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«Сɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 
ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» 

Вɜɟɞɟɧɢɟ 

Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ 
ɦɚɤɪɨɜɨɥɨɤɨɧ (ɍɆȼ) ɹɜɥɹɸɬɫɹ ɧɢɡɤɚɹ ɩɥɨɬɧɨɫɬɶ, ɞɟɲɟɜɢɡɧɚ, ɩɪɨɫɬɨɬɚ ɨɛɪɚɛɨɬɤɢ ɢ 
ɮɨɪɦɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɤɨɪɪɨɡɢɨɧɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ. 

Ɉɞɧɚɤɨ, ɍɆȼ ɩɨɥɭɱɚɟɦɵɟ ɩɢɪɨɥɢɡɨɦ ɩɨɥɢɦɟɪɧɨɝɨ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɛɥɢɡɤɨɣ ɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ), ɤɨɬɨɪɚɹ ɧɭɠɞɚɟɬɫɹ ɜ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ ɚɞɝɟɡɢɢ ɜ ɫɢɫɬɟɦɟ 
«ɚɪɦɢɪɭɸɳɚɹ ɞɨɛɚɜɤɚ/ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ» Д1]. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɤ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɸ ɦɚɤɪɨɜɨɥɨɤɨɧ: ɱɚɫɬɢɱɧɨɟ ɨɤɢɫɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɬɪɚɜɥɟɧɢɟ ɜ 
ɤɢɫɥɨɬɟ, ɩɥɚɡɦɟɧɧɚɹ ɨɛɪɚɛɨɬɤɚ, ɷɥɟɤɬɪɨɨɤɢɫɥɟɧɢɟ), ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ ɯɢɦɢɱɟɫɤɨɣ 
«ɩɪɢɲɢɜɤɢ» Д2]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɜɚɪɢɚɧɬɨɜ ɨɛɪɚɛɨɬɤɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɟɞɭɬ ɤ ɧɚɪɭɲɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɤ ɭɯɭɞɲɟɧɢɸ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɝɥɟɪɨɞɧɵɯ ɦɚɤɪɨɜɨɥɨɤɨɧ Д3].  ɉɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɚɤɪɨɜɨɥɨɤɧɚ ɭɝɥɟɪɨɞɧɵɦɢ ɧɚɧɨɜɨɥɨɤɧɚɦɢ (ɍɇȼ). 
Цɟɥɶ ɩɪɨɟɤɬɚ 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɧɚɧɟɫɟɧɢɹ ɍɇȼ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɤɪɨɜɨɥɨɤɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ.  
Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ 

1. ɋɢɧɬɟɡ ɍɇȼ ɡɚɞɚɧɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɢ ɬɟɤɫɬɭɪɵ (ɡɚɞɚɟɬɫɹ ɫɨɫɬɚɜɨɦ ɤɚɬɚɥɢɡɚɬɨɪɚ, 
ɫɵɪɶɹ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ) 

2. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɨɬɨɪɧɨɝɨ ɪɟɚɤɬɨɪɚ 

3. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɞɟɲɟɜɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ 

    - ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯɥɨɪɡɚɦɟɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ, 
ɨɬɯɨɞɨɜ ɯɥɨɪɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ) 

   - ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɩɭɬɧɵɯ ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ (ɉɇȽ) 

Мɟɬɨɞɵ ɢ ɩɨɞɯɨɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɟɤɬɚ 

ɋɟɪɢɹ ɨɛɪɚɡɰɨɜ Б ɦɚɫ. % NТ/Ɇȼ (ɝɞɟ Б ɜɚɪɶɢɪɨɜɚɥɫɹ ɨɬ 0,5 ɞɨ 10) ɝɨɬɨɜɢɥɚɫɶ ɬɪɟɦɹ 
ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɩɪɨɩɢɬɤɚ NТ(NO3)2; ɧɚɧɟɫɟɧɢɟ Ni(OH)2 ɩɪɨɩɢɬɤɨɣ ɩɨ 
ɜɥɚɝɨɟɦɤɨɫɬɢ (ɨɫɚɠɞɟɧɢɟ ɧɢɬɪɚɬɚ  Nɇ4OH ɢɥɢ  NaOH); ɩɪɨɩɢɬɤɚ NТ(NO3)2 ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɛɚɜɥɟɧɢɟɦ ɳɟɥɨɱɧɨɝɨ ɚɝɟɧɬɚ (Nɇ4OH ɢɥɢ  NaOH). 

ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɫɩɵɬɵɜɚɥɢɫɶ ɜ ɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨɬɨɱɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɜɟɫɚɦɢ 
Ɇɚɤ-Ȼɟɧɚ. ɍɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɤɢɧɟɬɢɤɭ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɭɝɥɟɪɨɞɧɨɝɨ 
ɩɪɨɞɭɤɬɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ɉɛɪɚɡɰɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, 
ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɷɬɢɥɟɧɚ. Ⱦɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ, 
ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɩɪɨɩɢɬɤɨɣ ɧɢɬɪɚɬɨɦ ɧɢɤɟɥɹ,  ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɛɵɬɨɜɨɣ ɝɚɡ (ɩɪɨɩɚɧ-

ɛɭɬɚɧɨɜɚɹ ɫɦɟɫɶ ɫɨɫɬɚɜɚ: ɷɬɚɧ - 3.5%, ɩɪɨɩɚɧ - 81.5 %, ɢɡɨ-ɛɭɬɚɧ - 8.4 %, ɧ-ɛɭɬɚɧ - 6.6 %), 

ɩɪɢɪɨɞɧɵɣ ɝɚɡ (92 ɨɛ. % CH4) ɢ 1,2-ɞɢɯɥɨɪɷɬɚɧ. 

Ɇɟɬɨɞɚɦɢ ɫɤɚɧɢɪɭɸɳɟɣ ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɢɡɭɱɟɧɵ ɫɬɪɭɤɬɭɪɚ 
ɢ ɦɨɪɮɨɥɨɝɢɹ ɫɥɨɹ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɤɪɨɜɨɥɨɤɧɚ.  Ɇɟɬɨɞɨɦ 
ȻɗɌ ɢɡɦɟɪɟɧɚ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɚ ɨɬɱɟɬɧɵɣ ɩɟɪɢɨɞ ɜɚɠɧɟɣɲɢɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɢɯ  ɨɛɫɭɠɞɟɧɢɟ 



2 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɞɪɨɤɫɢɞɚ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɵɥɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɢɞɟɟɣ ɨ ɤɨɧɬɪɨɥɟ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɧɚɧɨɫɢɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɧɚɧɟɫɟɧɢɟ ɝɟɥɟɣ 
ɝɢɞɪɨɤɫɢɞɨɜ, ɝɞɟ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɩɪɨɜɟɪɹɟɬɫɹ c ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ). ɇɚɧɟɫɟɧɧɵɟ ɫɢɫɬɟɦɵ ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɜ ɪɟɚɤɰɢɢ ɪɚɡɥɨɠɟɧɢɹ ɷɬɢɥɟɧɚ. 

Ⱦɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɥɚɫɶ ɫɥɟɞɭɸɳɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ – ɭɜɟɥɢɱɟɧɢɟ ɜɵɯɨɞɚ 
ɩɪɨɞɭɤɬɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɟɫɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɪɢɫ. 1). 

Ɋɢɫ.1. Ʉɢɧɟɬɢɤɚ ɪɨɫɬɚ ɭɝɥɟɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ, 600 °C, ɷɬɢɥɟɧ: ɫлеɜɚ - ɧɚ ɨɛɪɚɡɰɟ X% Ni/Ɇȼ  
(ɧɚɧɟɫɟɧɢɟɦ ɪɚɫɬɜɨɪɚ Ni(OH)2, ɩɨɥɭɱɟɧɧɨɝɨ ɨɫɚɠɞɟɧɢɟɦ NaOH), ɫɩɪɚɜɚ - ɧɚ ɨɛɪɚɡɰɟ 2,5 % Ni/Ɇȼ 

(ɫɜɟɪɯɭ ɜɧɢɡ ɩɪɨɩɢɬɤɚ: Ni(NO3)2, Ni(NO3)2 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɛɚɜɥɟɧɢɟɦ Nɇ4OH, Ni(OH)2 

(Nɇ4OH), Ni(NO3)2 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɛɚɜɥɟɧɢɟɦ NɚOH, Ni(OH)2 (NɚOH))   

Ⱦɚɥɶɧɟɣɲɢɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɢɬɪɚɬɚ ɧɢɤɟɥɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɩɪɢ ɷɬɨɦ ɞɥɹ ɫɢɫɬɟɦ 2,5 ɦɚɫɫ.% Ni/ɍɆȼ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ (ɍɇȼ) ɦɨɠɧɨ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɡɧɚɱɟɧɢɣ (ɨɬ 5 ɞɨ 250 %).  

Ⱦɚɧɧɵɟ ɫɤɚɧɢɪɭɸɳɟɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɛɥɢɡɤɨɦ ɜɵɯɨɞɟ ɍɇȼ (70%) 

ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɡɛɪɨɫ ɩɨ ɞɢɚɦɟɬɪɚɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɥɹ ɨɛɪɚɡɰɚ  2,5 Ni/Ɇȼ, ɩɨɥɭɱɟɧɧɨɝɨ 
ɧɚɧɟɫɟɧɢɟɦ ɧɢɬɪɚɬɚ (ɪɢɫ.2). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɧɚ ɫɬɚɞɢɢ ɧɚɧɟɫɟɧɢɹ ɝɢɞɪɨɤɫɢɞɨɜ ɛɵɥɨ 

ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ (50 ɧɦ - 2 ɦɤɦ).  

   

Ɋɢɫ.2. Ɇɢɤɪɨɫɧɢɦɤɢ ɋɗɆ ɨɛɪɚɡɰɨɜ 2,5 Ni/Ɇȼ ɨɛɪɚɛɨɬɚɧɧɵɯ ɜ ɷɬɢɥɟɧɟ, ɜɵɯɨɞ ɍȼɇ  70%, 

ɩɪɟɞɲɟɫɬɜɟɧɧɢɤ ɤɚɬɚɥɢɡɚɬɨɪɚ: ɚ -  Ni(NO3)2, ɛ - Ni(OH)2 (ɨɫɚɠɞɟɧɢɟ NɚOH), ɜ - Ni(OH)2 

(ɩɪɨɩɢɬɤɚ Ni(NO3)2 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɫɚɠɞɟɧɢɟɦ Nɇ4OH). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɞɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɥɟɝɤɨ 
ɦɚɫɲɬɚɛɢɪɭɟɦɵɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɨɩɢɬɤɟ 
ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ ɪɚɫɬɜɨɪɨɦ ɧɢɬɪɚɬɚ ɧɢɤɟɥɹ. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ X ɦɚɫɫ. % 

Ni/Ɇȼ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɧɚɧɟɫɟɧɢɟɦ ɝɢɞɪɨɤɫɢɞɨɜ, ɡɚɞɚɸɬ ɧɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɭɠɟ ɜɧɟ ɤɨɧɤɭɪɫɚ ɩɪɨɟɤɬɨɜ), ɩɨɫɤɨɥɶɤɭ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɜɨɥɨɤɧɚ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (25-80 ɦ2/ɝ).  

Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɛɪɚɡɰɚɯ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ 
ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ ɧɢɬɪɚɬɨɦ ɧɢɤɟɥɹ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɷɬɢɥɟɧɚ. 
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Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ 2.5 ɦɚɫ.%NТ/Ɇȼ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 
ɫɵɪɶɹ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ (Ɍ = 600 °ɋ): 1. ɗɬɢɥɟɧ; 2. ɉɪɨɩɚɧ-ɛɭɬɚɧɨɜɚɹ ɫɦɟɫɶ; 3. ɉɪɢɪɨɞɧɵɣ ɝɚɡ. 

ɉɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɞɨɥɠɧɨ ɹɜɥɹɬɶɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɬɨɥɳɢɧɵ 
ɍɇȼ ɩɨɤɪɵɬɢɹ (ɞɥɢɧɵ ɧɚɧɨɜɨɥɨɤɨɧ) ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɭɛɧɨɝɨ 
ɩɨɥɢɷɬɢɥɟɧɚ, ɬɨ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɥɢɹɬɶ ɧɚ 
ɞɥɢɧɭ ɧɚɧɨɜɨɥɨɤɨɧ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɧɚɪɚɛɨɬɤɢ 
ɭɤɪɭɩɧɟɧɧɵɯ ɩɚɪɬɢɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɤɪɨɜɨɥɨɤɨɧ ɜ ɪɨɬɨɪɧɨɦ ɪɟɚɤɬɨɪɟ 
ɜ ɤɚɱɟɫɬɜɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɜɵɛɪɚɧɵ ɷɬɢɥɟɧ ɢ ɩɪɨɩɚɧ-ɛɭɬɚɧɨɜɚɹ ɫɦɟɫɶ.  

Ɇɟɬɨɞɨɦ ɉɗɆ ɛɵɥɨ ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɝɥɟɪɨɞɧɵɯ 
ɧɚɧɨɜɨɥɨɤɨɧ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɨɠɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɪɢɫ. 3).  

    

Ɋɢɫɭɧɨɤ 3. Ɇɨɪɮɨɥɨɝɢɹ ɍɇȼ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɨɠɟɧɢɟɦ: a - ɩɪɨɩɚɧ-ɛɭɬɚɧɨɜɨɣ ɫɦɟɫɢ ɧɚ 

2.5%Ni/Ɇȼ, 550°ɋ; ɛ - ɩɪɨɩɚɧ-ɛɭɬɚɧɨɜɨɣ ɫɦɟɫɢ ɧɚ ɦɚɤɪɨɜɨɥɨɤɧɚ 2.5%(Ni-Cu)/Ɇȼ, 700°ɋ; ɜ – 

ɷɬɢɥɟɧɚ ɧɚ 2.5%Ni/Ɇȼ, 600°ɋ 

ɇɚ ɪɢɫɭɧɤɟ 3ɚ ɦɨɠɧɨ ɜɢɞɟɬɶ ɫɤɨɩɥɟɧɢɟ ɭɝɥɟɪɨɞɧɵɯ ɧɢɬɟɣ ɤɨɚɤɫɢɚɥɶɧɨ-

ɤɨɧɢɱɟɫɤɨɝɨ ɬɢɩɚ ɫ ɜɵɪɚɠɟɧɧɵɦ ɩɨɥɵɦ ɤɚɧɚɥɨɦ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɨɠɟɧɢɟɦ ɩɪɨɩɚɧ-

ɛɭɬɚɧɨɜɨɣ ɫɦɟɫɢ (2.5%Ni/Ɇȼ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 550°ɋ). Ⱦɥɹ ɨɛɪɚɡɰɚ 2.5%(Ni-Cu)/Ɇȼ, 
ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɩɪɢ 700°ɋ,  ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɍɇȼ ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɢɫɬɨɣ ɦɨɪɮɨɥɨɝɢɢ (ɪɢɫ. 
3ɛ), ɨɞɧɚɤɨ ɩɪɢ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɦ ɢɡɭɱɟɧɢɢ ɫɧɢɦɤɨɜ ɉɗɆ ɦɨɠɧɨ ɧɚɣɬɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɍɇȼ ɤɨɚɤɫɢɚɥɶɧɨ-ɤɨɧɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ. ɉɪɢ ɪɚɡɥɨɠɟɧɢɢ ɷɬɢɥɟɧɚ ɢ 1,2-

ɞɢɯɥɨɪɷɬɚɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɨɞɭɤɬ ɩɟɪɢɫɬɨɣ ɦɨɪɮɨɥɨɝɢɢ (ɫɬɚɧɞɚɪɬɧɵɣ ɜɢɞ – ɪɢɫ. 3ɜ). 
Ⱦɢɚɦɟɬɪ ɜɨɥɨɤɨɧ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 30 - 200 ɧɦ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɨɫɢɦɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɟɞɟɬ ɤ ɫɭɠɟɧɢɸ ɞɢɚɩɚɡɨɧɚ ɡɧɚɱɟɧɢɣ. 

Ɇɟɬɨɞɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɫɨɪɛɰɢɢ ɚɡɨɬɚ (ȻɗɌ) ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɬɟɤɫɬɭɪɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɍɄɇ-Ɇ 5000, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɪɚɡɥɨɠɟɧɢɟɦ ɩɪɨɩɚɧ -

ɛɭɬɚɧɨɜɨɣ ɫɦɟɫɢ, ɷɬɢɥɟɧɚ ɢ 1,2-Ⱦɏɗ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.  

Ɍɚɛɥɢɰɚ 1. Ɍɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɍɄɇ-Ɇ 5000, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɭɬɺɦ 
ɪɚɡɥɨɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ.  
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ɍɝɥɟɜɨɞɨɪɨɞ 
Ɇɨɪɮɨɥɨɝɢɹ 

ɍɇȼ 

ɉɪɢɪɨɫɬ ɍɇȼ, 
ɦɚɫ.% 

SBET, ɦ2/ɝ 

ɂɫɯɨɞɧɵɣ 
ɨɛɪɚɡɟɰ 

ɉɨɫɥɟ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 

C2H4 

ɉɟɪɢɫɬɵɟ ɧɢɬɢ 

24 

1.8 

25 

C2H4Cl2 15 30 

C3H8 – C4H10 Ʉ-ɤ ɧɢɬɢ 19 6 

ȼɢɞɧɨ, ɱɬɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɦɚɤɪɨɜɨɥɨɤɨɧ ɩɭɬɺɦ ɜɵɪɚɳɢɜɚɧɢɹ ɍɇȼ ɩɟɪɢɫɬɨɣ 
ɦɨɪɮɨɥɨɝɢɢ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɦɭ ɭɜɟɥɢɱɟɧɢɸ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɦ ɜɵɪɚɳɢɜɚɧɢɟ 
ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɍɇȼ ɤɨɚɤɫɢɚɥɶɧɨ-ɤɨɧɢɱɟɫɤɨɝɨ ɬɢɩɚ. ȼ ɰɟɥɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ SBET  ɢɫɯɨɞɧɵɯ 
ɦɚɤɪɨɜɨɥɨɤɨɧ (ɨɬ 3 ɞɨ 14 ɪɚɡ), ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɬɪɚɡɢɬɫɹ ɧɚ ɚɞɝɟɡɢɨɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ Ɇȼ. 

Ɇɟɬɨɞɨɦ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɢɪɨɥɢɡɚ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ ɩɪɨɜɟɞɟɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɟɡɺɦɧɨɣ ɬɤɚɧɢ (ɄɁɌ), ɭɝɥɟɪɨɞɧɵɯ (ɍɆȼ) ɢ ɛɚɡɚɥɶɬɨɜɵɯ ɦɚɤɪɨɜɨɥɨɤɨɧ 
(ȻɆȼ). ȼɵɹɜɥɟɧɨ, ɱɬɨ ɡɚ ɩɨɥɱɚɫɚ ɨɛɪɚɛɨɬɤɢ ɜɵɯɨɞ ɭɝɥɟɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 
ɪɹɞɭ: ɄɁɌ<ȻɆȼ<ɍɆȼ (15, 5 ɢ 1 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ⱦɚɧɧɵɟ ɫɤɚɧɢɪɭɸɳɟɣ ɦɢɤɪɨɫɤɨɩɢɢ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɛɚɡɚɥɶɬɨɜɨɦ ɜɨɥɨɤɧɟ ɨɛɪɚɡɭɸɬɫɹ ɬɨɧɤɢɟ ɫɬɪɭɤɬɭɪɵ ɞɢɚɦɟɬɪɨɦ ɩɨɪɹɞɤɚ 
100 ɧɦ ɢ ɞɥɢɧɨɣ ɨɤɨɥɨ 7 ɦɤɦ,  ɧɚ ɭɝɥɟɪɨɞɧɨɦ ɜɨɥɨɤɧɟ, ɝɞɟ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɛɨɥɶɲɟ, ɬɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ ɍɇȼ ɞɨɫɬɢɝɚɟɬ 10 ɦɤɦ, ɧɚ ɤɪɟɦɧɟɡɟɦɧɨɣ ɬɤɚɧɢ ɧɚɛɥɸɞɚɸɬɫɹ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɰɟɧɬɪɵ ɪɨɫɬɚ ɧɚɧɨɜɨɥɨɤɨɧ.   
 

Сɬɟɩɟɧɶ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ 

Ɂɚɩɥɚɧɢɪɨɜɚɧɧɵɟ ɷɬɚɩɵ 
ɪɚɛɨɬ ɞɥɹ ɩɟɪɜɨɝɨ 
ɩɨɞɨɬɱɺɬɧɨɝɨ ɩɟɪɢɨɞɚ 

ȼɵɩɨɥɧɟɧɧɵɟ ɪɚɛɨɬɵ Ʉɨɦɦɟɧɬɚɪɢɢ ɚɜɬɨɪɚ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ 
ɪɨɫɬɚ ɍɇȼ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɚɤɪɨɜɨɥɨɤɧɚ ɢɡ ɪɚɡɥɢɱɧɵɯ 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɭɝɥɟɪɨɞɚ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 
(ɬɟɦɩɟɪɚɬɭɪɚ, ɫɤɨɪɨɫɬɶ 
ɩɨɞɚɱɢ ɫɵɪɶɹ, ɞɨɛɚɜɥɟɧɢɟ 
ɜɨɞɨɪɨɞɚ ɢɥɢ ɩɚɪɨɜ ɜɨɞɵ ɜ 
ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɤɚɬɚɥɢɡɚɬɨɪɚ) 

Ɉɬɪɚɛɨɬɚɧ ɦɟɬɨɞ ɧɚɧɟɫɟɧɢɹ 
ɤɚɬɚɥɢɡɚɬɨɪɚ  + ɢɫɫɥɟɞɨɜɚɧɚ 
ɤɢɧɟɬɢɤɚ ɪɨɫɬɚ ɍɇȼ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɤɪɨɜɨɥɨɤɧɚ 
ɢɡ ɪɚɡɥɢɱɧɵɯ 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɭɝɥɟɪɨɞɚ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 
(ɬɟɦɩɟɪɚɬɭɪɚ, ɞɨɛɚɜɥɟɧɢɟ 
ɜɨɞɨɪɨɞɚ ɜ ɪɟɚɤɰɢɨɧɧɭɸ 
ɫɦɟɫɶ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɥɢɱɟɫɬɜɨ 
ɤɚɬɚɥɢɡɚɬɨɪɚ) 

Ⱥɜɬɨɪ ɪɚɛɨɬɵ ɩɨɫɱɢɬɚɥ 
ɜɚɠɧɵɦ ɞɨɛɚɜɢɬɶ ɷɬɚɩ ɩɨ 
ɨɬɪɚɛɨɬɤɟ ɦɟɬɨɞɚ ɧɚɧɟɫɟɧɢɹ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɨɩɪɟɞɟɥɟɧɢɸ 
ɟɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ. ɉɪɨɩɢɬɨɱɧɵɣ 
ɦɟɬɨɞ ɛɵɥ ɜɵɛɪɚɧ, ɤɚɤ 
ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ.  



5 

 

ɂɡɭɱɟɧɢɟ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ, 
ɬɟɤɫɬɭɪɧɵɯ ɢ ɩɪɨɱɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɝɥɟɪɨɞ-

ɭɝɥɟɪɨɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ 
(ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɚɦɢ ȻɗɌ, 
ɋɗɆ, ɉɗɆ) 

 

ɂɡɭɱɟɧɵ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɢ 
ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɨɦɩɨɡɢɬɨɜ (ɚɧɚɥɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɦɟɬɨɞɚɦɢ ȻɗɌ, ɋɗɆ, ɉɗɆ) 

 

Ʉɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɰɚ, 
ɩɨɥɭɱɚɟɦɨɝɨ ɜ 
ɥɚɛɨɪɚɬɨɪɧɨɦ ɪɟɚɤɬɨɪɟ, 
ɨɤɚɡɚɥɨɫɶ ɧɟɞɨɫɬɚɬɨɱɧɵɦ 
ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɱɧɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɣ 
ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɯ 
ɤɨɦɩɨɡɢɬɨɜ ɫ ɩɨɦɨɳɶɸ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, 
ɩɨɷɬɨɦɭ ɞɚɧɧɵɣ ɩɭɧɤɬ 
ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ ɧɚ ɷɬɚɩɟ 
ɧɚɪɚɛɨɬɤɢ ɨɩɵɬɧɵɯ ɩɚɪɬɢɣ 
(10-20ɝ) 

Ɉɩɬɢɦɢɡɚɰɢɹ ɦɟɬɨɞɢɤɢ 
ɫɨɡɞɚɧɢɹ ɤɨɦɩɨɡɢɬɨɜ 
ɍɇȼ/Ɇȼ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɬɢɩɚɦɢ ɭɝɥɟɪɨɞɧɵɯ 
ɧɚɧɨɜɨɥɨɤɨɧ 

ɉɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɦɨɪɮɨɥɨɝɢɢ 
ɧɚɧɨɭɝɥɟɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ 
ɨɬ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɰɟɫɫɚ 

ɍɞɚɥɨɫɶ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 
ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɜɨɥɨɤɨɧ 
ɩɟɪɢɫɬɨɝɨ ɬɢɩɚ (ɪɚɡɥɨɠɟɧɢɟ 
ɷɬɢɥɟɧɚ ɢ 1,2-ɞɢɯɥɨɪɷɬɚɧɚ).  

- ɉɨɤɚɡɚɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ɞɥɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 
ɦɚɤɪɨɜɨɥɨɤɨɧ (ɭɝɥɟɪɨɞɧɨɟ ɢ 
ɛɚɡɚɥɶɬɨɜɨɟ ɜɨɥɨɤɧɨ, 
ɤɪɟɦɧɟɡɟɦɧɚɹ ɬɤɚɧɶ) 

 

Ⱥɜɬɨɪ ɜɵɩɨɥɧɢɥ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ 
ɫɬɟɤɥɨɬɤɚɧɢ ɢ ɛɚɡɚɥɶɬɨɜɵɯ 
ɜɨɥɨɤɨɧ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ 
1,2-ɞɢɯɥɨɪɷɬɚɧɚ, ɩɨɫɤɨɥɶɤɭ 
ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɨɜ 
ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ 
ɞɟɲɟɜɨɦɭ ɫɵɪɶɸ 

 

ɉɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɥɟɞɭɸɳɢɟ 3 ɦɟɫɹɰɚ. 

N ɋɨɞɟɪɠɚɧɢɟ ɋɪɨɤ Ɉɠɢɞɚɟɦɵɣ ɪɟɡɭɥɶɬɚɬ 

1 ɇɚɪɚɛɨɬɤɚ ɨɩɵɬɧɵɯ ɩɚɪɬɢɣ ɫ ɪɚɡɧɵɦ ɜɵɯɨɞɨɦ 
ɍɇȼ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɪɭɛɧɨɦ ɩɨɥɢɷɬɢɥɟɧɟ 
ɦɚɪɤɢ ɉɗ 80  

əɧɜɚɪɶ-

ɮɟɜɪɚɥɶ  

 

ɍɇȼ/Ɇȼ ɤɨɦɩɨɡɢɬɵ ɫ 
ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɶɸ 
ɩɨɤɪɵɬɢɹ ɍɇȼ ɜ 
ɤɨɥɢɱɟɫɬɜɟ 10-20 ɝ 

2 ɂɡɭɱɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɭɝɥɟɪɨɞ-

ɭɝɥɟɪɨɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɦɟɬɨɞɨɦ ɭɥɶɬɪɚɡɜɭɤɚ 

Ɏɟɜɪɚɥɶ ɉɪɨɱɧɨɫɬɶ 
ɡɚɤɪɟɩɥɟɧɢɹ ɍɇȼ ɧɚ 
ɦɚɤɪɨɜɨɥɨɤɧɟ 

3 Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɚɪɦɢɪɨɜɚɧɧɨɝɨ 
ɬɪɭɛɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ 

Ɏɟɜɪɚɥɶ-

Ɇɚɪɬ 

Ʉɨɪɪɟɥɹɰɢɹ ɬɨɥɳɢɧɵ 
ɫɥɨɹ ɍɇȼ (ɜɵɯɨɞɚ 
ɍɇȼ) ɫ ɩɪɨɱɧɨɫɬɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɬɪɭɛɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ  
ɦɚɪɤɢ ɉɗ 80 

4 ɋɨɫɬɚɜɥɟɧɢɟ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɫɢɧɬɟɡɭ ɭɝɥɟɪɨɞ-

ɭɝɥɟɪɨɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɚɪɦɢɪɨɜɚɧɢɹ ɬɪɭɛɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ 

Ɇɚɪɬ 
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Дɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

Ɇɚɬɟɪɢɚɥɵ ɪɚɛɨɬ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɪɚɦɤɚɯ ɤɨɧɤɭɪɫɚ ɦɨɥɨɞɟɠɧɵɯ ɩɪɨɟɤɬɨɜ, ɩɨɫɥɭɠɢɥɢ 
ɧɚɭɱɧɵɦ ɡɚɞɟɥɨɦ ɞɥɹ ɭɱɚɫɬɢɹ ɜ ɧɟɫɤɨɥɶɤɢɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ (ɨɱɧɨɟ ɭɱɚɫɬɢɟ 

ɢ ɫɨɚɜɬɨɪɫɬɜɨ) ɢ ɩɨɞɝɨɬɨɜɤɟ ɩɭɛɥɢɤɚɰɢɣ: 

1. I.V. Tokareva, I.V. Mishakov, A.A. Vedyagin. Surface modification of microfibrous materials 

via ɫabon nano filaments // Proceedings of III International Scientific School-Conference 

“CКЭКХвsТs: FroЦ SМТОnМО Эo InНЮsЭrв”, 2014, OМЭoЛОr 26-30, Tomsk, P. 93. 

2. Ɇɢɲɚɤɨɜ ɂ.ȼ., ɋɬɪɟɥɶɰɨɜ ɂ.Ⱥ., Ȼɚɭɦɚɧ ɘ.ɂ., Ɍɨɤɚɪɟɜɚ ɂ.ȼ., ȼɟɞɹɝɢɧ Ⱥ.Ⱥ., Ȼɭɹɧɨɜ Ɋ.Ⱥ. 
ɋɢɧɬɟɡ ɍɇȼ ɫ ɡɚɞɚɧɧɵɦɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɬɟɤɫɬɭɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɥɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ // II Ɋɨɫɫɢɣɫɤɢɣ ɤɨɧɝɪɟɫɫ ɩɨ ɤɚɬɚɥɢɡɭ 
«ɊɈɋɄȺɌȺɅɂɁ», 2-5 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. ɋɚɦɚɪɚ, Ɍɟɡɢɫɵ ɞɨɤɥɚɞɨɜ ɤɨɧɝɪɟɫɫɚ, Ɍɨɦ I, ɫ. 211. 

3. I.V. Tokareva, I.V. Mishakov, A.A. Vedyagin. Carbon nanofibers and hybrid nanocomposites 

as concrete reinforcements // Fourth International Conference on Multifunctional, Hybrid and 

Nanomaterials, 2015, March 9-13,  Sitges, Spain (Ɍɟɡɢɫɵ ɩɪɢɧɹɬɵ ɞɥɹ ɭɱɚɫɬɢɹ ɜ ɫɬɟɧɞɨɜɨɣ 

ɫɟɫɫɢɢ) 

4. Ɍɨɤɚɪɟɜɚ ɂ.ȼ., Ɇɢɲɚɤɨɜ ɂ.ȼ., ȼɟɞɹɝɢɧ Ⱥ.Ⱥ., Ʉɨɪɧɟɟɜ Ⱦ.ȼ., ɉɟɬɭɯɨɜɚ ȿ.ɋ., ɋɚɜɜɢɧɨɜɚ 
Ɇ.ȿ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɭɝɥɟɪɨɞɧɵɯ ɦɚɤɪɨɜɨɥɨɤɨɧ ɞɥɹ ɚɪɦɢɪɨɜɚɧɢɹ ɬɪɭɛɧɨɝɨ 
ɩɨɥɢɷɬɢɥɟɧɚ ɉɗ80. //  Ʉɨɦɩɨɡɢɬɵ ɢ ɧɚɧɨɫɬɪɭɤɬɭɪɵ. 2014, ɬɨɦ 6, № 3. ɋɬɪ. 158-167 

5. Ɍɨɤɚɪɟɜɚ ɂ.ȼ., Ɇɢɲɚɤɨɜ ɂ.ȼ., ȼɟɞɹɝɢɧ Ⱥ.Ⱥ., Ȼɚɭɦɚɧ ɘ.ɂ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɤɪɨɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɦ ɭɝɥɟɪɨɞɨɦ // 
ɝɨɬɨɜɢɬɫɹ ɜ ɩɟɱɚɬɶ 

Сɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɋɢɦɚɦɭɪɚ ɋ. ɍɝɥɟɪɨɞɧɵɟ ɜɨɥɨɤɧɚ. Ɇ.: Ɇɢɪ, 1987. 

2. Zhang R.L., Huang Y.D., Liu L., Tang Y.R., Su D., Xu L.W. Applied Surface Science, 2011, 257, 

3520 

3. Zhang R.L., Huang Y.D., Su D., Liu L., Tang Y.R. Materials and Design, 2012, 34, 649 
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Ɋɟɰɟɧɡɢɹ 

ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɨɬɱɺɬ И.ȼ. Ɍɨɤɚɪɟɜɨɣ «ɋɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɭɝɥɟɪɨɞ-

ɭɝɥɟɪɨɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» 

 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɫɨɡɞɚɧɢɟ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɧɚɧɟɫɟɧɢɹ 

ɍɇȼ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɤɪɨɜɨɥɨɤɧa ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Оɫɧɨвɧыɦɢ ɡадачаɦɢ ɹвɥɹɸɬɫɹ 

1. ɋɢɧɬɟɡ ɍɇȼ ɡɚɞɚɧɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɢ ɬɟɤɫɬɭɪɵ (ɡɚɞɚɟɬɫɹ ɫɨɫɬɚɜɨɦ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɵɪɶɹ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ); 

2. Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɨɬɨɪɧɨɝɨ ɪɟɚɤɬɨɪɚ; 

3. Иɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɞɟɲɟɜɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ - ȼɨɡɦɨɠɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯɥɨɪɡɚɦɟɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ, ɨɬɯɨɞɨɜ 

ɯɥɨɪɨɪɝɚɧɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ) - ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɩɭɬɧɵɯ 

ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ (ɉɇȽ). 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɚɜɬɨɪɨɦ ɩɪɨɟɤɬɚ ɛɵɥɨ ɡɚɹɜɥɟɧɨ: 

1. Иɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤɢ ɪɨɫɬɚ ɍɇȼ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɤɪɨɜɨɥɨɤɧɚ ɢɡ 

ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ ɭɝɥɟɪɨɞɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

(ɬɟɦɩɟɪɚɬɭɪɚ, ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɫɵɪɶɹ, ɞɨɛɚɜɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɢɥɢ ɩɚɪɨɜ ɜɨɞɵ 

ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ). 

2. Иɡɭɱɟɧɢɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ, ɬɟɤɫɬɭɪɧɵɯ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɯ ɤɨɦɩɨɡɢɬɨɜ (ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɚɦɢ 

ȻЭɌ, ɋЭɆ, ɉЭɆ).   

3. Ɉɩɬɢɦɢɡɚɰɢɹ ɦɟɬɨɞɢɤɢ ɫɨɡɞɚɧɢɹ ɤɨɦɩɨɡɢɬɨɜ ɍɇȼ/Ɇȼ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɬɢɩɚɦɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ. 

4. Ⱥɩɪɨɛɚɰɢɹ ɦɟɬɨɞɢɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɭɝɥɟɪɨɞɧɵɯ ɦɚɤɪɨɜɨɥɨɤɨɧ ɞɥɹ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɬɟɤɥɨɜɨɥɨɤɨɧ ɢ ɛɚɡɚɥɶɬɨɜɵɯ ɜɨɥɨɤɨɧ. 

5. ɇɚɪɚɛɨɬɤɚ ɨɩɵɬɧɵɯ ɩɚɪɬɢɣ ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɪɭɛɧɨɦ ɩɨɥɢɷɬɢɥɟɧɟ ɦɚɪɤɢ 

ɉЭ 80. 
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ȼ ɰɟɥɨɦ, ɧɚɫɤɨɥɶɤɨ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɨɬɱɟɬɭ, ɪɚɛɨɬɚ ɜɟɞɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɥɚɧɨɦ ɩɪɨɟɤɬɚ. Ɉɞɧɚɤɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɨɛɴɟɦɨɦ ɨɬɱɟɬɚ, 

ɧɟɤɨɬɨɪɵɟ ɞɟɬɚɥɢ ɪɚɛɨɬɵ ɧɟ ɨɛɫɭɠɞɚɸɬɫɹ.  

1. ȼ ɪɚɦɤɚɯ ɨɬɱɟɬɚ ɧɟ ɩɪɢɜɟɞɟɧɨ ɞɚɧɧɵɯ ɩɨ ɜɥɢɹɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɤɨɪɨɫɬɢ 

ɩɨɞɚɱɢ ɫɵɪɶɹ, ɞɨɛɚɜɥɟɧɢɢ ɜɨɞɨɪɨɞɚ ɢ ɩɚɪɨɜ ɜɨɞɵ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ, 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɨɫɬɚ ɍɇȼ ɞɥɹ 

ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɨɞɧɨɝɨ ɫɨɫɬɚɜɚ, ɱɬɨ ɛɵɥɨ ɡɚɥɨɠɟɧɨ ɜ ɩɥɚɧɟ ɪɚɛɨɬ ɧɚ 

ɬɟɤɭɳɢɣ ɷɬɚɩ.  

2. Ȼɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɜ ɪɚɛɨɬɟ ɭɞɟɥɟɧɨ ɨɬɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɧɚɧɟɫɟɧɢɹ 

ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɨɩɪɟɞɟɥɟɧɢɸ ɟɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ. Ɉɞɧɚɤɨ ɢɡ 

ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɨɬɱɟɬɟ, ɜɵɛɨɪ 2,5% NТ/Mȼ, ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ 

ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ ɧɢɬɪɚɬɨɦ ɧɢɤɟɥɹ, ɚ ɢɦɟɧɧɨ ɨɩɪɟɞɟɥɟɧɢɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɟɫɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɧɟ ɧɚɫɬɨɥɶɤɨ 

ɨɱɟɜɢɞɧɵɦ. ɇɚ Ɋɢɫɭɧɤɟ 1 (ɫɩɪɚɜɚ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɨɫɬɚ ɭɝɥɟɪɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ 

ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ ɨɛɪɚɡɰɚ, 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɬɪɚɬɚ ɧɢɤɟɥɹ. ɉɪɢ ɷɬɨɦ ɡɚɜɢɫɢɦɨɫɬɶ 

ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɚɤɬɢɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢɜɟɞɟɧɚ ɞɥɹ 

ɨɛɪɚɡɰɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NТ(OH)2, ɩɨɥɭɱɟɧɧɨɝɨ 

ɨɫɚɠɞɟɧɢɟɦ NaOH. ȼ ɬɟɤɫɬɟ ɨɬɱɟɬɚ ɬɚɤɠɟ ɧɟ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɨɛɫɭɠɞɟɧɢɹ 

ɜɥɢɹɧɢɹ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜ ɫɥɭɱɚɟ ɧɢɬɪɚɬɚ ɧɢɤɟɥɹ.  

3. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɥɢɹɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɧɚ ɜɵɯɨɞ, ɦɨɪɮɨɥɨɝɢɸ ɢ 

ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɍɇȼ ɢɡ ɬɟɤɫɬɚ ɨɬɱɟɬɚ ɨɫɬɚɟɬɫɹ ɧɟ ɹɫɧɵɦ ɤɚɤɨɟ 

ɫɵɪɶɟ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɜɬɨɪɚ, ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɢ ɫɨɝɥɚɫɭɟɬɫɹ ɥɢ ɷɬɨ ɫ 

ɡɚɞɚɱɟɣ, ɨɛɨɡɧɚɱɟɧɧɨɣ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɛɨɥɟɟ ɞɟɲɟɜɨɝɨ 

ɭɝɥɟɪɨɞɧɨɝɨ ɫɵɪɶɹ (ɯɥɨɪɡɚɦɟɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɨɩɭɬɧɵɯ ɧɟɮɬɹɧɵɯ 

ɝɚɡɨɜ)? ȼ ɫɥɭɱɚɟ 1,2-ȾХЭ ɩɨɥɭɱɟɧɵ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɭɥɭɱɲɟɧɢɹ ɬɟɤɫɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɨɞɧɚɤɨ ɧɟ ɩɨɤɚɡɚɧɚ ɞɢɧɚɦɢɤɚ ɪɨɫɬɚ 

ɍɇȼ. ȼ ɨɬɱɟɬɟ ɬɚɤɠɟ ɭɩɨɦɢɧɚɟɬɫɹ, ɱɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ «ɞɥɹ ɧɚɪɚɛɨɬɤɢ 

ɭɤɪɭɩɧɟɧɧɵɯ ɩɚɪɬɢɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɦɚɤɪɨɜɨɥɨɤɨɧ ɜ 
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ɪɨɬɨɪɧɨɦ ɪɟɚɤɬɨɪɟ ɜ ɤɚɱɟɫɬɜɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ ɜɵɛɪɚɧɵ ɷɬɢɥɟɧ ɢ 

ɩɪɨɩɚɧ-ɛɭɬɚɧɨɜɚɹ ɫɦɟɫɶ». 

4. ɇɚ Ɋɢɫɭɧɤɟ 3 ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɍɇȼ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜ 

ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɫɬɚɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ), 

ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɜɵɹɜɥɟɧɢɟ ɹɜɧɨɣ ɬɟɧɞɟɧɰɢɢ. ɋ ɤɚɤɨɣ ɰɟɥɶɸ ɛɟɡ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɛɫɭɠɞɟɧɢɣ ɚɜɬɨɪ ɩɪɢɜɨɞɢɬ ɞɚɧɧɵɟ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ NТ-

Cu, ɯɨɬɹ ɪɚɧɟɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɨɪ ɛɵɥ ɫɞɟɥɚɧ ɜ ɩɨɥɶɡɭ ɨɛɪɚɡɰɨɜ 

NТ/Ɇȼ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɨɩɢɬɤɨɣ ɩɨ ɜɥɚɝɨɟɦɤɨɫɬɢ ɧɢɬɪɚɬɨɦ ɧɢɤɟɥɹ? 

5. Ⱦɥɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ Ɍɚɛɥɢɰɟ 1, ɧɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɢɹ ɪɨɫɬɚ 

ɍɇȼ, ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɥɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɟ ɫɵɪɶɟ? 

6. ȼ ɞɨɩɨɥɧɟɧɢɢ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɹɫɧɨɫɬɶ ɢɡɥɨɠɟɧɢɹ ɚɜɬɨɪɚ ɜ ɤɪɚɬɤɨɣ 

ɚɧɧɨɬɚɰɢɢ ɩɪɨɟɤɬɚ. Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɨɬɱɟɬɚ ɩɨɧɢɦɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɡɚɬɪɭɞɧɟɧɨ ɢ ɧɟ ɜɫɟɝɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɬɨ, ɜɨɡɦɨɠɧɨ, ɫɜɹɡɚɧɨ ɫ 

ɨɝɪɚɧɢɱɟɧɧɵɦ ɨɛɴɟɦɨɦ. ȼ ɰɟɥɨɦ, ɧɟ ɞɨɫɬɚɟɬ ɛɨɥɟɟ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɴɹɫɧɟɧɢɹ ɧɚɛɥɸɞɚɟɦɵɦ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɠɢɞɚɟɬɫɹ ɭɜɢɞɟɬɶ ɜ ɢɬɨɝɨɜɨɦ ɨɬɱɟɬɟ. 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɢɡɥɨɠɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ, ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ, 

ɧɟɫɨɦɧɟɧɧɨ, ɡɚɫɥɭɠɢɜɚɟɬ ɞɚɥɶɧɟɣɲɟɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. 
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о̶̬̼̍̌̚ ˄ʻВ, п̬ед̭т̌̏ле̦̦̼е ̦̌ ̛̬̭. 3 ̌ ̛ ̍ ̼̍л̛ полу̸е̦̼ п̛̬ 550 ̛ 700 оˁ, ̌ п̛̬ 
̛̬̬̏̌̽о̛̛̦̏̌ т̛п̌ п̬ед̹е̭т̏е̛̦̦к̌ ˄ʻВ те̥пе̬̌ту̬̌ ̏о ̭̏е̵ ̭лу̸̵̌́ ̭о̭т̌̏л́л̌ 600 

оˁ – 

̦епо̦́т̦о, ̦̭̌кол̽ко ко̬̬ект̦о ̥о̙̦о п̛̬̏од̛т̽ д̦̦̼̌е ̏ т̌ко̥ ̛̏де. К̬о̥е то̐о, ̭̬ед̛ 
̼̏пол̦е̵̦̦̼ ̬̌̍от ̛̚ т̌̍л̶̛̼ «ˁтепе̦̽ ̼̏пол̦е̛̦́ по̭т̌̏ле̵̦̦̼ ̌̚д̸̌» упо̛̥̦̌ет̭́ 
̛̬̬̏̌̽о̛̦̏̌е ̬́д̌ у̭ло̛̜̏ полу̸е̛̦́ ˄ʻВ, ̭̬ед̛ кото̵̬̼ – те̥пе̬̌ту̬̌, до̍̌̏ле̛̦е ̏одо̬од̌ 
̏ ̬е̌к̶̛о̦̦у̀ ̭̥е̭̽, п̬ед̛̬̏̌тел̦̽ое ̏о̭̭т̦̌о̏ле̛̦е к̌т̌л̛̌̚то̬̌, од̦̌ко ̏ от̸ете п̬о ̾то 
̸̛̦е̐о ̦е ̭к̦̌̌̚о. 

˃е̥ ̦е ̥е̦ее, ̬̌̍от̌ ̌кту̌л̦̽̌, пл̦̼̌ ̦̌ ̏то̬у̀ ̸̭̌т̽ ̬̌̍от ̼̏̐л́д́т ̶еле̭оо̛̬̦̼̥̍̌̚ 

̛ ̼̏пол̛̛̦̥̼̥, по̾то̥у ̴̛̛̦̦̭̬̌о̛̦̏̌е п̬оект̌ ̬еко̥е̦дует̭́ п̬одол̛̙т̽. 


