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ʆʉʆɹʃʀɺʆʉʊɯ ʌɸɿʆʌʆʈʄʋɺɸʅʅʗ ʋ ʈʆɿʏʀʅɸʍ-ʈʆɿʇʃɸɺɸʍ 

ʉʀʉʊɽʄʀ Rb2O-P2O5-TiO2-NiO. 

ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ Rb2Ni0.5Ti1.5(PO4)3 

 

ɹʦʥʜʘʨʝʥʢʦ ʄ.ʆ.1, ʉʪʨʫʪʠʥʩʴʢʘ ʅ.ʖ.1, ɿʘʪʦʚʩʴʢʠʡ ɯ.ɺ.1, ʉʣʦʙʦʜʷʥʠʢ ʄ.ʉ.1, 

ɹʘʫʤʝʨ ɺ.ʄ. 2,3, ʇʫʟʘʥ ɸ.ʄ.2 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

2ʅʊʂ Ăɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚò ʅɸʅ ʋʢʨʘʾʥʠ 
3 ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ 

bondmar@bigmir.net 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʩʢʣʘʜʥʽ ʬʦʩʬʘʪʠ ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪ 

ʥʘʷʚʥʦʩʪʽ ʢʦʨʠʩʥʠʭ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ, ʢʘʪʘʣʽʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʣʶʤʽʥʝʩʮʝʥʮʽʷ, ʪʦʱʦ. ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʧʨʠʚʝʨʪʘʶʪʴ 

ʬʦʩʬʘʪʠ ʟ NASICON-ʤ (Na SuperIonic CONductor), ʣʘʥʛʙʝʡʥʽʪʦʚʠʤ ʯʠ 

ʮʝʦʣʽʪʦʚʠʤ ʪʠʧʘʤʠ ʢʘʨʢʘʩʫ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʟ ʄxʆn-ʧʦʣʽʝʜʨʽʚ (ʄx ï  

ʧʦʣʽʚʘʣʝʥʪʥʽ ʤʝʪʘʣʠ) ʪʘ PO4-ʪʝʪʨʘʝʜʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʥʮʠʧ 

ʧʦʻʜʥʘʥʥʷ ʦʢʩʠʛʝʥʦʚʠʭ ʧʦʣʽʝʜʨʽʚ ʄxʆn ʪʘ ʬʦʩʬʘʪʥʠʭ ʪʝʪʨʘʝʜʨʽʚ ʤʘʻ ʧʨʠʨʦʜʘ 

ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ. 

ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʨʦʣʽ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʧʦʣʫʢ ʫ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʘʭ ʜʦʩʣʽʜʞʝʥʦ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʫ ʩʠʩʪʝʤʽ 

Rb2O-P2O5-TiO2-NiO ʟʘ ʨʽʟʥʠʭ ʤʦʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Rb/P = 0.5-1.3 ʪʘ 

ʬʽʢʩʦʚʘʥʦʤʫ ʚʤʽʩʪʽ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ Ti/P = 0,15, Ti/Ni = 1,0 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 1273-953K. ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ ʚʠʭʽʜʥʦʛʦ ʤʦʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Rb/P ʫ ʨʦʟʧʣʘʚʽ ʥʘ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʚʠʷʚʣʝʥʦ 

ʦʙʣʘʩʪʽ ʫʪʚʦʨʝʥʥʷ ʬʦʩʬʘʪʽʚ ʥʘʩʪʫʧʥʠʭ ʩʢʣʘʜʽʚ: RbTi2(PO4)3, 

Rb2Ni0.5Ti1.5(PO4)3 ʪʘ RbNiPO4. ʉʠʥʪʝʟʦʚʘʥʽ ʩʧʦʣʫʢʠ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʙʫʜʦʚʠ ʥʦʚʦʛʦ ʦʨʪʦʬʦʩʬʘʪʫ Rb2Ni0.5Ti1.5(PO4)3 (ʢʫʙʽʯʥʘ 

ʩʠʥʛʦʥʽʷ, ʧʨ.ʛʨ. P213, ʘ = 9,938(6) ¡) ʟ ʣʘʥʛʙʝʡʥʽʪʦʚʠʤ ʪʠʧʦʤ ʢʘʨʢʘʩʫ ʟôʷʩʦʚʘʥʦ 

ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ  ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʫ. 

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʘʣʽʡʚʤʽʩʥʠʭ ʨʦʟʧʣʘʚʽʚ [1], ʧʦʢʘʟʘʚ, ʱʦ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʡʦʥʥʦʛʦ ʨʘʜʽʫʩʫ 

ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʢʘʣʽʶ ʜʦ ʨʫʙʽʜʽʶ, ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʣʠʰʝ ʟʘ ʟʥʘʯʝʥʴ ʄɯ/PÒ1,0 ʫ ʚʠʭʽʜʥʠʭ ʨʦʟʧʣʘʚʘʭ (ʄɯ ï Rb, ʂ), 

ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʬʦʨʤʫʚʘʥʥʽ NASICON-ʠʭ (ʄɯTi2(PO4)3) ʪʘ ʣʘʥʛʙʝʡʥʽʪʦʚʠʭ 

(ʄɯ2Ni0.5Ti1.5(PO4)3) ʬʘʟ. ʆʜʥʘʢ, ʚʽʜʤʽʥʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʮʝʦʣʽʪʦʚʦʾ ʬʘʟʠ 

RbNiPO4 ʟʘ ʫʯʘʩʪʶ çʙʽʣʴʰʦʛʦè ʟʘ ʨʦʟʤʽʨʘʤʠ ʨʫʙʽʜʽʶ ʜʣʷ ʨʦʟʧʣʘʚʽʚ ʟ ʄ ɯ/P>1,0. 

  

[1] ʀ.ɺ. ʆʛʦʨʦʜʥʠʢ, ʀ.ɺ. ɿʘʪʦʚʩʢʠʡ, ʅ.ʉ. ʉʣʦʙʦʜʷʥʠʢ ɾʫʨʥʘʣ ʥʝʦʨʛ. ʍʠʤʠʠ, 

2007, ʊ. 52, ˉ1, ʩ. 127-132. 
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ʅʆɺʓɽ ʂʆʄʇʃɽʂʉʅʓɽ ʉʆɽɼʀʅɽʅʀʗ Sn(IV) ʉ 

ɼʀɻʀɼʈɸɿʆʅɸʄʀ ɸʈʆʄɸʊʀʏɽʉʂʀʍ ɸʃʔɼɽɻʀɼʆɺ 

 

ɹʫʛʦʨ ʃ.ʅ., ʐʤʘʪʢʦʚʘ ʅ.ɺ. 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʄʝʯʥʠʢʦʚʘ 

ludmila_bygor@mail.ru 

 

ɼʠʛʠʜʨʘʟʦʥʳ ï ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʛʠʜʨʘʟʠʜʦʚ ʜʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʣʘʩʩ ʧʦʣʠʜʝʥʪʘʪʥʳʭ 

ʣʠʛʘʥʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʠʭ ʩʦʩʪʘʚʝ ʭʝʣʘʪʠʨʫʶʱʠʭ 

ʮʝʥʪʨʦʚ, ʨʘʟʜʝʣʸʥʥʳʭ ʩʧʝʡʩʝʨʦʤ (ʍ) ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʪʘʫʪʦʤʝʨʠʠ, ʷʚʣʷʶʪʩʷ 

ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ 

ʣʠʛʘʥʜʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ SnCl4 ʦʧʨʝʜʝʣʝʥʥʦ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ Sn(IV) ʩ ʦʢʩʘʣʦʠʣ-, ʤʘʣʦʥʦʠʣ- (ʍ = ʉʅ2) ʠ 

ʪʝʨʝʬʪʘʣʦʠʣ- (ʍ = ʉ6ʅ4) ʜʠʛʠʜʨʘʟʦʥʘʤʠ R-ʙʝʥʟʦʡʥʦʛʦ ʘʣʴʜʝʛʠʜʘ (R = H, 4-

N(CH3)2, 2-OH) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʷ ʠ ʧʨʠʨʦʜʳ 

ʩʧʝʡʩʝʨʘ (ʍ), ʘ ʪʘʢʞʝ ʟʘʤʝʩʪʠʪʝʣʷ (R) ʥʘ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ, ʜʝʥʪʘʪʥʦʩʪʴ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʬʦʨʤʫ ʣʠʛʘʥʜʦʚ ʚ ʥʠʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʥʦ- (I-III) ʠ ʙʠʷʜʝʨʥʳʝ (IV-VII) 

ʢʦʤʧʣʝʢʩʳ ʨʘʟʥʳʭ ʪʠʧʦʚ ï ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʝʣʘʪʳ (I, II), ʮʚʠʪʪʝʨ-ʠʦʥʥʳʝ (III, IV, 

V) ʠ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (VI, VII) (ʨʠʩ.), ʫʩʪʘʥʦʚʣʝʥ ʠʭ ʩʦʩʪʘʚ ʠ 

ʧʨʝʜʣʦʞʝʥʦ ʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ (ʩ ʘʥʘʣʠʟʦʤ ʧʨʦʜʫʢʪʦʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʪʝʨʤʦʣʠʟʘ) ʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʦʣʫʯʝʥʘ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

ü ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʡʩʝʨʘ ʦʙʨʘʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (I-III) ʩ ʙʠʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʜʠʛʠʜʨʘʟʦʥʘ, ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʤʝʩʪʠʪʝʣʝʤ (R) ï ʜʣʷ R = H, 

2-OH ʨʝʘʣʠʟʫʝʪʩʷ ʢʝʪʦʥʥʘʷ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʫʟʣʦʤ {SnCl4O2} (I, II), 

ʜʣʷ R = 4-N-(CH3)2 ï ʝʥʦʣʴʥʘʷ ʩ ʫʟʣʦʤ {SnCl4O2}2-; 

ü ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʝʡʩʝʨʘ (-ʉʅ2-, -ʉ6ʅ4-) ʚ ʤʦʣʝʢʫʣʘʭ ʜʠʛʠʜʨʘʟʦʥʦʚ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ R = 4-N(CH3)2, 2-OH ʚ ʘʣʴʜʝʛʠʜʥʦʤ ʬʨʘʛʤʝʥʪʝ ʦʙʨʘʟʫʶʪʩʷ 

ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Sn(IV) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʫʟʣʘʤʠ {SnCl4ON}2- (IV, V ï R = 4-N(CH3)2) ʠʣʠ 

{SnCl3O2N} (VI, VII ï R = 2-OH) ʠ ʤʦʩʪʠʢʦʚʦʡ ʬʫʥʢʮʠʝʡ ʪʝʪʨʘ- ʠʣʠ 

ʛʝʢʩʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ü ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʛʠʜʨʘʟʦʥʦʚ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ ʢʘʢ ʚ ʤʦʥʦ- (III), ʪʘʢ ʠ ʚ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (IV-V), ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʩʫʪʩʪʚʠʷ 

ʵʢʟʦʭʝʣʘʪʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʘʣʴʜʝʛʠʜʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʠʭ ʤʦʣʝʢʫʣ, ʟʘ 

ʩʯʝʪ ʠʭ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (ʅN+(CH3)2) ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʣʦʢʘʣʠʟʫʶʱʝʛʦʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʫʟʣʘʭ; 
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ü ʪʝʨʤʦʨʘʩʧʘʜ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ, ʥʘʯʠʥʘʝʪʩʷ ʵʥʜʦ-

ʵʬʬʝʢʪʦʤ ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʩʪʨʫʢʮʠʝʡ ʩ ʫʜʘʣʝʥʠʝʤ 

ʣʝʪʫʯʠʭ ʦʣʦʚʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ; ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʝʨʤʦʣʠʟʘ 

ʷʚʣʷʝʪʩʷ SnO2. 
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X = -CH2-    (VI)  

 

X=               (VII)  

ʈʠʩ. ʉʭʝʤʳ ʩʪʨʦʝʥʠʷ ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Sn (IV) ʩ 

ʜʠʛʠʜʨʘʟʦʥʘʤʠ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʳ ʠ 

ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ ʜʠʛʠʜʨʘʟʦʥʘ ʚ ʢʘʞʜʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʸʥʥʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʫʟʣʝ ʦʣʦʚʘ ʚ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʜʦʙʥʦ 

ʤʦʥʦʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʦʣʦʚʘ (IV) c Rǋ-ʘʨʦʠʣʛʠʜʨʘʟʦʥʘʤʠ (Rǋ = H, OH) R-

ʙʝʥʟʦʡʥʳʭ ʘʣʴʜʝʛʠʜʦʚ [1, 2]. 

 

[1] ʉʝʡʬʫʣʣʠʥʘ ʀ.ʀ., ʐʤʘʪʢʦʚʘ ʅ.ɺ. ʅʦʚʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʘʨʦʠʣ-(ʧʠʨʠʜʠʥʦʠʣ)ʛʠʜʨʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟ-(1-ʥʘʬʪ)ʘʣʴʜʝʛʠʜʦʚ. // 

ɺʽʩʥʠʢ ʆʅʋ. ï 2009 ï ʊ.13 ï ˉ2 . ʉ. 5-26. 

[2] ʐʤʘʪʢʦʚʘ ʅ.ɺ., ʉʝʡʬʫʣʣʠʥʘ ʀ.ʀ., ʉʦʛʦʤʦʥʷʥ ɺ.ɻ.ʇʨʦʜʫʢʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SnCl4 ʩ ʥʘʬʪʦʠʣ-(3-ʛʠʜʨʦʢʩʠ-2-ʥʘʬʪʦʠʣ)ʛʠʜʨʘʟʦʥʘʤʠ 

ʙʝʥʟʦʡʥʦʛʦ ʠ 4-N,N-ʜʠʤʝʪʠʣ- ʘʤʠʥʦʙʝʥʟʦʡʥʦʛʦ ʘʣʴʜʝʛʠʜʦʚ. // ɺʦʧʨʦʩʳ ʭʠʤʠʠ ʠ 

ʭʠʤ. ʪʝʭʥʦʣʦʛʠ. ï 2011 ï ˉ5 ï ʉ.101-105. 
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ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɽ ʇʆʃʋʏɽʅʀɽ ʇʃɽʅʆʂ ZnSe 

ʀɿ ʑɽʃʆʏʅʓʍ ʈɸʉʊɺʆʈʆɺ 

 

ɺʘʢʩʣʝʨ ɽ.ɸ.1, ʉʦʬʨʦʥʦʚ ɼ.ʉ.2 
1ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʅ. ʂʘʨʘʟʠʥʘ, ʛ. ʍʘʨʴʢʦʚ 

2ɻʅʋ ʅʊʂ çʀʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʍʘʨʴʢʦʚ 

vakslerea@mail.ru 

 

ʇʣʝʥʢʠ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʠʙʦʨʘʭ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʝʥʩʦʨʘʭ, ʜʘʪʯʠʢʘʭ, ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷ.  ʆʜʥʠʤ ʠʟ ʧʨʦʩʪʳʭ, ʥʝ 

ʪʨʝʙʫʶʱʝʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʦʥʦʤʠʯʥʳʭ ʠ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ZnSe ʠʟ 

ʱʝʣʦʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ 3 ʄ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ 0,5 ʄ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʣʝʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʘ 80Áʉ. ɺʨʝʤʷ ʦʩʘʞʜʝʥʠʷ 0,5-60 

ʤʠʥʫʪ. ʈʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ (ʢʘʪʦʜ) ʚʳʩʪʫʧʘʣʘ ʦʮʠʥʢʦʚʘʥʥʘʷ ʩʪʘʣʴ, ʘʥʦʜ ï 

ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ. ɺ ʨʘʩʪʚʦʨʝ ʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʦʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʮʝʩʩʳ:  

Zn + 2H2O + 2OH- Ÿ Zn(OH)42- + H2ŷ  (1) 

3Se + 6OH- Ÿ 2Se2- + SeO32- + 3H2O  (2) 

2H2O +  2e- Ÿ H2ŷ + 2ʆʅ-    (3) 

SeO32- + 3H2ʆ + 6e- Ÿ Se2- + 6ʆH-   (4) 

 [Zn(OH4)]2- + Se2- Ÿ ZnSeŹ + 4OH-  (5) 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ 

ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʝʣʝʥʠʜ ʮʠʥʢʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʬʘʣʝʨʠʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ (Jʢ) 50-250 ʤɸ/ʩʤ2. ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʞʝʣʪʳʭ ʠʣʠ ʣʠʤʦʥʥʦ-ʞʝʣʪʳʭ ʧʦʢʨʳʪʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 1 ʤʢʤ (ʨʠʩ. 1). ʋʚʝʣʠʯʝʥʠʝ Jʢ ʙʦʣʝʝ 250 ʤɸ/ʩʤ2  

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʣʝʥʦʢ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ.  

  

ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦ ʧʣʝʥʢʠ ZnSe, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 50 ʤɸ/ʩʤ2 ʚ ʪʝʯʝʥʠʝ   

10 ʤʠʥʫʪ.  

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʥʘ  

ʪʦʣʱʠʥʫ ʧʣʝʥʢʠ ZnSe ʦʪ ʚʨʝʤʝʥʠ 

ʦʩʘʞʜʝʥʠʷ ʧʨʠ 50 (ʘ) ʠ 150 ʤɸ/ʩʤ2 (ʙ). 
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ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʦʪ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.  ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1450 ʠ 1345 ʩʤ-1, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʢʘʨʙʦʥʠʟʘʮʠʠ 

ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
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ʉʀʅʊɽɿ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ʌɯɿʀʂʆ-ʍɯʄɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ʂʆʆʈɼʀʅɸʎɯʁʅʀʍ ʉʇʆʃʋʂ ʋʈɸʅɯʃ-ʁʆʅʋ ɿ ʇʆʍɯɼʅʀʄʀ 3-(2-

ʇIʈʀɼʀʃ)-5-(2-ɻIɼʈʆʂʉʀʌɽʅIʃ)-1,2,4-ʊʈʀɸɿʆʃɯɺ 

 

ɺʘʱʝʥʢʦ ʆ.ɺ., ʍʦʤʝʥʢʦ ɼ.ʄ., ɼʦʨʦʱʫʢ ʈ.ʆ., ʃʘʤʧʝʢʘ ʈ.ɼ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

sania-v@ukr.net 

 

ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʫʨʘʥʫ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ ʚʩʴʦʛʦ ʩʚʽʪʫ 

ʦʩʢʽʣʴʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʠ, ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʤʘʪʝʨʽʘʣʠ,  

ʘʜʩʦʨʙʝʥʪʠ ʛʘʟʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ʪʘʢʦʞ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʫʨʘʥʫ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚ ʮʴʦʤʫ ʧʣʘʥʽ ʩʝʙʝ ʧʦʢʘʟʘʣʠ 

ʣʽʛʘʥʜʠ ʥʘ ʦʩʥʦʚʽ 1,2,4-ʪʨʠʘʟʦʣʫ, ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʩʧʦʩʦʙʽʚ 

ʢʦʦʨʜʠʥʘʮʽʾ ʜʦʟʚʦʣʷʶʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʟ ʧʦʪʨʽʙʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʤʠ. 

ʅʘʤʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʭʽʜʥʽ 3-(2-ʧiʨʠʜʠʣ)-5-(2-ʛiʜʨʦʢʩʠʬʝʥiʣ)- 1,2,4-

ʪʨʠʘʟʦʣʽʚ ʫʪʚʦʨʶʶʪʴ ʟ ʫʨʘʥʽʣ-ʽʦʥʦʤ ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ M:L = 1:1 (ʨʠʩ. 1 ʘ, ʚ). 

ʃʽʛʘʥʜʠ ʢʦʦʨʜʠʥʫʶʪʴʩʷ ʯʝʨʝʟ ʥʽʪʨʦʛʝʥʠ ʪʨʠʘʟʦʣʫ ʽ ʧʽʨʠʜʠʣʫ ʪʘ ʦʢʩʠʛʝʥ 

ʦʢʩʠʬʝʥʽʣʴʥʦʾ ʛʨʫʧʠ. ɿʘʨʷʜ ʽʦʥʫ ʫʨʘʥʽʣʫ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʤʦʣʝʢʫʣʦʶ ʣʽʛʘʥʜʫ ʪʘ 

ʢʦʦʨʜʠʥʦʚʘʥʠʤ ʘʮʝʪʘʪ ʘʙʦ ʥʽʪʨʘʪ ʽʦʥʦʤ. ʋ  ʚʠʧʘʜʢʫ H2L1 ʪʘʢʦʞ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʫ M:L = 1:2 (ʨʠʩ. 1 ʙ). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩ ʻ 

ʥʝʡʪʨʘʣʴʥʠʤ, ʘ ʱʝ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʣʽʛʘʥʜʫ ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʣʠʰʝ ʯʝʨʝʟ ʥʽʪʨʦʛʝʥ 

ʪʨʠʘʟʦʣʫ ʪʘ ʛʽʜʨʦʢʩʠʣʴʥʫ ʛʨʫʧʠ. ʋʪʚʦʨʝʥʥʷ ʙʽʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫ ʚʠʧʘʜʢʫ 

H3L2 ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
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ʈʠʩ. 1 ʂʦʤʧʣʝʢʩʠ ʫʨʘʥʽʣ-ʽʦʥʫ ʟ 3-(2-ʧiʨʠʜʠʣ)-5-(2-ʛiʜʨʦʢʩʠʬʝʥiʣ)-1,2,4-

ʪʨʠʘʟʦʣʦʤ (H2L1) (ʘ, ʙ) ʪʘ  2-[5-(5-ʧʽʨʠʜʠʥ-2-ʽʣ-4H-[1,2,4]ʪʨʠʘʟʦʣ-3-ʽʣʤʝʪʠʣ)-

4H-[1,2,4]ʪʨʠʘʟʦʣ-3-ʽʣ]-ʬʝʥʦʣʦʤ(H3L2) (ʚ) 

 

ʅʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʣʽʛʘʥʜʽʚ ʪʘ 

ʢʦʤʧʣʝʢʩʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʠʘʟʦʣʴʥʠʭ ʮʠʢʣʽʚ ʚ 

ʦʨʛʘʥʽʯʥʽʡ ʤʦʣʝʢʫʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʩʠʣʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʦʪʝ ʢʦʦʨʜʠʥʘʮʽʷ ʣʽʛʘʥʜʫ ʜʦ ʫʨʘʥʽʣ ʽʦʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʩʽʥʥʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʦʨʛʘʥʽʯʥʦʾ ʤʦʣʝʢʫʣʠ ʫ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʫ. ʊʘʢʦʞ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʥʘʩʠʯʝʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʽʥʪʝʥʩʠʚʥʽʰʦʶ, ʥʽʞ 

ʬʣʫʦʨʝʩʮʝʥʮʽʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʥʝʥʘʩʠʯʝʥʠʭ.  
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ɸʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʫʯʘʩʥʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ ʻ ʧʦʰʫʢ ʥʦʚʠʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʦʜʥʽʻʾ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʬʝʨʽ ʜʚʘ 

ʤʝʪʘʣʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ (ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, ɻʄʂ). ɼʣʷ 

ʧʦʣʽʘʤʽʥʦʢʘʨʙʦʥʦʚʠʭ ʢʦʤʧʣʝʢʩʦʥʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ 

ʝʪʠʣʝʥʜʠʘʤʽʥʜʠʷʥʪʘʨʥʘ ʢʠʩʣʦʪʘ (ʅ4EDDS, H4L), ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ 

ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʝ ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʦʚʘʥʦʾ ʜʝʥʪʘʪʥʦʩʪʽ 

ʣʽʛʘʥʜʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʜʥʦʛʦ ʽʦʥʫ ʤʝʪʘʣʫ [1, 2]. ʅʘ ʜʘʥʠʡ ʯʘʩ ɻʄʂ ʟ 

ʅ4EDDS ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʚʯʝʥʦ ʜʣʷ 3-d ʤʝʪʘʣʽʚ [3, 4]. ʈʦʙʽʪ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ 

ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ d-f ʤʝʪʘʣʽʚ ʟ ʝʪʽʣʝʥʜʠʘʤʽʥʜʠʷʥʪʘʨʥʦʶ ʢʠʩʣʦʪʦʶ 

ʤʘʡʞʝ ʥʝʤʘʻ, ʭʦʯʘ ʚʽʜʦʤʦ, ʱʦ ɻʄʂ ʥʝʦʜʠʤʫ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ 

ʷʢʦʩʪʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʨʠ ʦʥʢʦ-ʟʘʭʚʦʨʶʚʘʥʥʷʭ, ʽʤʫʥʦʜʝʬʽʮʠʪʽ ʪʘ 

ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʢʨʦʚʽ [5]. 

ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʩʠʥʪʝʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ   

ʚʣʘʩʪʠʚʦʩʪʝʡ  ɻʄʂ ʟʘʛʘʣʴʥʦʛʦ ʩʢʜʘʜʫ [(M1ʄ2EDDS)Ā(H2O)n]ĀnH2O 

(M1=Co(II), Zn(II); ʄ2=Nd(III), Pr(III)). ɼʣʷ ʩʠʥʪʝʟʫ ɻʄʂ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʢʦʤʧʣʝʢʩʠ d-ʤʝʪʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰʫ ʩʪʽʡʢʽʩʪʴ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʣʝʢʩʠ 

ʣʘʥʪʘʥʽʜʽʚ, ʽ ʚʠʩʪʫʧʘʶʪʴ ʷʢ çʙʫʜʽʚʝʣʴʥʠʡ ʙʣʦʢè ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʛʝʪʝʨʦʙʽʷʜʝʨʥʦʾ 

ʩʧʦʣʫʢʠ ʰʣʷʭʦʤ ʝʢʟʦʢʦʦʨʜʠʥʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʽʦʥʽʚ ʤʝʪʘʣʽʚ. ʉʠʥʪʝʟʦʚʘʥʽ 

ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʦʤ ɽʉʇ ( ʨʠʩ.1.) ʧʨʠ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ (ʉ = 10-1 õ 10-3ʤʦʣʴ/ʣ) ʪʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ  ʨʅ (1-9).  
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ʈʠʩ.1. ɽʉʇ ʢʦʤʧʣʝʢʩʽʚ NdEDDS (1), CoEDDS (2) ʪʘ NdCoEDDS (3) 

(ʨʅ 6; ʉNd=Cʉʦ=CEDDS=1Ŀ10-2 ʤʦʣʴ/ʣ) 

 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ  ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʦʙʣʘʩʪʽ ʨʅ 4ï7. ɺ ʮʽʡ ʦʙʣʘʩʪʽ ʨʅ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʛʝʪʝʨʦʷʜʝʨʥʠʭ ʣʘʥʪʘʥʽʜ-ʚʤʽʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʥʦʢʦʤʧʣʝʢʩʘʤʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʱʝʥʥʷʤ ʩʤʫʛ ʚʽʜʧʦʚʽʜʥʠʭ f-f-ʧʝʨʝʭʦʜʽʚ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʫ 

ʦʙʣʘʩʪʴ (æɜmaxå150-200 ʩʤ-1) ʟ ʩʫʪʪʻʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʛʣʠʥʘʥʥʷ. ʎʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʫ ʚʥʫʪʨʽʰʥʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʩʬʝʨʽ ʦʙʠʜʚʘ ʤʝʪʘʣʠ ʪʘ ʘʥʽʦʥʠ [HnEDDS]-

m (n=3·0; m=1·4).   

ɻʝʪʝʨʦʷʜʝʨʥʽ ʢʦʤʧʣʝʢʩʠ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʩʪʽʡʢʽʰʝ ʤʦʥʦʷʜʝʨʥʠʭ ʟʘ 

ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʘʙʦ ʤʝʪʘʣʦʮʽʢʣʽʚ ʟ ʜʦʥʦʨʥʠʤʠ ʘʪʦʤʘʤʠ 

ʣʽʛʘʥʜʫ. ʅ4EDDS ʨʝʘʣʽʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʜʝʥʪʘʪʥʽʩʪʴ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʟʚôʷʟʢʽʚ ʟ 

ʽʦʥʦʤ Ln3+, ʘ ʢʦʦʨʜʠʥʘʮʽʡʥʘ ʩʬʝʨʘ ʽʦʥʽʚ Zn2+ ʘʙʦ ʉʦ2+ ʬʦʨʤʫʻʪʴʩʷ 

ʤʽʩʪʢʦʚʠʤʠ b-ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʣʽʛʘʥʜʫ ʪʘ ʚʥʫʪʨʽʰʥʴʦʩʬʝʨʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ.  

ʊʚʝʨʜʽ ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʽ ʢʦʤʧʣʝʢʩ M1:ʄ2:EDDS=1:1:1 (M1=Co(II), Zn(II); 

ʄ2=Nd(III), Pr(III) ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʟ ʨʦʟʯʠʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ 

(ʚʠʩʦʣʶʚʘʥʥʷ ʝʪʘʥʦʣʦʤ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ) ʧʨʠ ʨʅ 8 (ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʝʧʨʦʪʦʥʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ) ʽ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʘʤʠ ɼʊɸ  ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʱʦ ʚ ʛʝʪʝʨʦʤʝʪʘʣʽʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʽʦʥʠ d-ʤʝʪʘʣʽʚ ʟʚôʷʟʘʥʽ ʟ 

ʢʦʤʧʣʝʢʩʥʠʤ ʽʦʥʦʤ [LnEDDS]- ʯʝʨʝʟ ʘʪʦʤʠ ʢʠʩʥʶ ɓ-ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ, ʷʢʘ 

ʚʠʢʦʥʫʻ ʤʽʩʪʢʦʚʫ ʬʫʥʢʮʽʶ. 

ɺ ʩʧʝʢʪʨʘʭ ʝʪʠʣʝʥʜʠʘʤʽʥʜʠʩʫʢʮʠʥʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʨʠʩʫʪʥʽ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 450 - 480 ʩʤ-1,  ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ɜ ʢʦʣʠʚʘʥʥʷʤ ʟʚôʷʟʢʫ 

ʄðN. ʉʤʫʛʘ ʢʦʣʠʚʘʥʴ n(ʄ-N) ʜʣʷ ɻʄʂ d-f ʤʝʪʘʣʽʚ ʟ EDDS ʪʘ LnEDDS ʤʘʻ 

ʩʠʥʛʣʝʪʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʤʘʡʞʝ ʦʜʥʘʢʦʚʫ ʯʘʩʪʦʪʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʛʝʪʝʨʦʙʽʷʜʝʨʥʦʾ ʩʧʦʣʫʢʠ ʽʦʥ 3-d ʤʝʪʘʣʫ ʚ ʫʪʚʦʨʝʥʥʽ ʮʴʦʛʦ ʟʚôʷʟʢʫ 

ʫʯʘʩʪʽ ʥʝ ʧʨʠʡʤʘʻ. ʁʤʦʚʽʨʥʦ, ʚ ʛʝʪʝʨʦʙʽʷʜʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʠʭ 

ʧʦʟʠʮʽʷʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʫ Ln3+ ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʘ ʘʪʦʤʠ N ʽ ʜʚʘ 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʘʪʦʤʠ ʢʠʩʥʶ ʤʦʣʝʢʫʣʠ EDDS, ʘ ʽʦʥʠ Zn2+  ʘʙʦ ʉʦ2+ ʟʘʡʤʘʶʪʴ 

ʪʘʢ ʟʚʘʥʝ çʟʦʚʥʽʰʥʴʦʩʬʝʨʥʝè ʧʦʣʦʞʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ EDDS, ʫʪʚʦʨʶʶʯʠ 

ʟʚôʷʟʢʠ ʣʠʰʝ ʟ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʣʽʛʘʥʜʫ. 

 

[1] ʂʦʚʘʣʝʚʘ ʀ.ɹ., ʄʠʪʨʦʬʘʥʦʚʘ ʅ.ɼ., ʄʘʨʪʳʥʝʥʢʦ ʃ.ʀ., ʉʘʤʦʭʠʥʘ ʄ.ɺ. ʠ ʜʨ. // 

ɾʫʨʥ. ʥʝʦʨʛ. ʭʠʤʠʠ. ï 1990. - ʊ. 35, ˉ 6. ï ʉ. 1503-1508.  

[2] ʂʦʨʥʝʚ ɺ.ʀ. ɺʘʣʷʝʚʘ ɺ.ɸ., ɺʝʢʰʠʥ ɺ.ɺ. // ʂʦʦʨʜ. ʭʠʤʠʷ. ï 1990.- ʊ.16, ˉ11. 

ï ʉ.1521-1525. 

[3] ʊʨʫʥʦʚʘ ɽ.ʂ., ɹʝʨʝʞʥʠʮʢʘʷ ɸ.ʉ., ʄʘʢʦʪʨʠʢ ʊ.ɸ., ʄʘʟʫʨʝʥʢʦ ɽ.ɸ. // 

ɺʦʧʨ.ʭʠʤʠʠ ʠ ʭʠʤ.ʪʝʭʥʦʣ. - 2005. - ˉ3. - ʉ.28-31. 

[4] ʊʨʫʥʦʚʘ ɽ.ʂ., ɹʝʨʝʞʥʠʮʢʘʷ ɸ.ʉ., ɻʨʫʰʘ ɺ.ɺ. // ʋʢʨ. ʭʠʤ. ʞʫʨʥ.- 2004.- ʊ.70, 

ˉ9.- ʉ.7 ï 9 

[5] ɾʝʨʜʝʚʘ ɺ.ɺ. ʉʘʚʠʮʢʠʡ ɸ.ʇ. // ʋʩʧʝʭʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ ï 2012, ʊ. 52, 

ʉ .315-362. 
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ʅʆɺɸ ʄɽʊɸʉʊɸɹɯʃʔʅɸ ʉʇʆʃʋʂɸ CeCr1-x (x ~ 0,89) 

 

ʃʝʚʠʮʴʢʠʡ ɺ. ʆ., ɻʝʤʙʘʨʘ ʄ. ɺ., ɹʘʙʽʞʝʮʴʢʠʡ ɺ. ʉ., ʄôʷʢʫʰ ʆ. ʈ., ʂʦʪʫʨ ɹ. ʗ. 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 
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ʅʝʨʽʚʥʦʚʘʞʥʽ ʫʤʦʚʠ ʪʚʝʨʜʽʥʥʷ ʩʧʣʘʚʽʚ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʙʘʛʘʪʴʦʭ 

ʩʧʝʮʠʬʽʯʥʠʭ ʜʝʬʝʢʪʽʚ [1]. ʋʚʘʛʫ ʩʝʨʝʜ ʥʠʭ ʧʨʠʚʝʨʪʘʻ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ çʢʚʘʟʽè-ʩʪʨʫʢʪʫʨ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʬʘʟʦʚʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚ ʩʧʣʘʚʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ [2ï3]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʽ ʣʠʪʠʭ ʪʘ ʚʽʜʧʘʣʝʥʠʭ ʟʨʘʟʢʽʚ ʤʘʩʦʶ 0,5 ʛʨʘʤʘ, ʦʪʨʠʤʘʥʠʭ 

ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʧʣʘʚʢʠ, ʩʢʣʘʜʽʚ Ce30Cr70 ʪʘ Ce70Cr30 ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʈʌɸ) ʪʘ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ɽɼʈʉ) ʚʠʷʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷ ʥʦʚʦʾ ʤʝʪʘʩʪʘʙʽʣʴʥʦʾ ʩʧʦʣʫʢʠ CeCr1-

x (x ~ 0,89). ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʟʨʘʟʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. ɼʣʷ 

ʩʧʦʣʫʢʠ ʭʘʨʘʢʪʝʨʥʘ ʧʩʝʚʜʦʤʦʨʬʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʯʽʪʢʦʾ ʤʝʞʽ ʧʦʜʽʣʫ ʟ ʬʘʟʘʤʠ, ʟ ʷʢʠʤʠ ʚʦʥʘ ʤʝʞʫʻ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ 

WinCSD, ʚʩʪʘʥʦʚʣʝʥʦ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢʠ: CT NaCl, ʇɻ Fm-3m, ʉʇ 

cF8, a = 0,5757(1) ʥʤ, Z = 4, RI = 10,44 %.  

 

 
ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʰʣʽʬʽʚ ʟʨʘʟʢʽʚ: 1 ï Ce70Cr30 (ʥʝʚʽʜʧʘʣʝʥʠʡ), 2 ï 

Ce70Cr30 (ʚʽʜʧʘʣʝʥʠʡ ʧʨʠ 600Üʉ 30 ʜʥʽʚ), 3 ï Ce30Cr70 (ʥʝʚʽʜʧʘʣʝʥʠʡ). ʏʦʨʥʽ 

ʚʢʨʘʧʣʝʥʥʷ ʥʘ ʬʦʪʦ 1 ï ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʥʘʚʝʜʝʥʦ ʟʛʽʜʥʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ɽɼʈʉ. 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʧʦʣʫʢʠ ʧʨʦʚʝʜʝʥʠʡ ʛʦʤʦʛʝʥʽʟʘʮʽʡʥʠʡ 

ʚʽʜʧʘʣ ʟʨʘʟʢʘ ʩʢʣʘʜʫ Ce70Cr30 ʪʨʠʚʘʣʽʩʪʶ ʩʽʤ, ʯʦʪʠʨʥʘʜʮʷʪʴ ʪʘ ʪʨʠʜʮʷʪʴ ʜʥʽʚ 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 600Üʉ, ʟ ʡʦʛʦ ʧʦʜʘʣʴʰʠʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʘʥʘʣʽʟʦʤ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ (ʨʠʩ. 2) ʚʤʽʩʪ ʩʧʦʣʫʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʛʦʤʦʛʝʥʽʟʘʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ. ɺʽʜʧʘʣ ʟʨʘʟʢʘ ʫʧʨʦʜʦʚʞ 30 ʜʥʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʧʘʜʫ ʩʧʦʣʫʢʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʘʛʨʘʤʦʶ ʩʪʘʥʫ ʩʠʩʪʝʤʠ CeïCr [4]. 

 

 
ʈʠʩ. 2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʨʦʬʽʣʽ ʜʠʬʨʘʢʪʦʛʨʘʤ ʣʠʪʦʛʦ (1), ʚʽʜʧʘʣʝʥʦʛʦ 

ʪʨʠʚʘʣʽʩʪʶ 7, 14 ʽ 30 ʜʥʽʚ (2, 3 ʽ 4, ʚʽʜʧʦʚʽʜʥʦ) ʩʧʣʘʚʫ Ce70Cr30. ʌʘʟʠ:  

(ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ),  (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ï CeCr1-x (x ~ 0,89),  (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ) ï ɔ-ʉe,     (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ï Cr  

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʦʣʫʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʣʠʰʝ ʫ ʩʧʣʘʚʘʭ, ʤʘʩʘ ʷʢʠʭ 

ʩʪʘʥʦʚʠʪʴ 0,5 ʛʨʘʤʘ ʽ ʤʝʥʰʝ. ɺ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʪʠʭ ʩʘʤʠʭ ʩʢʣʘʜʽʚ, ʟʘ ʪʠʭ 

ʩʘʤʠʭ ʫʤʦʚ, ʪʘ ʤʘʩʦʶ 1,0 ʽ 1,5 ʛʨʘʤʘ, ʩʧʦʣʫʢʘ ʥʝ ʚʠʷʚʣʝʥʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʤʝʥʰʠʤ ʦʙôʻʤʦʤ ʟʨʘʟʢʘ ʤʘʩʦʶ 0,5 ʛʨʘʤʘ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ 

ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ.  

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʩʧʦʣʫʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʫʥʘʩʣʽʜʦʢ ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ 

ʍʨʦʤʫ ʚ ʦʢʪʘʝʜʨʠʯʥʽ ʧʦʨʦʞʥʠʥʠ, ʷʢʽ ʫʪʚʦʨʝʥʽ ʘʪʦʤʘʤʠ ʎʝʨʽʶ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʬʦʨʤʫʚʘʥʥʷ ʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ NaCl ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʦʚʥʝʥʥʷ ʧʦʟʠʮʽʾ 

ʜʣʷ ʘʪʦʤʽʚ ʍʨʦʤʫ 10 %. 
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ʇʆʍɯɼʅɯ ɼɽɻɯɼʈɸʎɽʊʆɺʆɰ ʂʀʉʃʆʊʀ, ʗʂ ʃɯɻɸʅɼʀ ɼʃʗ ʉʀʅʊɽɿʋ 

ʅʆɺʀʍ ʂʆʆʈɼʀʅɸʎɯʁʅʀʍ ʉʇʆʃʋʂ, ʑʆ ʄɯʉʊʗʊʔ ʋ ʉɺʆɭʄʋ 

ʉʂʃɸɼɯ ɼɺɸ ʍʈʆʄʆʌʆʈʀ 

 

ɼʦʚʙʽʡ ʗ.ʄ., ʏʝʨʥʽʡ ɺ.ʗ., ʊʨʝʪʷʢʦʚʘ ɯ.ʄ., ɺʦʣʢʦʚ ʉ.ɺ. 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʧʨ. ʇʘʣʣʘʜʽʥʘ 32/34, ʂʠʾʚ, 03680 

v.chernii@gmail.com 

 

ʇʦʰʫʢ ʣʽʛʘʥʜʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʜʦʜʘʪʢʦʚʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ, 

ʧʦʣʽʧʰʝʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʬʦʪʦʥʽʢʠ ʪʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʚ ʩʠʥʪʝʟ ʭʨʦʤʦʬʦʨʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 

ʟ ʢʦʦʨʜʠʥʘʮʽʡʥʦ ʥʝʥʘʩʠʯʝʥʠʤʠ ʤʘʢʨʦʮʠʢʣʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ï ʬʪʘʣʦʮʽʘʥʽʥʘʤʠ 

ʮʠʨʢʦʥʽʶ ʪʘ ʛʘʬʥʽʶ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ, 

ʦʜʝʨʞʘʥʽ ʟʘ ʨʝʘʢʮʽʻʶ ʂʥʝʚʝʥʘʛʝʣʷ [1], ʢʦʥʜʝʥʩʦʚʘʥʽ ʧʦʭʽʜʥʽ ʜʝʛʽʜʨʘʮʝʪʦʚʦʾ 

ʢʠʩʣʦʪʠ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ ʜʝʛʽʜʨʘʮʝʪʦʚʦʾ ʢʠʩʣʦʪʠ. 

 

ʎʽ ʩʧʦʣʫʢʠ, ʷʢ ʽ ʜʝʛʽʜʨʘʮʝʪʦʚʘ ʢʠʩʣʦʪʘ, ʻ ʭʝʣʘʪʫʶʯʠʤʠ ʙʽʜʝʥʪʘʪʥʠʤʠ 

ʣʽʛʘʥʜʘʤʠ, ʱʦ ʜʦʩʠʪʴ ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ ʟ ʧʝʨʝʭʽʜʥʠʤʠ ʤʝʪʘʣʘʤʠ. 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʽ ʫ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʜʝʥʩʦʚʘʥʽ ʧʦʭʽʜʥʽ ʜʝʛʽʜʨʘʮʝʪʦʚʦʾ ʢʠʩʣʦʪʠ ʨʝʘʛʫʶʪʴ ʟ 

ʜʠʭʣʦʨʠʜʘʤʠ ʬʪʘʣʦʮʽʘʥʽʥʽʚ ʮʠʨʢʦʥʽʶ ʪʘ ʛʘʬʥʽʶ (ʨʠʩ. 2) ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʢʨʦʮʠʢʣʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʟʤʽʰʘʥʦʣʽʛʘʥʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʮʠʨʢʦʥʽʶ ʪʘ ʛʘʬʥʽʶ, 

ʱʦ ʤʽʩʪʷʪʴ ʜʚʽ ʭʨʦʤʦʬʦʨʥʽ ʩʠʩʪʝʤʠ ï ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʜʝʛʽʜʨʘʮʝʪʦʚʠʭ ʪʘ 

ʬʪʘʣʦʮʽʘʥʽʥʦʚʦʛʦ ʣʽʛʘʥʜʽʚ. 
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ɺ ʝʣʝʢʪʨʦʥʥʠʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʠʥʘʥʥʷ (ɽʉʇ) ʬʪʘʣʦʮʽʘʥʽʥʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʮʠʨʢʦʥʽʶ ʪʘ ʛʘʬʥʽʶ ʟ ʢʦʥʜʝʥʩʦʚʘʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʜʝʛʽʜʨʘʮʝʪʦʚʦʾ ʢʠʩʣʦʪʠ ʥʘʤʠ 

ʟʘʬʽʢʩʦʚʘʥʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʬʪʘʣʦʮʽʘʥʽʥʦʚʠʭ ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʽʚ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 350 (ʉʦʨʝ) ʽ 690 (Q-) ʥʤ (ʨʠʩ. 3). ʇʨʦʪʝ, ʷʢʱʦ ʧʦʣʦʞʝʥʥʷ 

Q-ʩʤʫʛʠ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʬʪʘʣʦʮʽʘʥʽʥʦʚʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ, ʜʣʷ ʢʦʤʧʣʝʢʩʽʚ 

ʮʠʨʢʦʥʽʶ ʪʘ ʛʘʬʥʽʶ [2], ʤʦʨʬʦʣʦʛʽʷ ʩʤʫʛʠ ʉʦʨʝ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʾʾ ʫʰʠʨʝʥʥʷ ʪʘ ʙʘʪʦʭʨʦʤʥʠʡ ʟʩʫʚ. ʅʘʷʚʥʽʩʪʴ ʧʣʝʯʘ ʚ ʦʙʣʘʩʪʽ 

415 ʥʤ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʦʨʜʠʥʘʮʽʶ ʜʦ ʤʘʢʨʦʮʠʢʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʦʟʘʧʣʦʱʠʥʥʦʛʦ ʭʨʦʤʦʬʦʨʫ. 

 

 
ʈʠʩ.3. ɽʉʇ ʙʽʩ(((E)-4-ʛʽʜʨʦʢʩʠ-6-ʤʝʪʠʣ-3-(3-(3,4,5-ʪʨʠʤʝʪʦʢʩʠʬʝʥʽʣ) 

ʘʢʨʦʣʝʾʣ)-2H-ʧʽʨʘʥ-2-ʦʥʘʪʦ)ʬʪʘʣʦʮʽʘʥʽʥʘʪʫ ʮʠʨʢʦʥʽʶ ʫ ʪʦʣʫʦʣʽ (ʣʽʛʘʥʜ 2). 

 

ʎʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ ʇʄʈ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɺ 

ʩʧʝʢʪʨʘʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ, ʦʢʨʽʤ ʩʠʛʥʘʣʽʚ ʬʪʘʣʦʮʽʘʥʽʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʫ ʫ 

ʩʣʘʙʢʦʤʫ ʧʦʣʽ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʜʚʦʭ ʧʦʟʘʧʣʦʱʠʥʥʠʭ 

ʣʽʛʘʥʜʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʙʽʣʴʰ ʩʠʣʴʥʦʤʫ 

ʧʦʣʽ ʚʽʜʥʦʩʥʦ ʩʠʛʥʘʣʽʚ ʥʝʢʦʦʨʜʠʥʦʚʘʥʠʭ ʣʽʛʘʥʜʽʚ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʠʻʜʥʘʥʥʷ 

ʜʚʦʭ ʣʽʛʘʥʜʽʚ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʥʷ ʜʦ ʧʣʦʱʠʥʠ ʤʘʢʨʦʮʠʢʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʬʪʘʣʦʮʽʘʥʽʥʦʚʽ ʢʦʤʧʣʝʢʩʠ ʮʠʨʢʦʥʽʶ ʪʘ 

ʛʘʬʥʽʶ ʟ ʢʦʥʜʝʥʩʦʚʘʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʜʝʛʽʜʨʘʮʝʪʦʚʦʾ ʢʠʩʣʦʪʠ. ʋ ʮʠʭ ʩʠʩʪʝʤʘʭ 

ʜʚʘ ʭʨʦʤʦʬʦʨʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʥʫ ʤʘʢʨʦʮʠʢʣʽʯʥʫ ʤʦʣʝʢʫʣʫ ʯʝʨʝʟ ʘʪʦʤ ʤʝʪʘʣʫ. 

 

1. GerasovA. O., ShanduraM. P., KovtunY. P. etal. // J. 

HeterocyclicChem. - 2008. - 45(6). ï P. 1665-1672. 

2. TomachynskiL.A., TretyakovaI.N., CherniiV.Ya., VolkovS.V. etal. // Inorg. Chim. 

Acta. ï 2008. ï V. 361. ï P. 2569ï2581. 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʅʊʎʋ (ʛʨʘʥʪ 5972). 
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ʂʆʆʈɼʀʅɸʎɯʁʅɯ ʉʇʆʃʋʂʀ ʇɸʃɸɼɯʖ(ɯɯ) ʅɸ ʆʉʅʆɺɯ 

3,5-ɼʀɿɸʄɯʑɽʅʀʍ-1,2,4-ʊʈʀɸɿʆʃɯʃɺʄɯʉʅʀʍ ʃɯɻɸʅɼɯɺ 
 

ɿʘʭʘʨʯʝʥʢʦ ɹ.ɺ., ʍʦʤʝʥʢʦ ɼ.ʄ., ɼʦʨʦʱʫʢ ʈ.ʆ., ʃʘʤʧʝʢʘ ʈ.ɼ. 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

01033, ʂʠʾʚ, ʚʫʣ. ɺʦʣʦʜʠʤʠʨʩʴʢʘ, 64; 

stereoblum@ukr.net 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ  1,2,4-ʪʨʠʘʟʦʣʫ, ʷʢ ʣʽʛʘʥʜʥʠʭ ʩʠʩʪʝʤ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ, ʦʩʢʽʣʴʢʠ ʰʣʷʭʦʤ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʭ ʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʤʦʞʥʘ ʚʘʨʽʶʚʘʪʠ ʟʘʤʽʩʥʠʢʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ʘʟʦʣʫ. 

ʅʘʷʚʥʽʩʪʴ ʚ ʮʠʢʣʽ 1,2,4-ʪʨʠʘʟʦʣʫ ʪʨʴʦʭ ʜʦʥʦʨʥʠʭ ʮʝʥʪʨʽʚ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ 

ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʽʚ ʟ ʙʘʞʘʥʦʶ ʙʫʜʦʚʦʶ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ ʜʝʧʨʦʪʦʥʦʚʘʥʽʡ ʬʦʨʤʽ ʪʨʠʘʟʦʣʠ ʟʜʘʪʥʽ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ 

ʟʘʨʷʜʞʝʥʦʛʦ ʙʽʜʝʥʪʘʪʥʦʛʦ ʘʙʦ ʥʘʚʽʪʴ ʪʨʠʜʝʥʪʘʪʥʦʛʦ ʣʽʛʘʥʜʫ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ. 

1,2,4-ʊʨʠʘʟʦʣʚʤʽʩʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʧʘʣʘʜʽʶ (ɯɯ) ʧʨʦʷʚʣʷʶʪʴ 

ʮʽʢʘʚʽ ʬʦʪʦʭʽʤʽʯʥʽ ʪʘ ʬʦʪʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʤʦʞʣʠʚʝ ʪʘʢʦʞ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʭʽʜʥʽ 3-(2-ʧʽʨʠʜʠʣ)-1,2,4-ʪʨʠʘʟʦʣʫ 

ʫʪʚʦʨʶʶʪʴ ʟ ʧʘʣʘʜʽʻʤ(ɯɯ) ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ: Pd(HL)Cl2, Pd(L)2 ʪʘ Pd4(L)4Cl4.  

ɿ ʤʝʪʦʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʽ: Pd2+- 3-(2-ʧʽʨʠʜʠʣ)-1,2,4-ʪʨʠʘʟʦʣ.  ɿʘ 

ʥʘʚʝʜʝʥʦʶ ʩʭʝʤʦʶ ʥʘ ʨʠʩ.1 ʥʘʤʠ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʨʷʜ ʣʽʛʘʥʜʽʚ ʪʘ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʣʽʛʘʥʜʽʚ,  Pd(HL)Cl2 ʪʘ Pd(L)2 

 

ɺʩʽ ʦʪʨʠʤʘʥʽ ʩʧʦʣʫʢʠ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ʗʄʈ-, ɯʂ-, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ʆʩʦʙʣʠʚʽʩʪʶ 1H-ʗʄʈ- ʩʧʝʢʪʨʽʚ ʩʧʦʣʫʢ Pd(L)2  ʻ ʩʫʪʪʻʚʠʡ ʟʩʫʚ ʦʨʪʦ-

ʧʨʦʪʦʥʫ  ʧʽʨʠʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʚ ʩʣʘʙʢʝ ʧʦʣʝ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʦ ʡʦʛʦ 

ʙʣʠʟʴʢʽʩʪʶ ʜʦ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʥʽʪʨʦʛʝʥʫ ʪʨʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ 

ʜʨʫʛʦʛʦ ʣʽʛʘʥʜʫ. 

ɸʥʘʣʽʟ ʝʣʝʢʪʨʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʝʢʦʦʨʜʠʥʦʚʘʥʠʤ ʣʽʛʘʥʜʦʤ ʪʘ ʧʦʷʚʠ ʜʨʫʛʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ 
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ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ 

Pd(L)2 ʧʨʦʷʚʣʷʶʪʴ ʧʦʤʽʪʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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DFT AND QTAIM STUDY OF THE TRANSITION METAL COMPLEXES 

WITH TETRAOXA[8]CIRCULENE BASED LIGAN  

 

Karaush N. N., Baryshnikov G. V., Minaev B. F. 

Bohdan Khmelnytsky National University, Cherkasy 

karaush_nataliya@rambler.ru 

 

A series of the transition metal (d-block metals) complexes with the 

tetraoxa[8]circulene (TOC) based ligand [1ï3] having one- and two-decker 

(sandwich-type) structure (Fig. 1, 2) has been designed and studied by the 

DFT/B3LYP [4, 5] method with the control of possible symmetry constrains using 

the effective core potential Lanl2DZ [6] basis set. The quantum theory of atoms in 

molecules (QTAIM) [7] was also used for the studied complexes with the aim to 

evaluate their peculiar electronic features. 

The studied transition metal complexes are highly symmetrical compounds and 

belong to the D4h symmetry point group (excepting less symmetrical complex 4, 

which belong to the C2h symmetry point group in the ground triplet state). Thus, the 

four MïO bonds in the complexes 1ï5 (Fig. 1) and eight MïO bonds in sandwich 6 

are equivalent by the bond length and electronic criteria. For complex 4 in which (the 

excited singlet state is higher on 33.5 kcal/mol than the ground triplet state) four 

coordination bonds are pairwise equivalent (Fig. 1). Therefore, the central ion 

coordination sphere is in strict conformity to square-planar geometry for the 1ï5 

complexes and represents a proper rectangular prism for the complex 6 in the ground 

state.  

 

  
Fig. 1. Structure of the d-block metal 

complexes with the 

tetraoxa[8]circulene based ligand 

(coordination MïO bonds are shown 

by the dashed lines, S ï spin number 

of the studied complexes). 

Fig. 2. The optimized structure of the 

sandwich-type complex 6 [Cd(TOC)2]2+: a 

ï top view, b ï side view, c ï prism-shaped 

coordination cage consisting of the Cd2+ ion 

(aÍb). 

 

The selectivity of the d-block metal complexation with the TOC sheet can be 

interpreted in terms of the strict correlation between the cation size and macrocycle 

cavity of the TOC-tetramer similarly to the s-block metals complexation with the 

TOC sheets [3] and to the formation of crown ethers metal complexes [8, 9]. Thus, 

the TOC-sheet with the 16-crown-4 cavity diameter of 4.1 ¡ (distance between the 
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two opposite Oxygen atoms) is the most appropriate for the inclusion into this cavity 

of the Cu1+, Cu1+, Zn2+ and Pt2+ ions which have almost equal ionic radii till 0.60 

¡ [10]. Transition metal ions which ionic radius is greater than the 16-crown-4 cavity 

can simultaneously bind two planes of TOC-tetramer forming sandwich-type 

complexes. We have obtained one stable sandwich consisting of the Cd2+ central ion 

(Fig. 2) with ionic radii 0.78 ¡ [10]. 

All coordination MïO bonds critical points in the studied complexes 1ï6 are 

characterized by positive values of the electron density Laplacian 2ɳɟ(r) > 0 and by 

negative values of the CremerïKraka electron energy density he(r) < 0 that allows to 

attribute these MïO bonds to an intermediate type of interactions in terms of the 

Bader theory formalism [7]. The QTAIM analysis has also predicted an additional 

stabilization of the sandwich-type complex 6 due to the presence of -́stacking C---C 

interactions between two TOC parallel plains. 

Therefore, the synthesis of the tetraoxa[8]circulene sheets [1, 2] is an actual 

task because of their potential applications as the biomimetic-type nanopores 

representing synthetic ionic channels [3]. 
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ʇʠʛʤʝʥʪʥʳʡ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʜʫʢʪʦʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʦʢ, ʙʫʤʘʛʠ, 

ʧʣʘʩʪʤʘʩʩ, ʢʘʫʯʫʢʘ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʝʣʠʡ ʠ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʨʘʩʣʷʭ [1,2]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʋʢʨʘʠʥʝ ʠ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʩʫʣʴʬʘʪʥʳʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʩʭʦʜʥʫʶ 

ʪʠʪʘʥ-ʩʦʜʝʨʞʘʱʫʶ ʨʫʜʫ ʚʩʢʨʳʚʘʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ [3].  

 ʀʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʩʫʣʴʬʘʪʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʪʠʪʘʥ-

ʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʠʣʴʤʝʥʠʪʦʚʘʷ ʨʫʜʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. ʋʢʨʘʠʥʘ ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʟʘʧʘʩʘʤʠ ʠʣʴʤʝʥʠʪʘ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ 40 ʨʘʟʚʝʜʘʥʥʳʭ ʨʦʩʩʳʧʥʳʭ ʠ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 16 ʠʟ 

ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʠ ʦʙʦʛʘʱʝʥʠʝ [4]. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʦʡ 

ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʩʪʦʷʱʠʭ ʫʢʨʘʠʥʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʥʦʩʪʠ (ʣʝʡʢʦʢʩʝʥʠʟʘʮʠʠ) ʠʩʭʦʜʥʦʛʦ ʠʣʴʤʝʥʠʪʘ. ʊʘʢ, 

ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʨʘʙʦʪʢʘ ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʋʢʨʘʠʥʝ ʄʘʣʳʰʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʘʪʥʦʛʦ ʤʝʪʦʜʘ ʚʩʢʨʳʪʠʷ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ "ʞʝʩʪʢʠʭ" ʫʩʣʦʚʠʡ 

ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʚʩʢʨʳʚʘʪʴ ʠʩʭʦʜʥʳʡ 

ʨʫʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʧʨʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʜʦʙʥʦʝ ʨʝʘʢʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʣʴʤʝʥʠʪʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ, ʧʦ ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ.  

 ʅʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʣʴʤʝʥʠʪʦʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʄʘʣʳʰʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ ʢʠʥʝʪʠʢʫ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ ʠʣʴʤʝʥʠʪʝ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʯʘʩʪʴ ʧʨʝʪʝʨʧʝʣʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʘʟʳ ʧʩʝʚʜʦʨʫʪʠʣʘ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʜʦʣʷ ʬʘʟʳ ʧʩʝʚʜʦʨʫʪʠʣʘ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʳ ʨʫʪʠʣʘ, ʯʪʦ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʩʚʷʟʘʥʦ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦʨʫʪʠʣʘ ʚ ʬʘʟʫ ʧʩʝʚʜʦʙʨʫʢʠʪʘ. 

 ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʄʘʣʳʰʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʠ 

ʩʪʝʧʝʥʴ ʩʫʣʴʬʘʪʠʟʘʮʠʠ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʝʛʦ 
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ʚʳʱʝʣʘʯʠʚʘʥʠʶ 85% ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Üʉ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʠ ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ "ʧʣʘʚʘ" ʥʘ ʜʥʝ 

ʧʨʦʙʠʨʦʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʣʦʩʴ ʟʘ å 240 ʤʠʥʫʪ ʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ. 

 ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʯʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ ʩʫʣʴʬʘʪʠʟʘʮʠʠ (Ű < 240 ʤʠʥ) ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʝʪʩʷ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ "ʩʞʠʤʘʶʱʝʡʩʷ ʩʬʝʨʳ" 
3/1)1(1 aXkt --= (R2=0,9987), 

ʪʦʛʜʘ ʢʘʢ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʯʘʩʪʢʘ 

(Ű > 240 ʤʠʥ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ 

ʜʠʬʬʫʟʠʠaXkt=   (R2=0,9943). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ 

ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʦʠʪ ʠʟ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʢʦʪʦʨʦʤ ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʣʠʤʠʪʠʨʫʝʪʩʷ 

ʩʢʦʨʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ "ʧʣʘʚʘ" ʦʙʱʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʧʦʜʚʦʜʘ/ʚʳʚʦʜʘ ʨʝʘʛʝʥʪʦʚ ʚ ʟʦʥʫ ʨʝʘʢʮʠʠ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʘʪʠʟʘʮʠʠ. ʊʘʢ, ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʯʘʩʪʢʝ, ʚʦʟʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʫʚʝʣʠʯʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʣʝʜʫʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʯʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʄʘʣʳʰʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʝʛʦ ʩʫʣʴʬʘʪʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʯʘʩʪʢʦʚ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ.  

 

[1] ʇ.ʀ. ɽʨʤʠʣʦʚ, ɽ.ɸ. ʀʥʜʝʡʢʠʥ, ʇʠʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ 
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ɺʇʃʀɺ ʅɸʇʆɺʅʖɺɸʏɸ ʅɸ ʊɽʈʄʆʉʊɸɹɯʃʔʅɯʉʊʔ 

ʇʆʃɯʆʈɻɸʅʆʉʀʃʆʂʉɸʅʆɺʀʍ ʇʆʂʈʀʊʊɯɺ 

 

ʂʨʫʛʣʠʮʴʢʘ ɺ.ʗ., ʆʩʴʤʘʢʦʚ ʆ.ɻ., ʌʝʜʦʨʦʚʠʯ ʉ.ʈ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

spakhomov@voliacable.com 

 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʷʢ ʤʘʪʨʠʮʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʂʄ) ʻ ʾʭʥʷ ʚʠʩʦʢʘ ʪʝʨʤʦʦʢʠʩʥʶʚʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ. 

ʊʝʧʣʦʩʪʽʡʢʽʩʪʴ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʥʠʭ 

ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ [1].  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ 

ʥʘʧʦʚʥʶʚʘʯʘ ʥʘ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʧʦʣʽʤʝʨʠ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʛʦ ʢʣʽʥʦʧʪʠʣʦʣʽʪʫ, ʚʚʝʜʝʥʦʛʦ ʫ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʡ 

ʣʘʢ ʂʆ-921, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʽʟʦʪʝʨʤʽʯʥʦʤʫ 

ʨʝʞʠʤʽ. ʊʝʨʤʦʦʙʨʦʙʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 Áʉ ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ ʽʟ ʯʠʩʪʦʛʦ ʪʘ 

ʥʘʧʦʚʥʝʥʦʛʦ ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʣʘʢʫ ʂʆ-921 ʧʦʢʘʟʘʣʘ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʘ ʚʪʨʘʪʘ ʤʘʩʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʝʨʰʽ ʪʨʠ ʛʦʜʠʥʠ ʦʙʨʦʙʢʠ (ʨʠʩ. 1). ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʚʪʨʘʪʘ ʤʘʩʠ ʚ ʯʘʩʽ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʧʽʩʣʷ 10 ʛʦʜʠʥ ʦʙʨʦʙʢʠ ʩʪʘʻ 

ʥʝʟʥʘʯʥʦʶ.  

 
1 - ʣʘʢ ʂʆ-921; 2, 3, 4, 5, 6 ï ʣʘʢ, ʥʘʧʦʚʥʝʥʠʡ 20, 80, 60, 40, 50% 

ʧʨʠʨʦʜʥʠʤ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ ʚʽʜʧʦʚʽʜʥʦ 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪʠ ʤʘʩʠ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʯʘʩʫ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ 200 ÁC   

 

ʆʩʢʽʣʴʢʠ ʧʨʠ 200 Áʉ ʧʨʦʮʝʩ ʪʝʨʤʦʦʢʠʩʥʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ 

ʧʦʣʽʤʝʪʠʣʬʝʥʽʣʩʠʣʦʢʩʘʥʫ ʥʝ ʧʨʦʪʽʢʘʻ, ʚʪʨʘʪʘ ʤʘʩʠ ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚôʷʟʘʥʘ ʟ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʟʘʣʠʰʢʦʚʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʯʘʩʪʢʦʚʠʤ ʨʦʟʧʘʜʦʤ ʪʘ ʚʠʜʘʣʝʥʥʷʤ 

ʜʦʤʽʰʢʦʚʠʭ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʚʦʜʠ, ʩʦʨʙʦʚʘʥʦʾ ʧʨʠʨʦʜʥʠʤ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ [2]. 

ɺʪʨʘʪʘ ʚʘʛʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ 

ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʚ ʣʘʢʫ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ 50%-ʤʫ 

ʥʘʧʦʚʥʝʥʥʽ. ɹʽʣʴʰ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʚʤʽʩʪʫ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪʠ ʤʘʩʠ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ, ʤʦʞʣʠʚʦ, ʧʦʚôʷʟʘʥʦ ʟ 

ʧʦʛʽʨʰʝʥʥʷʤ ʛʘʟʦʧʨʦʥʠʢʥʦʩʪʽ ʧʣʽʚʢʠ ʪʘ ʫʪʨʫʜʥʝʥʥʷʤ ʚʠʜʘʣʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ [2]. 

ʗʢʱʦ ʫ ʚʠʧʘʜʢʫ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ 200 Áʉ ʥʘʧʦʚʥʝʥʥʷ ʣʘʢʫ ʚʠʢʣʠʢʘʻ 

ʟʨʦʩʪʘʥʥʷ ʚʪʨʘʪʠ ʤʘʩʠ, ʪʦ ʪʝʨʤʦʦʙʨʦʙʢʘ ʧʨʠ 300 Áʉ (ʨʠʩ. 2) ʧʦʢʘʟʘʣʘ, ʱʦ ʤʘʩʘ 
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ʧʣʽʚʢʠ ʽʟ ʯʠʩʪʦʛʦ ʣʘʢʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ, ʥʽʞ ʤʘʩʘ ʥʘʧʦʚʥʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʜʘʪʥʽʩʪʴ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʧʽʜʚʠʱʫʚʘʪʠ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʧʨʠ 

300 Áʉ ʽʥʪʝʥʩʠʚʥʘ ʚʪʨʘʪʘ ʤʘʩʠ ʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʝʨʰʽ ʪʨʠ ʛʦʜʠʥʠ. 

 
1, 2, 3, 4, 5 ï ʣʘʢ ʂʆ-921, ʥʘʧʦʚʥʝʥʠʡ ʥʘ 60, 20, 80, 40, 50% ʧʨʠʨʦʜʥʠʤ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʢʣʠʥʦʧʪʠʣʦʣʽʪʦʤ; 6 ï ʯʠʩʪʠʡ ʣʘʢ ʂʆ-921 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʚʪʨʘʪʠ ʤʘʩʠ ʧʦʢʨʠʪʪʽʚ ʚʽʜ ʯʘʩʫ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ 300 ÁC  

 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʪʨʘʪʘ ʤʘʩʠ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʫʪ ʪʝʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 50%-ʤʫ ʥʘʧʦʚʥʝʥʥʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ 

ʥʘʧʦʚʥʶʚʘʯʘ ʯʝʨʝʟ ʙʽʣʴʰ ʱʽʣʴʥʫ ʫʧʘʢʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʛʽʨʰʫʻʪʴʩʷ ʜʠʬʫʟʽʷ 

ʢʠʩʥʶ ʚ ʪʦʚʱʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʣʽʚʢʠ ʽ ʪʠʤ ʩʘʤʠʤ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʨʦʮʝʩ 

ʪʝʨʤʦʦʢʠʩʥʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʽʚ [3]. ʆʢʨʽʤ ʚʢʘʟʘʥʦʛʦ 

ʧʨʠʯʠʥʦʶ ʽʥʛʽʙʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʚ 

ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʧʣʽʚʮʽ ʤʦʞʝ ʙʫʪʠ ʫʪʨʫʜʥʝʥʥʷ ʚʠʜʘʣʝʥʴ ʦʨʛʘʥʽʯʥʠʭ ʨʘʜʠʢʘʣʽʚ 

(ʦʩʦʙʣʠʚʦ ʬʝʥʽʣʴʥʠʭ), ʱʦ ʦʙʨʘʤʣʷʶʪʴ ʦʩʥʦʚʥʠʡ ʣʘʥʮʶʛ ʧʦʣʽʤʝʨʫ, ʪʘ ʾʭ 

ʚʟʘʻʤʦʜʽʷ ʟ ʢʠʩʥʝʤ. ʆʜʥʦʯʘʩʥʦ ʧʦʚʠʥʥʘ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʟʚʦʨʦʪʥʴʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚʽʜʱʝʧʣʝʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʘʜʠʢʘʣʽʚ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʚôʷʟʢʽʚ Si-C, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʧʽʜʚʠʱʝʥʥʽ ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʧʦʣʽʦʨʛʘʥʦʩʠʣʦʢʩʘʥʫ [3]. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʢʣʠʥʦʧʪʠʣʦʣʽʪʫ ʷʢ ʥʘʧʦʚʥʶʚʘʯʘ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʛʦ ʣʘʢʫ ʧʦʢʨʘʱʫʻ ʪʝʧʣʦʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʧʣʽʚʢʠ, ʘ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ ʩʪʘʥʦʚʠʪʴ 50%. ʅʘʜʘʣʽ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʯʥʠʭ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʘ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

 

[1] ʉʫʭʘʨʝʚʘ ʃ.ɸ. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ / ʃ.ɸ. ʉʫʭʘʨʝʚʘ - ʄ.: 

ʍʠʤʠʷ, 1984. ï 368 ʩ. 

[2] ʃʠʧʘʪʦʚ ʖ.ʉ. ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ / ʖ.ʉ. ʃʠʧʘʪʦʚ - 

ʄ.: ʍʠʤʠʷ, 1977. - 304ʩ. 

[3] ɻʠʚʣʶʜ ʄ.ʄ. ɺʦʛʥʝ- ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʩʪʽʡʢʽ ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʥʘʧʦʚʥʝʥʠʭ 

ʧʦʣʽʩʠʣʦʢʩʘʥʽʚ / ʄ.ʄ. ɻʠʚʣʶʜ, ɺ.ɹ. ʃʦʾʢ // ʇʦʞʝʞʥʘ ʙʝʟʧʝʢʘ: ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 

ʃʴʚʽʚ, 2009. ï ˉ15. ï ʉ. 31-37. 
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ɼʀʌʌʋɿʀʗ ʆɼʅʆɿɸʈʗɼʅʓʍ ʀʆʅʆɺ ʀ ʄʀʂʈʆʉʂʆʇʀʏɽʉʂʀɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɼʃʀʅʅʓ, ɺʈɽʄɽʅʀ ʀ ʉʂʆʈʆʉʊʀ 

ʀʍ ʇɽʈɽʅʆʉɸ ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ 

 

ʃʘʟʘʨʝʚʘ ʗ.ʀ., ɺʴʶʥʥʠʢ ʀ.ʅ., ʇʘʥʯʝʥʢʦ ɺ.ɻ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

lazareva_yaroslava@mail.ru 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʪʘʢʦʛʦ ʚʘʞʥʦʛʦ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʠ ʩʣʦʞʥʦʛʦ ʚ ʠʟʫʯʝʥʠʠ ʷʚʣʝʥʠʷ ʢʘʢ ʜʠʬʬʫʟʠʷ ʚ 

ʞʠʜʢʠʭ ʠʦʥ-ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ (ɾʀʄʉ) ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʕʇ) ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʦʟʜʘʥʘ ʩʪʨʦʛʘʷ 

ʪʝʦʨʠʷ ʜʠʬʬʫʟʠʠ ʚ ɾʀʄʉ. ʇʦʵʪʦʤʫ ʥʘʢʦʧʣʝʥʠʝ ʥʘʜʝʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʚʝʣʠʯʠʥ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʜʠʬʬʫʟʠʠ (ὈὭ
0) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʝʝ ʧʦʥʷʪʴ ʵʪʦ ʷʚʣʝʥʠʝ. 

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʦʮʝʥʢʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʚʝʣʠʯʠʥʘʤ 

ὈὭ
0 ʪʘʢʠʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʢʘʢ ʜʣʠʥʘ, ʚʨʝʤʷ ʠ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ (ʧʝʨʝʩʢʦʢʘ) ʚ ʨʘʩʪʚʦʨʝ. ɼʣʷ ʨʘʩʯʝʪʘ ὈὭ
0 ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [1, 2] ʧʦ ʧʨʝʜʝʣʴʥʦʡ ʤʦʣʷʨʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʇʄʕʇ) (‗Ὥ
0 ) ʦʜʥʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʚ ʚʦʜʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 298,15-423,15 ʂ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʥʘʤʠ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʪʨʠ ʛʨʫʧʧʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʭʘʥʠʟʤʦʤ ʩʦʣʴʚʘʪʘʮʠʠ: ʘ) Cl-,Br-, NO3-, 

CNS-, ClO4-, I-; ʙ) Li+, Na+, K+, Rb+, Cs+, Ag+; ʚ) N(CH3)4+, N(C2H5)4+, 

N(C3H7)4+, N(C4H9)4+. 

ɼʣʷ ʨʘʩʯʝʪʘὈὭ
0  ʠʩʧʦʣʴʟʦʚʘʣʠ [3] ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʝ ʩʝʙʷ 

ʫʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʡʥʘ-ʅʝʨʥʩʪʘ (1): 

ὈὭ
0 = ὙὝ‗Ὥ

0 / |ᾀὭ|Ὂ
2                                               (1) 

ʈʘʩʯʝʪ ʜʣʠʥʳ ʧʝʨʝʥʦʩʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ 

(2)[3] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʡʜʝʥʥʦʡ  ʚʝʣʠʯʠʥʳ ὈὭ
0 ʠ ʚʷʟʢʦʩʪʠ (0) ʨʘʩʪʚʦʨʠʪʝʣʷ: 

ὨӶ= kT/ 6 D́i
0

0                                                 (2) 

ʆʮʝʥʢʫ ʚʨʝʤʝʥʠ ʦʜʥʦʛʦ ʧʝʨʝʩʢʦʢʘ ʠʦʥʘ ʦʩʫʱʝʩʪʚʣʷʣʠ [3] ʧʦ ʫʨʘʚʥʝʥʠʶ 

(3): 

†= Ὠ2/ 2ὈὭ
0                                                     (3) 

ʇʦ ʚʝʣʠʯʠʥʘʤ ὨӶ ʠ † ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (4) ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʩʢʦʢʘ ʠʦʥʘ ʚ ʚʦʜʝ: 

= ὨӶ/†                                                        (4) 

ʅʘʤʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦʣʠʪʝʨʤʳ: ὈὭ
0-ʊ, ὨӶ-ʊ, †-ʊ,-ʊ. ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

1. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ὨӶ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʦʥʦʚ ʨʘʩʪʝʪ. 
ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʢʘʪʠʦʥʳ Li+ ʠ N(C4H9)4+. ɼʣʷ ʵʪʠʭ ʠʦʥʦʚ ὨӶ ʩ ʨʦʩʪʦʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʜʘʝʪ. 

2.ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʨʝʤʷ ʧʝʨʝʩʢʦʢʘ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʠʦʥʦʚ ʧʘʜʘʝʪ. 

3. ɼʣʷ ʠʦʥʦʚ Li+, Na+, N(CH3)4+, N(C2H5)4+, N(C3H7)4+, N(C4H9)4+, Ag+ 

ʚʝʣʠʯʠʥʘ ὨӶ ʙʦʣʴʰʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ (ʩʪʨʫʢʪʫʨʥʦʛʦ) ʨʘʜʠʫʩʘ, ʚ ʪʦ ʚʨʝʤʷ 
ʢʘʢ ʜʣʷ ʠʦʥʦʚ Cl-, Br-, NO3-, CNS-, ClO4-, I-, K+, Rb+, Cs+ʦʥʘ ʤʝʥʴʰʝ 
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ʧʦʩʣʝʜʥʝʛʦ. ʕʪʦʪ ʬʘʢʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʦʣʴʚʘʪʠʨʫʝʤʦʩʪʴʶ ʠʦʥʦʚ ʧʦ ʉʘʤʦʡʣʦʚʫ 

[4]. ʇʦʣʦʞʠʪʝʣʴʥʦ ʩʦʣʴʚʘʪʠʨʫʝʤʳʝ ʠʦʥʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʧʝʨʝʩʢʦʢʘ, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʦʣʴʚʘʪʠʨʫʝʤʳʝ ʠʦʥʳ ʥʘʦʙʦʨʦʪ ï ʤʝʥʴʰʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤ (ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ) ʨʘʜʠʫʩʦʤ. 

4. ʇʦʣʦʞʠʪʝʣʴʥʦ ʩʦʣʴʚʘʪʠʨʫʝʤʳʝ ʠʦʥʳ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʝ ʚʨʝʤʷ 

ʧʝʨʝʩʢʦʢʘ, ʯʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʦʣʴʚʘʪʠʨʫʝʤʳʝ. 

5. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʦʨʦʩʪʴ ʧʝʨʝʩʢʦʢʘ ʜʣʷ ʚʩʝʭ ʠʦʥʦʚ ʚ ʚʦʜʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʠʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʫ ʢʘʪʠʦʥʦʚ N(C4H9)4+ʠ Li+ (2,17ʤ/ʩ ʠ 

8,64 ʤ/ʩ) ʧʨʠ 298,15 ʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

6.ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~50Áʉ ʜʣʷ ʢʘʪʠʦʥʘ K+ ὨӶʨʘʚʥʦ ʚʝʣʠʯʠʥʝ ʝʛʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʭʦʜʘ ʦʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʦʣʴʚʘʪʘʮʠʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʴ æ=ὨӶ-rʢʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 
ʦʪʥʝʩʝʥʠʷ ʠʦʥʦʚ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦ (æ>0) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ (æ<0) ʩʦʣʴʚʘʪʠʨʫʝʤʳʤ. 

 

[1] ʃʘʨʠʦʥʦʚ ʕ.ɻ. ʀʟʚ. ʉʆ ɸʅ ʉʉʈ, ʉʝʨ. ʭʠʤ., - 1976. - ˉ5. - ʩ. 3-9. 

[2] ʂʨʘʪʢʠʡ ʩʧʨʘʚʦʯʥʠʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ / ɸ.ɸ. ʈʘʚʜʝʣʴ, ɸ.ʄ. 

ʇʦʥʦʤʘʨʝʚʘ // ʀʟ-ʚʦ ʉʧʝʮ. ʣʠʪ., - 1983, -232 ʩ. 

[3] ʕʪʢʠʥʩ ʇ., ʌʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ, ï ʄ: ʄʠʨ, ʪ.2, 1980.ï 581ʩ. 

[4] ʉʘʤʦʡʣʦʚ ʆ.ʗ., ʉʪʨʫʢʪʫʨʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʛʠʜʨʘʪʘʮʠʷ 

ʠʦʥʦʚ. ï ʄ. ʀʟʜ. ɸʅʉʉʈ, 1957. ï 179ʩ. 

[5] ʂʨʝʩʪʦʚ ɻ.ɸ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʚʦʨʘʭ. ʀʟ-ʚʦ ʍʠʤʠʷ, 

ʃ., 1973. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ 

ɺɸʂʋʋʄʑɯʃʔʅʀʍ ʉʂʃʆʂʈʀʉʊɸʃɯʏʅʀʍ 

ʇʈʀʇʆɰɺ ɼʃʗ ʅɽʈɾɸɺɯʖʏʆɰ ʉʊɸʃɯ 

 

ʃʝʚʯʝʥʢʦ ʅ.ʆ., ɺʦʨʦʥʦʚ ɻ.ʂ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 
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ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʧʨʦʙʣʝʤʦʶ,  ʱʦ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʻ ʦʜʝʨʞʘʥʥʷ ʤʽʮʥʠʭ ʪʘ  ʚʦʜʥʦʯʘʩ  ʚʘʢʫʫʤʥʦʱʽʣʴʥʠʭ 

ʤʝʪʘʣïʩʢʣʷʥʠʭ  ʟ'ʻʜʥʘʥʴ. ɻʦʣʦʚʥʘ ʚʠʤʦʛʘ ʪʫʪ - ʙʣʠʟʴʢʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ (ʊʂʃʈ) ʤʝʪʘʣʫ ʡ ʩʢʣʘ, ʽ ʽʩʥʫʻ ʮʽʣʠʡ ʨʷʜ 

ʩʪʝʢʦʣ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʮʠʭ ʮʽʣʝʡ.  ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ 

ʩʧʘʶʚʘʥʥʷ ʩʢʣʘ ʪʘ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʜʝʪʘʣʝʡ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʝʢʣʘ ʚ ʩʠʩʪʝʤʘʭ SiO2-R2O-B2O3-Al2O3-PbO; 

SiO2-R2O-R2O3-ZnO; ZnO-R2O3-RO-P2O5, PbOïAl2O3ïTiO2ïSiO2. 

  ʆʢʨʝʤʫ ʛʨʫʧʫ  ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʚʘʢʫʫʤʱʽʣʴʥʽ ʩʧʘʾ ʤʽʞ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʤʠ ʩʪʘʣʷʤʠ, ʟʘʡʤʘʶʪʴ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʽ ʮʝʤʝʥʪʠ. ʋ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʪʽʢʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʢʣʘ, 

ʘ ʧʦʪʽʤ ʢʨʠʩʪʘʣʽʟʘʮʽʷ. ɺʦʥʠ ʩʣʫʞʘʪʴ ʜʣʷ ʩʧʦʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʪʝʢʦʣ ʦʜʠʥ ʟ ʦʜʥʠʤ, 

ʟ ʢʝʨʘʤʽʢʦʶ ʡ ʤʝʪʘʣʦʤ, ʘ ʪʘʢʦʞ ʤʝʪʘʣʘ ʟ ʤʝʪʘʣʦʤ. ʅʠʤʠ ʤʦʞʥʘ ʩʧʘʶʚʘʪʠ 

ʤʘʪʝʨʽʘʣʠ ʟ ʨʽʟʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ  ʧʨʠ ʥʝʚʝʣʠʢʠʭ 

ʥʘʧʨʫʛʘʭ ʫ ʩʧʘʾ. ɻʦʣʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʮʝʤʝʥʪʽʚ ʻ ʚʠʩʦʢʘ 

ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʽ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ. ʉʪʚʦʨʝʥʦ ʮʽʣʠʡ ʢʣʘʩ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ  ʚʽʜ 420 ʜʦ 850Áʉ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜ 420 ʜʦ 750Áʉ.  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʽ ʧʣʘʚʢʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʦʧʨʠʧʦʾʚ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʚ ʩʠʩʪʝʤʘʭ PbO-ZrO2-R2O3-SiO2 ʪʘ PbO-ZnO-R2O3-SiO2, ʱʦ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʧʽʩʣʷ ʩʧʘʶʚʘʥʥʷ ʧʨʠ ʧʦʜʘʣʴʰʦʾ ʪʝʨʤʦʦʙʨʦʙʮʽ. ʎʽ ʩʢʣʦʧʨʠʧʦʾ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: ʤʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʘʶʚʘʥʥʷ ʥʝ ʚʠʱʝ 

ʟʘ 500ʉ̄, ʚʠʩʦʢʫ ʘʜʛʝʟʽʡʥʫ ʪʘ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ 

ʤʘʨʦʢ 12ʍ18ʅ10ʊ ʯʠ  AISI 430 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʘʶʚʘʥʥʷ ʪʘ ʊʂʃʈ ʫ ʤʝʞʘʭ 

90-110Ö10-7 ʛʨʘʜ-1.    

 ɺʠʟʥʘʯʝʥʦ, ʱʦ ʦʜʝʨʞʘʥʽ ʩʪʝʢʣʘ ʥʝ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʛʨʽʚʫ 

ʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʩʧʘʶʚʘʥʥʷ, ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ 

ʫʪʚʦʨʶʶʪʴ ʨʽʚʥʦʤʽʨʥʠʡ ʩʧʘʡ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ. ʉʢʣʦʧʨʠʧʦʾ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʧʽʩʣʷ ʩʧʘʶʚʘʥʥʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400-450 ̄ʉ ʚʧʨʦʜʦʚʞ 30-40 

ʭʚ. ʅʘʷʚʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʚ ʩʪʝʢʣʘ ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʦ-ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ. ɼʘʥʽ ʈʌɸ ʩʚʽʜʯʘʪʴ, ʱʦ ʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ 

ʧʝʨʝʚʘʞʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʧʣʶʤʙʫʤʫ, ʙʦʨʫ ʪʘ ʮʠʥʢʫ. 

ʋʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʛʘʟʦʧʨʦʥʠʢʥʽʩʪʴ ʩʪʝʢʦʣ ï 

ʚʩʪʘʥʦʚʣʝʥʘ ʚʘʢʫʫʤʱʽʣʴʥʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʩʢʣʦʧʨʠʧʦʾʚ ʩʪʘʥʦʚʠʪʴ 10-6 ʇʘ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʧʨʠʜʘʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʩʪʝʢʦʣ, ʷʢ ʦʩʥʦʚʠ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʮʝʤʝʥʪʽʚ ʧʨʠ ʩʧʘʶʚʘʥʥʽ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. 
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ʅɯʊʈɸʊʅɯ ʊɸ ʍʃʆʈʀɼʅɯ ʈʆɿʇʃɸɺʀ ʗʂ ʉɽʈɽɼʆɺʀʑɽ 

ɼʃʗ ʉʀʅʊɽɿʋ ʇʆɼɺɯʁʅʀʍ ʌʆʉʌɸʊɯɺ ʊʀʊɸʅʋ 
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ʉʢʣʘʜʥʽ ʬʦʩʬʘʪʠ ʪʠʪʘʥʫ ʪʘ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ 

ʚ ʤʽʨʫ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʩʧʦʣʫʢ ʪʘ ʚʠʚʯʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʦʢʨʝʤʘ, KTiOPO4 

ʟʘʚʜʷʢʠ ʥʝʣʽʥʽʡʥʽʡʥʦ-ʦʧʪʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʥʠʟʴʢʽʡ ʜʽʝʣʝʢʪʨʠʯʥʽʡ 

ʧʨʦʥʠʢʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʡ ʤʝʭʘʥʽʯʥʽʡ ʩʪʽʡʢʦʩʪʷʤ ʽ 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʽʡ ʚʘʨʪʦʩʪʽ ʦʪʨʠʤʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʝʣʝʤʝʥʪ ʣʘʟʝʨʥʦʾ 

ʪʝʭʥʽʢʠ, ʤʽʢʨʦ- ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ [1-3].  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʜʝʨʞʘʥʥʷ ʧʦʜʚʽʡʥʠʭ ʬʦʩʬʘʪʽʚ ʪʠʪʘʥʫ 

ʻ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʘʙʦ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ [4, 5]. ʆʜʥʘʢ, 

ʚʽʜʦʤʦ, ʱʦ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʯʘʩʪʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦ 

ʚʘʞʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʰʫʢ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʧʦʣʫʢ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʠʥʪʝʟʫ ʩʢʣʘʜʥʠʭ ʬʦʩʬʘʪʽʚ ʪʠʪʘʥʫ ʚ ʥʽʪʨʘʪʥʠʭ ʽ ʭʣʦʨʠʜʥʠʭ ʨʦʟʧʣʘʚʘʭ ʣʫʞʥʠʭ 

ʤʝʪʘʣʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘ ʦʮʽʥʝʥʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʘ 

ʩʘʤʝ: ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʩʠʥʪʝʟʫ, ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʥʘ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʰʣʷʭʦʤ 

ʚʘʨʽʶʚʘʥʥʷ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɺʟʘʻʤʦʜʽʶ ʜʦʩʣʽʜʞʫʚʘʣʠ ʫ ʩʠʩʪʝʤʘʭ Ti(HPO4)2-MINO3(MICl) (ʤʦʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ P/Ti = 2) ʪʘ MIPO3-Ti(HPO4)2-MINO3(MICl) (P/Ti = 3) (MI ï Li, 

Na, K) ʟʘ ʪʝʤʧʝʨʘʪʫʨ 400-420 ÁC (ʥʽʪʨʘʪʥʝ ʩʝʨʝʜʦʚʠʱʝ) ʘʙʦ 800-810 ÁC 

(ʭʣʦʨʠʜʥʝ ʩʝʨʝʜʦʚʠʱʝ). ɺʠʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʦʚʽʣʴʥʦ ʥʘʛʨʽʚʘʣʠ ʜʦ ʚʢʘʟʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʢʽʣʴʢʘ ʛʦʜʠʥ. ʇʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ ʚʽʜʤʠʚʘʣʠ ʚʽʜ 

ʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ ʪʝʧʣʦʶ ʚʦʜʦʶ. ʉʠʥʪʝʟʦʚʘʥʽ ʩʧʦʣʫʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʦʧʪʠʯʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʾʭ ʩʢʣʘʜ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʣʠʰʝ ʧʨʠʨʦʜʦʶ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʤʦʣʴʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ P/Ti. ɿʘʛʘʣʴʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ ʜʣʷ ʣʽʪʽʡʚʤʽʩʥʠʭ ʩʠʩʪʝʤ ʻ 

ʬʦʨʤʫʚʘʥʥʷ Li3PO4 ʪʘ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ TiO2, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʢʣʘʜʫ ʚʠʭʽʜʥʦʛʦ Ti(HPO4)2.  

ʋ ʥʘʪʨʽʡ- ʽ ʢʘʣʽʡʚʤʽʩʥʠʭ ʩʠʩʪʝʤʘʭ ʬʦʨʤʫʶʪʴʩʷ ʩʢʣʘʜʥʽ ʬʦʩʬʘʪʠ 

Na4TiO(PO4)2 ʽ KTiOPO4, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʪʠʧ ʩʦʣʴʦʚʦʛʦ ʨʦʟʧʣʘʚʫ 

ʚʧʣʠʚʘʻ ʣʠʰʝ ʥʘ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ. ʂʨʠʩʪʘʣʠ, ʦʜʝʨʞʘʥʽ ʟ ʭʣʦʨʠʜʥʠʭ ʬʣʶʩʽʚ, 

ʤʘʶʪʴ ʚ 5-10 ʨʘʟʽʚ ʙʽʣʴʰʽ ʨʦʟʤʽʨʠ, ʥʽʞ ʪʽ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʚ ʥʽʪʨʘʪʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʭʣʦʨʠʜʫ ʣʫʞʥʦʛʦ 

ʤʝʪʘʣʫ ʽʟ ʩʝʨʝʜʦʚʠʱʘ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʾʭ ʪʨʠʚʘʣʦʛʦ ʥʘʛʨʽʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʶ ʨʦʟʧʣʘʚʫ ʽ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ. 
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ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʧʨʠʩʫʪʥʦʩʪʽ ʨʽʟʥʠʭ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʚʟʘʻʤʦʜʽʶ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʬʦʥʽ ʩʫʤʽʰʽ ʨʦʟʧʣʘʚʣʝʥʠʭ ʭʣʦʨʠʜʽʚ LiCl/NaCl, LiCl/KCl, NaCl/KCl ʫ 

ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1. ʋ ʚʠʧʘʜʢʫ ʣʽʪʽʶ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʽʥʰʦʛʦ 

ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ, ʬʦʨʤʫʻʪʴʩʷ ʦʨʪʦʬʦʩʬʘʪ ʣʽʪʽʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʡʦʛʦ ʤʘʪʨʠʮʽ ʚ ʫʤʦʚʘʭ ʩʦʣʴʦʚʠʭ ʨʦʟʧʣʘʚʽʚ. ɼʣʷ ʟʤʽʰʘʥʠʭ ʥʘʪʨʽʡ-

ʢʘʣʽʡʚʤʽʩʥʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ KTiOPO4. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʦʩʪʘʥʥʴʦʛʦ ʙʫʣʠ ʚ 3-5 ʨʘʟʽʚ ʙʽʣʴʰʽ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ KCl. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʦʟʧʣʘʚʠ 

ʥʽʪʨʘʪʽʚ ʽ ʭʣʦʨʠʜʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʾʭʥʽ ʢʦʤʙʽʥʘʮʽʾ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʥʦʬʘʟʥʠʭ ʬʦʩʬʘʪʽʚ Na4TiO(PO4)2 ʽ 

KTiOPO4, ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʷʢʠʭ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʰʣʷʭʦʤ ʚʘʨʽʘʮʽʾ ʪʠʧʫ 

ʩʦʣʴʦʚʦʛʦ ʨʦʟʧʣʘʚʫ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. 
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ʉʢʣʘʜʥʽ ʬʦʩʬʘʪʠ ʣʫʞʥʠʭ ʽ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʧʨʦʷʚʣʷʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʝʬʝʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʝʡ (ʦʧʪʠʢʠ, ʢʘʪʘʣʽʟʫ, ʝʣʝʢʪʨʦʥʽʢʠ ʪʦʱʦ). ʆʜʥʠʤ ʽʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʪʘʢʠʭ ʩʧʦʣʫʢ ʻ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʟʘʻʤʦʚʧʣʠʚ ʧʨʠʨʦʜʠ ʨʽʟʥʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʥʘ 

ʬʘʟʦʬʦʨʤʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ. 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʯʠʥ-

ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤ K2O-P2O5-MIII2O3-MIIO (MIII ï Al, Bi; MII ï Mg, Ca, Sr, Co, 

Ni, Zn) (ʟʘ ʟʤʽʥʥʠʭ ʤʦʣʴʥʠʭ ʟʥʘʯʝʥʴ ʂ/P = 0.85ï1.30 ʽ ʬʽʢʩʦʚʘʥʠʭ MII/MIII = 

1.0, MIII/P = 0.30) ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 1000-680ÁC. ɿʘʬʽʢʩʦʚʘʥʦ ʚʧʣʠʚ 

ʧʨʠʨʦʜʠ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʩʢʣʘʜ ʦʜʝʨʞʘʥʠʭ ʬʦʩʬʘʪʽʚ. ɸ ʩʘʤʝ, ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʽʚ ʩʠʩʪʝʤ K2O-P2O5-Al2O3-MIIO (MII ï Mg, Co, 

Ni, Zn) ʚʩʪʘʥʦʚʣʝʥʦ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʚʽʡʥʠʭ ʦʨʪʦʬʦʩʬʘʪʽʚ KMIIPO4 

(K/P>1.0) ʪʘ ʦʙʣʘʩʪʽ ʩʢʣʫʚʘʥʥʷ (K/P=0.85). ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʧʨʠʩʫʪʥʦʩʪʽ ʡʦʥʽʚ 

ʘʣʶʤʽʥʽʶ ʫ ʨʦʟʧʣʘʚʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʨʽʟʽʚ ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ. 

ʋ ʚʠʧʘʜʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʽʚ, ʱʦ ʤʽʩʪʠʣʠ ʣʫʞʥʦʟʝʤʝʣʴʥʽ 

ʤʝʪʘʣʠ K2O-P2O5-Al2O3-MIIO (MII ï Ca, Sr) ʚʩʪʘʥʦʚʣʝʥʦ ʩʫʪʪʻʚʦ ʚʽʜʤʽʥʥʠʡ 

ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ, ʘ ʩʘʤʝ ï ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʜʠʬʦʩʬʘʪʽʚ ï K2MIIP2O7 

(MII ï Ca, Sr). 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʫ ʚʠʧʘʜʢʫ 3d-ʤʝʪʘʣʽʚ ʪʘ 

ʤʘʛʥʽʶ ʬʦʨʤʫʚʘʥʥʷ ʬʦʩʬʘʪʽʚ KMIIPO4, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʮʝʦʣʽʪʦʚʦʛʦ ʩʽʤʝʡʩʪʚʘ 

ʩʧʦʣʫʢ, ʢʨʠʩʪʘʣʽʯʥʠʡ ʢʘʨʢʘʩ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʦ ʟ ʦʢʩʠʛʝʥʦʚʠʭ ʪʝʪʨʘʝʜʨʽʚ MIIO4 

ʪʘ PO4, ʦʙʫʤʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʶ ʡʦʥʽʚ ʜʚʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʧʝʨʝʙʫʚʘʪʠ ʫ 

ʪʝʪʨʘʝʜʨʠʯʥʦʤʫ ʦʢʩʠʛʝʥʦʚʦʤʫ ʦʪʦʯʝʥʥʽ. ɸ ʫ ʚʠʧʘʜʢʫ ʢʘʣʴʮʽʶ ʯʠ ʩʪʨʦʥʮʽʶ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʬʦʨʤʫʚʘʥʥʷ MIIO6ïʧʦʣʽʝʜʨʽʚ, ʽ ʩʪʘʙʽʣʽʟʘʮʽʷ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʪʠʧʽʚ 

ʬʦʩʬʘʪʥʠʭ ʘʥʽʦʥʽʚ ʫ ʩʢʣʘʜʽ ʩʧʦʣʫʢ K2MIIP2O7. ʊʦʤʫ ʥʘ ʬʦʥʽ çʥʝʚʝʣʠʢʦʛʦè ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʘʣʶʤʽʥʽʶ, ʬʦʨʤʫʶʪʴʩʷ ʧʦʜʚʽʡʥʽ ʜʠʬʦʩʬʘʪʠ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ 

ʤʝʪʘʣʽʚ. ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʡʦʥʽʚ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʫ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʟʘ ʫʯʘʩʪʶ ʢʘʣʴʮʽʶ ʯʠ ʩʪʨʦʥʮʽʶ ʜʦʩʣʽʜʞʝʥʦ 

ʙʽʩʤʫʪʚʤʽʩʥʽ ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʩʢʣʘʜ ʧʨʦʜʫʢʪʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʤʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂ/ʈ ʫ ʨʦʟʧʣʘʚʽ: ʬʦʨʤʫʚʘʥʥʷ 

ɺʽPO4 (ʫ ʨʦʟʨʽʟʽ ʂ/ʈ = 0.85), K2MIIP2O7 (ʂ/ʈ = 1.0) ʪʘ ʾʭ ʩʧʽʚʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʣʫʞʥʦʩʪʽ ʨʦʟʧʣʘʚʫ (K/P>1.0).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʧʦʚʽʜʦʤʣʝʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʫʤʽʰʽ ʦʢʩʠʜʽʚ MIɯI2O3 + MIIO ʟ ʢʘʣʽʡʬʦʩʬʘʪʥʠʤʠ 

ʨʦʟʧʣʘʚʘʤʠ, ʚʩʪʘʥʦʚʠʚ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 
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ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʨʠʮʴ KMIIPO4 ʯʠ K2MIIP2O7, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʭʠʣʴʥʽʩʪʶ ʾʭʥʽʭ ʡʦʥʽʚ ʧʝʨʝʙʫʚʘʪʠ ʫ ʧʝʚʥʦʤʫ ʦʢʩʠʛʝʥʦʚʦʤʫ ʦʪʦʯʝʥʥʽ (MIɯO4 ï 

ʜʣʷ ʤʘʛʥʽʶ ʽ 3d-ʤʝʪʘʣʽʚ ʯʠ MIIO6 ï ʜʣʷ ʢʘʣʴʮʽʶ ʪʘ ʩʪʨʦʥʮʽʶ). ʇʨʠ ʮʴʦʤʫ ʧʨʦʷʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʡʦʥʽʚ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʫ ʫ ʨʦʟʧʣʘʚʽ ʚʠʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ 

çʚʝʣʠʢʦʛʦè ʟʘ ʨʦʟʤʽʨʘʤʠ ï ʙʽʩʤʫʪʫ (ʫʪʚʦʨʝʥʥʷ ɺʽPO4). ʌʦʨʤʫʚʘʥʥʷ ʩʧʦʣʫʢ ʟʘ 

ʫʯʘʩʪʶ ʦʙʦʭ ʧʨʠʩʫʪʥʽʭ ʫ ʨʦʟʧʣʘʚʽ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʦʯʝʚʠʜʥʦ ʦʙʤʝʞʫʻʪʴʩʷ 

ʧʨʠʨʦʜʦʶ ʢʘʣʽʶ. 

ʆʜʝʨʞʘʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʬʘʟʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʦʧʪʠʯʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ. 

 

 
ʈʠʩʫʥʦʢ. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʢʣʘʜʥʠʭ ʬʦʩʬʘʪʽʚ:  

KCoPO4 (ʘ), KZnPO4 (ʙ) ʪʘ ʂ2ʉʘP2O7 (ʚ). 
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ʃɪɻʂʀʍ ʅɸʇʆʃʅʀʊɽʃɽʁ 

 

ʄʠʨʦʰʥʠʢʦʚʘ ʂ.ʆ., ʄʠʨʦʥʶʢ ɸ.ɺ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ 

çʂʠʝʚʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪè, 

03056 ʧʨ-ʪ ʇʦʙʝʜʳ, 37, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

kateoctober@gmail.com 

 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʠʩʪʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʟʦʣʘ ʫʥʦʩʘ, ʩʪʝʢʣʷʥʥʳʝ 

ʤʠʢʨʦʩʬʝʨʳ, ʚʩʧʫʯʝʥʥʳʡ ʧʝʨʣʠʪʦʚʳʡ ʧʝʩʦʢ, ʪʘʢ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʥʘʧʨʠʤʝʨ, 

ʛʨʘʥʫʣʳ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚʩʧʫʯʝʥʥʦʛʦ ʧʝʨʣʠʪʘ ʢʘʢ ʪʝʧʣʦʠʟʦʣʷʪʦʨʘ 

ʷʚʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʝʛʦ ʥʝʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʰʠʨʦʢʘʷ 

ʜʦʩʪʫʧʥʦʩʪʴ, ʯʝʤ ʥʝ ʦʙʣʘʜʘʶʪ ʦʩʪʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʘʤʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʝʨʣʠʪʘ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʟʘʧʦʣʥʝʥʠʶ ʜʝʬʝʢʪʦʚ ʢʣʘʜʢʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʢ ʦʩʥʦʚʘʥʠʶ. [1] 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʦʟʠʮʠʡ, ʥʘʧʦʣʥʝʥʥʳʭ ʵʪʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʎʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʦʚ ʜʣʷ ʩʠʩʪʝʤ ʩ ʧʦʨʠʩʪʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʚʦʜʥʳʭ ʵʤʫʣʴʩʠʡ ʩʪʠʨʦʣ-ʘʢʨʠʣʦʚʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʪʝʢʣʦʚʘʥʠʷ Osalcryl 23 NM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʧʝʨʣʠʪʘ ʠ ʟʦʣʴʥʳʭ ʤʠʢʨʦʩʬʝʨ. ʀʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʶʪ: 0,043-0,093 ʠ 0,05-0,13 ɺʪ/ʤĿʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʧʣʦʚʦʤ 

ʨʝʞʠʤʝ. [2] 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ ʩʦ ʚʩʧʫʯʝʥʥʳʤ ʧʝʨʣʠʪʦʤ ʩʦʩʪʘʚʣʷʶʪ ï 

793,65 ɺʪ/ʤ2, ʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʷʥʥʳʭ ʤʠʢʨʦʩʬʝʨ - 769,2 ɺʪ/ʤ2.  

ʄʦʜʝʣʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ [3] ʦʧʠʩʳʚʘʝʪ 

ʫʨʘʚʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʣʘʛʘʷ, ʯʪʦ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʥʘʩʪʦʣʴʢʦ ʧʣʦʪʥʳʡ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʚʫʭ 

ʩʤʝʞʥʳʭ ʩʣʦʝʚ ʦʜʠʥʘʢʦʚʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʦʪʳ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʨʝʞʠʤʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ, 

ʪ.ʝ.  ʚʝʣʠʯʠʥʘ  q   ʜʣʷ ʣʶʙʦʛʦ ʩʣʦʷ ʩʪʝʥʢʠ ʦʜʥʘ ʠ ʪʘ ʞʝ. ɸ ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ɚ ʨʘʟʣʠʯʝʥ, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ - ʣʦʤʘʥʘʷ ʣʠʥʠʷ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʪʝʥʢʠ (1): 
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ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʦʨʳ ʚ ʢʘʞʜʦʤ ʩʣʦʝ (2-4): 
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ʉʣʦʞʠʚ, ʣʝʚʳʝ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʵʪʠʭ ʨʘʚʝʥʩʪʚ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ (5): 
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ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʝʥʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ n ʩʣʦʝʚ, ʬʦʨʤʫʣʘ ʧʣʦʪʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (6): 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʧʫʯʝʥʥʦʛʦ ʧʝʨʣʠʪʘ ʠ ʩʪʝʢʣʷʥʥʳʭ 

ʤʠʢʨʦʩʬʝʨ ʩʦʩʪʘʚʠʣʠ 788,0 ʠ 762,9 ɺʪ/ʤ2, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʤʦʜʝʣʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʦʩʢʦʡ ʩʪʝʥʢʠ ʩ ʫʯʸʪʦʤ ʤʥʦʛʦʩʣʦʡʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʣʸʛʢʠʭ 

ʥʘʧʦʣʥʠʪʝʣʷʭ. 

 

[1] ʇʘʥʘʩʶʢ ʄ.ɺ. ʂʨʦʚʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. - 

ʆʬʦʨʤʣʝʥʠʝ: ʠʟʜ-ʚʦ çʌʝʥʠʢʩè, 2005. 

[2] ɻʆʉʊ 7076-99. ʄʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʩʪʨʦʠʪʝʣʴʥʳʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʧʣʦʚʦʤ 

ʨʝʞʠʤʝ. 

[3] ʄʘʥʪʘʰʦʚ ɸ.ʊ. ʊʝʧʣʦʪʝʭʥʠʢʘ. ʏʘʩʪʴ I ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʘ; 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʇʝʨʤʴ: ʀʟʜ-ʚʦ ʇɻʉʍɸ,  2009 ï 184 ʩ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɿʄɯʐɸʅʆʃɯɻɸʅɼʅʆɻʆ ʂʆʄʇʃɽʂʉʋ Nd(III) ɿ 

ɸʃɯʃɸʎɽʊʆɸʎɽʊɸʊʆʄ ʊɸ ɸʎɽʊʀʃɸʎɽʊʆʅʆʄ ʋ ʈʆɿʏʀʅɯ 

 

ʄʽʱʝʥʢʦ ɸ.ʄ., ʊʨʫʥʦʚʘ ʆ.ʂ., ɹʝʨʝʞʥʠʮʴʢʘ ʆ.ʉ. 

ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ 

a.m.mishchenko@ukr.net 

 

ʂʦʤʧʣʝʢʩʠ ʣʘʥʪʘʥʽʜʽʚ (Ln) ʟ ʥʝʥʘʩʠʯʝʥʠʤʠ ɓ-ʜʠʢʘʨʙʦʥʽʣʴʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʣʘʩʫ ʧʨʝʢʫʨʩʦʨʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʤʝʪʘʣʦʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. ʆʜʥʠʤ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʟʘʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ ʣʽʛʘʥʜʽʚ ʻ ʘʣʽʣʘʮʝʪʦʘʮʝʪʘʪ (ʘʣʽʣ-3-ʦʢʩʦʙʫʪʘʥʦʘʪ, alacac) ï ɓ-

ʢʝʪʦʝʩʪʝʨ, ʱʦ ʤʽʩʪʠʪʴ ʥʝʥʘʩʠʯʝʥʠʡ ʦʢʩʠʘʣʽʣʴʥʠʡ ʟʘʤʽʩʥʠʢ. ʄʝʪʦʜʘʤʠ ɽʉʇ [2] 

ʪʘ ʨʅ-ʧʦʪʝʥʮʽʦʤʝʪʨʽʾ [3] ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʚʦʜʥʠʭ ʪʘ ʟʤʽʰʘʥʠʭ ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʘʭ ʧʨʠ ʨʅ = 5,5ï7,0 ʫʪʚʦʨʶʶʪʴʩʷ ʢʘʪʽʦʥʥʽ ʙʽʩ-ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ 

Ln(alacac)2+, ʘ ʧʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʨʅ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʘʜʞʝʥʥʷ 

ʛʽʜʨʦʢʩʦʢʦʤʧʣʝʢʩʽʚ. ʆʩʪʘʥʥʽ ʥʝ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʆʅ-ʛʨʫʧʠ ʝʬʝʢʪʠʚʥʦ ʛʘʩʷʪʴ 

ʣʶʤʽʥʝʩʮʝʥʮʽʶ [4]. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʚ 

ʟʘʤʽʱʝʥʥʽ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʰʣʷʭʦʤ ʦʜʝʨʞʘʥʥʷ ʟʤʽʰʘʥʦʣʽʛʘʥʜʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ (ɿʃʂ) ʟ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ (acac). 

ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ 

Nd(III) ï ʘʣʽʣʘʮʝʪʦʘʮʝʪʘʪ ï ʘʮʝʪʠʣʘʮʝʪʦʥ ʤʝʪʦʜʦʤ ʽʟʦʤʦʣʷʨʥʦʾ ʩʝʨʽʾ (ɯʄʉ). 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: CNd(III) = 0,009 ʤʦʣʴ/ʣ, Calacac+acac = 0,027 

ʤʦʣʴ/ʣ, ʨʅ = 6,0Ñ0,1, ʨʦʟʯʠʥʥʠʢ ï 75%-ʡ ʜʽʦʢʩʘʥ. ɼʽʘʛʨʘʤʫ ɯʄʉ ʫ ʢʦʦʨʜʠʥʘʪʘʭ 

çʧʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʤʫʛʠ ʧʝʨʝʭʦʜʫ 4I9/2 Ÿ 2P1/2 ï ʩʢʣʘʜè ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ. 

 

 
ʈʠʩ. ɯʄʉ ʜʣʷ ʩʠʩʪʝʤʠ Nd(ɯɯɯ) ï alacac ï acac 
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ʅʘ ʜʽʘʛʨʘʤʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʧʨʷʤʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ, ʘ ʪʦʯʢʘ ʧʝʨʝʛʠʥʫ 

ʚʽʜʧʦʚʽʜʘʻ ɿʃʂ ʩʢʣʘʜʫ Nd(alacac)2(acac). ɼʽʣʷʥʢʘ ɯ ʚʽʜʧʦʚʽʜʘʻ ʫʪʚʦʨʝʥʥʶ ɿʃʂ ʟʘ 

ʨʽʚʥʷʥʥʷʤ: 

 Nd(alacac)2
+ + acac- Ÿ Nd(alacac)2(acac), (*)  

ʘ ʜʽʣʷʥʢʘ ɯɯ ï ʧʦʩʪʫʧʦʚʦʤʫ ʟʘʤʽʱʝʥʥʶ ʜʚʦʭ ʘʥʽʦʥʽʚ alacac- ʥʘ ʜʚʘ ʘʥʽʦʥʠ acac- ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʪʨʠʩ-ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʫ ʥʝʦʜʠʤʫ (ɜ{Nd(acac)3} = 23285 ʩʤ
-1, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [5]). ɺʝʣʠʯʠʥʘ ʥʝʬʝʣʦʢʩʝʪʠʯʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʥʘ ɯ ʜʽʣʷʥʮʽ (ȹɜ1 = 34 ʩʤ
-1) ʙʽʣʴʰʘ, ʥʽʞ ʥʘ ɯɯ ʜʽʣʷʥʮʽ (ȹɜ2 = 21 ʩʤ

-1), 

ʦʩʢʽʣʴʢʠ ʥʘ ʜʽʣʷʥʮʽ ɯ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʣʽʛʘʥʜʽʚ, ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʟ ʽʦʥʦʤ Nd3+, 

ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (*) ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥ, ʘ ʥʘ ʜʽʣʷʥʮʽ ɯɯ ʢʽʣʴʢʽʩʪʴ 

ʢʦʦʨʜʠʥʦʚʘʥʠʭ ʣʽʛʘʥʜʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʗʢʱʦ ʯʝʨʝʟ ŭalacac ʽ ŭacac ʧʦʟʥʘʯʠʪʠ 

ʥʝʬʝʣʦʢʩʝʪʠʯʥʝ ʟʤʽʱʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʢʦʦʨʜʠʥʘʮʽʻʶ ʦʜʥʦʛʦ ʘʥʽʦʥʘ alacac- ʽ acac- 

ʚʽʜʧʦʚʽʜʥʦ (ʽʥʢʨʝʤʝʥʪʠ ʟʤʽʱʝʥʥʷ), ʪʦ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʜʽʘʛʨʘʤʠ ɯʄʉ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ: ȹɜ1 = ŭacac, ȹɜ2 = 2(ŭacac-2ŭalacac). ʈʦʟʚôʷʟʘʚʰʠ ʦʪʨʠʤʘʥʫ ʩʠʩʪʝʤʫ, 

ʦʜʝʨʞʠʤʦ: ŭalacac = 12 ʩʤ
-1, ŭacac = 34 ʩʤ

-1. 

ɿʥʘʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʥʢʨʝʤʝʥʪʽʚ ʟʤʽʱʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʢʦʦʨʜʠʥʘʮʽʾ ʣʽʛʘʥʜʽʚ. ɿʛʽʜʥʦ ʟ [6] ʦʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʘʥʽʦʥ acac- ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʙʽʜʝʥʪʘʪʥʦ ʯʝʨʝʟ 

ʦʙʠʜʚʽ ʢʘʨʙʦʥʽʣʴʥʽ ʛʨʫʧʠ, ʘ ʘʥʽʦʥ alacac- ï ʤʦʥʦʜʝʥʪʘʪʥʦ ʯʝʨʝʟ ʦʜʠʥ ʘʪʦʤ ʢʠʩʥʶ 

ʢʝʪʦʥʥʦʾ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ. ɺʽʜʤʽʥʥʽʩʪʴ ʫ ʢʦʦʨʜʠʥʘʮʽʾ ʘʥʽʦʥʘ alacac- ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ ʤʦʣʝʢʫʣʽ 

ʘʣʽʣʘʮʝʪʦʘʮʝʪʘʪʫ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʘʪʦʤʘ ʢʠʩʥʶ ʦʢʩʠʘʣʽʣʴʥʦʛʦ ʟʘʤʽʩʥʠʢʘ. 

 

[1] Berezhnytska O., Savchenko I., Denysova Z., Rusakova N., Fedorov Ya., 
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ʉʀʅʊɽɿ, ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʆɽʅʀʗ ʀ ʊɽʈʄʆʃʀɿɸ ʂʆʄʇʃɽʂʉʆɺ 

[Ge(LĿH)(L)][FeCl4], ɻɼɽ ʅ2L ï ʇʀʈʀɼʀʅʆʀʃɻʀɼʈɸɿʆʅʓ 2-
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ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ ʩʠʩʪʝʤʘʭ ñGeCl4 ï ʥʠʢʦʪʠʥʦʠʣ-(ʠʟʦʥʠʢʦʪʠʥʦʠʣ)ʛʠʜʨʘʟʦʥʳ 2-ʛʠʜʨʦʢʩʠʙʝʥʟ- 

(H2Ls) ʠ 2-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʴʜʝʛʠʜʦʚ (H2Lnf) ï CoCl2 ï CH3OHò ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʟʥʦʤʝʪʘʣʣʴʥʳʝ ʪʝʪʨʘʭʣʦʨʦʢʦʙʘʣʴʪʘʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʢʘʪʠʦʥʦʤ ʛʝʨʤʘʥʠʷ 

(IV) ʩʦʩʪʘʚʘ [Ge(LsȚH)2][CoCl4] ʠ [Ge(LnfȚH)2][CoCl2] [1].  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʴ ʫʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ñʩʘʤʦʩʙʦʨʢʠò 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ Ge(IV)-Fe(III) ʢʦʤʧʣʝʢʩʦʚ ʩ ʫʢʘʟʘʥʥʳʤʠ 

ʧʠʨʠʜʠʥʦʠʣʛʠʜʨʘʟʦʥʘʤʠ, ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [Ge(LsȚH)(Ls)][FeCl4] (ɓ-

N ʧʦʣʦʞʝʥʠʝ ʘʟʦʪʘ ï I, ɔ ï II) ʠ [Ge(Lnf)(LnfȚʅ)][FeCl4] (ɓ ï III, ɔ ï IV), ʢʦʪʦʨʳʝ 

ʚ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ɼʄʌɸ ʷʚʣʷʶʪʩʷ ʜʚʫʭʠʦʥʥʳʤʠ 

ʵʣʝʢʪʨʦʣʠʪʘʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʀʂ ʠ ʄʝʩʩʙʘʫʵʨʘ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ I ï IV ʷʚʣʷʶʪʩʷ 

ʨʘʟʥʦʤʝʪʘʣʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʪʝʪʨʘʭʣʦʨʦʬʝʨʨʘʪʦʚ (III) (ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʚ 

ʄʝʩʩʙʘʫʵʨʘ ʠ ʟʥʘʯʝʥʠʷ ɛʵʬ (Ḑ5,9 ʄ.ɹ) ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ [FeCl4]- c 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ ʦʢʨʫʞʝʥʠʝʤ). ʂʦʤʧʝʥʩʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ Ge (IV), ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʆ(C-

O)-N(CH=N)-O(Ph) ï ʢʦʦʨʜʠʥʘʮʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʦʪʦʥʠʨʦʚʘʥ ʧʦ ʵʢʟʦʭʝʣʘʪʥʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ Npy.  

ɺ ʀʂ ʩʧʝʢʪʨʘʭ I ï IV ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʘʟʦʥʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ 

ɜ(ʆʅ), ɜ(ʉ=ʆ) ʠ ɜ(Nʅ), ʩʤʝʱʘʶʪʩʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ɜ(C=N) ʠ 

ʧʦʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ɜ(Ge-O), ɜ(Ge-N). 

ʊʝʨʤʦʣʠʟ ʢʦʤʧʣʝʢʩʦʚ ʥʘʯʠʥʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 190-240 Áʉ ʵʥʜʦ-ʵʬʬʝʢʪʦʤ 

ʫʜʘʣʝʥʠʷ 1 ʤʦʣʴ ʭʣʦʨʦʚʦʜʦʨʦʜʘ, ʯʪʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʨʘʩʯʝʪʘʤʠ ʧʦ ʊɻ ʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ I ï IV ʧʨʠ 230 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ 

ʪʚʝʨʜʳʭ ʦʩʪʘʪʢʦʚ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʭʣʦʨʠʜ-ʠʦʥ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ 

 

[1] ʐʤʘʪʢʦʚʘ ʅ.ɺ., ʉʝʡʬʫʣʣʠʥʘ ʀ.ʀ., ɺʣʘʩʝʥʢʦ  ɺ.ɻ., ʃʝʚʯʝʥʢʦʚ ʉ.ʀ. Ăʉʠʥʪʝʟ ʠ 

ʩʪʨʦʝʥʠʝ ʨʘʟʥʦʤʝʪʘʣʣʴʥʳʭ Gʝ-ʉʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʠʨʠʜʠʥʦʠʣʛʠʜʨʘʟʦʥʘʤʠ 2-

ʛʠʜʨʦʢʩʠʘʨʠʣʘʣʴʜʝʛʠʜʦʚò// ʍ ɺʩʝʨʦʩ. ʢʦʥʬ. ʩ ʤʝʞʜʫʥʘʨ. ʫʯʘʩ. çʉʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè. ï ʊʫʘʧʩʝ, 2013. ʉ. 113-114. 
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ɺʃʀʗʅʀɽ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʄʆʃʀɹɼɸʊʆɺ ʂɸʃʔʎʀʗ ʀ ɹɸʈʀʗ 

ʅɸ ʎɺɽʊʆɺʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʊɽʂʃʆʕʄɸʃɽʁ 

 

ʐʘʣʳʛʠʥʘ ʆ.ɺ., ʆʜʠʥʮʦʚʘ ɸ.ʇ., ɻʘʚʨʠʣʠʥʘ ʃ.ɸ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʽʥʩʪʠʪʫʪè 
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ʉʪʝʢʣʦʵʤʘʣʝʚʳʝ ʧʦʢʨʳʪʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʤʘʣʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʪ ʨʘʟʨʫʰʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʛʨʝʩʩʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ. ʆʜʥʘʢʦ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʩʪʝʢʣʦʵʤʘʣʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʩʪʝʪʠʢʦ-ʜʝʢʦʨʘʪʠʚʥʳʝ ï 

ʮʚʝʪʦʚʳʝ ʠ ʪʝʢʩʪʫʨʥʳʝ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʘʢʠʝ ʮʚʝʪʘ, ʢʘʢ ʯʝʨʥʳʡ ʠ ʢʦʨʠʯʥʝʚʳʡ, ʧʦʣʫʯʘʶʪ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʦʢʩʠʜʦʚ 

Fen+, Mnn+, Cun+, Con+, Nin+ ʠ ʜʨ., ʘ ʮʚʝʪʘ ʙʝʣʳʭ, ʙʝʞʝʚʳʭ, ʩʝʨʳʭ ʠ ʜʨ. 

ʧʘʩʪʝʣʴʥʳʭ ʦʪʪʝʥʢʦʚ ï ʣʠʰʴ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ï ʦʢʨʘʰʠʚʘʥʠʷ ʠ 

ʛʣʫʰʝʥʠʷ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʢʨʘʩʠʪʝʣʝʡ ʠ ʛʣʫʰʘʱʠʭ ʘʛʝʥʪʦʚ ï 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪ TiO2, SnO2, P2O5, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʘʟʤʝʨ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʧʨʝʜʝʣʘʭ 1-10 ʤʢʤ ɼʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʳʭ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʩʪʝʢʣʦʵʤʘʣʠ 

ʵʣʝʤʝʥʪʦʚ-ʢʨʘʩʠʪʝʣʝʡ ʠ ʛʣʫʰʘʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

ʆʢʨʘʰʠʚʘʥʠʝ ʩʪʝʢʣʦʵʤʘʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʪʨʝʤ 

ʤʝʭʘʥʠʟʤʘʤ ï ʠʦʥʥʦʤʫ, ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʠ ʢʦʣʣʦʠʜʥʦʤʫ. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʙʝʟʛʨʫʥʪʦʚʳʭ ʩʪʝʢʣʦʵʤʘʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʩʝʨʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʝʢʦʨʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ ʠ ʧʨʦʯʥʦʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʩʪʝʢʣʦʵʤʘʣʴ ï ʩʪʘʣʴ. ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ 

ʩʪʝʢʣʦʵʤʘʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʤʝʪʘʣʣʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʢʪʠʚʘʪʦʨʘ ʩʮʝʧʣʝʥʠʷ (ʂɸʉ) ʩʦʩʪʘʚʘ CoO, NiO, CuO, MnO2 ʠ Fe2O3. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʝʤʝ, 

ʥʘʢʦʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʵʤʘʣʠ. 

ɺʝʣʠʯʠʥʘ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʛʣʫʰʠʪʝʣʷ ï ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʦʚ 

ʦʧʨʝʜʝʣʷʝʪ ʩʥʠʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʵʪʦʤʫ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʨʘʰʠʚʘʥʠʷ ʩʪʝʢʣʦʵʤʘʣʠ, ʪ.ʝ. ʟʘ ʩʯʝʪ ʢʘʪʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ Fen+, Mnn+, Cun+, Con+, Nin+, ʚʚʦʜʠʤʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʢʩʠʜʘʤʠ ʥʘ ʩʪʘʜʠʠ ʚʘʨʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʣʫʰʘʱʠʤʠ 

ʘʛʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʞʠʛʝ ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʫʶʪ ʤʠʢʨʦʜʠʩʧʝʨʩʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. ʎʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʪʘʢʦʤ ʤʝʭʘʥʠʟʤʝ 

ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʨʘʰʠʚʘʥʠʷ ʠ 

ʛʣʫʰʝʥʠʷ ʧʨʠ ʦʙʞʠʛʝ ʧʦʢʨʳʪʠʡ. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʩʦʩʪʘʚʦʚ ʬʨʠʪʪ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʨʘʩʷʱʠʭ ʘʛʝʥʪʦʚ ʢʘʪʠʦʥʳ 

ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʳʟʳʚʘʶʱʠʝ 

ʤʠʢʨʦʜʠʩʧʝʨʩʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʝʝ 1 ʤʢʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʟʘʛʣʫʰʝʥʥʦʩʪʴ ʩʪʝʢʣʦʵʤʘʣʝʚʳʭ ʧʦʢʨʳʪʠʡ, ʦʜʥʘʢʦ 
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ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʷ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʪʝʢʣʦʵʤʘʣʴ ï ʩʪʘʣʴ. ʇʦʵʪʦʤʫ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʛʣʫʰʘʱʠʭ ʘʛʝʥʪʦʚ ʚʚʦʜʠʣʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʚ ʠʥʪʝʨʚʘʣʝ ʦʙʞʠʛʘ ʧʦʢʨʳʪʠʡ (820 ï 840 Áʉ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʩ ʨʘʟʤʝʨʦʤ 

ʢʨʠʩʪʘʣʣʦʚ ʤʝʥʝʝ 1 ʤʢʤ ï ʤʦʣʠʙʜʘʪʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ɺʘʄʦʆ4 ʠ ʉʘʄʦʆ4.  

ɹʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʝʢʣʦʵʤʘʣʝʚʳʭ ʬʨʠʪʪ ʚ 

ʩʠʩʪʝʤʝ RO ï R2O ï ɺ2O3 ï SiO2. ɺ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʠʣʠ ʂɸʉ, ʢʦʪʦʨʳʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʣ ʘʢʪʠʚʥʳʤ ʦʢʨʘʰʠʚʘʶʱʠʤ ʢʦʤʧʣʝʢʩʦʤ (ɸʆʂ). ɺ 

ʢʘʯʝʩʪʚʝ ʛʣʫʰʘʱʝʛʦ ʘʛʝʥʪʘ ʙʳʣ ʚʚʝʜʝʥ ʄʦʆ3 ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 1,25 ʜʦ 5,0 

ʤʘʩ. % ʩ ʰʘʛʦʤ 1,25 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ CaO ʠ BaO ʧʦ 2,0 ʤʘʩ. %. 

ɺʘʨʢʘ ʩʪʝʢʣʦʵʤʘʣʝʚʳʭ ʬʨʠʪʪ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʰʘʤʦʪʥʳʭ ʪʠʛʣʷʭ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʧʝʯʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʨʢʠ 1250 Áʉ ʚ ʪʝʯʝʥʠʠ 15-20 ʤʠʥʫʪ, 

ʛʦʪʦʚʥʦʩʪʴ ʨʘʩʧʣʘʚʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʦʙʦʡ ʥʘ ʥʠʪʴ. ʇʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʟʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʬʨʠʪʪʫ ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ, ʠʟʤʝʣʴʯʘʣʠ ʜʦ 

ʧʦʨʦʰʢʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 5-60 ʤʢʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʝʛʦ ʛʠʜʨʦʬʦʙʠʟʘʮʠʝʡ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ. ɹʝʟʛʨʫʥʪʦʚʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʩʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʥʘʥʝʩʝʥʥʳʝ ʧʦ ʧʦʨʦʰʢʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

(POESTA), ʦʙʞʠʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 820 ï 840 Áʉ ʚ ʪʝʯʝʥʠʠ 4 ʤʠʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʤʝʣʠ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ ʩʝʨʦ-ʯʝʨʥʦʛʦ ʮʚʝʪʘ 

ʜʦ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʚʝʜʝʥʥʦʛʦ ʄʦʆ3, ʦʙʨʘʟʫʶʱʝʛʦ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ CaO ʠ BaO ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʦʣʠʙʜʘʪʦʚ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʦʙʲʸʤʝ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʩʦʩʪʘʚ ʬʨʠʪʪʳ 1,25 ʤʘʩ. % ʄʦʆ3 ʮʚʝʪ ʧʦʢʨʳʪʠʷ ʯʝʨʥʦ - ʩʝʨʳʡ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 2,5 ʠ 3,75 ʤʘʩ. %, ʧʦʢʨʳʪʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʙʦʣʝʝ ʩʚʝʪʣʳʝ 

ʦʪʪʝʥʢʠ ʩʝʨʦʡ ʛʘʤʤʳ ʮʚʝʪʦʚ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʄʦʆ3 5 ʤʘʩ. % 

ʧʦʣʫʯʝʥʳ ʩʝʨʦ-ʛʦʣʫʙʳʝ ʧʦʢʨʳʪʠʷ.  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʬʨʠʪʪ ʚ ʨʝʞʠʤʝ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʧʦʢʘʟʘʣ ʧʨʠʩʫʪʩʪʚʠʝ ʧʠʢʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʬʘʟʘʤ ɺʘʄʦʆ4 ʠ ʉʘʄʦʆ4, 

ʘ ʪʘʢʞʝ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ (ʛʘʣʦ), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʣʠʯʠʝ ʘʤʦʨʬʥʦʡ 

ʬʘʟʳ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʙʦʣʝʝ 1 ʤʢʤ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʙʨʘʟʮʦʚ ʧʦʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʪʨʘʚʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 0,5 ï 0,8 ʤʢʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʣʫʰʘʱʝʛʦ ʘʛʝʥʪʘ ʄʦʆ3 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʘʭ ʬʨʠʪʪ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʮʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ ʟʘ ʩʯʝʪ ʤʠʢʨʦʜʠʩʧʝʨʩʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ɺʘʄʦʆ4 ʠ ʉʘʄʦʆ4. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ 

ʂɸʉ, ɸʆʂ ʠ ʛʣʫʰʘʱʝʛʦ ʘʛʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʦʢʨʘʰʠʚʘʥʠʷ ʠ ʛʣʫʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʙʝʟʛʨʫʥʪʦʚʳʝ 

ʩʪʝʢʣʦʵʤʘʣʝʚʳʝ ʧʦʢʨʳʪʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʩʦ ʩʪʘʣʴʥʦʡ 

ʦʩʥʦʚʦʡ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʆʢʩʠʜʳ ʞʝʣʝʟʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ (ʨʅ, ʧʨʠʨʦʜʘ 

ʘʥʠʦʥʘ, ʊ) ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ Fe2O3 ʠ Fe3O4, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʯʘʩʪʠʮʘʤʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ Fe2O3 ʠʟ ʥʠʪʨʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʳʝ ʤʘʩʩʠʚʥʳʝ ʘʛʣʦʤʝʨʘʪʳ ʩ ʨʘʟʤʝʨʘʤʠ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ, 

ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (Sʫʜ) 140-150 ʤ2/ʛ. ɺʚʝʜʝʥʠʝ ʭʣʦʨʠʜ ʠʦʥʦʚ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʫʙʠʯʝʩʢʠʭ ʠ ʦʚʘʣʴʥʳʭ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ 0,5-2 ʤʢʤ ʠ 

ʫʤʝʥʴʰʝʥʠʶ Sʫʜ ʜʦ 30 ʤ2/ʛ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ Fe3O4 ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʩ Sʫʜ ʧʦʨʷʜʢʘ 120-130 ʤ2/ʛ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ Fe3O4 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʠʙʦʣʴʰʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʘʩʪʠʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʩʥʦʚʥʘʷ ʬʘʟʘ ʜʣʷ ʪʘʢʠʭ ʯʘʩʪʠʮ ï ʤʘʛʥʝʪʠʪ.  

ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʮʝʥʠʚʘʣʠ ʠʟ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʜʝʨʞʘʱʠʭ 

ʤʝʪʘʣʣʳ. ʆʙʲʝʤ ʨʘʩʪʚʦʨʘ 50 ʤʣ, ʤʘʩʩʘ ʩʦʨʙʝʥʪʘ 0,1ʛ, ʪʝʤʧʝʨʘʪʫʨʘ 20Áʉ. ʇʦ 

ʧʘʨʘʤʝʪʨʫ ʨʅ50 ʜʣʷ ʯʘʩʪʠʮ Fe2O3 ʤʝʪʘʣʣʳ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʨʷʜ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ: Eu(ʨʅ503)>Ce(ʨʅ503,2)>Cu(ʨʅ503,5)>Zn(ʨʅ505)>Cd(ʨʅ506)> 

Co(ʨʅ507,5)>Mn(ʨʅ508). ɼʣʷ ʠʦʥʦʚ Sr ʨʅ50 ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʚʩʝ. ɼʣʷ ʯʘʩʪʠʮ 

Fe3O4 ʨʅ50: 

Eu(ʨʅ503,5)>Ce(ʨʅ504,1)>Cu(ʨʅ504,3)>Zn(ʨʅ506,1)>Cd(ʨʅ506,8)>Co(ʨʅ507)>Mn(

ʨʅ507,5)>Sr(ʨʅ508,5). ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣ. 1. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʘʟʳʚʘʝʪ ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʏʝʤ ʙʦʣʴʰʝ Sʫʜ, ʪʝʤ ʚʳʰʝ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ. 

 

ʊʘʙʣ. 1. ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʃʝʥʛʤʶʨʘ  
ʄʝʪʘʣʣ Fe2O3 (Sʫʜ 150 ʤ

2
/ʛ) Fe3O4 (Sʫʜ 120 ʤ

2
/ʛ) Fe2O3 (Sʫʜ 30 ʤ

2
/ʛ) 

ʂ ɸÐ, 

ʤʛ/ʛ 

R
2
, % ʂ ɸÐ, 

ʤʛ/ʛ 

R
2
, % ʂ ɸÐ, 

ʤʛ/ʛ 

R
2
, % 

Eu(ʨʅ5) 0,007 21,3 89,85 0,024 19,7 92,97 0,015 9,51 95,05 

Ce(ʨʅ5) 0,346 9,2 94,83 0,162 7,50 90,52 - - - 

Cu(ʨʅ5) 0,029 15,7 94,12 0,039 11,6 93,57 0,103 9,20 83,80 

ʉʦ(ʨʅ6,5) 0,017 18,69 94,64 0,013 17,30 92,30 0,048 6,87 99,56 
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ʇʘʣʘʰ ɸ.ʂ.1,2, ʂʫʟʥʝʮʦʚʘ ʊ.ʆ. 2, ɽʚʣʘʰ ɺ.ɺ.2, ʇʘʥʯʝʥʢʦ ɺ.ɻ. 1, ʂʘʣʫʛʠʥ ʆ.ʅ. 1 
1 ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʅ. ʂʘʨʘʟʠʥʘ 

2 ʍʘʨʴʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʪʘʥʠʷ ʠ ʪʦʨʛʦʚʣʠ 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʚʠʪʘʤʠʥʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʠ ʪʨʫʜʘ 

ʥʘʩʝʣʝʥʠʷ, ʩʥʠʞʝʥʠʝʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʦʙʲʝʤʦʚ ʧʠʱʠ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚʘʭ. ɺʥʝʩʝʥʠʝ ʚʠʪʘʤʠʥʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʮʝʧʪʫʨʦʡ ʯʘʩʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʧʦʩʣʝ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʥʠʞʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʩʚʦʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʚʠʪʘʤʠʥʘʤʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʛʠʜʨʦʢʦʣʣʦʠʜʳ, ʯʘʩʪʴ ʚʠʪʘʤʠʥʦʚ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴʩʷ ʵʪʠʤʠ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʘ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʚʳʚʦʜʠʪʴʩʷ ʠʟ 

ʦʨʛʘʥʠʟʤʘ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʞʝʣʘʪʠʥʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʩ ʚʠʪʘʤʠʥʦʤ ʉ, 

ʚʥʝʩʝʥʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʞʝʣʘʪʠʥ 

ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ (ɽ1442) [1]. ɺ ʢʘʞʜʫʶ ʩʠʩʪʝʤʫ 

ʚʚʦʜʠʣʠ ʚʠʪʘʤʠʥ ʉ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʛʠʜʨʦʢʦʣʣʦʠʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ çʄʠʣʠʭʨʦʤ ɸ-02è [2]. ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʠʪʘʤʠʥʘ ʉ ʚ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʪʦʤ ʚʠʪʘʤʠʥʝ ʠ 

ʚʥʝʩʝʥʠʷ 1/3 ʦʪ ʝʛʦ ʩʫʪʦʯʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʨʦʜʫʢʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʛʦʪʦʚʠʣʘʩʴ ʩʝʨʠʷ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 30 ʤʛ / 100 ʛ ʜʦ 50 ʤʛ / 100 ʛ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ.  

ʅʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʜʚʫʭ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 40 ʤʛ / 100 ʛ ʚʠʪʘʤʠʥʘ ʉ ʠ 2% ʞʝʣʘʪʠʥ ʠ 1.5% ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ 

ʛʠʜʨʦʢʦʣʣʦʠʜʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʘʤʠʥʘ ʉ ʚ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʨʦʤʘʪʦʛʨʘʤʤ ʨʘʩʪʚʦʨʦʚ 2% ʞʝʣʘʪʠʥʘ ʠ 

1.5% ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ 10 ʤʛ/100 ʛ 

ʚʠʪʘʤʠʥʘ ʉ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʞʝʣʘʪʠʥ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ 

2% ʞʝʣʘʪʠʥʘ ʠ 1.5% ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʚʝʜʝʥʥʦʛʦ ʚʠʪʘʤʠʥʘ ʉ. ʄʠʥʠʤʘʣʴʥʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 2% ʨʘʩʪʚʦʨʘ 

ʞʝʣʘʪʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 10% ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʚʝʜʝʥʠʶ ʚ 40 ʤʛ / 100 ʛ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 
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ʨʘʩʪʝʪ ʠ ʧʨʠ 50 ʤʛ / 100 ʛ ʜʦʩʪʠʛʘʝʪ 44%. ɼʣʷ 1.5% ʨʘʩʪʚʦʨʘ ʢʨʘʭʤʘʣʘ 

ʤʠʥʠʤʘʣʴʥʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 7% ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʚʝʜʝʥʠʶ 40 ʤʛ / 100 ʛ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

 
ʈʠʩ.1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ 2% ʨʘʩʪʚʦʨʘ ʞʝʣʘʪʠʥʘ ʩ 40 ʤʛ

100ʛ
 ʚʠʪʘʤʠʥʘ ʉ 

 

 
ʈʠʩ.2. ʍʨʦʤʘʪʦʛʨʘʤʤʘ 1,5% ʨʘʩʪʚʦʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ 

ʩ 40 ʤʛ

100 ʛ
 ʚʠʪʘʤʠʥʘ ʉ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʪʘʤʠʥʦʚ ʩ ʛʠʜʨʦʢʦʣʣʦʠʜʘʤʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ. 
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