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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɛɸɞɠɟɬɧɨɦ ɭɱɪɟɠɞɟɧɢɢ «ɇɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» (ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ»). 

ɇɚɭɱɧɵɣ     Ƚɪɢɝɨɪɶɟɜ ɋɟɪɝɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 

ɪɭɤɨɜɨɞɢɬɟɥɶ: ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ, ɡɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ 
Ɉɬɞɟɥɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢ ɜɨɞɨɪɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɍɩɪɚɜɥɟɧɢɹ ɩɨ ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɢ ɮɢɡɢɱɟɫɤɨɣ ɡɚɳɢɬɟ 
Ʉɭɪɱɚɬɨɜɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɪɟɚɛɢɥɢɬɚɰɢɢ ɢ 
ɧɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɛɸɞɠɟɬɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ «ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ», 
ɝ. Ɇɨɫɤɜɚ. 

Ɉɮɢɰɢɚɥɶɧɵɟ    Ʉɪɢɜɟɧɤɨ Ⱥɥɟɤɫɚɧɞɪ Ƚɟɨɪɝɢɟɜɢɱ 

ɨɩɩɨɧɟɧɬɵ: ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɡɚɜɟɞɭɸɳɢɣ 
ɥɚɛɨɪɚɬɨɪɢɟɣ ɥɚɡɟɪɧɨɣ ɷɥɟɤɬɪɨɯɢɦɢɢ Ɏɟɞɟɪɚɥɶɧɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɧɚɭɤɢ 
«Ɏɟɞɟɪɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ɩɪɨɛɥɟɦ 
ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢ ɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ Ɋɨɫɫɢɣɫɤɨɣ 
ɚɤɚɞɟɦɢɢ ɧɚɭɤ», ɝ. ɑɟɪɧɨɝɨɥɨɜɤɚ. 

              ɋɦɢɪɧɨɜɚ ɇɢɧɚ ȼɥɚɞɢɦɢɪɨɜɧɚ 

                                                           ɞɨɤɬɨɪ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ «ɏɢɦɢɱɟɫɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ» Ɏɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɘɠɧɨ-Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ (ɇɉɂ) ɢɦɟɧɢ Ɇ.ɂ. ɉɥɚɬɨɜɚ», ɝ. ɇɨɜɨɱɟɪɤɚɫɫɤ. 

ȼɟɞɭɳɚɹ ɨɪɝɚɧɢɡɚɰɢɹ: Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɧɚɭɤɢ «Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ», ɝ. Ɇɨɫɤɜɚ. 

Ɂɚɳɢɬɚ ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɨɢɬɫɹ 19 ɦɚɹ 2026 ɝ., ɧɚɱɚɥɨ ɜ 15 ɱɚɫɨɜ 00 ɦɢɧ., ɧɚ ɡɚɫɟɞɚɧɢɢ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 02.1.003.03 ɧɚ ɛɚɡɟ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» ɩɨ ɚɞɪɟɫɭ: 
123182, ɝ. Ɇɨɫɤɜɚ, ɩɥ. Ⱥɤɚɞɟɦɢɤɚ Ʉɭɪɱɚɬɨɜɚ, ɞ.1. 

ɋ ɞɢɫɫɟɪɬɚɰɢɟɣ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɛɢɛɥɢɨɬɟɤɟ ɇɂɐ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» ɢ ɧɚ ɫɚɣɬɟ 
www.nrcki.ru. 

Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɚɡɨɫɥɚɧ «___» ______________ 2026 ɝ. 

ɍɱɟɧɵɣ ɫɟɤɪɟɬɚɪɶ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɫɨɜɟɬɚ 02.1.003.03 

ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ      Ɍ.ȿ. Ƚɪɢɝɨɪɶɟɜ 
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ɈȻЩȺə ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊȺȻɈɌЫ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ 

ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɦɢɪɨɜɨɝɨ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɧɚ ɮɨɧɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɵɛɪɨɫɨɜ ɢ 
ɫɨɯɪɚɧɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɜɟɞёɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ 
ɜɧɟɞɪɟɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɢ ɷɤɨɥɨɝɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. Ȼɥɚɝɨɞɚɪɹ ɧɨɜɵɦ ɢɞɟɹɦ, 
ɦɚɬɟɪɢɚɥɚɦ ɢ ɬɟɯɧɨɥɨɝɢɹɦ, ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɟɬɢɤɚ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɧɚɩɪɚɜɥɟɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɩɪɨɬɨɧɨɨɛɦɟɧɧɨɣ ɦɟɦɛɪɚɧɨɣ (ɉɈɆɌɗ). 
Ɉɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ, ɡɚɦɟɞɥɹɸɳɢɦɢ ɪɨɫɬ ɤɨɦɦɟɪɱɟɫɤɨɣ ɞɨɫɬɭɩɧɨɫɬɢ ɞɚɧɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɨɫɬɚɸɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɵɯ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧɢɯ ɦɟɬɚɥɥɨɜ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. 
Ⱦɚɧɧɵɟ ɮɚɤɬɨɪɵ ɩɪɢɜɨɞɹɬ ɤ ɪɨɫɬɭ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ (Ɍɗ), ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ 
ɫɱɟɬ ɦɚɥɨɝɨ ɫɪɨɤɚ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɚɧɚɥɨɝɚɦɢ, ɧɚɩɪɢɦɟɪ, 
ɞɜɢɝɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ.  

Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ Д1]. ɇɨɫɢɬɟɥɶ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɜɵɫɬɭɩɚɟɬ ɜ 
ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɉɈɆɌɗ, ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɳɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɪɟɫɭɪɫ ɟɝɨ ɪɚɛɨɬɵ, ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬ ɨɩɬɢɦɢɡɚɰɢɢ ɤɚɤ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ, 
ɬɚɤ ɢ ɦɟɬɨɞɢɤ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ Д2].  

Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ, 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɹɜɥɹɟɬɫɹ ɟɝɨ ɛɵɫɬɪɨɟ ɨɤɢɫɥɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ Ɍɗ Д3]. Ʉɨɪɪɨɡɢɹ 
ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɟɝɨ ɫɜɹɡɚɧɧɨɫɬɢ c ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɱɚɫɬɢɰɚɦɢ ɢ 
ɩɨɫɥɟɞɭɸɳɟɣ ɞɟɡɚɤɬɢɜɚɰɢɢ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɢɡ-ɡɚ ɱɟɝɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɛɨɥɶɲɟɣ ɡɚɝɪɭɡɤɢ ɚɤɬɢɜɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɷɥɟɤɬɪɨɞɚɯ. ɉɪɢ ɷɬɨɦ ɞɟɝɪɚɞɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ 
ɹɜɥɹɸɬɫɹ ɚɜɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ, ɚ ɡɧɚɱɢɬ, ɱɟɦ ɛɨɥɶɲɟ ɡɚɝɪɭɡɤɚ ɢ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɩɥɚɬɢɧɵ, ɬɟɦ ɛɵɫɬɪɟɟ ɩɪɨɢɫɯɨɞɹɬ ɩɪɨɰɟɫɫɵ ɢɯ ɞɟɡɚɤɬɢɜɚɰɢɢ, ɚ ɢɦɟɧɧɨ 
ɨɬɞɟɥɟɧɢɟ, ɪɚɫɬɜɨɪɟɧɢɟ, ɚɝɥɨɦɟɪɚɰɢɹ ɢ ɩɟɪɟɤɨɧɞɟɧɫɚɰɢɹ, ɫɧɢɠɚɸɳɢɟ ɪɟɫɭɪɫ ɪɚɛɨɬɵ 
ɭɫɬɪɨɣɫɬɜɚ Д4–6]. 

ɉɪɢɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɦɨɝɭɬ ɭɥɭɱɲɢɬɶ ɪɚɛɨɬɭ Ɍɗ. ɂɯ ɜɵɫɨɤɨ ɪɚɡɜɢɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɧɚɥɢɱɢɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɜɟɥɢɱɟɧɢɟ ɞɢɫɩɟɪɫɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɥɚɬɢɧɨɜɵɯ ɱɚɫɬɢɰ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ Д7, 8]. ɉɨɜɵɲɟɧɢɟ ɷɧɟɪɝɢɢ ɭɝɥɟɪɨɞɧɵɯ ɫɜɹɡɟɣ ɜ ɫɬɪɭɤɬɭɪɟ ɧɨɫɢɬɟɥɹ ɢ 
ɛɨɥɟɟ ɫɢɥɶɧɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɨɫɢɬɟɥɟɦ ɢ ɚɤɬɢɜɧɵɦ ɦɟɬɚɥɥɨɦ ɩɪɢɜɨɞɹɬ 
ɤ ɪɨɫɬɭ ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ Д9]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɜ ɫɨɫɬɚɜɟ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɭɫɢɥɟɧɢɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɱɚɫɬɢɰɚɦɢ ɦɟɬɚɥɥɚ ɢ ɧɨɫɢɬɟɥɟɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɜɥɢɹɧɢɹ ɞɟɝɪɚɞɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ Д10]. ɉɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 
Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜɦɟɫɬɟ ɫ ɪɨɫɬɨɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
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ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɬɢɧɵ ɜ ɷɥɟɤɬɪɨɞɚɯ, ɩɪɢ ɷɬɨɦ ɩɨɜɵɫɢɜ ɨɠɢɞɚɟɦɵɣ ɪɟɫɭɪɫ 
ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ Д11]. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɢ ɢɡɭɱɟɧɢɢ ɷɥɟɤɬɪɨɞɨɜ ɢ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ, 
ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ (ɍɇɌ) ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɨɤɫɢɞɨɜ ɝɪɚɮɟɧɨɜ (ȼɈȽ), ɜ ɬɨɦ ɱɢɫɥɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ, ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɨɜɵɲɟɧɧɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɟɪɟɣɬɢ ɤ ɦɟɬɨɞɚɦ ɪɚɡɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɤɚɬɨɞɚ 
ɉɈɆɌɗ ɧɚ ɨɫɧɨɜɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɢɧɰɢɩɨɜ.  

ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɂɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɝɪɚɮɟɧɨɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɧɨɫɢɬɟɥɟɣ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɞɥɹ ɤɚɬɨɞɚ ɉɈɆɌɗ ɫɨɫɬɚɜɥɹɟɬ 
ɩɟɪɟɞɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɞɚɧɧɵɣ 
ɦɨɦɟɧɬ ɦɟɬɨɞɵ ɫɨɡɞɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɥɨɟɜ (Ʉɋ) ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɩɪɟɞɩɨɥɚɝɚɸɬ ɧɚɧɟɫɟɧɢɟ PЭ ɧɚ ɝɪɚɮɟɧɨɩɨɞɨɛɧɵɯ ɧɨɫɢɬɟɥɹɯ ɧɚ ɝɚɡɨɞɢɮɮɭɡɢɨɧɧɵɣ ɫɥɨɣ (ȽȾɋ), 
ɥɢɛɨ ɢɯ ɞɨɛɚɜɥɟɧɢɟ ɤ ɦɢɤɪɨɩɨɪɢɫɬɨɦɭ ɫɥɨɸ (Ɇɉɋ), ɱɬɨ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 

ɬɪɟɛɨɜɚɧɢɹɦ ɜɵɫɨɤɨɝɨ ɫɰɟɩɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ Ʉɋ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɫɨɜɪɟɦɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɦɟɬɨɞɵ ɦɨɞɢɮɢɤɚɰɢɢ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɤɨɦɩɨɧɟɧɬɚɦɢ, 
ɢɧɝɢɛɢɪɭɸɳɢɦɢ ɞɟɝɪɚɞɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɦɢ ɢ 
ɦɧɨɝɨɫɬɚɞɢɣɧɵɦɢ, ɚ ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɥɢɫɶ 
ɜ ɦɟɬɚɧɨɥɶɧɵɯ Ɍɗ ɢɥɢ ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɝɚɡɨɜɵɯ ɫɟɧɫɨɪɚɯ.  

ɐɟɥɢ ɢ ɡɚɞɚɱɢ 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɤɚɬɨɞɚ ɉɈɆɌɗ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ, ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɦɟɠɞɭ ɢɯ 
ɫɨɫɬɚɜɨɦ, ɫɬɪɭɤɬɭɪɨɣ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɟɣ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1. Ɋɚɡɪɚɛɨɬɚɬɶ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɦɟɬɨɞɢɤɭ ɫɢɧɬɟɡɚ ɦɚɫɫɢɜɚ ɍɇɌ (ɦɍɇɌ) 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɷɥɟɤɬɪɨɞɚ, ɨɩɪɟɞɟɥɢɬɶ 
ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɤɚɬɨɞɧɨɝɨ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɥɨɹ (ɄɄɋ) ɫ ɭɱёɬɨɦ ɫɬɪɭɤɬɭɪɧɵɯ, ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɈɆɌɗ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɄɄɋ ɧɚ 
ɨɫɧɨɜɟ ɍɇɌ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ. 

3. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɧɨɫɢɬɟɥɹ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɜɢɞɟ 
ȼɈȽ ɱɚɫɬɢɰɚɦɢ SЧO2 ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ Pt-

ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɩɪɟɞɥɨɠɢɬɶ ɜɨɡɦɨɠɧɵɟ ɦɟɯɚɧɢɡɦɵ ɩɨɜɵɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ 

1. ȼɩɟɪɜɵɟ ɪɚɡɪɚɛɨɬɚɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɦɟɬɨɞɢɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ PЭ-ɷɥɟɤɬɪɨɞɚ ɧɚ 
ɨɫɧɨɜɟ ɦɍɇɌ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɬɪɭɤɬɭɪɨɣ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɯ ɪɨɫɬɚ. 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɚɞɚɧɧɚɹ ɬɨɥɳɢɧɚ ɦɚɫɫɢɜɚ, ɚ ɬɚɤɠɟ ɞɢɫɩɟɪɫɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ 
ɩɥɚɬɢɧɵ ɩɨ ɜɟɪɯɧɟɦɭ ɫɥɨɸ ɦɍɇɌ ɨɛɟɫɩɟɱɢɜɚɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

2. ȼɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɭɫɥɨɜɢɹɦɢ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ 
(ɆɊ) Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɨɫɬɚ ɦɍɇɌ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ, ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɩɨɥɭɱɟɧɧɵɯ Ni-ɧɚɧɨɱɚɫɬɢɰ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɵɪɚɳɟɧɧɨɝɨ ɦɍɇɌ. ȼɵɹɜɥɟɧɨ ɜɥɢɹɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɨɫɚɠɞɟɧɢɹ NТ ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɢ ɞɟɮɟɤɬɧɨɫɬɶ ɦɍɇɌ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋ. 

3. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɰɟɧɤɢ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɥɢɹɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɨɫɢɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɍɇɌ ɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɄɄɋ, ɜɤɥɸɱɚɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ (ɗȺɉ), ɚ ɬɚɤɠɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɈɆɌɗ.  

4. ȼɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪ ɧɚ ɨɫɧɨɜɟ ȼɈȽ ɫɨɫɬɚɜɚ 
Pt/SnO2/ȼɈȽ, ɢɦɟɸɳɢɣ ɝɟɬɟɪɨɤɥɚɫɬɟɪɵ Pt-SnO2, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɫɢɥɟɧɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɚɥɥ-ɧɨɫɢɬɟɥɶ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɞɟɝɪɚɞɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɡɚ ɫɱёɬ ɢɡɦɟɧɟɧɢɹ 
ɷɥɟɤɬɪɨɧɧɨ-ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɩɥɚɬɢɧɵ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ  
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ 

ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɨɛɥɚɞɚɸɬ ɭɥɭɱɲɟɧɧɵɦ ɫɬɪɨɟɧɢɟɦ ɚɤɬɢɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ 
ɩɨɜɵɲɚɟɬ ɢɯ ɗȺɉ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɞɟɝɪɚɞɚɰɢɢ. Ɇɟɬɨɞɢɤɚ ɩɨɫɥɨɣɧɨɝɨ ɜɵɪɚɳɢɜɚɧɢɹ ɦɍɇɌ 
ɧɚ ȽȾɋ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɦɨɪɮɨɥɨɝɢɸ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɱɚɫɬɢɰ, ɱɬɨ ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɪɭɤɬɭɪɵ ɢ ɦɟɯɚɧɢɡɦɨɜ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɋɨɡɞɚɧɧɵɣ ɷɥɟɤɬɪɨɞ ɧɨɜɨɝɨ ɬɢɩɚ ɫ Ɇɉɋ ɨɛɥɚɞɚɟɬ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɩɨɜɵɲɟɧɧɨɣ ɧɚ 10 % ɢ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɞɟɝɪɚɞɚɰɢɢ, ɭɜɟɥɢɱɟɧɧɨɣ ɜ 
ɞɜɚ ɪɚɡɚ, ɞɨɫɬɢɝɧɭɬɵɦɢ ɛɥɚɝɨɞɚɪɹ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪɵ ɷɥɟɤɬɪɨɞɚ. ɉɪɟɞɥɨɠɟɧɧɚɹ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬ ɜɥɢɹɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ, ɍɇɌ, ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɄɄɋ, ɩɨɡɜɨɥɹɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ. 
ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɞ ɧɨɜɨɝɨ ɬɢɩɚ ɫ Ɇɉɋ ɜ ɜɢɞɟ ɩɨɫɥɨɣɧɨ ɜɵɪɚɳɟɧɧɵɯ ɦɍɇɌ ɢ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪ ɫɨɫɬɚɜɚ Pt/SnO2/ɯ-ȼɈȽ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ 
ɦɨɝɭɬ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɤɚɬɨɞɚ ɉɈɆɌɗ, ɚ ɬɚɤɠɟ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɦɟɯɚɧɢɡɦɨɜ ɤɚɬɚɥɢɡɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɥɟɤɬɪɨɞɨɜ ɜ 
ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ ɉɈɆɌɗ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɯɨɞ ɨɬ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ ɤ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɦ ɦɟɬɨɞɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɨɜ.                                                       

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ 

1. Ɇɟɬɨɞɢɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɚ ɧɨɜɨɝɨ ɬɢɩɚ ɧɚ ɨɫɧɨɜɟ ɦɍɇɌ, ɜɵɪɚɳɟɧɧɵɯ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ. ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɭɫɥɨɜɢɹɦɢ ɆɊ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɍɇɌ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɞɚ. 
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2. ɋɨɫɬɚɜ, ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɞɚ ɧɚ ɨɫɧɨɜɟ ɦɍɇɌ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɟ 
ɭɥɭɱɲɟɧɧɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɩɨɜɵɲɟɧɧɭɸ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɡɚ 
ɫɱёɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Pt-ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. 

3. ȼɥɢɹɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɨɫɢɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɍɇɌ ɢ ɡɚɝɪɭɡɤɢ 
ɩɥɚɬɢɧɵ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɄɄɋ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɈɆɌɗ ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɥɟɤɬɪɨɞɚɦɢ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɭɬɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  

4. ȼɥɢɹɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɧɨɫɢɬɟɥɹ, ȼɈȽ, ɱɚɫɬɢɰɚɦɢ 
SnO2 ɧɚ ɦɨɪɮɨɥɨɝɢɸ ɢ ɫɜɨɣɫɬɜɚ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɨɛɨɫɧɨɜɚɧɢɟ ɪɨɫɬɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɡɚ ɫɱёɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɟɬɟɪɨɤɥɚɫɬɟɪɨɜ 
Pt-SnO2 ɢ ɭɫɢɥɟɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥ-ɧɨɫɢɬɟɥɶ ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ ɪɚɛɨɬɵ 

ȼ ɨɫɧɨɜɭ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɥɟɝɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɚɜɬɨɪɨɦ ɜ 2021–
2024 ɝɨɞɚɯ. Ⱥɜɬɨɪ ɩɪɢɧɢɦɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱ, ɩɥɚɧɢɪɨɜɚɧɢɢ ɢ 
ɜɵɩɨɥɧɟɧɢɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɧɨɫɢɬɟɥɟɣ ɢ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɉɈɆɌɗ. Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ 
ɫɨɫɬɨɹɥ ɬɚɤɠɟ ɜ ɜɵɩɨɥɧɟɧɢɢ ɱɢɫɥɟɧɧɵɯ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ, ɨɛɫɭɠɞɟɧɢɢ ɢ ɚɧɚɥɢɡɟ ɜɫɟɯ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɚ ɬɚɤɠɟ ɩɨɞɝɨɬɨɜɤɟ ɩɭɛɥɢɤɚɰɢɣ.  

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɤ 
ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɢɯ ɧɨɫɢɬɟɥɟɣ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɦɩɥɟɤɫɚ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɚɧɚɥɢɡɨɦ ɢ ɨɛɪɚɛɨɬɤɨɣ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢ ɫɬɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ: ɋɟɞɶɦɨɣ ɢ Ⱦɟɫɹɬɨɣ ȼɫɟɪɨɫɫɢɣɫɤɢɯ 
ɤɨɧɮɟɪɟɧɰɢɹɯ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ɍɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɧɚ ɢɯ 
ɨɫɧɨɜɟ»; 6ЭС IЧЭОrЧКЭТoЧКХ SМСooХ-Conference on Catalysis for Young Scientists «Catalyst Design: 

From MoleМЮХКr Эo IЧНЮsЭrТКХ LОvОХ»; II Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 
«Ɋɟɞɤɢɟ ɦɟɬɚɥɥɵ ɢ ɦɚɬɟɪɢɚɥɵ ɧɚ ɢɯ ɨɫɧɨɜɟ: ɬɟɯɧɨɥɨɝɢɢ, ɫɜɨɣɫɬɜɚ ɢ ɩɪɢɦɟɧɟɧɢɟ» (ɊɟɞɆɟɬ-

2022); IБ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ʌɚɡɟɪɧɵɟ, ɩɥɚɡɦɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ 
— Ʌɚɉɥɚɡ 2023»; ȼɬɨɪɨɦ ȼɫɟɪɨɫɫɢɣɫɤɨɦ ɫɟɦɢɧɚɪɟ «ɗɥɟɤɬɪɨɯɢɦɢɹ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɢ 
ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ»; БIБ Ɋɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɢ ɷɥɟɤɬɪɨɯɢɦɢɹ 
ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɢ ɬɜɟɪɞɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ»; 11-ɨɦ Ɇɟɠɞɭɧɚɪɨɞɧɨɦ Ɏɪɭɦɤɢɧɫɤɨɦ ɫɢɦɩɨɡɢɭɦɟ 
ɩɨ ɷɥɟɤɬɪɨɯɢɦɢɢ. 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɦɚɬɟɪɢɚɥɚɦ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 15 ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ 5 
ɩɭɛɥɢɤɚɰɢɣ ɜ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɹɯ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɩɟɪɟɱɟɧɶ ȼȺɄ ɊɎ ɢ ɜ ɛɚɡɵ ɞɚɧɧɵɯ 
АОЛ oП SМТОЧМО ɢ SМopЮs. 

Ɉɛɴɟɦ ɢ ɫɬɪɭɤɬɭɪɚ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɜɤɥɸɱɚɟɬ ɜɜɟɞɟɧɢɟ, 5 ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɟ, 
ɫɩɢɫɨɤ ɫɨɤɪɚɳɟɧɢɣ ɢ ɭɫɥɨɜɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ, ɚ ɬɚɤɠɟ ɫɩɢɫɨɤ ɰɢɬɢɪɭɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ. Ɉɛɳɢɣ 
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ɨɛɴɟɦ ɫɨɫɬɚɜɥɹɟɬ 155 ɫɬɪɚɧɢɰ, ɜɤɥɸɱɚɹ 55 ɪɢɫɭɧɤɨɜ, 12 ɬɚɛɥɢɰ, ɢ ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɢɡ 197 
ɧɚɢɦɟɧɨɜɚɧɢɣ. 

ɋɈȾȿɊɀȺɇɂȿ ɊȺȻɈɌЫ 

ȼɨ ɜɜɟɞɟɧɢɢ ɨɛɨɫɧɨɜɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɫɮɨɪɦɢɪɨɜɚɧɚ ɟɟ ɰɟɥɶ ɢ ɩɨɫɬɚɜɥɟɧɵ 
ɡɚɞɚɱɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ, ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɟ, ɨɩɢɫɚɧɚ ɩɪɚɤɬɢɱɟɫɤɚɹ 
ɡɧɚɱɢɦɨɫɬɶ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɡɥɨɠɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, 
ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɫɧɨɜɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ ɩɨ ɬɟɦɟ 
ɪɚɛɨɬɵ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 5 ɪɚɡɞɟɥɨɜ. ȼ 
ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɫɬɚɜ, ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɉɈɆɌɗ, ɚ ɬɚɤɠɟ ɨɩɢɫɚɧɵ ɦɟɬɨɞɵ 
ɫɢɧɬɟɡɚ ɩɪɢɦɟɧɹɟɦɵɯ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ. ȼɨ ɜɬɨɪɨɦ ɪɚɡɞɟɥɟ ɩɨɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ 
ɦɟɯɚɧɢɡɦɵ ɞɟɝɪɚɞɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ Ʉɋ, ɜɤɥɸɱɚɹ ɤɨɪɪɨɡɢɸ ɭɝɥɟɪɨɞɧɨɝɨ 
ɧɨɫɢɬɟɥɹ, ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɹɜɥɹɟɬɫɹ ɢɧɢɰɢɚɬɨɪɨɦ ɜɬɨɪɢɱɧɵɯ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɨɰɟɫɫɨɜ: 
ɪɚɫɬɜɨɪɟɧɢɹ, ɚɝɥɨɦɟɪɚɰɢɢ, ɨɬɞɟɥɟɧɢɹ ɢ ɩɟɪɟɤɨɧɞɟɧɫɚɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. ȼ ɬɪɟɬɶɟɦ 
ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɝɪɚɮɟɧɚ ɢ ɝɪɚɮɟɧɨɩɨɞɨɛɧɵɯ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɟɣ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ 
ɉɈɆɌɗ [Ⱥ1]. Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɤɚɤ 
ɝɪɚɮɟɧɵ, ɨɤɫɢɞɵ ɝɪɚɮɟɧɚ, ȼɈȽ, ɍɇɌ ɢ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɜɨɥɨɤɧɚ, ɦɚɫɫɢɜɵ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ 
ɍɇɌ ɢ ɞɪ. ȼ ɱɟɬɜɟɪɬɨɦ ɪɚɡɞɟɥɟ ɩɨɤɚɡɚɧɵ ɫɩɨɫɨɛɵ ɦɨɞɢɮɢɤɚɰɢɢ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɜ 
ɰɟɥɹɯ ɭɥɭɱɲɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ 
ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɸ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɡɞɚɧɢɟ ɞɟɮɟɤɬɨɜ ɜ ɝɪɚɮɟɧɨɜɨɣ 
ɫɬɪɭɤɬɭɪɟ, ɚ ɬɚɤɠɟ ɞɨɩɢɪɨɜɚɧɢɟ ɧɨɫɢɬɟɥɟɣ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɉɈɆɌɗ ɨɤɫɢɞɚɦɢ 
ɧɟɦɟɬɚɥɥɨɜ ɢ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. ȼ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɜɨɞɵ ɚɧɚɥɢɡɚ 
ɨɛɨɡɪɟɜɚɟɦɨɣ ɥɢɬɟɪɚɬɭɪɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɢɡɥɨɠɟɧɵ ɦɟɬɨɞɢɤɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɫɢɧɬɟɡɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɭɝɥɟɪɨɞɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɦɟɬɨɞɢɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɧɨɫɢɬɟɥɟɣ ɱɚɫɬɢɰɚɦɢ SnO2, 

ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɨɫɬɚ ɍɇɌ ɢ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɦɟɬɨɞɢɤɢ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ, ɬɚɤɠɟ ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɟɦɛɪɚɧɧɨ-ɷɥɟɤɬɪɨɞɧɵɯ 
ɛɥɨɤɨɜ (ɆɗȻ). ɇɚ ɪɹɞɭ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɟɧ ɪɹɞ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɩɬɢɦɢɡɚɰɢɹ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ ɦɚɫɫɢɜɚ ɍɇɌ ɩɭɬɟɦ 
ɩɨɞɛɨɪɚ ɪɟɠɢɦɚ ɆɊ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɨɫɬɚ ɧɚɧɨɬɪɭɛɨɤ, ɚ ɬɚɤɠɟ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɞɚ ɧɨɜɨɝɨ ɬɢɩɚ ɧɚ ɨɫɧɨɜɟ ɦɍɇɌ. ȼ ɰɟɥɹɯ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 
ɪɚɫɩɵɥɟɧɢɹ ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɨɫɬɚ ɦɍɇɌ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ NТ ɦɟɬɨɞɨɦ ɆɊ ɧɚ 
ȽȾɋ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɜɟɞɟɧɨ ɨɛɨɡɧɚɱɟɧɢɟ NТ/ȽȾɋ. ɇɚɩɵɥɟɧɢɟ ɧɢɤɟɥɹ ɧɚ ȽȾɋ ɦɚɪɤɢ ELAT LT 
1400 ɛɟɡ ɦɢɤɪɨɩɨɪɢɫɬɨɝɨ ɫɥɨɹ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɪɟɠɢɦɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (DC), ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɫ ɩɨɞɚɱɟɣ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɚ ɩɨɞɥɨɠɤɭ (DCV) ɢ ɜ ɢɦɩɭɥɶɫɧɨɦ ɪɟɠɢɦɟ (IM). Ȼɵɥɢ 
ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ NТDC/ELAT, NiDCV/ELAT ɢ NТIM/ELAT, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɜɫɟɯ 
ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɧɚɧɟɫɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɧɢɤɟɥɹ ɩɥɨɬɧɨɫɬɶ ɧɚɧɟɫɟɧɢɹ ɛɵɥɚ ɪɚɜɧɨɣ ɢ 
ɫɨɫɬɚɜɢɥɚ ~ 0.15 ɦɝ/ɫɦ2. 
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ɉɪɨɰɟɫɫ ɪɚɫɩɵɥɟɧɢɹ ɧɢɤɟɥɹ ɜ ɪɟɠɢɦɟ DC ɛɵɥ ɤɪɚɣɧɟ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɢ 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦ, ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɧɚɧɟɫɟɧɢɹ ɧɢɤɟɥɹ ɩɨɥɭɱɟɧɨ 
ɧɟ ɛɵɥɨ. ȼ IM ɪɟɠɢɦɟ ɩɨɥɭɱɟɧɨ ɧɢɤɟɥɟɜɨɟ ɩɨɤɪɵɬɢɟ ɫ ɪɚɡɦɟɪɨɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɱɚɫɬɢɰ ɨɬ 1 
ɞɨ 5.5 ɧɦ, 70 % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɱɚɫɬɢɰ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɞɢɚɦɟɬɪɨɦ 2.0–3.5 ɧɦ. 
ɇɚɧɨɱɚɫɬɢɰɵ ɨɛɪɚɡɨɜɚɥɢ ɚɝɥɨɦɟɪɚɬɵ ɜ ɮɨɪɦɟ ɞɟɧɞɪɢɬɨɜ ɫ ɞɢɚɦɟɬɪɨɦ ɨɬ 18 ɞɨ 120 ɧɦ, ɩɪɢɱɟɦ 
ɧɚɛɥɸɞɚɥɚɫɶ ɡɧɚɱɢɬɟɥɶɧɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɚɝɥɨɦɟɪɚɬɨɜ ɩɨ ɞɢɚɦɟɬɪɚɦ. 

ɉɥɟɧɤɚ NТ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɠɢɦɟ DCV, 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɚɫɶ ɦɟɧɟɟ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ 
ɩɥɨɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ NТ ɫɨɫɬɚɜɢɥ ~ 

3.0 ɧɦ (ɞɢɚɦɟɬɪ ɛɨɥɟɟ 85 % ɱɚɫɬɢɰ ɧɚɯɨɞɢɥɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
ɨɬ 1.5 ɞɨ 4.5 ɧɦ). Ȼɨɥɟɟ ɩɨɥɨɜɢɧɵ ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ 
ɚɝɥɨɦɟɪɚɬɨɜ ɧɢɤɟɥɹ ɫɨɫɬɚɜɢɥɚ ɮɪɚɤɰɢɹ ɫɨ ɫɪɟɞɧɢɦ 
ɞɢɚɦɟɬɪɨɦ ɚɝɥɨɦɟɪɚɬɨɜ ɨɤɨɥɨ 50 ɧɦ. Ɍɚɤɠɟ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 
(ɉɗɆ) ɞɥɹ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚɛɥɸɞɚɥɢɫɶ ɥɢɧɢɢ ɪɟɲɟɬɤɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɧɨɱɚɫɬɢɰ (ɪɢɫɭɧɨɤ 1). ɍɩɨɪɹɞɨɱɟɧɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɟ ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɝɚɪɚɧɬɢɪɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɞɧɨɪɨɞɧɵɯ ɚɤɬɢɜɧɵɯ 

ɰɟɧɬɪɨɜ ɞɥɹ ɪɨɫɬɚ ɍɇɌ. Ɋɟɠɢɦ DCV ɨɛɟɫɩɟɱɢɥ ɩɥɨɬɧɨɟ ɩɨɤɪɵɬɢɟ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɧɢɡɤɨ 
ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɭɡɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɚɝɥɨɦɟɪɚɬɨɜ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɩɨɡɜɨɥɢɥ, 
ɫɮɨɪɦɢɪɨɜɚɜ ɨɞɧɨɪɨɞɧɭɸ ɩɥёɧɤɭ ɧɢɤɟɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ȽȾɋ, ɫɧɢɡɢɬɶ ɩɨɪɢɫɬɨɫɬɶ 

ɭɝɥɟɪɨɞɧɨɣ ɬɤɚɧɢ, ɩɪɟɞɨɬɜɪɚɬɢɜ 
ɞɢɮɮɭɡɢɸ ɱɚɫɬɢɰ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɜ ɝɥɭɛɶ ȽȾɋ.  

Ɂɚɬɟɦ ɧɚ ɨɛɪɚɡɰɚɯ ȽȾɋ ɫ 
ɧɚɧɟɫɟɧɧɵɦ ɧɢɤɟɥɟɜɵɦ 
ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɜ ɪɟɠɢɦɚɯ IM ɢ 
DCV ɩɪɨɜɨɞɢɥɫɹ ɫɢɧɬɟɡ ɍɇɌ 
ɦɟɬɨɞɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ 
ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ (ɏɈȽɎ).  

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ 
ɩɨɥɭɱɟɧɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɫɨɫɬɚɜɢɥ 

40–50 ɧɦ ɞɥɹ ɨɛɪɚɡɰɚ NТDCV/ELAT 

(ɪɢɫɭɧɤɢ 2-Ⱥ, 2-Ȼ). Ⱦɥɹ ɨɛɪɚɡɰɚ 
NiIM/ELAT, ɨɫɚɠɞɟɧɢɟ NТ ɧɚ 
ɤɨɬɨɪɵɣ ɩɪɨɜɨɞɢɥɨɫɶ ɜ 
ɢɦɩɭɥɶɫɧɨɦ ɪɟɠɢɦɟ, ɪɨɫɬɚ ɬɪɭɛɨɤ 
ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ (ɪɢɫɭɧɨɤ 2-ȼ), ɧɚ 
ɬɤɚɧɢ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɫɥɨɣ 
ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ ɫ 

Ɋɢɫɭɧɨɤ 1 – ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ 
ɧɚɧɨɱɚɫɬɢɰ NТ ɨɛɪɚɡɰɚ 

NiDCV/ELAT (ɲɤɚɥɚ 5 ɧɦ) 

Ɋɢɫɭɧɨɤ 2 – ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ ɦɚɫɫɢɜɚ ɭɝɥɟɪɨɞɧɵɯ 
ɧɚɧɨɬɪɭɛɨɤ, ɜɵɪɚɳɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ NТDCV/ELAT (Ⱥ – 

ɲɤɚɥɚ 500 ɧɦ, Ȼ – ɲɤɚɥɚ 100 ɧɦ), NТIM/ELAT (ȼ – ɲɤɚɥɚ 500 
ɧɦ) 
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ɮɪɚɝɦɟɧɬɚɦɢ ɬɨɥɫɬɨɫɬɟɧɧɵɯ ɞɟɮɟɤɬɧɵɯ ɬɪɭɛɨɤ ɬɨɥɳɢɧɨɣ ɛɨɥɟɟ 150 ɧɦ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɫɬɪɭɤɬɭɪɨɣ ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ ȽȾɋ ɜ ɢɦɩɭɥɶɫɧɨɦ ɪɟɠɢɦɟ. 

Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɍɇɌ ɦɟɬɨɞɨɦ ɏɈȽɎ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɨɫɚɠɞɟɧɢɟɦ NТ-
ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɟɬɨɞɨɦ ɆɊ ɛɵɥ ɜɵɛɪɚɧ ɪɟɠɢɦ DCV.  

ȼ ɰɟɥɹɯ ɨɩɪɟɞɟɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɍɇɌ, ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɧɚ ȽȾɋ, ɢ 

ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɬɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɦɚɫɫɢɜɨɜ ɍɇɌ ɦɟɬɨɞɨɦ 
ɏɈȽɎ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ ɫ Ni-ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɧɚɧɟɫɟɧɧɵɦ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɆɊ. ȼɪɟɦɹ ɧɚɩɵɥɟɧɢɹ ɫɨɫɬɚɜɥɹɥɨ ɨɬ 2 ɞɨ 10 ɦɢɧ, ɩɥɨɬɧɨɫɬɶ ɩɨɤɪɵɬɢɹ NТ – 0.05–0.20 ɦɝ/ɫɦ2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɨɫɬ ɦɍɇɌ ɨɫɬɚɧɚɜɥɢɜɚɥɫɹ, ɤɨɝɞɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɧɟɫɟɧɧɵɣ NТ-
ɤɚɬɚɥɢɡɚɬɨɪ ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɥɫɹ ɭɝɥɟɪɨɞɨɦ. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɍɇɌ ɜ ɤɚɱɟɫɬɜɟ 
Ɇɉɋ ɫ ɞɢɚɦɟɬɪɚɦɢ ɬɪɭɛɨɤ 40, 50, 75 ɢ 120 ɧɦ, ɤɨɬɨɪɵɦ ɛɵɥɢ ɞɚɧɵ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 
ɦɍɇɌ 40, ɦɍɇɌ 50, ɦɍɇɌ 75 ɢ ɦɍɇɌ 120 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɟɧɧɵɯ ɦɍɇɌ ɨɬ ɪɚɡɦɟɪɨɜ 

ɚɝɥɨɦɟɪɚɬɨɜ ɱɚɫɬɢɰ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ. Ⱦɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ȽȾɋ, ɚ ɬɚɤɠɟ ɬɨɥɳɢɧɚ ɫɥɨɹ ɦɍɇɌ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɩɭɬɟɦ ɨɛɪɚɛɨɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ (ɋɗɆ). 

Ɍɚɛɥɢɰɚ 1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɟɧɧɵɯ ɦɍɇɌ (ɬɨɥɳɢɧɚ ɫɥɨɹ ɢ ɞɢɚɦɟɬɪ ɬɪɭɛɨɤ) ɨɬ 
ɪɚɡɦɟɪɚ ɚɝɥɨɦɟɪɚɬɨɜ ɱɚɫɬɢɰ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɧɟɫɟɧɧɨɝɨ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ, D – ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ȽȾɋ 
ɫ ɦɍɇɌ, Н – ɞɢɚɦɟɬɪ ɢɫɯɨɞɧɨɝɨ ɜɨɥɨɤɧɚ ȽȾɋ, HɍɇɌ* – ɬɨɥɳɢɧɚ ɨɞɧɨɝɨ ɫɥɨɹ ɦɍɇɌ 

Ɉɛɪɚɡɟɰ 
ɂɫɯɨɞɧɵɣ 

ȽȾɋ 

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ Ni-
ɱɚɫɬɢɰ, ɧɦ 

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ 

ɧɚɧɨɬɪɭɛɨɤ, ɧɦ 
D, ɦɤɦ 

d, 
ɦɤɦ 

HɍɇɌ* , 
ɦɤɦ 

ɦɍɇɌ 40 ELAT LT 
1400 ɛɟɡ 

ɦɢɤɪɨɩɨɪɢɫ-
ɬɨɝɨ ɫɥɨɹ 

40±5 45±5 17±1 

9±1 

4±1 
ɦɍɇɌ 50 50±5 50±5 20±1 5±1 
ɦɍɇɌ 75 70±5 75±5 20±1 6±1 
ɦɍɇɌ 120 110±10 120±10 25±1 8±1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɚɟɦɨɝɨ ɦɍɇɌ (ɬɨɥɳɢɧɚ ɫɥɨɹ ɢ ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ) ɜɨ ɦɧɨɝɨɦ 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɧɟɫɟɧɧɨɝɨ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɢɦɟɧɧɨ ɪɚɡɦɟɪɨɦ 
ɚɝɥɨɦɟɪɚɬɨɜ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɥɢɫɶ ɪɟɠɢɦɨɦ ɆɊ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 
ɪɚɫɩɵɥɟɧɢɹ. ɗɬɨ ɹɜɥɟɧɢɟ ɫɜɹɡɚɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɩɪɟɤɪɚɳɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɍɇɌ ɩɪɢ 
ɩɨɥɧɨɣ ɤɚɪɛɨɧɢɡɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ [12]. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɢɚɦɟɬɪ ɧɚɧɨɬɪɭɛɨɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɞɢɚɦɟɬɪɭ ɧɢɤɟɥɟɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ȽȾɋ. Ɍɚɤɠɟ ɛɥɢɡɤɢɟ ɪɚɡɦɟɪɵ ɩɨɥɭɱɟɧɧɵɯ 
ɧɚɧɨɬɪɭɛɨɤ ɝɨɜɨɪɹɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ DCV ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ 
ɧɢɤɟɥɟɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɍɇɌ.  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɨɝɨ ɦɍɇɌ 50, ɜɵɪɚɳɟɧɧɨɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ, ɛɵɥ 
ɢɡɝɨɬɨɜɥɟɧ ɷɥɟɤɬɪɨɞ ɉɈɆɌɗ. ɉɨɫɤɨɥɶɤɭ ɍɇɌ ɜɵɫɬɭɩɚɥɢ ɢ ɤɚɤ ɧɨɫɢɬɟɥɶ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɱɚɫɬɢɰ, ɢ ɤɚɤ Ɇɉɋ, ɫɥɨɣ ɞɨɥɠɟɧ ɛɵɥ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɬɨɥɳɢɧɭ. Ɍɨɥɳɢɧɚ ɦɍɇɌ ɦɨɠɟɬ 
ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɫɧɢɠɚɟɬɫɹ ɱɢɫɬɨɬɚ ɢ ɤɚɱɟɫɬɜɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚɧɨɬɪɭɛɨɤ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɯ 
ɞɢɚɦɟɬɪ [13]. ɉɨɷɬɨɦɭ ɞɨɫɬɚɬɨɱɧɚɹ ɬɨɥɳɢɧɚ ɫɥɨɹ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɧɚɧɟɫɟɧɢɟɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɥɨɹ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɦɍɇɌ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɫɫɢɜ 
ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɫɥɨɣ ɡɚ ɫɥɨɟɦ, ɤɚɤ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 
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ɷɥɟɤɬɪɨɞɚ ɩɭɬɟɦ ɩɨɫɥɨɣɧɨɝɨ 
ɫɢɧɬɟɡɚ ɦɟɬɨɞɨɦ ɏɈȽɎ 
ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɫ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɨɫɚɠɞɟɧɢɟɦ NТ-
ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɟɬɨɞɨɦ ɆɊ ɛɵɥ 
ɜɵɛɪɚɧ ɪɟɠɢɦ DCV ɫ 
ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɪɚɫɩɵɥɟɧɢɹ 3 
ɦɢɧɭɬɵ (ɬɨɥɳɢɧɚ ɍɇɌ 50 ɧɦ, 
ɬɨɥɳɢɧɚ ɫɥɨɹ ~ 5 ɦɤɦ). Ɍɚɤɨɣ 
ɦɟɬɨɞ ɩɨɫɥɨɣɧɨɝɨ ɨɫɚɠɞɟɧɢɹ 
ɩɨɡɜɨɥɢɥ ɞɨɫɬɢɱɶ ɬɪɟɛɭɟɦɨɣ 
ɬɨɥɳɢɧɵ ɫɥɨɹ ɦɍɇɌ ɨɤɨɥɨ 27 ɦɤɦ 
ɡɚ ɩɹɬɶ ɢɬɟɪɚɰɢɣ. ɉɪɢ ɷɬɨɦ 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɤɨɧɬɪɨɥɶ ɪɚɡɦɟɪɚ 
ɩɨɥɭɱɚɟɦɵɯ ɧɚɧɨɬɪɭɛɨɤ ɧɚ 
ɤɚɠɞɨɦ ɲɚɝɟ ɫɢɧɬɟɡɚ. 

ɉɨɫɤɨɥɶɤɭ ɧɚ ɋɗɆ-

ɢɡɨɛɪɚɠɟɧɢɹɯ ɱɟɬɤɨ ɪɚɡɥɢɱɚɥɢɫɶ ɬɨɥɶɤɨ ɞɢɚɦɟɬɪɵ ɢɫɯɨɞɧɨɝɨ ɜɨɥɨɤɧɚ ɢ ɞɢɚɦɟɬɪɵ ɫ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɦɢ ɧɚ ɧɟɦ ɍɇɌ, ɢɫɩɨɥɶɡɭɹ ɩɪɢɛɥɢɠɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɨɫɬɚ ɍɇɌ, ɬɨɥɳɢɧɚ 
ɦɚɫɫɢɜɚ (ɨɞɧɨɲɚɝɨɜɵɣ ɪɨɫɬ) ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: HʢНʡ∗ = D−d2 ,      (1) 

ɝɞɟ Н – ɞɢɚɦɟɬɪ ɢɫɯɨɞɧɨɝɨ ɜɨɥɨɤɧɚ, D – ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ɫ ɦɍɇɌ, ɚ HɍɇɌ* – ɬɨɥɳɢɧɚ ɫɥɨɹ 
ɦɍɇɌ ɨɞɧɨɲɚɝɨɜɨɝɨ ɫɢɧɬɟɡɚ.  

ɇɚɧɟɫɟɧɢɟ ɩɥɚɬɢɧɨɜɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɟɬɨɞɨɦ ɢɦɩɪɟɝɧɚɰɢɢ 
Ɇɉɋ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ PЭ-ɱɚɫɬɢɰ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ 

ɫɨɯɪɚɧɢɬɶ ɫɬɪɭɤɬɭɪɭ ɩɨɥɭɱɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ, ɧɟ ɩɨɜɪɟɠɞɚɹ ɦɚɫɫɢɜ ɍɇɌ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɩɨɥɢɨɥɶɧɵɯ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ [A2]. Ɋɚɫɱɟɬɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ PЭ-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɫɨɫɬɚɜɢɥɨ 
20 ɦɚɫ. %, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɡɚɝɪɭɡɤɟ 0.3 
ɦɝ/ɫɦ2. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ PЭ ɨɫɚɠɞɟɧɧɵɯ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɦɍɇɌ ɫɨɫɬɚɜɢɥ 5.2 ɧɦ [A3].  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ 
ɛɵɥ ɫɮɨɪɦɢɪɨɜɚɧ ɷɥɟɤɬɪɨɞ PЭ/ɦɍɇɌ ɧɚ ɨɫɧɨɜɟ 
ɤɨɦɦɟɪɱɟɫɤɨɝɨ ȽȾɋ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɨɝɨ 
ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɦɍɇɌ, ɜɵɩɨɥɧɹɸɳɢɣ 
ɮɭɧɤɰɢɢ Ɇɉɋ ɢ ɧɨɫɢɬɟɥɹ Pt-

ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ. ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ 
ɩɨɥɭɱɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 
4. 

Ɋɢɫɭɧɨɤ 4 – ɋɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ ɫɪɟɡɚ 
ɷɥɟɤɬɪɨɞɚ Pt/ɦɍɇɌ (ɲɤɚɥɚ 10 ɦɤɦ) 

Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɩɨɥɭɱɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɧɚ ɨɫɧɨɜɟ ɦɍɇɌ, 
ɝɞɟ ɫɢɧɢɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɵ ɱɚɫɬɢɰɵ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ – ɱɚɫɬɢɰɵ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, HɄɋ – 
ɜɵɫɨɬɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɥɨɹ, HɍɇɌ – ɜɵɫɨɬɚ ɜɫɟɝɨ 

ɦɢɤɪɨɩɨɪɢɫɬɨɝɨ ɫɥɨɹ ɍɇɌ, HɍɇɌ* – ɜɵɫɨɬɚ ɨɞɧɨɝɨ ɫɥɨɹ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɞɧɨɤɪɚɬɧɨɝɨ ɫɢɧɬɟɡɚ ɦɍɇɌ 
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ɋɩɟɤɬɪɨɫɤɨɩɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 
ɦɍɇɌ ɧɟ ɜɥɢɹɟɬ ɧɚ ɞɟɮɟɤɬɧɨɫɬɶ ɷɥɟɤɬɪɨɞɚ. Ɍɚɤɠɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɢɤ G ɛɵɥ ɡɧɚɱɢɬɟɥɶɧɨ 
ɛɨɥɶɲɟ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɝɪɚɮɢɬɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ Ɇɉɋ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɤɬɪɨɞɚ ɞɨ ɨɫɚɠɞɟɧɢɹ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɚɡɚɥɨɫɶ ɧɚ 30 % ɧɢɠɟ, ɱɟɦ 
ɭ ɤɨɦɦɟɪɱɟɫɤɨɝɨ Ɇɉɋ ɬɨɣ ɠɟ ɬɨɥɳɢɧɵ ɢ ɫɨɫɬɚɜɢɥɨ 300 Ɉɦ·ɦɤɦ [A3]. 

ɂɡ ɢɡɨɛɪɚɠɟɧɢɣ ɋɗɆ ɬɚɤɠɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ Ʉɋ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɜɵɫɨɤɨɣ 
ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɍɇɌ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɩɨɫɨɛɚ ɮɨɪɦɢɪɨɜɚɧɢɹ Ʉɋ ɜ 
ɫɨɫɬɚɜɟ ɜɵɪɚɳɟɧɧɨɝɨ Ɇɉɋ ɧɚ ɨɫɧɨɜɟ ɦɍɇɌ, ɩɪɟɞɩɨɥɚɝɚɸɳɟɝɨ ɦɟɬɨɞ ɩɪɨɩɢɬɤɢ ɦɍɇɌ 
ɩɪɟɤɭɪɫɨɪɨɦ ɩɥɚɬɢɧɵ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɱɚɫɬɢɰ ɜɨɞɨɪɨɞɨɦ [A2] , ɧɟ 
ɪɚɡɪɭɲɚɸɳɢɦ ɢɫɯɨɞɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɞɥɨɠɤɢ. ɇɚɧɨɬɪɭɛɤɢ ɧɟ ɛɵɥɢ ɩɨɜɪɟɠɞɟɧɵ, ɫɨɯɪɚɧɹɥɚɫɶ 
ɰɟɥɨɫɬɧɨɫɬɶ ɢɯ ɫɬɪɭɤɬɭɪɵ, ɚ ɧɚɩɪɚɜɥɟɧɢɟ ɬɪɭɛɨɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɷɥɟɤɬɪɨɞɚ ɬɚɤɠɟ ɢɦɟɥɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ 
ɢɡɨɬɪɨɩɧɵɣ ɯɚɪɚɤɬɟɪ. 

Ɂɧɚɱɟɧɢɟ ɗȺɉ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɯɨɞɟ 
ɰɢɤɥɢɱɟɫɤɨɣ ɜɨɥɶɬɚɦɩɟɪɨɦɟɬɪɢɢ ɜ ɹɱɟɣɤɟ 
ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɞɥɹ ɨɛɪɚɡɰɚ ɷɥɟɤɬɪɨɞɚ 
Pt20/ɦɍɇɌ ɫɨɫɬɚɜɢɥɨ 27 ɦ2/ɝ. Ⱦɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɧɢɠɟ, ɱɟɦ ɞɥɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɜ 
1.8 ɪɚɡɚ. Ⱦɥɹ PЭ/C ɫ ɦɚɫɫɨɜɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɩɥɚɬɢɧɵ 20 ɦɚɫ. % ɗȺɉ ɫɨɫɬɚɜɢɥɚ 48 ɦ2/ɝ. Ⱦɚɧɧɵɣ 
ɷɮɮɟɤɬ ɜɨɡɦɨɠɧɨ ɨɛɭɫɥɨɜɥɟɧ ɧɟɞɨɫɬɚɬɨɱɧɵɦ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ Ʉɋ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɷɥɟɤɬɪɨɞɨɜ 
ɢ ɩɪɢɫɭɬɫɬɜɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɦɨɪɮɧɵɯ 
ɱɚɫɬɢɰ PЭ, ɜɤɥɚɞ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɨɬɪɚɠɚɟɬɫɹ ɜ 
ɪɚɡɦɵɬɨɣ ɮɨɪɦɟ ɩɢɤɨɜ ДA3]. 

ȼ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɞɚ ɫ Ɇɉɋ ɧɚ ɨɫɧɨɜɟ ɦɍɇɌ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɫɥɨɣ ɨɤɚɡɚɥɫɹ ɛɨɥɟɟ 
ɭɫɬɨɣɱɢɜ ɤ ɞɟɝɪɚɞɚɰɢɨɧɧɵɦ ɩɪɨɰɟɫɫɚɦ ɜ ɯɨɞɟ 
ɍɋɌ, ɩɨɫɤɨɥɶɤɭ ɤɪɢɜɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɜɵɯɨɞɨɦ ɧɚ ɩɥɚɬɨ ɩɨɫɥɟ 600 ɰɢɤɥɨɜ (ɪɢɫɭɧɨɤ 5). 

ɉɪɢ ɷɬɨɦ ɩɨɬɟɪɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɸɬ ɧɟ 
ɛɨɥɟɟ 10 % ɩɪɨɬɢɜ 60 % ɞɥɹ ɷɥɟɤɬɪɨɞɚ c 

ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɦ PЭ20/C, ɧɚɧɟɫɟɧɧɵɦ ɧɚ 
ȽȾɋ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɱɟɪɧɢɥ. Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɛɭɫɥɨɜɥɟɧ 
ɩɪɢɦɟɧɟɧɢɟɦ ɦɍɇɌ ɜ ɤɚɱɟɫɬɜɟ Ɇɉɋ, ɚ ɬɚɤɠɟ ɜ 
ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɬɚɤ ɤɚɤ 
ɍɇɌ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ ɫɢɥɶɧɨɣ 
ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ 
ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ (ɊȼɄ) ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɭɝɥɟɪɨɞɨɦ. ȼ ɬɨ ɠɟ 

Ɋɢɫɭɧɨɤ 5 – ɂɡɦɟɧɟɧɢɟ ɗȺɉ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɰɢɤɥɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɚ ɷɥɟɤɬɪɨɞɚ PЭ20/ɦɍɇɌ ɢ 

ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ PЭ20/C ɜ ɯɨɞɟ ɍɋɌ ɜ 
ɹɱɟɣɤɟ ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ 

Ɋɢɫɭɧɨɤ 6 – ȼȺɏ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ 
PЭ/ɦɍɇɌ ɧɚ ɤɚɬɨɞɟ Ɍɗ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ 

ɫɬɚɧɞɚɪɬɧɵɦ Ɍɗ ɫ ɤɚɬɨɞɨɦ ɧɚ ɨɫɧɨɜɟ PЭ20/C 
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ɜɪɟɦɹ ɫɢɧɬɟɡ ɦɍɇɌ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɚɥɫɹ ɧɚ ɞɟɝɪɚɞɚɰɢɨɧɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚ ɫɱɟɬ ɭɥɭɱɲɟɧɧɨɣ ɚɞɝɟɡɢɢ ɦɟɠɞɭ ȽȾɋ ɢ Ɇɉɋ. 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɨɥɶɬ-ɚɦɩɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ȼȺɏ) ɢɫɫɥɟɞɭɟɦɵɯ ɆɗȻ 
ɫ ɨɛɪɚɡɰɨɦ ɷɥɟɤɬɪɨɞɚ PЭ20/ɦɍɇɌ ɢ ɨɛɪɚɡɰɨɦ ɷɥɟɤɬɪɨɞɚ ɫ ɧɚɧɟɫɟɧɧɵɦ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɦ 
Pt20/C (ɫ 10 ɦɚɫ. % ɫɨɞɟɪɠɚɧɢɟɦ ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɚ ɜ ɧɨɫɢɬɟɥɟ), ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɟɧɵ ɜ ɤɚɱɟɫɬɜɟ 
ɤɚɬɨɞɚ ɉɈɆɌɗ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɆɗȻ ɧɚ ɨɫɧɨɜɟ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ PЭ20/ɦɍɇɌ 
ɨɤɚɡɚɥɚɫɶ ɩɪɚɤɬɢɱɟɫɤɢ ɜ 3 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɆɗȻ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɦ ɜ 
ɤɚɱɟɫɬɜɟ Ʉɋ. ɉɪɢ ɪɚɛɨɱɟɦ ɧɚɩɪɹɠɟɧɢɢ ɜ 0.5 ȼ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɫɨɫɬɚɜɢɥɚ 0.17 Ⱥ/ɫɦ2 ɩɪɨɬɢɜ 
ɡɧɚɱɟɧɢɹ 0.50 Ⱥ/ɫɦ2, ɩɨɥɭɱɟɧɧɨɝɨ ɞɥɹ ɆɗȻ ɧɚ ɨɫɧɨɜɟ PЭ20/C. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɦɍɇɌ ɜɵɫɬɭɩɚɥ ɜ ɪɨɥɢ Ɇɉɋ ɷɥɟɤɬɪɨɞɚ ɫ ɜɵɪɚɠɟɧɧɵɦɢ ɝɢɞɪɨɮɢɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 
ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɚɥɨɫɶ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɡɧɚɱɟɧɢɢ ȼȺɏ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɹɱɟɣɤɢ 
ɉɈɆɌɗ. Ƚɢɞɪɨɮɢɥɶɧɨɫɬɶ Ɇɉɋ ɦɨɝɥɚ ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɡɚɬɨɩɥɟɧɢɸ ɤɚɬɨɞɧɨɣ 
ɫɬɨɪɨɧɵ ɆɗȻ ɜɨɞɨɣ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɯɨɞɟ ɊȼɄ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɭɯɭɞɲɟɧɢɸ ɦɨɳɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɹɱɟɣɤɢ Ɍɗ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɝɢɞɪɨɮɨɛɢɡɚɰɢɹ ɦɍɇɌ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 
Ɇɉɋ ɷɥɟɤɬɪɨɞɚ, ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɨɣ ɞɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɹɱɟɣɤɢ ɉɈɆɌɗ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɦɍɇɌ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 
ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɦɚɝɧɟɬɪɨɧɧɨɟ ɪɚɫɩɵɥɟɧɢɟ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɪɨɫɬɚ ɢ 
ɩɨɫɥɟɞɭɸɳɢɣ ɫɢɧɬɟɡ ɍɇɌ ɦɟɬɨɞɨɦ ɏɈȽɎ. ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɫɨɡɞɚɧ 
ɷɥɟɤɬɪɨɞ ɧɨɜɨɝɨ ɬɢɩɚ ɫ ɭɥɭɱɲɟɧɧɨɣ ɞɟɝɪɚɞɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɞɥɹ ɤɚɬɨɞɚ ɉɈɆɌɗ [A3]. 

ɉɨɫɥɨɣɧɨ ɜɵɪɚɳɟɧɧɵɟ ɦɍɇɌ ɩɪɢɦɟɧɟɧɵ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ Ɇɉɋ, ɬɚɤ ɢ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ Pt-

ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ. 

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɞɥɹ ɨɰɟɧɤɢ 
ɜɥɢɹɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɧɨɫɢɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɍɇɌ ɩɪɢ ɡɚɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɢɧɬɟɡɚ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ʉɋ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ 
ɩɥɚɬɢɧɵ, ɗȺɉ) ɩɪɟɞɥɨɠɟɧɚ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɜ ɤɨɬɨɪɨɣ 
ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɧɟɪɚɬɨɪɚ ɫɥɭɱɚɣɧɵɯ 
ɜɟɥɢɱɢɧ ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɍɇɌ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɰɟɧɟɧɚ ɗȺɉ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɰɟɧɤɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ Ʉɋ ɜ ɫɨɫɬɚɜɟ ɉɈɆɌɗ. ɉɨɤɚɡɚɧɚ 
ɩɪɢɦɟɧɢɦɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ Ʉɋ ɢ ȼȺɏ ɦɨɞɟɥɶɧɨɝɨ ɉɈɆɌɗ. 
Ɍɨɱɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Ʉɋ ɧɚ ɨɫɧɨɜɟ ɍɇɌ ɧɟ ɡɚɜɢɫɟɥɚ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ. Ⱦɥɹ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɍɇɌ ɩɨɤɚɡɚɧɨ 
ɭɜɟɥɢɱɟɧɢɟ ɗȺɉ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɡɚɝɪɭɡɤɢ ɩɥɚɬɢɧɵ ɜ Ʉɋ (ɪɢɫɭɧɨɤ 7). ɉɪɢ ɪɚɫɱɟɬɟ ȼȺɏ 

 
Ɋɢɫɭɧɨɤ 7 – ɗȺɉ ɢ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɞɟɪɠɚɧɢɹ ɩɥɚɬɢɧɵ ɜ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɟ 
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ɦɨɞɟɥɶɧɨɝɨ ɉɈɆɌɗ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɄɄɋ ɧɚ ɨɫɧɨɜɟ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 
Pt20/ɦɍɇɌ ɦɨɝɭɬ ɛɵɬɶ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɉɈɆɌɗ 
ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɨɣ ɜɥɚɠɧɨɫɬɢ ɜɯɨɞɹɳɢɯ ɝɚɡɨɜ [A4]. 

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ Pt-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰɚɦɢ SnO2 ȼɈȽ. Ȼɵɥɢ ɫɪɚɜɧɟɧɵ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ȼɈȽ, 
ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (PЭ20/SnO2

10/ɯ-ȼɈȽ) ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ (PЭ20/SnO2

10/ɬ-ȼɈȽ). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɨɛɪɚɡɟɰ ɫɬɚɧɞɚɪɬɧɨ 
ɩɪɢɦɟɧɹɟɦɨɝɨ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ PЭ20/C, ɚ ɬɚɤɠɟ ɨɛɪɚɡɟɰ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɨɦ ɨɥɨɜɚ – Pt20/SnO2

10/ɋ Д4]. 
ɋɗɆ-ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɛɪɚɡɟɰ PЭ20/SnO2

10/ɬ-ȼɈȽ ɢɦɟɟɬ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɵɟ 
ɫɥɨɢ ɝɪɚɮɟɧɨɜɵɯ ɥɢɫɬɨɜ ɫ ɝɥɚɞɤɨɣ ɢ ɨɞɧɨɪɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ⱦɥɹ ɨɛɪɚɡɰɚ Pt20/SnO2

10/ɯ-

ȼɈȽ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɯɚɪɚɤɬɟɪɧɨ ɩɪɢɫɭɬɫɬɜɢɟ ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɨɫɚɠɞɟɧɧɨɝɨ ɧɚ 
ɝɪɚɮɟɧɨɜɵɯ ɫɬɪɭɤɬɭɪɚɯ. Ɋɚɡɦɟɪɵ ɚɝɥɨɦɟɪɚɬɨɜ ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ ɫɨɫɬɚɜɢɥɢ ɨɤɨɥɨ 100–300 

ɧɦ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ [14] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɦɟɧɧɨ ɫɨɞɟɪɠɚɧɢɟ SЧO2 10 ɦɚɫ. % 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɛɟɡ ɢɯ ɫɭɳɟɫɬɜɟɧɧɨɣ ɚɝɥɨɦɟɪɚɰɢɢ, 
ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɢ ɞɥɹ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ȼɈȽ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɉɗɆ-ɮɨɬɨɝɪɚɮɢɣ 
(ɪɢɫɭɧɨɤ 8) ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɱɚɫɬɢɰɵ ɤɚɤ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɬɚɤ ɢ ɦɨɞɢɮɢɤɚɬɨɪɚ 

Ɋɢɫɭɧɨɤ 8 – ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ PЭ20/SnO2
10/ɯ-ȼɈȽ (Ⱥ – ɲɤɚɥɚ 50 ɧɦ, Ȼ – 

ɲɤɚɥɚ 20 ɧɦ, ȼ – ɲɤɚɥɚ 5 ɧɦ), PЭ20/SnO2
10/ɬ-ȼɈȽ (Ƚ – ɲɤɚɥɚ 50 ɧɦ, Ⱦ – ɲɤɚɥɚ 20 ɧɦ, ȿ – ɲɤɚɥɚ 5 

ɧɦ), ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ ɱɚɫɬɢɰ PЭ ɢ SЧO2 ɢ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɤɚɪɬɢɧɵ (ȼ, ȿ) 
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ɢɦɟɸɬ ɮɨɪɦɭ, ɛɥɢɡɤɭɸ ɤ ɫɮɟɪɢɱɟɫɤɨɣ, ɢ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɛɟɡ ɤɪɭɩɧɵɯ ɚɝɥɨɦɟɪɚɬɨɜ. ɋ ɩɨɦɨɳɶɸ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ 
ɩɨɫɪɟɞɫɬɜɨɦ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ɪɢɫɭɧɤɢ 8-ȼ, 8-ȿ), ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɦɟɠɩɥɨɫɤɨɫɬɧɵɟ ɪɚɫɫɬɨɹɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɚɧɨɱɚɫɬɢɰɚɦ PЭ (0.22–0.23 ɧɦ) ɢ ɱɚɫɬɢɰɚɦ 
SnO2 (0.26–0.27 ɧɦ), ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɫɨɫɬɚɜɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫɭɧɨɤ 8). 

Ɍɚɤ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ PЭ ɫɨɫɬɚɜɢɥ 2.1 ɧɦ (PЭ20/SnO2
10/ɯ-ȼɈȽ) ɢ 2.7 ɧɦ (PЭ20/SnO2

10/ɬ-ȼɈȽ), 
ɚ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ SЧO2 – 3.7 ɧɦ ɞɥɹ PЭ20/SnO2

10/ɯ-ȼɈȽ ɢ 3.3 ɧɦ ɞɥɹ Pt20/SnO2
10/ɬ-ȼɈȽ. 

ɂɡ ɢɡɨɛɪɚɠɟɧɢɣ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɬɚɤɠɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪɟ PЭ-SnO2 (~ 0.2 ɧɦ). Ȼɥɢɡɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ 
ɪɟɲɟɬɤɢ ɧɟ ɩɨɡɜɨɥɢɥɚ ɜɵɞɟɥɢɬɶ ɤɨɧɤɪɟɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ (PЭ3SЧ ɢ/ɢɥɢ PЭ0.5Sn0.5), ɧɨ ɭɤɚɡɚɥɚ 
ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ [A5]. 

Ɏɚɤɬɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ PЭ ɢ SЧ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚɯ ɛɵɥɨ 
ɩɨɞɬɜɟɪɠɞɟɧɨ ɢɡɦɟɪɟɧɢɹɦɢ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ (ɬɚɛɥɢɰɚ 2). 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ PЭ ɢ SЧO2 (ɫɨɞɟɪɠɚɧɢɟ SЧO2 ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɢɫɯɨɞɹ ɢɡ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ 100 % ɨɥɨɜɚ ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ɞɢɨɤɫɢɞɚ) ɛɵɥɢ ɛɥɢɡɤɢ ɞɥɹ ɨɛɨɢɯ ɨɛɪɚɡɰɨɜ 
ɢ ɫɨɨɬɧɨɫɢɥɢɫɶ ɫ ɡɚɞɚɱɚɦɢ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ. 
Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ 

ɗɥɟɦɟɧɬ Pt20/SnO2
10/ɯ-ȼɈȽ Pt20/SnO2

10/ɬ-ȼɈȽ Pt20/SnO2
10/C 

C 64.0 67.0 67.5 
Pt 17.0 17.0 20.0 
Sn 9.0 8.0 8.5 
O 10.0 9.0 4.0 

SnO2 11.5 9.2 10.7 

ɂɡ ɞɢɮɪɚɤɬɨɝɪɚɦɦ, ɩɨɥɭɱɟɧɧɵɯ ɜ 
ɯɨɞɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɨɬɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 9, ɛɵɥɨ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɩɢɤɢ ɨɤɨɥɨ 
31°, 39° ɢ 61° ɨɬɧɨɫɹɬɫɹ ɤ ɩɥɨɫɤɨɫɬɹɦ SЧO2. 

ɉɢɤɢ ɨɤɨɥɨ 46°, 53°, 81° ɢ 96° ɫɜɹɡɚɧɵ ɫ 
ɩɥɨɫɤɨɫɬɹɦɢ (111), (200), (220) ɢ (331) Pt. 

Ⱦɥɹ ɨɛɪɚɡɰɨɜ PЭ20/SnO2
10/ɯ-ȼɈȽ ɢ 

Pt20/SnO2
10/ɬ-ȼɈȽ ɢɦɟɟɬɫɹ ɲɢɪɨɤɢɣ ɩɢɤ 

ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɤɨɥɨ 26°, ɤɨɬɨɪɵɣ 
ɨɬɧɨɫɢɬɫɹ ɤ ɫɬɪɭɤɬɭɪɟ ɝɪɚɮɢɬɚ ȼɈȽ (002). 
ɉɢɤ ɞɢɮɪɚɤɰɢɢ ɩɪɢ 69.5° ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɮɚɡɟ PЭO ɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ.  

ɉɨ ɞɚɧɧɵɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɨɛɪɚɡɰɚ 
Pt20/SnO2

10/ɯ-ȼɈȽ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ PЭxSny ɫɨɫɬɚɜɢɥɨ 10 %, ɬɨɝɞɚ ɤɚɤ ɜ ɨɛɪɚɡɰɟ PЭ20/SnO2
10/ɬ-

ȼɈȽ ɨɧɨ ɫɨɫɬɚɜɢɥɨ ɜɫɟɝɨ ɨɤɨɥɨ 4 %. ɇɚ ɩɪɢɫɭɬɫɬɜɢɟ ɮɚɡ PЭxSny ɭɤɚɡɵɜɚɥɨ ɭɲɢɪɟɧɢɟ ɩɢɤɨɜ 
ɨɤɨɥɨ 46°, 53° ɢ 81°. ɍɲɢɪɟɧɢɟ ɩɢɤɨɜ ɬɚɤɠɟ ɦɨɝɥɨ ɨɬɪɚɠɚɬɶ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 

Ɋɢɫɭɧɨɤ 9 – Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ Pt20/SnO2

10/ɯ-ȼɈȽ, 
Pt20/SnO2

10/ɬ-ȼɈȽ (ɩɢɤɢ ɪɟɲɟɬɤɢ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ PЭ-
SnO2 ɨɬɦɟɱɟɧɵ ɤɪɚɫɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɥɢɧɢɟɣ) 
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ɚɬɨɦɚɦɢ ɩɥɚɬɢɧɵ ɜ ɪɟɲɟɬɤɟ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɪɟɝɭɥɹɪɧɨɫɬɢ ɟɟ ɫɬɪɭɤɬɭɪɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚ ɫɱɟɬ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɟɬɟɪɨɚɬɨɦɚɦɢ. Ⱦɥɹ PЭ20/SnO2

10/ɯ-ȼɈȽ ɷɬɢ ɷɮɮɟɤɬɵ ɛɵɥɢ 
ɛɨɥɟɟ ɜɵɪɚɠɟɧɵ.  

Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɦɨɞɭɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

ɢɡ ɫɩɟɤɬɪɨɜ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ (EБAFS) (ɪɢɫɭɧɨɤ 
10), ɚ ɩɚɪɚɦɟɬɪɵ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɱɚɫɬɢɰ PЭ ɨɰɟɧɟɧɵ ɩɭɬɟɦ ɩɨɞɝɨɧɤɢ ɦɨɞɟɥɶɧɨɣ 
ɤɪɢɜɨɣ. ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɦɨɞɟɥɶɧɵɟ ɞɚɧɧɵɟ. 

Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ NPt-O ɞɥɹ ɨɛɪɚɡɰɚ PЭ20/C (2.6 ± 0.3) ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨ 
ɜɤɥɸɱɟɧɢɢ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɜ ɫɬɪɭɤɬɭɪɭ ɧɚɧɨɱɚɫɬɢɰ PЭ. Ɉɛɪɚɡɰɵ ɫ ȼɈȽ ɩɨɤɚɡɚɥɢ ɦɟɧɶɲɟɟ 
ɱɢɫɥɨ NPt-O (1.0 ± 0.3 ɞɥɹ Pt20/SnO2

10/ɯ-ȼɈȽ ɢ 1.2 ± 0.4 ɞɥɹ Pt20/SnO2
10/ɬ-ȼɈȽ), ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨ ɥɭɱɲɟɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ PЭ ɜ ɷɬɢɯ ɨɛɪɚɡɰɚɯ. Ɉɛɪɚɡɰɵ ɫ SЧO2 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ PЭ 
(8.9 ± 1.6 ɢ 9.0 ± 1.9 ɞɥɹ Pt20/SnO2

10/ɯ-ȼɈȽ ɢ 
Pt20/SnO2

10/ɬ-ȼɈȽ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨ ɛɨɥɶɲɟɦ ɪɚɡɦɟɪɟ 
ɧɚɧɨɱɚɫɬɢɰ PЭ ɡɚ ɫɱɟɬ ɚɝɥɨɦɟɪɚɰɢɢ ɢ 
ɤɨɧɤɭɪɟɧɬɧɨɣ ɫɨɪɛɰɢɢ ɫ ɦɨɞɢɮɢɤɚɬɨɪɨɦ ɜ 
ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ. Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɨɜ EБAFS ɫ 
ɩɨɦɨɳɶɸ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɟ 
ɩɨɡɜɨɥɢɥ ɜɵɞɟɥɢɬɶ ɹɜɧɵɣ ɜɤɥɚɞ PЭ-SЧ, ɱɬɨ, 
ɜɟɪɨɹɬɧɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɬɨɥɶɤɨ ɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɤɨɧɬɚɤɬɟ ɱɚɫɬɢɰ ɜ ɫɨɫɬɚɜɟ 

ɝɟɬɟɪɨɤɥɚɫɬɟɪɨɜ PЭ-SnO2. 

Ⱦɥɹ ɫɨɨɬɧɟɫɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɫɩɟɤɬɪɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ 
ɜɛɥɢɡɢ ɤɪɚɹ (БANES) (ɪɢɫɭɧɨɤ 11). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɢɨɥɟɬɨɜɨɣ ɥɢɧɢɢ, ɛɨɥɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɧɨɣ ɮɚɡɵ ɩɪɢɫɭɬɫɬɜɨɜɚɥɨ ɜ ɨɛɪɚɡɰɟ PЭ20/C. Ȼɟɥɵɣ ɩɢɤ ɫɩɟɤɬɪɚ БANES 

Ɋɢɫɭɧɨɤ 10 – ɋɩɟɤɬɪɵ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɜ k ɢ R 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ Pt20/C, Pt20/SnO2

10/ɯ-ȼɈȽ, Pt20/SnO2
10/ɬ-ȼɈȽ. Ʉɪɭɝɢ – 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

Ɋɢɫɭɧɨɤ 11 – Cɩɟɤɬɪɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ 
ɩɨɝɥɨɳɟɧɢɹ ɜɛɥɢɡɢ ɤɪɚɹ Pt L3 ɢɫɫɥɟɞɭɟɦɵɯ 

ɨɛɪɚɡɰɨɜ 
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(ɩɟɪɜɵɣ ɦɚɤɫɢɦɭɦ ɩɨɝɥɨɳɟɧɢɹ ɧɚ ɪɟɧɬɝɟɧɚɛɫɨɪɛɰɢɨɧɧɨɦ ɫɩɟɤɬɪɟ ɜ ɨɛɥɚɫɬɢ 11500 ɷȼ) ɬɚɤɠɟ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɤɚɤ ɥɢɧɟɣɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ɫɩɟɤɬɪɨɜ PЭ ɮɨɥɶɝɢ ɢ PЭO2. Ɍɚɛɥɢɰɚ 3 
ɩɨɤɚɡɵɜɚɟɬ ɩɪɨɰɟɧɬɧɵɟ ɜɤɥɚɞɵ ɫɩɟɤɬɪɨɜ ɷɬɚɥɨɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɫɩɟɤɬɪɵ ɢɫɫɥɟɞɭɟɦɵɯ 

ɨɛɪɚɡɰɨɜ. Ȼɨɥɶɲɢɣ ɥɢɧɟɣɧɵɣ ɜɤɥɚɞ PЭ ɮɨɥɶɝɢ ɜ ɫɩɟɤɬɪ ɞɥɹ ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ȼɈȽ ɬɚɤɠɟ 
ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɞɨɧɨɪɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɨɤɫɢɞɚ (SЧO2) ɤ ɦɟɬɚɥɥɢɱɟɫɤɨɣ PЭ. ɗɬɨɬ ɷɮɮɟɤɬ 
ɛɵɥ ɨɬɪɚɠɟɧ PЭ-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɧɚ ɨɫɧɨɜɟ ɧɨɫɢɬɟɥɟɣ SЧO2-C [15]. ȼ ɫɥɭɱɚɟ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ PЭ3SЧ/C ɦɨɠɧɨ ɛɵɥɨ ɧɚɛɥɸɞɚɬɶ ɭɜɟɥɢɱɟɧɢɟ ɜɚɤɚɧɫɢɢ 5Н-ɨɪɛɢɬɚɥɢ PЭ ɢɡ-
ɡɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ PЭ 5Н ɧɚ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɭɸ 4Н-ɨɪɛɢɬɚɥɶ SЧ [16]. 

Ɍɚɛɥɢɰɚ 3 – ȼɤɥɚɞ Pt-ɮɨɥɶɝɢ ɢ PtO2 ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɟɥɨɣ ɥɢɧɢɢ ɨɛɪɚɡɰɨɜ 

ɗɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪ PЭ ɮɨɥɶɝɚ, % PtO2, % 
Pt20/C 52.5 47.5 

Pt20/SnO2
10/ɯ-ȼɈȽ 74.5 25.5 

Pt20/SnO2
10/ɬ-ȼɈȽ 72.5 27.5 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ 
ɝɟɬɟɪɨɤɥɚɫɬɟɪɨɜ PЭ-SnO2 ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɨɛɪɚɡɰɚ PЭ20/SnO2

10/ɯ-ȼɈȽ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɱɚɫɬɢɰ ɢɦɟɥɨ ɛɨɥɟɟ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɛɵɥɨ ɨɫɧɨɜɚɧɨ ɧɚ ɜɤɥɸɱɟɧɢɢ ɚɬɨɦɨɜ ɨɥɨɜɚ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɱɚɫɬɢɰ PЭ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɫɤɚɠɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɭɲɢɪɟɧɢɸ ɩɢɤɨɜ ɩɥɚɬɢɧɵ ɧɚ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɟ [A5]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɭɲɢɪɟɧɢɟ ɩɢɤɨɜ ɦɨɝɥɨ ɛɵɬɶ ɨɲɢɛɨɱɧɨ ɫɜɹɡɚɧɨ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɮɚɡɚɦɢ PЭxSny (Pt3Sn 

ɢ/ɢɥɢ PЭ0.5Sn0.5).  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 12, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ȼɈȽ ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɗȺɉ ɡɚ ɫɱɟɬ ɛɨɥɶɲɟɣ ɭɞɟɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɦ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ. ɗȺɉ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ PЭ20/SnO2

10/ɯ-ȼɈȽ ɨɤɚɡɚɥɚɫɶ ɩɪɚɤɬɢɱɟɫɤɢ ɜ 1.5 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ PЭ20/C, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɫɪɚɜɧɟɧɢɹ (ɬɚɛɥɢɰɚ 4).  

Ɋɢɫɭɧɨɤ 12 – ɐȼȺ PЭ20/C, Pt20/SnO2
10/ɯ-ȼɈȽ, PЭ20/SnO2

10/ɬ-ȼɈȽ ɢ PЭ20/SnO2
10/ɋ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɜ 

ɧɚɫɵɳɟɧɧɨɦ ɚɡɨɬɨɦ ɪɚɫɬɜɨɪɟ 0.5 Ɇ H2SO4 (ɫɥɟɜɚ); ɡɧɚɱɟɧɢɹ ɗȺɉ ɞɨ ɢ ɩɨɫɥɟ ɍɋɌ ɢɫɫɥɟɞɭɟɦɵɯ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɫɩɪɚɜɚ) 
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Ⱦɥɹ ɜɫɟɯ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚɛɥɸɞɚɥɨɫɶ ɩɨɫɬɟɩɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɣ ɗȺɉ, 
ɫɜɹɡɚɧɧɨɟ ɫ ɚɝɥɨɦɟɪɚɰɢɟɣ ɢ ɨɬɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ PЭ, ɚ ɬɚɤɠɟ ɞɟɝɪɚɞɚɰɢɟɣ ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ. 
Ⱦɥɹ ɨɛɪɚɡɰɚ ɧɚ ɬ-ȼɈȽ ɩɨɬɟɪɹ ɗȺɉ ɫɨɫɬɚɜɢɥɚ 92–94 %. Ɋɟɡɤɨɟ ɩɚɞɟɧɢɟ ɗȺɉ ɞɥɹ PЭ20/SnO2

10/ɬ-

ȼɈȽ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɪɭɲɟɧɢɟɦ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ ɢɡ-ɡɚ ɨɤɢɫɥɟɧɢɹ ɢ ɤɨɪɪɨɡɢɢ ɧɨɫɢɬɟɥɹ 
ɜɜɢɞɭ ɩɪɢɫɭɬɫɬɜɢɹ ɤɢɫɥɨɪɨɞɧɵɯ ɝɪɭɩɩ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ. ȼ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɨɫɚɠɞɟɧɧɵɟ ɱɚɫɬɢɰɵ SЧO2 ɞɥɹ ɬ-ȼɈȽ ɤɚɬɚɥɢɡɢɪɨɜɚɥɢ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɢ 
ɭɫɤɨɪɹɥɢ ɪɚɡɪɭɲɟɧɢɟ ɝɪɚɮɟɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɞɚɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚɦɢ PЭ/ȼɈȽ [17]. ɉɪɢ ɷɬɨɦ ɡɚɳɢɬɧɵɣ ɷɮɮɟɤɬ ɧɚɧɟɫɟɧɢɹ SЧO2 ɧɟ ɛɵɥ 
ɜɵɪɚɠɟɧ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ. 
Ɍɚɛɥɢɰɚ 4 – Ɂɧɚɱɟɧɢɹ ɗȺɉ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɞɨ ɢ ɩɨɫɥɟ ɍɋɌ 

ɗɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪ ɗȺɉ, ɦ2/ɝ ɗȺɉ ɩɨɫɥɟ ɍɋɌ, ɦ2/ɝ 
Pt20/SnO2

10/C [14] 57±2 35±1 
Pt20/SnO2

10/ɯ-ȼɈȽ 85±3 52±2 
Pt20/SnO2

10/ɬ-ȼɈȽ 72±2 5±1 
Pt20/C 62±2 25±1 

ɇɚɢɛɨɥɶɲɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɜ ɰɢɤɥɚɯ ɍɋɌ ɩɨɤɚɡɚɥ ɨɛɪɚɡɟɰ Pt20/SnO2
10/ɯ-ȼɈȽ. ɉɨɬɟɪɢ 

ɫɨɫɬɚɜɢɥɢ ɧɟ ɛɨɥɟɟ 40 %. ɉɨɜɵɲɟɧɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɫɥɨɠɧɵɯ 
ɭɝɥɟɪɨɞɧɵɯ ɫɬɪɭɤɬɭɪ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɟɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɧɨɫɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɥɭɱɲɟɣ ɚɞɝɟɡɢɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪɧɵɯ ɱɚɫɬɢɰ PЭ-SnO2 ɬɚɤɠɟ 
ɩɨɜɥɢɹɥɨ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɞɟɝɪɚɞɚɰɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɩɪɹɦɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ PЭ ɢ ɭɝɥɟɪɨɞɧɵɦɢ ɱɚɫɬɢɰɚɦɢ [A5] . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 
ɩɨɜɟɪɯɧɨɫɬɢ ɯ-ȼɈȽ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɩɨɡɜɨɥɢɥ ɞɨɛɢɬɶɫɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɥɨ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɪɢ ɷɬɨɦ ɗȺɉ ɛɵɥɚ ɜ 1.5 ɪɚɡɚ ɜɵɲɟ. 

ɁȺɄɅɘɑȿɇɂȿ 

1. ȼɩɟɪɜɵɟ ɪɚɡɪɚɛɨɬɚɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɦɟɬɨɞɢɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ PЭ-ɷɥɟɤɬɪɨɞɚ ɧɚ 
ɨɫɧɨɜɟ ɦɍɇɌ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɬɪɭɤɬɭɪɨɣ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ Ni-ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɯ ɪɨɫɬɚ. 
Ɇɟɬɨɞɢɤɚ ɜɤɥɸɱɚɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɦɚɝɧɟɬɪɨɧɧɨɟ ɪɚɫɩɵɥɟɧɢɟ NТ-ɱɚɫɬɢɰ ɧɚ ȽȾɋ ɜ ɪɟɠɢɦɟ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫɨ ɫɦɟɳɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɨɞɥɨɠɤɭ ɢ ɩɨɫɥɨɣɧɵɣ ɫɢɧɬɟɡ ɦɍɇɌ ɦɟɬɨɞɨɦ 
ɏɈȽɎ.  

2. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɫɥɨɜɢɹ ɆɊ ɩɪɢ ɧɚɧɟɫɟɧɢɢ NТ-ɱɚɫɬɢɰ, ɹɜɥɹɸɳɢɯɫɹ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 
ɪɨɫɬɚ ɍɇɌ, ɧɚ ȽȾɋ ɨɩɪɟɞɟɥɹɸɬ ɢɯ ɦɨɪɮɨɥɨɝɢɸ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɞɚёɬ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɪɚɳɟɧɧɨɝɨ ɦɍɇɌ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɚɦɟɬɪ ɍɇɌ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ 
ɜɡɚɢɦɨɫɜɹɡɢ ɫ ɪɚɡɦɟɪɨɦ ɚɝɥɨɦɟɪɚɬɨɜ NТ-ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɜɬɨɪɹɟɬ ɪɚɡɦɟɪɵ 
ɧɢɤɟɥɟɜɵɯ ɚɝɥɨɦɟɪɚɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɷɥɟɤɬɪɨɞ ɧɨɜɨɝɨ ɬɢɩɚ, ɜ ɤɨɬɨɪɨɦ Ɇɉɋ ɮɨɪɦɢɪɭɟɬɫɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ȽȾɋ ɜ ɜɢɞɟ ɦɍɇɌ ɡɚɞɚɧɧɨɣ ɬɨɥɳɢɧɵ, ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɪɚɜɧɨɦɟɪɧɨ 
ɪɚɫɩɪɟɞɟɥёɧɧɵɦɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ PЭ-ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ. ɉɨɥɭɱɟɧɧɵɣ 
ɷɥɟɤɬɪɨɞ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɧɚ 10 % ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɭɜɟɥɢɱɟɧɧɨɣ ɜ 2 ɪɚɡɚ 
ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɞɟɝɪɚɞɚɰɢɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɟɝɨ ɫɬɪɭɤɬɭɪɵ.  
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3. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɰɟɧɢɜɚɬɶ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɨɫɢɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɍɇɌ ɩɪɢ ɡɚɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɢɧɬɟɡɚ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɄɄɋ (ɪɚɡɦɟɪ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ 
ɩɥɚɬɢɧɵ, ɗȺɉ) ɢ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɉɈɆɌɗ (ȼȺɏ). Ⱦɥɹ PЭ-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ 
ɨɫɧɨɜɟ ɍɇɌ ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɗȺɉ ɩɪɢ ɫɧɢɠɟɧɢɢ ɡɚɝɪɭɡɤɢ PЭ ɜ Ʉɋ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ȼȺɏ 
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɄɄɋ ɧɚ ɨɫɧɨɜɟ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ PЭ20/ɦɍɇɌ ɦɨɠɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɉɈɆɌɗ ɩɪɢ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ 
ɧɢɡɤɨɣ ɜɥɚɠɧɨɫɬɢ ɜɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

4. ȼɩɟɪɜɵɟ ɫɢɧɬɟɡɢɪɨɜɚɧ PЭ-ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪ ɫɨɫɬɚɜɚ PЭ/SЧO2/ȼɈȽ, 
ɜɤɥɸɱɚɸɳɢɣ ɝɟɬɟɪɨɤɥɚɫɬɟɪɵ PЭ-SnO2, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ Ʉɋ ɡɚ ɫɱёɬ ɩɪɨɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɦɟɬɚɥɥ-ɧɨɫɢɬɟɥɶ, ɜɵɡɜɚɧɧɨɝɨ ɢɡɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨ-ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɤɬɢɜɧɵɯ 
ɰɟɧɬɪɨɜ ɩɥɚɬɢɧɵ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɨɜ ɉɈɆɌɗ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɧɨɫɢɬɟɥɟɣ: ɞɥɹ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɚ PЭ20/SnO2

10/ɯ-ȼɈȽ ɗȺɉ ɞɨɫɬɢɝɥɚ ɡɧɚɱɟɧɢɹ 85 ɦ²/ɝ, ɞɟɝɪɚɞɚɰɢɨɧɧɵɟ 
ɩɨɬɟɪɢ ɜ ɯɨɞɟ ɍɋɌ ɫɨɫɬɚɜɢɥɢ 40 %. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɝɨɜɨɪɹɬ ɨɛ ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɤɨɪɪɨɡɢɢ 
ɧɨɫɢɬɟɥɹ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɩɪɹɦɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ PЭ ɢ ɭɝɥɟɪɨɞɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɩɪɢ 
ɩɪɢɦɟɧɟɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɱɚɫɬɢɰ SЧO2. 

ɋɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɥɨɠɟɧɨ ɜ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬɚɯ: 

ɉɭɛɥɢɤɚɰɢɢ ɜ ɢɡɞɚɧɢɹɯ, ɪɟɤɨɦɟɧɞɭɟɦɵɯ ȼȺɄ ɊɎ 
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Grigoriev S.A. Recent Advances in the Development of Nanocarbon-Based 

Electrocatalytic/Electrode Materials for Proton Exchange Membrane Fuel Cells: A Review // 

Catalysts. – 2024. – Vol. 14. – № 5. – P. 303. 

[A2] Ivanova N.A., Spasov D.D., Zasypkina A.A., Alekseeva O.K., Kukueva E.V., 

Vorobyeva E.A., Kudinova E.S., Chumakov R.G., Millet P., Grigoriev S.A. Comparison of the 

performance and durability of PEM fuel cells with different Pt-activated microporous layers // 

International Journal of Hydrogen Energy. – 2021. – Vol. 46. – № 34. – P. 18093-18106. 

[A3] Zasypkina A.A., Ivanova N.A., Spasov D.D., Mensharapov R.M., Alekseeva O.K., 

Vorobyeva E.A., Kukueva E.V., Fateev V.N. Electrode with a Carbon Nanotube Array for a Proton 

Exchange Membrane Fuel Cell // Inorganics. – 2023. – Vol. 11. - № 5. – P. 219. 

[A4] Mensharapov R.M., Ivanova N.A., Zasypkina A.A., Spasov D.D., Sinyakov M.V., 

Grigoriev S.A., Fateev V.N. Model Study of CNT-BКsОН PEMFCs’ EХОМЭroМКЭКХвЭТМ LКвОrs // 
Catalysts. – 2022. – Vol. 12. – № 10. – P. 1227. 

[A5] Spasov D.D., Ivanova N.A., Mensharapov R.M., Sinyakov M.V., Zasypkina A.A., 

Kukueva E.V., Trigub A.L., Kulikova E.S., Fateev V.N. Study of the Cathode Pt-Electrocatalysts 

Based on Reduced Graphene Oxide with Pt-SnO2 Hetero-Clusters // Inorganics. – 2023. – Vol. 11. – 

№ 8. – P.325. 



19 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 

1. Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ., ɂɜɚɧɨɜɚ ɇ.Ⱥ., ɋɩɚɫɨɜ Ⱦ.Ⱦ., Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., ȼɨɪɨɛɶɟɜɚ ȿ.Ⱥ. 
ɋɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɷɥɟɤɬɪɨɞɨɜ ɞɥɹ ɬɜɟɪɞɨɩɨɥɢɦɟɪɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ 
ɷɥɟɦɟɧɬɚ. ɉɚɬɟɧɬ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ RU 2781052 C1 ɪɟɝ. 04.10.2022. 

2. Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ. ɉɪɨɝɪɚɦɦɚ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢ 
ɚɤɬɢɜɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɩɥɚɬɢɧɵ ɞɥɹ ɩɥɚɬɢɧɨɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ. ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɗȼɆ № 2022663205 ɪɟɝ. 
12.07.2022. 

Ɇɚɬɟɪɢɚɥɵ ɤɨɧɮɟɪɟɧɰɢɣ 

1. Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ. ȼɥɢɹɧɢɟ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɧɚ ɞɨɥɝɨɜɟɱɧɨɫɬɶ Pt-ɷɥɟɤɬɪɨɞɨɜ ɞɥɹ 
Ɍɗ ɫ Ɍɉɗ // Cɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ XVI  Ʉɭɪɱɚɬɨɜɫɤɨɣ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɣ ɦɨɥɨɞɟɠɧɨɣ 

ɧɚɭɱɧɨɣ ɲɤɨɥɵ. Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ, 2019. ɋ. 12. 

2. Zasypkina A.A., Ivanova N.A., Chumakov R.G., Spasov D.D., Shapir B.L., Alexeeva 

O.K. Pt-activated GDL for high durability PEMFC-electrodes // Book of abstracts of Seventh All-

Russian Conference with International Participation «Fuel Cells and Power Plants Based on Them». 

Chernogolovka, Russia, 2020. P. 133-135. 

3. Zasypkina A.A., Spasov D.D., Seregina E.A., Mensharapov R.M., Ivanova N.A. 

Aspects of the synthesis of catalytic layers based on structured carbon materials by impregnation // 

Book of abstracts of 6th International School-Conference on Catalysis for Young Scientists «Catalyst 

Design: From Molecular to Industrial Level» to be held at Boreskov Institute of Catalysis. 

Novosibirsk, Russia, 2021. P. 273-274. 

4. Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ., ɋɩɚɫɨɜ Ⱦ.Ⱦ., Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., ȼɨɪɨɛɶɟɜɚ ȿ.Ⱥ., ɂɜɚɧɨɜɚ ɇ.Ⱥ. 
Ɉɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɬɪɭɛɤɢ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ PЭ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɜɨɞɨɪɨɞɚ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ II Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «Ɋɟɞɤɢɟ ɦɟɬɚɥɥɵ ɢ ɦɚɬɟɪɢɚɥɵ ɧɚ ɢɯ ɨɫɧɨɜɟ: ɬɟɯɧɨɥɨɝɢɢ, ɫɜɨɣɫɬɜɚ ɢ 
ɩɪɢɦɟɧɟɧɢɟ». Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ, 2022. ɋ. 122-124. 

5. Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ., ɂɜɚɧɨɜɚ ɇ.Ⱥ., ɋɩɚɫɨɜ Ⱦ.Ⱦ., Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., ȼɨɪɨɛɶɟɜɚ ȿ.Ⱥ., 
Ⱥɥɟɤɫɟɟɜɚ Ɉ.Ʉ., Ɏɚɬɟɟɜ ȼ.ɇ. ɗɥɟɤɬɪɨɞ ɧɚ ɨɫɧɨɜɟ ɦɚɫɫɢɜɚ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɞɥɹ 
ɬɜɟɪɞɨɩɨɥɢɦɟɪɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ ȼɬɨɪɨɝɨ 

ȼɫɟɪɨɫɫɢɣɫɤɨɝɨ ɫɟɦɢɧɚɪɚ «ɗɥɟɤɬɪɨɯɢɦɢɹ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɢ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ». 

Ɋɟɫɩɭɛɥɢɤɚ Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɹ, ɩɨɫ. ɗɥɶɛɪɭɫ, Ɋɨɫɫɢɹ, 2023. ɋ. 138-141. 

6. ɋɩɚɫɨɜ Ⱦ.Ⱦ., ɂɜɚɧɨɜɚ ɇ.Ⱥ., Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., ɋɢɧɹɤɨɜ Ɇ.ȼ., Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ., 
ȼ.ɇ. Ɏɚɬɟɟɜ. ɗɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɵ ɫɨɫɬɚɜɚ PЭ/SЧO2/ȼɈȽ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦ // ɋɛɨɪɧɢɤ 
ɬɪɭɞɨɜ Ⱦɟɫɹɬɨɣ ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ɍɨɩɥɢɜɧɵɟ 
ɷɥɟɦɟɧɬɵ ɢ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɧɚ ɢɯ ɨɫɧɨɜɟ». ɑɟɪɧɨɝɨɥɨɜɤɚ, Ɋɨɫɫɢɹ, 2023. ɋ. 156-158. 

7. ɂɜɚɧɨɜɚ ɇ.Ⱥ., Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ., ɋɩɚɫɨɜ Ⱦ.Ⱦ., ɋɢɧɹɤɨɜ Ɇ.ȼ., 
Ɏɚɬɟɟɜ ȼ.ɇ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɥɨɟɜ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ 
ɧɚɧɨɬɪɭɛɨɤ // ɋɛɨɪɧɢɤ ɦɚɬɟɪɢɚɥɨɜ БIБ Ɋɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɢ 
ɷɥɟɤɬɪɨɯɢɦɢɹ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɢ ɬɜɟɪɞɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ». ȿɤɚɬɟɪɢɧɛɭɪɝ, Ɋɨɫɫɢɹ, 2023. ɋ. 426-

429. 



20 
 

8. Ɂɚɫɵɩɤɢɧɚ Ⱥ.Ⱥ., ɋɩɚɫɨɜ Ⱦ.Ⱦ., Ɇɟɧɲɚɪɚɩɨɜ Ɋ.Ɇ., ɂɜɚɧɨɜɚ ɇ.Ⱥ. ɉɪɢɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 
ɷɥɟɤɬɪɨɞɨɜ ɉɈɆɌɗ // ɋɛɨɪɧɢɤ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ 11-ɝɨ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ Ɏɪɭɦɤɢɧɫɤɨɝɨ 

ɫɢɦɩɨɡɢɭɦɚ ɩɨ ɷɥɟɤɬɪɨɯɢɦɢɢ. ɋɨɱɢ-Ⱥɞɥɟɪ, Ɋɨɫɫɢɹ, 2024. Ɍɨɦ 4, ɋ. 108. 

ɐɢɬɢɪɭɟɦɚɹ ɥɢɬɟɪɚɬɭɪɚ 

1. Lu M., Liang J., Zhan W., Li Y., Chen H., Li M., Liao S., Cui Z. Corrosion Mechanism and 

Mitigation Strategies for Carbon Supports in PEMFCs // Advanced Sustainable Systems. – 2024. – 

P. 2400742. 

2. Sharma S., Pollet B.G. Support materials for PEMFC and DMFC electrocatalysts – A 

review // Journal of Power Sources. – 2012. – Vol. 208. – P. 96-119. 

3. Liu F., Gao Z., Su J., Guo L. An Experimental Investigation of the Effect of Platinum on 

the Corrosion of Cathode Carbon Support in a PEMFC // ChemSusChem. – 2022. – Vol. 15. – № 10. 
– P. e202102726. 

4. Qu L., Wang Z., Guo X., Song W., Xie F., He L., Shao Z., Yi B. Effect of electrode Pt-

loading and cathode flow-field plate type on the degradation of PEMFC // Journal of Energy 

Chemistry. – 2019. – Vol. 35. – P. 95-103. 

5. Meier J.C., Galeano C., Katsounaros I., Witte J., Bongard H.J., Topalov A.A., Baldizzone 

C., Mezzavilla S., Schüth F., Mayrhofer K.J.J. Design criteria for stable Pt/C fuel cell catalysts // 

Beilstein Journal of Nanotechnology. – 2014. – Vol. 5. – P. 44-67. 

6. KrОРКr A., KrКvos A., KКЭrКšЧТФ T. MОЭСoНoХoРв Пor EvКХЮКЭТoЧ oП CoЧЭrТЛЮЭТoЧs oП 
Ostwald Ripening and Particle Agglomeration to Growth of Catalyst Particles in PEM Fuel Cells // 

Fuel Cells. – 2020. – Vol. 20. – № 4. – P. 487-498. 

7. Das B., Das S., Tewary S., Bose S., Ghosh S., Ghosh A. Graphene Nano Sheets for the Fuel 

Cell Applications // Advances in Nanosheets. – Open access peer-reviewed chapter. – 2023. 

8. Huda M., Kawahara T., Park J.-H., Kawasumi M., Matsuo Y. Single-Walled Carbon 

Nanotubes Supported Pt Electrocatalyst as a Cathode Catalyst of a Single Fuel Cell with High 

Durability against Start-up/Shut-down Potential Cycling // ACS Applied Energy Materials. – 2023. 

– Vol. 6. – № 24. – P. 12226-12236. 

9. Pushkareva I.V., Pushkarev A.S., Kalinichenko V.N., Chumakov R.G., Soloviev M.A., 

Liang Y., Millet P., Grigoriev S.A. Reduced Graphene Oxide-Supported Pt-Based Catalysts for PEM 

Fuel Cells with Enhanced Activity and Stability // Catalysts. – 2021. – Vol. 11. – № 2. – P. 256. 

10. Islam J., Kim S.-K., Lee E., Park G.-G. Durability enhancement of a Pt/C electrocatalyst 

using silica-coated carbon nanofiber as a corrosion-resistant support // International Journal of 

Hydrogen Energy. – 2019. – Vol. 44. – № 8. – P. 4177-4187. 

11. Wu S., Liu J., Liang D., Sun H., Ye Y., Tian Z., Liang C. Photo-excited in situ loading of 

Pt clusters onto rGO immobilized SnO2 with excellent catalytic performance toward methanol 

oxidation // Nano Energy. – 2016. – Vol. 26. – P. 699-707. 

12. Lin J., Yang Y., Zhang H., Su B., Yang Y. Optimization of CNTs growth on TiB2-based 

composite powders by CVD with Fe as catalyst // Ceramics International. – 2020. – Vol. 46. – № 3. 
– P. 3837-3843. 



21 
 

13. Lin J., Yang Y., Zhang H., Yang Y., Hu S. Effects of synthesis temperature and Fe catalyst 

amount on the performance of in situ CNTs/TiB2 composites // Journal of Alloys and Compounds. – 

2018. – Vol. 745. – P. 817-824. 

14. Spasov D.D., Ivanova N.A., Pushkarev A.S., Pushkareva I.V., Presnyakova N.N., 

Chumakov R.G., Presnyakov M.Yu., Grigoriev S.A., Fateev V.N. On the influence of composition 

and structure of carbon-supported Pt-SnO2 hetero-clusters onto their electrocatalytic activity and 

durability in PEMFC // Catalysts. – 2019. – Vol. 9. – № 10. – P. 803. 

15. Hussain S., Kongi N., Erikson H., Rähn M., Merisalu M., Matisen L., Paiste P., Aruväli 

J., Sammelselg V., Estudillo-Wong L.A., Tammeveski K., Alonso-Vante N. Platinum nanoparticles 

photo-deposited on SnO2-C composites: An active and durable electrocatalyst for the oxygen 

reduction reaction // Electrochimica Acta. – 2019. – Vol. 316. – P. 162-172. 

16. Su B.-J., Wang K.-W., Tseng C.-J., Pao C.-W., Chen J.-L., Lu K.-T., Chen J.-M. High 

Durability of Pt3Sn/Graphene Electrocatalysts toward the Oxygen Reduction Reaction Studied with 

In Situ QEXAFS // ACS Applied Materials & Interfaces. – 2020. – Vol. 12. – № 22. – P. 24710-

24716. 

17. Pushkareva I.V., Pushkarev A.S., Kalinichenko V.N., Chumakov R.G., Soloviev M.A., 

Liang Y., Millet P., Grigoriev S.A. Reduced Graphene Oxide-Supported Pt-Based Catalysts for PEM 

Fuel Cells with Enhanced Activity and Stability // Catalysts. – 2021. – Vol. 11. – № 2. – P. 256. 


