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Ƚɨɥɨɜɢɧ ȼɢɤɬɨɪ Аɥɟɤɫɚɧɞɪɨɜɢɱ, Ɇɚɥɶɰɟɜɚ ɇɚɬɚɥɶɹ ȼɢɤɬɨɪɨɜɧɚ, 
Сɚɲɤɢɧɚ Кɫɟɧɢɹ Аɥɟɤɫɚɧɞɪɨɜɧɚ 

 

ȼɜɟɞɟɧɢɟ 

ɂɡɭɱɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɢɡɨɬɨɩɧɨɝɨ ɷɮɮɟɤɬɚ (КɂЭ) ɢ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɷɥɟɦɟɧɬɨɜ 
ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɨɳɧɟɣɲɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ: ɯɢɦɢɢ, ɛɢɨɥɨɝɢɢ, 
ɝɟɨɥɨɝɢɢ, ɷɤɨɥɨɝɢɢ, ɦɟɞɢɰɢɧɵ. ɂɡɦɟɪɟɧɢɹ КɂЭ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɢɬɶ ɦɟɯɚɧɢɡɦɵ ɩɪɨɰɟɫɫɨɜ, 
ɧɚɩɪɢɦɟɪ, ɪɟɚɤɰɢɢ Ɏɢɲɟɪɚ-Ɍɪɨɩɲɚ [1], ɫɟɥɟɤɬɢɜɧɨɝɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɫɩɢɪɬɨɜ 
[ 2 ], ɩɪɟɜɪɚɳɟɧɢɹ ɦɨɧɨɷɮɢɪɨɜ ɫɭɥɶɮɚɬɨɜ ɢ ɮɨɫɮɚɬɨɜ, ɢɝɪɚɸɳɢɯ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ 
ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ [ 3 ]. ɇɚɢɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨ ɭɞɟɥɹɟɬɫɹ 
ɪɚɞɢɨɭɝɥɟɪɨɞɧɨɦɭ ɞɚɬɢɪɨɜɚɧɢɸ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ [4], ɜ ɬɨɦ ɱɢɫɥɟ ɜ 
ɨɛɲɢɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɤɥɢɦɚɬɚ [5] ɢ ɷɦɢɫɫɢɢ ɋɈ2 [6]. Ȼɨɦɛɨɜɚɹ ɦɟɬɤɚ ɚɬɦɨɫɮɟɪɧɨɝɨ 
ɭɝɥɟɪɨɞɚ, ɜɨɡɧɢɤɲɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɹɞɟɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɫɟɪɟɞɢɧɟ 60-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ, 
ɞɚɥɚ ɟɳɟ ɨɞɧɭ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɫɥɨɠɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɬɵ ɪɨɠɞɟɧɢɹ ɤɥɟɬɨɤ ɨɪɝɚɧɢɡɦɚ [7]. Ɍɚɤ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɵɲɟɱɧɵɟ ɤɥɟɬɤɢ 
ɫɟɪɞɰɚ ɱɟɥɨɜɟɤɚ ɨɛɧɨɜɥɹɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɠɢɡɧɢ ɧɚ 50% [8], ɨɞɧɚɤɨ ɧɟɣɪɨɧɵ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ 
ɮɨɪɦɢɪɭɸɬɫɹ ɬɨɥɶɤɨ ɜɨ ɜɪɟɦɹ ɜɧɭɬɪɢɭɬɪɨɛɧɨɝɨ ɪɚɡɜɢɬɢɹ [9]. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ 
ɦɟɬɨɞɨɦ ɪɟɝɢɫɬɪɚɰɢɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɟɬɨɤ ɜ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɵɥɚ 
ɪɚɞɢɨɝɪɚɮɢɹ [10], ɬɪɟɛɭɸɳɚɹ ɜɵɫɨɤɨɣ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɟɩɚɪɚɬɨɜ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɟɬɨɤ ɞɥɹ ɧɚɭɱɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɥɨɠɧɟɧɨ ɢɡ-ɡɚ ɫɬɪɨɝɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɪɚɞɢɚɰɢɨɧɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɇɟɬɨɞ 
ɭɫɤɨɪɢɬɟɥɶɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ɍɆɋ), ɤɨɬɨɪɵɣ ɛɥɚɝɨɞɚɪɹ ɧɟɩɪɟɜɡɨɣɞɟɧɧɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (1 ɢɡɨɬɨɩ ɢɡ 1012
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 ɱɚɫɬɢɰ ɷɥɟɦɟɧɬɚ ɩɪɨɬɢɜ 1 ɢɡɨɬɨɩɚ ɢɡ 109
 ɱɚɫɬɢɰ 

ɷɥɟɦɟɧɬɚ ɞɥɹ ɨɛɵɱɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ) ɨɩɟɪɢɪɭɟɬ ɫ ɦɚɥɵɦɢ ɤɨɥɢɱɟɫɬɜɚɦɢ ɨɛɪɚɡɰɚ ɞɥɹ 
ɚɧɚɥɢɡɚ (< 50 ɦɤɥ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɦɝ), ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɭɧɢɤɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɜɢɬɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɨɬɨɩɨɜ.[11,12] Ⱦɨɫɬɚɬɨɱɧɚɹ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɶ ɩɪɟɩɚɪɚɬɨɜ 
ɞɥɹ ɚɧɚɥɢɡɚ ɦɟɬɨɞɨɦ ɍɆɋ ɧɟ ɩɪɟɜɵɲɚɟɬ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɮɨɧɚ (<100 ɧКɢ), ɩɨɷɬɨɦɭ ɧɚɭɱɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɍɆɋ ɹɜɥɹɸɬɫɹ ɞɨɫɬɭɩɧɵɦɢ ɢ ɛɟɡɨɩɚɫɧɵɦɢ.  

ȿɞɢɧɫɬɜɟɧɧɵɣ ɜ Ɋɨɫɫɢɢ ɭɫɤɨɪɢɬɟɥɶɧɵɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ, ɫɨɡɞɚɧɧɵɣ ɭɫɢɥɢɹɦɢ 
ɭɱɟɧɵɯ ɂəɎ ɋɈ ɊȺɇ, ɧɚɯɨɞɢɬɫɹ ɜ ɐКɉ ɋɈ ɊȺɇ «Ƚɟɨɯɪɨɧɨɥɨɝɢɹ ɤɚɣɧɨɡɨɹ» ɜ 
ɇɨɜɨɫɢɛɢɪɫɤɨɦ Ⱥɤɚɞɟɦɝɨɪɨɞɤɟ (ɪɢɫ. 1).  

 
Ɋɢɫ. 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɨɜ ɍɆɋ ɜ ɦɢɪɟ Д13]. 

ɉɪɨɛɥɟɦɚ ɚɞɚɩɬɚɰɢɢ ɦɟɬɨɞɚ ɍɆɋ ɚɤɬɭɚɥɶɧɚ ɞɥɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɪɟɚɤɰɢɣ ɫ ɭɱɚɫɬɢɟɦ ɭɝɥɟɪɨɞɫɨɞɟɪɠɚɳɢɯ 
ɪɟɚɝɟɧɬɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɚ ɩɪɢɦɟɪɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɭɝɥɟɪɨɞɧɵɯ 
ɧɨɫɢɬɟɥɟɣ ɢ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɢɡɨɬɨɩɧɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɨɤɢɫɥɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɟ Ɏɟɧɬɨɧɚ ɛɭɞɭɬ ɪɚɡɪɚɛɨɬɚɧɵ 
ɦɟɬɨɞɢɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɍɆɋ ɜ ɤɚɬɚɥɢɡɟ, ɚ ɬɚɤɠɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɷɬɨɝɨ 
ɦɟɬɨɞɚ. 



Ɉɞɧɨɣ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɢɱɢɧ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ 
ɧɚ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ ɹɜɥɹɟɬɫɹ ɤɨɪɪɨɡɢɹ ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ, ɜɯɨɞɹɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ 
ɧɨɫɢɬɟɥɹ ɜ ɤɚɬɚɥɢɡɚɬɨɪ Pt/C ɷɥɟɤɬɪɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ. Эɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɤɚɱɤɚɦɢ 
ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɤɚɬɨɞɟ ɞɨ 1.5 ȼ ɨɬɧ. ɈȼЭ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɩɪɢɫɭɬɫɬɜɢɢ ɜ 
ɤɚɬɨɞɧɨɦ ɨɬɞɟɥɟɧɢɢ ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɡɚɩɭɫɤɟ ɢ ɨɫɬɚɧɨɜɤɟ ɞɜɢɝɚɬɟɥɹ [14]. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɞɥɹ ɩɥɚɬɢɧɨɜɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɩɨɜɵɲɟɧɧɵɦ 
ɫɪɨɤɨɦ ɫɥɭɠɛɵ.  

Ⱥɞɚɩɬɚɰɢɹ ɦɟɬɨɞɚ ɍɆɋ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɢɡɨɬɨɩɧɨɝɨ ɷɮɮɟɤɬɚ ɧɚ 
ɦɨɞɟɥɶɧɵɯ ɪɟɚɤɰɢɹɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɦɟɱɟɧɵɯ 
ɦɟɬɚɧɨɥɚ ɢ ɦɨɱɟɜɢɧɵ) ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɩɨɡɜɨɥɢɬ ɜ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɡɭɱɚɬɶ 
ɦɟɯɚɧɢɡɦɵ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɪɟɚɤɰɢɣ.  

 

Цɟɥɶ ɪɚɛɨɬɵ 

Ⱥɞɚɩɬɚɰɢɹ ɦɟɬɨɞɚ ɭɫɤɨɪɢɬɟɥɶɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɞɥɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɣ, ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɬɚɥɢɡɟ ɧɚ ɩɪɢɦɟɪɚɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢ ɢɡɭɱɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 
ɢɡɨɬɨɩɧɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɨɤɢɫɥɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ 
ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɟ Ɏɟɧɬɨɧɚ. 

 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ  
1. ɋɢɧɬɟɡ ɦɟɱɟɧɵɯ 14ɋ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɦɟɬɨɞɨɦ CVI ɢɡ 14ɋ ɫɨɞɟɪɠɚɳɢɯ ɩɪɟɤɭɪɫɨɪɨɜ. 
2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ ɩɢɪɨɭɝɥɟɪɨɞɨɦ 

ɧɚ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɧɨɫɢɬɟɥɹ ɦɟɬɨɞɨɦ ɍɆɋ. 
3. ɋɢɧɬɟɡ ɤɚɬɚɥɢɡɚɬɨɪɨɜ FОГSM-5. ɂɡɭɱɟɧɢɟ ɢɡɨɬɨɩɧɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ 

ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɨɤɢɫɥɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ FeZSM-5. 

 

Ɇɟɬɨɞɵ ɢ ɩɨɞɯɨɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ  
1. Ɇɨɞɢɮɢɤɚɰɢɹ ɫɚɠɢ KetjenBlack DJ-600 

14ɋ-ɩɢɪɨɭɝɥɟɪɨɞɨɦ ɦɟɬɨɞɨɦ CVI ɢɡ 14ɋ-

ɫɨɞɟɪɠɚɳɟɝɨ ɦɟɬɚɧɚ. 150 ɦɝ ɫɚɠɢ ɩɨɦɟɳɚɥɢ ɜ U-ɨɛɪɚɡɧɭɸ ɤɜɚɪɰɟɜɭɸ ɬɪɭɛɤɭ, ɧɚɝɪɟɜɚɥɢ ɜ 
ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 900 °ɋ, ɡɚɬɟɦ ɜ ɪɟɚɤɬɨɪ ɩɨɞɚɜɚɥɢ ɦɟɬɚɧ ɫ ɨɛɴɟɦɧɨɣ 
ɫɤɨɪɨɫɬɶɸ 1 ɦɥ/ɫ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɨɫɥɟ ɱɟɝɨ ɨɯɥɚɠɞɚɥɢ ɜ ɚɬɦɨɫɮɟɪɟ 
ɚɪɝɨɧɚ. 

2. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɦɟɦɛɪɚɧɧɨ-ɷɥɟɤɬɪɨɧɧɵɯ ɛɥɨɤɨɜ (ɆЭȻ) ɞɥɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 
ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 14ɋ-ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɫɨɝɥɚɫɧɨ Д15]. ɂɫɩɵɬɚɧɢɟ ɆЭȻ ɜ ɦɚɤɟɬɟ 
ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ: ɆЭȻ ɩɨɦɟɳɚɥɢ ɜ ɦɚɤɟɬ ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɡɚɬɟɦ ɩɨɞɚɜɚɥɢ ɧɚ 
ɤɚɬɨɞ ɩɨɬɟɧɰɢɚɥ ɬɪɟɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɨɬ 1 ɞɨ 1.5 ȼ ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɡɜɟɪɬɤɢ 0.5 ȼ/ɫ ɜ 
ɬɟɱɟɧɢɟ 2500, 5000 ɢ 7500 ɰɢɤɥɨɜ. ɉɨɫɥɟ ɰɢɤɥɢɪɨɜɚɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɢɡ ɤɚɠɞɨɝɨ ɆЭȻ 
ɜɵɪɟɡɚɥɢ ɩɨ 4 ɱɚɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ ɨɤɢɫɥɟɧɧɵɣ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɭɝɥɟɪɨɞ ɧɚ ɤɚɬɨɞɟ ɢ 
ɩɪɨɜɨɞɢɥɢ ɚɧɚɥɢɡ ɧɚ ɭɫɤɨɪɢɬɟɥɶɧɨɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ. 

3.  ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ FeZSM-5 ɦɟɬɨɞɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ [ 16 ].  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɤɫɬɭɪɧɵɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɫɜɨɣɫɬɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɟɬɨɞɚɦɢ ɊɎȺ, ɋЭɆ, 
ɉЭɆ, ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɢ ɚɪɝɨɧɚ. ɀɢɞɤɨɮɚɡɧɨɟ ɨɤɢɫɥɟɧɢɟ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ (ɦɟɬɚɧɨɥɚ, ɝɥɸɤɨɡɵ, ɫɚɯɚɪɚ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛ) ɜ ɫɢɫɬɟɦɟ 
FeZSM-5/H2O2. ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɩɪɨɞɭɤɬɚ ɨɤɢɫɥɟɧɢɹ – ɋO2 ɤ ɚɧɚɥɢɡɭ ɧɚ ɍɆɋ: ɜɵɞɟɥɟɧɢɟ 

CO2 ɢɡ ɫɦɟɫɢ ɩɪɨɞɭɤɬɨɜ ɫɨɪɛɟɧɬɨɦ CaO, ɞɟɫɨɪɛɰɢɹ ɢ ɝɪɚɮɢɬɢɡɚɰɢɹ ɋɈ2. Ɉɩɪɟɞɟɥɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
14ɋ ɜ ɭɝɥɟɪɨɞɧɵɯ ɨɛɪɚɡɰɚɯ ɦɟɬɨɞɨɦ ɍɆɋ. 

 

ɉɨɥɭɱɟɧɧɵɟ ɡɚ ɨɬɱɟɬɧɵɣ ɩɟɪɢɨɞ ɜɚɠɧɟɣɲɢɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɢɯ  ɨɛɫɭɠɞɟɧɢɟ 

1. ɍɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɸ ɨɛɪɚɡɰɨɜ ɫɚɠɢ 
KetjenBlack ES 600-DJ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. Ȼɵɥɚ ɩɨɥɭɱɟɧɚ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 



ɩɪɢɪɨɫɬɚ ɦɚɫɫɵ ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɨɬ ɜɪɟɦɟɧɢ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɹ (ɪɢɫ. 2). Ⱦɨɥɹ 
ɩɢɪɨɭɝɥɟɪɨɞɚ, ɨɬɥɨɠɢɜɲɟɝɨɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɧɨɫɢɬɟɥɹ ɢɡ ɦɟɬɚɧɚ, ɦɚɤɫɢɦɚɥɶɧɚ ɞɥɹ ɨɛɪɚɡɰɚ 
CH4CB-10, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɧɚɢɦɟɧɶɲɟɦɭ ɜɪɟɦɟɧɢ ɩɪɨɩɭɫɤɚɧɢɹ (ɬɚɛɥ. 1). Ɉɛɴɹɫɧɹɟɬɫɹ 
ɷɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɬɟɦ, ɱɬɨ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɟ – ɷɬɨ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɪɟɚɤɰɢɹ, ɚ ɭɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɯɨɞɟ 
ɪɟɚɤɰɢɢ, ɱɬɨ ɢ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɨɛɳɟɣ ɫɬɟɩɟɧɢ ɤɚɪɛɨɧɢɡɚɰɢɢ ɦɟɬɚɧɚ. 

Ɍɚɛɥɢɰɚ 1. ɍɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɸ ɨɛɪɚɡɰɨɜ ɫɚɠɢ 
KetjenBlack ES 600-DJ. 

Ɉɛɪɚɡɟɰ 
ȼɪɟɦɹ 

ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɹ, ɦɢɧ 

ɉɪɢɪɨɫɬ 
ɦɚɫɫɵ, ɦɝ 

ɉɪɢɪɨɫɬ 

ɦɚɫɫɵ, % 

Ⱦɨɥɹ 

ɨɬɥɨɠɢɜɲɟɝɨɫɹ 
ɭɝɥɟɪɨɞɚ (ɜ ɪɚɫɱɟɬɟ 
ɧɚ ɱɢɫɬɵɣ ɦɟɬɚɧ), % 

CH4CB-2 55 185 122 11.4 

CH4CB-4 65 229 153 12.0 

CH4CB-6 40 137 91 11.6 

CH4CB-10 5 23 15 15.6 

CH4CB-11* 15 57 38 12.9 
* ɂɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɱɟɧɵɣ ɦɟɬɚɧ. 
 

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢɪɨɫɬɚ ɦɚɫɫɵ ɧɨɫɢɬɟɥɹ ɨɬ ɜɪɟɦɟɧɢ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɹ. 

 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 
14ɋ ɦɟɱɟɧɵɣ ɨɛɪɚɡɟɰ 

ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ – CH4CB-11.  

 

2. Ɋɢɫ. 3 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɛɨɝɚɳɟɧɢɟ ɆЭȻ 14ɋ-ɭɝɥɟɪɨɞɨɦ ɩɨɫɥɟ 
ɰɢɤɥɢɪɨɜɚɧɢɹ ɩɨɬɟɧɰɢɚɥɚ. ȼɢɞɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ 14ɋ ɦɟɬɨɤ ɜ ɆЭȻ ɩɨɫɥɟ 2500 ɢ 5000 

ɰɢɤɥɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɚ ɩɨɫɥɟ 7500 ɰɢɤɥɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ. Ⱦɥɹ 
ɨɛɴɹɫɧɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜ ɬɨɦ 
ɱɢɫɥɟ, ɢɡɦɟɪɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ ɧɟɨɤɢɫɥɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɫɚɠɢ.  
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Ɋɢɫ. 3. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɨɛɨɝɚɳɟɧɢɟ 
14ɋ  ɆЭȻ ɩɨɫɥɟ ɰɢɤɥɢɪɨɜɚɧɢɹ ɩɨɬɟɧɰɢɚɥɚ. ɆЭȻ 1 – ɩɨɫɥɟ 2500 ɰɢɤɥɨɜ, 2 – 

ɩɨɫɥɟ 5000 ɰɢɤɥɨɜ, 3 – ɩɨɫɥɟ 7500 ɰɢɤɥɨɜ. 

3. Ȼɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɯɨɪɨɲɨ ɨɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɣ ɰɟɨɥɢɬ FeZSM-5 ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 5-

10 ɦɤɦ (ɪɢɫ. 4). Ɍɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɞɚɧɧɵɦ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ ɢ ɚɪɝɨɧɚ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. ɉɨ ɞɚɧɧɵɦ 
ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (ɪɢɫ. 4ɛ) ɚɤɬɢɜɧɵɟ ɰɟɧɬɪɵ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɤɫɢɞɧɵɟ ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 2-3 ɧɦ. 
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ɚ ɛ ɜ 

Ɋɢɫ. 4. ɋɧɢɦɤɢ ɫɤɚɧɢɪɭɸɳɟɣ (a) ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ (ɛ) ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɪɟɧɬɝɟɧɨɝɪɚɦɦɚ (ɜ) ɰɟɨɥɢɬɚ 
FeZSM-5. 

 

Ɍɚɛɥɢɰɚ 2. Ɍɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɨɥɢɬɚ FeZSM-5. 

 
ɉɨɜɟɪɯɧɨɫɬɶ ɩɨ 

ȻЭɌ, ɦ
2

/ɝ 

ȼɧɟɲɧɹɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, 

ɦ
2

/ɝ 

Ɉɛɳɢɣ ɨɛɴɟɦ 
ɩɨɪ, ɫɦ

3

/ɝ 

Ɉɛɴɟɦ 
ɦɢɤɪɨɩɨɪ, ɫɦ

3

/ɝ 

N2 419 72 0.21 0.14 

Ar 380 79 0.20 0.11 

 

ɇɚ ɪɢɫ. 5ɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ 
ɋO2 ɤ ɚɧɚɥɢɡɭ ɦɟɬɨɞɨɦ ɍɆɋ. Ɉɤɢɫɥɟɧɢɟ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɜɨɞɟ ɫɭɛɫɬɪɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɛɥɨɤɟ 
ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ, ɭɫɥɨɜɢɹ ɨɤɢɫɥɟɧɢɹ ɛɵɥɢ ɫɥɟɞɭɸɳɢɟ: ɨɛɴɟɦ ɠɢɞɤɨɣ ɮɚɡɵ – 20 ɦɥ, 
ɦɚɫɫɚ ɤɚɬɚɥɢɡɚɬɨɪɚ 0.4 ɝ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ – 1 M ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɫɭɛɫɬɪɚɬɨɜ – 1-5∙10-3

 M. ɉɪɨɞɭɤɬ ɨɤɢɫɥɟɧɢɹ – ɋɈ2 ɩɨɝɥɨɳɚɥɫɹ ɫɨɪɛɟɧɬɨɦ – ɋaO ɩɪɢ 450 o
C, 

ɡɚɬɟɦ ɞɟɫɨɪɛɢɪɨɜɚɥɫɹ ɩɪɢ 900 ɨɋ. ɑɢɫɬɵɣ ɋO2 ɜɵɦɨɪɚɠɢɜɚɥɢ ɠɢɞɤɢɦ ɚɡɨɬɨɦ, ɡɚɩɨɥɧɹɥɢ 
ɚɦɩɭɥɭ CO2 ɢɡɛɵɬɤɨɦ ɜɨɞɨɪɨɞɚ ɢ ɝɪɚɮɢɬɢɡɨɜɚɥɢ ɧɚ Fe ɤɚɬɚɥɢɡɚɬɨɪɟ ɩɪɢ 500 oC. ɉɨɥɭɱɟɧɧɵɣ 
ɭɝɥɟɪɨɞ ɚɧɚɥɢɡɢɪɨɜɚɥɢ ɧɚ ɍɆɋ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 14ɋ ɜ ɜɵɫɭɲɟɧɧɵɯ ɫɭɛɫɬɪɚɬɚɯ, ɚ ɬɚɤɠɟ ɦɟɬɚɧɨɥɚ, ɩɪɨɜɨɞɢɥɢ 
ɩɨ ɨɬɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɜɤɥɸɱɚɸɳɟɣ ɫɠɢɝɚɧɢɟ ɨɛɪɚɡɰɨɜ ɧɚ Pt ɤɚɬɚɥɢɡɚɬɨɪɟ ɜ ɫɦɟɧɧɨɦ 
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ɛɥɨɤɟ ɫɠɢɝɚɧɢɹ (ɪɢɫ. 5ɛ), ɩɨɝɥɨɳɟɧɢɟ ɋO2 ɫɨɪɛɟɧɬɨɦ, ɞɟɫɨɪɛɰɢɸ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ 
ɝɪɚɮɢɬɢɡɚɰɢɸ, ɤɚɤ ɨɩɢɫɚɧɨ ɜɵɲɟ.  

 

 

ɚ ɛ 
Ɋɢɫ. 5. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɋO2 ɤ ɚɧɚɥɢɡɭ ɦɟɬɨɞɨɦ ɍɆɋ (ɚ) ɢ ɛɥɨɤɚ 

ɫɠɢɝɚɧɢɹ CO2 (ɛ). 
Ⱦɚɧɧɵɟ ɩɨ ɢɡɨɬɨɩɧɨɦɭ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ ɜ ɩɪɨɰɟɫɫɚɯ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ ɜ ɫɢɫɬɟɦɟ FeZSM-5/H2O2 ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɤ 
ɚɧɚɥɢɡɭ ɦɟɬɨɞɨɦ ɍɆɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ 
ɤɚɠɞɨɝɨ ɫɭɛɫɬɪɚɬɚ ɯɨɪɨɲɨ ɜɨɫɩɪɨɢɡɜɨɞɹɬɫɹ, ɜ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ. 
 
Ɍɚɛɥɢɰɚ 3. Ⱦɚɧɧɵɟ ɩɨ ɢɡɨɬɨɩɧɨɦɭ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ ɭɝɥɟɪɨɞɚ ɜ ɩɪɨɰɟɫɫɚɯ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ 
ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɤ ɚɧɚɥɢɡɭ ɧɚ ɍɆɋ. 

ɋɭɛɫɬɪɚɬ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɨɛɨɝɚɳɟɧɢɟ 

ɢɡɨɬɨɩɨɦ 
14ɋ ɫɭɛɫɬɪɚɬɚ, 

ɢɡɦɟɪɟɧɧɨɟ ɝɚɡɨɮɚɡɧɵɦ 
ɫɠɢɝɚɧɢɟɦ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɨɛɨɝɚɳɟɧɢɟ 

ɢɡɨɬɨɩɨɦ 14ɋ ɩɪɨɞɭɤɬɚ 
ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ – 

ɋO2 

ɂɡɨɬɨɩɧɨɟ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ, 

% 

Ɇɟɬɚɧɨɥ* 4.27±0.08 2.71±0.05 37 

Ƚɥɸɤɨɡɚ 1.12±0.04 0.75±0.03 33 

ɋɚɯɚɪɨɡɚ 1.00±0.06 0.91±0.04 9 

ɀɢɞɤɢɟ 
ɩɪɨɛɵ** 

1.00±0.06 0.71±0.03 29 

*ɦɟɱɟɧɧɵɣ 14ɋ 

** ɱɟɪɟɡ 24 ɱɚɫɚ ɩɨɫɥɟ ɭɩɨɬɪɟɛɥɟɧɢɹ ɦɟɱɟɧɧɨɝɨ 14ɋ ɪɟɚɤɬɢɜɚ – ɦɨɱɟɜɢɧɵ. 

ɇɚɛɥɸɞɚɟɦɵɟ ɜɟɥɢɱɢɧɵ ɢɡɨɬɨɩɧɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɝɪɨɦɧɵ – ɨɬ 9 ɞɨ 37 %. 

ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ, ɢɡɨɬɨɩɧɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɧɚ 
ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ: ɧɚ ɷɬɚɩɟ ɨɤɢɫɥɟɧɢɹ ɫɭɛɫɬɪɚɬɚ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Fe-

ɫɨɞɟɪɠɚɳɟɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ [17], ɩɪɢ ɩɟɪɟɯɨɞɟ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢɡ ɠɢɞɤɨɣ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ 
[18], ɨɞɧɚɤɨ ɢɡɨɬɨɩɧɵɟ ɷɮɮɟɤɬɵ ɧɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ɧɟɫɤɨɥɶɤɨ ɩɪɨɦɢɥɥɟ.    

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɜɵɹɜɥɟɧɢɟ ɩɪɢɱɢɧ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɢɡɨɬɨɩɧɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɨɛɴɹɫɧɟɧɢɟ ɩɪɢɪɨɞɵ ɞɚɧɧɨɝɨ ɹɜɥɟɧɢɹ. ɋɬɚɞɢɹ 

ɝɪɚɮɢɬɢɡɚɰɢɢ ɧɟ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ, ɬɚɤ ɤɚɤ ɞɥɹ ɨɬɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ 
ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɬɜɟɪɞɵɯ ɨɛɪɚɡɰɨɜ ɡɚɦɟɬɧɨɝɨ ɢɡɨɬɨɩɧɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ.  ȼɤɥɚɞ ɫɬɚɞɢɣ ɫɨɪɛɰɢɢ/ɞɟɫɨɪɛɰɢɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧ ɩɭɬɟɦ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ 
ɋO2 ɢɡ ɛɚɥɥɨɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɫɨɪɛɟɧɬɚ. Ⱦɥɹ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɫɨɪɛɟɧɬɚ ɛɭɞɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɩɨɬɨɤ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɱɟɪɟɡ ɫɨɪɛɟɧɬ. 

 

Сɬɟɩɟɧɶ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ 



1. ɉɨɥɭɱɟɧɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 14ɋ ɩɢɪɨɭɝɥɟɪɨɞɨɦ ɧɨɫɢɬɟɥɢ ɞɥɹ ɦɟɦɛɪɚɧɧɨ-ɷɥɟɤɬɪɨɧɧɵɯ 
ɛɥɨɤɨɜ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ.  

2. ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦɟɱɟɧɵɯ 14ɋ ɧɨɫɢɬɟɥɟɣ ɦɟɬɨɞɨɦ ɍɆɋ. 
3. ɋɢɧɬɟɡɢɪɨɜɚɧ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɰɟɨɥɢɬɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ FeZSM-5. Ɉɩɪɟɞɟɥɟɧɵ 

ɜɟɥɢɱɢɧɵ ɢɡɨɬɨɩɧɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɛɫɬɪɚɬɨɜ ɜ 
ɩɪɨɰɟɫɫɚɯ ɠɢɞɤɨɮɚɡɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ. 

ɉɨɫɬɚɜɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɞɚɱɢ ɜɵɩɨɥɧɟɧɵ. ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 
 

ɉɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɥɟɞɭɸɳɢɟ 3 ɦɟɫɹɰɚ 

1. ɂɡɦɟɪɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ ɧɟɨɤɢɫɥɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɦɟɱɟɧɨɝɨ 14ɋ ɭɝɥɟɪɨɞɧɨɝɨ ɧɨɫɢɬɟɥɹ.  

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɛɨɝɚɳɟɧɢɹ 14ɋ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢɡ ɛɚɥɥɨɧɚ ɩɪɢ 
ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢ ɨɬɫɭɬɫɬɜɢɟ ɫɨɪɛɟɧɬɚ. Ⱦɥɹ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɫ 
ɫɨɪɛɟɧɬɨɦ ɛɭɞɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɩɨɬɨɤ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɱɟɪɟɡ ɫɨɪɛɟɧɬ. 

Иɫɩɨɥɶɡɨɜɚɧɧɚɹ ɥɢɬɟɪɚɬɭɪɚ 

                                                           

1. J.Wei, E. Iglesia. Journal of Catalysis 224 (2004) 370–383 (276 ɫɫɵɥɨɤ). 

2. H.Tsunoyama, H.Sakurai, Y.Negishi, T.Tsukuda. J. Am. Chem. Sos. 2005, 127, 9374-9375. (396 ɫɫɵɥɨɤ)  

3. A.C.Hengge. Acc. Chem. Res., 2002, 35 (2), pp 105–112. (119 ɫɫɵɥɨɤ).  

4. Stuiver M., Reimer P.J., Bard E., (...), Van Der Plicht J.,Spurk M. Radiocarbon. 1998, 40 (3), 1041-1083. (3576 

ɫɫɵɥɨɤ). 

5. Crowley T.J. Science, 2000, 289 (5477) 270-277 (889 ɫɫɵɥɨɤ). 

6. P.J. Hanson, N.T. Edwards, C.T. Garten, J.A. Andrews. Biogeochemistry 48: 115–146, 2000 (815 ɫɫɵɥɨɤ).  

7. Spalding K.L., Bhardwaj R.D., Buchholz B.A., Druid H., Frisen J. Cell. Volume 122, Issue 1, 15 July 2005, Pages 

133-143. (196 ɫɫɵɥɨɤ). 

8. Bergmann O., Bhardwaj R.D., Bernard S., (...), FrТsцЧ J. Science, 2009, 324 (5923), 98-102. (675 ɫɫɵɥɨɤ).  

9. BСarНаaТ D., CurtТs M., SpalНТЧР K., (…), ErТФssoЧ P.S., FrТsОЧ J. Proceedings of the National Academy of Sciences 

of the United States of America, 2006, (165 ɫɫɵɥɨɤ).  

10. Laemmli U.K. Nature, 1970, 227, 680–685. (103102 ɫɫɵɥɤɢ!) 

11. Vogel J.S., Turteltaub K.W., Finkel R., D. Nelson E. Analytical Chemistry, 1995, 26, 11, P. 353A–359A.  

12. Hellborg R., Faarinen M., Kiisk M., Magnusson C.E., Persson P., Skog G., Stenstrom K. Vacuum, 2003, 70, 365-

372. 

13. Kutschera W. International journal of mass spectrometry, 2013, 349-350, 1, 203–218. 

14. Young A.P., Stamper J., Gyenge E. Journal of electrochemical society, 2009, 156, 913– 22. 

15. Gribov EN, Zinovieva AY, Voropaev IN, Simonov PA, Romanenko AV and Okunev AG (2012). Int. J. Hydrogen 

Energy 37: 11894-11903. 

16. K. A. Sashkina,  N. A. Rudina,   A. I. Lysikov,   A. B. Ayupov, E. V. Parkhomchuk. J. Mater. Chem. A, 2014, 2, 

16061-16070. 

17. Yunde Liu, Yiqun Gan, Aiguo Zhou, Cunfu Liu, Xiaoqian Li, Tingting Yu. Chemosphere 107 (2014) 94–100. 

18. A. Myrttinen, V. Becker, J.A.C. Barth. Earth-Science Reviews 115 (2012) 192–199.  

http://pubs.acs.org/action/doSearch?action=search&author=Hengge%2C+A+C&qsSearchArea=author
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7007003882&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7103071876&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=16456768000&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7006751496&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6602914046&zone=
http://www.scopus.com/source/sourceInfo.url?sourceId=22845&origin=resultslist
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=35788807900&zone=
http://www.scopus.com/source/sourceInfo.url?sourceId=18434&origin=recordpage
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=24340957900&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=36890282200&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=35795075400&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7005653175&zone=
http://www.scopus.com/source/sourceInfo.url?sourceId=21121&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=21121&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=21121&origin=resultslist


ʧːˡː˘˒˓˪ ˘ˋ ˚˛˙˗ːˑ˞˝˙ˢ˘˦˔ ˙˝ˢː˝ ˚˙ ˛ˋˌ˙˝ː ʚ˙˖˙ˍ˓˘ˋ ʙ.ʗ., ʣˋ˖˧ˡːˍ˙˔ ʤ.ʙ. ˓ 

ʨˋˣ˕˓˘˙˔ К.ʗ.: «Аˏˋ˚˝ˋˡ˓˪ ˗ː˝˙ˏˋ ˞˜˕˙˛˓˝ː˖˧˘˙˔ ˗ˋ˜˜-˜˚ː˕˝˛˙˗ː˝˛˓˓ ˏ˖˪ 
˕ˋ˝ˋ˖˓˝˓ˢː˜˕˓ˠ ˚˛˓˖˙ˑː˘˓˔» ˍ˦˚˙˖˘˪ː˗˙˔ ˍ ˛ˋ˗˕ˋˠ ˕˙˘˕˞˛˜ˋ ˗˙˖˙ˏːˑ˘˦ˠ ˚˙˓˜˕˙ˍ˦ˠ 

˚˛˙ː˕˝˙ˍ ИК ʨʥ ʧʗʤ ͜͞͝͠-͝͡ ˎ. 
 

ʘː˒˞˜˖˙ˍ˘˙, ˚˛˓ˍ˖ːˢː˘˓ː ˘˙ˍ˦ˠ ˟˓˒˓ˢː˜˕˓ˠ ˗ː˝˙ˏ˙ˍ, ˏ˖˪ ˓˜˜˖ːˏ˙ˍˋ˘˓˪ 
˕ˋ˝ˋ˖˓˒ˋ˝˙˛˙ˍ ˚˛ːˏ˜˝ˋˍ˖˪ː˝ ˌ˙˖˧ˣ˞˩ ˡː˘˘˙˜˝˧. ʨ ˨˝˙˔ ˝˙ˢ˕˓ ˒˛ː˘˓˪, ˋˏˋ˚˝ˋˡ˓˪ ˗ː˝˙ˏˋ 

˞˜˕˙˛˓˝ː˖˧˘˙˔ ˗ˋ˜˜˚ː˕˝˛˙˗ː˝˛˓˓ ȋʪʣʨȌ ˏ˖˪ ˓˜˜˖ːˏ˙ˍˋ˘˓˪ ˕ˋ˝ˋ˖˓˒ˋ˝˙˛˙ˍ ˓ 
˕ˋ˝ˋ˖˓˝˓ˢː˜˕˓ˠ ˛ːˋ˕ˡ˓˔ ˪ˍ˖˪ː˝˜˪ ˋ˕˝˞ˋ˖˧˘˦˗ ˘ˋ˞ˢ˘˦˗ ˘ˋ˚˛ˋˍ˖ː˘˓ː˗, ˓, ˌː˜˜˚˙˛˘˙, 
˒ˋ˜˖˞ˑ˓ˍˋː˝ ˚˙ˏˏː˛ˑ˕˓. ʦ˙˨˝˙˗˞ ˘˙ˍ˓˒˘ˋ ˓ ˋ˕˝˞ˋ˖˧˘˙˜˝˧ ˛ːˡː˘˒˓˛˞ː˗˙˔ ˛ˋˌ˙˝˦ ˘ː 
ˍ˦˒˦ˍˋ˩˝ ˜˙˗˘ː˘˓˔. ʥˏ˘ˋ˕˙, ˚˛˓ ˚˛˙ˢ˝ː˘˓˓ ˙˝ˢː˝ˋ ˍ˙˒˘˓˕ˋː˝ ˛˪ˏ ˍ˙˚˛˙˜˙ˍ ˓ ˒ˋ˗ːˢˋ˘˓˔. 

ʨ˛ːˏ˓ ˒ˋ˗ːˢˋ˘˓˔ ˙ˌˤːˎ˙ ˚˖ˋ˘ˋ ˜˖ːˏ˞ː˝ ˙˝˗ː˝˓˝˧ ˏ˓˜ˌˋ˖ˋ˘˜ ˍ ˚˙ˏ˛˙ˌ˘˙˜˝˓ ˓˒˖˙ˑː˘˓˪ 
˛ˋ˒˖˓ˢ˘˦ˠ ˢˋ˜˝ː˔ ˙˝ˢː˝ˋ. ʩˋ˕, ˏ˙˜˝ˋ˝˙ˢ˘˙ ˌ˙˖˧ˣ˙˔ ˙ˌ˥ː˗ ˙˝ˢː˝ˋ ˚˙˜ˍ˪ˤː˘ ˙˚˓˜ˋ˘˓˩ 
˕˓˘ː˝˓ˢː˜˕˙ˎ˙ ˓˒˙˝˙˚˘˙ˎ˙ ˨˟˟ː˕˝ˋ, ˞ˎ˖ː˛˙ˏ˘˙ˎ˙ ˛ˋˏ˓˙ˏˋ˝˓˛˙ˍˋ˘˓˪ ˓ ˗ː˝˙ˏˋ ʪʣʨ. ʦ˛˓ 
˨˝˙˗, ˘ˋ ˍ˒ˎ˖˪ˏ ˛ːˡː˘˒ː˘˝ˋ, ˢˋ˜˝˧, ˚˙˜ˍ˪ˤː˘˘ˋ˪ ˛ˋˏ˓˙ˏˋ˝˓˛˙ˍˋ˘˓˩ ˪ˍ˖˪ː˝˜˪ ˓˒ˌ˦˝˙ˢ˘˙˔, 

˝˙ˎˏˋ, ˕ˋ˕ ˙˚˓˜ˋ˘˓˩ ˙˜˙ˌː˘˘˙˜˝ː˔ ˗ː˝˙ˏˋ ʪʣʨ ˚˙˜ˍ˪ˤː˘ ˕˙˛˙˝˕˓˔ ˋˌ˒ˋˡ. И˒ ˝ː˕˜˝ˋ 
ˋ˘˘˙˝ˋˡ˓˓ ˓ ˙˝ˢː˝ˋ ˜˙ˍ˜ː˗ ˘ː˪˜˘˙, ˚˙ˢː˗˞ ʪʣʨ ˓˗ːː˝ ˝ˋ˕˞˩ ˍ˦˜˙˕˞˩ ˢ˞ˍ˜˝ˍ˓˝ː˖˧˘˙˜˝˧. 
ʙ˗ː˜˝˙ ˛˓˜˞˘˕ˋ ˜ ˛ˋ˜˚˛ːˏː˖ː˘˓ː˗ ˡː˘˝˛˙ˍ ʪʣʨ ˍ ˗˓˛ː ȋ˓˘˟˙˛˗ˋˡ˓˪, ˘ˋ˚˛˪˗˞˩ ˘ː 
˓˗ː˩ˤˋ˪ ˙˝˘˙ˣː˘˓˪ ˕ ˙˝ˢː˝˞Ȍ ˖˞ˢˣː ˌ˦˖˙ ˌ˦ ˚˛˓ˍː˜˝˓ ˌ˙˖ːː ˚˙ˏ˛˙ˌ˘˙ː ˙ˌ˥˪˜˘ː˘˓ː 
˞˘˓˕ˋ˖˧˘˙ ˍ˦˜˙˕˙˔ ˢ˞ˍ˜˝ˍ˓˝ː˖˧˘˙˜˝˓ ˏˋ˘˘˙ˎ˙ ˗ː˝˙ˏˋ. К˙˘ːˢ˘˙ ˑː, ˍ ˍː˕ ˙ˌˤːˏ˙˜˝˞˚˘˙ˎ˙ 
˓˘˝ː˛˘ː˝ˋ, ˏˋ˘˘ˋ˪ ˚˛˙ˌ˖ː˗ˋ ˛ːˣˋː˝˜˪ ˚˙˓˜˕˙˗ ˓ ˚˛˙ˢ˝ː˘˓ː˗ ˜˙˙˝ˍː˝˜˝ˍ˞˩ˤ˓ˠ 
˗ˋ˝ː˛˓ˋ˖˙ˍ. И˒ ˕˙˝˙˛˦ˠ ˜˝ˋ˘˙ˍ˓˝˜˪ ˚˙˘˪˝˘˙, ˢ˝˙ ʪʣʨ ˛ːˣˋː˝ ˚˛˙ˌ˖ː˗˞ ˛ˋ˒ˏː˖ː˘˓˪ 
˓˒˙ˌˋ˛, ˍ˦ˏː˖˪˪ ˓˗ː˘˘˙ ˓˙˘˦ 14ʨn+, ˕˙˝˙˛˦ː, ˜˞˝˧, ˏˋ˖ːː ˗˙ˎ˞˝ ˌ˦˝˧ ˚˙˜ˢ˓˝ˋ˘˦ ˚˙ˣ˝˞ˢ˘˙. 
ʥˏ˘ˋ˕˙, ˘ˋ ˗˙˔ ˍ˒ˎ˖˪ˏ, ˛ˋˌ˙˝ˋ ˍ˦ˎ˖˪ˏː˖ˋ ˌ˦ ˘ˋ˗˘˙ˎ˙ ˚˙˘˪˝˘ːː, ː˜˖˓ ˌ˦ ˋˍ˝˙˛˦ ˚˛˓ˍː˖˓ 
˨˝˞ ˓˘˟˙˛˗ˋˡ˓˩.  

ʛˋ˖ːː. ʛ˙˜˝ˋ˝˙ˢ˘˙ ˕˛ˋ˝˕˙ ˙˚˓˜ˋ˘˦ ˙˜˘˙ˍ˘˦ː ˛ː˒˞˖˧˝ˋ˝˦ ˛ˋˌ˙˝˦. ʦ˛˓ˠ˙ˏ˓˝˜˪ 
ˏ˙ˎˋˏ˦ˍˋ˝˧˜˪, ˕ˋ˕˓˗ ˙ˌ˛ˋ˒˙˗ ˛ˋ˜ˢ˓˝˦ˍˋ˖˙˜˧ «˙˝˘˙˜˓˝ː˖˧˘˙ː ˙ˌ˙ˎˋˤː˘˓ː» ˓ 
«˟˛ˋ˕ˡ˓˙˘˓˛˙ˍˋ˘˓ː», ˝.˕. ˜˙˙˝ˍː˝˜˝ˍ˞˩ˤ˓ː ˟˙˛˗˞˖˦, ˛ˋˍ˘˙, ˕ˋ˕ ˓ ˙˚˓˜ˋ˘˓ː, ˘ː 
˚˛˓ˍːˏː˘˦. Кˋ˕ ˚˙˘˪˖ ˛ːˡː˘˒ː˘˝ ˓˒ ˋ˘ˋ˖˓˒ˋ ˖˓˝ː˛ˋ˝˞˛˦ – ˙˝˘˙˜˓˝ː˖˧˘˙ː ˙ˌ˙ˎˋˤː˘˓ː – 

˙˝˘˙ˣː˘˓ː ˜˙ˏː˛ˑˋ˘˓˪ ˞ˎ˖ː˛˙ˏˋ 14ʨ ˍ ˙ˌ˛ˋ˒ˡː ˕ ˜˙ˏː˛ˑˋ˘˓˩ 14ʨ ˍ ˜˝ˋ˘ˏˋ˛˝˘˙˗ 
˙ˌ˛ˋ˒ˡː, «˜˙ˍ˛ː˗ː˘˘˙ˎ˙, ˑ˓ˍ˙ˎ˙ ˞ˎ˖ː˛˙ˏˋ». Э˝˙˝ ˚˞˘˕˝ ˪ˍ˖˪ː˝˜˪ ˕˛˓˝˓ˢː˜˕˓ ˍˋˑ˘˦˗, 
˝.˕. ˙˝ ːˎ˙ ˚˛ˋˍ˓˖˧˘˙ˎ˙ ˚˙˘˓˗ˋ˘˓˪ ˒ˋˍ˓˜˓˝ ˓˘˝ː˛˚˛ː˝ˋˡ˓˪ ˓ ˙ˡː˘˕ˋ ˛ːˡː˘˒ː˘˝˙˗ 

˚˙˖˞ˢː˘˘˦ˠ ˛ː˒˞˖˧˝ˋ˝˙ˍ.  
ʙ ˡː˖˙˗ ˝ː˕˜˝ ˙˝ˢː˝ˋ ˘ˋ˚˓˜ˋ˘ ˏ˙˜˝ˋ˝˙ˢ˘˙ ˋ˕˕˞˛ˋ˝˘˙, ˓, ˜ ˝ːˠ˘˓ˢː˜˕˙˔ ˜˝˙˛˙˘˦, 

˘ˋ˛ː˕ˋ˘˓˔ ˘ː ˍ˦˒˦ˍˋː˝, ˙ˏ˘ˋ˕˙, ˛ː˕˙˗ː˘ˏ˞˩ ˋˍ˝˙˛ˋ˗ ˘ː ˚˛ː˘ːˌ˛ːˎˋ˝˧ ˓˒˖˙ˑː˘˓ː˗ ˍˋˑ˘˦ˠ 
˚˙ˏ˛˙ˌ˘˙˜˝ː˔.  

 

ʦː˛ː˔ˏ˞ ˕ ˕˙˘˕˛ː˝˘˦˗ ˍ˙˚˛˙˜ˋ˗. 
1) ʭ˓˝ˋ˝ˋ: «С˖ːˏ˞ː˝ ˙˝˗ː˝˓˝˧, ˢ˝˙ ˛ː˒˞˖˧˝ˋ˝˦ ˏ˖˪ ˕ˋˑˏ˙ˎ˙ ˜˞ˌ˜˝˛ˋ˝ˋ ˠ˙˛˙ˣ˙ 

ˍ˙˜˚˛˙˓˒ˍ˙ˏ˪˝˜˪, ˍ ˝ˋˌ˖˓ˡː ˚˛˓ˍːˏː˘˦ ˜˛ːˏ˘˓ː ˒˘ˋˢː˘˓˪». ʮ˝˙ ˒ˏː˜˧ ˓˗ːː˝˜˪ ˍ 
ˍ˓ˏ˞? ʙ˙˜˚˛˙˓˒ˍːˏː˘˓ː ˛ː˒˞˖˧˝ˋ˝˙ˍ ˚˙ ˘ː˜˕˙˖˧˕˓˗ ˓˒˗ː˛ː˘˓˪˗ ˗ː˝˙ˏ˙˗ ʪʣʨ 

˙ˏ˘˙ˎ˙ ˓ ˝˙ˎ˙ ˑː ˙ˌ˛ˋ˒ˡˋ ˚˛˙ˏ˞˕˝˙ˍ ˙˕˓˜˖ː˘˓˪, ˓˖˓ ˍ˙˜˚˛˙˓˒ˍːˏː˘˓ː 
˛ː˒˞˖˧˝ˋ˝˙ˍ ˚˙ ˘ː˜˕˙˖˧˕˓˗ ˙ˌ˛ˋ˒ˡˋ˗ ˚˛˙ˏ˞˕˝˙ˍ ˙˕˓˜˖ː˘˓˪ ˙ˏ˘˙ˎ˙ ˓ ˝˙ˎ˙ ˑː 
˜˞ˌ˜˝˛ˋ˝ˋ, ˚˙ˍ˝˙˛ː˘˘˦ˠ ˍ ˘ː˜˕˙˖˧˕˓ˠ ˨˕˜˚ː˛˓˗ː˘˝ˋˠ?  

ʜ˜˖˓ ˍː˛˘˙ ˚ː˛ˍ˙ː, ˝˙ ˘ː ˓˜˕˖˩ˢˋː˝˜˪ ˖˓ ˒ˋˎ˛˪˒˘ː˘˓ː ˚˛˙ˏ˞˕˝˙ˍ ˙˕˓˜˖ː˘˓˪ «˗ː˛˝ˍ˦˗ 
˞ˎ˖ː˛˙ˏ˙˗» ˘ˋ ˛ˋ˒˖˓ˢ˘˦ˠ ˜˝ˋˏ˓˪ˠ ˚˛˙ˌ˙˚˙ˏˎ˙˝˙ˍ˕˓? Э˝˙˝ ˍ˙˚˛˙˜ ˍ˦˝ː˕ˋː˝ ˓˒ ˚˙˘˪˝˙ˎ˙ 
˛ːˡː˘˒ː˘˝˙˗ ˜˗˦˜˖ˋ ˝ː˛˗˓˘ˋ «˙˝˘˙˜˓˝ː˖˧˘˙ː ˙ˌ˙ˎˋˤː˘˓ː» ȋ˜˗.ˍ˦ˣːȌ. ʦ˙˖˞ˢˋː˝˜˪, ˢ˝˙ 
˜˙ˏː˛ˑˋ˘˓ː 14ʨ ˍ ˚˛˙ˏ˞˕˝ˋˠ ˙˕˓˜˖ː˘˓˪ ˘ː˗ːˢː˘˘˦ˠ ˜˞ˌ˜˝˛ˋ˝˙ˍ ˜˝ˋ˘˙ˍ˓˝˜˪ ˏˋˑː ˘˓ˑː, 
˜˙ˍ˛ː˗ː˘˘˙ˎ˙ ˞˛˙ˍ˘˪ ˏˋ˘˘˙ˎ˙ ˓˒˙˝˙˚ˋ ˍ «ˑ˓ˍ˙˗ ˞ˎ˖ː˛˙ˏː». Кˋ˕ ˜˚˛ˋˍːˏ˖˓ˍ˙ ˒ˋ˗ːˢˋ˩˝ 
ˋˍ˝˙˛˦, ˍː˖˓ˢ˓˘ˋ ˟˛ˋ˕ˡ˓˙˘˓˛˙ˍˋ˘˓˪ ˏː˔˜˝ˍ˓˝ː˖˧˘˙ ˙ˎ˛˙˗˘ˋ ˍ˙ ˍ˜ːˠ ˜˖˞ˢˋ˪ˠ, ˓, ˘ˋ ˗˙˔ 



˖˓ˢ˘˦˔ ˍ˒ˎ˖˪ˏ, ˘˞ˑ˘˙ ˓˜˕˖˩ˢ˓˝˧ ˍ˜ː ˍ˙˒˗˙ˑ˘˦ː ˓˜˝˙ˢ˘˓˕˓ ˘ː ˝˙˖˧˕˙ ˟˛ˋ˕ˡ˓˙˘˓˛˙ˍˋ˘˓˪, 
˘˙ ˓ ˒ˋˎ˛˪˒˘ː˘˓˪ ˙ˌ˛ˋ˒ˡ˙ˍ «˗ː˛˝ˍ˦˗ ˞ˎ˖ː˛˙ˏ˙˗».  

ʜ˜˖˓ ˍː˛˘˙ ˍ˝˙˛˙ː, ˝˙ ˘ː ˓˜˕˖˩ˢː˘˦ ˖˓ ˕ˋ˕˓ː-˖˓ˌ˙ ˜˓˜˝ː˗ˋ˝˓ˢː˜˕˓ː ˨˟˟ː˕˝˦ 
˒ˋˎ˛˪˒˘ː˘˓˪?  

 

2) ʭ˓˝ˋ˝ˋ ˍ ˚˛˓˗ːˢˋ˘˓˓ ˕ ˝ˋˌ˖. ͟: «ˢː˛ː˒ 24 ˢˋ˜ˋ ˚˙˜˖ː ˞˚˙˝˛ːˌ˖ː˘˓˪ ˗ːˢː˘˘˙ˎ˙ 
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˛ːˋ˕˝˓ˍˋ – ˗˙ˢːˍ˓˘˦». ʪ˚˙˝˛ːˌ˖ː˘˓ː ˗˙ˢːˍ˓˘˦ ˢː˛ː˒ ͞͠ ˢˋ˜ˋ ˕ː˗? ʜ˜˖˓ ˗˙ˢːˍ˓˘ˋ 
˗ːˢː˘˘ˋ˪, ˝˙ ˚˙ˢː˗˞ ˙˝˘˙˜˓˝ː˖˧˘˙ː ˙ˌ˙ˎˋˤː˘˓ː ˜˞ˌ˜˝˛ˋ˝ˋ ˍ ˏˋ˘˘˙˗ ˜˖˞ˢˋː ˛ˋˍ˘˙ 
ːˏ˓˘˓ˡː?  

ʛˋ˘˘˦ː, ˚˛˓ˍːˏː˘˘˦ː ˍ ˚˙˜˖ːˏ˘ː˔ ˜˝˛˙ˢ˕ː ˝ˋˌ˖.͟. ˘ː˚˙˘˪˝˘˦, ˝.˕. ˙˝˜˞˝˜˝ˍ˞ː˝ 
˙˚˓˜ˋ˘˓ː ˨˕˜˚ː˛˓˗ː˘˝ˋ, ˚˙˨˝˙˗˞ ˕˙˗˗ː˘˝˓˛˙ˍˋ˝˧ ˓ˠ ˘ː ˓˗ːː˝ ˜˗˦˜˖ˋ.  

 

ʩˋ˕ˑː ː˜˝˧ ˒ˋ˗ːˢˋ˘˓ː ˕ ˝ː˕˜˝˞ ˙˝ˢː˝ˋ.  
1) ʭ˓˝ˋ˝ˋ: «ˋ˕˝˓ˍ˘˦ː ˡː˘˝˛˦ ˕ˋ˝ˋ˖˓˒ˋ˝˙˛ˋ ˚˛ːˏ˜˝ˋˍ˖˪˩˝ ˜˙ˌ˙˔ ˙˕˜˓ˏ˘˦ː 

ˢˋ˜˝˓ˡ˦ ˛ˋ˒˗ː˛˙˗ 2-3 ˘˗.». А˕˝˓ˍ˘˦˔ ˕˙˗˚˙˘ː˘˝ ˗˙ˑː˝ ˌ˦˝˧ ˚˛ːˏ˜˝ˋˍ˖ː˘ 
ˢˋ˜˝˓ˡˋ˗˓, ˘˙ ˋ˕˝˓ˍ˘˦˔ ˡː˘˝˛ – ˨˝˙, ˚˙˛˙˔, ˚˛ːˏ˗ː˝ ˎ˙˛˪ˢ˓ˠ ˘ˋ˞ˢ˘˦ˠ ˜˚˙˛˙ˍ ˓ 
ˏ˓˜˕˞˜˜˓˔.  

 

ʧː˒˩˗ː. 
ʦ˛˓ˍ˖ːˢː˘˓ː ˘˙ˍ˙ˎ˙ ˟˓˒˓ˢː˜˕˙ˎ˙ ˗ː˝˙ˏˋ ˕ ˓˜˜˖ːˏ˙ˍˋ˘˓˩ ˕ˋ˝ˋ˖˓˒ˋ˝˙˛˙ˍ ˓ 

˕ˋ˝ˋ˖˓˝˓ˢː˜˕˓ˠ ˛ːˋ˕ˡ˓˔, ˘ː˛ːˏ˕˙ ˜˙˚˛˪ˑː˘˙ ˜ ˝˛˞ˏ˘˙˜˝˪˗˓, ˢˋ˜˝˙ ˍ ˛ˋ˜ˠ˙ˑˏː˘˓˓ 
˛ː˒˞˖˧˝ˋ˝˙ˍ ˜ ˙ˑ˓ˏˋ˘˓˪˗˓. ʙ ˡː˖˙˗, ˘ː˜˗˙˝˛˪ ˘ˋ ˘ː˜˕˙˖˧˕˙ ˘ː˙ˑ˓ˏˋ˘˘˦ː ˛ː˒˞˖˧˝ˋ˝˦, 

˚˙˜˝ˋˍ˖ː˘˘˦ː ˒ˋˏˋˢ˓ ˍ ˛ˋˌ˙˝ː ˍ˦˚˙˖˘ː˘˦. ʙ ˨˝˙˗ ˕˙˘˝ː˕˜˝ː, ˕˙˘ːˢ˘˙ ˑː ˍ˦˜˕ˋ˒ˋ˘˘˦ː 
˒ˋ˗ːˢˋ˘˓˪ ˘˙˜˪˝ ˍ ˌ˙˖˧ˣː˔ ˜˝ː˚ː˘˓ ˛ː˕˙˗ː˘ˏˋ˝ː˖˧˘˦˔ ˠˋ˛ˋ˕˝ː˛. ʩː˗ ˘ː ˗ː˘ːː, ˠ˙˝ː˖˙˜˧ 
ˌ˦ ˍ˓ˏː˝˧ ˌ˙˖ːː ˚˙ˏ˛˙ˌ˘˦˔ ˜ ˨˕˜˚ː˛˓˗ː˘˝ˋ˖˧˘˙˔ ˝˙ˢ˕˓ ˒˛ː˘˓˪ ˙˝ˢː˝, ˙˜˙ˌː˘˘˙, ˞ˢ˓˝˦ˍˋ˪ 
˘˙ˍ˓˒˘˞ ˓˜˚˙˖˧˒˞ː˗˙ˎ˙ ˗ː˝˙ˏˋ.  

 

ʧːˣː˘˓ː – ˟˓˘ˋ˘˜˓˛˙ˍˋ˘˓ː ˚˛˙ː˕˝ˋ ˚˛˙ˏ˙˖ˑ˓˝˧.   



Ɋɟɰɟɧɡɢɹ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɨɬɱɟɬ Ƚɨɥɨɜɢɧɚ ȼɢɤɬɨɪɚ Аɥɟɤɫɚɧɞɪɨɜɢɱɚ, 

Ɇɚɥɶɰɟɜɨɣ ɇɚɬɚɥɶɢ ȼɢɤɬɨɪɨɜɧɵ, ɋɚɲɤɢɧɨɣ Кɫɟɧɢɢ Аɥɟɤɫɚɧɞɪɨɜɧɵ ɩɨ 

ɩɪɨɟɤɬɭ «Аɞɚɩɬɚɰɢɹ ɦɟɬɨɞɚ ɭɫɤɨɪɢɬɟɥɶɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɞɥɹ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ»  

 

Сɨɨɬɜɟɬɫɬɜɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɴяɜɥɟɧɧɵɦ ɜ ɡɚяɜɤɟ ɰɟɥяɦ ɢ ɡɚɞɚɱɚɦ 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɰɟɥɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɴɹɜɥɟɧɧɵɦ ɜ ɡɚɹɜɤɟ ɰɟɥɹɦ ɢ ɡɚɞɚɱɚɦ. 

Сɬɟɩɟɧɶ ɧɨɜɢɡɧɵ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɟɤɬɚ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɟɬɨɞɚ ɭɫɤɨɪɢɬɟɥɶɧɨɣ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɧɨɫɢɬɟɥɟɣ ɢ ɪɟɚɤɰɢɣ ɨɤɢɫɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 

ɹɜɥɹɸɬɫɹ ɧɨɜɵɦɢ ɢ ɢɧɬɟɪɟɫɧɵɦɢ. 

Сɬɟɩɟɧɶ ɜɵɩɨɥɧɟɧɢя ɨɛɴяɜɥɟɧɧɵɯ ɜ ɩɪɨɟɤɬɟ ɡɚɞɚɱ 

Ɂɚɞɚɱɢ ɱɚɫɬɢɱɧɨ ɜɵɩɨɥɧɟɧɵ, ɨɠɢɞɚɟɬɫɹ, ɱɬɨ ɤ ɤɨɧɰɭ ɩɪɨɟɤɬɚ ɡɚɞɚɱɢ ɛɭɞɭɬ ɜɵɩɨɥɧɟɧɵ 

ɩɨɥɧɨɫɬɶɸ. 

Оɛɨɫɧɨɜɚɧɧɨɫɬɶ ɩɪɨɝɪɚɦɦɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɪɨɤ ɞɨ ɨɤɨɧɱɚɧɢя ɩɪɨɟɤɬɚ 

ɉɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɪɨɤ ɞɨ ɨɤɨɧɱɚɧɢɹ ɩɪɨɟɤɬɚ ɜ ɰɟɥɨɦ ɨɛɨɫɧɨɜɚɧɚ. 

Зɚɦɟɱɚɧɢя ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ 

ɉɟɪɟɣɞɺɦ ɤ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɦɭ ɚɧɚɥɢɡɭ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɝɨ ɨɬɱɺɬɚ. 

Ɋɚɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɴɟɞɢɧɟɧɢɟ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɣ – 1) ɫɢɧɬɟɡ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɭɝɥɟɪɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢ 2) ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɣ ɨɤɢɫɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɧɚ 

ɤɚɬɚɥɢɡɚɬɨɪɟ FОZSM-5. ɉɨ ɦɧɟɧɢɸ ɪɟɰɟɧɡɟɧɬɚ, ɪɚɡɧɨɧɚɩɪɚɜɥɟɧɧɨɫɬɶɸ ɩɪɨɜɨɞɢɦɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɩɨɥɧɨɟ ɢɯ ɨɩɢɫɚɧɢɟ ɢ ɧɟɫɤɨɥɶɤɨ ɫɭɦɛɭɪɧɨɟ ɨɬɪɚɠɟɧɢɟ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɢɡ ɨɩɢɫɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɤɢɫɥɟɧɢɸ ɜ 

ɛɥɨɤɟ ɫɠɢɝɚɧɢɹ ɫ Pt ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɧɟɹɫɧɨ, ɱɬɨ ɬɚɤɨɟ «ɜɵɫɭɲɟɧɧɵɣ ɫɭɛɫɬɪɚɬ» ɢ 

«ɩɟɪɜɢɱɧɵɣ ɨɛɪɚɡɟɰ». Кɚɤ ɩɨɧɢɦɚɬɶ ɩɨɞɩɢɫɶ ɩɨɞ ɪɢɫɭɧɤɨɦ 5ɛ? ɉɪɢ ɤɚɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɩɪɨɜɨɞɢɥɢ ɠɢɞɤɨɮɚɡɧɨɟ ɨɤɢɫɥɟɧɢɟ? Ⱦɨ ɤɚɤɨɣ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɨɜɨɞɢɥɢ 

ɨɤɢɫɥɟɧɢɟ? ɑɬɨ ɬɚɤɨɟ «ɠɢɞɤɢɟ ɩɪɨɛɵ ɱɟɪɟɡ 24 ɱɚɫɚ ɩɨɫɥɟ ɭɩɨɬɪɟɛɥɟɧɢɹ ɦɟɱɟɧɧɨɝɨ 14ɋ 

ɪɟɚɤɬɢɜɚ – ɦɨɱɟɜɢɧɵ»? Кɬɨ ɢɡ ɚɜɬɨɪɨɜ ɢɥɢ ɩɨɞɨɩɵɬɧɵɯ ɭɩɨɬɪɟɛɥɹɥ ɪɟɚɤɬɢɜɵ? 

 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɭɧɤɬ 2, ɪɢɫɭɧɨɤ 3, 7500 ɰɢɤɥɨɜ. ɏɨɱɟɬɫɹ ɧɚɞɟɹɬɶɫɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɩɪɨɟɤɬ ɩɨɢɫɤɨɜɵɣ, ɨɛɴɹɫɧɟɧɢɟ ɨɛɟɞɧɟɧɢɹ ɦɟɱɟɧɵɦ ɭɝɥɟɪɨɞɨɦ ɛɭɞɟɬ ɞɚɧɨ ɜ ɮɢɧɚɥɶɧɨɦ 

ɨɬɱɺɬɟ. ɉɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɡɚɹɜɥɟɧɧɨɟ «ɫɪɚɜɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɟɱɟɧɨɝɨ 
14ɋ ɭɝɥɟɪɨɞɚ ɜ ɨɛɪɚɡɰɚɯ ɞɨ ɢ ɩɨɫɥɟ ɨɤɢɫɥɟɧɢɹ». 

 



ɂɡɧɚɱɚɥɶɧɨ ɩɥɚɧɢɪɨɜɚɥɢ ɢɡɭɱɢɬɶ FeZSM-5 ɦɟɬɨɞɨɦ ЭɋȾɈ. ɉɨɱɟɦɭ ɜ ɨɬɱɺɬɟ ɧɟɬ ɷɬɢɯ 

ɞɚɧɧɵɯ? 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɭɧɤɬ 3. Ɋɢɫɭɧɨɤ 4 (ɚ,ɛ) ɫɨ ɫɧɢɦɤɚɦɢ ɊЭɆ ɂ ɉЭɆ ɜɡɹɬ ɢɡ ɫɬɚɬɶɢ, 

ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɪɚɧɟɟ [1], ɫɦ. Пig. 3a ɢ fig. 8b. Ɋɢɫɭɧɨɤ 4ɛ ɬɚɤɠɟ ɛɵɥ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧ ɜ 

ɫɬɚɬɶɟ ɬɟɯ ɠɟ ɚɜɬɨɪɨɜ (Fig 7a) [2]. ɐɢɮɪɵ ɜ ɬɚɛɥɢɰɟ 2 (ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ) ɜ 

ɬɨɱɧɨɫɬɢ ɩɨɜɬɨɪɹɸɬ ɬɚɤɨɜɵɟ ɢɡ ɫɬɚɬɶɢ [1] ɧɚ ɫɬɪɚɧɢɰɟ 16066 (table 1). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɞɟɤɥɚɪɢɪɭɟɦɵɣ ɚɜɬɨɪɚɦɢ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ «ɋɢɧɬɟɡɢɪɨɜɚɧ ɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɰɟɨɥɢɬɧɵɣ 

ɤɚɬɚɥɢɡɚɬɨɪ FeZSM-5» ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɷɬɢ ɪɚɛɨɬɵ ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɪɚɧɟɟ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɢɧɨɝɨ ɩɪɨɟɤɬɚ. ȼ ɮɢɧɚɥɶɧɨɦ ɨɬɱɺɬɟ ɫɥɟɞɭɟɬ 

ɢɫɩɪɚɜɢɬɶ ɮɨɪɦɭɥɢɪɨɜɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ ɧɚɭɱɧɨɣ ɷɬɢɤɢ. 

 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɫ ɭɱɺɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɢɧɬɟɪɟɫɧɵɟ ɢ ɧɨɜɵɟ ɞɚɧɧɵɟ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɵɫɤɚɡɚɧɧɵɟ ɡɚɦɟɱɚɧɢɹ, ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ 

ɢɫɩɪɚɜɥɟɧɢɣ ɪɚɛɨɬɚ ɦɨɠɟɬ ɩɪɨɞɨɥɠɚɬɶ ɮɢɧɚɧɫɢɪɨɜɚɬɶɫɹ. 
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