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ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ 98ʩ., 10 ʪʘʙʣ., 43 ʨʠʩ., 2 ʧʨʠʣ. 

ʈɸʉʉɽʗʅʀɽ ʅɽʁʊʈʆʅʆɺ, ʈɸɼʀɸʎʀʆʅʅɸʗ ʌʀɿʀʂɸ, ɼɽʌɽʂʊʓ, ʄɸɻʅʀʊʅʓɽ 

ʉʊʈʋʂʊʋʈʓ, ʅɸʅʆʉʊʈʋʂʊʋʈʓ, ʊɺɽʈɼʓɽ ʕʃɽʂʊʈʆʃʀʊʓ, ʉʀʉʊɽʄʓ ʉ 

ʉʀʃʔʅʓʄʀ ʕʃɽʂʊʈʆʅʅʓʄʀ ʂʆʈʈɽʃʗʎʀʗʄʀ, ʌɸɿʆɺʓɽ ʇɽʈɽʍʆɼʓ, 

ʕʃɽʂʊʈʆʅʅʓɽ ʀ ʈɽʐɽʊʆʏʅʓɽ ʉɺʆʁʉʊɺɸ. 

         ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʷ  ʚʳʙʨʘʥʳ ʤʥʦʛʦʢʦʤʧʦʥʝʪʥʳʝ ʩʧʣʘʚʳ ʠ 

ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ; ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠ ʪʚʝʨʜʳʝ 

ʵʣʝʢʪʨʦʣʠʪʳ; ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʠʩʪʝʤʳ ʩ ʩʠʣʴʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʢʦʨʨʝʣʷʮʠʷʤʠ ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʙʘʨʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (4.2 ï 1000) ʂ, ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʜʦ        

15 ʊʣ ʠ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 20 ʂʙʘʨ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʫʥʠʢʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʢʘʢ ʚ ʚʠʜʝ ʦʜʥʦʬʘʟʥʳʭ ʧʦʨʦʰʢʦʚ, ʪʘʢ ʠ 

ʩʦʚʝʨʰʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ.  

         ʎʝʣʴ  ʨʘʙʦʪʳ:  

1. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦ- ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ) ʤʘʪʝʨʠʘʣʦʚ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʝʡʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʋʉʋ ʀɺɺ-2ʄ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʤʘʛʥʝʪʠʢʦʚ, ʠʦʥʠʢʦʚ, ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʜʠʵʣʝʢʪʨʠʢʦʚ, 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ). 

3. ʈʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʋʉʋ ʧʫʪʝʤ ʜʦʦʩʥʘʱʝʥʠʷ ʠʤʝʶʱʠʭʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʬʨʘʢʪʦʤʝʪʨʦʚ ʠ ʩʧʝʢʪʨʦʤʝʪʨʦʚ 

ʧʨʠʦʙʨʝʪʘʝʤʳʤ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʬʦʨʤʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ.        

             

         ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʨʘʙʦʪ çʇʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʙʱʝʥʠʝ ʠ 

ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  ʊʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʠ 

ʂʘʣʝʥʜʘʨʥʳʤ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʪʦʯʥʷʶʱʠʝ, ʜʦʧʦʣʥʷʶʱʠʝ ʠ 

ʦʙʦʙʱʘʶʱʠʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʨʝʟʫʣʴʪʘʪʳ: 

ɿʘ  ʩʯʸʪ  ʩʨʝʜʩʪʚ  ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ 

1. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ  ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ   ʠʩʩʣʝʜʫʝʤʳʭ 
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ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʸʥʥʳʭ ʥʘ ʵʪʘʧʝ 1.  

2. ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

3. ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɿʘ   ʩʯʸʪ   ʚʥʝʙʶʜʞʝʪʥʳʭ  ʩʨʝʜʩʪʚ 

1. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ  ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ   ʤʦʜʝʣʴʥʳʭ 

ʨʝʘʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʙʨʘʟʮʦʚ, 

ʦʙʣʫʯʸʥʥʳʭ ʥʘ ʵʪʘʧʝ 1.  

2. ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

3. ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ.  

 

 

     ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2010 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ 20 

ʩʪʘʪʝʡ, ʩʜʝʣʘʥʦ 18 ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ɺʩʝʛʦ ʟʘ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ɻʦʩʢʦʥʪʨʘʢʪʘ ʦʧʫʙʣʠʢʦʚʘʥʘ 51 ʩʪʘʪʴʷ ʠ ʩʜʝʣʘʥʦ 49 ʜʦʢʣʘʜʦʚ ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ. 
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ɺɺɽɼɽʅʀɽ 10 

1. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 13 

1.1 ʉʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʝʪʠʟʤ ʣʠʪʠʝʚʦʛʦ ʤʘʥʛʘʥʠʪʘ LiMn2O4 ʚ ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 
13 

1.2 ʉʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʝʪʠʟʤ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʙʘʚʣʷʝʤʳʭ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʩʢʘʥʜʠʷ 
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14 

1.3 ɸʤʦʨʬʠʟʦʚʘʥʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 15 

1.4 ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ti50Ni47Fe3 

ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
22 

1.5 ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʙʘʨʠʝʚʦʤ ʬʝʨʨʠʪʝ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ  
28 

1.6 ʄʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ  La1-xTbxMn2Si2 29 

1.7 ʇʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ CrO2  ʥʘʥʦʪʨʫʙʢʠ 32 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
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36 

1.10. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ  38 
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1.15 ʈʝʘʢʪʦʨʥʳʝ ʤʘʪʝʨʠʘʣ  r 50 

1.15.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʨʝʘʢʪʦʨʥʳʭ ʩʪʘʣʝʡ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʩʪʘ-

ʨʝʥʠʠ 
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1.15.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʚʥʫʪʨʝʥʥʠʭ ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʚ ʠʩʭʦʜʥʦʡ ʠ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʩʦʩʪʘʨʝʥʥʦʡ ʩʪʘʣʠ 40ʍ4ɻ18ʌ, ʦʙʣʫʯʸʥʥʦʡ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ,  ʩ 

ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

52 

1.15.3 ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʥʝʡʪʨʦʥʦʛʨʘʤʤ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 
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1.15.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, 
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61 



 8 

2 ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʘʢʪʘ 
66 

3 ʆʙʦʙʱʝʥʠʝ ʠ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 71 

3.1 ʇʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ 72 

3.2 ʉʠʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ 73 

3.3 ʇʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ 74 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

ʌʄ                      - ʬʝʨʨʦʤʘʛʥʝʪʠʢ 

ɸʌʄ                   - ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢ 

ɹɿʉ                     - ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʡ ʩʧʣʘʚ 

Br                         - ʦʩʪʘʪʦʯʥʘʷ ʤʘʛʥʠʪʥʘʷ  ʠʥʜʫʢʮʠʷ  

ʀɺɺ-2ʄ             - ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʦʜʦ-ʚʦʜʷʥʦʡ ʘʪʦʤʥʳʡ ʨʝʘʢʪʦʨ ʀɺɺ-2ʄ 

ʀʍʇɼ                - ʠʥʪʝʥʩʠʚʥʘʷ ʭʦʣʦʜʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ  

ʀʌʄ ʋʨʆ ʈɸʅ - ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ     

                              ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʄʋɺ      - ʤʘʛʥʠʪʦʫʧʨʫʛʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʄʋʈʅ      - ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʥʝʡʪʨʦʥʦʚ 

ʄʅʊʎ                - ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʠʡ ʎʝʥʪʨ   

ʇʏɼ      - ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ 

l                         - ʜʣʠʥʘ ʚʦʣʥʳ ʥʝʡʪʨʦʥʦʚ 
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ɺɺɽɼɽʅʀɽ 

           ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʘʪʦʤʥʳʡ ʨʝʘʢʪʦʨ ʀɺɺ-2ʄ (ʛ. ɿʘʨʝʯʥʳʡ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣ.) 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʋʨʘʣʦ-ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ, ʛʜʝ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʦʢʦʚ ʙʳʩʪʨʳʭ ʠ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ.  ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʛʣʘʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʝʘʢʪʦʨʝ 

ʀɺɺ-2ʄ ʷʚʣʷʶʪʩʷ: ʨʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘ ʠ ʨʘʜʠʘʮʠʦʥʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʥʝʡʪʨʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ, ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʠʟʣʫʯʝʥʠʷʭ ʠ 

ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʆʙʲʝʢʪʘʤʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ  ʩʠʣʴʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʦʨʨʝʣʷʮʠʷʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʘʛʥʝʪʠʢʠ, ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, ʂʦʥʜʦ-ʩʠʩʪʝʤʳ ʠ ʜʨ.). ʂʨʦʤʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠ 

ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʝʘʢʪʦʨʝ  ʀɺɺ-2ʄ ʧʨʦʚʦʜʠʪʩʷ 

ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ.  

     ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʅʀʈ ʧʦ ʪʝʤʝ:  çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʨʘʩʩʝʷʥʠʷ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ  ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ  ʠ ʩʪʨʫʢʪʫʨʳ,  ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦ- ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ  ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʠ ʦʙʣʫʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʥʘ ʋʉʋ çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʦʜʦ-

ʚʦʜʷʥʦʡ ʘʪʦʤʥʳʡ ʨʝʘʢʪʦʨ ʀɺɺ-2ʄ, ʨʝʛ.ˉ 01- 34 (ʅʝʡʪʨʦʥʥʳʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʋʨʆ ʈɸʅ), ʀɺɺ-2ʄ (ʅʄʂ ʀʌʄ)è (ʰʠʬʨ ç2009-07-

1.8-00-03-024è), ʚʳʧʦʣʥʷʝʤʦʡ ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2012 ʛʦʜʳè, ʷʚʣʷʝʪʩʷ ʈʝʰʝʥʠʝ ʂʦʥʢʫʨʩʥʦʡ 

ʢʦʤʠʩʩʠʠ ʈʦʩʥʘʫʢʠ ˉ 3 (ʧʨʦʪʦʢʦʣ ʦʪ ç27è ʤʘʷ 2009 ʛ. ˉ 5), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ 

ʟʘʢʣʶʯʝʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ʦʪ ç08è ʠʶʥʷ 2009 ʛ. ˉ 02.518.11.7119.  

     ʈʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʢʘʢ ʤʝʭʘʥʠʟʤʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ  ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʧʨʠʨʦʜʘ ʩʫʧʝʨʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʩʪʨʫʢʪʫʨʘ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ.  

    ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʤʝʪʦʜʘʤʠ ʜʠʬʨʘʢʮʠʠ ʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ, 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ  ʦʙʱʝʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʜʫʢʮʠʷ:  

1. ɼʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʘʭ ʠ 
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ʦʩʦʙʝʥʥʦʩʪʷʭ  ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʧʣʘʚʘʭ ʠ ʩʦʝʜʠʥʝʥʠʷʭ;  

2. ɼʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʘʟʦʚʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ, ʦʙʣʫʯʝʥʥʳʭ 

ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ; 

3. ɼʘʥʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʝʰʝʪʦʯʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ 

(ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʥʘʚʝʜʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴʶ), ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ;  

4. ʇʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʨʝʬʝʨʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ: 

1. ʉʠʥʪʝʟ ʠ ʘʪʪʝʩʪʘʮʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

2. ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨ ʥʦʚʳʭ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʧʥʠʢʪʠʜʦʚ ʨʘʟʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʩʠʤʤʝʪʨʠʠ, ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ  ʩʧʣʘʚʦʚ R2Fe14B, ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʪʦʨʥʳʭ 

ʩʧʣʘʚʦʚ; ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʰʸʪʦʯʥʳʭ  ʠ  ʛʘʣʴʚʘʥʦʤʘʛʥʠʪʥʳʭ  ʩʚʦʡʩʪʚ  

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʨʝʘʣʴʥʦʡ  ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ  ʧʨʦʪʦʥ-

ʩʦʜʝʨʞʘʱʠʭ  ʦʢʩʠʜʦʚ ʮʝʨʨʘʪʘ ʙʘʨʠʷ, ʘʣʤʘʟʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʙʦʨʦʤ, ʦʢʠʩʥʳʭ 

ʤʘʛʥʝʪʠʢʘʭ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ  ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʠʢʨʦʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʘʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ 

ʦʙʣʫʯʸʥʥʳʭ ʥʘ ʵʪʘʧʝ 1 ʦʙʨʘʟʮʘʭ.  

3. ʆʙʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ. 

4. ɺʳʧʦʣʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʋʉʋ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʋʉʋ ʥʘ 2009-2010 ʛʦʜʳ. 

6. ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʢʘʟʘʥʠʶ ʫʩʣʫʛ ʩʪʦʨʦʥʥʠʤ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʘ ʋʉʋ.       

7. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

8. ʇʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

     ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʷʜʝʨʥʦʡ ʠ ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʩʠʥʪʝʟʘ ʥʦʚʳʭ  

ʩʦʨʙʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.   

     ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʢʦʣʣʝʢʪʠʚʦʤ ʚʳʩʦʢʦʢʣʘʩʩʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʰʝʜʰʠʭ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʘʪʪʝʩʪʘʮʠʶ.     

     ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʊʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʠ ʂʘʣʝʥʜʘʨʥʳʤ ʧʣʘʥʦʤ ʥʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ 

ʙʳʣʦ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʧʨʦʚʝʩʪʠ:  
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ɿʘ  ʩʯʸʪ  ʩʨʝʜʩʪʚ  ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ 

1. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ  ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ   ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʙʨʘʟʮʦʚ, ʦʙʣʫʯʸʥʥʳʭ ʥʘ ʵʪʘʧʝ 1.  

2. ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

3. ʇʦʜʛʦʪʦʚʢʫ ʧʫʙʣʠʢʘʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɿʘ   ʩʯʸʪ   ʚʥʝʙʶʜʞʝʪʥʳʭ  ʩʨʝʜʩʪʚ 

1. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ  ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ   ʤʦʜʝʣʴʥʳʭ 

ʨʝʘʢʪʦʨʥʳʭ ʩʧʣʘʚʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʙʨʘʟʮʦʚ, 

ʦʙʣʫʯʸʥʥʳʭ ʥʘ ʵʪʘʧʝ 1.  

2. ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

3. ʇʦʜʛʦʪʦʚʢʫ ʧʫʙʣʠʢʘʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ.  

 

     ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2010 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥʦ 20 

ʩʪʘʪʝʡ  ʠ ʧʦʜʛʦʪʦʚʣʝʥʦ ʠ ʩʜʝʣʘʥʦ 18  ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ. ɺʩʝʛʦ ʟʘ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ 

ɻʦʩʢʦʥʪʨʘʢʪʘ ʦʧʫʙʣʠʢʦʚʘʥʘ 51 ʩʪʘʪʴʷ ʠ ʩʜʝʣʘʥʦ 49 ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ. 
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1 ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

1.1 ʉʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʝʪʠʟʤ ʣʠʪʠʝʚʦʛʦ ʤʘʥʛʘʥʠʪʘ LiMn 2O4 ʚ ʩʪʨʫʢʪʫʨʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ  

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ LiMn2O4 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʘʨʷʜʦʚʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ ʠʩʢʘʞʝʥʠʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʣʴʥʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʠʩʭʦʜʥʦʤ 

ʤʘʥʛʘʥʠʪʝ. ʇʦʷʚʣʝʥʠʝ ʠʦʥʦʚ ʤʘʨʛʘʥʮʘ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʜʨʝʰʝʪʢʝ LiMn 2O4 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʣʴʥʳʭ 

ʤʝʞʧʦʜʨʝʰʝʪʦʯʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ (k = 2p/c(0, 0, 0.44), TN = 65 K) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʝʨʨʠʤʘʛʥʠʪʥʦʝ (k = 0, 

Tʉ =80 ʂ) ʩ ʣʦʢʘʣʴʥʳʤʠ ʩʧʠʥʦʚʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʜʨʝʰʝʪʢʝ. 

 ʈʠʩʫʥʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʵʚʦʣʶʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨ ʚ LiMn 2O4 ʚ ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ.  
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ʈʠʩ. 1. ʂʘʨʪʠʥʳ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ (l = 0.2432 ʥʤ) ʥʘ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ LiMn2O4, 

ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ 300 (1), 78 (2) ʠ 4.2 ʂ (3). ʂʨʠʚʳʝ ʩʜʚʠʥʫʪʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ ï ʧʦʣʦʞʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʢʫʙʠʯʝʩʢʦʡ (ʉ) 

ʰʧʠʥʝʣʠ. 
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ʈʠʩ. 2. ʂʘʨʪʠʥʳ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ (l = 0.2432 ʥʤ) ʥʘ ʦʙʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʧʨʠ 300 

(1), 90 (2) ʠ 5 ʂ (3). ʂʨʠʚʳʝ ʩʜʚʠʥʫʪʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʰʪʨʠʭʠ ï ʧʦʣʦʞʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʢʫʙʠʯʝʩʢʦʡ (ʉ) ʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (ʊ) ʬʘʟ. ʅʘ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʠʢʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ (111)ʉ ʢʫʙʠʯʝʩʢʦʡ ʠ (101)ʊ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟ. 

 

          ʇʫʙʣʠʢʘʮʠʠ: 1. ʖ.ɻ.ʏʫʢʘʣʢʠʥ, ɸ.ɽ.ʊʝʧʣʳʭ, ɼ.ɻ.ʂʝʣʣʝʨʤʘʥ, ɺ.ʉ.ɻʦʨʰʢʦʚ. ʕʬʬʝʢʪʳ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʦʢʠʩʥʳʭ ʤʘʥʛʘʥʠʪʘʭ ʠ ʪʠʪʘʥʘʪʘʭ ʣʠʪʠʷ// ʌʠʟʠʢʘ 

ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 2010, ʪʦʤ 52, No.5 , ʩ. 942-945. 2. ʖ.ɻ.ʏʫʢʘʣʢʠʥ, ɸ.ɽ.ʊʝʧʣʳʭ, ɸ.ʅ.ʇʠʨʦʛʦʚ, 

ɼ.ɻ.ʂʝʣʣʝʨʤʘʥ. ʄʘʛʥʝʪʠʟʤ ʤʘʥʛʘʥʠʪʘ LiMn2O4 ʚ ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ// ʌʠʟʠʢʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 2010 (ʧʨʠʥʷʪʦ ʚ ʧʝʯʘʪʴ).  

 

             

1.2 ʉʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʝʪʠʟʤ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʙʘʚʣʷʝʤʳʭ ʜʠʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ 

ʩʢʘʥʜʠʷ ʬʝʨʨʦʛʨʘʥʘʪʦʚ Y3Fe5-xScxO12 (x = 0, 0.45, 0.65, 0.85, 1.05). 

 

          ʅʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥ  r ʬʝʨʨʦʛʨʘʥʘʪʳ 

ʩʠʩʪʝʤʳ {Y3}[Fe2-xScx](Fe3)O12. ʋʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʢʦʣʣʠʥʝʘʨʥʦʡ ʬʝʨʨʠʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

x ~ 0.7. ʇʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʢʘʥʜʠʷ ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʧʦʣʝʚʘʷ ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʠ ʘʥʦʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 



 15 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʧʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʆʧʨʝʜʝʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʨʫʰʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʫʛʣʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

          ʇʫʙʣʠʢʘʮʠʠ: 1. Yu.G. Chukalkin and A.E. Teplykh. Magnetic state of Y3Fe5-xScxO12 

garnets// In: IV Euro-Asian Symposium ñTrends in MAGnetismò: Nanospintronics (EASTMAG ï 

2010). Ekaterinburg, 28 June -2 July, 2010. Abstract book, p. 368. 2. Yu.G. Chukalkin and A.E. 

Teplykh. Magnetic state of Y3Fe5-xScxO12 garnets// - ʥʘʧʨʘʚʣʝʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣ ñSolid State 

Phenomenaò. 

 

1.3 ɸʤʦʨʬʠʟʦʚʘʥʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

 

          ʇʨʦʚʝʜʝʥʳ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ Er2Fe14B ʠ Nd2Fe14B ʜʦ ʠ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʬʣʶʝʥʩʦʤ ʙʳʩʪʨʳʭ (Eeff > 1 ʄʵʚ) ʥʝʡʪʨʦʥʦʚ 1.2Ö10
20

 ʩʤ
-2

 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 340 ʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʦʝ ʦʙʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʘʤʦʨʬʠʟʘʮʠʠ 

(ʩʤ. ʨʠʩ. 3 ʠ 4). ʅʘʙʣʶʜʘʝʤʳʝ ʦʩʪʨʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʬʣʝʢʩʳ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥʘʭ 

ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʤʝʩʥʳʤ Ŭ-ʞʝʣʝʟʦʤ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʠʩʭʦʜʥʦʤ 

ʦʙʨʘʟʮʝ ʠ ʥʝ ʘʤʦʨʬʠʟʫʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. 

   

ʈʠʩ. 3. ʂʘʨʪʠʥʳ ʥʝʡʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʠ 300 ʂ (l = 0.1805 ʥʤ) ʥʘ ʦʙʨʘʟʮʝ Er2Fe14B ʜʦ 

ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. 

 


