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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʩʲʜʲʨʞʘ 121 ʩʪʨʘʥʠʮʠ ʠ ʚʢʣʶʯʚʘ 52 ʬʠʛʫʨʠ ʠ 22 ʪʘʙʣʠʮʠ. ʎʠʪʠʨʘʥʠ ʩʘ 

ʦʙʱʦ 149 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʚ 10 

ʥʘʫʯʥʠ ʩʪʘʪʠʠ ʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ 12 ʥʘʫʯʥʠ ʬʦʨʫʤʘ.  

 

ɼʦʢʪʦʨʘʥʪʲʪ ʝ ʟʘʯʠʩʣʝʥ ʚ ʨʝʜʦʚʥʘ ʜʦʢʪʦʨʘʥʪʫʨʘ ʥʘ 03.01.2011 ʛʦʜʠʥʘ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʘ 

01.05.16 ʧʦ ʩʧʝʮʠʘʣʥʦʩʪʪʘ Ăʍʠʤʠʯʥʘ ʢʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟò ʩ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ: 4.2. 

ʍʠʤʠʯʝʩʢʠ ʥʘʫʢʠ ʢʲʤ ʀʥʩʪʠʪʫʪʘ ʧʦ ʢʘʪʘʣʠʟ ʧʨʠ ɹɸʅ. 

 

 

 

 

 

 

 

 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʨʘʙʦʪʘ ʝɦ ʩʝ ʩʲʩʪʦʠ ʥʘ ...............ʦʪ...............ʯ. ʚ ʟʘʣʘ 225 ʥʘ 

ʀʥʩʪʠʪʫʪ ʧʦ ʢʘʪʘʣʠʟ- ɹɸʅ ʥʘ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦ ʞʫʨʠ ʚ ʩʲʩʪʘʚ: 

1. ʧʨʦʬ. ʜ-ʨ ʄʘʨʠʷ ʄʠʣʘʥʦʚʘ        

2. ʧʨʦʬ. ʜʬʟʥ ɺʝʥʮʠʩʣʘʚ ʈʫʩʘʥʦʚ     

3. ʧʨʦʬ. ʜ-ʨ ʅʘʨʮʠʩʣʘʚ ʇʝʪʨʦʚ     

4. ʧʨʦʬ. ʜʭʥ ʀʚʘʥ ʄʠʪʦʚ 

5. ʜʦʮ. ʜ-ʨ ʉʠʣʚʠʷ ʊʦʜʦʨʦʚʘ 
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1. ɺʲʚʝʜʝʥʠʝ 

ʌʝʨʠʪʠʪʝ ʩ ʰʧʠʥʝʣʦʚ ʪʠʧ ʩʪʨʫʢʪʫʨʘ ʩʘ ʤʘʪʝʨʠʘʣʠ ʩ ʚʘʞʥʦ ʧʨʘʢʪʠʯʝʩʢʦ ʟʥʘʯʝʥʠʝ. ʊʝ 

ʥʘʤʠʨʘʪ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚʲʚ ʚʩʠʯʢʠ ʦʙʣʘʩʪʠ ʥʘ ʪʝʭʥʠʢʘʪʘ ʠ ʠʥʜʫʩʪʨʠʷʪʘ. ʇʨʠʦʨʠʪʝʪ ʝ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʪʘ ʪʝʭʥʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʝʣʝʢʪʨʦʥʠʢʘʪʘ. 

ɺ ʥʘʰʠ ʜʥʠ ʥʦʚʦ ʘʢʪʫʘʣʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʢʪʦ ʩ ʥʘʫʯʝʥ, ʪʘʢʘ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʪʝʨʝʩ ʝ 

ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʬʝʨʠʪʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʢʘʪʘʣʠʟʘʪʦʨʠ ʟʘ ʝʢʦʣʦʛʠʯʥʦ ʚʘʞʥʠ ʧʨʦʮʝʩʠ. ɼʚʦʡʥʠ 

ʠ ʪʨʦʡʥʠ ʤʝʪʘʣʦʢʩʠʜʥʠ ʩʠʩʪʝʤʠ ʩʘ ʝʬʝʢʪʠʚʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʚ ʨʝʜʠʮʘ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʦʮʝʩʠ 

ʢʘʪʦ ʦʢʠʩʣʠʪʝʣʥʦ ʜʝʭʠʜʨʠʨʘʥʝ ʥʘ ʚʲʛʣʝʚʦʜʦʨʦʜʠ, ʨʘʟʣʘʛʘʥʝ ʥʘ ʘʣʢʦʭʦʣʠ, ʨʝʘʢʮʠʠ ʥʘ 

ʘʣʢʠʣʠʨʘʥʝ, ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʘ, ʦʢʠʩʣʝʥʠʝ ʥʘ ʚʨʝʜʥʠ ʦʨʛʘʥʠʯʥʠ ʛʘʟʦʚʝ. ʌʫʥʢʮʠʦʥʘʣʥʠʪʝ 

ʩʚʦʡʩʪʚʘ ʥʘ ʬʝʨʠʪʥʠ ʤʘʪʝʨʠʘʣʠ ʩ ʰʧʠʥʝʣʝʥ ʪʠʧ ʩʪʨʫʢʪʫʨʘ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʩʝ ʜʲʣʞʘʪ ʥʘ ʪʠʧʘ 

ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʤʝʪʘʣʥʠʪʝ ʡʦʥʠ. ʉʧʦʨʝʜ ʢʘʪʠʦʥʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ, 

ʰʧʠʥʝʣʠʪʝ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʥʦʨʤʘʣʥʠ, ʠʥʚʝʨʩʥʠ ʠ ʯʘʩʪʠʯʥʦ ʠʥʚʝʨʩʥʠ. ʌʠʟʠʯʥʠʪʝ ʠ 

ʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ, ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʠ ʢʘʪʘʣʠʪʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʰʧʠʥʝʣʠʪʝ ʝ ʧʨʷʢʘ 

ʬʫʥʢʮʠʷ ʦʪ ʭʠʤʠʯʥʘʪʘ ʧʨʠʨʦʜʘʪʘ ʥʘ ʤʝʪʘʣʥʠʪʝ ʡʦʥʠ, ʪʷʭʥʦʪʦ ʦʢʠʩʣʠʪʝʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ, 

ʩʠʤʝʪʨʠʷ ʠ ʩʲʩʝʜʠ ʚ ʧʲʨʚʘ ʠ ʚʪʦʨʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘ ʩʬʝʨʘ.  

ɿʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʝʥ ʭʝʪʝʨʦʛʝʥʝʥ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ, 

ʩʝʣʝʢʪʠʚʥʦʩʪ, ʭʠʤʠʯʥʘ ʠ ʪʝʨʤʠʯʥʘ ʫʩʪʦʡʯʠʚʦʩʪ, ʠ ʩʪʘʙʠʣʥʦʩʪ ʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʣʝʢʩʥʦ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʦʙʱʠʷ ʛʝʥʝʟʠʩ ʠ ʮʷʣʦʩʪʥʘʪʘ ʝʚʦʣʶʮʠʷ ʥʘ ʢʘʪʘʣʠʪʠʯʥʠʪʝ ʤʘʪʝʨʠʘʣʠ. ʅʘʩʪʦʷʱʘʪʘ 

ʨʘʙʦʪʘ ʦʙʭʚʘʱʘ ʪʨʠ ʦʩʥʦʚʥʠ ʝʪʘʧʘ: 1) ʩʠʥʪʝʟ ʥʘ ʙʠ-ʢʦʤʧʦʥʝʥʪʥʠ ʤʝʪʘʣʦ-ʦʢʩʠʜʥʠ ʩʠʩʪʝʤʠ ʥʘ 

Fe, Co, Ni, Cu ʠ Zn ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠ ʠʥʦʚʘʪʠʚʥʠ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʨʦʚʘʥʝ; 2) 

ʬʠʟʠʢʦʭʠʤʠʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʨʘʭʦʚʝ ʟʘ ʘʥʘʣʠʟ ʥʘ ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ, 

ʢʨʠʩʪʘʣʥʘ ʠ ʤʘʛʥʠʪʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ; 3) ʪʝʩʪʚʘʥʝ ʚʲʚ ʚʘʞʥʘ ʟʘ ʝʢʦʣʦʛʠʷʪʘ 

ʢʘʪʘʣʠʪʠʯʥʘ ʨʝʘʢʮʠʷ ʥʘ ʨʘʟʣʘʛʘʥʝ ʥʘ ʤʝʪʘʥʦʣ. 

ɺ ʣʠʪʝʨʘʪʫʨʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʨʝʜʠʮʘ ʭʠʤʠʯʝʩʢʠ ʩʠʩʪʝʤʠ, ʢʘʪʦ 

ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʤʥʦʛʦʙʨʦʡʥʠ ʤʝʪʦʜʠ ʟʘ ʪʷʭʥʦʪʦ ʧʦʣʫʯʘʚʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ. ɺʲʧʨʝʢʠ ʪʦʚʘ, 

ʦʩʪʘʚʘʪ ʥʝʷʩʥʠ ʨʝʜʠʮʘ ʚʲʧʨʦʩʠ ʦʢʦʣʦ ʩʠʥʪʝʟʘ ʥʘ ʥʦʚʠ ʬʝʨʠʪʥʠ ʤʘʪʝʨʠʘʣʠ ʩ ʧʦ-ʩʣʦʞʝʥ ʩʲʩʪʘʚ, 

ʤʝʪʦʜʠ ʟʘ ʩʠʥʪʝʟ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʠ ʬʝʨʠʪʠ, ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʬʠʟʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ 

ʨʘʟʤʝʨʥʦʩʪʪʘ ʥʘ ʫʣʪʨʘʜʠʩʧʝʨʩʥʠ ʤʘʪʝʨʠʘʣʠ, ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʥʘʥʦʬʝʨʠʪʠʪʝ ʟʘ ʝʢʦʢʘʪʘʣʠʪʠʯʥʠ 

ʨʝʘʢʮʠʠ. ʊʦʚʘ ʥʠ ʤʦʪʠʚʠʨʘ ʟʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ. 

ʎʝʣʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠoʥʥʘʪʘ ʨʘʙʦʪʘ ʝ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʤʝʩʝʥʦ-ʦʢʩʠʜʥʠ ʤʘʪʝʨʠʘʣʠ ʩ 

ʰʧʠʥʝʣʝʥ ʪʠʧ ʩʪʨʫʢʪʫʨʘ ʧʦ ʢʦʥʚʝʥʮʠʦʥʘʣʠ ʠ ʠʥʦʚʘʪʠʚʥʠ ʤʝʪʦʜʠ ʟʘ ʢʘʪʘʣʠʟʘʪʦʨʠ ʚ ʨʝʘʢʮʠʷ ʥʘ 

ʨʘʟʣʘʛʘʥʝ ʥʘ ʤʝʪʘʥʦʣ. 

ʇʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩ ʨʝʰʘʚʘʥʝ ʥʘ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟʠʨʘʥʝ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʥʠ ʠ ʩʤʝʩʝʥʦ-ʦʢʩʠʜʥʠ ʬʝʨʠʪʠ ʧʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ïʤʝʪʦʜ ʥʘ 

ʤʝʭʘʥʦʭʠʤʠʯʥʘ ʘʢʪʠʚʘʮʠʷ, ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʧʣʘʟʤʝʥ ʤʝʪʦʜ;  

2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʛʝʥʝʟʠʩʘ ʠ ʝʚʦʣʶʮʠʷʪʘ ʥʘ ʤʝʞʜʠʥʥʠ ʠ ʢʨʘʡʥʠ ʧʨʦʜʫʢʪʠ ʚ ʭʦʜʘ ʥʘ ʩʠʥʪʝʟʥʠʷ 

ʧʨʦʮʝʩ. ʂʦʤʧʝʢʩʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʲʩʪʘʚ ʠ 

ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠ ʤʝʪʦʜʠ;  

3. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ (ʘʢʪʠʚʥʦʩʪ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪ) ʚ 

ʧʦʜʙʨʘʥʘ ʢʘʪʘʣʠʪʠʯʥʘ ʨʝʘʢʮʠʷ ï ʨʘʟʣʘʛʘʥʝ ʥʘ ʤʝʪʘʥʦʣ; 

4. ʆʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪe ʩʣʝʜ ʢʘʪʘʣʠʪʠʯʝʥ ʪʝʩʪ ʠ ʦʧʨʝʜʝʣʷʥʝ ʠʟʤʝʥʝʥʠʷʪʘ, 

ʥʘʩʪʲʧʠʣʠ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʢʘʪʘʣʠʪʠʯʥʘ ʨʝʘʢʮʠʷ. ʊʲʨʩʝʥʝ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʩʲʩʪʘʚ ʠ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʠʪʝ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʠ ʢʘʪʘʣʠʪʠʯʥʠ ʩʚʦʡʩʪʚʘ ʦʪ ʜʨʫʛʘ. 
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1. ʉʠʥʪʝʟ ʥʘ ʤʝʪʘʣʦʢʩʠʜʥʠ ʩʠʩʪʝʤʠ ʩ ʫʯʘʩʪʠʝ ʥʘ ʧʨʝʭʦʜʥʠ ʤʝʪʘʣʠ 

(Me
2+

x)tetra[Fe
3+

1+xMe
2+

1-x]octaO4   

ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʩʠʥʪʝʟʠʨʘʪ ʤʝʪʘʣʦʢʩʠʜʥʠ ʤʘʪʝʨʠʘʣʠ ʩ ʰʧʠʥʝʣʝʥ ʪʠʧ ʩʪʨʫʢʪʫʨʘ ʠ 

ʨʘʟʣʠʯʥʦ ʟʘʤʝʩʪʚʘʥʝ ʥʘ ʜʚʫʚʘʣʝʥʪʥʠʷ ʤʝʪʘʣʝʥ ʡʦʥ ʚ ʩʲʩʪʘʚʘ.  

ʊʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʩʠʥʪʝʟ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʘ ʝʪʘʧʘ: 1-ʝʪʘʧ ʥʘ ʩʲʫʪʘʷʚʘʥʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʧʨʝʢʫʨʩʦʨʥʠ ʧʨʘʭʦʚʝ ʠ 2-ʝʪʘʧ ʧʦʜʣʘʛʘʥʝ ʥʘ ʧʨʝʜʭʦʜʥʠʮʠʪʝ ʥʘ ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ,  

ʤʝʭʘʥʦʭʠʤʠʯʥʘ ʘʢʪʠʚʘʮʠʷ ʠ ʠʩʢʨʦʚʘ ʧʣʘʟʤʘ.  

ü ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʧʨʝʜʭʦʜʥʠʮʠʪʝ:  

- ɿʘ ʧʨʦʮʝʩʲʪ ʥʘ ʩʲʫʪʘʷʚʘʥʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ 0,5 ʄ ʨʘʟʪʚʦʨʠ ʥʘ ʥʠʪʨʘʪʥʠ ʩʦʣʠ ʥʘ Zn, Ni, 

Cu, Co ʠ Fe: [Zn(NO3)2.6H2O), Ni(NO3)2.6H2O, Cu(NO3)2.3H2O, Co(NO3)2.6H2O), Fe(NO3)3.9H2O], 

ʚʟʝʪʠ ʚ ʞʝʣʘʥʦ ʤʦʣʘʨʥʦ ʩʲʦʪʥʦʰʝʥʠʝ Me
2+
:Fe=1:2. ʍʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪʥʠʪʝ ʧʨʝʢʫʨʩʦʨʠ ʩʘ 

ʧʦʣʫʯʝʥʠ ʧʨʠ ʜʦʙʘʚʷʥʝ ʢʲʤ ʨʘʟʪʚʦʨʘ ʥʘ ʥʠʪʨʘʪʥʠʪʝ ʩʦʣʠ ʥʘ 1ʄ ʨʘʟʪʚʦʨ ʥʘ Na2CO3 ʜʦ 

ʜʦʩʪʠʛʘʥʝ ʥʘ pH=9. ʀʟʚʲʨʰʝʥ ʝ ʧʨʦʮʝʩ ʥʘ ʩʫʰʝʥʝ ʥʘ ʫʪʘʡʢʘʪʘ ʟʘ ʝʜʠʥ ʯʘʩ. ʀʟʩʣʝʜʚʘʥʠʪʝ 

ʦʙʨʘʟʮʠ ʩʣʝʜ ʩʫʰʝʥʝ ʩʘ ʦʙʦʟʥʘʯʝʥʠ ʩ HC. 

ü ʋʩʣʦʚʠʷ ʥʘ ʦʙʨʘʙʦʪʢʘ:  

- ʊʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ  ï  ʇʨʝʜʭʦʜʥʠʮʠʪʝ ʩʘ ʥʘʛʨʷʚʘʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 573 K, 673 K, 

773 K, 973 K ʠ 1073 ʂ ʚ ʤʫʬʝʣʥʘ ʧʝʱ ĂType F7 T11ò  ʚʲʚ ʚʲʟʜʫʰʥʘ ʩʨʝʜʘ. ɿʘʜʘʜʝʥʘʪʘ ʞʝʣʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʜʦʩʪʠʛʘʥʘ ʩʲʩ ʩʢʦʨʦʩʪ 10 K/min, ʘ ʠʟʦʪʝʨʤʠʯʥʠʷ ʨʝʞʠʤ ʧʨʠ ʠʟʙʨʘʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʦʜʜʲʨʞʘʥ ʟʘ ʚʨʝʤʝ 4 ʯʘʩʘ; ʊʝʨʤʠʯʥʦ ʪʨʝʪʠʨʘʥʠʪʝ ʦʙʨʘʟʮʠ ʩʘ ʦʙʦʟʥʘʯʝʥʠ ʩ TS 

ʩʣʝʜ ʩʲʩʪʘʚʘ. 

- ʄʝʭʘʥʦʭʠʤʠʯʥʘ ʘʢʪʠʚʘʮʠʷ  ï  ʇʨʠʣʘʛʘʥʦ ʝ ʤʝʭʘʥʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ (ʩʤʠʣʘʥʝ) ʚʲʚ 

ʚʠʩʦʢʦ ʝʥʝʨʛʝʪʠʯʥʘ ʧʣʘʥʝʪʘʨʥʘ ʤʝʣʥʠʮʘ ʪʠʧ "Retch", Germany, ʧʦʟʚʦʣʷʚʘʱʘ ʝʜʥʦʚʨʝʤʝʥʥʘ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ʚ ʜʚʘʪʘ ʧʘʨʘʣʝʣʥʦ ʨʘʙʦʪʝʱʠ ʨʝʘʢʪʦʨʘ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʩʪʦʤʘʥʝʥʠ 

ʨʝʘʢʪʦʨʠ ʩ ʦʙʱ ʦʙʝʤ 20 ʩʤ
3
, ʟʘʧʲʣʚʘʥ ʩ ʠʟʭʦʜʥʠʪʝ ʚʝʱʝʩʪʚʘ ʠ ʩʲʩ ʩʤʠʣʘʱʠ ʪʝʣʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʙʨʘʥʠ ʜʠʘʤʝʪʨʠ ʦʪ 3 ʜʦ 10 mm ʠ ʢʦʥʪʨʦʣʠʨʘʥʘ ʚʨʝʤʝʚʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʦʪ 1 

ʜʦ 5 ʯʘʩʘ. ɿʘ ʚʩʠʯʢʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʤʘʩʠʪʝ ʪʦʧʯʝʪʘ-ʧʨʦʙʘ ʙʝ 10:1. 

ʄʝʭʘʥʦʭʠʤʠʯʥʦ ʪʨʝʪʠʨʘʥʠʪʝ ʦʙʨʘʟʮʠ ʩʘ ʦʙʦʟʥʘʯʝʥʠ ʩ MS ʩʣʝʜ ʩʲʩʪʘʚʘ. 

- ʀʩʢʨʦʚʘ ʧʣʘʟʤʘ- ʀʟʧʦʣʟʚʘʥ ʝ ʘʧʘʨʘʪ ñSPS-2080, Sumitomo Coal Mining Company, 

Ltd.ò, ʥʘʤʠʨʘʱ ʩʝ ʚ CIRIMAT (ʊʫʣʫʟʘ, ʌʨʘʥʮʠʷ). ʋʩʣʦʚʠʷʪʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʩʘ ʩʣʝʜʥʠʪʝ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʘʟʤʝʥʘ ʦʙʨʘʙʦʪʢʘ 773 ʂ, ʚʨʝʤʝ ʥʘ ʪʨʝʪʠʨʘʥʝ 5 min. ʧʨʠ ʥʘʣʷʛʘʥʝ 100 MPʘ. 

ʉʠʥʪʝʟʠʨʘʥʠʪʝ ʩ ʠʩʢʨʦʚʘ ʧʣʘʟʤʘ ʦʙʨʘʟʮʠ ʩʘ ʦʙʦʟʥʘʯʝʥʠ ʩ SPS ʩʣʝʜ ʩʲʩʪʘʚʘ. 

2. ʄʝʪʦʜʠ ʠ ʫʩʣʦʚʠʷ ʟʘ ʬʠʟʠʢʦʭʠʤʠʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ 

ɽʜʠʥ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʝʪʘʧʠ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʤʘʪʝʨʠʘʣʠ, ʚ ʪʦʚʘ ʯʠʩʣʦ ʠ 

ʭʝʪʝʨʦʛʝʥʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ, ʝ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʤ ʬʠʟʠʢʦʭʠʤʠʯʥʦ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ. ʅʘ ʧʨʘʢʪʠʢʘ 

ʪʦʚʘ ʦʟʥʘʯʘʚʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʩʥʦʚʥʦ ʟʘ ʩʲʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʠʟʫʯʘʚʘʥʠʪʝ 

ʤʘʪʝʨʠʘʣʠ ʠ ʪʲʨʩʝʥʝ ʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʪʝʟʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʧʨʠʛʦʜʥʦʩʪ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʚ ʢʘʪʘʣʠʪʠʯʥʠ ʧʨʦʮʝʩʠ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ 

ʨʘʟʥʦʩʪʨʘʥʥʦʪʦ ʧʦʟʥʘʚʘʥʝ ʥʘ ʬʠʟʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʠʪʝ, ʧʨʝʜʦʧʨʝʜʝʣʷ 

ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʠʤ ʠ ʫʩʣʦʚʠʷ ʟʘ ʪʷʭʥʘʪʘ ʝʬʝʢʪʠʚʥʘ 

ʝʢʩʧʣʦʘʪʘʮʠʷ. ʌʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʪʚʲʨʜʦʪʝʣʥʠ ʦʙʝʢʪʠ, ʚ ʪ.ʯ. ʠ 
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ʢʘʪʘʣʠʟʘʪʦʨʠ, ʤʘʛʥʠʪʥʠ ʤʘʪʝʨʠʘʣʠ, ʩʘ ʝʜʥʦ ʦʪ ʥʘʡ-ʙʲʨʟʦ ʨʘʟʚʠʚʘʱʦʪʦ ʩʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʤʘʪʝʨʠʘʣʦʟʥʘʥʠʝʪʦ.  

ʉ ʦʛʣʝʜ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʬʠʟʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘ ʩʤʝʩʝʥʦ ʦʢʩʠʜʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ, ʧʦʣʫʯʘʚʘʥʠ ʧʦ ʨʘʟʣʠʥʠ ʧʦʜʭʦʜʠ ʩʯʠʪʘʤʝ ʟʘ ʦʩʦʙʝʥʦ 

ʚʘʞʥʠ ʩʣʝʜʥʠʪʝ ʤʝʪʦʜʠ, ʢʦʠʪʦ ʱʝ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ 

ʜʠʩʝʨʪʘʮʠʷ. 

× ʈʝʥʪʛʝʥʦʬʘʟʦʚ ʠ ʩʪʨʫʢʪʫʨʝʥ ʘʥʘʣʠʟ (ʈʌɸ) ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʨʝʥʪʛʝʥʦʚʠʪʝ ʜʠʬʨʘʢʮʠʦʥʥʠ ʩʧʝʢʪʨʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʙʨʘʟʮʠ ʝ ʠʟʚʲʨʰʝʥʦ ʧʨʠ 

ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ɹʨʝʛ-ɹʨʝʥʪʘʥʦ ʛʝʦʤʝʪʨʠʷ (ʦʪ 5
ʦ
 ʜʦ 65

ʦ
 

ʩʲʩ ʩʪʲʧʢʘ 0.02
ʦ
 ʠ ʚʨʝʤʝ ʥʘ ʩʢʘʥʠʨʘʥʝ 2s), ʘʥʦʜ CoïKa ʣʲʯʝʥʠʝ, ʘʧʘʨʘʪ òTUR-

M62ò, Germany ʩ ʢʦʤʧʶʪʲʨʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʛʦʥʠʦʤʝʪʲʨ HZG-4 ʠ ʟʘʧʠʩ ʥʘ 

ʜʘʥʥʠʪʝ ʚ ASCI ʬʦʨʤʘʪ. ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʪʦʯʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʠʪʝ 

ʣʠʥʠʠ ʠ ʧʨʦʬʠʣʝʥ ʘʥʘʣʠʟ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥʘ ʧʨʦʛʨʘʤʘʪʘ ñPowder 

Cellô2000ò.  

× ʀʥʬʨʘʯʝʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʏʉ) ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʠʥʬʨʘʯʝʨʚʝʥʠ 

ʩʧʝʢʪʨʠ ʩʘ ʠʟʤʝʨʝʥʠ ʥʘ ʘʧʘʨʘʪ ñNicolet 6700 FTIRò, Thermo Electron Corporation 

ï USA ʚ ʠʥʪʝʨʚʘʣ 4000 ï 400 cm
-1
 ʠ ʨʝʟʦʣʶʮʠʷ 50 scans ʯʨʝʟ ʪʘʙʣʝʪʠʨʘʥʝ ʥʘ 

ʠʟʭʦʜʥʦʪʦ ʚʝʱʝʩʪʚʦ ʚ ʩʨʝʜʘ ʥʘ KBr. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʘʢʪʠʚʥʦʪʦ ʚʝʱʝʩʪʚʦ ʝ 

ʦʢʦʣʦ 0.5 mass/ %. 

× ʄʴʦʩʙʘʫʝʨʦʚʘʪʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʄʴʦʩʙʘʫʝʨʦʚʠʪʝ ʩʧʝʢʪʨʠ ʩʘ ʩʥʝʪʠ ʥʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʝʥ ʩʧʝʢʪʨʦʤʝʪʲʨ ñWissenshafliche Elektronikò GMBN, Germany  

ʨʘʙʦʪʝʱ ʚ ʨʝʞʠʤ ʥʘ ʧʦʩʪʦʷʥʥʦ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʝʯʥʠʷ ʘʟʦʪ. ʂʘʪʦ ʠʟʪʦʯʥʠʢ ʝ ʠʟʧʦʣʟʚʘʥ 
57

Co/Rh (ʘʢʪʠʚʥʦʩʪ å 30 

mCi), ʩʪʘʥʜʘʨʪ Ŭ-Fe. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʣʫʯʝʥʠʪʝ ʩʧʝʢʪʨʠ ʩʘ ʤʘʪʝʤʘʪʠʯʥʦ 

ʦʙʨʘʙʦʪʝʥʠ ʩ ʧʨʦʛʨʘʤʘ CONFIT2000. ʆʧʨʝʜʝʣʷʥʠ ʩʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʚʨʲʭʬʠʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ - ʠʟʦʤʝʨʥʦ ʦʪʤʝʩʪʚʘʥʝ (IS) ï ʧʨʝʠʟʯʠʩʣʝʥʦ ʩʧʨʷʤʦ ʪʦʚʘ ʥʘ 

ʩʪʘʥʜʘʨʪʘ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʚʘʜʨʫʧʦʣʥʦ ʨʘʟʮʝʧʚʘʥʝ (QS) ʠ ʝʬʝʢʪʠʚʥʦ 

ʚʲʪʨʝʰʥʦ ʤʘʛʥʠʪʥʦ ʧʦʣʝ (Heff), ʢʘʢʪʦ ʠ ʰʠʨʠʥʘ ʥʘ ʣʠʥʠʠʪʝ ʠ ʦʪʥʦʩʠʪʝʣʥʦ 

ʪʝʛʣʦ ʥʘ ʧʘʨʮʠʘʣʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʧʝʢʪʨʠʪʝ (G). 

× ʊʝʨʤʠʯʝʥ ʘʥʘʣʠʟ (ʊɸ) ïʀʟʧʦʣʟʚʘʥʘʪʘ ʢʦʤʧʶʪʲʨʠʟʠʨʘʥʘ ʪʝʨʤʠʯʥʘ ʠʥʩʪʘʣʘʮʠʷ 

ñStanton Redcroftò, England ʝ ʧʨʠʣʘʛʘʥʘ ʧʨʠ ʩʣʝʜʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠʷ: 

ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ ʥʘ ʥʘʛʨʷʚʘʥʝ 20 ï 1000
ʦ
ʉ; ʩʢʦʨʦʩʪ ʥʘ ʥʘʛʨʷʚʘʥʝ ï 10 

ʂ/min; ʤʘʩʘ ʥʘ ʦʙʨʘʟʮʠʪʝ ï 10.00 mg °1.00 mg; ʛʘʟʦʚʘ ʩʨʝʜʘ ï 100% ʩʪʘʪʠʯʝʥ 

ʚʲʟʜʫʭ; ʪʠʛʣʠ ï ʩʪʘʙʠʣʠʟʠʨʘʥʠ ʢʦʨʫʥʜʦʚʠ. ɼʠʬʝʨʝʥʮʠʘʣʥʘ ʩʢʘʥʠʨʘʱʘ 

ʢʘʣʦʨʠʤʝʪʨʠʷ ʙʝʰʝ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ Lynseis STA1600 ʘʥʘʣʠʟʘʪʦʨ ʚ 

ʘʪʤʦʩʬʝʨʘ ʥʘ ʩʪʘʪʠʯʝʥ ʚʲʟʜʫʭ, ʧʨʠ ʩʢʦʨʦʩʪ ʥʘ ʥʘʛʨʷʚʘʥʝ 10
ʦ
ʉ/min. 

× ʉʢʘʥʠʨʘʱʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ ï ɸʥʘʣʠʟʲʪ ʝ ʧʨʦʚʝʜʝʥ ʥʘ ʘʧʘʨʘʪ ʤʦʜʝʣ 

JSMïT200 ʥʘ ʬʠʨʤʘʪʘ "JEOL". 

×  ʊʝʤʧʝʨʘʪʫʨʥʦ-ʧʨʦʛʨʘʤʠʨʫʝʤʘ ʨʝʜʫʢʮʠʷ ï ɸʥʘʣʠʟʲʪ ʝ ʧʨʦʚʝʜʝʥ ʥʘ 

ʜʠʬʝʨʝʥʮʠʘʣʝʥ ʩʢʘʥʠʨʘʱ ʢʘʣʦʨʠʤʝʪʲʨ (DSC-111, SETARAM) ʜʠʨʝʢʪʥʦ ʩʚʲʨʟʘʥ 

ʩ ʛʘʟʦʚ ʭʨʦʤʘʪʦʛʨʘʬ (GC). ʋʩʣʦʚʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ: ʚ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ 
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ʥʘ ʥʘʛʨʷʚʘʥʝ 300ï973 ʂ ʩʲʩ ʩʢʦʨʦʩʪ ʥʘ ʥʘʛʨʷʚʘʥʝ 10 ʂ/min ʚ ʧʦʪʦʢ ʦʪ Ar:H2= 9:1 

ʩ ʜʝʙʠʪ ʥʘ ʧʦʪʦʢʘ 20 ml/min. 

3. ʋʩʣʦʚʠʷ ʟʘ ʢʘʪʘʣʠʪʠʯʝʥ ʪʝʩʪ 

ʂʘʪʘʣʠʪʠʯʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʧʨʦʚʝʞʜʘʪ ʚ ʘʧʘʨʘʪʫʨʘ ʦʪ ʧʦʪʦʯʝʥ ʪʠʧ. ɼʦʟʠʨʘʥʝʪʦ ʥʘ 

ʤʝʪʘʥʦʣʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʝʨʤʦʩʪʘʪʠʨʘʥ ʧʨʠ 273 ʂ ʩʘʪʫʨʘʪʦʨ (C). ʀʟʧʦʣʟʚʘʥʠʪʝ 

ʛʘʟʦʚʝ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʯʠʩʪʚʘʥʝ ʠ ʠʟʩʫʰʘʚʘʥʝ. ʈʝʘʢʮʠʷʪʘ ʥʘ ʢʘʪʘʣʠʪʠʯʥʦ 

ʨʘʟʧʘʜʘʥʝ ʥʘ ʤʝʪʘʥʦʣʘ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʢʘʪʘʣʠʪʠʯʝʥ ʤʠʢʨʦʨʝʘʢʪʦʨ ʩʲʦʪʚʝʪʥʦ ʩ 0.055 g 

ʢʘʪʘʣʠʟʘʪʦʨ, ʧʦʩʪʘʚʝʥ ʚ ʝʣʝʢʪʨʦʧʝʱ (ɺ). ɸʧʘʨʘʪʫʨʘʪʘ ʝ ʩʥʘʙʜʝʥʘ ʩʲʩ ʩʲʦʨʲʞʝʥʠʷ ʟʘ ʨʝʛʫʣʠʨʘʥʝ 

ʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʛʘʟʦʚʠʷ ʧʦʪʦʢ. ɺ ʫʩʣʦʚʠʷʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʨʝʘʛʝʥʪʠʪʝ ʠ 

ʧʨʦʜʫʢʪʠʪʝ ʩʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦ ʩʲʩʪʦʷʥʠʝ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʝʧʨʝʢʲʩʥʘʪʠʷ ʠʤ ʢʦʥʪʨʦʣ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʛʘʟʦʚ ʭʨʦʤʘʪʦʛʨʘʬ.  

ʇʨʦʮʝʜʫʨʘʪʘ ʧʦ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʢʘʪʘʣʠʪʠʯʥʠʪʝ ʦʧʠʪʠ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʝʪʘʧʠ:  

¶ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʮʝʣʠʪʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ: ʩʪʘʥʜʘʨʪʥʘ ʦʙʨʘʙʦʪʢʘ 

ʚ ʧʦʪʦʢ ʚʲʚ ʚʲʟʜʫʭ ʠʣʠ ʘʨʛʦʥ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 1 ʯʘʩ ʜʦ 423 ʂ;  

¶ ʧʦʜʛʦʪʦʚʢʘ ʠ ʘʥʘʣʠʟ ʥʘ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ; 

¶ ʚʥʘʩʷʥʝ ʥʘ ʨʝʘʛʠʨʘʱʠʪʝ ʚʝʱʝʩʪʚʘ ʚ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʛʨʝʪʠʷ ʜʦ ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʝʘʢʪʦʨ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʧʨʦʤʝʥʠʪʝ, ʢʦʠʪʦ ʥʘʩʪʲʧʚʘʪ ʩ ʠʟʤʝʥʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ 

ʨʝʘʢʪʦʨʘ ʠʣʠ ʩ ʚʨʝʤʝʪʦ ʥʘ ʨʝʘʢʮʠʷ ʚ ʩʧʝʮʠʘʣʥʦ ʧʦʜʙʨʘʥʠ ʫʩʣʦʚʠʷ. 

ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʙʩʦʣʶʪʥʘ 

ʢʘʣʠʙʨʦʚʢʘ. ʀʟʯʠʩʣʝʥʠʷʪʘ ʩʝ ʧʨʘʚʷʪ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜ. ʈʝʛʠʩʪʨʠʨʘʥʝʪʦ 

ʠ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʠʟʤʝʨʝʥʠʪʝ ʧʠʢʦʚʝ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʠʥʪʝʛʨʘʪʦʨ HP 3396A (A).  ɸʥʘʣʠʟʠʪʝ ʩʘ 

ʠʟʚʲʨʰʝʥʠ ʥʘ ʛʘʟʦʚ ʭʨʦʤʘʪʦʛʨʘʬ ʎʚʝʪ 100 ʩ ʢʦʣʦʥʘ ʇʦʨʘʧʘʢ Q ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʝʪʝʢʪʦʨ ʧʦ 

ʪʦʧʣʦʧʨʦʚʦʜʥʦʩʪ ʠ ʧʣʘʤʲʯʥʦ-ʡʦʥʠʟʘʮʠʦʥʝʥ ʜʝʪʝʢʪʦʨ. ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʨʠ 

ʧʘʨʮʠʘʣʥʦ ʥʘʣʷʛʘʥʝ ʥʘ ʤʝʪʘʥʦʣʘ 1.57 ʢPʘ ʠ ʜʝʙʠʪ ʥʘ ʧʦʪʦʢʘ 1.5 ml/min ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ 

ʠʥʪʝʨʚʘʣ 423ï723 ʂ.  

ʅʘ ʧʨʘʢʪʠʢʘ ʩʝ ʧʨʦʩʣʝʜʷʚʘʪ ʚʲʟʤʦʞʥʠʪʝ ʧʨʦʜʫʢʪʠ ʧʨʠ ʢʘʪʘʣʠʪʠʯʥʦʪʦ ʨʘʟʧʘʜʘʥʝ ʥʘ 

ʤʝʪʘʥʦʣ, ʩʲʛʣʘʩʥʦ ʨʝʘʢʮʠʠʪʝ: 

 

     H2  + CO  

  CH3OH 

     CH4 + H2O  

ʉʝʣʝʢʪʠʚʥʦʩʪʪʘ ʧʦ ʉʅ4 ʠʣʠ ʉʆ ʝ ʠʟʯʠʩʣʝʥʘ ʧʦ ʜʦʙʠʚʠʪʝ ʥʘ ʉʅ4 ʠ ʉʆ ʧʦ ʩʲʦʪʚʝʪʥʦ 

ʬʦʨʤʫʣʠʪʝ: Xʉʅ4/(Xʉʅ4+XCO) ʠʣʠ Xʉʆ/(Xʉʅ4+XCO), ʢʲʜʝʪʦ Xʉʅ4 ʠ XCO ʩʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ 

ʧʦʩʦʯʝʥʠʪʝ ʛʘʟʦʚʝ. 

ʉʣʝʜ ʢʘʪʘʣʠʯʝʥ ʪʝʩʪ ʦʙʨʘʟʮʠʪʝ ʩʘ ʧʘʩʠʚʠʨʘʥʠ ʠ ʦʭʣʘʜʝʥʠ ʚ ʠʥʝʨʪʥʘ ʩʨʝʜʘ, ʟʘ 

ʧʦʩʣʝʜʚʘʱʦ ʠʟʩʣʝʜʚʘʥʝ ʩ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟ. ʊʝʟʠ ʦʙʨʘʟʮʠ ʩʘ ʦʙʦʟʥʘʯʝʥʠ ʩʲʩ 

ʩʲʢʨʘʱʝʥʠʝʪʦ MD.  
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4. ʆʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ZnFe2O4 ʬʝʨʠʪ, ʧʦʣʫʯʝʥ ʧʦ ʪʝʨʤʠʯʝʥ ʠ ʤʝʭʘʥʦʭʠʤʠʯʝʥ 

ʤʝʪʦʜ  

ɸʥʘʣʠʟʲʪ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʬʦʨʤʠʨʘʥʠʪʝ ʩʲʩʪʘʚ, ʬʘʟʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʚ ʨʝʟʫʣʪʘʪ ʦʪ 

ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ ʥʘ ʮʠʥʢʦʚ ʬʝʨʠʪ ʧʦʢʘʟʘʭʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ 

ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ. ʀʟʧʦʣʟʚʘʥʠʪʝ ʪʝʨʤʠʯʝʥ ʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʥ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʤʦʥʦʬʘʟʝʥ ʰʧʠʥʝʣʝʥ 

ʧʨʦʜʫʢʪ ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʌʠʛʫʨʘ 1 ʠ 2. 

 

 

ʌʠʛʫʨʘ 1. ʈʝʥʪʛʝʥʦʬʘʟʦʚ ʘʥʘʣʠʟ ʥʘ ʪʝʨʤʠʯʥʦ ʩʠʥʪʝʟʠʨʘʥʠ (a) ʠ ʄʍɸ ʦʙʨʘʟʮʠ (b). 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʝʥ ʨʘʟʤʝʨ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ (D, nm), ʩʪʝʧʝʥ ʥʘ ʜʝʬʝʢʪʥʦʩʪ (e.10
3
) ʠ 

ʧʘʨʘʤʝʪʲʨ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ (a, ¡) ʥʘ ʦʙʨʘʟʮʠ ʧʦʣʫʯʝʥʠ ʧʦ ʪʝʨʤʠʯʝʥ ʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʥ ʤʝʪʦʜ. 

ʆʙʨʘʟʝʮ ʌʘʟʘ D, nm e.10
3
 

a.u 

a, ¡ 

ZnFe2O4TS573 Fd3m(227)-cubic 5.89 7.894 8.43 

ZnFe2O4TS673 Fd3m(227)-cubic 19.09 1.228 8.43 

ZnFe2O4TS773 Fd3m(227)-cubic 19.08 1.323 8.44 

ZnFe2O4TS973 Fd3m(227)-cubic 45.84 1.187 8.43 

ZnFe2O4MS2 Fd3m(227)-cubic 10.45 7.019 8.38 
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ʌʠʛʫʨʘ 2. ʄʴʦʩʙʘʫʝʨʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ZnFe2O4 -ʪʝʨʤʠʯʥʦ (a) ʠ ʄʍɸ (b) ʩʠʥʪʝʟʠʨʘʥ. 

ʊʘʙʣʠʮʘ 2. ʇʨʝʩʤʝʪʥʘʪʠ ʩʚʨʲʭʬʠʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʄʴʦʩʙʘʫʝʨʦʚʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʧʦʣʫʯʝʥ 

ʧʦ ʪʝʨʤʠʯʝʥ ʠ ʤʝʭʘʥʦʭʠʤʠʯʝʥ ʤʝʪʦʜ ʮʠʥʢʦʚ ʬʝʨʠʪ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʷʪ ʘʥʘʣʠʟ ʠ ʄʴʦʩʙʘʫʝʨʦʚʘʪʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʭʘ, 

ʯʝ ʠʟʙʨʘʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʩʠʥʪʝʟ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪʪʘ ʥʘ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʝʧʝʥʪʘ ʤʫ 

ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ. ʅʘ ʧʨʘʢʪʠʢʘ ʠʟʙʦʨʲʪ ʥʘ ʤʝʪʦʜ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʰʧʠʥʝʣʠʪʝ ʨʝʛʫʣʠʨʘ 

ʩʨʝʜʥʠʷ ʝʬʝʢʪʠʚʝʥ ʨʘʟʤʝʨ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ ʊʘʙʣʠʮʘ 1. ʉ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʝʪʦʜʘ ʥʘ 

ʤʝʭʘʥʦʭʠʤʠʯʥʘ ʘʢʪʠʚʘʮʠʷ ʩʝ ʧʦʣʫʯʘʚʘ ʥʘʥʦʨʘʟʤʝʨʝʥ ʤʘʪʝʨʠʘʣ, ʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʨʠʩʪʘʣʥʘ 

ʬʝʨʠʪʥʘ ʬʘʟʘ ʩ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʜʠʩʧʝʨʩʥʦʩʪ ʠ ʜʝʬʝʢʪʥʦʩʪ ʠʟʠʩʢʚʘ ʜʚʫʯʘʩʦʚʦ ʤʝʭʘʥʠʯʥʦ 

ʪʨʝʪʠʪʘʥʝ. 

 

 

ʌʘʟʦʚ ʩʲʩʪʘʚ ʂʦʤʧʦʥʝʥʪʠ IS, 

mm/s 

QS, 

mm/s 

Heff, T FWHM, 

mm/s 

G, % 

ZnFe2O4HC Db 0.36 0.67 - 0.44 100 

ZnFe2O4TS573 Db 0.35 0.72 - 0.56 100 

ZnFe2O4TS673 Db 0.35 0.44 - 0.40 100 

ZnFe2O4TS773 Db 0.35 0.42 - 0.41 100 

ZnFe2O4TS973 Db 0.35 0.40 - 0.38 100 

ZnFe2O4MS0.5 Db 0.36 0.71 - 0.49 100 

ZnFe2O4MS1 Db 0.35 0.72 - 0.52 100 

ZnFe2O4MS2 Db 0.35 0.68 - 0.61 100 
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5. ʆʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ Ni1-ʭZnxFe2O4 ʬʝʨʠʪʠ, ʧʦʣʫʯʝʥʠ ʧʦ ʪʝʨʤʠʯʝʥ ʤʝʪʦʜ ʠ 

ʠʩʢʨʦʚʘ ʧʣʘʟʤʘ  

ʊʫʢ ʩʝ ʨʘʟʛʣʝʞʜʘ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝʪʦ ʥʘ ʩʲʩʪʘʚʠ Ni1-ʭZnxFe2O4 , ʢʲʜʝʪʦ ʭ= (1, 0.8, 0.5, 

0.2, 0) ʧʦʣʫʯʝʥʠ ʦʪ ʭʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪʥʠ ʧʨʝʢʫʨʩʦʨʠ ï [Me1
2+

1-xMe2
2+

x Fe2(OH)2(CO3).mH2O], M1 

ʠ M2=Zn
2+

 ʠ Ni
2+
, ʢʦʠʪʦ ʩʘ ʪʝʨʤʠʯʥʦ ʦʙʨʘʙʦʪʝʥʠ ʧʨʠ 773 ʂ ʠ ʪʘʢʠʚʘ ʪʨʝʪʠʨʘʥʠ ʩ ʠʩʢʨʦʚʘ 

ʧʣʘʟʤʘ ʧʨʠ 773 ʂ.  

ʀʟʩʣʝʜʚʘʥʝʪʦ ʩ ʨʝʥʪʛʝʥʦʚʘʪʘ ʜʠʬʨʘʢʮʠʷ ʧʦʢʘʟʚʘ, ʯʝ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʲʱʝʩʪʚʝʥʠ 

ʩʪʨʫʢʪʫʨʥʠ ʨʘʟʣʠʢʠ ʚ ʦʙʨʘʟʮʠʪʝ ʧʦ ʜʚʝʪʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʝʪʦʜʘ ʥʘ 

ʧʦʣʫʯʘʚʘʥʝ ʠ ʦʪ ʢʘʪʠʦʥʥʦʪʦ ʟʘʤʝʩʪʚʘʥʝ (ʌʠʛʫʨʘ 3ʘ ʠ b). ʇʦʣʫʯʝʥʠ ʩʘ ʬʘʟʦʚʦ ʯʠʩʪʠ ʩʲʩʪʘʚʠ, ʩ 

ʞʝʣʘʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷ ʥʘ ʢʘʪʠʦʥʥʦ ʟʘʤʝʩʪʝʥʠʪʝ ʦʙʨʘʟʮʠ. ɼʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʩʘ ʩ ʥʠʩʲʢ ʬʦʥ, 

ʩʲʜʲʨʞʘʪ ʪʝʩʥʠ ʜʠʬʨʘʢʮʠʦʥʥʠ ʣʠʥʠʠ ʩ ʚʠʩʦʢ ʠʥʪʝʥʟʠʪʝʪ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ 

ʩʠʤʝʪʨʠʷ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʠʟʢʨʠʩʪʘʣʠʟʠʨʘʣʠ ʚ ʰʧʠʥʝʣʝʥ ʪʠʧ ʩʪʨʫʢʪʫʨʘ. ʇʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ 

ʩʤʝʩʝʥʠ ʰʧʠʥʝʣʠ ʩ ʨʘʟʣʠʯʥʦ ʟʘʤʝʩʪʚʘʥʝ ʥʘ ʥʠʢʝʣʦʚʠ ʠ ʮʠʥʢʦʚʠ ʡʦʥʠ ʩʝ ʫʩʪʘʥʦʚʠ ʧʨʦʤʷʥʘʪʘ ʚ 

ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʨʝʰʝʪʢʘʪʘ. ʇʨʠ Ni1-ʭZnxFe2O4 ʩ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʭ, ʨʝʰʝʪʲʯʥʠʷ ʧʘʨʘʤʝʪʲʨ a ʩʲʱʦ 

ʥʘʤʘʣʷʚʘ ʦʪ 8.43 ¡ ʟʘ ʯʠʩʪ ZnFe2O4 ʜʦ 8.36 ¡ ʟʘ Ni0.8Zn0.2Fe2O4 (ʊʘʙʣʠʮʘ 3), ʢʘʪʦ ʪʦʟʠ ʝʬʝʢʪ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʪʝʨʤʠʯʥʠʷ ʤʝʪʦʜ ʥʘ ʩʠʥʪʝʟ. ʉʚʠʚʘʥʝʪʦ ʥʘ ʨʝʰʝʪʢʘʪʘ ʝ ʨʝʟʫʣʪʘʪ ʦʪ ʟʘʤʝʩʪʚʘʥʝʪʦ 

ʥʘ ʡʦʥ ʩ ʧʦ-ʛʦʣʷʤ ʡʦʥʝʥ ʨʘʜʠʫʩ, ʢʘʢʲʚʪʦ ʝ Zn (0.74 ¡) ʩ ʡʦʥ ʩ ʧʦ-ʤʘʣʲʢ - Ni (0.69 ¡), ʧʦʨʘʜʠ 

ʢʦʝʪʦ ʦʧʨʝʜʝʣʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʟʘ ʘ ʥʘʤʘʣʷʚʘʪ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦʪʦ ʩ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʭ.  

ʎʠʥʢʦʚʠʷʪ ʬʝʨʠʪ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʘʨʘʤʘʛʥʠʪʥʦ ʚʝʱʝʩʪʚʦ, ʩʧʝʢʪʨʘʣʥʦ 

ʠʟʨʘʞʝʥʠʝ ʥʘ ʪʦʚʘ ʝ ʨʝʛʠʩʪʨʠʨʘʥʝʪʦ ʥʘ ʜʫʙʣʝʪʝʥ ʩʧʝʢʪʲʨ ʧʦʨʘʜʠ ʦʪʩʲʩʪʚʠʝ ʥʘ ɿʝʝʤʘʥʦʚʦ 

ʨʘʟʮʝʧʚʘʥʝ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʌʠʛʫʨʘ 4. ZnFe2O4 ʝ ʥʦʨʤʘʣʝʥ ʰʧʠʥʝʣ, ʚ ʢʦʡʪʦ ʜʚʫʚʘʣʝʥʪʥʠʷʪ 

Zn
2+

 ʡʦʥ ʟʘʝʤʘ ʮʝʥʪʨʦʚʝʪʝ ʩʘʤʦ ʥʘ ʢʠʩʣʦʨʦʜʥʠʪʝ ʪʝʪʨʘʝʜʨʠ, ʘ ʪʨʠʚʘʣʝʥʪʥʠʷʪ ʞʝʣʝʟʝʥ ʡʦʥ ʝ 

ʟʘʩʝʣʝʥ ʩʘʤʦ ʚ ʢʠʩʣʦʨʦʜʥʠʪʝ ʦʢʪʘʝʜʨʠ. ɼʨʫʛʠʷʪ ʠʟʩʣʝʜʚʘʥ ʤʦʥʦʢʦʤʧʦʥʝʥʪʝʥ ʬʝʨʠʪ ʝ NiFe2O4, 

ʢʦʡʪʦ ʝ ʢʣʘʩʠʯʝʩʢʠ ʧʨʠʤʝʨ ʟʘ ʥʘʧʲʣʥʦ ʠʥʚʝʨʩʝʥ ʰʧʠʥʝʣ. ɾʝʣʝʟʥʠʪʝ ʡʦʥʠ ʟʘʝʤʘʪ ʢʘʢʪʦ 

ʮʝʥʪʨʦʚʝʪʝ ʥʘ ʢʠʩʣʦʨʦʜʥʠ ʦʢʪʘʝʜʨʠ, ʪʘʢʘ ʠ ʪʝʪʨʘʝʜʨʠʯʥʠ ʧʦʟʠʮʠʠ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 1:1, ʘ 

ʜʚʫʚʘʣʝʥʪʥʠʷʪ ʥʠʢʝʣʦʚ ʡʦʥ ʟʘʩʝʣʚʘ ʩʘʤʦ ʦʢʪʘʝʜʨʠʯʥʠ ʧʦʟʠʮʠʠ. ʊʘʢʘ, ʜʦʙʨʝ 

ʠʟʢʨʠʩʪʘʣʠʟʠʨʘʣʠʷʪ (ʤʘʩʠʚʝʥ) NiFe2O4 ʝ ʬʝʨʠʤʘʛʥʠʪʝʥ ʤʘʪʝʨʠʘʣ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʥʝʛʦʚʠʷʪ ʄʴʦʩʙʘʫʝʨʦʚ ʩʧʝʢʪʲʨ ʝ ʩʫʧʝʨʧʦʟʠʮʠʷ ʦʪ ʜʚʘ ʩʝʢʩʪʝʪʥʠ ʢʦʤʧʦʥʝʥʪʘ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʞʝʣʝʟʥʠ ʡʦʥʠ ʚ ʦʢʪʘʝʜʨʠʯʥʠ ʠ ʪʝʪʨʘʝʜʨʠʯʥʠ ʤʝʩʪʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ 

ʄʴʦʩʙʘʫʝʨʦʚʠ ʩʧʝʢʪʨʠ ʧʨʠ x = 0.2 ʠ 0.5 ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʬʝʨʠʤʘʛʥʠʪʥʠ ʤʘʪʝʨʠʘʣʠ ï ʩʝʢʩʪʝʪʝʥ 

ʚʠʜ ʥʘ ʩʧʝʢʪʨʠʪʝ ʠ ʥʘʣʠʯʠʝ ʥʘ ʥʷʢʦʣʢʦ ʤʘʛʥʠʪʥʠ ʨʝʰʝʪʢʠ. ʋʩʪʘʥʦʚʠ ʩʝ, ʯʝ ʤʘʪʝʨʠʘʣʠʪʝ 

ʩʠʥʪʝʟʠʨʘʥʠ ʯʨʝʟ SPS ʤʝʪʦʜʘ, ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʧʦ-ʤʘʣʲʢ ʩʨʝʜʝʥ ʨʘʟʤʝʨ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ ʠ 

ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʤʠʢʨʦʥʘʧʨʝʞʝʥʠʷʪʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʨʤʠʯʥʠʪʝ ʠʤ ʘʥʘʣʦʟʠʪʝ- ʝʬʝʢʪ ʥʘ 

ʢʦʥʩʦʣʠʜʠʨʘʥʝ ʥʘ ʯʘʩʪʠʮʠ ʩ ʥʘʥʦʤʝʪʨʠʯʥʠ ʨʘʟʤʝʨʠ ʧʨʠ ʩʠʥʪʝʨʦʚʘʥʝʪʦ ʟʘ ʢʨʘʪʢʠ ʚʨʝʤʝʥʘ ʠ ʚ 

ʫʩʣʦʚʠʷ ʥʘ ʚʠʩʦʢʦ ʥʘʣʷʛʘʥʝ. 

ʂʨʠʚʠʪʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦ ʧʨʦʛʨʘʤʠʨʫʝʤʘ ʨʝʜʫʢʮʠʷ ʥʘ ʪʝʨʤʠʯʥʠ ʠ ʦʙʨʘʙʦʪʝʥʠ ʩ 

ʠʩʢʨʦʚʘ ʧʣʘʟʤʘ ʦʙʨʘʟʮʠ Ni1-ʭZnx Fe2O4 (ʭ=1, 0.2, 05, 0.8, 0) ʩʘ ʜʘʜʝʥʠ ʥʘ ʌʠʛʫʨʘ 5. ʊʇʈ ʢʨʠʚʠʪʝ,  

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʠ ʩʲʩʪʘʚʘ, ʠʤʘʪ ʩʭʦʜʝʥ ʨʝʜʫʢʮʠʦʥʝʥ ʭʘʨʘʢʪʝʨ. ʈʝʜʫʢʮʠʷʪʘ ʥʘ ʚʩʠʯʢʠ 

ʤʘʪʝʨʠʘʣʠ ʟʘʧʦʯʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʦ 523-573 K ʠ ʟʘʚʲʨʰʚʘ ʧʨʠ ʦʢʦʣʦ 900-973 K. 

ʄʘʣʢʦʪʦ ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʬʠʣʘ ʥʘ ʢʨʠʚʠʪʝ ʠ ʧʦʟʠʮʠʠʪʝ ʥʘ ʤʘʢʩʠʤʫʤʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʦʙʨʘʟʮʠ 

ʩʘ ʩʣʝʜʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʝʥ ʨʘʟʤʝʨ ʥʘ ʯʘʩʪʠʮʠʪʝ. ʇʦʣʫʯʝʥʠʪʝ ʫʰʠʨʝʥʠ ʣʠʥʠʠ, ʤʦʛʘʪ ʜʘ ʩʝ 

ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʩʫʧʝʨʧʦʟʠʮʠʷ ʦʪ ʧʠʢʦʚʝ ʦʪ ʨʝʜʫʢʮʠʷʪʘ ʥʘ ʜʚʫʚʘʣʝʥʪʥʠʪʝ ʥʠʢʝʣʦʚʠ ʡʦʥʠ ʠ 

ʡʦʥʠʪʝ ʥʘ ʞʝʣʷʟʦʪʦ ʚ 3+ ʦʢʠʩʣʠʪʝʣʥʦ ʩʲʩʪʦʷʥʠʝ. 
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ʌʠʛʫʨʘ 3. ʈʝʥʪʛʝʥʦʚʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘ TS ʩʠʥʪʝʟʠʨʘʥʠ (a) ʠ ʦʙʨʘʙʦʪʝʥʠ ʧʦ SPS ʤʝʪʦʜ 

(b) Ni1-ʭZnxFe2O4 (ʭ=1, 0.8, 0.5, 0.2, 0) ʦʙʨʘʟʮʠ. 

ʊʘʙʣʠʮʘ 3. ʉʨʝʜʝʥ ʨʘʟʤʝʨ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ (D, nm), ʩʪʝʧʝʥ ʥʘ ʜʝʬʝʢʪʥʦʩʪ (e.10
3
) ʠ 

ʧʘʨʘʤʝʪʲʨ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ (a, ¡) ʥʘ ʦʙʨʘʟʮʠ ʧʦʣʫʯʝʥʠ ʧʦ  

ʪʝʨʤʠʯʝʥ ʠ SPS ʤʝʪʦʜ. 

ʆʙʨʘʟʝʮ D, nm e 10
3
, a.u a, ¡ 

ZnFe2O4-TS 28.67 0.227 8.43 

Ni0.2Zn0.8Fe2O4-TS 26.00 0.427 8.41 

Ni0.5Zn0.5Fe2O4-TS 24.60 0.646 8.38 

Ni0.8Zn0.2Fe2O4-TS 19.34 1.233 8.36 

NiFe2O4-TS 19.30 1.599 8.33 

ZnFe2O4-SPS 22.27 1.145 8.43 

Ni0.2Zn0.8Fe2O4-SPS 20.46 1.886 8.41 

Ni0.5Zn0.5Fe2O4-SPS 28.46 0.881 8.39 

Ni0.8Zn0.2Fe2O4-SPS 15.84 1.497 8.35 

NiFe2O4-SPS 18.18 2.071 8.34 
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ʌʠʛʫʨʘ 4. ʄʴʦʩʙʘʫʝʨʦʚʠ ʩʧʝʢʪʨʠ ʥʘ Ni1-ʭZnxFe2O4 (ʭ=0, 0.8, 05, 0.2, 1) ʩʠʥʪʝʟʠʨʘʥʠ 

ʧʦʊʝʨʤʠʯʥʝʥ ʤʝʪʦʜ (a) ʠ ʀʩʢʨʦʚʘ ʧʣʘʟʤʘ (b). 

 

 

ʌʠʛʫʨʘ 5. ʊʇʈ ʢʨʠʚʠ ʥʘ ʪʝʨʤʠʯʥʦ ʩʠʥʪʝʟʠʨʘʥʠ (a) ʠ SPS ʦʙʨʘʟʮʠ (b) 
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ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʠ ʥʘ ʄʴʦʩʙʘʫʝʨʦʚʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Ni1-ʭZnx Fe2O4 (ʭ=1, 0.8, 0.5, 0.2, 0) 

ʦʙʨʘʟʮʠ. 

 

 

 

 

 

 

 

 

ʌʘʟʦʚ ʩʲʩʪʘʚ ʂʦʤʧʦʥʝʥʪʠ(P(n, x)) IS, mm/s  
QS, 

mm/s  
Heff, T  

FWHM, 

mm/s  
G, %  

ZnFe2O4-TS Db 0.34 0.45 - 0.47 100 

Ni0.2Zn0.8Fe2O4-TS Db 0.33 0.49 - 0.55 100 

 

 

 

Ni0.5Zn0.5Fe2O4-TS 

Sx1-tetra, A 

Sx2-octa, B1(0.09) 

Sx3-octa, B2(0.23) 

Sx4-octa, B3(0.31) 

Sx5-octa, B4 (0.23) 

Sx6-octa, B5 (0.09) 

0.28 

0.38 

0.38 

0.38 

0.38 

0.38 

0.04 

0.01 

0.00 

0.04 

0.02 

0.03 

44.7 

47.3 

41.8 

38.0 

33.5 

26.2 

0.70 

0.38 

0.67 

0.79 

0.88 

1.06 

25 

3 

14 

21 

18 

19 

 

 

Ni0.8Zn0.2Fe2O4-TS 

Sx1-tetra, A 

Sx2-octa, B0(0.26) 

Sx3-octa, B1(0.39) 

Sx4-octa, B2(0.25) 

Sx5-octa, B3 (0.08) 

0.28 

0.38 

0.38 

0.38 

0.38 

0.02 

0.00 

-0.02 

-0.01 

-0.02 

44.9 

47.3 

40.7 

35.1 

26.1 

0.87 

0.54 

0.95 

0.98 

0.71 

42 

14 

19 

17 

8 

NiFe2O4-TS Sx1-tetra, A 

Sx2-octa, B0 

0.26 

0.38 

0.00 

0.00 

47.0 

50.6 

0.84 

0.51 

70 

30 

ZnFe2O4-SPS Db 0.34 0.40  0.47 100 

Ni0.2Zn0.8Fe2O4-SPS Db 0.34 0.47  0.68 100 

 

 

Ni0.5Zn0.5Fe2O4-SPS 

Sx1-tetra, A 

Sx2-octa, B1(0.09) 

Sx3-octa, B2(0.23) 

Sx4-octa, B3(0.31) 
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0.28 
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46.9 

42.1 

38.4 

34.8 
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0.86 

0.82 

30 
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Ni0.8Zn0.2Fe2O4-SPS 

Sx1-tetra, A 

Sx2-octa, B0(0.26) 

Sx3-octa, B1(0.39) 

Sx4-octa, B2(0.25) 
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0.28 
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0.38 
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0.03 

0.01 

48.3 

46.1 
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42 
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6. ʆʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ Cu1-ʭZnxFe2O4 ʬʝʨʠʪʠ, ʧʦʣʫʯʝʥʠ ʧʦ ʪʝʨʤʠʯʝʥ ʤʝʪʦʜ 

 
ʌʠʛʫʨʘ 6. ʈʝʥʪʛʝʥʦʚʠ ʩʧʝʢʪʨʠ ʥʘ  

ʪʝʨʤʠʯʥʦ ʩʠʥʪʝʟʠʨʘʥʠ Cu1-ʭZnx Fe2O4 

(ʭ= 1, 0.8, 0.5, 0.2) ʦʙʨʘʟʮʠ. 

 

ʏʨʝʟ ʤʝʪʦʜʘ ʥʘ ʪʝʨʤʠʯʝʥ ʩʠʥʪʝʟ ʙʷʭʘ 

ʧʦʣʫʯʝʥʠ ʪʨʦʡʥʠ ʤʝʪʘʣʦʢʩʠʜʥʠ ʩʠʩʪʝʤʠ ʩ 

ʞʝʣʘʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷ ʥʘ ʟʘʤʝʩʪʚʘʥʝ. ɼʘʥʥʠ 

ʟʘ ʢʨʠʩʪʘʣʥʘ ʠ ʤʘʛʥʠʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʢʘʢʪʦ ʠ 

ʟʘ ʢʘʪʠʦʥʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʙʷʭʘ 

ʧʦʣʫʯʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʈʝʥʪʛʝʥʦʚʘ 

ʜʠʬʨʘʢʮʠʷ ʠ ʄʴʦʩʙʘʫʝʨʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

(ʌʠʛʫʨʘ 6 ʠ 7). ʋʩʪʘʥʦʚʠ ʩʝ, ʯʝ ʤʘʪʝʨʠʘʣʠʪʝ 

ʧʨʦʷʚʷʚʘʪ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʥʘ ʢʨʠʩʪʘʣʥʦʩʪ 

ʠ ʜʝʬʝʢʪʥʦʩʪ, ʢʘʢʪʦ ʠ ʥʘʣʠʯʠʝ ʥʘ ʣʠʥʝʡʥʘ 

ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʜʠʩʧʝʨʩʠʷ ʧʨʠ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʦʪ ʩʪʝʧʝʥʪʘ 

ʥʘ ʟʘʤʝʩʪʚʘʥʝ ʥʘ ʮʠʥʢʦʚʠ ʡʦʥʠ ʩ ʤʝʜʥʠ. 

ʇʨʝʤʠʥʘʚʘʥʝʪʦ ʦʪ ʮʠʥʢʦʚ ʬʝʨʠʪ ʩ 

ʥʦʨʤʘʣʝʥ ʪʠʧ ʰʧʠʥʝʣʥʘ ʨʝʰʝʪʢʘ (Fe
3+ 
ʝ ʚ 

ʆh ʢʦʦʨʜʠʥʘʮʠʷ) ʚʲʚ ʬʝʨʠʪ ʩ ʠʥʚʝʨʩʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʧʨʠ ʢʦʷʪʦ ʤʝʜʥʠʪʝ ʡʦʥʠ 

ʠʟʤʝʩʪʚʘʪ ʯʘʩʪ ʦʪ ʞʝʣʝʟʥʠʪʝ ʚ ʦʢʪʘʝʜʲʨʘ 

(ZnʭFe1-ʭ)tetra[Cu1-xFe1+x)octaO4, ʧʦʢʘʟʚʘ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʩʲʩʪʘʚʘ ʚʲʨʭʫ ʢʘʪʠʦʥʥʦʪʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʪ.ʝ ʩʪʝʧʝʥʪʘ ʥʘ ʠʚʝʨʩʥʦʩʪ ʥʘ 

ʰʧʠʥʝʣʘ. ʂʘʪʦ ʦʙʷʩʥʝʥʠʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʬʘʟʦʚʦ ʥʝʭʦʤʦʛʝʥʝʥ ʩʲʩʪʘʚ ʚ ʙʦʛʘʪʠʷ ʥʘ ʤʝʜʥʠ 

ʡʦʥʠ ʦʙʨʘʟʝʮ ʧʨʠ ʚʠʩʦʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʦʯʠ ʨʦʣʷʪʘ ʥʘ ʭʠʤʠʯʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ 

ʤʝʪʘʣʥʠʪʝ ʡʦʥʠ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʧʦʚʝʯʝ ʮʠʥʢʦʚʠ ʡʦʥʠ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘ ʰʧʠʥʝʣʥʠʷ ʪʠʧ 

ʩʪʨʫʢʪʫʨʘ ʠ ʩʝ ʫʣʝʩʥʷʚʘ ʬʘʟʦʦʙʨʘʟʫʚʘʥʝʪʦ. 

 

 

ʊʘʙʣʠʮʘ 5. ʉʨʝʜʝʥ ʨʘʟʤʝʨ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ (D, nm),  

ʩʪʝʧʝʥ ʥʘ ʜʝʬʝʢʪʥʦʩʪ (e.10
3
) ʠ ʧʘʨʘʤʝʪʲʨ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ  

ʢʣʝʪʢʘ (a, ¡) ʥʘ ʦʙʨʘʟʮʠ ʧʦʣʫʯʝʥʠ ʧʦ ʪʝʨʤʠʯʝʥ ʤʝʪʦʜ. 

 

ʆʙʨʘʟʝʮ ʌʘʟʘ D, nm e 10
3
 a.u a, A 

ZnFe2O4 Fd3m(227)-cubic 19.08 1.228 8.43 

Cu0.2Zn0.8Fe2O4 Fd3m(227)-cubic 19.81 1.077 8.42 

Cu0.5Zn0.5Fe2O4 Fd3m(227)-cubic 21.79 2.797 8.41 

Cu0.8Zn0.2Fe2O4 Fd3m(227)-cubic 24.39 1.764 8.38 
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ʌʠʛʫʨʘ 7. ʄʴʦʩʙʘʫʝʨʦʚʠ ʩʧʝʢʪʨʠ ʥʘ Cu1-ʭZnx Fe2O4 ʩʠʥʪʝʟʠʨʘʥʠ ʧʦ ʊʝʨʤʠʯʥʝʥ ʤʝʪʦʜ a- ʭ= 

1; b-. ʭ= 0.8; c- ʭ= 0.5; d- ʭ= 0.2. 

7. ʆʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ Cu0.5Co0.5Fe2O4 ʬʝʨʠʪʠ, ʧʦʣʫʯʝʥʠ ʧʦ ʪʝʨʤʠʯʝʥ ʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʥ ʤʝʪʦʜ 

ʅʘ ʌʠʛʫʨʘ 8 ʩʘ ʧʦʢʘʟʘʥʠ ʨʝʥʪʛʝʥʦʚʠʪʝ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘ ʪʝʨʤʠʯʥʦ ʠ ʤʝʭʘʥʦʭʠʤʠʯʥʦ 

ʩʠʥʪʝʟʠʨʘʥ Cu0.5Co0.5Fe2O4 ʧʨʠ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʥʘʛʨʷʚʘʥʝ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ 

ʤʝʭʘʥʠʯʥʘ ʘʢʪʠʚʘʮʠʷ. ʄʝʪʦʜʲʪ ʥʘ ʤʝʭʘʥʦʭʠʤʠʯʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ʭʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪʥʠʪʝ 

ʧʨʝʢʫʨʩʦʨʠ ʚʦʜʠ ʜʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʥʘʥʦʨʘʟʤʝʨʝʥ ʤʝʜïʢʦʙʘʣʪʦʚ ʬʝʨʠʪ ʩ ʤʝʪʘʩʪʘʙʠʣʥʘ ʢʫʙʠʯʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʙʦʛʘʪʘ ʥʘ ʥʘʧʨʝʞʝʥʠʷ ʠ ʜʝʬʝʢʪʠ, ʟʘʚʠʩʝʱʘ ʦʪ ʚʨʝʤʝʪʦ ʥʘ ʪʨʝʪʠʨʘʥʝ. ɺ ʩʣʝʜʩʪʚʠʝ ʥʘ 

ʪʝʨʤʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʝ ʬʦʨʤʠʨʘʪ ʤʘʪʝʨʠʘʣʠ ʩ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ 

ʢʨʠʩʪʘʣʥʦʩʪ ʠ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʜʝʬʝʢʪʥʦʩʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʜ 673 ʂ. ʅʘʙʣʶʜʘʚʘʥ ʝʬʝʢʪ ʦʪ 

ʤʦʜʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʩʲʩʪʘʚʘ ʝ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ. ʇʨʠ ʜʦʪʠʨʘʥʝʪʦ ʥʘ ʤʝʜʝʥ ʬʝʨʠʪ ʩ 

ʢʦʙʘʣʪʦʚʠ ʡʦʥʠ ʩʝ ʫʩʪʘʥʦʚʠ, ʯʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Co
2+

 ʚ ʪʨʦʡʥʘʪʘ ʤʝʪʘʣ ʦʢʩʠʜʥʘ ʩʠʩʪʝʤʘ ʦʪ ʝʜʥʘ 

ʩʪʨʘʥʘ ʧʦʥʠʞʘʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʠʥʪʝʟ ʠ ʩʪʘʙʠʣʠʟʠʨʘ (ʫʣʝʩʥʷʚʘ) ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʢʫʙʠʯʥʘ 

ʬʝʨʠʪʥʘ ʬʘʟʘ. 
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