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ʉʦʢʨʘʱʝʥʠʷ 

 

ɺɻʆ ï ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ 

ɸɸʉ ï ʘʤʦʨʬʥʳʡ ʘʣʶʤʦʩʠʣʠʢʘʪ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʇʕʄɺʈ - ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʀʂʉ ï ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɹʂʎ ï ʙʨʝʥʩʪʝʜʦʚʩʢʠʝ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ 

ʃʂʎ ï ʣʴʶʠʩʦʚʩʢʠʝ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ 

ʈɸ ï ʩʨʦʜʩʪʚʦ ʢ ʧʨʦʪʦʥʫ 

EDXA - ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɼɹʊ ï ʜʠʙʝʥʟʦʪʠʦʬʝʥ 

ʊʇɺ ï ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʆʇʈ ï ʦʙʲʝʤʥʘʷ ʧʨʦʯʥʦʩʪʴ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘʨʷʜʫ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʚʩʝ ʙʦʣʝʝ ʪʷʞʝʣʦʡ ʠ 

ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʡ ʥʝʬʪʠ. ɻʠʜʨʦʢʨʝʢʠʥʛ ʪʷʞʝʣʦʛʦ ʩʳʨʴʷ ʦʪʚʝʯʘʝʪ ʜʘʥʥʳʤ ʟʘʧʨʦʩʘʤ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʝʡ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ʅʘʧʨʠʤʝʨ, ʨʦʩʩʠʡʩʢʠʝ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʜʦ 2020 ʛ 

ʚʚʝʜʫʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʝ ʤʝʥʝʝ 10 ʫʩʪʘʥʦʚʦʢ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ʉʨʝʜʠ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʝʨʦʩʠʥʦʚʦʡ ʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʡ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ 

ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʪʦʚ ʠ ʚʳʩʦʢʦʤʫ ʩʧʨʦʩʫ ʥʘ ʥʠʭ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʥʳʭ ʟʘʚʦʜʘʭ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʦʚ ʠ ʩʠʪʫʘʮʠʷ ʧʨʦʜʦʣʞʘʝʪ 

ʫʭʫʜʰʘʪʩɹʷ ʧʦʪʦʤʫ, ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʦʝʢʪʠʨʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʛʘʨʘʥʪʠʨʫʶʪ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʤʧʦʨʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʨʫʙʝʞʥʳʝ ʢʦʤʧʘʥʠʠ ʥʝʧʨʝʨʳʚʥʦ ʚʝʜʫʪ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʶʪʩʷ ʧʨʝʤʝʪʦʤ çknow howè ʠ ʥʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʳʥʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʛʫʣʷʨʥʦ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩʧʨʦʩ ʥʘ ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʦʡ 

ʧʨʠʨʦʩʪ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ. ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʵʥʝʨʛʝʪʠʢʠ ʈʌ 

ʇʨʠʢʘʟʦʤ ʦʪ 31 ʤʘʨʪʘ 2015 ʛ. ˉ210 ʫʪʚʝʨʞʜʝʥ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʚ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ 2020 ʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʢ ʩʨʝʜʥʠʤ ʜʠʩʪʠʣʣʷʪʘʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  
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ʎʝʣʴ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ NiMo ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ:    

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʘʥʝʩʝʥʥʠʝʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʩʪʘʚʘ [Ni(H2O)2]2[Mo4O11(C6H5O7)2] ʥʘ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʥʦʩʠʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ɔ-Al 2O3 

ʠ ʣʠʙʦ ʮʝʦʣʠʪ Y, ʣʠʙʦ ʘʤʦʨʬʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Si/Al ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʢʘʣʢʦʡ ʠʣʠ ʙʝʟ ʥʝʸ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʩʠʪʝʣʝʡ, ʥʦʩʠʪʝʣʝʡ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

2. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʚ ʛʠʜʨʦʢʨʝʢʠʥʛʝ 

ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʡʦʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʘʚʣʝʥʠʠ, ʨʘʩʭʦʜʘʭ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʠ 

ʚʦʜʦʨʦʜʘ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʦʜʥʦʧʨʦʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʚ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ NiMo 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʠʭ ʧʦʩʣʦʡʥʦʡ ʟʘʛʨʫʟʢʝ (ʧʘʢʝʪʦʚ) ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʘʢʝʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ. 

4. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ NiMo ʠ 

NiW ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ.  

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ:  

 

1. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳ NiMo ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

[Ni(H2O)2]2[Mo4O11(C6H5O7)2] ʥʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʷʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ɔ-Al 2O3 ʠ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʮʝʦʣʠʪ Y 

ʠʣʠ ʘʤʦʨʬʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Si/Al ʧʦʜʚʝʨʛʥʫʪʳʝ, ʣʠʙʦ ʥʝ 

ʧʦʜʚʝʨʛʥʫʪʳʝ ʧʨʦʢʘʣʢʝ.  

2. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ Si/Al  ʥʘ ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ ʘʤʦʨʬʥʳʭ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ  ʠ NiMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʪʝʢʩʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ ʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. 
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3. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʢʘʣʢʠ ʧʦʨʦʰʢʦʚ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ 

ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ NiMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʠʭ ʪʝʢʩʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ ʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ  

4. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ  ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

NiMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʠʭ ʧʦʩʣʦʡʥʦʡ ʟʘʛʨʫʟʢʝ (ʧʘʢʝʪʦʚ).  

5.  ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

NiMo ʠ ʘʥʘʣʦʛʠʯʥʳʭ NiW ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ.  

6. ʈʘʟʨʘʙʦʪʘʥʥʳ ʥʦʚʳʝ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʝ ʢ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ NiMo ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ. 

 

ʆʮʝʥʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝʤ 

ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʞʫʨʥʘʣʘʭ, 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ Si/Al ʚ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʣʠʢʘʪʘʭ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ 

ʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʪʝʢʩʪʫʨʥʳʝ ʠ ʢʠʩʣʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʢʩʪʫʨʥʳʭ ʠ ʢʠʩʣʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʠʭ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

2. ʚʣʠʷʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʢʘʣʢʠ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ 

ʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʪʝʢʩʪʫʨʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ.  

3. ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʜʠʟʝʣʴʥʦʡ 

ʬʨʘʢʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ (ʧʘʢʝʪʦʚ) 

4. ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ (ʩʨʘʚʥʝʥʠʝ Mo ʠ W) ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

 

ɸʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʠʟʤʝʨʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 
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ʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʣ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʬʦʨʤʝ ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ ʠ ʧʫʙʣʠʢʘʮʠʶ ʩʪʘʪʝʡ ʚ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠ 

ʆʩʥʦʚʥʳʝ  ʨʝʟʫʣʴʪʘʪʳ  ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦ  ʪʝʤʝ  ʜʠʩʩʝʨʪʘʮʠʠ  ʙʳʣʠ  ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ  ʩʠʤʧʦʟʠʫʤʝ  ʦ  ʜʦʩʪʠʞʝʥʠʷʭ  ʚ  ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʝ  ʥʝʬʪʷʥʳʭ 

ʜʠʩʪʠʣʣʷʪʦʚ ISAHOF-2013 (2013 ʛ., ɸʢʘʧʫʣʴʢʦ, ʄʝʢʩʠʢʘ), ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʩʠʤʧʦʟʠʫʤʝ çʅʝʬʪʝʧʝʨʝʨʘʙʦʪʢʘ: ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʛʠʜʨʦʧʨʦʮʝʩʩʳè  (2014ʛ., ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ), V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɸʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (2015ʛ., ʛ.ʏʝʙʦʢʩʘʨʳ), VII 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɼʦʙʳʯʘ, ʧʦʜʛʦʪʦʚʢʘ, ʪʨʘʥʩʧʦʨʪ ʥʝʬʪʠ 

ʠ ʛʘʟʘè (2016ʛ., ʛ.ʊʦʤʩʢ). 

ʇʫʙʣʠʢʘʮʠʠ.   

ʇʦ  ʤʘʪʝʨʠʘʣʘʤ  ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ  ʨʘʙʦʪʳ  ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ  ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʠ 4 ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚʳ ʠ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 

ʩʳʨʴʷ. ʅʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʩʧʦʩʦʙ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ 

ʧʦʜʘʥʳ ʟʘʷʚʢʠ ʥʘ ʧʘʪʝʥʪʳ ʈʌ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʨʠ 

ʦʜʥʦʧʨʦʭʦʜʥʦʤ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʠʟ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʡʦʣʷ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʢʣʘʩʩʘ 5) ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 70% ʤʘʩ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʝʜʫʱʠʭ ʬʠʨʤ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʧʨʦʮʝʩʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʝʚʦʩʭʦʜʷʪ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʘʥʘʣʦʛʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʪʝʢʩʪʫʨʥʳʭ ʠ ʢʠʩʣʦʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 
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ʉʪʨʫʢʪʫʨʘ ʠ  ʦʙʲʸʤ  ʜʠʩʩʝʨʪʘʮʠʠ.   

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ  ʠʟ  ʚʚʝʜʝʥʠʷ,  ʧʷʪʠ  ʛʣʘʚ,  ʚʳʚʦʜʦʚ, ʠ  ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ  ʩʧʠʩʢʘ  

ʠʟ 195  ʠʩʪʦʯʥʠʢʦʚ.  

ʆʙʱʠʡ ʦʙʲʸʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 136 ʩʪʨʘʥʠʮ, ʩʦʜʝʨʞʠʪ 53 ʨʠʩʫʥʢʘ ʠ 34 ʪʘʙʣʠʮʳ.  

ʇʝʨʚʘʷ ʛʣʘʚʘ - ʷʚʣʷʝʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʦʙʟʦʨʦʤ. ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʩʦʩʪʘʚʝ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ. ʆʧʠʩʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʠʤʠʟʤʝ ʨʝʘʢʮʠʡ ʠ ʨʦʣʠ ʢʠʩʣʦʪʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ʇʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ 

ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʨʘʙʦʪʝ. 

ʆʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʨʦʰʢʦʚ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʥʦʩʠʪʝʣʝʡ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʛʠʜʨʦʢʨʝʢʠʥʛʝ 

ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ʆʧʠʩʘʥʳ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ Si/Al ʚ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʘʭ ʠ ʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʢʘʣʢʠ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ NiMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠ ʠʭ ʢʘʪʘʣʠʪʠʯʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʡʦʣʷ.  

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʥʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʠʜʨʦʢʨʝʢʠʥʛʝ. 

ʇʨʠʚʦʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ  ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠ ʁ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ NiMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ 

ʠʭ ʧʦʩʣʦʡʥʦʡ ʟʘʛʨʫʟʢʝ (ʧʘʢʝʪʦʚ), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʟʝʣʴʥʦʡ 

ʬʨʘʢʮʠʠ. ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ NiMo ʠ NiW ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʮʝʦʣʠʪʘ Y ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʩʦʛʣʘʰʝʥʠʝ ʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʩʫʙʩʠʜʠʠ ˉ14.607.21.0108, 

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʛʣʘʰʝʥʠʷ RFMEFI60714X0108, ʥʘʟʚʘʥʠʝ ʩʦʛʣʘʰʝʥʠʷ 

çʈʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʪʷʞʝʣʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʚʳʭʦʜʦʤ ʤʘʣʦʩʝʨʥʠʩʪʳʭ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʦʚè). 
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1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʇʨʦʮʝʩʩʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʧʨʦʚʦʜʷʪ ʚ ʪʨʝʭʬʘʟʥʦʤ ʨʝʘʢʪʦʨʝ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʛʘʟ - ʞʠʜʢʦʩʪʴ ï ʪʚʝʨʜʳʡ ʢʘʪʘʣʠʟʘʪʦʨ). ɻʘʟʦʦʙʨʘʟʥʳʡ 

ʚʦʜʦʨʦʜ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʞʠʜʢʦʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʝʬʪʷʥʦʡ ʬʨʘʢʮʠʝʡ, 

ʧʨʦʭʦʜʷ ʩʚʝʨʭʫ ʚʥʠʟ ʯʝʨʝʟ ʨʝʘʢʪʦʨ, ʟʘʧʦʣʥʝʥʥʳʡ ʛʨʘʥʫʣʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʅʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʳʡ 

ʛʘʟʦʡʣʴ, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʷʞʝʣʳʝ ʚʪʦʨʠʯʥʳʝ ʬʨʘʢʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʢʦʢʩʦʚʘʥʠʷ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʤʦʛʫʪ ʙʳʪʴ: 

ʙʝʥʟʠʥʦʚʘʷ, ʢʝʨʦʩʠʥʦʚʘʷ, ʜʠʟʝʣʴʥʘʷ ʣʠʙʦ ʤʘʩʣʷʥʘʷ ʬʨʘʢʮʠʷ. 

ʇʨʦʮʝʩʩʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʩʳʨʴʷ, 

ʪʘʢ ʚʳʜʝʣʷʶʪ ʤʷʛʢʠʡ, ʩʨʝʜʥʠʡ ʠ ʛʣʫʙʦʢʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛ. ʊʠʧʠʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩʦʩʪʘʚʣʷʝʪ 350-430 ÁC, ʜʘʚʣʝʥʠʝ 100-200 ʘʪʤ. (ʜʣʷ ʤʷʛʢʦʛʦ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ 50-80 ʘʪʤ), ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʩʳʨʴʷ 0.2-2ʯ
-1
, ʦʙʲʝʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʦʜʦʨʦʜ/ʩʳʨʴʝ 800-2000 ʥʤ
3
/ʤ

3
.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʠ ʪʠʧʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ (ʨʠʩ. 

1). 

ʉʘʤʳʝ ʟʘʪʨʘʪʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʫʭʩʪʘʜʠʡʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʨʝʘʢʪʦʨʦʚ, ʧʨʠʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʜ ʠʭ ʧʦʜʘʯʝʡ ʚʦ ʚʪʦʨʦʡ ʨʝʘʢʪʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʘʤʤʠʘʢ 

ʤʦʛʫʪ ʥʝ ʧʦʜʘʚʘʪʴʩʷ ʚʦ ʚʪʦʨʦʡ ʨʝʘʢʪʦʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʸʤ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ 

ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Pt, Pd). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʦʣʝʝ ʨʝʥʪʘʙʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʩʪʘʜʠʡʥʳʝ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩ ʨʝʮʠʢʣʦʤ ʪʷʞʝʣʦʛʦ ʦʩʪʘʪʢʘ, ʥʦ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʚʦ ʚʪʦʨʦʡ ʨʝʘʢʪʦʨ. ʅʘʢʦʥʝʮ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ï ʦʜʥʦʧʨʦʭʦʜʥʳʡ ʚʘʨʠʘʥʪ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʥʴʰʘʷ ʢʦʥʚʝʨʩʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʝʪʩʷ ʦʩʪʘʪʦʢ ʧʦʩʣʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʤʘʟʦʯʥʳʭ ʤʘʩʝʣ ʠʣʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. 
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ʈʠʩ. 1. ɺʘʨʠʘʥʪʳ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ, ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [1-6]   

ɿʘʱʠʪ. ï ʢʘʪʘʣʠʟʘʪʦʨʳ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ɻʆ ï ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʦʯʠʩʪʢʠ, ɻʂ ï 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʂʘʞʜʳʡ ʠʟ ʚʘʨʠʘʥʪʦʚ, ʧʦʤʠʤʦ ʨʘʟʣʠʯʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ 

ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʢʘʪʘʣʠʟʘʪʦʨʳ ʪʦʣʝʨʘʥʪʥʳʝ ʢ ʩʝʨʦʚʦʜʦʨʦʜʫ, 

ʘ ʚ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪʦʚ ʩ ʨʝʮʠʢʣʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʤʘʩʩʠʚʥʳʭ ʤʦʣʝʢʫʣ ʧʦʣʠʥʘʬʪʝʥʦʚ ʠ, ʦʩʦʙʝʥʥʦ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʦʡʜʝʪ 

ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʝʮʠʨʢʫʣʠʨʫʱʝʤ ʦʩʪʘʪʢʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ, 

ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʘʞʝ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ [3, 7]. ɺ 

ʣʶʙʦʤ ʚʘʨʠʘʥʪʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩʳʨʴʝ ʩʥʘʯʘʣʘ ʧʦʜʘʶʪ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨ rʟʘʱʠʪʥʦʛʦ ʩʣʦʷ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, ʟʘʪʝʤ ʛʠʜʨʦʦʯʠʱʘʶʪ ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ 

ʛʠʜʨʦʢʨʝʢʠʨʫʶʪ. ɺ ʪʘʙʣ. 1 ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʠʟ [8] ʧʨʠʚʝʜʝʥʳ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ, ʠ ʠʭ 

ʢʘʯʝʩʪʚʦ ʜʣʷ ʦʙʩʫʞʜʘʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʮʝʣʴ ʧʨʦʮʝʩʩʘ 

ʩʦʩʪʦʠʪ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʚʳʭʦʜʝ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ. 



12 

1.2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ 

 

ʊʠʧʠʯʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ï ʪʷʞʝʣʘʷ 

ʥʝʬʪʷʥʘʷ ʬʨʘʢʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʚʘʢʫʫʤʥʦʡ ʜʠʩʪʠʣʣʷʮʠʝʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʩʪʘʪʢʘ (ʤʘʟʫʪʘ). 

ɺʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʷʟʢʫʶ ʤʘʩʩʫ ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʧʣʦʪʥʦʩʪʴʶ ʙʦʣʝʝ 0.9 ʛ/ʩʤ
3
, ʠʤʝʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʢʠʧʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 360Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʮʘ ʢʠʧʝʥʠʷ ʦʢʦʣʦ 

540Áʉ ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʝʚʦʜʦʨʦʜʘʤ C16-C50.  ʉ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʢʫʫʤʥʳʡ 

ʛʘʟʦʡʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʝʡʰʫʶ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʠ ʘʟʦʪʘ, ʚ ʩʠʣʫ ʵʪʦʛʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʪʝʭʥʠʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʛʦ ʩʦʩʪʘʚʝ. 

ʅʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʨʷʜ ʚʘʞʥʳʭ ʜʣʷ ʥʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ: ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʠʩʪʠʣʣʷʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʘʟʦʪʘ, ʘʩʬʘʣʴʪʝʥʦʚ, ʧʣʦʪʥʦʩʪʴ, ʢʦʢʩʫʝʤʦʩʪʴ ʧʦ 

ʂʦʥʨʘʜʩʦʥʫ, ʚʷʟʢʦʩʪʴ ʠ ʪ.ʧ., ʩʤ. ʪʘʙʣ. 2. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ  ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʪʘʢʠʝ ʢʘʢ 

ʤʥʦʛʦʤʝʨʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  ʠʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʦʥʠʟʘʮʠʝʡ ʧʦʣʝʤ  (Field 

Ionisation Mass Spectrometry) [7, 10]. ɺ ʨʘʙʦʪʝ [11] ʙʳʣ ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ CO2 ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʚʫʤʝʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 

3, ʘ ʥʠʞʝ ʥʘ (ʨʠʩ. 2) ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʵʪʦʤ ʧʨʠʤʝʨʝ, ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨʥʦ ʧʦʨʦʚʥʫ 

ʥʘʩʳʱʝʥʥʳʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠʯʝʤ ʩʨʝʜʠ ʦʙʦʠʭ ʪʠʧʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠʤʝʶʪʩʷ ʢʨʫʧʥʳʝ ʤʦʣʝʢʫʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʣʠʥʘʬʪʝʥʳ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. ʇʦʩʣʝʜʥʠʝ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢʦʢʩʘ, ʦʩʦʙʝʥʥʦ 

ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ.  

 



13 

ʊʘʙʣʠʮʘ 1. ɺʣʠ̫ʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʘ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ [8]. 

ʉʳʨʴʝ ɺɻʆ+ʊɻʂ* ɺɻʆ+ʊɻʂ 

+ʃɻʂʂ**  

ɺɻʆ+ʊɻʂ ɺɻʆ+ʊɻʂ 

ʂʦʥʬʠʛʫʨʘʮʠʷ 

ʧʨʦʮʝʩʩʘ 

ʆʜʥʦʩʪʘʜʠʡʥʘʷ 

ʦʜʥʦʧʨʦʭʦʜʥʘ ̫

ʆʜʥʦʩʪʘʜʠʡʥʘʷ 

ʦʜʥʦʧʨʦʭʦʜʥʘʷ 

ʆʜʥʦʩʪʘʜʠʡʥʘʷ 

ʩ ʨʝʮʠʢʣʦʤ 

ɼʚʫʭʩʪʘʜʠʡʥʘʷ 

ʩ ʨʝʮʠʢʣʦʤ 

ʂʦʥʚʝʨʩʠʷ 85% 85% ʇʦʣʥʘʷ ʇʦʣʥʘʷ 

ɺʳʭʦʜ 

ʧʨʦʜʫʢʪʦʚ, % 

ʦʙ. 

ɹʘʟʦʚʳʡ    

ʅʘʬʪʘ 30-35 ɹʘʟʦʚʳʡ -2 ɹʘʟʦʚʳʡ +0.5 ɹʘʟʦʚʳʡ -8 

ʂʝʨʦʩʠʥ+ʜʠʟʝʣʴ 65-70 ɹʘʟʦʚʳʡ +2 ɹʘʟʦʚʳʡ +15 ɹʘʟʦʚʳʡ +24 

ʆʩʪʘʪʦʢ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

14-20 ɹʘʟʦʚʳʡ -3 <4 <2 

ʇʦʛʣʦʱʝʥʠʝ H2, 

ʤʘʩ.% 

2.5-2.9 ɹʘʟʦʚʳʡ + 0.2 ɹʘʟʦʚʳʡ + 0.1 ɹʘʟʦʚʳʡ + 0.1 

ʉʚʦʡʩʪʚʘ ʢʝʨʦʩʠʥʦʚʦʡ ʠ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ 

ʇʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 0.820 0.829 0.823 0.826 

ʉʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ, ʧʧʤ 

<10 <10 <10 <10 

ʎʝʪʘʥʦʚʦʝ 

ʯʠʩʣʦ 

53 50 54 56 

ʉʚʦʡʩʪʚʘ ʦʩʪʘʪʢʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ʇʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 0.835 0.835 0.838 - 

ʉʦʜʝʨʞʘʥʠʝ 

ʩʝʨʳ, ʧʧʤ 

<50 <50 <50 - 

ʉʦʜʝʨʞʘʥʠʝ H, 

% ʤʘʩ. 

14.3 14.3 14.3 - 

BMCI <10 <10 <10 - 

ʀʥʜʝʢʩ ʚʟ̫ʢʦʩʪʠ 

ʧʦʩʣʝ 

ʜʝʧʘʨʘʬʠʥʠʘʮʠʠ 

>120 >120 >120 - 

*ʊɻʂ ï ʪʷʞʝʣʳʡ ʛʘʟʦʡʣʴ ʢʦʢʩʦʚʘʥʠʷ 

**ʃɻʂʂ ï ʣʝʛʢʠʡ ʛʘʟʦʡʣʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 
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ʊʘʙʣʠʮʘ 2. ʊʠʧʠʯʥʳʡ ʩʦʩʪʘʚ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ  [9] 

ʉʦʝʜʠʥʝʥʠʷ ʉʦʜʝʨʞʘʥʠʝ 

ʉʝʨʘ (ʤʘʩ. %) 0.1-5 

ɸʟʦʪ (ppm) 200-3000 

ɸʣʢʘʥʳ (ʤʘʩ. %) 10-30 

ʅʘʬʪʝʥʳ (ʤʘʩ. %) 20-50 

ɸʨʦʤʘʪʠʢʘ (ʤʘʩ. %) 30-70 

ʇʦʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʩʤʦʣʳ) (ʤʘʩ. %) 1-15 

ɸʩʬʘʣʴʪʝʥʳ (ppm) 20-1000 

ʄʝʪʘʣʣʳ (ppm) 0-10 

 

 

ʊʘʙʣʠʮʘ 3. ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ɺɻʆ [11]. 

 HT-2D-GC* ʄʉ ʧʦʩʣʝ SAR**  SFC-GCĬGC***  

ɸʣʢʘʥʳ 47.8Ñ2.2 18.8Ñ2.1 22.4Ñ2.6 

ʄʦʥʦʥʘʬʪʝʥʳ 11.9Ñ1.5 16.6Ñ2.2 

ɼʠ ʠ ʪʨʠʥʘʬʝʪʥʳ 16.4Ñ1.9 8.3Ñ0.8 

ʊʝʪʨʘʥʘʬʪʝʥʳ 2.9Ñ0.5 

ʇʝʥʪʘʥʘʬʪʝʥʳ 1.7Ñ0.5 

ʄʦʥʦʘʨʦʤʘʪʠʢʘ 15.1Ñ1.1 10.7Ñ1.4 11.3Ñ0.2 

ɼʠʘʨʦʤʘʪʠʢʘ 14.8Ñ0.6 13.1Ñ1.6 10.9Ñ1.0 

ʊʨʠʘʨʦʤʘʪʠʢʘ 10.6Ñ0.5 10.6Ñ1.3 12.3Ñ0.6 

ʊʝʪʨʘʧʨʦʤʘʪʠʢʘ+ 11.7Ñ0.7 12.7Ñ1.5 8.1Ñ1.3 

ʇʦʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ (ʩʤʦʣʳ) 

0.0 5.8Ñ1.5 5.4Ñ1.6 

 

* HT-2D-GC ï ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʜʚʫʭʤʝʨʥʘʷ ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

** ʄʉ ʧʦʩʣʝ SAR ï ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʥʘʩʳʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʤʦʣʳ 

*** SFC-GCĬGC ï ʤʥʦʛʦʤʝʨʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ: ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ CO2 

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʜʚʫʤʝʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ 
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ɺɻʆ ʧʦ ʯʠʩʣʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ: ʘ) ʥʘʩʳʱʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʙ) ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ [11]. 

 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʨʳ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʘʢʫʫʤʥʦʤ ʛʘʟʦʡʣʝ 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʝ [12], ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭʤʝʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʜʚʫʭʤʝʨʥʦʡ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʭʝʤʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʠʤʝʶʱʝʛʦ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 

ʧʦ ʩʝʨʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 2.41% ʤʘʩʩ., 

ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 27.5% ʤʘʩʩ., ʧʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ: ʪʠʦʬʝʥʳ, 

ʥʘʬʪʝʥʦʪʠʦʬʝʥʳ, ʙʝʥʟʦʪʠʦʬʝʥʳ, ʥʘʬʪʝʥʦʙʝʥʟʦʪʠʦʬʝʥʳ, ʜʠʙʝʥʟʦʪʠʦʬʝʥ  r (ɼɹʊ), 

ʥʘʬʪʝʥʦʜʠʙʝʥʟʦʪʠʦʬʝʥʳ, ʥʘʬʪʦʙʝʥʟʦʪʠʦʬʝʥʳ, ʜʠʥʘʬʪʦʜʠʙʝʥʟʦʪʠʦʬʝʥʳ. ɻʨʫʧʧʦʚʦʡ 

ʩʦʩʪʘʚ ʜʣʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʤʦʣʝʢʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ɺɻʆ ʧʦ ʯʠʩʣʫ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ [12] 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ ʩʦʜʝʨʞʠʪ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʣʷʪ ʥʘ ʦʩʥʦʚʥʳʝ - 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ ʧʠʨʠʜʠʥʘ ʠ ʥʝʡʪʨʘʣʴʥʳʝ ï ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ ʧʠʨʦʣʣʘ, 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʪʠʧʠʯʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ɺɻʆ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4. 

ʆʙʳʯʥʦ ʚ ɺɻʆ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʥʝʡʪʨʘʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʩʦʩʪʘʚʣʷʝʪ 1:4. ɺ ʩʣʫʯʘʝ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʵʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʩʥʦʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʘʙʦʪʝ [12, 13] ʘʚʪʦʨʳ ʩ 

ʧʦʤʦʱʴʶ ʠʦʥʦʦʙʤʝʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʨʘʟʜʝʣʠʣʠ ʠ ʚʳʜʝʣʠʣʠ ʦʩʥʦʚʥʳʝ ʠ ʥʝʡʪʨʘʣʴʥʳʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ɺɻʆ, ʘ ʟʘʪʝʤ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭʤʝʨʥʦʡ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʜʚʫʭʤʝʨʥʦʡ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʭʝʤʦʣʶʤʠʥʠʩʮʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʠʤʝʶʱʝʛʦ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʦ ʘʟʦʪʫ, ʫʩʪʘʥʦʚʠʣʠ ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʥʝʡʪʨʘʣʴʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʠ (ʨʠʩ. 4). 

 

ʊʘʙʣʠʮʘ 4. ʊʠʧʠʯʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʪʷʞʝʣʳʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ [13]. 
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ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ɺɻʆ ʧʦ ʯʠʩʣʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

[13]. 

 

1.3. ʍʠʤʠʟʤ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʣʷ ʠʭ ʢʦʨʨʝʢʪʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʭʠʤʠʟʤʘ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʭʦʜʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʝʘʢʮʠʠ ʢʨʝʢʠʥʛʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʣʝʛʯʝʥʠʶ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ: 

-ʛʠʜʨʦʢʨʝʢʠʥʛ ʧʘʨʘʬʠʥʦʚ (ʨʘʟʨʳʚ -ʉ-ʉ- ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʤʝʥʴʰʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ); 

-ʛʠʜʨʦʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ (ʦʪʱʝʧʣʝʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʘʜʠʢʘʣʘ ʦʪ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ); 

-ʛʠʜʨʦʜʝʮʠʢʣʠʟʘʮʠʷ (ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ). 

ʇʦʤʠʤʦ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʟʤʝʥʝʥʠʶ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʷ, ʧʨʦʪʝʢʘʶʪ 

ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ: 

- ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝ 

- ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ 

- ʛʠʜʨʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

1.3.1 ɻʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʘʨʰʨʫʪʘ ʨʝʘʢʮʠʡ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ: ñʧʨʷʤʦʝ 

ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝò ʠ ñʥʝʧʨʷʤʦʝ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝò 
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[14, 15]. ɺ ñʧʨʷʤʦʤò ʤʘʨʰʨʫʪʝ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʛʝʥʦʣʠʟ C-S ʩʚʷʟʠ ʩ ʦʪʱʝʧʣʝʥʠʝʤ 

ʤʦʣʝʢʫʣʳ H2S, ʘ ʚ ñʥʝʧʨʷʤʦʤò ï ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʝʢʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, 

ʥʘʧʨʠʤʝʨ: ʛʠʜʨʠʨʦʚʘʥʠʝ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠʣʠ ʦʪʱʝʧʣʝʥʠʝ, ʠʟʦʤʝʨʠʟʘʮʠʷ ʘʣʢʠʣʴʥʦʡ 

ʛʨʫʧʧʳ (ʨʠʩ. 5) [14] . ñʅʝʧʨʷʤʦʡò ʤʘʨʰʨʫʪ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʩʘʤʳʭ 

ʤʘʣʦʘʢʪʠʚʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ - ʟʘʤʝʱʝʥʥʳʭ ɼɹʊ ʩ ʘʣʢʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ 

b-ʧʦʟʠʮʠʠ ʢ ʘʪʦʤʫ ʩʝʨʳ. ʅʘʣʠʯʠʝ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʚ b-ʧʦʣʦʞʝʥʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʝʨʠʯʝʩʢʠʤ ʟʘʪʨʫʜʥʝʥʠʷʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Sïʩʦʜʝʨʞʘʱʝʡ ʤʦʣʝʢʫʣʳ ʩ ʘʢʪʠʚʥʳʤ 

ʮʝʥʪʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɻʠʜʨʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ 

ʤʦʣʝʢʫʣʳ ɼɹʊ ʠ ʦʙʣʝʛʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ (ʨʠʩ. 6) [14]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

Sïʩʦʜʝʨʞʘʱʝʡ ʤʦʣʝʢʫʣʳ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʣʝʛʯʘʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ ʦʪʱʝʧʣʝʥʠʷ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ, ʨʘʟʨʳʚʘ ʉ-ʉ ʩʚʷʟʠ ʪʠʦʬʝʥʦʚʦʛʦ 

ʢʦʣʴʮʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ʈʠʩ. 5.  ʇʨʠʤʝʨʳ ʧʨʝʚʨʘʱʝʥʠʷ 4,6 ʜʠʤʝʪʠʣʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʧʦ ñʧʨʷʤʦʤʫò ʠ ñʥʝʧʨʷʤʳʤò 

ʤʘʨʰʨʫʪʘʤ: ʯʝʨʝʟ ʩʪʘʜʠʶ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʠʟʦʤʝʨʠʟʘʮʠʶ ʘʣʢʠʣʴʥʦʡ 

ʛʨʫʧʧʳ, ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʨʘʟʨʳʚ C-C ʩʚʷʟʠ [14] 
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ʈʠʩ. 6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʤʦʣʝʢʫʣ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ [14]. 

 

1.3.2 ɻʠʜʨʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʢʠ 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʢʨʝʢʠʨʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʧʦʵʪʦʤʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʛʠʜʨʠʨʦʚʘʥʥʳ. 

ɼʘʞʝ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ, ʪʠʧʠʯʥʦʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʚʠʜʥʦ ʠʟ (ʨʠʩ. 7), 

ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʣʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5 [16]. ɺʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʘʛʠʨʫʶʪ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʙʦʣʝʝ ʣʝʛʢʠʝ. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʘʛʠʨʫʶʪ ʦʯʝʥʴ ʙʳʩʪʨʦ. ʊʘʢ 

ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʥʘʬʪʘʣʠʥʘ (ʥʘʬʪʘʣʠʥ ʚ ʪʝʪʨʘʣʠʥ) ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 

ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʮʠʢʣʘ (ʪʝʪʨʘʣʠʥ ʚ ʜʝʢʘʣʠʥ). 
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ʈʠʩ. 7. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 100 ʘʪʤ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 1 ʙʝʥʟʦʣ, 2 ʪʦʣʫʦʣ, 3 ʥʘʬʪʘʣʠʥ, 4 

ʜʝʮʠʣʙʝʥʟʦʣ, 5 ʧʘʨʘ-ʢʩʠʣʦʣ,  6 ʤʝʟʵʪʠʣʝʥ, 7 ʬʝʥʘʥʪʨʝʥ [16] 

 

 

ʊʘʙʣʠʮʘ 5. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [16]  
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1.3.3. ɻʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʦʩʥʦʚʥʳʝ, ʧʨʦʯʥʦ 

ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʘʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛʘ [17-19]. ʇʘʜʝʥʠʝ ʢʦʥʚʝʨʩʠʠ 

ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ɺɻʆ ʥʘ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʝʤ  ʢʘʪʘʣʠʟʘʪʦʨʝ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ 

ʘʟʦʪʘ ʚ ʩʳʨʴʝ ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ. 8) [19]. ʂʨʦʤʝ ʪʦʛʦ, ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʠʥʛʠʙʠʨʫʶʪ ʨʝʘʢʮʠʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [18, 20, 21]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʡʪʨʘʣʴʥʳʝ ʘʟʦʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʪʨʫʜʥʝʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʘʟʦʪʠʨʦʚʘʥʠʶ ʯʝʤ ʦʩʥʦʚʥʳʝ [22].  ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʫʜʘʣʷʝʤʳʤʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦʛʣʘʩʥʦ [18] ʷʚʣʷʪʁʩʷ 4,8,9,10-

ʪʝʪʨʘʛʠʜʨʦʮʠʢʣʦʛʝʧʪʘ[def]ʢʘʨʙʘʟʦʣ ʠ ʝʛʦ ʛʦʤʦʣʦʛʠ, ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩ. 9). ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʪʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ: ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʠʨʦʚʘʥʠʝ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʢʦʣʴʮʘ, ʟʘʪʝʤ 

ʨʘʟʨʳʚ C-N ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʘʤʤʠʘʢ ʠ ʫʛʣʝʚʦʜʦʨʦʜ [23-25]. 

 

ʈʠʩ. 8. ɺʣʠʷʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚ ʩʳʨʴʝ ʥʘ ʢʦʥʚʝʨʩʠʶ ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ɺɻʆ ʧʨʠ ʜʘʚʣʝʥʠʠ 

162 ʙʘʨ, ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʷ 1 ʯ
-1
, ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʚʦʜʦʨʦʜ ʩʳʨʴʝ 

1200 ʥʣ/ʣ.  ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ: (ʘ) 370ÁC, (ʙ) 390ÁC (ʚ) 405ÁC [19] 
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N  

ʈʠʩ. 9. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢ ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʶ 

ʩʦʝʜʠʥʝʥʠʷ: 4,8,9,10-ʪʝʪʨʘʛʠʜʨʦʮʠʢʣʦʛʝʧʪʘ [def]ʢʘʨʙʘʟʦʣʘ. 

 

1.3.4. ɻʠʜʨʦʢʨʝʢʠʥʛ ʠ ʠʟʦʤʝʨʠʟʘʮʠʷ ʧʘʨʘʬʠʥʦʚ 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʷʚʣʷʶʪʩʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ, ʪʦ ʝʩʪʴ ʩʦʜʝʨʞʘʪ ʜʚʘ 

ʪʠʧʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ: ʛʠʜʨʠʨʫʶʱʠʝ-ʜʝʛʠʜʨʠʨʫʶʱʠʝ ʮʝʥʪʨʳ ʠ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ. 

ɻʠʜʨʠʨʫʶʱʫʶ-ʜʝʛʠʜʨʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪ ʧʘʨʘ ʩʫʣʴʬʠʜʦʚ NiMo ʣʠʙʦ 

NiW, ʨʝʞʝ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ï Pt ʣʠʙʦ Pd, ʘ ʢʠʩʣʦʪʥʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʶʪ ʮʝʦʣʠʪʳ 

ʠʣʠ ʘʤʦʨʬʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ [1, 3].  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʝʭʘʥʠʟʤ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʘʨʘʬʠʥʦʚ [26] ʩʦʩʪʦʠʪ ʠʟ 

ʩʪʘʜʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ  (ʨʠʩ. 10). ʇʦʩʣʝ ʘʜʩʦʨʙʮʠʠ ʘʣʢʘʥʳ ʜʝʛʠʜʨʠʨʫʶʪʩʷ ʥʘ 

ʛʠʜʨʠʨʫʶʱʝ-ʜʝʛʠʜʨʠʨʫʶʱʝʤ ʢʦʤʧʦʥʝʥʪʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʜʘʚʘʷ ʦʣʝʬʠʥʳ, ʷʚʣʷʶʱʠʝʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʆʣʝʬʠʥʳ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʥʘ ʙʨʝʥʩʪʝʜʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʢʠʣʢʘʨʙʦʢʘʪʠʦʥʦʚ. ʇʨʦʠʩʭʦʜʠʪ ʠʟʦʤʝʨʠʟʘʮʠʷ 

ʘʣʢʠʣʢʘʨʙʦʢʘʪʠʦʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʠʜʥʦʛʦ ʩʜʚʠʛʘ, ʩʜʚʠʛʘ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʘ [27]. ʇʨʠʯʝʤ ʤʘʨʰʨʫʪ ʯʝʨʝʟ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʮʠʢʣʦʧʨʦʧʘʥ ʜʘʝʪ ʙʦʣʝʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʳʚʫ ʉ-ʉ ʩʚʷʟʠ ʚ ɓ-ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʥʝʩʫʱʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʨʠ ɓ-ʨʘʟʨʳʚʝ ʦʙʨʘʟʫʝʪʩʷ ʢʘʨʘʙʦʢʘʪʠʦʥ ʠ ʦʣʝʬʠʥ. ʉ 

ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʢʘʨʙʦʢʘʪʠʦʥʦʤ ʤʦʞʝʪ ʩʥʦʚʘ ʧʨʦʠʟʦʡʪʠ ɓ-ʨʘʟʨʳʚ ʠʣʠ ʞʝ ʦʥ ʤʦʞʝʪ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ, ʜʘʚʘʷ ʦʣʝʬʠʥ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʦʣʝʬʠʥʳ ʤʦʛʫʪ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ ʠ 

ʩʥʦʚʘ ʧʨʝʪʝʨʧʝʚʘʪʴ ʢʨʝʢʠʥʛ ʠʣʠ ʛʠʜʨʠʨʦʚʘʪʴʩʷ ʥʘ ʛʠʜʨʠʨʫʶʱʝ-ʜʝʛʠʜʨʠʨʫʶʱʝʤ 

ʢʦʤʧʦʥʝʥʪʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʢʘʥʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ɓ-ʨʘʟʨʳʚʘ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʣʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʣʳ ʢʠʩʣʦʪʥʦʛʦ ʠ 

ʛʠʜʨʠʨʫʶʱʝ-ʜʝʛʠʜʨʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʳʩʦʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʢ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʧʨʦʜʫʢʪʳ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʧʦʚʪʦʨʥʫʶ ʨʝʘʢʮʠʶ ʢʨʝʢʠʥʛʘ. 
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ʆʩʦʙʝʥʥʦʩʪʴ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʘʨʘʬʠʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʪʝʤ ʚʳʰʝ ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢ ʚ ʨʘʙʦʪʝ [28] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 95% ʢʦʥʚʝʨʩʠʠ ʥ-ʛʝʢʩʘʜʝʢʘʥʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʦʣʴʢʦ 53% ʢʦʥʚʝʨʩʠʷ ʥ-ʦʢʪʘʥʘ. ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʘʣʢʘʥʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠʟʦ- ʢ ʥ-ʘʣʢʘʥʘʤ ʚ ʧʨʦʜʫʢʪʘʭ. ʆʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʟʦ-/ʥ-ʘʣʢʘʥʳ ʚ ʧʨʦʜʫʢʪʘʭ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ.  ʊʘʢ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ 2.5 ʨʘʟʘ ʤʝʥʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦ-/ʥ-ʧʝʥʪʘʥ ʜʣʷ NiW ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ CoMo ʢʘʪʘʣʠʟʘʪʦʨʦʤ,  ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʥʘ ʪʦʤ ʞʝ ʥʦʩʠʪʝʣʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʥʦ ʩ ʚʳʩʦʢʦʡ ʛʠʜʨʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [29].  

 

 

ʈʠʩ. 10. ʕʣʝʤʝʥʪʘʨʥʳʝ ʩʪʘʜʠʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʧʘʨʘʬʠʥʦʚ [30] 

1.3.5. ɻʠʜʨʦʢʨʝʢʠʥʛ ʮʠʢʣʦʘʣʢʘʥʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 11 ʧʦʢʘʟʘʥʳ ʪʠʧʠʯʥʳʝ ʩʪʘʜʠʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʮʠʢʣʦʘʣʢʘʥʦʚ. ʇʦ 

ʘʥʘʣʦʛʠʠ ʩ ʛʠʜʨʦʢʨʝʢʠʥʛʦʤ ʘʣʢʘʥʦʚ, ʮʠʢʣʦʘʣʢʘʥʳ ʩʥʘʯʘʣʘ ʜʝʛʠʜʨʠʨʫʶʪʩʷ ʚ ʮʠʢʣʦʘʣʢʝʥʳ, 
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ʟʘʪʝʤ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʦʢʘʪʠʦʥ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʠʟʦʤʝʨʠʟʦʚʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʙʨʠʜʥʦʛʦ ʣʠʙʦ ʤʝʪʠʣʴʥʦʛʦ ʩʜʚʠʛʦʚ ʠ ʧʦ ʤʘʨʰʨʫʪʫ ʯʝʨʝʟ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʮʠʢʣʦʧʨʦʧʘʥ. ʊʘʢʞʝ ʯʝʨʝʟ ʤʘʨʰʨʫʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʘ 

ʚʦʟʤʦʞʥʦ ʩʫʞʝʥʠʝ ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ ʥʘʬʪʝʥʦʚʦʛʦ ʢʦʣʴʮʘ. ɓ-ʨʘʟʨʳʚ ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ 

ʙʦʢʦʚʳʭ ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷʭ ʥʘʟʳʚʘʶʪ ʘʮʠʢʣʠʯʝʩʢʠʤ, ɓ-ʨʘʟʨʳʚ ʚʥʫʪʨʠ ʢʦʣʴʮʘ 

ʥʘʟʳʚʘʶʪ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʤ, ʘ ʨʘʟʨʳʚ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʣʴʮʦʤ ʠ ʘʣʢʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʥʘʟʳʚʘʶʪ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʤ [30]. ʊʘʢʞʝ ʜʣʷ ʧʦʣʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʦʛʝʢʩʘʥʦʚ 

ʭʘʨʘʢʪʝʨʥʘ  çParingè ʨʝʘʢʮʠʷ, (ʨʠʩ. 12), paring- ʘʥʛʣ. ʧʦʜʨʝʟʘʥʠʝ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʦʘʣʢʘʥʦʚ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʉ3-ʉ4 [30, 31]. 

1.3.6. ɻʠʜʨʦʢʨʝʢʠʥʛ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

ɻʠʜʨʦʢʨʝʢʠʥʛ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚ ʥʘʬʪʝʥʳ. 

ʊʘʢʞʝ ʜʣʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʧʨʠʯʝʤ 

ʜʣʷ ʧʦʣʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʧʦʣʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤʠ ʥʘʬʪʝʥʘʤʠ ʭʘʨʘʢʪʝʨʥʘ ʨʝʘʢʮʠʷ çParingè [32]. 
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ʈʠʩ. 11. ʕʣʝʤʝʥʪʘʨʥʳʝ ʩʪʘʜʠʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʮʠʢʣʦʘʣʢʘʥʦʚ [30] 
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ʈʠʩ. 12.  ʈʝʘʢʮʠʷ çParingè ʜʣʷ ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ ʤʝʟʵʪʠʣʝʥʘ[31] 

 

1.3.7. ʄʝʭʘʥʠʟʤ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʩ ʫʯʘʩʪʠʝʤ ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ 

 

ʉʧʠʣʣʦʚʝʨ - ʵʪʦ ʧʝʨʝʥʦʩ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠʣʠ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘ ʦʜʥʦʡ ʬʘʟʝ, ʥʘ ʜʨʫʛʫʶ ʬʘʟʫ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʩʦʨʙʠʨʫʝʪ 

ʠʣʠ ʥʝ ʦʙʨʘʟʫʝʪ ʵʪʠ ʯʘʩʪʠʮʳ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ 

ʜʦʥʦʨʘʤʠ ʘʢʪʠʚʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʥʘʧʨʠʤʝʨ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʪʠʥʘ ʠʣʠ ʩʫʣʴʬʠʜʳ NiMo(W) [33]. ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦ ʧʨʠʨʦʜʝ ʘʢʪʠʚʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʧʠʣʣʦʚʝʨʝ.  ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʧʨʦʪʦʥʳ, ʛʠʜʨʠʜ-ʠʦʥʳ, ʧʨʦʪʦʥ-ʛʠʜʨʠʜʥʳʝ ʧʘʨʳ ʠʣʠ 

ʠʦʥʳ H3
+
. ʄʝʪʦʜʦʤ H-D ʦʙʤʝʥʘ ʧʦʢʘʟʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ ʜʣʷ NiMo, 

NiW ʠ CoMo/Al 2O3 ʠ CoMo/Al 2O3-SiO2 [34] ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʝ, ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ OD ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʧʨʦʤʦʪʦʨʘ - Ni ʠʣʠ Co ʢ Mo ʠʣʠ W [33-35].  ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ ʩʣʫʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʛʠʜʨʦʢʨʝʢʠʥʛʫ ʥ-ʘʣʢʘʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʩʣʦʡʥʳʤʠ ʨʘʟʤʝʱʝʥʠʷʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʠʤʝʶʱʠʭ ʪʦʣʴʢʦ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʠʣʠ ʪʦʣʴʢʦ ʢʠʩʣʦʪʥʫʶ ʬʫʥʢʮʠʠ. ɺ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʦʡʥʦʡ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʪʦʣʴʢʦ ʢʠʩʣʦʪʥʦʡ ʬʫʥʢʮʠʝʡ 

ʠʣʠ ʪʦʣʴʢʦ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʛʠʜʨʦʢʨʝʢʠʥʛʝ, ʝʩʣʠ ʞʝ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʪʦʣʴʢʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʦʪʜʝʣʝʥ ʦʪ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʪʦʣʴʢʦ ʢʠʩʣʦʪʥʦʡ ʬʫʥʢʮʠʝʡ ʧʨʦʩʣʦʡʢʦʡ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʥʠʟʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʧʨʦʜʫʢʪʳ ʢʨʝʢʠʥʛʘ [36].  

ɺ ʦʙʟʦʨʝ [37], ʧʦʩʚʷʱʝʥʥʦʤ ʩʧʠʣʣʦʚʝʨʫ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ ʧʨʠʚʦʜʷʪʩʷ 

ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʩʪʘʥʮʠʷ 

ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʩʘʥʪʠʤʝʪʨʘ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʚʦʜʦʨʦʜ ʤʦʞʝʪ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʧʦ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠʟ-ʟʘ ʤʘʣʦʡ ʧʣʦʱʘʜʠ ʤʝʩʪ ʢʦʥʪʘʢʪʘ ʯʘʩʪʠʮ 

ʮʝʦʣʠʪʦʚ ʠ ʜʨʫʛʠʭ ʦʢʩʠʜʦʚ. ɺ ʨʘʙʦʪʘʭ [38, 39] ʙr ʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʬʘʟʫ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʚ ʤʝʭʘʥʠʟʤʝ ʩ ʫʯʘʩʪʠʝʤ 

ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ ʢʘʨʙʝʥʠʝʚʳʡ ʠʦʥ ʦʙʨʘʟʫʝʪʩʷ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʣʝʬʠʥʘ ʩ ʢʠʩʣʦʪʥʳʤ ʮʝʥʪʨʦʤ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʩ ʘʢʪʠʚʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʯʘʩʪʠʮʝʡ, ʘ ʟʘʪʝʤ ʩ ʢʠʩʣʦʪʥʳʤ ʮʝʥʪʨʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ 

ʩʧʠʣʣʦʚʝʨʫ ʚʦʜʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʢʠʩʣʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʪ ʦʪʣʦʞʝʥʠʡ ʢʦʢʩʘ 

[34, 36, 40] 

1.4 ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ 

 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʷʚʣʷʶʪʩʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ. ʅʦʩʠʪʝʣʠ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʠʤʝʪʴ ʪʨʝʙʫʝʤʫʶ ʩʠʣʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ, ʠʤʝʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʜʠʬʬʫʟʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, 

ʠʤʝʪʴ ʪʨʝʙʫʝʤʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʛʨʘʥʫʣ, ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ. 

ɻʨʘʥʫʣʳ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʢʩʪʨʫʜʘʪʳ ʩ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚ ʬʦʨʤʝ ʢʨʫʛʘ, ʪʨʠʣʠʩʪʥʠʢʘ, ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠʣʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʯʝʪʳʨʝʭʣʠʩʪʥʠʢʘ ʩ ʨʘʟʤʝʨʦʤ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 1.2-2ʤʤ, ʪʘʢʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ 

ʛʨʘʥʫʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʧʨʦʯʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ 

ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʠʟ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɻʠʜʨʠʨʫʶʱʝ-ʜʝʛʠʜʨʠʨʫʶʱʫʶ 

ʬʫʥʢʮʠʶ, ʘ ʪʘʢʞʝ ʚʩʝ ʨʝʘʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʜʨʦʦʯʠʩʪʢʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʶʪ 

ʩʫʣʴʬʠʜʳ MoS2 ʠʣʠ WS2 ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ ʩʫʣʴʬʠʜʦʤ ʥʠʢʝʣʷ, ʘ ʢʨʝʢʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʘʤʦʨʬʥʳʝ ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ.  

ɺ ʨʘʙʦʪʘʭ [41-43] ʫʧʦʤʠʥʘʝʪʩʷ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʷ NiW ʦʙʣʘʜʝʪ ʙʦʣʴʰʝʡ 

ʛʠʜʨʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NiMo,  ʦʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʨʘʙʦʪ ʧʦ ʩʨʘʚʥʝʥʠʶ Mo ʠ W ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʛʠʜʨʦʢʨʝʢʠʥʛʝ ʚʘʢʫʫʤʥʦʛʦ 

ʛʘʟʦʡʣʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ [44], ʛʜʝ ʦʜʥʘʢʦ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʛʠʜʨʠʨʫʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʰʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘʨʷʜʫ ʩ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
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1.4.1 ʉʪʨʫʢʪʫʨʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

Ni-Mo-S ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ  

 

ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʩʫʣʴʬʠʜʥʳʝ CoMo ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʦʜʥʘʢʦ 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠʩʧʦʣʴʟʫʶʪ NiMo ʠ NiW 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ ʛʠʜʨʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ CoMo ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [45]. ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʩʪʨʦʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ NiMo ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉoMo ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ 

ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ CoMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʯʘʩʪʦ ʩʣʫʞʘʪ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ NiMo-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɼʣʷ ʩʪʨʦʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ CoMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʜʝʣʴ ʪ.ʥ. Co-Mo-S ʬʘʟʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʨʦʜʝ 

ʘʢʪʠʚʥʦʡ ʬʘʟʳ Co(Ni)-Mo ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ex-situ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʇʕʄɺʈ), ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ), 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʤʝʪʦʜ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ (ʈʈɸ), EXAFS, ʤʝʩʩʙʘʫʵʨʦʚʩʢʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ Co
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 ʠ ʜʨ. [25, 46-48]. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʘʢʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ 

CoMo ʠ NiMo ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʧʘʢʝʪʳ 

ʄʦS2, ʚ ʙʦʢʦʚʳʭ ʛʨʘʥʷʭ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʘʪʦʤʳ ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ, ʵʪʠ ʯʘʩʪʠʮʳ 

ʬʦʨʤʠʨʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʉʦ(Ni)-ʄʦ-S ʬʘʟʫ. ʇʨʠʯʝʤ ʚʳʜʝʣʷʶʪ ʜʚʘ ʪʠʧʘ ʉʦ(Ni)-ʄʦ-S 

ʬʘʟʳ: ʜʣʷ ʉʦ(Ni)-ʄʦ-S ʬʘʟʳ ʊʠʧʘ I ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʦʩʠʪʝʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ ʄʦ-ʆ-Al, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ, ʜʣʷ ʉʦ(Ni)-ʄʦ-S ʬʘʟʳ ʊʠʧʘ II ʭʘʨʘʢʪʝʨʥʦ ʧʦʣʥʦʝ 

ʩʫʣʴʬʜʠʨʦʚʘʥʠʝ ʠ ʩʚʷʟʴ ʩ ʥʦʩʠʪʝʣʝʤ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ [48-50]. 

ʋʜʝʣʴʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʦʪʥʝʩʝʥʥʘʷ ʢ ʢʦʣʠʯʝʩʪʚʫ ʘʪʦʤʦʚ ʚ ʉʦ(Ni)-ʄʦ-S 

ʬʘʟʝ) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʜʣʷ ʉʦ(Ni)-ʄʦ-S ʬʘʟʳ ʊʠʧʘ II ʯʝʤ ʜʣʷ ʬʘʟʳ ʪʠʧʘ I [51, 52]. 

ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʧʦʤʦʱʠ 

DFT ʤʝʪʦʜʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʘʪʦʤʘʨʥʦʤ ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʘ ʩʫʣʴʬʠʜʦʚ Co(Ni)Mo 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʛʨʘʥʴ (111) ʢʨʠʩʪʘʣʣʘ ʟʦʣʦʪʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʥʝʧʨʦʤʦʪʠʨʦʚʘʥʥʦʛʦ MoS2 ʠʤʝʶʪ ʪʨʠʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʯʘʩʪʠʮʳ, ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ 

ʢʦʙʘʣʴʪʦʤ - ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʘ ʯʘʩʪʠʮʳ, ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ ʥʠʢʝʣʝʤ - ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʨʘʟʤʝʨʘ, ʠʩʢʘʞʝʥʥʫʶ ʪʨʠʛʦʥʘʣʴʥʫʶ (ʪʠʧ ɸ) (ʨʠʩ. 13) ʠʣʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʫʶ (ʪʠʧ 

ɹ) ʬʦʨʤʫ (ʨʠʩ. 14).  



29 

 

 

ʈʠʩ. 13.- (a) ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʠʧʘ A 

 NiïMoïS 

(b) ʤʦʜʝʣʴ ʪʠʧʘ A NiïMoïS.  

(c) ʚʠʜ ʩʙʦʢʫ ʛʨʘʥʠ (1010) MoS2.  

(d) ʚʠʜ ʩʙʦʢʫ ʛʨʘʥʠ (1010) NiïMoïS 

 

ʈʠʩ. 14. - (a) ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʠʧʘ ɹ  

NiïMoïS 

(b) ʤʦʜʝʣʴ ʪʠʧʘ ɹ NiïMoïS.  

(c) ʚʠʜ ʩʙʦʢʫ ʛʨʘʥʠ NiïMoïS(1010), NiïMoïS(1010) ʠ NiïMoïS(1120) ʛʨʘʥʝʡ 

 

NiïMoïS ʯʘʩʪʠʮʳ ʪʠʧʘ ɸ ʠʤʝʶʪ ʜʚʘ ʪʠʧʘ ʛʨʘʥʝʡ: ʦʜʥʘ ʠʟ ʛʨʘʥʝʡ ʥʝ ʩʦʜʝʨʞʠʪ 

ʧʨʦʤʦʪʦʨʘ (Ni) ʠ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʠ (1010) MoS2; ʥʘ ʛʨʘʥʠ (1010) Ni ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʘʝʪ ʚʩʝ ʘʪʦʤʳ Mo, ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʩʝʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 50%. ʀʟʦʙʨʘʞʝʥʠʝ 

ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶɦ ʫʶʩʷ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ NiïMoïS ʩʦʩʪʦʷʥʠʡ. ʆʜʥʦ 

ʠʟ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʦ ʩʦʩʪʦʷʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ CoïMoïS,  ʘ ʜʨʫʛʦʝ ʥʝ 

ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʯʘʩʪʠʮ CoïMoïS ʠʣʠ MoS2.  

ʏʘʩʪʠʮʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʦʡ ʬʦʨʤʳ (ʪʠʧ ɹ) ʩʦʜʝʨʞʠʪ ʪʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʛʨʘʥʝʡ. ʆʜʥʘ ʠʟ ʥʠʭ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠ (1010) NiïMoïS 
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ʯʘʩʪʠʮ ʪʠʧʘ ɸ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘʪʦʤʳ Ni 

ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪ ʘʪʦʤʳ Mo ʥʘ ʛʨʘʥʠ (1010) NiïMoïS ʪʠʧʘ. ʇʦʩʣʝʜʥʠʡ ʪʠʧ ʛʨʘʥʝʡ ʚ Niï

MoïS ʵʪʦ ʚʳʩʦʢʦʠʥʜʝʢʩʥʘʷ ʛʨʘʥʴ (1120). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʦʪʣʠʯʠʷ ʨʘʟʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʧʨʦʤʦʪʦʨʦʚ ʚ Co-Mo-S ʠ Ni-Mo-S ʩʫʣʴʬʠʜʥʳʭ 

ʯʘʩʪʠʮʘʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʙʲʷʩʥʝʥʠʝʤ ʦʪʣʠʯʠʡ ʚ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʄʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʪʝʤʥʦʧʦʣʴʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʭʦʞʝʝ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʨʠ ʧʨʦʤʦʪʠʨʦʚʘʥʠʠ ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʛʨʘʬʠʪ 

MoS2 ʩʫʣʴʬʠʜʦʤ ʥʠʢʝʣʷ [53], (ʨʠʩ. 15).   

 

ʈʠʩ. 15. ʉʥʠʤʢʠ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ A)MoS2/ʛʨʘʬʠʪ ɹ) Ni-Mo-S/ʛʨʘʬʠʪ ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʪʝʤʥʦʧʦʣʴʥʳʤ 

ʠʟʦʙʨʘʞʝʥʠʝʤ, ʨʠʩʫʥʦʢ ʘʜʘʧʪʠʨʦʚʘʥ ʠʟ [53] 

 

ɺʘʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʦʝʚ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ ʯʘʩʪʠʮʝ. ɺ ʨʘʙʦʪʝ [54] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʥʘ MoS2 ʧʦ ʧʨʷʤʦʤʫ ʤʘʨʰʨʫʪʫ ʠʣʠ ʯʝʨʝʟ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ,  ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ ʜʠʩʫʣʴʬʠʜʘ 

ʤʦʣʠʙʜʝʥʘ. ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʙʨʫʯʝʚʦ-ʢʨʘʝʚʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩ. 16), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘ ʮʝʥʪʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʦʙʨʫʯʘʭ, ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʨʝʘʢʮʠʠ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʧʦ ʧʨʷʤʦʤʫ ʤʘʨʰʨʫʪʫ ʠ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ, ʘ ʥʘ ʮʝʥʪʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʨʘʷʭ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʪʦʣʴʢʦ ʨʝʘʢʮʠʠ 

ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʧʦ ʧʨʷʤʦʤʫ ʤʘʨʰʨʫʪʫ.  


























































































































































































