦɟɬɨɞɨɦ Ʉɢɫɫɟɧɞɠɟɪɚ. 
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Ɍɚɛɥɢɰɚ γ.β 

Ɍɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɥɟɧɨɤ Bi 

 
vɧɚɝɪɟɜɚ  

Ʉ/ɫ 

Ɍɧɚɱɚɥɚ, Ʉ 
Ɍɜĺɀ 

Ɍɤɨɧɰɚ, Ʉ 
Ɍɜĺɀ 

Ɍ, Ʉ 

ɀĺɌɜ 
ȿȺ, Ʉ 

Bi(1) 
0,075 580 610 480 

15×103 0,15 590 630 480 

0,3 610 650 480 

Bi(2) 
0,075 570 600 470 

8,5×103 0,15 590 630 480 

0,3 630 670 480 

 

ȼɢɞɧɨ, ɱɬɨ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɩɥɟɧɤɚɦɢ Mn, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨ-

ɜɵɯ ɩɟɪɟɯɨɞɨɜ ɞɥɹ ɨɛɪɚɡɰɨɜ Bi, ɨɫɚɠɞɟɧɧɵɯ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɟɣ 

ɚɬɨɦɨɜ Bi(1), ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ ȿȺ ɞɥɹ Bi(2), ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɫɬɟ-

ɩɟɧɢ ɧɟɪɚɜɧɨɜɟɫɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ. 

Bi, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɹɜɥɹɟɬɫɹ ɞɢɚɦɚɝɧɟɬɢɤɨɦ, ɨɞɧɚɤɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɚ-

ɝɧɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɨɹɜɥɟɧɢɟ ɝɢɫɬɟɪɟ-

ɡɢɫɧɵɯ ɫɜɨɣɫɬɜ (ɪɢɫ. γ.9 ɚ-ɛ).  

 
Ɋɢɫ.γ.9. Ʉɪɢɜɵɟ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ Bi(2): ɚ) ɢɫɯɨɞɧɵɟ ɜ 

ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ; ɛ) ɢɫɯɨɞɧɵɟ ɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɥɟ; ɜ) ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ 

ɩɨɥɟ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 6β0 Ʉ; ɝ) ɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɥɟ ɩɨɫɥɟ ɬɟɪ-

ɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 6β0 Ʉ 
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Ɂɧɚɱɟɧɢɟ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɞɥɹ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ 

ɨɪɢɟɧɬɢɪɨɜɤɢ ɩɥɟɧɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɫɬɚɜɥɹɥɨ ɇɫз15 ɤȺ/ɦ. 

ɉɪɢɱɢɧɨɣ ɬɚɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɩɥɟɧɤɚɯ ɮɚɡɵ Į-Bi2O3, ɤɨ-

ɬɨɪɚɹ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ Д104Ж ɨɛɥɚɞɚɟɬ ɥɨɤɚɥɶɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɩɨɥɹɦɢ.  

Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з 6β0 Ʉ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɹɜɥɟ-

ɧɢɸ ɚɧɢɡɨɬɪɨɩɢɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. ȼ ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ ɩɨɥɭɱɟɧɚ ɤɪɢɜɚɹ, 

ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɞɢɚɦɚɝɧɟɬɢɤɚ (ɪɢɫ. γ.9 ɜ). Ɉɪɢɟɧɬɢɪɨɜɤɚ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɯ 

ɩɥɟɧɨɤ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɦɚɝɧɢɬɧɨɦɭ ɩɨɥɸ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɹɜɥɟɧɢɸ ɝɢɫɬɟɪɟɡɢ-

ɫɚ, ɨɞɧɚɤɨ ɡɧɚɱɟɧɢɟ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɩɨɧɢɠɟɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦɢ 

ɨɛɪɚɡɰɚɦɢ ɇɫз8 ɤȺ/ɦ (ɪɢɫ. γ.9 ɝ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ 

ɢ ɪɨɫɬɨɦ ɡɟɪɟɧ ɮɚɡɵ Bi ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ. 

 

3.3. ȼɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬ-
ɜɚ ɩɥɟɧɨɤ Ni 

 

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɣ Ni ɨɛɥɚɞɚɟɬ ɥɢɲɶ ɞɜɭɦɹ ɩɨɥɢɦɨɪɮɧɵɦɢ ɦɨɞɢɮɢɤɚɰɢɹ-

ɦɢ. ȼ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɢɦɟɟɬ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɭɛɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ 

ȽɐɄ ȕ-Ni (ɚ = 0,γ517 ɧɦ), ɨɞɧɚɤɨ, ɤɚɤ ɭɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д103Ж, ɩɪɢ ɤɚɬɨɞɧɨɦ ɪɚɫ-

ɩɵɥɟɧɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɇ2 ɩɨɥɭɱɟɧɚ ɮɚɡɚ Į-Ni ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧ-

ɧɨɣ ɪɟɲɟɬɤɨɣ Ƚɉɍ (ɚ = 0,β651 ɧɦ; ɫ = 0,4γ4γ ɧɦ), ɤɨɬɨɪɚɹ ɭɫɬɨɣɱɢɜɚ ɬɨɥɶɤɨ ɩɪɢ 

ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɢ 47γ Ʉ ɩɟɪɟɯɨɞɢɬ ɜ ɤɭɛɢɱɟɫɤɭɸ. Ɇɨɞɢɮɢɤɚɰɢɹ  ȕ-Ni 

ɫ ȽɐɄ ɪɟɲɟɬɤɨɣ ɹɜɥɹɟɬɫɹ ɮɟɪɪɨɦɚɝɧɟɬɢɤɨɦ ɫ ɬɨɱɤɨɣ Ʉɸɪɢ 6γ1 Ʉ. ȼ ɨɬɥɢɱɢɟ ɨɬ 

ɧɢɤɟɥɹ ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, Į-Ni ɫ Ƚɉɍ ɪɟɲɟɬɤɨɣ ɧɟɮɟɪɪɨɦɚɝɧɢɬɟɧ. Ɉɫɧɨɜ-

ɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɧɢɤɟɥɹ ɫ ɤɢɫɥɨɪɨɞɨɦ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞɵ NiO ɢ Ni2O3. ɉɪɢ 

ɷɬɨɦ, ɨɤɫɢɞ ɧɢɤɟɥɹ NiO ɫɭɳɟɫɬɜɭɟɬ ɜ ɞɜɭɯ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ: ɧɢɡ-

ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ Į-NiO ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,β9549 ɧɦ; ɫ = 0,7ββ8 

ɧɦ) ɢ ɹɜɥɹɸɳɢɣɫɹ ɚɧɬɢɮɟɪɪɨɦɚɝɧɟɬɢɤɨɦ; ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ, ɭɫɬɨɣɱɢɜɨɣ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 5β5 Ʉ, ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,41768 ɧɦ) Д105]. 

Ɍ.ɨ. ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɥɟɧɨɤ Ni ɨɫɚɠɞɟɧɧɵɯ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɡ-

ɜɨɥɢɬ ɨɰɟɧɢɬɶ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɨɫɬɨɹɳɟɣ ɢɡ ɪɚɡɥɢɱɧɵɯ 
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ɦɨɞɢɮɢɤɚɰɢɣ Ni ɢ ɟɝɨ ɨɤɫɢɞɨɜ,  ɚ ɬɚɤɠɟ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ Ni 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ γ.3. 

Ɍɚɛɥɢɰɚ γ.γ. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ Ni 

 Ni1 Ni2 Ni3 Ni4 Ni5 

U, ɤȼ -2 -2 -2 -2 -2 

IȺ, Ⱥ 1 1 2 0.8 5 

PAr, ɦɉК 120 53 53 16 53 

, ɷȼ 20 100 100 200 100 

Н, ɧɦ 80 100 160 140 120 

2
1610,

ɫɦɦɢɧ
ɚɬ


  5,6 5,6 8,1 4,4 7,7 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ; Ȗ – ɚɬɨɦɧɵɣ ɩɨɬɨɤ ɜɟɳɟɫɬɜɚ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚ-

ɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 

ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ Ni ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ.10. 

  

ɚ ɛ 

Ɋɢɫ.γ.10. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ: ɚ) Ni1; ɛ) Ni5 
 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɣ ɜɢɞɧɨ, ɱɬɨ ɜ ɩɥɟɧɤɚɯ Ni1 ɤɪɨɦɟ ɮɚ-

ɡɵ ȽɐɄ ȕ-Ni (ɬɟɦɧɵɟ ɭɱɚɫɬɤɢ) ɮɨɪɦɢɪɭɸɬɫɹ ɡɟɪɧɚ Į-Ni ɫ Ƚɉɍ ɪɟɲɟɬɤɨɣ (ɫɜɟɬ-
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ɥɵɟ ɭɱɚɫɬɤɢ) (ɪɢɫ.γ.10 ɚ). Ɍɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ Į-NiɈ ɧɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ Ni (ɪɢɫ.γ.10 ɛ). 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɟɠɟɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ Ni2-5, ɤɚɤ ɜɢɞɧɨ 

ɢɡ ɬɚɛɥɢɰɵ γ.5, ɩɨɥɭɱɟɧɧɵɯ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɩɚɪɚɦɟɬɪɨɜ ɧɚɩɵɥɟɧɢɹ, ɩɨ-

ɤɚɡɚɥɢ, ɱɬɨ ɨɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɭɯɮɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ ȽɐɄ ȕ-Ni ɢ ɨɤ-

ɫɢɞɚ Į-NiɈ (ɪɢɫ. γ.11 ɚ).  

 
Ɋɢɫ.γ.11. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Ni: ɚ) Ni3 ɢɫɯ; ɛ) Ni3 ɬɨ 

89γ Ʉ; ɜ) Ni1 ɢɫɯ; ɝ) Ni1 ɬɨ 91γ Ʉ 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɭɤɚɡɚɧɧɵɯ ɨɛɪɚɡɰɨɜ, ɚɧɚɥɢɡ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɢɫɯɨɞɧɵɯ ɩɥɟ-

ɧɨɤ Ni1 ɩɨɤɚɡɚɥ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɦɟɫɢ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ȽɐɄ -σТ, ɫ ɪɚɡɦɟ-

ɪɨɦ ɈɄɊ L з 5 ɧɦ, ɮɚɡɵ -σТ ɫ Ƚɉɍ ɪɟɲɟɬɤɨɣ (L з 9 ɧɦ) ɢ ɨɤɫɢɞɚ σТτ (ɪɢɫ. 

γ.11 ɜ). Ɉɛɪɚɡɨɜɚɧɢɟ Ƚɉɍ ɮɚɡɵ ɜ ɩɥɟɧɤɟ σТ1 ɨɱɟɜɢɞɧɨ ɫɜɹɡɚɧɨ ɫ ɭɫɥɨɜɢɹɦɢ ɩɨ-

ɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɨɛɪɚɡɰɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɜɵ-

ɫɨɤɨɣ ɷɧɟɪɝɢɟɣ ɪɚɫɩɵɥɟɧɧɵɯ ɚɬɨɦɨɜ (з β0 ɷȼ), ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɦ ɞɚɜɥɟ-

ɧɢɟɦ ɪɚɛɨɱɟɝɨ ɝɚɡɚ Ar (~ 1β0 ɦɉɚ). 

ɇɚɝɪɟɜ ɩɥɟɧɨɤ Ni1  ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з 91γ Ʉ, ɤɨɬɨɪɚɹ ɩɪɟɜɵɲɚɟɬ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɭɫɬɨɣɱɢɜɨɫɬɢ  Ƚɉɍ Į-Ni (47γ Ʉ), ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɯɨɞɭ Į-Niĺȕ-Ni, ɢ ɮɨɪ-

ɦɢɪɨɜɚɧɢɸ ɞɜɭɯɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɩɥɟɧɤɚɦɢ Ni2-5 (ɪɢɫ. γ.11 ɛ,ɝ). 

Ɍɚɤɠɟ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɨɛɪɚɡɰɨɜ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɡɟɪɟɧ ɢ ɢɡɦɟɧɟɧɢɸ 

ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɬɤɢ ɛɥɢɠɟ ɤ ɪɚɜɧɨɜɟɫɧɵɦ ɡɧɚɱɟɧɢɹɦ (ɚɬɚɛɥ = 0,γ517 ɧɦ). ɍɤɚ-

ɡɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɨɥɭɱɟ-

ɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ γ.4. 

Ɍɚɛɥɢɰɚ γ.4. 

ɋɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɥɟɧɨɤ Ni 

 Ni1 Ni2 Ni3 Ni4 Ni5 

Ɍ, Ʉ 913 893 893 893 873 

Lɢɫɯ, ɧɦ 5 8 9 9 4 

Lɬɨ, ɧɦ 10 16 15 11 7 

ɚɢɫɯ, ɧɦ 0,356 0,36 0,358 0,362 0,364 

ɚɬɨ, ɧɦ 0,355 0,358 0,358 0,358 0,355 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ; Lɢɫɯ, Lɬɨ – ɪɚɡɦɟɪɵ ɈɄɊ ɢɫɯɨɞɧɵɯ ɢ ɬɟɪ-

ɦɨɨɛɪɚɛɨɬɚɧɧɵɯ ɩɥɟɧɨɤ Ni; ɚɢɫɯ, ɚɬɨ – ɩɚɪɚɦɟɬɪɵ ɪɟɲɟɬɤɢ ɢɫɯɨɞɧɵɯ ɢ ɬɟɪɦɨɨɛ-

ɪɚɛɨɬɚɧɧɵɯ ɩɥɟɧɨɤ. 

 

ɏɚɪɚɤɬɟɪɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ 

σТ ɧɟ ɫɨɞɟɪɠɚɳɢɯ Į-ɮɚɡɵ, ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ γ.1β. 
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Ɋɢɫ.γ.1β. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ σТ2: 

ɚ) Я1=0,075 Ʉ/ɫ; ɛ) Я2=0,15 Ʉ/ɫ; ɜ) Я3=0,3 Ʉ/ɫ 

 

ɇɚ ɭɱɚɫɬɤɟ ɤɪɢɜɨɣ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪ з 580-680 Ʉ ɷɥɟɤɬɪɨɫɨɩ-

ɪɨɬɢɜɥɟɧɢɟ ɩɥɚɜɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. Ɂɚɬɟɦ, ɧɚɩɪɢɦɟɪ, 

ɞɥɹ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ Я2, ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 610 – 770 Ʉ ɩɪɨɢɫɯɨɞɹɬ ɫɬɪɭɤ-

ɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɥɟɧɤɢ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɦɢ ɩɪɨɰɟɫ-

ɫɚɦɢ ɢ ɪɨɫɬɨɦ ɡɟɪɟɧ ȕ-Ni [107-109Ж. Ⱦɚɥɶɧɟɣɲɢɣ ɧɚɝɪɟɜ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɨɯɥɚɠ-

ɞɟɧɢɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɬɢɩɢɱɧɨɟ ɩɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɬɚɥɥɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ γ.1γ ɩɪɟɞɫɬɚɜɥɟɧɚ ɯɚɪɚɤɬɟɪɧɚɹ ɤɪɢɜɚɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ σТ1, ɢɦɟɸɳɢɯ ɬɪɟɯɮɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ Į-, ȕ-

σТ ɢ Į-NiɈ. 
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Ɋɢɫ.γ.1γ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ σТ1 

 

ȼɢɞɧɨ, ɱɬɨ ɧɚɝɪɟɜ ɩɥɟɧɨɤ σТ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɫɦɟɫɢ ɮɚɡ ɫ ȽɐɄ ɢ Ƚɉɍ ɪɟɲɟ-

ɬɤɚɦɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з570 Ʉ, ɩɪɟɜɵɲɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ɭɫɬɨɣɱɢɜɨɫɬɢ Į-

ɮɚɡɵ (47γ Ʉ), ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɜɪɚɳɟɧɢɸ Į-Niĺȕ-Ni [110Ж. ȼɬɨɪɨɣ ɢɡɝɢɛ ɤɪɢɜɨɣ 

ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ з670-700 Ʉ ɨɬɨɛɪɚɠɚɟɬ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɟ 

ɩɪɨɰɟɫɫɵ ɢ ɪɨɫɬ ɪɚɡɦɟɪɨɜ ɈɄɊ ɨɬ з 5 ɞɨ 10 ɧɦ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ (EA), 

ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɦɟɬɨɞɭ Ʉɢɫɫɟɧɞɠɟɪɚ ɜ ɫɥɭɱɚɟ ɪɚɫɩɚɞɚ Ƚɉɍ σТ ɩɪɟɜɵɲɚɟɬ EA 

ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɨɜ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɱɬɢ ɜ ɬɪɢ ɪɚɡɚ ɢ ɫɨɫɬɚɜɥɹɟɬ зβ1×103 K 

(Ɍɚɛ.γ.5). Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɩɪɢɜɨɞɢɬ 

ɤ ɪɨɫɬɭ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɩɥɟɧɤɚɯ Д111]. 

Ɍɚɛɥɢɰɚ γ.5. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɥɟɧɨɤ Ni 

 Ni1 Ni2 Ni3 Ni4 Ni5 

Ɍɧɚɱɚɥɚ, Ʉ 623 623 703 683 723 

Ɍɤɨɧɰɚ, Ʉ 743 733 773 763 783 

ȿȺ,×103 Ʉ 21 6 12 4,5 17 

 

ɇɚ ɪɢɫɭɧɤɟ γ.14 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-

ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɞɥɹ ɩɥɟɧɨɤ σТ ɜ ɫɜɟɠɟɧɚɩɵɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
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Ɋɢɫ.γ.14. Ʉɪɢɜɵɟ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɩɥɟɧɨɤ Ni3 ɜ ɩɚ-

ɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ 

 

Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ Ni ɞɟɦɨɧɫɬɪɢ-

ɪɭɟɬ ɚɧɢɡɨɬɪɨɩɢɸ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. Ƚɢɫɬɟɪɟɡɢɫ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɜ ɩɨ-

ɥɟ, ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɥɟɧɤɟ ɫ ɞɜɭɯɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɉɪɢ ɷɬɨɦ, ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢ-

ɥɚ ɧɟ ɩɪɟɜɵɲɚɟɬ з0.5 ɤA/ɦ. ȼ ɩɥɟɧɤɚɯ σТ1 ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɫɦɟɫɢ ɮɚɡ Į- ɢ ȕ- σТ ɜ 

ɫɜɟɠɟɧɚɩɵɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɝɢɫɬɟɪɟɡɢɫ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɧɟ ɪɟɝɢɫɬɪɢɪɨɜɚɥɫɹ 

ɩɪɢ ɥɸɛɨɣ ɨɪɢɟɧɬɚɰɢɢ ɩɨɥɹ. 

ɇɢɡɤɭɸ ɤɨɷɪɰɢɬɢɜɧɭɸ ɫɢɥɭ ɢ ɨɬɫɭɬɫɬɜɢɟ ɧɚɫɵɳɟɧɢɹ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ 

ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɜ ɨɛɪɚɡɰɚɯ ɧɟ ɫɮɨɪɦɢɪɨɜɚɧɚ ɢɫɬɢɧɧɨ ɞɨɦɟɧɧɚɹ ɫɬɪɭ-

ɤɬɭɪɚ, ɩɨɫɤɨɥɶɤɭ, ɧɚɩɪɢɦɟɪ, ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɞɨɦɟɧɨɜ ɞɥɹ ɩɥɟɧɨɤ ɠɟɥɟɡɚ 

ɩɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɜ ɫɪɟɞɧɟɦ ɞɨɥɠɧɵ ɫɨɫɬɚɜɥɹɬɶ з 50 ɧɦ Д112Ж, ɚ ɜ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɡɦɟɪ ɈɄɊ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 5-10 ɧɦ. 

 

3.4. ɋɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ ɬɭɝɨɩ-
ɥɚɜɤɨɝɨ Mo, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ 

 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɬɭɝɨɩɥɚɜɤɢɣ Mo ɧɟ ɢɦɟɟɬ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɢ 

ɨɛɥɚɞɚɟɬ ɤɭɛɢɱɟɫɤɨɣ ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,γ14 ɧɦ). Ɍɟɦɩɟ-

ɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ Mo ɫɨɫɬɚɜɥɹɟɬ β89γ Ʉ. Ⱦɚɧɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ ɤ 

ɨɤɢɫɥɟɧɢɸ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ȼɵɫɬɪɨɟ ɨɤɢɫɥɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɥɢɲɶ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 87γ Ʉ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɚ MoO3 ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ 

ɪɟɲɟɬɤɨɣ (ɚ = 1,05γ1 ɧɦ; ɫ = 1,4876 ɧɦ). ɉɨɞɨɛɧɨ ɞɜɭɨɤɢɫɢ ɦɨɥɢɛɞɟɧɚ MoO3 
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ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɱɟɦ ɫɚɦ ɦɟɬɚɥɥ 

[103]. ɍɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪ ɬɭɝɨ-

ɩɥɚɜɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɹɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɡɚɞɚɱɟɣ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ Mo ɩɪɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɦ ɧɚɩɵɥɟɧɢɢ ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ γ.6. 

Ɍɚɛɥɢɰɚ γ.6. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ Mo 

 d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Mo1 160 2 53 -2 100 

Mo2 100 0,8 16 -2 200 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ 

Mo2, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɧɢɡɤɨɦ ɞɚɜɥɟɧɢɢ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (16 ɦɉɚ), ɮɨɪɦɢɪɭɟɬɫɹ 

ɫɦɟɫɶ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɈɐɄ Mo, ɪɚɡɦɟɪ ɈɄɊ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ 

Lзγ,6 ɧɦ, ɢ ɨɤɫɢɞɚ MoɈ3 (ɪɢɫ. γ.15 ɛ).  

 

Ɋɢɫ.γ.15. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Mo: ɚ) Mo1 ɢɫɯ; ɛ) Mo2 
ɢɫɯ 
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ɂɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɧɚɩɵɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ, ɜ ɢɫɯɨɞɧɵɯ 

ɩɥɟɧɤɚɯ Mo1, ɬɪɟɯɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ: ɈɐɄ Mo ɢ ɫɦɟɫɢ ɨɤɫɢɞɨɜ MoɈ2
 (Lзγ,4 ɧɦ) 

ɢ MoɈ3 (ɪɢɫ. γ.15 ɚ). Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ ɬɭɝɨɩɥɚɜɤɨɝɨ Mo ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

з870 Ʉ ɩɪɢɜɨɞɢɬ ɥɢɲɶ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɪɚɡɦɟɪɨɜ ɈɄɊ (ɨɬ γ,6 ɞɨ 

γ,8 ɧɦ ɞɥɹ ɈɐɄ Mo). 

Ɉɬɫɭɬɫɬɜɢɟ ɜ ɩɥɟɧɤɚɯ Mo2 ɮɚɡɵ MoO2 ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɟɣ ɚɬɨ-

ɦɨɜ ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɧɚ ɩɨɞɥɨɠɤɭ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɮɚɡɵ 

MoO3 [113]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɤɚ-

ɡɚɥɨ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɩɥɟɧɨɤ Mo, ɩɪɢ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚ, ɤɪɢɜɵɟ ɨɬɨɛɪɚ-

ɠɚɸɬ  ɩɥɚɜɧɨɟ ɩɨɧɢɠɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɧɬɟ-

ɪɜɚɥɟ ɨɬ Ɍɤ ɞɨ ~6γ0 Ʉ (ɪɢɫ. γ.16).  

 

Ɋɢɫ.γ.16. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ Mo: 

ɚ) Mo2 v=0,075 Ʉ/ɫ; ɛ) Mo2 v=0,3 Ʉ/ɫ 

 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɪɟɡɤɨɟ ɩɚɞɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɧɟɛɨɥɶɲɨɦ ɬɟɦɩɟɪɚ-

ɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ. 
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Ⱥɧɚɥɢɡ ɫɦɟɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫ ɭɜɟɥɢɱɟ-

ɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɩɥɟɧɨɤ ɩɨɡɜɨɥɢɥ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ  

ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (EA) ɦɟɬɨɞɨɦ Ʉɢɫɫɟɧɞɠɟɪɚ. Ⱦɥɹ ɩɥɟɧɨɤ Mo1 ɢ  MШ2 ɷɧɟɪɝɢɹ 

ɚɤɬɢɜɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ EA~6,4×103 Ʉ ɢ з9,5×103 Ʉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɟɦɩɟɪɚɬɭɪɵ 

ɧɚɱɚɥɚ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɥɟɧɨɤ Mo ɫɨɫɬɚɜɥɹɸɬ Mo1 з 6γ0 Ʉ ɢ 

Mo2 з 700 Ʉ. Ʉɚɤ ɢ ɞɥɹ ɞɪɭɝɢɯ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɩɥɟɧɨɤ, ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɹɦɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɪɨɫɬɚ ɭɪɨɜɧɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸ-

ɳɢɯɫɹ ɚɬɨɦɨɜ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɟɪɚɜɧɨɜɟɫɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɧɚɩɵɥɟɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɟ γ.17 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɧɚɹ ɤɪɢɜɚɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-

ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɞɥɹ ɩɥɟɧɤɢ Mo1 ɜ ɫɜɟɠɟɧɚɩɵɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

 
 

Ɋɢɫ.γ.17. Ʉɪɢɜɚɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɢɫɯɨɞɧɨɣ ɩɥɟɧɤɢ Mo1 ɜ ɩɚ-
ɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ 

 

Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɩɥɟɧɨɤ Mo ɧɟ ɩɨɤɚɡɚɥ ɩɪɨɹɜɥɟɧɢɟ ɝɢɫɬɟɪɟɡɢɫɧɵɯ ɫɜɨɣɫɬɜ, 

ɤɚɤ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ, ɬɚɤ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɥɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ 

ɞɥɹ ɩɚɪɚɦɚɝɧɟɬɢɤɨɜ.  

 

3.5 Ɋɚɫɱɟɬ ɭɩɪɭɝɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɥɟɧɨɤ 

 

ȼ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪɚɯ, ɨɫɚɠɞɚɟɦɵɯ ɧɚ ɩɨɞɥɨɠɤɢ, ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɪɚɡ-

ɥɢɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ ɢ ɪɚɫɬɹɠɟɧɢɹ. ɗɬɢ ɞɟɮɨɪɦɚɰɢɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬɫɹ 

ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɢɱɢɹ ɩɚɪɚɦɟɬ-
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ɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɥɟ-

ɧɤɢ ɢ ɩɨɞɥɨɠɤɢ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɩɥɟɧɨɤ, ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɟ-

ɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д114Ж ɜ ɩɪɢɛɥɢɠɟɧɢɢ 

ɞɜɭɯɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɥɟɧɨɤ, ɫ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ 

ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɚɫɱɟɬɨɜ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪ. 

 
  ɩɥɩɞɩɥ

ɩɥɩɥɩɞɩɥ

dd

ɌdE

431

6




 
  ,                (3.1) 

Ƚɞɟ, ȿɩɥ – ɦɨɞɭɥɶ ɘɧɝɚ ɩɥɟɧɨɤ; Įɩɥ, Įɩɞ – ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɪɚɫɲɢɪɟɧɢɹ ɩɥɟɧɤɢ ɢ ɩɨɞɥɨɠɤɢ; ǻɌ – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɩɥɟɧɤɚ/ɩɨɞɥɨɠɤɚ; ȝ 

– ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ; dɩɥ, dɩɞ – ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ ɢ ɩɨɞɥɨɠɤɢ. 

ɍɩɪɭɝɚɹ ɞɟɮɨɪɦɚɰɢɹ, ɜɵɡɜɚɧɧɚɹ ɪɚɡɥɢɱɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɬɤɢ, ɫɨɝɥɚɫ-

ɧɨ ɪɚɛɨɬɟ Д115Ж, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ǻa/a ɢɥɢ, ɧɚɩɪɢɦɟɪ, (ɚNi–aNaCl)/aNaCl. 

ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɬɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ Ni ɧɚ ɩɨɞɥɨɠɤɟ NaCl ɫɨɫ-

ɬɚɜɥɹɟɬ γ5,9 %. ȼ ɪɚɛɨɬɟ Д116Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɨɰɟɧɤɢ ɭɩɪɭɝɨɣ ɞɟ-

ɮɨɪɦɚɰɢɢ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ: 
 

ɩɞɩɥ

ɩɞɩɥ
ɩɥ ɚɚ

ɚɚ
E






2
   ,               (3.2) 

Ƚɞɟ, ȿɩɥ – ɩɪɨɞɨɥɶɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɥɟɧɤɢ; ɚɩɥ, ɚɩɞ – ɩɚɪɚɦɟɬɪɵ ɪɟ-

ɲɟɬɨɤ ɩɥɟɧɤɢ ɢ ɩɨɞɥɨɠɤɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ȕ-Mn ɜ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦ-

ɩɟɪɚɬɭɪ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ γ.7. 

Ɍɚɛɥɢɰɚ γ.7. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Mn ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ǻɌ, Ʉ 90 – 113 133 – 153 173 – 193 213 – 233 253 – 273 273 – 293 293 – 573 

Į,×10-6 Ʉ-1 14,92 18,67 20,84 22,5 24,08 24,91 22,1 

 

ɋɪɟɞɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Bi, ɜ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɜɚ-

ɥɚɯ ɬɟɦɩɟɪɚɬɭɪ, ɩɨ ɞɚɧɧɵɦ [117] ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ γ.8. 
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Ɍɚɛɥɢɰɚ γ.8. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Bi ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ǻɌ, Ʉ 
287 – 

343 

343 – 

355 

371 – 

414 

414 – 

456 

456 – 

513 

513 – 

531 

521 – 

534 

531 – 

538 

Į,×10-6 Ʉ-1 11,4 14,2 12 12 11,4 9,4 4,1 -19 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɠɢɞɤɨɝɨ Bi ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 

573 – 107γ Ʉ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 1β,6×10-6. 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Ni ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɜɵɲɟ 

ɱɢɫɬɨɬɚ ɦɟɬɚɥɥɚ ɢ ɬɟɦ ɪɟɡɱɟ ɩɪɨɹɜɥɹɟɬɫɹ ɧɟɩɪɚɜɢɥɶɧɨɫɬɶ ɜ ɯɨɞɟ ɢɡɦɟɧɟɧɢɹ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ Ni ɜɛɥɢɡɢ ɬɨɱɤɢ ɦɚɝɧɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ [103]. Ɍɚɤ ɞɥɹ ɧɢɤɟɥɹ 

ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ (~99,98%) ɜ ɪɚɛɨɬɟ [118] ɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɬɚɛ. γ.9). 

Ɍɚɛɥɢɰɚ γ.9. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Ni ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 

Ɍ, Ʉ 293 474 657 669 771 875 937 

Į,×10-6 Ʉ-1 13 14,2 18,6 15,9 16,7 17,25 18,95 

 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Mo ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ β98 – 

γ7γ Ʉ ɨɩɪɟɞɟɥɟɧ ɡɧɚɱɟɧɢɟɦ ~4,9×10-6, ɚ ɜ ɩɪɟɞɟɥɚɯ 373 – 77γ Ʉ ~5,5×10-6 [103]. 

ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɢɧɟɣɧɨɝɨ ɪɚɫ-

ɲɢɪɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɪɚɠɟɧɢɹ (γ.γ-γ.4), ɚ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɭ γ.10. 

ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ β9γ – 157γ Ʉ: 

t
tt

t

296 109,01065,4  
    (3.3); 

ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1573 – β5βγ Ʉ: 

t
tt

t

2963 104,4105108,6  
   (3.4) 
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 Ɍɚɛɥɢɰɚ γ.10. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Mo ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 

Ɍ, Ʉ 773 1273 1773 2273 

Į,×10-6 Ʉ-1 5,1 5,5 6,2 7,2 

 

Ɋɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɡɧɚɱɟɧɢɣ ɭɩɪɭɝɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚ-

ɩɪɹɠɟɧɢɣ ɩɥɟɧɨɤ Mn, Bi, Ni ɢ Mo ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ γ.18 ɚ-ɛ ɞɥɹ ɩɨɞɥɨ-

ɠɟɤ NaCl (Į=γ6,4×10-6 Ʉ-1) ɢ ɫɢɬɚɥɥɚ (Į=-0,2×10-6 Ʉ-1). 

 

ɚ 

 

ɛ 

Ɋɢɫ.γ.18. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɥɟɧɨɤ ɨɬ ɬɟɦɩɟɪɚɬɭ-

ɪɵ: ɚ) Mn, Bi, Ni; ɛ) Mo ɧɚ ɩɨɞɥɨɠɤɚɯ NaCl ɢ ɫɢɬɚɥɥɚ 

 



 71 

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ, ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɥɨɠɤɚɯ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɥɟɧ-

ɤɢ, ɨɫɚɠɞɟɧɧɵɟ ɧɚ ɩɨɞɥɨɠɤɟ NaCl, ɩɨɞɜɟɪɝɚɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɪɚɫɬɹɠɟɧɢɸ, 

ɚ ɧɚ ɫɢɬɚɥɥɨɜɨɣ ɩɨɞɥɨɠɤɟ – ɫɠɚɬɢɸ. ɂɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ Bi ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ~ 520 

Ʉ ɩɪɨɢɫɯɨɞɢɬ ɦɧɨɝɨɤɪɚɬɧɨɟ ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɩɪɢɱɟɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɨɞɥɨɠɟɤ ɨɧ ɩɪɢɧɢɦɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɬ.ɟ. 

ɩɥɟɧɤɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɪɚɫɬɹɠɟɧɢɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɢɟ 

ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ Bi ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɮɨɪɦɢɪɭɸɳɟɣɫɹ, ɤɚɤ ɨɬɦɟɱɚ-

ɥɨɫɶ ɪɚɧɟɟ, ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (~ 7,74 Ƚɉɚ), ɜ ɞɚɧɧɨɣ ɪɚ-

ɛɨɬɟ, ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɪɟɡɤɢɦ ɫɤɚɱɤɨɦ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ (ɨɬ 

ı ~ 0,1 ɞɨ 0,4 Ɇɇ/ɦ2), ɜɵɡɜɚɧɧɨɝɨ ɩɨɜɵɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ 

ɨɬ β0 ɞɨ β00 ɷȼ, ɜ ɩɪɨɰɟɫɫɟ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚ-

ɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫ-

ɤɢɯ ɧɚɩɪɹɠɟɧɢɣ Bi, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɬɟɦɩɟɪɚ-

ɬɭɪɟ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɱɬɢ ɬɪɟɯɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɥɟɧɤɚɯ 

Bi ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɍɚɤ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ Bi, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɧɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 750 Ʉ ɢ ɨɯɥɚɠɞɟɧɢɹ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɩɨɜɵɲɟɧ-

ɧɵɦɢ (~ 70 Ɉɦ/ɤɜ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ (~ 50 Ɉɦ/ɤɜ), ɱɬɨ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɪɚɡɧɢɰɟɣ ɪɚɜɧɨɜɟɫɧɨɝɨ ɢ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɭɪɨɜɧɟɣ ɷɥɟɤɬɪɨɫɨɩ-

ɪɨɬɢɜɥɟɧɢɹ. 

ȼ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɤɚɯ Ni ɬɚɤɠɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚ-

ɩɪɹɠɟɧɢɣ ɧɚ ɮɨɪɦɢɪɭɸɳɭɸɫɹ ɫɬɪɭɤɬɭɪɭ. Ɍɚɤ ɞɥɹ ɩɥɟɧɨɤ Ni1, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ 

ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (1β0 ɦɉɚ), ɧɢɡɤɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɩɨɜɟɪɯɧɨ-

ɫɬɧɵɯ ɚɬɨɦɨɜ ɫ ɷɧɟɪɝɢɟɣ ~ β0 ɷȼ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜɥɢɹɧɢɹ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ (ı ~ 0,1 Ɇɇ/ɦ2) ɧɚ ɫɬɪɭɤɬɭɪɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɟɧ-

ɤɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ (~ β00 ɷȼ), ɱɬɨ 
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ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɮɚɡɵ Į-Ni ɫ Ƚɉɍ ɪɟɲɟɬɤɨɣ, ɤɨɬɨɪɚɹ ɭɫɬɨɣɱɢɜɚ ɬɨɥɶɤɨ 

ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɢ 47γ Ʉ ɩɟɪɟɯɨɞɢɬ ɜ ɤɭɛɢɱɟɫɤɭɸ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɨɦɟ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ, 

ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɨɤ ɜɧɨɫɹɬ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɩɨɞɥɨɠɤɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤɚɤ ɤ 

ɫɠɚɬɢɸ, ɬɚɤ ɢ ɤ ɪɚɫɬɹɠɟɧɢɸ. Ɂɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɪɚɫɱɟɬ ɤɨɬɨ-

ɪɵɯ ɩɪɨɜɨɞɢɥɫɹ ɩɨ ɦɟɬɨɞɢɤɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ [114] ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢ-

ɤɨɜɵɯ ɩɥɟɧɨɤ, ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ Bi ɢ 

Ni, ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. 

 

ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 3 

 

Ⱥɧɚɥɢɡ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ  

ɨɛɪɚɡɰɨɜ Mn, Bi, Ni ɢ Mo, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɫɜɟɪɯɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɡ 

ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ, ɞɚɥ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ: 

1) ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɨɜ Mn 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɬɨɞɚɦɢ ɡɚɤɚɥɤɢ ɢɡ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ, 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ Mn ɮɨɪɦɢɪɭɟɬɫɹ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 

ɧɟɪɚɜɧɨɜɟɫɧɚɹ ɮɚɡɚ ȕ-Mn ɢ ɨɤɫɢɞ MnɈ2. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɨɛɪɚɡ-

ɰɨɜ ɡɚɤɚɥɤɨɣ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɨɛɪɚɡɭɟɬɫɹ ɥɢɛɨ ɨɞɧɨɮɚɡɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟ-

ɪɚɜɧɨɜɟɫɧɨɝɨ Ȗ-Mn (ɩɪɢ Vɨɯɥ = 5∙107 K/ɫ), ɥɢɛɨ ɞɜɭɯɮɚɡɧɚɹ ɫɬɪɭɤɬɭɪɚ Į-Mn ɢ Ȗ-

Mn (ɩɪɢ Vɨɯɥ = 5∙106 K/ɫ). 

β) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɩɪɢ ɩɨ-

ɥɭɱɟɧɢɢ ɩɥɟɧɨɤ Bi (ɨɬ β0 ɞɨ β00 ɷȼ) ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪɵ ɫɨɫ-

ɬɨɹɳɟɣ ɢɡ ɫɦɟɫɢ Bi ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ Bi ɫ ɤɭɛɢɱɟɫ-

ɤɨɣ ɪɟɲɟɬɤɨɣ ɢ ɮɚɡɵ Į-Bi2O3. ɉɪɢ ɷɬɨɦ ɧɟɪɚɜɧɨɜɟɫɧɚɹ ɮɚɡɚ ɤɭɛɢɱɟɫɤɨɝɨ Bi ɪɚ-

ɧɟɟ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɬɨɥɶɤɨ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (~7,74 Ƚɉɚ). 

4) Ⱥɧɚɥɢɡ ɩɥɟɧɨɤ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ Bi ɩɨɤɚɡɚɥ ɩɪɨɹɜɥɟɧɢɟ ɝɢɫɬɟɪɟɡɢɫ-

ɧɵɯ ɫɜɨɣɫɬɜ ɫɨ ɡɧɚɱɟɧɢɟɦ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɇɫз15 ɤȺ/ɦ ɜ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡ-

ɰɚɯ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɨɟ ɹɜɥɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟɦ ɮɚɡɵ Į-Bi2O3, 
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ɤɨɬɨɪɚɹ ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɨɛɥɚɞɚɟɬ ɥɨɤɚɥɶɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ 

ɩɨɥɹɦɢ ɢ ɦɚɝɧɢɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ. 

5) ȼɩɟɪɜɵɟ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɟ ɩɥɟɧɨɤ σТ ɜɦɟɫɬɟ ɫ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ ȽɐɄ -σТ ɩɨɥɭɱɟɧɚ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ ɮɚɡɚ -σТ ɫ 

Ƚɉɍ ɪɟɲɟɬɤɨɣ, ɢ ɨɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ ɧɢɡɤɨɣ ɷɧɟɪɝɢɢ 

ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ (ĳ~20 ɷȼ). 

6) ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɥɟɧɤɚɯ ɬɭɝɨɩɥɚɜɤɨ-

ɝɨ Mo ɨɬ ɭɫɥɨɜɢɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɬɫɭɬɫɬɜɢɟ ɜ 

ɩɥɟɧɤɚɯ Mo ɮɚɡɵ MoO2 ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɬɪɭɤɬɭɪɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (~16 ɦɉɚ) ɢ ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɟɣ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ (~β00 ɷȼ).  

7) ɉɨɤɚɡɚɧɨ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ ɈɐɄ-Bi ɦɨɠɟɬ ɨɛɴɹ-

ɫɧɹɬɶɫɹ ɪɟɡɤɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ (ɨɬ ı ~ 0,1 ɞɨ 

0,4 Ɇɇ/ɦ2), ɜɵɡɜɚɧɧɨɝɨ ɩɨɜɵɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɨɬ β0 ɞɨ 

β00 ɷȼ. 



 74 

ɊȺɁȾȿɅ 4  

 

ɇȿɊȺȼɇɈȼȿɋɇɈȿ ɎɈɊɆɂɊɈȼɇɂȿ ɋɌɊɍɄɌɍɊɕ ɂ ɎɂɁɂɑȿɋɄɂɏ 
ɋȼɈɃɋɌȼ ɆɇɈȽɈɄɈɆɉɈɇȿɇɌɇɕɏ ɋɉɅȺȼɈȼ, ȻɕɋɌɊɈɈɏɅȺɀ-

Ⱦȿɇɇɕɏ ɂɁ ɀɂȾɄɈɋɌɂ ɂ ɉȺɊȺ 

 

ɍɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɞɢɫɩɟɪɫɧɵɯ 

ɦɢɤɪɨ- ɢ ɧɚɧɨ- ɪɚɡɦɟɪɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ, ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɥɟɧɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ, ɹɜɥɹɟɬɫɹ ɱɪɟɡ-

ɜɵɱɚɣɧɨ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɩɪɟɞɵɞɭɳɟɣ ɱɚɫɬɢ ɪɚɛɨɬɵ, ɛɨɥɶɲɢɧɫɬɜɨ ɩɥɟɧɨɤ, 

ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢɲɟɧɟɣ, ɩɪɨɹɜɥɹɸɬ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪ-

ɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɱɬɨ ɡɚɦɟɬɧɨ ɜɥɢɹɟɬ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɚ ɫɜɨɣɫɬ-

ɜɚ ɦɚɬɟɪɢɚɥɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɫɨɫɬɚɜ ɞɜɨɣɧɵɯ ɫɢɫɬɟɦ ɜɜɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɣ ɷɥɟɦɟɧɬ, ɨɛɥɚɞɚɸɳɢɣ «ɡɚɳɢɬɧɵɦɢ» ɫɜɨɣɫɬɜɚɦɢ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɨɫ-

ɬɚɜɥɹɸɳɟɣ ɩɥɟɧɤɢ, ɢ ɩɨɜɵɲɚɸɳɢɣ ɟɟ ɤɨɪɪɨɡɢɨɧɧɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢ-

ɜɨɫɬɶ. Ⱦɨɛɚɜɥɟɧɢɟ ɥɟɝɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɜ ɫɬɪɭɤɬɭɪɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟ-

ɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɪɚɡɰɨɜ, ɚ ɫ ɞɪɭɝɨɣ ɭɫɥɨɠɧɹɟɬ ɡɚɞɚɱɭ ɤɨɧɬɪɨɥɹ ɫɬɪɭɤɬɭɪɵ 

ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜɫɥɟɞɫɬɜɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɥɨɠɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɦɧɨ-

ɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɬɪɟɛɭɟɬ ɩɨɞɪɨɛɧɨɝɨ ɢɡɭɱɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭ-

ɪɵ ɢ ɫɜɨɣɫɬɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɨɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɨɛɪɚɡɰɨɜ Mn, Bi, 

Ni ɢ Mo ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɫɩɥɚɜɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫ-

ɬɚɜɚ ɢ ɬɨɥɳɢɧɵ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ, ɩɨɥɭɱɟɧ-

ɧɵɯ ɩɪɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɬɨɞɚɦɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɢ 

Ɂɀɋ. 
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4.1. ȼɥɢɹɧɢɟ ɫɨɫɬɚɜɚ ɢ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɮɢɡɢɱɟɫ-

ɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ MnBi ɢ MnBiCr. 

 

Ɉɛɴɟɦɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ MЧBТ,  ɫɨɞɟɪɠɚɳɢɟ ɨɩɪɟɞɟɥɟɧ-

ɧɭɸ ɞɨɥɸ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɮɚɡɵ Į-MnBТ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵ 

ɫɜɨɢɦɢ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ [65Ж. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɩɨɥɭɱɟɧɢɟ 

ɞɚɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɥɟɧɨɱɧɨɦ ɜɢɞɟ. Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 

ɩɟɪɟɞ ɨɛɴɟɦɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɟɧɨɱɧɵɯ 

ɩɨɤɪɵɬɢɣ ɥɸɛɵɯ ɮɨɪɦ ɢ ɪɚɡɦɟɪɨɜ.  

Ɉɤɢɫɥɟɧɢɟ MЧ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɭɯɭɞɲɟɧɢɸ ɦɚɝɧɢɬɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɚ ɞɨɥɹ ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɮɚɡɵ MЧBТ ɨɤɚɡɵ-

ɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɧɢɠɟɧɚ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɤɢɫɥɟɧɢɹ, ɦɟ-

ɬɨɞɚɦɢ ɩɨɫɥɨɣɧɨɝɨ ɧɚɩɵɥɟɧɢɹ, ɩɨɜɟɪɯ ɦɚɝɧɢɬɧɵɯ ɩɥɟɧɨɤ ɧɚɧɨɫɹɬɫɹ ɡɚɳɢɬɧɵɟ 

ɩɨɤɪɵɬɢɹ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ ɞɨɛɚɜɥɟɧɢɟ ɜ ɢɫɯɨɞɧɭɸ ɫɬɪɭɤɬɭɪɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɤɨɦɩɨɧɟɧɬɚ, ɩɨɜɵɲɚɸɳɟɝɨ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɚɬɟɪɢɚɥɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɛɚɪɶɟɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɞɥɹ ɭɤɚɡɚɧɧɨɣ ɫɢɫɬɟɦɵ ɛɵɥ ɜɵɛɪɚɧ 

ɬɭɝɨɩɥɚɜɤɢɣ Cr, ɤɨɬɨɪɵɣ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɫɢɞɧɨɝɨ ɩɨ-

ɤɪɵɬɢɹ ɩɨɜɵɲɚɟɬ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ⱦɚɧɧɵɣ ɤɨɦɩɨɧɟɧɬ, ɡɚ ɫɱɟɬ ɛɨɥɶɲɨɣ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɫ ɥɟɝɤɨɩ-

ɥɚɜɤɢɦ Bi, ɨɛɪɚɡɭɟɬ ɧɟɫɦɟɲɢɜɚɟɦɭɸ ɫɢɫɬɟɦɭ, ɜ ɬɨɠɟ ɜɪɟɦɹ, ɮɨɪɦɢɪɭɹ ɪɹɞ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ ɫ Mn. Ʉɪɨɦɟ ɬɨɝɨ, Cr ɨɛɥɚɞɚɟɬ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɩɨɞɨɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦ ɱɢɫɬɨɝɨ Mn. ɍɠɟ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-

ɬɭɪɚɯ Mn ɢ Cr ɩɟɪɟɯɨɞɹɬ ɜ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɫɨɫɬɨɹɧɢɟ Д109]. 

 

4.1.1 ɋɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ ɢ Ɂɀɋ-ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ 

MnBi. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ MnBi ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɨ ɢɡɭɱɟɧ-

ɧɨɣ, ɨɞɧɚɤɨ ɞɚɠɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɬɪɨɟɧɢɟ ɫɩɥɚɜɨɜ ɷɬɨɣ ɫɢɫɬɟɦɵ ɧɟɥɶɡɹ 

ɫɱɢɬɚɬɶ ɩɨɥɧɨɫɬɶɸ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ (Ɋɢɫ. 4.1). 
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Ɋɢɫ.4.1. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ MnBi [119] 

 

ɉɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Д119Ж ɨɛɥɚɫɬɶ ɪɚɫɫɥɨɟɧɢɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ 

1β55 °ɋ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ γ0 ɞɨ 9γ ɜɟɫɨɜɵɯ % Mn. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [120Ж, ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɫɭɳɟɫɬ-

ɜɭɸɬ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ Bi2Mn ɢ BiMn2, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨ ɩɟɪɢɬɟɤɬɢɱɟɫ-

ɤɨɣ ɪɟɚɤɰɢɢ. Ɉɛɟ ɦɨɞɢɮɢɤɚɰɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ MnBi ɢɦɟɸɬ ɝɟɤɫɚɝɨ-

ɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɬɢɩɚ NiAs. ɉɨɫɬɨɹɧɧɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɷɬɨɝɨ ɫɨ-

ɟɞɢɧɟɧɢɹ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢɡɦɟɧɹɸɬɫɹ ɨɬ ɚ = 0,4γ41 ɧɦ, 

ɫ = 0,5975 ɧɦ, ɫ/ɚ = 1,γ76 ɞɨ ɚ = 0,4γγ ɧɦ, ɫ = 0,596 ɧɦ, ɫ/ɚ = 1,γ76. Ⱦɥɹ ɧɢɡɤɨɬɟ-

ɦɩɟɪɚɬɭɪɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ: ɚ = 0,4β87 ɧɦ, ɫ 

= 0,6118 ɧɦ, ɫ/ɚ = 1,4β7. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з 6γγ Ʉ ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ 

ɢɡɦɟɧɟɧɢɟ ɩɨɫɬɨɹɧɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. 

ȼ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɥɟɧɨɤ ɫɢɫɬɟɦɵ MЧBТ ɫɨɫɬɚɜɨɜ 

(ɚɬ%): MЧ59Bi41; Mn56Bi44; Mn49Bi51; Mn42Bi58. ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɢ ɬɨɥɳɢɧɵ 

ɩɥɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. ɉɪɢ ɷɬɨɦ ɩɥɟɧɤɢ ɫɨɫɬɚɜɚ MЧ49Bi51 ɩɨɥɭɱɟ-

ɧɵ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɞɚɜɥɟɧɢɢ ɪɚɛɨɱɟɝɨ ɝɚɡɚ, ɨɬɥɢɱɚɟɬɫɹ ɬɚɤɠɟ ɢɯ ɬɨɥɳɢɧɚ γ40 ɢ 

880 ɧɦ. 
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Ɍɚɛɥɢɰɚ 4.1. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ ɫɢɫɬɟɦɵ MnBi 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ, 
(ɚɬ.%) d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Mn59Bi41 380 0,8 16 -2 200 

Mn56Bi44 240 2 53 -2 100 

Mn49Bi51
1 340 0,8 16 -2 200 

Mn49Bi51
2 880 2 53 -2 100 

Mn42Bi58 150 0,8 16 -2 200 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 

ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 4.2 (ɚ-ɛ – ɩɪɨɫɜɟ-

ɱɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ; ɜ-ɝ – ɪɚɫɬɪɨɜɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨ-

ɩɢɹ), ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɡɟɪɟɧ ɪɚɜɧɨɜɟɫɧɨɝɨ Bi ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟ-

ɲɟɬɤɨɣ ɢ ɮɚɡɵ Bi2Ɉ3 (ɫɜɟɬɥɵɟ ɭɱɚɫɬɤɢ), ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɦɚɬɪɢɰɟ ɨɤɫɢɞɚ MnO2 

(ɬɟɦɧɵɟ ɦɟɠɡɟɪɟɧɧɵɟ ɭɱɚɫɬɤɢ). 

ɚ   ɛ 

ɜ   ɝ 

Ɋɢɫ.4.2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ MЧBi: ɚ) MЧ49Bi51
1; ɛ) MЧ59Bi41; ɜ) MЧ42Bi58; ɝ) 

Mn56Bi44 
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Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɥɟɧɨɤ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɮɨ-

ɪɦɢɪɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ BТ ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,45γγ ɧɦ) ɢ ɨɤɫɢɞɨɜ 

Bi2Ɉ3 ɫ ɦɨɧɨɤɥɢɧɧɨɣ (ɚ = 0,58486; b = 0,81661; c = 0,75097 ɧɦ) ɢ MnO2 ɫ ɨɪɬɨ-

ɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,9β7γ4; b = 0,28638; c = 0,45β19 ɧɦ) (Ɋɢɫ. 4.γ ɚ).   

 
Ɋɢɫ.4.γ. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ MЧ49Bi51

1: ɚ) ɢɫɯɨɞɧɚɹ; ɛ) 

ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 96γ Ʉ 

 

ɇɚɝɪɟɜ ɩɥɟɧɨɤ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з 94γ Ʉ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɪɚɡɦɟɪɨɜ ɈɄɊ 

ɮɚɡɵ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ BТ ɫ 6 – 8 ɞɨ 9 – 14 ɧɦ ɢ ɢɡɦɟɧɟɧɢɟ ɩɟɪɢɨɞɚ ɪɟɲɟɬɤɢ ɞɨ 

ɡɧɚɱɟɧɢɣ, ɛɥɢɡɤɢɯ ɤ ɪɚɜɧɨɜɟɫɧɵɦ. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɥɟɧɨɤ ɫɨɫɬɚɜɚ 

Mn49Bi51, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɢɯ ɬɨɥɳɢɧɵ ɢ ɷɧɟɪɝɢɢ ɚɬɨɦɨɜ, ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ, 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɨɛɪɚɡɰɚɦɢ, ɪɨɫɬ ɪɚɡɦɟɪɨɜ ɈɄɊ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ. 

ɉɪɢ ɷɬɨɦ, ɫɚɦɵɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɪɚɡɦɟɪɨɜ ɈɄɊ ɮɚɡɵ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi 

ɨɬɦɟɱɚɸɬɫɹ ɭ ɩɥɟɧɨɤ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ BТ (MЧ49Bi51
2 ɢ MЧ42Bi58) 

(ɬɚɛɥɢɰɚ 4.β). 
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Ɍɚɛɥɢɰɚ 4.β. 

ɋɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ Bi ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɥɟɧɨɤ 

ɋɨɫɬɚɜ, 
(ɚɬ.%) 

ɂɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ Ɍ, Ʉ 
ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 

L, ɧɦ ɚ, ɧɦ L, ɧɦ ɚ, ɧɦ 
Mn59Bi41 6,9 0,454 943 9 0,453 

Mn56Bi44 6,7 0,462 953 8 0,458 

Mn49Bi51
1 6,5 0,453 963 13 0,453 

Mn49Bi51
2 9,5 0,458 943 14 0,456 

Mn42Bi58 9,5 0,432 943 11 0,452 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɚ – ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ, L – ɪɚɡɦɟɪ ɈɄɊ. 

 

ɉɥɟɧɤɢ ɫ ɬɨɥɳɢɧɚɦɢ з γ60 ɧɦ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ 

ɚɬɨɦɨɜ ɨɤɨɥɨ β00 ɷȼ (MЧ59Bi41 ɢ MЧ49Bi51
1) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɚ-

ɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɮɚɡɵ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ BТ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɢ ɛɥɢɡɨɫɬɶɸ 

ɡɧɚɱɟɧɢɣ ɤ ɪɚɜɧɨɜɟɫɧɵɦ (0,45γγ ɧɦ). ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɥɟɧɤɢ MЧ56Bi44 ɢ 

Mn42Bi58 ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɨɟ (0,46β ɧɦ) ɢ ɩɨɧɢɠɟɧɧɨɟ (0,4γβ ɧɦ) ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɪɚɡɥɢɱɢɟ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɦɨɠɟɬ 

ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɧɵɦ ɞɚɜɥɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (5γ ɦɉɚ). ȼ ɩɥɟɧɤɚɯ ɩɨ-

ɥɭɱɟɧɧɵɯ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɩɨɧɢɠɟ-

ɧɢɟ ɩɚɪɚɦɟɬɪɚ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɜɵɫɨɤɨɣ ɚɬɨɦɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɜ ɩɪɨɰɟɫɫɟ ɨɫɚɠ-

ɞɟɧɢɹ. Ⱦɥɹ ɩɥɟɧɤɢ MЧ49Bi51
2, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɢɞɟɧɬɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɚɪɚɦɟɬɪ 

ɪɟɲɟɬɤɢ ɬɚɤɠɟ ɩɨɜɵɲɟɧ (0,458 ɧɦ), ɨɞɧɚɤɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨ-

ɥɶɲɨɣ ɬɨɥɳɢɧɨɣ ɩɥɟɧɤɢ з 880 ɧɦ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɦ ɜɤɥɚɞɨɦ ɦɟɯɚ-

ɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ.  

Ɍɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɟɧɨɤ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɩɭɬɟɦ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢ-

ɜɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚ v1,2,3. ɉɨɥɭɱɟɧɧɵɟ ɤɪɢɜɵɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɹɞ ɯɚɪɚɤɬɟɪɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɱɚɫɬɤɨɜ (Ɋɢɫ. 4.4). 
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Ɋɢɫ.4.4. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ MЧ49Bi51
1: ɚ) 

v1=0,075 Ʉ/ɫ; ɛ) Я3=0,γ Ʉ/ɫ 

 

Ɍɚɤ ɞɥɹ ɩɥɟɧɨɤ MЧ49Bi51
1 ɩɟɪɜɵɣ ɭɱɚɫɬɨɤ ɬɟɦɩɟɪɚɬɭɪ ɨɬ β95 Ʉ ɞɨ 5γ0 Ʉ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɚɜɧɵɦ ɩɨɧɢɠɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ 

ɨɬɫɭɬɫɬɜɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ-

ɜɨɞɢɬ ɤ ɛɨɥɟɟ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟ-

ɪɚɬɭɪ ɨɬ 5γ0 Ʉ ɞɨ 640 Ʉ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ  ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɤɢ ɫɜɹ-

ɡɚɧɧɵɦ ɫ ɩɥɚɜɥɟɧɢɟɦ ɮɚɡɵ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ. ȼɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ з 800 Ʉ ɨɛɪɚɡɟɰ ɩɨɞɜɟɪɠɟɧ ɫɢɥɶɧɨɦɭ ɨɤɢɫɥɟ-

ɧɢɸ BiĺBi2O3. ȼ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з 490 Ʉ, ɤɚɤ ɢ ɜ ɩɥɟɧ-

ɤɚɯ Bi ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɤɪɢɫɬɚɥɥɢɡɚ-

ɰɢɟɣ Bi, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɦɚɬɪɢɰɟ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɫɦɟɫɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ 

Bi2O3 ɢ MnO2.  
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɦɟɳɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɩɥɟɧɨɤ ɩɨɡɜɨɥɢɥɢ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤ-

ɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ (EA) ɦɟɬɨɞɨɦ Ʉɢɫɫɟɧɞɠɟɪɚ. ɗɧɟɪɝɢɹ ɚɤ-

ɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɩɥɟɧɤɚɯ MЧBТ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 

EA~3 - 5103 Ʉ, ɢ ɩɪɢɧɢɦɚɟɬ ɬɟɦ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɱɟɦ ɜɵɲɟ ɷɧɟɪɝɢɹ ɚɬɨɦɨɜ, 

ɨɫɚɠɞɚɸɳɢɯɫɹ ɧɚ ɩɨɞɥɨɠɤɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɞɥɹ 

ɩɥɟɧɨɤ MЧ ɢ BТ Д104, 121-124]. 

Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɥɟɧɤɢ 

MЧBТ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɚɧɢɡɨɬɪɨɩɢɟɣ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. ɉɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪ-

ɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɩɥɟɧɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɛɪɚɡɰɵ ɩɪɨɹɜɥɹɸɬ 

ɫɥɚɛɵɟ ɝɢɫɬɟɪɟɡɢɫɧɵɟ ɫɜɨɣɫɬɜɚ. ȼ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ ɧɟ 

ɩɪɟɜɵɲɚɟɬ β ɤȺ/ɦ. Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɪɢ 7β0 Ʉ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɤɨɷɪɰɢɬɢɜɧɨɣ 

ɫɢɥɵ ɞɨ γβ ɤȺ/ɦ (Ɋɢɫ. 4.5).  
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Ɋɢɫ.4.5. Ʉɪɢɜɚɹ ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ MЧ49Bi51
1 ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 

710 Ʉ 
 

Ʉɚɤ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɩɪɢ ɮɚɡɨɜɨɦ ɚɧɚɥɢɡɟ, ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɟɧɤɚɯ ɨɬ-

ɫɭɬɫɬɜɭɟɬ ɩɪɨɦɟɠɭɬɨɱɧɚɹ ɮɚɡɚ Į-MnBi ɨɬɜɟɱɚɸɳɚɹ ɡɚ ɮɟɪɪɨɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬ-

ɜɚ ɦɚɬɟɪɢɚɥɚ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɨɹɜɥɟɧɢɹ ɝɢɫɬɟɪɟɡɢɫɧɵɯ ɫɜɨɣɫɬɜ ɨɛɭɫɥɨɜɥɟɧɨ 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɮɚɡɵ Į-Bi2O3, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɩɪɢɜɨɞɢɥɚ ɤ ɮɟɪɪɨɦɚɝɧɢɬɧɨɦɭ 
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ɩɨɜɟɞɟɧɢɸ ɜ ɩɥɟɧɤɚɯ Bi. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɵɲɟɧɢɟ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɩɪɢ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɛɴɹɫɧɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɭɤɪɭɩɧɟɧɢɟɦ ɫɬɪɭɤɬɭ-

ɪɵ, ɧɨ ɢ ɩɨɜɵɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɮɚɡɵ Į-Bi2O3 ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Biĺ Bi2O3. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɥɟɧɤɢ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Mn (Mn59Bi41 ɢ 

Mn56Bi44) ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ (<0,5 

ɤȺ/ɦ).  

Ɉɛɪɚɡɰɵ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɬɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɡɚɤɚɥɤɢ ɢɡ 

ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (Ɂɀɋ). Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɫɬɪɭɤɬɭɪɟ 

ɥɢɬɵɯ ɨɛɪɚɡɰɨɜ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ Bi β5 ɢ 5β ɚɬ.%, ɨɯɥɚɠɞɟɧɧɵɯ ɫɨ ɫɤɨɪɨɫɬɶɸ з 

100 K/ɫ, ɮɢɤɫɢɪɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ: ɪɚɜɧɨɜɟɫɧɨɝɨ Bi ɢ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɜɢɫɦɭɬɨɦ 

ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ -Mn. ɍɫɬɚɧɨɜɥɟɧɧɵɣ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɩɨɞɚɜɥɟɧɢɹ ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɮɨɪɦɢɪɭɟɬɫɹ ɷɤ-

ɜɢɚɬɨɦɧɚɹ ɮɚɡɚ -MnBi. Ɉɞɧɚɤɨ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨ-

ɫɬɹɦɢ ɨɯɥɚɠɞɟɧɢɹ ɤɚɪɬɢɧɚ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫ-

ɥɨɠɧɹɟɬɫɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜɨ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ Ɂɀɋ ɨɛɪɚɡɰɚɯ ɧɚɛɥɸɞɚɥɨɫɶ ɮɨɪ-

ɦɢɪɨɜɚɧɢɟ ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɣ ɮɚɡɵ -MnBi: ɜ ɫɩɥɚɜɚɯ ɫ ɫɨɞɟɪɠɚɧɢɟɦ β5 ɢ 40 

ɚɬ.% Bɿ ɧɚɪɹɞɭ ɫ -Mn, ɚ ɜ ɫɩɥɚɜɟ Mn–61 ɚɬ.%Bi – ɜɦɟɫɬɟ ɫ ɪɚɜɧɨɜɟɫɧɵɦ Bi. 

ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɣ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɤɚɡɚɥ ɥɢɬɨɣ ɨɛɪɚɡɟɰ ɫɩɥɚɜɚ Mn–52 

ɚɬ.%Bi, ɜ ɤɨɬɨɪɨɦ, ɤɚɤ ɩɨɤɚɡɚɥɢ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɪɹɞɭ ɫ 

ɮɚɡɨɣ -MnBi ɩɪɢɫɭɬɫɬɜɭɸɬ ɮɚɡɵ - Mn ɢ Bi. 

ȼɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɣ ɮɚɡɵ -MnBi ɜ 

ɭɫɥɨɜɢɹɯ Ɂɀɋ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɝɥɭɛɨɤɨɟ ɧɚɱɚɥɶɧɨɟ ɩɟ-

ɪɟɨɯɥɚɠɞɟɧɢɟ ɪɚɫɩɥɚɜɚ, ɤɨɬɨɪɨɟ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ ɩɨɪɹɞɤɚ 106 K/ɫ ɦɨ-

ɠɟɬ ɞɨɫɬɢɝɚɬɶ 550 K Д48Ж. ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɥɢɬɵɟ ɨɛɪɚɡɰɵ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ (з 107 K/ɫ) ɫɤɨɪɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ, ɢ, ɩɨ ɜɫɟɣ 

ɜɢɞɢɦɨɫɬɢ, ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ, ɞɨɫɬɢɝɚɟɦɵɟ ɜ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ, ɛɵɥɢ 

ɞɨɫɬɚɬɨɱɧɵɦɢ ɞɥɹ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɫɭɳɟɫɬ-

ɜɨɜɚɧɢɹ ɮɚɡɵ MnBi. 
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Ⱥɧɚɥɢɡ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɤɚɪɬɢɧ ɩɥɟɧɨɤ Mn–Bi ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɡɭɸɳɚɹɫɹ 

ɩɪɢ Ɂɀɋ ɮɚɡɚ -MnBi ɢɦɟɟɬ ɪɟɲɟɬɤɭ ɬɢɩɚ NiAs ɫ ɩɟɪɢɨɞɚɦɢ a = 0,450 ɧɦ ɢ c = 

0,581 ɧɦ. Ɉɰɟɧɤɢ ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ L ɷɬɨɣ ɮɚɡɵ, ɨɰɟ-

ɧɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ–ɒɟɪɟɪɚ Д106Ж, ɫɨɫɬɚɜɢɥɢ з9–10 ɧɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɟɪɢɨɞɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɮɚ-

ɡɵ -MnBi ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬ Д1β5, 1β6Ж. Ɍɚɤ, ɜ Д1β6Ж ɝɨɜɨɪɢɬɫɹ, 

ɱɬɨ ɩɪɢ ɡɚɤɚɥɤɟ ɢɡ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɩɥɚɜɚ Mn–50 ɚɬ.% Bi ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 673 

K ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɩɟɪɢɨɞɨɜ ɪɟɲɟɬɤɢ ɮɚɡɵ -MnBi: ɭɜɟɥɢɱɟɧɢɟ ɩɨ ɨɫɢ ɚ 

ɨɬ 0,4β6 ɞɨ 0,4γγ ɧɦ ɢ ɭɦɟɧɶɲɟɧɢɟ ɩɨ ɨɫɢ ɫ ɨɬ 0,608 ɞɨ 0,584 ɧɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɪɚɜɧɨɜɟɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɞɥɹ -MnBi. ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫ-

ɩɥɚɜɚ ɞɨ 107 K/ɫ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɩɟɪɢɨɞɨɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ -MnBi ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɜɧɨɜɟɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ 

ɫɨɫɬɚɜɥɹɟɬ, ɤɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɟɟ, ɚ = 0,450 ɧɦ, ɫ = 0,581 ɧɦ. ȼɨɡɦɨɠɧɨɣ ɩɪɢ-

ɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɩɥɚɜɚ ɩɟɪɟɞ Ɂɀɋ, ɩɨ ɫɪɚɜ-

ɧɟɧɢɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 1150–200 K, ɨɬ ɤɨɬɨɪɨɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɥɟɧɤɢ, ɢɫɫɥɟ-

ɞɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ Д1β5Ж. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Mn–Bi ɩɨɞɞɟɪɠɢ-

ɜɚɥɢ ɧɚ ɭɪɨɜɧɟ з 19βγ K. ɍɤɚɡɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɬɟɦ-

ɩɟɪɚɬɭɪɭ Tc, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɦɟɪɨɜ ɤɥɚɫɬɟɪɨɜ ɜɫɟɯ ɮɚɡ, ɫɭɳɟ-

ɫɬɜɭɸɳɢɯ ɜ ɪɚɫɩɥɚɜɟ. ɉɨɫɥɟɞɧɟɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɚɬɶ ɜ ɢɫɫɥɟ-

ɞɨɜɚɧɧɵɯ ɜ ɪɚɛɨɬɟ Ɂɀɋ-ɮɨɥɶɝɚɯ ɛɨɥɟɟ ɞɢɫɩɟɪɫɧɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɜɢɞɟ ɫɦɟɫɢ Ȗ-

Mn, Bi ɢ ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɮɚɡɵ -MnBi. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɪɟɞɢ ɱɢɫɬɵɯ ɷɥɟɦɟɧɬɨɜ Bi ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɹɪɤɨ ɜɵɪɚ-

ɠɟɧɧɵɦ ɞɢɚɦɚɝɧɟɬɢɤɨɦ, ɚ ɮɟɪɪɨɦɚɝɧɢɬɧɚɹ ɮɚɡɚ -MnBi ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ 

ɬɟɯɧɢɤɟ ɦɚɝɧɢɬɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɨɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ 

ɦɚɝɧɢɬɨɠɟɫɬɤɨɝɨ ɦɚɬɟɪɢɚɥɚ Д1β7Ж. ȿɫɥɢ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ Hc ɞɥɹ ɦɚɫɫɢɜɧɵɯ 

ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɷɥɟɦɟɧɬɨɜ з 50:50 ɫɨɫɬɚɜɥɹɟɬ 88–β70 ɤA/ɦ Д1β7Ж, ɬɨ 

ɞɥɹ Ɂɀɋ-ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɡɚɤɚɥɤɨɣ ɪɚɫɩɥɚɜɚ ɨɬ 19βγ 
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K, ɨɧɚ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 10 ɞɨ 400 ɤA/ɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ Bi, ɞɨɫɬɢɝɚɹ 

ɦɚɤɫɢɦɭɦɚ ɜ ɮɨɥɶɝɚɯ Mn–5β ɚɬ.% Bi (ɪɢɫ. 4.6).  

 

Ɋɢɫ.4.6. ɉɟɬɥɹ ɝɢɫɬɟɪɟɡɢɫɚ Ɂɀɋ-ɨɛɪɚɡɰɨɜ Mn–52 ɚɬ.% Bi 

 

ɇɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ (10 ɤA/ɦ) ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ 

ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ Bɿ β5 ɢ 61 ɚɬ.%. ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ Hc ɜ ɨɛɪɚɡ-

ɰɚɯ Mn–5β ɚɬ.% Bi ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ (β50 ɤA/ɦ) ɛɥɢɡɤɢɯ 

ɩɨ ɫɨɫɬɚɜɭ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д1β5Ж, ɜ ɤɨɬɨɪɨɣ ɩɪɢ Ɂɀɋ ɨɬ ɬɟɦɩɟ-

ɪɚɬɭɪɵ 1175 K ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ -MnBi ɫ ɪɚɡɦɟɪɚɦɢ 5–10 ɦɤɦ. 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɧɚɦɢ ɪɟɡɭɥɶɬɚɬ ɫɜɹɡɚɧ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜ 

Ɂɀɋ-ɩɥɟɧɤɚɯ Mn–5β ɚɬ.% Bi ɮɚɡɨɜɨɣ ɫɦɟɫɢ: ɧɚɧɨɱɚɫɬɢɰ -MnBi ɢ ɨɤɪɭɠɚɸ-

ɳɢɯ ɢɯ ɩɪɨɫɥɨɟɤ ɢɡ ɞɢɚɦɚɝɧɢɬɧɨɝɨ Bi. Ɂɚɮɢɤɫɢɪɨɜɚɧɧɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɧɚ-

ɧɨɱɚɫɬɢɰɵ ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɮɚɡɵ ɢ ɨɤɪɭɠɚɸɳɚɹ ɞɢɚɦɚɝɧɢɬɧɚɹ ɩɪɨɫɥɨɣɤɚ) ɫɩɨ-

ɫɨɛɫɬɜɭɟɬ ɞɨɫɬɢɠɟɧɢɸ ɜɵɫɨɤɢɯ ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɨɬɨɪɵɟ ɨɛɭ-

ɫɥɨɜɥɟɧɵ ɫɭɳɟɫɬɜɟɧɧɵɦ ɡɚɬɪɭɞɧɟɧɢɟɦ ɜ ɩɨɥɭɱɟɧɧɨɣ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɣ ɫɬɪɭɤ-

ɬɭɪɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɹ ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɞɨɦɟɧɨɜ -MnBi. 

 

4.1.2 Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ ɫɢɫɬɟɦɵ MnCr, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɡɚɤɚ-

ɥɤɟ ɢɡ ɩɚɪɚ. 

Ʉɚɤ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɢɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ  ɢ ɞɚɥɶɧɟɣɲɚɹ ɨɛ-

ɪɚɛɨɬɤɚ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɦɚɬɟɪɢɚɥɵ ɫ ɜɵɫɨɤɢ-

ɦɢ ɦɚɝɧɢɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɬɚɤɨɣ ɤɨɦɩɨɧɟɧɬ ɤɚɤ Mn ɩɨɞ-
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ɜɟɪɠɟɧ ɚɤɬɢɜɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ 

ɭɯɭɞɲɟɧɢɸ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɥɢɹ-

ɧɢɹ ɬɭɝɨɩɥɚɜɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (Cr) ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ Mn.  

ȼ ɫɢɫɬɟɦɟ ɫɭɳɟɫɬɜɭɸɬ ɞɜɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɮɚɡɵ Į-ɋЫɆЧ2 ɢ ı-CrMn3, ɚ 

ɬɚɤɠɟ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɯɪɨɦɚ ɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ȂЧ: (ĮȂЧ), (ȕȂЧ), 

(ȖȂЧ) ɢ (įȂЧ). Ɏɚɡɵ Į ɢ ı ɩɪɟɬɟɪɩɟɜɚɸɬ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ. Ɏɚɡɚ Į 

ɫɭɳɟɫɬɜɭɟɬ ɜ ɞɜɭɯ ɦɨɞɢɮɢɤɚɰɢɹɯ: ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ Į' ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪ-

ɧɨɣ Į". Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ з870 Ʉ. Ɏɚɡɚ ı 

ɫɭɳɟɫɬɜɭɟɬ ɜ ɬɪɟɯ ɦɨɞɢɮɢɤɚɰɢɹɯ: ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ı, ɫɪɟɞɧɟɬɟɦɩɟɪɚɬɭɪ-

ɧɨɣ ı' ɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ı". Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ı'ļ 

ı"ɫɨɫɬɚɜɥɹɟɬ з1070 Ʉ. ɉɪɢ ɷɬɨɦ, ɛɨɥɶɲɚɹ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ (107 — 108 Ʉ/ɫ) 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɦɟɬɚɫɬɚɛɢɥɶɧɵɟ ɮɚɡɵ ɜ ɫɩɥɚɜɚɯ ɫ ɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɆЧ. 

ɋɨɫɬɚɜɵ ɩɥɟɧɨɤ, ɢɯ ɬɨɥɳɢɧɵ ɢ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-

ɥɢɰɟ 4.γ. 

Ɍɚɛɥɢɰɚ 4.γ. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ MnCr 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Mn93Cr7 190 1 120 -2 20 

Mn90Cr10 540 2 53 -2 100 

Mn86Cr14 320 2 53 -2 100 

Ƚɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ 

(Ar); d – ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ MЧCЫ ɮɨɪɦɢ-

ɪɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ȕ-MЧ (ɚ = 0,6γ15 ɧɦ), ɪɚɡɦɟɪ ɈɄɊ ɤɨ-

ɬɨɪɨɣ L=7,5 ɧɦ, Cr ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,β7ββ; ɫ = 0,44β7 ɧɦ) ɢ ɫɥɟ-

ɞɨɜ ɮɚɡɵ ɨɤɫɢɞɚ MnO2 ɫ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (a = 

0,92734; b = 0,β86γ8; ɫ = 0,45β19 ɧɦ). 



 86 

ɇɚɝɪɟɜ ɩɥɟɧɨɤ ɜ ɜɚɤɭɭɦɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з77γ Ʉ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚ-

ɧɢɸ ɮɚɡɵ MnO (Ɋɢɫ. 4.7). 

 
Ɋɢɫ.4.7. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ MЧ93Cr7: ɚ) ɜ ɢɫɯɨɞɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ; ɛ) ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 85γ Ʉ 

 

ɋɚɦɨɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɮɚɡɵ ȕ-

MЧ, ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɭ ɩɥɟɧɨɤ ɫɨɫɬɚɜɚ MЧ93Cr7, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ĳ = β0 ɷȼ (ɚ = 

0,6γ54 ɧɦ ɩɪɢ ɚɬɚɛ = 0,6γ15 ɧɦ). ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɥɟɧɤɢ, ɨɫɚɠɞɟɧɧɵɟ ɩɪɢ ĳ = 

100 ɷȼ ɢɦɟɥɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɪɟɲɟɬɤɢ (ɚ = 0,6γ59 ɧɦ), 

ɱɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɧɹɬɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ 

ɩɨɞɜɢɠɧɨɫɬɢ ɚɬɨɦɨɜ ɢ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ Д128, 108Ж. ɉɚɪɚ-

ɦɟɬɪ ɪɟɲɟɬɤɢ ɮɚɡɵ ȕ-MЧ  ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɢɦ ɤ 

ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ (ɚ = 0,6γ15 ɧɦ).  
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ɇɚ ɪɢɫɭɧɤɟ 4.8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ MЧCЫ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ ɫɬɪɭɤɬɭɪɧɵɯ 

ɢɡɦɟɧɟɧɢɣ. 

 
Ɋɢɫ.4.8. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ MЧ86Cr14: ɚ) 

v1=0,15 Ʉ/ɫ; ɛ) Я2=0,γ Ʉ/ɫ 

 

ɇɚɛɥɸɞɚɟɬɫɹ ɩɥɚɜɧɵɣ ɫɩɚɞ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з6β0 

Ʉ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞɭ MnO2ĺMnO [129]. 

ɋ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɨɬ v1 = 0,075 Ʉ/ɫ ɞɨ v3 = 0,γ Ʉ/ɫ ɩɪɨɢɫɯɨɞɢɬ 

ɫɦɟɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɚɧɚɥɢɡ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɢɥ 

ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ (EȺ) ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ. Ɍɚɤ ɞɥɹ 

ɩɥɟɧɨɤ ɫɨɫɬɚɜɚ MЧ93Cr7, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɧɢɡɤɨɣ ɷɧɟɪɝɢɢ ɚɬɨɦɨɜ (ĳзβ0 ɷȼ), 

ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ ɭ ɨɛ-

ɪɚɡɰɨɜ MЧ90Cr10 ɢ MЧ86Cr14 (ĳз100 ɷȼ), ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɪɚɜɧɨɜɟɫɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ 

ɩɪɢ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɥɭɱɟɧɢɹ Д130] (Ɍɚɛɥ. 4.4). 
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Ɍɚɛɥɢɰɚ 4.4. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɥɟɧɨɤ MnCr 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ 
vɧɚɝɪɟɜɚ 

Ʉ/ɫ 
Ɍɧɚɱɚɥɚ, Ʉ Ɍɤɨɧɰɚ, Ʉ ȿȺ, ×103  Ʉ 

Mn93Cr7 
0,075 520 640 

3,5 0,15 560 700 

0,3 600 780 

Mn90Cr10 
0,075 610 690 

4,6 0,15 630 740 

0,3 650 810 

Mn86Cr14 
0,075 580 710 

4,8 0,15 610 750 

0,3 650 810 

 

4.1.3 ȼɥɢɹɧɢɟ ɛɚɪɶɟɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ 

MnBiCr ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ʉɚɤ ɭɩɨɦɢɧɚɥɨɫɶ ɪɚɧɟɟ, ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɸ ɤɨɪɪɨɡɢɣɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢ 

ɩɪɟɩɹɬɫɬɜɨɜɚɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɦɚɝɧɢɬɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɟɧɨɤ, ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɛɵɥ ɜɵɛɪɚɧ 

ɛɚɪɶɟɪɧɵɣ Cr.  

ȼ ɞɚɧɧɨɦ ɩɨɞɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɚ 

ɩɥɟɧɨɤ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ MnBiCr, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɤɨɬɨ-

ɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

Ɍɚɛɥɢɰɚ 4.5. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ MnBiCr 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Mn68Bi25Cr7 280 1 120 -2 20 

Mn63Bi15Cr22 360 1 120 -2 20 

Mn46Bi17Cr37 490 2 53 -2 100 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 
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Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹ-

ɧɢɹ (ɈɄɊ) ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɫɜɟɠɟɧɚɩɵɥɟɧɧɵɯ 

ɩɥɟɧɤɚɯ MnBiCr ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɟɫɶ ɮɚɡ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɫ ɪɚɡɦɟɪɨɦ ɈɄɊ L 

з 10,5 ɧɦ, ȕ-Mn, ɤɭɛɢɱɟɫɤɨɝɨ Cr (ɚ = 0,β871 ɧɦ) ɢ ɨɤɫɢɞɚ Į-Bi2O3 (ɚ = 0,56549 ɧɦ) 

(Ɋɢɫ. 4.9 ɚ).  

 

 

Ɋɢɫ.4.9. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ MЧBiCr: ɚ) Mn63Bi15Cr22 

ɢɫɯɨɞɧɵɣ; ɛ) Mn63Bi15Cr22 ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɣ ɩɪɢ 71γ Ʉ. Ƚɞɟ, ◊ - Bi ɫ 

ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ; Ɣ – ɮɚɡɚ ȕ-Mn; Ƒ – Cr ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟ-

ɬɤɨɣ; ż – ɮɚɡɚ Bi2O3 

 

ɏɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ ɮɚɡɵ Bi ɜ ɢɫɯɨɞɧɨɦ ɫɨɫ-

ɬɨɹɧɢɢ ɧɟ ɡɚɜɢɫɢɦɨ ɨɬ ɬɨɥɳɢɧɵ, ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɢ ɫɨɫɬɚɜɚ ɩɥɟɧɨɤ ɫɨɫɬɚɜɥɹɟɬ 

ɩɨɪɹɞɤɚ 0,448 ɧɦ ɩɪɢ ɚɬɚɛ= 0,4546 ɧɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɝɪɟɜɚ ɩɥɟɧɨɤ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з71γ Ʉ ɪɚɡɦɟɪ ɈɄɊ ɪɨɦɛɨɷɞ-

ɪɢɱɟɫɤɨɝɨ Bi ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ 

ɫɨɞɟɪɠɚɳɚɹ Cr ɩɪɟɩɹɬɫɬɜɭɟɬ ɪɨɫɬɭ ɡɟɪɟɧ ɥɟɝɤɨɩɥɚɜɤɨɣ ɮɚɡɵ.  ɉɚɪɚɦɟɬɪɵ ɪɟɲɟ-

ɬɨɤ ɮɚɡɵ Bi ɩɪɟɬɟɪɩɟɜɚɸɬ ɢɡɦɟɧɟɧɢɟ ɨɬ 0,448 ɧɦ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɞɨ 0,466 
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ɧɦ ɩɨɫɥɟ ɧɚɝɪɟɜɚ. ɉɪɟɜɵɲɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɬɚɛɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɫɜɹɡɵ-

ɜɚɟɬɫɹ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɮɚɡɵ Bi ɜ ɬɭɝɨɩɥɚɜɤɨɣ ɦɚɬɪɢɰɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɥɟɧɨɤ, ɫɨɞɟɪ-

ɠɚɳɢɯ Cr, ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ MnO, ɩɪɢɜɨɞɹɳɟɝɨ ɤ ɭɯɭɞɲɟɧɢɸ ɦɚ-

ɝɧɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɞɚɠɟ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ Mn ɢ ɬɭɝɨɩɥɚɜɤɨɣ ɦɚɬɪɢɰɵ [112].  

ɏɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɩɥɟɧɨɤ MnBiCr ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.10 (ɚ - ɝ). 

  

 

Ɋɢɫ.4.10. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ 

Mn68Bi25Cr7: ɚ) v1=0,075 Ʉ/ɫ; ɛ) v2=0,15 Ʉ/ɫ; ɜ) v3=0,γ Ʉ/ɫ; ɝ) ɩɪɢ ɩɨ-

ɜɬɨɪɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ 
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ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 560 Ʉ, ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɩɨ-

ɧɢɠɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ (Ɋɢɫ. 4.10 ɚ). ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɨɫɬɟ ɬɟɦɩɟɪɚ-

ɬɭɪɵ, ɨɬ 560 ɞɨ 670 Ʉ, ɩɪɨɢɫɯɨɞɢɬ ɧɟɨɛɪɚɬɢɦɨɟ ɢɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɬɟɤɚɧɢɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɥɚ-

ɜɥɟɧɢɟɦ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi, ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɫɥɟ ɨɤɨ-

ɧɱɚɧɢɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɵɣ ɪɨɫɬ ɭɪɨɜɧɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ. ɉɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɚɧɚɥɨɝɢɱɧɨ ɬɟɦɩɟɪɚ-

ɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ Bi. ɉɨ ɞɨɫɬɢɠɟɧɢɸ ɬɟɦɩɟ-

ɪɚɬɭɪɵ з.440 Ʉ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɢɣ ɫɤɚɱɟɤ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɣ ɫ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɮɚɡɵ Bi. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɥɟɧɤɚɯ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ 

MnBiCr ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Bi ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɡɚ-

ɦɟɬɧɨ ɩɨɧɢɠɟɧɧɨɣ (440 Ʉ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɟɧɤɚɦɢ Bi (480 Ʉ) ɢ ɩɥɟɧɤɚɦɢ ɫɢ-

ɫɬɟɦɵ MnBi (490 Ʉ). ɋɦɟɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɦɨɠɟɬ ɛɵɬɶ 

ɫɜɹɡɚɧɨ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɥɟɧɨɤ ɫɨɞɟɪɠɚɳɢɯ ɬɭɝɨɩɥɚɜɤɢɣ 

ɤɨɦɩɨɧɟɧɬ Д131]. 

ɇɚ ɪɢɫɭɧɤɟ 4.10 ɝ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩ-

ɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɰɢɤɥɚɯ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ. ȼɢɞɧɨ, ɱɬɨ ɧɚɱɚɥɶɧɨɟ 

ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɦɟɬɧɨ ɜɵɲɟ, ɱɟɦ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ, ɤ 

ɬɨɦɭ ɠɟ, ɭɪɨɜɟɧɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɫɥɟ ɩɨɜɬɨɪɧɨɝɨ ɧɚɝɪɟɜɚ ɜɨɡɜɪɚɳɚɟɬ-

ɫɹ ɤ ɢɫɯɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɥɟɧɤɢ ɧɚɯɨɞɹɬɫɹ ɜ 

ɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɋ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɯɪɨɦɚ ɜ ɩɥɟɧɤɚɯ, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ȿȺ, ɪɚɫɫɱɢ-

ɬɚɧɧɚɹ ɦɟɬɨɞɨɦ Ʉɢɫɫɟɧɞɠɟɪɚ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 0,7 ɞɨ 1×104 Ʉ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɨ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ [130]. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɤɪɢɜɵɯ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɨɥɭɱɟɧ-

ɧɵɯ ɩɥɟɧɨɤ  ɩɨɤɚɡɚɥ ɩɪɨɹɜɥɟɧɢɟ ɚɧɢɡɨɬɪɨɩɢɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. Ʉɨɷɪɰɢɬɢɜɧɚɹ 

ɫɢɥɚ ɜ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ, ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɤ ɜɧɟɲɧɟɦɭ ɦɚɝɧɢɬɧɨɦɭ 

ɩɨɥɸ, ɫɨɫɬɚɜɥɹɥɚ Hcз16 ɤȺ/ɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɢɫɯɨɞɧɵɯ ɩɥɟɧɨɤ MnBi ɷɬɨɬ 

ɩɚɪɚɦɟɬɪ ɫɨɫɬɚɜɥɹɥ зβ ɤȺ/ɦ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ, ɤɨɬɨɪɚɹ ɜ 
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ɫɥɭɱɚɟ ɫɢɫɬɟɦɵ MnBi, ɩɪɢɜɟɥɚ ɤ ɪɨɫɬɭ Hc ɞɨ γβ ɤȺ/ɦ, ɜ ɞɚɧɧɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧ-

ɬɧɨɣ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɦɚɝɧɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 

ɬɪɭɞɧɨɫɬɶɸ ɩɟɪɟɫɬɪɨɣɤɢ ɞɨɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɪɨɫɬɚ ɡɟɪɟɧ ɜ ɬɭɝɨɩɥɚɜɤɨɣ ɦɚɬ-

ɪɢɰɟ (Ɋɢɫ. 4.11).  

 
 

Ɋɢɫ.4.11. Ʉɪɢɜɵɟ ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ MnBiCr: ɚ) ɢɫɯɨɞɧɵɟ ɜ ɩɚɪɚɥɥɟɥɶ-

ɧɨɦ ɩɨɥɟ; ɛ) ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 6β0 Ʉ 

 

4.2. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ NiBi ɢ NiBiW ɜ ɧɟɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫ-
ɬɨɹɧɢɢ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜ ɫɢɫɬɟɦɟ Ni – Bi ɭɫɬɚɧɨɜɥɟ-

ɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Bi3Ni (8,55 % Ni) ɢ BiNi (21,92 % 

Ni), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ Д119Ж. ɋɨɟɞɢɧɟ-

ɧɢɟ Bi3Ni ɫ ɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɢɦɟɟɬ ɨɱɟɧɶ ɭɡɤɭɸ ɨɛɥɚɫɬɶ ɝɨɦɨɝɟɧɧɨɫɬɢ. 

ɇɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɹ BiNi ɨɛɪɚɡɭɟɬɫɹ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ (ȕ-ɮɚɡɚ), ɢɦɟɸɳɢɣ ɝɟɤ-

ɫɚɝɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɬɢɩɚ NiAs, ɨɛɥɚɫɬɶ ɝɨɦɨɝɟɧɧɨɫɬɢ ɤɨɬɨɪɨɣ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɧɟ ɭɫɬɚɧɨɜɥɟɧɚ. ɗɜɬɟɤɬɢɤɚ ɜ ɫɢɫɬɟɦɟ ɨɛɪɚɡɭɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢɹ Bi3Ni ɫ 

Bi ɢ ɩɨ ɫɨɫɬɚɜɭ ɧɚɯɨɞɢɬɫɹ ɜɛɥɢɡɢ ɱɢɫɬɨɝɨ Bi. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ Bi ɜ ɬɜɟɪɞɨɦ Ni 

ɧɟɫɤɨɥɶɤɨ ɩɪɟɜɵɲɚɟɬ 1,5 %, ɩɪɢɱɟɦ ɧɚɥɢɱɢɟ Bi ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɦɚɝɧɢɬ-

ɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ni ɨɬ 618 ɞɨ 590 Ʉ. Ɇɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ 

ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɦɟɸɬ ɫɩɥɚɜɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ Bi ɨɬ 0 ɞɨ 75 %. 
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ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɜ ɤɚ-

ɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɛɵɥ ɜɵɛɪɚɧ ɬɭɝɨɩɥɚɜɤɢɣ W, ɤɨɬɨɪɵɣ ɹɜ-

ɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɯɢɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɦ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɚɧɧɵɣ 

ɤɨɦɩɨɧɟɧɬ ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɞɥɹ ɦɟɬɚɥɥɨɜ з 

γ695 Ʉ. ȼɨɥɶɮɪɚɦ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɨɛɴɟɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɭɛɢɱɟɫɤɭɸ ɪɟ-

ɲɟɬɤɭ ɫ ɩɟɪɢɨɞɨɦ ɚ = 0,γ17 ɧɦ. ɂɡɜɟɫɬɧɚ ɬɚɤɠɟ ȕ-ɦɨɞɢɮɢɤɚɰɢɹ W [109Ж ɫ ɚɧɚ-

ɥɨɝɢɱɧɵɦ ɬɢɩɨɦ ɪɟɲɟɬɤɢ, ɧɨ ɪɚɡɥɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɚ, ɭɤɚɡɵɜɚɟɬɫɹ ɱɬɨ 

ȕ-W ɨɫɬɚɟɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɦ. 

ȼ ɞɚɧɧɨɦ ɩɨɞɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɥɟɧɤɢ ɫɢɫɬɟɦ NiBТ ɢ NiBiW ɫɨ-

ɫɬɚɜɨɜ (ɚɬ%): Ni– 51ɚɬ%BТ; Ni – 47ɚɬ%Bi – 8ɚɬ%W; Ni – 45ɚɬ%Bi – 8ɚɬ%W; Ni – 

47ɚɬ%Bi – 10ɚɬ%W. ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɢ ɬɨɥɳɢɧɵ ɩɥɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.6. 

Ɍɚɛɥɢɰɚ 4.6. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ NiBТ ɢ NiBiW 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Ni49Bi51 1450 2 53 -2 100 

Ni45Bi47W8 240 2 53 -2 100 

Ni47Bi45W8 300 2 53 -2 100 

Ni43Bi47W10 180 0,8 16 -2 200 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 
ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.12. 

ɚ   ɛ 

Ɋɢɫ.4.12. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢɫɯɨɞɧɵɯ ɩɥɟɧɨɤ: ɚ) Ni47Bi45W8; ɛ) σТ43Bi47W10 
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Ɉɫɚɠɞɟɧɧɵɟ ɩɥɟɧɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɦɟɥɤɨɡɟɪɧɢɫɬɭɸ 

ɫɬɪɭɤɬɭɪɭ ɫ ɡɟɪɧɚɦɢ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɮɚɡ Ni ɢ NiBi (ɫɜɟɬɥɵɟ ɭɱɚɫɬɤɢ), ɪɚɫ-

ɩɨɥɨɠɟɧɧɨɣ ɜ ɞɢɚɦɚɝɧɢɬɧɨɣ ɦɚɬɪɢɰɟ BТ (ɬɟɦɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɡɟɪɧɚɦɢ). 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɪɚɡɦɟɪɨɜ (L) ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ 

ɪɚɫɫɟɹɧɢɹ (ɈɄɊ) ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɫɜɟɠɟɧɚɩɵ-

ɥɟɧɧɵɯ ɩɥɟɧɤɚɯ ɫɢɫɬɟɦɵ σТBТ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ Ni ɫ 

ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,γ595 ɧɦ), ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ BТ, ɚ ɬɚɤɠɟ ɮɚɡɵ į-

Bi2O3 (ɚ = 1,008 ɧɦ) (Ɋɢɫ. 4.13 ɚ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɝɪɟɜɚ ɞɨ 75γ Ʉ ɩɪɨɢɫɯɨɞɢɬ ɧɟ-

ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɤɪɭɩɧɟɧɢɟ ɡɟɪɟɧ ɮɚɡɵ Ni ɫ 6,β ɞɨ 6,5 ɧɦ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɚ 

NiO ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,4β01 ɧɦ) (Ɋɢɫ. 4.13 ɛ). 

 
Ɋɢɫ.4.13. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Ni49Bi51: ɚ) ɜ ɢɫɯɨɞɧɨɦ; ɛ) 

ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

 

ȼ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ σТBТА ɮɨɪɦɢɪɭɟɬɫɹ ɦɧɨɝɨɮɚɡɧɚɹ ɫɬɪɭɤɬɭɪɚ: ɧɚɧɨ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ BТ, ȽɐɄ-Ni (ɚ = 0,γ595 ɧɦ), ɤɭɛɢɱɟɫɤɨɝɨ W (ɚ = 0,γβ1γ ɧɦ) ɢ 

ɨɤɫɢɞɚ į-Bi2O3. ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɥɟɧɨɤ ɜ ɜɚɤɭɭɦɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з77γ 
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Ʉ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɬɧɵɣ ɪɨɫɬ ɡɟɪɟɧ ɮɚɡɵ ȽɐɄ σТ ɫ γ,γ ɞɨ 8,γ ɧɦ, ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟ ɮɚɡɵ WO2 ɫ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,486; ɫ = 0,β77 ɧɦ), ɚ 

ɬɚɤɠɟ ɩɨɹɜɥɹɸɬɫɹ ɥɢɧɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ BТσТ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɪɟɲɟɬɤɨɣ 

(ɚ = 0,408; ɫ = 0,5γ65 ɧɦ) (Ɋɢɫ. 4.14 ɛ). 

 

 
Ɋɢɫ.4.14. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Ni45Bi47W8: ɚ) ɜ ɢɫɯɨɞ-

ɧɨɦ; ɛ) ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ƚɞɟ ◊ - ɪɨɦɛɨɷɞɪɢɱɟɫɤɢɣ Bi; Ƒ 

– ɤɭɛɢɱɟɫɤɢɣ Ni; ż – Bi2O3; Ž – ɤɭɛɢɱɟɫɤɢɣ W; ž – WO2; * – NiBi 

 

Ɍɟɪɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɟɧɨɤ ɢɫɫ-

ɥɟɞɨɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɡɚɩɢɫɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ ɜ ɜɚɤɭɭɦɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɤɪɢɜɵɟ ɩɥɟ-

ɧɨɤ NiBi ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɹɞɨɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɱɚɫɬɤɨɜ. 

Ɍɚɤ ɞɥɹ ɩɥɟɧɨɤ Ni49Bi51 ɩɟɪɜɵɣ ɭɱɚɫɬɨɤ (ɨɬ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 

570 Ʉ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɛɪɚɬɢɦɵɦ ɢɡɦɟɧɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɗɬɨ ɫɜɢɞɟɬɟɥɶ-

ɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɩɪɨɢɫɯɨɞɹɬ ɮɚɡɨɜɵɟ ɩɪɟɜ-

ɪɚɳɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ ɨɫɬɚɟɬɫɹ ɫɬɚɛɢɥɶɧɨɣ. ȼɬɨɪɨɣ ɭɱɚɫɬɨɤ ɨɬ 570 ɞɨ 

680 Ʉ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ ɢɡɦɟɧɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɫɨɨɬɜɟɬɫ-
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ɬɜɭɟɬ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɩɥɚɜɥɟɧɢɟɦ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɢ 

ɩɪɟɜɪɚɳɟɧɢɟɦ NicubĺNiO [121Ж. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 870 Ʉ ɩɥɟɧɤɢ NiBi ɩɨɞ-

ɜɟɪɝɚɸɬɫɹ ɫɢɥɶɧɨɦɭ ɨɤɢɫɥɟɧɢɸ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɭɫɬɚɧɨɜɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɬɚɧɨɜɢɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶ-

ɧɨɣ (Ɋɢɫ. 4.15). 

 

Ɋɢɫ.4.15. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ Ni49Bi51: ɚ) 

v1=0,15 Ʉ/ɫ; ɛ) Я2=0,γ Ʉ/ɫ 

 

ɉɥɟɧɤɢ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ BiNiW ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ~ 800 

Ʉ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɥɚɜɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɜɩɥɨɬɶ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɩɥɟɧɨɤ BiNiW , ɩɪɢ ɨɯɥɚɠɞɟ-

ɧɢɢ, ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɝɨ ɫɤɚɱɤɚ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɤɪɢɫ-

ɬɚɥɥɢɡɚɰɢɟɣ Bi, ɤɚɤ ɜ ɫɥɭɱɚɟ ɫ ɞɪɭɝɢɦɢ Bi-ɫɨɞɟɪɠɚɳɢɦɢ ɨɛɪɚɡɰɚɦɢ (ɩɥɟɧɤɢ Bi, 

MnBi, MnBiCr). 
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Ɋɢɫ.4.16. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ Ni45Bi47W8: 

ɚ) Я1=0,075 Ʉ/ɫ; ɛ) Я2=0,15 Ʉ/ɫ; ɜ) Я3=0,γ Ʉ/ɫ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɦɟɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟ-

ɜɪɚɳɟɧɢɣ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɩɥɟɧɨɤ, ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤ-

ɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ (EA) ɦɟɬɨɞɨɦ Ʉɢɫɫɟɧɞɠɟɪɚ. 

ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɜ ɩɥɟɧɤɚɯ ɫɢɫɬɟɦɵ NiBi ɨɛɭɫɥɚɜ-

ɥɢɜɚɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɡɧɚɱɢɬɟɥɶɧɨɣ ɬɨɥɳɢɧɨɣ ɨɛɪɚɡɰɚ (1450 ɧɦ). ȼ ɫɥɭɱɚɟ 

ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ NiBiW ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɢɧɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ. ɉɨɜɵ-

ɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɬɭɝɨɩɥɚɜɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɨɫɚ-

ɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɫɨ 100 ɞɨ β00 ɷȼ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɚɤ-

ɬɢɱɟɫɤɢ ɜ ɞɜɚ ɪɚɡɚ (ɬɚɛɥɢɰɚ 4.7). 

 



 98 

Ɍɚɛɥɢɰɚ 4.7. 

ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɥɟɧɨɤ NiBi ɢ NiBiW 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ 
vɧɚɝɪɟɜɚ 

Ʉ/ɫ 
Ɍɧɚɱɚɥɚ, Ʉ Ɍɤɨɧɰɚ, Ʉ ȿȺ,×103  Ʉ 

Ni49Bi51 
0,075 580 650 

11,3 0,15 620 710 

0,3 630 720 

Ni45Bi47W8 
0,075 590 700 

6,8 0,15 620 720 

0,3 670 760 

Ni47Bi45W8 
0,075 580 660 

7,2 0,15 620 710 

0,3 660 740 

Ni43Bi47W10 
0,075 630 690 

12,5 0,15 660 730 

0,3 680 740 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ NiBi ɢ NiBiW ɫ 

ɩɨɦɨɳɶɸ ɜɢɛɪɨɦɚɝɧɟɬɨɦɟɬɪɚ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɥɟ ɭɫɬɚ-

ɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

ɩɥɟɧɨɤ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɥɢɲɶ ɫɥɚɛɨɦɚɝɧɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

 

4.3. ɋɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ ɧɚ ɨɫɧɨɜɟ ɧɟɫɦɟɲɢɜɚ-
ɸɳɢɯɫɹ ɤɨɦɩɨɧɟɧɬɨɜ MoBi ɢ FeBiMo 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɢ ɡɚɳɢɬ-

ɧɵɯ ɩɨɤɪɵɬɢɣ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ (ɛɚɪɶɟɪɧɵɟ) ɞɨɛɚɜɤɢ ɧɚ ɨɫ-

ɧɨɜɟ ɷɥɟɦɟɧɬɚ, ɧɟɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɝɨ ɫ ɩɨɤɪɵɬɢɟɦ ɢ ɩɪɟɩɹɬɫɬɜɭɸɳɢɦ ɜɡɚɢɦ-

ɧɨɣ ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ ɩɨɤɪɵɬɢɟɦ ɢ ɨɫɧɨɜɨɣ. Ɍɚɤ ɥɟɝɤɨɩɥɚɜɤɢɣ Bi ɧɟ ɪɚɫɬɜɨɪɢɦ 

ɫ ɰɟɥɵɦ ɪɹɞɨɦ ɬɭɝɨɩɥɚɜɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ Mo. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Mo – Bi ɹɜɥɹɟɬɫɹ ɫɥɚɛɨɢɡɭɱɟɧɧɨɣ, ɜ ɫɜɹɡɢ ɫ ɬɪɭɞ-

ɧɨɫɬɹɦɢ ɫɢɧɬɟɡɚ ɞɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ Mo ɜ Bi ɫɨɫɬɚɜɥɹɟɬ з0,0γ 

ɚɬ% ɩɪɢ 1β8γ Ʉ ɢ з0,00γ ɚɬ% ɩɪɢ 97γ Ʉ. ɉɨ ɞɚɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɚɧɧɨɣ ɫɢɫ-
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ɬɟɦɵ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɩɥɨɬɶ ɞɨ 1γ0γ Ʉ ɪɚɫɬɜɨɪɢɦɨɫɬɶ Mo ɜ ɠɢɞɤɨɦ Bi ɧɢɠɟ 

ɩɪɟɞɟɥɚ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ з0,0001 % (ɩɨ ɦɚɫɫɟ) Mo [119Ж. ȼɡɚɢɦɧɚɹ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɧɚɪɭɠɟɧɚ ɧɟ ɛɵɥɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɟɧɫɨɪɧɨɣ ɬɟɯɧɢɤɟ, ɫɩɢɧɬɪɨɧɢɤɟ, ɚ ɬɚɤɠɟ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɯɪɚɧɟɧɢɹ 

ɢɧɮɨɪɦɚɰɢɢ. Ɏɟɪɪɢɬ ɜɢɫɦɭɬɚ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɦ ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɤɨɦ 

ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɨɛɥɚɞɚɟɬ ɦɚɝɧɢɬɨ-

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɟɝɨ 

ɜɨɡɦɨɠɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɩɢɧɬɪɨɧɢɤɟ. ȼ ɨɛɴɟɦɧɨɦ ɮɟɪɪɢɬɟ ɜɢɫɦɭɬɚ ɜɨɡɧɢɤɚɟɬ 

ɩɪɨɛɥɟɦɚ ɭɬɟɱɤɢ ɡɚɪɹɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɫɬɟɯɢɨɦɟɬɪɢɢ ɢ ɞɟɮɟɤɬɨɜ, ɱɬɨ ɢ ɨɝɪɚɧɢ-

ɱɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɜɢɞɟ ɨɛɴɟɦɧɨɝɨ ɤɪɢɫɬɚɥɥɚ. 

ȼ ɫɢɫɬɟɦɟ Bi2O3 - Fe2O3 ɥɟɝɤɨ ɜɨɡɧɢɤɚɸɬ ɧɟɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɨɹɧɢɹ ɜɫɥɟɞɫɬɜɢɟ 

ɛɥɢɡɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. ɉɨɥɭɱɟɧɢɟ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɩɨɡɜɨɥɹɟɬ 

ɤɚɱɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶ ɫɜɨɣɫɬɜɚ ɮɟɪɪɢɬɚ ɜɢɫɦɭɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɜ 

ɨɛɴɟɦɧɨɦ ɜɢɞɟ. ɐɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɨɥɭɱɟɧɢɟ ɩɨɞɨɛɧɨɝɨ ɩɥɟɧɨɱɧɨ-

ɝɨ ɦɚɬɟɪɢɚɥɚ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɬɭɝɨɩɥɚɜɤɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɬɟ-

ɪɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɟɧɨɤ. 

Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜ ɞɚɧɧɨɦ ɩɨɞɪɚɡɞɟɥɟ, ɩɪɟɞɫɬɚ-

ɜɥɹɸɬ ɫɨɛɨɣ ɩɥɟɧɤɢ Mo – 50ɚɬ%Bi ɢ Fe – 18ɚɬ%Bi – 18ɚɬ%Mo ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɢɞɟɧɬɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ (Ɍɚɛɥ. 4.8). 

Ɍɚɛɥɢɰɚ 4.8. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ MoBi ɢ FeBiMo 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ d, ɧɦ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Mo50Bi50 570 2 53 -2 100 

Fe64Bi18Mo18 260 2 53 -2 100 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ); Н 

– ɬɨɥɳɢɧɚ ɩɥɟɧɨɤ;  - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 

ȼ ɢɫɯɨɞɧɵɯ ɩɥɟɧɤɚɯ MoBi, ɩɪɢ ɩɨɦɨɳɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɨɛɧɚ-

ɪɭɠɟɧɵ ɮɚɡɵ Bi ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɫɥɟɞɨɜ ɤɭɛɢɱɟɫɤɨɝɨ Mo (ɚ = 
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0,γ147γ ɧɦ) ɢ ɨɤɫɢɞɨɜ: MoO3 ɫ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,γ9β; b = 1,394; 

ɫ = 0,γ66 ɧɦ); ɢ į-Bi2O3 (Ɋɢɫ.4.17 ɚ).  

 

Ɋɢɫ.4.17. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ MoBi: ɚ) ɜ ɢɫɯɨɞɧɨɦ ɫɨɫ-

ɬɨɹɧɢɢ; ɛ) ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 770 Ʉ 

 
Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ ɩɪɢ з 770 Ʉ, ɩɪɟɜɵɲɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟ-

ɧɢɹ Bi, ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɯɨɞɭ MocubĺMoO3. Ɋɚɡɦɟɪ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟ-

ɹɧɢɹ ɮɚɡɵ Bi ɩɪɢ ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ (L ~ 6,2-6,5 ɧɦ). 

ɉɥɟɧɤɢ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ FeBiMo ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɫɦɟɫɶ ɮɚɡ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi (Lз5,6 ɧɦ), ɤɭɛɢɱɟɫɤɨɝɨ Fe (ɚ = 0,γ485 ɧɦ), 

Mo ɬɚɤɠɟ ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɢ ɟɝɨ ɨɤɫɢɞɚ MoO3.  

Ɋɚɡɦɟɪ ɈɄɊ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ Bi ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɜɨɡɪɚɫɬɚɟɬ L~7 

ɧɦ. Ɍɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɮɚɡ ɨɤɫɢɞɨɜ FeO ɫ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɣ ɪɟɲɟɬ-

ɤɨɣ (ɚ = 0,β955 ɧɦ) ɢ į-Bi2O3, ɤɨɬɨɪɚɹ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɥɟɧɨɤ ɞɪɭɝɢɯ ɫɢɫɬɟɦ, ɧɟ 

ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ (Ɋɢɫ.4.18). 
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Ɋɢɫ.4.18. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Fe64Bi18Mo18: ɚ) ɜ ɢɫɯɨɞ-

ɧɨɦ ɫɨɫɬɨɹɧɢɢ; ɛ) ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 770 Ʉ . Ƚɞɟ ◊ – ɪɨɦɛɨɷɞ-

ɪɢɱɟɫɤɢɣ Bi; Ƒ – ɤɭɛɢɱɟɫɤɢɣ Fe; Ž – ɤɭɛɢɱɟɫɤɢɣ Mo; Ɣ – FeO; ż – 

Bi2O3; ž – MoO3 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɤɚ-

ɡɚɥɨ, ɱɬɨ ɞɥɹ ɩɥɟɧɨɤ ɢ ɞɜɨɣɧɨɣ  ɢ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɤɪɢɜɵɟ ɧɚɝɪɟɜɚ ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɬɫɹ ɬɪɟɦɹ ɨɫɧɨɜɧɵɦɢ ɭɱɚɫɬɤɚɦɢ: ɧɚ ɩɟɪɜɨɦ ɭɱɚɫɬɤɟ (ɨɬ Ɍɤ ɞɨ ~550 Ʉ) ɩɪɨɢ-

ɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɩɨɧɢɠɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ; ɧɚ 

ɜɬɨɪɨɦ ɭɱɚɫɬɤɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ MocubĺMoO3 ɢ ɩɥɚɜɥɟɧɢɟɦ Bi 

ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɪɟɡɤɨɟ ɩɚɞɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɨɬɤɨɦ ɬɟɦ-

ɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ~480-610 Ʉ; ɬɪɟɬɢɣ ɭɱɚɫɬɨɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɚɜɧɵɦ 

ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з800 Ʉ (Ɋɢɫ. 4.19, 

4.20).  
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Ɋɢɫ.4.19. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ MoBi: ɚ) 

v1=0,075 Ʉ/ɫ; ɛ) v2=0,γ Ʉ/ɫ 

 

 

Ɋɢɫ.4.20. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ FeBiMo: ɚ) 

v1=0,075 Ʉ/ɫ; ɛ) v2=0,15 Ʉ/ɫ 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɩɥɟɧɨɤ BiMo ɢ FeBiMo ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ Bi ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢɧɢɦɚɟɬ ɫɚɦɨɟ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɢ ɜɫɟɯ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ Bi-ɫɨɞɟɪɠɚɳɢɯ ɫɢɫɬɟɦ з γ80 Ʉ ɩɪɢ 480 Ʉ ɞɥɹ ɩɥɟɧɨɤ Bi. Ɍɚɤɚɹ 

ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɚ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 

ɩɨɞɩɥɚɜɥɟɧɧɨɝɨ Bi ɢ ɮɚɡɵ į-Bi2O3, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɬɭɝɨɩɥɚɜɤɨɣ ɦɚɬɪɢɰɟ Mo. 

[132, 120]. 

Ⱥɧɚɥɢɡ ɫɦɟɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫ ɭɜɟɥɢɱɟ-

ɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɩɥɟɧɨɤ ɩɨɡɜɨɥɢɥ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ  ɮɚ-

ɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (EA) (Ɍɚɛɥ. 4.9). 

Ɍɚɛɥɢɰɚ 4.9. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɥɟɧɨɤ MoBi ɢ FeBiMo 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ 
vɧɚɝɪɟɜɚ 

Ʉ/ɫ 
Ɍɧɚɱɚɥɚ, Ʉ Ɍɤɨɧɰɚ, Ʉ ȿȺ,×103 Ʉ 

Mo50Bi50 

0,075 540 610 

5,7 0,15 580 640 

0,3 630 690 

Fe64Bi18Mo18 

0,075 530 600 

11 0,15 570 640 

0,3 590 670 

 

Ɂɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɧɟɫɦɟɲɢɜɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ MoBi ɭɦɟ-

ɧɶɲɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɟɧɤɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɢ-

ɲɟɧɟɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɶɸ ɦɟɬɚɫɬɚɛɢɥɶɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ, ɜ 

ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɩɥɟɧɤɚ [132Ж. Ɉɞɧɚɤɨ ɧɚɥɢɱɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɝɨ ɤɚɤ ɫ Bi ɬɚɤ ɢ ɫ Mo, ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɪɨɫɬɭ ɷɧɟ-

ɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɨɤ FeBiMo. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ MoBi ɫ ɩɨɦɨɳɶɸ ɜɢɛɪɨɦɚɝɧɟ-

ɬɨɦɟɬɪɚ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɨɥɟ, ɤɚɤ ɢ ɨɠɢɞɚɥɨɫɶ, ɩɨɤɚɡɚɥɢ 

ɩɪɨɹɜɥɟɧɢɟ ɦɚɝɧɢɬɨɦɹɝɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ƚɢɫɬɟɪɟɡɢɫɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ ɫɢɫ-

ɬɟɦɵ FeBiMo ɩɪɨɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 770 Ʉ, ɱɬɨ ɫɜɹɡɚ-
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ɧɨ ɫ ɩɟɪɟɫɬɪɨɣɤɨɣ ɞɨɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɮɟɪɪɨɦɚɝɧɢɬɧɨɝɨ Fe. Ʉɨɷɪɰɢɬɢɜɧɚɹ ɫɢ-

ɥɚ ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬ Hcз16 ɤȺ/ɦ. (Ɋɢɫ. 4.21).  

 
Ɋɢɫ.4.21. Ʉɪɢɜɵɟ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ-ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ FeBiMo ɜ 

ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɥɟ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 77γ Ʉ 

 

4.4. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪ FePt ɢ 
FeBiPt 

 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɢ ɦɚɝ-

ɧɢɬɧɨɣ ɷɧɟɪɝɢɢ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɢɡɦɟɥɶɱɟɧɢɟ ɞɨɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ 

ɫɨɡɞɚɧɢɟ ɬɨɧɤɢɯ ɞɢɚɦɚɝɧɢɬɧɵɯ ɩɪɨɫɥɨɟɤ ɦɟɠɞɭ ɞɨɦɟɧɚɦɢ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ 

ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ FО ɞɢɚɦɚɝɧɢɬɧɵɯ 

ɞɨɛɚɜɨɤ, ɤɨɬɨɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɦɟɲɢɜɚɸɬɫɹ ɫ ɠɟɥɟɡɨɦ ɞɚɠɟ ɜ ɠɢɞɤɨɦ ɫɨ-

ɫɬɨɹɧɢɢ.  

ȼ ɫɥɟɞɭɸɳɟɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɪɚɜɧɨ-

ɜɟɫɧɵɯ ɩɥɟɧɨɱɧɵɯ ɫɬɪɭɤɬɭɪ ɫɢɫɬɟɦɵ FОPЭ, ɢɡɜɟɫɬɧɨɣ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱ-

ɧɢɤɨɜ ɫɜɨɢɦɢ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɟ ɧɚ ɷɬɭ ɫɢɫɬɟɦɭ ɥɟɝɤɨ-

ɩɥɚɜɤɨɝɨ ɞɢɚɦɚɝɧɢɬɧɨɝɨ BТ. 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɥɟɧɤɢ ɫɢɫɬɟɦɵ FePt 

ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɨɜ (ɚɬ.%):, FО89Pt11; Fe79Pt21; Fe69Pt31; Fe61Pt39; Pt71Fe29; Pt81Fe19; 

Pt89Fe11. 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɩɥɟɧɨɤ ɜ ɢɫɯɨɞ-

ɧɨɦ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 

Ɍɚɛɥɢɰɚ 4.10. 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɜɟɠɟɧɚɩɵɥɟɧɧɵɯ ɢ ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɯ ɩɥɟɧɨɤ FО-Pt 

ɋɨɫɬɚɜ, 

(ɚɬ.%) 

Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɥɟɧɨɤ 

ȼɪɟɦɹ 

ɜɵɞɟɪɠɤɢ 
ɂɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɉɨɫɥɟ ɧɚɝɪɟɜɚ 

Fe89Pt11 β,5 ɝɨɞɚ 

ȺɎ-1 (L=3,4 ɧɦ) 

ɈɐɄ FОPЭ 

(ɚ=0.γ7β ɧɦ) 

81γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ7β ɧɦ) 

87γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ7β ɧɦ) 

89γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ7β ɧɦ) 

90γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ7β ɧɦ) 

Fe79Pt21 

1 ɦɟɫɹɰ 

 

ȺɎ-1 (L=1,2 ɧɦ) 

ȺɎ-1 

(L=2,5 ɧɦ)+ɫɥɟɞɵ Ȗ-

FО (ɚ=0,γ55 ɧɦ) 

90γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ76 ɧɦ) 

90γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ76 ɧɦ) 

4 ɦɟɫɹɰɚ 

ȺɎ-1 (L=3,6 ɧɦ) 

+ɫɥɟɞɵ Ȗ-Fe 

(ɚ=0,γ55 ɧɦ) 

5βγ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ81 ɧɦ) 

68γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ81 ɧɦ) 

75γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ77 ɧɦ) 

90γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ76 ɧɦ) 

β,5 ɝɨɞɚ 
ɈɐɄ FОPЭ 

(ɚ=0.γ79 ɧɦ) 
90γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ76 ɧɦ) 

Fe69Pt31 β,5 ɝɨɞɚ 
ȺɎ-1 (L=3,97 ɧɦ) + 

ȺɎ-2 (L=2,07 ɧɦ) 
90γ Ʉ ɈɐɄ FОPЭ (ɚ=0,γ79 ɧɦ) 

Fe29Pt71 4 ɦɟɫɹɰɚ PЭ (ɚ=0,γ9β ɧɦ) 90γ Ʉ PЭ (ɚ=0,γ9β ɧɦ) 

ɝɞɟ: ȺɎ-1 – ɚɦɨɪɮɧɚɹ ɮɚɡɚ ɧɚ ɛɚɡɟ FОPЭ, ȺɎ-2 – ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɚɹ ɮɚɡɚ ɧɚ ɛɚɡɟ 

Ȗ-Fe; L – ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ. 

 

ȼ ɩɥɟɧɤɚɯ FО89Pt11 ɜ ɫɜɟɠɟɧɚɩɵɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚɛɥɸɞɚɥɚɫɶ ɚɦɨɪɮɧɚɹ 

ɮɚɡɚ ɫ ɪɚɡɦɟɪɨɦ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɢɜɚɧɢɹ зγ,4 ɧɦ. ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚ-

ɛɨɬɤɢ (ɧɚɝɪɟɜ ɢ ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɚɤɭɭɦɟ) ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ з90γ Ʉ ɚɦɨɪɮɧɚɹ ɮɚɡɚ 



 106 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɈɐɄ FОPЭ ɫ ɩɟɪɢɨɞɨɦ ɪɟɲɟɬɤɢ К = 0,γ7β ɧɦ. ɉɨɫɥɟ ɞɨɥɝɨɜɪɟ-

ɦɟɧɧɨɣ ɜɵɞɟɪɠɤɢ ɫɜɟɠɟɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ ɜ ɬɟɱɟɧɢɟ β ɥɟɬ ɩɪɨɜɨɞɢɥɢɫɶ ɬɟɪ-

ɦɨɨɛɪɚɛɨɬɤɢ ɞɥɹ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɤɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɞɨ 81γ 

Ʉ ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ ɈɐɄ-ɮɚɡɵ FОPЭ ɫɨɫɬɚɜɥɹɥ ɚ = 0,γ7β ɧɦ. ɋɥɟɞɭɸɳɚɹ ɬɟɪɦɨɨ-

ɛɪɚɛɨɬɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 85γ Ʉ, ɱɬɨ ɧɟ ɩɪɢɜɟɥɨ ɤ ɡɚɦɟɬɧɨɦɭ ɢɡ-

ɦɟɧɟɧɢɸ ɩɟɪɢɨɞɚ ɪɟɲɟɬɤɢ. 

ȿɳɟ ɨɞɧɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɞɨ 89γ Ʉ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɩɟɪɢɨɞ ɈɐɄ-ɮɚɡɵ FОPЭ 

ɧɟ ɢɡɦɟɧɢɥɫɹ (ɚ = 0,γ7β ɧɦ). ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɚɦɨɪɮɧɚɹ ɮɚɡɚ ɡɚ ɞɜɚ ɝɨɞɚ 

ɜɵɞɟɪɠɤɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɜɪɚɬɢɥɚɫɶ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ. 

ȼ ɫɜɟɠɟɧɚɩɵɥɟɧɧɨɣ ɩɥɟɧɤɟ ɫɨɫɬɚɜɚ FО79Pt21 ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɩɥɟɧɤɟ ɫɨɫɬɚ-

ɜɚ FО89Pt11, ɧɚɛɥɸɞɚɥɚɫɶ ɚɦɨɪɮɧɚɹ ɮɚɡɚ ɫ ɪɚɡɦɟɪɨɦ ɨɛɥɚɫɬɢ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫ-

ɫɟɢɜɚɧɢɹ зγ,6 ɧɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɟ ɩɥɟɧɤɢ ɢɡɭɱɚɥɢ ɱɟɪɟɡ ɱɟɬɵɪɟ 

ɦɟɫɹɰɚ ɩɨɫɥɟ ɧɚɩɵɥɟɧɢɹ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɩɥɟɧɨɤ ɫɨ ɜɪɟ-

ɦɟɧɟɦ ɩɪɨɜɨɞɢɥɢ ɩɨɜɬɨɪɧɨɟ ɧɚɩɵɥɟɧɢɟ ɩɪɢ ɬɨɦ ɠɟ ɪɟɠɢɦɟ ɢ ɩɪɢ ɭɦɟɧɶɲɟɧ-

ɧɨɦ ɞɚɜɥɟɧɢɢ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ (8 ɦɉɚ), ɱɬɨ ɩɨɜɵɲɚɥɨ ɷɧɟɪɝɢɸ ɨɫɚɠ-

ɞɚɟɦɵɯ ɚɬɨɦɨɜ ɢ ɫɧɢɠɚɥɨ ɫɤɨɪɨɫɬɶ ɧɚɩɵɥɟɧɢɹ ɫɨ 149 ɞɨ 91 ɩɦ/ɫ.  

ȼ ɩɥɟɧɤɟ ɫɨɫɬɚɜɚ FО79Pt21, ɤɨɬɨɪɚɹ ɩɨɞɜɟɪɝɚɥɚɫɶ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ (ɧɚɝɪɟɜ 

ɢ ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɚɤɭɭɦɟ) ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 5βγ Ʉ, ɧɚɛɥɸɞɚɥɢ ɈɐɄ FОPЭ ɫ ɩɟɪɢɨ-

ɞɨɦ ɪɟɲɟɬɤɢ К = 0,γ81 ɧɦ. ɇɚɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 85γ Ʉ ɭɦɟɧɶɲɢɥ ɩɟɪɢɨɞ ɞɨ ɚ 

= 0,γ77 ɧɦ, ɚ ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ 90γ Ʉ ɢɡɦɟɧɢɥ ɩɟɪɢɨɞ ɪɟɲɟɬɤɢ FОPЭ ɞɨ ɚ = 0,γ76 

ɧɦ.  

Ⱦɥɹ ɩɥɟɧɤɢ FО69Pt31 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚɛɥɸɞɚɥɨɫɶ ɞɜɟ ɚɦɨɪɮɧɵɯ 

ɮɚɡɵ: ȺɎ-1 ɫ ɪɚɡɦɟɪɨɦ ɈɄɊ L = 1,9γ ɧɦ, ɢ ɮɚɡɭ ȺɎ-β ɫ L = 1,9 ɧɦ. ɉɨɥɨɠɟɧɢɟ 

ɪɚɡɦɵɬɨɝɨ ɦɚɤɫɢɦɭɦɚ ȺɎ-1 ɨɬɜɟɱɚɟɬ ɩɨɥɨɠɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɈɐɄ FОPЭ, ɚ ɩɨ-

ɥɨɠɟɧɢɟ ɪɚɡɦɵɬɨɝɨ ɦɚɤɫɢɦɭɦɚ ȺɎ-β ɨɬɜɟɱɚɟɬ ɩɨɥɨɠɟɧɢɸ ɦɚɤɫɢɦɭɦɚ -FО. Ⱦɨ-

ɥɹ ɮɚɡ ɜ ɩɥɟɧɤɟ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɫɨɫɬɚɜɥɹɟɬ з70% ȺɎ-1, ɢ зγ0% ȺɎ-β. ɉɨɫɥɟ 

ɧɚɝɪɟɜɚ ɞɨ 90γ Ʉ ɩɨɹɜɥɹɟɬɫɹ ɈɐɄ FОPЭ ɫ ɩɟɪɢɨɞɨɦ ɚ = 0,γ79 ɧɦ. Ɋɟɧɬɝɟɧɨɫɬɪɭɤ-

ɬɭɪɧɵɣ ɚɧɚɥɢɡ (ɱɟɪɟɡ ɞɜɚ ɝɨɞɚ ɩɨɫɥɟ ɧɚɩɵɥɟɧɢɹ) ɢɫɯɨɞɧɨɣ ɩɥɟɧɤɢ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɪɚɡɦɟɪɵ ɈɄɊ ɮɚɡ ɢɡɦɟɧɢɥɢɫɶ LȺɎ-1 = γ,97 ɧɦ, ɚ LȺɎ-2 = β,07 ɧɦ, ɩɪɢɱɟɦ ɞɨɥɹ ɮɚɡ 
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ɬɚɤɠɟ ɢɡɦɟɧɢɥɚɫɶ - ɞɨ 60% ȺɎ-1, ɢ 40% ȺɎ-β. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɥɹ ȺɎ-1 

ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ [133].  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɫɬɪɭɤɬɭɪɧɨɣ ɪɟɥɚɤɫɚɰɢɢ ɩɥɟɧɨɤ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɩɥɟɧɤɢ ɫɨɫɬɚɜɚ FО79Pt21. ɋɪɚɜɧɢɜɚɥɢɫɶ ɩɚɪɚɦɟɬɪɵ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɞɨɥ-

ɝɨɜɪɟɦɟɧɧɨɣ ɜɵɞɟɪɠɤɢ ɫɜɟɠɟɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɨɤ ɜ ɬɟɱɟɧɢɟ β ɥɟɬ ɫɨ ɫɜɟɠɟɧɚ-

ɩɵɥɟɧɧɵɦɢ ɩɥɟɧɤɚɦɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɧɚɩɵɥɟɧɢɹ. ɋɨ ɜɪɟɦɟ-

ɧɟɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɩɥɟɧɤɚɯ FО79Pt21 ɩɪɨɢɫɯɨɞɢɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

– ɜ ɚɦɨɪɮɧɨɣ ɮɚɡɟ ɩɨɹɜɥɹɸɬɫɹ ɫɥɟɞɵ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɞɥɹ ɷɬɢɯ ɭɫɥɨɜɢɣ ȽɐɄ Ȗ-

FО ɫ ɩɨɱɬɢ ɪɚɜɧɨɜɟɫɧɵɦ ɩɟɪɢɨɞɨɦ, ɚ = 0,γ55 ɧɦ (ɚɬɚɛ = 0,γ56 ɧɦ). Ȼɨɥɟɟ ɞɥɢɬɟ-

ɥɶɧɵɟ ɜɵɞɟɪɠɤɢ ɩɪɢɜɨɞɹɬ ɤ ɪɚɫɩɚɞɭ ȺɎ ɢ ɩɨɹɜɥɟɧɢɸ ɮɚɡɵ FОPЭ ɫ ɩɟɪɢɨɞɨɦ 

ɪɟɲɟɬɤɢ ɚ = 0,γ79 ɧɦ. 

ȼ ɩɥɟɧɤɟ FО29Pt71, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4.ββ, ɤɚɤ ɩɨɤɚ-

ɡɵɜɚɸɬ ɷɥɟɤɬɪɨɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɢɫɯɨɞɧɨɦ ɫɨɫ-

ɬɨɹɧɢɢ ɮɨɪɦɢɪɭɟɬɫɹ ɩɟɪɟɫɵɳɟɧɧɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ PЭ. 

  
ɚ) ɛ) 

Ɋɢɫ. 4.22. ɋɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ Fe29Pt71: ɚ) ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ;  ɛ) ɩɨɫɥɟ ɬɟɪ-

ɦɨɨɛɪɚɛɨɬɤɢ 

 

ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɩɥɟɧɨɤ ɫɨɫɬɚɜɚ FО19Pt81 ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɢɫɩɟɪɫɧɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɧɚ ɨɫɧɨɜɟ PЭ (ɪɢɫ. 4.23). ɉɨɫɥɟ ɬɟɪ-

ɦɨɨɛɪɚɛɨɬɤɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨɝɪɚɦɦɚɯ ɢ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɭɲɢɪɟɧɢɟ 

ɥɢɧɢɣ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɨɹɜɥɟɧɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢɡ-ɡɚ ɜɵ-

ɞɟɥɟɧɢɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ. 
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ɚ) ɛ) 

Ɋɢɫ. 4.23. ɗɥɟɤɬɪɨɧɧɨɝɪɚɦɦɵ ɢ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ Pt81Fe19: ɚ) ɜ ɢɫɯɨɞɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ; ɛ) ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 

 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɨɜ (ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ) ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɫɬɪɭɤɬɭɪɧɨ-

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ. Ⱦɥɹ ɜɫɟɯ ɩɥɟɧɨɤ ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɌɄɋ), ɡɧɚɱɟɧɢɹ ɤɨ-

ɬɨɪɵɯ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ (5-15)10-4 Ʉ-1. Ɍɟɪɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɥɟɧɨɤ ɢɫɫ-

ɥɟɞɨɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɡɚɩɢɫɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ ɜ ɜɚɤɭɭɦɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ. ȼɫɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɪɟɦɹ ɭɱɚɫɬɤɚɦɢ. 

Ɍɚɤ ɞɥɹ ɩɥɟɧɨɤ FО89Pt11 ɩɟɪɜɵɣ ɭɱɚɫɬɨɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɛɪɚɬɢɦɵɦ ɢɡ-

ɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ ɨɬ β9γ Ʉ ɞɨ 760 Ʉ ɧɢɤɚɤɢɯ ɮɚɡɨɜɵɯ ɢɡɦɟɧɟɧɢɣ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢ 

ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ ɨɫɬɚɟɬɫɹ ɫɬɚɛɢɥɶɧɨɣ (Ɋɢɫ. 4.β4). 
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Ɋɢɫ.4.24. Ɂɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ: ɚ) 

Fe79Pt21; ɛ) FО11Pt89 

 

ȼɬɨɪɨɣ ɭɱɚɫɬɨɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨ-

ɩɪɨɬɢɜɥɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 760 Ʉ ɞɨ 860 Ʉ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ ɢ ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɤɢ. Ɍɪɟɬɢɣ ɭɱɚɫɬɨɤ ɯɚ-

ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɛɪɚɬɢɦɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɨɯɥɚɠɞɟ-

ɧɢɢ ɨɬ 97γ Ʉ ɞɨ β9γ Ʉ. 

ȼɢɛɪɨɦɚɝɧɟɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɟɠɟɧɚɩɵɥɟɧɧɵɯ ɢ ɬɟɪɦɨɨɛ-

ɪɚɛɨɬɚɧɧɵɯ ɩɥɟɧɨɤ FО–PЭ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɛɪɚɡɰɚɯ ɩɪɢ ɧɚɩɪɚɜɥɟɧɢɢ ɜɧɟɲɧɟɝɨ 

ɩɨɥɹ ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɩɥɟɧɤɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 4.11. Ʉɚɤ ɜɢɞɧɨ, ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɪɨɫɬɭ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɢ ɢɡɦɟɧɟɧɢɢ ɨɫɬɚɬɨɱɧɨɣ ɢɧɞɭɤɰɢɢ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ 

ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ ɫ ɭɱɟɬɨɦ ɦɚɫɫɵ ɢ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ. 
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Ɍɚɛɥɢɰɚ 4.11. 

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ ɩɥɟɧɨɤ FО–Pt 

ȼɧɟɲɧɟɟ ɩɨɥɟ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɟɧɤɟ 

ɋɨɫɬɚɜ ɋɨɫɬɨɹɧɢɟ ɇɫ, ɤȺ/ɦ 
ȼr, 

(ɭɫɥ.ɟɞ.) 
ȼs, 

(ɭɫɥ.ɟɞ.) Н, ɧɦ , ɝ/ɫɦ3 m, 
ɦɤɝ 

Fe89Pt11 
ɢɫɯ. 5 0,52 1,39 

453 9,36 
72,5 

ɬ.ɨ. 14 0,28 0,54 52,6 

Fe79Pt21 
ɢɫɯ. 6 0,39 1,17 

425,4 10,72 
109,4 

ɬ.ɨ. 20 1,32 1,48 71,3 

Fe69Pt31 
ɢɫɯ. 0,8 2,54 3,52 

321,8 12,09 
35,7 

ɬ.ɨ. 1,8 1,22 1,48 75,2 

Fe ɬ.ɨ. 1,0 4,1 5,85 80 7,86 39,6 

ȼɧɟɲɧɟɟ ɩɨɥɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɟɧɤɟ 

ɋɨɫɬɚɜ ɋɨɫɬɨɹɧɢɟ ɇɫ, ɤȺ/ɦ 
ȼr, 

(ɭɫɥ.ɟɞ.) 
ȼs, 

(ɭɫɥ.ɟɞ.) Н, ɧɦ , ɝ/ɫɦ3 m, 
ɦɤɝ 

Fe69Pt31 ɬ.ɨ. 11 0,78 0,99 321,8 12,09 75,2 
Fe ɬ.ɨ. 37 0,8 4,8 80 7,86 39,6 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ FeBiPt ɩɪɨɜɨɞɢɥɨɫɶ ɧɚɞ ɩɥɟɧɤɚɦɢ ɫɨɫ-

ɬɚɜɨɜ Fe71Pt20Bi9 ɢ Fe64Pt20Bi16, ɫ ɬɨɥɳɢɧɚɦɢ d=130-150 ɧɦ, ɩɨɥɭɱɟɧɧɵɦɢ ɦɟɬɨ-

ɞɨɦ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɩɪɢ 

ɢɞɟɧɬɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɚɠɞɟɧɢɹ Д134]. 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɥɟɧɨɤ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɨɫɬɚɜɚ, ɜ 

ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɚɯ ɮɨɪɦɢɪɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ Bi, Pt ɫ ɤɭ-

ɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,γ878 ɧɦ), ɨɤɫɢɞɚ FeO2 ɫ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ 

(ɚ = 0,4605; b = 0,9959; ɫ =0,γ0βγ ɧɦ) ɢ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ FePt ɫ ɬɟɬɪɚɝɨɧɚ-

ɥɶɧɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,β7β4; ɫ =0,γ7β ɧɦ). 

Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 77γ Ʉ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɨɤɫɢɞɚ Fe3O4 ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ (ɚ = 0,8γ97 ɧɦ) (Ɋɢɫ. 4.β5 ɛ). Ɋɚɫɱɟɬ ɪɚɡɦɟ-

ɪɨɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɧɟ ɩɪɢɜɨɞɢɬ 

ɤ ɡɚɦɟɬɧɨɦɭ ɪɨɫɬɭ ɡɟɪɟɧ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ FePt (Lз4,1 ɧɦ). 
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Ɋɢɫ.4.25. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ Fe20Bi71Pt9: ɚ) ɜ ɢɫɯɨɞɧɨɦ 

ɫɨɫɬɨɹɧɢɢ; ɛ) ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 77γ Ʉ. Ƚɞɟ ◊ – ɪɨɦɛɨɷɞɪɢɱɟɫ-

ɤɢɣ Bi; Ƒ – Pt; * – FePt; Ɣ – FeO2; ż – Fe3O4 

 

ɏɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɩɥɟɧɨɤ Fe20Bi71Pt9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.26. 

 

Ɋɢɫ.4.26. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ Fe20Bi71Pt9: 

ɚ) Я1=0,075 Ʉ/ɫ; ɛ) Я2=0,γ Ʉ/ɫ 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɥɟɧɨɤ ɫɢɫɬɟɦɵ FePt, ɝɞɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚɝɪɟɜɚ ɷɥɟɤɬɪɨ-

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɪɚɫɬɚɥɨ, ɫ ɞɨɛɚɜɥɟɧɢɟɦ Bi ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɢɧɬɟɪɜɚɥɟ 

293 – 540 Ʉ ɫɩɚɞɚɟɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ (Ɋɢɫ. 4.β6 ɚ). Ɏɚɡɨɜɵɣ ɩɟɪɟɯɨɞ, ɫɜɹ-

ɡɚɧɧɵɣ ɫ ɩɥɚɜɥɟɧɢɟɦ Bi, ɩɪɨɢɫɯɨɞɢɬ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 540 – 670 Ʉ, ɱɬɨ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɛɨɥɟɟ ɪɟɡɤɢɦ ɩɚɞɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ 

ɨɯɥɚɠɞɟɧɢɹ ɩɥɟɧɨɤ, ɫɤɚɱɟɤ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɣ ɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢ-

ɟɣ ɠɢɞɤɨɝɨ Bi, ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з 4β0 Ʉ (ȿȺ ~ 9×103 Ʉ). ɉɪɢɱɟɦ 

ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ Biɀĺ BiɌɜ ɞɥɹ ɩɥɟɧɨɤ ɞɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɩɥɚɜɧɨ, ɱɟɦ ɞɥɹ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ Bi-

ɫɨɞɟɪɠɚɳɢɯ ɨɛɪɚɡɰɨɜ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɯɨɪɨɲɨ ɨɬɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.β6 ɛ.  

 

ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 4 

 

Ɇɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɩɨɫ-

ɬɪɨɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɦɚɝɧɢɬɧɵɯ ɤɪɢɜɵɯ 

ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ ɞɜɨɣɧɵɯ: MnBi; 

MnCr; NiBi ; MoBi; FePt, ɢ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ: MnBiCr; NiBiW; FeBiMo; FeBiPt. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ: 

1) Ɉɩɪɟɞɟɥɟɧɨ ɜɥɢɹɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ 

ɧɚɩɵɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɥɟɧɢɟ ɛɚɪɶɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (Cr, W, Mo) ɧɚ ɬɟɦɩɟ-

ɪɚɬɭɪɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɪɨɫ-

ɬɚ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ β-γ ɪɚɡɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɟɪ-

ɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɫ β0 ɞɨ 100 ɷȼ. 

2) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɹɜɥɟɧɢɟ ɝɢɫɬɟɪɟɡɢɫɧɵɯ ɫɜɨɣɫɬɜ ɜ ɧɚɩɵɥɟɧɧɵɯ 

ɩɥɟɧɤɚɯ ɫɢɫɬɟɦɵ MnBi ɨɛɭɫɥɨɜɥɟɧɨ ɧɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɦɟɠɭɬɨɱɧɨɣ 

ɮɚɡɨɣ Į-MnBi, ɤɚɤ ɜ Ɂɀɋ-ɨɛɪɚɡɰɚɯ (ɇɫ~ 10 - 400 ɤȺ/ɦ), ɚ ɮɨɪɦɢɪɨɜɚɧɢɟɦ Į-

ɮɚɡɵ Bi2O3 (ɇɫ~ 2 - 32 ɤȺ/ɦ). 

3) Ⱦɥɹ Ɂɀɋ-ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ MnBi ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 

(ɧɚɧɨɱɚɫɬɢɰɵ ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɮɚɡɵ ɢ ɨɤɪɭɠɚɸɳɚɹ ɞɢɚɦɚɝɧɢɬɧɚɹ ɩɪɨɫɥɨɣɤɚ) 



 113 

ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɞɨɫɬɢɠɟɧɢɸ ɜɵɫɨɤɢɯ ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɨɬɨ-

ɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɫɭɳɟɫɬɜɟɧɧɵɦ ɡɚɬɪɭɞɧɟɧɢɟɦ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ 

ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɹ ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɞɨɦɟɧɨɜ -MnBi. 

4) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɥɟɧɨɤ FePt ɩɪɢ 770 Ʉ ɩɪɢɜɨɞɢɬ 

ɤ ɡɚɦɟɬɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɫ 5 ɞɨ ~15 ɤȺ/ɦ. ȼ ɫɥɭɱɚɟ ɬɪɨɣɧɨɣ 

ɫɢɫɬɟɦɵ FeBiPt ɞɢɚɦɚɝɧɢɬɧɚɹ ɦɚɬɪɢɰɚ Bi ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɸ ɞɨ-

ɦɟɧɨɜ ɮɟɪɪɨɦɚɝɧɢɬɧɨɣ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɵ FePt, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɵ ɞɨ β5 ɤȺ/ɦ. 

5) ȼ ɩɥɟɧɤɚɯ BiMo ɢ FeBiMo ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɫɚɦɨɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɦɟ-

ɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Bi ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɫɪɟɞɢ ɜɫɟɯ ɪɚɫɫ-

ɦɨɬɪɟɧɧɵɯ Bi-ɫɨɞɟɪɠɚɳɢɯ ɫɢɫɬɟɦ ~ 380 Ʉ ɩɪɢ 480 Ʉ ɞɥɹ ɩɥɟɧɨɤ Bi. Ɍɚɤɚɹ ɪɚɡ-

ɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɚ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɩɨ-

ɞɩɥɚɜɥɟɧɧɨɝɨ Bi ɢ ɮɚɡɵ į-Bi2O3, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɬɭɝɨɩɥɚɜɤɨɣ ɦɚɬɪɢɰɟ Mo. 
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ɊȺɁȾȿɅ 5  

 

ɎȺɁɈȼɕɃ ɋɈɋɌȺȼ, ɋɌɊɍɄɌɍɊȺ ɂ ɋȼɈɃɋɌȼȺ ɄȼȺɁɂɄɊɂɋɌȺɅ-
ɅɂɑȿɋɄɂɏ ɋɂɋɌȿɆ ɇȺ ɈɋɇɈȼȿ Al 

 

ɍɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤɜɚɡɢɤɪɢɫɬɚɥɥɨɜ: ɧɢɡɤɚɹ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞ-

ɧɨɫɬɶ, ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɬɜɟɪɞɨɫɬɶ, ɤɨɪɪɨɡɢɣɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɚ ɬɚɤɠɟ ɪɟɞɤɢɟ 

ɨɩɬɢɱɟɫɤɢɟ ɢ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɜɵɫɨɤɢɣ ɢɧɬɟɪɟɫ ɤ ɢɯ ɜɫɟɫ-

ɬɨɪɨɧɧɟɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ Д135Ж. Ʉɜɚɡɢɤɪɢɫɬɚɥɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɛɨɥɶɲɢɯ 

ɫɤɨɪɨɫɬɹɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɨɜ, ɨɱɟɧɶ ɱɚɫɬɨ ɧɚɯɨɞɹɬɫɹ ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ 

ɫɨɫɬɨɹɧɢɢ, ɨɞɧɚɤɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ-

ɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɫɬɨɣɤɢɟ ɤɜɚɡɢɤɪɢɫɬɚɥɥɵ. ɋ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɪɨɣɧɵɟ ɫɩɥɚɜɵ ɫɢɫɬɟɦ AХ-Cu-Fe, Al-Co-Cu, Al-

Co-Ni.  

ɋɜɟɪɯɜɵɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɞɨɫɬɢɝɚɥɢɫɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɬɪɟɯɷɥɟɤɬɪɨɞɧɨɝɨ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ, 

ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ 

ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɜɟɪɯɧɟɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɨɹɧɢɢ ɫɬɪɭɤɬɭɪɵ ɜɟɳɟɫɬɜɚ Д61]. 

Ɂɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɞɥɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɫɜɹɡɚɧɵ ɫɨ ɜɪɟɦɟɧɟɦ ɪɟɥɚ-

ɤɫɚɰɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɚɬɨɦɚ ɧɚ ɩɨɞɥɨɠɤɟ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɮɚɤɬɢɱɟɫɤɢ, ɩɪɨɢɫ-

ɯɨɞɢɬ «ɡɚɤɚɥɤɚ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ» [87]. 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɥɟɧɤɢ AХ60Cu28Fe12, Al67Cu20Fe13, 

Al 66Cu18Co16, Al69Ni15Co16, ɩɨɥɭɱɟɧɧɵɟ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-

ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. 

 

5.1. ɋɬɪɭɤɬɭɪɚ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ AlCuCo ɢ AlNiCo 

 

ɋɬɪɭɤɬɭɪɚ ɨɛɴɟɦɧɵɯ ɫɩɥɚɜɨɜ AХ-Cu-CШ ɢ Al-Ni-Co ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɞɟɤɚɝɨɧɚɥɶɧɭɸ D-ɮɚɡɭ, ɤɨɬɨɪɚɹ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ 

ɫɬɨɥɛɱɚɬɵɯ ɞɟɧɞɪɢɬɨɜ. ɂɯ ɪɨɫɬ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 
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ɩɚɪɚɥɥɟɥɶɧɨɦ ɨɫɢ ɫɢɦɦɟɬɪɢɢ 10-ɝɨ ɩɨɪɹɞɤɚ. ȼɞɨɥɶ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɤɪɢɫɬɚɥ-

ɥɵ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ D-ɮɚɡɵ, ɤɚɤ ɢ ɨɛɵɱɧɵɟ ɤɪɢɫɬɚɥɥɵ, ɢɦɟɸɬ ɩɟɪɢɨɞɢ-

ɱɟɫɤɢɣ ɩɨɪɹɞɨɤ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɚɬɨɦɨɜ. ȼ ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɩɪɨ-

ɞɨɥɶɧɨɣ ɨɫɢ ɞɟɧɞɪɢɬɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɤɜɚɡɢɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɨɪɹɞɨɤ. Ɍɚɤɚɹ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɞɜɭɦɟɪɧɵɯ ɤɜɚɡɢɤɪɢɫɬɚɥɥɨɜ. ɗɬɨ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɭɧɢɤɚɥɶɧɭɸ ɦɨɪɮɨɥɨɝɢɸ D-ɮɚɡɵ, ɤɨɬɨɪɚɹ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟ-

ɧɢɢ ɢɦɟɟɬ ɜɢɞ ɩɹɬɢ ɞɟɧɞɪɢɬɧɵɯ ɜɟɬɜɟɣ, ɤɨɬɨɪɵɟ ɜɵɯɨɞɹɬ ɢɡ ɰɟɧɬɪɚ ɞɟɧɞɪɢɬɚ. 

ȼ ɬɚɛɥɢɰɟ 5.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɚɠɞɟɧɢɹ ɩɥɟɧɨɤ ɤɜɚ-

ɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

Ɍɚɛɥɢɰɚ 5.1. 

ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ AХCЮCШ ɢ AlNiCo 

ɋɨɫɬɚɜ ɩɥɟɧɨɤ IA, A PAr, ɦɉɚ U, ɤȼ ĳ, ɷȼ 

Al 66Cu18Co16 2 53 -2 100 

Al 69Ni15Co16 2 53 -2 100 

ɝɞɟ U – ɧɚɩɪɹɠɟɧɢɟ ɦɢɲɟɧɢ; IA – ɬɨɤ ɚɧɨɞɚ; PAr - ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɝɚɡɚ (AЫ);  

- ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ. 

 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɪɚɡɦɟɪɨɜ (L) ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ 

ɪɚɫɫɟɹɧɢɹ (ɈɄɊ) ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫ-

ɬɨɹɧɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɪɟɧɬɝɟɧɨ-ɚɦɨɪɮɧɚɹ ɮɚɡɚ ɢ ɫɥɟɞɵ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɮɚɡɵ. ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɥɟɧɨɤ ɩɪɨɢɫɯɨɞɢɬ ɫɭɠɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ 

ɥɢɧɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɧɹɬɢɹ ɧɚɩɪɹɠɟɧɢɣ. ɉɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɡɚɸɬ ɩɪɢ-

ɡɧɚɤɢ ɚɦɨɪɮɧɵɯ ɮɚɡ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɬɧɵɣ ɫɞɜɢɝ ɜ ɩɨɥɨɠɟɧɢɢ 

ɥɢɧɢɣ, ɤɨɬɨɪɵɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɟɪɟɫɬɪɨɣɤɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɬɦɟɱɟɧ-

ɧɨɣ D-ɮɚɡɵ, ɢ ɞɢɮɮɭɡɧɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɦɟɠɞɭ ɧɟɣ ɢ ɦɚɬ-

ɪɢɰɟɣ ɫɩɥɚɜɚ (ɪɢɫ. 5.1 ɚ-ɝ). 
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Ɋɢɫ.5.1. Ɏɨɬɨɦɟɬɪɢɪɨɜɚɧɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ ɩɥɟɧɨɤ: ɚ) AХCЮCШ ɜ ɢɫɯɨɞɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ; ɛ) AХCЮCШ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 9β0 K; ɜ) AХσТCШ ɜ ɢɫɯɨ-

ɞɧɨɦ ɫɨɫɬɨɹɧɢɢ; ɝ) AХσТCШ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ 9β0 K. Ƚɞɟ: * – 

ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ AХCЮCШ, ż – ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ 

AlNiCШ, Ƒ – ɮɚɡɚ ɤɭɛɢɱɟɫɤɨɝɨ AХ. 
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Ɋɚɫɱɟɬ ɪɚɡɦɟɪɨɜ ɈɄɊ ɩɨɤɚɡɚɥ ɞɜɭɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚ-

ɛɨɬɤɢ ɨɬ зγ ɞɨ 6 ɧɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɮɨɪɦɢɪɭɟɬɫɹ ɮɚɡɚ AХ ɫ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ 

(ɚ =0,40494 ɧɦ). 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟ-

ɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɟɬ ɫɜɨɸ ɜɟɥɢɱɢɧɭ. ɉɨɞɨɛɧɨɟ ɩɨ-

ɜɟɞɟɧɢɟ ɨɛɪɚɡɰɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟ-

ɧɟɧɢɣ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɇɚ ɪɢɫɭɧɤɟ 5.β ɩɨɤɚɡɚɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɩɥɟɧɨɤ AХ-Co-CЮ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɧɚ-

ɝɪɟɜɚ. 

 

Ɋɢɫ.5.β. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ AХ-Co-CЮ: ɚ) 

v1=0,075 Ʉ/ɫ; ɛ) Я2=0,15 Ʉ/ɫ; ɜ) Я3=0,γ Ʉ/ɫ 
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Ɍɚɤ, ɞɥɹ ɩɥɟɧɨɤ AХ-Co-CЮ ɭɱɚɫɬɨɤ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ β90 ɞɨ 6β0 

K ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɨɛɪɚɬɢɦɵɦ ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɧɢɤɚɤɢɯ ɮɚɡɨɜɵɯ ɩɪɟɜ-

ɪɚɳɟɧɢɣ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɚ ɨɫɬɚɟɬɫɹ ɫɬɚɛɢɥɶɧɨɣ. ɍɱɚɫɬɨɤ ɜ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 6β0 ɞɨ 7β0 K ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ ɢɡɦɟɧɟɧɢ-

ɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɮɚɡɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ 

ɢ ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɤɢ, ɚ ɢɦɟɧɧɨ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɤɨ-

ɥɢɱɟɫɬɜɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɪɨɢɫɯɨɞɹɳɢɯ ɮɚɡɨɜɵɯ ɩɟ-

ɪɟɯɨɞɨɜ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɦɟɬɨɞɨɦ Ʉɢɫɫɟɧɞɠɟɪɚ ɫɨɫɬɚɜɥɹɟɬ з 4.1×103 Ʉ. ɉɥɟɧɤɢ 

Al-Co-σТ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢ-

ɜɥɟɧɢɹ ɞɨ 670 K (Ɋɢɫ. 5.γ). ɗɬɢ ɩɥɟɧɤɢ ɩɨɯɨɠɢ ɢ ɩɨ ɯɚɪɚɤɬɟɪɭ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨ-

ɞɨɜ ȿȺ ~ 13.4×103 Ʉ. 

 

Ɋɢɫ.5.γ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ AХ-Co-σТ: ɚ) 

v1=0,075 Ʉ/ɫ; ɛ) Я2=0,15 Ʉ/ɫ 
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5.2. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ AlCuFe ɩɨɥɭɱɟɧ-

ɧɵɯ ɩɪɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ 

 

ȼ ɞɚɧɧɨɦ ɩɨɞɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɥɟɧɨɤ 

ɬɪɨɣɧɨɣ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ AlCuFe ɫɨɫɬɚɜɨɜ: AХ60Cu28Fe12, 

Al 67Cu20Fe13, ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-

ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. 

ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 

 

Ɋɢɫ.5.4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ AХ60Cu28Fe12 
 

ɉɪɨɜɟɞɟɧɧɵɣ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɥɟɧɨɤ AlCuFe ɩɨɤɚɡɚɥ, ɱɬɨ ɜ 

ɫɜɟɠɟɧɚɩɵɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɮɨɪɦɢɪɭɟɬɫɹ ɫɦɟɫɶ ɞɢɫɩɟɪɫɧɵɯ ɮɚɡ: ɤɜɚɡɢɤɪɢɫ-

ɬɚɥɥɢɱɟɫɤɨɣ AХ65Cu20Fe15 ɢ FО3AХ. Ɉɰɟɧɤɚ ɪɚɡɦɟɪɨɜ ɨɛɥɚɫɬɟɣ ɤɨɝɟɪɟɧɬɧɨɝɨ ɪɚɫ-

ɫɟɹɧɢɹ (ɈɄɊ) ɩɨ ɮɨɪɦɭɥɟ ɋɟɥɹɤɨɜɚ-ɒɟɪɪɟɪɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ зγ - 11 ɧɦ.   

ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɜ ɜɚɤɭɭɦɟ ɞɨ 10β0 K ɪɚɡɦɟɪ ɈɄɊ ɜɨɡɪɚɫɬɚɟɬ ɛɨɥɟɟ ɱɟɦ ɜ β 

ɪɚɡɚ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. ɉɨɫɥɟɞɧɟɟ ɤɨɫ-

ɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɟɧɨɤ ɫɢɫɬɟ-

ɦɵ AХ-Cu-FО ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɧɚɝɪɟɜɟ: ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɌɄɋ), ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɧɨɦɢɧɚɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɞɨ RS=6107 Ɉɦ/ɤɜ [136Ж. ȼɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫ-

ɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ 

ɤɨɦɩɨɡɢɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɫ ɦɚɥɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟ-

ɪɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
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ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 5 

 

Ɇɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɩɨɫ-

ɬɪɨɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɵ ɨɫɨ-

ɛɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ ɬɪɨɣɧɵɯ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫ-

ɤɢɯ ɫɢɫɬɟɦ ɫɨɫɬɚɜɨɜ Al 66Cu18Co16, Al 69Ni15Co16, Al67Cu20Fe13 ɢ Al 60Cu28Fe12. ȼ ɪɟ-

ɡɭɥɶɬɚɬɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ: 

1) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ AХ66Cu18Co16 ɢ Al 69Ni15Co16 ɫɨɞɟɪɠɚɬ ɤɜɚɡɢ-

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɪɨɜɟɞɟɧɧɵɣ ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ, ɚ 

ɬɚɤɠɟ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɚɤ ɩɪɢ ɪɨɫɬɟ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɬɚɤ ɢ ɜɨ ɜɪɟɦɹ ɨɯɥɚɠɞɟɧɢɹ (ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɌɄɋ).  

2) ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭ ɨɛɪɚɡɰɨɜ Al 66Cu18Co16 ɢ Al 69Ni15Co16 ɧɚɛɥɸɞɚɟɬɫɹ ɫɪɚ-

ɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɡɧɚɱɟɧɢ-

ɟɦ ɌɄɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɨɯɥɚɠɞɟɧɢɢ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢ-

ɜɥɟɧɢɹ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡ ɜɡɚɢɦɧɨ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ. 

ɂɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ Al66Cu18Co16 ɢ Al 69Ni15Co16 ɨɛɭɫɥɚɜ-

ɥɢɜɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɢ ɞɨɫɬɢɠɟɧɢɟɦ 

ɛɨɥɟɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

3) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɟɧɤɢ ɫɢɫɬɟɦɵ AlCuFe, ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɟɪɚɜɧɨɜɟɫ-

ɧɵɯ ɭɫɥɨɜɢɹɯ, ɜ ɨɬɥɢɱɢɢ ɩɥɟɧɨɤ AlCuCo ɢ AlNiCo, ɨɛɥɚɞɚɸɳɢɯ ɧɟɛɨɥɶɲɢɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɟɡɤɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɷɥɟɤ-

ɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɞɨ 6107 Ɉɦ/ɤɜ, ɱɬɨ ɩɨɡ-

ɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɤɨɦɩɨɡɢɰɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɫ 

ɦɚɥɵɦ ɡɧɚɱɟɧɢɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɲɢɪɨɤɢɦ ɢɧ-

ɬɟɪɜɚɥɨɦ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
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ɈɋɇɈȼɇɕȿ ɊȿɁɍɅɖɌȺɌɕ ɂ ȼɕȼɈȾɕ 
 

1) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɦɟɬɚɫɬɚ-

ɛɢɥɶɧɨɣ ɮɚɡɵ ȕ-Mn, ɞɥɹ ɩɥɟɧɨɤ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɂɉɇ, ɥɢɛɨ ɧɟɪɚɜɧɨɜɟɫ-

ɧɨɝɨ Ȗ-Mn ɞɥɹ Ɂɀɋ-ɨɛɪɚɡɰɨɜ ɫɜɹɡɚɧɨ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɨɯɥɚɠɞɟɧɢɹ. ɉɪɢ 

ɷɬɨɦ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɡɧɵɯ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɮɚɡ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɪɟɡɭɥɶ-

ɬɚɬɟ ɧɚɝɪɟɜɚ ɩɥɟɧɨɤ ɩɪɢ ɧɚɩɵɥɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ Ȗ-Mnĺ ȕ-Mn. 

2) Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɩɪɢ 

ɧɚɩɵɥɟɧɢɢ ɩɥɟɧɨɤ Bi ɨɬ ~β0 ɞɨ ~β00 ɷȼ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɟɬɚɫɬɚ-

ɛɢɥɶɧɨɣ ɮɚɡɵ ɈɐɄ-Bi ɜɫɥɟɞɫɬɜɢɟ ɪɨɫɬɚ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ 

ɨɛɪɚɡɰɚɯ ɢɡ-ɡɚ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɲɢɪɟɧɢɹ ɩɥɟɧɤɢ ɢ 

ɩɨɞɥɨɠɤɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɩɥɟɧɤɢ ɩɪɨɹɜɥɹɸɬ ɝɢɫɬɟɪɟɡɢɫɧɵɟ ɫɜɨɣɫɬ-

ɜɚ, ɚ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ ɨɛɪɚɡɰɨɜ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɨɫɬɢɝɚɟɬ ɇɫз15 ɤȺ/ɦ 

ɜɫɥɟɞɫɬɜɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɡɵ Į-Bi2O3, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɝɧɢɬɧɵɦ 

ɭɩɨɪɹɞɨɱɟɧɢɟɦ. 

3) ȼɩɟɪɜɵɟ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɟ ɩɥɟɧɨɤ σТ ɜɦɟɫɬɟ 

ɫ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɨɣ ȽɐɄ -σТ ɩɨɥɭɱɟɧɚ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ ɮɚɡɚ -σТ ɫ 

Ƚɉɍ ɪɟɲɟɬɤɨɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɚɛɢɥɢɡɚɰɢɹ ɮɚɡɵ Ƚɉɍ-Ni ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɭɫɥɨɜɥɟɧɨ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ, ɚ ɭɜɟ-

ɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɬɨɦɨɜ ɜɵɲɟ ~β0 ɷȼ ɩɪɢɜɨɞɢɬ ɤ ɧɚɝɪɟɜɭ ɩɥɟɧɤɢ ɢ ɪɚɫɩɚɞɭ ɦɟ-

ɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ. 

4) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɚɱɚɥɚ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ 

ɩɥɟɧɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦ MnBi, NiBi ɢ FeBi ɜɨɡɪɚɫɬɚɟɬ ɜ β-γ ɪɚɡɚ ɜɫɥɟɞɫɬɜɢɟ 

ɜɥɢɹɧɢɹ ɛɚɪɶɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ Cr, W ɢ Mo, ɚ ɬɚɤɠɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɧɟɪɝɢɢ 

ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɨɬ ~β0 ɞɨ ~100 ɷȼ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɞɥɨɠɤɢ ɩɪɢ ɧɚɩɵɥɟɧɢɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɛɨɥɟɟ ɪɚɜɧɨɜɟɫɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

5) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɝɢɫɬɟɪɟɡɢɫɧɵɟ ɫɜɨɣɫɬɜɚ ɧɚɩɵɥɟɧɧɵɯ ɩɥɟɧɤɚɯ ɫɢ-

ɫɬɟɦɵ MnBi ɨɛɭɫɥɨɜɥɟɧɵ ɮɨɪɦɢɪɨɜɚɧɢɟɦ Į-ɮɚɡɵ Bi2O3 (ɇɫ~ 2 - 32 ɤȺ/ɦ), ɚ ɞɥɹ 

Ɂɀɋ-ɨɛɪɚɡɰɨɜ – ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɮɚɡɨɣ Į-MnBi (ɇɫ~ 10 - 400 ɤȺ/ɦ). Ⱦɨɫɬɢɠɟ-

ɧɢɟ ɜɵɫɨɤɢɯ ɦɚɝɧɢɬɨɬɜɟɪɞɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ Ɂɀɋ-ɨɛɪɚɡɰɚɯ ɨɛɭɫɥɨɜɥɟɧɨ 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɱɚɫɬɢɰ Į-MnBi ɢ ɨɤɪɭɠɚɸɳɢɯ ɢɯ ɩɪɨɫɥɨɟɤ 
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ɞɢɚɦɚɝɧɢɬɧɨɝɨ Bi, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬ ɩɪɨɰɟɫɫɵ ɩɟɪɟɦɚɝɧɢɱɢɜɚɧɢɹ 

ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɞɨɦɟɧɨɜ ɮɚɡɵ Į-MnBi. 

6) ȼɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɨ ɨɰɟɧɢɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɬɚɥ-

ɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ Bi, Mn ɢ Ni ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɨɞɟɥɢ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɞɜɭɯɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɭɫɥɨɜɢɹɯ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ 

ɧɚɩɵɥɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ ɈɐɄ-Bi ɦɨɠɟɬ 

ɨɛɴɹɫɧɹɬɶɫɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟɦ ɭɫɥɨɜɢɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɪɟɡɤɨɝɨ ɪɨɫ-

ɬɚ ɭɪɨɜɧɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬ 0,1 ɞɨ 0,4 Ɇɇ/ɦ2, ɜɵɡɜɚɧɧɨɝɨ ɩɨɜɵɲɟ-

ɧɢɟɦ ɷɧɟɪɝɢɢ ɨɫɚɠɞɚɸɳɢɯɫɹ ɚɬɨɦɨɜ ɨɬ ~β0 ɞɨ ~β00 ɷȼ. 

7) ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɟɧɤɢ ɫɢɫɬɟɦɵ AlCuFe, ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɟɪɚɜɧɨ-

ɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɬɨɞɨɦ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɟɡ-

ɤɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɷɥɟɤɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɞɨ 

6107 Ɉɦ/ɤɜ ɢ ɫɨɯɪɚɧɟɧɢɟɦ ɩɪɟɰɢɡɢɨɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɱɬɨ ɨɱɟɜɢɞɧɨ ɜɵɡɜɚɧɨ ɧɚɪɭɲɟɧɢɟɦ ɩɟɪɢɨɞɢɱɧɨ-

ɫɬɢ ɫɬɪɭɤɬɭɪɵ ɜɫɥɟɞɫɬɜɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. 
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