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ʋɺʆɼ 

ʋʚʝʣʠʯʝʥʦʪʦ ʪʲʨʩʝʥʝ ʥʘ ʝʥʝʨʛʠʷ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʚ ʩʲʯʝʪʘʥʠʝ ʩ 

ʧʨʦʛʨʝʩʠʚʥʦʪʦ ʠʟʯʝʨʧʚʘʥʝ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʠ 

ʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ, ʩʚʲʨʟʘʥʠ ʩ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ, ʧʨʝʚʨʲʱʘʪ 

ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʠʷʪʘ ʚ ʛʣʦʙʘʣʝʥ ʧʨʦʙʣʝʤ ʥʘ ʥʘʰʝʪʦ ʩʲʚʨʝʤʠʝ ʠ 

ʙʲʜʝʱʝ. ɺ ʥʘʰʠ ʜʥʠ, ʣʠʪʠʝʚʦ-ʡʦʥʥʠʪʝ ʙʘʪʝʨʠʠ ʩʘ ʥʘʡ-ʝʬʝʢʪʠʚʥʘʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ. ʊʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʚʠʩʦʢʘ 

ʝʥʝʨʛʠʡʥʘ ʧʣʲʪʥʦʩʪ, ʜʦʙʨʘ ʮʠʢʣʠʯʥʘ ʫʩʪʦʡʯʠʚʦʩʪ, ʜʲʣʲʛ ʞʠʚʦʪ, ʥʠʩʲʢ 

ʩʘʤʦʨʘʟʨʷʜ ʠ ʟʘʥʠʞʝʥʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʧʦʜʜʨʲʞʢʘ. 

ʈʘʟʥʦʦʙʨʘʟʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʣʠʪʠʝʚʦ-ʡʦʥʥʠʪʝ ʙʘʪʝʨʠʠ ʝ ʪʷʩʥʦ 

ʩʚʲʨʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʝʣʝʢʪʨʦʜʥʠ ʤʘʪʝʨʠʘʣʠ, ʩʧʦʩʦʙʥʠ ʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʦʙʨʘʪʠʤʦ ʩ ʣʠʪʠʡ ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʦʪʝʥʮʠʘʣʠ. ʂʘʪʦ 

ʥʘʡ-ʧʝʨʩʧʝʢʪʠʚʥʠ ʝʣʝʢʪʨʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʙʘʪʝʨʠʠ ʩ ʧʨʠʣʦʞʝʥʠʝ ʚ 

ʝʣʝʢʪʨʦʤʦʙʠʣʠʪʝ ʩʝ ʩʯʠʪʘʪ ʠʥʪʝʨʢʘʣʘʮʠʦʥʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʥʘ 

ʦʩʥʦʚʘʪʘ ʥʘ ʣʠʪʠʝʚʠ ʧʨʝʭʦʜʥʦ-ʤʝʪʘʣʥʠ ʬʦʩʬʘʪʠ, LiMPO4 (M = Fe, 

Mn, Co, Ni) ʩ ʦʣʠʚʠʥʦʚ ʪʠʧ ʩʪʨʫʢʪʫʨʘ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʚʲʨʭʫ ʬʦʩʬʦ-

ʦʣʠʚʠʥʠʪʝ ʩʪʘʨʪʠʨʘʪ ʧʨʝʟ 1997 ʛ., ʘ ʧʨʝʜʠ 10 ʛʦʜʠʥʠ ʙʝ 

ʢʦʤʝʨʩʠʘʣʠʟʠʨʘʥʘ ʠ ʙʘʪʝʨʠʷ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ LiFePO4 

(NanophosphateÈAdvantagʝ).  

ʌʦʩʬʦ-ʦʣʠʚʠʥʠʪʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʪʨʠʜʠʤʝʥʩʠʦʥʘʣʥʘ 

ʢʨʠʩʪʘʣʥʘ ʩʪʨʫʢʪʫʨʘ, ʠʟʛʨʘʜʝʥʘ ʦʪ ʤʝʪʘʣʥʠ ʦʢʪʘʝʜʨʠ LiO6 ʠ M
2+
ʆ6 ʠ 

ʪʝʪʨʘʝʜʨʠ ʈʆ4, ʩʚʲʨʟʘʥʠ ʚʲʨʭʦʚʦ ʠ ʨʲʙʦʚʦ ʧʦ ʪʨʠʪʝ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ 

ʦʩʠ ʥʘ ʦʨʪʦʨʦʤʙʠʯʥʘ ʢʨʠʩʪʘʣʥʘ ʨʝʰʝʪʢʘ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʨʲʙʦʚʦ 

ʩʚʲʨʟʘʥʠ LiO6 ʦʢʪʘʝʜʨʠ ʩʲʟʜʘʚʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦ ʥʘʡ-

ʠʟʛʦʜʝʥ ʪʨʘʥʩʧʦʨʪ ʥʘ ʣʠʪʠʡ ʧʦ b-ʦʩʪʘ ʥʘ ʦʣʠʚʠʥʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ, 

ʢʦʝʪʦ ʦʧʨʝʜʝʣʷ ʠʥʪʝʨʢʘʣʘʮʠʦʥʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ. 

ɿʘʩʠʣʝʥʠʷʪ ʠʥʪʝʨʝʩ ʢʲʤ ʬʦʩʬʦ-ʦʣʠʚʠʥʠʪʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʨʝʜʠʮʘ 

ʪʝʭʥʠ ʧʨʝʜʠʤʩʪʚʘ: ʚʠʩʦʢ ʪʝʦʨʝʪʠʯʝʥ ʢʘʧʘʮʠʪʝʪ (170 mAh/g), 

ʩʪʘʙʠʣʥʦʩʪ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦ ʮʠʢʣʠʨʘʥʝ, ʙʝʟʦʧʘʩʥʦʩʪ ʚ ʧʲʣʥʦ 

ʟʘʨʝʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʠ ʧʨʠ ʧʦ-ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʠʩʢʘ ʮʝʥʘ, ʦʩʦʙʝʥʦ 

ʟʘ LiFePO4 ʠ LiMnPO4 ʠ ʝʢʦʣʦʛʠʯʥʘ ʩʲʦʙʨʘʟʝʥʦʩʪ. ʊʝʭʥʠ ʥʝʜʦʩʪʘʪʲʮʠ 

ʩʘ ʥʠʩʢʘ ʡʦʥʥʘ/ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʦʜʠʤʦʩʪ ʠ ʜʠʬʫʟʠʦʥʥʦ-ʣʠʤʠʪʠʨʘʥ 

ʧʨʝʥʦʩ ʥʘ ʣʠʪʠʝʚʠ ʡʦʥʠ, ʢʦʝʪʦ ʪʦʚʘ ʚʦʜʠ ʜʦ ʨʝʘʣʥʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ 

ʢʘʧʘʮʠʪʝʪʘ ʧʨʠ ʚʠʩʦʢʠ ʩʢʦʨʦʩʪʠ ʥʘ ʟʘʨʝʞʜʘʥʝ/ʨʘʟʨʝʞʜʘʥʝ ʥʘ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʘʪʘ ʢʣʝʪʢʘ. ɿʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʪʝʟʠ ʥʝʜʦʩʪʘʪʲʮʠ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʠʥʪʝʟʠʨʘʥʝ ʥʘ ʥʘʥʦʨʘʟʤʝʨʥʠ ʧʨʘʭʦʚʝ ʠ ʫʚʝʣʠʯʘʚʘʥʝ 

ʧʨʦʚʦʜʠʤʦʩʪʪʘ ʥʘ ʬʦʩʬʦ-ʦʣʠʚʠʥʠʪʝ ʯʨʝʟ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʦʟʠʪʠ ʩ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘ ʬʘʟʘ ʠ ʜʦʪʠʨʘʥʝ ʩ ʨʘʟʣʠʯʥʠ ʡʦʥʠ.  
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ɺ ʪʲʨʩʝʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʠʟʛʦʜʥʠ ʠ ʪʦʣʝʨʘʥʪʥʠ ʢʲʤ ʦʢʦʣʥʘʪʘ 

ʩʨʝʜʘ ʢʘʪʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʚʩʝ ʧʦ-ʘʢʪʫʘʣʥʘ 

ʩʪʘʚʘ ʠʜʝʷʪʘ ʟʘ ʟʘʤʷʥʘ ʥʘ ʣʠʪʠʡ ʩ ʥʘʪʨʠʡ (ʜʝʩʝʪʦʢʨʘʪʥʦ ʧʦ-ʝʚʪʠʥ ʠ 

ʤʥʦʛʦ ʧʦ-ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʝʣʝʤʝʥʪ) ʠ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʥʘʪʨʠʝʚʦ-ʡʦʥʥʠ 

ʙʘʪʝʨʠʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʥʘʪʨʠʝʚʠ ʬʦʩʬʦ-ʦʣʠʚʠʥʠ. 

ʅʘʪʨʠʝʚʦ-ʡʦʥʥʘʪʘ ʙʘʪʝʨʠʷ ʬʫʥʢʮʠʦʥʠʨʘ ʧʦ ʩʲʱʠʷ ʤʝʭʘʥʠʟʲʤ ʢʘʢʪʦ 

ʣʠʪʠʝʚʦ-ʡʦʥʥʘʪʘ. ʈʘʟʣʠʢʠʪʝ, ʦʙʘʯʝ, ʤʝʞʜʫ ʧʨʠʩʲʱʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ Li
+
 

ʠ Na
+
 ʡʦʥʠ (ʧʦ-ʪʝʞ̡ʢ, ʩ ʧʦ-ʛʦʣʷʤ ʡʦʥʝʥ ʨʘʜʠʫʩ, ʧʦ-ʥʠʩʲʢ ʨʝʜʦʢʩ 

ʧʦʪʝʥʮʠʘʣ ʠ ʧʦ-ʩʣʘʙ ʧʦʣʷʨʠʟʠʨʘʱ ʝʬʝʢʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʣʠʪʠʡ) 

ʦʧʨʝʜʝʣʷʪ ʥʷʢʦʠ ʦʩʦʙʝʥʦʩʪʠ ʧʨʠ ʥʘʪʨʠʝʚʠʪʝ ʝʣʝʢʪʨʦʜʥʠ ʤʘʪʝʨʠʘʣʠ.  

ʆʙʦʙʱʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʣʠʪʝʨʘʪʫʨʥʠʷ ʦʙʟʦʨ ʥʠ ʧʦʟʚʦʣʷʚʘ ʜʘ 

ʦʪʢʨʦʠʤ ʥʷʢʦʣʢʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʬʦʩʬʦ-

ʦʣʠʚʠʥʦʚʠʪʝ ʝʣʝʢʪʨʦʜʥʠ ʤʘʪʝʨʠʘʣʠ: 

ü ɿʘ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʥʘʪʨʠʝʚʦ-ʡʦʥʥʘʪʘ ʙʘʪʝʨʠʷ ʢʘʪʦ ʘʣʪʝʨʥʘʪʠʚʘ 

ʥʘ ʣʠʪʠʝʚʦ-ʡʦʥʥʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʪʝ 

ʩʪʨʫʢʪʫʨʥʠ ʤʘʪʨʠʮʠ, ʩʧʦʩʦʙʥʠ ʙʲʨʟʦ ʠ ʣʝʩʥʦ ʜʘ ʘʢʫʤʫʣʠʨʘʪ Na
+
 

ʡʦʥʠʪʝ. ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʨʘʮʠʦʥʘʣʥʦʪʦ ʩʲʯʝʪʘʚʘʥʝ ʥʘ ʥʘʪʨʠʡ ʩ ʝʣʝʤʝʥʪʠ 

ʢʘʪʦ ʞʝʣʷʟʦ ʠ ʤʘʥʛʘʥ ʚ ʩʪʘʙʠʣʥʘʪʘ ʬʦʩʬʦ-ʦʣʠʚʠʥʦʚʘ ʤʘʪʨʠʮʘ ʝ ʟʘ 

ʦʯʘʢʚʘʥʝ ʜʘ ʫʜʦʚʣʝʪʚʦʨʠ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ, ʢʘʢʪʦ ʠ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ, ʝʢʦʣʦʛʠʯʥʠ ʠ ʮʝʥʦʚʠ ʠʟʠʩʢʚʘʥʠʷ. 

ü ʊʝʨʤʦʜʠʥʘʤʠʯʥʦ ʩʪʘʙʠʣʥʠʪʝ NaMPO4 ʥʝ ʢʨʠʩʪʘʣʠʟʠʨʘʪ ʚ 

ʞʝʣʘʥʘʪʘ ʦʣʠʚʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʘ ʚ ʩʪʨʫʢʪʫʨʠ, ʢʦʠʪʦ ʩʘ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʥʝʘʢʪʠʚʥʠ. ɽʪʦ ʟʘʱʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʥʘʪʨʠʝʚʠ 

ʬʦʩʬʦ-ʦʣʠʚʠʥʠ ʥʝ ʝ ʨʫʪʠʥʥʘ ʟʘʜʘʯʘ, ʘ ʠʟʠʩʢʚʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʦʨʠʛʠʥʘʣʥʠ ʩʠʥʪʝʪʠʯʥʠ ʧʦʜʭʦʜʠ.  

ü ʂʨʠʩʪʘʣʦʭʠʤʠʯʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʥʘʪʨʠʝʚʠʪʝ ʬʦʩʬʦ-ʦʣʠʚʠʥʠ 

ʩʧʨʷʤʦ ʣʠʪʠʝʚʠʪʝ ʘʥʘʣʦʟʠ ʦʧʨʝʜʝʣʷʪ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʠʤ ʩʚʦʡʩʪʚʘ. 

ɿʘʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʜʭʦʜʷʱʠ ʤʝʪʦʜʠ ʟʘ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʢʘʢʪʦ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠʤ, ʪʘʢʘ ʠ ʥʘ ʜʝʬʝʢʪʠʪʝ ʚ ʪʷʭ. 

ü ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʦʩʬʦ-ʦʣʠʚʠʥʦʚʠʪʝ 

ʝʣʝʢʪʨʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʢʨʠʷʪ ʥʘʧʲʣʥʦ ʩʘʤʦ ʧʨʠ 

ʨʘʟʨʘʙʦʪʚʘʥʝ ʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ, ʢʦʠʪʦ 

ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʚʣʠʷʝ ʢʘʢʪʦ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʘʪʘ, ʪʘʢʘ ʠ ʚʲʨʭʫ 

ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʩʲʝʜʠʥʝʥʠʷʪʘ.  

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʥʘʧʨʘʚʝʥʠʪʝ ʨʘʟʛʣʝʞʜʘʥʠʷ ʙʝʰʝ ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʪʘ ʥʘ 

ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. 
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ʎɽʃ: 

ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʦʚʠ ʭʠʤʠʯʥʠ ʧʦʜʭʦʜʠ ʟʘ ʩʠʥʪʝʟ ʥʘ 

ʤʘʥʛʘʥʦʚʠ ʠ ʞʝʣʝʟʥʠ ʬʦʩʬʦ-ʦʣʠʚʠʥʠ ʩ ʧʦʜʨʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠ 

ʢʦʥʪʨʦʣʠʨʘʥʘ ʤʦʨʬʦʣʦʛʠʷ ʢʘʪʦ ʢʘʪʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʘʣʢʘʣʥʦ-

ʡʦʥʥʠ ʙʘʪʝʨʠʠ. 

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʪʘʟʠ ʮʝʣ ʙʷʭʘ ʧʦʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

1. ʇʦʜʙʦʨ ʥʘ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ ʥʘ ʥʘʪʨʠʝʚʠ ʠ ʣʠʪʠʝʚʠ ʬʦʩʬʦ-

ʦʣʠʚʠʥʠ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʤʘʥʛʘʥ ʠ ʞʝʣʷʟʦ:  

 - ʨʝʘʢʮʠʠ ʥʘ ʡʦʥʝʥ ʦʙʤʝʥ;  

 - ʤʝʪʘʣ-ʦʨʛʘʥʠʯʥʠ ʧʨʝʢʫʨʩʦʨʠ. 

2. ʉʪʨʫʢʪʫʨʥʦ, ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʠ ʤʦʨʬʦʣʦʛʠʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ 

ʥʘ ʥʘʪʨʠʝʚʠ ʠ ʣʠʪʠʝʚʠ ʬʦʩʬʦ-ʦʣʠʚʠʥʠ: NaMPO4 (M = Mn, Fe) ʠ 

LiFexMn1-xPO4 

3. ʀʟʫʯʘʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʢʦʤʧʦʟʠʪʠ ʦʪ ʬʦʩʬʦ 

-ʦʣʠʚʠʥʠ ʠ ʚʲʛʣʝʨʦʜ ʚ ʤʦʜʝʣʥʠ ʜʚʫʝʣʝʢʪʨʦʜʥʠ ʢʣʝʪʢʠ ʦʪ ʪʠʧʘ 

Li|LiPF6(EC:DMC)|Na/LiMnPO4 ʠ Li|LiPF6(EC:DMC)|LiFexMn1-xPO4. 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʠʯʠʩʣʷʪ ʚ ʦʙʣʘʩʪʪʘ 

ʥʘ ʤʘʪʝʨʠʘʣʦʟʥʘʥʠʝʪʦ ʥʘ ʥʘʪʨʠʝʚʠ ʠ ʣʠʪʠʝʚʠ ʧʨʝʭʦʜʥʦ-ʤʝʪʘʣʥʠ 

ʬʦʩʬʘʪʠ. ʆʩʚʝʥ ʪʦʚʘ ʦʪ ʧʨʠʣʦʞʝʥ ʘʩʧʝʢʪ ʪʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʤʦʛʘʪ ʜʘ 

ʜʦʧʨʠʥʝʩʘʪ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʥʘʪʨʠʝʚʠʪʝ ʠ ʣʠʪʠʝʚʠ 

ʬʦʩʬʦ-ʦʣʠʚʠʥʠ ʢʘʪʦ ʢʘʪʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʘʣʢʘʣʥʦ-ʡʦʥʥʠ ʙʘʪʝʨʠʠ. 

ʅʠʩʢʦ-ʪʝʤʧʝʨʘʪʫʨʝʥ ʩʠʥʪʝʟ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4 

ɼʦ ʟʘʧʦʯʚʘʥʝ ʥʘ ʥʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʙʝ ʧʫʙʣʠʢʫʚʘʥʘ ʝʜʥʘ ʩʪʘʪʠʷ 

ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4 ʙʝʟ ʜʘ ʩʘ ʜʘʜʝʥʠ ʥʠʢʘʢʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʠʪʦ ʝ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟʘ. 

ʅʠʝ ʩʤʝ ʨʘʟʨʘʙʦʪʠʣʠ ʤʝʪʦʜ ʟʘ ʩʠʥʪʝʟ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4 

ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʨʝʘʢʮʠʠ ʥʘ ʡʦʥʝʥ ʦʙʤʝʥ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʠʪʤʘʨʠʪʝʥ 

ʪʠʧ ʧʨʝʢʫʨʩʦʨʠ ɸʄnʈʆ4.ʅ2ʆ (ɸ
+
= ʂ, NH4) ʠ NaCH3COO.3H2O 

(NaAc). ʊʝʟʠ ʧʨʝʢʫʨʩʦʨʠ ʩʘ ʩʧʝʮʠʘʣʥʦ ʧʦʜʙʨʘʥʠ ʢʘʪʦ ʩʪʨʫʢʪʫʨʥʦ-

ʥʘʩʦʯʚʘʱʠ ʨʝʘʛʝʥʪʠ, ʧʦʨʘʜʠ ʝʜʥʘʢʚʘʪʘ ʪʦʧʦʣʦʛʠʷ ʥʘ ʄn
2+
-ʈʆ4 

ʩʣʦʝʚʝʪʝ ʚ ʜʠʪʤʘʨʠʪʥʘʪʘ ʠ ʦʣʠʚʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʦʙʱʠ 

ʩʪʨʫʢʪʫʨʥʠ ʝʣʝʤʝʥʪʠ ʤʝʞʜʫ ʧʨʝʢʫʨʩʦʨʘ ʠ ʮʝʣʝʚʠʷ ʧʨʦʜʫʢʪ ʝ 

ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʣʝʩʥʦ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʡʦʥʝʥ ʦʙʤʝʥ ʥʘ ʂ
+
, 

ʩʲʦʪʚʝʪʥʦ NH4
+
 ʡʦʥʠ ʦʪ ʧʨʝʢʫʨʩʦʨʠʪʝ ʩ Na

+
 ʦʪ NaAc ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʥʘ ʜʠʪʤʘʨʠʪʥʘʪʘ ʚ ʦʣʠʚʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʦ ʪʦʧʦʪʘʢʪʠʯʝʥ ʤʝʭʘʥʠʟʲʤ. 
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ʉʠʥʪʝʪʠʯʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʚʢʣʶʯʚʘ: 1) ʍʦʤʦʛʝʥʠʟʠʨʘʥʝ ʥʘ 

ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʦʪ ʧʨʝʢʫʨʩʦʨ ʠ NaAc; 2) ʅʘʛʨʷʚʘʥʝ ʥʘ ʩʤʝʩʪʪʘ ʧʨʠ 

ʜʘʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʦʧʨʝʜʝʣʝʥʦ ʨʝʘʢʮʠʦʥʥʦ ʚʨʝʤʝ; 3) ʀʟʤʠʚʘʥʝ ʥʘ 

ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩ ʚʦʜʘ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʥʝʨʝʘʛʠʨʘʣʘʪʘ 

ʥʘʪʨʠʝʚʘ ʩʦʣ ʠ ʥʘ ʩʪʨʘʥʠʯʥʠʪʝ ʧʨʦʜʫʢʪʠ; 4) ɼʦʧʲʣʥʠʪʝʣʥʦ ʦʪʛʨʷʚʘʥʝ 

ʥʘ ʨʝʘʢʮʠʦʥʥʠʷ ʧʨʦʜʫʢʪ ʧʨʠ 400 ʉ̄ ʚ ʘʨʛʦʥʦʚʘ ʩʨʝʜʘ. ɼʠʪʤʘʨʠʪʥʠʪʝ 

ʧʨʝʢʫʨʩʦʨʠ ʩʘ ʩʠʥʪʝʟʠʨʘʥʠ ʧʦ ʤʝʪʦʜʘ ʥʘ ʫʪʘʷʚʘʥʝ ʤʝʞʜʫ ʚʦʜʥʠ 

ʨʘʟʪʚʦʨʠ ʥʘ K2HPO4, ʩʲʦʪʚʝʪʥʦ (NH4)2HPO4, ʠ MnSO4 ʧʨʠ 60-70 
ʦ
ʉ.  

ʈʝʘʢʮʠʠʪʝ ʥʘ ʡʦʥʝʥ ʦʙʤʝʥ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ (75-250 ʉ̄), ʤʦʣʥʠ ʩʲʦʪʥʦʰʝʥʠʷ ʧʨʝʢʫʨʩʦʨ: NaAc (ʦʪ 

1:3 ʜʦ 1:12) ʠ ʨʝʘʢʮʠʦʥʥʦ ʚʨʝʤʝ (ʦʪ 6 ʜʦ 24h) ʠ ʧʨʠ ʜʚʘʪʘ ʧʨʝʢʫʨʩʦʨʘ. 

ʇʨʘʭʦʚʠʪʝ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʥʘ ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʥʘ ʧʦʜʙʨʘʥʠ 

ʦʙʨʘʟʮʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ. 1.  
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ʌʠʛʫʨʘ 1. ʇʨʘʭʦʚʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʥʘ ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʚ ʩʠʩʪʝʤʘʪʘ    

KMnPO4.H2O ï NaAc (ʣʷʚʦ) ʠ NH4MnPO4.H2O ï NaAc (ʜʷʩʥʦ)  

(* NaMn(PO4)(HPO4)2). 

ʈʝʥʪʛʝʥʦʛʨʘʬʩʢʠʪʝ ʜʘʥʥʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʠʥʪʝʟʲʪ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ 

NaMnPO4 ʦʪ ʜʚʘʪʘ ʧʨʝʢʫʨʩʦʨʘ ʟʘʚʠʩʠ ʩʲʱʝʩʪʚʝʥʦ ʠ ʦʪ ʪʨʠʪʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʘʨʘʤʝʪʨʠ. ɺ ʢʘʣʠʝʚʘʪʘ ʩʠʩʪʝʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 
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150
ʦ
ʉ ʨʝʘʢʮʠʦʥʥʠʷʪ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʤʝʩ ʦʪ ʥʝʨʝʘʛʠʨʘʣ 

ʧʨʝʢʫʨʩʦʨ, Mn3(PO4)2.7H2O ʠ ʬʦʩʬʦ-ʦʣʠʚʠʥ NaMnPO4 ʚ ʨʘʟʣʠʯʥʠ 

ʢʦʣʠʯʝʩʪʚʝʥʠ ʦʪʥʦʰʝʥʠʷ ʢʘʪʦ ʧʨʠ 150 ʉ̄ ʜʦʤʠʥʠʨʘ ʮʝʣʝʚʠʷ ʧʨʦʜʫʢʪ. 

ʏʠʩʪʘ ʦʣʠʚʠʥʦʚʘ ʬʘʟʘ NaMnPO4 ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ 200
ʦ
ʉ ʟʘ 15h ʠ 

ʜʝʩʝʪʦʢʨʘʪʝʥ ʠʟʣʠʰʲʢ ʥʘ NaAc. ʇʦ ʜʦʩʪʘ ʩʭʦʜʝʥ ʥʘʯʠʥ ʧʨʦʪʠʯʘʪ 

ʧʨʦʮʝʩʠʪʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ NH4ïʧʨʝʢʫʨʩʦʨ (ʬʠʛ. 1) ʢʘʪʦ ʚ ʪʦʟʠ 

ʩʣʫʯʘʡ ʦʣʠʚʠʥʦʚʘʪʘ ʬʘʟʘ ʩʪʘʚʘ ʜʦʤʠʥʠʨʘʱʘ ʝʜʚʘ ʧʨʠ 200 ʉ̄. ʅʘʡ-

ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʯʠʩʪʦʪʘʪʘ ʥʘ ʮʝʣʝʚʠʷ ʧʨʦʜʫʢʪ ʩʘ 

ʧʦʣʫʯʝʥʠ ʧʨʠ ʫʩʣʦʚʠʷ ʘʥʘʣʦʛʠʯʥʠ ʥʘ ʢʘʣʠʝʚʘʪʘ ʩʠʩʪʝʤʘ, ʥʦ ʟʘ ʨʘʟʣʠʢʘ 

ʪʫʢ ʩʝ ʦʪʢʨʠʚʘ ʠ ʧʨʠʤʝʩ ʦʪ NaMn(PO4)(HPO4)2 (ʦʢʦʣʦ 4-5 %). 

ʇʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʪʘʟʠ ʧʨʠʤʝʩʥʘ ʬʘʟʘ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩ ʧʨʦʪʠʯʘʥʝ 

ʥʘ ʩʪʨʘʥʠʯʥʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ NaAc ʠ MnHPO4, ʢʦʡʪʦ ʝ ʤʝʞʜʠʥʝʥ 

ʧʨʦʜʫʢʪ ʥʘ ʪʝʨʤʠʯʥʦʪʦ ʨʘʟʣʘʛʘʥʝ ʥʘ ʧʨʝʢʫʨʩʦʨʘ NH4MnPO4.H2O. 

ʉʪʨʫʢʪʫʨʥʦ, ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʠ ʤʦʨʬʦʣʦʛʠʯʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4 

ʉʪʨʫʢʪʫʨʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ NaMnPO4 ʧʨʠ 200 ʉ̄ ʦʪ 

ʜʚʘʪʘ ʜʠʪʤʘʨʠʪʥʠ ʧʨʝʢʫʨʩʦʨʘ, ʢʘʢʪʦ ʠ ʥʘ ʦʪʛʨʝʪʠʪʝ ʧʨʦʙʠ ʧʨʠ 400 ʉ̄, 

ʝ ʥʘʧʨʘʚʝʥ ʧʦ ʤʝʪʦʜʘ ʥʘ ʈʠʪʚʝʣʜ (ʬʠʛ. 2). ɿʘ ʫʜʦʙʩʪʚʦ, ʚ ʠʟʣʦʞʝʥʠʝʪʦ 

ʧʦʣʫʯʝʥʠʪʝ ʦʙʨʘʟʮʠ ʦʪ ʢʘʣʠʝʚ ʧʨʝʢʫʨʩʦʨ ʱʝ ʙʲʜʘʪ ʦʟʥʘʯʘʚʘʥʠ ʢʘʪʦ ʂ-

NaMnPO4, ʘ ʪʝʟʠ ʦʪ ʘʤʦʥʠʝʚ ʧʨʝʢʫʨʩʦʨ ʢʘʪʦ N-NaMnPO4. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠʪʝ (ʬʠʛ. 2) ʧʦʢʘʟʚʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ 

ʢʨʠʩʪʘʣʥʦʩʪ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ NaMnPO4 ʧʨʘʭʦʚʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʥʠʩʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʠʥʪʝʟ (ʩʨʝʜʝʥ ʢʨʠʩʪʘʣʠʪʝʥ ʨʘʟʤʝʨ ʦʢʦʣʦ 60 

nm, ʊʘʙʣʠʮʘ 1). ʊʦʚʘ ʝ ʩʣʝʜʩʪʚʠʝ ʦʪ ʜʦʙʨʝ ʩʪʨʫʢʪʫʨʠʨʘʥʠʪʝ Mn-PO4 

ʩʣʦʝʚʝ ʧʨʠ ʜʠʪʤʘʨʠʪʥʠʪʝ ʧʨʝʢʫʨʩʦʨʠ, ʢʦʠʪʦ ʩʝ ʟʘʧʘʟʚʘʪ ʥʝʧʨʦʤʝʥʝʥʠ 

ʚ ʭʦʜʘ ʥʘ ʡʦʥʥʠʷ ʦʙʤʝʥ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʬʠʛ. 2) 

ʩʘ ʬʠʪʠʨʘʥʠ ʩʲʩ ʩʨʘʚʥʠʪʝʣʥʦ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪ (Rb 

ʤʝʞʜʫ 3 ʠ 8 %) ʥʘ ʙʘʟʘʪʘ ʥʘ ʦʣʠʚʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ ʢʘʪʦ ʤʦʜʝʣ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʛʨʫʧʘ Pnma).  

ʅʘʡ-ʜʦʙʨʦ ʩʲʚʧʘʜʝʥʠʝ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʥʠʷ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ 

ʧʨʦʬʠʣ ʙʝ ʧʦʩʪʠʛʥʘʪʦ ʧʨʠ ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʘ ʦʨʠʝʥʪʘʮʠʷ 

ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ ʧʦ [100] ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʨʠ 

ʯʝʪʠʨʠʪʝ ʦʙʨʘʟʮʠ. ʊʷ ʝ ʧʦ-ʠʟʨʘʟʝʥʘ ʧʨʠ ʦʙʨʘʟʮʠʪʝ K-NaMnPO4, ʜʦʢʘʪʦ 

ʧʨʠ N-NaMnPO4 ʝ ʚ ʤʥʦʛʦ ʥʠʩʢʘ ʩʪʝʧʝʥ. ʇʨʝʜʧʦʯʠʪʘʥʘʪʘ ʦʨʠʝʥʪʘʮʠʷ 

ʧʨʠ NaMnPO4 ʩʝ ʫʥʘʩʣʝʜʷʚʘ ʦʪ ʧʨʝʢʫʨʩʦʨʠʪʝ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʝ ʩ 

ʧʣʦʯʢʦʚʠʜʝʥ ʭʘʙʠʪʫʩ ʥʘ ʢʨʠʩʪʘʣʠʪʝ (ʚʠʞ ʧʦ-ʥʘʪʘʪʲʢ).  
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ʌʠʛʫʨʘ 2. ʇʨʘʭʦʚʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʠ ʩʪʨʫʢʪʫʨʥʘ ʨʘʬʠʥʘʮʠʷ ʧʦ ʤʝʪʦʜʘ ʥʘ 

ʈʠʪʚʝʣʜ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4, ʧʦʣʫʯʝʥ ʦʪ ʜʚʘʪʘ ʧʨʝʢʫʨʩʦʨʘ. 

ʇʨʝʩʤʝʪʥʘʪʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʢʣʝʪʢʠ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 1.  

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʢʣʝʪʢʘ ʠ ʨʘʟʤʝʨʠ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ 

(D) ʥʘ K-NaMnPO4 ʠ N-NaMnPO4 ʧʨʠ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʌʦʩʬʦ-ʦʣʠʚʠʥʠ a (Ȕ) b (Ȕ) c (Ȕ) V (Ȕ
3
) D, nm 

K-NaMnPO4 (200
o
C) 10.5280 6.3208 4.9851 331.744 61 

K-NaMnPO4 (400
o
C) 10.5177 6.3143 4.9874 331.228 56 

N-NaMnPO4 (200
o
C) 10.5275 6.3232 4.9843 331.798 62 

N-NaMnPO4 (400
o
C) 10.5180 6.3165 4.9884 331.418 59 

NaFe0.07Mn0.93PO4 

[P. Moore, Am. Mineral., 1972] 
10.523 6.312 4.987 331.2  

NaMnPO4  

[Nazar et al., Chem.Mater.,2011] 
10.5578 6.3359 4.9966 334.24  
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ʉ ʮʝʣ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʦʯʢʦʚʠ ʜʝʬʝʢʪʠ, ʧʦ ʤʝʪʦʜʘ 

ʥʘ ʈʠʪʚʝʣʜ ʙʷʭʘ ʪʝʩʪʚʘʥʠ ʪʨʠ ʩʪʨʫʢʪʫʨʥʠ ʤʦʜʝʣʘ ʠ ʩʲʦʪʚʝʪʥʠʪʝ 

ʢʨʠʪʝʨʠʠ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪ ʙʷʭʘ ʩʨʘʚʥʷʚʘʥʠ: (ʘ) ʤʦʜʝʣ ʥʘ Ăʠʜʝʘʣʥʘò 

ʠʣʠ Ăʧʦʜʨʝʜʝʥʘò ʦʣʠʚʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʧʨʠ ʢʦʷʪʦ ʄ1 ʧʦʟʠʮʠʠʪʝ (4a 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ) ʩʘ ʥʘʧʲʣʥʦ ʟʘʝʪʠ ʩaʤʦ ʦʪ Na
+
, ʘ ʄ2 (4c 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ) ï ʩʘʤʦ ʦʪ Mn
2+

 ʡʦʥʠ; (ʙ) ʤʦʜʝʣ ʩ Ăanti-siteò 

ʜʝʬʝʢʪʠ, ʪ.ʝ. ʩʤʝʩʝʥʘ ʟʘʩʝʣʝʥʦʩʪ ʥʘ ʄ1 ʠ ʄ2 ʧʦʟʠʮʠʠʪʝ; (ʚ) ʤʦʜʝʣ ʩ 

ʚʘʢʘʥʮʠʠ ʥʘ Na
+
 ʥʘ ʄ1 ʤʝʩʪʘʪʘ.  

ʇʨʠ ʨʘʬʠʥʠʨʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʂ-NaMnPO4 (200 ʉ̄) ʩ 

ʚʲʚʝʞʜʘʥʝ ʥʘ ʩʤʝʩʝʥʘ ʟʘʩʝʣʝʥʦʩʪ ʥʘ ʄ1 ʠ ʄ2 ʧʦʟʠʮʠʠʪʝ ʩʝ ʜʦʩʪʠʛʘ 

ʤʥʦʛʦ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʩʤʝʩʝʥʘ ʟʘʩʝʣʝʥʦʩʪ 1.8 % ʢʘʪʦ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʢʨʠʪʝʨʠʷ Rb (7.7) ʝ ʤʥʦʛʦ ʙʣʠʟʢʘ ʜʦ ʪʘʟʠ ʟʘ Ăʧʦʜʨʝʜʝʥʘò ʩʪʨʫʢʪʫʨʘ 

(7.8). ʇʨʠ ʪʦʚʘ ʨʝʰʝʪʲʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʦʩʪʘʚʘʪ ʥʝʧʨʦʤʝʥʝʥʠ. ɿʘ 

ʦʙʨʘʟʝʮʘ ʦʪʛʨʷʪ ʧʨʠ 400 ʉ̄ ʬʠʪʠʨʘʥʝʪʦ ʥʝ ʧʦʢʘʟʚʘ ʥʘʣʠʯʠʝ ʥʘ Ăanti-

siteò ʜʝʬʝʢʪʠ, ʪʲʡ ʢʘʪʦ ʩʝ ʜʦʩʪʠʛʘ ʜʦ ʬʘʢʪʦʨ ʥʘ ʟʘʩʝʣʚʘʥʝ ʝʜʠʥʠʮʘ 

(1.003°0.003) ʟʘ Na ʥʘ ʄ1 ʠ Mn ʥʘ ʄ2 ʧʦʟʠʮʠʠʪʝ ʧʨʠ ʟʘʧʘʟʚʘʥʝ ʥʘ 

ʩʪʦʡʥʦʩʪʪʘ ʥʘ Rb (3.9-4.0). ʆʧʠʪʲʪ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʚʘʢʘʥʮʠʠ ʥʘ Na
+
 ʚ 

ʧʦʟʠʮʠʷ ʄ1 ʠ ʧʨʠ ʜʚʝʪʝ ʧʨʦʙʠ ʂ-NaMnPO4 ʧʦʢʘʟʘ, ʯʝ ʪʘʢʠʚʘ ʣʠʧʩʚʘʪ, 

ʪʲʡ ʢʘʪʦ ʧʨʠ ʬʠʪʠʨʘʥʝʪʦ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʠʪʝ ʧʨʦʬʠʣʠ ʩʝ ʜʦʩʪʠʛʘ 

ʧʲʣʥʘ ʟʘʩʝʣʝʥʦʩʪ ʥʘ ʪʘʟʠ ʧʦʟʠʮʠʷ (1.007°0.005) ʧʨʠ ʩʣʘʙʦ ʧʦʥʠʞʝʥʠʝ 

ʠʣʠ ʟʘʧʘʟʚʘʥʝ ʩʪʦʡʥʦʩʪʪʘ ʥʘ Rb. ʄʘʣʢʦ ʧʦ-ʨʘʟʣʠʯʥʠ ʜʘʥʥʠ ʩʘ 

ʧʦʣʫʯʝʥʠ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ N-NaMnPO4. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʟʘ ʧʨʦʙʘʪʘ 

ʩʠʥʪʝʟʠʨʘʥʘ ʧʨʠ 200 ʉ̄ ʤʦʞʝ ʜʘ ʩʝ ʜʦʧʫʩʥʝ ʨʘʟʤʷʥʘ ʥʘ 5 % Na
+
 ʠ 

Mn
2+

 ʡʦʥʠ ʧʦ ʜʚʝʪʝ ʤʝʪʘʣʥʠ ʧʦʟʠʮʠʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦ-ʥʠʩʢʘʪʘ 

ʩʪʦʡʥʦʩʪ ʥʘ Rb (7.6) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʤʦʜʝʣʘ ʥʘ Ăʠʜʝʘʣʥʘò ʩʪʨʫʢʪʫʨʘ 

(8.7). ʇʨʠ ʦʪʛʨʷʚʷʥʝ ʥʘ ʦʙʨʘʟʝʮʘ ʧʨʠ 400 ʉ̄, ʬʠʪʠʨʘʥʝʪʦ ʥʘ 

ʧʨʦʬʠʣʠʪʝ ʧʦʢʘʟʚʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʩʤʝʩʝʥʘ ʟʘʩʝʣʝʥʦʩʪ ʜʦ 

2.3 %, ʢʦʝʪʦ ʝ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʣʠʪʠʝʚʠ ʬʦʩʬʦ-

ʦʣʠʚʠʥʠ ʟʘ ʧʦʣʦʞʠʪʝʣʥʠʷ ʝʬʝʢʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʟʘ ʨʝʜʫʮʠʨʘʥʝ ʥʘ 

Ăanti-siteò ʜʝʬʝʢʪʠʪʝ.  

ɺ ʣʠʪʝʨʘʪʫʨʘʪʘ ʝ ʜʦʙʨʝ ʜʦʢʫʤʝʥʪʠʨʘʥʦ, ʯʝ ʥʘʣʠʯʠʝʪʦ ʥʘ Ăanti-

siteò ʜʝʬʝʢʪʠ ʧʨʠ ʣʠʪʠʝʚʠʪʝ ʬʦʩʬʦ-ʦʣʠʚʠʥʠ ʝ ʩʚʲʨʟʘʥʦ ʩ ʫʚʝʣʠʯʘʚʘʥʝ 

ʥʘ ʦʙʝʤʘ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʢʣʝʪʢʠ. ɿʘ LiMnPO4 ʩe ʩʲʦʙʱʘʚʘ, ʯʝ 

ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Ăanti-siteò ʜʝʬʝʢʪʠʪʝ ʦʪ 1.74, 2.87 ʜʦ 

8.84 % ʚʦʜʠ ʜʦ ʧʨʦʛʨʝʩʠʚʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʝʰʝʪʲʯʥʠʷ ʦʙʝʤ 

ʩʲʦʪʚʝʪʥʦ ʩ 0.15, 0.22 ʠ 0.67 %. ɺ ʝʜʠʥʩʪʚʝʥʘʪʘ ʩʪʘʪʠʷ ʟʘ ʩʠʥʪʝʪʠʯʝʥ 

ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4 ʧʦʣʫʯʝʥ ʦʪ NH4MnPO4.H2O, Nazar ʠ ʩʲʘʚʪʦʨʠ 

ʩʲʦʙʱʘʚʘʪ ʟʘ ʥʘʣʠʯʠʝ ʥʘ 1.9 % Ăanti-siteò ʜʝʬʝʢʪʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 
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ʩʨʘʚʥʠʪʝʣʥʦ ʛʦʣʷʤʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʨʝʰʝʪʲʯʥʠʷ ʦʙʝʤ ʦʪ 0.92 % ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʝʤʘ ʥʘ Ăʧʦʜʨʝʜʝʥò ʥʘʪʨʦʬʠʣʠʪ (ʜʘʥʥʠʪʝ ʩʘ ʚʢʣʶʯʝʥʠ ʚ 

ʊʘʙʣʠʮʘ 1). ɿʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʦʪ ʥʘʩ ʦʙʨʘʟʮʠ NaMnPO4, ʘʥʘʣʦʛʠʯʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ Ăʧʦʜʨʝʜʝʥò ʥʘʪʨʦʬʠʣʠʪ ʧʦʢʘʟʚʘ ʟʘʧʘʟʚʘʥʝ ʥʘ ʦʙʝʤʘ ʠʣʠ 

ʫʚʝʣʠʯʝʥʠʝ ʚ ʤʥʦʛʦ ʥʠʩʢʘ ʩʪʝʧʝʥ ʤʝʞʜʫ 0.06 ʠ 0.16 %. ɺʲʟ ʦʩʥʦʚʘ ʥʘ 

ʪʝʟʠ ʜʘʥʥʠ, ʢʘʢʪʦ ʠ ʥʘ ʙʣʠʟʢʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʨʠʪʝʨʠʠʪʝ Rb ʟʘ 

Ăʧʦʜʨʝʜʝʥʘò ʠ Ăʥʝʧʦʜʨʝʜʝʥʘò ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ 

ʩʪʨʫʢʪʫʨʥʠʷʪ ʤʦʜʝʣ ʩ ʦʪʩʲʩʪʚʠʝ ʥʘ Ăanti-siteò ʜʝʬʝʢʪʠ ʝ ʧʦ-ʘʜʝʢʚʘʪʝʥ 

ʦʪ ʪʦʟʠ ʩ ʥʘʣʠʯʠʝ ʥʘ ʪʘʢʠʚʘ ʟʘ ʦʙʨʘʟʮʠʪʝ K-NaMnPO4 ʠ ʧʨʠ ʜʚʝʪʝ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘ ʦʙʨʘʟʮʠʪʝ N-NaMnPO4, ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʦ-ʛʦʣʷʤʘʪʘ 

ʨʘʟʣʠʢʘ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʬʘʢʪʦʨʠʪʝ Rb, ʚʩʝ ʧʘʢ ʤʦʞʝ ʜʘ ʩʝ ʜʦʧʫʩʥʝ 

ʥʘʣʠʯʠʝ ʥʘ ʪʘʢʠʚʘ ʜʝʬʝʢʪʠ ʚ ʤʥʦʛʦ ʥʠʩʢʘ ʩʪʝʧʝʥ ʧʦʜ 2%. 

ʃʦʢʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʬʦʩʬʘʪʥʠʪʝ ʛʨʫʧʠ ʚ ʩʠʥʪʝʟʠʨʘʥʠʪʝ 

NaMnPO4 ʝ ʠʟʩʣʝʜʚʘʥʘ ʯʨʝʟ ʠʥʬʨʘʯʝʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʘʪʦ ʥʠʝ 

ʩʲʦʙʱʘʚʘʤʝ ʟʘ ʧʲʨʚʠ ʧʲʪ ʀʏ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʦʚʘ 

ʩʲʝʜʠʥʝʥʠʝ (ʬʠʛ. 3).  
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ʌʠʛʫʨʘ 3. ʀʏ ʩʧʝʢʪʨʠ ʥʘ 

ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4 

ʧʦʣʫʯʝʥ ʦʪ ʢʘʣʠʝʚ ʧʨʝʢʫʨʩʦʨ 

ʧʨʠ 200 (ʘ) ʠ ʦʪʛʨʷʪ ʧʨʠ 

400
ʦ
ʉ (b), ʩʲʦʪʚʝʪʥʦ 

ʧʦʣʫʯʝʥ ʦʪ ʘʤʦʥʠʝʚ 

ʧʨʝʢʫʨʩʦʨ ʧʨʠ 200 (c) ʠ 

ʦʪʛʨʷʪ ʧʨʠ 400 
ʦ
ʉ (d). 

ʀʏ ʩʧʝʢʪʨʘʣʥʠʪʝ ʠʚʠʮʠʪʝ ʩʘ ʜʦʙʨʝ ʨʘʟʛʨʘʥʠʯʝʥʠ ʦʱʝ ʧʨʠ 200 ʉ̄ 

ʢʘʪʦ ʯʝʩʪʦʪʥʘʪʘ ʠʤ ʧʦʟʠʮʠʷ ʦʩʪʘʚʘ ʥʝʧʨʦʤʝʥʝʥʘ (ʚ ʨʘʤʢʠʪʝ ʥʘ 

ʨʘʟʜʝʣʠʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ) ʠ ʧʨʠ ʧʦ-ʚʠʩʦʢʘʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʊʘʢʘ ʀʏ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʪʝ ʜʘʥʥʠ ʧʦʪʚʲʨʞʜʘʚʘʪ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʪʝ ʜʘʥʥʠ ʟʘ ʜʦʙʨʝ ʩʪʨʫʢʪʫʨʠʨʘʥʘ ʬʦʩʬʘʪʥʘ 

ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʦʩʪʘʚʘ ʩʪʘʙʠʣʥʘ ʚ ʠʥʪʝʨʚʘʣʘ 200ï400 ʉ̄. ɺ ʀʏ 
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ʩʧʝʢʪʲʨʘ ʥʘ ʯʠʩʪ NaMnPO4 (ʬʠʛ. 3,ʘ,b) ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʚʘʣʝʥʪʥʠʪʝ 

ʚʠʙʨʘʮʠʠ ʥʘ ʈʆ4 ʛʨʫʧʠʪʝ (1128-943 cm
-1
) ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʝʪ ʠʚʠʮʠ. 

ʅʘʡ-ʥʠʩʢʦʯʝʩʪʦʪʥʘʪʘ ʠ ʥʘʡ-ʩʣʘʙʦ ʠʥʪʝʥʟʠʚʥʘ ʠʚʠʮʘ ʧʨʠ 943 cm
-1
 ʩʝ 

ʧʨʠʧʠʩʚʘ ʥʘ ʩʠʤʝʪʨʠʯʥʘʪʘ ʚʘʣʝʥʪʥʘ ʚʠʙʨʘʮʠʷ (n1), ʜʦʢʘʪʦ ʦʩʪʘʥʘʣʠʪʝ 

ʠʥʪʝʥʟʠʚʥʠ ʠʚʠʮʠ 1128/1082/1064/967 cm
-1
 ï ʥʘ ʘʩʠʤʝʪʨʠʯʥʠʪʝ 

ʚʘʣʝʥʪʥʠ ʚʠʙʨʘʮʠʠ (n3). ʀʚʠʮʠʪʝ ʚ ʦʙʣʘʩʪʪʘ 630-545 cm
-1
 ʩʘ ʩʚʲʨʟʘʥʠ 

ʩ ʘʩʠʤʝʪʨʠʯʥʠʪʝ ʜʝʬʦʨʤʘʮʠʦʥʥʠ ʚʠʙʨʘʮʠʠ (n4). 

ʄʥʦʛʦ ʙʣʠʟʢʘ ʩʧʝʢʪʨʘʣʥʘ ʢʘʨʪʠʥʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʧʨʠ N-

NaMnPO4 (ʬʠʛ. 3,c,d) ʢʘʪʦ ʩʘʤʦ ʧʨʠ 2-3 ʠʚʠʮʠ ʩʝ ʨʝʛʠʩʪʨʠʨʘ ʯʝʩʪʦʪʥʦ 

ʦʪʤʝʩʪʚʘʥʝ ʩ 4 õ 7 cm
-1
, ʩʚʲʨʟʘʥʦ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʩ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 

ʧʨʠʤʝʩʥʘʪʘ ʬʦʩʬʘʪʥʘ ʬʘʟʘ NaMn(PO4)(HPO4)2. 

ʉ ʮʝʣ ʜʘ ʩʝ ʧʨʦʩʣʝʜʠ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ 

ʧʨʝʢʫʨʩʦʨʠʪʝ ʠ ʥʘ ʧʦʣʫʯʝʥʠʪʝ NaMnPO4 ʬʦʩʬʦ-ʦʣʠʚʠʥʠ ʥʘ ʬʠʛ. 4 ʩʘ 

ʩʨʘʚʥʝʥʠ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʦʪ ʩʢʘʥʠʨʘʱʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʪʨʦʩʢʦʧʠʷ 

(ʉɽʄ). ɼʠʪʤʘʨʠʪʥʠʪʝ ʧʨʝʢʫʨʩʦʨʠ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʧʣʦʯʢʦʚʠʜʥʘ 

ʤʦʨʬʦʣʦʛʠʷ ʚʩʣʝʜʩʪʚʠʝ ʦʪ ʩʣʦʝʩʪʘʪʘ ʠʤ ʩʪʨʫʢʪʫʨʘ, ʥʦ ʦʪʜʝʣʥʠʪʝ 

ʧʣʦʯʠ ʩʘ ʘʩʝʤʙʣʠʨʘʥʠ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ʧʨʠ ʜʚʘʪʘ ʧʨʝʢʫʨʩʦʨʘ.  

 ʘ)  ʙ) 

 ʚ)  ʛ) 

ʌʠʛʫʨʘ 4. ʉɽʄ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ KMnPO4.H2O (ʘ), NH4MnPO4.H2O (ʙ) ʠ  

ʧʦʣʫʯʝʥʠ ʧʨʠ 200 ʉ̄ ʦʙʨʘʟʮʠ ʂ-NaMnPO4 (ʚ) ʠ N-NaMnPO4 (ʛ).  
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ɼʦʢʘʪʦ ʧʨʠ KMnPO4.H2O ʧʣʦʯʢʠʪʝ ʩ ʨʘʟʤʝʨʠ ʤʝʞʜʫ 1 ʠ 5 ɛm ʠ 

ʜʝʙʝʣʠʥʘ ʧʦʜ 100 nm ʩʘ ʧʦʜʨʝʜʝʥʠ ʧʘʨʘʣʝʣʥʦ ʝʜʥʘ ʥʘ ʜʨʫʛʘ, ʪʦ ʧʨʠ 

NH4MnPO4.H2O ʧʣʦʯʢʠʪʝ (ʦʢʦʣʦ 1Õm ʠ ʜʝʙʝʣʠʥʘ 200 nm) ʩʘ 

ʨʘʟʦʨʠʝʥʪʠʨʘʥʠ ʝʜʥʘ ʩʧʨʷʤʦ ʜʨʫʛʘ ʠ ʦʙʨʘʟʫʚʘʪ ʘʛʨʝʛʘʪʠ, 

ʥʘʧʦʜʦʙʷʚʘʱʠ Ăʨʦʟʘò (ʬʠʛ. 4). ʊʦʟʠ ʥʘʯʠʥ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʧʣʦʯʠʪʝ 

ʦʧʨʝʜʝʣʷ ʚʠʩʦʢʘʪʘ ʩʪʝʧʝʥ ʥʘ ʪʝʢʩʪʫʨʠʨʘʥʝ ʧʨʠ ʢʘʣʠʝʚʠʷ ʧʨʝʢʫʨʩʦʨ ʠ 

ʩʲʦʪʚʝʪʥʦ ʜʦʩʪʘ ʧʦ-ʥʠʩʢʘʪʘ ʩʪʝʧʝʥ ʧʨʠ ʘʤʦʥʠʝʚʠʷ ʧʨʝʢʫʨʩʦʨ, ʢʦʝʪʦ ʚ 

ʧʦʩʣʝʜʩʪʚʠʝ ʨʝʬʣʝʢʪʠʨʘ ʚ ʧʦ-ʚʠʩʦʢʘʪʘ ʩʪʝʧʝʥ ʥʘ ʪʝʢʩʪʫʨʠʨʘʥʝ, 

ʥʘʙʣʶʜʘʚʘʥʘ ʚ ʜʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʥʘ ʦʙʨʘʟʮʠʪʝ ʂ-NaMnPO4 (ʬʠʛ. 2). 

ʉɽʄ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ NaMnPO4 (ʬʠʛ. 4,ʚ,ʛ) 

ʫʙʝʜʠʪʝʣʥʦ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʡʦʥʥʠʷ ʦʙʤʝʥ ʤʦʨʬʦʣʦʛʠʷʪʘ ʥʘ 

ʧʨʝʢʫʨʩʦʨʠʪʝ ʥʝ ʩʝ ʫʥʘʩʣʝʜʷʚʘ ʦʪ ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ. ʌʦʩʬʦ-

ʦʣʠʚʠʥʠʪʝ NaMnPO4 ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʧʨʲʯʢʦʚʠʜʥʘ ʤʦʨʬʦʣʦʛʠʷ, 

ʢʦʷʪʦ ʩʝ ʟʘʧʘʟʚʘ ʠ ʧʨʠ ʦʪʛʨʷʚʘʥʝ ʧʨʠ 400 ʉ̄ ʢʘʪʦ ʧʨʲʯʢʠʪʝ ʩʘ ʩ 

ʜʲʣʞʠʥʘ 1õ2 Õm ʠ ʰʠʨʠʥʘ 100-150 nm. ʈʘʟʧʘʜʘʥʝʪʦ ʥʘ ʧʨʝʢʫʨʩʦʨʥʠʪʝ 

ʧʣʦʯʢʠ ʚ ʧʨʲʯʢʠ ʧʨʠ ʨʝʘʢʮʠʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʚʲʨʞʝ ʩʲʩ ʟʘʪʨʫʜʥʝʥʘʪʘ 

ʧʦʜʚʠʞʥʦʩʪ ʥʘ Na
+
 ʡʦʥʠʪʝ, ʢʦʝʪʦ ʧʨʝʜʠʟʚʠʢʚʘ ʥʘʧʨʝʞʝʥʠʷ ʥʘ 

ʬʘʟʦʚʘʪʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʜʠʪʤʘʨʠʪʥʘʪʘ ʠ ʦʣʠʚʠʥʦʚʘ ʬʘʟʠ. ɺ ʧʦʜʢʨʝʧʘ 

ʥʘ ʪʦʚʘ ʦʙʷʩʥʝʥʠʝ ʝ ʬʘʢʪʲʪ, ʯʝ ʧʨʠ ʩʠʥʪʝʟ ʥʘ LiMnPO4 ʧʦ ʩʲʱʠʷ 

ʤʝʪʦʜ ʧʨʝʢʫʨʩʦʨʥʘʪʘ ʧʣʦʯʢʦʚʠʜʥʘ ʤʦʨʬʦʣʦʛʠʷ ʩʝ ʫʥʘʩʣʷʜʷʚʘ ʦʪ 

ʦʣʠʚʠʥʦʚʘʪʘ ʬʘʟʘ, ʥʦ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʨʝʘʢʮʠʷʪʘ ʧʨʦʪʠʯʘ ʤʥʦʛʦ ʧʦ-ʙʲʨʟʦ 

(3h) ʧʨʠ ʤʥʦʛʦ ʧʦ-ʤʘʣʲʢ ʠʟʣʠʰʲʢ ʥʘ ʣʠʪʠʝʚʠʪʝ ʩʦʣʠ ʧʦʨʘʜʠ ʙʲʨʟʘʪʘ 

ʜʠʬʫʟʠʷ ʥʘ ʧʦ-ʤʘʣʢʠʪʝ Li
+
 ʡʦʥʠ.  

ʌʦʨʤʠʨʘʥʝʪʦ ʥʘ ʧʨʲʯʢʦʚʠʜʥʠ ʘʛʨʝʛʘʪʠ ʩ ʜʲʣʞʠʥʘ 300 nm ʠ 

ʰʠʨʠʥʘ 50 nm ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʠ ʯʨʝʟ ʪʨʘʥʩʤʠʩʠʦʥʥʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʊɽʄ) (ʬʠʛ. 5). ʈʘʟʛʨʘʥʠʯʘʚʘʪ ʩʝ ʠ ʦʪʜʝʣʥʠ ʯʘʩʪʠʮʠ ʩ 

ʨʘʟʤʝʨʠ ʜʦ 50 nm, ʦʪ ʢʦʝʪʦ ʩʣʝʜʚʘ, ʯʝ NaMnPO4 ʝ ʥʘʥʦʨʘʟʤʝʨʝʥ. 

 

 

 

ʌʠʛʫʨʘ 5. ʊɽʄ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠ ʝʣʝʢʪʨʦʥʥʘ ʜʠʬʨʘʢʮʠʷ ʦʪ 

ʠʟʙʨʘʥʘ ʦʙʣʘʩʪ ʥʘ ʦʣʠʚʠʥʦʚ 

ʪʠʧ NaMnPO4. 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʝʣʝʢʪʨʦʥʥʘ ʜʠʬʨʘʢʮʠʷ ʦʪ ʧʨʲʯʢʘʪʘ, ʢʦʷʪʦ 

ʦʪʛʦʚʘʨʷ ʥʘ ʜʠʬʨʘʢʮʠʷ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣ, ʦʨʠʝʥʪʠʨʘʥ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ 

[001] ʦʱʝ ʚʝʜʥʲʞ ʜʝʤʦʥʩʪʨʠʨʘ, ʯʝ ʦʣʠʚʠʥʦʚʘʪʘ ʬʘʟʘ ʝ ʩ ʤʥʦʛʦ ʜʦʙʨʘ 
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ʢʨʠʩʪʘʣʥʦʩʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʠʩʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʠʥʪʝʟ. ʆʩʚʝʥ 

ʪʦʚʘ ʤʥʦʛʦ ʜʦʙʨʦʪʦ ʩʲʚʧʘʜʝʥʠʝ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʠʪʝ ʢʨʠʩʪʘʣʠʪʥʠ 

ʨʘʟʤʝʨʠ ʦʪ ʨʝʥʪʛʝʥʦʚʘʪʘ ʜʠʬʨʘʢʮʠʷ ʠ ʦʪ ʊɽʄ (60 ʠ 50 nm, ʩʲʦʪʚʝʪʥʦ) 

ʧʦʢʘʟʚʘ, ʯʝ ʯʘʩʪʠʮʠʪʝ ʥʘ NaMnPO4 ʩʘ ʚʩʲʱʥʦʩʪ ʝʜʠʥʠʯʥʠ ʢʨʠʩʪʘʣʠʪʠ. 

ʉʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʥʦ, ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʠ ʤʦʨʬʦʣʦʛʠʯʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʤʘʨʠʮʠʪʝʥ ʪʠʧ NaMnPO4 

ʌʦʩʬʘʪʥʠʪʝ ʩʦʣʠ NaMPO4 (M
2+ 

= Mn, Fe), ʟʘ ʨʘʟʣʠʢʘ ʦʪ 

ʩʲʦʪʚʝʪʥʠʪʝ ʣʠʪʠʝʚʠ ʘʥʘʣʦʟʠ, ʢʨʠʩʪʘʣʠʟʠʨʘʪ ʚ ʜʚʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨʠ: 

ʦʣʠʚʠʥʦʚʘ, ʠʟʦʩʪʨʫʢʪʫʨʥʘ ʥʘ LiMPO4 ʠ ʤʘʨʠʮʠʪʥʘ, ʢʦʷʪʦ ʝ 

ʩʧʝʮʠʬʠʯʥʘ ʟʘ NaMPO4. ʀʟʩʣʝʜʚʘʥʝ ʧʨʠ NaFePO4 ʩʦʯʠ, ʯʝ 

ʦʣʠʚʠʥʦʚʘʪʘ ʬʦʨʤʘ ʝ ʤʝʪʘʩʪʘʙʠʣʥʘ ʩʧʨʷʤʦ ʤʘʨʠʮʠʪʥʘʪʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʨʝʭʦʜʘ 488 ʉ̄. ɼʚʘʪʘ ʩʪʨʫʢʪʫʨʥʠ ʪʠʧʘ ʩʘ ʤʥʦʛʦ 

ʩʭʦʜʥʠ: ʦʨʪʦʨʦʤʙʠʯʥʠ ʢʨʠʩʪʘʣʥʠ ʨʝʰʝʪʢʠ, ʝʜʥʘ ʠ ʩʲʱʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʛʨʫʧʘ Pnma ʩʲʩ ʟʘʩʝʣʚʘʥʝ ʥʘ ʝʜʥʠ ʠ ʩʲʱʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ. ɺ ʨʝʟʫʣʪʘʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʬʦʩʬʘʪʥʘʪʘ 

ʤʘʪʨʠʮʘ ʝ ʝʜʥʘʢʚʘ, ʥʦ Na
+
 ʠ M

2+
 ʡʦʥʠʪʝ ʩʘ ʩ ʨʘʟʤʝʥʝʥʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʧʦʟʠʮʠʠ: ʧʨʠ ʦʣʠʚʠʥʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ Na
+
 ʠ M

2+
 

ʡʦʥʠʪʝ ʩʝ ʟʘʩʝʣʚʘʪ ʧʨʝʜʧʦʯʠʪʘʥʦ ʩʲʦʪʚʝʪʥʦ ʥʘ ʄ1 ʠ ʄ2 ʧʦʟʠʮʠʠʪʝ, 

ʜʦʢʘʪʦ ʧʨʠ ʤʘʨʠʮʠʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʄ1 ʤʝʩʪʘʪʘ ʩʝ ʟʘʝʤʘʪ ʦʪ M
2+

 ʡʦʥʠ, 

ʘ ʄ2 ʧʦʟʠʮʠʠʪʝ, ʩʲʦʪʚʝʪʥʦ ʦʪ Na
+
 ʡʦʥʠ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʦʙʨʘʪʥʦʪʦ 

ʢʘʪʠʦʥʥʦ ʧʦʜʨʝʞʜʘʥʝ, ʪʨʘʥʩʧʦʨʪʘ ʥʘ Na
+
 ʡʦʥʠʪʝ ʝ ʙʣʦʢʠʨʘʥ ʠ 

ʤʘʨʠʮʠʪʥʘʪʘ ʬʘʟʘ ʝ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʥʝʘʢʪʠʚʥʘ.  

ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʤʘʨʠʮʠʪʥʘʪʘ ʬʦʨʤʘ ʥʘ NaMnPO4 ʙʝ ʠʟʧʦʣʟʚʘʥ 

ʜʨʫʛ ʧʦʜʭʦʜ, ʘ ʠʤʝʥʥʦ ʪʝʨʤʠʯʥʦ ʨʘʟʣʘʛʘʥʝ ʥʘ ʭʦʤʦʛʝʥʝʥ ʤʝʪʘʣ-

ʦʨʛʘʥʠʯʝʥ ʧʨʝʢʫʨʩʦʨ, ʧʦʣʫʯʝʥ ʯʨʝʟ ʣʠʦʬʠʣʠʟʘʮʠʷ ʥʘ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ, 

ʩʲʜʲʨʞʘʱʠ ʝʢʚʠʤʦʣʥʠ ʯʘʩʪʠ Mn(HCOO)2.2H2O ʠ NaH2PO4, ʪʘʢʘ ʯʝ ʜʘ 

ʩʝ ʦʩʠʛʫʨʠ ʥʝʦʙʭʦʜʠʤʦʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ Na:Mn:PO4 = 

1:1:1 ʟʘ ʭʠʤʠʯʥʘ ʬʦʨʤʫʣʘ NaMnPO4. ʉʭʝʤʘʪʘ ʥʘ ʩʠʥʪʝʪʠʯʥʘʪʘ 

ʧʨʦʮʝʜʫʨʘ ʝ ʠʣʶʩʪʨʠʨʘʥʘ ʥʘ ʬʠʛ. 6. ʉʲʩʪʘʚʲʪ ʥʘ ʧʨʝʢʫʨʩʦʨʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʥʝʛʦʚʦʪʦ ʨʘʟʣʘʛʘʥʝ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʚʲʟ 

ʦʩʥʦʚʘ ʥʘ ʊɻ/ɼʊɸ ʘʥʘʣʠʟ, ʢʦʤʙʠʥʠʨʘʥ ʩ ʤʘʩʩʩʧʝʢʪʨʘʣʝʥ ʘʥʘʣʠʟ ʥʘ 

ʦʪʜʝʣʝʥʠʪʝ ʛʘʟʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʠ (ʬʠʛ. 7). 

ɼʘʥʥʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʤʝʞʜʫ 50 ʠ 120 ʉ̄ ʩʝ ʦʪʜʝʣʷ ʝʜʠʥʩʪʚʝʥʦ 

ʛʘʟʦʦʙʨʘʟʥʘ ʚʦʜʘ, ʜʦʢʘʪʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʘ ʦʙʣʘʩʪ 120-350 ̄ʉ ʩʝ ʦʪʜʝʣʷʪ 

ʩʲʚʤʝʩʪʥʦ ʯʝʪʠʨʠ ʛʘʟʦʦʙʨʘʟʥʠ ʧʨʦʜʫʢʪʘ: ʅ2ʆ, ʅ2, ʉʆ2 ʠ ʅʉʆʆʅ ʩ 

ʨʘʟʣʠʯʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (ʬʠʛ. 7). 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʧʲʨʚʦ ʥʘʩʪʲʧʚʘ ʜʝʭʠʜʨʘʪʘʮʠʷ ʥʘ ʧʨʝʢʫʨʩʦʨʘ (ʜʦ 120 
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ʉ̄), ʘ ʩʣʝʜ ʪʦʚʘ ï ʨʘʟʣʘʛʘʥʝ ʥʘ ʬʦʨʤʠʘʪʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʡʪʦ ʧʨʦʮʝʩ 

ʟʘʚʲʨʰʚʘ ʧʨʠ 350 ʉ̄.   
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ʌʠʛʫʨʘ 6. ʉʭʝʤʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʤʘʨʠʮʠʪʝʥ ʪʠʧ NaMnPO4 ʦʪ 

ʥʘʪʨʠʝʚʦ-ʤʘʥʛʘʥʦʚ ʬʦʩʬʘʪʥʦ-

ʬʦʨʤʠʘʪʝʥ ʧʨʝʢʫʨʩʦʨ. 

ʌʠʛʫʨʘ 7. ʊɻ/ɼʊɸ ʘʥʘʣʠʟ ʥʘ ʧʨʝʢʫʨʩʦʨ 

NaMnPO4Hʭ(HCOO)ʭ.yH2O ʩ 

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʥʘ  

ʦʪʜʝʣʝʥʠʪʝ ʛʘʟʦʚʝ. 

ʈʝʛʠʩʪʨʠʨʘʥʠʷʪ ʝʢʟʦʪʝʨʤʠʯʝʥ ʝʬʝʢʪ ʥʘ ɼʊɸ ʢʨʠʚʘʪʘ ʧʨʠ 395 ʉ̄ 

(ʬʠʛ. 7) ʝ ʩʚʲʨʟʘʥ ʩ ʧʨʦʮʝʩ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʧʨʦʜʫʢʪʘ ʥʘ 

ʨʘʟʣʘʛʘʥʝ. ʈʝʥʪʛʝʥʦʛʨʘʬʩʢʠʷʪ ʘʥʘʣʠʟ ʧʦʪʚʲʨʜʠ, ʯʝ ʪʦʚʘ ʝ ʤʘʨʠʮʠʪʝʥ 

ʪʠʧ NaMnPO4. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʥʠʷ ʘʥʘʣʠʟ 

ʟʘ ʟʘʛʫʙʘʪʘ ʥʘ ʤʘʩʘ, ʜʲʣʞʘʱʘ ʩʝ ʩʘʤʦ ʥʘ ʜʝʭʠʜʨʘʪʘʮʠʷ ʥʘ ʧʨʝʢʫʨʩʦʨʘ, 

ʢʘʢʪʦ ʠ ʥʘ ʦʙʱʠʪʝ ʤʘʩʦʚʠ ʟʘʛʫʙʠ ʜʦ ʩʲʩʪʘʚ NaMnPO4 ʝ ʦʧʨʝʜʝʣʝʥ 

ʩʣʝʜʥʠʷ ʩʲʩʪʘʚ ʥʘ ʧʨʝʢʫʨʩʦʨʘ: NaMnPO4Hʭ(HCOO)ʭ.yH2O, ʢʲʜʝʪʦ 

x~1.5 ʠ y < 1. ʉʣʝʜʦʚʘʪʝʣʥʦ ʚ ʧʨʦʮʝʩʘ ʥʘ ʣʠʦʬʠʣʠʟʘʨʘʥʝ ʦʢʦʣʦ ı ʦʪ 

ʬʦʨʤʠʘʪʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʩʝ ʠʟʧʘʨʷʚʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʅʉʆʆʅ.  

ʇʨʘʭʦʚʘʪʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʥʘ ʦʙʨʘʟʝʮʘ NaMnPO4 ʦʪʛʨʷʪ ʧʨʠ 400 

ʉ̄ ʝ ʘʥʘʣʠʟʠʨʘʥʘ ʧʦ ʤʝʪʦʜʘ ʥʘ ʈʠʪʚʝʣʜ (ʬʠʛ. 8). ɺʩʠʯʢʠ ʥʘʙʣʶʜʘʚʘʥʠ 

ʜʠʬʨʘʢʮʠʦʥʥʠ ʧʠʢʘ ʩʘ ʬʠʪʠʨʘʥʠ ʩ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪ (Rb 

= 3.9) ʥʘ ʙʘʟʘʪʘ ʥʘ Ăʠʜʝʘʣʥʘò ʤʘʨʠʮʠʪʥʘ ʩʪʨʫʢʪʫʨʘ ʢʘʪʦ ʤʦʜʝʣ ʩ 

ʨʝʰʝʪʲʯʥʠ ʧʘʨʘʤʝʪʨʠ: a = 9.0721(4) ¡; b = 6.9088(3) ¡; c = 5.1177(2) 

¡; V = 320.76(3) ¡
3
. ʊʝʩʪʚʘʥ ʙʝ ʠ ʩʪʨʫʢʪʫʨʝʥ ʤʦʜʝʣ ʩ ʜʦʧʫʩʢʘʥʝ ʥʘ 
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ʩʤʝʩʝʥʘ ʟʘʩʝʣʝʥʦʩʪ ʥʘ ʄ1 ʠ ʄ2 ʦʢʪʘʝʜʨʠʯʥʠʪʝ ʤʝʩʪʘ. ʈʘʬʠʥʠʨʘʥʝʪʦ 

ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʧʨʠ ʪʦʟʠ ʤʦʜʝʣ ʜʘʜʝ ʤʥʦʛʦ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʩʤʝʩʝʥʘ 

ʟʘʩʝʣʝʥʦʩʪ ʧʦʜ 1 % (0.009(4)) ʧʨʠ ʩʣʘʙʦ ʧʦʥʠʞʝʥʠʝ ʥʘ ʬʘʢʪʦʨʘ Rb 

(3.8), ʥʦ ʙʝʟ ʥʠʢʘʢʚʘ ʧʨʦʤʷʥʘ ʥʘ ʨʝʰʝʪʲʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ. ɺʲʟ ʦʩʥʦʚʘ 

ʥʘ ʪʝʟʠ ʜʘʥʥʠ ʢʘʢʪʦ ʠ ʥʘ ʤʥʦʛʦ ʜʦʙʨʦʪʦ ʩʲʚʧʘʜʝʥʠʝ ʥʘ ʨʝʰʝʪʲʯʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʩ ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ ʟʘ ʤʦʥʦʢʨʠʩʪʘʣʝʥ ʦʙʨʘʟʝʮ ʤʦʞʝ ʜʘ ʩʝ 

ʟʘʢʣʶʯʠ, ʯʝ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʦʪ ʥʘʩ ʤʝʪʦʜ ʦʩʠʛʫʨʷʚʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʜʝʬʝʢʪʥʘ ʤʘʨʠʮʠʪʥʘ ʬʘʟʘ NaMnPO4 ʧʨʠ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ.  
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ʌʠʛʫʨʘ 8. ʇʨʘʭʦʚʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʠ 

ʩʪʨʫʢʪʫʨʥʘ ʨʘʬʠʥʘʮʠʷ ʥʘ ʤʘʨʠʮʠʪʝʥ 

ʪʠʧ NaMnPO4 ʧʦ ʤʝʪʦʜʘ ʥʘ ʈʠʪʚʝʣʜ. 

ʌʠʛʫʨʘ 9. ʉʨʘʚʥʝʥʠʝ ʥʘ ʀʏ ʩʧʝʢʪʨʠʪʝ 

ʥʘ ʦʣʠʚʠʥʦʚʘʪʘ ʠ ʤʘʨʠʮʠʪʥʘ 

 ʬʦʨʤʠ ʥʘ NaMnPO4. 

ʄʘʨʠʮʠʪʥʘʪʘ ʬʘʟʘ NaMnPO4 ʝ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʘ ʯʨʝʟ ʀʏ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʟʘ ʧʲʨʚʠ ʧʲʪ ʦʪ ʥʘʩ. ɺ ʀʏ ʩʧʝʢʪʲʨʘ (ʬʠʛ. 9) ʪʨʠʧʣʝʪʲʪ 

995/1062/1100 cm
-1
 ʩʝ ʜʲʣʞʠ ʥʘ ʘʩʠʤʝʪʨʠʯʥʠʪʝ ʚʘʣʝʥʪʥʠ ʚʠʙʨʘʮʠʠ 

(n3), ʘ ʠʚʠʮʘʪʘ ʧʨʠ 942 cm
-1 
ï ʥʘ ʩʠʤʝʪʨʠʯʥʘʪʘ ʚʘʣʝʥʪʥʘ ʚʠʙʨʘʮʠʷ (n1). 

ʏʝʪʠʨʠʪʝ ʠʚʠʮʠ ʚ ʦʙʣʘʩʪʪʘ 614-560 cm
-1
 ʩʝ ʧʨʠʧʠʩʚʘʪ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʠʪʝ ʜʝʬʦʨʤʘʮʠʦʥʥʠ ʚʠʙʨʘʮʠʠ (n4), ʘ ʪʘʟʠ ʧʨʠ 451 cm
-1
 ï ʥʘ 

ʩʠʤʝʪʨʠʯʥʘʪʘ ʜʝʬʦʨʤʘʮʠʦʥʥʘ ʚʠʙʨʘʮʠʷ (n2). ʉʨʘʚʥʝʥʠʝʪʦ ʥʘ ʀʏ 

ʩʧʝʢʪʨʠʪʝ ʥʘ ʜʚʝʪʝ ʧʦʣʠʤʦʨʬʥʠ ʬʦʨʤʠ (ʬʠʛ. 9) ʫʙʝʜʠʪʝʣʥʦ 

ʜʝʤʦʥʩʪʨʠʨʘ ʨʘʟʣʠʢʘʪʘ ʚ ʣʦʢʘʣʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʈʆ4 ʛʨʫʧʠʪʝ ʚ 

ʦʣʠʚʠʥʦʚʘʪʘ ʠ ʤʘʨʠʮʠʪʥʘ ʩʪʨʫʢʪʫʨʠ. ʇʦʨʘʜʠ ʨʘʟʤʝʥʝʥʦʪʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ Na
+
 ʠ Mn

2+
 ʡʦʥʠʪʝ ʧʦ ʜʚʝʪʝ ʦʢʪʘʝʜʨʠʯʥʠ ʧʦʟʠʮʠʠ ʩʝ 

ʨʝʘʣʠʟʠʨʘ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ʥʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʬʦʩʬʘʪʥʠʷ ʪʝʪʨʘʝʜʲʨ ʩ 

ʤʝʪʘʣʥʠʪʝ ʦʢʪʘʝʜʨʠ ʚ ʜʚʝʪʝ ʩʪʨʫʢʪʫʨʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʨʘʟʣʠʯʥʠ 

ʩʧʝʢʪʨʘʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʦʩʬʘʪʥʠʪʝ ʡʦʥʠ.  

ʄʦʨʬʦʣʦʛʠʷʪʘ ʥʘ ʩʠʥʪʝʟʠʨʘʥʘʪʘ ʤʘʨʠʮʠʪʥʘ ʬʘʟʘ ʝ ʪʠʧʠʯʥʘ ʟʘ 

ʧʨʦʜʫʢʪʠ ʥʘ ʨʘʟʣʘʛʘʥʝ ʥʘ ʢʘʨʙʦʢʩʠʣʘʪʥʠ ʧʨʝʢʫʨʩʦʨʠ (ʬʠʛ. 10).  
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ʌʠʛʫʨʘ 10. ʉɽʄ ʠʟʦʙʨʘʞʝʥʠʝ 

ʥʘ ʤʘʨʠʮʠʪʝʥ ʪʠʧ NaMnPO4. 
 

ʗʩʥʦ ʩʝ ʚʠʞʜʘʪ ʧʣʲʪʥʠ ʘʛʨʝʛʘʪʠ ʩ ʨʘʟʣʠʯʥʠ ʬʦʨʤʠ, ʩʲʩʪʘʚʝʥʠ ʦʪ 

ʩʬʝʨʠʯʥʠ ʯʘʩʪʠʯʢʠ ʩ ʨʘʟʤʝʨʠ ʤʝʞʜʫ 50 ʠ100 nm (ʬʠʛ. 10).  

ʀʟʫʯʘʚʘʥʝ ʥʘ ʬʘʟʦʦʙʨʘʟʫʚʘʥʝʪʦ ʚ ʩʠʩʪʝʤʘʪʘ NH4FePO4.H2O -

NaCH3COO.3H2O ʩ ʦʛʣʝʜ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaFePO4 

ɼʦʩʝʛʘ ʥʝ ʝ ʩʲʦʙʱʝʥ ʜʠʨʝʢʪʝʥ ʤʝʪʦʜ ʟʘ ʩʠʥʪʝʟ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ 

NaFePO4. ʉʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʝʪʦʜʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʤʫ ʧʨʠʣʘʛʘʪ 

ʤʥʦʛʦʩʪʘʜʠʡʥʠ ʨʝʘʢʮʠʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʩʣʝʜʥʠʪʝ ʝʪʘʧʠ: ʩʠʥʪʝʟ ʥʘ 

LiFePO4; ʜʝʣʠʪʠʨʘʥʝ ʥʘ LiFePO4 ʜʦ FePO4 ʧʦ ʭʠʤʠʯʝʥ ʠʣʠ 

ʝʣʝʢʪʨʦʭʠʤʠʯʝʥ ʧʲʪ; ʥʘʪʨʠʨʘʥʝ ʥʘ FePO4 ʜʦ NaFePO4 ʚ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʢʣʝʪʢʘ ʠʣʠ ʩ NaI. ʇʨʝʜʚʠʜ ʫʩʧʝʰʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʨʝʘʢʮʠʠʪʝ ʥʘ ʡʦʥʝʥ ʦʙʤʝʥ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʜʠʪʤʘʨʠʪʥʠ ʧʨʝʢʫʨʩʦʨʠ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʦʣʠʚʠʥʦʚ ʪʠʧ NaMnPO4, ʩʤʝ ʧʨʦʚʝʣʠ ʘʥʘʣʦʛʠʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʪʘ NH4FePO4.H2O - NaCH3COO.3H2O ʩ ʦʛʣʝʜ 

ʜʠʨʝʢʪʝʥ ʩʠʥʪʝʟ ʥʘ ʦʣʠʚʠʥʦʚʘ ʬʘʟʘ NaFePO4. ɽʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʘ 

ʧʨʦʚʝʜʝʥʠ ʚ ʘʨʛʦʥʦʚʘ ʩʨʝʜʘ ʧʨʠ ʚʘʨʠʨʘʥʝ ʥʘ: ʤʦʣʥʦ ʩʲʦʪʥʦʰʝʥʠʝ 

ʧʨʝʢʫʨʩʦʨ: Naɸʩ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʨʝʘʢʮʠʷʪʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ ʝ ʜʘʜʝʥʦ 

ʥʘ ʊʘʙʣʠʮʘ 2, ʘ ʜʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʥʘ ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ. 11.  

ʈʝʥʪʛʝʥʦʛʨʘʬʩʢʠʪʝ ʜʘʥʥʠ (ʬʠʛ. 11) ʩʦʯʘʪ, ʯʝ ʧʨʠ ʥʠʩʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ 75ï100 ʉ̄ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ Naɸʩ ʠ 

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʥʘʛʨʷʚʘʥʝ, ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʩʤʝʩ ʦʪ ʜʚʝ ʬʦʩʬʘʪʥʠ ʬʘʟʠ: ʥʝʨʝʘʛʠʨʘʣ ʧʨʝʢʫʨʩʦʨ ʠ 

Fe
3+

-ʩʲʜʲʨʞʘʱʘ ʬʘʟʘ Na3Fe3(PO4)4 ʢʘʪʦ ʦʪʥʦʩʠʪʝʣʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ 

Na3Fe3(PO4)4 ʥʘʨʘʩʪʚʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʜʦʩʪʠʛʘʡʢʠ ʜʦ 

60 % ʟʘ ʦʙʨʘʟʝʮ NFP4-100. ʉʲʱʠʪʝ ʜʚʝ ʬʦʩʬʘʪʥʠ ʬʘʟʠ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ 

ʠ ʧʨʠ 200 ʉ̄ ʟʘ ʦʙʨʘʟʝʮʘ NFP5-200. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʠʟʣʠʰʲʢʘ ʦʪ 

Naɸʩ (NFP6-200) ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʥʘʛʨʷʚʘʥʝ (NFP7-200) ʧʨʠ 
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200 ̄ʉ ʚʦʜʠ ʜʦ ʜʨʘʩʪʠʯʥʘ ʧʨʦʤʷʥʘ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʠʪʝ (ʬʠʛ. 11) ʢʘʪʦ 

ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʘʤʦʨʬʥʦ ʩʲʩʪʦʷʥʠʝ 

(ʜʠʬʨʘʢʪʦʛʨʘʤʘʪʘ ʥʘ NFP7-200 ʝ ʠʜʝʥʪʠʯʥʘ ʥʘ NFP6-200 ʠ ʥʝ ʝ 

ʜʘʜʝʥʘ).  

ʊʘʙʣʠʮʘ 2  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʠ 

ʦʙʦʟʥʘʯʝʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʠʪʝ 

ʧʨʦʜʫʢʪʠ ʚ ʩʠʩʪʝʤʘʪʘ 

NH4FePO4.H2O-NaCH3COO.3H2O. 

ʆʙʨʘʟʮʠ ʄʦʣʥʦ 

ʦʪʥʦʰʝʥʠʝ 

ʧʨʝʢʫʨʩʦʨ: 

Naɸʩ 

ɺʨʝʤʝ, 

h 

NFP1-75 1:10 6 

NFP2-100 1:2 6 

NFP3-100 1:2 12 

NFP4-100 1:5 15 

NFP5-200 1:2 6 

NFP6-200 1:10 15 

NFP7-200 1:2 15 
 

 
ʎʠʬʨʠʪʝ (75, 100 ʠ 200) ʩʣʝʜ 

ʦʙʦʟʥʘʯʝʥʠʝʪʦ ʫʢʘʟʚʘʪ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʩʠʥʪʝʟʘ 

ʌʠʛʫʨʘ 11. ʇʨʘʭʦʚʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʥʘ 

ʧʨʦʜʫʢʪʠʪʝ ʦʪ ʩʠʩʪʝʤʘʪʘ 

Nʅ4FePO4.H2O ï NaCH3COO.3H2O  

(+ -NH4FePO4.H2O; o -Na3Fe3(PO4)4;  

* -NaFePO4 (ʤʘʨʠʮʠʪ); Å-Na2Fe3(PO4)3). 

ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʥʷʢʦʣʢʦ ʩʣʘʙʠ ʧʠʢʘ, ʢʦʠʪʦ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ 

ʧʨʠʧʠʰʘʪ ʥʘ ʤʘʨʠʮʠʪʝʥ ʪʠʧ NaFePO4 ʠ ʥʘ Na2Fe3(PO4)3. 

ʇʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʪʝʟʠ ʜʚʝ ʬʘʟʠ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʧʨʠ ʦʪʛʨʷʚʘʥʝ ʥʘ 

ʦʙʨʘʟʝʮʘ ʧʨʠ 500 ʉ̄ (NFP6-500) (ʬʠʛ. 11). ɿʘ ʦʪʙʝʣʷʟʚʷʥʝ ʝ, ʯʝ ʧʨʠ 

ʘʥʘʣʦʛʠʯʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ NFP6-200 ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʤʘʥʛʘʥʦʚʠ ʜʠʪʤʘʨʠʪʠ ʩʝ ʧʦʣʫʯʘʚʘ ʦʣʠʚʠʥʦʚʘ ʤʘʥʛʘʥʦʚʘ ʬʘʟʘ. ɺ̡ ʟ 

ʦʩʥʦʚʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʜʝʪʘʡʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ 

ʦʣʠʚʠʥʦʚ ʪʠʧ NaFePO4 ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʯʨʝʟ ʜʠʨʝʢʪʝʥ ʡʦʥʝʥ 

ʦʙʤʝʥ, ʠʟʧʦʣʟʚʘʡʢʠ ʜʠʪʤʘʨʠʪʝʥ ʧʨʝʢʫʨʩʦʨ ʢʘʪʦ ʩʪʨʫʢʪʫʨʥʘ ʤʘʪʨʠʮʘ, 

ʢʘʢʪʦ ʪʦʚʘ ʙʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʟʘ NaMnPO4. ʆʪʩʲʩʪʚʠʝʪʦ, ʦʙʘʯʝ, ʥʘ 

ʧʠʨʦʬʦʩʬʘʪʥʠ ʬʘʟʠ ʚ ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʝ ʠʥʜʠʢʘʮʠʷ, ʯʝ 

ʨʘʟʣʘʛʘʥʝʪʦ ʥʘ ʧʨʝʢʫʨʩʦʨʘ ʥʝ ʙʠ ʤʦʛʣʦ ʜʘ ʝ ʧʨʠʯʠʥʘ ʟʘ ʪʦʚʘ. 
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ʆʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʬʘʟʘʪʘ Na3Fe3(PO4)4 ʦʱʝ ʧʨʠ 75 ʉ̄ ʧʦʢʘʟʚʘ, ʯʝ ʪʦʚʘ ʝ 

ʝʥʝʨʛʝʪʠʯʥʦ ʠ ʢʠʥʝʪʠʯʥʦ ʠʟʛʦʜʥʠʷ ʧʨʦʮʝʩ ʚ ʩʠʩʪʝʤʘʪʘ, ʚʲʧʨʝʢʠ ʯʝ ʥʝ 

ʧʨʦʪʠʯʘ ʧʦ ʪʦʧʦʪʘʢʪʠʯʝʥ ʤʝʭʘʥʠʟʲʤ ʧʨʝʜʚʠʜ ʩʲʱʝʩʪʚʝʥʘʪʘ ʨʘʟʣʠʢʘ ʚ 

ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ NH4FePO4.H2O ʠ Na3Fe3(PO4)4. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, 

ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʟʢʨʠʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʝ 

ʧʦʣʫʯʘʚʘʥʝʪʦ ʧʨʠ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʨʫʛʠ ʥʘʪʨʠʝʚʦ-ʞʝʣʝʟʥʠ 

ʬʦʩʬʘʪʠ ʢʘʪʦ Na3Fe3(PO4)4 (ʩʲʩ ʩʣʦʝʩʪʘ ʩʪʨʫʢʪʫʨʘ) ʠ Na2Fe3(PO4)3 

(ʘʣʫʘʠʜʠʪʝʥ ʪʠʧ), ʢʦʠʪʦ ʩʲʱʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʠʥʪʝʨʝʩ ʢʘʪʦ 

ʠʥʪʝʨʢʘʣʘʮʠʦʥʥʠ ʩʲʝʜʠʥʝʥʠʷ. 

ʉʠʥʪʝʟ ʠ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ LiFexMn 1-xPO4, ʧʦʣʫʯʝʥʠ ʯʨʝʟ 

ʡʦʥʝʥ ʦʙʤʝʥ ʦʪ ʜʠʪʤʘʨʠʪʥʠ ʧʨʝʢʫʨʩʦʨʠ NH4FexMn 1-xPO4.H2O 

LiMnPO4 ʝ ʧʝʨʩʧʝʢʪʠʚʝʥ ʝʣʝʢʪʨʦʜʝʥ ʤʘʪʝʨʠʘʣ, ʧʨʠ ʢʦʡʪʦ ʤʦʞʝ 

ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʦ-ʚʠʩʦʢʘ ʝʥʝʨʛʝʪʠʯʥʘ ʧʣʲʪʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ LiFePO4 

(701 ʠ 586 Wh/kg, ʩʲʦʪʚʝʪʥʦ) ʧʦʨʘʜʠ ʧʦ-ʚʠʩʦʢʠʷ ʨʝʜʦʢʩʠ ʧʦʪʝʥʮʠʘʣ 

ʦʪ 4.1 V ʥʘ Mn
2+

/Mn
3+

 ʜʚʦʡʢʘʪʘ. ɽʣʝʢʪʨʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ, ʦʙʘʯʝ, 

ʥʘ LiMnPO4 ʩʘ ʚʣʦʰʝʥʠ ʦʩʥʦʚʥʦ ʧʦʨʘʜʠ ʩʪʨʫʢʪʫʨʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʥʘ 

ʜʝʣʠʪʠʨʘʥʘʪʘ ʬʘʟʘ MnPO4 ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʗʥ-ʊʝʣʝʨʦʚʠ Mn
3+

 

ʡʦʥʠ ʠ ʛʦʣʷʤʘʪʘ ʨʘʟʣʠʢʘ ʚ ʦʙʝʤʠʪʝ ʥʘ LiMnPO4 ʠ MnPO4 (10-11 %), 

ʢʦʝʪʦ ʧʦʨʘʞʜʘ ʥʘʧʨʝʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʘʪʘ ʥʘ ʜʚʝʪʝ ʬʘʟʠ ʠ ʩʲʟʜʘʚʘ 

ʩʪʨʫʢʪʫʨʥʠ ʧʨʝʯʢʠ ʟʘ ʜʠʬʫʟʠʷʪʘ ʥʘ Li
+
 ʡʦʥʠʪʝ. ɽʜʠʥ ʦʪ ʥʘʯʠʥʠʪʝ ʟʘ 

ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʜʝʣʠʪʠʨʘʥʘʪʘ ʬʘʟʘ ʝ ʯʨʝʟ ʟʘʤʝʩʪʚʘʥʝ ʥʘ 

ʤʘʥʛʘʥʦʚʠʪʝ ʩ ʞʝʣʝʟʥʠ ʡʦʥʠ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ LiFexMn1-xPO4 ʪʚʲʨʜʠ 

ʨʘʟʪʚʦʨʠ. ʀ ʪʲʡ ʢʘʪʦ ʞʝʣʝʟʥʠʪʝ ʡʦʥʠ ʩʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʦ ʘʢʪʠʚʥʠ, 

ʧʦʥʠʞʝʥʠʝʪʦ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʧʨʠ LiFexMn1-xPO4 ʧʨʠ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ 

ʟʘʤʝʩʪʚʘʥʝ ʜʦ 20 mol % ʥʝ ʝ ʟʥʘʯʠʪʝʣʥʦ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʝ 

ʧʨʠʣʦʞʝʥ ʥʦʚ ʧʦʜʭʦʜ ʟʘ ʩʠʥʪʝʟ ʥʘ LiFexMn1-xPO4, ʘ ʠʤʝʥʥʦ ʯʨʝʟ 

ʨʝʘʢʮʠʷ ʥʘ ʡʦʥʝʥ ʦʙʤʝʥ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʩʤʝʩʝʥʠ ʤʘʥʛʘʥʦ-ʞʝʣʝʟʥʠ 

ʜʠʪʤʘʨʠʪʥʠ ʧʨʝʢʫʨʩʦʨʠ ʢʘʪʦ ʩʪʨʫʢʪʫʨʥʦ-ʥʘʩʦʯʚʘʱʠ ʤʘʪʨʠʮʠ. 

ʉʠʥʪʝʟ ʠ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ NH4FexMn1-xPO4.H2O (0 Ò x Ò 1)  

ʉʝʨʠʷʪʘ ʦʪ ʩʤʝʩʝʥʠ ʢʨʠʩʪʘʣʠ NH4FexMn1-xPO4.H2O (0 Ò x Ò 1) ʝ 

ʧʦʣʫʯʝʥʘ ʯʨʝʟ ʨʝʘʢʮʠʠ ʥʘ ʫʪʘʷʚʘʥʝ ʦʪ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʥʘ (NH4)2HPO4 

ʠ ʥʘ ʩʫʣʬʘʪʥʠ ʨʘʟʪʚʦʨʠ, ʩʲʜʲʨʞʘʱʠ ʩʤʝʩʠ ʦʪ (NH4)2Fe(SO4)2.6H2O ʠ 

MnSO4.H2O ʚ ʨʘʟʣʠʯʥʠ ʤʦʣʥʠ ʦʪʥʦʰʝʥʠʷ. ʋʪʘʷʚʘʥʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘ 

ʧʨʠ ʩʪʨʠʢʪʝʥ ʢʦʥʪʨʦʣ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (70-80 ʉ̄), ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ 

ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ ʩʪʨʫʚʠʪʝʥ ʪʠʧ ʭʝʢʩʘʭʠʜʨʘʪʠ. ʇʨʘʭʦʚʠʪʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʧʨʝʢʫʨʩʦʨʠ (ʬʠʛ. 12) ʧʦʪʚʲʨʞʜʘʚʘʪ 

ʬʦʨʤʠʨʘʥʝ ʥʘ ʜʠʪʤʘʨʠʪʝʥ ʪʠʧ ʩʦʣʠ. ʂʦʣʠʯʝʩʪʚʝʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ 

ʞʝʣʝʟʥʠʪʝ ʠ ʤʘʥʛʘʥʦʚʠ ʡʦʥʠ ʝ ʦʧʨʝʜʝʣʝʥʦ ʦʪ ʦʪʥʦʰʝʥʠʝʪʦ Fe:Mn ʦʪ 
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ɽɼʉ ʩʧʝʢʪʨʠʪʝ (ʜʘʜʝʥʠ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ), ʦʪ ʢʦʝʪʦ ʩʣʝʜʚʘ, ʯʝ ʩʤʝʩʝʥʠʪʝ 

ʧʨʝʢʫʨʩʦʨʠ ʩʘ ʩʲʩ ʩʲʩʪʘʚ: NH4FexMn1-xPO4.H2O, ʢʲʜʝʪʦ ʭ = 0.20, 0.40, 

0.60 ʠ 0.80 (ʩ ʪʦʯʥʦʩʪ Ñ 0.01). 
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ʌʠʛʫʨʘ 12. ʇʨʘʭʦʚʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ  

ʥʘ NH4FexMn1-xPO4.H2O (0 Ò x Ò 1). 

ʌʠʛʫʨʘ 13. ʉʪʨʫʢʪʫʨʥʘ ʨʘʬʠʥʘʮʠʷ 

ʧʦ ʤʝʪʦʜʘ ʥʘ ʈʠʪʚʝʣʜ ʥʘ  

NH4FexMn1-xʈʆ4.H2O(ʭ = 0.2 ʠ 0.8). 

ɼʠʬʨʘʢʪʦʛʨʘʤʠʪʝ ʥʘ ʩʤʝʩʝʥʠʪʝ ʧʨʝʢʫʨʩʦʨʠ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦ 

ʤʝʪʦʜʘ ʥʘ ʈʠʪʚʝʣʜ ʚ ʨʘʤʢʠʪʝ ʥʘ ʤʦʜʝʣ ʟʘ ʜʠʪʤʘʨʠʪʝʥ ʪʠʧ ʩʪʨʫʢʪʫʨʘ 

(ʧʨʦʩʪʨʘʥʩʪʘʚʝʥʘ ʛʨʫʧʘ Pmn21), ʧʨʠ ʢʦʡʪʦ ʄ
2+

 ʧʦʟʠʮʠʷʪʘ (2a 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʘ ʧʦʟʠʮʠʷ) ʝ ʩʲʩ ʩʤʝʩʝʥʘ ʟʘʩʝʣʝʥʦʩʪ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 

Fe:Mn ʦʧʨʝʜʝʣʝʥʦ ʯʨʝʟ Eɼʉ ʘʥʘʣʠʟʘ. ʂʘʪʦ ʠʣʶʩʪʨʘʮʠʷ ʥʘ ʬʠʛ. 13 ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʩʪʨʫʢʪʫʨʥʘʪʘ ʨʘʬʠʥʘʮʠʷ ʟʘ ʜʚʘ ʩʲʩʪʘʚʘ NH4FexMn1-

xPO4.H2O. ʉʪʨʫʢʪʫʨʥʠʷʪ ʘʥʘʣʠʟ ʧʦʢʘʟʚʘ, ʯʝ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʧʨʝʢʫʨʩʦʨʠ 

ʩʘ ʤʦʥʦʬʘʟʥʠ ʦʙʨʘʟʮʠ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʘ ʦʨʠʝʥʪʘʮʠʷ ʥʘ 

ʢʨʠʩʪʘʣʠʪʠʪʝ ʧʦ ʚ-ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʘ ʦʩ ʢʘʪʦ ʪʷ ʝ ʠʟʨʘʟʝʥʘ ʚ ʤʥʦʛʦ ʧʦ-

ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʧʨʠ ʙʦʛʘʪʠʪʝ ʥʘ ʞʝʣʷʟʦ ʩʤʝʩʝʥʠ ʢʨʠʩʪʘʣʠ ʦʪʢʦʣʢʦʪʦ 

ʧʨʠ ʙʦʛʘʪʠʪʝ ʥʘ ʤʘʥʛʘʥ. ʆʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʪʚʲʨʜʠ ʨʘʟʪʚʦʨʠ NH4FexMn1-

xPO4.H2O (0 ¢ ʭ ¢ 1) ʚ ʮʝʣʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʝʥ ʠʥʪʝʨʚʘʣ ʥʘ ʟʘʤʝʩʪʚʘʥʝ 
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