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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨסʘ ʩʽʣʪʝʤʝʣʝʨ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. 

 

ʄʝʤʉʊ 7.1-2003. ɹʠʙʣʠʦʛʨʘʬʠʷʣʳץ ʞʘʟʙʘ. ɹʠʙʣʠʦʛʨʘʬʠʷʣʳץ ʩʠʧʘʪʪʘʤʘ. 

 .ʞʘʣʧʳ ʪʘʣʘʧʪʘʨʳ ʞᴅʥʝ ʝʨʝʞʝʣʝʨʽ שʨʘʩʪʳʨʫʜʳײפ

ʄʝʤʉʊ 7.9-95 ɸץʧʘʨʘʪ, ʢʽʪʘʧʭʘʥʘ ʞᴅʥʝ ʙʘʩʧʘ ʽʩʽ ʙʦʡʳʥʰʘ ʩʪʘʥʜʘʨʪʪʘʨ 

ʞװʡʝʩʽ. ʈʝʬʝʨʘʪ ʞᴅʥʝ ʘʥʥʦʪʘʮʠʷ. ɾʘʣʧʳ ʪʘʣʘʧʪʘʨ. 

ʄʝʤʉʊ 7.11-2004 ɹʠʙʣʠʦʛʨʘʬʠʷʣʳץ ʞʘʟʙʘ. ʐʝʪʝʣ, ʝʫʨʦʧʘ ʪʽʣʜʝʨʽʥʜʝʛʽ 

 .ʘʥ ʩᴇʟʜʝʨ ʤʝʥ ʩᴇʟ ʪʽʨʢʝʩʪʝʨʽסʘʨץʳʩץ

ʄʝʤʉʊ 7.32-2001. נʳʣʳʤʠ - ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʝʩʝʙʽ. ײפʨʳʣʳʤʳ ʤʝʥ 

ʨᴅʩʽʤʜʝʫ ʝʨʝʞʝʣʝʨʽ. 

ʄʝʤʉʊ 8.417-2002 ᴆʣʰʝʤ ʙʽʨʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ʞװʡʝʩʽ. 

ʌʠʟʠʢʘʣʳץ ʰʘʤʘʣʘʨʜʳש ʙʽʨʣʽʛʽ. 

ʄʝʤʉʊ 4517-87 ʈʝʘʢʪʠʚʪʝʨ. ʊʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ץʦʩʘʣץʳ 

ʨʝʘʢʪʠʚʪʝʨ ʤʝʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʨʽ. 

ʄʝʤʉʊ 23932-90. ɿʝʨʪʭʘʥʘʣʳץ ʰʳʥʳ ʳʜʳʩʪʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨ. ɾʘʣʧʳ 

ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ʄʝʤʉʊ 25336-83. ɿʝʨʪʭʘʥʘʣʳץ ʰʳʥʳ ʳʜʳʩʪʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨ. ʊװʨʣʝʨʽ, 

ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʨʪʣʝʨʽ ʤʝʥ ᴇʣʰʝʤʜʝʨʽ. 

ʄʝʤʉʊ 1770-74. ɿʝʨʪʭʘʥʘʣʳץ ᴇʣʰʝʫʽʰ ʰʳʥʳ ʳʜʳʩʪʘʨ. ʎʠʣʠʥʜʨʣʝʨ, 

ʤʝʥʟʫʨʢʘʣʘʨ, ʢʦʣʙʘʣʘʨ, ʧʨʦʙʠʨʢʘʣʘʨ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨʳ. 

ʄʝʤʉʊ 20292-74. ɿʝʨʪʭʘʥʘʣʳץ ᴇʣʰʝʫʽʰ ʰʳʥʳ ʘʩʧʘʧʪʘʨ. ɹʶʨʝʪʢʘʣʘʨ, 

ʪʘʤʰʫʳʨʣʘʨ. ʊʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ʄʝʤʉʊ 24104-2001 ɿʝʨʪʭʘʥʘʣʳץ ʪʘʨʘʟʳ. ɾʘʣʧʳ ʪʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ʄʝʤʉʊ 6709-72. ɼʠʩʪʠʣʜʝʥʛʝʥ ʩʫ. ʊʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ʄʝʤʉʊ 13646-68. ʅʘץʪʳ ᴇʣʰʝʫʣʝʨ װʰʽʥ ʰʳʥʳ ʩʳʥʘʧʪʳ ʪʝʨʤʦʤʝʪʨʣʝʨ. 

ʊʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ. 

ʄʝʤʉʊ 12.1.008-76. ɽשʙʝʢ ץʘʫʽʧʩʽʟʜʽʛʽ ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש ʞװʡʝʩʽ. 

ʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ. ɾʘʣʧʳ ʪʘʣʘʧʪʘʨ. 
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ɸʅʓפʊɸʄɸʃɸʈ 

 

ʆʩʳ ʜʠʩʩʝʨʪʘʮʠʷʜʘ ʢʝʣʝʩʽ ʪʝʨʤʠʥʜʝʨʛʝ ʩᴅʡʢʝʩ ʘʥʳץʪʘʤʘʣʘʨ ץʦʣʜʘʥʳʣסʘʥ: 

ʉʦʨʙʝʥʪ ï ץʦʨʰʘסʘʥ ʦʨʪʘʜʘʥ ʛʘʟʜʘʨʜʳ, ʙʫʣʘʨʜʳ ʥʝʤʝʩʝ ʝʨʽʛʝʥ ʟʘʪʪʘʨʜʳ 

ʽʨʽʢʪʝʧ ʩʽשʽʨʝʪʽʥ ץʘʪʪʳ ʥʝʤʝʩʝ ʩײʡʳץ ʟʘʪʪʘʨ. 

ʉʫʜʳ ʩʦʨʙʮʠʷʣʳץ ʪʘʟʘʨʪʫ ï ץʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש (ʩʦʨʙʝʥʪʪʽש)  ʢʝʫʝʢ 

ʢᴇʣʝʤʽʥʝ ʥʝʤʝʩʝ ʙʝʪʽʥʝ ʩʫʜʘ ʝʨʽʛʝʥ ʟʘʪʪʘʨʜʳ ʩʽשʽʨʫʽ. 

ʂʦʤʧʦʟʠʪ ï ײץʨʘʤʳ ʤʝʥ ײץʨʳʣʳʩʳ ᴅʨʪװʨʣʽ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ 

 ʘʩʠʝʪʪʝʨʛʝ ʠʝ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽץ ʘשʨʘʪʳʥ, ʞʘײʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʜʝʥ ʪײץ

ʤʘʪʝʨʠʘʣʜʘʨ. 

ʄʘʛʥʠʪʪʽʢ ʥʘʥʦʢʦʤʧʦʟʠʪʪʝʨ - ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ ʤʘʪʝʨʠʘʣʜʘʨ 

ʪװʨʽʥʝʥ ʪײʨʘʪʳʥ, ʦʣʘʨʜʳש ʙʽʨʽ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʢʝ ʠʝ ʙʦʣʳʧ ʢʝʣʝʪʽʥ 

ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ. 

ʄʦʜʠʬʠʢʘʮʠʷ ï ʟʘʪʪʘʨʜʳײץ שʨʳʣʳʤʜʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʥʘץʪʳ ʧʨʦʮʝʩʪʝʨʛʝ ʙʝʡʽʤʜʝʫ װʨʜʽʩʽ 

ʘʨץʳʣʳ ʩʘʧʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫ. 

ɸסʳʥʜʳ ʩʫ ï ʤײʥʘʡ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʧʘʡʜʘ ʙʦʣʘʪʳʥ ײץʨʘʤʳ ᴇʟʛʝʨʛʝʥ, ץʘʩʠʝʪʪʝʨʽ ʥʘʰʘʨʣʘסʘʥ ץʘʣʜʳץ ʣʘʩʪʘʥסʘʥ ʩʫ 

ʞװʡʝʩʽ. 

ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳʣʳץ  - ʩʫ ʦʨʪʘʩʳʤʝʥ ᴅʨʝʢʝʪʪʝʩʫ װʨʜʽʩʽ ʞʦץ ʞᴅʥʝ 

ʩʫʣʘʥʫסʘ ᴇʪʝ ʪᴇʟʽʤʜʽ (ʩʫʜʳש ʞʘʥʘʩʫ ʙײʨʳʰʳ 150Á-ʪʘʥ ʞʦסʘʨʳ) ʙʝʪʪʝʨʽ ʙʘʨ  

ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳץ שʘʩʠʝʪʽ. 

ʆʣʝʦʬʠʣʴʜʽʣʽʢ - ʤʘʡʣʘʨʜʳ ʥʝʤʝʩʝ ʧʦʣʷʨʣʳ ʝʤʝʩ ʩײʡʳץʪʳץʪʘʨʜʳ ʞʘץʩʳ 

ʩʽשʽʨʝʪʽʥ ʟʘʪʪʘʨʜʳץ שʘʩʠʝʪʽ. 

ʉʝʧʘʨʘʮʠʷ - ʩײʡʳץʪʳץʪʘʨʜʳץ ,שʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש, ʵʤʫʣʴʩʠʷʣʘʨʜʳש, 

ʩײʡʳץ ʞᴅʥʝ ʛʘʟ ʪᴅʨʽʟʜʝʩ ʦʨʪʘʣʘʨʜʳש ʘʩʧʘʣʳ ʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ץʦʩʧʘʣʘʨʜʳ 

 שʵʣʝʤʝʥʪʪʝʨʽʥʽ שʦʩʧʘʥʳץ ʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʫ ʧʨʦʮʝʩʽ. ʉʝʧʘʨʘʮʠʷ ʢʝʟʽʥʜʝײץ

ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽʥʜʝ ᴇʟʛʝʨʽʩ ʙʦʣʤʘʡʜʳ. 

ɸʙʩʦʨʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʢ - ʤʘʪʝʨʠʘʣʜʳש ʞʘʥʘʩʘʪʳʥ ʩײʡʳץ ʟʘʪʪʘʨʜʳ 

ʥʝʤʝʩʝ ʛʘʟ ץʦʩʧʘʣʘʨʳʥ ʩʽשʽʨʫ ʞᴅʥʝ ᴇʟ ʢᴇʣʝʤʽʥʜʝ ʩʘץʪʘʫ ץʘʩʠʝʪʪʝʨ̔.  
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

GO ï ʛʨʘʬʝʥ ʦʢʩʠʜʽ 

RGO ï ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʛʨʘʬʝʥ ʦʢʩʠʜʽ 

ɻʅʅ ï ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ 

PDMS ï ʧʦʣʠʜʠʤʝʪʠʣ ʩʠʣʦʢʩʘʥ 

SO ï ʩʠʣʠʢʦʥ ʤʘʡʳ 

PU ï ʧʦʣʠʫʨʝʪʘʥ 

ɸʂʄ ï ʘʪʦʤʜʳץ ʢװʰʪʽʢ ʤʠʢʨʦʩʢʦʧʳ 

ʊɽʄ ï ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ 

CVD ï ʭʠʤʠʷʣʳץ ʙʫʜʳ ʪײʥʜʳʨʫ 

ʄᴆ ï ʤײʥʘʡ ᴇʥʽʤʜʝʨʽ 

ʅɹ ï ʥʘʥʦʙᴇʣʰʝʢʪʝʨ 

ʅʂ ï ʥʘʥʦʢʦʤʧʦʟʠʪ 

ʅʄ ï ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨ 

ʂʅʊ ï ʢᴇʤʽʨʪʝʢ ʥʘʥʦʪװʪʽʢʰʝʣʝʨʽ 

ʄʂ ï ʤʝʪʠʣʝʥ ʢᴇʢ 

ʀפ ï ʠʥʬʨʘץʳʟʳʣ 

ʂʊ ï ʢװʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ʉʕʄ ï ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ 

ʕɼʈʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ 

ɼʊ ï ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝʨʤʠʷʣʳץ 

ʈɼ ï ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ 

ɼɾʐ ï ʜʠʥʘʤʠʢʘʣʳץ ʞʘʨʳץ ʰʘʰʳʨʘʫ 

ʕɾʐ ï  ɻ ʣʝʢʪʨʦʬʦʨʝʪʠʢʘʣʳץ ʞʘʨʳץ ʰʘʰʳʨʘʫʳ 

ʉɾɹ ï ʩʫʜʳש ʞʘʥʘʩʫ ʙײʨʳʰʳ 

ʤ.ʞ. ï ʤʘʩʩʘʣʳץ ʞװʢʪʝʤʝ 

ʥʤ ï ʥʘʥʦʤʝʪʨ 

ʊPʘ ï ʪʝʨʘʧʘʩʢʘʣʴ  

GPʘ ï ʛʠʛʘʧʘʩʢʘʣʴ 

ʤʅ ï ʤʝʛʘʥʴʶʪʦʥ 

ʥʩ ï ʥʘʥʦʩʝʢʫʥʜ 

ʧʩ ï ʧʠʢʦʩʝʢʫʥʜ 

ʵɺ ï ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪ 

ʤɺ ï ʤʝʛʘʚʦʣʴʪ 

emu ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ʙʽʨʣʽʢʪʝʨ 

ʛ ï ʛʨʘʤʤ 
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ʂɯʈɯʉʇɽ 

 

ɾײʤʳʩʪʳש ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ. ɹײʣ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʘסʳʥʜʳ 

ʩʫʣʘʨʜʘʥ ʤײʥʘʡ/ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʽʨʽʢʪʝʧ ʩʦʨʙʮʠʷʣʘʫ װʰʽʥ ʞʘשʘ ץʘʡʪʘ 

ᴇשʜʝʫʛʝ ʙʦʣʘʪʳʥ RGO ʥʝʛʽʟʜʝʛʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʅʄ-ʜʳש ʦשʘʡ 

ᴇʥʜʽʨʽʩʽʥ ʩʠʧʘʪʪʘʡʜʳ. ɾײʤʳʩʪʘ, GO ʤʝʥ RGO ʞᴅʥʝ ʜʝ MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ-

ʪʝʨʽʥʽש ʩʠʥʪʝʟʽ ʞᴅʥʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝʛʽ 

ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʤʝʥ  

ʩʝʧʘʨʘʮʠʷʣʘʫ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʟʝʨʪʪʝʣʜʽ. 

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ. ʄײʥʘʡʣʳ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ 

ʤײʥʘʡʜʳש ʘסʫʳ ʤʝʥ ʪᴇʛʽʣʫ ʘʧʘʪʪʘʨʳʥʘʥ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʣʘʩʪʘʥʫʳʤʝʥ 

ʢװʨʝʩʫʜʽש ʤʘשʳʟʜʳ ʞʘᴃʘʥʜʳץ ʧʨʦʙʣʝʤʘʩʳʥʘ ʘʡʥʘʣʜʳ. ʉʦʥʜʳץʪʘʥ, ץʘʟʽʨʛʽ ʪʘשʜʘ 

ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʤײʥʘʡ ʤʝʥ ʤײʥʘʡ ᴇʥʽʤʜʝʨʽʥʝʥ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝʥ 

ʪʘʟʘʨʪʫ ᴇʪʝ ᴇʟʝʢʪʽ ʪʘץʳʨʳʧ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʘʡʤʝʥ ʣʘʩʪʘʥסʘʥ ʩʫʜʳש 

ʞʘᴃʘʥʜʳץ ᴇʥʜʽʨʽʩʽ ʰʘʤʘʤʝʥ ʪᴅʫʣʽʛʽʥʝ 33,6 ʤʠʣʣʠʦʥ ʙʘʨʨʝʣʴʜʽ ײץʨʘʡʜʳ [1], ʙײʣ 

ʦʥʳ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʞʦʡץʳʥ ᴅʩʝʨʣʝʨʽ ʙʘʨ ᴅʣʝʤʜʝʛʽ ʝש ʤʘשʳʟʜʳ ʣʘʩʪʘʫʰʳ 

ʟʘʪʪʘʨʜʳש ʙʽʨʽʥʝ ʘʡʥʘʣʜʳʨʜʳ. ʄײʥʘʡ ᴇʥʜʽʨʫʜʽש ʞᴅʥʝ ʦʥʳ ʪʝשʽʟ ʘʨץʳʣʳ 

ʪʘʩʳʤʘʣʜʘʫʜʳײ שʣסʘʶʳ ʤʝʥ ʤײʥʘʡʜʳש ʪᴇʛʽʣʫʽ ʞʠʽʣʝʧ, ʪʝשʽʟ ʵʢʦʣʦʛʠʷʩʳʥʘ ᴅʩʝʨ 

ʝʪʝʪʽʥ ʵʢʦʣʦʛʠʷʣʳץ ʘʧʘʪʪʘʨסʘ ᴅʢʝʧ ʩʦץʪʳʨʫʜʘ. ʊʝשʽʟʛʝ ʪװʩʢʝʥ ʤײʥʘʡ ʪᴇʛʽʥʜʽʣʝʨʽ 

ʞʝʣ ʤʝʥ ʪʦʣץʳʥʥʳש ᴅʩʝʨʽʥʝʥ װʣʢʝʥ ʘʫʤʘץʪʘʨסʘ ʞʳʣʜʘʤ ʪʘʨʘʣʳʧ, ʪʝʟ ʞʦʶʜʳ 

 ʘ ʞᴅʥʝץʘʪסʞʘʙʘʡʳ ʪʘʙʠ ,ץʫʳʪʪʳʣʳ ץʥʜʘʡ ʠʥʮʠʜʝʥʪʪʝʨ ʭʠʤʠʷʣʳײʘʞʝʪ ʝʪʝʜʽ. ʄץ

ʦʣʘʨʜʳש ʤʝʢʝʥʜʝʫ ʦʨʳʥʜʘʨʳʥʘ ʬʠʟʠʢʘʣʳץ ʟʘץʳʤ ʢʝʣʪʽʨʫ, ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ᴇʟʛʝʨʫʽ ʞᴅʥʝ ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʪװʨʣʝʨʜʽש ʞʦʡʳʣʫʳ ʩʠʷץʪʳ ʞʘᴃʘʥʜʳץ 

ʵʢʦʣʦʛʠʷʣʳץ ᴅʩʝʨʣʝʨʛʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ʄײʥʘʡ ʪᴇʛʽʥʜʽʣʝʨʽʥ ʞʦʶ ʵʢʦʣʦʛʠʷʣʳץ 

ʰʳסʳʥʜʘʨʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʘʡʤʘץʪʘסʳ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʨʝʩʫʨʩʪʘʨʜʳ ʞʘץʩʘʨʪʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʤײʥʜʘʡ ʤײʥʘʡ ʪᴇʛʽʣʫ ʠʥʮʠʜʝʥʪʪʝʨʽ, 

ʩʦʥʜʘʡ-ʘץ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʘ ʤײʥʘʡʜʳש ʙʦʣʫʳ ʵʢʦʞװʡʝ װʰʽʥ ʰסײʳʣ 

ʪװʨʜʝ ʰʝʰʽʣʫʜʽ ץʘʞʝʪ ʝʪʝʪʽʥ ʢװʨʜʝʣʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫ װʰʽʥ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʤײʥʘʡ ʤʝʥ ʩʫʜʳ ʙᴇʣʫʜʽש ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʽ, ʩʦʥʳʤʝʥ 

 ,ʪʳץʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ ʩʠʷ ץʥʘʡ, ʦʨʛʘʥʠʢʘʣʳײʘ ʤʘʪʝʨʠʘʣʜʘʨ ʙʝʣʛʽʣʽ. ʄשʘʪʘʨ ʞʘץ

ʤײʥʘʡ ʪᴇʛʽʣʫʣʝʨʽʥ ʪʘʟʘʨʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʨʪװʨʣʽ ʩʦʨʙʝʥʪʪʝʨʤʝʥ ʩʽשʽʨʽʣʫʽ 

ʤװʤʢʽʥ, ʩʦʜʘʥ ʢʝʡʽʥ ᴅʜʝʪʪʝ ʤʝʭʘʥʠʢʘʣʳץ ʪװʨʜʝ ʞʦʡʳʣʘʜʳ ʞᴅʥʝ ᴇʨʪʝʥʝʜʽ [1]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤײʥʘʡ ʤʝʥ ʩʫʜʳש ʢᴇʧ ʤᴇʣʰʝʨʽʥ ʩʝʧʘʨʘʮʠʷʣʘʫסʘ ʢᴇʧ ʫʘץʳʪ 

 שʥʘʡ ʬʨʘʢʮʠʷʣʘʨʳʥʳײʘʥ ʤסʘ ʙʫʣʘʥסʜʝʛʝʥ ʢʝʟʜʝ ʘʪʤʦʩʬʝʨʘשʘʞʝʪ, ʘʣ ʦʣʘʨʜʳ ᴇץ

ʦʨʘʩʘʥ ʟʦʨ ʤᴇʣʰʝʨʽ ʙᴇʣʽʥʝʜʽ [2]. ʄᴅʩʝʣʝʥ, Fan ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ RGO ʞᴅʥʝ 

ʧʦʣʠʬʝʥʠʣʝʥ ʩʫʣʴʬʠʜʽʥʝʥ ʪײʨʘʪʳʥ ʙʝʨʽʢ ʪʘʣʰʳץʪʳ ʤʝʤʙʨʘʥʘ ʘʣʜʳ [3]. ɹײʣ 

ʪʘʣʰʳץʪʳ ʤʝʤʙʨʘʥʘ ʤײʥʘʡ ʤʝʥ ʩʫʜʳ ʪʠʽʤʜʽ ʙᴇʣʫ װʰʽʥ ʪʘʤʘʰʘ ʭʠʤʠʷʣʳץ 

ʪᴇʟʽʤʜʽʣʽʢ ʧʝʥ ʛʠʜʨʦʬʦʙʪʳʣʳץʪʳ ʢᴇʨʩʝʪʪʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ᴅʨʪװʨʣʽ ץʘʪʘש ɼʞʦʫʣʴ 

ʞᴅʥʝ ʢװʥ ץʳʟʜʳʨʫ ʞʘסʜʘʡʳʥʜʘ ʰʠʢʽ ʤײʥʘʡ 99,99% ʵʬʬʝʢʪʠʚʪʽʣʽʢʧʝʥ ʪʝʟ 

ʩʽשʽʨʽʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Bai ʞᴅʥʝ Zhang (2020) ײʩʳʥסʘʥ ʪʘʤʘʰʘ ʤʝʭʘʥʠʢʘʣʳץ 
ʙʝʨʽʢʪʽʢ ʧʝʥ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʝʪʽʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ RGO/ʥʠʢʝʣʴ 

ʞʘʙʳʥʳ ʞʘʩʘʣʜʳ. ɹײʣ ʅʄ 100 ʤʝʭʘʥʠʢʘʣʳװ ץʡʢʝʣʽʩ ʮʠʢʣʽʥʝʥ ʢʝʡʽʥ ʜʝ ᴇʟʽʥ-ᴇʟʽ 

ʪʘʟʘʨʪʫ ʞᴅʥʝ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽʥ ʩʘץʪʘʧ ץʘʣʜʳ [4].  
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 ʳʪʪʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʞᴅʥʝ ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽ PU ʛʫʙʢʘʣʘʨʳʥץʘʟʽʨʛʽ ʫʘפ

ᴇʥʜʽʨʫʛʝ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʫʜʝ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʤײʥʘʡ ʤʝʥ ʩʫʜʳ ʙᴇʣʫ װʰʽʥ ᴇʪʝ 

 ʰ ᴇʣʰʝʤʜʽװ ʣʢʝʥ, ʩʝʨʧʽʤʜʽװ ʘʫʜʘʥʳ שʦʣʘʡʣʳ, ʘʨʟʘʥ, ʢʝʫʝʢʪʽ, ʽʰʢʽ ʙʝʪʽʥʽץ

ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ  [5]. ᴄʨʪװʨʣʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʽʰʽʥʜʝ RGO-ʤʝʥ ץʘʧʪʘʣסʘʥ ʘʙʩʦʨʙʝʥʪʪʝʨ ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץ ʧʝʥ 

ʛʠʜʨʦʬʦʙʪʳ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʜʽש ʘʨץʘʩʳʥʜʘ ʝʨʝʢʰʝ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʜʽ 

ʢᴇʨʩʝʪʝʜʽ [6]. ʉʦʥʜʳץʪʘʥ, ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʢʦʤʧʦʟʠʪʪʽʢ 

ʅʄ-ʜʳש ᴇʟʽʥ-ᴇʟʽ ʪʘʟʘʨʪʫ ʤʝʥ ʞʦסʘʨʳ ʤʝʭʘʥʠʢʘʣʳץ/ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽ 

ʞᴅʥʝ ʤײʥʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʵʬʬʝʢʪʠʚʪʽ ʩʽשʽʨʫ ʩʠʷץʪʳ ʞʦסʘʨʳ 

ᴇʥʽʤʜʽʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ װʣʢʝʥ ʩײʨʘʥʳʩץʘ ʠʝ [7]. 

ɿʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ: ʉʫʜʳ ʤײʥʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝʥ 

ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʣʝʪʽʥ ʩʦʨʙʝʥʪ ʨʝʪʽʥʜʝʛʽ 

RGO, MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ ʞᴅʥʝ PDMS ʥʝʤʝʩʝ SO ʥʝʛʽʟʽʥʜʝʛʽ ʞʘשʘ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʅʄ ʘʣʫ. 

ɿʝʨʪʪʝʫʜʽש ʤʽʥʜʝʪʪʝʨʽ: 

- GO ʞᴅʥʝ RGO, MgFe2O4 ʅɹ-ʨʽʥ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝʛʽ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʅʄ-ʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ; 

- GO, RGO ʞᴅʥʝ MgFe2O4 ʅɹ-ʥʽײץ שʨʳʣʳʤʜʳץ-ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ; 

- RGO-ʥ̔ש ʘʣʳʥסʘʥ ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʅʄ-ʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ 

 ;ʪʘʫץʘʙʽʣʝʪʽʥʝ ᴅʩʝʨʽʥ ʘʥʳץ

- ɸʣʳʥסʘʥ ʞʘשʘ ʅʄ-ʜʳש ʤʘʛʥʠʪʪʽʢ, ʛʠʜʨʦʬʦʙʪʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞᴅʥʝ ʘסʳʥʜʳ 

ʩʫʣʘʨʜʘסʳ ʦʨʛʘʥʠʢʘʣʳץ ʬʨʘʢʮʠʷʣʘʨʜʳ ʙᴇʣʫ ʧʨʦʮʝʩʪʝʨʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʤʝʥ ʘʙʩʦʨʙʮʠʷʣʳץ ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʣʫ 

 .ʘʙʽʣʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫץ

ɿʝʨʪʪʝʫʜʽש ʥʳʩʘʥʜʘʨʳ: ɸסʳʥʜʳ ʩʫʣʘʨʜʳש ʤײʥʘʡ ʤʝʥ ᴅʨʪװʨʣʽ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝʥ ʪʘʟʘʨʪʫʜʘ ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʛʠʜʨʦʬʦʙʪʳ, 

ʤʘʛʥʠʪʪʽʢ ץʦʩʳʣʳʩʪʘʨ: RGʆ, MgFe2O4 ʅɹ ʞᴅʥʝ PDMS ʥʝʤʝʩʝ SO. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ: ɾײʤʳʩʪʘ ʢʝʣʝʩʽ ײץʨʳʣʳʤʜʳץ-ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ: ʠʥʬʨʘ ץʳʟʳʣ ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʷʣʳץ ʨʝʥʪʛʝʥʜʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ, ʤʝʩʩʙʘʫʵʨʣʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʟʝʨʪʪʝʫʣʝʨʽ ʄ.ʍ.ɼʫʣʘʪʠ ʘʪʳʥʜʘסʳ ʊʘʨʘʟ 

ᴇשʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ ʌʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʦʨʪʘʣʳסʳʥʜʘ,  ʃʦʨʨʝʠʥ 

ʫʥʠʚʝʨʩʠʪʝʪʽ, ױʣʪʪʳס ץʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʦʨʪʘʣʳסʳʥʜʘ (ʅʘʥʩʠ ץ., ʌʨʘʥʮʠʷ), 

ʅʘʟʘʨʙʘʝʚ ʋʥʠʚʝʨʩʠʪʝʪʽ, ɸʩʪʘʥʘ ץʘʣʘʩʳʥʳױ שʣʪʪʳץ ʟʝʨʪʭʘʥʘʩʳ, ʄʘʪʝʨʠʘʣʜʳ 

ʪװʨʣʝʥʜʽʨʫ ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ʬʠʟʠʢʘ ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ.  

 ʨʘʤʜʳײץ ʳ: RGʆ, MgFe2O4 ʅɹ ʞᴅʥʝ PDMS ʥʝʤʝʩʝ SOסʘʣʳשʳʣʳʤʠ ʞʘנ

ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʅʄ ʩʠʥʪʝʟʜʝʣʽʧ, ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ-

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʟʝʨʪʪʝʣʜʽ. 

ɸʣʳʥסʘʥ ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʅʄ-ʜʳש ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ 

ʤʝʥ ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ, ʩʦʥʜʘʡ-ʘץ ʘʙʩʦʨʙʮʠʷʣʳץ ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʣʫ 

 .ʪʘʣʜʳץʘʙʽʣʝʪʪʝʨʽ ʘʥʳץ
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ɾײʤʳʩʪʳש ʥʝʛʽʟʜʽʣʽʛʽ ʤʝʥ ʥʘץʪʳʣʳסʳ. ʅᴅʪʠʞʝʣʝʨʜʽש ʥʝʛʽʟʜʽʣʽʛʽ ʤʝʥ 

ʥʘץʪʳʣʳסʳ ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ʞᴅʥʝ ʜײʨʳʩ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨʛʝ ʥʝʛʽʟʜʝʣʫʽʤʝʥ, 

ʩʦʥʜʘʡ-ʘץ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʣʝʨʽʥ ʤʝʪʨʦʣʦʛʠʷʣʳץ ᴇשʜʝʫʤʝʥ 

 ʘʥ ʢʦʤʧʴʶʪʝʨʣʽʢסʥᴅʪʠʞʝʣʝʨ ʘʨʥʘʡʳ ʣʠʮʝʥʟʠʷʣʘʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɹʘʨʣʳץ

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʘʨץʳʣʳ ᴇשʜʝʣʜʽ. 

ɾײʤʳʩʪʳש ʪᴅʞʽʨʠʙʝʣʽʢ ʤʘשʳʟʜʳʣʳסʳ. ɸʣʳʥסʘʥ ʞʘשʘ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʅʄ-ʜʳש ʞʦסʘʨʳ ʤʝʭʘʥʠʢʘʣʳץ/ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

 ʝʨʽʪʢʽʰʪʝʨʜʽ ץʳ ʦʨʛʘʥʠʢʘʣʳסʪʘץʳʟʜʳסʨʣʽ ʪʳװʥʘʡ ʞᴅʥʝ ᴅʨʪײʘʩʠʝʪʪʝʨʽ, ʤץ

ʞʦסʘʨʳ ʩʦʨʙʮʠʷʣʘʫ ʞᴅʥʝ ʩʫʜʳ ʢʝʨʽ ץʘʡʪʘʨʫ, ʤײʥʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨʜʽ ʙᴇʣʫ װʰʽʥ 25 ʮʠʢʣʜʝʥ ʘʩʪʘʤ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥ ʞᴅʥʝ 

ʤʘʛʥʠʪ ʘʨץʳʣʳ ʙʘʩץʘʨʳʣʳʧ, ʩʫʜʘʥ ʦשʘʡ ʘʞʳʨʘʪʳʣʘʪʳʥ ץʘʙʽʣʝʪʪʝʨʽ, ʦʣʘʨʜʳ 

ʤײʥʘʡʤʝʥ ʣʘʩʪʘʥסʘʥ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʩʦʨʙʝʥʪ ʨʝʪʽʥʜʝ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ װʤʽʪʢʝʨ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʦʥʳש ʪʘʤʘʰʘ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʛʠʜʨʦʬʦʙʪʳ ʩװʟʛʽ ʨʝʪʽʥʜʝ ʜʝ ʧʘʡʜʘʣʘʥʳʣʫʜʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʪʘץʳʨʳʙʳʥʳס שʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʳʤʝʥ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʤʝʤʣʝʢʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳ. 

ɾײʤʳʩ  AP15473575 «ʄײʥʘʡ ʤʝʥ ʩʫʜʳ ʙᴇʣʫ װʰʽʥ ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʤʘʪʝʨʠʘʣʜʳ ʞʘʩʘʫʜʳץ שʘʨʘʧʘʡʳʤ ᴅʜʽʩʽ» ʞʦʙʘʩʳ 

ʙʦʡʳʥʰʘ ʤʝʤʣʝʢʝʪʪʽʢ ʛʨʘʥʪʪʳץ ץʘʨʞʳʣʘʥʜʳʨʫ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

 :ʠʜʘʣʘʨסʘץ ʘʥ ʥʝʛʽʟʛʽסʩʳʥʳʣײ ʘסʘʫסʦʨפ

 ʘʥ ʛʨʘʬʝʥ ʦʢʩʠʜʽ ʙʘʨ PU/MgFe2O4/RGO/PDMSסʩʳʟʜʘʥץʨʘʤʳʥʜʘ ʪʦʪʳײפ .1

ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʢʦʤʧʦʟʠʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʤײʥʘʡ ʤʝʥ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ (ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ) 

ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ PU/MgFe2O4/PDMS ʞᴅʥʝ PU/MgFe2O4/SO ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 2 ï 4 ʝʩʝʛʝ ʘʨʪʳץ. 

2.  ɸʣʳʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʥʝʛʽʟʽʥʜʝʛʽ  

ʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʤײʥʘʡ, ʟᴅʡʪװʥ ʤʘʡʳ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ 

(ʪʦʣʫʦʣ, ʛʝʢʩʘʥ) ʞᴅʥʝ ʩʫ ץʦʩʧʘʣʘʨʳʥ ʙᴇʣʫʜʝ 96,7 - 99% ʜʝʡʽʥ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 

3. PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ײץʨʘʤʜʳ 

ʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣʜʘʨʳ 20-25 ʨʝʛʝʥʝʨʘʮʠʷ ʮʠʢʣʽʥʝ ʪᴇʟʽʧ, 20 ʩʝʢʫʥʜ ʙʘʪʳʨʫ 

ʫʘץʳʪʳʥʜʘ ʤײʥʘʡʜʳ, ʟᴅʡʪװʥ ʤʘʡʳʥ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ (ʭʣʦʨʦʬʦʨʤ, 

ʪʦʣʫʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ) ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ ʩᴅʡʢʝʩʽʥʰʝ 12-36 ʛ/ʛ ʞᴅʥʝ 

16-44 ʛ/ʛ ʞᴅʥʝ ʩʫʜʳש ʞʘʥʘʩʫ ʙײʨʳʰʳ 155,5° ï 138,6° ʤᴅʥʜʝʨʽʥʝ ʪʝש ʙʦʣʘʜʳ. 

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ: ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ʢʝʣʪʽʨʽʣʛʝʥ סʳʣʳʤʠ 

ᴅʜʝʙʠʝʪʪʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʞײʤʳʩʪʘʨ ᴇשʜʝʫ ʞᴅʥʝ ʪײʞʳʨʳʤʜʘʫ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʞײʤʳʩʪʘʨʜʳ ʞʦʩʧʘʨʣʘʫ ʞᴅʥʝ ʞװʨʛʽʟʫ, ʦʜʘʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʫ, 

ʙʘסʘʣʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ סʳʣʳʤʠ ʞʘʨʠʷʣʳʤʜʘʨʜʳ ʙʘʩʳʧ ʰʳסʘʨʫ ʞײʤʳʩʪʘʨʳ 

ʘʚʪʦʨʜʳש ʪʽʢʝʣʝʡ ץʘʪʳʩʫʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ɾײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʘʧʨʦʙʘʮʠʷʩʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʝʩʽ סʳʣʳʤʠ ʞᴅʥʝ סʳʣʳʤʠ ï 

ʪᴅʞʽʨʠʙʝʣʽʢ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ʙʘʷʥʜʘʣʳʧ, ʪʘʣץʳʣʘʥʜʳ: IV ʍʘʣʳץʘʨʘʣʳץ 

 ʢʦʥʬʝʨʝʥʮʠʷ çModern research - 2019è (ʏʝʭʠʷ, ʂʘʨʣʦʚʳ ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳס

ɺʘʨʳ - ʈʝʩʝʡ, ʄᴅʩʢʝʫ, 2019), çɹᴇʙʝʢè ɾʘʣʧײʣʪʪʳץ ʢᴇʟסʘʣʳʩʳ ʞᴅʥʝ פʘʟʘץʩʪʘʥ 
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çʍʠʤʠʷ סʳʣʳʤʜʘʨʳè ʩʝʨʠʷʩʳ (ɸʣʤʘʪʳ, 2020), XIX International Science 

Conference «Applied and fundamental scientific research», (ɹʝʣʴʛʠʷ 2021), çScience 

and education in the modern world: challenges of the XXI centureè ʘʪʪʳ VIII 

ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʢʦʥʬʝʨʝʥʮʠʷ, (ɸʣʤʘʪʳ 2021), 5th 

International Conference on Nanomaterials, Materials and Manufacturing 

Engineering ( ʊʦʢʠʦ, ɾʘʧʦʥʠʷ 2023). 

ɹʘʩʳʣʳʤʜʘʨ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 13 סʳʣʳʤʠ 

ʝשʙʝʢʪʝʨ ʙʘʩʳʣʳʤʥʘʥ ʰʳץʪʳ. ʆʥʳש ʽʰʽʥʜʝ: Web of science ʞᴅʥʝ Scopus ץʦʨʳʥʘ 

ʝʥʝʪʽʥ ʙʘʩʳʣʳʤʜʘʨʜʘ 2 ʤʘץʘʣʘ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɹʽʣʽʤ ʞᴅʥʝ סʳʣʳʤ 

ʤʠʥʠʩʪʨʣʽʛʽʥʽש ɹʽʣʽʤ ʞᴅʥʝ סʳʣʳʤ ʩʘʣʘʩʳʥʜʘסʳ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʢʦʤʠʪʝʪʽ ײʩʳʥסʘʥ ʙʘʩʳʣʳʤʜʘʨʜʘ 4 ʤʘץʘʣʘ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-

ʪᴅʞʽʨʠʙʝʣʽʢ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ ʞʠʥʘץʪʘʨʳʥʜʘ 7 ʤʘץʘʣʘ, ʦʥʳש ʽʰʽʥʜʝ 1 ʤʘץʘʣʘ  

Scopus ץʦʨʳʥʘ ʝʥʝʪʽʥ ʙʘʩʳʣʳʤʜʘ ʞʘʨʠʷʣʘʥʜʳ. ʇʘʡʜʘʣʳ ʤʦʜʝʣʴʛʝ פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳ1 ש ʧʘʪʝʥʪʽ ʘʣʳʥʜʳ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʳײץ שʨʳʣʳʤʳ ʤʝʥ ʢᴇʣʝʤʽ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 

ʢʽʨʽʩʧʝʜʝʥ, װʰ ʙᴇʣʽʤʥʝʥ, ץʦʨʳʪʳʥʜʳʜʘʥ, 184 ʙʘʩʳʣʳʤʜʳ ץʘʤʪʠʪʳʥ ʦʪʘʥʜʳץ 

ʞᴅʥʝ ʰʝʪ ʝʣʜʽʢ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽʥʝʥ ʞᴅʥʝ ץʦʩʳʤʰʘʣʘʨʜʘʥ ʪײʨʘʜʳ. ɾײʤʳʩ 

ʢᴇʣʝʤʽ 100 ʙʝʪʪʝ ʞʘʟʳʣʳʧ, 10 ʢʝʩʪʝ ʞᴅʥʝ 44 ʩʫʨʝʪ ץʘʤʪʠʜʳ. 
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1 ᴄɼɽɹʀ ʐʆʃʋ 

 

1.1 ɻʨʘʬʝʥ, ײץʨʳʣʳʩʳ, ʩʠʥʪʝʟʽ ʞᴅʥʝ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ץʦʣʜʘʥʳʣʫʳ 

ʂᴇʤʽʨʪʝʢ - ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʽʨʽ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʞʘשʘ 

ʧʽʰʽʥʜʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʪʘץ שʘʣʜʳʨʫʜʘ. ʄʠʣʣʠʦʥʜʘסʘʥ ʞʘʩʘʥʜʳ ʞʦʣʤʝʥ 

ʘʣʳʥסʘʥ ᴇʪʝ ʢװʨʜʝʣʽ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʢᴇʤʽʨʪʝʢʪʽש ʪʫʳʥʜʳʩʳ ʙʦʣʳʧ 

ʢʝʣʝʜʽ. ɻʨʘʬʝʥʥʽש ʧʘʡʜʘ ʙʦʣʫʳ ʦʩʳʥʳש ʞʘʨץʳʥ ʤʳʩʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [8, 9]. 

ɻʨʘʬʝʥ ʢᴇʤʽʨʪʝʢ ʥʝʛʽʟʽʥʜʝʛʽ çץʘʨʘʧʘʡʳʤ ʟʘʪʪʘʨʜʳשè ץʘʪʘʨʳʥ ʪʦʣʳץʪʳʨʳʧ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳʥʘ ʪʳש ʩʝʨʧʽʥ ʙʝʨʜʽ. 

 ʳʣʳʤʜʘ ʢᴇʤʽʨʪʝʢʪʽ ʅʄ-ʜʳ ʘʣʫ ʞᴅʥʝ ʦʣʘʨʜʳס ʘʟʽʨʛʽ ʢʝʟʜʝ ᴅʣʝʤʜʽʢפ

ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʢʝשʽʥʝʥ ʜʘʤʫʜʘ. ᴄʩʽʨʝʩʝ, ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʅʄ ʪʫʨʘʣʳ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʢᴇʙʝʶʽ, ʢᴇʤʽʨʪʝʢ סʳʣʳʤʳʥʳש ʜʘʤʫʳʥʘ װʣʢʝʥ ʳץʧʘʣ ʝʪʫʽʤʝʥ 

 ʘ ʧʝʨʩʧʝʢʪʠʚʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʩʠʥʪʝʟʜʝʫ ʞᴅʥʝשʥʝʛʽʟʽʥʜʝʛʽ ʞʘ שʘʪʘʨ, ʦʥʳץ

ʦʣʘʨʜʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʞʘשʘ ʢᴇʟץʘʨʘʩ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ.  

ɻʨʘʬʝʥ - ʍʍɯ סʘʩʳʨʜʳש ʝש ʧʝʨʩʧʝʢʪʠʚʪʽ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʙʽʨʽ ʞᴅʥʝ 

ʙʽʨʝʛʝʡ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʝʨʝʢʰʝ ʟʘʪ. ɻʨʘʬʝʥʥʽש ᴇʪʢʽʟʛʽʰʪʽʛʽ, ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʨʽʢʪʽʣʽʛʽ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ [10, 11], ʦʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ 

 ʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳץ ʘʥסʥʠ, ʘʪʘʣסʪʘʡʜʳ. ʗץʤʢʽʥʜʽʢʪʝʨʽʥ ʘʥʳװʦʣʜʘʥʳʣʫ ʤץ

ʛʨʘʬʝʥ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʪʨʘʥʟʠʩʪʦʨʣʘʨ, ʢװʥ ʙʘʪʘʨʝʷʩʳ, ʩʝʥʩʦʨʣʘʨ, 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʣʘʨ, ᴅʨʪװʨʣʽ ʢʦʤʧʦʟʠʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ ᴇʪʢʽʟʛʽʰʪʽʢ 

ʥʘʥʦʵʣʝʤʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʢʝשʽʥʝʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ [12, 13]. 

ɻʨʘʬʝʥ, ʢᴇʤʽʨʪʝʢ ʪץײʳʤʜʘʩʳʥʳש (ʘʣʤʘʩ, ʛʨʘʬʠʪ, ʬʫʣʣʝʨʝʥʜʝʨ ʞᴅʥʝ ʂʅʊ) 

ʘʣʣʦʪʨʦʧʪʘʨʳʥʳש ʙʽʨʽ - ʝʢʽ ᴇʣʰʝʤʜʽ (2D) ʪʦʨʜʘ ʦʨʥʘʣʘʩץʘʥ sp2 ʛʠʙʨʠʜʪʝʣʛʝʥ 

ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳʥʳש ʞʘʟʳץʪʳץ ʙʽʨ ץʘʙʘʪʳ. ɻʨʘʬʝʥ - ʘʪʦʤʜʘʨʳ ʝʢʽ ʞʘסʳʥʘʥ 

ʜʘ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷסʘ ץʘʙʽʣʝʪʪʽ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʢᴇʤʽʨʪʝʢʪʽש ʞʘʣסʳʟ ʪװʨʽ. 

ɻʨʘʬʝʥ ʧʘʨʘסʳʥʳש ʰʝʪʽʥʜʝʛʽ ʘʪʦʤʜʘʨ ʝʨʝʢʰʝ ʭʠʤʠʷʣʳץ ʨʝʘʢʪʠʚʪʽʣʽʢʢʝ ʠʝ [14]. 

ɻʨʘʬʝʥ ʙʘʨʣʳץ ʘʣʣʦʪʨʦʧʪʘʨʜʳש ʽʰʽʥʜʝ ʰʝʪʢʽ ʘʪʦʤʜʘʨʜʳש ʝװ שʣʢʝʥ 

ʘʨʘץʘʪʳʥʘʩʳʥʘ ʠʝ. ʆʥʜʘסʳ ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳ ʘʨʘʩʳʥʜʘ ʢʦʚʘʣʝʥʪʪʽ ʙʘʡʣʘʥʳʩ 

ʧʘʡʜʘ ʙʦʣʘʜʳ. ᴄʨʙʽʨ ʘʪʦʤʥʳש ʪᴇʨʪ ʙʘʡʣʘʥʳʩʳ ʙʘʨ, װʰ ʢᴇʨʰʽʩʽʥʽש 

ᴅʨץʘʡʩʳʩʳʤʝʥ ʙʽʨ ů-ʙʘʡʣʘʥʳʩ ʞᴅʥʝ ʞʘʟʳץʪʳץʪʘʥ ʙʘסʳʪʪʘʣסʘʥ ʙʽʨ ˊ-ʙʘʡʣʘʥʳʩ 

ʪװʟʝʜʽ. ɸʪʦʤʜʘʨʜʳש ʘʨʘץʘʰʳץʪʳסʳ ʰʘʤʘʤʝʥ 1,42 ¡. ʆʣ ʘʣʪʳʙײʨʳʰ ʪᴅʨʽʟʜʽ, 

 ,ʘʫʜʘʥʳ שʣʢʝʥ ʤʝʥʰʽʢʪʽ ʙʝʪʽʥʽװ שʟʝʜʽ (ʩʫʨʝʪ 1). ʆʥʳװʷʣʳ ʢʨʠʩʪʘʣʜʳ ʪʦʨ ʪײ

ʤʝʥʰʽʢʪʽ ץʦʟסʘʣסʳʰʪʳסʳ ʞᴅʥʝ ʞʦסʘʨʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʘʨ. ɻʨʘʬʝʥ 

 ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʛʠʜʨʦʬʦʙʪʳ ʙʦʣʳʧ שʨʘʤʳʥʜʘ ʦʪʪʝʢʪʽ ʪʦʧʪʘʨʳʥʳײץ

ʩʘʥʘʣʘʜʳ. 

ʆʣ ʙʘʨʣʳץ ʙʘʩץʘ ᴇʣʰʝʤʜʝʛʽ ʛʨʘʬʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ ʥʝʛʽʟʛʽ 

 ,ʘʨʘʩʪʳʨʳʣʘʜʳ (ʩʫʨʝʪ 1) [15]. ʄʳʩʘʣʳץ ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝײץ

ʬʫʣʣʝʨʝʥʜʝʨ (0D ʢᴇʤʽʨʪʝʢʪʽ ʘʣʣʦʪʨʦʧ) ʛʨʘʬʝʥ ʧʘʨʘסʳʥʳש ʙʽʨ ʙᴇʣʽʛʽʥ ʦʨʘʫ 

ʘʨץʳʣʳ ʞʘʩʘʣʘʜʳ. ʂʅʊ (1D ʢᴇʤʽʨʪʝʢʪʽ ʘʣʣʦʪʨʦʧʪʘʨ) ʛʨʘʬʝʥ ʥʘʥʦʣʝʥʪʘʩʳʥ 

ʙײʨʘʫ ʘʨץʳʣʳ ʞʘʩʘʣʫʳ ʤװʤʢʽʥ. ɻʨʘʬʠʪ (3D ʢᴇʤʽʨʪʝʢʪʽ ʘʣʣʦʪʨʦʧʳ) ʙʽʨ-ʙʽʨʽʥʝ 

 שʨʘʜʳ. 3D ʤʘʪʝʨʠʘʣʜʘʨʜʳײʪʘʨʳʥʘʥ ʪץʘʙʘʪʪʘʩʳʧ, 3,37 Aę ʙᴇʣʽʥʛʝʥ ʛʨʘʬʝʥ ʧʘʨʘץ

ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʪʘʥʳʤʘʣ ʙʦʣסʘʥʳʤʝʥ, 2D ʛʨʘʬʝʥʥʽש ʢʨʠʩʪʘʣʜʘʨʳ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪײʨʘץʩʳʟ ʞᴅʥʝ çʘʢʘʜʝʤʠʷʣʳץè ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ 

ʩʠʧʘʪʪʘʣסʘʥ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ [16]. 
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ɻʨʘʬʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘʜʘ ʝʢʽ ʪװʨʜʝ ʢʝʟʜʝʩʝʜʽ: çʙʽʨ ץʘʙʘʪʪʳè ʞᴅʥʝ 

çʞʝʢʝʣʝʥʛʝʥè. ɹʽʨʽʥʰʽ ʪװʨʜʝ ʛʨʘʬʝʥʥʽש ʙᴇʣʽʢʪʝʨʽʥ SiC ʩʠʷץʪʳ ʩʫʙʩʪʨʘʪ 

ʤʘʪʝʨʠʘʣʳʥʳװ שʩʪʽʥʝ ʞʘʙʳʥ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʛʨʘʬʝʥʽץ שʦʨʰʘסʘʥ ʦʨʪʘʜʘסʳ ʙʘʩץʘ 

ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʝʢʝ ʞᴅʥʝ ʜʝʨʙʝʩ, ʷסʥʠ çʞʝʢʝʣʝʥʛʝʥè ʪװʨʜʝ ʢʝʟʜʝʩʪʽʨʝ ʘʣʘʤʳʟ 

[17]. 

 

 
 

ʉʫʨʝʪ 1 ï  ɻʨʘʬʝʥʥʽ0 ש-D ʦʨʘʣסʘʥ, 1-D ʥʘʥʦʪװʪʽʢʢʝ ʘʡʥʘʣʜʳʨʳʣסʘʥ ʞᴅʥʝ 3-D 

 ʘʥ ʧʽʰʽʥʜʝʨʽ [15]סʘʙʘʪʪʘʣץ

 

ɻʨʘʬʝʥʜʽ ʘʣסʘʰץʳ ʙʦʣʳʧ 1859 ʞʳʣʳ ʙʨʠʪʘʥʜʳץ ʭʠʤʠʢ B.C. Brodi [18] 

ʘʥʳץʪʘסʘʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʦʥʳ Wallace [19] ʢᴇʧʪʝʛʝʥ ʞʳʣʜʘʨ ʙʦʡʳ ʪʝʦʨʠʷʣʳץ 

ʪײʨסʳʜʘʥ ʟʝʨʪʪʝʜʽ. ɼʝʛʝʥʤʝʥ, Novoselov ʞᴅʥʝ ʙʘʩץʘʣʘʨ çʩʢʦʪʯè ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʛʨʘʬʝʥʜʽ ʙʽʨ ץʘʙʘʪʪʳ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʘʣסʘʥʥʘʥ ʢʝʡʽʥ סʳʣʳʤʠ 

 ʳʪʪʘʨʜʘץʳ ʫʘץʘʰסʽʥʝʥ ʘʫʜʘʨʳʣʜʳ [20]. ɸʣשʥʘʟʘʨʳ ʢʝ שʪʳץʘʫʳʤʜʘʩʪʳץ

ʛʨʘʬʝʥʜʽ ʘʣʫ ᴅʨʝʢʝʪʪʝʨʽ ʭʠʤʠʷʣʳץ ץʘʙʳʨʰʘץʪʘʥʫ ʞʦʣʳʥʘ ʙʘסʳʪʪʘʣʜʳ [21]. ʆʩʳ 

ʤʘץʩʘʪʪʘ ʘʣʜʳʤʝʥ ʢᴇʣʝʤʜʽ ʛʨʘʬʠʪʪʳ ʠʥʪʝʨʚʘʣʜʘʥʜʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʛʨʘʬʝʥ 

ʞʘʟʳץʪʳץʪʘʨʳ ʘʨʘʣʳץ ʘʪʦʤʜʘʨ ʥʝʤʝʩʝ ʤʦʣʝʢʫʣʘʣʘʨ ץʘʙʘʪʪʘʨʳʥʘ ʙᴇʣʽʥʜʽ. ɹײʣ 

ʞʘשʘ 3D ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʜʽ. ɸʣʘʡʜʘ, ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ 

 ʣʢʝʥ ʙᴇʣʽʥʫʣʝʨװ ,ʘʨʘʩʳʥʘ ʝʥʽʧ שʪʘʨʳʥʳץʪʳץʣʢʝʥ ʤʦʣʝʢʫʣʘʣʘʨ ʘʪʦʤ ʞʘʟʳװ

ʧʘʡʜʘ ʙʦʣʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ץʦʩʳʣʳʩʪʘʨʜʳ װʰ ᴇʣʰʝʤʜʽ ʤʘʪʨʠʮʘסʘ 
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ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʞᴅʥʝ ʦץʰʘʫʣʘʥסʘʥ ʛʨʘʬʝʥ ץʘʙʘʪʪʘʨʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʠʥʪʝʨʢʘʣʷʮʠʷʣʘʥסʘʥ ʤʦʣʝʢʫʣʘʣʘʨ ʞʦʡʳʣסʘʥʜʘ ʞʘʡʳʣסʘʥ ʞᴅʥʝ 

ʦʨʘʣסʘʥ ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳ ʧʘʡʜʘ ʙʦʣʜʳ. ʂʝʡʽʥʽʨʝʢ ʛʨʘʬʝʥʜʽ ʂʅʊ-ʛʝ ץײʩʘʩ ᴇʩʽʨʫ 

ʞʦʣʜʘʨʳʤʝʥ ʘʣʫ ᴅʨʝʢʝʪʪʝʨʽ ʞʘʩʘʣʜʳ, ʙʽʨʘץ ʤײʥʜʘʡ ʞʘסʜʘʡʜʘ ʪʝʢ ʛʨʘʬʠʪ ץʘʙʳסʳ 

 ʘʙʘʪʪʳ ʛʨʘʬʝʥץ ʘʙʘʪʪʳ ʞᴅʥʝ ʢᴇʧץ ʙʽʨ ,ץʟʽʣʜʽ [22]. ʉʦʥʜʘʡ-ʘװʪ (ʘʙʘʪץ 100 ~)

ʵʧʠʪʘʢʩʠʘʣʴʜʳ ᴅʜʽʩʧʝʥ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽ ʛʘʟ ʬʘʟʘʩʳʥʘʥ ʤʝʪʘʣʣ ʩʫʙʩʪʨʘʪʪʘʨʳʥʘ 

CVD ʞʦʣʳʤʝʥ ᴇʩʽʨʽʣʜʽ [23, 24]. ʆʣʘʨʜʳש ʙʝʪʪʽʢ ץʘʙʘʪʪʘʨʳ סʳʣʳʤʠ ᴅʜʽʩʪʝʨʤʝʥ 

ʟʝʨʪʪʝʣʜʽ, ʘʣ ʦʣʘʨʜʳש ʩʘʧʘʩʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽ ʙʝʣʛʽʩʽʟ ʙʦʣʳʧ ץʘʣʜʳ. 2004 ʞʳʣʳ 

Geim ʞᴅʥʝ ʙʘʩץʘʣʘʨ [25], ʘʣסʘʰץʳ ʨʝʪ ʛʨʘʬʠʪʪʝʥ ʙʽʨ ץʘʙʘʪʪʳ ʛʨʘʬʝʥ װʣʛʽʣʝʨʽʥ 

ʙᴇʣʽʧ ʘʣʜʳ, ʩʦʥʳʤʝʥ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʜʳ. 

ɻʨʘʬʝʥʜʽ ʛʨʘʬʠʪʪʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʙᴇʣʰʝʢʪʝʫ (ʩʢʦʪʯ ᴅʜʽʩʽ), ʩײʡʳץ ʬʘʟʘʣʳץ 

 ʩʳʟʜʘʥʜʳʨʫ, ʠʥʪʝʨʢʘʣʷʮʠʷ ʞᴅʥʝ ʛʨʘʬʠʪʪʽʢץʪʘʫ, ʛʨʘʬʠʪ ʦʢʩʠʜʽʥ ʪʦʪʳץʘʙʳʨʰʘץ

ʝʤʝʩ ʢᴇʟʜʝʨʜʝʥ ʵʧʠʮʠʤʫʣʷʮʠʷʣʳץ ʢʨʝʤʥʠʡ ʢʘʨʙʠʜʽʥʽש ʳʜʳʨʘʫʳ, CVD ʘʨץʳʣʳ 

ᴇʩʽʨʫ ʞᴅʥʝ "ʪᴇʤʝʥʥʝʥ ʞʦסʘʨʳ" ץʘʨʘʡ ʭʠʤʠʷʣʳץ ʩʠʥʪʝʟʜʝʫ [26, 27] ʞʦʣʜʘʨʳʤʝʥ 

ʘʣʫסʘ ʙʦʣʘʜʳ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʛʨʘʬʝʥʜʽ ʞᴅʥʝ ʦʥʳש ʪʫʳʥʜʳʣʘʨʳʥ ʢᴇʧʪʝʛʝʥ 

ʩʠʥʪʝʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʘʣʫסʘ ʙʦʣʘʜʳ, ʦʣʘʨʜʳ ʥʝʛʽʟʽʥʝʥ "ʪᴇʤʝʥʥʝʥ ʞʦסʘʨʳ" 

ʞᴅʥʝ "ʞʦסʘʨʳʜʘʥ ʪᴇʤʝʥ" ץʘʨʘʡ ʪᴅʩʽʣʜʝʨʛʝ (ʩʫʨʝʪ 2) ʙᴇʣʫʛʝ ʙʦʣʘʜʳ [28, 29]. 

ʊᴇʤʝʥʥʝʥ ʞʦסʘʨʳ ʧʨʦʮʝʩʪʝʨʜʝ ʛʨʘʬʝʥʜʽ ʤʘʪʝʨʠʘʣʜʘʨ ʢᴇʤʽʨʪʝʢ ʢᴇʟʜʝʨʽʥʝʥ ᴅʨ 

ʪװʨʣʽ ᴅʜʽʩʪʝʨʤʝʥ ʪʽʢʝʣʝʡ ʩʠʥʪʝʟʜʝʣʝʜʽ, ʤʳʩʘʣʳ, CVD [30], SiC-ʜʝ ʥʝʤʝʩʝ 

ʤʝʪʘʣʜʘʨʜʘ ʵʧʠʪʘʢʩʠʘʣʴʜʳ ᴇʩʽʨʫ [31], ʂʅʊ-ʜʽ ʙʦʩʘʪʫ [32]. ᴄʜʝʪʪʝ, CVD ʞᴅʥʝ 

ʵʧʠʪʘʢʩʠʘʣʜʳ ᴇʩʽʨʫ ᴅʜʽʩʪʝʨʽ ʘʟ ʤᴇʣʰʝʨʜʝ װʣʢʝʥ ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [33]. Bae ʞᴅʥʝ ʙʘʩץʘʣʘʨ, CVD ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʦʨʘʤʜʘʨʜʘ 30 ʜʶʡʤʜʽʢ ʛʨʘʬʝʥʜʽ װʣʜʽʨʣʝʨʜʽש ᴇʥʜʽʨʽʩʽ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʜʳ ʞᴅʥʝ 

ʘʣʳʥסʘʥ ʛʨʘʬʝʥʜʽ ʤʦʥʦץʘʙʘʪʪʳ ʧʘʨʘץʪʘʨ ʞʘץʩʳ ʦʧʪʠʢʘʣʳץ ᴇʪʢʽʟʛʽʰʪʽʣʽʛʽʤʝʥ 

ʝʨʝʢʰʝʣʝʥʜʽ, ʩʦʥʜʘʡ-ʘץ ʢʦʤʤʝʨʮʠʷʣʳץ ʤᴇʣʜʽʨ ʵʣʝʢʪʨʦʜʪʘʨʜʳ ʘʫʳʩʪʳʨʫʜʘ 

 ʣʢʝʥ ʧʦʪʝʥʮʠʘʣ ʢᴇʨʩʝʪʪʽ [34]. ʆʣʘʨ ʽʨʛʝʣʽ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʵʣʝʢʪʨʦʥʜʳװ

 ʨʳʣʳʤʳײץ ʙʝʪʢʽ ץʤʢʽʥ, ʙʽʨʘװʘ ʞʘʨʘʤʜʳ ʙʦʣʫʳ ʤסʦʩʳʤʰʘʣʘʨץ

ʤʦʜʠʬʠʮʠʨʣʝʥʛʝʥ ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʳש ʢᴇʧ ʤᴇʣʰʝʨʽʥ ץʘʞʝʪ ʝʪʝʪʽʥʜʽʢʪʝʥ 

ʧʦʣʠʤʝʨʣʽ ʅʂ-ʪʝʨ ʩʠʥʪʝʟʜʝʫʜʝ ץʦʣʜʘʥʳʣʤʘʡʜʳ. ʂʅʊ ʙʦʩʘʪʳʣʘʪʳʥ ʛʨʘʬʝʥʜʽʢ 

ʣʝʥʪʘʣʘʨ, ʙʘʩʪʘʧץʳ ʥʘʥʦʪװʪʽʢʰʝʣʝʨʜʽ ʪʘשʜʘʫ ʘʨץʳʣʳ ʙʘץʳʣʘʥʘʪʳʥ ʙʽʨʥʝʰʝ 

ʤᴇʣʰʝʨʣʽʢ ʘʨʪʳץʰʳʣʳץʪʘʨ ʙʘʨ, ʙʽʨʘץ ʧʦʣʠʤʝʨʣʽ ʢʦʤʧʦʟʠʪʪʝʨʜʽ ʜʘʡʳʥʜʘʫʜʘ  

 .ʳʤʙʘʪץ ʪʽʢʰʝʣʝʨ ʢᴇʟʽ ᴅʣʽ ʜʝװʦʣʜʘʥʳʣʘʪʳʥ ʥʘʥʦʪץ

ʊᴇʤʝʥʥʝʥ ʞʦסʘʨʳסʘ ʙʘסʳʪʪʘʣסʘʥ ʪᴅʩʽʣʜʝʨʛʝ ץʘʨʘסʘʥʜʘ, ʞʦסʘʨʳʜʘʥ 

ʪᴇʤʝʥʛʝ ʙʘסʳʪʪʘʣסʘʥ ʪᴅʩʽʣʜʝʨ ʛʨʘʬʠʪ ʥʝʤʝʩʝ ʛʨʘʬʠʪ ʪʫʳʥʜʳʣʘʨʳʥ ʙᴇʣʫ / 

 ʘʥ ʛʨʘʬʝʥʜʽסʳʣʳ ʛʨʘʬʝʥʜʽ ʥʝʤʝʩʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥץʪʘʥʜʳʨʫ ʘʨץʘʙʳʨʰʘץ

ʩʠʥʪʝʟʜʝʫʜʽ ץʘʤʪʠʜʳ [35]. ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʙײʣ ᴅʜʽʩʪʝʨ ʧʦʣʠʤʝʨʣʽ 

ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʘ ץʦʣʜʘʥʫ װʰʽʥ ץʘʞʝʪ ʙʦʣʘʪʳʥ ʘʫץʳʤʜʳ ᴇʥʜʽʨʽʩ װʰʽʥ ץʦʣʘʡʣʳ 

ʙʦʣʳʧ ʢᴇʨʽʥʝʜʽ, ᴇʡʪʢʝʥʽ ʛʨʘʬʠʪ - ץʘʟʽʨʛʽ ʜװʥʠʝʞװʟʽʣʽʢ ʞʳʣʜʳץ ᴇʥʜʽʨʽʩʽ 1-2 

ʤʠʣʣʠʦʥ ʪʦʥʥʘʜʘʥ ʘʩʘʪʳʥ ʪʘʫʘʨ ʤʘʪʝʨʠʘʣʳ. ɼʝʤʝʢ, ʛʨʘʬʠʪʪʽ ʥʝʤʝʩʝ ʦʥʳש 

ʪʫʳʥʜʳʣʘʨʳʥ (ʤʳʩʘʣʳ, GO ʞᴅʥʝ ʛʨʘʬʠʪ ʬʪʦʨʳ) ʧʘʡʜʘʣʘʥʫ ʪᴇʤʝʥʥʝʥ ʞʦסʘʨʳ 

ᴅʜʽʩʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʵʢʦʥʦʤʠʢʘʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʙʘʨ. 

https://www.nature.com/articles/nnano.2010.132#auth-Sukang-Bae
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ʉʫʨʝʪ 2 ï  ɻʅʅ-ʜʘʨ ʛʠʙʨʠʜʪʝʨʽʥ ʞᴅʥʝ ᴅʨʪװʨʣʽ ײץʨʳʣʳʤʜʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ 

 ʘʨʳè - ʛʨʘʬʝʥʜʽסʘʨʳʜʘʥ ʪᴇʤʝʥè ʞᴅʥʝ çʪᴇʤʝʥʥʝʥ ʞʦסʦʣʜʘʥʳʣʘʪʳʥ çʞʦץ ʰʽʥװ

ʩʠʥʪʝʟʜʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʩʭʝʤʘʣʳץ ʥײʩץʘʩʳ [35] 

 

ɻʨʘʬʝʥʥʽש ʙʽʨʝʛʝʡ ץʘʩʠʝʪʪʝʨʽ - ʦʥʳש ʝʨʝʢʰʝ ʤʝʭʘʥʠʢʘʣʳץ, ʪʝʨʤʠʷʣʳץ, 

ʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɻʨʘʬʝʥ ᴅʨ ʪװʨʣʽ ʘʪʦʤʜʘʨ ʤʝʥ ʤʦʣʝʢʫʣʘʣʘʨʜʳ çʩʽשʽʨʝè ʘʣʘʜʳ. ɹײʣ ʦʥʳש 

ʵʣʝʢʪʨʦʥʜʳ ץʘʩʠʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʝʥʩʦʨʣʘʨʜʳ 

ʥʝʤʝʩʝ ʙʘʩץʘ ץʦʩʳʤʰʘʣʘʨʜʳ (ʩʫʨʝʪ 3) ʞʘʩʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ [36]. 

ɻʨʘʬʝʥʜʽ ᴅʨ ʪװʨʣʽ ʭʠʤʠʷʣʳץ ʪʦʧʪʘʨʤʝʥ ʬʫʥʢʮʠʦʥʘʣʜʘʫסʘ ʙʦʣʘʜʳ, ʙײʣ 

ᴅʨʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʤʳʩʘʣʳ, GO (ʦʪʪʝʛʽʤʝʥ 

ʞᴅʥʝ ʛʝʣʠʡʤʝʥ ʬʫʥʢʮʠʦʥʘʣʜʘʥסʘʥ) ʥʝʤʝʩʝ ʛʨʘʬʝʥ ʬʪʦʨʠʜʽ (ʬʪʦʨʤʝʥ 

ʬʫʥʢʮʠʦʥʘʣʜʘʥסʘʥ). ɻʨʘʬʝʥʥʽש ʢᴇʧʪʝʛʝʥ ʩʘʣʘʣʘʨ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ ʤʘʪʝʨʠʘʣ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳ ʞᴅʥʝ ʦʥʳש ʢʦʤʤʝʨʮʠʷʣʳץ ᴅʣʝʫʝʪʽ ʞʦסʘʨʳ ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ װʣʢʝʥ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʜʳ 

[37]. 

ɻʨʘʬʝʥʥʽץ שʘʩʠʝʪʪʝʨʽʥʽש ʝʨʝʢʰʝʣʽʛʽ: ᴇʪʝ ʞץײʘ ʤʘʪʝʨʠʘʣ; ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞʳʣʫʜʳש (5000 ɺʪ / ʤ.ʢ.) ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳ200000) ש 

ʩʤ2 / ɺ.ʩ) ʝש ʞʘץʩʳ ᴇʪʢʽʟʛʽʰʪʽʛʽ; ʤᴇʣʜʽʨ ʝש ʙʝʨʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʽʨʽ (ʖʥʛ 



15 
 

ʤʦʜʫʣʽ 1100 ɻʇʘ); װʣʢʝʥ ʤʝʥʰʽʢʪʽ ʙʝʪʽ (2630 ʤ2/ʛ); ʞʦסʘʨʳ ʩʦʟʳʣʫʳʤʝʥ 

ʠʢʝʤʜʽʛʽ; ʭʠʤʠʷʣʳץ ʠʥʝʨʪʪʽʛʽ; ʙʠʦװʡʣʝʩʽʤʜʽʛʽ; ʩײʡʳץʪʳץʪʘʨ ʤʝʥ ʛʘʟʜʘʨʜʳ 

ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ [38]. 

 ɻʨʘʬʝʥʥʽש ʙײʣ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽ ʦʥʳ ᴅʨʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʥʘץʪʳ 

ʙʘʣʘʤʘ ʝʪʝʜʽ [39], ʷסʥʠ ʘʚʠʘʮʠʷ ʤʝʥ סʘʨʳʰץʘ ʘʨʥʘʣסʘʥ ᴇʪʝ ʞʝשʽʣ ᴇʪʢʽʟʛʽʰʪʝʨ; 

ᴇʪʝ ʞץײʘ ʠʢʝʤʜʽ ʜʠʩʧʣʝʡʣʝʨ; ʤᴇʣʜʽʨ ʩʝʥʩʦʨʣʳץ ʵʢʨʘʥʜʘʨ; ʩʤʘʨʪʬʦʥʜʘʨ; 

ʪʨʘʥʟʠʩʪʦʨʣʘʨ; ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʣʘʨ; ʙʘʪʘʨʝʷʣʘʨ; ʙʠʦʤʝʜʠʮʠʥʘ ʞᴅʥʝ 

ʙʠʦʪʝʭʥʦʣʦʛʠʷ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ (ʩʫʨʝʪ 3). 

 

 
 

ʉʫʨʝʪ 3 ï ɻʨʘʬʝʥʥʽש ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ץʦʣʜʘʥʳʣʫ ʙʘסʳʪʪʘʨʳ [39] 

 

ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝ ᴅʨʪװʨʣʽ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ץʦʩʧʘ ʘʣʫ ʘʨץʳʣʳ ʝʨʝʢʰʝ 

 .ʤʢʽʥװʘ ʤʘʪʝʨʠʘʣʜʘʨ ʞʘʩʘʫ ʤשʘ ʠʝ ʞʘץʦʣʜʘʥʳʩץ ʨʣʽ ʩʘʣʘʣʘʨʜʘװʘʩʠʝʪʪʝʨʽ ʙʘʨ ʪץ

ʂᴇʙʽʥʝʩʝ ץʦʩʧʘʣʘʨ ʨʝʪʽʥʜʝ ʙʝʡʤʝʪʘʣʜʘʨ (N, B, S, P, Se, O, Si, I) [40] ʞᴅʥʝ 

ʤʝʪʘʣʜʘʨ (Mn, Co, Ni, Al, Ti, Pd, Ru, Rh, Pt, Au, Ag) ץʦʣʜʘʥʳʣʘʜʳ [41, 42]. ɹײʣ 

ᴅʨʪװʨʣʽ ץʦʩʳʤʰʘʣʘʨסʘ, ʤʳʩʘʣʳ, ʵʥʝʨʛʠʷסʘ, ʩʝʥʩʦʨʣʝʨʛʝ, ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʘסʘ, 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘסʘ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨסʘ, ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʣʘʨסʘ, ʤʘʛʥʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨסʘ, ʙʠʦʤʝʜʠʮʠʥʘסʘ ʘʨʥʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɺ ʞᴅʥʝ N ʘʪʦʤʜʘʨʳʤʝʥ ץʦʩʳʣʘʪʳʥ ʛʨʘʬʝʥʜʽ ᴅʨʪװʨʣʽ ʙʠʦʤʦʣʝʢʫʣʘʣʘʨ 

-ʰʽʥ, ʜᴅʨʽװ ʨʫײʩʪʘʧ ʪײ ʨʳʣʳʤʜʘʨʜʳײץ ץʰʽʥ ʩʝʥʩʦʨʣʘʨ ʨʝʪʽʥʜʝ, ʞʘʩʫʰʘʣʳװ

ʜᴅʨʤʝʢʪʝʨʜʽ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʞʝʪʢʽʟʫ װʰʽʥ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷʜʘ ץʦʣʜʘʥʫ ᴇʪʝ 

ʤʘשʳʟʜʳ. 
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ʆʧʪʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ.  

ɻʨʘʬʝʥʥʽש ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽ ʦʥʳש ʞʦʣʘײץ ץʨʳʣʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽ 

ʙʝʣʛʽʣʽ. ʆʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʛʨʘʬʝʥʜʽ ʦʧʪʠʢʘʣʳץ-

ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʞᴅʥʝ ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ɹʨʠʣʣʶʵʥ ʘʡʤʘסʳʥʳש ʂ ʞᴅʥʝ ʂ ' ʥװʢʪʝʣʝʨʽ ʤʘשʳʥʜʘסʳ 

ʵʣʝʢʪʨʦʥʜʳ ʵʥʝʨʛʠʷʥʳש ʩʳʟʳץʪʳץ ʜʠʩʧʝʨʩʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʈʘʤʘʥʥʳש ʰʘʰʳʨʘʫ ʵʬʬʝʢʪʽʩʽ ʢʝʟ-ʢʝʣʛʝʥ ʦʧʪʠʢʘʣʳץ ץʦʟʜʳʨʫ ʵʥʝʨʛʠʷʩʳʥʜʘ 

ʨʝʟʦʥʘʥʩ ʪʫʜʳʨʳʧ [43-44], ʛʨʘʬʝʥ װʣʛʽʣʝʨʽʥ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ װʰʽʥ 

ʘץʧʘʨʘʪʪʳʣʳץץʘ ʠʝ ʙʦʣʘʜʳ. 

ɻʨʘʬʝʥ ʤʝʥ ʛʨʘʬʠʪʪʽש ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥʜʝ ʝʢʽ ʘʡץʳʥ ʜʠʘʧʘʟʦʥʜʘʨ ʙʘʨ: ~ 

1582 ʩʤï1-ʛʝ ʜʝʡʽʥʛʽ G ʜʠʘʧʘʟʦʥʳ ʞᴅʥʝ ~ 2729 ʩʤï1-ʛʝ ʜʝʡʽʥʛʽ 2D ʜʠʘʧʘʟʦʥʳ. G 

ʞʦʣʘסʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳ ɹʨʠʣʣʶʵʥ ʘʡʤʘסʳʥʳש ʦʨʪʘʣʳסʳʥʜʘ ʙʘʡץʘʣʘʪʳʥ ʝʢʽ 

ʝʩʝʣʝʥʛʝʥ çʪʘʥʛʝʥʮʠʘʣʜʳè ʨʝʞʠʤʜʽ ʰʘʰʳʨʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 2D ʜʠʘʧʘʟʦʥʳ 

ʝʢʽ ʬʦʥʦʥʜʳ ʈʘʤʘʥʥʳש ʰʘʰʳʨʘʫʳʥʘ ʞʘʪʘʜʳ, ʦסʘʥ ʪʝʢ ɹʨʠʣʣʶʵʥ ʘʡʤʘסʳʥʳש 

ʦʨʪʘʩʳʥʜʘסʳ ʬʦʥʦʥʜʘʨ סʘʥʘ ץʘʪʳʩʳʧ ץʦʡʤʘʡʜʳ. ᴆʡʪʢʝʥʽ, ɹʨʠʣʣʶʵʥ 

ʘʡʤʘסʳʥʳש ʰʝʢʘʨʘʩʳʥʜʘסʳ ʬʦʥʦʥʜʘʨ (װʣʢʝʥ ʪʦʣץʳʥ ʚʝʢʪʦʨʳ k) ʈʘʤʘʥʥʳש 

ʰʘʰʳʨʘʫʳʥʜʘסʳ ʽʨʽʢʪʝʫʜʽש ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʤʘʡʪʳʥʜʳץʪʘʥ, 

ʦʣʘʨ ʠʜʝʘʣʜʳ (ʘץʘʫʩʳʟ) ʛʨʘʬʠʪʪʽש ʙʽʨʽʥʰʽ ʨʝʪʪʽʢ ʩʧʝʢʪʨʣʝʨʽʥʜʝ ʢᴇʨʽʥʙʝʡʜʽ. 

ʄײʥʜʘʡ ʬʦʥʦʥʜʘʨ ʞʠʽʣʽʛʽ ~ 1350 ʩʤ-1 ʙʦʣʘʪʳʥ D ʰʳשʳʥʘ ʠʝ ʞᴅʥʝ ʨʝʪʩʽʟ 

ʛʨʘʬʠʪʪʝ ʙʘʡץʘʣʘʜʳ. ɻʨʘʬʠʪʪʽש ʩᴅʡʢʝʩ ʩʧʝʢʪʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʛʨʘʬʝʥʥʽש 

ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʜʝʛʽ 2D ʰʳשʳʥʳש ʧʽʰʽʥʽ ʤʝʥ ץʘʨץʳʥʜʳʣʳסʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʟʛʝʨʽʩʽ ʙʦʣʘʜʳ [45].  

ʂᴇʣʝʤʜʽ ʛʨʘʬʠʪʪʝʛʽ 2D ʰʳשʳ ʝʢʽ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʜʳ, ʦʣʘʨʜʳש 

 שʳʥʘ ʪʝסʳʥʜʳʣʳץʘʨץ ʞᴅʥʝ 1/2 1/4 שʳʥʳשʳ ʩᴅʡʢʝʩʽʥʰʝ G ʰʳסʳʥʜʳʣʳץʘʨץ

ʙʦʣʘʜʳ. ɻʨʘʬʝʥʜʝʛʽ ʞʝʢʝ 2D ʰʳשʳ G ʰʳשʳʥʘ ץʘʨʘסʘʥʜʘ ʰʘʤʘʤʝʥ 4 ʝʩʝ 

  .ʳʥʜʳ ʙʦʣʳʧ ʢʝʣʝʜʽץʘʨץ

4-ʰʽ ʩʫʨʝʪʪʝ ʝʢʽ ʪװʨʣʽ ץʦʟʫ ʪʦʣץʳʥʳʥʳײ שʟʳʥʜʳסʳʥʜʘסʳ ʝʢʽ ʛʨʘʬʝʥ 

 ץʛʨʘʬʠʢʘʣʳ שʘʙʘʪʪʳ ʛʨʘʬʝʥʥʽץ ʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʢʽסʰʽʥ 2D ʞʦʣʘװ ʘʙʘʪʳץ

ʩʧʝʢʪʨʜʝʛʽ ʙʽʨʜʝʡ ʜʠʘʧʘʟʦʥסʘ ץʘʨʘסʘʥʜʘ ʞʠʽʣʽʛʽ ʙʦʡʳʥʰʘ ʞʦסʘʨʳ ʳסʳʩץʘʥ 2D 

ʜʠʘʧʘʟʦʥʳ ʢʝש ʝʢʝʥʜʽʛʽ ʩʧʝʢʪʨʣʝʨʜʝʥ ʢᴇʨʽʥʝʜʽ. ɹײʣ ʞʦʣʘץ ʢᴇʣʝʤʜʽ ʛʨʘʬʠʪ 

ʩʧʝʢʪʨʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʜʽ ʞᴅʥʝ ʦʣ ʪᴇʨʪ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʜʳ. 

 ʧʽʰʽʥʽ ʝʨʝʢʰʝ ʞᴅʥʝ ʦʣ שʳʥʳסᴅʨ ʩʘʥʳʥʘ (ʙʝʩʢʝ ʜʝʡʽʥ) 2D ʞʦʣʘ שʘʙʘʪʪʘʨʜʳפ

 שʛʨʘʬʝʥ ʢʣʘʩʪʝʨʽʥʽ ץʘʙʘʪʪʘʥ ʘʨʪʳץ ʦʣʜʘʥʳʣʘʜʳ. ɹʝʩץ ʘʣʘʫʜʘסʘʙʘʪʪʘʨ ʩʘʥʳʥ ʙʘץ

ʝʢʽ ʬʦʥʦʥʜʳ ʈʘʤʘʥ ʩʧʝʢʪʨʽ ʢᴇʣʝʤʜʽ ʛʨʘʬʠʪ ʩʧʝʢʪʨʽʥʝʥ ʝʨʝʢʰʝʣʝʥʙʝʡʜʽ. ɹײʣ 

ʦʥʳץ שʘʙʘʪʪʘʨ ʩʘʥʳʥʳש ʪʘʣʜʘʫʳʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (ʩʫʨʝʪ 4) [46]. 

ɼʝʤʝʢ, ʨʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʛʨʘʬʝʥʥʽש ʙʽʨ, ʝʢʽ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ (ʙʝʩʢʝ 

ʜʝʡʽʥʛʽ) ץʘʙʘʪʪʘʨʳʥ ʘʥʳץʪʘʡ ʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʝʨʝʢʰʝʣʽʢ ʙʝʩʪʝʥ ʢᴇʧ 

 שʘʥʳʥʳסʪʘʣץʘʨʘʧʘʡʳʤ ʛʨʘʬʠʪ ʨʝʪʽʥʜʝ ʘʥʳץ שʨʘʪʳʥ ʥʘʥʦʛʨʘʬʠʪʪʽײʘʙʘʪʪʘʥ ʪץ

ʩʝʙʝʙʽʥ ʪװʩʽʥʜʽʨʝʜʽ. ɹʽʨ ʝʨʝʢʰʝʣʽʛʽ, ʞʳʣʜʘʤ ץʘʙʘʪʪʘʥʳʧ ʪᴇʩʝʣʛʝʥ ʛʨʘʬʠʪ ʈʘʤʘʥ 

ʩʧʝʢʪʨʽʥʜʝ 2D ʰʳשʳʥʘ ʠʝ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ ʦʥʳש ʪʦʣʳץ ʝʥʽ ʤʘʢʩʠʤʘʣʜʳ 

ʞʘʨʪʳʩʳʥʜʘ (50 ʩʤ-1) ʛʨʘʬʝʥʥʽ2 שD ʰʳשʳʥʳש ʝʥʽʥʝʥ 2 ʝʩʝ װʣʢʝʥ ʙʦʣʳʧ 

ʰʳסʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, 20 ʩʤ - 1 ʰʳשʳ ʘʫʳʪץʫʳ ʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɾʳʣʜʘʤ 

 ʳ ʜʘשʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥʜʝ ʙʽʨʽʥʰʽ ʨʝʪʪʽ D-ʰʳ שʘʙʘʪʪʘʥʳʧ ʪᴇʩʝʣʛʝʥ ʛʨʘʬʠʪʪʽץ

ʞʠʽ ʙʘʡץʘʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʈʘʤʘʥʥʳש ʰʘʰʳʨʘʫʳ ʛʨʘʬʝʥʜʽ ʟʝʨʪʪʝʫʜʽש ʝש 
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ʘץʧʘʨʘʪʪʳץ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʈʘʤʘʥ 

ʩʧʝʢʪʨʣʝʨʽʥ ʛʨʘʬʝʥ ʬʘʟʘʩʳʥʳש ʙʦʣʫʳʥ ʨʘʩʪʘʫʜʘ, ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʳ ʛʨʘʬʝʥʜʝʛʽ 

 .ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʪʘʫʜʘץʘʙʘʪʪʘʨ ʩʘʥʳʥ (ʙʝʩʢʝ ʜʝʡʽʥ) ʘʥʳץ

 

 
 

ʉʫʨʝʪ 4 ï  ɹʽʨ ʞᴅʥʝ ʝʢʽ ץʘʙʘʪʪʳ ʛʨʘʬʝʥ ʤʝʥ ʛʨʘʬʠʪʪʽש ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥʜʝʛʽ G 

ʞᴅʥʝ 2D ʞʦʣʘץʪʘʨʳʥʳש ʘʡʤʘץʪʘʨʳ. פʦʟʫʜʳש ʪʦʣץʳʥ ײʟʳʥʜʳסʳ (ʘ) 514,5  ʞᴅʥʝ 

(ᴅ) 457 ʥʤ [46, ʙ. 2055] 

 

ɻʨʘʬʝʥʜʝʛʽ ʞʘʨʳץʪʳש ʦʧʪʠʢʘʣʳץ ʞײʪʳʣʫʳʥ ץʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʩʘץ, ʞʘʨʳץ 

ʩʽשʽʨʫ ʵʬʬʝʢʪʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ᴇʣʰʝʤʜʝʨ ʛʨʘʬʝʥʥʽש 

 שʘ ʞᴅʥʝ ʦʣʘʨʜʳסʣʛʽʣʝʨʜʽ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫװ ,ʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʝʤʝʩץ

 ʳʥסʜʳשʘʣʳץ שʪʘʨʳʥʳץʘ (ʛʨʘʬʝʥ ʧʘʨʘסʪʘʫץʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʘʥʳ ץʨʳʣʳʤʜʳײץ

ʞʘʥʘʤʘ ʪװʨʜʝ ʙʘסʘʣʘʫסʘ) ʙʘסʳʪʪʘʣסʘʥʜʳסʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ. ɹʽʨ ץʘʙʘʪʪʳ ʞץײʘ 
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 ʤʢʽʥ ʝʤʝʩ. ɸʣʘʡʜʘ, ʙʝʣʛʽʣʽ ʙʽʨ ʦʢʩʠʜװʳʣʘʫ ʤץʣʛʽʣʝʨʜʽ ʚʠʟʫʘʣʜʳ ʙʘװ

 ʘʨʩʳ ʰʘʨʪʪʘʨʜʳץ ʘסʳʣʫסʳʤʝʥ SiO2 / Si, ZnSe / Si ʥʝʤʝʩʝ ZrO2 / Si ʰʘסʜʳשʘʣʳץ

ʙײʟʫסʘ ʞᴅʥʝ ʩʫʙʩʪʨʘʪ ʬʦʥʳʥʜʘ ʛʨʘʬʝʥ ʢʣʘʩʪʝʨʽʥʽש ʢʦʥʪʨʘʩʪʪʳ ʙʝʡʥʝʩʽʥ ʢᴇʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [47]. ʈʵʣʝʡʜʽש ʰʘסʳʣʳʩʫ ʩʧʝʢʪʨʣʝʨʽʥ ᴇʣʰʝʫ ʘʟ ץʘʙʘʪʪʳ 

ʛʨʘʬʝʥʥʽץ שʘʣʳשʜʳסʳ ʪʫʨʘʣʳ ʜʘ ʘץʧʘʨʘʪ ʙʝʨʝʜʽ [48]. 

ɻʨʘʬʝʥʥʽש ʦʧʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʥʳש ʞʦʣʘץʪʘʨʳʥʳײץ שʨʳʣʳʤʳʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. ɻʨʘʬʝʥʥʽש ʜʠʘʧʘʟʦʥʜʳץ ʩʘשʳʣʘʫʳ ʞʦץ ʙʦʣסʘʥʜʳץʪʘʥ ʞᴅʥʝ 

ʵʣʝʢʪʨʦʥ ʵʥʝʨʛʠʷʩʳ ʪʦʣץʳʥʜʳץ ʚʝʢʪʦʨסʘ ʩʳʟʳץʪʳץ ʪᴅʫʝʣʜʽ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʛʨʘʬʝʥ ʢʝʟ-ʢʝʣʛʝʥ ʢʚʘʥʪʪʳץ ʵʥʝʨʛʠʷʥʳ ʞײʪʘ ʘʣʘʜʳ. ɻʨʘʬʝʥʜʝʛʽ ʵʣʝʢʪʨʦʥʜʘʨ 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘ ʪʘʨʘʣʘʪʳʥʜʳץʪʘʥ, ʦʣʘʨʜʳש ʞʘʨʳץʧʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ Ŭ 

= e2 / ˂ʩ å 1/137 ʙʘʩץʘ ʤʘʪʝʨʠʘʣʜʳץ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʪᴅʫʝʣʜʽ ʝʤʝʩ ʞᴅʥʝ ײʩʘץ 

 ʤʳʩʪʘ ʙʽʨײʪʳʩʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. [49] ʞץʨʘײʫʥʠʚʝʨʩʘʣʜʳ ʪ שʨʳʣʳʤʥʳײץ

 ץʳ ʪʝʦʨʠʷʣʳסʽʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ˊŬ å 2,3% ʙʦʣʘʪʳʥʜʳשʩʽ שʘʙʘʪʪʳ ʛʨʘʬʝʥʥʽץ

ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɻʨʘʬʝʥ ץʘʙʘʪʪʘʨʳʥʳש ʩʘʥʳ ʘʨʪץʘʥ 

ʩʘʡʳʥ, ʩʽשʽʨʫ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʪװʨʜʝ ʘʨʪʘʜʳ, ʷסʥʠ ᴅʨʙʽʨ ץʦʩʳʣסʘʥ ץʘʙʘʪ ʪװʩʢʝʥ 

ʩᴅʫʣʝʥʽץ שʘʨץʳʥʜʳʣʳסʳʥʳ2,3% ש ʩʽשʽʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʘʙʩʦʨʙʮʠʷ ʩʧʝʢʪʨʽ 

ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʜʝʛʽ ץʘʙʘʪʪʘʨ ʩʘʥʳʥ װʣʛʽʥʽש ʙʝʨʽʣʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʙʽʣʝ ʦʪʳʨʳʧ 

ʝʩʝʧʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʄʝʭʘʥʠʢʘʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ.  

ʂʝʟ-ʢʝʣʛʝʥ ʢʨʠʩʪʘʣʜʳ ʤʘʪʝʨʠʘʣʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʪʘʟʘ ʪʦʨ 

 ʡʽʨʰʽʢװʘʣʘʥʘʜʳ ʞᴅʥʝ ʦʣ ʜʝʬʦʨʤʘ - ʜʠʩʣʦʢʘʮʠʷ ʤʝʥ ʪסʨʳʣʳʤʳʤʝʥ ʙʘײץ

ʰʝʢʘʨʘʩʳʥʘʥ ʪײʨʘʜʳ [50]. ʄʳʩʘʣʳ, ʘʪʦʤʜʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʤʝʥ ʪʦʨʜʳש 

ʛʝʦʤʝʪʨʠʷʩʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʩʝʨʧʽʤʜʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʞʘʪʘʜʳ, ʘʣ ʘץʘʫʣʘʨ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ʘסʳʥʥʳש ʢʝʨʥʝʫʣʽʛʽʥʝ ʢʝʨʽ ᴅʩʝʨ ʝʪʝʜʽ. 

ʗסʥʠ, ʤʘʪʝʨʠʘʣʜʘסʳ ʘץʘʫʣʘʨ ʠʜʝʘʣʜʳ ʤʘʪʝʨʠʘʣʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, ʦʥʳש 

ʙʝʨʽʢʪʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʝʜʽ. ɸץʘʫʜʳש ʙʦʣʫʳʥʘ ʞᴅʥʝ ʦʥʳש 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʢʝʨʽ ᴅʩʝʨʽʥʝ ʢʝʜʝʨʛʽ ʙʦʣʫ ʤװʤʢʽʥ 

ʝʤʝʩ. ɸʣʘʡʜʘ, ʙʽʨ ʝʨʝʢʰʝʣʽʛʽ, ʅʄ-ʜʳ ʙʘʩʪʘʧץʳʜʘ ʘץʘʫʩʳʟ ʘʣʫסʘ ʙʦʣʘʜʳ, ʞᴅʥʝ 

ʙײʣ ʦʩʳ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ ʙʝʨʽʢʪʽʢʪʽש ʙʘʩʳʤʜʳסʳʥʳש ʙʘʩʪʳ ʩʝʙʝʙʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [51]. 

Lee ʞᴅʥʝ ʦʥʳש ᴅʨʽʧʪʝʩʪʝʨʽ ʪʘʟʘ ʛʨʘʬʝʥʥʽש ʩʝʨʧʽʤʜʽ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ 

ʙʝʨʽʢʪʽʛʽʥʝ ʵʤʧʠʨʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʜʽ [52] (ʩʫʨʝʪ 5). ɸʂʄ - ʥʳש ʢᴇʤʝʛʽʤʝʥ 

ʛʨʘʬʝʥ ʤʝʤʙʨʘʥʘʩʳʥʳש ʙʝʪʽʥʜʝ ʢʝʡʙʽʨ ץʫʳʩʪʘʨʳ ʙʘʨ ʩʫʙʩʪʨʘʪ ʤʘʪʝʨʠʘʣʳʥʘ 

ʪװʩʢʝʥʜʝ, ʛʨʘʬʝʥʥʽש ʩʳʟʳץʪʳץ ʝʤʝʩ ʩʝʨʧʽʤʜʽ ᴅʨʝʢʝʪ ʢᴇʨʩʝʪʝʪʽʥʜʽʛʽʥ ʞᴅʥʝ ʦשʘʡ 

ʙײʟʳʣסʳʰʪʳסʳʥ ʘʥʳץʪʘʜʳ ʞᴅʥʝ ʦʥʳש ʩʳʟʳץʪʳ ʝʤʝʩ ʩʝʨʧʽʤʜʽ ᴅʨʝʢʝʪʽʥ 

ʢʝʣʝʩʽʜʝʡ ʢʝʣʪʽʨʽʣʜʽ: ů = EŮ + DŮ2 ů = EŮ + DŮ2, ʤײʥʜʘסʳ ů - ʩʠʤʤʝʪʨʠʷʣʳ ʝʢʽʥʰʽ 

Piola-Kirchhoff ʢʝʨʥʝʫʽ, ɽ - Young ʤʦʜʫʣʽ, Ů - ʩʝʨʧʽʤʜʽ ʜʝʬʦʨʤʘʮʠʷ (ʙʽʨץʘʙʘʪʪʳ 

Lagrangian ʜʝʬʦʨʤʘʮʠʷʩʳ), D - װʰʽʥʰʽ ʨʝʪʪʽ ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽ. ɹײʣ ʤᴅʥʜʝʨ 

Young ʤʦʜʫʣʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʜʽ E = 1,0 ʊPʘ, װʰʽʥʰʽ ʨʝʪʪʽ ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽ D = - 

2,0 ʊPʘ ʞᴅʥʝ ʢᴇʣʝʤʜʽ ʛʨʘʬʠʪ װʰʽʥ ʤʝʥʰʽʢʪʽ ʽʰʢʽ ʢʝʨʥʝʫ ů(ʽʰʢʽ) = 130 GPʘ. 

ɸʚʪʦʨʣʘʨ ʥʘʥʦʪװʪʽʢʰʝʣʝʨ Young ʤʦʜʫʣʽʥʝ ᴇʪʝ ʞʘץʳʥ ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘʜʳ.  
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ʉʫʨʝʪ 5 (ʘ) ɻʨʘʬʝʥ ʤʝʤʙʨʘʥʘʩʳʥʜʘסʳ ʥʘʥʦ ʰʝʛʽʥʽʩ ʩʭʝʤʘʩʳ; (ᴅ) ʉʳʥסʘʥ ʛʨʘʬʝʥ 

ʤʝʤʙʨʘʥʘʩʳʥʳש ɸʂʄ ʙʝʡʥʝʩʽ [52 ʙ. 385] 

 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫ [52, ʙ. 385] Young ʤʦʜʫʣʽ װʰʽʥ ɽ = 1.05 TPa 

ʞᴅʥʝ ů(ʽʰʢʽ) = 110 GPʘ ʪʝש, ʙײʣ ʛʨʘʬʝʥʥʽש ʩʳʥסʳʰʪʳסʳʥ ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʙסײʘʥ 

Lee ʤʝʥ ʦʥʳש ᴅʨʽʧʪʝʩʪʝʨʽʥʽש ʟʝʨʪʪʝʫʣʝʨʽ ʩᴅʡʢʝʩ ʢʝʣʜʽ. ʆʩʳ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʙʘʨʣʳסʳ ʛʨʘʬʝʥʥʽײץ שʨʳʣʳʤʜʳץ ץʦʩʳʤʰʘʣʘʨ װʰʽʥ ʞᴅʥʝ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢ ץʘʞʝʪ 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ᴇʪʝ ʧʘʡʜʘʣʳ ʙʦʣʘʪʳʥʜʳסʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʛʨʘʬʝʥʥʽש ʞʦסʘʨʳ ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʦשʘʡ ʙװʛʽʣʫʽ, ʦʥʳץ שʦʣʜʘʥʳʣʫ ʩʘʣʘʣʘʨʳʥ 

ʢʝשʝʡʪʝ ʪװʩʝʜʽ. 

[53] ʞײʤʳʩʪʘ ʙʽʨ ץʘʙʘʪʪʳ ʛʨʘʬʝʥʜʝʛʽ ʩʳʥʳץʪʘʨʜʳש ʪʘʨʘʣʫʳ ʵʤʧʠʨʠʢʘʣʳץ 

ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʪװʨʜʝ (ʤʦʣʝʢʫʣʘʣʳץ ʜʠʥʘʤʠʢʘ) ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʟʝʨʪʪʝʣʜʽ. ɹʽʨ ץʘʙʘʪʪʳ ʛʨʘʬʝʥʜʽ 

ʤʝʤʙʨʘʥʘʣʘʨʜʘסʳ ʩʳʥʳץʪʘʨ, ʦʣʘʨʜʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʢʝʨʥʝʫʣʝʨ 

ᴅʩʝʨʽʥʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ʉʳʥʳץʪʘʨ ʘʣʪʳʙײʨʳʰʪʳ ʢʨʠʩʪʘʣʜʳץ 

ʪʦʨʜʳש ʙװʡʽʨʣʝʨʽʥʜʝ ʪʘʨʘʣʘʜʳ ʞᴅʥʝ ʘʣʪʳʙײʨʳʰʪʳ ʪʦʨʜʳש ʰʳשʜʘʨʳʥʜʘ 

ʙʘסʳʪʪʳש ʢʝʟʜʝʡʩʦ30 ץo ᴇʟʛʝʨʫʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʝʡʜʝ ʛʨʘʬʝʥ ʙʝʪʽʥʜʝʛʽ ʩʳʥʳץʪʘʨʜʳש ʪʘʨʘʣʫʳ TɽM ʵʣʝʢʪʨʦʥʜʳ 

ʩᴅʫʣʝʩʽʥʽש ʘʩʪʳʥʜʘ ʞװʨʫʽ ʤװʤʢʽʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. Kim ʞᴅʥʝ ʙʘʩץʘʣʘʨ [54] 

ʩʳʥʳץʪʘʨʜʳש ʪʘʨʘʣʫʳ ʦʥʳײ שʰʳʥʜʘסʳ ʢʝʨʥʝʫ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ᴅʩʝʨʽ ʤʝʥ 

ʵʣʝʢʪʨʦʥ ʩᴅʫʣʝʩʽʥʽש ʠʦʥʜʘʥʫ ᴅʩʝʨʽʥ ץʦʩʫ ʘʨץʳʣʳ ץʦʟסʘʣʫʜʘʥ ʧʘʡʜʘ ʙʦʣʘʜʳ ʜʝʧ 

ʙʦʣʞʘʤʜʘʜʳ. ʆʩʳ ᴅʩʝʨʣʝʨʜʽש ʙʽʨ ʫʘץʳʪʪʘ ᴅʩʝʨ ʝʪʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʪʦʤʜʳץ 

ʙʘʡʣʘʥʳʩʪʘʨ ʩʳʥʳײ ץʰʳ ʤʘשʳʥʜʘ װʟʽʣʽʧ, ʦʥʳש ʪʘʨʘʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 

Novoselov ʞᴅʥʝ ʙʘʩץʘʣʘʨ [55] ʛʨʘʬʝʥ ʙʝʪʽʥʜʝʛʽ ʩʳʥʳץʪʘʨʜʳש ʧʘʡʜʘ 

ʙʦʣʫʳʥʳש ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʩʫʙʩʪʨʘʪʪʘ 

ʞʘʙʳʩץʘʥ ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥ ץʘʙʳʨʰʘץʪʘʥʜʳʨʫ ʙʦʡʳʥʰʘ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʜʽ. ɹײʣ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʩʽ ץʘʙʳʨʰʘץʪʘʥʫ ʧʨʦʮʝʩʽ ʥʝʛʽʟʽʥʜʝ 

ʘʣʳʥסʘʥ ʛʨʘʬʝʥ ʣʝʥʪʘʣʘʨʳ ʞʽשʽʰʢʝʨʝ ʙʘʩʪʘסʘʥʜʳץʪʘʥ ʩʳʥʳץʪʘʨ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ. ʆʣʘʨ ʘʜʛʝʟʠʷ ʢװʰʽʥʽש ʙײʟʳʣʫ ʙײʨʳʰʳʥʘ ᴅʩʝʨ 

ʝʪʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʘʜʛʝʟʠʷʥʳש ʢʝʟ-ʢʝʣʛʝʥ ʞʦסʘʨʳʣʘʫʳʥʘʥ, 

ʙʘʡʣʘʥʳʩʪʳש ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʛʽʥʜʝ, ʪʘʨʪʳʣʫ ʙʘסʳʪʳʥʜʘ 60Á ᴇʟʛʝʨʽʩ 

ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ. 
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ʄʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʛʨʘʬʝʥ ʜʝʬʝʢʪʽʣʝʨʜʝʥ ʪײʨʘʜʳ. ɻʨʘʬʝʥʛʝ ʪᴅʥ 

ʜʝʬʝʢʪʽʣʝʨ: ʙʦʩ ʦʨʳʥʜʘʨ [56], StoneïWales ʜʝʬʝʢʪʽʣʝʨʽ [57], ʜʠʩʣʦʢʘʮʠʷ [58] 

ʞᴅʥʝ װʣʢʝʥ ʰʝʢʘʨʘʣʘʨʳ. ʆʩʳ ʘץʘʫʣʘʨʜʳש ʘʨʘʩʳʥʜʘ ʜʠʩʣʦʢʘʮʠʷ ʞᴅʥʝ װʣʢʝʥ 

ʰʝʢʘʨʘʣʘʨ ᴇʪʝ ʞʠʽ ʢʝʟʜʝʩʝʜʽ ʞᴅʥʝ ʛʨʘʬʝʥʥʽש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʄʳʩʘʣʳ, ʜʠʩʣʦʢʘʮʠʷ ʛʨʘʬʝʥʜʝ ʧʣʘʩʪʠʢʘʣʳץ ʘסʳʥ 

ʪʫʜʳʨʫʳ ʤװʤʢʽʥ, ʘʣ װʣʢʝʥ ʰʝʢʘʨʘʣʘʨ ʦʥʳש ʙʝʨʽʢʪʽʣʢ̔ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ [59]. ʉʦʥʜʘʡ-ʘץ, ʜʠʩʣʦʢʘʮʠʷ ʛʨʘʬʝʥʥʽש ʪʨʘʥʩʣʷʮʠʷʣʳץ 

ʩʠʤʤʝʪʨʠʷʩʳʥ ʙײʟʫʳ ʤװʤʢʽʥ. 

ʕʤʧʠʨʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ [59, ʙ. 021603] ʢʦʥʮʝʥʪʨʣʝʥʛʝʥ ʞװʢʪʝʤʝ ʢʝʟʽʥʜʝ 

ʙʦʩ ʪײʨסʘʥ ʧʦʣʠʢʨʠʩʪʘʣʜʳ ʢװʡʽʥʜʝʛʽ ʛʨʘʬʝʥʥʽש ʪᴇʟʽʤʜʽʣʽʛʽ ʙʽʨ ʢʨʠʩʪʘʣʣ ʪװʨʽʥʜʝ 

ʰʳסʘʨʳʣסʘʥʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪᴇʤʝʥ ʙʦʣʘʪʳʥʜʳסʳʥ ʜᴅʣʝʣʜʝʜʽ. ɹײʣ 

ʪᴅʞʽʨʠʙʝʜʝ ʧʦʣʠʢʨʠʩʪʘʣʜʳ ʛʨʘʬʝʥ ʤʝʤʙʨʘʥʘʩʳʥʘ ʰʦסʳʨʣʘʥסʘʥ ʞװʢʪʝʤʝ ʪװʩʽʨʫ 

 ʰ 100 ʤʅװʘʞʝʪ ʢץ ʰʽʥװ ʟʳʣʫʳײʙ שʦʣʜʘʥʜʳ ʞᴅʥʝ ʛʨʘʬʝʥʥʽץ ʰʽʥ AʂM-ʩʳʥװ

ʰʘʤʘʩʳʥʜʘ ʝʢʝʥʜʽʛʽ ʙʘʡץʘʣʜʳ [59, ʙ. 021603], ʘʣ ʙʽʨ ʢʨʠʩʪʘʣʜʳ ץʘʙʳʨʰʘץʪʘʥסʘʥ 

ʛʨʘʬʝʥʜʽ ʙײʟʫסʘ ʘʨʥʘʣסʘʥ ʢװʰ 1,7 ʤʅ ʘʩʧʘʡʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ. 

Ruiz-Vargas ʞᴅʥʝ ʙʘʩץʘʣʘʨ [60] ʤʦʣʝʢʫʣʘʣʳץ ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜʽ 

 ץʤʝʭʘʥʠʢʘʣʳ שʨʳʣʳʤʜʳ ʛʨʘʬʝʥʥʽײץ ʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʧʦʣʠʢʨʠʩʪʘʣʜʳץ

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ װʰʽʥ CVD ʘʨץʳʣʳ ʩʳʥʘץ ʞʘʩʘʜʳ. ʆʣʘʨ 

ʥʘʥʦʠʥʜʝʥʪʘʮʠʷʣʳץ ᴇʣʰʝʫʣʝʨʜʽ ץʦʣʜʘʥʳʧ, ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʪʦʣץʳʥʜʘʨ ʛʨʘʬʝʥ 

ʞʘʟʳץʪʳסʳʥʜʘסʳ ʙʝʨʽʢʪʽʣʽʢʪʽ, ʩʦʥʜʘʡ-ʘװ ,ץʣʢʝʥ ʰʝʢʘʨʘʣʘʨ ʛʨʘʬʝʥʥʽװ שʟʽʣʫ 

ʢװʰʽʥ ʵʬʬʝʢʪʠʚʪʽ ʪᴇʤʝʥʜʝʪʝʪʽʥʽʥ ʘʥʳץʪʘʜʳ. ʄʦʣʝʢʫʣʘʣʳץ ʜʠʥʘʤʠʢʘʣʳץ ʙʦʩ 

ʞʝʨʣʝʨ ʛʨʘʬʝʥ ʤʝʤʙʨʘʥʘʣʘʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ ᴅʣʩʽʨʝʪʝʪʽʥʜʽʛʽʥ ʞᴅʥʝ ʽʩ ʞװʟʽʥʜʝ 

 ʝʪʽʥשʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʩʽ שʣʢʝʥ ʰʝʢʘʨʘʣʘʨ ʘʤʦʨʬʪʳ ʢᴇʤʽʨʪʝʢ ʧʝʥ ʪʝʤʽʨ ʦʢʩʠʜʽʥʽװ

ʦʨʳʥ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ.  

ʊʝʨʤʠʷʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ.  

ɽʢʽ ᴇʣʰʝʤʜʽ ʛʨʘʬʝʥʜʝʛʽ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʘסʳʪʳʥ ʞʘʟʳץʪʳץ ʞᴅʥʝ 

ʞʘʟʳץʪʳץʪʘʥ ʪʳʩ ʜʝʧ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ɾʘʟʳץʪʳץ ʞʳʣʫ ʘסʳʥʳ ʞʘʟʳץʪʳץʪʘʥ ʪʳʩ 

ʞʳʣʫ ʘסʳʥʳʥʘ ץʘʨʘסʘʥʜʘ ʢᴇʙʽʨʝʢ ʞᴅʥʝ ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʢʦʚʘʣʝʥʪʪʽ sp2 ʙʘʡʣʘʥʳʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʘʣ ʝʢʽʥʰʽʩʽ ᴅʣʩʽʟ ʚʘʥ-

ʜʝʨ-ɺʘʘʣʴʩ ʙʘʡʣʘʥʳʩʳʥʘʥ ʪʫʳʥʜʘʡʜʳ. 

ɻʨʘʬʝʥʜʽ ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʘʨʥʘʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ײʟʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʞʘʟʳץʪʳץʪʘסʳ ʞʳʣʫ ʘסʳʥʳʥʳש ʙʝʥʝʬʠʮʠʘʨʣʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʩʫʙʩʪʨʘʪʪʘʨʜʳש ʪʝʨʤʠʷʣʳץ ʙʘʡʣʘʥʳʩʳʥʳש ᴇʪʝ ʪᴇʤʝʥ ʙʦʣʫʳ, 

ʞʳʣʫ ʘסʳʥʳʥʳש ʙᴇʣʽʥʫʽʥʽש ʤʘשʳʟʜʳ ʩʝʙʝʙʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʳʣʫ ʘסʳʥʳʥ 

ʬʦʥʦʥʜʘʨʜʳש ʰʘʰʳʨʘʫʳ, ʰʝʪʪʝʨʽ ʥʝʤʝʩʝ ʠʥʪʝʨʬʝʡʩʪʝʨʽ ʘʨץʳʣʳ ʨʝʪʪʝʫʛʝ 

ʙʦʣʘʜʳ. ʗסʥʠ, ʛʨʘʬʝʥʥʽש ʤײʥʜʘʡ ʝʨʝʢʰʝ ʞʳʣʫʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʥʳש ʝʢʽ ᴇʣʰʝʤʜʽ 

ʪʘʙʠסʘʪʳʥʘʥ ʪʫʳʥʜʘʡʜʳ ʞᴅʥʝ ʙײʣ ʞʳʣʫ ʘסʳʥʳ ʬʠʟʠʢʘʩʳʥʜʘ ʞʘשʘ ʢᴇʟץʘʨʘʩʪʘʨ 

ʪʫʜʳʨʘʜʳ. 

ʄʘʪʝʨʠʘʣʜʳש ʪʝʨʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ץʘʨʘʩʪʳʨסʘʥʜʘ, ʤʝʥʰʽʢʪʽ ʞʳʣʫʜʳ 

ʝʩʢʝʨʫ ץʘʞʝʪ. ɹײʣ ʙʽʨʽʥʰʽʜʝʥ, ʜʝʥʝʥʽש ʞʠʥʘץʪʘʡ ʘʣʘʪʳʥ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ, 

ʝʢʽʥʰʽʜʝʥ, ʜʝʥʝʥʽש ʪᴅʞʽʨʠʙʝ ʢʝʟʽʥʜʝʛʽ ʩʘʣץʳʥʜʘʪʫ ʞᴅʥʝ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳ. 

ʉʦסשʳʩʳʥ ʞʳʣʫ ʫʘץʳʪʳ ʢʦʥʩʪʘʥʪʘʩʳ ʙʦʡʳʥʰʘ ʤʦʜʝʣʴʜʝʫʛʝ ʙʦʣʘʜʳ: Ű å RCV, 

ʤײʥʜʘסʳ Ű - ʞʳʣʫ ʫʘץʳʪʳʥʳש ʪײʨʘץʪʳʩʳ, R - ʞʳʣʫ ʪʘʨʘʣʫʜʳש ʢʝʜʝʨʛʽʩʽ (ʢʝʨʽ 

ᴇʪʢʽʟʛʽʰʪʽʢ, R = 1 / G), V - ʜʝʥʝʥʽש ʢᴇʣʝʤʽ. ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʫʘץʳʪ ʪײʨʘץʪʳʩʳʥ 
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ʙʽʨ ʛʨʘʬʝʥ ʧʘʨʘסʳ ʥʝʤʝʩʝ ʂʅʊ װʰʽʥ 0,1 ʥʩ-ʪʝʥ, ʘʣ ʞʝʢʝ ʬʦʥʦʥ ʨʝʞʠʤʜʝʨʽʥ 

ʨʝʣʘʢʩʘʮʠʷʣʘʫ װʰʽʥ ʥʘʥʦᴇʣʰʝʤʜʽ ʪʨʘʥʟʠʩʪʦʨʣʘʨסʘ 10 ʥʩ-ʪʝʥ 1 ʧʩ-ʢʝ ʜʝʡʽʥ 

ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʜʳ [61]. 

ʌʦʥʦʥʜʘʨʜʳװ שʣʝʩʽ ʙʘʩʳʤ ʙʦʣסʘʥʜʘ [62], ʛʨʘʬʝʥʥʽש ʤʝʥʰʽʢʪʽ ʞʳʣʫ 

ʩʳʡʳʤʜʳʣʳסʳ ʬʦʥʦʥʜʘʨסʘ (ʪʦʨʣʳ ʪʝʨʙʝʣʽʩʪʝʨ) ʞᴅʥʝ ʙʦʩ ʵʣʝʢʪʨʦʥʜʘʨʜʳש 

 ʳסʤʝʥʰʽʢʪʽ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳ שʣʝʩʪʝʨʽʥʝ ʙᴇʣʽʥʝʜʽ, C = Cp + Ce. ʌʦʥʦʥʜʘʨʜʳװ

ʙʘʩʳʤ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʪʽʥʜʝ D å 2100 ʂ ʞʘʟʳץʪʳסʳʥʜʘסʳ ɼʝʙʘʡ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞʘʥʳʥʜʘ ᴇʪʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪײʨʘץʪʳ ʙʦʣʘʜʳ, ʙײʣ 

ʢʝʟʜʝ Cp = 3NAkB å25 ɼʞ Ŀ ʤʦʣʴï1K - 1 å 2.1 ɼʞ Ŀ ʛ ï 1K ï 1 ʙʦʣʘʜʳ, ʙײʥʳ 

ɼʶʣʦʥʛ ï ʇʪʠ ʰʝʛʽ ʜʝʧ ʪʝ ʘʪʘʡʜʳ, ʤײʥʜʘסʳ NA - ɸʚʦʛʘʜʨʦʥʳש ʩʘʥʳ, ʘʣ kB - 

ɹʦʣʴʮʤʘʥʥʳש ʪײʨʘץʪʳʩʳ. ɹײʣ ץʘʩʠʝʪ ʘʣʪʳ ʘʪʦʤʜʳץ ץʦʟסʘʣʳʩ ʜᴅʨʝʞʝʩʽ 

ʪʦʣʳסʳʤʝʥ ʘʷץʪʘʣסʘʥʜʘסʳ ʞᴅʥʝ ᴅʨץʘʡʩʳʩʳ 1/2 ʢɹʪ ʵʥʝʨʛʠʷʥʳ ʢᴇʪʝʨʛʝʥ ʢʝʟʜʝʛʽ 

ʢʣʘʩʩʠʢʘʣʳץ ץʘʪʪʳ ʜʝʥʝʥʽש ᴅʨʝʢʝʪʽʥʝ ʞʘʪʘʜʳ.  

ɾʳʣʫʜʳ ʙʘʨʣʘʫʜʘ ʛʨʘʬʝʥʥʽש ʙʽʨ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳ hå3,35A ʐ  ʪʝש 

ʙʦʣʘʜʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɻʨʘʬʝʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʞʘʟʳץʪʳץʪʘסʳ ʝש 

ʞʦסʘʨʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ, ʰʘʤʘʤʝʥ 2000-4000 ɺʪ Ŀ m ï 1·K ï 1 [63]. ɹײʣ 

ʜʠʘʧʘʟʦʥ ʠʟʦʪʦʧʪʳץ ʪʘʟʘʨʪʳʣסʘʥ װʣʛʽʣʝʨʜʽש (ʪʘʙʠסʠ ײץʨʘʤʳ 1,1%-ʪʽש ʦʨʥʳʥʘ 

0,01%) ʦש ʞʘװ ץʣʢʝʥ ʰʦסʳʨʳ ʨʝʪʽʥʜʝ ʠʟʦʪʦʧʪʳץ ʘʨʘʣʘʩץʘʥ ʩʳʥʘʤʘʣʘʨ ʥʝʤʝʩʝ 

ʩʦʣ ʞʘץ ʰʝʛʽ ʨʝʪʽʥʜʝ ײʩʘץ ʪװʡʽʨʰʽʢʪʝʨʽ ʙʘʨ װʣʛʽʣʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʉʦʥʜʘʡ-ʘץ, 

[64, 65] ʞײʤʳʩʪʘʨʜʘ ʪʘʙʠסʠ ʘʣʤʘʟʜʳש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ (ʰʘʤʘʤʝʥ 2200 ɺʪ Ŀ ʤ 

- 1 Ŀ ʂ - 1) ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ ʙʘʩץʘ ץײʩʘʩ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞʳʣʫ 

ᴇʪʢʽʟʛʽʰʪʽʛʽʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʫʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ.  

ɾʳʣʫ ʘסʳʥʳ ᴅʣʩʽʟ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʪʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʤʝʥ ʝʢʽ ʙʘסʳʪʪʘ 

ʰʝʢʪʝʣʝʜʽ: ʛʨʘʬʝʥ ʧʘʨʘסʳʥʘ ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʞʘʟʳץʪʳץʪʘ. ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʪʽש ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʛʨʘʬʝʥ ʤʝʥ Siʆ2 

ʩʠʷץʪʳ ʢᴇʨʰʽʣʝʩ ʩʫʙʩʪʨʘʪʪʘʨ ʘʨʘʩʳʥʜʘ ʙʦʣʘʜʳ. ɹײʣ ʰʘʤʘʤʝʥ ~ 25 ʥʤ 

 שʞʳʣʫ ʢʝʜʝʨʛʽʩʽʥʝ ʩᴅʡʢʝʩ [66] ʢʝʣʝʜʽ. ɻʨʘʬʝʥʥʽ שʘʙʘʪʳʥʳץ ʳ SiO2סʪʘץʜʳשʘʣʳץ

ʙʽʨʥʝʰʝ ץʘʙʘʪʪʘʨʳ ʙʦʣסʘʥ ʢʝʟʜʝ (1-ʜʝʥ 10-סʘ ʜʝʡʽʥ), ץʘʙʘʪ ʘʨʘʣʳץ ʢʝʜʝʨʛʽʩʽ 

ʪײʨʘץʪʳ ʙʦʣʳʧ ץʘʣʘʜʳ ʞᴅʥʝ ʛʨʘʬʝʥ ʤʝʥ ʦʥʳש ʛʨʘʬʝʥʜʽ ʝʤʝʩ ʦʨʪʘʩʳ 

ʘʨʘʩʳʥʜʘסʳ ʢʝʜʝʨʛʽʜʝʥ ᴅʣʜʝץʘʡʜʘ ʘʟ ʙʦʣʘʜʳ [67].  

ʌʦʥʦʥʜʘʨʜʳש ʙʝʪʢʽ ʥʝʤʝʩʝ ʰʝʪʢʽ ʪʝʨʙʝʣʽʩʪʝʨʛʝ ʪʘʨʘʣʫʳ ʩʝʟʽʤʪʘʣʜʳסʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʝʪʪʽʢ ʵʬʬʝʢʪʽʣʝʨ ʛʨʘʬʝʥʥʽש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥ 

ʪᴇʤʝʥʜʝʪʫʽ ʤװʤʢʽʥ, ʥᴅʪʠʞʝʩʽʥʜʝ ʪʝʛʽʩ ʛʨʘʬʝʥʥʽש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʛʨʘʬʝʥ ʥʘʥʦʣʝʥʪʘʩʳʥʘ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʪᴇʤʝʥ ʙʦʣʘʜʳ. 

ʕʣʝʢʪʨʦʥʜʳϨ Ϩʘʩʠʝʪʪʝʨʽ. 

ɻʨʘʬʝʥʥʽש ʵʣʝʢʪʨʦʥʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʥʳץʪʘʫסʘ ץʘʪʳʩʪʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʞײʤʳʩʪʘʨ ʞʘʥ-ʞʘץʪʳ ʟʝʨʪʪʝʣʫʜʝ. ɿʘʨʷʜ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʜʳש ʵʣʝʢʪʨʦʥʜʘʨסʘ 

 שʳʟʜʳ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽשʤʘ שʝ שʘʰʳʣ ʟʝʨʪʪʝʫʣʝʨʜʽשʟʜʽʢʩʽʟ ʢʦʥʚʝʨʩʠʷʣʘʥʫʳ ʞʘװ

ʙʽʨʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. 

ɻʨʘʬʝʥ ᴇʪʝ ʞʦסʘʨʳ ʵʣʝʢʪʨᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ, ᴇʡʪʢʝʥʽ ʦʣ ʥᴇʣʜʽʢ ʩʘשʳʣʘʫʣʳ 

ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ, ʩʦʥʜʘʡ-ʘץ ʦʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ʞᴅʥʝ ʚʘʣʝʥʪʪʽʢ ʜʠʘʧʘʟʦʥʜʘʨʳ 

ɼʠʨʘʢ ʥװʢʪʝʣʝʨʽʥʜʝ ץʠʳʣʳʩʘʜʳ. 
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ɻʨʘʬʝʥʥʽש ʵʣʝʢʪʨʦʥʜʳײ ץʪץʳʨʣʳסʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʜʘ ᴇʪʝ 

ʞʦסʘʨʳ. ʆʥʳש ʵʣʝʢʪʨʦʥʜʘʨʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʽʩ ʞװʟʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʪᴅʫʝʣʜʽ ʝʤʝʩ ʝʢʝʥʜʽʛʽ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʜᴅʣʝʣʜʝʥʜʽ. 

[68] ʞײʤʳʩʪʘ, ʢʝʜʝʨʛʽʥʽש (ʥʝʤʝʩʝ ʢʝʜʝʨʛʽ ʵʣʝʢʪʨʦʜʳ - ʵʣʝʢʪʨʣʽʢ ʢװʡʽ 

ʪʨʘʥʟʠʩʪʦʨʜʳץ שʦʩʳʣʳʧ ʥʝ ᴇʰʽʨʽʣʫʽʥ ʘʥʳץʪʘʡʪʳʥ ʪʨʘʥʟʠʩʪʦʨʜʳש ʞʦסʘʨסʳ 

ʞʘסʳʥʜʘסʳ ʘʡʤʘץ) ʙʽʨ ץʘʙʘʪʪʳ ʛʨʘʬʝʥʛʝ ʪᴅʫʝʣʜʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɻʨʘʬʝʥʥʽש ʞʦסʘʨʳ ʵʣʝʢʪʨʦʥʜʳ ײʪץʳʨʣʳסʳ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ 

ʞʦסʘʨʳ ʤʘʛʥʠʪ ᴇʨʽʩʪʝʨʽʥʜʝ, ʵʣʝʢʪʨʦʥʜʘʨ ʤʝʥ ʩʘשʳʣʘʫʣʘʨ װʰʽʥ ʜʝ ʢʚʘʥʪʪʳץ 

ʍʦʣʣ ʵʬʬʝʢʪʽʩʽʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (ʵʣʝʢʪʨ ʪʦʛʳʥ ʪʫʜʳʨʘʪʳʥ ʤʘʛʥʠʪ 

ᴇʨʽʩʽʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ᴇʪʢʽʟʛʽʰʪʝ ʥʝʤʝʩʝ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘ ʙʽʨ 

ʫʘץʳʪʪʘ ʵʣʝʢʪʨ ʞᴅʥʝ ʤʘʛʥʠʪ ᴇʨʽʩʽ ʙʦʣסʘʥ ʢʝʟʜʝ ʵʣʝʢʪʨʣʽʢ ʧʦʪʝʥʮʠʘʣ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ᴇʪʢʽʟʛʽʰ ʧʝʥ ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨʜʘ ʢᴇʨʽʥʝʪʽʥ ᴅʩʝʨ) [68, ʙ. 

197; 69]. ʉʦʥʜʘʡ-ʘץ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʍʦʣʣ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʵʣʝʢʪʨʦʥʜʘʨ 

ʤʝʥ ʩʘשʳʣʘʫʣʘʨ װʰʽʥ 2e2/ʩʘס ʞʳʣʜʘʤʜʳץʪʘ ʘʡץʳʥ ʘʥʳץʪʘʣʘʜʳ, ʘʣ ʙʦʡʣʳץ 

ᴇʪʢʽʟʛʽʰʪʽʢ ʥᴇʣʛʝ ʞʘץʳʥ ʙʦʣʘʜʳ.  

 

1.2  GO, ײץʨʳʣʳʩʳ, ʩʠʥʪʝʟʽ, ץʘʩʠʝʪʪʝʨʽ 

GO - ʩʦסשʳ ʞʳʣʜʘʨʳ ʝʣʝʫʣʽ ʥʘʟʘʨ ʘʫʜʘʨʳʣʳʧ ʢʝʣʝʪʽʥ ʧʝʨʩʧʝʢʪʠʚʪʽ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʽʨʽ. ʆʣ ʞʘʡʣʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ᴇʪʝ ʢᴇʧ, ʩʦʥʳש ʽʰʽʥʜʝ [70, 

71] ʞײʤʳʩʪʘʨʳʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. GO - ʙײʣ ʛʨʘʬʝʥʥʽש ʦʢʩʠʜʪʽʢ 

ʬʦʨʤʘʩʳ, ʤײʥʜʘ ʭʠʤʠʷʣʳץ ʪʦʪʳסʫ ʘʨץʳʣʳ ʛʨʘʬʝʥʛʝ ʦʪʪʝʛʽ ʝʥʛʽʟʽʣʝʜʽ. ʉʦʥʳʤʝʥ 

 ʳʥʜʘ ʵʧʦʢʩʠʜʪʽ, ʛʠʜʨʦʢʩʠʣʜʽ, ʢʘʨʙʦʥʠʣʜʽ ʞᴅʥʝסʪʳץʥʝʛʽʟʛʽ ʞʘʟʳ שʘʪʘʨ, GO ʦʥʳץ

ʢʘʨʙʦʢʩʠʣʜʽʢ ʪʦʧʪʘʨʳ ʩʠʷץʪʳ ʢᴇʧʪʝʛʝʥ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳש 

ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢװʰʪʽ ʦʢʩʠʜ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʘʜʳ [71, ʙ. 4477]. ʆʩʳʣʘʡʰʘ, 

 ʘʩʠʝʪʢʝץ ʘʪʳʩʫʳʤʝʥ GO ʛʠʜʨʦʬʠʣʴʜʽץ שʳ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳסʨʘʤʳʥʜʘײץ

ʠʝ ʙʦʣʘʜʳ ʞᴅʥʝ ʙײʣ ʦʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ץʘʩʠʝʪʪʝʨʜʽʥ 

ʞʘץʩʘʨʪʫ װʰʽʥ ʧʦʣʷʨʣʳץ ʧʦʣʠʤʝʨ ʤʘʪʨʠʮʘʣʘʨʳʤʝʥ ᴇʟʘʨʘ ʬʘʟʘʘʨʘʣʳץ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ᴅʨ ʪװʨʣʽ ץʦʣʜʘʥʳʩץʘ ʠʝ ʙʦʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɸʣʘʡʜʘ, GO-ʜʝʛʽ ʦʪʪʝʛʽʥʽש ʬʫʥʢʮʠʦʥʘʣʜʘʥʫʳ, ʦʥʳש ʵʣʝʢʪʨ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ, ʩʦʥʜʳץʪʘʥ GO-ʥʽש ʧʦʣʠʤʝʨʣʽ ᴇʪʢʽʟʛʽʰ ʢʦʤʧʦʟʠʪʪʝʨ װʰʽʥ 

ʘʨʪʳץʰʳʣʳסʳ ʞʦץ. 

GO ʉ:ʆ ץʘʪʳʥʘʩʳ ʙʘʨ, 2,0 ʤʝʥ 2,9 ʘʨʘʣʳסʳʥʘ ʜʝʡʽʥ ᴇʣʰʝʥʝʪʽʥ 

ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ ʝʤʝʩ ץʦʩʳʣʳʩ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳץʪʘʥ, ʦʥʳײץ שʨʳʣʳʤʳʥ 

ʩʠʧʘʪʪʘʫ ץʠʳʥ. 6-ʰr  ʩʫʨʝʪʪʝ ʦʥʳײץ שʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʫʜʳש ʙʽʨʥʝʰʝ 

ʥײʩץʘʣʘʨʳ [72] ʢʝʣʪʽʨʽʣʛʝʥ. ɸʚʪʦʨʣʘʨ [73], GO-ʥʽײץ שʨʳʣʳʤʳ ʛʨʘʬʝʥʥʽש 

ʙʝʪʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʵʧʦʢʩʠʜʪʽ ʪʦʧʪʘʨʜʘʥ ײץʨʘʣסʘʥ ʞᴅʥʝ ʦʥʳ ʉ2ʆ ʤʦʣʝʢʫʣʘʣʳץ 

ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ ʜʝʧ ʝʩʝʧʪʝʡʜʽ. ɸʣ [74] ʞײʤʳʩʪʘ GO-ʜʝ 

ʩʫʪʝʢ ʘʪʦʤʜʘʨʳ ʙʦʣʘʪʳʥʜʳץʪʘʥ, ʦʥʳש ʙʝʪʪʽʢ ײץʨʘʤʳʥʜʘ ʵʧʦʢʩʠʜʪʽ ʪʦʧʪʘʨʜʘʥ 

ʙʘʩץʘ, ʛʠʜʨʦʬʠʣʴʜʽ ʪʦʧʪʘʨ ʙʦʣʘʜʳ ʜʝʧ ʪײʞʳʨʳʤʜʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳʥʳש ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨ ʥʝʛʽʟʽʥʝʥ sp3 ʛʠʙʨʠʜʪʝʣʛʝʥ 

ʙʦʣʫʳ ʢʝʨʝʢ ʜʝʧ ʝʩʝʧʪʝʡʜʽ. ʉʦʥʜʘʡ-ʘ[75] ,ץ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ ʛʨʘʬʝʥʛʝ 

ʭʠʥʦʠʜʪʳ ʪʦʧʪʘʨ ʪʽʟʽʣʛʝʥ ʨʝʪ ʙʦʡʳʥʰʘ ʪʽʨʢʝʣʛʝʥ ʜʝʧ ʤᴅʣʽʤʜʝʡʜʽ. ɻʨʘʬʠʪʪʽ 

ʬʪʦʨʣʘʫ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ [76] ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ GO-ʥʽש 

ᴇʪʝ ʞץײʘ ʘʣʤʘʟ ʪᴅʨʽʟʜʝʩ ʙʝʪʪʽʢ ץʘʙʘʪʳʥʜʘ ʛʠʜʨʦʢʩʠʣʜʽ ʪʦʧʪʘʨʳ ʙʘʨ ײץʨʳʣʳʤʳ 



23 
 

 ʘʥ, ʵʧʦʢʩʠʜʪʽ ʞᴅʥʝ ʛʠʜʨʦʬʠʣʜʽ ʪʦʧʪʘʨʳסʩʳʥʳʣײ ʤʳʩʳʥʜʘײʩʳʥʳʣʜʳ. [77] ʞײ

ᴇʟʜʽʛʽʥʝʥ ʛʨʘʬʝʥʥʽש ʙʝʪʪʽʢ ץʘʙʘʪʳʥʜʘ, ʘʣ ʰʝʪʪʝʨʽʥʜʝ ʢʘʨʙʦʢʩʠʣʜʽ, ʢʘʨʙʦʥʠʣʜʽ 

ʞᴅʥʝ ʣʘʢʪʦʥʜʳ ʪʦʧʪʘʨ ʦʨʥʘʣʘʩץʘʥ װʣʛʽʩʽ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʪװʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. [78] ʤʘץʘʣʘ ʘʚʪʦʨʣʘʨʳ װʰʪʽʢ ʩʧʠʨʪʪʝʨʤʝʥ ʞᴅʥʝ 1, 3 - 

ʵʬʠʨʣʝʨʤʝʥ ʬʠʥʢʮʠʦʥʘʣʜʳʨʳʣסʘʥ ʞᴅʥʝ ʪʨʘʥʩ-ʙʘʡʣʘʥʳʩץʘʥ ʮʠʢʣʦʛʝʢʩʠʣʜʽ 

ʬʨʘʛʤʝʥʪʪʝʨʽʥʝʥ ʪװʟʽʣʛʝʥ GO ʭʠʥʦʠʜʪʳ ײץʨʳʣʳʤʳʥ ץʘʨʘʩʪʳʨסʘʥ. 

 

 
 

ʉʫʨʝʪ 6 ï  GO-ʥʽש ᴅʨʪװʨʣʽ ײץʨʳʣʳʤʜʘʨʳʥʳש ʥײʩץʘʫʣʘʨʳ: ʘ) Hofmann ;  

ᴅ) Ruess; ʙ) Scholz ï Boehm; ʚ) Nakajima ï Mabuchi;  

ʛ) Lerf ï Klinowski; ס) D®k§ny [71, ʙ. 4477] 
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ɻʨʘʬʝʥʥʽש ʙʝʪʽʥʜʝʛʽ ʵʧʦʢʩʠʜʪʽ ʞᴅʥʝ ʛʠʜʨʦʢʩʠʣʜʽ ʪʦʧʪʘʨʜʳש ᴇʟʽʥʰʝ ʝʨʢʽʥ 

ʪʘʨʘʣʳʧ ʦʨʥʘʣʘʩʘʪʳʥʜʳסʳʥʘʥ, GO-ʥʽש ʵʣʝʢʪʨʦʥʜʳײץ ץʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʫ ᴇʪʝ 

 sp3 ʞᴅʥʝ sp2 ʛʠʙʨʠʪʪʝʣʛʝʥ שʪʘʥ, GO-ʽʥ ʢᴇʤʽʨʪʝʢ ʘʪʦʤʳʥʳץʠʳʥ. ʉʦʥʜʳץ

ʘʫʜʘʥʜʘʨʳʥʳש ʞʠʳʥʪʳסʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫ ײʩʳʥʳʣסʘʥ [79]. ʊʦʣʳץ ʪʦʪʳץץʘʥ 

ʛʨʘʬʝʥ ʙײʣ ʦץʰʘʫʣʘסʳʰʪʳץ ʘʡʤʘסʳ 2,4 ʵɺ ʜʠʵʣʝʢʪʨʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ, ʘʰʳץ 

 ץʳʰʪʳסʰʘʫʣʘץʦ שʫ ʜᴅʨʝʞʝʩʽ ʦʥʳסʪʦʪʳ שʩʪʽ ʤʘʪʝʨʠʘʣ. ɻʨʘʬʝʥʥʽװʨ ʪשʦrץ

ʘʡʤʘסʳʥʳש ʢᴇʣʝʤʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ [80]. ɻʨʘʬʝʥʥʽש ʪʦʪʳסʫ ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʦʥʳש ʦץʰʘʫʣʘסʳʰʪʳץ ʘʡʤʘסʳʥʳש ʢᴇʣʝʤʽ 1,7-ʜʝʥ 2,4 ʵɺ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ 

ʙʦʣʘʪʳʥʜʳסʳ [79, ʙ. 1607] ʞײʤʳʩʪʘ ʘʥʳץʪʘʣסʘʥ. ʉʦʥʜʘʡ - ʘץ, [80, ʙ. 100120] 

ʞײʤʳʩʪʘ ʘʚʪʦʨʣʘʨ ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ ʪʦʪʳץʩʳʟʜʘʥʫ ʜᴅʨʝʞʝʩʽʥʝ ʪᴅʫʝʣʜʽ ʙʦʣʘʪʳʥ, 

GO-ʥʽש ʢᴇʛʽʣʜʽʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷʩʳʥ ʙʘץʳʣʘסʘʥ.  

GO-ʽʥ ʛʨʘʬʠʪʪʽ ᴅʨʪװʨʣʽ ʢװʰʪʽ ʪʦʪʳץʪʳʨסʳʰʪʘʨʤʝʥ (H2SO4, HNO3, 

KMnO4, KCLO3, NaCLO2) ʪʦʪʳץʪʳʨʳʧ, ʘʨʳ ץʘʨʘʡ ʙᴇʣʝʢ ץʘʙʘʪʪʘʨסʘ 

 ʰ ʥʝʛʽʟʛʽ ʘʣʫװ שʘʟʽʨʛʽ ʢʝʟʜʝ GO-ʥʽפ .ʘ ʙʦʣʘʜʳסʳʣʳ ʘʣʫץʪʘʥʜʳʨʫ ʘʨץʘʙʳʨʰʘץ

ʞʦʣʜʘʨʳ ʙʘʨ, ʘʣסʘʰץʳʣʘʨʳ Brodie ᴅʜʽʩʽ [81] ʤʝʥ Staudenmaier ᴅʜʽʩʽ [82], ʘʣ 

ʢʝʡʽʥʛʽʩʽ Hummers ᴅʜʽʩʽ [83]. GO-ʽʥ Brodie ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʛʨʘʬʠʪʪʽ ʪװʪʽʥʜʝʛʝʥ 

ʘʟʦʪ ץʳʰץʳʣʳʤʝʥ ʞᴅʥʝ ʢʘʣʠʡ ʭʣʦʨʠʜ ʦʢʩʠʜʽʤʝʥ ᴅʨʝʢʝʪʪʝʩʪʽʨʫ ʘʨץʳʣʳ, ʘʣ 

Staudenmaier ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʢʦʥʮʝʥʪʨʣʝʥʛʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ, ʪװʪʽʥʜʝʛʝʥ ʘʟʦʪ 

 ʳʣʳ ʘʣʘʜʳ. Hummersץʳʣʳʤʝʥ ʞᴅʥʝ ʢʘʣʠʡ ʭʣʦʨʘʪʳʤʝʥ ʨʝʘʢʮʠʷʣʘʩʪʳʨʫ ʘʨץʳʰץ

ᴅʜʽʩʽ ʙʦʡʳʥʰʘ GO-ʽʥ ʛʨʘʬʠʪʪʽ ʢװʢʽʨʪ ץʳʰץʳʣʳ, ʥʘʪʨʠʡ ʥʠʪʨʘʪʳ ʤʝʥ ʢʘʣʠʡ 

ʧʝʨʤʘʥʛʘʥʘʪʳʥʳש ʩʫʩʳʟ ץʦʩʧʘʩʳʤʝʥ ᴅʨʝʢʝʪʪʝʩʪʽʨʫ ʘʨץʳʣʳ ʩʠʥʪʝʟʜʝʡʜʽ. 

ɻʨʘʬʝʥʥʽש ʪʦʪʳסʫʳʤʝʥ ץʘʪʘʨ, ץʘʡʪʳʤʜʳ ʧʨʦʮʝʩʽ - GO-ʥʽש ʪʦʪʳץʩʳʟʜʘʥʫʳ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘ ʠʝ ʞᴅʥʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝʛʽ ʛʨʘʬʝʥʜʽ ʘʣʫסʳʟשʣʢʝʥ ʤʘװ

ɸʣʳʥסʘʥ ʤʘʪʝʨʠʘʣʜʳ ᴅʜʝʪʪʝ RGO ʜʝʧ ʘʪʘʡʜʳ. ʊʦʪʳץʩʳʟʜʘʥʫ ᴅʜʽʩʪʝʨʽʥ ʝʢʽ 

ʪʦʧץʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ [69, ʙ. 1229]. ʍʠʤʠʷʣʳץ 

ʪʦʪʳץʩʳʟʜʘʥʫ ʢᴇʧʪʝʛʝʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨסʳʰʪʘʨʜʳש ʜʠʘʤʠʜ [84], ʩʧʠʨʪʪʝʨ [85], 

ʙʦʨʛʠʜʨʠʜ [86], ʠʦʜʩʫʪʝʢʪʽ ץʳʰץʳʣ [86, ʙ. 543; 87] ʞᴅʥʝ ʦʥʳש ʩʽʨʢʝ 

 ,ʦʩʧʘʩʳ [87, ʙ. 4466], ʥʘʪʨʠʡ ʞᴅʥʝ ʢʘʣʠʡ ʛʠʜʨʦʢʩʠʜʪʝʨʽ [88, 89]ץ ʳʣʳʤʝʥץʳʰץ

ʘʣʶʤʠʥʠʡ, ʪʝʤʽʨ ʞᴅʥʝ ʤʳʨʳʰ ײʥʪʘץʪʘʨʳ [90], ʘʤʤʠʘʢ [91], ʛʝʢʩʠʣ ʘʤʠʥ [92], 

 ,ʦʩʳʣʳʩʪʘʨ [93], ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜʽ [94]ץ ʢʽʨʪʽ ʙʘʨװʨʘʤʳʥʜʘ ʢײץ

ʤʦʯʝʚʠʥʘ [95] ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  GO ʛʨʘʬʝʥʥʽש ʢᴇʧʪʝʛʝʥ 

 שʘʥʜʘ GO ʩʫʜʘ ʝʨʠʜʽ. GO-ʪʽסʘʨʘץ ʛʠʜʨʦʬʦʙʪʳ ʛʨʘʬʝʥʛʝ ץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ, ʙʽʨʘץ

ʙײʣ ʤʘשʳʟʜʳ ץʘʩʠʝʪʽ ʦʥʳ ʙʠʦʪʝʭʥʦʣʦʛʠʷʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ [96]: 

ʬʦʪʦʪʝʨʘʧʠʷ, ʙʠʦʣʦʛʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ ʚʠʟʫʘʣʜʘʫ, ʜᴅʨʽ-ʜᴅʨʤʝʢʪʝʨ ʤʝʥ 

ʙʠʦʤʘʪʝʨʠʘʣʜʘʨʜʳ, ʙʠʦʩʝʥʩʦʨʣʘʨʜʳ ʞʝʪʢʽʟʫ, ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ᴅʩʝʨʣʝʨ ʨʝʪʽʥʜʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʣʜʘʥʫץ

 

1.3 ʄʘʛʥʠʪʪʽʢ ʰʧʠʥʝʣʴ-ʬʝʨʨʠʪ ʅɹ-ʥʽײץ שʨʳʣʳʤʳ ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ 

 ʘʩʠʝʪʪʝʨʽץ

ʐʧʠʥʝʣʴ ײץʨʳʣʳʤʳ ʙʘʨ ᴇʪʧʝʣʽ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ (ʬʝʨʨʠʪʪʝʨ), ʝש 

ʤʘשʳʟʜʳ ʤʘʛʥʠʪʪʽ ʅɹ ץʘʪʘʨʳʥʘ ʞʘʪʘʜʳ. ʂʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ʤʝʥ ʤʘʛʥʠʪʪʽʢ 

 ,ʥʜʘ M = Mn, Fe, Co, Ni, Coײʘʨʘʡ ʰʧʠʥʝʣʴ ʬʝʨʨʠʪʪʝʨ (MFe2O4, ʤץ ʘʩʠʝʪʪʝʨʽʥʝץ

Zn ʞᴅʥʝ ʪ.ʙ.), ʛʨʘʥʘʪ (M3Fe5O12, ʤײʥʜʘ M = ʩʠʨʝʢ ʞʝʨ ʢʘʪʠʦʥʜʘʨʳ), ʛʝʢʩʘʬʝʨʨʠʪ 

(SrFe12O19 ʞᴅʥʝ BaFe12O19) ʞᴅʥʝ ʦʨʪʦʬʝʨʨʠʪ (MFeO3, M = ʩʠʨʝʢ ʞʝʨ 
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ʢʘʪʠʦʥʜʘʨʳ) ʜʝʧ ʞʽʢʪʝʣʝʜʽ [97]. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʰʧʠʥʝʣʴ ʬʝʨʨʠʪ ʅɹ-ʥʝ ʝʨʝʢʰʝ 

ʥʘʟʘʨ ʘʫʜʘʨʳʣʫʜʘ. ɹײʣ ʥʝʛʽʟʽʥʝʥ ʦʣʘʨʜʳש ʪʘʤʘʰʘ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʤʝʥ, 

 ʳʥʜʳסʥʠ ʘסʨʘʤʳʤʝʥ ʞᴅʥʝ ʙʽʨʥʝʰʝ ʩʘʣʘʣʘʨʜʘ, ʷײץ ץʘʨʘʧʘʡʳʤ ʭʠʤʠʷʣʳץ

ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫʜʘ, ʙʠʦʤʝʜʠʮʠʥʘʜʘ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʤʝʥ ʵʣʝʢʪʨʦʥʜʳ 

 ʦʣʜʘʥʳʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɹʽʨʝʛʝʡ ʤʘʛʥʠʪʪʽʢ, ʵʣʝʢʪʨʦʥʜʳץ שʳʣʘʨʜʘ  ʢʝסʨʳʣײץ

ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʬʝʨʨʠʪ ʰʧʠʥʝʣʴʜʝʨʽ ʞʦסʘʨʳ 

ʘʜʩʦʨʙʮʠʷʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ʞᴅʥʝ ʞʳʣʜʘʤ ʧʨʦʮʝʩʩ ʢʠʥʝʪʠʢʘʩʳʥ ʪʘʣʘʧ ʝʪʝʪʽʥ ʩʫʜʳ 

ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʪʘʟʘʨʪʫ װʰʽʥ ʝש ʞʘץʩʳ ʢʘʪʘʣʠʟʘʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

[98]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨ ץʦʣ ʞʝʪʽʤʜʽʣʽʛʽʥʝ, ʪᴇʤʝʥ 

 ʽʥʝʥשʘʫʽʧʩʽʟʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʩʫʜʳ ʪʘʟʘʨʪʫʜʘ ʢʝץ ץʥʳʥʘ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳײץ

 ʣʝʩʪʽʢװ ʣʢʝʥװ ,ʳסʪʳʣʳץʨʘײʪ ץʞᴅʥʝ ʭʠʤʠʷʣʳ ץʪʝʨʤʠʷʣʳ שʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨʜʳץ

ʘʫʜʘʥʳ, ʞʦסʘʨʳ ʤʘʛʥʠʪʪʽʢ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʞᴅʥʝ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʵʢʦʣʦʛʠʷʣʳץ 

ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʟʝʨʪʪʝʫʜʝ ץʳʟʳץʪʳ ʦʙʲʝʢʪʽʣʝʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [99]. Mʘʛʥʠʪʪʽʢ ʅɹ-ʜʽ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʩʫʜʳ ʪʘʟʘʨʪʫ (ᴅʩʽʨʝʩʝ 

ʙʘʢʪʝʨʠʷʣʘʨסʘ ץʘʨʩʳ), ʙʦʷסʳʰʪʘʨʜʳש ʳʜʳʨʘʫʳ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ 

ʢʝʪʽʨʫʜʝ ʤʘשʳʟʳ ʟʦʨ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʬʝʨʨʠʪʪʝʨʜʽש ʢᴇʨʽʥʝʪʽʥ ʞʘʨʳץʪʳ ʞײʪʫסʘ ץʘʙʽʣʝʪʪʽ ʞʦʣʘץ 

ʩʘשʳʣʘʫʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʜʘ ײʩʳʥʳʣסʘʥ ʢʘʪʘʣʠʪʠʢʘʣʳץ 

ʫʯʘʩʢʝʣʝʨʜʽש ʘʨץʘʩʳʥʜʘ ʬʦʪʦʢʘʪʘʣʠʪʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʘʨʪʪʳʨʘʪʳʥ ʰʧʠʥʝʣʴ 

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ʦʣʘʨʜʳש ʩʫʜʳ ʞᴅʥʝ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ 

ʢʘʪʘʣʠʟʽʥʜʝ ץʦʣʜʘʥʫʳʥ ʘʨʪʪʳʨʘ ʪװʩʝʜʽ [100]. ʌʝʨʨʠʪʪʝʨʜʽש ʢᴇʨʽʥʝʪʽʥ ʞʘʨʳץ 

ʩᴅʫʣʝʣʝʥʫʽʥ ʞײʪʫʜʘ ʪʠʽʤʜʽ ʝʪʝʪʽʥ ʪᴇʤʝʥ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʞʦʣʘץ ʩʘשʳʣʘʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨ ʩʫʜʘסʳ ʞᴅʥʝ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʪʝʨʽʥʜʝʛʽ 

ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʞʦʶ װʰʽʥ ᴇʪʝ ץʦʣʘʡʣʳ. 

ʉʦסשʳ ʫʘץʳʪʪʘ ʞʦסʘʨʳ ʜʠʩʧʝʨʩʪʽ ʩʦʨʙʝʥʪʪʝʨ [101] ʨʝʪʽʥʜʝ ʤʘʛʥʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʘʣʫסʘ ʙʦʣʘʪʳʥ 

ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʰʧʠʥʝʣʴʜʝʨʜʽ ץʦʣʜʘʥʫסʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʫʜʝ. ɸסʳʥʜʳ ʩʫʣʘʨʜʳ 

ʪʘʟʘʨʪʫʜʘ ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨʜʽש ʽʰʽʥʜʝ ʩʦʨʙʮʠʷʣʳץ ʪʘʟʘʨʪʫ ʝש 

ʪʠʽʤʜʽʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘʛʥʠʪʪʽʢ ʅɹ-ʜʽש ʥʝʛʽʟʽʥʜʝʛʽ ʢʦʤʧʦʟʠʪʪʽ 

ʤʘʪʝʨʠʘʣʜʘʨ ᴅʨʪװʨʣʽ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ 

 ʤʢʽʥʜʽʢװʘ ʤסʘ ʜʝʡʽʥ ʞʦʶסʢʦʥʮʝʥʪʨʘʮʠʷ ץʘʣʜʳץ ʘʨʘʤʘʩʪʘʥ ʢʝʟ ʢʝʣʛʝʥ ʜʝʨʣʽʢץ

ʙʝʨʝʜʽ [102]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳש ʢʝʡʙʽʨ ʪװʨʣʝʨʽ ץʘʡʪʘ ʣʘʩʪʘʥʫʜʳ 

ʪʫʜʳʨʤʘʡʜʳ ʞᴅʥʝ ʦʥʳ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʩʦסשʳ ʢʝʟʜʝ 

MgFe2O4 (MgFO) ʰʧʠʥʝʣʴ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʪᴇʤʝʥ ʫʳʪʪʳʣʳסʳʤʝʥ, ʞʘץʩʳ 

ʙʠʦװʡʣʝʩʽʤʜʽʣʽʛʽʤʝʥ, ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʤʝʥ, ʛʠʩʪʝʨʝʟʠʩ ʞʦסʘʣʪʫʣʘʨʳʥʳש 

ʪᴇʤʝʥʜʽʛʽʤʝʥ ʞᴅʥʝ ʞʦסʘʨʳ ʪʳסʳʟʜʳסʳʤʝʥ ʢʝשʽʥʝʥ ʟʝʨʪʪʝʣʫʜʝ. ɸʣ, GO ʤʝʥ 

RGO ʥʝʛʽʟʽʥʜʝʛʽ ʰʧʠʥʝʣʴ-ʬʝʨʨʠʪ ʢʦʤʧʦʟʠʪʪʝʨʽ װʣʢʝʥ ʙʝʪʽʥʽש ʘʫʜʘʥʳ ʤʝʥ 

ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʩʫʜʳ ʤײʥʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ 

  .ʽʣʜʝʪʝʜʽשʦʩʳʣʳʩʪʘʨʜʘʥ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥ ʞʝץ

ʄʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʜʽ ʥʘʥʦʜʝשʛʝʡʜʝ ʪװʩʽʥʫ ʪײʨʘץʪʳ ʤʘʛʥʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞײʤʳʩʳʥ ʞʘץʩʘʨʪʫ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ. ʅʘʥʦʙᴇʣʰʝʢʪʝʨʜʽש 

ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʧʽʰʽʥʽ, ᴇʣʰʝʤʽ, ʙʝʪʪʽʢ ᴅʩʝʨʣʝʨʽ, ʤʘʛʥʠʪʪʽʢ ʘʥʠʟʦʪʨʦʧʠʷ 

ʞᴅʥʝ ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 
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ʌʝʨʨʦʤʘʛʥʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʥ ʞʘʩʘʣסʘʥ ʢʝʟ ʢʝʣʛʝʥ ʤʘʛʥʠʪʪʽʢ ʪʽʟʙʝʢ ᴅʜʝʪʪʝ 

ʛʠʩʪʝʨʝʟʠʩ ײץʙʳʣʳʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂᴇʧʪʝʛʝʥ ʞʳʣʜʘʨ ʙʦʡʳ ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ᴇʨʽʩʪʽ ʝʩʝʧʪʝʫʣʝʨʽʥʜʝ ʜᴅʣ ʞᴅʥʝ ʧʘʡʜʘʣʳ ʛʠʩʪʝʨʝʟʠʩ ʤʦʜʝʣʽʥ 

ʞʘʩʘʫ װʰʽʥ ʘʫץʳʤʜʳ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ [97, ʙ. e16601]. ʐʧʠʥʝʣʴ 

ʬʝʨʨʠʪʪʝʨʽʥʜʝ ʦʪʪʝʛʽ ʠʦʥʜʘʨʳ ʦʢʪʘʵʜʨʣʽʢ ʞᴅʥʝ ʪʝʪʨʘʵʜʨʣʽʢ ʘʨʘʣʳץʪʘʨʜʘסʳ 

ʤʝʪʘʣʣ ʢʘʪʠʦʥʜʘʨʳʥʳש ʩʧʠʥʜʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʤʘʛʥʠʪʪʽʢ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʜʽ 

ʙʘʩץʘʨʘʜʳ. ɾʘץʳʥ ʘʪʦʤʜʘʨʜʳש ʘʣʤʘʩʳʧ ʩʧʠʥʜʽʢ ᴅʨʝʢʝʪʪʝʩʫʽ ʰʧʠʥʝʣʴ 

ʬʝʨʨʠʪʪʝʨʽʥʽש ʤʘʛʥʠʪʪʽ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 

ʐʧʠʥʝʣʴ ʬʝʨʨʠʪʪʝʨʽʥʽש ʤʘʛʥʠʪʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʬʝʨʨʠʪʪʝʨʜʽש 

 ʤʘʛʥʠʪʪʽʢ שʘʪʘʨ ʰʧʠʥʝʣʴ ʬʝʨʨʠʪʪʝʨʽʥʽץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס ʨʘʤʳʥʘײץ

 ʘ ʞᴅʥʝ ʩʠʥʪʝʟסʜʘʫשʦʩʧʘʣʘʨʜʳ ʪʘץ ʨʳʣʳʤʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʣʝʛʠʨʣʝʥʛʝʥײץ

ʰʘʨʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʉʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʤʘʛʥʠʪʪʽʢ ʰʧʠʥʝʣʴ 

ʬʝʨʨʠʪʪʝʨʽʥʽש ʤʘʛʥʠʪʪʽʢ ץʘʥʳסʫ, ʢʦʵʨʮʠʚʪʽʣʽʢ, ʤʘʛʥʠʪʪʽʢ ʘʥʠʟʦʪʨʦʧʠʷ ʞᴅʥʝ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ ʩʠʷץʪʳ ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʢʦʤʧʦʟʠʮʠʷ ʵʣʝʤʝʥʪʪʝʨʽʥʽש 

ʤʝʥʰʽʢʪʽ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. 

Prasad ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [103] ʘʚʪʦʞʘʥʫ ᴅʜʽʩʽʤʝʥ MFe2O4 (M = Zn, Ni, Cu 

ʞᴅʥʝ Co) ʥʘʥʦʢʨʠʩʪʘʣʜʳ ʬʝʨʨʠʪʪʝʨʽʥ ʩʠʥʪʝʟʜʝʜʽ. ɹʘʨʣʳץ ʜʘʡʳʥʜʘʣסʘʥ 

ʰʧʠʥʝʣʴ ʬʝʨʨʠʪʪʝʨʽʥʽש ʽʰʽʥʜʝ CoFe2O4 ʝש ʞʦסʘʨʳ ץʘʥʳסʫ ʤʘʛʥʠʪʪʝʣʫʽʥʝ - 41 

ʵʤʫ/ʛ ʠʝ ʙʦʣʜʳ, ʘʣ ZnFe2O4 ʪᴇʤʝʥ ץʘʥʳסʫ ʤʘʛʥʠʪʪʝʣʫ ʤᴅʥʽʥ - 12,87 ʵʤʫ/ʛ 

ʢᴇʨʩʝʪʪʽ. 

[104] ʞײʤʳʩʪʘ NiCuZn ʬʝʨʨʠʪ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ 

Mg ʘʣʤʘʩʪʳʨʫ ᴅʩʝʨʽ ʩʠʧʘʪʪʘʣסʘʥ. ײפʨʘʤʳʥʜʘ Mg ʙʘʨ NiCuZn ʬʝʨʨʠʪʪʝʨʽ ʝʢʽ 

ʚʘʣʝʥʪʪʽ ʪʝʤʽʨʜʽש ʙʦʣʫʳʥ ʙʦʣʜʳʨʤʘʫסʘ ʞᴅʥʝ ʬʝʨʨʠʪ ʪװʡʽʨʰʽʢʪʝʨʽ ᴇʩʫ װʨʜʽʩʽʥ 

ʙʦʣʜʳʨʤʘʫ װʰʽʥ ץʦʣʘʡʣʳ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʉʦʥʜʘʡ-ʘץ, NiCuZn ʬʝʨʨʠʪʽʥ Mg 

ʘʣʤʘʩʪʳʨʫ ʦʥʳש ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

 

1.4 ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʅʄ 

 ʞᴅʥʝ ץʳ ʪʝʦʨʠʷʣʳסʘʟʽʨʛʽ ʢʝʟʜʝ ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʢʦʤʧʦʟʠʪʪʝʨ ʞʘʡʳʥʜʘפ

ʵʢʩʧʝʨʠʤʝʥʪʽʢ ʞײʤʳʩʪʘʨʜʳש ʩʘʥʳ ʘʨʪʳʧ ʢʝʣʫʜʝ. ײפʨʘʤʳʥʜʘ ʛʨʘʬʝʥ 

ʬʨʘʛʤʝʥʪʪʝʨʽ ʙʘʨ, ʤʳʩʘʣʳ, ʧʦʣʠʤʝʨʣʝʨ [105] ʞᴅʥʝ ʢʨʝʤʥʠʡ ʦʢʩʠʜʽ [106], 

ʩʦʥʜʘʡ-ʘץ GO ʤʝʥ ʢᴇʧץʘʙʘʪʪʳ ʂʅʊ-ʣʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʢʦʤʧʦʟʠʪʪʝʨ װʣʢʝʥ ʤʘשʳʟסʘ 

ʠʝ.  

ʉʫʜʳ ʪʘʟʘʨʪʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʅʂ-ʪʝʨʜʽ ʪʘʣʜʘʫ 

ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ʩʠʧʘʪʪʘʤʘʣʘʨ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ: 

- ʂװʰʪʽ ʤʘʛʥʠʪʪʽʢ ʨʝʘʢʮʠʷ. ʂװʰʪʽ ʤʘʛʥʠʪʪʽʢ ʨʝʘʢʮʠʷʣʘʨ ʩʫʩʧʝʥʟʠʷʣʘʨʜʘʥ 

ʅʄ-ʜʳ ʞʳʣʜʘʤ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʅʄ-ʜʳץ שʦʨʰʘסʘʥ ʦʨʪʘסʘ 

ʞʦסʘʣʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ. 

- ʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʞʦʶʜʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳ. ʃʘʩʪʘʫʰʳ 

ʟʘʪʪʘʨʜʳש ʪʠʽʤʜʽ ʘʜʩʦʨʙʮʠʷʩʳʥ ʥʝʤʝʩʝ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʳʜʳʨʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ װʰʽʥ ʞʦסʘʨʳ ʞʦʶ ʞʳʣʜʘʤʜʳסʳ ץʘʞʝʪ. 

- ʆשʘʡ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ. ʅʄ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʛʝʥʥʝʥ ʢʝʡʽʥ ʤʠʥʠʤʘʣʜʳ 

ᴇשʜʝʫʤʝʥ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʜʳ ʙʦʣʫʳ ʢʝʨʝʢ. 
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- ʊײʨʘץʪʳʣʳץ. ʄʘץʩʘʪʪʳ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ ʤʝʥ ʳʜʳʨʘʫ ᴇʥʽʤʜʝʨʽʥʽש ʅʄ-

ʤʝʥ ʣʘʩʪʘʥʙʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʅʄ ʙʽʨʥʝʰʝ ʮʠʢʣʜʘʨ ʙʦʡʳ ʙײʟʳʣʤʘʫʳ 

ʢʝʨʝʢ. 

ʉʦסשʳ ʙʽʨʥʝʰʝ ʦʥʞʳʣʜʳץʪʘ ʤײʥʘʡʜʳ ᴇʥʜʽʨʫ, ʪʘʩʳʤʘʣʜʘʫ ʞᴅʥʝ ʩʘץʪʘʫ 

ʢʝʟʽʥʜʝ ʢʝʟʜʝʡʩʦץ ʤײʥʘʡʜʳש ʪᴇʛʽʣʫʽ ʢᴇʧ ʙʦʣʫʜʘ. ʄײʥʘʡʜʳש ʢʝʟʜʝʡʩʦץ ʪᴇʛʽʣʫʽʥʽש 

ʢᴇʧ ʙᴇʣʽʛʽ ʪʝשʽʟʜʝ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʤײʥʘʡʜʳ ʪʘʩʳʤʘʣʜʘʫ ʢᴇʙʽʥʜʝ ʪʝשʽʟ ʘʨץʳʣʳ 

ʞװʨʝʜʽ. ʄײʥʘʡʜʳש ʪʝשʽʟʛʝ ʪᴇʛʽʣʫʽ ײץʨʣʳץץʘ ץʘʨʘסʘʥʜʘ ץʘʫʽʧʪʽ, ᴇʡʪʢʝʥʽ ʤײʥʘʡ 

ʪʝשʽʟ ʙʝʪʽʥʜʝ װʣʢʝʥ ʘʫʜʘʥʜʘʨסʘ ʪʦʣץʳʥʜʘʨ ʤʝʥ ʞʝʣ ʘʨץʳʣʳ ʞʳʣʜʘʤ ʪʘʨʘʣʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ʤײʥʘʡʜʳש ʩʫסʘ ʪװʩʫʽʥʝ ʞʦʣ ʙʝʨʤʝʫ װʰʽʥ ʪᴇʛʽʣʛʝʥ ʤʘʡʜʳ ʪʝʟ ʘʨʘʜʘ 

ʞʠʥʘʧ ʘʣʫ ץʘʞʝʪ [107]. ɹײʣ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴇʪʝ ʘʫʳʨ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ, ʤʳʩʘʣʳ, 

ʞʘʙʘʡʳ ʪʘʙʠסʘʪ ʧʝʥ ʦʣʘʨʜʳש ʪʽʨʰʽʣʽʢ ʝʪʫ ʦʨʪʘʣʘʨʳʥʘ ʬʠʟʠʢʘʣʳץ ʟʘץʳʤ 

ʢʝʣʪʽʨʫ, ʭʠʤʠʷʣʳץ ʫʳʪʪʳʣʳץ, ʵʢʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩ ʞᴅʥʝ ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ 

ʪװʨʣʝʨʜʽש ʞʦʡʳʣʫʳ. ʄײʥʘʡʜʳש ʪᴇʛʽʣʫʽʥʝ ץʘʨʩʳ ᴅʨʝʢʝʪ ʵʢʦʣʦʛʠʷʣʳץ 

ʰʳסʳʥʜʘʨʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʝʜᴅʫʽʨ 

ʞʘץʩʘʨʪʘʜʳ. ʄײʥʘʡʜʳש ʪᴇʛʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʧʘʪʪʘʨ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ᴇʥʜʽʨʽʩʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʘ ʤײʥʘʡʜʳש ʙʦʣʫʳ ʵʢʦʞװʡʝ װʰʽʥ ᴇʪʝ ץʘʫʽʧʪʽ. 

ʄײʥʘʡʜʳש ʪᴇʛʽʣʫʽʥʝʥ, ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳʣʘʨʜʘʥ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʤʘʡʣʳ 

ʘסʳʥʜʳ ʩʫʣʘʨʜʘʥ ʪʫʳʥʜʘʡʪʳʥ ʦʩʳ ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ װʰʽʥ 

ʤײʥʘʡʜʳש ʪᴇʛʽʣʫʽʥʝ ץʘʨʩʳ װʰ ʪװʨʣʽ, ʷסʥʠ ʤʝʭʘʥʠʢʘʣʳץ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ 

ʙʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ʪʘʟʘʨʪʫ ʞװʡʝʩʽʥʝ 

ʩʢʠʤʤʝʨʣʝʨ, ʢʝʜʝʨʛʽʣʝʨ, ʩʦʥʜʘʡ-ʘץ ʪʘʙʠסʠ ʞᴅʥʝ ʩʠʥʪʝʪʠʢʘʣʳץ ʩʦʨʙʝʥʪʪʝʨ 

ʢʽʨʝʜʽ. ʍʠʤʠʷʣʳץ ʪʘʟʘʨʪʫ ʞװʡʝʩʽ ʪᴇʛʽʣʛʝʥ ʤײʥʘʡ ʦʨʳʥʜʘʨʳʥ ʞʘסʫʜʳ, 

 .ʘʤʪʠʜʳ [108]ץ ʦʣʜʘʥʫʜʳץ ʜʠʩʧʝʨʛʘʪʦʨʣʘʨʜʳ ץʳʰʪʘʨ ʤʝʥ ʭʠʤʠʷʣʳץʘʪʘʡʪץ

ʍʠʤʠʷʣʳץ ʜʠʩʧʝʨʛʘʪʦʨʣʘʨ ʤʘʡʜʳש ʘסʳʥʜʳʩʳʥ ʪʘʤʰʳʣʘʨסʘ ʙᴇʣʫʛʝ 

ʢᴇʤʝʢʪʝʩʝʜʽ, ʙײʣ ʤʘʡʜʳש ʩʫʤʝʥ ʘʨʘʣʘʩʫʳʥ ʘʟʘʡʪʳʧ, ʦʥʳש ʪʘʙʠסʠ ʙʠʦʣʦʛʠʷʣʳץ 

ʳʜʳʨʘʫʳʥ ʪʝʟʜʝʪʝʜʽ. ɹʠʦʣʦʛʠʷʣʳץ ᴅʜʽʩʪʝʨʛʝ ʥʝʤʝʩʝ ʙʠʦʨʝʤʝʜʠʘʮʠʷסʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʤײʥʘʡ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʽʥ ʤʘʡ ץʳʰץʳʣʜʘʨʳ, ʢᴇʤʽʨץʳʰץʳʣ 

ʛʘʟʳ ʞᴅʥʝ ʩʫ ʩʠʷץʪʳ ʟʘʪʪʘʨסʘ ᴇʟʛʝʨʪʽʧ, ʳʜʳʨʘʪʫʳ ʞʘʪʘʜʳ. ʆʩʳ ᴅʜʽʩʪʝʨʜʽש 

ʽʰʽʥʜʝ ʘʙʩʦʨʙʝʥʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʪᴅʩʽʣʜʝʨʜʽש ʙʽʨʽ 

ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ᴆʡʪʢʝʥʽ ʦʣʘʨʜʳש ᴇʥʜʽʨʽʩ ײץʥʳ ʪᴇʤʝʥ ʞᴅʥʝ ץʘʨʘʧʘʡʳʤ, ʞʦסʘʨʳ 

ʩʝʣʝʢʪʠʚʪʽ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥʩʳʟ ʞᴅʥʝ ʞʘץʩʳ ץʘʡʪʘ ᴇשʜʝʣʝʜʽ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʤʘʡʜʳ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʩʝʣʝʢʪʠʚʪʽ ʪװʨʜʝ ʩʽשʽʨʫ 

 ʞᴅʥʝ (ʘʨʳסʉɾɹ 150 ʞʦ) ʘʙʽʣʝʪʽʥʝ ʠʝ, ʙʝʪʪʝʨʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳץ

ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽ (ʤʘʡʜʳש ʞʘʥʘʩʫ ʙײʨʳʰʳ 5 ʪᴇʤʝʥ) ʙʦʣʳʧ ʢʝʣʝʪʽʥ ץʘʪʪʳ 

ʜʝʥʝʣʝʨ ʟʦʨ װʤʽʪʢʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʧʪʝʛʝʥ ʪʘʙʠסʠ ʩʽשʽʨʛʽʰ ʤʘʪʝʨʠʘʣʜʘʨ 

[109], ʩʦʥʳש ʽʰʽʥʜʝ װʛʽʥʜʽʣʝʨ, ʞװʥ ʞᴅʥʝ ʮʝʦʣʠʪʪʝʨ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ ʤʝʥ 

 ʥʘʡʜʳ ʩʫʜʘʥ ʙᴇʣʽʧײʟʘʪʪʘʨʜʳ ʞᴅʥʝ ʤ ץʣʢʝʥ ʙʝʪʢʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʨʛʘʥʠʢʘʣʳװ

ʘʣʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʽʨץʘʪʘʨ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ʅʝʛʽʟʛʽ ʢʝʤʰʽʣʽʢʪʝʨʽ - ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽש ʪᴇʤʝʥʜʽʛʽ, ץʘʡʪʘ 

ᴇשʜʝʣʫʽʥʽש ʞᴅʥʝ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽʥʽש ʥʘʰʘʨʣʳסʳ, ʩʝʙʝʙʽ ʦʣʘʨ ʩʫʜʳ ʜʘ, ʤʘʡʜʳ ʜʘ 

ʩʽשʽʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʞʦסʘʨʳ, ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʞʘשʘ ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʩʦʨʙʝʥʪʪʝʨʜʽ ʞʘʩʘʫ 

 ʳסʘʩʳʥʜʘ ʦʣʘʨʜʳ ʩʫʜʘץʘʨ שʘʩʠʝʪʪʝʨʽʥʽץ ʘʥסʘʞʝʪʪʽʣʽʛʽ ʘʨʪʳʧ ʢʝʣʝʜʽ. ɸʪʘʣץ

ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʩʽשʽʨʫ, ʪʘʟʘʨʪʫ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ 
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 ʘ ʙʦʣʘʜʳ. ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣʜʘʨ ʣʘʩʪʘʫʰʳסʦʣʜʘʥʫץ

ʟʘʪʪʘʨʜʳ ᴇʟʜʽʛʽʥʝʥ ʪʘʟʘʨʪʫ, ʪʦʪʳסʫ ʤʝʥ ʢʦʨʨʦʟʠʷʥʳ ʪᴇʤʝʥʜʝʪʫ, ʤʘʡ ʤʝʥ ʩʫʜʳ 

ʙᴇʣʫ, ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʤᴇʣʜʽʨ ʠʢʝʤʜʽ ʵʣʝʢʪʨʦʜʪʘʨʜʳ ʩʫʣʘʤʘʫ, ʙʘʢʪʝʨʠʷʣʘʨʜʳש 

ʣʘʩʪʘʥʫסʘ ץʘʨʩʳ ᴅʨʝʢʝʪʽ ʤʝʥ ʠʥʘʢʪʠʚʘʮʠʷ ץʘʙʽʣʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʧ ʢᴇשʽʣ 

ʙᴇʣʜʽ. 

ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨ ʽʰʢʽ ʛʠʜʨʦʬʦʙʪʳʣʳסʳʤʝʥ, ʙʝʪʢʝʡʽʥʽש 

ʞʦסʘʨʳ ʘʫʜʘʥʳʤʝʥ, ʪʘʤʘʰʘ ʭʠʤʠʷʣʳץ, ʪʝʨʤʠʷʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

ʪײʨʘץʪʳʣʳסʳʤʝʥ ʤײʥʘʡ ʪᴇʛʽʥʜʽʣʝʨʽʥ ʪʘʟʘʨʪʫ ʩʘʣʘʩʳʥʜʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʜʳ. 

ʊᴇʤʝʥʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ ʞײʤʳʩʪʘʨʜʘ ʙʘʩʪʘʧץʳ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ʛʨʘʬʝʥ 

ʪʫʳʥʜʳʣʘʨʳ ʤʝʥ RGO ʞʠʽ ץʦʣʜʘʥʳʣסʘʥ. 

 Yang ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [110] ʬʪʦʨʦʛʨʘʬʝʥʥʽש ʥʘʥʦʧʘʨʘץʪʘʨʳʤʝʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʤʳʩ ʩʫʙʩʪʨʘʪʳ ʥʝʛʽʟʽʥʜʝʛʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʵʧʦʢʩʠʜʪʽ 

ʞʘʙʳʥʜʘʨʜʳ ʩʠʥʪʝʟʜʝʧ, ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʛʝʥ. ʉʦʥʜʘʡ-ʘץ, GO ʥʝʛʽʟʽʥʜʝʛʽ 

ʵʧʦʢʩʠʜʪʽ ʞᴅʥʝ ʙʦʩ ʵʧʦʢʩʠʜʪʽ ʞʘʙʳʥʜʘʨ ʜʘʡʳʥʜʘʣʳʧ, ʤʳʩ ʩʫʙʩʪʨʘʪʳʥʘ 

 ʪʽʢʰʝʣʝʨʜʽ ʵʥʝʨʛʠʷʥʳ ʪᴇʤʝʥʜʝʪʫ ʞᴅʥʝװʣ ʥʘʥʦʪײʘʥ (ʩʫʨʝʪ 7) [111]. ɹסʘʧʪʘʣץ

ʤʠʢʨʦ/ʥʘʥʦ ײץʨʳʣʳʤʜʘʨʜʳש ʢʝʟʜʝʡʩʦץ ʦʨʥʘʣʘʩʫʳʤʝʥ ʢʝʜʽʨ-ʙײʜʳʨʣʳ ʙʝʪʪʽ 

 ʘʥ. GOסʘʧʪʘʣץ ʽʩʪʽʢʪʽʢ ʙʝʪʽʥʝשʢʝ שʩʘʪʳʥʜʘ ʵʧʦʢʩʠʜʪʽ ʰʘʡʳʨʜʳץʨʫ ʤʘײץ

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʍʘʤʤʝʨʩ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣʳʧ, ʬʪʦʨʦʛʨʘʬʝʥ 

ʧʘʨʘץʪʘʨʳ ʊʕʄ ʞᴅʥʝ ɸʂʄ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣסʘʥ. ɸʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨ ʜʘʡʳʥʜʘʣסʘʥ ʬʪʦʨʦʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʳץ שʘʣʳשʜʳסʳ 3,5 ʥʤ ʜʝʡʽʥ 

  .ʘʥʳʥ ʢᴇʨʩʝʪʪʽסʪʘʥץʘʙʳʨʰʘץ

ʉʦʥʜʘʡ-ʘץ, ʨʝʥʪʛʝʥʜʽʢ ʬʦʪʦʵʣʝʢʪʨʦʥʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥᴅʪʠʞʝʣʝʨʽ 

ʜʘʡʳʥʜʘʣסʘʥ ʬʪʦʨʦʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʜʘ ʬʪʦʨ ʪװʨʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 688,5 

ʵɺ-ʪʘ ʘʡץʳʥ ʰʳשʜʘʨʜʳש ʙʘʨʣʳסʳʥ ʢᴇʨʩʝʪʪʽ. ʌʪʦʨʦʛʨʘʬʝʥʤʝʥ ץʘʧʪʘʣסʘʥ ʤʳʩ 

ʩʫʙʩʪʨʘʪʳʥʳש ʩʫʤʝʥ ʞʘʥʘʩʫ ʙײʨʳʰʳ 154Á, ʘʣ GO-ʤʝʥ ץʘʧʪʘʣסʘʥ ʵʧʦʢʩʠʜʪʽ 

ʞᴅʥʝ ʙʦʩ ʵʧʦʢʩʠʜʪʽ ʞʘʙʳʥʜʘʨʳ ʩᴅʡʢʝʩʽʥʰʝ  82Á ʞᴅʥʝ 116Á ʪʝש ʙʦʣʜʳ. ʉʦʥʜʘʡ-

ʘץ, ʬʪʦʨʦʛʨʘʬʝʥ ʥʘʥʦʧʘʨʘץʪʘʨʳ ʙʘʨ ʩʫʙʩʪʨʘʪʪʳש ʉɾɹ 60 ʮʠʢʣʜʘʥ ʢʝʡʽʥ ʜʝ 

150°-ʪʘʥ ʞʦסʘʨʳ ʙʦʣʜʳ, ʙײʣ ʦʥʳש ʞʘץʩʳ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪ ʠʝ ʝʢʝʥʜʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ʉʫʙʩʪʨʘʪʪʳש ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʽ ʪײʨʘץʪʳ ʝʤʝʩ 

ʤʠʢʨʦײץʨʳʣʳʤסʘ ʠʝ, ʙʽʨ-ʙʽʨʽʥʝ ʢʝʟʜʝʡʩʦץ ץʘʙʘʪʪʘʩʳʧ ʦʨʥʘʣʘʩץʘʥ ʬʪʦʨʦʛʨʘʬʝʥ 

ʥʘʥʦʧʘʨʘץʪʘʨʳʥʳש ʝʩʝʙʽʥʝʥ ʧʘʡʜʘ ʙʦʣסʘʥʜʳסʳ ʘʡץʳʥʜʘʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʬʪʦʨʦʛʨʘʬʝʥ ʞʘʙʳʥʳ ʙʘʨ ʥʘʥʦʧʘʨʘץʪʘʨ GO-ʤʝʥ ʞʘʙʳʣסʘʥ ʵʧʦʢʩʠʜʪʽ ʞᴅʥʝ ʙʦʩ 

ʵʧʦʢʩʠʜʪʽ ʞʘʙʳʥʜʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴇʟʽʥ-ᴇʟʽ ʪʘʟʘʨʪʫ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ 

ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɼʝʤʝʢ, ʘʚʪʦʨʣʘʨ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ ʜʘʡʳʥʜʘʣסʘʥ 

ʬʪʦʨʦʛʨʘʬʝʥ ʞʘʙʳʥʜʘʨʳ ץʳʰץʳʣʜʳ ʞᴅʥʝ ʩʽʣʪʽʣʽ ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝ ᴇʟʽʥ-ᴇʟʽ 

ʪʘʟʘʨʪʫ ץʘʩʠʝʪʪʝʨʽʥʝ, ʤʝʭʘʥʠʢʘʣʳץ ʪʦʟʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ ʭʠʤʠʷʣʳץ 

ʪײʨʘץʪʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʪʝ ʞʦסʘʨʳ ץʦʨסʘʥʳʰʪʳץ ץʘʩʠʝʪʪʝʨ 

ʢᴇʨʩʝʪʝʪʽʥʜʽʛʽʥ ʘʡץʳʥʜʘʜʳ. 
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ʉʫʨʝʪ 7 ï  ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʵʧʦʢʩʠʜʪʽ ʞʘʙʳʥʥʳש ʩʭʝʤʘʣʳץ ʢᴇʨʽʥʽʩʽ [111, ʙ. 

2727] 

 

Lin ʞᴅʥʝ ʙʘʩץʘʣʘʨ [112], ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʘʵʨʦʛʝʣʴʜʝʨʤʝʥ 

ʬʫʥʢʮʠʦʥʘʣʜʘʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʩʠʣʘʥ ʙʝʪʽʥ ʞʘʩʘʜʳ. ʄײʥʜʘ ʛʨʘʬʝʥ ʙʝʪʢʽ 

 ʘʩʳʥʜʘץʘʨ שʨʳʣʳʤʳʥʳײץ ʘʙʘʪʳ ʤʝʥ ʧʦʣʷʨʣʳ ʝʤʝʩ ʢᴇʤʽʨʪʝʢʪʽץ

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʙʝʪʪʝʨʜʽ ײץʨʫסʘ ʞʘשʘ װʤʽʪʢʝʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʉʦʥrʤʝʥ ץʘʪʘʨ, ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʘʵʨʦʛʝʣʴʜʝʨʜʽש ʢʝʫʝʢʪʽʣʽʛʽ ʞʦסʘʨʳ, 

ʙʝʪʢʝʡʣʝʨʽ װʣʢʝʥ ʞᴅʥʝ ʤʘʩʩʘ ʪʳסʳʟʜʳסʳ ᴇʪʝ ʪᴇʤʝʥ ʙʦʣʳʧ ʢʝʣʫʽ, ʦʣʘʨʜʳ ᴅʨʪװʨʣʽ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʙʝʪʪʝʨʜʽ ʞʘʩʘʫסʘ ʧʝʨʩʧʝʢʪʠʚʪʽ ʝʪʝʜʽ. ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ 

ʘʵʨʦʛʝʣʴʜʝʨʜʽ ʂʅʊ ʥʝʤʝʩʝ ʢʨʝʤʥʝʟʝʤʜʽ ʘʵʨʦʛʝʣʴʜʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʛʠʜʨʦʬʦʙʪʳ 

ʙʝʪʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ץʘʨʘʧʘʡʳʤ ʧʨʦʮʝʩʪʝʨʜʽש 

ʢᴇʤʝʛʽʤʝʥ ᴇʥʜʽʨʫʛʝ ʙʦʣʘʪʳʥʜʳסʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɻʨʘʬʝʥ ʘʵʨʦʛʝʣʴʜʝʨʽ ʙʝʪʢʽ 

 ʪʽʢʰʝʣʝʨ ʤʝʥ ʤʠʢʨʦʩʢʘʣʜʳװʜʳʨʣʳ ʞᴅʥʝ ʦʣ ʙʝʪʽʥʜʝʛʽ ʤʘʢʨʦʪײʘʙʘʪʳ ʢʝʜʽʨ-ʙץ

ʢʝʜʽʨ-ʙײʜʳʨ ʝʩʝʙʽʥʝʥ ʛʠʜʨʦʬʦʙʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

 ʩʘʨʪʳʧ, ʉɾɹ 160Áץʳʣʳ ʦʜʘʥ ᴅʨʽ ʞʘץʛʽʟʫ ʘʨשʘʥ ʩʠʣʘʥʜʳ ʝסʘʩʠʝʪʪʽ ʬʪʦʨʣʘʥץ

ʙʦʣʘʪʳʥ ʢʦʤʧʦʟʠʪ ʘʣʫסʘ ʙʦʣʘʜʳ. 

Bi ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [113], ʜʦʜʝʢʘʥʜʳ ʩʽשʽʨʫ ʞʳʣʜʘʤʜʳסʳ ʩʝʢʫʥʜʳʥʘ 0,57 ʛ 

ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʞᴅʥʝ ᴇʟ ʩʘʣʤʘסʳʥʘʥ 20-86 ʝʩʝ ʘʨʪʳץ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ ʛʨʘʬʝʥ 

ʥʝʛʽʟʽʥʜʝʛʽ ʘʙʩʦʨʙʝʥʪʪʽ ʩʠʥʪʝʟʜʝʜʽ. ʄʠʢʨʦʢʝʫʝʢʪʽ ʠʥʝ ʪᴅʨʽʟʜʝʩ ײץʨʳʣʳʤʳ ʙʘʨ 

ʛʫʙʢʘʣʳ ʛʨʘʬʝʥʜʽ ʩʫʩʧʝʥʟʠʷʜʘסʳ GO-ʽʥ ʭʠʤʠʷʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ 

ʘʣʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʛʨʘʬʝʥ ײץʨʘʤʳʥʜʘסʳ ʙʘʨʣʳץ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʪʦʧʪʘʨʜʳ ʪʦʣʳסʳʤʝʥ ʞʦʶ ץʠʳʥ ʝʢʝʥʽ ʘʪʘʧ ᴇʪʽʣʛʝʥ, ʙʽʨʘץ ʘʟ ʜᴅʨʝʞʝʜʝ ʩᴅʡʢʝʩ 

ʛʠʜʨʦʬʠʣʴʜʽ ʪʦʧʪʘʨ ʧʦʣʷʨʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ʛʨʘʬʝʥ ʙʝʪʪʝʨʽʤʝʥ ᴅʨʝʢʝʪʪʝʩʫʽʥ 

ʢװʰʝʡʪʽʧ, ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʜ.̔ Iqbal ʞᴅʥʝ ʙʘʩץʘʣʘʨ 

[114] ʪʝʨʤʠʷʣʳץ RGO-ʥʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ, ʪʳסʳʟʜʳסʳ, ʢʝʫʝʢʪʝʨʜʽש ʞʘʣʧʳ 
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ʢᴇʣʝʤʽ ʞᴅʥʝ ץʘʙʳʨʰʘץʪʘʥʫ ʞʘסʜʘʡʣʘʨʳ, ʦʥʳש C/O ץʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽ 

ʙʦʣʘʪʳʥʜʳסʳʥ ʘʡץʳʥʜʘסʘʥ. C/O ʢʦʵʬʬʠʮʠʝʥʪʽ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ RGO ʙʝʪʽʥʽש 

ʘʫʜʘʥʳ ʤʝʥ ʢʝʫʝʢʪʽʛʽʥʽש ʞʘʣʧʳ ʢᴇʣʝʤʽ ײʣסʘʷʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʩʦʨʙʮʠʷʣʳץ 

 ʘʥʜʘ, RGOסʩʘʨʘʜʳ. C/O ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʘʢʩʠʤʘʣʜʳ 17:1 ʙʦʣץʘʙʽʣʝʪʽ ʞʘץ

ʩʳʥʘʤʘʣʘʨʳ ʩʦʨʙʮʠʷʥʳש ʝש ʞʦסʘʨʳ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ, ʷסʥʠ 131-108 ʛ/ʛ ʢᴇʨʩʝʪʪʽ. 

Wang ʞᴅʥʝ ʙʘʩץʘʣʘʨ [115] ʪʘʙʠסʠ ʬʝʥʦʣ ץʳʰץʳʣʜʘʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ GO-ʽʥ 

ʭʠʤʠʷʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ᴅʜʽʩʽʥ ײʩʳʥʜʳ. ʆʣʘʨ ᴅʨ ʪװʨʣʽ ʪʘʙʠסʠ ʬʝʥʦʣ 

 ʳ ʪᴇʤʝʥ ʞᴅʥʝסʳʟʜʳסʳʣʳʤʝʥ ʪʳץʳʰץ ʽʰʽʥʜʝ ʛʘʣʣ שʳʣʜʘʨʳ, ʦʥʳץʳʰץ

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʞʘסʳʥʘʥ ʝש ʞʘץʩʳ ʥᴅʪʠʞʝʣʝʨʛʝ ʠʝ 

ʙʦʣʜʳ. ʊʘʙʠסʠ ʬʝʥʦʣ ץʳʰץʳʣʜʘʨʳʥʳש ᴅʩʝʨʽʥʝʥ ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʛʨʘʬʝʥʥʽש 

ʤʘʡʣʘʨʜʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʟ ʩʘʣʤʘסʳʥʘʥ 15-61 ʝʩʝ ʘʩʳʧ ʪװʩʪʽ, ʘʣ ᴅʨ ʪװʨʣʽ 

ʙʦʷסʳʰʪʘʨʜʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 115ï1260 ʤʛ ʪʝש ʙʦʣʜʳ. 

ᴄʨ ʪװʨʣʽ, ʷסʥʠ, ʝʨʽʪʢʽʰʪʽ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʦʥʳ ʤײʟʜʘʪʳʧ-ʢʝʧʪʽʨʫ [116], 

ʛʠʜʨʦʪʝʨʤʠʷʣʳץ ʪʦסʳʩʫ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʝʥʫ [117], ʤײʟʜʘʪʳʧ-ʢʝʧʪʽʨʫ [118] ʤʝʥ 

ʤײʥʘʡ ʚʘʥʥʘʩʳʥʜʘ ץʳʟʜʳʨʫ, ʩʦʜʘʥ ʢʝʡʽʥ ʤײʟʜʘʪʳʧ-ʢʝʧʪʽʨʫ ʞᴅʥʝ ʪ.ʩ.ʩ. 

ʪᴅʩʽʣʜʝʨʽʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ ʛʨʘʬʝʥʜʽ ʘʵʨʦʛʝʣʴʜʝʨ ᴇʪʝ ʞʝשʽʣ, ʞʦסʘʨʳ ʩʳסʳʣʘʪʳʥ, 

 שʥʘʡʜʳײʪʘʥ, ʤץʘʥʜʳסʘʨʳ ʤʝʥʰʽʢʪʽ ʙʝʪʢʝʡʛʝ ʠʝ ʙʦʣסʣʢʝʥ ʢʝʫʝʢʪʽʣʽʢʢʝ ʞᴅʥʝ ʞʦװ

ʪᴇʛʽʥʜʽʣʝʨʽʥ ʪʘʟʘʨʪʫ ʩʘʣʘʩʳʥʜʘ װʣʢʝʥ ץʘʙʽʣʝʪʪʽʣʽʢ ʢᴇʨʩʝʪʪʽ. Li  ʞᴅʥʝ ʙʘʩץʘʣʘʨ 

[119] ʵʪʠʣʝʥʜʠʘʤʠʥ ʤʝʥ GO ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣסʘʥ ʩʳסʳʣʘʪʳʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

ʪײʨʘץʪʳ ʛʨʘʬʝʥʜʽ ʘʵʨʦʛʝʣʴ ʘʣʜʳ. ɸʵʨʦʛʝʣʴʜʽש ʪʳסʳʟʜʳסʳ 4,4-7,9 ʤʛ /ʩʤ3 

ʘʨʘʣʳסʳʥʜʘ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽ 99,6% ʜʝʡʽʥ ʙʦʣʜʳ. ɸʣʳʥסʘʥ ʘʵʨʦʛʝʣʴ 

ʪʝʪʨʘʭʣʦʨʣʳ ʢᴇʤʽʨʪʝʢʪʽ ᴇʟ ʩʘʣʤʘסʳʥʘʥ 250 ʝʩʝ ʘʨʪʳץ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ 

ʙʦʣʜʳ. ʉʦʥʜʘʡ-ʘץ, ʘʵʨʦʛʝʣʴ (1ʩʝʢ 2,7 ʛ/ʛ) ʪʘʟʘ ʛʨʘʬʝʥʛʝ (1ʩʝʢ 0,57 ʛ/ʛ) ץʘʨʘסʘʥʜʘ 

ʞʦסʘʨʳ ʩʽשʽʨʫ ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʪʽ [109, ʙ. 199]. ɻʨʘʬʝʥʜʽ ʘʵʨʦʛʝʣʴʜʽ 

ʢװʡʜʽʨʫ, ʜʠʩʪʠʣʣʷʮʠʷ ʞᴅʥʝ ʩʳסʳʤʜʘʫ ᴅʜʽʩʽʤʝʥ ץʘʡʪʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ, ʙײʣ 

ʢʝʟʜʝ ʦʥʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 4-10% ʰʘʤʘʣʳ ʪᴇʤʝʥʜʝʡʜʽ. Zhao ʞᴅʥʝ ʙʘʩץʘʣʘʨ [120] 

ʛʠʜʨʦʪʝʨʤʠʷʣʳץ ᴅʜʽʩʪʽ ץʦʣʜʘʥʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʤײʟʜʘʪʫ-ʢʝʧʪʽʨʫ ʞᴅʥʝ ʢװʡʜʽʨʫ 

ʘʨץʳʣʳ GO ʤʝʥ ʧʠʨʨʦʣʜʘʥ ʘʣʳʥסʘʥ ʫʣʴʪʨʘ ʞʝשʽʣ, װʰ ᴇʣʰʝʤʜʽ, ʘʟʦʪ ץʦʩʧʘʩʳ 

ʙʘʨ ʛʨʘʬʝʥʜʽʢ ʢʦʤʧʦʟʠʪ ʩʠʥʪʝʟʜʝʜʽ. ʇʠʨʨʦʣ ײץʨʳʣʳʤʳʥʜʘ ʙʦʣʘʪʳʥ 

ʵʣʝʢʪʨʦʥʜʘʨסʘ ʙʘʡ ʘʟʦʪ ʘʪʦʤʜʘʨʳʥʳש ʩʫʪʝʢʪʽʢ ʥʝʤʝʩʝ pïp ʙʘʡʣʘʥʳʩʪʘʨʳʤʝʥ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ, ʦʥʳש GO ʧʘʨʘץʪʘʨʳʥʳש ʙʝʪʪʝʨʽʥʝ ʙʝʢʽʪʽʣʫʽʥ ʞʝשʽʣʜʝʪʝʜʽ. 

ɸʣʳʥסʘʥ ʅʄ ʘʟʦʪʪʘ 1200ÁC ʜʝʡʽʥ ʞᴅʥʝ ʘʫʘʜʘ 600ÁC ʜʝʡʽʥ ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʪᴇʟʽʤʜʽ [120, ʙ. 11371]. ɻʨʘʬʝʥʜʽ ʘʵʨʦʛʝʣʴ ᴇʟʜʽʛʽʥʝʥ ײץʨʘʩʪʳʨʳʣʘʪʳʥ ʢʝʫʝʢʪʽ 

ʞᴅʥʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ װʰ ᴇʣʰʝʤʜʽ ץʘץשʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʘʫʘʤʝʥ (1,2 ʤʛ / ʩʤ3) ʩʘʣʳʩʪʳʨסʘʥʜʘ ʫʣʴʪʨʘ ʞʝשʽʣ ʪʳסʳʟʜʳסʳ 

2,1-ʜʝʥ 0,3 ʤʛ/ʩʤ3 ʜʝʡʽʥ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʧʠʨʨʦʣ RGO ʧʘʨʘץʪʘʨʳʥʳש 

ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘ ʞʦʣ ʙʝʨʤʝʡʜʽ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ װʣʢʝʥ ʢʝʫʝʢʪʽ ʢᴇʣʝʤʜʽ 

ʛʨʘʬʝʥ ץʘץשʘʩʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɻʨʘʬʝʥ ץʘץשʘʩʳ ʢʝʨʝʤʝʪ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץʪʳ ʞᴅʥʝ 41,7 ʛ/ʛ ʞʦסʘʨʳ ʩʽשʽʨʫ ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ, 

ʙײʣ ʪʘʟʘ ʛʨʘʬʝʥ [109, ʙ. 199] ʞᴅʥʝ ʛʨʘʬʝʥʜʽ ʘʵʨʦʛʝʣʴʜʝʨ ʘʨʘʩʳʥʜʘ ʝש ʞʳʣʜʘʤ 

ʩʽשʽʨʫ ʢᴇʨʩʝʪʢʽʰʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ [119, ʙ. 2934], ʦʥʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʜʝ 

ʞʦסʘʨʳ, ʷסʥʠ ʤʘʡʣʘʨ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ װʰʽʥ ʩʘʣʤʘסʳʥʘʥ 200-600 ʝʩʝ 

ʘʨʪʳץ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ [120, ʙ. 11371]. 
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Gao ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [121], ʤײʟʜʘʪʫ-ʢʝʧʪʽʨʫ ᴅʜʽʩʪʝʨʽʥʽװ שʰ ʪװʨʽʥ, ʷסʥʠ ʙʽʨ 

ʙʘסʳʪʪʳ, ʙʘסʳʪʪʘʣʤʘסʘʥ ʞᴅʥʝ ʘʫʘʜʘ ʤײʟʜʘʪʫ-ʢʝʧʪʽʨʫ ᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ, RGO-ʥʽש ʢᴇʙʽʛʽʥ ʘʣʜʳ. GO-ʥʽש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞᴅʥʝ ץʦʣʜʘʥʳʣסʘʥ 

ʤײʟʜʘʪʫ-ʢʝʧʪʽʨʫ ᴅʜʽʩʪʝʨʽ ʘʣʳʥסʘʥ ʤʘʪʝʨʠʘʣʜʘסʳ ʢʝʫʝʢ ʤᴇʣʰʝʨʽʥ ᴇʟʛʝʨʪʪʽ. ɹʽʨ 

ʙʘסʳʪʪʳ ʤײʟʜʘʪʫ-ʢʝʧʪʽʨʫ ᴅʜʽʩʽ ʞʘסʜʘʡʳʥʜʘ ʝװ שʣʢʝʥ ʞᴅʥʝ ʨʝʪʪʝʣʛʝʥ ʢʝʫʝʢʪʝʨ 

ʪʘʙʳʣʜʳ. RGO ʢᴇʙʽʛʽʥʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʟ ʩʘʣʤʘסʳʥʘʥ 90ï123 ʝʩʝ ʢᴇʧ ʙʦʣʜʳ, 

ʙʽʨʘץ ʝʢʽʥʰʽ ʮʠʢʣʜʝ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ װʰʪʝʥ ʙʽʨʛʝ ʪᴇʤʝʥʜʝʜʽ, ʘʣ ʝʢʽʥʰʽ ʮʠʢʣʜʘʥ 

ʢʝʡʽʥ ʦʣ ʪײʨʘץʪʳ ʙʦʣʳʧ ץʘʣʜʳ. ʉʦʥʜʘʡ-ʘץ, ʞײʤʳʩʪʘ RGO ʢᴇʙʽʛʽʥʽש ʩʽשʽʨʫ 

 .ʪʘʣʜʳץʘ (ʤʘʢʩʠʤʫʤ 15Áʉ) ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʩʽ ʘʥʳסʪʝʤʧʝʨʘʪʫʨʘ שʘʙʽʣʝʪʽʥʽץ

Liu ʞᴅʥʝ ʙʘʩץʘʣʘʨ [122], GO ʤʝʥ ʦʢʪʘʚʠʥʠʣ ʧʦʣʠʵʜʨʣʽ ʦʣʠʛʦʤʝʨʽʥ ץʦʣʜʘʥʳʧ 

ʜʘʡʳʥʜʘʣסʘʥ ʢʦʚʘʣʝʥʪʪʽ ʠʥʪʝʨʢʘʣʠʨʣʝʥʛʝʥ GO ʥʝʛʽʟʽʥʜʝʛʽ ʝʨʽʪʢʽʰʪʽש 

ʪʳסʳʟʜʳסʳʥʘ ץʘʨʘʡ ʝʢʽ ʘʨʘʣʘʩץʘʥ ʝʨʽʪʢʽʰʪʽ ʪʠʽʤʜʽ ʘʞʳʨʘʪʘ ʘʣʜʳ. ɹʽʨʘץ, 

ʘʣʳʥסʘʥ ʝʢʽ ʝʨʽʪʢʽʰʪʽץ שʦʩʧʘʩʳʥ ʪʝʢ ʙʽʨ ʝʨʽʪʢʽʰʪʽש ʪʳסʳʟʜʳסʳ ʩʫʜʘʥ ʞʦסʘʨʳ, 

ʘʣ ʝʢʽʥʰʽʩʽʥʽש ʪʳסʳʟʜʳסʳ ʩʫʜʘʥ ʪᴇʤʝʥ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʙᴇʣʝ ʘʣʘʜʳ. ɸʣ ʝʢʽ 

ʝʨʽʪʢʽʰʪʽש ʪʳסʳʟʜʳסʳ ʙʽʨʜʝʡ ʩʫʜʘʥ ʞʦסʘʨʳ ʥʝʤʝʩʝ ʪᴇʤʝʥ ʙʦʣʩʘ, ʙᴇʣʝ ʘʣʤʘʡʜʳ. 

ɸʣʳʥסʘʥ ʤʘʪʝʨʠʘʣ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʞᴅʥʝ ʩʫʜʘʥ ʙʘʩץʘ ʝʨʽʪʢʽʰʪʝʨʜʝ ʪײʨʘץʪʳ 

ʜʠʩʧʝʨʩʠʷ ʪװʟʝʜʽ, ʩʦʥʜʳץʪʘʥ ʩʫʜʳ ʤʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝʥ ʦשʘʡ 

ʳסʳʩʪʳʨʘʜʳ.  

GO-ʥʽש ʭʠʤʠʷʣʳץ ʪʦʪʳץʩʳʟʜʘʥʫʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʛʘʟ ʪᴅʨʽʟʜʽ 

ʙᴇʣʰʝʢʪʝʨʜʽש (ʤʳʩʘʣʳ, H2O ʞᴅʥʝ CO2) ʞʳʣʜʘʤ ʙᴇʣʽʥʫʽʥʝʥ, ʢʝʫʝʢʪʽ 

 שʨʳʣʳʤʜʘʨʳ ʛʘʟ ʪᴅʨʽʟʜʽ ʙᴇʣʰʝʢʪʝʨʜʽײץ ʘʙʘʪʪʳץ שʟʽʣʝʜʽ. GO-ʥʽװʨʳʣʳʤʜʘʨ ʪײץ

ʞʳʣʜʘʤ ʜʘʤʫʳ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ. פʘʙʳʨסʘʣʘʨʳʥʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ 

 ,ʘʙʘʪʪʘʩʫʳʥʘ ʞʦʣ ʙʝʨʤʝʡʜʽץ ʳʣʘʫʩʳʟשʩʘ שʪʘʨʳʥʳץʨʳʣʳʤʜʘʨʳ ʛʨʘʬʝʥ ʧʘʨʘײץ

ʥᴅʪʠʞʝʩʽʥʜʝ ʘʰʳץ ʢʝʫʝʢʪʽ ʞʝʣʽʣʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, Niu 

ʞᴅʥʝ ʙʘʩץʘʣʘʨ [123], RGO-ʥʝʥ ʢʝʫʝʢʪʽ ʢᴇʙʽʢʪʽש ʩʠʥʪʝʟʽ װʰʽʥ ʘʚʪʦʢʣʘʚʪʳ ʳʜʳʨʘʫ 

ʧʨʦʮʝʩʽʥ ʟʝʨʪʪʝʜʽ. ʊʦʪʳץʩʳʟʜʘʥסʘʥ ʛʨʘʬʝʥ ʢᴇʙʽʛʽʥʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʟ 

ʩʘʣʤʘסʳʥʘʥ 26-37 ʝʩʝ ʘʨʪʳץ ʜʝʧ ᴇʣʰʝʥʜʽ. 

Yang ʞᴅʥʝ ʙʘʩץʘʣʘʨ [124], ʛʨʘʬʝʥ ץʘʙʳץʰʘʩʳʥʳש ʤʘʢʨʦʢʝʫʝʢʪʽʣʽʛʽʥ 

ʙʘץʳʣʘʡ ʦʪʳʨʳʧ, ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʫ ʘʨץʳʣʳ GO 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʜʳ. ɾײʤʳʩʪʳש ʥᴅʪʠʞʝʩʽʥʜʝ ץʳʟʜʳʨʫʜʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳ 

ʛʘʟʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ʪʝʟʜʝʪʽʧ, ʩʫ ʢᴇʣʝʤʽʥ ʢʝשʝʡʪʝʜʽ. ɸʣʳʥסʘʥ ʧʣʝʥʢʘ ʤײʥʘʡ 

ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʽש ʪʳסʳʟʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ᴇʟ ʩʘʣʤʘסʳʥʘʥ 8-45 ʝʩʝ 

ʘʨʪʳץ ʩʽשʽʨʝ ʘʣʘʜʳ ʞᴅʥʝ ʦʥʳ ʚʘʢʫʫʤʜʘ ʥʝʤʝʩʝ ʤʝʭʘʥʠʢʘʣʳץ ץʳʩʫ ʘʨץʳʣʳ 

 ʥʘʡʜʘʥ ʪʘʟʘʨʪʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨײʘ ʙʦʣʘʜʳ. ʉʫʜʳ ʤסʘʡʪʘ ʧʘʡʜʘʣʘʥʫץ ʳʟʜʳʨʳʧץ

ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʛʫʙʢʘʣʘʨ, ʤʘʪʘʣʘʨ ʞᴅʥʝ ʤʘץʪʘ ʩʠʷץʪʳ ʪʘʙʠסʠ 

ʛʠʜʨʦʬʦʙʪʳ ʛʨʘʬʝʥ ʞʘʙʳʥʳ ʙʘʨ ʢʝʫʝʢʪʽ ʢʦʤʧʦʟʠʪʪʝʨ [125], ʙʘʪʳʨʫ, 

ʛʠʜʨʦʪʝʨʤʠʷʣʳ[126] ץ ʞᴅʥʝ ʪװʡʽʨʰʽʢʪʽ ʧʦʣʠʤʝʨʣʝʫ [127] ᴅʜʽʩʪʝʨʽ ʙʦʡʳʥʰʘ 

ʘʣʳʥʘʜʳ. ʂʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʪᴇʤʝʥ ʪʳסʳʟʜʳסʳ, ʞʘץʩʳ ʤʝʭʘʥʠʢʘʣʳץ 

 ʳʪʪʘסʘʙʽʣʝʪʪʽʣʽʛʽ ʤʝʥ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ, ʦʣʘʨʜʳ ʦʩʳ ʙʘץ ʽʨʫשʘʨʳ ʩʽסʘʩʠʝʪʪʝʨʽ, ʞʦץ

ᴇʪʝ ʧʘʡʜʘʣʳ ʝʪʝʜʽ. ɸʣʘʡʜʘ, ʙײʣ ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʤʘʡʜʳ ʜʘ, ʩʫʜʳ ʜʘ ʩʽשʽʨʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳש ʤʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʩʘץʪʘʡ 

ʦʪʳʨʳʧ, ʳʣסʘʣʜʘʥʫʳʥ ʩʫʧʝʨʛʠʜʨʦʬʠʣʴʜʽʜʝʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳסʘ ʘʫʳʩʪʳʨʫ 

  .ʘʞʝʪץ ʰʽʥ ʦʜʘʥ ᴅʨʽ ʤʦʜʠʬʠʮʠʨʣʝʫװ
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ɸʚʪʦʨʣʘʨ [128], ʰʝʪʪʝʨʽ ʛʨʘʬʝʥ ʅɹ-ʤʝʥ ץʘʧʪʘʣסʘʥ ʤʝʣʘʤʠʥ ʛʫʙʢʘʩʳ 

ʪʫʨʘʣʳ ʤᴅʣʽʤʜʝʜʽ. ʆʣʘʨ ᴅʨ ʪװʨʣʽ ʤʘʡʣʘʨ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ᴇʟ 

ʩʘʣʤʘסʳʥʘʥ 54-165 ʝʩʝ ʞʦסʘʨʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

ʞᴅʥʝ ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ. ɻʨʘʬʝʥ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʉɾɹ 132-ʛʝ, 

ʘʣ 7,3% ʛʨʘʬʝʥ ʥʘʥʦʧʘʨʘץʪʘʨʳʤʝʥ ʞװʢʪʝʣʛʝʥ ʛʫʙʢʘʣʘʨʜʘ 160-ץʘ ʪʝש ʙʦʣʜʳ. 

ʊʘʟʘ ʛʫʙʢʘ ץʘץשʘʩʳʥʳײץ שʨʳʣʳʤʳ ʪʝʛʽʩ, ʘʣ ʛʨʘʬʝʥ ʥʘʥʦʧʘʨʘץʪʘʨʳʤʝʥ ʞᴅʥʝ 

PDMS-ʤʝʥ ץʘʧʪʘʣסʘʥ ʛʫʙʢʘʣʘʨ ײץʨʳʣʳʤʳ ʤʠʢʨʦʢʝʫʝʢʪʽ, ʢʝʜʽʨ-ʙײʜʳʨ ʙʦʣʳʧ 

ʢʝʣʜʽ. ʉʦʥʜʘʡ-ʘץ, ʛʨʘʬʝʥ ʥʘʥʦʧʘʨʘץʪʘʨʳʥʳש TEM ʢʝʩʢʽʥʽ ʤʳʞʳʣסʘʥ ʞᴅʥʝ 

ʞʠʝʢʪʝʣʛʝʥ ʙʝʪʪʝʨʽ ʙʘʨ ʪʝʛʽʩ ײץʨʳʣʳʤʜʳ ʙʦʣʳʧ ʢʝʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞײʤʳʩʪʘ 

ʛʨʘʬʝʥʤʝʥ ʪʦʣʳץ ץʘʥʳץʧʘסʘʥ (ʤ.ʞ. 5,1%-ʜʘʥ ʪᴇʤʝʥ) ʛʫʙʢʘʥʳש ʩʫʣʘʥʫʳ 

ᴇʟʛʝʨʤʝʡʪʽʥʜʽʛʽ, ʘʣ ץʘʥʳץץʘʥ (ʤ.ʞ. 7,3% -ʜʘʥ ʞʦסʘʨʳ) ʛʫʙʢʘʥʳש ʢʝʫʝʢʪʝʨʽ 

ʙʽʪʝʣʽʧ, ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳסʳ (ʉɾɹ 160Á) ʦʜʘʥ ᴅʨʽ ʞʘץʩʘʨʤʘʡʪʳʥʜʳסʳ 

ʘʥʳץʪʘʣסʘʥ. ʄʝʭʘʥʠʢʘʣʳץ ʵʢʩʪʨʘʢʮʠʷʣʘʫ ʘʨץʳʣʳ ʘʣʳʥʙʘʡʪʳʥ ץʘʣʜʳץ ʤʘʡʜʳש 

ʩʘʣʜʘʨʳʥʘʥ, ʛʨʘʬʝʥʤʝʥ ץʘʧʪʘʣסʘʥ ʛʫʙʢʘʣʘʨʜʳש ʤʘʡʜʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʟ 

ʩʘʣʤʘסʳʥʘʥ ʙʽʨʽʥʰʽ ʞᴅʥʝ ʝʢʽʥʰʽ ʮʠʢʣʜʘʥ ʢʝʡʽʥ, ʩᴅʡʢʝʩʽʥʰʝ 20 - 18 ʝʩʝ ʢᴇʧ 

ʙʦʣʜʳ, ʘʣ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ װʰʽʥ ʦʣ ʙʝʩ ʮʠʢʣʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʜʳ.  

Liu ʞᴅʥʝ ʙʘʩץʘʣʘʨ [130], GO-ʤʝʥ ʞᴅʥʝ RGO-ʤʝʥ ץʘʧʪʘʣסʘʥ ʧʦʣʠʫʨʝʪʘʥʜʳ 

ʛʫʙʢʘ ʥʝʛʽʟʽʥʜʝʛʽ ʘʙʩʦʨʙʝʥʪ ʘʣʜʳ. RGO-ʤʝʥ ץʘʧʪʘʣסʘʥ ʛʫʙʢʘʥʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ 

(ᴇʟ ʩʘʣʤʘסʳʥʘʥ 80-160 ʝʩʝ ʘʨʪʳץ) GO-ʤʝʥ ʞʘʙʳʣסʘʥ ʛʫʙʢʘʤʝʥ (ᴇʟ ʩʘʣʤʘסʳʥʘʥ 

70-140 ʝʩʝ) ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʙʦʣʜʳ, ᴇʡʪʢʝʥʽ ʦʥʳש ʦʥʳש ʙʝʪʽʥʜʝʛʽ 

ʦʣʝʦʬʠʣʴʜʽ ʧʦʣʷʨʣʳץ ʪʦʧʪʘʨʜʳש ʤᴇʣʰʝʨʽ ʘʟ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽ ʞʦסʘʨʳ ʙʦʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, RGO-ʤʝʥ ץʘʧʪʘʣסʘʥ ʛʫʙʢʘ ʞʘץʩʳ ᴇשʜʝʣʜʽ ʞᴅʥʝ 50 ʮʠʢʣʜʘʥ 

ʢʝʡʽʥ ʜʝ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʟʛʝʨʤʝʜʽ. 

Sultanov ʞᴅʥʝ ʙʘʩץʘʣʘʨ [129] ʤײʥʘʡ ʤʝʥ ʩʫʜʳ ʙᴇʣʫʛʝ ʘʨʥʘʣסʘʥ 

ʤʠʢʨʦʪʦʣץʳʥʜʳ ʩᴅʫʣʝʣʝʥʜʽʨʫ  (MECVD) ʘʨץʳʣʳ ʛʨʘʬʝʥ ʥʘʥʦʧʣʘʩʪʠʥʢʘʣʘʨʳ 

ʥʝʛʽʟʽʥʜʝʛʽ 3D ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʩʠʥʪʝʟʜʝʜʽ. ɸʣʳʥסʘʥ ʛʨʘʬʝʥ-

ʥʘʥʦʧʣʘʩʪʠʥʢʘʣʘʨʳ ʥʝʛʽʟʽʥʜʝʛʽ 3D ʢʝʫʝʢʪʽ PU ʛʫʙʢʘʩʳ ʛʠʜʨʦʬʦʙʪʳʣʳסʳ 

ʞʦסʘʨʳ (ʉɾɹ 153,9Á) (ʩʫʨʝʪ 8 ᴅ, ʘ) ʞᴅʥʝ ʢװʰʪʽ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʪʪʝʨʛʝ ʠʝ  

(ʩʫʨʝʪ 9 ʙ) ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʣʳʧ ʪʘʙʳʣʜʳ. MECVD ʛʨʘʬʝʥʽʤʝʥ ץʘʧʪʘʣסʘʥ PU 

ʛʫʙʢʘʩʳ ʢʝʨʦʩʠʥ ʘʜʩʦʨʙʮʠʷʩʳʥʳש ʦʥ ʮʠʢʣʳʥʘʥ ʢʝʡʽʥ ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʩʦʨʙʝʥʪʪʝʨץ ʣ ʦʣʘʨʜʳ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʢᴇʧ ʨʝʪײʨʘʜʳ, ʙײץ 95,6%

ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʡץʳʥʜʘʜʳ (ʩʫʨʝʪ 8 ʚ). ʉʦʥʜʘʡ-ʘץ, 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʞᴅʥʝ ʦʣʝʦʬʠʣʴʜʽ MECVD-ʛʨʘʬʝʥʤʝʥ ץʘʧʪʘʣסʘʥ PU ʛʫʙʢʘ 

ʩװʟʛʽ ʨʝʪʽʥʜʝ ʩʫ ʙʝʪʽʥʜʝʛʽ ʦʨʛʘʥʠʢʘʣʳץ ʩײʡʳץʪʳץʪʳ װʟʜʽʢʩʽʟ ʙᴇʣʫ ʧʨʦʮʝʩʽ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ ʩײʡʳץʪʳץʪʳ ʪʦʣʳץ ʩʽשʽʨʽʧ, ʞװʡʝʜʝ ץʳʩʳʤ 

ʘʡʳʨʤʘʰʳʣʳסʳʥ ʪʫʜʳʨʩʘ ʜʘ ʩʫʜʳ ʤװʣʜʝʤ ʩʽשʽʨʤʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ (ʩʫʨʝʪ 8 ʛ). 

ʋʘץʳʪץʘ ʪᴅʫʝʣʜʽ ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ 

ʩײʡʳץʪʳץʪʘʨ (ʘʮʝʪʦʥ, ʙʝʥʟʠʥ, ʢʝʨʦʩʠʥ) װʰʽʥ 80-100 ʩʝʢ, ʘʣ ʪʳסʳʟʜʳסʳ ʞʦסʘʨʳ 

ʦʨʛʘʥʠʢʘʣʳץ ʩײʡʳץʪʳץʪʘʨ (ʤʦʪʦʨ ʤʘʡʳ, ʭʣʦʨʦʬʦʨʤ ʞᴅʥʝ çʊʝʥʛʠʟè ʢʝʥ 

ʦʨʥʳʥʳש ʤײʥʘʡʳ) װʰʽʥ 110ï120 ʩʝʢ ʩʦʨʙʮʠʷʣʳץ ʰʳשʳʥ  ʢᴇʨʩʝʪʪʽ (ʩʫʨʝʪ 8 ʜ). 
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ʉʫʨʝʪ 8 ï ɻʨʘʬʝʥ-ʥʘʥʦʧʣʘʩʪʠʥʢʘʣʘʨʳ ʥʝʛʽʟʽʥʜʝ 3D ʢʝʫʝʢʪʽ ʛʫʙʢʘʥʳש, (ʘ) ʉɾɹ; 

(ᴅ) ʛʠʜʨʦʬʦʙʪʳʣʳסʳ, (ʙ) ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ, (ʚ) ʩʫ ʤʝʥ ʭʣʦʨʦʬʦʨʤʜʳ 

ʩʝʧʘʨʘʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ; (ʛ) ʢʝʨʦʩʠʥ ʤʝʥ ʩʫʜʳ װʟʜʽʢʩʽʟ ʙᴇʣʫ ʧʨʦʮʝʩʽ (ʞ) ᴅʨ ʪװʨʣʽ 

ʤʘʡʣʘʨ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ [129, ʙ. 81] 

 

Sun ʞᴅʥʝ ʙʘʩץʘʣʘʨ [131], ᴇʟ ʩʘʣʤʘסʳʥʘʥ 11-25 ʝʩʝ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʙʘʨ, 

RGO-ʤʝʥ ץʘʧʪʘʣסʘʥ ʤʘץʪʘʣʳ ʘʙʩʦʨʙʝʥʪ ʘʣʜʳ. ʉʦʥʜʘʡ-ʘ[132] ,ץ ʘʚʪʦʨʣʘʨ ᴇʟ 

ʩʘʣʤʘסʳʥʘʥ 30-50 ʝʩʝ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʙʘʨ, ʛʨʘʬʝʥ ʞʘʙʳʣסʘʥ ʤʘץʪʘʣʳ ʩʦʨʙʝʥʪ 

ʩʠʥʪʝʟʜʝʜʽ. ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʤʘץʪʘʣʳ ʩʦʨʙʝʥʪʪʝʨʜʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʪʝʨʽ 

ʛʫʙʢʘʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʪᴇʤʝʥ ʙʦʣʘʪʳʥʜʳסʳ ʘʥʳץʪʘʣʜʳ [130, ʙ. 

490]. ɹײʣ ʩʦʨʙʝʥʪʪʝʨʜʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʪʝʨʽ ʤʘʪʝʨʠʘʣʜʳש ʢʝʫʝʢʪʽʣʽʛʽʥʝ, 

ʪʳסʳʟʜʳסʳʥʘ ʞᴅʥʝ ʛʠʜʨʦʬʦʙʪʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʜʽʛʽʥ ʘʡץʳʥʜʘʡʜʳ. 

ɻʨʘʬʝʥʤʝʥ ץʘʧʪʘʣסʘʥ ʛʫʙʢʘ [130, ʙ. 490] ʤʝʥ ʤʘץʪʘʥʳש [131, ʙ. 372; 132, ʙ. 297] 

ʘʨʘʩʳʥʜʘסʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽװ שʣʢʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ ʦʩʳ ʘʪʘʣסʘʥ ץʘʩʠʝʪʪʝʨʜʽש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʄʘץʪʘʥʳש ʢʝʫʝʢʪʽʣʽʛʽ ʛʫʙʢʘסʘ ץʘʨʘסʘʥʜʘ 

ᴅʣʜʝץʘʡʜʘ ʪᴇʤʝʥ ʝʢʝʥʜʽʛʽ ʙʝʣʛʽʣʽ. ʉʦʥʜʳץʪʘʥ ʛʨʘʬʝʥ ʞʘʙʳʣסʘʥ ʛʫʙʢʘʣʘʨʜʳש 

ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʛʨʘʬʝʥ ץʘʧʪʘʣסʘʥ ʤʘץʪʘסʘ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʞʦסʘʨʳ. Sun ʞᴅʥʝ 

ʙʘʩץʘʣʘʨ [131, ʙ. 490] 3D, ʉɾɹ 152Á, ʪʦʪ ʙʘʩʧʘʡʪʳʥ ʙʦʣʘʪʪʘʥ ʞʘʩʘʣסʘʥ ʛʨʘʬʝʥ 

ʪʦʨʳʥ ʩʠʥʪʝʟʜʝʜʽ. PDMS ʩʠʷץʪʳ ʘʟ ʵʥʝʨʛʠʷʥʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨ, 

ʛʨʘʬʝʥ ʤʝʥ ʛʫʙʢʘʣʘʨ ʥʝʤʝʩʝ ʤʘץʪʘ ʘʨʘʩʳʥʜʘסʳ ʘʜʛʝʟʠʷʥʳ ʞʘץʩʘʨʪʫʜʘ, ʛʨʘʬʝʥʜʽ 

ʢʝʫʝʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳ. [130, ʙ. 490; 131, ʙ. 

490]. Li  ʞᴅʥʝ ʙʘʩץʘʣʘʨ [133], 11,96% ʛʨʘʬʝʥ ʞװʢʪʝʣʛʝʥ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

KH-570 PU ʛʫʙʢʘ ʘʣʜʳ, ʦʣ ᴇʟ ʩʘʣʤʘסʳʥʘʥ 39 ʝʩʝ ʘʨʪʳץ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʪʽ. 

ɸʣʳʥסʘʥ ʛʫʙʢʘʣʘʨ ʞʘץʩʳ ץʘʡʪʘ ᴇשʜʝʣʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 120 

ʮʠʢʣʜʘʥ ʢʝʡʽʥ ʜʝ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʜʳ. Bai ʞᴅʥʝ ʙʘʩץʘʣʘʨ [134], ʩʫ/ʤʘʡ ץʦʩʧʘʩʳʥ 
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ʙᴇʣʫ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ 90%-ʜʘʥ ʞʦסʘʨʳ ʤʘʪʝʨʠʘʣʜʳ ʩʠʥʪʝʟʜʝʜʽ. ɸʣʳʥסʘʥ ʛʫʙʢʘ 

ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʳש ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ 3D ʧʦʣʠʤʝʨʣʽ ץʘץשʘʩʳʥʘʥ ʪװʟʽʣʛʝʥ. 

ɾʘשʘ ʛʫʙʢʘʣʘʨ ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʳש ʠʢʝʤʜʽʣʽʛʽ ʘʨץʘʩʳʥʜʘ ʤʳʞʳʣסʘʥ ʞᴅʥʝ 

ᴇʨʝʩʢʝʣ ײץʨʳʣʳʤʜʳ ʤʦʨʬʦʣʦʛʠʷʩʳ ʙʘʨ ʞᴅʥʝ ʢʝʨʝʤʝʪ ʤʝʭʘʥʠʢʘʣʳץ 

 ʡʽʨʰʽʢʪʽװʘʰ ʨʝʪ ʪסʘʣʘʨ [135], ʘʣץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ ʙʦʣʳʧ ʢʝʣʜʽ. Liu ʞᴅʥʝ ʙʘʩץ

ʧʦʣʠʤʝʨʣʝʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʢᴇʙʽʢ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʜʳ. ʆʣʘʨ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʢᴇʙʽʢʪʽ GO-ʥʽײץ שʨʘʤʳʥʜʘסʳ ʙʽʨʽʥʰʽʣʽʢ ʘʤʠʥ ʪʦʧʪʘʨʳʥ 

ʪʽʢʝʣʝʡ ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʘʤʠʜʪʝʫ, ʥʠʪʨʣʝʫ ʞʦʣʜʘʨʳʤʝʥ ʩʠʥʪʝʟʜʝʜʽ. ɹʦʩ ʢᴇʙʽʢʢʝ 

 ʳ ᴇʟʘʨʘסʘʥ ʢᴇʙʽʢ ʧʝʥ ʝʨʽʪʢʽʰʪʝʨ ʘʨʘʩʳʥʜʘסʘʥʜʘ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʨʘץ

ᴅʨʝʢʝʪʪʝʩʫ ʙʝʨʽʢʪʽʛʽʥʽש ʘʨץʘʩʳʥʜʘ, ʦʣʘʨʜʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽש ʞʦסʘʨʳʣʘʫʳʥ 

ʢᴇʨʩʝʪʪʽ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢᴇʙʽʢʪʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴅʨ ʪװʨʣʽ ʤʘʡʣʘʨ ʤʝʥ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ װʰʽʥ ᴇʟ ʩʘʣʤʘסʳʥʘʥ 26-41 ʝʩʝ ʘʨʪʳץ ᴇʣʰʝʥʜʽ. 

Fan ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ [136] RGO ʞᴅʥʝ ʧʦʣʠʬʝʥʠʣʝʥ ʩʫʣʴʬʠʜʽʥʝʥ ʪײʨʘʪʳʥ 

ʢװʰʪʽ ʪʘʣʰʳץʪʳ ʤʝʤʙʨʘʥʘ ʞʘʩʘʜʳ. ɹײʣ ʪʘʣʰʳץʪʳ ʤʝʤʙʨʘʥʘ ʤײʥʘʡ ʤʝʥ ʩʫʜʳ 

ʪʠʽʤʜʽ ʙᴇʣʫ װʰʽʥ ʪʘʤʘʰʘ ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʢ ʧʝʥ ʛʠʜʨʦʬʦʙʪʳʣʳץʪʳ ʢᴇʨʩʝʪʪʽ, 

ʥᴅʪʠʞʝʩʽʥʜʝ 99,99% ʪʠʽʤʜʽʣʽʢʧʝʥ ᴅʨʪװʨʣʽ ץʘʪʘʣ ɼʞʦʫʣʴ ʞᴅʥʝ ʢװʥ ץʳʟʜʳʨʫ 

ʞʘסʜʘʡʳʥʜʘ ʰʠʢʽ ʤײʥʘʡʜʳ ʪʝʟ ʩʽשʽʨʜʽ. Bai ʞᴅʥʝ Zhang [137] ʪʘʤʘʰʘ 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʘʨ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

RGO/ʥʠʢʝʣʴ ʞʘʙʳʥʳʥ ʞʘʩʘʜʳ. ɹײʣ ʅʄ 100 ʤʝʭʘʥʠʢʘʣʳץ ץʘʞʘʣʫʜʘʥ ʢʝʡʽʥ ʜʝ 

ᴇʟʽʥ-ᴇʟʽ ʪʘʟʘʨʪʫ ʞᴅʥʝ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽʥ ʩʘץʪʘʧ ץʘʣʜʳ.  

 

1 ï ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

GO, RGO ײץʨʳʣʳʤʳ, ʩʠʥʪʝʟʽ, ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ץʦʣʜʘʥʳʣʫ 

ʙʘסʳʪʪʘʨʳ ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ᴅʨʪװʨʣʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʥʘʥʦʞʘʙʳʥʜʘʨʜʳ 

ʩʠʥʪʝʟʜʝʫ ʤʝʥ ʦʣʘʨʜʳ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʞʝʪʽʩʪʽʢʪʝʨʽ ʢᴇʨʩʝʪʝʜʽ.  

 ʩʳץʞᴅʥʝ ʞʘ ץʟʘײ ʪʘʫ ʤʝʨʟʽʤʽץʦʣ ʞʝʪʽʤʜʽ,  ʩʘץ ,ʘʟʽʨʛʽ ʜᴅʫʽʨ ʟʠʷʥʩʳʟפ

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʣʽʢʢʝ ʠʝ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʥʘʥʦʞʘʙʳʥʜʘʨʜʳ ʘʣʫʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ. ʂʝʣʪʽʨʽʣʛʝʥ ᴅʜʝʙʠʝʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ 

ʩʦʨʙʝʥʪʪʝʨ ʤײʥʘʡʜʳש ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ʪᴇʛʽʥʜʽʣʝʨʽʥ 

ʪʘʟʘʨʪʫ ʞײʤʳʩʪʘʨʳʥʜʘ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʨץʘʩʳʥʜʘ װʣʢʝʥ ʤװʤʢʽʥʜʽʢʪʝʨ 

ʢᴇʨʩʝʪʝʪʽʥʜʽʛʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ʉʦʨʙʝʥʪʪʝʨʜʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʪʝʨʽ 

ʤʘʪʝʨʠʘʣʜʳש ʢʝʫʝʢʪʽʣʽʛʽʥʝ, ʪʳסʳʟʜʳסʳʥʘ ʞᴅʥʝ ʛʠʜʨʦʬʦʙʪʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʝʥʜʽʛʽ ʘʡץʳʥʜʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʧʦʣʠʤʝʨʣʽ 

ʥʘʥʦʞʘʙʳʥʜʘʨ ᴇʟʽʥ-ᴇʟʽ ʞʘץʩʳ ʪʘʟʘʨʪʫ ʞᴅʥʝ ʪʘʤʘʰʘ ʳʣסʘʣʜʘʥʫסʘ ץʘʨʩʳ 

 שʘʩʠʝʪʪʝʨ ʢᴇʨʩʝʪʝʪʽʥʜʽʛʽ ʤᴅʣʽʤʜʝʣʜʽ. ɻʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʥʘʥʦʤʘʪʝʨʠʘʣʜʘʨʜʳץ

ʞʦסʘʨʳ ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ, ʭʠʤʠʷʣʳץ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʨʽʢʪʽʛʽ, ʦʣʘʨʜʳש ʞʘץʩʳ ᴇשʜʝʣʽʧ, ʙʽʨʥʝʰʝ ʮʠʢʣʜʘʥ ʢʝʡʽʥ ʜʝ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽש 

ᴇʟʛʝʨʤʝʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ʉʦסשʳ סʳʣʳʤʠ ʞʝʪʽʩʪʽʢʪʝʨ ʛʨʘʬʝʥ ʥʝʛʽʟʽʥʜʝʛʽ ʢʦʤʧʦʟʠʪʪʝʨ ʵʢʦʣʦʛʠʷʣʳץ 

ʪʘʟʘ, ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ, ʝʣʝʫʣʽ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʝʢʝʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 
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2 ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ɹᴆʃɯʄ 

 

2.1 ɿʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ 

- ʊʘʙʠסʠ ʛʨʘʬʠʪ (99% ʢᴇʤʽʨʪʝʢ, ʪʘʟʘʣʳסʳ Ó 99%),  

- ʥʘʪʨʠʡ ʥʠʪʨʘʪʳ (NaNO3),  

- ʢװʢʽʨʪ ץʳʰץʳʣʳ (H2SO4),  

- ʢʘʣʠʡ ʧʝʨʤʘʥʛʘʥʘʪʳ (KMnO4, ʪʘʟʘʣʳסʳ Ó 97%),  

- ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪ (NH2-NH2ÅH2O, ʪʘʟʘʣʳסʳ 98%),  

- ʪʝʤʽʨ ʥʠʪʨʘʪʳʥʳש (ɯɯɯ) ʥʦʥʘʛʠʜʨʘʪʳ - (Fe(NO3)3·9H2O, ʪʘʟʘʣʳסʳ Ó 99.95%),  

- ʤʘʛʥʠʡ ʥʠʪʨʘʪʳʥʳש ʛʝʢʩʘʛʠʜʨʘʪʳ -  (Mg(NO3)2·6H2O, ʪʘʟʘʣʳסʳ  Ó99.0%),  

- ʧʦʣʠʚʠʥʠʣ ʩʧʠʨʪʽ (Mwå89.000~98.00, [-CH2CHOH-]n, ʪʘʟʘʣʳסʳ 99.0+%),  

- ʘʤʤʦʥʠʡ ʢʘʨʙʦʥʘʪʳ - ((NH4)2CO3, ʪʘʟʘʣʳסʳ Ó30.0%),  

- ʪʝʤʽʨ (III) ʦʢʩʠʜʽ (Fe2O3, ʪʘʟʘʣʳסʳ 99%),  

- ʤʘʛʥʠʡ ʦʢʩʠʜʽ (MgO, ʪʘʟʘʣʳסʳ 99%),  

- ʝʨʠʪʽʥ ʢʨʘʭʤʘʣ,  

- ʛʝʢʩʘʥ (C6H14 ʟʝʨʪʭʘʥʘʣʳץ ʨʝʘʛʝʥʪ, ʪʘʟʘʣʳסʳ Ó95%)  

- ʇʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ (ʦʨʪʘʰʘ Mn ~550, ʪײʪץʳʨʣʳסʳ ~25 cSt), PDMS -  

ʧʦʣʠʤʝʨʣʽ ʢʨʝʤʥʠʡʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʪʦʙʳʥʘ ʞʘʪʘʜʳ. PDMS - ʢʨʝʤʥʠʡ 

ʥʝʛʽʟʽʥʜʝʛʽ ʝש ʢᴇʧ ץʦʣʜʘʥʳʣʘʪʳʥ ʦʨʛʘʥʠʢʘʣʳץ ʧʦʣʠʤʝʨ, ᴇʡʪʢʝʥʽ ʦʥʳש 

ᴅʤʙʝʙʘʧʪʳסʳ ʤʝʥ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨʽ ᴅʨʪװʨʣʽ ʩʘʣʘʜʘ ץʦʣʜʘʥʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. PDMS ʝʨʝʢʰʝ ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʤʝʥ ʞᴅʥʝ ʪײʪץʳʨ ʩʝʨʧʽʤʜʽʣʽʛʽʤʝʥ 
ʙʝʣʛʽʣʽ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʪװʨʜʝʛʽ PDMS ʩʫ ᴇʪʢʽʟʙʝʡʪʽʥ ʞʘʙʳʥʜʘʨʜʳש 

ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ʢᴇʧ ץʦʣʜʘʥʳʣʘʜʳ. 

 

 
 

ʉʫʨʝʪ 9 ï PDMS ײץʨʳʣʳʤʜʳץ ʬʦʨʤʫʣʘʩʳ 

 

- ʉʠʣʠʢʦʥ ʤʘʡʳ AS 100 (ʪײʪץʳʨʣʳסʳ ~100 mPa.s, ʪʘʟʘ ʢװʡʽʥʜʝ (25 ÁC)). SO 
ʥʝʤʝʩʝ ʧʦʣʠʤʝʪʠʣʬʝʥʠʣʩʠʣʦʢʩʘʥ ʪʽʟʙʝʛʽʥʽץ שʘץשʘʩʳʥʘ ʬʝʥʠʣ ʨʘʜʠʢʘʣʜʘʨʳʥ 

ʝʥʛʽʟʫʤʝʥ ʝʨʝʢʰʝ ץʘʩʠʝʪʪʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ. SO ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʪʽʟʙʝʢʪʝʨʽ 

ʤʝʪʠʣʬʝʥʠʣʩʠʣʦʢʩʘʥ ʙʽʨʣʽʢʪʝʨʽʥʝʥ (I) ʥʝʤʝʩʝ ʜʠʤʝʪʠʣ ʞᴅʥʝ 

ʤʝʪʠʣʬʝʥʠʣʩʠʣʦʢʩʘʥ ʙʽʨʣʽʢʪʝʨʽʥʝʥ (II) ʥʝʤʝʩʝ ʜʠʤʝʪʠʣ ʞᴅʥʝ ʜʠʬʝʥʠʣʩʠʣʦʢʩʘʥ 

ʙʽʨʣʽʢʪʝʨʽʥʝʥ ʪײʨʫʳ ʤװʤʢʽʥ. SO ʞʦסʘʨʳ ʪʝʨʤʦʪʦʪʳץʪʳʨסʳʰʪʳץ ʞᴅʥʝ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʨʝʤʥʠʡ ʘʪʦʤʳʥʜʘסʳ ʬʝʥʠʣ ʨʘʜʠʢʘʣʳ 

ʤʝʪʠʣ ʨʘʜʠʢʘʣʳʤʝʥ װʡʣʝʩʢʝʥʜʝ ʦʨʛʘʥʦʩʠʣʦʢʩʘʥʜʘʨʜʳש ʪʝʨʤʠʷʣʳץ ʞᴅʥʝ 

ʪʝʨʤʦʪʦʪʳץʪʳʨסʳʰʪʳץ ʪײʨʘץʪʳʣʳסʳʥ 50Áʉ ï 70Áʉ  ʞʦסʘʨʳʣʘʪʘʜʳ, ʩʦʥʳʤʝʥ 

ʙʽʨʛʝ ʙʘʣץʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ, ʪײʪץʳʨʣʳץʪʳש ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ. ʌʝʥʠʣ ʨʘʜʠʢʘʣʜʘʨʳʥʳש ʩʘʥʳ SO-ʥʳש ʳʩʪʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʞᴅʥʝ 

ʙʘʩץʘ ץʘʩʠʝʪʪʝʨʽʥʝ ʝʨʝʢʰʝ ʢװʰʪʽ ᴅʩʝʨ ʝʪʝʜʽ. 
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ʉʫʨʝʪ 10 ï  SO ײץʨʳʣʳʤʜʳץ ʬʦʨʤʫʣʘʩʳ 

 

ɹʘʨʣʳץ ʢʝʣʪʽʨʽʣʛʝʥ ʨʝʘʢʪʠʚʪʝʨ Sigma-Aldrich ʢʦʤʧʘʥʠʷʩʳʥʘʥ ʘʣʳʥʜʳ. 

ɹʘʨʣʳץ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ ʘʥʘʣʠʪʠʢʘʣʳץ ʪʘʟʘʣʳץʪʘ ʙʦʣʜʳ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘ 

ᴇשʜʝʫʩʽʟ ץʦʣʜʘʥʳʣʜʳ. 

ʇʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ (PU, ʪʳסʳʟʜʳסʳ 22 ʢʛ/ʤ3) ʞʝʨʛʽʣʽʢʪʽ ײץʨʳʣʳʩ 

ʜװʢʝʥʽʥʝʥ ʘʣʳʥʜʳ.  

ʄײʥʘʡ ï CPC Blend ʩײʨʧ,r ʊʘʩʙʦʣʘʪ, ɸץʪʘʩ, ʊװʨʢʤʝʥʦʡ ʢʝʥ ʦʨʥʳ. 

ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ײץʨʳʣʳʤʜʳץ-ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣʜʳ. 

ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO ײץʨʘʤʳ ʤʝʥ ײץʨʳʣʳʤʳ ʪʫʨʘʣʳ ʥʘץʪʳ ʘץʧʘʨʘʪ ʘʣʫ 

 ץʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳ פʪʘʣʜʘʫʳ ʞʘʩʘʣʜʳ. ʀ ץʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳ פʰʽʥ ʀװ

ʪʘʣʜʘʫʳ Thermo Scientific Nicolet iS5 ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. 

ʉʧʝʢʪʨʦʤʝʪʨʜʽש ʩʧʝʢʪʨʣʽʢ ʜʠʘʧʘʟʦʥʳ 4000 ï 400 ʩʤ-1, ʩʝʟʽʤʪʘʣʜʳסʳ 2200 ï2100 

ʩʤ-1, ʞᴅʥʝ ʩʧʝʢʪʨʣʽʢ ʨץײʩʘʪʳ 0,8 ʩʤ-1 ʞʦסʘʨʳ. ʀפ ʩʧʝʢʪʨʣʝʨʽʥ ᴇʣʰʝʫ ʘʣʜʳʥʜʘ 

ʤʘʪʝʨʠʘʣ ʙʝʪʽʥʝ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳ ʢʝʪʽʨʫ ʤʘץʩʘʪʳʥʜʘ ʧʝʰʪʝ ץʳʟʜʳʨʳʣʜʳ. 

ɸʫʘʜʘ ʛʨʘʬʠʪʪʽש ʪʦʪʳסʫʳ 250 ï 300Áʉ-ʪʘ ʙʘʩʪʘʣʳʧ, 400Áʉ-ʪʘ ץʘʨץʳʥʜʳ ʞװʨʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ʳʣסʘʣʜʳ ʢʝʪʽʨʫ װʰʽʥ ʛʨʘʬʠʪʪʽ ʢװʡʜʽʨʫ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (200Áʉ 

ʞʦסʘʨʳ ʝʤʝʩ) ʦʨʳʥʜʘʣʜʳ. 

 

 
 

ʉʫʨʝʪ 11 ï ʀפ ʌʫʨʴʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

 

ɸʣʳʥסʘʥ ʅʄ-ʜʳײץ שʨʳʣʳʤʳʥ ʪʘʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʈʘʤʘʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫʳ ʞʘʩʘʣʜʳ. ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ ʘʨץʳʣʳ 

ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʤʦʣʝʢʫʣʘʽʰʽʣʽʢ ʞᴅʥʝ ʤʦʣʝʢʫʣʘʘʨʘʣʳץ ʪʝʨʙʝʣʽʩʽ ʪʫʨʘʣʳ 
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ʘץʧʘʨʘʪ ʧʝʥ ʨʝʘʢʮʠʷ ʪʫʨʘʣʳ ʪʦʣʳץ ʪװʩʽʥʽʢ ʘʣʳʥʜʳ.  ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʈʘʤʘʥ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫʳ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʜʳש ʞᴅʥʝ ʤʦʣʝʢʫʣʘʣʳץ 

 ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʢᴇʨʩʝʪʽʧ ʪᴇʤʝʥ ʞʠʽʣʽʢʪʽ ʨʝʞʠʤʜʝʨ ʤʝʥ ʪʝʨʙʝʣʽʩ שʨʳʣʳʤʥʳײץ

ʪʫʨʘʣʳ ץʦʩʳʤʰʘ ʘץʧʘʨʘʪ ʘʣʳʥʜʳ. ʈʘʤʘʥ ᴇʣʰʝʤʜʝʨʽ  LabRAM HR Evolution 

Raman ʩʧʝʢʪʨʦʤʝʪʨʽ ʙʘʨ Horiba-AIST-NT Omega ʘʫץʳʤ ʞװʡʝʩʽ ʘʨץʳʣʳ 

ʦʨʳʥʜʘʣʜʳ. ʉʧʝʢʪʨʦʤʝʪʨʜʽש ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʳש ʜʠʘʧʘʟʦʥʳ 1000 ï 4000 ʩʤ-1, 

ʣʘʟʝʨʽ 532 ʥʤ.  

 

 
 

ʉʫʨʝʪ 12 ï  LabRAM HR Evolution ʈʘʤʘʥ ʩʧʝʢʪʨʦʤʝʪʨʽ 

 

ɸʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʙʝʪʪʽʢ ײץʨʳʣʳʤʜʘʨʳʥ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ ʘʣʳʥʜʳ. ʉʕʄ  ʢʝʩʢʽʥʜʝʨʽ ʢʝʨʽ 

ʰʘʰʳʨʘסʘʥ ʵʣʝʢʪʨʦʥʜʳ ʜʝʪʝʢʪʦʨʳ ʙʘʨ, װʣʢʝʡʪʽʣʫʽ 10000ʭ GEMINI II 

ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʳ ʙʘʨ Carl Zeiss Crossbeam 540 

 .ʳʩʳʥʜʘ ʞʘʩʘʣʜʳסʨʳʣײץ

 

 
 

ʉʫʨʝʪ 13 ï  GEMINI II ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʳ 

 

ʕɼʈʉ ʪʘʣʜʘʫʳ Zeiss ʬʠʨʤʘʩʳʥʳש Crossbeam 540 - FE-SEM ʩʢʘʥʝʨʣʝʫʰʽ 

ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʳʥʜʘ ʦʨʳʥʜʘʣʜʳ. Crossbeam 540 ï ʥʘʥʦʪʦʤʦʛʨʘʬʠʷ 

ʞᴅʥʝ ʥʘʥʦʬʘʙʨʠʢʘʮʠʷסʘ ʘʨʥʘʣסʘʥ ʝʢʽ ʩᴅʫʣʝʣʽ FIB-SEM ʤʠʢʨʦʩʢʦʧʳʥʳש 
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ʢʦʥʬʠʛʫʨʘʮʠʷʩʳ ʕɼʈʉ ʟʝʨʪʪʝʫʣʝʨʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʕɼʈʉ ʪʘʣʜʘʫʣʘʨʳ 

ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש ʘʪʦʤʜʳײץ ץʨʳʣʳʤʳʥ, ʦʥʳש ʽʰʽʥʜʝʛʽ ʙʽʨʣʽʢ ײʷʰʳץʪʳש 

ʢʝשʽʩʪʽʢʪʽʢ ʪʦʙʳʥ, ʦʥʳש ᴇʣʰʝʤʽ ʤʝʥ ʧʽʰʽʥʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʨʠʩʪʘʣʜʳש 

ʩʠʤʤʝʪʨʠʷʣʳץ ʪʦʙʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʞʘʩʘʣʜʳ.  

ʈɼ ʢɻʩʧʝʨʠʤʝʥʪʪʽʢ ʪʘʣʜʘʫʣʘʨʳ Rigaku SmartLab ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨ 

ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥʜʘʣʜʳ. ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨʜʽש ʩᴅʫʣʝʣʝʥʫʽ Cu KŬ1 (ɚ = 

1,54056 Å). 

 

 
 

ʉʫʨʝʪ 14 ï Rigaku SmartLab ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨʽ 

 

MgFe2O4 ʅɹ-ʥʽש ʧʨʝʢʫʨʩʦʨʣʳץ ʪײʟʜʘʨʳʥʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʊɻ 

ʘʥʘʣʠʟʘʪʦʨʜʘ 200Áʉ ï 1200Áʉ  ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ, ץʳʟʜʳʨʫ 

ʞʳʣʜʘʤʜʳסʳ 10Áʉ/ʤʠʥ ʤʘʡʩʳʟ ʢʦʤʧʨʝʩʩʦʨ + ʪʝʨʤʦ ʙʫ  ʟʝʨʪʪʝʫ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ 

TGA Q500 ײץʨʳʣסʳʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ.  

MgFe2O4 ʅɹ-ʥʽש ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʽʥ, ʟʘʨʷʜʳʥ, ʦʨʪʘʰʘ ʤʦʣʝʢʫʣʘʣʳץ 

ʤʘʩʩʘʩʳʥ ʞᴅʥʝ ʵʣʝʢʪʨʦʢʠʥʝʪʠʢʘʣʳץ ʧʦʪʝʥʮʠʘʣʳ Zetasizer Nano ZS ZEN3600, 

Zetasizer Nano ZS, Malvern (ױʣʳʙʨʠʪʘʥʠʷ) ײץʨʳʣסʳʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

 

 
 

ʉʫʨʝʪ 15 ï Zetasizer Nano ZS ZEN3600 ײץʨʳʣסʳʩʳ 



39 
 

 

ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʘʨץʳʣʳ װʣʛʽʣʝʨʜʽש ʬʘʟʘʣʳץ ʢװʡʽ, ʤʘʛʥʠʪʪʽʢ 

 ץʵʥʝʨʛʝʪʠʢʘʣʳ שʰʽʥ ʛʘʤʤʘ-ʩᴅʫʣʝʣʝʥʫʜʽװ ʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. ʊʝʤʽʨ ʠʟʦʪʦʧʳץ

ʤᴅʥʽʥ ʘʥʳץʪʘʫʜʘ 10-8 ʜᴅʣʜʽʢʢʝ ʠʝ. MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ-ʥʽש ʄʝʩʩʙʘʫʵʨ 

ʟʝʨʪʪʝʫʣʝʨʽ MS1104Em ʩʧʝʢʪʨʦʤʝʪʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ. ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʣʝʨʽ 

ʩʪʘʥʜʘʨʪʪʳ Ŭ-Fe ʘʙʩʦʨʙʝʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ -10/+10 ʤʤ/ʩ 

ʞʳʣʜʘʤʜʳץ ʜʠʘʧʘʟʦʥʳʥʜʘ ʟʝʨʪʪʝʣʜʽ. 

ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʜʽ ʩʠʧʘʪʪʘʫ ʞᴅʥʝ 

ʰʧʠʥʝʣʴ ʬʝʨʨʠʪʪʝʨʽʥʽש ʠʥʚʝʨʩʠʷ ʜᴅʨʝʞʝʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʘסʳ 

ʙʽʨ ʤʘשʳʟʜʳ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʩʠʧʘʪʪʘʫ ᴅʜʽʩʽ ʪʝʤʽʨ ʷʜʨʦʩʳ ʤʝʥ ʢᴇʨʰʽ 

ʘʪʦʤʜʘʨʜʳש ʵʣʝʢʪʨʦʥʜʳץ ʟʘʨʷʜʳ ʘʨʘʩʳʥʜʘסʳ ʛʠʧʝʨʞץײʘ ʙʘʡʣʘʥʳʩʳʥ ʘʥʳץʪʘʫ 

  .ʦʣʜʘʥʳʣʘʜʳץ ʰʽʥװ

ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ᴅʨʪװʨʣʽ 

ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣʜʳ. 

ɹʘʩʪʘʧץʳ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU ʛʫʙʢʘʣʘʨʳʥʳש ʉɾɹ Dataphysics 

Instrument OCA 15EC ʢʦʥʪʘʢʪ ʙײʨʳʰʳʥ ʪʘʣʜʘʫ ʞװʡʝʩʽ ʘʨץʳʣʳ ᴇʣʰʝʥʜʽ. פʘʪʪʳ 

ʤʘʪʝʨʠʘʣʜʘʨ ʞʦסʘʨʳ ʙʝʪʪʽʢ ʵʥʝʨʛʠʷסʘ ʠʝ ʞᴅʥʝ ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʩʫ 

ʪʘʤʰʳʣʘʨʳ ʰʘסʳʥ ʞʘʥʘʩʫ ʙײʨʳʰʪʘʨʳʥ ײץʨʘʡʜʳ. פʘʪʪʳ ʙʝʪʪʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨʜʳש ʽʟʜʝʨʽ ʙʦʣʩʘ, ʦʥʜʘ ʩʫʤʝʥ ʞʘʥʘʩʫ ʙײʨʳʰʳ װʣʢʝʥ ʙʦʣʘʜʳ. ɹʘʡʣʘʥʳʩ 

ʙײʨʳʰʳʥʳש ʤᴅʥʽ ʙʝʪʽʥʽש ʪʘʟʘʣʳץ ʜᴅʨʝʞʝʩʽʥʝ ᴇʪʝ ʩʝʟʽʤʪʘʣ. ʊʽʧʪʽ 

ʤʦʥʦʤʦʣʝʢʫʣʘʣʳץ ʞʘʙʳʥ ʜʘ ʙײʣ ʤᴅʥʜʽ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. ɾʘʥʘʩʫ 

ʙײʨʳʰʳ ʩʫʣʘʥʘʪʳʥ ʩײʡʳץʪʳץʪʳ ʰʝʢʪʝʡʪʽʥ ʬʘʟʘ ʘʨʘʣʳץ ʙʝʪʪʝʨʛʝ ʞʘʥʘʤʘ 

ʞʘʟʳץʪʳץʪʘʨ ʞʘʩʘʡʪʳʥ ʙײʨʳʰ, ʘʣ ʙײʨʳʰʪʳש ʰʳשʳ װʰ ʬʘʟʘʥʳ ʙᴇʣʫ 

ʩʳʟʳסʳʥʜʘ ʞʘʪʳʨ. ɾʘʥʘʩʫ ʙײʨʳʰʳ ʦʪʳʨʳץʰʳ ʪʘʤʰʳ ᴅʜʽʩʽʤʝʥ ᴇʣʰʝʥʜʽ. 

 

 
 

ʉʫʨʝʪ 16 ï  Dataphysics Instrument OCA 15EC ʢʦʥʪʘʢʪ ʙײʨʳʰʳʥ ʪʘʣʜʘʫ ʞװʡʝʩʽ 
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2.2  GO ʞᴅʥʝ RGO ʩʠʥʪʝʟʽ 

GO ʩʠʥʪʝʟʽ ʙײʣ ᴅʜʝʪʪʝ ʛʨʘʬʠʪʪʽש ʭʠʤʠʷʣʳץ ʪʦʪʳסʫʳʥ, ʩʦʜʘʥ ʢʝʡʽʥ GO 

ʧʘʨʘץʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ץʘʙʳʨʰʘץʪʘʥʫʜʳ ץʘʤʪʠʜʳ. ɾʘʣʧʳ 

ʪʦʪʳץʪʳʨסʳʰʪʘʨ ʨʝʪʽʥʜʝ ʢװʢʽʨʪ ץʳʰץʳʣʳ ʩʠʷץʪʳ ʢװʰʪʽ ץʳʰץʳʣʜʘʨ 

ʨʘʤʳ ʦʪʪʝʛ̔ײץ ʪʘʨʳץʘʥ GO ʧʘʨʘסʦʣʜʘʥʳʣʘʜʳ. ɸʣʳʥץ ʥʽש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʥʝ ʠʝ 

ʙʦʣʘʜʳ ʞᴅʥʝ ʦʣ ʛʠʜʨʦʬʠʣʴʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. GO ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

Hummers ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣʜʳ [83, ʙ. 1339; 138, 139]. 0,5 ʛ NaNO3 25°C 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʘʨץʳʥʜʳ ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ 95%, 23 ʤʣ H2SO4 ʝʨʽʪʽʥʜʽʩʽʥʜʝ 

ʝʨʽʪʽʣʜʽ. 15 ʤʠʥʫʪ ץʘʨץʳʥʜʳ ʘʨʘʣʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥ ʝʨʽʪʽʥʜʽ 5Áʉ ʜʝʡʽʥ 

ʩʘʣץʳʥʜʘʪʳʣʳʧ, ʦסʘʥ 1 ʛ ʛʨʘʬʠʪ װʣʧʝʢʪʝʨʽ ץʦʩʳʣʜʳ. ʈʝʘʢʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʢװʨʪ ʞʦסʘʨʳʣʘʫʳʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ 3 ʛ KMnO4 ʪᴇʨʪ 

ʧʦʨʮʠʷסʘ (0,5, 1, 1 ʞᴅʥʝ 0,5 ʛ) ʙᴇʣʽʥʽʧ, ᴅʨץʘʡʩʳʩʳ 15 ʤʠʥʫʪ ʘʨʘʣʳץʧʝʥ ץʦʩʳʣʜʳ. 

KMnO4 ʩʦסשʳ װʰ ʧʦʨʮʠʷʩʳʥ ץʦʩץʘʥʥʘʥ ʢʝʡʽʥ ʪʝʤʧʝʨʘʪʫʨʘ 5Áʉ-ʪʘʥ 8, 10 ʞᴅʥʝ 

14Áʉ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʜʽ. 10 ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ ʨʝʘʢʮʠʷ ץʦʩʧʘʩʳ 35ÁC ʜʝʡʽʥ 

 ʳʥʜʳץʘʨץ ʰʽʥװ ʟʽʣʫʽʥ ʙʦʣʜʳʨʤʘʩװʪ שʘʪ ʙʦʡʳ ʘʛʨʝʛʘʪʪʘʨʜʳסʳʟʜʳʨʳʣʳʧ, 24 ʩʘץ

ʘʨʘʣʘʩʪʳʨʳʣʳʧ ʦʪʳʨʜ .r ʈʝʘʢʮʠʷʣʳץ ץʦʩʧʘסʘ ʪʝʤʧʝʨʘʪʫʨʘʥʳ 70ÁC-ʪʘʥ ʪᴇʤʝʥ 

 ʳʥʜʳ ʘʨʘʣʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʙʘʷʫ 50 ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫץʘʨץ ʰʽʥװ ʩʪʘʫײ

 ʳʥʜʘʪʳʣʜʳ ʞᴅʥʝץʦʩʳʣʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ, ʝʨʽʪʽʥʜʽ 20 ʤʠʥʫʪ ʙʦʡʳ 14ÁC ʜʝʡʽʥ ʩʘʣץ

ʪʝʤʧʝʨʘʪʫʨʘʥʳ 70ÁC-ʪʘʥ ʪᴇʤʝʥ ʩʘץʪʘʫ װʰʽʥ ʙʘʷʫ ץʦʩʳʤʰʘ 125 ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ 

ʩʫ ײץʡrʣʜʳ. ʉʦʜʘʥ 25 ʤʠʥʫʪʪʽʢ ʘʨʘʣʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥ, ץʦʩʧʘסʘ ᴅʨ 5 ʤʠʥʫʪ ʩʘʡʳʥ 

13Áʉ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʩʘץʪʘʡ ʦʪʳʨʳʧ 34,5 % 3 ʤʣ H2O2 ʩʫʣʳ ʝʨʽʪʽʥʜʽʩʽʥ 

ʢᴇʧʽʨʰʽʢʪʝʨ ʧʘʡʜʘ ʙʦʣסʘʥʰʘ ץʦʩʳʣʳʧ ʦʪʳʨʜʳ. ʆʩʳ 25 ʤʠʥʫʪ ʘʨʘʣʘʩʪʳʨʫ 

ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ GO ʝʨʽʪʽʥʜʽʩʽ 3 ʨʝʪ 10% HCl  ʩʫʣʳ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʞᴅʥʝ 2 ʨʝʪ ʨʅ 

= 1,1 ʪʝש ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ʤץײʠʷʪ ʰʘʡʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 2 ʩʘסʘʪ ʙʦʡʳ 

ʫʣʴʪʨʘʜʳʙʳʩʧʝʥ ᴇשʜʝʣʜʽ. ɼʠʩʧʝʨʩʠʷ Sigma 2 ï 16K ʮʝʥʪʨʠʬʫʛʘʩʳʥʜʘ 40 ʤʠʥʫʪ 

ʙʦʡʳ 3500 ʘʡʥ/ʤʠʥ ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ. ɸʣʳʥסʘʥ GO ʪײʥʙʘʩʳ 120ÁC ʧʝʰʪʝ 8 

ʩʘסʘʪ ʙʦʡʳ ʪײʨʘץʪʳ ʩʘʣʤʘץץʘ ʜʝʡʽʥ ʢʝʧʪʽʨʽʣʜʽ. GO ʪײʨʘץʪʳ ʤʘʩʩʘʩʳ 

ʪʝʢʩʝʨʽʣʤʝʜʽ ʞᴅʥʝ ʦʣ ʢʝʧʪʽʨʫʜʝʥ ʢʝʡʽʥ ʝʩʝʧʪʝʣʜʽ. 

GO-ʥ  r ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ. GO-ʥʳ RGO-סʘ ʜʝʡʽʥ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ 

 ʘʤʪʠʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝץ ʪʦʧʪʘʨʜʳ ʞʦʶʜʳ ץʨʘʤʳʥʜʘ ʦʪʪʝʛʽ ʙʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳײץ

ʵʣʝʢʪʨᴇʪʢʽʟʛʽʰʪʽʛʽ ʞʘץʩʘʨʪʳʣסʘʥ ʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʊʦʪʳץʩʳʟʜʘʥʜʳʨסʳ h ʨʝʪʽʥʜʝ ʛʠʜʨʘʟʠʥ ʪʘשʜʘʣʜʳ [138, ʙ. 8491; 139, ʙ. 48],  

ʩʝʙʝʙʽ RGO-ʥʳש ʘʪʘʣסʘʥ ץʘʩʠʝʪʪʝʨʽʥʝ ʦש ᴅʩʝʨ ʝʪʫ ʤװʤʢʽʥʜʽʛʽ ʞʦסʘʨʳ. 

ɼʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘסʳ 3 ʤʛ/ʤʣ GO ʢʦʣʣʦʠʜʪʳ ʩʫʩʧʝʥʟʠʷʩʳ 3 ʩʘסʘʪ ʙʦʡʳ 

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ʚʘʥʥʘʜʘ (Fisher 11201) ᴇשʜʝʣʜʽ. GO ʢʦʣʣʦʠʜʪʳ ʩʫʩʧʝʥʟʠʷʩʳʥʘ 

3 ʤʛ GO װʰʽʥ 1 ʤʢʣ NH2-NH2·H2O ץʦʩʳʣʜʳ. ɸʣʳʥסʘʥ ץʦʩʧʘ ʤʝʭʘʥʠʢʘʣʳץ ʪװʨʜʝ 

80ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 12 ʩʘסʘʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʨʘ ײʥʪʘץ 

ʪװʨ̔ʥʜʝʛʽ RGO ʪײʥʙʘʩʳ ʪװʟʽʣʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ ʨʝʘʢʮʠʷʣʳץ ץʦʩʧʘ ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʳʣʜʳ, RGO ײʥʪʘסʳ ʰʳʥʳ ʩװʟʛʽʜʝʥ (ʦʨʪʘʰʘ 

ʪʝʩʽʢ ᴇʣʰʝʤʜʽ) ʩװʟʽʣʜʽ ʞᴅʥʝ ʧʝʰʪʝ 150ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 10 ʩʘסʘʪ ʙʦʡʳ 

ʢʝʧʪʽʨʽʣʜʽ.  

RGO ᴇʟʽʥʽש ʢʝʨʝʤʝʪ ʰʳסʳʤʳʥʘ, ʪᴇʤʝʥ ײץʥʳʥʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʙʝʪʪʽʢ 

ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʘʩץʘ ʢʦʤʧʦʟʠʪʪʽʢ ʅʄ ץʘʨʘסʘʥʜʘ 



41 
 

ʧʦʣʠʤʝʨʣʝʨʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʞᴅʥʝ  ʝש ʪʘʤʘʰʘ ʪʦʣʳץʪʳʨסʳʰ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [138, ʙ. 8491]. 

 
 

ʉʫʨʝʪ 17 ï  GO ʞᴅʥʝ RGO ʜʘʡʳʥʜʘʣʫ ʩʭʝʤʘʩʳ 

 

2.3  MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ-ʥʽש ʘʣʳʥʫʳ 

MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ ʟʦʣʴ-ʛʝʣʴ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʘʣʳʥʜʳ [138, ʙ. 8491; 

140]. 15 ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ ʜʘʡʳʥʜʘʣסʘʥ 1,54 ʛ, 6 ʤʦʣʴ Mg(NO3)2·6H2O ʞᴅʥʝ 

4,85 ʛ, 12 ʤʦʣʴ (Fe(NO3)3·9H2O ʝʨʽʪʽʥʜʽʩʽʥʝ 2 ʛ, 6 ʤʦʣʴ ʝʨʽʛʽʰ ʢʨʘʭʤʘʣ ץʦʩʳʣʜʳ, 

 ץʦʩʧʘ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 15 ʤʠʥʫʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ʈʝʘʢʮʠʷʣʳץ

 ʦʩʧʘץ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʰʘʤʘʤʝʥ 120-140ÁC ʜʝʡʽʥ ʢᴇʪʝʨʽʣʜʽ ʞᴅʥʝ שʦʩʧʘʥʳץ

ʞʦסʘʨʳ ʪײʪץʳʨ ץʳʟʳʣ ʪװʩʪʽ (MgFe) ʛʝʣʴ ʪװʟʽʣʛʝʥʰʝ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ɹײʣ 

ʘʣʳʥסʘʥ (MgFe)-ʛʝʣʴʜʽ ʩʪʘʮʠʦʥʘʨʣʳץ ʘʫʘʜʘ ᴅʨ ʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (200-
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1200Áʉ) 2 ʩʘסʘʪ ʙʦʡʳ 5 ʂ/ʤʠʥ ץʳʟʜʳʨʫ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʢװʡʜʽʨʫ ʘʨץʳʣʳ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʤᴇʣʰʝʨʽ ᴅʨʪװʨʣʽ MgFe2O4 ײʥʪʘץʪʘʨʳ ʘʣʳʥʜ  r(ʷסʥʠ ʊʂ 200-ʜʝʥ 

1200°C-ץʘ ʜʝʡʽʥ). ʉʘʣʳʩʪʳʨʫ װʰʽʥ ʢᴅʜʽʤʛʽ ʘʨʘʣʘʩ ʦʢʩʠʜ ᴅʜʽʩʽʤʝʥ ʽʨʽ ʪװʡʽʨʰʽʢʪʽ 

MgFe2O4 ײʥʪʘסʳ ʜʘʡʳʥʜʘʣʜʳ. ʉʪʝʭʠʦʤʝʪʨʠʷʣʳץ ץʘʪʳʥʘʩʪʘסʳ Fe2O3 ʞᴅʥʝ MgO 

ʘʛʘʪ ײʥʪʘץʪʘסʳʰʪʘ ʞʘץʩʳʣʘʧ ײʥʪʘץʪʘʣʳʧ, ʩʪʘʪʠʢʘʣʳץ ʘʫʘʜʘ 1250ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24 ʩʘסʘʪ ʙʦʡʳ ʢװʡʜʽʨʽʣʜʽ. ɸʛʣʦʤʝʨʘʮʠʷʥʳ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ 

 ʩʫʣʳ ʝʨʽʪʽʥʜʽʩʽ שʦʩʧʘʩʳ ʨʝʪʽʥʜʝ 5% ʧʦʣʠʚʠʥʠʣ ʩʧʠʨʪʽʥʽץ ʘ ʧʨʝʩʪʝʫסʪʘʨץʥʪʘײ

 .ʦʩʳʧ ʘʨʘʣʘʩʪʳʨʳʣʜʳץ

 

 
 

ʉʫʨʝʪ 18 ï ʌʝʨʨʠʪʪʝʨʜʽש ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʽʥʽש ʩʘʪʳʣʳ ʩʭʝʤʘʩʳ 
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2.4 ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʜʘʡʳʥʜʘʣʫʳ 

ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʠʤʤʝʨʩʠʷʣʳץ ץʘʧʪʘʫ ᴅʜʽʩʽ 

ʙʦʡʳʥʰʘ PU ʛʫʙʢʘʥʳ, MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ, PDMS ʥʝʤʝʩʝ SO ʞᴅʥʝ ʜʝ RGO 

ʙʘʨ ʥʝʤʝʩʝ ʦʥʩʳʟ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣʜʳ [6, ʙ. 7908; 138, ʙ. 8491; 141]. 

ʆʣ װʰʽʥ, PU ʛʫʙʢʘ 1,5×1,5×1 ʩʤ ʢʝʩʝʢʪʝʨʛʝ ʢʝʩʽʣʽʧ, ʘʮʝʪʦʥʜʘ ʤץײʠʷʪ 

ʫʣʴʪʨʘʜʳʙʳʩʧʝʥ ʪʘʟʘʨʪʳʣʳʧ ᴇשʜʝʣʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ 30 ʤʠʥʫʪ 

ʞᴅʥʝ 80ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 3 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ ʪʘʟʘʨʪʳʣסʘʥ PU 

ʛʫʙʢʘ ʢʝʩʝʢʪʝʨʽ ʫʣʴʪʨʘʜʳʙʳʩʪʳש ᴅʩʝʨʽʤʝʥ 7 ʩʘסʘʪ ʙʦʡʳ 50 ʤʣ ʛʝʢʩʘʥʜʘסʳ 130 

ʤʛ MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ, 0 ʥʝʤʝʩʝ 40 ʤʛ RGO, 40 ʤʛ PDMS ʥʝʤʝʩʝ SO ʙʽʨʪʝʢʪʽ 

ʩʫʩʧʝʥʟʠʷʩʳʥʘ  ʙʘʪʳʨʳʣʳʧ ᴇשʜʝʣʜʽ. ʉʦשʳʥʜʘ, ʛʫʙʢʘ ʢʝʩʝʢʪʝʨʽ ʪʘʟʘʨʪʳʣסʘʥ 

ʩʫʤʝʥ ʙʽʨʥʝʰʝ ʨʝʪ ʞʫʳʣʳʧ, ʢʝʧʪʽʨʽʣʜʽ. MgFe2O4/PDMS, MgFe2O4/SO ʥʝʤʝʩʝ 

MgFe2O4/RGO/PDMS, MgFe2O4/RGO/SO ʤʘʩʩʘʣʳץ ʞװʢʪʝʣʫʽ 0-ʜʝʥ 40 ʤʘʩʩʘ% 

ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʜʽ. ʉʦשʳʥʜʘ, ײץʨʘʤʳʥʜʘ RGO ʙʘʨ ʞᴅʥʝ ʦʥʩʳʟ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨ ʩᴅʡʢʝʩʽʥʰʝ PU/MgFe2O4/RGO/PDMS,  

PU/MgFe2O4/RGO/SO ʞᴅʥʝ PU/MgFe2O4/PDMS, PU/MgFe2O4/SO ʜʝʧ ʘʪʘʣʜʳ. 

ʆʣʘʨʜʳײץ שʨʘʤʳʥʜʘ MgFe2O4 ʅɹ, PDMS ʥʝʤʝʩʝ SO ʞᴅʥʝ RGO ʙʦʣʫʳ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש ʩʦʨʙʮʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʞʘץʩʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʪʽ. ײפʨʘʤʳʥʜʘ MgFe2O4/PDMS, MgFe2O4/SO ʞᴅʥʝ 

MgFe2O4/RGO/PDMS, MgFe2O4/RGO/SO ʤᴇʣʰʝʨʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʽש 

ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʜʽ [142]. ʉʦʣ ʩʝʙʝʧʪʽ, ʙʘʨʣʳץ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽש ʟʝʨʪʪʝʫʣʝʨʽ 

ʝש ʞʦסʘʨʳ ʤ.ʞ. (%) ʤᴇʣʰʝʨʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ (ʷסʥʠ, ʤ.ʞ. 40%). 

 

 
 

ʉʫʨʝʪ 19 ï ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜrש ʜʘʡʳʥʜʘʣʫ ʩʭʝʤʘʩʳ 
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20-ʰ  r ʩʫʨʝʪʪʝ  RGO, MgFe2O4 ʞᴅʥʝ PDMS ʥʝʤʝʩʝ SO ץʦʩʧʘʣʘʨʳʥʳש 

ʘʨʘʩʳʥʜʘ ʞװʨʝʪʽʥ ʙʦʣʞʘʤʜʳ ʨʝʘʢʮʠʷʣʘʨ ʢʝʣʪʽʨʽʣʛʝʥ. ɹʦʣʞʘʤʜʳ ʨʝʘʢʮʠʷ 

PDMS-ʛʨʘʬʝʥ ʞװʡʝʩʽʥʽש ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʴʜʝʫʽʥʽש ʢʝʡʙʽʨ ʥᴅʪʠʞʝʣʝʨʽ 

ʥʝʛʽʟʽʥʜʝ ʢʝʣʪʽʨʽʣʜʽ [143]. ɻʨʘʬʝʥ ײץʨʳʣʳʤʳʥʳש ʰʝʪʢʽ ץʳʨʣʳ ʘʡʤʘץʪʘʨʳʥʜʘ 

ʙʦʩ ʙʘʡʣʘʥʳʩʪʘʨ ʩʘʥʳ ʢᴇʧ ʜʝʛʝʥ ʙʦʣʞʘʤ ʥʝʛʽʟʽʥʜʝ, ʝש ʘʣʜʳʤʝʥ, ʛʨʘʬʝʥ 

ʥʘʥʦײץʨʳʣʳʤʜʘʨʳʥʳץ שʳʨʣʳ ʰʝʪʪʝʨʽ ʧʦʣʠʤʝʨ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʛʨʘʬʝʥ 

ʥʘʥʦʬʨʘʛʤʝʥʪʪʝʨʽʥʝ ץʦʩʳʣʫʳʥʳש ʳץʪʠʤʘʣ ʘʡʤʘץʪʘʨʳ ʨʝʪʽʥʜʝ, ʷסʥʠ ʛʨʘʬʝʥ 

 ʢᴇʧ ʩʘʥʳ ʙʘʨ שʪʘʨʳʥʜʘ ʙʦʩ ʙʘʡʣʘʥʳʩʪʘʨʜʳץʳʨʣʳ ʰʝʪ ʘʡʤʘץ שʨʳʣʳʤʳʥʳײץ

ʜʝʛʝʥ ʙʦʣʞʘʤʤʝʥ ץʘʨʘʩʪʳʨʳʣʜʳ.  ʇʦʣʠʤʝʨ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʬʨʘʛʤʝʥʪʪʝʨʽ 

ʛʨʘʬʝʥʥʽש ʟʠʛ-ʟʘʛ ʞʠʝʛʽʥʝ ץʦʩʳʣʫסʘ ʙʦʣʘʪʳʥ ʳץʪʠʤʘʣ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨ r 20-

ʰʳ ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, PDMS ʤʦʣʝʢʫʣʘʩʳʥ ʛʨʘʬʝʥʛʝ ץʦʩʫʜʳש ʝʢʽ 

ʪװʨʣʽ ʞʦʣʳ ʢʝʣʪʽʨʽʣʜʽ. ɻʨʘʬʝʥ ײץʨʳʣʳʤʳʥʳש ʞᴅʥʝ PDMS ʤʦʣʝʢʫʣʘʩʳʥʳש 

ʢᴇʤʽʨʪʝʢ ʘʪʦʤʜʘʨʳ ʘʨʘʩʳʥʜʘ ʉïʉ  ʙʘʡʣʘʥʳʩʳʥ ײץʨʫ ʤװʤʢʽʥʜʽʛʽ, ʩʦʥʜʘʡ-ʘץ, 

ʛʨʘʬʝʥ ײץʨʳʣʳʤʳʥʳש ʢᴇʤʽʨʪʝʢ ʘʪʦʤʳ ʤʝʥ PDMS ʤʦʣʝʢʫʣʘʩʳʥʳש ʦʪʪʝʛʽ ʘʪʦʤʳ 

ʘʨʘʩʳʥʜʘ ʪװʟʽʣʛʝʥ ʉïʆ ʙʘʡʣʘʥʳʩʳ ʘʨץʳʣʳ ץʦʩʳʣʫ ʥײʩץʘʩʳ ʢᴇʨʩʝʪʽʣʜ.̔ ɹʝʨʽʣʛʝʥ 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨ װʰʽʥ ʙʘʡʣʘʥʳʩ ʵʥʝʨʛʠʷʩʳ 2,1 ʵɺ ʪᴇʤʝʥ ʜʝʧ ʝʩʝʧʪʝʣʜʽ. 

MgFe2O4 ʅɹ-ʨʽ  ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴇשʜʝʫ ᴅʩʝʨʽʥʝʥ RGO ʧʘʨʘץʪʘʨʳʥʳʥʳש ʽʰʽʥʜʝ 

ʪʘʨʘʪʳʣʳʧ, ʦʨʥʳץʪʳʨʳʣʜʳ ʜʝʧ ʙʦʣʞʘʤʜʘʣʜʳ. RGO ʧʘʨʘסʳʥʘ ʙʝʢʽʪʽʣʛʝʥ 

MgFe2O4 ʅɹ-ʨʽ ʪʝʢ ʪʝʤʽʨ ʞᴅʥʝ ʤʘʛʥʠʡ ʪײʟʜʘʨʳ ʙʘʨ ʪʦʪʳסʫ-ʪʦʪʳץʩʳʟʜʘʥʫ 

ʨʝʘʢʮʠʷʩʳ ʞװʡʝʩʽ ʘʨץʳʣʳ ᴇʥʜʽʨʽʣʝʜʽ. 

 

 
 

ʉʫʨʝʪ 20 ï RGO, MgFe2O4 ʞᴅʥʝ PDMS ʥʝʤʝʩʝ SO ץʦʩʧʘʣʘʨʳʥʳש 

ʘʨʘʩʳʥʜʘ ʞװʨʝʪʽʥ ʙʦʣʞʘʤʜʳ ʨʝʘʢʮʠʷ 
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2.5 ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ ʤʝʥ 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽץ ʜʝʫʛʝשʘʡʪʘ ᴇץ

ʄʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ-ʜʽש ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʜʳש  

ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʥʝʦʜʠʤʜʽ ʤʘʛʥʠʪʧʝʥ  (Ï 10 ʤʤ) ʪʘʨʪʫ ʘʨץʳʣʳ ʩʳʥʘʣʜʳ.  

ʉʦʥʜʘʡ-ʘץ, PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 

40%)  ʅʄ-ʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ 50 ʛ  ʩʘʣʤʘץʪʳ 10 ʤʠʥʫʪ ʙʦʡʳʥʘ ʞװʢʪʝʫ 

ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. ʄʘʪʝʨʠʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʞװʢʪʝʫʛʝ 

ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʢᴇʣʝʤʽʥʽש ᴇʣʰʝʤʽ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪ װʰ 

ʨʝʪʪʽʢ ץʘʡʪʘʣʘʥʳʤʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɹʘʩʪʘʧץʳ PU ʛʫʙʢʘʥʳש ʞᴅʥʝ ʤ.ʞ. 40%  PU/MgFe2O4/RGO/PDMS,  

PU/MgFe2O4/RGO/SO, ʩʦʥʜʘʡ-ʘץ PU/MgFe2O4/PDMS, PU/MgFe2O4/SO 

ʛʫʙʢʘʣʘʨʳʥʳש ʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. ʆʣ װʰʽʥ ʤʘʩʩʘʩʳ ʙʝʣʛʽʣʽ, 

ᴇʣʰʝʤʽ 1,5Ĭ1,5Ĭ1 ʩʤ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ᴅʨʙʽʨ ʛʫʙʢʘ ʙᴇʣʽʢʪʝʨʽ ʧʠʥʮʝʪʧʝʥ ʩʳʨʪץʳ 

ʢװʰ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫסʘ 10 ʤʠʥʫʪץʘ 

ʙʘʪʳʨʳʣʜʳ. ʉʫʜʳ ʩʽשʽʨʫ ʤʘʩʩʘʩʳʥ ʝʩʝʧʪʝʫ װʰʽʥ ʙʘʪʳʨʫ ʘʣʜʳʥʜʘ ʞᴅʥʝ ʢʝʡʽʥ ᴅʨ 

ʛʫʙʢʘʥrש ʤʘʩʩʘʩʳ װʰ ʨʝʪ ᴇʣʰʝʥʜʽ. ɹʘʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ץʘʡʪʘʨʘ 

ʞʘʩʘʣʳʥʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʰʠʢʽ ʤײʥʘʡ/ʩʫ ץʦʩʧʘʩʳ װʰʽʥ ʤ.ʞ. 40%  

PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʩʦʨʙʮʠʷʣʳץ 

ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʫ ץʘʙʽʣʝʪʪʽʣʽʢʪʝʨʽ ʙʘסʘʣʘʥʜʳ. ʗסʥʠ, ʙʝʣʛʽʣʽ ʩʘʣʤʘץʪʘסʳ ᴇʣʰʝʤʽ 

1,5×1,5×1 ʩʤ PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʙʽʨ 

ʙᴇʣʽʛʽ ʙʝʣʛʽʣʽ ײץʨʘʤʜʘסʳ ʤײʥʘʡ/ʩʫ ץʦʩʧʘʩʳʥʜʘסʳ ʤײʥʘʡ ץʘʙʘʪʳʤʝʥ 20 ʩʝʢʫʥʜץʘ 

ʞʘʥʘʩʪʳʨʳʣʜʳ. ɻʫʙʢʘʣʘʨʜʳש ʤײʥʘʡʜʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʘʥʳץʪʘʫ װʰʽʥ, ʦʣʘʨʜʳש 

ʤʘʩʩʘʩʳ ʙʘʪʳʨʫ ʘʣʜʳʥʜʘ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ װʰ ʨʝʪ ᴇʣʰʝʧ ʘʣʳʥʜʳ. ʉʫ ʙʝʪʽʥʜʝʛʽ 

ʰʠʢʽ ʤײʥʘʡסʘ ʤʘʣʳʥסʘʥ ʛʫʙʢʘʥr  ʤʘʛʥʠʪ ᴇʨʽʩʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦשʘʡ ʪʘʨʪʳʧ 

ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʐʠʢʽ ʤײʥʘʡʜʳ ʩʽשʽʨʛʝʥ ʛʫʙʢʘʥrש ʤʘʩʩʘʩʳ ᴇʣʰʝʛʝʥʥʝʥ 

ʢʝʡʽʥ ʦʥʳש ʙʦʡʳʥʜʘסʳ ʰʠʢʽ ʤײʥʘʡ ץʘʨʘʧʘʡʳʤ ʤʝʭʘʥʠʢʘʣʳץ ʩʳסʫ ʘʨץʳʣʳ 

ʙᴇʣʽʥʽʧ ʘʣʳʥʜʳ. ɹײʣ ʮʠʢʣ 35 ʨʝʪ ץʘʡʪʘʣʘʥʳʧ, ʘʙʩʦʨʙʮʠʷ/ʨʝʮʠʨʢʫʣʷʮʠʷʥʳ 

ʟʝʨʪʪʝʫ װʰ ʨʝʪʪʝʥ ʦʨʳʥʜʘʣʜʳ.  

ʉʦʥʜʘʡ-ʘץ, ʤ.ʞ. 40%  PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/RGO/SO, 

ʩʦʥʜʘʡ-ʘץ PU/MgFe2O4/PDMS, PU/MgFe2O4/SO ʛʫʙʢʘʣʘʨʳʥrש ʩʦʨʙʮʠʷʣʳץ ʞᴅʥʝ 

ʨʝʮʠʨʢʫʣʷʮʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʟᴅʡʪװʥ ʤʘʡʳ (ʪʳסʳʟʜʳסʳ 0,918 ʛ/ʤʣ) ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʪʳסʳʟʜʳץʪʘסʳ ʙʝʩ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ (ʷסʥʠ, ʛʝʢʩʘʥ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʪʦʣʫʦʣ 

ʞᴅʥʝ ʭʣʦʨʦʬʦʨʤ, ʪʳסʳʟʜʳסʳ ʩᴅʡʢʝʩʽʥʰʝ 0,655 ʛ/ʤʣ, 0,789 ʛ/ʤʣ, 0,786 ʛ/ʤʣ, 

0,867 ʛ/ʤʣ ʞᴅʥʝ 1,49 ʛ/ʤʣ) װʰʽʥ ʙʘסʘʣʘʥʜʳ. ʆʣ װʰʽʥ ʩʘʣʤʘסʳ ʙʝʣʛʽʣʽ ᴇʣʰʝʤʽ 

1,5×1,5×1 ʩʤ PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/RGO/SO, ʩʦʥʜʘʡ-ʘץ 

PU/MgFe2O4/PDMS, PU/MgFe2O4/SO ʛʫʙʢʘʣʘʨʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʤʘʡסʘ ʥʝʤʝʩʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʛʝ 20 ʩʝʢʫʥʜץʘ ʙʘʪʳʨʳʣʜʳ. ʆʨʪʘʰʘ ʩʘʣʤʘץʪʳ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ ᴅʨʙʽʨ ʛʫʙʢʘʥrש ʤʘʩʩʘʩʳ ʙʘʪʳʨʫסʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥ װʰ ʨʝʪ 

ᴇʣʰʝʥʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ ʛʫʙʢʘ ʙʦʡʳʥʜʘסʳ ʤʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ 

 ʘʡʪʘץ ʳʣʳ ʙᴇʣʽʥʽʧ ʘʣʳʥʜʳ ʞᴅʥʝ ʛʫʙʢʘʣʘʨץʫ ʘʨסʩʳ ץʘʨʘʧʘʡʳʤ ʤʝʭʘʥʠʢʘʣʳץ

ʧʘʡʜʘʣʘʥʫ ʘʣʜʳʥʜʘ ʧʝʰʪʝ ʢʝʧʪʽʨʽʣʜʽ.  
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ʄ.ʞ. 40% PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש 

ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜ ̔ ʙᴇʣʽʧ ʘʣʫ ʪʠʽʤʜʽʣʽʛʽ (Ï 6 ʤʤ) 

ʚʘʢʫʫʤʜʳץ ץʦʩʳʣʳʤʳ ʙʘʨ 125 ʤʣ ʩװʟʛʽ ʢʦʣʙʘʩʳʥ, ʨʝʟʝשʢʝ ʪʳסʳʥʜʳ, ʚʦʨʦʥʢʘʥʳ 

ʞᴅʥʝ ץʦʣʜʳ ʚʘʢʫʫʤʜʳ ʥʘʩʦʩʪʳ ʧʘʡʜʘʣʘʥʳʧ ʙʘסʘʣʘʥʜʳ. ɹʝʣʛʽʣʽ ײץʨʘʤʜʘסʳ 

ʤײʥʘʡ/ʩʫ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰ/ʩʫ ץʦʩʧʘʣʘʨʳ PU/MgFe2O4/RGO/PDMS,  

PU/MgFe2O4/RGO/SO  ʛʫʙʢʘʣʘʨʳ ʘʨץʳʣʳ ʩװʟʽʣʜʽ. PU/MgFe2O4/RGO/PDMS,  

PU/MgFe2O4/RGO/SO  ʛʫʙʢʘʣʘʨʳʥʳש ʤʘʡʣʘʨ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ 

ʙᴇʣʫ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ ʩװʟʫʜʝʥ ʢʝʡʽʥ ʚʦʨʦʥʢʘʜʘ ץʘʣסʘʥ ʩʫʜʳש ʞᴅʥʝ ʩװʟʛʽ 

ʢʦʣʙʘʩʳʥʘ ʞʠʥʘʣסʘʥ ʤʘʡʜʳש ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ʤʘʩʩʘʩʳ 

ʦʣʘʨʜʳש ʙʘʩʪʘʧץʳ ץʦʩʧʘʣʘʨʜʘסʳ ʤʘʩʩʘʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. ɹʘʨʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ץʘʡʪʘʨʘ ʦʨʳʥʜʘʣʜʳ. 

 

2.6 ɽʩʝʧʪʝʫʣʝʨ 

MgFe2O4 ʅɹ-ʥʽײץ שʨʳʣʳʤʳʥʜʘסʳ ᴅʨʪװʨʣʽ ʬʘʟʘʣʘʨʜʳש ʢᴇʣʝʤʜʽʢ װʣʝʩʽʥ 

ʘʥʳץʪʘʫ 1-ʰ ̔ʪʝשʜʝʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ [144]: 

 

ὠÁÄÍÉØÔÕÒÅ
ÐÈÁÓÅ

ÁÄÍÉØÔÕÒÅ
        (1) 

 

Iphase  - ʜʠʬʨʘʢʮʠʷ ʩʳʟʳסʳʥʳש ʥʝʛʽʟʛʽ ʬʘʟʘʩʳʥʳש ʦʨʪʘʰʘ ʠʥʪʝʛʨʘʣʜʳץ 

 ץʦʨʪʘʰʘ ʠʥʪʝʛʨʘʣʜʳ שʦʩʧʘʣʘʨ ʬʘʟʘʩʳʥʳץ ʳ (100), Iadmixture ïסʳʥʜʳʣʳץʘʨץ

  .שʢʦʵʬʬʠʮʠʝʥʪ - 1,45-ʢʝ ʪʝ ץʨʳʣʳʤʜʳײץ ʳ, R ïסʳʥʜʳʣʳץʘʨץ

MgFe2O4 ʅɹ-ʥʽש ʈɼ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʪʦʨ ʧʘʨʘʤʝʪʨʣʝʨʽ (ʘ) 

ʢʝʣʝʩʽ ʪʝשʜʝʫ (2) ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. 

 

ʘ  ὨÈËÌ    Ὧ  ὰ         (2) 

 

ʤײʥʜʘסʳ a ï ʪʦʨʜʳש ʧʘʨʘʤʝʪʨʽ, d ï ʝʢʽ ʞʘʟʳץʪʳץ ʘʨʘʩʳʥʜʘסʳ ʪʦʨ 

ʘʨʘʣʳסʳ, h, k, l ï ʄʠʣʣʝʨ ʠʥʜʝʢʩʪʝʨʽ.  

ʆʨʪʘʰʘ ʢʨʠʩʪʘʣʣʠʪ ᴇʣʰʝʤʽ Scherer ʪʝשʜʝʫʽ (3) ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ [144, ʙ. 

83]: 

 

Ὀ       (3) 

 

ʤײʥʜʘסʳ, D ï ʢʨʠʩʪʘʣʣʠʪ ᴇʣʰʝʤʽ, ʥʤ; k = 0,9 - ᴇʣʰʝʤʩʽʟ ʙᴇʣʰʝʢʪʝʨ ʧʽʰʽʥʽʥʽש 

ʢʦʵʬʬʠʮʠʝʥʪʽ (Scherer ʪײʨʘץʪʳʩʳ), ɚ = 1,5406 ʥʤ (ʨʝʥʪʛʝʥ ʩᴅʫʣʝʣʝʨʽʥʽש 

ʢᴇʟʜʝʨʽʥʽש ʪʦʣץʳʥ ײʟʳʥʜʳסʳ), ɓ - ʪʦʣʳץ ʝʥʽ-ʞʘʨʪʳʣʘʡ ʙʠʽʢʪʽʢ (ʨʘʜʠʘʥ) ʞᴅʥʝ ɗ ï 

ʰʳשʥʳש ʦʨʥʳ (ʨʘʜʠʘʥ).  

(1), (2), (3) ʪʝשʜʝʫʣʝʨ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 4-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. 

ʄײʥʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ᴅʨʪװʨʣʽ ץʦʩʧʘʣʘʨʳ װʰʽʥ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʥʳש ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ (R(%)) 

ʪʝשʜʝʫ (1) ʘʨץʳʣʳ ʩʽשʽʨʫʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰ ʤʘʩʩʘʩʳʥ ᴇʣʰʝʫ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ [141, ʙ. 1777]: 
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2Ϸ ρzππϷ            (4) 

 

ʤײʥʜʘסʳ n1, n2 ï ʤײʥʘʡ/ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰ ʧʝʥ ʩʫ ץʦʩʧʘʩʳʥʳש 

ʙᴇʣʽʥʛʝʥʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ ʞʘʣʧʳ ʤʘʩʩʘʩʳ, ʘʣ n0 ï ʩʽשʽʨʽʣʛʝʥʛʝ 

ʜʝʡʽʥʛʽ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʽש ʤʘʩʩʘʩʳ. ɹʘʨʣʳסʳ 20 ʮʠʢʣ 

ʦʨʳʥʜʘʣʜʳ ʞᴅʥʝ ʙʘʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ʢᴇʰʽʨʤʝʜʝ ʞʘʩʘʣʜʳ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʦʨʪʘʰʘ ʝʩʝʧ ʙʝʨʽʣʜʽ. 

ʄ.ʞ. 40% PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO, PU/MgFe2O4/SO  ʛʫʙʢʘʣʘʨʳʥʳש ʘʙʩʦʨʙʮʠʷʣʳץ 

ʘʙʽʣʝʪʪʽʣʽʛʽ (1ץ Ⱦ̄̄ ) ʢʝʣʝʩʽ ʪʝשʜʝʫ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ [138, ʙ. 8491; 141, ʙ. 

1777]: 

 

1 ̄Ⱦ̄                   (5) 

 

ʤײʥʜʘסʳ m2 ʞᴅʥʝ m1 ï ʛʫʙʢʘʥʳש ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ 

ʩʽשʽʨʫʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʤʘʩʩʘʣʘʨʳ. ɻʫʙʢʘʥʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʛʽ 

ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ 3 ʨʝʪ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʦʨʪʘʰʘ ʘʙʩʦʨʙʮʠʷʣʳץ 

 .ʘʙʽʣʝʪʪʽʣʽʢ ʤᴅʥʽ ʞʘʟʳʣʜʳץ

ʄ.ʞ. 40% PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO, PU/MgFe2O4/SO  ʛʫʙʢʘʣʘʨʳʥʳש ʘʙʩʦʨʙʮʠʷʣʳץ 

 ʜʝʫשʘʪʝʣʽʢ (SD) ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʪʝץ ʘʙʽʣʝʪʪʽʣʽʛʽ ʙʦʡʳʥʰʘ cʪʘʥʜʘʨʪʪʳץ

ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ:  

 

SD = 
В  ̖

                        (6) 

 

ʤײʥʜʘסʳ ʭ - ʛʫʙʢʘʥʳש ʩʽשʽʨʛʝʥ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש 

ʤᴇʣʰʝʨʽ,  ̖ï ʙʘʨʣʳץ ץʘʡʪʘʣʘʥʫ ʙʦʡʳʥʰʘ ʩʽשʽʨʛʝʥ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨʜʽש ʤᴇʣʰʝʨʽʥʽש ʦʨʪʘʰʘ ʤᴅʥʽ, ὲ ï ʵʢʩʧʝʨʠʤʝʥʪʪʽץ שʘʡʪʘʣʘʥʫʳʥrש 

ʞʘʣʧʳ ʩʘʥʳ. 

ʉʘʣʳʩʪʳʨʤʘʣʳ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫ (RSD) ʢʝʣʝʩʽ ʪʝשʜʝʫ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʣʜʽ:                                

 

RSD
ˢ
ρzππϷ                   (7) 

 

ʤײʥʜʘסʳ SD - cʪʘʥʜʘʨʪʪʳ ץʘʪʝʣʽʢ, -̖ ʵʢʩʧʝʨʠʤʝʥʪʪʽש ʦʨʪʘʰʘ ʤᴅʥʽ. 

 

2 ï ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

RGO ʧʘʨʘץʪʘʨʳʥʳש ʩʠʥʪʝʟʽ ʝʢʽ ʢʝʟʝשʜʝ ʩʠʧʘʪʪʘʣʜʳ: ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

Hummers ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʛʨʘʬʠʪʪʝʥ Gʆ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʛʠʜʨʘʟʠʥ 

ʤʦʥʦʛʠʜʨʘʪʳʤʝʥ ʘʣʳʥסʘʥ Gʆ ʭʠʤʠʷʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 
ʤʘʛʥʠʪʪʽʢ MgFe2O4 ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʽ ʘʨץʳʣʳ ʩʠʥʪʝʟʜʝʣʜʽ. 
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ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨ PU ʛʫʙʢʘʥʳ ʤ.ʞ. 20% ʞᴅʥʝ 40% 

ʙʦʣʘʪʳʥ MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ, PDMS ʥʝʤʝʩʝ SO ʞᴅʥʝ ײץʨʘʤʳʥʜʘ RGO ʙʘʨ 

ʥʝʤʝʩʝ ʦʥʩʳʟ ʠʤʤʝʨʩʠʷʣʳץ ץʘʧʪʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʜʘʡʳʥʜʘʣʜʳ. 

ɾʘשʘ ʤ.ʞ. 40% PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO, PU/MgFe2O4/SO  ʅʄ-ʜʳש ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ, ʤʘʛʥʠʪʪʽ 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽץ ʜʝʫʛʝשʘʡʪʘ ᴇץ ʘʩʠʝʪʪʝʨʽ ʤʝʥ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽ ʞᴅʥʝץ

ʘʡץʳʥʜʘʣʜʳ. 
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3. ʅᴄʊʀɾɽʃɽʈ ɾᴄʅɽ ʆʃɸʈɼʓ ʊɸʃפʓʃɸʋ 

 

3.1 GO ʞᴅʥʝ RGO ײץʨʳʣʳʤʜʳץ-ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

3.1.1 ʀפ ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ 

1 ʩʫʨʝʪʪʝ GO ʞᴅʥʝ RGO (0,5 ʤʛ/ʤʣ) ʩʫ ʜʠʩʧʝʨʩʠʷʣʘʨʳʥʳש ʢʝʩʢʽʥʜʝʨʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ײפʨʘʤʳʥʜʘ ʛʠʜʨʦʢʩʠʣʜʽ, ʵʧʦʢʩʠʜʪʽ ʞᴅʥʝ ʢʘʨʙʦʢʩʠʣʜʽ ʪʦʧʪʘʨʳʥʳש 

ʙʦʣʫʳ ʝʩʝʙʽʥʝʥ GO ʧʘʨʘץʪʘʨʳʥʳש ʙʝʪʽʥʜʝ ʛʠʜʨʦʬʠʣʜʽ ץʘʩʠʝʪ ʧʘʡʜʘ ʙʦʣʘʜʳ [37, 

ʙ. 225; 138, ʙ. 8491], ʦʩʳʣʘʡʰʘ ʦʣʘʨ ʩʫʜʘ ʪײʨʘץʪʳ ץʦשʳʨ ʜʠʩʧʝʨʩʠʷʥʳ ʪװʟʝʜʽ 

[145]. ɾᴅʥʝ ʢʝʨʽʩʽʥʰʝ, ʦʩʳʥʜʘʡ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳש ʘʟʘʶʳ RGO 

ʧʘʨʘץʪʘʨʳʥʘ ʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪ ʙʝʨʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ץʘʡʪʳʤʩʳʟ ʘʛʨʝʛʘʪʪʘʨ 

ʧʘʡʜʘ ʙʦʣʘʜʳ ʥʝʤʝʩʝ ˊ-ˊ ץʘʙʘʪʪʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʫʜʘ ʛʨʘʬʠʪ ʪװʟʽʣʫʽʤʝʥ 

 שʪʘʨʳʥʜʘ ʢʘʨʙʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳץʘʙʘʪʪʘʩʘʜʳ. GO ʞᴅʥʝ RGO ʧʘʨʘץ ʘʡʪʘץ

ʠʦʥʜʘʥʫʳ ʝש ʘʣʜʳʤʝʥ ʞʠʥʘץʪʘʣסʘʥ ʟʘʨʷʜ װʰʽʥ ץʘʞʝʪ, ʙʽʨʘץ GO ʧʘʨʘץʪʘʨʳʥʜʘ 

ʢʘʨʙʦʢʩʠʣ ʪʦʧʪʘʨʳʥʘ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ ʬʝʥʦʣ ʞᴅʥʝ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳש 

ʙʦʣʫʳ ʢʘʨʙʦʢʩʠʣʘʪ ʘʥʠʦʥʳʥ ʪײʨʘץʪʘʥʜʳʨʘʜʳ, ʙײʣ RGO ʧʘʨʘץʪʘʨסʘ ץʘʨʘסʘʥʜʘ 

ʩʫʜʳש ʞʘץʩʳ ʜʠʩʧʝʨʩʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʩʫʨʝʪ 21). ʄײʥʜʘʡ ʩʫʜʘסʳ 

ʜʠʩʧʝʨʩʠʷ  RGO ʧʘʨʘץʪʘʨʳʥʳש ʙʝʪʽʥʜʝ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʥʳש ᴅʣʽ ʜʝ ʙʘʨ ʝʢʝʥʽʥ 

ʙʽʣʜʽʨʝʜʽ, ʙײʣ  RGO ʙʝʪʽʥʽש ʦʨʛʘʥʠʢʘʣʳץ ʤʦʣʝʢʫʣʘʣʘʨʤʝʥ ʛʠʜʨʦʬʦʙʪʳʣʳסʳʥʘ 

ʳץʧʘʣ ʝʪʝʜʽ. ɹײʣ ʀפ ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳʥʳש ʪʘʣʜʘʫʳʤʝʥ ʘʥʳץ ʨʘʩʪʘʣʜʳ. 

 

 
 

ʉʫʨʝʪ 21 ï 0, 1, 2 ʞᴅʥʝ 3 ʢװʥʥʝʥ ʢʝʡʽʥʛʽ GO ʞᴅʥʝ RGO ʩʫ ʜʠʩʧʝʨʩʠʷʣʘʨʳʥʳש 

ʬʦʪʦʩʫʨʝʪʪʝʨʽ. 

 

22-ʰʽ ʩʫʨʝʪʪʝ ʛʨʘʬʠʪ, GO ʞᴅʥʝ RGO װʣʛʽʣʝʨʽʥʽש ʀפ ʩʧʝʢʪʨʣʝʨʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʀפ ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʛʨʘʬʠʪ, GO ʞᴅʥʝ RGO װʣʛʽʣʝʨʽʥʜʝʛʽ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳ 4000-ʥʘʥ 400 ʩʤ-1-ʛʝ ʜʝʡʽʥʛʽ ʪʦʣץʳʥ ײʟʳʥʜʳסʳ 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜ ̔ [138, ʙ. 8491; 146]. ɻʨʘʬʠʪʪʽש 

ʪʦʪʳסʫʳ ײץʨʘʤʳʥʜʘ ʦʪʪʝʛʽʩʽ ʙʘʨ ʪʦʧʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʜʽ. ʉʦʥʜʳץʪʘʥ, 

GO ײץʨʳʣʳʤʳʥʜʘ ʛʠʜʨʦʢʩʠʣ, ʵʧʦʢʩʠʜ, ʢʘʨʙʦʢʩʠʣ ʞᴅʥʝ ʢʘʨʙʦʥʠʣ ʩʠʷץʪʳ 

 ʪʽʣʜʽװʧʘʡʜʘ ʙʦʣʫʳ ʢ שʪʦʧʪʘʨʜʳ ץʨʣʽ ʬʫʥʢʮʠʦʥʘʣʜʳװʨʘʤʳʥʜʘ ʦʪʪʝʛʽʩʽ ʙʘʨ ᴅʨʪײץ

[147]. GO-ʥʽש ʀפ ʩʧʝʢʪʨʽ (ʩʫʨʝʪ 22) 3000-3600 ʩʤ-1 ʜʠʘʧʘʟʦʥʳʥʜʘסʳ ʢʝש ʞʦʣʘסʳ 

 ʘʥסʧʘʡʜʘ ʙʦʣʫʳʥ ʨʘʩʪʘʡʜʳ, ʦ שʨʘʤʳʥʜʘ ʦʪʪʝʛʽʩʽ ʙʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳײץ

ʩʦʟʳʣסʘʥ O-H ʢʘʨʙʦʢʩʠʣ ʪʦʧʪʘʨʳ  ʤʝʥ H2O ʞʘʪʘʜʳ [148], ʩʦʥʜʘʡ-ʘץ ʙʘʩץʘ 1708, 

1576 ʞᴅʥʝ 1280 ʩʤ-1 װʰ ʞʦʣʘסʳ ʩᴅʡʢʝʩʽʥʰʝ ʢʘʨʙʦʥʠʣ ʤʝʥ ʢʘʨʙʦʢʩʠʣ 
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ʪʦʧʪʘʨʳʥʳש C=O ʞᴅʥʝ ʵʧʦʢʩʠʜʪʽ C-O-C ʪʦʧʪʳש ʘʨʘʣʳסʳʥʘ ץʘʪʳʩʪʳ ʝʢʝʥʽ 

ʘʥʳץʪʘʣʜʳ [148, ʙ. 19761; 149]. ɸʣ, 1708, 1576 ʞᴅʥʝ 1280 ʩʤ-1 ʞʦʣʘץʪʘʨʳʥʳש 

 ʟʽʣʫʽʤʝʥװʩᴅʪʪʽ ʪ שʪʘʨʳʥʳץʨʪ ʪᴇʤʝʥʜʝʫʽ RGO ʧʘʨʘװʢ שʳʥʳסʳʥʜʳʣʳץʘʨץ

ʪװʩʽʥʜʽʨʽʣʜʽ, ʩʦʥʜʘʡ-ʘץ O-H ʩʦʟʳʣסʘʥ ʢʝש ʞʦʣʘסʳʥʳש ʞʦʡʳʣʫʳʤʝʥ ʞᴅʥʝ C-C 

sp2 ʛʠʙʨʠʜʠʟʘʮʠʷʩʳ  (ʞʘʟʳץʪʳץʪʘ ʩʦʟʳʣʫʳ) ʝʩʝʙʽʥʝʥ ʞʘשʘ 1520 ʩʤ-1 ʞʦʣʘסʳʥʳש 

ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʨʘʩʪʘʣʜʳ [148, ʙ. 19761; 150].  

 

 
 

ʉʫʨʝʪ 22 ï ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO װʣʛʽʣʝʨʽʥʽש ʀפ ʌʫʨʴʝ ʩʧʝʢʪʨʣʝʨʽ 

 

ʂʝʩʪʝ 1 ï ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO װʣʛʽʣʝʨʽʥʽש ʀפ ʞײʪʫ ʞʦʣʘץʪʘʨʳʥ 

ʩʠʧʘʪʪʘʤʘʣʳץ ʪʘʣʜʘʫʳ 

 

 ,ʣʛʽ ɾʠʽʣʽʢת

(ʩʤ-1) 

ɹʘʡʣʘʥʳʩ / ʌʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧ ᴄʜʝʙʠʝʪʪʝʨ 

1 2 3 4 

ɻʨʘʬʠʪ 3091 ʢʝש 

ʞʦʣʘץ 

OïH ʙʘʡʣʘʥʳʩʳʥʳש ʚʘʣʝʥʪʪʽʢ 

ʪʝʨʙʝʣʽʩʪʝʨʽ 

[138, ʙ. 8506; 

147, ʙ. 9ï30] 

1644 ʉ=ʉ ʙʝʥʟʦʣ ʩʘץʠʥʘʩʳ [146, ʙ. 150002; 

148, 19761] 
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1 ï ʰʽ ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

1 2 3 4 

 1140 ʉïʆ ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʚʘʣʝʥʪʪʽʢ 

ʪʝʨʙʝʣʽʩʪʝʨʽ 

[148, ʙ. 19761; 

149, ʙ. 3725; 

150, ʙ. 158] 

1032 CïOïC ʙʘʡʣʘʥʳʩʪʘʨʳ [146, ʙ. 150002; 

148, ʙ. 19761; 

149, ʙ. 3725] 

871 ɸʨʦʤʘʪʪʳ ʩʘץʠʥʘʥʳש CïH 

ʙʘʡʣʘʥʳʩʪʘʨʳ 

[146, ʙ. 150002; 

148, ʙ. 19761] 

2358 ʂʘʨʙʦʥ ץʳʰץʳʣʳ ïCOOH ʪʦʙʳ [138, ʙ. 8491; 

148, ʙ.19761] 

1684 C=C ʩʦʟʳʣסʘʥ ʘʨʦʤʘʪʪʳ ʙʝʥʟʦʣ 

ʩʘץʠʥʘʩʳ 

[138, ʙ. 8491; 

146, ʙ. 150002] 

1558 ʛʨʘʬʠʪʪʽʢ ʜʦʤʝʥʜʝʨʜʽץ שʘץשʘʣʳץ 

ʪʝʨʙʝʣʽʩʪʝʨʽ 

[138, ʙ. 8491; 

146, ʙ. 150002; 

147, ʙ. 9] 

GO 3091 ʢʝש 

ʞʦʣʘץ 

ï OH ʩʦʟʳʣʫ ʪʝʨʙʝʣʽʩ,̔ 

ïCH2ï ʩʠʤʤʝʪʨʠʷʣʳץ ʞᴅʥʝ 

ʘʩʠʤʤʝʪʨʠʷʣʳץ ʩʦʟʳʣʫ ʪʝʨʙʝʣʽʩʪʝʨʽ  

[138, ʙ. 8491; 

147, ʙ. 9; 149, ʙ. 

3725] 

1708 C=O ʢʘʨʙʦʥ ץʳʰץʳʣʳ ʤʝʥ ʢʘʨʙʦʥʠʣ 

ʪʦʧʪʘʨʳʥʳש ʚʘʣʝʥʪʪʽʢ ʪʝʨʙʝʣʽʩʽ 

[148, ʙ. 19761; 

149, ʙ. 3725] 

1576 OH ʪʦʙʳʥʳש ʜʝʬʦʨʤʘʮʠʷʣʳץ 

ʪʝʨʙʝʣʽʩʽ 

[138, ʙ. 8491; 

147, ʙ. 9] 

1280 CïOïC ʵʧʦʢʩʠʜʪʽ ʪʦʧʪʳש ʩʦʟʳʣʫʳ [148, ʙ. 19761; 

149, ʙ. 3725] 

1080 CïO ʘʣʢʦʢʩʠ ʪʦʧʪʳש ʩʦʟʳʣʫʳ [138, ʙ. 8491; 

148, ʙ. 19761; 

149, ʙ. 3725] 

942 ɸʨʦʤʘʪʪʳ ʩʘץʠʥʘʥʳש CïH 

ʙʘʡʣʘʥʳʩʪʘʨʳ 

[138, ʙ. 8491; 

146, ʙ. 9; 148, ʙ. 

19761] 

RGO 1520 C-C sp2 ʛʠʙʨʠʜʠʟʘʮʠʷʩʳ   [138, ʙ. 8491; 

148, ʙ. 19761; 

150, ʙ. 158] 

 2368 ʂʘʨʙʦʥ ץʳʰץʳʣʳ ïCOOH ʪʦʙʳ [148, ʙ. 19761; 

149, ʙ. 3725] 

 1652 C=C ʘʨʦʤʘʪʪʳ ʙʝʥʟʦʣ ʩʘץʠʥʘʩʳʥʳש 

ʩʦʟʳʣʫʳ, ʛʨʘʬʠʪʪʽʢ ʜʦʤʝʥʜʝʨʜʽש 

 ʪʝʨʙʝʣʽʩʪʝʨʽ ץʘʣʳץשʘץ

[138, ʙ. 8491; 

146, ʙ. 9] 

 1456 ɻʨʘʬʝʥʥʽש ʢᴇʤʽʨʪʝʢʪʽ ʞʘʟʳץʪʳסʳʥʳש 

ʠʽʣʫ ʩʦʟʳʣʫʳ ʞᴅʥʝ ʪʝʨʙʝʣʽʩʪʝʨʽ.  

C=C ʙʘʡʣʘʥʳʩʳ (ʘʨʦʤʘʪʪʳ ʪʦʧ) 

[138, ʙ. 8491; 

146, ʙ. 9;  148, 

ʙ.19761] 

 



52 
 

3.1.2 ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ 

ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʝʥ ʛʨʘʬʝʥʥʽש ʙײʟʳʣʫʳ, ʪװʡʽʨʰʽʢʪʝʨʜʽש ʞʠʝʢʪʝʨʽ ʤʝʥ 

ʰʝʢʘʨʘʣʘʨʳ, ץʘʣʳשʜʳסʳ, ץʦʩʧʘʩʳ, ʜʝʬʦʨʤʘʮʠʷʩʳ ʞᴅʥʝ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ 

ʩʠʷץʪʳ ʘץʧʘʨʘʪʪʳװ שʣʢʝʥ ʢᴇʣʝʤʽʥ ʘʣʫסʘ ʙʦʣʘʜʳ. ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO 

 ʳ ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ 22-ʰʽ ʩʫʨʝʪʪʝסï 4000 ʩʤ-1 ʜʠʘʧʘʟʦʥʳʥʜʘ 1000 שʣʛʽʣʝʨʽʥʽװ

ʢʝʣʪʽʨʽʣʛʝʥ ʞᴅʥʝ ʦʣʘʨ D, G ʞᴅʥʝ 2D ʞʦʣʘץʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʪʠʧʪʽʢ ʙʝʣʛʽʣʝʨʜʽ 

ʢᴇʨʩʝʪʝʜʽ. GO ʞᴅʥʝ RGO ʪʠʧʪʽʢ ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥʜʝ 1100 ʞᴅʥʝ 1700 ʩʤ-1 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʝʢʽ ʥʝʛʽʟʛʽ D ʞᴅʥʝ G ʪʝʨʙʝʣʽʩʪʝʨʽ ʙʦʣʘʪʳʥʳ ʙʝʣʛʽʣʽ, ʘʣ ʛʨʘʬʠʪʪʽש 

ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʜʝ G ʪʝʨʙʝʣʽʩʽ ʙʘʩʳʤ ʙʦʣʜʳ. sp2 ʢᴇʤʽʨʪʝʛʽʤʝʥ ʙʽʨʽʥʰʽ ʨʝʪʪʽ E2g 

ʬʦʥʦʥʜʘʨʳʥʳש ʰʘʰʳʨʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ G ʪʝʨʙʝʣʽʩʪʝʨʽʥʽש ʢᴇʨʽʥʝʪʽʥ ʞʦʣʘסʳ 

[146, ʙ. 150002] ʞᴅʥʝ A1g ʩʠʤʤʝʪʨʠʷʩʳʥʳש j-ʥװʢʪʝ ʬʦʪʦʥʜʘʨʳʥʳש ʪʳʥʳʩ ʘʣʫ 

ʨʝʞʠʤʽʤʝʥ ײץʨʳʣסʘʥ ᴅʣʩʽʟ D ʪʝʨʙʝʣʽʩ ʞʦʣʘסʳ ʛʨʘʬʠʪ װʰʽʥ ʩᴅʡʢʝʩʽʥʰʝ 1586 

ʞᴅʥʝ 1348 ʩʤ-1 ʧʘʡʜʘ ʙʦʣʜʳ [138, ʙ. 8491; 151]. ʈʘʤʘʥ ʩʧʝʢʪʨʽʥʜʝ G ʪʝʨʙʝʣʽʩ 

ʞʦʣʘסʳ ʙʘʨʣʳץ ʢᴇʤʽʨʪʝʛʽ sp2 ײץʨʳʣʳʤʜʘʨʳʥʘ ʪᴅʥ CïC ʚʘʣʝʥʪʪʽʢ ʙʘʡʣʘʥʳʩʪʳש 

ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, D ʞʦʣʘסʳ ʨʝʪʩʽʟ ʞʦʣʘץʪʘʨʜʳ, ʘʣ G 

ʞʦʣʘסʳ ʪʘʥʛʝʥʮʠʘʣʜʳ ʞʦʣʘץʪʘʨʜʳ ʙʽʣʜʽʨʜʽ [151, ʙ. 69; 152]. GO ʞᴅʥʝ RGO 

ʨʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ ʢʝשʝʡʪʽʣʛʝʥ G ʞʦʣʘסʳʥ ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ 1590/1348 ʩʤ-1 ʞᴅʥʝ 

1582/1358 ʩʤ-1 ʦʨʥʘʣʘʩץʘʥ ʢʝש D ʞʦʣʘסʳʥ ʢᴇʨʩʝʪʪ̔ . ʉʦʥʜʘʡ-ʘץ, GO ʞᴅʥʝ RGO 

 ʳʥ ʩʘʥʜʘʨʳʥʘץʘʨʳ ʪʦʣסʰʽʥ ʩᴅʡʢʝʩʽʥʰʝ 2714 ʞᴅʥʝ 2705 ʩʤ-1 ʰʘʤʘʩʳʥʜʘ ʞʦװ

 ʣ ʤᴅʥʜʝʨײʘʣʜʳ ʞᴅʥʝ ʙץʳ ʙʘʡס2D ʞʦʣʘ שʢʝ שʳʩʫʳʥʳסʘʨʘʡ ʳץ

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ Hummers ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʣסʘʥ Hidayah ʞᴅʥʝ ʪ.ʙ. [146, ʙ. 

150002] ʞײʤʳʩʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʜʽ. G ʞᴅʥʝ 2D 

ʰʳשʜʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʘʨʘʩʳʥʜʘסʳ (IG/I2D) ץʘʪʳʥʘʩ ץʘʙʘʪʪʘʨ ʩʘʥʳʥʳש 

ʙʘסʘʩʳʥ ʙʝʨʝʜʽ. D ʞᴅʥʝ G ʰʳשʜʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʘʨʘʩʳʥʜʘסʳ (ID/IG) 

 ,ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [146װʘ ʤסʘʣʘʫסʞʝʪʽʣʤʝʛʝʥʜʽʛʽʥ ʙʘ שʘʙʘʪʪʘʨʳʥʳץ ʘʪʳʥʘʩ ʛʨʘʬʝʥץ

ʙ. 150002]. 2D ʜʠʘʧʘʟʦʥʳʥʳש ʦʨʥʘʣʘʩʫʳʥʘ ץʘʨʘסʘʥʜʘ, ʘʣʳʥסʘʥ GO ʢᴇʧץʘʙʘʪʪʳ 

ʙʦʣʳʧ ʢᴇʨʽʥʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 2D ʞʦʣʘסʳʥʳש ʳסʳʩץʘʥ ʧʦʟʠʮʠʷʩʳ ʛʨʘʬʝʥ 

 ץʘʙʘʪʪʘʩʫʳʥʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳץ שʘʙʘʪʪʘʨʳʥʳץ

ʪʦʧʪʘʨʳʥʳש ʙʦʣʫʳʤʝʥ ʜʝ ʨʘʩʪʘʣʜʳ [151, ʙ. 69; 153]. ʆʩʳʣʘʡʰʘ, GO-ʜʽʥ RGO-

ʥʝ ʜʝʡʽʥ ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘʥ ʢʝʡʽʥ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʧʪʘʨʜʳש ʘʟ ʤᴇʣʰʝʨʽ 

 שʘʪʳʥʘʩʳ 0,84 ʪʝץ ʰʽʥ ID/IGװ ʘʪʧʘʨʣʘʥʫʳʥʘ ᴅʢʝʣʜʽ. GOץ ʣ RGOײʘʣʘʜʳ ʞᴅʥʝ ʙץ

ʙʦʣʜʳ ʞᴅʥʝ sp2 ʢᴇʤʽʨʪʝʛʽʥʽש ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘ ʞᴅʥʝ sp2 ʜʦʤʝʥʜʝʨʽʥʽץ שʘʣʳʧʪʳ 

ᴇʣʰʝʤʜʝʨʽʥʽש ʪᴇʤʝʥʜʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ RGO װʰʽʥ 0,86-סʘ ʜʝʡʽʥ ᴇʩʪʽ [146, ʙ. 

150002]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, D ʞʦʣʘסʳʥʜʘסʳ ʞʦסʘʨʳ ץʘʨץʳʥʜʳʣʳץ RGO-ʜʝ 

ʦץʰʘʫʣʘʥסʘʥ ʛʨʘʬʝʥ ʜʦʤʝʥʜʝʨʽ GO-ʥʝ ץʘʨʘסʘʥʜʘ ʙʘʩʳʤ ʝʢʝʥʜʽʛʽʥ  ʞᴅʥʝ 

ʪʦʪʳץʩʳʟʜʘʥסʘʥʥʘʥ ʢʝʡʽʥ GO-ʜʝʛʽ ʦʪʪʝʛʽ ʬʨʘʛʤʝʥʪʪʝʨʽʥʽש ʞʦʡʳʣʘʪʳʥʜʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ [146, ʙ. 150002; 152, ʙ. 1822]. 
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ʉʫʨʝʪ 22 ï ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO װʣʛʽʣʝʨʽʥʽש ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽ 

 

ʂʝʩʪʝ 2 ï ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO ʈʘʤʘʥ ʩʧʝʢʪʨʣʝʨʽʥ ʪʘʣʜʘʫ  

 

 ʣʛʽ ʈʘʤʘʥת

ʘʫʳʩʫʳ 

(ʩʤ-1) 

ʳʥʜʳץʘʨפ

ʣʳץ 

ʐʳש 

ʠʜʝʥʪʠʬʠʢʘ

ʮʠʷʩʳ 

ID/IG I2D/IG ʂʨʠʩ 

ʪʘʣʜʳץ 

ᴇʣʰʝʤʽ 

La, (ʥʤ) 

ID/ID 

ɻʨʘʬʠʪ 1563 1420 G 0.38 0.61 44.08 - 

1335 540 D 

1030 670 C-H 

826 1260 CH2 

2440 430 D+Dò 

2673 870 2D 
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2 ï ʰʽ ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

GO 1590 2950 G 0,84 0.51 

 

 

 

16.26 2.1 

1348 3040 D 

1040 1620 C-H 

833 2000 CH2 

1800 1450 Dô(ʞʝʣʽʥʽש 

ʘץʘʫʣʘʨʳ 

ʙʦʡʳʥʰʘ 

ʞʘʨʳץʪʳש 

ʰʘʰʳʨʘʫʳ) 

 2670 1500 2D 

2870 1600 Gô 

2992 1620 2Dô (D+G) 

RGO 1582 2350 G 0,86 0.29 15.09 - 

1358 2600 D 

1040 1040 C-H 

835 1480 CH2 

2708 680 2D 

2946 700 2Dô (D+G) 

 

3.1.3 ʉʕʄ ʪʘʣʜʘʫ r

ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO  ʧʘʨʘץʪʘʨʳʥʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

ʉʕM ʢʝʩʢʽʥʜʝʨʽ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. 23-ʰʽ ʩʫʨʝʪʪʝ 10 000 ʝʩʝ װʣʢʝʡʪʫ ʘʨץʳʣʳ 

ʪװʩʽʨʽʣʛʝʥ ʛʨʘʬʠʪ, GO ʞᴅʥʝ RGO װʣʛʽʣʝʨʽʥʽש ʉʕM ʢʝʩʢʽʥʜʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

ɻʨʘʬʠʪʪʽש ʉʕM ʢʝʩʢʽʥʜʝʨʽʥʝʥ (2ʘ-ʩʫʨʝʪ), ʦʥʳש ʢᴇʤʽʨʪʝʢʪʽש ʧʣʘʩʪʠʥʢʘʣʳ 

ʢʨʠʩʪʘʣʜʳץ ʬʦʨʤʘʜʘ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ [138, ʙ. 8491; 146, ʙ. 150002]. GO-

ʥʽש ʉʕM ʢʝʩʢʽʥʜʝʨʽ (ʩʫʨʝʪ 2 ᴅ), ʦʥʳש ʧʘʨʘץʪʘʨʳʥʳץ שʘʣʳשʜʳסʳ 2 ʤʢʤ-ʜʝʥ 10 

ʤʢʤ ʘʨʘʣʳסʳʥʜʘסʳ 2D ʤʦʨʬʦʣʦʛʠʷʩʳʥʘ ʪᴅʥ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ 

 ʪʳץʘʙʳʨʰʘץ ʘʥסʘʙʘʪʪʘʣץ ʘʥ ʞᴅʥʝסʤʳʞʳʣ שʣ ʉʕM ʢʝʩʢʽʥʜʝʨʽ GO-ʥʽײʘʪʘʨ, ʙץ

 ʘʥʳʥסʪʘʨʳ ʥʘʰʘʨ ʙʘʡʣʘʥʳʩʪʳʨʳʣץʨʳʣʳʤʳ ʙʘʨ ʝʢʝʥʽʥ ʞᴅʥʝ GO ʧʘʨʘײץ

ʢᴇʨʩʝʪʝʜʽ, ʷסʥʠ ʛʨʘʬʠʪʪʽש ʪʦʪʳסʫʳ ʢʝʟʽʥʜʝ ץʘʙʳʨʰʘץʪʘʥסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. GO 

ʧʘʨʘץʪʘʨʳʥʘ ʙʝʢʽʪʽʣʛʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳ, ʦʣʘʨʜʳש 

ʙײʨʤʘʣʘʥʫʳʥ ʪʫʜʳʨʘʜʳ. ʂʝʨʽʩʽʥʰʝ, RGO ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ (Cʫʨʝʪ 2ʙ) ʦʥʳש 

ʧʘʨʘץʪʘʨʳʥʳש ʤʳʞʳʣסʘʥ, ʞץײʘ, ʙʽʨʢʝʣʢʽ ʦʨʥʘʣʘʩץʘʥ, ʞʘץʩʳ ʞʘʣסʘʥסʘʥʳʥ ʞᴅʥʝ 

ʙʘʨʣʳץ ʧʘʨʘץʪʘʨʜʳץ שʘʙʘʪʪʘʩʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ [139, ʙ. 48; 154]. GO RGO-ʥʝ 

ʜʝʡʽʥ ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʢʝʟʜʝ, ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʘ ʙʝʢʽʪʽʣʛʝʥ ʬʫʥʢʮʠʦʥʘʣʜʳ 

ʪʦʧʪʘʨʜʳש ʩʘʥʳ ʘʟʘʷʜʳ ʞᴅʥʝ ץʘʣʳʧʪʳ ʛʨʘʬʝʥ ʧʘʨʘץʪʘʨʳʥʘ ʜʝʡʽʥ 

ʪʦʪʳץʩʳʟʜʘʥʘʜʳ [146, ʙ. 150002; 155]. GO ʞᴅʥʝ RGO (ʩʫʨʝʪ 23 ᴅ-ʙ) ʉʕʄ 

ʢʝʩʢʽʥʜʝʨʽ Loryuenyong ʞᴅʥʝ ʙʘʩץʘʣʘʨ ʩʠʧʘʪʪʘסʘʥ ʩʫʨʝʪʪʝʨʤʝʥ ʞʘץʩʳ ʩᴅʡʢʝʩ 

ʢʝʣʜʽ [154, ʙ. 923403]. 
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ʉʫʨʝʪ 23 ï  (a) ʛʨʘʬʠʪ, (ᴅ) GO ʞᴅʥʝ (ʙ) RGO ʢʝʡʙʽʨ ʙʝʣʛʽʣʝʥʛʝʥ ʞʘʟʳץʪʳץ 

ʘʨʘʣʳץʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ ʉʕM ʢʝʩʢʽʥʜʝʨʽ 

 

3.1.4 ʕɼʈʉ ʪʘʣʜʘʫ r

GO ʕɼʈʉ ʩʧʝʢʪʨʽ ײץʨʘʤʳʥʜʘ ʢᴇʤʽʨʪʝʛʽ, ʦʪʪʝʛʽ, ʢʨʝʤʥʠʡ, ʤʘʛʥʠʡ, ʥʘʪʨʠʡ, 

ʢװʢʽʨʪ ʞᴅʥʝ ʢʘʣʠʡʜʽש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʪ̔ (ʩʫʨʝʪ 24) [156]. ʂװʢʽʨʪ ʧʝʥ ʢʘʣʠʡ 

ʪʦʪʳץʪʳʨסʳʰ ʨʝʪʽʥʜʝ H2SO4, KMnO4 ʧʘʡʜʘʣʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ, ʘʣ ʩʫʙʩʪʨʘʪʪʘʥ 

ʢʨʝʤʥʠʡ, ʤʘʛʥʠʡ ʞᴅʥʝ ʥʘʪʨʠʡ ʙʝʨʽʣʝʜʽ. ɹײʣ GO-ʥʽש ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ 

[150, ʙ. 158; 157]. RGO-ʥʽש ʕɼʈʉ ʩʧʝʢʪʨʽ ʜʝ ʢᴇʤʽʨʪʝʛʽ, ʦʪʪʝʛʽ, ʤʘʛʥʠʡ ʞᴅʥʝ 

ʥʘʪʨʠʡʜʽש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʪ̔ . ʉʦʥʜʘʡ-ʘץ, GO-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʢװʢʽʨʪ ʧʝʥ 

ʢʘʣʠʡ ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʜʳ. 
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ʉʫʨʝʪ 24 ï  ʘ) GO ʞᴅʥʝ ᴅ) RGO ʕɼʈʉ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ. 

 

2-ʢʝʩʪʝʜʝ GO ʞᴅʥʝ RGO-ʥʽש ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ ʢᴇʨʩʝʪʽʣʛʝʥ [150, ʙ. 158; 

156, ʙ. 8]. GO-ʥʽש ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪʳʤʝʥ ʪʦʪʳץʩʳʟʜʘʥʫʳ Na ʞᴅʥʝ Si 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʪʦʣʳץ ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. RGO 

 ʘ ʜʝʡʽʥ ᴇʩʪʽ, ʘʣ ʦʪʪʝʛʽס-ʳ ʢᴇʤʽʨʪʝʛʽ ʤᴇʣʰʝʨʽ 52,06%-ʜʘʥ 71,61%סʨʘʤʳʥʜʘײץ
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ʤᴇʣʰʝʨʽ 31,41-ʜʝʥ 17,22 %-סʘ ʪᴇʤʝʥʜʝʜʽ [158, ʙ. 7]. ɹײʣ ʥᴅʪʠʞʝ ʛʠʜʨʘʟʠʥ 

ʤʦʥʦʛʠʜʨʘʪʳʥʳש ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ GO-ʥʳ RGO-סʘ ʜʝʡʽʥ 

ʪʦʪʳץʩʳʟʜʘʥʜʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

ʂʝʩʪʝ 3 ï GO ʞᴅʥʝ RGO ʵʣʝʤʝʥʪʪʽʢ ײץʨʘʤʳ 

 

 

ˉ 

 

ʕʣʝʤʝʥʪʪʝʨ 

GO RGO 

ʄʘʩʩʘʣʳϨ 

Ϯʣʝʩ, % 

ɸʪʦʤʜʳϨ 

ʞϮʢʪʝʤʝʩʽ, 

% 

ʄʘʩʩʘʣʳϨ 

Ϯʣʝʩ, % 

ɸʪʦʤʜʳϨ 

ʞϮʢʪʝʤʝʩʽ, 

% 

1 ʂᴇʤʽʨʪʝʢ (C) 52.06 63.80 71.61 81.37 

2 ʆʪʪʝʛʽ (O) 31.41 28.89 17.22 14.69 

3 ʅʘʪʨʠʡ (Na) 0.31 0.20 - - 

4 ʂʨʝʤʥʠʡ (Si) 0.78 0.41 - - 

5 ʂװʢʽʨʪ (S) 12.31 5.65 6.16 2.62 

6 ʂʘʣʠʡ (ʂ) 1.94 0.73 0.70 0.25 

7 ʄʘʨʛʘʥʝʮ (Mn) 1.18 0.32 4.32 1.07 

 ɹʘʨʣʳסʳ 99.99% 100% 99.99% 100% 

 

 ʘʥ ʩʫʤʝʥ ʞʫʫסʘʣʘʜʳ, ʦʣʘʨʜʳ ʪʘʟʘʨʪʳʣץ ʦʩʧʘʣʘʨץ ʣʛʽʜʝ ʢᴇʨʩʝʪʽʣʛʝʥת

ʢʝʟʽʥʜʝ ʞʦʶ ץʠʳʥ, ᴇʡʪʢʝʥʽ ʤײʥʜʘʡ ץʦʩʧʘʣʘʨ ʛʨʘʬʠʪ ʦʢʩʠʜʽʥʽש ʞʘʙʳץ 

ʪʝʩʽʢʪʝʨʽʥʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ɼʝʛʝʥʤʝʥ, GO ʤʝʥ RGO ײץʨʘʤʜʘʨʳ ʢᴇʧʪʝʛʝʥ 

ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʝʜʽ ʞᴅʥʝ GO ʙᴇʣʫʜʝʥ ʞᴅʥʝ ʮʝʥʪʨʠʬʫʛʘʣʘʫʜʘʥ 

ʢʝʡʽʥ, ʙʽʨץʘʪʘʨ ʪײʥʜʳʨʫ ʘʨץʳʣʳ ʪʘʟʘ ʤʘʪʝʨʠʘʣ ʘʣʫסʘ ʙʦʣʘʜʳ [150, c. 158].  

 

3.1.5 ʈɼ ʪʘʣʜʘʫ r

ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO ʧʘʨʘץʪʘʨʳʥʳײץ שʨʳʣʳʤʳ, ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʩʳ 

ʞᴅʥʝ ץʘʙʘʪ ʘʨʘʣʳץ ץʘʰʳץʪʳץ ʩʠʧʘʪʪʘʤʘʩʳ ʈɼ ʪʘʣʜʘʫ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʣʜʽ 

[138, ʙ. 8491; 146, ʙ. 150002]. ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO ʈɼ ʪʘʣʜʘʫ ʩʧʝʢʪʨʣʝʨʽ 25-

ʰʽ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɻʨʘʬʠʪ ײʥʪʘסʳ 26,58Á 2ɗ ʙײʨʳʰʳʥʜʘ ʙʽʨ ᴇʪʢʽʨ ʰʳשʜʳ 

 ʳʣʳ ʝʩʝʧʪʝʣʛʝʥץʳ ʘʨשʜʝʫ ʙʦʡʳʥʰʘ ɺʫʣʴʬ-ɹʨʝʛʛ ʟʘשʪʝ (5) שʣ ʰʳײʨʘʜʳ. ɹײץ

ʞʘʟʳץʘʨʘʣʳץ ץʘʰʳץʪʳץ d 0,335 ʥʤ ʩᴅʡʢʝʩ ץʘʙʘʪ ײץʨʳʣʳʤʳʥʳש ʙʦʣʫʳʥ 

ʢᴇʨʩʝʪʪ̔ . ɹײʣ d ʤᴅʥʽ ʛʨʘʬʠʪ ʘʣʪʳʙײʨʳʰʪʳ ײץʨʳʣʳʤʳʥʳ(002) ש ʞʘʟʳץʪʳסʳʥʘ 

ʜᴅʣ ʩᴅʡʢʝʩ ʢʝʣʜʽ [159]. GO װʰʽʥ 12,15Á ʢʝ2 שɗ ʰʳשʳ, McAllister ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ 

ʭʘʙʘʨʣʘסʘʥ ʥᴅʪʠʞʝʛʝ ʩᴅʡʢʝʩ ʢʝʣʜʽ (2007) ʞᴅʥʝ GO ʧʘʨʘץʪʘʨʳ ʘʨʘʩʳʥʜʘ ʦʪʪʝʛʽʩʽ 

ʙʘʨ ʪʦʧʪʘʨʜʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʪ̔ [138, ʙ. 8491; 146, ʙ. 150002], ʷסʥʠ ʛʨʘʬʠʪʪʽש 

GO-ʥʝ ʜʝʡʽʥ ʪʦʣʳץ ʪʦʪʳסʫʳʥ ʨʘʩʪʘʡʜʳ [160]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, GO 

ʧʘʨʘץʪʘʨʳʥʳץ שʘʙʘʪʪʘʥʫ ʘʨʘʣʳסʳ  d-ʘʨʘʣʳץץʘ ʩᴅʡʢʝʩ 0,73 ʥʤ  ʘʨʪʪr . RGO װʰʽʥ 

12Á ʰʘʤʘʩʳʥʜʘ 2ɗ ʰʳשʳʥʳש ʙʦʣʤʘʫʳ GO ʭʠʤʠʷʣʳץ ʪʦʪʳץʩʳʟʜʘʥסʘʥʥʘʥ ʢʝʡʽʥ 

ʪʦʧʪʘʨʜr ץʳ ʦʪʪʝʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳסʨʘʤʳʥʜʘײץ  ʪʘʡ ʞʦʡʳʣʘʪʳʥʳʥץʘʡʪʘʨʣʳ ש

ʢᴇʨʩʝʪʝʜʽ [138, ʙ. 8491; 147, ʙ. 9; 161]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 24,15Á-ʪʘ ʪʘʙʠסʠ 

ʛʨʘʬʠʪʢʝ ʞʘץʳʥ 24,15Á ʢʝשʽʨʝʢ 2ɗ ʰʳשʳ ʙʘʡץʘʣʘʜʳ, ʙײʣ d-ʘʨʘʣʳ0,36 ץ ʥʤ 

ʙʦʣʘʪʳʥʜʳסʳʥ ʞᴅʥʝ ʘʣʜʳʥʜʘ ʛʨʘʬʝʥʥʽש ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʩʽ  ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʢᴇʧ ץʘʙʘʪʪʳ ײץʨʳʣʳʤʜʘ ץʘʙʘʪʪʘʣסʘʥʳʥ ʘʡץʳʥʜʘʡʜʳ. 
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GO ʞᴅʥʝ RGO ʩʧʝʢʪʨʣʝʨʽʥʜʝʛʽ 42,58Á ʞᴅʥʝ 43,04Á (001) ʪᴇʤʝʥ 2ɗ ʰʳשʳ 

ʩᴅʡʢʝʩʽʥʰʝ ʞʦʣʘץʪʳ ʪʫʨʙʦʩʪʨʘʪʠʢʘʣʳץ ʨʝʪʩʽʟ ʢᴇʤʽʨʪʝʢʪʽ ʤʘʪʝʨʠʘʣʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ [159, ʙ. 020032]. 

 

2 d sin ɗ = n ɚ         (5) 

 

ʄײʥʜʘסʳ d ï ʞʘʟʳץʘʨʘʣʳץ ʘʨʘʣʳץ, ɗ ï ʰʘʰʳʨʘʫ ʙײʨʳʰʳ, n ï ʰʘסʳʣʫ 

ʨʝʪʽ, ɚ ï ʧʘʡʜʘʣʘʥʳʣסʘʥ ʨʝʥʪʛʝʥ ʩᴅʫʣʝʩʽʥʽש ʪʦʣץʳʥ ײʟʳʥʜʳסʳ. 

 

 
 

ʉʫʨʝʪ 25 ï  ɻʨʘʬʠʪ, GO ʞᴅʥʝ RGO ʈɼ ʩʧʝʢʪʨʣʝʨʽ 

 

3.2 MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ-ʥʽײץ שʨʳʣʳʤʜʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ. 

 

3.2.1 Tɻï ɼʊ ʪʘʣʜʘʫʣʘʨʳ 

ʊɻ ʞᴅʥʝ ɼʊ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ʙʦʡʳʥʰʘ ʧʨʝʢʫʨʩʦʨʣʘʨʜʳש ʳʜʳʨʘʫ 

ʧʨʦʮʝʩʪʝʨʽ ʞᴅʥʝ MgFe2O4 ʅɹ-ʥʽש ʪװʟʽʣʫ ʧʨʦʮʝʩʽ ʟʝʨʪʪʝʣʜʽ. 26-ʰʽ ʩʫʨʝʪʪʝ 

ʘʣʳʥסʘʥ ʤʘʛʥʠʡ ʬʝʨʨʠʪʽ ʧʨʝʢʫʨʩʦʨʳʥʳש Tɻï ɼʊ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʪʝʤʧʝʨʘʪʫʨʘ 30-ʜʘʥ 1100ÁC-ץʘ ʜʝʡʽʥ 

ʢᴇʪʝʨʽʣʛʝʥ ʢʝʟʜʝ ʢʝʧʪʽʨʽʣʛʝʥ ʧʨʝʢʫʨʩʦʨʜʳש ʞʘʣʧʳ ʩʘʣʤʘסʳ ʰʘʤʘʤʝʥ 28%-סʘ 
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ʞʦסʘʣʪʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. Tɻ ץʠʩʳסʳʥʜʘ ʙʽʨʽʥʰʽ ʤʘʩʩʘʣʳץ ʞʦסʘʣʪʫ ᴇʥʽʤʜʝ ʙʘʨ 

 ʙʫʣʘʥʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 30ï290ÁC ʜʠʘʧʘʟʦʥʳʥʜʘ ʧʘʡʜʘ ʙʦʣʜʳ שʩʫʜʳ ץʘʣʜʳץ

(ʩʫʨʝʪ 26) ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ 14% ʤʘʩʩʘʣʳץ ʞʦסʘʣʪʫʜʳ ʢᴇʨʩʝʪʪʽ. ʂʝʣʝʩʽ 

ʵʢʟʦʪʝʨʤʠʷʣʳץ ʰʳש ɼʊ ʪʘʣʜʘʫ ץʠʩʳסʳʥʜʘ 430°C ʰʘʤʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʜʳ, ʘʣ 

Tɻ ץʠʩʳסʳ 210 ï387°C ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥʜʘ 9% ʩʘʣʤʘץ ʞʦסʘʣʪʫʜʳ 

ʘʡץʳʜʘʣʜ  r(ʩʫʨʝʪ 26). ɹײʣ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʳʜʳʨʘʫʳ ʤʝʥ ʢʝʣʝʩʽ 

ʨʝʘʢʮʠʷʣʳץ ʪʝשʜʝʫʣʝʨʜʝ ʙʝʨʽʣʛʝʥʜʝʡ ʤʝʪʘʣʣ ʛʠʜʨʦʢʩʠʜʪʝʨʽʥʽש ʤʝʪʘʣʣ 

ʦʢʩʠʜʪʝʨʽʥʝ ʘʡʥʘʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

 

Mg(OH)2 Ÿ MgO + H2O 

 

2Fe(OH)3 Ÿ Fe2O3 + 3H2O 

 

ʆʩʳʜʘʥ ʢʝʡʽʥ ʩʘʣʤʘץ ʞʦסʘʣʪʫʜʳ600 שÁʉ-ץʘ ʜʝʡʽʥ ʙʽʨʪʽʥʜʝʧ ᴇʟʛʝʨʫʽ 

ʙʘʡץʘʣʜʳ (ʩʫʨʝʪ - 26),  ʙײʣ ʩʘʣʤʘץ ʞʦסʘʣʪʫʜʳײץ % 3,5 שʨʘʧ, ʤʝʪʘʣ ʦʢʩʠʜʪʝʨ̔ʥʽש 

ʤʝʪʘʣʣ ʬʝʨʨʠʪʽʥʝ ʳʜʳʨʘʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʜʝʧ ʪײʞʳʨʳʤʜʘʣʜʳ. 

 

MgO + Fe2O3 Ÿ MgFe2O4 

 

600Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ ʞʦסʘʨʳ MgFe2O4 ʧʨʝʢʫʨʩʦʨʳʥʜʘ ʩʘʣʤʘץ ʞʦסʘʣʪʫ 

ʙʘʡץʘʣʤʘʜʳ (ʩʫʨʝʪ - 26) ʞᴅʥʝ ʙײʣ Loganathan ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʘʣסʘʥ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʜʽ [162]. ɹײʣ װʣʛʽʣʝʨʜʝ ʪײʨʘץʪʳ ʬʝʨʨʠʪʪʽש ʪװʟʽʣʫʽʥ 

ʢᴇʨʩʝʪʝʜʽ. ᴄʨʽ ץʘʨʘʡ MgFe2O4 ʅɹ-ʥʽש ʪװʟʽʣʫʽ ʈɼ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ 

ʨʘʩʪʘʣʜʳ. 

 

 
 

ʉʫʨʝʪ 26 ï MgFe2O4 ʅɹ-ʥʽש Tɻï ɼʊ ץʠʩʳץʪʘʨʳ 
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3.2.2 ʈɼ ʪʘʣʜʘʫʳ 

MgFe2O4 ʅɹ-ʥʽײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʛʽ ᴅʨʪװʨʣʽ ʂʊ ï ʜʘ (200, 400, 600, 

800, 1000 ʞᴅʥʝ 1200Áʉ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʥʜʘ) ʈɼ ʪʘʣʜʘʫʤʝʥ ʩʠʧʘʪʪʘʣʜʳ  (ʩʫʨʝʪ 

27). ʈɼ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʟ ʢʝʣʛʝʥ ʂʊ-ʜʘ ʤʘʛʥʠʡ ʬʝʨʨʠʪʽ ʬʘʟʘʩʳʥʘ ʪᴅʥ 

ʢʨʠʩʪʘʣʜʳ2 ץɗ ʰʳשʜʘʨʳ ʙʘʡץʘʣʘʪʳʥʜʳסʳʥ ʞᴅʥʝ ʦʣʘʨ JCPDS 73ï1960 

ʜʝʨʝʢʪʝʨʽʤʝʥ [138, ʙ. 8491; 140, ʙ. 321] ᴇʪʝ ʞʘץʩʳ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪ̔ . 

ʂʊ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʜʠʬʨʘʢʮʠʷ ʰʳשʜʘʨʳ ʢʨʠʩʪʘʣʜʳʣʳץʪʳש ʢᴇʙʝʡʶʽʥʝ ʞᴅʥʝ 

ʢʨʠʩʪʘʣʣʠʪ ᴇʣʰʝʤʜʝʨʽʥʽײ שʣסʘʶʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʨʪʪr . ɸʣʳʥסʘʥ װʣʛʽʣʝʨ 

ʞʦסʘʨʳ ʪʘʟʘʣʳץ ʧʝʥ ʙʽʨʪʝʢʪʽʣʽʢʢʝ ʠʝ ʙʦʣʜʳ. ʈɼ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ 

600ÁC ʢװʡʜʽʨʽʣʛʝʥ MgFe2O4 ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽʥʽש ʢʨʠʩʪʘʣʜʳʣʳסʳ 75,6%, ʪʦʨ 

ʪײʨʘץʪʳʩʳ a=8,31752¡ [144, ʙ. 83; 163] ʞᴅʥʝ Fdp3m ʩʠʤʤʝʪʨʠʷʩʳʥʘ ʠʝ (ʢʝʩʪʝ 4) 

ʙʦʣʘʪʳʥ 100% ʙʽʨʬʘʟʘʣʳ ʪʝʢʰʝ ʬʘʟʘʣʳץ ʰʧʠʥʝʣʴ ʬʝʨʨʠʪʽ ʪװʟʽʣʜʽ. ʊʦʨ 

ʧʘʨʘʤʝʪʨʽ ʅʝʣʴʩʦʥ-ʊʝʡʣʦʨ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʬʫʥʢʮʠʷʩʳ ʘʨץʳʣʳ ᴅʨʙʽʨ ʬʘʟʘʥʳש ʝש 

  .ʘʣʘʥʜʳסʜʘʨʳʥʘʥ ʙʘשʳʥʜʳ ʰʳץʘʨץ

 

 
 

ʉʫʨʝʪ 27 ï ᴄʨʪװʨʣʽ ʢװʡʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳʥʜʘסʳ MgFe2O4 ʥʘʥʦʙᴇʣʰʝʢʪʝʨ 

 ʣʛʽʣʝʨʽʥʝ ʪʠʽʩʽʥʰʝ ʊʂ 200, 400, 600, 800, 1000װ סʈɼ ʩʧʝʢʪʨʣʝʨʽ (1ʘ-1 שʣʛʽʣʝʨʽʥʽװ

ʞᴅʥʝ 1200Áʉ). 
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ʂʝʩʪʝ 4 ï ʂʊ 600°C, MgFe2O4 ʅɹ-ʥʽש ʈɼ ʜʝʨʝʢʪʝʨʽ 

 

ʌʘʟʘ 

 ʨʳײפ

ʣʳʤʜʳץ 

ʬʘʟʘ 

ʊʦʙʳ (hkl)a 2ɗ (Á) 
L 

(nm)ᴅ 

ʊʦʨ 

ʧʘʨʘ 

ʤʝʪʨʽ 

(Å)ʙ 

ʂʨʠʩʪʘʣ 

ʜʳסʳ 

(%) 

V 

(Å3)ʚ 

ʌʘʟʘ 

ʣʳץ 

  ʨʘʤʳײץ

(%) 

MgFe2O4 

- 

ʄʘʛʥʠʡ 

ʬʝʨʨʠʪ 

ʊʝʢʰʝ 
Fdp3m 

(227) 

220 30,427 28,58 

a = 

8,31752 
75,6 575,42 100 

311 35,751 23,64 

222 37,381 27,54 

400 43,316 22,18 

422 53,820 21,29 

511 57,340 27,48 

440 62,781 20,27 

533 74,448 24,07 

444 78,987 24,85 

731 89,927 31,94 

800 94,669 33,75 

ʘ. ʄʠʣʣʝʨ ʠʥʜʝʢʩʽ, ᴅ. ʂʨʠʩʪʘʣʣʠʪ ᴇʣʰʝʤʽ, ʙ. ʊʦʨ ʪײʨʘץʪʳʩʳ, ʚ. ױʷʰʳץʪʳש ʢᴇʣʝʤʽ 

 

3.2.3 ʉʕʄ ʪʘʣʜʘʫʳ 

MgFe2O4 ʅɹ-ʥʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ 200 ʥʤ ʤʘʩʰʪʘʙʪʘסʳ ʉʕʄ 

ʢʝʩʢʽʥʜʝʨʽ ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ (ʩʫʨʝʪ 28). ʂʝʣʪʽʨʽʣʛʝʥ ʉʕM ʢʝʩʢʽʥʜʝʨʽ  MgFe2O4 

ʅɹ-ʥʽש  ʥʘʥʦᴇʣʰʝʤʜʽʢ ʜᴅʨʝʞʝʜʝ ʢʝʡʙʽʨ ʘʛʣʦʤʝʨʘʮʠʷʤʝʥ ʪװʟʽʣʝʪʽʥʽʥ ʘʥʳץ 

ʢᴇʨʩʝʪʪʽ. ʉʕM ʢʝʩʢʽʥʜʝʨʽʥʜʝʛʽ 1ʘ-װ סʣʛʽʣʝʨʽʥʽש (ʩʫʨʝʪ 28) ʢʝʫʝʢʪʽʣʽʢ ʧʝʥ ʂʊ 

ʞʦסʘʨʳʣʘʫʳʥʘʥ ײץʨʳʣʳʤʳʥʳש ʪײʨʘץʪʳ ᴇʟʛʝʨʫʽ ʙʘʡץʘʣʘʜʳ. ɹʘʩץʘʣʘʨʤʝʥ 

 ʘʨʳ ʂʊ ʢʝʟʽʥʜʝסʣʛʽʣʝʨʽ (ʩʫʨʝʪ 28) ʞʦװ ס ,ʘʥʜʘ, 1ʛסʣʛʽʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨװ

ʜʠʬʬʫʟʠʷʥʳש ʞʦסʘʨʳʣʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʪʝ ʞʘץʩʳ ʧʽʰʽʥʜʝʨʛʝ ʠʝ [138, ʙ. 

8491]. ʊʝʤʧʝʨʘʪʫʨʘ 957ÁC-ʪʘʥ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʜʠʬʬʫʟʠʷ ʵʥʝʨʛʠʷʩʳ ᴇʪʝ 

ʞʦסʘʨʳ ʙʦʣʘʜʳ [164]. 111 ʰʳשʳ 900Áʉ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢװʡʜʽʨʽʣʛʝʥ 1e 

ʞᴅʥʝ 1װ סʣʛʽʣʝʨʽʥʜʝ ʞʘץʩʳ ʘʥʳץʪʘʣסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ (ʩʫʨʝʪ 28). ɹײʣ ʰʳש 

 .ʨʝʪʩʽʟʜʽʢ ʜᴅʨʝʞʝʩʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ [140, ʙ. 321; 164, ʙ. 358] ץʨʳʣʳʤʜʳײץ

ʊʝʤʧʝʨʘʪʫʨʘ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʵʣʝʤʝʥʪʪʝʨ ײץʨʳʣʳʤʜʘסʳ ʜʠʬʬʫʟʠʷ װʰʽʥ 

ʢᴇʙʽʨʝʢ ʵʥʝʨʛʠʷ ʘʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʪʪʽ-ʨʝʪʩʽʟ ʰʧʠʥʝʣʴ ʬʘʟʘʩʳ ʪװʟʽʣʝʜʽ [140, 

ʙ. 321]. ʂʊ-ʩʳ 957ÁC-ʜʝʥ ʞʦסʘʨʳ װʣʛʽʣʝʨ ʠʦʥʜʘʨ ʜʠʬʬʫʟʠʷʩʳʥʳש ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ײץʨʳʣʳʤʥʳש ʨʝʪʩʽʟʜʽʛʽʥʝ ʞᴅʥʝ ʰʧʠʥʝʣʴʜʽש 

ʠʥʚʝʨʩʠʷʩʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. ʉʕM ʢʝʩʢʽʥʜʝʨʽ ʢʨʠʩʪʘʣʣʠʪ ᴇʣʰʝʤʜʝʨʽ 10-50 ʥʤ 

ʙʦʣʘʪʳʥ ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʜʝʨʽʥʽש ʝש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 
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ʉʫʨʝʪ 28 ï ɸʣʳʥסʘʥ MgFe2O4 ʅɹ-ʥʽש (a) (ʂʊ = 200ÁC), (ᴅ) (ʂʊ = 400ÁC),  (ʙ) (ʂʊ 

= 600ÁC), (ʚ) (ʂʊ = 800ÁC), (ʛ) (ʂʊ = 1000ÁC) ʞᴅʥʝ (ס) (ʂʊ = 1200ÁC) ʢʝʡʙʽʨ 

ʢʨʠʩʪʘʣʣʠʪ ᴇʣʰʝʤʜʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ װʣʛʽʣʝʨʽʥʽש ʉʕM ʢʝʩʢʽʥʜʝʨʽ. 

 

3.2.4 ɹᴇʣʰʝʢʪʝʨʜʽש ʩʠʧʘʪʪʘʤʘʩʳ 

ɹᴇʣʰʝʢʪʝʨʜʽש ʩʠʧʘʪʪʘʤʘʩʳ ɼɾʐ ʪʘʣʜʘʫʳ ʥʝʛʽʟʽʥʜʝ MgFe2O4 ʅɹ-ʜʽש 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʩʳʥ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʜʠʘʤʝʪʨʜʽ ᴇʣʰʝʫ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʜʳ [165]. ʅɹ-ʜʽש ʙᴇʣʰʝʢʪʝʨ ᴇʣʰʝʤʜʝʨʽʥʽש ʪʘʨʘʣʫʳ ʤʝʥ ʜʟʝʪʘ 

ʧʦʪʝʥʮʠʘʣʳ 29-ʰʳ ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ. MgFe2O4 ʅɹ-ʥʽ600 שÁC ʢװʡʜʽʨʽʣʛʝʥ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʦʨʪʘʰʘ ʜʠʘʤʝʪʨʽ 96 ʥʤ-ʛʝ ʪʝש ʙʦʣʜʳ (ʩʫʨʝʪ 29ʘ), ʘʣ ʟʝʪʘ 

ʧʦʪʝʥʮʠʘʣʳ ʕɾʐ ʪʘʣʜʘʫʳ ʘʨץʳʣʳ ᴇʣʰʝʥʽʧ, ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳ ʧʦʪʝʥʮʠʘʣ 

ʤᴅʥʽʥ ʢᴇʨʩʝʪʪʽ ï 19 ʤɺ (ʩʫʨʝʪ 29ᴅ). ɸʣʳʥסʘʥ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ 



63 
 

Abdulaziz ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʭʘʙʘʨʣʘסʘʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʜʽ [165, 

ʙ. 1562051]. 

 

 
 

ʉʫʨʝʪ 29 ï  MgFe2O4 (ʂʊ 600ÁC) װʣʛʽʩʽʥʽש (ʘ) ʙᴇʣʰʝʢʪʝʨ ᴇʣʰʝʤʽ ʞᴅʥʝ (ᴅ) ʜʟʝʪʘ 

ʧʦʪʝʥʮʠʘʣʳʥʳש ʪʘʨʘʣʫʳ 

 

3.2.5 ʕɼʈʉ ʪʘʣʜʘʫʳ 

ɸʣʳʥסʘʥ ʂʊ 600ÁC, MgFe2O4 ʅɹ-ʥʽש ʪʘʟʘʣʳסʳ ʤʝʥ ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ 

ʨʘʩʪʘʫ װʰʽʥ ʕɼʈʉ ʩʠʧʘʪʪʘʤʘʩʳ ʞװʨʛʽʟʽʣʜʽ. 30-ʰʳ ʩʫʨʝʪʪʝ MgFe2O4 ײʥʪʘסʳʥʳש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʜʠʩʧʝʨʩʠʷʣʳץ ʩʧʝʢʪʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣ 5-ʰʽ ʢʝʩʪʝʜʝ ʩʧʝʢʪʨʜʝʥ 

ʪʽʢʝʣʝʡ ʘʣʳʥסʘʥ ʵʣʝʤʝʥʪʪʝʨ ʞᴅʥʝ ʦʣʘʨʜʳש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʪʦʤʜʳץ  ʤʘʩʩʘʣʳץ 

 ʘʥסʨʜʝ ʙʝʨʽʣʛʝʥ. ɸʣʳʥװʪ ץʤᴅʥʜʝʨʽ ʩʘʥʜʳ ץʣʝʩʪʝʨʽ ʤʝʥ ʩᴅʡʢʝʩ ʪʝʦʨʠʷʣʳװ

ʥᴅʪʠʞʝʣʝʨ ʜʘʡʳʥʜʘʣסʘʥ ʢʦʤʧʦʟʠʮʠʷʜʘ ץʘʞʝʪʪʽ Mg, Fe, O ʩʠʷץʪʳ ʵʣʝʤʝʥʪʪʝʨʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʘʨʣʳץ ʜʝʨʣʽʢ ʰʳשʜʘʨʳ ʙʘʨ ʝʢʝʥʜʽʛʽ ʨʘʩʪʘʣʜʳ ʞᴅʥʝ ʙʘʩץʘ 

 ʘʨʳסʞʦ שʣʛʽʣʝʨʜʽװ ʘʥסʣ ʘʣʳʥײʪʘʣʤʘʜʳ, ʙץʜʘʨʳ ʘʥʳשʰʳ שʦʩʧʘʣʘʨʜʳץ

ʪʘʟʘʣʳסʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 
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ʉʫʨʝʪ 30 ï  MgFe2O4 ʅɹ-ʥʽש (ʂʊ 600°C) ʕɼʈʉ ʩʧʝʢʪʨʽ 

 

5-ʰʽ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ Mg, Fe, O ɻ ʣʝʤʝʥʪʪʝʨʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʘʪʦʤʜʳץ ʞᴅʥʝ ʤʘʩʩʘʣʳװ ץʣʝʩʪʝʨʽ ʤʝʥ ʪʝʦʨʠʷʣʳץ ʤᴅʥʜʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ ʪʳסʳʟ 

ʩᴅʡʢʝʩʪʽʢ ʧʨʝʢʫʨʩʦʨʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʞʝʪʪʽ ʬʝʨʨʠʪ ײץʨʘʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʨʝʘʢʮʠʷʩʳʥʳש ʘʷץʪʘʣסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ [166].  

 

ʂʝʩʪʝ 5 ï ʕɼʈʉ ʪʘʣʜʘʫʳʥʘʥ ʘʣʳʥסʘʥ MgFe2O4 ʞװʡʝʩʽʥʜʝ ʙʘʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ  

ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʤʘʩʩʘʣʳץ %, ʘʪʦʤʜʳץ % ʤᴅʥʜʝʨʽ 

 

ʕʣʝʤʝʥʪ ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʥʜʝʨ ʊʝʦʨʠʷʣʳץ ʤᴅʥʜʝʨ 

ʄʘʩʩʘʣʳץ % ɸʪʦʤʜʳץ % ʄʘʩʩʘʣʳץ % ɸʪʦʤʜʳץ % 

O 31,21 56,1 31,98 57,15 

Mg 11,41 13,4 12,15 14,26 

Fe 57,56 30,5 55,84 28,57 

ɹʘʨʣʳסʳ 100 

 

3.2.6 ʄʝʩʩʙʘʫʵʨʣʽʢ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ 

ʌʝʨʨʠʪʪʝʨʜʽש ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʢᴇʙʽʥʝʩʝ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ 

ʤʠʢʨʦʩʢʦʧʠʷʣʳײץ ץʨʳʣʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣסʘʥʜʳץʪʘʥ, MgFe2O4 װʣʛʽʣʝʨʽʥʽש 

ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. ʄʝʩʩʙʘʫʵʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʠʽʤʜʽ 

ʤʘʛʥʠʪ ᴇʨʽʩʪʝʨʽʥ, ʬʝʨʨʠʪʪʝʨʜʝʛʽ ᴅʨʪװʨʣʽ ʠʦʥʜʘʨʜʳש ʷʜʨʦʣʘʨʳʥʜʘסʳ ʵʣʝʢʪʨ 

ᴇʨʽʩʽʥʽש ʛʨʘʜʠʝʥʪʪʝʨʽʥ ʞᴅʥʝ ʞײʪʳʣʫ ʩʧʝʢʪʨʣʝʨʽʥʜʝʛʽ ʵʥʝʨʛʠʷ ʳסʳʩʫʣʘʨʳʥ 

ʟʝʨʪʪʝʫ ʞʝʢʝ ʠʦʥʥʳץ שʦʨʰʘסʘʥ ʦʨʪʘʩʳʥʳש ʩʠʤʤʝʪʨʠʷʩʳ ʤʝʥ ʨʝʪʪʝʣʛʝʥ ʢװʡʛʝ 

ᴇʪʫ ʩʠʧʘʪʳ ʞᴅʥʝ ʷʜʨʦʣʘʨʜʘסʳ ʵʣʝʢʪʨʦʥ ʪʳסʳʟʜʳסʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʣʝʨʽʥʽש ʩʳʟʳץʪʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳʥʘ 

 שʘʥ ʷʜʨʦʣʘʨʜʳץʧʦʟʠʮʠʷʣʘʨʜʘ ʦʨʥʘʣʘʩ ץʨʣʽ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷʣʳװʘʨʘʧ, ᴅʨʪץ

ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʘʥʳʥ ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ. ɔ-ʩᴅʫʣʝʣʝʥʫʜʽש ʢʝʨʽ ʘʡʥʘʣʫʩʳʟ ץʘʩʠʝʪʽ 

ï ʩʳʟʳץ ʝʥʽ. ɽʛʝʨ ɔ-ʢʚʘʥʪʪʳ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ʪʦʨ ץʦʟʘʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ ɔ-

ʩʳʟʳסʳʥʳש ʪʠʽʤʜʽ ʝʥʽ ʬʦʥʦʥ ʵʥʝʨʛʠʷʩʳʥʘ ʰʘʤʘ ʨʝʪʽʤʝʥ ʪʝש. ʊʦʨ ץʦʟʙʘסʘʥ 
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ʞʘסʜʘʡʜʘ, ʩᴅʫʣʝʣʝʥʫʜʽש ʬʦʥʦʥʩʳʟ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽש ʝʥʽ ʪʝʢ ʘʨʘʩʳʥʜʘ ʘʫʳʩʫ 

ʦʨʳʥ ʘʣʘʪʳʥ ʷʜʨʦʣʳץ ʜʝשʛʝʡʣʝʨʜʽש ʝʥʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ.  
57Fe ʤʝʩʩʙʘʫʵʨ  ʩʧʝʢʪʨʦʤʝʪʨʠʷʩʳ ʪʝʤʽʨ ʠʦʥʜʘʨʳʥʳש ʪʦʪʳסʫ ʜᴅʨʝʞʝʩʽ 

ʞᴅʥʝ ʰʧʠʥʝʣʴ ײץʨʳʣʳʤʳʥʳש ʪʝʪʨʘʵʜʨʣʽʢ ʞᴅʥʝ ʦʢʪʘʵʜʨʣʽʢ ʫʯʘʩʢʝʣʝʨʽ ʘʨʘʩʳʥʜʘ 

ʪʘʨʘʣʫʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʘʣʫʜʳש ʢװʰʪʽ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʊ 600ÁC, 

MgFe2O4 ʅɹ װʣʛʽʣʝʨʽʥʽש ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʣʝʨʽ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ -10/+10 

ʤʤ/ʩ ʞʳʣʜʘʤʜʳץ ʜʠʘʧʘʟʦʥʳʥʜʘ ʞʘʩʘʣʜʳ (ʩʫʨʝʪ 31). ɿʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽש 

ʄʝʩʩʙʘʫʵʨ ʞײʪʳʣʫ ʩʧʝʢʪʨʣʝʨʽʥʜʝ (ʩʫʨʝʪ 31) ʘʩʠʤʤʝʪʨʠʷʣʳץ ɿʝʝʤʘʥ װʣʛʽʩʽ 

ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦש ʞᴅʥʝ ʪʝʨʽʩ ʞʳʣʜʘʤʜʳץʪʘʨ װʰʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʝʥ ʘʫʳʪץʫʜʳש 

ᴅʨʪװʨʣʽ ʙʝʣʛʽʩʽʤʝʥ ʜᴅʣʝʣʜʝʥʜʽ. ʉʧʝʢʪʨʣʝʨ ʢʝשʝʡʪʽʣʛʝʥ ʨʝʟʦʥʘʥʩʪʳץ ʩʳʟʳץʪʘʨʳ 

ʙʘʨ ʝʢʽ ɿʝʝʤʘʥ ʩʝʢʩʪʝʪʽʥʝʥ ʞᴅʥʝ ʪᴇʤʝʥ ʠʥʪʝʥʩʠʚʪʽ ʪᴇʨʪ ʧʦʣʶʩʪʽ ʜʫʙʣʝʪʪʝʥ 

ʪײʨʜʳ. ʄײʥʳ ʢʝʤ ʜʝʛʝʥʜʝ ʪᴇʨʪ ʵʣʝʤʝʥʪʘʨ ʤʘʛʥʠʪʪʽʢ ײץʨʘʤʜʘʩʪʘʨʜʳ 

ʧʘʡʜʘʣʘʥʳʧ ʞʘץʩʳ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʝʢʝʫʽ ʪʝʪʨʘʵʜʨʣʽʢ 

ʧʦʟʠʮʠʷʣʘʨʜʘ ʦʨʥʘʣʘʩץʘʥ Fe3+, ʘʣ ץʘʣסʘʥ ʝʢʝʫʽ ʩᴅʡʢʝʩ ʠʟʦʤʝʨʣʝʨʜʽש ʳסʳʩʫ 

ʤᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʦʢʪʘʵʜʨʣʽʢ ʧʦʟʠʮʠʷʣʘʨʜʘ ʦʨʥʘʣʘʩץʘʥ Fe3+, ʦʩʳʣʘʡʰʘ װʣʛʽʜʝ 

Fe2+ ʠʦʥʜʘʨʳʥʳש ʙʦʣʫʳ ʰʝʢʪʝʣʜʽ.  ʉʘʣʳʩʪʳʨʤʘʣʳ ʞײʪʳʣʫ ʘʡʤʘסʳʥʳש ʜᴅʣʽʨʝʢ 

ʤᴅʥʽʥ ʩʳʨʪץʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʜʝ ʘʣʳʥסʘʥ ʬʝʨʨʠʪʪʝʨʜʽש ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʽ  

ʬʝʨʨʠʤʘʛʥʠʪʪʽʢ ᴅʨʝʢʝʪʽʥʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʝʢʽ ʞʘץʩʳ ʰʝʰʽʣʛʝʥ ײץʨʘʤʜʘʩʪʘʨסʘ 

ʙᴇʣʽʥʛʝʥ ʛʠʧʝʨʞץײʘ ײץʨʳʣʳʤ ʝʢʽ Fe3+ ʪװʨʽʥʽש ʧʨʦʧʦʨʮʠʷʣʘʨʳʥ ʞʘץʩʳ ʙʘסʘʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [167]. MgFe2O4 װʣʛʽʣʝʨʽʥʽײץ שʨʘʤʳʥʜʘסʳ ʪʝʤʽʨ ʠʦʥʜʘʨʳʥʳש 

ʢᴇʙʝʶʽʤʝʥ ʤʘʛʥʠʪʪʽʢ ʩʝʢʩʪʫʧʣʝʪʪʽש ʢʝשʝʶʽ ʙʘʡץʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Fe3+ 

ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʦʨʪʘʣʳץ ʪᴇʨʪ ʧʦʣʶʩʪʽ 

ʜʫʣʝʪʪʽץ שʘʨץʳʥʜʳʣʳסʳ ʘʨʪʪr . ʇʘʨʘʤʘʛʥʠʪʪʽʢ ʜʫʙʣʝʪʪʽץ שʘʨץʳʥʜʳʣʳסʳʥʳש 

ʘʨʪʫʳ ʙʽʨץʘʪʘʨ ʤʘʛʥʠʪʪʽʢ ײץʙʳʣʳʩʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʘʪʘʧ ʘʡʪץʘʥʜʘ: 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʪʽʢ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʦʣʫʳ [144, ʙ. 83; 167] ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ 

ʤʦʤʝʥʪ ʚʝʢʪʦʨʣʘʨʳʥʳש ʢʦʣʣʠʥʝʘʨʣʳ ʝʤʝʩ ʦʨʥʘʣʘʩʫʳ ʙʘʨ ʤʘʛʥʠʪʪʽʢ ʬʘʟʘʜʘ 

ʙʦʣʫʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʤʘʛʥʠʪʪʽʢ ʨʝʪʪʝʣʛʝʥ ʬʘʟʘʥʳש ʙʦʣʫʳ ʘʥʳץ ʙʘʡץʘʣʜʳ. 

ɹʘʨʣʳץ ʜʠʘʧʘʟʦʥʜʘʨ ʘʣʳʥסʘʥ ʧʘʨʘʤʝʪʨ ʤᴅʥʜʝʨʽʥ ᴅʜʝʙʠʝʪ ʜʝʨʝʢʪʝʨʽʤʝʥ 

ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣסʘʥ ʛʠʧʝʨʞʘץʩʳ ʤʘʛʥʠʪ ᴇʨʽʩʽ ʤʝʥ ʩʧʝʢʪʨʣʽʢ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʪʘʨʘʣʫʳʥ ץʘʡʪʘ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʨץʳʣʳ ʘʣʳʥʜʳ. 

ʉʧʝʢʪʨʣʽʢ ʩʳʟʳץʪʘʨʜʳש ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʢʝשʝʶʽ ʞᴅʥʝ ʘʩʠʤʤʝʪʨʠʷʩʳ ʪʦʨʜʘסʳ 

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʥʳש ʨʝʪʩʽʟ ʘʡʤʘץʪʘʨʳʥʳש ʞᴅʥʝ ʢʘʪʠʦʥʜʳץ ʙʦʩ 

ʦʨʳʥʜʘʨʜʳש ʙʦʣʫʳʥ ʢᴇʨʩʝʪʝʜʽ. ɿʝʨʪʪʝʣʝʪʽʥ ʰʘʤʘʣʘʨ װʰʽʥ ʘʩʘ ʞץײʘ ʤʘʛʥʠʪ 

ᴇʨʽʩʽʥʽש ʪᴇʨʪ ʧʦʣʶʩʪʽ ʳסʳʩʫ r(Ů) ʞᴅʥʝ ʠʟʦʤʝʨʣʽʢ ʳסʳʩʫʳ (ŭ) ʤᴅʥʜʝʨʽʥʽש ᴇʟʛʝʨʫʽ 

6-ʰʳ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʀʟʦʤʝʨʣʽʢ ʳסʳʩʫ (ŭ) ʷʜʨʦסʘ ʞʘץʳʥ ʵʣʝʢʪʨʦʥʜʘʨʜʳש ʪʳסʳʟʜʳסʳʥʘ ʞᴅʥʝ 

ʭʠʤʠʷʣʳץ ʙʘʡʣʘʥʳʩʪʳש ʪʘʙʠסʘʪʳʥʘ, ʠʦʥʜʘʨʜʳש ʪʠʽʤʜʽ ʟʘʨʷʜʳʥʘ, 

ʢʦʦʨʜʠʥʘʮʠʷʣʳץ ʩʘʥʳʥʘ, ʵʣʝʢʪʨʦʥʥʳש ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʜᴅʨʝʞʝʩʽʥʝ ʞᴅʥʝ ʪ.ʙ. 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʊᴇʨʪ ʧʦʣʶʩʪʽ ʙᴇʣʽʥʫ (Ů) ʞʘʣʧʳ ʞʘסʜʘʡʜʘ ʟʝʨʪʪʝʣʝʪʽʥ 

ʷʜʨʦʥʳש ʘʪʦʤʜʳץ ʦʨʪʘʩʳʥʳש ʢʨʠʩʪʘʣʜʳץ ʩʠʤʤʝʪʨʠʷʩʳ ʪʫʨʘʣʳ ʞᴅʥʝ ʘʪʦʤʥʳש 

ʵʣʝʢʪʨʦʥʜʳ ץʘʙʘʪʳʥʳש ʢװʡʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʙʝʨʝʜʽ. ʀʟʦʤʝʨʣʽʢ ʳסʳʩʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽ (ŭ), 6-ʰʳ ʢʝʩʪʝʜʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, 0,300-ʜʝʥ ï 0,600-ʛʝ ʜʝʡʽʥʛʽ 

ʘʨʘʣʳץʪʘ, ʘʣ ʪᴇʨʪʧʦʣʶʩʪʽ ʙᴇʣʫ (Ů) ï 0,067-ʜʝʥ ï 0,866 ʤʤ/ʩ ʘʨʘʣʳסʳʥʜʘ ʞᴅʥʝ 

ʙײʣ MgFe2O4 ײץʨʘʤʳʥʜʘסʳ ʪʝʤʽʨ ʠʦʥʜʘʨʳ ʞʦסʘʨʳ ʩʧʠʥʜʽ Fe3+ ʢװʡʽʥʜʝ 
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ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ [144, ʙ. 83]. ɸʥʠʦʥʜʘʨʤʝʥ ץʦʨʰʘʣסʘʥ ʪʝʤʽʨ 

ʢʘʪʠʦʥʜʘʨʳ ʙʘʨ ײץʨʳʣʳʤʜʘʨʜʘ O2- ʩʠʷץʪʳ ʪᴇʤʝʥ ᴇʨʽʩ ʣʠʛʘʥʜʘʣʘʨʳ - ʪʝʤʽʨ 

ʢʘʪʠʦʥʜʘʨʳ ᴅʜʝʪʪʝ ʞʦסʘʨʳ ʩʧʠʥʜʽ ʢװʡʜʝ ʙʦʣʘʜʳ ʞᴅʥʝ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʢᴇʧ 

ʞײʧʪʘʣʤʘסʘʥ d ʵʣʝʢʪʨʦʥʜʘʨʳʥ ץʘʤʪʠʜʳ. Fe3+ (3d5) ʞʘʣʧʳ ʘʡʥʘʣʜʳʨʫ ʤʦʤʝʥʪʽ S 

(S = 5/2) ʙʘʨ. ʄʝʩʩʙʘʫʵʨʜʽש çʩʬʝʨʘʣʳץ ʩʠʤʤʝʪʨʠʷʣʳè Fe3+ ʢʘʪʠʦʥʳ ʦʢʪʘʵʜʨʣʽʢ 

ʦʪʪʝʛʽ ʦʨʪʘʩʳʥʜʘ ʵʣʝʢʪʨʦʥʜʳ ʪʳסʳʟʜʳץʪʳש ʪʘʨʘʣʫʳʥʘ (t3
2ge

2
g) ʠʝ. ɾʦסʘʨʳ 

ʩʧʠʥʜʽʢ ʢװʡʜʝʛʽ Fe2+ (3d6) ʠʦʥʳ װʰʽʥ ʦʣʘʨʜʳש ʩʘʥʳ ʪᴇʨʪ ʙʦʣʘʜʳ (S = 2). ʆʣʘʨ 

ʦʢʪʘʵʜʨʣʽʢ ʩʠʤʤʝʪʨʠʷʥʳש d-ʦʨʙʠʪʘʣʴʜʘʨʳʥʜʘ (t4
2ge

2
g) 3d6 ʵʣʝʢʪʨʦʥʜʘʨʳʥʳש 

ʪʘʨʘʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ [144, ʙ. 83]. 

 

 
 

ʉʫʨʝʪ 31 ï MgFe2O4 ʅɹ-ʥʽש (ʂʊ 600°C) ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʽ 

 

ʅɹ-ʛʝ ʘʨʥʘʣסʘʥ ʫʣʴʪʨʘ ʞץײʘ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʰʘʤʘʩʳ 440-480 ʢʆʵ 

ʜʠʘʧʘʟʦʥʳʥʜʘ, ʙײʣ ʪʘʣʜʘʥʘʪʳʥ װʣʛʽʣʝʨʜʽש ʤײʥʜʘʡ ʨʝʪʩʽʟ ײץʨʳʣʳʤʳ ʨʝʪʩʽʟ 

ʪʝʤʽʨʽ ʙʘʨ ʦʢʩʠʜʪʽש ʙᴇʣʰʝʢʪʝʨʽ ʜʝʛʝʥ ʙʦʣʞʘʤʜʳ ʨʘʩʪʘʡʜʳ [144, ʙ. 83]. 

 

ʂʝʩʪʝ 6 ï ᴆʪʝ ʞץײʘ ʤʘʛʥʠʪ ᴇʨʽʩʽ, ʪᴇʨʪ ʧʦʣʶʩʪʽ ʳסʳʩʫ ʞᴅʥʝ ʠʟʦʤʝʨʣʽʢ ʳסʳʩʫ 

ʤᴅʥʜʝʨʽʥʽש ᴇʟʛʝʨʫʽ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ. 

 

 ʨʘʤʳ Ů1 Ů2 Ů3 ŭ1 ŭ2 ŭ3 Hn1 Hn2ײפ

FeMgO -0.093 

±0.005 

-0.067 

±0.011 

-0.866 

±0.060 

0.300 

±0.008 

0.600 

±0.040 

0.467 

±0.050 

478.15 

±3.10 

438.18 

±9.00 

 

 3.2.7 ʄʘʛʥʠʪʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

4-ʩʫʨʝʪʪʝ ʚʠʙʨʘʮʠʷʣʳץ ʤʘʛʥʠʪʦʤʝʪʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨʜʽש 

ʤʘʛʥʠʪʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɻʠʩʪʝʨʝʟʠʩ 
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ʢʦʥʪʫʨʣʘʨʳʥʳש ʞװʨʫ ʙʘʨʳʩʳʥ ʪʘʣʜʘסʘʥʜʘ, ץʦʨʳʪʧʘʣʘʨʜʳײץ שʨʘʤʜʘʩ 

ʙᴇʣʽʢʪʝʨʽʥʝ ʞᴅʥʝ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ װʣʛʽʣʝʨʜʽש ʬʘʟʘʣʳײץ ץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʜʽש ᴇʟʛʝʨʝʪʽʥʽ ʘʥʳץ. ɸʣʳʥסʘʥ ײʥʪʘץʪʘʨ ʢᴇʧ ʬʘʟʘʣʳ 

ʢʦʤʧʦʟʠʮʠʷʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʥᴅʪʠʞʝʩʽ ʧʘʡʜʘ ʙʦʣסʘʥ ʛʠʩʪʝʨʝʟʠʩ 

ʽʣʤʝʢʪʝʨʽʥʜʝ ʢᴇʨʽʥʜʽ. ʂʦʤʧʦʟʠʮʠʷʣʘʨʜʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʽ ʬʝʨʨʠʪ ᴅʨʪװʨʣʽ 

ʵʣʝʤʝʥʪʪʝʨʤʝʥ ʣʝʛʠʨʣʝʥʛʝʥ ʢʨʠʩʪʘʣʜʳץ ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʪʝʤʽʨ ʦʢʩʠʜʽ ʙʦʣʳʧ 

ʪʘʙʳʣʜʳ.  

ɻʠʩʪʝʨʝʟʠʩ ʥʝʤʝʩʝ ʽʣʤʝʢ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʝ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʢʝʟʜʝ 

ʬʝʨʨʦʤʘʛʥʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ᴅʨʝʢʝʪʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 32-ʰʽ 

ʩʫʨʝʪʪʝ ʩʠʥʪʝʟʜʝʣʛʝʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʞײʤʩʘץ ʤʘʛʥʠʪʪʽʢ ʩʠʧʘʪʳʥ ʢᴇʨʩʝʪʝʪʽʥ, 

MgFe2O4 װʰʽʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ ʛʠʩʪʝʨʝʟʠʩ ʽʣʤʝʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ 

 ʘʣʫ (Mr)ץ ʩʪʘʧײ ,ʰʽ (Hc)װʢʦʵʨʮʠʚ ʢ ,(Ms) שʘʥ ʤʘʛʥʠʪʪʝʣʫʽʥʽץץʘʥʳץ ʪʘʥץʠʩʳץ

ʞᴅʥʝ ץʘʣʜʳץ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש (R) ʤᴅʥʜʝʨʽ ʩʠʷץʪʳ ʤʘʛʥʠʪʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨ 

ʛʠʩʪʝʨʝʟʠʩ ʜʝʨʝʢʪʝʨʽʥʝʥ ʝʩʝʧʪʝʣʛʝʥ ʞᴅʥʝ 7-ʰʽ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. תʣʛʽʜʝ 

 ʘʥסʘʣʳʧʪʳ (S-ʪᴅʨʽʟʜʽ) ʪʘʨ ʛʠʩʪʝʨʝʟʠʩ ʽʣʤʝʛʽ ʙʦʣʜʳ. ʊʘʨ ʽʣʤʝʢʪʝʨ ʜʘʡʳʥʜʘʣץ

 .ʳʥʜʘʡʪʳʥ ʢʦʵʨʮʠʚʪʽʢ ʤᴅʥʽʥ ʢᴇʨʩʝʪʝʜʽץʘʡ ʤʘʛʥʠʪʪʝʥʝʪʽʥʽʥ ʘʡשʦ שʣʛʽʥʽװ

 ץʳʟʜʳסʪʳ ʤʘʛʥʠʪʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪʳץMs, Mr ʞᴅʥʝ Hc ʩʠʷ שʣʛʽʣʝʨʜʽת

ʘʥʠʟʦʪʨʦʧʠʷʩʳ ʞᴅʥʝ A-B ʘʣʤʘʩʫ ᴅʨʝʢʝʪʪʝʩʫʽ ʩʠʷץʪʳ ʙʽʨץʘʪʘʨ ʬʘʢʪʦʨʣʘʨסʘ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʝʜʽ. [167, ʙ. 166] ʞײʤʳʩʪʘ MgFe2O4 ʢᴇʣʝʤʜʽ ʙᴇʣʰʝʢʪʝʨ װʰʽʥ 

 ʜʘʡʜʘ ʤᴅʥʽ 22,9סʣ ʞʘײʙʦʣʜʳ, ʘʣ ʙ שʘʥ ʤʘʛʥʠʪʪʝʣʫ ʤᴅʥʽʥ 27 emu ʛ-1 ʪʝץץʘʥʳץ

emu ʛ-1. פʘʥʳץץʘʥ ʤʘʛʥʠʪʪʝʣʫ ʰʘʤʘʩʳʥʳש ʘʡʳʨʤʘʰʳʣʳסʳʥ ʢʘʪʠʦʥʜʘʨʜʳש 

ʪʘʨʘʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ.  

ʄʘʛʥʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʳש Hc ʤᴅʥʽ ʦʥʳש ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʜʳץ 

ʘʥʠʟʦʪʨʦʧʠʷʩʳʥʳש ᴇʣʰʝʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. Hc ʤᴅʥʽ ᴇʥʜʽʨʽʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ʤʝʥ ʢʨʠʩʪʘʣʣ ᴇʣʰʝʤʽʥʝ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʝʤʝʩ.  

 

 
 

ʉʫʨʝʪ 32 ï MgFe2O4 (ʂʊ 600°C) ʛʠʩʪʝʨʝʟʠʩ ʽʣʤʝʛʽ 
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ʄʘʛʥʠʪʪʽʢ ᴇʣʰʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʛʠʩʪʝʨʝʟʠʩ ץʠʩʳץʪʘʨʳ 

ʜʘʡʳʥʜʘʣסʘʥ ʥʘʥʦʬʝʨʨʠʪʪʝʨʜʽש FeMgO װʣʛʽʩʽ (100% MgFe2O4 - ʤʘʛʥʠʡ ʬʝʨʨʠʪ) 

ʙʽʨ ʢʦʤʧʦʥʝʥʪʪʽ ʞײʤʩʘץ ʤʘʛʥʠʪʪʽ ײʥʪʘץ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ [144, 

ʙ. 83]. 

 

ʂʝʩʪʝ 7 ï ʅʝʛʽʟʛʽ ʤʘʛʥʠʪʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ  

 

 ʨʘʤʳ Hc, Oe Mr, emu/g Ms, emu/g Mr / Msײפ

FeMgO 3.8 2.1 22.9 0,09 

 

ɸʣʳʥסʘʥ ʤʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ-ʥʽש ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʜʳש 

ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʥʝʦʜʠʤʜʽ ʤʘʛʥʠʪʪʽ ʪʘʨʪʫ ʘʨץʳʣʳ ʩʳʥʘʣʜ  r(ʩʫʨʝʪ 33ʘ, ᴅ). 

MgFe2O4 ʅɹ-  ̔ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO (ʤʘʩ. 40%) ʛʫʙʢʘʣʘʨr  ʥʝʦʜʠʤʜʽ ʤʘʛʥʠʪʢʝ ʢװʰʪʽ 

ʪʘʨʪʳʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʪʘʤʘʰʘ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʜᴅʣʝʣʜʝʡʜʽ [141, ʙ. 1777]. 

ɹײʣ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ-ʥʽש ʙʘʩʪʘʧץʳ PU-ʜʳ ʛʫʙʢʘסʘ ʩᴅʪʪʽ 

ʝʥʛʽʟʽʣʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 33 ï ʘ) ʤʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ-ʥʽש; ᴅ) ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ 

ʛʫʙʢʘʣʘʨʜʳש ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ. 

 

ʄʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ-ʥʽש ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

Gubin ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʟʝʨʪʪʝʫʣʝʨʽʥʝ ᴇʪʝ ץײʩʘʩ [168]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, MgFe2O4 

ʅɹ-ʪʝʨʽ ʘסʳʥʜʳ ʩʫʣʘʨʜʘʥ ʤʝʪʠʣʝʥ ʢᴇʢʽʥ ʞʦʶ װʰʽʥ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ 

ʩʳʥʘʣסʘʥ. ʅᴅʪʠʞʝʣʝʨ ʢװʥ ʩᴅʫʣʝʩʽʥʽש ʘʩʪʳʥʜʘ 0,4 ʛ/ʣ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘ MgFe2O4 

ʅɹ-ʥʽש ʢᴇʤʝʛʽʤʝʥ 135 ʤʠʥʫʪ ʽʰʽʥʜʝ ʄʂ-ʥʽש ʪʦʣʳץ ʬʦʪʦʜʝʛʨʘʜʘʮʠʷʩʳʥ 
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ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʙײʣ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ װʰʽʥ MgFe2O4 ʅɹ-ʥʽש 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʬʦʪʦʢʘʪʘʣʠʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʡץʳʥʜʘʡʜʳ. 

 

3.3 ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ, 

ʤʝʭʘʥʠʢʘʣʳץ, ʛʠʜʨʦʬʦʙʪʳʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

3.3.1 ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ 

ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʉʕʄ ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. 34-ʰʽ ʩʫʨʝʪʪʝ ʤ.ʞ. 0, 20, 40% ʙʦʣʳʧ 

ʢʝʣʝʪʽʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨrʥrש 

ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. MgFe2O4/RGO/PDMS ʞᴅʥʝ MgFe2O4/RGO/SO 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU-ʜʳ ʛʫʙʢʘʣʘʨʜʳש ʤʘʩʩʘʣʳץ ʞװʢʪʝʣʫʽ ʉʕʄ 

ʢʝʩʢʽʥʜʝʨʽʥʜʝ ʘʥʳץ ʢᴇʨʽʥʝʜʽ. ᴆשʜʝʣʤʝʛʝʥ PU ʛʫʙʢʘʤʝʥ (ʤ.ʞ. 0%, ʩʫʨʝʪ 34 ʘ) 

ʩʘʣʳʩʪʳʨסʘʥʜʘ MgFe2O4/RGO/PDMS ʞᴅʥʝ MgFe2O4/RGO/SO 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʛʫʙʢʘʣʘʨʜʳײץ שʨʳʣʳʤʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩ 

ʢᴇʧʪʝʛʝʥ ʥʘʥʦᴇʣʰʝʤʜʽ ʤʠʢʨʦʞʠʝʢʪʝʨʽ ʙʘʨ (ʩʫʨʝʪ 34 ᴅ-ʙ) ʝʢʝʥʜʽʛʽ ʘʥʳץ ʢᴇʨʽʥʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴇשʜʝʣʤʝʛʝʥ PU-ʜʳ ʛʫʙʢʘʥrש ʪʝʛʽʩ ʙʝʪʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

(ʩʫʨʝʪ 34 ʘ), ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ PU/MgFe2O4/RGO/PDMS, ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש (ʩʫʨʝʪ 34 ᴅ-ʙ) ʙʝʪʪʝʨʽ ᴅʣʜʝץʘʡʜʘ 

ᴇʨʝʩʢʝʣ ײץʨʳʣʳʤסʘ ʠʝ [141, ʙ. 1777; 169] ʞᴅʥʝ ʜʝ MgFe2O4/RGO/PDMS ʞᴅʥʝ 

MgFe2O4/RGO/SO ʤ.ʞ. 0-ʜʝʥ 40 % ʜʝʡʽʥ ײʣסʘʡסʘʥ ʩʘʡʳʥ, ʛʫʙʢʘʣʘʨʜʳש ʙʝʪʽʥʽש 

ʜʝ ʢʝʜʽʨ-ʙײʜʳʨʣʳסʳ ʘʨʪʘʜʳ [138, ʙ. 8491; 141, 1777]. ʉʕʄ ʢʝʩʢʽʥʜʝʨʽʥʝʥ 

MgFe2O4/RGO/PDMS ʞᴅʥʝ MgFe2O4/RGO/SO ʢʦʤʧʦʟʠʪʪʝʨʽʥʽש PU-ʜʳ ʛʫʙʢʘʥrש 

ʙװʢʽʣ ʙʝʪʽʥʝ ʞʘץʩʳ ʪʘʨʘʣסʘʥʳʥ ʘʡץʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ, ʙײʣ PU-ʜʳ ʛʫʙʢʘʣʘʨ 

ʙʝʪʽʥʽש ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʤʝʥ ʙʽʨʢʝʣʢʽ ʞʘʙʳʣסʘʥʳʥ 

ʘʡץʳʥʜʘʡʜʳ. PDMS, SO ʞʝʣʽʤ ʞᴅʥʝ ʩʦʨʙʝʥʪ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ, ʩʦʥʳʤʝʥ 

 שʘ ʛʫʙʢʘʣʘʨʜʳשʘʥ ʞʘסʘʩʠʝʪʢʝ ʠʝ, ʘʣ RGO ʘʣʳʥץ ʩʳ ʛʠʜʨʦʬʦʙʪʳץʘʪʘʨ ʞʘץ

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʞᴅʥʝ MgFe2O4 ʅɹ-ʪʝʨʽ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʙʦʣʫʳʥʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 
 

ʉʫʨʝʪ 34 ï ʉʠʥʪʝʟʜʝʣʛʝʥ ʛʫʙʢʘʣʘʨʜʳש ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ (a) ʤ.ʞ. 0%  (ᴇשʜʝʣʤʝʛʝʥ 

PU ʛʫʙʢʘ), (ᴅ) ʤ.ʞ. 20 % ʞᴅʥʝ (ʙ) ʤ.ʞ. 40% MgFe2O4/RGO/PDMS ʞᴅʥʝ 

MgFe2O4/RGO/SO ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU ʛʫʙʢʘʣʘʨ. 
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3.3.2 ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ 

ɸʣʳʥסʘʥ  PU/MgFe2O4/RGO/PDMS, PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʅʄ-

ʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ 50 ʛ ʩʘʣʤʘץʪʳ 10 ʤʠʥʫʪ ʙʦʡʳʥʘ ʞװʢʪʝʫ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʳʧ, ʘʣʳʥסʘʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽ 35-ʰ ̔ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. 35-ʰʽ 

ʩʫʨʝʪʪʝʥ MgFe2O4/RGO/PDMS ʞᴅʥʝ MgFe2O4/RGO/SO (ʤ.ʞ. 40%) 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU ʛʫʙʢʘʣʘʨʳʥ ʩʘʣʤʘסʳ 50 ʛ ʩʘʣʤʘץʧʝʥ ʞװʢʪʝʣʛʝʥʛʝ 

ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ײץʨʳʣʳʤʳ ʤʝʥ ʧʽʰʽʥʽש ʪʦʣʳסʳʤʝʥ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣסʘʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʗסʥʠ, ץʳʩʳʣסʘʥʥʘʥ ʢʝʡʽʥ PU/MgFe2O4/RGO/PDMS, 

PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʳ ᴇʟʜʝʨʽʥʽש ʙʘʩʪʘʧץʳ ʧʽʰʽʥʽʥ 

ʙʽʨʥʝʰʝ ʨʝʪ ʦשʘʡ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʝ ʘʣʘʜʳ, ʙײʣ PU ʛʫʙʢʘʩʳʥʳץ שʘʙʳʨסʘʣʘʨʳʥ 

MgFe2O4/RGO/PDMS ʞᴅʥʝ MgFe2O4/RGO/SO ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʤʝʭʘʥʠʢʘʣʳץ 

 .ʥʘʰʘʨʣʘʫʳʥʘ ᴅʩʝʨ ʝʪʧʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ [129, ʙ. 81] שʘʩʠʝʪʪʝʨʜʽץ

 

 
 

ʉʫʨʝʪ 35 ï PU/MgFe2O4/RGO/PDMS, PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) 

ʛʫʙʢʘʣʘʨʳʥ 50 ʛ ʩʘʣʤʘץʧʝʥ ʞװʢʪʝʫ ʧʨʦʮʝʩʽʥʽש ʩʫʨʝʪʽ 

 

3.3.3 ɻʠʜʨʦʬʦʙʪʳʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʉɾɹ 

ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳש ʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽʥ 

ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʦʣʘʨʜʳש ʤ.ʞ. 0, 20 ʞᴅʥʝ 40% ʙʦʣʳʧ ʢʝʣʝʪʽʥ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʉɾɹ 

ᴇʣʰʝʥʜʽ (ʩʫʨʝʪ 36). ʅᴅʪʠʞʝʣʝʨʜʝʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʤ.ʞ. ʘʨʪץʘʥ ʩʘʡʳʥ ʦʣʘʨʜʳש ʉɾɹ 

ʞʦסʘʨʳʣʘʡʪʳʥʜʳסʳ, ʷסʥʠ 90Á-ʪʘʥ (ʤ.ʞ. 0%, ʩʫʨʝʪ 36 ʘ) 147°-ץʘ ʜʝʡʽʥ (ʤ.ʞ. 20%, 

ʩʫʨʝʪ 36 ᴅ) 158,5°-ץʘ ʜʝʡʽʥ (ʤ.ʞ. 40%, ʩʫʨʝʪ 36 ʙ) ʘʥʳץʪʘʣʜʳ. ʉʦʥʜʘʡ-ʘץ, ʉɾɹ 

ʥᴅʪʠʞʝʣʝʨʽ  ʤ.ʞ. 20%-ʜʘʥ ʞʦסʘʨʳ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʠʥʪʝʟʽ ʪʠʽʤʜʽ 

ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ [138, ʙ. 8491; 170]. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʛʫʙʢʘʣʘʨʜʳש ʙʝʪʽʥʽש 

ʛʠʜʨʦʬʦʙʪʳʣʳסʳʥ ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ʤʠʢʨʦײץʨʳʣʳʤʳ ʘʨץʳʣʳ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ [171]. 36-ʰʳ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʤʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ 

ʛʫʙʢʘʣʘʨʜʳש ʞʘץʪʘʫʣʘʨʳʥʘ ʙʝʢʽʪʽʣʽʧ, ʦʣʘʨʜʳש ʩʫʣʘʥʫʳʥ ʛʠʜʨʦʬʦʙʪʳʜʘʥ (ʷסʥʠ 

ᴇשʜʝʣʤʝʛʝʥ PU ʛʫʙʢʘ, ʉɾɹ 90Á, ʩʫʨʝʪ 36 ʘ) ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳסʘ (ʷסʥʠ, 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳ, ʉɾɹ > 140°, 36 

ᴅ-ʙ ʩʫʨʝʪ) ᴇʟʛʝʨʪʝʜʽ [138, ʙ. 8491; 141, ʙ. 1777]. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʘʣʳʥסʘʥ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨ ʞʘʣʧʳ ʢᴇʣʝʤʜʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳʣʳץץʘ 
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ʠʝ ʙʦʣʘʜʳ (ʷסʥʠ, ʛʫʙʢʘʥrש ʙʝʪʽʥ ײʩʪʘʨʘ ʞװʟʽʤʝʥ ʪʝʛʽʩʪʝʛʝʥʥʝʥ ʢʝʡʽʥ ʜʝ ʦʥʳש 

ʉɾɹ > 140Á ʪʝש ʙʦʣʜʳ) ʞᴅʥʝ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʽ ʛʫʙʢʘʥrש ʢʝʟ ʢʝʣʛʝʥ 

ʙʝʪʽ, ʽʰʢʽ ʙʝʪʽʥ ץʦʩʘ ʘʣסʘʥʜʘ ʢᴇʨʩʝʪʝʜʽ. פʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʞʘשʘ ʤʘʛʥʠʪʪʽʢ 

ʛʫʙʢʘʣʘʨ 5-ʰʽ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽʤʝʥ (ʉɾɹ > 

140Á, ʩʫʨʝʪ 36 ᴅ-ʙ) ץʦʩʘ ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ, ʷסʥʠ, ʤײʥʘʡʤʝʥ 

ʞʘʥʘʩʫ ʙײʨʳʰʳ ʰʘʤʘʤʝʥ 0Á ʢᴇʨʩʝʪʝʜʽ.  

 

 
 

ʉʫʨʝʪ 36 ï (a) ʤ.ʞ. 0% (ʷסʥʠ ᴇשʜʝʣʤʝʛʝʥ PU ʛʫʙʢʘ), (ᴅ) ʤ.ʞ. 20% ʞᴅʥʝ  

(c) ʤ.ʞ. ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʉɾɹ ʥᴅʪʠʞʝʣʝʨʽ. 

 

ʆʩʳʣʘʡʰʘ, ʞʘשʘ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽ ץʘʩʠʝʪʪʝʨʽʥ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʤײʥʘʡʜʳ ʩʫʜʘʥ ʘʞʳʨʘʪʫ ץʘʙʽʣʝʪʽʥ ʜᴅʣʝʣʜʝʫ װʰʽʥ ʪʘʟʘ PU ʞᴅʥʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

ʛʫʙʢʘʣʘʨʜʳש ʙʝʪʽʥʜʝʛʽ ʩʫ ʤʝʥ ʤײʥʘʡ ʪʘʤʰʳʣʘʨʳʥʳש ʬʦʪʦʩʫʨʝʪʪʝʨʽ ʘʣʳʥʜʳ 

(ʩʫʨʝʪ 37). ʅᴅʪʠʞʝʣʝʨ ʞʘשʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ/ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤʘʡʜʳ 

ʪʦʣʳסʳʤʝʥ ʩʽשʽʨʝʪʽʥʽʥ ʞᴅʥʝ ʩʫ ʪʘʤʰʳʩʳʥ ʩʽשʽʨʤʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ [138, ʙ. 8491; 

141, ʙ. 1777]. ʉʫ ʪʘʤʰʳʣʘʨʳ ʛʫʙʢʘʣʘʨʜʳש ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʙʝʪʽʥʜʝ ʜᴇשʛʝʣʝʢ 

ʧʽʰʽʥʜʝ ʙʦʣʳʧ ץʘʣʘʜʳ ʞᴅʥʝ ʦשʘʡ ʜʦʤʘʣʘʧ ʢʝʪʝʜʽ (5-ʩʫʨʝʪ). 

ɼʘʡʳʥʜʘʣסʘʥ ʛʫʙʢʘʣʘʨʜʳש ʉɾɹ 0,0Üʉ, ʘʣ ʜʦʤʘʣʘʫ ʙײʨʳʰʳ 0,3Üʉ ʪʝש 

ʙʦʣʜʳ [141, ʙ. 1777], ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʦʥʳש ʛʠʜʨʦʬʦʙʪʳ ʞᴅʥʝ ʦʣʝʦʬʠʣʴʜʽ 

 .ʜᴅʣʝʣʽ שʘʩʠʝʪʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥʽʥʽץ
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ʉʫʨʝʪ 37 ï  ᴆשʜʝʣʤʝʛʝʥ PU ʞᴅʥʝ ʞʘשʘ ʤ.ʞ. 40%, PU/MgFe2O4/RGO/PDMS, 

ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨ ʙʝʪʽʥʜʝʛʽ ʩʫ ʤʝʥ ʤײʥʘʡ ʪʘʤʰʳʣʘʨʳʥʳש 

ʬʦʪʦʩʫʨʝʪʪʝʨʽ. 

 

ɹʘʩʪʘʧץʳ PU-ʜʳ ʛʫʙʢʘʥʳש ʞᴅʥʝ RGO-ʤʝʥ ʥʝʤʝʩʝ ʦʥʩʳʟ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ  ʞʘשʘ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש (ʷסʥʠ, ʤ.ʞ. 40% 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/PDMS, ʩʦʥʜʘʡ-ʘץ 

PU/MgFe2O4/RGO/SO ʞᴅʥʝ PU/MgFe2O4/SO) ʩʫʜʳ ʩʽשʽʨʫ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫ 

ʪײʨסʳʩʳʥʘʥ ʜʘ ʟʝʨʪʪʝʣʜʽ. ʉʫʜʳ ʩʽשʽʨʫ ʤᴇʣʰʝʨʽ ʛʫʙʢʘʣʘʨʜʳ ʧʠʥʮʝʪ ʢᴇʤʝʛʽʤʝʥ 

ʩʳʨʪץʳ ʢװʰ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ ʩʫסʘ 10 ʤʠʥʫʪץʘ 

ʙʘʪʳʨʫ ʞʦʣʳʤʝʥ ʙʘסʘʣʘʥʜʳ. ᴄʨʙʽʨ ʛʫʙʢʘʥʳש ʩʫʜʳ ʩʽשʽʨʫ ʧʘʡʳʟʳ ʛʫʙʢʘʣʘʨʜʳש 

ʙʘʪʳʨʫסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʩʘʣʤʘסʳʥ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ. 38 - ʰʽ 

ʩʫʨʝʪʪʝ ʛʫʙʢʘʣʘʨʜʳש ʩʫʜʳ ʩʽשʽʨʫ ʧʨʦʮʝʩʽʥʽש ʩʫʨʝʪʪʝʨʽʥ ʢʝʣʪʽʨʽʣʛʝʥ. ɹʘʩʪʘʧץʳ 

PU ʛʫʙʢʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʘשʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/PDMS, ʩʦʥʜʘʡ-ʘץ PU/MgFe2O4/RGO/SO ʞᴅʥʝ PU/MgFe2O4/SO 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʛʫʙʢʘʣʘʨ ʙʘʪʳʨʫ ʢʝʟʽʥʜʝ ʛʠʜʨʦʬʦʙʪʳ ʛʫʙʢʘ ʙʝʪʽ ʤʝʥ ʩʫʜʳש 

ʘʨʘʩʳʥʜʘסʳ ʘʫʘʥʳץ שʳʩʳʣʫʳʥʘʥ ʪʫʳʥʜʘסʘʥ ʢװʤʽʩ ʘʡʥʘ ײץʙʳʣʳʩʳʥ ʢᴇʨʩʝʪʝʜʽ 

(ʩʫʨʝʪ 38 ᴅ) [138, ʙ. 8491; 141, ʙ. 1777]. ʉʫסʘ ʙʘʪʳʨʫ ʫʘץʳʪʳʥʘʥ ʢʝʡʽʥ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/PDMS, ʩʦʥʜʘʡ-ʘץ 

PU/MgFe2O4/RGO/SO ʞᴅʥʝ PU/MgFe2O4/SO ʛʫʙʢʘʣʘʨʳ ʩʫ ʙʝʪʽʥʜʝ ץʘʣץʳʧ ʞװʨʜʽ, 

ʘʣ ʙʘʩʪʘʧץʳ PU ʛʫʙʢʘ ʩʫ ʙʝʪʽʥʽש ʘʩʪʳʥʘ ʙʘʪʳʧ ʢʝʪʪʽ (ʩʫʨʝʪ 38 ʘ). ɹʘʨʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ץʘʡʪʘʣʘʫʜʘ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʤ.ʞ. 40% 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/PDMS, ʩʦʥʜʘʡ-ʘץ 

PU/MgFe2O4/RGO/SO ʞᴅʥʝ PU/MgFe2O4/SO ʛʫʙʢʘʣʘʨʳ ʩʫʜʳש ᴇʪʝ ʪᴇʤʝʥ ʩʽשʫʽʥ 

ʢᴇʨʩʝʪʪʽ. ʗסʥʠ, ʩʫʜʳ ʩʽשʽʨʫ ʤᴇʣʰʝʨʽ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳ ʰʘʤʘʤʝʥ 0,2-0,3%, ʩʦʥʜʘʡ-ʘץ  

PU/MgFe2O4/PDMS ʞᴅʥʝ PU/MgFe2O4/SO װʰʽʥ 5 - 5,2% ʩᴅʡʢʝʩʽʥʰʝ ײץʨʘʜʳ 

[138, ʙ. 8491; 141, ʙ. 1777]. ɹײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʞʘשʘ PU/MgFe2O4/RGO/PDMS 

ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʳʥʳש ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

 .ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ שʦ שRGO-ʥʽ (ʪᴇʤʝʥʜʝʪʝʜʽ שʽʨʫʽשʥʠ, ʩʫʜʳ ʩʽסʷ) ʘʩʠʝʪʪʝʨʽʥʝץ
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ʉʫʨʝʪ 38 ï ʇʠʥʮʝʪ ʢᴇʤʝʛʽʤʝʥ ʩʫסʘ ʙʘʪʳʨʳʣסʘʥ (ʘ) ʙʘʩʪʘʧץʳ PU ʛʫʙʢʘʩʳʥʳש; (ᴅ) 

ʢװʤʽʩ ʘʡʥʘ ײץʙʳʣʳʩʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʤ.ʞ. 40% PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש;  (ʙ) ʙʘʪʳʨʫʜʘʥ ʢʝʡʽʥʛʽ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

ʛʫʙʢʘʣʘʨʜʳש ʉɾɹ-ʥʳש ʬʦʪʦʩʫʨʝʪʪʝʨʽ. 

 

3.4 ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ, ʤʘʛʥʠʪʪʽ ʅʄ-ʜʽש ʤײʥʘʡ ʞᴅʥʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʩʝʧʘʨʘʮʠʷʣʘʫ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʤʝʥ ʘʙʩʦʨʙʮʠʷʣʘʫ 

 ʘʙʽʣʝʪʪʽʣʽʛʽʥ ʩʳʥʘʫץ

ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʤײʥʘʡ ᴇʥʽʤʜʝʨʽ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ץʘʡʪʘ 

ᴇשʜʝʣʝʪʽʥ ʩʦʨʙʝʥʪ ʨʝʪʽʥʜʝ ʩʳʥʘʣʜʳ. RGO-ʥʳש ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʥʳש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʝ ʦש ᴅʩʝʨʽʥ ʜᴅʣʝʣʜʝʫ װʰʽʥ ʩʽשʽʨʫ ʞᴅʥʝ ᴇשʜʝʫ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽ ײץʨʘʤʳʥʜʘ RGO ʞʦץ ʛʫʙʢʘʣʘʨʤʝʥ ʜʝ ʞװʨʛʽʟʽʣʜʽ (ʷסʥʠ, 

PU/MgFe2O4/PDMS ʞᴅʥʝ PU/MgFe2O4/SO, ʤ.ʞ. 40%). ɹʽʨʽʥʰʽʜʝʥ, ʰʠʢʽ 

ʤײʥʘʡʤʝʥ ʣʘʩʪʘʥסʘʥ ʩʫʜʘʥ ʰʠʢʽ ʤײʥʘʡʜʳ ʩʝʣʝʢʪʠʚʪʽ ʩʽשʽʨʽʧ ʘʣʫ ץʘʙʽʣʝʪʽ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ. 39-ʰʳ ʩʫʨʝʪʪʝ ʞʘשʘ  ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʳʥʳש 

ʩʫʜʘʥ ʰʠʢʽ ʤײʥʘʡʜʳ ʩʝʣʝʢʪʠʚʪʽ  ʙᴇʣʽʧ ʘʣʫ ʧʨʦʮʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳ ʩʫ ʙʝʪʽʥʜʝ 

ʪʘʨʘʣסʘʥ ʰʠʢʽ ʤײʥʘʡʜʳ ʪʦʣʳסʳʤʝʥ ʞᴅʥʝ ʪʘשʜʘʤʘʣʳ ʪװʨʜʝ ʩʽשʽʨʝʜʽ, ʘʣ ʩʫʤʝʥ 

ʞʘʥʘʩʧʘʡʜʳ. PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʳʥ ʤʘʛʥʠʪʪʽש ʢᴇʤʝʛʽʤʝʥ ʣʘʩʪʘʥסʘʥ ʩʫ 

ʘʡʤʘסʳʥʘ ʠʢʝʤʜʽ ʪװʨʜʝ ʞʳʣʞʳʪʳʧ ʠʛʝʨʫʛʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʫʜʘʥ ʦשʘʡ ʘʣʳʧ 

ʪʘʩʪʘʫסʘ ʙʦʣʘʜʳ [170, ʙ. 339; 172]. ʉʫ ʙʝʪʽʥʝ ʞʘץʳʥʜʘʪʳʣסʘʥ ʤʘʛʥʠʪ ʤײʥʘʡסʘ 

ʤʘʣʳʥסʘʥ ʛʫʙʢʘʥʳ ʪʘʨʪʳʧ, ʦʥʳ ʢᴇʪʝʨʝ ʘʣʘʜʳ. ɾʘשʘ PU/MgFe2O4/RGO/PDMS 
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ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳ ʤײʥʘʡʜʳ ʵʬʬʝʢʪʠʚʪʽ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʤʝʥ 

 ʘʡʪʘץ ʪʘʤʘʰʘ ,(ץʳʥʘʥ ʰʘʤʘʤʝʥ 30 ʝʩʝ ʘʨʪʳסʳ ʩʘʣʤʘסʥʘʡʜʘײʥʠ ʰʠʢʽ ʤסʷ) ʘʪʘʨץ

ᴇשʜʝʫ ץʘʩʠʝʪʪʝʨʽʥʝ ʞᴅʥʝ ʞʦסʘʨʳ ʠʢʝʤʜʽʣʽʢ ʧʝʥ ʩʝʨʧʽʤʜʽʣʽʢʢʝ ʠʝ. ʉʦʥʳʤʝʥ 

 ʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SOשʘʪʘʨ, ʞʘץ

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ/ʩʫʧʝʨʦʣʝʦʬʠʣʴʜʽ 

ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʞʦסʘʣʪʧʘʡ 20 ʨʝʪʪʝʥ ʘʩʪʘʤ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

ɹסײʘʥ ץʦʩʘ, ʞʘשʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

ʛʫʙʢʘʣʘʨʳ ᴇʪʝ ʠʢʝʤʜʽ ʞᴅʥʝ ʙʘʩʪʘʧץʳ PU ʛʫʙʢʘ ʩʠʷץʪʳ ʠʽʣʫ, ʙװʛʽʣʫ ʥʝʤʝʩʝ ʩʳסʫ 

 .ʘʙʽʣʝʪʪʝʨʽʥʝ ʠʝ [138, ʙ. 8491; 172, ʙ. 127] ʙʦʣʜʳץ

 

 
 

ʉʫʨʝʪ 39 ï ɾʘשʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 

40%) ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳש ʰʠʢʽ ʤײʥʘʡʤʝʥ ʣʘʩʪʘʥסʘʥ ʩʫʜʘʥ 

ʰʠʢʽ ʤײʥʘʡʜʳ ʩʽשʽʨʫ ʧʨʦʮʝʩʽʥʽש ʬʦʪʦʩʫʨʝʪʪʝʨʽ. 

 

ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʳʥʳש ʩʽשʽʨʫ ʮʠʢʣʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ ʉɾɹ 

ʟʝʨʪʪʝʣʜʽ (ʩʫʨʝʪ 40). ʅᴅʪʠʞʝʣʝʨ ʘʣʳʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨ 35 ʮʠʢʣʜʝʥ ʢʝʡʽʥ ʜʝ (1 ʮʠʢʣʜʝʥ ʢʝʡʽʥ 155,5Á, 5 

ʮʠʢʣ 147,5Á, 10 ʮʠʢʣ 145,6Á, 15 ʮʠʢʣʜʝʥ ʢʝʡʽʥ 143,8Á, 20 ʮʠʢʣʜʝʥ ʢʝʡʽʥ 141,9Á, 

25 ʮʠʢʣʜʝʥ ʢʝʡʽʥ 139,0Á, 30 ʮʠʢʣʜʝʥ ʢʝʡʽʥ 137,6Á, 35 ʮʠʢʣʜʝʥ ʢʝʡʽʥ 135,7Á) 
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ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʢװʡ ʩʘץʪʘʡʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʘʣʳʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʙʪʳ ʤʘʛʥʠʪʪʽ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʜʳש ʪʘʤʘʰʘ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ץʘʡʪʘ 

ᴇשʜʝʫ ץʘʩʠʝʪʪʝʨʽʥʝ ʠʝ ʝʢʝʥʜʽʛʽʥʽש ʜᴅʣʝʣʽ [141, ʙ. 1777]. 

 

 
 

ʉʫʨʝʪ 40 ï PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) 

ʛʫʙʢʘʣʘʨ 35 ʩʦʨʙʮʠʷʣʘʫ ʮʠʢʣʽʥʝ ʉɾɹ-ʥʳש ʪᴅʫʝʣʜʽ ᴇʟʛʝʨʽʩʽ. 

 

ʉʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʥʳ ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʰʠʢʽ 

ʤײʥʘʡ/ʩʫ, ʟᴅʡʪװʥ ʤʘʡʳ/ʩʫ, ʪʦʣʫʦʣ/ʩʫ, ʛʝʢʩʘʥ/ʩʫ ץʦʩʧʘʣʘʨʳʥ ʩʝʣʝʢʪʠʚʪʽ ʙᴇʣʫ 

ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ ʞᴅʥʝ 4-ʪʝשʜʝʫʜʽש ʢᴇʤʝʛʽʤʝʥ ʝʩʝʧʪʝʣʜʽ. 41-ʰʽ ʩʫʨʝʪʪʝ ʞʦסʘʨʳ 

ʪʠʽʤʜʽʣʽʢʧʝʥ ʰʠʢʽ ʤײʥʘʡ/ʩʫ ץʦʩʧʘʩʳʥʳש ʩʝʧʘʨʘʮʠʷʜʘʥ ʢʝʡʽʥ ʩʫʜʘ 

ʙʘʡץʘʣʤʘʡʪʳʥ, ᴇʪʝ ʘʟ ʤᴇʣʰʝʨʜʝʛʽ ʤײʥʘʡʜʳץ שʘʣʜʳסʳ ץʘʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʛʝʥ 

[141, ʙ. 1777]. ʉʦʥʜʘʡ-ʘץ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʛʫʙʢʘʥʳש ʤʘʛʥʠʪʪʽʢ ץʘʩʠʝʪʪʝʨʽ 

ʦʥʳ ʣʘʩʪʘʥסʘʥ ʩʫʣʘʨʜʘ ʦשʘʡ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʨʪװʨʣʽ ץʦʩʧʘʣʘʨ װʰʽʥ 

ʘʣʳʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʛʫʙʢʘʥʳ ʙᴇʣʫ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥʽש ʝʩʝʧʪʝʫʣʝʨʽʥʽש 

ʥᴅʪʠʞʝʣʝʨʽ 41-ʰʽ ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. ʉʦʥʜʘʡ-ʘץ, ʘʣʳʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘ ʰʠʢʽ ʤײʥʘʡ ʤʝʥ ʩʫʜʳ ʙᴇʣʫʜʽש ʪʘʤʘʰʘ ʞᴅʥʝ ʞʦסʘʨʳ ʵʬʬʝʢʪʠʚʪʽ 

 ,ʥ ʤʘʡʳ/ʩʫװʥʘʡ/ʩʫ, ʟᴅʡʪײʘʥʜʘ, ʰʠʢʽ ʤץʘʣʜʳ. ɸʪʘʧ ʘʡʪץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʝʪʽʥʽ ʙʘʡץ

ʪʦʣʫʦʣ/ʩʫ  ʞᴅʥʝ ʛʝʢʩʘʥ/ʩʫ ץʦʩʧʘʣʘʨʳ װʰʽʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʥrש ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ 

ʩᴅʡʢʝʩʽʥʰʝ 98,9%, 98,6%, 97,3% ʞᴅʥʝ 96,7%, ʘʣ PU/MgFe2O4/RGO/PDMS (ʤ.ʞ. 

40%) ʛʫʙʢʘʩʳ װʰʽʥ ʩᴅʡʢʝʩʽʥʰʝ 99,9%, 99,8%, 99,7% ʞᴅʥʝ 99,7% ײץʨʘʜʳ. ɸʣ 

 PU/MgFe2O4/SO PU/MgFe2O4/PDMS (ʤ.ʞ. 40%)  ץʨʘʤʳʥʜʘ RGO ʞʦײץ

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʛʫʙʢʘʣʘʨʳʥʳש ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ 95,5 ï 98,2 % 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. ɹײʣ RGO ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʛʫʙʢʘʣʘʨʜʳש ʩʝʧʘʨʘʮʠʷʣʳץ 

ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ 3 - 4,5 % ʘʨʪʪʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ [141, ʙ. 1777]. ɸʣʳʥסʘʥ 

ʛʫʙʢʘʣʘʨʜʳש ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽ ץʘʩʠʝʪʪʝʨʽ ʞʦסʘʨʳ ʢʝʫʝʢʪʽʣʽʢʧʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ, ᴇʡʪʢʝʥʽ ʢʝʫʝʢʪʝʨʜʽש ʢʽʰʢʝʥʝ ᴇʣʰʝʤʜʝʨʽ ʢװʰʪʽ 

ʢʘʧʠʣʣʷʨʣʳץ ᴅʩʝʨʣʝʨ ʪʫʜʳʨʘʜʳ.  
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ɾʘשʘ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʜʳש ʦʩʳ ʘʪʘʣסʘʥ ʞʦסʘʨʳ ץʘʩʠʝʪʪʝʨʽ ʦʣʘʨʜʳ 

ʤײʥʘʡ ʤʝʥ ʩʫʜʳ ʙᴇʣʫʛʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ װʤʽʪʢʝʨʣʝʨ ʝʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 41 ï ᴄʨʪװʨʣʽ ʤײʥʘʡ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ-ʩʫ ץʦʩʧʘʣʘʨʳ װʰʽʥ 

ʜʘʡʳʥʜʘʣסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳש ʩʝʧʘʨʘʮʠʷʣʳץ 

ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ. 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤ.ʞ. 40%, ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ 

PU/MgFe2O4/RGO/PDMS, PU/MgFe2O4/RGO/SO ʞᴅʥʝ ײץʨʘʤʳʥʜʘ RGO ʞʦץ 

PU/MgFe2O4/PDMS ʞᴅʥʝ PU/MgFe2O4/SO ʛʫʙʢʘʣʘʨʜʳש  ʤʘʡ ʤʝʥ ʪװʨʣʽ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽʣʽʛʽ ʟʝʨʪʪʝʣʜʽ. ɸʪʘʣסʘʥ 

ʛʫʙʢʘʣʘʨʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʛʽ ʤʘʩʩʘʩʳ ʘʣʜʳʥ ʘʣʘ ᴇʣʰʝʥʛʝʥ 

ʛʫʙʢʘʣʘʨʜʳ ʤʘʡסʘ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʛʝ 20 ʩʝʢʫʥʜץʘ ʙʘʪʳʨʫ 

ʘʨץʳʣʳ ʟʝʨʪʪʝʣʜʽ [138, ʙ. 8491; 172, ʙ. 127]. ɻʫʙʢʘʣʘʨʜʳש ʤʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨʜʽ ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ (Q) ʦʣʘʨʜʳש ʩʽשʽʨʫʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ 
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ʤʘʩʩʘʣʘʨʳʥʳש ʘʡʳʨʤʘʰʳʣʳסʳʤʝʥ ʘʥʳץʪʘʣʜʳ. Q ʤᴅʥʜʝʨʽ ʙʽʨ ʛʨʘʤʤ ʛʫʙʢʘסʘ 

ʩʽשʽʨʽʣʛʝʥ ʤʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰ ʛʨʘʤʤʳʤʝʥ (ʛ/ʛ) ʢᴇʨʩʝʪʽʣʝʜʽ (ʪʝשʜʝʫ 

5). ɸʙʩʦʨʙʝʥʪʪʽʢ ʤʘʩʩʘʥʳ ʜײʨʳʩ ᴇʣʰʝʫ ʞᴅʥʝ ʛʫʙʢʘ ʩʘʧʘʩʳʥ ʞʦסʘʣʪʧʘʫ װʰʽʥ 

ʤʘʡסʘ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʢʝ ʤʘʣʳʥסʘʥ ʛʫʙʢʘʣʘʨʜʳ ʙʽʨʜʝʥ ʪʘʨʘʟʳ 

ʙʝʪʽʥʝ ʩʘʣʳʧ, ʦʨʪʘʰʘ ʩʘʣʤʘץʪʳ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ װʰ ʨʝʪ ᴇʣʰʝʥʜʽ. ʄʘʡסʘ 

ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʛʝ ʤʘʣʳʥסʘʥ ʛʫʙʢʘʣʘʨʜʳ ᴇʣʰʝʛʝʥʥʝʥ ʢʝʡʽʥ ʤʘʡ 

ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ ץʘʨʘʧʘʡʳʤ ʤʝʭʘʥʠʢʘʣʳץ ʩʳסʫ ʘʨץʳʣʳ ʞʦʡʳʣʘʜʳ. 

ɹʘʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ʜʘʥʘʜʘ ʞװʨʛʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ 

ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳץ שʘʡʪʘ ᴇשʜʝʫʛʝ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ 

 ʠʷʪ ʢʝʧʪʽʨʽʣʽʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʤʘʡʜʳ ʥʝʤʝʩʝץײʘʥ ʛʫʙʢʘʣʘʨ ʧʝʰʪʝ ʤסʦʣʜʘʥʳʣץ

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ץʘʡʪʘ ʘʙʩʦʨʙʮʠʷʣʘʫ ʤᴇʣʰʝʨʽ ᴇʣʰʝʥʜʽ. ɹײʣ ʧʨʦʮʝʩʩ 

ʛʫʙʢʘʣʘʨʜʳץ שʘʡʪʘ ᴇשʜʝʫʛʝ ʞʘʨʘʤʜʳʣʳסʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʤʘʩʩʘʣʘʨʳ 

2,789 ʛ PU/MgFe2O4/RGO/PDMS, 2,140 ʛ PU/MgFe2O4/PDMS  ʞᴅʥʝ 2,310 ʛ 

PU/MgFe2O4/RGO/SO, 1,892 ʛ PU/MgFe2O4/SO ʙʦʣʘʪʳʥ ʛʫʙʢʘʣʘʨʤʝʥ ʙʝʩ ʮʠʢʣ 

 ʜʝʫ  ʙʦʡʳʥʰʘשʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ 5-ʰʽ ʪʝסʘʡʪʘʣʘʥʘ ᴇʣʰʝʥʜʽ. ɸʣʳʥץ

ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʝʩʝʧʪʝʣʜʽ. ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽ 42, 43 

ʩʫʨʝʪʪʝʨʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. ɹײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʝ ᴅʨʪװʨʣʽ ʪʳסʳʟʜʳץʪʘסʳ ʙʝʩ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ (ʛʝʢʩʘʥ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʪʦʣʫʦʣ ʞᴅʥʝ ʭʣʦʨʦʬʦʨʤ 

ʪʳסʳʟʜʳץʪʘʨʳ ʩᴅʡʢʝʩʽʥʰʝ 0,655 ʛ/ʤʣ, 0,789 ʛ/ʤʣ, 0,786 ʛ/ʤʣ, 0,867 ʛ/ʤʣ ʞᴅʥʝ 

1,49 ʛ/ʤʣ ) ʞᴅʥʝ ʟᴅʡʪװʥ ʤʘʡʳ (ʪʳסʳʟʜʳסʳ 0,918 ʛ/ʤʣ) ץʦʣʜʘʥʳʣʜʳ. ʅᴅʪʠʞʝʣʝʨ 

ʘʣʳʥסʘʥ ʛʫʙʢʘʣʘʨ ʩʳʥʘʣסʘʥ ʙʘʨʣʳץ ʩײʡʳץʪʳץʪʘʨ װʰʽʥ ʞʦסʘʨʳ ʘʙʩʦʨʙʮʠʷʣʳץ 

 ʘʨʳסʞʦ שʳʥʜʘʜʳ (ʩʫʨʝʪ 42, 43). ɽץʘʙʽʣʝʪʪʽʣʽʛʽʥ (Q, ʛ/ʛ) ʢᴇʨʩʝʪʝʪʽʥʜʽʛʽʥ ʘʡץ

ʩʘʧʘʣʳץ ʤᴅʥʜʝʨʽ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

ʛʫʙʢʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʘʣʳʥʜʳ. ʗסʥʠ, ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʢ 

ʥᴅʪʠʞʝʣʝʨʽ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳ 

 ʰʽʥ ʩᴅʡʢʝʩʽʥʰʝ 12-36 ʛ/ʛ [138, ʙ. 8491] ʞᴅʥʝ 16,61-44,86 ʛ/ʛ ʜʝʡʽʥ (ʩʫʨʝʪ 42)װ

[141, ʙ. 1777], ʘʣ PU/MgFe2O4/PDMS ʞᴅʥʝ PU/MgFe2O4/SO װʰʽʥ ʩᴅʡʢʝʩʽʥʰʝ 4-

22 ʛ/ʛ ʤʝʥ 3,5-19 ʛ/ʛ ʜʝʡʽʥ ʙʦʣʜʳ (ʩʫʨʝʪ 43), ʷסʥʠ Q 20-40% ʘʨʪʘʜʳ. ɹײʣ, 

ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʪʽʣʽʢʪʽ ʘʨʪʪʳʨʫ װʰʽʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘסʘ 

RGO-ʥʳ ץʦʩʫʜʳש ʤʘשʳʟʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש ʭʣʦʨʦʬʦʨʤסʘ 

ʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪ̔סʘʙʽʣʝʪʽʣʽʛʽ ʞʦץ ץʘʪʳʩʪʳ ʘʙʩʦʨʙʮʠʷʣʳץ . ɹײʣ ʥʝʛʽʟʽʥʝʥ ʤʘʡ 

ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ᴅʨʪװʨʣʽ ʪʳסʳʟʜʳסʳʥʘ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ 

 ʘʥסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ [172, ʙ. 127; 173]. ʆʩʳʣʘʡʰʘ, ʩʳʥʘʣסʙʳʣʤʘʣʳʣʳײץ

ʩײʡʳץʪʳץʪʘʨʜʳש ʪʳסʳʟʜʳסʳ ʘʟʘʡסʘʥ ʩʘʡʳʥ, ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ 

ʛʫʙʢʘʣʘʨʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʜʳ (ʩʫʨʝʪ 

42, 43). ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʛʝʢʩʘʥ װʰʽʥ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ 

ʛʫʙʢʘʣʘʨʜʳש ʝש ʪᴇʤʝʥʛʽ ʩʽשʽʨʛʽʰʪʽʛʽ ʘʣʳʥʜʳ [170, ʙ. 339; 173,ʙ. 124028]. ɾʘשʘ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨʜʳש ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʤʝʥ ʩʳʥʘʣסʘʥ 

ʩײʡʳץʪʳץʪʘʨʜʳש ʪʳסʳʟʜʳסʳ ʘʨʘʩʳʥʜʘ ʩʳʟʳץʪʳץ ʢʦʨʨʝʣʷʮʠʷ ʧʘʡʜʘ ʙʦʣʜʳ. 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʤʘʡ 

ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ ʞᴅʥʝ ʦʥʳץ שʘʡʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʜʳʣʳסʳ Xi ʞᴅʥʝ ʪ.ʙ. 

ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʽʥʝ ץײʩʘʩ [173, ʙ. 124028]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʙʩʦʨʙʮʠʷʥʳ5 ש 

ʮʠʢʣʥʘʥ ʢʝʡʽʥ, ʤʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʞʦʶʜʘʥ ʞᴅʥʝ ʢʝʧʪʽʨʫʜʝʥ 
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ʢʝʡʽʥʛʽ ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨʜʳץ שʘʡʪʘ ᴇשʜʝʫʛʝ 

 .ʘʣʜʳץʫʣʘʨʳ ʙʘʡץʘʥʘ ʘʫʳʪס ʘʟ שʘʙʽʣʝʪʽʥʽץ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʩʦʨʙʮʠʷʣʳץ

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʤʘʡ ʤʝʥ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ ʞʦסʘʨʳ ʩʽשʽʨʫ (ʩʫʨʝʪ 42, 43) ʞᴅʥʝ ʩʫʜʳ ʪᴇʤʝʥ ʩʽשʽʨʫ 

(ʰʘʤʘʤʝʥ 0,2-0,3%, ʩʫʨʝʪ 38) ץʘʙʽʣʝʪʽʣʽʢʪʝʨʽʥʽש ʙʽʨʽʛʫʽ, ʦʣʘʨʜʳש ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨ ʤʝʥ ʤʘʡʣʘʨʜʳ ᴇʪʝ ʞʦסʘʨʳ ʩʽשʽʨʫ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ [138, ʙ. 

8491; 141, ʙ. 1777]. 

 

 
 

ʉʫʨʝʪ 42 ï  (a) PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ (ᴅ) PU/MgFe2O4/PDMS (ʤ.ʞ. 40 

%) ʛʫʙʢʘʣʘʨʳʥʳש ʙʝʩ ʮʠʢʣʽʥʜʝʛʽ ʤʘʡ ʤʝʥ ᴅʨʪװʨʣʽ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ 

ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ. 
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ʉʫʨʝʪ 43 ï (a) PU/MgFe2O4/RGO/SO ʞᴅʥʝ (ᴅ) PU/MgFe2O4/SO (ʤ.ʞ. 40 %) 

ʛʫʙʢʘʣʘʨʳʥʳש ʙʝʩ ʮʠʢʣʽʥʜʝʛʽ ʤʘʡ ʤʝʥ ᴅʨʪװʨʣʽ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ 

ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʪʽʣʽʛʽ. 

 

ʉʦʨʙʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʝʥ ʢʝʡʽʥ ץʘʣסʘʥ ʤʘʡ ʤʝʥ ᴅʨ ʪװʨʣʽ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰʪʝʨ ʩʳʨʪץʳ ʪװʨʽʤʝʥ (ʘʛʨʝʛʘʪʪʳץ ʢװʡʽ, ʪװʩʽ, ʠʽʩʽ), ʪʳסʳʟʜʳסʳʤʝʥ 

(ʧʠʢʥʦʤʝʪʨʠʷʣʳץ ᴅʜʽʩ), ץʘʡʥʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʤʝʥ ʞᴅʥʝ ʩʳʥʫ ʢᴇʨʩʝʪʢʽʰʽʤʝʥ 

(ʨʝʬʨʘʢʪʦʤʝʪʨʠʷʣʳץ ᴅʜʽʩ) ʩʠʧʘʪʪʘʣʜʳ [141, ʙ. 1777]. ʅᴅʪʠʞʝʣʝʨ ʘʜʩʦʨʙʮʠʷʣʳץ 

ʩʳʥʘץʪʘʨסʘ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 
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ᴇʟʛʝʨʽʩʩʽʟ ץʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʞʘשʘ ʜʘʡʳʥʜʘʣסʘʥ ʛʫʙʢʘʣʘʨʳʥʳש ʙʦʡʳʥʜʘסʳ 

RGO ʤʝʥ MgFe2O4 ʰʘʡʳʣʤʘʡʪʳʥʜʳסʳʥ ʘʡץʳʥʜʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʣʳʥסʘʥ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨ 20 ʧʘʡʜʘʣʘʥʫ 

ʮʠʢʣʽʥʝʥ ʢʝʡʽʥ ʜʝ ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʠʜʨʦʬʦʙʪʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʦסʘʣʪʧʘʜʳ [141, ʙ. 

1777], ʙײʣ ʜʘ ᴇʟ ʢʝʟʝʛʽʥʜʝ RGO ʥʝʤʝʩʝ MgFe2O4 ʰʘʡʳʣʤʘʡʪʳʥʜʳסʳʥʳש ʜᴅʣʝʣʽ. 

 

3.5 ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ, ʤʘʛʥʠʪʪʽ ʅʄ-ʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ 

ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫʣʘʨʳ 

ʄ.ʞ. 40%  PU/MgFe2O4/RGO/PDMS, PU/MgFe2O4/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO, PU/MgFe2O4/SO ʛʫʙʢʘʣʘʨʳʥʳש ʤʘʡ ʤʝʥ ᴅʨ ʪװʨʣʽ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ װʰʽʥ ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʥᴅʪʠʞʝʣʝʨʽʥʽש cʪʘʥʜʘʨʪʪʳ ץʘʪʝʣʽʛʽ ʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʪʘʥʜʘʨʪʪʳ 

ʘʫʳʪץʫʣʘʨʳʥʳש ʤᴅʥʜʝʨʽ ʝʩʝʧʪʝʣʜʽ. ʕʢʩʧʝʨʠʤʝʥʪ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

 ʪʘʣʜʘʫ ʞʘʩʘʫ ץʨʣʽ ʩʘʣʳʩʪʳʨʤʘʣʳװʰʽʥ ᴅʨʪװ ʫʣʘʨʜʳ ʝʩʝʧʪʝʫץʘʪʝʣʽʢʪʝʨ ʤʝʥ ʘʫʳʪץ

 ʘʙʽʣʝʪʽ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘץ ץʘʙʩʦʨʙʮʠʷʣʳ שʘʞʝʪ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥᴅʪʠʞʝʣʝʨʽʥʽץ

ʤᴅʥʽ ()s, ʩʦʥʳʤʝʥ ץʘʪʘʨ cʪʘʥʜʘʨʪʪʳ ץʘʪʝʣʽʛʽ (SD) ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʪʘʥʜʘʨʪʪʳ 

ʘʫʳʪץʫʣʘʨʳ (RSD) ʩᴅʡʢʝʩʽʥʰʝ 6, 7 ʪʝשʜʝʫʣʝʨ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʽʧ, ʥᴅʪʠʞʝʣʝʨʽ 

ʢʝʩʪʝ 10 ʢʝʣʪʽʨʽʣʛʝʥ. ʂʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ, ʤʘʛʥʠʪʪʽ ʅʄ-ʜʳש 

SD ʤᴅʥʜʝʨʽ 5-ʪʝʥ ʪᴇʤʝʥ (ʷסʥʠ 0,54 - 4,23 ʛ), ʘʣ RSD ʤᴅʥʜʝʨʽ 15% ʪᴇʤʝʥ (ʷסʥʠ 

  .ʨʘʜʳײץ (% 12,28 - 1,87

 

ʂʝʩʪʝ 8 ï ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ, ʤʘʛʥʠʪʪʽ ʅʄ-ʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ 

ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫʣʘʨʳ 

 
ʉʦʨʙʝʥʪ ʃʘʩʪʘʫʰʳ 

ʟʘʪ 
ʍʣʦʨʦ

ʬʦʨʤ 

ɿᴅʡʪװʥ 

ʤʘʡʳ 

ʊʦʣʫʦʣ ʕʪʘʥʦʣ ɸʮʝʪʦʥ ɻʝʢʩʘʥ 

ʅᴅʪʠʞʝ 

 PU/MgFe2O4/RGO/PDMS 

(ʤ.ʞ. 40%) 
 s 100,65 68,42 65,93 62,17 57,39 35,27 

SD  2,11 1,53 2,87 4,23 1,51 2,26 

RSD 2,10 2,24 4,35 6,80 2,63 6,39 

PU/MgFe2O4/PDMS  

(ʤ.ʞ. 40%) 
 s 46,99 27,64 24,99 31,29 21,44 12,70 

SD 2,35 1,23 2,32 1,95 1,85 1,56 

RSD 5,00 4,47 9,29 6,22 8,633 12,28 

PU/MgFe2O4/RGO/SO 

(ʤ.ʞ. 40%) 
 s 103,74 71,64 69,66 64,40 60,70 38,61 

SD 2,11 1,34 2,068 3,76 1,42 2,13 

RSD 2,03 1,87 2,97 5,84 2,35 5,52 

PU/MgFe2O4/SO 

(ʤ.ʞ. 40%) 
 s 36,89 22,32 18,83 17,41 15,76 8,47 

SD 1,23 0,72 1,15 0,84 0,871 0,54 

RSD 3,35 3,26 6,13 4,83 5,52 6,47 

 

ʉʦʥʜʘʡ-ʘץ, ʤײʥʘʡ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰ/ʩʫ ץʦʩʧʘʣʘʨʳ װʰʽʥ 

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש (ʤ.ʞ. 40%) 

ʩʝʧʘʨʘʮʠʷ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ᴅʨʽ ץʘʨʘʡ ʟʝʨʪʪʝʣʜʽ. ʉʝʧʘʨʘʮʠʷ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ 

ʜʠʘʬʨʘʛʤʘʣʳץ ʚʘʢʫʫʤʜʳץ ʩʦʨסʳ, ʨʝʟʝשʢʝ ʪװʪʽʢ ʞᴅʥʝ ʛʫʙʢʘʣʘʨ ʢᴇʤʝʛʽʤʝʥ 

ʙʘסʘʣʘʥʜʳ. ʄʘʩʩʘʣʳץ ʤᴇʣʰʝʨʽ ʙʝʣʛʽʣʽ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ 

ʝʨʽʪʢʽʰ/ʩʫʜʳש ᴅʨʪװʨʣʽ  ץʦʩʧʘʣʘʨʳ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 
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PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨ ʘʨץʳʣʳ ʩװʟʽʣʜʽ. ɼʠʘʬʨʘʛʤʘʣʳץ 

ʚʘʢʫʫʤʥʳש ʢᴇʤʝʛʽʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʛʫʙʢʘסʘ ץʦʩʳʣסʘʥ ʪװʪʽʢ ʤײʥʘʡ/ʩʫ 

ʠʥʪʝʨʬʝʡʩʽʥʝ ץʦʡʳʣסʘʥ ʢʝʟʜʝ ʤײʥʘʡʜʳ ʪʝʟ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʩʦʨʳʧ, ʪװʪʽʢʪʝ ʤʘʡ 

ʘסʳʥʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʤײʥʘʡ ʪװʪʽʢ ʘʨץʳʣʳ ᴇʪʽʧ, ʙʝʢʽʪʽʣʛʝʥ 

ʰʳʥʳ ʢʦʣʙʘסʘ ײץʡʳʣʘʜʳ, ʙײʣ ʢʝʟʜʝ ʰʳʥʳʜʘסʳ ʤײʥʘʡ ץʘʙʘʪʳʥʳץ שʘʣʳשʜʳסʳ 

ʙʽʨʪʝ-ʙʽʨʪʝ ʘʟʘʷʜʳ (ʩʫʨʝʪ 44 ᴅ). 44 ʙ ʩʫʨʝʪʪʝ ʤײʥʘʡʜʳש ʩʫ ʙʝʪʽʥʜʝ ץʘʣʤʘʡʪʳʥʳ 

ʞᴅʥʝ ʞʠʥʘʣסʘʥ ʤײʥʘʡʜʘ ʩʫʜʳש ʘʥʳץʪʘʣʤʘסʘʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʣʳʥסʘʥ ᴅʨʪװʨʣʽ 

 ʥʘʡײʘʩʳ ʤסʙʘ שʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥʳ ץʩʝʧʘʨʘʮʠʷʣʳ שʰʽʥ ʛʫʙʢʘʣʘʨʜʳװ ʦʩʧʘʣʘʨץ

ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ ʤʝʥ ʩʫʜʳש ʩװʟʛʽʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʦʜʘʥ ʢʝʡʽʥʛʽ 

ʤʘʩʩʘʩʳʥʳש ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥʜʳ. ɹʘʨʣʳץ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ʜʘʥʘʜʘʥ ʦʨʳʥʜʘʣʜʳ ʞᴅʥʝ ʩʫʨʝʪ 44 ʤײʥʘʡ ʤʝʥ ʩʫ 

 ʩʝʧʘʨʘʮʠʷ ʧʨʦʮʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʊᴅʞʽʨʠʙʝʣʝʨ שʦʩʧʘʩʳʥʳץ

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʤײʥʘʡ ʞᴅʥʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰ/ʩʫ ץʦʩʧʘʣʘʨʳ װʰʽʥ 99,7%-סʘ ʜʝʡʽʥʛʽ ʞʦסʘʨʳ ʩʝʧʘʨʘʮʠʷ 

ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ [139, ʙ. 81; 138, ʙ. 8491; 141, ʙ. 1777]. ɼʝʤʝʢ, ʙײʣ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʥᴅʪʠʞʝʣʝʨ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

(ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʳ ʢʝʨʝʤʝʪ ʛʠʜʨʦʬʦʙʪʳʣʳסʳ ʤʝʥ ʦʣʝʦʬʠʣʴʜʽʣʽʛʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʪʘʤʘʰʘ ʩʝʧʘʨʘʮʠʷ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʤʝʥ ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽʥʝ ʠʝ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

 

 
 

ʉʫʨʝʪ 44 ï PU/MgFe2O4/RGO/PDMS (ʤ.ʞ. 40%) ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

(ʤ.ʞ. 40%) ʛʫʙʢʘʣʘʨʳʥʳש ʤײʥʘʡ-ʩʫ ץʦʩʧʘʩʳʥ ʩʝʧʘʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʽש 

ʬʦʪʦʩʫʨʝʪʪʝʨʽ 
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3.6 ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʅʄ-ʜʳש ʘʙʩʦʨʙʮʠʷʣʳץ 

 ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ שʘʙʽʣʝʪʽʥʽץ

 

ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ PU/MgFe2O4/RGO/PDMS (ʤ.ʞ. 40%) 

ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 40%) ʅʄ-ʥʳש ʞᴅʥʝ ʧʨʦʪʦʪʠʧ ʨʝʪʽʥʜʝ 

ʪʘשʜʘʣסʘʥ PU/Fe3O4/EG/SA ʤʘʪʝʨʠʘʣʳʥʳש [142, ʙ. 8437] ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ, 

ʞײʤʳʩ ʮʠʢʣʽʥʽש ʩʘʥʳ ʞᴅʥʝ ʉɾɹ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʝʭʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 9-ʰʳ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. ʂʝʩʪʝʜʝʥ ʘʪʘʣסʘʥ ʙʘʨʣʳץ ʪʝʭʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʞʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʛʫʙʢʘʣʘʨ ʪʘשʜʘʣסʘʥ 

ʧʨʦʪʦʪʠʧʪʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʦסʘʨʳ ץʘʙʽʣʝʪʪʽ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, RGO, PDMS ʞᴅʥʝ SO ʠʥʝʨʪʪʽ, ʫʣʳ ʝʤʝʩ ʞᴅʥʝ ʞʘʥʙʘʡʪʳʥ 

ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʦʨʪʘʜʘ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʢʝʟʜʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʞʘץʩʘʨʪʘʜʳ.  

 

ʂʝʩʪʝ 9 ï PU/MgFe2O4/RGO/PDMS (ʤ.ʞ. 40%) ʞᴅʥʝ PU/MgFe2O4/RGO/SO (ʤ.ʞ. 

40%) ʥʝʛʽʟʛʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 
ʄʘʪʝʨʠʘʣʜʳש ʪװʨʣʝʨʽ ɸʙʩʦʨʙʮʠʷʣʳץ 

 ʘʙʽʣʝʪʽ, ʛ/ʛץ

ɾײʤʳʩ 

ʮʠʢʣ 

ʉʫʜʳש ʞʘʥʘʩʫ ʙײʨʳʰʳ 

ʇʨʦʪʦʪʠʧʢʝ ʩᴅʡʢʝʩ 

PU/Fe3O4/EG/SAʘ 
32-40 4-6 1-ʰ ̔ʮʠʢʣʜʝʥ ʢʝʡʽʥ - 1400;  

6-ʰ  rʮʠʢʣʜʝʥ ʢʝʡʽʥ -1380 

 ʘʥ ᴅʜʽʩ ʙʦʡʳʥʰʘסʩʳʥʳʣױ

PU/MgFe2O4/RGO/PDMS 

36-41 25-35 1-ʰʽ ʮʠʢʣʜʝʥ ʢʝʡʽʥ -  161,50;  

35-ʰ ̔ʮʠʢʣʜʝʥ ʢʝʡʽʥ -138,50 

 ʘʥ ᴅʜʽʩ ʙʦʡʳʥʰʘסʩʳʥʳʣױ

PU/MgFe2O4/RGO/Sʆ 

34-44 25-35 1-ʰʽ ʮʠʢʣʜʝʥ ʢʝʡʽʥ - 163,50;  

35- ʰʽ ʮʠʢʣʜʝʥ ʢʝʡʽʥ - 135,70 
ʘʤʳʨʳʰ ʦʢʩʠʜʽʤʝʥ (ZnO), ʩʪʝʘʨʠʥ ץʳʰץʳʣʳʤʝʥ (SA) ʞᴅʥʝ ʪʝʤʽʨ ʦʢʩʠʜʽ 

ʙᴇʣʰʝʢʪʝʨʽʤʝʥ (Fe3O4) ץʘʧʪʘʣסʘʥ PU ʛʫʙʢʘʩʳ  

 

ɸʙʩʦʨʙʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʳש ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʥʝʛʽʟʽʥʝʥ ʩʽשʽʨʽʣʝʪʽʥ 

ʩײʡʳץʪʳץʪʘʨʜʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʤʳʩʘʣʳ, ʦʣʘʨʜʳש ʪʳסʳʟʜʳסʳ ʤʝʥ 

ʙʝʪʪʽʢ ʢʝʨʽʣʫʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʦʩʳ ʩײʡʳץʪʳץʪʘʨסʘ ʙʘʪʳʨʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

 ʘ (ʤ.ʞ. 40%) PU/MgFe2O4/RGO/PDMSשʳʪʳʥʜʘ (20 ʩʝʢʫʥʜ) ʞʘץʘ ʙʘʪʳʨʫ ʫʘץʳʩפ

ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨ ʤײʥʘʡ ʤʝʥ 

ᴅʨʪװʨʣʽ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ (12-ʜʝʥ 36 ʛ/ʛ ʞᴅʥʝ 16,61 - 44,86 ʛ/ʛ) ʞʦסʘʨʳ 

ʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʩʫʜʳ ʤװʣʜʝʤ ʩʽשʽʨʤʝʫʽ (ʩʫʜʳ ʩʽשʽʨʫ ʰʘʤʘʤʝʥ 0,2-

0,3%), ʩʦʥʜʘʡ-ʘץ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ ʤʝʥ ʩʫ ץʦʩʧʘʣʘʨʳʥ 

ʙᴇʣʫʜʽש ᴇʪʝ ʞʦסʘʨʳ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ (99,7% ʜʝʡʽʥ) ʢᴇʨʩʝʪʪʽ [138, ʙ. 8491; 141, ʙ. 

1777]. PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש 

ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ᴅʜʝʙʠʝʪʪʝ ʪʘʙʳʣסʘʥ ʙʘʩץʘ ʙʝʣʛʽʣʽ ʩʦʨʙʮʠʷʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨʫ (ʢʝʩʪʝ 10) ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. ɹʝʨʽʣʛʝʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʘʥ ʞʘשʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʩʫ ʙʝʪʽʥʝ ʪᴇʛʽʣʛʝʥ ʤײʥʘʡʜʳ ʞᴅʥʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʞʦʡʳʧ ʪʘʟʘʨʪʫʳ, ʦʣʘʨʜʳ ʧʨʘʢʪʠʢʘʣʳץ 

 .ʪʫʜʳʨʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ ץʫʰʳʣʳסʳʟʳץ ʘʨʳ ᴅʣʝʫʝʪʪʽסʦʣʜʘʥʫʜʘ ʞʦץ
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ʂʝʩʪʝ 10 ï ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨ ʤʝʥ ᴅʜʝʙʠʝʪʪʝ 

 ʘʙʽʣʝʪʽʥ ʩʘʣʳʩʪʳʨʫץ ʽʨʫשʩʽ שʨʣʽ ʩʦʨʙʝʥʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳװʘʥ ᴅʨʪסʩʳʥʳʣײ

 

ʉʦʨʙʝʥʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨ ʉײʡʳץʪʳץʪʘʨ Q(ʛ/ʛ) 
ɹʘʪʳʨʫ 

ʫʘץʳʪʳ 
ᴄʜʝʙʠʝʪ 

1 2 3 4 5 

PU/MgFe2O4/RGO/PDMS 

ʛʫʙʢʘ 

ʐʠʢʽ ʤײʥʘʡ, ʦʣʠʚ ʤʘʡʳ, 

ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, 

ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ 

12-36 20 ʩʝʢ [138, ʙ. 

8491] 

PU/MgFe2O4/PDMS ʛʫʙʢʘ ʐʠʢʽ ʤײʥʘʡ, ʦʣʠʚ ʤʘʡʳ, 

ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, 

ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ 

4-22 20 ʩʝʢ [138, ʙ. 

8491] 

PU/MgFe2O4/RGO/Sʆ 

ʛʫʙʢʘ 

ʐʠʢʽ ʤײʥʘʡ, ʦʣʠʚ ʤʘʡʳ, 

ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, 

ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ 

16,86-

44,61 

20 ʩʝʢ [141, ʙ. 

1777] 

 

PU/MgFe2O4/Sʆ ʛʫʙʢʘ ʐʠʢʽ ʤײʥʘʡ, ʦʣʠʚ ʤʘʡʳ, 

ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, 

ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ 

3,5-19 20 ʩʝʢ [141, ʙ. 

1777] 

 

rGPUa ʛʫʙʢʘ ɿᴅʡʪװʥ ʤʘʡʳ, ʥʘʩʦʩ ʤʘʡʳ, 

ʞʘץʧʘ ʤʘʡʳ, ʭʣʦʨʦʬʦʨʤ, 

ɼʄʌ, ɼʄʉʆ, ʊɻʌ, ʘʮʝʪʦʥ 

5-40 5 ʤʠʥ [174] 

IRGOPUᴅ ʛʫʙʢʘ ɿᴅʡʪװʥ ʤʘʡʳ, ʥʘʩʦʩ ʤʘʡʳ, 

ʩʦʷ ʤʘʡʳ, ʢʝʨʦʩʠʥ, ʪʦʣʫʦʣ, 

ʪʨʠʭʣʦʨʵʪʠʣʝʥ. 

27-36 10 ʤʠʥ [175] 

LPU/rGO/ODAʙ ʢᴇʙʽʢ ʐʠʢʽ ʤײʥʘʡ, ʤʦʪʦʨ ʤʘʡʳ, 

ʢʨʝʤʥʠʡ ʤʘʡʳ, 

ʭʣʦʨʦʬʦʨʤ, ʛʝʢʩʘʥ, 

ʮʠʢʣʦʛʝʢʩʘʥ, ʪᴇʨʪ ʭʣʦʨʣʳ 

ʢᴇʤʽʨʪʝʢ 

25-68 1 ʤʠʥ [176] 

ʌʫʥʢʮʠʦʥʘʣʜʳʨʳʣסʘʥ 

GO-PUʚ ʛʫʙʢʘ 

ʂװʥʞʽʪ ʤʘʡʳ, ʢʝʨʦʩʠʥ, 

ʢʩʠʣʦʣ, ʛʝʢʩʘʥ, 

ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ, 

ʜʠʭʣʦʨʤʝʪʘʥ 

16-35 5 ʤʠʥ [177] 

f-PDMSʛ ʛʫʙʢʘ ʂʝʨʦʩʠʥ, ʭʣʦʨʦʬʦʨʤ, 

ʪʦʣʫʦʣ, ʵʪʠʣʘʮʝʪʘʪ, ɼʄʌ, 

ʪᴇʨʪ ʭʣʦʨʣʳ ʢᴇʤʽʨʪʝʢ, 

ʤײʥʘʡ ʵʬʠʨʽ, 

ʜʠʤʝʪʠʣʙʝʥʟʦʣ, 

ʜʠʭʣʦʨʦʤʝʪʘʥ, ʛʝʢʩʘʥ 

11-41 1 ʤʠʥ [173, ʙ. 

124028] 

ZIF-8/rGO/PUʜ ʢᴇʙʽʢ ʍʣʦʨʦʬʦʨʤ, ʛʝʢʩʘʥ, 

ʘʮʝʪʦʥʠʪʨʠʣ, ʪʦʣʫʦʣ, 

ʘʮʝʪʦʥ, ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, 

ʠʟʦʧʨʦʧʠʣ ʩʧʠʨʪʽ, ʙʫʪʘʥʦʣ, 

ʦʢʪʘʥʦʣ, ʵʪʠʣʝʥʛʣʠʢʦʣʴ 

15-35 1 ʤʠʥ [178] 

r-MGMFʝ ʢᴇʙʽʢ ɺʘʢʫʫʤʜʳץ ʩʦʨסʳ ʤʘʡʳ, 

ʤʘʡʣʘʫ ʤʘʡʳ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳ, ʨʘʧʩ 

ʤʘʡʳ, ʞʝʨʞʘסשʘץ ʤʘʡʳ, 

ʪʦʣʫʦʣ, N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʘʮʝʪʦʥ, 

ʤʝʪʘʥʦʣ, ʵʪʠʣʝʥʛʣʠʢʦʣʴ 

35-54 1 ʤʠʥ [179] 
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10-ʰʳ ʢʝʪʝʥʽש ʞʘʣסʘʩʳ 

1 2 3 4 5 

Fe3O4/HDPE PUʞ ʛʫʙʢʘ ɸʩ ʤʘʡʳ, ʭʣʦʨʦʬʦʨʤ, ʛʝʢʩʘʥ, 

ʪʦʣʫʦʣ, ʜʠʭʣʦʨʦʤʝʪʘʥ, ʪᴇʨʪ 

ʭʣʦʨʣʳ ʢᴇʤʽʨʪʝʢ 

15-52 å 1 ʤʠʥ [180] 

Fe3O4@OA@GO-PUʟ ʛʫʙʢʘ ɿᴅʡʪװʥ ʤʘʡʳ, ʨʘʧʩ ʤʘʡʳ, 

ʢʝʨʦʩʠʥ, ʭʣʦʨʦʬʦʨʤ, ʛʝʢʩʘʥ, 

ʘʮʝʪʦʥ, ʪʦʣʫʦʣ, ʜʝʭʣʦʨʘʥ, 

ʷʜʘʚʘʨʘʥ 

80-150 10 ʤʠʥ [181] 

CNT/PDMS-coated PUʠ 

ʛʫʙʢʘ 

ʉʦʷ ʤʘʡʳ, ʧʘʡʜʘʣʘʥʳʣסʘʥ 

ʤʦʪʦʨ ʤʘʡʳ, ʜʠʟʝʣʴ ʤʘʡʳ, n-

ʛʝʢʩʘʜʝʢʘʥ, ʙʝʥʟʠʥ, ʥ-ʛʝʢʩʘʥ 

15-25  - [182] 

Fe3O4-PDMS/MWNTsʢ 

ʛʫʙʢʘ 

ɼʠʭʣʦʨʤʝʪʘʥ, ʤײʥʘʡ ʵʬʠʨʽ, 

ʛʝʢʩʘʥ, ʭʣʦʨʦʬʦʨʤ, 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʪʦʣʫʦʣ, 

ʙʝʥʟʠʥ 

8,5-20 - [183] 

PDMSʣ ʛʫʙʢʘ ɼʠʭʣʦʨʤʝʪʘʥ, ʪʦʣʫʦʣ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʘʡʳ 

4,3-11 - [169] 

 

PU Sponge@Fe3O @SiO4 

@Fluoropolymerʤ ʛʫʙʢʘ 

ɹʝʥʟʠʥ, ʪʦʣʫʦʣ, ʭʣʦʨʦʬʦʨʤ 17ï23 - [184] 

 
aʊʦʪʳץʩʳʟʜʘʥסʘʥ ʛʨʘʬʝʥ ʦʢʩʠʜʽʤʝʥ ץʘʧʪʘʣסʘʥ ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ, ᴅʊʦʪʳץʩʳʟʜʘʥסʘʥ 

ʛʨʘʬʝʥ ʦʢʩʠʜʽ ʥʝʛʽʟʜʝʛʽ ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ, ʙʇʦʣʠʜʦʬʘʤʠʥʜʽ ץʘʧʪʘʣסʘʥ ʪʦʪʳץʩʳʟʜʘʥסʘʥ 

ʛʨʘʬʝʥ ʦʢʩʠʜʽ ʤʝʥ ʦʢʪʘʜʝʮʠʣʘʤʠʥʤʝʥ ʝשʛʽʟʽʣʛʝʥ ʃʠʛʥʠʥ ʥʝʛʽʟʽʥʜʝʛʽ ʧʦʣʠʫʨʝʪʘʥʜʳ ʢᴇʙʽʢ, 
ʚɻʨʘʬʝʥ ʦʢʩʠʜʽ/ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ, ʛʇʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʛʫʙʢʘʩʳʤʝʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʧʦʣʠʚʠʥʠʣ ʩʧʠʨʪʽʤʝʥ ʦʨʘʣסʘʥ ʢװʤʽʩ ʥʘʥʦ ʩʳʤʜʳ ʢʦʤʧʦʟʠʮʠʷ, 
ʜʎʝʦʣʠʪʪʽʢ ʠʤʠʜʘʟʦʣʘʪʪʳ ʢʘʨʢʘʩ-8/ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʛʨʘʬʝʥ ʦʢʩʠʜʽʤʝʥ ץʘʧʪʘʣסʘʥ 

ʧʦʣʠʫʨʝʪʘʥʜʳ ʢᴇʙʽʢ, ʝʄʘʛʥʠʪʪʽ ʪʦʪʳץʩʳʟʜʘʥסʘʥ ʛʨʘʬʝʥ ʦʢʩʠʜʽʤʝʥ ץʘʧʪʘʣסʘʥ ʢʝʫʝʢʪʽ 

ʤʝʣʘʤʠʥ ʢᴇʙʽʛʽ, ʞɸʣʜʳʥ ʘʣʘ ʩʠʥʪʝʟʜʝʣʛʝʥ ʤʘʛʥʠʪʪʽʢ Fe3O4 ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ ʙʘʨ ʞʦסʘʨʳ 

ʪʳסʳʟʜʳץʪʘסʳ ʧʦʣʠʵʪʠʣʝʥ ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ, ʟFe3O4@ʦʣʝʠʥ ץʳʰץʳʣʳ@ʛʨʘʬʝʥ ʦʢʩʠʜʽ ʙʘʨ 

ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ, ʠʂᴇʤʽʨʪʝʢ ʥʘʥʦʪװʪʽʢʰʝʣʝʨʽ/ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ץʘʧʪʘʣסʘʥ 

ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘ, ʢFe3O4-ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ/ʢᴇʧ ץʘʙʳʨסʘʣʳ ʢᴇʤʽʨʪʝʢʪʽ ʥʘʥʦʪװʪʽʢʪʝʨʽ 

ʥʝʛʽʟʽʥʜʝʛʽ ʛʫʙʢʘ, ʣʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʛʫʙʢʘʩʳ, ʤFe3O@SiO4@ʌʪʦʨʧʦʣʠʤʝʨ 

ʧʦʣʠʫʨʝʪʘʥʜʳ ʛʫʙʢʘʩʳ. 

 

3 ï ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

1. Gʆ ʞᴅʥʝ RGO-ʥʳײץ שʨʳʣʳʤʜʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʘʥʳץʪʘʣʜʳ. ʀפ ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫʳ 

ʘʨץʳʣʳ Gʆ ʩʠʥʪʝʟʽ ʢʝʟʽʥʜʝ ʦʪʪʝʛʽʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʳʥʳש ʪװʟʽʣʫʽʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʞʦʣʘץʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳ, ʩʦʥʜʘʡ-ʘץ Gʆ RGO-סʘ ʜʝʡʽʥ 

ʪʦʪʳץʩʳʟʜʘʥʫʳʥʘʥ ʙײʣ ʞʦʣʘץʪʘʨʜʳץ שʘʨץʳʥʜʳʣʳסʳʥʳש ʢװʨʪ ʪᴇʤʝʥʜʝʫʽ 

ʘʥʳץʪʘʣʜʳ. ʈʘʤʘʥʥʳש ʰʘʰʳʨʘʫʳʥ ʟʝʨʪʪʝʫ GO ʪʦʪʳץʩʳʟʜʘʥʫʳ ʢʝʟʽʥʜʝ 

 שʘʥʜʘ RGO ʩʘʧʘʩʳʥʳסʪʦʧʪʘʨ ʞʦʡʳʣ ץʨʘʤʳʥʜʘ ʦʪʪʝʛʽ ʙʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳײץ

ʪᴇʤʝʥʜʝʫʽʥ ʢᴇʨʩʝʪʪʽ. ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ ʛʨʘʬʠʪ ץʘʙʳץʰʘʣʘʨʳʥʳש ʛʨʘʬʠʪʪʝʥ GO-

 ʣײʘʥʳʥ ʢᴇʨʩʝʪʪʽ, ʙסʘʡסʣײ שʳʥʳסʪʳץʘʰʳץ ץʘʙʘʪ ʘʨʘʣʳץ ʘʥʜʘץץʘ ʜʝʡʽʥ ʪʦʪʳס

ʛʨʘʬʠʪʪʽש GO-סʘ ʜʝʡʽʥ ʪʦʪʳסʳʧ ץʘʙʳʨʰʘץʪʘʥסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ɻʨʘʬʝʥʥʽש 

 ʘʥסʦʩʳʣץ ʩʳץʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʞʘ שʳ ʛʨʘʬʝʥ ʞʘʙʳʥʳʥʳסʪʳץʘʣʳʧʪʳ ʞʘʟʳץ

ʘʨץʘʩʳʥʜʘ RGO-ʛʘ ʜʝʡʽʥ ʞʘץʩʳ ʪʦʪʳץʩʳʟʜʘʥסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ.  

2. ʄʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ-ʥʽײץ שʨʘʤ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ,  ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʈɼ, ʉʕʄ, ʕɼʈʉ ʪʘʣʜʘʫʳ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣʜʳ. ʈɼ ʪʘʣʜʘʫ 
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ʥᴅʪʠʞʝʣʝʨʽ 600ÁC ʢװʡʜʽʨʽʣʛʝʥ MgFe2O4 ʅɹ-ʽʥʽש ʢʨʠʩʪʘʣʜʳʣʳסʳ 75,6%, ʪʦʨ 

ʪײʨʘץʪʳʩʳ a=8,31752¡ ʞᴅʥʝ Fdp3m ʩʠʤʤʝʪʨʠʷʩʳʥʘ ʠʝ ʙʦʣʘʪʳʥ 100% ʙʽʨʬʘʟʘʣʳ 

ʪʝʢʰʝ ʬʘʟʘʣʳץ ʰʧʠʥʝʣʴ ʬʝʨʨʠʪʽ ʪװʟʽʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ʄʝʩʩʙʘʫʵʨ ʩʧʝʢʪʨʣʝʨʽ 

ʠʟʦʤʝʨʣʽʢ ʳסʳʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽ 0,300-ʜʝʥ ï 0,600-ʛʝ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ, ʘʣ 

ʪᴇʨʪʧʦʣʶʩʪʽ ʙᴇʣʫ 0,067-ʜʝʥ ï 0,866 ʤʤ/ʩ ʘʨʘʣʳסʳʥʜʘ ʞᴅʥʝ ʙײʣ MgFe2O4 

 ʳʥסʡʽʥʜʝ ʙʦʣʘʪʳʥʜʳװʘʨʳ ʩʧʠʥʜʽ Fe3+ ʢסʳ ʪʝʤʽʨ ʠʦʥʜʘʨʳ ʞʦסʨʘʤʳʥʜʘײץ

ʢᴇʨʩʝʪʪʽ.  

3. ɾʘשʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘʣʘʨ PU/MgFe2O4/RGO/PDMS 

ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʉʕʄ ʢʝʩʢʽʥʜʝʨʽ, ʉɾɹ ᴇʣʰʝʤʜʝʨʽ ʞᴅʥʝ ʛʫʙʢʘ 

ʙʝʪʽʥʜʝʛʽ ʩʫ ʤʝʥ ʤײʥʘʡ ʪʘʤʰʳʣʘʨʳʥʳש ʬʦʪʦʩʫʨʝʪʪʝʨʽ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣʜʳ. 

ɾʘשʘ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש ʩʫʜʳ 

ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴇʪʝ ʪᴇʤʝʥ (ʰʘʤʘʤʝʥ 0,2-0,3%) ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ ʞᴅʥʝ ʘסʳʥʜʳ 

ʩʫʣʘʨʜʳ ʤײʥʘʡʜʘʥ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʝʥ ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ 

ʩʝʣʝʢʪʠʚʪʽ ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʣʝʪʽʥ ʩʦʨʙʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʟʝʨʪʪʝʣʜʽ. ײפʨʘʤʳʥʜʘ RGO 

ʙʘʨ ʞᴅʥʝ ʞʦץ ʛʫʙʢʘʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʤײʥʘʡʜʳש ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽש ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʞʦסʘʨʳʣʘʪʫʜʘ ʞᴅʥʝ ʩʫʜʳ ʩʽשʽʨʫʜʽ 

ʘʟʘʡʪʫʜʘ, ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽ ʛʫʙʢʘסʘ RGO ץʦʩʫʜʳש ʦש ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʪʽ, 

ʷסʥʠ ʘʙʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ 20-40% ʘʨʪʪʳʨʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, rץ ʩץʘ ʙʘʪʳʨʫ 

ʫʘץʳʪʳʥʜʘ (20 ʩʝʢʫʥʜ) ʞʘשʘ (ʤ.ʞ. 40%) PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ 

PU/MgFe2O4/RGO/SO ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʤʘʛʥʠʪʪʽʢ ʛʫʙʢʘʣʘʨ ʤײʥʘʡ ʤʝʥ ᴅʨʪװʨʣʽ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ (12-ʜʝʥ 36 ʛ/ʛ ʞᴅʥʝ 16,61 - 44,86 ʛ/ʛ) ʞʦסʘʨʳ 

ʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʤײʥʘʡ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ ʤʝʥ ʩʫ 

 ʣײʘʨʳ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ (99,7% ʜʝʡʽʥ) ʢᴇʨʩʝʪʪʽ. ɹסᴇʪʝ ʞʦ שʦʩʧʘʣʘʨʳʥ ʙᴇʣʫʜʽץ
ʟʝʨʪʪʝʫʣʝʨ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʣʘʨʳʥʳש 

ʩʫ ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ, ʩʫʧʝʨʛʠʜʨʦʬʦʙʪʳ ʪײʨʘץʪʳʣʳסʳ, ʪʘʤʘʰʘ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʨʽʢʪʽʛʽ, ʞʦסʘʨʳ ʩʝʣʝʢʪʠʚʪʽ ʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʞᴅʥʝ ʞʦסʘʨʳ ʩʝʧʘʨʘʮʠʷʣʳץ 

ʵʬʬʝʢʪʠʚʪʽʣʽʛʽ ʩʠʷץʪʳ ʪʘʤʘʰʘ ץʘʩʠʝʪʪʝʨʽʥ ʨʘʩʪʘʜʳ. ʉ̔  ʥʘʡײʽʨʽʣʛʝʥ ʰʠʢʽ ʤש

PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʛʫʙʢʘʤʝʥ ץʘʨʘʧʘʡʳʤ 

ʤʝʭʘʥʠʢʘʣʳץ ʩʳסʫ ʧʨʦʮʝʩʽʥ ʧʘʡʜʘʣʘʥʳʧ ʦשʘʡ ʞʠʥʘʣʜʳ, ʘʣ ʩʳסʳʣסʘʥ 

ʛʫʙʢʘʣʘʨʜʳ ʞʦסʘʨʳ ʙᴇʣʫ ʪʠʽʤʜʽʣʽʛʽʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʤײʥʘʡ-ʩʫʜʳ ʙᴇʣʫʜʝ 20-25 

ʮʠʢʣʜʝʥ ʘʩʪʘʤ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʘʡʜʳ ʥʝʤʝʩʝ 

ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʽ ʩʽשʽʨʛʝʥʥʝʥ ʢʝʡʽʥ, ʩʫ ʙʝʪʽʥʝ ʞʘץʳʥ ʤʘʛʥʠʪ ᴇʨʽʩʽʥ 

 ,ʘסʘʨʫץʘʥ ʛʫʙʢʘʥʳ ʙʘʩסʝʨʽʪʢʽʰʢʝ ʤʘʣʳʥ ץʘ ʥʝʤʝʩʝ ʦʨʛʘʥʠʢʘʣʳסʥʘʡײʦʣʜʘʥʫ ʤץ

ʪʘʨʪʫסʘ ʞᴅʥʝ ʢᴇʪʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ.  
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 ʆʈʓʊʓʅɼʓפ

 

ɿʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ץʦʨʳʪʳʥʜʳʣʘʨ 

ʞʘʩʘʣʜʳ: 

1. RGO ʧʘʨʘץʪʘʨʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ Hummers ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʛʨʘʬʠʪʪʝʥ Gʆ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪʳʤʝʥ ʘʣʳʥסʘʥ Gʆ 

ʭʠʤʠʷʣʳץ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ ʘʨץʳʣʳ ʩʠʥʪʝʟʜʝʣʜʽ. ʄʘʛʥʠʪʪʽʢ MgFe2O4 ʅɹ ʟʦʣʴ-

ʛʝʣʴ ʧʨʦʮʝʩʽ ʙʦʡʳʥʰʘ ʘʣʳʥʜʳ. PU ʛʫʙʢʘʥʳ MgFe2O4 ʤʘʛʥʠʪʪʽʢ ʅɹ, PDMS 

ʥʝʤʝʩʝ SO ʞᴅʥʝ ײץʨʘʤʳʥʜʘ RGO ʙʘʨ ʥʝʤʝʩʝ ʦʥʩʳʟ ʠʤʤʝʨʩʠʷʣʳץ ץʘʧʪʘʫ ᴅʜʽʩʽʥ 

 ʦʣʜʘʥʘ ʦʪʳʨʳʧ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥʳʧ, ʤ.ʞ. 20% ʞᴅʥʝ 40% ʙʦʣʘʪʳʥץ

PU/MgFe2O4/RGO/PDMS,  PU/MgFe2O4/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO, 

PU/MgFe2O4/SO װʣʛʽʣʝʨʽ ʜʘʡʳʥʜʘʣʜʳ.  

2. ʉʦʨʙʮʠʷʣrץ ץʘʙʽʣʝʪʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤ.ʞ. 40% ײץʨʘʤʳʥʜʘ 

RGO ʙʘʨ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ʢʦʤʧʦʟʠʮʠʷʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʤײʥʘʡ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ (ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, 

ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ) ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ PU/MgFe2O4/PDMS ʞᴅʥʝ 

PU/MgFe2O4/SO ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 2-4 ʝʩʝʛʝ ʘʨʪʳץ 

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

3.  ɸʣʳʥסʘʥ PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO 

ʥʝʛʽʟʽʥʜʝʛʽ  ʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʩʝʧʘʨʘʮʠʷʣʳץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ, ʦʣʘʨʜʳש ʤײʥʘʡ, ʟᴅʡʪװʥ ʤʘʡʳ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨ (ʪʦʣʫʦʣ, 

ʛʝʢʩʘʥ) ʞᴅʥʝ ʩʫ ץʦʩʧʘʣʘʨʳʥ ʙᴇʣʫʜʝ 96,7 - 99% ʜʝʡʽʥ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʽʥʜʽʛʽʥ ʘʡץʳʥʜʘʜʳ. 

4. ʤ.ʞ. 40% PU/MgFe2O4/RGO/PDMS ʞᴅʥʝ PU/MgFe2O4/RGO/SO ײץʨʘʤʜʳ 

ʛʠʜʨʦʬʦʙʪʳ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʘʛʥʠʪʧʝʥ ʦשʘʡ ʙʘʩץʘʨʳʣʳʧ, 20-25 ʨʝʛʝʥʝʨʘʮʠʷ 

ʮʠʢʣʽʥʝ ʪᴇʟʽʧ, ʞʦסʘʨʳ ץʘʡʪʘ ᴇשʜʝʣʫ ץʘʙʽʣʝʪʪʝʨʽʥʝ ʠʝ ʙʦʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ,  20 

ʩʝʢʫʥʜ ʙʘʪʳʨʫ ʫʘץʳʪʳʥʜʘ ʤײʥʘʡʜʳ, ʟᴅʡʪװʥ ʤʘʡʳʥ, ʦʨʛʘʥʠʢʘʣʳץ ʝʨʽʪʢʽʰʪʝʨʜʽ 

(ʭʣʦʨʦʬʦʨʤ, ʪʦʣʫʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, ʛʝʢʩʘʥ) ʘʙʩʦʨʙʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ ʩᴅʡʢʝʩʽʥʰʝ 

12-36 ʛ/ʛ ʞᴅʥʝ 16-44 ʛ/ʛ ʞᴅʥʝ ʉɾɹ 155,5° ï 138,6° ʤᴅʥʜʝʨʽʥʝ ʪʝש ʙʦʣʜʳ. 
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