
1 

 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɨɬɱɟɬ ɩɨ ɤɨɧɤɭɪɫɭ ɦɨɥɨɞɟɠɧɵɯ ɩɨɢɫɤɨɜɵɯ ɩɪɨɟɤɬɨɜ ɧɚ ɬɟɦɭ: 

«Пɨɢɫɤ ɚɤɬɢɜɧыɯ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥя ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡɚ ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ 

NH3BH3 ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ TiO2» 

Ʉɚɣɥɶ ɇɢɤɨɥɚɣ Ʌɟɨɧɢɞɨɜɢɱ, 

Фɢɥɢɩɩɨɜ Тɢɯɨɧ ɇɢɤɨɥɚɟɜɢɱ 

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, ɩɨɫɤɨɥɶɤɭ ɜɨɞɨɪɨɞ (H2) ɹɜɥɹɟɬɫɹ ɥɢɞɟɪɨɦ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 

ɷɧɟɪɝɢɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ Д1]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ 

ɨɤɢɫɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɟɬɫɹ ɜɨɞɚ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɦɧɨɝɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɡɟɥɟɧɨɣ ɯɢɦɢɢ. 

Ɉɞɧɨɣ ɢɡ ɩɪɨɛɥɟɦ ɞɥɹ ɩɨɜɫɟɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ 

ɨɬɫɭɬɫɬɜɢɟ ɤɨɦɩɚɤɬɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɝɟɧɟɪɚɰɢɢ H2, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɫɟɣɱɚɫ ɫɩɨɫɨɛɵ ɟɝɨ ɯɪɚɧɟɧɢɹ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɤɚɤ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦ, ɬɚɤ 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: ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɬɟɪɦɨɥɢɡɚ (ɫɬɭɩɟɧɱɚɬɵɣ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɟɪɜɚɹ ɦɨɥɟɤɭɥɚ H2 ɜɵɞɟɥɹɟɬɫɹ 

ɩɪɢ з110°ɋ, ɜɬɨɪɚɹ ɩɪɢ з150°ɋ ɢ ɬɪɟɬɶɹ ɜ ɪɚɣɨɧɟ 1170°ɋ, ɩɪɢɱɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 

120°ɋ ɩɪɨɰɟɫɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɛɨɱɧɵɯ ɬɨɤɫɢɱɧɵɯ ɛɨɪɫɨɞɟɪɠɚɳɢɯ ɝɚɡɨɜɵɯ 

ɩɪɨɞɭɤɬɨɜ); ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɝɢɞɪɨɥɢɡɚ (ɩɪɨɰɟɫɫ ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɞɟɥɹɟɬɫɹ ɬɪɢ ɦɨɥɟɤɭɥɵ H2 ɜ 

ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ) ɢ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ (ɩɪɨɰɟɫɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ 

ɫɤɨɪɨɫɬɶɸ ɝɟɧɟɪɚɰɢɢ ɢ ɜɵɯɨɞɨɦ H2 ɡɚ ɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɜɵɫɨɤɨɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɝɢɞɪɨɥɢɡɚ NH3BH3 ɢ ɟɝɨ ɬɟɪɦɨɥɢɡɚ). ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɪɚɧɟɟ ɞɚɧɧɵɦ, ɩɪɢ 

ɝɢɞɪɨɬɟɪɦɨɥɢɡɟ NH3BH3 ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɩɨ H2 ɜ 

7,7 ɦɚɫ. %, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɬɪɟɛɨɜɚɧɢɟ ɧɚ 2015 ɝɨɞ ɞɥɹ ɫɢɫɬɟɦ ɯɪɚɧɟɧɢɹ ɜɨɞɨɪɨɞɚ. 

ɋɨɜɫɟɦ ɧɟɞɚɜɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ Д2 - 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 
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ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ, ɜɨɥɶɮɪɚɦɚ, ɬɢɬɚɧɚ, ɚ ɬɚɤɠɟ 

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

ɪɟɡɨɧɚɧɫɨɦ Д2, 4 - 9]. 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɤ ɫɨɠɚɥɟɧɢɸ, ɨɬɫɭɬɫɬɜɭɟɬ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɜ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɚɤ ɫ ɩɨɡɢɰɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɪɚɫɬɜɨɪɨɜ ɚɦɦɢɧɛɨɪɚɧɚ, ɬɚɤ ɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɨɫɜɟɳɟɧɢɹ. Ɍɚɤɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɩɪɟɞɫɬɚɜɥɟɧ ɚɧɚɥɢɡ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, ɤɚɤ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɬɚɤ ɢ ɜ ɪɚɫɬɜɨɪɟ. 

Ⱦɚɧɧɵɟ ɨ ɩɪɢɦɟɧɟɧɢɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɨɬɫɭɬɫɬɜɭɸɬ. 

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. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ 

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 

ɇɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ TiO2 ɝɨɬɨɜɢɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ 

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

ɭɫɥɨɜɢɹɯ. 

ɇɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ TiO2 ɢ ɤɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ 

ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ: ɍɎ-ȼɢɞ ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɉЭɆȼɊ, ɊɎȺ ɢ ɞɪ. 

Ʉɢɧɟɬɢɤɚ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɜɨɥɸɦɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ (ɫɦ. ɩɪɢɥɨɠɟɧɢɟ (Ɋɢɫ. 1ɉ)). 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɨ ɞɚɧɧɵɦ ɉЭɆȼɊ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɬɢɬɚɧɫɨɞɟɪɠɚɳɢɯ 

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

ɧɚɧɨɫɬɪɭɤɬɭɪ (ɧɚɧɨɬɪɭɛɤɢ ɢ ɧɚɧɨɫɬɟɪɠɧɢ) (Ɍɚɛɥɢɰɚ 1ɉ ɜ ɩɪɢɥɨɠɟɧɢɢ). Иɡ ɫɧɢɦɤɨɜ ɉЭɆȼɊ 

ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɞɥɢɧɧɵɟ ɬɪɭɛɤɢ ɨɛɪɚɡɨɜɚɥɢɫɶ ɜ ɨɛɪɚɡɰɟ K_TiO2_T120 (ɩɨɪɹɞɤɚ 100 – 
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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). 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɊɎȺ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɨɜɚɹ ɮɚɡɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɬɢɬɚɧɚɬɵ ɫɨɫɬɚɜɚ K2Ti6O13 ɢ K2Ti8O17 ɫ ɞɨɥɟɣ TiO2, ɚɧɚɬɚɡɧɨɣ 

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 (ɋȾɈ), ɩɨ ɞɚɧɧɵɦ ɤɨɬɨɪɵɯ ɜɢɞɧɨ ɫɦɟɳɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ 

ɨɛɪɚɡɰɨɜ ɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ 

ɡɨɧɵ. Ⱦɥɹ ɱɢɫɬɨɝɨ TiO2 ɚɧɚɬɚɡɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ Eg=3,2 ɷȼ, ɞɥɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ 

ɨɛɪɚɡɰɨɜ Eg ɦɟɧɹɟɬɫɹ ɞɨ 3,4 ɷȼ. Ɇɨɞɢɮɢɤɚɰɢɹ TiO2 ɧɚɧɨɪɚɡɦɟɪɧɵɦ Ag ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɹɜɥɟɧɢɸ ɩɨɝɥɨɳɟɧɢɸ ɜ ɨɛɥɚɫɬɢ 400 – 500 ɧɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɚɡɦɨɧɧɨɦɭ ɪɟɡɨɧɚɧɫɭ 

ɧɚ ɱɚɫɬɢɰɚɯ ɫɟɪɟɛɪɚ. 

ȼɨɥɸɦɨɦɟɬɪɢɱɟɫɤɨɟ ɢɡɦɟɪɟɧɢɟ ɤɢɧɟɬɢɤɢ ɜɵɞɟɥɟɧɢɹ H2 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɝɢɞɪɨɥɢɡ 

ɢɫɯɨɞɧɨɝɨ NH3BH3 ɜ ɨɬɫɭɬɫɬɜɢɟ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 40 °ɋ ɧɟ ɩɪɨɬɟɤɚɟɬ ɤɚɤ ɜ 

ɨɬɫɭɬɫɬɜɢɢ ɨɫɜɟɳɟɧɢɹ, ɬɚɤ ɢ ɩɪɢ ɨɫɜɟɳɟɧɢɢ ɜɢɞɢɦɵɦ ɢɥɢ ɍɎ ɫɜɟɬɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɝɢɞɪɨɥɢɡ NH3BH3 ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɧɚɛɥɸɞɚɟɬɫɹ 

ɬɨɥɶɤɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɍɎ ɫɜɟɬɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɞ ɜɢɞɢɦɵɦ ɫɜɟɬɨɦ ɢ ɜ ɬɟɦɧɨɬɟ ɧɟ 

ɩɪɨɬɟɤɚɟɬ (Ɋɢɫ. 1). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɥɢɱɢɟ ɫɮɟɪɢɱɟɫɤɢɯ 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 

ɷɥɟɤɬɪɨɧ-ɞɵɪɨɱɧɵɯ ɩɚɪ. ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɷɤɫɢɬɨɧɧɵɯ ɩɚɪ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɚ. 

Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ (ɫɦ. ɩɪɢɥɨɠɟɧɢɟ (Ɋɢɫ. 

2ɉ)). 



4 

 

0 30 60 90 120

0

20

40

60

80

100

120

140

160

180

200
 NH

3
BH

3
 + TiO

2

 NH
3
BH

3
 + K_TiOSO

4
_T160 

 NH
3
BH

3
 + K_TiO

2
_T120 

 NH
3
BH

3
 + K_TiO

2
_T140

 NH
3
BH

3
 + K_TiO

2
_T160 

H
2
, ɦ

ɤɦ
ɨɥ

ɶ

Вɪеɦɹ, ɦиɧ

 

Ɋɢɫ. 1. ȼɵɞɟɥɟɧɢɟ H2 ɜ ɤɨɦɩɨɡɢɰɢɹɯ NH3BH3 ɫ TiO2 ɢ ɧɚɧɨɬɪɭɛɤɚɦɢ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɢ 

TiOSO4 (120, 140 ɢ 160 – ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ TiO2, °ɋ). Эɥɟɤɬɪɢɱɟɫɤɚɹ 

ɦɨɳɧɨɫɬɶ ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365 ɧɦ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ (ɫɤɨɪɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ ɟɝɨ 

ɜɵɯɨɞɚ) ɢ ɩɟɪɟɯɨɞɚ ɜ ɜɢɞɢɦɭɸ ɱɚɫɬɶ 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 TiO2 ɩɨɞ ɍɎ ɜɵɞɟɥɹɟɬɫɹ ɜɨɞɨɪɨɞ. ȼ ɬɨ 

ɠɟ ɜɪɟɦɹ ɡɨɥɨɬɨɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ ɩɪɨɹɜɥɹɟɬ ɬɨɥɶɤɨ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ (ɤɚɤ ɩɨɞ ɜɢɞɢɦɵɦ, ɬɚɤ ɢ ɩɨɞ ɍɎ ɫɜɟɬɨɦ (Ɋɢɫ. 2)), ɬɟɦɧɨɜɨɝɨ ɜɵɞɟɥɟɧɢɹ H2 ɢɡ 

NH3BH3 ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

 

Ɋɢɫ. 2. ȼɵɞɟɥɟɧɢɟ H2 ɩɪɢ ɝɢɞɪɨɥɢɡɟ NH3BH3 ɫ Au/TiO2. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 

ɫɜɟɬɨɞɢɨɞɚ – 30,100 ȼɬ, λ = 365, 450 ɧɦ. 
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Ɋɢɫ. 3. ȼɵɞɟɥɟɧɢɟ H2 ɜ ɤɨɦɩɨɡɢɰɢɹɯ NH3BH3 ɫ Ag/TiO2. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ 

ɫɜɟɬɨɞɢɨɞɚ – 100 ȼɬ, λ = 365, 450 ɧɦ. 

ɋɬɟɩɟɧɶ ɜɵɩɨɥɧɟɧɢя ɩɨɫɬɚɜɥɟɧɧɵх ɡɚɞɚɱ 

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

ɢɡ TiOSO4. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɜɵɞɟɥɟɧɢɹ H2 ɢɡ NH3BH3 ɩɪɢ ɟɝɨ ɤɨɧɬɚɤɬɟ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɦɢ ɨɛɪɚɡɰɚɦɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɢ ɧɚɧɟɫɟɧɧɵɦɢ 

ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɨɞ ɜɢɞɢɦɵɦ ɢ ɍɎ ɫɜɟɬɨɦ. Ɉɛɪɚɡɰɵ ɩɨɥɭɱɟɧɧɵɯ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɜ ɝɢɞɪɨɥɢɡɟ NH3BH3, ɤɚɤ ɜ ɜɢɞɢɦɨɣ 

ɨɛɥɚɫɬɢ, ɬɚɤ ɢ ɜ ɍɎ, ɩɪɨɹɜɥɹɸɬ ɤɚɬɚɥɢɡɚɬɨɪɵ Ag(1%)/TiO2 ɢ Au(1%)/TiO2, ɩɪɢɱɟɦ 

ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɧɚɢɛɨɥɶɲɟɣ ɫɤɨɪɨɫɬɶɸ ɜ ɫɥɭɱɚɟ Ag(1%)/TiO2 ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɪɢ ɜɵɤɥɸɱɟɧɢɢ ɨɫɜɟɳɟɧɢɹ. 

Ɉɛɧɚɪɭɠɟɧ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚɧɨɬɪɭɛɤɢ/ɚɧɚɬɚɡ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɫɤɨɪɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɚɦɦɢɧɛɨɪɚɧɚ. 

Дɚɥɶɧɟɣɲɚя ɩɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ  
1) ɉɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ TiO2 ɢ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɯ ɚɤɬɢɜɧɨɫɬɢ ɜ ɝɢɞɪɨɥɢɡɟ ɚɦɦɢɧɛɨɪɚɧɚ. 

2) Иɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ ɚɦɦɢɧɛɨɪɚɧɚ ɩɨɞ ɜɢɞɢɦɵɦ ɢ ɍɎ ɫɜɟɬɨɦ ɫ 

ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɦɢ ɤɚɬɚɥɢɡɚɬɨɪɚɦɢ ɝɢɞɪɨɥɢɡɚ NH3BH3. 
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ɉɪɢɥɨɠɟɧɢɟ  
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚя ɱɚɫɬɶ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ: 

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. 

Рɟɚɝɟɧɬɵ: 

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. 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 [10]. Ʉɚɬɚɥɢɡɚɬɨɪ 

CdS/TiO2 ɛɵɥ ɩɪɢɝɨɬɨɜɥɟɧ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ [11]. 

ȼɫɟ ɦɚɧɢɩɭɥɹɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɝɨɬɨɜɥɟɧɢɟɦ ɢ ɩɨɞɝɨɬɨɜɤɨɣ ɨɛɪɚɡɰɨɜ ɤ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɩɪɨɜɨɞɢɥɢ ɧɚ ɜɨɡɞɭɯɟ ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɧɢɟɦ. 

Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢя ɷɤɫɩɟɪɢɦɟɧɬɨɜ: 

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). 
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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. 
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Ɋɢɫ. 2ɉ. ȼɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɝɟɧɟɪɚɰɢɸ ɜɨɞɨɪɨɞɚ ɢɡ NH3BH3. 

 

ɉЭМВɊ 

Ɍɚɛɥɢɰɚ 1ɉ. ɉЭɆȼɊ ɫɧɢɦɤɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ. 

K_TiO2_T120: 
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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
. 
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Ɋɢɫ. 4ɉ. ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ TiO2 [12]. 
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Ɋɢɫ. 5ɉ. ɋɩɟɤɬɪɵ ɞɢɮɮɭɡɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ɢɡɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚɧɨɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
TiO2. 

Аɧɚɥɢɡ ɨɛɪɚɡɰɨɜ 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 ɧɚɛɥɸɞɚɟɦɚɹ ɮɚɡɚ ɚɧɚɬɚɡɚ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɩɨɹɜɥɹɟɬɫɹ ɩɪɢ 

ɩɪɨɤɚɥɢɜɚɧɢɢ. Ɍɚɤɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ Д12] 
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Ɋɢɫ. 6ɉ. ɊɎȺ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ TiO2. 

 

K2Ti6O13 

 

K2Ti8O17 

 

Ɋɢɫ. 7ɉ. ɋɬɪɭɤɬɭɪɵ ɮɚɡ K2Ti6O13 ɢ K2Ti8O17 

 

Тɚɛɥɢɰɚ 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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ɈɌЗЫȼ 

ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɨɬɱɟɬ «ɉɨɢɫɤ ɚɤɬɢɜɧɵɯ ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɨɜ ɞɥɹ ɩɪɨɰɟɫɫɚ ɝɢɞɪɨɥɢɡɚ ɢ 

ɝɢɞɪɨɬɟɪɦɨɥɢɡɚ NH3BH3 ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ TТO2» 

Ʉɚɣɥɹ ɇɢɤɨɥɚɹ Ʌɟɨɧɢɞɨɜɢɱɚ, Ɏɢɥɢɩɩɨɜɚ Ɍɢɯɨɧɚ ɇɢɤɨɥɚɟɜɢɱɚ 

 

ɋɧɚɱɚɥɚ ɯɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɫɬɨɪɨɧɵ ɪɚɛɨɬɵ: ɫɨɨɬɜɟɬɫɬɜɢɟ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɴɹɜɥɟɧɧɵɦ ɜ ɡɚɹɜɤɟ ɰɟɥɹɦ ɢ ɡɚɞɚɱɚɦ;  

ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɜɵɩɨɥɧɟɧɢɹ ɨɛɴɹɜɥɟɧɧɵɯ ɜ ɩɪɨɟɤɬɟ ɡɚɞɚɱ; ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɩɪɨɝɪɚɦɦɵ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɪɨɤ ɞɨ ɨɤɨɧɱɚɧɢɹ ɩɪɨɟɤɬɚ. 

Ɉɞɧɚɤɨ, ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɞɥɹ ɨɰɟɧɤɢ ɩɭɧɤɬɨɦ ɹɜɥɹɟɬɫɹ ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ 

ɨɬɱɟɬɟ ɞɚɧɧɵɣ ɩɭɧɤɬ ɧɟ ɡɚɬɪɨɧɭɬ. ɇɟɬ ɫɪɚɜɧɟɧɢɹ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɪɚɛɨɬɚɦɢ ɜ ɨɛɥɚɫɬɢ 

ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɚɜɬɨɪɵ ɩɪɢɜɨɞɹɬ ɥɢɲɶ ɤɢɧɟɬɢɱɟɫɤɢɟ ɝɪɚɮɢɤɢ ɜɵɞɟɥɟɧɢɹ 

ɜɨɞɨɪɨɞɚ. ɍɧɢɜɟɪɫɚɥɶɧɵɟ ɟɞɢɧɢɰɵ ɚɤɬɢɜɧɨɫɬɢ, ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ (ɦɤɦɨɥɶ) ɜɨɞɨɪɨɞɚ ɧɚ 

ɝɪɚɦɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɥɢ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ 

ɨɩɢɫɚɧɢɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ, ɧɟ 

ɪɚɫɫɱɢɬɚɧɵ. ɇɚɫɬɨɹɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɫɱɢɬɚɬɶ ɤɜɚɧɬɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɫɪɚɜɧɢɬɶ 

ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɧɚ ɩɨɫɥɟɞɧɟɦ ɷɬɚɩɟ ɪɚɛɨɬ. 

Ɍɚɤɠɟ ɯɨɬɟɥɨɫɶ ɛɵ, ɱɬɨɛɵ ɚɜɬɨɪɵ ɩɨɹɫɧɢɥɢ, ɩɨɱɟɦɭ ɜɵɛɪɚɧ ɜɨɥɸɦɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ 

ɢɡɦɟɪɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɜɨɞɨɪɨɞɚ, ɩɨɱɟɦɭ ɧɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ Ƚɏ? 

ȼ ɰɟɥɨɦ, ɩɪɨɞɟɥɚɧɚ ɛɨɥɶɲɚɹ ɪɚɛɨɬɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɡɚɦɟɱɚɧɢɹ ɹɜɥɹɸɬɫɹ 

ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ, ɧɚɞɟɸɫɶ, ɚɜɬɨɪɵ ɨɬɜɟɬɹɬ ɧɚ ɧɢɯ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɭɸɳɢɯ 2-ɯ ɦɟɫɹɰɟɜ. 

Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɞɨɥɠɢɬɶ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ. 

 

 



 

 
1 

Рɟцɟɧɡɢя 

ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 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 ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɝɨ ɨɬɱɟɬɚ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɨ 1-2 ɷɬɚɩɭ ɪɚɛɨɬɵ. Ɋɟɰɟɧɡɟɧɬɨɦ ɛɵɥɢ 

ɜɵɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɱɟɬɵ:  



 

 
2 

1. Ɉɬɱɟɬ ɫɨɫɬɚɜɥɟɧ ɤɪɚɣɧɟ ɧɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨ. ɂɡ 5 ɫɬɪɚɧɢɰ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɬɱɟɬɚ 

1,5 ɫɬɪɚɧɢɰɵ ɞɭɛɥɢɪɭɸɬ ɬɟɤɫɬ ɡɚɹɜɤɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɫɬɚɜɲɚɹɫɹ «ɨɫɦɵɫɥɟɧɧɚɹ 

ɱɚɫɬɶ» ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɫɢɥɶɧɨ ɫɬɪɚɞɚɟɬ ɧɟɞɨɫɬɚɬɤɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɞɟɬɚɥɟɣ. ɉɪɢɥɨɠɟɧɢɟ ɠɟ ɩɨ ɮɚɤɬɭ ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɪɟɧɧɨɣ ɜɟɪɫɢɟɣ ɨɬɱɟɬɚ. Эɬɨ 

ɡɚɬɪɭɞɧɹɟɬ ɱɬɟɧɢɟ ɨɬɱɟɬɚ, ɬɚɤ ɤɚɤ ɩɪɢɯɨɞɢɬɫɹ ɩɨɫɬɨɹɧɧɨ ɫɨɨɬɧɨɫɢɬɶ ɬɟɤɫɬ ɨɬɱɟɬɚ ɢ 

ɬɟɤɫɬ ɪɚɫɲɢɪɟɧɧɨɝɨ ɨɬɱɟɬɚ. Ɋɟɤɨɦɟɧɞɭɸ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɜɜɟɞɟɧɢɟ ɢ 

ɜɵɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɷɬɚɩɚɦ ɪɚɛɨɬɵ ɜ ɨɫɧɨɜɧɨɦ ɬɟɤɫɬɟ.  

2. ȼ ɪɚɡɞɟɥɟ, ɩɨɫɜɹɳɟɧɧɨɦ ɩɪɢɝɨɬɨɜɥɟɧɢɸ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚɜɬɨɪɵ ɫɨɜɟɪɲɟɧɧɨ ɧɟ 

ɩɪɚɜɢɥɶɧɨ ɨɩɟɪɢɪɭɸɬ ɬɟɪɦɢɧɨɦ ɧɚɧɨɫɬɪɭɤɬɭɪɚ. 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. Ɋɟɤɨɦɟɧɞɭɸ ɩɪɨɱɢɬɚɬɶ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɫɨɬɪɭɞɧɢɤɚ ɢɧɫɬɢɬɭɬɚ Шɭɬɢɥɨɜɚ Ⱥ.Ⱥ., ɝɞɟ ɞɟɬɚɥɶɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɞɢɨɤɫɢɞɚ 

ɬɢɬɚɧɚ. 

3. Ɂɚɹɜɥɟɧɢɟ , ɱɬɨ ɰɢɬɚɬɚ: «ɉɨ ɞɚɧɧɵɦ ɉЭɆȼɊ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɬɢɬɚɧɫɨɞɟɪɠɚɳɢɯ ɩɪɟɤɭɪɫɨɪɨɜ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɛыɥɚ ɨɛɪɚɡɨɜɚɧɚ 

ɧɨɜɚя ɮɚɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚя ɜ ɜɢɞɟ ɧɚɧɨɫɬɪɭɤɬɭɪ (ɧɚɧɨɬɪɭɛɤɢ ɢ ɧɚɧɨɫɬɟɪɠɧɢ)» 

ɧɟ ɜɵɞɟɪɠɢɜɚɟɬ ɧɢɤɚɤɨɣ ɤɪɢɬɢɤɢ. ȼɨ-ɩɟɪɜɵɯ ɚɜɬɨɪɵ ɩɪɢ ɪɚɡɪɟɲɟɧɢɢ 

ɦɢɤɪɨɮɨɝɨɪɚɮɢɢ 50-500 ɧɦ. ɧɚɛɥɸɞɚɸɬ ɧɟ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ ɚ 

ɦɨɪɮɨɥɨɝɢɸ ɱɚɫɬɢɰ ɩɨɥɢɬɢɬɚɧɚɬɨɜ. ȼɨ-ɜɬɨɪɵɯ, ɜ ɷɬɨɦ ɪɟɡɭɥɶɬɚɬɟ ɧɟɬ ɧɢɤɚɤɨɣ 

ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɵ, ɬɚɤ ɤɚɤ TiO2 ɜ ɜɢɞɟ ɧɚɧɨɬɪɭɛɨɤ ɢ ɧɚɧɨɫɬɟɪɠɧɟɣ ɞɚɜɧɨ ɩɨɥɭɱɚɥɢ 

ɜ ɂɧɫɬɢɬɭɬɟ ɤɚɬɚɥɢɡɚ (ɫɦ. ɪɚɛɨɬɵ ɞ.ɯ.ɧ. Ɂɟɧɤɨɜɟɰ Ƚ.Ⱥ. ɢ ɫɨɚɜɬɨɪɨɜ). 

4. Ɉɬɫɭɬɫɬɜɭɟɬ ɢɫɱɟɪɩɵɜɚɸɳɚɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɡɚɰɢɹ ɢ ɩɨɧɢɦɚɧɢɟ 

ɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ TiO2  

5. ɋɢɧɬɟɡ ɨɛɪɚɡɰɨɜ ɩɪɨɜɟɞɟɧ ɧɟɭɞɚɱɧɨ, ɬ.ɤ. ɧɟ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɩɨɥɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɚɥɢɹ ɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɯɨɪɨɲɨ 

ɨɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɫɬɪɭɤɬɭɪ ɬɢɩɚ K2Ti8O17. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ  ɧɚɛɥɸɞɚɟɬɫɹ 

ɩɪɢɫɭɬɫɬɜɢɟ ɱɢɫɬɨɝɨ ɚɧɚɬɚɡɚ.  

6. Ɂɚɦɟɱɚɧɢɟ 5 ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɡɧɚɱɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɬɨɥɶɤɨ ɦɨɪɮɨɥɨɝɢɹ ɱɚɫɬɢɰ 

ɩɨɥɢɬɢɬɚɧɚɬɨɜ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ ɜɨɞɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɮɨɬɨɤɚɬɚɥɢɡɚɬɨɪɚ, ɬ.ɤ. ɧɟɥɶɡɹ ɢɫɤɥɸɱɚɬɶ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɩɪɢɫɭɬɫɬɜɢɹ 

ɜɬɨɪɨɣ ɮɚɡɵ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨ ɩɨɞɨɣɬɢ ɤ  ɩɪɨɰɟɞɭɪɟ ɫɢɧɬɟɡɚ 

ɨɛɪɚɡɰɨɜ ɢ ɤ ɚɧɚɥɢɡɭ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɢɬɶ 
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ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ NH3BH3, ɤɚɤ ɛɵɥɨ ɡɚɹɜɥɟɧɨ ɧɚ ɷɬɚɩɟ 

№2. 

ɋɞɟɥɚɧɧɵɟ ɡɚɦɟɱɚɧɢɹ ɪɟɤɨɦɟɧɞɭɸɬɫɹ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɧɚ ɞɚɥɶɧɟɣɲɢɯ ɷɬɚɩɚɯ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ, ɤɨɬɨɪɚɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. 


