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ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 

ʀʉɻ ï ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʘʬʠʪʘ; 

ʀʉɻʍʄ ï ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʦʤ ʤʝʪʘʣʣʘ; 

ʂʉɻ ï ʢʦʚʘʣʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ; 

ʅɻ ï ʥʠʪʨʘʪ ʛʨʘʬʠʪʘ; 

ɹʉɻ ï ʙʠʩʫʣʴʬʘʪ ʛʨʘʬʠʪʘ; 

ɺʆʇɻ ï ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ; 

ʆɻ ï ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ; 

ʊʀʉɻ ï ʪʨʦʡʥʦʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʛʨʘʬʠʪʘ; 

ʊʈɻ ï ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ; 

ʊʈɻ/Me ï ʢʦʤʧʦʟʠʪ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ; 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ; 

ʉʕʄ ï ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

ʇʕʄ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ; 

ʇʕʄɺʈ ï ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ; 

ʊɻ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ; 

ʂʈ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ; 

ʀʉʇ-ɸʕʉ ï ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 

 ʧʣʘʟʤʦʡ. 

ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

d ï ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʛ/ʣ); 

di ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (¡); 

S ï ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ (ʛ/ʛ); 

ɛ ï ʚʷʟʢʦʩʪʴ (ʤʇʘĀʩ); 

ɟ ï ʧʣʦʪʥʦʩʪʴ (ʛ/ʩʤ3); 

IS ï ʠʟʦʤʝʨʥʳʡ ʩʜʚʠʛ (ʤʤ/ʩ); 

QS ï ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ (ʤʤ/ʩ); 

M ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (ʵʤʝ/ʛ); 

H ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʢʕ). 
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ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʜʦʣʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʘʩʩʦʨʪʠʤʝʥʪʘ, 

ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʯʠʥʘʷ ʩ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ, ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʣʤʘʟʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʬʫʣʣʝʨʝʥʘʤʠ, ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, 

ʛʨʘʬʝʥʦʤ ʠ ʝʛʦ ʤʘʣʦʩʣʦʡʥʳʤʠ ʬʦʨʤʘʤʠ [1]. ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʝʪ ʠ 

ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʭ ʢʘʢ 

ʜʦʧʠʨʦʚʘʥʥʳʝ ʛʨʘʬʝʥʳ ʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ [2], ʦʢʩʠʜʳ ʛʨʘʬʝʥʘ ʠ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ (ʀʉɻ) [3,4]. ɼʣʷ ʩʠʥʪʝʟʘ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʀʉɻ ʩʦʟʜʘʥʳ ʤʘʩʰʪʘʙʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʦʯʠʱʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ ʩʠʣʴʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ɹʨʝʥʩʪʝʜʘ, ʧʨʦʤʳʚʢʫ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ 

(çʪʝʨʤʦʨʘʩʰʠʨʷʶʱʝʛʦʩʷè) ʛʨʘʬʠʪʘ (ʆɻ) ʠ ʝʛʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʧʦʣʫʯʠʪʴ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ [4,5].  

ʊʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ (ʊʈɻ) ï ʪɻʦ ʫʛʣʝʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ 

ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʤʝʥʝʝ 10 ʛ/ʣ), ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʤʘʢʨʦʧʦʨʠʩʪʦʩʪʴʶ 

(ʜʦ 99 %) ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʜʦ 250 ʤ2/ʛ), ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʧʣʦʪʥʦʩʪʠ ʧʫʪʝʤ ʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ 

ʠʣʠ ʧʨʦʢʘʪʢʠ [5,6]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʊʈɻ ʘʥʘʣʦʛʠʯʥʘ ʩʪʨʫʢʪʫʨʝ 

ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʠʪʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʧʨʝʩʩʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʛʠʙʢʦʩʪʴʶ ʠ ʫʧʨʫʛʦʩʪʴʶ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʧʣʦʪʥʝʥʠʡ. 

ɼʨʫʛʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʊʈɻ ʦʪʢʨʳʚʘʝʪ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʧʦʣʫʯʝʥʠʝ ʊʈɻ/Ŭ-Fe ʠ ʊʈɻ/Fe3O4, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ [7]. ʉʫʱʝʩʪʚʫʶʪ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʦʟʠʪʳ ʊʈɻ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʩʧʣʘʚʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [8]. 
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ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʊʈɻ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʡ, ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʡ 

ʧʦʜʣʦʞʢʠ, ʘ ʤʝʪʘʣʣ ʚ ʨʦʣʠ ʘʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʘʟʳ. ʋʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʩʚʦʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ/Co ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ [9] ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ [10]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Au ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ [11] 

ʠ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Pt ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʪʦʢʘ [12,13]. ʆʜʥʠʤ ʠʟ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʘʢʠʭ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʈɻ ʣʝʞʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʟʠʨʦʚʘʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʧʦʪʦʢʦʤ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʪʨʫʙʯʘʪʫʶ ʧʝʯʴ, ʥʘʛʨʝʪʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 600-1000 Áʉ, ʛʜʝ ʆɻ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʩʰʠʨʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʥʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʊʈɻ [4]. ʄʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʦʩʘʞʜʝʥʠʠ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʫʞʝ ʧʦʣʫʯʝʥʥʦʛʦ ʊʈɻ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʠʟ ʧʨʝʢʫʨʩʦʨʘ 

ʦʙʨʘʟʫʝʪʩʷ ʪʘ ʠʣʠ ʠʥʘʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ [8ï10]. ɺ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʧʦʜʭʦʜʝ 

ʧʨʝʢʫʨʩʦʨ ʚʚʦʜʠʪʩʷ ʚ ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ. ɺ ʭʦʜʝ ʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ 

ʊʈɻ ʩ ʥʘʥʝʩʝʥʥʦʡ ʦʢʩʠʜʥʦʡ ʬʘʟʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʦ ʤʝʪʘʣʣʘ ʚ ʪʦʢʝ H2 ʠʣʠ CH4 [7]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʊʈɻ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʨʠ ʤʘʣʦʡ ʤʘʩʩʝ, ʢʘʢ ʥʘʥʝʩʝʥʠʝ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʢʫʨʩʦʨʘ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ, ʪʘʢ ʠ ʦʙʨʘʙʦʪʢʘ ʚ ʩʨʝʜʝ ʛʘʟʘ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʥʠʟʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ɹʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʚʠʜʠʪʩʷ ʩʧʦʩʦʙ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʩʪʘʜʠʶ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʢʫʨʩʦʨʘ ʜʦ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʦʟʠʪ ʊʈɻ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʠʩʢʣʶʯʘʶʱʠʭ 

ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʊʈɻ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʛʨʘʬʠʪʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʨʘʩʰʠʨʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʡ ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʝʩʝʥʳ ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮʳ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ, ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 
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ʎʝʣʴ ʨʘʙʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ, ʝʛʦ 

ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʧʦ ʥʦʚʦʡ ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʥʠʪʨʘʪʘ ʤʝʪʘʣʣʘ (Fe, Co, Ni) ʠ 

ʪʚʝʨʜʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʤʝʣʘʤʠʥʘ); 

2. ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʧʫʪʝʤ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ (Fe, Co, Ni, Au, Pt), 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ, ʤʝʪʠʣʘʤʠʥʦʤ ʠʣʠ ʵʪʠʣʘʤʠʥʦʤ; 

3. ʋʩʪʘʥʦʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚ ʠ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ; 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʦʟʠʪʦʚ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ Co, Ni, ʠʭ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩ Fe, ʘ ʪʘʢʞʝ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ Au 

ʠ Pt, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʣʠʙʦ ʦʢʠʩʣʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʩ ʥʠʪʨʘʪʦʤ ʤʝʪʘʣʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʚʝʨʜʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʣʠʙʦ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʦʤ ʤʝʪʘʣʣʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ ʠʣʠ ʘʣʢʠʣʘʤʠʥʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʳʡ 

ʛʨʘʬʠʪ/Fe(NO3)3/ʤʝʣʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ, ʩʦʜʝʨʞʘʱʠʡ ʜʦ 

90 % Ŭ-Fe (ʠ 10 % ɔ-(Fe,C)), ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʘʤʠʥʘ ʚ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ Fe3C; ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʝʡ 

ʆɻ/M(NO3)2/ʤʝʣʘʤʠʥ ʠ ʆɻ/M(NO3)2/Fe(NO3)3/ʤʝʣʘʤʠʥ (M = Co, Ni) ʦʙʨʘʟʫʝʪʩʷ 

ʊʈɻ, ʩʦʜʝʨʞʘʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ ʠ ʠʭ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ 

ʞʝʣʝʟʦʤ. 
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ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʘʤʠ FeCl3, CoCl2, NiCl2, ʦʙʨʘʙʦʪʘʥʥʳʭ ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ ʠ 

ʤʝʪʠʣʘʤʠʥʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʊʈɻ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ Ŭ-Fe, Co, Ni; 

ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʣʘʚʳ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʩ ʞʝʣʝʟʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ 

ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʢʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʀʉɻ-FeCl3-MCl2 (M = Co, Ni), 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ ʠ ʤʝʪʠʣʘʤʠʥʦʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ 

ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ ʠʣʠ ʤʝʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3 ʠʣʠ ʀʉɻ-FeCl3-MCl2 ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ FeCl3 ʜʦ FeCl2 ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʨʘʟʣʘʛʘʝʪʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Fe ʠ ʝʛʦ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ ʩ Co ʠ Ni. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʟʦʣʦʪʘ ʠʣʠ 

ʧʣʘʪʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ HAuCl4 ʠ H2PtCl6 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʀʉɻ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʠʣʘʤʠʥʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʊʈɻ ʩ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 4 ʛ/ʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ ʩ ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʦʪ 3 ʛ/ʣ) ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʠʣʠ ʠʭ ʦʢʩʠʜʘʤʠ, 

ʢʘʨʙʠʜʘʤʠ, ʩʧʣʘʚʘʤʠ), ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʊʈɻ ʠ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ, ʚʣʠʷʶʱʠʝ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʆʜʠʥ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪ ʊʈɻ ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʤʝʪʘʣʣʦʚ (Fe, Co, Ni) ʠ ʠʭ ʩʧʣʘʚʦʚ ʩ ʞʝʣʝʟʦʤ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ 

ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʠʪʨʘʪʘ ʠʣʠ ʩʤʝʩʠ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ 

ʤʝʣʘʤʠʥʘ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʆɻ, ʨʘʟʣʦʞʝʥʠʝ ʥʠʪʨʘʪʘ ʜʦ ʦʢʩʠʜʘ (Ŭ-Fe2O3, NiO, CoO) ʠ ʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʤʝʪʘʣʣʘ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʤʝʣʘʤʠʥʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʩʦʚʤʝʱʘʝʪ ʩʪʘʜʠʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʠ ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʝʛʦ ʧʦʩʪʦʙʨʘʙʦʪʢʠ. 
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ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʊʈɻ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ 

ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʀʉɻ ʩ FeCl3, CoCl2, NiCl2, HAuCl4, H2PtCl6 ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ ʠʣʠ ʘʣʢʠʣʘʤʠʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʳ 

ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ HNO3 ʠʣʠ H2SO4 ʠ ʪʨʝʙʫʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷʭ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʧʨʦʤʳʚʥʳʭ ʚʦʜ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʝʥ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ ʩʦ ʤʥʦʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ: Fe, Co, 

Ni, Au, Pt. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ Au ʠ Pt ʚʦʟʤʦʞʥʦ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ ʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ʆʙʘ ʩʧʦʩʦʙʘ ʤʘʩʰʪʘʙʠʨʫʝʤʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, ʧʦʜʘʶʱʝʛʦ ʩʦʩʪʘʚ ʜʣʷ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʪʨʫʙʯʘʪʳʡ ʨʝʘʢʪʦʨ, ʥʘʛʨʝʪʳʡ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ, ʩʦʩʪʘʚʦʤ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʘʪʝʨʠʘʣ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʘʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʠʧʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʭ ʫʪʦʯʥʝʥʘ ʠʟʣʦʞʝʥʥʘʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʀʉɻ-

MClx ʩ ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ ʠʣʠ ʘʣʢʠʣʘʤʠʥʘʤʠ. ɽʩʣʠ ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʝʪ ʀʉɻ 

ʥʘʠʙʦʣʝʝ ʟʘʧʦʣʥʝʥʥʦʡ (ʧʝʨʚʦʡ) ʩʪʫʧʝʥʠ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʜʜʫʢʪ, ʚ ʢʦʪʦʨʦʤ ʘʤʤʠʘʢ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʭʣʦʨʠʜʦʤ ʤʝʪʘʣʣʘ, ʥʘʭʦʜʷʱʠʤʩʷ ʢʘʢ ʚ ʤʝʞʩʣʦʝʚʦʤ, ʪʘʢ ʠ ʚ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɼʚʘ ʥʦʚʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʥʠʟʢʦʧʣʦʪʥʦʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʞʝʣʝʟʦ, ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ, ʠʭ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʘ ʪʘʢʞʝ ʟʦʣʦʪʦ ʠ 

ʧʣʘʪʠʥʫ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩʦʩʪʘʚʦʤ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʟʠʪʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ. 
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2. ʊʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʩʤʝʩʝʡ ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ/Fe(NO3)3/ʤʝʣʘʤʠʥ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ/Fe, ʧʨʠ ʵʪʦʤ ʜʦʣʷ 

Ŭ-ʞʝʣʝʟʘ ʚ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʝ ʢʦʤʧʦʟʠʪʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʘʤʠʥʘ ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ; ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʩʤʝʩʝʡ ʆɻ/M(NO3)2/ʤʝʣʘʤʠʥ ʠ 

ʆɻ/M(NO3)2/Fe(NO3)3/ʤʝʣʘʤʠʥ (M = Co, Ni) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ/M 

ʠ ʊʈɻ ʩ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ FexMy. 

3. ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʡ 

ʛʨʘʬʠʪʘ (ʀʉɻ-FeCl3, ʀʉɻ-MCl2, ʪʨʦʡʥʳʭ ʀʉɻ-FeCl3-MCl2, M = Co, Ni) ʘʤʤʠʘʢʦʤ ʠ 

ʤʝʪʠʣʘʤʠʥʦʤ ʦʙʨʘʟʫʶʪʩʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʘʜʜʫʢʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʛʨʘʬʠʪ, ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʠ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʢʦʤʧʣʝʢʩ ʭʣʦʨʠʜʘ ʤʝʪʘʣʣʘ ʩ NH3 ʠʣʠ CH3NH2; ʠʭ ʧʦʩʣʝʜʫʶʱʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ/Fe, ʊʈɻ/Co, ʊʈɻ/Ni ʠ ʊʈɻ ʩ ʪʚʝʨʜʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ FexMy. 

4. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʀʉɻ-HAuCl4, ʀʉɻ-H2PtCl6 ʠ ʠʭ ʘʜʜʫʢʪʦʚ, ʥʘʩʳʱʝʥʥʳʭ 

ʤʝʪʠʣʘʤʠʥʦʤ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ 

ʧʣʘʪʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʵʪʦʤ ʥʘʩʳʱʝʥʠʝ 

ʤʝʪʠʣʘʤʠʥʦʤ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʀʉɻ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ 16ʡ ʠ 17ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʋʛʣʝʨʦʜ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ, 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʪʝʭʥʦʣʦʛʠʷè (ʄʦʩʢʚʘ, 2024, 2025), ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚè (ʄʦʩʢʚʘ, 

2022, 2023, 2024), 25ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè 

(ʊʦʤʩʢ, 2024). ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ 2 ʧʘʪʝʥʪʘ ʈʌ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ ʷʜʨʘ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ ʥʘʫʯʥʦʛʦ 

ʮʠʪʠʨʦʚʘʥʠʷ "eLibrary Science Index". 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʦʚ, 

ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (224 ʥʘʠʤʝʥʦʚʘʥʠ)̫. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 175 

ʩʪʨʘʥʠʮʘʭ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ 96 ʨʠʩʫʥʢʦʚ ʠ 27 ʪʘʙʣʠʮ.  



12 

1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1. ɻʨʘʬʠʪ 

ɻʨʘʬʠʪ ï ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʡ, ʩʘʤʦʨʦʜʥʳʡ ʤʠʥʝʨʘʣ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʝʜʠʥʩʪʚʝʥʥʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʫʶ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʘʣʣʦʪʨʦʧʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʫʛʣʝʨʦʜʘ. ʀʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʪʨʠ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ 

ʫʛʣʝʨʦʜʘ, ʩʦʩʪʦʷʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠ ʪʫ 

ʞʝ ʛʠʙʨʠʜʠʟʘʮʠʶ ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ: ʘʣʤʘʟ, ʩʦʩʪʦʷʱʠʡ ʠʟ sp3-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ; ʛʨʘʬʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʠʥ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ sp-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʨʠʩʫʥʦʢ 1) [14,15].  

 

ʈʠʩʫʥʦʢ 1 ï  ɼʠʘʛʨʘʤʤʘ ʘʣʣʦʪʨʦʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ [14]  

ɼʨʫʛʠʝ ʧʝʨʝʭʦʜʥʳʝ ʬʦʨʤʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ 

ʩʤʝʰʘʥʥʳʝ (ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʜʠʘʛʨʘʤʤʳ ʍʝʡʥʤʘʥʘ) ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ (ʦʪʤʝʯʝʥʳ ʥʘ ʩʪʦʨʦʥʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ). ʄʦʜʠʬʠʢʘʮʠʠ ʩʦ 

ʩʤʝʰʘʥʥʳʤ ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ ʩʚʷʟʠ ʩʦʩʪʦʷʪ ʠʟ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʦʤ ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʩʘʞʠ, ʢʦʢʩʳ, ʩʪʝʢʣʦʦʙʨʘʟʥʳʡ ʠ ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ. ʉʨʝʜʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʦʨʤ ʩ ʜʨʦʙʥʦʡ ʩʪʝʧʝʥʴʶ ʛʠʙʨʠʜʠʟʘʮʠʠ (n), ʷʚʣʷʶʱʝʡʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʠʟʙʳʪʦʯʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ, ʚʳʜʝʣʷʶʪ ʟʘʤʢʥʫʪʳʝ 

ʤʦʥʦʮʠʢʣʳ, ʛʨʘʬʠʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ 1<n<2, ʘ ʪʘʢ ʞʝ ʬʫʣʣʝʨʝʥʳ, ʥʘʥʦʪʨʫʙʢʠ 

ʣʫʢʦʚʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 2<n<3 [16,17]. 

ɻʨʘʬʠʪ ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʂʘʞʜʳʡ ʩʣʦʡ ʛʨʘʬʠʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʩʦʧʨʷʞʝʥʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ʂʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ ʪʨʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ů-ʩʚʷʟʠ ʩ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. ʐʝʩʪʠʫʛʦʣʴʥʠʢʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʢʨʳʚʘʥʠʷ ʪʨʝʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 120Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʣʦʝʚ, 

sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʭ ʦʨʙʠʪʘʣʝʡ. ʇʦʩʣʝʜʥʠʡ ʚʘʣʝʥʪʥʳʡ ʵʣʝʢʪʨʦʥ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ -́ʦʨʙʠʪʘʣʠ, ʢʦʪʦʨʘʷ, ʙʫʜʫʯʠ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ ʚʥʫʪʨʠ ʩʣʦʷ. ɺʥʫʪʨʠ ʦʜʥʦʛʦ ʩʣʦʷ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,142 ʥʤ, ʘ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʨʘʚʥʘ 167,6 

ʢɼʞ/ʤʦʣʴ [18]. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʩʣʘʙʳʭ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ ʩʠʣ ʩʣʦʠ ʛʨʘʬʠʪʘ 

ʩʧʦʩʦʙʥʳ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚʤʝʩʪʝ, ʘ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 16,75 ʢɼʞ/ʤʦʣʴ, ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ ʨʘʚʥʦʤ 

0,335 ʥʤ. ʊʘʢʠʝ ʩʣʘʙʳʝ ʩʠʣʳ ʧʦʟʚʦʣʷʶʪ ʩʣʦʷʤ ʛʨʘʬʠʪʘ ʣʝʛʢʦ çʩʢʦʣʴʟʠʪʴè ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʤʷʛʢʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʩʤʘʟʦʯʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʘʬʠʪʘ [18ï20].  

ɺ ʧʨʠʨʦʜʝ ʛʨʘʬʠʪ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʧʦʣʠʪʠʧʠʯʝʩʢʠʭ ʬʦʨʤʘʭ. ʇʝʨʚʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʠʣʠ Ŭ-ʛʨʘʬʠʪ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ P63/mmc (ʨʠʩʫʥʦʢ 2 ʘ). ɺ ʢʘʞʜʦʤ ʩʣʦʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ 

ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʮʝʥʪʨʦʤ ʧʨʘʚʠʣʴʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ. ɻʨʘʬʝʥʦʚʳʝ 

ʩʣʦʠ ʯʝʨʝʜʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ: (...ABABAB...). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʚ 

ʢʘʞʜʦʤ ʪʨʝʪʴʝʤ ʩʣʦʝ, ʧʦʚʪʦʨʷʝʪʩʷ ʪʦʯʥʦ ʪʘʢʦʝ ʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ, ʢʘʢ ʠ ʚ 

ʧʝʨʚʦʤ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʧʘʨʘʤʝʪʨʳ ʘ = 0,246 ʥʤ ʠ ʩ 

= 0,671 ʥʤ, ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʘ-ʛʨʘʬʠʪʘ 2,267 ʛ/ʩʤ3 [19]. 
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ʈʠʩʫʥʦʢ 2 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ (ʘ) ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʛʦ 

(ʙ) ʛʨʘʬʠʪʘ 

ɺʪʦʨʦʡ ʪʠʧ ʤʦʜʠʬʠʢʘʮʠʠ ï ɓ-ʤʦʜʠʬʠʢʘʮʠʷ ʠʣʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ (ʈʠʩʫʥʦʢ 

2 ʙ). ɼʘʥʥʳʡ ʚʠʜ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚ. ɿʜʝʩʴ ʩʣʦʠ ʯʝʨʝʜʫʶʪʩʷ ʩʦʛʣʘʩʥʦ 

ʩʭʝʤʝ: (...ABCABCABC...). ɼʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ 

ʩʠʤʤʝʪʨʠʠ R3m, ʧʘʨʘʤʝʪʨʳ ʘ = 0,226 ʥʤ ʠ ʩ = 1,006 ʥʤ. ɓ-ʛʨʘʬʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʙʨʘʟʮʘʭ ʛʨʘʬʠʪʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4 ʜʦ 30%, ʦʜʥʘʢʦ ʦʥʦ ʤʦʞʝʪ ʫʚʝʣʠʯʝʥʦ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʨʘʬʠʪʘ ʚʳʰʝ 2000 ÁC ʩʧʦʩʦʙʥʘ ʧʝʨʝʚʦʜʠʪʴ 

ʝʛʦ ʚ ʩʪʘʙʠʣʴʥʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ [19]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʨʘʬʠʪʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʛʨʘʬʠʪ, ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 

ʈʦʩʩʠʠ, ʂʠʪʘʝ, ʀʥʜʠʠ, ʐʨʠ-ʃʘʥʢʝ, ʄʘʜʘʛʘʩʢʘʨʝ. ʂ ʜʨʫʛʠʤ ʚʠʜʘʤ ʛʨʘʬʠʪʘ 

ʦʪʥʦʩʷʪʩʷ ʢʠ -hʛʨʘʬʠʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʧʝʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʧʨʠ ʚʳʧʣʘʚʢʝ ʯʫʛʫʥʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ ʠ 

ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ (ɺʆʇɻ) [19].  

ʇʨʠʨʦʜʥʳʡ ʛʨʘʬʠʪ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ: ʦʥ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʵʤʘʥʘʮʠʡ, ʯʝʨʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ [19].  
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ʂʠ-hʛʨʘʬʠʪ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʣʘʚʢʠ ʯʫʛʫʥʘ: ʚʦ ʚʨʝʤʷ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʫʛʣʝʨʦʜ ʤʘʪʝʨʠʘʣ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʭʦʜʠʪ ʚ ʛʨʘʬʠʪʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʢʠʰ-

ʛʨʘʬʠʪ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ [21].  

ʇʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ (2500-3200 ÁC) ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʥʝʬʪʷʥʦʛʦ ʢʦʢʩʘ ʧʦʣʫʯʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ. ɼʘʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʛʨʘʬʠʪʘʮʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʪ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʯʠʩʪʦʪʳ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʛʨʘʬʠʪ ʠ ʠʟʜʝʣʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ (ʵʣʝʢʪʨʦʜʳ ʠ ʱʝʪʢʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ), ʤʝʪʘʣʣʫʨʛʠʠ (ʚʳʧʣʘʚʢʘ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ), ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʘʥʦʜʳ ʜʣʷ ʵʣʝʢʪʨʦʣʠʟʘ) [22]. 

ʈʘʟʣʦʞʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2000-2500 ÁC ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ. ʄʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 3000-

3100 ÁC. ɺʆʇɻ ʦʙʣʘʜʘʝʪ ʥʘʠʣʫʯʰʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʠ ʚʩʝʭ 

ʪʠʧʦʚ ʛʨʘʬʠʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ [23]. ʋ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʫʛʦʣ 

ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1Á [24]. 

ʀʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʷ ʠʣʠ ʚ ʩʘʤʦʡ ʫʧʘʢʦʚʢʝ ʩʣʦʝʚ 

ʩʪʨʫʢʪʫʨʳ (ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʚʦʡʩʪʚʘ) ʧʨʠʨʦʜʥʳʭ ʠ ʜʘʞʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʨʘʬʠʪʦʚ 

ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʠʜʝʘʣʴʥʳʭ ʤʦʜʝʣʝʡ.  

ɸʥʠʟʦʪʨʦʧʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

(ɚ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (E), ʦʢʠʩʣʷʝʤʦʩʪʴ ʢʠʩʣʦʨʦʜʦʤ [25,26]. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʜʦʣʴ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʠʟʤʝʨʝʥʥʳʝ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [27]. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʛʨʘʬʠʪʘ 

ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʳʝ ʘʥʠʟʦʪʨʦʧʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʘʨʘʣʣʝʣʴʥʦ ʩʣʦʷʤ 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ɟ) ʩʦʩʪʘʚʣʷʝʪ å 0,4Ā10-6 ʆʤĀʤ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 
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ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ [28]. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʛʨʘʬʠʪʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ, ʪʘʢʞʝ, ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ. ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ɚ, ɟ, E ʠ K (ʩʞʠʤʘʝʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ) ʜʣʷ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʤʘʨʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʞʠʤʘʝʤʦʩʪʴ ʠ  

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʢʚʘʟʠ-ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʛʨʘʬʠʪʘ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʦʩʝʡ [22,25,27]. 

ɚṶ, 

ɺʪ/ʤĀʂ 

ɚ||, 

ɺʪ/ʤĀʂ 

ɟṶ Ā106, 

ʆʤĀʤ 

ɟ|| Ā106, 

ʆʤĀʤ 

KṶ Ā10-14 

ʩʤ2/ʜʠʥ 

K || Ā10-14 

ʩʤ2/ʜʠʥ 
EṶ, ɻʇʘ E||, ɻʇʘ 

6,5 1100 2100 0,45 ï14,26 282,2 1160 47 

ɻʨʘʬʠʪ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʠʥʝʨʪʥʦʩʪʴ: ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʦʨʚʘʪʴ ʉïʉ ʩʚʷʟʠ ʚ 

ʝʛʦ ʩʣʦʷʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ. ʆʢʠʩʣʝʥʠʝ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʩ ʚʳʜʝʣʝʥʠʝʤ CO ʠ CO2 ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 400-500 ÁC [29]. ʏʝʤ ʩʦʚʝʨʰʝʥʥʝʝ (ʙʝʟʜʝʬʝʢʪʥʝʝ) ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʠʪʘ, ʪʝʤ 

ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ [30].  

ʇʨʠ ʦʙʳʯʥʳʭ ʞʝ ʫʩʣʦʚʠʷ ʛʨʘʬʠʪ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʩʦʣʝʡ, ʱʝʣʦʯʘʤʠ, ʢʠʩʣʦʪʘʤʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʟʦʪʥʦʡ ʠ ʭʣʦʨʥʦʡ). 

ʇʨʠ ʵʪʦʤ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʠʪʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʦʥʘʤ, 

ʘʪʦʤʘʤ ʠʣʠ ʤʦʣʝʢʫʣʘʤ ʧʨʦʥʠʢʘʪʴ ʚ ʝʛʦ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ (ʂʉɻ) ʠ ʩʦʝʜʠʥʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʚ ʛʨʘʬʠʪ 

(ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ). ʂ ʢʦʚʘʣʝʥʪʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʛʨʘʬʠʪʘ 

ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʠ ʦʢʩʠʜ ʛʨʘʬʠʪʘ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʂʉɻ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʧʝʨʝʭʦʜʷʪ ʠʟ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ sp3-

ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ (ʠʟʛʠʙʫ) ʧʣʦʩʢʠʭ ʫʛʣʝʨʦʜʥʳʭ 

ʨʝʰʝʪʦʢ [31,32].  

ʊʘʢ, ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ (T < 600 ÁC) ʤʝʞʜʫ 

ʛʨʘʬʠʪʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʳʤ ʬʪʦʨʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʬʪʦʨʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ, LiF ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ (ʧʦʨʷʜʢʘ 300 ÁC) ʪʝʤʧʝʨʘʪʫʨʝ [33]. ʆʢʩʠʜ ʞʝ ʛʨʘʬʠʪʘ 

ʧʦʣʫʯʘʶʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʛʨʘʬʠʪʘ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ (ʧʝʨʤʘʥʛʘʥʘʪ ʠʣʠ ʭʣʦʨʘʪ 

ʢʘʣʠʷ, ʧʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ) ʚ ʩʠʣʴʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 
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ʢʠʩʣʦʪʘʭ (HNO3, H2SO4) [34]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʬʠʪʘ ʠʣʠ ʝʛʦ ʬʪʦʨʠʜʘ ʦʢʩʠʜ ʛʨʘʬʠʪʘ 

ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʝʥ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 180-200 ÁC ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʛʦʨʘʥʠʝʤ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʤ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ [35,36]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʂʉɻ ʚ ʭʦʜʝ ʦʙʨʘʟʦʚʘʥʠʷ ʀʉɻ ʩʦʭʨʘʥʷʝʪʩʷ ʧʣʘʥʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʛʨʘʬʝʥʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

1.2. ʉʪʨʦʝʥʠʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ 

ʈʘʟʣʠʯʥʳʝ ʠʦʥʳ, ʘʪʦʤʳ ʠʣʠ ʤʦʣʝʢʫʣʳ ʩʧʦʩʦʙʥʳ ʨʘʟʤʝʱʘʪʴʩʷ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʛʨʘʬʠʪʘ. ʆʙʨʘʟʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʛʨʘʬʠʪʘ. ʉʘʤʠ ʠʦʥʳ ʠʣʠ ʘʪʦʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʨʘʬʠʪʘ, 

ʥʘʟʳʚʘʶʪʩʷ ʠʥʪʝʨʢʘʣʘʪʘʤʠ [37,38]. ʉʚʷʟʴ ʤʝʞʜʫ ʠʥʪʝʨʢʘʣʘʪʦʤ ʠ ʤʘʪʨʠʮʝʡ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ-ʠʦʥʥʦʡ (ʧʦʣʷʨʥʦʡ), ʧʨʠ ʵʪʦʤ ʚ ʩʠʣʫ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʛʨʘʬʠʪʘ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ [39]. 

 ɹʣʘʛʦʜʘʨʷ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʭʘʨʘʢʪʝʨʫ ʛʨʘʬʠʪʦʚʦʡ ʨʝʰʝʪʢʠ, ʛʨʘʬʠʪ 

ʧʨʦʷʚʣʷʝʪ ʘʤʬʦʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʷʭ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʦʤ ʥʘ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʝ ʤʦʞʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʀʉɻ ʘʢʮʝʧʪʦʨʥʦʛʦ 

ʪʠʧʘ: 

Ø#  ! O  ὅὃ  

ʥʘʧʨʦʪʠʚ, ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʦʪʜʘʶʪ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʝ ʚʥʝʰʥʠʡ 

ʵʣʝʢʪʨʦʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʜʦʥʦʨʥʦʛʦ ʪʠʧʘ [39]: 

Ø#  -Å O  ὅὓὩ 

ʋ ʜʦʥʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʛʨʘʬʠʪʦʚʳʭ 

ʨʝʰʝʪʢʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʠʟʙʳʪʢʝ, ʘ ʜʣʷ ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʜʳʨʦʢ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʢʨʦʘʥʠʦʥʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʜʝʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʘ 

ʤʘʢʨʦʢʘʪʠʦʥʘ ʩ ʧʦʛʣʦʱʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʥʦʨʥʳʭ ʀʉɻ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦ, ʯʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʮʝʧʪʦʨʥʳʭ [40].  

ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ n-ʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ (ʨʠʩʫʥʦʢ 3 ʘ). 
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ʈʶʜʦʨʬ [41] ʧʝʨʚʳʤ ʚʚʝʣ ʧʦʥʷʪʠʝ ʩʪʫʧʝʥʠ, ʢʦʪʦʨʦʝ ʦʥ ʦʧʨʝʜʝʣʠʣ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʛʨʘʬʠʪʦʚʳʭ ʩʝʪʦʢ (n) ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʩʣʦʷʤʠ ʠʥʪʝʨʢʘʣʘʪʘ.  

ʉʦʛʣʘʩʥʦ ʈʶʜʦʨʬʫ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʠʪʦʚʦʡ ʩʝʪʢʠ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʘ ʩʪʨʫʢʪʫʨʘ ʚʥʝʜʨʝʥʥʦʛʦ ʩʣʦʷ ʥʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ, ʧʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʥʝʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ ʙʫʜʝʪ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʚ 

ʠʩʭʦʜʥʦʤ ʛʨʘʬʠʪʝ. ʉʪʫʧʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʠʦʜʦʤ ʠʜʝʥʪʠʯʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚʜʦʣʴ ʚʩʝʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʩʠ çʩè.  

 

ʈʠʩʫʥʦʢ 3 ï ʂʣʘʩʩʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʀʉɻ ʩʦʛʣʘʩʥʦ ʈʶʜʦʨʬʫ (ʘ); ʩʪʫʧʝʥʯʘʪʘʷ 

ʤʦʜʝʣʴ ɼʶʤʘ-ʕʨʦʣʜʘ (ʙ) 

ɺʝʣʠʯʠʥʘ ʧʝʨʠʦʜʘ ʠʜʝʥʪʠʯʥʦʩʪʠ Ὅ ʠ ʥʦʤʝʨ ʩʪʫʧʝʥʠ ὲ ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ:  

Ὅ  Ὠ ὲ ρϽὨ , (1) 

ʛʜʝ di ï ʪʦʣʱʠʥʘ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ; d0 = 3,35 ¡ (ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ) [41]. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʥʠʟʰʠʭ (ʥʘʠʙʦʣʝʝ ʟʘʧʦʣʥʝʥʥʳʭ) 

ʩʪʫʧʝʥʝʡ, ʦʜʥʘʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʀʉɻ 

ʚʧʣʦʪʴ ʜʦ 8-ʡ ʩʪʫʧʝʥʠ ʚʢʣʶʯʠʪʝʣʴʥʦ ʩ ʧʝʨʠʦʜʦʤ ʠʜʝʥʪʠʯʥʦʩʪʠ ʙʦʣʝʝ 30 ¡ [42,43]. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʪʫʧʝʥʯʘʪʦʩʪʴ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʥʝʜʨʝʥʠʷ ʩʚʷʟʘʥʘ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʥʘʣʠʯʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʩʠʩʪʝʤʝ, ʘ ʥʝ ʩ 
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ʚʦʟʥʠʢʘʶʱʠʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʛʨʘʬʝʥʦʚʳʝ ʩʣʦʠ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʠʥʪʝʨʢʘʣʘʪʦʤ, ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʵʢʨʘʥʠʨʦʚʘʪʴ ʟʘʨʷʜ ʦʪ 

ʜʨʫʛʠʭ ʩʣʦʝʚ [44,45]. 

ʇʨʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʦʩʝʜʩʪʚʫʶʱʠʤʠ ʩʦ ʩʣʦʝʤ ʠʥʪʝʨʢʘʣʘʪʘ ʩʣʦʷʤʠ ʛʨʘʬʠʪʘ, ʥʦ ʠʭ ʚʟʘʠʤʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ. ɽʩʣʠ ʚ ʠʩʭʦʜʥʦʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤ ʛʨʘʬʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ 

ʩʣʦʝʚ: éɸɺɸɺɸé , ʪʦ ʚ ʀʉɻ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʛʨʘʬʠʪʦʚʳʝ ʩʣʦʠ ʙʫʜʫʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ éɸ(I)ɸ(I)ɸ(I)é ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ I ï 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ éA(I)AB(I)BA(I)Aé , ʚ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ï 

éA(I)ABA(I)ABA(I)Aé ʠ ʪʘʢ ʜʘʣʝʝ [46]. 

ʆʜʥʘʢʦ ʚ ʨʘʤʢʠ ʢʦʥʮʝʧʮʠʠ ʈʶʜʦʨʬʘ ʧʝʨʝʩʪʘʣʠ ʫʢʣʘʜʳʚʘʪʴʩʷ ʥʘʢʦʧʣʝʥʥʳʝ 

ʧʦʟʜʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʘʢʪʳ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʥʝʢʨʘʪʥʳʤʠ 

ʩʪʫʧʝʥʷʤʠ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʇʦʵʪʦʤʫ ɼʶʤʘ ʠ ʕʨʦʣʜʦʤ [47] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ 

ʀʉɻ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ (ʨʠʩʫʥʦʢ 3 ʙ) ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʣʦʩʢʠʝ ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʜʦʤʝʥʳ 

ʥʝʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ. ɺʥʫʪʨʠ ʜʦʤʝʥʦʚ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ ʩʧʨʘʚʝʜʣʠʚʳ ʚʩʝ ʧʦʣʦʞʝʥʠʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʦʜʥʘʢʦ ʥʘ ʛʨʘʥʠʮʘʭ ʢʣʘʩʪʝʨʦʚ ʚʦʟʤʦʞʝʥ ʧʨʦʛʠʙ ʛʨʘʬʠʪʦʚʳʭ 

ʩʣʦʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʫʧʝʥʠ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ 

ʤʝʞʩʣʦʝʚʦʤ ʧʘʢʝʪʝ. ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʩʪʫʧʝʥʷʤʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʙʫʩʣʦʚʣʝʥ 

ʜʚʠʞʝʥʠʝʤ ʚʥʝʜʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʜʦʣʴʥʦʤ (ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʘ) ʥʘʧʨʘʚʣʝʥʠʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʦʥʦʨʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ 

ʛʨʘʬʠʪʘ ʩ ʱʝʣʦʯʥʳʤʠ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʣʘʥʪʘʥʠʜʘʤʠ. ʇʨʠʤʝʨʳ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʘʶʪ: C6Li, C4K, C8Cs, C8Rb, C8Ba, C6Sm, C6Eu ʠ ʜʨ. ʂʘʢ ʠ 

ʩʘʤʠ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ, ʀʉɻ ʩ ʥʠʤʠ ʧʠʨʦʬʦʨʥʳ ʠ ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ ʜʘʞʝ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ʂ ʀʉɻ ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ ʩʨʝʜʠ ʧʨʦʯʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʬʠʪʘ ʩ ʛʘʣʦʛʝʥʘʤʠ, ʛʘʣʦʛʝʥʠʜʘʤʠ, ʩʠʣʴʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ɹʨʝʥʩʪʝʜʘ: C14Br, C8ICl, C9AlCl 3, C5CuCl2, C12AuCl3, C8AsF5, C7-8H2SO4, 

C6-8HNO3 ʠ ʜʨ. [48ï51].  
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ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʨʘʬʠʪʘ: 

ɻʘʟʦʬʘʟʥʳʡ ʤʝʪʦʜ. ɺ ʛʘʟʦʬʘʟʥʦʤ ʤʝʪʦʜʝ ʛʨʘʬʠʪ ʠ ʠʥʪʝʨʢʘʣʘʪ ʧʦʤʝʱʘʶʪ ʚ 

ʘʤʧʫʣʫ ʠʟ ʪʝʨʤʦʩʪʦʡʢʦʛʦ (ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʠʣʠ ʢʚʘʨʮʝʚʦʛʦ) ʩʪʝʢʣʘ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʧʘʠʚʘʶʪ ʠ ʥʘʛʨʝʚʘʶʪ ʚ ʧʝʯʠ. ʅʘʛʨʝʚ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʘʨʝʥʠʶ 

ʠʥʪʝʨʢʘʣʘʪʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʨʘʬʠʪʦʤ, ʚʥʝʜʨʷʷʩʴ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʝʱʝʩʪʚ ʩ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ ʀʉɻ, ʚʘʨʴʠʨʫʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʛʨʘʬʠʪ ʠ ʠʥʪʝʨʢʘʣʘʪ (ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ) 

ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʝʟʛʨʘʜʠʝʥʪʥʦʛʦ ʤʝʪʦʜʘ) [52]. ʉʦʝʜʠʥʝʥʠʷ ʚʥʝʜʨʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʙʝʟʛʨʘʜʠʝʥʪʥʦʤʫ ʤʝʪʦʜʫ, ʠʥʦʛʜʘ ʪʨʝʙʫʶʪ ʦʪʤʳʚʢʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʦʪ ʥʝ ʚʥʝʜʨʠʚʰʝʛʦʩʷ ʠʟʙʳʪʢʘ ʠʥʪʝʨʢʘʣʘʪʘ, ʦʜʥʘʢʦ 

ʙʣʘʛʦʜʘʨʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʢʦʥʪʘʢʪʫ ʨʝʘʛʝʥʪʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ [53]. ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʠʟʢʦʡ 

ʣʝʪʫʯʝʩʪʴʶ ʠʣʠ ʜʣʷ ʩʥʠʞʝʥʠʷ P-T ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʩʦʣʝʡ [54,55] 

ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚʘ ʧʝʨʝʥʦʩʯʠʢʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʩ ʪʨʫʜʥʦʣʝʪʫʯʠʤ 

ʚʝʱʝʩʪʚʦʤ ʙʦʣʝʝ ʣʝʪʫʯʠʡ ʢʦʤʧʣʝʢʩ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ [56,57].  

ɾʠʜʢʦʬʘʟʥʳʡ ʤʝʪʦʜ. ɺ ʞʠʜʢʦʬʘʟʥʦʤ ʤʝʪʦʜʝ ʛʨʘʬʠʪ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʨʘʩʪʚʦʨʝ ʠʥʪʝʨʢʘʣʘʪʘ ʩ ʦʢʠʩʣʠʪʝʣʝʤ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʘ 

(ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ HNO3 ʠ HʉlO4) ʩʧʦʩʦʙʥʳ ʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ 

ʚʥʝʜʨʝʥʠʶ [58]. ɾʠʜʢʦʬʘʟʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʥʦ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʪʨʘʪʘ ʠ 

ʙʠʩʫʣʴʬʘʪʘ ʛʨʘʬʠʪʘ [59]. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ. ɺ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʥʘʚʝʜʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʛʨʘʬʠʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʇʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʚ ʜʚʫʭ ʠʣʠ ʪʨʝʭ 

ʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ, ʚ ʢʦʪʦʨʦʡ ʛʨʘʬʠʪ, ʙʫʜʫʯʠ ʦʜʥʠʤ ʠʟ ʵʣʝʢʪʨʦʜʦʚ, ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʩʧʣʘʚʝ ʠʣʠ ʨʘʩʪʚʦʨʝ ʠʥʪʝʨʢʘʣʘʪʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʘʪʨʠʮʘ ʟʘʨʷʞʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʥʠʦʥʘʤ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʥʠʢʥʫʪʴ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: 
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Ø# Å O  ὅ   (2) 

ὅ   ὃ  O  ὅὃ  (3) 

ʝʩʣʠ ʞʝ ʛʨʘʬʠʪ ʷʚʣʷʝʪʩʷ ʢʘʪʦʜʦʤ, ʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

Ø# Å O  ὅ   (4) 

ὅ   ὓὩ O  ὅὓὩ (5) 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʢ ʜʦʥʦʨʥʳʝ (ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʵʣʝʢʪʨʦʣʠʪʘ ʩʦʣʠ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ), ʪʘʢ ʠ 

ʘʢʮʝʧʪʦʨʥʳʝ ʀʉɻ ʩ ʢʠʩʣʦʪʘʤʠ [60,61]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʦʛʦ ʀʉɻ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ, ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʪʝʥʮʠʘʣʘ ʠʣʠ 

ʩʠʣʳ ʪʦʢʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʚʝʩʴʤʘ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʥʝʜʨʝʥʠʷ [62]. 

ʊʨʦʡʥʳʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʪʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʊʀʉɻ) ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʦʡʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʪ 

ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʥʝʜʨʝʥʥʳʭ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʛʘʣʝʨʝʠ 

(ʨʠʩʫʥʦʢ 4 ʘ) ʠʣʠ ʨʘʟʥʳʝ (ʨʠʩʫʥʦʢ 4 ʙ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʚʦʡʥʳʭ, ʛʜʝ ʠʥʪʝʨʢʘʣʘʮʠʷ 

ʩʚʷʟʘʥʘ ʩ ʦʜʥʠʤ ʚʠʜʦʤ ʛʦʩʪʝʚʳʭ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʪʨʦʡʥʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʨʘʟʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʠʭ 

ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ [63,64].  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʦ-ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʠ ʛʝʪʝʨʦ-

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ. ʇʝʨʚʳʡ ʪʠʧ ʦʙʨʘʟʫʝʪʩʷ, ʢʦʛʜʘ ʜʚʘ ʠʥʪʝʨʢʘʣʘʪʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʨʘʬʠʪʦʚʳʭ ʛʘʣʝʨʝʷʭ. ɼʘʥʥʳʡ ʚʠʜ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʥʝʥʘʩʳʱʝʥʥʳʤ ʙʠʥʘʨʥʳʤ ʀʉɻ ʩ ʥʦʤʝʨʦʤ ʩʪʫʧʝʥʠ 

n Ó 2 ʠ ʜʨʫʛʠʤ ʚʥʝʜʨʷʝʤʳʤ ʚʝʱʝʩʪʚʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʪʨʦʡʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʫʧʝʥʠ [65]. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ 

ʧʫʪʝʤ ʢʦ-ʠʥʪʝʨʢʘʣʘʮʠʠ, ʢʦʛʜʘ ʦʙʘ ʚʝʱʝʩʪʚʘ ʚʚʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʦʣʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʪʨʦʡʥʳʭ ʩʪʨʫʢʪʫʨ [66]. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʢʘʣʘʪʦʚ ʚ ʛʝʪʝʨʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʤ (ʘ) ʠ 

ʢʦ-ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʤ (ʙ) ʩʦʝʜʠʥʝʥʠʠ 

ʊʨʦʡʥʳʝ ʀʉɻ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʙʠʥʘʨʥʳʭ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʦʟʤʦʞʥʳʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʤʝʞʩʣʦʝʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʂ ʪʘʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʭʠʤʠʯʝʩʢʠʝ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʪʨʦʡʥʳʭ ʀʉɻ. 

ɿʘʪʨʘʛʠʚʘʪʴʩʷ ʤʦʛʫʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ [67,68]. 

ʀʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʀʉɻ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʦʙʲʝʤʝ ʧʨʠ ʨʝʟʢʦʤ ʥʘʛʨʝʚʝ (ʪʝʨʤʦʫʜʘʨʝ) ʜʦ ʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʠʥʪʝʨʢʘʣʘʪʘ. ɹʳʩʪʨʳʡ ʥʘʛʨʝʚ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʠʥʪʝʨʢʘʣʘʪ ʥʝ ʫʩʧʝʚʘʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʢ ʧʝʨʠʬʝʨʠʡʥʳʤ ʦʙʣʘʩʪʷʤ 

ʛʨʘʬʠʪʦʚʦʡ ʯʘʩʪʠʮʳ ʠ ʠʩʧʘʨʷʷʩʴ ʥʘʛʥʝʪʘʝʪ ʜʘʚʣʝʥʠʝ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʫʛʣʝʨʦʜʥʳʭ ʩʣʦʝʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʙʲʝʤʥʳʭ ʥʠʟʢʦʧʣʦʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦ ʧʨʠʯʠʥʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʜʘʣʝʝ, ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥʠʷ ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ ʠ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʢʠʩʣʦʪʘʤʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ [69].  

1.2.1.  ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ ʩ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ɹʨʝʥʩʪʝʜʘ 

ʀʉɻ ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ, ʦʩʦʙʝʥʥʦ ʪʝ, ʯʪʦ ʧʦʣʫʯʘʶʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʛʨʘʬʠʪʘ ʩ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʢʣʘʜʥʦʡ 
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ʠʥʪʝʨʝʩ. ʇʦʵʪʦʤʫ, ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʪʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʠʤʝʥʥʦ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʢʨʳʚʘʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ [69]. 

ʍʦʨʦʰʦ ʠʟʫʯʝʥʦ, ʯʪʦ ʩʠʥʪʝʟ ʀʉɻ ʣʝʛʯʝ ʚʩʝʛʦ ʧʨʦʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʣʴʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ɹʨʝʥʩʪʝʜʘ, ʪʘʢʠʭ ʢʘʢ HClO4, H2SO4 ʠ HNO3. 

ʉʣʘʙʳʝ ʧʨʦʪʦʥʥʳʝ ʢʠʩʣʦʪʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʥʪʝʨʢʘʣʠʨʫʶʪʩʷ ʚ 

ʛʨʘʬʠʪ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʥʝʜʨʝʥʳ ʚʤʝʩʪʝ ʩ ʩʠʣʴʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ [62,70]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʀʉɻ ʩ 

ʢʠʩʣʦʪʘʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʢʦʥʝʯʥʳʡ ʩʦʩʪʘʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʦʪ ʤʝʪʦʜʘ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [59]. 

ʈʶʜʦʨʬ ʠ ɻʦʬʤʘʥ [41] ʦʙʦʟʥʘʯʠʣʠ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ 

ʢʠʩʣʦʪ ʚ ʛʨʘʬʠʪ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ. ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʄʦʜʝʣʴ ʧʦʣʫʯʝʥʠʷ ʀʉɻ ʚʢʣʶʯʘʝʪ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ 

ʚʥʝʜʨʝʥʠʷ: 

ὅ ὕὼ O  ὅ ὙὩὨ , ʦʢʠʩʣʝʥʠʝ (6) 

ὅ ὃ άὌὃ O  ὅ ὃάὌὃ , ʚʥʝʜʨʝʥʠʝ (7) 

 ʀʟ-ʟʘ ʥʠʟʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʚʘʞʥʦ ʜʦʙʘʚʣʷʪʴ ʦʢʠʩʣʠʪʝʣʴ, ʧʦʵʪʦʤʫ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ 

ʚʳʜʝʣʷʶʪ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʪʴ ʠ ʢʘʢ ʠʥʪʝʨʢʘʣʘʪʳ, ʠ 

ʢʘʢ ʦʢʠʩʣʠʪʝʣʠ (Br2, IBr, ICl, HNO3, FeCl3, SbF5) [69]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʪʝʨʢʘʣʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʚʥʝʜʨʝʥʠʶ [71]. ʌʦʨʩʤʘʥʦʤ ʩ ʢʦʣʣʝʛʘʤʠ 

[72,73] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʘʪʠʦʥʳ ʥʠʪʨʦʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʘʭ HNO3. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ (ʫʨʘʚʥʝʥʠʷ 8-12), ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʛʨʘʬʠʪʦʚʫʶ ʤʘʪʨʠʮʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ [73]. 

ς(ὔὕ ̑ ́̒̓̃Ȣᵮ ὔὕ ̑ ́̒̓̃Ȣ  Ὄὕ  (8) 

ὔὕ ̑ ́̒̓̃Ȣᵮὔὕ̑́̒̓̃Ȣ  ὔὕ̑́̒̓̃Ȣ (9) 

ὔὕ̑́̒̓̃Ȣᵮὔὕ̄̑́Ȣ̕ (10) 
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ὴὅ ὔὕ̄̑́Ȣ̕ᴼ ὅ ὔὕ̄̑́Ȣ̕ (11) 

ὅ ὔὕ ά(ὔὕᴼ ὅ ὔὕϽά(ὔὕ  (12) 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ Ὄὕ ʠ ὔὕ , ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ὔὕ ʠ ὔὕ ʠʦʥʳ. ʂʘʪʠʦʥ ʥʠʪʨʦʥʠʷ ʦʢʠʩʣʷʝʪ ʛʨʘʬʠʪʦʚʫʶ 

ʤʘʪʨʠʮʫ, ʦʙʨʘʟʫʷ ʤʘʢʨʦʢʘʪʠʦʥ ὅ  ʩ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʟʘʨʷʜʦʤ. ɺ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʫʶ ʛʨʘʬʠʪʦʚʫʶ ʤʘʪʨʠʮʫ ʚʥʝʜʨʷʶʪʩʷ ʥʠʪʨʘʪ ʘʥʠʦʥʳ ὔὕϽά(ὔὕ, 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʝ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɺʥʝʜʨʝʥʠʝ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ (ʤʘʢʨʦʘʥʠʦʥʘ) ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʢʨʦʢʘʪʠʦʥʘ ὅ  [73]. 

 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ ʚ Ŭ-ʥʠʪʨʘʪʝ ʛʨʘʬʠʪʘ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʠ [74] 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʥʠʪʨʘʪ ʛʨʘʬʠʪʘ (ʅɻ), ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 

ʢʦʪʦʨʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ά, ʩʦʩʪʘʚʣʷʶʱʝʤ ʦʪ ʪʨʝʭ ʜʦ ʧʷʪʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʪʳ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʨʫʪʪʦ-ʩʦʩʪʘʚ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ C4nHNO3 ʜʦ 

C6nHNO3 [75,76].  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʝʞʜʫ ʛʨʘʬʠʪʦʚʳʤʠ ʩʣʦʷʤʠ (ὔὕ ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʟʠʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʦʙʨʘʟʫʷ ʜʚʫʤʝʨʥʳʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 7,80 ¡ 

(ʨʠʩʫʥʦʢ 5), ʚ ʢʦʪʦʨʦʤ ʧʣʦʩʢʠʝ ʘʥʠʦʥʳ ὔὕ  ʦʢʨʫʞʝʥʳ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʤʠ 

ʠʦʥʘʤʠ ʢʠʩʣʦʪʳ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ [74].  

ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [77ï79], ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʀʉɻ 

ʥʝʢʦʪʦʨʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʠʟ 

Ŭ-ʬʦʨʤʳ ʚ ɓ-ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 6) ʩ ʪʦʣʱʠʥʦʡ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ ʨʘʚʥʦʡ 6,55 ¡, 

ʧʨʦʠʩʭʦʜʷʱʠʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ, ʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʡ ʢʠʩʣʦʪʳ. ɹʨʫʪʪʦ-ʩʦʩʪʘʚ ɓ-ʥʠʪʨʘʪʘ ʦʧʨʝʜʝʣʝʥ ʢʘʢ C8nHNO3. 

 

ʈʠʩʫʥʦʢ 6 ï ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʧʨʦʤʳʚʢʝ 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ Ŭ-ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ɓ-ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ [80] 

ʅʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ ʀʉɻ ʩ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʬʘʟʥʳʡ. ɻʘʟʦʬʘʟʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ [72]. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʠʨʦʣʠʪʠʯʝʩʢʦʤ ʛʨʘʬʠʪʝ [81,82] ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʙʦʣʝʝ ʪʦʥʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. 
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ʇʨʠ ʩʠʥʪʝʟʝ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʞʠʜʢʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʚ ʭʦʜʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʩ ʛʨʘʬʠʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʨʦʛʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʪʳ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʪʘʢ ʢʘʢ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ HNO3:H2O = 1:1 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪ ʢʘʪʠʦʥʦʚ ʥʠʪʨʦʥʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʢʠʩʣʝʥʠʝ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ [83]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʥʠʪʨʦʥʠʷ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʜʘʞʝ ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ (N2O5) ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ) 

ʦʢʠʩʣʠʪʝʣʴ [41,84]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ 

ʜʠʘʧʘʟʦʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʫʧʝʥʠ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʧʝʨʠʦʜʳ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠ ʤʘʩʩʦʚʳʝ ʧʨʠʚʝʩʳ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2.  

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ II-V ʩʪʫʧʝʥʠ ʅɻ [85]. 

n C(HNO3), % EAg/AgCl,B t, ʤʠʥ Ic, ¡ ȹm, % 

II  98 1,27 15-30 11,19-11,27 48-55 

III  83-85 1,10 90 14,60-14,66 30-36 

IV 80 1,09 120 17,92-18,05 26-30 

V 75 1,06 200 21,56 20-22 

ʛʨʘʬʠʪ <75 <1,06  

ʇʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 

ʚʥʝʜʨʝʥʠʷ ʚ ʛʨʘʬʠʪ ʩ ʧʣʦʭʦ ʠʥʪʝʨʢʘʣʠʨʫʶʱʠʤʠʩʷ ʚʝʱʝʩʪʚʘʤʠ, ʠʣʠ ʩ ʚʝʱʝʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʠʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʠʥʪʝʨʢʘʣʠʨʫʶʪʩʷ ʚ ʛʨʘʬʠʪ ʚʦʚʩʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ 

ʥʝʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʥʠʪʨʘʪʝ ʛʨʘʬʠʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʦʡʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ [86], ʤʫʨʘʚʴʠʥʦʡ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ 

ʵʬʠʨʘʤʠ [87,88]. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʟʘʤʝʱʝʥʠʠ ʢʠʩʣʦʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʀʉɻ ʚʪʦʨʳʭ ʩʪʫʧʝʥʝʡ ʩ ʛʝʢʩʘʭʣʦʨʧʣʘʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ C40Ñ5H2PtCl6(HNO3)x [89] ʠ 

ʬʫʣʣʝʨʝʥʦʤ C155Ñ5C60(HNO3)x [80]. ɺʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʠʭ ʨʝʘʢʮʠʡ 

ʦʙʫʩʣʦʚʣʝʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʣʠʯʠʝʤ ʟʘʨʷʜʘ ʥʘ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʝ, ʫʚʝʣʠʯʝʥʥʳʤ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʠʤ ʛʨʘʬʬʠʪʦʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʘ ʪʘʢʞʝ 
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ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʩʚʦʙʦʜʥʦ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʠʟ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʘ ʀʉɻ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ (ʙʠʩʫʣʴʬʘʪʘ 

ʛʨʘʬʠʪʘ) ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ (CrO3, K2Cr2O7, 

(NH4)2S2O8, HNO3) ʚ ʠʥʪʝʨʢʘʣʠʨʫʶʱʝʤ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʷ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ [19]. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚ ʙʠʩʫʣʴʬʘʪʘ ʛʨʘʬʠʪʘ (ɹʉɻ) ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: ὅ ὌὛὕϽάὌὛὕ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʝ ά ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2,0 ʜʦ 3,14 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

[90,91]. ʊʦʣʱʠʥʘ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ ʚ ɹʉɻ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ ʫʚʝʣʠʯʝʥʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʅɻ ʜʦ 7,98 ¡, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʜʠʘʤʝʪʨʦʤ 

ʩʫʣʴʬʘʪ-ʘʥʠʦʥʘ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʪʳ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʢʚʘʟʠ-

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʛʨʘʬʠʪʘ [92]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʀʉɻ ʩ ʢʠʩʣʦʪʘʤʠ ʷʚʣʷʝʪʩʷ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʊʈɻ), ʦʙʣʘʜʘʶʱʝʛʦ 

ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [69,93]. ɹʳʩʪʨʳʡ ʥʘʛʨʝʚ ʀʉɻ 

(ʠʣʠ ʠʭ ʘʜʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʣʠʟʘ) ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ 

ʠʥʪʝʨʢʘʣʘʪʘ, ʚ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʊʈɻ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ [94ï97], ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʙʢʦʛʦ ʛʨʘʬʠʪʦʚʦʛʦ ʣʠʩʪʘ ʠ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ [98ï100]; ʩʦʨʙʝʥʪʦʚ ʥʝʬʪʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʠ ʢʨʘʩʠʪʝʣʝʡ [101ï103]; ʵʢʨʘʥʦʚ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [104,105] ʠ ʜʨ. 

ʇʨʠ ʪʝʨʤʦʣʠʟʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʪʦʡ ʛʨʘʬʠʪʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ, ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, ʧʦʵʪʦʤʫ ʧʨʦʤʳʚʢʘ ʀʉɻ 

ʚʦʜʦʡ (ʛʠʜʨʦʣʠʟ) ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʀʉɻ ʩ ʚʦʜʦʡ 

ʤʦʣʝʢʫʣʳ ʚʥʝʜʨʝʥʥʦʡ ʢʠʩʣʦʪʳ ʜʠʬʬʫʥʜʠʨʫʶʪ ʠʟ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ, ʘʥʠʦʥʳ 

ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʘʷ ʛʨʘʬʠʪʦʚʘʷ 

ʤʘʪʨʠʮʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ (13) ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ (ʛʠʜʨʦʢʩʠʣʴʥʦʡ, ʢʘʨʙʦʥʠʣʴʥʦʡ, ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠ ʜʨ.) 
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ʥʘ ʢʨʘʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʘʜʜʫʢʪ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ (ʆɻ) [106]. 

ςὌὕ  τὩO ὕ  τὌ  (13) 

 ʉʪʨʫʢʪʫʨʘ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʪʨʫʢʪʫʨʳ ʀʉɻ, ʥʦ 

ʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʠʪʘ. ɺ ʆɻ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʝʥʥʳʤ (ʜʦ 3,37-3,42 ¡) ʟʘ ʩʯʝʪ ʭʦʪʴ ʫʞʝ ʠ ʧʣʦʩʢʦʛʦ, ʥʦ ʙʦʣʝʝ 

ʜʝʬʝʢʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʚ ʥʝʤ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʠ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ 

ʦʙʣʘʩʪʷʭ ʢʠʩʣʦʪʳ ʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʥʝʜʨʝʥʠʷ [107].  

 ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʆɻ ʚʳʩʫʰʠʚʘʶʪ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʩ ʥʝʙʦʣʴʰʠʤ ʧʦʜʦʛʨʝʚʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʠʟ ʥʝʛʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʊʈɻ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʝʥʠ ʨʘʩʰʠʨʝʥʠʷ ʠ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʝ 

ʫʩʪʫʧʘʶʱʠʤʠ ʊʈɻ, ʧʦʣʫʯʝʥʥʦʤʫ ʪʝʨʤʦʣʠʟʦʤ ʀʉɻ, ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʳʭ 

ʧʨʠ ʵʪʦʤ ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʪʥʦ ʤʝʥʴʰʠʤ [59]. ɸʥʘʣʦʛʠʯʥʦʛʦ ʵʬʬʝʢʪʘ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʢʠʩʣʦʪʳ ʥʝ ʚʦʜʦʡ, ʘ 

ʢʘʨʙʘʤʠʜʦʤ [108]. ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʘʨʙʘʤʠʜʘ ʘʤʤʠʘʢ 

ʩʧʦʩʦʙʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʠʟ ʀʉɻ 

NOx-ʛʘʟʳ ʜʦ ʘʟʦʪʘ. 

ʀʥʦʛʜʘ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʤʫ ʛʨʘʬʠʪʫ ʥʦʚʳʭ ʩʚʦʡʩʪʚ 

ʪʝʨʤʦʫʜʘʨʫ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʆɻ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʧʠʪʢʘ ʆɻ ʬʦʩʬʦʨ- ʠʣʠ ʙʦʨʩʦʜʝʨʞʘʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʧʦʚʳʰʘʝʪ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝʛʦ ʊʈɻ [109,110]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 7) ʧʦʣʫʯʝʥʠʷ ʊʈɻ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1. ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʦʯʠʱʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʯʝʰʫʡʯʘʪʦʛʦ ʛʨʘʬʠʪʘ 

ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ; 

2. ʇʨʦʤʳʚʢʘ ʀʉɻ ʦʪ ʠʟʙʳʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʢʠʩʣʦʪʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʆɻ; 

3. ʉʫʰʢʘ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ; 

4. ʊʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʆɻ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800-1000 ÁC. 

 

ʈʠʩʫʥʦʢ 7 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ 
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ɺʚʝʜʝʥʠʝ ʧʨʝʢʫʨʩʦʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʚʦʟʤʦʞʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

1.2.2.  ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ 

ʪʨʠʘʜʳ ʞʝʣʝʟʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʦʜʥʦʚʘʣʝʥʪʥʳʝ ʛʘʣʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ 

ʚʥʝʜʨʷʪʴʩʷ ʚ ʛʨʘʬʠʪ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʥʪʝʨʢʘʣʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʘ ʚ ʩʠʩʪʝʤʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʣʦʨ 

ʥʝ ʧʨʦʩʪʦ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʪʦʡ ʨʝʘʢʮʠʠ, çʦʪʢʨʳʚʘʷè ʨʝʰʝʪʢʫ 

ʛʨʘʬʠʪʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʜʨʝʥʠʷ ʭʣʦʨʠʜʘ, ʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ [72].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʣʠʟʢʦʡ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʝʛʦ ʢʠʧʝʥʠʷ ʧʦ ʩʭʝʤʝ (14-15) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʦʙʦʜʥʦʛʦ 

ʭʣʦʨʘ, ʧʦʵʪʦʤʫ FeCl3 ʷʚʣʷʝʪʩʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʘʤʦʚʥʝʜʨʷʶʱʠʤʩʷ ʘʛʝʥʪʦʤ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ CoCl2 ʠ NiCl2 ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʭʣʦʨʘ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ. 

 

(14) 

ὊὩὅὰ   ὊὩὅὰ ᵮ ὊὩὅὰ   (15) 

ʇʨʠ 300 ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

ὖ  ὖ  ὖ  ὖ   (16) 

ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʤ ʥʝʨʘʚʝʥʩʪʚʝ ʬʠʛʫʨʠʨʫʶʪ ʚʝʣʠʯʠʥʳ ʧʨʠʤʝʨʥʦ ʦʜʥʦʛʦ 

ʧʦʨʷʜʢʘ [72].  

ʉʨʝʜʠ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʣʘʛʘʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʥʪʝʨʢʘʣʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʤʦʛʫʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚʥʝʜʨʷʪʴʩʷ ʚ ʛʨʘʬʠʪ, ʠʟʚʝʩʪʥʳ CuCl2, MoCl5, WCl6, AuCl3 

[111ï114].  

ʉʦʛʣʘʩʥʦ ʌʦʨʩʤʘʥʫ [72], ʚʥʫʪʨʠ ʨʝʰʝʪʢʠ ʛʨʘʬʠʪʘ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʘʚʪʦʨ ʦʧʠʩʳʚʘʝʪ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

ςὓ ὅὰᵮ ςὓ ὅὰ  ὅὰ  (17) 
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ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʘʣʦʛʝʥʠʜʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʤʝʞʩʣʦʝʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ, ʘ ʭʣʦʨ ʥʘʭʦʜʠʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ ʀʉɻ ʩ ʭʣʦʨʦʤ ʩʪʘʙʠʣʴʥ r ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʢʦʤʥʘʪʥʦʡ [115], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʘʟʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʀʉɻ ʩ 

ʭʣʦʨʠʜʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʨʝʙʫʝʪ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ [116]. 

ʀʉɻ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ (ʀʉɻʍʄ) ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʦʪʥʦʩʷʪʩʷ ʢ ʀʉɻ 

ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʧʨʠʛʦʜʥʳ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʢʘʟʘʣʩʷ ʚ ʩʠʣʫ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʠʤʝʥʥʦ ʛʘʟʦʬʘʟʥʳʡ ʩʧʦʩʦʙ. 

ʉʫʱʝʩʪʚʫʶʪ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘ ʢ 

ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʢʘʣʘʪʘ ʚ ʛʨʘʬʠʪ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ: ʙʝʟʛʨʘʜʠʝʥʪʥʳʡ 

ʠ ʛʨʘʜʠʝʥʪʥʳʡ (ʨʠʩʫʥʦʢ 8).  

 

ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʝʟʛʨʘʜʠʝʥʪʥʦʛʦ (ʩʣʝʚʘ) ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ 

(ʩʧʨʘʚʘ) ʩʧʦʩʦʙʦʚ ʛʘʟʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʀʉɻ 

ʇʨʠ ʙʝʟʛʨʘʜʠʝʥʪʥʦʤ ʩʧʦʩʦʙʝ ʩʠʥʪʝʟʘ ʛʨʘʬʠʪ (ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʠʣʠ 

ʢʚʘʟʠʤʦʥʦʢʨʠʩʪʘʣʣʘ) ʠ ʠʥʪʝʨʢʘʣʘʪ (ʦʙʝʟʚʦʞʝʥʥʳʡ ʭʣʦʨʠʜ ʤʝʪʘʣʣʘ) ʥʘʭʦʜʷʪʩʷ ʧʨʠ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʜʥʦʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʧʦʣʥʝʥʥʦʡ ʭʣʦʨʦʤ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʀʉɻʍʄ ʦʪʚʝʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʙʨʫʪʪʦ-

ʬʦʨʤʫʣʳ ὅ ὊὩὅὰ, ὅȟ ὅέὅὰ, ὅȟ ὔὭὅὰ (n ï ʥʦʤʝʨ ʩʪʫʧʝʥʠ), ʭʦʪʷ ʦʙʟʦʨ ʜʘʥʥʳʭ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝʤ ʢʠʩʣʦʪ, ʀʉɻ ʩ ʭʣʦʨʠʜʘʤʠ ʪʘʢ ʞʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʶ ʩ FeCl3 ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ ὅȟὊὩὅὰ, ʪʘʢ ʠ ὅȟὊὩὅὰ, ʪʦʣʱʠʥʘ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʠʥʪʝʨʢʘʣʘʪʦʤ ʩʣʦʷ ʤʦʞʝʪ ʧʨʠ ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 9,3 ʜʦ 9,5 ¡ 
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[116,117]. ɺʟʷʚ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʫʧʝʥʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, ʤʦʞʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʠʪʴ ʦʜʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ ʠ ʠʟʙʝʞʘʪʴ ʧʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʤʳʚʢʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʦʜʫʢʪʘ ʦʪ ʠʟʙʳʪʢʘ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʛʘʣʦʛʝʥʠʜʘ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʩʨʘʟʫ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʦʡʥʳʝ ʀʉɻ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʉ-FexCo1-xCl2 , ʉ-FexNi1-xCl2 , ʉ-CoxNi1-xCl2 (1<x<0) [118]. 

 

ʈʠʩʫʥʦʢ 9 ï ʇʨʝʜʝʣʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʀʉɻ- FeCl3 ʨʘʟʣʠʯʥʳʭ 

ʩʪʫʧʝʥʝʡ [119] 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʩʧʦʩʦʙʫ ʛʨʘʬʠʪ ʠ ʠʥʪʝʨʢʘʣʘʪ 

(ʚʟʷʪʳʡ ʚ ʟʘʚʝʜʦʤʦʤ ʠʟʙʳʪʢʝ) ʧʦʤʝʱʘʶʪʩʷ ʚ ʨʘʟʥʳʝ ʦʪʩʝʢʠ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ 

ʘʤʧʫʣʳ, ʥʘʛʨʝʚʘʝʤʳʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʜʦ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʛʨʘʜʠʝʥʪʥʦʡ ʧʝʯʠ, ʧʨʠʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʢʮʠʠ ʩ ʛʨʘʬʠʪʦʤ (ʊg) ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʝʢʮʠʠ ʩ ʠʥʪʝʨʢʘʣʘʪʦʤ (Ti) ʚʦ ʠʟʙʝʞʘʥʠʝ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ 

ʥʘ ʬʦʨʤʠʨʫʶʱʝʤʩʷ ʀʉɻ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʫʧʝʥʠ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʫʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩʫʥʦʢ 9) [119].  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʠʙʦʣʝʝ ʟʘʧʦʣʥʝʥʥʳʝ ʩʪʫʧʝʥʠ 

ʫʩʪʦʡʯʠʚʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʦʜʥʘʢʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʰʠʭ ʩʪʫʧʝʥʝʡ ʚʘʞʥʦ ʦʯʝʥʴ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʝʢʮʠʠ ʩ ʛʨʘʬʠʪʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʘʤʧʫʣʳ ʠ ʢʦʣʠʯʝʩʪʚ ʚʟʷʪʳʭ ʚʝʱʝʩʪʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ, 

ʯʪʦ ʜʝʣʘʝʪ ʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʀʉɻ ʩ CoCl2 ʠ NiCl2, ʯʪʦ ʦʯʝʚʠʜʥʦ 

ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʠʭ ʣʝʪʫʯʝʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ FeCl3 

(ʪʘʙʣʠʮʘ 3) ʠ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ. 

ʊʘʙʣʠʮʘ 3. 

ʅʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʦʨʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [120]. 

ʊʝʤʧʝʨʘʪʫʨʘ FeCl3 CoCl2 NiCl2 

ʧʣʘʚʣʝʥʠʷ, ÁC 307,5 724 
970* 

ʢʠʧʝʥʠʷ, ÁC 315 1049 

ʧʨʠ ʢʦʪʦʨʦʡ pʥʘʩ. ʧʘʨʦʚ ʨʘʚʥʦ 1 ʤʤ.ʨʪ.ʩʪ. , ÁC 203 660 684 

* ï ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʛʦʥʢʠ ʚ ÁC 

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʪʨʫʜʥʦʣʝʪʫʯʠʭ ʭʣʦʨʠʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʛʘʟʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ: 

1. ʉʠʥʪʝʟ ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʩʦʣʝʡ. ɺ ʨʘʙʦʪʝ [53] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ FeCl3 ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʩ KCl (ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ FeCl3/KCl ʙʳʣʦ ʚʟʷʪʦ ʢʘʢ 70/30) ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ. ʊʘʢ, ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʟʘ 7 ʩʫʪʦʢ 

ʧʨʠ 400 ÁC ʚ ʦʜʥʦʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʀʉɻ ʩ FeCl3 

ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʭʦʜʝ ʛʘʟʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ 

ʘʤʧʫʣʝ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʘʩʴ ʣʠʰʴ ʩʤʝʩʴ ʛʨʘʬʠʪʘ ʠ ʀʉɻ ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʝʧʦʣʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʚʝʜʝʪ ʩʝʙʷ CoCl2 ʧʨʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʣʘʚʘ ʩ NaCl [121]. ʊʘʢ, ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ CoCl2/NaCl ʨʘʚʥʦʤ 

55/45 ʧʨʠ 580 ÁC (ʩʠʥʪʝʟ ʚ ʘʪʤʦʩʬʝʨʝ ʭʣʦʨʘ) ʦʙʨʘʟʫʝʪʩʷ 2 ʩʪʫʧʝʥʴ ʀʉɻ-

CoCl2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʙʝʟ ʫʯʘʩʪʠʷ NaCl ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʣʠʰʴ ʩʤʝʩʴ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ ʀʉɻ ʠ 
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ʛʨʘʬʠʪʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʠʥʪʝʨʢʘʣʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʝʛʦ 

ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʧʣʘʚʝ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʩʪʘʜʠʠ ʦʪʤʳʚʢʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʀʉɻ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʩʦʣʝʡ. 

2. ʉʠʥʪʝʟ ʩ ʫʯʘʩʪʠʝʤ ʚʝʱʝʩʪʚʘ ʧʝʨʝʥʦʩʯʠʢʘ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [56] 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʭʣʦʨʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʦʤʧʣʝʢʩʳ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩ 

Al 2Cl6 ʠ Fe2Cl6 (ʜʠʤʝʨʘʤʠ AlCl 3 ʠ FeCl3) ʧʦ ʩʭʝʤʝ: 

  ὓὅὰ ̓ Ȣ̃  ὊὩὅὰ ̄Ȣᵮ ὓὊὩὅὰ ̄Ȣȟ̄ ̅ ̆ὓ ὅέȟὔὭȟὅό  (17) 

ɼʘʚʣʝʥʠʝ ʧʘʨʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ, ʯʝʤ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʩʘʤʠʭ ʪʨʫʜʥʦʣʝʪʫʯʠʭ ʭʣʦʨʠʜʦʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʜʨʷʝʤʦʛʦ ʭʣʦʨʠʜʘ ʚ ʧʘʨʦʚʦʡ 

ʬʘʟʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʢ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ, ʪʘʢ ʠ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʥʝʜʨʝʥʥʦʛʦ ʚ ʛʨʘʬʠʪ ʭʣʦʨʠʜʘ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʧʝʨʝʥʦʩʯʠʢʘ, ʩʘʤʦʛʦ ʧʦ ʩʝʙʝ ʷʚʣʷʶʱʝʛʦʩʷ ʭʦʨʦʰʠʤ ʠʥʪʝʨʢʘʣʘʪʦʤ, 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʀʉɻ ʥʝʠʟʙʝʞʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʛʦ ʩʣʝʜʳ [116] ʠʣʠ 

ʚʦʦʙʱʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʦʡʥʦʝ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [66,122,123]. 

ɺʘʨʴʠʨʫʷ ʢʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʛʦ ʚ ʩʠʩʪʝʤʫ ʧʝʨʝʥʦʩʯʠʢʘ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʩʦʩʪʘʚʦʤ ʧʦʣʫʯʘʝʤʦʛʦ ʀʉɻ ʠ ʥʦʤʝʨʦʤ ʝʛʦ ʩʪʫʧʝʥʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʛʘʟʦʬʘʟʥʦʤʫ ʩʧʦʩʦʙʫ ʚʥʝʜʨʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʛʨʘʬʠʪ ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʬʘʟʥʳʡ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʥʪʝʨʢʘʣʘʮʠʠ ʠʟ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʧʦʣʷʨʥʳʭ (ʥʠʪʨʦʤʝʪʘʥ, ʪʠʦʥʠʣʭʣʦʨʠʜ) ʠʣʠ 

ʥʝʧʦʣʷʨʥʳʭ (ʭʣʦʨʦʬʦʨʤ, ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ) ʨʘʩʪʚʦʨʠʪʝʣʷʭ [116]. ʆʜʥʘʢʦ ʩʨʝʜʠ 

ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʰʥʦʡ 

ʠʥʪʝʨʢʘʣʘʮʠʠ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʪʦʣʴʢʦ ʜʣʷ FeCl3.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [124ï126] ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʀʉɻ ʩ FeCl3 

ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ (ʚʧʣʦʪʴ ʜʦ ʧʝʨʚʦʡ) ʚ ʥʠʪʨʦʤʝʪʘʥʝ, ʧʨʠʯʝʤ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ ʥʝ ʪʨʝʙʦʚʘʣʦʩʴ ʚʚʝʜʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʦʙʲʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʭʣʦʨʘ, ʪʘʢ ʢʘʢ ʩʘʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʢʘʟʘʣʩʷ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ 

ʩʣʦʝʚʦʤ ʧʘʢʝʪʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘʙʣʶʜʘʣʘʩʴ ʩʦʚʤʝʩʪʥʘʷ ʠʥʪʝʨʢʘʣʘʮʠʷ 

FeCl3-CH3NO2.  
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ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ FeCl3 ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʪʨʠ- ʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʘʭ [127,128]. ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ ʯʝʨʝʟ ʨʘʩʪʚʦʨ 

ʥʝʧʨʝʨʳʚʥʦ ʧʦʜʘʚʘʣʩʷ ʭʣʦʨ. ʀʟ-ʟʘ ʤʘʣʦʡ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʛ/ʤʣ) 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʵʪʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʀʉɻ-FeCl3 

ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʀʉɻ ʟʘ ʦʜʠʥ ʩʠʥʪʝʟ 

ʦʢʘʟʳʚʘʶʪʩʷ ʦʯʝʥʴ ʥʝʚʝʣʠʢʠ (50-100 ʤʛ).  

ʊʘʙʣʠʮʘ 4. 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʀʉɻʍʄ. 

ʄʝʪʦʜ ʩʠʥʪʝʟʘ ɺʦʟʤʦʞʥʦʩʪʠ ʅʝʜʦʩʪʘʪʢʠ 

ɻʘʟʦʬʘʟʥʳʡ 

ʙʝʟʛʨʘʜʠʝʥʪʥʳʡ 

ʉʠʥʪʝʟ ʀʉɻ ʨʘʟʣʠʯʥʳʭ 

ʩʪʫʧʝʥʝʡ ʩ FeCl3, CoCl2, 

NiCl2. 

ɼʣʠʪʝʣʴʥʳʡ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʩʫʪʦʢ) ʩʠʥʪʝʟ ʀʉɻ ʩ CoCl2 ʠ NiCl2 

ʚ ʘʤʧʫʣʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʭʣʦʨʦʤ. 

ʠʟ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʣʘʚʘ 

ʉʠʥʪʝʟ ʀʉɻ ʨʘʟʣʠʯʥʳʭ 

ʩʪʫʧʝʥʝʡ ʩ FeCl3, CoCl2, 

NiCl2 ʟʘ ʤʝʥʴʰʝʝ ʚʨʝʤʷ. 

ʊʨʝʙʫʝʪ ʦʪʤʳʚʢʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʦʪ ʠʟʙʳʪʢʘ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʚʝʱʝʩʪʚ. 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʚʝʱʝʩʪʚʘ-

ʧʝʨʝʥʦʩʯʠʢʘ 

ʉʠʥʪʝʟ ʪʨʦʡʥʳʭ ʀʉɻ 

ʉ-FeCl3-CoCl2(NiCl2) 

ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʉʠʥʪʝʟ ʙʠʥʘʨʥʳʭ ʀʉɻ ʩʠʣʴʥʦ 

ʟʘʪʨʫʜʥʝʥ. 

ɻʘʟʦʬʘʟʥʳʡ 

ʛʨʘʜʠʝʥʪʥʳʡ 

ʉʠʥʪʝʟ ʀʉɻ ʩ FeCl3 

ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ.  

ɺʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʛʨʘʜʠʝʥʪʥʦʡ ʧʝʯʠ, ʥʝ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʩʠʥʪʝʟʘ ʀʉɻ ʩ CoCl2 ʠ NiCl2. 

ɾʠʜʢʦʬʘʟʥʳʡ 

(ʨʘʩʪʚʦʨʥʳʡ) 

ʉʠʥʪʝʟ ʀʉɻ ʩ FeCl3 

ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ. 

ʅʠʟʢʠʝ ʚʳʭʦʜʳ ʚ ʨʝʘʢʮʠʠ, 

ʜʣʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ, ʩʦʚʥʝʜʨʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ 
ʉʠʥʪʝʟ ʀʉɻ ʩ FeCl3 

ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʊʨʝʙʫʝʪ ʥʘʣʠʯʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, 

ʩʦʚʥʝʜʨʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʀʉɻ-FeCl3 ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʥʠʪʨʦʤʝʪʘʥ, ʚʦʜʘ, ʩʤʝʩʴ 

ʫʢʩʫʩʥʦʡ ʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪ). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʛʨʘʬʠʪʘ ʚ ʨʘʩʪʚʦʨʘʭ FeCl3 ʚ CH3NO2 

[129] ʠ CH3COOH-HCl [130] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʀʉɻ ʪʨʝʪʴʝʡ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ ʩ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝʡ (di å 9,20 ¡), ʯʝʤ ʧʨʠ ʛʘʟʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ 

(di å 9,40 ¡) ʪʦʣʱʠʥʦʡ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʦʯʝʚʠʜʥʦ ʩʚʷʟʘʥʦ ʩ ʩʦʚʥʝʜʨʝʥʠʝʤ ʚ 

ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʨʘʬʠʪʘ ʚʤʝʩʪʝ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ ʩʠʥʪʝʟʝ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [131] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʙʦʣʝʝ 



35 

ʟʘʧʦʣʥʝʥʥʘʷ ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ ʩʦʩʪʘʚʘ C25FeCl2,7Ā2,8H2O (di = 9,40 ¡). ʆʜʥʘʢʦ 

ʩʦʦʪʥʦʰʝʥʠʝ C:Fe ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʥʝʡ ʚʳʰʝ (25:1), ʯʝʤ ʚ ʀʉɻ, ʧʦʣʫʯʘʝʤʦʤ ʧʦ 

ʛʘʟʦʬʘʟʥʦʤʫ ʤʝʪʦʜʫ, ʛʜʝ C:Fe ʨʘʚʥʦ 12ï17:1 ʟʘ ʩʯʝʪ ʦʧʷʪʴ ʞʝ ʩʦʚʥʝʜʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʆʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʀʉɻ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʩ ʘʥʘʣʠʟʦʤ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʠʥʪʝʟʘ ʀʉɻ ʩ ʭʣʦʨʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʛʘʟʦʬʘʟʥʳʡ ʩʧʦʩʦʙ ʠ 

ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ.  

ɺʥʝʜʨʝʥʠʝ FeCl3 ʚ ʛʨʘʬʠʪ ʧʨʠ ʛʘʟʦʬʘʟʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ [132]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʭʣʦʨʠʜ ʞʝʣʝʟʘ (III) ʠʩʧʘʨʷʝʪʩʷ 

ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʜʠʤʝʨʘ:  

2FeCl3 ź Fe2Cl6 (17)  

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ Fe2Cl6:  

Fe2Cl6 Ÿ 2FeCl2 + Cl2ŷ (18)  

ɺʳʜʝʣʷʶʱʠʡʩʷ ʚ ʭʦʜʝ ʜʠʩʩʦʮʠʘʮʠʠ ʭʣʦʨ ʦʢʠʩʣʷʝʪ ʛʨʘʬʠʪ ʠ ʧʦʟʚʦʣʷʝʪ 

ʭʣʦʨʠʜʫ ʞʝʣʝʟʘ ʚʥʝʜʨʠʪʴʩʷ ʚ ʫʛʣʝʨʦʜʥʫʶ ʤʘʪʨʠʮʫ: 

12nC + İCl2 + FeCl2 + FeCl3 Ÿ 2C6nFeCl3, ʛʜʝ n ï ʥʦʤʝʨ 

ʩʪʫʧʝʥʠ 

(19)  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʉɻ ʩ FeCl3 ʍʝʥʥʠʥʛʦʤ 

[133] ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʭʣʦʨ ʷʚʣʷʝʪʩʷ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʵʪʦʤʫ 

ʦʙʨʘʟʫʶʱʝʝʩʷ ʩʣʦʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ ὅὊὩὅὰϽάὊὩὅὰ ʦʙʣʘʜʘʝʪ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʛʨʘʬʠʪʘ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɼʘʥʥʘʷ ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʉɻ-FeCl3 [134], ʢʦʪʦʨʳʝ 

ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʀʉɻ ʞʝʣʝʟʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +2 ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʪ 7 ʜʦ 18 %, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʘʢ ʚ ʭʦʜʝ ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʜʠʤʝʨʘ Fe2Cl6 ʧʦ ʨʝʘʢʮʠʠ (18). ʊʘʢʞʝ ʜʣʷ FeCl3 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʟʙʳʪʦʯʥʦʛʦ ʛʘʣʦʛʝʥʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʦʜʥʘʢʦ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʪʫʧʝʥʠ (ʨʠʩʫʥʦʢ 10) ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ [135] 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʣʘʙʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʝʜʨʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʩ ʛʨʘʬʠʪʦʚʳʤʠ 
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ʩʝʪʢʘʤʠ ʧʨʠ ʭʝʤʦʩʦʨʙʮʠʠ ʭʣʦʨʘ ʥʘ ʛʨʘʬʠʪʝ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʦʜʚʠʞʥʦʩʪʠ ʦʩʪʨʦʚʢʦʚ ʠʥʪʝʨʢʘʣʘʪʘ ʚ ʤʝʞʩʣʦʝʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ ʦʙʣʝʛʯʘʶʱʝʡ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʥʝʜʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʦʤʝʥʦʚ 

ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ. 

 

ʈʠʩʫʥʦʢ 10 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʀʉɻ-FeCl3-IIʩʪ., ʧʦʣʫʯʝʥʥʳʭ ʛʘʟʦʬʘʟʥʳʤ 

ʛʨʘʜʠʝʥʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʟʘʧʘʡʢʝ ʘʤʧʫʣ ɸ) ï ʧʦʜ ʚʘʢʫʫʤʦʤ, ɹ) ï ʧʦʜ 

ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ Cl2 [135] 

ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʭʣʦʨʠʜʦʚ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʦʢʠʩʣʷʶʱʠʡ ʘʛʝʥʪ ʭʣʦʨ ʚʩʝʛʜʘ ʚʚʦʜʠʪʩʷ ʚ 

ʩʠʩʪʝʤʫ ʧʨʠʥʫʜʠʪʝʣʴʥʦ, ʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ, 

ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʛʘʣʦʛʝʥ : ʤʝʪʘʣʣ ʚ ʀʉɻ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʯʝʤ ʚ 

ʩʘʤʦʤ ʚʥʝʜʨʷʝʤʦʤ ʭʣʦʨʠʜʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʩʪʨʦʚʢʦʚ 

ʠʥʪʝʨʢʘʣʘʪʘ [132].  

5,5nC + İŭCl2 + MCl2 Ÿ C5,5nMCl2+ŭ, ʛʜʝ n ï ʥʦʤʝʨ ʩʪʫʧʝʥʠ, M 

= Co, Ni, ʟʥʘʯʝʥʠʝ ŭ = 0,01 õ 0,1 

(19)  

ʇʦʜʨʦʙʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʉɻ-FeCl3 ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ, ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʢʦʤʙʠʥʘʮʠʶ 

ʧʦʜʨʝʰʝʪʦʢ ʛʨʘʬʠʪʘ ʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III), ʧʦʚʝʨʥʫʪʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ 

ʚʦʢʨʫʛ ʦʙʱʝʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʦʩʠ çʩè ʥʘ ʫʛʦʣ ʨʘʚʥʳʡ 30Á [136ï138]. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ FeCl3-ʀʉɻ I ʩʪʫʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 11.  

 

ʈʠʩʫʥʦʢ 11 ï ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ FeCl3-ʀʉɻ I ʩʪʫʧʝʥʠ. ʉʝʨʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʢʦʨʠʯʥʝʚʳʤ ï ʞʝʣʝʟʘ, ʟʝʣʝʥʳʤ ï ʭʣʦʨʘ [139] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʥʳʡ ʩʣʦʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ (ʨʠʩʫʥʦʢ 12) ʢʘʢ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʝʪʢʫ ʘʪʦʤʦʚ ʞʝʣʝʟʘ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ Fe-Fe 

ʨʘʚʥʦ 4,063 ¡), ʟʘʢʣʶʯʝʥʥʫʶ ʤʝʞʜʫ ʜʚʫʤʷ ʪʨʝʫʛʦʣʴʥʳʤʠ ʩʝʪʢʘʤʠ ʘʪʦʤʦʚ ʭʣʦʨʘ 

(ʨʘʩʩʪʦʷʥʠʝ Cl-Cl ʩʦʩʪʘʚʣʷʝʪ 3,519 ¡) ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ ʘʪʦʤ ʞʝʣʝʟʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ, ʧʨʠʯʝʤ ʪʨʠʛʦʥʘʣʴʥʘʷ ʦʩʴ ʵʪʦʛʦ ʦʢʪʘʵʜʨʘ 

ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ çʩè ʀʉɻ [140]. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʪʢʘʤʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʠ ʭʣʦʨʘ ʚ 

ʩʦʝʜʠʥʝʥʠʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʨʘʚʥʦ 1,396 ¡ ʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ ʯʠʩʪʦʛʦ FeCl3 (1,338 ¡) [141]. ʆʪʢʣʦʥʝʥʠʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʠ ʧʦʪʝʨʷ ʠʤʠ ʜʘʣʴʥʝʛʦ (å 1000 ) ʜʚʫʤʝʨʥʦʛʦ ʧʦʨʷʜʢʘ 

ʦʙʲʷʩʥʷʶʪʩʷ ʚʣʠʷʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʩʝʪʦʢ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʤʝʱʝʥʠʶ ʘʪʦʤʦʚ ʭʣʦʨʘ 

ʥʘ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ ʧʦʟʠʮʠʠ [140]. 
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ʈʠʩʫʥʦʢ 12 ï ʘ) ʅʝʧʨʠʤʠʪʠʚʥʘʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʷʯʝʡʢʘ Feʉl3. ʇʦʢʘʟʘʥʦ 

ʧʝʨʝʩʝʯʝʥʠʝ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ ʭʣʦʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʯʝʡʢʠ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ 

ʪʨʝʫʛʦʣʴʥʘʷ (6-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ) ʩʪʨʫʢʪʫʨʘ ʧʣʦʩʢʦʩʪʠ Cl, ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ (3-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ) ʩʪʨʫʢʪʫʨʘ ʧʣʦʩʢʦʩʪʠ Fe ʠ ʦʢʪʘʵʜʨʳ FeCl6. ʙ) ʇʨʠʤʠʪʠʚʥʘʷ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʵʥʜʚʠʯ-ʩʣʦʷ FeCl3 (ʚʜʦʣʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʣʦʶ ʦʩʠ çcè. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʘʪʦʤʦʚ ʭʣʦʨʘ ʠ ʞʝʣʝʟʘ ʥʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ [140] 

ʄʦʨʬʦʣʦʛʠʷ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ FeCl3-ʀʉɻ I ʠ II  ʩʪʫʧʝʥʠ ʙʳʣʠ ʧʦʜʨʦʙʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [142]. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ 

ʧʦʤʦʱʴʶ ʘʚʪʦʵʤʠʩʩʠʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 13 

ʘ, b) ʚʠʜʥʦ, ʯʪʦ ʧʣʘʥʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʯʝʰʫʝʢ ʛʨʘʬʠʪʘ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʦʩʣʝ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʚ ʥʝʛʦ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ. ʀʟʦʙʨʘʞʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʨʠʩʫʥʦʢ 13 c, 

d), ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʜʘʞʝ ʥʦʤʝʨ ʩʪʫʧʝʥʠ ʠ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʠʜʝʥʪʠʯʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 13 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ (a) ʀʉɻ-FeCl3 I ʩʪʫʧʝʥʠ ʠ (b) ʀʉɻ-FeCl3 II 

ʩʪʫʧʝʥʠ; ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄɺʈ ʜʣʷ ʀʉɻ-FeCl3 I ʩʪʫʧʝʥʠ (c) ʠ ʀʉɻ-FeCl3 II ʩʪʫʧʝʥʠ 

(d). ʂʨʫʞʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʩʣʦʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ, ʘ ʣʠʥʠʷʤʠ - ʩʣʦʠ ʛʨʘʬʠʪʘ [142] 

ʀʉɻ ʩ CoCl2 ʠ NiCl2 ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʩ ʀʉɻ-FeCl3 ʩʪʨʦʝʥʠʝ. 

ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭʩʣʦʡʥʦʛʦ çʩʵʥʜʚʠʯʘè ʠʟ ʘʪʦʤʦʚ Cl-M-Cl, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪ ʪʨʝʫʛʦʣʴʥʫʶ ʨʝʰʝʪʢʫ ʧʦʯʪʠ ʪʘʢʦʡ ʞʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʇʦʜʨʝʰʝʪʢʠ ʚʥʝʜʨʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʠ ʛʨʘʬʠʪʦʚʦʡ 

ʤʘʪʨʠʮʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚʦʢʨʫʛ ʦʙʱʝʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʦʩʠ çʩè ʥʘ ʫʛʦʣ ʨʘʚʥʳʡ 30Á. ʇʨʠ ʵʪʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʪ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʧʣʦʩʢʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʤʠ ʩʣʦʷʤʠ ʚ ʢʨʠʩʪʘʣʣʝ [118]. ʊʦʣʱʠʥʘ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ ʚ ʀʉɻ 

ʩ CoCl2 ʠ NiCl2 ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʀʉɻ-FeCl3 ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦ 

ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʦʪ 9,45 ʜʦ 9,5  [116]. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʭʣʦʨʠʜʦʚ ʚ ʦʙʳʯʥʦʤ ʠ ʚʦ ʚʥʝʜʨʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʭʣʦʨʠʜ ʚ 

ʀʉɻʍʄ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʘʥʘʣʦʛʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʠ ʚ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʀʉɻ-FeCl3 ʨʝʘʛʠʨʫʝʪ ʩ ʚʦʜʦʨʦʜʦʤ (ʧʨʦʧʫʩʢʘʥʠʝ ʚʦʜʦʨʦʜʘ 

ʯʝʨʝʟ ʀʉɻ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʝʚʝ ʜʦ 500 ÁC ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʥʝʜʝʣʴ), ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ 
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ʭʣʦʨʠʜʘ ʜʝʠʥʪʝʨʢʘʣʠʨʫʝʪʩʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ Ŭ-ʞʝʣʝʟʦ, ʘ ʯʘʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʜʦ FeCl2 ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ, ʬʦʨʤʠʨʫʷ ʀʉɻ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦ 

9,47  ʪʦʣʱʠʥʦʡ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ [143]. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʚʦʜʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʢʠʩʣʦʪʳ) ʀʉɻʍʄ ʣʠʙʦ ʦʙʨʘʟʫʶʪ ʪʨʦʡʥʳʝ ʀʉɻ [119], ʣʠʙʦ ʪʝʨʷʶʪ ʯʘʩʪʴ 

ʚʥʝʜʨʝʥʥʦʛʦ ʠʥʪʝʨʢʘʣʘʪʘ [144,145]. ʉʦʛʣʘʩʥʦ ʈʶʜʦʨʬʫ [138] ʫʜʘʣʝʥʠʝ ʚʥʝʜʨʝʥʥʦʛʦ 

ʭʣʦʨʠʜʘ ʠʟ ʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʩʣʦʝʚʳʭ ʧʘʢʝʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

çʩʭʣʦʧʳʚʘʥʠʝʤè ʩʝʪʦʢ, ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʜʦʣʷ ʚʳʤʳʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʨʘʩʪʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ, ʘ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ ʜʦ ʥʫʣʷ, ʭʦʪʷ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʚʥʝʜʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʪʘʝʪʩʷ ʚ ʛʨʘʬʠʪʝ (ʢʨʦʤʝ ʥʝʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʀʉɻ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʬʘʟʳ ʛʨʘʬʠʪʘ ʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʭʣʦʨʠʜʘ). 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʀʉɻʍʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 80ï100 ÁC ʧʦʩʣʝ 

ʚʳʜʝʨʞʢʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʠʥʪʝʨʢʘʣʘʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʟʘʧʦʣʥʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʧʫʩʪʫʶʱʠʝ ʧʨʠʛʨʘʥʠʯʥʳʝ, ʠ 

ʀʉɻʍʄ ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʩʥʦʚʘ ʪʝʨʷʝʪ ʯʘʩʪʴ ʚʥʝʜʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

ʆʙʨʘʙʦʪʢʘ ʀʉɻʍʄ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠʥʪʝʨʝʩʥʘ ʩ ʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʯʪʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʩʘʤʠʭ ʀʉɻʍʄ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʨʦʚʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ [146]. ʉʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʢ ʀʉɻ-FeCl3 ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʦʡʥʦʛʦ ʀʉɻ-FeCl3-HCl, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 800 ÁC ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʊʈɻ ʩ ʯʘʩʪʠʮʘʤʠ Fe2O3 ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʦʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 11 ʛ/ʣ [147]. ʆʙʨʘʙʦʪʢʘ ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ (ʊɻʌ) ʀʉɻ-FeCl3 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʊʀʉɻ, ʦʜʥʘʢʦ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʊʈɻ ʩ Fe2O3, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʜʘʥʥʦʛʦ ʀʉɻ ʥʘ 

ʚʦʟʜʫʭʝ ʧʨʠ 900 ÁC, ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʩ å 70 ʛ/ʣ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

ʀʉɻ-FeCl3 ʜʦ å 7 ʛ/ʣ [146]. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ 

ʀʉɻ-FeCl3 ʜʳʤʷʱʝʡ HNO3 ʧʨʦʠʩʭʦʜʠʪ ʜʝʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʀʉɻ ʩ HNO3, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʣʫʯʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 
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ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʶ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʊɻʌ ʧʨʦʠʩʭʦʜʠʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʯʘʩʪʠʯʥʦʝ 

ʚʳʤʳʚʘʥʠʝ ʭʣʦʨʠʜʘ ʠʟ ʤʝʞʩʣʦʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʚʷʟʳʚʘʥʠʝ ʝʛʦ ʚ ʢʦʤʧʣʝʢʩ ʩ 

ʊɻʌ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʟʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠ ʪʝʨʤʦʫʜʘʨʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʛʨʘʬʠʪʦʚʳʭ ʯʝʰʫʝʢ (ʨʠʩʫʥʦʢ 14). 

 

ʈʠʩʫʥʦʢ 14 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʉɻ-FeCl3 1-ʦʡ ʩʪʫʧʝʥʠ ʩ ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ [146] 

ʀʥʪʝʨʝʩʥʳʤ, ʥʦ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʉɻʍʄ 

ʩ ʘʤʤʠʘʢʦʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ. ɺʧʝʨʚʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ NH3 ʠ ʀʉɻ-FeCl3 ʩʦʦʙʱʠʣ ʈʶʜʦʨʬ [138]. ʇʦ ʝʛʦ ʜʘʥʥʳʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʀʉɻ-FeCl3 ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʙʫʭʘʥʠʝ ʯʘʩʪʠʮ ʀʉɻ. ʆʮʝʥʠʚʘʷ 

ʧʨʠʚʝʩ ʘʤʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦ ʚʟʷʪʦʤʫ ʀʉɻ, ʘʚʪʦʨ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦ 

ʪʦʤ, ʯʪʦ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʚʥʝʜʨʝʥʥʦʛʦ FeCl3 ʧʨʠʰʣʦʩʴ ʦʢʦʣʦ 6 ʤʦʣʝʢʫʣ NH3. 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʠʤʝʣʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʩʭʦʜʥʦʤʫ ʀʉɻ, ʟʘʪʦ ʠʤʝʣʦ ʣʠʥʠʶ 00l, ʦʪʚʝʯʘʶʱʫʶ ʤʝʞʩʣʦʝʚʦʤʫ ʨʘʩʩʪʦʷʥʠʶ 

8,64 . ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʵʪʦ ʣʠʥʠʷ 002, ʈʶʜʦʨʬ ʟʘʢʣʶʯʠʣ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʀʉɻ-FeCl3 ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ 

ʦʙʨʘʟʫʝʪʩʷ ʛʝʢʩʘʘʤʤʠʘʢʘʪ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III), ʧʨʠ ʵʪʦʤ ʪʦʣʱʠʥʘ ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʩʣʦʷ ʚ ʧʦʣʫʯʠʚʰʝʤʩʷ ʀʉɻ- Fe(NH3)6Cl3 ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʘ 16,7 . 
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ʂ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʚʳʚʦʜʘʤ ʧʨʠʰʝʣ ʘʚʪʦʨ ʨʘʙʦʪʳ [148]. ʇʦ ʝʛʦ ʜʘʥʥʳʤ ʚ 

ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʀʉɻ-FeCl3 ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʩʣʦʠʩʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 

ʥʘʩʳʱʝʥʥʦʛʦ ʘʤʤʠʘʢʦʤ ʀʉɻ ʪʦʣʴʢʦ ʣʠʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʛʨʘʬʠʪʫ, ʘʤʤʠʘʯʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ Fe(NH3)6Cl3 ʠ ʭʣʦʨʠʜʫ ʘʤʤʦʥʠʷ (ʪʘʙʣʠʮʘ 5). 

ʊʘʙʣʠʮʘ 5. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ  

ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʉɻ-FeCl3 c ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ [148]. 

 ̄ ɗ*, ʛʨʘʜ. I/I 0, % dhkl, ʥʤ ʌʘʟʘ 

1 8,91 60 0,578 Fe(NH3)6Cl3 

2 12,21 5 0,423 Fe(NH3)6Cl3 

3 14,16 15 0,366 Fe(NH3)6Cl3 

4 15,50 100 0,335 ʉʛʨ 

5 18,18 60 0,287 Fe(NH3)6Cl3 

6 19,21 5 0,272 NH4Cl 

7 19,66 40 0,266 Fe(NH3)6Cl3 

8 20,48 15 0,256 Fe(NH3)6Cl3 

9 32,19 10 0,168 ʉʛʨ 

* ï ʠʟʣʫʯʝʥʠʝ CoKŬ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʩ 

ʘʤʤʠʘʢʦʤ ʦʙʥʘʨʫʞʝʥʦ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ [149], ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʢʨʘʡʥʝ ʤʘʣʦ 

ʩʚʝʜʝʥʠʡ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʝʛʦ ʘʤʤʠʘʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʦʙʟʦʨʥʳʭ 

ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʞʝʣʝʟʘ (III ) [150] ʠ ʦʪʜʝʣʴʥʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III ) [151], ʩʦʦʙʱʘʝʪʩʷ ʣʠʰʴ ʦ ʪʦʤ, ʯʪʦ 

ʙʝʟʚʦʜʥʳʝ FeCl3 ʠ FeBr3 ʧʦʛʣʦʱʘʶʪ ʘʤʤʠʘʢ, ʦʙʨʘʟʫʷ ʩʠʣʴʥʦ ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ, 

ʥʝʩʪʘʙʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʇʨʠ ʵʪʦʤ 

ʘʤʤʠʘʯʥʳʡ ʢʦʤʧʣʝʢʩ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (II) ʫʩʪʦʡʯʠʚ ʠ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ [152]. ʅʘʣʠʯʠʝ NH4Cl ʚ ʧʨʦʜʫʢʪʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʉɻ-FeCl3 c ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʲʷʩʥʠʪʴ 

ʯʘʩʪʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ Fe3+ ʜʦ Fe2+, ʦʜʥʘʢʦ ʥʘʙʦʨ ʨʝʬʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

[148] ʜʣʷ Fe(NH3)6Cl3 ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʙʦʨʦʤ ʨʝʬʣʝʢʩʦʚ ʜʣʷ Fe(NH3)6Cl2. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢ ʯʝʤʫ ʧʨʠʚʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʀʉɻ-FeCl3 c ʞʠʜʢʠʤ 

ʘʤʤʠʘʢʦʤ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ ʜʨʫʛʠʭ ʀʉɻʍʄ ʩ 

ʘʤʤʠʘʢʦʤ: ʀʉɻ-MnCl2 [153], ʀʉɻ-MgCl2 [154], ʀʉɻ-CuCl2 [155] (ʪʘʙʣʠʮʘ 6). 
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ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʘʝʤʦʛʦ ʘʤʤʠʘʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʯʫʪʴ ʙʦʣʴʰʠʤ ʠʣʠ ʧʨʠʤʝʨʥʦ 

ʨʘʚʥʳʤ ʪʦʤʫ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʥʳʭ 

ʭʣʦʨʠʜʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʩʳʱʝʥʥʦʛʦ ʛʝʢʩʘʘʤʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʙʣʠʮʘ 6. 

ʉʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʘʭ ʀʉɻʍʄ-ʘʤʤʠʘʢ. 

ʉʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʀʉɻʍʄ ʉʦʩʪʘʚ ʀʉɻʍʄ, ʥʘʩʳʱʝʥʥʦʛʦ NH3 ʉʩʳʣʢʘ 

C5MnCl2 ï 1 ʩʪʫʧʝʥʴ C5MnCl2 Ā 7,2NH3 [153] 

C9MgCl2 ï 1 ʩʪʫʧʝʥʴ C9MgCl2 Ā 6NH3 [154] 

C5CuCl2 ï 1 ʩʪʫʧʝʥʴ C5CuCl2 Ā 5,9NH3 
[155] 

C7,4CuCl2 ï 2 ʩʪʫʧʝʥʴ C7,4CuCl2 Ā 6,6NH3 

ɼʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [153] ʟʘʢʣʘʜʳʚʘʣʠ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʮʠʢʣʘʭ ʘʙʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʀʉɻʍʄ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʜʦʣʛʦʚʝʯʥʳʤ, ʯʝʤ 

ʩʘʤ ʭʣʦʨʠʜ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʨʦʣʠ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. ʀʟʫʯʘʷ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʨʳ [153ï155] ʧʨʠʭʦʜʷʪ ʢ ʦʙʱʝʤʫ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʤʤʠʘʢʘ ʧʨʦʠʩʭʦʜʠʪ ʜʝʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʭʣʦʨʠʜʘ ʤʝʪʘʣʣʘ ʠʟ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʤʤʠʘʢʦʤ ʭʣʦʨʠʜʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ, ʘ ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ 

ʦʙʣʘʩʪʷʭ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʜʝʣʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʀʉɻʍʄ 

ʘʤʤʠʘʢʦʤ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʬʘʟʳ ʘʤʤʠʘʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʤʝʪʘʣʣʘ 

ʠ ʛʨʘʬʠʪʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ, ʯʝʤ ʫ ʩʘʤʦʛʦ ʭʣʦʨʠʜʘ ʧʘʨʘʤʝʪʨʦʤ 

ʨʝʰʝʪʢʠ, ʛʨʘʬʠʪ ʘʤʦʨʬʠʟʫʝʪʩʷ. ʆʙ ʵʪʦʤ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʥʝʭʘʨʘʢʪʝʨʥʦ 

ʩʣʘʙʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʰʠʨʝʥʥʳʭ ʛʨʘʬʠʪʦʚʳʭ ʣʠʥʠʡ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʦʙʨʘʟʮʦʚ ʀʉɻʍʄ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ (ʨʠʩʫʥʦʢ 15). ɺʦʟʤʦʞʥʦ, ʘʤʤʠʘʢ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʀʉɻʍʄ ʘʥʘʣʦʛʠʯʥʳʤ ʩ ʚʦʜʦʡ ʠʣʠ ʜʨʫʛʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ 

ʦʙʨʘʟʦʤ, ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʦʥ ʧʨʦʭʦʜʠʪ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ ʟʘʧʦʣʥʝʥʥʳʭ 

ʭʣʦʨʠʜʦʤ ʛʨʘʬʠʪʦʚʳʭ ʛʘʣʝʨʝʡ, ʘ ʟʘʪʝʤ ʯʘʩʪʴ ʭʣʦʨʠʜʘ ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʢʨʘʝʚʳʭ 

ʦʙʣʘʩʪʝʡ, çʟʘʧʠʨʘʷè ʘʤʤʠʘʯʥʳʡ ʢʦʤʧʣʝʢʩ ʚʥʫʪʨʠ ʯʘʩʪʠʯʥʦ ʘʤʦʨʬʠʟʦʚʘʚʰʠʭʩʷ 

ʛʨʘʬʠʪʦʚʳʭ ʯʝʰʫʝʢ. 
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ʈʠʩʫʥʦʢ 15 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ C9MgCl2 Ā 6NH3 [154]. ʀʥʜʝʢʩʘʤʠ ʄʠʣʣʝʨʘ 

(hkl) ʦʙʦʟʥʘʯʝʥʳ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʢʩʘʘʤʤʠʘʢʘʪʫ ʭʣʦʨʠʜʘ ʤʘʛʥʠʷ 

Mg(NH3)6Cl2, ʩʠʤʚʦʣʦʤ * ï ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ, ʫʰʠʨʝʥʥʳʝ ʧʠʢʠ ʛʨʘʬʠʪʘ. ʇʠʢʠ 

ʠʩʭʦʜʥʦʛʦ ʀʉɻ C9MgCl2 ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʘʜʜʫʢʪ ʥʝ ʷʚʣʷʝʪʩʷ ʚ ʧʦʣʥʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (intercalation compound), ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ, 

ʢʘʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [154], ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʚʢʣʶʯʝʥʠʷ (inclusion compounds) 

ʠʣʠ ʞʝ ʢ ʦʢʢʣʶʟʠʚʥʳʤ ʢʦʤʧʣʝʢʩʘʤ (occlusion complexes) [155]. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʪʣʠʯʘʪʴ çʠʩʪʠʥʥʦè ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʠʷ, 

ʘʚʪʦʨʳ [155] ʧʨʝʜʣʘʛʘʶʪ ʧʝʨʝʡʪʠ ʦʪ ʦʙʱʝʧʨʠʥʷʪʦʡ ʜʣʷ ʀʉɻ ʬʦʨʤʳ ʟʘʧʠʩʠ ʙʨʫʪʪʦ-

ʩʦʩʪʘʚʘ, ʥʘʧʨʠʤʝʨ, C5CuCl2 ʢ {5ʉ}CuCl2 Ā 5,9NH3.  

ʂʨʦʤʝ ʘʤʤʠʘʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʭʣʦʨʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʧʦʩʦʙʥʳ 

ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʤʤʠʘʢʘ ï ʘʤʠʥʘʤʠ [156]. ɺ 

ʨʘʙʦʪʝ [157] ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʠ ʀʉɻ ʩ FeCl3 ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʘʣʢʠʣʘʤʠʥʘʤʠ. ʊʘʢ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʪʝʯʝʥʠʝ 6 

ʯʘʩʦʚ ʧʨʠ 90 ÁC ʀʉɻ-FeCl3 1-ʦʡ ʩʪʫʧʝʥʠ ʜʦʜʝʮʠʣʘʤʠʥʦʤ (ɼɸ) ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʘʤʦʨʬʠʟʘʮʠʷ: ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʥʠ 

ʧʠʢʠ ʀʉɻ, ʥʠ ʧʠʢʠ ʛʨʘʬʠʪʘ, ʥʠ ʧʠʢʠ FeCl3. ɽʜʠʥʩʪʚʝʥʥʳʡ ʨʝʬʣʝʢʩ, ʦʙʥʘʨʫʞʝʥʥʳʡ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʣʦʚ 2Ū ʨʘʚʥʦʤ 0,5ï3,0 Á, 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʥʝʩʣʠ ʢ 001 ʨʝʬʣʝʢʩʫ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʀʉɻ-FeCl3-ɼɸ ʩ ʪʦʣʱʠʥʦʡ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ 35 . ʇʦ ʚʝʨʩʠʠ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ ʜʦʜʝʮʠʣʘʤʠʥ ʠʥʪʝʨʢʘʣʠʨʫʝʪʩʷ ʚ 

ʀʉɻ-FeCl3 (ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʚʥʝʜʨʝʥʥʦʛʦ ʘʤʠʥʘ ʥʝ ʧʨʠʚʦʜʷʪʩʷ), ʦʙʨʘʟʫʷ ʩ 

ʭʣʦʨʠʜʦʤ ʢʦʤʧʣʝʢʩ ʚʥʫʪʨʠ ʛʨʘʬʠʪʦʚʳʭ ʛʘʣʝʨʝʡ. ʆʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ 

ʧʠʨʠʜʠʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʛʨʘʬʠʪʘ ʩ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʥʘʥʝʩʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ: Fe3O4 ʠʣʠ ɔ-Fe2O3, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʘʤʠʥʦʤ FeCl3 (ʨʠʩʫʥʦʢ 16). 

 

ʈʠʩʫʥʦʢ 16 ï ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʀʉɻ-FeCl3 ʜʦʜʝʮʠʣʘʤʠʥʦʤ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʘʜʜʫʢʪʘ ʚ ʫʣʴʪʨʘʟʚʫʢʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʤʫʣʴʪʠʛʨʘʬʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʩ ʥʘʥʝʩʝʥʥʦʡ ʦʢʩʠʜʥʦʡ ʬʘʟʦʡ [157] 

ɺ ʟʘʚʝʨʰʝʥʠʠ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʨʦʙʥʦ ʦʩʚʝɦ ʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʨʘʟʣʠʯʥʳʭ 

ʀʉɻʍʄ. ʆʜʥʘʢʦ ʩʘʤʠ ʧʦ ʩʝʙʝ ʀʉɻʍʄ ʠʟ-ʟʘ ʥʠʟʢʠʭ ʩʪʝʧʝʥʝʡ ʨʘʩʰʠʨʝʥʠʷ ʥʝ 

ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʟʢʦʧʣʦʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ, ʥʦ ʤʦʛʫʪ ʩʪʘʪʴ ʪʘʢʦʚʦʡ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʠʭ ʨʘʟʣʠʯʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʚʠʜʷʪʩʷ ʘʤʤʠʘʢ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʢʦʪʦʨʳʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʀʉɻʍʄ, ʜʝʣʘʶʪ 

ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʯʝʤ-ʪʦ ʧʦʭʦʞʝʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ. ʇʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻʍʄ, ʟʘ ʩʯʝʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʥʘʯʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʭʣʦʨʠʜʦʤ ʤʝʪʘʣʣʘ ʛʘʟʦʚ, ʜʦʣʞʥʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ, ʘ ʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʧʨʠʨʦʜʘ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʦ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ. ʉʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ, ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʜʝʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ, ʪʘʢ ʢʘʢ ʠʤʝʶʱʠʝʩʷ ʦʪʨʳʚʦʯʥʳʝ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦ ʥʠʭ ʦʜʥʦʟʥʘʯʥʳʭ ʚʳʚʦʜʦʚ. 
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1.2.3. ʀʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʛʨʘʬʠʪ 

ɹʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʢʘʢ ʠ ʤʝʪʘʣʣʳ ʪʨʠʘʜʳ ʞʝʣʝʟʘ, ʤʦʛʫʪ ʚʥʝʜʨʷʪʴʩʷ ʚ 

ʛʨʘʬʠʪ ʚ ʚʠʜʝ ʭʣʦʨʠʜʦʚ ʠ ʙʨʦʤʠʜʦʚ [116], ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʭʣʦʨʦʤ, ʥʘʧʨʠʤʝʨ, HAuCl4 

(ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʡʩʷ ʚ ʚʠʜʝ ʜʚʫʚʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [H5O2]+[AuCl4]-) ʠʣʠ H2PtCl6 

([H3O]2
+[PtCl6]-Ā4H2O). ʕʪʠ ʢʦʤʧʣʝʢʩʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʘʤʠ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ 

ɹʨʝʥʩʪʝʜʘ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʥʪʝʢʨʘʣʠʨʦʚʘʥʳ ʚ ʛʨʘʬʠʪ [158]. ɽʱʝ ʦʜʥʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠ ʛʘʣʦʛʝʥʠʜʳ ʟʦʣʦʪʘ. 

ɹʫʜʫʯʠ ʧʣʦʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʦʥʠ, ʚʥʝʜʨʷʷʩʴ ʚ ʛʨʘʬʠʪ, ʬʦʨʤʠʨʫʶʪ ʟʘʧʦʣʥʝʥʥʳʡ 

ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 6,70-6,90 , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʛʘʣʦʛʝʥʠʜʦʚ ʜʨʫʛʠʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 9,30-9,50 . ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ 

ʩʪʨʦʝʥʠʶ ʀʉɻ ʩ AuCl3 ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʦʙʳʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ, ʥʝʞʝʣʠ ʫ ʩʘʤʦʛʦ ʛʨʘʬʠʪʘ, ʧʘʨʘʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʇʘʫʣʠ [159] ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʝ ʜʣʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʵʬʬʝʢʪʘ ʜʝ 

ʍʘʘʟʘ ï ʚʘʥ ɸʣʴʬʝʥʘ [160]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʣʦʞʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʘʣʦʛʝʥʠʜʦʚ 

ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʦʯʝʥʴ 

ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʝʥʠʶ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ ʀʉɻ ʩ ʭʣʦʨʠʜʘʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʟʠʪʦʚ. 

ʍʣʦʨʠʜ ʟʦʣʦʪʘ (III) ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʠʤʝʨʘ Au2Cl6. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʥ 

ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ:  

Au2Cl6 Ÿ 2AuCl + 2Cl2ŷ (20)  

ʧʦʵʪʦʤʫ ʭʣʦʨʠʜ ʟʦʣʦʪʘ, ʢʘʢ ʠ ʭʣʦʨʠʜ ʞʝʣʝʟʘ (III), ʷʚʣʷʝʪʩʷ ʩʘʤʦʚʥʝʜʨʷʶʱʠʤʩʷ ʚ 

ʛʨʘʬʠʪ ʚʝʱʝʩʪʚʦʤ. ʉʠʥʪʝʟ ʀʉɻ ʩ AuCl3 ʧʦ ʛʘʟʦʬʘʟʥʦʤʫ ʛʨʘʜʠʝʥʪʥʦʤʫ ʤʝʪʦʜʫ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [161]. ɺʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

200 ʜʦ 300 ÁC, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʀʉɻ-AuCl3 ʦʪ ʧʝʨʚʦʡ ʜʦ ʯʝʪʚʝʨʪʦʡ 

ʩʪʫʧʝʥʠ. ɹʨʫʪʪʦ-ʬʦʨʤʫʣʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ 

C12,5nAuCl3 (n ï ʥʦʤʝʨ ʩʪʫʧʝʥʠ), ʪʦʣʱʠʥʘ ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʠʣʘ 6,80 . 

ʅʝʩʢʦʣʴʢʦ ʠʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʝ [114]. ʇʦʣʫʯʝʥʥʳʤ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ 

ʤʝʪʦʜʠʢʝ ʀʉɻ-AuCl3, ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʙʱʘʷ ʬʦʨʤʫʣʘ C14nAuCl3 ʩ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʩʤʝʱʝʥʥʳʤ ʚ ʩʪʦʨʦʥʫ ʛʨʘʬʠʪʘ ʩʦʦʪʥʦʰʝʥʠʝʤ C : Au ʠ ʯʫʪʴ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ 6,86 . ɺ ʨʘʙʦʪʝ [160] ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʩʠʥʪʝʟʘ ʀʉɻ-AuCl3 ʠ ʙʝʟʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ 

ʜʘʚʣʝʥʠʝʤ ʭʣʦʨʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʆʜʥʘʢʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʀʉɻ ʘʚʪʦʨʳ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ AuCl3 

ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ ʚ ʚʠʜʝ Au2Cl6, ʩʦʭʨʘʥʷʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʧʣʦʩʢʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ.  

 ʇʦ ʛʘʟʦʬʘʟʥʦʤʫ ʩʠʥʪʝʟʫ ʀʉɻ-PtCl4 ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʠ ʜʘʣʝʢʦ ʥʝ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ 

ʦʜʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʘʞʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [162], 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʀʉɻ ʩ PtCl4 ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ (ʫʩʣʦʚʠʷ: ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʨʘʬʠʪ : PtCl4 ï 3,3 ʢ 1, ʪʝʤʧʝʨʘʪʫʨʘ ï 

450 ÁC, ʜʘʚʣʝʥʠʝ ʭʣʦʨʘ ï 0,3 ʄʇʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ï 7 ʜʥʝʡ) ʣʠʰʴ 

ʩʤʝʩʠ ʀʉɻ-PtCl4 ʠ ʛʨʘʬʠʪʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʥʠʝ PtCl4 ʩʦʩʪʘʚʣʷʣʦ ʚʩʝʛʦ 15%ʤʘʩʩ..  

ʆʜʥʦʬʘʟʥʳʝ ʞʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʩʭʦʞʠʤ ʤʝʪʦʜʠʢʘʤ ʪʦʣʴʢʦ ʚ 

[163] ʠ [164]. ʇʦ ʜʘʥʥʳʤ [164] ʀʉɻ-PtCl4 ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ, ʠʤʝʶʱʝʝ ʙʨʫʪʪʦ-ʩʦʩʪʘʚ 

C48PtCl4 (di = 9,36 ) ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʩʤʝʩʠ ʛʨʘʬʠʪʘ ʠ 

ʛʝʢʩʘʛʠʜʨʘʪʘ H2PtCl6 ʚ ʟʘʧʘʷʥʥʦʡ ʘʤʧʫʣʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʩʫʭʠʤ ʭʣʦʨʦʤ ʚ ʭʦʜʝ 

ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 3-ʝʭ ʩʫʪʦʢ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC. 

ʆʪʤʳʚʢʘ ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʭʣʦʨ-ʧʣʘʪʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 240 ÁC 

ʧʨʠʚʦʜʠʪ ʷʢʦʙʳ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʚʥʝʜʨʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʜʦ C70PtCl4, ʭʦʪʷ ʥʦʤʝʨ 

ʩʪʫʧʝʥʠ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʀʉɻ-PtCl4, ʘʚʪʦʨʘʤʠ, ʫʚʳ, ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ɺ ʨʘʙʦʪʝ [158] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘ ʀʉɻ-HAuCl4 ʠ ʀʉɻ-H2PtCl6. ɽʝ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʭʣʦʨʘ 

ʯʝʨʝʟ ʨʘʩʧʣʘʚ ʛʠʜʨʘʪʦʚ ʪʝʪʨʘʭʣʦʨʘʫʨʦʥʦʚʦʡ ʠʣʠ ʛʝʢʩʘʭʣʦʨʧʣʘʪʠʥʦʚʦʡ ʢʠʩʣʦʪ ʚ 

ʩʤʝʩʠ ʩ ʛʨʘʬʠʪʦʤ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʀʉɻ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ: 

ʉ25HAuCl4 (1-ʘʷ ʩʪʫʧʝʥʴ, di = 6,74 ), ʉ64HAuCl4 (2-ʘʷ ʩʪʫʧʝʥʴ, di = 6,75 ), 

ʉ41H2PtCl5,6 (2-ʘʷ ʩʪʫʧʝʥʴ, di = 9,18 ). ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʭʣʦʨʠʜʦʚ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʀʉɻ (ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ ʟʘʧʦʣʥʝʥʥʳʭ ʩʣʦʝʚ 

ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠ), ʦʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜ : ʤʝʪʘʣʣ ʦʢʘʟʳʚʘʝʪʩʷ ʩʠʣʴʥʦ 
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ʩʤʝʱʝʥʥʳʤ ʚ ʩʪʦʨʦʥʫ ʛʨʘʬʠʪʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʣʠʙʦ ʩ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝʤ 

ʢʠʩʣʦʪ ʚ ʚʠʜʝ ʛʠʜʨʘʪʦʚ, ʣʠʙʦ ʩ ʢʘʢʠʤʠ-ʪʦ ʥʝʪʦʯʥʦʩʪʷʤʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʘʚʘ 

(ʘʚʪʦʨ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʧʨʠʚʦʜʠʪ ʵʪʫ ʤʝʪʦʜʠʢʫ). 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʀʉɻ-HNO3 ʷʚʣʷʝʪʩʷ ʟʘʨʷʞʝʥʥʦʡ ʤʘʪʨʠʮʝʡ ʠ 

ʩʧʦʩʦʙʥʦ ʚʩʪʫʧʘʪʴ ʚ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʥʝ 

ʩʧʦʩʦʙʥʦʡ ʢ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʶ ʙʝʟ ʩʪʦʨʦʥʥʝʛʦ ʦʢʠʩʣʠʪʝʣʷ [62]. ʊʦʪ ʞʝ ʩʘʤʳʡ 

ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ [89] ʜʣʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ H2PtCl6. ɺ ʥʝʡ ʥʠʪʨʘʪ 

ʛʨʘʬʠʪʘ 2-5 ʩʪʫʧʝʥʝʡ ʜʦʙʘʚʣʷʣʩʷ ʢ ʨʘʩʧʣʘʚʫ H2PtCl6 ʚ ʩʦʙʩʪʚʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʝ ʧʨʠ 80 ÁC. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʥʠʪʨʘʪ 

ʘʥʠʦʥʦʚ ʥʘ ʘʥʠʦʥʳ [HPtCl6]- ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʀʉɻ-H2PtCl6 ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ (ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ ʠʩʭʦʜʥʦ ʚʟʷʪʦʛʦ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ) ʩ ʪʦʣʱʠʥʦʡ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʩʣʦʷ 9,25 ï 9,30  (ʨʠʩʫʥʦʢ 17). 

 

ʈʠʩʫʥʦʢ 17 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʀʉɻ-H2PtCl6, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʥʠʪʨʘʪʦʤ ʛʨʘʬʠʪʘ [89]. * - ʨʝʬʣʝʢʩʳ ʪʝʬʣʦʥʦʚʦʡ ʧʣʝʥʢʠ 

ʂ ʩʦʞʘʣʝʥʠʶ, ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʀʉɻ, ʥʦ 

ʩʫʜʷ ʧʦ ʚʠʜʫ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʦʥʦ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʥʘ ʥʝʡ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʠʢʠ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʧʦʣʥʦʤ ʟʘʤʝʱʝʥʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʩ ʥʠʪʨʘʪʦʤ ʛʨʘʬʠʪʘ ï ʵʪʦ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʀʉɻ ʩ ʭʣʦʨ-ʧʣʘʪʠʥʦʚʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʢ ʪʦʤʫ ʞʝ ʜʦʣʷ ʚʥʝʜʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʀʉɻ ʩ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʛʝʢʩʘʭʣʦʨʧʣʘʪʠʥʦʚʦʡ ʢʠʩʣʦʪʝ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʭʦʪʷ ʥʝ ʚʠʜʠʪʩʷ ʥʠʢʘʢʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

1.3. ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʜʫʢʪʦʚ ʠ ʠʟʜʝʣʠʡ, ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʠʙʢʠʡ ʛʨʘʬʠʪʦʚʳʡ ʣʠʩʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʨʘʟʣʠʯʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [165]. ɼʨʫʛʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʊʈɻ ʦʪʢʨʳʚʘʝʪ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ. ʉʨʝʜʠ 

ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʣʫʯʝʥʠʝ ʊʈɻ ʩ ʬʝʨʨʠʤʘʛʥʠʪʥʳʤʠ ʬʘʟʘʤʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʠʭ ʨʘʟʣʠʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʡ ʠʣʠ ʫʪʝʯʝʢ [166,167]. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʊʈɻ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʩʧʣʘʚʘʤʠ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʨʘʥʦʚ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [168,169]. ʊʘʢʞʝ 

ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʞʝʣʝʟʦ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩʦʨʙʝʥʪ ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʩʦʣʝʡ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ [170,171]. ʂʦʤʧʦʟʠʪʳ ʊʈɻ ʩ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠʣʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʩʝʥʩʦʨʦʚ [11,172]. ɽʱʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟ. ʄʝʪʘʣʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʘʟʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʦʩʪʘ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠʣʠ ʚ ʧʨʦʮʝʩʩʘʭ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʦʙʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʛʘʟʦʜʠʬʬʫʟʠʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʜʣʷ ʪʦʧʣʠʚʥʳʭ 
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ʵʣʝʤʝʥʪʦʚ, ʘ ʛʨʘʬʠʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʡ ʧʦʨʠʩʪʦʡ ʧʦʜʣʦʞʢʠ 

[9,173,174]. 

ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ 

ʤʦʜʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ, ʥʘʧʨʠʤʝʨ, ʥʠʪʨʘʪʘ ʠʣʠ 

ʙʠʩʫʣʴʬʘʪʘ ʛʨʘʬʠʪʘ ʊʈɻ. ɺʦ ʚʪʦʨʦʤ ʞʝ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʩʦʚʤʝʱʝʥ ʩ ʧʨʦʮʝʩʩʦʤ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʛʨʘʬʠʪʘ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʨʦʙʥʦ. 

1.3.1. ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʦʜʭʦʜʦʤ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʩʭʝʤʫ ʧʦʣʫʯʝʥʠʷ ʊʈɻ 

(ʨʠʩʫʥʦʢ 7) ʜʦʙʘʚʣʷʶʪʩʷ ʩʪʘʜʠ ̫ ʥʘʥʝʩʝʥʠʷ ʥʘ ʊʈɻ ʧʨʝʢʫʨʩʦʨʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʠ ʩʪʘʜʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʊʈɻ/ʧʨʝʢʫʨʩʦʨ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʧʨʝʢʫʨʩʦʨʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʯʘʩʪʠʮ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ (ʨʠʩʫʥʦʢ 18).  

 

ʈʠʩʫʥʦʢ 18 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʊʈɻ/ʤʝʪʘʣʣ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ 

ʥʝʛʦ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦ ʩʠʥʪʝʟʫ ʊʈɻ ʩ 

ʥʘʥʝʩʝʥʥʦʡ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʠʤʝʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʫʜʝʪ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. 

ɺ ʩʪʘʪʴʝ [175] ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/CoNi ʩ ʮʝʣʴʶ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʆɻ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʝʥʠʚʘʥʠʷ 900 ÁC, ʜʘʥʥʳʝ ʧʦ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ʊʈɻ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʚʦʜʥʳʝ CoCl2 
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ʠ NiCl2. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʊʈɻ 

ʭʣʦʨʠʜʳ, ʛʨʘʬʠʪ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥʫʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʩʤʝʩʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠʩʴ ʢʘʨʙʘʤʠʜ, ʛʠʜʨʘʟʠʥ 

ʛʠʜʨʘʪ ʠ ʪʚʝʨʜʳʡ NaOH, ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ʅʘʢʦʥʝʮ, ʩʤʝʩʴ 

ʧʦʤʝʱʘʣʘʩʴ ʚ ʘʚʪʦʢʣʘʚ ʥʘ 16 ʯʘʩʦʚ ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160 ÁC. ɼʣʷ 

ʫʜʘʣʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʢʦʤʧʦʟʠʪʳ ʊʈɻ/CoNi ʧʨʦʤʳʚʘʣʠʩʴ 

ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠʩʴ ʧʦʜ ʚʘʢʫʫʤʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. ʇʦ 

ʜʘʥʥʳʤ ʇʕʄ ʨʘʟʤʝʨ ʯʘʩʪʠʮ Co/Ni ʩʧʣʘʚʘ ʥʘ ʊʈɻ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 100 ʜʦ 500 ʥʤ, ʧʦ 

ʜʘʥʥʳʤ ʉʕʄ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʠʭ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ. ʂʦʤʧʦʟʠʪ ʊʈɻ/CoNi ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʣʦʪʠʪʝʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʝʤ ʩʘʤ 

Co/Ni ʩʧʣʘʚ. 

ɼʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʮʝʣʝʡ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [176] ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Fe3O4. ʇʨʝʢʫʨʩʦʨ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʛʝʢʩʘʛʠʜʨʘʪ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʠ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ (ʇʕɻ 2000) ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ 

ʵʪʠʣʝʥʛʣʠʢʦʣʝ, ʧʦʩʣʝ ʯʝʛʦ ʢ ʥʠʤ ʜʦʙʘʚʣʷʣʩʷ ʵʪʠʣʝʥʜʠʘʤʠʥ; ʟʘʪʝʤ ʩʤʝʩʴ 

ʧʦʤʝʱʘʣʘʩʴ ʘʚʪʦʢʣʘʚ ʧʨʠ 200 ÁC ʥʘ 6 ʯʘʩʦʚ. ʇʫʪʝʤ ʧʨʦʤʳʚʢʠ ʚʦʜʦʡ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʠʟ ʩʤʝʩʠ ʚʳʜʝʣʷʣʠʩʴ ʥʘʥʦʧʣʘʩʪʠʥʢʠ ʛʣʠʢʦʣʷʪʘ ʞʝʣʝʟʘ. ʂ ʊʈɻ, 

ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʠ 700 ÁC, ʜʦʙʘʚʣʷʣʠʩʴ ʧʨʝʢʫʨʩʦʨ ʠ ʚʦʜʘ. ʇʦʣʫʯʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʘʩʴ, ʟʘʪʝʤ ʞʠʜʢʦʩʪʴ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʘʩʴ. ʅʘʢʦʥʝʮ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʊʈɻ/ʧʨʝʢʫʨʩʦʨ ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʨʠ 

400 ÁC ʚ ʪʝʯʝʥʠʝ 2-ʫʭ ʯʘʩʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʢʦʤʧʦʟʠʪ ʊʈɻ/Fe3O4. 

ʇʦʣʫʯʝʥʥʳʡ Fe3O4 ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʥʘ ʊʈɻ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʣʝʮ ʜʠʘʤʝʪʨʦʤ 100-200 ʥʤ (ʨʠʩʫʥʦʢ 19).  

 

ʈʠʩʫʥʦʢ 19 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʊʈɻ/Fe3O4 [176] 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʥʝʬʪʠ ʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [177] ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʦʟʠʪ ʊʈɻ/MnFe2O4. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʝʪʨʘʛʠʜʨʘʪ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ (II) ʠ ʥʦʥʘʛʠʜʨʘʪ 

ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ (III). ʀʭ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʩʤʝʰʘʥʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʨʘʩʰʠʨʝʥʠʠ ʀʉɻ ʥʘ 

ʦʩʥʦʚʝ ʙʠʩʫʣʴʬʘʪʘ ʛʨʘʬʠʪʘ. ɿʘʪʝʤ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʳ. ɺʦʜʘ ʧʦʣʥʦʩʪʴʶ ʚʳʧʘʨʠʚʘʣʘʩʴ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʊʈɻ/ʧʨʝʢʫʨʩʦʨ ʥʘʛʨʝʚʘʣʩʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʠ 

ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 700 ÁC ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ 

ʊʈɻ/MnFe2O4 ʩ ʯʘʩʪʠʮʘʤʠ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʦʢʦʣʦ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʜʦ 20 ʵʤʝ/ʛ) ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʩʳʨʫʶ ʥʝʬʪʴ ʠ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ (ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʠʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 30-35 ʛ/ʛ). 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʤʝʪʦʜ 

ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘ ʊʈɻ ʧʦʟʚʦʣʷʝʪ ʦʯʝʥʴ ʪʦʥʢʦ ʫʧʨʘʚʣʷʪʴ 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ, ʦʜʥʘʢʦ ʪʨʫʜʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦʙʳ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʛ ʚʳʡʪʠ ʟʘ ʨʘʤʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʪʨʝʙʫʶʪ ʝʛʦ 

ʧʦʣʫʯʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʠ ʵʪʦʤ ʩʘʤ ʊʈɻ ï ʵʪʦ ʣʝʛʢʘʷ ʥʠʟʢʦʧʣʦʪʥʘʷ 

ʧʝʥʦʧʦʜʦʙʥʘʷ ʤʘʩʩʘ, ʧʦʵʪʦʤʫ ʣʶʙʘʷ ʝʛʦ ʧʦʩʪʦʙʨʘʙʦʪʢʘ (ʦʩʦʙʝʥʥʦ ʪʘʢʘʷ ʩʣʦʞʥʘʷ ʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʘʷ) ʙʫʜʝʪ ʚʩʝʛʜʘ ʥʠʟʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ ʧʦʜʭʦʜ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʊʈɻ. 

1.3.2. ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʧʫʪʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʧʨʝʢʫʨʩʦʨʘ ʩ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʉʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʠ ʪʨʫʜʦʟʘʪʨʘʪʥʫʶ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʊʈɻ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʧʨʝʢʫʨʩʦʨ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʚ ʦʢʠʩʣʝʥʥʳʡ 

ʛʨʘʬʠʪ ʠʣʠ ʩʘʤ ʛʨʘʬʠʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥ ʩʦʝʜʠʥʝʥʠʝʤ, 

ʬʦʨʤʠʨʫʶʱʠʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʫʶ ʬʘʟʫ. ʈʘʩʩʤʦʪʨʠʤ 

ʜʣʷ ʥʘʯʘʣʘ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ (ʨʠʩʫʥʦʢ 20). 
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ʈʠʩʫʥʦʢ 20 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʧʨʝʢʫʨʩʦʨʘ ʚ ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʚʝʜʝʥʠʝ ʧʨʝʢʫʨʩʦʨʘ ʚ ʆɻ ʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʆɻ/ʧʨʝʢʫʨʩʦʨ ʥʘ ʚʦʟʜʫʭʝ. ʆʙʨʘʟʫʶʱʘʷʩʷ ʦʢʩʠʜʥʘʷ ʬʘʟʘ, 

ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʠʣʠ ʤʝʪʘʥʘ. 

 ɺ ʩʪʘʪʴʝ [178] ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʙʠʩʫʣʴʬʘʪʘ 

ʛʨʘʬʠʪʘ, ʚʳʜʝʨʞʠʚʘʣʩʷ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʥʠʪʨʘʪʦʚ ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ, ʘ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʣʩʷ. ʈʘʟʣʠʯʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ 

ʛʨʫʧʧʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ 

ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʘ ʪʘʢʞʝ ʚ ʜʝʬʝʢʪʘʭ, ʪʨʝʱʠʥʘʭ ʠ ʧʦʣʦʩʪʷʭ ʛʨʘʬʠʪʦʚʦʡ 

ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʩʦʨʙʮʠʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʧʦʵʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʣʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʆɻ/ʧʨʝʢʫʨʩʦʨ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800-1000 ÁC 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʢʦʤʧʦʟʠʪ ʊʈɻ/MFe2O4 (M = Co, Ni), ʩ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 3-4 ʛ/ʣ. 

ʌʝʨʨʠʪʥʘʷ ʬʘʟʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʠʭ ʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʦʢʘʟʳʚʘʣʘʩʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ. 

ɼʘʥʥʳʡ ʢʦʤʧʦʟʠʪ ʦʙʣʘʜʘʣ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʜʦ 43 ʵʤʝ/ʛ ʠ 

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʥʝʬʪʠ ʜʦ 50 ʛ/ʛ. 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/ʬʝʨʨʠʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ (ʭʣʦʨʠʜʳ ʠʣʠ ʥʠʪʨʘʪʳ) ʚ ʩʤʝʩʠ ʩ 

ʥʠʪʨʘʪʘʤʠ Mg, Co, Ni (ʪʘʙʣʠʮʘ 7). ʀʪʦʛʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʥʘ ʊʈɻ 

ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ 

ʩʦ ʩʧʦʩʦʙʦʤ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ʏʝʤ ʙʦʣʝʝ ʜʝʬʝʢʪʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʆɻ, ʪʝʤ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʦʩʪʘʥʝʪʩʷ ʚ ʥʝʤ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʘʤʠ ʧʨʝʢʫʨʩʦʨʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʨʝʞʠʤʘʭ ʧʨʦʧʠʪʢʠ ʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ 

ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 1,5-2 ʨʘʟʘ ʚʳʰʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʜʚʝʨʛʘʣʩʷ ʆɻ ʥʘ ʦʩʥʦʚʝ ʙʠʩʫʣʴʬʘʪʘ ʛʨʘʬʠʪʘ, ʘ ʥʝ ʥʠʪʨʘʪ ʛʨʘʬʠʪʘ, ʧʦʣʫʯʝʥʥʳʡ 

ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʩʧʦʩʦʙʫ [179]. 
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ʊʘʙʣʠʮʘ 7. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʬʝʨʨʠʪʥʦʡ ʬʘʟʳ ʦʪ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʊʈɻ/MFe2O4 [179]. 

ʊʠʧ ʀʉɻ ʉʦʣʴ Fe3+  ʉʦʣʴ Me2+ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ, 

ÁC 

ʉʦʜʝʨʞʘʥʠʝ 

ʬʝʨʨʠʪʘ, 

%ʤʘʩʩ. 

ɹʠʩʫʣʴʬʘʪʥʳʡ FeCl3 Co(NO3)2 1000 52 

ʕ/ʭ ʥʠʪʨʘʪʥʳʡ FeCl3 Co(NO3)2 1000 31 

ɹʠʩʫʣʴʬʘʪʥʳʡ FeCl3 Co(NO3)2 800 46 

ʕ/ʭ ʥʠʪʨʘʪʥʳʡ FeCl3 Co(NO3)2 800 24 

ɹʠʩʫʣʴʬʘʪʥʳʡ FeCl3 Mg(NO3)2 1000 53 

ʕ/ʭ ʥʠʪʨʘʪʥʳʡ FeCl3 Mg(NO3)2 1000 22 

ɹʠʩʫʣʴʬʘʪʥʳʡ FeCl3 Ni(NO3)2 1000 55 

ʕ/ʭ ʥʠʪʨʘʪʥʳʡ FeCl3 Ni(NO3)2 1000 28 

ɹʠʩʫʣʴʬʘʪʥʳʡ Fe(NO3)3 Co(NO3)2 1000 52 

 ʇʨʠ ʨʘʩʰʠʨʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʦʣʠ ʤʝʪʘʣʣʦʚ 

ʥʝʠʟʙʝʞʥʦ ʨʘʟʣʘʛʘʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ, ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [180] 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʘ ʊʈɻ/FexOy. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ 0,1 ʣ/ʤʠʥ ʧʨʠ 600 ÁC ʚ 

ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʘʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 93% Ŭ-Fe2O3, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʭʦʜʠʪ ʚ Ŭ-Fe, ʧʨʠ ʵʪʦʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 1,6 ʵʤʝ/ʛ 

ʜʣʷ ʊʈɻ/FexOy ʜʦ 35,0 ʵʤʝ/ʛ ʜʣʷ ʊʈɻ/Fe.  

 

ʈʠʩʫʥʦʢ 21 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Me ʟʘ ʩʯʝʪ ʦʙʨʘʙʦʪʢʠ 

ʛʨʘʬʠʪʘ, ʧʨʦʠʥʪʨʝʢʘʣʠʨʦʚʘʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ 

ʬʘʟʳ 
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ɺ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʢʫʨʩʦʨ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ 

ʚʚʦʜʠʪʩʷ ʥʝ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʆɻ ʚ ʨʘʩʪʚʦʨʝ ʩʦʣʠ, ʘ ʧʫʪʝʤ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ 

ʭʣʦʨʠʜʘ ʤʝʪʘʣʣʘ ʚ ʛʨʘʬʠʪ (ʨʠʩʫʥʦʢ 21). 

ʇʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʀʉɻʍʄ ʜʠʩʧʝʨʛʠʨʫʶʱʝʝ ʜʘʚʣʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʛʘʟʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʀʉɻ ʩ ʢʠʩʣʦʪʘʤʠ ʠʟ-

ʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʭʣʦʨʠʜʦʚ ʠ ʤʝʥʴʰʠʭ ʦʙʲʝʤʦʚ 

ʚʳʜʝʣʷʶʱʠʭʩʷ ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʙʘʚʠʪʴ ʢ ʀʉɻʍʄ 

çʚʩʧʝʥʠʚʘʶʱʠʡ ʘʛʝʥʪè ʩ ʪʝʤ, ʯʪʦʙʳ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʀʉɻʍʄ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʣʦʪʥʦʩʪʷʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʥʠʪʨʘʪʦʚ ʠʣʠ ʙʠʩʫʣʴʬʘʪʦʚ ʛʨʘʬʠʪʘ ʠʣʠ ʆɻ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɸʚʪʦʨʳ ʩʪʘʪʴʠ [181] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʪʘ ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ ʞʝʣʝʟʘ-ʧʣʘʪʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʛʨʘʬʠʪ ʙʳʣ 

ʧʨʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥ FeCl3 (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʛʘʟʦʬʘʟʥʳʡ ʙʝʟʛʨʘʜʠʝʥʪʥʳʡ ʩʧʦʩʦʙ, ʩʦʦʪʥʦʰʝʥʠʷ ʛʨʘʬʠʪ : ʭʣʦʨʠʜ ʚʟʷʪʳ, ʢʘʢ 1 : 1, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ï 450 ÁC, ʚʨʝʤʷ ʩʠʥʪʝʟʘ ï 24 ʯʘʩʘ), ʘ ʟʘʪʝʤ ʢ 

ʀʉɻ-FeCl3 ʙʳʣ ʢʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥ PtCl4 (ʜʣʷ ʵʪʦʛʦ ʀʉɻ-FeCl3 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 

ʙʳʣ ʟʘʧʘʷʥ ʚ ʦʜʥʦʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ ʟʘʧʦʣʥʝʥʥʦʡ ʩʫʭʠʤ ʭʣʦʨʦʤ ʩ H2PtCl6 Ā 6H2O, 

ʘʤʧʫʣʘ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 240 ÁC ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ). ʂ ʩʦʞʘʣʝʥʠʶ, 

ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʦʜʷʪ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʥʥʦ 

ʪʨʦʡʥʦʛʦ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ 

ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʊʀʉɻ-FeCl3-PtCl4. ʊʝʤ ʥʝ ʤʝʥʝʝ ʠʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʣʦʨʠʜʦʚ ʜʦ ʩʧʣʘʚʘ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʚʦʜʦʨʦʜʦʤ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʛʘʟʘ ʯʝʨʝʟ ʊʀʉɻ ʧʨʠ 600 ÁC ʚ ʪʝʯʝʥʠʝ 4-ʭ ʯʘʩʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʊʀʉɻ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʭʣʦʨʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʛʨʘʬʠʪʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦ ʜʘʥʥʳʤ ʈʌɸ ʠ ʉʕʄ ʦʙʨʘʟʫʶʪʩʷ 

ʯʘʩʪʠʮʳ ʩʧʣʘʚʘ Fe-Pt, ʘ ʪʘʢʞʝ ʯʘʩʪʠʮʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʢʘʧʝʣʴ 

ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʠʭ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ (ʨʠʩʫʥʦʢ 22).  
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ʈʠʩʫʥʦʢ 22 ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

Fe, Pt, Fe-Pt [181] 

 ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [182] ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʡ ʤʘʛʥʠʪʥʳʡ 

ʩʦʨʙʝʥʪ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʀʉɻ-FeCl3 ʚʦʜʦʨʦʜʦʤ. ʇʨʠʯʝʤ ʚ ʨʘʙʦʪʝ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʜʚʘ ʤʝʪʦʜʘ ʥʘʥʝʩʝʥʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ: ʯʝʨʝʟ ʧʨʦʧʠʪʢʫ ʊʈɻ ʨʘʩʪʚʦʨʦʤ 

ʮʠʪʨʘʪʘ ʞʝʣʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʊʈɻ/ʧʨʝʢʫʨʩʦʨ ʠ 

ʝʛʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʦʟʠʪʘ 

ʊʈɻ/Fe ʠ ʯʝʨʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʀʉɻ-FeCl3. ʂʦʤʧʦʟʠʪ ʊʈɻ/Fe, ʧʦʣʫʯʝʥʥʳʡ ʧʦ 

ʧʝʨʚʦʤʫ ʩʧʦʩʦʙʫ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʥʘʩʳʱʝʥʠʷ (ʦʢʦʣʦ 10 ʵʤʝ/ʛ), ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʞʝʣʝʟʘ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 1 ʤʢʤ. 

ʊʈɻ/Fe, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʚʪʦʨʦʤʫ ʩʧʦʩʦʙʫ, ʦʪʣʠʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ (ʜʦ 40 ʵʤʝ/ʛ), ʯʪʦ, 

ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʦӢʣʴʰʠʤ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʮʝ. 

 ɸʚʪʦʨʳ ʨʘʙʦʪʳ [146] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʀʉɻ-FeCl3 ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ ʊʈɻ/FexOyClz, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʘʜʜʫʢʪʦʚ ʀʉɻʍʄ/ʚʩʧʝʥʠʚʘʶʱʠʡ 

ʘʛʝʥʪ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʩʘʤʦʛʦ ʀʉɻ-

FeCl3 (5-6 ʛ/ʣ ʧʨʦʪʠʚ 60-80 ʛ/ʣ). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘ ʊʈɻ 

ʜʦ Ŭ-Fe ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʚʳʜʝʨʞʢʠ ʊʈɻ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ 60 ʤʣ/ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 ÁC ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ. ʅʘʠʣʫʯʰʠʝ ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʦʙʨʘʟʮʳ 
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ʊʈɻ/Fe ʧʦʢʘʟʳʚʘʶʪ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦ ʥʝʬʪʠ ʠ ʦʢʪʘʥʫ ʧʦʨʷʜʢʘ 20-22 ʛ/ʛ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʨʘʚʥʫʶ 50Ñ3 ʵʤʝ/ʛ ʧʨʠ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʞʝʣʝʟʘ ʚ 

ʦʙʨʘʟʮʝ ʧʦʨʷʜʢʘ 23%ʤʘʩʩ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ, ʦʜʥʘʢʦ ʚʝʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʵʪʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʠʚʝʣʠʨʫʝʪʩʷ, ʝʩʣʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʠʤʝʥʥʦ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/ʤʝʪʘʣʣ, ʪʘʢ 

ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʥʦʚʘ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʊʈɻ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʦʢʩʠʜʥʦʡ ʬʘʟʳ ʜʦ ʯʠʩʪʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ. 

 ɺ ʟʘʚʝʨʰʝʥʠʠ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʭʦʪʝʣʦʩʴ ʙʳ ʧʨʠʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʜʦʩʪʦʠʥʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ: 

1. ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʊʈɻ: 

 ʆʩʫʱʝʩʪʚʠʤʦʩʪʴ ʪʦʥʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ, 

ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʠʭ ʥʘʥʝʩʝʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ; 

 ʆʯʝʥʴ ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʚʳʰʝʥʘ ʠʟ-ʟʘ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʊʈɻ. 

2. ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆɻ: 

 ʄʘʩʰʪʘʙʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ; 

 ʄʝʥʴʰʝ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ 

ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʩ ʥʫʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

 ʉʪʘʜʠʷ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ 

ʠʤʝʥʥʦ ʢʦʤʧʦʟʠʪ ʊʈɻ/Me. 

3. ʅʘʥʝʩʝʥʠʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ 

ʧʨʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʦʤ ʀʉɻ: 

 ʇʨʝʢʫʨʩʦʨ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʛʨʘʬʠʪʦʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʝʛʦ ʨʘʟʣʦʞʝʥʠʠ 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ; 
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 ʏʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʦʛʨʘʥʠʯʝʥʦ, ʪʘʢ ʢʘʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʤʝʪʦʜʠʢʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʣʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ; 

 ʉʠʥʪʝʟ ʀʉɻʍʄ ʛʘʟʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʦʞʥʝʝ, ʯʝʤ ʩʠʥʪʝʟ ʀʉɻ 

ʩ ʢʠʩʣʦʪʘʤʠ, ʦʜʥʘʢʦ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʦʣʫʯʝʥʠʷ ʆɻ ʠ ʫʪʠʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʳʚʥʳʭ ʚʦʜ; 

 ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʀʉɻʍʄ ʟʘʯʘʩʪʫʶ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʊʈɻ ʩ ʥʠʟʢʦʡ 

ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ, ʧʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʜʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʀʉɻʍʄ ʚʩʧʝʥʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ ʠ/ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

 ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʝʨʚʳʡ ʤʝʪʦʜ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʣʠʰʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʠʭ ʥʘʥʝʩʝʥʠʷ ʥʘ ʊʈɻ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʣʦʞʝʥʠʷ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʨʝʰʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ.  

ʄʦʜʠʬʠʮʠʨʦʚʘʪʴ ʚʪʦʨʦʡ ʤʝʪʦʜ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʩʪʘʜʠʡ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʝʱʝʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʙʫʜʫʯʠ ʜʦʙʘʚʣʝʥʥʳʤ ʢ ʩʤʝʩʠ ʆɻ/ʧʨʝʢʫʨʩʦʨ, ʙʳʣʦ ʙʳ ʩʧʦʩʦʙʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʧʨʝʢʫʨʩʦʨʘ ʩʨʘʟʫ ʜʦ 

ʤʝʪʘʣʣʘ, ʣʠʙʦ ʥʘʡʪʠ ʧʨʝʢʫʨʩʦʨʳ, ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʜʦ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ ʙʝʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ.  

ɼʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʪʨʝʪʴʝʛʦ ʩʧʦʩʦʙʘ ʥʝʦʙʭʦʜʠʤʦ ʢ ʪʦʤʫ ʞʝ, ʯʪʦʙʳ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʝʥʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. ʅʘ ʵʪʫ ʨʦʣʴ ʤʦʛ ʙʳ 

ʧʦʜʦʡʪʠ ʘʤʤʠʘʢ (ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ), ʢʦʪʦʨʳʡ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʧʦʩʦʙʝʥ 

ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʀʉɻʍʄ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʦ ʠʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻʍʄ-NH3 

(ʀʉɻʍʄ-RNH2) ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ 

ʢʘʢ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʘ ʝʱʝ ʩ ʩʝʨʝʜʠʥʳ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʯʠʩʣʦ ʨʘʙʦʪ ʧʦ ʵʪʦʡ ʪʝʤʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʯʝʥʴ ʥʝʚʝʣʠʢʦ, 

ʧʨʠ ʵʪʦʤ ʟʘʯʘʩʪʫʶ ʚ ʥʠʭ ʧʨʠʚʦʜʷʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʜʘʥʥʳʝ ʢʘʩʘʪʝʣʴʥʦ ʧʨʠʨʦʜʳ, 

ʩʪʨʦʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʨʦʜʥʳʡ ʯʝʰʫʡʯʘʪʳʡ ʛʨʘʬʠʪ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 200-315 

ʤʢʤ (ʭʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʡ, ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ 99,7 %). 

ɼʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʘʟʦʪʥʘʷ 

ʢʠʩʣʦʪʘ (ʭ.ʯ., 98 ʤʘʩʩ.%, ɟ = 1,51 ʛ/ʩʤ3), ʜʣʷ ʧʨʦʤʳʚʢʠ ʅɻ ʠ ʧʦʣʫʯʝʥʠʷ ʆɻ ï 

ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʊʈɻ ʠʟ 

ʆɻ, ʧʦʩʣʝʜʥʠʡ ʩʤʝʰʠʚʘʣʩʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʩʦʣʷʤʠ: ʜʝʚʷʪʠʚʦʜʥʳʡ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ 

(III) (ʭ.ʯ.), ʰʝʩʪʠʚʦʜʥʳʡ ʥʠʪʨʘʪʘ ʢʦʙʘʣʴʪʘ (II) (ʭ.ʯ.), ʰʝʩʪʠʚʦʜʥʳʡ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ 

(II) (ʭ.ʯ.), ʤʝʣʘʤʠʥ (ʭ.ʯ.). 

ɼʣʷ ʩʠʥʪʝʟʘ ʛʨʘʬʠʪʘ, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʙʝʟʚʦʜʥʳʡ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) (ʭ.ʯ.), ʙʝʟʚʦʜʥʳʡ 

ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ (II) (ʭ.ʯ.), ʙʝʟʚʦʜʥʳʡ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ (II) (ʭ.ʯ.); ʰʝʩʪʠʚʦʜʥʘʷ 

ʛʝʢʩʘʭʣʦʨʧʣʘʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʭ.ʯ.); ʟʦʣʦʪʦ (999 ʧʨʦʙʘ). 

ʇʨʠ ʧʨʦʤʳʚʢʝ ʀʉɻ-MClx ʦʪ ʠʟʙʳʪʢʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʭʣʦʨʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ (ʭ.ʯ.), ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ (ʭ.ʯ.) (ʭ.ʯ., 38%, ɟ = 

1,19 ʛ/ʩʤ3), ʜʝʠʦʥʠʟʦʚʘʥʥʘʷ ʚʦʜʘ. 

ɼʣʷ ʥʘʩʳʱʝʥʠʷ ʀʉɻ-MClx ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ ʠ ʘʣʢʠʣʘʤʠʥʘʤʠ: 25%-

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʤʤʠʘʢʘ, 38%-ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʤʝʪʠʣʘʤʠʥʘ, 70%-ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʵʪʠʣʘʤʠʥʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʢʪʘʥ (ʭ.ʯ., ɟ = 0,70 ʛ/ʩʤ3, ɛ = 0,5 ʤʇʘĀʩ), ʥʝʬʪʴ ʟʘʧʘʜʥʦʩʠʙʠʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 1.0.1.1 ɻʆʉʊ ʈ 51858ï2002 (ɟ = 0,82 ʛ/ʩʤ3, ɛ = 1,9 ʤʇʘĀʩ), 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ.  

2.2. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʂʦʥʝʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ 

ʨʘʙʦʪʝ ʧʦʜʭʦʜʘʤʠ ʟʘ ʩʯʝʪ ʣʠʙʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʦʛʦ 
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ʛʨʘʬʠʪʘ ʩ ʥʠʪʨʘʪʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʤʝʣʘʤʠʥʦʤ, ʣʠʙʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʘʜʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ ʩ ʘʤʤʠʘʢʦʤ, ʤʝʪʠʣ- ʠʣʠ ʵʪʠʣʘʤʠʥʦʤ. 

2.2.1.  ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ 

ʉʠʥʪʝʟ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʨʘʬʠʪʘ ʩ 98%-ʦʡ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1,5 (ʜʣʷ ʧʦʣʫʯʝʥʠʷ II  ʩʪʫʧʝʥʠ) ʠʣʠ 

1:0,5 (ʜʣʷ ʧʦʣʫʯʝʥʠʷ IV ʩʪʫʧʝʥʠ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʬʣʦʥʦʚʦʤ 

ʩʪʘʢʘʥʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

2.2.2.  ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʡ ʆɻ 

ʩ Fe(NO3)3, Co(NO3)2, Ni(NO3)2 ʠ ʤʝʣʘʤʠʥʦʤ 

ʆʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ ʥʘ ʦʩʥʦʚʝ ʀʉɻ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ 2-ʦʡ ʩʪʫʧʝʥʠ 

ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ ʧʨʦʤʳʚʢʠ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʚʦʜʦʡ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʘʙʦʢʠʩʣʦʡ 

ʩʨʝʜʳ (pH å 6), ʟʘʪʝʤ ʆɻ ʬʠʣʴʪʨʦʚʘʣʠ ʦʪ ʠʟʙʳʪʢʘ ʚʣʘʛʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʠ 

ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʧʨʠ 60 ÁC. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʝʛʦ ʩʤʝʰʝʥʠʷ ʩ 

ʥʠʪʨʘʪʦʤ(-ʘʤʠ) ʤʝʪʘʣʣʘ(-ʦʚ) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ (ʤʝʣʘʤʠʥʦʤ). ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ 

ʧʦʤʝʱʘʣʘʩʴ ʚ ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ, ʥʘʛʨʝʪʳʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 60 Áʉ ʥʘ 1 ʯʘʩ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʣʘʚʣʝʥʠʝ ʛʠʜʨʘʪʦʚ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʝ ʠ ʯʘʩʪʴ 

ʚʦʜʳ ʠʩʧʘʨʷʣʘʩʴ. ɿʘʪʝʤ ʢ ʩʤʝʩʠ ʆɻ/ʥʠʪʨʘʪ ʜʦʙʘʚʣʷʣʩʷ ʤʝʣʘʤʠʥ, ʠ ʦʥʘ 

ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʝʱʝ 1 ʯʘʩ. ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʤʝʩʠ ʦʥʘ ʧʝʨʝʪʠʨʘʣʘʩʴ ʚ ʩʪʫʧʢʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʜʥʦʨʦʜʥʦʛʦ 

ʩʳʧʫʯʝʛʦ ʧʦʨʦʰʢʘ. ʉʦʩʪʘʚʳ ʩʤʝʩʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8 ʠ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʧʦʣʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʝʪʘʣʣʘ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ ʊʈɻ ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ. 
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ʊʘʙʣʠʮʘ 8. 

ʉʦʩʪʘʚʳ ʩʤʝʩʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ. 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠ, % 

ʆɻ 
Fe(NO3)3 Ā 

9H2O 

Co(NO3)2 Ā 

6H2O 

Ni(NO3)2 Ā 

6H2O 
ʄʝʣʘʤʠʥ 

ʆɻ-Fe(0) 29,4 70,6 0 0 0 

ʆɻ-Fe(25) 25,0 60,0 0 0 15,0 

ʆɻ-Fe(50) 21,7 52,2 0 0 26,1 

ʆɻ-Fe(75) 19,2 46,2 0 0 34,6 

ʆɻ-Co(0) 37,0 0 63,0 0 0 

ʆɻ-Co(75) 25,2 0 42,8 0 32,0 

ʆɻ-Ni(0) 37,0 0 0 63,0 0 

ʆɻ-Ni(75) 25,2 0 0 42,8 32,0 

ʆɻ-FeCo 27,7 32,6 23,5 0 16,1 

ʆɻ-FeNi 27,7 32,6 0 23,5 16,1 

ʆɻ-CoNi  30,5 0 25,9 25,9 17,7 

ʆɻ-FeCoNi  28,6 22,5 16,1 16,1 16,6 

2.2.3. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ FeCl3 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʥʳʭ ʩʧʦʩʦʙʘ ʚʥʝʜʨʝʥʠʷ FeCl3 ʚ ʛʨʘʬʠʪ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ: ʙʝʟʛʨʘʜʠʝʥʪʥʳʡ ʠ 

ʛʨʘʜʠʝʥʪʥʳʡ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʦʙʘ ʵʪʠʭ ʧʦʜʭʦʜʘ. 

ʇʨʠ ʙʝʟʛʨʘʜʠʝʥʪʥʦʤ ʩʧʦʩʦʙʝ ʩʠʥʪʝʟʘ ʛʨʘʬʠʪ ʠ ʦʙʝʟʚʦʞʝʥʥʳʡ FeCl3 ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʶ n-ʥʦʡ 

ʩʪʫʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʘ C6nFeCl3) ʧʦʤʝʱʘʣʠʩʴ ʚ ʦʜʠʥ ʦʪʩʝʢ 

ʦʜʥʦʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʳ ʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 9. ʇʦ ʧʨʦʰʝʩʪʚʠʠ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʘʤʧʫʣʫ ʠʟʚʣʝʢʘʣʠ ʠʟ ʧʝʯʠ, 

ʦʭʣʘʞʜʘʣʠ ʠ ʚʩʢʨʳʚʘʣʠ. ɿʘ ʦʜʠʥ ʩʠʥʪʝʟ ʧʦʣʫʯʘʣʠ ʦʪ 5 ʜʦ 7 ʛʨʘʤʤ ʀʉɻ. 
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ʊʘʙʣʠʮʘ 9.  

ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʀʉɻ-FeCl3 ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ ʙʝʟʛʨʘʜʠʝʥʪʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʣʫʯʘʝʤʦʝ ʀʉɻ 
ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʨʝʘʛʝʥʪʦʚ, % ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʠʥʪʝʟʘ, ÁC ʉʛʨ. FeCl3 

ʀʉɻ-FeCl3-I 30,7 69,3 355 

ʀʉɻ-FeCl3-II  47,0 53,0 393 

ʀʉɻ-FeCl3-III  57,1 42,9 455 

ʀʉɻ-FeCl3-IV  63,9 36,1 498  

ʀʉɻ-FeCl3-V 68,9 31,1 517 

ʀʉɻ-FeCl3-VI  72,7 27,3 523 

ʀʉɻ-FeCl3-VII  75,6 24,4 528 

ɺ ʩʣʫʯʘʝ ʩʠʥʪʝʟʘ ʀʉɻ-FeCl3 ʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʙʝʨʫʪ ʟʘʚʝʜʦʤʳʡ ʠʟʙʳʪʦʢ 

ʭʣʦʨʠʜʘ. ɻʨʘʬʠʪ ʠ ʭʣʦʨʠʜ ʧʦʤʝʱʘʶʪ ʚ ʨʘʟʥʳʝ ʦʪʩʝʢʠ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʳ, 

ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʛʨʘʜʠʝʥʪʥʦʡ ʧʝʯʠ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ 

ʜʘʣʴʥʶʶ ʦʪ ʢʨʘʷ ʪʨʫʙʢʠ ʩʝʢʮʠʶ ʟʘʩʳʧʘʝʪʩʷ ʭʣʦʨʠʜ ʞʝʣʝʟʘ, ʚ ʙʣʠʞʥʶʶ ʩ ʧʦʤʦʱʴʶ 

ʰʧʘʪʝʣʷ ʘʢʢʫʨʘʪʥʦ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʛʨʘʬʠʪ. ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. 

ʊʘʙʣʠʮʘ 10.  

ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʀʉɻ-FeCl3 ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ ʛʨʘʜʠʝʥʪʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʣʫʯʘʝʤʦʝ 

ʀʉɻ 

ʉʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, 

ʤʘʩʩ. ʯʘʩʪʠ 
ʊʝʤʧʝʨʘʪʫʨʘ, ÁC  

ʉʛʨ. FeCl3 ʩʝʢʮʠʠ ʩ ʉʛʨ. ʩʝʢʮʠʠ ʩ FeCl3 

ʀʉɻ-FeCl3-I 1 5 355 300 

ʀʉɻ-FeCl3-II  1 4 397 300 

ʀʉɻ-FeCl3-III  1 3 455 300 

ʀʉɻ-FeCl3-IV  
ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 4-ʦʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ ʥʝ ʙʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʦʜʛʦʪʦʚʢʠ ʘʤʧʫʣʳ ʚʘʞʥʦ ʩʪʘʨʘʪʴʩʷ ʠʟʙʝʞʘʪʴ 

ʧʦʧʘʜʘʥʠʷ ʛʨʘʬʠʪʘ ʚ ʩʝʢʮʠʶ ʩ ʭʣʦʨʠʜʦʤ ʠ ʥʘʦʙʦʨʦʪ. ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʩʝʢʮʠʠ ʩ 

ʛʨʘʬʠʪʦʤ ʧʨʦʙʠʨʢʫ ʦʪʧʘʠʚʘʶʪ ʥʘ ʛʦʨʝʣʢʝ ʠ ʧʦʣʫʯʘʶʪ ʟʘʧʦʣʥʝʥʥʫʶ 2-ʫʭ 

ʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ (ʨʠʩʫʥʦʢ 23). ɸʤʧʫʣʫ ʧʦʤʝʱʘʶʪ ʚ ʟʘʨʘʥʝʝ ʥʘʛʨʝʪʫʶ 

ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʧʝʯʴ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʇʦ ʧʨʦʰʝʩʪʚʠʠ 

ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʘʤʧʫʣʫ ʠʟʚʣʝʢʘʶʪ ʠʟ ʧʝʯʠ, ʦʭʣʘʞʜʘʶʪ ʠ ʚʩʢʨʳʚʘʶʪ. ɿʘ ʦʜʠʥ 

ʩʠʥʪʝʟ ʧʦʣʫʯʘʣʠ ʥʝ ʙʦʣʝʝ 2 ʛʨʘʤʤ ʀʉɻ. 
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ʈʠʩʫʥʦʢ 23 ï ɿʘʧʦʣʥʝʥʥʘʷ ʘʤʧʫʣʘ ʜʣʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʀʉɻ-FeCl3 

2.2.4. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ CoCl2 

ʠ NiCl 2 ʠ ʪʨʦʡʥʳʭ ʀʉɻ ʩ FeCl3/CoCl2 ʠ FeCl3/NiCl 2 

ʀʉɻ ʩ ʭʣʦʨʠʜʘʤʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʘ ʪʘʢʞʝ ʪʨʦʡʥʳʝ ʀʉɻ ʩ 

ʵʪʠʤʠ ʭʣʦʨʠʜʘʤʠ ʠ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ (III ) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʘʟʦʬʘʟʥʳʤ 

ʙʝʟʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʠʯʝʤ ʭʣʦʨʠʜʳ ʙʨʘʣʠʩʴ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʟʘʚʝʜʦʤʦ 

ʧʨʝʚʳʰʘʶʱʝʤ ʨʘʩʯʝʪʥʦʝ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ 

(ʪʘʙʣʠʮʘ 11).  

ʊʘʙʣʠʮʘ 11.  

ʉʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʩʠʥʪʝʟʝ ʀʉɻ-MCl2 ʠ ʀʉɻ-FeCl3MCl2 (M = Co, Ni). 

ʇʦʣʫʯʘʝʤʦʝ ʀʉɻ ʋʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 
ʄʘʩʩʦʚʳʝ ʜʦʣʠ ʨʝʘʛʝʥʪʦʚ, % 

ʉʛʨ. FeCl3 CoCl2 NiCl2 

ʀʉɻ-CoCl2 T = 450 ÁC, t = 96 ʯ 37,5 ï 62,5 ï 

ʀʉɻ-NiCl2 T = 520 ÁC, t = 96 ʯ 37,5 ï ï 62,5 

ʀʉɻ-FeCl3CoCl2 T = 430 ÁC, t = 72 ʯ 25,5 41,4 33,1 ï 

ʀʉɻ-FeCl3NiCl2 T = 430 ÁC, t = 72 ʯ 25,5 41,4 ï 33,1 

ʀʉɻ-FeCl3CoCl2NiCl2 T = 430 ÁC, t = 72 ʯ 25,5 41,3 16,6 16,6 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʀʉɻ ʩ CoCl2 ʠ NiCl2 ʘʤʧʫʣʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʦʣʥʷʣʠʩʴ 

ʭʣʦʨʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɻʘʟʦʦʙʨʘʟʥʳʡ ʩʫʭʦʡ ʭʣʦʨ ʧʦʣʫʯʘʣʠ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ HCl38% ʥʘ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʘʟ 

ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʜʨʷʜ ʢʦʣʦʥʦʢ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

H2SO4, ʚʳʩʪʫʧʘʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʣʦʪʠʪʝʣʷ ʚʣʘʛʠ. ɿʘʧʦʣʥʝʥʥʘʷ ʭʣʦʨʦʤ ʘʤʧʫʣʘ 

ʟʘʧʘʠʚʘʣʘʩʴ ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ. 

ʇʦ ʧʨʦʰʝʩʪʚʠʠ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʘʤʧʫʣʘ ʚʳʥʠʤʘʣʘʩʴ ʠʟ ʧʝʯʠ, ʦʭʣʘʞʜʘʣʘʩʴ ʠ 

ʚʩʢʨʳʚʘʣʘʩʴ.  

ʆʙʨʘʟʮʳ ʧʦʩʣʝ ʩʠʥʪʝʟʘ ʦʪʤʳʚʘʣʠʩʴ 10%-ʥʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ HCl ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʭʣʦʨʠʜʦʚ. ʇʨʠ ʦʪʤʳʚʢʝ ʀʉɻ ʦʪ 

ʥʝʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ NiCl2 ʨʘʩʪʚʦʨ ʧʦʜʦʛʨʝʚʘʣʠ ʜʦ 60 Áʉ. ɼʨʫʛʠʝ ʭʣʦʨʠʜʳ 
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ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʩʪʘʚʰʫʶʩʷ ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ 

ʚʣʘʛʫ ʫʜʘʣʷʣʠ ʠʟ ʀʉɻ ʩʥʘʯʘʣʘ ʧʨʠ ʦʪʢʘʯʢʝ ʥʘ ʚʘʢʫʫʤʥʦʤ ʬʠʣʴʪʨʝ, ʘ ʟʘʪʝʤ ʧʨʠ 

ʩʫʰʢʝ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ 60 Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠʚʝʩ ʭʣʦʨʠʜʦʚ ʚ 

ʛʨʘʬʠʪ. 

2.2.5. ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ 

H2PtCl6 ʠ HAuCl 4 

ʉʠʥʪʝʟ ʀʉɻ-HxMCly ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʪʨʘʪʦʤ ʛʨʘʬʠʪʘ IV ʩʪʫʧʝʥʠ ʠ ʪʝʪʨʘʭʣʦʨʘʫʨʦʥʦʚʦʡ (ʠʣʠ 

ʛʝʢʩʘʭʣʦʨʧʣʘʪʠʥʦʚʦʡ) ʢʠʩʣʦʪʦʡ. 

ɼʣʷ ʵʪʦʛʦ ʟʦʣʦʪʦ ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʝʥʦ ʚ ʮʘʨʩʢʦʡ ʚʦʜʢʝ (ʩʤʝʩʴ 

HCl(35-38%) ʠ HNO3 (68-70%) ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 3 ʢ 1) ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʥʘʛʨʝʚʘʥʠʠ 50-60 Áʉ. ʇʦʩʣʝ ʯʝʛʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85-90 Áʉ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʠʩʧʘʨʝʥʠʝ ʠʟʙʳʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʠʛʥʘʣʦʤ ʦʙ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʣʫʞʠʣʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʘʨʦʚ ʥʘʜ ʞʠʜʢʦʩʪʴʶ, ʮʚʝʪ ʢʦʪʦʨʦʡ ʤʝʥʷʣʩʷ ʦʪ 

ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʚ ʥʘʯʘʣʝ, ʜʦ ʪʝʤʥʦ-ʢʨʘʩʥʦʛʦ ʚ ʢʦʥʮʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʦʣʫʯʝʥ ʨʘʩʧʣʘʚ HAuCl4ĀxH2O ʚ ʩʦʙʩʪʚʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʝ, ʚ ʢʦʪʦʨʳʡ ʙʳʣ ʜʦʙʘʚʣʝʥ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʥʠʪʨʘʪ 

ʛʨʘʬʠʪʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʅɻ : HAuCl4ĀxH2O ʢʘʢ 1 ʢ 5. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʘʛʫʩʪʝʚʘʥʠʝ ʩʤʝʩʠ ʠ ʠʩʧʘʨʝʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʠʟ ʀʉɻ-HNO3 

ʧʨʠ ʝʝ ʟʘʤʝʱʝʥʠʠ ʥʘ HAuCl4. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ (ʜʦ 

ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ) ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85-90 Áʉ. 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʘʩʴ ʠʟʙʳʪʢʦʤ 

ʠʟʦʧʨʦʧʘʥʦʣʘ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʢʠʩʣʦʪʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʨʦʰʦʢ ʀʉɻ-HAuCl4 ʚʳʩʫʰʠʚʘʣʩʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ʉʠʥʪʝʟ ʀʉɻ-H2PtCl6 ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ H2PtCl6Ā6H2O ʙʨʘʣʩʷ ʫʞʝ ʢʘʢ ʠʩʭʦʜʥʳʡ ʨʝʘʢʪʠʚ.  

2.2.6. ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʀʉɻ ʩ ʭʣʦʨʠʜʘʤʠ ʞʠʜʢʠʤ ʘʤʤʠʘʢʦʤ, 

ʤʝʪʠʣʘʤʠʥʦʤ ʠ ʵʪʠʣʘʤʠʥʦʤ 

ʆʙʨʘʙʦʪʢʘ ʀʉɻ-MClx ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ (ʊʢʠʧ. = -33 ÁC), ʤʝʪʠʣʘʤʠʥʦʤ 

(ʊʢʠʧ. = -6 ÁC) ʠʣʠ ʵʪʠʣʘʤʠʥʦʤ (ʊʢʠʧ. = 17 ÁC) ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ 

ʢʦʣʙʫ ɺʶʨʮʘ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʠʣʠ ʘʣʢʠʣʘʤʠʥʘ ʜʦʙʘʚʣʷʣʩʷ 
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ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ KOH. ʇʨʠ ʵʪʦʤ ʥʘʯʠʥʘʣ ʚʳʜʝʣʷʪʴʩʷ ʛʘʟ (ʚ ʩʣʫʯʘʝ ʩ ʵʪʠʣʘʤʠʥʦʤ 

ʢʦʣʙʘ ʩʣʝʛʢʘ ʧʦʜʦʛʨʝʚʘʣʘʩʴ ʥʘ ʧʣʠʪʢʝ), ʢʦʪʦʨʳʡ ʧʨʦʧʫʩʢʘʣʩʷ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩʦ 

ʱʝʣʦʯʴʶ ʜʣʷ ʦʩʫʰʢʠ ʦʪ ʟʘʭʚʘʪʳʚʘʝʤʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʧʘʨʦʚ ʚʦʜʳ. ʇʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʣʦʥʢʠ ʛʘʟ ʢʦʥʜʝʥʩʠʨʦʚʘʣʩʷ ʚ ʧʨʦʙʠʨʢʝ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʪʝʨʤʦʩ, 

ʟʘʧʦʣʥʝʥʥʳʡ ʘʮʝʪʦʥʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ -50Ñ5 ÁC. ʇʦʩʣʝ ʢʦʥʜʝʥʩʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʘ ʧʦʜʘʯʫ 

ʛʘʟʘ ʚ ʧʨʦʙʠʨʢʫ ʧʨʝʢʨʘʱʘʣʠ, ʘ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʞʠʜʢʫʶ ʬʘʟʫ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʧʨʦʙʠʨʢʠ ʩ ʀʉɻ-MClx. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʢʘ ʘʤʠʥʘ ʧʨʦʙʠʨʢʘ ʟʘʧʘʠʚʘʣʘʩʴ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 300-400 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʀʉɻ ʘʤʠʥʦʤ. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ 

ʧʨʦʙʠʨʢʘ ʚʩʢʨʳʚʘʣʘʩʴ, ʠʟʙʳʪʦʢ ʘʤʠʥʘ ʠʩʧʘʨʷʣʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʝ ʧʨʝʢʨʘʱʘʣʘʩʴ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʮʝʥʠʚʘʣʩʷ ʧʨʠʚʝʩ ʘʤʠʥʘ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʤʦʣʷʭ ʠʣʠ ʤʘʩʩʦʚʳʭ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʤʘʩʩʳ ʠʩʭʦʜʥʦ ʚʟʷʪʦʛʦ ʀʉɻ. 

2.2.7. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʥʘʚʝʩʢʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆɻ (ʤʘʩʩʦʡ ʦʢʦʣʦ 0,5 ʛ) ʧʦʤʝʱʘʣʠ ʚ ʢʚʘʨʮʝʚʫʶ ʯʘʰʢʫ, 

ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ. ʉʧʫʩʪʷ 30 ʩʝʢʫʥʜ ʯʘʰʢʫ ʩ 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʊʈɻ ʠʟʚʣʝʢʘʣʠ ʠʟ ʧʝʯʠ ʠ ʦʭʣʘʞʜʘʣʠ.  

ɼʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʥʘʚʝʩʢʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆɻ ʠʣʠ ʥʘʩʳʱʝʥʥʦʛʦ ʘʤʠʥʘʤʠ ʀʉɻ (ʤʘʩʩʦʡ ʦʢʦʣʦ 0,5 ʛ) 

ʧʦʤʝʱʘʣʠ ʚ ʥʘʛʨʝʪʫʶ ʜʦ 900 Áʉ ʟʦʥʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʨʝʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ. ʊʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʪʦʨ ʚʳʥʠʤʘʣʠ ʠʟ ʧʝʯʠ, ʦʭʣʘʞʜʘʣʠ ʠ ʠʟʚʣʝʢʘʣʠ ʠʟ 

ʥʝʛʦ ʧʦʣʫʯʝʥʥʳʡ ʊʈɻ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠ ʦʙʲʝʤ (Vʊʈɻ) ʠ ʤʘʩʩʫ (mʊʈɻ) ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʊʈɻ ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʥʘʩʳʧʥʫʶ ʧʣʦʪʥʦʩʪʴ (dʊʈɻ): 

Ὠ˟ ˝ː  
ά˟ ˝ː

ὠ˟˝ː

 
(21)  
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2.3. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.3.1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʈʌɸ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Thermo ARL XôTRA ʠ Rigaku Ultima IV (ʠʟʣʫʯʝʥʠʝ CuKŬ, ɚKŬ1 = 

1,5405 ¡, ɚKŬ2 = 1,5443 ¡) ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2Ū 5-90Á ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʲʝʤʢʠ 1Á/ʤʠʥ. 

ʆʙʨʘʟʮʳ ʀʉɻ-HNO3, ʀʉɻ-MClx, ʀʉɻ-MClx-RNH2 ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʝ ʧʦʜ ʩʣʦʝʤ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʱʠʪʫ ʦʙʨʘʟʮʘ ʦʪ ʧʦʧʘʜʘʥʠʷ ʚʣʘʛʠ ʚʦʟʜʫʭʘ. 

ʆʙʨʘʟʮʳ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʪʘʙʣʝʪʦʢ 

ʧʣʦʪʥʦʩʪʴʶ å 0,2ï0,3 ʛ/ʩʤ3. 

2.3.2. ʄʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʷʜʨʘʭ 57Fe ʚʳʧʦʣʥʝʥʘ ʚ 

ʛʝʦʤʝʪʨʠʠ ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʠʧʘ 

Ms-1104EM. ʀʩʪʦʯʥʠʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ - 57Co/Ru. ʆʙʨʘʟʮʳ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʀʉɻ ʠ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻ ʩ ʘʤʤʠʘʢʦʤ ʠ ʘʤʠʥʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ, ʘ 

ʊʈɻ ʩ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʚ ʚʠʜʝ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʪʘʙʣʝʪʦʢ 

ʤʘʩʩʦʡ å 0,1-0,2 ʛ ʠ ʧʣʦʪʥʦʩʪʴʶ å 0,2ï0,3 ʛ/ʩʤ3. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ Ŭ-Fe, ʩʥʷʪʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (S, %) ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ 

ʬʘʟʳ ʩʦʩʪʘʚʠʣʘ 5%. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ (IS) ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ (QS) ʩʦʩʪʘʚʠʣʠ Ñ0,03 ʤʤ/ʩ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (Hhf) ʩʦʩʪʘʚʠʣʘ Ñ10 ʢʕ. 

2.3.3. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʄʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʠ ʠʭ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (EDX - Energy Dispersive X-ray 

spectroscopy) ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ TESCAN VEGA3 LMU. 

2.3.4. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʚ ʦʙʨʘʟʮʘʭ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Me 

ʯʘʩʪʠʮ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʥʘʥʦʤʝʪʨʦʚʳʭ ʨʘʟʤʝʨʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʇʕʄ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEM-2010. 

2.3.5. ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʩʰʠʨʝʥʠʝʤ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

OLYMPUS BX51 ʩ ʥʘʛʨʝʚʘʝʤʳʤ ʧʨʝʜʤʝʪʥʳʤ ʩʪʦʣʠʢʦʤ OLYMPUS U-MSSP 

(ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 50 Á/ʤʠʥ). ɺʠʜʝʦʩʲʸʤʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʮʚʝʪʥʦʡ 

USB-ʢʘʤʝʨʦʡ E3ISPM06300KPB. 

2.3.6. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʀʉɻ ʠ ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʠʥʘʤʠ 

ʠʟʫʯʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ NETZSCH STA 449C Jupiter. 

ɼʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ: 40-600 ÁC, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 ÁC/ʤʠʥ, ʧʦʪʦʢ ʘʟʦʪʘ 100 

ʤʣ/ʤʠʥ. ʄʘʩʩʘ ʥʘʚʝʩʢʠ ʩʦʩʪʘʚʣʷʣʘ 2-3 ʤʛ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʩʦʩʪʘʚʠʣʘ 0,5 % ʧʦ ʤʘʩʩʝ. 

2.3.7. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʫʛʣʝʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʩʰʠʨʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻ ʩ 

ʘʤʤʠʘʢʦʤ ʠ ʘʤʠʥʘʤʠ, ʊʈɻ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 532 ʥʤ, ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 5% (0,8 ʤɺʪ, ʧʷʪʥʦ ʜʠʘʤʝʪʨʦʤ 1 ʤʢʤ ʜʣʷ ʦʙʲʝʢʪʠʚʘ 

ʭ50).  

2.3.8. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʪʨʦʡʥʳʭ ʀʉɻ-FeCl3-MCl 2 (M = Co, Ni) 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʨʫʪʪʦ-ʩʦʩʪʘʚʘ ʀʉɻ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʥʪʝʨʢʘʣʘʪʘʤʠ, ʚ 

ʧʨʦʤʳʚʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤʠ ʭʣʦʨʠʜʘʤʠ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ: Fe, Co, Ni. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʚʳʨʘʞʝʥʥʦʝ ʚ ʤʛ (Mn+) / ʤʣ (ʨʘʩʪʚʦʨʘ), ʧʝʨʝʩʯʠʪʳʚʘʣʦʩʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʤ ʭʣʦʨʠʜʘ ʤʝʪʘʣʣʘ. ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦ ʢʦʣʠʯʝʩʪʚʝ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʠ ʠʩʭʦʜʥʦ ʚʟʷʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʦ ʩʫʤʤʘʨʥʦʤ 

ʧʨʠʚʝʩʝ, ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʩʦʩʪʘʚ ʀʉɻ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ (Fe, Co, Ni) ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ 

(ʀʉʇ-ɸʕʉ). ɼʣʷ ʀʉʇïɸʕʉ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʢʩʠʘʣʴʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ 

ICP-AES 720-ES (çAgilent Technologiesè, ʉʐɸ). ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʚʥʷʝʪʩʷ 5%. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ. ɼʣʷ ʩʠʥʪʝʟʘ ʀʉɻ-FeCl3CoCl2 ʙʳʣʦ ʚʟʷʪʦ 2 ʛ ʛʨʘʬʠʪʘ; 3,25 ʛ 

FeCl3; 2,6 ʛ CoCl2. ʇʨʠʚʝʩ ʭʣʦʨʠʜʦʚ ʚ ʛʨʘʬʠʪ ʩʦʩʪʘʚʠʣ 4,38 ʛ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʥʝ ʚʥʝʜʨʠʣʦʩʴ 3,25 + 2,6 - 4,38 = 1,47 ʛ ʭʣʦʨʠʜʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Fe2+/3+ ʠ Co2+ 

ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʠʣʘ 1228 ʤʛ/ʣ ʠ 206 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʵʪʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʦʚ ʧʦʣʫʯʘʝʤ: ρςςψϽ

 

ȟ
τςσȟυ ̍ Ⱦ̄̌ ̉ ςπφϽ

 
ωσȟυ ̍ Ⱦ̄̌ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 1 ʛ 

ʥʝ ʚʥʝʜʨʠʚʰʝʛʦʩʷ FeCl3 ʧʨʠʭʦʜʠʪʩʷ 93,5 / 423,5 = 0,221 ʛ ʥʝ ʚʥʝʜʨʠʚʰʝʛʦʩʷ CoCl2. 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʧʨʦʩʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʥʝ ʚʥʝʜʨʠʣʦʩʴ ʚ ʛʨʘʬʠʪ 1,204 ʛ 

FeCl3 (ʚʥʝʜʨʠʣʦʩʴ 3,25 - 1,204 = 2,046 ʛ) ʠ 0,266 ʛ CoCl2 (ʚʥʝʜʨʠʣʦʩʴ 2,6 ï 0,266 = 

2,334 ʛ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʩʩʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʉʛʨ. : FeCl3 : CoCl2 ʚ ʀʉɻ ʨʘʚʥʳ 

2,0 : 2,046 : 2,334. ʇʝʨʝʩʯʠʪʘʚ ʠʭ ʚ ʤʦʣʴʥʳʝ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʫ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʀʉɻ, ʢʘʢ C5,5(FeCl3)0,41(CoCl2)0,59.  

2.3.9. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʦʙʨʘʟʮʘʭ 

ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Me 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʊʈɻ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʨʘʚʠʤʝʪʨʠʠ. ʀʟ ʊʈɻ 

ʧʨʝʩʩʦʚʘʣʠʩʴ ʪʘʙʣʝʪʢʠ ʤʘʩʩʦʡ ʧʦʨʷʜʢʘ 0,2 ʛ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʪʠʛʝʣʴ, ʢʦʪʦʨʳʡ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 900 Áʉ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʉʦʩʪʘʚ 

ʥʝʩʛʦʨʘʝʤʦʛʦ ʦʩʪʘʪʢʘ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʈʌɸ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʊʈɻ/Me ʧʦʩʣʝ ʠʭ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʬʘʟʳ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʡ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʦʪʞʠʛʘ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʷʣʩʷ ʜʦ CO/CO2. ʄʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ 

ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʊʈɻ/Fe, ʊʈɻ/Co, ʊʈɻ/Ni ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʢʩʠʜʘʤʠ: Fe2O3, Co3O4, NiO. ʆʧʨʝʜʝʣʠʚ ʤʘʩʩʫ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʢʩʠʜʦʚ, 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʊʈɻ ʧʦ ʬʦʨʤʫʣʝ: 

‫ὓὩ  
ά

ά˟ ˝Ⱦː

Ͻ 
ὼ Ͻὓ ὓὩ

ὓ ὓὩὕ
ϽρππϷ  

(22)  
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ʄʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʦʪʦʞʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʊʈɻ/Au ʠ ʊʈɻ/Pt 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʯʠʩʪʳʝ ʤʝʪʘʣʣʳ (ʟʦʣʦʪʦ ʠ ʧʣʘʪʠʥʫ), ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ: 

‫ὓὩ  
ά

ά˟ ˝Ⱦː

ϽρππϷ  
(23)  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʦʟʠʪʘʭ 

ʊʈɻ/Me1Me2
 (Me1 = Fe, Me2 = Co ʠʣʠ Ni) ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʭʦʜʠʪ ʥʘ 100%, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʊʈɻ/Me1Me2 ʷʚʣʷʝʪʩʷ 

ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʢʫʨʩʦʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʊʈɻ, ʘ ʦʢʩʠʜʥʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʬʝʨʨʠʪʦʤ Me2
 (Me2Fe2O4) ʠ ʣʠʙʦ ʠʟʙʳʪʢʦʤ Fe2O3, ʣʠʙʦ ʠʟʙʳʪʢʦʤ Me2

xOy.  

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʪʘ ʊʈɻ/FeCo ʙʳʣ ʚʳʙʨʘʥ ʀʉɻ-FeCl3CoCl2, ʥʘʩʳʱʝʥʥʳʡ ʘʤʤʠʘʢʦʤ. ɹʨʫʪʪʦ-

ʬʦʨʤʫʣʫ ʵʪʦʛʦ ʀʉɻ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ C5,5(FeCl3)0,41(CoCl2)0,59, ʘ ʟʥʘʯʠʪ 

(ʩʣʝʜʫʷ ʧʨʠʥʷʪʳʤ ʜʦʧʫʱʝʥʠʷʤ) ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʩʧʣʘʚʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʡ Fe0,41Co0,59. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʢʠʩʣʝʥʠʝ 

ʊʈɻ/FeCo ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ: Co0,205Fe0,41O0,82 + Co0,385O0,513. ɿʥʘʷ ʩʫʤʤʘʨʥʫʶ 

ʤʘʩʩʫ ʵʪʠʭ ʦʢʩʠʜʦʚ ʠ ʤʘʩʩʫ ʦʢʠʩʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʊʈɻ. 

2.3.10. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Me ʠʟʤʝʨʷʣʘʩʴ ʥʘ 

ʤʘʛʥʠʪʦʤʝʪʨʝ ʪʠʧʘ ʚʝʩʦʚ ʌʘʨʘʜʝʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʝʣʠʯʠʥʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ̫ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ -17,9 ʜʦ 

17,9 ʢʕ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 3%. 

ʊʝʩʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʪʷʞʝʥʠʷ ʤʘʛʥʠʪʦʤ ʦʙʨʘʟʮʦʚ ʊʈɻ/Me ʧʦʩʣʝ ʩʦʨʙʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʥʝʦʜʠʤʦʚʦʛʦ ʤʘʛʥʠʪʘ, ʜʣʷ ʯʝʛʦ 

ʤʘʛʥʠʪ ʚʧʣʦʪʥʫʶ ʧʨʠʙʣʠʞʘʣʠ ʢ ʢʦʤʧʘʢʪʫ ʊʈɻ ʩ ʧʦʛʣʦʱʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ 

ʬʠʢʩʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ ʚʳʪʷʛʠʚʘʥʠʷ. 

2.3.11. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Me 

ʉʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʊʈɻ (Sʞʠʜʢ., ʛ/ʛ) ʠʟʤʝʨʷʣʠ ʧʦ ʥʝʬʪʠ, ʦʢʪʘʥʫ ʠ ʚʦʜʝ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʊʈɻ, ʢʘʢ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, ʪʘʢ ʠ ʚʠʜʝ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʪʘʙʣʝʪʦʢ (ʜʠʘʤʝʪʨʦʤ 2 ʩʤ, ʚʳʩʦʪʦʡ 0,4 ʩʤ ʠ ʧʣʦʪʥʦʩʪʴʶ 0,02ï0,07 ʛ/ʩʤ3). 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʚ ʩʦʩʫʜ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ 

ʥʘ 15 ʤʠʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʝʮ ʩ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʦʪʩʪʘʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

1-2 ʤʠʥʫʪ ʠ ʚʟʚʝʰʠʚʘʣʠ. ʉʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

Sʞʠʜʢ. = (m2 ï m1)/m1, ʛʜʝ m1 ï ʤʘʩʩʘ ʧʦʨʦʰʢʘ ʠʣʠ ʢʦʤʧʘʢʪʘ ʊʈɻ ʜʦ ʩʦʨʙʮʠʠ, ʘ 

m2 ï ʤʘʩʩʘ ʊʈɻ ʩ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʴʶ. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʧʫʪʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ 

ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʥʠʪʨʘʪʦʚ Fe (III), Co (II), Ni (II) ʠ 

ʤʝʣʘʤʠʥʘ 

3.1.1.  ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʠʡ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʩʤʝʩʝʡ 

ʆɻ/Fe(NO3)3/ʤʝʣʘʤʠʥ  

ʀʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʝʛʦ 

ʩʦʩʪʘʚ ʩʦʣʝʡ ʞʝʣʝʟʘ (III), ʚ ʯʘʩʪʥʦʩʪʠ ʥʠʪʨʘʪʦʚ [183]. ʇʦʩʣʝʜʫʶʱʘʷ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆɻ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠ ʁʊʈɻ ʩ 

ʥʘʥʝʩʝʥʥʦʡ ʦʢʩʠʜʥʦʡ ʬʘʟʦʡ, ʢʦʪʦʨʘʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʜʦ ʯʠʩʪʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʜʦʨʦʜʦʤ ʠʣʠ ʤʝʪʘʥʦʤ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʭʝʤʳ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʪʘ ʊʈɻ/Fe ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʚʝʜʝʥʠʷ ʩʪʘʜʠʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʊʈɻ, ʧʨʠʯʝʤ ʜʘʥʥʘʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʤ, ʘ ʢ ʪʦʤʫ ʞʝ ʝʱʝ ʠ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʢ 

ʨʘʟʣʦʞʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʚ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʦʢʩʠʜ ʞʝʣʝʟʘ ʠʣʠ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ ʜʦ ʧʨʦʩʪʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʊʈɻ. 

ʂ ʪʘʢʠʤ ʛʘʟʘʤ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʘʤʤʠʘʢ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ  

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe2O3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 800-

1000 Üʉ [184]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʤʠʘʢʘ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʨʙʘʤʠʜ ʠ ʤʝʣʘʤʠʥ, 

ʦʜʥʘʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʘʤʠʜʦʤ ʦʢʘʟʘʣʦʩʴ ʥʝ ʩʪʦʣʴ ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʢ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʣʘʤʠʥʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʚʦ ʤʥʦʛʦʤ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ NH3 (å 174 ÜC [185]), ʯʝʤ ʫ 

ʤʝʣʘʤʠʥʘ (å 345 ÜC [186]).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ, ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʘ ʨʠʩʫʥʦʢ 24. 

 

ʈʠʩʫʥʦʢ 24 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʧʫʪʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, 

ʧʨʝʢʫʨʩʦʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʘ ʚʦʟʜʫʭʝ 

ʆʪʧʨʘʚʥʳʤ ʟʚʝʥʦʤ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʀʉɻ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʏʝʤ ʥʠʞʝ ʥʦʤʝʨ ʩʪʫʧʝʥʠ ʠʩʭʦʜʥʦʛʦ ʀʉɻ, ʪʝʤ ʙʦʣʴʰʝ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʬʠʪʘ ʧʨʠ ʝʛʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ (ʠʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʆɻ ʥʘ ʝʛʦ ʦʩʥʦʚʝ) 

[187]. ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʀʉɻ-HNO3 ʥʘʠʙʦʣʝʝ ʟʘʧʦʣʥʝʥʥʦʡ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ, 

ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʛʨʘʥʠʯʠʪʴʩʷ ʩʠʥʪʝʟʦʤ ʀʉɻ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʧʦ 

ʤʝʪʦʜʠʢʝ ʙʣʠʟʢʦʡ, ʢ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [188].  

 

ʈʠʩʫʥʦʢ 25 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ: ʘ) ï ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʠʪʘ, ʙ) ï ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ 2-ʦʡ 

ʩʪʫʧʝʥʠ, ʚ) ï ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠʟ ʅɻ-2 
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ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ 2-ʦʡ 

ʩʪʫʧʝʥʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʈʌɸ (ʨʠʩʫʥʦʢ 25 ʙ), ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʧʝʨʠʦʜ ʠʜʝʥʪʠʯʥʦʩʪʠ Ic, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 11,2 ¡ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʠ ʧʨʦʤʳʚʢʝ ʀʉɻ-HNO3 ʚʦʜʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ 

ʚʥʝʜʨʝʥʥʦʡ ʢʠʩʣʦʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ (ʧʨʦʩʫʰʝʥʥʦʛʦ ʦʪ 

ʠʟʙʳʪʢʘ ʚʣʘʛʠ) ʆɻ (ʨʠʩʫʥʦʢ 25 ʚ) ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʨʝʬʣʝʢʩʳ, ʦʪʥʦʩʠʤʳʝ ʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʛʨʘʬʠʪʫ (ʨʠʩʫʥʦʢ 25 ʘ). ʋʰʠʨʝʥʠʝ ʣʠʥʠʡ ʛʨʘʬʠʪʘ ʠ ʥʝʙʦʣʴʰʦʝ 

ʠʭ ʩʤʝʱʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, 

ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʷʚʣʝʥʠʝ 

çʧʣʝʯʘè ʩʧʨʘʚʘ ʦʪ ʛʨʘʬʠʪʦʚʦʛʦ ʧʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʤʝʰʘʥʥʦʡ ʬʘʟʝ ʚʳʩʦʢʠʭ 

ʩʪʫʧʝʥʝʡ ʀʉɻ-HNO3, ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʳʤ ʫʜʘʣʝʥʠʝʤ ʢʠʩʣʦʪʳ ʠʟ ʤʝʞʩʣʦʝʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [189]. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʩʫʰʝʥʥʦʛʦ ʦʪ ʠʟʙʳʪʢʘ ʚʣʘʛʠ ʆɻ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʤʝʩʠ 

ʆɻ/Fe(NO3)3/ʤʝʣʘʤʠʥ ʩ ʩʦʩʪʘʚʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 8. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʩʤʝʩʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʛʠʜʨʘʪʦʚ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʦʙʩʪʚʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʤʝʩʠ, ʪʘʢ ʢʘʢ ʯʘʩʪʠʮʳ ʆɻ ʨʘʚʥʦʤʝʨʥʦ ʧʨʦʧʠʪʳʚʘʶʪʩʷ 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʨʘʩʧʣʘʚʦʤ. ɺ ʭʦʜʝ ʥʘʛʨʝʚʘ ʠ ʚʳʜʝʨʞʢʠ ʪʝʨʷʝʪʩʷ ʜʦ ʧʦʣʦʚʠʥʳ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʛʠʜʨʘʪʝ ʚʦʜʳ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʤʝʣʘʤʠʥʘ ʩʤʝʩʴ ʩʥʦʚʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʳʧʫʯʝʝ ʩʦʩʪʦʷʥʠʝ ʟʘ ʩʯʝʪ ʯʘʩʪʠʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʚʦʜʳ ʤʝʣʘʤʠʥʦʤ. 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ ʝʝ ʧʝʨʝʪʠʨʘʥʠʷ ʚ ʩʪʫʧʢʝ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʤʝʩʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪ r ʩʥʘʯʘʣʘ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʥʘ ʚʦʟʜʫʭʝ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʣʘ ʢ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʶ ʆɻ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʊʈɻ ʠ ʨʘʟʣʦʞʝʥʠʶ Fe(NO3)3. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʈʌɸ (ʨʠʩʫʥʦʢ 26) 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʩʤʝʩʠ ʆɻ ʩ Fe(NO3)3 ʙʝʟ ʤʝʣʘʤʠʥʘ ʦʙʨʘʟʫʝʪʩʷ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ (ʦʙʨʘʟʝʮ ʊʈɻʆɻ-Fe(0)), ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ Ŭ-Fe2O3 (ʨʠʩʫʥʦʢ 26 ʘ).  
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ʈʠʩʫʥʦʢ 26 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʊʈɻ: ʘ) ï ʊʈɻʆɻ-Fe(0), ʙ) ï ʊʈɻʆɻ-Fe(25), ʚ) ï 

ʊʈɻʆɻ-Fe(50), ʛ) ï ʊʈɻʆɻ-Fe(75), ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʊʈɻʆɻ-Fe(25), ʊʈɻʆɻ-Fe(50), 

ʊʈɻʆɻ-Fe(75), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ (ʦʪ 25 ʜʦ 75 ʤʘʩʩ.%) 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʘʤʠʥʘ (ʨʠʩʫʥʦʢ 26 ʙ-ʛ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʢʘʟʘʣʦʩʴ (ʨʠʩʫʥʦʢ 27), ʯʪʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-Fe(50) ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ 

ʘʥʘʣʦʛʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʊʈɻʆɻ-Fe(0).  
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ʈʠʩʫʥʦʢ 27 ï ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

ʦʙʨʘʟʮʦʚ: ʊʈɻʆɻ-Fe(0) ï ʩʠʥʷʷ ʣʠʥʠʷ ʠ ʊʈɻʆɻ-Fe(50) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʊʈɻʆɻ-Fe(25), ʊʈɻʆɻ-Fe(50), 

ʊʈɻʆɻ-Fe(75) ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʘʷ ʬʝʨʨʦ- ʠʣʠ ʬʝʨʨʠʤʘʛʥʠʪʥʘʷ ʬʘʟʘ, ʢʦʪʦʨʫʶ ʚ ʩʠʣʫ 

ʝʝ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝ ʫʜʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜʦʤ ʈʌɸ.   

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʦʙʨʘʟʮʳ 

ʊʈɻʆɻ-Fe(0) ʠ ʊʈɻʆɻ-Fe(50) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 28).   

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-Fe(0), ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʟ ʤʝʣʘʤʠʥʘ ʥʘ 

ʚʦʟʜʫʭʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʠʤ ʩʝʢʩʪʝʪʦʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ IS = 0,37 ʤʤ/ʩ, QS = ä0,21 

ʤʤ/ʩ ʠ Hhf = 516 ʢʕ (ʪʘʙʣʠʮʘ 12), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ Fe3+ ʚ ʩʪʨʫʢʪʫʨʝ Ŭ-Fe2O3 

[190,191]. 

 



76 

 

ʈʠʩʫʥʦʢ 28 ï ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʊʈɻʆɻ-Fe(0) ʠ ʊʈɻʆɻ-Fe(50), 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-Fe(50) ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʪʨʝʤʷ ʧʦʜʩʧʝʢʪʨʘʤʠ. ʇʘʨʘʤʝʪʨʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟ ʥʠʭ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ Ŭ-Fe2O3, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 86%. ɼʚʘ ʜʨʫʛʠʭ ʩʝʢʩʪʝʪʘ ʩ 

IS = 0,36 ʤʤ/ʩ, Hhf = 498 ʢʕ ʠ IS = 0,58 ʤʤ/ʩ, Hhf = 460 ʢʕ ʦʪʥʦʩʷʪʩʷ ʢ (Fe3+)A ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʠ [Fe3+, Fe2+]B ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʘʛʥʝʪʠʪʘ (Fe3+)[Fe2+Fe3+]O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʱʝʥʥʦʡ 

ʰʧʠʥʝʣʠ [192,193]. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʦʦʪʥʦʰʝʥʠʝ (Fe3+)A ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʠ [Fe3+, Fe2+]B ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʤʘʛʥʝʪʠʪʘ 

ʜʦʣʞʥʦ ʙʳʪʴ 1:2, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʠʩʭʦʜʷ ʠʟ ʧʣʦʱʘʜʠ ʩʝʢʩʪʝʪʦʚ, ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ 5:2. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʨʘʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 4% Fe2+3+ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ, ʘ 2% Fe3+ ï ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ 

ʤʘʛʥʝʪʠʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ 
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ʤʘʛʥʝʪʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 6%. ʆʩʪʘʣʴʥʳʝ 8% ʧʨʠʥʘʜʣʝʞʘʪ Fe3+ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ ɔ-Fe2O3, ʧʦʩʢʦʣʴʢʫ ʞʝʣʝʟʦ ʚ ʵʪʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʙʣʠʟʢʠʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ (IS = 0,32 ʤʤ/ʩ, Hhf = 500 ʢʕ [191]) ʠ ʚʭʦʜʠʪ ʚ ʧʦʜʩʧʝʢʪʨ Fe3+ ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʤʘʛʥʝʪʠʪʘ (IS = 0,36 ʤʤ/ʩ, Hhf = 498 ʢʕ). ɻʘʤʤʘ-ʦʢʩʠʜ 

ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʦʢʠʩʣʝʥʠʷ Fe3O4 ʥʘ ʚʦʟʜʫʭʝ ʠ ʚʧʦʣʥʝ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ. 

ʊʘʙʣʠʮʘ 12. 

ʇʘʨʘʤʝʪʨʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

 (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʦʙʨʘʟʮʦʚ ʊʈɻʆɻ-Fe, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ. 

ʆʙʨʘʟʝʮ IS, ʤʤ/ʩ QS, ʤʤ/ʩ H, ʢʕ S, % ʌʘʟʘ 

ʊʈɻʆɻ-Fe(0) 0,37 ï0,21 516 100 Ŭ-Fe2O3 (ʩʝʢʩʪʝʪ) 

ʊʈɻʆɻ-Fe(50) 

0,37 ï0,17 517 86 Ŭ-Fe2O3 (ʩʝʢʩʪʝʪ) 

0,36 0,00 498 10 Fe3O4 (Fe3+) (ʩʝʢʩʪʝʪ) 

0,58 0,09 460 4 Fe3O4 (Fe2+Fe3+) (ʩʝʢʩʪʝʪ) 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʠʪʨʘʪ ʞʝʣʝʟʘ (III) ʥʘ ʚʦʟʜʫʭʝ ʨʘʟʣʘʛʘʝʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʧʨʠ 900 ÜC ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-Fe2O3, ʘ ʘʤʤʠʘʢ, ʚʳʜʝʣʷʶʱʠʡʩʷ 

ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʤʝʣʘʤʠʥʘ, ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ Fe2O3 ʜʦ Fe3O4: 

4Fe(NO3)3 Ā xH2O Ÿ 2Fe2O3 + 12NO2 + 3O2 + 4xH2O (24)  

9Fe2O3 + 2NH3 Ÿ 6Fe3O4 + N2 + 3H2O (25) 

ʆʜʥʘʢʦ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ ʦʢʠʩʣʷʝʪ Fe3O4 ʦʙʨʘʪʥʦ ʜʦ Fe2O3, ʧʦʵʪʦʤʫ ʜʘʞʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʊʈɻ ʩ ʬʘʟʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ, ʩʤʝʩʠ 

ʆɻ/Fe(NO3)3/ʤʝʣʘʤʠʥ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʘʟʦʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 29.  

 

ʈʠʩʫʥʦʢ 29 ï ɹʣʦʢ-ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʟʘ ʩʯʝʪ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʨʝʢʫʨʩʦʨʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʩʤʝʩʠ ʆɻ/Fe(NO3)3 ʙʝʟ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʙʨʘʟʫʝʪʩʷ ʊʈɻʆɻ-Fe(0), ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʛʥʝʪʠʪʦʤ ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʰʧʠʥʝʣʠ 

(ʨʠʩʫʥʦʢ 30 ʘ). ʇʘʨʘʤʝʪʨ a ʨʝʰʝʪʢʠ Fe3O4 ʩʦʩʪʘʚʣʷʝʪ 8,396 ¡.  

 

ʈʠʩʫʥʦʢ 30 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʊʈɻ: ʘ) ï ʊʈɻʆɻ-Fe(0), ʙ) ï ʊʈɻʆɻ-Fe(25),  

ʚ) ï ʊʈɻʆɻ-Fe(50), ʛ) ï ʊʈɻʆɻ-Fe(75), ʧʦʣʫʯʝʥʥʳʭ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʝʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣ 

ʤʝʣʘʤʠʥ, ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʊʈɻ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʞʝʣʝʟʦ Ŭ-Fe ʩ 

ʢʫʙʠʯʝʩʢʦʡ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ (ʨʠʩʫʥʦʢ 30 ʙ-ʛ). ʇʘʨʘʤʝʪʨ a 

ʨʝʰʝʪʢʠ Ŭ-Fe ʩʦʩʪʘʚʣʷʝʪ 2,864 ¡. 

ɼʘʥʥʳʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʈʌɸ (ʪʘʙʣʠʮʘ 11). ʊʘʢ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ 

ʊʈɻʆɻ-Fe(0) ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Fe3O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʱʝʥʥʦʡ 

ʰʧʠʥʝʣʠ (ʨʠʩʫʥʦʢ 31 ʘ), ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʚʘ ʧʦʜʩʧʝʢʪʨʘ ʚ ʚʠʜʝ ʩʝʢʩʪʝʪʦʚ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ (Fe3+)A ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʠ [Fe3+Fe2+]B ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʰʧʠʥʝʣʠ (Fe3+)[Fe2+Fe3+]O4. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʜʩʧʝʢʪʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ 

ʢ Ŭ-Fe2O3 ʠ FeO [194].  



79 

 

ʈʠʩʫʥʦʢ 31 ï ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʊʈɻ: ʘ) ï ʊʈɻʆɻ-Fe(0), ʙ) ï 

ʊʈɻʆɻ-Fe(25), ʚ) ï ʊʈɻʆɻ-Fe(50), ʛ) ï ʊʈɻʆɻ-Fe(75), ʧʦʣʫʯʝʥʥʳʭ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ 

ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʊʈɻʆɻ-Fe(25) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʞʝʣʝʟʦʤ Ŭ-Fe (66 %), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʩʝʢʩʪʝʪʘ ʩ IS = 0, QS = 0 ʠ Hhf = 330 ʢʕ [191] (ʨʠʩʫʥʦʢ 31 ʙ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʙʨʘʟʮʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ: 8 % ʤʘʛʥʝʪʠʪʘ Fe3O4, 4 % ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ 

Fe3C ʠ 17 % ɔ-(Fe,C) [195,196] (ʪʘʙʣʠʮʘ 13), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Fe ʩ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʤʝʣʘʤʠʥʘ ʠ 

ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʊʈɻ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʣʘʤʠʥʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʜʦ 50 ʤʘʩ.% ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ŭ-Fe (90%) ʚ ʩʦʩʪʘʚʝ ʊʈɻ (ʨʠʩʫʥʦʢ 31 ʚ). 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ɔ-(Fe,C) ʩ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ɔ-Fe ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 910 ÜC, ʦʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʘ ʩʧʣʘʚ ɔ-(Fe,C) 
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ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [197]. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʆɻ-Fe(75) ʦʙʨʘʟʫʝʪʩʷ ʊʈɻ ʩ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 69% Ŭ-

Fe, ʥʘ 17% ʢʘʨʙʠʜʦʤ ʞʝʣʝʟʘ Fe3C ʠ ʥʘ 14% ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ɔ-(Fe,C) (ʨʠʩʫʥʦʢ 

31 ʛ). 

ʊʘʙʣʠʮʘ 13. 

ʇʘʨʘʤʝʪʨʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ  

(ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʦʙʨʘʟʮʦʚ ʊʈɻʆɻ-Fe, ʧʦʣʫʯʝʥʥʳʭ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʆʙʨʘʟʝʮ IS, ʤʤ/ʩ QS, ʤʤ/ʩ H, ʢʕ S, % ʌʘʟʘ 

ʊʈɻʆɻ-Fe(0) 

0,27 ï0,02 491 32 Fe3O4 (Fe3+) (ʩʝʢʩʪʝʪ) 

0,67 0,00 459 49 Fe3O4 (Fe2+Fe3+) (ʩʝʢʩʪʝʪ) 

0,37 -0,21 515 10 Ŭ-Fe2O3 (ʩʝʢʩʪʝʪ) 

1,09 0,13 ï 3 FeO (ʜʫʙʣʝʪ) 

0,92 0,58 ï 6 FeO (ʜʫʙʣʝʪ) 

ʊʈɻʆɻ-Fe(25) 

0,00 0,00 330 66 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

0,22 0,06 204 4 Fe3C (ʩʝʢʩʪʝʪ) 

0,20 -0,00 484 4 Fe3O4 (Fe3+) (ʩʝʢʩʪʝʪ) 

0,73 0,08 460 4 Fe3O4 (Fe2+Fe3+) (ʩʝʢʩʪʝʪ) 

-0,07 0,00 ï 17 ɔ-(Fe,C) (ʩʠʥʛʣʝʪ) 

0,92 0,69 ï 5 FeO (ʜʫʙʣʝʪ) 

ʊʈɻʆɻ-Fe(50) 
0,00 0,00 330 90 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

-0,07 0,00 ï 10 ɔ-(Fe,C) (ʩʠʥʛʣʝʪ) 

ʊʈɻʆɻ-Fe(75) 

0,00 0,01 330 69 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

0,20 0,05 204 17 Fe3C (ʩʝʢʩʪʝʪ) 

-0,08 0,00 ï 14 ɔ-(Fe,C) (ʩʠʥʛʣʝʪ) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʤʤʠʘʢ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʤʝʣʘʤʠʥʘ ʧʨʠʚʦʜʠʪ 

ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ Fe(NO3)3, ʪʘʢʠʭ ʢʘʢ Fe2O3 ʠ NO2, ʘ ʪʘʢʞʝ 

NO2, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʠʟ ʆɻ ʚ ʭʦʜʝ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ. 

Fe2O3 + 2NH3 Ÿ 2Fe + N2 + 3H2O (26)  

NO2 + 8NH3 Ÿ 7N2 + 12H2O (27) 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʤʝʣʘʤʠʥʘ ʚ ʩʤʝʩʠ ʆɻ ʩ Fe(NO3)3 ʦʙʨʘʟʫʶʱʠʡʩʷ Fe2O3 ʯʘʩʪʠʯʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Fe3O4 ʫʛʣʝʨʦʜʦʤ ʛʨʘʬʠʪʘ [198], ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʥʝʪʠʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ ʆɻ-Fe(0) ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

3Fe2O3 + Cʛʨ. Ÿ 2Fe3O4 + CO (28)  

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʪʘʢʞʝ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ. ʊʘʢ, ʠʟ ʩʤʝʩʠ ʆɻ/Fe(NO3)3 ʩ 50 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʊʈɻ 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 700 ʠ 800 Áʉ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ (ʨʠʩʫʥʦʢ 32) ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʫʜʘʨʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʥʠʪʨʘʪʘ ʞʝʣʝʟʘ Fe2O3 ʠʜʝʪ ʥʝ ʜʦ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ 900 Áʉ, ʘ ʪʦʣʴʢʦ ʜʦ Fe3O4.  

 

ʈʠʩʫʥʦʢ 32 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʠ ʆɻ-Fe(50) ʧʨʠ: 

ʘ) ï 900 Áʉ, ʙ) ï 800 Áʉ, ʚ) ï 700 Áʉ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʊʈɻ, ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ Ŭ-ʞʝʣʝʟʦʤ ʥʝʦʙʭʦʜʠʤʳ: ʥʘʣʠʯʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ-

ʤʝʣʘʤʠʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʧʦʨʷʜʢʘ 900 Áʉ. 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʊʈɻ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ 

ʉʕʄ ʩ EDX-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʊʈɻ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʯʝʨʚʝʦʙʨʘʟʥʫʶ ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 33 ʘ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʩʣʦʝʥʥʳʤʠ 

ʛʨʘʬʝʥʦʚʳʤʠ ʧʘʯʢʘʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʧʨʠʩʫʪʩʪʚʫʪʁ ʯʘʩʪʠʮʳ (ʨʠʩʫʥʦʢ 33 ʙ) 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ. ɺ EDX-ʩʧʝʢʪʨʝ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʠʛʥʘʣʳ ʦʪ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʞʝʣʝʟʦ (ʨʠʩʫʥʦʢ 33 ʚ).  
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ʈʠʩʫʥʦʢ 33 ï ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ (ʘ, ʙ) ʠ EDX-ʩʧʝʢʪʨ (ʚ) ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-Fe 

ʄʝʪʦʜ ʉʕʄ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʝʩʪʴ ʣʠ ʩʨʝʜʠ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʯʘʩʪʠʮʳ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʜʝʣʘʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʊʈɻ/Fe ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʪʘʣʠʟʝ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-Fe ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʇʕʄ. 

 

ʈʠʩʫʥʦʢ 34 ï ʀʟʦʙʨʘʞʝʥʠʝ ʇʕʄ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʊʈɻʆɻ-Fe ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʦ, ʯʪʦ ʢʨʦʤʝ ʯʘʩʪʠʮ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʊʈɻ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ 

(ʨʠʩʫʥʦʢ 34).  

3.1.2. ʊʈɻ, ʩʦʜʝʨʞʘʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʝ Co, Ni, ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

Fe/Co, Fe/Ni, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʩʤʝʩʝʡ ʆɻ/M(NO3)2/ʤʝʣʘʤʠʥ ʠ 

ʆɻ/M(NO3)2/Fe(NO3)3/ʤʝʣʘʤʠʥ (M = Co, Ni) 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʝʩʝʡ 

ʆɻ/Co(NO3)2 ʠʣʠ ʆɻ/Ni(NO3)2 ʙʝʟ ʤʝʣʘʤʠʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʦʢʩʠʜʦʚ Co3O4 ʠʣʠ NiO, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʨʠʩʫʥʦʢ 35 ʘ, ʚ). ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʆɻ/Co(NO3)2 ʩ 75 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ CoO (ʨʠʩʫʥʦʢ 35 ʙ), ʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʩʰʠʨʝʥʠʠ 

ʆɻ/Ni(NO3)2 ʩ 75 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ ï ʩʤʝʩʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʷ ʠ NiO (ʨʠʩʫʥʦʢ 

35 ʛ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʝʩʝʡ ʆɻ/ʥʠʪʨʘʪ ʥʘ ʚʦʟʜʫʭʝ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ.  

 

ʈʠʩʫʥʦʢ 35 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʊʈɻ: ʘ) ï ʊʈɻʆɻ-Co(0), ʙ) ï ʊʈɻʆɻ-Co(75), ʚ) ï 

ʊʈɻʆɻ-Ni(0), ʛ) ï ʊʈɻʆɻ-Ni(75), ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ 

ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʝʡ ʆɻ/Co(NO3)2 ʠʣʠ ʆɻ/Ni(NO3)2 ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʦʤʧʦʟʠʪ ʊʈɻ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʪʘʣʣʦʤ, 

ʧʨʠʯʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʜʝʪ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʣʘʤʠʥʘ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʦʙʨʘʟʮʦʚ ʊʈɻʆɻ-Co(0) ʠ ʊʈɻʆɻ-Co(75), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʆɻ/Co(NO3)2 ʙʝʟ 

ʤʝʣʘʤʠʥʘ ʠ ʆɻ/Co(NO3)2 ʩ 75 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʬʘʟʝ ʛʨʘʬʠʪʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ɓ-Co ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (ɻʎʂ) ʨʝʰʝʪʢʦʡ (ʨʠʩʫʥʦʢ 36 ʘ, ʙ). ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʝʡ 

ʆɻ/Ni(NO3)2 ʙʝʟ ʤʝʣʘʤʠʥʘ ʠʣʠ ʆɻ/Ni(NO3)2 ʩ 75 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʊʈɻ, 

ʩʦʜʝʨʞʘʱʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʠʢʝʣʴ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ (ʨʠʩʫʥʦʢ 36 ʚ, ʛ). ɿʥʘʯʝʥʠʷ 

ʨʘʩʯʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ a ʨʝʰʝʪʦʢ ɓ-Co ʠ Ni ʩʦʩʪʘʚʠʣʠ 3,549 ¡ ʠ 3,525 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʠʩʫʥʦʢ 36 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʊʈɻ: ʘ) ï ʊʈɻʆɻ-Co(0), ʙ) ï ʊʈɻʆɻ-Co(75), 

ʚ) ï ʊʈɻʆɻ-Ni(0), ʛ) ï ʊʈɻʆɻ-Ni(75), ʧʦʣʫʯʝʥʥʳʭ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʣʘʤʠʥʘ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʩʠʩʪʝʤʝ ʛʨʘʬʠʪʘ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ.  

2MO + Cʛʨ. Ÿ 2M + CO2 (M = Co, Ni) (29)  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʨʘʟʮʘʭ ʊʈɻʆɻ-Co(0) ʠ 

ʊʈɻʆɻ-Ni(0) ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ ʊʈɻʆɻ-Co(75) ʠ 

ʊʈɻʆɻ-Ni(75), ʟʘ ʩʯʝʪ ʝʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʠʟ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʥʠʪʨʘʪʘ ʦʢʩʠʜʘ (ʪʘʙʣʠʮʘ 14). 

ʊʘʙʣʠʮʘ 14. 

ʈʝʟʫʣʴʪʘʪʳ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʦʚ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻʆɻ-Me. 

ʂʦʤʧʦʟʠʪ ʉʦʩʪʘʚ, Ñ3%ʤʘʩʩ. 

ʊʈɻʆɻ-Fe(50) 73%ʤʘʩʩ.C + 27%ʤʘʩʩ. (Ŭ-Fe +.ɔ-(Fe,C)) 

ʊʈɻʆɻ-Co(0) 63%ʤʘʩʩ.C + 37%ʤʘʩʩ.Co 

ʊʈɻʆɻ-Co(75) 73%ʤʘʩʩ.C + 27%ʤʘʩʩ.Co 

ʊʈɻʆɻ-Ni(0) 67%ʤʘʩʩ.
C + 33%ʤʘʩʩ.Ni 

ʊʈɻʆɻ-Ni(75) 75%ʤʘʩʩ.
C + 25%ʤʘʩʩ.Ni 

ʊʘʢ ʢʘʢ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ ʜʦ ʤʝʪʘʣʣʘ ʚʦʟʤʦʞʥʦ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʤʝʣʘʤʠʥʘ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ 

ʩʤʝʩʠ ʆɻ/Ni(NO3)2 ʙʝʟ ʤʝʣʘʤʠʥʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʆɻ/Ni(NO3)2 ʙʝʟ ʤʝʣʘʤʠʥʘ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ (700 ʠ 800 Áʉ) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ NiO ʚ ʩʦʩʪʘʚʝ ʊʈɻ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʤʝʪʦʜʦʤ ʈʌɸ 

(ʨʠʩʫʥʦʢ 37). 



85 

 

ʈʠʩʫʥʦʢ 37 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʠ ʆɻ/Ni(NO3)2 

ʙʝʟ ʤʝʣʘʤʠʥʘ ʧʨʠ: ʘ) ï 900 Áʉ, ʙ) ï 800 Áʉ, ʚ) ï 700 Áʉ 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʫʛʣʝʨʦʜ 

ʩʧʦʩʦʙʝʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʦʢʩʠʜ ʥʠʢʝʣʷ ʜʦ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ ʪʦʣʴʢʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 900 Áʉ. 

ʉʦʚʝʨʰʝʥʥʦ ʠʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʩʤʝʩʠ 

ʆɻ/Ni(NO3)2, ʩʦʜʝʨʞʘʱʝʡ 75 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ (ʨʠʩʫʥʦʢ 38). ʅʘʣʠʯʠʝ ʤʝʣʘʤʠʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʜʦ ʤʝʪʘʣʣʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʩʳʧʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʊʈɻ. ʀ ʝʩʣʠ ʧʨʠ 900 Áʉ dʊʈɻ/Ni ʩʦʩʪʘʚʣʷʣʘ 5 ʛ/ʣ, ʪʦ ʧʨʠ 700 

Áʉ dʊʈɻ/Ni = 8 ʛ/ʣ, ʘ ʧʨʠ 500 Áʉ dʊʈɻ/Ni = 12 ʛ/ʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʩʤʝʩʠ ʆɻ ʩ ʥʠʪʨʘʪʘʤʠ ʤʝʪʘʣʣʦʚ 

ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʠ ʤʝʣʘʤʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʠʟʢʦʧʣʦʪʥʳʡ ʊʈɻ ʩ ʬʘʟʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʞʝʣʝʟʘ, ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ. 
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ʈʠʩʫʥʦʢ 38 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʠ ʆɻ/Ni(NO3)2 ʩ 

75 ʤʘʩʩ.% ʤʝʣʘʤʠʥʘ ʧʨʠ: ʘ) ï 900 Áʉ, ʙ) ï 700 Áʉ, ʚ) ï 500 Áʉ 

ʇʦʤʠʤʦ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʊʈɻ ʩ ʬʘʟʦʡ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ, ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʊʈɻ ʩ ʬʘʟʦʡ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʞʝʣʝʟʦʤ 

ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʩʤʝʩʝʡ ʆɻ/Fe(NO3)3/M(NO3)2/ʤʝʣʘʤʠʥ (M = 

Co, Ni). 

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-FeCo (ʨʠʩʫʥʦʢ 39 ʘ), ʥʘʙʣʶʜʘʶʪʩʷ ʧʠʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʘʟʝ ʛʨʘʬʠʪʘ ʠ ʬʘʟʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ FexCoy ʩ ʆʎʂ ʨʝʰʝʪʢʦʡ. ʇʨʠ 

ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʙʘʣʴʪʘ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʝʩʴ ʢʦʙʘʣʴʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʆʎʂ ʨʝʰʝʪʢʠ ʞʝʣʝʟʘ ʚ 

ʚʠʜʝ ʩʧʣʘʚʘ FexCoy. ʇʘʨʘʤʝʪʨ a ʨʝʰʝʪʢʠ FexCoy ʩʦʩʪʘʚʠʣ 2,849Ñ0,003 ¡, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ Fe:Co ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 1:1 ʠ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [199]. 

ʅʠʢʝʣʴ, ʢʘʢ ʠ ʢʦʙʘʣʴʪ, ʠʤʝʝʪ ɻʎʂ ʨʝʰʝʪʢʫ (ʘ = 3,524 ¡). ʇʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ ʆɻ/Fe(NO3)3/Ni(NO3)2/ʤʝʣʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʊʈɻʆɻ-FeNi, 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʟʘʤʝʱʝʥʠʷ 

ʞʝʣʝʟʦʤ ʥʠʢʝʣʷ, ʠʤʝʶʱʠʤ ɻʎʂ ʨʝʰʝʪʢʫ (ʘ = 3,580Ñ0,006 ¡) (ʨʠʩʫʥʦʢ 39 ʙ). ʇʨʠ 

ʵʪʦʤ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ 
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ʞʝʣʝʟʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʚ ɻʎʂ ʨʝʰʝʪʢʝ ʥʠʢʝʣʷ. 

ʅʝʙʦʣʴʰʦʝ ʧʣʝʯʦ ʥʘ ʧʠʢʘʭ ʩʧʣʘʚʘ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, 

ʯʪʦ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʠʢʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʤʝʪʘʣʣʘ, ʩ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʘ, ʯʝʤ ʫ ʩʧʣʘʚʘ, ʪ.ʢ. ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʞʝʣʝʟʘ ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʥʠʢʝʣʷ 

[200]. 

 

ʈʠʩʫʥʦʢ 39 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʊʈɻ: ʘ) ï ʊʈɻʆɻ-FeCo, ʙ) ï ʊʈɻʆɻ-FeNi, ʚ) ï ʊʈɻʆɻ-

CoNi, ʛ) ï ʊʈɻʆɻ-FeCoNi 

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ ʊʈɻʆɻ-FeCoNi ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʩʜʚʦʝʥʥʳʭ 

ʧʠʢʦʚ (ʨʠʩʫʥʦʢ 39 ʚ), ʦʪʥʦʩʷʱʠʭʩʷ ʢ ɻʎʂ ʨʝʰʝʪʢʝ. ɻʎʂ ʨʝʰʝʪʢʘ ʩ ʤʝʥʴʰʠʤ 

ʧʘʨʘʤʝʪʨʦʤ a = 3,541Ñ0,002 ¡ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʢʦʙʘʣʴʪʫ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʝʰʝʪʢʘ ʩ ʙʦʣʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ a = 3,577Ñ0,029 ¡ ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʣʘʚʫ Fe ʠ Ni, 

ʚʝʨʦʷʪʥʦ, ʩʦʜʝʨʞʘʱʝʤʫ Co. ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʩʤʝʩʠ 

ʆɻ/Co(NO3)2/Ni(NO3)2/ʤʝʣʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʊʈɻ (ʨʠʩʫʥʦʢ 39 ʛ), ʩʦʜʝʨʞʘʱʠʡ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʩ ɻʎʂ ʨʝʰʝʪʢʦʡ (ʘ = 3,534Ñ0,001 ¡). 

ɺ ʭʦʜʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʤʝʩʝʡ ʆɻ/Fe(NO3)3/Ni(NO3)2/ʤʝʣʘʤʠʥ 

ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʤʝʣʘʤʠʥʘ ʛʘʟʦʦʙʨʘʟʥʳʡ ʘʤʤʠʘʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 
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ʦʢʩʠʜʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ Fe, Co ʠ Ni 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ: 

xʄ1 + yM2 + (zM3) Ÿ M1
xM2

y(M3
z), ʚ ʢʦʪʦʨʦʤ ʨʘʩʯʝʪʥʦʝ ʤʘʩʩʦʚʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ x:y ʠʣʠ x:y:z (ʚ ʩʣʫʯʘʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʣʘʚʘ) ʨʘʚʥʷʝʪʩʷ ʝʜʠʥʠʮʝ.   

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ 

ʩʤʝʩʠ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʥʠʪʨʘʪʘʤʠ ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ (ʤʝʣʘʤʠʥʦʤ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʊʈɻ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʩʧʣʘʚ. 

ʆʙʨʘʟʮʳ ʊʈɻʆɻ-Co ʠ ʊʈɻʆɻ-Ni ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʉʕʄ ʠ EDX-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʥʘ EDX-ʩʧʝʢʪʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʫʛʣʝʨʦʜʫ ʚ ʩʦʩʪʘʚʝ 

ʊʈɻ, ʘ ʥʘʣʠʯʠʝ ʤʘʣʦʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ ʢʠʩʣʦʨʦʜʘ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʚ 

ʧʨʠʥʮʠʧʝ ʜʣʷ ʣʶʙʳʭ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʘ ʥʝ ʪʦʣʴʢʦ ʊʈɻ ʩ ʥʘʥʝʩʝʥʥʦʡ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʦʡ [201]. 

 

ʈʠʩʫʥʦʢ 40 ï ʀʟʦʙʨʘʞʝʥʠʝ ʉʕʄ ʠ EDX-ʩʧʝʢʪʨ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ: ʘ) ï 

ʊʈɻʆɻ-Co ʠ ʙ) ï ʊʈɻʆɻ-Ni 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ Fe (ʨʠʩʫʥʦʢ 33 ʙ) ʠ Co 

(ʨʠʩʫʥʦʢ 40 ʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʩʭʦʞʠ ï ʵʪʦ ʣʠʙʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʘʧʣʠ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ ʦʜʥʦʛʦ ʤʠʢʨʦʥʘ, ʣʠʙʦ ʘʛʣʦʤʝʨʘʪʳ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʧʝʣʴ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ Ni 

ʦʙʨʘʟʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ ʥʝʧʨʝʨʳʚʥʳʝ ʩʝʪʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʩʧʸʢʰʠʭʩʷ 

ʯʘʩʪʠʮ, ʨʘʟʤʝʨʦʤ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 40 ʙ). 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʘ ʠʭ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʭʘʨʘʢʪʝʨʥʘ ʪʘ ʞʝ 

ʤʦʨʬʦʣʦʛʠʷ (ʨʠʩʫʥʦʢ 41 ʘ, ʙ). 

 

ʈʠʩʫʥʦʢ 41 ï ʀʟʦʙʨʘʞʝʥʠʝ ʉʕʄ ʠ EDX-ʩʧʝʢʪʨ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ: ʘ) ï 

ʊʈɻʆɻ-FeCo ʠ ʙ) ï ʊʈɻʆɻ-FeNi 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʥʥʦ ʯʘʩʪʠʮ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʣʫʞʘʪ ʜʘʥʥʳʝ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 42), ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʵʣʝʤʝʥʪʘʤ-ʤʝʪʘʣʣʘʤ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʠ ʠʩʭʦʜʷʪ ʦʪ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʯʘʩʪʠʮ. 
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ʈʠʩʫʥʦʢ 42 ï ʀʟʦʙʨʘʞʝʥʠʝ ʉʕʄ ʯʘʩʪʠʮʳ ʊʈɻʆɻ-FeCo (ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ 

ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʘ-ʞʝʣʝʟʘ, ʩʠʥʠʤ ï ʵʣʝʤʝʥʪʘ-ʢʦʙʘʣʴʪʘ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʪʳ ʊʈɻ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Fe, Co, Ni, ʘ ʪʘʢʞʝ ʠʭ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠʟ ʩʤʝʩʝʡ ʆɻ, 

ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ ʤʝʣʘʤʠʥʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ 

ʩ ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ ʜʦ 

ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. 

3.1.3. ʄʘʛʥʠʪʥʳʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʦʢʠʩʣʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ, ʥʠʪʨʘʪʦʚ Fe (III), Co (II), Ni (II) ʠ ʤʝʣʘʤʠʥʘ 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʛʥʠʪʥʳʭ ʩʦʨʙʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʘʛʥʠʪʥʳʝ ʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʊʈɻ. 

ʆʙʨʘʟʝʮ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʩʤʝʩʠ ʆɻ/Fe(NO3)3 ʙʝʟ ʤʝʣʘʤʠʥʘ, ʩʦʜʝʨʞʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʝʨʨʠʤʘʛʥʠʪʥʳʡ Fe3O4 ʠ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ (ʨʠʩʫʥʦʢ 43 ʘ) ʚ ʨʷʜʫ ʦʙʨʘʟʮʦʚ, ʛʜʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʇʦ ʜʘʥʥʳʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʣʠʯʝʩʪʚʦ Ŭ-Fe ʚ 

ʩʦʩʪʘʚʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʊʈɻ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 66 ʜʦ 90 %, ʘ ʟʘʪʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 69 % ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʦʪ 25 ʜʦ 

75 ʤʘʩ.% ʚ ʩʤʝʩʠ ʩ ʆɻ/Fe(NO3)3. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʚ ʵʪʦʡ ʩʝʨʠʠ ʪʘʢʞʝ 

ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 54,7 ʵʤʝ/ʛ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʮʫ ʊʈɻ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ, ʘ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ.  
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ʈʠʩʫʥʦʢ 43 ï ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʘ) ʦʙʨʘʟʮʦʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʩʤʝʩʠ ʆɻ/Fe(NO3)3 ʩ 0 % (1), 25 % (2), 50 % (3), 75 % (4) ʤʝʣʘʤʠʥʘ. 

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʙ) ʦʙʨʘʟʮʦʚ ʊʈɻ ʩ Ŭ-ʞʝʣʝʟʦʤ (3), ʢʦʙʘʣʴʪʦʤ (5) ʠ 

ʥʠʢʝʣʝʤ (6). ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚ) ʦʙʨʘʟʮʦʚ ʊʈɻ ʩ Ŭ-ʞʝʣʝʟʦʤ (3), ʩʧʣʘʚʦʤ 

ʞʝʣʝʟʘ ʩ ʢʦʙʘʣʴʪʦʤ (7) ʠ ʩʧʣʘʚʦʤ ʞʝʣʝʟʘ ʩ ʥʠʢʝʣʝʤ (8) 

ʂʦʤʧʦʟʠʪʳ ʊʈɻ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ Co ʠ Ni ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʝʥʴʰʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʯʝʤ ʊʈɻ ʩ Ŭ-Fe (ʨʠʩʫʥʦʢ 43 ʙ), ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (M(Fe) = 218 ɻ ʤʝ/ʛ, M(Co) = 161 ɻ ʤʝ/ʛ, 

M(Ni) = 54 ɻ ʤʝ/ʛ [202]). 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʊʈɻ ʩ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ FeCo ʠ FeNi ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 1,3 ʠ 1,7 ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʊʈɻ, ʩʦʜʝʨʞʘʱʠʤʠ ʪʦʣʴʢʦ Ŭ-Fe (ʨʠʩʫʥʦʢ 43 ʚ) ʟʘ ʩʯʝʪ ʦʧʷʪʴ ʞʝ ʤʝʥʴʰʝʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʧʣʘʚʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʞʝʣʝʟʦʤ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʪʝʨʤʠʯʝʩʢʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʨʠ ʠʭ ʨʘʟʣʠʚʘʭ ʠ ʫʪʝʯʢʘʭ ʦʥ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʢ ʧʦʛʣʦʱʘʝʤʦʤʫ ʚʝʱʝʩʪʚʫ 

(ʥʝʬʪʴ, ʞʠʜʢʠʝ ʋɺ), ʥʠʟʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʢ ʩʨʝʜʝ (ʚʦʜʘ), ʚ ʢʦʪʦʨʦʡ 
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ʥʘʭʦʜʠʪʩʷ ʩʦʨʙʘʪ, ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʩʙʦʨʘ, 

ʥʘʩʳʱʝʥʥʦʛʦ ʩʦʨʙʘʪʦʤ ʊʈɻ, ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ ʦʪʚʝʯʘʝʪ 

ʚʩʝʤ ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʨʠʩʫʥʦʢ 44). 

 

ʈʠʩʫʥʦʢ 44 ï (ʘ) ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʧʦʜʧʨʝʩʩʦʚʘʥʥʳʭ ʢʦʤʧʘʢʪʦʚ ʊʈɻʆɻ-Fe. ʋʜʘʣʝʥʠʝ ʊʈɻ/Fe ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ 

ʥʝʬʪʴʶ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʘ: (ʙ) ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, (ʚ) ʧʷʪʥʦ ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ, (ʛ) ʩʦʨʙʮʠʷ ʥʝʬʪʠ ʢʦʤʧʘʢʪʦʤ ʊʈɻ/Fe, (ʜ) ʫʜʘʣʝʥʠʝ ʢʦʤʧʘʢʪʘ ʊʈɻ/Fe ʩ 

ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʝʬʪʴʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ Nd-Fe-B ʤʘʛʥʠʪʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʠʟʢʦʧʣʦʪʥʳʝ 

(ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʊʈɻ ʧʦʨʷʜʢʘ 4-6 ʛ/ʣ) ʢʦʤʧʦʟʠʪʳ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ 

ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʞʝʣʝʟʦʤ, ʢʦʙʘʣʴʪʦʤ, ʥʠʢʝʣʝʤ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʣʘʚʘʤʠ ʩ ʞʝʣʝʟʦʤ ʠʟ 

ʩʤʝʩʝʡ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ ʤʝʣʘʤʠʥʘ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʩʦʚʤʝʱʘʝʪ ʩʪʘʜʠʶ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʆɻ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ 

ʬʘʟʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʳ ʊʈɻ ʩ ʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ, ʨʘʟʤʝʨ 

ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. ɺʩʝ 

ʜʦʧʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ ʢʦʤʧʦʟʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫ 

ʊʈɻʆɻ-Fe (54,7 ʵʤʝ/ʛ) ʧʨʠ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʦʙʨʘʟʮʝ 

ʧʦʨʷʜʢʘ 27%ʤʘʩʩ.. ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʜʣʷ ʧʦʨʦʰʢʘ ʵʪʦʛʦ ʊʈɻ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 30 

ʛ/ʛ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʬʪʠ ʠ ʤʝʥʝʝ 2 ʛ/ʛ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʨʦʤʳʚʢʠ ʚʦʜʦʡ 

ʀʉɻ ʩ HNO3. ʊʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆɻ ʜʦʙʘʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʘʜʠʶ ʚ 

ʮʝʧʦʯʢʫ ʧʦʣʫʯʝʥʠʷ ʊʈɻ, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʧʨʦʤʳʚʥʳʝ ʚʦʜʳ ʪʨʝʙʫʶʪ 
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ʩʪʘʜʠʡ ʦʯʠʩʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʚʳʛʣʷʜʠʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʥʘʧʨʷʤʫʶ ʠʟ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ. 

3.2. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʧʫʪʝʤ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ ʩ 

ʭʣʦʨʠʜʘʤʠ Fe (III ), Co (II ), Ni (II ), ʦʙʨʘʙʦʪʘʥʥʳʭ ʞʠʜʢʠʤ 

ʘʤʤʠʘʢʦʤ ʠ ʘʣʢʠʣʘʤʠʥʘʤʠ 

3.2.1. ɾʝʣʝʟʦʩʦʜʝʨʞʘʱʠʡ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʀʉɻ-FeCl3, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʞʠʜʢʠʤ NH3 ʠ ʘʣʢʠʣʘʤʠʥʘʤʠ  

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʤʝʪʘʣʣʳ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʤʦʛʫʪ 

ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʠʟ ʩʚʦʠʭ ʩʦʣʝʡ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. ʇʨʝʢʫʨʩʦʨ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʘʤ ʛʨʘʬʠʪ ʧʨʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ. 

ʅʠʪʨʘʪʳ ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ ʚ ʧʨʠʥʮʠʧʝ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʚ ʛʨʘʬʠʪ [203], 

ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʣʠʰʴ ʜʣʷ ʀʉɻ-Co(NO3)2 ʠʟʚʝʩʪʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʘʧʦʣʥʝʥʥʳʭ ʧʝʨʚʦʡ C12Co(NO3)2 ʠ ʚʪʦʨʦʡ 

C25Co(NO3)2 ʩʪʫʧʝʥʝʡ [204].  ʇʨʠ ʵʪʦʤ ʩʠʥʪʝʟ ʀʉɻ ʩ ʥʠʪʨʘʪʘʤʠ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ, ʧʨʝʧʘʨʘʪʠʚʥʦ ʩʣʦʞʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʥʝʙʝʟʦʧʘʩʥʳʤ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʙʝʟʚʦʜʥʳʤʠ ʥʠʪʨʘʪʘʤʠ ʥʝʢʦʪʦʨʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʛʨʘʬʠʪʦʤ ʩʠʣʴʥʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʠ ʤʦʞʝʪ ʜʘʞʝ ʠʜʪʠ ʩʦ 

ʚʟʨʳʚʦʤ [204]. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʠʥʪʝʨʢʘʣʘʪʘ ʥʝ ʥʠʪʨʘʪʳ, ʘ ʭʣʦʨʠʜʳ ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ. 

 ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʛʨʘʬʠʪʘ ʩ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ (ʀʉɻʍʄ) ʤʦʛʫʪ ʥʘʩʳʱʘʪʴʩʷ ʘʤʤʠʘʢʦʤ ʠ 

ʥʝʢʦʪʦʨʳʤʠ ʘʣʢʠʣʘʤʠʥʘʤʠ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʣʦʨʠʜʦʤ ʤʝʪʘʣʣʘ, 

ʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʝʱʝ ʥʝ ʜʦ ʢʦʥʮʘ ʫʩʪʘʥʦʚʣʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ 

ʦʩʥʦʚʘʥʠʷ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ 

ʀʉɻʍʄ ʩ ʘʤʤʠʘʢʦʤ ʠ ʘʣʢʠʣʘʤʠʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʠʟʢʦʧʣʦʪʥʳʝ 

ʢʦʤʧʦʟʠʪʳ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʬʘʟʦʡ ʤʝʪʘʣʣʘ (ʨʠʩʫʥʦʢ 45). 
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ʈʠʩʫʥʦʢ 45 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʤʠ ʬʘʟʘʤʠ ʧʫʪʝʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʀʉɻʍʄ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ ʠ ʘʣʢʠʣʘʤʠʥʘʤʠ 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ/Me ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʩʠʥʪʝʟ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʛʨʘʬʠʪʘ, ʥʦ ʪʝʧʝʨʴ ʫʞʝ ʩ ʭʣʦʨʠʜʦʤ ʤʝʪʘʣʣʘ. ʀ ʝʩʣʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʀʉɻ-HNO3 ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʬʘʟʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ, ʪʦ 

ʜʣʷ ʀʉɻʍʄ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʛʘʟʦʬʘʟʥʳʡ. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʠʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʠʥʪʝʟ ʀʉɻ-FeCl3. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʦʙʘ ʠʟʚʝʩʪʥʳʭ ʚʘʨʠʘʥʪʘ ʧʨʦʚʝʜʝʥʠʷ 

ʛʘʟʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʀʉɻ-FeCl3: ʙʝʟʛʨʘʜʠʝʥʪʥʳʡ ʠ ʛʨʘʜʠʝʥʪʥʳʡ (ʪʘʙʣʠʮʘ 15). 

ʊʘʙʣʠʮʘ 15. 

ʉʨʘʚʥʝʥʠʝ ʩʦʩʪʘʚʘ ʀʉɻ-FeCl3, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʠʥʪʝʟʘ. 

ʀʉɻ 
ʄʝʞʩʣʦʝʚʦʝ 

ʨʘʩʩʪʦʷʥʠʝ di, ¡ 

ʇʝʨʠʦʜ 

ʠʜʝʥʪʠʯʥʦʩʪʠ Ic, ¡ 
ɹʨʫʪʪʦ-ʩʦʩʪʘʚ ʀʉɻ 

ɹʝʟʛʨʘʜʠʝʥʪʥʳʡ ʩʧʦʩʦʙ 

ʀʉɻ-FeCl3-I 9,43Ñ0,01 9,43Ñ0,01 C6,0Ñ0,5FeCl3 

ʀʉɻ-FeCl3-II  9,40Ñ0,05 12,75Ñ0,05 C12,0Ñ0,7FeCl3 

ʀʉɻ-FeCl3-III  9,43Ñ0,02 16,13Ñ0,02 C18,0Ñ0,9FeCl3 

ʀʉɻ-FeCl3-IV  9,43Ñ0,02 19,48Ñ0,02 C24,0Ñ1,2FeCl3 

ʀʉɻ-FeCl3-V 9,39Ñ0,03 22,79Ñ0,03 C30,0Ñ1,6FeCl3 

ʀʉɻ-FeCl3-VI  9,38Ñ0,04 26,13Ñ0,04 C36,0Ñ1,9FeCl3 

ʀʉɻ-FeCl3-VII  9,39Ñ0,04 29,49Ñ0,04 C42,0Ñ2,2FeCl3 

ɻʨʘʜʠʝʥʪʥʳʡ ʩʧʦʩʦʙ 

ʀʉɻ-FeCl3-I 9,40Ñ0,01 9,40Ñ0,01 C6,5Ñ0,1FeCl3 

ʀʉɻ-FeCl3-II  9,35Ñ0,03 12,70Ñ0,03 C14,4Ñ0,1FeCl3 

ʀʉɻ-FeCl3-III  9,47Ñ0,02 16,17Ñ0,02 C19,0Ñ0,1FeCl3 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌɸ (ʨʠʩʫʥʦʢ 46, ʨʠʩʫʥʦʢ 47) ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʨʘʩʩʯʠʪʘʥ ʧʝʨʠʦʜ ʠʜʝʥʪʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʀʉɻ-FeCl3. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʦʙʨʘʟʮʳ ʀʉɻ ʨʘʟʣʠʯʥʳʭ 

ʩʪʫʧʝʥʝʡ ʙʝʟ ʧʨʠʤʝʩʝʡ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʠʥʳʭ ʚʝʱʝʩʪʚ. 
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ʈʠʩʫʥʦʢ 46 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʀʉɻ-FeCl3: ʘ) ï ʧʝʨʚʦʡ, ʙ) ï ʚʪʦʨʦʡ, ʚ) ï ʪʨʝʪʴʝʡ, ʛ) 

ï ʯʝʪʚʝʨʪʦʡ, ʜ) ï ʧʷʪʦʡ, ʝ) ï ʰʝʩʪʦʡ, ʞ) ï ʩʝʜʴʤʦʡ ʩʪʫʧʝʥʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʙʝʟʛʨʘʜʠʝʥʪʥʦʤʫ ʩʧʦʩʦʙʫ 

ɺ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʀʉɻ-FeCl3 ʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ: ʧʠʢʠ ʥʝ ʫʰʠʨʝʥʳ, ʭʦʨʦʰʦ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʜʘʞʝ 

ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʳʝ ʨʝʬʣʝʢʩʳ (ʨʠʩʫʥʦʢ 47). ʆʜʥʘʢʦ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʤʝʪʦʜʫ ʚ 

ʨʘʙʦʪʝ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʀʉɻ ʩ ʥʦʤʝʨʦʤ ʩʪʫʧʝʥʠ > III. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʠʥʪʝʟʘ ʀʉɻ ʩ ʜʨʫʛʠʤʠ ʭʣʦʨʠʜʘʤʠ ʤʝʪʘʣʣʦʚ ʪʨʠʘʜʳ ʞʝʣʝʟʘ, 

ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʪʦʯʝʢ ʟʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʮʝʣʷʭ ʫʥʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʨʝʰʝʥʦ ʚʩʝ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʴ ʩ ʀʉɻ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʙʝʟʛʨʘʜʠʝʥʪʥʦʤʫ 

ʩʧʦʩʦʙʫ. 
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ʈʠʩʫʥʦʢ 47 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʀʉɻ-FeCl3: ʘ) ï ʧʝʨʚʦʡ, ʙ) ï ʚʪʦʨʦʡ, ʚ) ï ʪʨʝʪʴʝʡ 

ʩʪʫʧʝʥʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʩʧʦʩʦʙʫ 

ʇʦʣʫʯʝʥʥʳʝ ʙʝʟʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʀʉɻ-FeCl3 I-VII  ʩʪʫʧʝʥʝʡ ʙʳʣʠ 

ʦʙʨʘʙʦʪʘʥʳ ʞʠʜʢʠʤʠ ʘʤʤʠʘʢʦʤ ʠ ʘʣʢʠʣʘʤʠʥʘʤʠ, ʚʟʷʪʳʤʠ ʚ ʠʟʙʳʪʢʝ, ʠ ʚʳʜʝʨʞʘʥʳ 

ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 240 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ 

ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʩʳʱʝʥʠʷ. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʘʤʧʫʣʘ ʚʩʢʨʳʚʘʣʠʩʴ, ʠʟʙʳʪʦʢ 

ʘʤʠʥʘ ʠʩʧʘʨʷʣʩʷ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʀʉɻ ʠ ʦʮʝʥʠʚʘʣʩʷ 

ʧʨʠʚʝʩ ʘʤʠʥʘ, ʚʳʨʘʞʝʥʥʳʡ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʦʣʝʢʫʣ ʥʘ ʦʜʥʫ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʀʉɻ (ʨʠʩʫʥʦʢ 48). ʅʘʧʨʠʤʝʨ, ʀʉɻ-FeCl3 ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ, 

ʥʘʩʳʱʝʥʥʦʝ ʘʤʤʠʘʢʦʤ, ʠʤʝʣʦ ʙʨʫʪʪʦ-ʩʦʩʪʘʚ C12FeCl3Ā2,5NH3, ʘ ʀʉɻ-FeCl3 ʧʷʪʦʡ 

ʩʪʫʧʝʥʠ, ʥʘʩʳʱʝʥʥʦʝ ʤʝʪʠʣʘʤʠʥʦʤ ï C30FeCl3Ā7,1CH3NH2. 
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ʈʠʩʫʥʦʢ 48 ï ʅʘʩʳʱʘʝʤʦʩʪʴ ʀʉɻ-FeCl3 ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ ʘʤʤʠʘʢʦʤ, ʤʝʪʠʣ- ʠ 

ʵʪʠʣʘʤʠʥʦʤ. ʏʠʩʣʦ ʥʘʜ ʩʪʦʣʙʮʦʤ ʫʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʘʤʠʥʘ, 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʀʉɻ  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʀʉɻ-FeCl3 

ʩʧʦʩʦʙʥʳ ʥʘʩʳʱʘʪʴʩʷ ʤʝʪʠʣʘʤʠʥʦʤ, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʤʤʠʘʢʘ ʠ ʵʪʠʣʘʤʠʥʘ 

ʩʧʦʩʦʙʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʥʝʜʨʷʪʴʩʷ ʜʘʞʝ ʚ ʩʦʝʜʠʥʝʥʠʷ ʚʳʩʦʢʠʭ 

ʩʪʫʧʝʥʝʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʙʦӢʣʴʰʘʷ, ʯʝʤ ʫ 

ʘʤʤʠʘʢʘ ʦʩʥʦʚʥʦʩʪʴ, ʥʦ ʤʝʥʴʰʠʡ ʯʝʤ ʫ ʵʪʠʣʘʤʠʥʘ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ 

ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʪʠʣʘʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ ʚ ʩʘʤʦʤ 

ʤʝʪʠʣʘʤʠʥʝ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʥʘʩʳʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʀʉɻ-FeCl3 ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʪʨʫʢʪʫʨʫ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʥʥʦ ʥʘ ʝʛʦ ʧʨʠʤʝʨʝ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʠʩʭʦʜʥʦʛʦ ʀʉɻ-FeCl3-I ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ 

ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ ʠ ʘʤʠʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩʫʥʦʢ 49).  
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ʈʠʩʫʥʦʢ 49 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ: ʘ) ï ʠʩʭʦʜʥʦʛʦ ʀʉɻ-FeCl3-I ʠ ʥʘʩʳʱʝʥʥʳʭ  

 ʙ) ï ʘʤʤʠʘʢʦʤ ʀʉɻ-FeCl3-ɸʤ, ʚ) ï ʤʝʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3-ʄɸ,  

 ʛ) ï ʵʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3-ʕɸ 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʀʉɻ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 50). ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ 

ʀʉɻ-FeCl3 (ʨʠʩʫʥʦʢ 50 ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʠʤ ʧʦʜʩʧʝʢʪʨʦʤ ʚ 

ʚʠʜʝ ʩʠʥʛʣʝʪʘ ʩ IS = 0,48 ʤʤ/ʩ (ʪʘʙʣʠʮʘ 16), ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ Fe3+ ʚ ʩʦʩʪʘʚʝ 

FeCl3, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʛʦ ʚ ʛʨʘʬʠʪʦʚʫʶ ʤʘʪʨʠʮʫ [205]. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ IS 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ IS ʜʣʷ ʯʠʩʪʦʛʦ FeCl3 ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʝʨʝʥʦʩʝ ˊ-

ʵʣʝʢʪʨʦʥʦʚ ʛʨʘʬʠʪʘ ʥʘ d-ʦʨʙʠʪʘʣʠ ʞʝʣʝʟʘ ʚ ʤʦʣʝʢʫʣʘʭ FeCl3 [205]. ʊʘʢʞʝ 

ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʡ ʧʦʜʩʧʝʢʪʨ ʚ ʚʠʜʝ ʜʫʙʣʝʪʘ ʩ ʙʦʣʴʰʠʤʠ IS = 1,08 ʤʤ/ʩ ʠ QS = 0,78 

ʤʤ/ʩ ʦʪʥʦʩʠʪʩʷ ʢ Fe2+ ʚ FeCl2, ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʤʫ ʚ ʛʨʘʬʠʪ. ɼʫʙʣʝʪ ʩ 

IS = 0,21 ʤʤ/ʩ ʠ QS = 0,45 ʤʤ/ʩ ʦʪʥʦʩʠʪʩʷ ʢ Fe3+ ʚ ʩʦʩʪʘʚʝ FeCl3, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. 
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ʈʠʩʫʥʦʢ 50 ï ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ: ʘ) ï ʠʩʭʦʜʥʦʛʦ ʀʉɻ-FeCl3 ʠ ʀʉɻ, 

ʥʘʩʳʱʝʥʥʳʭ ʙ) ï ʘʤʤʠʘʢʦʤ ʀʉɻ-FeCl3-ɸʤ, ʚ) ï ʤʝʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3-ʄɸ, ʛ) ï 

ʵʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3-ʕɸ 

ɺ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ʀʉɻ-FeCl3-ɸʤ (ʠʥʜʝʢʩ çɸʤè ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʙʨʘʟʮʝ ʀʉɻ, ʥʘʩʳʱʝʥʥʦʤ ʘʤʤʠʘʢʦʤ) (ʨʠʩʫʥʦʢ 50 ʙ) ʧʦʷʚʣʷʝʪʩʷ 

ʩʠʥʛʣʝʪ ʩ IS = 1,04 ʤʤ/ʩ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ Fe2+ ʚ ʘʤʤʠʘʯʥʦʤ ʢʦʤʧʣʝʢʩʝ ʭʣʦʨʠʜʘ 

ʞʝʣʝʟʘ Fe(NH3)6Cl2 [206,207]. ɺ ʛʝʢʩʘʘʤʠʥʝ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʠʦʥ ʞʝʣʝʟʘ ʥʘʭʦʜʠʪʩʷ ʚ 
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ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʢʘʞʜʳʡ ʠʦʥ ʦʢʨʫʞʝʥ ʧʨʘʚʠʣʴʥʦʡ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʠʟ ʰʝʩʪʠ ʣʠʛʘʥʜʦʚ NH3, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ï 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ [206]. ɺʝʨʦʷʪʥʦ, ʨʝʘʢʮʠʷ FeCl3 ʩ ʘʤʤʠʘʢʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Fe3+ ʜʦ Fe2+: 

6C6FeCl3 + 44NH3(ʞʠʜʢ.) Ÿ 6 [6C Fe(NH3)6Cl2] + 6NH4Cl + N2 (30)  

ʆʜʥʘʢʦ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʫʙʣʝʪʘ ʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʥʘʣʠʯʠʝʤ Fe3+ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʥʝ ʚʩʝ ʞʝʣʝʟʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʦʙʨʘʟʮʝ ʚ ʚʠʜʝ Fe(NH3)6Cl2.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʀʉɻ-FeCl3-ɸʤ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ NH3 

(ʨʠʩʫʥʦʢ 49 ʙ), ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ Fe(NH3)6Cl2 ʠ NH4Cl, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ 

ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʭʦʜʥʦʤʫ ʀʉɻ-FeCl3-I (ʨʠʩʫʥʦʢ 49 ʘ), ʠ ʧʦʷʚʣʝʥʠʝ 

ʣʠʥʠʡ ʛʨʘʬʠʪʘ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʀʉɻ-FeCl3-ɸʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ 

ʀʉɻ-FeCl3 ʘʤʤʠʘʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʜʝʠʥʪʝʨʢʘʣʘʮʠʠ ʚʥʝʜʨʝʥʥʦʛʦ ʭʣʦʨʠʜʘ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʤʤʠʘʢ ʧʨʦʥʠʢʘʝʪ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʨʘʬʠʪʘ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʭʣʦʨʠʜʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʤʝʞʜʫ ʛʨʘʬʝʥʦʚʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ 

ʦʙʨʘʟʫʷ ʘʤʤʠʘʯʥʳʡ ʢʦʤʧʣʝʢʩ. ʆʙʲʝʤ ʘʛʣʦʤʝʨʘʪʦʚ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ, ʥʘʩʳʱʝʥʥʳʭ 

ʘʤʤʠʘʢʦʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ ʙʦʣʝʝ ʥʝ ʤʦʛʫʪ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ 

ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʧʦʢʠʜʘʝʪ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʛʨʘʬʠʪʘ ʠ ʢʦʤʧʣʝʢʩ ʦʢʘʟʳʚʘʝʪʩʷ ʦʪʪʝʩʥʝʥ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. 

ʅʘ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʦʙʨʘʟʮʘ ʀʉɻ-FeCl3-ʄɸ (ʠʥʜʝʢʩ çʄɸè 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʙʨʘʟʮʝ ʀʉɻ, ʥʘʩʳʱʝʥʥʦʤ ʤʝʪʠʣʘʤʠʥʦʤ) ʧʦʷʚʣʷʝʪʩʷ 

ʜʫʙʣʝʪ ʩ IS = 1,02 ʤʤ/ʩ ʠ QS = 1,29 ʤʤ/ʩ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

FeCl2 ʩ ʤʝʪʠʣʘʤʠʥʦʤ (ʨʠʩʫʥʦʢ 50 ʚ). ʀʟʦʤʝʨʥʳʡ ʩʜʚʠʛ ʜʫʙʣʝʪʘ ʩʭʦʞ ʩ IS ʩʠʥʛʣʝʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ Fe(NH3)6Cl2. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 

FeCl2 ʩ CH3NH2, ʦʜʥʘʢʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ QS, ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʪʨʫʢʪʫʨʥʳʡ 

ʧʝʨʝʭʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʤʦʥʦʢʣʠʥʥʫʶ [207]. 

ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ ʀʉɻ-FeCl3-ʄɸ (ʨʠʩʫʥʦʢ 49 ʚ) ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ 

ʨʷʜ ʥʦʚʳʭ ʨʝʬʣʝʢʩʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʪʠ ʢ ʭʣʦʨʠʜʫ 

ʤʝʪʠʣʘʤʤʦʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʞʝʣʝʟʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʘʤʤʠʘʢʦʤ. ɼʨʫʛʠʝ 
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ʨʝʬʣʝʢʩʳ ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʪʥʦʩʷʪʩʷ ʢ ʬʘʟʝ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʩ ʤʝʪʠʣʘʤʠʥʦʤ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʀʉɻ-FeCl3-ʄɸ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʠʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʘʟʝ ʠʩʭʦʜʥʦʛʦ ʀʉɻ.  

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʀʉɻ-FeCl3-ʕɸ (ʠʥʜʝʢʩ çʕɸè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʯʴ 

ʠʜʝʪ ʦʙ ʦʙʨʘʟʮʝ ʀʉɻ, ʥʘʩʳʱʝʥʥʦʤ ʵʪʠʣʘʤʠʥʦʤ) (ʨʠʩʫʥʦʢ 50 ʛ) ʚʦ ʤʥʦʛʦʤ 

ʥʘʧʦʤʠʥʘʝʪ ʩʧʝʢʪʨ ʠʩʭʦʜʥʦʛʦ ʀʉɻ-FeCl3, ʦʜʥʘʢʦ ʦʪʣʠʯʝʥ ʦʪ ʥʝʛʦ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠ ̫

ʩʣʘʙʦʛʦ ʜʫʙʣʝʪʘ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ IS = 1,17 ʤʤ/ʩ ʠ QS = 1,51 ʤʤ/ʩ, ʢʦʪʦʨʳʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ FeCl2 ʩ ʵʪʠʣʘʤʠʥʦʤ. ʉʦʛʣʘʩʥʦ ʈʌɸ, ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʵʪʠʣʘʤʠʥʦʤ ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʀʉɻ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʀʉɻ-FeCl3-ʕɸ (ʨʠʩʫʥʦʢ 49 ʛ) ʧʦʷʚʣʷʝʪʩʷ ʧʠʢ ʛʨʘʬʠʪʘ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʣʠʛʘʥʜ ʵʪʠʣʘʤʠʥʘ ʙʦӢʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʥʝ ʧʨʦʥʠʢʘʝʪ ʚ ʛʨʘʬʠʪʦʚʫʶ 

ʤʘʪʨʠʮʫ ʠ ʩʧʦʩʦʙʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʥʘ ʧʝʨʠʬʝʨʠʠ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ.  

ʊʘʙʣʠʮʘ 16. 

ʇʘʨʘʤʝʪʨʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʠʩʭʦʜʥʦʛʦ 

ʀʉɻ-FeCl3 ʠ ʦʙʨʘʟʮʦʚ ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ, ʤʝʪʠʣ- ʠ ʵʪʠʣʘʤʠʥʦʤ. 

ʆʙʨʘʟʝʮ IS, ʤʤ/ʩ QS, ʤʤ/ʩ S, % ʌʘʟʘ 

ʀʉɻ-FeCl3-I 

0,48 0,05 81 Fe3+ (ʩʠʥʛʣʝʪ) 

1,08 0,78 14 Fe2+ (ʜʫʙʣʝʪ) 

0,21 0,45 5 Fe3+ (ʜʫʙʣʝʪ) 

ʀʉɻ-FeCl3-ɸʤ 

1,04 0,00 40 Fe2+ (ʩʠʥʛʣʝʪ) 

0,15 0,68 43 Fe3+ (ʜʫʙʣʝʪ) 

0,26 1,19 17 Fe3+ (ʜʫʙʣʝʪ) 

ʀʉɻ-FeCl3-ʄɸ 
1,02 1,29 78 Fe2+ (ʜʫʙʣʝʪ) 

0,32 0,60 22 Fe3+ (ʜʫʙʣʝʪ) 

ʀʉɻ-FeCl3-ʕɸ 

0,48 0,00 52 Fe3+ (ʩʠʥʛʣʝʪ) 

1,06 0,79 19 Fe2+ (ʜʫʙʣʝʪ) 

0,34 0,64 15 Fe3+ (ʜʫʙʣʝʪ) 

1,17 1,52 14 Fe2+ (ʜʫʙʣʝʪ) 

ʅʘ ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʠ ʀʉɻ-FeCl3-I (ʨʠʩʫʥʦʢ 51 ʘ) ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʩʣʦʠ ʩ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (002) ʜʣʷ ʛʨʘʬʠʪʘ. ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʦʣʱʠʥʝ ʟʘʧʦʣʥʝʥʥʦʛʦ ʠʥʪʝʨʢʘʣʘʪʦʤ ʩʣʦʷ ï 9,40 ¡ ʚ ʀʉɻ-FeCl3. ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʇʕʄ ʘʥʘʣʠʟʘ 
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ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʪʦʯʥʦʩʪʠ ʈʌɸ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʚ 

ʨʘʙʦʪʝ [142]. 

 
ʈʠʩʫʥʦʢ 51 ï ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ ʧʦʚʝʨʭʥʦʩʪʠ: ʘ) ï ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʀʉɻ-FeCl3-I 

ʠ ʙ-ʛ) ï ʦʙʨʘʟʮʘ ʀʉɻ-FeCl3, ʥʘʩʳʱʝʥʥʦʛʦ ʤʝʪʠʣʘʤʠʥʦʤ. ʇʦ ʫʛʣʘʤ ʥʘ ʚʩʪʘʚʢʘʭ 

ʧʨʠʚʝʜʝʥʳ FFT-ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʥʠʤ ʤʝʞʩʣʦʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʅʘʩʳʱʝʥʥʦʝ ʤʝʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3 ʪʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ 

ʇʕʄ. ɺ ʦʙʨʘʟʮʝ ʪʘʢʦʛʦ ʀʉɻ ʝʩʪʴ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ ʥʘʭʦʜʠʪʩʷ 

FeCl3 ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʨʠʩʫʥʦʢ 51 ʙ). ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʦʠ ʛʨʘʬʠʪʘ ʩ 

ʨʘʟʥʳʤʠ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ (ʨʠʩʫʥʦʢ 51 ʚ). ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʦʪ 3,35 ¡ ʜʦ 3,60 - 4,00 ¡. ʕʪʠ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʜʘʥʥʳʤʠ ʈʌɸ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʯʘʩʪʴ ʩʚʷʟʘʥʥʦʛʦ ʚ ʤʝʪʠʣʘʤʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʭʣʦʨʠʜʘ ʜʝʠʥʪʝʨʢʘʣʠʨʫʝʪʩʷ ʠʟ ʤʝʞʩʣʦʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʨʘʬʠʪʘ. ʊʘʢʞʝ ʚ ʦʙʨʘʟʮʝ 
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ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʩ ʩʠʣʴʥʦ ʫʚʝʣʠʯʝʥʥʳʤʠ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 

(ʨʠʩʫʥʦʢ 51 ʛ). ʉʪʨʝʣʢʦʡ ʥʘ ʚʢʣʘʜʢʝ ʩ FFT-ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʦʢʘʟʘʥ ʷʨʢʠʡ ʨʝʬʣʝʢʩ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʞʧʣʦʩʢʦʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʚ 12,6 ¡. ʏʝʨʝʟ ʨʝʬʣʝʢʩ ʧʨʦʭʦʜʷʪ 

ʪʷʞʠ, ʥʘ ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ ʚʠʜʥʳ ʩʣʘʙʳʝ ʨʝʬʣʝʢʩʳ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʧʨʠʤʝʨʥʦ ʦʪ 10,7 ʜʦ 15,6 ¡. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʝ 

ʀʉɻ-FeCl3-ʄɸ ʦʙʣʘʩʪʝʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

ʀʉɻ-FeCl3 ʤʝʞʩʣʦʝʚʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ.  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʥʘʩʳʱʘʝʤʦʩʪʴ ʀʉɻ-FeCl3 ʘʤʤʠʘʢʦʤ ʠ 

ʘʣʢʠʣʘʤʠʥʘʤʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʦʣʝʝ ʟʘʧʦʣʥʝʥʥʳʭ ʀʉɻ ʢ ʤʝʥʝʝ 

ʟʘʧʦʣʥʝʥʥʳʤ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʦʪʨʘʞʘʶʱʠʝ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʥʘʩʳʱʝʥʥʳʭ 

ʘʤʤʠʘʢʦʤ ʀʉɻ-FeCl3 1-5 ʩʪʫʧʝʥʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 52. 

 

ʈʠʩʫʥʦʢ 52 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ ʀʉɻ-FeCl3: ʘ) ï ʧʝʨʚʦʡ, ʙ) 

ï ʚʪʦʨʦʡ, ʚ) ï ʪʨʝʪʴʝʡ, ʛ) ï ʯʝʪʚʝʨʪʦʡ, ʜ) ï ʧʷʪʦʡ ʩʪʫʧʝʥʝʡ  

ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʀʉɻ-FeCl3-I ʘʤʤʠʘʢʦʤ (ʧʨʠʚʝʩ 

ʩʦʩʪʘʚʣʷʝʪ 8 ʤʦʣʝʢʫʣ ʘʤʤʠʘʢʘ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʀʉɻ) ʠʩʯʝʟʘʝʪ ʬʘʟʘ 

ʠʩʭʦʜʥʦʛʦ ʀʉɻ, ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʬʘʟʘ ʛʨʘʬʠʪʘ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ 

ʬʘʟʳ Fe(NH3)6Cl2 ʠ NH4Cl, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʜʫʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ FeCl3 ʩ 
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ʘʤʤʠʘʢʦʤ (ʨʠʩʫʥʦʢ 52 ʘ). ʆʜʥʘʢʦ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʀʉɻ-FeCl3-II  (ʧʨʠʚʝʩ ʩʦʩʪʘʚʣʷʝʪ 

ʣʠʰʴ 2,5 ʤʦʣʝʢʫʣʳ ʘʤʤʠʘʢʘ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʀʉɻ) ʩʪʨʫʢʪʫʨʘ 

ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʨʘʚʥʦ ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʬʠʪʘ ʠ NH4Cl (ʨʠʩʫʥʦʢ 52 ʙ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ 

ʩʪʫʧʝʥʠ ʠ ʩʥʠʞʝʥʠʝʤ ʥʘʩʳʱʘʝʤʦʩʪʠ ʀʉɻ ʘʤʤʠʘʢʦʤ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʘʜʜʫʢʪʘ ʚʩʝ ʙʦʣʝʝ ʥʘʧʦʤʠʥʘʝʪ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʀʉɻ, 

ʦʜʥʘʢʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟʳ ʛʨʘʬʠʪʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩ ʘʤʤʠʘʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʩ FeCl3, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʢʨʘʝʚʳʭ ʦʙʣʘʩʪʷʭ ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ, ʘ ʚʥʫʪʨʝʥʥʠʝ ʦʙʣʘʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʜʣʷ ʥʝʛʦ 

ʥʝʜʦʩʪʫʧʥʳ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʥʘʩʳʱʘʝʤʦʩʪʴ ʀʉɻ ʘʤʠʥʘʤʠ ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ 

ʩʪʫʧʝʥʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɼʶʤʘ-ʕʨʦʣʜʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ 

ʚʥʫʪʨʠ ʛʨʘʬʠʪʦʚʳʭ ʛʘʣʝʨʝʡ ʦʙʨʘʟʫʝʪ ʥʝ ʥʝʧʨʝʨʳʚʥʳʝ ʩʧʣʦʰʥʳʝ ʩʣʦʠ, ʘ ʜʦʤʝʥʳ 

(ʦʩʪʨʦʚʢʠ), ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝʟʘʧʦʣʥʝʥʥʳʤʠ ʠʥʪʝʨʢʘʣʘʪʦʤ ʦʙʣʘʩʪʷʤʠ 

(ʨʠʩʫʥʦʢ 53). 

 

ʈʠʩʫʥʦʢ 53 ï ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʀʉɻ-FeCl3 ʨʘʟʥʳʭ 

ʩʪʫʧʝʥʝʡ ʩ ʘʤʤʠʘʢʦʤ  

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʠʥʪʝʨʢʘʣʘʪʦʤ ʟʘʧʦʣʥʝʥʦ 

ʚʩʝ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘʤʤʠʘʢ ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ 

ʛʨʘʬʠʪʦʚʳʭ ʯʘʩʪʠʮ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʥʘʭʦʜʷʱʠʤʩʷ ʪʘʤ ʭʣʦʨʠʜʦʤ. ʇʦʵʪʦʤʫ ʥʘ 
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ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʀʉɻ-FeCl3-I, ʥʘʩʳʱʝʥʥʦʛʦ ʘʤʤʠʘʢʦʤ (ʨʠʩʫʥʦʢ 52 ʘ), ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʬʣʝʢʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʀʉɻ. ɸ ʚ ʩʦʝʜʠʥʝʥʠʠ, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʝ 

ʘʤʤʠʘʢ ʧʨʦʥʠʢʥʫʪʴ ʥʝ ʤʦʞʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʭʦʜʷʱʠʡʩʷ ʪʘʤ ʭʣʦʨʠʜ ʥʝ ʚʩʪʫʧʘʝʪ 

ʚ ʨʝʘʢʮʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʥʘʩʳʱʝʥʥʦʛʦ ʘʤʤʠʘʢʦʤ ʠ 

ʠʩʭʦʜʥʦʛʦ ʀʉɻ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʨʝʬʣʝʢʩʦʚ ʛʨʘʬʠʪʘ ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ (ʨʠʩʫʥʦʢ 52 ʚ). ʂʨʦʤʝ ʪʦʛʦ, ʤʝʥʴʰʘʷ 

ʥʘʩʳʱʘʝʤʦʩʪʴ ʘʤʤʠʘʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʥʝʤ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʘʤʤʠʘʢ ʥʝ ʧʨʦʥʠʢʘʝʪ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ 

ʛʨʘʬʠʪʦʚʦʡ ʯʘʩʪʠʮʳ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʤʠʘʢʘ ʩ 

ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʛʨʘʬʠʪʦʚʦʡ ʯʘʩʪʠʮʳ çʟʘʧʠʨʘʶʪè ʚʥʫʪʨʝʥʥʠʝ 

ʦʙʣʘʩʪʠ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʘʤʤʠʘʢʫ ʧʨʦʭʦʜʠʪʴ ʚʥʫʪʨʴ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʥʘʩʳʱʝʥʠʷ ʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʘʧʘʷʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʘʤʧʫʣʘʭ, ʘ ʧʨʠ 

ʥʘʛʨʝʚʝ ʚ ʘʚʪʦʢʣʘʚʝ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʩʷ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʡ ʥʘʩʳʱʘʝʤʦʩʪʠ ʀʉɻ 

ʘʤʤʠʘʢʦʤ ʠ ʵʪʠʣʘʤʠʥʦʤ, ʦʜʥʘʢʦ ʧʨʦʚʝʨʢʘ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʟʘ 

ʨʘʤʢʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

 

ʈʠʩʫʥʦʢ 54 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʥʘʩʳʱʝʥʥʳʭ ʵʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3: ʘ) ï ʧʝʨʚʦʡ, 

ʙ) ï ʚʪʦʨʦʡ, ʚ) ï ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʝʡ 
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ʕʪʠʣʘʤʠʥ ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʤʤʠʘʢʘ ʥʝ ʩʧʦʩʦʙʝʥ ʚʥʝʜʨʷʪʴʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʜʘʞʝ ʚ ʀʉɻ-FeCl3 ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʡ ʧʨʠʚʝʩ (1,5 ʤʦʣʝʢʫʣʳ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʀʉɻ) 

ʵʪʠʣʘʤʠʥʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʜʜʫʢʪʝ ʬʘʟʳ 

ʠʩʭʦʜʥʦʛʦ ʀʉɻ, ʜʝʪʝʢʪʠʨʫʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʈʌɸ (ʨʠʩʫʥʦʢ 54 ʘ). 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ ʀʉɻ-FeCl3 ʵʪʠʣʘʤʠʥʦʤ 

(ʨʠʩʫʥʦʢ 54 ʙ, ʚ) ʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʀʉɻ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ, ʦʜʥʘʢʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʦʷʚʣʷʝʪʩʷ ʬʘʟʘ ʛʨʘʬʠʪʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʘʩʪʠʯʥʦʤ ʜʝʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ ʚʥʝʜʨʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʠ, 

ʦʯʝʚʠʜʥʦ, ʩʚʷʟʳʚʘʥʠʝ ʝʛʦ ʚ ʵʪʠʣʘʤʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ.  

ɺʦ ʤʥʦʛʦʤ ʦʪʣʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʀʉɻ-FeCl3 ʚʳʩʦʢʠʭ 

ʩʪʫʧʝʥʝʡ ʤʝʪʠʣʘʤʠʥʦʤ (ʨʠʩʫʥʦʢ 55).  

 

ʈʠʩʫʥʦʢ 55 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʥʘʩʳʱʝʥʥʳʭ ʤʝʪʠʣʘʤʠʥʦʤ ʀʉɻ-FeCl3: ʘ) ï ʧʝʨʚʦʡ, 

ʙ) ï ʚʪʦʨʦʡ, ʚ) ï ʪʨʝʪʴʝʡ, ʛ) ï ʯʝʪʚʝʨʪʦʡ, ʜ) ï ʧʷʪʦʡ, ʝ) ï ʰʝʩʪʦʡ, ʞ) ï ʩʝʜʴʤʦʡ 

ʩʪʫʧʝʥʝʡ 

ɺʦ-ʧʝʨʚʳʭ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʪʫʧʝʥʝʡ ʀʉɻ-FeCl3 ʭʘʨʘʢʪʝʨʥʘ 

ʚʳʩʦʢʘʷ ʥʘʩʳʱʘʝʤʦʩʪʴ ʤʝʪʠʣʘʤʠʥʦʤ. ɼʘʞʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʜʴʤʦʡ ʩʪʫʧʝʥʠ 

ʧʨʠʚʝʩ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ 6,4 ʤʦʣʝʢʫʣʘʤ ʘʤʠʥʘ ʥʘ ʦʜʥʫ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ 
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ʀʉɻ. ɺʦ-ʚʪʦʨʳʭ, ʢʨʦʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʬʠʪʘ ʠ ʧʨʦʜʫʢʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʭʣʦʨʠʜʘ 

ʞʝʣʝʟʘ (III ) (ʭʣʦʨʠʜʘ ʤʝʪʠʣʘʤʤʦʥʠʷ, ʢʦʪʦʨʳʡ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʈʌɸ ʠ 

ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (II) ʩ ʤʝʪʠʣʘʤʠʥʦʤ, ʢʦʪʦʨʳʡ ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʜʣʷ ʚʩʝʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʫʧʝʥʝʡ ʀʉɻ-FeCl3 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʨʠ ʫʛʣʘʭ 2Ū ʨʘʚʥʳʭ 11,43Ñ0,05 Á ʠ 

12,88Ñ0,04 Á, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ di ʨʘʚʥʳʝ 

7,745Ñ0,035 ¡ ʠ 6,873Ñ0,020 ¡. ʇʦʷʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨ ʨʝʬʣʝʢʩʦʚ  ʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʀʉɻ-FeCl3-I 

ʘʤʤʠʘʢʦʤ (12,40 Á ʠ 12,91 Á) ʠ ʵʪʠʣʘʤʠʥʦʤ (10,92 Á ʠ 12,50 Á). ʆʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʫ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʜʘʥʥʳʝ ʨʝʬʣʝʢʩʳ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʦʚ 

ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III ) ʩ ʘʤʤʠʘʢʦʤ, ʤʝʪʠʣ- ʠ ʵʪʠʣʘʤʠʥʦʤ, ʘ ʪʘʢʞʝ ʦ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (II) ʩ ʤʝʪʠʣ- ʠ ʵʪʠʣʘʤʠʥʦʤ. ʅʘʰʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ 

ʵʪʠ ʜʘʥʥʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʫʪʝʤ ʥʘʩʳʱʝʥʠʷ ʘʤʤʠʘʢʦʤ ʠ ʤʝʪʠʣʘʤʠʥʦʤ ʯʠʩʪʦʛʦ 

ʙʝʟʚʦʜʥʦʛʦ FeCl3 ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘʩʳʱʝʥʠʷ ʀʉɻ, ʥʝ 

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ (ʨʠʩʫʥʦʢ 56) 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʬʘʟʳ ʭʣʦʨʠʜʦʚ ʘʤʤʦʥʠʷ ʠ ʤʝʪʠʣʘʤʤʦʥʠʷ.  

 

ʈʠʩʫʥʦʢ 56 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ FeCl3, ʦʙʨʘʙʦʪʘʥʥʦʛʦ: ʘ) ï ʘʤʤʠʘʢʦʤ (ʙʨʫʪʪʦ-

ʩʦʩʪʘʚ FeCl3Ā5,6NH3), ʙ) ï ʤʝʪʠʣʘʤʠʥʦʤ (ʙʨʫʪʪʦ-ʩʦʩʪʘʚ FeCl3Ā5,7CH3NH2) 
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ʆʪʩʫʪʩʪʚʠʝ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʪʥʝʩʪʠ ʢ 

ʢʘʢʦʡ-ʣʠʙʦ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʝ (ʠʩʭʦʜʥʳʡ FeCl3, FeCl2, ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ 

ʘʤʤʠʘʢʦʤ ʠʣʠ ʤʝʪʠʣʘʤʠʥʦʤ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʘ ʠ ʘʤʠʥʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ. ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʬʣʝʢʩʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʪʠʤʠ 

ʞʝ ʚʝʱʝʩʪʚʘʤʠ ʀʉɻ-FeCl3-I ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʨʦʣʴʶ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ (ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ), ʘ ʩ ʜʨʫʛʦʡ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʵʪʠʭ ʨʝʬʣʝʢʩʦʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭ, ʯʪʦ 

ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2Ū ʦʪ å 11 Á ʜʦ å 13 Á) ʦʪʥʦʩʠʪʩʷ ʢ ʀʉɻ, ʚ ʢʦʪʦʨʦʤ ʘʤʠʥ, 

ʩʚʷʟʘʥʥʳʡ ʚ ʢʦʤʧʣʝʢʩ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʛʨʘʬʠʪʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʀʉɻ-FeCl3 ʩ ʘʤʤʠʘʢʦʤ ʠ ʘʤʠʥʘʤʠ: 

1. ʏʘʩʪʠʯʥʦʝ ʜʝʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʝ ʚʥʝʜʨʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III ). ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʝ ʨʝʬʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʝ ʛʨʘʬʠʪʘ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʘʤʠʥʘʤʠ ʀʉɻ; 

2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ FeCl3 ʩ ʘʤʠʥʦʤ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Fe+3 

ʭʣʦʨʠʜʘ ʜʦ Fe+2, ʠ ʩʚʷʟʳʚʘʥʠʝ ʝʛʦ ʚ ʢʦʤʧʣʝʢʩ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʜʘʥʥʳʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʮʝ ʀʉɻ-FeCl3-I, 

ʥʘʩʳʱʝʥʥʦʛʦ ʘʤʤʠʘʢʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʘʟʳ ʛʝʢʩʘʘʤʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ 

ʞʝʣʝʟʘ (II) ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

FeCl3 ʩ ʘʤʤʠʘʢʦʤ, ʪʘʢ ʠ ʜʘʥʥʳʤʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʩʥʠʞʝʥʠʠ ʜʦʣʠ ʞʝʣʝʟʘ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3 ʩ 86% ʚ 

ʠʩʭʦʜʥʦʤ ʀʉɻ ʜʦ 60% ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʀʉɻ ʘʤʤʠʘʢʦʤ, ʜʦ 22% ʚ ʩʣʫʯʘʝ 

ʦʙʨʘʙʦʪʢʠ ʀʉɻ ʤʝʪʠʣʘʤʠʥʦʤ, ʜʦ 67% ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʀʉɻ ʪɻʠʣʘʤʠʥʦʤ; 

3. ʆʙʨʘʟʦʚʘʥʠʝ ʘʤʤʠʘʯʥʦʛʦ ʠʣʠ ʤʝʪʠʣʘʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʭʣʦʨʠʜʦʤ 

ʞʝʣʝʟʘ ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʬʠʪʘ. ʆʙ ʵʪʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʪʦʣʴʢʦ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʙʨʘʙʦʪʘʥʥʳʭ ʀʉɻ ʨʝʬʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʭʦʜʥʦʤʫ 

ʀʉɻ-FeCl3 1-ʦʡ ʩʪʫʧʝʥʠ ʠʣʠ ʀʉɻ-FeCl3 ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ ʧʨʠ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʬʠʪʫ, ʜʘʥʥʳʝ ʇʕʄ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 
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ʚ ʦʙʨʘʟʮʘʭ ʀʉɻ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʠʣʘʤʠʥʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʀʉɻ, 

ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʘʤʠʥʘʤʠ ʀʉɻ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʶ (ʦʙ ʵʪʦʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʠʞʝ). 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʠʥʘʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʀʉɻ-FeCl3 (ʨʠʩʫʥʦʢ 57). ʈʘʟʣʦʞʝʥʠʝ 

ʀʉɻ-FeCl3 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 365 ÁC, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨ r ʨʘʟʣʦʞʝʥʠʷ ʩʘʤʦʛʦ FeCl3 (316 ÁC) [208] ʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʨʦʣʴʶ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. ʈʘʟʣʦʞʝʥʠʝ ʀʉɻ-FeCl3-ɸʤ ʠ 

ʀʉɻ-FeCl3-ʄɸ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 84 ÁC ʠ 104 

ÁC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ. ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʀʉɻ-FeCl3-ʕɸ, ʧʦʤʠʤʦ 

ʩʪʫʧʝʥʴʢʠ ʧʦʪʝʨʠ ʤʘʩʩʳ, ʥʘʯʠʥʘʶʱʝʡʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 138 ÁC ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʣʦʞʝʥʠʶ ʵʪʠʣʘʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ 

ʩʪʫʧʝʥʴʢʘ ʧʨʠ 357 ÁC, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʟʣʦʞʝʥʠʶ ʩʘʤʦʛʦ ʀʉɻ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʨʘʟʣʦʞʝʥʠʷ ʚʩʝʭ ʥʘʩʳʱʝʥʥʳʭ ʘʤʠʥʘʤʠ ʀʉɻ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ ʩʘʤʠʭ ʘʤʠʥʦʚ, ʯʪʦ ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʠʭ 

ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ. 

 

ʈʠʩʫʥʦʢ 57 ï ʊɻ-ʢʨʠʚʳʝ ʨʘʟʣʦʞʝʥʠʷ: 1) ï ʠʩʭʦʜʥʦʛʦ ʀʉɻ-FeCl3 ʠ ʀʉɻ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ 2) ï ʘʤʤʠʘʢʦʤ, 3) ï ʤʝʪʠʣʘʤʠʥʦʤ, 4) ï ʵʪʠʣʘʤʠʥʦʤ 
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ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ ʧʦʣʫʯʝʥʠʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʊʈɻ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʞʠʤʝ ʪʝʨʤʦʫʜʘʨʘ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 900 Áʉ, ʪʘʢʞʝ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʪʝʨʤʦʫʜʘʨʫ ʙʳʣ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠ ʠʩʭʦʜʥʳʝ ʀʉɻ-FeCl3 ʨʘʟʣʠʯʥʳʭ 

ʩʪʫʧʝʥʝʡ.  

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʠʝ ʊʈɻ ʠʟ ʀʉɻ-FeCl3 ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʠ 

ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʝʝ ʦʩʥʦʚʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʫʜʘʨʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣ ʧʦʣʫʯʝʥ 

ʥʠʟʢʦʧʣʦʪʥʳʡ ʧʦʨʦʰʦʢ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʦʜʥʘʢʦ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʊʈɻ ʠʟ ʀʉɻ-FeCl3-I ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻ (70 ʛ/ʣ ʧʨʦʪʠʚ 5 ʛ/ʣ). 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ (ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʊɻ-ʘʥʘʣʠʟʘ) ʦʙʲʝʤ 

ʛʘʟʦʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʘʤʦʛʦ ʀʉɻ-FeCl3, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʝ ʜʘʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʠʤʠ ʥʘ ʛʨʘʬʠʪʦʚʫʶ ʤʘʪʨʠʮʫ, ʩʦʟʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ. ɹʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʝʤʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ 

ʛʨʘʬʠʪʘ ʠ ʧʦʣʫʯʝʥʠʶ ʊʈɻ ʩ ʤʝʥʴʰʝʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ [209]. ʇʨʠ ʵʪʦʤ 

ʨʘʩʰʠʨʝʥʠʶ ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʦʣʴʢʦ ʪʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʤʦʤʝʥʪ ʪʝʨʤʦʫʜʘʨʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʞʩʣʦʝʚʦʤ ʠʣʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʊʈɻ ʠʩʩʣʝʜʦʚʘʣʩʷ ʤʝʪʦʜʦʤ ʈʌɸ (ʨʠʩʫʥʦʢ 58), ʘ 

ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʨʠʩʫʥʦʢ 59).  

ɺʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʨʝʬʣʝʢʩʳ ʛʨʘʬʠʪʘ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʬʘʟʝ ʩʘʤʦʛʦ ʊʈɻ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʨʘʟʮʝ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʀʉɻ-FeCl3-I 

(ʨʠʩʫʥʦʢ 58 ʘ) ʩʧʨʘʚʘ ʦʪ ʛʨʘʬʠʪʦʚʦʛʦ ʧʠʢʘ ʥʘʭʦʜʠʪʩʷ çʧʣʝʯʦè, ʦʪʥʦʩʠʤʦʝ ʢ ʬʘʟʝ 

ʥʝʜʦʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʀʉɻ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ, ʢʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʨʝʬʣʝʢʩ ʧʨʠ 2Ū = 15,14Ñ0,04 Á. ʇʦ ʦʜʥʦʤʫ ʧʠʢʫ, 

ʨʘʟʫʤʝʝʪʩʷ, ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʬʘʟʝ ʢʘʢʦʛʦ ʢʦʥʢʨʝʪʥʦ 

ʚʝʱʝʩʪʚʘ ʦʥ ʧʨʠʥʘʜʣʝʞʠʪ, ʦʜʥʘʢʦ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ, 

ʠʩʭʦʜʷ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ FeCl2 ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʀʉɻ-FeCl3 

[210], ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʴ ʜʘʥʥʳʡ ʨʝʬʣʝʢʩ ʚ ʮʝʣʦʤ ʢ ʬʘʟʝ 
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ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ FeClx. ʉʦʛʣʘʩʥʦ ʈʌɸ (ʨʠʩʫʥʦʢ 58 ʙ-ʛ) 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʀʉɻ, 

ʥʘʩʳʱʝʥʥʳʭ ʘʤʠʥʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ Ŭ-ʞʝʣʝʟʦʤ, ʭʦʪʷ ʚ ʩʣʫʯʘʝ ʊʈɻ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʵʪʠʣʘʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʝʱʝ ʠ 

ʥʘʣʠʯʠʝ ʯʘʩʪʠʯʥʦ ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʭʣʦʨʠʜʘ.  

 

ʈʠʩʫʥʦʢ 58 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ: ʘ) ï ʀʉɻ-FeCl3-I (ʊʈɻʀʉɻ-Fe), ʙ) ï ʀʉɻ-FeCl3-ɸʤ (ʊʈɻʀʉɻ-Fe-ɸʤ), ʚ) ï 

ʀʉɻ-FeCl3-ʄɸ (ʊʈɻʀʉɻ-Fe-ʄɸ), ʛ) ï ʀʉɻ-FeCl3-ʕɸ (ʊʈɻʀʉɻ-Fe-ʕɸ) 

ʉʝʢʩʪʝʪ, ʩʠʥʛʣʝʪ ʠ ʪʨʠ ʜʫʙʣʝʪʘ ʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ ʊʈɻʀʉɻ-Fe, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʀʉɻ-FeCl3 I ʩʪʫʧʝʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ŭ-Fe, Fe3+ ʠ Fe2+ ʚ ʩʦʩʪʘʚʝ ʯʘʩʪʠʯʥʦ 

ʥʝʨʘʟʣʦʞʠʚʰʝʛʦʩʷ ʀʉɻ, ʘ ʪʘʢʞʝ Fe2+, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʚʠʜʝ FeCl2, ʥʝʩʚʷʟʘʥʥʦʛʦ ʩ 

ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʝʡ (ʨʠʩʫʥʦʢ 59 ʘ, ʪʘʙʣʠʮʘ 17).  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ ʊʈɻʀʉɻ-Fe-ɸʤ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʀʉɻ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ NH3 (ʨʠʩʫʥʦʢ 59 ʙ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Ŭ-Fe (78 %), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ ʘʤʤʠʘʢʦʤ, 

ʚʳʜʝʣʷʶʱʠʤʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ 
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ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ Fe3C ʠ Fe3+/Fe2+ ʚ ʩʦʩʪʘʚʝ 

ʥʝʜʦʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʭʣʦʨʠʜʦʚ.  

 

ʈʠʩʫʥʦʢ 59 ï ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʉɻ-FeCl3 ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʠ ʠ ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ ʠ ʘʤʠʥʘʤʠ: ʘ) ï ʊʈɻʀʉɻ-Fe, ʙ) ï ʊʈɻʀʉɻ-Fe-

ɸʤ, ʚ) ï ʊʈɻʀʉɻ-Fe-ʄɸ, ʛ) ï ʊʈɻʀʉɻ-Fe-ʕɸ 

ʉʦʛʣʘʩʥʦ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ 

ʊʈɻʀʉɻ-Fe-ʄɸ ʥʘ ʦʩʥʦʚʝ ʀʉɻ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ CH3NH2 (ʨʠʩʫʥʦʢ 59 ʚ), 
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ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʤʝʩʴʶ Ŭ-Fe (19 %), ɔ-(Fe,C) (17 %) ʠ Fe3C (56 %). ɺʝʨʦʷʪʥʦ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʣʘʚʘ ʠ ʢʘʨʙʠʜʘ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʛʨʫʧʧʳ ʚ 

ʩʦʩʪʘʚʝ ʤʝʪʠʣʘʤʠʥʘ, ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʫʛʣʝʨʦʜ, ʨʝʘʛʠʨʫʶʱʠʡ ʩ 

ʞʝʣʝʟʦʤ. ʊʈɻʀʉɻ-Fe-ʕɸ ʥʘ ʦʩʥʦʚʝ ʀʉɻ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ C2H5NH2 (ʨʠʩʫʥʦʢ 59 ʛ), 

ʩʦʜʝʨʞʠʪ Fe3C (29 %) ʠ Ŭ-Fe (35 %), ʦʜʥʘʢʦ ʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʜʫʙʣʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ Fe2+ ʚ ʩʦʩʪʘʚʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʦʙʨʘʟʮʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 

ʩʤʝʩʝʡ ʆɻ/Fe(NO3)3/ʤʝʣʘʤʠʥ ʨʝʬʣʝʢʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʘʨʙʠʜʥʦʡ ʬʘʟʝ, ʥʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʙʣʠʮʘ 17. 

ʇʘʨʘʤʝʪʨʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʊʈɻ,  

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʉɻ-FeCl3 ʠ ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ, ʤʝʪʠʣ- ʠ ʵʪʠʣʘʤʠʥʦʤ. 

ʆʙʨʘʟʝʮ IS, ʤʤ/ʩ QS, ʤʤ/ʩ H, ʢʕ S, % ʌʘʟʘ 

ʊʈɻʀʉɻ-Fe 

0,00 0,00 330 10 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

0,28 0,07 ï 18 Fe3+ (ʩʠʥʛʣʝʪ) 

0,91 1,91 ï 12 Fe2+ (ʜʫʙʣʝʪ) 

1,08 0,76 ï 54 Fe2+ (ʜʫʙʣʝʪ) 

1,28 2,04 ï 6 Fe2+ (ʜʫʙʣʝʪ) 

ʊʈɻʀʉɻ-Fe-ɸʤ 

0,00 0,00 330 78 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

0,15 -0,02 200 12 Fe3C (ʩʝʢʩʪʝʪ) 

0,42 0,83 ï 5 Fe3+ (ʜʫʙʣʝʪ) 

1,08 0,78 ï 5 Fe2+ (ʜʫʙʣʝʪ) 

ʊʈɻʀʉɻ-Fe-ʄɸ 

-0,01 0,02 330 19 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

0,19 0,02 202 56 Fe3C (ʩʝʢʩʪʝʪ) 

-0,02 0,00 ï 17 ɔ-(Fe,C) (ʩʠʥʛʣʝʪ) 

0,24 0,84 ï 8 Fe3+ (ʜʫʙʣʝʪ) 

ʊʈɻʀʉɻ-Fe-ʕɸ 

0,01 0,00 330 35 Ŭ-Fe (ʩʝʢʩʪʝʪ) 

0,21 0,00 206 29 Fe3C (ʩʝʢʩʪʝʪ) 

0,81 1,55 ï 16 Fe2+ (ʜʫʙʣʝʪ) 

1,09 0,79 ï 20 Fe2+ (ʜʫʙʣʝʪ) 

ʆʧʨʝʜʝʣʠʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ, ʨʘʩʩʤʦʪʨʠʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʝʛʦ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ r ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʊʈɻ. 

ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʚʩʝʭ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʦʢ 60) ʩʦʜʝʨʞʘʪ ʠʥʪʝʥʩʠʚʥʳʡ G-ʧʠʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʬʘʟʝ ʛʨʘʬʠʪʘ, ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʡ 
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D-ʧʠʢ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʥʘʣʠʯʠʠ ʙʦʣʝʝ ʜʝʬʝʢʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʤʝʥʴʰʠʤ 

ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ D, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ 

ʧʠʢʦʚ D* ʠ Dôô, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʤʦʨʬʥʦʤʫ ʫʛʣʝʨʦʜʫ, ʚ ʨʘʤʘʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ 

ʊʈɻʀʉɻ-Fe-ʄɸ (ʨʠʩʫʥʦʢ 60 ʙ) ʠ ʊʈɻʀʉɻ-Fe-ʕɸ (ʨʠʩʫʥʦʢ 60 ʚ) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ 

[211,212]. ɸʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠ ̫ʘʣʢʠʣʘʤʠʥʦʚ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

 

ʈʠʩʫʥʦʢ 60 ï ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʊʈɻ ʦʙʨʘʟʮʦʚ ʊʈɻ: ʘ) ï ʊʈɻʀʉɻ-Fe-ɸʤ, ʙ) ï 

ʊʈɻʀʉɻ-Fe-ʄɸ, ʚ) ï ʊʈɻʀʉɻ-Fe-ʕɸ 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʀʉɻ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʘʤʤʠʘʢʦʤ ʠ ʤʝʪʠʣʘʤʠʥʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ 

(ʨʠʩʫʥʦʢ 61 ʙ, ʚ). ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʢʤ, ʧʨʠʯʝʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʦʟʠʪʦʚ ʊʈɻ ʩ 

ʤʝʪʘʣʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʥʦʛʦ 



115 

ʛʨʘʬʠʪʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʣʦʤʝʨʘʪʦʚ ʩ 

ʨʘʟʤʝʨʘʤʠ ʙʦʣʝʝ 1 ʤʢʤ.  

 

ʈʠʩʫʥʦʢ 61 ï ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʠ EDX-ʩʧʝʢʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʊʈɻ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʀʉɻ-FeCl3 ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʠ ʀʉɻ, ʥʘʩʳʱʝʥʥʳʭ ʘʤʤʠʘʢʦʤ ʠ 

ʘʤʠʥʘʤʠ: ʘ) ï ʊʈɻʀʉɻ-Fe, ʙ) ï ʊʈɻʀʉɻ-Fe-ɸʤ, ʚ) ï ʊʈɻʀʉɻ-Fe-ʄɸ, ʛ) ï ʊʈɻʀʉɻ-Fe-ʕɸ 

ʆʙʨʘʟʮ  r ʊʈɻʀʉɻ-Fe (ʨʠʩʫʥʦʢ 61 ʘ) ʠ ʊʈɻʀʉɻ-Fe-ʕɸ (ʨʠʩʫʥʦʢ 61 ʛ) 

ʦʪʣʠʯʘʪʁʩʷ ʪʝʤ, ʯʪʦ ʚ EDX-ʩʧʝʢʪʨʘʭ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ 
























































































