
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʆʍ ʈɸʅ) 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

ɸʅɸʐʂʀʅ 

ʖʨʠʡ ɺʠʢʪʦʨʦʚʠʯ 

 

 

ʉʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʜʠʝʥʦʚ ʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʤʦʜʝʣʴʥʦʛʦ 

ʙʝʥʟʠʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʥʘ ʥʘʥʝʩʝʥʥʳʭ KCo(Ni)Mo(W)S 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

 

 

 

1.4.12 ï ʅʝʬʪʝʭʠʤʠʷ 

1.4.14 ï ʂʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟ 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʜ.ʭ.ʥ. ʅʠʢʫʣʴʰʠʥ ʇ.ɸ. 
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ʉʆʂʈɸʑɽʅʀʗ ʀ ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 

ɹʂʂ ʙʝʥʟʠʥ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

ɺɻ ʚʘʢʫʫʤʥʳʡ ʛʘʟʦʡʣʴ 

ɻʆ ʛʠʜʨʦʦʯʠʩʪʢʘ 

ɸʋɺ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʆʋɺ ʦʣʝʬʠʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

3ʄʊ 3-ʤʝʪʠʣʪʠʦʬʝʥ 

ʇʄɸ ʧʘʨʘʤʦʣʠʙʜʘʪ ʘʤʤʦʥʠʷ 

ʕɼʊɸ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʅʊɸ ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

PW12ɻʇʂ 12-ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʘʷ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘ H3PW12O40 

ʊʊʄʂ ʪʝʪʨʘʪʠʦʤʦʣʠʙʜʘʪ ʢʘʣʠʷ 

ʃʂ ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ 

ɻʇʂ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘ 

ɼʄʌɸ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʄɼʉ ʜʠʤʝʪʠʣʜʠʩʫʣʴʬʠʜ 

ɻɼʉ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ 

ɻʀɼʆ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ 

ɻʀɼɼ ʛʠʜʨʠʨʦʚʘʥʠʝ ʜʠʝʥʦʚ 

ʆʏ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ʂʅʎ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʝ ʮʝʥʪʨʳ 

ʊʇɺ ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʇʕʄ ɺʈ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ  

ʈʌʕʉ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

NH3-ʊʇɼ ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʜʝʩʦʨʙʮʠʷ NH3 

ʀʂ ʠʥʬʨʘʢʨʘʩʥʘʷ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

HAADF-STEM ʤʝʪʦʜ ʢʘʨʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʩʢʘʥʠʨʫʶʱʝʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ  
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STM ʩʢʘʥʠʨʫʶʱʘʷ ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

DFT ʤʝʪʦʜ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ 

ʈʌɸ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʉʊɸ ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

TOF ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ  

Sɻɼʉ/ɻʀɼʆ ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʢ ʢʦʥʩʪʘʥʪʝ 

ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

ὛὊ Ⱦ

ὅ

ὅ
 
ʩʝʣʝʢʪʠʚʥʳʡ ʬʘʢʪʦʨ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʛʝʢʩʝʥʦʚ ʢ 

ʥ-ʛʝʢʩʘʥʫ ʚ ʛʠʜʨʦʛʝʥʠʟʘʪʝ. ɿʥʘʯʝʥʠʝ ὛὊ Ⱦ >1 ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥ-ʛʝʢʩʘʜʠʝʥʘ-1,5 ʧʦ 

ʦʜʥʦʡ ʩʚʷʟʠ ʥʘʜ ʧʦʣʥʳʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ 

(fe/fc)Mo ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʄʦ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʝʙʨʘʭ ʢʨʠʩʪʘʣʣʠʪʘ, ʢ ʢʦʣʠʯʝʩʪʚʫ ʘʪʦʤʦʚ ʄʦ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʛʣʘʭ ʢʨʠʩʪʘʣʣʠʪʘ 

(fe/fc)CoMo ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʉʦʄʦ ʮʝʥʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʝʙʨʘʭ ʢʨʠʩʪʘʣʣʠʪʘ, ʢ ʢʦʣʠʯʝʩʪʚʫ ʉʦʄʦ ʮʝʥʪʨʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʛʣʘʭ ʢʨʠʩʪʘʣʣʠʪʘ 

ɽʄ-ʉ ʵʥʝʨʛʠʷ ʩʚʷʟʠ çʤʝʪʘʣʣ-ʩʝʨʘè 

L  ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʘʢʪʠʚʥʦʡ ʬʘʟʳ 

N  ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʣʦʝʚ 

D ʜʠʩʧʝʨʩʥʦʩʪʴ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʡ ʬʘʟʳ 

CCoMoS ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʦ ʚ CoMoS ʬʘʟʝ 

(Co/Mo)edge ʩʪʝʧʝʥʴ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ ʨʝʙʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ CoMoS2 
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ɺɺɽɼɽʅʀɽ 

 

ʋʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ, ʢʘʩʘʶʱʠʭʩʷ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʝʥʟʠʥʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʟʘʩʪʘʚʣʷʝʪ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʯʠʢʦʚ ʚʩʝʛʦ ʤʠʨʘ ʥʝʧʨʝʨʳʚʥʦ ʫʣʫʯʰʘʪʴ ʩʚʦʡʩʪʚʘ ʤʦʪʦʨʥʳʭ 

ʪʦʧʣʠʚ. ʉ 2016 ʛʦʜʘ ʅʇɿ ʈʦʩʩʠʠ ʧʨʠʩʪʫʧʠʣʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʧʦ 

ʚʳʧʫʩʢʫ ʙʝʥʟʠʥʦʚ ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ çɽʚʨʦ-6è, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʝʨʭʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ 

ʷʚʣ̫ʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʟʘ ʩʯʝʪ ʥʘʨʘʱʠʚʘʥʠʷ 

ʤʦʱʥʦʩʪʝʡ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ. ʇʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʝʥʟʠʥ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ (ɹʂʂ) ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʪʦʚʘʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝʣʴʟʷ, ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʩʝʨʳ ʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʦʣʝʬʠʥʦʚ ʠ ʜʠʝʥʦʚ, ʧʝʨʚʳʝ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʚʪʦʨʳʝ ʩʥʠʞʘʶʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʧʣʠʚ, ʧʦʵʪʦʤʫ ɹʂʂ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʶʪ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʂʣʶʯʝʚʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ çʯʠʩʪʳʭè ʪʦʧʣʠʚ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʛʠʜʨʦʦʯʠʩʪʢʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ Co(Ni)Mo(W)S/Al 2O3 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ʚʳʟʳʚʘʝʪ ʯʨʝʟʤʝʨʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ɻʀɼʆ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʦʢʪʘʥʦʚʦʛʦ 

ʯʠʩʣʘ ʛʠʜʨʦʛʝʥʠʟʘʪʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʠʝʥʳ ʤʦʛʫʪ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ ʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ, ʪʨʫʙʘʭ ʧʝʯʝʡ ʠʣʠ ʨʝʘʢʪʦʨʘʭ ʛʠʜʨʦʦʯʠʩʪʢʠ ʠ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʟʘʢʦʢʩʦʚʳʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ. ʇʦʵʪʦʤʫ 

ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʜʠʝʥʦʚ (ɻʀɼɼ) ʜʦ 

ʦʣʝʬʠʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ɹʂʂ, ʩʦʯʝʪʘʶʱʫʶ ʚ ʩʝʙʝ ʧʨʦʮʝʩʩʳ 
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ʫʜʘʣʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʘʩʪʠʯʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʠʝʥʦʚ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʣʝʬʠʥʦʚ, ʩ ʮʝʣʴʶ 

ʩʦʭʨʘʥʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʣʠʝʤ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ Sɻɼʉ/ɻʀɼʆ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʣʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ (ɻɼʉ), ʩʝʣʝʢʪʠʚʥʦʛʦ ɻʀɼɼ ʠ 

ɻʀɼʆ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʘ ʥʘʥʝʩʝʥʥʳʭ KCo(Ni)Mo(W)S 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʩʪʘʚʘ ʥʦʩʠʪʝʣʷ ʠ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʷʭ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ, ʜʠʝʥʦʚʳʭ ʠ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʥʝʩʝʥʥʳʭ KCo(Ni)Mo(W) ʩʫʣʴʬʠʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʧʘʢʝʪʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʠ ɹʂʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 

ʥʠʟʢʦʩʝʨʥʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʨʝʡ 

ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: 

1. ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ɻɼʉ ʪʠʦʬʝʥʘ ʠ 

ɻʀɼʆ ʥ-ʛʝʢʩʝʥʘ-1, ɻʀɼɼ ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ɻʀɼʆ ʥ-ʛʝʧʪʝʥʘ-1 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʝʩʸʥʥʳʭ KCo(Ni)Mo(W)S ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ KCo(Ni)Mo(W)S 

ʘʢʪʠʚʥʦʡ ʬʘʟʳ, ʝʝ ʩʪʨʦʝʥʠʷ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʝʢʫʨʩʦʨʦʚ 

ʩʫʣʴʬʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Mo/W - H3PW12O40 (PW12ɻʇʂ), 
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H3PMo12O40 (PMo12ɻʇʂ), ʪʝʪʨʘʪʠʦʤʦʣʠʙʜʘʪ ʢʘʣʠʷ K2MoS4 (ʊʊʄʂ); 

Co/Ni ï ʢʘʨʙʦʥʘʪʳ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʢʦʙʘʣʴʪʘ 

Co(acac)2), ʩʧʦʩʦʙʘ ʠʭ ʩʠʥʪʝʟʘ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʦʩʠʪʝʣʷ (Al 2O3, SiO2, 

TiO2, ZrO2) ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʶ ʘʢʪʠʚʥʦʡ 

KCoMoS ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʛʠʜʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ 

ʤʦʜʝʣʴʥʦʛʦ ɹʂʂ, ʩʦʜʝʨʞʘʱʝʛʦ ʪʠʦʬʝʥ ʠ ʥ-ʛʝʢʩʝʥ-1.  

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ, ʧʨʠʤʝʥʝʥʠʷ H3PW12O40 ʠ 

K2MoS4 ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʩʫʣʴʬʠʜʥʦʡ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʠ ʪʠʧʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʦʩʠʪʝʣʷ (Al2O3, SiO2, TiO2, ZrO2) ʥʘ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʡ 

ʬʘʟʳ KCo(Ni)Mo(W)S ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʩʦʚʤʝʩʪʥʦ-ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʷʭ ɻɼʉ ʪʠʦʬʝʥʘ ʠ ɻʀɼʆ ʥ-ʛʝʢʩʝʥʘ-1; ɻʀɼɼ ʥ-

ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ɻʀɼʆ ʥ-ʛʝʧʪʝʥʘ-1. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʦʩʠʪʝʣʷ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʠʝʥʦʚ, ʪʘʢ ʠ ʚ 

ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʤʝʩʠ ʪʠʦʬʝʥʘ ʠ ʥ-ʛʝʢʩʝʥʘ-1 ʜʣʷ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ KCoMoS 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ KCoMoS ʦʙʨʘʟʝʮ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ SiO2, ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʝʡ ɻɼʉ/ɻʀɼʆ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʘ ʢʘʪʘʣʠʟʘʪʦʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ TiO2, ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʥʝʧʦʣʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ 

ʜʠʝʥʦʚ. 

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

K2MoS4 ʠ Co(acac)2, ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʝʣʝʢʪʠʚʥʦʤ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʠʝʥʦʚ, ʯʝʤ ʢʘʣʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

H3PMo12O40 ʠ ʮʠʪʨʘʪʘ Co. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 

ʨʘʙʦʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʫʣʴʬʠʜʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 
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ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʠʝʥʦʚ ʠ ʩʝʣʝʢʪʠʚʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʠ ɹʂʂ. 

ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ɹʂʂ. ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚ ʠ 

ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʠʟʢʦʩʝʨʥʠʩʪʦʛʦ ʩʳʨʴʷ 

ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʣʝʬʠʥʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʠʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ɹʂʂ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʠ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʢʦʙʘʣʴʪʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ K2MoS4 ʠ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʢʦʙʘʣʴʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʠ ʩʝʨʥʠʩʪʦʛʦ ʠ ʦʣʝʬʠʥ-

ʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʠ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʭʠʤʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʧʦʩʦʙʘ 

ʩʠʥʪʝʟʘ, ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʡ KCoMoS ʬʘʟʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʣʴʬʠʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʠ ʦʣʝʬʠʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʚ ʦʢʩʠʜʥʦʤ ʠʣʠ ʩʫʣʴʬʠʜʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʠʩʩʣʝʜʦʚʘʣʠ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʜʩʦʨʙʮʠʷ ʘʟʦʪʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (ʊʇɺ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ çʤʝʪʘʣʣ-ʩʝʨʘè; 

ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʇʕʄ ɺʈ) 

ʜʣʷ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʡ ʬʘʟʳ; 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʘʣʣʦʚ, 

ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʜʝʩʦʨʙʮʠʷ NH3 (NH3-ʊʇɼ), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʠʩʣʦʪʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʀʂ) ʠ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʨʝʢʫʨʩʦʨʦʚ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʝʩʝʥʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʩʦʚʤʝʩʪʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʷʭ 

ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʤʦʜʝʣʴʥʳʭ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ɻɼʉ ʪʠʦʬʝʥʘ, ɻʀɼʆ 

ʆʋɺ ʠ ɻʀɼɼ ʜʠʝʥʦʚ ʚ ʧʨʦʪʦʯʥʦʡ ʫʩʪʘʥʦʚʢʝ c ʤʠʢʨʦʨʝʘʢʪʦʨʦʤ.  

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

 

1. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʢʘʣʠʝʤ Co(Ni)W/Al2O3 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ 

ʨʝʘʢʮʠʷʭ ɻɼʉ ʪʠʦʬʝʥʘ ʠ ɻʀɼʆ ʥ-ʛʝʢʩʝʥʘ-1. 

2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʂCoMoS/Sup (ʛʜʝ Sup ï ʵʪʦ ʥʦʩʠʪʝʣʴ, ʦʜʠʥ ʠʟ Al2O3, SiO2, TiO2, ZrO2) 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʩʦʚʤʝʩʪʥʦʡ 

ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʤʝʩʠ ʪʠʦʬʝʥʘ ʠ ʥ-ʛʝʢʩʝʥʘ-1 ʠ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʥ-

ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ʥ-ʛʝʧʪʝʥʘ-1. 

3. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (Co0.5)-K2MoS/SiO2 ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʘ ʪʘʢʞʝ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ɻɼʉ ʪʠʦʬʝʥʘ, ɻʀɼʆ ʥ-ʛʝʢʩʝʥʘ-

1 ʠ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʥ-ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ʥ-ʛʝʧʪʝʥʘ-1. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʜʝʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʨʨʝʢʪʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʰʠʨʦʢʦʡ ʘʧʨʦʙʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʝʨʘʙʦʪʢʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷè (ʃʝʚʠʥʪʝʨʩʢʠʝ ʯʪʝʥʠʷ) (ʈʦʩʩʠʷ, ʉʘʤʘʨʘ, 2016), X 
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ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʭʘʥʠʟʤʳ ʂʘʪʘʣʠʪʠʯʝʩʢʠʭ ʈʝʘʢʮʠʡè (ʈʦʩʩʠʷ, 

ʉʚʝʪʣʦʛʦʨʩʢ, 2016), XX ʄʝʥʜʝʣʝʝʚʩʢʦʤ ʩʲʝʟʜʝ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

(ʈʦʩʩʠʷ, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), II ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʘʜʩʦʨʙʮʠʠ ʠ ʢʘʪʘʣʠʟʘè (ʈʦʩʩʠʷ, ʇʣʝʩ, 2017), XIII  

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʝʚʨʦʧʝʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʧʦ ʢʘʪʘʣʠʟʫ çɽʚʨʦʧʘʂʘʪè (ʀʪʘʣʠʷ, 

ʌʣʦʨʝʥʮʠʷ, 2017), VIII  ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʠʥʥʦʚʘʮʠʠ ʚ 

ʭʠʤʠʠ: ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳè (ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, 2017), VIII ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʈʦʩʩʠʡʩʢʦʛʦ ʍʠʤʠʯʝʩʢʦʛʦ ʆʙʱʝʩʪʚʘ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ 

(ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, 2017), III ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʜʩʦʨʙʝʥʪʦʚè 

(ʈʦʩʩʠʷ, ʀʚʘʥʦʚʦ, 2018), II  ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦ ʛʝʪʝʨʦʛʝʥʥʦʤ 

ʢʘʪʘʣʠʟʫ: ʜʚʠʛʘʪʝʣʶ ʵʢʦʥʦʤʠʢʠ (ɹʦʣʛʘʨʠʷ, ʉʦʬʠʷ, 2018), XII ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʥʝʬʪʝʭʠʤʠʠ (ʈʦʩʩʠʷ, ɿʚʝʥʠʛʦʨʦʜ, 2019), 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ ʘʩʧʝʢʪʘʤ ʢʘʪʘʣʠʟʘ ʩʫʣʴʬʠʜʘʤʠ 

çMACS-VIIIè (ʌʨʘʥʮʠʷ, ʂʘʙʫʨ, 2019). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

 

ɼʠʩʩʝʨʪʘʥʪ ʣʠʯʥʦ ʚʳʧʦʣʥʷʣ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʩʠʥʪʝʟʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ; 

ʦʧʨʝʜʝʣʷʣ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʦʙʨʘʙʘʪʳʚʘʣ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; 

ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʥʘʫʯʥʳʤ 

ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʧʨʦʚʦʜʠʣ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʭ ʦʙʦʙʱʝʥʠʝ ʠ 

ʧʦʜʛʦʪʦʚʢʫ ʧʫʙʣʠʢʘʮʠʡ. 

 

ʇʫʙʣʠʢʘʮʠʠ 

 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 4 ʩʪʘʪʴʠ (ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ 

ɺɸʂ) ʠ 15 ʪʝʟʠʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʦʣʫʯʝʥʦ 2 ʧʘʪʝʥʪʘ 

ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ.  
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ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

 

ɺʦ ʚʚʝʜʝʥʠʠ ʨʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʤʝʩʪʦ ʠ ʟʥʘʯʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ɹʂʂ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ, ʦʙʦʩʥʦʚʘʥʳ 

ʟʘʜʘʯʠ ʨʘʙʦʪʳ ʠ ʝʝ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʚʷʱʝʥʥʳʡ ʩʦʩʪʘʚʫ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ɹʂʂ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʦʪʢʠ ɹʂʂ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʦʣʝʬʠʥʦʚ ʠ ʜʠʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɹʂʂ, ʥʘ Co(Ni)Mo(W) ʩʫʣʴʬʠʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʠ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʫʣʴʬʠʜʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʣʠʝʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʳʰʝʥʠʷ 

ɻɼʉ/ɻʀɼʆ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʡ ʬʘʟʳ KCo(Ni)Mo(W) ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʩʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʠʝʤʘʤ ʫʚʝʣʠʯʝʥʠʷ ɻɼʉ ʘʢʪʠʚʥʦʩʪʠ ʠ ɻɼʉ/ɻʀɼʆ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʫʣʴʬʠʜʥʦʡ ʬʘʟʳ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ.  

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʠ ʤʝʪʦʜʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʨʘʟʜʝʣʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʣʠʝʤ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ (K)-Co(Ni)-W/Al2O3 ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

H3PMo12O40, ʚ ʛʠʜʨʦʦʯʠʩʪʢʝ ʤʦʜʝʣʴʥʦʛʦ ɹʂʂ, ʩʦʜʝʨʞʘʱʝʛʦ ʪʠʦʬʝʥ ʠ ʥ-ʛʝʢʩʝʥ-1. 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʩʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʨʘʟʜʝʣʝ 3.2 ʧʦʢʘʟʘʥʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʂ)-W/Al 2O3 ʠ (ʂ)-ʉʦ(Ni)-W/ɸl2ʆ3 ʚ ʛʠʜʨʦʦʯʠʩʪʢʝ 

ʤʦʜʝʣʴʥʦʛʦ ɹʂʂ, ʩʦʜʝʨʞʘʱʝʛʦ ʪʠʦʬʝʥ ʠ ʥ-ʛʝʢʩʝʥ-1 ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 



 

13 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʨʘʟʜʝʣʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʝʩʝʥʥʳʭ KCoMoS ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʚ ʩʦʚʤʝʩʪʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʤʝʩʠ ʪʠʦʬʝʥʘ ʠ ʥ-ʛʝʢʩʝʥʘ-1 ʠ ʩʝʣʝʢʪʠʚʥʦʤ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʥ-ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ʥ-ʛʝʧʪʝʥʘ-1. ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ 

ʩʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʝʩʝʥʥʳʭ KCoMoS ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʦʚʤʝʩʪʥʦʡ 

ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʤʝʩʠ ʪʠʦʬʝʥʘ ʠ ʛʝʢʩʝʥʘ-1. ɺ ʨʘʟʜʝʣʝ 4.2 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʝʩʝʥʥʳʭ KCoMoS 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ʥ-ʛʝʧʪʝʥʘ-1. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʨʘʟʜʝʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʨʠʷ (Co0.5)-K2MoS4/SiO2 ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʢʫʨʩʦʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ 

ʢʘʢ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ï ʤʦʣʠʙʜʝʥʘ, ʪʘʢ ʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ï ʢʘʣʠʷ. ɺ ʧʝʨʚʦʤ 

ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʩʦʩʪʘʚʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʠ ʪʠʧʘ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʝʢʫʨʩʦʨʦʚ (Co0.5)-K2MoS/SiO2 ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʤʦʜʝʣʴʥʳʭ 

ʨʝʘʢʮʠʷʭ ɻʀɼ ʥ-ʛʝʢʩʝʥʘ-1 ʠ ɻɼʉ ʪʠʦʬʝʥʘ. ɺ ʨʘʟʜʝʣʝ 5.2 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʠ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʘʥʝʩʝʥʥʳʭ KCoMoS ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʩʤʝʩʠ 

ʛʝʢʩʘʜʠʝʥʘ-1,5 ʠ ʥ-ʛʝʧʪʝʥʘ-1. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ.  
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

1.1 ʇʦʣʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʙʝʥʟʠʥʦʚ: ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ 

ʤʠʨʦʚʦʡ ʦʧʳʪ, ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

 

ʇʦ ʜʘʥʥʳʤ ʘʛʝʥʪʩʪʚʘ çɸʚʪʦʩʪʘʪè ʤʠʨʦʚʦʡ ʧʘʨʢ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʠʟʙʝʞʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʚ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ 

[1]. ɼʘʥʥʳʡ ʬʘʢʪ ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 2019 ʛʦʜʫ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʅʇɿ 

ʧʦʩʪʘʚʠʣʠ ʥʘ ʨʳʥʦʢ 40,2 ʤʣʥ.ʪ ʙʝʥʟʠʥʘ, ʯʪʦ ʥʘ 10% ʙʦʣʴʰʝ, ʯʝʤ ʚ 2011 ʛ. ʇʨʠ 

ʵʪʦʤ 97,5% ʚʩʝʛʦ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʚ 2019 ʛ. ʙʝʥʟʠʥʘ ʧʨʠʰʣʦʩʴ ʥʘ ʪʦʧʣʠʚʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʂ5 (ʨʠʩʫʥʦʢ 1.1). 

 

 

ʈʠʩʫʥʦʢ 1.1 - ɸʩʩʦʨʪʠʤʝʥʪ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʅʇɿ 

ʙʝʥʟʠʥʘ ʚ 2019 ʛʦʜʫ, ʤʣʥ.ʪ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [2]. 

 

ʇʦʩʣʝʜʥʠʝ 15 ʣʝʪ [3,4] ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʥʜ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ 

ʯʠʩʣʘ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ, ʣʠʰʴ ʚ 2019 ʛʦʜʫ ʚʧʝʨʚʳʝ ʟʘ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ 

ʧʨʦʠʟʦʰʣʦ ʨʦʩʪʘ ʩʨʝʜʥʝʛʦ ʆʏ. ɼʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

25.5

13.4

0.89
0.17

0.24

ɸʩʩʦʨʪʠʤʝʥʪ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʅʇɿ ʙʝʥʟʠʥʘ ʚ 2019 ʛʦʜʫ, ʤʣʥ.ʪ
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ʫʤʝʥʴʰʝʥʠʝʤ ʚʳʨʘʙʦʪʢʠ ʥʠʟʢʦʦʢʪʘʥʦʚʳʭ ʙʝʥʟʠʥʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ɸʀ-92 ʠ ɸʀ-95 ʚ ʙʝʥʟʠʥʦʚʦʤ ʧʫʣʝ (ʨʠʩʫʥʦʢ 1.2). 

 

  

ʈʠʩʫʥʦʢ 1.2 ï ʇʨʦʠʟʚʦʜʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʝʥʟʠʥʘ ʚ ʈʦʩʩʠʠ, ʪʳʩ.ʪ [3]. 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʦʧʣʠʚ ʚ ʈʦʩʩʠʠ ʥʝʠʟʙʝʞʥʦ ʩʚʷʟʘʥʳ ʩ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʚ ʨʘʤʢʘʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘ [4ï

7]. ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʙʝʥʟʠʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʘʤ ɽʚʨʦ-5 ʠ ʚʳʰʝ, 

ʦʨʛʘʥʠʟʘʮʠʷ çʙʝʟʤʘʟʫʪʥʦʛʦè ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʠ.  

ɻʣʫʙʠʥʘ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʧʝʨʠʦʜ ʩ 2014-ʛʦ ʧʦ 2018 ʛʦʜ ʚʳʨʦʩʣʘ ʧʦʯʪʠ ʥʘ 

15% ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 83,4% [4]. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʥʫʪ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ ʠ ʛʫʜʨʦʥʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ, ʢʘʢ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʩ ʀʆʏ å 92 ʧ. ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʢʦʤ 
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ʪʘʢʠʭ ʙʝʥʟʠʥʦʚ ̫ ʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʜʦ 90% 

ʩʝʨʳ ʚ ʢʦʥʝʯʥʦʤ ʪʦʚʘʨʥʦʤ ʪʦʧʣʠʚʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʝʥʟʠʥ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʨʝʢʠʥʛʘ. ʇʨʠ ʵʪʦʤ ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʚʘʨʥʦʤʫ ʙʝʥʟʠʥʫ 

ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʩʝʨʳ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʤʝʥʝʝ 10 ʤʛ/ʢʛ, ʧʦʵʪʦʤʫ ɹʂʂ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʨʛʘʪʴ ʦʯʠʩʪʢʝ.  

ʂ ʧʨʦʮʝʩʩʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ ʪʘʢʞʝ 

ʦʪʥʦʩʷʪʩʷ ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʠʟʦʤʝʨʠʟʘʮʠʷ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʠʬʦʨʤʠʥʛ. 

ʇʨʦʮʝʩʩ ʠʟʦʤʝʨʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʬʨʘʢʮʠʡ 

ʅʂ-62(85) Áʉ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʥʠʟʢʦʦʢʪʘʥʦʚʳʝ ʣʠʥʝʡʥʳʝ ʧʘʨʘʬʠʥʦʚʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜ r ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ. ʇʨʦʮʝʩʩ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʪʦʚʘʨʥʦʛʦ 

ʙʝʥʟʠʥʘ ʩ ʀʆʏ ʙʦʣʝʝ 96 ʧ. ʠʟ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ. 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʦʨʤʠʨʫʝʤʳʭ ʚ ʧʨʠʥʷʪʦʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ ʊʝʭʥʠʯʝʩʢʦʤ ʨʝʛʣʘʤʝʥʪʝ "ʆ ʪʨʝʙʦʚʘʥʠʷʭ ʢ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤʫ ʠ ʘʚʠʘʮʠʦʥʥʦʤʫ ʙʝʥʟʠʥʫ, ʜʠʟʝʣʴʥʦʤʫ ʠ ʩʫʜʦʚʦʤʫ ʪʦʧʣʠʚʫ, 

ʪʦʧʣʠʚʫ ʜʣʷ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʪʦʧʦʯʥʦʤʫ ʤʘʟʫʪʫ" ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

(ɸʋɺ) ʠ ʦʣʝʬʠʥʦʚʳʭ (ʆʋɺ) ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʜʥʘʢʦ, ʤʘʣʦʪʦʥʥʘʞʥʦʩʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ 

ʧʨʦʜʫʢʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʨʝʜʥʝʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʠʟʦʤʝʨʠʟʘʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʅʇɿ, 

ʩʦʩʪʘʚʣʷʝʪ 87,4 ʧʫʥʢʪʘ (ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʤʝʪʦʜʫ) [8], ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʪʦʧʣʠʚʘ. 

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʧʨʦʠʟʚʦʜʠʤʦʤ ʚ ʈʦʩʩʠʠ ʪʦʚʘʨʥʦʤ ʙʝʥʟʠʥʝ 

ʷʚʣʷʝʪʩʷ ʨʠʬʦʨʤʘʪ (ʨʠʩʫʥʦʢ 1.3). ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʨʠʬʦʨʤʠʥʛʘ ʩʦʩʪʦʠʪ ʚ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʜʦ 65%), ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʆʏ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʥʦʨʤʠʨʫʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ɸʋɺ ʚ ʪʦʚʘʨʥʦʤ ʥʝʬʪʝʧʨʦʜʫʢʪʝ (ʩʦʜʝʨʞʘʥʠʝ ɸʋɺ ï ʜʦ 35%, ʙʝʥʟʦʣʘ ï ʜʦ 1%), 
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ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʠʬʦʨʤʘʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʪʦʚʘʨʥʦʛʦ ʪʦʧʣʠʚʘ. 

 

 

ʈʠʩʫʥʦʢ 1.3 - ʉʦʩʪʘʚ ʙʝʥʟʠʥʦʚʦʛʦ ʬʦʥʜʘ ʈʌ ʥʘ 2016 ʛʦʜ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [9].  

 

ʄʘʣʦʪʦʥʥʘʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʥʠʟʢʦʝ 

ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʠʟʦʤʝʨʠʟʘʪʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʠʬʦʨʤʘʪʘ 

ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʥʟʠʥʦʚʦʛʦ ʬʦʥʜʘ, ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʪʦʨʦʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ɹʂʂ ʚ ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʚʳʨʘʙʦʪʢʠ 

ʥʘ ʅʇɿ. ʇʨʠ ʵʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʠʤʝʶʱʠʭʩʷ 

ʤʦʱʥʦʩʪʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɹʂʂ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʩʥʦʚ ʜʣʷ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʈʌ, ʘ ʝʛʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʧʝʨʝʜ ʩʤʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ. 

  

24%

3%

20%

2%

51%

ʉʦʩʪʘʚ ʙʝʥʟʠʥʦʚʦʛʦ ʬʦʥʜʘ ʈʌ ʥʘ 

2016 ʛʦʜ 

ɹʂʂ

ɸʣʢʠʣʘʪ

ʀʟʦʤʝʨʠʟʘʪ

ʕʪʘʥʦʣ ʠ ʵʬʠʨʳ

ʈʠʬʦʨʤʘʪ
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1.2 ɹʝʥʟʠʥ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ 

 

1.2.1 ʉʦʩʪʘʚ ɹʂʂ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ɹʂʂ ʦʙʫʩʣʘʚʣʠʚʘʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʭ 

ʩʣʦʞʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʊʘʢʠʝ ʬʨʘʢʮʠʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʙʦʛʘʪʳ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ.  

ʉʦʩʪʘʚ ɹʂʂ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʳʨʴʷ ʠ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. ʊʘʢ, 

ʥʘʣʠʯʠʝ ʙʣʦʢʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ (ɻʆ ɺɻ) ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦ ʟʥʘʯʝʥʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ ʜʝʩʷʪʢʦʚ ppm, ʧʨʠ 

ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʜʝʩʷʪʳʭ 

ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʠ ʙʦʣʴʰʝ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʥʠʟʢʦʩʝʨʥʠʩʪʦʛʦ (50-200 ppm) ʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ (400-

2000 ppm) ɹʂʂ ʪʨʝʙʫʝʪ ʨʘʟʥʳʭ ʧʦʜʭʦʜʦʚ, ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ [10]. ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 90,6 ʜʦ 94 ʧʫʥʢʪʦʚ (ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʤʝʪʦʜʫ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʨʫʧʧʦʚʳʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ɹʂʂ. ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʘʢʠʭ ʬʨʘʢʮʠʷʭ ʠʟʦ-ʘʣʢʘʥʦʚ, 

ɸʋɺ ʠ ʆʋɺ (ʊʘʙʣʠʮʘ 1.1). 

ʆʩʥʦʚʥʳʤʠ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʤʝʨʢʘʧʪʘʥʳ, 

ʩʫʣʴʬʠʜʳ, ʪʠʦʬʝʥ ʠ  ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʠʦʬʝʥʦʣ ʠ ʙʝʥʟʦʪʠʦʬʝʥ [11ï13]. 

ɸʥʘʣʠʟʠʨʫʷ ʵʢʩʪʨʘʢʪ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ɹʂʂ ʤʝʪʦʜʘʤʠ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʭʝʤʠʣʶʤʠʥʠʩʮʝʥʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, Miki  ʩ ʩʦʘʚʪ. [14] ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 77% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʨʳ ʩʦʩʪʘʚʣʷʝʪ ʪʠʦʬʝʥʦʚʘʷ ʩʝʨʘ, ʘ ʦʢʦʣʦ 15 % - ʤʝʨʢʘʧʪʘʥʦʚʘʷ ʠ ʩʫʣʴʬʠʜʥʘʷ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚʥʦʩʷʪ ʙʝʥʟʦʪʠʦʬʝʥ 

(25%), ʪʠʦʬʝʥ (9,5%) ʠ ʝʛʦ ʤʝʪʠʣ- ʠ ʜʠʤʝʪʠʣʧʨʦʠʟʚʦʜʥʳʝ (ʩʫʤʤʘʨʥʦ 25%), ʩʨʝʜʠ 

ʤʝʨʢʘʧʪʘʥʦʚ ï ɻ ʪʠʣʤʝʨʢʘʧʪʘʥ (6,6%) ʠ 2-ʧʨʦʧʠʣʤʝʨʢʘʧʪʘʥ (4%).  
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ʊʘʙʣʠʮʘ 1.1- ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʚ ɹʂʂ. 

ʉʚʦʡʩʪʚʘ ɹʂʂ [14] ʃʝʛʢʘʷ 

ʯʘʩʪʴ 

ɹʂʂ [15] 

ʊʷʞʝʣʘʷ 

ʯʘʩʪʴ 

ɹʂʂ [15] 

[16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [25] [25] 

ʅʘʣʠʯʠʝ ʙʣʦʢʘ ɻʆ ɺɻ ʜʘ - - ʜʘ - ʥʝʪ - - ʥʝʪ ʜʘ - - ʥʝʪ 

ʜʘ, ʚ 

ʞʝʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ 

ʜʘ, ʚ 

ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, Áʉ 

ʅʂ 

10% 

50% 

90% 

ʂʂ 

37 

54 

97 

165 

197 

35 

 

 

 

65 

65 

 

 

 

207 

36 

54 

92 

180 

205 

- 38 

88 

128 

156 

173 

31 

46 

106 

189 

212 

36 

51 

100 

182 

203 

 46 

73 

121 

184 

205 

- 47 

62 

82 

117 

- 

37 

53 

91 

170 

205 

35 

53 

90 

167 

198 

36 

54 

94 

173 

199 

ʀʆʏ - - - 93.4 91.7 90.6 - 94.0  90.8 91.3 - 93.1 93.4 93.5 

ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ, % ʤʘʩ 

ʥ-ʘʣʢʘʥʳ 4.9 6.8 1.4 4.0 4.6 4.0 5.1 4.1 
36.4 

4 6.6 

33.2 

3.8 3.9 4.0 

ʠʟʦ-ʘʣʢʘʥʳ 33.7 37.5 8.8 31.8 34.2 41.5 28.1 27.7 31.8 33.7 22.4 27 26.4 

ʅʘʬʪʝʥʳ 9.6 9 1.9 7.6 5.9 8.5 8.5 7.6 8.3 8.1 8.0 7.9 7.5 8.6 

ʆʋɺ 24.7 28.2 3.3 24.9 40.1 30.8 30.8 25.5 40.8 24.9 29.5 61.9 23.1 23.1 28.1 

ɼʠʝʥʳ - - -  - - - - 0.15 - - 4.9 - - - 

ɸʋɺ 27.1 18.5 84.6 31.7 15.2 15.2 27.5 31.4 14.5 31.2 23.5 4.9 32.2 31.7 27.0 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ppm 153 - - 66 174 901 - 190-410 872 66 660 328 1600 16 176 
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ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ɹʂʂ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʳʨʴʷ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ [26ï29], ʦʜʥʘʢʦ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ (ʨʠʩʫʥʦʢ 1.4). 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʢʠʧʝʥʠʷ 

ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ɹʂʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [14,30]. 

 

ɹʂʂ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʛʘʟʦʡʣʷ, ʩʦʜʝʨʞʘʪ ʢʘʢ ʧʨʘʚʠʣʦ ʤʝʥʝʝ 200 ppm 

ʩʝʨʳ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʩʳʨʴʷ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɹʂʂ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (> 900 ppm). 

ʅʘʨʘʚʥʝ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʪʦʨʦʡ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ɹʂʂ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʦʣʝʬʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʦʣʝʬʠʥʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʨʝʢʠʥʛʝ, ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʝʢʠʥʛʘ 

ʢʘʨʙʝʥʠʝʚʳʭ ʠʦʥʦʚ. ɹʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʢʘʨʙʢʘʪʠʦʥʳ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʛʨʘʮʠʠ ʛʠʜʨʠʜ-ʠʦʥʘ ʧʦ ʫʛʣʝʨʦʜʥʦʤʫ ʩʢʝʣʝʪʫ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʨʝʢʠʥʛ ʘʣʢʘʥʦʚ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʚ ɓ-
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ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʟʘʨʷʞʝʥʥʦʤʫ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ʇʨʦʪʝʢʘʥʠʶ ʵʪʦ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʧʨʝʜʰʝʩʪʚʫʶʪ ʨʝʘʢʮʠʠ ʠʟʦʤʝʨʠʟʘʮʠʠ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʝʨʚʠʯʥʳʡ ʢʘʨʙʢʘʪʠʦʥ ʠ Ŭ-ʦʣʝʬʠʥʦʚʳʡ ʫʛʣʝʚʦʜʦʨʦʜ ʷʚʣʷʶʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ: ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʪʦʨʠʯʥʦʛʦ ʠʣʠ ʪʨʝʪʠʯʥʦʛʦ ʢʘʨʙʢʘʪʠʦʥʘ [31] ʠ ʧʝʨʝʥʦʩ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚʛʣʫʙʴ 

ʤʦʣʝʢʫʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʦʣʝʬʠʥʘ 

(ʨʠʩʫʥʦʢ 15) [11,32,33]. 

 

ʈʠʩʫʥʦʢ 1.5 ï ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ. 

 

ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʣʢʝʥʦʚ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ɹʂʂ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢ (23 ï 61 % ʤʘʩ.) [17,29,34]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɹʂʂ [15], ʩʦʜʝʨʞʘʱʝʛʦ 31,5 

% ʤʘʩ. ʦʣʝʬʠʥʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʝʛʢʦʡ ʠ 

ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.6. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʦʣʝʬʠʥʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʣʝʛʢʦʡ ʯʘʩʪʠ ɹʂʂ ʠ ʠʤʝʝʪ 4-8 ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʠʟ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ ʧʝʥʪʝʥʳ 

(40 % ʤʘʩ.) ʠ ʛʝʢʩʝʥʳ (27 % ʤʘʩ.). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʣʝʬʠʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 7 ʠ ʙʦʣʝʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 % ʤʘʩ.  

ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʝʨʥʠʩʪʳʭ ʠ ʆʋɺ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠʥʪʝʨʚʘʣʘʭ ʚʳʢʠʧʘʥʠʷ ɹʂʂ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʭ ʨʘʟʜʝʣʴʥʦʛʦ 
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ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʩʦʭʨʘʥʝʥʠʷ ʆʏ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʫʜʘʣʝʥʠʷ ʩʝʨʳ. 

 

ʈʠʩʫʥʦʢ 1.6 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʣʝʬʠʥʦʚ ʧʦ ʯʠʩʣʫ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʣʝʛʢʦʡ ʠ ʪʷʞʸʣʦʡ ʬʨʘʢʮʠʷʭ ɹʂʂ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [15,35]. 

 

ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʢʨʝʢʠʥʛʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʦʣʝʬʠʥʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʝʥʦʚʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ (ʨʠʩʫʥʦʢ 1.7), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ɹʂʂ 

ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʠʭ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ.  

 

ʈʠʩʫʥʦʢ 1.7 ï ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʝʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʂʂ. 

 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [24,36ï41], ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʥʠʝ ʜʠʝʥʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʜʦ 6 %. ɼʠʦʣʝʬʠʥʳ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
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ʚʳʩʦʢʠʤ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʢʣʦʥʥʳ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [37], ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 

ñʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜò. ʅʘʣʠʯʠʝ ʜʠʝʥʦʚ ʚ ʩʦʩʪʘʚʝ ɹʂʂ ʪʨʝʙʫʝʪ ʝʛʦ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʦʡ, ʪʘʢ ʢʘʢ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʩʢʦʨʝʥʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʶ ʠʭ ʤʝʞʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʦʯʠʩʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ɹʂʂ ʠ 

ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʮʝʩʩʘ. ʃʸʛʢʦʩʪʴ ʫʜʘʣʝʥʠʷ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʙʝʥʟʠʥʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

 

ʤʝʨʢʘʧʪʘʥʳ > ʜʠʩʫʣʴʬʠʜʳ > ʩʫʣʴʬʠʜʳ > ʪʠʦʬʝʥʳ > ʙʝʥʟʦʪʠʦʬʝʥʳ [42]. 

 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦʫʜʘʣʷʝʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ɹʂʂ ʷʚʣʷʶʪʩʷ 

ʙʝʥʟʦʪʠʦʬʝʥʳ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɻɼʉ = 50), ʥʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ C-S-C ʚʳʰʝ ʚ ʪʠʦʬʝʥʝ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɻɼʉ = 100), 

ʠʤʝʥʥʦ ʛʠʜʨʦʛʝʥʦʣʠʟ ʪʠʦʬʝʥʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʦʜʝʣʴʥʘʷ 

ʨʝʘʢʮʠʷ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ [43,44]. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʤʝʭʘʥʠʟʤʝ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʪʠʦʬʝʥʘ. Topsoe ʩ ʩʦʘʚʪ. [43] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠ ʠʤʝʶʱʠʝʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʘʭ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʪʠʦʬʝʥʘ (ʨʠʩʫʥʦʢ 1.8) 

 

ʈʠʩʫʥʦʢ 1.8 - ɺʦʟʤʦʞʥʳʝ ʤʘʨʰʨʫʪʳ ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʪʠʦʬʝʥʘ [43]. 
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ɻʠʜʨʠʨʦʚʘʥʠʝ ʆʋɺ ʥʘ ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ 

ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʤʝʩʪʝ ʩ ʪʠʦʬʝʥʦʤ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʩʪʘʜʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʫʪʝʥʦʚ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ [33], 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʨʝʘʢʮʠʷʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʯʠʩʪʢʠ: 

1. ʠʟʦʤʝʨʠʟʘʮʠʷ ʦʣʝʬʠʥʦʚ ʧʨʦʪʝʢʘʝʪ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ, ʧʨʠ 

ʵʪʦʤ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʝ ʥʘʩʳʱʘʶʪʩʷ ʙʳʩʪʨʝʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ. 

2. ʪʨʘʥʩ-ʠʟʦʤʝʨʳ ʤʝʥʝʝ ʩʢʣʦʥʥʳ ʢ ʛʠʜʨʠʨʦʚʘʥʠʶ, ʯʝʤ ʮʠʩ-ʠʟʦʤʝʨʳ, 

ʯʪʦ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ. 

3. ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʩʥʠʞʘʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʦʣʝʬʠʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʦʣʝʬʠʥʦʚ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ɹʂʂ, ʷʚʣʷʶʪʩʷ ʛʠʜʨʠʨʦʚʘʥʠʝ ʠ 

ʠʟʦʤʝʨʠʟʘʮʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʛʨʠʨʦʚʘʥʠʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚʛʣʫʙʴ 

ʤʦʣʝʢʫʣʳ (ʠʟʦʤʝʨʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ) ʷʚʣʷʝʪʩʷ ʞʝʣʘʪʝʣʴʥʦʡ 

ʨʝʘʢʮʠʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ [45]. 

Hubaut et al. [46] ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ Okuhara et al. 

[47], ʧʦ ʛʣʫʙʠʥʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ/ʜʠʝʥʦʚ ʥʘ MoS2/ɔ-Al2O3 

ʢʘʪʘʣʠʟʘʪʦʨʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʛʦ H2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʠʟʦʧʨʝʥʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ÁC, ʜʘʚʣʝʥʠʠ H2 

101,3 ʢʇʘ, ʩʦʦʪʥʦʰʝʥʠʠ H2/ʩʳʨʴʝ 38 ʤʦʣʴ/ʤʦʣʴ, ʠʩʧʦʣʴʟʫʷ ʨʝʘʢʪʦʨ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ (ʆʉʇʉ ʥʝ ʩʦʦʙʱʘʣʘʩʴ). ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ 

ʨʝʘʢʮʠʷ ʙʦʣʝʝ ʠʟʙʠʨʘʪʝʣʴʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 2-ʤʝʪʠʣ-1-ʙʫʪʝʥʫ (18,5 % ʦʪʥ.), 

ʯʝʤ ʢ 3-ʤʝʪʠʣ-1-ʙʫʪʝʥʫ. ɼʨʫʛʠʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʳʣʠ ʠʟʦʧʝʥʪʘʥ 

(64 % ʦʪʥ.) ʠ ʠʟʦʤʝʨʠʟʦʚʘʥʥʳʡ 2-ʤʝʪʠʣ-2-ʙʫʪʝʥ (16 % ʦʪʥ.). ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʦʧʨʝʥʘ ʠ 1,3-ʧʝʥʪʘʜʠʝʥʘ 

(ʩʦʧʨʷʞʝʥʥʳʭ ʜʠʝʥʦʚ) ʙʳʣʘ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 1,4-ʧʝʥʪʘʜʠʝʥʘ 

(ʥʝʩʦʧʨʷʞʝʥʥʳʡ ʜʠʦʣʝʬʠʥ), 1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘ (ʮʠʢʣʠʯʝʩʢʠʡ ʜʠʦʣʝʬʠʥ) ʠ 

2-ʤʝʪʠʣ-2-ʙʫʪʝʥʘ (ʊʘʙʣʠʮʘ 1.2). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 



 

25 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʝʩʦʧʨʷʞʝʥʥʦʛʦ ʜʠʝʥʘ ʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʜʣʷ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʝʥʘ.  

 

ʊʘʙʣʠʮʘ 1.2 ï ɸʢʪʠʚʥʦʩʪʠ ʦʣʝʬʠʥʦʚ ʠ ʜʠʝʥʦʚ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʘ 

MoS2/ɔ-Al2O3 ʢʘʪʘʣʠʟʘʪʦʨʝ [46]. 

ʈʝʘʢʪʘʥʪ ʉʪʨʫʢʪʫʨʘ ʊʝʤʧʝʨʘʪʫʨʘ, Áʂ 
ɻʀɼ ʘʢʪʠʚʥʦʩʪʴ, 

103 ʤʦʣʴ/ʛĀʯ 

ʀʟʦʧʨʝʥ 

 

323 30 

1,3-ʧʝʥʪʘʜʠʝʥ  323 35 

1,4-ʧʝʥʪʘʜʠʝʥ  353 8 

1,3-ʮʠʢʣʦʛʝʢʩʘʥ 

 

353 14 

2-ʤʝʪʠʣ-2-ʙʫʪʝʥ 

 

423 7 

 

ɺ ʮʝʣʦʤ ʘʚʪʦʨʳ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʠʝʥʦʚ 

ʚʳʰʝ, ʯʝʤ ʦʣʝʬʠʥʦʚ. ɼʣʷ ʜʠʦʣʝʬʠʥʦʚ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʨʝʘʢʮʠʠ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʢʠʩʣʦʪʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ 

[48ï50] ʚʚʠʜʫ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ ʧʦ ʢʘʨʙʢʘʪʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʘ 

MoS2 [47]. 

ɻʠʜʨʦʛʝʥʦʣʠʟ ʥʘʩʳʱʝʥʥʳʭ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʦʙʲʝʤʘ. ɺ ʩʣʫʯʘʝ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʠʦʬʝʥ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʠ 

ʧʦʚʳʰʝʥʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʠ ʚ̫ʣʷʶʪʩʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʘ ʜʘʚʣʝʥʠʝ ʣʠʙʦ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʣʠʙʦ ʫʩʢʦʨʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʛʝʥʦʣʠʟʘ [51]. 
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ʄʦʜʝʣʴ ʃʝʥʛʤʶʨʘ-ʍʠʥʰʝʣʴʚʫʜʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [43]. 
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ʛʜʝ ʛʜʝ r i ï ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʨʝʘʢʪʘʥʪʘ i, ki ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, pi 

ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ, Kj ʠ pj ï ʢʦʥʩʪʘʥʪʳ ʘʜʩʦʨʙʮʠʠ ʠ 

ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʚʩʝʭ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʜʘʥʥʦʤ ʪʠʧʝ ʮʝʥʪʨʦʚ, 

n ï ʢʦʥʩʪʘʥʪʘ, ʦʪʨʘʞʘʶʱʘʷ ʯʠʩʣʦ (1 ʠʣʠ 2) ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʚʳʜʝʣʷʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʚʳʰʘʝʪ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ 

ʛʠʜʨʦʛʝʥʦʣʠʟʘ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [52]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʨʠʙʣʠʞʝʥʠʡ ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ-

ʍʠʥʰʝʣʴʚʫʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʨʝʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪ ʫʨʘʚʥʝʥʠʝ 
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ʛʜʝ rA ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʘ, kA ï ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʘ, KA ï ʢʦʥʩʪʘʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʣʝʬʠʥʘ, ʈɸ ʠ 
2H

P ï 

ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʦʣʝʬʠʥʘ ʠ ʚʦʜʦʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʫʩʣʦʚʠʷʭ 

ʧʨʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʠ ʥʝʧʦʣʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʯʘʩʪʥʦʝ  ʷʚʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʷʪ ʚ ʠʟʙʳʪʢʝ ʚʦʜʦʨʦʜʘ, ʧʦʵʪʦʤʫ 

ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʧʩʝʚʜʦ-ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [52,53]. 

ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʷ ʆʋɺ ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

Dos Santos ʠ ʜʨ. [54] ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʠʥʛʠʙʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʠ ʢʦʥʢʫʨʝʥʪʥʫʶ ʩʦʨʙʮʠʶ 3-

ʤʝʪʠʣʪʠʦʬʝʥʘ (3ʄʊ) ʠ ʥ-ʛʝʢʩʝʥ-1 ʥʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ 

ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʢʪʘʥʪʦʚ ʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ ʧʦʨʷʜʦʢ ʧʦ ʦʙʦʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʙʳʣ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 1. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʧʦʨʷʜʢʦʚ ʨʝʘʢʮʠʡ ɻʀɼʆ ʠ ɻɼʉ ʧʦ ʩʝʨʦʚʦʜʦʨʦʜʫ, 

ʥ-ʛʝʢʩʝʥʫ-1 ʠ 3ʄʊ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ (ʊʘʙʣʠʮʘ 1.3). 

 

ʊʘʙʣʠʮʘ 1.3 - ʇʦʨʷʜʢʠ ʨʝʘʢʮʠʡ ɻʀɼʆ ʠ ɻɼʉ ʧʦ H2S, ʛʝʢʩʝʥʫ-1, 3ʄʊ [54]. 

ʈʝʘʢʮʠʷ H2S ʥ-ʛʝʢʩʝʥ-1 ʥ-3ʄʊ 

ɻʠʜʨʠʨʦʚʘʥʠʝ -0.5 1 -0.5 

ʆʙʝʩʩʝʨʠʚʘʥʠʝ -0.9 -0.3 1 

 

ʆʮʝʥʠʚʘʷ ʥʘʙʣʶʜʘʝʤʳʡ ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʘʚʪʦʨʳ 

ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʦʙʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʘ ʦʜʥʦʤ ʪʠʧʝ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ɻʀɼʆ ʦʣʝʬʠʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʢʘʟʳʚʘʝʪ ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʦʩʣʝ ɻɼʉ 3ʄʊ H2S, ʘ ʥʝ ʩʘʤʦ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ. ʉʦʚʧʘʜʘʶʱʠʝ ʧʦʨʷʜʢʠ ʨʝʘʢʮʠʠ ɻʀɼʆ ʠ ʧʦ H2S, ʠ ʧʦ 3ʄʊ, ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʵʬʬʝʢʪ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʙʣʶʜʘʣʠ, ʯʪʦ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʩʝʨʝ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,7 ʜʦ 1,98 ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʦʯʠʩʪʢʠ ʨʝʘʣʴʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ 

ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ [55]. ɻʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ 

ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʠ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʝʙʫʝʪ 

ʨʘʩʯʝʪʘ ʧʦ ʚʪʦʨʦʤʫ ʧʦʨʷʜʢʫ ʨʝʘʢʮʠʠ. ɺ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʛʠʜʨʠʨʦʚʘʥʠʶ ʦʣʝʬʠʥʦʚ ɹʂʂ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʦʣʝʬʠʥʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʧʦʵʪʦʤʫ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʠ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [56]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ 

ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʠʟʤʝʨʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʦʣʝʬʠʥʦʚ ʚ ʩʳʨʴʝ ʠ ʧʨʦʜʫʢʪʘʭ. ʅʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʣʝʢʪʠʚʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʠ ɹʂʂ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1.4. 
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ʊʘʙʣʠʮʘ 1.4 ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʣʝʢʪʠʚʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʠ ɹʂʂ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʉʳʨʴʝ ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 
ʇʨʠʥʷʪʳʡ 

ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ 

ɻɼʉ,  

% 

ɻʀɼʆ,  

% 

kɻɼʉ, 

(ʛ-1Āʯ-1) 

kɻʀɼʆ, 

(ʛ-1Āʯ-1) 
Sɻɼʉ/ɻʀɼʆ

1 ʀʩʪʦʯʥʠʢ 

MoS2/Al2O3 

eggshell 
ɹʂʂ 

T, ÁC = 220-300 

P, ʄʇʘ = 2 

ʆʉʇʉ, ʯ-1= 4 

H2/ʩʳʨʴʝ, ʥʣ/ʣ = 300 

ɺʪʦʨʦʡ ʜʣʷ ɻɼʉ 

 

ʇʩʝʚʜʦʧʝʨʚʳʡ 

ʜʣʷ ɻʀɼʆ 

ʇʨʠ 50 17.6 5.52 0.5 134.8 [55] 

CoMo/ɔ-Al 2O3 
ɹʂʂ 

T, ÁC = 280 

P, ʄʇʘ = 2 

ʆʉʇʉ, ʯ-1= 4 

H2/ʩʳʨʴʝ, ʥʣ/ʣ = 300 

ʇʩʝʚʜʦʧʝʨʚʳʡ 

ʜʣʷ ɻɼʉ ʠ ɻʀɼʆ 
93.5 14.3 10.9 0.6 17.7 [57] 

CoMoS/Pdop/SiO2 
3-ʤeʪʠʣʪʠʦʬʝʥ 

2,3-ʜʠʤʝʪʠʣʙʫʪʝʥ-2 

T, ÁC = 220 

P, ʄʇʘ = 1.5 

ʆʉʇʉ, ʯ-1= 6 

H2/ʩʳʨʴʝ, ʥʣ/ʣ = 300 

ʇʝʨʚʳʡ ʜʣʷ ɻɼʉ 

ʠ ɻʀɼʆ 
-  16.0 1.0 20.2 [58] 

CoMoS/Al2O3 

2-ʤʝʪʠʣʪʠʦʬʝʥ 

2,3-ʜʠʤʝʪʠʣʙʫʪʝʥ-2 

T, ÁC = 250 

P, ʄʇʘ = 2 

ʆʉʇʉ, ʯ-1= 6 

H2/ʩʳʨʴʝ, ʥʣ/ʣ = 360 

ʇʝʨʚʳʡ ʜʣʷ ɻɼʉ 

ʠ ɻʀɼʆ 

1.5 1.8 

- 

 8.9 

[59] NiMoS/Al 2O3 2.3 2.8  7 

MoS2/Al2O3 0.3 0.6  3 

CoMo/ɔ-Al 2O3 

ʊʠʦʬʝʥ 

ɻʝʢʩʝʥ-1 

 

T, ÁC = 230 

P, ʄʇʘ = 1.5 

ʆʉʇʉ, ʯ-1= 5 

H2/ʩʳʨʴʝ, ʥʣ/ʣ = 300 

ʇʩʝʚʜʦʧʝʨʚʳʡ 

ʜʣʷ ɻɼʉ ʠ ɻʀɼʆ 

85.3 76.9 18.3 2135 1.31 

[60] CoMo/ŭ-Al 2O3 89.2 71.2 21.3 1813 1.79 

CoMo/ɗ-Al 2O3 70.7 45.6 11.8 88.7 2.02 

1Ὓ
̄̅̒

̄̉̅̏
 

2ʣĀʤʦʣʴ-1Āʩ-1
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1.2.2 ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ɹʂʂ 

 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ɹʂʂ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʪʦʚʘʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘʧʨʷʤʫʶ. ɼʣʷ ʜʦʚʝʜʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ɹʂʂ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʛʣʫʙʦʢʘʷ 

ʛʠʜʨʦʦʯʠʩʪʢʘ ʩʳʨʴʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ (ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʨʳ ʥʘ ʫʨʦʚʥʝ ʤʝʥʝʝ 100 ʤʛ/ʢʛ ʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ɹʂʂ ʧʝʨʝʜ 

ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʝʤ). ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ [61,62], ʧʦʵʪʦʤʫ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ ʪʦʣʴʢʦ 

ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ɹʂʂ ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪʩʷ ʥʘʫʯʥʳʤʠ 

ʢʦʣʣʝʢʪʠʚʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʝʨʳ ʜʦ ʪʨʝʙʦʚʘʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʧʝʮʠʬʠʢʘʮʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʭʨʘʥʝʥʠʝʤ ʦʢʪʘʥʦʚʦʛʦ 

ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʘ ʪʦʚʘʨʥʦʛʦ ʙʝʥʟʠʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʮʝʥʟʠʘʨʘ ʤʦʛʫʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʦ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʶ ɹʂʂ, ʯʪʦ 

ʬʦʨʤʠʨʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ S-Zorb (ConocoPhillips) [42,63] ʠ IRVAD 

(Black & Veatch Pritchard) [64] ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʥʠʟʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʭʨʘʥʝʥʠʠ 

ʦʣʝʬʠʥʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʦʢʪʘʥʦʚʦʛʦ 

ʯʠʩʣʘ (ʥʝ ʙʦʣʝʝ 0,5-1,5 ʧʫʥʢʪʘ). ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʤʝʥʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʱʥʦʩʪʷʭ ʅʇɿ. 
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ʅʝʩʝʣʝʢʪʠʚʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ɻʆ ɹʂʂ ʷʚʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʳ Octgain (ExxonMobil) ʠ ISAL (UOP-Intevep). ɺ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʩʣʦʡʥʘʷ ʟʘʛʨʫʟʢʘ ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʨʦʪʝʢʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʝʨʭʥʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨʥʳʡ ʩʣʦʡ ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʪʝʢʘʥʠʝ ʛʣʫʙʦʢʦʛʦ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ, 

ʥʘ ʥʠʞʥʝʤ ʧʨʦʠʩʭʦʜʷʪ ʨʝʘʢʮʠʠ ʠʟʦʤʝʨʠʟʘʮʠʠ [65,66]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʤʝʨʠʟʘʮʠʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʘʜʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ 

ʛʠʜʨʦʛʝʥʠʟʘʪʘ, ʠʪʦʛʦʚʘʷ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ȹʆʏ = 2.5-3.0 ʧʫʥʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʠʟʦʤʝʨʠʟʘʮʠʠ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ 

ʢʨʝʢʠʥʛʘ ʫʤʝʥʴʰʘʶʪ ʚʳʭʦʜ ʙʝʥʟʠʥʘ, ʯʪʦ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʝʣʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ɻʆ ɹʂʂ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ Prime G+ (Axens/IFP) [67ï70], SCANfining II 

(ExxonMobil) [71ï74], HOTÊ (Haldor Topsoe) [75], ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʠʩʪʠʣʣʷʮʠʠ CDHydro + CDHDS (CB&I) [76ï78]. ɺ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʣʝʞʠʪ ʩʦʯʝʪʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʩʳʨʴʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʟʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʩʝʨʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʦʣʝʬʠʥʦʚʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʜʘʥʥʦʤ ʢʣʶʯʝ ʪʘʢʞʝ ʩʪʦʠʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

OATSÊ (ɺʈ), ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʪʠʦʬʝʥʘ 

ʦʣʝʬʠʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʪʷʞʸʣʳʭ ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (Tʢʠʧ > 200 ÁC), ʵʪʦʪ ʧʨʠʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʥʮʘ 

ʢʠʧʝʥʠʷ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʙʝʥʟʠʥʘ, ʢʦʪʦʨʘʷ ʥʝ ʪʨʝʙʫʝʪ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʠ 

ʩʦʜʝʨʞʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʣʝʬʠʥʦʚ. ʃʝʛʢʫʶ ʯʘʩʪʴ ʦʙʝʩʩʝʨʝʥʥʦʛʦ 

ʙʝʥʟʠʥʘ ʥʘʧʨʘʚʣʷʶʪ ʚ ʪʦʚʘʨʥʳʡ ʧʘʨʢ, ʪʷʞʝʣʫʶ ʯʘʩʪʴ ʧʦʜʚʝʨʛʘʶʪ ʩʝʣʝʢʪʠʚʥʦʡ 

ɻɼʉ. ʆʙʲʝʜʠʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ Prime G+ (Axens/IFP) ʠ OATSÊ(ɺʈ), 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʜʦ 0-2 

ʧʫʥʢʪʦʚ [79]. ʇʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʠʩʪʠʣʣʷʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʴʰʝʡ 

ʤʝʪʘʣʣʦʸʤʢʦʩʪʴʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ 
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ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʩʥʠʞʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʥʘʛʨʝʚ ʧʨʠ 

ʨʝʢʪʠʬʠʢʘʮʠʠ ʟʘ ʩʯʝʪ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʮʝʩʩʳ ʩʝʣʝʢʪʠʚʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠ ʠ ʩʧʦʩʦʙʥʳ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʩʭʝʤʫ ʜʝʡʩʪʚʫʶʱʠʭ ʅʇɿ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʚʳʜʝʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ Prime G+ (Axens/IFP), ʟʘʥʠʤʘʶʱʘʷ 50% ʨʳʥʢʘ ɻʆ ɹʂʂ [79]. 

 

1.2.3 ʇʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʠ Prime G+, ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ɹʂʂ 

 

ʉʨʝʜʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ɹʂʂ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ Prime G+. ʉʦʙʩʪʚʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʬʨʘʥʮʫʟʩʢʦʡ 

ʢʦʤʧʘʥʠʠ çAxensè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ɹʂʂ, 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʜʣʷ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʯʠʢʦʚ ʚʩʝʛʦ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʈʦʩʩʠʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʫʩʪʘʥʦʚʢʫ ɻʆ ɹʂʂ Prime G+ ʵʢʩʧʣʫʘʪʠʨʫʶʪ 

ɸʆ çʈʅʇʂè (ʛ. ʈʷʟʘʥʴ), ʆʆʆ çʃʋʂʆʁʃ-ʅʠʞʝʛʦʨʦʜʥʝʬʪʝʦʨʛʩʠʥʪʝʟè (ʛ. 

ʂʩʪʦʚʦ), ɸʆ çɻʘʟʧʨʦʤʥʝʬʪʴ-ʄʅʇɿè (ʛ. ʄʦʩʢʚʘ), ɸʆ çɻʘʟʧʨʦʤʥʝʬʪʴ-ʆʅʇɿè 

(ʛ. ʆʤʩʢ), ʇɸʆ çɻʘʟʧʨʦʤ ʥʝʬʪʝʭʠʤ ʉʘʣʘʚʘʪè (ʛ. ʉʘʣʘʚʘʪ), ʆɸʆ çʉʣʘʚʥʝʬʪʴ-

ʗʅʆʉè (ʛ. ʗʨʦʩʣʘʚʣʴ) [80]. ʇʦ ʜʘʥʥʳʤ 2017 ʛ. ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʈʦʩʩʠʠ 

ʧʦʢʨʳʚʘʝʪ ʦʢʦʣʦ 60% ʦʪ ʝʞʝʛʦʜʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ɻʆ ɹʂʂ [79]. 

ʇʦ ʤʝʨʝ ʚʚʦʜʘ ʫʩʪʘʥʦʚʦʢ ɻʆ ɹʂʂ Prime G+ ʟʘʢʘʟ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʳ çAxensè 

ʥʝʠʟʙʝʞʥʦ ʙʫʜʝʪ ʨʘʩʪʠ, ʯʪʦ ʚʳʟʦʚʝʪ ʩʧʨʦʩ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ, 

ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ɹʂʂ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

Prime G+ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʛʣʫʙʦʢʦʤ ʫʜʘʣʝʥʠʠ ʩʝʨʳ [45,81]. ɼʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʜʦʙʠʪʴʩʷ 

ʙʣʘʛʦʜʘʨʷ ʩʣʝʜʫʶʱʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʪʝʢʘʶʱʠʤ ʧʨʦʮʝʩʩʘʤ 

(ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ɻʆ ɹʂʂ Prime G+ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.9). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ɹʂʂ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʘʢʪʦʨ 

ʛʠʜʨʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ: 

1. ɻʠʜʨʠʨʦʚʘʥʠʷ ʜʠʝʥʦʚ;  
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2. ʀʟʦʤʝʨʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʦʣʝʬʠʥʘʭ ʚʛʣʫʙʴ 

ʤʦʣʝʢʫʣʳ; 

3. ʂʦʥʚʝʨʩʠʠ ʣʝʛʢʠʭ ʤʝʨʢʘʧʪʘʥʦʚ ʠ ʩʫʣʴʬʠʜʦʚ ʚ ʚʳʩʦʢʦʢʠʧʷʱʠʝ 

ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʦʪʝʢʘʶʱʠʝ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʦʪʜʝʣʴʥʦ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʧʨʠʯʠʥʘʤ. ʆʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʠʝʥʳ ʧʨʠʚʦʜʷʪ 

ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʟʘʢʦʢʩʦʚʳʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ʠ ʦʙʱʝʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ ʘʧʧʘʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ɻʆ ɹʂʂ. ʄʠʛʨʘʮʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚʛʣʫʙʴ 

ʤʦʣʝʢʫʣ ʦʣʝʬʠʥʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʟʦʚʘʪʴ ʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ 

ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʠʨʦʚʘʥʠʶ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʣʢʝʥʳ ʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ ʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ, ʯʝʤ ʦʣʝʬʠʥʳ 

ʩ ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʣʝʛʢʠʭ ʤʝʨʢʘʧʪʘʥʦʚ ʠ ʩʫʣʴʬʠʜʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʡ ʩʝʨʳ ʚ ʣʝʛʢʦʡ 

ʬʨʘʢʮʠʠ ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʶ ɹʂʂ.  

ɼʘʣʝʝ ʙʝʥʟʠʥ ʬʨʘʢʮʠʦʥʠʨʫʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʣʝʛʢʫʶ (C5-65 ÁC) ʠ 

ʪʷʞʝʣʫʶ (65-ʂʂ ÁC). ʃʝʛʢʘʷ ʬʨʘʢʮʠʷ ʙʦʛʘʪʘ ʦʣʝʬʠʥʘʤʠ (ʜʦ ʧʦʣʦʚʠʥʳ ʦʪ ʚʩʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [20]), ʥʝ ʩʦʜʝʨʞʠʪ ʤʝʨʢʘʧʪʘʥʦʚ ʠ ʜʠʝʥʦʚ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʦʙʱʝʡ ʩʝʨʳ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ 

ʢʘʢ ʚ ʪʦʚʘʨʥʳʡ ʧʘʨʢ, ʪʘʢ ʠ ʥʘ ʫʩʪʘʥʦʚʢʫ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠʣʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ ʥʝ ʩʣʫʯʘʝʥ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʫʜʥʦʫʜʘʣʷʝʤʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʪʠʦʬʝʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʚ ʪʷʞʝʣʦʡ ʯʘʩʪʠ ɹʂʂ.  
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ʈʠʩʫʥʦʢ 1.9 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʛʠʜʨʦʦʯʠʩʪʢʠ  ɹʂʂ Prime G+ [82]. 1, 5 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ; 2, 6 ï ʧʝʯʠ; 3 ï 

ʨʝʘʢʪʦʨ ʛʠʜʨʠʨʦʚʘʥʠʷ; 4 ï ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʢʦʣʦʥʥʘ; 7 ï ʨʝʘʢʪʦʨ ʛʣʫʙʦʢʦʡ 

ʛʠʜʨʦʦʯʠʩʪʢʠ; 8 ï ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ; 9, 10 ï ʭʦʣʦʜʠʣʴʥʠʢʠ; 11, 12 ï 

ʩʝʧʘʨʘʪʦʨʳ; 

I ï ɹʂʂ; II ï ʚʦʜʦʨʦʜ; III ï ʣʝʛʢʠʡ ʛʠʜʨʦʛʝʥʠʟʘʪ; IV ï ʛʘʟ; V ï ʪʷʞʝʣʳʡ 

ʛʠʜʨʦʛʝʥʠʟʘʪ; VI ï ʚʦʜʷʥʦʡ ʧʘʨ; VII ï ʢʦʥʜʝʥʩʘʪ. 

 

ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ɹʂʂ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʡ ʛʠʜʨʦʦʯʠʩʪʢʝ ʚʦ 

ʚʪʦʨʦʤ ʨʝʘʢʪʦʨʝ ʥʘ ʜʚʫʭ ʢʘʪʘʣʠʟʘʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʝʨʚʳʡ CoMo ʢʘʪʘʣʠʟʘʪʦʨ 

(HR-806) ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʫʙʦʢʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʝ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʦʣʝʬʠʥʦʚ. NiMo ʢʘʪʘʣʠʟʘʪʦʨ (HR-841) ʥʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʛʠʜʨʠʨʫʝʪ ʘʣʢʝʥʳ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʦʩʦʙʝʥ 

ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʝʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʨʢʘʧʪʘʥʦʚ ʠ ʟʘʚʝʨʰʠʪʴ ʫʜʘʣʝʥʠʝ 

ʩʝʨʳ ʜʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ [83]. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ 

ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʛʠʜʨʦʛʠʥʝʟʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ɹʂʂ ʩʦʩʪʘʚʣʷʝʪ 

1-2 ʧʫʥʢʪʘ [79]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʠ ʧʦʜʭʦʜʦʚ ʢ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʶ ʩʳʨʴʷ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʣʘ ʙʳ 

ʥʝ ʪʦʣʴʢʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʚ ʦʢʪʘʥʦʚʦʤ ʯʠʩʣʝ, ʥʦ ʠ ʨʝʰʠʪʴ ʟʘʜʘʯʫ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ.  
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1.3 ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʩʫʣʴʬʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ 

 

1.3.1 ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʘʢʪʠʚʥʦʡ 

Co(Ni)Mo(W)S ʬʘʟʳ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

 

ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʥʘʰʣʠ ʩʫʣʴʬʠʜʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʣʠʙʜʝʥʘ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ. ʂ 

ʦʩʥʦʚʥʳʤ ʵʪʘʧʘʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ ʦʪʥʦʩʷʪʩʷ: 

1. ʇʦʜʙʦʨ ʠʣʠ ʩʠʥʪʝʟ ʥʦʩʠʪʝʣʷ 

2. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʦʢʩʠʜʥʦʡ ʬʦʨʤʝ 

3. ɸʢʪʠʚʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʠʣʠ ʩʠʥʪʝʟ ʥʦʩʠʪʝʣʷ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʪʝʢʩʪʫʨʥʳʤʠ ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʙʳʯʥʦ (ʪʨʘʜʠʮʠʦʥʥʦ) ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ɔ-Al 2O3, ʨʝʞʝ - 

ZrO2, SiO2, TiO2, ʮʝʦʣʠʪʳ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ, ʪʝʤʧʣʘʪʥʳʡ ʩʠʥʪʝʟ, ʟʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʠ ʜʨ. ɼʘʣʝʝ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ð ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʘʢʪʠʚʥʦʡ ʬʘʟʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ, ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʥʝʩʝʥʠʷ ʯʘʩʪʠʮʳ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʠʬʬʫʥʜʠʨʫʶʪ ʚ ʧʦʨʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʫʯʘʩʪʢʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʦʢʩʠʜʥʦʡ ʬʦʨʤʝ ʟʘʚʝʨʰʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 
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ɿʘʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʢʪʠʚʘʮʠʠ ʧʫʪʝʤ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ - 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʩʠʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʩʫʣʴʬʠʜʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ. ɺ ʩʣʫʯʘʝ ʛʘʟʦʬʘʟʥʦʛʦ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʤʝʩʴ H2S/H2, ʚ 

ʩʣʫʯʘʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ï ʘʣʢʠʣʜʠʩʫʣʴʬʠʜʳ ʚ ʩʤʝʩʠ ʩ ʥʝʬʪʷʥʳʤʠ ʬʨʘʢʮʠʷʤʠ, 

ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʝ ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ ʠ ʜʨ. 

ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ (ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ) ʦʙʨʘʟʫʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʠʩʫʣʴʬʠʜʘ 

ʤʦʣʠʙʜʝʥʘ/ʚʦʣʴʬʨʘʤʘ Mo(W)S2 (ʨʠʩʫʥʦʢ 1.10 ʘ). 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ʘ) ɸʢʪʠʚʥʘʷ ʬʘʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʦʯʠʩʪʢʠ. ɿʝʣʝʥʳʝ 

ʰʘʨʳ - ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ/ʚʦʣʴʬʨʘʤʘ, ʞʝʣʪʳʝ ï ʘʪʦʤʳ ʩʝʨʳ, ʠʟʦʙʨʘʞʝʥʠʷ 

ʯʘʩʪʠʮ MoS2 (ʙ) ʠ WS2 (ʚ), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

HAADF-STEM. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [84ï86]. 

 

ʂʣʘʩʪʝʨ Mo(W)S2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ 

ʠʟ ʩʪʦʧʦʢ ʧʣʠʪ S-Mo-S. ʂʘʞʜʘʷ ʠʟ ʧʣʠʪ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ ʘʪʦʤʦʚ ʩʝʨʳ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ Mo. 

ʇʨʠ ʵʪʦʤ, ʥʘ ʄ-ʨʝʙʨʝ ʢʘʞʜʳʡ ʘʪʦʤ ʤʦʣʠʙʜʝʥʘ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʩʝʨʳ, 

ʥʘ S-ʨʝʙʨʝ ï ʩ 4 ʘʪʦʤʘʤʠ ʩʝʨʳ. ʉʭʦʞʝʩʪʴ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʩʫʣʴʬʠʜʦʚ Mo ʠ 
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W ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʨʘʙʦʪʘʭ [85,86] (ʨʠʩʫʥʦʢ 1.10 ʙ,ʚ), ʛʜʝ ʦʙʨʘʟʮʳ MoS2 

ʠ WS2, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʛʨʘʬʠʪ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ HAADF-STEM. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʦʯʠʩʪʢʠ ʩʦʜʝʨʞʘʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ çʧʨʦʤʦʪʦʨʳè, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʫʨʦʚʝʥʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʤʝʭʘʥʠʟʤ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ. 

ʇʨʦʤʦʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʪʦʤʳ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ ʢʦʙʘʣʴʪ ʠʣʠ ʥʠʢʝʣʴ ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʚʦʜʷʪʩʷ ʚʤʝʩʪʝ ʩ ʤʦʣʠʙʜʝʥʦʤ. 

ɿʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʪʘʣʠʟʘ ʩʫʣʴʬʠʜʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʧʨʦʤʦʪʦʨʘ ʩ 

ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ [87ï91]. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʦʙʱʝʧʨʠʥʷʪʦʡ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ Topsße et al [92] (ʨʠʩʫʥʦʢ 1.11).  

 

 

ʈʠʩʫʥʦʢ 1.11 - ʘ) Co(Ni)MoS ʘʢʪʠʚʥʘʷ ʬʘʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʠʜʨʦʦʯʠʩʪʢʠ 

(ɿʝʣʝʥʳʝ h ʘʨʳ - ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ, ʩʠʥʠʝ ï ʘʪʦʤʳ ʧʨʦʤʦʪʦʨʘ, ʞʝʣʪʳʝ ï ʘʪʦʤʳ 

ʩʝʨʳ, ʙ) ʠ ʚ) ʠʟʦʙʨʘʞʝʥʠʷ CoMoS ʠ NiMoS ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (STM). ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 

[93,94]. 

 

ɸʥʘʣʠʟ CoMoS ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʪʦʜʦʤ ʄʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʦʙʘʣʴʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʝʙʨʘʭ MoS2. 
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ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʮʳ 

ʩʫʣʴʬʠʜʘ ʢʦʙʘʣʴʪʘ Co9S8, ʘ ʪʘʢʞʝ ʘʪʦʤʳ ʢʦʙʘʣʴʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʥʦʩʠʪʝʣʝʤ ʠ ʦʙʨʘʟʫʶʱʠʝ ʩʚʦʝʛʦ ʨʦʜʘ ʰʧʠʥʝʣʠ, ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚʘ CoAl2O4 

(ʨʠʩʫʥʦʢ 1.12). 

 

ʈʠʩʫʥʦʢ 1.12 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [95]. 

 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʯʘʩʪʠʮʳ ʘʢʪʠʚʥʦʡ Co(Ni)MoS ʬʘʟʳ ʤʦʛʫʪ ʙʳʪʴ 

ʜʚʫʭ ʪʠʧʦʚ [96]. ɻʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ Co(Ni)MoS ʬʘʟʳ I ʪʠʧʘ 

ʦʪ II ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʨʦʯʥʦʡ Mo-O-Al  ʩʚʷʟʠ ʩ ʥʦʩʠʪʝʣʝʤ, 

ʟʘʪʨʫʜʥʷʶʱʝʡ ʧʦʣʥʦʝ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʦʮʝʩʩ 

ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ 

ʥʠʟʢʦʘʢʪʠʚʥʳʭ ʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ, ʤʠʛʨʘʮʠʝʡ ʯʘʩʪʠ ʧʨʦʤʦʪʦʨʘ ʚ ʰʧʠʥʝʣʴ. ʌʘʢʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʧʠʥʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʥʠʟʢʦʘʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʩʦʩʪʘʚʘ CoAl2O4, ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ, ʪ.ʢ. ʧʨʠʚʦʜʠʪ ʢ ʥʝʮʝʣʝʚʦʤʫ 

ʨʘʩʭʦʜʦʚʘʥʠʶ ʤʝʪʘʣʣʘ ʧʨʦʤʦʪʦʨʘ ʠ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʘʢʪʠʚʥʦʡ ʬʘʟʳ.  

ɹʦʣʝʝ ʧʦʣʥʦʡ ʩʪʝʧʝʥʴʶ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ ʚʚʠʜʫ ʤʝʥʴʰʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʦʩʠʪʝʣʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʉʦ(Ni)ʄʦS ʬʘʟʘ II ʪʠʧʘ. 

ʏʘʩʪʠʮʳ ʜʘʥʥʦʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʩʣʦʡʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ 

ʩʫʣʴʬʠʜʘ MoS2, ʜʝʢʦʨʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʙʨʘʭ ʘʪʦʤʘʤʠ ʧʨʦʤʦʪʦʨʘ.  

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ DFT ï ʨʘʩʯʝʪʦʚ 

ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʪʦʤʳ ʧʨʦʤʦʪʦʨʦʚ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʥʘ M-

˴͙͙ͪͫͭ͊ͭ͡͡ MoS2

͙̉͊ͫͭͼ͊ MoS2
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ʨʝʙʨʝ, ʪʘʢ ʠ ʥʘ S-ʨʝʙʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ MoS2. ʆʜʥʘʢʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ Topsße et 

al [97] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʪʦʤʳ Co ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʢʦʨʠʨʫʶʪ S-ʨʝʙʨʦ. ɸʪʦʤʳ 

Ni ʯʘʱʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ S-ʨʝʙʨʝ, ʥʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʙʘʟʘʣʴʥʦʡ ʧʣʠʪʳ ʠ M-ʨʝʙʨʘ [98]. 

ɿʘʤʝʱʝʥʠʝ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʘʪʦʤʘʤʠ ʧʨʦʤʦʪʦʨʦʚ Co ʠ Ni 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʩʚʷʟʠ çʤʝʪʘʣʣ-ʩʝʨʘè ɽʄ-ʉ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʫʜʘʣʝʥʠʝ ʘʪʦʤʦʚ ʩʝʨʳ ʩ ʨʝʙʝʨ ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʫʜʘʣʝʥʠʷ ʘʪʦʤʘ 

ʩʝʨʳ ʜʣʷ MoS2 [97,99]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ ɽʄ-ʉ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʝʨʳ 

ʠ ʘʪʦʤʘʤʠ ʧʨʦʤʦʪʦʨʘ ʥʘ ʨʝʙʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʩʥʠʞʘʝʪʩʷ. ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʦʯʠʩʪʢʠ ʘʪʦʤʳ ʩʝʨʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʚʦʜʦʨʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʳʭ 

ʮʝʥʪʨʦʚ (ʂʅʎ). ɹʣʘʛʦʜʘʨʷ ʫʤʝʥʴʰʝʥʠʶ ɽʄ-ʉ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʝʨʳ ʠ ʘʪʦʤʘʤʠ 

ʧʨʦʤʦʪʦʨʘ ʥʘ ʨʝʙʨʝ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʂʅʎ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ [99]. ʋʩʪʘʥʦʚʣʝʥʦ [100], ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʣʴʬʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʦʪ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ɽʄ-ʉ ʤʝʪʘʣʣ-ʧʨʦʤʦʪʦʨ 

ʥʦʩʠʪ ʚʫʣʢʘʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩʫʥʦʢ 1.13).  

 

 

ʈʠʩʫʥʦʢ 1.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ɻɼʉ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʦʪ ɽʄ-ʉ. 

ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [100]. 
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ʇʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ɼɹʊ 

ʪʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʟʥʘʯʝʥʠʷ ɽʄ-ʉ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʜʩʦʨʙʮʠʶ 

ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʜʝʩʦʨʙʮʠʝʡ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ɻɼʉ ɼɹʊ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ Co(Ni)Mo(W). ʀʩʩʣʝʜʦʚʘʥʠʝ 

Krebs ʠ ʜʨ [101] ʧʦʩʚʷʱʝʥʦ ʩʨʘʚʥʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Sɻɼʉ/ɻʀɼʆ ʜʣʷ CoMoS ʠ 

NiMoS ʘʢʪʠʚʥʳʭ ʬʘʟ ʚ ɻʆ ɹʂʂ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. 

ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ Co-ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ MoS2 ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʝʡ ɻɼʉ/ɻʀɼʆ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ Ni-ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ, 

ʦʪʤʝʯʘʷ, ʯʪʦ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ Ni ʥʘ ʨʝʙʨʘʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

NiMoS ʢʨʠʩʪʘʣʣʠʪʦʚ ʚʦʟʨʘʩʪʝʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ɽʄ-ʉ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʫʣʴʬʠʜʦʚ ʘʪʦʤʦʚ ʧʨʦʤʦʪʦʨʘ MexSy (ʥʘʧʨʠʤʝʨ, 

Co9S8) ʤʦʞʝʪ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʮʝʣʝʚʳʭ ʨʝʘʢʮʠʡ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʷʚʣʝʥʠʶ ʵʬʬʝʢʪʘ ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ. ʊʘʢ, ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [102ï

104] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʣʴʬʠʜʳ ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ɺ ʩʣʫʯʘʝ ʛʠʜʨʦʦʯʠʩʪʢʠ 

ɹʂʂ [105] ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʧʨʠ ʩʠʥʪʝʟʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Sɻɼʉ/ɻʀɼʆ ʧʨʦʮʝʩʩʘ, ʙʣʘʛʦʜʘʨʷ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ ʨʝʙʨʘ ʢʨʠʩʪʘʣʣʠʪʘ CoMoS. ʆʜʥʘʢʦ, 

ʠʟʙʳʪʦʯʥʦʝ ʚʥʝʩʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʠʜʦʚ Co9S8, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Sɻɼʉ/ɻʀɼʆ ʠʟ-ʟʘ ʘʢʪʠʚʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʩʫʣʴʬʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʷʚʣʝʥʠʝ ʩʧʠʣʣʦʚʝʨʘ ʚʦʜʦʨʦʜʘ, 

ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʠʥʪʝʟʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ɹʂʂ. 

ɺʦʧʨʦʩ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʙʳʣ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʥʘ ʜʘʥʥʳʡ 
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ʤʦʤʝʥʪ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʠ ʩʚʦʡʩʪʚʘʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ. ɺʳʜʚʠʛʘʣʠʩʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʨʝʘʢʮʠʠ ɻɼʉ ʠ ɻʀɼʆ ʧʨʦʪʝʢʘʶʪ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ [106], ʧʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʩʦʨʙʮʠʝʡ ʤʝʞʜʫ ʩʝʨʥʠʩʪʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʥʝʥʘʩʳʱʝʥʥʳʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʥʘ 

ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʘʢʮʠʠ [107ï110]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʚʘʥʪʦʚʦ- ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʮʝʥʪʨʘʭ ʚ ʩʫʣʴʬʠʜʥʦʤ ʢʘʪʘʣʠʟʝ (ʈʠʩʫʥʦʢ 1.14). 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʛʠʜʨʦʦʯʠʩʪʢʠ. ɸʜʘʧʪʠʨʦʚʘʥʦ ʠʟ [111]. 

 

ʅʘ ʂʅʎ [112ï114] ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʯʠʩʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ů-ʘʜʩʦʨʙʮʠʷ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʟʘʪʝʤ ʛʠʜʨʦʛʝʥʦʣʠʟ ʩʚʷʟʝʡ C-S ʠ ʜʝʩʦʨʙʮʠʷ 
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