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ʢʦʣʙʘʣʘʨ, ʧʨʦʙʠʨʢʘʣʘʨ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨ.  

ʄʝʤʉʊ 2922-91. ɿʝʨʪʭʘʥʘʣʳץ ʰʳʥʳ ʳʜʳʩ. ᴆʣʰʝʤʜʽ ʪʘʤʰʫʳʨʣʘʨ.  

ʄʝʤʉʊ 24104-2001. ɿʝʨʪʭʘʥʘʣʳץ ʪʘʨʘʟʳ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ.  

ʄʝʤʉʊ ʊ 6709-72. ɼʠʩʪʠʣʜʝʥʛʝʥ ʩʫ.  

ʄʝʤʉʊ 12.1.008-76. ɽשʙʝʢ ץʘʫʽʧʩʽʟʜʽʢ ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש ʞװʡʝʩʽ. ɾʘʣʧʳ 

ʪʘʣʘʧʪʘʨ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨ.  
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ɸʅʓפʊɸʄɸʃɸʈ 

 

ʂʘʪʘʣʠʟ ï ʨʝʘʢʮʠʷʥʳש ʞװʨʫʽʥʝ ץʘʪʳʩʘʪʳʥ, ʙʽʨʘץ ᴇʥʽʤʥʽײץ שʨʘʤʳʥʘ 

ʢʽʨʤʝʡʪʽʥ, ʟʘʪʪʘʨסʘ (ʢʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ) ᴅʩʝʨ ʝʪʢʝʥʜʝ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʘʨʪʫʳ. 

ʂʘʪʘʣʠʟʘʪʦʨ ï ʨʝʘʢʮʠʷʥʳ ʞʝʜʝʣʜʝʪʝʪʽʥ, ʙʽʨʘץ ʨʝʘʢʮʠʷ ᴇʥʽʤʜʝʨʽʥʽש 

 .ʟʘʪ ץʨʘʤʳʥʘ ʢʽʨʤʝʡʪʽʥ ʭʠʤʠʷʣʳײץ

ɹʝʣʩʝʥʜʽ ʦʨʪʘʣʳץ ï ʩʫʙʩʪʨʘʪʪʘʨʜʳ ᴇʥʽʤʛʝ ʘʡʥʘʣʜʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʘʨʘʣʳץ 

ᴇʥʽʤʜʝʨʜʽ ʪװʟʫʜʝ ʦʥʳש ʨʝʘʢʮʠʷסʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ײץʨʘʤʳ ʤʝʥ 

 ʘ ʤʦʣʝʢʫʣʘʣʘʨʤʝʥ ʥʝʤʝʩʝ ʘʪʦʤʜʘʨʤʝʥץʦʩʳʣʳʩ (ʙʘʩץ ץʨʳʣʳʤʳ ʙʘʨ ʭʠʤʠʷʣʳײץ

ʦץʰʘʫʣʘʥסʘʥ ʥʝʤʝʩʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ). 

ʇʝʨʦʚʩʢʠʪ ï ʞʘʣʧʳ ʪװʨʽ ABO3 ʬʦʨʤʫʣʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ, ʝʨʝʢʰʝ 

ʩʠʤʤʝʪʨʠʷʣʳ ײץʨʳʣʳʤסʘ ʠʝ ץʦʩʳʣʳʩʪʘʨ ʢʣʘʩʩʳ.  

ʂʘʪʘʣʠʟʘʪʦʨ ʪʘʩʳʤʘʣʜʘסʳʰʳ ï ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ, ʭʠʤʠʷʣʳץ 

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ, ʢʘʪʘʣʠʟ ʧʨʦʮʝʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʪʳʥ, 

ʠʥʝʨʪʪʽ ʤʘʪʝʨʠʘʣ. 

KIT -6 ï ʞʦסʘʨʳ ʨʝʪʪʝʣʛʝʥ ʤʝʟʦײץʨʳʣʳʤʜʳ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪʽ ʤʘʪʝʨʠʘʣ, 

 .ʳʰסʡʝʩʽʥʝ ʠʝ ʪʘʩʳʤʘʣʜʘװʰ ᴇʣʰʝʤʜʽ ʢʝʫʝʢ ʞװ

ɸʡʥʘʣʳʤ - ʢʘʪʘʣʠʟʘʪʦʨʜʳץ שʘʪʳʩʫʳʤʝʥ ʙʘʩʪʘʧץʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʥʳש 

ʞʘשʘ ʟʘʪʪʘʨסʘ ʘʡʥʘʣʫ ʧʨʦʮʝʩʽ. 
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

ɸɾ ʊʕʄ 

(HRTEM) 

- ʘʞʳʨʘʪʳʤʜʳʣʳץʪʘסʳ ʞʦסʘʨʳ ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥ-

ʜʳ ʤʠʢʨʦʩʢʦʧʠʷ 

ɸʕʉ - ʘʪʦʤʜʳ-ʵʤʠʩʩʠʦʥʜʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɹʕʊ - ɹʨʫʥʘʫʵʨ-ʕʤʤʝʪ-ʊʝʣʣʝʨʜʽש ʤʝʥʰʽʢʪʽ ʙʝʪʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʽ 

ʀפʐ - ʀʥʬʨʘץʳʟʳʣ ʰʘʤ 

ʂʅʊ - ʢᴇʤʽʨʪʝʢʪʽ ʥʘʥʦʪװʪʽʢʰʝʣʝʨ 

ʄʍ - ʤʝʭʘʥʦʭʠʤʠʷʣʳץ ᴅʜʽʩ 

ʉʕʄ - ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ 

Tɻʊ - ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ 

ɼʊʊ - ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ 

ʊʕʄ - ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ 

 ʪʘʣʜʘʫ ץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץʥʪʘײ - ʈʌʊױ

ʌʊʉ - ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ 

BTL - biomass to liquid (ʙʠʦʤʘʩʩʘʜʘʥ ʩײʡʳץץʘ) 

ʉTL - carbon to liquid (ʢᴇʤʽʨʪʝʢʪʝʥ ʩײʡʳץץʘ) 

EDX - energy-dispersive X-ray analysis (ʵʥʝʨʛʠʷ ʜʠʬʬʫʟʦʨʣʳ 

ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) 

GHSV - gas hourly space velocity (ʛʘʟʜʳש ʩʘסʘʪʪʳץ ʢᴇʣʝʤʜʽʢ 

ʞʳʣʜʘʤʜʳסʳ) 

GTL - gas to liquid (ʛʘʟʜʘʥ ʩײʡʳץץʘ) 

BJH - Barrett-Joyner-Halenda (ɹʘʨʨʝʪ-ɾʦʡʥʝʨ-ʅʘʣʝʥʜʘ ᴅʜʽʩʽ) 

KIT-6 - ʤʝʟʦʢʝʫʝʢʪʽ ʥʘʥʦʢʨʠʩʪʘʣʜʳ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ (ʢʨʝʤʥʠʡ 
ʜʠʦʢʩʠʜʽ) 

LCO-1  - LaCoO3 ʙʽʨʽʥʰʽ װʣʛʽʩʽ 

LCO-2 - LaCoO3 ʝʢʽʥʰʽ װʣʛʽʩʽ 

ŬASF - Anderson-Schulz-Flory distribution (ɸʥʜʝʨʩʦʥ-ʐʫʣʴʮ-ʌʣʦʨʠ 

ʪʘʨʘʣʫʳ) 
ʤʠʥ - ʤʠʥʫʪ 

ʩʘס - ʩʘסʘʪ 

D - ʢʝʫʝʢʪʝʨʜʽש ʜʠʘʤʝʪʨʽ 

ʈ - ץʳʩʳʤ 

P/PϚ - ʩʘʣʳʩʪʳʨʤʘʣʳ ץʳʩʳʤ 

S - ʪʘʣסʘʤʜʳʣʳץ 

ʊ - ʪʝʤʧʝʨʘʪʫʨʘ 

Vʘʜʩ - ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʘʟʦʪʪʳש ʢᴇʣʝʤʽ 

Vʤʝʟʦ - ʤʝʟʦʢʝʫʝʢʪʝʨʜʽש ʢᴇʣʝʤʽ 

Vʤʠʢʨʦ - ʤʠʢʨʦʢʝʫʝʢʪʝʨʜʽש ʢᴇʣʝʤʽ 

Vʢʘʪ - ʢʘʪʘʣʠʟʘʪʦʨ ʢᴇʣʝʤʽ 

mʢʘʪ - ʢʘʪʘʣʠʟʘʪʦʨ ʤʘʩʩʘʩʳ 

X - ʘʡʥʘʣʳʤ 

Y - ᴇʥʽʤʛʝ ʙʘʡʣʘʥʳʩʪʳ ʰʳסʳʤ 

ɤ, % - ʤʘʩʩʘʣʳװ ץʣʝʩ 

ɗ - ʜʠʬʨʘʢʮʠʷ ʙײʨʳʰʳ 
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ʂɯʈɯʉʇɽ 

 

ɾײʤʳʩʪʳש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ 

ʩʧʠʨʪʪʝʨ ʘʣʫ װʰʽʥ ʢʦʙʘʣʴʪ ʥʝʛʽʟʽʥʜʝʛʽ ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʪʘʣסʘʤʜʳʣʳסʳ ʞʦסʘʨʳ 

ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴅʟʽʨʣʝʫʛʝ, ʦʣʘʨʜʳש ʢʘʪʘʣʠʟʜʽʢ 

 ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ ץᴅʩʝʨʽʥ ʟʝʨʪʪʝʫʛʝ, ʩʦʥʜʘʡ-ʘ שʘʩʠʝʪʪʝʨʽʥʝ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽʥʽץ

̔ ʘʩʠʝʪʪʝʨץ ʤʝʥ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. 

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ. ʉʠʥʪʝʟ-ʛʘʟʜʳ ʌʠʰʝʨ-ʊʨʦʧʰ ʧʨʦʮʝʩʽ 

ʘʨץʳʣʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ ʤʝʥ ʩʧʠʨʪʪʝʨʛʝ ʢʘʪʘʣʠʟʜʽʢ ʞʦʣʤʝʥ ʪװʨʣʝʥʜʽʨʫ ï ײץʥʜʳ 

ʭʠʤʠʷʣʳץ ᴇʥʽʤʜʝʨ ʘʣʫʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ ʪʠʽʤʜʽ ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʩʘʥʘʣʘʜʳ. ʊʘʙʠסʠ ʞᴅʥʝ ʽʣʝʩʧʝ ʛʘʟʜʳ, ʙʠʦʤʘʩʩʘʥʳ ʥʝʤʝʩʝ ʢᴇʤʽʨʜʽ ᴇשʜʝʫ ʘʨץʳʣʳ 

ʘʣʳʥʘʪʳʥ ʩʠʥʪʝʟ-ʛʘʟʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʳש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʨʝʘʢʮʠʷʣʳץ 

 ʘʨʳ ʪʠʽʤʜʽʣʽʢʧʝʥסʩʧʠʨʪʪʝʨʛʝ ʞʦ ץʩʠʥʪʝʪʠʢʘʣʳ שʘʨʳ ʙʦʣʫʳ ʦʥʳסʞʦ שʘʙʽʣʝʪʽʥʽץ

ʘʡʥʘʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʟʝʨʪʪʝʫʰʽʣʝʨ ʪʘʨʘʧʳʥʘʥ ʞʦסʘʨʳ 

 ʪʘʟʘ ʦʪʳʥ ʨʝʪʽʥʜʝ ʥʝʤʝʩʝ ʦʪʳʥ ץʪʫʜʳʨʘʜʳ. ʉʧʠʨʪʪʝʨ ʵʢʦʣʦʛʠʷʣʳ ץʫʰʳʣʳסʳʟʳץ

ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʳʧ, ʦʪʳʥʥʳש ʦʢʪʘʥʜʳץ ʞᴅʥʝ ʮʝʪʘʥʜʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʨʪʪʳʨʫסʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. ʉʦסשʳ װʰ ʦʥʞʳʣʜʳץʪʘ ʩʠʥʪʝʟʜʽש 

ʤʝʪʘʥʦʣʜʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ (ʉ2+ʆʅ) ᴇʪʫʽ ʙʦʡʳʥʰʘ ץʘʨץʳʥʜʳ ʟʝʨʪʪʝʫʣʝʨ 

ʞװʨʛʽʟʽʣʽʧ ʢʝʣʝʜʽ. ɾʦסʘʨʳ ʩʧʠʨʪʪʝʨ ʙʘʣʘʤʘ ʦʪʳʥ, ʦʪʳʥ ץʦʩʧʘʣʘʨʳ ʞᴅʥʝ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʰʠʢʽʟʘʪ ʥʝʤʝʩʝ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨ װʰʽʥ ʘʨʘʣʳץ ᴇʥʽʤʜʝʨ ʨʝʪʽʥʜʝ 

ʢᴇʧʪʝʛʝʥ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ɹװʛʽʥʛʽ ʢװʥʽ ʩʠʥʪʝʟ ʛʘʟʜʘʥ ʉ2+ ʩʧʠʨʪʪʝʨʽʥ 

ʘʣʫʜʳש ʢʦʤʤʝʨʮʠʷʣʳץ ʧʨʦʮʝʩʽ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʞʦץ. ɹײʥʳש ʩʝʙʝʙʽ ᴇʥʽʤʜʝʨʛʝ 

ʪʘʣסʘʤʜʳʣʳץ ʤᴅʩʝʣʝʩʽ ᴅʣʽʜʝ ʘʰʳץ ʢװʡʜʝ ץʘʣʳʧ ʦʪʳʨ. ʂʘʪʘʣʠʟʘʪʦʨʜʳ ʘʣʫ ᴅʜʽʩʽ, 

ʦʥʳײץ שʨʘʤʳ ʤʝʥ ײץʨʳʣʳʤʳ, ʩʦʥʜʘʡ-ʘץ ʨʝʘʢʮʠʷ ʞװʨʛʽʟʫ ʰʘʨʪʪʘʨʳ ð ʦʩʳ 

 ʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨץʟʽʣʫʽʥ ʘʥʳװʪʳ ʪץʥʘ שᴇʥʽʤʜʝʨʜʽ ץʜʝʨʽʩʪʝʛʽ ʘʨʘʣʳװ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹװʛʽʥʛʽ ʪʘשʜʘ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ ʤʝʥ ʩʧʠʨʪʪʝʨʜʽ ʌʠʰʝʨ-ʊʨʦʧʰ ᴅʜʽʩʽʤʝʥ 

ʩʠʥʪʝʟʜʝʫʜʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ ʝש ʪʠʽʤʜʽʩʽ ð ʢʦʙʘʣʴʪ ʥʝʛʽʟʽʥʜʝʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʽ ð 

ʪʘʩʳʤʘʣʜʘסʳʰʪʳש (AlϜOϝ, SiOϜ, TiOϜ) ʙʝʪʽʥʜʝ ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ Coϊ 
ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʙᴇʣʰʝʢʪʝʨʜʽש ʩʠʥʪʝʟʽ ð ʙʝʪʪʽʢ 

ʘʫʜʘʥʳ ʞʦסʘʨʳ ʦʢʩʠʜʪʽʢ ʞװʡʝʣʝʨʜʽ ʘʣʫ ᴅʜʽʩʪʝʨʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʊײʨʘץʪʳ ʦʢʩʠʜʪʝʨ ʥʝʛʽʟʽʥʜʝ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש ʪװʟʽʣʫʽʥʝ ʞʘסʜʘʡ 

ʞʘʩʘʡʪʳʥ ʪײʨʘץʪʳ ʬʘʟʘʣʘʨסʘ ʰʧʠʥʝʣʴ, ʜʝʣʘʬʦʩʩʠʪ ʞᴅʥʝ ʧʝʨʦʚʩʢʠʪ ʪᴅʨʽʟʜʽ ʘʨʘʣʘʩ 

ʦʢʩʠʜʪʽʢ ײץʨʳʣʳʤʜʘʨ ʞʘʪʘʜʳ. ᴄʩʽʨʝʩʝ ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ ײץʨʘʤʳ 

ʙʦʡʳʥʰʘ ʞʦסʘʨʳ ʠʢʝʤʜʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʞʘʣʧʳ ײץʨʘʤʳʥ 

ʞᴅʥʝ ʦʥʳש ʙʝʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʜʘʡ 

 ʘ ʞᴅʥʝסʳʥ ʘʨʪʪʳʨʫסʘʤʜʳʣʳסʪʘʣ שʙʝʡʽʤʜʝʫ ʨʝʘʢʮʠʷ ᴇʥʽʤʜʝʨʽʥʽ ץʨʘʤʜʳײץ

ʧʨʦʮʝʩʪʽש ʙʘסʳʪʪʘʣʫʳʥ ʙʘʩץʘʨʘʪʳʥ ʪʠʽʤʜʽ ʢʘʪʘʣʠʟʜʽʢ ʦʨʪʘʣʳץʪʘʨʜʳ 

 ʨʜʝװʨʘʤʳʥ ʠʢʝʤʜʽ ʪײץ ץʳʩʳ ð ʭʠʤʠʷʣʳסשʧʘʣ ʝʪʝʜʽ. ʉʦץʘ ʳסʘʣʳʧʪʘʩʪʳʨʫץ

ᴇʟʛʝʨʪʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ð ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʞᴅʥʝ ʦʥʳש ʙʝʪʽʥʽש ʦשʪʘʡʣʳ 

 ʳʥʘ ʪʠʽʤʜʽסʘʤʜʳʣʳסʪʘʣ שʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ᴇʥʽʤʜʝʨʜʽװʘ ʤסʜʘʫשʨʘʤʳʥ ʪʘײץ

ᴅʩʝʨ ʝʪʫʛʝ ʞʦʣ ʘʰʘʜʳ. 
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ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜ C2+ ʩʧʠʨʪʪʝʨʽʥʽש ʩʠʥʪʝʟʽʥʜʝ 

ʙʝʣʩʝʥʜʽ, ʪײʨʘץʪʳ ʉʦ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ʪװʟʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ ʙʘʩʪʘʧץʳ 

 .ʤʢʽʥװʦʩʳʣʳʩ ʙʦʣʫʳ ʤץ

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ װʰʽʥ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽ 

ʞᴅʥʝ ʪʘʣסʘʤʜʳʣʳסʳ ʞʦסʘʨʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʩʠʥʪʝʟ 

ᴅʜʽʩʪʝʨʽʥʽש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ. 

ɸʡʪʳʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽʜʝʡ ʤʽʥʜʝʪʪʝʨ ץʦʡʳʣʜʳ: 

1. ʃʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪʪʳש ᴅʨʪװʨʣʽ ץʘʪʳʥʘʩʳ ʙʘʨ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ 

LaCoO3 ʢװʨʜʝʣʽ ʦʢʩʠʜʽʥ ʞײʤʩʘץ ʪʝʤʧʣʘʪ ï ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʽץ שʘʪʳʩʳʥʜʘ ʙʽʨʛʝ 

ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ, ʩʦʥʜʘʡ-ʘץ ץʘʪʪʳ ʪʝʤʧʣʘʪ ï ʤʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪ̔  

KIT-6 ץʘʪʳʩʳʥʜʘ ʮʠʪʨʘʪ ᴅʜʽʩʽʤʝʥ ʩʠʥʪʝʟʜʝʫ. 

 ʞᴅʥʝ ʙʝʪʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ץʪʝʢʩʪʫʨʘʣʳ ,ץʨʳʣʳʤʜʳײץ שʣʛʽʣʝʨʜʽת .2

ʩʠʥʪʝʟ ᴅʜʽʩʽʥʽש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ. 

3. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʧʨʦʮʝʩʽʥʜʝ װʣʛʽʣʝʨʜʽש ʢʘʪʘʣʠʟʜʽʢ 

 ʢʘʪʘʣʠʟʜʽʢ שʣʛʽʣʝʨʜʽת .ʘ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫסʘʩʠʝʪʪʝʨʽʥ ʪʝʤʧʝʨʘʪʫʨʘץ

 ʳסʩʠʧʘʪʪʘʤʘʣʘʨʳ ʘʨʘʩʳʥʜʘ ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʘʩʠʝʪʪʝʨʽ ʤʝʥ ʦʣʘʨʜʳץ

ʙʘʡʣʘʥʳʩʪʳ ʦʨʥʘʪʫ.  

4. ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢʝʡʽʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʢװʡʽʥ ʟʝʨʪʪʝʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳ. ɻʠʜʨʦʪʝʨʤʘʣʜʳ ʞʘסʜʘʡʜʘ ʞײʤʩʘץ ʪʝʤʧʣʘʪʪʳש 

 ʘʪʳʩʳʥʜʘ ʮʠʪʨʘʪץ ʘʪʪʳ ʪʝʤʧʣʘʪץ ʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʞᴅʥʝײʘʪʳʩʳʥʜʘ ʙʽʨʛʝ ʪץ

ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ, ʩʠʥʪʝʟ ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʛʝ ץʘʙʽʣʝʪʪʽ ʧʝʨʦʚʩʢʠʪ 

 .ʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨײץ ʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪײץ

ɿʝʨʪʪʝʫ ʧᴅʥʽ. ʉʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽʥʽש Co-ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ 

ʘʣʫ ʧʨʦʮʝʩʽʥʜʝʛʽ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ ʘʥʳץʪʘʫ. 

ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪʘʣסʘʤʜʳʣʳסʳʥ 

ʘʡץʳʥʜʘʡʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳ ʘʥʳץʪʘʫ. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʧʨʦʮʝʩʽʥʽש 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʩʠʥʪʝʟʜʝʫ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ 

ʩʘʣʘʩʳʥʜʘסʳ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʘʣʳʤʜʘʨʜʳש ʝשʙʝʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ (ʌʠʰʝʨ-

ʊʨʦʧʰ ʩʠʥʪʝʟʽ) ʞײʤʳʩ ʞװʨʛʽʟʽʣʜʽ. ɸץʧʘʨʘʪ ʢᴇʟʽ ʨʝʪʽʥʜʝ ʤʝʨʟʽʤʜʽ ʙʘʩʳʣʳʤʜʘʨ, 

 ʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘʨ ʤʝʥ ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʇʝʨʦʚʩʢʠʪס

 ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳײץ ʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪײץ

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ: ʘʪʦʤʜʳץ-ʵʤʠʩʩʠʷʣʳץ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɸʕʉ), ɹʨʫʥʘʫʵʨ-ʕʤʤʝʪ-ʊʝʣʣʝʨ (ɹʕʊ) ʘʟʦʪʪʳש ʬʠʟʠʢʘʣʳץ 

ʘʜʩʦʨʙʮʠʷʩʳ, ײʥʪʘץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ױʈʌʊ), EDX װʡʣʝʩʽʤʜʽ 

ʘʞʳʨʘʪʳʤʜʳʣʳסʳ ʞʦסʘʨʳ ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (ɸɾ 

ʊʕʄ), ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ 

ʪʘʣʜʘʫ (Tɻʊ). ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳʥʜʘסʳ װʣʛʽʣʝʨʜʽש 

ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽ ʛʘʟ ʞᴅʥʝ ʩײʡʳץ ᴇʥʽʤʜʝʨʜʽש ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʳ ʙʘʨ 

ʪײʨʘץʪʳ ץʘʙʘʪʳ ʙʘʨ ʘסʳʥʜʳ ʙʦʣʘʪ ʨʝʘʢʪʦʨʜʘ ʟʝʨʪʪʝʣʜʽ. 
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ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʟʝʨʪʪʝʫʣʝʨʽ ʄ.ʍ. ɼʫʣʘʪʠ ʘʪʳʥʜʘסʳ ʊʘʨʘʟ 

ʫʥʠʚʝʨʩʠʪʝʪʽ çʍʠʤʠʷ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷè ʢʘʬʝʜʨʘʩʳʥʳס שʳʣʳʤʠ 

ʟʝʨʪʭʘʥʘʩʳʥʜʘ, ʅʦʚʦʩʠʙʠʨʩʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ סʳʣʳʤʠ ʟʝʨʪʪʝʫ 

ʦʨʪʘʣʳסʳʥʜʘ (ʅʦʚʦʩʠʙʠʨʩʢ), ʈʝʩʝʡ סʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳ ʉʽʙʽʨ ʙᴇʣʽʤʰʝʩʽ (ʈנɸ 

ʉɹ), ɻ.ʂ. ɹʦʨʝʩʢʦʚ ʘʪʳʥʜʘסʳ ʢʘʪʘʣʠʟ ʠʥʩʪʠʪʫʪʳ, ʬʝʜʝʨʘʣʴʜʳ ʟʝʨʪʪʝʫ 

ʦʨʪʘʣʳסʳʥʳש çɻʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟè ʙᴇʣʽʤʽʥʜʝ (ʅʦʚʦʩʠʙʠʨʩʢ) ʞװʨʛʽʟʽʣʜʽ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ɸʈ25794577 çʉʠʥʪʝʟ ʛʘʟ ʘʡʥʘʣʳʤʳ װʰʽʥ ʢʦʙʘʣʴʪ 

 ʨʫ ʞᴅʥʝ ʦʥʳ ʟʝʨʪʪʝʫè ʞʦʙʘʩʳ ʘʷʩʳʥʜʘ  2025-2027ײץ ʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʜʳײץ

ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ çɾʘʩ נʘʣʳʤè ʞʘʩ סʘʣʳʤʜʘʨʜʳש ʟʝʨʪʪʝʫʣʝʨʽʥ ʤʝʤʣʝʢʝʪʪʽʢ 

ʛʨʘʥʪʪʳץ ץʘʨʞʳʣʘʥʜʳʨʫ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ.  

ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳס שʳʣʳʤʠ ʞʘשʘʰʳʣʜʳסʳ. ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ 

ʢʝʣʝʩʽ ʥᴅʪʠʞʝʣʝʨ ʘʣʳʥʜʳ: 

1. ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ LaCoO3 

ʞײʤʩʘץ ʪʝʤʧʣʘʪ ï ɻ ʪʠʣʝʥʛʣʠʢʦʣʴʜʳץ שʘʪʳʩʳʥʜʘ ʛʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʙʽʨʛʝ 

ʪײʥʜʳʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʩʠʥʪʝʟʜʝʣʜʽ. 

2. ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ LaCoO3, LaCoO3/KIT-6 ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʽʥʽש 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩʠʥʪʝʟ ᴅʜʽʩʪʝʨʽʥʽש ᴅʩʝʨʽ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ 

ʪʘʣʜʘʫ, ʵʥʝʨʛʠʷ-ʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ 

ʤʠʢʨʦʩʢʦʧʠʷ ʞᴅʥʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. 

3. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʨʝʘʢʮʠʷʩʳʥʜʘסʳ LaCoO3 ʞᴅʥʝ 

LaCoO3/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪʘʣסʘʤʜʳʣʳסʳ 

ʟʝʨʪʪʝʣʽʧ, ʦʣʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʳ ʘʥʳץʪʘʣʜʳ. 

ɾײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ: ױʩʳʥʳʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ 

ʩʠʥʪʝʪʠʢʘʣʳץ ʦʪʳʥ ᴇʥʜʽʨʽʩʽʥʽש ʤʘשʳʟʜʳ ʙʘסʳʪʳ ʨʝʪʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ, ʦʥʳש ʽʰʽʥʜʝ 

ʉʆ ʤʝʥ ʩʫʪʝʛʽʥʝʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʧʨʦʮʝʩʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽ 

ʞᴅʥʝ ʪʘʣסʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʫ. 

ʉʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽ ʩʠʥʪʝʟ-ʛʘʟʜʳ ʪװʨʣʝʥʜʽʨʫ 

ʨʝʘʢʮʠʷʩʳʥʜʘ 240 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ  ʢʝʤ ʜʝʛʝʥʜʝ 10 ʩʘסʘʪ 

 ʘʨʳסʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʦץ ʳʤʳʥסʩʧʠʨʪ ʰʳ סʤʳʩ ʢʝʟʽʥʜʝ 80 ʤʛ/ʛʢʘʪÅʩʘײʟʜʽʢʩʽʟ ʞװ

ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʪʽ. 

 :ʠʜʘʣʘʨסʘץ ʘʥ ʥʝʛʽʟʛʽסʩʳʥʳʣײ ʘסʘʫסʦʨפ

1. ɻʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʞײʤʩʘץ ʪʝʤʧʣʘʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʳש 

 ʨʜʝʣʽװʨʳʣʳʤʜʳ LaCoO3 ʢײץ ʥʜʳʨʫ ᴅʜʽʩʽ ʧʝʨʦʚʩʢʠʪײʘʪʳʩʳʥʜʘ ʙʽʨʛʝ ʪץ

ʦʢʩʠʜʪʝʨʜʽ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʘʪʪrפ .2  ʪʝʤʧʣʘʪ ï ʤʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪ̔  KIT-6 ץʦʣʜʘʥʫ ï 

LaCoO3 װʣʛʽʩʽʥʽש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ 9,5-ʪʝʥ 220 ʤ2/ʛ ʜʝʡʽʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

3. ʄʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ײʣסʘʡסʘʥ LCO/KIT-6 װʣʛʽʩʽ 240Áʉ ʪײʨʘץʪʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʣʘʨʜʘ ʙʝʣʩʝʥʜʽʣʽʛʽ ʞʦסʘʨʳ. 

ʉʧʠʨʪʪʝʨ װʰʽʥ ʞʘʣʧʳ ʪʘʣסʘʤʜʳʣʳץʪʳש ʪᴇʤʝʥʜʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ (SROH, 61%), 

ʙʘסʘʣʳ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ʳסʳʩʘʜʳ (YROH, 80 

ʤʛ/ʛʢʘʪÅʩʘס). 

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ.  
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ɸʚʪʦʨ ʟʝʨʪʪʝʫ ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʘʨʥʘʡʳ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʛʝ ʪʘʣʜʘʫ 

ʞʘʩʘʫ, װʣʛʽʣʝʨʜʽ ʩʠʥʪʝʟʜʝʫ, ᴅʨʪװʨʣʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ 

ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʣʜʘʫ, ʢʘʪʘʣʠʟʜʽʢ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʜʽ. ɸʚʪʦʨ 

ʤʘץʩʘʪʪʳ ץʦʶסʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣץʳʣʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ 

ʩʧʠʨʪʪʝʨʜʽש ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳʥʜʘסʳ װʣʛʽʣʝʨʜʽש ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪʘʣסʘʤʜʳʣʳסʳ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʫסʘ, ʦʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʳ 

ʙʘʩʧʘסʘ ʜʘʡʳʥʜʘʫסʘ ץʘʪʳʩʪʳ. 

ɾײʤʳʩʪʳש ʘʧʨʦʙʘʮʠʷʩʳ. ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʥᴅʪʠʞʝʣʝʨʽ סʳʣʳʤʠ 

ʢʦʥʬʝʨʝʥʮʠʷʜʘ ʙʘʷʥʜʘʣʳʧ, ʪʘʣץʳʣʘʥʜʳ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (2020, ɸʣʤʘʪʳ); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʠʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʥʜʝʥʮʠʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠè (2020, 

ʇʝʨʝʷʩʣʘʚ, ʋʢʨʘʠʥʘ). 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʜײʨʳʩʪʳסʳ. ʅᴅʪʠʞʝʣʝʨʜʽש 

ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʜײʨʳʩʪʳʣʳסʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

(ɸʕʉ, ɹʕʊ, ױʈʌʊ, ɸɾ ʊʕʄ, ʉʕʄ, ʊɻʊ) ʞᴅʥʝ ʉʆ ʤʝʥ ʩʫʪʝʛʽʥʝʥ ʩʧʠʨʪʪʝʨʜʽ 

ʩʠʥʪʝʟʜʝʫ ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʫʜʽש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʤʘʪʝʨʠʘʣʜʳװ שʣʢʝʥ ʢᴇʣʝʤʽʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʩʪʘʥʜʘʨʪʪʳ, ʪʝʢʩʝʨʽʣʛʝʥ 

ʞʘʙʜʳץʪʳ ץʦʣʜʘʥʫʤʝʥ ʙʝʣʛʽʣʝʥʝʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʢʘʪʘʣʠʟ ʩʘʣʘʩʳʥʜʘסʳ 

ʽʨʛʝʣʽ סײʳʤʜʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɾʘʨʠʷʣʘʥʳʤʜʘʨ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 9 סʳʣʳʤʠ ʞײʤʳʩʪʘ  

ʞʘʨʠʷʣʘʥʜʳ, ʦʥʳש ʽʰʽʥʜʝ: 1 ʤʘץʘʣʘ Scopus ʞᴅʥʝ Web of Science ʘץʧʘʨʘʪʪʘʨ 

ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘʨʜʘ, 5 ʤʘץʘʣʘ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽנ שʳʣʳʤ ʞᴅʥʝ ʞʦסʘʨʳ 

ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘסʳ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽ ײʩʳʥסʘʥ ʞʫʨʥʘʣʜʘʨʜʘ ʞᴅʥʝ 

3 ʙʘʷʥʜʘʤʘ ʪʝʟʠʩʪʝʨʽ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʞᴅʥʝ סʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳש ʞʠʥʘץʪʘʨʳʥʜʘ ʞʘʨʠʷʣʘʥʜʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳײץ שʨʳʣʳʤʳ ʞᴅʥʝ ʢᴇʣʝʤʽ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʢʽʨʽʩʧʝʜʝʥ, 3 ʙᴇʣʽʤʥʝʥ, ץʦʨʳʪʳʥʜʳʜʘʥ, 182 ץʦʣʜʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽʥʝʥ 

ʪײʨʘʜʳ. ɾײʤʳʩʪʳש ʢᴇʣʝʤʽ 108 ʙʝʪ, 45 ʩʫʨʝʪ ʞᴅʥʝ 17 ʢʝʩʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. 
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1 ᴄɼɽɹʀ ʐʆʃʋ 

 

1.1 ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ 

ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ (ʌʊʉ) - ʧʘʨʘʬʠʥʜʝʨ, ʦʣʝʬʠʥʜʝʨ, ʩʧʠʨʪʪʝʨ ʞᴅʥʝ 

ʘʣʴʜʝʛʠʜʪʝʨ ʩʠʷץʪʳ ᴇʥʽʤʜʝʨʜʽ ʩʠʥʪʝʪʠʢʘʣʳץ ᴇʥʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ, ʩʦʥʳʤʝʥ 

 ʘʨʳ ʞʳʣʫסʘʥ ʞʦסʨʣʝʥʜʽʨʫʛʝ ʘʨʥʘʣװʘ ʢʘʪʘʣʠʟʜʽʢ ʪסʦʪʳʥ ץʡʳײʘʪʘʨ ʩʠʥʪʝʟ ʛʘʟʳʥ ʩץ

ʙᴇʣʝ ʞװʨʝʪʽʥ ʧʨʦʮʝʩʩ. ʇʨʦʮʝʩʩʪʽש ʧʘʡʜʘ ʙʦʣʫʳʥʳײ שʟʘץ ʪʘʨʠʭʳ ʙʘʨ. ʉʘʙʘʪʴʝ 

ʞᴅʥʝ ʉʝʥʜʝʨʝʥʩ 1902 ʞʳʣʳ ʘʣסʘʰ ʨʝʪ CO ʞᴅʥʝ H2-ʜʝʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ ʘʣʜʳ [1]. 

ʌʠʰʝʨ ʞᴅʥʝ ʊʨʦʧʰ ʙʽʨʽʥʰʽ ʨʝʪ 1922 ʞʳʣʳ Fe ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳץ שʘʪʳʩʳʥʜʘ 

ʘʣʠʬʘʪʪʳ ʦʪʪʝʛʽ ʙʘʨ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʩʠʥʪʝʟʽ ʪʫʨʘʣʳ ʝשʙʝʢʪʝʨʽʥʜʝ ʞʘʨʠʷʣʘʜʳ 

[2]. ʆʜʘʥ ᴅʨʽ ʦʩʳ סʘʣʳʤʜʘʨ 1923 ʞʳʣʳ Fe/ZnO ʞᴅʥʝ Co/Cr2O3 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 

 ʟʳʥ ʪʽʟʙʝʢʪʽײ ʘʪʳʩʳʥʜʘ ʉʆ ʛʠʜʨʦʛʝʥʠʟʘʮʠʷʩʳ ʢʝʟʽʥʜʝ ʥʝʛʽʟʛʽ ᴇʥʽʤ ʨʝʪʽʥʜʝץ

ʢᴇʤʽʨʩʫʪʝʢʪʝʨ ʘʣʳʥʘʪʳʥʳʥ ʘʥʳץʪʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʩʠʥʪʝʟ-ʛʘʟʜʳײ שʟʳʥ 

ʪʽʟʙʝʢʪʽ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʘʡʥʘʣʫʳ ʌʠʰʝʨ-ʊʨʦʧʰ (ʌʊʉ) ʩʠʥʪʝʟʽ [3,4] ʜʝʧ ʘʪʘʣʜʳ. 

ʌʊʉ ʥʝʛʽʟʛʽ ʤʘץʩʘʪʪʳ ᴇʥʽʤʜʝʨʽ ʙʝʥʟʠʥ, ʢʝʨʦʩʠʥ, ʜʠʟʝʣʴ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʘסʘʨʤʘʡ 

ʩʠʷץʪʳ ʩײʡʳץ ʦʪʳʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [5]. ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ᴇʥʽʤʜʝʨʽʥʽש ʙʽʨ 

ʝʨʝʢʰʝʣʽʛʽ ï ʨʝʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ S, N2, ʘʨʦʤʘʪʪʳ ץʦʩʳʣʳʩʪʘʨ ʞᴅʥʝ ᴅʜʝʪʪʝ ʤײʥʘʡ 

ᴇʥʽʤʜʝʨʽʥʜʝ ʢʝʟʜʝʩʝʪʽʥ ʙʘʩץʘ ʜʘ ʫʣʳ ץʦʩʳʣʳʩʪʘʨ ʞʦץ, ʩʦʣ ʩʝʙʝʧʪʽ ץʘʪʘש 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ ʦשʘʡ ʞʘʫʘʧ ʙʝʨʝ ʘʣʘʜʳ ʜʝʫʛʝ ʙʦʣʘʜʳ [6,7]. ʌʠʰʝʨ-

ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʧʨʦʮʝʩʽʥʜʝ ʙʘʩʪʳ ʘʣʳʥʘʪʳʥ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨ ʦʣʝʬʠʥʜʝʨ 

ʞᴅʥʝ ʩʳʟʳץʪʳץ ʧʘʨʘʬʠʥʜʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ((I), (II) ʞᴅʥʝ (III ) ʪʝשʜʝʫʣʝʨʽ). 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ᴇʪʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʞʳʣʫ ʙᴇʣʫ ʘʨץʳʣʳ ʞװʨʝʪʽʥ ʛʝʪʝʨʦʛʝʥʜʽ 

ʢʘʪʘʣʠʪʠʢʘʣʳץ ʧʨʦʮʝʩʩ:  

 

   #/ σ(ςP #(τ (ς/ Ў(ςωψ
Ј Ȥςπφȟτ̋ˑ̇Ⱦ̝̍̏̌,   (1) 

 

   ςÎ(ς Î#/O#Î(ςÎ Î(ς/,     (2) 

 

   ςÎ ρ(ς Î#/O#Î(ςÎ ςÎ(ς/.    (3) 

 

ʈʝʘʢʮʠʷʜʘ ʥʝʛʽʟʽʥʝʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʢᴇʤʽʨʪʝʛʽʥʽש ʨʝʩʫʨʩʳʥʘ ץʘʨʘʡ, 

ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩײʡʳץ ʦʪʳʥʜʳ ᴇʥʜʽʨʫ ʧʨʦʮʝʩʪʝʨʽ ʢᴇʤʽʨʜʝʥ ʩײʡʳץʪʳץץʘ CTL 

(Carbon to liquid), ʛʘʟʜʘʥ ʩײʡʳץʪʳץץʘ GTL (Gas to liquid) cʦʥʳʤʝʥ ץʘʪʘʨ 

ʙʠʦʤʘʩʩʘʜʘʥ ʩײʡʳץʪʳץץʘ BTL (ɺiomass to liquid) [8] ʜʝʧ ʘʪʘʣʘʜʳ (ʩʫʨʝʪ 1). 

ʂʝʡʽʥʛʽ ʦʥʞʳʣʜʳץʪʘ ʩʠʥʪʝʟ ʛʘʟʜʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʪװʨʣʝʥʜʽʨʫ ʘʡץʳʥ 

ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʜʽ. ɹʽʨʽʥʰʽʜʝʥ, ʩʠʥʪʝʟ ʛʘʟʜʳ ʘʣʫסʘ ʘʨʥʘʣסʘʥ ʢᴅʜʽʤʛʽ 

ʢᴇʤʽʨʪʝʛʽ ʢᴇʟʜʝʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ ʪʘʙʠסʠ ʛʘʟ ʙʝʥ ʢᴇʤʽʨʜʝʥ ʙʘʩץʘ, ʙʠʦʤʘʩʩʘ ʤʝʥ 

ʢᴇʤʽʨʪʝʢ ץʦʩ ʪʦʪʳסʳʥʘ ʞʘשʘʨʪʳʣʘʪʳʥ ʩʠʥʪʝʟ ʛʘʟ ʰʠʢʽʟʘʪʳ ʨʝʪʽʥʜʝ ʢᴇʙʽʨʝʢ 

ʟʝʨʪʪʝʣʝ ʙʘʩʪʘʜʳ [9-13]. ɽʢʽʥʰʽʜʝʥ, ʩײʡʳץ ʦʪʳʥʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ᴇʥʽʤ ʪװʨʣʝʨʽʥ ʘʣʫ 

 ʦʣץ ʳʥ ʨʝʪʪʝʫʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʥᴅʪʠʞʝʣʝʨʛʝסʘʤʜʳʣʳסʪʘʣ שʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳװ

ʞʝʪʢʽʟʽʣʜʽ. ʄʳʩʘʣʳ, ʉ5+ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʽש ʞʦסʘʨʳ ʪʘʣסʘʤʜʳʣʳסʳʥʘ ץʦʣ ʞʝʪʢʽʟʫ 

 ʳʥסʘʤʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫ ʌʊʉ ʪʘʣסʘʤʜʳʣʳסʪʘʣ שʰʽʥ ʞᴅʥʝ ʤʝʪʘʥʥʳװ

ʙʘץʳʣʘʫʜʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ʉʫʨʝʪ 1 -  XTL ʊʝʭʥʦʣʦʛʠʷʩʳʥʳש ʩʳʟʙʘ-ʥײʩץʘʩʳ (ʍ-ʢʝʟ ʢʝʣʛʝʥ ʢᴇʤʽʨʪʝʢ 

 ʨʘʤʜʳ ʰʠʢʽʟʘʪ) [8, ʩ.10]ײץ

ʉʦסשʳ ʟʝʨʪʪʝʫʣʝʨ ʙʝʥʟʠʥ (C5ïC11) ï ʞᴅʥʝ ʜʠʟʝʣʴʜʽʢ ʦʪʳʥʥʳש (C10ïC20) ï 

ʘʨʘʣʳסʳʥʜʘסʳ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ ʪʘʤʘʰʘ ʪʘשʜʘʫ ץʘʙʽʣʝʪʽʤʝʥ ʘʣʫסʘ ʙʦʣʘʪʳʥʳ [14ï

16] ʘʚʪʦʨʣʘʨʳʥʳש ʝשʙʝʢʪʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʜʽ. ʄʘשʳʟʜʳ סʳʣʳʤʠ ʽʣʛʝʨʽʣʝʫ ʞʘשʘ 

ʙʫʳʥʜʳ ʌʠʰʝʨïʊʨʦʧʰ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ᴇʥʽʤʜʽ ʙᴇʣʫʛʝ 

ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳʥʘ ʞʦʣ ʘʰʫʳ ʤװʤʢʽʥ. 

 ʦʪʳʥʜʘʨʜʘʥ ץʡʳײʙʘʩʪʳ ᴇʥʽʤʜʝʨʽ ï ʩ שʰʽʥʰʽʜʝʥ, ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽת

ʙᴇʣʝʢ, ʩʠʥʪʝʟ-ʛʘʟʳʥ ײץʨʳʣʳʩ ʙʣʦʢʪʘʨʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʭʠʤʠʷʣʳץ 

ʟʘʪʪʘʨסʘ ʘʡʥʘʣʜʳʨʫ ʤᴅʩʝʣʝʩʽʥʝ ʜʝ ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʽʥʽʧ ʢʝʣʝʜʽ. ᴄʩʽʨʝʩʝ ʩʦסשʳ 

ʞʳʣʜʘʨʳ ʩʠʥʪʝʟ-ʛʘʟʜʳ ʪʽʢʝʣʝʡ ʪᴇʤʝʥʛʽ ʦʣʝʬʠʥʜʝʨʛʝ ʪװʨʣʝʥʜʽʨʫ ʙʘסʳʪʳʥʜʘ 

ʘʡʪʘʨʣʳץʪʘʡ ʞʝʪʽʩʪʽʢʪʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ [17-19].  
ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ ʩʠʥʪʝʟ-ʛʘʟʜʳ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʩײʡʳץ ʦʪʳʥʜʘʨ ʤʝʥ ʭʠʤʠʷʣʳץ ץʦʩʳʣʳʩʪʘʨסʘ ʪʠʽʤʜʽ ʘʡʥʘʣʜʳʨʘʪʳʥ ᴅʤʙʝʙʘʧ 

ʢʘʪʘʣʠʟʜʽʢ ʧʨʦʮʝʩʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦסשʳ ʟʝʨʪʪʝʫʣʝʨ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש 

ʩʘʪʪʳ ᴇʥʽʤʜʝʨʛʝ ï ʉץʳʣʳ ʤʘץʪʘʡʣʘʥʜʳʨʫ ʘʨשʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʦ ץʨʳʣʳʤʜʳײץ  

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʝ, ʙʝʥʟʠʥʜʽʢ ʞᴅʥʝ ʜʠʟʝʣʴʜʽʢ ʬʨʘʢʮʠʷʣʘʨסʘ, ʩʦʥʜʘʡ-ʘץ ʩʧʠʨʪʪʝʨʛʝ 

ʪʘʣסʘʤʜʳʣʳץʪʳ ʙʘʩץʘʨʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ʆʩʳ סʳʣʳʤʠ ʞʝʪʽʩʪʽʢʪʝʨ ʌʊʉ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʦסʘʨʳ ʪʘʣסʘʤʜʳ ʞᴅʥʝ ʵʥʝʨʛʠʷ װʥʝʤʜʽ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʛʝ 

ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 
1.2 ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʤʝʭʘʥʠʟʤʽ 

ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ᴇʪʝ ʢװʨʜʝʣʽ ʧʨʦʮʝʩʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ ʦʩʳ 

ʧʨʦʮʝʩʪʽש ʞװʨʫʽʥʽש ʥʘץʪʳ ʤʝʭʘʥʠʟʤʽ ᴅʣʽ ʢװʥʛʝ ʰʝʰʽʣʤʝʛʝʥ. ᴄʨʪװʨʣʽ ʛʦʤʦʣʦʛʪʳץ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʉʆ+ʅ2ץ ʟʽʣʫʽʥװʪ שʩʧʝʢʪʨʽʥʽ שʢʝ שʦʩʳʣʳʩʪʘʨʜʳץ ʘ ʠʝסʘʪʘʨץ

 ʰʳʨʘʫʳ ʢʘʪʘʣʠʟʜʽʢײ ᴇʟʛʝʨʽʩʢʝ ץʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝʛʽ ʭʠʤʠʷʣʳ שʦʩʧʘʩʳʥʳץ
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ʞᴅʥʝ ʧʦʣʠʤʝʨʣʝʥʫ ʢʝʟʝשʜʝʨʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʤʝʭʘʥʠʟʤ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ 

ʢʝʨʝʢ, ʦʣʘʨʜʳש ʥʝʛʽʟʛʽʣʝʨʽ:  

1. ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʝ ʨʝʘʛʝʥʪʪʝʨʜʽש ʘʜʩʦʨʙʮʠʷʩʳ; 

2. ʙʝʣʩʝʥʜʽ ʙᴇʣʰʝʢʪʝʨʜʽש ʪװʟʽʣʫʽ; 

3. ʢᴇʤʽʨʩʫʪʝʢ ʪʽʟʙʝʛʽʥʽש ᴇʩʫʽ; 

4. ʪʽʟʙʝʢʪʽ ʪʦץʪʘʪʫ; 

5. ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʝʥ ᴇʥʽʤʜʝʨʜʽ ʜʝʩʦʨʙʮʠʷʣʘʫ; 

6. ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝʛʽ ᴇʥʽʤʜʝʨʜʽץ שʘʡʪʘʣʘʤʘ ʘʜʩʦʨʙʮʠʷʩʳ; 

7. ʝʢʽʥʰʽʣʽʢ, ʞʘʥʘʤʘ ʨʝʘʢʮʠʷʣʘʨ. 

ʆʩʳסʘʥ ʦʨʘʡ ʘʚʪʦʨʣʘʨʜʳײ שʩʳʥסʘʥ ʢᴇʧʪʝʛʝʥ ʙʦʣʞʘʤʜʳ ץʘʨʘʤʘ-ץʘʡʰʳ 

ʤʝʭʘʥʠʢʘʣʳץ ʪʝʦʨʠʷʣʘʨʳ ʙʘʨ [20]. 

ʌʠh ʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽʜʝʡ ʧʨʦʮʝʩʩʪʝʨ ʞװʨʝʜʽ: 1) 

ʨʝʘʢʮʠʷʥʳש ʙʘʩʪʘʣʫʳ, 2) ʪʽʟʙʝʢʪʽש ᴇʩʫʽ, 3) ʪʽʟʙʝʢʪʽש ʘʷץʪʘʣʫʳ. ʌʊʉ ʧʨʦʮʝʩʩʽʥʽש 

ʞװʨʫ ʩʘʪʳʣʘʨʳ װʰʽʥ ʝʢʽ ʪװʨʣʽ ʛʠʧʦʪʝʟʘסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʨʝʘʢʮʠʷʥʳש ʞװʨʫ 

ʰʘʨʪʪʘʨʳʥʳװ שʰ ʪװʨʣʽ ʤʝʭʘʥʠʟʤʽ ײʩʳʥʳʣסʘʥ: CïO ʙʘʡʣʘʥʳʩʪʘʨʳʥʳװ שʟʽʣʫʽ, 

ʦʜʘʥ ʢʝʡʽʥ CHx ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪװʟʽʣʫʽ ʥʝʤʝʩʝ RCHxOH ʪװʟʽʣʫʽʤʝʥ ʉʆ ʥʝʛʽʟʛʽ 

ʪʽʟʙʝʢʢʝ ʝʥʫʽ [21]. 

ʂᴇʤʽʨʪʝʛʽ ʦʢʩʠʜʽʥ CO ʝʥʛʽʟʫ ʘʨץʳʣʳ ʞװʨʝʪʽʥ ʪʽʟʙʝʢʪʽש ᴇʩʫ ʤʝʭʘʥʠʟʤʽʥʝ 

ʩᴅʡʢʝʩ (ʩʫʨʝʪ 2), ʘʣʜʳʤʝʥ CO ʤʦʣʝʢʫʣʘʩʳ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʪʢʽ ץʘʙʘʪʳʥʘ 

ʘʜʩʦʨʙʮʠʷʣʘʥʘʜʳ. ʊʽʟʙʝʢʪʽש ᴇʩʫʽ ʦʩʳ ʤʦʣʝʢʫʣʘʥʳש ʙʘʩʪʘʧץʳ ʜʠʩʩʦʮʠʘʮʠʷʩʳʥʘʥ 

ʙʘʩʪʘʣʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʙᴇʣʽʥʛʝʥ CO ʙᴇʣʰʝʛʽ CHx ʪʦʧʪʘʨʳʥʘ ʜʝʡʽʥ ʛʠʜʨʣʝʥʝʜʽ. ʉʆ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ װʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʘʣסʘʰץʳ C2Hy ʬʨʘʛʤʝʥʪʽ ʪװʟʽʣʝʜʽ ʞᴅʥʝ 

ʪʽʟʙʝʢ ᴅʨʽ ץʘʨʘʡ ᴇʩʝʜʽ. ʊʽʟʙʝʢʪʽװ שʟʽʣʫʽ ï Ŭ-ʦʣʝʬʠʥ ʥʝʤʝʩʝ n-ʧʘʨʘʬʠʥ ʪװʟʽʣʫʽʤʝʥ 

ʙʽʨʛʝ ʞװʨʝʪʽʥ ᴇʥʽʤʥʽש ʜʝʩʦʨʙʮʠʷʩʳ ï ʪʽʟʙʝʢʪʽש ᴇʩʫ ʧʨʦʮʝʩʽʥʽש ʢʝʟ ʢʝʣʛʝʥ 

ʢʝʟʝשʽʥʜʝ ʞװʟʝʛʝ ʘʩʘ ʘʣʘʜʳ. 

 

 
ʉʫʨʝʪ 2 - ʉʆ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʪʽʟʙʝʢʪʽש ᴇʩʫ ʤʝʭʘʥʠʟʤʽ ʙʦʡʳʥʰʘ ʌʠʰʝʨ-ʊʨʦʧʰ 

ʨʝʘʢʮʠʷʩʳʥʳש ʩʭʝʤʘʩʳ [22] 
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ʂʘʨʙʠʜʪʽ ʤʝʭʘʥʠʟʤʛʝ ʩᴅʡʢʝʩ (ʩʫʨʝʪ 3), ʪʽʟʙʝʢʪʽש ᴇʩʫʽ װʰʽʥ ʥʝʛʽʟʛʽ 

ʤʦʥʦʤʝʨʣʝʨ ʨʝʪʽʥʜʝ -CH2- ץʳʟʤʝʪ ʘʪץʘʨʘʜʳ. ʇʨʦʮʝʩʪʝ HϜ ʞᴅʥʝ CO ʘʣʜʳʤʝʥ 
ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʝ ʘʜʩʦʨʙʮʠʷʣʘʥʳʧ, ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʘʜʳ ʞᴅʥʝ ᴅʨʽ ץʘʨʘʡ 

ʪʽʟʙʝʢʪʽש ᴇʩʫʽʥʝ ץʘʪʳʩʘʜʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ CHx ʪʦʧʪʘʨʳʥʳש 

ʙʽʨʥʝʰʝ ʪװʨʣʝʨʽ, ʤʳʩʘʣʳ -CH2- ʞᴅʥʝ -CH3, ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ. ʊʽʟʙʝʢʪʽײ שʟʘʨʫʳ 

ᴇʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʘʣʢʠʣ ʪʦʧʪʘʨʳʥʘ ʞʘשʘ ʤʦʥʦʤʝʨʣʝʨʜʽץ שʦʩʳʣʫʳ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʘʜʳ, ʘʣ -CH2- ʪʦʧʪʘʨʳ ײʟʳʥ ʪʽʟʙʝʢʪʽ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʜʝʡʽʥ ʧʦʣʠʤʝʨʣʝʥʝ ʘʣʘʜʳ. 

ʊʽʟʙʝʢʪʽװ שʟʽʣʫʽ ʝʢʽ ʞʦʣʤʝʥ ʞװʨʝ ʘʣʘʜʳ: ʝʛʝʨ -CH3 ʥʝʤʝʩʝ ʩʫʪʝʢ ץʦʩʳʣʩʘ ð 

ʧʘʨʘʬʠʥ ʪװʟʽʣʝʜʽ, ʘʣ ʩʫʪʝʢ ʙᴇʣʽʥʽʧ ʰʳץʩʘ ð ʦʣʝʬʠʥʜʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ . 

 
 

 

ʉʫʨʝʪ 3 - ʂᴇʤʽʨʪʝʢʪʽ ʤʝʭʘʥʠʟʤ ʙʦʡʳʥʰʘ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʩʭʝʤʘʩʳ 

 

hת ʽʥʰʽ ʤʝʭʘʥʠʟʤ ʦʣ ð ʵʥʦʣʜʳץ ʤʝʭʘʥʠʟʤ. ʂᴇʤʽʨʪʝʛʽ ʦʢʩʠʜʽʥʽש 

ʤʦʣʝʢʫʣʘʩʳʥʳש ʜʠʩʩʦʮʠʘʪʠʚʪʽ ʝʤʝʩ ʘʜʩʦʨʙʮʠʷʩʳʥʘʥ ʙʘʩʪʘʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 

ʢᴇʤʽʨʪʝʢ ʪʦʪʳסʳ ʛʠʜʨʣʝʥʽʧ, ʵʥʦʣ ץʦʩʳʣʳʩʳ (HCOH) ʪװʟʽʣʝʜʽ. 

 ʕʥʦʣ ʪװʨʽʥʜʝʛʽ ʘʨʘʣʳץ ᴇʥʽʤʜʝʨ ʽʨʛʝʣʝʩ ʪʦʧʪʘʨʜʳש ʢʦʥʜʝʥʩʘʮʠʷʩʳ ʘʨץʳʣʳ 

ʪʽʟʙʝʢʪʽ ײʟʘʨʪʘʜʳ. CHROH ʪװʨʽʥʜʝʛʽ ʙʝʪʪʽʢ ץʦʩʳʣʳʩʪʘʨʜʳץ שʘʪʳʩʫʳ 

ʪʘʨʤʘץʪʘʣסʘʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪװʟʽʣʫʽʥʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʠʥʪʝʟ-ʛʘʟʳʥʘ 14ʉ 

ʪʘשʙʘʣʳ ʩʧʠʨʪʪʝʨ ʤʝʥ ʘʣʢʝʥʜʝʨʜʽ ʝʥʛʽʟʫ ʞᴅʥʝ ʘʣʳʥסʘʥ ᴇʥʽʤʜʝʨʜʽ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ ץʦʩʳʣʳʩʪʘʨʜʘ ʪʽʟʙʝʢʪʽש ᴇʩʫʽʥ ʙʘʩʪʘʫʰʳ ʙʦʣʘ ʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʢʝʥ 

[23]. ʕʥʦʣʜʳץ ʤʝʭʘʥʠʟʤʥʽש ʞʘʣʧʳ ʩʭʝʤʘʩʳ 4-ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ. 
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ʉʫʨʝʪ 4 - ʕʥʦʣʜʳץ ʤʝʭʘʥʠʟʤ ʙʦʡʳʥʰʘ ʞװʨʝʪʽʥ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʩʭʝʤʘʩʳ 

[23, ʙ.4] 

 ʘʥסʨʣʝʥʜʽʨʫʛʝ ʘʨʥʘʣװʳʪʪʘ ʩʠʥʪʝʟ-ʛʘʟʳʥ ʢʘʪʘʣʠʟʜʽʢ ʪץʘʟʽʨʛʽ ʫʘפ

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʙʝʪʽʥʜʝʛʽ ײʟʳʥ ʪʽʟʙʝʢʪʽ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪװʟʽʣʫʽʥʽש 

ʞʘʣʧʳסʘ ʦʨʪʘץ ץʘʙʳʣʜʘʥסʘʥ ʥײʩץʘʩʳ 5-ʩʫʨʝʪʪʝ ʩʠʧʘʪʪʘʣסʘʥ. ʉʆ ʞᴅʥʝ ʅ2 ʝʢʝʫʽ ʜʝ 

ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʪʝʨʽʥʜʝ ʘʪʦʤʜʳץ ʢװʡʛʝ ʘʫʳʩʫ װʰʽʥ ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʘʜʳ.  

 

 

 

ʉʫʨʝʪ 5 ï ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʞʝשʽʣʜʝʪʽʣʛʝʥ ʨʝʘʢʮʠʷ ʤʝʭʘʥʠʟʤʽ [24] 
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ɸʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʦʪʪʝʛʽ ʩʫ ʤʦʣʝʢʫʣʘʩʳʥ ʪװʟʫ װʰʽʥ ʩʫʪʝʛʽʤʝʥ ʪʠʽʤʜʽ 

ʞʳʣʞʫʳ ʤװʤʢʽʥ, ʘʣ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʉ ᴅʨʪװʨʣʽ CHx ʘʨʘʣʳץ ᴇʥʽʤʜʝʨʽʥ (x=0-3) 

ʘʣʫ װʰʽʥ ʩʫʪʝʢʧʝʥ ץʦʩʳʣʘ ʘʣʘʜʳ. CHx ʪװʟʽʣʫʽ ʩʦʥʳʤʝʥ ץʘʪʘʨ HCO ʘʨʘʣʳץ ᴇʥʽʤʽ 

ʘʨץʳʣʳ ʩʫʪʝʛʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʉʆ ʜʠʩʩʦʮʠʘʮʠʷʩʳ ʘʨץʳʣʳ ʞװʨʫʽ ʤװʤʢʽʥ, ʩʦʜʘʥ 

ʢʝʡʽʥ ʉʆ ʙʘʡʣʘʥʳʩʳʥʳש ʳʜʳʨʘʫʳ ʽʩʢʝ ʘʩʘʜʳ. ɾʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥʜʘʡ, CO 

ʜʠʩʩʦʮʠʘʮʠʷʩʳʥʳץ שʘʜʘʤʳ ʙװʢʽʣ ʌʠʰʝʨ-ʊʨʦʧʰ ʧʨʦʮʝʩʽʥʽש ʥʝʛʽʟʛʽ ץʘʜʘʤʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [24, ʙ.136]. 

ʄʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʣʘʨʳ ʙʦʡʳʥʰʘ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪʘʨʘʣʫʳ ʢᴇʤʽʨʪʝʢ 

ʜʠʦʢʩʠʜʽʥʽש ʛʠʜʨʦʛʝʥʠʟʘʮʠʷʩʳʥʳש ʝʢʽʥʰʽ ʢʝʟʝשʽʥʜʝʛʽ ʉʆ ʛʠʜʨʦʛʝʥʠʟʘʮʠʷʩʳ 

(ʌʊʉ) ʢʝʟʽʥʜʝ, ʩʪʘʮʠʦʥʘʨʣʳץ ʞʘסʜʘʡʜʘ, ʧʦʣʠʤʝʨʣʝʥʫ ʧʨʦʮʝʩʽʥʽש ʬʦʨʤʘʣʴʜʳ 

ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʞװʨʝʜʽ. ʇʨʦʮʝʩʪʽ 6-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʢʝʣʝʩʽ ʤʦʜʝʣʴ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ. ʄʦʜʝʣʴʜʽ ץʦʣʜʘʥʫ װʰʽʥ ʢʝʣʝʩʽ ʝʢʽ 

ʙʦʣʞʘʤ ʞʘʩʘʣʘʜʳ: ʉ1 ʤʦʥʦʤʝʨʽ ʪʽʟʙʝʢʢʝ ץʦʩʳʣסʘʥ ʢʝʟʜʝ, ʪʽʟʙʝʢ ʥʝ ʙʽʨ ʙʫʳʥסʘ 

 ʳ (k1) ʤʝʥסᴇʩʫ ʞʳʣʜʘʤʜʳ שʘʪʘʨ, ʪʽʟʙʝʢʪʽץ ʟʽʣʝʜʽ; ʩʦʥʳʤʝʥװ ʤʢʽʥ, ʥʝװʟʘʨʫʳ ʤײ

ʘʷץʪʘʣʫ ʞʳʣʜʘʤʜʳסʳ (k2) ʪײʨʘץʪʳʣʘʨʳ ʪʽʟʙʝʢʪʽײ שʟʳʥʜʳסʳʥʘ ʪᴅʫʝʣʩʽʟ ʙʦʣʳʧ 

ʝʩʝʧʪʝʣʝʜʽ. ʄײʥʜʘʡ ʤʦʜʝʣʴʜʝ ᴇʥʽʤʜʝʨʜʽש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ ʙʦʡʳʥʰʘ 

ʪʘʨʘʣʫʳʥ ʪײʨʘץʪʳ ʰʘʤʘʤʝʥ ʙʽʨʝʛʝʡ ʪװʨʜʝ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

 

     ɻ  .              (4) 

 

ʈʘʜʠʢʘʣʜʳ ʧʦʣʠʤʝʨʣʝʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ᴇʥʽʤʜʝʨʜʽש ʤʦʣʝʢʫʣʘʣʳץ 

ʤʘʩʩʘʩʳʥʳש ʪʘʨʘʣʫʳʥ ʩʠʧʘʪʪʘʫ װʰʽʥ ʐʫʣʴʮ ʬʦʨʤʫʣʘʩʳ ץʦʣʜʘʥʳʣʘʜʳ [18]: 

     

    7 Îɻ ÌÎɻ,     (5) 

 

ʄײʥʜʘסʳ: n ï ʢᴇʤʽʨʩʫʪʝʢʪʝʛʽ ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳʥʳש ʩʘʥʳ CnHy, ʘʣ Wn ï 

ʦʥʳש ʪװʟʽʣʫ ʞʳʣʜʘʤʜʳסʳ. ʌʣʦʨʠ ʬʦʨʤʫʣʘʩʳ ʝʢʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʤʦʣʝʢʫʣʘʣʘʨʜʳ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ: 

  

7 Îɻ ρ ɻ . (6) 

 

ɽʢʽ ʪʝשʜʝʫ ʜʝ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ᴇʥʽʤʜʝʨʽʥʽש ʪʘʨʘʣʫʳʥʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂᴇʤʽʨʩʫʪʝʢ ʪʽʟʙʝʛʽʥʽש ᴇʩʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʜʝʧ ʘʪʘʣʘʪʳʥ ɸʥʜʝʨʩʦʥ-ʐʫʣʴʮ-ʌʣʦʨʠ 

ʉʫʨʝʪ 6 - ʇʨʦʮʝʩʪʽש ʢʠʥʝʪʠʢʘʩʳʥ ʩʠʧʘʪʪʘʫ װʰʽʥ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟ 

ᴇʥʽʤʜʝʨʽʥʽש ʪװʟʽʣʫ ʤʦʜʝʣʽ 
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ʧʘʨʘʤʝʪʨʽʥ (ʧʘʨʘʤʝʪʨ Ŭ) ʘʥʳץʪʘʫ װʰʽʥ lg(Wn/n)ðn ʢʦʦʨʜʠʥʘʪʘʩʳʥʜʘ ʛʨʘʬʠʢ 

ʪײʨסʳʟʳʣʘʜʳ ʞᴅʥʝ ʝשʽʩ ʙײʨʳʰ ʙʦʡʳʥʰʘ  Ŭ ʧʘʨʘʤʝʪʨʽʥʽש ʤᴅʥʽ ʪʘʙʳʣʘʜʳ. 

ᴆʥʽʤʜʝʨʛʝ ʪʘʨʘʣʫ ʪʘʣסʘʤʜʳʣʳץץʘ ʰʝʢʪʝʫʣʝʨ ץʦʷʜ:r ʦʩʳʣʘʡʰʘ, ʨʝʘʢʮʠʷʜʘ 

100% ʪʘʣסʘʤʜʳʣʳץʧʝʥ ʪʝʢ ʤʝʪʘʥ ʘʣʫסʘ ʙʦʣʘʜʳ, ʘʣ C5-C11 ʞᴅʥʝ C12-C18 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʽש ʰʳסʳʤʳ ʩᴅʡʢʝʩʽʥʰʝ 48 ʞᴅʥʝ 30%-ʜʘʥ ʘʩʧʘʡʜʳ. ɸʣʘʡʜʘ 

ʢʘʪʘʣʠʟʘʪʦʨ ᴅʨʪװʨʣʽ Ŭ ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʙʽʨʥʝʰʝ ʧʦʣʠʤʝʨʣʝʥʫ 

ʦʨʪʘʣʳץʪʘʨʳʥ ץʘʤʪʫʳ ʤװʤʢʽʥ, lg(Wn/n) ð n ʛʨʘʬʠʛʽʥʜʝ ʩʳʥʫʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ʘʣʳʧ ʢʝʣʝʜʽ. ʄײʥʜʘʡ ʞʘסʜʘʡʜʳ ʩʠʧʘʪʪʘʫ װʰʽʥ ʙʘʩץʘ ʪʝשʜʝʫʣʝʨ 

 ʜʝʫʽʥʝשʰʽʥ ʌʣʦʨʠ ʪʝװ ץʘʨʘʧʘʡʳʤʳ ʝʢʽ ʦʨʪʘʣʳץ שʝ שʦʣʜʘʥʳʣʘʜʳ, ʦʣʘʨʜʳץ

ʥʝʛʽʟʜʝʣʛʝʥ: 

 

   ὡ ÎϽØρ ɻ ɻ ÎϽρ Ø ρ ɻ ɻ ,           (7) 

 

ʄײʥʜʘסʳ: ʭ ï Ŭ1 ʧʘʨʘʤʝʪʨʽ ʙʘʨ ʧʦʣʠʤʝʨʣʝʫ ʦʨʪʘʣʳץʪʘʨʳʥʳװ שʣʝʩʽ. ʅʝʛʽʟʽʥʝʥ Ŭ 

ʧʘʨʘʤʝʪʨʽʥʝ ʧʨʦʮʝʩʩʪʽ ʞװʨʛʽʟʫ ʰʘʨʪʪʘʨʳ ᴅʩʝʨ ʝʪʝʜʽ, ʦʣʘʨ - ʪʝʤʧʝʨʘʪʫʨʘ, ʢᴇʣʝʤʜʽʢ 

ʞʳʣʜʘʤʜʳץ, ʨʝʘʛʝʥʪʪʝʨʜʽש ʘʨʘץʘʪʳʥʘʩʳ ʤʝʥ ץʳʩʳʤ, ʩʦʥʜʘʡ-ʘץ ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

 ʘʣʧʳʥʘץ ʘʪʳ, ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʩʫʪʝʢʧʝʥסʪʘʙʠ שʘʩʠʝʪʽ: ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʽץ

ʢʝʣʪʽʨʫ ʜᴅʨʝʞʝʩʽ ʤʝʥ ײʟʘץʪʳסʳ. 

ɼʝʛʝʥʤʝʥ ɸʥʜʝʨʩʦʥ-ʐʫʣʴʮ-ʌʣʦʨʠ ʪʘʨʘʣʫʳʥʘʥ ʘʫʳʪץʫʣʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʉײʡʳץ ᴇʥʽʤʜʝʨʜʽש ʪʘʨʘʣʫʳ ʥʝʛʽʟʽʥʝʥ ʢʣʘʩʩʠʢʘʣʳץ ɸʥʜʝʨʩʦʥïʐʫʣʴʮïʌʣʦʨʠ 

ʪʘʨʘʣʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʘʣ ʛʘʟ ʪᴅʨʽʟʜʽ ᴇʥʽʤʜʝʨʜʽײץ שʨʘʤʳʥʜʘ ʘʫʳʪץʫʣʘʨ ʙʦʣʫʳ 

ʤװʤʢʽʥ. ʄʝʪʘʥʥʳש ʰʳסʳʤʳ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ 

ʙʦʣʳʧ ʰʳסʘʜʳ, ʙʝʪʪʽʢ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʘ ʞװʨʝʪʽʥ ץʦʩʳʤʰʘ ʛʠʜʨʣʝʫ 

ʨʝʘʢʮʠʷʩʳʤʝʥ, ʜʠʬʬʫʟʠʷʣʳץ ʰʝʢʪʝʫʣʝʨʤʝʥ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ץʳʟʳʧ ʢʝʪʫʣʝʨʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. CϜïCϞ ᴇʥʽʤʜʝʨʽʥʽש ʰʳסʳʤʳ ᴅʜʝʪʪʝ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʣʝʨʛʝ 

 ʘ (ʢᴇʤʽʨʩʫʪʝʢסʘʥʜʘ ʪᴇʤʝʥ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ᴇʥʽʤʜʝʨ ʝʢʽʥʰʽʣʽʢ ʨʝʘʢʮʠʷʣʘʨסʘʨʘץ

ʪʽʟʙʝʛʽʥʽש ᴇʩʫʽʥʝ) ץʘʪʳʩʫʳ ʤװʤʢʽʥ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʌʊʉ ʤʝʭʘʥʠʟʤʽ ʞᴇʥʽʥʜʝʛʽ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש 

ʪװʟʽʣʫʽʥ ʙʘסʳʪʪʘʧ ʙʘʩץʘʨʫʜʳש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʜʘʤʳʪʫסʘ ʞᴅʥʝ 

ʪʘʣסʘʤʜʳʣʳסʳ ʞʦסʘʨʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʞʦʙʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
 

1.3 ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 

ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽ 

ʦʣʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʂʘʪʘʣʠʟʘʪʦʨʜʳש ʤʝʥʰʽʢʪʽ 

ʙʝʪʪʽʢ ʘʫʜʘʥʳ װʣʢʝʥ ʙʦʣʫʳ ʞᴅʥʝ ʞʦסʘʨʳ ʢʝʫʝʢʪʽʣʽʛʽ ʩʠʷץʪʳ ʬʠʟʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʦʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ʂʘʪʘʣʠʟʘʪʦʨ ʢᴇʤʽʨʪʝʢ ʪʦʪʳסʳʥ (CO) ʘʜʩʦʨʙʮʠʷʣʘʧ, ʦʥʳ ʜʠʩʩʦʮʠʘʮʠʷʣʘʫסʘ 

 ʩʫʪʝʢʪʽ (HϜ) ʪʠʽʤʜʽ ʘʜʩʦʨʙʮʠʷʣʘʫʳ ץʘʪʘʨ ʤʦʣʝʢʫʣʘʣʳץ ʘʙʽʣʝʪʪʽ ʙʦʣʫʳ, ʩʦʥʳʤʝʥץ
 ʳʟʜʳ ʬʘʢʪʦʨ ð ʦʥʳשʳ ʙʽʨ ʤʘסʪʘʡʪʳʥ ʪʘץʘʞʝʪ. ʂʘʪʘʣʠʟʘʪʦʨ ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץ

ʦשʘʡ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʤװʤʢʽʥʜʽʛʽ, ʧʨʦʮʝʩ CO ʞᴅʥʝ HϜ ʭʝʤʦʩʦʨʙʮʠʷʩʳʥʘ ʞᴅʥʝ 
ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש ʩʘʥʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ [25]. VIIIïX ʪʦʧʪʘסʳ 

ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨ CO ʤʝʥ HϜ-ʥʽש ʘʜʩʦʨʙʮʠʷʩʳ ʤʝʥ ʜʠʩʩʦʮʠʘʮʠʷʩʳʥʘ ץʘʙʽʣʝʪʽ 

ʞʦסʘʨʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʉʦʥʳש ʽʰʽʥʜʝ Ru [26], Ni [27], Fe [28] ʞᴅʥʝ Co [29] ï ʦʩʳ ʧʨʦʮʝʩʪʝ ʞʠʽ 
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 ʽʰʽʥʝʥ ʪʝʢ שʘʪʘʨʳʥʘ ʞʘʪʘʜʳ. ɸʣʘʡʜʘ, ʦʣʘʨʜʳץ ʦʣʜʘʥʳʣʘʪʳʥ ʙʝʣʩʝʥʜʽ ʤʝʪʘʣʜʘʨץ

ʢʦʙʘʣʴʪ ʧʝʥ ʪʝʤʽʨ סʘʥʘ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʧ ʢʦʤʤʝʨʮʠʷʣʳץ ʜʝשʛʝʡʜʝ, 

ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫסʘ ʝʥʛʽʟʽʣʜʽ. 

Fe ʥʝʛʽʟʽʥʜʝ ʘʣʳʥʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʪᴇʤʝʥ ʙʘסʘʣʳ, ʩʦʥʜʘʡ ʘץ ʦשʘʡ ץʦʣ 

ʞʝʪʽʤʜʽ ʞᴅʥʝ H2/CO ʪᴇʤʝʥ ʘʨʘ ץʘʪʳʥʘʩʳʥʜʘ ʙʝʣʩʝʥʜʽ ʙʦʣʳʧ ʢʝʣʝʜʽ, ʙʽʨʘץ ʩʫ 

ʛʘʟʳʥʳש ʨʝʘʢʮʠʷʩʳʥʘ ʢᴇʙʽʨʝʢ ʙʝʡʽʤ (CO + H2O = CO2 + H2) [30]. ʉʦ- ײץʨʘʤʜʘʩ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʪʝʤʽʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ץʳʤʙʘʪ ʙʦʣʳʧ ʢʝʣʝʜʽ, ʩʦסʘʥ ץʘʨʘʤʘʩʪʘʥ 

ʜʠʟʝʣʴʜʽʢ ʞᴅʥʝ ʧʘʨʘʬʠʥʜʽ ʬʨʘʢʮʠʷʣʘʨʜʳ ʘʣʫסʘ ʪʘʣסʘʤʜʳʣʳסʳ ʞʦסʘʨʳ, ʘʣ ʩʫ ʛʘʟ 

ʨʝʘʢʮʠʷʩʳʥʜʘ ʪᴇʤʝʥ ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʝʜʽ [31]. Ni ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʉʅ4 ʘʣʫ 

 ʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝסʰʽʥ ʪʘʣװ

ʨʫʪʝʥʠʡ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽ ʛʠʜʨʣʝʫ ʧʨʦʤʦʪʦʨʳ ʨʝʪʽʥʜʝ ʪʘʥʳʣסʘʥʳʤʝʥ, ʦʥʳש 

ʞʦסʘʨʳ ʙʘסʘʩʳ ʤʝʪʘʣʜʳש ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʞʝʢʝ ץʦʣʜʘʥʳʣʫʳʥ ʰʝʢʪʝʡʜʽ [32]. 

ʉʠʥʪʝʟ ʛʘʟʳʥ ʪװʨʣʝʥʜʽʨʫ װʰʽʥ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ 

ʩʠʥʪʝʟʜʝʫ װʰʽʥ ʢʦʙʘʣʴʪʪʳש ʜʠʩʧʝʨʩʪʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʳʧ, ʪʘʩʳʤʘʣʜʘסʳʰ ʙʝʪʽʥʝ 

ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʨʝʢ. ʂʘʪʘʣʠʟʘʪʦʨ ʜʠʩʧʝʨʩʪʽʣʽʛʽʥʽש 

ʞʦסʘʨʳʣʘʫʳ ʩײʡʳץ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ, 

ʙʽʨʘץ ʢʘʪʘʣʠʟʘʪʦʨ ײץʨʘʤʳʥʜʘסʳ ʢʦʙʘʣʴʪʪʳש ʤᴇʣʰʝʨʽʥʽש ʘʩʘ ʞʦסʘʨʳ ʙʦʣʫʳ 

ʩײʡʳץ ᴇʥʽʤʜʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫʽ ᴅʙʜʝʥ ʤװʤʢʽʥ [33]. ʂʝʡʙʽʨ 

 ʳ ʉʦסʨʘʤʳʥʜʘײץ שʙʝʢʪʝʨʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳשʝ [35 ,34] שʘʣʳʤʜʘʨʜʳס

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʢʨʠʩʪʘʣʣʠʪ ʤᴇʣʰʝʨʽʥʽש ʘʟʘʶʳʥʘ ץʘʨʘʡ ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʙʽʨʰʘʤʘ ʘʟʘʶʳ (d< 10 ʥʤ), ʩʦʥʜʘʡ ʘץ ʤʝʪʘʣʣ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʜʠʩʧʝʨʩʠʷʩʳ ʤʝʥ 

ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳ ʘʨʘʩʳʥʜʘ ʩʳʟʳץʪʳץ ʢʦʨʨʝʣʷʮʠʷ 

ʙʘʡץʘʣʘʜʳ. ʂʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽʥʽש ʞʦסʘʨʳʣʘʫʳ ʢᴇʤʽʨʪʝʢ 

ʦʢʩʠʜʽʥʽש ʢʦʥʚʝʨʩʠʷʩʳ װʰʽʥ ʪװʨʣʝʥʫ ʞʠʽʣʽʛʽʥʽײ שʣסʘʶʳʥʘ ᴅʢʝʣʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. 

ʂʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʤᴇʣʰʝʨʽʥʽש ʌʠʰʝʨïʊʨʦʧʰ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʘ ᴅʩʝʨʽ 

ʤץײʠʷʪ ʟʝʨʪʪʝʣʽʧ ʢʝʣʝʜʽ [36-39].   

ʄʦʨʬʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ ʪײʨʘץʪʳ ʩʘץʪʘʣסʘʥ ʞʘסʜʘʡʜʘ, ʢʘʪʘʣʠʟʜʽʢ 

ʙʝʣʩʝʥʜʽʣʽʢ ʢʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʽ ײʣסʘʡסʘʥ ʩʘʡʳʥ ʘʨʪץʘʥʳ ʙʘʡץʘʣʜʳ. 

 ץʘʤʜʳʣʳסʙᴇʣʰʝʢʪʝʨ ʢʝʟʽʥʜʝ (ᴅʩʽʨʝʩʝ < 6ʥʤ) ʉϟϕ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʝ ʪʘʣ ץʩʘױ
ʪᴇʤʝʥʜʝʧ, ʢʝʨʽʩʽʥʰʝ ʉʆϜ ʤʝʥ CHϞ ʪװʟʽʣʫʽ ʢװʰʝʡʜʽ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʝ 

ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʢᴇʤʽʨʪʝʢ ʦʢʩʠʜʽʥʽש ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʙʝʪʢʽ ץʘʙʘʪʳʥʳש ʘʨʪʫʳ 

ʙʘʡץʘʣʜʳ, ʦʣ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳ ʞʘʙʫ ʘʨץʳʣʳ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʪᴇʤʝʥʜʝʪʫʽ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʩʳʥʜʘʡ ᴇʣʰʝʤʜʝʨ װʰʽʥ ʩʫʪʝʛʽʤʝʥ ץʘʥʳסʫ 

ʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳʣʘʫʳ ʤʝʪʘʥʥʳש ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ [40]. 

ɯʨʽ ʙᴇʣʰʝʢʪʝʨ ʪʘʩʳʤʘʣʜʘסʳʰʧʝʥ ʘʟ ʤᴇʣʰʝʨʜʝ ʨʝʘʢʮʠʷסʘ ʪװʩʽʧ, ʪʽʟʙʝʢʪʽש 

ᴇʩʫ ʳץʪʠʤʘʣʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʪʠʽʤʜʽ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʽʥʝ ʢʘʪʘʣʠʟʘʪʦʨ 

 ,ʘʪʳ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ. ʄʳʩʘʣʳ, ʭʣʦʨʠʜ, ʥʠʪʨʘʪ, ʘʮʝʪʘʪסʪʘʙʠ שʨʘʫʰʳʣʘʨʳʥʳײץ

ʮʠʪʨʘʪ ʥʝʤʝʩʝ ʢʘʨʙʦʥʠʣ ʪᴅʨʽʟʜʽ ʧʨʝʢʫʨʩʦʨʣʘʨ CoO ʜʠʩʧʝʨʩʠʷʩʳʥʘ ʞᴅʥʝ ʤʝʪʘʣʣ 

ʤʝʥ ʪʘʩʳʤʘʣʜʘסʳʰ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʛʝ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ʆʩʳʣʘʡʰʘ, ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ 

ʪʘʣסʘʜʳʣʳסʳ ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ, ʜʠʩʧʝʨʩʠʷʩʳʥʘ ʞᴅʥʝ ʤʝʪʘʣʣ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʽʥʝ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ. ʂʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪʳʤ ײʩʘץ ʙʦʣʫʳ 
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ʤʝʪʘʥ ʪװʟʽʣʫʽʥ ʢװʰʝʡʪʩʝ, ʦʧʪʠʤʘʣʜʳ ᴇʣʰʝʤ ʜʠʘʧʘʟʦʥʳ ײʟʳʥ ʪʽʟʙʝʢʪʽ 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪװʟʽʣʫʽʥʝ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

 

1.4 ʂʘʪʘʣʠʟʘʪʦʨ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʩʧʠʨʪʪʝʨ ʩʠʥʪʝʟʽʥʝ ᴅʩʝʨʽ 

1.4.1 ʂʘʪʘʣʠʟʘʪʦʨ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʳʥʳש ᴅʩʝʨʽ 

ʂʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪʘʣסʘʤʜʳʣʳסʳ ʢʘʪʘʣʠʟʘʪʦʨ 

ʪʘʩʳʤʘʣʜʘסʳʰʳʥʳש ʪʘʙʠסʘʪʳʥʘ ᴇʪʝ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. ᴄʜʝʪʪʝ ʢʘʪʘʣʠʟʘʪʦʨʜʳ 

ʪʘʩʳʤʘʣʜʘסʳʰ ʙʝʣʩʝʥʜʽ ʤʝʪʘʣʣ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʪʘʨʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʙʝʪʪʽʢ 

ʘʫʜʘʥʳ ʞʦסʘʨʳ ץʘʪʪʳ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʝʪʪʽץ שʳʰץʳʣʜʳסʳ 

ʤʝʥ ײץʨʳʣʳʤʳ ʩʠʷץʪʳ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪʘʙʠסʘʪʳ ʤʝʪʘʣʜʳש ʜʠʩʧʝʨʩʠʷʩʳʥʘ 

 ᴇʟʘʨʘ שʳʰʪʳסʘʪʘʨ ʙʝʣʩʝʥʜʽ ʵʣʝʤʝʥʪʪʝʨ ʤʝʥ ʪʘʩʳʤʘʣʜʘץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס

ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ʎʝʦʣʠʪ, ʘʣʶʤʠʥʠʡ, ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ, ʮʠʨʢʦʥʠʡ 

ʜʠʦʢʩʠʜʽ ʞᴅʥʝ ʢᴇʤʽʨʪʝʛʽ ʩʠʷץʪʳ ʪʠʧʪʽʢ ʢʘʪʘʣʠʟʘʪʦʨ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʳ ʩʠʥʪʝʟ 

ʛʘʟʳʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ ʢʘʪʘʣʠʟʜʽʢ ʪװʨʣʝʥʜʽʨʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [41-

43].  

1.4.2 ɹʝʪʪʽʢ ץʳʰץʳʣʜʳץʪʳש ᴅʩʝʨʽ 

ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʢʝʟʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝʛʽ ץʳʰץʳʣʜʳץ 

ʵʣʝʤʝʥʪʪʝʨ ʩʧʠʨʪʪʝʨʜʽ ʩʫʩʳʟʜʘʥʜʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ [44, 45]. ʆʩʳʣʘʡʰʘ, ʪװʟʽʣʛʝʥ 

ʢʝʡʙʽʨ ʩʧʠʨʪ ᴇʥʽʤʜʝʨʽ ʦʩʳ ʙʝʣʩʝʥʜʽ ʘʫʜʘʥʜʘʨʜʘ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʧʘʡʜʘ 

ʙʦʣʫʳʤʝʥ ʙʽʨʜʝʥ ʳʜʳʨʘʡʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʪʘʩʳʤʘʣʜʘסʳʰʪʳץ שʳʰץʳʣʜʳʣʳסʳ 

ʩʧʠʨʪ ʪװʟʽʣʫʽʥ ʪʝʞʝʧ, ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ. ʆʩʳʣʘʡʰʘ, 

rץ ʰץʳʣʜʳץ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨ ʩʠʥʪʝʟ-ʛʘʟʳʥʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʝ  

ᴇʪʝ ץʦʣʘʡʩʳʟ ʜʝʛʝʥ ʧʽʢʽʨ ʘʡʪʫ ʦʨʳʥʜʳ. ᴄʜʝʪʪʝ, ʩʠʥʪʝʟ ʛʘʟʳʥʘʥ ʩʧʠʨʪʪʽש ʞʦסʘʨʳ 

ʤᴇʣʰʝʨʽʥʽש ʪײʟʽʣʫʽ MgO, ZnO, ZrO2, CeO2, La2O3, Cr2O3, TiO2 ʞᴅʥʝ ThO2 ʩʠʷץʪʳ 

ʙʝʡʪʘʨʘʧ ʥʝʤʝʩʝ ʥʝʛʽʟʜʽʢ ʢʘʪʘʣʠʟʘʪʦʨ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʳʥ ץʘʞʝʪ ʝʪʝʜʽ [46-49].  

ɸʣʶʤʠʥʠʡ ʦʢʩʠʜʽ ʤʝʥ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ ʩʠʷץʪʳ ץʳʰץʳʣʜʳץ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘ 

 ʘʩʳʥʘסʳʥʘ, ʘʨʟʘʥ ʙʘסʪʳʣʳץʨʘײʣʢʝʥ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʘ, ʞʝʪʢʽʣʽʢʪʽ ʢʝʫʝʢʪʽʣʽʛʽʥʝ, ʪװ

ʞᴅʥʝ ץʦʣ ʞʝʪʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [50-52]. 

ʊʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ʤʝʪʘʣʣ ʦʢʩʠʜʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש 

ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳסʳʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʙʘʩʪʳ ʬʘʢʪʦʨ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʽש 

 ,ʘʥʜʘʡסʘʨʳʜʘ ʘʡʪʳʣסʳʥ ʘʟʘʡʪʫ ʥʝʤʝʩʝ ʞʦʶ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦסʳʣʜʳץʳʰץ

ᴅʜʝʙʠʝʪʪʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʳץʪʠʤʘʣ ʰʝʰʽʤʜʝʨʜʽש ʙʽʨʽ ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

ʙʝʪʽʥ ʙʝʡʪʘʨʘʧ ʥʝʤʝʩʝ ʥʝʛʽʟʜʽʢ ʝʪʫ װʰʽʥ ʩʽʣʪʽʣʽʢ ʧʨʦʤʦʪʦʨʣʘʨʜʳ ʝʥʛʽʟʫ ʘʨץʳʣʳ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ.  

1.4.3 ɹʝʪʢʽ ײץʨʳʣʳʤʥʳש ᴅʩʝʨʽ 

 ʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫסʘʣʳʤʜʘʨʳ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʞʦס ʟʽװʥʠʝ ʞװʜʘ ʜשʘʟʽʨʛʽ ʪʘפ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ  ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʞײʤʳʩʳʥ ʞʝʪʽʣʜʽʨʫʛʝ 

ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʧ, ʦʩʳ ʙʘסʳʪʪʘ ʞʘשʘ ʪʠʧʪʝʛʽ ʪʘʩʳʤʘʣʜʘסʳʰ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

 ʳʰ ʨʝʪʽʥʜʝסʳʥʜʳ ʟʝʨʪʪʝʫʜʝ. ʆʩʳʥʜʘʡ ʪʘʩʳʤʘʣʜʘץʘʨץ ʦʣʜʘʥʫ ʞʦʣʜʘʨʳʥץ

ʢᴇʤʽʨʪʝʢʪʽ ʥʘʥʦʪװʪʽʢʰʝʣʝʨ (ʂʅʊ), ʦʥʳש ʽʰʽʥʜʝ ʢᴇʧ ץʘʙʘʪʪʳ ʢᴇʤʽʨʪʝʢʪʽ 

ʥʘʥʦʪװʪʽʢʰʝʣʝʨ, ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘ 

ʞʘשʘ ʥʘʥʦʢᴇʤʽʨʪʝʢʪʽ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʜʳש ʧʝʨʩʧʝʢʪʠʚʪʽ ʪװʨʽ ʨʝʪʽʥʜʝ 
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 ʪʽʢʰʝʣʝʨװʘʙʘʪʪʳ ʢᴇʤʽʨʪʝʢʪʽ ʥʘʥʦʪץ ʘʨʘʩʪʳʨʳʣʘʜʳ [53-62]. ʂʅʊ ʞᴅʥʝ ʢᴇʧץ

ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʜᴅʩʪװʨʣʽ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨסʘ ץʘʨʘסʘʥʜʘ ʙʽʨץʘʪʘʨ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʤʳʩʘʣʳ, ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ, 

 ʳסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʪʳ, ʞʦץʪʳʣʳץʨʘײʘ ʪסʜʘʡʣʘʨסʳʣ/ʩʽʣʪʽʣʽʢ ʞʘץʳʰץ

ʪײʨʘץʪʳʣʳץʪʳ ʞᴅʥʝ ʠʥʝʨʪʪʽ ʛʨʘʬʠʪʪʽ ʙʝʪʢʽ ץʘʙʘʪ [63, 64]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢᴇʧ 

 ʪʽʢʰʝʣʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʢʘʪʘʣʠʟʜʽʢװʘʙʘʪʪʳ ʢᴇʤʽʨʪʝʢʪʽ ʥʘʥʦʪץ

ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʳ ʝʪʝʪʽʥ ʙʽʨʥʝʰʝ ʝʨʝʢʰʝ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʨʝʘʛʝʥʪʪʝʨ ʤʝʥ ᴇʥʽʤʜʝʨʜʽש ʜʠʬʬʫʟʠʷʩʳʥ ʞʦסʘʨʳʣʘʪʘʪʳʥ ʞᴅʥʝ 

ʤʝʪʘʣʣ ʜʠʩʧʝʨʩʠʷʩʳʥ ʘʨʪʪʳʨʘʪʳʥ ʛʨʘʬʠʪʪʝʣʛʝʥ ʪװʪʽʢ ץʘʙʳʨסʘʣʘʨʳ ʤʝʥ ʥʘʥʦ-

ᴇʣʰʝʤʜʽ ʘʨʥʘʣʘʨʳʥʳש ʙʦʣʫʳ [65]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʝʣʩʝʥʜʽ ʬʘʟʘʣʘʨʜʳש ʢװʡʽʧ ʢʝʪʫʽ ʞᴅʥʝ ʢʘʪʘʣʠʟʜʽʢ ʧʨʦʮʝʩʩ 

ʢʝʟʽʥʜʝ ʢʦʢʩʪʳש ʪװʟʽʣʫʽʥʝ ʙʝʡʽʤ ʝʤʝʩ [66]. Zhang ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨ ʂʅʊ ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʘʪʝʨʠʘʣʜʘʨ ʢʦʙʘʣʴʪ ʧʝʥ ʥʠʢʝʣʴ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨ ʩʠʥʪʝʟʽ װʰʽʥ 

ʞʘשʘ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʝ ʘʣʘʜʳ ʜʝʧ ʤᴅʣʽʤʜʝʜʽ [67,68]. ʂʅʊ-ʜʝ 

 H2-ʥʽ ʘʜʩʦʨʙʮʠʷʣʘʫ ʞᴅʥʝ שʘʥ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʣʜʘʨ (Co/Ni) ʂʅʊ-ʪʽסʦʥʜʳʨʳʣץ

ʙʝʣʩʝʥʜʽʨʫ ץʘʙʽʣʝʪʽʥ ʦʜʘʥ ᴅʨʽ ʞʘץʩʘʨʪʘ ʘʣʘʜʳ, ʜʝʤʝʢ ʦʣʘʨʜʳש ʧʨʦʤʦʪʝʨʣʳץ ᴅʩʝʨʽ 

ʘʡʪʘʨʣʳץʪʘʡ ʙʘʡץʘʣʘʜʳ. ɸʣʘʡʜʘ, ʩʠʥʪʝʟ װʨʜʽʩʽʥʽש ʢװʨʜʝʣʽ ʞװʨʫʽ ʞᴅʥʝ ʂʅʊ 

 ʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʧʨʦʮʝʩʽʥʜʝסʘʨʳ ʙʦʣʫʳ ʦʣʘʨʜʳ ʞʦסʞʦ שʥʳʥʳײץ

ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫʜʳ ʰʝʢʪʝʡʜʽ.  

[69] ᴅʜʝʙʠʝʪ ʘʚʪʦʨʣʘʨʳ ʛʨʘʬʝʥ ʦʢʩʠʜʽ ʥʝʛʽʟʽʥʜʝʛʽ FeïK ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ 

ʌʠʰʝʨïʊʨʦʧʰ ʧʨʦʮʝʩʽʥʜʝ ʟʝʨʪʪʝʛʝʥ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʛʨʘʬʝʥ 

ʦʢʩʠʜʽʥ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʢᴇʤʽʨʪʝʢʪʽ ʥʘʥʦʪװʪʽʢʰʝʣʝʨʤʝʥ (ʂʅʊ) 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩʫ ʛʘʟʳʥʳש ʳסʳʩʫ ʨʝʘʢʮʠʷʩʳʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʪʽʥʽ 

ʘʥʳץʪʘʣʜʳ, ᴇʟ ʢʝʟʝʛʽʥʜʝ COϜ ʪװʟʽʣʫʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʶʳʥʘ ʘʣʳʧ ʢʝʣʜʽ. ɻʨʘʬʝʥ 
ʪʦʨʳʥʜʘסʳ ײץʨʳʣʳʤʜʳץ ʘץʘʫʣʘʨ ʤʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʷʜʨʦʣʘʥʫ 

ʦʨʪʘʣʳץʪʘʨʳ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʽʧ, ʤʝʪʘʣʣïʪʘʩʳʤʘʣʜʘסʳʰ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʜʽ ʪʠʽʤʜʽ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʆʩʳ ʬʘʢʪʦʨʣʘʨʜʳש ʥᴅʪʠʞʝʩʽʥʜʝ 

FeïK/GO ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ʞʦסʘʨʳ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ᴇʥʽʤʛʝ 

ʪʘʣסʘʤʜʳʣʳץ ʢᴇʨʩʝʪʪʽ. 

1.4.4 ʂʘʪʘʣʠʟʘʪʦʨ ʧʨʦʤʦʪʦʨʣʘʨʳʥʳש ᴅʩʝʨʽ 

ʇʨʦʤʦʪʦʨʣʘʨ - ᴇʟʜʝʨʽ ʢʘʪʘʣʠʟʜʽʢ ᴅʩʝʨ ʝʪʧʝʩʝ ʜʝ ʥʝʤʝʩʝ ʤװʣʜʝʤ ʘʟ 

ʤᴇʣʰʝʨʜʝ ʙʦʣʩʘ ʜʘ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨסʘ 

 שʜʘʡʣʘʨʜʘ ʧʨʦʤʦʫʪʦʨʣʘʨ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳסʦʩʳʣʘʪʳʥ ʟʘʪʪʘʨ. ʂᴇʧʪʝʛʝʥ ʞʘץ

ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʝʜʽ, ʦʩʳʣʘʡʰʘ ʦʣʘʨʜʳש ʵʣʝʢʪʨʦʥʜʳץ 

ʞᴅʥʝ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʘʨʳʥ ᴇʟʛʝʨʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʝʣʩʝʥʜʽ ʤʝʪʘʣʣ ʤʝʥ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ, ᴇʟ ʢʝʟʝʛʽʥʜʝ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨ ʤʝʥ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ  

ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʨʦʤʦʪʦʨʣʘʨ ʤʝʪʘʣ 

ʠʦʥʜʘʨʳ, ʤʳʩʘʣʳ ʩʽʣʪʽʣʽʢ ʤʝʪʘʣʜʘʨ, ʌʠʰʝʨ-ʊʨʦʧʰ ʵʣʝʤʝʥʪʪʝʨʽ (ʤʳʩ, ʪʝʤʽʨ, 

ʥʠʢʝʣʴ ʞᴅʥʝ ʪ.ʙ.) ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʉʽʣʪʽʣʽʢ ʧʨʦʤʦʪʦʨʣʘʨ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ʪʘʣסʘʤʜʳʣʳץʪʳ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʞʦסʘʨʳʣʘʪʫ װʰʽʥ ʩʠʥʪʝʟ ʛʘʟʳʥʘʥ 

ʞʦסʘʨʳ ʩʧʠʨʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʨʝʘʢʮʠʷʩʳ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɾʦסʘʨʳʜʘ 

ʘʡʪʳʣסʘʥʜʘʡ, ʥʝʛʽʟʜʽʢ ʧʨʦʤʦʫʪʦʨʣʘʨ ʢʘʪʘʣʠʟʘʪʦʨ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʳʥʳש 
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 שʳʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʘʜʳ ʞᴅʥʝ ʦʩʳʣʘʡʰʘ ʤʝʪʘʥʠʟʘʮʠʷ, ʩʧʠʨʪʪʝʨʜʽסʳʣʜʳץʳʰץ

ʜʝʛʠʜʨʘʪʘʮʠʷʩʳ ʞᴅʥʝ ʢʦʢʩʪʳש ʪװʟʽʣʫʽ ʩʠʷץʪʳ ʞʘסʳʤʩʳʟ ʨʝʘʢʮʠʷʣʘʨʜʳ ʪʝʞʝʡʜʽ 

[70,71]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʽʣʪʽʣʽʢ ʤʝʪʘʣʜʘʨ ʪʽʟʙʝʢʪʽש ᴇʩʫʽʥʝ ʳץʧʘʣ ʝʪʽʧ, ʦʣʘʨʜʳש 

ʪʘʣסʘʤʜʳʣʳסʳʥ ʞʦסʘʨʳʣʘʪʳʧ, ʉʆ ʝʥʛʽʟʫ ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʳʧ, ʘʣʢʠʣʜʽ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʛʠʜʨʣʝʥʫ ʞʳʣʜʘʤʜʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ [72-74]. 

ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ [75], ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʘ ʩʽʣʪʽʣʽʢ ʧʨʦʤʦʪʦʨʣʘʨʜʳ ʝʥʛʽʟʫʜʽש ʪʠʽʤʜʽʣʽʛʽ ʩʽʣʪʽʣʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʘʪʦʤʜʳץ ʤᴇʣʰʝʨʽ ʤʝʥ ʥʝʛʽʟʜʽʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʨʪʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ Li < Na < K < Rb < Cs ʞʘʣʧʳ ʟʘשʜʳʣʳסʳʥʘ ʙʘסʳʥʘʜʳ. ʆʩʳסʘʥ ʦʨʘʡ, 

ʮʝʟʠʡ ʠʦʥʜʘʨʳ ʪʘʨʤʘץʪʘʣסʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ װʰʽʥ ʝש ʪʠʽʤʜʽ ʩʽʣʪʽʣʽʢ ʧʨʦʤʦʪʦʨ ʨʝʪʽʥʜʝ 

ʩʠʧʘʪʪʘʣʘʜʳ. ʂʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ ʮʝʟʠʡʜʽץ שʦʩʳʣʫʳ ʢװʰʪʽ ʥʝʛʽʟʜʽʢ ʫʯʘʩʢʝʣʝʨʜʽש 

ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʤʝʪʘʥʦʣ ʩʠʥʪʝʟʽʥʽש ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש 

 .ʳʰʪʘʨʳʥ (ʤʳʩʘʣʳ, Cr2O3 ʞᴅʥʝ Al2O3) ʙʝʡʪʘʨʘʧʪʘʡʜʳסʪʘʩʳʤʘʣʜʘ ץʳʣʜʳץʳʰץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʮʝʟʠʡ ʪʘʨʤʘץʪʘʣסʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳץʪʳ ʝʜᴅʫʽʨ 

ʘʨʪʪʳʨʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣ ᴇʩʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʩʧʠʨʪʪʽ ʠʥʪʝʨʤʝʜʠʘʪʪʘʨסʘ ɓ-ʢᴇʤʽʨʪʝʢʪʽ 

 .ʽʣʜʝʪʝʜʽשʦʩʫʜʳ ʞʝץ

ɸʣʘʡʜʘ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽ ʩʽʣʪʽʣʽʢ 

ʧʨʦʤʦʪʦʨʣʘʨʜʳש ʥʝʛʽʟʜʽʣʽʛʽʥʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʨʦʤʦʪʦʨʣʘʨʜʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ. ʂʘʪʘʣʠʟʘʪʦʨʜʳץ שʳʰץʳʣʜʳʣʳסʳ ʧʝʥ 

ʢʘʪʘʣʠʟʘʪʦʨ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʡʳʨʤʘʰʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʤʦʪʦʨʣʘʨʜʳש 

ʤᴇʣʰʝʨʽ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʥʘץʪʳ ʪװʨʽʥʝ ʩᴅʡʢʝʩ ᴅʨ ʪװʨʣʽ ʙʦʣʫʳ ʞᴅʥʝ 

ʦשʪʘʡʣʘʥʜʳʨʳʣʫʳ ץʘʞʝʪ. J.Anton ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘ סʘʣʳʤʜʘʨ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪ 

ʪװʟʽʣʫʽʥ ʞʦסʘʨʳʣʘʪʫ װʰʽʥ ʢʦʙʘʣʴʪʧʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ Cu/ZnO/Al2O3 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʘ ʥʘʪʨʠʡ ʧʨʦʤʦʫʪʦʨʳʥʳש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʜʽ [76]. ʅʘʪʨʠʡʜʽש 

ʪᴇʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʜʘ (Ò 0,6 ʤʘʩ.%) ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʪʽʥʜʝ ʤʝʪʘʣʣ ʤʳʩ ʧʝʥ 

ʢʦʙʘʣʴʪ ʘʪʦʤʜʘʨʳʥʳש ᴇʟʘʨʘ ʪʳסʳʟ ᴅʨʝʢʝʪʪʝʩʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʽʨʽ ʤʝʪʘʣʣ ʤʳʩ 

ʙᴇʣʰʝʢʪʝʨʽ ʤʝʥ ʤʝʪʘʣʣ ʢʦʙʘʣʴʪ ʬʘʟʘʣʘʨʳʥʳש ʪװʟʽʣʫʽ ʘʥʳץʪʘʣʜʳ. ʅʘʪʨʠʡʜʽש 

ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʥ (Ó 0,8 ʤʘʩ.%) ʝʥʛʽʟʫ ʢʝʟʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

ʜʝʟʘʢʪʠʚʘʮʠʷʣʘʥʫʳ ʙʘʡץʘʣʤʘסʘʥ ʞᴅʥʝ ʢᴇʤʽʨʪʝʢ ʦʢʩʠʜʽʥʽש (ʉʆ) ʪײʨʘץʪʳ 

ʢʦʥʚʝʨʩʠʷʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ.  

1.4.5 ʂʘʪʘʣʠʟʘʪʦʨʜʳ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʽʥʽש ᴅʩʝʨʽ 

ɾʦסʘʨʳʜʘ ʘʪʘʧ ᴇʪʢʝʥʜʝʡ, ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʧʨʦʮʝʩʽʥʜʝ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪʘʣסʘʤʜʳʣʳסʳ ʦʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 ʳʟ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʽסʘʩʠʝʪʪʝʨʽʤʝʥ ʪʳץ

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʘʡץʳʥʜʘʡʪʳʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳ 

ʪʘʨʘʫʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ ʝʢʽ ʥʝʛʽʟʛʽ ʞʦʣʤʝʥ 

ʜʘʡʳʥʜʘʣסʘʥ: ʪײʥʜʳʨʫ (ʥʝʤʝʩʝ ʙʽʨʛʝʪײʥʜʳʨʫ) ʞᴅʥʝ ʩʽשʽʨʫ. ʊײʥʜʳʨʫ ᴅʜʽʩʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʜʽש ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɸʪʘʣסʘʥ ᴅʜʽʩʪʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ʪʘʟʘʣʳסʳ ʞʦסʘʨʳ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʤʝʥ ʩʦסשʳ ᴇʥʽʤʥʽײץ שʨʘʤʳʥ ʜᴅʣ ʨʝʪʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʧʨʦʮʝʩʪʽש ʠʢʝʤʜʽʣʽʛʽ ʞʘʪʘʜʳ, ʦʥʳ ʟʝʨʪʭʘʥʘʣʳץ ʞᴅʥʝ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. [77, 78]. ʉʦʥʳʤʝʥ 

 ʘʨʳסʙʝʣʩʝʥʜʽʣʽʛʽ ʞʦ ץʘʪʘʨ, ʢʝʡʙʽʨ ʟʝʨʪʪʝʫʣʝʨʜʝ ʢʘʪʘʣʠʪʠʢʘʣʳץ
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ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʜʘʡʳʥʜʘʫ װʰʽʥ ʨʝʘʢʪʠʚʪʽ ײʥʪʘץʪʘʫ ʞᴅʥʝ ʰʘʨʣʳ ײʥʪʘץʪʘʫ 

ʩʠʷץʪʳ ʤʝʭʘʥʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ [79-81]. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʢʝʡʙʽʨ ʟʝʨʪʪʝʫʣʝʨ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʦʜʘʥ ᴅʨʽ 

ʞʘץʩʘʨʪʫ װʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʜʘʡʳʥʜʘʫʜʳש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ʞʘʩʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. M. Gupta ʞᴅʥʝ ʪ.ʙ. Mn/Cu-ZnO ʥʘʥʦʩʳʤʜʘʨʳʥ ʵʣʝʢʪʨʦʪײʥʜʳʨʫ 

ʘʨץʳʣʳ ʜʘʡʳʥʜʘʜʳ ʞᴅʥʝ ʦʥʳ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨ װʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʜʳ [82]. ᴄʜʽʩ ʤʫʣʴʪʠʤʝʪʘʣʣʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʙʝʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ 

ʙʘץʳʣʘʫסʘ ץʘʙʽʣʝʪʪʽ, ʘʣ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʜʘʡʳʥʜʘʫʜʳש ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʪʝʨʽʥʜʝ, 

ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʙʽʨʛʝʪײʥʜʳʨʫ ʞᴅʥʝ ʩʽשʜʽʨʫ ᴅʜʽʩʽ ʩʠʷץʪʳ ᴅʜʽʩʪʝʨʜʝ ʤײʥʜʘʡ ʤװʤʢʽʥ 

ʞʦץ. ʅ. Zhang ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʩʠʥʪʝʟʽ װʰʽʥ ʧʣʘʟʤʘʣʳץ 

ᴅʜʽʩʧʝʥ ʜʘʡʳʥʜʘʣסʘʥ Cu-Fe ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʟʝʨʪʪʝʜʽ [83]. 

 ʘʥסᴅʜʽʩʧʝʥ ʜʘʡʳʥʜʘʣ ץʘʥʜʘ, ʧʣʘʟʤʘʣʳסʘʨʘʧʘʡʳʤ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨפ

ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʳװ שʣʢʝʥ ʙʦʣʫʳʥʘ, ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש (Fe, 

Cu) ʞʦסʘʨʳ ʜʠʩʧʝʨʩʠʷʩʳʥʘ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʜʝʨʽʥʽש ʢʽʰʽ ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ ʘʡʪʘʨʣʳץʪʘʡ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ʪʘʣסʘʤʜʳʣʳץ 

ʢᴇʨʩʝʪʪʽ. ʂʨʝʤʥʝʟʝʤʜʽ ʞᴅʥʝ ʢʨʝʤʥʝʟʝʤʜʽ ʛʝʣʴʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ M. Ding ʞᴅʥʝ 

ʩʦʘʚʪʦʨʣʘʨ ʩʽשʽʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʢᴇʧ ʬʫʥʢʮʠʦʥʘʣʜʳ ʢʨʝʤʥʠʡ-ʢʨʝʤʥʠʡʣʽ 

ʙʠʤʦʜʘʣʴʜʳ ʢʝʫʝʢʪʽ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʩʠʥʪʝʟʜʝʧ ʘʣʜʳ [84]. ɹʠʤʦʜʘʣʴʜʳ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʙʝʪʪʽʢ ʘʫʜʘʥʳ װʣʢʝʥ ʞᴅʥʝ ʢʝʫʝʢ ʢᴇʣʝʤʽ ʘʟ, ʙʽʨʘץ ʙʘʩʪʘʧץʳ 

ʢʨʝʤʥʠʡ ʛʝʣʽʥʝ ץʘʨʘסʘʥʜʘ ʤʘʡʜʘ ʢʝʫʝʢʪʝʨʜʽש ʩʘʥʳ ʢᴇʧ. ɹʝʣʩʝʥʜʽ ʤʝʪʘʣʜʳ 

ʘʡʤʘץʪʘʨʜʳש ʞʦסʘʨʳ ʜʠʩʧʝʨʩʠʷʩʳ (ʤʳʩ, ʪʝʤʽʨ) ʞᴅʥʝ ʙʠʤʦʜʘʣʴʜʳ ʢʝʫʝʢʪʽ 

 ʪʠʽʤʜʽʣʽʛʽ ʢʘʪʘʣʠʟʜʽʢ ץʘʨʳ ʜʠʬʬʫʟʠʷʣʳסʞʦ שʳ ᴇʥʽʤʜʝʨʜʽסʨʳʣʳʤʜʘʨʜʘײץ

ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʞᴅʥʝ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʘ ʳץʧʘʣ ʝʪʪʽ. L.Chen 

ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʳʧ ʞʦסʘʨʳ ʙʽʨʪʝʢʪʽ ʞᴅʥʝ 

ʜʠʩʧʝʨʩʠʷʣʘʥסʘʥ ʢʨʝʤʥʠʡ ʦʢʩʠʜʪʽ ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʦʪʳʨסʳʟʳʣסʘʥ ʪʝʤʽʨ ʦʢʩʠʜʪʽ 

ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʩʠʥʪʝʟʜʝʜʽ [85]. ʂʘʪʘʣʠʟʘʪʦʨ 513 ʂ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʞװʨʛʽʟʽʣʛʝʥ 

ʟʝʨʪʪʝʫ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʘʣʜʳʥ ʘʣʘ ᴇשʜʝʣʛʝʥ Si-Fe ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ץʘʨʘסʘʥʜʘ CO2 ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽʥ (<0,5%), CH4 

ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽʥ (<0,5%) ʞᴅʥʝ C8ïC20 (ʤʦʣʴ% C) 

ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʞʦסʘʨʳ (>58%) ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ, ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʪʘʣסʘʥ 

ʞײʤʳʩʪʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʵʪʘʣʦʥʜʳץ ʢʘʪʘʣʠʟʘʪʦʨʜʳץ שʘʩʠʝʪʪʝʨʽʥʝʥ ʞʦסʘʨʳ ʙʦʣʜʳ. 

R.S. Par²s ʞᴅʥʝ ʦʥʳש ʪʦʙʳ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

K/Ni/MoS2 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʽʥʽש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʜʽ 

[86]. ʄʠʢʨʦʵʤʫʣʴʩʠʷʜʘ ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ ʞʘשʘ ʢʘʪʘʣʠʟʘʪʦʨ 

ʙʝʪʽʥʜʝ ʧʨʦʤʦʪʦʨʣʘʨʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳʤʝʥ, 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʪᴇʤʝʥʛʽ ʢʨʠʩʪʘʣʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ 

ʪʘʣסʘʤʜʳʣʳסʳ ʤʝʥ ʰʳסʳʤʳ ʙʦʡʳʥʰʘ ᴇʟʽʥʽש ʜᴅʩʪװʨʣʽ ᴅʨʽʧʪʝʩʽʥʝʥ ʦʟʜʳ. 

T.W. Kim ʞᴅʥʝ ʙʘʩץʘʣʘʨ ʩʦʥʦʭʠʤʠʷʣʳץ ᴅʜʽʩʧʝʥ ʤʝʟʦʢʝʫʝʢʪʽ ʢᴇʤʽʨʪʝʢ 

ʥʝʛʽʟʽʥʜʝ ʥʘʥʦᴇʣʰʝʤʜʽ (<1ʤʘʩʩ.%) ʨʦʜʠʡ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜ  r

ʜʘʡʳʥʜʘʜʳ [87]. ʓʣסʘʣʜʘʥʜʳʨʫʜʳץ שʘʨʘʧʘʡʳʤ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ 

ʜʘʡʳʥʜʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩʦʥʦʭʠʤʠʷʣʳץ ᴅʜʽʩʧʝʥ 

ʜʘʡʳʥʜʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨ ʩʧʠʨʪʪʝʨʜʽש ʰʳסʳʤʳʥ (20,6% -ʜʘʥ 58,9% -סʘ ʜʝʡʽʥ) 

ʞʦסʘʨʳʣʘʪʳʧ, ʤʝʪʘʥ ʪװʟʽʣʫʽʥʽש ʪᴇʤʝʥʜʝʫʽʥ (65,2%-ʜʘʥ 24,1%-סʘ ʜʝʡʽʥ) ʢᴇʨʩʝʪʪʽ 

(320ÁC, 3,0 ʄʇʘ, GHSV=12000 ʩ-1 ʞᴅʥʝ H2/CO ץʘʪʳʥʘʩʳ 2-ʛʝ ʪʝש). ʈʝʪʪʝʣʛʝʥ ʤʝʟʦ 
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ʢʝʫʝʢʪʽ ʢᴇʤʽʨʪʝʢ ײץʨʘʤʳʥʜʘסʳ ʨʦʜʠʡʜʽש ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʤᴇʣʰʝʨʽʥʽש 

ʙʽʨʢʝʣʢʽʣʛ̔ʽʥʝʥ ʪʽʟʙʝʢʪʽש ᴇʩʫʽ ʞʦסʘʨʳʣʘʡʜʳ. 

ʆʩʳ ʪʘʨʘʫʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ 

ʘʣʫסʘ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪʘʙʠסʘʪʳ, ʙʝʪʪʽʢ 

 ʘʩʠʝʪʪʝʨ, ʧʨʦʤʦʪʦʨʣʘʨ ʞᴅʥʝ ʩʠʥʪʝʟץ ץʤʦʨʬʦʣʦʛʠʷʣʳ-ץʨʳʣʳʤʜʳײץ ,ץʳʣʜʳץʳʰץ

ᴅʜʽʩʽ ʩʠʷץʪʳ ʙʽʨץʘʪʘʨ ʬʘʢʪʦʨʣʘʨסʘ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʊʘʩʳʤʘʣʜʘסʳʰʪʳץ שʳʰץʳʣʜʳסʳʥ ʪᴇʤʝʥʜʝʪʫ, ʤʝʪʘʣʣ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪײʨʘץʪʳ 

ʜʠʩʧʝʨʩʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʢ ײץʨʳʣʳʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ 

ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳץʪʳ ʘʨʪʪʳʨʫʜʳש ʤʘשʳʟʜʳ ʰʘʨʪʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʽʣʪʽʣʽʢ ʧʨʦʤʦʪʦʨʣʘʨʜʳ ʝʥʛʽʟʫ ʤʝʥ ʟʘʤʘʥʘʫʠ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽʥ 

 ʤʝʨʟʽʤʜʽ ץʟʘײ שʰʝʡʪʽʧ, ʦʣʘʨʜʳװʳʥ ʢסʘʤʜʳʣʳסʪʘʣ שʦʣʜʘʥʫ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳץ

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ ʪᴅʩʽʣʜʝʨ ʨʝʪʽʥʜʝ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

 
1.5 ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʉʦ-ײץʨʘʤʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 

ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ 

 ʳʪʪʘץʘʟʽʨʛʽ ʫʘץ ,ʘʪʘʨץ ʦʣʜʘʥʳʣʘʪʳʥ ʪʝʤʽʨ, ʥʠʢʝʣʴ ʞᴅʥʝ ʨʫʪʝʥʠʡ ʤʝʪʘʣʜʘʨʳʤʝʥץ

ʢʦʙʘʣʴʪʪʘ ʢʝשʽʥʝʥ ʟʝʨʪʪʝʣʽʧ, ʪʠʽʤʜʽ ʤʝʪʘʣʣ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʫʜʘ. ʆʥʳש 

ʞʦסʘʨʳ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽʤʝʥ, ʞʘʥʘʤʘ ʨʝʘʢʮʠʷʣʘʨʜʳש ʞװʨʫʽʥ ʰʝʢʪʝʫ 

 ʘʪʳʩʪʳץ ʟʽʣʫʽʥʝװʪ שʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ ץʪʳץʘʥ ʩʳʟʳץץʘʥʳץ ʘʙʽʣʝʪʽʤʝʥ ʞᴅʥʝץ

ʞʦסʘʨʳ ʪʘʣסʘʤʜʳʣʳסʳʤʝʥ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʫ ʛʘʟ ʘʣʤʘʩʫ ʨʝʘʢʮʠʷʩʳʥʘ ʪᴇʤʝʥ 

ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ [88-91]. ʌʠʰʝʨïʊʨʦʧʰ (ʌʊ) ʧʨʦʮʝʩʽʥʜʝ 

ʢʦʙʘʣʴʪ ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʢᴇʙʽʥʝ ʙʝʣʩʝʥʜʽ 

ʦʨʪʘʣʳץʪʘʨʜʳש ʩʘʥʳʤʝʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʝʪʪʽʢ ʤʝʥʰʽʢʪʽ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʢ 

ʜʝשʛʝʡʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ [92].  

ɹʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש ʩʘʥʳ ʢʦʙʘʣʴʪʪʳש ʜʠʩʧʝʨʩʠʷʣʳץ ʜᴅʨʝʞʝʩʽ ʤʝʥ 

ʪʦʪʳץʩʳʟʜʘʥʫ ץʘʙʽʣʝʪʽʥʝ ʪᴅʫʝʣʜʽ ʰʘʤʘʥʳ ʙʽʣʜʽʨʝʜʽ. ɸʪʘʣסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʛʝ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽ, ʧʨʦʤʦʪʦʨʣʘʨʜʳש ʪʘʙʠסʘʪʳ ʤʝʥ ʤᴇʣʰʝʨʽ, ʩʦʥʜʘʡ-

ʘץ ʪʘʩʳʤʘʣʜʘסʳʰʪʳײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʢʩʪʫʨʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʩʠʷץʪʳ 

ʙʽʨץʘʪʘʨ ʬʘʢʪʦʨʣʘʨ [93-95] ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ʂʦʙʘʣʴʪʪʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ 

ʧʨʦʤʦʪʦʨ ʨʝʪʽʥʜʝ ʘʩʳʣ ʤʝʪʘʣʜʘʨ (Pt [96], Re [97], Ru [98], Pd [99] ʞᴅʥʝ ʪ.ʙ.), 

ʩʦʥʜʘʡ-ʘץ ʩʽʣʪʽʣʽʢ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽʥ ץʦʩʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨ CO ʘʜʩʦʨʙʮʠʷʩʳʥʳש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʞʦסʘʨʳʣʘʪʘʜʳ ʞᴅʥʝ H2 ʘʜʩʦʨʙʮʠʷʩʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ. ʂᴇʤʽʨʪʝʛʽ ʦʢʩʠʜʽ ʘʜʩʦʨʙʮʠʷʩʳ ʨʝʘʢʮʠʷʣʘʨʜʳש ʞʳʣʜʘʤ ʞװʨʫʽʥʝ 

ᴅʢʝʣʝʜʽ: ᴇʥʽʤʜʝʨʜʽש ʦʨʪʘʰʘ ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ ʞʦסʘʨʳʣʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʤʝʪʘʥʥʳש ʪװʟʽʣʫʽ ʪᴇʤʝʥʜʝʡʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʝʬʠʥʜʝʨ/ʧʘʨʘʬʠʥʜʝʨʜʽש 

ʘʨʘץʘʪʳʥʘʩʳ ʞʦסʘʨʳʣʘʡʜʳ. ʆʪʘʥʜʳס ץʘʣʳʤʜʘʨ ʪʦʙʳ [100] ʉʦ-ײץʨʘʤʜʘʩ 

ʢʘʪʘʣʠʟʘʪʦʨסʘ ʧʨʦʤʦʪʝʨ ʨʝʪʽʥʜʝ VIII ʪʦʧ ʵʣʝʤʝʥʪʪʝʨʽʥ ʞᴅʥʝ ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʞʝʨ 

ʤʝʪʘʣʜʘʨʳʥ ץʦʩʫ ʘʨץʳʣʳ ʌʊʉ ʢʘʪʘʣʠʟʜʽʢ ץʘʙʽʣʝʪʽʥ ʟʝʨʪʪʝʜʽ. ʂʘʪʘʣʠʟʘʪʦʨ 

ʩʠʥʪʝʪʠʢʘʣʳץ ʩײʡʳץ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʞʦסʘʨʳ ʪʘʣסʘʤʜʳʣʳ(79,7%) ץ ʧʝʥ 

ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʨʝʘʢʮʠʷ ʞʘסʜʘʡʳ T=230oC, P=1,0 ʄʇʘ, 

V0=1500 ʩʘס
-1 ʙʦʣסʘʥʜʘ ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ 92,5% ʞʝʪʪʽ. 

ʉʽʣʪʽʣʽʢ ʧʨʦʤʦʪʦʨʣʘʨʜʳש ʝʥʛʽʟʽʣʫʽ ʉʆ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש SiOϜ ʥʝʤʝʩʝ TiOϜ 
ʪᴅʨʽʟʜʽ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʜʳש ʙʝʪʽʥʜʝ ʜʠʬʬʫʟʠʷʣʳץ ץʦʟסʘʣסʳʰʪʳסʳʥ 
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ʘʨʪʪʳʨʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʛʝ ᴅʩʝʨ ʝʪʫ 

ʜᴅʨʝʞʝʩʽ ʘʡʪʘʨʣʳץʪʘʡ ʢװʰʝʡʝʜʽ. [101] ᴅʜʝʙʠʝʪʢʝ ʩᴅʡʢʝʩ, 14% Co/Al2O3 

ʢʘʪʘʣʠʟʘʪʦʨʳʥʘ 0,2% Na, K, Rb ʥʝʤʝʩʝ Cs ץʦʩץʘʥʜʘ ʪʽʟʙʝʢʪʽש ᴇʩʫ ʳץʪʠʤʘʣʜʳסʳ 

0,75-ʪʝʥ 0,82-ʛʝ ʜʝʡʽʥ ʘʨʪʘʜʳ. [102] ʞײʤʳʩʪʘ ʙʠʦʤʘʩʩʘʜʘʥ ʘʣʳʥסʘʥ ʩʠʥʪʝʟ 

ʛʘʟʳʥʜʘסʳ ץʦʩʧʘʣʘʨʜʳש ʌʊʉ-ʥʝ ᴅʩʝʨʽ 12% Co/ɔ-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש ʪײʨʘץʪʳ 

 ʘʙʘʪʳ ʙʘʨ ʨʝʘʢʪʦʨʜʘ 210 ÁC, H2/CO = 2 ʞᴅʥʝ 2 ʄʇʘ ʟʝʨʪʪʝʣʜʽ. Na, K, Ca ʞᴅʥʝץ

Mg ˸ʝʪʘʣʣʜʘʨʳʥʳש ʪײʟʜʘʨʳ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʜʘʡʳʥʜʘʫ ʩʘʪʳʩʳʥʜʘ ʩʽשʜʽʨʫ 

ᴅʜʽʩʽʤʝʥ ʝʥʛʽʟʽʣʛʝʥ. ɸʚʪʦʨʣʘʨ ʢʘʪʘʣʠʟʘʪʦʨ ײץʨʘʤʳʥʜʘ ʩʽʣʪʽʣʽʢ ʞʝʨ ʤʝʪʘʣʜʘʨʳʥʳש 

ʙʦʣʫʳ ʪʽʟʙʝʢʪʽש ᴇʩʫ ʳץʪʠʤʘʣʜʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳסʘ ʢʝʣʜʽ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ Na+ ʢʘʪʠʦʥʜʘʨʳ ʙʦʣסʘʥ ʢʝʟʜʝ (100-400 ppm), ʉʘ2+ (100-1000 ppm) 

 ʜʘʡʜʘסʟʽʣʝʜʽ. ɼᴅʣ ʦʩʳʥʜʘʡ ʞʘװʘʥʜʘ, ʦʣʝʬʠʥʜʝʨ ʢᴇʧ ʪסʘʪʳʩʫʳʤʝʥ ʩʘʣʳʩʪʳʨץ

ʙʘʩץʘ ʞײʤʳʩʪʳש ʘʚʪʦʨʣʘʨʳ 20% Co-0,5% Re/ɔ-Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʪʝʢʩʝʨʜʽ 

[103]. ɾײʤʳʩʪʘ ʜʘ Na+ ʢʘʪʠʦʥʜʘʨʳʥʳש ʙʦʣʫʳ (10-1000 ppm) C5+ ʞᴅʥʝ CO2 

ʪװʟʽʣʫʽʥʝ ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ʞᴅʥʝ ʤʝʪʘʥ ʪװʟʽʣʫʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ 

ᴅʢʝʣʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʢʝʥ.  

ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʢʦʙʘʣʴʪʪʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʙʝʪʽʥʜʝ CO 

ʜʠʩʩʦʮʠʘʮʠʷʩʳ ʤʝʥ CïC ʙʘʡʣʘʥʳʩʳʥʳש ʪװʟʽʣʫʽʥʽש ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳסʳ ʤʝʪʘʣʣ 

ʢʦʙʘʣʴʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [104]. ʄʝʪʘʣʣ ʢʦʙʘʣʴʪʪʳש ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʣʘʨʳʥʳש 

ʌʊʉ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨʽ ʪʝʦʨʠʷʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ ʨʝʘʢʮʠʷʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʛʝʥ [105]. ʄʳʩʘʣʳ, ʛʝʢʩʘʛʦʥʘʣʴʜʳ ʪʳסʳʟ 

 ʘ (fcc-Co)ץʘʥ ʢʦʙʘʣʴʪסʘʧʪʘʣץ ʳʟסʪʳ ץʘʥ ʢʦʙʘʣʴʪ (hcp-Co) ʬʘʟʘʩʳ ʢʫʙʪʳסʘʧʪʘʣץ

 ʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʢʝʥ, ʩʝʙʝʙʽ ʉʆסʟʽʣʫʽʥʜʝ ʞʦװʪ שʘʥʜʘ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽסʘʨʘץ

ʤʦʣʝʢʫʣʘʩʳʥʳש hcp-Co ʙʝʪʽʥʜʝ ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʫ ʘʢʪʠʚʘʮʠʷ ʵʥʝʨʛʠʷʩʳ fcc-Co-סʘ 

 ʳʰʪʘסʘʥ ʩᴅʡʢʝʩ, ʪʘʩʳʤʘʣʜʘסʘʥʜʘ ʰʘʤʘʤʝʥ 40 ʢɼʞ/ʤʦʣʴ ʪᴇʤʝʥ [106]. ʆʩʳסʘʨʘץ

hcp-Co ʬʘʟʘʩʳ ʙʘʩʳʤ ʙʦʣʘʪʳʥ ʢʦʙʘʣʴʪ ʥʝʛʽʟʽʥʜʝʛʽ ʪʠʽʤʜʽ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ᴅʟʽʨʣʝʫ 

ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʜʝשʛʝʡʜʝ ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ʧʝʨʩʧʝʢʪʠʚʪʽ 

ʙʘסʳʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

[107] ᴅʜʝʙʠʝʪʪʝ ʢʦʙʘʣʴʪ ײץʨʘʤʜʘʩ ʢʘʪʘʣʠʟʘʪʦʨʜʳײץ שʨʳʣʳʤʳʥʳש, ʤʳʩʘʣʳ, 

ʢʝʫʝʢ ʢᴇʣʝʤʽ ʤʝʥ ʢʝʫʝʢʪʽש ʜʠʘʤʝʪʽʨʽʥʽש ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʝ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

ʊᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʢʝʫʝʢ 

ʢᴇʣʝʤʽʥ ʞʘץʩʘʨʪʫ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʘʜʳ, ʘʣ ʢʝʫʝʢʪʽש ʢᴇʣʝʤʽʥ 

ʦʜʘʥ ᴅʨʽ ײʣסʘʡʪʫ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʰʝʢʪʝʫʣʽ ᴅʩʝʨ ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

ʙʝʣʩʝʥʜʽʣʽʛʽ װʰʽʥ ʢʝʫʝʢʪʝʨʜʽש ʢᴇʣʝʤʽ ʤʘשʳʟʜʳ ʙʦʣʜʳ. ʌTʉ ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

 ,(ʜʝʩʪʽʨʽʣʛʝʥש64% H2: 32% CO: N2 ʪʝ) ʘʪʳʩʳʥʜʘ ʩʠʥʪʝʟ ʛʘʟʳ ʠʤʠʪʘʮʠʷʩʳ ʢʝʟʽʥʜʝץ

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʢʝʫʝʢ ʢᴇʣʝʤʽ 6,5 ʥʤ, ʢʝʫʝʢ ײʟʳʥʜʳסʳ 1,90 ʥʤ ʙʦʣסʘʥʜʘ ʉʆ2 ʞᴅʥʝ 

ʉ4+ װʰʽʥ ʪʘʣסʘʤʜʳʣʳ2,0% ץ ʞᴅʥʝ 74%, ʘʣ ʉʆ-ʥʳש ʢʦʥʚʝʨʩʠʷʩʳ ʤʝʥ CH4 װʰʽʥ 

ʪʘʣסʘʤʜʳʣʳ100 ץ ʩʘסʘʪʪʳץ ʞײʤʳʩʳʥʘʥ ʢʝʡʽʥ 10,8% ʞᴅʥʝ 15,7% ײץʨʘʜʳ. 

ʆʩʳ ʪʘʨʘʫʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʢʦʙʘʣʴʪ ʥʝʛʽʟʽʥʜʝʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש ʪʘʙʠסʘʪʳʥʘ, ʤʝʪʘʣʣ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʩʳʥʘ, ʧʨʦʤʦʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝ ʞᴅʥʝ 

ʪʘʩʳʤʘʣʜʘסʳʰʧʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʘʡץʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʪʘʩʳʤʘʣʜʘסʳʰʪʳײץ שʨʳʣʳʤʜʳץ-ʪʝʢʩʪʫʨʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞᴅʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʪᴅʩʽʣʜʝʨʽʥ ʜײʨʳʩ ʪʘשʜʘʫ ʌʠʰʝʨïʊʨʦʧʰ 
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ʧʨʦʮʝʩʽʥʽש ʪʘʣסʘʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʳʧ, ʞʘʥʘʤʘ ʨʝʘʢʮʠʷʣʘʨʜʳ ʰʝʢʪʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

1.6 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ 

1.6.1 ʇʝʨʦʚʩʢʠʪʪʽײץ שʨʳʣʳʤʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽ 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʦʢʩʠʜʪʝʨ ABO3 ʞʘʣʧʳ ʬʦʨʤʫʣʘʩʳʥʘ ʩʘʡ, ʤײʥʜʘ ɸ 

ʞᴅʥʝ ɺ ʤʝʪʘʣʣ ʢʘʪʠʦʥʜʘʨʳ ʙʦʣʘ ʘʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʘʨʘʣʘʩ ʦʢʩʠʜʪʝʨ ʞʘʪʘʜʳ. ɸ 

ʢʘʪʠʦʥʜʘʨʳ ᴅʜʝʪʪʝ ʦʪʪʝʛʽʥʝ ʞʘץʳʥ ʠʦʥʜʳץ ʨʘʜʠʫʩץʘ ʠʝ ʞᴅʥʝ ʦʥʘʨ ʩʠʨʝʢ 

ʢʝʟʜʝʩʝʪʽʥ ʞʝʨ (La, Pr, Sm, Ce), ʩʽʣʪʽʣʽʢ-ʞʝʨ (Ca, Mg, Ba, Sr) ʥʝʤʝʩʝ ʩʽʣʪʽʣʽʢ (Na, 

K) ʤʝʪʘʣʜʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ. ɺ ʧʦʟʠʮʠʷʩʳʥʜʘסʳ ʢʘʪʠʦʥʜʘʨʜʳש ʠʦʥʜʳץ ʨʘʜʠʫʩʳ 

ʝʜᴅʫʽʨ ʘʟ ʙʦʣʫʳ ʢʝʨʝʢ, ʩʦʥʜʳץʪʘʥ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ (Fe, Ni, Co, 

Cu, Ti, Cr, Ru, Mn ʞᴅʥʝ ʪ.ʙ.) ʙʦʣʘ ʘʣʘʜʳ. ʇʝʨʦʚʩʢʠʪʪʽײץ שʨʳʣʳʤʳ - ʙʘʨʣʳץ 

ʰʳשʜʘʨʳʥʜʘ ʦʪʪʝʛʽ ʘʪʦʤʜʘʨʳ ʙʘʨ AO12 ʢʫʙʦʮʝʜʨʘʣʘʨʳʥʘʥ ʪײʨʘʪʳʥ, BO6 

ʦʢʪʘʵʜʨʽʥʝʥ ײץʨʘʣסʘʥ ץʘץשʘ, ʤײʥʜʘ ɸ ʞᴅʥʝ ɺ ʘʪʦʤʜʘʨʳ ʩᴅʡʢʝʩʽʥʰʝ ʦʩʳ 

ʧʦʣʠʵʜʨʜʳש ʦʨʪʘʣʳץʪʘʨʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ (ʩʫʨʝʪ 7). ʇʝʨʦʚʩʢʠʪʪʝʨ ʠʢʝʤʜʽ 

 ʧʘʡʜʘ שʘʫʣʘʨʜʳץʪᴇʤʝʥʜʝʫʽʤʝʥ ʥʝʤʝʩʝ ʘ שʘ ʠʝ ʞᴅʥʝ ʩʠʤʤʝʪʨʠʷʥʳסʨʳʣʳʤײץ

ʙʦʣʫʳʤʝʥ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʤʘʡ ʧʝʨʦʚʩʢʠʪʪʽײץ שʨʳʣʳʤʜʳץ 

ʪװʨʽʥʽש ʘʷʩʳʥʜʘ ץʘʣʳʧ ץʦʷʜʳ. 

 
 

ʉʫʨʝʪ 7 - ʀʜʝʘʣ ʧʝʨʦʚʩʢʠʪʪʽײץ שʨʳʣʳʤʳ [108] 
 

ʉʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʤʝʪʘʣʜʘʨ ʤʝʥ ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʜʳש ʜʘ 

ʧʦʣʠʚʘʣʝʥʪʪʽʣʽʛʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʡʣʘʥʳʩ ײʟʳʥʜʳסʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ 

ʩʠʧʘʪʪʘʣʘʪʳʥ ɸ ʥʝʤʝʩʝ ɺ ʧʦʟʠʮʠʷʩʳʥʜʘסʳ ʘʪʦʤʜʘʨʜʳש ᴇʟʘʨʘ ʦʨʳʥ 

ʘʫʳʩʪʳʨʫʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʦʪʪʝʛʽ ʤʝʥ ʢʘʪʠʦʥʜʳ ʙʦʩ ʦʨʳʥʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳ 

ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʥʳש ʜʝʬʦʨʤʘʮʠʷʣʘʥʫʳʥʘ ᴅʢʝʧ ʩʦסʘʜʳ. ʇʝʨʦʚʩʢʠʪʪʽש 

 ʡʽʥʜʝ ʜʝ, ɺ ʧʦʟʠʮʠʷʩʳʥʜʘ ʜʘ ʢʘʪʠʦʥʜʘʨʜʳ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫװʨʘʤʳʥ ɸ ʢײץ

ʘʨץʳʣʳ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʜʳ. ɸʪʘʣסʘʥ ʞʘסʜʘʡʜʘ ʧʝʨʦʚʩʢʠʪʪʽש ʬʦʨʤʫʣʘʩʳ AxA'1 

ʪװʨʽʥʜʝ ʞʘʟʳʣʘʜʳ ʞᴅʥʝ ʘʣʳʥסʘʥ ײץʨʳʣʳʤʥʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʘʣʤʘʩʪʳʨʫ 

ʰʝʢʪʝʨʽ ɻʦʣʜʰʤʠʪʧʝʥ ʘʣʳʥסʘʥ ʪᴇʟʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʬʦʨʤʫʣʘʩʳʥ 

 :ʘʣʘʥʘʜʳסʳʜʘʥ ʙʘסʨײʪ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʪʝʦʨʠʷʣʳץ
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   Ô .      (8) 

 

ʤײʥʜʘסʳ, ri ï ɸ, ɺ ʞᴅʥʝ ʦʪʪʝʛʽʥʽש ʠʦʥʜʳץ ʨʘʜʠʫʩʪʘʨʳ. ʀʜʝʘʣ ʧʝʨʦʚʩʢʠʪ װʰʽʥ 

ʪʦʣʝʨʘʥʪʪʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʽʨʣʽʢʢʝ ʪʝש, ʘʣʘʡʜʘ 0,75 <t <1 [109] ʰʝʛʽʥʜʝʛʽ 

ʢʝʡʙʽʨ ʘʫʳʪץʫʣʘʨ ʨץײʩʘʪ ʝʪʽʣʛʝʥ. 

ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʙʝʡʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʙʽʨʣʽʢʢʝ ײʤʪʳʣסʘʥ ʢʝʟʜʝ ʠʜʝʘʣ ʧʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤ ʪװʟʽʣʝʜʽ. ʂᴇʧ ʞʘסʜʘʡʜʘ 

ʽʰʽʥʘʨʘ ʙײʨʤʘʣʘʥסʘʥ ʧʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤ ʧʘʡʜʘ ʙʦʣʘʜʳ.  

ʊʘʙʠסʘʪʪʘ CaTiO3 ײץʨʘʤʜʳ ʧʝʨʦʚʩʢʠʪ ʢʝʟʜʝʩʝʜʽ. פʘʨʘʧʘʡʳʤ ʧʝʨʦʚʩʢʠʪʪʽʢ 

 ʨʣʽ ʠʦʥʜʘʨʜʳװʦʩʳʣʳʩ ʩᴅʡʢʝʩʽʥʰʝ ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʟʘʨʷʜʪʘʨʳ ʝʢʽ ʪץ ʨʳʣʳʤʜʳײץ

ɺ ʧʦʟʠʮʠʷʩʳʥʜʘ ʙʽʨʽʢʪʽʨʽʧ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥʘ ʘʣʘʜʳ. ɽש ʢᴇʧ ʢʝʟʜʝʩʝʪʽʥ ʞʘסʜʘʡ - 

ɺ ʧʦʟʠʮʠʷʩʳʥʜʘסʳ ʝʢʽ ʠʦʥʥʳש ʵʢʚʠʤʦʣʷʨʣʳץ ץʦʩʳʥʜʳʩʳ, ʩʦʣ ʢʝʟʜʝʛʽ ʞʘʣʧʳ 

ʧʝʨʦʚʩʢʠʪʪʽש ʬʦʨʤʫʣʘʩʳ A2BB'O6 (ʥʝʤʝʩʝ AB0.5B`0.5O3) ʪװʨʣʝʥʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ 

 ʨʣʽװʰ ʪװ ץʷʰʳײ ʳʟסʘʥʜʘ ʞʘʣסABO3-ʧʝʥ ʩʘʣʳʩʪʳʨ ץʷʰʳײ ʘʨʘʧʘʡʳʤץ

ʞʘʟʳץʪʳץʪʘ ʝʢʽ ʝʩʝ ʩʦʟʳʣʫʳ ʤװʤʢʽʥ. ɽʛʝʨ B ʞᴅʥʝ B' ʟʘʨʷʜʪʘʨʳ ᴅʨʪװʨʣʽ ʙʦʣʩʘ, 

ʨʝʪʪʝʣʛʝʥ ײץʨʳʣʳʤʜʘ ʦʪʪʝʛʽ ʘʥʠʦʥʳ ʝש ʢᴇʧ ʟʘʨʷʜʪʘʣסʘʥ ʢʘʪʠʦʥסʘ ʘʟʜʘʧ 

ʞʳʣʞʠʜʳ, ʘʣʘʡʜʘ ɺ ʞᴅʥʝ ɺ' ʢʘʪʠʦʥʜʘʨʳʥʳש ʦʢʪʘʵʜʨʣʽʢ ʩʠʤʤʝʪʨʠʷʩʳ ᴇʟʛʝʨʽʩʩʽʟ 

   .ʘʣʘʜʳץ

ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʧʝʨʦʚʩʢʠʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʜʳʥ-

ʘʣʘ ʙʝʣʩʝʥʜʝʥʜʽʨʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ, ʘʣ ʤʝʪʘʣʣ-ʦʢʩʠʜʪʽש ʙʝʣʩʝʥʜʽ ʬʘʟʘʩʳ 

ʢʘʪʠʦʥʜʘʨʜʳש ʪʦʨʜʘʥ ʽʰʽʥʘʨʘ ʥʝʤʝʩʝ ʪʦʣʳץ ʰʳסʫʳʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ 

ʦʨʪʘʜʘ ʪװʟʽʣʝʜʽ. ʇʝʨʦʚʩʢʠʪʪʽʢ ʧʨʝʢʫʨʩʦʨʣʘʨʜʘʥ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ װʰʽʥ 

ʢʦʢʩʪʽש ʪײʨʘץʪʳʣʳסʳ ʤʝʪʘʣʣ ʙᴇʣʰʝʢʪʝʨʜʽש ʞʦסʘʨʳ ʜʠʩʧʝʨʩʠʷʩʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʢʦʢʩʪʳש ʪװʟʽʣʫʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ʥʝʤʝʩʝ ʪʝʞʝʣʫʽʥʝ ᴅʢʝʣʝʜʽ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʦʢʩ ʧʨʝʢʫʨʩʦʨʣʘʨʳʥʳש ʪʦʪʳסʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ʦʪʪʝʛʽ 

 .ʳ ʧʘʡʜʘ ʙʦʣʘʜʳסʳʰʪʳסʘʣסʦʟץ

 ʦʣʜʘʥʳʣʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨץ ʜʘ ʭʠʤʠʷ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝשʘʟʽʨʛʽ ʪʘפ

ʘʨʘʣʘʩ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʨ ʪײʨʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʙʽʨʽʢʪʽʨʫʛʝ 
 ʩʠʥʪʝʟʽ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʜʝʛʽ ʥʝʛʽʟʛʽ שʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽװʘʙʽʣʝʪʪʽ ʦʩʳʥʜʘʡ ʢץ

ʟʝʨʪʪʝʫ ʙʘסʳʪʪʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʢʘʪʘʣʠʟʜʽʢ 

ʨʝʘʢʮʠʷʣʘʨסʘ ײץʨʳʣʳʤʳ, ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʞᴅʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʪʘʣʘʧץʘ ʩʘʡ ʢʝʣʝʪʽʥ ʢᴇʧ ʬʫʥʢʮʠʷʣʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ץʘʞʝʪ. 

ʇʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʦʢʩʠʜʪʝʨ ʞʦסʘʨʳ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽ, 

ʞʘץʩʳ ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʞᴅʥʝ ʪᴇʤʝʥ ײץʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʘʪʘʣʠʟʘʪʦʨ 

ʨʝʪʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ [110]. ʇʝʨʠʦʜʪʳץ ʞװʡʝʜʝʛʽ ʤʝʪʘʣʜʘʨʜʳ90% ש -ʜʘʥ 

ʘʩʪʘʤʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳʥʘ ʪײʨʘץʪʘʥʘ ʘʣʘʜʳ, ʘʣ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʧʝʨʦʚʩʢʠʪ 

ʞװʡʝʣʝʨʽʥʽש ʩʠʥʪʝʟʽ ɸ ʞᴅʥʝ ɺ ʧʦʟʠʮʠʷʣʘʨʳʥʜʘ ʢʘʪʠʦʥʜʘʨʜʳ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫ 

ʘʨץʳʣʳ ʪײʨʘץʪʳ ʦʢʩʠʜʪʽ ʞװʡʝʣʝʨ ʘʣʫסʘ, ʦʥʳש ʽʰʽʥʜʝ ʢʨʠʩʪʘʣʣʜʳײץ ץʨʳʣʳʤʳʥʜʘ 

ʩʠʨʝʢ ʢʘʪʠʦʥʜʘʨʳ ʙʘʨ ʤʝʪʘʣʣʜʘʨʜʳ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ 

ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽץ שʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʜʳ. 

ɸɺʆ3 ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽש ʪʝʨʤʠʷʣʳץ 

ʪײʨʘץʪʳʣʳסʳ ɸ ʞᴅʥʝ ɺ ʫʯʘʩʢʝʣʝʨʽʥʜʝʛʽ ʢʘʪʠʦʥʜʘʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ, ʘʣ 

ʧʝʨʦʚʩʢʠʪʪʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʦʪײʨʘץʪʳ ʙʦʣʳʧ 
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ʪʘʙʳʣʘʜʳ [111]. ʂᴇʧʪʝʛʝʥ ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ 

ᴇʟʜʝʨʽʥʽש ʙʽʨʝʛʝʡ ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʨץʘʩʳʥʜʘ 

ʤʝʪʘʥʥʳש ʪʦʪʳסʫ ʨʝʘʢʮʠʷʩʳ ʤʝʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨ ʩʠʥʪʝʟʽ ʩʠʷץʪʳ ʤʘשʳʟʜʳ 

ʢʘʪʘʣʠʟʜʽʢ ʧʨʦʮʝʩʪʝʨ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [112, 113]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ ʙʽʨץʘʪʘʨ ʝʨʝʢʰʝ 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ, ʦʣʘʨʜʳץ שʘʪʘʨʳʥʘ ʤʘʛʥʠʪʪʽʢ, 

ʵʣʝʢʪʨᴇʪʢʽʟʛʽʰʪʽʢ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ ʞʘʪʘʜʳ. ʂᴇʧץʳʟʤʝʪʪʽ 

(ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʜʳ) ץʘʩʠʝʪʪʝʨ ʧʝʨʦʚʩʢʠʪʪʝʨʜʽ ʵʥʝʨʛʠʷ ʪװʨʣʝʥʜʽʨʫ, 

ʩʝʥʩʦʨʣʳץ ʞװʡʝʣʝʨ ʞᴅʥʝ ʢʘʪʘʣʠʟ ʩʘʣʘʣʘʨʳʥʜʘ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʇʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽש ʩʠʥʪʝʟ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʨʟʘʥʜʳסʳ ʤʝʥ ʙʘʩʪʘʧץʳ ʨʝʘʛʝʥʪʪʝʨʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽ 

ʤʘʪʝʨʠʘʣʜʘʨסʘ סʳʣʳʤʠ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ʪײʨסʳʜʘʥ ʝʨʝʢʰʝ ץʳʟʳסʫʰʳʣʳץ 

ʪʫʜʳʨʳʧ ʦʪʳʨ [114]. 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ 

 ʘʞʝʪ. ɸɺʆ3ץ ʜʘʡ ʙʽʣʫשʰʽʥ, ɸ ʞᴅʥʝ ɺ ʢʘʪʠʦʥʜʘʨʳʥ ʩᴅʡʢʝʩʽʥʰʝ ʪʘװ

ʧʝʨʦʚʩʢʠʪʪʝʨʽʥʜʝ װʣʢʝʥ ʢʘʪʠʦʥסʘ ʣʘʥʪʘʥʦʠʜʪʳ ʤʝʪʘʣʜʘʨ (La, Sm ʞᴅʥʝ ʪ.ʙ.) 

ʥʝʤʝʩʝ ʩʽʣʪʽʣʽ ʞʝʨ ʤʝʪʘʣʜʘʨʳ (Ca, Sr, Ba ʞᴅʥʝ ʪ.ʙ.), ʘʣ ʢʽʰʽ ʢʘʪʠʦʥ B-ʥʳ 

ʘʫʳʩʧʘʣʳ ʤʝʪʘʣʜʘʨʜʳש ʢʝץ שʘʪʘʨʳʥʘʥ (Cu, Co, Ni, Fe, Cr, Al ʞᴅʥʝ ʪ.ʙ.) ʞᴅʥʝ ʘʩʳʣ 

ʤʝʪʘʣʜʘʨʜʘʥ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ [108, ʙ.48]. ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳʥʳש 

ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽ ɸ ʞᴅʥʝ ɺ ʢʘʪʠʦʥʜʘʨʳʥʳש ʠʦʥʜʳץ ʨʘʜʠʫʩʪʘʨʳʥʳש 

ʘʡʳʨʤʘʰʳʣʳסʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʤʘʪʝʨʠʘʣʜʳ ʩʠʥʪʝʟʜʝʫ ʥʝʤʝʩʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘ ʞʘסʜʘʡʣʘʨʳʥʘ 

ʪᴅʫʝʣʜʽ. ɸʣʘʡʜʘ, ʥʘץʪʳ ʙʽʨ ײץʨʳʣʳʤʜʳץ ʢʦʥʬʠʛʫʨʘʮʠʷסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʧʝʨʦʚʩʢʠʪ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʞװʡʝʣʽ ʪװʨʜʝ ʟʝʨʪʪʝʫ ᴅʣʽ ʜʝ ʰʝʢʪʝʫʣʽ, ʩʝʙʝʙʽ ײץʨʳʣʳʤʜʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽש ʪʘʙʠסʘʪʳ ʢװʨʜʝʣʽ ᴅʨʽ ʢᴇʧ ʬʘʢʪʦʨʣʳ ʙʦʣʳʧ ʢʝʣʝʜʽ.  

ʉʪʝʭʠʦʤʝʪʨʠʷʣʳץ ʝʤʝʩ ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ʦʢʩʠʜʪʝʨʜʽש (ABOϝϥŭ) ײץʨʳʣʳʤʳ 

ʦʪʪʝʛʽ ʙʦʩ ʦʨʳʥʜʘʨʳʥʳש ʩʘʥʳʥʘ ʞᴅʥʝ ʧʝʨʦʚʩʢʠʪ-ʢʦʙʘʣʴʪʠʪ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ 

ʦʪʪʝʢʩʽʟ ʬʘʟʘʣʘʨʜʳש, ʩʦʥʳש ʽʰʽʥʜʝ ʘʨʘʣʘʩ ʘʣʪʳʙײʨʳʰʪʳ ʞᴅʥʝ ʢʫʙʪʳץ 

  .ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ שʘʧʪʘʤʘʣʘʨʜʳץ

 

 
 

ʉʫʨʝʪ 8 - ʀʜʝʘʣ ʘʣʪʳʙײʨʳʰʪʳ ʢʫʙʪʳײ ץʷʰʳץ  
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ʀʜʝʘʣ ʢʫʙʪʳײץ ץʨʳʣʳʤʥʳש ʘʣʪʳʙײʨʳʰʪʳ ʘʥʘʣʦʛʳ 8-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 ʨʘʜʳ ʞᴅʥʝײʘʙʘʪʪʘʨʳʥʘʥ ʪץ ʘʥ AOϝסʳʟ ʦʨʘʣסʨʳʰʪʳ ʪʳײʨʳʣʳʤ ʝʢʽ ʘʣʪʳʙײפ
ᴅʜʝʪʪʝ 2H-ʘʣʪʳʙײʨʳʰʪʳ ײץʨʳʣʳʤ ʜʝʧ ʘʪʘʣʘʜʳ. ɹᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ BaNiOϝ, BaCoOϝ, BaMnOϝ ʩʠʷץʪʳ ץʦʩʳʣʳʩʪʘʨ 2H-

ʘʣʪʳʙײʨʳʰʪʳ ײץʨʳʣʳʤʜʘ ʢʨʠʩʪʘʣʜʘʥʘʜʳ [115, 116]. 

ɼʝʛʝʥʤʝʥ, ʽʩ ʞװʟʽʥʜʝ ʘʣʪʳʙײʨʳʰʪʳ ʧʝʨʦʚʩʢʠʪʪʝʨʜʽש ʭʠʤʠʷʣʳץ 

ʩʪʝʭʠʦʤʝʪʨʠʷʩʳ ʢװʡʜʽʨʫ ʰʘʨʪʪʘʨʳʥʘ, ʪʝʤʧʝʨʘʪʫʨʘסʘ, ץʳʩʳʤסʘ ʞᴅʥʝ ײץʨʘʤסʘ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ. [117-119] ᴅʜʝʙʠʝʪ ʘʚʪʦʨʣʘʨʳ BaCoOϝ ʞᴅʥʝ 
BaCoOϜ.ϜϜ ʘʨʘʩʳʥʜʘסʳ ʦʪʪʝʛʽ ʤᴇʣʰʝʨʽʥ ᴇʟʛʝʨʪʫ 2H, 7H, 12H ʞᴅʥʝ 15H ʩʠʷץʪʳ 
ʪᴇʨʪ ʪװʨʣʽ ʘʣʪʳʙײʨʳʰʪʳ ʧʦʣʠʤʦʨʬʪʳש ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʢʝʥ. 

ᴄʨʪװʨʣʽ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʣʪʳʙײʨʳʰʪʳ ʬʘʟʘʣʘʨʜʳש ᴅʨʪװʨʣʽ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽ ʞʘסʳʥʘʥ ʝʨʝʢʰʝʣʝʥʝʜʽ; ʘʪʘʧ 

ʘʡʪץʘʥʜʘ, 12H ʘʣʪʳʙײʨʳʰʪʳ ʬʘʟʘʩʳ ᴅʩʽʨʝʩʝ ʤʘʛʥʠʪ ᴇʨʽʩʽʥ ʠʥʜʫʢʮʠʷʣʘʫ 

 .ʦʣʘʡʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ ʰʽʥװ ʦʩʳʤʰʘʣʘʨʳץ

ʆʩʳʣʘʡʰʘ, ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ʢʝʟʽʥʜʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʙʽʨʥʝʰʝ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʫ ץʘʞʝʪ. A 

ʞᴅʥʝ B ʫʯʘʩʢʝʣʝʨʽʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʪײʨʘץʪʳʣʳץץʘ ʞᴅʥʝ ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʛʝ 

ᴅʩʝʨ ʝʪʝʪʽʥ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʋʯʘʩʢʝʣʝʨʜʽש 

ʩʪʝʭʠʦʤʝʪʨʠʷʩʳʥ ʥʝʤʝʩʝ ײץʨʘʤʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʤʝʪʘʣʜʳ ʣʝʛʠʨʣʝʫ, 

ʪײʨʘץʪʳʣʳץʪʳ, ʪʘʣסʘʤʜʳʣʳץʪʳ ʞᴅʥʝ ʪʦʪʳסʫ-ʪʦʪʳץʩʳʟʜʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ 

ᴇʟʛʝʨʪʝʪʽʥ ײץʨʳʣʳʤʜʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʨסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʈʝʘʢʮʠʷ ʙʘʨʳʩʳʥʜʘ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʪײʨʘץʪʳʣʳסʳ ʦʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʩʘץʪʘʫ ʞᴅʥʝ ץʳʟʤʝʪ ʝʪʫ 

ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫ װʰʽʥ ʤʘשʳʟʜʳ ʨʦʣʴ ʘʪץʘʨʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

ʤʘץʩʘʪʪʳ ᴇʥʽʤʥʽש ʰʳסʳʤʳʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ץʦʩʳʤʰʘ ᴇʥʽʤʜʝʨʜʽש ʪװʟʽʣʫʽʥ ʘʟʘʡʪʫ 

 .ʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳסʘʤʜʳʣʳסʪʘʣ שʘʙʽʣʝʪʽ ʦʥʳץ

 

1.6.2 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʝ 

 ʦʣʜʘʥʫץ

ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ  ʩʠʥʪʝʟʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʧʝʨʦʚʩʢʠʪ 

 ʘʥ ʞᴅʥʝסʘʰ ʨʝʪ 1982 ʞʳʣʳ ʩʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣײץ

 ʘʥ ʧʝʨʦʚʩʢʠʪסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʛʝ ʘʨʥʘʣסʘʥ [120]. ɾʦסʩʳʥʳʣײ

 ʘʥסʜʝʨʽʥʜʝ ʘʪʘʣשʳ ʢʝʟʝץʘʰסʘʣ שʜʘʤʫʳʥʳ שʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳײץ

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʪʫʨʘʣʳ ʤʘסʣײʤʘʪ ᴇʪʝ ʘʟ ʙʦʣʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש  ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʛʝ ᴇʪʝ ʪᴇʤʝʥ ʪʘʣסʘʤʜʳʣʳץ ʢᴇʨʩʝʪʪʽ. 2006 

ʞʳʣʜʘʥ ʙʘʩʪʘʧ ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʟʝʨʪʪʝʫʛʝ ʢᴇʧ 

ʢᴇשʽʣ ʙᴇʣʽʥʜʽ [121-126], ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳש ʘʨʥʘʡʳ ײץʨʳʣʳʤʜʘʨʳ ʙʘʩץʘ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʢᴇʧʪʝʛʝʥ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ.  

S. Guo ʞᴅʥʝ ʩʦʘʚʪʦʨʣʘʨ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʧʨʦʮʝʩʽ װʰʽʥ Co-

Co2C ʧʝʨʝʚʩʢʠʪ ʥʝʛʽʟʽʥʜʝʛʽ ʙʽʨʥʝʰʝ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʩʝʨʠʷʩʳʥ ʟʝʨʪʪʝʜʽ [127]. 

ɸʚʪʦʨʣʘʨʜʳש ʭʘʙʘʨʣʘʫʳʥʰʘ, ɺ-ʧʦʟʠʮʠʷʩʳʥʜʘסʳ ʠʦʥʜʘʨʜʳש ʽʰʽʥʘʨʘ Fe 

ʠʦʥʜʘʨʳʤʝʥ ʘʣʤʘʩʪʳʨʳʣʫʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳʥʜʘ ʦʪʪʝʛʽ ʚʘʢʘʥʩʠʷʣʘʨʳʥʳש 

ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ, ʘʣ ʚʘʢʘʥʩʠʷʣʘʨ ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʜʽץ שʘʣʳʧʪʘʩʫʳʥʜʘ 

ʤʘשʳʟʜʳ ʨʦʣʴ ʘʪץʘʨʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʩʘʧʘʣʳ ʩʠʥʪʝʟʜʝʣʛʝʥ CoïCoϜC 
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ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 57,1% ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳסʳʤʝʥ ʩʠʧʘʪʪʘʣʳʧ, ʞʦסʘʨʳ 

ʢʘʪʘʣʠʟʜʽʢ ʪʠʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʪʽ. 

ɾʘץʳʥʜʘ Min Ao ʞᴅʥʝ ʦʥʳש ʢʦʤʘʥʜʘʩʳ [128] ʧʝʨʦʚʩʢʠʪʪʝʥ ʘʣʳʥסʘʥ 

 Co-Ni-Cu ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʧ ʘʣʜʳ. ʇʝʨʦʚʩʢʠʪ ץʰʤʝʪʘʣʣʜʳװ

ʧʨʝʢʫʨʩʦʨʳʥʘʥ ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ װʰ ʤʝʪʘʣʣʜʳ Co-Ni-Cu 

ʢʘʪʘʣʠʟʘʪʦʨʳ ץײʩʘʩ ʤʦʥʦ- ʞᴅʥʝ ʙʠʤʝʪʘʣʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨʳʣʘ 

ʦʪʳʨʳʧ ʟʝʨʪʪʝʣʜʽ. תʰʤʝʪʘʣʣʜʳץ Co-Ni-Cu ʢʘʪʘʣʠʟʘʪʦʨʳ ʘʥʘʣʦʛʪʘʨʳʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨ ʰʳסʳʤʳʥ ʝʢʽ ʝʩʝ ʞʦסʘʨʳ ʢᴇʨʩʝʪʪʽ. 

ʉʠʥʪʝʟ ʛʘʟʳʥʘʥ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ װʰʽʥ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ ʰʘʤʘʤʝʥ 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʳʥʘʣסʘʥ. ʉʆ ʝש 

ʞʦסʘʨʳ ʢʦʥʚʝʨʩʠʷʩʳ (95%) 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʧʠʨʪʢʝ ʪʘʣסʘʤʜʳʣʳסʳ 31% 

CuO/LaCoO3 ʧʝʨʦʚʩʢʠʪʪʽʢ ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘ ʙʦʣʜʳ [129]. ɸʚʪʦʨʣʘʨ ʧʝʨʦʚʩʢʠʪ 

 ʳʣץʳʰץʙʦʣʫʳ ʉʆ-ʜʘʥ ʤʝʪʘʥ ʤʝʥ ʢᴇʤʽʨ שʨʳʣʳʤʳʥʘʥ ʪʳʩ ʤʳʩ ʠʦʥʜʘʨʳʥʳײץ

ʛʘʟʳʥʳש ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ ʜʝʧ ʙʦʣʞʘʜʳ, ʩʦʥʜʳץʪʘʥ ʉʆ-ʥʳש ʞʦסʘʨʳ 

ʢʦʥʚʝʨʩʠʷʩʳ ʞᴅʥʝ ʤʝʪʘʣʣ ʤʳʩ ʧʝʥ ʢʦʙʘʣʴʪ ʢʘʨʙʠʜʽʥʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ 

ʩʧʠʨʪʪʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳ װʰʽʥ ץʘʞʝʪ. 

ʇʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽ 

ʩʠʥʪʝʟʜʝʫʜʝ ʩʳʥʘʣסʘʥʳʥʘ ʘʟ ʫʘץʳʪ ʙʦʣסʘʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʉʆ ʢʦʥʚʝʨʩʠʷʩʳʥʳש 

ʞᴅʥʝ ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש 

ʙʦʣʘʰʘסʳʥʳש ʟʦʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ.  

 

1.7 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽ 

1.7.1 ʎʠʪʨʘʪ ᴅʜʽʩʽʤʝʥ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ץʦʩʳʣʳʩʪʘʨʜʳ ʩʠʥʪʝʟʜʝʫ 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʦʢʩʠʜʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʞʦסʘʨʳ 

ʪײʨʘץʪʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʘʣʫʜʳש ʙʽʨʥʝʰʝ ʪᴅʩʽʣʜʝʨʽ ʙʘʨ. ʇʝʨʦʚʩʢʠʪ ʪʠʧʪʽ 

 ʽʥʝʥשᴅʜʽʩ ʢʝ ץʰʽʥ ʮʠʪʨʘʪʪʳװ ʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫװʨʳʣʳʤʜʳ ʢײץ

 ʦʣʜʘʥʳʣʘʜʳ. ʇʝʢʠʥʠ ᴅʜʽʩʽ, ʥʝʤʝʩʝ ʮʠʪʨʘʪ ᴅʜʽʩʽ, ʧʦʣʠʤʝʨʣʽ ʢʝʰʝʥʜʝʨ ᴅʜʽʩʽץ

(ʘסʳʣʰ. Pechini ᴅʜʽʩʽ) - ʢʦʤʧʣʝʢʩ ʪװʟʽʣʫ ʞᴅʥʝ ʘʨʳʣʳץ ʧʦʣʠʤʝʨʣʽ ʛʝʣʴʜʽ ʘʣʫ 

ʘʨץʳʣʳ ʞʦסʘʨʳ ʙʽʨʪʝʢʪʽ ʞᴅʥʝ ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽ ʦʢʩʠʜ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʩʠʥʪʝʟʜʝʫ 

ᴅʜʽʩʽ. ɸʣסʘʰ ʨʝʪ ʇʝʢʠʥʠ ᴅʜʽʩʽ 1967 ʞʳʣʳ ץʦʨסʘʩʳʥ ʪʠʪʘʥʘʪʪʘʨʳ ʤʝʥ 

ʥʠʦʙʘʪʪʘʨʳʥʳש ʞᴅʥʝ ʩʽʣʪʽʣʽ ʞʝʨ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʜʠʵʣʝʢʪʨʣʽʢ ץʘʙʳץʰʘʣʘʨʳʥ 

ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ ײʩʳʥʳʣʜʳ. ʂʝʡʽʥʽʨʝʢ ʧʨʦʮʝʩʩ ʢᴇʧ 

ʢʦʤʧʦʥʝʥʪʪʽ ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽ ʦʢʩʠʜ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʟʝʨʪʭʘʥʘʣʳץ ʩʠʥʪʝʟʜʝʫʛʝ 

ʙʝʡʽʤʜʝʣʜʽ. ᴄʜʽʩʪʽש ʤᴅʥʽ - ʝʨʽʪʽʥʜʽʜʝʛʽ ʢʘʪʠʦʥʜʘʨʜʳש ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ 

ʘʨʘʣʘʩʫʳʥʜʘ, ʦʢʩʠʜ ʧʨʝʢʫʨʩʦʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʧʦʣʠʤʝʨ ʤʘʪʨʠʮʘʩʳʥʳש 

ʞʦʡʳʣʫʳʥʜʘ ʞᴅʥʝ ʛʦʤʦʛʝʥʜʽ ʞװʡʝʥʽש ʩʘץʪʘʣʫʳʥʜʘ.  

ʉʠʥʪʝʟʜʝʫ ʢʝʟʽʥʜʝ ʵʪʠʣʝʥʛʣʠʢʦʣʴסʘ ʥʝʤʝʩʝ ʣʠʤʦʥ ץʳʰץʳʣʳʥʳש 

ʝʨʽʪʽʥʜʽʩʽʥʝ ʪײʟʜʘʨ ʥʝʤʝʩʝ ʤʝʪʘʣʣ ʘʣʢʦʢʩʠʜʪʝʨʽ ʝʥʛʽʟʽʣʝʜʽ. ʃʠʤʦʥ ץʳʰץʳʣʳ 

ʢᴇʧʥʝʛʽʟʜʽ ץʳʰץʳʣʜʳש ʪװʟʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʪװʨʣʽ ʢʘʪʠʦʥʜʘʨʜʳש 

ʧʨʝʢʫʨʩʦʨʣʘʨʳʥ ʢʦʤʧʣʝʢʩʪʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʂᴇʧʥʝʛʽʟʜʽ ʩʧʠʨʪʪʽץ שʦʩʳʣʫʳ, 

ʤʳʩʘʣʳ ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʦʨʛʘʥʠʢʘʣʳץ ʵʬʠʨʣʝʨ ʤʝʥ ʩʫʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 

ᴄʜʽʩʪʽש ʘʨʪʳץʰʳʣʳסʳ - ʘʣʳʥסʘʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ ʤʝʥ ʤʦʨʬʦʣʦʛʠʷʩʳʥ 

ʞᴅʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʣʝʥʢʘʥʳץ שʘʣʳשʜʳסʳʥ (ʣʠʤʦʥ ץʳʰץʳʣʳ-ʵʪʠʣʝʥ 

ʛʣʠʢʦʣʴʜʳש ʘʨʘץʘʪʳʥʘʩʳ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ), ʩʦʥʜʘʡ-ʘץ ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ʙʝʪʢʽ 
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 ʘʣʪʫסʣʢʝʥ ʤʘʩʩʘ ʞʦװ ʢʝʤʰʽʣʽʢʪʝʨʽ שʤʢʽʥʜʽʛʽ. ʇʝʢʠʥʠ ᴅʜʽʩʽʥʽװʳʣʘʫ ʤץʘʙʘʪʳʥ ʙʘץ

ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢװʡʜʽʨʫ ʢʝʟʽʥʜʝ ʽʨʽ ʘʛʣʦʤʝʨʘʪʪʘʨʜʳש ʪװʟʽʣʫʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʂװʡʜʽʨʫ ʢʝʟʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ ʤʘʪʨʠʮʘʥʳש ʙײʟʳʣʫʳ ʢʝʟʽʥʜʝ ץʦʩʳʤʰʘ 

ʞʳʣʫ ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʙᴇʣʽʥʛʝʥ ʘʛʣʦʤʝʨʘʪʪʘʨʜʳש ʪװʟʽʣʫʽʥʝ 

ᴅʢʝʣʝʜʽ. ʊᴇʤʝʥʜʝ ʮʠʪʨʘʪʪʳץ ʛʝʣʴ ʧʨʝʢʫʨʩʦʨʳʥ ʜʘʡʳʥʜʘʫʜʳש ʞʘʣʧʳ 

ʨʝʘʢʮʠʷʩʳʥʳש ʩʭʝʤʘʩʳ ʙʝʨʽʣʛʝʥ [130]. 

1. ʨʅ = 2 ʝʨʽʪʽʥʜʽʩʽʥʜʝ ʢʘʪʠʦʥʜʘʨ ʪװʟʽʣʫ ʘʨץʳʣʳ ʩʫʜʘ ʤʝʪʘʣʣ 

ʪײʟʜʘʨʳʥʳש ʝʨʫʽ: 

 

 ,Á./σσ
̨̆̑̔
,Áσ σ./σ

Ȥ
̝̒̏̌̃̏̓̓́̎̔
ựựựựựựự ,Á(ς/φ

σ ./σ
Ȥ
σ,     (9) 

 

 

 #Ï./σς
̨̆̑̔

Ï˞ς ς./σ
Ȥ
̝̒̏̌̃́̓̓́̎̔
ựựựựựựự Ï˞(ς/φ

ς ./σ
Ȥ
ς.   (10) 

 

 

2. ʃʠʤʦʥ ץʳʰץʳʣʳ ץʘʪʳʩʳʥʜʘ ʢʦʤʧʣʝʢʩ ʪװʟʽʣʫ ʞᴅʥʝ ʪײʥʫ ʧʨʦʮʝʩʽ: 

 

 

     ,Á(ς/φ
σ Ø#φ(υ/χ

σȤᴼ,Á(ς/φȤØ#φ(υ/χØ
σȤØ ./σ

Ȥ
σ(ς/Ø,            (11) 

 

 

   #Ï(ς/φ
ς Ù#φ(υ/χ

σȤᴼ#Ï(ς/φȤÙ#φ(υ/χÙ
ςȤÙ

./σ
Ȥ
ς(ς/Ù.   (12) 

 

3. ʄʝʪʘʣʣ ʮʠʪʨʘʪʳ ץʳʰץʳʣʳʥʳש ʭʝʣʘʪʪʳ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʪװʟʽʣʫʽ: 

 

,Á(ς/φȤØ#φ(υ/χØ
σȤØ ./σ

Ȥ
σ(ς/Ø #Ï(ς/φȤÙ#φ(υ/χÙ

ςȤÙ
./σ

Ȥ
ς(ς/Ù 

ᴼ,Á#Ï#φ(υ/χØ ÙȤÚ(ς/φȤÙȤØ./σσÚ
Ȥ
#φ(υ/χÚ./σς

Ȥ
Ù(ς/.  (13) 

 

 ʪʘ ʜʘ, ʽʰʢʽץʘʙʳץ ʳץʘʥ ʬʦʨʤʫʣʘ ʩʳʨʪסʳ ʩʘʪʳʩʳʥʜʘ ʘʣʳʥסשʩʦ שʦʩʳʣʫʜʳץ (9)

ʢʝʰʝʥʜʽʢ ʩʬʝʨʘʜʘ ʜʘ ʝʢʽ ʧʦʟʠʮʠʷʜʘ ʮʠʪʨʘʪ ʞᴅʥʝ ʥʠʪʨʘʪ ʪʦʧʪʘʨʳ ʙʘʨ 

ʧʨʝʢʫʨʩʦʨʜʳש ʙʽʨʣʝʩʢʝʥ ץʦʩʳʣʳʩʳʥ ʩʠʧʘʪʪʘʡʜʳ. ʆʥʳש ʳʜʳʨʘʫʳ װʰ ʢʝʟʝשʜʝ 

ʞװʨʝʜʽ [131]: 

1. ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ, 150-250ÁC ʢʝʟʽʥʜʝ, ᴅʣʩʽʟ ʙʘʡʣʘʥʳʩץʘʥ ʩʳʨʪץʳ ץʘʙʳץ 

ʳʜʳʨʘʡʜʳ; ʩʘʣʤʘץ ʞʦסʘʣʪʫ ʰʘʤʘʤʝʥ 38% ײץʨʘʡʜʳ. 

2. 250-400ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʢʦʦʨʜʠʥʘʮʠʷʣʳץ ʣʠʛʘʥʜʪʘʨ 

ʞʦʡʳʣʘʜʳ, 400Áʉ ʞʘץʳʥʜʘסʘʥʜʘ ʧʨʝʢʫʨʩʦʨʣʳ ץʦʩʳʣʳʩ ʳʜʳʨʘʡʜʳ; ʩʘʣʤʘץ 

ʞʦסʘʣʪʫ ʰʘʤʘʤʝʥ 29% ײץʨʘʡʜʳ. 

3. ʉʦסשʳ ʢʝʟʝשʜʝ 400ï700ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʦʢʩʠʜʪʽ 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥ ץʘʡʪʘ ײץʨʫ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʘʥʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʦʩʳ ʞʘסʜʘʡʜʘ 

ʧʨʝʢʫʨʩʦʨʜʳש ʳʜʳʨʘʫʳʥʘʥ ʢʝʡʽʥ ʧʘʡʜʘ ʙʦʣסʘʥ ץʘʣʜʳץ ʛʘʟʜʘʨ ʰʳסʘʨʳʣʫʳ 

ʤװʤʢʽʥ; ʩʘʣʤʘץ ʞʦסʘʣʪʫ ʰʘʤʘʤʝʥ 7%. 
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1.7.2 ʊʝʤʧʣʘʪʪʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ 

ʦʢʩʠʜʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ 

ʇʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʳ ʙʘʨ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʽש ʤװʤʢʽʥ 

ʙʦʣʘʪʳʥ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ - ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʽ ʪײʨʘץʪʳ ʦʢʩʠʜʪʽש ʙʝʪʽʥʝ ʦʨʥʳסʫʳ 

ʥʝʤʝʩʝ ʦʥʳ ʢʝʨʘʤʠʢʘʣʳץ ʥʝʤʝʩʝ ʢᴇʧʽʨʰʽʢʪʽ ʢʝʨʘʤʠʢʘʣʳץ-ʤʝʪʘʣʣ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨסʘ ʝʥʛʽʟʫ [132, 133]. ɹʝʪʪʽʢ ʘʫʜʘʥʳ װʣʢʝʥ ʧʝʨʦʚʩʢʠʪ 

 - ʤʢʽʥ ʙʦʣʘʪʳʥ ᴅʜʽʩʽװʳ ʙʽʨ ʤסʪʘ שʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʘʣʫʜʳװʨʳʣʳʤʜʳ ʢײץ

ʪʝʤʧʣʘʪʪʳ ʩʠʥʪʝʟ, ʷסʥʠ ʪʝʨʝש ᴅʨʝʢʝʪʪʝʩʫ ʢʝʟʝשʽʥʜʝ ץʘʪʪʳ ʥʝʤʝʩʝ ʞײʤʩʘץ ʪʝʤʧʣʘʪ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʝʥʛʽʟʫ, ʪʝʤʧʣʘʪʪʳ ʘʣʳʧ ʪʘʩʪʘסʘʥʥʘʥ ʢʝʡʽʥ ʜʘʤʳסʘʥ ʢʝʫʝʢ 

ʞװʡʝʩʽʥ ײץʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [134].  

ʂʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ (ʥʝʤʝʩʝ ʪʝʤʧʣʘʪʪʘʨ) ʢʝʫʝʢ ʞװʡʝʩʽ ʨʝʪʪʝʣʛʝʥ ʥʝʤʝʩʝ 

ʨʝʪʪʝʣʤʝʛʝʥ ʪװʨʜʝ ʦʨʥʘʣʘʩʫʳ ʤװʤʢʽʥ װʟʜʽʢʩʽʟ ʞʘץʪʘʫ ʤʝʥ ץʫʳʩʪʘʨʜʘʥ ʪײʨʘʜʳ, 

ʤײʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʝʪʪʽʢ ʘʫʜʘʥʳ װʣʢʝʥ ʙʦʣʘʜʳ. ʀʖʇɸʂ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳ 

ʙʦʡʳʥʰʘ ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʤʠʢʨʦʢʝʫʝʢʪʽ (ʢʝʫʝʢʪʝʨʜʽש ʜʠʘʤʝʪʨʽ <2 ʥʤ), 

ʤʝʟʦʢʝʫʝʢʪʽ (ʢʝʫʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ 2 - 50 ʥʤ ʜʝʡʽʥ) ʞᴅʥʝ ʤʘʢʨʦʢʝʫʝʢʪʽ 

ʤʘʪʝʨʠʘʣʜʘʨסʘ (ʢʝʫʝʢʪʝʨʜʽש ᴇʣʰʝʤʜʝʨʽ> 50 ʥʤ) ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ 

ʤʠʢʨʦʢʝʫʝʢʪʽ ʞᴅʥʝ ʤʝʟʦʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʢʝשʽʥʝʥ ʟʝʨʪʪʝʣʛʝʥ ʞᴅʥʝ ʪʘʣסʘʤʜʳ 

ʢʘʪʘʣʠʟʜʝ, ʭʠʤʠʷʣʳץ ʙᴇʣʫʜʝ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʠʢʘʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʊʝʤʧʣʘʪʪʘ 

ʤʠʢʨʦ- ʥʝʤʝʩʝ ʤʝʟʦʢʝʫʝʢʪʽ ʘʨʥʘʣʘʨʜʳש ʙʦʣʫʳ ʽʰʢʽ ʙʝʪʽʥʽש ʘʫʜʘʥʜʘʨʳʥʳװ שʣʢʝʥ 

ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʪʘʣסʘʤʜʳʣʳץ ʧʝʥ ʩʦʨʙʮʠʷʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʘʨʪʪʳʨʘʜʳ 

[135]. 

ʉr ʟʳʢʪʳ ʞᴅʥʝ װʰ ᴇʣʰʝʤʜʽ ײץʨʳʣʳʤסʘ ʠʝ ʢᴇʧʪʝʛʝʥ ʪʝʤʧʣʘʪʪʘʨ ʙʝʣʛʽʣʽ,  

ʩʦʥʳש ʽʰʽʥʜʝ ʢʨʝʤʥʠʡ ʦʢʩʠʜʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʝʟʦʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ץʘʪʪʳ 

ʪʝʤʧʣʘʪ ʨʝʪʽʥʜʝ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. 9-ʩʫʨʝʪʪʝ ʪʝʤʧʣʘʪʪʘʨʜʳ3 שD 

 ʡʝʩʽ ʤʝʥװʣʛʽʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʢʽ ᴇʣʰʝʤʜʽ ʢʝʫʝʢʪʝʨ ʞװ ʨʣʽװᴅʨʪ שʨʳʣʳʤʜʘʨʳʥʳײץ

ʤʝʟʦʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ ʙʘʨ ʪʝʤʧʣʘʪʪʘʨסʘ ʤʳʩʘʣʳ, MCM-41, SBA-3 ʞᴅʥʝ SBA-15 

ʞʘʪʘʜʳ (ʩʫʨʝʪ 9A). ʄʦʜʝʣʴʜʝ ץʘʪʪʳ ʪʝʤʧʣʘʪʪʳש ʠʜʝʘʣʜʳ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ 

ʥʘʥʦץʘʥʘʣʘʨʜʘʥ ʪײʨʘʜʳ, ʞᴅʥʝ ʜᴅʣ ʦʩʳ ʥʘʥʦץʘʥʘʣʘʨʜʘ ʢʝʡʽʥʥʝʥ 

ʥʘʥʦײץʨʳʣʳʤʜʘʨʜʳץ שʘʣʳʧʪʘʩʫʳ ʞװʟʝʛʝ ʘʩʘʜʳ. SBA-15 ïʞʦסʘʨʳ ײʡʳʤʜʘʩץʘʥ 

ʤʝʟʦʢʝʫʝʢʪʽ ʤʦʣʝʢʫʣʘʣʳץ ʪʦʨ, ʦʣ 3ï30 ʥʤ ᴇʣʰʝʤʜʝʨʽʥʜʝ ʪʘʨ ʪʝʩʽʢʪʝʨʜʽש 

ʪʘʨʘʣʫʳʤʝʥ ʞᴅʥʝ װʣʢʝʥ ʙʝʪʪʽʢ ʘʫʜʘʥʳʤʝʥ (600ï1000 ʤĮ/ʛ) ʝʨʝʢʰʝʣʝʥʝʜʽ [136]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, SBA-15 ʙʽʨʢʝʣʢʽ ʛʝʢʩʘʛʦʥʘʣʴʜʳ ʘʨʥʘʣʘʨסʘ ʠʝ ʞᴅʥʝ ʞʦסʘʨʳ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץץʘ ʠʝ. ɸʪʘʣסʘʥ ץʘʩʠʝʪʪʝʨʽ ʦʥʳ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ 

ʢʘʪʘʣʠʟʘʪʦʨʳ װʰʽʥ ץʦʣʘʡʣʳ ʪʘʩʳʤʘʣʜʘסʳʰ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. Wang ʞᴅʥʝ ʩʦʘʚʪʦʨʣʘʨ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝ Ru/Co/SBAï15 

ʢʘʪʘʣʠʟʘʪʦʨʳʥ ץʦʣʜʘʥʜʳ, ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢᴇʤʽʨʪʝʢ ʦʢʩʠʜʽʥʽש ʘʡʥʘʣʳʩʳ 6,51ï

20,51% ʜʠʘʧʘʟʦʥʳʥʜʘ, ʘʣ ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳסʳ 42,43ï77,14% ʘʨʘʣʳסʳʥʜʘ 

ʙʦʣסʘʥʳ ʘʥʳץʪʘʣʜʳ [137].  

 ʘ SBA-1, SBA-16, FDU-1 ʞᴅʥʝ FDU-12סʪʳ ʢʝʫʝʢʪʽ ʪʝʤʧʣʘʪʪʘʨץʷʰʳױ

ʤʝʟʦʢʝʫʝʢʪʽ ץʘʪʪʳ ʪʝʤʧʣʘʪʪʘʨ ʞʘʪʘʜʳ (ʩʫʨʝʪ 9C,E). ʊʝʤʧʣʘʪʪʘʨʜʘ ʜʘʤʳסʘʥ 

ʩʬʝʨʘʣʳץ ʢʝʫʝʢʪʽ ʞװʡʝ ʙʘʨ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʣʘʨ ʨʝʪʪʝʣʛʝʥ ʥʘʥʦʙᴇʣʰʝʢʪʝʨ ʪװʟʝʜʽ. 

ɸʣʘʡʜʘ, ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ ʢʝʫʝʢʪʝʨʜʝ ʢʝʡʙʽʨ çʪʝʨʝʟʝʣʝʨè ʥʝʤʝʩʝ ʙʦʩ ʦʨʳʥʜʘʨ 

ʙʦʣʘʜʳ [138]. ʆʣʘʨ ʩʬʝʨʘʣʳץ ʢʝʫʝʢʪʝʨʜʽ ײץʨʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʨʝʢʫʨʩʦʨʤʝʥ 

ʦשʘʡ ʪʦʣʪʳʨʳʣʘʜʳ. 
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A) P6mm, ɹ) Ia3d, ɺ) Pm3m, ɻ) Im3m, ɼ) Fm3m [135, ʙ.9]. 

 

ʉʫʨʝʪ 9 - ʊװʨʣʽ ʩʠʤʤʝʪʨʠʷʣʳ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʜʘʨʜʳש ʤʦʜʝʣʴʜʝʨʽ 

ʂʝʫʝʢʪʝʨʜʽש ʤײʥʜʘʡ ʪװʟʽʣʫ ʞװʡʝʩʽ ʪʝʤʧʣʘʪʪʘʨ ʢʘʪʘʣʠʟʘʪʦʨ ײץʨʘʤʳʥʘʥ 

ʘʣʳʧ ʪʘʩʪʘסʘʥʥʘʥ ʢʝʡʽʥ ʜʝ ץʦʩʳʣʳʩʪʘʨ ײץʨʳʣʳʤʳʥʜʘ ײʟʘץ ʫʘץʳʪʪʳץ ʪᴅʨʪʽʧʪʽ 

ʩʘץʪʘʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʫʝʢʪʽש ʤᴇʣʰʝʨʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʽש 

ʞʘסʜʘʡʳʥʘ ʜʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. ʄײʥʜʘʡ ʞʘסʜʘʡʜʘ ʥʘʥʦʩʬʝʨʘ ʩʠʥʪʝʟʽ 

 ץʩʳ ʤʝʭʘʥʠʢʘʣʳץʘʨʳʣʘʪʳʥ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦʣʘʨ ʞʘץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʙʘʩץ

ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ ʙʦʣʘʜʳ. 

ɾײʤʩʘץ ʪʝʤʧʣʘʪʪʳש ʙʝʢʽʪʽʣʛʝʥ, ץʘʪʪʳ ײץʨʳʣʳʤʳ ʙʦʣʤʘʡʜʳ. 

ʅʘʥʦʙᴇʣʰʝʢʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʢʝʟʽʥʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʘʨ 

ʘʛʨʝʛʘʪʪʘʨ ʤʦʣʝʢʫʣʘʘʨʘʣʳץ ʥʝʤʝʩʝ ʤʦʣʝʢʫʣʘʽʰʽʣʽʢ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨ (ʩʫʪʝʢʪʽʢ 

ʙʘʡʣʘʥʳʩ, ʭʠʤʠʷʣʳץ ʙʘʡʣʘʥʳʩ ʞᴅʥʝ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨ) 

ʘʨץʳʣʳ ʪװʟʽʣʝʜʽ. ɸʛʣʦʤʝʨʘʪʪʘʨʜʳ ʤʘʪʨʠʮʘ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʙʝʪʽʥʝ ʥʝʤʝʩʝ ʦʩʳ ʪʝʤʧʣʘʪʪʳש ʽʰʽʥʝ ʪװʩʽʧ, ʙʝʣʛʽʣʽ ʙʽʨ 

ʧʽʰʽʥʜʝʛʽ ʞᴅʥʝ ᴇʣʰʝʤʜʝʛʽ ʙᴇʣʰʝʢʪʝʨʜʽ ʪװʟʝʜʽ. ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʞײʤʩʘץ 

ʪʝʤʧʣʘʪʪʘʨ - ʙʝʪʪʽʢ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨ, ʧʦʣʠʤʝʨʣʝʨ ʞᴅʥʝ ʙʠʦʧʦʣʠʤʝʨʣʝʨ [139]. 

ɾײʤʩʘץ ʪʝʤʧʣʘʪʪʘʨ ʧʘʡʜʘʣʘʥʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳʥʘ ʞᴅʥʝ ʪʝʤʧʣʘʪʪʘʨʜ  r

ʘʣʳʧ ʪʘʩʪʘʫʜʳץ שʘʞʝʪʽ ʞʦץʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ ʩʠʥʪʝʟʽʥʜʝ 

 .ʩʳʥʘʜʳײ ʣʢʝʥ ᴅʣʝʫʝʪʽʥװ שʦʣʜʘʥʫʜʳץ

 

1.8 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʉʦ-ײץʨʘʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ 

 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ ʢᴇʧʪʝʛʝʥ 

ʩʘʣʘʣʘʨʜʘ, ʤʳʩʘʣʳ: ʦʪʪʝʛʽ ᴇʪʢʽʟʛʽʰ ʤʝʤʙʨʘʥʘʣʘʨ ʨʝʪʽʥʜʝ, ץʘʪʪʳ ʵʣʝʢʪʨʦʣʠʪʪʝʨʜʽש 

ʞʘʥʫ ʢʘʤʝʨʘʣʘʨʳʥʜʘסʳ ʵʣʝʢʪʨʦʜʪʘʨסʘ ʘʨʥʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨ ʞᴅʥʝ ʦʣʘʨʜʳ 

ʭʠʤʠʷʣʳץ ʜʘʪʯʠʢʪʝʨ ʥʝʤʝʩʝ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. פʘʟʽʨʛʽ 

ʫʘץʳʪץʘ ʜʝʡʽʥ ʢʦʙʘʣʴʪ ײץʨʘʤʜ r ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ 

ʩʠʥʪʝʟʜʝʫʜʝ ʢᴇʧʪʝʛʝʥ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʽʣʜʽ [140]. 

[141] ᴅʜʝʙʠʝʪ ʘʚʪʦʨʣʘʨʳ ʟʦʣʴ-ʛʝʣʴ ᴅʜʽʩʽʤʝʥ ʣʠʤʦʥ ץʳʰץʳʣʳ ץʘʪʳʩʳʥʜʘ 

ʉʦ- ײץʨʘʤʜʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʽʥʽש ʬʘʟʘʣʳץ ʪװʟʽʣʫʽʥ ʞᴅʥʝ 

ʢʝʡʙʽʨ ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʛʝʥ.  

ʊᴅʞʽʨʠʙʝ ʙʘʨʳʩʳʥʜʘ ʢʘʪʘʣʠʟʘʪʦʨʜʳ ʩʠʥʪʝʟʜʝʫʛʝ La ʞᴅʥʝ Co ʥʠʪʨʘʪʪʘʨʳ 

-ʜʝʣʛʝʥ ʛʝʣʴʜʝʨ 600 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʦʙʘʣʴʪשᴇ ץʘʥ. ʊʝʨʤʠʷʣʳסʦʣʜʘʥʳʣץ

ʣʘʥʪʘʥ ʦʢʩʠʜʽʥʽש ʪʘʟʘ ʧʝʨʦʚʩʢʠʪʪʽʢ ʨʦʤʙʵʜʨʣʽʢ ʬʘʟʘʩʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ᴅʢʝʣʛʝʥ (LaCoO3). 
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 ʈʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ ʈʌʊ ʥᴅʪʠʞʝʣʝʨʽ 600 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ 

ᴇשʜʝʣʛʝʥ ץʦʩʳʣʳʩʪʳש ʧʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 

LaCoO3-ʪʽש ʘʪʤʦʩʬʝʨʘʣʳץ ץʳʩʳʤʜʘ, ʛʘʟ ʘסʳʤʳʥʜʘ çoperandoè ʞʘסʜʘʡʳʥʜʘ 

ᴇʣʰʝʥʛʝʥ ʢʝʡʙʽʨ ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʽ, ʪʘʣץʳʣʘʥʳʧ, ʢᴇʨʩʝʪʽʣʛʝʥ.  

ɸʚʪʦʨʣʘʨ ʘʥʳץʪʘסʘʥʜʘʡ, 20-ʜʘʥ 400ÁC-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ װʣʛʽ n-

ʪװʨʽʥʜʝʛʽ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʩʠʝʪ ʢᴇʨʩʝʪʢʝʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ Yuzhen Fang ʙʘʩʪʘסʘʥ ʟʝʨʪʪʝʫʰʽʣʝʨ [142] ʧʝʨʦʚʩʢʠʪ 

 ץʨʳʣʳʤʜʳ Cu-Co ʙʠʤʝʪʘʣʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥ ʙʽʨ ʩʘʪʳʣʳ ʮʠʪʨʘʪʪʳײץ

ʢʦʤʧʣʝʢʩ ʪװʟʽʣʫ ᴅʜʽʩʽʤʝʥ ʘʣʜʳ ʞᴅʥʝ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳײץ שʨʳʣʳʤʳʥʳש 

CuO/LaCoO3-ʪʝʥ Cu-Co2C/La2O2CO3-ʢʝ ʜʝʡʽʥ ᴇʟʛʝʨʫʽʥ TʕM, ʈʌʊ ʢᴇʤʝʛʽʤʝʥ 

ʟʝʨʪʪʝʜʽ. 

 

 
 

ɸ) ʨʝʘʢʮʠʷסʘ ʜʝʡʽʥʛʽ, ɹ) ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥʛʽ ʈʌʊ ʥᴅʪʠʞʝʣʝʨʽ [125 ʙ.529]. 

ʉʫʨʝʪ 10 - wt%CuO/LaCoO3 ʞᴅʥʝ LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 

 

ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʈʌʊ ʥᴅʪʠʞʝʣʝʨʽ (ʩʫʨʝʪ 10) ʪʘʟʘ ʧʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤ 

ʪװʟʽʣʛʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʢʝʥʽʤʝʥ, ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʙʝʪʪʽʢ ʘʫʜʘʥʳ 9 ʤ2/ʛ ʘʩʧʘʜʳ. 

ʉʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ײץʨʘʤʳʥʜʘ ʤʳʩʧʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

Co2C ʙᴇʣʰʝʢʪʝʨʽʥʽש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪ ʘʣʫ װʰʽʥ ᴇʪʝ 

ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʪʘʣסʘʤʜʳ ʙʦʣʜʳ. ʉʧʠʨʪʪʝʨʛʝ ʝש ʞʦסʘʨסʳ ʪʘʣסʘʤʜʳʣʳץʪʳ 31% 7.5 
wt% CuO/LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳ ʢᴇʨʩʝʪʪʽ, ʩᴅʡʢʝʩʽʥʰʝ ʝש ʞʦסʘʨסʳ ʉʆ 

ʢʦʥʚʝʨʩʠʷʩʳ (95%) ʦʩʳ ʢʘʪʘʣʠʟʘʪʦʨסʘ ʪʠʝʩʽʣʽ. 

ʆʩʳʥʜʘʡ ʞײʤʳʩʪʘʨʜʳש ʙʽʨʽ, ʷסʥʠ ʙʠʤʝʪʘʣʜʳ Lʘ(CoCuO3) 

ʥʘʥʦʧʝʨʦʚʩʢʠʪʪʝʨʽʥʽץ שʘʩʠʝʪʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ [143] ᴅʜʝʙʠʝʪ ʘʚʪʦʨʣʘʨʳʤʝʥ 

 ʳʣʳ ʘʣʳʥʜʳ ʞᴅʥʝ Co-Cu ʙʠʤʝʪʘʣʜʳץʣʛʽʣʝʨ ʤʝʭʘʥʦʩʠʥʪʝʟ ᴅʜʽʩʽ ʘʨװ

ʘʫʜʘʥʜʘʨʳʥʳש ʞʦסʘʨʳ ʜʠʩʧʝʨʩʠʷʩʳʥ ʘʣʫ װʰʽʥ ʩʫʪʝʛʽʤʝʥ ᴇשʜʝʣʜʽ. 

ʊʦʪʳץʩʳʟʜʘʥסʘʥ LaCo1-xCuxO3 װʣʛʽʣʝʨʽ ʈʌʊ, ɹʕʊ ᴅʜʽʩʪʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʜʳ ʞᴅʥʝ 

ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʤʝʥ ʉʆ ʜʠʩʩʦʮʠʘʮʠʷʩʳʥʘ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ 

ʞװʨʛʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʽʰʽʥʜʝ LaCoO3 װʣʛʽʩʽ ʝש ʞʦסʘʨסʳ ʙʝʪʪʽʢ 

ʘʫʜʘʥʳ 60 ʤ2/ʛ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ʊᴅʞʽʨʠʙʝʣʽʢ ʥᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, 

ʧʝʨʦʚʩʢʠʪʪʽʢ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʣʘʨʜʘʥ ʘʣʳʥסʘʥ ʤʳʩ-ʢʦʙʘʣʴʪ ʤʝʪʘʣʜʘʨʳʤʝʥ ʉʆ-ʥʳ 

ɸ ɹ 
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ʳʜʳʨʘʪʫ ʞᴅʥʝ ʛʠʜʨʣʝʫ ʢʝʟʽʥʜʝʛʽ ʙʝʣʩʝʥʜʽʣʽʢ ʵʢʩʪʨʘʧʝʨʦʚʩʢʠʪʪʽʢ ʢʨʠʩʪʘʣʜʳ 

ʪʦʨʣʳ ץʦʩʳʣʳʩʪʘʨʜʘʥ ʝʜᴅʫʽʨ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʉʠʥʪʝʟ-ʛʘʟʜʳ ʘʡʥʘʣʜʳʨʫ ʢʝʟʽʥʜʝʛʽ 

ʞʘʣʧʳ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʢ Co-Cu ʤʝʪʘʣʳʥʳש ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʳש ᴇʣʰʝʤʽʤʝʥ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙʽʨʘץ ʩʧʠʨʪʪʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽ LaCo0.7Cu0.3O3> LaCo0.4Cu0.6O3> 

Cu2O/LaCoO3> LaCo0.9Cu0.1O3> LaCoO3 ʜʝשʛʝʡʽʥʝ ʩᴅʡʢʝʩ ʪᴇʤʝʥʜʝʡʜʽ. ɽש ʞʦסʘʨʳ 
ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʢ ʧʝʥ ʩʧʠʨʪʪʝʨʜʽש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥ 70,1ʤʛ/ʛʢʘʪ/ʩʘס 

ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ LaCo0.7-Cu0.3O3 ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʢᴇʨʩʝʪʪʽ. 

N. Tien-Thao ʢʦʤʘʥʜʘʩʳ [144] LaCo0.7Cu0.3O3 ʜʘʡrʥʜʘʫ ᴅʜʽʩʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʞʘʩʘʜʳ. ɾײʤʳʩʪʘ ʤʝʭʘʥʦʭʠʤʠʷʣʳץ ʘʢʪʠʚʘʮʠʷ 

ᴅʜʽʩʽ (MX) ʞᴅʥʝ ʮʠʪʨʘʪ (ʎ) ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. ʇʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ 

 ʘסʙʝʪʪʽʢ ʘʫʜʘʥʳʥ 4,7 ʤ2/ʛ (ʎ) -ʜʝʥ 21,5 ʤ2/ʛ (MX) ʜʝʡʽʥ ʜʘʤʳʪʫ שʣʛʽʣʝʨʜʽװ

ʤװʤʢʽʥʜʽʢ ʪʫʜʳ. ʂʘʪʘʣʠʟʘʪʦʨʣʘʨ H2/CO = 2/1,68 ʘʪʤ ʞᴅʥʝ GHSV = 5000ʩ
-1, 

ʘסʳʥʜʳ ʨʝʘʢʪʦʨʜʘ T = 250-350 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨ ʩʠʥʪʝʟʜʝʫ 

ʧʨʦʮʝʩʽʥʜʝ ʢʘʪʘʣʠʟʜʽʢ ʩʳʥʘץʪʘʥ ᴇʪʪʽ. 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʢʝʟʽʥʜʝ MX ᴅʜʽʩʧʝʥ 

ʘʣʳʥסʘʥ װʣʛʽʜʝ ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ ʰʘʤʘʤʝʥ 16% ʞᴅʥʝ ʩʧʠʨʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳס r

38,1%, ʤʝʪʘʥʥʳש ʪʘʣסʘʤʜʳʣʳסʳ 22% ʢᴇʨʩʝʪʪʽ.  

 

 

 
 

ʉʫʨʝʪ 11 - 300-350 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ La1-xSrxCoO3 װʣʛʽʣʝʨʽʥʜʝʛʽ ʉʆ 

ʘʡʥʘʣʳʤʳʥʳש La Sr (x)-ʤʝʥ ʘʣʤʘʩʪʳʨʫ ʜᴅʨʝʞʝʩʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

 [145] ʞײʤʳʩʪʘ La1-xSrxCoO3 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 35% NH4OH ʝʨʽʪʽʥʜʽʩʽ ʞᴅʥʝ 

ʥʠʪʨʘʪʪʘʨʜʳ ʙʽʨʛʝ ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣʜʳ. ʈʌʊ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

 ʙʝʪʪʽʢ שʣʛʽʣʝʨʜʽװ ʘʪʘʨץ ʘ ʠʝ, ʩʦʥʳʤʝʥסʨʳʣʳʤײץ ʣʛʽʣʝʨ La1CoO3 ʧʝʨʦʚʩʢʠʪʪʽʢװ

ʘʫʜʘʥʳ 2,4-ʪʝʥ 5,5 ʤ2/ʛ ʜʝʡʽʥ ᴇʟʛʝʨʜʽ. תʨʜʽʩ 300-350 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ, 3 ʄʇʘ 

ʞᴅʥʝ ʙʘʡʣʘʥʳʩ ʫʘץʳʪʳ  3500 ʩ-1, ʛʘʟ ײץʨʘʤʳ H2/ʉʆ/N2 = 2/1/3 ʩʪʘʮʠʦʥʘʨʣʳץ 

ʨʝʞʠʤʜʝ ʞװʨʛʽʟʽʣʜʽ. 7-ʩʫʨʝʪʪʝ 300-350ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʣʘʥʪʘʥʜʳ Sr-ʤʝʥ 

ʘʣʤʘʩʪʳʨʫ ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʉʆ ʘʡʥʘʣʳʤʳʳʥש ʤᴅʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʉʆ ʘʡʥʘʣʳʤʳʥʳש ʞʦסʘʨʳʣʘʫʳ ʙʘʡץʘʣʘʜʳ, 

ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʽש ʽʰʽʥʜʝ ʭ = 0,1 ʧʦʨʮʠʘʣʜʳ ʘʣʤʘʩʪʳʨʳʣסʘʥ װʣʛʽ ʝʨʝʢʰʝʣʝʥʝʜʽ: 

ʉʆ ʝש ʞʦסʘʨʳ ʘʡʥʘʣʳʤʳ ʦʩʳ װʣʛʽʜʝ, ʉ5+ ʧʝʥ ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽʥʝ ʞʦסʘʨʳ 

ʪʘʣסʘʤʜʳʣʳץ, ʘʣ ʤʝʪʘʥ ʪװʟʽʣʫʽʥʝ ʪᴇʤʝʥʛʽ ʪʘʣסʘʤʜʳʣʳץ ʙʘʡץʘʣʜʳ. 
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[146] ʞײʤʳʩʪʘ ʘʚʪʦʨʣʘʨ ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽ ʤʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪ̔  

KIT-6 ʪʘʩʳʤʘʣʜʘסʳʰʳʥʘ ʦʪʳʨסʳʟʳʣסʘʥ ʞᴅʥʝ ʢװʤʽʩ ʥʠʪʨʘʪʳʤʝʥ ʧʨʦʤʦʪʦʨʣʘʥסʘʥ 

LaCoO3 ʞᴅʥʝ LaCo0.7Cu0.3O3 ʧʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤסʘ ʠʝ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥ 

ʟʝʨʪʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙʘʩʪʘʧץʳ װʣʛʽʣʝʨʜʽש ʞᴅʥʝ ʩʠʥʪʝʟ-ʛʘʟʳʥ ʪװʨʣʝʥʜʽʨʫ 

ʨʝʘʢʮʠʷʩʳʥʜʘסʳ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʜʽש ʬʘʟʘʣʳײץ ץʨʘʤʳ, 

ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʢʘʪʘʣʠʟʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʟʝʨʪʪʝʣʜʽ. LaCoO3 װʣʛʽʩʽ װʰʽʥ 

ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ ʢװʤʽʩ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳʤʝʥ 6%-23%-סʘ 

ʜʝʡʽʥ ʘʨʪʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ. ʂװʤʽʩʧʝʥ װʣʛʽʥʽ ʧʨʦʤʦʫʪʝʨʣʘʫ ʢװʤʽʩ ʤᴇʣʰʝʨʽ 4% 

ʙʦʣסʘʥ ʢʝʟʜʝ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨ װʰʽʥ ʤʘʢʩʠʤʘʣʜʳ ʪʘʣסʘʤʜʳʣʳ56% ץ ʜʝשʛʝʡʽʥʜʝ 

  .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ

CO ʛʠʜʨʣʝʫ ʧʨʦʮʝʩʽʥʜʝ ʵʪʘʥʦʣסʘ ʪʘʣסʘʤʜʳʣʳץʪʳ ʞʘץʩʘʨʪʫ װʰʽʥ [147] 

CaTi0.9īxCoxMo0.1O3 (x = 0.01ï0.4) ʞᴅʥʝ CaTi0.7Co0.3O3 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʩʝʨʠʷʩʳ 

ʜʘʡʳʥʜʘʣʜʳ. Co0īCo2+ ʙʝʣʩʝʥʜʽ ʞײʧʪʘʨʳ ʵʪʘʥʦʣʜʳש ʪʘʣסʘʤʜʳסʳʥ ʘʨʪʪʳʨʫ װʰʽʥ 

Co/Mo ץʘʪʳʥʘʩʳʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʨʝʪʪʝʣʜʽ. Mo ץʦʩʧʘʩʳ ʩʦʥʳʤʝʥ ץʘʪʘʨ Co 

ʵʣʝʤʝʥʪʽʥ ʠʦʥʜʳץ ʢװʡʜʝ ʪײʨʘץʪʘʥʜʳʨʳʧ, ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʙʘסʘʥ ʙʝʣʩʝʥʜʽ 

ʦʨʪʘʣʳץʪʘʨʜʳ ʞʘʩʘʡ ʘʣʘʜʳ, Co0 ʞᴅʥʝ Co2+ ץʘʪʳʥʘʩʳʥ ʨʝʪʪʝʫʛʝ ʞᴅʥʝ ʩʧʠʨʪʪʝʨʜʽש 

ʩʠʥʝʨʛʝʪʠʢʘʣʳץ ᴇʥʜʽʨʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ʆʩʳ ʙᴇʣʽʤʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ᴅʜʝʙʠ ʜʝʨʝʢʪʝʨ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪ 

 ʟʽʣʫʽ ʞᴅʥʝ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽװʪ ץʩʠʥʪʝʟʽ, ʬʘʟʘʣʳ שʨʘʤʜʳ ʦʢʩʠʜʪʝʨʜʽײץ

ʦʣʘʨʜʳײץ שʨʘʤʳʥʘ, ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʪʝʨʽʥʝ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ 

ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ᴄʨʪװʨʣʽ ʩʠʥʪʝʟʜʝʫ ʪᴅʩʽʣʜʝʨʽ (ʮʠʪʨʘʪʪʳץ ᴅʜʽʩ, 

ʤʝʭʘʥʦʩʠʥʪʝʟ, ʙʽʨʛʝʪײʥʜʳʨʫ, ʧʨʦʤʦʪʦʨʣʘʫ) ʙʝʣʩʝʥʜʽ ʬʘʟʘʣʘʨʜʳש ʜʠʩʧʝʨʩʠʷʩʳʥ, 

ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ ʞᴅʥʝ ʧʝʨʦʚʩʢʠʪ ʤʘʪʨʠʮʘʩʳʥʳש ʢװʡʽʥ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʪʽʧ, 

ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳץ ʧʝʥ ʉʆ ʢʦʥʚʝʨʩʠʷʩʳʥ ʙʽʨʰʘʤʘ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ Cu, Sr, Ag ʞᴅʥʝ Mo ʩʠʷץʪʳ ʧʨʦʤʦʪʦʨʣʘʨ ʞװʡʝʜʝʛʽ Co /CoĮ  

ʙʝʣʩʝʥʜʽ ʞײʧʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʳʧ, ʪʽʟʙʝʢʪʽש ᴇʩʫʽʥ ʞʝʜʝʣʜʝʪʫ ʘʨץʳʣʳ ʞʦסʘʨʳ 

ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽʥ ʢװʰʝʡʪʝʪʽʥʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. 
ᴄʜʝʙʠ ʰʦʣʫ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨ ʘʣʫ װʜʝʨʽʩʽʥʜʝ ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ 

 ʳʟʜʳשʤʘ שʘʥ ʝסʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣײץ-ʘ ʠʝ Coסʨʳʣʳʤײץ

 ,ʤʳʩʪʘʨ ʢᴇʨʩʝʪʢʝʥʜʝʡײʘʤʪʠʜʳ. ɼᴅʡʝʢʩᴇʟʜʝʣʛʝʥ ʞץ ʙʝʢʪʝʨʜʽשʳʣʳʤʠ ʝס

ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ Co-ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʣʘʨ, ʘʪʘʧ 

ʘʡʪץʘʥʜʘ CO ʤʝʥ ʅ2 ץʘʪʳʩʳʥʜʘ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʨʝʘʢʮʠʷʩʳʥʜʘ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ʟʝʨʪʪʝʣʤʝʛʝʥ.  

ɾʘʨʠʷʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʡ ʢʝʣʝ, ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʘʨʪʪʳʨʳʣסʘʥ 

ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʜʽש ʦשʪʘʡʣʳ 

ᴅʜʽʩʪʝʨʽʥ ʙʽʨʤᴅʥʜʽ ʘʥʳץʪʘʫ ʤװʤʢʽʥ ʝʤʝʩ. ʉʠʥʪʝʟ-ʛʘʟ ʘʡʥʘʣʳʤʳ ʨʝʘʢʮʠʷʩʳʥ 

ʞװʨʛʽʟʫʜʽש ʦשʪʘʡʣʳ ʰʘʨʪʪʘʨʳ ʜʘ ʥʘץʪʳ ʘʥʳץʪʘʣʤʘסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ʞײʤʳʩ ʽʩʪʝʫ ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʩʪʨʘʪʝʛʠʷʣʘʨ ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ.  

ᴄʜʝʙʠ ʰʦʣʫ ʜʠʩʩʝʨʪʘʮʠʷ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽʥ ʨʘʩʪʘʧ, ʢװʨʜʝʣʽ 

ʦʢʩʠʜʪʝʨʜʽש ʧʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨ ʘʣʫ 

 ʘʨʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴅʟʽʨʣʝʫסʳ ʞʦסʘʤʜʳʣʳסʰʽʥ ʙʝʣʩʝʥʜʽ ʞᴅʥʝ ʪʘʣװ

ʤʘץʩʘʪʪʘʨʳʥ ʩᴅʪʪʽ ʽʩʢʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ.  
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ɿʝʨʪʪʝʫ ʞײʤʳʩʳ ʞʘשʘ ʢʘʪʘʣʠʟʘʪʦʨʣʳץ ʞװʡʝʣʝʨʜʽ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣʘʰʘס ץʳʣʳʤʠ 

ʞײʤʳʩʪʘʨ װʰʽʥ ʥʝʛʽʟ ʙʦʣʘ ʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 

ʠʥʜʫʩʪʨʠʷʣʳץ ʜʝשʛʝʡʜʝ ʩʠʥʪʝʟ-ʛʘʟ ʘʡʥʘʣʳʤʳʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 
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2 ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ɹᴆʃɯʄ 

 

2.1 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ 

ʊʘʨʘʫʜʘ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʪᴅʞʽʨʠʙʝʣʽʢ 

ᴅʜʽʩʪʝʨ ײʩʳʥʳʣסʘʥ. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʠʥʪʝʪʠʢʘʣʳץ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ װʰʽʥ 

 ʘʨʳסʨʘʤʜʳ ʪʠʽʤʜʽʣʽʛʽ ʞʦײץ-ʨʳʣʳʤʜʳ ʉʦײץ ʦʣʜʘʥʳʣʘʪʳʥ ʧʝʨʦʚʩʢʠʪץ

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʜʽש ᴅʜʽʩʪʝʨʽ ʤʝʥ ײץʨʘʣ ʞʘʙʜʳץʪʘʨʳ ʪʦʣʳץ 

ʩʠʧʘʪʪʘʣסʘʥ. ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʉʦ-ײץʨʘʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽש ʩʠʥʪʝʟ-

ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫʜʘ, ʦʣʘʨʜʳש ʤʘשʳʟʜʳ ʢʘʪʘʣʠʟʜʽʢ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 ʘʩʠʝʪʪʝʨʽʥʝ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽʣʛʝʥץ

ʈʝʘʢʪʠʚʪʝʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨ. ɾײʤʳʩʪʘ 1-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʭʠʤʠʷʣʳץ 

ʨʝʘʢʪʠʚʪʝʨ ʙʘʨʣʳץ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥ ʩʠʥʪʝʟʜʝʫʜʝ ץʦʣʜʘʥʳʣʜʳ. 

 

ʂʝʩʪʝ 1- ʂʘʪʘʣʠʟʘʪʦʨ ʩʠʥʪʝʟʽʥʝ ץʘʞʝʪʪʽ ʨʝʘʢʪʠʚʪʝʨ ʪʽʟʽʤʽ 
 

ʈʝʘʢʪʠʚʪʝʨ ʌʦʨʤʫʣʘʩ r

ʊʘʟʘʣʳץ 

ʜᴅʨʝʞʝʩʽ, 

% 

ᴆʥʜʽʨʫʰʽ ʢʦʤʧʘʥʠʷ 

ʃʘʥʪʘʥ ʥʠʪʨʘʪʳ 

ʛʝʢʩʘʛʠʜʨʘʪʳ 
La(NO3)3Ŀ6H2O ʭ.ʪ. 

ʈʝʘʭʠʤ, 

ʊʋ 6-09-4676-83 

ʂʦʙʘʣʴʪ ʥʠʪʨʘʪʳ 

ʛʝʢʩʘʛʠʜʨʘʪʳ 
Co(NO3)2Ŀ6H2O ʪʘʟʘ 

ʈʝʘʭʠʤ, 

ʄʝʤʉʊ 4528-78 

ʕʪʠʣ ʩʧʠʨʪʽ C2H5OH 
95% 

ʭ.ʪ. 
ʄʝʤʉʊ ʈ 51999-2002 

Pluronic P123 

PEG-PPG-PEG 

M å 5800 

ʛ/ʤʦʣʴ 

- 
Aldrich, (MW 5800 

O20PO70EO20) 

ʊײʟ ץʳʰץʳʣʳ HCl 
37% 

ʘʩʘ ʪʘʟʘ 

ɻʨʘʥʭʠʤ, 

ʄʝʤʉʊ 3118-77 

ʃʠʤʦʥ ץʳʰץʳʣʳ C6H8O7 

ʪʘʣʜʘʫסʘ 

ʘʨʥʘʣסʘʥ 

ʪʘʟʘ 

ʈʝʘʭʠʤ, ʄʝʤʉʊ 3652-69 

ʊʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ 

(TEOS) 
Si(ʉ2ʅ5ʆ)4 ʪʘʟʘ. 

ʂʦʤʧʦʥʝʥʪ-ʨʝʘʢʪʠʚ, ʉʊʇ 

ʊʋ ʂʆʄʇ 2-312-11 

ɹʫʪʘʥʦʣ-1 C4H9OH 

ʪʘʣʜʘʫסʘ 

ʘʨʥʘʣסʘʥ 

ʪʘʟʘ 

ʈʝʘʭʠʤ, ʄʝʤʉʊ 6006-78 

ʅʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ NaOH ʭ.ʪ. ʈʝʘʭʠʤ, ʄʝʤʉʊ 4328-77 

ɸʟʦʪ ץʳʰץʳʣʳ HNO3 
75% 

ʘʩʘ ʪʘʟʘ 

ʍʠʤʠʷʣʳץ ʨʝʘʛʝʥʪʪʝʨ ˉ1 

ʙʘʟʘʩʳ, ʄʝʤʉʊ -11125-84 

ʕʪʠʣʝʥʛʣʠʢʦʣʴ C2H4(OH)2 

ʪʘʣʜʘʫסʘ 

ʘʨʥʘʣסʘʥ 

ʪʘʟʘ 

ʈʝʘʭʠʤ, 

ʄʝʤʉʊ 10164-75 
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ɿʝʨʪʪʝʫ ײץʨʘʣʜʘʨʳ. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʉʦ-ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥ ʩʠʥʪʝʟʜʝʫ ʢʝʟʽʥʜʝ 

ʢʝʣʝʩʽ ʟʝʨʪʪʝʫ ײץʨʘʣ-ʞʘʙʜʳץʪʘʨʳ ʧʘʡʜʘʣʘʥʳʣʜʳ: 

1. ʊʝʭʥʠʢʘʣʳץ ʪʘʨʘʟʳ ɺʃʊʕ-1100 (500 ʛ ʜʝʡʽʥ, ʜᴅʣʜʽʛʽ Ñ0,02 ʛ); 

2. ɸʥʘʣʠʪʠʢʘʣʳץ ʪʘʨʘʟʳ Bel DA-124C (120 ʛ ʜʝʡʽʥ, ʜᴅʣʜʽʛʽ Ñ0,0001 ʛ); 

3. ʊʦʨʣʳ ʝʣʝʢʪʝʨ ʕʂʈʆʉ(0,14; 0,25 ʤʤ); 

4. ʄʫʬʝʣʴ ʧʝʰʽ LOIP-LF-9/13-V2 (1300ÁC ʜʝʡʽʥ); 

5. ʂʝʧʪʽʨʛʽʰ ʰʢʘʬ SNOL 58/530 (500ÁC ʜʝʡʽʥ); 

6. ʄʘʛʥʠʪʪʽ ʘʨʘʣʘʩʪʳʨסʳʰ IKA C-Mag HS 7; 

 ;ʧʦʣʠʧʨʦʧʠʣʝʥʜ ̔ʩʪʘʢʘʥ ץʘʤʜʳסʳ ʙʘʨ ʪʘסʧʘץʘפ .7

8. ɹᴇʣʛʽʰ ʚʦʨʦʥʢʘ; 

9. ʂʦʨʫʥʜ ʪʠʛʝʣʴ; 

10. ʌʠʣʴʪʨʣʝʫʛʝ ʘʨʥʘʣסʘʥ ʬʘʨʬʦʨʣʳ ʚʦʨʦʥʢʘʣʘʨ; 

11. ʀפ-ʰʘʤ; 

12. ʀʦʥʦʤʝʨ ʀ-160ʄ. 

 

2.1.1 ʉʦ-ײץʨʘʤʜʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʞײʤʩʘץ 

ʪʝʤʧʣʘʪ - ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʳץ שʘʪʳʩʳʥʜʘ ʜʘʡʳʥʜʘʫ 

La/Co ʤᴇʣʰʝʨʣʽʢ ץʘʪʳʥʘʩʳ ᴅʨ ʪװʨʣʽ ʣʘʥʪʘʥ ʢʦʙʘʣʴʪʘʪʳʥʳש LaCoO3 ʝʢʽ 

 שʪʝʤʧʣʘʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʳ ץʤʩʘײʜʘʡʜʘ [148] ʞסʣʛʽʩʽ ʛʠʜʨʦʪʝʨʤʘʣʜʳ ʞʘװ

  .ʳʣʳ ʘʣʳʥʜʳץʥʜʳʨʫ ᴅʜʽʩʽ ʘʨײʘʪʳʩʳʥʜʘ ʙʽʨʛʝ ʪץ

 

 
 

ʉʫʨʝʪ 12 - ɻʠʜʨʦʪʝʨʤʘʣʴʜʳ ʩʠʥʪʝʟ ʘʨץʳʣʳ ʘʣʳʥסʘʥ LCO-1 װʣʛʽʩʽʥʽש ʩװʟʫ 

 ʘʜʘʤʳʥʘ ʜʝʡʽʥʛʽ ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽץ
 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ץʦʩʧʘʥʳש  ʨʅ=10 ʞʝʪʢʝʥʰʝ ʘʟʦʪ ץʳʰץʳʣʳʥʳץ שʘʞʝʪʪʽ 

ʤᴇʣʰʝʨʽʥ ʝʨʽʪʽʥʜʽʛʝ ץʦʩʳʧ, ᴅʨʽ ץʘʨʘʡ 2 ʩʘסʘʪ ʙʦʡʳ ʤʘʛʥʠʪʪʽ ʘʨʘʣʘʩʪʳʨסʳʰץʘ 

 ʘʥץʩʪʽ ʩʫʩʧʝʥʟʠʷʩʳ ʙʘʨ ʧʨʦʧʠʣʝʥʜʽ ʩʪʘװʣʛʽʥ ʪװʢ ץʦʡʳʣʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ, ʘʰʳץ

 ץʘʪ ʙʦʡʳ 100 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳסʳʟ ʞʘʙʳʣʳʧ, 24 ʩʘסʧʝʥ ʪʳץʧʘץʘץ

ʧʝʰʢʝ ץʦʡʳʣʜʳ.  
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ɹʽʨʽʥʰʽ װʣʛʽʥʽ ʘʣʫ װʰʽʥ (ʰʘʨʪʪʳ ʪװʨʜʝ װʣʛʽʥʽש ʙʝʣʛʽʣʝʥʫʽ ï LCO-1),  

ʧʦʣʠʧʨʦʧʠʣʝʥʜ ̔ ʩʪʘץʘʥʳʥʜʘ ᴅʨ ץʘʡʩʳʩʳ 0,06 ʤʦʣʴ ʤᴇʣʰʝʨʽʥʜʝ ʘʣʳʥסʘʥ 

La(NO3)3Ŀ6H2O ʞᴅʥʝ Co(NO3)2Ŀ6H2O ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 80 ʤʣ 

ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ ʝʨʽʪʽʣʜʽ. 

 ʉʦʜʘʥ ʢʝʡʽʥ, ʝʨʽʪʽʥʜʽʛʝ 0,16 ʤʦʣʴ ʤᴇʣʰʝʨʽʥʜʝ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ץʦʩʳʣʜʳ. 

ɽʢʽʥʰʽ ʧʦʣʠʧʨʦʧʠʣʝʥ ʩʪʘץʘʥʳʥʘ 120 ʤʣ 4 ʄ ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ ʝʨʽʪʽʥʜʽʩʽ ʘʣʜʳʥ 

ʘʣʘ ʜʘʡʥrʜʘʣʳʧ, ʙʽʨʽʥʰʽ ʩʪʘץʘʥʜʘ ʜʘʡʳʥʜʘʣסʘʥ ʞײʤʩʘץ ʪʝʤʧʣʘʪʳ ʙʘʨ ʪײʟ 

ʝʨʽʪʽʥʜʽʩʽ ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽ ʝʨʽʪʽʥʜʽʩʽʥʝ ʪʘʤʰʳʣʘʪʘ ʦʪʳʨʳʧ ץʦʩʳʣʜʳ. ʆʩʳ 

ʞʘסʜʘʡʜʘ ʢʦʙʘʣʴʪ ʘʣʢʦʛʦʣʷʪʪʘʨʳ ʤʝʥ ʣʘʥʪʘʥ ʛʠʜʨʦʢʩʠʜʽʥʽץ שʦʩʧʘʩʳʥʳץ שʘʣʳש 

ʢװʣʛʽʥ ʪײʥʙʘʩʳ ʪװʟʽʣʽʧ, ʝʨʽʪʽʥʜʽʥʽש ʨʅ ʢᴇʨʩʝʪʢʽʰʽ 3,3-ʪʝʥ 13,8-ʛʝ ʜʝʡʽʥ 

ʞʦסʘʨʳʣʘʜʳ (12-ʩʫʨʝʪ). ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫʛʝ ײʰʳʨʘסʘʥ װʣʛʽʥʽש ʪװʩʽ ץʦʶʣʘʥʜʳ. 

ʉʠʥʪʝʟʜʝʫ ʩʦשʳʥʜʘ ץʦʶ ʢװʣʛʽʥ ʪװʩʪʽ ʩʫʩʧʝʥʟʠʷʥʳ ץʘסʘʟ ʩװʟʛʽʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ 5 ʣ 

ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ʞʫʳʣrʧ, ʠʥʬʨʘץʳʟʳʣ ʰʘʤʥʳש (ʀפʐ) ʘʩʪʳʥʜʘ ʢʝʧʪʽʨʽʣʜʽ.  

ɾʫʳʣʳʧ, ʢʝʧʪʽʨʽʣʛʝʥ װʣʛʽʥʽײץ שʨʘʤʳʥʜʘסʳ ʥʘʪʨʠʡ ʢʘʪʠʦʥʳʥʳש ʤᴇʣʰʝʨʽ 

 ʣʛʽ ʬʘʨʬʦʨʣʳ ʢʝʣʽװ ʘʩʪʳʥʜʘ ʢʝʧʪʽʨʽʣʛʝʥ שʳʟʳʣ ʰʘʤʥʳץʨʘʜʳ. ʀʥʬʨʘײץ 0,06%

ʤʝʥ ʢʝʣʩʘʧʪʘ ײʥʪʘץʪʘʣʜʳ. ױʥʪʘץʪʘʫʜʘʥ ʢʝʡʽʥ ʩʠʥʪʝʟʜʝʧ ʘʣʳʥסʘʥ װʣʛʽ ʘʫʘ 

ʘסʳʥʳʥʜʘ 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 3 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʣ̔ʽʧ, ʦʜʘʥ ʢʝʡʽʥ ʤʫʬʝʣʴʜʽ 

ʧʝʰʪʽש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ 750 ÁC ʪʝʤʧʝʨʘʪʫʨʘסʘ ʞʦסʘʨʳʣʘʪʳʧ, 4 ʩʘסʘʪ ʙʦʡʳ 

ʙʽʨʪʽʥʜʝʧ ʢװʡʜʽʨʽʣʜʽ. ɽʢʽʥʰʽ װʣʛʽʥʽ (ʰʘʨʪʪʳ ʪװʨʜʝ װʣʛʽʥʽש ʙʝʣʛʽʣʝʥʫʽ LCO-2) 

ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʽ LCO-1 װʣʛʽʩʽʥ ʩʠʥʪʝʟʜʝʫ ʞʦʣʳʥʘ ץײʩʘʩ ʪװʨʜʝ ʞװʨʛʽʟʽʣʜʽ, ʙʽʨʘץ 

ʝʢʽʥʰʽ װʣʛʽʥʽ ʩʠʥʪʝʟʜʝʫ ʢʝʟʽʥʜʝ ʤʝʪʘʣʣ ʢʘʪʠʦʥʜʘʨʳʥʳש ʤᴇʣʰʝʨʽ ʢʝʣʝʩʽ 

 ʘʪʳʥʘʩʪʘ ʘʣʳʥʜʳ: 0,06 ʤʦʣʴ ʣʘʥʪʘʥ ʥʠʪʨʘʪʳ; 0,08 ʤʦʣʴ ʢʦʙʘʣʴʪ ʥʠʪʨʘʪʳ; 0,16ץ

ʤʦʣʴ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʘʣʳʥʜʳ. תʣʛʽʥʽ ʩʠʥʪʝʟʜʝʫ ʙʘʨʳʩʳʥʜʘ ʞײʤʩʘץ 

ʪʝʤʧʣʘʪʪʘʨʜʳש ʙᴇʣʽʥʫʽ ʤʝʥ ʢʦʙʘʣʴʪ ʥʠʪʨʘʪʳʥʳש ʳʜʳʨʘʫʳ ʩʘʣʜʘʨʳʥʘʥ, 

ʝʨʽʪʽʥʜʽʥʽש ʨʅ ʢᴇʨʩʝʪʢʽʰʽ ʪᴇʤʝʥʜʝʡʜʽ, ʦʩʳ ʢʝʟʜʝ ʪײʥʙʘʥʳש ʙʽʨ ʙᴇʣʛ̔ʽʥʽש ʝʨʽʧ 

ʢʝʪʫʥ̔ ʙʦʣʜʳʨʤʘʫ װʰʽʥ, ʝʢʽʥʰʽ װʣʛʽʛʝ ʢʦʙʘʣʴʪ ʥʠʪʨʘʪʳʥʳש ʘʨʪʳץ ʤᴇʣʰʝʨʽ 

 ʩʭʝʤʘʩʳ 13-ʩʫʨʝʪʪʝ ץʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳ שʣʛʽʣʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʽת .ʦʩʳʣʜʳץ

ʢʝʣʪʽʨʽʣʛʝʥ. 
 

 
ʉʫʨʝʪ  13 - ʂʘʪʘʣʠʟʘʪʦʨ ʩʠʥʪʝʟʽʥʽש ʥʝʛʽʟʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʩʳ 
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ʂʦʤʧʣʝʢʩ ʪװʟʫʰʽ ʞײʤʩʘץ ʪʝʤʧʣʘʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʳץ שʘʪʳʩʳʥʜʘ ʙʽʨʛʝ 

ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʧʝʨʦʚʩʢʠʪʪʽ ʩʠʥʪʝʟʜʝʫʜʽש ʙʽʨʽʥʰʽ ʩʘʪʳʩʳʥʜʘ ʢʦʙʘʣʴʪ 

ʘʣʢʦʛʦʣʷʪʪʘʨʳʥʳש ʪװʟʽʣʫʽʤʝʥ ʨʅ ʙʘʩʪʘʧץʳ 3,3-ʪʝʥ ʨʅ=14,8 ʜʝʡʽʥ ʞʦסʘʨʳʣʘסʘʥ 

ʢʝʟʜʝ ʙʘʷʫ ʪײʥʘʜʳ, ʦʩʳ ʢʝʟʜʝ ץʘʥʳץץʘʥ ʢװʣʛʽʥ ʪװʩʪʽ ץʦʶ ʩʫʩʧʝʥʟʠʷ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʉʫʩʧʝʥʟʠʷסʘ ʘʟʦʪ ץʳʰץʳʣʳʥ ץʦʩץʘʥʜʘ, ʝʨʽʪʽʥʜʽʥʽש ʨʅ=10 ʜʝʡʽʥ ʙʘʷʫ ʪᴇʤʝʥʜʝʫʽ 

ʝʨʽʪʽʥʜʽʜʝʛʽ ὔὕ ʘʥʠʦʥʜʘʨʳʥʳש ʤᴇʣʰʝʨʽʥ ʞʦסʘʨʳʣʘʪʘʜʳ. 100 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʪʝʤʧʣʘʪʪʘʨ ʘʟʦʪ ʥʝʤʝʩʝ ʘʟʦʪ ʦʢʩʠʜʽʥʽש ʙᴇʣʽʥʫʽʤʝʥ ʝʨʽʪʽʥʜʽʜʝ ʙʦʣʘʪʳʥ ὔὕ 

ʘʥʠʦʥʜʘʨʳʤʝʥ ʙʘʷʫ ʪʦʪʳסʘʜʳ. ʆʩ rʞʘסʜʘʡʜʘ ʢʘʨʙʦʥ ץʳʰץʳʣʜʘʨʳʥʳץ שʦʩʧʘʩʳ 

ʪװʟʽʣʝʜʽ, ʦʣʘʨ ʪʽʟʙʝʢʪʽש ʩʦסשʳ ʢʘʨʙʦʢʩʠʣ ʪʦʧʪʘʨʳ ʙʽʨʪʽʥʜʝʧ ʙᴇʣʽʥʽʧ ʦʜʘʥ ᴅʨʽ 

ʜʝʩʪʨʫʢʮʠʷסʘ ײʰʳʨʘʡʜʳ. ʊʦʪʳסʫ ᴇʥʽʤʜʝʨʽ ʦʨʪʘʥʳש ʩʫʪʝʢʪʽʢ ʢᴇʨʩʝʪʢʽʰʽʥ ʙʘʷʫ 

ʪᴇʤʝʥʜʝʪʽʧ, ʝʨʽʪʽʥʜʽʜʝʛʽ ʢʦʙʘʣʴʪ ʧʝʥ ʣʘʥʪʘʥ ʢʘʪʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש 

ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ. ɻʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʤʘʡʜʘ ʜʠʩʧʝʨʩʪʽ ʰᴇʛʽʥʜʽʣʝʨʜʽ 

ʩʠʥʪʝʟʜʝʫ ʰʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʪײʥʙʘʥʳש ʙʘʷʫ ʛʦʤʦʛʝʥʠʟʘʮʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ [149]. 

ʊײʥʙʘסʘ ʪװʩʢʝʥ ʢʘʪʠʦʥʜʘʨʜʳש ʪʦʣʳץ ʝʨʫʽ ʥʠʪʨʘʪ-ʘʥʠʦʥʜʘʨʳש ὔὕ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʪᴇʤʝʥʜʝʫʽʤʝʥ, ʦʣʘʨʜʳש ʪװʟʽʣʛʝʥ ʢʘʨʙʦʥ ץʳʰץʳʣʜʘʨʳʤʝʥ 

ʙʘʡʣʘʥʳʩʫʳʤʝʥ ʥʝʤʝʩʝ ʢʝʡʽʥʥʝʥ ʛʠʜʨʦʢʩʠʜʪʝʨ ʪװʟʽʣʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ. 
ʃʘʥʪʘʥʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʢʦʙʘʣʴʪʪʳש ʞʘץʩʳ ʝʨʽʛʽʰʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʥʳש ʙʽʨ 

ʙᴇʣʽʛʽ ʞʦʡʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ LCO-2 װʣʛʽʩʽʥ ʩʠʥʪʝʟʜʝʫʜʝ ʢʦʙʘʣʴʪ ʥʠʪʨʘʪʳʥʳש 

ʘʨʪʳץ ʤᴇʣʰʝʨʽ ʘʣʳʥʜʳ. ɻʠʜʨʦʪʝʨʤʘʣʜʳ ʩʠʥʪʝʟ ʞʘסʜʘʡʳʥʜʘ ʣʘʥʪʘʥʤʝʥ ʙʽʨʛʝ 

ʛʠʜʨʦʢʩʠʜʪʝʨ, ʢʘʨʙʦʥʘʪʪʘʨ ʞᴅʥʝ ʢʦʙʘʣʴʪʪʳש ʢʘʨʙʦʢʩʠʣʘʪʪʘʨʳʥʳץ שʦʩʧʘʣʘʨʳ ʜʘ 

ʪװʟʽʣʫʽ  ʤװʤʢʽʥ. 

 

2.1.2 ʉʦ-ײץʨʘʤʜʳ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʩʽʥ ץʘʪʪʳ 

ʪʝʤʧʣʘʪ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪʽ  KIT-6 ץʘʪʳʩʳʥʜʘ ʜʘʡʳʥʜʘʫ 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜ - LaCoO3/KIT-6 (ʰʘʨʪʪʳ ʪװʨʜʝ 

LCO/KIT-6 ʪװʨʽʥʜʝ ʙʝʣʛʽʣʝʥʜʽ) װʣʛʽʩʽ ʮʠʪʨʘʪ ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣʜʳ. LCO/KIT-6 

ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʩʽʥ ʜʘʡʳʥʜʘʫ ʝʢʽ ʩʘʪʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ.  

ɹʨ̔̔ ʥʰʽ ʩʘʪʳʜʘ ʤʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʡ ʜʠʦʢʠʜʪʽ KIT-6 ʪʘʩʳʤʘʣʜʘסʳʰʳ 

ʜʘʡʳʥʜʘʣʜʳ. ᴄʜʝʙʠ ʜʝʨʝʢʢᴇʟʜʝʨʛʝ ʩᴅʡʢʝʩ [150], ʤʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʣʽ ʂIʊ-6 

ʪʘʩʳʤʘʣʜʘסʳʰʳʥrש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʞʦסʘʨʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʂIʊ-6 

ʪʘʩʳʤʘʣʜʘסʳʰʳʥ ץʦʣʜʘʥʫ, ʙʽʨʽʥʰʽʜʝʥ, LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳʥ ʎʠʪʨʘʪ ᴅʜʽʩʽʤʝʥ 

ʘʣʫ ʢʝʟʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʧʝʨʦʚʩʢʠʪʪʽש ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ ʙʽʨʰʘʤʘ ײʣסʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɽʢʽʥʰʽ ʞʘסʳʥʘʥ, ʣʠʤʦʥ ץʳʰץʳʣʳʥ ץʦʣʜʘʥʫ ʞᴅʥʝ ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ 

ʩʠʥʪʝʟ ʞʘסʜʘʡʳʥʜʘ ץʳʰץʳʣ ʦʨʪʘʥʳש ʪװʟʽʣʫʽ װʣʛʽ ץʘʣʳʧʪʘʩʫ ʢʝʟʝשʽʥʜʝ SiO2 

ʭʠʤʠʷʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. ʄʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪʽ 

ʂIʊ-6 ʪʘʩʳʤʘʣʜʘסʳʰʳʥ ʩʠʥʪʝʟʜʝʫ [130, ʙ.11] ᴅʜʝʙʠʝʪʪʝʛʽ ᴅʜʽʩʢʝ ʩᴅʡʢʝʩ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. 

ɿʘʪʪʳש ᴇʣʰʝʥʝʪʽʥ ʤᴇʣʰʝʨʽʥ ʝʩʝʧʪʝʫ װʰʽʥ ץʦʩʳʣʳʩʪʘʨ ʢʝʣʝʩʽʜʝʡ ץʘʪʳʥʘʩʪʘ 

ʘʣʳʥʜʳ: ʊʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ (TEOS) / Pluronic P123 (P123) / HCl / H2O / ɹʫʪʘʥʦʣ = 

1 ʤʦʣʴ / 0,017 ʤʦʣʴ / 1,83 ʤʦʣʴ / 1,95 ʤʦʣʴ / 1,31 ʤʦʣʴ. ʉʠʥʪʝʟʜʝʫ ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ 

ʰʳʥʳ ʩʪʘץʘʥʜʘ 9 ʛʨʘʤ P123 ʞᴅʥʝ 17,40 ʛʨʘʤ HCl (35%) 325 ʛʨʘʤ ʜʠʩʪʠʣʜʝʥʛʝʥ 

ʩʫʜʘ ʝʨʽʪʽʣʽʧ, ʝʨʽʪʽʥʜʽ ʪʦʣʳסʳʤʝʥ ʙʽʨʪʝʢʪʽ ʢװʡʛʝ ʢʝʣʛʝʥʰʝ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. 

ɸʣʳʥסʘʥ ͋̔ ʨʪʝʢʪʽ ץʦʩʧʘʥʳװ שʩʪʽʥʝ 9 ʛ ʙʫʪʘʥʦʣ ץʦʩʳʣʳʧ, 35 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 



41 
 

ʤʘʛʥʠʪʪʽ ʘʨʘʣʘʩʪʳʨסʳʰʪʘ 1 ʩʘסʘʪ ʙʦʡʳ  ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ɹʽʨ ʩʘסʘʪ ʫʘץʳʪ 

ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ ʰʳʥʳ ʩʪʘץʘʥʜʘסʳ ץʦʩʧʘʥʳװ שʩʪʽʥʝ 19,35 ʛ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ 

ʦʩʳʣʜʳ ʞᴅʥʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʞʳʣʫ ʙᴇʣʽʥʜ̔ץ . ɸʣʳʥסʘʥ ʝʨʽʪʽʥʜʽ ʤʘʛʥʠʪʪʽ 

ʪʝʨʤʦʘʨʘʣʘʩʪʳʨסʳʰʪʘ 35 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24 ʩʘסʘʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. 

ʉʠʥʪʝʟʜʝʫʜʽש ʩʦסשʳ ʢʝʟʝשʽʥʜʝ ץʦʩʧʘ 24 ʩʘסʘʪ ʙʦʡʳ 100 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʛʠʜʨʦʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʪײʥʙʘ ɹʶʭʥʝʨ ʚʦʨʦʥʢʘʩʳʥʳש 

ʢᴇʤʝʛʽʤʝʥ ʩװʟʽʣʽʧ, ʙʽʨʥʝʰʝ ʨʝʪ ʵʪʠʣ ʩʧʠʨʪʽʥʜʝ ʞʫʳʣʳʧ, ʠʥʬʨʘץʳʟʳʣ ʰʘʤʥʳש 

ʘʩʪʳʥʜʘ 12 ʩʘסʘʪ ʢʝʧʪʽʨʽʣʜʽ. ɸʣʳʥסʘʥ ʧʨʝʢʫʨʩʦʨ 500 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʩʘסʘʪ 

ʙʦʡʳ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʽʧ, ʢװʡʜʽʨʫ ʙʘʨʳʩʳʥʜʘ ʧʨʝʢʫʨʩʦʨʜʳש ʦʨʛʘʥʠʢʘʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʞʦʡʳʣʳʧ, ץʘʞʝʪʪʽ ʪʝʤʧʣʘʪ KIT-6 ʪװʟʽʣʜʽ.  

ʉʠʥʪʝʟʜʝʫʜʽש ʝʢʽʥʰʽ ʩʘʪʳʩʳʥʜʘ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜ 

LCO/KIT-6 ᴅʜʝʙʠʝʪ ʢᴇʟʜʝʨʽʥʝʥ ʙʝʣʛʽʣʽ ʮʠʪʨʘʪ ᴅʜʽʩʽʤʝʥ [149. ʨ.116] ʘʣʳʥʜʳ. 

ʂʘʪʘʣʠʟʘʪʦʨʜʳ ʩʠʥʪʝʟʜʝʫ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪ ʥʠʪʨʘʪʪʘʨʳʥʳש ʙʘʩʪʘʧץʳ 

ʪײʟʜʘʨʳʥʳש ʝʨʫ ʩʘʪʳʩʳʥʜʘ ʝʥʛʽʟʽʣʝʪʽʥ ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʣʳʧ ʘʣʳʥסʘʥ ʂIʊ-6 

 .ʨʛʽʟʽʣʜʽװʘʪʳʩʳʥʜʘ ʞץ שʘʪʪʳ ʪʝʤʧʣʘʪʳʥʳץ
 

 
 
 

ʉʫʨʝʪ 14 - LCO/KIT-6 װʣʛʽʩʽʥ ʩʠʥʪʝʟʜʝʫ ʩʳʟʙʘʩʳ 

 

ʂʘʪʘʣʠʟʘʪʦʨʜʳ ʩʠʥʪʝʟʜʝʫ װʰʽʥ 300 ʤʣ ʧʦʣʠʧʨʦʧʠʣʝʥʜ ̔ ʩʪʘץʘʥʜʘ 6 ʛ 

ʤʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʝʟʝʤʜʳ KIT-6 ʪʝʤʧʣʘʪʳ 60 ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ ʝʨʽʪʽʣʜʽ, 

ʩʦʜʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽʥʽװ שʩʪʽʥʝ ᴅʨ ץʘʡʩʳʩʳ 0,03 ʤʦʣʴ ʢᴇʣʝʤʜʝʛʽ ʢʦʙʘʣʴʪ ʥʠʪʨʘʪʳ 

(Co(NO3)2x6H2O) ʞᴅʥʝ ʢᴇʣʝʤʜʝʛʽ ʣʘʥʪʘʥ ʥʠʪʨʘʪʳ (La(NO3)3ʭ6H2O), 60 ʤʣ ʵʪʘʥʦʣ 

(ʉ2ʅ5ʆʅ) ʞᴅʥʝ 23 ʛ ʣʠʤʦʥ ץʳʰץʳʣʳ (ʉ6ʅ8ʆ7) ץʦʩʳʣʜʳ. ʆʩʳʜʘʥ ʢʝʡʽʥ ʩʫʩʧʝʥʟʠʷ 

 ʘʰʪʘ 75 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘסʘʥʰʘ, ʤʘʛʥʠʪʪʽ ʪʝʨʤʦʘʨʘʣʘʩʪʳʨסʦʶ ʛʝʣʴ ʧʘʡʜʘ ʙʦʣץ

 ʘʥʜʘסʦʶ ʛʝʣʴ ʧʘʡʜʘ ʙʦʣפ .ʟʜʽʢʩʽʟ ʘʨʘʣʘʩʪʳʨʳʣʘ ʦʪʳʨʳʧ, ʙʘʷʫ ʙʫʣʘʥʜʳʨʳʣʜʳװ

ʧʦʣʠʧʨʦʧʠʣʝʥʜ ̔ ʩʪʘץʘʥʜʘסʳ ץʦʩʧʘʥʳ ʤʘʛʥʠʪʪʽ ʪʝʨʤʦʘʨʘʣʘʩʪʳʨסʳʰʪʘʥ ʘʣʳʧ, 

ʛʝʣʴ 12 ʩʘסʘʪ ʙʦʡʳ 90 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʝʧʪʽʨʛʽʰ ʰʢʘʬʪʘ ײʩʪʘʣʜʳ. 12 ʩʘסʘʪ 

ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ ʢʝʧʪʽʨʽʣʛʝʥ װʣʛʽ ʬʘʨʬʦʨ ʪʘʙʘץʰʘʩʳʥʜʘ ײʥʪʘץʪʘʣʜʳ. ɸʣʳʥסʘʥ 



42 
 

 ʘʪ ʙʦʡʳ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ 750 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘסÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 3 ʩʘ 500 ץʥʪʘײ

4 ʩʘסʘʪ ʙʦʡʳ ʙʽʨʪʽʥʜʝʧ ʢװʡʜʽʨʽʣʜʽ. ᴄʨʽ ץʘʨʘʡ, ײץʨʘʤʳʥʜʘ KIT-6 ʙʘʨ װʣʛʽʥʽ KIT-6 

ʢʨʝʤʥʝʟʝʤʽʥʽש ʥʝʛʽʟʛʽ ʤʘʩʩʘʩʳʥʘʥ ʙᴇʣʫ װʰʽʥ 500 ʤʣ 7% NaOH ʝʨʽʪʽʥʜʽʩʽʥʜʝ 70 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 15 ʤʠʥʫʪ ײʩʪʘʣʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ װʣʛʽʥʽ ʩװʟʽʧ, 2 ʣʠʪʨ 75 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʳʩʪʳץ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ץʘסʘʟ ʩװʟʛʽʥʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ 4 

ʨʝʪ ʞʫʳʣʜʳ, ʘʨʳ ץʘʨʘʡ װʣʛʽ ʠʥʬʨʘץʳʟʳʣ ʰʘʤʥʳש ʘʩʪʳʥʜʘ 90 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ  

24 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʜʽ. 

ʂʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʜʘʡʳʥʜʘʣסʘʥ װʣʛʽʣʝʨʜʽש 

 ʰʘ ʢᴇʤʝʛʽʤʝʥץʪʘʷ ץʨʽʥʜʝ ʧʨʝʩʪʝʣʽʧ, ʘʛʘʪʪʳװʪʘʨʳ ʘʣʜʳʤʝʥ ʪʘʙʣʝʪʢʘ ʪץʥʪʘײ

 ʰʽʥװ ʪʘʣʜʳ. ɼʘʡʳʥ ʤʘʪʝʨʠʘʣ 0,14ï0,25 ʤʤ ᴇʣʰʝʤʜʽ ʙᴇʣʰʝʢʪʝʨʜʽ ʘʣʫץʥʪʘײ

ʝʣʝʢʪʝʥ ᴇʪʢʽʟʽʣʽʧ, LCO-1, LCO-2, LCO/KIT-6 װʣʛʽʣʝʨʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫ 

ᴅʜʽʩʪʝʨʽʥʝ ײʩʳʥʳʣʜʳ (ʢʝʩʪʝ - 2). 

 

ʂʝʩʪʝ 2  - תʣʛʽʣʝʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʞᴅʥʝ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʘʣʫ ᴅʜʽʩʪʝʨʽ 
 

ɹʝʣʛʽʣʝʥʫʽ ʍʠʤʠ̫ʣʳײץ ץʨʘʤʳ nLa/nCo ʉʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽ Tʢװʡʜʽʨʫ, ÁC 

LCO-1 LaCoO3 1.00 ɹʽʨʛʝ ʪײʥʜʳʨʫ 750 ÁC 

LCO-2 LaCoO3 0.75 ɹʽʨʛʝ ʪײʥʜʳʨʫ 750 ÁC 

LCO/KIT-6 LaCoO3/KIT-6 1.00 ʎʠʪʨʘʪ ᴅʜʽʩʽ 750 ÁC 

 

2.2 ɿʝʨʪʪʝʫʜʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʽ 

ɹᴇʣʽʤʜʝ ʟʝʨʪʪʝʫʜʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳʣʘʨ, 

 ʤʳʩ ʽʩʪʝʫ ʰʘʨʪʪʘʨʳ ʞᴅʥʝ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʜʝʛʽײʞ שʳʣʘʨʜʳסʨʳʣײץ

ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫ ᴅʜʽʩʪʝʨʽ ʩʠʧʘʪʪʘʣסʘʥ. ʂʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש 

ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ, ʬʘʟʘʣʳײץ ץʨʘʤʳʥ, ʩʘʥʜʳץ ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳʥ, 

ʤʦʨʬʦʣʦʛʠʷʩʳʥ, ʩʦʥʜʘʡ-ʘץ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ 

ʨʝʞʠʤʜʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʜʳ.  

 

2.2.1 ɸʪʦʤʜʳץ-ʵʤʠʩʩʠʷʣʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ɸʕʉ) 

ɸʕʉ - ʛʘʟ ʪᴅʨʽʟʜʽ, ʩײʡʳץ ʞᴅʥʝ ץʘʪʪʳ ʟʘʪʪʘʨʜʘסʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʞʦסʘʨʳ 

ʪʘʟʘʣʳץʪʘסʳ ץʦʩʧʘʣʘʨ ʵʣʝʤʝʥʪʪʝʨʽʥ ʘʥʳץʪʘʫʜʳש ʞᴅʥʝ ʩʘʥʜʳץ ʪʘʣʜʘʫʜʳש ʝש ʢʝש 

ʪʘʨʘסʘʥ ʵʢʩʧʨʝʩʩ-ʩʝʟʽʤʪʘʣ ᴅʜʽʩʽ. ɹʘʩץʘ ʦʧʪʠʢʘʣʳץ ʩʧʝʢʪʨʘʣʴʜʳ, ʩʦʥʜʘʡ-ʘץ 

ʪʘʣʜʘʫʜʳש ʢᴇʧʪʝʛʝʥ ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʽʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʪʦʤʜʳץ- ʤɻʠʩʩʠʷʣʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷʥʳש ʤʘשʳʟʜʳ 

ʘʨʪʳץʰʳʣʳסʳ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʜʳש ʢʝש ʜʠʘʧʘʟʦʥʳʥʜʘסʳ 

ʵʣʝʤʝʥʪʪʝʨʜʽװ שʣʢʝʥ ʩʘʥʳʥ ʢʦʥʪʘʢʪʽʩʽʟ, ʞʳʣʜʘʤ, ʙʽʨ ʫʘץʳʪʪʘ ʩʘʥʜʳץ ʘʥʳץʪʘʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʩʧʝʢʪʨʦʩʢʦʧʠʷ ץʵʤʠʩʩʠʷʣʳ-ץʨʘʤʳ ʘʪʦʤʜʳײץ ʵʣʝʤʝʥʪʪʽʢ ץʩʘʥʜʳ שʣʛʽʣʝʨʜʽת

(ɸʕʉ) PerkinElmer (ɸפʐ)  OPTIMA 4300 DV ʩʧʝʢʪʨʦʤʝʪʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ 

 .ʳʣʳ ʪʘʣʜʘʥʜʳ (ʩʫʨʝʪ15)ץʦʩʧʘʩʳʥʜʘ (HCl:H2SO4) ʝʨʽʪʫ ʘʨץ ʳʣʜʘʨץʳʰץ ʣʛʽʣʝʨʜʽװ
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ʉʫʨʝʪ 15 - OPTIMA 4300 DV ʩʧʝʢʪʨʦʤʝʪʨʽ PerkinElmer (ɸפʐ) 
 

 ʪʘʣʜʘʫ ץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץʥʪʘױ 2.2.2

ʈʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫʜʳש (ʈʌʊ) ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʤʝʥ 

ʙʝʨʽʣʛʝʥ ʜʠʬʨʘʢʮʠʷʣʳץ ʟʘשʜʳʣʳץʪʳ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʦʣʘʨʜʳץ שʦʩʧʘʩʳʥʜʘסʳ 

ᴅʨʪװʨʣʽ ʬʘʟʘʣʘʨʜʳ ʘʥʳץʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

 ʳ ʤʝʥ ʨʝʥʪʛʝʥסʪʳץʘʰʳץ ץʘʨʘʣʳץʞʘʟʳ שʪʘʫ ʦʥʳץʳ ʟʘʪʪʳ ʘʥʳסʦʩʧʘʜʘפ

ʩᴅʫʣʝʣʝʨʽʥʽש ʜʠʬʨʘʢʮʠʷʣʳץ ʩʫʨʝʪʽʥʜʝʛʽ ʩᴅʡʢʝʩ ʩʳʟʳץʪʘʨʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʳʣʳ ʞץʳ ʘʨסʞʠʳʥʪʳ שʳʥʳסʳʥʜʳʣʳץʘʨץ

 ʘʥ D8סʪʘʣץʪʽʢʧʝʥ ʞʘʙʜʳװʪ (ʈʌʊױ) ʪʘʣʜʘʫ ץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץʥʪʘױ

ʜʠʬʨʘʢʪʦʤʝʪʨʽʥʜʝ (ɹʨʫʢʝʨ, ɻʝʨʤʘʥʠʷ) ʪʦʣץʳʥ ײʟʳʥʜʳסʳ ɚ = 1,5418 ¡ CuKŬ 

ʩᴅʫʣʝʣʝʥʫʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. ʊװʩʽʨʫ ʰʘʨʪʪʘʨʳ: ʩʢʘʥʝʨʣʝʫ 

ʞʳʣʜʘʤʜʳסʳ 2 ʛʨʘʜʫʩ/ʤʠʥ, ʩʢʘʥʝʨʣʝʫ ʙײʨʳʰʳ ʜʠʘʧʘʟʦʥʳ 2ɗ=20-80Á, ʩʢʘʥʝʨʣʝʫ 

 ʢʦʤʧʦʟʠʮʠʷʥʳ ʪʘʣʜʘʫ ץʪʽʢ ʢʝʨʥʝʫʽ 40 ʢɺ, ʪʦʢ 15 ʤɸ. ʌʘʟʘʣʳװʘʜʘʤʳ 0,05Á, ʪץ

PDF-2 ʜʝʨʝʢʪʝʨ ʙʘʟʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ (ʩʫʨʝʪ 16). 
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ʉʫʨʝʪ 6 - Bruker Advance D8 ʜʠʬʨʘʢʪʦʤʝʪʨʽ 

 

2.2.3  ʄʝʥʰʽʢʪʽ ʙʝʪʽʥ ᴇʣʰʝʫ  

ɿʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ Micrometrics (ɸפʐ) ASAP-

 ʢᴇʤʝʛʽʤʝʥ ʘʟʦʪ ʘʜʩʦʨʙʮʠʷ ʠʟʦʪʝʨʤʘʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ שʳʩʳʥʳסʨʳʣײץ 2400

ɹʨʫʥʘʫʵʨ-ʕʤʤʝʪʪ-ʊʝʣʣʝʨ (ɹʕʊ) ᴅʜʽʩʽʤʝʥ ʝʩʝʧʪʝʣʜʽ. ᴄʜʽʩ ʩײʡʳץ ʘʟʦʪ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʘʟʦʪʪʳ ʩʦʨʙʮʠʷʣʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ.  

ʄʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʜ  r ʤʘʪʝʨʠʘʣʤʝʥ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʠʥʝʨʪʪʽ ʛʘʟ 

ʤᴇʣʰʝʨʽʤʝʥ ʞᴅʥʝ ײʥʪʘץ ץʘʙʘʪʳʥʳש ʥʝʤʝʩʝ ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʳש ʘʫʘ 

ᴇʪʢʽʟʛʽʰʪʽʛʽʤʝʥ ʙʘסʘʣʘʡʜʳ.  

ɸʥʘʣʠʟʘʪʦʨʣʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʩʦʨʙʮʠʷʣʳץ ʪʝʧʝ-ʪʝשʜʽʢʪʝ ʞᴅʥʝ 

ʜʠʩʧʝʨʩʪʽ ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʤʝʥ ʞʘʥʘʩʫʜʘ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʘʨʛʦʥ ʥʝʤʝʩʝ ʘʟʦʪ 

ʢᴇʣʝʤʽʥ ײץʨʘʡʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ (ʪʝʨʤʦʜʝʩʦʨʙʮʠʷʣʳץ) ᴅʜʽʩʢʝ ʥʝʛʽʟʜʝʣʛʝʥ. 

ɸʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʘʨʛʦʥ ʥʝʤʝʩʝ ʘʟʦʪ ʤᴇʣʰʝʨʽʥ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ɹʨʫʥʘʫʵʨ-

ʕʤʤʝʪ-ʊʝʣʣʝʨ (ɹʕʊ) ʪʝשʜʝʫʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ ʝʩʝʧʪʝʫ 

 .ʤʘʩʩʘʩʳ 0,1-0,2 ʛ ʙʦʣʜʳ שʣʛʽʥʽװ ʘʥסʰʽʥ ʘʣʳʥװ ʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʊʘʣʜʘʫװ

 .ʘʪ ʙʦʡʳ ʛʘʟʩʳʟʜʘʥʜʳʨʳʣʜʳסʣʛʽʣʝʨ ʚʘʢʫʫʤʜʘ 150ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 2 ʩʘת

ʄʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ ʘʥʳץʪʘʫʜʘסʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʪʝʣʽʢ Ñ10% ײץʨʘʜʳ. 

 

2.2.4 ʕʥʝʨʛʦʜʠʩʧʝʨʩʪʽ ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʙʘʨ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ 

ʞʦסʘʨʳ ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (EDX ʪʘʣʜʘʫʳʤʝʥ ɸɾ ʊʕʄ) 

 ʦʩ CS/Sץ ʤʠʢʨʦʩʫʨʝʪʪʝʨʽ X-FEG ʤʦʥʦʭʨʦʤʘʪʦʨʳʤʝʥ ʞᴅʥʝ שʣʛʽʣʝʨʜʽת

ʢʦʨʨʝʢʪʦʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, 200 ʢɺ ʢʝʨʥʝʫʜʽ ʞʝʜʝʣʜʝʪʝʪʽʥ Themis-Z 3.1 

 ʵʣʝʢʪʨʦʥʜʳ ץʘʨʳ ʪʨʘʥʩʤʠʩʩʠʷʣʳסʳ ʞʦסʘʞʳʨʘʪʳʤʜʳʣr (ʐפTFS, ɸ) ʨʘʣʳʥʜʘײץ

ʤʠʢʨʦʩʢʦʧʠʷ (ɸɾ TEM) ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥʜʳ. ʕʣʝʤʝʥʪʪʽʢ ʪʘʣʜʘʫ HAADF-STEM 

ʨʝʞʠʤʽʥʜʝ Super-X EDS ʜʝʪʝʢʪʦʨʳʥ (ʰʘʤʘʤʝʥ 120 ʵɺ ʵʥʝʨʛʠʷ 

ʘʞʳʨʘʪʳʤʜʳʣʳסʳ) ʧʘʡʜʘʣʘʥʳʧ ʦʨʳʥʜʘʣʜʳ. ɿʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ װʣʛʽʣʝʨ 

ʵʪʘʥʦʣʜʘסʳ ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʜʠʩʧʝʨʩʠʷ ʞᴅʥʝ ʢʝʡʽʥʥʝʥ ʩʫʩʧʝʥʟʠʷʥʳ ʘʣʶʤʠʥʠʡ 

ʪʦʨʳʥʜʘ ʪײʥʜʳʨʳʣסʘʥ ʢʝʫʝʢʪʽ ʢᴇʤʽʨʪʝʢʪʽ ץʘʙʳץʰʘסʘ ʪײʥʜʳʨʫ ʘʨץʳʣʳ 

ʜʘʡʳʥʜʘʣʜʳ (ʩʫʨʝʪ 17). 
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ʉʫʨʝʪ 17 ï ɸʞʳʨʘʪʳʤʜʳʣʳסʳ ʞʦסʘʨʳ ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ 

ʤʠʢʨʦʩʢʦʧʠʷ 
 

2.2.5 ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ 

LCO-1, LCO-2 ʞᴅʥʝ LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʜᴅʥʜʝʨʽʥʽש 

ʤʦʨʬʦʣʦʛʠʷʩʳ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧ (ʉʕʄ) JSM-6460LV (JEOL, 

ɾʘʧʦʥʠʷ) ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʜʽ, ʤʠʢʨʦʩʢʦʧʪʘסʳ װʜʝʪʢʽʰ ʢʝʨʥʝʫ 20 ʢɺ ʜʝשʛʝʡʽʥʜʝ 

 ʨʝʥʪʛʝʥ ʩʧʝʢʪʨʦʤʝʪʨʽʤʝʥ Oxford ץʳ ʵʥʝʨʛʠʷ ʜʠʩʧʝʨʩʠʷʣʳסʨʳʣײפ .ʦʣʜʘʥʳʣʜʳץ

INCA Energy ʞʘʙʜʳץʪʘʣסʘʥ, ʦʣ ʜᴅʥʥʽש ʨʘʜʠʫʩʳ ʙʦʡʳʥʰʘ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʪʘʫץʨʘʤʳʥ 1ï2 ʤʢʤ ʜᴅʣʜʽʢʪʝ ʘʥʳײץ

 

2.2.6 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ  

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ (ʊɻ) ð ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ װʣʛʽ 

ʤʘʩʩʘʩʳʥʳש ᴇʟʛʝʨʫʽ ʞʘʟʳʣʘʪʳʥ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʽ. ʊʘʣʜʘʫ ᴅʜʽʩʽ ʟʘʪʪʳש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝ ʦʥʳש ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʩʽʥʽש ʤʘʩʩʘʩʳʥ ʙʘץʳʣʘʫʜʘʥ 

ʪײʨʘʜʳ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʩʽ ʊɻ ץʠʩʳץʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ï װʣʛʽ ʩʘʣʤʘסʳʥʳש 

(ʥʝʤʝʩʝ װʣʛʽ ʩʘʣʤʘסʳʥʳש ᴇʟʛʝʨʫʽʥʽש) ʪʝʤʧʝʨʘʪʫʨʘסʘ ʥʝʤʝʩʝ ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽʣʽʛʽ. 

ʊɻ ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʪװʩʽʥʜʽʨʫ װʰʽʥ ʊɻ ץʠʩʳץʪʘʨʳʥ ᴇשʜʝʫ ץʘʞʝʪ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ɼʊɻ ץʠʩʳסʳʤʝʥ 

ʙʝʨʽʣʛʝʥ ʊɻ ʩʠʛʥʘʣʳʥʳש ʪʫʳʥʜʳʩʳ (ʤʘʩʩʘʥʳש ᴇʟʛʝʨʫ ʞʳʣʜʘʤʜʳסʳ) ʩʘʣʤʘץʪʳש 

ᴇʟʛʝʨʫʽ ʝש ʞʳʣʜʘʤ ʙʦʣʘʪʳʥ ʫʘץʳʪ ʥʝʤʝʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥװʢʪʝʩʽʥ ʦʨʥʘʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʰʽʥװ ʪʘʫץʜʝʫ ʰʘʨʪʪʘʨʳʥ ʘʥʳשʣʛʽʣʝʨʜʽ ʪʝʨʤʦᴇװ ʡʜʽʨʽʣʛʝʥװʞᴅʥʝ ʢ ץʘסʨײפ

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ץʦʣʜʘʥʳʣʜʳ. ɹʘʩʪʘʧץʳ װʣʛʽʣʝʨ 

ʘʫʘ ʘסʳʥʳʥʜʘ ʪʘʣʜʘʥʜʳ ʞᴅʥʝ ʘʨʛʦʥ ʤʝʥ ʩʫʪʝʛʽ ץʦʩʧʘʩʳʥʳ40 ש ʤʣ/ʤʠʥ ʘסʳʥʳʥʜʘ 
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ʪʠʽʩʽʥʰʝ 10 ʛʨʘʜ/ʤʠʥ ʞᴅʥʝ 5 ʛʨʘʜ/ʤʠʥ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫʣʝʨ Netzsch STA-409 ʪʝʨʤʦʛʨʘʬʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ױʥʪʘװ ץʣʛʽʩʽʥʽש ʤᴇʣʰʝʨʽ 

ʰʘʤʘʤʝʥ 100 ʤʛ ʙʦʣʜʳ. תʣʛʽʣʝʨʜʽש ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫʳ Pt-Ir 

ʪʠʛʝʣʴʜʝʨʽ ʘʨץʳʣʳ 50-ʜʝʥ 900 ÁC-ץʘ ʜʝʡʽʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ 

ʞװʨʛʽʟʽʣʜʽ (ʩʫʨʝʪ 18). ʕʢʩʧʝʨʠʤʝʥʪ ʅʦʚʦʩʠʙʠʨʩʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש 

 ʢᴇʤʝʛʽʤʝʥ שʢʘʥʜʠʜʘʪʳ ʖ. ʅ.ɹʝʩʧʘʣʢʦʥʳ שʳʣʳʤʜʘʨʳʥʳס ʳʟʤʝʪʢʝʨʽ, ʭʠʤʠʷץ

ʞװʟʝʛʝ ʘʩʪʳ. 

 

 
 

ʉʫʨʝʪ 18 - Netzsch STA-409 ʪʝʨʤʦʛʨʘʬʳ 

 

2.3 ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʠʥʪʝʪʠʢʘʣʳץ ʩʧʠʨʪʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫ װʰʽʥ 

 ʢʘʪʘʣʠʟʜʽʢ שʣʛʽʣʝʨʜʽװ ʨʘʤʜʳײץ-ʨʳʣʳʤʜʳ ʉʦײץ ʦʣʜʘʥʳʣʘʪʳʥ ʧʝʨʦʚʩʢʠʪץ

 ʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫץ

 ʨʛʽʟʫװʨʳʣʳʤʳ ʞᴅʥʝ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʽ ʞײץ ʞʘʣʧʳ שʳʥʳסʦʥʜʳʨפ 2.3.1

ʪᴅʨʪʽʙʽ 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʉʦ-ײץʨʘʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʢʘʪʘʣʠʟʜʽʢ 

ʟʝʨʪʪʝʫʜʝʥ ᴇʪʢʽʟʫ װʰʽʥ ʈʝʩʝʡ נʳʣʳʤ ɸʢʘʜʝʤʠʷʩʳʥʳש ʉʽʙʽʨ ʙᴇʣʽʤʽʥʽש ɻ.ʂ. 

ɹʦʨʝʩʢʦʚ ʘʪʳʥʜʘסʳ ʂʘʪʘʣʠʟ ʠʥʩʪʠʪʫʪʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥ 

ʞװʨʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʟʝʨʪʭʘʥʘʣʳץ ʢʘʪʘʣʠʟʜʽʢ ץʦʥʜʳʨסʳʜʘ 210-300 ÁC ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʠʘʧʘʟʦʥʳʥʜʘ, ץʳʩʳʤʜʘ 2 ʤʇʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʂʘʪʘʣʠʟʜʽʢ ץʦʥʜʳʨסʳʥʳש  

ʞʘʣʧʳ ʩʳʟʙʘ-ʥײʩץʘʩʳ 19-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ɹʘʣʣʦʥʜʘʨʜʘʥ ץʦʥʜʳʨסʳסʘ ʢʝʣʝʩʽ ʛʘʟʜʘʨ ʙʝʨʽʣʝʜʽ: 

1. ɹʘʩʪʘʧץʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʩ r (ɹʈפ) H2/CO/N2 = 6/3/1, 

ʧʠʨʦʣʶʟʠʪʧʝʥ ʪʦʣʪʳʨʳʣסʘʥ (MnO2, ʦʪʪʝʛʽ ʽʟʽʥʝʥ ʪʘʟʘʨʪʫ) ʞᴅʥʝ ʮʝʦʣʠʪ NaA (ʉʆ2-

ʜʝʥ ʪʘʟʘʨʪʫ) K1 ʞᴅʥʝ K2 ʙʘסʘʥʜʘʨʳʥʜʘ ʪʘʟʘʨʪʳʣʘʜʳ, ʩʦʥʜʘʡ-ʘץ  ʤʘʡ ʽʟʜʝʨʽʥʝʥ 

ʪʘʟʘʨʪʫʰʳ ʇʝʪʨʴʷʥʦʚ ʌ1 ʩװʟʛʽʩʽʥʝʥ ᴇʪʝʜʽ. 

2. ʂ5 (ʦʪʪʝʛʽʥʝʥ ʪʘʟʘʨʪʫ װʰʽʥ NiCr ʢʘʪʘʣʠʟʘʪʦʨʳ) ʞᴅʥʝ ʂ6 (ʩʫ ʙʫʳʥʘʥ 

ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ ʩʠʣʠʢʘʛʝʣʴ) ʢʦʣʦʥʥʘʣʘʨʳʥʜʘ ʞᴅʥʝ ʇʝʪʨʴʷʥʦʚ ʩװʟʛʽʩʽʥʜʝ ʤʘʡ 

ʽʟʽʥʝʥ ʪʘʟʘʨʪʳʣסʘʥ ʩʫʪʝʛʽ ʙʽʨʥʝʰʝ ʙʘסʳʪʪʘ ץʦʣʜʘʥʳʣʘʜʳ: ɸʈ4 ʘסʳʥʜʳ ʨʝʪʪʝʫʰʽ 

ʘʨץʳʣʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʩʫʪʝʛʽʤʝʥ ʙʝʣʩʝʥʜʽʨʫ ʞᴅʥʝ ʎʚʝʪ-530 ʞᴅʥʝ ʎʚʝʪ-560 

ʭʨʦʤʘʪʦʛʨʘʬʪʘʨʳʥʳש ʞʘʣʳʥʜ  rʠʦʥʠʟʘʮʠʷʣʳץ ʜʝʪʝʢʪʦʨʳʥʳש  ʧʘʡʜʘʣʘʥʫ װʰʽʥ. 

3. ʂ3 ʢʦʣʦʥʥʘʩʳʥʜʘ (ʦʪʪʝʛʽʥʝʥ ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ NiCr ʢʘʪʘʣʠʟʘʪʦʨʳ) 

ʞᴅʥʝ ʂ6 (ʩʫ ʙʫʳʥʘʥ ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ ʩʠʣʠʢʘʛʝʣʴ) ʞᴅʥʝ ʇʝʪʨʴʷʥʦʚ ʩװʟʛʽʩʽʥʜʝ 

ʤʘʡ ʽʟʽʥʝʥ ʪʘʟʘʨʪʳʣסʘʥ ʘʨʛʦʥ ʙʘʨʣʳץ ʭʨʦʤʘʪʦʛʨʘʬʪʘʨʜʘ ʪʘʩʳʤʘʣʜʘʫʰʳ ʛʘʟ 

ʨʝʪʽʥʜʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʨʝʘʢʪʦʨ ʤʝʥ ʘʢʪʠʚʘʪʦʨʜʘ ʠʥʝʨʪʪʽ ʛʘʟ ʨʝʪʽʥʜʝ 

 .ʦʣʜʘʥʳʣʘʜʳץ

4. ʎʚʝʪ-530 ʞᴅʥʝ ʎʚʝʪ-560 ʭʨʦʤʘʪʦʛʨʘʬʪʘʨʳʥʳש ʞʘʣʳʥʜʳ 

ʠʦʥʠʟʘʮʠʷʣʳץ ʜʝʪʝʢʪʦʨʳʥʜʘ ʞײʤʳʩʳ װʰʽʥ ʘʫʘ ʙʝʨʽʣʝʜʽ. 

ɹʈפ ʨʝʘʢʪʦʨסʘ ʙʝʨʽʣʫʽ ץʘʞʝʪʪʽ ʘסʳʥ ʞʳʣʜʘʤʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ɻɸʈ1 (1-

9 ʣ/ʩʘס) ʞᴅʥʝ ɻɸʈ2 (12-250 ʣ/ʩʘס) ʛʘʟ ʘסʳʥʳʥʳש ʨʝʪʪʝʛʽʰʪʝʨʽ ʘʨץʳʣʳ ʨʝʪʪʝʣʜʽ. 

ʉʫʪʝʛʽ ʞᴅʥʝ ʘʨʛʦʥ ʩʠʷץʪʳ ʛʘʟʜʘʨʜʳש ʰʳסʳʥʳʥ ʨʝʪʪʝʫ ɸP1-ɸP5 ʘסʳʥ 

ʨʝʪʪʝʛʽʰʪʝʨʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽ ʙʝʣʩʝʥʜʽʨʫ ʞᴅʥʝ ʟʝʨʪʪʝʫʜʝʥ ᴇʪʢʽʟʫ ʘסʳʥʜʳ ʪװʪʽʢʪʽ 

ʙʦʣʘʪ ʨʝʘʢʪʦʨʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ (ʩʫʨʝʪ 19). ʈʝʘʢʪʦʨʜʳש ʽʰʢʽ ʜʠʘʤʝʪʨʽ 16 ʤʤ, 

ʢʘʪʘʣʠʟʘʪʦʨ ץʘʙʘʪʳʥʳש ʙʠʽʢʪʽʛʽ 50-70 ʤʤ ʙʦʣʜʳ.  

ʈʝʘʢʮʠʷʥʳ ʢʠʥʝʪʠʢʘʣʳץ ʨʝʞʠʤʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 0,14-0,25 ʤʤ 

ʬʨʘʢʮʠʷʩʳ ʙʘʨ ײʥʪʘץ ʪװʨʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʀʟʦʪʝʨʤʠʷʣʳץ 

 ʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨ ʢʚʘʨʮʧʝʥ (0,14-0,25 ʤʤ ʬʨʘʢʮʠʷ) 1:1װ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʘʙʘʪʪʳץ

ʢᴇʣʝʤʜʽʢ ץʘʪʳʥʘʩʪʘ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. 
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ʉʫʨʝʪ 19 - ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥ ʞװʨʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʢʘʪʘʣʠʟʜʽʢ ץʦʥʜʳʨסʳʥʳש ʞʘʣʧʳ ʩʭʝʤʘʩʳ
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ʐʘʨʪʪʳ ʙʝʣʛʽʣʝʨ: ʈ ï ʙʘʣʦʥʜʳ ʨʝʜʫʢʪʦʨ; ʌ1-ʌ4 ïʇʝʪʨʷʥʦʚ ʬʠʣʴʪʨʽ; ɾפɻʊ ï 

ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʛʘʟ ʪײʨʘץʪʘʥʜʳʨסʳʰʳ; ɻפʈ ï Tescom ʛʘʟ ץʳʩʳʤʳʥ ʨʝʪʪʝʛʽʰ 

çᴇʟʽʥʝ ʜʝʡʽʥè; ɹ ïʘʨʛʦʥʜʳ ʙʘʣʣʦʥ; ɹʅ ïʩʫʪʝʢʪʽ ʙʘʣʣʦʥ; ɹʈפ ï ʙʘʩʪʘʧץʳ 

ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘ (ʛʘʟ ץʦʩʧʘʩʳ); ʉʈפ ï ʩʦסשʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʩʳ (ʙʫ-ʛʘʟ 

 ʦʩʧʘʩʳ); ɾʇ1-ɾʇ35 ï ʞʘʙʫ ʢʣʘʧʘʥʳ; ʈɺ1-ʈɺ2 ï ʨʝʪʪʝʛʽʰ ʚʝʥʪʠʣʴ; ʄʐ - ʝʢʽץ

ʞʘץʪʳ ʘʣʪʳ ʧʦʨʪʪʳ ʤᴇʣʰʝʨʣʝʫ ʰװʤʝʛʽ; ʂ1-ʂ7 ï ʙʘʣʣʦʥʜʳץ ʛʘʟ ʪʘʟʘʨʪץʳʰ; ɻʊʄ 

ï ʛʘʟ ʪʘʟʘʣʘʫ ʤʦʜʫʣʽ; ɻʊפ ï ʛʘʟ ʪʘʟʘʣʘʫ ץʦʥʜʳʨסʳʩʳ; ʄ1, ʄ2 ï ץʳʩʳʤʜʳ ᴇʣʰʝʫ 

ʪװʨʣʝʥʜʽʨʛʽʰʽ; ʄ3 ï ʤʘʥʦʤʝʪʨ; פᴆ ï ץʳʩʳʤ ʘʡʳʨʤʘʩʳʥʳש ᴇʣʰʝʫʽʰʽ; ʊ1-ʊ3 ï 

ʰʢʘʬ/ ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʙʘʩץʘʨʳʣʘʪʳʥ ʞʳʣʳʪץʳʰ; ɻɸʈ1 ʠ ɻɸʈ2 ï Bronkhorst 

EL-FLOV ʩʝʨʠʷʣʳ ʛʘʟ ʘסʳʥʳʥʳש ʨʝʪʪʝʛʽʰʽ; ɸʈ1-ɸʈ6 ï ʛʘʟ ʘסʳʥʳʥʳש ʨʝʪʪʝʛʽʰʽ; 

 ʳʰ; ɹʈ ï ʙʝʣʩʝʥʜʽʨʫ ʨʝʘʢʪʦʨʳ; ʈ ïסʘʫʽʧʩʽʟʜʽʢ ʢʣʘʧʘʥʳ; ɸ- ʘʨʘʣʘʩʪʳʨץ ʂ ïפ

ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʪʦʨ; ʉʝʧ1-ʉʝʧ2 ï ʩʝʧʝʨʘʪʦʨ; ʐʊ1-ʐʊ3 ï ʰʳʥʳ ʪײʟʘץ; ᴄʊʈ ï 

ʊʝʨʤʦʜʘʪ ʰʳסʘʨסʘʥ ᴅʤʙʝʙʘʧ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʪʪʝʛʽʰʽ; ʂʊʇ1 ʠ ʂʊʇ-2 ï 

ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʪװʨʣʝʥʜʽʨʛʽʰ ʧʝʰʽ UKT-38; ɼʂ ï ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨ; 

ʍʨ-ʬ1 ï ʛʘʟʜʳ ʭʨʦʤʘʪʦʛʨʘʬ ʎʚʝʪ-530; ʍʨ-ʬ2 ï ʭʨʦʤʘʪʦʛʨʘʬ ʃʍʄ-8ʄɼ; ʍʨ-ʬ3-

ʭʨʦʤʘʪʦʛʨʘʬ ʎʚʝʪ-560; 7פ-1פ ï ʪᴇʨʪʪʽʢ ץʦʩץʳʰ; 6פת-1פת ï װʰʪʽʢ ץʦʩץʳʰ. 

ʈʝʘʢʮʠʷʣʳץ ץʦʩʧʘ ʨʝʘʢʪʦʨסʘ ʪᴇʤʝʥʥʝʥ ʞʦסʘʨʳסʘ ץʘʨʘʡ ʙʝʨʽʣʝʜʽ. 

ʂʘʪʘʣʠʟʘʪʦʨʜʳ ʨʝʘʢʪʦʨסʘ ʦʨʥʘʣʘʩʪʳʨסʘʥʥʘʥ ʢʝʡʽʥ ʪʝʨʤʦʧʘʨʘ ʨʝʘʢʪʦʨ ץʘʣʪʘʩʳʥʘ 

ʦʨʥʘʪʳʣʘʜʳ, ʦʩʳʣʘʡʰʘ ʪʝʨʤʦʧʘʨʘʥʳײ שʰ rʢʘʪʘʣʠʟʘʪʦʨ ץʘʙʘʪʳʥʳש ʦʨʪʘʩʳʥʜʘ 

ʙʦʣʫʳ ץʘʞʝʪ (ʩʫʨʝʪ 20). 

 

 
 

ʉʫʨʝʪ 20 - ʌʊʉ ʧʨʦʮʝʩʽʥʜʝ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʘסʳʥʜʳ ʪװʪʽʢʪʽ 

ʨʝʘʢʪʦʨʜʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 
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ʍʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʞװʡʝʩʽ װʰ ʭʨʦʤʘʪʦʛʨʘʬʪʘʥ ʪײʨʘʜʳ: ʃʍʄ-8ʄɼ, 

ʎʚʝʪ-530 ʞᴅʥʝ ʎʚʝʪ-560. ɹʘʨʣʳץ ʭʨʦʤʘʪʦʛʨʘʬʪʘʨʜʘʥ ʘʣʳʥסʘʥ ʘʥʘʣʠʪʠʢʘʣʳץ 

ʜʝʨʝʢʪʝʨ çɻʝʧʘʨʜè ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʝ ʞʠʥʘʣʜʳ 

ʞᴅʥʝ ᴇשʜʝʣʜʽ. 

ʈʝʘʢʪʦʨʜʳש ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩʳʥʜʘסʳ (ɹʈפ ʞᴅʥʝ ʉʈפ) ʨʝʘʢʮʠʷʣʳץ 

 ʰʽʥ 0,25-0,5 ʤʤװ ʨʘʤʳʥ ʪʘʣʜʘʫײץ ʳ ʅ2, ʉʆ, N2, ʉʅ4 ʞᴅʥʝ ʉʆ2סʦʩʧʘʣʘʨʜʘץ

ʬʨʘʢʮʠʷʩʳʥʜʘסʳ ʉʂʊ ʤʘʨʢʘʣʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʪʦʣʪʳʨʳʣסʘʥ ʃʍʄ-8Mɼ 

ʭʨʦʤʘʪʦʛʨʘʬʳ ץʦʣʜʘʥʳʣʜʳ, ʢʦʣʦʥʢʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 90 Áʉ ײץʨʘʜʳ. ʉʳʥʘʤʘʥʳ 

ʙʝʨʫ װʰʽʥ ʞײʤʳʩ ʢᴇʣʝʤʽ 0,51 ʤʣ ʘʣʪʳ ʙʘסʳʪʪʳ ʩʳʥʘʤʘ ʘʣʫ ʢʣʘʧʘʥʳ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ɾʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ (ʉ2-ʉ8) ʪʘʣʜʘʫ ʞʘʣʳʥʜʳ ʠʦʥʠʟʘʮʠʷʣʳץ ʜʝʪʝʢʪʦʨʳ 

ʞᴅʥʝ ʢʘʧʠʣʣʷʨʣʳץ ʢʚʘʨʮ ʢʦʣʦʥʢʘʩʳ (ײʟʳʥʜʳסʳ 25 ʤ, ʜʠʘʤʝʪʨʽ 0,25 ʤʤ, 

 ʘסʨʛʽʟʽʣʜʽ. ɻʘʟʜʘʨװʘʣʤʘʡʪʳʥ ʬʘʟʘ ʉʕ-54) ʙʘʨ ʎʚʝʪ-530 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ  ʞסʦʟץ

ʪʘʣʜʘʫ ᴅʨ 2 ʩʘסʘʪ ʩʘʡʳʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ᴄʨʙʽʨ ᴇʥʽʤʥʽש ʤᴇʣʰʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʧʘʡʳʟʙʝʥ ʢᴇʨʩʝʪʽʣʜʽ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʩʝʧʘʨʘʪʦʨʣʘʨʜʘ ʞʠʥʘʣסʘʥ ʩʧʠʨʪʪʝʨ ʤʝʥ 

ʩײʡʳץ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ ʉ9+, ʩʦʥʜʘʡ-ʘץ ʨʝʘʢʪʦʨ ʢᴇʣʝʤʽʥʜʝ ʞʠʥʘʣסʘʥ ʞᴅʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʘʥ ʛʝʢʩʘʥʤʝʥ ʵʢʩʪʨʘʢʮʠʷʣʘʥסʘʥ ʩײʡʳץ ʞᴅʥʝ ץʘʪʪʳ ᴇʥʽʤʜʝʨ (ʉ9+) 

ʞʘʣʳʥʜʳ ʠʦʥʠʟʘʮʠʷʣʳץ ʜʝʪʝʢʪʦʨʳ ʞᴅʥʝ ʢʘʧʠʣʣʷʨʣʳץ ʢʚʘʨʮ ʢʦʣʦʥʢʘʩʳ ʙʘʨ 

 ʎʚʝʪ-560 (ʘʣʤʘʡʪʳʥ ʬʘʟʘ ʉʕ-54סʦʟץ ,ʳ 25 ʤ, ʜʠʘʤʝʪʨʽ 0,25 ʤʤסʟʳʥʜʳײ)

ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ ʪʘʣʜʘʥʜʳ. ʉʦʥʜʘʡ-ʘץ ʢᴇʤʽʨʩʫʪʝʢ ʪʽʟʙʝʛʽʥʽײ שʟʳʥʜʳסʳ 16-ʜʘʥ 

25-ʢʝ ʜʝʡʽʥ ʢᴇʤʽʨʪʝʛʽ ʘʪʦʤʜʘʨʳ ʙʘʨ ᴇʥʽʤʜʝʨʜʽש ʙʽʨ ʙᴇʣʽʛʽ ʨʝʘʢʪʦʨ ʤʝʥ 

ʩʝʧʘʨʘʪʦʨʜʳ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʛʘʟ ײץʙʳʨʣʘʨʳʥʳץ שʘʙʳʨסʘʣʘʨʳʥʜʘ 

ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʪʳʥʳʥ (ʥʝʤʝʩʝ ʘʜʩʦʨʙʮʠʷʣʘʥʘʪʳʥʳʥ) ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. 

 ץʘʨʘʩʪʳʨʘʜʳ, ʙʽʨʘץ ʤʢʽʥʜʽʛʽʥװʩʳʟʙʘʩʳ ʞʝʣʽʣʝʨʜʽ ʞʳʣʳʪʫ ʤ שʳʥʳסʦʥʜʳʨפ

ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢʝʡʽʥ ץʦʥʜʳʨסʳʥʳ ʛʝʢʩʘʥʤʝʥ ʞʫסʘʥ ʢʝʟʜʝ ʦʩʳ ʜʠʘʧʘʟʦʥʜʘ 

ʘʡʪʘʨʣʳץʪʘʡ ʤᴇʣʰʝʨʜʝ ᴇʥʽʤʜʝʨ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ɹʘʨʣʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 

 ʣʛʽʣʝʨʜʽת .ʘʥ ᴇʥʽʤʜʝʨ ʪʘʣʜʘʥʜʳסʡʝʩʽʥʝʥ ʛʝʢʩʘʥʤʝʥ ʞʫʳʣװʰʽʥ ʨʝʘʢʮʠʷ ʞװ

ʙʫʣʘʥʜʳʨסʳʰץʘ ʘʥʘʣʠʪʠʢʘʣʳץ ʰʧʨʠʮ ʢᴇʤʝʛʽʤʝʥ ʝʥʛʽʟʝʜʽ, ʙʫʣʘʥʜʳʨסʳʰʪʳש 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ 320Áʉ-ʪʳ ײץʨʘʡʜʳ. ɽʥʛʽʟʽʣʛʝʥ װʣʛʽʥʽש ʢᴇʣʝʤʽ 0,4 ʤʢʣ. 

ʍʨʦʤʘʪʦʛʨʘʤʤʘʣʘʨʜʳ ʝʩʝʧʪʝʫ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ װʰʽʥ ʢʝʩʪʝʣʽʢ ʢʘʣʠʙʨʣʝʫ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʽʰʢʽ ʥʦʨʤʘʣʘʫ ᴅʜʽʩʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ [151]. 

ᴄʨʙʽʨ ᴇʥʽʤʥʽש ʤᴇʣʰʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʧʘʡʳʟʙʝʥ ʙʝʨʽʣʜʽ. 

ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʘʣʜʳʥʜʘ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʤʠʥʫʪʳʥʘ 2 ʛʨʘʜʫʩ 

ʞʳʣʜʘʤʜʳץʧʝʥ 480Áʉ-ץʘ ʜʝʡʽʥ ʙʘʷʫ ץʳʟʜʳʨʫ ʞᴅʥʝ ʠʟʦʪʝʨʤʠʷʣʳץ ʨʝʞʠʤʜʝ 2 

ʩʘסʘʪ ײʩʪʘʫ ʘʨץʳʣʳ ʩʫʪʝʛʽʜʝ ʙʝʣʩʝʥʜʽʨʽʣʜʽ. ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ 

ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳ ʙʽʨʪʽʥʜʝʧ ʙײʟʳʣʘʜʳ (ʉʦįϕ Ÿ ʉʦĮϕ Ÿ ʉʦϊ), ʥᴅʪʠʞʝʩʽʥʜʝ 
ʣʘʥʪʘʥ ʦʢʩʠʜʪʽ ʪʘʩʳʤʘʣʜʘסʳʰ ʙʝʪʽʥʜʝ ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽ ʢʦʙʘʣʴʪ ʪװʟʽʣʝʜʽ. 

ʉʪʘʥʜʘʨʪʪʳ CoAl װʣʛʽʩʽ (ʘʣʶʤʠʥʠʡʽ ʦʢʩʠʜʪʽ ʪʘʩʳʤʘʣʜʘסʳʰ) ʰʧʠʥʝʣʴ 

 ʜʘʡʣʘʨʜʘסʩʘʩ ʞʘץײ ʩʳʟʜʘʥʜʳʨʫ 520 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘץʨʳʣʳʤʜʳ, ʦʥʳ ʪʦʪʳײץ

ʞװʨʛʽʟʽʣʝʜʽ. ʄʘʢʩʠʤʘʣʜʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ 

ʜʝʨʝʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʪʘשʜʘʣʜʳ ʞᴅʥʝ ʢʦʙʘʣʴʪʪʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʳש ʝʢʽʥʰʽ 

ʢʝʟʝשʽʥʽש ʙʘʩʪʘʧץʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʜʽ (Co2+ Ÿ Co0). ʉʫʪʝʛʽʥʽש 

ʢᴇʣʝʤʜʽʢ ʞʳʣʜʘʤʜʳסʳ 3 ʣ/ʩʘסĬʛʢʘʪ.  
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ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʢʝʣʝʩʽ ʰʘʨʪʪʘʨʜʘ 

ʞװʨʛʽʟʽʣʜʽ: ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 210 ÁC, 240 ÁC ʞᴅʥʝ 300 ÁC, ץʳʩʳʤ 2 ʄʇʘ. 

ɹʘʩʪʘʧץʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʥʳײץ שʨʘʤʳ H2/CO/N2 = 6/3/1. ʊᴅʞʽʨʠʙʝ ʙʘʨʳʩʳʥʜʘ 

ʢʝʣʝʩʽ ʛʘʟʜʘʨ ʧʘʡʜʘʣʘʥʳʣʜʳ: Ar (2-ʰʽ ʩʘʥʘʪ, Ar ï 99,987%, ʆ2 ï 0,002%, ʄʝʤʉʊ 

10157-2016), ʅ2 (ɸ ʩʘʥʘʪʳ, ʅ2 99,99%, ʘʫʘ 0,01% ʢʝʤ, ʄʝʤʉʊ 3022-80), ʉʆ 

(çʪʘʟʘè, ʉʆ 98,50% ʞʦסʘʨʳ, ʆ2 0,05% ʪᴇʤʝʥ. Tʋ 6-02-7-101-86), N2 (çʘʩʘ ʪʘʟʘè, 

2-ʰʽ ʩʘʥʘʪ, N2 99,95%-ʜʘʥ ʞʦסʘʨʳ, O2 0,05%-ʜʘʥ ʘʟ, ʄʝʤʉʊ 9293-73), ʩʦʥʜʘʡ-ʘץ 

çɺè ʜᴅʨʝʞʝʣʽ He (ʪʘʟʘʣʳס-99,99% ץʘ ʜʝʡʽʥ, ʊʋ 0271-135-31323949-2005). 

H2/CO/N2 ʪײʨʘʪʳʥ ʛʘʟ ץʦʩʧʘʩʳ ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʣʳʧ, ʙᴇʣʝʢ ʙʦʣʘʪ ʙʘʣʣʦʥʜʘ 

ʩʘץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʙʘʨʳʩʳʥʜʘ ʙʘʨʣʳץ ʛʘʟʜʘʨ ʤʝʥ ʛʘʟ ץʦʩʧʘʣʘʨʳ ʤʽʥʜʝʪʪʽ 

ʪװʨʜʝ ʘʣʜʳʥ ʘʣʘ ʪʘʟʘʨʪʫʜʘʥ ᴇʪʢʽʟʽʣʜʽ:  

1. ʆʪʪʝʛʽ ץʦʩʧʘʣʘʨʳʥ ʽʨʽʢʪʝʧ ʩʦʨʙʮʠʷʣʘʫ װʰʽʥ ʥʠʢʝʣʴ-ʭʨʦʤ ʩʦʨʙʝʥʪ 

ʤʘʪʝʨʠʘʣʳ ʧʘʡʜʘʣʘʥʳʣʜʳ;  

2. ʉʫ ʙʫʳʥ ʩʽשʽʨʫ װʰʽʥ ʩʠʣʠʢʘʛʝʣʴ ץʦʣʜʘʥʳʣʜʳ;  

3. ʉʆ2 ץʦʩʧʘʣʘʨʳʥ ʞʦʶ װʰʽʥ ʮʝʦʣʠʪ NaX ʧʘʡʜʘʣʘʥʳʣʜʳ;  

4. ʄʘʡ ʙʫʣʘʨʳ ʘʨʥʘʡʳ ʩװʟʛʽ ʢᴇʤʝʛʽʤʝʥ ʩװʟʽʣʜʽ. 

ɹʘʩʪʘʧץʳ ʛʘʟ ץʦʩʧʘʩʳ (ʅ2, CO ʞᴅʥʝ N2 ï ʽʰʢʽ ʩʪʘʥʜʘʨʪ) ʞᴅʥʝ ʨʝʘʢʪʦʨʜʘʥ 

ʢʝʡʽʥʛʽ ʛʘʟ ץʦʩʧʘʣʘʨʳʥ ʪʘʣʜʘʫ (ʩʦʥʳש ʽʰʽʥʜʝ ʅ2, CO, N2, CO2, CH4) ʃʍʄ-8ʄɼ 

ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ (ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʜʝʪʝʢʪʦʨʳ) ʞװʨʛʽʟʽʣʜʽ. ɾʝשʽʣ (ʉ2ïʉ8) ʞᴅʥʝ 

ʘʫʳʨ (ʉ9+) ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽײץ שʨʘʤʳ, ʩʦʥʜʘʡ-ʘץ ʩʫʣʳ-ʩʧʠʨʪ ʬʘʟʘʩʳ ʎʚʝʪ-530 

ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ (ʞʘʣʳʥʜʳ ʠʦʥʠʟʘʮʠʷʣʳץ ʜʝʪʝʢʪʦʨ) ʞᴅʥʝ ʎʚʝʪ-560ʄ (ʩʦʥʜʘʡ-

ʘץ ʞʘʣʳʥʜʳ ʠʦʥʠʟʘʮʠʷʣʳץ ʜʝʪʝʢʪʦʨʳ ʙʘʨ) ײץʨʳʣסʳʣʘʨʳʥʜʘ ʘʥʳץʪʘʣʜʳ. 

 ɿʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʪװʡʽʨʰʽʢ ʤᴇʣʰʝʨʽ 0,14-ʪʝʥ 0,25 ʤʤ-ʛʝ ʜʝʡʽʥʛʽ 

 ʡʽʨʰʽʢװʢʪʝʫ ʘʣʜʳʥʜʘ ʩʳʥʘʤʘ ʬʨʘʢʮʠʷʩʳ ʪװʘ ʞסʣʛʽʣʝʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʈʝʘʢʪʦʨװ

ʤᴇʣʰʝʨʽ ʙʽʨʜʝʡ ʢʚʘʨʮʪʳץײ שʩʘʩ ʢᴇʣʝʤʜʽʢ ʤᴇʣʰʝʨʽʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣʳʧ ʘʣʳʥʜʳ. 

ɿʝʨʪʪʝʫ ʞװʨʛʽʟʫ ʘʣʜʳʥʜʘ װʣʛʽʣʝʨ ʩʫʪʝʛʽ ʘסʳʥʳʥʜʘ (2ÁC/ʤʠʥ) 500ÁC 

ʪʝʤʧʝʨʘסʘ ʜʝʡʽʥ ץʳʟʜʳʨʫ ʘʨץʳʣʳ ʙʝʣʩʝʥʜʽʨʽʣʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ װʣʛʽʣʝʨ 2 ʩʘסʘʪ ʙʦʡʳ 

ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ײʩʪʘʣʜʳ. ʊʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ɼʊʊ ᴅʜʽʩʽʤʝʥ 

ʘʥʳץʪʘʣסʘʥ ʢʦʙʘʣʴʪ ʠʦʥʜʘʨʳʥʳש Co2+ ʤʝʪʘʣʜʳץ Co0-סʘ ʜʝʡʽʥ ʪʦʪʳץʩʳʟʜʘʥʫʳʥʳש 

ʩʦסשʳ ʢʝʟʝשʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʜʽ. ʊʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ װʣʛʽʣʝʨ ʩʫʪʝʛʽ 

ʘסʳʥʳʥʜʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʩʫʪʝʢ 

ʘʨʛʦʥʤʝʥ ʘʫʳʩʪʳʨʳʣʜʳ. תʣʛʽʣʝʨ ʘʨʛʦʥ ʘסʳʥʳʥʜʘ 5Áʉ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 180Áʉ 

ʜʝʡʽʥ ץʳʟʜʳʨʳʣʜʳ, ʦʜʘʥ ʢʝʡʽʥ ʘʨʛʦʥ H2/CO/N2 ʞײʤʳʩʰʳ ʛʘʟ ץʦʩʧʘʩʳʤʝʥ 

ʘʫʳʩʪʳʨʳʣʜʳ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʝʣʛʽʣʝʥʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ (210ÁC, 240ÁC ʞᴅʥʝ 

300ÁC) ץʳʟʜʳʨʳʣʜʳ ʞᴅʥʝ ץʳʩʳʤ 2 ʄʇʘ-סʘ ʢʝʣʪʽʨʽʣʜʽ. ᴄʨʙʽʨ װʣʛʽ װʰʽʥ ʙʽʨ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ ʙʽʨ ʢװʥ ʙʦʡʳ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʢʝʤʽʥʜʝ 8 

ʩʘסʘʪץʘ ʩʦʟʳʣʜʳ. ɻʘʟ ʬʘʟʘʩʳʥʳײץ שʨʘʤʳ (CO, CO2, H2, CH4 ʞᴅʥʝ C2ïC8 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨ) ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ץʳʩʳʤ (2 ʄʇʘ) ʙʝʣʛʽʣʝʥʛʝʥʥʝʥ ʢʝʡʽʥ 2 ʩʘסʘʪʪʘʥ 

ʢʝʡʽʥ, ᴅʨ 15ï60 ʤʠʥʫʪ ʩʘʡʳʥ ʪʘʣʜʘʥʜʳ.  

ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʥʳש ʩʪʘʮʠʦʥʘʨʣʳץ ʢװʡʽ ʨʝʘʢʮʠʷ ʰʘʨʪʪʘʨʳʥʘ  

ʙʘʡʣʘʥʳʩʪʳ 3ï4 ʩʘסʘʪ ʽʰʽʥʜʝ ץʘʣʳʧʪʘʩʪʳ. ᴄʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʟʝʨʪʪʝʫ 

ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʩʫ-ʩʧʠʨʪ ץʦʩʧʘʩʳ ʤʝʥ C5+ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥ ץʘʤʪʠʪʳʥ ʩײʡʳץ 

ʬʘʟʘʥʳש ʪʘʣʜʘʫʳ ʞװʨʛʽʟʽʣʜʽ, ʦʥʳש ʥʝʛʽʟʽʥʜʝ ʢᴇʤʽʨʪʝʢ ʙʘʣʘʥʩʳ ʝʩʝʧʪʝʣʜʽ. ɻʘʟʜʳש 

ʢᴇʣʝʤʜʽʢ ʞʳʣʜʘʤʜʳסʳ (GHSV) CO-ʥʳש ʘʡʥʘʣʫ ʜᴅʨʝʞʝʩʽ 15ï25 % ʘʨʘʣʳסʳʥʜʘ 
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ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʪʘשʜʘʣʜʳ. ɸʣʳʥסʘʥ ʤᴅʥ ʨʝʘʢʮʠʷʥʳש ʰʘʤʘʜʘʥ ʪʳʩ ʪʝʨʝשʜʽʛʽʥ 

ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ, ᴅʨʽ ʙʘʨʣʳװ ץʣʛʽʣʝʨ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʪײʨʘץʪʳ ʙʦʣʜʳ, 

ʰʘʤʘʤʝʥ ʙʽʨʜʝʡ HϜ/CO ʩʦסשʳ ʤʦʣʴʜʽʢ ץʘʪʳʥʘʩʳ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. CO ʢʦʥʚʝʨʩʠʷʩʳʥʳש ʘʨʪʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʩʫ ʙʫʳʥʳש ʤᴇʣʰʝʨʽʥʽײ שʣסʘʶʳ ʞᴅʥʝ ᴅʨʪװʨʣʽ ᴇʥʽʤ ʪʦʧʪʘʨʳʥʘ 

ʪʘʣסʘʤʜʳʣʳץʪʳש ʘʫʳʪץʫʳʥʘ ʦʨʘʡ ץʘʪʳʥʘʩ ʪʠʽʩʪʽ ʜᴅʨʝʞʝʜʝ ʪװʨʣʝʥʝʜʽ. 

 

2.3.2 ɸʣʳʥסʘʥ ʢʘʪʘʣʠʟʜʽʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫ ᴅʜʽʩʽ 

ɽʩʝʧʪʝʫʣʝʨʜʝ ʛʘʟ ץʦʩʧʘʩʳʥʳץ שʳʩץʘʨʫʳ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘסʘ ʩᴅʡʢʝʩ 

ʝʩʢʝʨʽʣʜʽ: 

 

    +
3.ς

3.ς
π ,      (14) 

 

ʤײʥʜʘסʳ, 3.ς
π  ʞᴅʥʝ 3.ς ï ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ (ʨʝʘʢʪʦʨʜʘʥ ʢʝʡʽʥʛʽ) ʨʝʘʢʮʠʷʣʳץ 

 .ʘʫʜʘʥʳ שʳʥʳשʳ ʘʟʦʪ ʰʳסʭʨʦʤʘʪʦʛʨʘʤʤʘʣʘʨʳʥʜʘ שʦʩʧʘʥʳץ

 

CO ʘʡʥʘʣʳʤʳʥʳש ʜᴅʨʝʞʝʩʽ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ: 

     ὢ
Ͻ

Ͻ
,             (15) 

 

ʤײʥʜʘסʳ, 3#/
π  ʞᴅʥʝ 3#/ ïʙʘʩʪʘʧץʳ (ɹʈפ) ʞᴅʥʝ ʩʦסשʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʥʳש (ʉʈפ) 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʣʘʨʳʥʜʘסʳ CO ʰʳשʳʥʳש ʘʫʜʘʥʜʘʨʳ 

CH4 ʪװʟʽʣʫʽʥʽש ʪʘʣסʘʤʜʳʣʳסʳ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ʪʘʙʳʣʜʳ:  

 

 ὛὩὰ
Ͻ

Ͻ
,     (16) 

 

ʤײʥʜʘסʳ, ὅ  ï ʢʘʪʘʣʠʟʜʝʥ ʢʝʡʽʥʛʽ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʜʘסʳ ʤʝʪʘʥ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʘʣ ὅ  ï ʙʘʩʪʘʧץʳ ʨʝʘʢʮʠʷ ץʦʩʧʘʩʳʥʜʘסʳ ʉʆ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ. 

ʉʆ2 ʪװʟʽʣʫʽʥʽש ʪʘʣסʘʤʜʳʣʳסʳ ʪᴇʤʝʥʜʝʛʽ  ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ:  

 

     3ÅÌ#/ς
##/ς +

##/
π 8#/

,     (17) 

 

ʤײʥʜʘסʳ, ##/ς ïʢʘʪʘʣʠʟʜʝʥ ʢʝʡʽʥʛʽ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʜʘסʳ ʉʆ2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ. 

ɾʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש (CϜïC8) ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʝʩʝʧʪʝʫ װʰʽʥ ʢʝʣʝʩʽ 

ʪװʟʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ץʦʣʜʘʥʳʣʜʳ:  

 

     +ς
##(τ
˗˞

##(τ
,      (18) 

 

ʤײʥʜʘסʳ, ##(τ
˗˞ ï ʢʘʪʘʣʠʟʜʝʥ ʢʝʡʽʥʛʽ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʜʘסʳ ʤʝʪʘʥʥʳש 
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ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʝʢʽʥʰʽ ʭʨʦʤʘʪʦʛʨʘʬʪʘ ʉ2ïʉ8 ʞʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש 

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳʤʝʥ ʙʽʨʛʝ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ.  

ʉ2ïʉ8 ʞʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʣʜʽ:  

 

     #É
#É
˗˞

+ς
,      (19) 

 

ʤײʥʜʘסʳ, #É
˗˞ ï ʎʚʝʪ-530 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʜʝʥ ʢʝʡʽʥʛʽ ʩʦסשʳ 

ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʜʘסʳ (ʉʈפ) ʞʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ.  

ʂᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʩײʡʳץ ʬʘʟʘʩʳʥʜʘסʳ, ʩʦʥʜʘʡ-ʘץ ʩʧʠʨʪʪʝʨ ʤʝʥ ʩʫ 

ʬʘʟʘʣʘʨʳʥʜʘסʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳʥ ʘʥʳץʪʘʫ ʦʣʘʨʜʳש 

ᴅʨץʘʡʩʳʩʳ װʰʽʥ ʞʝʢʝ ʞװʨʛʽʟʽʣʜʽ. ʉʫʣʳ-ʩʧʠʨʪʪʽʢ ʬʘʟʘʥʳש ʩʘʥʜʳץ ʪʘʣʜʘʫʳ 

ʩʳʨʪץʳ ʩʪʘʥʜʘʨʪ ʧʝʥʪʘʥʦʣ-1 ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ʈʝʘʢʮʠʷʣʳץ ץʦʩʧʘʜʘסʳ 

ʩʧʠʨʪʪʝʨʜʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʩʫʜʳש, ʩʧʠʨʪʪʝʨʜʽש ʞᴅʥʝ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʥʳש 

ʪװʟʽʣʫʽʥʝ ʞײʤʩʘʣסʘʥ ʦʪʪʝʛʽʥʽש ʙʘʣʘʥʩʳ ʥʝʛʽʟʽʥʜʝ ʘʥʳץʪʘʣʜʳ, ʷסʥʠ: 

 

  Î#/
̇ ̍̒

Î(ς/ Î2/( ςÎ#/ς,   (20) 

 

ʤײʥʜʘסʳ, n ï ʨʝʘʢʮʠʷ ʢʝʟʽʥʜʝ 1 ʩʘסʘʪʪʘ ʞײʤʩʘʣסʘʥ ʉʆ ʤᴇʣʰʝʨʽ (ʤʤʦʣʴ), ʩʦʥʳʤʝʥ 

 .ʤᴇʣʰʝʨʽ (ʤʤʦʣʴ) שʳʣ ʛʘʟʳʥʳץʳʰץʟʽʣʛʝʥ ʩʫ, ʩʧʠʨʪ ʞᴅʥʝ ʢᴇʤʽʨװʘʪʪʘ ʪסʘʪʘʨ 1 ʩʘץ

ʉʧʠʨʪʪʝʨ ʤʝʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥ ʝʩʝʧʪʝʫ װʰʽʥ ʢʝʣʝʩʽ 

ʬʦʨʤʫʣʘ ץʦʣʜʘʥʳʣʘʜʳ:  

 

    ὛὩὰ
ϽϽ

Ͻ
,      (21) 

 

ʤײʥʜʘסʳ, Seli, Ci ʞᴅʥʝ zi ï ʪʘʣסʘʤʜʳʣʳץ, i - ᴇʥʽʤʜʝʛʽ ʢᴇʤʽʨʪʝʛʽ ʘʪʦʤʜʘʨʳʥʳש 

ʥʘץʪʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞᴅʥʝ ʩʘʥʳ. 

 ʤᴇʣʰʝʨʽ ʞʘʣʧʳ ʢᴇʤʽʨʪʝʛʽ ʙʘʣʘʥʩʳ ʥʝʛʽʟʽʥʜʝ שʘʥ C8+ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʽסʘʣפ

ʝʩʝʧʪʝʣʽʥʜ:̔  

 

 3ÅÌ#ω ρȤ3ÅÌ#(τȤ3ÅÌ2/(Ȥ3ÅÌ#ςȤ#ψ,  (22) 

 

 

    ὛὩὰȟ
ȟ ϽϽ

В ȟ Ͻ
,    (23) 

 

ʤײʥʜʘסʳ, 3ÅÌ#ω  ï ʉ9+ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʽש ʢᴇʤʽʨʪʝʛʽ ʥʝʛʽʟʽ װʰʽʥ ʞʘʣʧʳ 

ʪʘʣסʘʤʜʳʣʳסʳ, ὛὩὰȟ ï ʩײʡʳץ ᴇʥʽʤ װʣʛʽʩʽʥʝ ʞװʨʛʽʟʽʣʛʝʥ ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ C9+ ײץʨʘʤʳʥʜʘסʳ i-ʢᴇʤʽʨʩʫʪʝʢʪʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ. 

ʂᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש C9+ ʪװʟʽʣʫ ʪʘʣסʘʤʜʳʣʳסʳʥʘ ʪװʟʝʪʫ ʝʥʛʽʟʽʣʜʽ, ʦʣ çlg(Wz/z) 

ï zè ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥʜʘ ʪʽʟʙʝʢ ᴇʩʫ ʬʘʢʪʦʨʳ Ŭ-ʥʳ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ץʘʪʝʥʽש 

ʤʠʥʠʤʘʣʜʳ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʄײʥʜʘסʳ, z ï ʤʦʣʝʢʫʣʘʜʘסʳ ʢᴇʤʽʨʪʝʢ 
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ʘʪʦʤʜʘʨʳʥʳש ʩʘʥʳ, ʘʣ Wz ï ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳʥʳש ʩʘʥʳ z ʙʦʣʘʪʳʥ 

ʢᴇʤʽʨʩʫʪʝʢʪʽש ʪװʟʽʣʫ ʞʳʣʜʘʤʜʳסʳ (ʤʦʣʴ/ʩʘס); Ŭ ʤᴅʥʽ C2ïC8 ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽ װʰʽʥ 

ʘʥʳץʪʘʣʜʳ. ʂᴇʤʽʨʪʝʛʽ ʙʘʣʘʥʩʳʥʳש ʩᴅʡʢʝʩʪʽʛʽ 96ï98%-סʘ ʞʝʪʪʽ. 

 ʉ9+ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥʽש ᴇʥʽʤʜʽʣʽʛʽ (ʤʛĀʛʢʘʪ
-1 ʩʘ1-ס) ʤʳʥʘ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʣʜʽ: 

 

    ὣ ρς
Ͻ
̇ ̍̒

̋́̓
,    (24) 

 

ʤײʥʜʘסʳ, mʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʩʽʥʽש ʤʘʩʩʘʩʳ, ʛ.  

ʉʧʠʨʪʪʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽ ץײʩʘʩ ʞʦʣʤʝʥ ʝʩʝʧʪʝʣʜʽ:  
 

 

     92/(
3ÅÌ2É/(Î#/

̇ ̍̒
-2É/(

ÚÉÍ̋ ́̓
,    (25) 

 

 

ʤײʥʜʘסʳ, 3ÅÌ2É/( ï i-ʩʧʠʨʪ װʰʽʥ ʪʘʣסʘʤʜʳʣʳ2- ,ץÉ/( ï i-ʩʧʠʨʪʪʽש ʤʦʣʷʨʣʳץ 

ʤʘʩʩʘʩʳ, ʛ/ʤʦʣʴ. 

 

ʂʝʩʪʝ 3 ï ʂʘʪʘʣʠʟʘʪʦʨʜʳ ʙʝʣʩʝʥʜʝʥʜʽʨʫ ʰʘʨʪʪʘʨʳ ʞᴅʥʝ ʌʊʉ ʞװʨʛʽʟʫ ʰʘʨʪʪʘʨʳ.  

 

ʂʘʪʘʣʠʟʘʪʦ

ʨ װʣʛʽʣʝʨʽ 

H2 ʘסʳʥʳʥʜʘ 

ʙʝʣʩʝʥʜʽʨʫ 

ɹʈפ ʙʝʨʫ ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ʌʊʉ ᴅʨʪװʨʣʽ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʥʜʘסʳ ʟʝʨʪʪʝʫ ʫʘץʳʪʳ 

 210Áʉ 240Áʉ 300Áʉ 

ʳʟʜפ

ʳʨʫ 

ʞʳʣ

ʜʘʤʜ

ʳסʳ, 

Áʉ/ʤ

ʠʥ 

ʊ, Áʉ  

 

ʩʪʘױ

ʫ 

ʫʘץʳ

ʪʳ, 

ʤʠʥ 

ɹʈפ 

ʙʝʨʫ 

ʞʳʣʜʘ

ʤʜʳסʳ, 

ʣ/(ʛʢʘʪĿʩ

ʘס) 

ɿʝʨʪ

ʪʝʫ 

ʞװʨʛ

ʽʟʫ 

ʫʘץʳ

ʪʳ, 

ʩʘסʘʪ 

ɹʈפ 

ʙʝʨʫ 

ʞʳʣʜ

ʘʤʜʳס

ʳ, 

ʣ/(ʛʢʘʪĿ

ʩʘס) 

ɿʝʨʪ

ʪʝʫ 

ʞװʨʛ

ʽʟʫ 

ʫʘץʳ

ʪʳ, 

ʩʘסʘʪ 

ɹʈפ 

ʙʝʨʫ 

ʞʳʣ

ʜʘʤʜ

ʳסʳ, 

ʣ/(ʛʢʘ

ʪĿʩʘס) 

ɿʝʨ

ʪʪʝ

ʫ 

ʞװ

ʨʛʽ

ʟʫ 

ʫʘץ

ʳʪ

ʳ, 

ʩʘס

ʘʪ 

ʉoAl 2 550 120 4,7 10 4,7 10 - 10 

LCO-1 2 550 120 1,0 10 1,0 10 5,2 10 

LCO-2 2 550 120 1,0 10 1,0 10 5,8 10 

LCO/KIT-6 2 550 120 1,0 10 1,0 10 4,9 10 
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3 ʅᴄʊʀɾɽʃɽʈ ʄɽʅ ʊɸʃפʓʃɸʋʃɸʈ 

 

 ʟʝʨʪʪʝʫʣʝʨʽ ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʣʛʽʣʝʨʜʽת 3.1

ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʢʘʪʘʣʠʟʜʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʜʘסʳ ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫ װʰʽʥ ᴅʨʪװʨʣʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ װʣʛʽʣʝʨ ʞʘʥ-ʞʘץʪʳ ʟʝʨʪʪʝʣʜʽ. 

 

3.1.1 ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ 

ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʩʘʥʜʳץ ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 

ʙʘʨʣʳץ ʩʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʝʛʽ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪ ʤᴇʣʰʝʨʽ ʩʠʥʪʝʟ ʢʝʟʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ ץʘʪʳʥʘʩץʘ ʞʘץʳʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ; ʘʣ װʣʛʽʣʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʝ 

 ʥʜʘʡ ʤᴇʣʰʝʨʽײʤ שʦʣʜʘʥʳʣʘʪʳʥ ʥʘʪʨʠʡ ʤᴇʣʰʝʨʽ 0,06% ʘʩʧʘʡʜʳ. ʅʘʪʨʠʡʜʽץ

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ ʪᴇʤʝʥ. 

ʂʝʩʪʝ 4 - ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

 ʣʛʽʣʝʨת

ʊʝʦʨʠʷʣʳץ 

  ,ʨʘʤʳײץ

ɤ, % nLa/nCo 
ʅʘץʪʳ ײץʨʘʤʳ, ɤ, % 

nLa/nCo 

La Co La Co Na Si 

LCO-1 56.5 24.0 1.00 49.5 21.1 0.05 - 1.00 

LCO-2 51.0 28.8 0.75 50.0 28.6 0.06 - 0.74 

LCO/KIT-6 56.5 24.0 1.00 51.9 22.0 0.05 8.1 1.00 

ʉʠʥʪʝʟʜʝʧ ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʩʘʥʜʳץ ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 

ʙʦʡʳʥʰʘ װʣʛʽʣʝʨʜʽ ʩʠʥʪʝʟʜʝʫ ʢʝʟʽʥʜʝ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪʪʳש ʰʳסʳʥʳ LCO-1, 

LCO-2 ʞᴅʥʝ LCO/KIT-6 װʰʽʥ ʩᴅʡʢʝʩʽʥʰʝ 13,2 ʞᴅʥʝ 8% ײץʨʘʡʪʳʥʳ ʘʥʳץ. ʃʘʥʪʘʥ 

ʤʝʥ ʢʦʙʘʣʴʪ ʰʳסʳʥʳʥʳש ʤᴅʥʜʝʨʽʥʜʝʛʽ ʘʡʳʨʤʘʰʳʣʳ0,5% ץ ʘʩʧʘʡʜʳ, ʩʠʥʪʝʟʜʝʧ 

ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽײץ שʨʘʤʳʥʳש ʙʦʣʞʘʤʜʳ ײץʨʘʤʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ, 

ʘʣ ʙʘʡץʘʣסʘʥ ʘʡʳʨʤʘʰʳʣʳװ ץʣʛʽʣʝʨʜʝʛʽ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳש ʙʦʣʫʳ, ʥʝʛʽʟʛʽ 

ʣʘʥʪʘʥ ʢʘʨʙʦʥʘʪʳʥʳש ʘʟ ʤᴇʣʰʝʨʜʝ ʪװʟʽʣʫʽ, ʩʦʥʜʘʡ-ʘװ ץʰʽʥʰʽ װʣʛʽ ײץʨʘʤʳʥʜʘ 

ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪ̔ KIT-6 ʪʘʩʳʤʘʣʜʘסʳʰʳʥʳש ʙʦʣʫʳ ʩʠʷץʪʳ ʬʘʢʪʦʨʣʘʨʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

 ʪʳץʝʩʝʧʪʝʣʛʝʥ ʥʘ שʵʣʝʤʝʥʪʪʝʨʜʽ ץʨʘʤʳʥʘ ʢʽʨʝʪʽʥ ʭʠʤʠʷʣʳײץ שʣʛʽʣʝʨʜʽת

 ʘʥʘס ʳ ʘʟסʘʨʘʩʳʥʜʘ שʩʘʥ ʤᴅʥʜʝʨʽʥʽ שʨʘʤʳʥʳײץ ץʨʘʤʳ ʤʝʥ ʪʝʦʨʠʷʣʳײץ

ʘʡʳʨʤʘʰʳʣʳץ (ʢʝʩʪʝ 4) ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ʩʠʥʪʝʟʜʝʫʜʝ 

ʛʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʙʽʨʛʝ ʪײʥʜʳʨʫ ʞᴅʥʝ ʮʠʪʨʘʪ ᴅʜʽʩʪʝʨʽ ʪʠʽʤʜʽ ʝʢʝʥʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 

  

 ʪʘʣʜʘʫ ץʣʛʽʣʝʨʜʽ ʨʝʥʪʛʝʥʬʘʟʘʣʳת 3.1.2

ɸʣʳʥסʘʥ ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʪʘʨʜʳש ʜʠʩʧʝʨʩʠʷʩʳ ʤʝʥ ʛʦʤʦʛʝʥʠʟʘʮʠʷ 

ʜᴅʨʝʞʝʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ײʥʪʘץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ױʈʌʊ) ʞװʨʛʽʟʽʣʜʽ. 

LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽʥʽש ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʪʘʨʳ ʥʝʛʽʟʽʥʝʥ ᴅʣʩʽʟ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ ʣʘʥʪʘʥ ʛʠʜʨʦʢʩʠʜʽ La(OH)3 (JCDD PDF2 00-006-0585), ʢʦʙʘʣʴʪ (II) 

ʛʠʜʨʦʢʩʠʜʽ Co(OH)2 (JCDD PDF2 00-035) ʞᴅʥʝ ʙʽʨʘʟ ʤᴇʣʰʝʨʜʝ ʢʦʙʘʣʴʪ 
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ʥʠʪʨʘʪʳʥʳש ʛʠʜʨʦʪʘʣʴʢʠʪʽ ʬʘʟʘʩʳʥʘʥ Co10O2(OH)17(NO3)2 (JCDD PDF2 00-046-

0605) ʪײʨʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ. 

 
 

ʉʫʨʝʪ 21 - LCO-2 ʙʘʩʪʘʧץʳ  ץʦʩʳʣʳʩʳʥʳש ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʩʳ  
 

ʉʫʨʝʪʪʝʛʽ ʙʝʣʛʽʣʝʫʣʝʨ: o - La(OH)3, * - Co(OH)2, ƶ ï ץʘʙʘʪʪʳ 

Co10O2(OH)17(NO3)2. 

LCO/KIT-6 װʣʛʽʩʽʥʽש ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʳ  ʣʠʤʦʥ ץʳʰץʳʣʳʥʳש ʘʨʪʳץ 

ʤᴇʣʰʝʨʽ ʙʘʨ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪʪʳש ʢװʨʜʝʣʽ ʮʠʪʨʘʪ ʢʝʰʝʥʜʝʨʽʥʽץ שʘʪʪʳ ʘʤʦʨʬʪʳ 

 .ʨʛʽʟʽʣʤʝʜʽװʪʘʣʜʘʫ ʞ ץʪʘʥ, ʨʝʥʪʛʝʥʬʘʟʘʣʳץʘʥʜʳסʦʩʧʘʩʳ ʙʦʣץ

 ʳʥʳʥʜʘ 750ÁCסʘ ʩᴅʡʢʝʩ ʘʫʘ ʘסʪʘʣʜʘʫ ץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץʥʪʘױ

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢװʡʜʽʨʽʣʛʝʥ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʽש ʜʠʬʨʘʢʪʦʨʛʘʤʤʘʣʘʨʳ ץײʩʘʩ (ʩʫʨʝʪ 

22).  

23,25Á, 32,90Á, 40,65Á, 47,50Á, 58,95Á ʞᴅʥʝ 69,90Á ʤᴅʥʜʝʨʽʥʜʝʛʽ ʨʝʬʣʝʢʩʪʝʨ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ LaCoOϝ ʬʘʟʘʩʳʥʘ (JCDD PDF2 00-025-

1060) ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ װʣʛʽʥʽ 750 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢװʡʜʽʨʫ ʞʝʪʢʽʣʽʢʪʽ ʩʘʥʘʣʘʜʳ. ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ, 

ʟʽʣʫʽ 700װʪ שʨʘʤʳʥʜʘ Co ʙʘʨ ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥʳײץ ÁC ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʤװʤʢʽʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ [152]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, LCO-1 ʞᴅʥʝ ᴅʩʽʨʝʩʝ LCO-2 װʣʛʽʣʝʨʽʥʜʝ 15,65Á, 28Á ʞᴅʥʝ 

53,25Á ʤᴅʥʜʝʨʽʥʜʝʛʽ ʨʝʬʣʝʢʩʪʝʨ ʙʘʡץʘʣʜʳ, ʦʣʘʨ ʢʦʙʘʣʴʪ (II, III) ʦʢʩʠʜʽ CoϝOϞ 
(JCDD PDF2 00-009-0418) ʬʘʟʘʩʳʥʳש ʞᴅʥʝ ʣʘʥʪʘʥ ʦʢʩʠʜʽ LaϜOϝ (JCDD PDF2 00-

022-0641) ʬʘʟʘʩʳʥʳץ שʦʩʧʘʩʳʥʳש ʽʟʜʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʂʝʡʙʽʨ ʘʚʪʦʨʣʘʨʜʳש 

 .ʳ ʬʘʟʘʣʘʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʢʝʟʜʝʩʝʜʽ [153]ץʦʩʘʣץ ʤʳʩʳʥʜʘײʳʣʳʤʠ ʞס

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʪʪʳ ʪʝʤʧʣʘʪ ï ʢʨʝʤʥʝʟʝʤ KIT-6 ץʘʪʳʩʳʥʜʘ ʮʠʪʨʘʪʪʳץ ᴅʜʽʩʧʝʥ 

ʘʣʳʥסʘʥ LCO/KIT-6 װʣʛʽʩʽʥʽש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳʥʜʘ ʢʦʙʘʣʴʪ ʦʢʩʠʜʽ ʬʘʟʘʩʳʥʘ 
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(CoϝOϞ) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʨʝʬʣʝʢʩʪʝʨ ʙʘʡץʘʣʤʘʡʜʳ, ʦʩʳ װʣʛʽʥʽש ʙʘʩʪʘʧץʳ 

 ʳʥסʘʥʜʳסʙʽʨʢʝʣʢʽ ʪʘʨʘʣ שʦʩʳʣʳʩʳʥʜʘ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪ ʢʘʪʠʦʥʜʘʨʳʥʳץ

ʢᴇʨʩʝʪʝʜʽ (ʩʫʨʝʪ 22). 

 

 
 

ʉʫʨʝʪ 22 -  ʘʫʘ ʘסʳʥʳʥʜʘ 750ÁC ʢװʡʜʽʨʫʜʝʥ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʜʽײ שʥʪʘץʪ r

ʨʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ ʜʝʨʝʢʪʝʨʽ 

 

ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʞװʨʛʽʟʽʣʛʝʥ ײʥʪʘץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ 750 ÁC ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʢװʡʜʽʨʽʣʛʝʥ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ ʧʝʨʦʚʩʢʠʪʪʽʢ LaCoO3 ʬʘʟʘʩʳʥʳש ʪװʟʽʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ.  

 

3.1.3 ɹʕʊ ᴅʜʽʩʽʤʝʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʪʝʢʩʪʫʨʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʟʝʨʪʪʝʫ 

ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʣʘʨʜʘ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʫʽ 

ʢᴇʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨסʘ, ʩʦʥʳש ʽʰʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ. ɻʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʞײʤʩʘץ ʪʝʤʧʣʘʪ 

ð ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʽץ שʘʪʳʩʳʥʜʘ ʘʣʳʥסʘʥ LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽʥʽש 

ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ (ʢʝʩʪʝ 4) ʞʘʣʧʳ ʘʣסʘʥʜʘ װʣʢʝʥ ʝʤʝʩ. ɾײʤʳʩʪʘ ʘʣʳʥסʘʥ 

LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽʥʽש ʙʝʪʪʽʢ ʘʫʜʘʥʳ (750 Áʉ, 9,5ï10,0 ʤ2/ʛ) ᴅʜʝʙʠʝʪʪʝ 

ʢʝʣʪʽʨʽʣʛʝʥ [145, ʙ.99] ץײʩʘʩ LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʤᴅʥʽʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ (800 Áʉ, 2,8 ʤ2/ʛ) װʰ ʝʩʝʛʝ ʞʦסʘʨʳ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. 
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ʂʝʩʪʝ 5 - 750ÁC ʘʫʘ ʘסʳʥʳʥʜʘ ʢװʡʜʽʨʽʣʛʝʥ ʩʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש 

ʞᴅʥʝʩʘʣʳʩʪʳʨʫ ʢʘʪʘʣʠʟʘʪʦʨʳ - CoAl ʪʝʢʩʪʫʨʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

 ʣʛʽʣʝʨת
Sʤʝʥʰ., 

ʤ2/ʛ 

Sʤʝʟʦ, 

ʤ2/ʛ 

Vʤʝʟʦ, 

ʩʤ3/ʛ 

Sʤʠʢʨʦ, 

ʤ2/ʛ 

Vʤʠʢʨʦ, 

ʩʤ3/ʛ 

LCO-1 10.0 6.7 0.024 3.3 0.036 

LCO-2 9.5 7.1 0.061 2.4 0.027 

LCO/KIT-6 220,0 196.2 0.489 1.8 0.016 

ʉoAl 116.3 108.0 0.307 1.3 0.014 

KIT-6 875,0 - - - - 

 

 ʡʜʽʨʫװʘʨʳ ʙʦʣʫ ʩʝʙʝʙʽ ð ʢסʝʩʝ ʞʦ 3 שʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʳ שʣʛʽʣʝʨʜʽת

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʧʝʨʦʚʩʢʠʪʪʽש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ. ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳ ʪװʡʽʨʰʽʢʪʝʨʜʽץ שʘʡʪʘ 

ʢʨʠʩʪʘʣʜʘʥʫʳʥʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʽʨʽʣʝʥʫʽʥʝ ᴅʢʝʣʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ װʣʛʽʣʝʨʜʽש ʞʘʣʧʳ 

ʙʝʪʪʽʢ ʘʫʜʘʥʳʥrש ʤᴇʣʰʝʨʽ ʘʟʘʷʜʳ. ɸʣ ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʥrʳש ʢʝʤʫʽ 

ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʳʥʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʽʧ, ʦʥʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ᴇʟʛʝʨʪʫʽ ʤװʤʢʽʥ [154]. 

 ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʝʨʦʚʩʢʠʪʪʽש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥ ײʣסʘʡʪʫ װʰʽʥ 

 ʘʪʪʳ ʪʝʤʧʣʘʪ ʨʝʪʽʥʜʝ ʥʘʥʦʢʨʠʩʪʘʣʜʳ ʢʨʝʤʥʝʟʝʤ KIT-6ץ ץʨʳʣʳʤʜʳײץ

ʧʘʡʜʘʣʘʥʳʣʜʳ. ʊʝʤʧʣʘʪ ʞʦסʘʨʳ ʨʝʪʪʝʣʛʝʥ װʰ ᴇʣʰʝʤʜʽ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳʤʝʥ 

ʩʠʧʘʪʪʘʣʳʧ, ʧʝʨʦʚʩʢʠʪʪʽש ʪװʟʽʣʫʽ ʙʘʨʳʩʳʥʜʘ ʢʨʠʩʪʘʣʜʘʨʜʳש ᴇʩʫʽʥʝ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʜʠʩʧʝʨʩʪʽʣʽʛʽʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ 

ʤʘʪʝʨʠʘʣʜʳש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʘʨʪʳʧ, ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש 

 ʘʪʪʳ ʪʝʤʧʣʘʪ ʢʨʝʤʥʠʡ ʦʢʩʠʜʪʽ KIT-6פ .ʩʘʨʘʜʳץʦʣʞʝʪʽʤʜʽʣʽʛʽ ʞʘץ

ʪʘʩʳʤʘʣʜʘrס ʰʳʥʳש ʙʘʩʪʘʧץʳ ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ 875 ʤĮ/ʛ ײץʨʘʡʜʳ ʞᴅʥʝ 

ʞʦסʘʨʳ ʙʝʪʪʽʢ ײץʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉᴅʡʢʝʩʽʥʰʝ, ʩʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ 

LCO/KIT-6 װʣʛʽʩʽʥʽש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ 220 ʤĮ/ʛ ʪʝש, ʦʩʳ ʤᴇʣʰʝʨ 

ʧʝʨʦʚʩʢʠʪʪʽ ʞװʡʝʣʝʨ װʰʽʥ ʝʜᴅʫʽʨ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʣ, CoAl 

 ʣʛʽʩʽװ ʤʳʩʪʘ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ ʘʷʩʳʥʜʘ ʩʪʘʥʜʘʨʪʪʳ ʩʘʣʳʩʪʳʨʫײʣʛʽʩʽ ʞװ

ʨʝʪʽʥʜʝ סʘʥʘ ץʦʣʜʘʥʳʣʜʳ. ʆʩʳ װʣʛʽʥʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʪʝʨʝשʜʝʪʽʧ 

ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳ ʙʦʣʤʘסʘʥʜʳץʪʘʥ, ʦסʘʥ ʘʨʥʘʡʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʤʝʜʽ. 

ʂʝʫʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ, ʩʦʥʜʘʡ-ʘװ ץʣʛʽʣʝʨʜʝʛʽ ʦʣʘʨʜʳש ʞʘʣʧʳ ʢᴇʣʝʤʽ 

ʦʣʘʨʜʳץ שʘʣʳʧʪʘʩʫ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʉʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ 

 ʰʽʥ ɹʕTװ ʩʠʧʘʪʪʘʫ ץʨʣʳʤ ʪʦʣʳײסʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʥʝ ץʪʝʢʩʪʫʨʘʣʳ שʣʛʽʣʝʨʜʽװ

ʞᴅʥʝ ʢʝʫʝʢ ᴇʣʰʝʤʜʝʨʽʥʽש ʪʘʨʘʣʫʳ ʙʦʡʳʥʰʘ ʘʟʦʪ ʘʜʩʦʨʙʮʠʷ ʠʟʦʪʝʨʤʘʣʘʨʳʥʘ 

ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 23-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʝʫʝʢʪʝʨ ʢᴇʣʝʤʽʥʽש ʪʘʨʘʣʫʳ Barrett-

Joyner-Halenda (BJH) ᴅʜʽʩʽ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ 

LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽʥʜʝʛʽ ʘʟʦʪʪʳש ʘʜʩʦʨʙʮʠʷ ʠʟʦʪʝʨʤʘʣʘʨʳʥ III ʪʠʧʢʝ 

ʞʘʪץʳʟʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ (ʩʫʨʝʪ 23 ɸ,ɺ) ʞᴅʥʝ ʦʣʘʨʜʳ ʽʩ ʞװʟʽʥʜʝ ʢʝʫʝʢʪʽʣʽʛʽ 

ʪᴇʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʡʜʳ. ɹʽʨʘץ, ᴅʣʩʽʟ ʙʘʡץʘʣʘʪʳʥ ʛʠʩʪʝʨʝʟʠʩ 

ʽʣʤʝʛʽʥʽש ʙʦʣʫʳ װʣʛʽʣʝʨʜʽש ʠʟʦʪʝʨʤʘʣʘʨʳʥ IV ʪʠʧʢʝ ʜʝ ʞʘʪץʳʟʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, װʣʛʽʣʝʨʜʝ ʢʝʫʝʢʪʝʨʜʽש ʞʠʳʥʪʳץ ʢᴇʣʝʤʽʥʽש ʰʘʤʘʩʳ ʪᴇʤʝʥ. ɾʦסʘʨʳʜʘ 

ʘʪʘʣסʘʥ ʝʢʽ װʣʛʽʥʽש ʢʝʫʝʢʪʝʨ ʢᴇʣʝʤʽʥʽש ʪʘʨʘʣʫʳ (ʩʫʨʝʪ 23 ɹ,ɻ) װʣʛʽʣʝʨʜʝʛʽ 
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ʢʝʫʝʢʪʝʨ ʢᴇʣʝʤʽʥʽש ʞʘʨʪʳʩʳ װʣʢʝʥ ʤʝʟʦʢʝʫʝʢʪʝʨʛʝ (d = 2-50 ʥʤ) ʞᴅʥʝ ʽʰʽʥʘʨʘ 

ʤʘʢʨʦʢʝʫʝʢʪʝʨʛʝ (d > 50 ʥʤ) ʩᴅʡʢʝʩʪʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʣʛʝʥ 

 .ʘʣʘʜʳץʘʥʳ ʜʘ ʙʘʡץʘʣʳʧʪʘʩץ שʨʳʣʳʤʥʳײץ ʢʝʫʝʢʪʽ ץʩʘײ ʣʛʽʣʝʨʜʝװ

 

 

 

 
ʉʫʨʝʪ 23 - ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʝʛʽ ʘʟʦʪ ʘʜʩʦʨʙʮʠʷʩʳʥʳש ʠʟʦʪʝʨʤʘʣʘʨʳ 

ɸ ɹ 

ɺ ɻ 

ɼ ɽ 
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(ɸ,ɺ,ɼ) ʞᴅʥʝ ʢʝʫʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳ (ɹ,ɻ,ɽ,). ɹʝʣʛʽʣʝʫʣʝʨ: 

Vʘʜʩ ï ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʘʟʦʪʪʳש ʢᴇʣʝʤʽ, ʩʤį/ʛ (ץ.ʞ.); D ï ʢʝʫʝʢʪʝʨʜʽש ʜʠʘʤʝʪʨʽ, ᴠ; 

Vʤʝʥʰ ï ʢʝʫʝʢʪʝʨʜʽש ʞʠʳʥʪʳץ ʢᴇʣʝʤʽ, ʩʤį/ʛ; P/PϚ ï ʩʘʣʳʩʪʳʨʤʘʣʳ ץʳʩʳʤ. 

 

ɸʣ LCO/KIT-6 װʣʛʽʩʽ װʰʽʥ ʘʣʳʥסʘʥ ʘʟʦʪ ʘʜʩʦʨʙʮʠʷʩʳʥʳש ʠʟʦʪʝʨʤʘʩʳ 

(ʩʫʨʝʪ 23 ɼ) ʀʖʇɸʂ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳ ʙʦʡʳʥʰʘ IV ʪʠʧʢʝ ʞʘʪʘʜʳ. P/P å0,7ï0,9 

ʩʘʣʳʩʪʳʨʤʘʣʳ ץʳʩʳʤ ʘʡʤʘסʳʥʜʘ ʘʡץʳʥ ʢᴇʨʽʥʝʪʽʥ ʛʠʩʪʝʨʝʟʠʩ ʽʣʤʝʛʽ 

ʤʘʪʝʨʠʘʣʜʳש ʤʝʟʦʢʝʫʝʢʪʽ ײץʨʳʣʳʤסʘ ʠʝ ʝʢʝʥʽʥ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽʥʽש ʞʦסʘʨʳ 

ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ. תʣʛʽʜʝʛʽ ʢʝʫʝʢʪʝʨʜʽש ᴇʣʰʝʤʽ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳ ʢᴇʧʪʝʛʝʥ 

ʤʝʟʦʢʝʫʝʢʪʝʨʜʽש ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ: ʦʣʘʨʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʦʨʪʘʰʘ ʜʠʘʤʝʪʨʽ 

ʰʘʤʘʤʝʥ 3,5 ʥʤ ʙʦʣʘʪʳʥ ײʩʘץ ʤʝʟʦʢʝʫʝʢʪʝʨ ʙʦʣʩʘ, ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽ 6ï7 ʥʤ ʦʨʪʘʰʘ 

ʜʠʘʤʝʪʨʣʽ ʤʝʟʦʢʝʫʝʢʪʝʨ. ʄײʥʜʘʡ ʢװʨʜʝʣʽ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʜʳ װʣʛʽʜʝ ʙʝʣʛʽʣʽ ʙʽʨ 

ʤᴇʣʰʝʨʜʝ ʥʘʥʦʢʨʠʩʪʘʣʜʳ ʢʨʝʤʥʝʟʝʤ ʂɯʊ-6 ץʘʣʜʳץʪʘʨʳʥʳש ʩʘץʪʘʣʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. ױʩʘץ ʢʝʫʝʢʪʝʨʜʽ ʦʩʳ ʢʨʝʤʥʝʟʝʤʜʳ KIT-6 ʪʝʤʧʣʘʪʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʘʣ ʽʨʽʣʝʫ ʢʝʫʝʢʪʝʨ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳʥʘ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. ױʣʛʽ ײʩʘץ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʜʳ, ʩʝʙʝʙʽ d<2 ʥʤ ʙʦʣʘʪʳʥ ʤʠʢʨʦʢʝʫʝʢʪʝʨʜʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ װʣʢʝʥ ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʆʩ r

 ,ʧʘʣ ʝʪʽʧץʪʠʽʤʜʽ ʜʠʬʬʫʟʠʷʩʳʥʘ ʳ שʨʳʣʳʤ ʢʘʪʘʣʠʟʘʪʦʨ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳײץ

 ʘʨʳסᴅʩʝʨ ʝʪʝʜʽ. ɾʦ שʳʥʘ ʦסʪʳʣʳץʨʘײʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽ ʤʝʥ ʪ שʣʛʽʥʽװ

ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥ ʤʝʥ ʤʝʟʦʢʝʫʝʢʪʽ ײץʨʳʣʳʤ ʛʝʪʝʨʦʛʝʥʜʽ ʢʘʪʘʣʠʟʜʽʢ 

ʨʝʘʢʮʠʷʣʘʨʜʳש ʞװʨʫʽ װʰʽʥ ץʦʣʘʡʣʳ ʞʘסʜʘʡʣʘʨ ʪʫסʳʟʘʜʳ. 

 

3.1.4 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʬʘʟʘʣʳץ ʪװʟʽʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ 
ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʞװʨʝʪʽʥ ʧʨʦʮʝʩʪʝʨʜʽ ʩʠʧʘʪʘʫʜʘ, ʩʦʥʜʘʡ-ʘץ 

ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʤʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ ʘʣʜʳʥʜʘ 

 ʪʘʫץʪʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʘʥʳשʰʽʥ ʦװ ʩʳʟʜʘʥʜʳʨʫץʣʛʽʣʝʨʜʝʛʽ ʢʦʙʘʣʴʪʪʳ ʪʦʪʳװ

ʤʘץʩʘʪʳʥʜʘ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. 

LCO-1 װʣʛʽʩʽʥʽש ʧʨʝʢʫʨʩʦʨʣʳץ ץʦʩʳʣʳʩʳʥʳש ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫʳʥʳש 

ʥᴅʪʠʞʝʣʝʨʽ 24-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ץʠʩʳץץʘ ʩᴅʡʢʝʩ,  

ʪʝʤʧʝʨʘʪʫʨʘʥʳ 750 Áʉ ʜʝʡʽʥ ʢᴇʪʝʨʛʝʥʜʝ, ʩʘʣʤʘץʪʳש ʞʦסʘʣʫʳ ʙʘʡץʘʣʘʜʳ, ʘʨʳ 

-ʦʩʳʣʳʩץ ʳץʘʣʘʜʳ, ʙʝʨʽʣʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʘʩʪʘʧץ ʡʜʝװʪʳ ʢץʨʘײʘʨʘʡ ʤʘʩʩʘ ʪץ

ʬʘʟʘʣʘʨʳʥʳש ʪʦʣʳץ ᴇʟʛʝʨʫ װʜʝʨʽʩʽ ʘʷץʪʘʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ LaCoOϝ ʧʝʨʦʚʩʢʠʪ 
ʬʘʟʘʩʳ ʪװʟʽʣʝʜʽ. ʊʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʙʘʡץʘʣʘʪʳʥ ʥʝʛʽʟʛʽ ʞʳʣʫ ʵʬʬʝʢʪʽʣʝʨʽ 

ʞᴅʥʝ ʦʣʘʨʜʳש ᴅʜʝʙʠʝʪ ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʞʽʢʪʝʣʫʽ 6-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɹʽʨʽʥʰʽ ʪʝʨʤʠʷʣʳץ ᴅʩʝʨʜʽ (ˉ1) װʣʛʽʜʝʥ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳש ʞʦʡʳʣʫʳʥʘ 

ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. ʆʜʘʥ ᴅʨʽ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪʪʳש ᴅʨʪװʨʣʽ 

ʛʠʜʨʦʢʩʦץʦʩʳʣʳʩʪʘʨʳʥʳש ʪʽʟʙʝʢʪʽ ʬʘʟʘʣʳץ ʪװʨʣʝʥʫʣʝʨʽ ʞװʨʝʜʽ (ˉ2ï5): 

ʜʝʛʠʜʨʘʪʘʮʠʷ, ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʳʜʳʨʘʫʳ ʞᴅʥʝ ʪʦʪʳסʫ. ʇʨʦʮʝʩʪʝʨʜʽש 

ʥᴅʪʠʞʝʩʽʥʜʝ ʣʘʥʪʘʥʥʳש ʦʢʩʦʢʘʨʙʦʥʘʪʳ LaϜOϜCOϝ, ʣʘʥʪʘʥʥʳש ʥʝʛʽʟʜʽʢ ʦʢʩʠʜʽ 

LaOOH ʞᴅʥʝ ʢʦʙʘʣʴʪʪʳש ʘʨʘʣʘʩ ʚʘʣʝʥʪʪʽ ʦʢʩʠʜʽ CoϝOϞ ʪװʟʽʣʝʜʽ. ʉʦסשʳ ʢʝʟʝשʜʝ 
  .ʟʝʜʽװʦʩʳʣʳʩʪʘʨ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʽʧ, ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥ ʪץ (5ˉ)
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ʉʫʨʝʪ 24 - LCO-1 װʣʛʽʩʽʥʽש ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʳʥʘ ʘʫʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʝʨʤʠʷʣʳץ 

ʪʘʣʜʘʫ 

ʇʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥ ʪװʟʫ ʢʝʟʽʥʜʝ ʪʦʣʳץ ʨʝʘʢʮʠʷסʘ ʪװʩʧʝʛʝʥ ʣʘʥʪʘʥ 

ʦʢʩʦʢʘʨʙʦʥʘʪʳʥʳש ʘʟʜʘסʘʥ ʤᴇʣʰʝʨʽ ʪʝʢ 800 ÁC ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ סʘʥʘ 

ʳʜʳʨʘʧ, ʣʘʥʪʘʥ ʦʢʩʠʜʽ ʤʝʥ ʢᴇʤʽʨʪʝʢ ʜʠʦʢʩʠʜʽʥ ʪװʟʝʜʽ (ˉ6). LCO-2 װʣʛʽʩʽʥʽש 

ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʳʥʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʜʘ ץײʩʘʩ ʥᴅʪʠʞʝʣʝʨ ʙʝʨʜ̔ .  
 

ʂʝʩʪʝ  6 - LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽʥʽש ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʫʘʜʘ 

 ʵʬʬʝʢʪʽʣʝʨ ץʘʣʘʪʳʥ ʪʝʨʤʠʷʣʳץʘʥ ʢʝʟʜʝ ʙʘʡסʳʟʜʳʨץ
 

 ̄ Tʵʬʬ, ÁC ɾʦʩʧʘʨʣʘʥסʘʥ ʧʨʦʮʝʩʩ  ɽʩʢʝʨʪʫ  

1 < 150 ʉʫʜʳש ʞʦʡʳʣʫʳ - 

2 204 12Co(OH)2 + 2O2 Ÿ4Co3O4 + 12H2O [155] 

3 204-350 
5CoCO3ĿCo(OH)2 + O2 Ÿ 2Co3O4 +5CO2ŷ + 

5H2O 
[156] 

4 330-380 La(OH)3 Ÿ LaOOH + H2O [157] 

5 500-600 

2La(OH)CO3 Ÿ La2O2CO3 + H2O + CO2ŷ 
 

12LaOOH + 4Co3O4 + O2 Ÿ 12LaCoO3 + 6H2O 

 

6La2O2CO3 + 4Co3O4 + O2 Ÿ 12LaCoO3 + 

6CO2ŷ 

[158] 

[157] 

[157] 

6 800-900 La2O2CO3 Ÿ La2O3 + CO2ŷ [158] 
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LCO-1 װʣʛʽʩʽʥ ʩʫʪʝʢ ײץʨʘʤʜʳ ץʦʩʧʘʜʘ (Ar + HϜ) ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 
ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ (ʩʫʨʝʪ 25) ʩᴅʡʢʝʩ 320 Áʉ ʧʝʥ 

370 Áʉ  ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʤʘʩʩʘʥʳש ʞʦסʘʣʫʳʤʝʥ ʞװʨʝʪʽʥ 

ʝʢʽ ʥʝʛʽʟʛʽ ʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪʽʥʽʥʽש ʙʘʡץʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ.  

 

 

ʉʫʨʝʪ 25 - ײפʨʘʤʳʥʜʘ ʩʫʪʝʛʽ ʙʘʨ ץʦʩʧʘʜʘסʳ (Ar+ʅ2) LCO-1 װʣʛʽʩʽʥʽש 

ʪʦʪʳץʩʳʟʜʘʥʫʳʥʳש ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫʳ 

ʉʦʥʜʳץʪʘʥ LaCoO3 ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥʳש ʳʜʳʨʘʫʳʥʘʥ ʢʦʙʘʣʴʪ (II) ʦʢʩʠʜʽ 

CoO ʪװʟʽʣʝʜʽ, 485 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʦʪʳץʩʳʟʜʘʥʳʧ, ʤʝʪʘʣʣʜʳץ Co0 ʬʘʟʘסʘ 

ʘʡʥʘʣʘʜʳ. ʂʦʙʘʣʴʪʪʳ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʳש ʘʣסʘʰץʳ ʢʝʟʝשʽʥʜʝ ʧʝʨʦʚʩʢʠʪ 

ʬʘʟʘʩʳʥʳש ʙײʟʳʣʫʳʤʝʥ ץʘʪʘʨ, ץʦʩʧʘ ʪװʨʽʥʜʝ ʢʦʙʘʣʴʪʪʳש (II, III) ʦʢʩʠʜʽ CoϝOϞ, 
ʢʦʙʘʣʴʪʪʳש (II) ʦʢʩʠʜʽʥʝ CoO ʪʦʪʳץʩʳʟʜʘʥʘʜʳ. LCO-2 װʣʛʽʩʽʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 

ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ץײʩʘʩ ʥᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʪʽ. 

ʊʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ LCO/KIT-6 װʣʛʽʩʽʥʽש ʪʝʨʤʠʷʣʳץ 

ʪʦʪʳץʩʳʟʜʘʥʫ ץʠʩʳץʪʘʨʳʥʜʘס r362 Áʉ ʞᴅʥʝ 478 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʙʘʡץʘʣסʘʥ 

ʝʢʽ ʵʢʟʦʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪ ʢʦʙʘʣʴʪʪʳש ʙʽʨʪʽʥʜʝʧ ʪʦʪʳץʩʳʟʜʘʥʫʳʥ ʢᴇʨʩʝʪʝʜʽ: 

Coįϕ Ÿ CoĮϕ Ÿ Coϊ. ˔̆̑̓̓̆̔̅̆ ̜́̌̎ ́̎ ̎ ̓̉̇̆̌̆̑ ̜̜̌̍̉ ᴅʜʝʙʠʝʪʪʝ 

ʢʝʣʪʽʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [159,160]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 130 Áʉ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʘʡץʘʣסʘʥ ʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪ װʣʛʽʥʽש ʜʝʛʠʜʨʘʪʘʮʠʷʩʳʥ ʢᴇʨʩʝʪʝʜʽ, 

676 Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʦʢʩʠʜʪʽ ʩʫʙʩʪʨʘʪʪʳץ שʘʡʪʘ ʪʦʧʪʘʩʫʳ (ʜʝʛʠʜʨʘʪʘʮʠʷ ʞᴅʥʝ 

ʜʝʢʘʨʙʦʢʩʠʣʜʝʥʫ ʧʨʦʮʝʩʪʝʨʽ) ʥᴅʪʠʞʝʩʽʥʜʝ ʣʘʥʪʘʥ ʩʠʣʠʢʘʪʳ ʪװʟʽʣʝʜʽ. 
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ʉʫʨʝʪ 26 - ײפʨʘʤʳʥʜʘ ʩʫʪʝʛʽ ʙʘʨ ץʦʩʧʘʜʘסʳ (Ar +ʅ2) LCO/KIT-6 װʣʛʽʩʽʥʽש 

ʪʦʪʳץʩʳʟʜʘʥʫʳʥʳש ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫʳ 

ʉʘʣʳʩʪʳʨʫ װʣʛʽʩʽ CoAl ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘ ʢʦʙʘʣʴʪʪʳש ʪʦʪʳץʩʳʟʜʘʥʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ 520ÁC ʪʝפ .[161] שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ ʙʘʨʣʳװ ץʣʛʽʣʝʨʛʝ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʧʨʦʮʝʩʽ װʰʽʥ 480 ÁC ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʘשʜʘʣʜʳ. ʉʠʥʪʝʟʜʝʣʛʝʥ 

 ʘסʩʳʟʜʘʥʜʳʨʫץʜʝʫʛʝ ʞᴅʥʝ ʩʫʪʝʛʽʥʜʝ ʪʦʪʳשᴇ ץʣʛʽʣʝʨʜʽ ʘʫʘʜʘ ʪʝʨʤʠʷʣʳװ

ʪʘשʜʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ 27-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɿʝʨʪʪʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʘʫʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʙʘסʜʘʨʣʘʤʘʩʳ 27ɸ ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʫʜʽש ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʞʳʣʜʘʤʜʳסʳ 300 ÁC/ʩʘס ʪʝש ʞᴅʥʝ ʨʝʞʠʤ ʨʝʘʢʮʠʷ ʢʠʥʝʪʠʢʘʩʳ ʤʝʥ ʢʨʠʩʪʘʣʜʳץ 

ᴇʩʫʜʽש ʙʘץʳʣʘʥʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽ ʙʘʩʪʘʧץʳʜʘ 

350 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 3 ʩʘסʘʪ, ʢʝʡʽʥ 750 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 4 ʩʘסʘʪ ײʩʪʘʣʜʳ. ɽʢʽ 

ʩʘʪrʣʳ ᴇשʜʝʫ ʪᴇʤʝʥʛʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ 

 ץʪʦʣʳ שʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥʳסʘ, ʘʣ ʞʦסʪʘʨʜʳ ʞʦʶץʘʣʜʳץ

ʢʨʠʩʪʘʣʜʘʥʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. LCO/KIT-6 ʢʦʤʧʦʟʠʮʠʷʣʳװ ץʣʛʽʩʽ 

 ʘʪסʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 500 ÁC ʜʝʡʽʥ ʰʝʢʪʝʣʽʧ, 3 ʩʘװʰʽʥ ʤʘʢʩʠʤʘʣʜʳ ʢװ

 ʘʞʝʪʪʽʣʽʛʽʤʝʥץ ʪʘʫץʨʳʣʳʤʳʥ ʩʘײץ ʤʝʟʦʢʝʫʝʢʪʽ שʩʪʘʣʜʳ, KIT-6 ʤʘʪʨʠʮʘʩʳʥʳײ

ʙʘʡʣʘʥʳʩʪʳ. ɸʪʘʣסʘʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʤʦʨʬʦʣʦʛʠʷʩʳ, ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʩʳ ʞᴅʥʝ ʙʝʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʤʘץʩʘʪʪʳ ʪװʨʜʝ 

ᴅʩʝʨ ʝʪʫ װʰʽʥ ʪʘשʜʘʣסʘʥ.  
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ʉʫʨʝʪ 27 ï ɸ) ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽ ʘʫʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʙʘסʜʘʨʣʘʤʘʩʳ.              

ɹ) ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽ ʩʫʪʝʛʽʥʜʝ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ 

 

ʂʝʣʪʽʨʽʣʛʝʥ 27ɹ-ʩʫʨʝʪʪʝ ʟʝʨʪʪʝʫ װʣʛʽʩʽʥ ʩʫʪʝʛʽ ʘסʳʥʘʥʜʘ ʪʦʪʳץʩʳʟʜʘʥʜʳʨ 

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳץʪʘʨʳ ʤʘʪʝʨʠʘʣʜʳש 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʞᴅʥʝ ᴅʨ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞװʨʝʪʽʥ 

ʧʨʦʮʝʩʪʝʨʜʽש ʪʘʙʠסʘʪʳʥʘ ʩᴅʡʢʝʩ סʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʪװʨʜʝ ʪʘשʜʘʣʜʳ. 

ɹʘʩʪʘʧץʳ 0ï100 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ʩʫʪʝʛʽ ʘסʳʥʳʥʜʘ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʘ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ʧʨʦʮʝʩʽʥʜʝ ץʳʟʜʳʨʫ 

ʞʳʣʜʘʤʜʳסʳ 300 ÁC/ʩʘס ʢᴇʨʩʝʪʪʽ, ʦʩʳ ʢʝʟʝשʜʝ װʣʛʽʜʝ ʪʝʢ ʬʠʟʠʢʘʣʳץ 

ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʳʣסʘʣ ʤʝʥ ʞʝשʽʣ ײʰץʳʰ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞʦʡʳʣʳʧ, ʪʝʨʤʠʷʣʳץ 

ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥʽץ שʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʘʪʝʨʠʘʣʜʳײץ שʨʳʣʳʤʳʥʘ ʪʝʨʽʩ ᴅʩʝʨ 

ʝʪʧʝʡʜʽ ʞᴅʥʝ ʧʨʦʮʝʩʪʽש ʞʘʣʧʳ ʫʘץʳʪʳʥ ץʳʩץʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸʣ 100ï

300 ÁC ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʪʝʨʚʘʣʳʥʜʘ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳ 150 ÁC/ʩʘס ʤᴅʥʽʥʝ ʜʝʡʽʥ 

ʪᴇʤʝʥʜʝʪʽʣʜʽ. ʂᴇʨʩʝʪʽʣʛʝʥ ʜʠʘʧʘʟʦʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʧʨʝʢʫʨʩʦʨʣʘʨʜʳש 

ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳ, ʛʘʟ ʪᴅʨʽʟʜʽ ᴇʥʽʤʜʝʨʜʽש ʙᴇʣʽʥʫʽ ʞᴅʥʝ ʢᴇʣʝʤʜʽʢ ᴇʟʛʝʨʽʩʪʝʨʜʽש 

ʧʘʡʜʘ ʙʦʣʫʳ ʦʨʳʥ ʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳʥ ʪᴇʤʝʥʜʝʪʫ 

ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʝ ײץʨʳʣʳʤʜʳץ ʩʦʥʜʘʡ-ʘץ ʛʘʟ ץʳʩʳʤʳʥʳש ᴅʩʝʨʽʥʝʥ 

ʪʫʳʥʜʘʫʳ ʤװʤʢʽʥ ʘץʘʫʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 300ï480 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣʳסʳʥʜʘ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʝש ʪᴇʤʝʥʛʽ ʤᴅʥʽ ï 60 ÁC/ʩʘס 

ʪʝש. ʆʩʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʡʤʘץʪʘ ʤʘʪʝʨʠʘʣʜʳש ʢʨʠʩʪʘʣʜʘʥʫ ʧʨʦʮʝʩʪʝʨʽ, 

ʢʨʠʩʪʘʣʜʳץ ʪʦʨʜʳץ שʘʡʪʘ ײץʨʳʣʫʳ ʞᴅʥʝ ʤʘץʩʘʪʪʳ ʬʘʟʘʥʳץ שʘʣʳʧʪʘʩʫʳ ʞװʟʝʛʝ 

ʘʩʘʜʳ. ʊʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʳʣʜʘʤʜʳסʳʥ 

ʞʦסʘʨʳʣʘʪʫ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʜʳש ʙʽʨʢʝʣʢʽ ץʘʣʳʧʪʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʽʰʢʽ 

ʢʝʨʥʝʫʣʝʨʜʽש ʘʟʘʶʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ ʬʘʟʘʣʳץ ʘʫʳʩʫʣʘʨʜʳש ʨʝʪʪʝʣʛʝʥ ʪװʨʜʝ 

ʞװʟʝʛʝ ʘʩʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʫʪʝʛʽ ʘʪʤʦʩʬʝʨʘʩʳʥʜʘסʳ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ ʧʨʦʮʝʩʽʥʜʝ Coį  Ÿ CoĮ  Ÿ 

Co  ʢʝʟʝשʜʝʨʽ ʙʦʡʳʥʰʘ ʞװʨʝʪʽʥ ʢʦʙʘʣʴʪʪʳש ʙʽʨʪʽʥʜʝʧ ʪʦʪʳץʩʳʟʜʘʥʫʳʥ 

ʘ)                                                              ʙ) 
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ʘʡץʳʥʜʘʧ, ʙʘʨʣʳװ ץʣʛʽʣʝʨ װʰʽʥ 480 Áʉ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫʜʳש ʦשʪʘʡʣʳ ʞᴅʥʝ 

ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥ ʙʝʣʩʝʥʜʝʥʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣʜʳ. 

 

3.1.5 ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʩʳʥ ʪʘʣʜʘʫ 

 ʤʦʨʬʦʣʦʛʠʷʩʳ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) שʣʛʽʣʝʨʜʽת

ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. ɾײʤʩʘץ ʞᴅʥʝ ץʘʪʪʳ ʪʝʤʧʣʘʪʪʳץ שʘʪʳʩʳʥʜʘ ʘʣʳʥסʘʥ 

LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʉʕʄ ʤʠʢʨʦʛʨʘʬʠʷʣʘʨʳ 28-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɼʝʨʝʢʪʝʨ LCO-1, LCO-2 (ʩʫʨʝʪ 28 ɸ,ɹ) ʞᴅʥʝ LCO/KIT-6 (ʩʫʨʝʪ 28ɺ) װʣʛʽʣʝʨʜʽש 

ʤʦʨʬʦʣʦʛʠʷʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɿʝʨʪʪʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ (500 nm ʞᴅʥʝ 

5 ɛm ʤʘʩʰʪʘʙʪʘʨʳ) ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ ʪᴅʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʢᴇʨʩʝʪʝʜʽ. תʣʢʝʡʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʞʦסʘʨʳ (200ʭ) ʢʝʩʢʽʥʜʝʨʜʝ 

ʤʘʪʝʨʠʘʣʜʳײ שʩʘץ ʜʠʩʧʝʨʩʪʽ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʜʝʥ ײץʨʘʣסʘʥ ʘʛʨʝʛʘʪʪʘʣסʘʥ 

 ʘʩʠʝʪʪʝʨץ ץʘʥ ʤʦʨʬʦʣʦʛʠʷʣʳסʳʣʳ ʘʣʳʥץʘʣʘʜʳ. ʉʕʄ ʘʨץʳʥ ʙʘʡץʨʳʣʳʤʳ ʘʡײץ

N2 ʘʜʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷʩʳ ʤᴅʥʜʝʨʽ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʤʝʥ ʪʦʣʳץ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ, ʤײʥʜʘ ʘʣʳʥסʘʥ ץʘʪʪʳ ʟʘʪʪʘʨʜʳש ʤʝʟʦ- ʞᴅʥʝ ʤʘʢʨʦʢʝʫʝʢʪʽ ʞʝʣʽʣʽʢ 

 ʙᴇʣʰʝʢʪʝʨʽ שʳ ʣʘʥʪʘʥ ʢʦʙʘʣʴʪʘʪrʥʳץʪʘʣʜʳ. ɹʘʩʪʘʧץʨʳʣʳʤʳ ʙʘʨ ʝʢʝʥʽ ʘʥʳײץ

30-150 ʥʤ ᴇʣʰʝʤʜʽ ʘʛʣʦʤʝʨʘʪʪʘʨ ʪװʟʝʜʽ, ʜʠʘʤʝʪʨʽ 2-50 ʥʤ ʤʝʟʦʢʝʫʝʢʪʝʨʜ̔ 

 ʫʳʩʪʘʨץ ʘ ʙʽʨʽʢʪʽʨʽʣʝʜʽ, ʜʠʘʤʝʪʨʽ >50 ʥʤסʨʘʡʜʳ. ɸʛʣʦʤʝʨʘʪʪʘʨ ʘʛʨʝʛʘʪʪʘʨײץ

ʪװʡʽʨʰʽʢʪʝʨʜʽש ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʝʨʜʝ ץʘʣʳʧʪʘʩʘʜʳ. ɹᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʽ 

ʥʘʥʦʤʝʪʨʣʽʢ ʜʠʘʧʘʟʦʥʜʘ ᴇʟʛʝʨʽʧ, ʦʣʘʨʜʳש ʪʳסʳʟ ʙʽʨʽʢʢʝʥ ʘʛʨʝʛʘʪʪʘʨʳ ʤʝʥ 

ʘʨʘʩʳʥʜʘ ʤʠʢʨʦʞʘʨʳץʪʘʨ ʤʝʥ ʢʝʫʝʢʪʽ ʘʡʤʘץʪʘʨʜʳש ʙʦʣʫʳ ʧʝʨʦʚʩʢʠʪ ʦʢʩʠʜʪʝʨʽ 

 ʘʥ ʉʕʄסʝʨʝʢʰʝʣʽʢʪʝʨʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɸʣʳʥ ץʨʳʣʳʤʜʳײץ ʰʽʥ ʙʝʣʛʽʣʽװ

ʥᴅʪʠʞʝʣʝʨʽ [162] ᴅʜʝʙʠʝʪʪʝ ʩʠʧʘʪʪʘʣסʘʥ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʤʝʥ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʅʘʥʦʜʠʩʧʝʨʩʪʽ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʦʣʫʳ, ʦʣʘʨʜʳש ʘʛʨʝʛʘʪʪʘʣʫʳ, ʢᴇʧʜʝשʛʝʡʣʽ 

ʢʝʫʝʢʪʽʣʽʢ ʞᴅʥʝ ʙʝʪʽʥʽש ʪʝʢʩʪʫʨʘʣʳץ ᴅʨʪʝʢʪʽʣʽʛʽ ð ʢʘʪʘʣʠʪʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʝ 

ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʨʝʘʢʮʠʷ ʢʠʥʝʪʠʢʘʩʳʥʘ ʦש 

ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ. ʉʦʥʜʳץʪʘʥ, ʘʣʳʥסʘʥ ʤʘʪʝʨʠʘʣʜʳש ʤʦʨʬʦʣʦʛʠʷʩʳ ʦʥʳש 

ʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ װʰʽʥ ץʦʣʘʡʣʳ ײץʨʳʣʳʤ ץʘʣʳʧʪʘʩץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 28 ï ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽ000 200 ש ʞᴅʥʝ 20 000 ʝʩʝ װʣʢʝʡʪʽʣʛʝʥ, 1 ʙʝʪ 
 

(ɸ) 
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ʉʫʨʝʪ 28, 2 ʙʝʪ 

 

(ɸ) - LCO-1, (ɹ)- LCO-2 ʞᴅʥʝ (ɺ) - LCO/KIT-6 ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ 

 ʰʽʥ ʞʝʨʛʽʣʽʢʪʽװ ʨʳʣʳʤʳʥ ʟʝʨʪʪʝʫײץ ץʤʦʨʬʦʣʦʛʠʷʣʳ שʣʛʽʣʝʨʜʽת

ʵʥʝʨʛʦʜʠʩʧʝʨʩʪʽʢ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʤʝʥ (EDX) ʞʘʙʜʳץʪʘʣסʘʥ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ 

ʞʦסʘʨʳ ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳ (ɸɾ TʕM) ʧʘʡʜʘʣʘʥʫ 

ʘʨץʳʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ.  

ɾײʤʩʘץ ʪʝʤʧʣʘʪ ï ɻ ʪʠʣʝʥʛʣʠʢʦʣʴʜʽץ שʘʪʳʩʳʥʜʘ ʛʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ 

ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʤʠʢʨʦʩʫʨʝʪʪʝʨʽ 29 ɸ,ɹ ʞᴅʥʝ 29 

ɺ,ɻ ʩʫʨʝʪʪʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʄʠʢʨʦʩʫʨʝʪʪʝʨʜʝ 50ï200 ʥʤ ᴇʣʰʝʤʜʽ װʣʢʝʥ ʞᴅʥʝ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ ʘʛʣʦʤʝʨʘʪʪʘʨ ʙʘʡץʘʣʘʜʳ. 

 

(ɹ) 

(ɺ) 
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ʉʫʨʝʪ 29 - ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʤʠʢʨʦʩʫʨʝʪʪʝʨʽ  LCO-1(A, ɹ), LCO-2(ɺ, ɻ),  

LCO/KIT-6 (ɼ,ɽ) 

ʉʦʥʜʘʡ-ʘץ LCO/KIT-6 װʣʛʽʩʽʥʽש ʤʠʢʨʦʩʫʨʝʪʪʝʨʽʥʜʝ ʢʨʝʤʥʠʣʽ ʦʢʩʠʜʪʽ KIT-

6 ʤʘʪʨʠʮʘʩʳʤʝʥ ץʦʨʰʘʣסʘʥ ᴇʣʰʝʤʽ 50ï200 ʥʤ ʙʦʣʘʪʳʥ װʣʢʝʥ ʞᴅʥʝ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ ʘʛʣʦʤʝʨʘʪʪʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ (ʩʫʨʝʪ 29 ɼ,ɽ). ײפʨʳʣʳʤʥʳש ʢʝʫʝʢʪʽʣʽʛʽ 

ʤʠʢʨʦʩʫʨʝʪʪʝʨʜʝ ʘʡץʳʥ ʙʘʡץʘʣʘʜʳ. ʊʕʄ ʥᴅʪʠʞʝʣʝʨʽ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ 

ʤᴅʣʽʤʝʪʪʝʨʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

 

(ɸ) 

(ɺ) 

LaCoO3 

ʂʝʫʝʢʪʝʨ 

KIT -6 

LaCoO3 

(ɹ) 

(ɻ) 

(ɼ) (ɽ) 

LaCoO3 



68 
 

 
 

ʉʫʨʝʪ 30 ï 750ÁC ʘʫʘʜʘ ʢװʡʜʽʨʫʜʝʥ ʢʝʡʽʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש EDX ʢʘʨʪʘʩʳ: 

LCO-1(A), LCO-2(ɹ), LCO/KIT-6(ɺ) 

 ɻʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʞᴅʥʝ ʮʠʪʨʘʪ ᴅʜʽʩʽʤʝʥ 

ʩʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש EDX ʢʝʩʢʽʥʜʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ 30-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ.  
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LCO-1 װʣʛʽʩʽʥʜʝ ʪʘשʜʘʣסʘʥ ʘʫʤʘץʪʘʨʜʘ La ʞᴅʥʝ Co ɻ ʣʝʤʝʥʪʪʝʨʽʥʽש ʙʽʨʢʝʣʢʽ 

ʪʘʨʘʣʫʳ ʙʘʡץʘʣʘʜʳ. ʂʝʡʙʽʨ ʘʡʤʘץʪʘʨʜʘ ʉʦ ץʘʨץʳʥʜʳ ʞʘʨץʳʨʘʫʳ ʦʥʳש  

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʞʝʨʛʽʣʽʢʪʽ ᴇʩʫʽʥ ʢᴇʨʩʝʪʝʜʽ, ʢʦʙʘʣʴʪ (II, III)  ʦʢʩʠʜʽ Co3O4 

(JCPDS-ICDD 00-042-1467) ʬʘʟʘʩʳʥʳץ שʦʩʧʘʩʳʥʳש ʙʦʣʫʳ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ 

ʪʘʣʜʘʫ ʜʝʨʝʢʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

 ʃʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪʪʳש ʪʘʨʘʣʫʳʥʳץײ שʩʘʩ ʢᴇʨʽʥʽʩʽ ʟʝʨʪʪʝʫʛʝ ʘʣʳʥסʘʥ ʝʢʽ 

 ʪʘʨʘʣʫʳ ʙʽʨʢʝʣʢʽ שʣʛʽʩʽʥʜʝ ʢʘʪʠʦʥʜʘʨʜʳװ LCO/KIT-6 ץʘʣʘʜʳ. ɹʽʨʘץʣʛʽʜʝ ʙʘʡװ

ʙʦʣʳʧ ʢʝʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥʳש ʙʝʪʽ ʢʨʝʤʥʠʡ ʦʢʩʠʜʽʤʝʥ, 

ʘʪʘʧ ʘʡʪץʘʥʜʘ KIT-6 ʬʘʟʘʩʳʤʝʥ ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ʙʘʡʳʪʳʣסʘʥ [163]. 

ɾװʨʛʽʟʽʣʛʝʥ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʞײʤʩʘץ 

ʪʝʤʧʣʘʪ ï ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʽץ שʘʪʳʩʫʳʤʝʥ ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽ ʘʨץʳʣʳ 

ʛʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ LaCoO3 ʦʢʩʠʜʽʥʽש 

ʩʠʥʪʝʟʽ ʣʘʥʪʘʥ ʤʝʥ ʢʦʙʘʣʴʪ ʢʘʪʠʦʥʜʘʨʳʥʳש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣסʘʥ ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩ 

ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʜʽ.  

ɹʘʩʪʘʧץʳ ץʦʩʳʣʳʩʪʳ 750 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʛʝʥʥʝʥ ʢʝʡʽʥ 

ʢʨʠʩʪʘʣʜʘʥסʘʥ LaCoOϝ ʬʘʟʘʩʳ ʪװʟʽʣʝʜʽ, ʦʥʳש ʪʝʢʩʪʫʨʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ץʘʪʪʳ 

ʪʝʤʧʣʘʪ ï KIT-6 ץʘʪʳʩʫʳʤʝʥ ʩʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʛʝ ײץʩʘʩ. 

 

3.2 ʉʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ 

ʨʝʘʢʮʠʷʩʳʥʜʘסʳ ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ 

ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʛʝ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ 

ʨʝʘʢʪʦʨʳʥʜʘ 2 ʄʇʘ ץʳʩʳʤʜʘ, 210 ÁC, 240 ÁC ʞᴅʥʝ 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ, 

ʙʘʩʪʘʧץʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘ ײץʨʘʤʳ HϜ/CO/NϜ = 6/3/1  ץʘʪʳʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

 CoAl ʩʪʘʥʜʘʨʪʪʳ שʘʩʠʝʪʪʝʨʽ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽץ ʢʘʪʘʣʠʟʜʽʢ שʣʛʽʣʝʨʜʽת

  .ʣʛʽʩʽʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ ʟʝʨʪʪʝʣʜʽװ

ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ ʢʝʟʽʥʜʝ ʉʆ ʘʡʥʘʣʳʤʳ, ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ, 

ʧʘʨʘʬʠʥʜʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ, ʩʧʠʨʪʪʝʨ ʰʳסʳʤʳ ʞᴅʥʝ ʤʝʪʘʥʥʳש ʪʘʣסʘʤʜʳʣʳסʳ 

ʝʩʝʧʪʝʣʜʽ.  

ᴆʥʽʤʜʝʨʜʽש ʭʨʦʤʘʪʦʛʨʘʤʤʘʣʘʨ r 30,31,32,33-ʩʫʨʝʪʪʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

210ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ LCO/KIT-6 װʣʛʽʩʽ װʰʽʥ ʃʍʄ-8Mɼ ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 

ʘʣʳʥסʘʥ ʩʦסשʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʣʘʨʜʳש (ʉʅ4, ʉʆ2, ʅ2, N2) ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 30-

ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. LCO/KIT-6 װʣʛʽʩʽ װʰʽʥ ʎʚʝʪ-530 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 240ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʳʥסʘʥ ʞʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 31-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 240ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ LCO-1 װʣʛʽʩʽ װʰʽʥ ʎʚʝʪ-560 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 

ʘʣʳʥסʘʥ ʩʫʣʳ-ʩʧʠʨʪ ʬʘʟʘʩʳʥʳש ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 32-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʉʦʥʳʤʝʥ ʙʽʨʛʝ 240ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ CoAl װʣʛʽʩʽ װʰʽʥ ʨʝʘʢʪʦʨ ʤʝʥ ʩʝʧʘʨʘʪʦʨʣʘʨ 

ʘʨʘʩʳʥʜʘסʳ ʪװʪʽʢʪʝʨʜʝʥ, ʨʝʘʢʪʦʨ ץʘʙʳʨסʘʣʘʨʳʥʘʥ ʛʝʢʩʘʥʤʝʥ ʞʫʫ ʘʨץʳʣʳ 

ʘʣʳʥסʘʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʎʚʝʪ-560 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ ʘʣʳʥסʘʥ 

ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 33-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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ʉʫʨʝʪ 30 - 210ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ LCO/KIT-6 װʣʛʽʩʽ װʰʽʥ ʃʍʄ-8Mɼ 

ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ ʘʣʳʥסʘʥ ʩʦסשʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʣʘʨʜʳש ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ  

 
 

ʉʫʨʝʪ 31 - LCO/KIT-6 װʣʛʽʩʽ װʰʽʥ ʎʚʝʪ-530 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 240ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʳʥסʘʥ ʞʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 
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ʉʫʨʝʪ 32 - 240ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ LCO-1 װʣʛʽʩʽ װʰʽʥ ʎʚʝʪ-560 ʭʨʦʤʘʪʦʛʨʘʬʳʥʜʘ 

ʘʣʳʥסʘʥ ʩʫʣʳ-ʩʧʠʨʪ ʬʘʟʘʩʳʥʳש ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 

 

ʉʫʨʝʪ 33 - 240ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ CoAl װʣʛʽʩʽ װʰʽʥ ʨʝʘʢʪʦʨ ʤʝʥ ʩʝʧʘʨʘʪʦʨʣʘʨ 

ʘʨʘʩʳʥʜʘסʳ ʪװʪʽʢʪʝʨʜʝʥ, ʩʝʧʘʨʘʪʦʨʣʘʨʜʘʥ ʞᴅʥʝ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ ʨʝʘʢʪʦʨ 

 שʘʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽסʳʣʳ ʘʣʳʥץʘʣʘʨʳʥʘʥ ʛʝʢʩʘʥʤʝʥ ʞʫʫ ʘʨסʘʙʳʨץ

ʭʨʦʤʘʪʦʛʨʘʤʤʘʩʳ 

ɹʝʣʛʽʣʝʫʣʝʨ: n ï ʢᴇʤʽʨʩʫʪʝʢʪʽש ʩʘʥʳ. 

 ʣʛʽʣʝʨʜʽ 210Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 7-ʢʝʩʪʝʜʝת

ʞᴅʥʝ 34-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. LCO-1 (YROH =6 ʤʛ/ʛʢʘʪÅʩʘס) ʞᴅʥʝ LCO-2 (YROH =3 

ʤʛ/ʛʢʘʪÅʩʘװ (סʣʛʽʣʝʨʽ ʦʩʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇʪʝ ʪᴇʤʝʥ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʢ 

ʢᴇʨʩʝʪʪʽ, ʩʧʠʨʪʪʝʨ װʰʽʥ ʪʘʣסʘʤʜʳʣʳץ LCO-1 (SROH, 86%) , LCO-2 (SROH, 71%) 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʜʘ ʞʦסʘʨʳ ʙʦʣʜʳ. LCO-2 ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘ ʩʧʠʨʪʪʝʨʜʽש 
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ʪʘʣסʘʤʜʳʣʳסʳ ʪᴇʤʝʥ ʙʦʣסʘʥʳʤʝʥ, ʤʝʪʘʥʥʳש ʪʘʣסʘʤʜʳʣʳסʳ LCO-1 

ʢʘʪʘʣʠʟʘʪʦʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʽʨʰʘʤʘ ʞʦסʘʨʳ. ʂᴇʩʝʪʽʣʛʝʥ ʘʡʳʨʤʘʰʳʣʳץ 

ʘʪʘʣסʘʥ ʢʘʪʘʣʠʟʘʪʦʨʜʘסʳ ʢʦʙʘʣʴʪʪʳש ʤᴇʣʰʝʨʽʥʽש ʰʘʤʘʜʘʥ ʪʳʩ ʙʦʣʫʳʤʝʥ ʞᴅʥʝ 

ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ CoϝOϞ (ʢʦʙʘʣʴʪ ʦʢʩʠʜʽ II, III) ʬʘʟʘʩʳʥʘʥ ʧʘʡʜʘ ʙʦʣסʘʥ ʽʨʽ 
ʢʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʪװʟʽʣʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. LCO/KIT-6 װʣʛʽʩʽ LCO-1 ʞᴅʥʝ 

LCO-2 ʢʘʪʘʣʠʟʘʪʦʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʞʦסʘʨʳʣʘʫʳ 

ʞᴅʥʝ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʪᴇʤʝʥ ʥᴅʪʠʞʝ ʢᴇʨʩʝʪʫʽ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪ 7-

ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. Co/Al ʩʘʣʳʩʪʳʨʫ ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʘסʜʘʡʜʘ 

ʩʧʠʨʪʪʝʨ ʙʦʡʳʥʰʘ ʞʦסʘʨʳ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʢ (YROH =72 ʤʛ/ʛʢʘʪÅʩʘס), 

ʩʧʠʨʪʪʝʨ ʙʦʡʳʥʰʘ ʪʘʣסʘʤʜʳʣʳסʳ (SROH, 22%) ᴇʪʝ ʪᴇʤʝʥ, ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש 

ʪʘʣסʘʤʜʳʣʳסʳ ʞʦסʘʨʳ ʙʦʣʜʳ. ʉʘʣʳʩʪʳʨʫ װʣʛʩ̔ʽʥʽש ʩʧʠʨʪʪʝʨ ʤʝʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨ 

ʙʦʡʳʥʰʘ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽ ʦʥʳש ʞʦסʘʨʳ ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʩʧʠʨʪʪʝʨʛʝ ץʘʪʳʩʪʳ ʙʘʡץʘʣסʘʥ 

ʪʘʣסʘʤʜʳʣʳסʳ ʦʩʳ װʣʛʽʣʝʨʜʽש ʪʝʢʩʪʫʨʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ [164] ץʘʪʘʨ, 

ʦʣʘʨʜʳש ʬʘʟʘʣʳײץ ץʨʘʤʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ. ʂʽʰʽ 

ʜʠʘʤʝʪʨʣʽ ʢʝʫʝʢʪʝʨ ʨʝʘʛʝʥʪʪʝʨ ʤʝʥ ᴇʥʽʤʜʝʨʜʽש ʜʠʬʬʫʟʠʷʩʳʥ ʰʝʢʪʝʧ, ʘʫʳʨ ᴅʨʽ 

 ʩʘʪʪʳ ᴇʥʽʤʜʝʨʛʝץʟʽʣʫʽʥ ʪʝʞʝʡ ʦʪʳʨʳʧ, ʤʘװʪ שʘʞʝʪʩʽʟ ᴇʥʽʤʜʝʨʜʽץ

ʪʘʣסʘʤʜʳʣʳץʪʳש ʘʨʪʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ [165]. ʆʢʩʠʛʝʥʘʪʪʘʨʜʳש 

ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʘʨʪʫʳ װʣʛʽʣʝʨʜʽש ʙʝʪʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʞײʤʩʘץ ץʳʰץʳʣʜʳץ 

ʦʨʪʘʣʳץʪʘʨʜʳש ᴅʩʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʞʘסʜʘʡʳʥʜʘ ʣʘʥʪʘʥ-ײץʨʘʤʜʳ ʦʢʩʠʜʪʽʢ ʪʘʩʳʤʘʣʜʘסʳʰ ʢʨʝʤʥʝʟʝʤʤʝʥ ʙʘʡʣʘʥʳʩ 

ʪװʟʫʽ ʳץʪʠʤʘʣ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʳש ᴅʩʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ʰʝʢʪʝʣʝʜʽ. 

 

 ʂʝʩʪʝ 7 - ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨ ʤʝʥ ʩʘʣʳʩʪʳʨʫ װʣʛʽʩʽ CoAl ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש 

ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳʥʜʘסʳ ʢʘʪʘʣʠʟʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ. ʂʘʪʘʣʠʟʜʽʢ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʰʘʨʪʪʘʨʳ: ץʳʩʳʤ ï 2 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ ï 210 ÁC, ʨʝʘʢʮʠʷʣʳץ 

 ʨʘʤʳ ï HϜ/CO = 2/1ײץ ʦʩʧʘץ

 
ʂᴇʨʩʝʪʢʽʰʪʝʨ LCO-1 LCO-2 LCO/KIT-6 ʉoAl*  

GHSV, ʩʘ2440 450 590 1000 1-ס 

ɻʘʟ ʘסʳʥʳʥʳש 

ʞʳʣʜʘʤʜʳסʳ, ʣ/ʩʘס 
1.0 1.0 1.0 4.7 

Vʢʘʪ 2,20 2,20 2,20 0,15 

mʢʘʪ 2,24 2,35 2,00 0,11 

Xʉʆ, % 22,0 16,0 22,0 20,0 

SCO2
, % 1 0 0 0 

SCH4, % 5 21 11 6 

SC2-C8
, % 2 8 8 5 

SROH, % 86 71 75 22 

YROH, ʤʛ/ʛʢʘʪĿʩʘ72 31 3 6 ס 

Sʧʘʨʘʬʠʥʜʝʨ, % - - 6 67 

ɹʝʣʛʽʣʝʫʣʝʨ: Vʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨ ʢᴇʣʝʤʽ, ʤʣ; mʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʤʘʩʩʘʩʳ, ʛ; GHSV ï 

ʛʘʟʜʳש ʢᴇʣʝʤʜʽʢ ʞʳʣʜʘʤʜʳסʳ, ʩʘ1-ס; Xʉʆ - ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ, %; S ï ʪʘʣסʘʤʜʳʣʳץ, %; Y ï 

ᴇʥʽʤ ʰʳסʳʤʳ, ʤʛ/ʛʢʘʪĿʩʘס. 
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ʉʫʨʝʪ 34 - ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ210 שÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇʥʽʤʜʝʨʜʽש 

ʪʘʣסʘʤʜʳʣʳסʳ, ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ ʞᴅʥʝ ʛʘʟʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʢᴇʣʝʤʜʽʢ 

ʞʳʣʜʘʤʜʳסʳ 

ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ 

240Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץײʩʘʩ ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʪʝʨʜʽ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

LaCoO3 װʣʛʽʣʝʨʽʥʽש ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽ CoAl ʢʘʪʘʣʠʟʘʪʦʨʳʥʘʥ, ʝש ʘʣʜʳʤʝʥ, 

ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʤʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʜʽ. 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ, ײץʨʘʤʳʥʜʘ ʣʘʥʪʘʥ ʙʘʨ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨʜʽ ץʦʣʜʘʥʫ 

ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. LCO-2 װʣʛʽʩʽʥʽש 

ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽ ʙʘʩץʘ װʣʛʽʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ 

ʞʦסʘʨʳ ʩʝʟʽʤʪʘʣʜʳסʳʤʝʥ ʝʨʝʢʰʝʣʝʥʜʽ. ɾʝשʽʣ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʞʦסʘʨʳ 

ʩʝʟʽʤʪʘʣʜʳʣʳװ ץʣʛʽʜʝʛʽ ʤʝʪʘʣʣ ʢʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʢװʡʽʥʜʝʛʽ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. LCO-2 װʣʛʽʩʽʥ ʩʠʥʪʝʟʜʝʫ 

ʢʝʟʽʥʜʝ, ᴅʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ, ʣʘʥʪʘʥסʘ ץʘʨʘסʘʥʜʘ ʢʦʙʘʣʴʪʪʳש ʘʨʪʳץ 

ʤᴇʣʰʝʨʜʝ ʘʣʳʥʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ CoϝOϞ ʬʘʟʘʩʳʥʳץ שʦʩʧʘʩʳ ʢᴇʧ ʤᴇʣʰʝʨʜʝ 
ʪװʟʽʣʛʝʥʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ [166]. ʄװʤʢʽʥ, ʦʩʳ ʬʘʟʘʥʳש ʪʦʪʳץʩʳʟʜʘʥʫʳ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʛʝʥ ʢʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽ ʣʘʥʪʘʥ ײץʨʘʤʜʳ ʦʢʩʠʜʪʽ 

ʪʘʩʳʤʘʣʜʘסʳʰʧʝʥ ʞʝʪʢʽʣʽʢʪʽ ʜᴅʨʝʞʝʜʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʧʝʛʝʥ ʙʦʣʫʳ ʳץʪʠʤʘʣ. 

ʄʝʪʘʣʣ ʤʝʥ ʪʘʩʳʤʘʣʜʘסʳʰ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʜʽש ᴅʣʩʽʟʜʽʛʽ ʞʝשʽʣ 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽץ שʘʣʳʧʪʘʩʫʳʥ ʘʨʪʪʳʨʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ װʣʛʽʜʝ ʩʧʠʨʪʪʝʨʜʽש 

ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ. LCO-1 ʞᴅʥʝ LCO/KIT-6 װʣʛʽʣʝʨʽʥʜʝ 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪװʟʽʣʫ ʜᴅʨʝʞʝʩʽ ʪᴇʤʝʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʩʳ װʣʛʽʣʝʨʜʝ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ʩʫ ʢᴇʣʝʤʽ ʜʝ LCO-2 ʢʘʪʘʣʠʟʘʪʦʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʟ. 

LCO-1 ʞᴅʥʝ LCO/KIT-6 װʣʛʽʣʝʨʽʥʽש ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʩʘʣʳʩʪʳʨʫ ʢʝʩʪʝʜʝʥ 

ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ LCO/KIT-6 ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ ʞʦסʘʨʳ ʙʦʣסʘʥʜʳץʪʘʥ 
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ʙʝʣʩʝʥʜʽ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. LCO/KIT-6 (SROH, 61%) װʣʛʽʩʽʥ LCO-1 (SROH, 90%) 

 ,ʘʨʘʤʘʩʪʘʥץ ʳ ʪᴇʤʝʥ ʙʦʣʫʳʥʘסʘʤʜʳʣʳסʪʘʣ שʘʥʜʘ ʩʧʠʨʪʪʝʨʜʽסʣʛʽʩʽʤʝʥ ʩʘʣʳʩʪʳʨװ

ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʰʳסʳʤʳ LCO/KIT-6 (YROH, 80 ʤʛ/ʛʢʘʪĿʩʘס) ʘʡʪʘʨʣʳץʪʘʡ 

ʞʦסʘʨʳ. LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʠʥʪʝʟ-ʛʘʟʜʳ ʩʧʠʨʪʢʝ ʘʡʥʘʣʜʳʨʫ ʧʨʦʮʝʩʽʥʜʝ 

ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʦʪʦʨ ʦʪʳʥʳʥ ᴇʥʜʽʨʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ 

ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. LCO-1 װʣʛʽʩʽʥʜʝ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ 90% ײץʨʘʜʳ. 

 שʣʛ̔ʩʽʥʜʝ, ʢʝʨʽʩʽʥʰʝ, ʩʧʠʨʪʪʝʨʜʽװ ʩʘʩ LCO-2 (SROH, 42%)ץײ ʳʥʘʥ ᴇʪʝסʨʘʤʳ ʞʘײפ

ʪʘʣסʘʤʜʳʣʳסʳ LCO-1 װʣʛʽʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 2 ʝʩʝ ʪᴇʤʝʥ ʙʦʣʫʳ, ʞʦסʘʨʳʜʘ 

ʘʪʘʣסʘʥ ʜʝʨʝʢʪʝʨʤʝʥ ʪʦʣʳץ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 240Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ  

ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ ʢʝʟʽʥʜʝ CoAl ʩʪʘʥʜʘʨʪʳʥʜʘסʳ ʩʧʠʨʪʪʝʨʜʽש ʰʳסʳʤʳ 72 

ʤʛ/ʛʢʘʪÅʩʘײץ סʨʘʜʳ. LCO-2 װʣʛʽʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʢᴇʨʩʝʪʢʽʰʪʽש ʞʦסʘʨʳ 

ʙʦʣʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ ʪᴇʤʝʥ ʙʦʣʫʳ CoAl 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʘʨʘʬʠʥ ʪװʟʫʛʝ ʙʝʡʽʤ ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʢʝ ʠʝ ʝʢʝʥʽʥ ʘʡץʳʥ 

ʢᴇʨʩʝʪʝʜʽ [167].  

 

ʂʝʩʪʝ 8 - ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʞᴅʥʝ ʩʘʣʳʩʪʳʨʫ װʣʛʽʩʽ CoAl ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש 

ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳʥʜʘסʳ ʢʘʪʘʣʠʟʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ. ʂʘʪʘʣʠʟʜʽʢ 

ʟʝʨʪʪʝʫ ʰʘʨʪʪʘʨʳ: ץʳʩʳʤ 2 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 240Áʉ, ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʥʳש 

 ʨʘʤʳ H2/CO=2/1ײץ

 

ʂᴇʨʩʝʪʢʽʰʪʝʨ LCO-1 LCO-2 LCO/KIT-6 ʉoAl* 

GHSV, ʩʘ2440 450 590 1000 1-ס 

ɻʘʟ ʰʳסʳʥʳ, 

ʣ/ʩʘס 
1.0 1.0 1.0 4.7 

Vʢʘʪ 2,20 2,20 2,20 0,15 

mʢʘʪ 2,24 2,35 2,00 0,11 

Xʉʆ, % 17,0 20,0 16,0 20,0 

SCO2
, % 6 3 3 0 

SCH4, % 3 36 9 6 

SC2-C8
, % 1 19 7 5 

SROH, % 90 42 61 22 

YROH, ʤʛ/ʛʢʘʪĿʩʘ72 80 21 57 ס 

Sʧʘʨʘʬʠʥʜʝʨ, % 0.2 < 0.1 20 67 

ɹʝʣʛʽʣʝʫʣʝʨ: Vʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨ ʢᴇʣʝʤʽ, ʤʣ; mʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʤʘʩʩʘʩʳ, ʛ; 

GHSV ï ʛʘʟʜʳש ʢᴇʣʝʤʜʽʢ ʞʳʣʜʘʤʜʳסʳ, ʩʘ1-ס; Xʉʆ - ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ, %; S ï 

ʪʘʣסʘʤʜʳʣʳץ, %; Y ï ᴇʥʽʤ ʰʳסʳʤ,r ʤʛ/ʛʢʘʪĿʩʘס. 
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ʉʫʨʝʪ 35 - ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ240 שÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇʥʽʤʜʝʨʜʽש 

ʪʘʣסʘʤʜʳʣʳסʳ, ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ ʞᴅʥʝ ʛʘʟʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʢᴇʣʝʤʜʽʢ 

ʞʳʣʜʘʤʜʳסʳ 

LCO-1, LCO-2 ʞᴅʥʝ LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ װʰʽʥ 9-ʢʝʩʪʝʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽ300 ש ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʞʘסʜʘʡʳʥʜʘ ʩʠʥʪʝʟ-ʛʘʟʜʳש ʘʡʥʘʣʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ 

ʩʠʧʘʪʪʘʡʜʳ. ᴆʥʽʤʜʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥ ʪʘʣʜʘʫ 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʤʝʪʘʥʥʳש (SCHϞ) ʞᴅʥʝ ʞʘʣʧʳ 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪװʟʽʣʫʽ ʞʦסʘʨʳ (33ï49 %), ʘʣ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ (SROH) 

ʪᴇʤʝʥ (9ï11 %). ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʧʠʨʪʪʝʨʜʽ ʪװʟʫʛʝ ץʘʞʝʪʪʽ CïO 

ʙʘʡʣʘʥʳʩʪʳ ʩʘץʪʘʡʪʳʥ ʠʥʪʝʨʤʝʜʠʘʪʪʘʨ (CH O ʞᴅʥʝ CH OH) ʪײʨʘץʩʳʟ ʙʦʣʘʜʳ 

ʞᴅʥʝ ʦʣʘʨ ʞʳʣʜʘʤ ᴅʨʽ ʪʝʨʝש ʛʠʜʨʣʝʥʫʛʝ ײʰʳʨʘʧ, ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʘʡʥʘʣʘʜʳ. 

ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʥʝʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤʝʪʘʥʥʳש ʪװʟʽʣʫ ʨʝʘʢʮʠʷʣʘʨʳʥ 

ʞr ʣʜʘʤʜʘʪʳʧ, ʉϛ-ᴇʥʽʤʜʝʨʜʽץ שʘʣʳʧʪʘʩʫʳʥ ʘʨʪʪʳʨʘʜʳ. ʉʦʥʳש ʩʘʣʜʘʨʳʥʘʥ, 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ ʪᴇʤʝʥʜʝʡʜʽ [168]. ʉʦʥʳʤʝʥ 

 ʡʜʝװʪʘʨʳ ᴇʪʝ ʙʝʣʩʝʥʜʽ ʢץʢʦʙʘʣʴʪ ʦʨʪʘʣʳ ץʘʪʘʨ, 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʝʪʘʣʜʳץ

ʙʦʣʫʳ CïC ʙʘʡʣʘʥʳʩʪʘʨסʘ ץʘʨʘסʘʥʜʘ, CïO ʙʘʡʣʘʥʳʩʳʥ ʪʦʣʳװ ץʟʝʪʽʥ ʤʝʪʘʥʜʘʫ 

ʨʝʘʢʮʠʷʩʳʥ ʞʳʣʜʘʤʜʘʪʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʤʝʪʘʥ ʪװʟʽʣʫʽ ʢװʰʝʡʽʧ, ʩʧʠʨʪʪʝʨʜʽש 

ʪʘʣסʘʤʜʳʣʳסʳ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʡʜʽ. LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש 

ʤʝʟʦʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ ʩʧʠʨʪ ʰʳסʳʤʳʥ ʘʟ ʤᴇʣʰʝʨʜʝ ʘʨʪʪʳʨʘʜʳ (YROH = 38 

ʤʛ/ʛʢʘʪÅʩʘס), ʙʽʨʘץ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʘʣʧʳ ᴅʩʝʨʽʥ ʞʝשʽʣʜʝʪʝ ʘʣʤʘʡʜʳ: 

ʦʢʩʠʛʝʥʘʪ ʠʥʪʝʨʤʝʜʠʘʪʪʘʨʳʥʳש ʪײʨʘץʩʳʟʜʳסʳʥʘʥ ᴇʥʽʤ ץʘʡʪʘʜʘʥ 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʛʝ ʳסʳʩʘʜʳ. ɹʝʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨ 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʠʥʪʝʟ-ʛʘʟʜʳ 
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ʩʧʠʨʪʪʝʨʛʝ ʘʡʥʘʣʜʳʨʫ ʨʝʘʢʮʠʷʩʳʥʳש ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ 

ʪײʨסʳʜʘʥ ʪʠʽʤʩʽʟ ʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

 

ʂʝʩʪʝ 2 - ʉʠʥʪʝʟʜʝʣʛʝʥ װʣʛʽʣʝʨʜʽש ʞᴅʥʝ ʩʘʣʳʩʪʳʨʫ װʣʛʽʩʽ CoAl ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש 

ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳʥʜʘסʳ ʢʘʪʘʣʠʟʜʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ. ʂʘʪʘʣʠʟʜʽʢ 

ʟʝʨʪʪʝʫ ʰʘʨʪʪʘʨʳ: ץʳʩʳʤ 2 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʘ 300Áʉ, ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʥʳש 

 ʨʘʤʳ H2/CO=2/1ײץ

 

ʂᴇʨʩʝʪʢʽʰʪʝʨ LCO-1 LCO-2 LCO/KIT-6 

GHSV, ʩʘ2560 3050 2810 1-ס 

ɻʘʟ ʰʳסʳʥʳ, 

ʣ/ʩʘס 
5.2 5.8 4.9 

Vʢʘʪ 2,20 2,20 2,20 

mʢʘʪ 2,24 2,35 2,00 

Xʉʆ, % 29,0 33,0 39,0 

SCO2
, % 8 10 1 

SCH4, % 47 49 33 

SC2-C8
, % 32 32 29 

SROH, % 11 9 10 

YROH, ʤʛ/ʛʢʘʪĿʩʘ38 13 11 ס 

Sʧʘʨʘʬʠʥʜʝʨ, % 2 < 0.1 27 

ɹʝʣʛʽʣʝʫʣʝʨ: Vʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨ ʢᴇʣʝʤʽ, ʤʣ; mʢʘʪ ï ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʤʘʩʩʘʩʳ, ʛ; 

GHSV ï ʛʘʟʜʳש ʢᴇʣʝʤʜʽʢ ʞʳʣʜʘʤʜʳסʳ, ʩʘ1-ס; Xʉʆ - ʉʆ ʢʦʥʚʝʨʩʠʷʩʳ, %; S ï 

ʪʘʣסʘʤʜʳʣʳץ, %; Y ï ᴇʥʽʤ ʰʳסʳʤ,r ʤʛ/ʛʢʘʪĿʩʘס. 

 

 
ʉʫʨʝʪ 367 - ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ300 שÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘס r

ᴇʥʽʤʜʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ, ʉʆ ʘʡʥʘʣʳʤʳ ʞᴅʥʝ ʛʘʟʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʢᴇʣʝʤʜʽʢ 

ʞʳʣʜʘʤʜʳסʳ 
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ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽ, ʪʘʣסʘʤʜʳʣʳסʳʤʝʥ ץʘʪʘʨ ʦʣʘʨʜʳש 

ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʙʽʨʽ ð ײʟʘץʤʝʨʟʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫ ʪײʨʘץʪʳʣʳסʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʦʣʘʨʜʳש ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

 ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ שʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽװʳʪ ʙʦʡʳ ʞץʫʘ ץʟʘײ

ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ. CO:H2:N2 = 3:6:1 ײץʨʘʤʳʥʜʘסʳ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘʩʳʥʜʘ 240 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 10 ʩʘסʘʪ ʙʦʡʳ ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʨʝʘʢʮʠʷ ᴇʥʽʤʜʝʨʽʥʝ ץʘʪʳʩʪʳ ʪʘʣסʘʤʜʳʣʳץ ʪײʨʘץʪʳʣʳסʳʥ 

ʢᴇʨʩʝʪʪ ̔(ʩʫʨʝʪ 37). 

 
 

ʉʫʨʝʪ 37ï ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʨʝʘʢʮʠʷʩʳʥʜʘ  LCO-1, LCO-2, 

LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ץʘʪʳʩʳʥʜʘ  ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʳש 

ʪײʨʘץʪʳʣʳסʳ (ʨʝʘʢʮʠʷ ʰʘʨʪʪʘʨʳ: 240 ÁC, 2ʄʈʘ,  CO:H2 = 1:2) 

 

240 ÁC, 2 ʄʇʘ, CO:H2 = 1:2 ʰʘʨʪʪʘʨʳʥʜʘ 10 ʩʘסʘʪʪʳץ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʩʧʠʨʪʪʝʨʛʝ ץʘʪʳʩʪʳ ʪʘʣסʘʤʜʳʣʳץʪʳש ʫʘץʳʪ ʙʦʡʳʥʰʘ ʪײʨʘץʪʳʣʳסʳ 

LaCoO3 ʞᴅʥʝ LaCoO3/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ װʰʽʥ ʙʽʨʜʝʡ [169]. ױʈʌʊ ʜʝʨʝʢʪʝʨʽ 

ʙʦʡʳʥʰʘ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 10 ʩʘסʘʪ ʞײʤʳʩ ʽʩʪʝʛʝʥʥʝʥ ʢʝʡʽʥ Co3O4, La2O3 ʞᴅʥʝ 

La(OH)3 ʬʘʟʘʣʘʨʳʥʳש ʪװʟʽʣʫʽ ʢʘʪʘʣʠʟʘʪʦʨ ײץʨʳʣʳʤʳʥʳץ שʘʡʪʳʤʩʳʟ 

ʜʝʛʨʘʜʘʮʠʷʩʳʥ ʢᴇʨʩʝʪʪʽ (ʩʫʨʝʪ 40,41). ʂʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʜʝ ʧʝʨʦʚʩʢʠʪ 

ʬʘʟʘʩʳʥʳץ שʘʡʪʳʤʩʳʟ ʙײʟʳʣʫʳ ʞᴅʥʝ Co ʙᴇʣʰʝʢʪʝʨʽʥʽש ʘʛʨʝʛʘʛʘʮʠʷʣʘʥʫʳ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש ʩʘʥʳ ʘʟʘʡʳʧ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʙʝʪʪʽʢ 

ʘʫʜʘʥʳ ʢʝʤʫʽʥʝʥ ʩʧʠʨʪʪʝʨʛʝ ʪʘʣסʘʤʜʳʣʳץ ʙʽʨʪʽʥʜʝʧ ʪᴇʤʝʥʜʝʧ, 

ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש, ᴅʩʽʨʝʩʝ ʞʝשʽʣ ʬʨʘʢʮʠʷʣʘʨʜʳש ʪװʟʽʣʫʽ ʙʘʩʳʤ ʙʦʣʘʜʳ. 

 

3.3  ʉʧʠʨʪʪʝʨ ʩʠʥʪʝʟʽʥʜʝ װʣʛʽʣʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʳש 

ʪʝʢʩʪʫʨʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

LCO-1, LCO-2 ʞᴅʥʝ LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳש ʢʘʪʘʣʠʟʜʽʢ 

 ʩʧʠʨʪʪʝʨ שʰʽʥ ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳװ ʘʨʘʡ ʟʝʨʪʪʝʫץ ʘʩʠʝʪʪʝʨʽʥ ᴅʨʽץ

ʩʠʥʪʝʟʽʥʝ ᴅʩʝʨʽ ʩʘʣʳʩʪʳʨʳʣʜʳ. ᴆʣʰʝʥʛʝʥ ʩʧʠʨʪ ʰʳסʳʤʜʘʨʳʥʳש ʤᴅʥʜʝʨʽ 38- 
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ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. ʂᴇʨʩʝʪʽʣʛʝʥ ʥᴅʪʠʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ, 210 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳץ שʘʪʳʩʫʳʤʝʥ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨ ʘʣʫ 

ʧʨʦʮʝʩʽ ʘʡʪʘʨʣʳץʪʘʡ ʪʠʽʤʜʽ ʙʦʣʤʘʡʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ʉʧʠʨʪʪʝʨ ʰʳסʳʤʳʥʳש 

ʪᴇʤʝʥ ʙʦʣʫʳ ʛʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʙʽʨʛʝ ʪײʥʜʳʨʫ ᴅʜʽʩʽʤʝʥ ʩʠʥʪʝʟʜʝʣʛʝʥ 

LCO-1 ʞᴅʥʝ LCO-2 (YROH = 6-3 ʤʛ/ʛʢʘʪÅʩʘס) װʣʛʽʣʝʨʽʥʽש ʦʩʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞʝʪʢʽʣʽʢʪʽ ʙʝʣʩʝʥʜʽ ʬʘʟʘʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʤʘʡʪʳʥʜʳסʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ᴄʜʝʙʠʝʪʪʝʨʜʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש ʧʝʨʦʚʩʢʠʪʪʽʢ 

 ʟʽʣʫʽװʪ שʪʘʨʳʥʳץʪʘʥ Co0 ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʳʜʳʨʘʤʘʡʪʳʥʜʳ ץʨʳʣʳʤʳ ʪʦʣʳײץ

ʰʝʢʪʝʣʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ᴇʟ ʢʝʟʝʛʽʥʜʝ ʉïʆ ʙʘʡʣʘʥʳʩʳ ʩʘץʪʘʣסʘʥ ʘʨʘʣʳץ 

ʠʥʪʝʨʤʝʜʠʘʪʪʘʨʜʳש (CH O*) ʪװʟʽʣʫʽʥ ץʠʳʥʜʘʪʘʜʳ [170].  

LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳץ שʘʪʳʩʫʳʤʝʥ 210ï240 ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʩʧʠʨʪʪʝʨʜʽש ʰʳסʳʤʳ (YROH = 31Ÿ80 ʤʛ/ʛʢʘʪÅʩʘס) װʰ 

ʝʩʝʜʝʡ ʘʨʪץʘʥ. ɹʝʣʛʽʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ KIT-6 ʪᴅʨʽʟʜʽ ʞʦסʘʨʳ ʢʝʫʝʢʪʽ ʢʨʝʤʥʝʟʝʤʜʳ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨʜʳש ʢʦʙʘʣʴʪ ʙᴇʣʰʝʢʪʝʨʽʥ ʜʠʩʧʝʨʩʠʷʣʘʧ, CoïOïSi 

ʠʥʪʝʨʬʝʡʩʪʝʨʽʥ ʪײʨʘץʪʘʥʜʳʨʫ ʘʨץʳʣʳ ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʜʳש ʩʘʥʳʥ 

ʢᴇʙʝʡʪʝʪʽʥʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʇʝʨʦʚʩʢʠʪʪʽʢ ײץʨʳʣʳʤʜʘʨʜʘ CO ʘʜʩʦʨʙʮʠʷʩʳ ʤʝʥ 

CïC ʙʘʡʣʘʥʳʩʳʥʳש ʪװʟʽʣʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ Co0 ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʳʥʳש 

ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ ʜᴅʣʝʣʜʝʥʛʝʥ [171]. 
 

 
 

ʉʫʨʝʪ 38 ï ᴄʨʪװʨʣʽ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ װʰʽʥ ʩʧʠʨʪʪʝʨ 

ʰʳסʳʤʳʥʳש (YROH, ʤʛ/ʛʢʘʪĿʩʘס) ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʂʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝ ʉʆ ʤʦʣʝʢʫʣʘʩʳʥʳש ʘʜʩʦʨʙʮʠʷʩʳ ʤʝʥ 

ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʫ װʨʜʽʩʽ ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ [172] ʪᴅʫʝʣʜʽ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ʉʆ 

ʘʜʩʦʨʙʮʠʷʩʳ ʵʥʪʘʣʴʧʠʷʣʳץ ʩʠʧʘʪʪʘ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳש ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʝ 

ʘʜʩʦʨʙʮʠʷʣʘʥʫ ʜᴅʨʝʞʝʩʽ ʪʝʤʧʝʨʘʪʫʨʘ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʪᴇʤʝʥʜʝʡʜʽ, ʷסʥʠ 

ʘʜʩʦʨʙʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʢʝʨʽ ʧʨʦʧʦʨʮʠʦʥʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 300 ÁC 
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ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨ ʙʘʨʳʩʳʥʜʘ ʢʘʪʘʣʠʟʘʪʦʨʜʳש 

ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʳʥʜʘ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʉʆ ʤʦʣʝʢʫʣʘʣʘʨʳʥʘʥ ʪװʟʽʣʝʪʽʥ 

ʘʨʘʣʳץ ʠʥʪʝʨʤʝʜʠʘʪʪʘʨʜʳש ʪײʨʘץʪʳʣʳסʳ ʪᴇʤʝʥʜʝʧ, ʥᴅʪʠʞʝʩʽʥʜʝ ʩʧʠʨʪʪʝʨʛʝ ʪᴅʥ 

CïO ʙʘʡʣʘʥʳʩʳ ʩʘץʪʘʣסʘʥ ʠʥʪʝʨʤʝʜʠʘʪʪʘʨʜʳש ʪװʟʽʣʫʽ ץʠʳʥʜʘʫʳʥʘʥ ʩʧʠʨʪʪʝʨʜʽש 

ʪװʟʽʣʫ ʰʳסʳʤʳ ʪᴇʤʝʥʜʝʡʜʽ. נʳʣʳʤʠ ʝשʙʝʢʪʝʨʜʝ 280ï300 ÁC ʜʠʘʧʘʟʦʥʳʥʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʝʪʘʥʜʘʥʫ ʞᴅʥʝ ʩʫ ʛʘʟʳʥʳש ʳסʳʩʫ ʨʝʘʢʮʠʷʣʘʨʳ ʢʘʪʘʣʠʟʜʽʢ 

ʞװʡʝʜʝ ʙᴅʩʝʢʝʣʝʩ ʙʘסʳʪ ʨʝʪʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ ʢװʰʝʡʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ [168, ʙ.6].  

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʳש ʙ̔ ʨʢʝʣʢʽ 

ʪᴇʤʝʥʜʝʫʽ 38-ʩʫʨʝʪʪʝ ʢᴇʨʽʥʝʜʽ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, 210 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʙʝʣʩʝʥʜʽʣʽʛʽ ʪᴇʤʝʥ ʙʦʣסʘʥʳʤʝʥ, ʪʘʣסʘʤʜʳʣʳץ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ 

ʩʘץʪʘʣʘʜʳ: LCO-1 ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘ - 86 %, LCO-2 ï 71 %, LCO/KIT-6 ï 75%, ʘʣ 

CoAl ï 22% ײץʨʘʡʜʳ. 210 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʨʝʘʢʮʠʷʥʳש ʞʘʣʧʳ ʞʳʣʜʘʤʜʳסʳ 

ʪᴇʤʝʥ ʙʦʣʳʧ, ᴇʥʽʤʜʝʨ ʘʟ ʤᴇʣʰʝʨʜʝ ʪװʟʽʣʝʜʽ. ʊʦʣʳץ ʩʫʪʝʢʪʝʥʫ, ʤʝʪʘʥʠʟʘʮʠʷ 

ʥʝʤʝʩʝ ʦʣʝʬʠʥʜʝʨʜʽש ʪװʟʽʣʫʽ ʩʠʷץʪʳ ʙᴅʩʝʣʝʢʝʩ ʨʝʘʢʮʠʷʣʘʨ ʤװʣʜʝʤ ʙʘʡץʘʣʤʘʡʜʳ. 

ʆʩ r ʞʘסʜʘʡʣʘʨʜʘ ʪװʟʽʣʝʪʽʥ ᴇʥʽʤʜʝʨʜʽש ʙʽʨʰʘʤʘ ʙᴇʣʽʛʽ ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽʥʝ 

ʘʣʳʧ ʢʝʣʝʪʽʥ, ʦʪʪʝʢ ײץʨʘʤʜʳ ʘʨʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʘʨץʳʣʳ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʳץ 

ʙʘסʳʪץʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ᴆʥʽʤʥʽש ʞʘʣʧʳ ʰʳסʳʤʳ ʪᴇʤʝʥ ʙʦʣסʘʥʳʤʝʥ, ʨʝʘʢʮʠʷ 

ʪʘʣסʘʤʜʳʣʳסʳ ʩʧʠʨʪʪʝʨ ʪװʟʽʣʫʽʥʝ ʙʘסʳʪʪʘʣʘʜʳ ʞᴅʥʝ ײץʙʳʣʳʩ ʛʨʘʬʠʢʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳʥʘ ʘʣʳʧ 

ʢʝʣʝʜʽ. ʊʝʤʧʝʨʘʪʫʨʘ 240 ÁC ʢᴇʪʝʨʽʣʛʝʥʜʝ ʪʘʣסʘʤʜʳʣʳץ ʤᴅʥʜʝʨ ̔ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ 

ʪʦʣʳסʳʤʝʥ ʘʟʘʷʜʳ: LCO-1 װʰʽʥ -90 %, LCO-2 װʰʽʥ -42 %, LCO/KIT-6 װʰʽʥ -61 

%, ʘʣ CoAl װʰʽʥ -22 %. ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ 

 ʳ ʪᴇʤʝʥʜʝʧ, ʙᴅʩʝʢʝʣʝʩסʪʳʣʳץʨʘײʪ שʦʢʩʠʛʝʥʘʪʪʘʨʜʳ ץʘʪʘʨ ʘʨʘʣʳץ

ʨʝʘʢʮʠʷʣʘʨʜʳװ שʣʝʩʽ ʘʨʪʘ ʪװʩʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 300 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʝש ʪᴇʤʝʥʛʽ 

ʪʘʣסʘʤʜʳʣʳץʪʳ ʢᴇʨʩʝʪʝʜʽ: LCO-1 - 11 %, LCO-2 ʤʝʥ LCO/KIT-6 ï 9ï10 %. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʩʘʥʜʳץ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ (ʤʳʩʘʣʳ, LCO-1 װʣʛʽʩʽ װʰʽʥ 210 ÁC, 86 %-

ʜʘʥ 300 ÁC 11 %-סʘ ʜʝʡʽʥ, ʷסʥʠ 75 ʧʘʡʳʟסʘ ʪᴇʤʝʥʜʝʫ) ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʪץʘʥ ʩʘʡʳʥ 

ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽ ʪᴇʤʝʥʜʝʧ, ʢʝʨʽʩʽʥʰʝ ʛʘʟ ʪᴅʨʽʟʜʽ ᴇʥʽʤʜʝʨʜʽש ʪװʟʽʣʫʽ ʘʨʪʘʜʳ 

[173]. 

 

      ʉʫʨʝʪ 39 - ᴄʨʪװʨʣʽ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ װʰʽʥ ʩʧʠʨʪʪʝʨʜʽש 

ʪʘʣסʘʤʜʳʣʳץʪʳש (SROH, %) ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 
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 3.4 ʂʘʪʘʣʠʪʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢʝʡʽʥʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʢװʡʽ 

ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʨʝʘʢʪʦʨʜʘʥ ʘʣʳʥסʘʥ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ, ʩʠʥʪʝʟ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʛʝʥ ץʘʪʪʳ ʧʘʨʘʬʠʥʜʝʨʤʝʥ ץʘʧʪʘʣסʘʥ 

 ʘʙʘʪ ʢʘʪʘʣʠʟʘʪʦʨץ ʥʜʘʡײʘʣʜʳ. ʄץʨʽʥʜʝ ʙʘʡװʪᴅʨʽʟʜʽ ᴇʥʽʤʜʝʨ ʪ ץʥʪʘײ ʩʪʽװʘʨʘ ʪץ

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʙʝʪʽʥʜʝ ʞʠʥʘʣסʘʥ ʢᴇʤʽʨʩʫʪʝʢ ʪʫʳʥʜʳʣʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ 

ʪװʟʽʣʝʜʽ ʞᴅʥʝ ʨʝʘʢʮʠʷ ʘʡʤʘסʳʥʜʘסʳ ʧʨʦʮʝʩʪʝʨʜʽץ שʘʨץʳʥʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʪʽʥ 

ʩʠʧʘʪʪʳץ ʙʝʣʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʈʝʘʢʮʠʷ ᴇʥʽʤʜʝʨʽʥʽש ᴅʨʪװʨʣʽ ʙʦʣʫʳʥʳש 

ʩʝʙʝʧʪʝʨʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʛʝ ץʦʩʳʤʰʘ 

ʨʝʥʪʛʝʥʦʬʘʟʘʣʳץ ʪʘʣʜʘʫ, ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ ʞᴅʥʝ 

ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ ʟʝʨʪʪʝʫʣʝʨʽ ʞװʨʛʽʟʽʣʜʽ. ʂʘʪʘʣʠʟʘʪʦʨ 

 ʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫץ ץʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢʝʡʽʥʛʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʣʛʽʣʝʨʽʥʽװ

ʤʘץʩʘʪʳʥʜʘ 240 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʪᴅʞʽʨʠʙʝʜʝʥ ʩʦש 

ʨʝʘʢʪʦʨʜʘʥ ʘʣʳʥסʘʥ ʤʘʪʝʨʠʘʣʜʘʨ ᴅʨʽ ץʘʨʘʡ ʪʘʣʜʘʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ װʰʽʥ 

ʪʘשʜʘʣʳʧ ʘʣʳʥʜʳ.  ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ װʣʛʽʣʝʨʛʝ ʞʘʩʘʣסʘʥ ײʥʪʘץʪʳ 

ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ױʈʌʊ) ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʨʝʘʢʮʠʷ ʙʘʨʳʩʳʥʜʘ 

ʢװʨʜʝʣʽ ʬʘʟʘ ץʦʩʧʘʣʘʨʳ ʪװʟʽʣʝʪʽʥʽʥ ʞᴅʥʝ ʙʘʨʣʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ץʘʡʪʳʤʩʳʟ 

ʙײʟʳʣʫסʘ ײʰʳʨʘסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 40-ʩʫʨʝʪʪʝ ʞײʤʩʘץ ʪʝʤʧʣʘʪ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ 

 ʪʘʣʜʘʫ ץʪʳ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץʥʜʘײ ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥʛʽ שʣʛʽʣʝʨʜʽװ

(ʈʌʊ) ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʢʽ װʣʛʽʥʽש ʜʝ ײץʨʘʤʳʥʜʘ ʢʝʣʝʩʽ ʬʘʟʘʣʘʨ 

ʘʥʳץʪʘʣʜʳ: CoϝOϞ (ʘʫʘʜʘ Co ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʪʦʪʳסʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʝʜʽ) 

(JCDD PDF2 00-009-0418), LaϜOϝ (JCDD PDF2 00-022-0641) ʞᴅʥʝ La(OH)ϝ (JCDD 

PDF2 00-006-0585).  

ʂʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽ ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʨʦʤʙʦʵʜʨʣʽʢ 

 ʳʰ ʦʨʪʘ (HϜ)סʨʳʣʳʤʳ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽ ʢʝʟʽʥʜʝ ʪʦʪʳʟʩʳʟʜʘʥʜʳʨײץ
ᴅʩʝʨʽʥʝʥ ʙײʟʳʣʳʧ, Co0 ʙʝʣʩʝʥʜʽ ʦʨʪʘʣʳץʪʘʨʳʥ ʞᴅʥʝ ʦʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ La2O3 

ʬʘʟʘʩʳʥ ʪװʟʜʽ.  

ʊʦʪʳץʩʳʟʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʛʝʥ LaϜOϝ ʬʘʟʘʩʳʥʳש ʙʽʨ ʙᴇʣʽʛʽ ץʘʪʘʨ 

ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨʜʘ ʩʫ ʙʫʳʤʝʥ ʞᴅʥʝ/ʥʝʤʝʩʝ COϜ ʞʘʥʘʤʘ ᴇʥʽʤʜʝʨʽʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʽʧ, ʥᴅʪʠʞʝʩʽʥʜʝ La(OH)ϝ ʞᴅʥʝ LaϜOϜCOϝ ץʦʩʳʣʳʩʪʘʨʳ ʪװʟʽʣʛʝʥ. 

ʨʳʣʳʤʳʥʘ ʩᴅʡʢʝʩ 2ɗ å 38ïײץ ʈʌʊ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʧʝʨʦʚʩʢʠʪױ

39Á ʜʠʘʧʘʟʦʥʳʥʜʘסʳ ʜʠʬʨʘʢʮʠʷʣʳץ ʰʳשʜʘʨ ʙʘʨʣʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʤʝʥ ʞʘשʘ 

ʬʘʟʘʣʘʨʜʘ ʢᴇʨʽʥʙʝʡʜʽ. ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ LCO-1 ʞᴅʥʝ LCO-2 

 ʣʛʽʩʽʥʜʝ ʢʦʙʘʣʴʪװ ʈʌʊ ʜʝʨʝʢʪʝʨʽ (ʩʫʨʝʪ 40) ᴅʩʽʨʝʩʝ LCO-2ױ שʣʛʽʣʝʨʽʥʽװ

ʢʘʨʙʠʜʽʥʽש ʝʜᴅʫʽʨ ʤᴇʣʰʝʨʜʝ ʪװʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂʦʙʘʣʴʪ ʢʘʨʙʠʜʽʥʽש ʪװʟʽʣʫʽ Coϊ 
ʙᴇʣʰʝʢʪʝʨʽʥʽש ʣʘʥʪʘʥ ʦʢʩʠʜʽ ʪʘʩʳʤʘʣʜʘסʳʰʳʤʝʥ ᴇʟʘʨʘ ʪʦʣʳץ ᴅʨʝʢʝʪʪʝʩʧʝʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ, ײץʨʘʤʳʥʜʘ La ʙʘʨ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ װʰʽʥ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝ LaϜOϜCOϝ ʦʢʩʠʜʪʽʢ ץʘʙʘʪʳ ʪװʟʽʣʝʜʽ 
[174], ʩʦʥʜʳץʪʘʥ ʢʝʡʙʽʨ Coϊ ʙᴇʣʰʝʢʪʝʨʽ ʣʘʥʪʘʥ ʦʢʩʠʜʽʤʝʥ ʪʦʣʳץ ᴅʨʝʢʝʪʪʝʩʧʝʛʝʥ 

ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. 
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ʉʫʨʝʪ 408 - 240Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ 

LCO-1 ʞᴅʥʝ LCO-2 װʣʛʽʣʝʨʽʥʽש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 
 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ײץʨʘʤʳʥʜʘ La ʙʘʨ ʦʢʩʠʜʪʽʢ ʪʘʩʳʤʘʣʜʘסʳʰ COϜ-ʥʽ 
ʙʝʣʩʝʥʜʝʥʜʽʨʫʛʝ ץʘʙʽʣʝʪʪʽ ʞᴅʥʝ ɹʫʜʫʘʨ ʨʝʘʢʮʠʷʩʳʥ (2CO ź C + COϜ) ʪʝʞʝʫʽ 

ʤװʤʢʽʥ, ʘʣ ʦʩʳ ʨʝʘʢʮʠʷ ʢʦʙʘʣʴʪ ʢʘʨʙʠʜʽʥʽש ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʪʽʥʽ ʙʝʣʛʽʣʽ [175]. 

LCO-1 ʞᴅʥʝ LCO-2 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ װʰʽʥ ŬASF ʤᴅʥʽʥʽש ʙʽʨʜʝʡ ʙʦʣʫʳ, ʢʦʙʘʣʴʪ 

ʢʘʨʙʠʜʽʥʽש ʩʧʠʨʪʪʝʨ (ROH) ʪʘʨʘʣʫʳʥʳש ʳסʳʩʫʳʥʘ ᴅʩʝʨ ʝʪʧʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ, 

ᴅʜʝʙʠʝʪʪʝ ײʩʳʥʳʣסʘʥ ʪװʩʽʥʜʽʨʫʜʽ ʨʘʩʪʘʤʘʡʜʳ [176,177]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ LCO/KIT-6 

ʢʘʪʘʣʠʟʘʪʦʨʳʥʘ ײʥʪʘץʪʳ ʨʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ױʈʌʊ) ʞװʨʛʽʟʽʣʜʽ. ױʈʌʊ 

ʥᴅʪʠʞʝʣʝʨʽ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢʝʡʽʥʛʽ LCO/KIT-6 װʣʛʽʩʽʥʽײץ שʨʳʣʳʤʳ 

ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ (ʩʫʨʝʪ 41). ɸʪʘʧ ʘʡʪץʘʥʜʘ, 480 Áʉ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʙʘʨʳʩʳʥʜʘ ʢʦʙʘʣʴʪ ʧʝʨʦʚʩʢʠʪʪʽʢ 

ʤʘʪʨʠʮʘʜʘʥ ʙᴇʣʽʥʽʧ ʰʳסʳʧ, ʙʘʩʪʘʧץʳ ץʦʩʳʣʳʩʪʳײץ שʨʳʣʳʤʳʥʜʘ ʞʘʟʳץʪʳץʪʳץ 

ʘץʘʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʊʦʪʳץʩʳʟʜʘʥʫ ʧʨʦʮʝʩʽ ʪʦʣʳץ ʘʷץʪʘʣסʘʥʥʘʥ 

ʢʝʡʽʥ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳ ʪײʨʘץʩʳʟʜʘʥʳʧ, ʦʥʳש ʳʜʳʨʘʫʳʥʘʥ La(OH)ϝ ʞᴅʥʝ 
LaϜOϝ ʬʘʟʘʣʘʨʳʥʳש ʪװʟʽʣʫʽ ʙʘʡץʘʣʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ KIT-6 ʪᴅʨʽʟʜʽ ʤʝʟʦʢʝʫʝʢʪʽ 

 ʽʰʽʥʜʝ ʦʨʪʘʰʘ ʤᴇʣʰʝʨʽ ʰʘʤʘʤʝʥ 9 ʥʤ ʤʝʪʘʣʣ ʢʦʙʘʣʴʪ שʨʳʣʳʤʥʳײץ

ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ץʘʣʳʧʪʘʩʘʜʳ. ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʛʝ ʜʝʡʽʥʛʽ װʣʛʽʣʝʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ 2ɗå38ï39Á ʘʡʤʘסʳʥʜʘסʳ ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳʥʘ ʪᴅʥ ʜʠʬʨʘʢʮʠʷʣʳץ 

ʰʳשʜʘʨ ᴅʣʩʽʨʝʧ, ʢʝשʝʶʽ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʥʳש ʽʰʽʥʘʨʘ ʙײʟʳʣסʘʥʳʥ ʞᴅʥʝ 

ʪʦʪʳץʩʳʟʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʤʦʨʬʪʘʥʫ ʜᴅʨʝʞʝʩʽʥʽש ʘʨʪץʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 
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ʉʫʨʝʪ 41 ï ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ LCO/KIT-6 װʣʛʽʩʽʥʽש 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 

 

ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʊʕʄ ʢʝʩʢʽʥʜʝʨʽ װʣʛʽʣʝʨʜʽש 

 ʦʨʳʥ שᴇʟʛʝʨʽʩʪʝʨʜʽ ץʞᴅʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳ ץʪʘʡ ʬʘʟʘʣʳץʨʳʣʳʤʳʥʜʘ ʘʡʪʘʨʣʳײץ

ʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 42-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ 

LCO/KIT-6 װʣʛʽʩʽʥʽש ʊʕʄ ʤʠʢʨʦʩʫʨʝʪʪʝʨʽʥʜʝ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʪʽʥʜʝ ᴅʨʪװʨʣʽ 

ᴇʣhʝʤʜʝʛʽ Co2O3 ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʪװʟʽʣʫʽ ʘʥʳץ ʙʘʡץʘʣʘʜʳ.  

ɹʝʣʛʽʣʝʥʛʝʥ ʘʡʤʘץʪʘʨʜʘ ʜʠʘʤʝʪʨʽ ʰʘʤʘʤʝʥ 3ï5 ʥʤ ʙʦʣʘʪʳʥ ʪʳסʳʟ 

ʦʨʥʘʣʘʩץʘʥ ʦʢʩʠʜʪʽʢ ʙᴇʣʰʝʢʪʝʨ ʪʽʨʢʝʣʛʝʥ. ʆʣʘʨʜʳש ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʪʘʨʘʣʫʳ 

ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷ ʢʝʟʽʥʜʝ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳʥʳש ʽʰʽʥʘʨʘ ʙײʟʳʣʫʳ ʞᴅʥʝ 

ʢʦʙʘʣʴʪʪʳץ שʘʡʪʘ ʢʨʠʩʪʘʣʜʘʥʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʣʦʢʘʣʜɹʳ ʞװʨʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ.  
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ʉʫʨʝʪ 42 - ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ LCO/KIT-6 װʣʛʽʩʽʥʽש ʊʕʄ 

ʤʠʢʨʦʩʫʨʝʪʪʝʨʽ 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, CoϝOϞ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʢʦʥʪʨʘʩʪʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳ 
ʦʣʘʨʜʳש ʞʘץʩʳ ʢʨʠʩʪʘʣʜʘʥסʘʥ ʦʢʩʠʜʪʽʢ ʪʘʙʠסʘʪʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʊʕʄ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ (ʩʫʨʝʪ 44), LCO-1 ʞᴅʥʝ LCO-2 ʢװʨʜʝʣʽ 

ʦʢʩʠʜʪʝʨʽʥʽש ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʳ ʪʦʪʳץʩʳʟʜʘʥʫ ʞᴅʥʝ ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷ 

ʙʘʨʳʩʳʥʜʘ ʙײʟʳʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ La(OH)3 ʞᴅʥʝ La2O3 ʬʘʟʘʣʘʨʳʥʳש ʙʝʪʽʥʜʝ 

ʜʠʘʤʝʪʨʽ 10ï20 ʥʤ ʙʦʣʘʪʳʥ ʢʦʙʘʣʴʪ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʪװʟʽʣʝʪʽʥʜʽʛʽʥ ʢᴇʨʫʛʝ 

ʙʦʣʘʜʳ. תʣʛʽʥʽש ʙʝʪʽ La2O2CO3 ץʘʙʳʨʰʘסʳʤʝʥ ʞʘʙʳʣסʘʥ, ʘʣ ʢʦʙʘʣʴʪץʘ ʪʘʧʰʳ 

ʧʝʨʦʚʩʢʠʪʪʽץ שʘʣʜʳץʪʘʨʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩʘʜʳ. 

 

 
 

ʉʫʨʝʪ 43 - ʂʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥʛʽ LCO-1 װʣʛʽʩʽʥʽש ʊʕʄ ʤʠʢʨʦʩʫʨʝʪʪʝʨʽ 

240Á ʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥʛʽ LCO-1 

 ʉʕʄ ʤʠʢʨʦʢʝʩʢʽʥʜʝʨʽ 44ɸ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʫʨʝʪʪʝ שʣʛʽʩʽʥʽװ

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʦʨʪʘʣʳץʪʘסʳ ʞʘʧʳʨʘץ ʧʽʰʽʥʜʽ ʙᴇʣʰʝʢ La ʥʝʛʽʟʽʥʜʝʛʽ ץʦʩʳʣʳʩ 

LaO2CO3 ʢʨʠʩʪʘʣʜʘʥסʘʥ ʬʘʟʘʩʳ, ʘʣ ץʘʣסʘʥ ʙᴇʣʰʝʢʪʝʨ ײʩʘץ ʢʨʠʩʪʘʣʜʳ 

Co3O4 

Co3O4 

Co3O4 
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̍ ̜̔̌̏̂ ̜̑́̓̓́̑̆̍̏̌̄́ ʳ Co2O3 ʞᴅʥʝ La2O3סʨʳʣʳʤʜʘײץ ̨̍̋̎Ȣ ˞˪˙ 
̎ ̨̓̉̇̆̌̆̑ ̑ ̆̎̓̄̆ ̨̎̅̋ ̜́̈́̌̕  ̓́̌̅́̔ ̅ ̨̆̑̆̋̓̆̑̎̆ ̒ ̊̋̆̒ ̨̋̆̌̆̅. 

 

 
 

 
 

ʉʫʨʝʪ 45 ï ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥʛʽ LCO-1 ʞᴅʥʝ LCO/KIT-6 

 ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ שʣʛʽʣʝʨʽʥʽװ

 

ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥʛʽ LCO/KIT-6 װʣʛʽʩʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʤʦʨʬʦʣʦʛʠʷʩʳ ʝʜᴅʫʽʨ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥʳ ʙʘʡץʘʣʘʜʳ. ɹᴇʣʰʝʢʪʝʨ ʙʽʨʽʛʽʧ, ʪʳסʳʟ 

ʘʛʣʦʤʝʨʘʪ ʪװʟʽʣʛʝʥ. 44ɼ-ʩʫʨʝʪʪʝ ʢʝʩʢʽʥʜʝʣʛʝʥ װʣʢʝʥ ʙᴇʣʰʝʢ ʦʢʩʠʜʪʽ 

ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʬʘʟʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʘʣ ʙʝʪʢʽ ץʘʙʘʪʪʘסʳ ײʩʘץ 

ʥʘʥʦʙᴇʣʰʝʢʪʝʨ ʤʝʪʘʣ ʢʦʙʘʣʴʪʪʳש ʞᴅʥʝ ʦʥʳש ʦʢʩʠʜʪʝʨʽʥʽש ʙᴇʣʰʝʢʪʝʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʨʝʘʢʮʠʷ 

ʢʝʟʽʥʜʝ ʪװʡʽʨʰʽʢʪʝʨʜʽש ʙʽʨʽʛʫʽ ᴅʩʝʨʽʥʝʥ ʙʦʣʫʳ ʤװʤʢʽʥ. ʄײʥʜʘʡ ײץʙʳʣʳʩ 

ɸ ɹ 

ɺ ɼ 
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ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʳש ʪᴇʤʝʥʜʝʫʽʥʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʘʪʘʣʠʟʜʽʢ 

ʙʝʣʩʝʥʜʽʣʽʢʪʽש ᴅʣʩʽʨʝʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ. ɹײʜʘʥ ʙᴇʣʝʢ, ʢʝʫʝʢʪʽʣʽʢʪʽש ʘʟʘʶʳ, ʨʝʘʢʮʠʷ 

ʢʝʟʽʥʜʝ ʢʦʢʩ ʪװʟʽʣʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʦʣʫʳ ʜʘ ʤװʤʢʽʥ.   

ɾװʨʛʽʟʽʣʛʝʥ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢʝʡʽʥʛʽ ײץʨʳʣʳʤʜʳץ ʟʝʨʪʪʝʫʣʝʨ 

ʧʝʨʦʚʩʢʠʪ ʪʠʧʪʽ ʢʦʙʘʣʴʪ ײץʨʘʤʜʳ ʦʢʩʠʜʪʝʨʜʽש ʨʝʘʢʮʠʷ ʙʘʨʳʩʳʥʜʘ ʬʘʟʘʣʳץ ʞᴅʥʝ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ױʈʌʊ, ʊʕʄ ʞᴅʥʝ ʉʕʄ 

ʥᴅʪʠʞʝʣʝʨʽ ʧʝʨʦʚʩʢʠʪ ʪʦʨʳʥʳש ʪʦʪʳץʩʳʟʜʘʥʫ ʢʝʟʽʥʜʝ ʙײʟʳʣʳʧ, Co0, Co2O , 

La O , La(OH)  ʞᴅʥʝ La O CO  ʪᴅʨʽʟʜʽ ʞʘשʘ ʬʘʟʘʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʘʪʳʥʳʥ, 

ʩʦʥʜʘʡ-ʘץ ʢʦʙʘʣʴʪ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽץ שʘʡʪʘ ʢʨʠʩʪʘʣʜʘʥʫʳ ʤʝʥ 

ʘʛʣʦʤʝʨʘʮʠʷʣʘʥʫʳʥ ʘʡץʳʥʜʘʜʳ.  

 
3.5 LCO-1, LCO-2 ʞᴅʥʝ LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ץʘʪʳʩʳʥʜʘ 

240ÁC ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʜ ʌʠʰʝʨ-ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʨʝʘʢʮʠʷʩʳʥʜʘ ʘʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨʜʽץ שʘʪʝʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʫ 

ʉʠʥʪʝʟ ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʨʝʘʢʮʠʷʩʳʥʜʘ 240Áʉ ʪײʨʘץʪʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

LCO-1, LCO-2 ʞᴅʥʝ LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳ ץʘʪʳʩʳʥʜʘ ʉʆ ʘʡʥʘʣʳʤʳ, ʉʆ2, 

ʉʅ4, ʉ2-ʉ4 ʞᴅʥʝ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳץʪʘʨʳʥʳץ שʘʡʪʘʣʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

ʙʘסʘʣʘʫ װʰʽʥ ʦʨʪʘʰʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʤᴅʥʜʝʨʽ (ʭ←), ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳ ʘʫʳʪץʫʳ (Ὓὼ 
) ʞᴅʥʝ ʦʨʪʘʰʘ ʤᴅʥʥʽש ʩʪʘʥʜʘʨʪʪʳ ץʘʪʝʣʽʛʽ (Ὓὼ←) ʝʩʝʧʪʝʣʜʽ [178]. 

ʂʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʢʘʪʘʣʠʟʜʽʢ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʪᴅʞʽʨʠʙʝ 3 

ʨʝʪʪʽʢ ץʘʡʪʘʣʘʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. ʆʨʪʘʰʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʤᴅʥ ʪᴇʤʝʥʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ (31) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ:  

 

ὢ В ὢ                (26) 

 

ʤײʥʜʘסʳ, ʭ← ï ʦʨʪʘʰʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʤᴅʥʽ; 

ὼὭ ï ʞʝʢʝ ᴇʣʰʝʫʣʝʨ ʤᴅʥʽ; 

n ï ʪᴅʞʽʨʠʙʝʥʽ ץʘʡʪʘʣʘʫʜʳש ʞʘʣʧʳ ʩʘʥʳ. 

ʆʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳ ʘʫʳʪץʫ ʢʝʣʝʩʽ (32) ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʝʜʽ: 

 

Ὓ
В Ӷ

                                (27) 

ʤײʥʜʘס,r Ὓὼ ī ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳ ʘʫʳʪץʫ; 

ὼὭ- ̇ ̆̋̆ ̙̌̆̔̌̆̑ ̍ ̨̎Ƞ 
n ï ʪᴅʞʽʨʠʙʝʥʽ ץʘʡʪʘʣʘʫʜʳש ʞʘʣʧʳ ʩʘʥʳ. 

ʆʨʪʘʰʘ ʤᴅʥʥʽש ʩʪʘʥʜʘʨʪʪʳ ץʘʪʝʣʽʛʽ (33) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽ: 

 

ὛӶ ὛЍὲ            (28) 

ʤײʥʜʘס,r Ὓὼ← - ʦʨʪʘʰʘ ʤᴅʥʥʽש ʩʪʘʥʜʘʨʪʪʳ ץʘʪʝʣʽʛʽ; 

Ὓὼ ī ʦʨʪʘʰʘ ʢʚʘʜʨʘʪʪʳ ʘʫʳʪץʫ; 

n ï ʪᴅʞʽʨʠʙʝʥʽ ץʘʡʪʘʣʘʫʜʳש ʞʘʣʧʳ ʩʘʥʳ. 
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ᴆʣʰʝʫʣʝʨʜʽש ʩʘʥʳ ʘʟ ʙʦʣסʘʥʜʘ (nÒ30) ʩʝʥʽʤʜʽʣʽʢ ʠʥʪʝʨʚʘʣʳʥʳש ʤᴅʥʽ ʢʝʣʝʩʽ 

(34) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 

Ўὼ̋ ̆̈̅Ȣ ὸȟὛ                    (29) 

 

ʤײʥʜʘסʳ, t(Ŭ, n) ï ʩʝʥʽʤʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ ʤʝʥ n ᴇʣʰʝʫ ʩʘʥʜʘʨʳʥʘ ʪᴅʫʝʣʜʽ 

ʉʪʶʜʝʥʪ ʢʦʵʬʬʠʮʠʝʥʪʽ. ʊʝʭʥʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʝ - ʩʝʥʽʤʜʽʣʽʢ ʜʝשʛʝʡ ʤᴅʥʽ ï 0,95 

 .ʘʙʳʣʜʘʥʘʜʳץ (95%)

X ᴇʣʰʝʥʛʝʥ ʤᴅʥʜʝʨʜʽץ שʦʨʳʪʳʥʜʳ (35) ʬʦʨʤʫʣʘʩʳʥ ʢʝʣʝʩʽ ʪװʨʜʝ 

ᴇʨʥʝʢʪʝʣʝʜʽ: 

ὢ ὢ Ўὼ                  (30) 

 

ʉʦʥʳʤʝʥ ʞʘʣʧʳ (31), (32), (33), (34), (35) ʬʦʨʤʫʣʘʣʘʨ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʣʝʨ 

ʢʝʣʝʩʽ ʥᴅʪʠʞʝʣʝʨʜʽ ʙʝʨʜʽ (15, 16, 17 ʢʝʩʪʝʣʝʨ). 

 

ʂʝʩʪʝ 15 ï LCO-1 ʢʘʪʘʣʠʟʘʪʦʨ ץʘʪʳʩʳʥʜʘ ʞʘʣʧʳ ʞװʡʝʜʝ ʦʨʳʥ ʘʣסʘʥ 

 ʢᴇʨʩʝʪʢʽʰʪʝʨʽ שʘʪʝʣʽʢʪʝʨʜʽץ

 

ʦʩʳʣʳʩʪʘʨ  ὢ,% Ὓὼ ὛӶ Ўὼ̋פ ̆̈̅Ȣ 

(n = 3, P = 0,95) 

ὢ Ўὼ 

CO2 6 0.40 0.23 0.98 6Ñ0.98 

CH4 3 0.60 0.34 1.46 3Ñ1.46 

ʉ2-ʉ4 1 1.60 0.92 3.90 1Ñ3.90 

ROH 90 1.60 0.92 3.90 90Ñ3.90 

 

ʂʝʩʪʝ 16 ï LCO-2 ʢʘʪʘʣʠʟʘʪʦʨ ץʘʪʳʩʳʥʜʘ ʞʘʣʧʳ ʞװʡʝʜʝ ʦʨʳʥ ʘʣסʘʥ 

 ʢᴇʨʩʝʪʢʽʰʪʝʨʽ שʘʪʝʣʽʢʪʝʨʜʽץ

 

ʦʩʳʣʳʩʪʘʨ  ὢ,% Ὓὼ ὛӶ Ўὼ̋פ ̆̈̅Ȣ 

(n = 3, P = 0,95) 

ὢ Ўὼ 

CO2 3 0.40 0.23 0.98 3Ñ0.98 

CH4 36 0.20 011 0.47 36Ñ0.47 

ʉ2-ʉ4 19 1.50 0.86 3.69 19Ñ3.69 

ROH 42 1.40 0.80 3.44 42Ñ3.44 
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ʂʝʩʪʝ 17 ï LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨ ץʘʪʳʩʳʥʜʘ ʞʘʣʧʳ ʞװʡʝʜʝ ʦʨʳʥ ʘʣסʘʥ 

 ʢᴇʨʩʝʪʢʽʰʪʝʨʽ שʘʪʝʣʽʢʪʝʨʜʽץ

 

ʦʩʳʣʳʩʪʘʨ  ὢ,% Ὓὼ ὛӶ Ўὼ̋פ ̆̈̅Ȣ 

(n = 3, P = 0,95) 

ὢ Ўὼ 

CO2 3 0 0 0 3 

CH4 9 0.75 0.43 1.84 9Ñ1.84 

ʉ2-ʉ4 7 0.60 0.34 1.46 7Ñ1.46 

ROH 61 1.60 0.92 3.90 61Ñ3.90 

 

 ,ʘʨʳʜʘ ʙʝʨʽʣʛʝʥ 15, 16, 17-ʢʝʩʪʝʣʝʨʜʝʥ LCO-1סʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʞʦפ

LCO-2 ʞᴅʥʝ LCO/KIT-6 ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʳʥʳץ שʘʪʳʩʳʥʜʘ 3 ᴇʣʰʝʤʥʝʥ ʪײʨʘʪʳʥ 

ʉʆ ʘʡʥʘʣʳʤʳʥʳש, ʉʆ2, ʉʅ4, ʉ2-ʉ4 ʞᴅʥʝ ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳץʪʳש ʞʘʣʧʳ 

ʰʘʤʘʣʘʨʳʥʳש ʞʘʣʧʳ ץʘʪʝʣʽʢʪʝʨʽʥʽש ʤᴅʥʽ 5% ʞʦסʘʨʳ ʝʤʝʩ. 

 

3.6 LCO-1 ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘסʳ ʩʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫʜʘ ʞװʨʝʪʽʥ 

ʨʝʘʢʮʠʷʣʘʨʜʳש ʙʦʣʞʘʤʜʳ ʤʝʭʘʥʠʟʤʽ  

ɿʝʨʪʪʝʣʛʝʥ ʧʨʦʮʝʩʪʝ ʩʧʠʨʪʪʝʨʜʽש ʝש ʞʦסʘʨסʳ ʪʘʣסʘʤʜʳʣʳסʳʥ ʢᴇʨʩʝʪʢʝʥ 

LaCoO3-1 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳץ שʘʪʳʩʳʥʜʘ ʞװʨʝʪʽʥ ʩʠʥʪʝʟ-ʛʘʟ ʘʡʥʘʣʳʤʳ 

ʨʝʘʢʮʠʷʩʳʥʳש ʙʦʣʞʘʤʜʳ ʤʝʭʘʥʠʟʤʽ ײʩʳʥʳʣʜʳ (ʩʫʨʝʪ 45, 31-40 ʨʝʘʢʮʠʷʣʘʨ). 

ɹʦʣʞʘʤʜʳ ʨʝʘʢʮʠʷ ʤʝʭʘʥʠʟʤʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥᴅʪʠʞʝʣʝʨ ʤʝʥ סʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝ 

ʞʘʨʠʷʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ײץʨʘʩʪʳʨʳʣʜʳ. ʉʭʝʤʘʥʳץ שʳʩץʘʰʘ 

ʤʘʟʤײʥʳ 45-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʇʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜ LaCoO3 ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰ ʦʨʪʘʜʘ ʪײʨʘץʩʳʟ ʢװʡʛʝ ᴇʪʽʧ, ᴇʟʽʥʽײץ שʨʳʣʳʤʳʥʜʘ ʙʽʨץʘʪʘʨ 

ʬʘʟʘʣʳץ ץʘʡʪʘ ʪװʨʣʝʥʫʣʝʨʛʝ ײʰʳʨʘʡʜʳ. ᴄʩʽʨʝʩʝ ʪʦʪʳץʩʳʟʜʘʥʫ ʙʘʨʳʩʳʥʜʘ 

ʧʝʨʦʚʩʢʠʪ ʤʘʪʨʠʮʘʩʳ ʽʰʽʥʘʨʘ ʳʜʳʨʘʧ, La2O3 ʞᴅʥʝ ʤʝʪʘʣʣʜʳץ Co
0 ʬʘʟʘʣʘʨʳʥʳש 

ʪװʟʽʣʫʽ ʙʘʡץʘʣʘʜʳ [179].  

ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʥʳש ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ʩʫʪʝʢ ʤʦʣʝʢʫʣʘʣʘʨʳ Co0 

ʙʝʪʽʥʜʝ ʪʠʽʤʜʽ ʪװʨʜʝ ʜʠʩʩʦʮʠʘʮʠʷסʘ ײʰʳʨʘʡʜʳ, ʘʣ CO ʤʦʣʝʢʫʣʘʣʘʨʳ ʦʩʳ 

ʙʝʣʩʝʥʜʽ ʦʨʳʥʜʘʨʜʘ ʘʜʩʦʨʙʮʠʷʣʘʥʘʜʳ (ʜʠʩʩʦʮʠʘʪʠʚʪʽ ʪװʨʜʝ ʥʝʤʝʩʝ ʩʫʪʝʛʽʥʽש 

 ʙʽʨʽ ʙʦʣʳʧ שʳʜʳʨʘʫ ᴇʥʽʤʜʝʨʽʥʽ שʘʪʳʩʫʳʤʝʥ). LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳ ʤʝʥ ʦʥʳץ

ʪʘʙʳʣʘʪʳʥ La2O3 ʬʘʟʘʩʳ CO2 ʤʦʣʝʢʫʣʘʣʘʨʳʥ ʙʝʣʩʝʥʜʝʥʜʽʨʫʛʝ ץʘʙʽʣʝʪʪʽ, 

ʦʣʘʨʜʳץ שʘʪʳʩʫʳʤʝʥ ʙʝʪʪʽʢ ʢʘʨʙʦʥʘʪʪʘʨ ʪװʟʽʣʝʜʽ. ʂʘʨʙʦʥʘʪʪʘʨʜʳש ʞʠʥʘʣʫʳ 

ɹʫʜʫʘʨ ʨʝʘʢʮʠʷʩʳʥʳש (2CO ᵶ CO2 + C) ʪʝʞʝʣʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʢʦʙʘʣʴʪ ʢʘʨʙʠʜʽ ʬʘʟʘʣʘʨʳʥʳש ʪװʟʽʣʫʽʥʝ ʢʝʜʝʨʛʽ ʞʘʩʘʡʜʳ[167, ʙ.5; 180]. ʆʩʳ 

ʞʘסʜʘʡʣʘʨ LaCoO3 ʥʝʛʽʟʽʥʜʝʛʽ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש ʨʝʘʢʮʠʷ ʙʘסʳʪʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ 

ʝʪʝʜʽ: ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש ʪʦʣʳץ ʩʫʪʝʢʪʝʥʫ ʞʦʣʜʘʨʳ ʰʝʢʪʝʣʽʧ, ʢʝʨʽʩʽʥʰʝ ʦʪʪʝʛʽ ʙʘʨ 

ʩʳʟʳץʪʳץ ʦʢʩʠʛʝʥʘʪʪʘʨʜʳש, ʩʦʥʳש ʽʰʽʥʜʝ ײʟʳʥ ʪʽʟʙʝʢʪʽ ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽ 

ʙʘʩʳʤ ʙʦʣʘʜʳ. 
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ʉʫʨʝʪ 45 ï LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳʥʜʘסʳ ʌʠʰʝʨ-ʊʨʦʧʰ ʨʝʘʢʮʠʷʩʳʥʳש 

ʞʝשʽʣʜʝʪʽʣʛʝʥ ʩʭʝʤʘʩʳ [167 ʙ.3; 181] 

 

ʌʠʰʝʨïʊʨʦʧʰ ʨʝʘʢʮʠʷʩʳʥʳש ʤʝʭʘʥʠʟʤʽ ʙʽʨʥʝʰʝ ᴇʟʘʨʘ ʞʘʣסʘʩץʘʥ 

ʢʝʟʝשʜʝʨʜʝʥ ʪײʨʘʜʳ. ʂᴇʧʩʘʪʳʣʳ ʧʨʦʮʝʩʪʽש ʢʠʥʝʪʠʢʘʣʳץ ʪʘʙʠסʘʪʳ ʤʝʥ ʘʨʘʣʳץ 

ʪװʨʣʝʨʜʽש ʪװʟʽʣʫ ʨʝʪʪʽʣʽʛʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʪʝʨʝשʜʝʪʽʣʽʧ ʟʝʨʪʪʝʣʛʝʥ, ʤײʥʜʘʡ ʪװʧʢʽʣʽʢʪʽ ʪʘʣʜʘʫ [182] ʞײʤʳʩʪʘ ײʩʳʥʳʣסʘʥ. 

ʅʝʛʽʟʛʽ ʨʝʘʢʮʠʷ ʤʝʭʘʥʠʟʤʽʥ ץʘʨʘʩʪʳʨʫ ʙʘʨʳʩʳʥʜʘ ʥʝʛʽʟʛʽ ʧʨʦʮʝʩʪʝʨ ʢʝʣʝʩʽʜʝʡ 

ʩʠʧʘʪʪʘʣʘʜʳ (ɹʫʜʫʘʨ ʨʝʘʢʮʠʷʩʳ, ʙʫ ʨʠʬʦʨʤʠʥʛʽ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʞʘʥʘʤʘ 

ʧʨʦʮʝʩʪʝʨʜʽ ץʦʩʧʘסʘʥʜʘ): 

1. ʉʆ ʘʜʩʦʨʙʮʠʷʩʳ ʞᴅʥʝ ʙʝʣʩʝʥʜʝʥʫʽ. ʉʆ ʤʦʣʝʢʫʣʘʣʘʨʳ Co0 ʙʝʪʪʽʢ 

ʦʨʪʘʣʳץʪʘʨʳʥʜʘ ʘʜʩʦʨʙʮʠʷʣʘʥʘʜʳ ʞᴅʥʝ ʜʠʩʩʦʮʠʘʪʠʚʪʽ ʪװʨʜʝ (CïO 

ʙʘʡʣʘʥʳʩʳʥʳװ שʟʽʣʫʽʤʝʥ) ʥʝʤʝʩʝ ʘʩʩʦʮʠʘʪʠʚʪʽ ʪװʨʜʝ ʞװʨʫʽ ʤװʤʢʽʥ. ʉʆ ʢᴇʙʽʥʝʩʝ 

ʘʣʜʳʤʝʥ ʙʝʪʪʽʢ ʬʦʨʤʠʣ (CHO) ʥʝʤʝʩʝ ʛʠʜʨʦʢʩʠʤʝʪʠʣ (CHOH) ʛʠʜʨʦʢʩʠʣʜʝʥʫ 

ʘʨʘʣʳץ ᴇʥʽʤʽʥ ʪװʟʝʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʙʽʨʪʽʥʜʝʧ ʙʝʪʪʽʢ ʤʝʪʘʥʦʣסʘ (CH3OH) 

ʛʠʜʨʦʢʩʠʣʜʝʥʝʜʽ : 

 

[CO]S + [H]S = [CHO]S,     (31) 

 

[CHO]S + [H]S = [CHOH]S,    (32) 

 

[CHOH]S + [H]S = [CH2OH]S,    (33) 

 

[CH2OH]S + [H]S = [CH3OH]S.   (34) 
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2. ʉʆ ʜʠʩʩʦʮʠʘʮʠʷʩʳ ʤʝʥ ʤʦʥʦʤʝʨʜʽש ʪװʟʽʣʫʽ. ɸʜʩʦʨʙʮʠʷʣʘʥסʘʥ 

ʤʝʪʘʥʦʣ ʤʦʣʝʢʫʣʘʩʳ ʢᴇʤʽʨʪʝʛʽ ʪʽʟʙʝʛʽʥʽש ᴇʩʫʽ װʰʽʥ ʤʦʥʦʤʝʨʣʝʨ ʨʝʪʽʥʜʝ 

 : ʤʢʽʥװʰʽʥ ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʫʳ ʤװ ʟʫװʨʣʝʨʽʥ (x = 2.1) ʪװʘʪʳʩʘʪʳʥ CH2 ʪץ

 

[CH3OH]S = [CH2]S + H2O(ʛ).    (35) 

 

3. ʉʫʪʝʛʽʥʽש ʘʢʪʠʚʪʝʥʫʽ. ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽש ʧʘʨʘʣʣʝʣʴ ʞװʨʝʪʽʥ 

ʤʘשʳʟʜʳ ʩʘʪʳʣʘʨʳʥʳש ʙʽʨʽ ï ʩʫʪʝʢ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʙʝʣʩʝʥʜʝʥʫʽ. ʆʩʳ ʢʝʟʝשʜʝ 

H2 ʤʦʣʝʢʫʣʘʣʘʨʳ ʢʦʙʘʣʴʪʪʳש ʤʝʪʘʣʜʳץ ʫʯʘʩʢʝʣʝʨʽʥʜʝ ʘʜʩʦʨʙʮʠʷʣʘʥʳʧ, ᴅʨʽ 

 ʩʫʪʝʢ ץʟʽʣʛʝʥ ʘʪʦʤʜʳװʰʽʥ ʜʠʩʩʦʮʠʘʮʠʷʣʘʥʘʜʳ. ʊװ ʟʫװʘʨʘʡ H ʘʪʦʤʜʘʨʳʥ ʪץ

ʢᴇʤʽʨʪʝʛʽ ʙʘʨ ʘʨʘʣʳץ ʪװʨʣʝʨʜʽ (ʤʳʩʘʣʳ, CHO, CH2 ʨʘʜʠʢʘʣʜʘʨʳʥ ʥʝʤʝʩʝ ᴇʩʽʧ 

ʢʝʣʝ ʞʘʪץʘʥ ʪʽʟʙʝʢʪʽײ שʰʪʘʨʳʥ) ʛʠʜʨʣʝʫʛʝ ץʘʙʽʣʝʪʪʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫ ʤʦʣʝʢʫʣʘʩʳ 

ʪװʟʽʣʝʜʽ. Co ʙʝʪʽʥʽש ʞʦסʘʨʳ ʛʠʜʨʣʝʫ ʙʝʣʩʝʥʜʽʣʽʛʽ ʢᴇʧʪʝʛʝʥ CHʭ ʬʨʘʛʤʝʥʪʪʝʨʽʥʽש 

ʞʳʣʜʘʤ ʛʠʜʨʣʝʥʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ ʞᴅʥʝ ʧʨʦʮʝʩʪʝʨ ʨʝʘʢʮʠʷ ʤʝʭʘʥʠʟʤʽʥʽש ʞʘʣʧʳ 

ʙʘסʳʪʳʥʘ ʝʣʝʫʣʽ ᴅʩʝʨ ʝʪʝʜʽ. 

4. CïC ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʪװʟʽʣʫʽ (ʢᴇʤʽʨʪʝʢʪʽ ʪʽʟʙʝʢʪʽײ שʟʘʨʫʳ). ʌʠʰʝʨï

ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʢʝʟʽʥʜʝ ʙʝʪʪʝ ʪװʟʽʣʝʪʽʥ ʘʨʘʣʳץ CHʭ ʪװʨʣʝʨʽ ʙʽʨ-ʙʽʨʽʤʝʥ ʥʝʤʝʩʝ 

ʙʘʩץʘ ʨʝʘʢʮʠʷʣʳץ ʘʨʘʣʳץʪʘʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʝ ʦʪʳʨʳʧ, C2 ʞᴅʥʝ ʦʜʘʥ ײʟʳʥ 

ʢᴇʤʽʨʩʫʪʝʢ ʪʽʟʙʝʢʪʝʨʽʥʽש ʪװʟʽʣʫʽʥʝ ץʘʪʳʩʘʜʳ. ʊʽʟʙʝʢʪʽש ᴇʩʫʽʥʝ ᴅʢʝʣʝʪʽʥ ʧʨʦʮʝʩʩ 

ʝʢʽ ʥʝʛʽʟʛʽ ʤʝʭʘʥʠʟʤ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. 

ʘ) CHʭ-ʠʥʩʝʨʮʠʷ ʤʝʭʘʥʠʟʤʽ. ɽʢʽ CHʭ ʬʨʘʛʤʝʥʪʽ ʢʘʪʘʣʠʟʜʽʢ ʙʝʪʪʝ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʽʧ, ʞʘשʘ CïC ʙʘʡʣʘʥʳʩʳʥ ʪװʟʝ ʦʪʳʨʳʧ ʘʩʩʦʮʠʘʮʠʷʣʘʥʘʜʳ. ʀʥʩʝʨʮʠʷ 

ʪʽʟʙʝʢ ʪװʟʽʣʫʽʥʽש ʙʘʩʪʘʧץʳ ʩʘʪʳʣʘʨʳʥ ץʘʤʪʘʤʳʟ ʝʪʝʪʽʥ ʞᴅʥʝ ʢᴇʤʽʨʩʫʪʝʢ 

ᴇʥʽʤʜʝʨʽʥʽש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʥʝʛʽʟʛʽ 

ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

[CH2]S + [CH2]S = [CH2CH2]S,    (36) 

 

ʙ) ʉʆ ʝʥʛʽʟʫ: ʉʆ ʘʮʠʣ ᴇʥʽʤʜʝʨʽʥ (CHxCO) ʪװʟʫ װʰʽʥ CHx-ʢʝ ץʦʩʳʣʘ ʘʣʘʜʳ, 

ʛʠʜʨʣʝʫ ʨʝʘʢʮʠʷʩʳʥʜʘ ʩʧʠʨʪʪʝʨʜʽש ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ: 

 

[CH2]S + [CO]S = [CH2CO]S.     (37) 

5. ʉʦסשʳ ᴇʥʽʤʜʝʨʜʽש ʪװʟʽʣʫʽ װʰʽʥ ʛʠʜʨʦʛʝʥʠʟʘʮʠʷ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʝʪʽʥʜʝ 

ʘʢʪʠʚʪʝʥʜʽʨʽʣʛʝʥ ʩʫʪʝʢ (HϜ) ᴅʨʪװʨʣʽ ʘʨʘʣʳץ ʨʝʘʢʮʠʷʣʳץ ʪװʨʣʝʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʝ 
ʦʪʳʨʳʧ, ʨʝʘʢʮʠʷʥʳש ʩʦסשʳ ᴇʥʽʤʜʝʨʽʥ ï ʢᴇʤʽʨʩʫʪʝʢʪʝʨ ʤʝʥ ʦʢʩʠʛʝʥʘʪʪʘʨʜʳ 

(ʩʧʠʨʪʪʝʨʜʽ) ʪװʟʫʛʝ ץʘʪʳʩʘʜʳ [182, ʨ.24]. ɸʪʘʣסʘʥ ʢʝʟʝשʜʝ ʘʪʦʤʜʳץ ʩʫʪʝʢʪʽש 

ʞʦסʘʨʳ ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽ CHʭ, CHO ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʝʪʪʽʢ ʠʥʪʝʨʤʝʜʠʘʪʪʘʨʜʳ 

ʛʠʜʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʦʣʘʨʜʳש ʪײʨʘץʪʳ ʤʦʣʝʢʫʣʘʣʳץ ᴇʥʽʤʜʝʨʛʝ ʘʡʥʘʣʫʳʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

[CH3CH2]S + [H]S = C2H6,     (38) 

 

[CH3CH2O]S + [H]S = C2H5OH.    (39) 
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6. ʉʫʜʳש ʪװʟʽʣʫʽ. ɹʝʣʩʝʥʜʝʥʜʽʨʽʣʛʝʥ H ʙʝʪʪʽʢ ʦʪʪʝʛʽʤʝʥ (ʦʢʩʠʜ ʪʦʨʳʥʘʥ 

ʘʣʳʥסʘʥ ʦʪʪʝʛʽʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʙʘʩץʘ ʨʝʘʢʮʠʷʣʘʨ ʢʝʟʽʥʜʝ ʉʆ ʜʠʩʩʦʮʠʘʮʠʷʩʳ 

ʢʝʟʽʥʜʝ ץʘʣסʘʥ ʦʪʪʝʛʽʤʝʥ) ᴅʨʝʢʝʪʪʝʩʝʜʽ: 

 

[O]S + 2[H]S = H2O.     (40) 

 

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʤʝʭʘʥʠʟʤʜʽʢ ʩʘʪʳʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʌʠʰʝʨï

ʊʨʦʧʰ ʩʠʥʪʝʟʽ ʢװʨʜʝʣʽ ʢᴇʧʩʘʪʳʣʳ ʛʝʪʝʨʦʛʝʥʜʽ ʧʨʦʮʝʩʩʢʝ ʞʘʪʘʜʳ, ʤײʥʜʘ CO ʤʝʥ 

H2 ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʙʝʣʩʝʥʜʝʥʫʽ, ʙʝʪʪʽʢ ʘʨʘʣʳץ ʪװʨʣʝʨʜʽש ʪװʟʽʣʫʽ, ʢᴇʤʽʨʪʝʢʪʽ 

ʪʽʟʙʝʢʪʽש CïC ʙʘʡʣʘʥʳʩʪʘʨʳ ʘʨץʳʣʳ ʙʽʨʪʽʥʜʝʧ ײʟʘʨʫʳ ʞᴅʥʝ ʩʦסשʳ ᴇʥʽʤʜʝʨʜʽש 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʷʣʘʥʫʳ ᴇʟʘʨʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ ʵʣʝʤʝʥʪʘʨ ʧʨʦʮʝʩʪʝʨʜʽש 

ʨʝʪʪʝʣʛʝʥ ʪʽʟʙʝʢʪʽʣʽʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ. ʆʩʳ ʩʘʪʳʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʳש 

ʪʠʽʤʜʽʣʽʛʽ ʢʘʪʘʣʠʟʘʪʦʨʜʳש ʬʘʟʘʣʳײץ ץʨʘʤʳʥʘ, ʦʥʳש ʙʝʪʪʽʢ ײץʨʳʣʳʤʳʥʘ ʞᴅʥʝ 

ʤʝʪʘʣʣïʪʘʩʳʤʘʣʜʘסʳʰ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʙʦʣʳʧ, ʨʝʘʢʮʠʷ 

ʪʘʣסʘʤʜʳʣʳסʳ ʤʝʥ ʙʘסʳʪʳʪʪʳʣʳסʳ, ʪװʟʽʣʝʪʽʥ ᴇʥʽʤʜʝʨʜʽײץ שʨʘʤʳʥ ʘʡץʳʥʜʘʡʜʳ. 
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 ʆʈʓʊʓʅɼʓפ

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʙʘʨʳʩʳʥʜʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ 

ʤʽʥʜʝʪʪʝʨ ʦʨʳʥʜʘʣʳʧ, ץʦʨʳʪʳʥʜʳ ʞʘʩʘʣʜʳ: 

1. ɻʠʜʨʦʪʝʨʤʘʣʜʳץ ʞʘסʜʘʡʜʘ ʞײʤʩʘץ ʪʝʤʧʣʘʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʳש 

 ʨʜʝʣʽ ʦʢʩʠʜʪʝʨʽװʨʳʣʳʤʜʳ LaCoO3 ʢײץ ʥʜʳʨʫ ᴅʜʽʩʽ ʧʝʨʦʚʩʢʠʪײʘʪʳʩʳʥʜʘ ʙʽʨʛʝ ʪץ

ʘʣʳʥʜʳ. ʄʝʟʦʢʝʫʝʢʪʽ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʪ̔ KIT-6 ץʘʪʪr ʪʝʤʧʣʘʪʳʥ ץʦʣʜʘʥסʘʥʜʘ ï 

LaCoO3 ʢʘʪʘʣʠʟʘʪʦʨʳʥʳש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳ 9,5 ʤ2/ʛ ʤᴇʣʰʝʨʜʝʥ 220 ʤ2/ʛ 

ʜʝʡʽʥ ʘʨʪʪʳ. 

2. ʉʠʥʪʝʟʜʝʣʛʝʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש LCO-1, LCO-2, LCO/KIT-6 

 ᴅʩʝʨʽ שʘʩʠʝʪʪʝʨʽʥʝ ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽʥʽץ ʞᴅʥʝ ʙʝʪʪʽʢ ץʪʝʢʩʪʫʨʘʣʳ ,ץʨʳʣʳʤʜʳײץ

ɹʕʊ (ɹʨʫʥʘʫʵʨ-ʕʤʤʝʪ-ʊʝʣʣʝʨ), ײʥʪʘץʪʳ ʨʝʥʪʛʝʥʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ױʈʌʊ), 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ (ʊɻʊ), ʵʥʝʨʛʦʜʠʩʧʝʨʩʪʽ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʕɼʉ), 

ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (ʊʕʄ), ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ᴅʜʽʩʪʝʨʽ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. 

3. ʉʠʥʪʝʟʜʝʣʽʧ ʘʣʳʥסʘʥ ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽʥʽש ʢʘʪʘʣʠʟʜʽʢ ץʘʩʠʝʪʪʝʨʽ 

ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʣʜʽ. ʊʦʪʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ LaCoO3 

 שʨʛʽʟʽʣʛʝʥ ʌʠʰʝʨïʊʨʦʧʰ ʩʠʥʪʝʟʽʥʽװʣʛʽʣʝʨʽʥʜʝʛʽ 240 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞװ

ʥʝʛʽʟʛʽ ʩײʡʳץ ᴇʥʽʤʽ ï ʩʧʠʨʪʪʝʨʜʽש ʪʘʣסʘʤʜʳʣʳסʳ (42-90%) ʢᴇʨʩʝʪʪʽ. LCO-1 

ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʩʽ 240 ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʢʘʪʘʣʠʟʜʽʢ ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ, 

ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥʳʥʳש (Sʤʝʥʰ., 10,0 ʤ2/ʛ) ʪᴇʤʝʥ ʙʦʣʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, 

ʩʧʠʨʪʪʝʨʜʽש ʞʦסʘʨʳ ʪʘʣסʘʤʜʳʣʳסʳ (SROH, 90Ñ3,9%) ʘʥʳץʪʘʣʜʳ. LCO/KIT-6 

ʢʘʪʘʣʠʟʘʪʦʨʳש ʤʝʥʰʽʢʪʽ ʙʝʪʪʽʢ ʘʫʜʘʥ r220 ʤ2/ʛ ʞᴅʥʝ ʢʝʫʝʢ ʢᴇʣʝʤʽ 0,016 ʩʤ3/ʛ 

ʨʘʡʜʳ, 240ײץ ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʧʠʨʪʪʝʨʜʽש ʰʳסʳʤʳ 80 ʤʛ/ʛʢʘʪÅʩʘס ʞᴅʥʝ 

ʪʘʣסʘʤʜʳʣʳסʳ 61Ñ3.90% ʦʨʪʘʰʘ ץʘʡʪʘʣʘʥʳʤ ʤᴅʥʜʝʨʽʥ ʢᴇʨʩʝʪʽʧ, ʞʦסʘʨʳ 

ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʪʽ.  ɹʘʨʣʳץ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ 10 ʩʘסʘʪ ʪײʨʘץʪʳ ʞײʤʳʩ ʞʘʩʘʜʳ. 

4. ʉʠʥʪʝʟ-ʛʘʟʜʘʥ ʩʧʠʨʪʪʝʨʜʽ ʘʣʫ ʨʝʘʢʮʠʷʩʳʥʘʥ ʢʝʡʽʥ ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳש 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʢװʡʽ ױʈʌʊ, ʉʕʄ ʞᴅʥʝ ʊʕʄ ᴅʜʽʩʪʝʨʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. ʈʝʘʢʮʠʷ 

ʙʘʨʳʩʳʥʜʘ ʧʝʨʦʚʩʢʠʪ ײץʨʳʣʳʤʜʳ ʢװʨʜʝʣʽ ʦʢʩʠʜʪʝʨ ʬʘʟʘʣʳץ ʞᴅʥʝ 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʜʳ, ʧʝʨʦʚʩʢʠʪ ʬʘʟʘʩʳ ʙײʟʳʣʳʧ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʪװʟʽʣʛʝʥ La(OH)3 ʞᴅʥʝ La2O3 ʬʘʟʘʣʘʨʳʥʳש ʙʝʪʽʥʜʝ ʜʠʘʤʝʪʨʽ 9ï20 ʥʤ ʙʦʣʘʪʳʥ 

ʢʦʙʘʣʴʪ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʪװʟʽʣʜʽ. ʂʘʪʘʣʠʟʜʽʢ ʨʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ ʙʘʨʣʳץ 

ʢʘʪʘʣʠʟʘʪʦʨ װʣʛʽʣʝʨʽ ץʘʡʪʳʤʩʳʟ ʙײʟʳʣʫסʘ ײʰʳʨʘʜʳ. 
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