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ʪʘʩʪʳ ʤʘʩʪʠʢʘʣʳץ ʘʩʬʘʣʴʪʙʝʪʦʥʜʳ ץʦʩʧʘ. ʊʝʭʥʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ.  
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ɸʅʓפʊɸʄɸʃɸʈ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʤʘʣʘʨ ʤʝʥ ʪʝʨʤʠʥʜʝʨ 

 :ʦʣʜʘʥʳʣʜʳץ

ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ץʘʣʜʳץʪʘʨʳ ï ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʪʽ ʙʘʡʳʪʫ ʤʝʥ ʘʣʫ 

ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ץʘʣʜʳץ. 

ʍʨʠʟʦʪʠʣʜʽ ʘʩʙʝʩʪ ï ʞʽשʽʰʢʝ ʪʘʣʰʳץʪʳ ʘץ ʞʘʩʳʣ-ʩʘʨʳ ʪװʩʪʽ ʤʠʥʝʨʘʣ 

(3MgO Ā 2SiO2 Ā 2H2O). 

ʉʝʨʧʝʥʪʠʥʠʪ ï ʩʝʨʧʝʥʪʠʥ ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʤʠʥʝʨʘʣʜʘʨʜʘʥ ʪײʨʘʪʳʥ 

ʞʳʥʳʩ: ʣʠʟʘʨʜʠʪ, ʭʨʠʟʦʪʠʣ, ʘʥʪʠʛʦʨʠʪ, ʞʘʣʧʳ ʙʨʫʪʪʦ ʬʦʨʤʫʣʘʩʳ  

Mg6[Si4O10](OH)8. 

ʃʠʟʘʨʜʠʪ ï ʩʝʨʧʝʥʪʠʥ ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʩʠʣʠʢʘʪ ץʘʪʧʘʨʣʘʨʳ 

 .ʩʪʽ ʤʠʥʝʨʘʣװʘ ʠʝ ʞʘʩʳʣ ʪסʨʳʣʳʤʜʘʨײץ

ɸʥʪʠʛʦʨʠʪ ï ʩʝʨʧʝʥʪʠʥ ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʢʨʝʤʥʠʡʣʽ ץʘʙʘʪʪʘʨʜʘʥ ʪײʨʘʪʳʥ 

ʘץ ʪװʩʪʽ, ʰʳʥʳ ʪᴅʨʽʟʜʽ ʤʠʥʝʨʘʣ. 

ʂʨʝʤʥʝʟʝʤʜʽ ץʘʣʜʳץʪʘʨ ï ץʘʣʜʳץʪʘʨʜʘʥ ʤʘʛʥʠʡ ʠʦʥʜʘʨʳʥ ʤʠʥʝʨʘʣʜʳ 

 .ץʘʣʜʳץ ʘʥʥʘʥ ʢʝʡʽʥʛʽסʳʣʜʘʨʤʝʥ ʰʘʡץʳʰץ

ɸʩʙʝʩʪ ï ʪʘʣʰʳץʪʳ ʤʠʥʝʨʘʣʜʘʨ ʢʣʘʩʳʥʘ ʞʘʪʘʪʳʥ ʩʠʣʠʢʘʪʪʘʨʜʳש ʝʢʽ 

ʪװʨʽʥʽש ï ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ʞᴅʥʝ ʘʤʬʠʙʦʣ-ʘʩʙʝʩʪ (ʘʥʪʠʥʦʣʠʪ, ʘʤʦʟʠʪ, 

ʘʥʪʦʬʦʣʣʠʪ, ʢʨʦʢʦʜʦʣʠʪ, ʪʝʨʤʦʣʠʪ ʞᴅʥʝ ʪ.ʙ.) ʞʠʥʘץʪʘʣסʘʥ ʘʪʳ. 

ɸʩʙʝʩʪײץʨʘʤʜʘʩ ץʘʣʜʳץʪʘʨ ï ᴇʥʜʽʨʫ, ʙʘʡʳʪʫ, ץʘʡʪʘ ᴇשʜʝʫ ʞᴅʥʝ 

ʘʩʙʝʩʪײץʨʘʤʜʘʩ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ʰʠʢʽʟʘʪ 

 .ʜʘʨʳשʪʘʨʳ ʤʝʥ ʰʘץʘʣʜʳץ
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ɹɽʃɻɯʃɽʋʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

ʍɸ ï ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ 

ʈʌʊ ï ʈʝʥʪʛʝʥʜʽʢ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ 

ɼʊʊ ï ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ 

ʀפʉ ï ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʉפʄ ï ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ ץʘʞʝʪʪʽ ʤᴇʣʰʝʨ 

 ʘʪʳʥʘʩʳץ שʬʘʟʘʣʘʨʜʳ ץʡʳײʘʪʪʳ ʞᴅʥʝ ʩץ ʡʝʜʝʛʽװʉ ï ʞ:פ

PMg ï ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽ,% 

ʨʅ ï ʦʨʪʘʥʳש ʩʫʪʝʢʪʽʢ ʢᴇʨʩʝʪʢʽʰʽ 

d  ï ʝʨʽʪʽʥʜʽ ʪʳסʳʟʜʳסʳ, ʛ/ʩʤ3 

Go  ï ɻʠʙʙʩ ʵʥʝʨʛʠʷʩʳ, ʢɼʞ 

ʄᴄױ  ï ʤʠʥʝʨʘʣʜʳץ ᴅʤʙʝʙʘʧ ײʥʪʘץ 

ʍʊפ ï ʭʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳסʳ 

ɽʂ  ï ʝʨʽʛʽʰʪʽʢ ʢᴇʙʝʡʪʽʥʜʽ 

ɾʐ ï ʞʘʟʳץʘʨʘʣʳץ ʰʳשʜʘʨ 

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ ʈ  ïפ

ʥʤ  ï ʥʘʥʦʤʝʪʨ  

ʤʢʤ  ï ʤʠʢʨʦʤʝʪʨ 

ʤʤ  ï ʤʠʣʠʤʝʪʨ 
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ʂɯʈɯʉʇɽ 

 

ʊʘץʳʨʳʧʪʳש ᴇʟʝʢʪʽʣʽʛʽ. ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʫʰʽ ᴇʥʜʽʨʽʩ 

ʦʨʳʥʜʘʨʳʥʳש ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʳ ʤʘʛʥʠʡʣʽ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ סʘʣʳʤʜʘʨʜʳש 

 ʘס-ʨʘʤʳʥʜʘ 45,0%ײץ שʳʟʳʧ ʢʝʣʝʜʽ, ʩʝʙʝʙʽ ʦʥʳסʳʥ ʢᴇʧʪʝʥ ʙʝʨʽ ʪʫסʫʰʳʣʳסʳʟʳץ

ʜʝʡʽʥ MgO ʞᴅʥʝ 45%-סʘ ʜʝʡʽʥ SiO2 ʙʘʨ. ɹײʣ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨ ʪʘʫ 

ʞʳʥʳʩʪʘʨʳʥ ʙʘʡʳʪʫ, ʷסʥʠ ʦʣʘʨʜʘʥ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʽ ᴇʥʜʽʨʫ ʙʘʨʳʩʳʥʜʘ 

ʪװʟʽʣʝʜʽ. ɹײʣʘʨ ʥʝʛʽʟʽʥʝʥ ץʘʙʘʪʪʳ ײץʨʳʣʳʤʜʳ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʤʘʛʥʠʡ 

ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʘʥ ʪײʨʘʜʳ. ʊʘʫ ʞʳʥʳʩʪʘʨʳʥʜʘ ʙײʣʘʨʜʳש ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ 

ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ (ʭʨʠʟʦʪʠʣ, ʘʥʪʠʛʦʨʠʪ, ʣʠʟʝʨʜʠʪ) ʪװʨʣʝʨʽ ʙʘʩʳʤ ʙʦʣʳʧ ʢʝʣʝʜʽ.  

 ʜʝʫ ʤᴅʩʝʣʝʩʽשʘʡʪʘ ᴇץ ʳʥסʘʣʜʳץ שʩʪʘʥʜʘ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʽץʘʟʘפ

ʦʩʳ ʢʝʟʛʝ ʜʝʡʽʥ ʰʝʰʽʤʽʥ ʪʘʧʧʘסʘʥ ʤʘשʳʟʜʳ ʩײʨʘץʪʘʨ ʪʦʙʳʥʘ ʞʘʪʘʜʳ. 

ʇʘʡʜʘʣʘʥʳʩʪʘסʳ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʽש ɾʽʪʽץʘʨʘ ʢʝʥʽʥʜʝ ʩʦסשʳ 65 ʞʳʣ ʤʝʨʟʽʤʽʥʜʝ, 

ʞʝʨʛʽʣʽʢʪʽ ʙʘʡʳʪʫ ʢʦʤʙʠʥʘʪʳ (çפʦʩʪʘʥʘʡ ʤʠʥʝʨʘʣʜʘʨʳè ɸפ) 310 ʤʣʥ. ʪʦʥʥʘ 

ʘʩʙʝʩʪʽ ʨʫʜʘʥʳ ᴇשʜʝʛʝʥ. ʆʥʜʘסʳ ʪʦʚʘʨʣʳ ʘʩʙʝʩʪʽש ʰʳסʳʤʳ 6-7%-ʜʳ ײץʨʘʡʜʳ, 

 ʟʜʝʛʝʥװʳ ʨʝʪʽʥʜʝ ʘʨʥʘʡʳ ʞסʘʣʜʳץ ʘʥʳ (ʰʘʤʘʤʝʥ 300 ʤʣʥ. ʪʦʥʥʘ) ᴇʥʜʽʨʽʩסʘʣץ

ʛʝʢʪʘʨ ʞʝʨʜʽ ʘʣʳʧ ʞʘʪץʘʥ ʩʚʘʣʢʘʣʘʨסʘ ʞᴇʥʝʣʪʽʣʝʜʽ. ɿʝʨʪʪʝʫʣʝʨ, ʦʩʳ 

 .ʘ ʟʠʷʥʜʳ ᴅʩʝʨʣʝʨʽ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʢʝʥסʘʥ ʦʨʪʘסʦʨʰʘץ שʪʘʨʜʳץʘʣʜʳץ

ɾʽʪʽץʘʨʘʜʘסʳ ʛʝʦʣʦʛʠʷʣʳץ-ᴇʥʜʽʨʽʩʪʽʢ ʢʝʥ ʦʨʥʳ ʥʝʛʽʟʽʥʝʥ ʩʝʨʧʝʥʜʠʪʪʝʣʛʝʥ 

ʧʝʨʠʦʜʠʪʪʝʨ, ʜʫʥʠʪ ʞᴅʥʝ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʪײʨʘʜʳ. ɹײʣ ʪʘʫ ʞʳʥʳʩʪʘʨʳ, 

ᴇʟʽʥʽײץ שʨʘʤʳʥʜʘ ʭʨʠʟʦʪʠʣʜʝʥ ʙʘʩץʘ ʤʘʛʥʠʡʜʽש, ʪʝʤʽʨʜʽש, ʭʨʦʤʥʳש, ʥʠʢʝʣʴʜʽש, 

ʢʦʙʘʣʴʪʪʳש ʞʦסʘʨʳ ײץʨʘʤʜʘʨʳ ʙʦʣʫʳʤʝʥ ʜʝ ʙʝʣʛʽʣʽ. 

 שʜʝʫʜʽשʘʡʪʘ ᴇץ ץʪʘʨʜʳ ʪʝʭʥʦʣʦʛʠʷʣʳץʘʣʜʳץ ʘʟʽʨʛʽ ʢʝʟʜʝ, ʦʩʳ ʪʝʭʥʦʛʝʥʜʽפ

ʙʽʨʥʝʰʝ ʞʦʣʜʘʨʳ ʤʝʥ ײʩʳʥʳʤʜʘʨʳ ʙʝʣʛʽʣʽ. ױʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʨʜʽש ʙʘʩʳʤ 

ʢᴇʧh̔ ʣʽʛʽ ץʘʣʜʳץʪʘʥ ʤʘʛʥʝʟʠʘʣʜʳ ʙᴇʣʽʛʽʥ ץʳʰץʳʣʜʳץ ᴇשʜʝʫʤʝʥ ʙᴇʣʽʧ ʘʣʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. ᴄʜʝʙʠʝʪʪʝʥ, ʙʝʣʛʽʣʽ ʙʦʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʝʛʽ ץʳʰץʳʣʜʳץ ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʢᴇʧ ʞʘסʜʘʡʜʘ ʙʽʨ-ʙʽʨʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ץʳʰץʳʣ ʪװʨʣʝʨʽ 

ʥʝʤʝʩʝ װʨʜʽʩʪʽ ʞװʨʛʽʟʫʜʝʛʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʣʰʝʤʜʝʨʜʽש ᴅʨ ʪװʨʣʽ ʙʦʣʫʳʤʝʥ סʘʥʘ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ, ʙʘʩʪʳ ʤʘץʩʘʪ ʨʝʪʽʥʜʝ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡʜʽ 

ʙʘʨʳʥʰʘ ʪʦʣʳץ ʙᴇʣʽʧ ʘʣʫ ʢᴇʟʜʝʣʛʝʥ. ɸʣʘʡʜʘ, ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥʛʽ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʢᴇʧ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞʦʩʧʘʨʣʳ ʙʦʣסʘʥʳʤʝʥ, ץʘʟʽʨʛʝ ʜʝʡʽʥ ʦʩʳ ʪʝʭʥʦʛʝʥʜʽʢ 

 .ץʛʝʡʽʥʜʝ ʠʛʝʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʩʳ ʞʦשᴇʥʝʨʢᴅʩʽʧ ʜʝ שʜʝʫʜʽשʘʡʪʘ ᴇץ ʪʘʨʜʳץʘʣʜʳץ

 ʘ ʝʥʛʽʟʽʣʤʝʫסʧʨʘʢʪʠʢʘ שʩʭʝʤʘʣʘʨʜʳ ץʘʥ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳסʩʳʥʳʣױ

ʩʝʙʝʧʪʝʨʽ ץʘʪʘʨʳʥʜʘ ʢʝʣʝʩʽʣʝʨʜʽ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ: ץʘʡʪʘ ᴇשʜʝʫ װʰʽʥ ץʘʣʜʳץʪʳ 

ʪʝʨʤʦᴇשʜʝʫ ץʘʞʝʪʪʽʣʽʛʽ; ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫ װʨʜʽʩʽʥʽײ שʟʘץʪʳסʳ ʤʝʥ ʘʣʳʥסʘʥ 

ᴇʥʽʤʜʝʨʜʽ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳ (Fe, Al, Ni, Co, Ca ʞᴅʥʝ ʪ.ʙ.)  ʤʝʥ ʢʨʝʤʥʠʡʜʝʥ 

ʪʘʟʘʨʪʫʜʳש ʢᴇʧ ʩʘʪʳʣʳ ʙʦʣʫʳʥ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. 

 ʤʘʢʩʠʤʘʣʜʳ ʙᴇʣʽʛʽʥ ʙᴇʣʽʧ ʘʣʫ שʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ʤʘʛʥʠʡʜʽסʩʳʥʣrױ

ʤʘץʩʘʪʳʥʜʘ ץʳʰץʳʣʜʘʨʜʳץ שʘʞʝʪʪʽ ʤᴇʣʰʝʨʜʝʥ ʘʨʪʳץ ץʦʣʜʘʥʳʣʘʪʳʥʜʘʨʳʥ ʜʘ 

ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ.  

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽ ʙʦʣʫʳʥʳש ʪʘסʳ ʙʽʨ ʩʝʙʝʙʽ, ʦʣ ʭʨʠʟʦʪʠʣ-

ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʳ ʵʢʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʦʨʪʘ 

ʜʝשʛʝʡʜʝʛʽ ץʘʫʽʧʪʽʣʝʨ ץʘʪʘʨʳʥʘ ʞʘʪʘʪʳʥʜʳסʳ. ɹײʣ ץʘʣʜʳץʪʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ 
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ʩʘץʪʘʫ, ץʘʟʽʨʛʽ ʢʝʟʜʝ ʦʣʘʨʜʳ ʪʝʭʥʦʛʝʥʜʽʢ ʤʘʩʩʠʚ ʨʝʪʽʥʜʝ ʘʨʥʘʡʳ ʪʘʩʪʘʥʜʳʣʘʨʜʳ 

ʩʘץʪʘʫ ʦʨʳʥʜʘʨʳʥʜʘ ʞʠʥʘץʪʘʫʤʝʥ ʰʝʢʪʝʣʽʧ ʢʝʣʝʜʽ. ʄײʥʜʘʡ ʞʘסʜʘʡ, ɾʽʪʽץʘʨʘ 

ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ʢʝʥ ʦʨʥʳʥʜʘ (פʦʩʪʘʥʘʡ ʦʙʣrʩ)r ʜʘ ʦʨʳʥ ʘʣסʘʥ. ɹײʥʳש ʙʘʩʪʳ 

ʩʝʙʝʙʽ, ʙײʣʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʦשʪʘʡʣʳ ᴅʨʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʙʦʣʤʘʫʳ. ɸʣ, ʤʘʛʥʠʡ ʞᴅʥʝ ʦʥʳץ שʦʩʳʣʳʩʪʘʨʳ (ʤʘʛʥʠʡ, 

ʤʘʛʥʠʡ ʪʦʪʳסʳ, ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽ ʞᴅʥʝ ʦʥʳש ʪײʟʜʘʨʳ ï ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ, 

ʤʘʛʥʠʡ ʥʠʪʨʘʪʳ, ʤʘʛʥʠʡ ʭʣʦʨʠʜʽ, ʪ.ʙ.) ᴇʥʝʨʢᴅʩʽʧʪʽש ʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ 

 ,ʘ ʪᴇʟʽʤʜʽ, ʨʝʟʠʥʘץʘ ʞʘʪʘʜʳ. ʆʣʘʨ, ʙʦʣʘʪ ᴇʥʜʽʨʽʩʽʥʜʝ, ʦʪסʦʣʜʘʥʳʣʘʪʳʥ ʟʘʪʪʘʨץ

ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʽʢ ʙײʡʳʤʜʘʨ ʘʣʫʜʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʪʝʨʽ, ʭʠʤʠʷ, 

ʪʘʤʘץ, ʬʘʨʤʘʮʝʚʪʠʢʘʣʳץ, ʤײʥʘʡ-ʛʘʟ ᴇʥʜʽʨʽʩʪʝʨʽʥʜʝ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʩʘʣʘʣʘʨʜʘ 

 ʝʢʝʥʽ ץʩʘʧʘʣʳ ʢʝʥ ʦʨʥʳ ʞʦ שʩʪʘʥʜʘ ʤʘʛʥʝʟʠʘʣʜʳ ʨʫʜʘʥʳץʘʟʘפ .ʦʣʜʘʥʳʣʘʜʳץ

ʘʪʘʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʦʩʳ ʤʘʛʥʠʡʣʽ ץʘʣʜʳץʪʘʨʜʘʥ ᴇʥʜʽʨʽʩʪʽʢ ʤʘשʳʟʳ 

ʙʘʨ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥ ʙᴇʣʽʧ ʘʣʫʤʝʥ ʞװʨʛʽʟʽʣʝʪʽʥ ʞʘשʘ  ʠʥʥʦʚʘʮʠʷʣʳץ ץʘʡʪʘ 

ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʞʘʩʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ 

ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʫʜʽש ʤʘשʳʟʳ ʟʦʨ, ᴇʟʝʢʪʽʣʽʛʽ ʞʦסʘʨʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʦʣʘʨʜʳש ʙʽʨʽ, ʢᴇʧʪʝʛʝʥ ʧʘʡʜʘʣʳ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ï ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʭʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥ ʙʘʡʳʪʫ ʢʝʟʽʥʜʝ ʪװʟʽʣʝʪʽʥ 

ʰʘשʪᴅʨʽʟʜʝʩ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʧʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʞᴅʥʝ װʨʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫ ʭʨʠʟʦʪʠʣʜʽ ʙʘʡʳʪʫ ץʘʣʜʳסʳʥʘʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʞʘʩʘʫ. 

ɿʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽ. ɿʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ סʳʣʳʤʠ 

ʤᴅʩʝʣʝʣʝʨʜʽש ʰʝʰʽʤʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ:  

- çפʦʩʪʘʥʘʡ ʤʠʥʝʨʘʣʜʘʨʳè ɸפ-ʜʘ ʭʨʠʟʦʪʠʣʜʽ ʙʘʡʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 ,ץʭʠʤʠʷʣʳ שʪʳץʘʣʜʳץ ʪᴅʨʽʟʜʝʩ ʪʝʭʥʦʛʝʥʜʽʢ שʟʽʣʝʪʽʥ ʰʘװʨʜʽʩʪʝʨʽʥʜʝ ʪװ

ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʜʘʨʳʥ ʘʥʳץʪʘʫ; 

- ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʟʘשʜʳʣʳץʪʘʨʳʥ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʞᴅʥʝ ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ ʪײʨסʳʜʘʥ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫ, ʦʥʳץ שʳʰץʳʣʜʘ ʝʨʫ װʨʜʽʩʽʥʽש ʢʠʥʝʪʠʢʘʣʳץ ᴇʣʰʝʤʜʝʨʽʥ 

ʘʥʳץʪʘʫ; 

- ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʥ ʩʘʧʘʩʳ ʙʦʡʳʥʰʘ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ (ʄɽʉʊ) 

ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʳש ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʞʘʩʘʫ ʞᴅʥʝ ᴇʣʰʝʤʜʝʨʽʥ 

ʘʥʳץʪʘʫ;  

- ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʞᴅʥʝ ʞʦʣ ײץʨʳʣʳʩʳ ʤʘʪʝʨʠʘʣʳʥ (ʪײʨʘץʪʘʥʜʳʨסʳʰ 

 ʩʝʨʧʝʥʪʠʥʜʽʢ שʘ ʞʘʨʘʤʜʳ, ʭʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽסʦʩʧʘ) ʘʣʫʤʝʥ ʽʩʢʝ ʘʩʳʨʫץ

 ʧʨʠʥʮʠʧʠʘʣʜ rʩʭʝʤʘʩʳʥ שʢʝʰʝʥʜʽ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳ שʜʝʫʜʽשʘʡʪʘ ᴇץ ʳʥסʘʣʜʳץ

ʞʘʩʘʫ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʥʳש ʪʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ;  

- ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ ʞʦʣ ײץʨʳʣʳʩʳ ʤʘʪʝʨʠʘʣʳʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ 

 ʘʥסʪʘʨʳ ʙʦʡʳʥʰʘ ʤʘʤʘʥʜʘʥʜʳʨʳʣץʦʣʜʘʥʫ ʘʫʤʘץ ʣʛʽʣʝʨʽʥ ʦʣʘʨʜʳװ

ʘʢʢʨʝʜʠʪʪʝʣʛʝʥ ʟʝʨʪʭʘʥʘʣʘʨʜʘ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽʥʝ 

ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. ɾײʤʳʩʪʳ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ 

ᴇʥʽʤʜʝʨʛʝ ʟʘʤʘʥʘʫʠ ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ 

 ,ʦʣʜʘʥʳʣʜʳ: ʀʂ-ʌʫʨɹʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (Shimadzu JR Prestige-21)ץ
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ʨʝʥʛʝʥʦʬʘʟʘʣʳץ ʪʘʣʜʘʫ (ɼʈʆʅ-3 ʞᴅʥʝ D8ENDEAVOR «Bruker»), 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʘʣʜʘʫ (Q- DERIVATOGRAPH), ʥɻʝʨʛʦʜʠʩʧʝʨʩʠʦʥʜʳץ ʪʘʣʜʘʫ 

 ʳʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫʤʝʥסʦʥʜʳʨץ ʤʠʢʨʦʩʢʦʧʠʷ ץʦʩʳʤʰʘʩʳ ʙʘʨ ʵʣʝʢʪʨʦʥʜʳץ

ʞװʨʛʽʟʽʣʜʽ. ʊᴅʞʽʨʠʙʝʣʽʢ ץʘʣʜʳץ ʧʝʥ ץʳʰץʳʣʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ װʨʜʽʩʪʝʨʽʥ 

ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʘʨʘʣʘʩʪʳʨסʳʰʧʝʥ, ʪʝʨʤʦʤʝʪʨʤʝʥ ʞᴅʥʝ ʨʅ-ʪʳ ץʘʜʘסʘʣʘʫ 

 .ʟʽʥʝ ʘʩʳʨʳʣʜʳװʘʥ ʰʳʥʳ ʨʝʘʢʪʦʨʜʘ ʽʩ-ʞסʘʤʪʳʣץ ʨʘʣʜʘʨʳʤʝʥײץ

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ.  

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ. «פʦʩʪʘʥʘʡ ʤʠʥʝʨʘʣʜʘʨʳè ɸפ-ʥʳש ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ 

ᴇʥʜʽʨʽʩʽʥʽש ʰʘשʪᴅʨʽʟʜʝʩ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʳ, ץʘʣʜʳץʪʘʥ ʘʣʳʥסʘʥ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳ ʞᴅʥʝ ץʳʰץʳʣʜʳץ ʰʘʡʤʘʣʜʘʫʜʘʥ ʢʝʡʽʥʛʽ ʢʨʝʤʥʠʡʣʽ ץʘʣʜʳץ.  

ɿʝʨʪʪʝʫ ײץʙʳʣʳʩʪʘʨʳ ʙʦʣʳʧ ʭʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽש ʰʘשʪᴅʨʽʟʜʝʩ 

 ʨʜʽʩʪʝʨʽ ʤʝʥ ʩʝʨʧʝʥʪʠʥʠʪװ ʳʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫץʳʰץ ʢʽʨʪװʪʘʨʳ ʤʝʥ ʢץʘʣʜʳץ

 ץʬʠʟʠʢʦ-ʭʠʤʠʷʣʳ שʨʘʤʜʘʩ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʳײץ

ʥʝʛʽʟʜʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

  :ʞʳʨʳʤʜʘʨײʩʳʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʪײ ʘסʘʫסʦʨפ

- ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʪʽʢ ʰʘשʪᴅʨʽʟʜʝʩ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪrש 

ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ, ʦʥʳש ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽ ʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ʟʘשʜʳʣʳץʪʘʨʳ; 

- ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳ ʘʣʜʳʥ-ʘʣʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש 

 ;ʨʜʽʩʽʥʝ ᴅʩʝʨʽװ ʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ʝʨʫץʳʰץ ʢʽʨʪװʢ שʪʳץʘʣʜʳץ

 ʪʘʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥץʘʣʜʳץ ʘʥ, ʪʝʭʥʦʛʝʥʜʽʢ ʩʝʨʧʝʥʪʠʥʠʪʪʽʢסʩʳʥʳʣײ -

ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ ʤʝʥ ʝʨʝʢʰʝʣʽʢʪʝʨʽ; 

- ʥʦʨʤʘʪʠʚʪʽ ײץʞʘʪʪʘʨʜʳש ʩʘʧʘ ʙʦʡʳʥʰʘ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳʥ ʞᴅʥʝ ʞʦʣ-ײץʨʳʣʳʩʳ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳ ʢʝʰʝʥʜʽ ץʘʡʪʘᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳ; 

- ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ץʘʣʜʳסʳ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʤʝʩʽ. 

ɿʝʨʪʪʝʫʜʽש ʥʝʛʽʟʛʽ ʥᴅʪʠʞʝʣʝʨʽ:  

- ʭʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽש ʰʘשʪᴅʨʽʟʜʝʩ ץʘʣʜʳסʳʥʳש ᴇʟʝʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 

ʩʝʨʧʝʥʪʠʥʠʪʪʽש ᴇʥʜʽʨʽʩ ʧʝʥ ʪʝʭʥʠʢʘʥʳש ᴅʨʪװʨʣʽ ʩʘʣʘʩʳʥʜʘסʳ ץʦʣʜʘʥʳʩʪʘʨʳ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʦʣʘʨʜʳ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫ ʢᴇʟʜʝʨʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʜʽ.  

- ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳ0,4-0,5 ש ʉפʄ-ʥ ץʦʣʜʘʥʫʤʝʥ ץʘʣʜʳײץ ץʨʘʤʳʥʜʘסʳ 

ʤʘʛʥʠʡʜʽש ʞʘʣʧʳ ʤᴇʣʰʝʨʽʥʽ40-50% ש ʢװʢʽʨʪ ץʳʰץʳʣʳʥ ʧʘʡʜʘʣʘʥʫ 

ʢʦʵʬʠʮʠʝʥʪʽ 98%-ʙʝʥ ʙᴇʣʽʧ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʜʽ.  

- çʩʝʨʧʝʥʪʠʥʠʪ-ʢװʢʽʨʪ ץʳʰץʳʣʳè ʞװʡʝʩʽʥʜʝ ʩʝʨʧʝʥʪʠʥʠʪʪʽש ʩʠʣʠʢʘʪʪʳץ 

ʙᴇʣʽʛʽʥʽש ʢʨʝʤʥʝʟʝʤʛʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʥʫ װʨʜʽʩʽʥ ʟʝʨʪʪʝʫʛʝ ץʘʪʳʩʪʳ ʽʨʛʝʣʽ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʞᴅʥʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʳʥʜʳ.  

- ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ װʨʜʽʩʪʝʨʽ ʜʠʬʬʫʟʠʷʣʳץ ʙʘץʳʣʘʫʤʝʥ ʞװʨʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʪʽʥ, ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץ ʧʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש 

45,0 ʢɼʞ/ʤʦʣʴ ʪʝש ʙʦʣʞʘʤʜʳ ʘʢʪʠʚʪʝʥʜʽʨʫ ʵʥʝʨʛʠʷʩʳ ʘʥʳץʪʘʣʜʳ. 

- ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʥʝʛʽʟʛʽ ʬʠʟʠʢʘ-ʭʠʤʠ̫ʣʳץ ᴇʣʰʝʤʜʝʨʽ ʘʥʳץʪʘʣʜʳ: ץʘʣʜʳץʪʳש 
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ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ï 0,104-0,074 ʤʤ; ʉH2SO4 ï (0,4-0,5) ʉפʄ H2SO4 

 ;4:1=פ/ʘʪʪʳ, ʉץ/ץʡʳײʩ ;(ʘʪʳʩʪʳץ ʳ ʤʘʛʥʠʡ ʤᴇʣʰʝʨʽʥʝסʨʘʤʳʥʜʘײץ ץʘʣʜʳץ)

t=80-90Üʉ, ײʟʘץʪʳסʳ ï 25-30 ʤʠʥ. 

 ץʪʘʩʪʳ-ʤʘʩʪʠʢʘʣʳץʠʳʨʰʳץ ʪʳץʘʣʜʳץ ʝʨʽʤʝʡʪʽʥ ץʳʣʜʳץʳʰץ -

ʘʩʬʘʣʴʪʙʝʪʦʥ ץʦʩʧʘʩʳʥ ʜʘʡʳʥʜʘʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ çʪײʨʘץʪʘʥʜʳʨסʳʰ ץʦʩʧʘè 

ʘʣʫסʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʜʽ. çʊײʨʘץʪʘʥʜʳʨסʳʰ ץʦʩʧʘè ʘʣʫ 

ᴅʜʽʩʽʥʝ פʈ-ʥʳש ᴇʥʝʨʪʘʙʳʩ ʧʘʪʝʥʪʽ ʘʣʳʥʜʳ. 

- ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ ʪײʨʘץʪʘʥʜʳʨסʳʰ ץʦʩʧʘ ʘʣʫʤʝʥ ʞװʨʝʪʽʥ ʭʨʠʟʦʪʠʣ 

ᴇʥʜʽʨʽʩʽʥʽש ʰʘשʪᴅʨʽʟʜʝʩ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳסʳʥ ʢʝʰʝʥʜʽ ץʘʡʪʘᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʧʨʠʥʮʠʧʠʘʣʜʽ ʩʭʝʤʘʩʳ ʞʘʩʘʣʜʳ. 

- ʘʣʳʥסʘʥ ᴇʥʽʤʜʝʨʜʽש (MgSO4  ʞᴅʥʝ ʪײʨʘץʪʘʥʜʳʨסʳʰ ץʦʩʧʘʥʳש) ʄɽʄʉʊ 

ʙʦʡʳʥʰʘ ʩʘʧʘʣʳץ ʩᴅʡʢʝʩʪʽʣʽʢʪʝʨʽ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʘʢʢʨʝʜʠʪʪʝʣʛʝʥ 

ʟʝʨʪʭʘʥʘʣʘʨʜʘ ʦʣʘʨʜʳש ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʢʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʥʳץʪʘʫʤʝʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʽʣʜʽ. 

- çפʦʩʪʘʥʘʡ ʤʠʥʝʨʘʣʜʘʨʳè ɸפ-ʜʘ ʙʽʨ ʞʳʣʜʘ ʪװʟʽʣʝʪʽʥ (3000 ʪ/ʞ) 

ʰʘשʪᴅʨʽʟʜʝʩ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʥ ʘʣʳʥʘʪʳʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש ʤᴇʣʰʝʨʽ, 

 ʥʝʤʜʝʫʛʝװ ʛʝשʘ ʞʳʣʳʥʘ 68 668 750 ʪʝסʪʳʥʫʰʳʣʘʨײʩʪʘʥʜʘ ʦʩʳ ᴇʥʽʤʜʽ ʪץʘʟʘפ

ʙʦʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʜʽ. 

 ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʞʘשʘʣʳסʳ ʤʝʥ ʤʘשʳʟʜʳʣʳסʳʥ ʥʝʛʽʟʜʝʫ:  
- ʟʝʨʪʪʝʫʣʝʨ ʥʝʛʽʟʽʥʜʝ, ʩʝʨʧʝʥʪʠʥʠʪʪʝʥ ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫʜʳש 

 שʳʣʳʥʳץʳʰץ ʢʽʨʪװʪʳ ʢץʘʣʜʳץ ʪʝʭʥʦʛʝʥʜʽʢ ,שʦʣʜʘʥʫʜʳץ ᴅʜʽʩʽʥ ץʳʣʜʳץʳʰץ

ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ ץʘʞʝʪʪʽ ʤᴇʣʰʝʨʽʥʽץ 50% שʦʣʜʘʥʳʣʘʪʳʥ, ץʳʰץʳʣʜʳ 

ʧʘʡʜʘʣʘʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 95-98% ʜʝʡʽʥ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ץʘʡʪʘ ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʞʘשʘ ʢʦʥʮʝʧʮʠʷʩʳ ײʩʳʥʳʣʜʳ; 

- ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳײץ ץʨʘʤʳʥʜʘסʳ ʤʘʛʥʠʡײץʨʘʤʜʘʩ ʤʠʥʝʨʘʣʜʘʨʜʘסʳ 

ʤʘʛʥʠʡʜʽש ʞʝשʽʣ ʞᴅʥʝ ץʠʳʥʜʘʫ ʝʨʠʪʽʥ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ ײץʨʳʣʳʤ 

ʬʨʘʛʤʝʥʪʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʞʝשʽʣʜʝʫ ʝʨʠʪʽʥʜʝʨʛʝ Mg(Oʅ)2, MgO 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʤʝʥ ʩʝʨʧʝʥʪʠʥʠʪ ײץʨʳʣʳʤʳʥʜʘסʳ ʙʨʫʩʠʪʪʽʢ ץʘʙʘʪ (50% 

ʞʘʣʧʳʜʘʥ), ץʠʳʥʜʘʫ ʝʨʠʪʽʥʛʝ ï ʩʝʨʧʝʥʪʠʥʠʪ ײץʨʳʣʳʤʳʥʜʘסʳ Mg(Oʅ)2Si2O5 

ʬʨʘʛʤʝʥʪʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʤʘʛʥʠʡ ʤᴇʣʰʝʨʽʥ (50% ʞʘʣʧʳʜʘʥ) ʞʘʪץʳʟʫסʘ 

ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ; 

- ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ʝʨʫ 

ʞʳʣʜʘʤʜʳסʳ ʩʫʪʝʢ ʠʦʥʜʘʨʳʥʳץ שʦʟסʘʣʫʳʥʘ ʜʠʬʬʫʟʠʷʣʳץ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ 

ʢʨʝʤʥʝʟʝʤ ץʘʙʘʪʳ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʤʦʣʝʢʫʣʘʩʳʥʳש 

 ʳסʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʜʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥʜʳ (ץʘʙʘʪʪʳץ) ץʨʳʣʳʤʜʳײץ

ʘʥʳץʪʘʣʜʳ; 

- ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʙᴇʣʽʧ ʘʣʳʥסʘʥʥʘʥ ʢʝʡʽʥʛʽ ץʳʰץʳʣʜʘ ʝʨʽʤʝʡʪʽʥ 

 ʘʥסʨʳʣʳʩʳ ʤʘʪʝʨʠʘʣʳʥ ʘʣʫ ᴅʜʽʩʽ ʪʘʙʳʣʜʳ. ɸʣʳʥײץ ʪʘʥ ʞʦʣץʘʣʜʳץ

 ʦʩʧʘץ ʳʰסʪʘʥʜʳʨץʨʘײʘʥ ʪסʘ ʘʨʥʘʣסʘʩʬʘʣʴʪʙʝʪʦʥ ץʪʘʩʪʳ-ʤʘʩʪʠʢʘʣʳץʠʳʨʰʳץ

ʘʢʨʝʜʠʪʪʝʣʛʝʥ çʂʘʟɼʦʨʅʀʀè ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʩʳʥʘʣʳʧ, ʄɽʄʉʊ 3105-2002 

ʪײʨʘץʪʘʥʜʳʨסʳʰ ץʦʩʧʘ ʪʘʣʘʧʪʘʨʳʥʘ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʙʦʡʳʥʰʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʜʽ. ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʽש 

 ʩʪʘʥץʘʟʘפ ʦʩʧʘʥʳ ʘʣʫ ʪᴅʩʽʣʽʥʝץ ʳʰסʪʘʥʜʳʨץʨʘײʪʘʨʳʥʘʥ ʪץʘʣʜʳץ

ʈʝʩʧʫʙʣʠʢʘʩʳʥʳ35566ˉ ש ʧʘʪʝʥʪʽ ʘʣʳʥʜʳ;  
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- ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ ʞʦʣ ײץʨʳʣʳʩʳ ʤʘʪʝʨʠʘʣʳʥ ʘʣʫʤʝʥ ʽʩ-ʞװʟʽʥʝ 

ʘʩʳʨʳʣʘʪʳʥ ʪʝʭʥʦʛʝʥʜʽ ץʘʣʜʳץʪʳ ʢʝʰʝʥʜʽ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʜʽ. 

ɾײʤʳʩʪʳש ʪʝʦʨʠʷʣʳץ ʤʘשʳʟʜʳʣʳסʳʥʘ ʩʝʨʧʝʥʪʠʥʠʪ ʧʝʥ ʢװʢʽʨʪ 

 ʳסʪʘʨʳʥ, ʤʘʛʥʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʳʥʜʘץʜʳʣʳשᴅʨʝʢʝʪʪʝʩʫ ʟʘ ץʩʘʥʜʳ שʳʣʳʥʳץʳʰץ

ʩʠʣʠʢʘʪʪʳ ʙᴇʣʽʛʽʥʽש ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ᴇשʜʝʛʝʥʜʝ ʢʨʝʤʥʝʟʝʤʛʝ 

ʘʡʥʘʣʫ ʤʝʭʘʥʠʟʤʽʥ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. ʍʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽש ʩʝʨʧʝʥʪʠʥʠʪʪʽ 

 ʨʳʣʳʩײץ ʜʝʫ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ ʞʦʣשʪʘʨʳʥ ʢʝʰʝʥʜʽ ᴇץʘʣʜʳץ

ʤʘʪʝʨʠʘʣʳʥ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʞײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.   

ɾʦʩʧʘʨʣʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʳʤʝʥ ʙʘʡʣʘʥʳʩʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʞײʤʳʩ ʄ. ᴄʫʝʟʦʚ ʘʪʳʥʜʘסʳ ʆפʋ-ʥʽש çɹʝʡʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʭʠʤʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʩʳè ʢʘʬʝʜʨʘʩʳʥʳ2016-2020 ש ʞʞ: ɹ-16-02-03- סʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʜʳש ʪʘץʳʨʳʙʳʥʳ1 ,ש-ʙᴇʣʽʤ çʊʘʙʠסʠ ʰʠʢʽʟʘʪʪʘʨ ʤʝʥ ᴅʨʪװʨʣʽ ᴇʥʜʽʨʽʩ 

 ץʠʥʥʦʚʘʮʠʷʣʳ שʟʜʘʨ ʘʣʫʜʳײʳʰʪʘʨʤʝʥ ʪץʘʡʪשʪʘʨʳʥʘʥ ʤʠʥʝʨʘʣʜʳ ʪʳץʘʣʜʳץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʘʩʘʫè ʙʘסʳʪʳʥʘ ʩᴅʡʢʝʩ ʦʨʳʥʜʘʣʜʳ.  

ɼᴅʡʝʢʪʽʣʽʢ ʧʨʠʥʮʠʧʽ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ ʘʣʳʥסʘʥ סʳʣʳʤʠ ʤᴅʣʽʤʝʪʪʝʨ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʬʠʟʠʢʦ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫ ץʦʥʜʳʨסʳʣʘʨʳʥ ץʦʣʜʘʥʫ 

ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʥʝʛʽʟʜʝʣʛʝʥ. ʊʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ 

ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫʛʝ ץʘʪʳʩʪʳ ʞײʤʳʩʪʘʨ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

  .ʘʥסʳʣʳ ʦʨʳʥʜʘʣץʦʣʜʘʥʫ ʘʨץ

ɹʘʩʳʣʳʤʜʘʨ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʦʨʳʥʜʘʣʫʳ ʙʘʨʳʩʳʥʜʘ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳ 10 סʳʣʳʤʠ ʝשʙʝʢʪʝʨʜʝ 

ʞʘʨʠʷʣʘʥסʘʥ, ʩʦʥʳש ʽʰʽʥʜʝ: çScopus» ʜʝʨʝʢץʦʨʳʥʘ ʢʽʨʝʪʽʥ ʍʘʣʳץʘʨʘʣʳץ 

 ʘʥ ʞʫʨʥʘʣʜʘʨʜʘ ï 2סʩʳʥʳʣײ ʂפɾɹʉʉנ ,ʘʣʘץʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘʨʜʘ - 2 ʤʘס

ʤʘץʘʣʘ, ʭʘʣʳץʘʨʘʣʳץ ʞʫʨʥʘʣʜʘʨʜʘ ï 1 ʤʘץʘʣʘ, ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ 

ʨʝʩʧʫʙʣʠʢʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷ ʞʠʥʘץʪʘʨʳʥʘ - 4 ʤʘץʘʣʘ ʞʘʨʠʷʣʘʥʳʧ, ᴇʥʝʨʪʘʙʳʩ 

ʙʦʡʳʥʰʘ 1 ʧʘʪʝʥʪ ʘʣʳʥסʘʥ.  

ɼʦʢʪʦʨʘʥʪʪʳש ᴅʨʙʽʨ ʙʘʩʳʣʳʤʜʳ ʜʘʡʳʥʜʘʫסʘ ץʦʩץʘʥ ʞʝʢʝ װʣʝʩʽ: 

1. ñRASAYAN Journal of  Chemistryò ʞʫʨʥʘʣʜʘסʳ «Influence of structural 

and molecular features of chrysotile on  interaction within acid-chrysotile system» 

ʤʘץʘʣʘʜʘ ᴅʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ ʰʦʣʫ ʞʘʩʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ, ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫ ʞᴅʥʝ  

ᴇשʜʝʫ ʞװʨʛʽʟʜʽ.  

2. ñNews of the academy of sciences of the republic of Kazakhstan Satbayev 

university, series of geology and technical sciencesò ʞʫʨʥʘʣʜʘסʳ «Researching of 

sulfuric acid leaching of magnesium from serpentines» ʤʘץʘʣʘʜʘ ᴅʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ 

ʰʦʣʫ ʞʘʩʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ, ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫ ʞᴅʥʝ ᴇשʜʝʫ ʞװʨʛʽʟʜʽ. 

3. «ʐפʊʋ ʍɸɹɸʈʐʓʉʓ» ʞʫʨʥʘʣʜʘסʳ çʀʟʫʯʝʥʠʝ  ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʦ-ʪʝʨʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʝʨʧʝʥʪʠʥʠʪʘè ʤʘץʘʣʘʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʫ ʞᴅʥʝ ʪʘʣץʳʣʘʫ ʞװʨʛʽʟʜʽ. 

4. «ʐפʊʋ ʍɸɹɸʈʐʓʉʓ» ʞʫʨʥʘʣʜʘסʳ çʇʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʘ ʢʘʢ ʬʘʢʪʦʨ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʤʘץʘʣʘʜʘ  ᴅʜʝʙʠ ʜʝʨʝʢʢᴇʟʜʝʨʛʝ ʰʦʣʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʞʘʩʘʜʳ. 
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5. International Conference of Industrial Technologies and Engineering (ICITE 

2018), ʄ.Auezov SKSU ʞʠʥʘסʳʥʜʘ «ʈhysico-chemical characteristics of 

Production wastes of chrisotile asbestos from the Zhitikara deposit» ʤʘץʘʣʘʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʫ ʞᴅʥʝ ʪʘʣץʳʣʘʫ ʞװʨʛʽʟʜʽ. 

6.  çʊʨʫʜʳ ʍ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ɹʝʨʠʤʞʘʥʦʚʩʢʦʛʦ ʩʴʝʟʜʘ ʧʦ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠè ʞʠʥʘסʳʥʜʘ çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʘʛʥʠʷè 

ʤʘץʘʩʳʥʜʘ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫ ʞᴅʥʝ ʪʘʣʜʘʫ, ᴅʜʝʙʠ ʰʦʣʫ ʞʘʩʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʜʽ. 

7. çʊʨʫʜʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʨɻʊʋè ʞʠʥʘסʳʥʜʘ çʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʪʭʦʜʘʭ ʭʨʠʟʦʪʠʣ-

ʘʩʙʝʩʪʘ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝè ʤʘץʘʣʘʩʳʥʜʘ ᴅʜʝʙʠ ʰʦʣʫ ʜʘʡʳʥʜʘʫ, ʘʣʳʥסʘʥ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘץʪʘʫ ʞᴅʥʝ ᴇשʜʝʫ ʞװʨʛʽʟʜʽ. 

8. «International journal of engineering recearch and technology» 

ʞʫʨʥʘʣʳʥʜʘסʳ çEnvironmental and Technological aspects of acid treatment of 

serpentinite wastes from chrysotile-asbestos mining and processingè ʤʘץʘʣʘʩʳʥʜʘ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫ ʞᴅʥʝ ʪʘʣʜʘʫ, ᴅʜʝʙʠ ʰʦʣʫ ʞʘʩʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʜʽ. 

9. ʄʄʋ-ʥʽש çʃʦʤʦʥʦʩʦʚ-2020è ץʘʣʳץʘʨʘʣʳץ ʞʘʩʪʘʨ סʳʣʳʤʠ ʬʦʨʫʤʳʥʳש 

ʵʣʝʢʪʨʦʥʜʳ ʞʠʥʘסʳʥʜʘ çʍʘʨʘʢʪʝʨ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʨʠʟʦʪʠʣ-

ʘʩʙʝʩʪʘ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳè ʪʝʟʠʩʪʝ ʵʢʩʝʧʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʠʥʘץʪʘʫ, 

ʥᴅʪʠʞʝʣʝʨʜʽ ʩʠʧʘʪʪʘʫ ʞᴅʥʝ ײʩʳʥʫ ʞװʨʛʽʟʜʽ. 

 «ʦʩʧʘʥʳ ʘʣʫ ʪᴅʩʽʣʽץ ʘʩʬʘʣʴʪʙʝʪʦʥ ץʪʘʩʪʳ-ʤʘʩʪʠʢʘʣʳץʠʳʨʰʳפ» .10

ʧʘʪʝʥʪʽʥʜʝ ʘʥʘʣʦʛʪʘʨ ʤʝʥ ʧʨʦʪʦʪʠʧʪʝʨʜʽ ʽʟʜʝʫ ʞᴅʥʝ ʪʘʣʜʘʫ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫ ʞװʨʛʽʟʜʽ.  

ɼʠʩʩʝʨʪʘʮʠʷ ʢᴇʣʝʤʽ ʞᴅʥʝ ײץʨʳʣʳʤʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʢʽʨʽʩʧʝʜʝʥ, ʪᴇʨʪ 

ʪʘʨʘʫʜʘʥ, ץʦʨʳʪʳʥʜʳʜʘʥ, ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽʥʝʥ ʞᴅʥʝ ץʦʩʳʤʰʘʣʘʨʜʘʥ ʪײʨʘʜʳ. 

ɾײʤʳʩ 103 ʙʝʪʪʝ ײʩʳʥʳʣסʘʥ, 18 ʢʝʩʪʝ, 24 ʩʫʨʝʪ, 171 ʘʪʘʫʜʘʥ ʪײʨʘʪʳʥ 

ʙʠʙʣʠʦʛʨʘʬʠʷʣʳץ ʪʽʟʽʤ ʙʘʨ. 
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1 ʍʈʀɿʆʊʀʃ-ɸʉɹɽʉʊɯ ᴆʅɼɯʈʋ ɾᴄʅɽ ɹɸʁʓʊʋɼʓר 

ʊɽʍʅʆɻɽʅɼɯʂ פɸʃɼʓפʊɸʈʓʅ פɸʁʊɸ ᴆרɼɽʋ ʄᴄʉɽʃɽʃɽʈɯʅɯר 

 ɼɸʁʓ ʄɽʅ ʇɽʈʉʇɽʂʊʀɺɸʃɸʈʓנɸɿɯʈɻɯ ʂɽɿɼɽɻɯ ɾɸפ

 

1.1 ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞᴅʥʝ 

 ʦʣʜʘʥʳʣʫʳץ
 

1.1.1 ʉʝʨʧʝʥʪʠʥʠʪ: ײץʨʘʤʳ ʤʝʥ ײץʨʳʣʳʩʳ ʞᴅʥʝ ץʘʣʳʧʪʘʩʫʳ 

ʉʝʨʧʝʥʪʠʥ ï ʞʘʣʧʳ ʪʠʧʪʽʢ ײץʨʘʤʳ ʞʠʳʨʤʘסʘ ʞʫʳץ Mg3-x(M)xSi2-

y(T)yO5(OH)4 ʤʠʥʝʨʘʣʜʘʨ ʪʦʙʳʥʘʥ ʪײʨʘʜʳ, ʤײʥʜʘסʳ (ʄ) ʙᴇʣʽʛʽ Mg
2+, Fe2+, Fe3+, 

Al 3+, Ni2+, Mn2+, Zn2+, ʘʣ (ʊ) ʙᴇʣʽʛʽ Si4+, Al3+, Fe3+ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʤʠʥʝʨʘʣʜʘʨ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʙʘʡ ʫʣʴʪʨʘʥʝʛʽʟʜʽ ʪʘʫ-ʞʳʥʳʩʪʘʨʜʘ 

ʦʣʠʚʠʥʥʽש ((Mg2+, Fe2+)2SiO4) ʛʠʜʨʘʪʘʮʠʷʣʘʥʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʝʜʽ [7, 8]. ɹײʣ 

ʪʦʧʪʘ ʙײʜʘʥ ʙʘʩץʘ ʙʨʫʩʠʪ (Mg(OH)2), ʪʘʣʴʢ (Mg3Si4O10(OH)2), ʢʘʣʴʮʠʪ (CaCO3) 

ʞᴅʥʝ ʤʘʛʥʝʟʠʪ (MgCO3) ʩʠʷץʪʳ ʙʘʩץʘ ʤʠʥʝʨʘʣʜʘʨ ʜʘ ʙʘʨ ʞᴅʥʝ ʤʘʛʥʝʪʠʪ (Fe3O4) 

 .ʦʩʳʤʰʘ ʤʠʥʝʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

ʉʝʨʪʝʧʥʪʠʥʠʪʪʝʨʜʽײץ שʨʳʣʳʤʜʳץ ʙʽʨʣʽʛʽ ץʘʣʳשʜʳסʳ 0,72 ʥʤ ʙʦʣʘʪʳʥ 

ʞᴅʥʝ Mg װʰ ʦʢʪʘʵʜʨʣʽʢ ץʘʙʘʪʧʝʥ [MgO2(OH)4]
6-, ʪʝʪʨʘʵʜʨʣʽʢ ʩʠʣʠʢʘʪ [Si2O5]

2- 

 ʘסʘʙʘʪʪʘʨץ ,ʳʥʘʥסʘʥ [8, p. 1918; 9]. ɽʢʽʥʰʽ ʞʘץʘʙʘʪʳʤʝʥ ʙʘʡʣʘʥʳʩץ

ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙʘסʳʪʪʘ ʪʝʪʨʘʵʜʨʣʽʢ-ʦʢʪʘʵʜʨʣʽʢ (ʊ-ʆ)  ץʘʙʘʪʪʘʨʳʤʝʥ ᴅʣʩʽʟ ʅ-

ʙʘʡʣʘʥʳʩ ʘʨץʳʣʳ ʙʘʡʣʘʥʳʩʘʜʳ.  

ɿʘʨʷʜʪʳ ʪʝשʝʩʪʽʨʫ T ʞᴅʥʝ O ץʘʙʘʪʪʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʩᴅʡʢʝʩʩʽʟʜʽʢʢʝ ᴅʢʝʣʫʽ 

ʤװʤʢʽʥ, ʦʣʘʨ ץʠʩʳץ ʥʝʤʝʩʝ ʪʝʛʽʩ ץʘʙʘʪʪʘʨ ʪװʟʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ᴅʨʪװʨʣʽ ʧʦʣʠʤʦʨʬʠʟʤʜʝʨʽ ʧʘʡʜʘ ʙʦʣʘʜʳ [7, p. 99-105; 8, p. 1-

18]. ʃʠʟʘʨʜʠʪ, ʘʥʪʠʛʦʨʠʪ ʞᴅʥʝ ʭʨʠʟʦʪʠʣ ʙʽʨʜʝʡ ʭʠʤʠʷʣʳײץ ץʨʘʤסʘ ʠʝ, ʙʽʨʘץ 

ʦʣʘʨʜʳץ שʘʙʘʪʪʘʨʳʥʳש ᴅʨʪװʨʣʽ ץʠʩʘʶʳ ʪʘʣʰʳץʪʳ ʭʨʠʟʦʪʠʣ, ʧʣʘʩʪʠʥʘʣʳ 

ʘʛʣʦʤʝʨʘʮʠʷʣʘʥסʘʥ ʘʥʪʠʛʦʨʠʪ ʞᴅʥʝ ײʟʘʨʪʳʣסʘʥ ʣʠʟʘʨʜʠʪ ʤʠʥʝʨʘʣʜʳ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ [10, 11]. 

ɸʥʪʠʛʦʨʠʪ ʘץ, ʩʘʨʳ, ʞʘʩʳʣ ʥʝʤʝʩʝ ץʦשʳʨ ʢʨʠʩʪʘʣʜʘʨʳ ʙʘʨ ʫʣʴʪʨʘʥʝʛʽʟʜʽʢ 

ʞʳʥʳʩʪʘʨʜʘʥ ʞᴅʥʝ ץʘʙʳʨʰʘץʪʘʨסʘ ʥʝʤʝʩʝ ʣʘʤʝʣʣʘ ʧʽʰʽʥʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʤʦʨʬʦʣʦʛʠʷʜʘʥ ʘʣʳʥʘʜʳ. ʆʣ ʩʦʥʜʘʡ-ʘץ ʤʘʩʩʠʚʪʽ, ʪʘʣʰʳץʪʳ ʥʝʤʝʩʝ ʞʘʧʳʨʘץ 

ʪᴅʨʽʟʜʽ ʬʦʨʤʘʣʘʨʜʘ ʢʝʟʜʝʩʝʜʽ [7, p. 99-105]. ɸʥʪʠʛʦʨʠʪ ï ʩᴅʣ ץʠʩʳץ ץʘʙʘʪʪʘʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʢʪʘʵʜʨʣʽʢ ץʘʙʘʪʪʘʨ װʟʜʽʢʩʽʟ, ʘʣ ʪʝʪʨʘʵʜʨʣʽʢ ץʘʙʘʪʪʘʨ ʘʨʘʢʽʜʽʢ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʡʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ SiïO ʢʦʚʘʣʝʥʪʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨʳ ʘʨץʳʣʳ 

ʢᴇʨʰʽʣʝʩ ʦʢʪʘʵʜʨʣʽʢ ץʘʙʘʪʪʘʨʤʝʥ ʘʡץʘʩʧʘʣʳ ʙʘʡʣʘʥʳʩ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʃʠʟʘʨʜʠʪ ï ʞʘʣʧʘץ ʢʨʠʩʪʘʣʜʳ ײץʨʳʣʳʤסʘ ʠʝ ʙʦʣסʘʥʜʳץʪʘʥ, ʦסʘʥ Al3+ 

ʞᴅʥʝ Fe3+ Mg2+ ʞᴅʥʝ Si4+ ʙʘʡʣʘʥʳʩ ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. ʃʠʟʘʨʜʠʪ 

 ʟʫʽװʨʣʽ ʧʦʣʠʪʠʧʪʝʨ ʪװʘʩʳʥʜʘ ᴅʨʪץʘʨ שʨʣʽ ᴅʜʽʩʪʝʨʽʥʽװᴅʨʪ שʘʙʘʪʪʘʨʳʥ ʪᴇʩʝʫʜʽץ

ʤװʤʢʽʥ. ɹײʣ ʬʦʨʤʘʣʘʨʜʳש ʽʰʽʥʜʝʛʽ ʝש ʢʝש ʪʘʨʘסʘʥʳ ï ʪʨʠʛʦʥʘʣʴʜʳ ץʘʙʘʪ, ʤײʥʜʘ 

ʢʝʟʝʢʪʽ ץʘʙʘʪʪʘʨ ʙʽʨ-ʙʽʨʽʥʝ ʙװʡʽʨʣʽʢ ʳסʳʩʫ ʘʨץʳʣʳ ʪʽʢʝʣʝʡ ץʘʙʘʪʪʘʩʘʜʳ [7, 

p. 99-105]. ɹײʣ ײץʨʳʣʳʤʜʘ ʆʅ ʪʦʧʪʘʨʳ ʩʳʨʪrץ ʙʝʪʽʥʜʝ, װʰ ʦʢʪʘʵʜʨʣʽʢ 

 שʘʙʘʪʪʘʨʜʳץ ʳ ʙᴇʣʽʛʽʥʜʝ ʥʝʤʝʩʝ ʦʢʪʘʵʜʨʣʽʢ ʞᴅʥʝ ʪʝʪʨʘʵʜʨʣʽʢסʘʨסʞʦ שʘʙʘʪʪʳץ

ʘʨʘʩʳʥʜʘ ʥʝʤʝʩʝ ʽʰʢʽ ʞʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʙʦʣʫʳ ʤװʤʢʽʥ [11, p. 180-185].  

ʍʨʠʟʦʪʠʣʜʽש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ʪװʪʽʢ ʪᴅʨʽʟʜʽ, ʩʝʙʝʙʽ, ʦʢʪʘʵʜʨʣʽʢ 

 (ʙʝʪʽ ץʩʳʨʪr) ʘʙʘʪʪʘʨ [Mg(OH)2] (ʽʰʢʽ ʙʝʪʽ) ʞᴅʥʝ ʪʝʪʨʘʵʜʨʣʽʢ [(Si2O4)]ץ
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 ʨʣʽװʪʘ ᴅʨʪץʷʰʳײ ʘʩʳʧ ʦʨʥʘʣʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʽʨץʘʙʘʪʪʘʨʤʝʥ ʘʡץ

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷʣʳץ ᴇʣʰʝʤʜʝʨʽ ʙʘʨ [12, 13]. ʆʥʳש ʧʘʨʘʣʣʝʣʴ ʪʘʣʰʳץʪʘʨʜʳש 

ʙʘסʳʪʳ (ʢᴇʣʜʝʥʝץ ,שʠסʘʰ ʥʝʤʝʩʝ ʩʳʨסʘʥʘץ) ʥʝʛʽʟʽʥʝʥ ʞʘʨʳץʪʘʨʜʳץ שʘʡʪʘ 

ʘʰʳʣʫʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ [7, p. 99-105; 14]. ʍʨʠʟʦʪʠʣʜʽש ʩʳʨʪrץ ʜʠʘʤʝʪʨʽ 

ʰʘʤʘʤʝʥ 100 ʥʤ, ʘʣ ʦʥʳש ʪʘʣʰʳץʪʘʨʳʥʳש ʜʠʘʤʝʪʨʽ ʙʽʨʥʝʰʝ ʩʘʥʪʠʤʝʪʨʛʝ ʞʝʪʫʽ 

ʤװʤʢʽʥ. ʆʥʳײץ שʨʳʣʳʤʳ Al3+ ʞᴅʥʝ Fe3+ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʨʪʘʰʘ ʜʝשʛʝʡʜʝ 

ʜʝʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ [8, p. 1-18]. 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽץ שʘʣʳʧʪʘʩʫʳ-ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ᴅʣʝʤʥʽש ᴅʨʪװʨʣʽ 

ʞʝʨʣʝʨʽʥʜʝ ʢʝʟʜʝʩʝʜʽ, ʦʣʘʨʜʳש ᴅʣʝʤʜʽʢ ץʦʨʳ ʞװʟʜʝʛʝʥ ʤʠʣʣʠʦʥ ʪʦʥʥʘסʘ ʞʝʪʝʜʽ 

ʜʝʛʝʥ ʙʦʣʞʘʤ ʙʘʨ [8, p. 1-18].  ʉʝʨʧʝʥʪʠʥ ʪʦʙʳʥʳש ʝש ʤʘשʳʟʜʳ ʪʘʙʠסʠ ʢʝʥ 

ʦʨʳʥʜʘʨʳ: ɸʚʩʪʨʘʣʠʷ, ɸʨʤʝʥʠʷ, ʀʪʘʣʠʷ, ʈʝʩʝʡ, ɸפʐ, ʂʘʥʘʜʘ, ʇʘʨʘʛʚʘʡ, ɾʘשʘ 

ɿʝʣʘʥʜʠʷ, ɹʨʘʟʠʣʠʷ ʞᴅʥʝ פʘʟʘץʩʪʘʥ [15]. 

ʄʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪ ʪʫʨʘʣʳ ʝʩʝʧʪʝʨʛʝ ʩᴅʡʢʝʩ [16] 

ʩʝʨʧʝʥʪʠʥʠʪ/ʭʨʠʟʦʪʠʣʜʽש ᴅʣʝʤʜʽʢ ץʦʨʳ ʤʦʣ ʞᴅʥʝ ʰʘʤʘʤʝʥ 200 ʤʠʣʣʠʦʥ 

ʪʦʥʥʘסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɹʨʘʟʠʣʠʷʜʘ ʩʝʨʧʝʥʪʠʥʠʪ ץʦʨʳ 158 425 910 

ʪʦʥʥʘʥʳ ײץʨʘʡʜʳ, ʥʝʛʽʟʽʥʝʥ ʄʠʥʘʩ-ɾʝʨʘʡʩ ʞᴅʥʝ ʇʘʨʘʥʘ ʰʪʘʪʪʘʨʳʥʜʘ 

ʰʦסʳʨʣʘʥסʘʥ [17]. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʩʝʨʧʝʥʪʠʥʠʪ ʥʝʛʽʟʽʥʝʥ ײץʨʳʣʳʩ (ʰʘʤʘʤʝʥ 

44%), ʙʦʣʘʪ ᴇʥʜʽʨʫ, ʪʦʧʳʨʘץץʘ ʪʳשʘʡʪrץʰʪʘʨ ʨʝʪʽʥʜʝ ʩʘʪʳʣʘʜʳ [16, p. 49]. 

ʄʠʥʘʩ-ɾʝʨʘʡʩ ʧʝʥ ʇʘʨʘʥʘʜʘ ʪʘʙʳʣסʘʥ ʩʝʨʧʝʥʪʠʥʠʪ ʞʳʥʳʩʪʘʨʳ ʥʝʛʽʟʽʥʝʥ 

ʣʠʟʘʨʜʠʪ ʪʠʧʽʥʝ ʞʘʪʘʜʳ; ʠʥʜʫʢʪʠʚʪʽ ʙʘʡʣʘʥʳʩץʘʥ ʧʣʘʟʤʦ-ʦʧʪʠʢʘʣʳץ-

ʵʤʠʩʩʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ICP-OES) 14 ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙײʣ 

  .ʣʝʩʽ 22,4 % ʙʦʣʜʳװ ץʤʘʩʩʘʣʳ שʣʛʽʣʝʨʜʝ ʤʘʛʥʠʡʜʽװ

ʍʨʠʟʦʪʠʣ ʪʠʧʪʽ ʩʝʨʧʝʥʪʠʥʠʪ ï ɻʦʷʩ ʰʪʘʪʳʥʜʘ ʢʝʟʜʝʩʝʜʽ [10, p. 29-30]. 

ɻʦʷʩ ʰʪʘʪʳʥʜʘ ʭʨʠʟʦʪʠʣ ʘʩʙʝʩʪʽʥʽױ 100% שʣʪʪʳץ ץʦʨʳ ʙʘʨ, ʘʣ ʄʠʥʘʩ-ɾʝʨʘʡʩ 

ʰʪʘʪʳʥʜʘ ʪʘʣʴʢ ʞᴅʥʝ ʙʘʩץʘ ʤʠʥʝʨʘʣʜʳ ʪʦʣʪʳʨסʳʰʪʘʨ ʩʘʥʘʪʳʥʘ ʞʘʪʘʪʳʥ 

ʥʝʛʽʟʽʥʝʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʩʝʨʧʝʥʪʠʥʠʪ ʙʘʨ [16, p. 50]. 

 

1.1.2 ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʪʝʨʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ-ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʩʢʘʥʝʨʣʝʫ ʢʘʣʦʨʠʤʝʪʨʠʷʩʳʥʳש 

(TG-DSC) ץʠʩʳץʪʘʨʳʤʝʥ ʙʘסʘʣʘʥסʘʥ ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫ 1-ʪʝשʜʝʫ ʙʦʡʳʥʰʘ 

ʜʝʛʠʜʨʦʢʩʠʣʜʝʥʫ ʨʝʘʢʮʠʷʩʳ ʥʝʛʽʟʽʥʜʝ 300-700ÁC ʘʨʘʩʳʥʜʘסʳ ʵʥʜʦʪʝʨʤʠʷʣʳץ 

ʰʳשʜʳ ʢᴇʨʩʝʪʪʽ [11, p. 180-185; 18]. ɸʣʳʥסʘʥ ʘʨʘʣʳץ ᴇʥʽʤ, Mg3Si2O7, 700°C-ʪʘʥ 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʬʦʨʩʪʝʨʠʪʢʝ (Mg2SiO4) ʘʡʥʘʣʘʜʳ (2-ʪʝשʜʝʫ) [19-22]. 

 

Mg3Si2O5(OH)4(ץ)ŸMg3Si2O7(ץ)+2H2O(ʛ)                             (1.1) 

 

2Mg3Si2O7(ץ)Ÿ3Mg2SiO4(ץ)+SiO2(ץ)                                (1.2) 

 

ʉʝʨʧʝʥʪʠʥʠʪ ʧʦʣʠʤʦʨʬʪʘʨʳʥʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ᴇʪʝ ʘʣʫʘʥ 

ʪװʨʣʽ. ʃʠʟʘʨʜʠʪ, ʭʨʠʟʦʪʠʣ ʞᴅʥʝ ʘʥʪʠʛʦʨʠʪ װʰʽʥ ʪʠʧʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘ ʩᴅʡʢʝʩʽʥʰʝ 

635, 664 ʞᴅʥʝ 700ÁC ײץʨʘʡʜʳ. ʉʦסשʳ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʣʠʟʘʨʜʠʪʪʝ 

ʝʨʝʢʰʝ ץʘʩʠʝʪ ʙʘʨ, ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ 715 ʧʝʥ 720°C 

ʘʨʘʣʳסʳʥʜʘ ʤʘʢʩʠʤʘʣʜʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢᴇʨʩʝʪʝʜʽ [23]. ʉʝʨʧʝʥʪʠʥʜʽ 650ÁC-ʪʘʥ 

ʞʦסʘʨʳ ץʳʟʜʳʨסʘʥʜʘ, ᴅʜʝʪʪʝ SiO2 (ʢʨʠʩʪʦʙʘʣʠʪ), Mg2SiO4 (ʬʦʨʩʪʝʨʠʪ) ʞᴅʥʝ 
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Fe0,3Mg0,7(SiO3) (ʵʥʩʪʘʪʠʪ) ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʬʘʟʘʣʘʨ ʧʘʡʜʘ ʙʦʣʫʳ ʙʘʡץʘʣʘʜʳ [24]. 

ɹײʣ ʬʘʟʘʣʘʨʜʳש ʪװʟʽʣʫʽ ʙʘʩʪʘʧץʳʜʘ ʩʝʨʧʝʥʪʠʥ ʪװʟʽʣʫ ʧʨʦʮʝʩʽʥʝ ץʘʪʳʩʘʪʳʥ 

ʛʠʜʨʘʪʪʘʣסʘʥ ʦʨʪʦ-ʤʝʪʘʩʠʣʠʢʘʪ ʘʥʠʦʥʜʘʨʳʥʳש (ʦʨʪʦ-[SiO4]
4ī ʞᴅʥʝ ʤʝʪʘ-

[(SiO3)
2ī]n) ʦʨʥʘʣʘʩʫʳ ʤʝʥ ʧʨʦʧʦʨʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ [15, p. 1201-

1210]. 

 

1.1.3 ʉʝʨʧʝʥʪʠʥʠʪʪʽץ שʦʣʜʘʥʳʣʫʳ 

ϧϰʨʳʣʳʩ ʞϸʥʝ ʢʝʨʘʤʠʢʘ 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨ ʢᴇʙʽʥʝʩʝ ʢʝʨʘʤʠʢʘ ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʰʠʢʽʟʘʪʳ ʨʝʪʽʥʜʝ 

 ʜʝʫʜʝשʘʟʙʘʣʘʨʜʳ ᴇץ ʦʣʜʘʥʳʣʘʜʳ [25-28]. ʂʝʡʙʽʨ ʟʝʨʪʪʝʫʣʝʨ ʧʘʡʜʘʣʳץ

ʩʝʨʧʠʥʠʪʪʽץ שʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ [25, p. 17-22; 26, 

p. 18479-18482]. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʢʝʨʘʤʠʢʘ ʞᴅʥʝ ײץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʢʝשʽʥʝʥ 

 .ʘʩʠʝʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥץ ץʩʽʥʝ, ʤʝʭʘʥʠʢʘʣʳװʘʨʘ ʞʘʩʳʣ ʪץ שʦʣʜʘʥʳʣʫʳ ʦʥʳץ

ʉʝʨʧʝʥʪʠʥʠʪ ᴇʥʝʨʢᴅʩʽʧʪʪʝʨʜʝ ʞʳʣʫ ʞᴅʥʝ ʵʣʝʢʪʨ ʠʟʦʣʷʪʦʨʳ ʨʝʪʽʥʜʝ ʜʝ 

 .ʘʥ [29]סʦʣʜʘʥʳʣץ

ʂʝʨʘʤʠʢʘ ᴇʥʝʨʢᴅʩʽʙʽ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ (ʤʳʩʘʣʳ ʭʨʠʟʦʪʠʣʜʽ) ᴇשʜʝʡʪʽʥ 

ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳץ שʘʣʜʳץʪʘʨʳʥ ץʘʡʪʘ ᴇשʜʝʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, 

ᴇʡʪʢʝʥʽ ʦʥʳש ᴇʥʜʽʨʽʩ ʢᴇʣʝʤʽ ʞʦסʘʨʳ, ʙײʣ ʢᴇʧʪʝʛʝʥ ץʘʣʜʳץʪʘʨʜʳ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʢʝʨʝʤʠʢʘʣʳץ ʰʠʢʽʟʘʪʪʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ʙʽʨʛʝ ʙײʣ ʤʠʥʝʨʘʣʜʳ ᴇשʜʝʫʜʽש ʝװ שʟʜʽʢ ʚʘʨʠʘʥʪʪʘʨʳʥʳש 

ʩʧʝʢʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʫʳʣʰʘʨʫʘʰʳʣʳϤʳʥʜʘ Ϩʦʣʜʘʥʳʣʫʳ 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝ ץʦʨʝʢʪʽʢ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ, ʤʳʩʘʣʳ Ni, Cr  ʞᴅʥʝ 

ʤʘʛʥʠʡ ʞᴅʥʝ ʢʨʝʤʥʝʟʝʤʥʽש ʤᴇʣʰʝʨʽ ʢᴇʧ ʙʦʣסʘʥʜʳץʪʘʥ, ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʝʨʧʝʥʪʠʪʪʝʨʜʝ 

ʙʨʫʩʠʪʪʽש (ʄg(OH)2 ץʘʙʘʪʳʥʳש) ʙʦʣʫ ʩʘʣʜʘʨʳʥʘʥ ץʳʰץʳʣʜʳץ ʦʨʪʘ ʢᴇʨʩʝʪʝʪʽʥ 

ʪʦʧʳʨʘץʪʘʨʜʳש ʨʅ ʘʨʪʪʳʨʫ װʰʽʥ ʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝ ʤʘʛʥʠʡʜʽש ʤᴇʣʰʝʨʽ ʢᴇʧ ʙʦʣסʘʥʜʳץʪʘʥ ʦʥʳש ʘʟʦʪ, 

ʬʦʩʬʦʨ ʞᴅʥʝ ʢʘʣʠʡʤʝʥ ʙʽʨʛʝ ᴅʩʝʨʽ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʽʣʜʽ. ɹʠʦʥʩʢ ʞᴅʥʝ ʪ.ʙ. [30, 31] 

ʟʝʨʪʪʝʫʣʝʨʽ ʙʦʡʳʥʰʘ ʩʝʨʧʝʥʪʠʥʠʪʧʝʥ ᴇשʜʝʣʛʝʥ ʪʦʧʳʨʘץʪʘ ʤʘʛʥʠʡʜʽש ʤᴇʣʰʝʨʽ 

ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʢʘʣʴʮʠʡʜʽש ʤʘʛʥʠʡʤʝʥ ʘʣʤʘʩʫʳʥʳש ʤʦʣʷʨʣʳ 

ʤᴇʣʰʝʨʽʥ ʪᴇʤʝʥʜʝʪʽʧ, ʘסʘʰ ʪʘʤʳʨʣʘʨʳʥʳש ʦʩʳ ʤʠʥʝʨʘʣʜʳ ʞʘץʩʳ ʩʽשʽʨʽʣʫʽʥʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ. ʉʦʥʜʘʡ-ʘץ, ʩʝʨʧʝʥʪʠʥʠʪ ʤʘʛʥʠʡʜʽש ʤʘשʳʟʜʳ ʢᴇʟʽ ʙʦʣʳʧ, 

ʪʳשʘʡʪrץʰ ʨʝʪʽʥʜʝ ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʳʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ [32]. 

ʄʘʛʥʠʡ ʞϸʥʝ ʢʨʝʤʥʠʡ Ϩʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫʜʘ Ϩʦʣʜʘʥʫ 

ʉʝʨʧʝʥʪʠʥʠʪ ײץʨʘʤʳ 32-38% ʄgO ʞᴅʥʝ 35-40% SiO2  ײץʨʘʣסʘʥ ʞᴅʥʝ ʦʩʳ 

ʦʢʩʠʜʪʝʨʜʽ ᴇʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ ʰʠʢʽʟʘʪ ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [33]. ʊʘʟʘ ʢװʡʽʥʜʝʛʽ 

ʤʘʛʥʠʡ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ץʳʰץʳʣʜʳץ ʰʘʡʤʘʣʘʫ ᴅʜʽʩʽʤʝʥ ʘʣʘʜʳ (1.3) ʪʝשʜʝʫ.  

 

Mg3Si2O5(OH)4(ץ)+6H+
(c)Ÿ3Mg

2+
(ʩ)+2SiO2(ץ)+5H2O(ʩ)               (1.3) 

 

ʐʘʡʤʘʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʝʨʽʪʽʥʜʽʜʝ ʤʘʛʥʠʡʜʽש ʩʫʜʘ ʝʨʠʪʽʥ ʝʨʽʪʽʥʜʽʩʽ 

ʞʠʥʘץʪʘʣʳʧ, ʝʨʽʤʝʛʝʥ ץʘʣʜʳסʳʥʘʥ ʘʞʳʨʘʪʳʣʘʜʳ ʜʘ, ʘʨʳ ץʘʨʘʡ ʪʘʟʘʨʪʳʣʫסʘ 

ʞʽʙʝʨʽʣʝʜʽ [9, p. 42-46; 34]. ʉʽʣʪʽʩʽʟʜʝʥʜʽʨʫ ʨʝʘʛʝʥʪʽ ʨʝʪʽʥʜʝ ʢᴇʙʽʥʝ ʪײʟ 



16 
 

 ץʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳ ץʘ ʙʝʡʦʨʛʘʥʠʢʘʣʳץʳʣʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʘʣʘʡʜʘ ʙʘʩץʳʰץ

  .ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʳʣʜʘʨʜʳ ʜʘץʳʰץ

ʄʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽ ʢᴇʙʽʥʝ ץʘʥʪ ᴇʥʜʽʨʽʩʽʥʜʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ץʘסʘʟ ʞᴅʥʝ 

ʮʝʣʣʶʣʦʟʘ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ, ʫʨʘʥ ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʇʝʥʦʧʣʘʩʪ ʞᴅʥʝ 

ʧʣʘʩʪʤʘʩʩʘ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽ ʥʝʛʽʟʽʥʝʥ ʘʥʪʠʧʠʨʝʥ ʨʝʪʽʥʜʝ ᴅʩʝʨ 

ʝʪʝʜʽ, ʘʥʪʠʧʠʨʝʥ ʦʣ ʧʣʘʩʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʞʘʣʳʥʥʳש ʞʘʥʫ ʞᴅʥʝ 

ʪʘʨʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʟʘʡʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʄʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽ ʩʫʜʘסʳ ʘʫʳʨ 

ʤʝʪʘʣʜʳש ʠʦʥʜʘʨʳʥ ʢʝʪʽʨʫ װʰʽʥ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫʜʘ ʪײʥʜʳʨסʳʰ ʘʛʝʥʪ 

ʨʝʪʽʥʜʝ ʜʝ ץʦʣʜʘʥʳʣʘ ʘʣʘʜʳ [35]. ʆʩʳ ʤʘץʩʘʪʪʘסʳ ʢʨʠʩʪʘʣʜʳץ  ʄg(OH)2 ʤʘʛʥʠʡ 

ʛʠʜʨʦʢʩʠʜʽʥ 80ÁC ʞʫʳץ  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʘʟʦʪ ץʳʰץʳʣʳʤʝʥ ᴇשʜʝʫ 

ʘʨץʳʣʳ ʘʣʳʥʜʳ. ʄʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽש ʪײʥʫʳ ʢʦʥʮʝʥʪʨʣʽ ʘʤʤʦʥʠʡ 

ʛʠʜʨʦʢʩʠʜʽʥ ץʦʩʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 

ʄʘʛʥʠʡʜʽש ʝʨʫʽ ʪʝʟ ʙʦʣʫʳ װʰʽʥ, ʰʘʡʤʘʣʘʫ ʩʘʪʳʩʳʥʳש ʘʣʜʳʥʜʘ 

ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ᴇשʜʝʫ ץʘʞʝʪ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʝʨʤʠʷʣʳץ 

ᴇשʜʝʣʛʝʥ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʦʣʜʘʥʫ ʨʝʘʢʪʦʨʜʳש ʢʦʨʨʦʟʠʷʩʳʥ ʘʟʘʡʪʫʳ ʤװʤʢʽʥ, 

ᴇʡʪʢʝʥʽ ᴅʣʩʽʟ ץʳʰץʳʣ ʥʝʤʝʩʝ ʛʠʜʨʦʣʠʟʜʽʢ ʪײʟʜʘʨʳʥʳש ʝʨʽʪʽʥʜʽʣʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ 

ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʰʘʡʤʘʣʘʫ ץʳʩʳʤʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ [36, 37]. 

ʊʝʨʤʠʷʣʳץ ᴇשʜʝʣʛʝʥ ʩʝʨʧʝʥʪʠʥʠʪʪʽ (HCl ʢᴇʤʝʛʽʤʝʥ) ʰʘʡʤʘʣʘʫ ʩʘʪʳʩʳʥʜʘ 

ʤʘʛʥʠʡʜʽש ʙᴇʣʽʥʫ ʤᴇʣʰʝʨʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʫʘץʳʪʳʥʘ ʪᴅʫʝʣʜʽ 

ᴅʩʝʨ ʝʪʝʜʽ [9, p. 42-46; 19, p. 149-152; 36, p. 1-3]. ɹײʣ ʤʠʥʝʨʘʣʜʳ 600-700°C 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʛʝʥʜʝ ʤʘʪʝʨʠʘʣʜʳש ʨʝʘʢʮʠʷסʘ ʪװʩʫ ץʘʙʽʣʝʪʽ  

ʞʦסʘʨʳʣʘʜʳ. ʉʝʨʧʝʥʪʠʥʠʪʪʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʩʘʣʜʘʨʳʥʘʥ ʝʨʽʛʝʥ ʤʘʛʥʠʡʜʽש 

ʧʘʡʳʟʜʳײץ ץʨʘʤʳ ʙʽʨʥʝʰʝ ʝʩʝʛʝ ʞʦסʘʨʳʣʘʜʳ. 

ʉʝʨʧʝʥʪʠʥʠʪ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʦʥʳש ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳʥʘʥ ʘʣʳʥʘʪʳʥ 

ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤʥʽש ʪʘʤʘʰʘ ʢᴇʟʽ ʙʦʣʘ ʘʣʘʜʳ. ɸʤʦʨʬʪʳ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ 

ʙʽʨʥʝʰʝ ʩʘʣʘʣʘʨʜʘ, ʵʣʘʩʪʦʤʝʨʣʝʨ ʩʦʥʳש ʽʰʽʥʜʝ ʰʠʥʘʣʘʨ, ʨʝʟʝשʢʝ ʙײʡʳʤʜʘʨ 

ʞᴅʥʝ ʜᴅʨʽ-ʜᴅʨʤʝʢʪʝ, ץʘסʘʟ, ʢʘʪʘʣʠʟʘʪʦʨʣʘʨ ʘʣʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʌʝʜʦʨʦʯʢʦʚʘ 

ʞᴅʥʝ ʪ.ʙ. [9, p. 42-46] ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʢʨʝʤʥʝʟʝʤ ʘʣʫʜʳש ʰʠʢʽʟʘʪ 

ʢᴇʟʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ.  

 ʊʘʫ ʢʝʥ .ץʘʣʜʳץ ʝʨʽʪʽʥʜʽʣʝʨʜʝ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽ ʝʨʽʤʝʡʪʽʥ ץʳʣʜʳץʳʰפ

ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳסʳʥʘʥ ʘʣʳʥסʘʥ ʣʠʟʘʨʜʠʪʪʝ ʩʝʨʧʝʥʪʠʥʠʪʪʽש ʤᴇʣʰʝʨʽ ʢᴇʧ 

ʙʦʣסʘʥʜʳץʪʘʥ ʞʦסʘʨʳ ʪʘʟʘʣʳץʪʘסʳ ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤʜʽ ʘʣʫ װʰʽʥ 

 ,ʘʥ. ʐʘʡʤʘʣʘʫ ʧʨʦʮʝʩʽʥʜʝ ʛʨʘʥʫʣʦʤʝʪʨʠʷ, HCl ʢʦʥʮʝʥʪʨʘʮʠʷʩʳסʦʣʜʘʥʳʣץ

ʪʝʤʧʝʨʘʪʫʨʘ ʞᴅʥʝ ʤʘʩʩʘ/ʢᴇʣʝʤ ץʘʪʳʥʘʩʳ ʩʠʷץʪʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ᴅʩʝʨʽʥ ɸʨʢ 

ʞᴅʥʝ ʪ.ʙ. ʘʚʪʦʨʣʘʨ ץʘʨʘʩʪʳʨʘʜʳ. ײפʨʘʤʳʥʜʘ Al 3+, Fe3+ ʞᴅʥʝ Fe2+ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʘʟ ʤᴇʣʰʝʨʜʝ ʙʦʣʘʪʳʥ ʩʝʨʧʝʥʪʠʥʠʪ ʛʠʜʨʘʪʪʘʣסʘʥ ʢʨʝʤʥʝʟʝʤʥʽש ʪװʟʽʣʫʽʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ ʜʝ ʤʠʥʝʨʘʣʜʳש ʝʨʫʽʥ ʞʘץʩʘʨʪʘʜʳ. ʅᴅʪʠʞʝʣʝʨ 300 ʤʤ-ʜʝʥ ʘʩʘʪʳʥ 

 .ʘʨʫ ʪʠʽʤʜʽʨʝʢ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽסʣʛʽʣʝʨʜʝ ʤʘʛʥʠʡ ʤʝʥ ʪʝʤʽʨʜʽ ʙᴇʣʽʧ ʰʳװ

ɹᴇʣʰʝʢʪʝʨʜʽץ שʦʣʘʡʣʳ ʤᴇʣʰʝʨʽ ʤʘʪʝʨʠʘʣʜʳש ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ, 

ʥʝʛʽʟʽʥʝʥ ʦʥʳש ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ʢװʨʜʝʣʽʣʽʛʽ ʤʝʥ ʢʨʠʩʪʘʣʣʦʭʠʤʠʷʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. SiO2 ʢᴇʧʪʝʛʝʥ ץʦʣʜʘʥʳʣʳʤʜʘʨʳ ʽʰʽʥʝʥ ʤʝʟʦʧʦʨʠʩʪʽ 

ʢʨʝʤʥʝʟʝʤ ʞᴅʥʝ ʮʝʦʣʠʪ ᴇʥʝʨʢᴅʩʽʙʽ װʰʽʥ ץʦʣʜʘʥʫʜʳ ʙᴇʣʽʧ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ 

[38]. ɹײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʤײʥʘʡ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʤײʥʘʡ ʢʨʝʢʠʥʛʽʥʽש ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʨʝʪʽʥʜʝ ʢᴇʧ ץʦʣʜʘʥʘʜʳ [39]. ʂʨʝʤʥʝʟʝʤʥʽש ʤʦʜʠʬʠʢʘʮʠʷʩʳʥʘʥ ʦʥʳש ʙʝʪʽʥʝ, 
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ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʝʨʝʢʰʝ ץʘʩʠʝʪʢʝ ʠʝ ʫʥʠʚʝʨʩʘʣʜʳ ʤʘʪʝʨʠʘʣ ʘʣʫסʘ ʙʦʣʘʜʳ [40, 

41]. ʉʝʨʧʝʥʪʠʥʠʪ ʩʠʷץʪʳ ʪʘʙʠסʠ ʤʠʥʝʨʘʣʜʳ ʭʠʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʩʘʣʘʩʳ ʘʫץʳʤʜʳ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ-ʦʨʛʘʥʠʢʘʣʳץ 

ʤʘʪʝʨʠʘʣ ʘʣʫסʘ ץʘʞʝʪʪʽ ʩʠʣʠʢʘʛʝʣʴʜʝʨ ʘʣʫסʘ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ. 

ʄʝʪʘʣʣʫʨʛʠʷ,ʪʘʫ-ʢʝʥ Ϻʥʜʽʨʽʩʽʥʜʝ Ϩʦʣʜʘʥʳʣʫʳ 

ʉʝʨʧʝʥʪʠʥʠʪ ʙʦʣʘʪʪʳ ʙʘʣץʳʪʫ ʧʨʦʮʝʩʽʥʜʝ MgO ʙʘʨ ʘסʳʥ ʨʝʪʽʥʜʝ 

 ʦʩʧʘʣʘʨʤʝʥץ ʳסʘʥ ʙʦʣʘʪʪʘסʳʪʳʣץʣ ʧʨʦʮʝʩʪʝ MgO ʙʘʣײʦʣʜʘʥʳʣʘʜʳ [42]. ɹץ

ᴅʨʝʢʝʪʪʝʩʽʧ ʰʣʘʢ (ץʦʞ) ʪװʟʝʜʽ. ɹײʣ ʰʣʘʢʪʘʨʜʳ ʞʦʣʜʳש ʙʝʪʽʥ ʞʘʙʫסʘ, ʙʝʪʦʥ 

ʪʦʣʪʳʨסʳʰ ʞᴅʥʝ װʡʽʥʜʽʣʝʨʜʽ ʪʦʣʪʳʨʫ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ [43]. ʉʝʨʧʝʥʪʠʥʠʪʪʽ ʢʨʝʤʥʠʡ ʥʝʛʽʟʽʥʜʝʛʽ ץʦʨסʘʥʳʩ ʙʝʪʢʽ ץʘʙʘʪʳʥ ʘʣʫ 

 ʦʩʧʘ ʨʝʪʽʥʜʝץ ʘסʘʥ ʘʨʥʘʡʳ ʤʘʡʣʘʨסʘ ʘʨʥʘʣסʰʽʥ 400ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʘʡʣʘʫװ

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ [44]. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʙײʣ 

 ʟʽʣʫʽʥʝ ᴅʢʝʣʝʪʽʥʽʥװʪ שʰʘʥʳץʘʙʳץ ʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʝʪʽʥץ ʦʩʳʤʰʘʣʘʨ ᴇʟʜʽʛʽʥʝʥץ

ʢᴇʨʩʝʪʪʽ. Fe ʞᴅʥʝ Cr ʤʝʥ ʩʝʨʧʝʥʪʠʥʠʪ ʘʨʘʩʳʥʜʘ ʠʟʦʤʦʨʬʪʳ ʘʣʤʘʩʪʳʨʫ ʙʦʣʩʘ, 

ʪʨʠʙʦʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʪʦʟסʘʥ ʤʝʪʘʣʣ ʙʝʪʽʥʜʝ ʤʝʪʘʣʜʳש ᴇʟʽʥ-ᴇʟʽ 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʧʨʦʮʝʩʽ ʞץ

ʇʦʣʠʤʝʨʣʝʨ Ϯʰʽʥ ʪʦʣʳϨʪʳʨϤʳʰ ʨʝʪʽʥʜʝ Ϩʦʣʜʘʥʳʣʫʳ 

ʉʝʨʧʝʥʪʠʥʠʪʪʽ ʧʦʣʠʧʨʦʧʠʣʝʥ ʢʦʤʧʦʟʠʪʪʝʨʽʥʜʝ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ 

 ץʞᴅʥʝ ʪʝʨʤʦʭʠʤʠʷʣʳ ץʤʝʭʘʥʠʢʘʣʳ שʣ ʢʦʤʧʦʟʠʪʪʝʨʜʽײʘ ʙʦʣʘʜʳ ʙסʦʣʜʘʥʫץ

ʪײʨʘץʪʳʣʳסʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʫʳʥʘ ᴅʢʝʣʝʜʽ [45]. ʊʳסʳʟʜʳסʳ ʞʦסʘʨʳ 

ʞᴅʥʝ ʪᴇʤʝʥ ʧʦʣʠʵʪʠʣʝʥʜʽ ʘʣʫʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ [46]. 20-40 ʤʘʩ.% ʤᴇʣʰʝʨʜʝ 

ʩʝʨʧʝʥʪʠʥʠʪʪʽש ʙʦʣʫʳ, ʧʦʣʠʵʪʠʣʝʥʥʽש ᴅʨʪװʨʣʽ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʘʡʪʘʨʣʳץʪʘʡ ʞʦסʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʜʽ. ɹײʣ ʟʝʨʪʪʝʫʣʝʨʜʽש ʢᴇʧʰʽʣʽʛʽʥʜʝ 

ʩʝʨʧʝʥʪʠʥʠʪ ʰʘʭʪʘʩʳʥʳץ שʘʣʜʳץʪʘʨʳ ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ ᴇʪʝ ײʩʘץ ץʘʣʜʳץʪʘʨʳ 

 .ʦʣʜʘʥʳʣʜʳץ

ɸʜʩʦʨʙʝʥʪʪʝʨ ʨʝʪʽʥʜʝ Ϩʦʣʜʘʥʳʣʫʳ 

ʉʝʨʧʝʥʪʠʥʠʪ ʤʠʥʝʨʘʣʳʥʳש ʙʝʪʢʽ ʙᴇʣʽʛʽʥʜʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʆʅ ʪʦʧʪʘʨʳ 

ʙʦʣʘʜʳ. ɹײʣ ʪʦʧʪʘʨ ʘʜʩʦʨʮʠʷʣʳץ ץʘʙʽʣʝʪʽʣʽʢʢʝ ʞʘʫʘʧ ʙʝʨʝʜʽ, ʷסʥʠ ʙײʣ ʪʦʧʪʘʨ 

ʨʅ ʧʝʥ ʙʝʪʪʽʢ ʟʘʨʷʜץʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩץʘʥ. ʉʝʨʧʝʥʪʠʥʥʽש ʥʦʣʴʜʽʢ ʟʘʨʷʜ ʥװʢʪʝʩʽ 

ʨʅ=4,3 [47, 48] ʰʘʤʘʩʳʥʘ ʪʝש. ʉᴅʡʢʝʩ ʇʦʣʣʘʩʪʨʠ ʞᴅʥʝ ʪ.ʙ. [49] ʦʩʳ ʪʠʧʪʝʛʽ 

ʤʠʥʝʨʘʣʜʘʨʜʘ ʟʘʨʷʜʪʘʨ ʪʝʪʨʘʵʜʨʣʽʢ-ʦʢʪʘʵʜʨʣʽʢ ʙʽʨʣʽʢʪʝʨʜʽ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ 

ʩʫʪʝʛʽ ʙʘʡʣʘʥʳʩʪʘʨʳʥʳװ שʟʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʙʝʪʢʽ ᴅʩʝʨʽʥʝʥ 

ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʢʝʥ. 

ɹײʣ ʝʢʽ ʘʰʳץ ʙʝʪʪʽʢʪʝʨ ʧʨʦʪʦʥ ʤʝʥ ʦʪʪʝʛʽ ʘʪʦʤʜʘʨʳʥʘʥ ʪװʟʽʣʛʝʥ, ʷסʥʠ 

ʙʘʩץʘ ʪʝʨʽʩ ʙʝʪʪʽʣʽʢʪʽ ץʘʥʳץʪʳʨʘʜʳ. ʉʫʜʘסʳ ʩʝʨʧʝʥʪʠʥʥʽש ʝʨʽʪʽʥʜʽʩʽ ץʳʰץʳʣʜʳ-

ʥʝʛʽʟʜʽʢ ץʘʩʠʝʪ ʢᴇʨʩʝʪʝʜʽ, ʩʠʣʠʢʘʪʪʳ ץʘʙʘʪ ץʳʰץʳʣʜʳץ ץʘʩʠʝʪ ʢᴇʨʩʝʪʩʝ, ʙʨʫʩʠʪ 

ʪᴅʨʽʟʜʽ ץʘʙʘʪʳ ʥʝʛʽʟʜʽʢ ץʘʩʠʝʪʢʝ ʠʝ. ɾʦסʘʨסʳ ʨʅ ʜʠʘʧʦʟʦʥʳʥʜʘ ʩʝʨʧʝʥʪʠʥ 

ʪײʨʘץʪʳ, ʘʣ ʪʘʣʰʳץ ʙʝʪʽʥʜʝʛʽ ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨ ʙᴇʣʰʝʢʪʽש ʞʘʣʧʳ ʪʝʨʽʩ ʜʟʝʪʘ 

ʧʦʪʝʥʮʠʘʣʳʥ ʘʥʳץʪʘʡʜʳ. ʄʦʤʯʠʣʦʚʠʯ ʞᴅʥʝ ʪ.ʙ. [48, p. 72-77] ʩʫʜʘ 

ʩʝʨʧʝʥʪʠʥʠʪʪʽש ʙʝʪʽʥʜʝ ʙʝʪʪʽʢ ʟʘʨʷʜץʘ ʪᴇʪʝʧ ʙʝʨʝ ʘʣʘʪʳʥ ʞᴅʥʝ ʨʅ-ץʘ ʪᴅʫʝʣʜʽ 

ʆʅ ʪʦʧʪʘʨʳʥʳש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʩʝʨʧʝʥʪʠʥ ʙʝʪʽʥʜʝʛʽ ʟʘʨʷʜ 

ʛʝʥʝʨʘʮʠʷʩʳʥ ʪʫסʳʟʘʜʳ. 

ʆʣ, ʩʝʨʧʝʥʪʠʥʠʪʪʝ Cd2+ ʘʜʩʦʨʙʮʠʷʣʘʥʫʳʥ ʟʝʨʪʪʝʛʝʥʜʝ ʦʥʳש ʤᴅʥʽ 7,7 ʤʛ/ʛ 

ʢᴇʨʩʝʪʪʽ. ʊʝʨʤʠʷʣʳץ ʙʝʣʩʝʥʜʽʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʜʩʦʨʙʮʠʷʣʘʥʫ ץʘʙʽʣʝʪʽ ʘʨʪʳʧ, 
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15,2 ʤʛ/ʛ ʞʝʪʪʽ. Cd2+ ʘʜʩʦʨʙʮʠʷʩʳ ʝʢʽ ʞʘסʜʘʡʜʘ ʜʘ ʙʝʪʪʽʢ ʦʪʪʝʛʽʜʝʛʽ ʪʝʨʽʩ 

ʟʘʨʷʜʧʝʥ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʩʫ ʪײʨסʳʩʳʥʘʥ ʪʘʣץʳʣʘʥʜʳ. 

ʉʝʨʧʝʥʪʠʥʠʪ ʘʣʪʳ ʚʘʣʝʥʪʪʽ ʭʨʦʤ ʠʦʥʳʥ ʞʦʶ װʰʽʥ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʝʪʘʣʜʳ ᴅʨʣʝʫ ʞᴅʥʝ ʙʳʣסʘʨʳ ʠʣʝʫʜʝ ʭʨʦʤʜʘʫ, ʧʠʛʤʝʥʪʘʮʠʷʣʘʫ, ʛʘʣʴʚʘʥʠʢʘʣʳץ 

 ʩʫʣʘʨʜʘ ץʘʣʜʳץ ʩʫʜʘ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץ ʟʽʣʛʝʥװʘʧʪʘʤʘʣʘʨ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʪץ

ʭʨʦʤʥʳש ʘʣʪʳ ʚʘʣʝʥʪʪʽ ʠʦʥʳ ʢʝʟʜʝʩʝʜʽ. ʍʨʦʤʥʳש ʘʣʪʳ ʚʘʣʝʥʪʪʽ ץʦʩʳʣʳʩʳ 

ʉrO4
2- ʭʨʦʤʘʪ ʞᴅʥʝ Cr2O7

2- ʜʠʭʨʦʤʘʪ ʠʦʥʳ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ, ʝʢʽ ʠʦʥʜʘ ʪʘʙʠסʘʪʳ 

ʙʦʡʳʥʰʘ ʫʣʳ [50]. ʄʧʦʫʛʘʩ ʞᴅʥʝ ʪ.ʙ. [51] ʟʝʨʪʪʝʫʽ ʙʦʡʳʥʰʘ ʭʨʦʤʜʳ ʞʦʶ װʰʽʥ 

ʝʢʽ ᴅʜʽʩ ʧʘʡʜʘʣʘʥʳʣʘʜʳ: ʘʜʩʦʨʙʮʠʷ ʞᴅʥʝ ʪʦʪʳץʩʳʟʜʘʥʜʳʨʫ. ʨʅ 5-ʢʝ ʪʝש 

ʙʦʣסʘʥʜʘ 50% ʪᴇʤʝʥʜʝʛʝʥʽ ʙʘʡץʘʣʜʳ. ʨʅ 3-7 ʘʨʘʣʳסʳʥʜʘ ʘʜʩʦʨʙʮʠʷ ʪײʨʘץʪʳ 

ʙʦʣʜʳ. ʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʪʘʟʘʣʘʫʜʳש ʝʢʽ ʤʝʭʘʥʠʟʤʽ ʤʠʥʝʨʘʣʜʳש ʙʝʪʢʽ 

 ʩʳʟʜʘʥʫץʘ ᴅʩʝʨ ʝʪʝʜʽ, ʪʦʪʳסʩʳʟʜʘʥʫץʨʛʽʟʽʣʜʽ. ɸʜʩʦʨʙʮʠʷ ʪʦʪʳװʘʙʘʪʳʥʜʘ ʞץ

ʧʨʦʮʝʩʽ ʞװʨʫ װʰʽʥ Cr6+ ʙʝʪʢʽ ץʘʙʘʍʊפʘ ʘʜʩʦʨʙʮʠʷʣʘʥʫʳ ʢʝʨʝʢ. ʉʝʨʧʝʥʪʠʥʠʪ 

ʩʦʥʳʤʝʥ ץʘʪʘʨ Ni2+, Mn2+, Zn2+ ʞᴅʥʝ Cd2+ ʩʠʷץʪʳ ʠʦʥʜʘʨʳ ʙʘʨ ʝʨʽʪʽʥʜʽʜʝ 

ʙʦʣʘʪʳʥ ʤʳʩʪʳ (Cu2+) ʢʝʪʽʨʫ װʰʽʥ ʩʝʣʝʢʪʠʚʪʽ ʘʜʩʦʨʙʝʥʪ ʨʝʪʽʥʜʝ 

 .ʘʥ [52]סʩʳʥʳʣײ

ʐʘʙʘʥ ʞᴅʥʝ ʪ.ʙ. [50, p. 102-115] סʘʣʳʤʜʘʨʜʳש ʟʝʨʪʪʝʫʣʝʨʽ ʙʦʡʳʥʰʘ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʙʦʷסʳʰʪʘʨסʘ  ʘʜʩʦʨʙʮʠʷʩʳ ʟʝʨʪʪʝʣʜʽ. ɹʦʷʫʜʳ ʢʝʪʽʨʫ ʧʨʦʮʝʩʽ 

ʭʠʤʠʷʣʳץ ʘʜʩʦʨʙʮʠʷʥʳש ᴅʩʝʨʽʥʝʥ ʙʦʣʘʪʳʥʜʳסʳ ʙʦʣʞʘʤʜʘʣʜʳ. ʂʠʥʝʪʠʢʘʣʳץ 

ʤʦʜʝʣʜʽ ʞʘʩʘʫʜʘ ʩʝʨʧʝʥʪʠʥʜʝ ץʳʟʳʣ ʢʦʥʛʦ ʞᴅʥʝ ʢᴇʢ ʤʝʪʠʣʝʥ ʙʦʷסʳʰʳ 

ʘʜʩʦʨʙʮʠʷ ʤʝʭʘʥʠʟʤʽʥ ʟʝʨʪʪʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʜʳ. ʇʩʝʚʜʦ ï 2-ʰʽ ʨʝʪʪʽ 

ʢʠʥʝʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʷ ʤʝʭʘʥʠʟʤʽ ʭʠʤʦʩʦʨʙʮʠʷ ʪװʨʽʥʝ ʞʘʪʘʪʳʥʳʥ 

ʞᴅʥʝ ʦʥʳש ʢʘʪʠʦʥ ʘʣʤʘʩʫ ʘʨץʳʣʳ ʞװʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂʘʪʠʦʥʜʳ ʙʦʷʫʜʳ ʢʝʪʽʨʫ 

(ʤʝʪʠʣʝʥ ʢᴇʢ) ʘʥʠʦʥʜʳ ʙʦʷʫʜʳש ʘʜʩʦʨʙʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʝʥ (ʢʦʥʛʦ ץʳʟʳʣ) ʘʩʳʧ 

ʪװʩʪʽ.  

ɸʥʠʦʥʜʳ ʙʦʷסʳʰʪʘʨʜʳש ʘʜʩʦʨʙʮʠʷʩʳʥ ʄʦʤʯʠʣʦʚ ʞᴅʥʝ ʪ.ʙ. סʘʣʳʤʜʘʨ 

ʟʝʨʪʪʝʜʽ [48, p. 72-77]. ɾʦʶ ʞʳʣʜʘʤʜʳסʳ 98%-ʜʘʥ ʞʦסʘʨʳ ʙʦʣʜʳ, ʜʝʛʝʥʤʝʥ, 

ʘʥʠʦʥʜʳ ʙʦʷסʳʰʪʘʨʜʳ ʢʝʪʽʨʫ װʰʽʥ ʘʜʩʦʨʙʝʥʪʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ 

ʜʦʟʘʣʘʨʳ ץʘʞʝʪ ʙʦʣʜʳ. 

 

1.1.4 ʂᴇʤʽʨ ץʳʰץʳʣ ʛʘʟʳʥ ʩʽשʽʨʫ ʞᴅʥʝ ײʩʪʘʫ ʤʘץʩʘʪʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ 

ʉʝʨʧʝʥʪʠʥʠʪʪʽש ʢᴇʤʽʨץʳʰʳץʳʣ ʛʘʟʳʥ ʩʽשʽʨʫʽʥ ᴅʣʝʤʥʽש ʙʽʨʥʝʰʝ 

ʟʝʨʪʪʝʫʰʽʣʝʨʽ ʟʝʨʪʪʝʜʽ [53-57]. ʉʝʨʧʝʥʪʠʥʠʪ ʧʝʥ ʬʦʨʩʪʝʨʠʪ ʞʳʥʳʩʪʘʨʳʥʳש 

 ʣײʩʳʥʳʣʜʳ [58-61]. ɹײ ʘʪʳʩʫʳʤʝʥ ʪʽʢʝʣʝʡ ʢʘʨʙʦʥʠʟʘʮʠʷʣʘʫ ʧʨʦʮʝʩʩʽץ

ʞʘסʜʘʡʜʘ ʉʆ2  ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳ ʝʨʽʪʽʥʜʽʜʝ ʝʨʽʧ, ʢᴇʤʽʨ ץʳʰץʳʣʳʥ ʪװʟʝʜʽ. 

ʂᴇʤʽʨ ץʳʰץʳʣʳʥʳש ʪװʟʽʣʫʽ ʦʨʪʘʥʳש ʨʅ ʪᴇʤʝʥʜʝʪʽʧ, ʤʘʛʥʠʡ ʩʠʣʠʢʘʪʳʥʳש 

ʝʨʫʽʥʝ ᴅʢʝʣʝʜʽ ʜʝ, ʢʘʨʙʦʥʠʟʘʮʠʷʣʘʥʘʜʳ [62]. ɹײʣ ʧʨʦʮʝʩʩ  ʝʢʽ ʩʪʘʜʠʷʜʘ ʞװʨʝʜʽ: 

 שʦʨʪʘʜʘ ʨʅ ʄg2+ ʝʨʫʽ ʞᴅʥʝ ʥʝʛʽʟʜʽʢ ʦʨʪʘʜʘ ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʳʥʳ ץʳʣʜʳץʳʰץ

ʪײʥʙʘסʘ ʘʡʥʘʣʫʳ (1.4) ʞᴅʥʝ (1.5) ʪʝשʜʝʫʣʝʨ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʣʘʡʜʘ ʪʠʽʤʜʽʣʽʛʽ ᴇʪʝ 

ʪᴇʤʝʥ ʙʦʣʜʳ [63]. 

 

Mg3Si2O5(OH)4(ץ)+3CO2(ʛ)Ÿ 3MgCO3(ץ)+2SiO2(ץ)+2H2O(ʩ)+64 ʢɼʞ/ʤʦʣʴ  (1.4) 

 

2Mg2SiO4(ץ)+2CO2(ʛ)Ÿ2MgCO3(ץ)+SiO2(ץ)+90 ʢɼʞ/ʤʦʣʴ               (1.5) 



19 
 

 

ʉʆ2 ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʤʝʥ ʩʽשʽʨʫʜʽש ʝʢʽ ʙʘʣʘʤʘ ʞʦʣʳ ʟʝʨʪʪʝʣʜʽ: ʢʘʨʙʦʥʘʪ 

ʪװʟʽʣʫ װʰʽʥ ʄg2+ ץʦʣʜʘʥʫ [58, p. 1174-1185; 64] ʞᴅʥʝ ʙʘʩץʘ ʤʝʪʘʣʜʘʨʤʝʥ 

ʩʠʣʠʢʘʪʪʳ ʧʘʡʜʘʣʘʥʫ, ʤʳʩʘʣʳ Li + ʣʠʪʠʡʤʝʥ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ 

[22, p. 4189-4194]. ʄʘʛʥʠʡ ʩʠʣʠʢʘʪʳʥ ʢʘʨʙʦʥʠʟʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʽש ʙʽʨʽʥʰʽ 

ʩʘʪʳʩʳ ʙʦʣʳʧ, ʩʝʨʧʝʥʪʠʥʥʝʥ ʙʦʩ ʢװʡʜʝʛʽ MgO ʥʝʤʝʩʝ Mg(OH)2 ʘʣʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [65, 66]. ʉʝʨʧʝʥʪʠʥ װʰʽʥ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʢʝʣʝʩʽʜʝʛʽʜʝʡ (1.6) ʞᴅʥʝ 

(1.7) ʪʝשʜʝʫʣʝʨ: 

 

Mg3Si2O5(OH)4(ץ)Ÿ3MgO(ץ)+2SiO2(ץ)+2H2O(ʩ)                          (1.6) 

 

Mg3Si2O5(OH)4(ץ)+2H2O(ʩ)Ÿ3Mg(OH)2(ץ)+2SiO2(ץ)                                  (1.7) 

 

ʉʝʨʧʝʥʪʠʥʠʪʪʽש ʣʠʪʠʡ ʛʠʜʨʦʢʩʠʜʽʤʝʥ ʨʝʘʢʮʠʷʩʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʛʝʥ 

ʣʠʪʠʡ ʩʠʣʠʢʘʪʳʥʳש CO2 ײʩʪʘʧ ץʘʣʫ ץʘʙʽʣʝʪʽʥʽש ʙʘʨ ʝʢʝʥʜʽʛʽ ʞʘץʳʥʜʘ 

ʘʥʳץʪʘʣʜʳ (1.8) ʞᴅʥʝ (1.9) ʪʝשʜʝʫʣʝʨ: 

 

Mg3Si2O5(OH)4+8LiOHᵶ2Li4SiO4+3MgO+6H2O                               (1.8) 

 

Li 4SiO4 + 2MgO + 2CO2ᵶ Li 2MgSiO4 + Li2CO3 +MgCO3               (1.9) 

 

ʉʝʨʧʝʥʪʠʥ ʤʠʥʝʨʘʣʳʥʘ ʣʠʪʠʡʜʽ ʝʥʜʽʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ Li4SiO4 ʞᴅʥʝ MgO 

ʪװʟʽʣʽʧ, ʥʝʛʽʟʛʽ ʬʘʟʘ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʜʳ (1.8) ʪʝשʜʝʫ. ɹײʣ ʬʘʟʘʣʘʨ ʞʦסʘʨʳ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʩʝʣʝʢʪʠʚʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʉʆ2 ʧʦʪʝʥʮʠʘʣʜʳ 

 .ʩʪʘʡʪʳʥ ʘʛʝʥʪʪʝʨ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳײ

ɹײʨʳʥסʳ ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ, ʘʣʳʥסʘʥ ʤʘʪʝʨʠʘʣ ʜʠʥʘʤʠʢʘʣʳץ 

ʮʠʢʣʜʝ ʤʘʩʩʘʩʳ ʙʦʡʳʥʰʘ ʉʆ2 25% ʞʫʳײ ץʩʪʘʧ ץʘʣʘ ʘʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ, ʘʣ 

500ÁC ʢʝʟʽʥʜʝ 36% ʧʘʡʳʟסʘ ʜʝʡʽʥ ʘʨʪʘʜʳ (1.9 ʪʝשʜʝʫ). ɹײʣ ʤʘʪʝʨʠʘʣʜʳש 

ʪײʨʘץʪʳʣʳסʳ ʧʘʡʜʘʣʘʥʫ ʮʠʢʣʜʘʨʳ ʢʝʟʽʥʜʝ ʜʝ ʙʘסʘʣʘʥʜʳ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨ ʦʥʳש 

ʪʠʽʤʜʽʣʽʛʽʥʽש ʪʝʢ 6% ʞʦסʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ [22, p. 4189-4194]. 

ʂʘʨʙʦʥʠʟʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʽש ʝʢʽ ʩʘʪʳʩʳ ײʩʳʥʳʣʜʳ: ʙʽʨʽʥʰʽ ʩʘʪʳʜʘ 

ʨʝʘʢʮʠʷʥʳש ʙʝʪʢʽ ʙᴇʣʽʛʽʥʜʝ ʉʆ2 ʤʝʥ ʢʘʨʙʦʥʘʪʪʳ ץʘʙʘʪʪʳש ʪװʟʽʣʫʽ, ʘʣ ʝʢʽʥʰʽ 

ʩʘʪʳʜʘ Li+ ʜʠʬʬʫʟʠʷʩʳʥʳש ʨʝʘʢʮʠʷʥʳ ʙʘʩץʘʨʫʳʥʜʘ (ʙʘסʳʪʪʘʫʳ) ʙʘʩʪʳ ʨʦʣʴ 

ʘʪץʘʨʘʪʳʥʳ ʘʡʪʳʣʜʳ. 

ʂʘʪʘʣʠʟʜʝ Ϩʦʣʜʘʥʳʣʫʳ 

ʉʝʨʧʝʥʪʠʥʠʪ ʢʘʪʘʣʠʟʘʪʦʨ ʨʝʪʽʥʜʝ ʪʽʢʝʣʝʡ ץʦʣʜʘʥʳʣʤʘʡ, ʙʝʣʩʝʥʜʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ᴇʥʜʽʨʫʜʽש ʧʨʝʢʫʨʩʦʨʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥסʘʥʜʘ ʢװʪʧʝʛʝʥ 

ʥᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʪʽ. ʉʝʨʧʝʥʪʠʥʥʽץ שʘʙʘʪʪʳ ײץʨʳʣʳʤʳ ץʘʙʘʪ ʘʨʘʣʳץ ʢʝשʽʩʪʽʢʪʝʛʽ 

ᴅʨʪװʨʣʽ ʢʘʪʠʦʥʜʘʨʜʳש ʜʠʬʬʫʟʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʢʨʝʤʥʠʡ ʤʝʥ ʤʘʛʥʠʡ 

ʦʢʩʠʜʽʥʽץ שʘʪʪʳ ʢװʡʜʝʛʽ ᴅʨʪװʨʣʽ ʬʘʟʘʣʘʨʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʤʝʪʘʣʣ 

ʢʘʪʠʦʥʜʘʨʳʥʳש ʦʩʳʥʜʘʡ ײץʨʳʣʳʤʜʘʨסʘ ʠʥʪʝʨʢʘʣʘʮʠʷʩʳ ᴅʨʪװʨʣʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʦʩʳʤʰʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ MaMgbSicOd ʦʢʩʠʜʪʝʨʽʥ 

ʘʣʫʜʳש ʳץʪʠʤʘʣ ᴅʤʙʝʙʘʧ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʝʨʧʝʥʪʠʥʜʽ Na+ [21, p. 1823-1828] ʞᴅʥʝ K+ [22, p. 4189-4194] ʩʽʣʪʽʣʽʢ 
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ʤʝʪʘʣʜʘʨʤʝʥ ʠʥʪʝʨʢʘʣʘʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʙʠʦʜʠʟʝʣʴ ʦʪʳʥʳʥ ᴇʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʪʽʥʜʝ ʙʝʣʩʝʥʜʽ K2MgSiO4 ʞᴅʥʝ Na2Mg2Si2O7 ʩʠʣʠʢʘʪʪʘʨʳ 

ʪװʟʽʣʝʜʽ. Na2Mg2Si2O7 ʬʘʟʘʩʳʥʳש ʢʘʪʘʣʠʪʠʢʘʣʳץ ʦʨʪʘʣʳסʳ Si-O-Na+ ʥʝʛʽʟʛʽ 

ʰʽʥ Si2O7 ʬʨʘʛʤʝʥʪʽʤʝʥ Naװ ʘʣʳʧʪʘʩʪʳʨʫץ ʦʩʳʣʳʩʳʥץ
+ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ 

ʪײʨסʳʩʳʥʘʥ ʪʘʣץʳʣʘʥʘʜʳ [21, p. 1823-1828]. ʅʝʛʽʟʽʥʝʥ ʘʥʪʠʛʦʨʠʪ ʧʝʥ 

ʣʠʟʘʨʜʠʪʪʝʥ ʪװʟʽʣʛʝʥ ʩʝʨʧʝʥʪʠʥʜʽʢ ײץʨʳʣʳʤ ʩʠʷץʪʳ, ʭʨʠʟʦʪʠʣ ʧʦʣʠʤʦʨʬʳʥʘʥ 

ʪײʨʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜʘ ᴅʨʪװʨʣʽ ʤʘץʩʘʪʪʘʨʜʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. ʅʝʛʽʟʛʽ 

ʢʘʪʘʣʠʟʘʪʦʨʣʘʨʜʳ ʘʣʫ װʰʽʥ ʭʨʠʟʦʪʠʣ ʪʘʣʰʳץʪʘʨʳʥʳש KOH-ʤʝʥ װʡʣʝʩʫʽ ʜʝ 

ʙʘסʘʣʘʥʜʳ.  

 

1.1.5 ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ 

ʍʨʠʟʦʪʠʣ ï ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ʤʠʥʝʨʘʣʜʘʨʳ ʪʦʙʳʥʘ ʞʘʪʘʜʳ. ʂᴇʧ ʞʘסʜʘʡʜʘ 

ʘʟ ʞᴅʥʝ ʟʘʣʘʣʩʳʟ ʤᴇʣʰʝʨʜʝ ʣʠʟʘʨʜʠʪ ʧʝʥ ʘʥʪʠʛʦʨʠʪ ײץʨʘʤʜʘʨʳʥʜʘ ʢʝʟʜʝʩʝʜʽ. 

ʆʥʳש ᴇʥʜʽʨʽʩʽ ᴅʣʝʤʜʝʛʽ ʪʘʫ-ʢʝʥ ᴇʥʜʽʨʽʩʪʽʢ ʢʦʤʧʘʥʠʷʣʘʨʳʥʜʘ ʞʦʣסʘ ץʦʡʳʣסʘʥ. 

ʆʣ ᴅʨʪװʨʣʽ ᴇʥʜʽʨʽʩ ʩʘʣʘʣʘʨʳʥʜʘ ᴅʨʪװʨʣʽ ʤʘץʩʘʪʪʘסʳ ץʦʣʜʘʥʳʩץʘ ʠʝ. ײפʨʘʤʳʥʜʘ 

ʭʨʠʟʦʪʠʣʽ ʙʘʨ ʘʩʙʝʩʪײץʨʘʤʜʘʩ ʤʠʥʝʨʘʣʜʘʨ ᴇʟʜʝʨʽʥʽש ʢʝʡʙʽʨ ʬʠʟʠʢʘʣʳץ 

 ʦʣʜʘʥʳʩʪʘץ ʳʥʜʘ ᴇʥʜʽʨʽʩʪʽʢסʘʩʳʨ ʘʨʘʣʳס ʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 19 ʙʝʥ 20ץ

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ. ɹʘʩʪʳ ץʘʩʠʝʪʪʝʨʽ ï ʞʦסʘʨʳ ʙʝʨʽʢʪʽʣʽʢ, ʞʳʣʫ ʠʟʦʣʷʮʠʷʩʳ, 

ʦʪץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʘʛʝʥʪʪʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʛʽ. 

çɸʩʙʝʩʪè ʪʝʨʤʠʥʽ ʢʝʡʙʽʨ ʪʘʙʠסʠ ʛʠʜʨʘʪʪʘʣסʘʥ ʩʠʣʠʢʘʪʪʘʨʜʳש ʞʘʣʧʳ 

ʘʪʘʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

çɸʩʙʝʩʪè ʪʝʨʤʠʥʽ ʦשʘʡ, ʞʽשʽʰʢʝ ʞᴅʥʝ ʠʽʣʛʽʰ ʪʘʣʰʳץʪʘʨסʘ ʪʘʨʘʣʘʪʳʥ 

ʢʝʡʙʽʨ ʪʘʙʠסʠ ʛʠʜʨʘʪʪʘʣסʘʥ ʩʠʣʠʢʘʪʪʘʨʜʳש ʞʘʣʧʳ ʘʪʘʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [67, 

68]. ɹײʣ ʩʠʣʠʢʘʪʪʘʨסʘ ʪʘʣʰʳץʪʳ ʤʠʥʝʨʘʣʜʘʨʜʳש ʝʢʽ ʪװʨʽ ʞʘʪʘʜʳ. ʆʣʘʨ 

ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʝʨʝʢʰʝʣʽʥʝʜʽ: ʩʝʨʧʝʥʪʠʥ 

(ʭʨʠʟʦʪʠʣ) ʞᴅʥʝ ʘʤʬʠʙʦʣʜʘʨ (ʢʨʦʢʦʜʦʣʠʪ, ʘʤʦʟʠʪ, ʘʢʪʠʥʦʣʠʪ ʞᴅʥʝ 

ʪʝʨʤʦʣʠʪ) [69]. 

ɸʩʙʝʩʪʽ, ʥʝʛʽʟʽʥʝʥ ʦʥʳ ᴇʥʜʽʨʫ ʞᴅʥʝ ʙʘʡʳʪʫ ʙʘʨʳʩʳʥʜʘסʳ ʘʜʘʤ 

ʜʝʥʩʘʫʣʳסʳʥʘ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ץʦʨʳʪʳʥʜʳʣʘʨʳ ʙʦʡʳʥʰʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʽʨʥʝʰʝ 

ʝʣʜʝʨʜʝ [69, p. 981-992] ʪʠʳʤ ʩʘʣʳʥסʘʥ. 

ɸʩʙʝʩʪʢʝ ץʘʪʳʩʪʳ ʘʫʨʫʣʘʨ, ʦʥʳש ʤʫʪʘʛʝʥʜʽʢ ᴅʩʝʨ ʙʝʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʤʝʟʦʪʝʣʠʦʤסʘ (ʽʩʽʢ ʘʫʨʫʳ) ᴅʢʝʣʝʪʽʥʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ [67, p. 246-255; 68, 

p. 272-284]. ɸʩʙʝʩʪ ʪʘʣʰʳץʪʘʨʳʥʳש ʝץ שʘʫʽʧʪʽʣʝʨʽʥʝ, ʜʠʘʤʝʪʨʽ 0-1 ʤʢʤ ʞᴅʥʝ 

 ʪʘʨ ʞʘʪʘʜʳ. ʆʩʳ ʪʠʧʪʝʛʽ ʘʩʙʝʩʪץʳ 5-10 ʤʢʤ, ʝʨʽʛʽʰʪʽʛʽ ʘʟ ʪʘʣʰʳסʟʳʥʜʳײ

ʪʘʣʰʳץʪʘʨʳʥ ץʦʣʜʘʥʫסʘ ʪʠʳʤ ʩʘʣʳʥסʘʥ [70, 71]. ʉʦסשʳ ʢʝʟʜʝ ʞʘʨʠʷʣʘʥסʘʥ 

ʤʘץʘʣʘʣʘʨʜʘ [72, 73] ʦʩʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʪװʡʪʢʽʣʜʝʨʽ ʪʘʣץʳʣʘʥסʘʥ. 

 

1.2 ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש 

ʩʠʧʘʪʪʘʤʘʩʳ 

ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʫʰʽ ᴇʥʜʽʨʽʩ ʦʨʳʥʜʘʨʳʥʜʘ ʪװʟʽʣʝʪʽʥ ʪʝʭʥʦʛʝʥʜʽʢ 

 ץʙʝʨʽʣʛʝʥ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʦʡʳʥʰʘ ʭʠʤʠʷʣʳ [ɯɯ] ,(פʍʊ) ʪʘʨץʘʣʜʳץ

 ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ï ʦʨʪʘʰʘ ʤʘʛʥʠʝʟʠʘʣʜʳ שʳ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥʽסʨʘʤʳʥʜʘײץ

ʩʠʣʠʢʘʪʪʳ ʰʠʢʽʟʘʪץʘ ï ɯɯ (Mgʆ ï 40-45%) ʞʘʪʘʜʳ. çפʦʩʪʘʥʘʡ ʤʠʥʝʨʘʣʜʘʨʳè 

ɸפ ᴇʥʜʽʨʽʩ ʦʨʥʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʘʩʪʘʧץʳ ʰʠʢʽʟʘʪʪʳ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ 
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ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʤʝʥ ʞᴅʥʝ ʩʝʨʧʝʥʪʠʥʠʪʪʝʣʛʝʥ ʧʝʨʠʜʦʪʠʪʪʝʨʜʝʥ [74] ʪײʨʘʜʳ. 

ʉʝʨʧʝʥʪʠʥʠʪ ʪʦʙʳʥʳש ʙʘʨʣʳץ ʤʠʥʝʨʘʣʜʘʨʳ (ʭʨʠʟʦʪʠʣ, ʘʥʪʠʛʦʨʠʪ, ʣʠʟʘʨʜʠʪ) 

ʞʘʣʧʳ ʙʽʨ ʬʦʨʤʫʣʘʤʝʥ Mg6[Si4O10](OH)8 ʩʠʧʘʪʪʘʣʘʜʳ. ɸʪʘʧ ᴇʪʝʪʽʥ ʞᴅʡʪ, 

ʩʝʨʧʝʥʪʠʥʜʝʨ ץʘʙʘʪʪʳ ʩʠʣʠʢʘʪʪʘʨ ʨʝʪʽʥʜʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥʜʘסʳ ʢʨʝʤʥʠʡ 

ʢʝʡʜʝ ʘʣʶʤʠʥʠʡʤʝʥ, ʘʣ ʤʘʛʥʠʡ ʪʝʤʽʨʤʝʥ (Fe2+), ʥʠʢʝʣʴʤʝʥ ʠʟʦʤʦʨʬʪʳ ʘʣʤʘʩʘ 

ʘʣʘʜʳ. ɸʪʘʧ ᴇʪʽʣʛʝʥ ʩʝʨʧʝʥʪʠʥʠʪ ʪʦʙʳʥʘ ʢʽʨʝʪʽʥ ʤʠʥʝʨʘʣʜʘʨ ï ʭʨʠʟʦʪʠʣ, 

ʣʠʟʘʨʜʠʪ, ʘʥʪʠʛʦʨʠʪ ʙʽʨ-ʙʽʨʣʝʨʽʥʝʥ ʪʝʢ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʣʘʨʳʥʜʘסʳ 

ʜʠʬʦʨʤʘʮʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʘʨʳʥʳש ʤʦʨʬʦʣʦʛʠʷʩʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʘ 

 שʳ ʰʠʢʽʟʘʪʪʳץʦʩʳ ʙʘʩʪʘʧ ץʘʣʜʳץ ʘʥ ʪʝʭʥʦʛʝʥʜʽʢסʩʳʥʳʣʳʧ ʦʪʳʨײ ʘסʦʣʜʘʥʳʣʫץ

ʰʘשʳʥʘʥ ʪװʟʽʣʝʪʽʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤ ʩʠʧʘʪʳ 

ʍʊץ-פʘ ʜʘ ʪᴅʥ ʜʝʫʛʝ ʙʦʣʘʜʳ.  

ʍʠʤʠʷʣʳץ ʪײʨסʳʜʘʥ, ʙײʣ ʤʠʥʝʨʘʣʜʘʨ ʥʝʛʽʟʽʥʝʥ ʛʠʜʨʦʢʩʠʣ ײץʨʘʤʜʘʩ 

ʤʘʛʥʠʡ ʩʠʣʠʢʘʪʪʘʨʳʥʘ (ʘʟʜʘʧ, ʪʝʤʽʨ ʞᴅʥʝ ʘʣʶʤʠʥʠʡ ʩʠʣʠʢʘʪʪʘʨʳ) ʞʘʪʘʜʳ. 

ɹʘʨʣʳץ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ץʘʙʘʪʪʳײץ ץʨʳʣʳʤסʘ ʠʝ. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʛʽ 

ʢʦʤʧʣʝʢʩʪʽ ʩʠʣʠʢʘʪ ʠʦʥʜʘʨʳ, ʢʨʝʤʥʠʡ-ʦʪʪʝʢʪʽ ʪʝʪʨʘʵʜʨʣʝʨʜʽש ʝʢʽ ץʘʙʘʪʪʘʨʳʥʘʥ 

 ʜʘʡʜʘסʘʨʩʳ ʞʘץ ʪʝʪʨʘʵʜʨʣʝʨ ʙʽʨ-ʙʽʨʽʥʝ ץʳ ʙʘʨʣʳסʨʳʣʳʤʜʘײפ .ʘʥסʨʘʣײץ

ʦʨʥʘʣʘʩץʘʥ, ʘʣ ʦʣʘʨʜʳ ʙʽʨ-ʙʨ̔ʽʤʝʥ ʙʨʫʩʠʪʪʽʢ ץʘʙʘʪ ʙʘʡʣʘʥʳʩʪʳʨʳʧ ʪײʨʘʜʳ. 

ʉʝʨʧʝʥʪʠʥʠʪ ʪʦʙʳʥʳש ʝש ʟʝʨʪʪʝʣʛʝʥ ᴇʢʽʣʽ ï ʭʨʠʟʦʪʠʣʜʽײץ שʨʳʣʳʤʜʳץ 

ʩʭʝʤʘʩʳ 1.1-ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ.  

 

 
 ɻʠʜʨʦʢʩʠʣʜʽ ʪʦʧʪʘʨ  ʆʪʪʝʛʽ ʘʪʦʤʳ 

 ʄʘʛʥʠʡ ʘʪʦʤʳ  ʂʨʝʤʥʠʡ ʘʪʦʤʳ 
 

1.1-ʩʫʨʝʪ ï ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳʥʳש ʠʜʝʘʣʜʘʥʜʳʨʳʣסʘʥ 

  ʨʳʣʳʤʳײץ
 

ɽʩʢʝʨʪʫ ï ᴅʜʝʙʠʝʪ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣסʘʥ [75] 

 

ʄײʥʜʘʡ ʢװʨʜʝʣʽ ץʘʙʘʪʪʘʨʤʝʥ ʦʨʥʘʣʘʩץʘʥ ײץʨʳʣʳʤʜʘʨʜʘסʳ ʦʣʘʨʜʳש 

ʘʨʘץʘʰʳץʪʳסʳ ʰʘʤʘʤʝʥ 7,3Üɸ ʪʝש. 

 

1.3 ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ 

ᴇשʜʝʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ײʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʨ 
 

1.3.1 ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫʜʽץ שʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʽ 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨ ï ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ 

ʤʠʥʝʨʘʣʜʘʨʜʘʥ ʪײʨʘʪʳʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳ. ʉʝʨʧʝʥʪʠʥʠʪʪʽ ʞʳʥʳʩʪʘʨʜʳ ʥʝʛʽʟʽʥʝʥ 
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ʘʥʪʠʛʦʨʠʪ, ʣʠʟʘʨʜʠʪ ʞᴅʥʝ ʭʨʠʟʦʪʠʣʜʝʥ ʪײʨʘʪʳʥ װʰ ʛʠʜʨʘʪʪʘʣסʘʥ ʤʘʛʥʠʡ 

ʩʠʣʠʢʘʪʪʘʨʳʥʘʥ ʪײʨʘʜʳ. ʆʣʘʨʜʳש ʙʘʨʣʳסʳʥʳש ʭʠʤʠʷʣʳץ ʬʦʨʤʫʣʘʩʳ ʙʽʨʜʝʡ 

[Mg3Si2O5(OH)4] ʙʦʣʳʧ ʢʝʣʝʜʽ, ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ᴅʨʪװʨʣʽ ʙʦʣʘʜʳ [36, ʨ.1]. 

ᴄʜʝʪʪʝ, ʦʣʘʨʜʘ 38-43% ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʞᴅʥʝ 40-45% ʢʨʝʤʥʝʟʝʤ, ʘʟʜʘסʘʥ 

ʤᴇʣʰʝʨʜʝ Fe, Al, Ca, Cr, Ni ʞᴅʥʝ ʪ.ʙ. ʤʝʪʘʣʣʜʘʨ ʢʝʟʜʝʩʝʜʽ. ᴄʣʝʤʜʝ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ᴇʥʜʽʨʽʩʪʽʢ ʨʝʩʫʨʩʪʘʨʳ ʂʘʥʘʜʘ, ʈʝʩʝʡ, ɹʨʘʟʠʣʠʷ, פʘʟʘץʩʪʘʥ 

ʞᴅʥʝ ɸʬʨʠʢʘ ʝʣʜʝʨʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ [76]. 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳ ʪװʨʽʥʜʝ ʙᴇʣʽʧ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʢᴇʙʽ ʤʝʪʘʣʣ ʢװʡʽʥʜʝʛʽ  ʤʘʛʥʠʡ ᴇʥʜʽʨʽʩʽʥʜʝ ʪʝʢʩʪʠʣ, 

ʬʘʨʤʘʮʝʚʪʠʢʘ, ʢʝʨʘʤʠʢʘ, ʮʝʤʝʥʪ, ץʘסʘʟ ᴇשʜʝʫ, ʪʳשʘʡʪrץʰʪʘʨ, ʭʠʤʠʷʣʳץ ᴇשʜʝʫ 

ᴇʥʜʽʨʽʩʪʝʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ, ʤʘʛʥʠʡ ʭʣʦʨʠʜʽ, ʤʘʛʥʠʡ 

ʥʠʪʨʘʪʳ, ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽ, ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʞᴅʥʝ ʤʘʛʥʠʡʜʽש ᴇʟʽʥ ʘʣʫ ʙʦʡʳʥʰʘ 

ʞװʨʛʽʟʽʣʛʝʥ [77]. 

ʍʨʠʟʦʪʠʣ ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש ʭʠʤʠʷʣʳץ 

 ʳ ʥʝʛʽʟʛʽ ʧʘʡʜʘʣʳ ʢʦʤʧʦʥʝʥʪ ï ʤʘʛʥʠʡסʨʘʤʳ ʙʽʨʢʝʣʢʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʆʣʘʨʜʘײץ

ʦʢʩʠʜʽ (43%-סʘ ʜʝʡʽʥ). ɹײʣ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש ʙʘʩʳʤ ʙᴇʣʽʛʽ (80-90%) 

ʤʘʛʥʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʘʥ ʪײʨʘʜʳ. ʄʘʛʥʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʳ ʥʝʛʽʟʜʝʨʤʝʥ 

ᴅʨʝʢʝʪʪʝʩʧʝʡʪʽʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʘʩʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʽʟʜʝʥʽʩ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʍʊפ-ʜʳ ץʳʰץʳʣʜʳץ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽʥ 

ʪʘʙʫ ʙʘסʳʪʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʦʩʳ ʢʝʟʛʝ ʜʝʡʽʥʛʽ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʙʘʩʳʤ ʙᴇʣʽʛʽ ʍʊפ-ʜʳ ץʳʰץʳʣʜʘʨʤʝʥ ʳʜʳʨʘʪʫ װʨʜʽʩʪʝʨʽʥ ʞᴅʥʝ 

ʩʦʣ ʘʨץʳʣʳ ץʘʡʪʘ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʘʩʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨʜʝʥ 

ʪײʨʘʜʳ. 

 

1.3.1.1 ʂװʢʽʨʪ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʽ 

ʂװʢʽʨʪ ץʳʰץʳʣʳʥ ʧʘʡʜʘʣʘʥʫʤʝʥ ײʩʳʥʳʣסʘʥ ʍʊפ-ʜʳ ץʘʡʪʘ ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʦʡʳʥʰʘ ʧʘʪʝʥʪʪʝʨ ʙʝʣʛʽʣʽ. ʆʣʘʨʜʳש ʢᴇʙʽʩʽ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥʽש 

ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ʞᴅʥʝ ʩʠʣʠʢʘʪʪʘʨʤʝʥ ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʣʘʨʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ.  

 

MgO + H2SO4 = MgSO4 + H2O                                              (1.10) 

 

ʉʝʨʧʝʥʪʠʥʠʪ:  

 

(ʄg3[Si2ʆ5](ʆʅ)4+3H2SO4=3MgSO4+2SiO2+5H2O               (1.11) 

 

ʍʊפ-ʪʳ ʢʝʰʝʥʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʤװʤʢʽʥʜʽʛʽ [78] ʞײʤʳʩʪʘ ץʘʨʘʩʪʳʨʳʣʳʧ, 

ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʰʠʢʽʟʘʪʪʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʩʪʝʩʽ ײʩʳʥʳʣסʘʥ. ɹײʣ ᴅʜʽʩ 

ʙʦʡʳʥʰʘ ʢװʡʜʽʨʽʣʤʝʛʝʥ ʩʝʨʧʝʥʪʠʥʠʪʪʽ 10-20% H2SO4 ʝʨʽʪʽʥʜʽʩʽʤʝʥ 100Üʉ 

ʪʝʤʧʝʨʘʪʫʨʘ ʰʘʤʘʩʳʥʜʘ ᴇשʜʝʡʜʽ, ʠʥʪʝʥʩʠʚʪʽ 1-2 ʩʘסʘʪ ʘʨʘʣʘʩʪʳʨʳʧ, ʝʨʽʪʽʥʜʽʜʝʥ 

ʤʘʛʥʠʡʜʽ MgO, ʘʣ Ni ʤʝʥ Co ʢʦʥʮʝʥʪʨʘʪ ʪװʨʽʥʜʝ, ʢʨʝʤʥʠʡʜʽ ʙʝʣʩʝʥʜʽ ʢʨʝʤʥʝʟʝʤ 

ʪװʨʽʥʜʝ ʙᴇʣʽʧ ʘʣʘʜʳ. 

ʂʝʣʝʩʽ, ʦʩʳ ʩʠʷץʪʳ ʩʝʨʧʝʥʪʠʥʜʝʨʜʽ ʢʝʰʝʥʜʽ ץʘʡʪʘ ᴇשʜʝʫ ᴅʜʽʩʽʥʜʝ [79] 

Mg2+, Ni2+, Co2+ ʠʦʥʜʘʨʳʥ ʘʣסʘʰץʳʜʘ ʩʫʣʴʬʘʪʪʘʨ ʪװʨʽʥʜʝ, ʩʦשʳʥʜʘ MgO ʞᴅʥʝ 
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SiO2, ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪ ʢʦʥʮʝʥʪʨʘʪʳ ʪװʨʣʝʨʽʥʜʝ ʘʣʫʜʳ ײʩʳʥסʘʥ. ɿʝʨʪʝʣʛʝʥ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש (ʐʦʨʰʘש ʢʝʥʦʨʥʳ) ʙʘʩʪʘʧץʳ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ (ʤʘʩ.%): 

MgO ï 37,10; SiO2 ï 39,48; Fe2O3 ï 6,3; CaO ï 0,98; Al2O3 ï 0,84; Ni ï 0,28; Cr ï 

0,04; CoO ï 0,075.  

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʩʪʝʜʝʛʽ ʥʝʛʽʟʛʽ ʦʧʝʨʘʮʠʷʣʘʨ: ʩʝʨʧʝʥʪʠʥʠʪʪʽ ײʥʪʘץʪʘʫ, 

 ץʘʥ ʘʥʘʣʳסʰʘʡʤʘʣʜʘʫʤʝʥ ʝʨʠʪʽʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙᴇʣʽʧ ʘʣʫ, ʘʣʳʥ ץʳʣʜʳץʳʰץ

ʝʨʽʪʽʥʜʽʜʝʥ ʩʘʪʳʣʘʧ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫʤʝʥ ʤʘשʳʟʜʳ ʤʝʪʘʣʜʘʨʜʳש ʛʠʜʨʦʢʩʠʜʪʝʨʽ 

ʪװʨʽʥʜʝ ʙᴇʣʫ, ʘʨʘʣʘʩ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪrץʰʪʘʨ ʘʣʫ ʞᴅʥʝ ץʳʰץʳʣʜʳץ 

ʰʘʡʤʘʣʜʘʫʜʘʥ ץʘʣסʘʥ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫʤʝʥ SiO2 ʢʨʝʤʥʝʟʝʤʽʥ ʘʣʫ. 

ʄײʥʜʘ ʰʘʡʤʘʣʘʫ 100-104Üʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪײʨʘץʪʳ ʘʨʘʣʘʩʪʳʨʫʤʝʥ 2-3 ʩʘסʘʪ 

ʞװʨʛʽʟʽʣʝʜʽ. ʅᴅʪʠʞʝʜʝ, ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽʥ 49-51%-סʘ ʜʝʡʽʥ ʞʝʪʢʽʟʫʛʝ 

ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ.  

ɽʥʜʽʛʽ ʙʽʨ ʧʘʪʝʥʪʪʝ [80] ʤʘʛʥʠʡ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ײץʨʘʤʳ, 

(ʤʘʩ.%): MgO ï 37,10; SiO2 ï 39,80; FeO ï 1,00; Fe2O3 ï 7,38; CaO ï 0,42; Al2O3 ï 

0,06; Cr2ʆ3; NiO, MnO ï 0,69 ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ 10-50% ʢװʢʽʨʪ 

 ʜʝשʳ ʢʝʟʝץʥʜʘ, ʙʘʩʪʘʧײʳʣʳʤʝʥ ʰʘʡʤʘʣʜʘʫ ᴅʜʽʩʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʄץʳʰץ

ʩʝʨʧʝʥʪʠʥʠʪʪʝʥ ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤʜʽ ʞᴅʥʝ ʳʜʳʨʘʫסʘ ײʰʳʨʘʤʘסʘʥ 

ʤʘʛʥʝʪʠʢʘʣʳץ (ʭʨʦʤʠʪ ʧʝʥ ʤʘʛʥʝʪʠʪ) ʤʠʥʝʨʘʣʜʘʨʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʬʠʣʴʪʨʘʪʪʳ ʙᴇʣʽʧ ʘʣʘʜʳ. ʍʨʦʤʠʪ ʧʝʥ ʤʘʛʥʝʪʠʪʪʽ  ʢʨʝʤʥʝʟʝʤʥʝʥ ʤʘʛʥʠʪʪʽʢ 

ʩʝʧʝʨʘʮʠʷʥʳ ץʦʣʜʘʥʳʧ ʘʞʳʨʘʪʘʜʳ. ɸʣ ץʳʰץʳʣʜʳץ ʬʠʣʴʪʨʘʪʪʳ ʩʽʣʪʽʤʝʥ ʨʅ 7-

8,5 ʜʝʡʽʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʘʜʳ, ʙײʣ ʞʘסʜʘʡʜʘ ʦʜʘʥ ʭʨʦʤ, ʥʠʢʝʣʴ-ʪʝʤʽʨ 

 ʘʥ ʬʠʣʴʪʨʘʪʪʘʥסʘʣפ .ʥʙʘʣʘʥʘʜʳײʨʽʥʜʝ ʪװʳʣʘʨ ʛʠʜʨʦʢʩʠʜʪʝʨ ʪסʨʘʤʜʘײץ

ʢʘʨʙʦʥʠʟʘʮʠʷ ᴅʜʽʩʽʤʝʥ ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʳʥ, ʘʣ ʦʥʳ ʢװʡʜʽʨʫʤʝʥ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥ 

ʘʣסʘʥ. ɽש ʩʦשʳʥʜʘ, NaOH-ʧʝʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫʜʘʥ ʪװʟʽʣʛʝʥ ʝʨʽʪʽʥʜʽʥʽ 

ʙʫʣʘʥʜʳʨʫʤʝʥ ʥʘʪʨʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʘʜʳ. 

ɹײʣ ᴅʜʽʩʪʝʨʜʽש ʙʘʩʪʳ ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫʜʘ ץʳʤʙʘʪ NaOH 

ʨʝʘʛʝʥʪʽʥ ץʦʣʜʘʥʫʳʥ ʞᴅʥʝ ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʘʨʟʘʥ Na2SO4 ʪװʟʽʣʫʽʥ ʞʘʪrץʟʫסʘ 

ʙʦʣʘʜʳ. ɸʚʪʦʨʣʘʨ, ʤײʥʜʘסʳ ʤʘץʩʘʪʪʳ ᴇʥʽʤʜʝʨʛʝ ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʤʝʥ ʩײʡʳץ 

ʰʳʥʳ ʘʣʫʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥ ʢʨʝʤʥʝʟʝʤʜʽʢ ץʘʣʜʳץʪʳ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ.  

ʉʠʣʠʢʘʪʪʳ ʤʠʥʝʨʘʣʜʳץ ʰʠʢʽʟʘʪʪʘסʳ ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ ʤʝʪʘʣʜʘʨʜʳ ʙᴇʣʽʧ 

ʘʣʫʜʳש ʧʘʪʝʥʪʪʝʣʛʝʥ ʞʘʣʧʳ ʪʝʭʥʦʣʦʛʠʷʩʳ [79, c. 1-2] ʞײʤʳʩʪʘ ʢʝʣʪʽʨʽʣʛʝʥ.  

ʂʝʣʝʩʽ ʧʘʪʝʥʪʪʝ [81] ʩʝʨʧʝʥʪʠʥʜʽ ʫʣʴʪʨʘʙʘʟʠʪʪʽ ʽʨʽʣʽʛʽ 0,5ʤʤ ʘʩʧʘʡʪʳʥ 

 .ʞʦʣʳ ʢᴇʨʩʝʪʽʣʛʝʥ שʳʣʳʤʝʥ ʰʘʡʤʘʣʘʫʜʳץʳʰץ ʢʽʨʪװʘ ʘʡʥʘʣʜʳʨʳʧ, ʢץץʥʪʘײ

ʄײʥʜʘ ʰʘʡʤʘʣʘʫʜʘʥ ʰʳץץʘʥ ץʦʩʧʘʥʳ ʢʨʠʩʪʘʣʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ 

ʩʫʳʪʘʜʳ. ʂʨʠʩʪʘʣʜʘʥסʘʥ ץʦʩʧʘʥʳ ʩʫʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʤᴇʣʰʝʨʽʤʝʥ, ʝʨʽʪʽʥʜʽʜʝʛʽ 

MgSO4 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 290-330 ʛ/ʣ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ ʞʫʘʜʳ. פʦʩʧʘʥʳ 

ʤʝʪʘʣʜʘʨʜʘʥ ʪʘʟʘʨʪʫʤʝʥ Mg(Oʅ)2 ʪײʥʜʳʨʫסʘ NaOH-ʪʳ40-50% ש ʝʨʽʪʽʥʜʽʩʽʥ 

 ʰʽʥ ʝʨʽʪʽʥʜʽʥʽ 30-40Üʉ ʜʝʡʽʥװ ʥʜʳʨʫײʦʣʜʘʥʘʜʳ. ʄʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥ ʪץ

 MgSO4 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʫʳʥʜʳ ʩʫʜʘ 0,5-4 ʛ/ʣ שʟʛʽʣʝʧ, ʩʦʥʘʥ ʩʦװʳʟʜʳʨʳʧ, ʩץ

ʙʦʣסʘʥʰʘ ʞʫʘʜʳ. ɾʫʳʣסʘʥ ᴇʥ̔ ʤ 400Üʉ ʳʣסʘʣʜʳסʳ 2% ʜʝʡʽʥ ײץʨסʘʪʳʣʘʜʳ ʞᴅʥʝ 

800-850Üʉ ʢװʡʜʽʨʽʣʽʧ MgO ʘʣʳʥʘʜʳ. ʉʝʨʧʝʥʪʠʥʜʝʣʛʝʥ ʫʣʴʪʨʘʙʘʟʠʪʪʽ ץʘʡʪʘ 

ᴇשʜʝʫʜʽש ʢʝʣʝʩʽ ʙʽʨ ʧʘʪʝʥʪʽʥʜʝ [82], H2SO4 ʝʨʽʪʽʥʜʽʩʽʤʝʥ  ᴇשʜʝʫʜʝʥ ʰʳץץʘʥ 

ʝʨʽʪʽʥʜʽʛʝ Fe2+ ʠʦʥʜʘʨʳʥ Fe3+ ᴇʪʢʽʟʫ װʰʽʥ ʦסʘʥ ʪʦʪʳץʪʳʨסʳʰ ץʦʩʘʜʳ. פʦʩʧʘ 

ʤʝʪʘʣʜʘʨʜʳש ʢʘʪʠʦʥʜʘʨʳʥ ʩʽʣʪʽʤʝʥ ʛʠʜʨʦʢʩʠʜʪʝʨ ʪװʨʽʥʜʝ ʪײʥʙʘʣʘʡʜʳ. ʉʫʩʳʟ 



24 
 

 ʘʥסʳʥʜʘ ʳʜʳʨʘʪʘʜʳ, ʘʣʳʥסMgSO4 1100-1200Üʉ, 20-30 ʤʠʥʫʪ ʘʨʘʣʳ ץʘסʨײץ

MgO- ʥ̔ ʩʫʤʝʥ ʞʫʘʜʳ. ɹײʣ ᴅʜʽʩʪʽש ʙʘʩץʘ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʜʝʥ ʝʨʝʢʰʝʣʽʛʽ, ʦʣ 

ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ SO3 ʛʘʟʳʥ ʙᴇʣʫʤʝʥ ʞװʨʝʪʽʥ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʩʘʪʳʩʳʥʳש 

ʙʦʣʫʳ ʞᴅʥʝ ʩʦʣ ʘʨץʳʣʳ ʩʝʨʧʝʥʪʠʥʠʪʪʝ ʰʘʡʤʘʣʘʫסʘ ʞײʤʩʘʣʘʪʳʥ H2SO4-ʳʥ 

ʨʝʛʝʥʝʨʘʮʠʷʩʳ. ɸʣʘʡʜʘ, ʙײʣ ᴅʜʽʩʪʽש ʜʝ ᴇʟ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ʆʣʘʨסʘ ʪʝʭʥʦʣʦʛʠʷ 

ʙʘʨʳʩʳʥʜʘ SO2 ʞᴅʥʝ SO3 ʛʘʟʜʘʨʳʥʳש ʪװʟʽʣʫʽ ʞᴅʥʝ SO2 ʞᴅʥʝ SO3 ʜʝʡ̔ʥ 

ʪʦʪʳץʪʳʨʫʜʳש ʘʨʥʘʡʳ ʢʘʪʘʣʠʟʘʪʦʨ ʢᴇʤʝʛʽʤʝʥ ʞװʨʝʪʽʥʜʽʛʽ, ʷסʥʠ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʢʝʩʪʝʥʽש ʢװʨʜʝʣʝʥʽʧ ʢʝʪʫʽʥ ʘʪʘʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ.  

ʉʫʣʴʬʘʪʪʳ ץʘʡʪʘ ᴇשʜʝʫʜʽץ שʳʟʳץʪʳ ʙʽʨ ᴅʜʽʩʽ [83] ʞײʤʳʩʪʘ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʄײʥʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʽ (NH)2SO4 ʪײʟʳʤʝʥ ʙʽʨʛʝ 290-400Üʉ ץʳʟʜʳʨʘʜʳ. ʆʣ װʰʽʥ 

 ;ʨʘʤʳ, (ʤʘʩ.%): MgO ï 35,53; SiO2 ï 38,50; FeO ï 2,22; Fe2O3 ï 6,78; CaO ï 0,43ײץ

Al 2O3 ï 1,22; CO2 ï 0,77-13,9 ʙʦʣʘʪʳʥ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ץʦʣʜʘʥסʘʥ.  

ɹʽʨʛʝ ץʦʨʳʪʳʣʳʧ ʘʣʳʥסʘʥ ץʦʨʳʪʧʘʥʳ ʩʫʤʝʥ ʰʘʡʤʘʣʜʘʡʜʳ. ʉʫסʘ ʝʨʽʛʝʥ 

ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥʝʥ ʪʝʤʽʨʜʽ, ʥʠʢʝʣʴʜʽ, ʢʦʙʘʣʴʪʪʳ ʞᴅʥʝ ʪ.ʙ. 

ʬʨʘʢʮʠʷʣʳץ ʪײʥʙʘʣʘʫ ᴅʜʽʩʽʤʝʥ ʛʠʜʨʦʢʩʠʜʪʝʨ ʪװʨʽʥʜʝ ʪײʥʙʘʣʘʧ ʢʝʪʽʨʝʜʽ. פʘʣסʘʥ 

-ʟʛʽʣʝʧ ʙᴇʣʽʧ ʘʣʳʧ, ʬʠʣʴʪʨʘʥʪʪʘʥ ʘʣʜʳʤʝʥ ʨʅ=10,0-10,5 Mg(Oʅ)2װʪʳ ʩץʘʣʜʳץ

ʥ̔, ʩʦשʳʥʘʥ ʨʅ=11,0-11,5 ʘʤʤʦʥʠʡ ʢʘʨʙʦʥʘʪʳʤʝʥ ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʳʥ 

ʪײʥʜʳʨʘʜʳ. ʄײʥʜʘסʳ Mg(Oʅ)2 ʪײʥʜʳʨʫ ʜᴅʨʝʞʝʩʽ 98-100% ײץʨʘʡʜʳ ʜʝʧ 

ʢʝʣʪʽʨʽʣʛʝʥ. ʂʝʡʽʥʥʝʥ ʝʢʽ ʪײʥʙʘʥʳ ץʦʩʳʧ, 750Üʉ ʢװʡʜʽʨʽʧ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥ ʘʣʘʜʳ. 

ʄײʥʜʘסʳ ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥ ʪײʥʜʳʨʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʛʝʥ (NH4)2SO4 

ʝʨʽʪʽʥʜʽʩʽʥ ʙʫʣʘʥʜʳʨʳʧ, ʛʨʘʥʫʣʜʝʧ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʡʪʘ ץʦʨʳʪʧʘʣʘʫסʘ 

ʞײʤʩʘʡʜʳ. ɹᴇʣʽʥʛʝʥ ʘʤʤʠʘʢ ʛʘʟʳ NH3 ʩʫʜʘ ץʘʡʪʘ ʝʨʽʪʽʧ, Mg(Oʅ)2- ʥ̔ ʪײʥʜʳʨʫ 

ʩʘʪʳʩʳʥʘ ʞʽʙʝʨʽʣʝʜʽ. ɹײʣ ᴅʜʽʩʪʽש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ  ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ 

ʘʤʤʠʘʢʪʳש ʨʝʮʠʨʢʫʣʷʮʠʷʣʘʥʫʳ. ʂʝʤʰʽʣʽʛʽ, ʙʽʨʽʥʰʽʜʝʥ ʩʳʨʪʪʘʥ ʩʘʪʳʧ 

ʘʣʳʥʘʪʳʥ ʥʝʤʝʩʝ ʩʦʣ ʞʝʨʜʝ ᴇʥʜʽʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʙʘʨ ʘʤʤʦʥʠʡ ʩʫʣʴʬʘʪʳʥʳש 

 ʨʜʽʩʪʝʨװ ʤʳʩ ʽʩʪʝʡʪʽʥײʦʣʜʘʥʳʣʫʳ, ʝʢʽʥʰʽʜʝʥ ʪʝʭʥʦʣʦʛʠʷʜʘ ʘʤʤʠʘʢ ʛʘʟʳʤʝʥ ʞץ

ʤʝʥ ץʦʥʜʳʨסʳʣʘʨʜʳץ שʘʞʝʪʪʽʣʽʛʽ. ʗסʥʠ, ʪʝʭʥʦʣʦʛʠʷ ʢװʨʜʝʣʝʥʽʧ ʢʝʪʝʜʽ. 

ʉʝʨʧʝʥʪʠʥʠʪʽ ï ʤʘʛʥʝʟʠʘʣʜʳץ ʰʠʢʽʟʘʪʪʘʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ [84] ʤʝʥ 

ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥ [85] ʘʣʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʟʝʨʪʪʝʣʛʝʥ. ʆʩʳ ʞײʤʳʩʪʘʨʜʘ 

ʩʝʨʧʝʥʪʠʥʠʪʪʽʢ ï ʤʘʛʥʝʟʠʘʣʜ rʰʠʢʽʟʘʪʪʘʨʜʘʥ MgO ʤʝʥ SiO2 ʙᴇʣʽʧ ʘʣʫʜʳ ʙʦʨ 

 ʟʝʛʝװʳʣʘʨʜʘ ʞסʦʥʜʳʨץ-ץʘʧʧʘʨʘʪʪʳ פʳʣʳʥ ᴇʥʜʽʨʝʪʽʥ çʂʨʠʦʣʠʪè ɸɸץʳʰץ

ʘʩʳʨʫסʘ ʙʦʣʘʪʳʥʜʳסʳ ʢᴇʨʩʝʪʽʣʜʽ.  

 

1.3.1.2 ʊײʟ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʽ 

ʄʘʛʥʠʡʜʽש ʘʨʳ ץʘʨʘʡ ʝʨʽʪʽʥʜʽʛʝ ʰʘʡʤʘʣʘʥʫʳ ʧʨʦʪʦʥ ʠʦʥʜʘʨʳʥʳש 

ʩʝʨʧʝʥʪʠʥʠʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʽʰʽʥʝ ʞᴅʥʝ ʤʘʛʥʠʡ ʠʦʥʜʘʨʳʥʳש ʜʠʬʬʫʟʠʷʣʘʥʫʳ 

ʝʩʝʙʽʥʝʥ ʞװʨʝʜʽ. ɸʪʘʣסʘʥ ʰʘʡʤʘʣʘʥʫ ʤʝʭʘʥʠʟʤʽ, ʦʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙʘʡץʘʣסʘʥ 

ʢᴇʧ ײץʙʳʣʳʩʪʘʨʜʳ ʪװʩʽʥʜʽʨʝ ʘʣסʘʥʤrʝʥ, ᴅʣʽʜʝ ʪʝʨʝש ʟʝʨʪʪʝʫʣʝʨʜʽ ץʘʞʝʪ 

ʝʪʝʪʽʥʜʽʛʽʥ ʘʡʪץʘʥ ʞᴇʥ.  

ʊʽʢʝʣʝʡ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ץʘʣʜʳץʪʘʨʳʥ ʪײʟ ץʳʰץʳʣʳʤʝʥ ץʘʡʪʘ ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʽʨʥʝʰʝ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. ʆʣʘʨ 

[86-89] ʞײʤʳʩʪʘʨʜʘ ʢʝʣʪʽʨʽʣʛʝʥ. ɹʘʨʣʳסʳʥʜʘ ʜʝʨʣʽʢ ʥʝʛʽʟʛʽ ᴇʥʽʤ ʨʝʪʽʥʜʝ, 

ʘʣסʘʰץʳʜʘ MgCl2·6H2O ʪײʟʳ ʘʣʳʥʘʜʳ, ʩʦשʳʥʘʥ ʦʣʘʨʜʘʥ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥ MgO 

ʥʝʤʝʩʝ ʙʘʩץʘ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫ ʞʦʣʜʘʨʳ ʢᴇʨʩʝʪʽʣʝʜʽ. ʄʳʩʘʣʳ [86, 
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c. 40], ʙʽʨʽʥʰʽ MgCl2·6H2O, ʩʦʜʘʥ ʩʦש  MgO ʞᴅʥʝ HCl ʘʣʳʥʘʜʳ, HCl  ץʘʡʪʘʜʘʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʜʝʨʽʩʢʝ ʞʽʙʝʨʽʣʝʜʽ. ɸʣ, [87, c. 1-5; 88, c. 196] ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ 

ʉʝʚʘʥ ʢᴇʣʽʥʽש ʩʦʣʪװʩʪʽʢ-ʰʳסʳʩʳʥʜʘ ᴇʥʜʽʨʽʣʝʪʽʥ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽײץ) שʨʘʤʳ,%: 

MgO ï 39,10; SiO2 ï 35,62; R2O3 ï 8,4) ʪײʟ ץʳʰץʳʣʳʤʝʥ ʰʘʡʤʘʣʘʥʫʳʥʳש 

ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʄײʥʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʜʳ 680Üʉ ʢװʡʜʽʨʛʝʥʜʝ, 

ʦʣʘʨʜʳש ʳʜʳʨʘʫʳ ʝʨʽʪʽʥʜʽʛʝ ʢʨʝʤʥʝʟʝʤʥʽש ᴇʪʫʽʥ ʞʘץʩʘʨʪʘʪʳʥʳ ʘʡʪʳʣʘʜʳ. ɹײʣ 

ᴇʟ ʢʝʟʝʛʽʥʜʝ ʪʘʟʘ ʢʨʝʤʥʝʟʝʤ ʘʣʫסʘ ʦש ʳץʧʘʣʳʥ ʪʠʛʽʟʝʜʽ ʜʝʧ ʝʩʝʧʪʝʡʜʽ. ɸʣʘʡʜʘ 

[89, c. 55-57] ʞײʤʳʩʪʘ 750Üʉ-ʪʘ ʢװʡʜʽʨʽʣʛʝʥ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʪײʟ ץʳʰץʳʣʳʤʝʥ 

ʰʘʡʤʘʣʘסʘʥʜʘ ʛʝʣʴ ʪᴅʨʽʟʜʝʩ ʤʘʩʩʘ ʪװʟʽʣʝʪʽʥʜʽʛʽ ʞᴅʥʝ ʦʣ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʘʛʥʠʡ 

ʭʣʦʨʠʜʽ ʤʝʥ ʙʘʩץʘ ʠʦʥʜʘʨʜʳ ʢʨʝʤʥʝʟʝʤʥʝʥ ʙᴇʣʽʧ ʘʣʫ ʞʘסʜʘʡʳʥ  ץʠʳʥʜʘʪʳʧ 

ʞʽʙʝʨʝʪʽʥʜʽʛʽ ʝʩʢʝʨʪʽʣʝʜʽ. ɸʣ [87, c. 1-5] ʞײʤʳʩʪʘ ʩʦסשʳ ᴇʥʽʤ ʨʝʪʽʥʜʝ, 

ʬʦʨʩʬʝʨʠʪʪʽʢ ʞʘʣʳʥʪᴇʟʛʽʰʪ̔ ʢ ʘʣʫסʘ ʞʘʨʘʡʪʳʥ ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʤʝʥ ʩʠʥʪʝʪʠʢʘʣʳץ 

ʧʠʛʤʝʥʪ (Fe2O3) ʘʣʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʽʣʝʜʽ.  

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨ ʤʝʥ ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝʛʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש ʪײʟ 

 .ʨʣʽ ᴅʜʽʩʪʝʨʽ [90-93] ʧʘʪʝʥʪʪʝʨʜʝ ʢʝʣʪʽʨʽʣʛʝʥװᴅʨʪ ץʳʣʜʳץʳʰץ

ɽʛʝʨ [90, c. 1-6] ʧʘʪʝʥʪʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ MgCl2 ʢʘʨʥʘʣʣʠʪ (MgCl2·KCl) 

ʘʣʫסʘ ײʩʳʥʳʣʩʘ, ʢʝʣʝʩʽ [91, c. 1-10] ʧʘʪʝʥʪʪʝ ʦʣʘʨʜʘʥ ʘʣʳʥʘʪʳʥ ᴇʥʽʤ ʪʝʢ 

ʢʘʨʥʘʣʣʠʪ ʘʣʫסʘ ʞʘʨʘʤʜʳ ʤʘʛʥʠʡ ʭʣʦʨʠʜʽʤʝʥ ץʘʪʘʨ ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤ ʘʣʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ײʩʳʥʳʣʘʜʳ. ɹʘʩץʘ, ʧʘʪʝʥʪʪʝʨʜʝ ײʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʨ, ʢᴇʧ ʞʘסʜʘʡʜʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʨʝʞʠʤʜʝʨʽʤʝʥ ʝʨʝʢʰʝʣʽʥʝʜʽ. ʄʳʩʘʣʳ [92] 

ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥʽש ʩʝʧʘʨʘʮʠʷʩʳ ץʦʣʜʘʥʳʣʘʜʳ, ʥᴅʪʠʞʝʜʝ ʙʘʩʪʘʧץʳ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʥ ʢʨʠʩʪʘʣʜʳץ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥ (ʢʚʘʨʮʪʳ) ʙᴇʣʽʧ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ 

ʢᴇʨʩʝʪʽʣʝʜʽ. ɸʣ, [93] ʧʘʪʝʥʪʪʝʛʽ ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʢ, ʦʣ ץʳʰץʳʣʜʳץ ᴇשʜʝʫʤʝʥ 

ʘʣʳʥסʘʥ ʬʠʣʴʪʨʘʪʪʳ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫʜʘ ʙʨʫʩʠʪʪʽ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽ ʘʡʪʳʣʘʜʳ, 

ʪʘʟʘʨʪʳʣסʘʥ ʭʣʦʨʤʘʛʥʠʡʣʽ ʝʨʽʪʽʥʜʽʥʽ (270-300 ʪ/ʜʤ3 MgCl2) ʘʨʳ ץʘʨʘʡ ʤʘʛʥʠʡ 

ʦʢʩʠʜʽ ʥʝʤʝʩʝ ʢʘʨʥʘʣʣʠʪ ʘʣʫ װʰʽʥ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʙʦʣʘʜʳ.  

 

1.3.1.3 ɸʟʦʪ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʽ 

ɸʟʦʪ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ײץʨʘʤʳʥʜʘ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʽ ï ʤʘʛʥʠʡ ʞᴅʥʝ ʘʟʦʪʳ ʙʘʨ ʪʳשʘʡʪrץʰʪʘʨ ʘʣʫ ʪײʨסʳʩʳʥʘʥ ʘʣסʘʥʜʘ 

ʤʘשʳʟʳ ʟʦʨ. ʆʩʳ ʙʘסʳʪʪʘסʳ [94] ʞײʤʳʩʪʘ ʢװʨʜʝʣʽ ʪʳשʘʡʪrץʰ ʘʣʫ ʞʦʣʳ 

ʢʝʣʪʽʨʽʣʛʝʥ. ʄײʥʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʽ 800Áʉ ʢװʡʜʽʨʽʧ, ʩʦʥʘʥ ʩʦ50% ש HNO3 

ᴇשʜʝʡʜʽ. ɸʣʳʥסʘʥ ʝʨʽʪʽʥʜʽʥʽ ʩװʟʛʽʣʝʧ ʘʣʳʧ, ʪʝʤʽʨ ʤʝʥ ʘʣʶʤʠʥʠʡʜʽ ʛʠʜʨʦʢʩʠʜʪʝʨ 

ʪװʨʽʥʜʝ ʨʅ=8 ʘʤʤʠʘʢʧʝʥ ʪײʥʙʘʣʘʡʜʳ. ɽʨʽʪʽʥʜʽʜʝ ʤʘʛʥʠʡ ʥʠʪʨʘʪʳ ʤʝʥ ʘʤʤʦʥʠʡ 

ʥʠʪʨʘʪʳʥʳש ʪײʟʜʘʨʳʥʳץ שʦʩʧʘʩʳ ץʘʣʘʜʳ. ɽʨʽʪʽʥʜʽʥʽ ʙʫʣʘʥʜʳʨʳʧ, ʘʣʳʥסʘʥ 

ʪײʟʜʘʨ ץʦʩʧʘʩʳʥ ʪװʡʽʨh ʽʢʪʝʧ, ʪʳשʘʡʪrץʰ ʜʘʡʳʥʜʘʣʘʜʳ.  

ʂʝʣʝʩʽ [95] ʞײʤʳʩʪʳש [94, c. 1-4] ʧʘʪʝʥʪʪʝʛʽʜʝʥ ᴇʟʛʝʰʝʣʽʛʽ, ʤʘʛʥʠʡ 

ʰʠʢʽʟʘʪʳʥ ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʪײʟʜʘʨ ץʦʩʧʘʩʳʤʝʥ ʳʜʳʨʘʪʘʜʳ. פʦʩʧʘ ʨʝʪʽʥʜʝ 

NH4NO3 ʧʝʥ Ca(NO3)2 ʞᴅʥʝ ʦסʘʥ 50-65% HNO3 ץʦʩʘʜʳ. ɸʣʳʥסʘʥ ʝʨʽʪʽʥʜʽʥʽ, 

ʘʚʪʦʨʣʘʨ ʘʟʦʪ-ʤʘʛʥʠʡ ʪʳשʘʡʪrץʰʪʘʨ ʘʣʫʜʘ ʘʨʘʣʳץ ᴇʥʽʤ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫʜʳ 

  .ʩʳʥʘʜʳײ

ɹײʣʘʨʜʘʥ ʙʘʩץʘ ʘʟʦʪ rץ ʰץʳʣʜʳץ ᴅʜʽʩʪʽ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ 

 .ʤʳʩʪʘʨʜʳ [96, 97] ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳײʦʣʜʘʥʫʜʳ ʢᴇʟʜʝʛʝʥ ʙʽʨʥʝʰʝ ʞץ ʰʽʥװ

ʉʦʣʘʨʜʳש ʙʽʨʽ, çʈʫʩʩʢʠʡ ʤʘʛʥʠʡè ɸפ-  rײʩʳʥסʘʥ [96, c. 1-9] ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʘʟʦʪ 
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 ʨʜʽʩʽװ ʜʝʫשʘʡʪʘ ᴇץ ʣ ᴅʜʽʩʪʝײʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ɹשʘʡʪʘ ᴇץ ᴅʜʽʩʧʝʥ ץʳʣʜʳץʳʰץ

ʙʽʨʥʝʰʝ ʩʘʪʳʣʘʨʜʘʥ ʪײʨʘʜʳ: 

ɹʽʨʽʥʰʽ ʩʘʪʳʜʘ ï ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʘʟʦʪ ץʳʰץʳʣʳʥʳ20-25% ש ʝʨʽʪʽʥʜʽʩʽʤʝʥ 

30-40 ʤʠʥʫʪ ʘhʡʤʘʣʘʡʜʳ, ʬʠʣʴʪʨʘʪ ʧʝʥ ʢʨʝʤʥʠʡʣʽ ץʘʣʜʳץʪʳ ʩװʟʛʽʣʝʧ, 

 ʘ ʜʝʡʽʥסʘʥסʪʳ ʞʫʳʧ ʙᴇʣʝʜʽ, ʬʠʣʴʪʨʘʪʪʳ ʥʠʪʨʘʪ ʤʘʩʩʘʩʳ 200Áʉ ʙʦʣץʘʣʜʳץ

ʙʫʣʘʥʜʳʨʘʜʳ, ץʘʣסʘʥ ʤʘʩʩʘʥʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʫʳʪʳʧ, 

Mg(NO3)2·6H2O ʢʨʠʩʪʘʣʜʘʨʳʥ ʘʣʘʜʳ.  

ɽʢʽʥʰʽ ʩʘʪʳʜʘ ï ʢʨʝʤʥʠʡʣʽ ץʘʣʜʳץʪʳ ʘʟʦʪ ץʳʰץʳʣʳʥʳ30-35% ש 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʰʘʡʤʘʣʘʡʜʳ, ʘʣʳʥסʘʥ ץʦʡʳʨʪʧʘʥʳ ʩװʟʛʽʣʝʧ ʙᴇʣʝʜʽ, ʬʠʣʴʪʨʘʪʪʳ 

ʙʫʣʘʥʜʳʨʳʧ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʫʳʪʘʜʳ, ץʘʣʜʳץʪʳ ʩʫʤʝʥ ʞʫʳʧ 

 ,ʟʛʽʣʝʡʜʽ, ʙʽʨʽʥʰʽ ʞᴅʥʝ ʝʢʽʥʰʽ ʞʫʳʥʜʳ ʩʫʣʘʨʳʥ ʙʽʨʽʢʪʽʨʽʧ, ʙʫʣʘʥʜʳʨʳʧװʘʡʪʘ ʩץ

ʩʫʳʪʳʧ Mg(NO3)2·6H2O ʘʣʘʜʳ. 

ɸʣʘʡʜʘ, ʵʥʝʨʛʠʷ ʞײʤʩʘʫʤʝʥ ʞװʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʢᴇʧ 

 ʳʥʳ ʢᴇʧ. ʆʩʳ ʪʝʢʪʝʩסʰʳ ץʵʥʝʨʛʝʪʠʢʘʣʳ שʣ ᴅʜʽʩʪʽײʪʘʥ, ʙץʦʣʜʘʥʳʣʘʪʳʥʜʳץ

ᴅʜʽʩʪʝʨ [97-99] ʞײʤʳʩʪʘʨʜʘ ʜʘ ʢʝʣʪʽʨʽʣʝʜʽ. ʉײʡʳץ ʪװʨʜʝʛʽ ʢװʨʜʝʣʽ ʪʳשʘʡʪrץʰ 

ʘʣʫ ᴅʜʽʩʽ [97, c. 50-51] ʞײʤʳʩʪʘ ʘʡʪʳʣʘʜʳ. ʄײʥʜʘ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʥʝʛʽʟʛʽ 

ʩʘʪʳʣʘʨʳʥʘ ʞʘʪʘʪʳʥʜʘʨʳ: 

ï ʠhʢʽʟʘʪʪʳ 0,8 ʤʤ ʽʨʽʣʽʢʢʝ ʜʝʡʽʥ ײʩʘץʪʘʫ; 

ï ʩʝʨʧʝʥʪʠʥʜʽ 100-104Áʉ-ʪʘ, ʘʨʘʣʘʩʪʳʨʫʤʝʥ 2 ʩʘסʘʪ ʙʦʡʳ 20-25% ʘʟʦʪ 

 ʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥסʜʘʡʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʝʥ ʙʘסʣ ʞʘײʳʣʳʤʝʥ ʰʘʡʤʘʣʘʫ. ɹץʳʰץ

ʙᴇʣʽʧ ʘʣʫ 90-95% ʜʝʡʽʥ ʞʝʪʫʽ ʤװʤʢʽʥ. ɸʚʪʦʨʣʘʨʜʳש ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʘʟʦʪ 

 שʘʥ ʩʘʡʳʥ ʪʝʤʽʨ ʤʝʥ ʢʨʝʤʥʝʟʝʤʥʽסʘʨʳʣʘסʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʦ שʳʣʳʥʳץʳʰץ

ʝʨʽʪʽʥʜʽʜʝʛʽ ᴇʪʫʽ ʢᴇʙʝʡʝʜʽ, ʘʣ ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ץʦʡʳʨʪʧʘʥʳש ʩװʟʛʽʣʝʥʫʽʥ 

 ʮʠʢʣʜʘ ʘʡʥʘʣʳʤʜʘ ץʪʝʭʥʦʣʦʛʠʷʣʳ שʳʣʳʥʳץʳʰץ ʠʳʥʜʘʪʘʜʳ. ɸʣʘʡʜʘ, ʘʟʦʪץ

ʞװʨʫʽ, ʤʝʢʝʤʝ װʰʽʥ ʨʝʘʛʝʥʪʪʝʨʛʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʳ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʳʰץʳʣʜʳץ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ʰʘʡʳʥʜʳ 

ʝʨʽʪʽʥʜʽʥʽ, ץʦʩʧʘʣʳץ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥ ʪײʥʙʘʣʘʧ ʪʘʟʘʨʪʫ װʰʽʥ ʦʥʳ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ ץʘʞʝʪ ʙʦʣʘʜʳ. ᴄʨʠʥʝ ʦʣ װʰʽʥ NaOH ʝʨʽʪʽʥʜʽʣʝʨʽʥ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ, ʙʽʨʘץ ʝʨʽʪʽʥʜʽʥʽ, ʘʨʪʳʥʘʥ ʪʘʟʘʣʘʫʳ ץʠʳʥ ʙʦʣʘʪʳʥ Na+ ʠʦʥʜʘʨʳʥ ʞװʡʝʛʝ 

ʝʥʜʽʨʤʝʫ װʰʽʥ, ʙʝʡʪʘʨʘʧʪʳʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ MgO ʥʝʤʝʩʝ Mg(OH)2 ץʦʣʜʘʥסʘʥ 

ʘʙʟʘʣ. ʆʩʳ ʙʘסʳʪʪʘסʳ [100] ʞײʤʳʩʪʘ ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽש ʨʅ ʢᴇʨʩʝʪʢʽʰʽ, 

ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽש ʝʨʽʛʽʰʪʽʢ ʢᴇʙʝʡʪʽʥʜʽʩʽ ɽʂMg(OH)2=1,2·10-11 ʙʦʣסʘʥʜʘ, 9,69 

ʞʝʪʝʪʽʥʽ ʙʘʡץʘʣסʘʥ. ɸʣʘʡʜʘ, ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʫסʘ 

 ʘʥ MgO ʥʝʤʝʩʝ Mg(OH)2 ᴇʟʽʥʜʽʢ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ɹʽʨʽʥʰʽʜʝʥ, ʦʣʘʨסʩʳʥʳʣײ

 ʩʫʜʘ ʝʨʽʛʽʰʪʽʢʪʝʨʽ שʘʪʘʨʳʥʘ ʞʘʪʘʜʳ, ʝʢʽʥʰʽʜʝʥ ʦʣʘʨʜʳץ ʳʤʙʘʪ ʨʝʛʝʥʪʪʝʨץ

ʪᴇʤʝʥʜʝʫ.  

ɸʟʦʪ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʜʽש ʪײʟ ʞᴅʥʝ ʢװʢʽʨʪ ץʳʰץʳʣʜʳץ ᴅʜʽʩʪʝʨʜʝʥ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʨʝʪʽʥʜʝ, ʢᴇʧ ʞʘסʜʘʡʜʘ: 

ï ʘʟʦʪ ץʳʰץʳʣʳʥʳץ שʦʥʜʳʨסʳʣʘʨסʘ ץʘʪʳʩʪʳ ʘʛʨʝʩʠʚʪʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʽʛʽ. 

ï ʠhʢʽʟʘʪʪʳ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʢʝʰʝʥʜʽ ʙʦʣʫʳ ʢʝʣʪʽʨʽʣʝʜʽ. 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʞᴅʥʝ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʽץ שʘʣʜʳץʪʘʨʳʥʘʥ 

ʤʘʛʥʠʡ ʞᴅʥʝ ʤʘʛʥʠʡʜʽש ʤʘשʳʟʜʳ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ פʘʟʘץʩʪʘʥʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʛʝ [101-104] ʞײʤʳʩʪʘʨʜʳ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. 
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ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʪʝʨʽʥʽץ שʘʣʜʳץʪʘʨʳʥ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʞʘשʘ ᴅʜʽʩʽʥ 

 ʘʥ. ʆʣʘʨ ʙʘʡʳʪʫʜʳסʩʳʥײ ʘʣʳʤʜʘʨ (ᴆ. ɹʘʡʛʝʥʞʝʥʦʚ ʞᴅʥʝ ʪ.ʙ.)ס ץʩʪʘʥʜʳץʘʟʘפ

ʞװʡʝʣʽ ʪװʨʜʝ ʟʝʨʪʪʝʡ ʦʪʳʨʳʧ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ץʘʣʜʳץʪʘʨʳʥ ʤʘʛʥʠʪʪʽʢ 

ʩʝʧʝʨʘʮʠʷ ʞᴅʥʝ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ʢʦʥʮʝʥʪʨʣʝʫ ʘʨץʳʣʳ 

ʘʣʪʳʥʥʳש, ʭʨʦʤʠʪʪʽש ʞᴅʥʝ ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʪʳש ʢʦʥʮʝʥʪʨʘʪʪʘʨʳʥ ʙʘסʘʣʳ ᴇʥʽʤ 

ʨʝʪʽʥʜʝ ʙᴇʣʽʧ ʘʣʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʢʝʥ [105]. 

 ʤʠʥʝʨʘʣʜʘʨ ץʘʣʘʫʰʳ ʩʠʣʠʢʘʪʪʳץ ʨʘʤʳʥ ʥʝʛʽʟʽʥײץ ץʘʣʜʳפ

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ (ʭʨʠʟʦʪʠʣ, ʘʥʪʠʛʦʨʠʪ, ʣʠʟʘʨʜʠʪ) ʪʦʙʳʥʘ ʞʘʪʘʜʳ. ʆʣʘʨʜʳש 

ʭʠʤʠʷʣʳץ ʬʦʨʤʫʣʘʩʳ [(Mg,Fe)3Si2O5(OH)4], ײץʨʳʣʳʤʳ ʪײʨʘץʪʳ ʙʦʣʳʧ ʢʝʣʝʜʽ 

[106, 107]. ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʪʽ ʙʘʡʳʪʫʜʘʥ ʢʝʡʽʥ, ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʥʝʛʽʟʽʥ 

ʣʠʟʘʨʜʠʪ ʞᴅʥʝ ʘʥʪʠʛʦʨʠʪ ײץʨʘʡʜʳ, ʦʣʘʨʜʳײץ שʨʳʣʳʩʳ ʤʦʣʷʨʣʳץ ץʘʪʳʥʘʩ 1:1 

ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʢʨʝʤʥʝʟʝʤ ʪʝʪʨʘʵʜʨʣʝʨʽ ʤʝʥ ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥʝʥ ʪײʨʘʪʳʥ [108, 

 ʘʙʘʪʪʘʨ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝ ʤʘʛʥʠʡ, ʪʝʤʽʨ, ʢʨʝʤʥʠʡʜʝʥץ ʦʩץ [109

ʙʘʩץʘ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ, ʭʨʦʤ ʪ.ʙ. ʢʝʟʜʝʩʝʜʽ. ɸʣ, Mgʆ (40-

43% ʤʘʩ.) ʞᴅʥʝ SiO2 (42-45% ʤʘʩ.) ʙʘʩʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ ʞʘʪʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝ ʢᴇʧ ʞʘסʜʘʡʜʘ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫʜʘ, ʢʝʡ ʞʘסʜʘʡʣʘʨʜʘ 

ʥʠʢʝʣʴʜʽ ʘʣʫʜʳש ʧʦʪʝʥʮʠʘʣʜʳ ʰʠʢʽʟʘʪʳ ʨʝʪʽʥʜʝ ץʘʨʘʣʘʜʳ [110, 111]. 

ɸʣʘʡʜʘ, ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʤʘʛʥʠʡ ʤʝʥ ʥʠʢʝʣʴʜʽ ʙᴇʣʽʧ ʘʣʫʜʳש 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽ ʞʦʣʜʘʨʳʥ ʪʘʙʫ, ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ץʠʳʥ ʤᴅʩʝʣʝ ʙʦʣʳʧ 

ʢʝʣʝ ʞʘʪʳʨ. ɹסײʘʥ, ʩʦסשʳ ʢʝʟʜʝ ʤʘʛʥʠʡʜʽ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʙᴇʣʽʧ ʘʣʫʜʳ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷʣʳץ ʞʦʣʳʥʘ ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʝשʙʝʢʪʝʨʽʥʝʥ 

ʘʡץʳʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʽʰʽʥʜʝ ʞװʡʝʣʽ ʪװʨʜʝ ᴅʨʪװʨʣʽ ʨʝʘʛʝʥʪʪʝʨʤʝʥ, 

ʢװʢʽʨʪ ץʳʰץʳʣʜʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ 

[112-115]. ʐʘʡʤʘʣʘʫ װʨʜʽʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʢװʰʝʡʪʫ ʤʘץʩʘʪʳʥʜʘ ץʘʣʜʳץʪʳ 

ʤʝʭʘʥʠʢʘʣʳץ ʘʢʪʠʚʪʝʥʜʽʨʫ, ʪʝʨʤʠʷʣʳץ ʘʢʪʠʚʪʝʥʜʽʨʫ ʞᴅʥʝ ץʳʟʜʳʨʫ ʩʠʷץʪʳ 

ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʨʽʥ [116-117] ʜʝ ץʦʣʜʘʥסʘʥʜʘʨʳʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ. 

ɹʘʨʣʳץ ʜʝʨʣʽʢ ײʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʨʜʝʛʽ ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʢʪʝʨ ץʘʪʘʨʳʥʜʘ 

 ʘʥסʳ ʞᴅʥʝ ʘʣʳʥסʪʳץʟʘײ שʨʜʽʩʪʝʨʜʽװ ,ʤʩʘʣʫʳײʪʳʤ ʢᴇʧ ʞ שʳʣʜʳץʳʰץ

ᴇʥʽʤʜʝʨʜʝʛʽ ʪʝʤʽʨ, ʘʣʶʤʠʥʠʡ, ʭʨʦʤ ʞᴅʥʝ ʪ.ʙ. ʤʝʪʘʣʜʘʨʜʘʥ ʪʘʟʘʣʘʫ 

 ʞᴅʥʝ ץʪʘʨʜʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץʘʣʜʳץ ,ʪʘʥץʪʘʨʳ ʘʪʘʧ ᴇʪʽʣʝʜʽ. ʉʦʥʜʳץʠʳʥʜʳץ

ʵʢʦʥʦʤʠʢʘʣʳץ ʥʝʛʽʟʜʝʣʛʝʥ ʧʘʡʜʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙᴇʣʽʧ ʘʣʫ ʞʦʣʜʘʨʳ ᴅʣʽ ʜʝ 

ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʽʟʜʝʩʪʽʨʽʣʜʝʫʜʝ. 

 

1.4 ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ ץʦʣʜʘʥʳʣʫʳ 

ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ᴇʥʝʨʢᴅʩʽʧʪʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ 

 ,ʘ ʪᴇʟʽʤʜʽ ʤʘʪʝʨʠʘʣʜʘʨ ʘʣʫʜʘץʘ ʞʘʪʘʜʳ: ʤʝʪʘʣʣʫʨʛʠʷʜʘ, ʦʪץʦʣʜʘʥʳʣʘʪʳʥ ʟʘʪץ

ʪʝʢʩʪʠʣʴ, ץʘסʘʟ ᴇʥʜʽʨʽʩʪʝʨʽʥʜʝ, ʤʝʜʠʮʠʥʘʜʘ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʪ.ʙ.. ɽש ʢᴇʧ 

 ʰʪʘʨʳ ʨʝʪʽʥʜʝ ʘʛʨʦᴇʥʜʽʨʽʩץʘʡʪrשʦʣʜʘʥʳʣʘʪʳʥ ʩʘʣʘʩʳ, ʦʣ ʤʘʛʥʠʡ ʪʳץ

ʢʝʰʝʥʜʝʨʽ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ï ʤʘʛʥʠʡ ʞᴅʥʝ ʢװʢʽʨʪʽ ʙʘʨ ʪʳשʘʡʪrץʰ. ײפʨʘʤʳ: 

ʤʘʛʥʠʡ ï 17%, ʢװʢʽʨʪ ï 13,5%. ʉʫʜʘ ʝʨʠʪʽʥ ʞʳʣʜʘʤ ᴅʨʝʢʝʪʪʽ ʪʳשʘʡʪrץʰ. 

 ʳʥʜʘ ʢᴇʢᴇʥʽʩ ᴇʥʜʽʨʫʜʝסʘʟʽʨʛʽ ʢʝʟʜʝ, ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳפ

ʟʘʤʘʥʘʫʠ ʘʛʨʦʭʠʤʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ 

ʝʥʛʽʟʽʣʫʜʝ. ʆʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʜʳ ʞʘʙʳץ 

ʪʦʧʳʨʘץʪʘ ʪʘʤʰʳʣʘʧ ʩʫסʘʨʫʜʳ ץʦʣʜʘʥʘʪʳʥ ʠʥʪʝʥʩʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 
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ʞʘʪrץʟʫסʘ ʙʦʣʘʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ ᴇʥʜʽʨʽʣʝʪʽʥ ʙʝʣʛʽʣʽ ʪʳשʘʡʪrץʰʪʘʨʜʳש ʽʰʽʥʜʝ 

ʠʥʪʝʥʩʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥʳʥ ʞʦץ ʜʝʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʞʳʣʳʞʘʡʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʳשʘʡʪrץʰʪʘʨʜʳש ʙʘʨʣʳסʳ ʜʝʨʣʽʢ ʠʤʧʦʨʪʪʘʣʘʜʳ. 

ɸʣ, ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ᴇʩʽʨʽʣʝʪʽʥ ᴇʥʽʤʜʝʨʜʽש ʙʘסʘʩʳʥʳץ שʳʤʙʘʪʪʘʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ.  

 ,ʳʪʘʡפ ,ʘʪʘʨʳʥʘ ʈʝʩʝʡץ ʘʟʽʨʛʽ ʢʝʟʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ᴇʥʜʽʨʫʰʽʣʝʨפ

ʊװʨʢʠʷ ʝʣʜʝʨʽʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ʈʝʩʝʡʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʤʘʛʥʝʟʠʪ 

ʥʝʛʽʟʽʥʜʝ çʊʋ 2141-016-32496445-00 ʄʘʛʥʠʡ ʩʝʨʥʦʢʠʩʣʳʡ 7-ʚʦʜʥʳʡè 

ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʳ ʙʦʡʳʥʰʘ, çɹʫʥʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜè ɸɸפ-  r

ʞʘʩʘסʘʥ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʰʳסʘʨʘʜʳ. ɹײʣ ʊʐ ʙʦʡʳʥʰʘ MgSO4-ʪʽש ᴇʥʽʤʜʝʛʽ װʣʝʩʽ 

48,3%-ʜʘʥ ʪᴇʤʝʥ ʙʦʣʤʘʫʳ ʢʝʨʝʢ. ʐʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ʜʦʣʦʤʠʪ ץʦʣʜʘʥʳʣʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʥʳ ʟʝʨʪʪʝʫ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʜʦʣʦʤʠʪʪʝʥ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʢʝʣʝʩʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʘʪʳʣʘʨʜʘʥ ʪײʨʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ: 

ï ʜʦʣʦʤʠʪʪʽ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ʳʜʳʨʘʪʫ; 

ï ʪװʟʽʣʛʝʥ ʩʫʩʧʝʥʟʠʷʥʳ ʩװʟʛʽʣʝʫ ʞᴅʥʝ ʪײʥʙʘʥʳ ʞʫʫ ʘʨץʳʣʳ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥ ʘʣʫ; 

ï MgSO4Ŀ7ʅ2ʆ ʪײʟʳʥ ʝʨʽʪʽʥʜʽʜʝʥ ʢʨʠʩʪʘʣʜʘʫ ʞᴅʥʝ ʦʥʳ ʘʥʘʣʳץ ʝʨʽʪʽʥʜʽʜʝʥ 

ʙᴇʣʽʧ ʘʣʫ;  

ï ᴇʥʽʤʜʽ ʢʝʧʪʽʨʫ. 

ʉʦסשʳ ʢʝʟʜʝʛʽ ʟʝʨʪʪʝʫʣʝʨʜʽ[118-120] ש ʥᴅʪʠʞʝʣʝʨʽ, ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘסʳ 

ʩʫʜʳש ʤᴇʣʰʝʨʽ ʬʠʣʴʪʨʘʪʪʳש ʨʅ ʤᴅʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʽʣʛʝʥ: 

MgSO4Ŀ7ʅ2ʆ ï ʨʅ 4-5 ʰʘʤʘʩʳʥʜʘ, ʘʣ ʨʅ 3-ʪʝʥ ʪᴇʤʝʥ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

MgSO4Ŀ6ʅ2ʆ, MgSO4Ŀ5ʅ2ʆ ʪװʨʣʝʨʽʥʜʝ ʢʨʠʩʪʘʣʜʘʥʘʜʳ. ʆʣ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘʨʜʳץ שʦʩʧʘʩʳ ʦʩʳ ʊʐ ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. 

ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʢʨʠʩʪʘʣʣʜʘʫʜʳש ʝʨʽʪʽʥʜʽʜʝʛʽ ʦשʪʘʡʣʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

20-30% MgSO4, ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘʨʳʥʳש 

ʝʨʽʛʽʰʪʽʢ [121] ʞᴅʥʝ ʜʝʛʠʜʨʘʪʘʮʠʷʣʳץ [122] ץʘʩʠʝʪʪʝʨʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ɼʦʣʦʤʠʪ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ 

 ʳʣʜʘ ʝʨʽʤʝʡʪʽʥ 0,3-20 ʤʢʤץʳʰץ ʳʥʜʘסʥʪʘײ ʘʪʘʨʳʥʘ, ʜʦʣʦʤʠʪץ ʪʘʨץʠʳʥʰʳʣʳץ

 .ʘ ʙʦʣʘʜʳ [123]סʟʫץʙʦʣʫʳʥ ʞʘʪr (ʜʝʡʽʥ 2,7-13%) שʦʩʧʘʣʘʨʜʳץ ʜʠʩʧʝʨʩʪʽ ץʩʘײ

ɹײʣʘʨʜʳש ʘʟ ʤᴇʣʰʝʨʜʝʛʽ ʝʨʽʤʝʡʪʽʥ ʪײʥʙʘʣʘʨʳʥʳש ᴇʟʽ ʩʫʩʧʝʥʟʠʷʥʳ ʩװʟʛʽʣʝʫ 

 ʳסשʟʛʽʣʝʨʜʝʥ ᴇʪʽʧ ʢʝʪʽʧ, ʩʦװʜʘʡʜʘ, ʩסʨʜʽʩʽʥʝ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ. ʂᴇʧ ʞʘװ

ᴇʥʽʤʥʽש ʪʘʟʘʣʳסʳʥ ʥʘʰʘʨʣʘʪʘʜʳ. 

ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ï ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʽʰʽʥʜʝʛʽ ᴇʥʜʽʨʽʩʪʽש ᴅʨʪװʨʣʽ 

ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ᴇʥʽʤʛʝ ʞʘʪʘʜʳ. ᴄʩʽʨʝʩʝ, ʢᴇʧ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʩʘʣʘʩʳ ï ʘʫʳʣʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʢᴇʢᴇʥʽʩ ᴇʥʜʽʨʽʩʽ. ɹסײʘʥ ʩʝʙʝʧ, ʤʘʛʥʠʡʜʽש 

ᴇʩʽʤʜʽʢʪʝʨʜʝ ʞװʨʝʪʽʥ ʙʠʦʭʠʤʠʷʣʳװ ץʨʜʽʩʪʝʨʜʝʛʽ ʢᴇʧ ʩʘʣʘʣʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʨᴇʣʽ ʤʝʥ ʦʣʘʨʜʳש ʩʘʧʘʣʳץ ץʘʩʠʪʝʪʪʝʨʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽʥʜʝ.  

ᴄʜʝʙʠʝʪʪʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʘ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʤʘʛʥʠʡ ײץʨʘʤʜʘʩ ʤʠʥʝʨʘʣʜʘʨ [124], ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨʜʳ ʢװʢʽʨʪ rץ ʰץʳʣʜʳץ 

ʳʜʳʨʘʫ ʙʘʨʳʩʳʥʘ ʘʨʥʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ [125-130] ʢʝʣʪʽʨʽʣʛʝʥ. ʉʠʧʘʪʪʘʣסʘʥ 

ᴅʜʽʩʪʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʤʘʛʥʠʡ ײץʨʘʤʜʘʩ ʰʠʢʽʟʘʪʪʳ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ʥʝʤʝʩʝ 

ʙʘʩץʘʜʘ ʨʝʘʛʝʥʪʪʝʨʤʝʥ ʳʜʳʨʘʪʫ, ʩײʡʳץ ʝʨʽʪʽʥʜʽʩʽʥ ץʘʪʪʳ ʬʘʟʘʜʘʥ ʙᴇʣʽʧ ʘʣʫ 

ʞᴅʥʝ ʘʣʳʥסʘʥ ʝʨʽʪʽʥʜʽʜʝʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʛʠʜʨʘʪʪʘʨʳʥ ʢʨʠʩʪʘʣʜʘʫ 

ʩʘʪʳʣʘʨʳʥʘʥ ʪײʨʘʜʳ.  
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ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʘ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʰʠʢʽʟʘʪ ï ʪʘʙʠסʠ ʥʝʤʝʩʝ 

ʢʘʫʩʪʠʢʘʣʳץ ʤʘʛʥʝʟʠʪ, ʙʨʫʩʠʪ [131, 134]. פʘʟʘץʩʪʘʥʜʘ ʤʘʛʥʝʟʠʪʪʽש ʩʘʧʘʣʳ 

ʢʝʥʦʨʥʳ ʞʦץ, ʘʣ ʦʣʘʨʜʳ ʰʝʪʪʝʥ ᴅʢʝʣʫ ᴇʥʽʤʥʽש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʘʨʪʪʳʨʳʧ, ץʳʤʙʘʪ 

ʙʦʣʫʳʥʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʜʦʣʦʤʠʪ ʤʠʥʝʨʘʣʜʘʨʳʥʘʥ ʘʣʫ 

ʙʦʡʳʥʰʘ ʙʽʨʥʝʰʝ ᴅʜʽʩʪʝʨ ʙʘʨ. ʆʣ ᴅʜʽʩʪʝʨʜʽש ʙʽʨ-ʙʽʨʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʢᴇʧ 

ʞʘסʜʘʡʜʘ ʪʝʢ ᴅʨʪװʨʣʽ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʳʧ 

ʢʝʣʝʜʽ. ʂʝʡʙʽʨ ᴅʜʽʩʪʝʨʜʝ ʦʣ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʨʘʣʳץ ᴇʥʽʤ ʤʘץʩʘʪʳʥʜʘ [130, c. 

8] ʘʣʘʜʳ ʞᴅʥʝ ʦסʘʥ ʩʘʡ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʄʳʩʘʣʳ, [129, p. 174-182] 

ʞײʤʳʩʪʘ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʜʦʣʦʤʠʪʪʝʥ ʘʣʫʜʳש ʙʘʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ᴇʣʰʝʤʜʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ, ʘʣʘʡʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʜʦʣʦʤʠʪ (ɽʛʠʧʝʪ) ʙʘʩץʘ ʢʝʥ 

ʦʨʳʥʜʘʨʳʥʜʘסʳ ʜʦʣʦʤʠʪʪʝʨʜʝʥ ײץʨʘʤʳ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʽʩʪʝʨʽ ʙʘʨ. ʗסʥʠ, 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʨʘʤʳ ʙʦʡʳʥʰʘײץ ʩʳʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʜʦʣʦʤʠʪײ

ᴇʣʰʝʤʜʝʨʤʝʥ ʙʽʨ-ʙʽʨʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʦʣʘʜʳ.  

ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש ʙʽʨʥʝʰʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘʨ MgSO4Ŀnʅ2ʆ (n=1, 2, 

3, 4, 5, 6, 7, 11 ʞᴅʥʝ 12) ʪװʟʝ ʘʣʘʪʳʥʳ ʙʝʣʛʽʣʽ [123, c. 342]. ʄʳʩʘʣʳ, ʦʥʳש 

ʩʫʜʘסʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʝʥ 1,8-48,2Üʉ ʪʝʤʧʝʨʘʪʫʨʘ ʘʨʘʣr  ʳʥʜʘ MgSO4Ŀ7ʅ2ʆס

(ʵʧʩʦʤʠʪ) ʢʨʠʩʪʘʣʜʘʥʘʜʳ, 48,2-68Üʉ ï MgSO4Ŀ6ʅ2ʆ (ʩʘʢʥʠʪ), 68Üʉ ʞʦסʘʨʳʜʘ ï 

MgSO4Ŀʅ2ʆ (ʢʠʟʝʨʠʪ) ʘʣʳʥʘʜʳ. ʊײʨʘץʪʳ ʬʘʟʘ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʪʽʥ MgSO4Ŀ6ʅ2ʆ 

ʪװʨʽʥ 48,2Üʉ ʪᴇʤʝʥ ʞᴅʥʝ 68Üʉ ʞʦסʘʨʳʜʘ ʵʧʩʦʤʠʪ ʞᴅʥʝ ʢʠʟʝʨʠʪʪʽץ שʦʩʧʘʩʳ 

ʪװʟʽʣʝʜʽ ʜʝʛʝʥʜʝ ʜʝʨʝʢʪʝʨ [133] ʢʝʟʜʝʩʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש 

ʙʘʩץʘ ʜʘ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘʨʳʥʳץ שʦʩʧʘʣʘʨʳʥ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳʥ ᴇʟʛʝʨʪʝ ʦʪʳʨʳʧ ʘʣʫסʘ ʙʦʣʘʪʳʥʜʳסʳ ʞʘʡʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ 

[122, ʩ. 172 ] ʢʝʟʜʝʩʪʽʨʫʛʝ ʙʦʣʘʜʳ. ʂװʢʽʨʪ ץʳʰץʳʣʳ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש 

ʝʨʽʛʽʰʪʽʛʽʥʝ ʞᴅʥʝ ʪװʟʽʣʝʪʽʥ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʪʘʨʜʳײץ שʨʘʤʳʥʘ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ 

[134]. ʊʝʤʧʝʨʘʪʫʨʘ 20-25Üʉ ʘʨʘʣʳסʳʥʜʘ 10% H2SO4-ʥrש ʝʨʽʪʽʥʜʽʜʝ ʙʦʣʫʳ 

ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש ʝʨʽʛʽʰʪʽʛʽʥ 1-3%-סʘ ʪᴇʤʝʥʜʝʪʝʜʽ ʞᴅʥʝ ʙײʣ ʞʘסʜʘʡʜʘ 

MgSO4Ŀ7ʅ2ʆ ʢʨʠʩʪʘʣʜʘʥʘʜʳ. ʂװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ 

ʘʨʪʪʳʨסʘʥʜʘ, ʢʝʟʝʢʧʝʥ MgSO4Ŀ7ʅ2ʆ+MgSO4Ŀ6ʅ2ʆ, ʩʦʥʘʥ ʩʦש MgSO4Ŀ6ʅ2ʆ, 

MgSO4Ŀ6ʅ2ʆ+MgSO4Ŀ5ʅ2ʆ, MgSO4Ŀ5ʅ2ʆ+MgSO4Ŀʅ2ʆ ʢʨʠʩʪʘʣʜʘʥʘʜʳ.  

ʊʘסʳ ʙʽʨ ʜʝʨʝʢ ʙʦʡʳʥʰʘ [135] ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥ ʨʅ-ʥ 

ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ 5-ʪʝʥ 2-ʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʢʝʥʜʝ MgSO4Ŀ7ʅ2ʆ 

ʤʦʥʦʢʨʠʩʪʘʣʣʜʘʨʳʥʳש ᴇʩʫʽ ʤʝʥ ᴇʣʰʝʤʽ װʣʢʝʡʝʜʽ.  

ʂʝʣʪʽʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ, ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʜʘסʳ ʩʫʜʳש ʤᴇʣʰʝʨʽ, 

ʦʣʘʨʜʳ ʘʣʫ ʢʝʟʽʥʜʝʛʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʨʅ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽש 

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳʥʳש ᴅʩʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥʜʳסʳ ʞʘʡʣʳ ץʦʨʳʪʳʥʜʳ 

ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʳϬ Ϻʥʜʽʨʽʩʪʝ Ϩʦʣʜʘʥʳʣʫʳ. ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳ 

ᴇʥʜʽʨʽʩʪʽש ᴅʨ ʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝ̔ש ʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʍʠʤʠʷ ᴇʥʜʽʨʽʩʽʥʜʝ ʦʣ 

ʢװʢʽʨʪ ץʳʰץʳʣʳ ʤʝʥ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥ ʘʣʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʪʝʨʽʥʜʝ, 

ʩʠʥʪʝʪʠʢʘʣʳץ ʞʫʫ ײץʨʘʣʜʘʨʳʥ ᴇʥʜʽʨʫʜʝ ʘʩץʳʥ ʪʦʪʳץʪʳ ʟʘʪʪʘʨʜʳ 

ʪײʨʘץʪʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ï ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʤʘʛʥʠʡ 

ʞᴅʥʝ ʢװʢʽʨʪʪʽ ʪʳשʘʡʪrץʰʪʘʨ ʨʝʪʽʥʜʝ, ᴇʩʽʤʜʽʢ ʜʘץʳʣʜʘʨʳʥʳש ʰʳסʳʤʜʳʣʳסʳʥ, 

ʦʣʘʨʜʳש ʜᴅʤʜʽʢ ʩʘʧʘʩʳʥ ʢᴇʪʝʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹʘץʰʘʣʳץ ᴇʩʽʤʜʽʢʪʝʨʜʽ 
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ʞʘʙʳץ ʪʦʧʳʨʘץʪʘʨʜʘ ᴇʩʽʨʫʜʝ ʪʦʧʳʨʘץʪʳ ʩʫʙʩʪʨʘʪʪʘʨʤʝʥ ʪʦʣʪʳʨʫʜʘ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʊʝʢʩʪʠʣ ɹ ᴇʥʜʽʨʽʩʥ̔ʜʝ ï ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʘʪʘʣʘʨʜʳ ᴇשʜʝʫʜʽש 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʪʝʨʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʦʣʳץʪʳʨסʳʰ, ʤʘץʪʘ ʤʝʥ ʞʽʙʝʢʪʽ 

ʘʫʳʨʣʘʪrץʰ, ʘסʘʨʪrץʰ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘʜʳ. 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʳסʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ï ʞʦʣ ʞᴅʥʝ ʘʵʨʦʜʨʦʤʜʘ ʩʘʣʫʜʘײפ

ʤʘʪʝʨʠʘʣʜʘʨסʘ ץʦʩʧʘ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣ ʤʘʛʥʝʟʠʘʣʜʳ 

ʮʝʤʝʥʪʽײץ שʨʘʤʳʥʜʘ ʙʦʣʘʜʳ.  

ʎʝʣʣʶʣʦʟʜʳ-ץʘסʘʟ ᴇʥʜʽʨʽʩʽʥʜʝ ï ץʘסʘʟʜʳש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ, ʦʣʘʨʜʳש ʦʪץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʪʦʣʳץʪʳʨסʳʰ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʝʜʠʮʠʥʘʜʘ ï ʩʧʘʟʤʘʣʠʪʠʢ, ʙײʣʰʳץ-ʥʝʨʚʪʽʢ ʪʘʨʪʳʣʫסʘ ץʘʨʩʳ ʧʨʝʧʘʨʘʪ, 

ʬʘʨʤʘʮʝʚʪʠʢʘʜʘ ʘʥʪʠʙʠʦʪʠʢʪʝʨ ʜʘʡʳʥʜʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʘʜʳ. 

ʊʘʤʘץ ᴇʥʜʽʨʽʩʽʥʜʝ ï ɽ518 ʪʘʤʘץʪʳץ ץʦʩʧʘ ʨʝʪʽʥʜʝ ʪʽʨʢʝʣʛʝʥ.  

ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʳש ʜᴅʩʪװʨʣʽ ʰʠʢʽʟʘʪʪʘʨʳʥʘ ï ʪʝשʽʟ ʩʫʳ, ʪʘʙʠסʠ 

ʪײʟ ʝʨʽʪʽʥʜʽʣʝʨʽ ʞᴅʥʝ ץʘʪʪʳ ʤʘʛʥʠʡ ʪײʟʜʘʨʳ ʢװʡʽʥʜʝ ʢʝʟʜʝʩʝʪʽʥ ץʘʟʙʘʣʘʨ 

(ʜʦʣʦʤʠʪ, ʢʘʨʥʘʣʠʪ ʞᴅʥʝ ʪ.ʙ.). 

 

1.5 ʄʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʘʣʫ ʙʘסʳʪʳʥʜʘסʳ 

ʽʟʜʝʥʽʩʪʝʨ ʤʝʥ ʟʝʨʪʪʝʫʣʝʨ 

 ʽʰʽʥʜʝ שʞʳʤʜʘʨʜʳײ ʳʣʳʤʠס ʩʪʘʥʜʘ ʦʩʳ ʤᴅʩʝʣʝʣʝʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥץʘʟʘפ

çפʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʤʠʥʝʨʘʣʜʳץ ʰʠʢʽʟʘʪʪʘʨʳʥ ʢʝʰʝʥʜʽ ץʘʡʪʘ ᴇשʜʝʫ 

 ʦʩʪʘʥʘʡפç ץʤʳʩʪʘʨʳʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ʆʨʪʘʣʳײè ʞשʳʥʳסʦʨʪʘʣʳ ץʣʪʪʳײ

ʤʠʥʝʨʘʣʜʘʨʳè ɸפ-ʥʳש ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʽ ᴇʥʜʽʨʫ ʤʝʥ ʙʘʡʳʪʫʜʳש ʪʝʭʥʦʛʝʥʜʽʢ 

 ʣ ʧʘʪʝʥʪʪʝʨʜʝײʠʝʩʽ. ɹ שʜʝʫ ʙʦʡʳʥʰʘ ʙʽʨʥʝʰʝ ʧʘʪʝʥʪʪʝʨʜʽשʘʡʪʘ ᴇץ ʪʘʨʳʥץʘʣʜʳץ

ʩʝʨʧʝʥʪʠʥʥʝʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫ [101, ʩ. 1-4] ʞᴅʥʝ ʘʣʳʥסʘʥ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥ ʪʘʟʘʨʪʫ ᴅʜʽʩʪʝʨʽ ײʩʳʥʳʣʜʳ. ʉʝʨʧʝʥʪʠʥʥʝʥ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳʥ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɹײʣ ײʩʳʥʳʩ ʙʦʡʳʥʰʘ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץ ʞʦסʘʨʳʪʳʣסʘʥ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʝʨʽʪʽʥʜʽʩʽʤʝʥ ᴇשʜʝʣʝʜʽ, ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ, 

 .ʪʳ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʝʨʽʪʽʥʜʽʩʽʥʝ ʙᴇʣʽʧ ʘʣʘʜʳץʘʣʜʳץ ʳʣʜʘ ʝʨʽʤʝʛʝʥץʳʰץ

 75-85% שʜʝʫ ʝʢʽ ʨʝʪ, ʙʽʨʽʥʰʽʩʽʥʜʝ ʩʝʨʧʝʥʪʠʥʥʽשʳʣʤʝʥ ᴇץʳʰץ ʪʳץʘʣʜʳפ

 ʘʥʳʥ 4סʘʣץ שʘʪ ʘʨʘʣʘʩʪʳʨʘʜʳ, ʩʦʥʘʥ ʩʦסʳʣ ʝʨʽʪʽʥʜʽʩʽʥʝ ʩʘʣʳʧ, 1,5-2,0 ʩʘץʳʰץ

ʙᴇʣʽʢʢʝ ʙᴇʣʽʧ (0,5-0,6; 0,2-0,3; 0,1-0,15 ʞᴅʥʝ 0,03-0,07 ץʘʪʳʥʘʩʪʘʨʳʥʜʘ) 

ʙʽʨʽʥʰʽʩʽʥʝ ʢʝʟʝʢʧʝʥ 10-15 ʤʠʥʫʪ ʩʘʡʳʥ ץʦʩʳʧ ʦʪʳʨʘʜʳ.  

ʉʦשʳʥʜʘ, ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʙʘʨ ʝʨʽʪʽʥʜʽʥʽ ʨʅ=1,13-1,45 ʘʨʘʣʳסʳʥʜʘ 

ʬʠʣʴʪʨʣʝʧ ʙᴇʣʽʧ ʘʣʘʜʳ. ʄײʥʜʘ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡʜʽ ʩʫʣʴʬʘʪʪʳ ʝʨʽʪʽʥʜʽʛʝ 

ʰʘʡʤʘʣʘʫ ײʟʘץʪʳסʳ, ʞʘʣʧʳ 3 ʩʘסʘʪʪʳ ʘʣʘʜʳ, ץʦʣʜʘʥʳʣʘʪʳʥ ץʳʰץʳʣʜʳש 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ï 230-250 ʛ/ʜʤ3, ʪʝʤʧʝʨʘʪʫʨʘʩʳ ï 85-90Üʉ ײץʨʘʡʜʳ. ʅᴅʪʠʞʝʜʝ 

ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡʜʽ ʰʘʡʤʘʣʘʫ ʜᴅʨʝʞʝʩʽʥ 90,82% ʜʝʡʽʥ ʞʝʪʢʽʟʫʛʝ 

ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ. 

ʂʝʣʝʩʽ ʧʘʪʝʥʪʪʝ [102, ʩ. 1-4] ץʘʣʜʳץʪʳ ʰʘʡʤʘʣʘʫʜʘʥ ʘʣʳʥסʘʥ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥ ʙᴇʪʝʥ ʤʝʪʘʣʜʘʨ ʠʦʥʜʘʨʳʥʘʥ ʪʘʟʘʨʪʫʜʳש ᴅʜʽʩʽ 

-ʰʽʥ ʝʨʽʪʽʥʜʽʥʽ ʙʝʡʪʘʨʘʧʪʘʥʫʳʥ ʨʅ=8,0װ ʩʳʥʳʣʜʳ. ᴄʜʽʩʪʝ, ʝʨʽʪʽʥʜʽʥʽ ʪʘʟʘʨʪʫײ
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8,5 ʜʝʡʽʥ ʞʝʪʢʽʟʫʜʝ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʨʝʘʛʝʥʪ ʨʝʪʽʥʜʝ ᴇʪʝ ײʩʘץʪʘʣסʘʥ 

ʤʘʛʥʠʡ ײʥʪʘסʳ ײʩʳʥʳʣʜʳ. ʄײʥʜʘ ʤʘʛʥʠʡ, ʙʘʩץʘ ʤʝʪʘʣʣʜʘʨʜʳש (Fe3+, Ni2+ ʞᴅʥʝ 

ʪ.ʙ) ʠʦʥʜʘʨʳʥ ʮʝʤʝʥʪʘʮʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʦʣʘʨʜʳ ʝʨʽʪʽʥʜʽʜʝʥ 

ʳסʳʩʪʳʨʫ ʘʨץʳʣʳ ʪʘʟʘʨʪʫסʘ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ, ʷסʥʠ ʪᴇʤʝʥʜʝʛʽ ʨʝʘʢʮʠʷʣʘʨ 

ʙʦʡʳʥʰʘ: 

 

Fe2(SO4)3 + 3Mg =2Fe + 3MgSO4                                 (1.12) 

 

FeSO4 + Mg = MgSO4+Fe                                              (1.13)  

 

NiSO4 + Mg = MgSO4+Ni                                        (1.14)  

 

Cr2(SO4)3 + Mg = MgSO4+Cr                                             (1.15) 

 

ʊװʟʽʣʛʝʥ ʛʠʜʨʦʢʩʠʜʪʝʨ ʤʝʥ ʤʝʪʘʣʜʳץ ʬʘʟʘʣʘʨ (Fe, Ni, Cr) ʬʠʣʴʪʨʜʝ, 

ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥʘʥ 55-65Üʉ-ʪʘ ʢᴇʧ ʝʤʝʩ ʩʫʤʝʥ ʞʫʳʣʳʧ ʪʘʩʪʘʣʘʜʳ. 

ɹײʣ ʞײʤʳʩʪʘʨסʘ ץʘʪʳʩʪʳ, ʝʩʢʝʨʝʪʽʥ ʞᴅʡʪ, ʦʣ ײʩʳʥʳʣסʘʥ ᴅʜʽʩʪʝʨʜʝʛʽ 

 ʪʘʥ, ᴇʥʜʽʨʽʩץʨʜʝʣʝʥʜʽʨʽʧ ʞʽʙʝʨʝʜʽ. ʉʦʥʜʳװʨʜʽʩʪʝʨ ʞʘʣʧʳ ʪʝʭʥʦʣʦʛʠʷʥʳ ʢװ

ʦʨʳʥʜʘʨʳ ᴅʟʽʨʛʝ ʙײʣ ᴅʜʽʩʪʝʨʛʝ ץʳʟʳסʫʰʳʣʳץ ʪʘʥʳʪʳʧ ʦʪʳʨסʘʥ ʞʦץ.   

ʍʊפ-ʥʳ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʳʜʳʨʘʪʫ ʞᴅʥʝ ʦʥʜʘ ʞװʨʝʪʽʥ 

 ʘ ʙʦʣʘʪʳʥסʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʘʩʘʫשʘʡʪʘ ᴇץ ʨʜʽʩʪʝʨ ʥʝʛʽʟʽʥʜʝ ʦʣʘʨʜʳװ

ʤװʤʢʽʥʜʽʢʪʝʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ [103, c. 72; 104, c. 26-28] ʞײʤʳʩʪʘʨʜʘʥ ʜʘ 

ʪʘʙʫסʘ ʙʦʣʘʜʳ. 

ɹײʣ ʨʝʪʪʝ, ʞʘʣʧʳ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʳʰץʳʣʜʳץ ᴇשʜʝʫʛʝ [136-141] 

 ʘסʙʝʣʛʽʣʝʨʽ ʙʦʡʳʥʰʘ ʪʦʧʪʘʩʪʳʨʫ ץʡʝʣʝʧ ʞᴅʥʝ ʦʨʪʘװʘʪʳʩʪʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞץ

ʙʦʣʘʜʳ. 

ɹʽʨʽʥʰʽ ʪʘʨʘʫ ʙʦʡʳʥʰʘ Ϩʦʨʳʪʳʥʜʳ. 

1. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʪײʟ ץʳʰץʳʣʜʳש ᴅʜʽʩʪʝʨʽʥʜʝ [136, 

c. 1-7], ʦʣʘʨʜʳ ʳʜʳʨʘʪʫʜʳש ʦשʪʘʡʣʳ ᴇʣʰʝʤʜʝʨʽ ʙʦʣʳʧ: HCl ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 20 

ʤʘʩ.%, ʪʝʤʧʝʨʘʪʫʨʘ 95-100Üʉ, ʰʘʡʤʘʣʘʫ ʫʘץʳʪʳ 200 ʤʠʥ. ʪʘʙʳʣʘʜʳ. ɽʨʽʪʽʥʜʽʥʽ 

ʣʘʩʪʘʫʰʳ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪʘʟʘʣʘʫ װʰʽʥ ʤʘʛʥʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽש ʩʪʝʭʠʦʤʝʪʨʠʷʣʳץ 

ʤᴇʣʰʝʨʽʤʝʥ, ʪʝʤʧʝʨʘʪʫʨʘ 80Üʉ ʪᴇʤʝʥ ʝʤʝʩ ʞʘסʜʘʡʜʘ ʞװʨʛʽʟʫ ײʩʳʥʳʣסʘʥ. 

ʉʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʡʪʘ ᴇשʜʝʫ ʦʩʳ ʞʘסʜʘʡʜʘ ʞװʨʛʽʟʛʝʥʜʝ ʤʘʛʥʠʡ ʭʣʦʨʠʜʽ, ʞʦסʘʨʳ 

ʜʠʩʧʝʨʩʪʽ ʢʨʝʤʥʝʟʝʤ ʞᴅʥʝ ʭʨʦʤ, ʥʠʢʝʣʴ, ʪʝʤʽʨ ʞᴅʥʝ ʪ.ʙ. ʙʘʩʪʘʧץʳ ʭʨʠʟʦʪʠʣ 

ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽ ץʘʣʜʳץʪʘ ʢʝʟʜʝʩʝʪʽʥ ʤʝʪʘʣʜʘʨʜʳץ שʦʩʳʣʳʩʪʘʨʳʥʘʥ 

ʪײʨʘʪʳʥ ʢʦʥʮʝʥʪʨʘʪ ʪװʟʽʣʝʜʽ. ɾײʤʳʩʪʘ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫʜʽש 

ʢʝʰʝʥʜʽ ᴅʜʽʩʽ ײʩʳʥʳʣסʘʥʤʝʥ, ʤײʥʜʘסʳ ץʘʡʪʘᴇשʜʝʫ װʨʜʽʩʽ ײʟʘץ ʫʘץʳʪ ʘʣʘʜʳ, ʘʣ 

 .ʳ ʰʝʢʪʽ ʙʦʣʘʜʳסʦʣʜʘʥʫ ʘʫʤʘץ שʘʥ ʢʨʝʤʥʝʟʝʤʥʽסʦʩʧʘʣʘʨʤʝʥ ʣʘʩʪʘʥץ

2. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫʜʽש ʘʟʦʪ ץʳʰץʳʣʜʳץ [137, c. 1-12] 

ᴅʜʽʩʪʝʨʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ, ʘʣʜʳʥ ʘʣʘ ײʩʘץʪʘʣסʘʥ ʰʠʢʽʟʘʪ 

ʤʘʛʥʠʪʪʽʢ ʩʝʧʝʨʘʮʠʷʜʘʥ ᴇʪʢʽʟʽʣʽʧ, ʤʘʛʥʠʪʪʽ ʙᴇʣʽʛʽ, ʤʘʛʥʠʪʪʽ ʝʤʝʩʪʝʨʜʝʥ ʙᴇʣʽʥʽʧ 

ʘʣʳʥʘʜʳ. ʄʘʛʥʠʪʪʽʢ ʝʤʝʩ ʙᴇʣʽʛʽʤʝʥ ʘʟʦʪ ץʳʰץʳʣʳʤʝʥ ʰʘʡʤʘʣʘʥʳʧ, SiO2 

ʢʨʝʤʥʝʟʝʤʜʽ ʙᴇʣʽʧ ʘʣʘʜʳ. ɽʨʽʪʽʥʜʽʥʽ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʳʧ, ʪʝʤʽʨ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, 

ʥʠʢʝʣʴ ʩʠʷץʪʳ ʤʝʪʘʣʜʘʨʜʳ ʛʠʜʨʦʢʩʠʜʪʝʨ ʪװʨʽʥʜʝ ʪײʥʙʘʣʘʥʜʳʨʳʣʘʜʳ, ʦʣʘʨʜʳ 
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ʞʫʳʧ, ʦʣʘʨʜʳ ʤʘʛʥʠʪʪʽ ʙᴇʣʽʛʽʤʝʥ ץʘʡʪʘ ץʦʩʳʧ, ʣʝʛʠʨʣʝʥʛʝʥ ʙʦʣʘʪ ʘʣʫʜʘ 

 ,ʝʨʽʪʽʥʜʽʩʽʥ ʙʫʣʘʥʜʳʨʳʧ שʘʥ ʤʘʛʥʠʡ ʥʠʪʨʘʪʳʥʳסʩʳʥʳʣʘʜʳ. ʊʘʟʘʣʘʥײ ʘסʦʣʜʘʥʫץ

Mg(NO3)2·8H2O ʪװʨʽʥʜʝ ʪײʥʙʘʣʘʥʜʳʨʳʣʘʜʳ. ɸʣʳʥסʘʥ ʪײʟʜʳ 550-660ÜC ʩʫʜʳש 

ʘʩʘ ץʳʟʜʳʨʳʣסʘʥ ʙʫʳʤʝʥ ʪʝʨʤʠʷʣʳץ ʛʠʜʨʦʣʠʟʛʝ ײʰʳʨʘʪʳʧ, ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʤʝʥ 

ʘʟʦʪ ץʳʰץʳʣʳʥ ʘʣʘʜʳ. ɸʣʘʡʜʘ, ʦʩʳ ᴅʜʽʩ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʜʘʥ ʙʘʨʣʳץ 

ʜʝʨʣʽʢ ʙʘסʘʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙᴇʣʽʧ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥʤʝʥ, ʘʣʳʥסʘʥ 

ᴇʥʽʤʜʝʨ ᴇʟʽʥʽש ʪʘʟʘʣʳסʳ ʙʦʡʳʥʰʘ ʰʝʢʪʝʫʣʽ ץʦʣʜʘʥʳʩץʘ ʠʝ ʙʦʣʘʜʳ. 

3. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ץʘʡʪʘᴇשʜʝʫʜʝʛʽ ײʩʳʥʳʣסʘʥ ʞᴅʥʝ 

ʢᴇʧ ʪʘʣץʳʣʘʥʘʪʳʥ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ [138, c. 1-5] ʞײʤʳʩʪʘ ʢʝʣʪʽʨʽʣʛʝʥ. ʄײʥʜʘ 

 .ʤʘʩ.% ʘʨʘʩʳʥʜʘ ᴇʪʢʽʟʽʣʛʝʥ 20-50 שʳʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳץʳʰץ ʜʝʫשʘʡʪʘᴇץ

 ʘסʨʛʽʟʽʣʝʜʽ. ʅᴅʪʠʞʝʜʝ, ʳʜʳʨʘʫװʘʪ ʞסʪʳ ʘʨʘʣʘʩʪʳʨʫʤʝʥ 2-3 ʩʘץʨʘײʨʜʽʩʪʽ ʪת

 ץʡʳײʳ ʢʨʝʤʥʝʟʝʤ ʞᴅʥʝ ʩסʦʩʧʘʜʘץ ʘʥ ʭʨʦʤʤʘʛʥʝʪʠʪʪʽ ʤʠʥʝʨʘʣʜʘʨʤʝʥסʰʳʨʘʤʘײ

ʬʘʟʘ ʙᴇʣʽʥʽʧ ʘʣʳʥʘʜʳ. ʂʨʝʤʥʝʟʝʤʜʽ ץʦʩʧʘ ʵʣʝʢʪʨʦʩʝʧʝʨʘʮʠʷʜʘʥ ᴇʪʢʽʟʽʣʽʧ 

ʭʨʦʤʤʘʛʥʝʪʠʪʪʽ ʤʠʥʝʨʘʣʜʘʨʜʘʥ ʪʘʟʘʣʘʥʘʜʳ. ʉײʡʳץ ʬʘʟʘʜʘסʳ ʝʨʽʪʽʥʜʽʥʽ ʝʨʽʛʝʥ 

ʙʘʩץʘ ʣʘʩʪʘʫʰʳ ʤʝʪʘʣʣʜʘʨʜʘʥ ʪʘʟʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʝʨʽʪʽʥʜʽʥʽ ʨʅ=7-8,5 ʜʝʡʽʥ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʳʧ, ʦʣʘʨʜʳ ʛʠʜʨʦʢʩʠʜʪʝʨ ʪװʨʽʥʜʝ ʪײʥʙʘʣʘʥʜʳʨʘʜʳ. ʌʠʣʪɹʨʘʪ 

ʪײʥʙʘʣʘʨʜʘʥ ʙᴇʣʽʥʽʧ ʘʣʳʥסʘʥ ʩʦש ʦʥʳ ʢʘʣʴʮʠʡʜʝʥʛʝʥ ʩʦʜʘʤʝʥ ᴇשʜʝʧ, ʤʘʛʥʠʡ 

ʢʘʨʙʦʥʘʪʳʥʘ ᴇʪʢʽʟʽʣʝʜʽ. ɸʣʳʥסʘʥ ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʳ 700Üʉ-ʪʘ ʳʜʳʨʘʪʳʣʳʧ, 

ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʘʣʳʥʘʜʳ. ɸʣʘʡʜʘ, ʙײʣ ᴅʜʽʩʪʝ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ʤʘʛʥʠʡ ʦʢʩʠʜʽ, 

ʢʨʝʤʥʝʟʝʤ ʞᴅʥʝ ʨʫʜʘʣʳץ ʢʦʥʮʝʥʪʨʘʪ ʘʣʫʤʝʥ ʳʜʳʨʘʪʫ ʤװʤʢʽʥ ʙʦʣסʘʥʤʝʥ, ץʘʡʪʘ 

ᴇשʜʝʫ װʨʜʽʩʽʥʽײ שʟʘץʪʳסʳ ʞᴅʥʝ ʢᴇʧʩʘʪʳʣʳסʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ.  

ʂʝʣʝʩʽ, ʤʘʛʥʠʡ ʩʠʣʠʢʘʪʪʳ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʰʠʢʽʟʘʪʪʳ ʢʝʰʝʥʜʽ ץʘʡʪʘ ᴇשʜʝʫ 

[139, c. 8-11] ʞײʤʳʩʪʘ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɹײʣ ᴅʜʽʩʪʝ ʰʠʢʽʟʘʪʪʳ ץʘʡʪʘ ᴇשʜʝʫ ʢװʢʽʨʪ 

 ץʦʨʳʪʧʘץ ʘʥסʨʛʽʟʽʣʝʜʽ. ɸʣʳʥװʳʣʳʤʝʥ ʝʢʽ ʩʘʪʳʣʳ ʰʘʡʤʘʣʘʫʤʝʥ ʞץʳʰץ

ʩװʟʛʽʣʝʥʽʧ, ʝʨʽʪʽʥʜʽʥʽ ʘʤʤʠʘʢʧʝʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʘʜʳ, 10-20 ʝʩʝ ʩײʡʳʣʪʳʣʘʜʳ, 

ʩʦʥʘʥ ʩʦש ʤʘʛʥʠʡ ʢʘʨʙʦʥʘʪʳʥʳש ʪװʡʽʨʰʽʢʪʝʨʽʥ ץʦʩʳʧ, ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳʤʝʥ 

ʨʅ=9,5-11,0 ʤᴅʥʜʝʨʽʥʜʝ ʢʘʨʙʦʥʠʟʘʮʠʷʣʘʥʘʜʳ. ɸʣʳʥסʘʥ MgCO3 105-200ºC 

ʢʝʧʪʽʨʽʣʝʜʽ, ʩʦʥʘʥ ʩʦ480-650 שÜC ʘʨʘʣʳסʳʥʜʘ ʢװʡʜʽʨʽʣʽʧ, ʥᴅʪʠʞʝʜʝ MgO 

ʘʣʳʥʘʜʳ. ɹײʣ ᴅʜʽʩʪʽש ʙʘʩʪʳ ʢʝʤʰʽʣʽʢʪʝʨʽʥʝ װʨʜʽʩʪʽש ʤʘʪʝʨʠʘʣʜʳץ ʞᴅʥʝ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʰʳסʳʥʜʘʨʳʥʳש ʢᴇʧ ʙʦʣʘʪʳʥʜʳסʳʥ ʞʘʪrץʟʫסʘ ʙʦʣʘʜʳ.  

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ 680-750ÜC ʢװʡʜʽʨʽʧ, ʩʦʥʘʥ ʩʦש ʪײʟ ץʳʰץʳʣʳʥʳ4-8% ש 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʩʝʨʧʝʥʪʠʥʠʪ: ʪײʟ ץʳʰץʳʣʳ=1: (15-40) ץʘʪʳʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʝʪʽʥ 

ᴅʜʽʩʽ [140, c. 1-9] ʞײʤʳʩʪʘ ʢᴇʨʩʝʪʽʣʛʝʥ. ᴆשʜʝʫ ʙʘʨʳʩʳʥʜʘסʳ ץʦʨʳʪʧʘץ ʳʩʪʳץ 

ʢװʡʜʝ ʞʫʳʣʳʧ, ʩװʟʛʽʣʝʥʽʧ ʘʣʳʥʘʜʳ. פʘʣסʘʥ ʪײʥʙʘ ʢʝʧʪʽʨʽʣʽʧ, ץʦʩʧʘʣʘʨʤʝʥ 

ʣʘʩʪʘʥסʘʥ ʢʨʝʤʥʝʟʝʤ ʘʣʳʥʘʜʳ, ʘʣ ʬʠʣʴʪʨʘʪ ʙʫʣʘʥʜʳʨʳʣʳʧ, ʢʨʝʤʥʠʡ ץʳʰץʳʣʳ 

ʟʦʣʴ-ʛʝʣʴ ʪװʨʽʥʜʝ ʙᴇʣʽʥʽʧ ʘʣʳʥʘʜʳ. ʄʘʛʥʠʡ ʭʣʦʨʠʜʽ ʞᴅʥʝ ʪʝʤʽʨ (ɯɯɯ) ʙʘʨ 

ʝʨ̔ʪʽʥʜʽʛʝ ʪײʟ ץʳʰץʳʣʳ ʦʥʳ4-8% ש ʝʨʽʪʽʥʜʽʩʽʥʝ ʰʘץ ʙʦʣʘʪʳʥʜʘʡ ʝʩʝʧʧʝʥ 

 ʜʝʫʛʝשʘ ʧʦʨʮʠʷʩʳʥ ᴇשʢʝʣʝʩʽ ʞʘ שʘʥ ʝʨʽʪʽʥʜʽʥʽ ʩʝʨʧʝʥʪʠʥʠʪʪʽסʦʩʳʣʘʜʳ. ɸʣʳʥץ

 ʘ ʙᴇʣʽʛʽʥ ʧʘʡʜʘʣʘʥʘשʞʘ שʜʝʫʜʽ ᴅʨ ʞʦʣʳ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽשʦʣʜʘʥʳʣʘʜʳ. ᴆץ

ʦʪʳʨʳʧ, 3-5 ʨʝʪ ץʘʡʪʘʣʘʡʜʳ. ʆʩʳ ʞʦʣʤʝʥ ʘʣʳʥסʘʥ ʢʦʥʮʝʥʪʨʣʝʥʛʝʥ ʝʨʽʪʽʥʜʽʥʽ 

90Üʉ ʩʝʨʧʝʥʪʠʥʠʪʧʝʥ ץʘʡʪʘ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ʉװʟʛʽʣʝʫ ʘʨץʳʣʳ ײץʨʘʤʳʥʜʘ ʪʝʤʽʨ 

(ɯɯɯ) ʙʘʨ ʪײʥʙʘʜʘʥ ʤʘʛʥʠʡ ʭʣʦʨʠʜʽʥʽש ʝʨʽʪʽʥʜʽʩʽʥ ʙᴇʣʽʥʽʧ ʘʣʳʥʘʜʳ. ʊײʥʙʘʥʳ 350-

400Üʉ ʢװʡʜʽʨʽʧ, ײץʨʘʤʳʥʜʘסʳ Fe2O3 16 ʤʘʩ.% ʞʝʪʝʪʽʥʜʝʡ ץʳʟʳʣ ʧʠʛʤʝʥʪ 

ʘʣʳʥʘʜʳ.  
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ɸʨʤʝʥʠʷʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʉʝʚʥʘ ʢʝʥʦʨʳʥʳ ʙʘʡʣʘʥʳʩʪʳ, ʦʣʘʨʜʳ 

 .ʨʛʽʟʽʣʛʝʥװʤʳʩʪʘʨʳ ʞײʳʣʳʤʠ-ʽʟʜʝʥʽʩ ʞס ʳʪʳʥʜʘ ʙʽʨʰʘʤʘסʜʝʫ ʙʘשʘʡʪʘᴇץ

 ʨʘʤʳ: MgO-36,2; SiO2-36,07; Fe2O3-7,27; Cr2O3-2,7 ʙʦʣʘʪʳʥ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽײפ

 ʥʝʛʽʟʜʽʢ-ץʳʣʜʳץʳʰץ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʦʣʘʨ, ʦʩʳ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ שʜʝʫʜʽשʘʡʪʘ ᴇץ

ᴅʜʽʩʪʝʨʜʽ ʢʦʤʙʠʥʘʮʠʷʣʘʧ ʦʪʳʨʳʧ ץʘʡʪʘ ᴇשʜʝʫʜʽ ײʩʳʥʘʜʳ [141, ʩ. 1-4]. ʆʩʳ ᴅʜʽʩ 

ʙʦʡʳʥʰʘ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʝʢʽ ʩʘʪʳʜʘ ʞװʨʛʽʟʽʣʝʜʽ. ɹʽʨʽʥʰʽ ʩʘʪʳʜʘ 

ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʳʜʳʨʘʪʫ ʤʠʥʝʨʘʣʜʳ ץʳʰץʳʣʜʳש (ʪײʟ, ʢװʢʽʨʪ, ʘʟʦʪ) ʢװʰʪʽ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʤʝʥ 15-20%, 80-90Üʉ ʪʝʤʧʝʨʘʪʫʜʘ ʘʪץʘʨʣrʘʜr . ᴄʜʝʪʪʝʛʽʜʝʡ, 

ʝʨʽʪʽʥʜʽʛʝ ʤʘʛʥʠʡ ʪײʟʜʘʨʳʥ ᴇʪʢʽʟʽʧ ʘʣʳʧ, ץʘʣʜʳץʪʘʥ ʢʨʝʤʥʝʟʝʤʜʽ ʙᴇʣʽʧ ʘʣʘʜʳ. 

ɹײʣ ʞײʤʳʩʪʳש ʙʘʩץʘ ᴅʜʽʩʪʝʨʜʝʥ ʝʨʝʢʰʝʣʽʛʽ, ץʘʡʪʘ ᴇשʜʝʫʜʽש ʝʢʽʥʰʽ ʩʘʪʳʩʳʥʜʘ 

ʙʽʨʽʥʰʽ ץʳʰץʳʣʜʳץ ᴇשʜʝʫʜʝʥ ץʘʣסʘʥ ץʘʣʜʳץʪʘ ץʘʣסʘʥ SiO2 ʰʘʡʤʘʣʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʦʥʳ ʢʘʫʩʪʠʢʘʣʳץ ʩʦʜʘʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ Na2O=180-220 ʛ/ʜʤ3 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ 40-45Üʉ ʪʝʤʧʝʨʘʪʫʨʘ, ʪײʨʘץʪʳ ʘʨʘʣʘʩʪʳʨʫ ʞʘסʜʘʡʳʥʜʘ 40-45 ʤʠʥ 

ᴇשʜʝʡʜʽ. ʄײʥʜʘ ʜʘ ʘʣʳʥסʘʥ ץʦʡʳʨʪʧʘץʪʳ ʩװʟʛʽʣʝʧ, ʪײʥʙʘʥʳ ʞʫʳʧ, ʩʦʥʘʥ ʩʦש 

ʢװʡʜʽʨʝʜʽ. ʅᴅʪʠʞʝʜʝ, ʤʝʪʘʣʣʜʘʨʤʝʥ ʙʘʡʳʪʳʣסʘʥ ʢʦʥʮʝʥʪʨʘʪ ʘʣʳʥʘʜʳ. ɸʣʳʥסʘʥ 

ʢʦʥʮʝʥʪʨʘʪ ײץʨʘʤʳ: MgO-23,0; SiO2-15,82; Fe2O3-48,78; Cr2O3-12,7 ʣʝʛʠʨʣʝʥʛʝʥ 

ʙʦʣʘʪ ʘʣʫסʘ ʞʘʨʘʤʜʳ ʙʦʣʘʪʳʥʳ ʘʪʘʣʳʧ ᴇʪʽʣʛʝʥ. 

 ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʤʘʛʥʠʡʣʽ ʪʘʫ ʞʳʥʳʩʪʘʨʳץʘʟʘפ

ʥʝʛʽʟʽʥʝʥ ʩʝʨʧʝʥʪʠʥʠʪ ʪʦʙʳʥʜʘסʳ ʤʠʥʝʨʘʣʜʘʨʜʘʥ (ʭʨʠʟʦʪʠʣ, ʣʠʟʘʨʜʠʪ, 

ʘʥʪʠʛʦʨʠʪ, ʪʘʣʴʢ ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʣʘʨʜʘʥ) ʪײʨʘʜʳ. ʆʣʘʨ ʞʦסʘʨʳ ʢʨʝʤʥʠʡʣʽ 

ʤʘʛʥʠʡ ײץʨʘʤʜʘʩ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʘ ʞʘʪʘʜʳ. ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʽ ʙᴇʣʽʧ ʘʣʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʘʣסʘʰץʳ ʰʠʢʽʟʘʪʧʝʥ ʦʥʳ 

ᴇʥʜʽʨʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש ʭʠʤʠʷʣʳץ 

 .ʙʦʣʤʘʡʜʳ ץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʨʘʤʜʘʨʳʥʜʘ ʘʡʪʘʨʣʳײץ

ʉʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʜʳ ץʘʡʪʘ ᴇשʜʝʫ ʤʝʥ ʳʜʳʨʘʪʫʜʳש ʙʘʩץʘʜʘ 

ᴅʜʽʩʪʝʨʽ ᴅʜʝʙʠʝʪʪʝ ʢᴇʧ ʢʝʟʜʝʩʝʜʽ, ʘʣʘʡʜʳ ʢᴇʧ ʞʘסʜʘʡʜʘ ʙʽʨ-ʙʽʨʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ  

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʢᴇʧ ʝʤʝʩ, ᴅʨץʘʡʩʳʥʳש ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʫʳʥ ʰʝʢʪʝʡʪʽʥ ᴇʟ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ʉʦʥʜʳץʪʘʥ ʜʘ ʦʩʳ ʞײʤʳʩʪʘ ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʜʳ 

 .ʪʠʽʤʜʽ ʞʦʣʜʘʨʳ ʽʟʜʝʩʪʽʨʽʣʜʽ ץʵʢʦʥʦʤʠʢʘʣʳ שʜʝʫʜʽשʘʡʪʘ ᴇץ
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2 ɿɽʈʊʊɽʋ ʅʓʉɸʅɼɸʈʓ ʄɽʅ ᴄɼɯʉʊɽʈɯ 

 

2.1 ɿʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳ  

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʟʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ çפʦʩʪʘʥʘʡ 

ʤʠʥʝʨʘʣʜʘʨʳè ɸפ-ʥʳש ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽʥʜʝ ʙʘʡʳʪʫ ʙʘʨʳʩʳʥʜʘ 

ʪװʟʽʣʝʪʽʥ ʰʘשʪᴅʨʽʟʜʝʩ (ʇʄʋ-ʧʦʨʦʰʦʢ ʤʠʥʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ) ץʘʣʜʳסʳ 

ʘʣʳʥʜʳ. ɹײʣ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץ (ʍʊפ) ʨʫʜʘʥʳ װʛʽʪʫ ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʽʥʜʝ 

ʞᴅʥʝ ʩʦʣ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʰʘשʜʳ ʘʩʧʠʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʤʝʥ ײʩʪʘסʘʥʜʘ 

ʪװʟʽʣʝʜʽ. ʆʥʳװ שʣʝʩʽ, ʞʘʣʧʳ ʰʳסʘʨʳʣʘʪʳʥ ץʘʣʜʳץʪʳ12,5% ש-ʜʳ ײץʨʘʡʜʳ. 

ʅʝʛʽʟʽʥʝʥ ʤʘʛʥʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʙײʣ ᴇʥʜʽʨʽʩ ʙʘʨʳʩʳʥʜʘ, 

ʰʘʤʘʤʝʥ 3000 ʪ/ʞ ʪװʟʽʣʝʜʽ. ʆʣʘʨ ʙʘʩץʘ ץʘʣʜʳץʪʘʨʤʝʥ ʙʽʨʛʝ ʪʘʩʪʘʥʜʳʣʘʨ 

ʰʳסʘʨʳʣʘʪʳʥ ʘʨʥʘʡʳ ʦʨʳʥסʘ ʰʳסʘʨʳʣʳʧ, ʰʠʢʽʟʘʪʪʳ ʧʘʡʜʘʣʘʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ, ʩʝʙʝʙʽ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʙʘסʘʣʳ ʙʦʣʳʧ ʢʝʣʝʪʽʥ 

ʤʘʛʥʠʡ ʦʢʩʠʜʽ (43% ʜʝʡʽʥ) ʙʽʨʞʦʣʘ ʞʦסʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ᴇʟʜʝʨʽʥʽש 

ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʢװʡʽ ʙʦʡʳʥʰʘ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʩʝʨʽ 

ʟʠʷʥʜʳ ץʘʣʜʳץʪʘʨסʘ ʞʘʪʘʜʳ.  

 

2.2 ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ 

ɿʝʨʪʪʝʫʜʝ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʣʘʨʜʘ ʨʝʘʢʪʠʚʪʝʨ ʤʝʥ ץʳʰץʳʣʜʘʨʜʳש 

ʄɽʄʉʊ-3118-77, ʄɽʄʉʊ-4461-77, ʄɽʄʉʊ-4204-77 ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ çʭ.ʯ.è 

ʞᴅʥʝ çʯ.ʜ.ʘè ʤʘʨʢʘʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ɹʘʨʣʳץ ʝʨʽʪʽʥʜʽʣʝʨ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ 

ʜʘʡʳʥʜʘʣʜʳ, ʩװʟʛʽʣʝʫʛʝ çʢᴇʢ ʣʝʥʪʘʣʳè ʬʠʣʴʪʨʣʝʨ ʧʘʡʜʘʣʘʥʳʣʜʳ.  

ɹʘʩʪʘʧץʳ ʍʊפ-ʪr  ʳʜʳʨʘʪʫ ʤʝʥ װʨʜʽʩʪʝʨʜʽ ʟʝʨʪʪʝʫ ʢʝʣʝʩʽ ᴅʜʽʩʪʝʤʝ 

ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂʝʨʽ ʤײʟʜʘʪrץʰʧʝʥ ץʘʤʪʳʣסʘʥ ʢʦʣʙʘ-ʨʝʘʢʪʦʨʳ 

ʪʝʨʤʦʩʪʘʪץʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. פʳʟʜʳʨסʳʰ ʩײʡʳץʪʳץ ʨʝʪʽʥʜʝ ʩʫ, ʢʝʡʜʝ 

ʛʣʠʮʝʨʠʥ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʊᴅʞʽʨʠʙʝ ʘʣʜʳʥʜʘ ʨʝʘʢʪʦʨסʘ ʤᴇʣʰʝʨʽ ʙʝʣʛʽʣʽ ʍʊפ ʧʝʥ 

ʩʫ ʝʥʛʽʟʽʣʽʧ ʘʨʘʣʘʩʪʳʨסʳʰ ץʦʩʳʣʳʧ ʦʪʳʨʜʳ. ʉʦʥʘʥ ʩʦש, ʰʘʡʤʘʣʘʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ ʫʘץʳʪʳ ʙʝʣʛʽʣʝʥʝʜʽ. ʊᴅʞʽʨʠʙʝ ʘʷץʪʘʣסʘʥ ʩʦץ ,שʳʰץʳʣʜʘ 

ʝʨʽʤʝʡʪʽʥ ץʘʣʜʳץʪʘסʳ ʞᴅʥʝ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʘʛʥʠʡ ʠʦʥʜʘʨʳ ʤʝʥ ʙʘʩץʘʣʘʨʜʳ 

ʘʥʳץʪʘʫ װʰʽʥ ʦʣʘʨ ʙʽʨ-ʙʽʨʽʥʝʥ ʩװʟʛʽ ʘʨץʳʣʳ ʙᴇʣʽʥʽʧ ʘʣʳʥʳʧ, ʭʠʤʠʷʣʳץ 

ʪʘʣʜʘʫסʘ ʞʽʙʝʨʽʣʽʧ ʦʪʳʨʘʜʳ.  

ʍʠʤʠʷʣʳץ ʪʘʣʜʘʫʣʘʨ, ץʘʣʜʳץʪʘסʳ ʞᴅʥʝ ץʳʰץʳʣʤʝʥ ʰʘʡʤʘʣʘʫʜʳש 

ʬʠʣʴʪʨʘʪʳʥʘ ץʘʣʜʳץʪʘʥ ᴇʪʢʝʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʘʣʜʘʫʳ ʞᴅʥʝ ץʳʰץʳʣʜʳץ 

ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳץʪʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʜʘסʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʘʣʜʘʫʳ 

ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧ çʕʣʝʢʪʨʦʥʜʳ ʨʘʩʪʨʣʽ ʤʠʢʨʦʩʢʦʧ JSM-6490» (JOEL, 

ɾʘʧʦʥʠʷ) ʢʦʤʧʣʝʢʪʽʥʜʝʛʽ JNCA Energy 350 ʵʥʝʨʛʝʜʠʩʧʝʨʩʠʦʥʜʳץ ʤʠʢʨʦʘʥʘʣʠʟ 

ʞװʡʝʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʧʨʠʙʦʨ, ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʣʘʨʤʝʥ ץʘʪʘʨ, 

ʙʝʡʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʪʝʢʩʪʫʨʘʣʳײץ ,ץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʞᴅʥʝ ʪ.ʙ. 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫʜʝʛʽ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʦʣ ץʦʥʜʳʨסʳʣʘʨ ץʘʪʘʨʳʥʘ ʞʘʪʘʜʳ. 

ʂʝʡ ʞʘסʜʘʡʣʘʨʜʘ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤʘʛʥʠʡʜʽש ʩʘʥʜʳץ ʪʘʣʜʘʫʳ ʠʥʜʠʢʘʪʦʨ ï 

ʵʨʠʭʨʦʤ ʊ ʪײʟʳʥ, ʪʠʪʨʘʥʪ ʨʝʪʽʥʜʝ 0,05 ʄ ʕɼʊɸ ʝʨʽʪʽʥʜʽʩʽʥ ʧʘʡʜʘʣʘʥʳʧ, 

ʪʠʪʨʣʝʫ ᴅʜʽʩʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. Mg2+ ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʩʪʘʥʜʘʨʪʪʳ 

ʤʝʪʦʜʠʢʘʩʳʤʝʥ [142], ʙʦʩ [ʅ+] ץʳʰץʳʣʳ 0,1ʄ NaOH ʝʨʽʪʽʥʜʽʩʽʤʝʥ [143] 

ʪʠʪʨʣʝʧ ʘʥʳץʪʘʣʜʳ. 
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ɽʨʽʪʽʥʜʽʜʝʛʽ ʨʅ ʰʘʤʘʩʳ çʨʅ-340è ץʦʥʜʳʨסʳʩʳʥʜʘ ʘʥʳץʪʘʣʜʳ. ɹʘʩʪʘʧץʳ 

ʍʊפ-ʪʳש ʞᴅʥʝ ץʳʰץʳʣʜʘ ʝʨʽʤʝʡʪʽʥ ץʘʣʜʳץʪʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʜʘʨʳʥ 

ʘʥʳץʪʘʫ װʰʽʥ ʝʣʝʢʪʽʢ ʪʘʣʜʘʫ [144] ץʦʣʜʘʥʳʣʘʜʳ.  

ʈʝʥʛʝʥʦʛʨʘʬʠʢʘʣʳϨ ʟʝʨʪʪʝʫʣʝʨ. פʘʣʜʳץ ʧʝʥ ץʳʰץʳʣʜʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ 

 ʪʘʣʜʘʫ ᴅʜʽʩʽ ץʪʘʫʜʘ ʨʝʥʛʝʥʦʬʘʟʘʣʳץʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʘʥʳ ץʬʘʟʘʣʳ שʪʘʨʜʳץʘʣʜʳץ

 ʦʣʜʘʥʳʣʜʳ. ɼʈʆʅ-3 ʜʠʬʨʘʢʪʦʤʝʪʨʽʥʜʝ, ʤʳʩ ʢʘʪʦʜʪʘ Cu K ʩᴅʫʣʝʣʝʥʜʽʨʫʤʝʥץ

ʥʠʢʝʣʴ ʬʠʣʴʪʨʽʥ ץʦʣʜʘʥʫʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘʣʘʨ ʜʠʬʨʘʢʮʠʷʣʳץ 

ʤʘʢʩʠʤʫʤʜʘʨʜʳ ʠʦʥʠʟʘʮʠʷʣʳץ ʪʽʨʢʝʫʤʝʥ ʞװʨʝʪʽʥ ײʥʪʘץʪʳץ ᴅʜʽʩʪʽ ץʦʣʜʘʥʫʤʝʥ, 

ʙᴇʣʤʝʣʽʢ ʪʝʤʧʝʨʘʪʫʨʘʜʘ, ʛʦʥʠʦʤʝʪʨʜʽש ʞʳʣʜʘʤʜʳסʳ 2 ʛʨʘʜʫʩ/ʤʠʥ. 

ʞʳʣʜʘʤʜʳסʳʥʜʘ ʪװʩʽʨʽʣʜʽ. ʈʝʥʛʝʥʦʛʨʘʤʤʘʣʘʨʜʳש ʨʝʬʣʝʢʩʪʝʨʽʥʽש 

ʨʘʩʰʠʬʨʦʚʢʘʩʳʥʜʘ ASIM ʢʘʨʪʦʪʝʢʘʩʳʥ ץʦʣʜʘʥʳʣʜʳ.  

ʀʥʬʨʘϨʳʟʳʣ ʩʧʝʢʪʨʣʝʨʽ (ʀʂʉ-ʌʫʨʴʝ) ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ çZhimadzu JR 

Prestige-21ʩè ʢᴇʤʝʛʽʤʝʥ 400-4000 ʩʤ-1 ʪʦʣץʳʥ ʩʘʥʜʘʨʳ ʘʨʘʣʳסʳʥʜʘ ʪʽʨʢʝʣʜʽ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳϨ-ʪʝʨʤʠʷʣʳϨ ʪʘʣʜʘʫ. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ 

ᴅʜʽʩʽʤʝʥ ץʘʣʜʳץʪʳ ʪʝʨʤʦᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘסʳ ʩʘʣʤʘץʪʳץ, ʬʘʟʘʣʳץ, ʞʳʣʫʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʘʥʳץʪʘʫʜʘ ץʦʣʜʘʥʳʣʜʳ. ɿʝʨʪʪʝʫ ʌ. ʇʘʫʣʠʢ, ʀ. ʇʘʫʣʠʢ ʞװʡʝʩʽʥʜʝʛʽ 

ʜʝʨʠʚʘʪʦʛʨʘʚʪʘ, 1000Üʉ-ץʘ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘ, ʢʚʘʨʮʪʳ ʰʳʥʳ ʪʠʛʝʣʴʜʝ, Al2O3 

ʵʪʘʣʦʥ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʧ, 10Üʉ/ʤʠʥ. ɾʳʣʜʘʤʜʳץʪʘ ʪװʩʽʨʽʣʜʽ. ɼʊɸ 

ʩʝʟʽʤʪʘʣʜʳסʳ 1/5, ɼʊʕ=1/10 [145]. 

ʊᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩʪʘʨʜʳש ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʞװʨʛʽʟʫ 

ʞʘסʜʘʡʣʘʨʳ ʤʝʥ ʝʩʝʧʪʝʫʣʝʨʽ, ʩᴅʡʢʝʩ ʪʘʨʘʫʣʘʨʜʘ ʥʘץʪʳ ʢᴇʨʩʝʪʽʣʜʽ. 
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3 ʍʈʀɿʆʊʀʃ-ɸʉɹɽʉʊ ᴆʅɼɯʈɯʉ פɸʃɼʓפʊɸʈʓ ʅɽɻɯɿɯʅɼɽ 

ʄɸɻʅʀʁ ʉʋʃʔʌɸʊʓʅ ɸʃʋ ʊɽʍʅʆʃʆɻʀʗʉʓ 

 

3.1 ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡ 

ʩʫʣʴʬʘʪʳʥ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʥʝʛʽʟʜʝʨʽ 

 ʡʝʥʝʪʽʥװʘʟʽʨʛʽ ʢʝʟʜʝ, ᴅʜʝʙʠ ʞᴅʥʝ ʧʘʪʝʥʪʪʽʢ ʟ̔ʜʝʥʽʩ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩפ

ʙʦʣʩʘץ, ʦʩʳ ʭʨʠʟʦʪʠʣ ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʪʝʨʽʥʽץ שʘʣʜʳץʪʘʨʳʥ ץʘʡʪʘ ᴇשʜʝʫʜʽש 

ʙʽʨʥʝʰʝ ʚʘʨʠʘʥʪʪʘʨʳ ײʩʳʥʳʣסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ױʩʳʥʳʣסʘʥ ʚʘʨʠʘʥʪʪʘʨʜʳש 

ʢᴇʧʰʽʣʽʛʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳײץ ץʨʘʤʳʥʜʘסʳ ʤʘʛʥʝʟʠʘʣʜ rʙᴇʣʽʢʪʽ ץʳʰץʳʣʜʳץ 

ᴇשʜʝʫʤʝʥ ʙᴇʣʽʧ ʘʣʫ ʪᴅʩʽʣʜʝʨʽʥʝ ʙʘסʳʪʪʘʣסʘʥ. ᴄʜʝʪʪʝ, ʥʝʛʽʟʽʥʝʥ ץʘʣʜʳץʪʘʥ 

ʤʘʛʥʠʡʜʽ ʪʦʣʳץ ʥʝʤʝʩʝ ʙʘʨʳʥʰʘ ʢᴇʧ ʘʣʫʜʳ ʢᴇʟʜʝʡʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, 

ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʢᴇʧʪʽʣʽʛʽʥʝ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʤʘץʩʘʪʪʳʣʳסʳʥʘ ץʘʨʘʤʘʩʪʘʥ 

ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʳʩץʘ ʠʝ ʙʦʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʥʳש ʞʦץʪʳש 

 ʘʥסʩʳʥʳʣײ ,ʘʥʜʘץʙʽʨʥʝʰʝ ʩʝʙʝʧʪʝʨʽ ʙʘʨ. ɸʪʘʧ ʘʡʪ שʥʳײʨ. ʄײʘʩʳ ʙʦʣʳʧ ʪץ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ʵʥʝʨʛʠʷ ʤʝʥ ʨʝʘʛʝʥʪʪʝʨʜʽ ʢᴇʧ ץʦʣʜʘʥʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʰʳסʳʥʜʘʨʜʳש ʢᴇʧ ʙʦʣʫʳ, ץʳʰץʳʣʜʳץ ᴇשʜʝʫʜʝ, ʤʘʛʥʠʡʜʽש ʙʘʨʳʥʰʘ ʞʦסʘʨʳ 

ʰʳסʳʤʤʤʝʥ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʦסʘʨʳ ץʳʰץʳʣʜʘʨʜʳ ץʦʣʜʘʥסʘʥ 

ʢʝʟʜʝ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥ ץʦʩʘʣץʳ ʤʝʪʘʣʜʘʨʜʘʥ (Fe, Al, Ni, Mn, Cr) ʪʘʟʘʣʘʫ 

 ,ʦʣʜʘʥʫץ ʳʣʜʳץʳʰץ ʘʨʳסʘ ʙʦʣʘʜʳ. ʂʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞʦסʟʫץʨʜʽʩʪʝʨʽʥ ʞʘʪrװ

ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʘʣʜʳסשʳ ʪʘʨʘʫʜʘ ʘʪʘʧ ᴇʪʽʣʛʝʥʜʝʡ, ʝʨʽʪʽʥʜʽʜʝ ʧʦʣʠʢʨʝʤʥʠʡ 

 ʪʳץʠʳʥʜʳץ ʟʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳװʨʘʪʳʥ ʢʨʝʤʥʝʟʝʤ-ʛʝʣʴ ʪײʳʣʜʘʨʳʥʘʥ ʪץʳʰץ

ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ʉʝʙʝʙʽ, ʪװʟʽʣʛʝʥ ʛʝʣʴ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ ʤʘʛʥʠʡ 

ʪײʟʜʘʨʳʥʳש ᴇʥʽʤʜʽ ʝʨʽʪʽʥʜʽʩʽʥ ʝʨʽʤʝʡʪʽʥ ץʘʣʜʳץʪʘʥ ʙᴇʣʽʧ ʘʣʫʜʳ ץʠʳʥʜʘʪʳʧ 

ʞʽʙʝʨʝʜʽ. ʆʣ, ʦʩʳסʘʥ ʘʨʥʘʣסʘʥ ʬʠʣʴʪʨ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʢᴇʟʽʥ ʛʝʣʴʜʝʨʤʝʥ 

ʙʽʪʝʣʽʧ ץʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ.  

ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ʥʝʛʽʟʜʝʨʽʥ ʞʘʩʘʫ ʙʘʨʳʩʳʥʜʘ ʦʩʳ ʙʝʣʛʽʣʽ ʢʝʤʰʽʣʽʢʪʝʨ ʤʝʥ 

ʝʨʝʢʰʝʣʽʢʪʝʨʛʝ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʳʣʜʳ. 

 

3.1.1 ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ, ʭʠʤʠʷʣʳץ ʞᴅʥʝ 

ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ 

ɹʘʩʪʘʧץʳ ײʥʪʘץ ʢװʡʜʝʛʽ ʍʊײץ ש-פʨʘʤʳʥʜʘ 1% ʜʝʡʽʥ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ 

ʙʦʣʜʳ. פʘʣʜʳץʪʳש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʨʝʥʛʝʥʦʬʘʟʘʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʽʤʝʥ 

ʟʝʨʪʪʝʣʜʽ. ʈʝʥʛʝʥʦʛʨʘʤʤʘʜʘסʳ ʨʝʬʣʝʢʩʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ, ʦʥʳש 

ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʥʝʛʽʟʽʥʜʝ ʩʝʨʧʝʥʪʠʥ ʪʦʙʳʥʳש ʤʠʥʝʨʘʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥʳ 

ʘʥʳץʪʘʣʜʳ (3.1-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 3.1 ï ɹʘʩʪʘʧץʳ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ 
 

ʂʦʤʧʦʥʝʥʪ ʌʦʨʤʫʣʘʩʳ 
ʂʦʤʧʦʥʝʥʪʪʝʨʜʽש ʤʘʩʩʘʣʳץ 

 % ,ʣʝʩʽװ

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨ 3MgO Ā 2SiO2 Ā 2H2O 75 

ʙʨʫʩʠʪ Mg(OH)2 7,8 

ʧʝʨʠʢʣʘʟ MgO 4,0 

ʤʘʛʥʝʪʠʪ ʞᴅʥʝ ʛʝʤʘʪʠʪ Fe3+, Fe2+ʆ4 6,3 
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ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʦʣʘʨʜʳ 3 

ʙᴇʣʽʢʪʝʥ ʬʨʘʢʮʠʷʣʳײץ ץʨʘʤסʘ ʙᴇʣʽʥʜʽ. ʍʊ1-פ (2-0,9 ʤʤ), ʍʊ2-פ (0,8-0,16 ʤʤ) 

ʞᴅʥʝ ʍʊ3-פ (0,15-0,063 ʤʤ). ɹᴇʣʽʥʛʝʥ ʬʨʘʢʮʠʷʣʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʞʝʢʝ-

ʞʝʢʝ ʘʥʳץʪʘʣʜʳ. ʅᴅʪʠʞʝʣʝʨʽ 3.2-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ.  

 

ʂʝʩʪʝ 3.2 ï ʍʊפ-ʪʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ 
 

ʌʨʘʢʮʠʷʣʳץ 

 ʣʛʽʣʝʨʽװ

ʍʊס-פʳ ʬʨʘʢʮʠʷʣʳײץ ץʨʘʤʳ, ʤʤ, ʤʘʩ.% 

ʍʊ(27-28%)1-פ ʍʊ(49-50%) 2-פ ʍʊ(24-25%) 3-פ 

2 1,6 1 0,9 0,8-0,16 0,15 0,08 ԇ0,063 

ʍʊ13,44 3,42 6,00 51,72 3,91 9,87 8,91 2,73 1-פ 

ʍʊ12,76 3,55 6,20 52,05 4,00 9,80 8,89 2,75 2-פ 

ʍʊ13,29 3,12 6,45 51,85 4,22 9,26 9,02 2,70 3-פ 

 

ɹʘʨʣʳץ ʬʨʘʢʮʠʷʣʘʨʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʈʕʄ ʧʨʠʙʦʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ, 

ʙᴇʣʰʝʢʪʝʨʜʝʛʽ ʙʝʪʪʽʢ ʙᴇʣʝʢ ʬʘʟʘʣʘʨʜʳ ʤʠʢʨʦʪʘʣʜʘʫʤʝʥ ʘʥʳץʪʘʣʜʳ. 

ɸʥʳץʪʘʣסʘʥ ʥᴅʪʠʞʝʣʝʨ 3.3-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʜʽ.  

 

ʂʝʩʪʝ 3.3 ï ʍʊפ-ʥʳ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ 
 

ʌʨʘʢʮʠʷ ᴇʣʰʝʤʽ 
ʍʊס-פʳ ʦʢʩʠʜʪʝʨʜʽש ʤᴇʣʰʝʨʽ, ʤʘʩ.% 

SiO2 MgO Fe2O3 Al 2O3 CaO ʙʘʩץʘʣʘʨʳ 

ʍʊ15,8 0,58 0,72 7,40 40,3 35,2 1-פ 

ʍʊ16,85 0,65 0,68 6,72 40,00 35,10 2-פ 

ʍʊ16,46 0,64 0,70 6,70 40,20 35,3 3-פ 

 

ʍʊס-פʳ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʘʥʳץʪʘʫ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʳ, ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʦʣʘʨʜʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳʥʘ 

ʪᴅʫʝʣʜʽ ʝʤʝʩʪʽʛʽʥ ʢᴇʨʩʝʪʪʽ, ʷסʥʠ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ʦʣʘʨ ʙʽʨʢʝʣʢʽ. 

ʍʊפ-ʪʳש ʈʕʄ (JSM-6490LV) ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ ʢʘʨʪʦʛʨʘʤʤʘ ʙʦʡʳʥʰʘ 

ʦʣʘʨʜʳש ʤʠʢʨʦײץʨʳʣʳʤʜʘʨʳʥʜʘ ʢʨʝʤʥʠʡ ʦʪʪʝʢʪʽ ʪʝʪʨʘʵʜʨʣʽʢ SiO4 

 +ʳ Mg2סʘʙʘʪʪʘץ ʳ ʢʨʝʤʥʠʡʜʽ ʘʣʤʘʩʪʳʨʘʪʳʥ ʞᴅʥʝ ʦʢʪʘʵʜʨʣʽʢסʘʙʘʪʪʘʨʳʥʜʘץ

ʘʣʤʘʩʪʳʨסʘʥ Al3+ ʠʦʥʜʘʨʳ ʜʘ ʙʘʨ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ (3.1-ʩʫʨʝʪ).  

 

 
 

ʉʫʨʝʪ 3.1 ï ʍʊפ-ʪʳש ʤʠʢʨʦʘʥʘʣʠʟʜʽʢ ʢʘʨʪʦʛʨʘʤʤʘʩʳ 
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ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʢʪʘʵʜʨʣʽʢ ʢʘʙʘʪʪʘסʳ Mg2+ ʠʦʥʜʘʨʳʥ ʠʟʦʤʦʨʬʪʳ 

ʘʣʤʘʩʪʳʨʘ ʘʣʘʪʳʥ ʪʝʤʽʨ, ʥʠʢʝʣʴ ʪ.ʙ. ʙʘʩץʘ ʤʝʪʘʣʣʜʘʨʜʳש ʘʟ ʤᴇʣʰʝʨʽ ʙʘʨ 

ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ.  

ʕʣʝʢʪʨʦʥʜʳץ-ʤʠʢʨʦʘʥʘʣʠʟ ʥᴅʪʠʞʝʣʝʨʽ, ʍʊפ-ʪʘ, ʦʨʪʘ ʝʩʝʧʧʝʥ ʘʣסʘʥʜʘסʳ 

ʤᴇʣʰʝʨʽ,%: MgO ï 40,15; SiO2 ï 35,20; Fe2O3 ï 6,80; Al2O3 ï 0,72; ʉʘʆ ï 0,63 

ʞᴅʥʝ ᴇʪʝ ʘʟ ʤᴇʣʰʝʨʜʝ MnO, NiO, Cr2O3 ץʦʩʧʘʣʘʨ ʪװʨʽʥʜʝ ʢʝʟʜʝʩʝʪʽʥʽ 

ʘʥʳץʪʘʣʜʳ. 

ʍʊפ-ʪʳש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘסʳ ʨʝʥʛʝʥʦʬʘʟʘʣʳץ 

ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ, ʨʝʥʛʝʥʦʛʨʘʤʤʘʣʘʨ ʥʝʛʽʟʽʥʝʥ ʢʝʣʝʩʽ ʨʝʬʣʝʢʩʪʝʨʜʽ d/n-(I/I 0): 

7,18(100), 4,42(18), 3,6(80), 2,48(32),2,11(5), 1,52(20), 1,47(10). ʈʝʬʣʝʢʩʪʝʨʜʽש 

ʩʠʧʘʪʪʘʫ ʥʝʛʽʟʽʥʜʝ ʦʣʘʨʜʳש (ʍʊ1-פ, ʍʊ2-פ ʞᴅʥʝ ʍʊ3-פ) ʤʠʥʝʨʘʣʜʳץ 

 שʘʥ ʤʠʥʝʨʘʣʜʘʨʜʳסʪʘʣץʪʘʣʜʳ. ɸʥʳץʨʘʤʜʘʨʳ ʜʘ ʙʽʨʢʝʣʢʽ ʙʦʣʘʪʳʥʳ ʘʥʳײץ

ʦʨʪʘʰʘ ײץʨʘʤʳ 3.4-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

ʂʝʩʪʝ 3.4 ï ʍʊפ-ʪʳש ʦʨʪʘʰʘ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ 
 

ʄʠʥʝʨʘʣ ʌʦʨʤʫʣʘʩʳ 
ɾʦʣʘץʪʘʨʜʳש (ʧʠʢ) ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ 

ʙʦʡʳʥʰʘ ʤʘʩʩʘʣʳװ ץʣʝʩʽ, % 

ʉʝʨʧʝʥʪʠʥ 3MgO Ā 2SiO2 Ā 2H2O 57 

ʊʘʣʴʢ-ʭʣʦʨʠʪ 3MgO Ā 4SiO2 Ā H2O 17 

ɹʨʫʩʠʪ Mg(OH)2 9 

ʄʘʛʥʠʡ ʦʢʩʠʜʽ MgO 4 

ʌʦʨʩʪʝʨʠʪ MgSiO4 6 

ʄʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ FeO/Fe2O3 5 

 

ʍʊפ-ʪʳש ʘʥʳץʪʘʣסʘʥ ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳʥʜʘסʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʢװʢʽʨʪ 

 .ʜʝʨʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʥʝʛʽʟ ʙʦʣʘʜʳװ ʳʣʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫץʳʰץ

 

 ʳʣʳʤʝʥ ᴇʟʘʨʘץʳʰץ ʢʽʨʪװʢ שʳ ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʜʳסʨʘʤʳʥʜʘײץ ץʘʣʜʳפ 3.1.2

ᴅʨʝʢʝʪʪʝʩʫʣʝʨʽʥʽש ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳ 

ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳײץ ץʨʘʤʜʘʨʳʥ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝʥ, ʍʊפ-ʪʳײץ שʨʘʤʳʥʜʘסʳ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ ï ʩʝʨʧʝʥʪʠʥʠʪ, 

ʪʘʣʴʢʦ-ʭʣʦʨʠʪ, ʙʨʫʩʠʪ, ʤʘʛʥʠʡ ʦʢʩʠʜʽ ʞʘʪʘʪʳʥʜʘʨʳ ʘʥʳץʪʘʣʜʳ. ɾʘʣʧʳ, ʍʊפ-

ʪʳץ שʳʰץʳʣʜʘʨʜʘ ʝʨʫ װʨʜʽʩʽʥʽש ʩʠʧʘʪʳ ʦʩʳ ʢʦʤʧʦʥʝʥʪʪʝʨʤʝʥ ץʳʰץʳʣʜʳש 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʩʠʧʘʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨʜʳש ʢװʢʽʨʪ 

 :ʨʘʩʪʳʨʳʣʜʳײץ ʨʝʪʽʥ ʙʦʣʞʘʤʜʳ ʨʝʘʢʮʠʷʣʘʨ ʙᴇʣʝʢ-ʙᴇʣʝʢװʳʣʳʤʝʥ ʞץʳʰץ

ʘ) ʩʝʨʧʝʥʪʠʥʤʝʥ,  

 

3MgO Ā 2SiO2 Ā 2H2O +H2SO4 = 3MgSO4 + 2SiO2 Ā 5H2O               (3.1) 

 

ʙ) ʪʘʣʴʢʦ-ʭʣʦʨʠʪʧʝʥ 

 

3MgO Ā 4SiO2 Ā H2O +H2SO4 = 3MgSO4 + 4SiO2 Ā 4H2O            (3.2) 
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ʚ) ʙʨʫʩʠʪʧʝʥ 

 

Mg(OH)2 + H2SO4 = MgSO4 + 2H2O                                 (3.3) 

 

ʛ) ʤʘʛʥʠʡ ʦʢʩʠʜʽʤʝʥ 

 

MgO + H2SO4 = MgSO4 + H2O                                             (3.4) 

 

ʉʦʣ ʩʠʷץʪʳ ʍʊפ-ʜʘ ʢʝʟʜʝʩʝʪʽʥ ʢʘʣʴʮʠʪ ʧʝʥ ʤʘʛʥʝʪʠʪʪʽש ʜʝ ʢװʢʽʨʪ 

  :ʳʣʳʤʝʥ ʳʜʳʨʘʫ ʨʝʘʢʮʠʷʣʘʨʳץʳʰץ

ʘ) ʢʘʣʴʮʠʪ 

 

CaCO3 + H2SO4 = CaSO4 + CO2 + H2ʆ                                      (3.5) 

 

ʙ) ʤʘʛʥʝʪʠʪ   

 

2Fe3O4 + 7H2SO4 + [O] = Fe2(SO4)3 + 4FeSO4 + 7H2O                  (3.6) 

 

ɹײʣ ʨʝʘʢʮʠʷʣʘʨ ʙʦʡʳʥʰʘ ʍʊפ-ʪʳ ʢװʢʽʨʪ ץʳʰץʳʣʜʳץ ᴇשʜʝʫ ʙʘʨʳʩʳʥʳש 

ʥʝʛʽʟʛʽ ᴇʥ̔ ʤʜʝʨʽ ʨʝʪʽʥʜʝ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳ ʤʝʥ ʦʥʳײץ שʨʘʤʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʙʘʩץʘ 

ʜʘ ʤʝʪʘʣʜʘʨʜʳש ʩʫʣʴʬʘʪʳ ʞᴅʥʝ ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤʜʽ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɸʣ 

ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤ ץʳʰץʳʣʜʳץ ʦʨʪʘʜʘ ʢʨʝʤʥʠʡ ץʳʰץʳʣʜʘʨʳʥʳש ʛʝʣʴʽʥ ʪװʟʫʽ 

ʤװʤʢʽʥ.  

ʍʊפ-ʪʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 

ʨʝʘʢʮʠʷʣʘʨʳ ʪʝʨʤʦʜʠʥʘʤʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʽ G=ä(ʊ) (298-383 ʂ) 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳסʳʥʜʘ ץʘʨʘʩʪʳʨʳʣʜʳ, ʥᴅʪʠʞʝʣʝʨʽ (3.2, 3.3-ʩʫʨʝʪʪʝʨʜʝ) 

ʢᴇʨʩʝʪʽʛʝʥ. 

 

 
 

1 ï ʪʘʣʴʢ ʭʣʦʨʠʜ; 2 ï ʩʝʨʧʝʥʪʠʥʠʪ; 3 ï ʬʦʨʩʪʝʨʠʪ 
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ʉʫʨʝʪ 3.2 ï ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʢװʢʽʨʪ ץʳʰץʳʣʤrʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʣʘʨʳʥʳש 

æG=f(T) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ 

 
 

4 ï ʙʨʫʩʠʪ; 5 ï ʤʘʛʥʝʪʠʪ 
 

ʉʫʨʝʪ 3.3 ï ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ ᴇʥʜʽʨʽʩʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʢװʢʽʨʪ ץʳʰץʳʣʤrʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʣʘʨʳʥʳש 

æG=f(T) ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ 

 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ץʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʨʝʘʢʮʠʷʣʘʨʜʳש 

ʙʘʨʣʳסʳ ʜʘ ɻʠʙʙʩ ʙʦʩ ʵʥʝʨʛʠʷʩʳʥʳש ʪʝʨʽʩ ʤᴅʥʜʝʨʽʥʝ ʠʝ, ʷסʥʠ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʨʝʘʢʮʠʷʣʘʨʜʳש ʙʘʨʣʳסʳʥʳש ʞװʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ װʣʢʝʥ. ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ, 

ʍʊפ-ʪʘʥ ʰʘʡʤʘʣʘʥʘʪʳʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʦשʘʡ ʝʨʠʪʽʥ ץʘʪʘʨʳ ï ʤʘʛʥʠʡ ʦʢʩʠʜʽ, 

ʩʦʜʘʥ ʩʦש ʙʨʫʩʠʪ. פʠʳʥʜʘʫ ʝʨʠʪʽʥʜʝʨʽ ï ʩʝʨʧʝʥʪʠʥ ʤʝʥ ʪʘʣʴʢʦ-ʭʣʦʨʠʪ. 

 

3.1.3 ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץ ʧʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ᴇʟʘʨʘ ʤᴇʣʰʝʨʣʽʢ 

ᴅʨʝʢʝʪʪʝʩʫʽʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫ 

ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʩʫʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ᴇשʜʝʫʛʝ 

 שʳʰ ʞᴅʥʝ ʦʨʪʘʥʳסʣʛʽ ʘʣװ ,ʳʰʳסʰʳ, ʧʨʦʧʝʨʣʽ ʘʨʘʣʘʩʪʳʨץʟʜʘʪrײʘʡʪʳʤʜʳ ʤץ

ʨʅ-ʤʝʪʨʤʝʥ ʙʘʡʣʘʥʳʩ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ, ʢᴇʣʝʤʽ 1000 ʤʣ ʰʳʥʳ 

ʨʝʘʢʪʦʨʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ʭʨʠʟʦʪʠʣʜʽ ʙʘʡʳʪʫ ʙʘʨʳʩʳʥʜʘ ʪװʟʽʣʝʪʽʥ ᴅʤʙʝʙʘʧ 

ʤʠʥʝʨʘʣʜʳ ײʥʪʘסʳ ï ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץ (ʍʊפ) ʘʣʳʥʜʳ. ʊᴅʞʽʨʠʙʝʜʝ ʘʣʜʳʥ-ʘʣʘ 

 (ʤʤ 0,104-0,074) שʪʳץʘʣʜʳץ ʘʥסʘʥ ʞᴅʥʝ ʜʘʡʳʥʜʳʣסʪʘʣץʨʘʤʳ ʘʥʳײץ

ʘʨʘʣʳסʳʥʜʘסʳ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʍʊפ-ʪʳש ʭʠʤʠʷʣʳץ 

ʘʥʳץʪʘʣסʘʥ ײץʨʘʤʳ (Mg-25,8% ʞᴅʥʝ Si-17,64%) ʝʩʢʝʨʽʣʽʧ, ʦʣ ʥʝʛʽʟʽʥʝʥ 

ʩʝʨʧʝʥʪʠʥ ʪʦʙʳʥʳש, ʞʘʣʧʳ ʬʦʨʤʫʣʘʩʳ ʄg3Si2ʆ5(ʆʅ)4 ʙʦʣʘʪʳʥ ʩʪʨʫʢʪʫʨʘʩʳ 

ʢᴇʧ ץʘʙʘʪʪʳ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʤʘʛʥʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʳʥʘʥ ʪײʨʘʜʳ ʜʝʧ ʝʩʝʧʪʝʣʽʥʝʜʽ. 
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ɸʣ ʍʊפ-ʪʳש ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʪᴇʤʝʥʜʝʛʽ (3.7) ʪʝשʜʝʫʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ.  

 

ʄg3Si2ʆ5(ʆʅ)4+3H2SO4=3MgSO4+2SiO2+5H2O                       (3.7) 

 

ʍʊפ ʧʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʤᴇʣʰʝʨʣʽʢ (ʤʦʣʴʜʽʢ) ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ 

(3.7) ʨʝʘʢʮʠʷ ʪʝשʜʝʫʽ ʙʦʡʳʥʰʘ ʞװʨʫʽʥʝ ץʘʞʝʪʪʽ ʝʩʝʧʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫ װʰʽʥ 

ʤʘʛʥʠʡʜʽש ʍʊס-פʳ ʤʦʣʴʜʽʢ ʩʘʥʳ ʤʝʥ ʦסʘʥ  ץʘʪʳʩʪʳ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש 

ʵʢʚʠʚʘʣʝʥʪʪʽ ʩʪʝʭʠʦʤʝʪʨʠʷʣʳϨ Ϩʘʞʝʪʪʽ ʤϺʣʰʝʨʽ (ʉפʄ) ʝʩʝʧʪʝʣʽʧ 

ʘʥʳץʪʘʣʘʜʳ. 

ɿʝʨʪʪʝʫ (1) ʪʝשʜʝʫʤʝʥ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʥʳש ʪʝʦʨʠʷ ʞװʟʽʥʜʝʛʽ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʜʽʢ ʪᴅʫʝʣʜʽʣʽʛʽ, ʷסʥʠ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʵʢʚʠʚʘʣʝʥʪʪʽ 

ʤᴇʣʰʝʨʽʥʝ ʩʘʡ (ʉפʄ-סʘ) ʤʘʛʥʠʡʜʽש (Mg2+) ʵʢʚʠʚʘʣʝʥʪʪʽ ʤᴇʣʰʝʨʽʥʽש ʝʨʽʪʽʥʜʽʛʝ 

ʙᴇʣʽʥʫʽ, ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳ0,3-0,4 ש ʉפʄ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʧʘʡʜʘʣʘʥסʘʥסʘ 

ʜʝʡʽʥ סʘʥʘ (3.4-ʩʫʨʝʪ, ʧʫʥʢʪʠʨ) ʦʨʳʥʜʘʣʘʪʳʥʳʥ ʢᴇʨʝʤʽʟ. ɹײʣ ʞʘסʜʘʡʣʘʨʜʳ 

ʍʊפ-ʪʘʥ ʤʘʛʥʠʡʜʽש (Mg2+) ʝʨʽʪʽʥʜʽʛʝ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש (ʉפʄ) 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ץʘʪʳʩʪʳ ʵʢʚʠʚʘʣʝʥʪʪʽ ʤᴇʣʰʝʨʽ סʘʥʘ (0,3-0,4 ʉפʄ, Mg2+) 

ᴇʪʝʜʽ. 

 

 
 

ʉʫʨʝʪ 3.4 ï ʄʘʛʥʠʡʜʽש ʍʊפ-ʪʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʝʨʽʪʽʥʜʽʩʽʥʜʝʛʽ ʤᴇʣʰʝʨʽʥʝ 

 ,ᴇʟʛʝʨʫʽ (2) ש-ʨʅ שʘʪʳʩʪʳ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʫ ʪᴅʫʝʣʜʽʣʽʛʽ (1) ʤʝʥ ʦʨʪʘʥʳץ

m (ʍʊפ)=10ʛ, Ű = 10 ʤʠʥʫʪ, t = 960ʉ 
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ɸʨʳ ץʘʨʘʡ, ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳץ שʦʣʜʘʥʳʣʘʪʳʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤᴇʣʰʝʨʽ, 

(0,5-0,6 ʉפʄ) ʅ2SO4 ʙʦʣסʘʥʜʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʜʳץ ʟʘשʜʳʣʳץ ʙײʟʳʣʘʜʳ ʷסʥʠ 

 ץʜʳʣʳשʣ ʟʘײʄ-ʥʝ ʩʘʡ ʝʨʠʪʽʥ Mg2+ ʤᴇʣʰʝʨʽ ʘʟʘʷ ʙʘʩʪʘʡʜʳ. ɹפʉ שʳʣʜʳץʳʰץ

ʤʦʣʴʜʽʢ ײץʨʘʤʳʥʜʘסʳ Mg2+ ʤᴇʣʰʝʨʽ (ʤʦʣʴ) ʤʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʨʽʪʽʥʜʽʜʝʛʽ 

ʅ2SO4 ʤᴇʣʰʝʨʽ (ʤʦʣʴ) ץʘʪʳʥʘʩʳ 1:1 ʙʦʣʳʧ ʘʣʳʥסʘʥסʘ ʜʝʡʽʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʜʝ 

ʩʘץʪʘʣʳʧ, ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥ Mg2+ ʤᴇʣʰʝʨʽ ʘʟʘ ̫ʙʝʨʝʜʽ. ɸʣ ʘʣʳʥסʘʥ ץʘʪʳʥʘʩ 1:1 

ʙʦʣסʘʥʜʘ, ʙᴇʣʽʥʽʧ ᴇʪʫ ʜᴅʨʝʞʝʩʽ, ʦʥʳש ʍʊײץ פʨʘʤʳʥʜʘסʳ ʙʘʩʪʘʧץʳ ʤᴇʣʰʝʨʽʥʽש 

76%-ʥʘʥ ʘʩʧʘʡʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש (ʍʊפ) ʢװʢʽʨʪ 

 ʨʝʪʽʥʽʥװᴇʟʛʝʨʽʩʪʝʨʤʝʥ ʞ ץʨʣʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳװʳʣʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʪץʳʰץ

ʢᴇʨʩʝʪʝʜʽ. ᴆʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ װʨʜʽʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ (1) ʭʠʤʠʷʣʳץ ʪʝשʜʝʫ, ʰʳʥ 

ʤᴅʥʽʥʜʝ ʪʝʢ ʍʊײץ פʨʘʤʳʥʜʘסʳ ʤʘʛʥʠʡʜʽש ʙʝʣʛʽʣʽ ʙʽʨ ʙʝʣʩʝʥʜʽ ʙᴇʣʽʛʽʤʝʥ סʘʥʘ 

ʞװʨʝʪʽʥʽʥ, ʷסʥʠ: 

 

ʍʊפ (Mg) + (0,4) ʅ2SO4 Ÿ ʍʊפ [(1-0,4)Mg] + 0,4 MgSO4+0,8ʅ
+        (3.8) 

 

ʪʝשʜʝʫʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʍʊפ-ʥʳ ᴇשʜʝʫʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʢװʢʽʨʪ 

 ʝʨʽʪʽʥʜʽʛʝ (3.7) (ʄפ0,5 ʉ) ʘʨʘʡ ʢᴇʙʝʡʛʝʥ ʩʘʡʳʥץ ʤᴇʣʰʝʨʽ ʘʨʳ שʳʣʳʥʳץʳʰץ

ʪʝשʜʝʫ ʙʦʡʳʥʰʘ ʰʳסʘʪʳʥ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʤʘʛʥʠʡ (Mg2+) ʤᴇʣʰʝʨʽ ʢʝʤʠ 

ʪװʩʝʜʽ, ʘʣ 0,5-0,7 ʉפʄ (ʅ2SO4) ʘʨʘʣʳסʳʥʜʘ, ʙᴇʣʽʥʝʪʽʥ ʤʘʛʥʠʡ ʤᴇʣʰʝʨʽ 

 ץʘʡʪʘʜʘʥ  ʧʨʦʧʦʨʮʠʦʥʘʣʜʳץ ʘʪʳʩʪʳץ ʳʣ ʤᴇʣʰʝʨʽʥʝץʳʰץ ʦʣʜʘʥʳʣʘʪʳʥץ

ʩʠʧʘʪץʘ ʠʝ ʙʦʣʘʜʳ. ʂװʢʽʨʪ ץʳʰץʳʣʳʥʳץ שʦʣʜʘʥʳʣʘʪʳʥ ʝʨʽʪʽʥʜʽʜʝʛʽ ʤᴇʣʰʝʨʽ 

1,0 ʉפʄ ʜʝʡʽʥ ʞʝʪʢʽʟʛʝʥʜʝʛʽ ʥᴅʪʠʞʝ, ʝʨʽʪʽʥʜʽʜʝʛʽ ץʳʰץʳʣ ʤᴇʣʰʝʨʽ ʍʊפ-ʥʘʥ 

ʙᴇʣʽʧ ʘʣʘʪʳʥ ʤʘʛʥʠʡʜʽש ʤᴇʣʰʝʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝ ץʦʡʤʘʡʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ʍʊפ-ʪʳש ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʣʽ ʢʦʥʮʝʥʪʨʘʮʠʷʣʳץ 

ʝʨʽʪʽʥʜʽʣʝʨʽʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝʛʽ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥ Mg2+ ʤᴇʣʰʝʨʽʥʽש ᴇʟʛʝʨʫʽ ʤʝʥ 

ʦʨʪʘʥʳש ʨʅ ᴇʟʛʝʨʫʽʥ ʪʘʣʜʘʫ ʙʘʨʳʩʳ ʍʊפ-ʧʝʥ ʅ2SO4 ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ, ʘʣʜʳʤʝʥ 

ʅ+ ʠʦʥʜʘʨʳʥʳש ʍʊײץ פʨʘʤʳʥʜʘסʳ ʙʦʩ MgO (0,3 ʉפʄ ʅ2SO4) ʤʘʛʥʠʡ 

ʦʢʩʠʜʽʤʝʥ, ʩʦʥʘʥ ʩʦש, ʘʨʪʳץ ʤᴇʣʰʝʨʽ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ײץʨʳʣʳʤʳʥʜʘסʳ 

ʦʢʪʘʵʜʨʣʽʢ ץʘʙʘʪʪʘסʳ ʙʨʫʩʠʪʪʽʢ ʤʘʛʥʠʡ (MgOH+) ʙᴇʣʽʛʽʤʝʥ ʞװʨʝʜʽ ʜʝʛʝʥ 

ʞʦʨʘʤʘʣ ʞʘʩʘʫסʘ ʠʪʝʨʤʝʣʝʡʜʽ. ɸʣ, ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ ײץʨʳʣʳʤʳʥʜʘסʳ ʞʘʣʧʳ 

(MgOH+) ʤᴇʣʰʝʨʽʥʽײץ 1/3 שʨʘʡʪʳʥʳʥ (3.4-ʩʫʨʝʪ) ʝʩʢʝʨʩʝʢ, ʦʥʜʘ ʙᴇʣʽʥʝʪʽʥ 

ʤʘʛʥʠʡʜʽש ʤᴇʣʰʝʨʽ, (ʅ2SO4 ʉפʄ-ʥʝ) ץʘʪʳʩʪʳ ᴇʟʛʝʨʽʩʽ, ʪᴅʫʝʣʜʽʣʽʢʪʽ ʪʦʣʳץ 

ʩʠʧʘʪʪʘʡ ʘʣʘʜʳ ʜʝʫʛʝ ʙʦʣʘʜʳ. ʄײʥʜʘ ʪʘסʳ ʙʽʨ ʝʩʢʝʨʫʛʝ ʪײʨʘʨʣʳץ ʙʽʨ ʞᴅʡʪ, ʦʣ 

ʙᴇʣʽʥʝʪʽʥ Mg2+ ʤᴇʣʰʝʨʽʥʽש (0,3 ʉפʄ, ʅ2SO4 ) ʪʫʨʘ ʩʳʟʳץʪʳ ᴇʟʛʝʨʽʩʽ ʤʝʥ 

ʦʨʪʘʥʳש ʨʅ-ש ʪʫʨʘ ʩʳʟʳץʪʳ ᴇʟʛʝʨʽʩʽ ʙᴇʣʽʛʽ ʙʽʨ ʥװʢʪʝʜʝ ץʠr ʣʳʩʘʪʳʥʳ (0,3 Mg2+, 

0,3 ʉפʄ), ʘʨʳ ץʘʨʘʡ ʙײʣ ʝʢʽ ᴇʣʰʝʤʥʽש ʜʝ ʪʫʨʘ ʩʳʟʳץʪʳ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ᴇʟʛʝʨʝʜʽ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ, ʍʊפ-ʪʘʥ ʤʘʛʥʠʡʜʽש ʝʨʫ װʨʜʽʩʽ, ʩʝʨʧʝʥʪʠʥʠʥʪʪʝʨʜ̔  ש

ʪʝʪʨʘʵʜʨʣʽʢ-ʦʢʪʘʵʜʨʣʽʢ ײץʨʳʣʳʩʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ʞװʨʝʪʽʥʜʽʛʽʥ ʘʡץʳʥʜʘʡʜʳ. 

 שʙʝʪʪʽʢ ʪʝʢʩʪʫʨʘʩʳʥʜʘ ʢʨʝʤʥʝʟʝʤʥ̔ שʘʟʘʶʳ ʦʥʳ שʳ ʤʘʛʥʠʡʜʽסʨʳʣʳʤʜʘײפ

ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ. ʂʨʝʤʥʝʟʝʤ ץʳʰץʳʣʜʘ ʝʨʽʤʝʡʜʽ ʞᴅʥʝ ʦʣ  ʦʨʪʘʥʳש 

ʨʅ-ש ᴇʟʛʝʨʽʩʽʥʝ ᴇʪʝ ʩʝʟʽʤʪʘʣ, ʨʅ=(1-4) ʘʨʘʣʳסʳʥʜʘ ʪʝʨʘʵʜʨʣʽʢ ʢʨʝʤʥʝʟʝʤʥʽש 

ʧʨʦʪʦʥʠʟʘʮʠʷʩʳ, ʷסʥʠ ᴇʟʽʥʝ ʅ+ ʠʦʥʜʘʨʳʥ ץʦʩʳʧ ʘʣʫ װʜʝʨʽʩʽ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ 

ʞװʨʝʜʽ. ʅᴅʪʠʞʝʜʝ, ʪװʟʽʣʛʝʥ ʢʨʝʤʥʠʡ ץʳʰץʳʣʜʘʨʳ (ᴅʨʪװʨʣʽ ʥʝʛʽʟʜʝʛʽ ʙʦʣʫʳ 
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ʤװʤʢʽʥ) ʢʨʝʤʥʝʟʝʤ ʛʝʣʜʝʨʽ ʤʝʥ ʢʘʪʠʦʥʜʳץ ʛʠʜʨʦʢʩʠʣʴʜʝʨ (Si-ʆ-ʅ)+ ʪװʟʫʛʝ 

ʙʝʡʽʤ ʙʦʣʘʜʳ. ʆʣʘʨ ʙʽʨʪʽʥʜʝʧ, ʝʢʽ-, װʰ- ʥʝʤʝʩʝ ʦʜʘʥ ʜʘ ʢᴇʧ n-ץʘʙʘʪʪʳ  ʦש 

ʟʘʨʷʜʪʳ ʘʩʩʦʮʠʘʪʪʘʨʜʘʥ ʪײʨʘʪʳʥ ʢʨʝʤʥʝʟʝʤ ʛʝʣʴʜʝʨʽʥ ʪװʟʝʜʽ. ɹײʣ ʞʘסʜʘʡ, 

ʙʝʪʪʽʢ ץʘʙʘʪʪʘ ʅ+ ʠʦʥʜʘʨʳʥʳש ʨʝʘʛʝʥʪʪʽש ʪʝʨʝשʜʝʡ ʙʦʡʣʘʫʳʥ ץʠʳʥʜʘʪʘʪʳʥ 

ʙʝʣʛʽʣʽ ʙʽʨ ʜʠʬʬʫʟʠʷʣʳץ ʢʝʜʝʨʛʽ ʪʫʳʥʜʘʫʳʥʘ ᴅʢʝʣʽʧ, ʍʊפ-ʪʳש ʘʨʳ ץʘʨʘʡ ʝʨʫʽʥ 

ʞᴅʥʝ ʝʨʠʪʽʥ ʤʘʛʥʠʡʜʽש ʤᴇʣʰʝʨʽʥ ʢʝʤʽʪʝʜʽ. ɹסײʘʥ ʜᴅʣʝʣ, (0,75-1,0 ʉפʄ, ʅ2SO4) 

 שʳʥʜʘ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥ Mg2+ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽ, ʦʥʳסʳʣ ʤᴇʣʰʝʨʽ ʘʨʘʣʳץʳʰץ

ʍʊײץ פʨʘʤʳʥʜʘסʳ ʞʘʣʧʳ ʤᴇʣʰʝʨʽʥʽ76% ש-ʥʘʥ ʘʩʧʘʡʪʳʥʜʳסʳ. ʂװʢʽʨʪ 

 ʣ ʤᴇʣʰʝʨʣʽʢ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳʥʜʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨײʙ שʳʣʳʥʳץʳʰץ

ʥᴅʪʠʞʝʣʝʨʽʥʜʝ ץʘʣʜʳץʪʳש ʙʝʪʪʽʢ ץʘʙʘʪʳʥʜʘ ʧʦʣʠʢʨʝʤʥʠʡ ץʳʰץʳʣʳʥʳש ʪʳסʳʟ 

 ʪʘʡ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʫʽץʘʣʳʩʳʥʘ ʘʡʪʘʨʣʳסʦʟץ שʟʽʣʽʧ, ʠʦʥʜʘʨʜʳװʘʙʘʪʪʘʨʳ ʪץ

ʤװʤʢʽʥ. 

ɸʣʘʡʜʘ, ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨ, ʍʊפ-ʥʳש ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʽʥʜʝ 

Mg2+ ʰʳסʳʤʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ײץʙʳʣʳʩʪʘʨʜʳ ʞᴅʥʝ ʦʥʳש ʝʨʫ ʢʠʥʝʪʠʢʘʩʳ ʤʝʥ 

ʤʝʭʘʥʠʟʤʜʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʜʳ. 

ʉʦʥʜʳץʪʘʥ, ץʳʰץʳʣʤʝʥ ᴇשʜʝʫ ʙʘʨʳʩʥrʜʘ ʙʝʪʪʽʢ ץʘʙʘʪʪʘʨʜʘ ʞװʨʝʪʽʥ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʀפ-ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ, ʨʝʥʛʝʥʦʬʘʟʘʣʳץ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ 

ʧʘʡʜʘʣʘʥʳʧ ʟʝʨʪʪʝʫʜʽ ʞᴇʥ ʩʘʥʘʜʳץ. 

 

3.1.4 ʍʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʥʝʛʝʥʜʽ ץʘʣʜʳץʪʳ ʪʝʨʤʠʷʣʳץ 

ʘʢʪʠʚʪʝʥʜʽʨʫʜʽש ʦʥʳײץ שʨʘʤʳʥʘʥ ʤʘʛʥʠʡʜʽ ʰʘʡʤʘʣʘʫסʘ ᴅʩʝʨʽ 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫʜʘ ʦʣʘʨʜʳ ץʳʰץʳʣʤʝʥ 

ʰʘʡʤʘʣʘʫ ʞʘʣʧʳ װʨʜʽʩʪʽש ʙʽʨʽʥʰʽ ʢʝʟʝשʽ ʙʦʣʘʜʳ. ʐʘʡʤʘʣʘʫʜʘʥ ʩʦש, ʤʘʛʥʠʡ 

ʪײʟʜʘʨʳ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʜʽ. ɽʨʽʪʽʥʜʽʥʽ ץʳʰץʳʣʜʘ ʝʨʽʤʝʡʪʽʥ ץʘʣʜʳץʪʘʥ ʙᴇʣʽʧ ʘʣסʘʥ 

ʩʦש ʦʥʳ ץʦʩʧʘ ʤʝʪʘʣʜʘʨʜʘʥ ʪʘʟʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʥʳש ʢʝʣʝʩʽ ʢʝʟʝשʽʥʜʝ ʞװʨʛʽʟʽʣʝʜʽ. 

ɹײʣ ʝʢʽ ʢʝʟʝשʜʝ ʞʘʣʧʳ ʪʝʭʥʦʣʦʛʠʷʥʳש ʙʘʩʪʳ ᴅʨʽ ʤʘשʳʟʜʳ װʨʜʽʩʪʝʨʽ ʞװʨʝʜʽ. 

ʍʨʠʟʦʪʠʣ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʣʝʛʜʽ ץʘʣʜʳסʳʪʳ ץʳʰץʳʣʤʝʥ ʰʘʡʤʘʣʘʫ 

ʘʣʜʳʥʜʘ ʪʝʨʤʦʘʢʪʠʚʪʝʥʜʽʨʫ ʜʘʡʳʥʜʳסʳʥ ᴇʪʢʽʟʫ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡʜʽש ʝʨʫʽʥ 

ʞʳʣʜʘʤʜʘʪʫʳ ʤװʤʢʽʥ. ɹײʣ ʞʘסʜʘʡ, ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡ ʩʫʣʴʬʘʪʳʥ ʘʣʫʜʘ 

 ʘסᴇʟʛʝʨʽʩʪʝʨ ᴅʢʝʣʝʜʽ ʜʝʧ ʙʦʣʞʘʤ ʞʘʩʘʫ שʘ ʦסʦʣʜʘʥʳʣʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨץ

ʙʦʣʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʢʝʟʝʢʪʽ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ץʘʣʜʳץʪʳ 

ʪʝʨʤʦʘʢʪʠʚʪʝʥʜʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳץ שʘʣʜʳץʪʳ ץʳʰץʳʣʜʳץ ʰʘʡʤʘʣʘʫ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

 ʜʝʨʠʚʘʪʦʛʨʘʘʤʤʘʩʳ ʙʦʡʳʥʰʘ, 850Áʉ ʜʝʡʽʥ שʪʳץʘʣʜʳץ ʡʽʥʜʝʛʽװʢ ץʥʪʘױ

 שʪʳץʘʣʜʳפ .ʰʳʨʘʡʜʳײ ᴇʟʛʝʨʽʩʢʝ ץʨʳʣʳʤʜʳײץ ʪᴇʨʪ ץʘʣʜʳץ ʘʥʜʘסʳʟʜʳʨץ

ʪʝʨʤʠʷʣʳץ ʩʳʟʳץʪʘʨʳʥʜʘסʳ 105Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ʦʥʜʘסʳ 

ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʳʣסʘʣʜʳש ʢʝʙʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, 350-400Áʉ ʘʨʘʣʳסʳʥʜʘ 400Áʉ 

(max) ᴇʟʛʝʨʽʩ ץʘʣʜʳײץ ץʨʘʤʳʥʜʘ ʙʦʣʘʪʳʥ ʙʨʫʩʠʪʪʽש ʳʜʳʨʘʫʳʥʘ ץʘʪʳʩʪʳ, 600-

725Áʉ ʘʨʘʣʳסʳʥʜʘ (660Áʉ max) ʩʝʨʧʝʥʪʠʥʠʪʪʽײץ שʨʳʣʳʤʳʥʳש ʳʜʳʨʘʫʳʤʝʥ 

ʞᴅʥʝ 800-850 (800Áʉ max) ʬʦʨʩʪʝʨʠʪ ʪװʟʽʣʫʽʤʝʥ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʘʪʳʥʳ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʪʝʨʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʘʣʜʳסשʳ ʞײʤʳʩʪʘʨʜʘʥ ʙʝʣʛʽʣʽ [146]. 
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ɿʝʨʪʪʝʫ ʥʳʩʘʥʳʥʳש, ʷסʥʠ ץʘʣʜʳץʪʳש ʥʝʛʽʟʛʽ ײץʨʘʤʳ ʩʝʨʧʝʥʪʠʥʠʪ 

ʪʦʙʳʥʳש ʤʠʥʝʨʘʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʙʦʣסʘʥʜʳץʪʘʥ ʦʥʳש ʪʝʨʤʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʩʳ ʥʘץʪʳ ʟʝʨʪʪʝʣʜʽ. פʘʣʜʳץʪʳש ʪʝʨʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫ 

ʜʝʨʠʚʘʪʦʛʨʘʬ Q-1500ɼ (DEMO) ץʦʥʜʳʨסʳʩʳʥʜʘ 10 ʛʨʘʜ/ʤʠʥ. ʪʝʤʧʝʨʘʪʫʨʘʥʳ 

ʞʦסʘʨʳʣʘʪʫ ʞʳʣʜʘʤʜʳסʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫ װʰʽʥ ʘʣʜʳʥ ʘʣʘ ץʘʣʜʳץʪʳװ 12 שʣʛʽʩʽ ʜʘʡʳʥʜʘʣʜʳ. ʆʥʳש ʙʽʨʝʫʽ 

ʙʘʩʪʘʧץʳ, ץʘʣסʘʥʳ 11 ʙʝʣʛʽʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ (ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ ʙʦʡʳʥʰʘ 

ʪʘשʜʘʣסʘʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ) ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ װʣʛʽʣʝʨ ʙʦʣʜʳ. 

ɼʝʨʠʚʘʪʦʛʨʘʤʤʘʜʘʥ ʪʝʨʤʠʷʣʳץ-ץʠʩʳץʪʘʨʜʘסʳ ʵʢʩʪʨʝʤʘʣʴʜʳ, ʷסʥʠ ץʘʣʜʳץ ʢᴇʧ 

ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʡʪʳʥ 10 ʥװʢʪʝʣʝʨʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʪʘשʜʘʣʳʥʳʧ ʘʣʳʥʜʳ. 

ʆʥʜʘʡ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʨʝʪʽʥʜʝ 105Áʉ-ʳʣסʘʣʜʳץ שʘʣʜʳץʪʘʥ ʜʝʩʦʨʙʮʠʷʣʘʥʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ, 350Áʉ-ʙʨʫʩʠʪʪʽש ʳʜʳʨʘʫʳʥʳש ʙʘʩʪʘʣʫ, 625Áʉ-ʦʨʪʘʩʳ, 660Áʉ 

(max), 725Áʉ-ʘʷץʪʘʣʫ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ ʞᴅʥʝ ʩʝʨʧʝʥʪʠʥʠʪʪʽש ʳʜʳʨʘʫʳ ʤʝʥ 

ʬʦʨʩʪʝʨʠʪ ʪװʟʽʣʫʽʥʽש ʬʘʟʘʘʨʘʣʳץ ʥװʢʪʝʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ï 750Áʉ, ʬʦʨʩʪʝʨʠʪ 

ʪװʟʽʣʝʪʽʥ 800Áʉ (max), 850Áʉ-ʪʘ ʘʷץʪʘʣʘʪʳʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʪʘשʜʘʣʳʥʜʳ. 

ɹʽʨʽʥʰʽ װʣʛʽ ʢʝʧʪʽʨʛʽʰ ʰʢʘʬʪʘ 105Áʉ ʢʝʧʪʽʨʽʣʜʽ, ץʘʣסʘʥ ץʘʣʜʳץʪʳ10 ש 

 ʘʪסʩʘ 1 שʘʥ (105Áʉ) ʩʦסʪʘʥʜʳʨʳʣץʨʘײʣʛʽʩʽ 100 ʛ ʤᴇʣʰʝʨʽʥʜʝ ʤʘʩʩʘʣʘʨʳ ʪװ

ʤʝʨʟʽʤʽʥʜʝ ʙʝʣʛʽʣʝʥʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʤʫʬʝʣʴʜʽʢ ʧʝʰʪʝ ץʳʟʜʳʨʳʣʜʳ.  

 ʤʘʩʩʘʣʘʨʳʥʜʘ ʙʦʣʘʪʳʥ שʜʘʡʳ ʤʝʥ ʦʣʘʨʜʳסʳʟʜʳʨʫ ʞʘץ ʪʳץʘʣʜʳפ

ᴇʟʛʝʨʽʩʪʝʨ 3.5-ʢʝʩʪʝʩʽʥʝ ʝʥʛʽʟʽʣʜʽ. 

 

ʂʝʩʪʝ 3.5 ï פʘʣʜʳץʪʳ ץʳʟʜʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳץ שʳʟʜʳʨʫ ʙʘʨʳʩʳʥʜʘסʳ 

ʤʘʩʩʘʣʘʨʳʥʳש ᴇʟʛʝʨʽʩʽ 
 

 ʳʟפ

ʜʳʨʫ 

t°-ʩ  r

 ʳʟʜʳʨʫפ

ʢʝʟʽʥʜʝʛʽ 

 ʨʜʽʩװ

ɼʝʨʠʚʘʪʦ 

ʛʨʘʤʤʘ 

ʙʦʡʳʥʰʘ 

ʪʘשʜʘʣסʘʥ  

t°-ʣʘʨ 

 ʳʟʜʳʨʫפ

ʫʘץʳʪʳ 

 שʪʳץʘʣʜʳפ

ʙʘʩʪʘʧץʳ 

ʤʘʩʩʘʩʳ 

 שʪʳץʘʣʜʳפ

ʪʝʨʤʦᴇש 

ʜʝʫʜʝʥ ʢʝʡʽʥʛʽ 

ʤʘʩʩʘʩʳ 

 ץʘʣʜʳפ

ʤʘʩʩʩʘʩʳ 

ʥʳש ʢʝʤʫʽ 

Ű, ʤʠʥ. ʛ ʛ % 

20 ʙʘʩʪʘʧץʳ - 20 - - - 

105 ʘʜʩʦʨʙ. ʅ2ʆ 

ʙᴇʣʽʥʫʽ 

max 
20 100 98,85 1,15 

350 ʙʨʫʩʠʪʪʽש 

ʳʜʳʨʘʫʳ 

ʙʘʩʪʘʣʫʳ 20 100 98,26 2,58 

400 ʦʨʪʘʩʳ 20 100 97,42 2,85 

450 ʘʷסʳʥʜʘ 20 100 97,15 5,24 

600 ʩʝʨʧʝʥʪʠ-

ʥʠʪʪʝʨʜʽש 

ʳʜʳʨʘʫʳ 

ʙʘʩʪʘʣʫʳ 20 100 94,76 7,04 

625 ʦʨʪʘʩʳ 20 100 92,96 11,38 

660 max 20 100 88,62 13,34 

725 ʘʷסʳʥʜʘ 20 100 86,66 13,77 

750 ʬʘʟʘʣʳץ 

ᴇʟʛʝʨʽʩ 

ʬʘʟʘʣʳץ 
20 100 86,23 13,77 

800 ʬʦʨʩʪʝʨʠʪ 

ʪװʟʽʣʫʽ 

max 
20 100 86,08 13,92 

850 - ʘʷסʳʥʜʘ 20 100 85,80 14,20 

 

3.5-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ץʘʣʜʳץʪʳ 450Áʉ-ץʘ ʜʝʡʽʥʛʽ 

 ʰʳʨʘʡײ ʨʳʣʳʤʳʥ ᴇʟʛʝʨʽʩʢʝײץ שʳʟʜʳʨʫ ʙʘʨʳʩʳ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽץ
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 ʳʟʜʳʨʫץ ʘ ʜʝʡʽʥץ-ʘ ʙʦʣʘʜʳ. ʊʝʤʧʝʨʘʪʫʨʘʥʳ 105Áʉסʘʫץʦʡʤʘʡʪʳʥʳʥ ʙʘʡץ

ʙʘʨʳʩʳʥʜʘסʳ ʩʘʣʤʘץʪʳש ʘʟʘʶʳ (1,15%) ץʘʣʜʳץʪʘסʳ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ 

ʳʣסʘʣʜʳש ʢʝʪʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʊʝʤʧʝʨʘʪʫʨʘʥʳ350-450 שÁʉ ʘʨʘʣʳסʳʥʜʘ 

 ʡʽʥʜʝʛʽ ʙʨʫʩʠʪ ʳʜʳʨʘʧ, ʦʣ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥʝװʨʘʤʳʥʜʘ ʙʦʣʘʪʳʥ ʙʦʩ ʢײץ ץʘʣʜʳץ

ʘʡʥʘʣʘʜʳ: 

Mg(OH)2 (ʙʨʫʩʠʪ)    250-450Áʉ  MgO(ʦʢʩʠʜ)+H2O                      (3.9) 

 

ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ʞʦסʘʣסʘʥ ʩʘʣʤʘץ ʙʦʡʳʥʰʘ 

 ʣʝʩʽʥװ ץʳ ʤʘʩʩʘʣʳסʪʘץʘʣʜʳץ שʤʘʩʩʘʩʳʥ ʞᴅʥʝ ʦʥʳ שʳ ʙʨʫʩʠʪʪʽסʪʘץʘʣʜʳץ

ʝʩʝʧʪʝʧ ʪʘʙʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʦסʘʣסʘʥ ʩʘʣʤʘ1,74 ץ ʛ ʙʦʣסʘʥʜʘסʳ 

 ,ʘ ʙʦʣʘʜʳסʘʨʫסʤʘʩʩʘʩʳ 5,48 ʛ ʙʦʣʘʪʳʥʳʥ ʝʩʝʧʪʝʧ ʰʳ שʳ ʙʨʫʩʠʪʪʽסʪʘץʘʣʜʳץ

ʷסʥʠ ʦʥʳץ שʘʣʜʳץʪʘסʳ ʤʘʩʩʘʣʳװ ץʣʝʩʽ ʰʘʤʘʤʝʥ 5,48% ʙʦʣʘʜʳ ʜʝʛʝʥ ʩᴇʟ. 

 ʘʣʘʪʳʥʳ, ʦʣ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʛʽץʜʝʨʠʚʘʪʦʛʨʘʤʤʘʩʳʥʘʥ ʙʘʡ שʪʳץʘʣʜʳפ

 ʣ ʪʝʤʧʝʨʘʪʫʨʘײʨʝʪʽʥʜʽʛʽ. ɹװʳʥʜʘ ʞסᴇʟʛʝʨʽʩʪʝʨ 600-725Áʉ ʘʨʘʣʳ ץʨʳʣʳʤʜʳײץ

ʘʨʘʣʳסʳʥʜʘ ץʘʣʜʳץʪʘ ʞװʨʝʪʽʥ ʪʝʨʤʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʪᴇʤʝʥʜʝʛʽ ʨʝʘʢʮʠʷʣʘʨʜʳש 

ʙʽʨʽʤʝʥ ʞװʨʫʽ ʤװʤʢʽʥ: 
 

Mg6[Si4O10](OH)8     600-725°ʉ  4MgO+2MgSiO3+SiO2+4H2O          (3.10) 

 

2MgSiO3       t°     Mg2SiO4 + SiO2                                             (3.11) 

 

Mg6[Si4O10](OH)8   600-725°   4MgO+Mg2SiO4+3SiO2+4H2O             (3.12) 

 

ɹײʣ ʨʝʘʢʮʠʷʣʘʨʜʳץ שʘʥʰʘʣʳץʪʳ ʪʦʣʳץ ʞװʨʫʽ ץʘʣʜʳץʪʳ ʪʝʨʤʦᴇשʜʝʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ʉʝʙʝʙʽ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʪװʟʽʣʝʪʽʥ 

ʤʘʛʥʠʡ ʦʢʩʠʜʽ (MgO) ץʳʰץʳʣʜʘʨ ʤʝʥ ץʳʰץʳʣʜʳץ-ʥʝʛʽʟʜʽʢ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ 

ʞʝשʽʣ ʞװʨʝʜʽ, ʷסʥʠ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ᴅʨʝʢʝʪʪʝʩʫ ʙʘʨʳʩʳʥʜʘ ץʘʣʜʳץʪʳש ʝʨʫ 

ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʦʥʳש ʝʨʽʪʽʥʜʽʛʝ ᴇʪʫ ʜᴅʨʝʞʝʩʽ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ 

 ʤᴇʣʰʝʨʽʥʝ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ שʳ ʙʦʩ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥʽסʨʘʤʳʥʜʘײץ שʪʳץʘʣʜʳץ

ʙʦʣʘʜʳ.  

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʪʝʨʤʦᴇשʜʝʫʜʝʥ ʪװʟʽʣʝʪʽʥ ᴇʥʽʤʜʝʨʽ ʢװʢʽʨʪ 

 ʳ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʜʽ ʢʝʣʝʩʽ ʨʝʘʢʮʠʷʣʘʨסʜʝʫ ʙʘʨʳʩʳʥʜʘשʳʣʳʤʝʥ ᴇץʳʰץ

ʪʝשʜʝʫʣʝʨʽʤʝʥ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ: 

 

MgSiO3+H2SO4ŸMgSO4+SiO2+H2O                                 (3.13) 

 

MgSiO4+H2SO4Ÿ2MgSO4+SiO2+2H2O                   (3.14) 

 

MgO+H2SO4ŸMgSO4+H2O                                        (3.15) 

 

ʆʩʳ ʙʦʣʞʘʤʜʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʩʽ ʟʝʨʪʪʝʫʣʝʨ ʞʦʩʧʘʨʳ ײץʨʳʣʳʧ, ʦʥʳש 

ʤʝʪʦʜʦʣʦʛʠʷʩʳ ʞʘʩʘʣʜʳ. ɸʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ץʘʣʜʳץʪʳש ʢװʢʽʨʪ ץʳʰץʳʣʳ 

ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ 80Üʉ ʰʘʤʘʩʳʥʜʘ ʞʘץʩʳ ʝʨʠʪʽʥʽ ʘʥʳץʪʘʣסʘʥ ʙʦʣʘʪʳʥ [147]. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ץʘʣʜʳץʪʘסʳ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽײץ שʨʳʣʳʤʳ ᴇʟʛʝʨʝʪʽʥ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 600, 625, 660, 725Üʉ 
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ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳץʪʘʨʜʳש ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ʝʨʫ 

 .ʨʜʽʩʪʝʨʽ ʞʝʢʝ-ʞʝʢʝ ʟʝʨʪʪʝʣʜʽװ

ʆʣ װʰʽʥ, ʘʣʜʳʤʝʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 1 ʤʦʣʴ/ʣ H2SO4 ʝʨʽʪʽʥʜʽʣʝʨʽʥʽ100 ש ʤʣ 

ʤᴇʣʰʝʨʽ ʪʝʨʤʦʩʪʘʪʪʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. ʊʝʤʧʝʨʘʪʫʨʘ 80Üʉ ʞʝʪʢʝʥʜʝ ʦסʘʥ 10ʛ 

ʙʝʣʛʽʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳץʪʳװ שʣʛʽʩʽ ץʦʩʳʣʘʜʳ. 

ɸʨʘʣʘʩʪʳʨʫ ʙʘʨʳʩʳʥʜʘ ʩʝʢʫʥʜʦʤʝʨ 20 ʤʠʥ. ץʦʡʳʣʘʜʳ. ʉʦʥʘʥ ʩʦץ ,שʘʣʜʳץʪʳש 

ʝʨʽʪʽʥʜʽʜʝʛʽ ʩʫʩʧʝʥʟʠʷʩʳʥ ɹʴʶʭʥʝʨ ʚʦʨʦʥʢʘʩʳ ʤʝʥ ʚʘʢʫʤʜʳ ʩʫ ʥʘʩʦʩʳ 

ʢᴇʤʝʛʽʤʝʥ ʩװʟʛʽʣʝʥʝʜʽ. פʘʣסʘʥ ʪײʥʙʘ ʘʟʜʘסʘʥ ʩʫ ʤᴇʣʰʝʨʽʤʝʥ 3 ʨʝʪ ʞʫʳʣʘʜʳ. 

ɸʣʳʥסʘʥ ʬʠʣʴʪʨʘʪ (150 ʤʣ ʢᴇʣʝʤʽʥʜʝ) ʪʝʨʤʦʩʪʘʪץʘ ץʘʡʪʘ ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, 100 

ʤʣ ʜʝʡʽʥ ʙʫʣʘʥʜʳʨʳʣʘʜʳ. ʌʠʣʴʪʨʘʪ 100 ʤʣ ᴇʣʰʝʤ ʢʦʣʙʘʩʳʥʘ ײץʡʳʣʳʧ, 

ʙʝʣʛʽʩʽʥʝ ʜʝʡʽʥ ʩʫʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ. ʈʝʘʢʮʠʷסʘ ʪװʩʧʝʛʝʥ ץʳʰץʳʣ ץʘʣʜʳסʳʥʳש 

ʤᴇʣʰʝʨʽ ʥʘʪʨʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽ3,75 ש ʤʦʣʴ/ʣ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʪʠʪʨʣʝʫ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʘʜʳ. פʳʰץʳʣ ץʘʣʜʳסʳʥʳש ʤᴇʣʰʝʨʽ: ʉH2SO4=ʉNaOH·VNaOH/2·Vʬʠʣʴʪʨʘʪ 

ʬʦʨʤʫʣʘʩʳʤʝʥ ʝʩʝʧʪʝʣʽʧ ʪʘʙʳʣʘʜʳ. 

ʌʠʣʴʪʨʘʪʪʘסʳ ײץʨסʘץ ץʘʣʜʳ50 ץ ʤʣ ʝʨʽʪʽʥʜʽʥʽ ʙʫʣʘʥʜʳʨʳʧ, ʩʦʥʘʥ ʩʦש 

ʢʝʧʪʽʨʫ ʰʢʘʬʳʥʜʘ (105Üʉ) ʪײʨʘץʪʳ ʤʘʩʩʘסʳ ʜʝʡʽʥ ʢʝʧʪʽʨʽʣʛʝʥʥʝʥ ʩʦש 

ʘʥʳץʪʘʣʜʳ. 

600 ʞᴅʥʝ 625Üʉ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ װʣʛʽʣʝʨʽʥ ʢװʢʽʨʪ 

 ʘץ-ʪʝʤʧʝʨʘʪʫʨʘʩʳ 85Üʉ שʘʥ ʩᴅʪʪʝ ʩʫʩʧʝʥʟʠʷʥʳץʦʩץ ʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʝץʳʰץ

ʜʝʡʽʥ ʢᴇʪʝʨʽʣʝʪʽʥʽ ʙʘʡץʘʣʜʳ. 600Üʉ-סʳ װʣʛʽʥʽש ʩʫʩʧʝʥʟʠʷʩʳ 15 ʤʠʥʫʪʪʘ, ʘʣ 

625Üʉ-סʳ װʣʛʽ ʩʫʩʧʝʥʟʠʷʩʳʥʳש ʩװʟʛʽʣʝʥʫʽ, ʞʘʡʳʨʘ27-30 ץ ʤʠʥʫʪץʘ ʩʦʟʳʣʜʳ. 

ʌʠʣʴʪʨʘʪʪʘʨʜʳש ʪװʩʽ ʢᴇʢʰʽʣ-ʘץ, ʘʣʘʡʜʘ ʢʝʣʝʩʽ ʢװʥʽ ʦʣʘʨ ʛʝʣʴʛʝ ʘʡʥʘʣʳʧ ʢʝʪʪʽ. 

ɹײʣ ײץʙʳʣʳʩ ʨʝʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʝʤʥʝʟʝʤ ʞᴅʥʝ ʦʣʘʨʜʘʥ ץʳʰץʳʣʜʳץ ʦʨʪʘʜʘ 

ʢʨʝʤʥʠʡ ץʳʰץʳʣʜʘʨʳʥ ʪװʟʽʣʝʪʽʥʽʥ ʙʘʡץʘʪʪʳ. ʋʘץʳʪ ᴇʪʝ ʙײʣ װʨʜʽʩ ʛʝʣʴ 

ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʝʣʝʩʽ 660Üʉ ʪʝʨʤʦᴇשʜʝʣʛʝʥ װʣʛʽʥʽ H2SO4 ʝʨʽʪʽʥʜʽʩʽʥʝ ʩʘʣסʘʥʜʘ 

ʝʨʽʪʽʥʽʜʽʥʽש ʙʝʪʽʥʝʥ ʙʫ ʙᴇʣʽʥʝʪʽʥʽ ʙʘʡץʘʣʜʳ. ɹײʣ ײץʙʳʣʳʩ ץʘʣʜʳײץ ץʨʘʤʳʥʜʘ 

ʤʘʛʥʠʡ ʦʢʩʠʜʽʥʽש ʝש ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʪװʟʽʣʝʪʽʥʜʽʛʽʥʽש ʙʝʣʛʽʩʽ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʉʝʙʝʙʽ, ʦʥʜʘ ʞװʨʝʪʽʥ ʵʢʟʦʪʝʨʤʠʷʣʳץ ʨʝʘʢʮʠʷʜʘʥ ʙᴇʣʽʥʝʪʽʥ ʞʳʣʫ ʤᴇʣʰʝʨʽ 

ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ʨʝʘʢʮʠʷסʘ ʪװʩʝʪʽʥ ʤʘʛʥʠʡ ʦʢʩʠʜʽʥʽש ʤᴇʣʰʝʨʽʥʝ ʪʽʢʽʣʝʡ 

ʙʘʡʣʘʥʳʩʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʙײʣ ʞʘסʜʘʡʜʘ 2-3 ʤʠʥʫʪ ʘʨʘʣʳסʳʥʜʘ 88Üʉ-ץʘ ʜʝʡʽʥ 

ʢᴇʪʝʨʽʣʝʜʽ. ɸʣʳʥסʘʥ ʩʫʩʧʝʥʟʠʷ ᴇʪʝ ʞʘʡ ʩװʟʛʽʣʝʥʝʜʽ, ʰʘʤʘʤʝʥ 1ʩʘס. 

ʌʠʣʴʪʨʘʪʪʳש ʪװʩʽ ʩʘʨʳ-ʞʘʩʳʣ, ʤᴇʣʜʽʨ ʝʨʽʪʽʥʜʽ. 

725Üʉ-ʪʘ ʪʝʨʤʦᴇשʜʝʣʛʝʥ װʣʛʽʥʽ H2SO4 ʝʨʽʪʽʥʜʽʩʽʥʝ ץʦʩץʘʥ ʩᴅʪʪʝ ʨʝʘʢʮʠʷ 

ʣʝʟʜʝ ʞװʨʽʧ, ʪʽʧʪʽ ʩʫʩʧʝʥʟʠʷʣʳ ʝʨʽʪʽʥʜʽ ץʘʡʥʘʫסʘ ʞʝʪʝʜʽ, 2-3 ʤʠʥ. ʘʨʘʣʳסʳʥʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 92Üʉ ʢᴇʪʝʨʽʣʝʜʽ, ʘʣʘʡʜʘ ʘʣʳʥסʘʥ ʩʫʩʧʝʥʟʠʷ ᴇʪʝ ʥʘʰʘʨ ʩװʟʛʽʣʝʥʝʜʽ, 

ʰʘʤʘʤʝʥ 2 ʩʘסʘʪ. ʌʠʣʴʪʨʘʪʪʳש ʪװʩʽ ץʳʟסʳʣʪ-ʩʘʨʳ, ץʳʟʜʳʨסʘʥ ʢʝʟʜʝ ץʳʟסʳʣʪ 

ʪװʩʪʽ ʛʝʣʴʛʝ ʘʡʥʘʣʳʧ ʢʝʪʝʜʽ. ʋʘץʳʪ ᴇʪʝ, ʙײʣ ʛʝʣʴʜʽש ʪװʩʽ ץʦʶʣʘʥʳʧ, ץʳʟʳʣ ʪװʩʢʝ 

ᴇʪʝʜʽ. ɹײʣ ײץʙʳʣʳʩ ʍʊײץ פʨʘʤʳʥʜʘסʳ ʪʝʤʽʨʜʽנ שʝ2+ ʪʦʪʳסʳʥʳנ שʝ3+ ʪʦʪʳסʳʥʘ 

ᴇʪʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɾװʨʛʽʟʽʣʛʝʥ ʦʩʳ ʟʝʨʪʪʝʫʣʝʨ ʞʘסʜʘʡʣʘʨʳ ʤʝʥ ʦʥʜʘ ʙʘʡץʘʣסʘʥ ײץʙʳʣʳʩʪʘʨ 

ʞװʡʝʣʝʥʽʧ, 3.6-ʢʝʩʪʝʜʝ ʙʝʨʽʣʜʽ. 

3.6-ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʜʘ ʙʘʩץʘ, ʪʘסʳ ץʦʩʳʤʰʘ ʙʘʡץʘʣסʘʥʳ, ʦʣ 

660Üʉ-סʳ װʣʛʽʜʝʥ ʙʘʩץʘʣʘʨʳ, ʝʨʽʪʽʥʜʽ ʩʘʣץʳʥʜʘסʘʥ ʩʦש ʛʝʣʴ ʪװʟʝʜʽ, ʘʣ 725Üʉ 
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 ʙʽʥʝװʪ שʟʽʣʛʝʥ ʛʝʣʴ ʝʨʽʪʽʥʜʽʥʽװʥʥʝʥ ʢʝʡʽʥ, ʪװʘʥ ʩʫʩʧʝʥʟʠʷ 4-5 ʢסʣʛʽʩʽʥʝʥ ʘʣʳʥװ

ʪײʥʙʘʣʘʥʳʧ ʙᴇʣʽʥʝʜʽ. ɸʣ, 660Üʉ-סʳ װʣʛʽʥʽש ʝʨʝʢʰʝʣʽʛʽ, ʪװʟʽʣʛʝʥ ʝʨʽʪʽʥʜʽʥʽש 

ʩʘʨʳ-ʢᴇʢ ʪװʩʽ ᴇʟʛʝʨʤʝʡ, ʤᴇʣʜʽʨ ʝʨʽʪʽʥʜʽ ʢװʡʽʥʜʝ ʩʘץʪʘʣʳʧ ץʘʣʘʜʳ.  

 

 

ʂʝʩʪʝ 3.6 ï ʊʝʨʤʦᴇשʜʝʫʜʝʥ (600, 625, 660 ʞᴅʥʝ 725Üʉ) ᴇʪʢʝʥ ץʘʣʜʳץʪʘʨ 

 ʤʣ (106,7 ʛ), 1,0 ʤʦʣʴ/ʣ H2SO4, Ű=20 ʤʠʥ., ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ᴇʟʘʨʘ 100 שʣʛʽʣʝʨʽʥʽװ

ᴅʨʝʢʝʪʪʝʩʫʣʝʨʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
 

 שʣʛʽʥʽת

ʪʝʨʤʦᴇשʜʝʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

tÜʉ 

H2SO4, ʤʦʣʴ/ʣ תʣʛʽ ʩʘʣʤʘסʳ ʌʠʣʴʪʨʘʪ 106,7 ʛ 

ʙʘʩʪʘʧץʳ ʩʦסשʳ ʙʘʩʪ. ʩʦסשʳ ʨʅ 

100 ʤʣ. 

ʌʠʣʴʪʨʘʪ 

ʤʘʩ-ʩ  r

ʪװʩʽ, ʢʦʥʩʠʩ 

ʪʝʥʮʠʷʩʳ 

600 1,064 0,49 10,0 7,08 0,80 13,30 
ʢᴇʛʽʣʜʽʨ-ʘץ, 

ʢʦʣʣʦʠʜʪʳ 

625 1,064 0,075 10,0 4,114 2,33 17,80 
ʢᴇʛʽʣʜʽʨ-ʘץ, 

ʢʦʣʣʦʠʜʪʳ 

660 1,064 0,27 10,0 5,85 1,34 15,28 
ʩʘʨʳ-ʞʘʩʳʣ, 

ʝʨʽʪʽʥʜʽ 

725 1,064 0,41 10,0 6,43 0,94 13,76 
 ,ʳʣʪסʳʟץ

ʢʦʣʣʦʠʜ 

 

ɾʦסʘʨʳʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʘʣʳʥסʘʥ ʬʠʣʴʪʨʘʪʪʘʨ ʤʝʥ 

-ʪʘʣʜʘʫʣʘʨ ʤʝʥ ʬʠʟʠʢʦ ץʘʨʘʡ ʭʠʤʠʷʣʳץ ʪʘʨʳʥʘ ʘʨʳץʘʣʜʳץ ʳʣʜʘ ʝʨʽʤʝʡʪʽʥץʳʰץ

ʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. 

3.7, 3.8, 3.9-ʢʝʩʪʝʣʝʨʜʝ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ װʣʛʽʣʝʨʜʽש ʙʘʩʪʘʧץʳ 

ʭʠʤʠʷʣʳײץ ץʨʘʤʜʘʨʳʥʳש, ʦʣʘʨʜʳ ץʳʰץʳʣʜʳץ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ 

ʬʠʣʴʪʨʘʪʪʘʨ ʤʝʥ ץʳʰץʳʣʜʳץ ץʘʣʜʳץʪʘʨʳʥʳש ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʣʘʨʳ ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.7 ï ʊʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽש ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʳ, Ű=1 

ʩʘס. 
 

ʕʣʝʤʝʥʪʪʝʨ, 

% 

ʊʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ, tÜʉ, װʣʛʽʣʝʨʽ 

600 

ʊᴆ-6 

625 

ʊᴆ-7 

660 

ʊᴆ-8 

725 

ʊᴆ-9 
105 

Mg 25,7 27,45 27,11 26,10 24,86 

Si 17,9 18,5 18,84 19,26 17,50 

Fe 3,22 3,33 3,46 3,50 2,79 

ʉʘ 0,61  0,43 0,49 0,42 

ɸl 0,44 0,45 0,44 0,48 0,44 

 

ʂʝʩʪʝ 3.8 ï ʊʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽץ שʳʰץʳʣʜʳץ ᴇשʜʝʫʜʝʥ 

(VH2SO4=100 ʤʣ, ʉH2SO4=1,0 ʤʦʣʴ/ʣ, Ű=20 ʤʠʥ.) ץʘʣסʘʥ ץʘʣʜʳץʪʘʨʳʥʳש ʭʠʤʠʷʣʳץ 

ʪʘʣʜʘʫʳ 
 

ʕʣʝʤʝʥʪ, % 
 ʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ, tÜʉשʣʛʽʣʝʨ, ʪʝʨʤʦᴇת

105Üʉ 600Üʉ 625Üʉ 660Üʉ 725Üʉ 

Mg 14,5 17,39 6,12 11,11 14,20 
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Si 26,99 25,61 29,18 29,51 27,2 

Fe 1,74 2,16 4,39 2,52 2,34 

ʉʘ 0,21  0,32 0,25  

ɸl 0,19 0,23 0,28 0,22 0,23 

 

ʂʝʩʪʝ 3.9 ï ʊʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ װʣʛʽʣʝʨʜʽ ץʳʰץʳʣʤʝʥ ᴇשʜʝʫʜʝʥ ʘʣʳʥסʘʥ 

ʬʠʣʴʪʨʘʪʪʘʨʜʳש ʭʠʤʠʷʣʳץ ʪʘʣʜʘʫʳ (VH2SO4=100 ʤʣ, ʉH2SO4=1,0 ʤʦʣʴ/ʣ, Ű=20 

ʤʠʥ.) 
 

ʕʣʝʤʝʥʪ, % 
ʊʝʨʤʦᴇשʜʝʫ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʳ, tÜʉ 

105Üʉ 600Üʉ 625Üʉ 660Üʉ 725Üʉ 

Mg 8,8 9,03 14,35 12,94 8,00 

Si 0,29 1,47 2,66 3,77 1,81 

Fe 0,49 0,94 0,38 1,22 0,87 

ʉʘ 0,44 0,32 0,24 - 0,24 

ɸl 0,45 0,51 0,22 0,34 0,45 

 

ɿʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʣʝʨʽ ʙʝʨʽʣʛʝʥ 3.6, 3.7, 3.8, 3.9-ʢʝʩʪʝʣʝʨʜʝ ʙʝʨʽʣʛʝʥ 

ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʪᴇʤʝʥʜʝʛʽʜʝʡ Ϩʦʨʳʪʳʥʜʳʣʘʨ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

1) 3.6-ʢʝʩʪʝ ʙʦʡʳʥʰʘ: ʪᴅʞʽʨʠʙʝ ʞʘסʜʘʡʳ ʙʽʨʜʝʡ ʙʦʣסʘʥʜʘ ץʘʣʜʳץ ʧʝʥ 

ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʽʥʜʝ ʘʣʳʥסʘʥ ץʳʰץʳʣ 625Üʉ ʘʣʳʥסʘʥ 

 .ʥʠ (1,064-0,075) =0,989 ʤʦʣʴ (92,95%)סʢᴇʧ ʤᴇʣʰʝʨʜʝ ᴅʨʝʢʝʪʪʝʩʝʜʽ, ʷ שʣʛʽʤʝʥ ʝװ

ɹײʣ ʰʘʤʘ ᴇשʜʝʫʛʝ ʘʣʳʥסʘʥ ץʳʰץʳʣʜʳש ʧʘʡʜʘʣʳ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʞʦסʘʨʳ 

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʨʅ-ʪʳש ʞʦסʘʨʳ ʤᴅʥʽ (2,33) ʬʠʣʴʪʨʘʪʪʳ 

ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫסʘ ʞײʤʩʘʣʘʪʳʥ ʩʽʣʪʽʣʽʢ ʨʝʘʛʝʥʪʪʽש ʘʟ ʤᴇʣʰʝʨʜʝ 

ʞײʤʩʘʣʘʪʳʥʳʥʘ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʡʜʳ; 

2) 3.7-ʢʝʩʪʝ ʙʦʡʳʥʰʘ: ʊʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ 625Üʉ װʣʛʽʩʽʥʜʝ ʤʘʛʥʠʡʜʽש ʝש 

ʞʦסʘʨʳ ʤᴇʣʰʝʨʽ (27,45% ʤʘʩ.) ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ; 

3) 3.8-ʢʝʩʪʝ ʙʦʡʳʥʰʘ: ʊʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥʽש ʽʰʽʥʜʝ, 

 ʘʟ ʤᴇʣʰʝʨʽ 625Üʉ שʝ שʳ ʤʘʛʥʠʡʜʽסʨʘʤʳʥʜʘײץ ץʘʣʜʳץ ʳʣʜʘ ʝʨʽʤʝʡʪʽʥץʳʰץ

 ;ʪʘʡʜʳץʪʘ (6,12% ʤʘʩ.) ʙʦʣʘʪʳʥʳʥ ʘʥʳץʘʣʜʳץ ʘʥסʘʣץ ʣʛʽʜʝʥװ

4) 3.9-ʢʝʩʪʝ ʙʦʡʳʥʰʘ: ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳװ ץʣʛʽʣʝʨʽʥ ʢװʢʽʨʪ 

rץ ʰץʳʣʳʤʝʥ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʝʨʽʪʽʥʜʽʛʝ ʤʘʛʥʠʡʜʽש ʝש ʢᴇʧ ʤᴇʣʰʝʨʽ 625Üʉ 

 ʘʪʘʨ, ʝʨʽʪʽʥʜʽʥʽץ ʣʛʽʩʽʥ ʝʨʽʪʢʝʥʜʝ (14,35%) ᴇʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥװ

ʣʘʩʪʘʫʰʳ ʤʝʪʘʣʜʘʨʜʳש (Fe-0,38%, Ca-0,24%) ʬʠʣʴʪʨʘʪʪʘ ʘʟ ʤᴇʣʰʝʨʽ 

ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 ʨʜʽʩʪʝʨװ ץʪʘ ʬʘʟʘʣʳץʘʣʜʳץ ʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘסʪʳ 800Üʉ ʞʦץʘʣʜʳפ

(ʬʦʨʩʪʝʨʠʪ ʪװʟʽʣʫʽ MgSiO3) ʞװʨʝʪʽʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʙײʣ ʞײʤʳʩʪʘ 800-850Üʉ-ס  r

ʪʝʨʤʦᴇשʜʝʫʣʝʨ ץʘʨʘʩʪʳʨʳʣʤʘʜʳ. ʉʝʙʝʙʽ, ץʘʣʜʳץʪʘסʳ ʤʘʛʥʠʡʜʽש ʙʝʣʛʽʣʽ ʙʽʨ 

ʤᴇʣʰʝʨʽ ʬʦʨʩʪʝʨʠʪʢʝ ʘʡʥʘʣסʘʥ ʞʘסʜʘʡʜʘ ץʘʣʜʳץʪʘʥ ʤʘʛʥʠʡʜʽש ʝʨʽʪʽʥʜʽʜʛʝ ᴇʪʫʽ 

 .ʪʘʥ ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽ ʪᴇʤʝʥʜʝʡʜʽץʘʣʜʳץ ,ʪʘʥץʘʥʜʳסʠʳʥʜʘʡʪʳʥ ʙʦʣץ

ʊʝʨʤʦᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ץʘʣʜʳץʪʳײץ שʨʘʤʳʥʜʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʜʽ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʢʘʣʳץ ʟʝʨʪʪʝʫ. 

 ʪʘʥץʨʜʽʩʽʥʜʝ ʦʣʘʨʜʳ ʘʣʜʳʥ ʘʣʘ ʪʝʨʤʦʜʘʡʳʥʜʳװ ʜʝʫשʘʡʪʘ ᴇץ ʪʳץʘʣʜʳפ

ᴇʪʢʽʟʫʜʽש ʤʘשʳʟʳ װʣʢʝʥ ʝʢʝʥʜʽʛʽʥʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨʜʝʥ ʙʝʣʛʽʣʽ ʙʦʣסʘʥ 

ʩʦש, ʪʝʨʤʦᴇשʜʝʫ װʨʜʽʩʽʥʽץ שʘʣʜʳײץ ץʨʳʣʳʤʳ ʤʝʥ ʦʥʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 
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 ,ʰʽʥװ ʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. ʆʣץ ʪʘʫץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳ ʘʥʳץ

 שᴅʜʽʩʪʽ ץʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʟʝʨʪʪʝʫʛʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʢʘʣʳסʨʘʤʳʥʜʘײץ ץʘʣʜʳץ

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ɿʝʨʪʪʝʫ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʪʦʤʝʪʨ çD8ENDEAVORè, çBruKerè ʬʠʨʤʘʩʳ 

(ɻʝʨʤʘʥʠʷ), ץʦʥʜʳʨסʳʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. 

ɸʣʜʳʤʝʥ, ץʘʣʜʳ105 ץÜʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʝʧʪʽʨʫ ʰʢʘʬʳʥʜʘ ʪײʨʘץʪʳ 

ʤʘʩʩʘסʘ ʜʝʡʽʥ ʢʝʧʪʽʨʽʣʜʽ. ɹײʣ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʘʣʜʳץ ᴇʟʽʥʝ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ 

ʳʣסʘʣʜʘʥ ʪʦʣʳץ ʘʨʳʣʘʜʳ. ɼʘʡʳʥʜʘʣסʘʥ װʣʛʽʥʽש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 3.5-ʩʫʨʝʪʪʝ 

ʙʝʨʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 3.5 ï 105Üʉ ʢʝʧʪʽʨʽʣʛʝʥ ʙʘʩʪʘʧץʳ ץʘʣʜʳץʪʳש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 

 

 ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʩʳʥʜʘ ʩʝʨʧʝʥʪʠʥʠʪʪʝʨ שʣʛʽʩʽʥʽװ ʳץʙʘʩʪʘʧ שʪʳץʘʣʜʳפ

ʪʦʙʳʥʘ ʞʘʪʘʪʳʥ ʤʠʥʝʨʘʣʜʘʨʜʳש Mg6[Si4O10](OH)8 ʭʨʠʟʦʪʠʣʜʽש ʞʘʟʳץʘʨʘʣʳץ 

ʰʳשʜʘʨʳ (ɾʐ) d/n=7,38-4,619-3,661-2,497-2,14-1,53  ʤᴅʥʜʝʨʽʥʜʝ ʘʡץʳʥ 

ʞʘʟʳʣʘʜʳ. ɹײʣ ʤᴅʥʜʝʨ ʥʝʛʽʟʛʽ ʬʘʟʘʣʘʨ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. ɹʨʫʩʠʪʪʽש Mg(OH)2 

ɾʐ d/n=4,77-2,365-1,794  ʤᴅʥʜʝʨʽʥʜʝ ʪʦʣʳץ ʰʳסʘʜʳ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘʜʘ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʘʥʪʠʛʦʨʠʪʪʽש ʘʟ ʤᴇʣʰʝʨʜʝʛʽ ɾʐ d/n=7,30-3,63-2,52  

ʤᴅʥʜʝʨʽʥʜʝ, ʤʘʛʥʝʪʠʪʪʽש Fe[Fe2O3] d/n=2,99-2,541-2,098-1,710-1,612  

ʤᴅʥʜʝʨʽʥʜʝ ʢᴇʨʽʥʝʜʽ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘʜʘʥ, ʙײʣʘʨʜʘʥ ʙʘʩץʘ ʧʠʨʦʧ ï Mg3Al 2[SiO4]3 d/n=2,92-2,69-

1,50  ʞᴅʥʝ ʘʣʴʤʘʥʜʠʥ Fe3Al 2[SiO4]3 d/n= 2,90-2,60-1,51  ᴅʣʩʽʟ ʰʳשʜʘʨʳʥ 

ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ɾʘʣʧʳ, ץʘʣʜʳײץ ץʨʘʤʳʥʜʘ 7 ʬʘʟʘʣʳץ, ʦʥʳש ʽʰʽʥʜʝ 

ʥʝʛʽʟʛʽʣʝʨʽʥʝ ʩʝʨʧʝʥʪʠʥʠʪ ʤʠʥʝʨʘʣʜʘʨʳʥ ʞʘʪrץʟʫסʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʙʨʫʩʠʪʪʽש, ʘʟʜʘʧ ʤʘʛʥʝʪʠʪ ʞᴅʥʝ ᴇʪʝ ʘʟ ʤᴇʣʰʝʨʜʝ ï ʘʥʪʠʛʦʨʠʪ, 

ʧʠʨʦʧ, ʘʣʴʤʘʥʜʠʥ ʙʦʣʘʜʳ ʜʝʧ ʙʦʣʞʘʫסʘ ʙʦʣʘʜʳ. 

ʊʝʨʤʦᴇשʜʝʫʜʽש ʝש ʦשʪʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʜʝʧ ץʘʙʳʣʜʘʥסʘʥ 725Üʉ-סʳ 

 .ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 3.6-ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥ שʣʛʽʩʽʥʽװ
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ʉʫʨʝʪ 3.6 ï 725Üʉ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳץʪʳש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 

 

 ʪʘʡץʨʳʣʳʤʳʥʜʘ ʘʡʪʘʨʣʳײץ שʜʝʫ ʦʥʳשʪʳ 725Üʉ-ʜʘ ʪʝʨʤʦᴇץʘʣʜʳפ

ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʪʘʜʳ. ɽש ʙʘʩʪʳʩʳ, ʤײʥʜʘ ʩʝʨʧʝʥʪʠʥʠʪ ʤʠʥʝʨʘʣʜʘʨʳʥʳש 

 ʟʳʣʘʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘʜʘ, ʙʽʨʽʥʰʽʜʝʥײʨʳʣʳʤʳ ʙײץ

ʭʨʠʟʦʪʠʣʜʽש ʠʥʪʝʥʩʠʚʪʽ ɾʐ d/n=7,38(10)-3,661(10)-2,487(10)-1,53(10)  ʽʰʽʥʝʥ 

ʪʝʢ d/n=7,38  ʰʳrס שʘʥʘ ʢʽʰʢʝʥʪʘʡ ʪʽʣʽʤʤʝʥ ʢᴇʨʽʥʝʜʽ. ɹʘʩץʘʣʘʨʳ ʤװʣʜʝ 

ʞʦסʘʣסʘʥ. ɹײʣ ʩʝʨʧʝʥʪʠʥʠʪ ʪʦʙʳʥʳש ʤʠʥʝʨʘʣʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʜʘʨʳ 

ʪʦʣʳץ ᴇʟʛʝʨʜʽ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. ʆʣʘʨʜʳש ʦʨʥʳʥʘ ʞʘשʘ ʬʘʟʘ ï Ŭ-ʪʨʠʜʝʤʠʪ (SiO2) 

ᴇʟʽʥʽש ɾʐ d/n=4,39-4,12-3,73  ʤᴅʥʜʝʨʽʤʝʥ ʢᴇʨʽʥʽʩ ʪʘʙʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʤʘʛʥʝʪʠʪʪʽש d/n=2,99-2,541-2,097 , ʜʠʦʧʩʠʜʪʽש d/n=2,99-2,894-2,56-2,04 , 

ʧʝʨʠʢʣʘʟ (MgO) d/n=2,431-2,108-1,48 , ʧʠʨʦʧ d/n=2,92-2,69-1,50  ʤᴅʥʜʝʨʽ 

ʢᴇʨʽʥʝʜʽ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘʜʘ ʙʨʫʩʠʪʪʽש ʩʠʧʘʪʪʘʤʘʣʳץ ɾʐ ʤװʣʜʝ ʢᴇʨʽʥʙʝʡʪʽʥ, 

ʦʥʳש ʦʨʥʳʥʘ ʧʝʨʠʢʣʘʟ (MgO) ɾʐ-ʥʳש ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʘʥʳץ ʢᴇʨʽʥʽʩ ʪʘʧץʘʥ. 

ʉʦʥʳʤʝʥ, 725Üʉ װʣʛʽʜʝ ʞʘʣʧʳ 8 ʬʘʟʘʥʳש ʩʠʧʘʪʪʘʤʘʣʳץ ʰʳשʜʘʨʳ ʙʘʨ ʝʢʝʥʜʽʛʽ 

ʘʥʳץʪʘʣʘʜʳ, ʘʣ ʦʣʘʨʜʳש ʥʝʛʽʟʛʽʣʝʨʽʥʝ ʤʘʛʥʝʪʠʪ, ʬʦʨʩʪʝʨʠʪ ʞᴅʥʝ ʧʝʨʠʢʣʘʟ 

(MgO) ʬʘʟʘʣʘʨʳʥ ʞʘʪrץʟʫסʘ ʙʦʣʘʜʳ. 

ɾʘʣʧʳ, ץʘʣʜʳץʪʳ 750Üʉ-ʪʘ ʪʝʨʤʦᴇשʜʝʫ ʦʥʳש ʬʘʟʘʣʳץ ʞʘסʜʘʡ ʢװʡʽʥʝ 

ʝʥʛʽʟʝʜʽ, ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ʩʠʧʘʪʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʳ ʙײʟʳʣʳʧ, 

ʧʝʨʠʢʣʘʟʜʳש (MgO) ʤᴇʣʰʝʨʽ ʢᴇʙʝʡʽʧ, ʬʦʨʩʪʝʨʠʪ ʬʘʟʘʩʳʥʳש ʪװʟʽʣʝ ʙʘʩʪʘʡʪʳʥ 

ʢװʡʜʝ ʙʦʣʘʜʳ ʜʝʧ ʙʦʣʞʘʤ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

ʂʝʣʝʩʽ ʨʝʥʪʛʝʥʦʛʨʘʬʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʦʩʳ 725Üʉ-ʪʘ ʪʝʨʤʦᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ 

 ʳʣʳʤʝʥ ᴅʨʝʢʝʪʪʝʩʢʝʥʥʝʥ ʢʝʡʽʥʛʽ ʦʥʜʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʜʽץʳʰץ ʢʽʨʪװʣʛʽʥʽ ʢװ

ʘʥʳץʪʘʫסʘ ʘʨʥʘʣʜʳ. 3.7-ʩʫʨʝʪʪʝ ʦʩʳ װʣʛʽʥʽ100 ש ʤʣ, 1,0ʄ H2SO4 ʝʨʽʪʽʥʜʽʩʽʤʝʥ 

ᴇשʜʝʣʛʝʥʥʝʥ ץʘʣסʘʥ ץʘʣʜʳץʪʳש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ ʙʝʨʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.7 ï 725Üʉ-ʪʘ ʪʝʨʤʦᴇשʜʝʣʛʝʥ װʣʛʽʥʽש ʢװʢʽʨʪ ץʳʰץʳʣʳ (1ʄ H2SO4) 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ᴇשʜʝʣʛʝʥʥʝʥ ʩʦץ שʘʣסʘʥ ץʘʣʜʳץʪʳש ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʩʳ 

 

725Üʉ-סʳ װʣʛʽʩʽʥʽץ שʳʰץʳʣʜʘ ʝʨʽʛʝʥ ץʘʣʜʳסʳʥʳש ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʩʳʥʜʘ 

ʜʠʦʧʩʠʜʪʽש (CaOĿMgOĿ2SiO2) d/n=2,99-2,894-2,56-2,04  ɾʐ-ʥʳש ʞʦסʘʣסʘʥʳʥ 

ʞᴅʥʝ ʬʦʨʩʪʝʨʠʪʪʽש d/n=3,875-3,47-2,75-2,497-2,44 ; ʧʝʨʠʢʣʘʟʜʳש (MgO) 

d/n=2,431-2,108-1,48  ʞʘʟʳץʘʨʘʣʳץ ʰʳשʜʘʨʳʥʳש ʠʥʪʝʥʩʠʚʪʽʣʽʢʪʝʨʽ 

ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʧ ʢʝʪʢʝʥʽ ʢᴇʨʽʥʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʠʨʦʧʪʳש d/n=2,92-

2,69-1,50  ʞᴅʥʝ ʘʣʴʤʘʥʜʠʥʥʽש d/n=2,92-2,69-1,50  ɾʐ ʞʦסʘʨʳʣʘʡʪʳʥʳʥ 

ʢᴇʨʝʤʽʟ. 

ʉʦʥʳʤʝʥ, 725Üʉ װʣʛʽʩʽʥʜʝʛʽ ץʘʣʜʳץʪʳײץ שʨʘʤʳʥʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ 

ʝʨʽʪʽʥʜʽʩʽʥʝ ᴇʪʝʪʽʥ ʤʘʛʥʠʡʜʽ ʜʝʥʽ ʦʥʳײץ שʨʘʤʳʥʜʘסʳ ʧʝʨʠʢʣʘʟʜʳש ʝʨʫʽʥʝʥ 

ʪʫʳʥʜʘʡʜʳ ʜʝʧ ʪײʞʳʨʳʤ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʳʰץʳʣʜʳץ 

ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ, ʩʝʨʧʝʥʪʠʥʜʝʨ ײץʨʳʣʳʤʳʥʘ ץʘʪʳʩʪʳ d/n=7,38-3,661-2,487-1,53  

ʰʳשʜʘʨʳʥʳץ שʘʡʪʘ ʢᴇʨʽʥʽʩ ʪʘʙʫʳ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥʳש ᴅʣʽʜʝ ʙʦʣʩʘ ʪʦʣʳץ 

ʳʜʳʨʘʡ ץʦʡʤʘסʘʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ʢᴇʨʽʥʽʩ, ᴇʟ ʢʝʟʝʛʽʥʜʝ ץʳʰץʳʣʜʳץ 

ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ץʘʣʜʳץʪʳ ʘʨʳ ץʘʨʘʡ ʞʘשʘ ʢʦʤʧʦʟʠʪʪʝʨ ʥʝʤʝʩʝ ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʘʜʩʦʨʙʝʥʪʪʝʨʜʽש ʞʘשʘ ʪװʨʣʝʨʽʥ ʘʣʫʜʘ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ 

ʤʦʣ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʙʘסʳʪʪʘסʳ ʽʟʜʝʥʽʩ ʞײʤʳʩʪʘʨʳ ץʳʰץʳʣʜʳץ 

 ʳʰסʪʘʥʜʳʨץʨʘײʦʣʜʘʥʳʣʘʪʳʥ ʪץ ʽʥʝʥשʨʳʣʳʩʳʥʜʘ ʢʝײץ ʪʘʨʜʳ ʞʦʣץʘʣʜʳץ

  .ʤʢʽʥʜʽʢʪʝʨʜʽ ʟʝʨʪʪʝʫʛʝ ᴅʢʝʣʜʽװʘ ʙʦʣʘʪʳʥ ʤסʦʩʧʘʣʘʨʳʥ ʘʣʫʜʘ ʧʘʡʜʘʣʘʥʫץ

 

3.1.5 ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳ ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ᴇשʜʝʫ 

ʢʝʟʽʥʜʝ ץʘʣʜʳץʪʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʟʝʨʪʪʝʫ 
 

3.1.5.1 ʀפ-ʩʧʝʢʪʨʦʤʝʪʨʠʷʣʳץ ʟʝʨʪʪʝʫ 

ɿʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʘ ʍʊפ-ʪʳ ץʳʰץʳʣʤʝʥ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ, ץʳʰץʳʣʜʳץ 

ʤᴇʣʰʝʨʣʽʢ ץʘʥʜʘʡ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ץʦʣʜʘʥסʘʥʜʘ, ʝʨʫ װʨʜʽʩʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ 

ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʩʠʣʠʢʘʪʪʘʨʜʳש ʢʨʝʤʥʝʟʝʤʛʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʥʫʳ װʨʜʽʩʽ 

ʙʘʩʪʘʣʘʪʳʥʳʥ ʘʥʳץʪʘʫ ץʦʡʳʣʜʳ. ɹʘʩʪʘʧץʳ ʍʊפ-ʪʳש ʀפ-ʩʧʝʢʪʨʽʥʜʝ (3.8-ʩʫʨʝʪ) 

ʆʅ-ʪʦʙʳʥʳש ʚʘʣʝʥʪʪʽʢ ʪʝʨʙʝʣʽʩ ʘʫʤʘסʳʥʜʘ ʪʝʪʨʘʵʜʨʣʽʢ ʢʨʝʤʥʝʟʝʤʥʽש ʩʢʝʣʝʪʪʽʢ 
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ʪʝʨʙʝʣʽʩʪʝʨʽ ʘSi-ʆʅ 3653 ʩʤ-1 ʞʦʣʘץʰʘʩʳ ʞʽʢʪʝʣʽʧ ץʦʩʳʤʰʘ 3637 ʩʤ-1 

ʞʦʣʘץʰʘʩʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɽש ʙʘʩʪʳʩʳ, ʤײʥʜʘ ʪʝʨʝש ʝʤʝʩ, ʘʣʘʡʜʘ ᴇʪʝ ʢʝש 

ʞʦʣʘץʪʘʨ 3150-3500 ʩʤ-1 ʞʦʣʘסʳ ʞʽʢʪʝʣʫʽ ʢװʰʝʡʽʧ, ʦʣʘʨ ʘ-SiOH+ ʞʦʣʘסʳʤʝʥ 

ʙʽʨʽʛʽʧ, 3649 ʩʤ-1 ʪʦʣץʳʥ ʩʘʥʳʤʝʥ ʙʝʣʛʽʣʝʥʛʝʥ ʞʦʣʘץʧʝʥ ʢᴇʨʽʥʝʜʽ. 

ɻʠʜʨʦʢʩʠʣʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʅ-ʞʦʣʘץʪʘʨʳ ʢʝשʝʡʽʧ, ᴅʨʽ ʪʝʨʝשʜʝʡ ʪװʩʝʜʽ. ɸʣ, 

ʽʰʢʽʣʽʢ ʛʣʦʙʫʣʷʨʣʳ3684 ץ ʩʤ-1 ʞʦʣʘץʪʳש ʢᴇʣʝʤʽ ʢʽʰʽʨʝʡʝ ʙʝʨʫʽʥ ʞʘʣסʘʩʪʳʨʘʜʳ.  

 

 
 

ʉʫʨʝʪ 3.8 ï ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʽ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʘʥ ʢװʢʽʨʪ 

-פʀ שʣʛʽʣʝʨʽʥʽװ ʜʝʣʛʝʥשʄ-ʣʽ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ᴇפʨʣʽ ʉװᴅʨʪ שʳʣʳʥʳץʳʰץ

ʩʧʝʢʪʨʣʝʨʽ 

 

ʍʊפ-ʪʳש Si-ʆ-Si, Si-ʆ ʪʝʨʙʝʣʽʩʪʝʨ ʘʫʤʘסʳʥʜʘסʳ 0,374 ʩʤ-1 ʤᴅʥʛʝ ʠʝ 

ʠʥʪʝʥʩʠʚʪʽ ʞʦʣʘץ ʦʥʰʘ ʪʝʨʝש ʝʤʝʩ 1064,7 ʩʤ-1 ʞʦʣʘסʳʤʝʥ ʙʽʨʛʝ ʭʨʠʟʦʪʠʣʜʽש 

ʘʩʩʠʤʝʪʨʠʷʣʳץ ʚʘʣʝʥʪʪʽʢʪʝʨ ʙʝʣʽʩʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʳʰץʳʣʜʳ0,3 ש ʉפʄ 

ᴇשʜʝʛʝʥʜʝ ʦʩʳ 937,4 ʩʤ-1ʞʦʣʘסʳʥʳש ʜʘ ʠʥʪʝʥʩʠʚʪʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʪʽʥʽʥ ʙʘʡץʘʫסʘ 

ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʝʨʝש ʝʤʝʩ, ʙʽʨʘץ ʢʝש ʠʳץʰʘ 1120-2000 ʩʤ-1 ʘʨʘʣʳסʳʥʜʘ 

ʢᴇʨʽʥʝ ʙʘʩʪʘʡʜʳ.  

ɹʘʡץʘʣסʘʥ ʙײʣ ײץʙʳʣʳʩʪʘʨ, ʍʊפ-ʪʳ 0,7 ʉפʄ, ʅ2SO4 ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ 

ʪʘסʳʜʘ ʢװʰʝʡʝ ʪװʩʝʜʽ, 1064 ʩʤ-1 ʠʳץʰʘʩʳ ʪʝʨʝשʜʝʡ ʪװʩʽʧ, 1057 ʩʤ-1 ʤᴅʥʽʤʝʥ 

ʞʝʢʝ ʞʦʣʘץʰʘ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 800 ʩʤ-1ʰʘסʳʥ ʞʦʣʘץʰʘ ʧʘʡʜʘ 

ʙʦʣʳʧ, ʦʣ ʢʨʝʤʥʝʟʝʤ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʘʡץʳʥʜʘʧ ʢᴇʨʩʝʪʝʜʽ.  

ʗסʥʠ, ʍʊײץ פʨʘʤʳʥʜʘסʳ ʩʠʣʠʢʘʪ ʠʦʥʜʘʨʳʥʳש ʢʨʝʤʥʝʟʝʤʛʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʥʫʳʥʳש ʙʘʩʪʘʤʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣ ʢʨʝʤʥʝʟʝʤ ᴇʟ ʢʝʟʝʛʽʥʜʝ 

-ʳʣʜʘʨʳʥ ʥʝʤʝʩʝ ʢʨʝʤʥʝʟʝʤץʳʰץ ʨʣʽ ʧʦʣʠʢʨʝʤʥʠʡװʦʨʪʘʜʘ ʪ ץʳʣʜʳץʳʰץ

ʛʝʣʜʝʨʽʥ ʪװʟʫʤʝʥ, ʍʊץ  ש-פʳʰץʳʣʜʘ ʝʨʢʽʥ ʝʨʫʽʥ ʪʝʞʝʫʛʝ ᴅʢʝʣʝʜʽ. 
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3.1.5.2 ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ-ʪʝʨʤʠʷʣʳץ ʟʝʨʪʪʝʫ 

ʅʝʛʽʟʽʥʝʥ, ʟʝʨʪʪʝʫ ʥʳʩʘʥʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʍʊש-פ ʪʝʨʤʦʛʨʘʬʠʢʘʣʳץ 

ʛʨʘʬʠʛʽʥʜʝ ʤʘʩʩʘʥʳש ʘʟʘʶʳʥʳװ שʰ ʘʫʤʘסʳ ʙʘʨ (3.9-ʩʫʨʝʪ). 

 

 
 

ʉʫʨʝʪ 3.9 ï ɹʘʩʪʘʧץʳ ʪʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʜʝʨʠʚʘʪʦʛʨʘʤʤʘʩʳ  

 

ʆʣʘʨ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝʨʤʠʷʣʳץ ץʠʩʳץʪʘʨʳʥʜʘ ʢʝʣʝʩʽ ʪʝʨʤʠʷʣʳץ 

ʵʬʬʝʢʪʽʣʝʨ ʪװʨʽʥʜʝ ʢᴇʨʽʥʝʜʽ: 1) ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳש ʢʝʪʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʙʝʣʛʽ ʙʝʨʝʪʽʥ (100-120ºʉ) ʵʥʜʦʤʝʪʨʠʷʣʳץ ʵʬʬʝʢʪ; 2) ʢʦʥʩʪʠʪʫʮʠʷʣʳץ ʩʫʜʳש 

ʢʝʪʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ (390ºʉ ʞᴅʥʝ 450ºʉ) ʵʥʜʦʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪ; 3) ʢװʨʜʝʣʽ 

ʧʽʰʽʥʜʝʛʽ, ʩʝʨʧʝʥʪʠʥʥʽש ʜʝʛʠʜʨʘʪʘʮʠʷʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ (675ºʉ) ʵʥʜʦʤʝʪʨʠʷʣʳץ 

ʵʬʬʝʢʪ ʞᴅʥʝ ײץʨʳʣʳʤʳʥʳש ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ץʘʪʳʩʪʳ ʞᴅʥʝ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʞʘשʘ ʬʘʟʘʣʘʨʜʳש (ʬʦʨʩʪʝʨʠʪ ʞᴅʥʝ ɓ-ʢʚʘʨʮ) 800-810ºʉ ʧʘʡʜʘ 

ʙʦʣʫʳʥʘ ץʘʪʳʩʪʳ ʵʢʟʦʪʝʨʤʠʷʣʳץ ʵʬʬʝʢʪʽʣʝʨʜʝʥ ʪײʨʘʜʳ [148]. 

ʂװʢʽʨʪ ץʳʰץʳʣʳʥʳ0,3 ש ʞᴅʥʝ 0,7 ʉפʄ ʙʘʨ ʝʨʽʪʽʥʜʽʣʝʨʤʝʥ ᴇשʜʝʣʛʝʥ 

ʍʊפ-ʜʳש ʜʝʨʠʚʘʪʦʛʨʘʤʤʘʣʘʨʳ ʦʥʜʘ ʘʜʩʦʨʙʮʠʷʣʘʥסʘʥ ʩʫʜʳש ʤᴇʣʰʝʨʽ, 

ʢʝʨʽʩʽʥʰʝ ʢʦʥʩʪʠʪʫʮʠʷʣʳץ ʩʫʜʳש ʤᴇʣʰʝʨʽ ʘʟʘʷʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 שʩʫ ʙʽʨʪʽʥʜʝʧ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ ץʣʛʽʣʝʨʜʝ ʢʦʥʩʪʠʪʫʮʠʷʣʳװ ʜʝʣʛʝʥשʳʣʤʝʥ ᴇץʳʰפ

ʢʝש ʘʨʘʣʳסʳʥʜʘ ʞʘʡʣʘʧ ʘʟʘʷʜʳ. TG ʞᴅʥʝ ɼTG ץʠʩʳץʪʘʨʳʥʜʘ 320-570ºʉ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʘʣʳץʪʘ ʘʡʪʘʨʣʳץʪʘʡ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʪᴇʤʝʥʜʝʫ 
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ʙʘʡץʘʣʤʘʡʜʳ, ʙײʣ TG ʘʫʤʘץʪʘ ץʠʩʳץ ʙʽʨץʘʣʳʧʪʳ ʞʘʡ ʪᴇʤʝʥʜʝʡʜʽ. ɹʽʨ ץʳʟʳסʳ, 

ʩʝʨʧʝʥʪʠʥʥʽʥ ʳʜʳʨʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (675ºʉ) ץʳʰץʳʣʤʝʥ ʥʝײסʨʣʳʤ ʪʝʨʝש 

ᴇשʜʝʣʛʝʥ װʣʛʽʣʝʨʜʝ, ʩʝʨʧʝʥʪʠʥʠʪʪʽ ʳʜʳʨʘʪʫסʘ ץʘʞʝʪʪʽ ʵʥʝʨʛʝʪʠʢʘʣʳץ 

ʰʳסʳʥʥʳש ʘʟ ʙʦʣʘʪʳʥʳʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʜʝʛʝʥ ʩᴇʟ, ʞʘʣʧʳ ʥʝʛʽʟʽʥʝʥ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʪײʨʘʪʳʥʳʥ ʍʊפ-ʪʳ ץʳʰץʳʣʜʳץ ʳʜʳʨʘʪʫ ʘʣʜʳʥʜʘ ʦʥʳ 

ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʽש ʤʘשʳʟʜʳ ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, 

ʍʊפ-ʪʳײץ שʨʘʤʳʥʜʘ ʩʝʨʧʝʥʪʠʥʠʥʪʪʝʥ ʙʘʩץʘ 400ºʉ ʰʘʤʘʩʳʥʜʘ ʜʝʛʠʜʨʘʪʘʮʠʷ 

 .ʪʘʣʜʳץʙʘʨ ʝʢʝʥʜʽʛʽ ʘʥʳ שʰʳʨʘʡʪʳʥ ʙʦʩ ʙʨʫʩʠʪʪʽײ

 

3.1.5.3 ʈʝʥʪʛʝʥʦʬʘʟʘʣʳץ ʟʝʨʪʪʝʫ 

ʄײʥʜʘ ʍʊפ-ʪʳ ץʳʰץʳʣʤʝʥ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʦʥʳײץ שʨʘʤʳʥʜʘסʳ 

ʩʝʨʧʝʥʪʠʥʠʪ ʪʦʙʳʥʳש ʤʠʥʝʨʘʣʜʘʨʳʥʳץ שʘʙʘʪʪʳ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ײץʨʳʣʳʤʳ 

ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʡʜʳ ʤʘ, ᴅʣʜʝ ʞʦץʧʘ ʜʝʛʝʥ ʩײʨʘץץʘ ʞʘʫʘʧ ʽʟʜʝʣʜʽ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʨʝʥʛʝʥʦʛʨʘʬʠʢʘʣʳץ ʟʝʨʪʪʝʫʛʝ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ װʣʛʽʣʝʨʽ ʘʣʳʥʜ,r 

ʩʝʙʝʙʽ ʦʥʳײץ שʨʳʣʳʤʜʳץ ʩʪʨʫʢʪʫʨʘʩʳ ʞʘץʩʳ ʟʝʨʪʪʝʣʛʝʥ.  

ɹʘʩʪʘʧץʳ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ (ʍɸ) 0,7 ʉפʄ-ʛʝ ʢװʢʽʨʪ ץʳʰץʳʣʳʤʝʥ ᴇשʜʝʣʜʽ, 

ʦʥʳש ʨʝʥʛʝʥʦʛʨʘʤʤʘʩʳ (3.10-ʩʫʨʝʪ, ʍɸ-, HS ʙʝʣʛʽʣʝʥʛʝʥ) ʙʝʨʽʣʛʝʥ. ʉʫʨʝʪʪʝ, 

 שʳ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʽץʨʝʥʛʝʥʦʛʨʘʤʤʘʩʳ ʙʘʩʪʘʧ שʣʛʽʥʽװ ʜʝʣʛʝʥשʳʣʤʝʥ ᴇץʳʰץ

ʨʝʥʛʝʥʦʛʨʘʤʤʘʩʳ ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘסʳ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥʳʥ 

ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʢʝ ʪᴅʥ (d/n(I/I0) ï 7,21 (100); 4,72; 3,60 (80); 2,43 

[149] ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʨʝʬʣʝʢʩʪʝʨ ʢᴇʨʽʥʙʝʡ, ʨʝʥʛʝʥʦʛʨʘʤʤʘ ʘʤʦʨʬʪʳ 

ʟʘʪʪʘʨʜʳש ʨʝʥʛʝʥʦʛʨʘʬʠʢʘʣʳץ ʢʝʡʧʽʥ ʢᴇʨʝʤʽʟ. ɹײʣ ʍʊפ-ʪʳש ʙʝʪʪʽʢ ץʘʙʘʪʳʥ, 

 ʘʥʳʥ ʢᴇʨʩʝʪʫʽסʘʧʪʘʣץ ʟʽʣʛʝʥ ʢʨʝʤʥʝʟʝʤʤʝʥװʜʝʫ ʢʝʟʽʥʜʝ ʪשᴇ ץʳʣʜʳץʳʰץ

ʤװʤʢʽʥ. ɹײʣ ʞʦʨʘʤʘʣʜʳ ʪʝʢʩʝʨʫ װʰʽʥ, ʜᴅʣ ʦʩʳ ᴇשʜʝʣʛʝʥ װʣʛʽ 0,1ʄ NaOH 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ᴇשʜʝʣʽʧ, ץʘʡʪʘʜʘʥ ʨʝʥʛʝʥʦʛʨʘʤʤʘʩʳ ʪװʩʽʨʽʣʜʽ. ʈʝʥʛʝʥʦʛʨʘʤʤʘʜʘʥ 

ʢᴇʨʝʪʽʥʽʤʽʟ, ʦʣ ʭʨʠʟʦʪʠʣ ʘʩʙʝʩʪʽ ʥʝʛʽʟʙʝʥ ᴇשʜʝʛʝʥʥʝʥ ʢʝʡʽʥ ᴇʟʽʥʝ ʪᴅʥ 

ʨʝʬʣʝʢʩʪʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡ, ץʳʰץʳʣʤʝʥ 

ᴇשʜʝʣʛʝʥʜʝ ʪװʟʽʣʛʝʥ ʢʨʝʤʥʝʟʝʤ ʩʽʣʪʽʣʽʢ ʦʨʪʘʜʘ ʝʨʽʧ, ʙʝʪʪʽʢ ץʘʙʘʪ ʞʫʳʣסʘʥ ʢʝʟʜʝ 

ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʪʽש ᴇʟʽʥʽש ʥʝʛʽʟʙʝʥ ᴇשʜʝʛʝʥʥʝʥ ʢʝʡʽʥ ᴇʟʽʥʝ ʪᴅʥ ʨʝʬʣʝʢʩʪʝʨʽʥʽש 

ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡ, ץʳʰץʳʣʤʝʥ ᴇשʜʝʛʝʥʜʝ ʪװʟʽʣʛʝʥ 

 ʳʣʤʝʥץʳʰץ ʘʡʪʘץ ʘʙʘʪʪʳץ ʘʜʳ. ʆʩʳסʘʡʪʘ ʰʳץ ʨʳʣʳʤʳʥʘ ʪᴅʥ ʨʝʬʣʝʢʩʪʝʨײץ

ᴇשʜʝʩʝʢ, ʙʝʪʪʽʢ ץʘʙʘʪʪʳ ץʘʡʪʘʜʘʥ ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤ ץʘʡʪʘ ʙʘʩʳʧ ʭʨʠʟʦʪʠʣ-

ʘʩʙʝʩʪʢʝ ʪᴅʥ ʨʝʬʣʝʢʩʪʝʨ ʪʘסʳ ʢᴇʨʽʥʙʝʡ ץʘʣʘʜʳ. ʄײʥʜʘסʳ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʪʽש 

ʨʝʥʛʝʥʦʛʨʘʤʤʘʩʳʥʜʘסʳ ï 4,72 ʨʝʬʣʝʢʩʽʥʽץ שʘʪʪʳ ᴅʣʩʽʟʜʝʥʫʽ, ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ 

 ʜʝʫ ʢʝʟʽʥʜʝ ʝʨʽʧשᴇ ץʳʣʜʳץʳʰץ ʳ ʙʨʫʩʠʪʪʽʥ (ᴇʪʝ ʘʟ ʤᴇʣʰʝʨʜʝ)סʨʘʤʳʥʜʘײץ

ʢʝʪʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 
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ʘ ï ʍɸ ïʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪ; b ï ʍɸ (ʅS) ïʅ2Sʆ4 ᴇשʜʝʣʛʝʥ; ʩ ï ʍɸ (ʆʅ-) ï NaOH 

ᴇשʜʝʣʛʝʥ; d ï ʍɸ (ʅS)1 ïʅ2Sʆ4 ץʘʡʪʘ ᴇשʜʝʣʛʝʥ 
 

ʉʫʨʝʪ 3.10 ï ʍʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʪʽ ʅ2Sʆ4 (0,7ʄ) ʞᴅʥʝ NaOH (0,1ʄ) 

ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʢʝʟʝʢ-ʢʝʟʝʢ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘסʳ ʨʝʥʪʛʝʥʜʽ-ʜʠʬʨʘʢʮʠʷʣʳץ 

ʩʫʨʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʽʩʽ 

 

ϧʦʨʳʪʳʥʜʳ: 

1. ʍʊפ-ʪʳ ץʳʰץʳʣʜʳץ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʦʥʜʘסʳ ʩʝʨʧʝʥʪʠʥʠʪ 

 ʘʙʘʪʪʳץ ʰʳʨʘʤʘʡʜ,r ᴇʟʛʝʨʽʩʪʝʨ ʢᴇʧײ ᴇʟʛʝʨʽʩʢʝ ץʪʦʣʳ שʨʳʣʳʤʳʥʳײץ

ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥʳש ʩʳʨʪrץ ץʘʙʘʪʪʘʨʳʥʜʘ סʘʥʘ ʞװʨʝʜ.̔  

2. ᴆשʜʝʫʛʝ ץʦʣʜʘʥʳʣʘʪʳʥ ץʳʰץʳʣʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʝʣʛʽʣʽ 

ʤᴇʣʰʝʨʜʝʥ (0,6-0,7 ʉפʄ) ʘʩץʘʥʥʘʥ ʢʝʡʽʥ, ʦʥʳש ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥ Mg2+ 

ʰʳסʳʤʳʥʘ ʢᴇʧ ᴅʩʝʨ ʝʪʧʝʡʪʽʥʽ ʘʥʳץʪʘʣʜʳ. 

 

3.1.6 ʊʝʭʥʦʛʝʥʜʽʢ ץʘʣʜʳץʪʳש ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ʝʨʫ 

 ʢʠʥʝʪʠʢʘʩʳ ʤʝʥ ʤʝʭʘʥʠʟʤʽ שʨʜʽʩʽʥʽװ

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽ ץʳʰץʳʣʤʝʥ ᴇשʜʝʫ ʤʘʛʥʠʡ ץʦʩʳʣʳʩʪʘʨʳʥ ʘʣʫʜʘסʳ ʝש 

ʙʽʨʽʥʰʽ ʩʘʪʳʩʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. פʳʰץʳʣʜʳץ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ, ʦʥʜʘ ʝʨʠʪʽʥ 

ʪײʟʜʘʨʜʳ ʝʨʽʤʝʡʪʽʥ ץʘʣʜʳץʪʘʨʜʘʥ ʙᴇʣʽʧ ʘʣʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʘʟʘʣʘʫ ᴅʜʽʩʪʝʨʽ 

ʟʝʨʪʪʝʣʝʜʽ [36, ʩ.1-4 ]. ᴄʜʝʪʪʝ, ʰʘʡʤʘʣʘʫ ʨʝʘʛʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ʢᴇʧ ʞʘסʜʘʡʜʘ 
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ʢװʢʽʨʪ ץʳʰץʳʣʳ [150-155] ʞᴅʥʝ ʪײʟ ץʳʰץʳʣʳ [156-158] ץʦʣʜʘʥʳʣסʘʥ. 

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽץ שʳʰץʳʣ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ʝʨʫ ʪʘʙʠסʘʪʳʥ ʩʠʧʘʪʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ ץʳʰץʳʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש, ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳʥʳש, 

ʨʝʘʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞᴅʥʝ ʨʝʘʢʮʠʷ ʫʘץʳʪʳʥʳש ʤʘʛʥʠʡʜʽװ שʰ ץʳʰץʳʣ: 

ʢװʢʽʨʪ, ʪײʟ ʞᴅʥʝ ʘʟʦʪ ץʳʰץʳʣʜʘʨʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝʛʽ ʵʢʩʪʨʘʢʮʠʷʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʝ 

ᴅʩʝʨʣʝʨʽ ʟʝʨʪʪʝʣʛʝʥ. ʄʘʛʥʠʡʜʽש ʝʨʫ ʢʠʥʝʪʠʢʘʩʳ װʰʽʥ ʝʩʝʧʪʝʣʛʝʥ ʘʢʪʠʚʪʽʣʽʢ  

ʵʥʝʨʛʠʷʩʳ 17,45 ʢɼʞ.ʤʦʣʴ-1 [159] ʤᴅʥʽ ʨʝʘʢʮʠʷ ᴇʥʽʤʽ ץʘʙʘʪʳʥʳש ʜʠʬʬʫʟʠʷʩʳ 

 .ʨʜʽʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽװ

ɸʣ ɸʙʫ ʕʣ-ʃʠʬ ʞᴅʥʝ ʪ.ʙ. ʟʝʨʪʪʝʫʽʥʜʝ ʤʘʛʥʠʡ ʠʦʥʜʘʨʳʥ ʩʝʨʧʝʥʪʠʥʠʪʪʝʥ 

ʰʘʡʤʘʣʘʫסʘ ʢװʢʽʨʪ ץʳʰץʳʣʳʥ ץʦʣʜʘʥסʘʥ. ʆʣʘʨʜʳש ʧʘʡʳʤʜʘʫʳʥʰʘ, ʢװʢʽʨʪ 

 ʳ ʩʝʨʧʠʥʪʠʥʠʪסʝʨʫ ʞʳʣʜʘʤʜʳ שʳʣʳ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ʤʘʛʥʠʡʜʽץʳʰץ

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʙʝʪʪʽʢ ץʘʙʘʪʳʥʜʘ ʞװʨʝʪʽʥ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʤʝʥ ʨʝʪʪʝʣʝʜʽ.  

ʂʝʣʝʩʽ ʙʽʨ ʟʝʨʪʪʝʫʜʝ [150, ʨ. 1225-1229] ײʥʪʘץʪʘʣסʘʥ ʩʝʨʧʝʥʪʠʥʠʪʪʽש ʝʨʫ 

ʤʝʭʘʥʠʟʤʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʆʣʘʨ, ʩʝʨʧʝʥʪʠʥ ʙᴇʣʰʝʢʪʝʨʽʥʜʝ ʢʨʝʤʥʝʟʝʤ 

 ʨʝʪʽʥװʳʣʳ ʞץʽʰʢʝ ʢʘʥʘʣʜʘʨ ʘʨשʟʽʣʛʝʥ ᴇʪʝ ʞʽװʘʨʘʩʳʥʜʘ ʪ שʘʙʘʪʪʘʨʳʥʳץ

ʜʠʬʬʫʟʠʷ, ʤʘʛʥʠʡʜʽש ʝʨʫʽʥʽש ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʫʰʽ ʙʦʣʫʳ ʤװʤʢʽʥ ʜʝʛʝʥ 

 ʝʨʫʽʥʝ ץʪʦʣʳ שʠ ʩʝʨʧʝʥʪʠʥʠʪʪʝʥ ʤʘʛʥʠʡʜʽסʘ ʢʝʣʛʝʥ ʞᴅʥʝ ʦʣʘʨ ʪʘʙʠסʦʨʳʪʳʥʜʳץ

ʪʝʤʧʝʨʘʪʫʨʘ  90Üʉ, H2SO4-0,5ʄ, 0,5 ʩʘסʘʪ ʞʘסʜʘʡʳʥʜʘ ʞʝʪʢʝʥʽ ʘʡʪʳʣʘʜʳ. ɺʘʥ 

ʞᴅʥʝ ʄʦʨʦʪʦ-ɺʝʣʝʨ [160, 161] ʩʝʨʧʝʥʪʠʥʜʽ ʝʨʽʪʫ ʤʘץʩʘʪʳʥʘ ʘʤʤʦʥʠʡ 

ʪײʟʜʘʨʳʥʳש ʝʨʽʪʽʥʜʽʣʝʨʽʥ ʧʘʡʜʘʣʘʥסʘʥ. ɹײʣʘʨʜʳש ʘʡʪʫʳʥʰʘ, 100Üʉ, NH4HSO4 ï 

1,4ʄ ʞʘסʜʘʡʳʥʜʘ 3 ʩʘסʘʪʪʘ ʩʝʨʧʝʥʪʠʥʥʝʥ ʤʘʛʥʠʡʜʽ 100% ʙᴇʣʽʧ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʆʣ װʰʽʥ, ʦʣʘʨ ʤʠʥʝʨʘʣʜʳ ʝʨʽʪʫ ʘʣʜʳʥʜʘסʳ ʘʢʪʠʚʪʝʥʜʽʨʫʜʝ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ 

ʭʠʤʠʷʣʳץ ʘʢʪʠʚʪʝʥʜʽʨʫʜʽ ץʦʣʜʘʥסʘʥ [162]. ɹײʣʘʨʜʘʥ ʙʘʩץʘ, ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ 

 ʳʩʳʤץ ʨʣʽװʩʘʪʳʥʜʘ ʰʘʡʤʘʣʘʫʜʳ ᴅʨʪץʘʥ ᴇʥʽʤʜʝʨ ʘʣʫ ʤʘסʦʩʳʣץ ʤײץ ʦʩʳʤʰʘץ

ʞʘסʜʘʡʳʥʜʘ [163, 164] ʞᴅʥʝ ʩʝʨʧʝʥʪʠʥʥʽש ʝʨʫʽʥ ʬʠʟʠʢʘʣʳץ ʘʢʪʠʚʪʝʥʜʽʨʫ ʤʝʥ 

ʨʅ ᴇʟʛʝʨʪʫʤʝʥ ʞװʨʝʪʽʥ [165] ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽ 

ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ץʘʥʜʘʡ ʜʘ ʙʽʨ ץʳʰץʳʣʤʝʥ ʤʘʛʥʠʡʜʽ 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʝʥ ʭʠʤʠʷʣʳץ ʞʦʣʤʝʥ ʙᴇʣʽʧ ʘʣʫʜʳש ʽʨʛʝʣʽ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ 

ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʪʳʥʘ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʤʝʛʝʥ ʜʝʫʛʝ ʙʦʣʘʜʳ. 

ʊᴅʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫʣʝʨ, ʩʝʨʧʝʥʪʠʥʠʪʪʽ ץʘʣʜʳץʪʘʨʜʘʥ ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ 

ʘʣʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ װʨʜʽʩʪʝʨʜʽש ᴅʨʪװʨʣʽ ᴇʣʰʝʤʜʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʉʝʨʧʝʥʪʠʥʠʪʪʽש ʝʨʫ װʨʜʽʩʽʥʜʝʛʽ ʞʘסʜʘʡʳ ץʳʰץʳʣʜʳץ ʨʝʘʛʝʥʪʧʝʥ 

 ʨʝʪʽʥװʥʠ ʞסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʤʝʥ, ʷסʘʪʪʳ ʟʘʪʪʘʨ (ʤʠʥʝʨʘʣʜʘʨ) ʘʨʘʩʳʥʜʘץ

ʨʝʘʢʮʠʷʣʘʨ ץʘʪʪʳ-ʩײʡʳץ ʨʝʘʢʮʠʷ ʤʦʜʝʣʽʤʝʥ ʞᴅʥʝ ʘʢʪʠʚʪʽʣʽʢ ʵʥʝʨʛʠʷʩʳʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ.  

ɹײʣ ʞʘסʜʘʡʜʘ, ʤʘʛʥʠʡʜʽש ʝʨʫ ʞʳʣʜʘʤʜʳסʳ װʰ ʩʝʙʝʧʢʝ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʘʜʳ: ץʘʣʜʳץ ʙᴇʣʰʝʛʽʥʽש ʙʝʪʽʥʜʝ ʪװʟʽʣʝʪʽʥ ᴇʥʽʤ ץʘʙʘʪʳʥʘ, ʙᴇʣʰʝʢʪʽש 

ʨʝʘʢʮʠʷסʘ ʪװʩʧʝʡʪʽʥ ʙᴇʣʽʛʽʥʽש ᴅʩʝʨʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ʩײʡʳץʪʳש ʜʠʬʬʫʟʠʷʩʳʥʘʥ 

ʥʝʤʝʩʝ ʞװʨʝʪʽʥ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʜʘʥ, ץʘʪʪʳ-ʩײʡʳץʪʳץ ʘʨʘʩʳʥʜʘ ʞװʨʝʪʽʥ 

ʘʥʳץʪʘʫʰʳ ʨʝʘʢʮʠʷʣʘʨ ʙʦʣʫʣʘʨʳ ʤװʤʢʽʥ. ʆʩʳʣʘʨʜʳש ʽʰʽʥʜʝʛʽ ʝש ʞʘʡ ʞװʨʝʪʽʥ 

ʩʘʪʳ ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳʥ ʘʥʳץʪʘʫʰʳ ʙʦʣʘ ʘʣʘʜʳ. ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʝʨʫ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫʤʝʥ ʘʡʥʘʣʳʩץʘʥ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʤᴅʣʽʤʝʪʪʝʨʽ 

ʙʦʡʳʥʰʘ, ʢᴇʧ ʞʘסʜʘʡ ʨʝʘʢʮʠʷ ʞʳʣʜʘʤʜʳסʳ ᴇʥʽʤʥʽץ שʘʙʘʪ ʘʨץʳʣʳ 

ʜʠʬʬʫʟʠʷʩʳʤʝʥ [160, ʨ. 1229-1236] ʘʥʳץʪʘʣʘʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳסʘ ʢʝʣʛʝʥ, 
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ʤײʥʳ ʢʨʝʤʥʝʟʝʤʥʽש ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝ ʘʟ ʤᴇʣʰʝʨʜʝ ᴇʪʝʪʽʥʜʽʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ 

[166]. 

ɸʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʜʝ ʤʘʛʥʠʡʜʽ ץʘʣʜʳץʪʘʨʜʘʥ ʢװʢʽʨʪ ץʳʰץʳʣʜʳץ 

ᴅʜʽʩʧʝʥ ʙᴇʣʽʧ ʘʣʫסʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʍʊפ-ʪʳש ʦשʪʘʡʣʳ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

-ʨʘʤʳ ï (0,104ײץ ʪʘʡʣʳשʘʪʳʩʪʳ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ, ʦץ ʘסʪʘʫץʨʘʤʳʥ ʘʥʳײץ

0,074 ʤʤ) ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʢʝʥ ʙʦʣʘʪʳʥ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ,  ʢʝʣʝʩʽ ʍʊפ-ʪʘʥ 

ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫ װʨʜʽʩʪʝʨʽʥʝ ץʘʪʳʩʪʳ ʙʘʨʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝ ʍʊפ -ʪʳש ʦʩʳ 

ʘʨʘʣʳץʪʘסʳ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ץʦʣʜʘʥʳʣʘʜʳ.  

ᴄʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʤʘʛʥʠʡʜʽ ʍʊפ-ʪʘʥ ʰʘʡʳʧ ʘʣʫ װʨʜʽʩʪʝʨʽ ʞװʨʛʽʟʫ 

 ʘסʘʞʝʪʪʽ ʪʝʤʧʝʨʘʪʫʨʘץ ʤʣ ʢᴇʣʝʤʽʥ 500 שʰʽʥ, 1,0ʄ-5,0ʄ ʅ2SO4 ʝʨʽʪʽʥʜʽʩʽʥʽװ

ʜʝʡʽʥ ץʳʟʜʳʨʳʣʘʜʳ. ʆסʘʥ 10ʛ ץʘʣʜʳץ ץʦʩץʘʥ ʢʝʟʜʝ, ʧʨʦʧʝʨʣʽ ʘʨʘʣʘʩʪʳʨסʳʰ 

 ʳʪ ᴇʣʰʝʤʽ (ʩʝʢʫʥʜʦʤʝʨ) ʙʘʩʪʘʣʘʜʳ. ɹʝʣʛʽʣʽ ʙʽʨץʦʩʳʣʳʧ (350 ʘʡʥ/ʤʠʥ), ʫʘץ

ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ, ʪʘʣʜʘʫ 5 ʤʣ ʧʨʦʙʘ, ʪᴅʞʽʨʠʙʝ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, 

ʙʘʩʪʘʧץʳʜʘ 2-, 5-, 10 ʤʠʥʫʪ, ʘʣ ʪᴅʞʽʨʠʙʝ ʩʦשʳʥʘ ʪʘʤʘʥ 20 ʞᴅʥʝ 30 ʤʠʥʫʪ ʫʘץʳʪ 

ʘʨʘʣʳץʪʘʨʳʥʜʘ ʘʣʳʥʳʧ ʦʪʳʨʜʳ. ʇʨʦʙʘʣʘʨ ʞʳʣʜʘʤ ʚʘʢʫʫʤ ʥʘʩʦʩ ʢᴇʤʝʛʽʤʝʥ 

ʩװʟʛʽʣʝʥʽʧ, ʬʠʣʴʪʨʘʪ ʤʘʩʩʘʩʳ ʘʥʘʣʠʪʠʢʘʣʳץ ʪʘʨʘʟʳʜʘ ᴇʣʰʝʥʽʧ ʦʪʳʨʜʳ. 

ʌʠʣʴʪʨʘʪ 105ºʉ ʪײʨʘץʪʳ ʤʘʩʩʘסʘ ʜʝʡʽʥ ײץʨסʘʪʳʣʜʳ. ײפʨסʘװ ץʣʛʽʣʝʨʜʽש 

ʭʠʤʠʷʣʳײץ ץʨʘʤʳ çʕʣʝʢʪʨʦʥʜʳץ ʨʘʩʪʨʣʽ ʤʠʢʨʦʩʢʦʧ JSML-6490 LV», 

ʞװʡʝʩʽʥʜʝʛʽ ʵʥʝʨʛʦʜʠʩʧʝʨʮʠʦʥʜʳץ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʳ INCAEnergy 350 

  .ʪʘʣʜʳץʳʩʳʥʜʘ ʘʥʳסʦʥʜʳʨץ

ʍʊפ-ʪʘʥ, ʢװʢʽʨʪ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʤ̔ʝʥ ʤʘʛʥʠʡʜʽ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽʥ 

(ʍMg) ʬʠʣʴʪʨʘʪʪʘסʳ ʤʘʛʥʠʡ ʤᴇʣʰʝʨʽ ʤʝʥ ʙʘʩʪʘʧץʳ (ʍʊס-פ)r ʤʘʛʥʠʡ 

ʤᴇʣʰʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ ʝʩʝʧʪʝʣʜʽ.  

ʂװʢʽʨʪ ץʳʰץʳʣʳ ʤʝʥ ʍʊפ-ʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ װʨʜʽʩʪʝʨʽ, ʦʣʘʨʜʳש ʍʊפ 

(Mg) : ʅ2SO4 (ʉפʄ) ʘʣʳʥסʘʥ ץʘʪʳʥʘʩʪʘʨʳʥʘ סʘʥʘ ʝʤʝʩ, ʩʦʥr ʤʝʥ ץʘʪʘʨ ʍʊפ-

ʪʳש ʙʝʪʢʽ ץʘʙʘʪʪʘʨʳʥʜʘ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨʜʳש ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨʜʳש 

ʢʠʥʝʪʠʢʘʩʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʍʊפ-ʧʝʥ ʅ2SO4 ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʢʠʥʝʪʠʢʘʩʳ ʢװʢʽʨʪ 

 ʳ ʤʘʛʥʠʡס-פʘʥ ʍʊסʘʣʳʥ שʄ (ʅ2SO4, ʤʦʣʴ) ʤᴇʣʰʝʨʽʥʽפʉ שʳʣʳʥʳץʳʰץ

ʤᴇʣʰʝʨʽʥʝ ᴅʨʪװʨʣʽ ץʘʪʳʥʘʩʪʘ (1,0:0,1 ʜʝʡʽʥ) ʘʣʳʥʳʧ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ 

ʥᴅʪʠʞʝʣʝʨʽ, ץʳʰץʳʣ ʤᴇʣʰʝʨʽʥʝ ץʘʪʳʩʪʳ ʙᴇʣʽʥʽʧ ʘʣʳʥʘʪʳʥ ʤʘʛʥʠʡ ʤᴇʣʰʝʨʽʥʽש 

ʩʠʧʘʪʪʘʤʘʩʳ ʍʊפ-ʪʳש ʩʝʨʧʝʥʪʠʥʜʝʨʛʝ ʪᴅʥ ץʘʙʘʪʪʳץ ʤʦʣʝʢʫʣʘʣʳץ 

  .ʡʣʝʩʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽװ ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ שʨʳʣʳʤʜʘʨʳʥʳײץ

ʉʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽײץ שʨʳʣʳʩʳ [75, ʨ. 34] ʩᴅʡʢʝʩ, ʘʡʥʘʣʘ ʙװʢʪʝʣʛʝʥ ʢʘʦʣʠʥ 

ʪᴅʨʽʟʜʝʩ ץʘʙʘʪʪʘʨʜʘʥ, ʘʣ ᴅʨ ץʘʙʘʪʪʳש ᴇʟʽ ʢʝʟʝʢʧʝʥ ʞʘʣסʘʩץʘʥ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʘסʳ ʢʨʝʤʥʠʡ ʦʪʪʝʢʪʽ ʪʝʪʨʘʵʜʨʣʽʢ ʞᴅʥʝ ʙʨʫʩʠʪ ʪᴅʨʽʟʜʝʩ ʦʢʪʘʵʜʨʣʽʢ 

 ʳ ʪʘʨʘʣʫʳʥסʨʘʤʜʘײץ ʦʩʳ שʨʘʪʳʥʳ ʙʝʣʛʽʣʽ. ʄʘʛʥʠʡʜʽײʘʙʘʪʰʘʣʘʨʜʘʥ ʪץ

ʘʥʳץʪʘʡʪʳʥ ʙʦʣʩʘץ, ʞʘʣʧʳ ʤʘʛʥʠʡʜʽ1/3 ש ʦʢʪʘʵʜʨʣʽʢ çʙʨʫʩʠʪʪʽʢ ץʘʙʘʪʪʘè, ʘʣ 

 ʜʘʡʜʳסʘʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʆʩʳ ʞʘץʘʩסʘ ʞʘʡץʘʙʘʪץ ʘʥ 2/3 ʪʝʪʨʘʵʜʨʣʽʢסʘʣץ

ʞᴅʥʝ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, 

ʩʝʨʧʝʥʪʠʥʠʪʪʝʨʜʽש ʞʘʣʧʳ ʬʦʨʤʫʣʘʩʳʥ ʤʳʥʘʜʘʡ ʢᴇʨʥʝʢʪʽ ʪװʨʜʝ ʞʘʟʫסʘ ʙʦʣʘʜʳ, 

ʷסʥʠ: Mg(OH)2(MgOH)2Si2O5. ɹʦʣʞʘʤ ʙʦʡʳʥʰʘ ʤʘʛʥʠʡʜʽ1/3 ש ï Mg(OH)2 

ʪװʨʽʥʜʝ, ʘʣ 2/3(MgOH)2 ʧʽʰʽʥʜʝʨʽʥʜʝ ʙʦʣʘʜʳ, ʦשʘʡ ᴅʨʝʢʝʪʪʝʩʝʪʽʥʽ ï Mg(OH)2, 

 ʝʨʽʪʽʥʜʽʛʝ ᴇʪʫʽʥ ʪᴇʤʝʥʜʝʛʽ שʪʘʥ ʤʘʛʥʠʡʜʽ-פʠʳʥʜʘʫʳ ï (MgOH)2. ʆʥʜʘ, ʍʊץ
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ᴅʨʪװʨʣʽ ʢʠʥʝʪʠʢʘʣʳץ ᴇʣʰʝʤʜʝʨʜʝ ʞװʨʝʪʽʥ ʨʝʘʢʮʠʷʣʘʨ ʪװʨʽʥʜʝ ʝʣʝʩʪʝʪʫʛʝ 

ʙʦʣʘʜʳ: 

 

Mg(OH)2 + 2H+Ÿ Mg2+ + 2H2O                                            (3.16) 

 

2(MgOH) + 2H+ Ÿ 2Mg2+ + 2H2O                                        (3.17) 

 

ɾװʨʝʪʽʥ װʨʜʽʩʪʝʨʜʽ ʦʩʳ ʪװʨʜʝ ʝʣʝʩʪʝʪʫ, ʘʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ, ʅ2SO4-ʪʳש ʪʝʢ 0,3 ï 0,4 ʉפʄ ץʦʣʜʘʥסʘʥסʘ ʜʝʡʽʥ סʘʥʘ Mg2+ 

ʵʢʚʠʚʘʣʝʥʪʪʽ ʤᴇʣʰʝʨʽ ʝʨʽʪʽʥʜʽʛʝ ᴇʪʝʪʽʥʽʥ ʞʘץʩʳ ʪװʩʽʥʜʽʨʝ ʘʣʘʜʳ. ɹײʣ ʘʫʤʘץʪʘ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʳʰץʳʣʜʳץ-ʥʝʛʽʟʜʽʢ ᴅʨʝʢʝʪʪʝʩʫʣʝʨ ʩʘʣʳʩʪʘʨʤʘʣʳ ʪװʨʜʝ 

ʞʳʣʜʘʤ ʞװʨʝʪʽʥʽʥ 3.11, 3.12-ʩʫʨʝʪʪʝʨʜʝ ʢʝʣʪʽʨʽʣʛʝʥ Mg2+ ʠʦʥʜʘʨʳʥ ʙᴇʣʽʧ ʘʣʫ 

ʜᴅʨʝʞʝʩʽʥʽץ שʳʰץʳʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥʝʥ ʜʝ 

ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. 

 

 
 

1 -1ʄ; 2 -2ʄ; 3 -3ʄ; 4 -4ʄ; 5 -5ʄ 
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ʉʫʨʝʪ 3.11 ï ʍʊפ-ʪʘʥ Mg2+ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽʥʽש ʅ2SO4 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ 

ʪᴅʫʝʣʜʽʣʽʛʽ 

 

 
 

1 - 20Üʉ; 2 - 40Üʉ; 3 - 60Üʉ; 4 -80Üʉ; 5 - 90Üʉ 
 

ʉʫʨʝʪ 3.12 ï ʍʊפ-ʪʘʥ Mg2+ ʠʦʥʜʘʨʳʥ ʙᴇʣʽʧ ʘʣʫ ʜᴅʨʝʞʝʩʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʪᴅʫʝʣʜʽʣʽʛʽ 

 

 ʅ2SO4 ʤᴇʣʰʝʨʽʥʝ שʳ ʟʝʨʪʪʝʫʣʝʨ, ʤʘʛʥʠʡʜʽסשʘʥʜʘ ʜʘ, ʘʣʜʳסʘʣʘʡ ʙʦʣפ

 ʘʥʘ ʘʨʪʘʪʳʥʳʥ, ʙʽʟס ʘʪʳʩʪʳ ʙᴇʣʽʥʝʪʽʥ ʤᴇʣʰʝʨʽ ʪʝʢ ʙʝʣʛʽʣʽ ʤᴇʣʰʝʨʛʝ ʜʝʡʽʥץ

ʘʣסʘʥ ʥᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ [167], ʦʣ ʙʘʩʪʘʧץʳ ʍʊס-פʳ ʤʘʛʥʠʡ ʤᴇʣʰʝʨʽʥʽ0,76 ש 

ʤᴇʣʰʝʨʣʽʢ װʣʝʩʽʥʝʥ ʘʩʧʘʡʜʳ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʤʘʛʥʠʡʜʽש ʙᴇʣʽʥʫ ʜᴅʨʝʞʝʩʽʥʝ ᴅʩʝʨʽ, ʦʥʳש ʍʊפ-ʪʘʥ 

ʤʘʛʥʠʡʜʽש ʤʘʢʩʠʤʘʣʴʜ rװʣʝʩ-ʤᴇʣʰʝʨʽʥ ʙᴇʣʽʧ ʘʣʫ ʫʘץʳʪʳʥʘ ʜʘ ʳץʧʘʣ ʝʪʝʜʽ, 

ʝʛʝʨ 90Üʉ, ʍMg=0,76 ʰʘʤʘʩʳʥʘ 45 ʤʠʥʫʪ ץʘʞʝʪ ʙʦʣʩʘ, 80Üʉ-ʪʘ ï ʦʣ 120 ʤʠʥʫʪ 
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 ʳʪʳ, ʦʣץʣʝʩ ʤᴇʣʰʝʨʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʫʘװʤʘʢʩʠʤʘʣʴʜ r שʘʞʝʪ ʙʦʣʘʜʳ. ʄʘʛʥʠʡʜʽץ

ᴅʨʠʥʝ ʍʊפ-ʪr ʘʙʘʪʪʘʨʳʥʜʘ, ʘʣʜʳʥʜʘ ʘʪʘʧ ᴇʪʽʣʛʝʥ ʅ3ʆץ ʙʝʪʢʽ ש
+-ʠʦʥʜʘʨʳʥʳש 

ʞʘשʘ ʨʝʘʢʮʠʷʣʳץ ʘʫʤʘץʪʘʨʳʥʘ ᴇʪʫʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʜʠʬʬʫʟʠʷʣʳץ 

ʙʘʨʴʝʨʣʝʨ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ᴄʜʝʪʪʝ, ʤײʥʜʘʡ ʛʠʜʨʦʭʠʤʠʷʣʳװ ץʨʜʽʩʪʝʨʜʽש 

ʢʠʥʝʪʠʢʘʣʳץ ʟʘשʜʳʣʳץʪʘʨʳʥ ʩʠʧʘʪʪʘʫ װʰʽʥ ɺ. ʗʥʜʝʨ ʞᴅʥʝ ɻʠʥʩʪʣʠʥʛ-

ɹʨʘʫʥʰʪʝʡʥ ʪʝשʜʝʫʽ [168] ץʦʣʜʘʥʳʣʜʳ. ʄײʥʜʘ ʍʊפ-ʪʘʥ ʝʨʽʛʝʥ ʤʘʛʥʠʡʜʽש 

 ʳʣʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫץʳʰץ (ʰʽʥװ ʦʣʜʘʥʫץ ʜʘʡʜʘסʞʘ שʙʽʟʜʽ) שʣʝʩʽʥʽװ

ʫʘץʳʪʳʩʳʤʝʥ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʳʥ ʢʝʣʝʩʽ ʪʝשʜʝʫʤʝʥ ᴇʨʥʝʢʪʝʡʜʽ:  

 

[1-(1-Ŭ)1/3]2=ʂɻʬʬĀ Ű                                                    (3.18) 

 

ʤײʥʜʘ Ŭ ï ʝʨ̔ʛʝʥ ʤʘʛʥʠʡʜʽװ שʣʝʩʽ; 

Ű ï ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʫʘץʳʪʳ (ʤʠʥʫʪ); 

ʂɻ ʬʬ ï ʪʠʽʤʜʽ ʥʝʤʝʩʝ ʞʳʣʜʘʤʜʳץʪʳש ʙʦʣʞʘʤʜʳ ʪײʨʘץʪʳʩʳ. 

ɽʛʝʨ, ʍʊפ-ʧʝʥ ʢװʢʽʨʪ ץʳʰץʳʣʳ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ װʨʜʽʩʽ 

ɺ. ʗʥʜʝʨ ʞᴅʥʝ ɻʠʥʩʪʣʠʥʛ-ɹʨʘʫʥʰʪʝʡʥ ײʩʳʥסʘʥ ʪʝשʜʝʫ ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʣʘʪʳʥ 

ʟʘשʜʳʣʳץʪʘʨʤʝʥ ʞװʨʝʪʽʥ ʙʦʣʩʘ, ʦʥʜʘ [1-(1-ʍMg)
1/3]2 ʤᴅʥʽʥʽש Ű ï ʫʘץʳʪץʘ 

ʪᴅʫʝʣʜʽʣʽʛʽ ʪװʟʫ ʩʳʟʳץʪʳ ʙʦʣʳʧ, ʦʥʜʘסʳ tgŬ ï ʢᴇʣʙʝʫ ʪװʟʫ ʩʳʟʳסʳʥʳש ʙײʨʳʰʳ 

ï tgŬ, ʂʵʬʬ ʤᴅʥʽʥʝ ʩᴅʡʢʝʩ ʙʦʣʘʜʳ. 

ʆʩʳסʘʥ ʩᴅʡʢʝʩ ʛʨʘʬʠʢ (3.14, 3.15-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʪᴅʫʝʣʜʽʣʽʢ 

 .ʪʘʣʜʳץʥʝʛʽʟʽʥʜʝ ʂʵʬʬ-ʤᴅʥʽ ʘʥʳ שʟʽʣʽʧ, ʦʣʘʨʜʳװʳʣʳ ʪץʜʝʫ ʘʨשʪʘʨʳʥ ᴇץʠʩʳץ

 ʰʽʥ lnʂʵʬʬ - lnʉʅ2SO4 ʪᴅʫʝʣʜʽʢװ ʪʘʫץʳʣ ʙʦʡʳʥʰʘ ʨʝʘʢʮʠʷ ʨʝʪʪʽʣʽʛʽʥ ʘʥʳץʳʰפ

ʛʨʘʬʠʛʽ ʪײʨסʳʟʳʣʜʳ. ʄײʥʜʘסʳ ʢᴇʣʙʝʫ ʪװʟʫʽʥʽש ʙײʨʳʰʳʥʳש tgŬ ʙʦʡʳʥʰʘ, 

ʨʝʘʢʮʠʷ ʨʝʪʪʽʣʽʛʽʥʽש n=0,71 ʪʝש ʤᴅʥʽ ʘʥʳץʪʘʣʜʳ. 
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ʉʫʨʝʪ 3.13 ï [1-(1-Ŭ)1/3]2  ᴅʨ ʪװʨʣʽ ץʳʰץʳʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʜʘסʳ ʤᴅʣʽʤʝʪʪʝʨʽ 

ʙʦʡʳʥʰʘ ʩʳʟʳʣסʘʥ [1-(1-Ŭ)1/3]2 ï Ű (ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ) 

 

 
 

ʉʫʨʝʪ 3.14 ï ʄʘʛʥʠʡʜʽש ʝʨʫʽʥʽש ʙʦʣʞʘʤʜʳץ ʞʳʣʜʘʤʜʳץ ʢʦʥʩʪʘʥʪʘʩʳʥʘ ʅ2SO4 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʍʊפ-ʧʝʥ ʅ2SO4 ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʩʳʥʳש ʙʦʣʞʘʤʜʳץ 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʷʩʳʥʳש ʤᴅʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ, 3.15-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʙʘʩʪʘʧץʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫʤʝʥ [1-(1-Ŭ)1/3]2 ï Ű ʪᴅʫʝʣʜʽʣʽʛʽʥ ᴅʨ 

ʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨסʘ ץʘʪʳʩʪʳ ʛʨʘʬʠʢʪʝʨʽ ʪײʨסʳʟʳʣʜʳ, ʦʥʜʘסʳ tgŬ-

ʙײʨʳʰʪʘʨʳ ʙʦʡʳʥʰʘ lnʂ ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣʳʧ, ʘʨʳ ץʘʨʘʡ lnʂ ï 1/ʊ 

ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ (3.14, 3.15-ʩʫʨʝʪʪʝʨ) ʙʦʡʳʥʰʘ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʨʝʘʢʮʠʷʣʘʨʳ 

ʞװʨʫ ʧʨʦʮʝʩʽʥʽש ʙʦʣʞʘʤʜʳץ ʘʢʪʠʚʪʽʣʽʛʽ ʵʥʝʨʛʠʷʩʳ 45 ʢɼʞ/ʤʦʣʴ ʰʘʤʘʩʳʥʜʘ 

ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 
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ʉʫʨʝʪ 3.15 ï ʅᴅʪʠʞʝʣʝʨ ʙʦʡʳʥʰʘ ʪװʟʽʣʛʝʥ [1-(1-Ŭ)1/3]2 ï Ű ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

 

 
 

ʉʫʨʝʪ 3.16 ï ɸʨʨʝʥʠʫʩ ʪʝשʜʝʫʽʥʝ ʩᴅʡʢʝʩ lnʂ ï ʊ-1ʂ-1 ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 

(ɽʙʦʣʞ=45 ʢɼʞ/ʤʦʣʴ) 

 

ɹʦʣʞʘʤʜʳ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʷʩʳʥʳש ʤײʥʜʘʡ ʤᴅʥʽ (45 ʢɼʞ/ʤʦʣʴ), ᴅʜʝʪʪʝ 

ʜʠʬʬʫʟʠʷʣʳץ ʙʘץʳʣʘʫʤʝʥ ʞװʨʝʪʽʥ װʜʝʨʽʩʪʝʨʛʝ ʩᴅʡʢʝʩ ʙʦʣʘʜʳ. ɼʠʬʬʫʟʠʷʣʳץ-


