
1 
 

ɹʒʃɻɸʈʉʂɸ ɸʂɸɼɽʄʀʗ ʅɸ ʅɸʋʂʀʊɽ 

ʀʥʩʪʠʪʫʪ ʧʦ ʦʙʱʘ ʠ ʥʝʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ 

ʉʪʦʷʥ ʂʘʤʙʫʨʦʚ 

ʀʟʩʣʝʜʚʘʥʝ  

ʥʘ ʧʨʠʥʫʜʠʪʝʣʥʘʪʘ ʥʝʨʘʚʥʦʚʝʩʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ  

ʧʨʠ ʩʦʣʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʥʘ  

ʜʠʩʝʨʪʘʮʠʷ 

ʟʘ ʧʨʠʩʲʞʜʘʥʝ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʥʘʪʘ ʠ ʥʘʫʯʥʘ ʩʪʝʧʝʥ 

Ăʜʦʢʪʦʨñ 

ʅʘʫʯʥʘ ʩʧʝʮʠʘʣʥʦʩʪ: ʅʝʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ, ʰʠʬʲʨ 01.05.02 

ʅʘʫʯʥʠ ʨʲʢʦʚʦʜʠʪʝʣʠ: 

ʧʨʦʬ. ʜʭʥ ʍʨʠʩʪʦ ɹʘʣʘʨʝʚ 

ʜʦʮ. ʜ-ʨ ʉʪʝʬʢʘ ʊʝʧʘʚʠʯʘʨʦʚʘ 

ʉʦʬʠʷ, 2019 
  

 



2 
 

ɼʠʩʝʨʪʘʮʠʷʪʘ ʝ ʥʘʧʠʩʘʥʘ ʥʘ 78 ʩʪʨʘʥʠʮʠ ʠ ʩʲʜʲʨʞʘ 40 

ʬʠʛʫʨʠ ʠ 11 ʪʘʙʣʠʮʠ. ʎʠʪʠʨʘʥʠ ʩʘ 108 ʣʠʪʝʨʘʪʫʨʥʠ  

ʠʟʪʦʯʥʠʢʘ. 

ɼʦʢʪʦʨʘʥʪʲʪ ʝ ʟʘʯʠʩʣʝʥ ʥʘ ʨʝʜʦʚʥʘ ʜʦʢʪʦʨʘʥʪʫʨʘ ʧʦ ʥʘʫʯʥʦ 
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Ăʅʝʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷñ ʥʘ 01.01.2012 ʛ. ʠ ʝ ʦʪʯʠʩʣʝʥ ʩ ʧʨʘʚʦ ʥʘ 

ʟʘʱʠʪʘ ʩʯʠʪʘʥʦ ʦʪ 01.01.2015 ʛ. 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʩʲʩʪʦʠ  

ʥʘ ................... ʦʪ...................ʯʘʩʘ  

ʚ ʘʫʜʠʪʦʨʠʷʪʘ ʥʘ ʙʣ. 11, ʝʪʘʞ 2, ʩʪʘʷ 225, ʫʣ. ɸʢʘʜ. ɻ. ɹʦʥʯʝʚ.  

ʄʘʪʝʨʠʘʣʠʪʝ ʧʦ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ 

ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ ʢʘʥʮʝʣʘʨʠʷʪʘ ʥʘ ʀʆʅʍïɹɸʅ,  

ʫʣ. ɸʢʘʜ. ɻ. ɹʦʥʯʝʚ, ʙʣ. 11, ʝʪʘʞ 3, ʩʪʘʷ 302. 
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1. ʋʚʦʜ 

ʂʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʩʦʣʠ ʦʪ ʨʘʟʪʚʦʨʠ ʝ ʨʘʚʥʦʚʝʩʥʘ ï ʪʦʛʘʚʘ ʢʦʛʘʪʦ 

ʩʝ ʧʦʣʫʯʘʚʘ ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʩʪʘʙʠʣʥʘʪʘ ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ ʫʩʣʦʚʠʷ ʬʘʟʘ ʠ 

ʥʝʨʘʚʥʦʚʝʩʥʘ ï ʪʦʛʘʚʘ ʢʦʛʘʪʦ ʢʨʠʩʪʘʣʠʟʠʨʘ ʤʝʪʘʩʪʘʙʠʣʥʘ ʧʨʠ 

ʩʲʦʪʚʝʪʥʠʪʝ ʫʩʣʦʚʠʷ ʬʘʟʘ. ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʤʝʪʘʩʪʘʙʠʣʥʘ ʬʘʟʘ ʪʨʷʙʚʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʩʪʘʙʠʣʥʘʪʘ ʜʘ ʝ ʟʘʪʨʫʜʥʝʥʘ, ʪ.ʝ. 

ʩʦʣʪʘ ʜʘ ʧʨʠʪʝʞʘʚʘ ʩʢʣʦʥʥʦʩʪ ʢʲʤ ʧʨʝʩʠʱʘʥʝ. ʂʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ 

ʤʝʪʘʩʪʘʙʠʣʥʠ ʩʦʣʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ ʧʨʦʪʠʯʘ ʧʨʠʥʫʜʠʪʝʣʥʦ ʠʣʠ 

ʩʧʦʥʪʘʥʥʦ. ʇʨʠʥʫʜʠʪʝʣʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʩʝ ʧʨʝʜʠʟʚʠʢʚʘ ʯʨʝʟ 

ʚʥʘʩʷʥʝʪʦ ʥʘ ʟʘʨʦʜʠʰʠ ʠʣʠ ʯʨʝʟ ʚʲʥʰʥʦ ʚʲʟʜʝʡʩʪʚʠʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʟʘʨʦʜʠʰʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʥʠʮʠʠʨʘʥʝ ʥʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʩʝʣʝʢʪʠʚʥʦ 

ʟʘʨʦʜʠʰʦʦʙʨʘʟʫʚʘʥʝ ʥʘ ʢʨʠʩʪʘʣʥʠ ʬʘʟʠ. ʉʧʦʥʪʘʥʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ 

ʧʨʦʪʠʯʘ ʧʦ ʝʤʧʠʨʠʯʥʦ ʠʟʚʝʜʝʥʦʪʦ ʦʪ ʆʩʪʚʘʣʜ ʩʪʝʧʝʥʥʦ ʧʨʘʚʠʣʦ, 

ʩʲʛʣʘʩʥʦ ʢʦʝʪʦ ʩʚʦʙʦʜʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʩʠʩʪʝʤʘʪʘ ʥʘʤʘʣʷʚʘ ʥʘ ʩʪʝʧʝʥʠ. 

ʊʦʚʘ ʧʨʘʚʠʣʦ ʠʟʠʩʢʚʘ ʪʝʦʨʝʪʠʯʥʦ ʦʙʦʩʥʦʚʘʚʘʥʝ, ʪʲʡ ʢʘʪʦ ʧʦʥʘʩʪʦʷʱʝʤ 

ʥʝ ʨʘʟʧʦʣʘʛʘʤʝ ʩ ʪʝʦʨʠʷ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʚʠʜʘ ʠ ʩʲʩʪʘʚʘ ʥʘ 

ʧʦʣʫʯʘʚʘʥʠʪʝ ʤʝʪʘʩʪʘʙʠʣʥʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ. 

ʅʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʲʨʚʦʥʘʯʘʣʥʦ ʙʷʭʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʪʲʨʩʝʥʝʪʦ ʥʘ 

ʧʨʠʯʠʥʘʪʘ ʟʘ ʧʨʠʥʫʜʠʪʝʣʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʥʝʠʟʦʤʦʨʬʥʠ ʟʘʨʦʜʠʰʠ. ʀʜʝʷʪʘ ʙʝʰʝ ʥʘʤʠʨʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʧʨʠʣʠʢʠ ʚ 

ʧʦʜʨʝʞʜʘʥʝʪʦ ʥʘ ʥʷʢʦʠ ʦʪ ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʣʝʤʝʥʪʠ ʠʟʛʨʘʞʜʘʱʠ 

ʢʨʠʩʪʘʣʥʠʪʝ ʠʤ ʨʝʰʝʪʢʠ. ʊʲʨʩʠʭʤʝ ʠ ʦʙʷʩʥʝʥʠʝ ʟʘ ʩʢʣʦʥʥʦʩʪʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʪ ʥʘʩ ʩʦʣʠ ʢʲʤ ʧʨʝʩʠʱʘʥʝ. ʇʦʜʭʦʜʲʪ, ʢʦʡʪʦ ʧʨʠʣʦʞʠʭʤʝ ʝ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʥʠ ʘʥʘʣʦʛʠʠ ʚ ʢʨʠʩʪʘʣʠʟʠʨʘʱʠʪʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʩʪʘʙʠʣʥʠ ʬʘʟʠ ʠ ʤʝʪʘʩʪʘʙʠʣʥʠ ʬʘʟʠ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ ʩʲʩ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʨʘʟʪʚʦʨʠʪʝ ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ. ʅʘʧʨʠʤʝʨ ʢʦʛʘʪʦ ʚ ʨʘʟʪʚʦʨʘ 

ʩʲʱʝʩʪʚʫʚʘ ʜʦʩʪʘʪʲʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ ʢʦʤʧʣʝʢʩʠ ʘʥʘʣʦʛʠʯʥʠ ʥʘ ʪʝʟʠ 

ʠʟʛʨʘʞʜʘʱʠ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʘʪʘ ʬʘʟʘ, ʪʦ ʪʝʟʠ 

ʢʦʤʧʣʝʢʩʠ ʧʨʠ ʛʨʫʧʠʨʘʥʝʪʦ ʩʠ ʙʠ ʪʨʷʙʚʘʣʦ ʜʘ ʤʦʛʘʪ ʜʘ ʦʙʨʘʟʫʚʘʪ 

ʧʦʜʭʦʜʷʱ ʢʨʠʩʪʘʣʝʥ ʟʘʨʦʜʠʰ ʠ ʪʘʢʘ ʜʘ ʦʙʫʩʣʦʚʷʪ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʤʝʪʘʩʪʘʙʠʣʥʘʪʘ ʬʘʟʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ ʧʦʜʨʝʞʜʘʥʝʪʦ ʥʘ 

ʥʷʢʦʠ ʦʪ ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʣʝʤʝʥʪʠ ʠʟʛʨʘʞʜʘʱʠ ʢʨʠʩʪʘʣʥʠʪʝ ʨʝʰʝʪʢʠ ʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʩʪʘʙʠʣʥʠʪʝ ʠ ʤʝʪʘʩʪʘʙʠʣʥʠ ʬʘʟʠ ʩʲʩ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʨʘʟʪʚʦʨʠʪʝ, ʨʝʩʧʝʢʪʠʚʥʦ ʩʪʨʫʢʪʫʨʥʠʪʝ ʛʨʫʧʠʨʦʚʢʠ, ʙʝ ʧʨʠʯʠʥʘʪʘ ʟʘ 

ʨʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʠ ʠ ʚʢʣʶʯʚʘʥʝ ʚ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ 

ʠ ʥʘ ʩʧʦʥʪʘʥʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʩʦʣʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ. 
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2. ʎʝʣ ʠ ʟʘʜʘʯʠ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ  

ʎʝʣ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠ ʩʦʣʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ ʚ ʜʚʘ ʛʨʘʥʠʯʥʠ 

ʩʣʫʯʘʷ ʥʘ ʨʘʟʪʚʦʨʠ ʥʘ ʩʦʣʠ: (i) ʨʘʟʪʚʦʨʠ, ʚ ʢʦʠʪʦ ʧʦʯʪʠ ʦʪʩʲʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝ ʠ (ii) ʨʘʟʪʚʦʨʠ, ʚ ʢʦʠʪʦ ʧʨʦʮʝʩʠʪʝ ʥʘ 

ʢʦʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝ ʩʘ ʩʠʣʥʦ ʟʘʩʪʲʧʝʥʠ, ʯʨʝʟ ʪʲʨʩʝʥʝ ʥʘ ʩʲʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʨʘʟʪʚʦʨʠʪʝ ʠ ʢʨʠʩʪʘʣʥʠʪʝ ʠʤ ʩʪʨʫʢʪʫʨʠ.  

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʩʠ ʧʦʩʪʘʚʠʭʤʝ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

ɼʘ ʦʙʷʩʥʠʤ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠ ʩʦʣʠ 

ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ ʚ ʙʠʥʝʨʥʠʪʝ ʩʠʩʪʝʤʠ NaSO4ïH2O ʠ NaSeO4ï

H2O, ʟʘ ʯʠʠʪʦ ʨʘʟʪʚʦʨʠ ʝ ʭʘʨʘʢʪʝʨʥʦ ʩʣʘʙʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝ; 

ɼʘ ʦʙʷʩʥʠʤ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠ ʜʚʦʡʥʠ ʩʦʣʠ ʚ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʪʝ ʩʠʩʪʝʤʠ NaSO4ïMgSO4ïH2O ʠ NaSeO4ï

MgSeO4ïH2O, ʟʘ ʯʠʠʪʦ ʨʘʟʪʚʦʨʠ ʝ ʭʘʨʘʢʪʝʨʥʦ ʩʠʣʥʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝ, 

ʢʘʪʦ ʠʟʧʦʣʟʚʘʤʝ ʢʦʥʮʝʧʮʠʷʪʘ Ăʪʚʲʨʜʠ-ʤʝʢʠñ ʃʶʠʩʦʚʠ ʢʠʩʝʣʠʥʠ ʠ 

ʦʩʥʦʚʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʭʠʤʠʯʥʠʪʝ ʬʦʨʤʠ ʥʘ Na
+
 ʠ Mg

2+
 ʡʦʥʠ ʚʲʚ 

ʚʦʜʥʠʪʝ ʨʘʟʪʚʦʨʠ ʠ ʥʘ ʨʘʤʘʥʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʤʦʥʦʢʨʠʩʪʘʣʥʘ 

ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʠʪʝ 

ʧʦʣʠʝʜʨʠ ʠ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʦʣʫʯʘʚʘʥʠʪʝ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʯʘʩʪ 

3. ʅʘʯʠʥ ʥʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʠ ʠʟʧʦʣʟʚʘʥʠ ʤʝʪʦʜʠ  

3.1. ʀʟʩʣʝʜʚʘʥʠʷ ʥʘ ʬʘʢʪʦʨʠʪʝ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ 

Na2SO4Ŀ7H2O ʠ Na2SeO4Ŀ7.5H2O: 

² ɺʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʨʘʟʪʚʦʨ ʦʪ Na2SO4 ʚʲʨʭʫ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SO4Ā7ʅ2ʆ ï 

ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʘ ʧʨʦʚʝʜʝʥʠ ʩ 12 ʨʘʟʪʚʦʨʘ ʩ ʧʣʘʚʥʦ ʥʘʤʘʣʷʚʘʱʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ (0,2ï0,3%), ʢʘʪʦ ʝ ʨʘʙʦʪʝʥʦ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʠʷ 

ʠʥʪʝʨʚʘʣ 29,7 % ï 26,3 %. ʈʘʙʦʪʝʥʦ ʝ ʩ 20 ʤʣ ʥʘʩʠʪʝʥ ʧʨʠ 100 ÜC 

ʨʘʟʪʚʦʨ ʥʘ Na2SO4. ʈʘʟʪʚʦʨʲʪ ʩʝ ʨʘʟʙʲʨʢʚʘʰʝ ʩ ʤʘʛʥʠʪʥʘ 

ʙʲʨʢʘʣʢʘ. ʆʭʣʘʞʜʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘʰʝ ʯʨʝʟ ʧʨʠʙʘʚʷʥʝ ʥʘ ʣʝʜ 

ʢʲʤ ʚʦʜʘʪʘ ʥʘ ʪʝʨʤʦʩʪʘʪʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʧʦʥʪʘʥʥʘʪʘ 
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ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SO4Ŀ7ʅ2ʆ ʩʝ ʦʪʯʠʪʘʰʝ ʧʦ ʤʦʤʝʥʪʘ ʥʘ 

ʧʦʤʲʪʥʷʚʘʥʝ ʥʘ ʨʘʟʪʚʦʨʘ ʧʨʠ ʦʭʣʘʞʜʘʥʝʪʦ.  

² ɺʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ï ʅʘʩʠʪʝʥʠ 

ʟʘ 100 ÜC ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4, ʠ ʩʲʦʪʚʝʪʥʦ ʥʘ Na2SeO4 ʩʝ 

ʦʭʣʘʞʜʘʭʘ ʙʘʚʥʦ ʜʦ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʷʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʪʚʦʨʠʪʝ ʧʨʝʩʪʦʷʚʘʭʘ 1ï2 ʜʝʥʦʥʦʱʠʷ. 

ʀʟʧʠʪʚʘʥʠʷʪʘ ʟʘ ʚʩʷʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʧʨʦʚʝʞʜʘʭʘ ʩ ʧʦ 10 ʧʨʦʙʠ. 

² ɺʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʚʲʨʭʫ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ï 

ʇʨʦʚʝʜʝʥʠ ʩʘ ʜʚʝ ʩʝʨʠʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘ ʦʭʣʘʞʜʘʥʝ 

ʦʢʦʣʦ 4 Áʉ/ʤʠʥ., ʠ ʩʲʦʪʚʝʪʥʦ ʦʢʦʣʦ 8 Áʉ/ʤʠʥ. ɿʘ ʚʩʷʢʘ ʦʪ 

ʩʝʨʠʠʪʝ ʩʘ ʧʨʠʛʦʪʚʷʥʠ ʘʥʘʣʦʛʠʯʥʠ ʨʘʟʪʚʦʨʠ ʦʪ ʙʠʥʝʨʥʠʪʝ 

ʩʠʩʪʝʤʠ Na2SO4ïH2O ʠ Na2SeO4ïH2O. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʥʘʯʘʣʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʩʝ ʨʝʛʠʩʪʨʠʨʘʰʝ ʧʦ ʧʦʤʲʪʥʷʚʘʥʝʪʦ ʥʘ ʨʘʟʪʚʦʨʘ. 

3.2. Tʝʨʤʠʯʝʥ ʘʥʘʣʠʟ ï ʢʨʠʚʠ ʥʘ ʦʭʣʘʞʜʘʥʝ 
5 ʤʣ ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4 (29,7 ʪʝʛʣ. %) ʠʣʠ Na2SeO4 (42,1 ʪʝʛʣ. %), 

ʥʘʩʠʪʝʥʠ ʟʘ 100 ÁC, ʙʷʭʘ ʧʦʩʪʘʚʷʥʠ ʚ ʝʧʨʫʚʝʪʢʠ. ɽʧʨʫʚʝʪʢʠʪʝ ʩ ʪʝʟʠ 

ʨʘʟʪʚʦʨʠ, ʢʘʢʪʦ ʠ ʪʘʢʠʚʘ, ʚ ʢʦʠʪʦ ʙʷʭʘ ʧʨʠʙʘʚʷʥʠ ʟʘʨʦʜʠʰʠ ʩʲʦʪʚʝʪʥʦ ʦʪ 

Na2SO4Ā10H2O, Na2SO4Ā7H2O, Na2SʝO4Ā10H2O ʠʣʠ Na2SʝO4Ā7.5H2O ʙʷʭʘ 

ʧʦʩʪʘʚʷʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʦ ī20 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʨʦʙʠʪʝ ʝ 

ʠʟʤʝʨʚʘʥʘ ʩ ʪʝʨʤʦʩʲʧʨʦʪʠʚʣʝʥʠʝ Pt 100, ʧʦʪʦʧʝʥʦ ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʨʘʟʪʚʦʨʠ. ʉʢʦʨʦʩʪʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʧʨʦʙʠʪʝ ʧʨʝʜʠ ʧʦʷʚʘʪʘ ʥʘ ʪʝʨʤʠʯʥʠ 

ʝʬʝʢʪʠ ʙʝʰʝ ʦʢʦʣʦ 0,5 Á/ʤʠʥ. 

3.3. ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʪʚʲʨʜʠ ʬʘʟʠ  
ɼʝʢʘʭʠʜʨʘʪʠʪʝ Na2SO4Ā10H2O ʠ Na2SʝO4Ā10H2O ʙʷʭʘ ʧʦʣʫʯʝʥʠ ʦʪ 

ʥʘʩʠʪʝʥʠ ʟʘ 100 ÁC ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4 ʠ Na2SʝO4, ʬʠʣʪʨʫʚʘʥʠ ʥʘ ʛʦʨʝʱʦ, 

ʯʨʝʟ ʙʘʚʥʦ ʦʭʣʘʞʜʘʥʝ ʜʦ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʥʘʩʷʥʝ ʥʘ ʟʘʨʦʜʠʰ. 
ʂʨʠʩʪʘʣʯʝʪʘʪʘ ʦʪ Na2SO4Ŀ7H2O ʙʷʭʘ ʧʦʣʫʯʘʚʘʥʠ ʦʪ ʥʘʩʠʪʝʥʠ ʟʘ 

100 ÁC ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4, ʬʠʣʪʨʫʚʘʥʠ ʥʘ ʛʦʨʝʱʦ ʠ ʧʦʩʪʘʚʷʥʠ ʚ 

ʭʣʘʜʠʣʥʠʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʦ 5 ÁC ʟʘ ʦʢʦʣʦ 1 ʜʝʥʦʥʦʱʠʝ. 
ʂʨʠʩʪʘʣʯʝʪʘʪʘ ʦʪ Na2SʝO4Ā7.5H2O ʙʷʭʘ ʧʦʣʫʯʘʚʘʥʠ ʦʪ ʥʘʩʠʪʝʥʠ ʟʘ 

100 ÁC ʨʘʟʪʚʦʨʠ, ʬʠʣʪʨʫʚʘʥʠ ʥʘ ʛʦʨʝʱʦ ʠ ʦʩʪʘʚʷʥʠ ʜʘ ʧʨʝʩʪʦʷʪ ʚ 

ʭʣʘʜʠʣʥʠʢ 1ï2 ʜʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʦʣʦ 5 Áʉ, ʢʘʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʝ 

ʧʨʠʙʘʚʷʰʝ ʟʘʨʦʜʠʰ ʦʪ Na2SO4Ŀ7H2O. 

ʂʨʠʩʪʘʣʦʭʠʜʨʘʪʲʪ Na2SeO4Ā4H2O ʙʝ ʧʦʣʫʯʝʥ ʦʪ ʨʘʟʪʚʦʨ, ʩʲʜʲʨʞʘʱ 

Na2SeO4 ʠ MgSeO4 (0,8107 g MgSeO4Ā6H2O + 0,7427 g Na2SeO4 + 4 ml H2O) 

ʧʨʠ ʦʢʦʣʦ 28ÁC ʯʨʝʟ ʠʟʧʘʨʝʥʠʝ.  

ɼʚʦʡʥʠʪʝ ʩʦʣʠ Na2SeO4ĀMgSeO4Ā10H2O ʠ Na2SeO4ĀMgSeO4Ā2H2O 

ʙʷʭʘ ʧʦʣʫʯeʥʠ ʦʪ ʨʘʟʪʚʦʨʠ ʥʘ Na2SeO4 ʠ MgSeO4 ʩ ʤʦʣʥʠ ʩʲʦʪʥʦʰʝʥʠʷ 
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2.35:1 ʟʘ ʧʲʨʚʘʪʘ ʩʦʣ ʠ 1.84:1 ʠ 0.84:1 ʟʘ ʚʪʦʨʘʪʘ ʯʨʝʟ ʠʟʦʪʝʨʤʠʯʥʦ 

ʠʟʧʘʨʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 30 ÁC. ʂʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘʩʪʲʧʚʘʰʝ ʩʣʝʜ ʦʢʦʣʦ 

72ï96 ʯʘʩʘ.  
  

3.4. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SeO4ïMgSeO4ïH2O 
ʀʟʧʦʣʟʚʘʥʠʷʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝʪʦ MgSeO4Ŀ6H2O ʙʝ ʩʠʥʪʝʟʠʨʘʥ ʦʪ ʥʘʩ 

ʯʨʝʟ ʥʝʫʪʨʘʣʠʟʘʮʠʷ (ʨʅ 7ï8) ʥʘ H2SeO4, 40 %, (99,95% p.a.) ʩ 

Mg2(OH)2CO3 (p.a.), ʬʠʣʪʨʫʚʘʥʝ, ʠʟʧʘʨʝʥʠʝ ʥʘ ʨʘʟʪʚʦʨʘ ʠ 

ʧʨʝʢʨʠʩʪʘʣʠʟʘʮʠʷ. 
ʉʠʩʪʝʤʘʪʘ Na2SeO4ïMgSeO4ïH2O ʙʝ ʠʟʩʣʝʜʚʘʥʘ ʧʨʠ 25 Áʉ ʢʘʪʦ ʚ 

ʨʘʟʣʠʯʥʠ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʘ ʙʷʭʘ ʨʘʟʪʚʘʨʷʥʠ ʚ ʧʨʦʤʝʥʣʠʚʠ ʩʲʦʪʥʦʰʝʥʠʷ 

Na2SeO4 ʠ MgSeO4Ŀ6H2O. ʈʘʟʪʚʦʨʠʪʝ ʙʷʭʘ ʧʦʩʪʘʚʷʥʠ ʚ ʪʝʨʤʦʩʪʘʪʠʚʥʦ 

ʩʪʲʢʣʦ ʩ ʜʚʦʡʥʠ ʩʪʝʥʠ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʉ ʦʛʣʝʜ 

ʧʦʩʪʠʛʘʥʝ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʨʘʚʥʦʚʝʩʠʝ ʨʘʟʪʚʦʨʠʪʝ ʧʨʝʩʪʦʷʚʘʭʘ ʧʨʠ 

ʪʘʟʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 6ï15 ʜʝʥʦʥʦʱʠʷ. ɿʘ ʜʘ ʩʤʝ ʩʠʛʫʨʥʠ, 

ʯʝ ʝ ʧʦʩʪʠʛʥʘʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʥʦʪʦ ʨʘʚʥʦʚʝʩʠʝ ʧʨʠʣʘʛʘʭʤʝ ʪʨʠ ʥʘʯʠʥʘ 

ʧʨʠ ʟʘʨʝʞʜʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ: (i) ʀʟʦʪʝʨʤʠʯʥʦ ʩʥʝʤʘʥʝ ʥʘ ʧʨʝʩʠʱʘʥʝʪʦ ʩ 

ʤʝʭʘʥʠʯʥʦ ʙʲʨʢʘʥʝ; (ii) ʀʟʦʪʝʨʤʠʯʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʩ ʤʝʭʘʥʠʯʥʦ ʙʲʨʢʘʥʝ 

ʠ (iii) ʀʟʦʪʝʨʤʠʯʥʦ ʠʟʧʘʨʝʥʠʝ ʙʝʟ ʨʘʟʙʲʨʢʚʘʥʝ.  

3.5. Meʪʦʜʠ ʟʘ ʭʠʤʠʯʝʥ ʘʥʘʣʠʟ 
ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʩʲʩʪʘʚʠʪʝ ʥʘ ʪʝʯʥʠʪʝ ʠ ʩʲʦʪʚʝʪʩʪʚʘʱʠʪʝ ʠʤ ʪʚʲʨʜʠ 

ʬʘʟʠ ʠʟʧʦʣʟʚʘʭʤʝ ʦʙʝʤʥʠ ʤʝʪʦʜʠ. 
Mg

2+
 ï Koʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ Mg

2+
 ʦʧʨʝʜʝʣʷʭʤʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʥʦ 

ʯʨʝʟ ʜʠʨʝʢʪʥʦ ʪʠʪʨʫʚʘʥʝ ʩ ʢʦʤʧʣʝʢʩʦʥ III  ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ Cu-ʢʦʤʧʣʝʢʩʦʥ 

III  ʠ ʘʤʦʥʷʯʝʥ ʙʫʬʝʨ (pH 10). 
SeO4

2ī
 ï Koʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ SeO4

2ī
 ʡʦʥʠ ʦʧʨʝʜʝʣʷʭʤʝ ʯʨʝʟ 

ʫʪʘʷʚʘʥʝʪʦ ʠʤ ʩ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ 0,05ʄ ʨʘʟʪʚʦʨ ʥʘ Pb(NO3)2 

ʚʲʚ ʚʦʜʥʦʘʣʢʦʭʦʣʥʘ ʩʨʝʜʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ PbSeO4. ʉʣʝʜ ʥʝʢʦʣʢʦʢʨʘʪʥʦ 

ʧʨʦʤʠʚʘʥʝ ʩ ʚʦʜʘ ʠ C2H5OH ʬʠʣʪʨʘʪʲʪ ʝ ʪʠʪʨʫʚʘʥ ʩ ʢʦʤʧʣʝʢʩʦʥ III  ʚ 

ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʘʮʝʪʘʪʝʥ ʙʫʬʝʨ (pH5) ʠ ʠʥʜʠʢʘʪʦʨ ʢʩʠʣʝʥʦʣʦʨʘʥʞ [87].  
Na

+
 ï Koʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ Na

+
 ʡʦʥʠ ʦʧʨʝʜʝʣʷʭʤʝ ʧʦ ʨʘʟʣʠʢʘʪʘ 

ʤʝʞʜʫ ʦʙʱʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʦʚʝ SeO4
2ī

 ʡʦʥʠ ʠ ʤʦʣʦʚʝʪʝ Mg
2+

. 

3.6. Meʪʦʜʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʬʘʟʦʚʠʷ ʩʲʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠʪʝ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʝʥ ʘʥʘʣʠʟ  
ɿʘ ʜʝʰʠʬʨʠʨʘʥʝ ʥʘ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ ʪʚʲʨʜʠʪʝ ʬʘʟʠ ʙʝ 

ʠʟʧʦʣʟʚʘʥʘ ʤʦʥʦʢʨʠʩʪʘʣʥʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ 
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ʤʦʥʦʢʨʠʩʪʘʣʥʠ ʜʠʬʨʘʢʪʦʤʝʪʨʠ Stoe IPDS 2T, Stoe IPDS 2 ʠ Bruker X8 

with Kappa-ʛʦʥʠʦʤʝʪʲʨ ʠ Apex2 ʜʝʪʝʢʪʦʨ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚ ʘʥʘʣʠʟ  
ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʬʘʟʦʚʠʷ ʩʲʩʪʘʚ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʪʚʲʨʜʠ ʬʘʟʠ ʙʝ ʠʟʧʦʣʟʚʘʥʘ 

ʧʨʘʭʦʚʘ ʨʝʥʪʛʝʥʦʚʘ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. ʀʟʧʦʣʟʚʘʥ ʝ ʧʨʘʭʦʚ ʜʠʬʨʘʢʪʦʤʝʪʲʨ 

Bruker D8 Advance ʩ Cu KŬ (1.541838 ¡) ʠʟʣʲʯʚʘʥʝ ʠ LynxEye ʜʝʪʝʢʪʦʨ. 

ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʠʟʚʲʨʰʝʥʠ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚ ʜʠʘʧʘʟʦʥ ʦʪ 10 ʜʦ 

80Á ʟʘ 2ɗ. ʂʦʣʠʯʝʩʪʚʝʥʠʷʪ ʬʘʟʦʚ ʘʥʘʣʠʟ ʝ ʥʘʧʨʘʚʝʥ ʩ ʧʨʦʛʨʘʤʘ Bruker AXS 

(2009) EVA 2, DIFFRACplus Evaluation Package ʠ ICDD PDFï2 (2009) 

ʨʝʬʝʨʝʥʪʥʘ ʙʘʟʘ ʜʘʥʥʠ. 

ʈʘʤʘʥʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ  

ʀʟʧʦʣʟʚʘʥ ʝ ʤʠʢʨʦ-ʈʘʤʘʥʦʚ ʩʧʝʢʪʨʦʤʝʪʲʨ HORIBA Jobin Yvon, LabRAM 

HR 800, ʩ ʚʛʨʘʜʝʥ He-Ne (633 nm) ʣʘʟʝʨ ʩ ʤʦʱʥʦʩʪ 0.67 mW ʠ ʢʦʥʬʦʢʘʣʝʥ 

ʤʠʢʨʦʩʢʦʧ ʩ ʦʙʝʢʪʠʚ ʩ ʫʚʝʣʠʯʝʥʠʝ X50 ʠ ʛʦʣʷʤʦ ʨʘʙʦʪʥʦ ʨʘʟʩʪʦʷʥʠʝ. 

ɺʨʝʤʝʪʦ ʟʘ ʩʥʝʤʘʥʝ ʥʘ ʩʧʝʢʪʨʠʪʝ ʝ 30 ʩʝʢʫʥʜʠ. ʆʙʨʘʟʮʠʪʝ ʩʘ ʠʟʤʝʨʚʘʥʠ ʚ 

ʛʝʦʤʝʪʨʠʷ ʥʘ ʦʙʨʘʪʥʦ ʨʘʟʩʝʡʚʘʥʝ. 

4. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʩʧʦʥʪʘʥʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ  

ʥʘ Na2SO4Ŀ7H2O ʠ ʥʘ Na2SeO4Ŀ7.5H2O 
ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʬʘʢʪʦʨʠʪʝ, ʚʣʠʷʝʱʠ ʚʲʨʭʫ ʩʧʦʥʪʘʥʥʘʪʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SO4Ā7H2O, ʢʘʢʪʦ ʠ ʥʘ Na2SeOĀ7.5H2O ʧʨʦʚʝʜʦʭʤʝ 

ʩʣʝʜʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ: 

4.1. ɺʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʚʲʨʭʫ ʩʧʦʥʪʘʥʥʘʪʘ  

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SO4Ŀ7H2O 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʝʬʝʢʪʘ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʚ ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4 ʚʲʨʭʫ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SO4Ŀ7H2O ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 1. ʊʝ ʧʦʢʘʟʚʘʪ 

ʤʘʣʢʦ ʧʦ-ʰʠʨʦʢʘ ʤʝʪʘʩʪʘʙʠʣʥʘ ʟʦʥʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʪʘʟʠ, ʫʩʪʘʥʦʚʝʥʘ 

ʦʪ ʍʘʨʪʣʠ ʠ ʩʲʪʨ., ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʪʜʘʜʝ ʥʘ ʧʦ-ʚʠʩʦʢʘʪʘ ʩʢʦʨʦʩʪ ʥʘ 

ʦʭʣʘʞʜʘʥʝ ʚ ʥʘʰʠʷ ʩʣʫʯʘʡ (ʦʢʦʣʦ 1Á/min). 
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ʌʠʛʫʨʘ 1. ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ 

ʤʝʪʘʩʪʘʙʠʣʝʥ Na2SO4Ŀ7H2O ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʨʘʟʪʚʦʨʘ. 

4.2. ɺʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ ʥʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʧʦʥʪʘʥʥʘ  

ʢʨʠʩʪʘʣʠʟʘʮʠʷ 
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʠ ʟʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʲʨʭʫ 

ʩʧʦʥʪʘʥʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʚ ʩʠʩʪʝʤʘʪʘ Na2SO4ïH2O ʧʦʢʘʟʘʭʘ, ʯʝ ʧʨʠ 

ʙʘʚʥʦ ʦʭʣʘʞʜʘʥʝ ʜʦ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚ ʠʥʪʝʨʚʘʣʘ ʦʪ +16.9 
ʦ
ʉ 

ʜʦ ī14.9 
ʦ
ʉ ʠ ʧʨʝʩʪʦʷʚʘʥʝʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝ ʟʘ 1ï2 ʜʝʥʦʥʦʱʠʷ, ʚ ʧʦʯʪʠ 

ʚʩʠʯʢʠ ʩʣʫʯʘʠ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ, ʧʲʨʚʦ 

ʢʨʠʩʪʘʣʠʟʠʨʘ ʤʝʪʘʩʪʘʙʠʣʝʥ Na2SO4Ŀ7H2O. ʉʧʦʥʪʘʥʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ 

ʥʘ ʩʪʘʙʠʣʥʠʷ Na2SO4Ŀ10H2O ʥʘʩʪʲʧʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʨʷʜʢʦ ʢʘʪʦ 

ʚʝʨʦʷʪʥʦʩʪʝʥ ʧʨʦʮʝʩ, ʪ.ʝ. ʩ ʛʦʣʷʤʦ ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʢʘʪʦ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʤʫ ʥʘʨʘʩʪʚʘ ʩ ʧʦʥʠʞʘʚʘʥʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ɺ ʩʣʫʯʘʠʪʝ ʢʦʛʘʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʝ ʢʨʠʩʪʘʣʠʟʠʨʘʣ 

Na2SO4Ŀ7H2O ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜ ī10 Áʉ ʚʠʥʘʛʠ 

ʢʨʠʩʪʘʣʠʟʠʨʘ Na2SO4Ŀ10H2O. ɿʘ ʙʠʥʝʨʥʘʪʘ ʩʠʩʪʝʤʘ Na2SeO4ïH2O 

ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ ʦʪ +7
ʦ
ʉ ʜʦ ī4 

ʦ
ʉ 

ʩʧʦʥʪʘʥʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SeO4Ŀ7.5H2O ʥʘʩʪʲʧʚʘ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦ-ʨʷʜʢʦ ʦʪ ʪʘʟʠ ʥʘ Na2SO4Ŀ7H2O.  

4.3. ɺʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʚʲʨʭʫ ʥʝʨʘʚʥʦʚʝʩʥʘʪʘ 

ʩʧʦʥʪʘʥʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ 
ʇʨʠʣʦʞʝʥʠ ʩʘ ʜʚʝ ʩʢʦʨʦʩʪʠ ʥʘ ʦʭʣʘʞʜʘʥʝ ï ʦʢʦʣʦ 4Áʉ/ʤʠʥ. ʠ 

ʦʢʦʣʦ 8 Áʉ/ʤʠʥ., ʥʘ ʨʘʟʪʚʦʨʠ ʦʪ ʙʠʥʝʨʥʠʪʝ ʩʠʩʪʝʤʠ Na2SO4ïH2O ʠ 
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Na2SeO4ïH2O. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ ʛʦʣʷʤʦ ʨʘʟʩʝʡʚʘʥʝ ʚ ʧʦʣʫʯʝʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʝ ̫ʩʥʘ ʪʝʥʜʝʥʮʠʷʪʘ, ʯʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʧʨʠ 

ʢʦʷʪʦ ʥʘʩʪʲʧʚʘ ʩʧʦʥʪʘʥʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ, ʢʘʢʪʦ ʥʘ ʩʪʘʙʠʣʥʠʷ 

Na2SO4Ŀ10H2O, ʪʘʢʘ ʠ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠʷ Na2SO4Ŀ7H2O, ʩʝ ʧʦʥʠʞʘʚʘ ʩ 

ʨʘʟʨʝʞʜʘʥʝʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝ. ʇʨʠ ʩʢʦʨʦʩʪ ʥʘ ʦʭʣʘʞʜʘʥʝ ʦʢʦʣʦ 

4 Áʉ/ʤʠʥ. Na2SO4Ŀ7H2O ʥʝ ʚʠʥʘʛʠ ʢʨʠʩʪʘʣʠʟʠʨʘ ʧʨʝʜʠ Na2SO4Ŀ10H2O. 

ʈʘʟʣʠʯʥʦ ʝ ʧʦʚʝʜʝʥʠʝʪʦ ʚ ʩʠʩʪʝʤʘʪʘ Na2SʝO4ïH2O. ɺ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʙʲʨʟʦ ʦʭʣʘʞʜʘʥʝ (ʦʢʦʣʦ 4 Áʉ/ʤʠʥ) ʥʘ ʧʨʝʩʠʪʝʥʠʪʝ ʨʘʟʪʚʦʨʠ ʦʪ 

ʩʠʩʪʝʤʘʪʘ Na2SʝO4ïH2O, ʤʝʪʘʩʪʘʙʠʣʥʠʷ Na2SeO4Ŀ7.5H2O ʠʟʦʙʱʦ ʥʝ 

ʢʨʠʩʪʘʣʠʟʠʨʘ ʩʧʦʥʪʘʥʥʦ.  
ʇʨʠ ʜʚʦʡʥʦ ʫʚʝʣʠʯʝʥʘ ʩʢʦʨʦʩʪ ʥʘ ʦʭʣʘʞʜʘʥʝ, ʪ. ʝ. ʦʢʦʣʦ 

8Áʉ/ʤʠʥ., ʚ ʩʠʩʪʝʤʘʪʘ Na2SO4ïH2O ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʧʲʨʚʦ ʩʧʦʥʪʘʥʥʦ 

ʢʨʠʩʪʘʣʠʟʠʨʘ Na2SO4.7H2O. ɺ ʩʠʩʪʝʤʘʪʘ Na2SeO4ïH2O ʦʙʘʯʝ, 

ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʲʪ Na2SeO4Ŀ7.5H2O ʢʨʠʩʪʘʣʠʟʠʨʘ ʩʧʦʥʪʘʥʥʦ ʧʨʠ ʦʢʦʣʦ 

ï8 ÁC. ʇʨʠ ʧʦ-ʥʘʪʘʪʲʰʥʦʪʦ ʦʭʣʘʞʜʘʥʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʦʪʨʠʮʘʪʝʣʥʠʪʝ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʧʦʜ ʝʚʪʝʢʪʠʢʫʤʠʪʝ) ʠ ʚ ʜʚʝʪʝ ʙʠʥʝʨʥʠ ʩʠʩʪʝʤʠ ʥʘʩʪʲʧʚʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʜʝʢʘʭʠʜʨʘʪʠ.  
ʂʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ Na2SO4Ŀ7H2O ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʦʧʨʝʜʝʣʝʥ 

ʣʘʪʝʥʪʝʥ ʧʝʨʠʦʜ. ʌʘʢʪʲʪ, ʯʝ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ 

ʧʨʝʩʠʪʝʥʠʷ ʨʘʟʪʚʦʨ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠʪʝ 

ʬʘʟʠ ʥʘʤʘʣʷʚʘ, ʩʝ ʦʙʷʩʥʷʚʘ ʩ ʣʘʪʝʥʪʥʠʷ ʧʝʨʠʦʜ, ʥʝʦʙʭʦʜʠʤ ʟʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ Na2SO4Ŀ7H2O ʨʝʩʧ. ʥʘ Na2SʝO4Ŀ7.5H2O. 
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4.4. ʀʟʩʣʝʜʚʘʥʝ ʢʨʠʚʠʪʝ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4 ʠ 

Na2SʝO4 

4.4.1. ʂʨʠʩʪʘʣʠʟʘʮʠʷ ʦʪ ʙʠʥʝʨʥʠ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4 ʧʨʠ 

ʦʭʣʘʞʜʘʥʝ 

ʅʘ ʌʠʛ. 2b ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʢʨʠʚʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʥʘʩʠʪʝʥ ʟʘ 

100 Áʉ ʨʘʟʪʚʦʨ ʥʘ Na2SO4 (29,7 ʪʝʛʣ. %), ʘ ʧʘʨʘʣʝʣʥʦ ʩ ʥʝʷ ʜʠʘʛʨʘʤʘʪʘ 

ʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SO4ïH2O (ʌʠʛ. 2ʘ). ʇʨʠ ʦʭʣʘʞʜʘʥʝ 

ʥʘ ʨʘʟʪʚʦʨ ʥʘ Na2SO4 (29,7 ʪʝʛʣ.%) ʧʲʨʚʦ ʟʘʧʦʯʚʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ 

Na2SO4Ŀ7H2O (ʚ ʩʣʫʯʘʷ ʧʨʠ ʦʢʦʣʦ 2 Áʉ), ʢʘʪʦ ʬʠʛʫʨʘʪʠʚʥʘʪʘ ʪʦʯʢʘ ʥʘ 

ʩʲʩʪʘʚʘ ʥʘ ʨʘʟʪʚʦʨʘ ʩʝ ʜʚʠʞʠ ʧʦ ʢʨʠʚʘʪʘ ʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ 

Na2SO4Ŀ7H2O ʜʦ ʝʚʪʝʢʪʠʢʫʤʘ Na2SO4Ŀ7H2Oïʣʝʜïʨʘʟʪʚʦʨ (ī3,4 Áʉ) 

(ʌʠʛ. 2 ʘ). ʇʦʨʘʜʠ ʦʪʜʝʣʷʥʘʪʘ ʪʦʧʣʠʥʘ ʧʨʠ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ 

Na2SO4Ŀ7H2O ʥʘʢʣʦʥʲʪ ʥʘ ʢʨʠʚʘʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʧʦʜ ʦʢʦʣʦ 2 Áʉ ʝ ʧʦ-

ʤʘʣʲʢ. ʄʘʣʢʠʷʪ ʤʠʥʠʤʫʤ ʚ ʢʨʠʚʘʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ī3,4 Áʉ ʩʝ ʜʲʣʞʠ ʥʘ ʧʨʝʦʭʣʘʞʜʘʥʝ ʧʨʠ ʧʨʦʮʝʩʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ 

ʣʝʜʘ. ʇʨʠ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʦʭʣʘʞʜʘʥʝ ʥʘ ʝʚʪʝʢʪʠʯʥʠʷ ʩʲʩʪʘʚ 

Na2SO4Ŀ7H2Oïʣʝʜ, ʧʨʦʪʠʯʘ ʩʧʦʥʪʘʥʥʦ ʨʘʟʧʘʜʘʥʝ ʥʘ Na2SO4Ŀ7H2O. 

ʘ)  b) 

ʌʠʛʫʨʘ 2. ɼʠʘʛʨʘʤʘʪʘ ʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SO4ïH2O ʠ 
ʢʨʠʚʘ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʨʘʟʪʚʦʨ ʥʘ Na2SO4 (29,7 ʪʝʛʣ. %). 
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ʊʦʯʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʟʧʘʜʘʥʝ ʥʝ ʙʝ ʫʩʪʘʥʦʚʝʥʘ, ʪʲʡ ʢʘʪʦ ʥʝ ʙʝ 

ʥʘʙʣʶʜʘʚʘʥ ʝʢʟʦʪʝʨʤʠʯʝʥ ʧʠʢ. ɹʝʰʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʜ ī14 Áʉ ʚʲʚ ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʩʝ ʦʙʨʘʟʫʚʘ ʩʤʝʩ ʦʪ ʢʨʠʩʪʘʣʠ ʦʪ 

Na2SO4Ŀ10H2O ʠ Na2SO4 (ʤʣʝʯʥʦ-ʙʝʣʠ ʢʨʠʩʪʘʣʠ).  
ʌʠʛ. 3 ʧʦʢʘʟʚʘ ʢʨʠʚʠʪʝ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʥʘʩʠʪʝʥʠ ʨʘʟʪʚʦʨʠ ʥʘ 

Na2SO4Ŀ7H2O, ʢʲʜʝʪʦ ʩʝ ʚʠʞʜʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʣʝʜʘ ʧʨʠ ʨʘʟʣʠʯʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʝʦʭʣʘʞʜʘʥʝ. ʌʠʛ. 3ʘ ʧʦʢʘʟʚʘ ʩʣʫʯʘʡ ʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠ ̫ʥʘ ʣʝʜʘ ʙʝʟ ʧʨʝʦʭʣʘʞʜʘʥʝ, ʌʠʛ. 3b-c ʧʦʢʘʟʚʘʪ ʩʣʫʯʘʠʪʝ 

ʥʘ ʧʨʝʦʭʣʘʞʜʘʥʝ ʧʨʠ ī6 Áʉ (ʌʠʛ. 3b) ʠ ī9 Áʉ (ʌʠʛ. 3c). ʇʨʠ ʧʦ-

ʥʘʪʘʪʲʰʥʦ ʦʭʣʘʞʜʘʥʝ ʥʘ ʝʚʪʝʢʪʠʯʥʠʷ ʩʲʩʪʘʚ Na2SO4Ŀ7H2Oïʣʝʜ, 

Na2SO4Ŀ7H2O ʩʝ ʨʘʟʧʘʜʘ ʩʧʦʥʪʘʥʥʦ. 

4.4.2. ʂʨʠʩʪʘʣʠʟʘʮʠʷ ʦʪ ʙʠʥʝʨʥʠ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʥʘ Na2SʝO4 ʧʨʠ 

ʦʭʣʘʞʜʘʥʝ 
ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʢʨʠʚʠʪʝ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʥʘʩʠʪʝʥʠ ʟʘ 100 Áʉ 

ʨʘʟʪʚʦʨʠ ʥʘ Na2SʝO4Ŀ(42,1 ʪʝʛʣ. %). ʉʧʦʥʪʘʥʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ 

Na2SʝO4Ŀ7.5H2O ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʣʝʜ ʩʠʣʥʦ ʧʨʝʦʭʣʘʞʜʘʥʝ ʥʘ ʨʘʟʪʚʦʨʠʪʝ 

ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ ʦʪ ī8 Áʉ ʜʦ ī10 Áʉ, ʢʦʷʪʦ ʩʝ ʠʟʨʘʟʷʚʘ ʚ 

ʨʷʟʲʢ ʩʢʦʢ ʚ ʢʨʠʚʠʪʝ ʥʘ ʦʭʣʘʞʜʘʥʝ (ʌʠʛ. 4). ʇʦ ʘʥʘʣʦʛʠʷ ʩʲʩ 

ʥʘʩʠʪʝʥʠʪʝ ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4Ŀ7H2O, ʧʨʠ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʣʝʜʘ ʦʪ 

ʪʘʢʲʚ ʨʘʟʪʚʦʨ ʧʦʯʪʠ ʚʠʥʘʛʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʝʦʭʣʘʞʜʘʥʝ. ʌʠʛ. 4ʘ 

ʧʦʢʘʟʚʘ ʩʣʫʯʘʡ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʙʝʟ ʧʨʝʦʭʣʘʞʜʘʥʝ. ʌʠʛ. 4b-c 

ʧʦʢʘʟʚʘʪ ʩʣʫʯʘʠ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʩ ʧʨʝʦʭʣʘʞʜʘʥʝ ʧʨʠ ī4 Áʉ 

ʘ)  b) c)  

ʌʠʛʫʨʘ 3. ʂʨʠʚʠ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʥʘʩʠʪʝʥʠ ʨʘʟʪʚʦʨʠ ʥʘ Na2SO4Ŀ7H2O:  

ʘ) ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʧʨʠ ī3,4 Áʉ (ʙʝʟ ʧʨʝʦʭʣʘʞʜʘʥʝ);  
b) ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʧʨʠ ī6 Áʉ;  
c) ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʧʨʠ ī9 Áʉ 
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ʜʦ ī7 Áʉ. ɼʲʣʙʦʢʠʪʝ ʤʠʥʠʤʫʤʠ ʚʲʚ ʌʠʛ. 4 ʩʘ ʝʜʥʦ ʙʝʟʩʧʦʨʥʦ 

ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʦʧʠʩʘʥʘʪʘ ʧʦ-ʛʦʨʝ ʩʠʣʥʦ ʧʦ-ʟʘʪʨʫʜʥʝʥʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SʝO4Ŀ7.5H2O ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ ʥʘ Na2SO4Ŀ7H2O. 

ʇʨʠ ʧʨʦʜʲʣʞʘʚʘʥʝ ʥʘ ʦʭʣʘʞʜʘʥʝʪʦ ʥʘ ʝʚʪʝʢʪʠʯʥʠʷ ʩʲʩʪʘʚ 

Na2SʝO4Ŀ7.5H2O-ʣʝʜ, Na2SʝO4Ŀ7.5H2O ʩʝ ʨʘʟʧʘʜʘ ʩʧʦʥʪʘʥʥʦ. ʊʦʯʥʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʧʦʥʪʘʥʥʦ ʨʘʟʧʘʜʘʥʝ ʥʝ ʙʝ ʫʩʪʘʥʦʚʝʥʘ, ʪʲʡ ʢʘʪʦ ʥʝ ʙʝ 

ʨʝʛʠʩʪʨʠʨʘʥ ʝʢʟʦʪʝʨʤʠʯʝʥ ʧʠʢ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʚʲʚ ʚʩʠʯʢʠ ʩʣʫʯʘʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʜ ī14 Áʉ ʩʝ ʦʙʨʘʟʫʚʘ ʩʤʝʩ ʦʪ ʢʨʠʩʪʘʣʠ ʦʪ 

Na2SʝO4Ŀ10H2O ʠ Na2SʝO4.  

5. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʢʨʠʩʪʘʣʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʦʣʠ 

ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ ʦʪ ʙʠʥʝʨʥʠʪʝ ʩʠʩʪʝʤʠ  

Na2SO4ïH2O ʠ Na2SʝO4ïH2O 
5.1. Kʨʠʩʪʘʣʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ ʜʝʢʘʭʠʜʨʘʪʠʪʝ  

Na2SʝO4Ā10H2O ʠ Na2SO4Ā10H2O  
ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4.10H2O 

ʧʦʢʘʟʘ, ʯʝ ʝ ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʥʘ Na2SO4.10H2O. ɼʚʝʪʝ ʩʦʣʠ 

ʢʨʠʩʪʘʣʠʟʠʨʘʪ ʝʜʥʘ ʠ ʩʲʱʘ ʤʦʥʦʢʣʠʥʥʘ ʢʨʠʩʪ. ʩ-ʤʘ, ʧʨ. ʛʨ. P21/c ʠ 

ʠʤʘʪ ʙʣʠʟʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ. ʊʝ ʩʘ 

ʠʟʦʤʦʨʬʥʠ ʝʜʥʘ ʥʘ ʜʨʫʛʘ. 

ʌʠʛʫʨʘ 4. ʂʨʠʚʠ ʥʘ ʦʭʣʘʞʜʘʥʝ ʥʘ ʥʘʩʠʪʝʥʠ ʟʘ 100 Áʉ ʨʘʟʪʚʦʨʠ ʥʘ Na2SeO4 

ʩʲʩ ʩʧʦʥʪʘʥʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SeO4Ŀ7.5H2O ʠ ʣʝʜʘ ʚ ʩʣʫʯʘʠʪʝ: ʘ) 
ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʙʝʟ ʧʨʝʦʭʣʘʞʜʘʥʝ; b) ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʧʨʠ 
ī4 Áʉ; c) ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʣʝʜʘ ʧʨʠ ī7 Áʉ. 

ʘ)  b) c)  
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ʂʨʠʩʪʘʣʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ 

Na2SeO4Ŀ10H2O ʝ 

ʠʟʛʨʘʜʝʥʘ ʦʪ ʚʝʨʠʛʠ ʦʪ 

[Na(H2O)6]
+ 

ʦʢʪʘʝʜʨʠ, 

ʠʟʦʣʠʨʘʥʠ [SʝO4]
2ī

 

ʪʝʪʨʘʝʜʨʠ ʠ ʩʚʦʙʦʜʥʠ H2O 

ʤʦʣʝʢʫʣʠ, ʩʚʲʨʟʘʥʠ ʯʨʝʟ 

ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ. ɺʲʚ 

ʚʩʷʢʘ ʝʜʥʘ ʚʝʨʠʛʘ ʦʪ 

[Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ 

ʧʦʩʣʝʜʥʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ 

ʯʨʝʟ ʦʙʱʠ ʨʲʙʦʚʝ (ʌʠʛ. 5). 

ɺʝʨʠʛʠʪʝ ʩʘ ʧʦ ʦʩʪʘ ʩ. 
ʆʪʥʦʩʠʪʝʣʥʦʪʦ ʧʦʣʦʞʝʥʠʝ 

ʥʘ ʚʩʝʢʠ ʯʝʪʚʲʨʪʠ 

ʦʢʪʘʝʜʲʨ ʝ ʨʘʟʣʠʯʥʦ, ʪʘʢʘ 

ʯʝ ʩʝ ʧʦʣʫʯʘʚʘ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʘ ʬʦʨʤʘ. 

ɺʩʝʢʠ Na
+
 ʡʦʥ ʝ 

ʢʦʦʨʜʠʥʠʨʘʥ ʦʪ 6 ʚʦʜʥʠ 

ʤʦʣʝʢʫʣʠ ʠ 4 ʦʪ ʪʷʭ ʩʘ ʩʧʦʜʝʣʝʥʠ ʩʲʩ ʩʲʩʝʜʥʠ ʦʢʪʘʝʜʨʠ. ɺʲʪʨʝ ʚʲʚ 

ʚʝʨʠʛʘʪʘ ʦʪʥʦʰʝʥʠʝʪʦ ʚʦʜʘ ʢʲʤ Na ʝ ʨʘʚʥʦ ʥʘ 4. 
[SʝO4]

2ī
 ʪʝʪʨʘʝʜʨʠ ʩʘ ʩʚʲʨʟʘʥʠ ʧʦʤʝʞʜʫ ʩʠ ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ 

ʚʨʲʟʢʠ, ʢʘʢʪʦ ʠ ʩ 4 ʚʦʜʥʠ ʤʦʣʝʢʫʣʠ ʥʝʫʯʘʩʪʚʘʱʠ ʚ ʦʢʪʘʝʜʨʠʪʝ, ʪʘʢʘ ʠ ʩ 

ʚʝʨʠʛʠʪʝ ʦʪ ʦʢʪʘʝʜʨʠ (ʌʠʛ. 6). ɺʝʨʠʛʠʪʝ ʦʪ ʦʢʪʘʝʜʨʠ ʩʲʱʦ ʩʘ ʩʚʲʨʟʘʥʠ 

ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ, ʢʦʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʠʩʣʦʨʦʜʥʠʪʝ ʘʪʦʤʠ ʥʘ ʚʦʜʥʠ ʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʦʪ ʦʙʱʠʪʝ ʨʲʙʦʚʝ 

ʤʝʞʜʫ [Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʧʨʠ 200 ʂ ʧʦʢʘʟʘ, ʯʝ ʥʷʤʘ 

ʥʝʧʦʜʨʝʜʝʥʦʩʪ ʥʘ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. 
ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SO4Ā10H2O ʙʝʰʝ ʠʟʩʣʝʜʚʘʥʘ 

ʦʪʥʦʚʦ ʧʨʠ 120 ʂ ʩ ʮʝʣ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʜʘʣʠ ʩʲʱʝʩʪʚʫʚʘ ʥʝʧʦʜʨʝʜʝʥʦʩʪ 

ʧʨʠ ʧʦ-ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʧʨʠ 120 ʂ ʧʦʢʘʟʘ, ʯʝ ʥʷʤʘ 

ʥʝʧʦʜʨʝʜʝʥʦʩʪ ʥʘ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. ʂʨʠʩʪʘʣʦʛʨʘʬʩʢʠʪʝ ʜʘʥʥʠ ʟʘ 

ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ Na2SʝO4Ā10H2O ʠ Na2SO4Ā10H2O ʩʘ ʜʘʜʝʥʠ ʚ 

ʪʘʙʣ. 1.  

ʌʠʛʫʨʘ 5. ɿʠʛʟʘʛʦʦʙʨʘʟʥʠʪʝ ʚʝʨʠʛʠ ʚ 

ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 
Na2SeO4Ŀ10H2O ʧʨʠ 200 ʂ  
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ʊʘʙʣʠʮʘ 1. ʂʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʜʘʥʥʠ ʟʘ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ  

ʥʘ Na2SeO4Ŀ10H2O ʠ ʥʘ Na2SO4Ŀ10H2O 

 Na2SeO4Ŀ10H2O Na2SO4Ŀ10H2O 

ʍʠʤʠʯʥʘ ʬʦʨʤʫʣʘ O4SeĿ10(H2O)Ŀ2(Na) O4SĿ10(H2O)Ŀ2(Na) 

Mr 369.10 322.21 

ʂʨʠʩʪʘʣʥʘ ʩʠʩʪʝʤʘ,  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʛʨʫʧʘ 

ʄʦʥʦʢʣʠʥʥʘ, P21/c ʄʦʥʦʢʣʠʥʥʘ, P21/c 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 200 120 

a, b, c (¡) 11.6498 (13), 10.5446 (9), 

13.0181 (15) 

11.470 (2), 10.3515 (12), 

12.759 (2) 

ɓ (Á) 107.929 (9) 107.815 (15) 

V (¡
3
) 1521.5 (3) 1442.2 (4) 

Z 4 4 

 
5.2. Kʨʠʩʪʘʣʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘ Na2SO4Ā7H2O ʠ Na2SʝO4Ā7.5H2O 

ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SO4Ā7H2O ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ ʚʝʨʠʛʠ 

ʦʪ [Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ ʩ ʝʜʥʘ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʘ ʧʦʟʠʮʠʷ ʠ ʠʟʦʣʠʨʘʥʠ 

[SO4]
2ī

 ʪʝʪʨʘʝʜʨʠ ʩ ʪʨʠ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ(ʌʠʛ. 8). ɺʲʚ ʚʩʷʢʘ 

ʌʠʛʫʨʘ 6. Koʦʨʜʠʥʘʮʠʷ ʥʘ SeO4 

ʪʝʪʨʘʝʜʨʠ ʚ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ 
ʥʘ Na2SeO4Ŀ10H2O ʧʨʠ 200 ʂ  

ʌʠʛʫʨʘ 7. SO4 ʪʝʪʨʘʝʜʲʨ ʚ 

ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 
Na2SO4Ŀ10H2O ʧʨʠ 250 ʂ ʩ 
ʥʝʧʦʜʨʝʜʝʥʦʩʪ ʥʘ ʢʠʩʣʦʨʦʜʥʠ 
ʘʪʦʤʠ (ʩʠʥʴʦ SOF = 1, ʞʲʣʪʦ  
SOF = 0.15, ʯʝʨʚʝʥʦ SOF = 0.85). 
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ʌʠʛʫʨʘ 10. [SO4]
2ī

 ʪʝʪʨʘʝʜʲʨ 

ʩʚʲʨʟʘʥ ʩ ʯʝʪʠʨʠ ʚʝʨʠʛʠ ʦʪ 
[Na(H2O)6]

+
 ʚʝʨʠʛʠ ʯʨʝʟ 

ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ. 

ʚʝʨʠʛʘ ʦʢʪʘʝʜʨʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʯʨʝʟ 

ʨʲʙʦʚʝ. ɺʝʨʠʛʠʪʝ, ʢʦʠʪʦ ʩʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʝʜʥʘ ʥʘ ʜʨʫʛʘ, ʩʘ 

ʩʚʲʨʟʘʥʠ ʯʨʝʟ ʚʲʨʭʦʚʝʪʝ ʥʘ 

ʦʢʪʘʝʜʨʠʪʝ. ʆʙʱʠʪʝ ʚʲʨʭʦʚʝ, 

ʩʚʲʨʟʚʘʱʠ ʜʚʝ ʚʝʨʠʛʠ ʩʝ ʨʝʜʫʚʘʪ 

ʥʘʛʦʨʝ ʠ ʥʘʜʦʣʫ ʧʦ ʦʩʪʘ ʩ (ʌʠʛ. 9). 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʚʩʝʢʠ [Na(H2O)6]
+
 

ʦʢʪʘʝʜʲʨ ʠʤʘ ʜʚʝ ʜʚʦʡʢʠ H2O 

ʤʦʣʝʢʫʣʠ, ʩʧʦʜʝʣʝʥʠ ʩʲʩ ʩʲʩʝʜʥʠʪʝ 

ʦʢʪʘʝʜʨʠ ʦʪ ʚʝʨʠʛʘʪʘ ʠ ʩʘʤʦ ʝʜʠʥ ʦʪ 

ʜʚʘʪʘ ʚʲʨʭʘ ʝ ʦʙʱ ʩ ʦʢʪʘʝʜʲʨ ʦʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʪʘ ʚʝʨʠʛʘ. ʇʦ ʪʦʟʠ 

ʥʘʯʠʥ ʥʘ ʚʩʝʢʠ ʜʚʘ Na
+
 ʡʦʥʘ ʩʝ 

ʧʘʜʘʪ 7 H2O ʤʦʣʝʢʫʣʠ. 

[SO4]
2ī

 ʪʝʪʨʘʝʜʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʤʝʞʜʫ ʚʝʨʠʛʠʪʝ ʦʪ ʦʢʪʘʝʜʨʠ ʠ 

ʩʘ ʩʚʲʨʟʘʥʠ ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ ʩ [Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ (ʌʠʛ. 10). 

ɺʩʝʢʠ ʆ ʘʪʦʤ ʦʪ SO4 ʫʯʘʩʪʚʘ ʚ 3 ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ. ɽʜʥʘ ʚʦʜʦʨʦʜʥʘ 

ʚʨʲʟʢʘ ʝ ʩ ʚʲʨʭʦʚʝʪʝ ʥʘ [Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ, ʢʦʠʪʦ ʥʝ ʫʯʘʩʪʚʘʪ ʚ 

ʩʚʲʨʟʘʥʦʩʪʪʘ ʥʘ ʦʢʪʘʝʜʨʠʪʝ, ʪʘʢʘ ʯʝ [SO4]
2ī

 ʝ ʩʚʲʨʟʘʥ ʩʲʩ ʯʝʪʠʨʠ 

ʦʢʪʘʝʜʲʨʘ ʦʪ ʯʝʪʠʨʠ ʩʲʩʝʜʥʠ ʚʝʨʠʛʠ. ʉʲʱʦ ʪʘʢʘ ʚʩʝʢʠ ʆ ʘʪʦʤ ʦʪ 

ʌʠʛʫʨʘ 8. ɽʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ 

ʥʘ Na2SO4Ā7H2O ʛʣʝʜʘʥʘ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʝ ʩ ʧʦʢʘʟʚʘ ʚʝʨʠʛʠʪʝ ʦʪ 
ʦʢʪʘʝʜʨʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʝʜʥʘ ʥʘ 
ʜʨʫʛʘ. 

ʌʠʛʫʨʘ 9. ʉʚʲʨʟʘʥʠʪʝ ʧʦʤʝʞʜʫ 

ʩʠ ʚʝʨʠʛʠ ʦʪ ʦʢʪʘʝʜʨʠ 
[Na(H2O)6]

+
 ʚ Na2SO4Ā7H2O 
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ʌʠʛʫʨʘ 11. ʂʨʠʩʪʘʣʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SO4Ā7H2O 
ʧʦʢʘʟʚʘ ʦʪʩʲʩʪʚʠʝ ʥʘ 
ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʝʥʠ ʧʦʟʠʮʠʠ 
ʥʘ ʆ5 ʢʠʩʣʦʨʦʜʥʠʷ ʘʪʦʤ ʥʘ 
ʚʦʜʥʘʪʘ ʤʦʣʝʢʫʣʘ. 

ʌʠʛʫʨʘ 12. ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4Ā7.5H2O ʧʦʢʘʟʘʥʠ ʩʘ 

ʨʘʟʣʠʯʥʠʪʝ ʚʝʨʠʛʠ ʦʪ [Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʝʜʥʘ ʥʘ 

ʜʨʫʛʘ: (ʘ) ʩʧʦʜʝʣʝʥʠʪʝ ʩʪʝʥʠ ʩʘ ʚ ʯʝʨʚʝʥʦ; (b) ʩʧʦʜʝʣʝʥʠʪʝ ʨʲʙʦʚʝ ʩʘ 
ʚ ʯʝʨʚʝʥʦ 

ʩʫʣʬʘʪʥʠʷ ʡʦʥ ʫʯʘʩʪʚʘ ʚ 2 ʜʨʫʛʠ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ ʩ ʜʚʝ H2O 

ʤʦʣʝʢʫʣʠ ʦʪ ʦʙʱʠ ʨʲʙʦʚʝ ʦʪ ʜʚʝ 

ʩʲʩʝʜʥʠ ʚʝʨʠʛʠ 

ʀʟʫʯʘʚʘʡʢʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

Na2SO4Ā7H2O, ʢʦʷʪʦ ʝ ʦʧʠʩʘʥʘ ʧʦ-ʨʘʥʦ 

ʦʪ ʆʩʚʘʣʜ ʠ ʩʲʪʨ. (Am. Chem. Soc. 

2008, 130, 17795ï17800), ʥʠʝ 

ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʪʘʟʠ ʩʦʣ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩ ʧʦ-ʛʦʣʷʤʘ 

ʝʣʝʤʝʥʪʘʨʥʘ ʢʣʝʪʢʘ: a=b=14.3249(15) 

¡, c=22.202(4) ¡, ʚʤʝʩʪʦ ʩ 

a=b=7.1413(2) ¡, c=22.1101(11) ¡. 

ʇʨʠ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʧʨʠ 120 ʂ 

ʦʪʢʨʠʭʤʝ, ʯʝ ʪʘʢʘʚʘ ʥʝʧʦʜʨʝʜʝʥʦʩʪ ʥʝ 

ʩʲʱʝʩʪʚʫʚʘ (ʌʠʛ. 11). ʂʘʪʦ ʩʣʝʜʩʪʚʠʝ 

ʦʪ ʪʦʚʘ ʩʲʱʝʩʪʚʫʚʘʪ ʯʝʪʠʨʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ ʟʘ Na
+
 

ʢʘʢʪʦ ʩʝ ʚʠʞʜʘ ʥʘ ʌʠʛ. 11. 

ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

Na2SeO4Ā7.5H2O ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ 

[Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ ʠ ʠʟʦʣʠʨʘʥʠ 

[SʝO4]
2ī

 ʪʝʪʨʘʝʜʨʠ ʧʦʜʦʙʥʦ ʢʘʢʪʦ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Na2SO4Ā7H2O (ʌʠʛ. 12). ɿʘ 

ʨʘʟʣʠʢʘ ʦʪ Na2SO4Ā7H2O ʩʲʱʝʩʪʚʫʚʘʪ ʜʚʝ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ ʠ ʨʘʟʣʠʯʥʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʠ ʧʦʣʠʝʜʲʨʘ ʥʘ 

ʥʘʪʨʠʷ: ʧʦʯʪʠ ʧʨʘʚʠʣʥʠ ʦʢʪʘʝʜʨʠ ʠ ʜʝʬʦʨʤʠʨʘʥʠ ʦʢʪʘʝʜʨʠ. ɼʚʘʪʘ 
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ʌʠʛʫʨʘ 13. (a) ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4Ā7.5H2O ʛʣʝʜʘʥʘ ʧʦ 
ʦʩʪʘ b; (b) ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SO4Ā7H2O ʛʣʝʜʘʥʘ ʧʦ ʦʩʪʘ a. 

ʌʠʛʫʨʘ 14. [SeO4]
2ī

 ʪʝʪʨʘʝʜʲʨ 

ʥʘ Na2SeO4Ā7.5H2O ʩʚʲʨʟʘʥ ʩ 
ʯʝʪʠʨʠ ʚʝʨʠʛʠ ʦʪ [Na(H2O)6]

+
 

ʦʢʪʘʝʜʨʠ ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ 
ʚʨʲʟʢʠ. 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʠ ʧʦʣʠʝʜʲʨʘ ʧʨʠʥʘʜʣʝʞʘʪ ʥʘ ʨʘʟʣʠʯʥʠ ʚʝʨʠʛʠ. ʊʝʟʠ 

ʚʝʨʠʛʠ ʩʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʝʜʥʘ ʥʘ ʜʨʫʛʘ, ʥʦ ʥʝ ʩʘ ʩʚʲʨʟʘʥʠ ʧʦʤʝʞʜʫ 

ʩʠ ʢʘʢʪʦ ʧʨʠ Na2SO4Ā7H2O. ʀʤʘ ʜʚʘ ʚʠʜʘ ʚʝʨʠʛʠ: ʚ ʧʲʨʚʘʪʘ ʚʝʨʠʛʘ 

ʦʢʪʘʝʜʨʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʯʨʝʟ ʨʲʙʦʚʝ (ʚʝʨʠʛʘʪʘ ʩ ʧʨʘʚʠʣʥʠ ʧʦʣʠʝʜʨʠ 

ʢʘʢʪʦ ʧʨʠ Na2SO4Ā7H2O) (ʌʠʛ. 12 b). ɺʲʚ ʚʪʦʨʘʪʘ ʚʝʨʠʛʘ ʦʢʪʘʝʜʨʠʪʝ ʩʘ 

ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʪʝʥʠ ʠ ʨʲʙʦʚʝ (ʚʝʨʠʛʘʪʘ ʩ ʜʝʬʦʨʤʠʨʘʥʠ ʧʦʣʠʝʜʨʠ) (ʌʠʛ. 

12 ʘ). [SʝO4]
2ī

 ʪʘʪʨʘʝʜʨʠ ʩʘ ʩ ʝʜʥʘ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʷ. ʊʝ ʩʘ ʧʦ-

ʛʦʣʝʤʠ ʦʪ [SO4]
2ī

 ʪʝʪʨʘʝʜʨʠ, ʟʘʪʦʚʘ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ [SʝO4]
2ī

 

ʪʝʪʨʘʝʜʨʠ ʝ ʧʦ-ʤʘʣʢʦ (4.356(3) ¡) 

(ʌʠʛ. 13 ʘ) ʩʨʘʚʥʝʥʦ ʩ ʨʘʟʩʪʦʷʥʠʝʪʦ 

ʤʝʞʜʫ ʩʲʩʝʜʥʠ [SO4]
2ī

 ʪʝʪʨʘʝʜʨʠ 

(4.736(4) ¡) (ʌʠʛ. 13 b). ɺʩʣʝʜʩʪʚʠʝ 

ʥʘ ʪʦʚʘ, ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ Na 

ʘʪʦʤʠ ʚ ʩʲʩʝʜʥʠ ʚʝʨʠʛʠ ʝ ʧʦ-ʛʦʣʷʤʦ 

ʧʨʠ Na2SeO4Ā7.5H2O. 

ʉʲʱʝʩʪʚʝʥʘʪʘ ʨʘʟʣʠʢʘ ʩʲʩ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Na2SO4Ā7H2O ʝ, ʯʝ 

ʚ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

Na2SeO4Ā7.5H2O ʦʢʪʘʝʜʨʠʪʝ ʦʪ 

ʜʚʝʪʝ ʚʝʨʠʛʠ ʥʝ ʩʘ ʩʚʲʨʟʘʥʠ ʯʨʝʟ 

ʚʲʨʭʦʚʝ, ʘ ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ. 
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[SʝO4]
2ī

 ʪʝʪʨʘʝʜʨʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʤʝʞʜʫ ʚʝʨʠʛʠʪʝ ʦʪ 

[Na(H2O)6]
+
 ʦʢʪʘʝʜʨʠ ʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʪʷʭ ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ (ʌʠʛ. 

14). ʂʨʠʩʪʘʣʦʛʨʘʬʩʢʠʪʝ ʜʘʥʥʠ ʟʘ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

Na2SʝO4Ā7H2O ʠ Na2SʝO4Ā7.5H2O ʩʘ ʜʘʜʝʥʠ ʚ Tʘʙʣ. 2.  

ʊʘʙʣʠʮʘ 2. ʂʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʜʘʥʥʠ ʟʘ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ  

ʥʘ Na2SeO4Ŀ7.5H2O ʠ ʥʘ Na2SO4Ŀ7H2O 

 Na2SeO4Ŀ7.5H2O Na2SO4Ŀ7H2O 

ʍʠʤʠʯʥʘ ʬʦʨʤʫʣʘ 2(O4Se)Ŀ15(H2O)Ŀ4(Na) O4SĿ7(H2O)Ŀ2(Na) 

Mr 324.06 268.15 

ʂʨʠʩʪʘʣʥʘ ʩʠʩʪʝʤʘ,  
ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʛʨʫʧʘ 

ʄʦʥʦʢʣʠʥʥʘ, C2/c ʊʝʪʨʘʛʦʥʘʣʥʘ, P41212 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 120 120 

a, b, c (¡) 
 

25.082 (7), 7.2222 (13), 
14.148 (5) 

14.3249 (15), 22.202 (4) 
 

ɓ (Á) 106.08 (3)  

V (¡
3
) 2462.6 (12) 4556.0 (10) 

Z 8 16 

5.3. ʆʙʩʲʞʜʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ Na2SO4Ā7H2O ʠ Na2SʝO4Ā7.5H2O 
ʅʝʦʯʘʢʚʘʥ ʨʝʟʫʣʪʘʪ ʦʪ ʥʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʝ, ʯʝ ʙʝ ʫʩʪʘʥʦʚʝʥʦ, 

ʯʝ ʤʝʪʘʩʪʘʙʠʣʥʠʷʪ ʭʠʜʨʘʪ ʥʘ ʥʘʪʨʠʝʚʠʷ ʩʝʣʝʥʘʪ ʝ Na2SeO4Ŀ7.5H2O, 

ʚʤʝʩʪʦ Na2SeO4Ŀ7H2O ʢʘʢʪʦ ʝ ʦʧʠʩʘʥ ʧʦ-ʨʘʥʦ (Z. Anorg. Allg. Chem. 

1965, 336, 92ï95). ʊʦʟʠ ʬʘʢʪ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʪʲʨʩʠ ʦʪʛʦʚʦʨ ʥʘ 

ʚʲʧʨʦʩʘ ï ʟʘʱʦ ʜʚʝ ʩʦʣʠ ʩ ʨʘʟʣʠʯʝʥ ʭʠʤʠʯʝʥ ʩʲʩʪʘʚ ʠ ʨʘʟʣʠʯʥʠ 

ʢʨʠʩʪʘʣʥʠ ʩʪʨʫʢʪʫʨʠ ʜʝʡʩʪʚʘʪ ʚʟʘʠʤʥʦ ʢʘʪʦ ʟʘʨʦʜʠʰʦʦʙʨʘʟʫʚʘʪʝʣʠ, 

ʢʘʪʦ ʚʩʷʢʘ ʦʪ ʜʚʝʪʝ ʩʦʣʠ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʜʨʫʛʘʪʘ 

ʦʪ ʥʝʡʥʠʷ ʧʨʝʩʠʪʝʥ ʨʘʟʪʚʦʨ. ɿʘ ʪʘʟʠ ʮʝʣ ʥʠʝ ʧʦʪʲʨʩʠʭʤʝ ʧʨʠʣʠʢʠ ʚ 

ʩʪʨʫʢʪʫʨʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʜʚʝʪʝ ʩʦʣʠ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʙʲʜʘʪ 

ʧʨʠʯʠʥʘʪʘ ʟʘ ʨʦʣʷʪʘ ʠʤ ʥʘ ʚʟʘʠʤʥʠ ʟʘʨʦʜʠʰʦʦʙʨʘʟʫʚʘʪʝʣʠ. 
ɺ ʪʲʨʩʝʥʝʪʦ ʥʘ ʧʨʠʣʠʢʠ ʚ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

Na2SO4Ā7H2O ʠ Na2SeO4Ā7.5H2O ʤʦʞʝʤ ʜʘ ʦʪʢʨʠʝʤ ʩʣʝʜʥʦʪʦ. 
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 a) b) 

ʌʠʛʫʨʘ 15. a) ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SO4Ā7H2O ʛʣʝʜʘʥʘ ʧʦ ʦʩʪʘ a. 

 b) ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4Ā7.5H2O ʛʣʝʜʘʥʘ ʧʦ ʦʩʪʘ ʩ. 

 a) b) 

ʌʠʛʫʨʘ 16. a) ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SO4Ā7H2O ʛʣʝʜʘʥʘ ʧʦ ʦʩʪʘ a. 
 b) ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4Ā7.5H2O ʛʣʝʜʘʥʘ ʧʦ ʦʩʪʘ b. 

ʊʘʙʣʠʮʘ 3. ʄʝʞʜʫʘʪʦʤʥʠ ʨʘʟʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ  

ʥʘ Na2SO4.7H2O ʠ Na2SeO4.7.5H2O 

ʈʘʟʩʪʦʷʥʠʝ, ¡ ʈʘʟʣʠʢʘ, % 

Na2SO4.7H2O Na2SeO4.7.5H2O  

12,14 (Na 4ï Na 1 ʧʦ ʦʩʪʘ ʩ) 12,72 (Na 1ï Na 1 ʧʦ ʦʩʪʘ a) 4.56 

7,16 (Na 4ï Na 1 ʧʦ ʦʩʪʘ b) 7,22 (Na 1ï Na 1 ʧʦ ʦʩʪʘ b) 0.83 

11,17 (Na 4ï Na 1 ʧʦ ʦʩʪʘ ʩ) 12,72 (Na 1ï Na 1 ʧʦ ʦʩʪʘ a) 12.18 

7,15 (Na 4ï Na 3 ʧʦ ʦʩʪʘ b) 7,07 (Na 1ï Na 1 ʧʦ ʦʩʪʘ c) 1.11 
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ʌʠʛʫʨʠ 15 ʠ 16 ʧʦʢʘʟʚʘʪ ʧʨʠʣʠʢʘ ʚ ʧʦʜʨʝʞʜʘʥʝʪʦ ʥʘ ʥʷʢʦʠ 

ʩʪʨʫʢʪʫʨʥʠ ʝʣʝʤʝʥʪʠ (ʦʢʪʘʝʜʨʠʪʝ ʩʚʲʨʟʘʥʠ ʩ ʯʝʨʚʝʥʠ ʣʠʥʠʠ) ʦʪ 

ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ. ʄʝʞʜʫʘʪʦʤʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ (Tʘʙʣ. 3) ʧʦʢʘʟʚʘʪ, 

ʯʝ ʩʲʱʝʩʪʚʫʚʘ ʥʷʢʘʢʚʘ ʧʨʠʣʠʢʘ ʤʝʞʜʫ ʠʟʙʨʘʥʠʪʝ ʯʘʩʪʠ ʥʘ 

ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ Na2SO4Ā7H2O ʠ Na2SeO4Ā7.5H2O. ʄʦʞʝ ʜʘ ʩʝ 

ʧʨʝʜʧʦʣʦʞʠ, ʯʝ ʪʘʢʘʚʘ ʧʨʠʣʠʢʘ ʝ ʧʨʠʯʠʥʘʪʘ ʟʘ ʝʬʝʢʪʘ, ʯʝ ʚʩʷʢʘ ʦʪ 

ʜʚʝʪʝ ʩʦʣʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ, ʩʲʜʲʨʞʘʱʠ ʨʘʟʣʠʯʥʠ ʢʦʣʠʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʥʘ ʚʦʜʘ ʠ ʩ ʨʘʟʣʠʯʥʠ ʢʨʠʩʪʘʣʥʠ ʩʪʨʫʢʪʫʨʠ (Na2SO4Ŀ7H2O 

ʪʝʪʨʘʛʦʥʘʣʥʘ ʢʨʠʩʪ. ʩ-ʤʘ, ʧʨ. ʛʨ. P41212 ʠ Na2SeO4Ŀ7.5H2O ʤʦʥʦʢʣʠʥʥʘ 

ʢʨʠʩʪ. ʩ-ʤʘ, ʧʨ. ʛʨ. C2/c) ʤʦʞʝ ʜʘ ʠʛʨʘʝ ʨʦʣʷ ʥʘ ʟʘʨʦʜʠʰʦʦʙʨʘʟʫʚʘʪʝʣ ʠ 

ʜʘ ʧʨʝʜʠʟʚʠʢʚʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʜʨʫʛʘʪʘ ʩʦʣ ʦʪ ʥʝʡʥʠ ʧʨʝʩʠʪʝʥʠ 

ʨʘʟʪʚʦʨʠ (ʝʜʠʥ ʚʠʜ ʭʝʪʝʨʦʝʧʠʪʘʢʩʠʷ). 

6. ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʨʘʟʪʚʦʨʠ ʠ ʪʚʲʨʜʠ  

ʬʘʟʠ ʚ ʙʠʥʝʨʥʠʪʝ ʩʠʩʪʝʤʠ Na2SO4ïH2O ʠ Na2SʝO4ïH2O 
ʉ ʦʛʣʝʜ ʦʙʷʩʥʷʚʘʥʝ ʥʘ ʧʨʝʜʧʦʯʝʪʝʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ 

Na2SO4Ŀ7H2O, ʨʝʩʧ. ʥʘ Na2SʝO4Ŀ7.5H2O ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ 

ʜʝʢʘʭʠʜʨʘʪʠ, ʢʘʢʪʦ ʠ ʧʨʝʜʧʦʯʝʪʝʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SO4Ŀ7H2O ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪʘʟʠ ʥʘ Na2SʝO4Ŀ7.5H2O ʧʨʠʣʦʞʠʭʤʝ ʈʘʤʘʥʦʚʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʠʟʫʯʘʚʘʥʝ ʥʝ ʩʘʤʦ ʥʘ ʪʚʲʨʜʠʪʝ ʬʘʟʠ, 

ʥʦ ʠ ʥʘ ʨʘʟʪʚʦʨʠʪʝ. 
ʏʨʝʟ ʈʘʤʘʥʦʚʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʙʝ ʠʟʫʯʝʥʦ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

[SO4]
2ī
, ʩʲʦʪʚʝʪʥʦ [SeO4]

2ī
 ʡʦʥʠ ʚ ʥʘʩʠʪʝʥʠʪʝ ʨʘʟʪʚʦʨʠ, 

ʤʝʪʘʩʪʘʙʠʣʥʠʪʝ ʠ ʨʘʚʥʦʚʝʩʥʠ ʬʘʟʠ(. ʀʟʤʝʨʝʥʠ ʙʷʭʘ ʠ ʩʧʝʢʪʨʠʪʝ ʥʘ 

ʩʲʦʪʚʝʪʥʠʪʝ ʙʝʟʚʦʜʥʠ ʩʦʣʠ, ʢʦʠʪʦ ʥʠ ʧʦʩʣʫʞʠʭʘ ʢʘʪʦ ʝʪʘʣʦʥʥʠ 

ʦʙʨʘʟʮʠ (ʌʠʛ. 17 ʠ 18). ɿʘ ʦʪʙʝʣʷʟʚʘʥʝ ʝ, ʯʝ ʙʨʦʷʪ ʥʘ ʠʚʠʮʠʪʝ ʠ 

ʪʷʭʥʘʪʘ ʧʦʟʠʮʠʷ ʚ ʈʘʤʘʥʦʚʠʪʝ ʩʧʝʢʪʨʠ ʥʘ Na2SO4 ʠ Na2SʝO4 ʧʨʠ 

ʥʘʰʠʪʝ ʠʟʤʝʨʚʘʥʠʷ (ʌʠʛ. 17 ʠ 18) ʩʲʦʪʚʝʪʩʪʚʘʪ ʤʥʦʛʦ ʜʦʙʨʝ ʥʘ 

ʣʠʪʝʨʘʪʫʨʥʠʪʝ ʜʘʥʥʠ ʢʘʪʦ ʨʘʟʣʠʢʠʪʝ ʚʲʚ ʚʲʣʥʦʚʠʪʝ ʯʠʩʣʘ ʩʘ ʚ ʨʘʤʢʠʪʝ 

ʥʘ 1-2 ʩʤ
-1
. ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʬʠʛʫʨʠʪʝ ʠ ʧʨʠ ʜʚʝʪʝ ʙʝʟʚʦʜʥʠ ʩʦʣʠ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʨʘʟʮʝʧʚʘʥʝ ʥʘ ʠʚʠʮʠʪʝ ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ɜ2, ɜ3 ʠ ɜ4 

ʚʠʙʨʘʮʠʠʪʝ ʥʘ [SO4]
2ī
, ʩʲʦʪʚʝʪʥʦ [SeO4]

2ī
 ʡʦʥʠʪʝ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ 

ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʪʝʟʠ ʡʦʥʠ ʠ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʥʘʪʘ ʠʤ ʩʠʤʝʪʨʠʷ ʚ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʙʝʟʚʦʜʥʠʪʝ ʩʦʣʠ.  

                                                           
( ʈʘʤʘʥ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʙʷʭʘ ʧʨʦʚʝʜʝʥʠ ʩ ʣʶʙʝʟʥʦʪʦ 

ʩʲʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʬ. ʄʠʨʦʩʣʘʚ ɸʙʨʘʰʝʚ ʠ ʜ-ʨ ʅʝʥʦ ʊʦʜʦʨʦʚ. 
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ʅʘ ʌʠʛ. 17 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʚ ʩʧʝʢʪʨʘʣʥʘʪʘ 

ʦʙʣʘʩʪ 1200ï300 ʩʤ
-1
 ʥʘ ʨʘʟʪʚʦʨ ʥʘ Na2SO4 ʥʘʩʠʪʝʥ ʟʘ 5 Áʉ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠʷ ʭʝʧʪʘʭʠʜʨʘʪ, ʥʘ ʢʨʠʩʪʘʣʠ ʦʪ 

Na2SO4Ŀ7H2O ʠ Na2SO4Ŀ10H2O, ʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʚʲʣʥʦʚʠʪʝ ʯʠʩʣʘ ʥʘ 

ɜ1, ɜ2, ɜ3 ʠ ɜ4 ʚʠʙʨʘʮʠʠʪʝ ʩʘ ʩʨʘʚʥʝʥʠ ʚ ʊʘʙʣʠʮʘ 4. ʅʦʨʤʘʣʥʠʪʝ 

ʚʠʙʨʘʮʠʠ ʥʘ [SO4]
2ī
, ʩʲʦʪʚʝʪʥʦ [SeO4]

2ī
 ʡʦʥʠ ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ: ɜ1 ï 

ʩʠʤʝʪʨʠʯʥʘ ʚʘʣʝʥʪʥʘ ʚʠʙʨʘʮʠʷ; ɜ2 ï ʩʠʤʝʪʨʠʯʥʠ ʜʝʬʦʨʤʘʮʠʦʥʥʠ 

ʚʠʙʨʘʮʠʠ; ɜ3 ï ʘʩʠʤʝʪʨʠʯʥʠ ʚʘʣʝʥʪʥʠ ʚʠʙʨʘʮʠʠ ʠ ɜ4 ï ʘʩʠʤʝʪʨʠʯʥʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʠ ʚʠʙʨʘʮʠʠ. 

ʆʙʱʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʥʘ ʪʨʠʪʝ ʩʧʝʢʪʲʨʘ ʝ ʥʘʣʠʯʠʝ ʥʘ 

ʝʜʠʥʠʯʥʠ ʠʚʠʮʠ ʟʘ ʯʝʪʠʨʠʪʝ ʪʠʧʘ ʚʠʙʨʘʮʠʠ, ʢʦʝʪʦ ʝ ʫʢʘʟʘʥʠʝ ʟʘ 

ʟʘʧʘʟʚʘʥʝ ʥʘ ʪʝʪʨʘʝʜʨʠʯʥʘ ʩʠʤʝʪʨʠʷ ʥʘ ʩʫʣʬʘʪʥʠʷ ʡʦʥ ʢʘʢʪʦ ʚ 

ʨʘʟʪʚʦʨʘ, ʪʘʢʘ ʠ ʧʨʠ ʜʚʘʪʘ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʩʝ ʚʠʞʜʘ 

ʨʘʟʣʠʯʠʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʚʲʣʥʦʚʠʪʝ ʯʠʩʣʘ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʠʚʠʮʠ 

(ʊʘʙʣ. 4) ʢʘʪʦ ʧʨʠ ʨʘʟʪʚʦʨʘ ʪʝ ʩʘ ʤʥʦʛʦ ʙʣʠʟʢʠ ʜʦ ʩʪʦʡʥʦʩʪʠʪʝ 

ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʩʚʦʙʦʜʝʥ [SO4]
2ī

 ʡʦʥ. ʗʩʥʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʠʩʦʢʦ-

ʯʝʩʪʦʪʥʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʩʠʤʝʪʨʠʯʥʠʪʝ ɜ1 ʠ ɜ2 ʚʠʙʨʘʮʠʠ ʚ ʨʝʜʘ: ʈʘʟʪʚʦʨ 

< Na2SO4Ŀ7H2O < Na2SO4Ŀ10H2O < Na2SO4, ʜʦʢʘʪʦ ʧʨʦʤʝʥʠʪʝ ʚ 

ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʘʩʠʤʝʪʨʠʯʥʠʪʝ ɜ3 ʠ ɜ4 ʚʠʙʨʘʮʠʠ ʥʝ ʩʣʝʜʚʘʪ ʦʧʨʝʜʝʣʝʥʘ 

ʪʝʥʜʝʥʮʠʷ. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʩʧʝʢʪʨʘʣʥʦʪʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʚʘʣʝʥʪʥʠʪʝ ʍï

ʆ ʚʠʙʨʘʮʠʠ ʢʲʤ ʧʦ-ʚʠʩʦʢʠ, ʩʲʦʪʚʝʪʥʦ ʧʦ-ʥʠʩʢʠ ʚʲʣʥʦʚʠ ʯʠʩʣʘ, ʝ 

ʫʢʘʟʘʥʠʝ ʟʘ ʟʘʩʠʣʚʘʥʝ, ʩʲʦʪʚʝʪʥʦ ʦʪʩʣʘʙʚʘʥʝ ʥʘ ʚʲʪʨʝʰʥʦʤʦʣʝʢʫʣʥʠʪʝ 

ʍïʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʍʆ4 ʡʦʥʠʪʝ ʠ ʪʦ ʥʘʡ-ʦʙʱʦ ʢʦʨʝʣʠʨʘ ʩʲʩ 

ʩʢʲʩʷʚʘʥʝ, ʨʝʩʧʝʢʪʠʚʥʦ ʫʜʲʣʞʘʚʘʥʝ ʥʘ ʍïʆ ʚʨʲʟʢʠʪʝ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʦʪ ʥʘʩ ʩʪʨʫʢʪʫʨʥʠ ʜʘʥʥʠ ʟʘ Na2SO4Ŀ7H2O ʠ Na2SO4Ŀ10H2O 

ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʜʲʣʞʠʥʠʪʝ ʥʘ ʚʨʲʟʢʠʪʝ SïO ʝ ʢʘʢʪʦ ʩʣʝʜʚʘ: 

1.484(3) ¡ ʟʘ Na2SO4Ŀ7H2O (120 ʂ); 1.480(4) ¡ ʟʘ Na2SO4Ŀ10H2O (250 

ʂ) ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʙʝʟʧʦʨʷʜʲʢʘ ʥʘ ʢʠʩʣʦʨʦʜʥʠʪʝ ʘʪʦʤʠ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʠ 

ʜʘʥʥʠ ʟʘ Na2SO4Ŀ10H2O ʩʲʦʪʚʝʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ 1.488(7) ¡ ʧʨʠ ʩʪʘʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʦʪʯʠʪʘʥʝ ʥʘ ʙʝʟʧʦʨʷʜʲʢʘ ʥʘ ʢʠʩʣʦʨʦʜʥʠʪʝ ʘʪʦʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ SïO ʚʨʲʟʢʠʪʝ ʥʝ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʩʲʱʝʩʪʚʝʥʘ ʨʘʟʣʠʢʘ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʫʣʬʘʪʥʠʪʝ ʡʦʥʠ ʧʨʠ 

ʜʚʘʪʘ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʘ. ʆʩʚʝʥ ʪʦʚʘ ʜʲʣʞʠʥʠʪʝ ʥʘ SïO ʚʨʲʟʢʠʪʝ ʧʨʠ 

ʜʚʘʪʘ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʘ ʩʘ ʤʥʦʛʦ ʙʣʠʟʢʠ ʜʦ ʩʪʦʡʥʦʩʪʪʘ 1.49 ¡ 

ʭʘʨʘʢʪʝʨʥʘ ʟʘ ʩʚʦʙʦʜʝʥ [SO4]
2ī

 ʡʦʥ. ʆʪ ʪʝʟʠ ʜʘʥʥʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʝ ʧʦ-ʚʠʩʦʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʲʣʥʦʚʠʪʝ ʯʠʩʣʘ ʟʘ 

ʚʘʣʝʥʪʥʘʪʘ ɜ1 ʚʠʙʨʘʮʠʷ ʧʨʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʟʪʚʦʨʘ 

ʦʪʨʘʟʷʚʘʪ ʧʦ-ʩʠʣʥʠʪʝ SïO ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʪʷʭ, ʢʦʝʪʦ ʥʘʡ-
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ʚʝʨʦʷʪʥʦ ʝ ʩʣʝʜʩʪʚʠʝ ʦʪ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦ-ʩʣʘʙʠ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ 

ʤʝʞʜʫ ʩʫʣʬʘʪʥʠʪʝ ʡʦʥʠ ʠ ʚʦʜʥʠʪʝ ʤʦʣʝʢʫʣʠ ʚ ʢʨʠʩʪʘʣʥʠʪʝ ʠʤ 

ʩʪʨʫʢʪʫʨʠ ʦʪ ʪʝʟʠ ʚ ʨʘʟʪʚʦʨʘ. 

ʊʘʙʣʠʮʘ 4. ɺʲʣʥʦʚʠ ʯʠʩʣʘ ʥʘ ʠʚʠʮʠʪʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʥʦʨʤʘʣʥʠʪʝ 

ʚʠʙʨʘʮʠʠ ʥʘ [SO4]
2ī

 ʡʦʥʠʪʝ ʚ ʨʘʟʪʚʦʨ ʥʘ Na2SO4 ʥʘʩʠʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʤʝʪʘʩʪʘʙʠʣʥʠʷ ʭʝʧʪʘʭʠʜʨʘʪ, ʥʘ ʢʨʠʩʪʘʣʠ ʦʪ Na2SO4Ŀ7H2O, Na2SO4Ŀ10H2O ʠ 
Na2SO4. 

ʉʪʦʡʥʦʩʪʠ ʟʘ 
ʩʚʦʙʦʜʥʠʷ 
[SO4]

2ī ʡʦʥ,  
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SO4Ŀ7H2O 
ʥʘʩʠʪʝʥ ʨʘʟʪʚʦʨ  
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SO4Ŀ7H2O 
ʢʨʠʩʪʘʣ  
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SO4Ŀ10H2O 
ʢʨʠʩʪʘʣ 
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SO4 
ʢʨʠʩʪʘʣ 
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

SO4 ɡ1ð983  982 986 990 993 

         

SO4 ɡ2ð450 451 454 457 451 

    467 

SO4 ɡ3ð1105  1105 1133 1117 1102 

    1131 

    1154 

SO4 ɡ4ð611 614 602 621 620 

    632 

    648 

ʊʘʙʣʠʮʘ 5. ɺʲʣʥʦʚʠ ʯʠʩʣʘ ʥʘ ʠʚʠʮʠʪʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʥʦʨʤʘʣʥʠʪʝ 

ʚʠʙʨʘʮʠʠ ʥʘ [SʝO4]
2ī

 ʡʦʥʠʪʝ ʚ ʨʘʟʪʚʦʨ ʥʘ Na2SʝO4 ʥʘʩʠʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʝ 
ʥʘ Na2SʝO4Ŀ7.5H2O, ʥʘ ʢʨʠʩʪʘʣʠ ʦʪ Na2SʝO4Ŀ7.5H2O, Na2SʝO4Ŀ10H2O ʠ 
Na2SʝO4. 

ʉʪʦʡʥʦʩʪʠ ʟʘ 
ʩʚʦʙʦʜʥʠʷ 
[SeO4]

2ī ʡʦʥ, 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SeO4Ŀ7.5H2O 
ʥʘʩʠʪʝʥ ʨʘʟʪʚʦʨ  
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SeO4Ŀ7.5H2O 
ʢʨʠʩʪʘʣ  
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SeO4Ŀ10H2O
ʢʨʠʩʪʘʣ  
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

Na2SeO4 
ʢʨʠʩʪʘʣ  
 
ʚʲʣʥʦʚʦ 
ʯʠʩʣʦ/cmī1 

SeO4 ɡ1ð833 839 839 846 849 

SeO4 ɡ2ð335 343 345 357 339 

    364    369 

SeO4 ɡ3ð875  882 870 881 877 

  893  903 

SeO4 ɡ4ð432 413 409 416 426 

    430    454 
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ʌʠʛʫʨʘ 17. ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʥʦʨʤʘʣʥʠʪʝ ʚʠʙʨʘʮʠʠ ʥʘ 
[SO4]

2ī
 ʡʦʥʠ ʥʘ ʨʘʟʪʚʦʨ ʥʘ Na2SO4 

ʥʘʩʠʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʤʝʪʘʩʪʘʙʠʣʥʠʷ ʭʝʧʪʘʭʠʜʨʘʪ, ʥʘ 
ʢʨʠʩʪʘʣʠ ʦʪ Na2SO4Ŀ7H2O, 
Na2SO4Ŀ10H2O ʠ Na2SO4. ʇʦʨʘʜʠ 
ʤʥʦʛʦ ʧʦ-ʛʦʣʝʤʠʷʪ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ɜ1 
ʠʚʠʮʘʪʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ 
ʠʚʠʮʠ ʩʧʝʢʪʨʠʪʝ ʩʘ ʨʘʟʪʝʛʣʝʥʠ ʧʦ y-
ʦʩʪʘ. 

ʌʠʛʫʨʘ 18. ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʥʦʨʤʘʣʥʠʪʝ ʚʠʙʨʘʮʠʠ 
ʥʘ [SeO4]

2ī
 ʡʦʥʠ ʥʘ ʨʘʟʪʚʦʨ ʥʘ 

Na2SʝO4 ʥʘʩʠʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
Na2SʝO4Ŀ7.5H2O, ʥʘ ʢʨʠʩʪʘʣʠ ʦʪ 
Na2SʝO4Ŀ7.5H2O, Na2SʝO4Ŀ10H2O ʠ 
Na2SʝO4. ʇʦʨʘʜʠ ʤʥʦʛʦ ʧʦ-
ʛʦʣʝʤʠʷʪ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ɜ1 ʠʚʠʮʘʪʘ 
ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ ʠʚʠʮʠ 
ʩʧʝʢʪʨʠʪʝ ʩʘ ʨʘʟʪʝʛʣʝʥʠ ʧʦ y-ʦʩʪʘ. 
ʀʚʠʮʘʪʘ ʧʨʠ 983/989 ʩʤ

ī1
 

ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ɜ1 ʚʠʙʨʘʮʠʷʪʘ ʥʘ 
SO4

2ī
 ʡʦʥʠ ʦʪ ʩʲʦʪʚʝʪʥʘʪʘ 

ʩʫʣʬʘʪʥʘ ʬʘʟʘ, ʢʦʷʪʦ ʙʝ 
ʠʟʧʦʣʟʚʘʥʘ ʢʘʪʦ ʟʘʨʦʜʠʰ ʧʨʠ 
ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʩʝʣʝʥʘʪʥʠʪʝ 
ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʠ.  
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ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʦ-ʙʣʠʟʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʲʣʥʦʚʠʪʝ ʯʠʩʣʘ ʟʘ 

ɜ1 ʠ ɜ2 ʚʠʙʨʘʮʠʠʪʝ ʧʨʠ Na2SO4Ŀ7H2O ʜʦ ʪʝʟʠ ʥʘ ʨʘʟʪʚʦʨʘ ʝ 

ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʫʢʘʟʘʥʠʝ, ʯʝ ʚʠʙʨʘʮʠʦʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ [SO4]
2ī

 ʡʦʥ 

ʧʨʠ ʭʝʧʪʘʭʠʜʨʘʪʘ ʝ ʧʦ-ʙʣʠʟʢʦ ʜʦ ʨʘʟʪʚʦʨʘ ʦʪʢʦʣʢʦʪʦ ʥʘ Na2SO4Ŀ10H2O 

ʜʦ ʨʘʟʪʚʦʨʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʙʣʠʟʢʠʪʝ ʜʲʣʞʠʥʠ ʥʘ SïO ʚʨʲʟʢʠʪʝ, ʢʦʝʪʦ 

ʤʦʞʝ ʜʘ ʦʙʷʩʥʠ ʚ ʠʟʚʝʩʪʥʘ ʩʪʝʧʝʥ ʤʥʦʛʦ ʣʝʩʥʦʪʦ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʭʝʧʪʘʭʠʜʨʘʪʘ ʢʘʪʦ ʤʝʪʘʩʪʘʙʠʣʥʘ ʬʘʟʘ.  

ʅʘ ʌʠʛ. 18 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʚ ʩʧʝʢʪʨʘʣʥʘʪʘ 

ʦʙʣʘʩʪ 1000ï300 ʩʤ
-1
 ʥʘ ʨʘʟʪʚʦʨ ʥʘ Na2SʝO4 ʥʘʩʠʪʝʥ ʟʘ 5 Áʉ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠʷ Na2SʝO4Ŀ7.5H2O, ʥʘ ʢʨʠʩʪʘʣʠ ʦʪ 

Na2SʝO4Ŀ7.5H2O ʠ Na2SʝO4Ŀ10H2O, ʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʚʲʣʥʦʚʠʪʝ ʯʠʩʣʘ 

ʥʘ ɜ1, ɜ2, ɜ3 ʠ ɜ4 ʚʠʙʨʘʮʠʠʪʝ ʥʘ [SeO4]
2ī

 ʡʦʥ ʩʘ ʩʨʘʚʥʝʥʠ ʚ ʊʘʙʣ. 5. ɿʘ 

ʦʪʙʝʣʷʟʚʘʥʝ ʝ, ʯʝ ʥʠʝ ʩʲʦʙʱʘʚʘʤʝ ʟʘ ʧʲʨʚʠ ʧʲʪ ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʥʘ 

Na2SʝO4Ŀ7.5H2O ʠ Na2SʝO4Ŀ10H2O. 

ʆʪ ʌʠʛ. 18 ʩʝ ʚʠʞʜʘ, ʯʝ ʧʨʠ ʨʘʟʪʚʦʨʘ ʠ ʜʝʢʘʭʠʜʨʘʪʘ ʠ ʯʝʪʠʨʠʪʝ 

ʚʠʙʨʘʮʠʠ ʥʘ SʝO4
2ī

 ʡʦʥ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʢʘʪʦ ʝʜʠʥʠʯʥʠ ʠʚʠʮʠ, ʢʦʝʪʦ ʝ 

ʫʢʘʟʘʥʠʝ ʟʘ ʟʘʧʘʟʚʘʥʝ ʥʘ ʥʝʛʦʚʘʪʘ ʧʨʘʚʠʣʥʘ ʪʝʪʨʘʝʜʨʠʯʥʘ ʩʠʤʝʪʨʠʷ ʠ ʚ 

ʜʚʘʪʘ ʩʣʫʯʘʷ. ʅʘʣʠʮʝ ʝ ʧʲʣʥʦ ʩʲʛʣʘʩʠʝ ʤʝʞʜʫ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʪʝ ʠ 

ʩʪʨʫʢʪʫʨʥʠʪʝ ʜʘʥʥʠ ʟʘ ʩʨʝʜʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʚʨʲʟʢʠʪʝ SʝïO ʦʪ 1.638(1) 

¡ ʧʨʠ Na2SʝO4Ŀ10H2O, ʢʦʷʪʦ ʝ ʤʥʦʛʦ ʙʣʠʟʢʘ ʜʦ ʦʧʨʝʜʝʣʝʥʘʪʘ ʟʘ 

ʩʚʦʙʦʜʝʥ ʡʦʥ 1.63 ¡. 

ʉʲʚʩʝʤ ʨʘʟʣʠʯʥʘ ʝ ʩʧʝʢʪʨʘʣʥʘʪʘ ʢʘʨʪʠʥʘ ʧʨʠ Na2SʝO4Ŀ7.5H2O 

ʢʲʜʝʪʦ ʝ ʩʥʝʪʦ ʠʟʨʘʞʜʘʥʝʪʦ ʠ ʥʘ ʪʨʠʪʝ ʚʠʙʨʘʮʠʠ ɜ2, ɜ3 ʠ ɜ4, ʢʦʠʪʦ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʢʘʪʦ ʜʫʙʣʝʪʥʠ ʠʚʠʮʠ ʩ ʥʝ ʤʘʣʢʘ ʯʝʩʪʦʪʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ 

ʜʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʥʪʝʨʚʘʣʘ 10 ʠ 23 ʩʤ
ī1

 (ʌʠʛ. 18). ʊʦʚʘ 

ʚʠʙʨʘʮʠʦʥʥʦ ʧʦʚʝʜʝʥʠʝ ʝ ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ 

ʩʲʱʝʩʪʚʝʥʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ [SʝO4]
2ī

 ʡʦʥ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

Na2SʝO4Ŀ7.5H2O ʠ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʥʘʪʘ ʤʫ ʩʠʤʝʪʨʠʷ, ʢʦʝʪʦ ʩʝ 

ʚʠʞʜʘ ʠ ʦʪ ʧʦ-ʛʦʣʷʤʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʩʨʝʜʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʚʨʲʟʢʠʪʝ 

SʝïO (1.650(1) ¡ ʧʦ ʥʘʰʠ ʜʘʥʥʠ) ʩʧʨʷʤʦ ʩʚʦʙʦʜʥʠʷ ʡʦʥ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʚʠʙʨʘʮʠʦʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʝʣʝʥʘʪʥʠʷ ʡʦʥ ʧʨʠ 

Na2SʝO4Ŀ7.5H2O ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ ʤʫ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ 

ʪʦʚʘ ʚ ʥʘʩʠʪʝʥʠʷ ʨʘʟʪʚʦʨ, ʢʦʝʪʦ ʙʠ ʤʦʛʣʦ ʜʘ ʝ ʧʨʠʯʠʥʘ (ʠʣʠ ʝʜʥʘ ʦʪ 

ʧʨʠʯʠʥʠʪʝ) ʟʘ ʟʘʪʨʫʜʥʝʥʘʪʘ ʤʫ ʢʨʠʩʪʘʣʠʟʘʮʠʷ.  

ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʪʨʠʪʝ ʩʧʝʢʪʲʨʘ ʷʩʥʦ ʧʦʢʘʟʚʘ 

ʝʜʥʦ ʚʠʩʦʢʦʯʝʩʪʦʪʥʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʩʠʤʝʪʨʠʯʥʘʪʘ ʚʘʣʝʥʪʥʘ ʚʠʙʨʘʮʠʷ 

ɜ1 ʚ ʨʝʜʘ: ʈʘʟʪʚʦʨ å Na2SʝO4Ŀ7.5H2O  ̓ Na2SʝO4Ŀ10H2O, ʪ.ʝ. 

ʦʪʤʝʩʪʚʘʥʝʪʦ ʩʣʝʜʚʘ ʨʝʜʘ ʫʩʪʘʥʦʚʝʥ ʧʨʠ ʩʫʣʬʘʪʥʘʪʘ ʩʠʩʪʝʤʘ. 
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ʉʣʝʜʦʚʘʪʝʣʥʦ, ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʨʘʚʥʦʚʝʩʥʘʪʘ Na2SʝO4Ŀ10H2O ʬʘʟʘ 

ʠʟʠʩʢʚʘ ʫʩʠʣʚʘʥʝ ʥʘ ʚʲʪʨʝʰʥʦ-ʤʦʣʝʢʫʣʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SʝïO ʚ 

ʩʝʣʝʥʘʪʥʠʷ ʡʦʥ (ʧʦ-ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ ʥʘ ɜ1) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʬʦʨʤʠʨʘʥʝ ʥʘ 

Na2SʝO4Ŀ7.5H2O, ʢʲʜʝʪʦ ʚʲʪʨʝʰʥʦ-ʤʦʣʝʢʫʣʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SʝïO 

ʝ ʩʲʠʟʤʝʨʠʤʦ ʩ ʪʦʚʘ ʚ ʨʘʟʪʚʦʨʘ (ʝʜʥʘʢʚʘ ʩʪʦʡʥʦʩʪ ʥʘ ɜ1, ʥʦ ʧʦ-ʥʠʩʢʘ ʦʪ 

ʪʘʟʠ ʧʨʠ ʜʝʢʘʭʠʜʨʘʪʘ).  

ɸʢʦ ʩʨʘʚʥʠʤ ʚʠʙʨʘʮʠʦʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʘʥʠʦʥʘ ʧʨʠ 

ʤʝʪʘʩʪʘʙʠʣʥʘʪʘ ʠ ʨʘʚʥʦʚʝʩʥʘʪʘ ʬʘʟʘ ʧʨʠ ʜʚʝʪʝ ʩʠʩʪʝʤʠ ʩʝ ʦʪʢʨʦʷʚʘ 

ʝʜʥʘ ʩʲʱʝʩʪʚʝʥʘ ʧʨʠʣʠʢʘ: ʠ ʧʨʠ ʜʚʝʪʝ ʩʠʩʪʝʤʠ ʟʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʨʘʚʥʦʚʝʩʥʠʪʝ ʜʝʢʘʭʠʜʨʘʪʥʠ ʬʘʟʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʚʘʥʝ ʚ ʧʦ-ʚʠʩʦʢʘ 

ʩʪʝʧʝʥ ʥʘ ʚʲʪʨʝʰʥʦ-ʤʦʣʝʢʫʣʥʠʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SïO, ʩʲʦʪʚʝʪʥʦ Sʝï

O ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʚ ʨʘʟʪʚʦʨʘ, ʦʪʢʦʣʢʦʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ 

ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʤʝʪʘʩʪʘʙʠʣʥʠ ʬʘʟʠ. ʊʦʚʘ ʙʠ ʤʦʛʣʦ ʜʘ ʝ 

ʝʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʣʝʩʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠʪʝ ʬʘʟʠ ʠ 

ʚ ʜʚʝʪʝ ʩʠʩʪʝʤʠ. ʈʘʟʣʠʢʘʪʘ ʚ ʜʚʝʪʝ ʩʠʩʪʝʤʠ ʝ, ʯʝ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ 

ʤʝʪʘʩʪʘʙʠʣʥʠʷʪ Na2SʝO4Ŀ7.5H2O ʠʟʠʩʢʚʘ ʠ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʘʥʠʦʥʘ, 

ʢʘʢʚʘʪʦ ʦʪʩʲʩʪʚʘ ʧʨʠ Na2SO4Ŀ7H2O. ʊʦʚʘ ʦʙʩʪʦʷʪʝʣʩʪʚʦ ʚ ʜʦʧʲʣʥʝʥʠʝ 

ʢʲʤ ʧʦ-ʚʠʩʦʢʘʪʘ ʩʠʤʝʪʨʠʷ ʥʘ ʢʨʠʩʪʘʣʥʘʪʘ ʨʝʰʝʪʢʘ ʥʘ ʭʝʧʪʘʭʠʜʨʘʪʘ ʙʠ 

ʤʦʛʣʦ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʜʘ ʦʙʷʩʥʠ ʤʥʦʛʦ ʧʦ-ʣʝʩʥʘʪʘ ʠ ʙʲʨʟʘ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʘʩʪʘʙʠʣʥʠʷ Na2SO4Ŀ7H2O ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ 

ʟʘʪʨʫʜʥʝʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ Na2SʝO4Ŀ7.5H2O.  

7. ʉʠʩʪʝʤʘʪʘ Na2SeO4ïMgSeO4ïH2O  
7.1. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SeO4ïMgSeO4ïH2O  

ʉ ʦʛʣʝʜ ʦʩʠʛʫʨʷʚʘʥʝʪʦ, ʯʝ ʧʦʣʫʯʘʚʘʥʠʪʝ ʬʘʟʠ ʩʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʥʦ ʨʘʚʥʦʚʝʩʥʠʪʝ, ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʧʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʩʠʩʪʝʤʘʪʘ ʠʟʚʲʨʰʚʘʭʤʝ ʧʦ ʪʨʠ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ: (i) ʠʟʦʪʝʨʤʠʯʥʦ 

ʩʥʝʤʘʥʝ ʥʘ ʧʨʝʩʠʱʘʥʝʪʦ (ʦʪ ʦʢʦʣʦ 60 Áʉ) ʩ ʤʝʭʘʥʠʯʥʦ ʙʲʨʢʘʥʝ; (ii) 

ʠʟʦʪʝʨʤʠʯʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʩ ʤʝʭʘʥʠʯʥʦ ʙʲʨʢʘʥʝ; ʠ (iii) ʠʟʦʪʝʨʤʠʯʥʦ 

ʠʟʧʘʨʷʚʘʥʝ ʙʝʟ ʨʘʟʙʲʨʢʚʘʥʝ. ʈʘʟʣʠʯʥʠʪʝ ʥʘʯʠʥʠ ʥʘ ʟʘʨʝʞʜʘʥʝ ʩʘ 

ʧʦʩʦʯʝʥʠ ʥʘ ʊʘʙʣ. 6 ʠ ʌʠʛ. 19. 
ɺ ʩʠʩʪʝʤʘʪʘ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʪʨʠ ʧʦʣʝʪʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ 

ʩʲʦʪʚʝʪʥʦ ʥʘ MgSeO4Ŀ6H2O, ʥʘ ʜʚʦʡʥʘʪʘ ʩʦʣ 

Na2SeO4ĿMgSeO4Ŀ2H2O ʠ ʥʘ Na2SeO4Ŀ10H2O. 
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ʊʘʙʣʠʮʘ 6. ʉʠʩʪʝʤʘʪʘ Na2SeO4ïMgSeO4ïH2O ʧʨʠ 25 Áʉ. 

ʅʘʯʠʥ ʥʘ 
ʟʘʨʝʞʜʘʥʝ 

ʊʝʯʥʘ ʬʘʟʘ 
ʪʝʛʣ. % 

ʄʦʢʨʘ ʪʚʲʨʜʘ ʬʘʟʘ 
ʪʝʛʣ.  % 

ʉʲʩʪʘʚ  
ʥʘ ʪʚʲʨʜʘʪʘ ʬʘʟʘ 

 Na2SeO4 MgSeO4 Na2SeO4 MgSeO4  

¹ 0,00 35,07 0,00 58,32 MgSeO4Ŀ6H2O (XRD 
ʌʘʟʦʚ ʘʥʘʣʠʟ) 

¹ 8,40 29,6 1,78 54,13 MgSeO4Ŀ6H2O 

¹ 10,65 28,39 5,11 50,82 Na2SeO4ĿMgSeO4Ŀ2H2O+
MgSeO4Ŀ6H2O 

¹ 12,28 26,27 31,44 34,38 Na2SeO4ĿMgSeO4Ŀ2H2O+
MgSeO4Ŀ6H2O  

¹ 13,83 24,7 32,13 33,08 Na2SeO4ĿMgSeO4Ŀ2H2O 

¹ 15,44 22,62 38,66 33,69 Na2SeO4ĿMgSeO4Ŀ2H2O 

¹ 19,19 19,39 38,41 33,42 Na2SeO4ĿMgSeO4Ŀ2H2O 
(XRD ʌʘʟʦʚ ʘʥʘʣʠʟ) 

¹ 22,88 15,87 38,73 31,34 Na2SeO4ĿMgSeO4Ŀ2H2O 

¹ 31,23 9,26 40,78 27,59 Na2SeO4ĿMgSeO4Ŀ2H2O 
(XRD ʌʘʟʦʚ ʘʥʘʣʠʟ) 

Ã 14,85 24,6 40,5 32,89 Na2SeO4ĿMgSeO4Ŀ2H2O 

Ã 21,47 17,4 37,64 33,10 Na2SeO4ĿMgSeO4Ŀ2H2O 

Ã 31,45 9,19 41,7 30,48 Na2SeO4ĿMgSeO4Ŀ2H2O 

Ć 21,21 16,81 41,25 31,76 Na2SeO4ĿMgSeO4Ŀ2H2O 
(XRD ʌʘʟʦʚ ʘʥʘʣʠʟ) 

¹ 29,94 10,56 47,31 4,40 Na2SeO4ĿMgSeO4Ŀ2H2O+ 
Na2SeO4Ŀ10H2O 

¹ 39,08 0,00 48,79 0,00 Na2SeO4Ŀ10H2O 
 

¹ ʩʲʩ ʟʘʛʨʷʚʘʥʝ 

Ã ʙʝʟ ʟʘʛʨʷʚʘʥʝ 

Ć ʠʟʦʪʝʨʤʠʯʥʦ ʠʟʧʘʨʷʚʘʥʝ 
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7.2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

Na2SeO4ĿMgSeO4Ŀ10H2O, Na2SeO4ĿMgSeO4Ŀ2H2O ʠ 

Na2SeO4Ŀ4H2O 
ɼʚʦʡʥʘʪʘ ʩʦʣ Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ ʥʝ ʝ ʦʧʠʩʘʥʘ ʚ 

ʣʠʪʝʨʘʪʫʨʘʪʘ, ʜʦʢʘʪʦ ʟʘ Na2SeO4ĿMgSʝO4Ŀ2ʅ2ʆ ʠʤʘ ʜʘʥʥʠ ʩʘʤʦ ʟʘ 

ʧʘʨʘʤʝʪʨʠʪʝ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ.  

 

7.2.1. ʂʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ 
ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ ʩʝ ʩʲʩʪʦʠ ʦʪ 

ʠʟʦʣʠʨʘʥʠ [Mg(ʅ2ʆ)6]
2+

 ʦʢʪʘʝʜʨʠ ʠ ʥʘʪʨʠʝʚʦ-ʩʝʣʝʥʘʪʥʠ ʩʣʦʝʚʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘ. ɺ ʩʣʦʝʚʝʪʝ ʣʝʢʦ ʜʝʬʦʨʤʠʨʘʥʠʪʝ [Mg(ʅ2ʆ)6]
2+

 ʦʢʪʘʝʜʨʠ 

ʩʘ ʩʚʲʨʟʘʥʠ ʢʘʢʪʦ ʧʦʤʝʞʜʫ ʩʠ, ʪʘʢʘ ʠ ʩ ʥʘʪʨʠʝʚʦ-ʩʝʣʝʥʘʪʥʠ ʩʣʦʝʚʝ 

ʌʠʛʫʨʘ 19. ɼʠʘʛʨʘʤʘ ʥʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SeO4ï
MgSeO4ïH2O ʧʨʠ 25 Áʉ. 
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ʌʠʛʫʨʘ 20. ɽʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ ʥʘ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 
Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ ʛʣʝʜʘʥʘ ʧʦ 
ʦʩʪʘ b. 

ʌʠʛʫʨʘ 21. ɸʩʠʤʝʪʨʠʯʥʘʪʘ ʝʜʠʥʠʮʘ 

ʥʘ Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ. 
ɽʣʠʧʩʦʠʜʠʪʝ ʥʘ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʥʝ-
ʚʦʜʦʨʦʜʥʠʪʝ ʘʪʦʤʠ ʩʘ ʧʦʢʘʟʘʥʠ ʩ 
50% ʚʝʨʦʷʪʥʦʩʪ.  

ʌʠʛʫʨʘ 22. ʅʘʪʨʠʝʚʦ-

ʩʝʣʝʥʘʪʝʥ ʩʣʦʡ ʚ 
Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ. 
ʛʣʝʜʘʥ ʧʦ ʦʩʪʘ ʘ. 

ʯʨʝʟ ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ (ʌʠʛ. 

20). ʊʨʠ ʦʪ ʧʝʪʪʝ ʩʠʤʝʪʨʠʯʥʦ 

ʫʥʠʢʘʣʥʠ H2O ʤʦʣʝʢʫʣʠ 

ʢʦʦʨʜʠʥʠʨʘʪ Mg
2+

 ʢʘʪʠʦʥʠ, ʘ 

ʦʩʪʘʥʘʣʠʪʝ ʜʚʝ ʢʦʨʜʠʥʠʨʘʪ 

Na
+
 ʢʘʪʠʦʥʠ. Na

+
 ʢʘʪʠʦʥʠ ʩʘ 

ʢʦʦʨʜʠʥʠʨʘʥʠ ʦʪ ʯʝʪʠʨʠ H2O 

ʤʦʣʝʢʫʣʠ ʠ ʜʚʘ ʢʠʩʣʦʨʦʜʥʠ 

ʘʪʦʤʘ ʦʪ [SeO4]
2ī

 ʪʝʪʨʘʝʜʨʠ 

(ʌʠʛ. 21). ɼʝʬʦʨʤʠʨʘʥʠʪʝ 

[NaO2(2SeO4)(H2O)4]
3ī

 

ʦʢʪʘʝʜʨʠ ʩʧʦʜʝʣʷʪ ʜʚʝ ʚʦʜʥʠ 

ʤʦʣʝʢʫʣʠ, ʦʙʨʘʟʫʚʘʡʢʠ 

ʚʝʨʠʛʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ b. 

ɺʝʨʠʛʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʯʨʝʟ 

ʚʲʨʭʦʚʝʪʝ ʥʘ [SeO4]
2ī

 ʪʝʪʨʘʝʜʨʠ 

ʠ [NaO2(2SeO4)(H2O)4]
3ī

 ʦʢʪʘʝʜʨʠ. 

ʆʩʚʝʥ ʦʙʱʠʪʝ ʚʲʨʭʦʚʝ, ʠʤʘ ʠ 

ʚʦʜʦʨʦʜʥʠ ʚʨʲʟʢʠ ʤʝʞʜʫ ʜʚʘ ʦʪ ʚʲʨʭʦʚʝʪʝ ʥʘ [SeO4]
2ī

 ʪʝʪʨʘʝʜʨʠ ʠ 

[NaO2(2SeO4)(H2O)4]
3ī

 ʦʢʪʘʝʜʨʠ ʦʪ ʜʚʝ ʚʝʨʠʛʠ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʬʦʨʤʷʪ 

ʥʘʪʨʠʝʚʦ-ʩʝʣʝʥʘʪʥʠʪʝ ʩʣʦʝʚʝ (ʌʠʛ. 22). 
Na2SeO4ĿMgSʝO4Ŀ10ʅ2ʆ ʝ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʥʘ 

Na2SO4ĿMgSO4Ŀ10ʅ2ʆ. 
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ʌʠʛʫʨʘ 25.[SeO4]
2ī

 ʪʝʪʨʘʝʜʲʨ ʩʚʲʨʟʘʥ ʩ 

ʪʨʠʪʝ ʚʝʨʠʛʠ ʦʪ [NaO6(H2O)]
11ī

 ʧʦʣʠʝʜʨʠ 
ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Na2SeO4ĿMgSʝO4Ŀ2ʅ2ʆ. 

ʌʠʛʫʨʘ 24.[MgO4(H2O)2]
6ī

 

ʦʢʪʘʝʜʲʨ ʩʚʲʨʟʘʥ ʯʨʝʟ 
ʯʝʪʠʨʠ ʨʲʙʘ ʩ ʜʚʝ ʩʲʩʝʜʥʠ 
ʚʝʨʠʛʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 
Na2SeO4ĿMgSʝO4Ŀ2ʅ2ʆ. 

ʌʠʛʫʨʘ 23.ɺʝʨʠʛʠ ʦʪ [NaO6(6SeO4)(H2O)]
11- 

ʧʦʣʠʝʜʨʠ, [MgO4(4SeO4)(H2O)2]
6-

 ʦʢʪʘʝʜʨʠ ʠ 
[SeO4]

2ī
 ʪʝʪʨʘʝʜʨʠ ʛʣʝʜʘʥʠ ʧʦ ʦʩʪʘ a ʚ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ Na2SeO4ĿMgSʝO4Ŀ2ʅ2ʆ. 

7.2.2. ʂʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4ĀMgSeO4Ā2H2O 
ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ʥʘ Na2SeO4ĿMgSʝO4Ŀ2ʅ2ʆ ʝ 

ʠʟʛʨʘʜʝʥʘ ʦʪ 

[NaO6(6SeO4)(H2O)]
11ī

 ʧʦʣʠʝʜʨʠ, 

[MgO4(4SeO4)(H2O)2]
6ī

 ʦʢʪʘʝʜʨʠ 

ʠ [SeO4]
2ī

 ʪʝʪʨʘʝʜʨʠ. 

[NaO6(6SeO4)(H2O)]
11ī

 ʧʦʣʠʝʜʨʠ 

ʬʦʨʤʠʨʘʪ ʫʩʧʦʨʝʜʥʠ ʚʝʨʠʛʠ 

ʯʨʝʟ ʩʧʦʜʝʣʷʥʝ ʥʘ ʦʙʱʠ ʨʲʙʦʚʝ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ [111] (ʌʠʛ. 23). 

ʇʦ ʦʩʪʘ b [MgO4(4SeO4)(H2O)2]
6ī

 

ʦʢʪʘʝʜʨʠ ʩʧʦʜʝʣʷʪ ʜʚʘ ʨʲʙʘ ʩ 

ʚʩʷʢʘ ʦʪ ʜʚʝʪʝ ʩʲʩʝʜʥʠ ʚʝʨʠʛʠ 

(ʌʠʛ. 24). ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʜʚʝʪʝ 

H2O ʤʦʣʝʢʫʣʠ ʩʝ ʩʧʦʜʝʣʷʪ 

ʤʝʞʜʫ ʥʘʪʨʠʝʚʠʪʝ ʠ 

ʤʘʛʥʝʟʠʝʚʠʪʝ ʧʦʣʠʝʜʨʠ. 

[SeO4]
2ī

 ʪʝʪʨʘʝʜʨʠ ʩʘ ʩʚʲʨʟʘʥʠ 

ʢʘʢʪʦ ʩ ʚʝʨʠʛʠʪʝ, ʪʘʢʘ ʠ ʩ 

[MgO4(4SeO4)(H2O)2]
6ī

 ʦʢʪʘʝʜʨʠ. 

ɺʩʝʢʠ [SeO4]
2ī

 ʪʝʪʨʘʝʜʲʨ ʝ 
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ʌʠʛʫʨʘ 26. ɽʣʠʧʩʦʠʜʠʪʝ ʥʘ 

ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʥʝ-ʚʦʜʦʨʦʜʥʠʪʝ 
ʘʪʦʤʠ ʝ ʧʦʢʘʟʘʥʦ ʩ 50% ʚʝʨʦʷʪʥʦʩʪ.  

ʩʚʲʨʟʘʥ ʩ ʪʨʠ ʚʝʨʠʛʠ ʦʪ 

[NaO6(6SeO4)(H2O)]
11ī

 ʧʦʣʠʝʜʨʠ 

ʯʨʝʟ ʚʲʨʭʦʚʝ ʩ ʜʚʝ ʠ ʩ ʨʲʙ ʩ ʝʜʥʘ 

ʦʪ ʪʷʭ (ʌʠʛ. 25).  
Aʩʠʤʝʪʨʠʯʥʘʪʘ ʝʜʠʥʠʮʘ ʥʘ 

Na2SeO4ĿMgSʝO4Ŀ2ʅ2ʆ ʝ 

ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 26. 

 

ʊʘʙʣʠʮʘ 8. ʂʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʜʘʥʥʠ ʟʘ ʢʨʠʩʪʘʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ ʥʘ 

Na2SeO4ĿMgSeO4Ŀ10H2O ʠ ʥʘ Na2SeO4ĿMgSeO4Ŀ2H2O  

 Na2SeO4ĿMgSeO4Ŀ10H2O Na2SeO4ĿMgSeO4Ŀ2H2O 

ʍʠʤʠʯʥʘ ʬʦʨʤʫʣʘ 2(O4Se)Ŀ10(H2O)Ŀ2(Na)ĿM
g 

2(O4Se)Ŀ2(H2O)Ŀ2(Na)ĿMg 

Mr 536.37 268.15 
ʂʨʠʩʪʘʣʥʘ ʩʠʩʪʝʤʘ,  
ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʛʨʫʧʘ 

ʄʦʥʦʢʣʠʥʥʘ, P21/c 
 

ʊʨʠʢʣʠʥʥʘ, P-1 
 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 150 200 
a, b, c (¡) 12.671 (2), 6.610 (1), 

10.2706 (2) 
5.556 (4), 5.923 (4), 7.224 
(5) 

ɓ (Á) 90, 106.64 (1), 90 108.36 (6), 99.07 (5), 
106.63 (6) 

V (¡
3
) 824.2 (3) 208.0 (3) 

Z 2 1 

7.2.3. ʂʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ Na2SeO4Ā4H2O  

ɺ ʭʦʜʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SʝO4ïMgSeO4ïH2O 

ʙʝ ʧʦʣʫʯʝʥ ʠ ʠʟʤʝʨʝʥ ʤʦʥʦʢʨʠʩʪʘʣ, ʟʘ ʯʠʷʪʦ ʢʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ 

ʣʠʧʩʚʘʭʘ ʜʘʥʥʠ. ʆʢʘʟʘ ʩʝ Na2SʝO4Ā4H2O. ʂʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 

Na2SʝO4Ā4H2O ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ [NaO3(3SeO4)(H2O)3]
5ī

 ʠ 

[NaO2(2SeO4)(H2O)4]
3ī

 ʦʢʪʘʝʜʨʠ ʠ [SeO4]
2ī

 ʪʝʪʨʘʝʜʨʠ (ʬʠʛ. 27). 

ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʝ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ ʟʘ Na ʘʪʦʤʠ ï Na1 

([NaO3(3SeO4)(H2O)3]
5ī

 ʦʢʪʘʝʜʨʠ) ʠ Na2 ([NaO2(2SeO4)(H2O)4]
3ī

 

ʦʢʪʘʝʜʨʠ). ʇʦ ʦʩʪʘ ʘ Na2 ʦʢʪʘʝʜʨʠʪʝ ʩʘ ʩʚʲʨʟʘʥʠ ʧʦʤʝʞʜʫ ʩʠ ʯʨʝʟ 

ʜʚʘ ʦʙʱʠ ʨʲʙʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʠʟʛʨʘʞʜʘʪ ʚʝʨʠʛʠ (ʌʠʛ. 28). ɽʜʠʥʠʷʪ 

ʦʙʱ ʨʲʙ ʝ ʦʪ ʜʚʘ ʢʠʩʣʦʨʦʜʥʠ ʘʪʦʤʘ ʦʪ ʜʚʝ H2O ʤʦʣʝʢʫʣʠ, ʘ ʜʨʫʛʠʷʪ 

ʝ ʦʪ ʜʚʘ ʢʠʩʣʦʨʦʜʥʠ ʘʪʦʤʘ ʦʪ ʜʚʘ [SeO4]
2ī

 ʪʝʪʨʘʝʜʨ̡ʘ. ʇʦ ʦʩʪʘ b 
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ʌʠʛʫʨʘ 28. ɺʝʨʠʛʠʪʝ ʦʪ ʠ 

[NaO2(H2O)4]
3ī

 ʦʢʪʘʝʜʨʠ ʠ [SeO4]
2ī

 
ʪʝʪʨʘʝʜʨʠ ʛʣʝʜʘʥʠ ʧʦ ʦʩʪʘ b. 

ʌʠʛʫʨʘ 29.S-ʦʙʨʘʟʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʚ 

ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ 
Na2SʝO4Ā4H2O ʛʣʝʜʘʥʘ ʧʦ ʦʩʪʘ ʘ. 

ʌʠʛʫʨʘ 27.[NaO3(H2O)3]
5ī

 ʠ 

[NaO2(H2O)4]
3ī

 ʦʢʪʘʝʜʨʠ ʠ [SeO4]
2ī

 
ʪʝʪʨʘʝʜʨʠ ʚ ʢʨʠʩʪʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ  
ʥʘ Na2SʝO4Ā4H2O. 

ʚʩʝʢʠ Na1 ʦʢʪʘʝʜʲʨ ʩʧʦʜʝʣʷ 

ʦʙʱʘ ʩʪʝʥʘ ʩ ʝʜʠʥ Na2 

ʦʢʪʘʝʜʲʨ ʠ ʧʦ ʦʪʜʝʣʥʦ ʝʜʠʥ ʨʲʙ 

ʠ ʝʜʠʥ ʚʨʲʭ ʩ ʜʚʘ [SeO4]
2ī

 

ʪʝʪʨʘʝʜʲʨʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʚ 

ʨʘʚʥʠʥʘʪʘ ʚʩ ʩʝ ʦʙʨʘʟʫʚʘʪ 

ʨʝʜʫʚʘʱʠ ʩʝ S-ʦʙʨʘʟʥʠ 

ʬʨʘʛʤʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʩʚʲʨʟʘʥʠ 

ʧʦʤʝʞʜʫ ʩʠ ʯʨʝʟ ʨʲʙʦʚʝ ʥʘ ʜʚʘ 

ʪʝʪʨʘʝʜʲʨʘ (ʌʠʛ. 29). ʅʘ ʚʩʝʢʠ 

ʜʚʘ Na ʩʝ ʧʘʜʘʪ 4 H2O ʤʦʣʝʢʫʣʠ. . 
 
 
 

7.4. ʊʲʣʢʫʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ  

ʥʘ ʩʠʩʪʝʤʘʪʘ Na2SeO4ïMgSeO4ïH2O  

ɿʘ ʩʲʱʘʪʘ ʩʠʩʪʝʤʘ ʍʘʛʝʤʘʥ ʠ ʩʲʪʨ. ʩʲʪʨ. (Geselschaft fuer 

Anlagen- und Reaktionssicherkeit, 245, p.73, 2012) ʩʲʦʙʱʘʚʘʪ, ʯʝ ʦʩʚʝʥ 

ʧʦʣʝʪʘʪʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ MgSeO4Ŀ6H2O ʠ ʥʘ Na2SeO4Ŀ10H2O ʪʝ 

ʥʘʤʠʨʘʪ ʦʱʝ ʧʦʣʝʪʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʡʥʘ ʩʦʣ 


