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Иɬɨɝɨɜɵɣ ɨɬɱɟɬ ɩɨ ɤɨɧɤɭɪɫɭ ɦɨɥɨɞɟɠɧɵɯ ɩɨɢɫɤɨɜɵɯ ɩɪɨɟɤɬɨɜ ɧɚ ɬɟɦɭ: 

«Пɨɢɫɤ аɤɬɢɜɧыɯ ɮɨɬɨɤаɬаɥɢɡаɬɨɪɨɜ ɞɥя ɩɪɨɰɟɫɫа ɝɢɞɪɨɥɢɡа ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡа 

NH3BH3 ɧа ɨɫɧɨɜɟ ɧаɧɨɫɬɪɭɤɬɭɪɢɪɨɜаɧɧɨɝɨ TiO2» 

Ʉаɣɥɶ Нɢɤɨɥаɣ Ʌɟɨɧɢɞɨɜɢч, 

Ɏɢɥɢɩɩɨɜ Ɍɢɯɨɧ Нɢɤɨɥаɟɜɢч 

Вɜɟɞɟɧɢɟ 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɫɟ ɨɫɬɪɟɟ ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɩɨɢɫɤɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

ɷɧɟɪɝɢɢ ɢ ɬɨɩɥɢɜɚ ɜ ɫɜɹɡɢ ɫ ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɭɳɢɦ ɩɨɬɪɟɛɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ 

ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɦɢɪɟ. Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ 

ɜɵɫɬɭɩɚɬɶ ɜɨɞɨɪɨɞɧɚɹ ɷɧɟɪɝɟɬɢɤɚ [1]. ɉɪɢ ɷɬɨɦ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ 

ɜɨɞɨɪɨɞɚ ɜ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ ɨɛɪɚɡɭɟɬɫɹ ɬɨɥɶɤɨ ɜɨɞɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɦɧɨɝɢɟ 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɡɟɥɟɧɨɣ ɯɢɦɢɢ. 

Ɉɞɧɚɤɨ ɞɥɹ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɪɟɛɭɟɬɫɹ 

ɫɨɡɞɚɧɢɟ ɤɨɦɩɚɤɬɧɨɣ ɫɢɫɬɟɦɵ ɯɪɚɧɟɧɢɹ ɢ ɝɟɧɟɪɚɰɢɢ H2, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɩɨɫɨɛɵ ɟɝɨ ɯɪɚɧɟɧɢɹ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɤɚɤ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦ, ɬɚɤ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ɋɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɚɦɦɢɧɛɨɪɚɧ 

(NH3BH3). Ɉɧ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɫɨɞɟɪɠɢɬ 19,6 ɦɚɫ. % H2, 

ɫɬɚɛɢɥɟɧ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɚɤ ɧɚ ɜɨɡɞɭɯɟ, ɬɚɤ ɢ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ, ɢ ɫɩɨɫɨɛɟɧ 

ɝɟɧɟɪɢɪɨɜɚɬɶ H2 ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɟɲɧɟɝɨ ɧɚɝɪɟɜɚ. ȼɵɞɟɥɟɧɢɟ H2 ɢɡ 

NH3BH3 ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɟɝɨ ɬɟɪɦɨɥɢɡɚ, 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ. 

ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ [2 - 4] ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɬɨɤɚɬɚɥɢɡɚ 

ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɪɚɡɜɢɬɢɟ ɜɨɞɨɪɨɞɝɟɧɟɪɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ NH3BH3. 

ȼ ɞɚɧɧɵɯ ɪɚɛɨɬɚɯ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ 

ɜɵɞɟɥɟɧɢɹ H2 ɜ ɜɢɞɢɦɨɣ ɢ ɍɎ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɜ ɩɪɨɰɟɫɫɟ ɝɢɞɪɨɥɢɡɚ NH3BH3. ȼ ɤɚɱɟɫɬɜɟ 

ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ, ɬɢɬɚɧɚ, ɚ ɬɚɤɠɟ 

ɫɭɥɶɮɢɞ ɤɚɞɦɢɹ, Ag/SBA-15, Cu/TiO2 , ɢ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ ɩɥɚɡɦɨɧɧɵɦ 

ɪɟɡɨɧɚɧɫɨɦ [2, 4 - 9]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɨ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɞɟɥɟɧɢɹ 

ɜɨɞɨɪɨɞɚ ɢɡ ɫɢɫɬɟɦɵ NH3BH3 – H2O – ɤɚɬɚɥɢɡɚɬɨɪ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɫɜɨɣɫɬɜ TiO2 ɢ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ TiO2 ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɚ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɟɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɜ ɩɪɨɜɟɞɟɧɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɚɤ ɫ ɩɨɡɢɰɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɚɦɦɢɧɛɨɪɚɧɚ, ɬɚɤ ɢ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɨɫɜɟɳɟɧɢɹ. Дɚɧɧɵɟ ɨ ɩɪɢɦɟɧɟɧɢɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɪɨɰɟɫɫɚ 

ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɨɬɫɭɬɫɬɜɭɸɬ. 
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Цɟɥɶ ɪɚɛɨɬɵ 

ɍɫɬɚɧɨɜɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ 

NH3BH3 ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɜɟɬɚ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɫɜɨɣɫɬɜ 

ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ. ɉɪɨɜɟɞɟɧɧɨɟ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɡɜɨɥɢɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɨɫɬɚɜ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ H2 ɢɡ 

ɤɨɦɩɨɡɢɰɢɣ «NH3BH3 + H2O» ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɜɟɬɚ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɥɢɬɟɪɚɬɭɪɟ 

ɚɧɚɥɨɝɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɨ. 

Оɫɧɨɜɧɵɟ ɡɚɞɚчɢ 

1. ɋɢɧɬɟɡ ɪɹɞɚ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ 

ɬɢɬɚɧɚ (ɧɚɧɨɬɪɭɛɤɢ ɢ ɧɚɧɨɫɬɟɪɠɧɢ) ɢ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ 

(ɍɎ-ȼɢɞ ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɊɎɅȺ, ȻЭɌ, ɉЭɆȼɊ, ɊɎȺ ɢ ɞɪ.) 

2. Иɡɭɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɤɢɧɟɬɢɤɟ ɜɵɞɟɥɟɧɢɹ H2 ɜ 

ɯɨɞɟ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ NH3BH3 ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɫɜɟɬɨɦ ɫ ɪɚɡɥɢɱɧɨɣ 

ɞɥɢɧɨɣ ɜɨɥɧɵ. 

Мɟɬɨɞɵ ɢ ɩɨɞхɨɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɜɵɩɨɥɧɟɧɢя ɩɪɨɟɤɬɚ 

Yɚɧɨɬɪɭɛɤɢ ɢ ɧɚɧɨɫɬɟɪɠɧɢ ɧɚ ɨɫɧɨɜɟ TiO2 ɝɨɬɨɜɢɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ 

ɫɢɧɬɟɡɚ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ TiOSO4, ɚ ɬɚɤ ɠɟ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ TiO2 ɜ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ Au ɝɨɬɨɜɢɥɢ ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɷɬɚɧɨɥɶɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɡɨɥɨɬɨɯɥɨɪɢɫɬɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ Ag, ɝɨɬɨɜɢɥɢ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ 

ɧɨɫɢɬɟɥɹ ɪɚɫɬɜɨɪɨɦ ɤɨɥɥɨɢɞɧɨɝɨ Ag, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɜɢɧɢɥɩɢɪɪɨɥɢɞɨɧɨɦ. 

Ʉɢɧɟɬɢɤɚ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɜɨɥɸɦɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ: ɍɎ-ȼɢɞ 

ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɉЭɆȼɊ, ɊɎȺ, ȻЭɌ ɢ ɞɪ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɨ ɞɚɧɧɵɦ ɉЭɆȼɊ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɬɢɬɚɧɫɨɞɟɪɠɚɳɢɯ 

ɩɪɟɤɭɪɫɨɪɨɜ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɛɵɥɚ ɨɛɪɚɡɨɜɚɧɚ ɧɨɜɚɹ ɮɚɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɜɢɞɟ 

ɧɚɧɨɫɬɟɪɠɧɟɣ ɢ ɧɚɧɨɬɪɭɛɨɤ. (Ɍɚɛɥ. 1ɉ ɜ ɩɪɢɥɨɠɟɧɢɢ). Иɡ ɫɧɢɦɤɨɜ ɉЭɆȼɊ ɜɢɞɧɨ, ɱɬɨ 

ɧɚɢɛɨɥɟɟ ɞɥɢɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɨɜɚɥɢɫɶ ɜ ɨɛɪɚɡɰɟ K_TiO2_T120 (ɩɨɪɹɞɤɚ 100 – 200 ɧɦ), 

ɨɞɧɚɤɨ ɜ ɷɬɨɦ ɠɟ ɨɛɪɚɡɰɟ ɨɫɬɚɥɚɫɶ ɧɟɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɚɹ ɮɚɡɚ (ɲɢɮɪ K_TiO2_T120 

ɨɡɧɚɱɚɟɬ: K – ɨɫɧɨɜɚɧɢɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɳɟɥɨɱɧɨɣ ɫɪɟɞɵ (KOH), TiO2 – ɬɢɬɚɧɫɨɞɟɪɠɚɳɢɣ 

ɩɪɟɤɭɪɫɨɪ, T120 – ɬɟɦɩɟɪɚɬɭɪɚ ɚɜɬɨɤɥɚɜɢɪɨɜɚɧɢɹ T=120°C). 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɊɎȺ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɨɜɚɹ ɮɚɡɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɬɢɬɚɧɚɬɵ ɫɨɫɬɚɜɚ K2Ti6O13 ɢ K2Ti8O17 ɫ ɞɨɥɟɣ TiO2, ɚɧɚɬɚɡɧɨɣ 
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ɦɨɞɢɮɢɤɚɰɢɢ. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɧɚɬɚɡɚ ɫɨɞɟɪɠɢɬɫɹ ɜ ɨɛɪɚɡɰɟ K_TiO2_T120, ɨɞɧɚɤɨ, 

ɤɚɤ ɜɢɞɧɨ ɢɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɊɎȺ ɢ ɉЭɆȼɊ, ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɧɚɬɚɡɚ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɫɯɨɞɧɨɝɨ TiO2. 

Ɍɚɤɠɟ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɫɧɹɬɵ ɍɎ-ȼɢɞ ɫɩɟɤɬɪɵ ɞɢɮɮɭɡɧɨɝɨ 

ɨɬɪɚɠɟɧɢɟ (ɋДɈ), ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɟɳɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɞɥɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ ɜ 

ɤɨɪɨɬɤɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ TiO2, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟɦ 

ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ (Eg). Дɥɹ ɱɢɫɬɨɝɨ TiO2 ɚɧɚɬɚɡɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ Eg = 3,2 ɷȼ, ɞɥɹ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ Eg ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 3,44 ɷȼ. Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ TiO2 

ɧɚɧɨɪɚɡɦɟɪɧɵɦ Ag ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 400 – 500 ɧɦ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɚɡɦɨɧɧɨɦɭ ɪɟɡɨɧɚɧɫɭ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɱɚɫɬɢɰɚɯ ɫɟɪɟɛɪɚ. 

ɇɚɥɢɱɢɟ ɧɟɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɢ ɧɚɧɨɫɬɟɪɠɧɟɣ ɩɪɢɜɨɞɢɬ ɤ 

ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɚ K_TiO2_T120. Чɬɨ, ɩɨ 

ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɫɜɹɡɚɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɦɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ, ɢɦɟɸɳɢɦɢ 

ɪɚɡɥɢɱɧɵɟ ɩɨɥɨɠɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɞɟɥɟɧɢɸ 

ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɷɤɫɢɬɨɧɧɵɯ ɩɚɪ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɚɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɚ. 

ȼɨɥɸɦɨɦɟɬɪɢɱɟɫɤɨɟ ɢɡɦɟɪɟɧɢɟ ɤɢɧɟɬɢɤɢ ɜɵɞɟɥɟɧɢɹ H2 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɝɢɞɪɨɥɢɡ 

ɢɫɯɨɞɧɨɝɨ NH3BH3 ɜ ɨɬɫɭɬɫɬɜɢɟ ɮɨɬɨɤаɬаɥɢɡаɬɨɪа ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 40°ɋ ɧɟ ɩɪɨɬɟɤаɟɬ, 

ɤаɤ ɜ ɨɬɫɭɬɫɬɜɢɢ ɨɫɜɟщɟɧɢя, ɬаɤ ɢ ɩɪɢ ɨɫɜɟщɟɧɢɢ ɜɢɞɢɦɵɦ ɢɥɢ ɍɎ ɫɜɟɬɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɧɚ ɝɢɞɪɨɥɢɡ NH3BH3 ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɬɚɤɢɟ ɮɚɤɬɨɪɵ 

ɤɚɤ: 

1. ɉɪɢɪɨɞɚ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ (ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ, ɫɭɥɶɮɚɬ ɬɢɬɚɧɢɥɚ). 

2. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2. 

3. ɉɪɨɰɟɫɫ ɦɚɥɨ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

(ɪɚɫɫɦɨɬɪɟɧɨ ɧɚ ɩɪɢɦɟɪɟ KOH ɢ NaOH). 

4. ȼɪɟɦɹ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2 ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɬɵ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ 

ɨɬɦɵɜɚɧɢɹ ɨɬ ɳɟɥɨɱɢ, ɨɤɚɡɵɜɚɸɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɝɢɞɪɨɥɢɡ ȺȻ. 

5. ɇɚɥɢɱɢɟ ɮɚɡɵ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɬɢɬɚɧɚɬɨɜ ɜ ɫɦɟɫɢ ɫ ɚɧɚɬɚɡɨɦ. 
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Дɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ: 

Ɍɚɛɥɢɰɚ 1. Ɉɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɢ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɚɦɦɢɧɛɨɪɚɧɚ (*): 

ɋɨɫɬɚɜ 

ɤɚɬɚɥɢɡɚɬɨɪɚ 

Ɍɢɩ 

ɢɫɩɨɥɶɡɭɟ

ɦɨɣ 

ɳɟɥɨɱɢ 

Ɍ 

ɩɟɪɟɤɪ

ɢɫɬɚɥɥ

ɢɡɚɰɢɢ,

°ɋ 

ɈɄɊ, 

<D200>/ 

<D020>, 

nm 

SBET, 

ɦ2/ɝ 

ȼɵɯɨɞ 

H2, 

ɦɤɦɨɥɶ 

ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 

H2, ɦɦɨɥɶ H2/ɱɚɫ 

ɧɚ 1 ɝ ɤɚɬ-

ɪɚ 

ɧɚ ɦ2
 

ɩɨɜ-ɬɢ 

TiO2-H - - - 347 135.6 6.8 0.019 

TiO2-H NaOH 120 - - 216.8 10.8 - 

TiO2-H KOH 120 2.6 232 199.0 10.0 0.043 

TiO2-H KOH 140 4.1/17 191.5 62.6 3.1 0.016 

TiO2-H KOH 160 3.7/20 309 27.6 1.4 0.005 

TiO2-D KOH 120 - - 168.4 8.4 - 

TiO2-D KOH 160 - - 70.0 3.5 - 

TiO2-D NaOH 160 - 239 22.0 1.1 0.005 

TiOSO4 KOH 120 5.6/10 77 27.5 1.4 0.018 

TiOSO4 KOH 160 4.6/22 279 50.0 2.5 0.009 

TiOSO4 NaOH 120 - 310 37.4 1.9 0.006 

TiOSO4 NaOH 160 - 273 18.6 0.9 0.003 

30% KOH/TiOSO4-120/70% TiO2-H) 142.0 7.1 - 

10% KOH/TiOSO4-120/90% TiO2-H) 160.0 8.0 - 

1% KOH/TiOSO4-120/99% TiO2-H) 135.6 6.8 - 

30% NaOH/TiOSO4-120/70% TiO2-H) 152.0 7.6 - 

* Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ – 40°ɋ. Иɧɬɟɧɫɢɜɧɨɫɬɶ ɨɫɜɟɳɟɧɢɹ – 9.2 ɦȼɬ/ɫɦ2
, λ = 365 ɧɦ, ɜɪɟɦɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ – 2 ɱɚɫɚ,TiO2 – H = TiO2 – ɦɚɪɤɢ Hombifine ɢ TiO2 – D = TiO2 – ɦɚɪɤɢ Degussa. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɵɲɟ, ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɸɬ 

ɨɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ TiO2 – ɦɚɪɤɢ Hombifine ɩɪɢ 120°ɋ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 

ɱɚɫɬɢɱɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɢɬɢɬɚɧɚɬɨɜ ɜ ɮɨɪɦɟ ɧɚɧɨɫɬɟɪɠɧɟɣ ɢ ɧɚɧɨɬɪɭɛɨɤ. ɇɟɫɦɨɬɪɹ ɧɚ 

ɷɬɨ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɧɚɧɨɬɪɭɛɨɤ ɢ ɧɚɧɨɫɬɟɪɠɧɟɣ ɢɡ ɫɭɥɶɮɚɬɚ ɬɢɬɚɧɢɥɚ, ɧɚɛɥɸɞɚɸɬɫɹ ɧɢɡɤɢɟ 

ɜɟɥɢɱɢɧɵ ɜɵɯɨɞɚ H2 ɢ ɫɤɨɪɨɫɬɢ ɟɝɨ ɝɟɧɟɪɚɰɢɢ (18-50 ɦɤɦɨɥɶ H2 ɡɚ 2 ɱɚɫɚ). ɉɨɷɬɨɦɭ ɛɵɥɨ 

ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɦ ɷɮɮɟɤɬɟ ɧɚɥɢɱɢɹ ɧɚɧɨɬɪɭɛɨɤ ɢ ɧɚɧɨɫɬɟɪɠɧɟɣ ɢ 

ɧɟɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ TiO2. Дɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɛɵɥɢ 

ɩɪɢɝɨɬɨɜɥɟɧɵ ɫɩɟɤɚɧɢɟɦ ɩɪɢ 500°C ɫɦɟɫɟɜɵɟ ɫɨɫɬɚɜɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɧɚɧɨɫɬɪɭɤɬɭɪ 1-30% ɢ 

ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɦ ɝɢɞɪɨɥɢɡɟ ȺȻ. Дɥɹ ɨɛɪɚɡɰɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
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ɩɨɥɢɬɢɬɚɧɚɬɨɜ 10% ɧɚɛɥɸɞɚɟɬɫɹ ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɪɟɡɭɥɶɬɚɬ, ɨɞɧɚɤɨ ɞɚɠɟ ɨɧ ɧɟ ɞɨɫɬɢɝɚɟɬ 

ɩɨɤɚɡɚɬɟɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ K_TiO2_T120 

Дɥɹ ɩɨɜɵɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɫɤɨɪɨɫɬɢ ɜɵɞɟɥɟɧɢɹ H2 ɢ ɟɝɨ ɜɵɯɨɞɚ) 

ɢ ɩɟɪɟɯɨɞɚ ɜ ɜɢɞɢɦɭɸ ɨɛɥɚɫɬɶ ɫɩɟɤɬɪɚ, ɨɛɪɚɡɰɵ TiO2 ɦɨɞɢɮɢɰɢɪɨɜɚɥɢ CdS, Au, Ag. 

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɜɟɫɬɧɵɣ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪ – CdS/TiO2 [3] ɧɟ ɩɪɨɹɜɢɥ 

ɚɤɬɢɜɧɨɫɬɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɜɵɞɟɥɟɧɢɸ ɜɨɞɨɪɨɞɚ, ɤɚɤ ɜ ɜɢɞɢɦɨɣ, ɬɚɤ ɢ ɜ ɍɎ ɨɛɥɚɫɬɢ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɤɨɦɩɨɡɢɰɢɣ NH3BH3 ɫ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ TiO2 ɩɨɞ ɍɎ 

ɜɵɞɟɥɹɟɬɫɹ H2. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɡɨɥɨɬɨɦ TiO2 ɩɪɨɹɜɥɹɟɬ ɮɨɬɨɤɚɬɚɥɢ-

ɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ (Ɋɢɫ. 1) ɢ "ɬɟɦɧɨɜɨɝɨ" ɜɵɞɟɥɟɧɢɹ H2 ɢɡ NH3BH3 ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ CdS ɢ Au ɧɚ ɞɢɨɤɫɢɞɟ ɬɢɬɚɧɚ, ɜ ɫɥɭɱɚɟ ɧɚɧɟɫɟɧɧɨɝɨ Ag ɧɚɛɥɸɞɚɟɬɫɹ 

ɚɤɬɢɜɧɨɫɬɶ ɤɚɤ ɜ ɜɢɞɢɦɨɣ, ɬɚɤ ɢ ɜ ɍɎ ɨɛɥɚɫɬɢ. Дɥɹ ɞɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɜɟɞɟɧɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɱɚɫɬɢɰ ɫɟɪɟɛɪɚ ɢ ɩɪɢɪɨɞɵ ɬɢɬɚɧɫɨɞɟɪɠɚɳɟɝɨ ɩɪɟɤɭɪɫɨɪɚ. 

Дɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

ɋɨɫɬɚɜ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ȼɵɯɨɞ H2, 

ɦɤɦɨɥɶ 

ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ H2, ɦɦɨɥɶ H2/ɱɚɫ 

ɧɚ 1 ɝ ɤɚɬ-ɪɚ 

Ag (0.02%)/TiO2-H 246.0 12.3 

Ag (0.04%)/TiO2-H 345.0 17.3 

Ag (0.06%)/TiO2-H 360.0 18.0 

Ag (0.1%)/TiO2-H 303.2 15.2 

Ag (1%)/TiO2-H 654.0 32.7 

Ag (0.06%)/TiO2-H
**

 245.0 12.3 

Ag (0.04%)/ɄɈɇ/TiO2-H-120 222.2 11.1 

 

Ɋɢɫ. 1. ȼɵɞɟɥɟɧɢɟ H2 ɩɪɢ ɝɢɞɪɨɥɢɡɟ NH3BH3 ɫ Au/TiO2. Иɧɬɟɧɫɢɜɧɨɫɬɶ ɨɫɜɟɳɟɧɢɹ -  

9.2 ɦȼɬ/ɫɦ2
 ɞɥɹ λ = 365ɧɦ; 28 ɦȼɬ/ɫɦ2

 ɞɥɹ 450 ɧɦ, 40°ɋ. 



6 

Ag (0.04%)/ɄɈɇ/TiOSO4-160 171.8 8.6 

Ag (0.04%)/SiO2 155.9 8.0 

* ȼɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ –2 ɱɚɫɚ, λ = 365 ɧɦ, 9.2 ɦȼɬ/ɫɦ2
, TiO2 – H = TiO2 – ɦɚɪɤɢ 

Hombifine). 

** Эɤɫɩɟɪɢɦɟɧɬ ɩɪɢ λ = 450 ɧɦ, 28 ɦȼɬ/ɫɦ2
. 

ɇɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɝɢɞɪɨɥɢɡɟ ɚɦɦɢɧɛɨɪɚɧɚ ɩɪɨɹɜɥɹɟɬ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪ 

Ag(1%)/TiO2 (Ɋɢɫ. 2), ɬɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɫ ɡɚɦɟɬɧɨɣ ɫɤɨɪɨɫɬɶɸ 

ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɨɫɜɟɳɟɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ Ag 0.02-0.06% 

«ɬɟɦɧɨɜɨɝɨ» ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɢ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɝɢɞɪɨɥɢɡ ɩɪɨɬɟɤɚɥ 

ɤɨɧɬɪɨɥɢɪɭɟɦɨ ɥɢɲɶ ɩɪɢ ɨɫɜɟɳɟɧɢɢ. ɉɪɢ ɷɬɨɦ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɞɥɹ ɜɫɟɯ ɫɟɪɟɛɪɨɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɢɫɯɨɞɧɵɦ TiO2 ɢ ɧɚɧɨɬɪɭɛɤɚɦɢ. 
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Ɋɢɫ. 2. ȼɵɞɟɥɟɧɢɟ H2 ɜ ɤɨɦɩɨɡɢɰɢɹɯ NH3BH3 ɫ Ag/TiO2. ɚ) ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ Ag ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɛ) ȼɥɢɹɧɢɟ ɫɜɨɣɫɬɜ ɢ ɩɪɢɪɨɞɵ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɧɨɫɢɬɟɥɹ 

Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ, 40°ɋ. 

 

Дɥɹ ɩɨɜɵɲɟɧɢɹ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɟɦɤɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɫɢɫɬɟɦɟ ɛɵɥ 

ɢɫɫɥɟɞɨɜɚɧ ɩɪɨɰɟɫɫ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 80°ɋ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɢ ɜ ɫɢɫɬɟɦɭ ɚɦɦɢɧɛɨɪɚɧ-ɜɨɞɚ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɝɢɞɪɨɥɢɡ 

ɚɦɦɢɧɛɨɪɚɧɚ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ 90°ɋ (Ɋɢɫ. 3) ɜ ɫɦɟɫɢ ȺȻ-H2O-TiO2 ɩɪɨɰɟɫɫ ɢɞɟɬ 

ɤɨɧɬɪɨɥɢɪɭɟɦɨ ɢ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ, ɚ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɫɜɟɬɨɦ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 365 ɧɦ 

ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɢ ɜɵɯɨɞ ɜɨɞɨɪɨɞɚ ɭɜɟɥɢɱɢɥɫɹ. Дɨɫɬɢɝɚɟɦɚɹ 

ɜɟɥɢɱɢɧɚ ɩɥɨɬɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨ ɜɨɞɨɪɨɞɭ ɫɨɫɬɚɜɥɹɟɬ 5.5 ɦɚɫ.%, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɦ ɦɢɪɨɜɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɧɚ 2015 ɝɨɞ. Эɬɢ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɚɜɢɥɶɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɩɨɞɯɨɞɨɜ ɢ ɩɨɤɚɡɵɜɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
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Ɋɢɫ. 3. ȼɵɞɟɥɟɧɢɟ H2 ɜ ɤɨɦɩɨɡɢɰɢɹɯ NH3BH3 ɫ TiO2-ɇ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 
ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɛɟɡ ɫɜɟɬɚ ɢ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 365 ɧɦ. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, 90°ɋ. 

 

ɋɬɟɩɟɧɶ ɜɵɩɨɥɧɟɧɢя ɩɨɫɬɚɜɥɟɧɧɵх ɡɚɞɚч 

ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɤɚɤ ɢɡ TiO2, ɬɚɤ ɢ 

ɢɡ TiOSO4 ɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɢɯ ɨɫɧɨɜɟ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜɵɞɟɥɟɧɢɹ H2 

ɢɡ NH3BH3 ɩɪɢ ɟɝɨ ɤɨɧɬɚɤɬɟ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɨɛɪɚɡɰɚɦɢ ɩɨɞ ɜɢɞɢɦɵɦ ɢ ɍɎ ɫɜɟɬɨɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

ɋɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɥɢɡɚ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɢ ɧɚɧɨɬɪɭɛɨɤ ɧɚ ɟɝɨ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɤɚɡɚɥɨ, 

ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɫɢɫɬɟɦɟ ɧɟɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ 

ɚɧɚɬɚɡɚ ɢ ɧɚɥɢɱɢɹ ɞɨɥɢ ɧɚɧɨɫɬɟɪɠɧɟɣ ɢ ɧɚɧɨɬɪɭɛɨɤ ɩɨɥɢɬɢɬɚɧɚɬɨɜ (ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɩɪɨɹɜɥɹɸɬ ɨɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2 ɦɚɪɤɢ Hombifine ɩɪɢ 120°ɋ). 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɢɧɟɬɢɤɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɚɦɦɢɧɛɨɪɚɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ Ag/TiO2 ɢ Au(1%)/TiO2 ɜ ɝɢɞɪɨɥɢɡɟ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ 

ɚɤɬɢɜɧɨɫɬɶ, ɤɚɤ ɜ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɢ, ɬɚɤ ɢ ɜ ɍɎ, ɩɪɢɱɟɦ ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɫ 

ɧɚɢɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɶɸ ɜ ɫɥɭɱɚɟ Ag/TiO2 ɢ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɨɫɜɟɳɟɧɢɹ. Дɥɹ 

Ag/TiO2 ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɜɚɪɶɢɪɨɜɚɧɢɸ ɫɨɞɟɪɠɚɧɢɹ Ag ɜ ɫɨɫɬɚɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ 

ɩɪɢɪɨɞɵ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɰɢɣ ɫ TiO2 

ɭɫɬɚɧɨɜɥɟɧɨ ɢɧɢɰɢɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɫɜɟɬɚ ɧɚ ɷɬɨɬ ɩɪɨɰɟɫɫ ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ, ɩɪɢ ɷɬɨɦ ɜɵɯɨɞ H2 ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɟɬ. ɉɨɤɚɡɚɧɚ 

ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɤɚɤ ɫ ɩɨɡɢɰɢɣ ɜɜɟɞɟɧɢɹ Ag/TiO2 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɬɚɤ ɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜɟɬɚ ɜ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ. 

ɋɪɚɜɧɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɨɧɢ 

ɨɪɢɝɢɧɚɥɶɧɵ ɢ ɫɨɩɨɫɬɚɜɢɦɵ ɩɨ ɫɜɨɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɞɥɹ ɝɢɞɪɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ. 

Дɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ ɩɨɞɨɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ. 



8 

Иɫɩɨɥɶɡɭɟɦɚя ɥɢɬɟɪɚɬɭɪɚ: 
                                                           

 

1 Y. Demirel. Energy. Green Energy and Technology. Springer-Verlag London Ltd. XX P. 27 – 70, 

2012. 

2 Z. Lou, Q. Gu, L. Xu, Y. Liao, C. Xue. Surfactant-free synthesis of plasmonic tungsten oxide 

nanowires with visible-light-enhanced hydrogen generation from ammonia borane // Chem. Asian 

J., V. 10, I. 6, P. 1291 – 1294, 2015. 

3 B. Pant, H. R. Pant, M. Park, Y. Liu, J.-W. Choi, N. A. M. Barakat, H.-Y. Kim. Electrospun CdS–

TiO2 doped carbon nanofibers for visible-light-induced photocatalytic hydrolysis of ammonia 

borane // Catalysis Communications, V. 50, P. 63 – 68, 2014. 

4 A. Yousef, N. A. M. Barakat, M. H. EL-Newehy, M. M. Ahmeda, H. Y. Kim. Catalytic 

hydrolysis of ammonia borane for hydrogen generation using Cu (0) nanoparticles supported on 

TiO2 nanofibers // Colloids and Surfaces A: Physicochem. Eng. Aspects, V. 470, P. 194 – 201, 

2015. 

5 K. Fuku, R. Hayashi, S. Takakura, T. Kamegawa, K. Mori, H. Yamashita. The synthesis of size- 

and color-controlled silver nanoparticles by usind microwave heating and their enhanced catalytic 

activity bu localized surface Plasmon resonance. Angew. Chem. V. 125, P. 7594 – 7598, 2013. 

6 M. Kanehara, H. Koike, T. Yoshinaga, T. Teranishi. Indium tin oxide nanoparticles with 

compositionally tunable surface plasmon resonance frequencies in the near-IR region. J. Am. Chem. 

Soc. V. 131, P. 17736 – 17737, 2009. 

7 I. Kriegel, C. Jiang,  .   Н ТР Ог- О  пndez, R. D. Schaller, D. V. Talapin, E. da Como,  

J. Feldmann. Tuning the excitonic and plasmonic properties of copper chalcogenide nanocrystals.  

J. Am. Chem. Soc., V. 134, P. 1583 − 1590, 2012. 

8 H. Cheng, T. Kamegawa, K. Mori, H. Yamashita. Surfactant-free nonaqueous synthesis of 

plasmonic molybdenum oxide nanosheets with enhanced catalytic activity for hydrogen generation 

from ammonia borane under visible light. Angew. Chem. Int. Ed., V. 53, P. 2910 – 2914, 2014. 

9 A. Yousef, N. A. M. Barakat, H. Y. Kim. Electrospun Cu-doped titania nanofibers for 

photocatalytic hydrolysis of ammonia borane. Applied Catalysis A: General, V. 467, P. 98-106, 

2013. 

10 A. Yousef, R. M. Brooks, M. M. El-Halwany, M. H. EL-Naewhy, S. S. Al-Deyab, N. A. M. 

Barakat. Cu
0
/S-doped TiO2 nanoparticles-decorated carbon nanofibers as novel and efficient 

photocatalyst for hydrogen generation from ammonia borane. Ceramics International, V. 42, I.1, P. 

1507-1512, 2016 



ɉɪиɥɨɠɟɧиɟ  
Эɤɫɩɟɪиɦɟɧɬаɥьɧая чаɫɬь 

Оɛɨɪɭɞɨɜɚɧɢɟ: 

Ɍɟɪɦɨɫɬɚɬ Huber CC1; Ɇɚɝɧɢɬɧɚɹ ɦɟɲɚɥɤɚ IKA color squid; Иɫɬɨɱɧɢɤɢ ɢɡɥɭɱɟɧɢɹ – 

ɫɜɟɬɨɞɢɨɞɵ (ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 365, 450, 520 ɧɦ, ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 30,100 ȼɬ); 

ɋɩɟɤɬɪɨɮɨɬɨɦɟɬɪ - Cary 100 Scan UV Visible Spectrophotometer. 

Рɟɚɝɟɧɬы: 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ NH3BH3 ɫ ɱɢɫɬɨɬɨɣ 86,2 % ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ "Ⱥɜɢɚɛɨɪ" 

(Ɋɨɫɫɢɹ), TiOSO4 (“SСТУТКгСuКnР ВuКnМСОm Imp. & Eбp. Corp. LtН.”, Ʉɢɬɚɣ), TТO2 (100 % 

ɚɧɚɬɚɡ, SКМСtlОЛОn CСОmТО GmЛH, Ƚɟɪɦɚɧɢɹ) ɦɚɪɤɢ HomЛТПТnО N, SBET = 347 ɦ2/ɝ, ɫɪɟɞɧɢɣ 

ɞɢɚɦɟɬɪ ɩɨɪ 4,9 ɧɦ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ TiO2 ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ 

ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɬɢɬɚɧɫɨɞɟɪɠɚɳɢɯ ɩɪɟɤɭɪɫɨɪɨɜ (TiO2, TiOSO4). Ⱦɥɹ ɷɬɨɝɨ 10 ɝ 

ɩɪɟɤɭɪɫɨɪɚ ɞɨɛɚɜɥɹɥɢ ɤ 60 ɦɥ 10 Ɇ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ ɢɥɢ ɧɚɬɪɢɹ. ɉɨɥɭɱɟɧɧɭɸ 

ɫɦɟɫɶ ɩɨɦɟɳɚɥɢ ɜ ɬɟɮɥɨɧɨɜɵɣ ɚɜɬɨɤɥɚɜ ɢ ɩɨɞɜɟɪɝɚɥɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɛɨɬɤɢ ɜɚɪɶɢɪɨɜɚɥɢ ɨɬ 120 ɞɨ 160 °ɋ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɜɚɪɶɢɪɨɜɚɥɢ ɨɬ 15 ɞɨ 

48 ɱ. ɉɨɥɭɱɟɧɧɵɣ ɩɨɫɥɟ ɚɜɬɨɤɥɚɜɢɪɨɜɚɧɢɹ ɨɫɚɞɨɤ ɨɬɦɵɜɚɥɢ 0,1 Ɇ ɪɚɫɬɜɨɪɨɦ HCl ɢ ɜɨɞɨɣ ɞɨ 

ɧɟɣɬɪɚɥɶɧɨɣ ɪɟɚɤɰɢɢ ɧɚ pH ɫɥɢɜɧɵɯ ɜɨɞ. Ɉɬɦɵɬɵɣ ɨɫɚɞɨɤ ɩɪɨɤɚɥɢɜɚɥɢ ɩɪɢ 300 °C ɜ ɬɟɱɟɧɢɟ 

3 ɱɚɫɨɜ. ɉɪɢɝɨɬɨɜɥɟɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɦɟɬɨɞɚɦɢ ɊɎȺ, ɉЭɆȼɊ ɢ 

ɍɎ-ȼɢɞ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

Ʉɚɬɚɥɢɡɚɬɨɪɵ Ag/TiO2 ɝɨɬɨɜɢɥɢ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ ɢɡ ɪɚɫɬɜɨɪɚ 

ɤɨɥɥɨɢɞɧɨɝɨ ɫɟɪɟɛɪɚ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ Ag 40-50 Ǻ) ɢ TiO2-Hombifine N c ɩɨɫɥɟɞɭɸɳɟɣ ɫɭɲɤɨɣ 

ɜ ɜɚɤɭɭɦɧɨɦ ɲɤɚɮɭ. Au/TiO2 ɝɨɬɨɜɢɥɢ ɦɟɬɨɞɨɦ ɮɨɬɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Д1]. Ʉɚɬɚɥɢɡɚɬɨɪ 

CdS/TiO2 ɛɵɥ ɩɪɢɝɨɬɨɜɥɟɧ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ Д2
]. 

ȼɫɟ ɦɚɧɢɩɭɥɹɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɝɨɬɨɜɥɟɧɢɟɦ ɢ ɩɨɞɝɨɬɨɜɤɨɣ ɨɛɪɚɡɰɨɜ ɤ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɩɪɨɜɨɞɢɥɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɧɢɟɦ. 

Мɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢя эɤɫɩɟɪɢɦɟɧɬɨɜ: 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɛɵɥɚ ɫɨɛɪɚɧɚ ɥɚɛɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɋɢɫ.1ɉ), 

ɤɨɬɨɪɚɹ ɫɨɫɬɨɹɥɚ ɢɡ ɫɬɟɤɥɹɧɧɨɝɨ ɪɟɤɬɨɪɚ (1) (V=47 ɦɥ) ɜ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɦɚɫɥɹɧɨɣ 

ɪɭɛɚɲɤɟ, ɫɢɫɬɟɦɵ ɝɚɡɨɨɬɜɨɞɚ, ɜɤɥɸɱɚɸɳɭɸ ɢɧɞɢɤɚɬɨɪɧɭɸ ɬɪɭɛɤɭ (4) ɞɥɹ ɮɢɤɫɚɰɢɢ ɚɦɦɢɚɤɚ 

ɜ ɩɨɥɭɱɟɧɧɨɦ ɝɚɡɟ ɢ ɝɚɡɨɜɭɸ ɛɸɪɟɬɤɭ (5) ɨɛɴɟɦɨɦ 100 ɦɥ ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 0,2 ɦɥ. 

ɉɟɪɟɦɟɲɢɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɢ IKA color squid (2) ɫɨ 

ɫɤɨɪɨɫɬɶɸ 800 ɨɛ/ɦɢɧ, ɚ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɫɬɚɬɚ Huber CC1 (6). Ⱦɥɹ 

ɨɫɜɟɳɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɜɟɬɨɞɢɨɞ (3). 



 

1. Ɋɟɚɤɬɨɪ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. 

2. Ɇɚɝɧɢɬɧɚɹ ɦɟɲɚɥɤɚ. 

3. ɋɜɟɬɨɞɢɨɞ. 

4. Ʉɚɥɢɛɪɨɜɚɧɧɚɹ ɢɧɞɢɤɚɬɨɪɧɚɹ ɬɪɭɛɤɚ ɧɚ 

ɚɦɦɢɚɤ. 

5. Ƚɚɡɨɜɚɹ ɛɸɪɟɬɤɚ 

6. Ɍɟɪɦɨɫɬɚɬ 

7. Иɫɬɨɱɧɢɤ ɬɨɤɚ (ɧɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɚ ɮɨɬɨ) 

Ɋɢɫ. 1ɉ. Ʌɚɛɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ ɩɨɞ 

ɜɢɞɢɦɵɦ ɢ ɍɎ ɫɜɟɬɨɦ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɜɵɞɟɥɟɧɢɹ H2 ɢɡ ɚɦɦɢɧɛɨɪɚɧɚ ɟɝɨ ɧɚɜɟɫɤɭ ɦɚɫɫɨɣ 46 ɦɝ 

ɩɨɦɟɳɚɥɢ ɜ ɪɟɚɤɬɨɪ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɥɢ 5 ɦɥ ɜɨɞɵ, ɩɟɪɟɦɟɲɢɜɚɥɢ 

ɞɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɚɦɦɢɧɛɨɪɚɧɚ ɢ ɞɨɛɚɜɥɹɥɢ ɧɚɜɟɫɤɭ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɚɫɫɨɣ 10 ɦɝ, ɩɨɫɥɟ 

ɱɟɝɨ ɪɟɚɤɬɨɪ ɝɟɪɦɟɬɢɡɢɪɨɜɚɥɢ, ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɫɜɟɪɯɭ ɫɜɟɬɨɞɢɨɞ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɢɧɨɣ 

ɜɨɥɧɵ ɢ ɦɨɳɧɨɫɬɶɸ ɢɡɥɭɱɟɧɢɹ ɢ ɮɢɤɫɢɪɨɜɚɥɢ ɨɛɴɟɦ ɩɨɥɭɱɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ – ɚɦɦɢɚɤɚ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɜɧɟɲɧɟɦ ɧɚɝɪɟɜɟ 40±1°ɋ. Ɉɛɴɟɦ 

ɜɵɞɟɥɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɛɵɥ ɩɟɪɟɫɱɢɬɚɧ ɫ ɭɱɟɬɨɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɞɭɯɚ, 

ɩɪɢɜɟɞɟɧ ɤ ɧɨɪɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɢ ɩɟɪɟɫɱɢɬɚɧ ɜ ɤɨɥɢɱɟɫɬɜɨ ɦɤɦɨɥɟɣ H2, ɜɵɞɟɥɹɸɳɢɯɫɹ ɢɡ 

NH3BH3. Ⱦɚɧɧɵɟ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢ ɹɜɥɹɸɬɫɹ 

ɨɩɬɢɦɚɥɶɧɵɦɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ. 



0 30 60 90 120

0

50

100

150

200

250   AB + TiO
2
-H 

  AB + KOH/TiO
2
-H-120 

  AB + KOH/TiO
2
-D-120 

  AB + KOH/TiOSO
4
-160 

  AB + NaOH/TiOSO
4
-120 

  AB + NaOH/TiO
2
-D-160 

  AB + KOH/TiO
2
-D-160 

H
2
, ɦ

ɤɦ
ɨɥ

ь

Вɪеɦя, ɦиɧ
 

Ɋɢɫ. 2ɉ. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɩɪɢ ɫɢɧɬɟɡɟ ɧɚɧɨɫɬɪɭɤɬɭɪ TiO2 ɧɚ 
ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɝɢɞɪɨɥɢɡ ȺȻ. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ 
(TiO2 – H = TiO2 – Hombifine ɢ TiO2 – D = TiO2 – Degussa) , 40°ɋ. 
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Ɋɢɫ. 3ɉ. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2 ɦɚɪɤɢ Hombifine ɧɚ ɮɨɬɨɤɚɬɚɥɢ-

ɬɢɱɟɫɤɢɣ ɝɢɞɪɨɥɢɡ ȺȻ. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ.  
120, 140 ɢ 160 – ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2, °ɋ, 40°ɋ. 
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Ɋɢɫ. 4ɉ. ȼɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɝɟɧɟɪɚɰɢɸ ɜɨɞɨɪɨɞɚ ɩɪɢ ɝɢɞɪɨɥɢɡɟ 

NH3BH3. λ = 365 ɧɦ, 40°ɋ. 
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Ɋɢɫ. 5ɉ. ȼɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɨɣ ɳɟɥɨɱɢ (ɪɚɫɫɦɨɬɪɟɧɨ ɧɚ 
ɩɪɢɦɟɪɟ ɄɈɇ ɢ NaOH). Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ.  
120 ɢ 160 – ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2 – Hombifine ɢ TiOSO4 °ɋ, 40°ɋ. 
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Ɋɢɫ. 6ɉ. ȼɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ (ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɨɬɦɵɜɚɧɢɹ ɢɡɛɵɬɤɚ ɳɟɥɨɱɢ). Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ, 40°ɋ. 
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Ɋɢɫ. 7ɉ. ȼɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ TiO2 ɜ 
ɫɦɟɫɢ ɫ TiO2-Hombifine. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ, 40°ɋ. 

 



 
Ɋɢɫ. 8ɉ. ȼɥɢɹɧɢɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɧɚ ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 
ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ, 40°ɋ. 
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Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɞɥɢɧɵ ɜɨɥɧɵ ɧɚ ɜɵɞɟɥɟɧɢɟ H2 ɜ ɤɨɦɩɨɡɢɰɢɹɯ NH3BH3 ɫ Ag/TiO2. 

Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365, 450 ɧɦ, 40°ɋ. 

 

 

  



ɉЭМВɊ 

Ɍɚɛɥɢɰɚ 1ɉ. ɉЭɆȼɊ ɫɧɢɦɤɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ. 

K_TiO2_T120: 

 

 

K_TiOSO4_T160: 

 



 

 

ɚ) 

300 320 340 360 380 400 420 440

, ɧɦ
 

ɛ) 

400 420 440 460 480 500 520 540

, ɧɦ
 

Ɋɢɫ. 3ɉ. ɋɩɟɤɬɪɵ ɫɜɟɬɨɞɢɨɞɨɜ: ɚ) ɍɎ ɫɜɟɬɨɞɢɨɞ; ɛ) ɜɢɞɢɦɵɣ ɫɜɟɬɨɞɢɨɞ. 

Иɧɬɟɧɫɢɜɧɨɫɬɶ ɨɫɜɟɳɟɧɢɹ ɫɨɫɬɚɜɢɥɚ ɞɥɹ ɍɎ 9,2 ɦȼɬ/ɫɦ2, ɞɥɹ ɜɢɞɢɦɨɝɨ 46,8 

ɦȼɬ/ɫɦ2
. 

 

 

Ɋɢɫ. 4ɉ. ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ TiO2 [3]. 
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Ɋɢɫ. 5ɉ. ɋɩɟɤɬɪɵ ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ɢɡɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚɧɨɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
TiO2. 

Аɧɚɥɢɡ ɨɛɪɚɡцɨɜ ɦɟɬɨɞɨɦ РФА: 

ɉɨ ɞɚɧɧɵɦ ɊɎȺ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ KOH ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɨɣ ɮɚɡɵ. ɉɨɞ 

ɧɨɜɭɸ ɮɚɡɭ ɩɨɞɯɨɞɹɬ ɞɜɚ ɫɨɫɬɚɜɚ K2Ti6O13 ɢ K2Ti8O17. ɋɬɪɭɤɬɭɪɵ ɮɚɡ K2Ti6O13 ɢ K2Ti8O17 

ɨɱɟɧɶ ɩɨɯɨɠɢ, ɫɨɫɬɨɹɬ ɢɡ ɫɥɨɢɫɬɵɯ ɩɚɤɟɬɨɜ ɨɤɬɚɷɞɪɢɱɟɫɤɢ-ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɯ Ti
4+

 ɪɚɡɧɨɣ 

ɞɥɢɧɵ (3 ɢ 4) ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д001]. ɇɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɧɚɬɚɡɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɨɛɪɚɡɰɟ 

K_TiO2_T120, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟ ɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ȼ ɨɛɪɚɡɰɚɯ, 

ɩɨɥɭɱɟɧɧɵɯ ɢɡ TiOSO4 ɮɚɡɚ ɚɧɚɬɚɡɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ Д3] 
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Ɋɢɫ. 6ɉ. ɊɎȺ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ TiO2. 

 

K2Ti6O13 

 

K2Ti8O17 

 

Ɋɢɫ. 7ɉ. ɋɬɪɭɤɬɭɪɵ ɮɚɡ K2Ti6O13 ɢ K2Ti8O17 

 

Тɚɛлицɚ 2П. ɋɪɟɞɧɢɟ ɪɚɡɦɟɪɵ ɈɄɊ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɲɢɪɢɧɟ ɩɢɤɨɜ 200 

(ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɥɨɹɦ) ɢ 020 (ɜɞɨɥɶ ɫɥɨɟɜ, ɜɝɥɭɛɶ ɪɢɫɭɧɤɚ).  

Ɉɛɪɚɡɟɰ <D200>, nm <D020>, nm 

K_TiO2_T120 2.6 ? 

K_TiO2_T140 4.1 17 

K_TiO2_T160 3.7 20 

K_TiOSO4_T160 4.6 22 

K_TiOSO4_T120 5.6 10 

Ɋɚɡɦɟɪɵ ɈɄɊ ɯɨɪɨɲɨ ɫɨɨɬɧɨɫɹɬɫɹ ɫ ɞɚɧɧɵɦɢ ɉЭɆȼɊ.  
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1 

Реценɡɢя 

ɧɚ ɢɬɨɝɨɜɵɣ ɨɬɱɟɬ Ʉɚɣɥɶ ɇ.Ʌ., Ɏɢɥɢɩɩɨɜɚ Ɍ.ɇ. «ɉɨɢɫɤ ɚɤɬɢɜɧɵɯ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ 

ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ NH3BH3 ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ TiO2» 

 Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɨɢɫɤɭ ɪɟɲɟɧɢɸ ɚɤɬɭɚɥɶɧɨɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɛɥɟɦɵ 

ɨɬɫɭɬɫɬɜɢɹ ɤɨɦɩɚɤɬɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɝɟɧɟɪɚɰɢɢ H2, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɫɟɣɱɚɫ ɫɩɨɫɨɛɵ ɟɝɨ ɯɪɚɧɟɧɢɹ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ. Ɋɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɝɢɞɪɢɞɵ, 

ɹɜɥɹɸɳɢɟɫɹ ɥɢɞɟɪɚɦɢ ɩɨ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɞɟɪɠɚɧɢɸ H2. ɋɪɟɞɢ ɬɚɤɢɯ ɝɢɞɪɢɞɨɜ 

ɚɦɦɢɧɛɨɪɚɧ (NH3BH3) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɫɨɞɟɪɠɢɬ 19,6 ɦɚɫ. 

% H2, ɫɬɚɛɢɥɟɧ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɚɤ ɧɚ ɜɨɡɞɭɯɟ, ɬɚɤ ɢ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ, ɢ 

ɫɩɨɫɨɛɟɧ ɝɟɧɟɪɢɪɨɜɚɬɶ H2 ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɟɲɧɟɝɨ ɧɚɝɪɟɜɚ. 

ȼɵɞɟɥɟɧɢɟ H2 ɢɡ NH3BH3 ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɬɟɪɦɨɥɢɡɚ ɢ 

ɝɢɞɪɨɬɟɪɦɨɥɢɡ. Ⱥɜɬɨɪɵ, ɨɩɢɪɚɹɫɶ ɧɚ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɫɱɢɬɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɩɨɞɯɨɞ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

 Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɪɨɟɤɬɚ ɹɜɥɹɥɢɫɶ:1) ɋɢɧɬɟɡ ɪɹɞɚ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ 

ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ (ɧɚɧɨɬɪɭɛɤɢ ɢ ɧɚɧɨɫɬɟɪɠɧɢ) ɢ ɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ (ɍɎ-ȼɢɞ ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɊɎɅȺ, ȻЭɌ, 

ɉЭɆȼɊ, ɊɎȺ ɢ ɞɪ.) 2) ɂɡɭɱɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɤɢɧɟɬɢɤɟ 

ɜɵɞɟɥɟɧɢɹ H2 ɜ ɯɨɞɟ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ NH3BH3 ɩɪɢ ɨɛɥɭɱɟɧɢɢ 

ɫɜɟɬɨɦ ɫ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ. 

Пɪɟɞɩɨɥаɝаɟɦыɟ ɩɨɞхɨɞы ɤ ɪɟɲɟɧɢɸ ɡаɞаɱ (ɷɬаɩы ɢɫɫɥɟɞɨɜаɧɢɣ) 

1) Ɇɨɞɟɪɧɢɡɚɰɢɹ ɢɦɟɸɳɟɣɫɹ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɩɨɞ ɨɛɥɭɱɟɧɢɟɦ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ. 

2) ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɝɚɡɨɜɵɞɟɥɟɧɢɹ H2 ɜ ɩɨɥɭɱɟɧɧɵɯ ɤɨɦɩɨɡɢɰɢɹɯ ɩɪɢ 

ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ NH3BH3, ɫɨɫɬɚɜɚ ɢ ɫɩɨɫɨɛɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɞɥɢɧɵ ɜɨɥɧɵ ɩɨɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. 

3) Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

4) ɉɨɞɛɨɪ ɭɫɥɨɜɢɣ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɜɵɯɨɞɭ ɢ ɫɤɨɪɨɫɬɢ ɜɵɞɟɥɟɧɢɹ 

H2 ɢɡ ɤɨɦɩɨɡɢɰɢɣ «NH3BH3 + H2O + ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪ». 

 Ⱥɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɢɬɨɝɨɜɨɦ ɨɬɱɟɬɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 

ɡɚɤɥɸɱɟɧɢɟ ɨɛ ɭɫɩɟɲɧɨɦ, ɜ ɰɟɥɨɦ, ɪɟɲɟɧɢɢ ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɩɪɨɟɤɬɟ ɡɚɞɚɱ. Ɋɟɰɟɧɡɟɧɬɨɦ 

ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɱɟɬɵ:  

1. ɇɟ ɫɦɨɬɪɹ ɧɚ ɜɵɫɤɚɡɚɧɧɨɟ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɪɟɰɟɧɡɢɢ ɡɚɦɟɱɚɧɢɟ ɨ ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɪɦɢɧɚ «ɧɚɧɨɫɬɪɭɤɬɭɪɚ» ɜ ɫɥɭɱɚɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 

ɩɨɥɢɬɢɬɚɧɚɬɨɜ ɫ ɦɨɪɮɨɥɨɝɢɟɣ ɬɪɭɛɨɤ ɢ ɫɬɟɪɠɧɟɣ ɚɜɬɨɪɵ ɭɩɨɪɧɨ ɩɪɨɞɨɥɠɚɸɬ 

ɩɢɫɚɬɶ, ɱɬɨ ɩɨɥɭɱɢɥɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ. Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɝɨɜɨɪɢɬɶ ɨɛ 

ɧɚɧɨɞɢɫɩɟɫɧɨɫɬɢ. Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɭ ɚɜɬɨɪɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɥɢɫɶ ɱɚɫɬɢɰɵ 

ɧɚɧɨɦɟɬɪɨɜɨɝɨ ɪɚɡɦɟɪɚ ɨɬɧɸɞɶ ɧɟ ɝɨɜɨɪɢɬ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ ɧɚɧɨɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɞɟɮɟɤɬɧɨɝɨ ɫɪɚɫɬɚɧɢɹ ɢɫɯɨɞɧɵɯ ɱɚɫɬɢɰ ɢ 

ɩɪɨɬɹɠɟɧɧɵɦɢ ɦɟɠɛɥɨɱɧɵɦɢ ɝɪɚɧɢɰɚɦɢ. Ɋɟɰɟɧɡɟɧɬ ɧɚɫɬɚɢɜɚɟɬ ɧɚ ɤɨɪɪɟɤɬɧɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɫɬɨɹɜɲɟɝɨɫɹ ɬɟɪɦɢɧɚ. 

2. ȼ ɫɥɭɱɚɟ ɧɚɧɟɫɟɧɧɵɯ Ag-ɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɟ ɩɨɧɹɬɧɚ ɥɨɝɢɤɚ ɜɵɛɨɪɚ 

ɤɨɥɢɱɟɫɬɜ ɜɧɟɫɟɧɧɨɝɨ ɫɟɪɟɛɪɚ. Дɜɢɝɚɹɫɶ ɨɬ 0.02 ɜɟɫ.% ɞɨ 0.1 ɜɟɫ.%  Ag ɫ ɲɚɝɨɦ 

0.02 ɡɚɬɟɦ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɟɛɪɚ ɜ 10 ɪɚɡ ɞɨ 1 ɜɟɫ.%. ɢ 

ɢɦɟɧɧɨ ɷɬɨɬ ɤɚɬɚɥɢɡɚɬɨɪ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ. ɋɤɥɚɞɵɜɚɟɬɫɹ ɜɩɟɱɚɬɥɟɧɢɟ, ɱɬɨ ɚɜɬɨɪɵ 

«ɩɪɨɦɚɯɧɭɥɢɫɶ» ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɞɢɚɩɚɡɨɧɨɦ ɤɨɧɰɟɧɬɪɚɰɢɣ  ɧɚɧɟɫɟɧɧɨɝɨ Ag ɢ, 

ɜɨɡɦɨɠɧɨ, ɞɚɠɟ ɩɨɥɭɱɢɜ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɚɤɬɢɜɧɨɫɬɢ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɩɪɨɰɟɫɫɟ 

ɜɫɟ ɪɚɜɧɨ ɧɟ ɞɨɫɬɢɝɥɢ ɧɚɢɥɭɱɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɬ.ɤ. ɧɚɯɨɞɹɬɫɹ ɜ ɥɨɤɚɥɶɧɨɦ 

ɦɢɧɢɦɭɦɟ. ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɢɫɤɭ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. 

3. Ⱥɜɬɨɪɵ ɩɪɢɜɨɞɹɬ ɦɧɨɠɟɫɬɜɨ ɞɚɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ TiO2, ɨɞɧɚɤɨ ɞɥɹ ɧɚɧɟɫɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

Au ɥɢɛɨ Ag, ɬɚɤɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɬɫɭɬɫɬɜɭɸɬ.  ɇɟ ɩɨɧɹɬɧɨ, ɤɚɤɨɜ ɪɚɡɦɟɪ ɱɚɫɬɢɰ 

ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɡɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹɧɢɟ, ɫɬɪɭɤɬɭɪɚ. ɏɨɱɟɬɫɹ ɧɚɞɟɹɬɶɫɹ, ɱɬɨ 

ɚɜɬɨɪɵ ɩɪɢɛɟɪɟɝɥɢ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɮɢɧɚɥɶɧɨɣ ɩɪɟɡɟɧɬɚɰɢɢ ɢ ɨɬɤɪɨɸɬ 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɝɥɚɡɚ ɧɚ ɩɪɢɪɨɞɭ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ ɨɛɫɭɠɞɚɟɦɵɯ ɜ ɞɚɧɧɨɦ 

ɩɪɨɟɤɬɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ.   

 

Ɋɚɛɨɬɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɞɚɥɶɧɟɣɲɟɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɩɪɢ ɭɫɬɪɚɧɟɧɢɢ 

ɫɞɟɥɚɧɧɵɟ ɡɚɦɟɱɚɧɢɣ. 



ɈɌЗЫȼ 

ɧɚ ɢɬɨɝɨɜɵɣ ɨɬɱɟɬ «ɉɨɢɫɤ ɚɤɬɢɜɧɵɯ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡɚ ɢ 

ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ NH3BH3 ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ TТO2» 

Ʉɚɣɥɹ ɇɢɤɨɥɚɹ Ʌɟɨɧɢɞɨɜɢɱɚ, Фɢɥɢɩɩɨɜɚ Ɍɢɯɨɧɚ ɇɢɤɨɥɚɟɜɢɱɚ 

 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɯɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɫɬɨɪɨɧɵ ɪɚɛɨɬɵ: ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɴɹɜɥɟɧɧɵɦ ɜ ɡɚɹɜɤɟ ɰɟɥɹɦ ɢ ɡɚɞɚɱɚɦ;  

ɩɨɥɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɨɛɴɹɜɥɟɧɧɵɯ ɜ ɩɪɨɟɤɬɟ ɡɚɞɚɱ. ȼ ɨɬɱɟɬɟ ɱɟɬɤɨ ɩɨɤɚɡɚɧɚ ɧɚɭɱɧɚɹ 

ɧɨɜɢɡɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɪɚɛɨɬɚɦɢ ɜ ɨɛɥɚɫɬɢ 

ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ. Ɉɬɱɟɬ ɧɚɩɢɫɚɧ ɥɢɬɟɪɚɬɭɪɧɵɦ ɹɡɵɤɨɦ, ɢɦɟɟɬ ɱɟɬɤɭɸ ɢ ɩɨɧɹɬɧɭɸ 

ɫɬɪɭɤɬɭɪɭ, ɫɩɢɫɨɤ ɩɭɛɥɢɤɚɰɢɣ ɨɮɨɪɦɥɟɧ ɩɨ ȽɈɋɌɭ ɢ ɜɤɥɸɱɚɟɬ ɪɚɛɨɬɵ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ 

ɜ ɜɵɫɨɤɨɪɟɣɬɢɧɝɨɜɵɯ ɠɭɪɧɚɥɚɯ. 

Ɍɚɤɠɟ ɯɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɜɬɨɪɵ ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɬɢɥɢ ɧɚ ɡɚɦɟɱɚɧɢɹ ɢ ɜɨɩɪɨɫɵ 

ɪɟɰɟɧɡɟɧɬɚ ɤ ɩɪɨɦɟɠɭɬɨɱɧɨɦɭ ɨɬɱɟɬɭ. 

ɉɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɧɵɦ ɢ ɡɚɫɥɭɠɢɜɚɟɬ ɜɵɫɨɤɨɣ ɮɢɧɚɥɶɧɨɣ ɨɰɟɧɤɢ. 

 

 

 


