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ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɪɚɛɨɬɟ ɢɡɭɱɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɩɥɚɦɟɧɢ ɚ ɬɚɤɠɟ 
ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ,  ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ ɢ ɝɪɚɮɟɧɚ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɝɨɪɟɧɢɹ ɫɩɢɪɬɚ ɢ ɩɪɨɩɚɧɚ.  

 

ȼɜɟɞɟɧɢɟ 

ɉɨɥɭɱɟɧɢɟ ɰɟɥɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɠɢɝɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɪɭɩɧɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. ɇɨ, ɧɟɫɦɨɬɪɹ 
ɧɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɞɨ ɫɢɯ ɩɨɪ ɨɫɬɚɸɬɫɹ ɧɟɪɟɲɟɧɧɵɦɢ  ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɰɟɫɫɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɩɟɪɟɱɟɧɶ ɰɟɥɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɢɡɜɨɞɢɦɵɯ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ɉɬɤɪɵɬɢɟ ɪɚɞɢɤɚɥɨɜ 
(Ɉɇ, ɋɇ, ɋ2, ɇɋɈ ɢ ɬ.ɞ.) ɜ ɩɥɚɦɟɧɚɯ, ɨɤɚɡɚɥɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɝɨɪɟɧɢɹ ɢ 
ɯɢɦɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɢ. ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɞɨɥɠɚɸɬɫɹ ɩɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɬɚɤ ɤɚɤ ɨɧɢ 
ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɩɨɥɧɨɰɟɧɧɵɟ ɞɚɧɧɵɟ ɨ ɩɪɨɰɟɫɫɚɯ ɝɨɪɟɧɢɹ ɢ ɨ ɩɪɨɰɟɫɫɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ 
ɝɨɪɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɢɡɭɱɟɧɵ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɚɦɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɥɚɦɟɧɢ ɫɚɠɢ, ɮɭɥɥɟɪɟɧɨɜ ɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ Д1]. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɨɹɜɢɥɢɫɶ 
ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɜ ɩɥɚɦɟɧɚɯ [2]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɡɚɪɨɠɞɟɧɢɟɦ ɢ ɪɨɫɬɨɦ ɬɜɟɪɞɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɩɥɚɦɟɧɢ 
ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɦɝɧɨɜɟɧɧɨ, ɚ ɱɟɪɟɡ ɪɹɞ ɪɟɚɤɰɢɣ ɦɟɠɞɭ 
ɤɨɪɨɬɤɨɠɢɜɭɳɢɦɢ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɱɚɫɬɢɰɚɦɢ (ɪɚɞɢɤɚɥɵ, ɢɨɧɵ, ɦɨɥɟɤɭɥɵ ɢ ɬ.ɞ.) Д3,4,5]. ɋɨɫɬɚɜ, 
ɫɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ ɜ ɩɥɚɦɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ, 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɨɬ ɩɪɢɪɨɞɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɱɚɫɬɢɰ. ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɂɫɯɨɞɹ ɢɡ 
ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɜ ɩɪɟɞɥɨɠɟɧɧɨɣ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ 
ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɨɜɦɟɫɬɧɨɝɨ 
ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɩɪɨɩɚɧɚ ɢ ɫɩɢɪɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ.  
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

ȼ ɰɟɥɹɯ ɫɨɡɞɚɧɢɹ ɤɚɨɤɫɢɚɥɶɧɨɝɨ ɝɨɪɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɨɜɦɟɳɟɧɢɟ ɡɨɧ ɩɥɚɦɟɧ ɪɚɡɥɢɱɧɵɯ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɨɩɥɢɜ, ɛɵɥɚ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɢ ɫɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ. Ɉɫɧɨɜɧɵɦ ɭɡɥɨɦ 
ɭɫɬɚɧɨɜɤɢ ɝɨɪɟɥɤɚ ɫ ɤɨɚɤɫɢɚɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɞɜɭɯ ɫɨɩɟɥ. Кɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɞɚɜɚɬɶ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɜ ɤɚɠɞɨɟ ɫɨɩɥɨ ɨɬɞɟɥɶɧɨɟ ɬɨɩɥɢɜɨ. ȼ ɝɨɪɟɥɤɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɞɜɢɝɚ 
ɫɨɩɟɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ 
ɩɥɨɬɧɨɫɬɶ ɢ ɫɨɫɬɚɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɱɚɫɬɢɰ ɜ ɫɨɜɦɟɳɟɧɧɨɣ ɡɨɧɟ ɩɥɚɦɟɧ. Ɍɚɤɠɟ ɫɢɫɬɟɦɚ ɩɨɞɚɱɢ 
ɬɨɩɥɢɜɚ ɜ ɫɪɟɞɧɟɟ ɫɨɩɥɨ, ɨɫɧɚɳɟɧɚ ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ ɚɷɪɨɡɨɥɶɧɨɝɨ ɜɜɟɞɟɧɢɹ ɠɢɞɤɢɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ. 
ȼ ɫɨɜɦɟɳɟɧɧɨɣ ɡɨɧɟ ɩɪɨɢɫɯɨɞɹɬ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɩɥɚɦɟɧ ɪɚɡɧɵɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɡɚɪɨɞɵɲɚ ɤɨɧɟɱɧɨɝɨ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨɫɹ 
ɩɪɨɞɭɤɬɚ ɝɨɪɟɧɢɹ. 

ɋɯɟɦɚ  ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ  ɢ ɟɝɨ ɮɨɬɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1. ɂɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɝɨɪɟɧɢɢ ɞɜɭɯ ɬɨɩɥɢɜ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɢ ɞɪɭɝ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɩɚɧ ɢ ɷɬɚɧɨɥ. Ɍɨɩɥɢɜɨ ɪɚɡɞɟɥɶɧɨ ɩɨɞɚɜɚɥɢ 
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ɩɨ ɩɚɬɪɭɛɤɚɦ 3 ɢ 5. Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɩɨ ɩɚɬɪɭɛɤɭ 3, ɩɪɨɢɫɯɨɞɢɥɨ ɜ ɰɟɧɬɪɟ ɩɥɚɦɟɧɢ 
ɬɨɩɥɢɜɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɩɨ ɩɚɬɪɭɛɤɭ 5.   
 

 

 

 

 

 

 

 

 

 

                                        ɚ                                                                ɛ    
 

ɚ – ɮɨɬɨɝɪɚɮɢɹ ɨɛɳɟɝɨ ɜɢɞɚ ɝɨɪɟɥɤɢ, ɛ – ɝɨɪɟɥɤɚ ɜ ɪɚɡɪɟɡɟ: 1 – ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɫɬɚɛɢɥɢɡɚɬɨɪ, 2 – ɤɨɪɩɭɫ 
ɝɨɪɟɥɤɢ, 3ɢ 5 – ɩɚɬɪɭɛɤɢ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ, 4 – ɲɚɪɢɤɢ ɢɡ ɢɧɟɪɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

 

Ɋɢɫɭɧɨɤ 1 - Ɏɨɬɨɝɪɚɮɢɹ ɢ ɫɯɟɦɚ ɝɨɪɟɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 

Ɉɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɴɟɦɟ ɩɥɚɦɟɧɢ ɫɭɳɟɫɬɜɭɟɬ ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɪɨɞɭɤɬɨɜ ɝɨɪɟɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɮɢɥɢ ɩɥɚɦɟɧ 
ɩɪɢ ɝɨɪɟɧɢɢ, ɤɚɤ ɱɢɫɬɵɯ ɬɨɩɥɢɜ (ɩɪɨɩɚɧ, ɫɩɢɪɬ,), ɬɚɤ ɢ ɩɪɢ ɢɯ ɫɨɜɦɟɫɬɧɨɦ ɝɨɪɟɧɢɢ. ɉɪɢ ɷɬɨɦ 
ɦɟɧɹɥɨɫɶ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɫɯɨɞɧɵɯ ɬɨɩɥɢɜ, ɩɪɨɩɚɧ ɩɨ ɤɪɚɸ, ɚ ɫɩɢɪɬ ɩɨ ɰɟɧɬɪɭ, ɢ ɧɚɨɛɨɪɨɬ. Ɍɚɤɠɟ 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɨɬɛɨɪ ɩɪɨɛ ɢɡ ɩɥɚɦɟɧɢ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɫɨɱɟɬɚɧɢɢ ɢɫɯɨɞɧɵɯ ɬɨɩɥɢɜ. Ɉɬɛɨɪ ɩɪɨɛ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɬɚɤɠɟ ɩɪɢ ɝɨɪɟɧɢɢ ɫɩɢɪɬɚ ɫ ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜ ɧɟɦ ɫɨɥɹɦɢ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɣ ɩɨɞɚɜɚɥɢ 
ɩɨ ɰɟɧɬɪɭ, ɚ ɩɨ ɤɪɚɸ ɩɨɞɜɚɥɢ ɩɪɨɩɚɧ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɨɛɵ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ (JEM 

1011), ɫɤɚɧɢɪɭɸɳɟɦ (Quanta 3D200i) ɷɥɟɤɬɪɨɧɧɵɯ ɦɢɤɪɨɫɤɨɩɚɯ, ɧɚ Ɋɚɦɚɧ-ɫɩɟɤɬɪɨɫɤɨɩɟ (NTEGRA 

Spectra Raman, λ = 473 ɧɦ, ɫɢɝɧɚɥ ɫ ɩɥɨɳɚɞɢ ɞɢɚɦɟɬɪɨɦ 80 ɧɦ).  
 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɨɰɟɫɫɵ ɝɨɪɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ 
ɪɚɡɨɝɪɟɜɭ ɫɢɫɬɟɦɵ ɢ ɤ ɫɤɚɱɤɨɨɛɪɚɡɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɴɟɦɟ ɩɥɚɦɟɧɢ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɜ ɩɥɚɦɟɧɢ ɜɚɠɧɵɦ 
ɹɜɥɹɸɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɩɪɨɮɢɥɟ ɩɥɚɦɟɧɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɢ ɢɡɭɱɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɩɪɨɮɢɥɢ ɩɥɚɦɟɧ ɨɬɞɟɥɶɧɵɯ ɬɨɩɥɢɜ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɮɢɥɢ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɫɨɜɦɟɫɬɧɨɝɨ ɩɥɚɦɟɧɢ 
ɩɪɢ ɫɨɱɟɬɚɧɢɢ ɪɚɡɧɵɯ ɬɨɩɥɢɜ ɩɨ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ.  

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ ɢ ɷɬɚɧɨɥɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. ȼ 
ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ ɢɞɟɬ ɩɥɚɧɨɦɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɥɚɦɟɧɢ, ɤɨɬɨɪɚɹ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ 
ɜɵɫɨɬɟ 30 ɦɦ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɦ ɭɪɨɜɧɟ 825 ɨɋ ɢ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɜɵɫɨɬɵ 40 ɦɦ. Ɂɚɬɟɦ ɢɞɟɬ ɩɥɚɜɧɨɟ 
ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ  ɞɨ ɜɵɫɨɬɵ 55 ɦɦ ɞɨ ɡɧɚɱɟɧɢɹ 725 ɨɋ. ȼɵɲɟ 55 ɦɦ ɬɟɦɩɟɪɚɬɭɪɚ  
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ  ɤɨɥɟɛɥɟɬɫɹ ɨɬ 725 ɞɨ 825 ɨɋ  

 ɢ ɟɟ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɨɰɟɫɫɨɦ ɫɝɨɪɚɧɢɹ ɩɨɥɭɱɚɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ. ɇɚ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ  90 ɦɦ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ 
ɡɚɜɟɪɲɚɟɬɫɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ.    
 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 2 – Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɩɨ ɜɵɫɨɬɟ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ ɢ  

ɷɬɚɧɨɥɚ ɩɪɢ ɪɚɫɯɨɞɟ ɩɪɨɩɚɧɚ 125 ɫɦ3/ɦɢɧ ɢ ɷɬɚɧɨɥɚ 172,7 ɫɦ3/ɦɢɧ 
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6 

 

ȼɢɞ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɢɥɹ ɩɪɢ ɝɨɪɟɧɢɢ ɱɢɫɬɨɝɨ ɷɬɚɧɨɥɚ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɪɚɡɥɢɱɧɵɯ ɡɨɧ. 
Ɋɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ ɨɬ 21 ɦɦ ɞɨ 26 ɦɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬ   ɧɚɥɢɱɢɟ 
ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɬɨɪɢɱɧɨɣ ɪɟɚɤɰɢɨɧɧɵɦɢ ɡɨɧɚɦɢ, ɝɞɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɟɦɩɟɪɚɬɭɪɚ ɢɦɟɟɬ 
ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ. Ɂɚɬɟɦ ɢɞɟɬ ɩɥɚɜɧɨɟ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ. ɉɪɢ ɝɨɪɟɧɢɢ ɷɬɚɧɨɥɚ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɦɟɧɢ ɧɟ ɩɪɟɜɵɲɚɥɚ  860 ɨ ɋ ɧɚ ɜɵɫɨɬɟ 28,5 ɦɦ ɨɬ ɫɬɚɛɢɥɢɡɚɬɨɪɚ 
ɝɨɪɟɥɤɢ.  

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɢ ɜɢɞ ɩɥɚɦɟɧɢ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɚɤɫɢɚɥɶɧɨɝɨ 
ɝɨɪɟɧɢɹ ɷɬɚɧɨɥɚ ɢ ɩɪɨɩɚɧɚ, ɤɨɝɞɚ ɩɪɨɩɚɧ ɩɨɞɚɟɬɫɹ ɩɨɫɟɪɟɞɢɧɟ, ɚ ɷɬɚɧɨɥ ɩɨ ɤɪɚɸ, ɚ ɬɚɤɠɟ ɤɨɝɞɚ 
ɷɬɚɧɨɥ ɩɨɞɚɟɬɫɹ ɩɨɫɟɪɟɞɢɧɟ, ɚ ɩɪɨɩɚɧ ɩɨ ɤɪɚɸ ɩɥɚɦɟɧɢ.  
 

 

 
 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3 – Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɮɢɥɶ ɩɨ ɜɵɫɨɬɟ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɫɨɜɦɟɫɬɧɨɝɨ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ  
(ɪɚɫɯɨɞ 125 ɫɦ3/ɦɢɧ)  ɫ ɷɬɚɧɨɥɨɦ (ɪɚɫɯɨɞ 129 ɫɦ3/ɦɢɧ) 

 

ɉɪɢ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɤɨɝɞɚ ɩɪɨɩɚɧ ɩɨɞɚɟɬɫɹ ɩɨɫɟɪɟɞɢɧɟ, ɚ ɷɬɚɧɨɥ ɩɨ ɤɪɚɸ ɩɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 850°ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɜɵɫɨɬɟ ɩɥɚɦɟɧɢ 92-93 ɦɦ ɢ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ           915 °ɋ  
ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ 100 ɦɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɟɥɤɢ. ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɢɫɯɨɞɧɵɯ ɬɨɩɥɢɜ ɤɨɝɞɚ ɷɬɚɧɨɥ 
ɩɨɞɚɟɬɫɹ ɩɨɫɟɪɟɞɢɧɟ, ɚ ɩɪɨɩɚɧ ɩɨ ɤɪɚɸ ɩɥɚɦɟɧɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɦɟɧɢ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɝɨɪɟɧɢɢ 
ɱɢɫɬɵɯ ɬɨɩɥɢɜ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 1150ɨɋ. ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɨɜɦɟɫɬɧɨɝɨ ɝɨɪɟɧɢɹ ɪɚɡɧɵɯ ɬɨɩɥɢɜ ɩɨɜɵɲɚɟɬɫɹ ɨɛɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɦɟɧɢ ɩɨ ɜɫɟɦɭ 
ɨɛɴɟɦɭ. Ɉɫɨɛɟɧɧɨ ɪɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɛɥɸɞɚɥɚɫɶ ɜ ɫɨɜɦɟɫɬɧɨɦ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧ-

ɷɬɚɧɨɥ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɩɢɪɬ ɩɨɞɚɜɚɥɫɹ ɜ ɫɪɟɞɧɸɸ ɱɚɫɬɶ ɩɥɚɦɟɧɢ.  Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ, 
ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 200°ɋ.  

Кɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɩɥɚɦɟɧɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɟɫɶ ɫɩɟɤɬɪ 
ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ – ɨɬ ɮɢɨɥɟɬɨɜɨɝɨ ɞɨ ɤɪɚɫɧɨɝɨ. ɋɭɳɟɫɬɜɭɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɰɜɟɬɚɦɢ ɫɩɟɤɬɪɚ 
ɩɥɚɦɟɧɢ ɢ ɪɚɞɢɤɚɥɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɜɟɱɟɧɢɟ. Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛɳɟɣ ɤɚɪɬɢɧɵ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɱɚɫɬɢɰ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɩɟɤɬɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥɚɦɟɧ. Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɩɪɢ 
ɫɨɜɦɟɫɬɧɨɦ ɝɨɪɟɧɢɢ ɷɬɚɧɨɥɚ ɫ ɩɪɨɩɚɧɨɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɨɝɞɚ ɷɬɚɧɨɥ ɩɨɞɚɟɬɫɹ ɩɨ ɰɟɧɬɪɭ ɩɥɚɦɟɧɢ 
ɩɪɨɩɚɧɚ, ɫɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ ɪɚɫɲɢɪɹɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɫɢɧɟɝɨ ɢ ɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɚ ɩɪɢ ɩɨɞɚɱɟ 
ɩɪɨɩɚɧɚ ɩɨ ɰɟɧɬɪɭ ɩɥɚɦɟɧɢ ɷɬɚɧɨɥɚ ɫɩɟɤɬɪ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɜɬɨɪɹɟɬ ɫɩɟɤɬɪ ɩɥɚɦɟɧɢ ɱɢɫɬɨɝɨ ɩɪɨɩɚɧɚ, 
ɢɧɬɟɧɫɢɜɧɨɟ ɫɜɟɱɟɧɢɟ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɝɨɪɹɱɢɦɢ ɫɚɠɟɜɵɦɢ ɱɚɫɬɢɰɚɦɢ. ɉɪɢ ɝɨɪɟɧɢɢ ɱɢɫɬɨɝɨ 
ɷɬɚɧɨɥɚ ɢ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɝɨɪɟɧɢɢ, ɤɨɝɞɚ ɷɬɚɧɨɥ ɩɨɞɚɟɬɫɹ ɩɨ ɰɟɧɬɪɭ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ, ɫɩɟɤɬɪ 
ɢɡɥɭɱɟɧɢɹ ɥɟɠɢɬ, ɜ ɨɫɧɨɜɧɨɦ, ɜ ɨɛɥɚɫɬɢ ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ, ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɚɥɢɱɢɟ ɜɨɡɛɭɠɞɟɧɧɵɯ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɪɚɞɢɤɚɥɨɜ ɋ2 (ɩɨɥɨɫɵ ɋɜɚɧɚ). ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɢɜɟɞɟɧɵ ɫɩɟɤɬɪɵ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ 
ɝɨɪɟɧɢɢ ɷɬɚɧɨɥɚ ɫ 5 % ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ Co(NO3)2 ∙ 6H2O, Ni(NO3)2 ∙ 6H2O ɢ La(NO3)3 ∙ 
6H2O ɜ ɩɪɨɩɚɧɟ.   

Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɫɨɜɦɟɫɬɧɵɯ ɩɥɚɦɟɧ ɩɪɢ ɝɨɪɟɧɢɢ ɷɬɚɧɨɥɚ, ɫ ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜ ɧɟɦ ɫɨɥɹɦɢ 
ɦɟɬɚɥɥɨɜ, ɜ ɩɪɨɩɚɧɟ (ɪɢɫɭɧɨɤ 4), ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɥɢɱɢɟ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ ɜ ɩɥɚɦɟɧɢ ɩɪɢɜɨɞɢɬ ɤ 
ɩɟɪɟɯɨɞɭ ɨɬ ɩɥɚɦɟɧ ɫ ɡɟɥɟɧɧɵɦ ɫɜɟɱɟɧɢɟɦ ɤ ɹɪɤɨ ɫɜɟɬɹɳɢɦɫɹ ɩɥɚɦɟɧɚɦ, ɫɜɟɱɟɧɢɟ ɤɨɬɨɪɵɯ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɫɤɚɥɟɧɧɵɦɢ ɫɚɠɟɜɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɥɨɫɵ ɋ2. ɗɬɨɬ 
ɩɪɨɰɟɫɫ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ  ɋ2 ɜ ɫɚɠɭ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, 
ɱɬɨ ɧɚɥɢɱɢɟ ɫɨɥɟɣ ɜ ɩɥɚɦɟɧɢ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɭɫɢɥɟɧɢɸ ɫɚɠɟɨɛɪɚɡɨɜɚɧɢɹ, ɫɜɹɡɚɧɨ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 
ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɜɵɡɵɜɚɸɳɢɯ ɩɨɹɜɥɟɧɢɟ ɩɨɥɢɦɟɪɢɡɚɰɢɨɧɧɵɯ ɰɟɩɟɣ.  

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɨɤɚɡɚɧ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɫɧɢɦɨɤ ɢ ɫɩɟɤɬɪ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ (EDAБ), ɨɛɪɚɡɰɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɤɨɚɤɫɢɚɥɶɧɨɦ ɝɨɪɟɧɢɢ ɩɪɨɩɚɧɚ ɢ ɪɚɫɬɜɨɪɚ 
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ɷɬɚɧɨɥɚ ɫ ɫɨɥɶɸ ɧɢɤɟɥɹ  ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 1 ɝɪɚɦɦ ɧɚ 250 ɦɥ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 – ɫɩɟɤɬɪ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɩɥɚɦɟɧɢ ɷɬɚɧɨɥɚ ɜ ɩɪɨɩɚɧɟ, 2 – ɫɩɟɤɬɪ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɩɥɚɦɟɧɢ ɷɬɚɧɨɥɚ ɫ ɫɨɥɶɸ Co ɜ 
ɩɪɨɩɚɧɟ, 3 – ɫɩɟɤɬɪ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɩɥɚɦɟɧɢ ɷɬɚɧɨɥɚ ɫ  ɫɨɥɶɸ La ɜ ɩɪɨɩɚɧɟ, 4 – ɫɩɟɤɬɪ ɚɥɶɬɟɪɧɚɰɢɨɧɧɨɝɨ 

ɩɥɚɦɟɧɢ ɷɬɚɧɨɥɚ ɫ ɫɨɥɶɸ Ni ɜ ɩɪɨɩɚɧɟ 

 

Ɋɢɫɭɧɨɤ 4 – ɋɩɟɤɬɪɵ ɤɚɨɤɫɢɚɥɶɧɵɯ ɩɥɚɦɟɧ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɱɟɧɢɹ ɩɨ ɞɥɢɧɚɦ ɜɨɥɧ 

 

 

 

 

 
 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 5 – ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɫɧɢɦɨɤ ɢ ɫɩɟɤɬɪ EDAБ ɚɧɚɥɢɡɚ, ɨɛɪɚɡɰɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ 
ɤɨɚɤɫɢɚɥɶɧɨɦ ɝɨɪɟɧɢɢ ɩɪɨɩɚɧɚ ɢ ɪɚɫɬɜɨɪɚ ɷɬɚɧɨɥɚ ɫ ɫɨɥɶɸ ɧɢɤɟɥɹ 

 

ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɨɚɤɫɢɚɥɶɧɨɟ ɝɨɪɟɧɢɟ ɩɪɨɩɚɧɚ ɢ  
ɪɚɫɬɜɨɪɚ ɷɬɚɧɨɥɚ ɫ ɫɨɥɶɸ ɧɢɤɟɥɹ  ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ ɫ 
ɪɚɡɛɪɨɫɨɦ ɩɨ ɪɚɡɦɟɪɚɦ 50-300 ɧɚɧɨɦɟɬɪɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɵɜɚɸɬ ɫɨɞɟɪɠɚɧɢɟ  
ɭɝɥɟɪɨɞɚ 60%,  ɫɨɞɟɪɠɚɧɢɟ ɧɢɤɟɥɹ 36% ɢ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ 6%. Ɇɚɝɧɢɣ ɢ ɧɚɬɪɢɣ ɩɪɢɫɭɬɫɬɜɭɟɬ 
ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ, ɢɯ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɨɛɪɚɡɰɚɯ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɬɨɩɥɢɜɚɯ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɝɪɚɮɟɧɨɜɵɯ ɫɥɨɟɜ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɚɥɶɬɟɪɧɚɰɢɨɧɧɨɦ ɩɥɚɦɟɧɢ 
ɩɪɨɩɚɧɚ ɫ ɷɬɚɧɨɥɨɦ (ɩɪɨɩɚɧ ɩɨɞɚɜɚɥɫɹ ɩɨ ɰɟɧɬɪɭ) ɢ ɷɬɚɧɨɥɚ ɫ ɩɪɨɩɚɧɨɦ (ɷɬɚɧɨɥ ɩɨɞɚɜɚɥɫɹ ɩɨ 
ɰɟɧɬɪɭ).   ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɩɨɞɥɨɠɤɟ ɨɛɪɚɡɭɟɬɫɹ 5-10 ɫɥɨɟɜ ɝɪɚɮɟɧɚ (IG/I2D = 1,64-2,05), Ɋɚɦɚɧ-

ɫɩɟɤɬɪɵ ɢ Ɋɚɦɚɧ-ɤɚɪɬɚ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 6. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɝɪɚɮɟɧɨɜɵɯ ɫɥɨɟɜ ɜ 
ɚɥɶɬɟɪɧɚɰɢɨɧɧɨɦ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ ɫ ɷɬɚɧɨɥɨɦ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɧɚ ɧɢɤɟɥɟɜɨɣ ɩɨɞɥɨɠɤɟ ɫ 
ɦɚɥɨɣ ɞɟɮɟɤɬɧɨɫɬɶɸ ɜ ɩɪɟɞɟɥɚɯ ID/IG = 0,26 – 0,39. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɞɚɱɟ ɷɬɚɧɨɥɚ ɩɨ 
ɰɟɧɬɪɭ ɩɥɚɦɟɧɢ ɮɨɪɦɢɪɭɟɬɫɹ 5 ɫɥɨɟɜ ɝɪɚɮɟɧɚ ɢ ɦɟɧɟɟ, ɫ ɞɟɮɟɤɬɧɨɫɬɶɸ  ID/IG = 0,26.  
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ɚ                                                                  ɛ 

ɚ – ɩɪɨɩɚɧ ɩɨ ɰɟɧɬɪɭ ɩɥɚɦɟɧɢ (ɞɟɫɹɬɶ ɫɥɨɟɜ, IG/I2D = 2,05, ID/IG = 0,39), ɛ – ɷɬɚɧɨɥ ɩɨ ɰɟɧɬɪɭ ɩɥɚɦɟɧɢ 
(ɩɹɬɶ ɫɥɨɟɜ, IG/I2D = 1,6, ID/IG = 0,26), ɜ – Ɋɚɦɚɧ-ɤɚɪɬɚ ɝɪɚɮɟɧɨɜ 

 

Ɋɢɫɭɧɨɤ 6 – Ɋɚɦɚɧ-ɫɩɟɤɬɪɵ ɢ Ɋɚɦɚɧ-ɤɚɪɬɚ ɫɥɨɟɜ ɝɪɚɮɟɧɚ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɚ ɧɢɤɟɥɟɜɨɣ ɩɨɞɥɨɠɤɟ ɜ 
ɤɨɚɤɫɢɚɥɶɧɨɦ ɩɥɚɦɟɧɢ ɩɪɨɩɚɧɚ ɫ ɷɬɚɧɨɥɨɦ 

 

Abstract 

In this paper we study some features coaxial  flame and synthesis process, nickel oxide nanoparticles and 

graphene in the organization of the combustion process of the coaxial alcohol and propane. 
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Abstract 

A facile, green, low cost and efficient one-step technology to synthesize highly dispersible functional 

single-walled and multiwalled carbon nanotubes (f-SWNTs and f-MWNTs) up to supergrams is reported. 

Large-scale (up to hundreds of grams) synthesis of functional azides was developed at first, and various 

reactive groups (i.e., −OH, −NH2, −COOH, and −Br) аere then introduced onto the conveб surfaces of 

CNTs in merely one reaction of nitrene addition under a relatively mild condition without causing 

significant damage to nanotubes. The contents of the functional moieties can be easily controlled by 

adjusting the feed ratio of the azide compounds to CNTs. In order to demonstrate the reactivity and 

functions of the immobilized organic moieties, different chemical reactions, including surface-initiated 

polymerizations, amidation, and reduction of metal ions, were performed on the functional CNTs, 

affording various CNT-polymer and CNT-Pt nanohybrids. The resulting materials were characterized by 

various measurements, such as TGA, Raman, XPS, FTIR, NMR, XRD, SEM, TEM, and HRTEM. The 

presented one-step methodology opens the avenue for industrial production of functional CNTs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


