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ɈȻЩȺə ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊȺȻɈɌɕ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɑɢɫɬɵɣ ɜɨɞɨɪɨɞ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɷɧɟɪɝɨɧɨɫɢɬɟɥɶ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɨɬɪɚɫɥɟɣ 
ɷɤɨɧɨɦɢɤɢ ɜ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɜɨɞɨɪɨɞɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɢ ɝɥɨɛɚɥɶɧɵɦ ɫɬɪɟɦɥɟɧɢɟɦ 
ɤ ɞɟɤɚɪɛɨɧɢɡɚɰɢɢ.  

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɨɞɨɪɨɞ ɩɨɥɭɱɚɸɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɩɪɨɞɭɤɬɨɜ ɩɚɪɨɜɨɝɨ 
ɪɢɮɨɪɦɢɧɝɚ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫ ɩɨɦɨɳɶɸ ɤɨɪɨɬɤɨɰɢɤɥɨɜɨɣ ɚɛɫɨɪɛɰɢɢ (ɄɐȺ). 
Ɉɞɧɚɤɨ ɱɢɫɬɨɬɚ ɬɚɤɨɝɨ ɜɨɞɨɪɨɞɚ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɩɢɬɚɧɢɹ ɬɜɟɪɞɨɩɨɥɢɦɟɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ (PEMFC). Ⱦɥɹ ɛɨɥɟɟ 
ɝɥɭɛɨɤɨɣ ɨɱɢɫɬɤɢ ɇ2 ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɟ ɦɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ 
ɩɚɥɥɚɞɢɹ, ɨɞɧɚɤɨ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɦɟɦɛɪɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɢɥɶɧɨ ɬɨɪɦɨɡɢɬ 
ɩɪɢɦɟɧɟɧɢɟ ɷɬɢɯ ɦɟɦɛɪɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɩɚɥɥɚɞɢɟɜɵɦ 
ɦɟɦɛɪɚɧɚɦ ɦɨɝɭɬ ɛɵɬɶ ɦɟɦɛɪɚɧɵ ɢɡ ɦɟɬɚɥɥɨɜ 5-ɨɣ ɝɪɭɩɩɵ (ɜɚɧɚɞɢɣ, ɧɢɨɛɢɣ ɢ 
ɬɚɧɬɚɥ), ɜ ɤɨɬɨɪɵɯ ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɩɨɱɬɢ ɧɚ ɞɜɚ 
ɩɨɪɹɞɤɚ ɜɵɲɟ, ɱɟɦ ɜ ɩɚɥɥɚɞɢɢ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɛɚɡɟ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɦɨɝɭɬ ɛɵɬɶ 
ɫɨɡɞɚɧɵ ɱɪɟɡɜɵɱɚɣɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɦɟɦɛɪɚɧɵ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɦɛɪɚɧ ɢɡ 
ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ ɧɟɨɛɯɨɞɢɦɨ ɩɨɤɪɵɬɶ ɨɛɟ ɫɬɨɪɨɧɵ ɦɟɦɛɪɚɧɵ ɬɨɧɤɢɦ ɫɥɨɟɦ 
ɩɚɥɥɚɞɢɹ, ɤɨɬɨɪɵɣ, ɜɨ-ɩɟɪɜɵɯ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɚɬɚɥɢɡ ɞɢɫɫɨɰɢɚɬɢɜɧɨ-

ɚɫɫɨɰɢɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɚɛɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ ɦɨɥɟɤɭɥ ɇ2, ɜɨ-ɜɬɨɪɵɯ, 
ɡɚɳɢɳɚɟɬ ɦɟɦɛɪɚɧɭ ɨɬ ɤɨɪɪɨɡɢɢ ɜ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɹɯ ɢ ɩɪɢ ɷɬɨɦ 
ɡɚɦɟɬɧɨ ɧɟ ɫɧɢɠɚɟɬ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ. ɉɨɬɨɤ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɬɚɤɭɸ ɜɚɧɚɞɢɟɜɭɸ 
ɦɟɦɛɪɚɧɭ ɨɤɚɡɚɥɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɩɚɥɥɚɞɢɟɜɭɸ 
ɦɟɦɛɪɚɧɭ ɚɧɚɥɨɝɢɱɧɨɣ ɬɨɥɳɢɧɵ.  

ɉɪɨɛɥɟɦɨɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɦɛɪɚɧ ɢɡ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ ɹɜɥɹɟɬɫɹ 
ɫɥɢɲɤɨɦ ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɧɢɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɩɪɢ ɪɚɛɨɬɟ 
ɦɟɦɛɪɚɧɵ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ (ɞɚɜɥɟɧɢɟ ɇ2 ɜɵɲɟ 0.1Ɇɉɚ, 
ɬɟɦɩɟɪɚɬɭɪɚ 400°ɋ), ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ, 
ɧɟɞɨɩɭɫɬɢɦɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧɵ.  

Ɋɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɚɯ 5 ɝɪɭɩɩɵ 
ɹɜɥɹɟɬɫɹ ɢɯ ɥɟɝɢɪɨɜɚɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɩɬɢɦɚɥɶɧɨ ɫɧɢɡɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɜɨɞɨɪɨɞɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɫɨɯɪɚɧɹɬɫɹ ɜɵɫɨɤɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɚɬɨɦɨɜ ɇ, 
ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɪɟɲɟɬɤɢ ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɩɥɚɜ ɞɨɥɠɟɧ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɣ ɪɚɫɬɜɨɪ, ɜ ɤɨɬɨɪɨɦ ɚɬɨɦɵ ɥɟɝɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɡɚɦɟɳɚɸɬ ɚɬɨɦɵ ɦɟɬɚɥɥɚ 5-ɨɣ ɝɪɭɩɩɵ ɜ ɟɝɨ ɪɟɲёɬɤɟ. Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 
ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ 
ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ-ɫɩɥɚɜɚɯ ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ. ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɈɐɄ ɫɩɥɚɜɵ ɜɚɧɚɞɢɹ, ɩɨɫɤɨɥɶɤɭ ɫɪɟɞɢ ɦɟɬɚɥɥɨɜ 5-ɨɣ ɝɪɭɩɩɵ 
ɜɚɧɚɞɢɣ ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɧɢɡɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜɨɞɨɪɨɞɚ ɢ ɫɚɦɨɣ ɜɵɫɨɤɨɣ 
ɩɨɞɜɢɠɧɨɫɬɶɸ ɪɚɫɬɜɨɪёɧɧɵɯ ɚɬɨɦɨɜ ɇ (ɪɟɤɨɪɞɧɨɣ ɫɪɟɞɢ ɜɫɟɯ ɦɟɬɚɥɥɨɜ).  

ɈɐɄ-ɫɩɥɚɜɵ V-FО ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɥɚɜɨɜ ɞɥɹ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɧɟɩɚɥɥɚɞɢɟɜɵɯ ɦɟɦɛɪɚɧ. ɇɚ ɦɨɦɟɧɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɥɢɫɶ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ-ɫɩɥɚɜɚɯ V-Fe.  
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ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ  

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɥɟɝɢɪɨɜɚɧɢɹ ɈɐɄ ɫɩɥɚɜɨɜ 
ɜɚɧɚɞɢɹ ɧɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ, ɚ ɬɚɤɠɟ ɦɢɧɢɦɢɡɚɰɢɹ 
ɪɢɫɤɚ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɟɦɛɪɚɧ ɢɡ ɈɐɄ ɫɩɥɚɜɨɜ ɜɚɧɚɞɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ:  

1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɢɬɶ ɊɋɌ-ɞɚɧɧɵɟ (ɢɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ 
ɪɚɜɧɨɜɟɫɧɨɝɨ ɞɚɜɥɟɧɢɹ ɇ2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɦɟɬɚɥɥɚɯ ɜɨɞɨɪɨɞɚ) 
ɞɥɹ ɫɢɫɬɟɦɵ ɇ2 - ɈɐɄ ɫɩɥɚɜɵ V-FО ɢ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɷɬɢɯ ɞɚɧɧɵɯ ɤɨɧɫɬɚɧɬɵ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-FО ɢ ɢɯ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɫɨɞɟɪɠɚɧɢɹ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ.  

2. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɵ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ, 
ɩɪɨɧɢɤɚɸɳɟɝɨ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ ɫɩɥɚɜɨɜ V-FО ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɢ ɧɚɣɬɢ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɡɚ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ 
ɜ ɷɬɢɯ ɫɩɥɚɜɚɯ, ɜɤɥɸɱɚɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɢ ɩɨɥɭɱɢɬɶ ɢɯ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ.  

3. Ɉɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɬɵ ɦɟɦɛɪɚɧ ɢɡ ɈɐɄ-ɫɩɥɚɜɨɜ 

ɜɚɧɚɞɢɹ ɫ ɡɚɳɢɬɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɚɥɥɚɞɢɟɜɵɦ ɩɨɤɪɵɬɢɟɦ, ɩɨɡɜɨɥɹɸɳɟɦ 
ɦɟɦɛɪɚɧɚɦ ɪɚɛɨɬɚɬɶ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɧɢɠɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

4. Ɉɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɪɢɫɤ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɦɟɦɛɪɚɧɵ ɜ ɭɫɥɨɜɢɹɯ ɟɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɢɧɢɦɚɥɟɧ.   

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɈɐɄ ɫɩɥɚɜɵ ɜɚɧɚɞɢɹ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɦɟɦɛɪɚɧ, 
ɨɛɥɚɞɚɸɳɢɯ 100% ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɜɨɞɨɪɨɞɭ.  

 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ:  

1. ɀɟɥɟɡɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɥɟɝɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɫɧɢɠɚɸɳɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ ɜɚɧɚɞɢɹ.   

2. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɠɟɥɟɡɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-FО 7.0 ɚɬ.% ɢ ɛɨɥɟɟ ɪɢɫɤ 
ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɟɦɛɪɚɧ ɢɡ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ ɦɢɧɢɦɚɥɟɧ ɩɪɢ ɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 350-400°ɋ ɢ ɞɚɜɥɟɧɢɣ ɜɨɞɨɪɨɞɚ 0.1 – 0.8 

Ɇɉɚ.  
3. ɑɢɫɥɨ ɦɟɫɬ, ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɚɛɫɨɪɛɰɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ ɪɟɲɟɬɤɟ 

ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ ɢ ɜ ɪɟɲɟɬɤɟ ɈɐɄ ɫɩɥɚɜɨɜ V-FО, ɨɞɢɧɚɤɨɜɨ.  
4. ɋɧɢɠɟɧɢɟ ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ ɈɐɄ-ɫɩɥɚɜɨɜ V-FО ɨɬ 13.1 ɞɨ 3.5 ɚɬ.% 

ɜɟɞɟɬ ɤ ɪɨɫɬɭ ɩɥɨɬɧɨɫɬɢ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɞɚɧɧɵɯ 
ɫɩɥɚɜɨɜ ɩɪɢɦɟɪɧɨ ɜ 3 ɪɚɡɚ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɜɨɞɨɪɨɞɚ 0.1 – 0.8 Ɇɉɚ, ɨɞɧɚɤɨ ɜ 
ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɜɨɡɪɚɫɬɚɟɬ ɪɢɫɤ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ 
ɦɚɬɟɪɢɚɥɚ ɦɟɦɛɪɚɧɵ, ɟɫɥɢ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɫɩɥɚɜɟ ɦɟɧɟɟ 7.0 ɚɬ.%. ɉɪɢ ɷɬɨɦ, 
ɦɟɦɛɪɚɧɵ ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɫɩɥɚɜɨɜ V-FО ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ ɨɬ 7.0 ɞɨ 13.1.ɚɬ.% 
ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɟɣ ɩɚɥɥɚɞɢɟɜɵɯ ɦɟɦɛɪɚɧ ɚɧɚɥɨɝɢɱɧɨɣ ɬɨɥɳɢɧɵ.  
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5. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-FО ɥɟɝɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɨɬ 3.5 ɞɨ 13.1 ɚɬ.% ɪɚɫɬɟɬ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɢ ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ 
ɦɧɨɠɢɬɟɥɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ. ɉɪɢ ɷɬɨɦ, ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
300 – 450℃ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɭɤɚɡɚɧɧɵɯ ɈɐɄ ɫɩɥɚɜɚɯ 
V-FО ɨɫɬɚɸɬɫɹ ɜɵɫɨɤɢɦɢ - ɫɪɚɜɧɢɦɵɦɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ 
ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ.  

 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɚɜɬɨɪɨɦ ɞɢɫɫɟɪɬɚɰɢɢ: 
1. ɂɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɠɟɥɟɡɨ 

ɷɮɮɟɤɬɢɜɧɟɟ ɞɪɭɝɢɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɧɢɠɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ 
ɜɚɧɚɞɢɢ, ɢ ɩɪɢ ɷɬɨɦ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ ɜɚɧɚɞɢɹ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ Fe ɜɵɲɟ 7ɚɬ.%  ɜɟɞɭɬ ɫɟɛɹ ɤɚɤ ɢɞɟɚɥɶɧɵɟ ɜɩɥɨɬɶ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɣ ɇ, 
ɛɥɢɡɤɢɯ ɤ ɧɚɫɵɳɟɧɢɸ (ɇ/M ≈ 0.5), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɜɨɞɨɪɨɞɚ ɜ 
чиɫɬɨɦ ɜɚɧɚɞɢɢ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɢɞɟɚɥɶɧɵɣ, ɬɨɥɶɤɨ ɟɫɥɢ ɨɧ ɹɜɥɹɟɬɫɹ ɪɚɡɛɚɜɥɟɧɧɵɦ 
(ɩɪɢ ɇ/M < 0.05). 

2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɢɫɤ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ 
ɦɟɦɛɪɚɧɵ, ɜɵɩɨɥɧɟɧɧɨɣ ɢɡ ɈɐɄ-ɫɩɥɚɜɚ V-FО ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɥɟɝɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ 7.0 - 13.1 ɚɬ.% ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 300-400°ɋ, ɧɚɫɬɭɩɚɟɬ ɩɪɢ 
ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ ɜɵɲɟ 0.6 Ɇɉɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɦɟɦɛɪɚɧ ɢɡ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ 
ɜ ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɪɢɫɤ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɭɠɟ 
ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ 0.01 – 0.03 Ɇɉɚ. 

3 ɉɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɞɥɹ ɫɢɫɬɟɦɵ ɇ2 

- ɈɐɄ-ɫɩɥɚɜɵ V-FО ɫ ɫɨɞɟɪɠɚɧɢɟɦ FО ɨɬ 3.5 ɞɨ 13.1 ɚɬ.% ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɞɢɚɩɚɡɨɧɟ 250-450°ɋ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɜɚɧɚɞɢɹ ɠɟɥɟɡɨɦ 
ɤɨɧɫɬɚɧɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɧɢɠɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ 
ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ, ɬɨɝɞɚ ɤɚɤ ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ, ɚ ɬɚɤɠɟ ɩɪɟɞɟɥɶɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ (ɇ/Ɇ)max ɨɫɬɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦɢ. ɂɡ ɷɬɨɝɨ 
ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ, ɱɬɨ ɱɢɫɥɨ ɦɟɫɬ, ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɚɛɫɨɪɛɰɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɜ 
ɪɟɲɟɬɤɟ ɈɐɄ ɫɩɥɚɜɨɜ V-FО ɢ ɜ ɪɟɲɟɬɤɟ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ - ɨɞɢɧɚɤɨɜɨ, ɢ 
ɪɚɫɬɜɨɪɟɧɧɵɣ ɜɨɞɨɪɨɞ ɪɚɜɧɨɜɟɪɨɹɬɧɨ ɡɚɧɢɦɚɟɬ ɷɬɢ ɦɟɫɬɚ ɚɛɫɨɪɛɰɢɢ. 

4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ 
ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ-ɫɩɥɚɜɨɜ V-FО ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ ɨɬ 3.5 ɞɨ 
13.1 ɚɬ.% ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 300-450°ɋ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ ɧɚ 
ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧ 0.1-0.8 Ɇɉɚ ɢ ɞɚɜɥɟɧɢɢ ɧɚ ɜɵɯɨɞɧɨɣ ɫɬɨɪɨɧɟ 0.1 Ɇɉɚ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɫɧɢɠɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɫɬɟɩɟɧɢ 
ɥɟɝɢɪɨɜɚɧɢɹ, ɧɨ ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɦɟɦɛɪɚɧɵ ɢɡ ɫɩɥɚɜɚ V-FО ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ (13.1 ɚɬ.%), ɨɧɚ ɜ 2-3 ɪɚɡɚ ɜɵɲɟ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ, 
ɩɪɨɧɢɤɚɸɳɟɝɨ ɱɟɪɟɡ ɩɚɥɥɚɞɢɟɜɭɸ ɦɟɦɛɪɚɧɭ ɚɧɚɥɨɝɢɱɧɨɣ ɬɨɥɳɢɧɵ ɜ ɭɤɚɡɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. 
5. Ɇɟɦɛɪɚɧɧɵɦ ɦɟɬɨɞɨɦ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ-ɫɩɥɚɜɚɯ V-FО ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ ɨɬ 3.5 ɞɨ 13.1 ɚɬ.% 
ɤɚɤ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ, ɬɚɤ ɢ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ (ɛɥɢɡɤɢɯ ɤ ɧɚɫɵɳɟɧɢɸ) ɪɚɫɬɜɨɪɚɯ 
ɜɨɞɨɪɨɞɚ.  

6. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300-400°ɋ ɢ ɜɪɟɦɟɧɢ 
ɷɤɫɩɨɡɢɰɢɢ ɞɨ 18 ɬɵɫɹɱ ɱɚɫɨɜ ɫɤɨɪɨɫɬɶ ɫɧɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ 
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ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ ɫɩɥɚɜɚ V-Pd c ɫɨɞɟɪɠɚɧɢɟɦ Pd  9ɚɬ.%, ɩɨɤɪɵɬɵɟ ɫ ɨɛɟɢɯ 
ɫɬɨɪɨɧ ɫɥɨɹɦɢ ɩɚɥɥɚɞɢɹ ɬɨɥɳɢɧɨɣ 1.5 ɦɤɦ, ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɢɡɜɟɫɬɧɨɣ ɫɤɨɪɨɫɬɶɸ 
ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɫɢɫɬɟɦɟ ɜɚɧɚɞɢɣ –ɩɚɥɥɚɞɢɣ.  

 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ. 

1. Ɉɩɬɢɦɢɡɢɪɨɜɚɧ ɫɨɫɬɚɜ ɫɩɥɚɜɨɜ ɜɚɧɚɞɢɹ ɤɚɤ ɦɚɬɟɪɢɚɥɚ 
ɜɨɞɨɪɨɞɨɩɪɨɧɢɰɚɟɦɵɯ ɦɟɦɛɪɚɧ ɢ ɫɨɡɞɚɧɵ ɩɪɨɬɨɬɢɩɵ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ 
ɦɟɦɛɪɚɧ ɢɡ ɈɐɄ-ɫɩɥɚɜɨɜ V-FО ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ ɝɟɪɦɟɬɢɱɧɨɝɨ ɦɨɧɬɚɠɚ ɤ 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɚɪɦɚɬɭɪɟ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɬɢɯ ɦɟɦɛɪɚɧ ɜ ɧɟɫɤɨɥɶɤɨ 
ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɦɛɪɚɧ ɢɡ 
ɫɩɥɚɜɨɜ ɩɚɥɥɚɞɢɹ. ɉɨɞɩɢɫɚɧ ɚɤɬ ɨ ɜɧɟɞɪɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɤɚɧɞɢɞɚɬɫɤɨɣ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɈɈɈ «Ɇɟɜɨɞɷɧɚ». 

2. Ɉɩɪɟɞɟɥɟɧ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɤɨɬɨɪɨɦ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ ɫɩɥɚɜɚ 
V-Pd c ɫɨɞɟɪɠɚɧɢɟɦ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 9 ɚɬ.%, ɢɦɟɸɳɢɟ ɡɚɳɢɬɧɨ-

ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɩɚɥɥɚɞɢɟɜɨɟ ɩɨɤɪɵɬɢɟ, ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɫɧɢɠɟɧɢɹ ɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɟ ɦɟɧɟɟ 18000 ɱɚɫɨɜ. 

3. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɦɢ ɦɟɦɛɪɚɧɚɦɢ ɢɡ ɩɚɥɥɚɞɢɟɜɵɯ 
ɫɩɥɚɜɨɜ ɜ 25-50 ɪɚɡ ɫɧɢɠɟɧ ɪɚɫɯɨɞ ɩɚɥɥɚɞɢɹ, ɤɨɬɨɪɵɣ ɜ ɫɥɭɱɚɟ ɦɟɦɛɪɚɧ ɢɡ ɫɩɥɚɜɨɜ 
V-FО ɬɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɳɢɬɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɢɡ PН 
ɬɨɥɳɢɧɨɣ 1-2 ɦɤɦ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɨɞɢɤ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ, ɚ ɬɚɤɠɟ 
ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɦɟɦɛɪɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɭɱɢɬɵɜɚɸɳɢɯ ɪɨɥɶ 
ɩɪɨɰɟɫɫɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɨɝɥɚɫɢɢ ɫ 
ɫɨɜɪɟɦɟɧɧɵɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ ɜ ɩɨɥɭɱɟɧɢɢ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɡɥɨɠɟɧɧɵɯ ɜ 
ɪɚɛɨɬɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ: 1) ɩɨɫɬɚɧɨɜɤɟ ɰɟɥɟɣ ɢ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɦɤɚɯ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɩɪɨɜɨɞɢɦɨɣ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ; 2) 
ɩɨɞɝɨɬɨɜɤɟ ɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ; 3) ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
(ɊɋɌ-ɞɚɧɧɵɟ ɫɢɫɬɟɦɵ ɜɨɞɨɪɨɞ – ɈɐɄ ɫɩɥɚɜɵ V-FО, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɨɬɨɤɨɜ ɜɨɞɨɪɨɞɚ, ɩɪɨɧɢɤɚɸɳɢɯ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ ɫɩɥɚɜɨɜ V-FО ɢ 
ɢɡ ɈɐɄ ɫɩɥɚɜɚ V-9ɚɬ.%Pd); 4) ɨɩɪɟɞɟɥɟɧɢɢ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɧɚɣɞɟɧɧɵɯ ɢɡ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɚ 
ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-FО; 5) ɨɩɪɟɞɟɥɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɦɛɪɚɧ ɢɡ ɫɩɥɚɜɨɜ ɜɚɧɚɞɢɹ  ɩɪɢ ɬɟɯ 
ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ, ɨɠɢɞɚɟɦɵɯ ɩɪɢ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɦ ɩɪɢɦɟɧɟɧɢɢ; 6) ɩɨɞɝɨɬɨɜɤɟ  
ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤ ɨɩɭɛɥɢɤɨɜɚɧɢɸ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɇɚɬɟɪɢɚɥɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɢɯ 11 
Ɋɨɫɫɢɣɫɤɢɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ: IБ, Б, БI ɢ БII  Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɧɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ "Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ 
ɢɧɮɨɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɧɚɭɤɟ ɢ ɨɛɪɚɡɨɜɚɧɢɢ «ȺɉɂɇɈ-2020», «ȺɉɂɇɈ-2021», 
«ȺɉɂɇɈ-2022» ɢ «ȺɉɂɇɈ-2023» ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2020, 2021, 2022 ɢ 2023 ɝ.,  7-

ɨɣ, 8-ɨɣ ɢ 9-ɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɢ 14,15 ɢ 16-ɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
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ɲɤɨɥɟ ɦɨɥɨɞɵɯ ɭɱёɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢɦɟɧɢ Ⱥ.Ⱥ. Ʉɭɪɞɸɦɨɜɚ «ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɢɡɨɬɨɩɨɜ ɜɨɞɨɪɨɞɚ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ» (IHISM-21), (IHISM-22), ɢ 
(IHISM-23), Ƚɚɬɱɢɧɚ 2021 ɝ., Ɉɤɭɥɨɜɤɚ, 2022 ɝ., ɋɚɪɨɜ, 2023 ɝ. Ɇɟɠɞɭɧɚɪɨɞɧɨɣ 
ɨɧɥɚɣɧ-ɤɨɧɮɟɪɟɧɰɢɢ World Online Conference on Sustainable Technologies, 17-19 

ɦɚɪɬɚ, 8-10 ɧɨɹɛɪɹ 2021 ɝ., БV ȼɋȿɊɈɋɋɂɃɋɄɈɃ ɇȺɍɑɇɈɃ ɄɈɇɎȿɊȿɇɐɂɂ ɫ 
ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ "ɆȿɆȻɊȺɇЫ-2022", Ɍɭɥɶɫɤɚɹ ɨɛɥ.,26-30 ɫɟɧɬɹɛɪɹ 2022 
ɝ., 3-ɟɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ʉɨɪɪɨɡɢɹ ɢ ɧɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɜ 
ɧɟɮɬɟɝɚɡɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ», ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 24-26 ɦɚɹ 2023 ɝ. 

ɉɭɛɥɢɤɚɰɢɢ.  Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɨ ɜ 13 ɩɟɱɚɬɧɵɯ 
ɪɚɛɨɬɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ 3-ɯ ɫɬɚɬɶɹɯ ɜ ɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɠɭɪɧɚɥɚɯ, 
ɤɜɚɪɬɢɥɹ Q1, ɜɯɨɞɹɳɢɯ ɜ ɛɚɡɵ ɞɚɧɧɵɯ SМШpЮs ɢ АОЛ ШП SМТОЧМО, ɜ 2-ɯ ɫɬɚɬɶɹɯ 
ɠɭɪɧɚɥɨɜ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɩɟɪɟɱɟɧɶ ȼȺɄ, 8 - ɜ ɞɪɭɝɢɯ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɹɯ ɢ 
ɦɚɬɟɪɢɚɥɚɯ ɤɨɧɮɟɪɟɧɰɢɣ.  

Ɉɛɴɟɦ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ ɝɥɚɜ ɢ 
ɡɚɤɥɸɱɟɧɢɹ. ɉɨɥɧɵɣ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ 188 ɫɬɪɚɧɢɰ ɫ 68 ɪɢɫɭɧɤɚɦɢ ɢ 7 ɬɚɛɥɢɰɚɦɢ. 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɫɨɞɟɪɠɢɬ 147 ɧɚɢɦɟɧɨɜɚɧɢɣ. 

 

 

ɈɋɇɈȼɇɈȿ ɋɈȾȿɊɀȺɇɂȿ ɊȺȻɈɌɕ 

 

ȼɨ ɜɜɟɞɟɧɢɢ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɣ ɬɟɦɵ, 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɨɩɢɫɚɧɵ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ 
ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ, ɩɪɢɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ, 
ɚ ɬɚɤɠɟ ɤɪɚɬɤɨ ɢɡɥɚɝɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɝɥɚɜ ɞɢɫɫɟɪɬɚɰɢɢ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧ ɨɛɡɨɪ ɩɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ ɪɚɡɞɟɥɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɤɪɚɬɤɨɦɭ ɨɩɢɫɚɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɩɟɪɟɧɨɫɚ 
ɜɨɞɨɪɨɞɚ ɜ ɮɚɡɟ ɟɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ ɢ ɜɚɧɚɞɢɟɜɵɯ ɫɩɥɚɜɚɯ. ɂɡ 
ɪɚɡɞɟɥɚ ɨɛɡɨɪɚ, ɩɨɫɜɹɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɨɬɧɨɲɟɧɢɢ ɫɧɢɠɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɜɚɧɚɞɢɢ 
ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɩɚɥɥɚɞɢɣ ɢ ɠɟɥɟɡɨ. 

ȼ ɱɚɫɬɢ ɨɛɡɨɪɚ, ɩɨɫɜɹɳɟɧɧɨɝɨ ɩɟɪɟɧɨɫɭ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ ɜɚɧɚɞɢɹ, 
ɨɬɦɟɱɟɧɨ, ɱɬɨ ɥɟɝɢɪɨɜɚɧɢɟ ɜɚɧɚɞɢɹ ɩɚɥɥɚɞɢɟɦ ɫɨɯɪɚɧɹɟɬ ɜɵɫɨɤɭɸ ɩɨɞɜɢɠɧɨɫɬɶ 
ɪɚɫɬɜɨɪɟɧɧɵɯ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɫɪɚɜɧɢɦɭɸ ɫ ɩɨɞɜɢɠɧɨɫɬɶɸ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ 
ɪɟɲɟɬɤɟ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ. ɋɜɟɞɟɧɢɹ ɢɡ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɞɢɮɮɭɡɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-Fe ɜɵɡɵɜɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɨɦɧɟɧɢɹ. 

Ʉɪɨɦɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ, ɜ ɨɛɡɨɪɟ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ ɨɫɨɛɟɧɧɨɫɬɹɦ 
ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɤɨɦɩɨɡɢɬɧɵɟ ɦɟɦɛɪɚɧɵ ɢɡ ɜɚɧɚɞɢɹ ɢ ɈɐɄ ɫɩɥɚɜɨɜ 
ɜɚɧɚɞɢɹ, ɩɨɤɪɵɬɵɯ ɫɥɨɹɦɢ ɩɚɥɥɚɞɢɹ.  

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɪɚɡɰɨɜ ɢ ɦɟɬɨɞɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɩɥɚɜɵ V-Fe ɜ ɮɚɡɟ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɠɟɥɟɡɚ ɜ ɜɚɧɚɞɢɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 3.5, 4.0, 7.1, 8.8, ɢ 13.1 ɚɬɨɦɧɵɯ ɩɪɨɰɟɧɬɨɜ (ɚɬ.%). ȼ ɤɚɱɟɫɬɜɟ 
ɪɟɩɟɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɪɚɡɟɰ ɢɡ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ.  
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Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɩɥɚɜɵ V-Fe ɜ ɮɚɡɟ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɠɟɥɟɡɚ ɜ ɜɚɧɚɞɢɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 3.5, 6.3, 8.0, ɢ 13.1 ɚɬ.%. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɡɚɳɢɬɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 
ɩɚɥɥɚɞɢɟɜɨɝɨ ɩɨɤɪɵɬɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɩɥɚɜɵ V-Pd ɜ ɮɚɡɟ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 
ɩɚɥɥɚɞɢɹ ɜ ɜɚɧɚɞɢɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 9.0 ɚɬ.%. 

ȼɫɟ ɨɛɪɚɡɰɵ ɢɡ ɭɤɚɡɚɧɧɵɯ ɫɩɥɚɜɨɜ ɢ ɢɡ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ ɢɦɟɸɬ ɮɨɪɦɭ ɬɪɭɛɨɤ 
ɫ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ ≈0.15 ɦɦ, ɞɢɚɦɟɬɪɨɦ 6 ɦɦ, ɩɨɤɪɵɬɵɯ ɫ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ 
ɫɬɨɪɨɧɵ ɯɢɦɢɱɟɫɤɢ ɨɫɚɠɞɟɧɧɵɦ ɫɥɨɟɦ ɩɚɥɥɚɞɢɹ ɬɨɥɳɢɧɨɣ 1.0 - 1.5 ɦɤɦ ɞɥɹ 
ɭɫɤɨɪɟɧɢɹ ɞɢɫɫɨɰɢɚɬɢɜɧɨ-ɚɫɫɨɰɢɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɚɞɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ 
ɦɨɥɟɤɭɥ ɇ2 ɢ ɡɚɳɢɬɵ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɰɨɜ ɨɬ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɝɚɡɨɜ.  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɚɯ 1 ɢ 2. 

 

 

  

  
 

Ɋɢɫɭɧɨɤ 1 - Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɫɩɥɚɜɚ V–13.1ɚɬ.%Fe, ɞɟɦɨɧɫɬɪɢɪɭɸɳɚɹ ɨɬɫɭɬɫɬɜɢɟ 
ɤɚɤɢɯ ɥɢɛɨ ɮɚɡ ɤɪɨɦɟ ɮɚɡɵ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ (ɚ), ɞɟɦɨɧɫɬɪɚɰɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ Fe ɩɨ ɬɨɥɳɢɧɟ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ 
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ (ɛ),  ɷɥɟɤɬɪɨɧɧɨ-

ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɯɢɦɢɱɟɫɤɢ ɨɫɚɠɞɟɧɧɨɝɨ ɩɚɥɥɚɞɢɟɜɨɝɨ ɩɨɤɪɵɬɢɹ 
(ɜ), ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɩɟɪɟɱɧɨɝɨ ɲɥɢɮɚ ɦɟɦɛɪɚɧɧɨɝɨ ɨɛɪɚɡɰɚ, ɢɦɟɸɳɟɝɨ 
ɞɜɭɫɬɨɪɨɧɧɟɟ ɩɚɥɥɚɞɢɟɜɨɟ ɩɨɤɪɵɬɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɊɗɆ (ɝ).  
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Ɋɢɫɭɧɨɤ 2 - ɂɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɪɭɛɱɚɬɵɯ ɨɛɪɚɡɰɨɜ (ɩɨɥɭɱɟɧɵ ɫ 
ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ). 
 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɨɛɪɚɡɰɚɯ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɨɦ 
ɋɢɜɟɪɬɫɚ ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ ɨɬ 10-5 ɞɨ 1.3 Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ = 250, 300, 

350, 400 ɢ 450°ɋ. Ɇɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɜɵɲɚɥɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɨɜɚɧɢɹ 
ɝɢɞɪɢɞɧɵɯ ɮɚɡ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɧɢɠɟ ɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɩɪɢ ɤɨɬɨɪɨɣ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɩɚɥɥɚɞɢɟɜɨɝɨ ɩɨɤɪɵɬɢɹ ɪɟɡɤɨ ɨɝɪɚɧɢɱɟɧɚ ɜɨ 
ɜɪɟɦɟɧɢ.  

ɉɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-FО ɢɫɫɥɟɞɨɜɚɥɫɹ ɦɟɦɛɪɚɧɧɵɦ ɫɩɨɫɨɛɨɦ. 
Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɟɦɛɪɚɧ ɨɛɚ ɤɨɧɰɚ ɤɚɠɞɨɝɨ ɢɡ ɬɪɭɛɱɚɬɵɯ ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ 
ɚɪɝɨɧɧɨ-ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɝɟɪɦɟɬɢɱɧɨ ɫɨɟɞɢɧɹɥɢɫɶ ɫ ɬɪɭɛɤɚɦɢ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ 
ɫɬɚɥɢ. ɉɪɢ ɷɬɨɦ ɨɞɢɧ ɤɨɧɟɰ ɬɪɭɛɱɚɬɨɣ ɦɟɦɛɪɚɧɵ ɡɚɝɥɭɲɚɥɫɹ (ɪɢɫɭɧɨɤ 3), ɚ ɞɪɭɝɢɦ 
ɤɨɧɰɨɦ ɦɟɦɛɪɚɧɚ ɫ ɩɨɦɨɳɶɸ ɚɪɝɨɧɧɨ-ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɝɟɪɦɟɬɢɱɧɨ ɦɨɧɬɢɪɨɜɚɥɚɫɶ ɜ 
ɦɟɦɛɪɚɧɧɭɸ ɤɚɦɟɪɭ (ɪɢɫɭɧɨɤ 3). Ɍɪɭɛɱɚɬɵɟ ɦɟɦɛɪɚɧɵ ɢɦɟɥɢ ɞɢɚɦɟɬɪ ɨɤɨɥɨ 6 ɦɦ 
ɢ ɞɥɢɧɭ ɨɬ 100 ɦɦ ɞɨ 270 ɦɦ.  

Ʉɚɦɟɪɚ ɦɟɦɛɪɚɧɵ ɢɦɟɟɬ ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ ɨɛɴёɦɵ, ɪɚɡɞɟɥёɧɧɵɟ 
ɦɟɦɛɪɚɧɨɣ. ȼɨɞɨɪɨɞ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɨɫɬɭɩɚɟɬ ɜɨ ɜɯɨɞɧɨɣ ɨɛɴɟɦ ɤɚɦɟɪɵ ɱɟɪɟɡ 
ɩɚɬɪɭɛɨɤ ɜɯɨɞɚ ɢ ɞɚɥɟɟ ɧɚ ɜɧɭɬɪɟɧɧɸɸ (ɜɯɨɞɧɭɸ) ɫɬɨɪɨɧɭ ɨɛɪɚɡɭɸɳɟɣ ɦɟɦɛɪɚɧɭ 
ɬɪɭɛɤɢ (ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɤɨɧɟɰ ɦɟɦɛɪɚɧɵ ɡɚɝɥɭɲёɧ).  

 

 

 

Ɋɢɫɭɧɨɤ 3 - Ɉɛɪɚɡɟɰ ɬɪɭɛɱɚɬɨɣ ɦɟɦɛɪɚɧɵ ɢ ɤɚɦɟɪɚ, ɜ ɤɨɬɨɪɭɸ ɦɨɧɬɢɪɭɟɬɫɹ 
ɢɫɩɵɬɭɟɦɵɣ ɨɛɪɚɡɟɰ. 
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ȼɨɞɨɪɨɞ ɩɪɨɯɨɞɢɬ ɫɤɜɨɡɶ ɦɟɦɛɪɚɧɭ ɜ ɜɵɯɨɞɧɨɣ ɨɛɴёɦ ɤɚɦɟɪɵ ɢ ɞɚɥɟɟ ɱɟɪɟɡ 
ɩɚɬɪɭɛɨɤ ɜɵɯɨɞɚ (ɪɢɫɭɧɨɤ 3) ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ, ɩɪɨɯɨɞɹ ɩɪɢ ɷɬɨɦ  ɱɟɪɟɡ 
ɪɚɫɯɨɞɨɦɟɪ. ɑɚɫɬɶ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ, ɧɟ ɢɡɜɥɟɱɟɧɧɚɹ ɦɟɦɛɪɚɧɨɣ, ɬɚɤɠɟ 
ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ ɱɟɪɟɡ ɩɚɬɪɭɛɨɤ ɜɵɯɥɨɩɚ (ɪɢɫɭɧɨɤ 3).  

Ʉɚɦɟɪɚ ɫ ɦɟɦɛɪɚɧɨɣ ɩɨɦɟɳɚɥɚɫɶ ɜ ɬɟɪɦɨɫɬɚɬ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɤɚɦɟɪɵ ɢɡɦɟɪɹɥɚɫɶ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɣ ɬɟɪɦɨɩɚɪɨɣ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ ±5°ɋ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɛɪɚɡɰɚ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɨɬ ɞɚɜɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧɵ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɦɛɪɚɧɵ. 

Ɍɪɟɬɶɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ 
ɫɩɥɚɜɚɯ V-κFe. ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɪɚɜɧɨɜɟɫɧɵɦ ɞɚɜɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ, P, ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ 
(ɦɨɥɟɤɭɥɹɪɧɵɣ ɇ2) ɢ ɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, C, 

ɪɚɫɬɜɨɪёɧɧɵɯ ɜ ɦɟɬɚɥɥɟ, ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪ Ɍ ɜ ɜɢɞɟ ɫɟɦɟɣɫɬɜ 
ɢɡɨɬɟɪɦ (P-C-ɢɡɨɬɟɪɦɵ). ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɟɦɟɣɫɬɜɚ P-C-ɢɡɨɬɟɪɦ 
ɫɨɫɬɚɜɥɹɸɬ PCT-ɞɚɧɧɵɟ ɞɥɹ ɫɢɫɬɟɦ ɜɨɞɨɪɨɞ-ɫɩɥɚɜɵ V-κFe (ɡɧɚɱɟɧɢɹ κ ɹɜɥɹɸɬɫɹ 
ɩɚɪɚɦɟɬɪɨɦ ɤɚɠɞɨɝɨ ɫɟɦɟɣɫɬɜɚ P-C-ɢɡɨɬɟɪɦ).  

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 4 ɞɚɧɧɵɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɚɯ V-Fe ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ (ɩɪɢ 
ɷɬɨɦ ɊɋɌ-ɞɚɧɧɵɟ ɞɥɹ ɪɟɩɟɪɧɨɝɨ ɨɛɪɚɡɰɚ ɢɡ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ ɨɤɚɡɚɥɢɫɶ ɛɥɢɡɤɢɦɢ ɤ 
ɫɩɪɚɜɨɱɧɵɦ ɡɧɚɱɟɧɢɹɦ).  

ɋɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ PCT ɞɚɧɧɵɦ, ɟɫɥɢ ɫɨɞɟɪɠɚɧɢɟ ɥɟɝɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɜ ɈɐɄ-ɫɩɥɚɜɚɯ V-Fe ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 7 ɚɬ.%, ɬɨ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɚɬɨɦɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɇ/Ɇ ≈ 
0.22-0.25 (ɱɢɫɥɨ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ/ɱɢɫɥɨ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ) ɩɨɱɬɢ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ 
ɢɫɫɥɟɞɭɟɦɵɯ ɞɚɜɥɟɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ≥300°ɋ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɭɤɚɡɚɧɧɨɦ 
ɚɬɨɦɧɨɦ ɨɬɧɨɲɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ-

ɫɩɥɚɜɚɯ ɜɚɧɚɞɢɹ ɢɡ ɩɥɚɫɬɢɱɧɨɝɨ ɜ ɯɪɭɩɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɬɨ ɫɨɞɟɪɠɚɧɢɟ Fe ɜ ɫɩɥɚɜɚɯ 
V-Fe, ɩɪɟɜɵɲɚɸɳɟɟ 7.0 ɚɬ.% ɦɢɧɢɦɢɡɢɪɭɟɬ ɪɢɫɤ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ 
ɫɩɥɚɜɚ  ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ≥300°ɋ. 

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɨɫɨɛɟɧɧɨɫɬɶ ɩɨɜɟɞɟɧɢɹ Ɋ-ɋ-ɢɡɨɬɟɪɦ ɜ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɩɥɚɜɚɯ: ɪɚɫɬɜɨɪɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɚɯ V-Fe ɫ ɫɨɞɟɪɠɚɧɢɟɦ Fe 

ɜɵɲɟ 7 ɚɬ% ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɋɢɜɟɪɬɫɚ ɜɩɥɨɬɶ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɛɥɢɡɤɢɯ ɤ 
ɧɚɫɵɳɟɧɢɸ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɬɨɝɞɚ ɤɚɤ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ ɡɚɤɨɧ ɋɢɜɟɪɬɫɚ 
ɫɩɪɚɜɟɞɥɢɜ ɬɨɥɶɤɨ ɞɥɹ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɪɢɫɭɧɨɤ 4 (ɜ), (ɝ)). 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ PCT-ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɡɚɤɨɧɚ ɋɢɜɟɪɬɫɚ 

 

C = KV-kFe∙P0.5 (1) 

ɦɨɠɧɨ ɧɚɣɬɢ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ, KV-kFe, ɜ ɫɩɥɚɜɚɯ V–kFe 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ KV-kFe ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.  
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Ɋɢɫɭɧɨɤ 4 - Ɋ-ɋ-ɢɡɨɬɟɪɦɵ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɚɯ 
V-κFe ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ Fe 

(ɭɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ ɜ ɚɬ.%). 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɬɚɤɠɟ ɢɡɨɬɟɪɦɵ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ V. 
ɉɪɹɦɵɟ ɥɢɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɜɵɩɨɥɧɟɧɢɸ ɡɚɤɨɧɚ ɋɢɜɟɪɬɫɚ (ɋ ~ P0.5). (a) 

450 ɋ, (ɛ) 400 ɋ, (ɜ) 350 ɋ, (ɝ) 300 ɋ, (ɞ) 
250 ɋ Ʉɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪёɧɧɵɯ 
ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜɵɪɚɠɟɧɚ ɚɬɨɦɧɵɦ 
ɨɬɧɨɲɟɧɢɟɦ ɇ/Ɇ.  

 
Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɜ ɚɪɪɟɧɢɭɫɨɜɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɡɚɜɢɫɢɦɨɫɬɢ KV-kFe ɨɬ Ɍ 

ɫɩɪɹɦɥɹɸɬɫɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɢɡɜɟɫɬɧɵɦ ɜɵɪɚɠɟɧɢɟɦ  

 

KV-kFe = K*
V-kFe∙exp(-ΔHV-kFe/RT) (2) 

ɝɞɟ ΔHV-kFe - ɦɨɥɹɪɧɚɹ ɷɧɬɚɥɶɩɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɚɯ V-kFe, ɜɟɥɢɱɢɧɚ 
ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɝɥɚ ɧɚɤɥɨɧɚ ɚɪɪɟɧɢɭɫɨɜɫɤɢɯ ɩɪɹɦɵɯ, ɚ K*

V-kFe - ɷɧɬɪɨɩɢɣɧɵɣ 
ɦɧɨɠɢɬɟɥɶ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɟɝɨ ɡɧɚɱɟɧɢɟ ɞɚɟɬ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɹɦɨɣ 
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ɫ ɨɫɶɸ ɨɪɞɢɧɚɬ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɧɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ.  

Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ (ɪɢɫɭɧɨɤ 5), ɡɧɚɱɟɧɢɹ ɷɧɬɪɨɩɢɣɧɨɝɨ ɦɧɨɠɢɬɟɥɹ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ ɢ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ ɛɥɢɡɤɢ ɞɪɭɝ ɤ ɞɪɭɝɭ 

K*
V ≈ K*

V-kFe, (3) 

ɝɞɟ K*
V - ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ ɞɥɹ ɫɥɭɱɚɹ ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ. 
ɉɨɫɤɨɥɶɤɭ ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɱɢɫɥɭ ɦɟɫɬ, ɞɨɫɬɭɩɧɵɯ 

ɞɥɹ ɚɛɫɨɪɛɰɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɱɢɫɥɨ ɦɟɫɬ ɚɛɫɨɪɛɰɢɢ 
ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ ɪɟɲɟɬɤɟ ɈɐɄ-ɫɩɥɚɜɨɜ V-kFe ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɪɟɲёɬɤɟ ɱɢɫɬɨɝɨ 
ɜɚɧɚɞɢɹ, ɢ ɷɬɢ ɦɟɫɬɚ ɦɨɝɭɬ ɛɵɬɶ ɪɚɜɧɨɜɟɪɨɹɬɧɨ ɡɚɧɹɬɵ ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɚɬɨɦɚɦɢ 
ɜɨɞɨɪɨɞɚ.  

Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɩɨɜɟɞɟɧɢɟ Ɋ-ɋ-ɢɡɨɬɟɪɦ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ (ɪɢɫɭɧɨɤ 4 (d)–(e)): ɜ ɫɩɥɚɜɚɯ V-κFО ɧɚɛɥɸɞɚɟɬɫɹ ɫɬɪɟɦɥɟɧɢɟ Ɋ-ɋ-

ɢɡɨɬɟɪɦ ɤ ɬɨɣ ɠɟ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɜɨɞɨɪɨɞɚ, ɱɬɨ ɢ ɜ ɫɥɭɱɚɟ 
ɱɢɫɬɨɝɨ ɜɚɧɚɞɢɹ (H/M≈0.7), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɫɵɳɟɧɢɸ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 
ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ. ɗɬɨɬ ɮɚɤɬ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɱɢɫɥɨ ɦɟɫɬ, 
ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɚɛɫɨɪɛɰɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɩɪɢ ɪɨɫɬɟ 
ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ ɜɚɧɚɞɢɹ ɠɟɥɟɡɨɦ. 

ɂɡ ɬɨɝɨ ɮɚɤɬɚ, ɱɬɨ ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ ɨɫɬɚёɬɫɹ ɧɟɢɡɦɟɧɧɵɦ, ɫɥɟɞɭɟɬ, 
ɱɬɨ ɫɧɢɠɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫ ɪɨɫɬɨɦ ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɛɥɚɝɨɞɚɪɹ ɪɨɫɬɭ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ (ɭɪɚɜɧɟɧɢɟ (2)), ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɢɞɧɨ 
ɩɨ ɢɡɦɟɧɟɧɢɸ ɧɚɤɥɨɧɚ ɚɪɪɟɧɢɭɫɨɜɫɤɢɯ ɩɪɹɦɵɯ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

 
  

Ɋɢɫɭɧɨɤ 5 - Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ 
ɫɩɥɚɜɚɯ V-kFe ɢ ɜ ɱɢɫɬɨɦ V.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɪɟɲɟɬɤɟ ɜɚɧɚɞɢɹ ɚɬɨɦɵ ɠɟɥɟɡɚ ɫɧɢɠɚɸɬ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɧɟ ɥɨɤɚɥɶɧɨ, ɛɥɨɤɢɪɭɹ ɛɥɢɠɚɣɲɢɟ ɦɟɫɬɚ ɚɛɫɨɪɛɰɢɢ ɢ ɬɟɦ 
ɫɚɦɵɦ ɜɥɢɹɹ ɧɚ ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ, ɚ ɜɨɡɞɟɣɫɬɜɭɹ ɜ ɪɚɜɧɨɣ ɦɟɪɟ ɧа ɜɫɟ ɦɟɫɬɚ 
ɚɛɫɨɪɛɰɢɢ ɜ ɦɟɠɞɨɭɡɥɢɹɯ ɪɟɲɟɬɤɢ ɢ ɩɪɢɜɨɞɹ ɤ ɪɨɫɬɭ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ «ɝɥɨɛɚɥɶɧɨɦ» ɦɟɯɚɧɢɡɦɟ ɥɟɝɢɪɨɜɚɧɢɹ. ȼɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ 
ɨɩɢɫɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɫ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɧɚ 
ɷɥɟɤɬɪɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɪɟɲɟɬɤɢ. 

ɑɟɬɜɟɪɬɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ 
ɫɩɥɚɜɚɯ V-Fe ɫ ɩɨɦɨɳɶɸ ɦɟɦɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ.  

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɬɟɪɦɵ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɇ2, ɩɪɨɧɢɤɚɸɳɟɝɨ 
ɱɟɪɟɡ ɢɫɫɥɟɞɭɟɦɵɟ ɦɟɦɛɪɚɧɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 300°C, 350°C, 400°C ɢ 450°C ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ ɤɜɚɞɪɚɬɧɵɯ ɤɨɪɧɟɣ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɧɨɣ ɢ 
ɜɵɯɨɞɧɨɣ ɫɬɨɪɨɧɚɯ ɦɟɦɛɪɚɧ ሺ�i୬0.5 − �୭୳୲0.5ሻ. Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɧɨɣ ɫɬɨɪɨɧɟ 
ɩɨɞɞɟɪɠɢɜɚɥɨɫɶ ɪɚɜɧɵɦ 0.1 Ɇɉɚ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɱɢɫɬɨɝɨ Pd ɢ  
ɱɢɫɬɨɝɨ V ɩɪɢ Ɍ=400°ɋ. 

ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɤɨɧɚ ɋɢɜɟɪɬɫɚ (1) ɝɪɚɮɢɤɢ ɜ ɞɚɧɧɵɯ 
ɤɨɨɪɞɢɧɚɬɚɯ ɢɦɟɸɬ ɜɢɞ ɩɪɹɦɵɯ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ, ɟɫɥɢ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ ɜɥɢɹɧɢɟɦ ɧɚ ɩɪɨɧɢɤɚɸɳɢɣ ɩɨɬɨɤ ɚɫɫɨɰɢɚɬɢɜɧɨ-ɞɢɫɫɨɰɢɚɬɢɜɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɧɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɩɨɤɪɵɬɢɢ.  

ɋ ɭɱёɬɨɦ ɜɥɢɹɧɢɹ ɤɢɧɟɬɢɤɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɶ ɦɟɠɞɭ 
ɩɥɨɬɧɨɫɬɶɸ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɦɟɦɛɪɚɧɭ, j, ɫɨɫɬɨɹɳɭɸ 
ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɟɜ ɦɟɬɚɥɥɨɜ, ɢ ɜɯɨɞɧɵɦ ɢ ɜɵɯɨɞɧɵɦ ɞɚɜɥɟɧɢɹɦɢ, Pin ɢ Pout, ɦɨɠɧɨ 
ɜɵɪɚɡɢɬɶ ɭɪɚɜɧɟɧɢɟɦ √�i୬ − ��H2 ∙ � − √�୭୳୲ − ��H2 ∙ � − 2 ∙ ( PୢܭPୢܮ2 ∙ Pୢܦ + V−κMୣܭV−κMୣܮ ∙ (V−κMୣܦ = 0, ሺ4ሻ 

 

ɝɞɟ ܭPୢ, ܭV−�Mୣ - ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɩɚɥɥɚɞɢɢ ɢ ɜɚɧɚɞɢɟɜɨɦ 
ɫɩɥɚɜɟ, ܦPୢ, ܦV−κMୣ - ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɩɚɥɥɚɞɢɢ ɢ ɜ ɜɚɧɚɞɢɟɜɨɦ 
ɫɩɥɚɜɟ, ܮPୢ ɢ ܮV−�Mୣ - ɬɨɥɳɢɧɵ ɩɚɥɥɚɞɢɟɜɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɫɥɨɹ ɢɡ ɫɩɥɚɜɚ ɜɚɧɚɞɢɹ, 
ZH2 - ɝɚɡɨɤɢɧɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, α- ɜɟɪɨɹɬɧɨɫɬɶ (ɤɨɷɮɮɢɰɢɟɧɬ) 
ɞɢɫɫɨɰɢɚɬɢɜɧɨɝɨ ɩɪɢɥɢɩɚɧɢɹ ɦɨɥɟɤɭɥɵ ɇ2 ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 
ɩɨɤɪɵɬɢɹ ɦɟɦɛɪɚɧɵ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɬɜɨɪɟɧɢɟɦ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ 
ɦɟɬɚɥɥɚ.  
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Ɋɢɫɭɧɨɤ 6 - ɂɡɨɬɟɪɦɵ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɇ2, ɩɪɨɧɢɤɚɸɳɟɝɨ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ Pd-(V-

κFe)-Pd (κ =3.5, 6.3, 8.0 ɢ 13.1 ɚɬ.%), ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ (√�i୬ − √�୭୳୲ ) ɩɪɢ Pout = const 

= 0.1 Mɉa. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɟɦɟɣɫɬɜɚ ɢɡɨɬɟɪɦ ɞɚɧɵ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ (К) 300 ɋ, (ɛ) 
350 ɋ, (ɜ) 400 ɋ, (ɝ) 450 ɋ. Ⱦɚɧɧɵɟ ɞɥɹ ɦɟɦɛɪɚɧ ɢɡ ɱɢɫɬɵɯ V ɢ Pd ɜɡɹɬɨ ɢɡ 
ɥɢɬɟɪɚɬɭɪɵ. ɑɢɫɥɚ ɫɨ ɫɬɪɟɥɤɚɦɢ ɧɚ ɝɪɚɮɢɤɚɯ ɞɚɸɬ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɜɟɫɧɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɨɞɨɪɨɞɚ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɧɚ ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧ, Cin, 

ɜɵɪɚɠɟɧɧɵɯ ɜ H/M. 

 

Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ (ɪɢɫɭɧɨɤ 6), ɩɨɬɨɤɢ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɫɩɥɚɜɨɜ 
V-Fe ɩɪɢ ɜɫɟɯ ɭɫɥɨɜɢɹɯ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨɬɨɤɢ ɱɟɪɟɡ ɩɚɥɥɚɞɢɟɜɭɸ 
ɦɟɦɛɪɚɧɭ ɚɧɚɥɨɝɢɱɧɨɣ ɬɨɥɳɢɧɵ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɧɵɟ 
ɦɟɦɛɪɚɧɵ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɩɪɨɬɨɬɢɩɵ ɦɟɦɛɪɚɧ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɩɪɢɦɟɧɟɧɢɣ, ɬɚɤ ɤɚɤ ɨɧɢ ɢɦɟɸɬ ɬɪɟɛɭɟɦɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɭɫɥɨɜɢɹɦ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ.  

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɜɟɫɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɜɨɞɨɪɨɞɚ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɧɚ ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧɵ, Cin, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ  
ɩɪɟɜɨɫɯɨɞɹɬ ɡɧɚɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɟɪɟɯɨɞɭ ɜ ɯɪɭɩɤɨɟ ɫɨɫɬɨɹɧɢɟ (ɇ/Ɇ ≈ 
0.22). ɇɟɫɦɨɬɪɹ ɧɚ ɫɜɹɡɚɧɧɵɣ ɫ ɷɬɢɦ ɪɢɫɤ ɪɚɡɪɭɲɟɧɢɹ, ɜɫɟ ɦɟɦɛɪɚɧɵ ɫɨɯɪɚɧɢɥɢ 
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ɝɟɪɦɟɬɢɱɧɨɫɬɶ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɟɧ ɩɪɢ ɬɨɦ, ɱɬɨ ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ 
ɦɟɦɛɪɚɧɵ ɜ ɜɨɞɨɪɨɞɟ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɥɨ 4 ɱɚɫɨɜ. ɉɪɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɯ ɷɤɫɩɨɡɢɰɢɹɯ, ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɩɪɢɦɟɧɟɧɢɣ, ɪɢɫɤ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ.  

ȿɫɥɢ ɪɚɫɬɜɨɪ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ ɦɟɦɛɪɚɧ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɡɚɤɨɧɭ ɋɢɜɟɪɬɫɚ 
(ɢɞɟɚɥɶɧɵɣ ɪɚɫɬɜɨɪ), ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ D ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ D ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 6 ɞɚɧɧɵɯ ɩɨ ɩɪɨɧɢɤɚɸɳɟɦɭ ɩɨɬɨɤɭ, ɢɫɩɨɥɶɡɭɹ 
ɭɪɚɜɧɟɧɢɟ (4), ɜ ɤɨɬɨɪɨɦ ɭɱɢɬɵɜɚɸɬɫɹ ɚɫɫɨɰɢɚɬɢɜɧɨ-ɞɢɫɫɨɰɢɚɬɢɜɧɵɟ ɩɪɨɰɟɫɫɵ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɦɧɨɝɨɫɥɨɣɧɨɫɬɶ ɦɟɦɛɪɚɧɵ. ɉɨɫɤɨɥɶɤɭ ɜ ɬɨɦ ɞɢɚɩɚɡɨɧɟ 
ɞɚɜɥɟɧɢɣ, ɝɞɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɛɪɚɡɰɵ ɦɟɦɛɪɚɧ, ɡɚɤɨɧ ɋɢɜɟɪɬɫɚ ɜɵɩɨɥɧɹɟɬɫɹ 
ɞɥɹ ɜɫɟɯ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ, ɤɪɨɦɟ ɧɚɢɦɟɧɟɟ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ V-3.5%Fe 

(ɪɢɫɭɧɨɤ 2), ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (4) ɛɵɥɢ ɧɚɣɞɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ 
ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɚɯ, ɫɨɞɟɪɠɚɳɢɯ 6.3, 8.0 ɢ 13.1 ɚɬ.% Fe, ɢ ɧɚ ɪɢɫɭɧɤɟ 7 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɢɯ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ 
ɢɦɟɸɬ ɜɢɞ: 

 

DV-13.1Fe = 2∙10-7∙exp(-18750(Ⱦɠ)/ɦɨɥɶ) /RT), ɦ2/ɫ 

DV-8.0Fe = 8.8∙10-8∙exp(-12500(Ⱦɠ)/ɦɨɥɶ) /RT), ɦ2/ɫ 

DV-6.3Fe = 4.7∙10-8∙exp(-9100(Ⱦɠ) /ɦɨɥɶ) /RT), ɦ2/ɫ 

 

 (5) 

 

 

 

Ɋɢɫɭɧɨɤ 7 - Ɍɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ-

ɫɩɥɚɜɚɯ V-κFe (κ=6.3, 8.3 и 13.1 
ɚɬ%). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ 
ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ. 

 

 

Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɢɮɮɭɡɢɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ 
ɥɟɝɢɪɨɜɚɧɢɹ ɦɨɧɨɬɨɧɧɨ ɪɚɫɬёɬ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɫɧɢɠɚɟɬɫɹ, ɧɨ ɩɪɢ ɷɬɨɦ 
ɨɧ ɫɪɚɜɧɢɦ ɩɨ ɜɟɥɢɱɢɧɟ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ ɜɚɧɚɞɢɢ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 300-450°ɋ.  

ɑɬɨ ɤɚɫɚɟɬɫɹ ɦɚɥɨɥɟɝɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ V-3.5aɬ%Fe, ɨɩɢɫɚɧɢɟ ɩɟɪɟɧɨɫɚ 
ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɧɵɣ ɨɛɪɚɡɟɰ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (4) ɧɟɤɨɪɪɟɤɬɧɨ, 
ɩɨɫɤɨɥɶɤɭ ɜ ɬɨɣ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ, ɝɞɟ ɢɫɫɥɟɞɨɜɚɥɫɹ ɩɪɨɧɢɤɚɸɳɢɣ ɩɨɬɨɤ, ɞɥɹ Ɋ-ɋ-
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ɢɡɨɬɟɪɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɞɚɧɧɨɦ ɫɩɥɚɜɟ (ɪɢɫɭɧɨɤ 2), ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɧɨɟ 
ɨɬɫɬɭɩɥɟɧɢɟ ɨɬ ɡɚɤɨɧɚ ɋɢɜɟɪɬɫɚ.  

ɇɚ ɪɢɫɭɧɤɟ 8 ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ Ɋ-ɋ-ɢɡɨɬɟɪɦɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɜɨɞɨɪɨɞɚ ɜ ɫɩɥɚɜɟ V-3.5ɚɬ%Fe ɩɪɢ Ɍ=300°ɋ. ɋɟɪɵɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɦ ɜɵɞɟɥɟɧɚ 
ɨɛɥɚɫɬɶ ɞɚɜɥɟɧɢɣ-ɤɨɧɰɟɧɬɪɚɰɢɣ, ɝɞɟ ɢɫɫɥɟɞɨɜɚɥɫɹ ɩɟɪɟɧɨɫ ɇ2. ȼ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɦɟɞɥɟɧɢɟ ɪɨɫɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɫ ɪɨɫɬɨɦ 
ɞɚɜɥɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɫɥɭɱɚɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɤɨɧɚ 
ɋɢɜɟɪɬɫɚ (ɭɪɚɜɧɟɧɢɟ (1)), ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 8), ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɧɚɫɵɳɟɧɢɸ ɮɚɡɵ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɜɨɞɨɪɨɞɚ. 

 

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ, ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɧɚ 
ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧɵ, Cin, ɛɭɞɟɬ ɪɚɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɯɨɞɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɜɨɞɨɪɨɞɚ, Pin, ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɩɨ ɡɚɤɨɧɭ ɋɢɜɟɪɬɫɚ (1) ɢ ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɜɨɞɨɪɨɞɚ ɩɨ ɬɨɥɳɢɧɟ ɦɟɦɛɪɚɧɵ, dC/dx, ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɛɭɞɟɬ ɬɚɤɠɟ ɪɚɫɬɢ 
ɦɟɞɥɟɧɧɟɟ ɩɪɢ ɪɨɫɬɟ Pin ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɥɭɱɚɟɦ ɢɞɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ-

ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɪɢ ɪɨɫɬɟ Pin ɩɨɬɨɤ, ɩɪɨɧɢɤɚɸɳɢɣ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɢɡ ɈɐɄ ɫɩɥɚɜɚ  
V-3.5ɚɬ.%Fe, ɛɭɞɟɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ Ɏɢɤɚ,  

 

j = -D dɋ/dx (6) 

ɪɚɫɬɢ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɢɞɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ.  
Ɉɞɧɚɤɨ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 6ɚ, ɩɪɢ ɪɨɫɬɟ Pin 

ɩɪɨɧɢɤɚɸɳɢɣ ɩɨɬɨɤ ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɬɢ ɬɚɤ, ɤɚɤ ɛɭɞɬɨ ɜ ɫɥɚɛɨɥɟɝɢɪɨɜɚɧɧɨɦ ɨɛɪɚɡɰɟ, 
ɜɨɩɪɟɤɢ Ɋ-ɋ-ɢɡɨɬɟɪɦɟ ɧɚ ɪɢɫɭɧɤɟ 8, ɧɚɫɵɳɟɧɢɟ ɪɚɫɬɜɨɪɚ ɜɨɞɨɪɨɞɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

Ɉɛɴɹɫɧɟɧɢɟ ɷɬɨɝɨ ɮɟɧɨɦɟɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɧɟɢɞɟɚɥɶɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɧɟ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ Ɏɢɤɚ (6). ȼ ɷɬɨɦ ɫɥɭɱɚɟ, 
ɫɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ j ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɜ ɜɢɞɟ  

 � = ܦ− ∙ [ሺ�ሻܥ]� ∙ ��ሺ�ሻܥ�  ,                             ሺሻ 

 

ɝɞɟ f - ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɮɚɤɬɨɪ»:  
 � =  ሺ�ሻ.                                            ሺͺሻܥ���0.5����

 

ɡɧɚɱɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɊɋɌ-ɞɚɧɧɵɯ (ɪɢɫɭɧɤɢ  4 ɢ 
8). 
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Ɋɢɫɭɧɨɤ 8 – Ɋ-ɋ-ɢɡɨɬɟɪɦɚ ɪɚɫɬɜɨɪɢ-

ɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɫɩɥɚɜɟ V-

3.5ɚɬ.%Fe ɩɪɢ Ɍ=300°ɋ. 
ɋin ɢ Cout – ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ, 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɧɚ ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ 
ɫɬɨɪɨɧɚɯ ɦɟɦɛɪɚɧɵ. 

Ɋɢɫɭɧɨɤ 9 - ɉɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɇ2, 

ɩɪɨɧɢɤɚɸɳɟɝɨ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ Pd-(V-

3.5ɚɬ.%Fe)-Pd ɩɪɢ 300°C, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɡɧɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, 
ɪɚɫɬɜɨɪёɧɧɵɯ ɧɚ ɜɯɨɞɧɨɣ (Cin) ɢ ɜɵɯɨɞɧɨɣ 
(Cout) ɫɬɨɪɨɧɚɯ. ɋout =const=0.42 H/M, 

ɰɢɮɪɵ ɫɨ ɫɬɪɟɥɤɚɦɢ ɞɚɸɬ ɡɧɚɱɟɧɢɹ Cin. 

ɉɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ ɨɬɨɛɪɚɠɚɟɬ ɜɟɥɢɱɢɧɭ 
ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2, ɤɨɬɨɪɵɣ 
ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ Ɏɢɤɚ (6). 
 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɤɨɧɚ ɋɢɜɟɪɬɫɚ (ɋ∝ �0.5), f = 1 ɢ ɭɪɚɜɧɟɧɢɟ (7) ɩɪɢɜɨɞɢɬɫɹ 
ɤ ɡɚɤɨɧɭ Ɏɢɤɚ (6). ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɡɚɜɢɫɢɦɨɫɬɶ ɋ ɨɬ Ɋ ɫɬɚɧɨɜɢɬɫɹ ɫɥɚɛɟɟ, ɱɟɦ 0.5�~ܥ, ɬ.ɟ. ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɧɚɫɵɳɟɧɢɸ, f >1 ɢ ɷɬɨ ɩɪɟɜɵɲɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɜ ɨɛɥɚɫɬɢ ɧɚɫɵɳɟɧɢɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ (ɪɢɫɭɧɨɤ 8). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɪɨɫɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɨɬɫɬɭɩɥɟɧɢɟɦ ɨɬ ɡɚɤɨɧɚ 
ɋɢɜɟɪɬɫɚ, ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ j ɪɚɫɬёɬ ɩɪɢ ɬɨɣ ɠɟ ɪɚɡɧɨɫɬɢ Δɋ=ɋin - Cout ɛɵɫɬɪɟɟ, 
ɱɟɦ ɩɨ ɡɚɤɨɧɭ Ɏɢɤɚ (6), ɤɚɤ ɷɬɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɧɚ ɪɢɫɭɧɤɟ 9. 

Ɂɧɚɱɟɧɢɹ D ɞɥɹ ɫɥɭɱɚɹ иɞɟаɥьɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɤɨɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɤɨɧ 
ɋɢɜɟɪɬɫɚ), ɦɨɠɧɨ ɧɚɣɬɢ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (7), ɢɫɩɨɥɶɡɭɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɚɧɧɵɟ ɞɥɹ j (ɪɢɫɭɧɤɢ 6, 9) ɢ ɡɧɚɱɟɧɢɹ f, ɧɚɣɞɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (8) ɢɡ 
PCT ɞɚɧɧɵɯ (ɪɢɫɭɧɨɤ 8). ɇɚɣɞɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɧɚɢɦɟɧɟɟ ɥɟɝɢɪɨɜɚɧɧɨɦ ɫɩɥɚɜɟ V-3.5Fe ɨɤɚɡɚɥɢɫɶ ɨɠɢɞɚɟɦɨ 
ɛɥɢɡɤɢ ɤ ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɱɢɫɬɨɦ V, ɤɨɷɮɮɢɰɢɟɧɬ 
ɞɢɮɮɭɡɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ:  
 

DV-6.3Fe = 3.7∙10-8∙exp(-6000 Ⱦɠ/ɦɨɥɶ) /RT), ɦ2/ɫ (9) 

 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɩɪɨɧɢɰɚɟɦɨɫɬɢ (KD)V-kFe 

(ɩɪɨɢɡɜɟɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɢ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ) ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ V-ɤFО, ɚ ɬɚɤɠɟ ɞɥɹ ɱɢɫɬɵɯ ɜɚɧɚɞɢɹ ɢ ɩɚɥɥɚɞɢɹ, (KD)V ɢ 
(KD)Pd, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. 
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Ʌɟɝɢɪɨɜɚɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɢɥɶɧɟɟ ɫɧɢɠɚɟɬ ɤɨɧɫɬɚɧɬɭ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɱɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɧɫɬɚɧɬɚ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɧɢɠɚɟɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɬ.ɟ. ɥɟɝɢɪɨɜɚɧɢɟ 
ɜɚɧɚɞɢɹ ɠɟɥɟɡɨɦ ɫɨɯɪɚɧɹɟɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɭɡɢɢ ɢ ɩɪɢ 
ɷɬɨɦ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, ɱɬɨ ɢ ɹɜɥɹɥɨɫɶ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɜ 
ɨɬɧɨɲɟɧɢɢ ɫɨɡɞɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɷɮɮɟɤɬɢɜɧɵɯ ɜɨɞɨɪɨɞɨɩɪɨɧɢɰɚɟɦɵɯ ɦɟɦɛɪɚɧ. 
 

Ɋɢɫɭɧɨɤ 10 - Ɍɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɞɥɹ ɈɐɄ-

ɫɩɥɚɜɨɜ V-κFe, (KD)V-κFe, ɢ 
ɱɢɫɬɵɯ ɜɚɧɚɞɢɹ ɢ ɩɚɥɥɚɞɢɹ 
(KD)V ɢ (KD)Pd . 

 
ɉɹɬɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧ ɢɡ 

ɜɚɧɚɞɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɩɨɤɪɵɬɵɯ ɫɥɨɟɦ ɩɚɥɥɚɞɢɹ, ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɇɟɦɛɪɚɧɵ ɧɚ ɨɫɧɨɜɟ ɜɚɧɚɞɢɹ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ <300°ɋ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɟɡɤɨ ɡɚɦɟɞɥɟɧɚ 
ɤɢɧɟɬɢɤɚ ɞɢɫɫɨɰɢɚɬɢɜɧɨ-ɚɫɫɨɰɢɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɚɛɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ ɦɨɥɟɤɭɥ 
ɇ2 ɧɚ ɩɚɥɥɚɞɢɟɜɨɦ ɩɨɤɪɵɬɢɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɥɢɹɧɢɟ ɚɫɫɨɰɢɚɬɢɜɧɨ-

ɞɢɫɫɨɰɢɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɜɟɥɢɱɢɧɭ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ 
ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɸɳɢɦ, ɢ ɜɟɥɢɱɢɧɚ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2 ɛɭɞɟɬ ɫɥɚɛɨ ɡɚɜɢɫɟɬɶ ɨɬ 
ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ ɦɟɦɛɪɚɧɵ. ȼ 
ɨɩɢɫɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɟɦɛɪɚɧ ɢɡ ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ ɧɟ ɛɭɞɟɬ 
ɩɪɟɜɵɲɚɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɚɥɥɚɞɢɟɜɵɯ ɦɟɦɛɪɚɧ.  

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ>400°ɋ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɦɛɪɚɧ ɫ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ 
ɩɨɤɪɵɬɢɟɦ ɨɝɪɚɧɢɱɟɧɨ ɢɡ-ɡɚ ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɨɦ 
ɦɟɦɛɪɚɧɵ ɢ ɦɚɬɟɪɢɚɥɨɦ ɩɨɤɪɵɬɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫɹ ɫɩɥɚɜɵ Pd-V. 

ȼ ɷɬɢɯ ɫɩɥɚɜɚɯ, ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɫɤɨɪɨɫɬɶ ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ 
ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɪɟɡɤɨ ɫɧɢɠɟɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɚɤɨɜɨɣ ɜ ɱɢɫɬɨɦ Pd.  

ɋɨɝɥɚɫɧɨ ɩɪɢɜɟɞɟɧɧɨɦɭ ɥɢɬɟɪɚɬɭɪɧɨɦɭ ɨɛɡɨɪɭ, ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧ ɢɡ ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ ɫ ɩɚɥɥɚɞɢɟɜɵɦ ɩɨɤɪɵɬɢɟɦ 
ɩɪɨɜɨɞɢɥɨɫɶ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ > 400°ɋ. ɋɬɨɥɶ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɡɚ ɧɟɞɨɩɭɫɬɢɦɨ ɦɚɥɨɟ ɜɪɟɦɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɦɟɦɛɪɚɧ, ɩɪɢɜɨɞɹɬ ɤ ɦɧɨɝɨɤɪɚɬɧɨɦɭ ɫɧɢɠɟɧɢɸ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ  

ȼ ɫɜɹɡɢ ɫ ɨɩɢɫɚɧɧɵɦɢ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɞɥɹ ɜɚɧɚɞɢɟɜɵɯ 
ɦɟɦɛɪɚɧ ɫ ɩɚɥɥɚɞɢɟɜɵɦ ɩɨɤɪɵɬɢɟɦ ɛɵɥɨ ɪɟɲɟɧɨ ɩɪɨɜɨɞɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ 
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧ ɩɪɢ ɬɪёɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: 300°ɋ, 350°ɋ ɢ 400°ɋ. 
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ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɫ ɬɪɟɦɹ ɢɞɟɧɬɢɱɧɵɦɢ ɦɟɦɛɪɚɧɧɵɦɢ ɨɛɪɚɡɰɚɦɢ, 
ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɢɡ ɈɐɄ ɫɩɥɚɜɚ V-9.0ɚɬ.%Pd.  

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɦɟɦɛɪɚɧ ɫɨɫɬɚɜɥɹɥɚ 130 ɦɤɦ, ɧɚ ɧɚɪɭɠɧɭɸ ɢ ɜɧɭɬɪɟɧɧɸɸ 
ɫɬɨɪɨɧɵ ɦɟɦɛɪɚɧ ɯɢɦɢɱɟɫɤɢ ɨɫɚɠɞɚɥɫɹ ɫɥɨɣ ɩɚɥɥɚɞɢɹ ɬɨɥɳɢɧɨɣ ɨɤɨɥɨ 1.5 ɦɤɦ. 
ɗɬɢ ɬɪɢ ɦɟɦɛɪɚɧɵ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɞɨ 18000 ɱɚɫɨɜ) 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 300°ɋ, 350°ɋ ɢ 400°ɋ. ɉɟɪɢɨɞɢɱɟɫɤɢ, ɱɟɪɟɡ ɤɚɠɞɵɟ 24-48 ɱɚɫɨɜ 
ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɢɫɫɥɟɞɭɟɦɵɟ 
ɦɟɦɛɪɚɧɵ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɇ2 ɧɚ ɜɯɨɞɧɨɣ ɢ ɧɚ ɜɵɯɨɞɧɨɣ ɫɬɨɪɨɧɚɯ ɦɟɦɛɪɚɧ 0.6 Ɇɉɚ 
ɢ 0.1 Ɇɉɚ. 

ɇɚ ɪɢɫɭɧɤɟ 11 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɩɪɨɧɢɤɚɸɳɢɯ ɩɨɬɨɤɨɜ 
ɇ2 ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɨɬ ɜɪɟɦɟɧɢ ɢɯ ɜɵɞɟɪɠɤɢ, ɜɚɪɶɢɪɭɟɦɵɣ ɩɚɪɚɦɟɬɪ – ɬɟɦɩɟɪɚɬɭɪɚ 
ɦɟɦɛɪɚɧ. Ɉɛɪɚɳɚɟɬ ɜɧɢɦɚɧɢɟ ɫɢɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ 
ɫɧɢɠɟɧɢɹ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ, ɫɪɚɜɧɢɦɚɹ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ ɩɚɥɥɚɞɢɟɦ ɢ ɜɚɧɚɞɢɟɦ. ɋɥɟɞɭɟɬ 
ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɨɯɪɚɧɟɧɢɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɩɪɨɧɢɤɚɸɳɢɯ ɩɨɬɨɤɨɜ ɇ2 ɜ 
ɬɟɱɟɧɢɟ 18000 ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɞɟɪɠɤɢ ɦɟɦɛɪɚɧ 300°ɋ ɢ 350°ɋ (ɛɨɥɶɲɟ 
ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɩɚɥɥɚɞɢɟɜɭɸ ɦɟɦɛɪɚɧɭ ɚɧɚɥɨɝɢɱɧɨɣ ɬɨɥɳɢɧɵ). ɗɬɢ 
ɞɜɚ ɮɚɤɬɚ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɜɵɛɨɪɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɦɛɪɚɧ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɜ 5 ɝɪɭɩɩɵ. Ɍɟɦɩɟɪɚɬɭɪɚ 400°ɋ ɹɜɥɹɟɬɫɹ 
ɭɠɟ ɤɪɢɬɢɱɟɫɤɨɣ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɚɧɚɞɢɟɜɵɯ ɦɟɦɛɪɚɧ ɫ ɩɚɥɥɚɞɢɟɜɵɦ 
ɩɨɤɪɵɬɢɟɦ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟ 2000 ɱɚɫɨɜ ɜɵɞɟɪɠɤɢ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɪɨɧɢɤɚɸɳɢɣ ɩɨɬɨɤ ɇ2 ɱɟɪɟɡ ɬɚɤɭɸ ɦɟɦɛɪɚɧɭ ɫɧɢɡɢɥɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɩɨɪɹɞɨɤ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 300-350°ɋ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɦɟɦɛɪɚɧ ɢɡ ɈɐɄ-ɫɩɥɚɜɚ ɜɚɧɚɞɢɹ V-9.0ɚɬ.%Pd ɫɨɯɪɚɧɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɯ ɩɚɥɥɚɞɢɟɜɵɯ ɦɟɦɛɪɚɧ, ɩɨ ɤɪɚɣɧɟɣ 
ɦɟɪɟ ɜ ɬɟɱɟɧɢɢ 18000 ɱɚɫɨɜ. 
 

Ɋɢɫɭɧɨɤ 11 - Ɂɚɜɢɫɢɦɨɫɬɶ 
ɩɥɨɬɧɨɫɬɢ ɩɪɨɧɢɤɚɸɳɟɝɨ 
ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ, 
ɜɵɞɟɪɠɢɜɚɟɦɵɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 300°ɋ, 350°ɋ ɢ 
400°ɋ. (ɨɛɨɡɧɚɱɟɧɵ ɫɢɦɜɨɥɚɦɢ) 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɥɢɧɢɹ - 

ɩɥɨɬɧɨɫɬɶ ɩɪɨɧɢɤɚɸɳɟɝɨ 
ɩɨɬɨɤɚ ɇ2 ɱɟɪɟɡ Pd ɦɟɦɛɪɚɧɭ 
ɬɨɥɳɢɧɨɣ 140 ɦɤɦ ɩɪɢ 
Ɍ=350°ɋ. 
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ɈɋɇɈȼɇɕȿ ȼɕȼɈȾɕ 

 

ȼ ɪɚɦɤɚɯ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɵ 
ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɨɬɜɟɱɚɸɳɢɟ ɡɚ ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ ɜ 
ɈɐɄ-ɫɩɥɚɜɚɯ V-Fe, ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɚ ɦɢɧɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɥɟɝɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɜ ɞɚɧɧɵɯ ɫɩɥɚɜɚɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɟɦɛɪɚɧ ɢ ɨɩɪɟɞɟɥɟɧ ɫɪɨɤ ɫɥɭɠɛɵ 
ɦɟɦɛɪɚɧ ɢɡ ɈɐɄ-ɫɩɥɚɜɨɜ ɜɚɧɚɞɢɹ, ɢɦɟɸɳɢɯ ɡɚɳɢɬɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɟ 
ɢɡ ɩɚɥɥɚɞɢɹ, ɚ ɢɦɟɧɧɨ: 

1. ɉɨɥɭɱɟɧɵ ɢɡɨɬɟɪɦɵ ɞɚɜɥɟɧɢɟ-ɤɨɧɰɟɧɬɪɚɰɢɹ (PCT-ɞɚɧɧɵɟ) ɫɢɫɬɟɦɵ 
ɜɨɞɨɪɨɞ - ɈɐɄ-ɫɩɥɚɜɵ V-kFe (0 ≤ k ≤ 13.1 ɚɬ.%)  ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 250 – 450℃, 

ɞɚɜɥɟɧɢɣ ɨɬ 10-5 ɞɨ 1.3 Ɇɉɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɇ/Ɇ ɨɬ 0.004 

ɞɨ 0.65. ɂɡ ɊɋɌ-ɞɚɧɧɵɯ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɥɟɝɢɪɨɜɚɧɢɟ ɜɚɧɚɞɢɹ ɠɟɥɟɡɨɦ 
ɫɧɢɠɚɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɫɢɥɶɧɟɟ, ɱɟɦ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ.  

2. ɂɡ ɊɋɌ-ɞɚɧɧɵɯ ɛɵɥɢ ɧɚɣɞɟɧɵ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɫɢɫɬɟɦɵ ɜɨɞɨɪɨɞ - ɈɐɄ-ɫɩɥɚɜɵ V-Fe. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ ɜɨɞɨɪɨɞ - ɈɐɄ-

ɫɩɥɚɜɵ V-kFО ɪɨɫɬ ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ ɜɚɧɚɞɢɹ ɠɟɥɟɡɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɷɧɬɪɨɩɢɣɧɵɣ ɦɧɨɠɢɬɟɥɶ ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɢ ɫɧɢɠɚɟɬɫɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ. 

3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɥɟɝɢɪɨɜɚɧɢɟ ɜɚɧɚɞɢɹ ɠɟɥɟɡɨɦ ɫɧɢɠɚɟɬ ɫɤɨɪɨɫɬɶ 
ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɟɪɟɧɨɫɚ ɜɨɞɨɪɨɞɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ 
ɤɨɧɫɬɚɧɬɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ܭV−kFୣ ɢ ɜ ɦɟɧɶɲɟɣ ɦɟɪɟ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ܦV−kFୣ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-kFe ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 300 

- 450°ɋ. 

4. ȼ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɜɨɞɨɪɨɞɚ ɨɬ 0.1 ɞɨ 0.8 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪ 300 – 

450℃ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɧɢɤɚɸɳɢɣ ɩɨɬɨɤ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɜɫɟ ɢɫɫɥɟɞɭɟɦɵɟ 
ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ-ɫɩɥɚɜɨɜ V-Fe ɜɫɟɝɞɚ ɢɦɟɟɬ ɜɢɞ j ~ (Pin

0.5- Pout
0.5) ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɬɨɝɨ, ɹɜɥɹɟɬɫɹ ɥɢ ɪɚɫɬɜɨɪ ɜɨɞɨɪɨɞɚ ɢɞɟɚɥɶɧɵɦ ɢɥɢ ɧɟɬ.  
5. ȼɟɥɢɱɢɧɚ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɢɡ ɫɩɥɚɜɚ V-

13.1ɚɬ.%Fe ɜ 2-3 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɜɟɥɢɱɢɧɭ ɩɪɨɧɢɤɚɸɳɟɝɨ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ 
ɩɚɥɥɚɞɢɟɜɭɸ ɦɟɦɛɪɚɧɭ ɚɧɚɥɨɝɢɱɧɨɣ ɬɨɥɳɢɧɵ, ɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɢɡ ɫɩɥɚɜɚ V-

3.5ɚɬ.%Fe ɤɚɤ ɦɢɧɢɦɭɦ ɧɚ ɩɨɪɹɞɨɤ, ɨɞɧɚɤɨ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
ɢ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ ɧɚ ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧɵ 0.6 Ɇɉɚ ɜɟɥɢɤɚ 
ɜɟɪɨɹɬɧɨɫɬɶ ɟɟ ɪɚɡɪɭɲɟɧɢɹ ɜ ɫɥɟɞɫɬɜɢɟ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɫɩɥɚɜɚ V-

3.5ɚɬ.%Fe. 

6. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɫɧɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ 
ɱɟɪɟɡ ɢɫɫɥɟɞɭɟɦɵɟ ɦɟɦɛɪɚɧɧɵɟ ɨɛɪɚɡɰɵ ɢɡ ɈɐɄ ɫɩɥɚɜɚ ɜɚɧɚɞɢɹ ɫ ɡɚɳɢɬɧɨ-

ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɩɚɥɥɚɞɢɟɜɵɦ ɩɨɤɪɵɬɢɟɦ, ɢɦɟɟɬ ɫɢɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɧɭɸ 
ɡɚɜɢɫɢɦɨɫɬɶ, ɫɪɚɜɧɢɦɭɸ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɧɨɣ 
ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ ɜɚɧɚɞɢɟɦ ɢ ɩɚɥɥɚɞɢɟɦ. ɉɪɢ Ɍ=400°ɋ ɩɪɨɧɢɤɚɸɳɢɣ ɩɨɬɨɤ 
ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɫɧɢɠɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɩɨɪɹɞɨɤ ɡɚ 2000 ɱɚɫɨɜ 
ɷɤɫɩɨɡɢɰɢɢ. 

7. ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɤɨɪɨɫɬɢ ɫɧɢɠɟɧɢɹ ɩɪɨɧɢɤɚɸɳɟɝɨ 
ɩɨɬɨɤɚ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ-ɫɩɥɚɜɚ ɜɚɧɚɞɢɹ ɫ ɩɚɥɥɚɞɢɟɜɵɦ 
ɩɨɤɪɵɬɢɟɦ ɨɩɪɟɞɟɥɟɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ 300°ɋ - 350°ɋ, ɩɨɡɜɨɥɹɸɳɢɣ 
ɫɬɚɛɢɥɶɧɨ ɪɚɛɨɬɚɬɶ ɭɤɚɡɚɧɧɵɦ ɦɟɦɛɪɚɧɚɦ (ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɢɯ ɝɟɪɦɟɬɢɱɧɨɫɬɢ) ɛɟɡ 
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ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɧɢɠɟɧɢɹ ɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɢɯ ɪɚɛɨɬɟ ɫ ɜɨɞɨɪɨɞɨɦ ɜ 
ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ 0.1-0.6 Ɇɉɚ ɧɟ ɦɟɧɟɟ 18000 ɱɚɫɨɜ.  

8. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɜ ɈɐɄ ɫɩɥɚɜɚɯ V-Fe ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɛɨɥɟɟ 7 
ɚɬ.% ɪɢɫɤ ɩɟɪɟɯɨɞɚ ɢɡ ɩɥɚɫɬɢɱɧɨɝɨ ɜ ɯɪɭɩɤɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɧɚɜɨɞɨɪɚɠɢɜɚɧɢɢ 
ɫɩɥɚɜɨɜ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ ɧɚ 
ɜɯɨɞɧɨɣ ɫɬɨɪɨɧɟ ɦɟɦɛɪɚɧ 0.6 Ɇɉɚ ɢ ɜɵɲɟ ɦɢɧɢɦɚɥɟɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɦɢɧɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɟɦɛɪɚɧɧɨɦ ɦɚɬɟɪɢɚɥɟ ɢɡ 
ɈɐɄ ɫɩɥɚɜɚ V-Fe ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 7.0 ɚɬ.%. 

9. ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɚɜ 
ɫɩɥɚɜɚ V-Fe (ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɨɬ 7.0 ɞɨ 13.1 ɚɬ.%) ɤɚɤ ɦɚɬɟɪɢɚɥɚ 
ɜɨɞɨɪɨɞɨɩɪɨɧɢɰɚɟɦɵɯ ɦɟɦɛɪɚɧ, ɨɩɬɢɦɚɥɶɧɨɝɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɢ ɧɚɞёɠɧɨɫɬɢ ɜ ɨɠɢɞɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

 

 

ɈɋɇɈȼɇɕȿ ɉɍȻɅɂɄȺɐɂɂ ɉɈ ɌȿɆȿ ȾɂɋɋȿɊɌȺɐɂɂ 

 

1.   Kuzenov S.R. Extraction of ultrapure hydrogen with V-alloy membranes: From 

laboratory studies to practical applications / Alimov V.N., Bobylev I.V., Busnyuk A.O., 

Kolgatin S.N., Kuzenov S.R., Peredistov E. Yu., Livshits A.I. // Int. J. Hydrog. Energy. 

– 2018. – V. 29. – P.13318–13327. 

2. Kuzenov S.R. Bɋɋ V–Fe alloys for the hydrogen membranes: Hydrogen 

solubility and global character of alloying ɟffect / Alimov V.N., Busnyuk A.O., Kuzenov 

S.R., Peredistov E. Yu., Livshits A.I. // Journal of Membrane Science. – 2022. – V. 644 

(120159). – P.1-8. 

3.  Kuzenov S.R, Hydrogen transport through V–Fe alloy membranes: Permeation, 

НТППЮsТШЧ, ОППОМЭs ШП НОЯТКЭТШЧ ПrШЦ SТОЯОrЭs’ ХКа / KЮгОЧШЯ S.R., AХТЦШЯ V.N., BЮsЧвЮФ 
A.O., Peredistov E. Yu., Livshits A.I. // Journal of Membrane Science. – 2023. – V. 674 

(121504). – P.1-12. 

4.  Ʉɭɡɟɧɨɜ ɋ.Ɋ. Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɟɥɟɤɬɢɜɧɨɣ ɨɬɤɚɱɤɢ ɫɦɟɫɢ D/T 

ɜ ɭɫɬɚɧɨɜɤɚɯ ɭɩɪɚɜɥɹɟɦɨɝɨ ɬɟɪɦɨɹɞɟɪɧɨɝɨ ɫɢɧɬɟɡɚ ɫ ɩɨɦɨɳɶɸ ɫɜɟɪɯɩɪɨɧɢɰɚɟɦɵɯ 
ɦɟɦɛɪɚɧ / ɉɟɪɟɞɢɫɬɨɜ ȿ.ɘ., Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ 
Ⱥ.ɂ.// ɉɢɫɶɦɚ ɜ ɀɭɪɧɚɥ ɬɟɯɧɢɱɟɫɤɨɣ ɮɢɡɢɤɢ. –2024 –  Ɍ.50 – ȼ. 2 – ɋ.44-46. 

5.  Ʉɭɡɟɧɨɜ ɋ.Ɋ. ȼɥɢɹɧɢɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɢɨɛɢɟɜɨɣ ɩɨɞɥɨɠɤɢ ɧɚ 
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɡɚɳɢɬɧɨ-ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɢɡ ɩɚɥɥɚɞɢɹ / Ʉɭɡɟɧɨɜ ɋ.Ɋ., 
Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ ȿ.ɘ. // ȼɨɩɪɨɫɵ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. – 2024. – №1 (117), ɋ. 147-158. 

6.  Ʉɭɡɟɧɨɜ ɋ.Ɋ. Ɇɟɦɛɪɚɧɵ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ: ɩɪɨɛɥɟɦɚ ɯɪɭɩɤɨɫɬɢ ɢ 
ɟɟ ɪɟɲɟɧɢɟ / Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ. 
ȿ.ɘ. // Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɢɧɮɨɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɧɚɭɤɟ ɢ ɨɛɪɚɡɨɜɚɧɢɢ 
(ȺɉɂɇɈ 2019).: ɫɛ. ɧɚɭɱ. ɫɬ. ɜ 4 ɬ. ɋɉɛ.: ɋɉɛȽɍɌ, 2019. Ɍ. 3. ɋ. 373-378. 

7.  Ʉɭɡɟɧɨɜ ɋ.Ɋ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɨɞɨɪɨɞɨɩɪɨɧɢɰɚɟɦɵɯ 
ɦɟɦɛɪɚɧɵ ɜ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ / Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ 
Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ ȿ.ɘ. // Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɢɧɮɨɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɧɚɭɤɟ ɢ 



22 

 

ɨɛɪɚɡɨɜɚɧɢɢ (ȺɉɂɇɈ 2020): ɫɛ. ɧɚɭɱ. ɫɬ. ɜ 4 ɬ. ɋɉɛ.: ɋɉɛȽɍɌ, Ɍ. 3., 2020. ɋ. 392 -
397. 

8.  Ʉɭɡɟɧɨɜ ɋ.Ɋ. ȼɑ-ɝɟɧɟɪɚɬɨɪ ɜɨɞɨɪɨɞɧɨɣ ɩɥɚɡɦɵ ɞɥɹ ɜɵɫɨɤɨɜɚɤɭɭɦɧɵɯ 
ɭɫɬɚɧɨɜɨɤ / Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ 
ȿ.ɘ. // Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɢɧɮɨɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɧɚɭɤɟ ɢ ɨɛɪɚɡɨɜɚɧɢɢ 
(ȺɉɂɇɈ 2022): ɫɛ. ɧɚɭɱ. ɫɬ. ɜ 4 ɬ. ɋɉɛ.: ɋɉɛȽɍɌ, 2022. ɋ. 499-505. 

9. Ʉɭɡɟɧɨɜ ɋ.Ɋ. Ɍɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ V-PН ɦɟɦɛɪɚɧ 
ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɪɨɞɨɩɪɨɧɢɰɚɟɦɵɯ ɦɟɦɛɪɚɧ // Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ 
ɢɧɮɨɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɧɚɭɤɟ ɢ ɨɛɪɚɡɨɜɚɧɢɢ (ȺɉɂɇɈ 2023): ɫɛ. ɧɚɭɱ. ɫɬ. ɜ 4 ɬ. 
ɋɉɛ.: ɋɉɛȽɍɌ, 2023. Ɍ. 3. – ɋ. 666-672. 

10. Ʉɭɡɟɧɨɜ ɋ.Ɋ. Ɉɰɟɧɤɚ ɫɧɢɠɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɟɦɛɪɚɧ ɢɡ ɦɟɬɚɥɥɨɜ 
5 ɝɪɭɩɩɵ ɩɪɢ ɪɚɛɨɬɟ ɫ ɋɈ-ɫɨɞɟɪɠɚɳɢɦɢ ɝɚɡɚɦɢ / Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ⱥɥɢɦɨɜ ȼ.ɇ., 
Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ ȿ.ɘ. // Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ 
ɢɧɮɨɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɧɚɭɤɟ ɢ ɨɛɪɚɡɨɜɚɧɢɢ (ȺɉɂɇɈ 2023): ɫɛ. ɧɚɭɱ. ɫɬ. ɜ 4 ɬ. 
ɋɉɛ.: ɋɉɛȽɍɌ, 2023. Ɍ. 3. – ɋ. 555-560. 

11.  Ʉɭɡɟɧɨɜ ɋ.Ɋ. ɉɨɥɭɱɟɧɢɟ ɭɥɶɬɪɚɱɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ ɢɡ ɩɪɨɩɚɧɚ ɫ ɩɨɦɨɳɶɸ 
ɦɟɦɛɪɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ / Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., 
Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ. ȿ.ɘ. // ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɡɨɬɨɩɨɜ 
ɜɨɞɨɪɨɞɚ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. IHISM´19 JUNIOR. ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ 
Ɍɪɢɧɚɞɰɚɬɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɲɤɨɥɵ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢɦ. 
Ⱥ.Ⱥ. Ʉɭɪɞɸɦɨɜɚ / ɉɨɞ ɪɟɞ. ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ Ⱥ. Ⱥ. ɘɯɢɦɱɭɤɚ. – ɋɚɪɨɜ: ɎȽɍɉ 
«ɊɎəɐ-ȼɇɂɂɗɎ», 2020, C.70-77. 

12. Ʉɭɡɟɧɨɜ ɋ.Ɋ. ɋɩɥɚɜɵ ɡɚɦɟɳɟɧɢɹ V–Fe ɞɥɹ ɜɨɞɨɪɨɞɨɩɪɨɧɢɰɚɟɦɵɯ 
ɦɟɦɛɪɚɧ: ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɩɪɢ 250 – 450°C, «ɝɥɨɛɚɥɶɧɵɣ» ɷɮɮɟɤɬ 
ɥɟɝɢɪɨɜɚɧɢɹ / Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ Ⱥ.Ɉ., Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ 

ȿ.ɘ. // ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɡɨɬɨɩɨɜ ɜɨɞɨɪɨɞɚ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 
IHISM´21. ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ ɑɟɬɵɪɧɚɞɰɚɬɨɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɲɤɨɥɵ ɦɨɥɨɞɵɯ 
ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢɦ. Ⱥ.Ⱥ. Ʉɭɪɞɸɦɨɜɚ / ɉɨɞ ɪɟɞ. ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ Ⱥ. Ⱥ. 
ɘɯɢɦɱɭɤɚ. – Ƚɚɬɱɢɧɚ: ɎȽɍɉ «ɊɎəɐ-ȼɇɂɂɗɎ», 2022 ɝ. ɋ.45-61. 

13. Ʉɭɡɟɧɨɜ ɋ.Ɋ. Ɍɪɚɧɫɩɨɪɬ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɢɡ ɈɐɄ-ɫɩɥɚɜɨɜ V-Fe: 

ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɞɢɮɮɭɡɢɹ, ɨɬɫɬɭɩɥɟɧɢɹ ɨɬ ɡɚɤɨɧɚ ɋɢɜɟɪɬɫɚ / Ⱥɥɢɦɨɜ ȼ.ɇ., Ȼɭɫɧɸɤ 
Ⱥ.Ɉ., Ʉɭɡɟɧɨɜ ɋ.Ɋ., Ʌɢɜɲɢɰ Ⱥ.ɂ., ɉɟɪɟɞɢɫɬɨɜ ȿ.ɘ. // ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɡɨɬɨɩɨɜ 
ɜɨɞɨɪɨɞɚ ɫ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. IHISM´22 Junior: ɫɛ. ɞɨɤɥɚɞɨɜ 15-ɣ 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɲɤɨɥɵ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢɦ. Ⱥ. Ⱥ. Ʉɭɪɞɸɦɨɜɚ / 
ɉɨɞ ɪɟɞ. ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ Ⱥ. Ⱥ. ɘɯɢɦɱɭɤɚ. – ɋɚɪɨɜ: ɎȽɍɉ «ɊɎəɐ-ȼɇɂɂɗɎ», 2023. 
– ɋ. 38-68. 

 

 


