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ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
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ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʠʪʝʪ 

ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ:   ʂʘʣʤʳʢʦʚ ʉʪʝʧʘʥ ʅʠʢʦʣʘʝʚʠʯ 

ʜ.ʭ.ʥ., ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʈɸʅ,  

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʐʝʚʝʣʴʢʦʚ ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ,  

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʏʣʝʥʳ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʠʪʝʪʘ:    ɸʥʪʠʧʦʚ ɽʚʛʝʥʠʡ ɺʠʢʪʦʨʦʚʠʯ 

ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ  

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ɻʫʜʠʣʠʥ ɽʚʛʝʥʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʌʅʄ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʂʘʟʠʥ ʇʘʚʝʣ ɽʚʛʝʥʴʝʚʠʯ 

ʜ.ʭ.ʥ., ʧʨʦʬ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʂʘʫʣʴ ɸʥʜʨʝʡ ʈʘʬʘʠʣʦʚʠʯ 

ʜ.ʭ.ʥ., ʧʨʦʬ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʃʫʢʘʰʠʥ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ʜ.ʭ.ʥ., ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʌʅʄ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʈʦʤʘʥʯʫʢ ɸʥʥʘ ʖʨʴʝʚʥʘ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʈʫʤʷʥʮʝʚʘ ʄʘʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ 

ʜ.ʭ.ʥ., ʧʨʦʬ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
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ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ 

ʇʨʝʜʩʝʜʘʪʝʣʴ:   ʄʦʨʦʟʦʚ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ 

ʜ.ʭ.ʥ., ʧʨʦʬ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʏʣʝʥʳ  

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ 

ʢʦʤʠʪʝʪʘ:    ɺʦʣʢʦʚʘ ʊʘʪʴʷʥʘ ɹʦʨʠʩʦʚʥʘ 

ʢ.ʭ.ʥ., ʆʆʆ ñʄɽʉʆʃò 

ɻʣʘʟʫʥʦʚʘ ʊʘʪʴʷʥʘ ʖʨʴʝʚʥʘ 

ʢ.ʭ.ʥ., ʩʪ. ʧʨʝʧ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ɿʝʡʥʝʪʜʠʥʦʚʘ ɻʘʣʠʷ ʈʷʰʠʪʦʚʥʘ 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʃʠʭʘʥʦʚ ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ 

ʢ.ʭ.ʥ., ʥ.ʩ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʇʦʣʝʚʠʢ ɸʣʝʢʩʝʡ ʆʣʝʛʦʚʠʯ 

ʘʩʧ., ʠʥʞ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʇʫʰʠʭʠʥʘ ʆʣʴʛʘ ʉʝʨʛʝʝʚʥʘ 

ʠʥʞ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʌʸʜʦʨʦʚʘ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʢ.ʭ.ʥ., ʜʦʮ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ  

ʩʝʢʨʝʪʘʨʴ:    ʄʘʭʘʥʸʚʘ ɸʥʘʩʪʘʩʠʷ ʖʨʴʝʚʥʘ 

ʘʩʧ., ʠʥʞ., ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʂʦʥʪʘʢʪʳ 

ʉʘʡʪ ʢʦʥʬʝʨʝʥʮʠʠ:   www.apinch.ru 

 

ʕʣʝʢʪʨʦʥʥʳʡ ʘʜʨʝʩ:   apinch.inorg@gmail.com  

head@inorg.chem.msu.ru  
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XXIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè ʧʦʩʚʷʱʝʥʘ 

ʚʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʱʠʪʠʪʴ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʜʨʫʛʠʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʨʘʟʨʫʰʘʶʱʠʭ ʙʠʦʩʬʝʨʫ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʛʨʦʟʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʮʠʚʠʣʠʟʘʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ 

ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʟʝʣʝʥʦʡ ʭʠʤʠʠ ʠ 

ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʧʝʨʝʭʦʜ ʢ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʨʘʟʨʘʙʦʪʢʫ 

ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ; ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ; ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʛʨʷʟʥʝʥʠʡ. ʕʪʠ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʝʢʮʠʷʭ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ 

ʄɻʋ, ʚʫʟʦʚ ʈʦʩʩʠʠ, ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ.  

ʅʘʨʷʜʫ ʩ ʣʝʢʮʠʦʥʥʦʡ ʯʘʩʪʴʶ ʢʦʥʬʝʨʝʥʮʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʚʢʣʶʯʘʝʪ ʩʪʝʥʜʦʚʫʶ 

ʩʝʩʩʠʶ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʢʦʥʢʫʨʩ ʥʘ ʣʫʯʰʠʝ ʜʦʢʣʘʜʳ, ʧʦʙʝʜʠʪʝʣʠ 

ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʷʪ ʩ ʢʨʘʪʢʠʤʠ ʫʩʪʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʩʚʦʝʡ 

ʨʘʙʦʪʳ. 
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ʀʅʌʆʈʄɸʎʀʗ ʆ ʃɽʂʊʆʈɸʍ 
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ʂʘʣʤʳʢʦʚ ʉʪʝʧʘʥ ʅʠʢʦʣʘʝʚʠʯ 
 

https://istina.msu.ru/profile/KalmykovStepan/  

 

ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ ʈɸʅ, ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ ʨʘʜʠʦʭʠʤʠʠ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʨʘʜʠʦʭʠʤʠʷ ʠ ʨʘʜʠʦʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʷʜʝʨʥʘʷ 

ʤʝʜʠʮʠʥʘ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ, ʨʘʟʜʝʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

 

ʇʫʙʣʠʢʘʮʠʠ: ʘʚʪʦʨ ʙʦʣʝʝ 370 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 13 

ʧʘʪʝʥʪʦʚ, 9 ʤʦʥʦʛʨʘʬʠʡ 

 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. A. P. Novikov, S. N. Kalmykov , S. Utsunomiya, R. C. Ewing, F. Horreard, 

A. Merkulov, S. B. Clark, V. V. Tkachev, and B. F. Myasoedov. Colloid transport 

of plutonium in the far-field of the Mayak Production Association, Russia // Science. 

314 (2006) 638.  

2. A. Yu. Romanchuk, A. S. Slesarev, S. N. Kalmykov, D. V. Kosynkin, and J. M. 

Tour. Graphene oxide for effective radionuclide removal // Physical Chemistry 

Chemical Physics. 15 (2013) 2321.  

3. S. N. Kalmykov  and G. R. Choppin. Mixed Ca2+/UO2
2+/CO3

2- complex formation 

at different ionic strengths // Radiochimica Acta. 88 (2000) 603. 

4. K. O. Kvashnina, A. Yu. Romanchuk, I. Pidchenko, L. Amidani, E. Gerber, A. 

Trigub, A. Rossberg, S. Weiss, K. Popa, O. Walter, R. Caciuffo, A. C. Scheinost, 

S.M. Butorin, S. N. Kalmykov. A Novel Metastable Pentavalent Plutonium Solid 

Phase on the Pathway from Aqueous Plutonium(VI) to PuO2 Nanoparticles // 

Angewandte Chemie International Edition. 58 (2019) 17558. 

5. E. Gerber, A. Yu. Romanchuk, I. Pidchenko, L. Amidani, [et al.], 

S. N. Kalmykov , K. O. Kvashnina. The missing pieces of the PuO2 nanoparticle 

formation // Nanoscale. 12 (2020) 18039. 

  

https://istina.msu.ru/profile/KalmykovStepan/
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ʆʩʤʦʣʦʚʩʢʘʷ ʆʣʴʛʘ ʄʠʭʘʡʣʦʚʥʘ 
 

ʂʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʉʇʙɻʋ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʫʢʦʚʦʜʠʪʝʣʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʉʇʙɻʋ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʭʠʤʠʷ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʥʘʥʦʭʠʤʠʷ, çʤʦʢʨʳʝè ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʚʟʘʠʤʦʩʚʷʟʴ 

çʩʦʩʪʘʚ ï ʩʪʨʦʝʥʠʝ ï ʩʚʦʡʩʪʚʘè ʚ ʥʘʥʦʤʘʪʝʨʠʘʣʘʭ 

ʇʫʙʣʠʢʘʮʠʠ: 87 ʩʪʘʪʝʡ, 3 ʧʘʪʝʥʪʘ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. C. Vakh, et al., O. Osmolovskaya. Chemical and Computational Strategy for 

Design of ñSwitchableò Sorbent Based on Hydroxyapatite Nanoparticles for 

Dispersive Micro-Solid Phase Extraction of Tetracyclines // Journal of Hazardous 

Materials. 419 (2021) 126504. 

2. A. Podurets, et al., O. Osmolovskaya. The strategy for organic dye and antibiotic 

photocatalytic removal for water remediation in an example of Co-SnO2 

nanoparticles // Journal of Hazardous Materials. 436 (2022) 129035.  

3. N.D. Kochnev, et al., O.M. Osmolovskaya. Regulation and prediction of defect-

related properties in ZnO nanosheets: synthesis, morphological and structural 

parameters, DFT study and QSPR modelling // Applied Surface Science. 621 (2023) 

156828.  

4. A. Podurets, et al., O. Osmolovskaya. Enhanced visible-light photocatalytic 

activity of coreïshell oxide nanoparticles synthesized by wet chemical precipitation 

and atomic layer deposition // Applied Surface Science.  533 (2020) 147520.  

5. V. Zheltova, et al., O. Osmolovskaya. Fe3O4@HAp coreïshell nanoparticles as 

MRI contrast agent: Synthesis, characterization and theoretical and experimental 

study of shell impact on magnetic properties // Applied Surface Science.  531 (2020) 

147352.  
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ʂʦʨʦʙʦʚ ʄʠʭʘʠʣ ɺʘʣʝʨʴʝʚʠʯ 
 

https://istina.msu.ru/profile/MikhailKorobov/ 

 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʭʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ 

ʇʫʙʣʠʢʘʮʠʠ: ~ 200 ʩʪʘʪʝʡ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ  

1. N.A. Chumakova, D.S. Popov, A.V. Kaplin, A.T. Rebrikova, E.A. Eremina, M.V. 

Korobov. Phase transformation in the óóBrodie graphite oxideïacetonitrileôô system 

ï influence of the oxidizing level of the material // Phys. Chem. Chem. Phys.. 25 

(2023) 9648. 

2. A.T. Rebrikova, A. Klechikov, A. Iakunkov, J. Sun, A. V. Talyzin, M. Korobov. 

Swollen Structures of Brodie Graphite Oxide as Solid Solvates // J. Phys. Chem. C. 

124 (2020) 23410.  

3. M.V. Korobov , A.V. Talyzin, A.T. Rebrikova, E.A. Shilayeva, N.V. Avramenko, 

A.N. Gagarin, N.B. Ferapontov. Sorption of polar organic solvents and water by 

graphite oxide: Thermodynamic approach // Carbon. 102 (2016) 297. 

 

4. M.V. Korobov, D.S. Volkov, N.V. Avramenko, L.A. Belyaeva, P.I. Semenyuk, 

M.A. Proskurnin. Improving the Dispersity of Detonation Nanodiamond: 

Differential Scanning Calorimetry as a new method of controling the aggregation 
state of nanodiamond powders // Nanoscale. 5 (2013) 1529. 

5. M. Korobov , A. Mirakyan, G. Olofsson, A. Smith, R. Ruoff. Calorimetric Studies 

of Solvates of C60 and C70 with Aromatic Solvents //  J. Phys. Chem. B. 103 (1999) 

1339. 

6. K. Ausman, R. Piner, O. Lourie, R. Ruoff, M. Korobov. Organic solvent 

dispersions of single-walled carbon nanotubes: Toward Solutions of pristine 
nanotubes // J. Phys. Chem. B. 104, 38 (2000) 8911.  

https://istina.msu.ru/profile/MikhailKorobov/
http://istina.msu.ru/workers/488988/
http://istina.msu.ru/workers/488908/
http://istina.msu.ru/publications/article/2851891/
http://istina.msu.ru/publications/article/2851891/
http://istina.msu.ru/publications/article/2851891/
http://istina.msu.ru/journals/281392/
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ʇʝʨʤʠʥʦʚʘ ʀʨʠʥʘ ɺʘʩʠʣʴʝʚʥʘ  
 

https://istina.msu.ru/profile/iperminova/   
https://perminovalab.ru, https://t.me/perminovalab 

 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʠ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʨʠʨʦʜʥʳʭ ʛʫʤʠʥʦʚʳʭ ʩʠʩʪʝʤ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʛʫʤʠʥʦʚʳʝ ʩʠʩʪʝʤʳ, ʝʩʪʝʩʪʚʝʥʥʘʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʘʷ 

ʛʫʤʠʬʠʢʘʮʠʷ, ʵʢʦʩʠʩʪʝʤʥʘʷ ʤʝʪʘʙʦʣʦʤʠʢʘ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʜʠʟʘʡʥ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʪʦʥʢʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʛʫʤʠʥʦʚʳʭ ʩʠʩʪʝʤ, ʵʢʦʘʜʘʧʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 

ʇʫʙʣʠʢʘʮʠʠ: ʢʥʠʛ - 3, ʧʘʪʝʥʪʦʚ - 10, ʩʪʘʪʝʡ ï 220  

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. I.V.  Perminova. From green chemistry and nature-like technologies towards 

ecoadaptive chemistry and technology // Pure Appl. Chem. 91 (2019) 851. 

2. I.V. Perminova, E.A. Shirshin, A. Zherebker, et al. Signatures of molecular 

unification and progressive oxidation unfold in dissolved organic matter of the Ob-

Irtysh River system along its path to the Arctic ocean // Sci. Rep. 9 (2019) 19487. 

3. A. Volikov, G. Rukhovich, and I.V.  Perminova. NomSpectra: An open-source 

Python package for processing high resolution mass spectrometry data on natural 

organic matter // Journal of the American Society for Mass Spectrometry 34, 7 

(2023) 1524. 

4. N.A. Kulikova, A.A. Solovyova and I.V.  Perminova. Interaction of antibiotics 

and humic substances: Environmental consequences and remediation prospects 

// Molecules 27, 22 (2022) 7754. 

5. A.B. Volikov, N.V. Mareev, A.I. Konstantinov and I.V.  Perminova. Directed 

synthesis of humic and fulvic derivatives with enhanced antioxidant properties 

// AGRONOMY-BASEL 11, 10 (2021) 2047.  

https://istina.msu.ru/profile/iperminova/
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ʈʦʤʘʥʯʫʢ ɸʥʥʘ ʖʨʴʝʚʥʘ 
 

        https://istina.msu.ru/workers/1585693/ 

 

ʂʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ ʨʘʜʠʦʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʭʠʤʠʷ ʘʢʪʠʥʠʜʦʚ, ʧʦʚʝʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ  

ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʩʦʨʙʮʠʷ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʇʫʙʣʠʢʘʮʠʠ: ʙʦʣʝʝ 60 ʩʪʘʪʝʡ, H-ʠʥʜʝʢʩ 20 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. A.Yu. Romanchuk, T.V. Plakhova, A.D. Konyukhova, A. Smirnova, D.A. 

Kozlov, D.A. Novichkov, A.L. Trigub, S.N. Kalmykov. Oxidation and Nanoparticle 

Formation during Ce(III) Sorption onto Minerals // Environmental Science and 

Technology. 13 (2023) 5243.  

2. A.S. Kuzenkova, T.V. Plakhova, R.D. Svetogorov, E.S. Kulikova, A.L. Trigub, 

V.O. Yapaskurt, A.V. Egorov, A.S. Toropov, A.A. Averin, M.D. Shaulskaya, D.M. 

Tsymbarenko, A.Y. Romanchuk and S.N. Kalmykov. Neglected solid phase 

pentavalent plutonium carbonate in the environment // Environmental Science-Nano 

(2024). 

3. T.V. Plakhova, A.Y. Romanchuk, A.D. Konyukhova, I.F. Seregina, A.E. 

Baranchikov, R.D. Svetogorov, M.W. Terban, V.K. Ivanov and S.N. Kalmykov. 

Overlooked impact of surface hydroxylation on the solubility of less-soluble 

compounds: a case study of CeO2 // Environmental Science-Nano (2024). 

4. Semenkova, Y. Izosimova, A. Rzhevskaia, P. Skryleva, I. Vlasova, A. 

Romanchuk, S. Kalmykov, I. Tolpeshta. The features of Cs sorption onto peaty-

podzolic-gleyic soil // Chemosphere. 339 (2023) 139580. 

5. A.Yu. Romanchuk, I.E. Vlasova, S.N. Kalmykov. Speciation of Uranium and 

Plutonium From Nuclear Legacy Sites to the Environment: A Mini Review // 

Frontiers in Chemistry. 8 (2020) 630. 

  

https://istina.msu.ru/workers/1585693/
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ʇʫʪʣʷʝʚ ɺʘʣʝʨʠʡ ʀʚʘʥʦʚʠʯ 
 

https://istina.msu.ru/workers/405954/ 

 

ɼʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ/ʢʘʬʝʜʨʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʌʘʢʫʣʴʪʝʪʘ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ  

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʭʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʢʝʨʘʤʠʢʘ, ʢʦʤʧʦʟʠʪʳ, ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʇʫʙʣʠʢʘʮʠʠ: 6 ʢʥʠʛ, 32 ʧʘʪʝʥʪʘ, 373 ʩʪʘʪʴʠ, 25 ʅʀʈ (5 ʛʨʘʥʪʦʚ ʈʅʌ) 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. ʇ. ɺ. ɽʚʜʦʢʠʤʦʚ, ɸ. ʂ. ʂʠʩʝʣʝʚʘ, ɼ. ʉ. ʃʘʨʠʦʥʦʚ, ɽ. ʉ. ʅʦʚʦʩʝ-ʣʝʮʢʘʷ, 

ɸ. ʖ. ɽʬʠʤʝʥʢʦ, ʀ. ʄ. ʑʝʨʙʘʢʦʚ, ɻ. ɸ. ʐʠʧʫʥʦʚ, ɺ. ʕ. ɼʫʙʨʦʚ, 

ɺ. ʀ. ʇʫʪʣʷʝʚ. ɺʣʠʷʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʨʠʢʘʣʴʮʠʝʚʦʛʦ 

ʬʦʩʬʘʪʘ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʝʟʝʥʭʠʤʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ // ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. 6 (2023) 24. 

2. I. I. Preobrazhenskiy, D. V. Deyneko, V. V. Titkov, A. M. Murashko, V. I. 

Putlyaev. Study of magnesium-sodium double phosphates ceramic for bone 

treatment // Ceramics International. 49 (2023) 29064. 

3. D. Golubchikov, P. Evdokimov, D. Zuev, Y. Filippov, T. Shatalova, V. Putlayev. 

Three-dimensional-printed molds from water-soluble sulfate ceramics for 

biocomposite formation through low-pressure injection molding // Materials. 16 

(2023) 3077. 

4. Ya. Yu. Filippov, E. D. Orlov, E. S. Klimashina, P. V. Evdokimov, 

T. V. Safronova, V. I . Putlayev, J. V. Rau. Colloidal forming of macroporous 

calcium pyrophosphate bioceramics in 3D-printed molds // Bioactive Materials. 5 

(2020) 309.  

5. ɺ. ʕ. ɼʫʙʨʦʚ, ɽ. ʉ. ʂʣʠʤʘʰʠʥʘ, ʀ. ʄ. ʑʝʨʙʘʢʦʚ, ɻ. ɸ. ʐʠʧʫʥʦʚ, ɺ. ʀ. 

ʇʫʪʣʷʝʚ, ʇ. ɺ. ɽʚʜʦʢʠʤʦʚ, ɸ. ɸ. ʊʠʭʦʥʦʚ, ɼ. ɸ. ɿʶʟʠʥ ʠ ʜʨ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʚʦʡʩʪʚ 3D-ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʬʦʩʬʘʪʘ ʢʘʣʴʮʠʷ ʥʘ ʤʦʜʝʣʠ ʤʦʥʦʢʦʨʪʠʢʘʣʴʥʦʛʦ ʜʠʘʬʠʟʘʨʥʦʛʦ ʜʝʬʝʢʪʘ 

ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ ʢʨʳʩ // ɹʶʣʣʝʪʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. 

167 (2019) 377. 
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ɻʨʠʥʝʥʢʦ ɺʘʜʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ  

ʚ ʎʫʥʛ-ɼʘʦ ʃʠ ʠʥʩʪʠʪʫʪʝ, ʧʦʩʪʦʷʥʥʳʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ 

ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʐʘʥʭʘʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪ ʎʟʷʦ ʊʫʥ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʤʘʛʥʝʪʠʟʤʘ ʠ ʚʦʣʥ ʟʘʨʷʜʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʯʝʪʚʝʨʪʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʦʨʷʜʢʠ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ   

ʇʫʙʣʠʢʘʮʠʠ: ʙʦʣʝʝ 60 ʩʪʘʪʝʡ, 2 ʧʘʪʝʥʪʘ, ʛʨʘʥʳ ʥʝʥʝʤʝʮʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʚʢʣʶʯʘʷ ʧʨʦʛʨʘʤʤʫ ɻʝʡʟʝʥʙʝʨʛʘ ʠ ʂʠʪʘʡʩʢʦʛʦ ʬʦʥʜʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. I. Shipulin, N. Stegani, I. Maccari, K. Kihou, C.-H. Lee, Q. Hu, Yu Zheng, F. 

Yang, Y. Li , C.-M. Yim, [et al.], V. Grinenko. Calorimetric evidence for two phase 

transitions in Ba1īxKxFe2As2 with fermion pairing and quadrupling states // Nat. 

Commun.14 (2023) 6734. 

2. Y. Iguchi, R. A. Shi, K. Kihou, C.-H. Lee, M. Barkman, A. L. Benfenati, V. 

Grinenko, E. Babaev, K. A. Moler. Superconducting vortices carrying a 

temperature-dependent fraction of the flux quantum // Science. 380 (2023) 1244. 

3. V. Grinenko, D. Weston, F. Caglieris, C. Wuttke, C. Hess, T. Gottschall, I. 

Maccari, D. Gorbunov, S. Zherlitsyn, J. Wosnitza, et al. State with spontaneously 

broken time-reversal symmetry above the superconducting phase transition // Nat. 

Phys. 17 (2021) 1254. 

4. V. Grinenko, S. Ghosh, R. Sarkar, J.-C. Orain, A. Nikitin, M. Elender, D. Das, 

Z. Guguchia, F. Br¿ckner, M. E Barber, et al. Split superconducting and time-

reversal symmetry-breaking transitions in Sr2RuO4 under stress // Nat. Phys. 17 

(2021) 748. 

5. V. Grinenko, R. Sarkar, K. Kihou, C.-H. Lee, I. Morozov, S. Aswartham, B. 

B¿chner, P. Chekhonin, W. Skrotzki, K. Nenkov, et al. Superconductivity with 

broken time-reversal symmetry inside a superconducting s-wave state // Nat. Phys. 

16 (2020) 789.  
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ʈʫʤʷʥʮʝʚʘ ʄʘʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ 
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ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʦʝʢʪʘ çʈʘʟʨʘʙʦʪʢʘ ʩʝʥʩʦʨʦʚ, ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʚʢʣʶʯʘʷ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʠ 

ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳè ʎʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ çʊʝʭʥʦʣʦʛʠʠ ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷè ʥʘ ʙʘʟʝ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʦʢʩʠʜʳ, ʩʠʥʪʝʟ ʚʝʱʝʩʪʚ  

ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʭʠʤʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ 

ʇʫʙʣʠʢʘʮʠʠ: 8 ʛʣʘʚ ʚ ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʥʦʛʨʘʬʠʷʭ, 7 ʧʘʪʝʥʪʦʚ, ʙʦʣʝʝ 300 ʩʪʘʪʝʡ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. D. Filatova, M. Rumyantseva. Additives in nanocrystalline tin dioxide: Recent 

progress in the characterization of materials for gas sensor applications // 

Materials. 16 (2023) 6733. 

2. Samriti, M. Rumyantseva, S. Sun, A. Kuznetsov, J. Prakash. Emerging 

nanomaterials in the detection and degradation of air pollutants // Current Opinion 

in Environmental Science & Health. 35 (2023) 100497. 

3. A. Marikutsa, M. Rumyantseva, E. Konstantinova, A. Gaskov. The key role of 

active sites in the development of selective metal oxide sensor materials // Sensors. 

21 (2021) 2554. 

4. A. Chizhov, M. Rumyantseva, A. Gaskov. Light activation of nanocrystalline 

metal oxides for gas sensing: Principles, achievements, challenges // Nanomaterials. 

11 (2021) 892. 

5. A. Gaskov, M. Rumyantseva, A. Marikutsa. Tin oxide nanomaterials: Active 

centers and gas sensor properties // Tin Oxide Materials Synthesis, Properties, and 

Applications. Ed. M. Orlandi. Chapter 7, pp. 168 ï 218. Elsevier (2019).  
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ɸʤʧʠʣʦʚ ʖʨʠʡ ʇʝʪʨʦʚʠʯ 
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ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʩʝʡʩʤʦʤʝʪʨʠʠ  

ʠ ʛʝʦʘʢʫʩʪʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʥʘʛʨʘʞʜʝʥ ʆʨʜʝʥʩʢʠʤ ʟʥʘʢʦʤ ʠʤ. ʉʦʢʨʘʪʘ 

ʠ ʧʦʯʝʪʥʳʤ ʜʠʧʣʦʤʦʤ ʆʢʩʬʦʨʜʩʢʦʛʦ ɸʢʘʜʝʤʠʯʝʩʢʦʛʦ ʩʦʶʟʘ 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʩʪʨʘʪʝʛʠʷ ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ɸʨʢʪʠʢʠ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ, ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʇʫʙʣʠʢʘʮʠʠ: 21 ʢʥʠʛʘ, 188 ʩʪʘʪʝʡ, 6 ʯʣʝʥʩʪʚ ʚ ʨʝʜʢʦʣʣʝʛʠʷʭ ʞʫʨʥʘʣʦʚ, 75 

ʯʣʝʥʩʪʚ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʠʪʝʪʘʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ 

1. ɸʤʧʠʣʦʚ ʖ.ʇ. ʅʦʚʳʝ ʚʳʟʦʚʳ ʜʣʷ ʨʦʩʩʠʡʩʢʦʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ ʠ ʥʠʟʢʠʭ ʮʝʥ ʥʘ ʥʝʬʪʴ (2015) ʄ: ʀʅʇ ʈɸʅ, 42 ʩ. 

2. ɸʤʧʠʣʦʚ, ʖ. ʇ. ʉʪʦʠʤʦʩʪʥʘʷ ʦʮʝʥʢʘ ʥʝʜʨ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʄ: 

ɻʝʦʠʥʬʦʨʤʤʘʨʢ, (2011). 408 ʩ. 

3. ʖ. ʇ. ɸʤʧʠʣʦʚ, ɸ. ɸ. ɻʝʨʪ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʷ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ // ʄ: 

ɻʝʦʠʥʬʦʨʤʤʘʨʢ (2006) 329 ʩ. 

4. ɸʤʧʠʣʦʚ ʖ. ʇ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ: ʦʧʳʪ ʠ ʧʨʦʙʣʝʤʳ // ɻʦʩ. 

ʢʦʤ. ʧʦ ʟʘʧʘʩʘʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ɻʂɿ ʄʇʈ ʈʌ), ʈɸɽʅ. ï ʄ: 

ɻʝʦʠʥʬʦʨʤʤʘʨʢ. (2004). 

5. ʖ. ʇ. ɸʤʧʠʣʦʚ, ʃ. ɻ. ɸʭʤʝʪʰʠʥʘ, ʉ. ɸ. ɻʦʨʠʥʘ [ʠ ʜʨ.]. ʕʢʦʥʦʤʠʢʘ 

ʦʨʛʘʥʠʟʘʮʠʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ: ʋʯʝʙʥʠʢ / ï 2-ʝ ʠʟʜʘʥʠʝ. ï 

ʄ.: ʀʟʜʘʪʝʣʴʩʢʦ-ʪʦʨʛʦʚʘʷ ʢʦʨʧʦʨʘʮʠʷ "ɼʘʰʢʦʚ ʠ ʂ", (2021) 578 ʩ.  

6. ʖ. ʇ. ɸʤʧʠʣʦʚ, ɸ. ɺ. ɺʝʨʰʠʥʠʥ, ɺ. ɸ. ʃʝʚʠʥ ʠ ʜʨ. ʇʦʣʥʦʚʦʣʥʦʚʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ // ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ. 65 

(2024) 1435. 
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ɿʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ (ˉ2) ʀʥʩʪʠʪʫʪʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ; ʧʨʦʬʝʩʩʦʨ ʈɸʅ, ʜʦʢʪʦʨ 

ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ;  

ʧʨʦʬʝʩʩʦʨ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

Web-site: https://vatsadze.ru     E-mail: zurabych@gmail.com 

Telegram (VatsadzeLab): https://t.me/supra_szv 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʭʠʤʠʷ, ʛʦʤʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ, 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ çʨʝʧʦʨʪʝʨʥʳʤʠè ʛʨʫʧʧʘʤʠ 

ʇʫʙʣʠʢʘʮʠʠ: ʯʠʩʣʦ ʢʥʠʛ 2, ʧʘʪʝʥʪʦʚ 6, ʩʪʘʪʝʡ 176. ɻʨʘʥʪʳ: ʈʅʌ (23-73-

00122, çɼʠʟʘʡʥ, ʩʠʥʪʝʟ ʠ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢè) 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ: 

1. Vatsadze S.Z. et al. Reaction of ɓ-Nitrostyrene with Diethyl Malonate in the 

Presence of Bispidines: The Unusual Role of the Organocatalyst // Chemistry. 6 

(2024) 387. 

2. Vatsadze S.Z. et al. Dioxygenïhalogen bonding exemplified by crystalline 

peroxosolvates of N, Nǋ-bis(haloacetyl) bispidines // Physical Chemistry Chemical 

Physics. 26 (2024) 5195. 

3. Vatsadze S.Z., Alabugin I.V. et al. Stereoelectronic Deprotection of Nitrogenò: 

Recovering Nucleophilicity with a Conformational Change // The Journal of 

Organic Chemistry, 88 (2023) 6868. 

4. Vatsadze S.Z., Shevelkov A.V. et al. Synthesis and supramolecular organization 

of the iodide and triiodides of a polycyclic adamantane-based diammonium cation: 

The effects of hydrogen bonds and weak IỄI interactions // Crystal Engineering 

Communications. 23 (2021) 2384. 

5. Vatsadze S.Z., Alabugin I.V. et al. Isonitriles as Stereoelectronic Chameleons: 

The DonorïAcceptor Dichotomy in Radical Additions // Journal of the American 

Chemical Society. 140 (2018) 14272.  
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ɼ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʇʨʝʟʠʜʝʥʪ ʆʆʆ çʎʝʥʪʨ ɺʦʜʦʨʦʜʥʳʭ ʊʝʭʥʦʣʦʛʠʡè, ʛʝʥ. ʜʠʨʝʢʪʦʨ ʆʆʆ 

çʎʝʥʪʨ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠè, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʎʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʅʊʀ 

çʊʝʭʥʦʣʦʛʠʠ ʥʦʚʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠè ʧʨʠ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʟʘʚ. 

ʢʘʬʝʜʨʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ ʖʈɻʇʋ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ (ʧʦ 

ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ), ʯʣʝʥ ʄʝʞʦʪʨʘʩʣʝʚʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʧʦ ʦʮʝʥʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʢʦʨʧʦʨʘʮʠʡ; ʯʣʝʥ ʕʢʩʧʝʨʪʥʦʛʦ ʩʦʚʝʪʘ 

ʄʠʥʵʥʝʨʛʦ ʧʦ ʨʘʟʚʠʪʠʶ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ;  

ʯʣʝʥ ʈʦʩʩʠʡʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ 

ʅʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ: ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ; ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʩʝʥʩʦʨʳ ʜʣʷ ʘʥʘʣʠʟʘ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜ; ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ; ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʚʦʜʦʨʦʜʥʘʷ ʵʢʦʥʦʤʠʢʘ; 

ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ; ʙʝʩʧʠʣʦʪʥʘʷ ʘʚʠʘʮʠʷ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ 

ʇʫʙʣʠʢʘʮʠʠ: ʙʦʣʝʝ 250 ʧʫʙʣʠʢʘʮʠʡ, ʥʝʩʢʦʣʴʢʦ ʤʦʥʦʛʨʘʬʠʡ, ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʡ, > 15 ʧʘʪʝʥʪʦʚ 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʧʫʙʣʠʢʘʮʠʠ: 

1. Vasiliev V.P., Solovev M.V., Kravchenko O.V., Zyubin A.S., [et al.], 

Dobrovolsky Y.A. Magnesium borohydride monoammine as hydrogen storage: 

structure and pathway analysis for the thermal decomposition reaction // Journal of 

Alloys and Compounds. 1008 (2024) A.176738.  

2. Belousov I.S., Gordienko A.V., Vtyurina E.S., Ponomarev I.I., [et al.], 

Dobrovolsky Y.A. Proton Exchange Composite Membrane Based on AB 

Polybenzimidazole and Caesium Dihydrogen Phosphate for HT-PEM Fuel Cells // 

ʀʅʕʆʉ OPEN (2024). 

3. Bazhenov S., Dobrovolsky Yu., Maximov A., Zhdaneev O.V. Key challenges for 

the development of the hydrogen industry in the Russian Federation // Sustainable 

Energy Technologies and Assessments. 54 (2022) A.102867.  

4. Bushkova O.V., Sanginov E.A., Chernyuk S.D., Kayumov R.R., Shmygleva L.V., 

Dobrovolsky Yu.A., Yaroslavtsev A.B. // Membranes and Membrane 

Technologies. 4, 6 (2022) 433.  
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ʅʘʥʦʩʪʝʨʞʥʠ ʩʦʩʪʘʚʘ Ni-SnO2: ʧʦʣʫʯʝʥʠʝ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ 
 

ɸʛʘʧʦʚ ʀ.ɺ., ʇʦʜʫʨʝʮ ɸ.ɸ., ʆʩʤʦʣʦʚʩʢʠʡ ʄ.ɻ., ɹʦʙʨʳʰʝʚʘ ʅ.ʇ.,  

ɺʦʟʥʝʩʝʥʩʢʠʡ ʄ.ɸ., ʆʩʤʦʣʦʚʩʢʘʷ ʆ.ʄ. 
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ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʥʦʚʳʭ ʤʝʪʦʜʘʭ ʦʯʠʩʪʢʠ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʛʨʷʟʥʝʥʠʝʤ ʩʪʦʯʥʳʭ ʚʦʜ ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚʢʣʶʯʘʷ ʢʨʘʩʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʘʥʪʠʙʠʦʪʠʢʠ, 

ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʙʝʟʦʪʭʦʜʥʦʡ 

ʦʯʠʩʪʢʠ ʚʦʜ ʷʚʣʷʝʪʩʷ ʬʦʪʦʢʘʪʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʮʠʢʣʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʧʠʨʦʚʘʥʥʳʭ 

3d-ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ.  

ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʚʳʙʨʘʥ Ni-SnO2, ʪʘʢ ʢʘʢ 

ʥʘʥʦʩʬʝʨʳ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʜ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʳʡ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘʥʦʩʪʝʨʞʥʠ ʩ ʭʦʨʦʰʝʡ ʦʛʨʘʥʢʦʡ ʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ Ni-SnO2 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʩʝʡ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʬʝʢʪʦʚ ï ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ, 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʘʥʦʯʘʩʪʠʮ Ni-SnO2.  

ʄʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʦʩʪʩʠʥʪʝʪʠʯʝʩʢʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ (ɻʊʆ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦʧʘʥʪʘ 11 

ʤʦʣ.%. ʆʙʨʘʟʮʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʀʂ, ʇʕʄ, ɹʕʊ, ʈʌʕʉ, 

SAED, ʕɼʉ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ SAED, ʦʙʨʘʟʮʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʨʫʪʠʣʘ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʇʕʄ ʠ ɹʕʊ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɻʊʆ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʪʝʨʞʥʝʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʭʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ.  

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʮʝʥʠʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ 
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ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʌʕʉ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ. ʄʝʪʦʜʦʤ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʦʜʭʦʜʘ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʦʧʘʥʪʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʥʘʥʦʯʘʩʪʠʮ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʨʦʚʥʝʡ.  

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʮʠʢʣʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʢʨʘʩʠʪʝʣʝʡ: ʤʝʪʠʣʝʥʦʚʳʡ ʛʦʣʫʙʦʡ, 

ʨʦʜʘʤʠʥ 6G, ʤʝʪʠʣʦʚʳʡ ʬʠʦʣʝʪʦʚʳʡ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʨʘʩʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 

ʢʨʘʩʠʪʝʣʝʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʩʤʝʩʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʠ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 80% ʟʘ 90 

ʤʠʥʫʪ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ çʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠ ʚʝʱʝʩʪʚʘè, 

çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè, çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠè, çɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 
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ʅʦʚʳʡ ʩʧʦʩʦʙ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʚ ʵʣʝʢʪʨʦʘʥʘʣʠʟʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʠʢʝʣʷ 
 

ɹʘʨʦʥʠʥ ʄ.ɽ.1,2, ʉʣʝʧʯʝʥʢʦ ɻ.ɹ.2 

 
1 ʆɸʆ çʂʨʘʩʥʦʷʨʩʢʠʡ ʟʘʚʦʜ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʤ. ɺ.ʅ. ɻʫʣʠʜʦʚʘè,  

660123, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 
2 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

634050, ʊʦʤʩʢ, ʈʦʩʩʠʷ 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʜʦ ʩʪʘʜʠʠ ʠʭ ʦʯʠʩʪʢʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʝʨʞʘʪ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʢʝʣʴ (Ni), ʮʠʥʢ (Zn), ʢʘʜʤʠʡ 

(Cd), ʩʚʠʥʝʮ (Pb) ʠ ʤʝʜʴ (Cu). ʀʟ-ʟʘ ʧʨʠʩʫʱʝʡ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʯʨʝʟʤʝʨʥʳʝ ʚʳʙʨʦʩʳ, ʚ ʩʣʫʯʘʝ ʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ, 

ʟʘʛʨʷʟʥʷʶʪ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʆʧʨʝʜʝʣʝʥʠʶ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʚ ʚʦʜʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʱʘʷ ʦʪ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ 

ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʠ ʦʪ Pb(II) ʠ Cd(II)  

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʪʫʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʵʣʝʢʪʨʦʢʦʥʮʝʥʪʨʦʚʘʥʠʷ Ni(II) ʤʝʪʦʜʦʤ 

ʘʥʦʜʥʦʡ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʘʪʦʤʳ Ni ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʨʪʫʪʠ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʩʪʘʣʘ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʠʥʚʝʨʩʠʦʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʩ ʜʠʤʝʪʠʣʛʣʠʦʢʩʠʤʦʤ 

(ɼʄɻ). 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʠʟ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘ ʠ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ 

(ʇʄʄ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʜʣʷ 

ʪʚʝʨʜʦʬʘʟʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʇʄʄ ʚ ʵʣʝʢʪʨʦʘʥʘʣʠʟʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝ ʠʟʫʯʝʥʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ̫ ʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʜʣʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʢʝʣʷ ʚ 

ʩʪʦʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜʘʭ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʇʄʄ ʜʣʷ 

ʧʦʣʥʦʪʳ ʠʟʚʣʝʯʝʥʠʷ ʥʠʢʝʣʷ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʘʥʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʅ ʩʨʝʜʳ ʠ ʝʛʦ ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ 

ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʨʘʙʦʯʠʝ ʫʩʣʦʚʠʷ 

ʵʢʩʪʨʘʢʮʠʠ ʥʠʢʝʣʷ ʚ ʇʄʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʄʄ ʠ ʦʙʲʝʤʘ ʧʨʦʙʳ. ʇʦʣʫʯʝʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ï ʩʪʝʧʝʥʴ 

ʠʟʚʣʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʄʄ 95-98%. 
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ʀʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʄʋ 08-47/187 

ɺʦʜʳ ʧʨʠʨʦʜʥʳʝ, ʧʠʪʴʝʚʳʝ ʠ ʦʯʠʱʝʥʥʳʝ ʩʪʦʯʥʳʝ. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʠʢʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʇʄʄ ʧʦʟʚʦʣʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʩʪʘʜʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʚʣʠʷʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʦʙʲʝʢʪʘ ʧʨʠ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʥʠʢʝʣʷ. 
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ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʤʙʨʘʥʥʳʭ ʢʦʥʪʘʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʳʭ 

ʚʦʣʦʢʦʥ ʩ ʧʦʤʦʱʴʶ MXenes ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʚʦʜʳ 
 

ɹʝʣʦʤʝʩʪʥʳʭ ʀ.ɸ.1, ʂʘʥ ɸ.ʉ.2, ɽʣʠʩʝʝʚ ɸ.ɸ.1 
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2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ,  
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ʇʨʠʤʝʥʝʥʠʝ ʩʣʦʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʩʘ MXene ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ 

ʩʣʦʝʚ ʤʝʤʙʨʘʥ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʄʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ MXene ʫʞʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʠ. 

ʇʨʠ ʵʪʦʤ ʣʝʛʢʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʳʭ ʥʠʟʢʦʜʝʬʝʢʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠʟ 

ʥʘʥʦʩʣʦʝʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʝʤʙʨʘʥʳ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʦʨʤʘʭ ʤʝʤʙʨʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʣʠʩʪʦʚ ʚʦʟʤʦʞʥʦ ʦʩʘʞʜʝʥʠʝ ʥʘ 

ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʳʭ ʚʦʣʦʢʦʥ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʧʣʦʩʢʠʤʠ ʤʝʤʙʨʘʥʘʤʠ, 

ʧʦʣʦʚʦʣʦʢʦʥʥʳʝ ʤʝʤʙʨʘʥʳ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʟʘʥʠʤʘʝʤʦʤʫ ʦʙʲʝʤʫ (ʜʦ 10000 ʤ2/ʤ3), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʢʪʠʚʥʳʭ ʥʘʥʦʩʣʦʝʚ MXene ʥʘ ʧʦʣʳʭ ʚʦʣʦʢʥʘʭ 

ʥʘʥʦʧʦʨʠʩʪʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʤʦʜʫʣʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʳʝ ʚʦʣʦʢʥʘ 

ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) c ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ~270 Õʤ. ʇʦʣʦʚʦʣʦʢʦʥʥʳʡ 

ʤʦʜʫʣʴ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʚ ʪʨʫʙʯʘʪʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʢʦʥʪʘʢʪ ʬʘʟ ʯʝʨʝʟ ʧʦʣʳʝ ʚʦʣʦʢʥʘ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ ʞʠʜʢʦʩʪʠ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʢʦʥʪʫʨʘʭ, ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʩʝʣʝʢʪʠʚʥʳʡ ʩʣʦʡ ʤʝʤʙʨʘʥʳ. ɼʣʷ 

ʥʘʥʝʩʝʥʠʷ ʩʝʣʝʢʪʠʚʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʇʇ, ʧʦʩʣʝʜʥʶʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʢʠʩʣʷʣʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʣʫʯʰʝʡ ʘʜʛʝʟʠʝʡ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʇʇ ʠ ʥʘʥʦʣʠʩʪʦʚ MXene. ɺ ʢʘʯʝʩʪʚʝ 

ʛʠʜʨʦʬʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ Br2(ʞ), CrO3/H2SO4, 

HNO3/HCl ʠ H2O2/H2SO4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʷʣʠ ʠʭ ʢʦʥʪʘʢʪʥʳʝ ʫʛʣʳ ʚ ʪʦʯʢʝ 

ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʬʘʟ ʚʦʜʘ/ʚʦʟʜʫʭ/ʇʇ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʪʝʢʘʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ H2O2/H2SO4.  

ʅʘʥʝʩʝʥʠʝ ʥʘʥʦʣʠʩʪʦʚ MXene ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʩʘʞʜʝʥʠʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 2 ʙʘʨ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚʩʝʩʪʦʨʦʥʥʷʷ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʚʥʦʤʝʨʥʦʝ 

ʥʘʥʝʩʝʥʠʝ ʥʘʥʦʣʠʩʪʦʚ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ (ʨʠʩ. 2).  
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ɺʚʠʜʫ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʩʘ MXene, ʢ ʬʦʪʦʢʘʪʘʣʠʟʫ (ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ), ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʦʚʤʝʱʝʥʠʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʧʨʦʮʝʩʩʦʤ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʥʘ ʤʝʤʙʨʘʥʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʠ ʬʣʶʦʨʝʩʮʝʠʥʘ.  

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʧʦʣʦʚʦʣʦʢʦʥʥʦʛʦ ʤʦʜʫʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʦʚʦʣʦʢʦʥʥʳʭ ʤʝʤʙʨʘʥ 

ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʠʟʤʝʨʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʨʘʩʠʪʝʣʷ ʚ ʧʝʨʤʝʘʪʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʋʌ-ʠʟʣʫʯʝʥʠʷ (çʩʚʝʪʦʚʦʡè ʵʢʩʧʝʨʠʤʝʥʪ) ʠ ʙʝʟ ʥʝʛʦ (çʪʝʤʥʦʚʦʡè ʵʢʩʧʝʨʠʤʝʥʪ).  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʤʝʤʙʨʘʥʳ ʵʬʬʝʢʪʠʚʥʦ ʥʘʥʦʬʠʣʴʪʨʫʶʪ 

ʢʨʘʩʠʪʝʣʠ ʩʦ ʩʪʝʧʝʥʴʶ ʦʪʩʝʯʝʥʠʷ ʙʦʣʝʝ 85%, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ 

ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʩ ʬʦʪʦʢʘʪʘʣʠʟʦʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 95% ʠ ʙʦʣʝʝ. 
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ʈʠʩ. 2. ʄʠʢʨʦʩʢʦʧʠʷ ʩʨʝʜʘ ʚʦʣʦʢʦʥ MXene/ʇʇ (ʘ, ʙ) ʠ ʈʉʄɸ-ʢʘʨʪʳ (ʚ, ʛ). 

ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʚ ʧʝʨʤʝʘʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ (ʜ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-13-00195.  

͒ύ 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ  

ʠ ʢʠʩʣʦʨʦʜʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʩʠʩʪʝʤ CuO-CeO2-SiO2 
 

ɺʘʩʶʪʘ ɽ.ɸ.1, ʂʩʸʥʟ ɸ.ʉ.1, ʃʦʧʘʪʠʥ ʄ.ʖ.1, ʌy ʜʦʨʦʚʘ ɸ.ɸ.1, ʊʝʜʝʝʚʘ ʄ.ɸ.1, 

ʄʘʰʢʠʥ ʄ.ʖ. 1, ʉʘʜʦʚʩʢʘʷ ɽ.ʄ.2, ʄʘʩʣʘʢʦʚ ʂ.ʀ.1, ʄʦʨʦʟʦʚ ʀ.ɺ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 
2 ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤʝʥʠ ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ, 630090, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʦʙʨʘʟʮʳ CuO-CeO2-SiO2, ʘ 

ʪʘʢʞʝ CuO-SiO2, CuO-CeO2 ʠ CeO2 ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʩʠʪʝʣʝʡ CeO2-SiO2 ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ  

ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (ɓ-ʎɼ) ʠ ʤʦʯʝʚʠʥʫ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʣʴʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʡ  

ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (RAMEB). 

ɼʣʷ ʥʦʩʠʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RAMEB, ʚʚʝʜʝʥʠʝ ʥʠʪʨʘʪʘ 

ʮʝʨʠʷ(III) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʪʘʜʠʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ CeO2 ʠ SiO2 (m(CeO2):m(SiO2) = 1:9; 3:7; 5:5). ɼʣʷ ʥʦʩʠʪʝʣʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɓ-ʎɼ ʠ ʤʦʯʝʚʠʥʳ, ʥʠʪʨʘʪ ʮʝʨʠʷ(III) ʥʘʥʦʩʠʣʠ 

ʧʨʦʧʠʪʢʦʡ ʧʦ ʚʣʘʛʦʸʤʢʦʩʪʠ, ʩʦʦʪʥʦʰʝʥʠʝ m(CeO2):m(SiO2) ʩʦʩʪʘʚʣʷʣʦ 3:7. ʊʘʢʞʝ 

ʪʝʤʧʣʘʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ CeO2. ʅʘ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ CeO2-SiO2 ʠ CeO2 ʥʘʥʦʩʠʣʠ CuO 

(ʤʘʩʩʦʚʘʷ ʜʦʣʷ 10 %) ʧʨʦʧʠʪʢʦʡ ʧʦ ʚʣʘʛʦʸʤʢʦʩʪʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ 

ʤʝʜʠ(II). ʊʝʤʧʣʘʪ ʫʜʘʣʷʣʠ ʧʫʪʸʤ ʦʪʞʠʛʘ ʠʣʠ ʧʨʦʤʳʚʘʥʠʝʤ 30%-ʳʤ ʨʘʩʪʚʦʨʦʤ 

H2O2. 

ʆʙʨʘʟʮʘʤ ʧʨʠʩʚʦʝʥʳ ʰʠʬʨʳ: CSxxY, ʛʜʝ xx ï ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

CeO2:SiO2; Y ï ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʝʤʧʣʘʪʘ: R ï RAMEB, U ï ɓ-ʎɼ ʠ ʤʦʯʝʚʠʥʘ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʝʩʸʥʥʳʤ ʦʢʩʠʜʦʤ ʤʝʜʠ(II) ʢ ʰʠʬʨʫ ʚ ʢʦʥʮʝ ʜʦʙʘʚʣʷʝʪʩʷ 

ʩʠʤʚʦʣ Cu; ʫʜʘʣʝʥʠʝ ʪʝʤʧʣʘʪʘ ʧʨʦʤʳʚʘʥʠʝʤ 30%-ʳʤ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ H2O2 

ʦʙʦʟʥʘʯʘʝʪʩʷ çoxè. 

ʇʦʣʫʯʝʥʥʳʝ ʥʦʩʠʪʝʣʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʉʕʄ, ʇʕʄ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʈʌʕʉ, ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ 

ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʢʠʩʣʦʨʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 18ʆ2, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ CO ʠ ʪʦʣʫʦʣʘ. 

ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜ ʢʨʝʤʥʠʷ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʘʣʦ ʚ ʦʙʣʘʩʪʠ 2Ū = 20-26Á, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ SiO2, ʘ ʪʘʢʞʝ ʣʠʥʠʠ, 

ʦʪʚʝʯʘʶʱʠʝ CeO2 ʠ CuO. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ CeO2 ʚ ʦʙʨʘʟʮʝ ʣʠʥʠʠ CeO2 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ CuO ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦ. 

ʅʘʠʙʦʣʝʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʝʩʝʥʠʝʤ 

CeO2 ʧʨʦʧʠʪʢʦʡ ʧʦ ʚʣʘʛʦʸʤʢʦʩʪʠ. ʆʙʣʘʩʪʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ, ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʜʦ ʠ ʧʦʩʣʝ 
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ʥʘʥʝʩʝʥʠʷ Cu ʠ ʩʦʩʪʘʚʣʷʶʪ 3-4 ʥʤ ʜʣʷ ʉS37RCu, ʉS55Rcu ʠ 7-8 ʥʤ ʜʣʷ 

CS37UCu, CS37UoxCu. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʉʕʄ-ʈʉʄɸ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚʚʝʜʝʥʠʝʤ ʮʝʨʠʷ 

ʥʘ ʩʪʘʜʠʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ 

Ce ʠ Cu ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʇʕʄ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʦʙʨʘʟʝʮ CS37RCu, ʩʦʜʝʨʞʠʪ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 2-5 ʥʤ, 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʨʝʞʝ ʚ ʚʠʜʝ 

ʘʛʣʦʤʝʨʘʪʦʚ. ʆʙʨʘʟʝʮ CS37UCu, ʥʘʧʨʦʪʠʚ, ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʳʝ ʘʛʣʦʤʝʨʘʪʳ 

ʯʘʩʪʠʮ, ʨʘʟʤʝʨʦʤ ʜʦ 100 ʥʤ. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʉʆ 100% ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ CuO-

CeO2-SiO2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 240 ÁC. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʢʘʟʘʣ ʦʙʨʘʟʝʮ CS37UCu (T90 = 146 ÁC). ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ CS37UCu, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝ ʩʚʷʟʘʥʘ ʩ ʤʘʣʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʚ ʦʢʠʩʣʝʥʠʠ ʉʆ 

ʫʯʘʩʪʢʦʚ Cu+, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʧʦʨ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ 

ʦʪʩʫʪʩʪʚʠʝ ʤʠʢʨʦʧʦʨ, ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʨʦʧʠʪʢʠ ʥʠʪʨʘʪʦʤ ʤʝʜʠ(II). 

ɺ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʪʦʣʫʦʣʘ ʩʨʝʜʠ ʦʙʨʘʟʮʦʚ CS19RCu, 

CS37RCu, CS37UCu, CuO-CeO2 ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣ  

CuO-CeO2, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʨʝʘʢʮʠʷ ʥʘʯʘʣʘʩʴ ʫʞʝ ʧʨʠ 225 ÁC ʠ 100% 

ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʦʢʦʣʦ 400 ÁC. ʅʘʠʤʝʥʝʝ ʘʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʦʙʨʘʟʝʮ 

CS37RCu, 100% ʢʦʥʚʝʨʩʠʷ ʥʘ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 550 ÁC. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ 

ʢʠʩʣʦʨʦʜʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʥʘ ʯʠʩʪʦʤ CeO2 ʚʳʰʝ, ʯʝʤ ʥʘ 

ʥʦʩʠʪʝʣʷʭ CeO2-SiO2, ʧʨʠʤʝʨʥʦ ʥʘ 100 ʛʨʘʜʫʩʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʥʝʜʦʩʪʫʧʥʦʩʪʴʶ ʯʘʩʪʠ CeO2 ʜʣʷ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ SiO2 ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ CeO2 ʩ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʥʝʩʝʥʠʝ CuO ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʦʙʤʝʥʘ ʧʨʠʤʝʨʥʦ 

ʥʘ 70-80 ʛʨʘʜʫʩʦʚ. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʥʘʥʝʩʝʥʠʠ CuO ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɿʘʤʝʯʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ 

ʢʠʩʣʦʨʦʜʘ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʦʣʫʦʣʘ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʙʣʠʟʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ 

CS19RCu, CS37RCu, CS37UCu, ʥʦ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ CuO-CeO2. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʂʫʩʪʦʚʫ ɸ.ʃ. ʟʘ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʇʝʪʫʭʦʚʫ ɼ.ʀ. ʠ ʂʘʧʫʩʪʠʥʫ ɻ.ʀ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʂʥʦʪʴʢʦ ɸ.ɺ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ɺʝʨʯʝʥʢʦ ɺ.ʖ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ. 
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ɻʠʜʨʦʬʦʙʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʩ ʧʦʤʦʱʴʶ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
 

ɺʦʣʢʦʚʘ ʉ.ʀ.1, ʀʚʘʥʦʚ ɸ.ɺ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

svetavolk622@gmail.com  

ʊʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ (ʊʈɻ) ʦʪʣʠʯʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʨʘʟʚʠʪʦʡ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ 

ʩʦʨʙʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʬʪʠ ʠ ʞʠʜʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ. ʉʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʨʙʝʥʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʊʈɻ. ʅʘʣʠʯʠʝ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭ ʧʦʣʷʨʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʫʪʨʠ ʧʦʨ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ ʩʦʨʙʝʥʪʘ [1]. ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ ʤʦʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʊʈɻ ʧʫʪʸʤ ʦʩʘʞʜʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʟʘʤʝʱʸʥʥʳʭ ʩʠʣʘʥʦʚ ʩ ʥʝʧʦʣʷʨʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ [2]. 

ʇʨʦʤʝʞʫʪʦʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʊʈɻ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʥʳʡ 

ʛʨʘʬʠʪ (ʆɻ) ï ʧʨʦʜʫʢʪ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʦʣʠʟʘ ʛʨʘʬʠʪʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʧʝʨʝʦʢʠʩʣʝʥʠʝʤ ʛʨʘʬʠʪʘ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ (ʆɻ-ʕʍ), ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʮʝʩʩ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʊʈɻ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ 250-300Áʉ). ʕʪʦ ʩʚʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʆɻ-

ʕʍ ʬʘʟʳ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʡ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʧʨʦʱʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʊʈɻ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʊʈɻ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨʝ 

ʜʠʭʣʦʨʤʝʪʠʣʬʝʥʠʣʩʠʣʘʥʘ. 

ʆɻ-ʕʍ ʧʨʦʧʠʪʳʚʘʣʩʷ ʚ ʠʟʦʧʨʦʧʘʥʦʣʦʚʦʤ ʨʘʩʪʚʦʨʝ 

ʜʠʭʣʦʨʤʝʪʠʣʬʝʥʠʣʩʠʣʘʥʘ (Cl2SiCH3C6H5) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʦʥʜʝʥʩʘʮʠʠ ʟʘʤʝʱʸʥʥʦʛʦ ʩʠʣʘʥʘ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʘʩʴ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʆɻ-ʕʍ ʠ ʧʨʦʧʠʪʘʥʥʦʛʦ ʆɻ-ʕʍ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 300 ʜʦ 

1000Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʊʈɻ. ʄʝʪʦʜʦʤ ʈʌʕʉ (ʨʠʩ. 1) ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ ʚ ʩʦʩʪʘʚʝ ʊʈɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʆɻ-ʕʍ ʩ Cl2SiCH3C6H5. ʅʘ 

ʩʧʝʢʪʨʘʭ ʊʈɻ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ Cl2SiCH3C6H5 (EC300Si), ʥʘʙʣʶʜʘʝʪʩʷ 
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ʧʦʷʚʣʝʥʠʝ ʧʠʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʢʨʝʤʥʠʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʊʈɻ ʙʝʟ 

ʜʦʙʘʚʢʠ (EC300). 

 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʈʌʕʉ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʘ) 

ʣʠʥʠʠ Si2p, (ʙ) ʣʠʥʠʠ O1s. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ ʊʈɻ ʧʨʝʩʩʦʚʘʣʩʷ 

ʚ ʬʦʣʴʛʫ ʧʣʦʪʥʦʩʪʴʶ 1,2 ʛ/ʩʤ3. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʘʝʚʳʝ ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ, ʦʢʪʘʥʫ, ʛʣʠʮʝʨʠʥʫ ʠ ʬʦʨʤʘʤʠʜʫ. ʇʦ ʣʠʥʝʡʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʆʫʵʥʩʘ-ɺʝʥʜʪʘ-

ʈʘʙʝʣʷ-ʂʴʝʣʴʙʣʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦʣʷʨʥʘʷ () ʠ ʜʠʩʧʝʨʩʠʦʥʥʘʷ () 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʊʈɻ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆɻ ʚʳʰʝ 500Áʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ  (ʩ 24,9 ʜʦ  18,7 ʤʅ/ʤ) ʠ ʫʚʝʣʠʯʝʥʠʝ  (ʩ 17,5 ʜʦ 

21,4 ʤʅ/ʤ), ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʨʫʰʝʥʠʝʤ ʛʠʜʨʦʬʠʣʴʥʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. 

ʋ ʊʈɻ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 300Áʉ ʠʟ ʆɻ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʚ Cl2SiCH3C6H5,  

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʊʈɻ (ʩ 24,0 ʜʦ 

6,1 ʤʅ/ʤ), ʘ , ʥʘʦʙʦʨʦʪ, ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʣʘʩʴ (ʩ 18,0 ʜʦ 23,4 ʤʅ/ʤ). ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʆɻ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

Cl2SiCH3C6H5, ʜʦ 500Áʉ  ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 4,4 ʤʅ/ʤ, ʘ  ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 400 ʠ 500Áʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ 

ʧʨʦʜʫʢʪʘ ʢʦʥʜʝʥʩʘʮʠʠ ʟʘʤʝʱʸʥʥʦʛʦ ʩʠʣʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ SiO2, ʧʨʠʜʘʶʱʝʛʦ 

ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ˉ AAAA-A21-121011590086-

0 ʛʦʩ. ʟʘʜʘʥʠʷ. 
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ʥʘ ʝʛʦ ʦʩʥʦʚʝ 
 

ɻʫʨʴʷʥʦʚ ʂ.ɽ.1, ɽʣʠʩʝʝʚ ɸ.ɸ.1,2 

 
1ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 
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2ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʭ ʛʣʘʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʧʨʦʩʪʦʪʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʩʥʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʚʘʟʠ-ʜʚʫʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʨʝʜʠ ʢʦʪʦʨʳʭ 

ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʟʘ ʝʛʦ çʧʠʦʥʝʨʩʢʫʶè ʨʦʣʴ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʨʦʩʪʦʪʫ ʩʠʥʪʝʟʘ ʠ ʫʥʠʢʘʣʴʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʨʠʩʪʫʶ 

ʧʦʜʣʦʞʢʫ. ɺʦʜʥʘʷ ʩʫʩʧʝʥʟʠʷ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʤʝʪʦʜʫ ʍʘʤʤʝʨʩʘ (ʤʝʪʦʜ ʊʫʨʘ); ʩʦʦʪʥʦʰʝʥʠʝ C:O ʜʣʷ 

ʧʦʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʩʦʩʪʘʚʠʣʦ ~ 1,9; ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʣʠʩʪʘ ~ 1 ʤʢʤ. 

ʄʝʪʦʜʘʤʠ ʤʘʣʦʫʛʣʦʚʦʡ ʠ ʰʠʨʦʢʦʫʛʣʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʨʝʞʠʤʘʭ in situ ʠ in operando ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʨʝʪʝʥʪʘʪʥʦʤ ʠ ʧʝʨʤʝʘʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʧʘʨʘʤ ʚʦʜʳ 

ʦʪ < 1 ʜʦ > 200 ʤ3Ŀʤ-2Ŀʙʘʨ-1Ŀʯʘʩ-1. 

ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʞʩʣʦʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʚʝʣʠʯʠʪʴ ʝʸ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʰʝʥʠʷ ʛʘʟʦʚ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʝʨʝʧʘʜʘʭ ʜʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʜʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʘʢʦʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʤʙʨʘʥʳ ʥʝ ʧʨʝʚʳʰʘʝʪ < 35% ʦʪ ʠʟʥʘʯʘʣʴʥʦʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 3-ʝʭ ʢʨʘʪʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʠʩʭʦʜʥʦʡ 

ʤʝʤʙʨʘʥʳ. ʀʥʪʝʨʢʘʣʷʮʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʤʙʨʘʥ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʚʘʧʦʨʘʮʠʦʥʥʦʛʦ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ 

ʥʘ 50% ʠ ʙʦʣʝʝ (ʨʠʩ. 1ʘ). ɸʜʩʦʨʙʮʠʷ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ 1,45 ʥʤ ʜʦ 2,67 ʥʤ (ʨʠʩ. 1ʙ). ʊʘʢʦʛʦ ʨʦʜʘ ʚʥʝʜʨʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 3-
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ʝʭ ʢʨʘʪʥʦʤʫ ʧʘʜʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʚʘʧʦʨʘʮʠʦʥʥʦʛʦ 

ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʘ). 

ɸʜʩʦʨʙʮʠʷ ʢʘʪʠʦʥʦʚ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʤʙʨʘʥʳ (ʙ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-13-00195. 
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ʧʦʚʝʨʭʥʦʩʪʠ 
 

ɼʠʚʠʮʢʘʷ ɼ.ɸ., ʀʚʘʥʦʚ ɸ.ɺ., ʄʘʢʩʠʤʦʚʘ ʅ.ɺ., ɸʚʜʝʝʚ ɺ.ɺ. 

 

 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʊʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ (ʊʈɻ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʢʨʦʧʦʨʠʩʪʳʤ ʩʦʨʙʝʥʪʦʤ ʥʝʬʪʠ ʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʇʦʣʫʯʝʥʠʝ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚʢʣʶʯʘʝʪ ʩʠʥʪʝʟ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʛʨʘʬʠʪʘ (ʀʉɻ), ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʠ ʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʊʈɻ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ 

ʠ ʝʛʦ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ: ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ 

ʚʦʜʳ/ʦʢʪʘʥʘ [1, 2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʙʠʩʫʣʴʬʘʪʘ ʛʨʘʬʠʪʘ ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ, ʝʛʦ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʠ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ ʚʦʜʦʡ. ʉʪʨʫʢʪʫʨʘ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʉʕʄ, ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʚʦʜʦʡ ʊʈɻ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʡ ʢʨʘʝʚʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʠʜʨʦʬʠʣʴʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʛʨʫʧʧʳ. ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʛʨʫʧʧ ʚ 

ʩʪʨʫʢʪʫʨʝ ʊʈɻ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʢʣʘʜʘ ʧʦʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʶ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʊʈɻ ʚʦʜʦʡ. 

ʇʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʪʝʨʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʢʨʦʧʦʨʠʩʪʦʡ 

ʧʨʠʨʦʜʝ ʦʙʨʘʟʮʦʚ ʠ ʥʘʣʠʯʠʠ ʚ ʥʠʭ ɦ ʝʣʝʚʠʜʥʳʭ ʧʦʨ. ʆʙʲʝʤ ʤʝʟʦʧʦʨ (Vʤʝʟʦ) ʠ 

ʤʠʢʨʦʧʦʨ (Vʤʠʢʨʦ) ʚ ʊʈɻ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ 

ʠʩʭʦʜʥʦʛʦ ʀʉɻ (ʊʘʙʣʠʮʘ 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʀʉɻ 1 ʩʪʫʧʝʥʠ (ʊʈɻ-1), ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʤʠʢʨʦʧʦʨ ʠ ʥʘʠʙʦʣʴʰʫʶ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ (sʫʜ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʊʈɻ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʀʉɻ 4 

ʩʪʫʧʝʥʠ (ʊʈɻ-4) (ʊʘʙʣʠʮʘ 1). ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʤʘʢʨʦʧʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʪʘʥʫ, ʘ ʥʘʣʠʯʠʝ ʤʝʟʦʧʦʨ 

ʠ ʤʠʢʨʦʧʦʨ ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʜʣʝʥʥʫʶ 

ʜʠʬʬʫʟʠʶ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʤʘʢʨʦʧʦʨ. 

ʄʝʪʦʜʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ D ʧʠʢʘ ʠ G ʧʠʢʘ ID/IG ʠ ʠʭ ʧʣʦʱʘʜʝʡ AD/AG ʜʣʷ 

ʊʈɻ-1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʈɻ-4 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚʜʦʣʴ ʦʩʠ 
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Lc), ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʌɸ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʦʤʝʨʘ ʩʪʫʧʝʥʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʊʘʙʣʠʮʘ 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʥʘ ʦʩʥʦʚʝ ʀʉɻ 1 

ʩʪʫʧʝʥʠ ʩ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʦʡ ʦʢʠʩʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ 

ʜʝʬʝʢʪʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʊʈɻ-1 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ (Sʚʦʜʘ) (ʊʘʙʣʠʮʘ 1). ʇʨʠ ʵʪʦʤ ʊʈɻ-1 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʪʘʥʫ (Sʦʢʪʘʥ), ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʤʘʢʨʦʧʦʨʠʩʪʦʩʪʴʶ. 

ʆʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ ʥʘ ʦʩʥʦʚʝ ʀʉɻ 4 ʩʪʫʧʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʥʳʭ ʛʨʫʧʧ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʝʛʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʠ 

ʤʝʥʴʰʝ ʵʪʠʭ ʛʨʫʧʧ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ 

(ʊʈɻ-4) ʧʦʩʣʝ ʥʘʛʨʝʚʘ. ʊʈɻ-4 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʚʜʦʣʴ ʦʩʠ ʘ. ɼʦʩʪʫʧʥʘʷ ʧʣʦʱʘʜʴ ʢʨʘʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʙʘʟʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ (ʊʘʙʣʠʮʘ 1). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʥʴʰʘʷ ʩʦʨʙʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʪʘʥʫ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʤʝʥʴʰʝʡ ʤʠʢʨʦ- ʠ 

ʤʝʟʦʧʦʨʠʩʪʦʩʪʴʶ ʊʈɻ-4. 

ʊʘʙʣ. 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʀʉɻ ʨʘʟʣʠʯʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʆʙʨʘʟʝʮ  

ʥʤ 

 

ʥʤ 

sʫʜ, 

ʤ2/ʛ 

Vʤʝʟʦ, 

ʩʤ3/ʛ 

Vʤʠʢʨʦ, 

ʩʤ3/ʛ 

Sʚʦʜʘ,  

ʛ/ʛ 

Sʦʢʪʘʥ,  

ʛ/ʛ 

ʊʈɻ-4 660  8     

ʊʈɻ-3 310 30      

ʊʈɻ-2 220 28 3     

ʊʈɻ-1 130  9     

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ˉ AAAA-A21-121011590086-

0 ʛʦʩ. ʟʘʜʘʥʠʷ. 
 

[1] S. Hou, S. He, T. Zhu, et al. Journal of Materiomics 7 (2021) 136ï145.  

[2] M. Toyoda, S. Hou, Z-H. Huang, M. Inagaki. Carbon Letters 33 (2023):335ï362.  
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1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, 142432, 

ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 

 

vladikosins@gmail.com  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʶʪʩʷ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʝ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʊʆʊʕ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʝ ʊʆʊʕ, ʚ ʢʦʪʦʨʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚʳʩʪʫʧʘʝʪ ʩʣʦʞʥʦʦʢʩʠʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ 

ʦʪʥʦʩʷʪʩʷ ʜʦʧʠʨʦʚʘʥʥʳʝ ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ ʥʘ ʦʩʥʦʚʝ BaCeO3, BaZrO3, Ba2In2O5, 

LaNbO4, La2Ti2O7, ʘ ʪʘʢʞʝ ʠʭ ʘʥʘʣʦʛʠ [1]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ ʊʆʊʕ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʙʦʣʝʝ ʥʠʟʢʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ (600 ï 800Üʉ ʧʨʦʪʠʚ 800 ï 

1000Üʉ), ʘ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʪʦʨʦʥʝ ʢʘʪʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʧʘʨʘʤʠ ʚʦʜʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ 

Sr2In0.5Nb0.5O4 ʠ Sr3InNbO7 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʛʦʤʦʣʦʛʘ ʨʷʜʘ ʬʘʟ 

ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʵʪʠʭ ʬʘʟʘʭ, ʘ ʪʘʢʞʝ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʟʘʤʝʱʝʥʠʷ 

ʥʘ ʠʭ ʦʩʥʦʚʝ Sr2(In,Nb,M)O4-y(OH)y, ʛʜʝ M = Mg2+, Ti+4 ʠ 

Sr3InNb0.95Ti0.05O6.95(OH)0.05. 

ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1250-1300ʦʉ, 48-72 

ʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʦʢʩʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʪʘʣʣʦʚ ʠ ʢʘʨʙʦʥʘʪʘ ʩʪʨʦʥʮʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʪʞʠʛʦʤ ʧʨʠ 900Üʉ, 24 ʯ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), 

ʜʠʣʘʪʦʤʝʪʨʠʶ ʠ ʠʟʤʝʨʝʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʫʭʦʤ 

ʠ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ. 
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ʀʟ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ Sr2In0.5Nb0.5O4 ʩʣʝʜʫʝʪ, ʯʪʦ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ K2NiF4. ʆʥʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʧʨ. ʛʨ. Pmcb) ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: 

ʘ=5.7558(1) ¡, b=5.7679(1) ¡, c=12.6064(2) ¡. ʉʦʝʜʠʥʝʥʠʝ Sr3InNbO7 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: 

ʘ=5.737(2) ¡, b=5.760(1) ¡, c=20.741(3) ¡. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʳʭ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʘʪʠʦʥʦʚ In3+ ʠ Nb5+ ʧʦ ɺ-

ʧʦʟʠʮʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʬʘʟ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

ʟʘʤʝʱʝʥʠʷ: Sr2In0.5-xMgxNb0.5O4-x(OH)x, x=0.05 ʠ 0.1, Sr2In0.5Nb0.5-xTixO4-x(OH)x, 

x=0.05 ʠ 0.1 ʠ Sr3InNb0.95Ti0.05O6.95(OH)0.05. ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʨʠʩ. 1) ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 720 , ʠʩʭʦʜʷ ʠʟ 

ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʧʨʦʪʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʫʭʦʤ ʠ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ. 

ʅʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʣʘʜʘʝʪ ʩʦʩʪʘʚ 

Sr2In0.5Nb0.5O4 (ů(490 ) =10-4 ʉʤĿʩʤ-1). ɺʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 1-

1.15 ʵɺ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ. 

 
[1] A.V. Kasyanova, A.O. Rudenko, Yu.G. Lyagaeva, D.A. Medvedev. Membranes and Membrane 

Technologies 3(2) (2021) 73ï97. 
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ʉʪʘʥʜʘʨʪʥʳʝ ʢʨʘʩʠʪʝʣʠ ʩʦʣʥʝʯʥʦʡ ʷʯʝʡʢʠ ɻʨʝʪʮʝʣʷ ʷʚʣʷʶʪʩʷ 

ʣʘʙʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʨʘʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ 

ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ(II). ɼʘʣʝʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʮʠʢʣʦʤʝʪʘʣʣʠʨʫʶʱʠʡ ʣʠʛʘʥʜ ï ʜʦʥʦʨʥʳʤ, ʘ ʣʠʛʘʥʜ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ - ʷʢʦʨʥʳʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʘʩʠʪʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ(II) 

ʩʦʩʪʘʚʘ Ru(L-R)(dmdcbp)2PF6, ʛʜʝ dmdcbp = 4,4ô-ʜʠʢʘʨʙʦʢʩʠ-2,2ô-ʙʠʧʠʨʠʜʠʥ, L-

R = ʟʘʤʝʱʝʥʥʳʝ ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣ (pbi-) ʠ ʬʝʥʠʣʬʝʥʘʥʪʨʦʠʤʠʜʘʟʦʣ (ppi-) 

(ʨʠʩ. 1). ɹʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʦʥʦʨʥʦʤ ʣʠʛʘʥʜʝ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʷʜʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʣʝʢʩʘ ʦʪ ʚʝʣʠʯʠʥʳ ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʥʦʨʥʦʛʦ 

ʣʠʛʘʥʜʘ.  

 

ʈʠʩ. 1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʨʫʢʪʫʨʳ 

ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʬʝʥʠʣʬʝʥʘʥʪʨʦʠʤʠʜʘʟʦʣʘ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʂʦʤʧʣʝʢʩʳ [Ru(ppi-(-OCH3))(dmdcbp)2]PF6 ʠ [Ru(ppi-(-F))(dmdcbp)2]PF6 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʚʳʜʝʣʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ[1]. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʬʦʪʦʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʎɺɸ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʜʦʥʦʨʥʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʠʣʴʥʦʤ 

ʬʨʘʛʤʝʥʪʝ ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʦʠʩʭʦʜʠʪ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʇʦʩʣʝʜʥʝʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʤ ʚʢʣʘʜʝ 

ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʵʥʝʨʛʠʶ ɺɿʄʆ ʢʦʤʧʣʝʢʩʘ [2].  
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ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʭ ʠ ʬʝʥʘʥʪʨʦʠʤʠʜʘʟʦʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʳʷʚʠʣʦ ʨʷʜ ʠʟʤʝʥʝʥʠʡ ʚ ʩʚʦʡʩʪʚʘʭ ʢʨʘʩʠʪʝʣʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʦʛʦ ʢ ʬʝʥʘʥʪʨʦʠʤʠʜʘʟʦʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʘʤ (ʨʠʩ. 2). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ˊ-ʩʦʧʨʷʞʝʥʠʷ ʦʞʠʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ, 

ʯʝʛʦ, ʦʜʥʘʢʦ, ʟʘʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. 

 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʭ (ʢʨʘʩʥʳʝ) ʠ 

ʬʝʥʘʥʪʨʦʠʤʠʜʘʟʦʣʴʥʳʭ(ʯʝʨʥʳʝ) ʢʦʤʧʣʝʢʩʦʚ ʩ  -F ʠ -OMe ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʅʝʦʞʠʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʦʚ 

ʠʩʧʫʩʢʘʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 35 ʥʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʢ 

ʬʝʥʘʥʪʨʦʠʤʠʜʘʟʦʣʘʤ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʥʠʞʝʥʠʠ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʤʝʥʷʝʪ ʪʨʠʧʣʝʪʥʦʡ ʧʨʠʨʦʜʳ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʤʧʣʝʢʩʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ 

ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ. 
 

[1] M.A. Lavrova et al. Dalton Transactions 49(46) (2020) 16935-16945. 

[2] S.V. Tatarin et al. Dalton Transactions 52(19) (2023) 6435-6450. 
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ʂʘʪʘʣʠʟʘʪʦʨʳ In 2O3/ZrO 2 ʠ Ru/In 2O3/ZrO 2 ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ CO2: ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ  

ʥʘ ʢʦʥʚʝʨʩʠʶ CO2 ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 
 

ɽʬʨʝʤʦʚ ʈ.ɸ.1, ʄʘʰʢʠʥ ʄ.ʖ.1,2, ɹʘʪʢʠʥ ɸ.ʄ.2 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

roman_yefremov@mail.ru  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʣʩʷ ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ CO2 

ʚ ʘʪʤʦʩʬʝʨʫ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʦʚʣʝʯʝʥʠʝ ʝʛʦ ʚ ʨʝʘʢʮʠʶ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʦʣʝʝ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ: 

ʤʝʪʘʥʦʣʘ, ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦʩʪʘʚʘ CuO-ZnO-Al 2O3. ʆʜʥʘʢʦ 

ʜʘʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʢʣʦʥʥʳ ʢ ʙʳʩʪʨʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʠ ʯʘʩʪʦ ʦʙʣʘʜʘʶʪ 

ʥʝʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʤʝʪʘʥʦʣʫ ʚ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʠʥʜʠʷ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʤʝʪʘʥʦʣʫ, ʷʚʣʷʶʱʠʤʩʷ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

ʏʪʦʙʳ ʧʦʚʳʩʠʪ ɹ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʘʩʪʦ ʚʚʦʜʷʪ ʥʝʙʦʣʴʰʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʩʢʦʣʴʢʫ In2O3 ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʘʢʪʠʚʘʮʠʠ ʤʦʣʝʢʫʣ rʚʦʜʦʨʦʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʝʨʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

0.5Ru/5In2O3/ZrO2, 5In2O3/ZrO2 ʠ 0.5Ru/ZrO2, ʘ ʪʘʢʞʝ ʩʝʨʠʶ ʘʥʘʣʦʛʠʯʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʥʘ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʤ ʥʦʩʠʪʝʣʝ ZrO2-La2O3. ZrO2 ʩʠʥʪʝʟʠʨʦʚʘʣʠ 

ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʮʠʨʢʦʥʠʣʘ ʘʤʤʠʘʢʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʫʰʢʦʡ ʠ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʧʨʠ 350 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʦʢʩʠʜ 

ʮʠʨʢʦʥʠʷ (IV) ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ. ʄʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦ 

ʚʣʘʛʦʝʤʢʦʩʪʠ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʠʥʜʠʷ (III ) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʦʙʨʘʟʝʮ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 5In2O3/ZrO2, ʩʫʰʢʘ ʠ ʧʨʦʢʘʣʠʚʘʥʠʝ ʧʨʦʚʝʜʝʥʳ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, 

ʯʪʦ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ʥʦʩʠʪʝʣʷ. ʈʫʪʝʥʠʡ ʥʘʥʦʩʠʣʠ ʥʘ ZrO2 ʠ ʥʘ 5In2O3/ZrO2 ʤʝʪʦʜʦʤ 

ʧʨʦʧʠʪʢʠ ʧʦ ʚʣʘʛʦʸʤʢʦʩʪʠ ʠʟ ʨʘʩʪʚʦʨʘ Ru(OH)Cl3. ʇʦʩʣʝ ʧʨʦʧʠʪʢʠ ʦʙʨʘʟʮʳ 

ʩʫʰʠʣʠ ʠ ʦʪʞʠʛʘʣʠ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɸʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ ʩʨʘʚʥʝʥʠʷ ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʤ ʥʦʩʠʪʝʣʝ ZrO2-La2O3. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʉʕʄ-ʈʉʄɸ, 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʉʆ2. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʌɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʦʩʠʪʝʣʴ ZrO2 

ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ. ʄʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-

ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʤʝʟʦʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ 

ʨʘʟʤʝʨʘʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ 2ï3 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʮʫ 

mailto:roman_yefremov@mail.ru
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ʩ ʫʟʢʠʤʠ ʤʝʟʦʧʦʨʘʤʠ. ʅʘʠʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʣʘʜʘʣ ʦʙʨʘʟʝʮ 

5In2O3/ZrO2 ð 186 ʤ2/ʛ, ʦʙʱʠʡ ʦʙʲʸʤ ʧʦʨ ð 0.12 ʩʤ3/ʛ. 

ɺʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ CO2. ʅʘʠʙʦʣʴʰʘʷ 

ʢʦʥʚʝʨʩʠʷ CO2 ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʦʙʨʘʟʮʝ 0.5Ru/ZrO2(La) ʠ ʩʦʩʪʘʚʠʣʘ 80 % ʧʨʠ 

285̄ ʉ, ʦʜʥʘʢʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʤʝʪʘʥʦʣʫ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʚ ʨʝʘʢʮʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʤʝʪʘʥ. ʅʘʠʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʤʝʪʘʥʦʣʫ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ 5In2O3/ZrO2(La) ʠ 0.5Ru/5In2O3/ZrO2(La). 

ʆʙʨʘʟʝʮ 5In2O3/ZrO2(La) ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʫʞʝ ʧʨʠ 225ÁC, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ 0.5Ru/5In2O3/ZrO2(La) ð ʪʦʣʴʢʦ ʧʨʠ 300ÁC.  
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʨʠ 280Áʉ ʠ ʧʨʠ 

300ÁC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʙʣʘʜʘʝʪ 5In2O3/ZrO2(La): ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 310ÁC ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʝʪʘʥʦʣʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʩʥʠʞʝʥʠʝ ʜʦ 

84 % ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʉʆ2 2.6 %, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 

0.25 ʛʤʝʪʘʥʦʣʛʢʘʪ
ī1ʯī1. 
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ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʥʘʥʦʬʠʣʴʪʨʘʮʠʷ ʤʝʪʠʣʦʚʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ ʠ ʬʣʶʦʨʝʩʮʝʠʥʘ ʥʘ ʤʝʤʙʨʘʥʘʭ ʥʘ ʦʩʥʦʚʝ 

MXene 
 

ʂʘʥ ɸ.ʉ.1, ɹʝʣʦʤʝʩʪʥʳʭ ʀ.ɸ.2, ɽʣʠʩʝʝʚ ɸ.ɸ.2 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ,  
2 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

 

lintu-bird@mail.ru  

ʅʘʯʠʥʘʷ ʩ ʦʪʢʨʳʪʠʷ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ MXene, ʧʦʩʣʝʜʥʠʝ ʧʨʠʚʣʝʢʣʠ 

ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʚʢʣʶʯʘʷ ʵʥʝʨʛʝʪʠʢʫ, ʵʣʝʢʪʨʦʥʠʢʫ, ʢʘʪʘʣʠʟ, ʥʦ, ʛʣʘʚʥʦʝ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʤʙʨʘʥ ʫʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʜʨʫʛʠʝ ʜʚʫʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʦʢʩʠʜ ʛʨʘʬʝʥʘ, ʜʠʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʣʦʠʩʪʳʝ ʦʢʩʠʜʳ-

ʛʠʜʨʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʚʘʣʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʨʫʛʠʝ. ʅʘ ʠʭ ʧʨʠʤʝʨʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʤʙʨʘʥʳ ʩ ʩʝʣʝʢʪʠʚʥʳʤʠ ʩʣʦʷʤʠ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʩʘ MXene. 

MXene ï ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Mn+1XnTx, ʛʜʝ M ï ʤʝʪʘʣʣ 4 

ï 6 ʛʨʫʧʧ, X ï ʉ ʠ/ʠʣʠ N, T ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʛʨʫʧʧʘ (-O, -OH, -F ʠ ʜʨʫʛʠʝ), 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʫʪʸʤ ʪʨʘʚʣʝʥʠʷ HF-ʩʦʜʝʨʞʘʱʠʤʠ ʠʣʠ HF-ʛʝʥʝʨʠʨʫʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ ʠʟ MAX -ʬʘʟʳ (Mn+1AX n, A ï ʵʣʝʤʝʥʪ 13 ï 14 ʛʨʫʧʧ). ʆʥʠ ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʥʦʣʠʩʪʦʚ ʠ ʩʦʨʙʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʦʟʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʣʠʩʪʦʚ MXene 

ʧʦʟʚʦʣʷʝʪ ʤʝʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʜʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ Ti3C2Tx, ʦʩʥʦʚʥʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʩʘ MXene, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ ʪʨʘʚʣʝʥʠʷ Ti3AlC2 ʚ 10% ʨʘʩʪʚʦʨʝ HF ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʤʥʦʛʦʩʣʦʡʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ TMAOH. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʥʘʥʦʩʠʣʠ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʨʘʥʝʝ ʦʢʠʩʣʝʥʥʳʭ ʧʦʣʳʭ ʚʦʣʦʢʦʥ ʠʟ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʧʫʪʸʤ ʧʨʦʢʘʯʠʚʘʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʣʠʩʪʦʚ ʯʝʨʝʟ 

ʚʦʣʦʢʥʘ. 

ʇʦʩʢʦʣʴʢʫ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ Ti3C2Tx ʨʘʥʝʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʦʢʦʣʦ 30 ʤ3/(ʤ2ĀʙʘʨĀʯ) ʜʣʷ ʧʘʨʦʚ ʚʦʜʳ), ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʦʙʣʘʩʪʠ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʚʢʣʶʯʘʷ ʥʘʥʦʬʠʣʴʪʨʘʮʠʶ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ ʠ ʤʦʣʝʢʫʣ ʥʘ ʤʝʤʙʨʘʥʝ, ʧʦʣʫʯʘʷ ʚ ʧʝʨʤʝʘʪʝ ʦʯʠʱʝʥʥʫʶ ʚʦʜʫ. 

mailto:lintu-bird@mail.ru
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ʊʘʢʞʝ, ʥʘʥʦʣʠʩʪʳ Ti3C2Tx ʩʦ ʚʨʝʤʝʥʝʤ ʦʢʠʩʣʷʶʪʩʷ ʜʦ TiO2 ʘʥʘʪʘʟʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʤʝʤʙʨʘʥʳ ʜʣʷ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʝʡ ʥʘ ʧʦʣʦʚʦʣʦʢʦʥʥʳʭ ʤʝʤʙʨʘʥʘʭ, 

ʩʦʚʤʝʱʸʥʥʦʡ ʩ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʝʡ ʚ ʧʝʨʤʝʘʪʝ (ʘ ï 

ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ, ʙ ï ʬʣʫʦʨʝʩʮʝʠʥʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʪʝʤʥʦʚʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʝʤʙʨʘʥʳ ʧʦʢʘʟʘʣʠ ʩʪʝʧʝʥʴ ʦʪʩʝʯʝʥʠʷ ʤʝʪʠʣʦʚʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ 85% ʧʨʠ ʝʛʦ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʠ 95% ʧʨʠ ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ ʩ 

ʬʦʪʦʢʘʪʘʣʠʟʦʤ. ɺ ʩʣʫʯʘʝ ʬʣʫʦʨʝʩʮʝʠʥʘ ʩʪʝʧʝʥʴ ʦʪʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 95% ʜʣʷ 

ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ, ʘ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʩ ʬʦʪʦʢʘʪʘʣʠʟʦʤ ï 97%. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-13-00195. 
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ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʠʨʠʜʠʡ ʩʦʜʝʨʞʘʱʝʛʦ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʨʠʜʠʷ 

ʜʣʷ ʘʥʦʜʘ ʵʣʝʢʪʨʦʣʠʟʝʨʘ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ ʤʝʤʙʨʘʥʦʡ  
 

ʂʦʞʦʢʘʨʴ ɽ.ʃ., ʇʘʚʣʝʮ ɸ.ʉ., ʄʦʛʫʯʠʭ ɽ.ɸ., ɸʣʝʢʩʝʝʥʢʦ ɸ.ɸ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʖʌʋ, 344090, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ  

 

ekaterina.kozhokar01@mail.ru  

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʜʝʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʡ 

ʵʢʦʥʦʤʢʠ ʩʪʨʘʥʳ. ʇʦʧʫʣʷʨʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʚʦʟʨʘʩʪʘʝʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʨʘʩʪʝʪ ʠ ʩʧʨʦʩ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʟʝʣʝʥʦʛʦè ʚʦʜʦʨʦʜʘ. ʕʣʝʢʪʨʦʣʠʟʸʨʳ ʩ ʧʨʦʪʦʥʦʦʙʤʝʥʥʦʡ 

ʤʝʤʙʨʘʥʦʡ (ʇʆʄ) ï ʵʪʦ ʚʘʞʥʝʡʰʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʕ) [1]. ʇʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʫʨʝʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ 

ʨʝʘʢʮʠʶ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʈɺʂ), ʠʟʚʝʩʪʥʫʶ ʢʘʢ ʦʢʠʩʣʝʥʠʝ ʚʦʜʳ, ʥʘ ʘʥʦʜʝ 

ʠ ʨʝʘʢʮʠʶ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜʝ. ɸʥʦʜʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʚʳʩʦʢʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Ir ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʀʨʠʜʠʡ ï ʜʦʨʦʛʦʩʪʦʷʱʠʡ 

ʤʝʪʘʣʣ, ʧʦʵʪʦʤʫ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʘʥʦʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʇʆʄ-ʵʣʝʢʪʨʦʣʠʟʸʨʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʣʝʛʠʨʦʚʘʥʠʝ Ir ʧʣʘʪʠʥʦʡ [2]. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʈɺʂ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ 

ʘʢʪʠʚʘʮʠʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʘʥʦʜʥʳʭ IrPt (EAP), ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʢʩʦʛʦ Ir-black 

(Com) ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʇʆʄ-ʵʣʝʢʪʨʦʣʠʟʸʨʦʚ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʤʝʪʦʜʘʤʠ 

ʮʠʢʣʠʯʝʩʢʦʡ ʠ ʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʈʫʪʠʣ IrO2 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʈɺʂ [3]. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ Ir ʜʦ 

IrO2, ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʝʡʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʠʨʠʜʠʡ ʩʦʜʝʨʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʘʢʪʠʚʘʮʠʠ (ʊʘʙʣ. 1).  ɸʢʪʠʚʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʣʠʥʝʡʥʳʤ ʚʦʣʪʘʤʧʝʨʦʛʨʘʤʤʘʤ ʧʦ ʟʥʘʯʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ 1.53 ɺ. ɸʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ CV-ʘʢʪʠʚʘʮʠʠ IrPt 

ʤʘʪʝʨʠʘʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 8.7 

ʠ 9.1 ʤA/ʩʤ2.  ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ Chrono ʘʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ EAP ʧʨʝʚʳʰʘʝʪ 

Com ʚ ʜʚʘ ʨʘʟʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 10.6 ʤA/ʩʤ2.   
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ʊʘʙʣ. 1. ʋʩʣʦʚʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. 

ʅʘʟʚʘʥʠʝ 

ʘʢʪʠʚʘʮʠʠ 
ʄʝʪʦʜ ʘʢʪʠʚʘʮʠʠ ʇʨʦʪʦʢʦʣ ɸʪʤʦʩʬʝʨʘ 

CV 
ʄʥʦʛʦʢʨʘʪʥʦʝ 

ʮʠʢʣʠʨʦʚʘʥʠʝ 

0.0 ï 1.5ɺ, ʜʦ 

ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ 

Ar 

Chrono ʍʨʦʥʦʘʤʧʝʨʦʤʝʪʨʠʷ 1.6ɺ Ar 

 

 

ʈʠʩ.1. ʃʠʥʝʡʥʳʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʜʦ ʠ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ 

ʘʢʪʠʚʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʛʠʨʦʚʘʥʠʝ ʠʨʠʜʠʷ ʧʣʘʪʠʥʦʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʘʪʝʨʠʘʣ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʨʠʜʠʷ ʧʨʠ ʵʪʦʤ ʥʝ ʫʤʝʥʴʰʘʷ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʩʣʦʚʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʣʘ EAP. ʅʘʧʨʦʪʠʚ, ʘʢʪʠʚʥʦʩʪʴ ʚ ʈɺʂ Com ʘʥʘʣʦʛʘ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʦʢʦʣʘ ʘʢʪʠʚʘʮʠʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʴʰʝʝ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.   

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʪʦʚ ʉʅʆ ʖʌʋ 

ʠ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-79-00280. 

 
[1] H. Bºhm, S. Goers, A. Zauner. International Journal of Hydrogen Energy 44(59) (2019) 30789ï

30805. 

[2] T. Zhang et al. Science China Materials 61(7) (2018) 926ï938. 

[3] D. Gonz§lez et al. Nanoscale 13 (2021) 14480ï14489. 
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ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʥʝʧʪʫʥʠʷ ʚ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ 

ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ 
 

ʂʨʦʪ ɸ.ɼ.1, ɹʦʨʠʩʦʚʘ ʅ.ɽ.2, ʅʦʚʠʯʢʦʚ ɼ.ɸ.2, ʊʨʠʛʫʙ ɸ.ʃ.3, ʄʘʪʚʝʝʚ ʇ.ʀ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ, 

2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ,  
3 ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, 01187, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

Anna.d.krot@gmail.com  

ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʣʦ 10% ʤʠʨʦʚʳʭ ʧʦʩʪʘʚʦʢ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʙʦʣʝʝ 25% ʵʥʝʨʛʠʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʨʘʙʦʪʘ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ), ʦʙʨʘʱʝʥʠʝ ʩ ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ 

ʩʝʨʴʝʟʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. ʆʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʆʗʊ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʚ PUREX-ʧʨʦʮʝʩʩʝ (plutonium 

uranium reduction extraction) ʧʫʪʝʤ ʵʢʩʪʨʘʢʮʠʠ ʪʨʠ-ʥ-ʙʫʪʠʣʬʦʩʬʘʪʦʤ (ʊɹʌ) ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʨʘʟʙʘʚʠʪʝʣʝ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ 

(ɺɸʆ) ʩʦʜʝʨʞʘʪ ʤʠʥʦʨʥʳʝ ʘʢʪʠʥʠʜʳ ʥʝʧʪʫʥʠʡ, ʘʤʝʨʠʮʠʡ ʠ ʢʶʨʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ 

ʪʨʘʥʩʤʫʪʘʮʠʷ. ʅʝʧʪʫʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʩʝʤʝʡʩʪʚʘ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʘʢʪʠʥʠʜʦʚ 

(Am, Cm). ʕʪʦ ʨʘʜʠʦʪʦʢʩʠʯʥʳʡ ʤʠʥʦʨʥʳʡ ʘʢʪʠʥʠʜ (T1/2(
237Np) = 2Ā106 ʣʝʪ), 

ʢʦʪʦʨʳʡ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ 

ʦʪʭʦʜʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʠʩʢ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʘʢʪʠʥʠʜʦʚ, ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ ʚ ʪʨʝʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ (IV, V, VI ), ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʝ 

ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʱʠʭ ʢʘʪʠʦʥ-ʢʘʪʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʢʩʦʢʘʪʠʦʥʦʚ ʥʝʧʪʫʥʠʷ (V) ʠ (VI). ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʭʠʤʠʠ ʥʝʧʪʫʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʆʗʊ, ʘ 

ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʚʝʣʘ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ 

ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʥʝʧʪʫʥʠʷ 

ʠ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩ N,Nǋ-ʜʠʵʪʠʣ-N,Nǋ-ʜʠ(4-

ʵʪʠʣ-ʬʝʥʠʣ)-ʜʠʘʤʠʜʦʤ 2,2ǋ-ʙʠʧʠʨʠʜʠʣ-6,6ǋ-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-73-30006. 
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ʉʠʥʪʝʟ ʛʝʪʝʨʦʤʦʨʬʥʳʭ ʧʣʝʥʦʢ Bi2WO6  

ʩʦ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʝʡ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ  

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
 

ʂʫʙʨʠʥ ɻ.ɽ.1, ʉʝʙʘʩʪʴʷʥʦʚ ʀ.ɸ.1 

 
1 ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

125047, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

kubringl@yandex.ru  

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʃʆʉ) 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʩʢʦʣʴʢʫ ʩʚʝʪ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʧʫʣʷʨʥʳʤ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ TiO2, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʛʣʦʱʘʪʴ ʪʦʣʴʢʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ 

ʩʚʝʪ, ʜʚʫʭʩʣʦʡʥʳʡ Bi2WO6 ð ʵʪʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʃʆʉ. ʆʜʥʘʢʦ ʧʨʦʩʪʦʪʘ ʫʢʣʘʜʢʠ ʜʚʫʤʝʨʥʳʭ 

ʥʘʥʦʣʠʩʪʦʚ Bi2WO6 ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘ, ʘ ʝʛʦ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ [1]. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʪʝʨʦʤʦʨʬʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ Bi2WO6. ɺ 

ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʥʘʥʦʚʦʣʦʢʥʘ Bi2WO6 ʨʘʩʪʫʪ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʬʦʨʤʠʨʫʷ ʩʦʝʜʠʥʝʥʠʷ 1D/2D, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʣʠʩʪʴʷ ʵʚʢʘʣʠʧʪʘ. ʕʪʘ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʘʷ ʩʝʪʯʘʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʝ ʪʦʣʴʢʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʧʨʦʩʪʦʡ ʫʢʣʘʜʢʠ ʚ ʜʚʫʤʝʨʥʳʝ ʥʘʥʦʣʠʩʪʳ, ʥʦ ʠ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʦʪʢʨʳʚʘʝʪ {010} ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʦʩʢʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ [2]. 

 

ʈʠʩ. 1. SEM-ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʩʣʝʚʘ) ʠ ʩʭʝʤʘ ʩʪʨʦʝʥʠʷ 

ʣʠʩʪʴʝʚ ʵʚʢʘʣʠʧʪʘ (ʩʧʨʘʚʘ). 
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ʄʘʪʝʨʠʘʣ-ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʢʦʣʦ 2,5 ʵɺ 

ʩʧʦʩʦʙʝʥ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʪʴ ʘʮʝʪʘʣʴʜʝʛʠʜ ʥʘ 100% ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ 

ʩʚʝʪʘ, ʥʝ ʪʨʝʙʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ. ʕʪʦʪ 

ʤʘʪʝʨʠʘʣ ʦʪʣʠʯʘʝʪʩʷ ʧʨʝʚʦʩʭʦʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʦʩʪʘʚʘʷʩʴ ʵʬʬʝʢʪʠʚʥʳʤ ʚ 

ʪʝʯʝʥʠʝ ʚʦʩʴʤʠ ʮʠʢʣʦʚ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʩʪʘʙʠʣʴʥʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ Bi2WO6 [2]. 

[1] J. Liu et al. Applied Catalysis B: Environmental 257 (2019) 117880. 

[2] G.E. Kubrin, S.A. Kozinsky, A.A. Ivannikova, I.A. Sebastianov. Nanoscale, Accepted, in Press. 
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ʄʝʤʙʨʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ 

ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʟʝʣʝʥʦʛʦ 

 
ʂʫʣʠʢʦʚʘ ʆ.ʄ., ʇʨʠʭʥʦ ʀ.ɸ., ɽʣʠʩʝʝʚ ɸ.ɸ. 

 

ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
 

olenka_kulikova_2005@mail.ru  

ʄʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʛʘʟʦʨʘʟʜʝʣʝʥʠʷ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʧʝʨʝʢʣʶʯʘʝʤʳʝ ʤʝʤʙʨʘʥʳ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴ ʧʦʪʦʢʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʤʙʨʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʛʦ ʤʝʪʠʣʝʥʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʥʘ 

ʧʨʦʚʦʜʷʱʠʭ ʧʦʜʣʦʞʢʘʭ ʥʘ ʙʘʟʝ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩ ʥʘʧʳʣʝʥʥʳʤ 

ʟʦʣʦʪʦʤ. 

ɺ ʨʝʞʠʤʝ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ 

ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʟʝʣʝʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʘʭ (ʨʠʩʫʥʦʢ 1) ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 40 ʠ 120 

ʥʤ, ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ ʩʦʩʪʘʚʠʣʘ 20 ʤɺ/ʩ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʙʦʨʘʪʥʳʡ 

ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʩ pH 9 ʠ 0,1 M KCl  ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʥʦʤʝʨʘ ʩʦʩʪʘʚʠʣʘ 0,4 ʤʄ. 

 

ʈʠʩ. 1. ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ ʥʘ 

ʘʥʦʜʥʦʤ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ ʩ ʥʘʧʳʣʝʥʥʳʤ ʟʦʣʦʪʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʨʫʧʧ 

ʧʦʣʠʤʝʨʘ, ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ, ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 20 ʤɺ/ʩ ʦʩʘʞʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʠʤʝʨʘ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʤʙʨʘʥ ʧʦ ʨʘʟʣʠʯʥʳʤ ʛʘʟʘʤ (ʨʠʩ. 

2), ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ  ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ C4H10. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʫʪʘʥʘ ʦʪ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 3). ɿʘ ʩʯʝʪ ʢʘʧʠʣʣʷʨʥʳʭ ʵʬʬʝʢʪʦʚ 

mailto:olenka_kulikova_2005@mail.ru


ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

46 

ʚ ʧʦʨʘʭ ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʞʠʞʝʥʠʝ ʙʫʪʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 

ʥʠʞʝ, ʯʝʤ ʜʘʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʫʩʢʦʨʷʝʪ 

ʪʨʘʥʩʧʦʨʪ ʙʫʪʘʥʘ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʝʣʝʢʪʠʚʥʳʡ ʪʨʘʥʩʧʦʨʪ ʙʫʪʘʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʢʘʧʠʣʣʷʨʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ. ʀʟʤʝʨʝʥʠʝ ʫʛʣʦʚ ʩʤʘʯʠʚʘʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʤʝʤʙʨʘʥʳ 120 ʥʤ ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʚʦʜʷʥʳʤ ʧʘʨʘʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 40 ʥʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʟʤʝʨʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʝ 

ʤʝʤʙʨʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʚ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʂʈ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʥʘʥʝʩʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʚʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ. ɼʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʜʪʚʝʨʜʠʣʠ ʩʪʨʦʝʥʠʝ ʧʦʜʣʦʞʝʢ ʧʦʨʠʩʪʦʛʦ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 

 

ʈʠʩ. 2. ɻʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʝ ʤʝʤʙʨʘʥʳ. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ ʦʪ ʜʘʚʣʝʥʠʷ ʙʫʪʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʦʣʫʯʝʥ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʟʝʣʸʥʦʛʦ.  ʀʟʫʯʝʥʳ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʤʙʨʘʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʩʚʦʡʩʪʚ ʧʦʜʣʦʞʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-13-00195.  
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ʃʘʧʪʠʥ ʇ.ɼ.1, ʀʩʪʦʤʠʥ ʉ.ʗ.2, ʃʳʩʢʦʚ ʅ.ɺ.3 

 
1ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ,119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
3ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ʊʚʝʨʜʦʦʢʩʠʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ (ʊʆʊʕ) ï ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʭʠʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʙʝʟ ʩʪʘʜʠʠ 

ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʆʜʥʠʤ ʠʟ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ 

ʊʆʊʕ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʊʆʊʕ (ʉ-ʊʆʊʕ), ʚ 

ʢʦʪʦʨʳʭ ʢʘʪʦʜʥʳʡ ʠ ʘʥʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ʂ ʪʘʢʦʤʫ ʤʘʪʝʨʠʘʣʫ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ: ʬʘʟʦʚʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʢ ʘʥʦʜʥʳʭ, ʪʘʢ ʠ ʢʘʪʦʜʥʳʭ ʛʘʟʦʚ; ʦʪʩʫʪʩʪʚʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ; ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ; ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʟʥʘʯʠʤʦʡ 

ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ; ʙʣʠʟʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (ʂʊʈ) ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʵʣʝʢʪʨʦʣʠʪʘ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʉ-ʊʆʊʕ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʠʜʳ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʩʦʩʪʘʚʘ ABO3. ɺ ʢʘʯʝʩʪʚʝ ɺ-ʢʘʪʠʦʥʘ ʚʳʩʪʫʧʘʶʪ ʢʘʪʠʦʥʳ 

3d-ʤʝʪʘʣʣʦʚ: Ti, V, Cr, Mn ʠ Fe. ɼʣʷ Fe-ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʚʩʢʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳ 

ʣʝʛʢʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʙʦʪʝ ʊʆʊʕ ʚ 

ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (600ï800Üʉ). ʆʜʥʘʢʦ ʬʘʟʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʬʝʨʨʠʪʦʚ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʛʨʘʥʠʯʝʥʘ, ʠ ʩ ʮʝʣʴʶ ʝʝ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ Fe ʥʘ ʢʘʪʠʦʥʳ ʩ ʫʩʪʦʡʯʠʚʦʡ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ (Ga, Sc, Nb ʠ ʜʨ.) [1]. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʉ-ʊʆʊʕ ʠʩʩʣʝʜʫʶʪʩʷ 

ʧʝʨʦʚʩʢʠʪʳ ʩʦʩʪʘʚʘ La0.8Ca0.2Fe1-xAl xO3-ŭ (x = 0-0.4, æʭ = 0.1). ʂʘʪʠʦʥʳ Al3+ 

ʥʘʭʦʜʷʪʩʷ ʚ B-ʧʦʟʠʮʠʷʭ, ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʷ ʢʘʪʠʦʥʳ Fe, ʩʦʭʨʘʥʷʷ ʫʩʪʦʡʯʠʚʫʶ 

ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʈʘʥʝʝ ʵʪʠ ʩʦʩʪʘʚʳ ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʉ-ʊʆʊʕ. ʄʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ: ʩʧʝʢʘʥʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʦʢʩʠʜʦʚ La, Fe ʠ 

Al, ʘ ʪʘʢʞʝ CaCO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1400Áʉ, 48 ʯ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʧʣʦʪʴ ʜʦ ʩʦʩʪʘʚʘ ʧʨʠ x = 0.3. ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʚʦʟʜʫʭʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 200ï900Áʉ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ 
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ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ Al (ʦʪ 63.5 ʉʤ/ʩʤ ʜʣʷ ʭ = 0.0 ʜʦ 10 ʉʤ/ʩʤ 

ʜʣʷ ʭ = 0.4 ʧʨʠ 900Áʉ).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʦʙʨʘʟʮʳ La0.8Ca0.2Fe1-xAl xO3-ŭ ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʚ ʘʪʤʦʩʬʝʨʝ 

Ar/H2 (8%) ʧʨʠ 800 ʠ 900Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 900 Áʉ La0.8Ca0.2FeO3 ʯʘʩʪʠʯʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ La2O3 ʠ Ŭ-Fe, ʦʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʘʣʶʤʠʥʠʷ ʬʘʟʘ Ŭ-Fe ʧʝʨʝʩʪʘʸʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ. ʇʨʠ 800 Áʉ 

ʬʘʟʦʚʦʛʦ ʨʘʩʧʘʜʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʠʟʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚ La0.8Ca0.2Fe0.8Al0.2O3-ŭ (LCF-Al02) ʙʳʣ ʚʳʙʨʘʥ 

ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʉ-ʊʆʊʕ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ LCF-Al02 ʠ 

ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ Ce0.9Gd0.1O1.95 (GDC). ʇʦʨʦʰʢʠ ʩʤʝʰʠʚʘʣʠ ʚ ʤʘʩʩʦʚʦʤ 

ʦʪʥʦʰʝʥʠʠ 1:1 ʠ ʦʪʞʠʛʘʣʠ ʧʨʠ 1100ï1300Áʉ, 6 ʯ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʩʣʝ ʦʪʞʠʛʘ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ. ʄʝʪʦʜʦʤ ʜʠʣʘʪʦʤʝʪʨʠʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʂʊʈ ʤʘʪʝʨʠʘʣʘ LCF-Al02, 

ʧʨʠ ʵʪʦʤ ʦʪʣʠʯʠʝ ʦʪ ʂʊʈ ʵʣʝʢʪʨʦʣʠʪʘ GDC ʩʦʩʪʘʚʠʣʦ 18.4%. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ LCF-Al02 ʚ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʷʯʝʡʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʢʪʨʦʜ/GDC/ʵʣʝʢʪʨʦʜ. 

ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʩʦʩʪʘʚʘ La0.8Ca0.2Fe0.8Al 0.2O3-ŭ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʮʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʬʠʥʘʣʴʥʦʤ ʦʪʞʠʛʝ 1100Áʉ, 48 ʯ [2]. ɼʘʣʝʝ ʵʣʝʢʪʨʦʜʥʳʡ 

ʤʘʪʝʨʠʘʣ ʤʝʪʦʜʦʤ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ ʥʘʥʦʩʠʣʠ ʚ ʚʠʜʝ ʧʘʩʪʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʩʚʷʟʫʶʱʠʤ FuelCellMaterials VEH-2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʸʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ GDC 

ʠ ʦʪʞʠʛʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150Áʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʷʯʝʡʢʠ 

ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ 

ʩʭʝʤʝ ʧʦʜʢʣʶʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 500ï900Áʉ ʠ ʧʘʨʮʠʘʣʴʥʳʭ 

ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ pO2 ʦʪ 0.05 ʜʦ 1 ʘʪʤ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʜʝʪʘʣʠ 

ʤʝʭʘʥʠʟʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ ʥʦʚʦʤ ʤʘʪʝʨʠʘʣʝ La0.8Ca0.2Fe1-xAl xO3-ŭ, 

ʛʜʝ ʛʣʘʚʥʦʡ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ LCF-

Al2, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʧʨʦʪʝʢʘʶʱʠʡ ʥʘ ʪʨʝʭʬʘʟʥʦʡ 

ʛʨʘʥʠʮʝ  ʛʘʟ/ʵʣʝʢʪʨʦʜ/ʵʣʝʢʪʨʦʣʠʪ [3]. 

 
[1] Sergey Ya. Istomin, Nikolay V. Lyskov, Galina N. Mazo, Evgeny V. Antipov. Russian 

Chemical Reviews 90(6) (2021) 644-676. 

[2] Lucangelo Dimesso. Handbook of sol-gel science and technology. Cham: Springer 

International Publishing. (2018) 1067-1088. 

[3] B. Kenney, K. Karan. The Electrochemical Society 153(6) (2006) 1172. 
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ʉʦʨʙʮʠʷ ʠ ʪʨʘʥʩʧʦʨʪ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʣʸʛʢʠʭ ʩʧʠʨʪʦʚ ʚ 

ʦʢʩʠʜʝ ʛʨʘʬʝʥʘ 
 

ʃʝʩʥʳʭ ɸ.ɸ,1, ɻʫʨʴʷʥʦʚ ʂ.ɽ.1, ɽʣʠʩʝʝʚ ɸʥ.ɸ.1, ɽʣʠʩʝʝʚ ɸʨ.ɸ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʨʦʮʝʩʩʳ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ ʠ ʞʠʜʢʠʭ ʩʤʝʩʝʡ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʤʝʤʙʨʘʥʳ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʠ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ, ʛʘʟʦʨʘʟʜʝʣʝʥʠʷ, 

ʤʝʜʠʮʠʥʝ ʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʤʝʤʙʨʘʥʳ, ʧʨʝʜʝʣʴʥʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʘʢʠʭ 

ʤʝʤʙʨʘʥ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʛʨʘʬʝʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʣʠʩʪ ʛʨʘʬʝʥʘ 

ʘʪʦʤʘʨʥʦʡ ʪʦʣʱʠʥʳ, ʧʦʢʨʳʪʳʡ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥ, ʠʟʫʯʝʥʠʶ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʫʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʝʭʘʥʠʟʤ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʦʩʪʘʝʪʩʷ ʩʣʘʙʦʠʟʫʯʝʥʥʳʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚʦʰʝʜʰʠʭ ʚ ʩʪʨʫʢʪʫʨʫ 

ʤʝʤʙʨʘʥʳ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʦʪʦʢʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1620 ʩʤ-1 ʠ 

3600 ʩʤ-1 ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ. ʉ ʫʯʸʪʦʤ ʠʟʤʝʥʝʥʠʷ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʣʠʥʝʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʚ ʆɻ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʈʠʩʫʥʦʢ 1ʘ). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʵʥʝʨʛʠʷ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʥʦʩʪʠ ʩʣʦʝʚ. 

ʀʟʙʪrʦʯʥʘʷ ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʮʝʩʩʘ ʦʙʲʝʤʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ C:O<2.5 ʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10 ʢʢʘʣ/ʤʦʣʴ. ʉ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʤʝʞʩʣʦʝʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʦʙʥʘʨʫʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʷʭ 

ʘʢʪʠʚʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ ʤʦʣʝʢʫʣ ʚʦʜʳ (~0.37 ʵɺ/¡), ʤʝʪʘʥʦʣʘ (~0.48 ʵɺ/¡) ʠ 
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ʧʨʦʪʦʥʦʚ (~0.24 ʵɺ/¡). ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʨʙʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʫʨʘʚʥʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ɼʫʙʠʥʘ-ɸʩʪʘʭʦʚʘ (ʈʠʩʫʥʦʢ 1ʙ). 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʘ) ʠ ʢʨʠʚʳʝ ʩʦʨʙʮʠʠ ʚʦʜʳ ʚ ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʥʦʩʪʠ (ʙ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-13-00195. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʚʦʡʥʳʭ ʬʦʩʬʘʪʦʚ Na-Ce(IV) ʠʟ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ CeO2 
 

ʃʠʩʪʦʚʘ ɸ.ʃ.1, ʂʫʟʝʥʢʦʚʘ ɸ.ʉ.1, ʅʝʚʦʣʠʥ ʖ.ʄ.2, ʗʧʘʩʢʫʨʪ ɺ.ʆ.1, 

 ɻʝʨʘʩʠʤʦʚ ʄ.ɸ.1, ʅʦʚʠʯʢʦʚ ɼ.ɸ.1, ʇʣʘʭʦʚʘ ʊ.ɺ.1, ʈʦʤʘʥʯʫʢ ɸ.ʖ.1,  

ʂʘʣʤʳʢʦʚ ʉ.ʅ.1  

 
1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ. ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ, 

119071, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

alvovna@yandex.ru  

ʅʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷ (CeO2) ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʧʦʣʝʟʥʳʭ 

ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ: ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʪʴ ʋʌ ʠʟʣʫʯʝʥʠʝ ʠ ʪ. ʜ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʥ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ 

ʧʦʧʘʜʘʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ 

ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʦʩʪʠʛʘʝʪ 10000 ʪʦʥʥ ʚ ʛʦʜ ʠ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʣʠʰʴ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʨʘʩʪʝʥʠʷ [1]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʫʜʴʙʝ CeO2, ʦʪʤʝʯʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ ʬʦʩʬʘʪʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ: ʨʘʩʪʚʦʨʠʤʦʩʪʴ, 

ʪʨʘʥʩʧʦʨʪ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [2]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʦʩʬʘʪ-ʘʥʠʦʥʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʩʬʘʪʘ Ce(III). ʆʜʥʘʢʦ, 

ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʘʚ, ʩʚʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʩʬʘʪ-ʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦ ʩʠʭ ʧʦʨ ʤʘʣʦʠʟʫʯʝʥʳ.  

ʂʨʦʤʝ ʪʦʛʦ, ʮʝʨʠʡ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʤ ʘʥʘʣʦʛʦʤ ʧʣʫʪʦʥʠʷ 

ʚʚʠʜʫ ʙʣʠʟʦʩʪʠ ʠʭ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ, ʢʦʥʩʪʘʥʪ ʛʠʜʨʦʣʠʟʘ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ +3 ʠ +4. ɼʠʦʢʩʠʜʳ ʮʝʨʠʷ ʠ ʧʣʫʪʦʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʬʣʶʦʨʠʪʘ ʩ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ. 

ʇʣʫʪʦʥʠʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʜʠʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ɽʛʦ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʬʘʟ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ï PuO2. ʇʦʵʪʦʤʫ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʚʝʜʝʥʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʬʦʩʬʘʪ-ʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʣʫʪʦʥʠʷ ʠ 

ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ 

ʚ ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʭ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ CeO2 ʧʫʪʸʤ 

ʙʳʩʪʨʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʨʘʟʤʝʨʦʤ 2 ʥʤ. ɼʣʷ ʩʠʥʪʝʟʘ ʬʦʩʬʘʪʦʚ ʮʝʨʠʷ 

ʦʥʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ (ɻʊ) ʦʙʨʘʙʦʪʢʝ ʚ 1 ʄ ʥʘʪʨʠʡ-

ʬʦʩʬʘʪʥʳʭ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ pH=4,4 ʠ pH=7,7 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 150, 170, 

200Áʉ. ʇʨʦʜʫʢʪʳ ɻʊ ʩʠʥʪʝʟʘ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʩ ʘʥʘʣʠʟʦʤ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨ (PDF), 

ʨʘʩʪʨʦʚʦʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ, ʇʕʄ) ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʙʣʠʟʠ L3 ʢʨʘʷ Ce (XANES). 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ ʜʚʦʡʥʳʭ ʬʦʩʬʘʪʦʚ ʥʘʪʨʠʷ-ʮʝʨʠʷ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʝʞʠʤʝ ʥʝʜʦʥʘʩʳʱʝʥʠʷ ʚ 0,01 ʄ NaClO4 ʚ ʜʠʘʧʘʟʦʥʝ pH~2  10. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʮʝʨʠʷ ʚ ʨʘʩʪʚʦʨʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʪʚʸʨʜʦʡ ʬʘʟʳ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ). 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ CeO2 ʚ ʥʘʪʨʠʡ-

ʬʦʩʬʘʪʥʳʭ ʙʫʬʝʨʘʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

pH ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ. ʇʦʣʦʞʝʥʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʜʣʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ pH=7,7 ʙʣʠʟʢʠ ʢ 

ʬʘʟʝ Na1.97Ce1.03(PO4)2ĿxH2O, ʠʟʚʝʩʪʥʦʡ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [3]. ɸʥʘʣʠʟ PDF 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʬʦʩʬʘʪʦʚ Na-Ce(IV), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʅ=4,4 

ʠʤʝʶʪ ʢʘʨʢʘʩʥʳʡ ʤʦʪʠʚ, ʧʦʜʦʙʥʳʡ NaTh2(PO4)3 [4]. ʇʦ ʜʘʥʥʳʤ ʈʕʄ ʠ ʇʕʄ, 

ʤʦʨʬʦʣʦʛʠʷ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ CeO2 ʚ ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʭ ʙʫʬʝʨʘʭ 

ʧʨʠ pH=4,4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʯʘʪʳʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʪ 200 ʜʦ 600 

ʥʤ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʥʦʩʪʝʨʞʥʝʡ. ʊʚʝʨʜʘʷ ʬʘʟʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʨʅ=7,7, 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʙʠʧʠʨʘʤʠʜ ʨʘʟʤʝʨʦʤ ʦʪ 0,2 

ʜʦ 4 ʤʢʤ.  

ʇʦ ʜʘʥʥʳʤ XANES ʚʦ ʚʩʝʭ ʧʨʦʜʫʢʪʘʭ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʨʠʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʪʘʝʪʩʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 4. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Na-Ce 

ʬʦʩʬʘʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ~2  6 ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʉʝʆ2 ʚ ʨʘʩʪʚʦʨʘʭ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʩʬʘʪʦʚ ʮʝʨʠʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʜʠʦʢʩʠʜʘ. ʇʝʨʝʬʦʨʤʠʨʦʚʘʥʠʝ CeO2 ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʦʩʬʘʪʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ22-73-10056. 

 
[1] B. Giese, Fred Klaessig. Scientific reports 8(1) (2018) 1565-1583. 

[2] Jessica T. Dahle, Ken Livi. Chemosphere 119 (2014) 1365-1371.  

[3] Alexander E. Baranchikov, Taisiya O. Kozlova, Sergey Y. Istomin. ChemistrySelect 9(17) (2024) 

5322-5337. 

[4] Tatyana V. Plakhova et al. Chemosphere, in press. 
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ɺʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʘʪʘ ʣʘʥʪʘʥʘ ʟʘʤʝʱʝʥʠʷ 

ʢʨʝʤʥʠʷ ʥʘ ʭʨʦʤ 
 

ʃʦʧʘʪʠʥ ʄ.ʖ.1, ʌʸʜʦʨʦʚʘ ɸ.ɸ.1, ʄʦʨʦʟʦʚ ʀ.ɺ.1, ʌʸʜʦʨʦʚʘ ʖ.ɽ.2, 

ʂʘʧʫʩʪʠʥ ɻ.ʀ.3, ʂʥʦʪʴʢʦ ɸ.ɺ.1, ʄʘʩʣʘʢʦʚ ʂ.ʀ.1, ʂʦʣʝʩʥʠʢ ʀ.ɺ.1, 

ʊʝʜʝʝʚʘ ʄ.ɸ.1, ʉʘʜʳʢʦʚ ɺ.ɸ.2 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ,  
2 ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤʝʥʠ ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ, 630090, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, 
3 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
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ʇʘʨʦʚʘʷ ʢʦʥʚʝʨʩʠʷ ʵʪʘʥʦʣʘ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ 

ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʸʤʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʦʧʣʠʚʦʤ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʟʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʠʢʝʣʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ 

ʠ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʩʠʜʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʩʥʦʚʥʳʝ ʮʝʥʪʨʳ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʫʶ ʢʠʩʣʦʨʦʜʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ [1]. ɼʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʭʦʨʦʰʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʠʢʘʪ ʣʘʥʪʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʧʘʪʠʪʘ, ʢʠʩʣʦʨʦʜʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʟʘʤʝʱʝʥʠʝʤ ʢʨʝʤʥʠʷ ʥʘ 

ʭʨʦʤ. ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʪʘʣ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʘʨʦʚʦʡ 

ʢʦʥʚʝʨʩʠʠ ʵʪʘʥʦʣʘ, ʩʦʜʝʨʞʘʱʠʭ ʥʠʢʝʣʴ ʚ ʚʠʜʝ NiO ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʪʘ 

ʣʘʥʪʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʧʘʪʠʪʘ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʭʨʦʤʦʤ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʤʧʣʘʪʘ. ʂ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʦʤʫ ʚ 

ʩʨʝʜʝ 0.1 ʄ HNO3 ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʫ ʙʳʣ ʜʦʙʘʚʣʝʥ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʪʝʤʧʣʘʪʘ, 

ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʘ(III), ʘ ʪʘʢʞʝ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʪʨʠʡ ʠ ʭʨʦʤ 

(m(H2O):m(SiO2)=10, n(La):n(Na):n(Si):n(Cr)=9:1:5.5:0.5). ɺ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (ɓ-CD) ʠ ʤʦʯʝʚʠʥʘ (U), ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʪʦʨʳʭ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ: , ʛʜʝ 

m(ɓ-CD):m(U)=1:3. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʪʨʠʡ ʠ ʭʨʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʨʦʤʘʪ ʥʘʪʨʠʷ (ʦʙʨʘʟʝʮ 1), ʜʠʭʨʦʤʘʪ ʥʘʪʨʠʷ ʠ ʥʠʪʨʘʪ ʥʘʪʨʠʷ 

(ʦʙʨʘʟʝʮ 2), ʥʠʪʨʘʪ ʭʨʦʤʘ(III) ʠ ʥʠʪʨʘʪ ʥʘʪʨʠʷ (ʦʙʨʘʟʝʮ 3). ʅʘ ʚʳʩʫʰʝʥʥʳʝ ʠ 

ʦʪʦʞʞʸʥʥʳʝ ʧʨʠ 600 ÁC (4 ʯ) ʦʙʨʘʟʮʳ ʧʨʦʧʠʪʢʦʡ ʧʦ ʚʣʘʛʦʸʤʢʦʩʪʠ ʙʳʣ ʥʘʥʝʩʸʥ 

ʥʠʪʨʘʪ ʥʠʢʝʣʷ(II), ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʚʥʦʚʴ ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʧʨʠ 600 ÁC (2 ʯ). ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʟʘʢʨʠʩʪʘʣʠʟʦʚʘʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʦʥʠ ʙʳʣʠ ʦʪʦʞʞʝʥʳ ʧʨʠ 800  (4 ʯ). ɺ ʨʘʙʦʪʝ 

ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʨʦʤ ʠ ʥʘʪʨʠʡ, ʥʘ ʩʚʦʡcʪʚʘ 

ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʩʢʘʥʠʨʫʶʱʝʡ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ 

(ʈʉʄɸ), ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʋʌ-ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ N2, ʘ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʚ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʵʪʘʥʦʣʘ. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 

800  ʚʩʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʦʜʥʫ ʬʘʟʫ, ʠʟʦʩʪʨʫʢʪʫʨʥʫʶ 

ʘʧʘʪʠʪʦʧʦʜʦʙʥʦʤʫ ʩʠʣʠʢʘʪʫ ʣʘʥʪʘʥʘ La9.33Si6O26 (ICDD 49-443). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʉʕʄ ʩ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ La, Ni, Si ʠ Na ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʜʥʦʨʦʜʥʦʝ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʉʄɸ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʝ, ʘ ʪʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʷ La ʠ Ni 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʘ ʩʦʜʝʨʞʘʥʠʷ Cr ʠ Na 

ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌʕʉ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʚʚʝʜʸʥʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʨʠ ʵʪʦʤ ʭʨʦʤ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʩʪʦʚʝʨʥʦ ʪʦʣʴʢʦ ʚ ʚʠʜʝ Cr+6. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʣʠʥʠʠ ʢʘʪʠʦʥʦʚ Cr+3, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʦʙʨʘʟʫʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʚ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʵʪʘʥʦʣʘ ʧʨʠ 

ʩʦʩʪʘʚʝ ʩʤʝʩʠ 2 ʦʙ. % EtOH + 8 ʦʙ. % H2O ʚ He, ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ 10 ʤʩ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600 . ʇʝʨʝʜ ʨʝʘʢʮʠʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ 

ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 . ɺʩʝ ʦʙʨʘʟʮʳ ʨʘʙʦʪʘʣʠ ʩʪʘʙʠʣʴʥʦ ʩ 

ʢʦʥʚʝʨʩʠʝʡ EtOH ʙʣʠʟʢʦʡ ʢ 100 % ʠ ʚʳʭʦʜʦʤ ʚʦʜʦʨʦʜʘ ʦʪ 38 % ʜʦ 48 %. ʇʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʚʦʜʦʨʦʜʘ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʦʙʨʘʟʮʘ, ʧʨʠ ʩʠʥʪʝʟʝ 

ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʭʨʦʤʘʪ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʭʨʦʤʘ. 

ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʉʆ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʠʡ ʚʳʭʦʜ 

ʚʦʜʦʨʦʜʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʅ2/ʉʆ (7õ4,3). ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ~0.1 % CH4. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-72-10034, ʘ ʪʘʢʞʝ 

ʙʶʜʞʝʪʥʦʛʦ ʧʨʦʝʢʪʘ ɸɸɸ-ɸ21-121011390007-7 ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʠʤʝʥʠ ɻ.ʂ. 

ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ. ʈʌʕʉ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ ʄɻʋ çʅʘʥʦʭʠʤʠʷ 

ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳè, ʧʨʠʦʙʨʝʪʸʥʥʦʤ ʧʦ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʄɻʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʎʂʇ ʄɻʋ 

çʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝè, ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʅʘʫʢʘè ʠ ʇʨʦʛʨʘʤʤʳ 

ʨʘʟʚʠʪʠʷ ʄɻʋ. 

 

[1] Shuhei Ogo, Yasushi Sekine. Fuel Processing Technology 199 (2020) 106238. 
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʦʩʘʞʜʝʥʠʝ 

ʛʠʜʨʦʢʩʠʜʘ ʥʠʢʝʣʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ  

ʜʣʷ ʨʘʟʜʝʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ 
 

ʃʩʢʘʚʷʥ ɼ.ʅ.1, ʂʦʤʘʡʢʦ ɸ.ʀ.2, ʅʠʢʠʪʠʥʘ ɺ.ɸ.2 
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ɺʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ, ʢʘʢ ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, ʙʦʣʝʝ 90% ʚʦʜʦʨʦʜʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ 

ʥʝʚʦʩʧʦʣʥʷʝʤʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʤʠ 

ʚʳʙʨʦʩʘʤʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ï ʵʣʝʢʪʨʦʣʠʟ 

ʚʦʜʳ ï ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʩʝʧʘʨʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʟʜʝʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ [1] ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʤʝʜʠʘʪʦʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ ʧʝʨʝʟʘʨʷʞʝʥʠʶ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʘʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʜ 

ʥʠʢʝʣʷ: ʤʝʪʦʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʝʥʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʦʨʠʩʪʳʡ ʘʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʧʨʦʷʚʣʷʶʱʠʡ ʚʳʜʘʶʱʫʶʩʷ ʩʢʦʨʦʩʪʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ Ni(OH)2 ʥʘ 

ʧʦʨʠʩʪʦʤ ʥʦʩʠʪʝʣʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʦʢʘʭ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ. 

ʕʣʝʢʪʨʦʜʳ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʠʢʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ 

ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʨʘʩʪʚʦʨʝ 0.1 ʄ Ni(NO3)2 ʥʘ ʧʨʦʚʦʜʷʱʫʶ 

ʧʦʜʣʦʞʢʫ ʥʠʢʝʣʝʚʦʡ ʧʝʥʳ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ ʧʫʪʸʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ 

ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʩʨʝʜʝ 1 M KOH ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ -0.7 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl (3 M KCl). 

ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʨʝʞʠʤʝ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʦʢʘ ʚ 60 ʨʘʟ (ʩ 0.5 ʜʦ 30 ɸ/ʛ) ʩʦʩʪʘʚʠʣʘ ʧʦʯʪʠ 40% ʦʪ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʚ ʷʯʝʡʢʝ ʅ-ʪʠʧʘ ʩ ʧʨʦʢʘʯʢʦʡ ʵʣʝʢʪʨʦʣʠʪʘ ʚʦ ʚʨʝʤʷ 

ʦʩʘʞʜʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʘʣ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ: ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʚ 160 ʨʘʟ ʤʘʪʝʨʠʘʣ ʩʦʭʨʘʥʠʣ 75% ʠʩʭʦʜʥʦʡ 
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ʸʤʢʦʩʪʠ ʧʨʠ 0.5 ɸ/ʛ (106 ʤɸʯ/ʛ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʣʠ ʧʘʜʝʥʠʝ ʝʤʢʦʩʪʠ ʜʦ 50% ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʚ 10 ʨʘʟ [4]. 

ʄʦʨʬʦʣʦʛʠʷ ʦʩʘʞʜʸʥʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʥʠʢʝʣʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʇʦ ʜʘʥʥʳʤ ʉʕʄ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʘ ʦʪ ʫʩʣʦʚʠʡ ʦʩʘʞʜʝʥʠʷ.  

 

 

ʈʠʩ. 1. ɻʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʵʣʝʢʪʨʦʜʘ Ni(OH)2, ʦʩʘʞʜʸʥʥʦʛʦ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʠ ʚ ʧʨʦʪʦʯʥʦʤ 

ʨʝʞʠʤʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ). ʅʘ ʚʩʪʘʚʢʝ ʧʨʠʚʝʜʝʥʳ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-13-00317. 

 
[1] M. Symes, L. Cronin. Nature Chemistry 5 (2013) 403-409. 

[2] H. Dotan, A. Landman, Sheehan S.W. Nature Energy 4 (2019) 786-795 

[3] D. S. Hall, D. J. Lockwood, C. Bock, B. R. MacDougall. Proceedings of the Royal Society A 471 

(2015) 2174. 

[4] Y. Renet, L. Wang. International Journal of Chemical Science 7 (2012) 12236-12243. 
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ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʥʘʥʦʯʘʩʪʠʮ 

ʙʸʤʠʪʘ ï ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʨʙʮʠʠ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ 
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ɺʦʟʥʝʩʝʥʩʢʠʡ ʄ.ɸ.1, ʆʩʤʦʣʦʚʩʢʘʷ ʆ.ʄ.1, ʉʦʢʦʣʦʚ ʀ.ɸ.2 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʟʘʱʠʪʝ 

ʠ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʧʣʘʥʝʪʝ, ʛʜʝ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʦʙʣʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ. ɸʥʪʠʙʠʦʪʠʢʠ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʙʳʪʦʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʧʦʧʘʜʘʶʱʠʭ ʚ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ. ʅʘʣʠʯʠʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʚ ʚʦʜʦʝʤʘʭ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʳʭ ʙʘʢʪʝʨʠʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʣʝʯʝʥʠʝ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠʥʬʝʢʮʠʡ. ʅʝ ʤʝʥʝʝ ʦʧʘʩʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ 

ʢʨʘʩʠʪʝʣʠ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʦʪʭʦʜʦʚ ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʰʠʨʦʢʠʡ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ ʚʦʜʥʳʭ ʦʙʠʪʘʪʝʣʝʡ, ʚʧʣʦʪʴ ʜʦ ʧʦʪʝʨʠ ʬʝʨʪʠʣʴʥʦʩʪʠ ʠ ʩʤʝʨʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʨʙʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʦʜʳ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʭ ʨʘʟʨʘʙʦʪʢʝ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʪʦʢʩʠʯʥʳʡ ʠ ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʸʤʠʪ (ɔ-AlOOH) 

ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ pH 9 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʝ ʩʝʨʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʙʸʤʠʪʘ (g-AlOOH). ʊʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 140 ʜʦ 

240 C̄ ʩ ʰʘʛʦʤ 20 C̄, ʘ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʣʦ 2 ʯʘʩʘ. ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʦʪʠʚʦʠʦʥʘ ʠ ʩʠʣʳ ʦʩʥʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʙʸʤʠʪʘ, 

ʜʣʷ ʧʝʨʚʦʡ ʩʝʨʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʛʠʜʨʦʢʩʠʣ-ʠʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ NaOH, 

ʜʣʷ ʚʪʦʨʦʡ - NH4OH (S- ʠ A-ʩʝʨʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʦʜʘʤʠ ʈʌɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʇʕʄ ʠ ɹʕʊ. ɺʩʝ ʦʙʨʘʟʮʳ ʬʘʟʦʚʦʯʠʩʪʳʝ ʠ 

ʠʤʝʶʪ ʧʣʘʩʪʠʥʯʘʪʫʶ ʬʦʨʤʫ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʞʠʜʘʝʤʳʡ ʨʦʩʪ ʯʘʩʪʠʮ ʚ 

ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ (ʦʪ 15, 10 ʠ 5 ʥʤ ʧʨʠ 140 C̄ ʜʦ 70, 35 ʠ 20 ʥʤ ʧʨʠ 240 C̄).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʩʫʩʧʝʥʟʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʙʝʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʠʧʷʪʠʣʘʩʴ 

ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʵʪʠ ʦʙʨʘʟʮʳ ʙʳʣʠ ʥʘʟʚʘʥʳ S0 ʠ A0. ɺ 

ʢʦʦʨʜʠʥʘʪʘʭ ln (t (ʯ)) ï ln (T (ʂ)) ʙʳʣʘ ʥʘʡʜʝʥʘ ʵʢʩʧʦʥʝʥʪʘ ʨʦʩʪʘ (n). ɿʘʚʠʩʠʤʦʩʪʴ 
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ln(D2-D0
2 (ʥʤ)) ʦʪ 1/T (ʂ) ʜʣʷ ʦʙʝʠʭ ʩʝʨʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦ 3 ʫʯʘʩʪʢʘ. ɺ ʩʣʫʯʘʝ 

S-ʩʝʨʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʯʘʩʪʢʠ: ʨʦʩʪ (Ea = 4900 ɼʞ/ʤʦʣʴ), ʧʣʘʪʦ, ʨʦʩʪ 

(Ea = 1946 ɼʞ/ʤʦʣʴ). ɼʣʷ ɸ-ʩʝʨʠʠ: ʨʦʩʪ (Ea = 764 ɼʞ/ʤʦʣʴ), ʨʦʩʪ (Ea = 2870 

ɼʞ/ʤʦʣʴ), ʧʣʘʪʦ.  

ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ WPPM, ʠ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠʟ ʇʕʄ-ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʯʘʩʪʠʮʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʥʳ ʧʦ ʦʜʥʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ï ʪʦʣʱʠʥʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦ ʦʩʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ 

ʦʙʲʝʤʝ ʯʘʩʪʠʮ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ 

ʘʤʤʦʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʢʦʘʣʝʩʮʝʥʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʘʤʠ S-ʩʝʨʠʠ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʨʦʣʴ Na+ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʠʦʥʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ 180 ʠ 240 C̄, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʠʭ 

ʧʫʪʝʤ ʧʨʦʢʘʣʠʚʘʥʠʷ ʯʘʩʪʠʮʳ g-Al2O3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ S-ʩʝʨʠʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʪʨʘʮʠʢʣʠʥʦʤ ʧʦʢʘʟʘʣʦ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʡʦʥʝ 90%, ʘ ɸ-ʩʝʨʠʠ ʜʣʷ 

ʢʨʘʩʠʪʝʣʝʡ (ʢʦʥʛʦ ʢʨʘʩʥʳʡ, ʵʦʟʠʥ ʂ, ʭʨʦʤʦʚʳʡ ʪʝʤʥʦ-ʩʠʥʠʡ) ʩʦʨʙʮʠʷ ʩʦʩʪʘʚʠʣʘ 

80+%. 

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʙʳʣʘ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚ ʚʦʜʝ ʠʟ 

ʨ. ʅʝʚʘ. ʉʦʨʙʮʠʷ ʪʝʪʨʘʮʠʢʣʠʥʦʚ ʧʨʝʚʳʩʠʣʘ 90% ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʘʥʪʠʙʠʦʪʠʢʦʚ, 

ʘ ʩʤʝʩʴ ʢʨʘʩʠʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʙʳʣʘ ʫʜʘʣʝʥʘ ʠʟ ʨʘʩʪʚʦʨʘ. 

 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʨʝʩʫʨʩʥʳʝ ʮʝʥʪʨʳ çʈɼʄʀè, çʄɸʉɺè, çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè, 

çʎʝʥʪʨ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʬʘʨʤʘʢʦʣʦʛʠʠ 

ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè, çɺʄʇʀè, çʆʃʄʀɺè, çʀʊʂʅè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 
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ʉʠʥʪʝʟ ʤʘʛʥʠʪʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ 

ʥʠʢʝʣʷ ʠ ʦʢʩʠʜʘ ʮʠʥʢʘ 
 

ʄʘʨʯʝʥʢʦ ɸ.ɸ.1, ʅʝʤʢʦʚʘ ɼ.ʀ.1, ʉʘʡʢʦʚʘ ʉ.ɺ.1,2 

 
1 ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʉʌʋ (ʀʎʄ ʉʌʋ), 660025, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ  

2 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ, 660036, ʂʨʘʩʥʦʷʨʩʢ, 

ʈʦʩʩʠʷ 

 

marchenk2004@mail.ru  

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʢʘʪʘʣʠʟ.  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʢʩʠʜ ʮʠʥʢʘ ʠ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʷʚʣʷʶʪʩʷ 

ʚʝʜʫʱʠʤʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʰʠʨʦʢʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʝ ʠ 

ʜʦʩʪʘʪʦʯʥʦʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʙʣʝʤʘ ʦʪʜʝʣʝʥʠʷ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. ʕʪʫ ʟʘʜʘʯʫ 

ʤʦʞʥʦ ʨʝʰʠʪʴ, ʩʦʟʜʘʚʘʷ ʛʠʙʨʠʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚ. 

ʅʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʟʠʪʳ NiFe2O4/ZnO ʣʝʛʢʦ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʚʪʦʨʥʦ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʳ NiFe2O4/ZnO ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʤʝʪʦʜʘ. ʉʤʝʰʠʚʘʣʠ ʧʦʨʦʰʢʠ NiFe2O4 ʠ ZnO ʚ 

ʩʦʦʪʥʦʰʝʥʠʷʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʜʦʙʘʚʣʷʣʠ 20 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʠʩʧʦʣʴʟʫʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ çʉʘʧʬʠʨè (60 ɺʪ, 35 ʢɻʮ), ʧʝʨʝʥʦʩʠʣʠ ʚ ʪʠʛʝʣʴ, 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80Áʉ ʠ ʧʨʦʢʘʣʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

800 Áʉ.  

ʊʘʙʣ. 1. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ NiFe2O4/ZnO. 

ˉ ʦʙʨʘʟʮʘ ʆʙʨʘʟʝʮ 1 ʆʙʨʘʟʝʮ 2 

ʄʦʣʴʥʘʷ ʜʦʣʷ (ɢ) ZnO 0,28 0,36 

m ZnO, ʛ 0,058 0,082 

m NiFe2O4, ʛ 0,442 0,418 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢ 20 ʤʣ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʢʨʘʩʠʪʝʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ (0,0125 ʄ) ʜʦʙʘʚʣʷʣʠ 

ʥʘʚʝʩʢʫ NiFe2O4/ZnO ʤʘʩʩʦʡ 20 ʤʛ, ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʤʥʦʪʝ 30 ʤʠʥ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʘʙʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʢʨʘʩʠʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʪʦʨʝ, ʩʥʘʙʞʝʥʥʦʤ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʣʘʤʧʦʡ. ʇʦʩʣʝ ʬʦʪʦʢʘʪʘʣʠʟʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʩʦʙʠʨʘʣʠ ʥʘ ʤʘʛʥʠʪ, ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʬʠʦʣʝʪʦʚʦʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NiFe2O4, ʦʙʨʘʟʮʘ 1, ʦʙʨʘʟʮʘ 2 (ʨʠʩ. 1). ʏʠʩʪʳʡ 

ʬʝʨʨʠʪ ʥʠʢʝʣʷ ʥʝ ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʧʨʠ ʧʝʨʚʠʯʥʦʤ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ 1 ʠ 2 ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʠʣʘ å 

87 Ñ 1% ʠ 85 Ñ 1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ 

ʦʪ ʚʨʝʤʝʥʠ. 

ʊʘʢʞʝ ʙʳʣʦ ʩʜʝʣʘʥʦ 3 ʧʘʨʘʣʣʝʣʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ʩ ʦʙʨʘʟʮʘʤʠ 1 (ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ) ʠ 2 

(ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʡ) (ʨʠʩ. 2). ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʫʯʸʪʦʤ ʦʰʠʙʢʠ, 

ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʟʘ ʯʘʩ ʜʣʷ ʦʙʨʘʟʮʘ 1 ʨʘʚʥʘ 16 Ñ 1%, ʘ ʜʣʷ ʦʙʨʘʟʮʘ 2 ʦʥʘ ʨʘʚʥʘ 

17 Ñ 1%. 

 

       
ʈʠʩ. 2. ʉʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ʜʦ ʠ ʧʦʩʣʝ 

ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʨʘʟʮʘ 1(ʘ) ʠ ʦʙʨʘʟʮʘ 2 (ʙ). 

ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʳʤ ʫʜʘʣʝʥʠʝʤ 

ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʩ ʘʢʪʠʚʥʳʭ ʤʝʩʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʭʦʜʝ ʧʨʦʩʪʦʡ ʧʨʦʤʳʚʢʠ ʝʛʦ ʚʦʜʦʡ.  

 
[1] ɼ. ʀ. ʅʝʤʢʦʚʘ, ɸ. ɽ. ʂʨʦʣʠʢʦʚ, ɸ. ʖ. ʇʘʚʣʠʢʦʚ, ʉ. ɺ. ʉʘʡʢʦʚʘ, ɽ. ɺ. ʇʠʢʫʨʦʚʘ. ɾʫʨʥʘʣ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 68(8) (2023) 1011-1020. 

ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ 

ʢʘʨʙʦʥʘʪʦʚ ʮʝʨʠʷ 

 

ʄʝʪʣʝʥʢʦʚ ʅ.ɸ., ʂʫʟʝʥʢʦʚʘ ɸ.ʉ., ʇʣʘʭʦʚʘ ʊ.ɺ., ʈʦʤʘʥʯʫʢ ɸ.ʖ. 
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ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

metla.nik2901@gmail.com  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʬʦʨʤʝ 

ʥʘʥʦʯʘʩʪʠʮ, ʨʘʩʪʸʪ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ (ʋʌ-ʬʠʣʴʪʨʳ, ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʙʠʦʤʝʜʠʮʠʥʘ). ʊʘʢʦʝ ʤʘʩʩʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʠʟʙʝʞʥʦ ʚʝʜʸʪ ʢ ʧʦʧʘʜʘʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʩʪʦʯʥʳʭ ʚʦʜ [1]. ʊʘʢʞʝ ʮʝʨʠʡ ʯʘʩʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʡ ʘʥʘʣʦʛ ʜʣʷ Pu(III, IV), ʪʘʢ ʢʘʢ ʠʤʝʝʪ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3 ʠ +4, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ CeO2 ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ 

ʬʣʶʦʨʠʪʘ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʤʠ PuO2 ʧʘʨʘʤʝʪʨʘʤʠ ʷʯʝʡʢʠ: 5,41¡ ʠ 5,43¡ 

ʜʣʷ ʦʢʩʠʜʘ ʮʝʨʠʷ ʠ ʧʣʫʪʦʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʨʠ ʵʪʦʤ ʥʝʨʘʜʠʦʘʢʪʠʚʝʥ. 

ʂʘʨʙʦʥʘʪ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʥʠʦʥʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʢʦʪʦʨʳʡ ʯʘʱʝ 

ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʣʘʙʦ ʦʧʠʩʘʥʦ 

ʧʦʚʝʜʝʥʠʝ ʉʝ, ʘ ʪʘʢʞʝ Pu(III) ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʩʨʝʜʘʭ ʠ ʢʘʨʙʦʥʘʪ-ʩʦʜʝʨʞʘʱʠʝ 

ʪʚʸʨʜʳʝ ʬʘʟʳ. ʕʪʠ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʉe ʠ Pu ʚ 

ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ 

ʩʠʥʪʝʟʘ ʢʘʨʙʦʥʘʪʦʚ ʮʝʨʠʷ ʠ ʠʭ ʩʦʩʪʘʚʦʤ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʦʩʘʞʜʝʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ʮʝʨʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ Ce(III, IV) c ʧʦʤʦʱʴʶ NaHCO3 ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʤʦʯʝʚʠʥʳ ʚ ʜʠʘʧʘʟʦʥʝ pH 5,0 ï 10,5. ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʪʚʸʨʜʳʝ 

ʬʘʟʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ (ɻʊ) ʦʙʨʘʙʦʪʢʝ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 80 

ï 150Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʮʝʨʠʷ ʙʳʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʘʛʨʝʛʘʪʠʚʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʷ 

ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ pH = 7,5, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʚ ʩʤʝʩʠ ʩʨʘʟʫ ʧʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ Ce(III) ʩ NaHCO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʦʜʥʦʡ ʠʟ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʘʟ ʷʚʣʷʝʪʩʷ ʉe2(CO3)3ĀxH2O ʩ 

ʤʦʨʬʦʣʦʛʠʝʡ ʧʣʘʩʪʠʥʦʢ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʨʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ 10,5 ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,5ʄ NaHCO3 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʢʘʨʙʦʥʘʪ-ʘʥʠʦʥʦʚ, 

ʩʦʩʪʘʚ ʪʚʸʨʜʦʡ ʬʘʟʳ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,1ʄ NaHCO3 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ-ʨʘʟʣʦʞʝʥʠʷ ʠ ʦʙʨʘʟʫʝʪʩʷ ʉʝʆ2. ʇʨʠ ʵʪʦʤ, ɻʊ 

ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʅ=10,5, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʉʝʆ2 ʩ 

ʤʦʨʬʦʣʦʛʠʝʡ ʧʘʣʦʯʝʢ ʠ ʩʬʝʨ. 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ɻʊ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʘ Ce(III) ʩ 

NaHCO3 ʧʨʠ pH = 5 ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚ ʠ 

ʤʦʨʬʦʣʦʛʠʶ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʪʚʸʨʜʦʡ ʬʘʟʳ. ʇʨʠ 85Áʉ ʦʙʨʘʟʫʝʪʩʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʡ ʉʝOHCO3 ʚ ʚʠʜʝ ʧʘʣʦʯʝʢ. ʇʨʠ 120Áʉ  ʩʤʝʩʴ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʉʝOHCO3, ʩ ʤʦʨʬʦʣʦʛʠʝʡ ʨʘʩʩʣʦʠʚʰʠʭʩʷ 

ʧʘʣʦʯʝʢ ʠ ʩʬʝʨ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦ 

150Áʉ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʉʝOHCO3, ʘ ʪʘʢʞʝ 

ʜʠʦʢʩʠʜ ʮʝʨʠʷ. 
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ʇʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʡ 

CeOHCO3 ʠʤʝʝʪ ʥʠʟʢʫʶ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʩʤʝʩʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ CeOHCO3 ʠ CeO2. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ 22-73-10056. 

[1] T. J. Dahle, Y. Arai. International Journal of Environmental Research and Public 

Health 12 (2015) 1253-1278. 
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ʇʨʦʮʝʩʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ  

ʢʘʢ ʢʣʶʯ ʢ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ZnO 
 

ʄʝʰʠʥʘ ʂ.ʀ.1, ʊʢʘʯʝʥʢʦ ɼ.ʉ.1, ɹʘʨʘʙʘʥʦʚ ʅ.ʄ.1, ɹʦʙʨʳʰʝʚʘ ʅ.ʇ.1, 

ʆʩʤʦʣʦʚʩʢʠʡ ʄ.ɻ.1, ɺʦʟʥʝʩʝʥʩʢʠʡ ʄ.ɸ.1, ʆʩʤʦʣʦʚʩʢʘʷ ʆ.ʄ.1 

 
1 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 199034, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

 

kmeshina040301@gmail.com  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʣʠ ʙʳʪʦʚʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, 

ʚʳʟʳʚʘʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʟʘʛʨʷʟʥʝʥʳ ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʨʘʟʣʦʞʝʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʩʦʚʨʝʤʝʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʠʭ 

ʫʪʠʣʠʟʘʮʠʝʡ. ʊʘʢ, ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʣ ʙʳ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʘʚʣʷʪʴʩʷ ʦʪ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʦʩʣʝʜʥʷʷ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʮʝʩʩʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʚʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ (ʜʘʣʝʝ ï ʇʉɹ) ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʢʩʠʜ ʮʠʥʢʘ 

ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. 

ʇʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʚʥʝʩʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʩʫʩʧʝʥʟʠʠ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 8 ʦʙʨʘʟʮʦʚ 

ZnO. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʦʥʳ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʥʘʥʦʣʠʩʪʳ, ʥʘʥʦʮʚʝʪʢʠ ʠ ʥʘʥʦʩʪʝʨʞʥʠ. ʆʙʨʘʟʮʳ ZnO ʙʳʣʠ 

ʢʦʤʧʣʝʢʩʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʩʢʘʥʠʨʫʶʱʝʡ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ, ɹʕʊ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʛʣʦʱʝʥʠʷ, ʦʪʨʘʞʝʥʠʷ ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʘʩʯʝʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʇʉɹ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʠ ʩ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʦʥʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʯʘʩʪʠʮ, ʪʘʢ ʢʘʢ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʨʘʥʴʶ (1 0  0) ʇʉɹ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʥʦʤʫ 

ʨʦʩʪʫ ʥʘʥʦʦʙʲʝʢʪʦʚ ʚ ʜʣʠʥʫ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʇʉɹ ʧʦ ʛʨʘʥʷʤ (0 0 0 1). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʠʜʠʤʦʤ ʩʚʝʪʝ LED-

ʣʘʤʧ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʫʩʧʝʥʟʠʡ ʠʟ ʥʘʥʦʯʘʩʪʠʮ 

ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʜʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʛʦʣʫʙʦʛʦ ʧʨʠ 

mailto:kmeshina040301@gmail.com


ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

64 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɹʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ 90 ʤʠʥʫʪ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʠ ʩʦʨʙʮʠʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʘʭ 90-97% ʠ 32-40%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʜʣʷ ʧʦʠʩʢʘ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʛʨʘʥʝʡ ʇʉɹ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷ. ɼʣʷ ʥʘʥʦʮʚʝʪʢʦʚ ʭʘʨʘʢʪʝʨʥʦ ʚʳʨʘʞʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʦʣʝʢʫʣ ʤʝʪʠʣʝʥʦʚʦʛʦ ʛʦʣʫʙʦʛʦ ʩ ʛʨʘʥʷʤʠ (1 0  0) ʇʉɹ, ʧʨʠ ʵʪʦʤ ʘʢʪʠʚʥʳʝ 

ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʝʛʨʘʜʘʮʠʠ ʢʨʘʩʠʪʝʣʷ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ 

ʛʨʘʥʠ (0 0 0 1). ɼʘʥʥʳʝ ʜʣʷ ʥʘʥʦʣʠʩʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ʛʨʘʥʝʡ (1 0  0), ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʟʘʛʨʷʟʥʠʪʝʣʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʳʭ 

ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ. ʊʘʢ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʫʯʰʠʡ ʜʦʩʪʫʧ ʤʦʣʝʢʫʣ ʤʝʪʠʣʝʥʦʚʦʛʦ 

ʛʦʣʫʙʦʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʬʦʪʦʨʘʟʣʦʞʝʥʠʝ ʢʨʘʩʠʪʝʣʷ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʥʘʥʦʦʙʲʝʢʪʦʚ ʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʦʨʦʥ ʫ ʥʘʥʦʯʘʩʪʠʮ ʦʪʣʠʯʘʶʱʠʭʩʷ ʬʦʨʤ, ʚʳʨʘʞʝʥʥʳʭ ʨʘʟʥʳʤʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʛʨʘʥʷʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-23-00220. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʙʘʟʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ, 

ʚʢʣʶʯʘʷ çʈɼʄʀè, çʄɸʉɺè, çʆʃʄʀɺè, çɺʎè, çʄʈʎʅʊè, çʌʄʀʇè, çʀʊʂʅè, 

çɼʌʄʄʌʅè, çʂʨʠʦʛʝʥʥʳʡ ʦʪʜʝʣè, çʄʈʄʀè. 
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ʋʛʣʝʨʦʜʥʳʝ ʘʥʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʥʘʪʨʠʡ-

ʠʦʥʥʳʭ/ʥʘʪʨʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 
 

ʇʝʨʤʠʥʦʚʘ ʆ.ʀ.1, ʄʫʨʘʚʴʝʚ ɼ.ɺ.1, ɹʦʙʳʣʸʚʘ ɿ.ɺ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʪʨʠʡ-ʠʦʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ʅʀɸ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ ʚʳʛʦʜʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʣʠʪʠʡ-

ʠʦʥʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʘʤ (ʃʀɸ) ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʥʘʪʨʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʅʀɸ 

ʧʨʠʤʝʥʷʶʪ ʥʝʛʨʘʬʠʪʠʟʠʨʫʝʤʳʡ ʫʛʣʝʨʦʜ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʸʤʢʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʢʫʣʦʥʦʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʩʠʥʪʝʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ʅʝʛʨʘʬʠʪʠʟʠʨʫʝʤʳʡ ʫʛʣʝʨʦʜ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʥʘʪʨʠʡ-ʠʦʥʥʳʭ/ʥʘʪʨʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʫʯʘʠ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʨʘʪʠʤʦʡ ʝʤʢʦʩʪʠ ʜʦ 500 ʤɸʯ/ʛ ʟʘ ʩʯʝʪ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʨʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʥʠʞʝ 0 ɺ ʦʪʥ. Na+/Na. [1] ɺʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʛʠʙʨʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʦʙʨʘʪʠʤʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʨʠʷ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʢʫʣʦʥʦʚʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ [2]. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʟʣʠʯʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʝʤʢʦʩʪʠ, ʢʫʣʦʥʦʚʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʮʠʢʣʠʨʫʝʤʦʩʪʠ) ʚ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʝ. ʀʟ ʚʳʙʨʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʵʣʝʢʪʨʦʜʳ ʠ ʩʦʙʨʘʥʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʷʯʝʡʢʠ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʝ ʟʘʨʷʜʥʦ-

ʨʘʟʨʷʜʥʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ ʦʪ 25 ʤɸ/ʛ ʜʦ 250 ʤɸ/ʛ. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʵʣʝʢʪʨʦʜʦʚ ʠ ʦʩʘʞʜʝʥʥʦʛʦ ʥʘʪʨʠʷ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʈʕʄ).  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʘʪʨʠʷ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʛʨʘʬʠʪʠʟʠʨʫʝʤʳʡ ʫʛʣʝʨʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʣʠʛʥʠʥʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʢʫʣʦʥʦʚʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ 

83,12%, ʘ ʥʝʛʨʘʬʠʪʠʟʠʨʫʝʤʳʡ ʫʛʣʝʨʦʜ ʠʟ ʛʣʶʢʦʟʳ ï 90,3%.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 24-23-20052). 
 

[1] D. Shpalter et al. Journal of Power Sources 624 (2024) 235547. 

[2] D. Grayson et al. Nature Energy 9 (2024) 1161-1172. 
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ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʘʵʨʦʛʝʣʝʡ SiO2, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 
 

ʇʦʣʝʚʦʡ ʃ.ɸ.1,2, ʉʘʥʜʞʠʝʚʘ ɼ.ɸ.2, ɹʘʨʘʥʯʠʢʦʚ ɸ.ɽ.1 

 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ, 119991, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

polevoi.leohnard@yandex.ru  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʣʠʢʚʠʜʘʮʠʠ 

ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʦʚ. ʆʥʠ ʜʦʣʞʥʳ ʩʝʣʝʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʪʴ ʥʝʬʪʴ, ʪ.ʝ. ʙʳʪʴ ʛʠʜʨʦʬʦʙʥʳʤʠ ʠ ʚʳʩʦʢʦʧʦʨʠʩʪʳʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʵʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ SiO2 ʩ CH3-ʛʨʫʧʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʚʘʞʝʥ ʢʦʥʪʨʦʣʴ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʪʘʜʠʠ ʛʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥ ʨʷʜ ʘʵʨʦʛʝʣʝʡ SiO2 ʧʫʪʝʤ ʩʦʛʝʣʠʨʦʚʘʥʠʷ ʤʝʪʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ 

ʠ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʚ ʤʦʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1 ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʚʦʜʘ, 

ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʵʪʘʥʦʣ, ʠʟʦʧʨʦʧʘʥʦʣ, ʥ-ʙʫʪʘʥʦʣ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ, 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, ʵʪʠʣʘʮʝʪʘʪ, ʜʠʦʢʩʘʥ). ʉʠʥʪʝʟ 

ʘʵʨʦʛʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. ʉʫʰʢʫ 

ʣʠʦʛʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ CO2.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʝʣʠʨʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʧʦʣʷʨʥʦʩʪʠ ɻʘʥʩʝʥʘ (ŭP) ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘ ʩʪʘʜʠʠ 

ʟʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜʘ (ʪʘʙʣ. 1). ɺ ʭʦʜʝ cʦʩʪʘʨʠʚʘʥʠʷ ʛʝʣʝʡ ʥʘʙʣʶʜʘʣʠ ʨʘʟʣʠʯʥʫʶ 

ʩʪʝʧʝʥʴ ʦʙʲʝʤʥʦʡ ʫʩʘʜʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʘʵʨʦʛʝʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ï ʦʪ 0.055 ʛ/ʩʤ3 (ʩʠʥʪʝʟ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ) ʜʦ 0.5 ʛ/ʩʤ3 

(ʩʠʥʪʝʟ ʚ ʚʦʜʝ). ɸʵʨʦʛʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʠʣʝʥʛʣʠʢʦʣʝ ʠ ʚʦʜʝ, ʦʢʘʟʘʣʠʩʴ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

(0.42 ʠ 0.5 ʛ/ʩʤ3) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (250 ʠ 120 ʤ2/ʛ). 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʦʜʘ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʙʳʩʪʨʦʡ 

ʧʝʨʝʢʦʥʜʝʥʩʘʮʠʠ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʭʦʜʝ ʦʩʪʘʨʠʚʘʥʠʷ ʛʝʣʝʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʦʛʘʱʘʝʪʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʨʠʜʘʶʱʠʤʠ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʘʵʨʦʛʝʣʶ. ɸɻ ʨʦʛʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, 

ʧʨʦʷʚʣʷʣʠ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ (q = 120ï145Á) ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʡ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (800-1500 ʤ2/ʛ) ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (< 0.14 ʛ/ʩʤ3). 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʘʵʨʦʛʝʣʝʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ɻʘʥʩʝʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʬʦʨʤʠʨʦʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (ŭH). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʦʥʘ R ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʘʵʨʦʛʝʣʷ ʠ ʧʘʨʘʤʝʪʨʦʤ dH 

ʩʦʩʪʘʚʠʣ 0.87, ʘ ʤʝʞʜʫ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʠʜʨʦʬʦʙʥʳʭ ʘʵʨʦʛʝʣʝʡ ʠ ŭH 

ʩʦʩʪʘʚʠʣ +0.88. ʈʘʥʝʝ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ 
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ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭH ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ SiO2 

ʫʣʴʪʨʘʤʘʣʦʛʦ ʨʘʟʤʝʨʘ [1].  

ʊʘʙʣ. 1. ʊʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʵʨʦʛʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ɻʘʥʩʝʥʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ,̒Ј Sʫʜ, ʤ2/ʛ ɟ, ʛ/ʩʤ3 Vʦʙ,ɦ  

ʩʤ3/ʛ 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ɻʘʥʩʝʥʘ 

[2]  

ŭD, 

(ɼʞ/ʩʤ3)0,5 

ŭP, 

(ɼʞ/ʩʤ3)0,5 

ŭH, 

(ɼʞ/ʩʤ3)0,5 

ɸʮʝʪʦʥʠʪʨʠʣ 137 976 0,06 16,2 15,3 18 6,1 

ʕʪʠʣʘʮʝʪʘʪ 140 780 0,14 6,6 15,8 5,3 7,2 

ɼʠʦʢʩʘʥ 132 1092 0,08 12,0 17,5 1,8 9 

ɼʄʉʆ 137 1045 0,06 16,2 18,4 16,4 10,2 

ɼʄʌɸ 137 1304 0,07 13,8 17,4 13,7 11,3 

ɹʫʪʘʥʦʣ 135 1250 0,06 16,2 16 5,7 15,8 

ʀʟʦʧʨʦʧʘʥʦʣ 135 1538 0,07 13,8 15,8 6,1 16,4 

ʕʪʘʥʦʣ 120 1480 0,10 9,5 15,8 8,8 19,4 

ʕʪʘʥʜʠʦʣ 0 255 0,43 1,8 17 11 26 

ɺʦʜʘ 0 122 0,5 1,5 15,5 16 42,3 

ɻʠʜʨʦʬʦʙʥʳʝ ʘʵʨʦʛʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʘʥʦʣʝ, ʧʨʦʧʘʥʦʣʝ, ʙʫʪʘʥʦʣʝ, 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ɼʄʉʆ ʠ ʜʠʦʢʩʘʥʝ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʨʙʮʠʠ ʪʷʞʝʣʦʡ 

ʥʝʬʪʠ (r = 0.875 ʛ/ʩʤ3). ʅʘʙʣʶʜʘʣʘʩʴ ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʙʱʝʡ 

ʫʜʝʣʴʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ Vʦʙ ɦ ʠ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʧʦ ʥʝʬʪʠ (R = 0.98). 

ʅʘʠʙʦʣʴʰʫʶ ʥʝʬʪʝʝʤʢʦʩʪʴ ʧʦʢʘʟʘʣ ʘʵʨʦʛʝʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʚ ɼʄʉʆ (14 ʛ/ʛ), ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʝʤʢʦʩʪʴ ʧʦ ʥʝʬʪʠ ʨʷʜʘ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʦʥʦʚʳʭ 

ʧʝʥ [3]. ʂʠʥʝʪʠʢʘ ʩʦʨʙʮʠʠ ʥʝʬʪʠ ʵʪʠʤ ʘʵʨʦʛʝʣʝʤ ʙʳʣʘ ʦʧʠʩʘʥʘ ʤʦʜʝʣʷʤʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʦʚ. ʆʙʝ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ 

ʧʨʠʤʝʥʠʤʦʩʪʴ (R2 > 0.99), ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʦʨʙʮʠʠ (24 

ʛ/ʛ) ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʬʘʢʪʠʯʝʩʢʦʡ (11 ʛ/ʛ) ʠ ʧʨʝʚʳʰʘʣʘ ʩʢʦʨʦʩʪʴ ʩʦʨʙʮʠʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʠʣʠʢʦʥʦʚʳʤʠ ʧʝʥʘʤʠ ʧʨʠʤʝʨʥʦ ʚ 20 ʨʘʟ [3]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-13-00410. 

 
[1] P. Sivolapov, O. Myronyuk, D. Baklan. Inorg. Chem. Commun. 143 (2022) 109769. 

[2] G. Wypych. Handbook of Solvents; ChemTec, (2001). 

[3] E. Piperopoulos, L. Calabrese, E. Mastronardo, S.H. Abdul Rahim, E. Proverbio, C. Milone. J. 

Appl. Polym. Sci.136 (2019) 1ï14. 
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ʉʦʨʙʮʠʦʥʥʳʝ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ 

ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ 

MgNiCo/AlFeY ʠ MgNiCo/AlFeYGd 
 

ʉʝʣʠʚʝʨʩʪʦʚ ɽ.ʉ., ʃʝʙʝʜʝʚʘ ʆ.ɽ. 

 

ʀʥʩʪʠʪʫʪ ʬʘʨʤʘʮʠʠ, ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ, ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 308015, ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ  

 

seliverstov.evgeniy.s@gmail.com  

ʇʫʪʸʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʷʛʢʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ 1 ʄ 

ʨʘʩʪʚʦʨʘ Na2CO3 ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʝ ʩʣʦʠʩʪʳʝ ʜʚʦʡʥʳʝ 

ʛʠʜʨʦʢʩʠʜʳ (ʉɼɻ) ʩʦʩʪʘʚʘ MgNiCo/AlFeY ʠ MgNiCo/AlFeYGd. ʄʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʚʫʭʟʘʨʷʜʥʳʭ ʠ ʪʨʝʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ ʩʦʩʪʘʚʣʷʣʦ ʪʨʘʜʠʮʠʦʥʥʦʝ 

ʜʣʷ ʉɼɻ 3 : 1. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʙʨʘʟʝʮ MgNiCo/AlFeY ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ, ʨʘʚʥʳʤ 2 : 1. ɺʥʫʪʨʠ ʛʨʫʧʧ ʜʚʫʭ- ʠ ʪʨʝʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ 

ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʵʢʚʠʤʦʣʷʨʥʳʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʘʜʦʣʠʥʠʷ, 

ʚʟʷʪʦʛʦ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʘʪ. % ʦʪ ʩʫʤʤʳ ʚʩʝʭ ʪʨʝʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ. ʋʩʧʝʰʥʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʪʘʣʴʢʠʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Rigaku Ultima IV. ʉʦʨʙʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʋʌ-ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ 

ʤʦʜʝʣʴʥʦʤ ʢʨʘʩʠʪʝʣʝ ʤʝʪʠʣʦʚʦʤ ʦʨʘʥʞʝʚʦʤ.  

ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʜʥʳʡ ʚʠʜ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʢʨʠʚʳʭ ʩʦʨʙʮʠʠ (ʨʠʩ. 1). ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʜʩʦʨʙʮʠʷ ʢʨʘʩʠʪʝʣʷ ʥʘ ʤʦʤʝʥʪ 

ʜʦʩʪʠʞʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʦʙʨʘʟʮʘ 

MgNiCo/AlFeY ʩ Me2+/Me3+ = 2 : 1. 

 
ʈʠʩ. 1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩʦʨʙʮʠʠ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʥʘ 

ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʉɼɻ. 

ʉʪʝʧʝʥʴ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʤʦʜʝʣʴʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʚ 

ʬʦʪʦʣʠʟʥʦʡ ʋʌ-ʢʘʤʝʨʝ ʚʳʨʦʩʣʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʦʙʨʘʟʮʦʚ 

mailto:seliverstov.evgeniy.s@gmail.com
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ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʉɼɻ (ʨʠʩ. 2). ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʦʙʨʘʟʮʘ MgNiCo/AlFeY ʩ Me2+/Me3+ = 2 : 1. 

 

ʈʠʩ. 2. ʋʌ-ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʢʨʘʩʠʪʝʣʷ ʤʝʪʠʣʦʚʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ ʥʘ ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʉɼɻ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʥʦʚʭr ʤʫʣʴʪʠʢʘʪʠʦʥʥʳʭ ʩʣʦʠʩʪʳʭ 

ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ MgNiCo/AlFeY ʠ MgNiCo/AlFeYGd ʦʙʣʘʜʘʶʪ 

ʩʦʨʙʮʠʦʥʥʦʡ ʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʘʩʠʪʝʣʶ 

ʤʝʪʠʣʦʚʦʤʫ ʦʨʘʥʞʝʚʦʤʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʯʠʩʪʢʫ ʚʦʜʳ ʦʪ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʢʘʢ ʦʙʣʘʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʉɼɻ 

ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-23-00182. 
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ɼʠʟʘʡʥ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ 
 

ʇʦʜʫʨʝʮ ɸ.ɸ., ʉʢʨʠʧʢʠʥ ɽ.ɺ., ɹʦʙʨʳʰʝʚʘ ʅ.ʇ., ʆʩʤʦʣʦʚʩʢʠʡ ʄ.ɻ., 

ɺʦʟʥʝʩʝʥʩʢʠʡ ʄ.ɻ., ʆʩʤʦʣʦʚʩʢʘʷ ʆ.ʄ. 

 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʉʇʙɻʋ, 199034, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

anastasiia.podurets@gmail.com  

ʄʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʨʘʟʚʠʪʠʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʣʷ ʙʝʟʦʪʭʦʜʥʦʡ ʦʯʠʩʪʢʠ. ʕʬʬʝʢʪʠʚʥʘʷ ʬʦʪʦʜʝʛʨʘʜʘʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ SnO2 (3.7 

ʵɺ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʅʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ ʜʣʷ ʙʘʣʘʥʩʘ ʵʢʦʩʠʩʪʝʤʳ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʮʠʢʣʠʯʝʩʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʎʆʉ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʨʤʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʎʆʉ ʨʘʟʣʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʈʘʥʝʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʬʦʨʤʳ 

ʥʘʥʦʯʘʩʪʠʮ SnO2 ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

(ʆʇ), ʠʜʝʷ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʚʝ ʯʘʩʪʠʮʳ (ʠʩʭʦʜʥʳʝ ʙʣʦʢʠ) ʤʦʛʫʪ 

ʦʙʲʝʜʠʥʠʪʴʩʷ ʚ ʦʜʥʫ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʚʧʘʜʝʥʠʷ ʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʣʫʙʠʥʫ ʧʨʦʪʝʢʘʥʠʷ ʆʇ ʦʧʨʝʜʝʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʘʩʪʘʥʠʷ ʠʩʭʦʜʥʳʭ ʙʣʦʢʦʚ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʦʩʪʘʚʦʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ SnO2, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʟʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ.  

ʄʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ (ʠʩʭʦʜʥʳʝ ʙʣʦʢʠ) 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʜʫʨʳ ʚʚʝʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʧʨʦʜʫʢʪʘ. ʇʨʦʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʈʌɸ, ʀʂ, ʇʕʄ, ʚʢʣʶʯʘʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʙʣʦʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʩʬʝʨʳ ʜʠʘʤʝʪʨʦʤ 3 ʥʤ 

ʠ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʨʫʪʠʣ.  

ʇʦʣʫʯʝʥʥʘʷ ʩʫʩʧʝʥʟʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʘ ʦʙʨʘʙʦʪʘʥʘ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ɻʊʆ) ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʆʇ. ʀʟʫʯʝʥʠʝ 

ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ ʆʇ ʜʣʷ 4 ʠʩʭʦʜʥʳʭ ʙʣʦʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʚʟʷʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʭʦʜʝ ɻʊʆ 

ʦʙʨʘʟʫʶʪʩʷ ʩʪʝʨʞʥʝʦʙʨʘʟʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ. ɸʥʘʣʠʟ 
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ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʥʘʥʦʩʪʝʨʞʥʝʡ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʭʦʜʥʳʭ ʙʣʦʢʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʚʫʤ ʤʝʭʘʥʠʟʤʘʤ, ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʬʠʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ ʠ 

ʩʪʝʨʞʥʝʦʙʨʘʟʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʘʩʠʪʝʣʝʡ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ - ʄʝʪʠʣʝʥʦʚʳʡ ʛʦʣʫʙʦʡ, ʈʦʜʘʤʠʥ 6G, ʂʦʥʛʦ ʂʨʘʩʥʳʡ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ 15 ʤʠʥʫʪ ʬʦʪʦʢʘʪʘʣʠʟʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ 

ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ 90% ʨʘʟʣʦʞʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ɼʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʚʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 23-23-

00408, https://rscf.ru/project/23-23-00408/.ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ 

ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, 

çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠ ʚʝʱʝʩʪʚʘè, çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè, çʆʧʪʠʯʝʩʢʠʝ ʠ 

ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè, çʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠè, 

çɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 
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ʉʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ M xOy/CeO2 ʠʟ ʧʦʨʠʩʪʦʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʘʪʠʦʥʘʤʠ M = Cu, Fe, Ni ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ 
 

ʉʧʘʩʩʢʘʷ ʉ.ɸ.1, ʅʠʢʘʥʜʨʦʚ ʅ.ʄ.2, ʎʳʤʙʘʨʝʥʢʦ ɼ.ʄ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 ʌʅʄ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

sofylion05@gmail.com  

 ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʘʶʱʠʭ ʵʢʦʣʦʛʠʶ, 

ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʫʛʘʨʥʦʛʦ ʛʘʟʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʦʢʠʩʣʝʥʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ 

ʜʦʨʦʛʠʭ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ CeO2 ʷʚʣʷʶʪʩʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ CO. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ [(CH3)2NH2]2[Ce2(BDC)4(DMF)2](H2O)2, ʩʦʢʨʘʱʝʥʥʦ ï ʉʝ-MOF 

(H2BDC ï ʪʝʨʝʬʪʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, DMF ï N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ). ʉʝ-MOF ï 

ʧʦʨʠʩʪʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʠʭ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʥʦʯʘʩʪʠʮʳ ʉʝʆ2, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʦʪʞʠʛʘ Cʝ-MOF, ï ʠʤʝʶʪ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ï 182 ʤ2/ʛ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʕʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʉʝʆ2 ʠʟ Ce-MOF ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʪʘʣʠʟʝ. ʊʘʢ 

ʞʝ Cʝ-MOF ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ. ʉʝ-MOF ʷʚʣʷʝʪʩʷ ʘʥʠʦʥʥʳʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʤʝʨʦʤ ï ʢʘʪʠʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʥʫʪʨʠ ʧʦʨ, 

ʢʦʤʧʝʥʩʠʨʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʦʙʱʫʶ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪ.ɹ ɿʘ ʩʯʝʪ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʫʜʘʝʪʩʷ 

ʜʦʩʪʠʯʴ ʙʦʣʴʰʝʡ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʘʢʪʠʚʥʦʡ ʬʘʟʳ 

(Cu/Fe/Ni) ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ (CeO2).  

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʘ, ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [1], ʙʳʣʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʤʷ ʩʠʥʪʝʟʘ Cʝ-MOF ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʝʥʦ ʩ 48 ʯ. ʜʦ 2 ʯ. ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʩʪʘʢʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʥʝ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʷʜʦʢ 

ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚʣʠʷʝʪ ʥʘ ʧʨʦʜʫʢʪ ʩʠʥʪʝʟʘ. ʊʘʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʣʠ 

ʮʝʨʠʷ [2] ʢ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʝ ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ Ce-MOF, ʦʜʥʘʢʦ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʢ ʩʦʣʠ ʮʝʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʪʝʨʝʬʪʘʣʘʪ ʮʝʨʠʷ 

(III ).  

 ɺ ʭʦʜʝ ʨʘʙʦʪʳ Cʝ-MOF ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʢʘʪʠʦʥʘʤʠ ʞʝʣʝʟʘ, ʤʝʜʠ, 

ʥʠʢʝʣʷ ʠʟ ʨʘʩʯʝʪʘ MxOy:CeO2 = 1:16 ʧʦ ʤʘʩʩʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ MxOy:CeO2 (M = Fe, Cu, Ni) ʧʨʠʚʦʜʠʪ ʢ ʘʤʦʨʬʠʟʘʮʠʠ ʢʘʨʢʘʩʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʮʝʨʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʘʜʩʦʨʙʮʠʷ ʢʘʪʠʦʥʦʚ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʠʟ ʨʘʩʪʚʦʨʘ ʧʨʦʪʝʢʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʧʦʣʥʦʩʪʴʶ ï ʬʘʢʪʠʯʝʩʢʘʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʦʢʘʟʘʣʘʩʴ ʙʣʠʟʢʘ ʢ 

ʨʘʩʯʝʪʥʦʡ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ï ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʥʠʷ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. 

 ʂʘʪʘʣʠʟʘʪʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪʞʠʛʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ Cʝ-MOF, ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʢʦʥʚʝʨʩʠʷ ʠ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʉʆ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

CuO/ʉʝO2. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʘ 93,8 ʤʤʦʣʴĀʯ
-1Āʛ ʢʘʪ-1 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 340ʦC. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ CuO/CeO2 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʪʞʠʛ ʦʙʨʘʟʮʘ Cu@Ce-MOF ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 1000ÁC. 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʨʦʜʫʢʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʞʠʛ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʦʚ ʤʝʜʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. 

 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ Cu@Ce-MOF, ʦʪʦʞʞʝʥʥʦʛʦ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ 1000ÁC. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-73-10089. 

[1] D. Grebenyuk, M. Shaulskaya, A. Shevchenko, M. Zobel, M. Tedeeva, A. Kustov, 

I. Sadykov, D. Tsymbarenko. ACS Omega 8(50) (2023) 48394ï48404 

[2] D. Grebenyuk, M. Zobel, M. Polentarutti, L. Ungur, M. Kendin, K. Zakharov, P. 

Degtyarenko, A. Vasiliev, D. Tsymbarenko. Inorganic Chemistry 60(11) (2021) 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ  

ʜʣʷ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʩʪʝʢʣʷʥʥʦʡ ʤʘʪʨʠʮʳ  

ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ  
 

ʉʫʣʪʘʥʦʚʩʢʘʷ ɸ.ʉ.1, ʉʤʠʨʥʦʚʘ ɸ.ɸ.2, ʄʠʪʨʦʬʘʥʦʚ ɸ.ɸ.2  

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ  
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

sult_alexa@mail.ru  

ʆʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʱʝʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʵʪʦʤ ʩʚʝʪʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʦʪʚʝʯʘʶʱʝʡ ʪʝʥʜʝʥʮʠʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ. ʆʜʥʘʢʦ, ʥʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ). 

ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ʟʘʤʢʥʫʪʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʦʪʦʨʦʡ ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʡʪʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʠʟ ʆʗʊ ʠ ʟʘʭʦʨʦʥʝʥʠʝ ʦʩʪʘʚʰʝʡʩʷ 

ʬʘʟʳ, ʥʘʟʳʚʘʝʤʦʡ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ (ʈɸʆ).  

ɺʢʣʁʯʝʥʠʝ ʈɸʆ ʚ ʪʚʝʨʜʳʝ ʤʘʪʨʠʮʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. ʆʜʥʠʤ ʠʟ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ 

ʪʠʧʦʚ ʤʘʪʨʠʮ ʷʚʣʷʶʪʩʷ ʩʪʝʢʣʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʠʤʤʦʙʠʣʠʟʦʚʳʚʘʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʣʳʡ ʦʙʲʝʤ ʧʨʦʜʫʢʪʘ ʟʘʭʦʨʦʥʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʪʨʫʜʦʝʤʢʦʡ. ʇʨʠ ʧʦʜʙʦʨʝ ʩʦʩʪʘʚʘ ʩʪʝʢʣʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʨʠʮʳ ʚʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʟʘʭʦʨʦʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʣʝʪ. ʆʮʝʥʢʫ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʚʦʜʷʪ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʨʷʶʪ 

ʤʦʜʫʣʴ ʖʥʛʘ ʩʪʝʢʣʘ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʶʪ ʦʙʣʫʯʝʥʠʶ Ŭ-ʯʘʩʪʠʮʘʤʠ ʜʣʷ 

ʠʤʠʪʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪ ʈɸʆ ʚ ʩʪʝʢʣʝ ʠ ʩʥʦʚʘ ʧʨʦʚʦʜʷʪ 

ʠʟʤʝʨʝʥʠʷ), ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʥʘʧʨʠʤʝʨ, 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʯʪʦ ʠʤʠʪʠʨʫʝʪ ʧʦʧʘʜʘʥʠʝ ʚ ʤʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ). ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʚʷʟʢʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʩʪʝʢʣʷʥʥʦʡ ʤʘʪʨʠʮʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʩʦʩʪʘʚʦʚ ʩʪʝʢʦʣ ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ, ʧʦʜʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʪʝʢʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʷʚʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʠ 

ʥʝɻʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʟʘʪʨʫʜʥʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʝʰʝʚʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
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ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʜʦʩʪʘʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ 

ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ï ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʄʆ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʩʪʝʢʣʘ ʧʦ ʟʘʜʘʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

(ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʤʦʜʫʣʶ ʖʥʛʘ, ʚʷʟʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʢʣʦʚʘʥʠʷ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ). ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ Sciglass ʠ Altglass. ʉ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʩʦʩʪʘʚʳ ʩʪʝʢʦʣ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʈɸʆ. 

  



ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

76 

ɻʨʘʬʠʪʦʚʘʷ ʬʦʣʴʛʘ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʧʦʢʨʳʪʠʝʤ  

ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ  

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

 

ʉʶʥʷʢʦʚʘ ʉ.ʄ.1, ɼʠʚʠʮʢʘʷ ɼ.ɸ.1, ʀʚʘʥʦʚ ɸ.ɺ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

safiya2002s@yandex.ru  

ʊʝʨʤʦʨʘʩʰʠʨʝʥʥʳʡ ʛʨʘʬʠʪ (ʊʈɻ) ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʳʤ ʫʛʣʝʨʦʜʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʢʠʩʣʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʝʩʩʦʚʘʥ ʚ ʛʨʘʬʠʪʦʚʫʶ ʬʦʣʴʛʫ (ɻʌ) ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ɻʌ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʫʧʣʦʪʥʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ ʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [1]. ɻʌ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʊʈɻ ʦʩʪʘʪʦʯʥʳʭ 

ʢʠʩʣʦʨʦʜʥʳʭ ʛʨʫʧʧ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʣʫʯʝʥʠʷ [2]. 

ɻʠʜʨʦʬʠʣʴʥʦʩʪʴ ʫʭʫʜʰʘʝʪ ʛʝʨʤʝʪʠʟʘʮʠʶ ʠʟ-ʟʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʳ 

ʚʝʱʝʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʪʝʯʢʘʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʭ ʥʝʛʘʪʠʚʥʦʤʫ 

ʚʣʠʷʥʠʶ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ɻʌ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ, ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʊʈɻ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 ÁC ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʆɻ) ʥʘ 

ʦʩʥʦʚʝ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ. ʅʠʪʨʘʪ ʛʨʘʬʠʪʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʣ ʧʦʣʫʯʝʥ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʧʫʪʝʤ ʘʥʦʜʥʦʛʦ ʧʝʨʝʦʢʠʩʣʝʥʠʷ ʛʨʘʬʠʪʘ ʚ 60% 

ʨʘʩʪʚʦʨʝ HNO3 ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʘʬʠʪʘ ʩ 

ʜʳʤʷʱʝʡ HNO3 ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ C:HNO3 = 1:0,8. ʊʈɻ ʧʨʝʩʩʦʚʘʣʩʷ ʚ ɻʌ 

ʩ ʧʣʦʪʥʦʩʪʴʶ 1,0 ʛ/ʩʤ3. ʋʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ ɻʌ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʠʣ 61ʦ ʠ 70ʦ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻʌ ʧʨʦʷʚʣʷʝʪ ʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɻʠʜʨʦʬʦʙʥʳʝ ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ 

ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ (ʊʕʆʉ) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, ʘʮʝʪʦʥʝ ʠ ʛʝʧʪʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʳ ʠ ʘʤʤʠʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʄʝʪʦʜʦʤ ʉʕʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʝ 

ʠʤʝʝʪ ʚʠʜ ʢʣʘʩʪʝʨʦʚ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ ʨʘʩʪʚʦʨʠʪʝʣʝʡ: 

ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ï ʘʮʝʪʦʥ ï ʛʝʧʪʘʥ, ʪ.ʝ. ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ ʦʪʜʝʣʴʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʦʰʢʠ 

ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʊʕʆʉ ʧʫʪʝʤ ʫʧʘʨʠʚʘʥʠʷ ʧʨʦʧʠʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʝ ʛʘʣʦ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ~ 23ʦ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʦʨʬʥʦʤʫ SiO2. ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʊʕʆʉ, ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʠʟ ʨʘʟʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʩʚʷʟʝʡ  

Si-O-Si, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʚʥʫʪʨʝʥʥʶʶ ʨʝʰʝʪʢʫ ʯʘʩʪʠʮʳ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʣʠʟʘ-ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪʩʷ ʛʨʫʧʧʳ Si-OH, ʦ 
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ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʠʢ ʥʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʠ ~ 930 ʩʤ-1. ʊʘʢʞʝ 

ʰʠʨʦʢʠʡ ʧʠʢ ʧʨʠ 900-1200 cm-1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ Si-O-C ʩʚʷʟʝʡ ʧʦʤʠʤʦ Si-

O-Si, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ Si-OC2H5 ʛʨʫʧʧ. ʅʘʣʠʯʠʝ ʜʘʥʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʥʝʧʦʣʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʊʕʆʉ, ʧʨʦʚʦʜʷʱʝʛʦʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʳ. ʂʠʩʣʦʨʦʜʥʳʝ ʛʨʫʧʧʳ ʚ ʊʈɻ ʠ ɻʌ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʧʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʛʨʘʥʠʮʘʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. 

ʏʘʩʪʠʮʳ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʊʕʆʉ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʵʪʦʢʩʠ-ʛʨʫʧʧʘʤʠ 

ʧʦʢʨʳʚʘʶʪ ʛʨʘʬʠʪʦʚʫʶ ʤʘʪʨʠʮʫ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʙʨʘʟʫʷ 

ʛʠʜʨʦʬʦʙʥʦʝ ʧʦʢʨʳʪʠʝ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʨʘʬʠʪʦʚʦʡ ʤʘʪʨʠʮʳ  

ʩ ʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ ʊʕʆʉ. 

ʋʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ ɻʌ ʩ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʫʚʝʣʠʯʠʚʘʣʩʷ ʜʦ 85-

89ʦ ʠ 81-92o, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ɻʌ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ. ʇʨʠ ʵʪʦʤ, ɻʌ ʩ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

ʠʟʦʧʨʦʧʘʥʦʣʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʊʕʆʉ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʤʝʥʴʰʠʤ ʫʛʣʦʤ 

ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʘʮʝʪʦʥʝ ʠʣʠ ʛʝʧʪʘʥʝ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʧʦʣʷʨʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʫʩʢʦʨʝʥʠʝʤ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʣʠʟʘ ʊʕʆʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ˉ ɸɸɸɸ-ɸ21-121011590086-

0 ʛʦʩ. ʟʘʜʘʥʠʷ. 
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ɸʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ. ʉʨʝʜʠ 

ʵʪʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʥʪʠʙʠʦʪʠʢʠ ʠ 

ʢʨʘʩʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠʟ ʧʨʝʜʧʨʠʷʪʠʡ ʣyʛʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ, ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʦʤʦʭʦʟʷʡʩʪʚ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʮʠʦʥʘʣʴʥʦʡ ʮʝʣʠ 

çʕʢʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝè ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢ 2036 ʛʦʜʫ ʚ ʜʚʘ ʨʘʟʘ ʦʙʲʸʤʘ 

ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʦʩʥʦʚʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʥʝʜʦʨʦʛʦʛʦ ʩʧʦʩʦʙʘ ʠʭ 

ʦʯʠʩʪʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ- ʠʣʠ 

ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʠʟʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʠ ʩʣʦʞʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪ ʦʯʠʱʘʝʤʦʡ ʩʨʝʜʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ ʪʠʧʘ çʷʜʨʦ-ʦʙʦʣʦʯʢʘè ʩʦʩʪʘʚʘ Fe3O4@ZnO, ʚ 

ʢʦʪʦʨʳʭ ʷʜʨʦ ʤʘʛʥʝʪʠʪʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʭ ʦʪʜʝʣʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʘ, ʘ 

ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘ 

ʦʩʥʦʚʝ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʠ ʥʝʜʦʨʦʛʦʛʦ ʤʝʪʦʜʘ ʦʩʘʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʫʪʸʤ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʨʷʜʢʘ ʚʚʝʜʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʠ ʥʘʛʨʝʚʘ 

ʧʦʩʣʝʜʥʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘʩʪʠʮʳ Fe3O4@ZnO ʩ ʦʙʦʣʦʯʢʦʡ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ. ʇʦʣʫʯʝʥʥʘʷ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʇʕʄ, ʈʌʕʉ, ʄʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʯʘʩʪʠʮ 

Fe3O4@ZnO ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʩʣʦʸʚ ʤʘʛʥʝʪʠʪʘ (Fe3O4), 

ʤʘʛʛʝʤʠʪʘ (ɔ-Fe2O3), ʛʸʪʠʪʘ (Ŭ-FeOOH) ʠ [0001]-ZnO. ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʧʨʠ 
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79 

ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʦʣʦʯʢʠ ʟʘ ʩʯʸʪ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ð ʜʘʚʣʝʥʠ ̫ʦʙʦʣʦʯʢʠ ʥʘ ʷʜʨʦ ʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʘʤʦʛʦ ʷʜʨʘ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʬʦʪʦʪʦʢʘ, ʦʙʦʣʦʯʢʘ ZnO ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʋʌ-ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (e-) ʠ ʜʳʨʦʢ (h+). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʥʘʬʪʦʣʦʚʦʛʦ ʟʝʣʸʥʦʛʦ 

ʫʚʝʣʠʯʠʣʘʩʴ ʩ 20 % ʜʣʷ ʷʜʝʨ Fe3O4 ʜʦ 51 ð 77 % ʜʣʷ Fe3O4@ZnO ʟʘ 1 ʯ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʨʘʟʮʘ. ʅʘʠʙʦʣʴʰʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʷʚʠʣʠ ʦʙʨʘʟʮ rʩ ʥʘʠʤʝʥʴʰʝʡ ʪʦʣʱʠʥʦʡ ʦʙʦʣʦʯʢʠ ZnO. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ ʦʙʨʘʟʫʶʱʠʝʩʷ e- ʠ h+ ʣʝʛʯʝ ʜʦʩʪʠʛʘʶʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʦʙʨʘʟʫʶʪ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ. ʀʟ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʬʦʪʦʨʘʟʣʦʞʝʥʠʠ ʢʨʘʩʠʪʝʣʷ ʠʛʨʘʶʪ h+ ʠ ĿO2
ï: ʧʝʨʚʳʝ 

ʢʦʦʨʜʠʥʠʨʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʢʨʘʩʠʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʚʪʦʨʳʝ ʟʘʪʝʤ ʦʢʠʩʣʷʶʪ ʯʘʩʪʠ ʣʠʛʘʥʜʘ. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʩʝʨʠʠ ʜʦʩʪʠʛʣʘ 

92 % ʯʝʨʝʟ 35 ʤʠʥ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ. ʈʝʟʫʣʴʪʘʪ ʦʢʘʟʘʣʩʷ ʩʪʘʙʠʣʝʥ ʯʝʨʝʟ 7 ʮʠʢʣʦʚ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʪʜʝʣʝʥʠʝ ʝʛʦ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ Nd-ʤʘʛʥʠʪʦʤ ʩ ʧʦʣʝʤ 

300 ʕ ʧʦʢʘʟʘʣʦ ʪʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ, ʢʘʢ ʠ ʦʪʜʝʣʝʥʠʝ ʮʝʥʪʨʠʬʫʛʦʡ ʚ ʪʝʯʝʥʠʝ 3 

ʤʠʥ ʩ ʫʩʢʦʨʝʥʠʝʤ 10000Ĭg, ʘ ʪʝʩʪ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠʥʬʫʟʦʨʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Fe3O4@ZnO ʧʦʜʪʚʝʨʜʠʣ ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʩʸ 

ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʦʪ ʮʠʢʣʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-23-00220. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʝ Applied Surface Science (DOI: 

10.1016/j.apsusc.2024.160873). ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʨʝʩʫʨʩʥʳʝ ʮʝʥʪʨʳ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 

ʚʝʱʝʩʪʚʘè, çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè, çʎʝʥʪʨ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠè, çʌʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠè, çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘè, çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. 
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ɺʘʢʫʫʤʥʦʝ ʠʦʥʥʦ-ʣʫʯʝʚʦʝ ʥʘʧʳʣʝʥʠʝ ʧʣʸʥʦʢ ʦʢʩʠʜʘ 

ʠʥʜʠʷ-ʦʣʦʚʘ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
 

ʏʫʚʠʣʝʚʘ ɺ.ʄ.1, ʉʫʜʘʢʦʚ ɸ.ɸ.1, ʊʘʨʘʩʦʚ ɸ.ɹ.1 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

 

varvara.chuvileva@gmail.com  

ʇʦʪʝʥʮʠʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʨʝʤʥʠʝʚʳʤ ʩʦʣʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ (ʉʕ) 

ʧʨʠʟʥʘʥʳ ʉʕ ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ. ʈʝʢʦʨʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦʩʪʘʚʣʷʝʪ 26,7% ʜʣʷ ʦʜʥʦʧʝʨʝʭʦʜʥʳʭ ʠ 

34,6% ʜʣʷ ʪʘʥʜʝʤʥʳʭ ʉʕ. ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʩʝʭ ʉʕ ʷʚʣʷʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ 

ʵʣʝʢʪʨʦʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʟ ʦʢʩʠʜʘ ʠʥʜʠʷ-ʦʣʦʚʘ (ITO), 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ  ʧʨʦʟʨʘʯʥʦʩʪʠ (>80%), ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʥʠʟʢʠʤ ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ (~1Ŀ10ï4 ʆʤ*ʩʤ) ʠ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ 

[1].  

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ITO ʩʦ 

ʩʪʦʨʦʥʳ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʠ (ʪ.ʝ. ʚʝʨʭʥʠʭ ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ) ʷʚʣʷʝʪʩʷ 

ʤʘʛʥʝʪʨʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʥʠʞʥʝʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʚʚʠʜʫ ʧʦʚʨʝʞʜʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʣʦʝʚ ʉʕ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʙʦʤʙʘʨʜʠʨʦʚʢʦʡ ʧʦʜʣʦʞʢʠ  ʟʘʨʷʞʝʥʥʳʤʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ [2]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ITO ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʦʝ ʠʦʥʥʦ-ʣʫʯʝʚʦʝ ʥʘʧʳʣʝʥʠʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʣʸʥʢʠ ʤʘʪʝʨʠʘʣʘ ʩ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʯʪʦ ʠ ʜʣʷ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʚʘʢʫʫʤʥʦʛʦ 

ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʥʘʧʳʣʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ITO ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʠʭ ʧʨʦʟʨʘʯʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ITO 

ʦʪ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʤʝʨʝ ʠ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʤʝʨʝ ʦʪ 2,3*10-4 ʜʦ 6,4*10-4 ʤʙʘʨ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 7,0*10-4 ʜʦ 18,2*10-4 ʆʤ*ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 34 ʜʦ 71 ʆʤ/ʢʚ. ʉʨʝʜʥʷʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʣʝʥʦʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ >94 % ʚ ʙʣʠʞʥʝʤ ʀʂ ʠ >84% ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ITO ʦʪ 245 ʜʦ 565 ʥʤ ʝʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 30,5 ʜʦ 12,6 ʆʤ/ʢʚ, ʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7,1*10-4 ʆʤ*ʩʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʤʝʥʷʶʪʩʷ ʚ ʟʘʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʣʝʥʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 96% 

ʜʦ 88% ʚ ʙʣʠʞʥʝʤ ʀʂ ʠ ʩ 88% ʜʦ 82% ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ.  

mailto:varvara.chuvileva@gmail.com
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ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʦʛʦ ʧʦʜʩʣʦʷ ʤʝʜʠ (1-7 ʥʤ) ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ 

ITO. ʋʤʝʥʴʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʪʦʣʱʠʥʘʭ ʧʦʜʩʣʦʷ ʤʝʜʠ ʙʦʣʝʝ 3 ʥʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 

1-3 ʥʤ ʧʦʣʫʯʘʝʤʘʷ ʧʣʸʥʢʘ ʤʝʜʠ ʥʝ ʩʚʷʟʥʘʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʧʣʝʥʦʢ Cu/ITO ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʣʝʥʦʢ ʯʠʩʪʦʛʦ ITO. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʩʣʦʷ ʤʝʜʠ 

ʪʦʣʱʠʥʦʡ 2 ʥʤ ʩʨʝʜʥʷʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 65%.  

ɹʳʣʠ ʩʦʙʨʘʥʳ ʪʝʩʪʦʚʳʝ ʧʝʨʦʚʩʢʠʪʥʳʝ ʉʕ ʩ 3 ʚʠʜʘʤʠ ʵʣʝʢʪʨʦʜʦʚ: Cu150ʥʤ, 

ITO200ʥʤ, Cu2ʥʤ/ITO200ʥʤ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ: 

ʉʪʝʢʣʦ/ITO/PTAA/ʇʝʨʦʚʩʢʠʪ/C60/BCP/ʕʣʝʢʪʨʦʜ/SiO2/ʀʥʢʘʧʩʫʣʷʮʠʷ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʂʇɼ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣ 15,79%; 4,06%; 

14,34% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʜʘʥʥʳʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʉʕ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ITO200ʥʤ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʰʫʥʪʠʨʫʶʱʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʨʘʚʣʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʚ 

ʧʨʦʮʝʩʩʝ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʥʘʧʳʣʝʥʠʷ ITO. ʉʕ ʩ ʵʣʝʢʪʨʦʜʦʤ Cu/ITO 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʣʦʡ ʤʝʜʠ 

ʠʛʨʘʝʪ ʨʦʣʴ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ, ʟʘʱʠʱʘʷ ʉʕ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ITO. ʆʜʥʘʢʦ, ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. 

 
[1] G.T. Chavan et al. Nanomaterials 13(7) 2023 1226. 

[2] E. Aydin et al. Matter 4(11) 3549ï3584. 
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ʇʦʣʫʯʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʛʠʙʨʠʜʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ 

ʤʝʪʦʜʦʤ ʜʦʟʠʨʫʶʱʝʛʦ ʣʝʟʚʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʨʫʧʥʦʬʦʨʤʘʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
 

ʐʚʘʨʮʙʝʨʛ ʄ.ɸ.1, ʆʨʜʠʥʘʨʮʝʚ ɸ.ɸ.1, ʊʘʨʘʩʦʚ ɸ.ɹ.1,2 

 

1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʝʨʦʚʩʢʠʪʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (ʇʉʕ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʪʠʧ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ 

ʧʨʠʤʝʥʷʶʪ ʛʠʙʨʠʜʥʳʝ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʚʩʢʠʪʳ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ 

ʪʦʣʱʠʥʝ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʯʘʩʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʥʘ 

ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʇʉʕ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ 

ʧʣʸʥʦʢ ʧʝʨʦʚʩʢʠʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʥʳʝ ʤʝʪʦʜʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʧʠʥ-ʢʦʘʪʠʥʛʘ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʜʦʟʠʨʫʶʱʝʛʦ 

ʣʝʟʚʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʵʣʝʤʝʥʪʳ ʙʦʣʴʰʦʡ ʘʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ (> 10 ʩʤ2) ʩ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʂʇɼ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʦʢ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʱʝʣʝʚʦʡ ʬʠʣʴʝʨʳ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʱʝʣʝʚʘʷ ʬʠʣʴʝʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʰʴ ʧʦʩʣʝ 

ʪʱʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʟʠʨʫʶʱʝʛʦ ʣʝʟʚʠʷ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʥʝʩʝʥʠʷ ʤʝʪʦʜʦʤ ʜʦʟʠʨʫʶʱʝʛʦ ʣʝʟʚʠʷ ʠ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʥʘ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʢʨʫʧʥʦʬʦʨʤʘʪʥʳʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ 

ʩʤʝʰʘʥʥʦʢʘʪʠʦʥʥʦʛʦ ʠ -ʘʥʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʝʩʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ 

ʨʘʩʪʚʦʨʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʸʥʦʢ ʧʝʨʦʚʩʢʠʪʦʚ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ (> 6 ʩʤ2). ʇʦʩʣʝ 

ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʧʝʨʦʚʩʢʠʪ ʩʦʩʪʘʚʘ: 

FA0,85MA0,10Cs0,05Pb(I0,90Br0,10)3 (MA+ ï ʢʘʪʠʦʥ ʤʝʪʠʣʘʤʤʦʥʠʷ CH3NH3
+; FA+ ï 

ʢʘʪʠʦʥ ʬʦʨʤʘʤʠʜʠʥʠʷ CH(NH2)2
+), ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʨʠʥʮʠʧ ʩʠʥʪʝʟʘ ʧʣʸʥʦʢ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʧʝʨʦʚʩʢʠʪʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʧʦʜʣʦʞʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʟʠʨʫʶʱʝʛʦ ʣʝʟʚʠʷ ʩ ʘʟʦʪʥʦʡ 

ʧʫʰʢʦʡ, ʚʳʟʳʚʘʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʧʣʸʥʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥʳ: ʜʘʚʣʝʥʠʝ N2 ʘʟʦʪʥʦʡ ʧʫʰʢʠ, ʚʳʩʦʪʘ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʣʝʟʚʠʷ, 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ï ʭʣʦʨʠʜʘ ʤʝʪʠʣʘʤʤʦʥʠʷ 

(MACl) ʚ ʨʘʩʪʚʦʨʝ [2]. 

ɹr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʟʚʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʧʣʝʥʢʠ ʯʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʕʄ. ɼʘʥʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʥʴʰʝʥʠʝ ʩʣʦʷ ʨʘʩʪʚʦʨʘ, 

ʯʪʦ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʦʨʠʝʡ ʃʘʥʜʘʫ-ʃʝʚʠʯʘ [3]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʦʚʦʡ ʧʫʰʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʘʟʦʪʥʦʡ ʧʫʰʢʠ (<1,25 ʙʘʨ) 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʴʚʘʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʩʪʝʡ ʧʨʠ ʦʪʞʠʛʝ. ʇʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (> 2 ʙʘʨ) ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʪʥʳʡ ʩʣʦʡ 

ʧʝʨʦʚʩʢʠʪʘ ʟʘʩʯʝʪ ʙʳʩʪʨʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʜʘʣʝʥʠʶ ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

MACl ʚ ʨʘʩʪʚʦʨ ʧʨʝʢʫʨʩʦʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʫʩʪʦʪ ʤʝʞʜʫ 

ʧʦʜʣʦʞʢʦʡ ʠ ʩʣʦʝʤ ʧʝʨʦʚʩʢʠʪʘ ʟʘʩʯʝʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʝʥʢʠ ʚ ʭʦʜʝ 

ʦʪʞʠʛʘ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ > 20 

% ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦ ʪʦʣʱʠʥʝ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʨʝʢʦʨʜʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 14,6 % ʠ ʘʨʭʠʪʝʢʪʫʨʦʡ ITO/Me-

2PACz/PTAA/ʧʝʨʦʚʩʢʠʪ/C60/BCP/Cu/MgF2/ʩʪʝʢʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʝʩʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʠʟʛʦʪʦʚʣʝʥʳ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ > 14 %. 

 
[1] Z. Hongwei et al. Advanced Materials 36 (2023) 2306466. 

[2] W. Zhaojin et al. Communications Materials 5 (2024) 1. 

[3] S. Severin et al. Solar RRL 7 (2023) 14. 
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ʂʦʤʧʦʟʠʪʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʚʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʤʝʜʠ(I) ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ 

ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 
 

ɹʝʣʠʢʦʚʘ ɼ.ɽ.1, ʉʘʠʜʞʦʥʦʚ ɹ.ʄ.,.2, ʍʘʩʘʥʦʚ ɹ.ɽ.2, ɹʘʷʥʜʠʨ ʄ.2, ɹʘʢʨ ʆ.2 

 

1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
 2ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʢʦʨʦʣʷ ɸʙʜʘʣʣʳ, 23955, ʊʫʚʘʣ, 

ʉʘʫʜʦʚʩʢʘʷ ɸʨʘʚʠʷ 
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ʉ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʧʦʷʚʣʝʥʠʷ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʩʮʠʥʪʠʣʣʷʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʦʙʣʘʩʪʝʡ, ʚʢʣʶʯʘʷ ʦʙʥʘʨʫʞʝʥʠʝ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʤʝʜʠʮʠʥʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʚr ʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʞʠʚʳʭ ʪʢʘʥʝʡ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʝʠʥʚʘʟʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʩʧʦʣʴʟʫʷ ʥʠʟʢʠʝ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʧʣʦʩʢʦʧʘʥʝʣʴʥʳʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ, ʧʦ ʩʫʪʠ, ʛʝʥʝʨʠʨʫʶʪ ʜʚʫʤʝʨʥʫʶ 

ʧʨʦʝʢʮʠʶ ʦʙʲʝʢʪʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʠʟ ʚʠʟʫʘʣʠʟʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʩʮʠʥʪʠʣʣʷʪʦʨʳ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʂʊ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʥʦ 

ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʜʦʟ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʢʦʥʬʦʨʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʝ 

ʦʙʲʝʢʪʘ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʧʨʦʝʢʮʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʛʠʙʢʠʭ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘʭ. ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʨʘʢʫʨʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʦʙʲʝʢʪʦʚ ʠ ʪʢʘʥʝʡ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʙʲʝʢʪ ʚʨʘʱʘʝʪʩʷ ʧʝʨʝʜ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʩʲʝʤʢʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʣʦʩʢʦʩʪʝʡ. ɼʦ ʩʠʭ ʧʦʨ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʣʠʙʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʩʚʝʪʦʚʳʤ ʚʳʭʦʜʦʤ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʣʠʙʦ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ ʨʘʟʨʝʰʝʥʠʠ. 

ʆʜʥʠʤ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʟʘʜʘʯʠ ʙʳʩʪʨʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʷʚʣʷʝʪʩʷ ʥʘʥʦʢʣʘʩʪʝʨʥʳʝ 

ʩʪʝʢʣʘ (NCG) ï ʘʤʦʨʬʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʥʦʢʣʘʩʪʝʨʦʚ Cu(I), Mn(II) 

ʠʣʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʧʫʪʝʤ 

ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʧʣʘʚʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 
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ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʠʭ ʚʳʜʘʶʱʠʝʩʷ ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ 

ʚʳʩʦʢʠʡ ʩʚʝʪʦʚʦʡ ʚʳʭʦʜ ʠ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠʟ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ NCG ʩʢʣʦʥʥʳ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ ʠ ʚʣʘʛʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʠʥʢʘʧʩʫʣʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʚʘʷ ʢʦʤʧʦʟʠʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʦʨʤ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʚʦʣʦʢʥʘ. ʉ ʤʦʤʝʥʪʘ ʠʭ ʧʦʷʚʣʝʥʠʷ ʚ ʥʘʯʘʣʝ 21 ʚʝʢʘ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʛʠʙʢʦʩʪʴʶ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʘʢ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ɹʦʣʝʝ ʪʦʛʦ, 

ʠʥʪʝʛʨʘʮʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ 

ʫʧʨʦʱʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʠʪʝʡ ʜʣʷ 3D-ʧʨʠʥʪʝʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʩʪʝʢʣʘ [Cu4I4(PPh2Et)4]. 

ʀʩʧʦʣʴʟʫʷ ʫʧʨʦʱʝʥʥʳʡ ʤʝʪʦʜ ʬʦʨʤʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʣʦʢʥʘ 

ʜʣʠʥʦʡ ʙʦʣʝʝ 10 ʤʝʪʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦʣʠʤʝʨʘ ʙʳʣ 

ʚʳʙʨʘʥ ʥʝʡʣʦʥ-12, ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 

ʦʜʥʦʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 50 ʤʘʩ.% ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʪʝʢʣʘ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩʦʦʙʱʘʣʦʩʴ ʨʘʥʝʝ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʚʦʣʦʢʥʘʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʪʨʫʢʪʫʨʘ ʚʦʣʦʢʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʡʣʦʥʦʚʫʶ ʤʘʪʨʠʮʫ, ʣʝʛʠʨʦʚʘʥʥʫʶ ʘʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʦ-

ʨʘʟʜʝʣʝʥʥʳʝ ʤʠʢʨʦʢʘʥʘʣʳ ʩʪʝʢʣʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʚʦʣʦʢʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʩʚʝʪʦʚʦʚʳʭʦʜ ʜʦ 35000 

ʬʦʪʦʥʦʚ/ʄʵɺ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 36 ʧʘʨ ʣʠʥʠʡ/ʤʤ ʠ ʣʠʥʝʡʥʳʡ 

ʦʪʢʣʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (0,02ï4,63 

ʤʢɻʨ/ʩ). ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 

19,9 ʤʢɻʨ/ʩ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ 3. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 2,5 ʨʘʟʘ ʥʠʞʝ 

ʤʦʱʥʦʩʪʠ ʜʦʟʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʳʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ (5,5 

ʤʢɻʨ/c). 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʥʠʢʘʣʴʥʳʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʥʛʝʥʦʚʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʡʣʦʥ-12 ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʬʠʣʘʤʝʥʪʘ ʜʣʷ 3D ʧʝʯʘʪʠ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʟʚʦʣʠʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʵʢʨʘʥʳ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. 
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ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ TiO 2, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ Nb(V)  

ʠ RuOx, ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʤʤʠʘʢʘ 
 

ɹʦʛʜʘʥʦʚʘ ɸ.ʇ.1, ʂʨʠʚʝʮʢʠʡ ɺ.ɺ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

aleksandra.bogdanova@chemistry.msu.ru  

ʆʙʥʘʨʫʞʝʥʠʝ ʘʤʤʠʘʢʘ ʥʘ ʫʨʦʚʥʝ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʢʘʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʪʘʢ ʠ ʘʥʘʣʠʟʘ ʜʳʭʘʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ NH3 ʚ ʚʳʜʳʭʘʝʤʦʤ ʯʝʣʦʚʝʢʦʤ ʚʦʟʜʫʭʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʤʘʨʢʝʨʘ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʯʝʢ ʠ ʧʝʯʝʥʠ [1]. 

ʋʩʪʨʦʡʩʪʚʘ ʤʘʰʠʥʥʦʛʦ ʦʙʦʥʷʥʠʷ ʥʘ ʙʘʟʝ ʤʝʪʘʣʣʦʢʩʠʜʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʤʘʩʩʦʚʦʡ ʵʢʩʧʨʝʩʩʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘ 

ʩʯʝʪ ʤʘʣʳʭ ʛʘʙʘʨʠʪʦʚ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʠʦʢʩʠʜ 

ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʚʳʩʦʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʥʠʟʢʠʤʠ 

ʩʝʥʩʦʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʫʣʫʯʰʝʥʠʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ TiO2 ʢ ʘʤʤʠʘʢʫ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ 

ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ TiO2 c 4 ʤʦʣ % Nb ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʧʠʨʦʣʠʟʘ ʚ ʧʣʘʤʝʥʠ ʠ ʧʨʦʧʠʪʳʚʘʣʠʩʴ ʨʘʩʪʚʦʨʘʤʠ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʨʫʪʝʥʠʷ (III ) ʚ ʤʝʪʘʥʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

1,2 oC/ʤʠʥ ʜʦ 500ęʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩ 0;0,5;1;2 ʤʦʣʴ % Ru, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʝʡ (ʈʌɸ) ʠ ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʜʝʩʦʨʙʮʠʝʡ 

ʘʤʤʠʘʢʘ, ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ (ʊʇɼ-ʄʉ). ʉʝʥʩʦʨʳ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʚʨʫʯʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ (Ŭ-Al 2O3, 1,5ʭ1,5 ʤʤ) 

ʪʦʣʱʠʥʦʡ 150 ʤʢʤ ʩ ʧʣʘʪʠʥʦʚʳʤʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʢʦʥʪʘʢʪʘʤʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʙʦʨʫ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ: 

NH3 20 ʤʣʥ
-1, ʪʨʠʤʝʪʠʣʘʤʠʥ 1 ʤʣʥ-1, H2 20 ʤʣʥ

-1, CO 20 ʤʣʥ-1, NO 4 ʤʣʥ-1, CH3OH 

20 ʤʣʥ-1 ʠ ʘʮʝʪʦʥ 20 ʤʣʥ-1. 

ʃʝʛʠʨʦʚʘʥʠʝ 4 ʤʦʣ% Nb(V) ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ TiO2 ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʦʨʷʜʦʢ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʥʩʦʨʘ. ʄʘʪʝʨʠʘʣ ʩ ʪʘʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʦʙʠʷ ʧʦʢʘʟʘʣ ʣʫʯʰʠʡ ʩʝʥʩʦʨʥʳʡ 

ʦʪʢʣʠʢ (ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʨʘʟʮʘʤʠ ʩʦʜʝʨʞʘʱʠʝ 0 ʤʦʣ%, 1 ʤʦʣ% ʠ 2 ʤʦʣ% Nb) ʠ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 90%[2]. ʈʫʪʝʥʠʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 
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ʠʣʠ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʝ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʠʣʠ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ, ʪʘʢ ʠ ʩʝʥʩʦʨʦʚ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ NH3 ʙʳʣ ʚʳʙʨʘʥ 

RuOx.  

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʊʇɼ-ʄʉ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ 

ʘʤʤʠʘʢʘ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʦʨʦʜ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʦʢʩʠʜ ʨʫʪʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʣʫʯʰʘʪʴ 

ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ. ʈʝʟʫʣʴʪʘʪʳ ʩʝʥʩʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʚʝʣʠʯʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ 

ʦʩʥʦʚʘʥʠʷʤ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ 

ʩ 0,5 ʤʦʣ% Ru (ʚ ʩʨʘʚʥʝʥʠʠ ʩ 1 ʠ 2 ʤʦʣ% Ru), ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʩʧʝʨʩʥʦʩʪʠ, ʘ ʟʥʘʯʠʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʨʫʪʝʥʠʷ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

ʈʠʩ. 1. (ʘ) ʉʝʥʩʦʨʥʳʡ ʩʠʛʥʘʣ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ NH3 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  

(ʙ) ʀʟʤʝʥʝʥʠʝ ʠʦʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʯʘʩʪʠʮ ʩ ʨʘʟʥʳʤ m/z ʧʨʠ ʊʇɼ ʘʤʤʠʘʢʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

[1] H. Zhao, L. Liu, X. Lin, J. Dai, S. Liu, T. Fei, T. Zhang. ACS Sens. 5(2) (2020) 346ï352. 

[2] D. Kuranov, V. Platonov, N. Khmelevsky, I. Bozhev, S. Maksimov, M. Rumyantseva, V. 

Krivetskiy. ChemistrySelect 7(36) (2022) e202202644. 
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ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʘ ʠʪʪʨʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʠʦʥʥʳʤ 

ʢʨʘʩʠʪʝʣʷʤ 
 

ɻʦʣʠʢʦʚʘ ʄ.ɺ.1, ʗʧʨʳʥʮʝʚ ɸ.ɼ.1 

 
1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ, 119071, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

mrgolikova@yandex.ru  

ʂʘʨʙʦʢʩʠʣʘʪʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ ʠ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠʷ. ʇʦʩʣʝʜʥʝʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʘʥʠʦʥʳ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, 

ʩʦʙʠʨʘʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʈɿʕ. ɼʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʝʥʩʦʨʘ ʚʘʞʥʦ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. ɺ 2021 ʛʦʜʫ ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʥʘʥʦʚʦʣʦʢʥʠʩʪʳʡ 

ʛʠʜʨʦʢʩʦʣʘʢʪʘʪ ʠʪʪʨʠʷ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (75 

ʤ2/ʛ) [1], ʚ ʪ.ʯ. ʩʧʦʩʦʙʥʳʡ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʤʘʪʨʠʮʘ ʜʣʷ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ 

ʢʘʪʠʦʥʦʚ Eu3+ ʠ Tb3+ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ɺʘʞʥʳʤ ʰʘʛʦʤ ʚ ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʘ ʠʪʪʨʠʷ ʩʪʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʥʠʦʥʥʳʤ ʢʨʘʩʠʪʝʣʷʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʠ ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ (ʢʨʘʩʠʪʝʣʝʡ ʠʥʜʠʛʦʢʘʨʤʠʥʘ ʠ ʤʝʪʠʣʦʨʘʥʞʘ) ʥʘ 

ʥʘʥʦʚʦʣʦʢʥʠʩʪʦʤ ʢʩʝʨʦʛʝʣʝ ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʘ ʠʪʪʨʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣ 

ʨʝʰʝʥ ʨʷʜ ʟʘʜʘʯ, ʚʢʣʶʯʘʷ ʧʨʦʚʝʜʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʩʝʨʦʛʝʣʷ 

ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʘ ʠʪʪʨʠʷ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠʥʜʠʛʦʢʘʨʤʠʥʘ ʠ ʤʝʪʠʣʦʨʘʥʞʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʨʘʩʠʪʝʣʝʡ ʨʘʩʪʚʦʨʦʚ 

ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʦʨʙʝʥʪʦʤ ʩ ʧʦʤʦʱʴʶ ʋʌ-ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʩʦʨʙʝʥʪʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʨʘʩʠʪʝʣʷʤʠ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʈʕʄ ʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʠʥʜʠʛʦʢʘʨʤʠʥʘ ʥʘ ʢʩʝʨʦʛʝʣʝ ʠʟ 

ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʘ ʠʪʪʨʠʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʥʛʤʶʨʦʚʩʢʦʡ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ (R2 = 0.99), ʘ ʥʝ ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦ ʌʨʝʡʥʜʣʠʭʫ 

(R2 = 0.89). ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʣʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ ï ʭʠʤʠʯʝʩʢʘʷ 

ʘʜʩʦʨʙʮʠʷ ʚ ʤʦʥʦʩʣʦʡ ʩ ʝʤʢʦʩʪʴʶ Qm = 0,64 ʤʤʦʣʴ/ʛ ʠʣʠ 298 ʤʛ/ʛ. ʉʦʨʙʮʠʷ 

ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʦʤ ʠʪʪʨʠʷ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʦʨʙʘʪ-ʩʦʨʙʘʪ. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʜʠʛʦʢʘʨʤʠʥʘ ʩ 

ʩʦʨʙʝʥʪʦʤ (ʛʠʜʨʦʢʩʦʣʘʢʪʘʪʦʤ ʠʪʪʨʠʷ) ʦʢʘʟʘʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ 

ʤʝʪʠʣʦʨʘʥʞʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʨʘʚʥʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ KL 

(4468 ʣ/ʤʦʣʴ ʜʣʷ ʠʥʜʠʛʦʢʘʨʤʠʥʘ ʧʨʦʪʠʚ 1410 ʣ/ʤʦʣʴ ʜʣʷ ʤʝʪʠʣʦʨʘʥʞʘ). ʇʨʠ 
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ʵʪʦʤ ʝʤʢʦʩʪʴ ʤʦʥʦʩʣʦʷ ʧʦ ʫʨʘʚʥʝʥʠʶ ʃʝʥʛʤʶʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʰʝ (Qm = 1,1 

ʤʤʦʣʴ/ʛ ʠʣʠ 360 ʤʛ/ʛ), ʯʝʤ ʚ ʩʣʫʯʘʝ ʠʥʜʠʛʦʢʘʨʤʠʥʘ. ʋʢʘʟʘʥʥʳʝ ʦʪʣʠʯʠʷ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʤʝʥʴʰʝʤʫ ʨʘʟʤʝʨʫ ʤʦʣʝʢʫʣʳ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʣʝʢʫʣʦʡ ʠʥʜʠʛʦʢʘʨʤʠʥʘ, ʘ ʪʘʢʞʝ ʢ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ ʤʦʣʝʢʫʣʳ 

ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ (ʦʜʥʘ ʩʫʣʴʬʦʛʨʫʧʧʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʜʠʛʦʢʘʨʤʠʥʦʤ 

(ʜʚʝ ʩʫʣʴʬʦʛʨʫʧʧʳ).  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʥʜʠʛʦʢʘʨʤʠʥʦʤ 

ʛʠʜʨʦʢʩʦʣʘʢʪʘʪ ʠʪʪʨʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʦʚʫʶ ʬʘʟʫ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʞʝ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʜʠʛʦʢʘʨʤʠʥʘ (ʉ = 5Ŀ10-5 ʄ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʭʝʤʦʩʦʨʙʮʠʶ. ʅʦʚʳʝ ʨʝʬʣʝʢʩʳ ʥʝ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʯʠʩʪʳʤ ʠʥʜʠʛʦʢʘʨʤʠʥʦʤ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʢʩʝʨʦʛʝʣʷ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʣʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʩ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʉ = 9Ŀ10-4 ʄ), 

ʠʜʝʥʪʠʯʥʘ ʠʩʭʦʜʥʦʡ. ʇʦ ʀʂ-ʩʧʝʢʪʨʘʤ ʢʩʝʨʦʛʝʣʷ ʧʦʩʣʝ ʩʦʨʙʮʠʠ ʠʥʜʠʛʦʢʘʨʤʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʣʦʢʥʠʩʪʘʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʶ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʌʄʀ ʀʆʅʍ ʈɸʅ.  

 
[1] A.D. Yapryntsev et al. RSC advances 11(48) (2021) 30195-30205. 
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ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ TiO 2  

ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ H2S 
 

ɻʨʝʙʝʥʢʠʥʘ ɸ.ɸ., ʍʠʩʤʝʪʦʚ ɸ.ʄ., ʂʨʠʚʝʮʢʠʡ ɺ.ɺ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʇɼʂ, ʚ ʦʢʨʫʞʘʶʱʝʤ ʚʦʟʜʫʭʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʩʝʨʦʚʦʜʦʨʦʜʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʢʦʤʥʘʪʥʦʡ. 

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ Nb(V) ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ TiO2 ʠ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʩ ʩʝʥʩʦʨʦʤ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

[1]. ɼʠʦʢʩʠʜ ʪʠʪʘʥʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ [2]. ʉʠʥʪʝʟʠʨʦʚʘʥʳ TiO2, TiO2, ʣʝʛʠʨʦʚʘʥʥʳʡ 4 ʤʦʣʴʥ. 

% Nb(V) ʤʝʪʦʜʦʤ ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʧʠʨʦʣʠʟʘ ʚ ʧʣʘʤʝʥʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʦʩʪʝʘʨʦʠʣʠʟʦʧʨʦʧʠʣʘʪ Ti(IV) ʠ 2-ʵʪʠʣʛʝʢʩʘʥʦʘʪ Nb(V). Pt ʚ 

ʢʦʣʠʯʝʩʪʚʝ 1 ʤʘʩʩ. % ʚʚʝʜʝʥʘ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʦʤ Pt(acac)2 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʭʦʜʝ ʧʣʘʚʥʦʛʦ ʥʘʛʨʝʚʘ ʜʦ 500oʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 10oʉ/ʤʠʥ ʠ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10 ʯʘʩʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, 

ɹʕʊ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣ. 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣ waʥ/wʨʫʪ Sɹʕʊ, ʤ
2/ʛ, Ñ10% dʘʥ/dʨʫʪ (ʆʂʈ, ʥʤ) 

TiO2 4.3 27 47/45 

TiO2-4Nb 4.5 20 43/39 

TiO2-1Pt 3.6 23 65/51 

TiO2-4Nb-1Pt 5.0 24 52/50 

ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʬʘʟʦʡ ʚʦ ʚʩʝʭ ʤʘʪʝʨʠʘʣʘʭ ʷʚʣʷʝʪʩʷ ʘʥʘʪʘʟ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʨʝʬʣʝʢʩ (111) ʤʝʪʘʣʣʠʯʝʩʢʦʡ Pt ʚ ʦʙʨʘʟʮʘʭ TiO2-1Pt ʠ TiO2-

4Nb-1Pt. ʇʣʘʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ 

ʚʠʜʝ ʘʛʣʦʤʝʨʘʪʦʚ ʩ ʜʠʘʤʝʪʨʦʤ 30-60 ʥʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʯʘʩʪʠʮ TiO2-4Nb 

ʠʤʝʶʪ ʜʠʘʤʝʪʨ 30-50 ʥʤ, ʦʜʥʘʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʢʨʫʧʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʟʝʨʥʘ ʩ 

ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 1 ʤʢʤ. 

mailto:nastya.greb@yandex.ru
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ʈʠʩ. 1. ɸ) ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ TiO2 ʠʟ ʩʝʨʠʠ; ɹ) 

ɸʛʣʦʤʝʨʘʪ ʠʟ ʯʘʩʪʠʮ ʧʣʘʪʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ TiO2-4Nb ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʉʝʥʩʦʨʥʳʝ ʩʠʛʥʘʣʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʦʚʦʜʦʨʦʜʫ (0.3 ppm) ʚʳʨʘʞʝʥʳ 

ʢʘʢ ʚ ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʘʮʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 365 ʥʤ. ʌʦʪʦʘʢʪʠʚʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʪʴ ʚʝʣʠʯʠʥʫ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 

ʯʠʩʪʦʛʦ TiO2 ʠ ʫʤʝʥʴʰʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ ʩʝʥʩʦʨʥʳʭ ʦʪʢʣʠʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ H2S ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʘʢʪʠʚʘʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʧʣʘʪʠʥʳ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʝʥʩʦʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʦʪʨʘʚʣʝʥʠʷ 

ʧʣʘʪʠʥʳ ʩʝʨʦʚʦʜʦʨʦʜʦʤ. ʉ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʜʝʩʦʨʙʮʠʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʥʩʦʨʥʳʡ ʩʠʛʥʘʣ 

ʬʦʨʤʠʨʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʢʠʩʣʝʥʠʶ H2S ʜʦ SO2, ʧʨʠʯʝʤ ʥʘ ʤʘʪʝʨʠʘʣʘʭ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʣʘʪʠʥʦʡ, ʠʤʝʝʪʩʷ ʜʚʘ ʪʠʧʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ: 

ʯʘʩʪʠʮʳ Pt ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʥʪʨʳ TiO2. 

 
[1] D. Kuranov, V. Platonov, N. Khmelevsky, I. Bozhev, S. Maksimov, M. Rumyantseva, V. 

Krivetskiy. ChemistrySelect 7 (2022) e202202644. 

[2] D. Kuranov, V. Platonov, E. Konstantinova, A. Grebenkina, M. Rumyantseva, S. Polomoshnov, 

V. Krivetskiy. Sensors and Actuators B: Chemical 396 (2023) 134618. 

ʊʝʤʧʣʘʪʥʳʡ ʩʠʥʪʝʟ ʤʘʩʩʠʚʦʚ ʩʚʦʙʦʜʥʦʩʪʦʷʱʠʭ 

ʥʘʥʦʩʪʝʨʞʥʝʡ ʟʦʣʦʪʘ ʜʣʷ ʟʘʜʘʯ ʬʦʪʦʥʠʢʠ 
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ɼʘʚʠʜʝʥʢʦ ʅ.ʂ.1, ʉʦʪʥʠʯʫʢ ʉ.ɺ.1, ʅʘʧʦʣʴʩʢʠʡ ʂ.ʉ.1,2, ʅʦʚʠʢʦʚ ɺ.ɹ.3, 

ɿʘʛʨʘʚʩʢʠʡ ɸ.ʂ.3 ʄʫʨʟʠʥʘ ʊ.ɺ.3 

 
1ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

Nikolaykdvd763@gmail.com  

ʀʥʪʝʨʝʩ ʫʯʝʥʳʭ ʚʩʸ ʙʦʣʴʰʝ ʧʨʠʚʣʝʢʘʶʪ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ï ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʦʟʜʘʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʘʚ ʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʶʪ ʫʥʠʢʘʣʴʥʳʝ, ʥʝ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʨʦʜʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

[1,2]. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʩʣʫʞʘʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ 

(ɻʄʄ) ʥʘ ʦʩʥʦʚʝ ʧʣʘʟʤʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘʥʦʩʪʝʨʞʥʝʡ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʝ. ɺ ʩʧʝʢʪʨʘʭ ʧʨʦʧʫʩʢʘʥʠʷ ʪʘʢʠʭ ʩʠʣʴʥʦ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʪʨʫʢʪʫʨ 

ʥʘʙʣʶʜʘʪʁʩʷ ʜʚʘ ʤʠʥʠʤʫʤʘ, ʦʪʚʝʯʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ (ENZ) 

ʠ ʧʦʧʝʨʢy (ENP) ʜʣʠʥʥʦʡ ʦʩʠ ʥʘʥʦʩʪʝʨʞʥʝʡ. ENP ʟʘʚʠʩʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ, ʘ ENZ ï ʦʪ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʜʣʠʥʳ ʥʘʥʦʩʪʝʨʞʥʝʡ 

ʠ ʦʙʲʤyʥʦʡ ʜʦʣʠ ʤʝʪʘʣʣʘ [2]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʣʦʞʝʥʠʝʤ ENZ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ, 

ʠʟʤʝʥʷʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ ʚʦʢʨʫʛ ʥʘʥʦʩʪʝʨʞʥʝʡ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ɻʄʄ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʝʨʞʥʝʡ ʟʦʣʦʪʘ (Au-

NWs) ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ɸʆɸ) ʤʝʪʦʜʦʤ 

ʪʝʤʧʣʘʪʥʦʛʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ (ʊʕ). ʏʘʩʪʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʪʨʠʮʳ ʠ 

ʟʘʧʦʣʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʩʪʝʨʞʥʷʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʨʝʜʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʦʧʪʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ ʤʝʪʘʤʘʪʝʨʠʘʣʘ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʦʩʴ 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʥʦʩʪʝʨʞʥʝʡ ʧʦʩʣʝ ʯʘʩʪʠʯʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʪʝʤʧʣʘʪʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʙʨʘʟʮʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʠʩʪʳʝ ʪʝʤʧʣʘʪʳ ɸʆɸ ʪʦʣʱʠʥʦʡ 35 ʤʢʤ, 

ʠʤʝʶʱʠʝ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ 35 ʥʤ ʠ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʨʘʤʠ 100 

ʥʤ. ʇʨʠ ʧʦʤʦʱʠ ʊʕ ʠʟ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʟʦʣʦʯʝʥʠʷ ʕʢʦʤʝʪ 04-ɿɻ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ ī1,0 ɺ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ Au-NWs ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʦʪ 250 ʜʦ 1900 

ʥʤ. ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʦʩʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 394 ʤʂʣ/ʤʢʤĀʩʤ2. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʩʧʣʦʰʥʦʛʦ Au ʩʣʦʷ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʪʦʢʦʩʲʤyʥʠʢʘ, ʥʘʥʦʢʦʤʧʦʟʠʪ ʩ 

ʤʘʩʩʠʚʦʤ Au ʥʘʥʦʩʪʝʨʞʥʝʡ ʧʨʠʢʣʝʠʚʘʣʠ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢ ʧʨʝʜʤʝʪʥʳʤ ʩʪʢyʣʘʤ, 

ʯʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʦʙʣʘʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ɸʆɸ ʚ 30 ʤʄ ʨʘʩʪʚʦʨʝ 

NaOH. ɼʘʣʝʝ ʦʩʚʦʙʦʜʠʚʰʝʝʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ Au-NWs ʟʘʧʦʣʥʷʣʠ ʚʦʜʦʡ, 

ʵʪʘʥʦʣʦʤ, ʛʣʠʮʝʨʠʥʦʤ ʠʣʠ ʥʝʤʘʪʠʯʝʩʢʠʤʠ ʞʠʜʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 5CB, ʢʦʪʦʨʳʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 38 Áʉ, ʧʨʝʚʨʘʱʘʷʩʴ ʠʟ ʦʜʥʦʦʩʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʠʟʦʪʨʦʧʥʫʶ. 

mailto:Nikolaykdvd763@gmail.com
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ʈʠʩ. 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʩʪʫʧʘʶʱʠʭ ʥʘʥʦʩʪʝʨʞʥʝʡ Au-NWs 

ʧʦʩʣʝ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʪʝʤʧʣʘʪʘ ɸʆɸ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ (ʘ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ENZ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜʘʭ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʜʣʠʥʦʡ Au-NWs 650 ʥʤ, ʠ ʜʣʠʥʦʡ ʚʳʩʪʫʧʘʶʱʝʡ ʯʘʩʪʠ 

100 ʥʤ (ʙ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ENZ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʄʘʢʩʚʝʣʣʘ ɻʘʨʥʝʪʪʘ (ʚ). 

ɺ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ɻʄʄ ʥʘ ʦʩʥʦʚʝ Au-NWs ʢʘʢ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʠʭ ʜʣʠʥʳ, ʪʘʢ ʠ ʩ 

ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʤʘʪʨʠʮʳ ɸʆɸ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʈʕʄ-

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʩʪʘʚʣʷʝʪ 4 ʥʤ/ʤʠʥ (ʨʠʩ. 1ʘ). ʉ ʨʦʩʪʦʤ ʜʣʠʥʳ Au-NWs ʦʪ 435 ʜʦ 

1260 ʥʤ ENZ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʥʘ 15 ʥʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ɻʄʄ, ʧʦʣʦʞʝʥʠʝ ENZ ʪʘʢʞʝ 

ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 86 ʥʤ/RIU (ʨʠʩ. 1ʙ), ʯʪʦ 

ʜʝʣʘʝʪ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɻʄʄ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ (ʄʘʢʩʚʝʣʣʘ ɻʘʨʥʝʪʪʘ): 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ (ʨʠʩ. 1ʚ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ 19-73-10176. 
 

[1] Damm S. et al. Plasmonics. Springer Science and Business Media 9(6) (2014) 1371ï1376. 

[2] T. Stefaniuk et al. Advanced Materials 35(34) (2023) 2107023. 
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ʂ.ʉ.1,2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ  
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɸʥʦʜʥʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ɸʆɸ) ð ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʩ 

ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ɸʆɸ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʜʣʷ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʝʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʜʝʞʥʳʭ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʠ ʫʥʠʬʠʢʘʮʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ɸʆɸ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʦʨʠʩʪʳʭ ʧʣʝʥʦʢ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʣʘʥʘʨʥʳʭ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. 

ʇʦʨʠʩʪʳʝ ʧʣʝʥʢʠ ɸʆɸ ʙʳʣʠ ʧʦʣʫʯʝʥ r ʧʫʪʝʤ ʘʥʦʜʠʨʦʚʘʥʠʷ ʚ 0,3 ʄ 

ʨʘʩʪʚʦʨʝ H2C2O4. ɸʥʦʜʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʦʪʧʦʣʠʨʦʚʘʥʥʦʡ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ ʧʨʦʭʦʜʠʣʦ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 100 ɺ, 

ʪʝʤʧʝʨʘʪʫʨʝ 0,5 ÁC ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 400 ʦʙ/ʤʠʥ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ɸʆɸ 

ʪʦʣʱʠʥʦʡ 34 ʤʢʤ. ɼʘʣʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪ ɹ ʦʙʨʘʟʮʘ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʩʠʣʠ ʞʝʨʪʚʝʥʥʳʡ ʩʣʦʡ ʭʨʦʤʘ ʪʦʣʱʠʥʦʡ 140 ʥʤ. ɿʘʪʝʤ ʤʝʪʦʜʦʤ 

ʩʧʠʥʢʦʘʪʠʥʛʘ ʬʦʨʤʠʨʦʚʘʣʠ ʧʣʝʥʢʫ ʬʦʪʦʨʝʟʠʩʪʘ AZ 5214E ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 2 

ʤʢʤ. ʕʢʩʧʦʥʠʨʦʚʘʥʠʝ ʬʦʪʦʨʝʟʠʩʪʘ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʬʦʪʦʰʘʙʣʦʥ ʪʨʝʙʫʝʤʦʡ 

ʛʝʦʤʝʪʨʠʠ ʚ ʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ, ʜʦʟʘ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 118 ʤɼʞ/ʩʤ2, ʚʨʝʤʷ 

ʧʨʦʷʚʣʝʥʠʷ 35 ʩ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʭʨʦʤʘ ʩ ʥʝʟʘʱʠʱʝʥʥʳʭ ʤʘʩʢʦʡ ʬʦʪʦʨʝʟʠʩʪʘ 

ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ 0,20 ʄ Ce(NH4)2(NO3)6 + 0,42 ʄ HClO4. ʇʦʩʣʝ 

ʵʪʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʩʠʣʠ ʩʣʦʡ 

ʧʣʘʪʠʥʳ ʪʦʣʱʠʥʦʡ 200 ʥʤ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʠ ʫʜʘʣʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʘ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʪʨʘʚʣʝʥʠʝ ʭʨʦʤʘ ʩ ʧʦʤʦʱʴʶ ʫʢʘʟʘʥʥʦʛʦ 

ʚʳʰʝ ʪʨʘʚʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʆɸ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʣʝʥʢʘ 

ʧʣʘʪʠʥʳ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʷ ʚ ʬʦʨʤʝ ʤʝʘʥʜʨʘ (ʈʠʩ. 1ʘ). 

ɺʪʦʨʫʶ ʬʦʪʦʣʠʪʦʛʨʘʬʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ. 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ɸʆɸ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ 0,6 ʄ ʨʘʩʪʚʦʨʝ H3PO4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

60 Áʉ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 300 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 18 ʤʠʥʫʪ. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ 
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ʤʝʪʦʜʠʢʘ ʭʠʤʠʯʝʩʢʦʡ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʧʦʟʚʦʣʷʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʣʝʥʢʫ ɸʆɸ 

ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʈʠʩ. 1ʙ). ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʪʠʥʳ ʧʦʩʣʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʦʩʪʘʣʘʩʴ 

ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ: ʦʪʩʫʪʩʪʚʫʶʪ ʩʢʚʦʟʥʳʝ ʜʝʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʭʠʤʠʯʝʩʢʠʤ 

ʪʨʘʚʣʝʥʠʝʤ ʥʘ ʩʪʘʜʠʠ ʫʜʘʣʝʥʠʷ ʭʨʦʤʘ (ʈʠʩ. 1ʚ). ʈʉʄɸ ʧʦʜʪʚʝʨʜʠʣ ʧʦʣʥʦʝ 

ʫʜʘʣʝʥʠʝ ʭʨʦʤʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ (ʈʠʩ. 

1ʛ). 

 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʦʚʦʛʦ 

ʤʝʘʥʜʨʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ AOɸ ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ Aʆɸ. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʠʥʳ (ʚ) ʠ ʈʉʄɸ 

ʩʧʝʢʪʨ (ʛ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʦʙʣʘʩʪʝʡ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʧʘʥʝʣʠ (ʙ). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʝʨʪʚʝʥʥʦʛʦ ʩʣʦʷ ʭʨʦʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ɸʆɸ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʋʩʧʝʰʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʪʠʥʦʚʳʭ 

ʤʝʘʥʜʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɸʆɸ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ 

ʧʣʘʥʘʨʥʳʭ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ.  
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ʅʘʥʦʩʪʨʫʢʪʫʨʳ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʅ2ʆ2 ʥʘ ʦʩʥʦʚʝ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ ʩ ʫʧʨʘʚʣʷʝʤʦʡ 

ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴʶ 
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ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ (ʵʣʝʢʪʨʦ)ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʅ2ʆ2, 

ʩʦʯʝʪʘʶʱʠʤ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ O2, ʷʚʣʷʝʪʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʙʝʨʣʠʥʩʢʘʷ ʣʘʟʫʨʴ (ɹʃ) [1]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʠʥʪʝʟʘ ɹʃ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ H2O2 ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʦʙʲʸʤʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʨʘʙʦʪʝ ʜʣʷ 

ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʤʠʢʨʦʧʨʠʩʪʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʪʝʤʧʣʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʜʭʦʜ ʩʠʥʪʝʟʘ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʝʡ ʞʝʣʝʟʘ ʚ ʠʩʭʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

ʊʝʤʧʣʘʪʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ɹʃ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʬʝʨʨʠʮʠʘʥʠʜʘ ʞʝʣʝʟʘ (III) ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʠ 2-ʙʫʪʘʥʦʥʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʤʧʣʘʪʦʚ. ʄʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ɹʕʊ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʪʦʛʜʘ ʢʘʢ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8 ¡, ʜʣʷ ʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅ2ʆ2, 

ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʦʨ ʩ ʜʠʘʤʝʪʨʦʤ 1.6 ʥʤ, ʜʣʷ ʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2-ʙʫʪʘʥʦʥʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ï 3.1 ʥʤ, ʘ ʩ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ï 36 ʥʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ, ʧʨʦʚʝʜʝʥʦ in situ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʧʦʢʨʳʪʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ Fe3+ ʠ [Fe(CN)6]
4- 

(ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ), ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ I([Fe(CN)6]
n-

)/I([Fe(CN)5(OH2)]
n-) ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ ʜʦ 

ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʡ, ʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʙʝʨʣʠʥʩʢʦʛʦ ʙʝʣʦʛʦ 
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ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ [Fe(CN)5(OH2)]
n- ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

I([Fe(CN)6]
n-) /I([Fe(CN)5(OH2)]

n-) ʦʢʦʣʦ 1.5. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2-ʙʫʪʘʥʦʥ-ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦ 2 ʨʘʟ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 1.1 ɸĀʄ-1Āʩʤ-2 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʠʜʨʦʧʝʨʦʢʩʠʜʫ-ʪʝʤʧʣʘʪʫ ʠ 1.3 ɸĀʄ-1Āʩʤ-2 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʅ2ʆ2.  

ʉ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ɹʃ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʝʬʝʢʪʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʦʣʝʡ ʞʝʣʝʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤ, ʪʘʢ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅ2ʆ2, ʢʦʵʬʬʠʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ɻɹʃ, ʜʦʩʪʠʛʘʷ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ɹʃ/ʵʣʝʢʪʨʦʜ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ɹʃ (ʜʦ 5 ʥʤʦʣʴĀʩʤ-2) ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʦ 3 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ, ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ɻɹʃ: ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʦʩʪʠʛʘʶʪ 0.86 ɸĀʄ-1Āʩʤ-2, ʯʪʦ ʜʦ 30% ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ (ʜʦ 40%) ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ [Fe(CN)6]
3-, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʥʝʧʦʣʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʞʝʣʝʟʘ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-73-10015. 

 
[1] M.A. Komkova, E.E. Karyakina, A.A. Karyakin. Journal of American Chemical Society 140(36) 

(2018) 11302ï11307. 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʟʘʨʷʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdSe ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ZnO 
 

ʂʘʨʧʠʯ ʌ.ɸ., ʉʢʨʳʧʥʠʢ ʄ.ʖ., ɺʘʩʠʣʴʝʚ ʈ.ɹ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

feliks.karpich@chemistry.msu.ru  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

(ʂʊ) ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʢʩʠʜʦʚ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʜʠʩʧʣʝʝʚ ʫʩʪʨʦʡʩʪʚ. 

ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʫʟʢʠʝ 

ʩʧʝʢʪʨʳ ʠʩʧʫʩʢʘʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʘʫʯʥʳʡ 

ʠʥʪʝʨʝʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʠ ʛʠʙʨʠʜʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʂʊ CdSe, ʧʦʢʨʳʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ZnO. 

ʉʠʥʪʝʟ ʂʊ CdSe ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʣʦʠʜʥʦʛʦ ʤʝʪʦʜʘ ʩ 

ʪʱʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʘʷ ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʆɸ), ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝ yʦʙʤʝʥʦʤ ʥʘ 

ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʡ N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥ, ʩʦʜʝʨʞʘʱʠʡ SH ʛʨʫʧʧʫ ʜʣʷ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʂʊ CdSe ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʫʶ ʛʨʫʧʧʫ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ZnO. ʆʙʤʝʥ 

ʠ ʩʰʠʚʘʥʠʝ ʣʠʛʘʥʜʦʚ ʧʦʜʪʚʝʨʞʜʘʣʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʈʘʟʤʝʨ ʂʊ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʩʧʝʢʪʨʫ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʩʪʘʚʠʣ 3,5 ʥʤ.  

ʅʘʥʦʯʘʩʪʠʮʳ ZnO ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʫ ʘʮʝʪʘʪʘ 

ʮʠʥʢʘ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʨʘʩʪʚʦʨʘ ʪʨʠʤʝʪʠʣʛʠʜʨʦʢʩʠʜʘ ʘʤʤʦʥʠʷ ʚ 

ʤʝʪʘʥʦʣʝ. ʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ZnO ʧʦʢʘʟʘʣʘ ʠʥʪʝʥʩʠʚʥʫʶ ʧʦʣʦʩʫ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 325 ʥʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ 3,8 ʵɺ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʂʊ 

CdSe ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ Cd:Se = 1:1. ʊʘʢʞʝ ʧʦ 

ʧʨʦʚʝʜʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ZnO ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʬʘʟʫ ï ʚʶʨʮʠʪʘ; ʧʨʠ ʵʪʦʤ ʚʩʝ ʨʝʬʣʝʢʩʳ 

ʦʢʘʟʘʣʠʩʴ ʫʰʠʨʝʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʦ 

ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʠʣ 3 ʥʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʣʦʠʜʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʂʊ CdSe ʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦʣʫʧʨʦʚʦʜʥʦʢʦʚʦʛʦ ZnO c 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 
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[1] Y. Sun et al. Chemical Record 19 (2019) 1729ï1752. 

[2] A. Issac, S. Jin, T. Lian. Journal of American Chemical Society 130 (2008) 11280ï11281. 
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ʂʫʟʥʝʮʦʚ ʂ.ʄ., ʌʘʪʝʝʚ ʉ.ɸ. 

 

ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ  

 

kirillkuz210801@gmail.com  

ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʩʬʝʨʘʭ ʧʨʠʚʝʣ ʢ ʦʙʰʠʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʦʛʣʦʱʘʪʴ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʬʦʪʦʥʳ ʠ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʭ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʦʪʦʥʳ 

ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʢʦʥʪʨʦʣʴ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʜʦʩʤʦʪʨʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʘʩʪʨʦʥʦʤʠʷ ʠ ʤʝʜʠʮʠʥʩʢʘʷ ʨʘʜʠʦʛʨʘʬʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʪʝʨʠʘʣʦʚ, ʚʩʝ ʝʱʝ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʧʨʦʙʣʝʤ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʧʨʠʤʝʥʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʘʥʠʟʦʪʨʦʧʥʘʷ ʩʮʠʥʪʠʣʣʷʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ 

ʪʘʢʞʝ ʥʠʟʢʠʝ ʩʚʝʪʦʚʳʭʦʜʳ ʧʣʘʩʪʠʢʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ 

ʥʝʜʦʨʦʛʠʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʷʚʣʷʶʪʩʷ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʵʤʠʩʩʠʠ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʱʠʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ʈʷʜʫ ʟʘʷʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʪʚʝʯʘʝʪ ʧʦʢʘ 

ʤʘʣʦʠʟʫʯʝʥʥʳʡ ʢʣʘʩʩ ʪʨʦʡʥʳʭ ʛʘʣʦʛʦʥʝʤʘʥʛʘʥʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣ ʧʦʜʙʦʨ ʠ ʦʧʪʠʤʠʟʘʮʠz ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʵʢʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʙʨʦʤʦʤʘʥʛʘʥʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ, ʙʦʣʴʰʠʤ ʉʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ ʠ ʚʳʩʦʢʠʤʠ ʩʚʝʪʦʚʳʭʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 

ʛʠʙʨʠʜʥʳʡ ʙʨʦʤʦʤʘʥʛʘʥʘʪ TEA2Mn0.95Zn0.05Br4, ʣʝʛʠʨʦʚʘʥʥʳʡ ʮʠʥʢʦʤ (TEA+ = 

ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʡ). 

TEA2Mn0.95Zn0.05Br4 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʚʠʜʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʨʦʰʢʘ. ɸʥʘʣʠʟ ʝʛʦ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʨʝʢʦʨʜʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (PLQY) ʙʣʠʟʢʠʤ ʢ 100%, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʪʘʢʞʝ ʉʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ ʦʢʦʣʦ 70 ʥʤ. TEA2Mn0.95Zn0.05Br4 

ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʚʥʳʤ 

0.38 ʤʩ. 
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ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ (ʣ.ʢ.ʦ.) ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʦʛʣʦʱʘʪʴ ʠʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ 

ʧʦʚʳʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʠʈʃ). ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ 

ʫʩʠʣʠʚʘʪʴ ʚʢʣʘʜ ʩʘʤʦʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʠʩʧʫʩʢʘʝʤʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʈʃ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠʈʃ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʨʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

TEA2Mn0.95Zn0.05Br4, ɻ ʪʠʣʚʠʥʠʣʘʮʝʪʘʪʘ (ʕɺɸ) ʠ ʧʦʣʠʩʪʠʨʦʣʘ (ʇʉ) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʚʝʜʝʥʥʦʡ ʪʦʣʱʠʥʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (ʪʦʣʱʠʥʘ ʢʦʤʧʦʟʠʪʘ, 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʪʦʣʴʢʦ ʥʘ ʦʙʲʝʤ ʩʮʠʥʪʠʣʣʷʪʦʨʘ). ʊʘʢ ʤʘʢʩʠʤʫʤ ʠʈʃ ʧʦʜ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʤʝʜʥʦʛʦ ʘʥʦʜʘ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠʚʝʜʝʥʥʳʭ ʪʦʣʱʠʥ ʦʪ 240 ʜʦ 640 ʤʢʤ ʜʣʷ ʇʉ ʠ ʚʳʰʝ 300 ʤʢʤ ʜʣʷ ɽɺɸ. ʊʘʢ 

ʞʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʥʠʞʝʥʠʝ ʠʈʃ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʥʦʡ ʪʦʣʱʠʥʳ ʢʦʤʧʦʟʠʪʘ, 

ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʨʘʩʩʝʷʥʠʷ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʪʦʪʠʧʳ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ ʠʟ ʛʠʙʨʠʜʥʦʛʦ 

ʙʨʦʤʦʤʘʥʛʘʥʘʪʘ TEA2Mn0.95Zn0.05Br4 ʧʦʢʘʟʘʣʠ ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʤʝʨʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ʬʪʦʨʠʜʘ ʢʘʣʴʮʠʷ (20000 ʬʦʪʦʥʦʚ/ʄʵɺ) 

ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩʦ ʩʚʝʪʦʚʳʭʦʜʦʤ 26000 ʬʦʪʦʥʦʚ/ʄʵʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʵʢʨʘʥʦʚ, ʥʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʧʨʦʪʦʪʠʧʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʵʢʨʘʥʘ ʥʘ ʦʩʥʦʚʝ TEA2Mn0.95Zn0.05Br4 ʠ ʕɺɸ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-73-10226. 

ʇʦʣʫʯʝʥʠʝ Gd2O3 ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ 
 

ʂʫʧʨʠʷʥʦʚ ɸ.ɺ.1, ʉʫʩʣʦʚʘ ɽ.ɺ.1 
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1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

kupriyanovant@yandex.ru  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʩʦʟʜʘʥʠʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʤʝʪʦʜʦʚ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʥʘ ʦʩʥʦʚʝ Gd-ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ 

ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʟʘʤʝʪʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʢʘʢ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Gd2O3 

ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ 

ʧʨʠʨʦʜʦʡ ʧʨʝʢʫʨʩʦʨʦʚ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ Gd2O3. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʇʕʄ) 

ʠ ʩʢʘʥʠʨʫʶʱʝʡ (ʉʕʄ) ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʟʦʣʷʭ 

ʠ ʢʩʝʨʦʛʝʣʷʭ ʦʧʨʝʜʝʣʝʥ ʤʝʪʦʜʘʤʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ ʩ ʧʦʤʦʱʴʶ 

ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. 

ʏʘʩʪʠʮʳ Gd2O3 ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ Gd(OH)3, Gd2(C2O4)3 ʠʣʠ 

ʮʠʪʨʘʪʘ Gd(C6H5O7), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

Gd(NO3)3
.6H2O ʩ NaOH, (NH4)2C2O4

.H2O ʠʣʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ. ʊʝʤʧʝʨʘʪʫʨʳ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʝʢʫʨʩʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 600 ʜʦ 700 ʦʉ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʌɸ, ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ Gd2O3 ʦʜʥʦʬʘʟʥʳʝ. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʜʦʤʝʥʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ ʐʝʨʨʝʨʘ, ʩʠʣʴʥʦ ʟʘʚʠʩʝʣ ʦʪ ʧʨʝʢʫʨʩʦʨʘ 

Gd2O3 ʠ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ 7-10 ʥʤ ʜʣʷ Gd2O3, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ Gd(OH)3, 

Gd2(C2O4)3. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʉʕʄ, ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ Gd2O3 ʠʤʝʣʠ 

ʭʣʦʧʴʝʚʠʜʥʫʶ ʤʦʨʬʦʣʦʛʠʶ (ʨʠʩ. 1 ʘ, ʙ), ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʢʩʝʨʦʛʝʡ Gd(OH)3, Gd2(C2O4)3 (ʨʠʩ. 1 ʚ, ʛ). 

 

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ Gd2O3, ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʥʘ 

ʚʦʟʜʫʭʝ (ʘ) ʮʠʪʨʘʪʘ ʠ (ʙ) ʦʢʩʘʣʘʪʘ ʛʘʜʦʣʠʥʠʷ. ʀʟʦʙʨʘʞʝʥʠʷ ʇʕʄ (ʚ) Gd(OH)3 

ʠ (ʛ) Gd2(C2O4)3. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-15-00072. 
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ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʢʩʠʜʦʚ  

ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʘʢʪʠʚʘʮʠʠ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʃʆC 

 

ʂʫʪʫʢʦʚ ʇ.ʉ., ʂʣʫʥʥʳʡ ɺ.ɸ., ʏʠʞʦʚ ɸ.ʉ., ʈʫʤʷʥʮʝʚʘ ʄ.ʅ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

kutukovps@my.msu.ru  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʢʩʠʜʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʥʘʛʨʝʚʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʜʦ 300ï500 ÁC (ʪʝʨʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ). 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʟʘʤʝʥʘ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʬʦʪʦʥʥʫʶ ʘʢʪʠʚʘʮʠʶ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ ʮʠʥʢʘ, ʠʥʜʠʷ ʠ ʦʣʦʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30ï

150 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʡ ʛʝʢʩʘʥ ʠʣʠ ʙʝʥʟʦʣ (30ï300 ppm ʚ ʩʫʭʦʤ 

ʚʦʟʜʫʭʝ), ʚ ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ 

(365 ʥʤ) ʤʝʪʦʜʘʤʠ in-situ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʨʝʞʠʤʝ 

operando ʠ in-situ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ (DRIFTS). 

ʆʙʨʘʟʮʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʩʠʜʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ, ʚ ʩʣʫʯʘʝ ZnO, ʧʨʠ 

ʧʦʤʦʱʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʨʙʦʥʘʪʘ, ʘ ʚ ʩʣʫʯʘʝ 

In2O3 ʠ SnO2 ï ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʠʜʦʚ. ʆʪʞʠʛ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 Áʉ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʨʝʞʠʤʝ operando ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʧʦʜʣʦʞʢʘ ʠʟ ʤʘʪʝʨʠʘʣʘ ʌɸʌ-4ɼ ʩ ʵʣʝʢʪʨʦʜʥʦʡ ʩʝʪʢʦʡ ʩ ʟʦʣʦʪʳʤ 

ʧʦʢʨʳʪʠʝʤ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʜʣʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʨʝʞʠʤʝ operando. 

ʄʝʪʦʜʘʤʠ in-situ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ in-situ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʋʌ-ʦʙʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ (ʢʘʢ ʠ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʘʮʝʪʦʥʘ [1]) ʢ ʬʦʪʦʘʜʩʦʨʙʮʠʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʢʩʠʜʦʚ, ʧʨʠʯʸʤ ʬʦʪʦʘʜʩʦʨʙʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (100 Áʉ). ɼʣʷ ʦʢʩʠʜʘ ʮʠʥʢʘ ʋʌ-ʘʢʪʠʚʘʮʠʷ ʜʝʣʘʝʪ ʩʝʥʩʦʨʥʳʡ 
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ʩʠʛʥʘʣ ʚ ʧʨʠʥʮʠʧʝ ʠʟʤʝʨʠʤʳʤ, ʪ. ʢ. ʚ ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ɺ ʩʣʫʯʘʝ ʙʝʥʟʦʣʘ ʬʦʪʦʘʜʩʦʨʙʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʦʢʠʩʣʝʥʠʷ 

ʙʝʥʟʦʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 2) ʠ ʥʘʢʦʧʣʝʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ (ʢʘʨʙʦʢʩʠʣʘʪʳ, ʢʘʨʙʦʥʘʪʳ). ʊʘʢʞʝ ʤʝʪʦʜʦʤ in-

situ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ZnO ʚ 

ʦʢʠʩʣʝʥʠʠ ʫʯʘʩʪʚʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʋʌ-ʘʢʪʠʚʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʥʩʦʨʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʙʝʥʟʦʣʫ (3ï15 ppm) ʚ 5ï15 ʨʘʟ. 

 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʝʞʠʤʝ 

operando ʜʣʷ ʦʢʩʠʜʘ ʮʠʥʢʘ ʚ ʘʪʤʦʩʬʝʨʝ ʙʝʥʟʦʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 30 ʠ 100Áʉ. 

ʇʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʛʝʢʩʘʥʘ ʋʌ-ʘʢʪʠʚʘʮʠʷ ʪʘʢ ʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʪʦʘʜʩʦʨʙʮʠʠ ʛʘʟʘ-ʘʥʘʣʠʪʘ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʥʩʦʨʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʅʘʧʨʦʪʠʚ, ʚʦ ʚʩʸʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʋʌ-ʘʢʪʠʚʘʮʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪ ʩʝʥʩʦʨʥʳʡ ʩʠʛʥʘʣ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-13-00111. 

[1] Artem Chizhov, Pavel Kutukov, Alexander Gulin, Artyom Astafiev, Marina Rumyantseva.  

Micromachines 14 (2023) 912. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʥʘʥʦʚʦʣʦʢʦʥ La1-xBaxFeO3, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ,  

ʢʘʢ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ 
 

ʄʘʣʠʥʠʥ ʅ.ʄ.1, ʇʣʘʪʦʥʦʚ ɺ.ɹ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

malinin2123@gmail.com , agnes1992@yandex.ru  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʦʢʩʠʜʘʤ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ABO3 ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʥʘʭʦʜʷʱʠʤ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʘʟʦʚʳʭ ʬʠʣʴʪʨʦʚ, 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʟʘʤʝʱʘʪʴ ʠʦʥʳ ʚ ʦʙʦʠʭ 

ʢʘʪʠʦʥʥʳʭ ʧʦʜʨʝʰʸʪʢʘʭ, ʚ ʧʦʟʠʮʠʷʭ ɸ ʠ ɺ, ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʜʙʠʨʘʪʴ ʩʦʩʪʘʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʣʫʯʰʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʦʚʳʭ ʜʘʪʯʠʢʦʚ.  

ɺʦʣʦʢʥʘ LaFeO3 ʠ La1-xBaxFeO3 (x = 0.02, 0.044, 0.058 ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ (ʕʉ) ʠʟ 

ʧʨʝʢʫʨʩʦʨʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʪʞʠʛʦʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ LaFeO3 ʚ ʜʠʘʧʘʟʦʥʝ 500-900ʦʉ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ 

(ʈʌɸ), ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ. ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʦʥ ï 600ʦʉ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʕʉ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ LaFeO3 ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʘʨʠʷ. ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʙʘʨʠʷ ʚ ʩʦʩʪʘʚ 

LaFeO3 ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ, ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʩʧʝʰʥʦʤ ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ La3+ ʥʘ Ba2+ ʚ ɸ-ʧʦʟʠʮʠʷʭ 

ʧʝʨʦʚʩʢʠʪʘ. ɹʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʨʝʰʝʪʢʘ ʧʦʣʫʯʘʝʤʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʠʩʢʘʞʝʥʘ ʠ 

ʠʤʝʝʪ ʨʦʤʙʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pnma), ʢʨʦʤʝ ʪʦʛʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ La3+ (1.36 ¡) ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʢʘʪʠʦʥʘʤʠ Ba2+ (1.61 ¡) ʨʝʬʣʝʢʩʳ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʦʯʝʥʴ 

ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʫʛʣʦʚ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʢʠʩʣʦʨʦʜʥʳʭ 

ʚʘʢʘʥʩʠʡ ʠ ʞʝʣʝʟʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +4) ʚ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʜʦʧʘʥʪʘ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʢʪʘʵʜʨʦʚ ɺʆ6 ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ (ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʸʪ ʢʘʯʘʥʠʷ-ʚʨʘʱʘʥʠʷ). 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʉʕʄ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʥʳʝ ʙʘʨʠʝʤ ʚʦʣʦʢʥʘ LaFeO3 ʩʦʭʨʘʥʠʣʠ ʪʨʝʭʤʝʨʥʫʶ 

ʛʫʙʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʘʟʦʚ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʯʠʩʪʳʤ 

LaFeO3 ʀʂ-ʩʧʝʢʪʨʳ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʩ Ba ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʥʝ 

ʩʦʜʝʨʞʘʪ. ʄʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ.  

ɿʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ ʠ ʜʦʣʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʙʘʨʠʷ ʚ ʤʘʪʝʨʠʘʣʘʭ.  

ʀʟʤʝʨʝʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪʢʣʠʢʘ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʙʘʨʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʘʨʳ ʘʮʝʪʦʥʘ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ʜʳʨʦʢ) ʚ ʤʘʪʝʨʠʘʣʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʝʱʝʥʠʷ ʠʦʥʦʚ La3+ ʥʘ 

Ba2+ ʚ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ ʧʝʨʦʚʩʢʠʪʘ. ʂʦʤʧʝʥʩʘʮʠʷ ʟʘʨʷʜʘ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʤʝʭʘʥʠʟʤʘʤ: ʧʨʠ ʧʦʤʦʱʠ ʢʠʩʣʦʨʦʜʥʦʡ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ ʣʠʙʦ ʠʟʤʝʥʝʥʠʝʤ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʘ ʩ 3+ ʥʘ 4+, ʦ ʯʝʤ 

ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʨʘʥʝʝ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʚʩʝʡ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʤʘʪʝʨʠʘʣ ʩ  

2 ʘʪ.% Ba. ʅʘʙʣʶʜʘʝʤʘʷ ʩʝʣʝʢʪʠʚʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢ ʘʮʝʪʦʥʫ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʜʘʥʥʦʛʦ ʛʘʟʘ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CO ʠ NH3.   

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʳʩʦʢʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 200-250ʦʉ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʘʮʝʪʦʥʘ ʚ ʨʝʞʠʤʝ DRIFT, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʪʝʨʤʦʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʜʝʩʦʨʙʮʠʝʡ 

(ʊʇɼ) ʘʮʝʪʦʥʘ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʦʢʠʩʣʝʥʠʷ. ɹʳʣʘ 

ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʘʪʥʳʭ ʛʨʫʧʧ, ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʪʘʧʘ 

ʦʢʠʩʣʝʥʠʷ ʘʮʝʪʦʥʘ ʜʦ CO2 ʠ H2O. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʩʠʥʪʝʟʘ LaFeO3 ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʬʝʨʨʠʪʘ ʣʘʥʪʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ba. ɼʣʷ  

La1-xBaxFeO3 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ, 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʛʘʟʘʤʠ. ɺʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʘʮʝʪʦʥ ʧʨʠ 

ʟʘʤʝʱʝʥʠʠ La ʥʘ Ba, ʦʙʥʘʨʫʞʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢ ʘʮʝʪʦʥʫ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʨʤʠʘʪʥʳʭ ʛʨʫʧʧ ʧʨʠ ʝʛʦ ʦʢʠʩʣʝʥʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-73-01093. 

ʐʠʨʦʢʦʧʦʣʦʩʥʘʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ  

ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ  

ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ 

ʨʝʟʠʩʪʠʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 
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ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119234, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʈɸʅ, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, 
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ʆʢʩʠʜ ʛʨʘʬʝʥʘ (ʆɻ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 2D ʤʘʪʝʨʠʘʣʦʤ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʆɻ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʧʦʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʤʝʤʨʠʩʪʦʨʳ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ 

ʦʙʨʘʪʠʤʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʦʤʥʳʭ ʠ ʥʠʟʢʦʦʤʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [1]. ɺ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʆɻ ʩ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʠ 

ʩʦʩʪʦʷʥʠʷ ʥʝ ʪʦʣʴʢʦ ʩʤʝʱʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʠ ʩʚʝʪʦʤ. 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʋʅʏ) ʩʭʦʞʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩ ʆɻ, ʥʦ 

ʧʨʠ ʵʪʦʤ, ʧʦ ʜʘʥʥʳʤ ʋʌ ʠ ʌʃ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʚʦʟʙʫʞʜʘʷ ʵʣʝʢʪʨʦʥʳ ʠ ʜʳʨʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʆɻ ʠ ʋʅʏ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ 

ʨʝʟʠʩʪʠʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ.  

ʆɻ ʙʳʣ ʥʘʥʝʩʝʥ ʤʝʪʦʜʦʤ ʩʧʠʥ-ʢʦʘʪʠʥʛʘ ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘʥʦʤʝʪʨʦʚʦʡ 

ʪʦʣʱʠʥʳ ʥʘ ʧʦʜʣʦʞʢʫ SiO2 (1 ʩʤ ʭ 1 ʩʤ) [2]. ʇʦʣʫʯʝʥʥʫʶ ʧʣʝʥʢʫ ʦʪʞʠʛʘʣʠ ʧʨʠ 

120Áʉ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʛʠʜʨʘʟʠʥʦʤ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150Áʉ. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʆɻ/ʋʅʏ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʧʣʝʥʢʠ ʆɻ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʋʅʏ ʥʘ ʆɻ ʤʝʪʦʜʦʤ ʩʧʠʥ-ʢʦʘʪʠʥʛʘ.  

ʇʣʝʥʢʠ ʆɻ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʂʈ, ʀʂ ʠ ʈʌʕ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʠ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʝʪʢʠ ʜʚʦʡʥʳʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʆɻ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʟʦʪʘ ʢʘʢ ʜʦʥʦʨʥʦʛʦ ʮʝʥʪʨʘ ʚ ʆɻ [3].  

ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʆɻ ʠ ʋʅʏ ʠ ʩʧʝʢʪʨʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʋʅʏ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʷʨʢʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʚʧʣʦʪʴ ʜʦ 650 ʥʤ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʆɻ ʠ ʋʅʏ ʦʙʣʘʜʘʶʪ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʦʪʢʣʠʢʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʚ 

ʜʠʘʧʘʟʦʥʝ 405-650 ʥʤ. ʇʨʠ ʵʪʦʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʨʝʟʠʩʪʠʚʥʳʝ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʤʝʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ 
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ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʩʚʝʪʘ. ʊʘʢʦʛʦ ʨʦʜʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʨʠʮʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʬʦʪʦʤʝʤʨʠʩʪʦʨʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʘʤʷʪʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-49-00159 
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ʈʦʣʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ E. coli ʠ ʢʠʰʢʠ ʪʝʣʸʥʢʘ  

ʚ ʩʠʥʪʝʟʝ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ 
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ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ (ʑʌ) E. coli ʠʣʠ ʢʠʰʢʠ ʪʝʣʸʥʢʘ; ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ, ʧʨʠʩʫʪʩʪʚʠʷ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ (ɻɺ), ʠʟʙʳʪʢʘ CaCl2 

ʥʘ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝʘʢʮʠʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʛʣʠʮʝʨʦʬʦʩʬʘʪʘ ʢʘʣʴʮʠʷ ʧʨʠ 37ÁC ʚ Tris-ʙʫʬʝʨʝ (pH 8.8), ʠʦʥʥʘʷ ʩʠʣʘ 

ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʝʥʘ ʜʦʙʘʚʣʝʥʠʝʤ NaCl ʠ MgCl2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʜʦʣʷ 

ʢʘʣʴʮʠʷ (ʜʦ 15%) ʚ ʩʦʩʪʘʚʝ ʬʦʩʬʘʪʦʚ ʙʳʣʘ ʟʘʤʝʱʝʥʘ ʥʘ ʤʘʛʥʠʡ. ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 1, 4, 5 ʠ 7 ʩʫʪ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ɻɺ ʧʨʦʚʦʜʠʣʠ 

ʜʣʷ ʦʙʦʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʪʝʯʝʥʠʝ 1 ʠ 7 ʩʫʪ, ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ 

ʦʩʘʜʢʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʜʦʙʘʚʣʝʥʠʝʤ CaCl2 ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 

Ca/P = 1.67 ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʩʠʥʪʝʟʘ ʩ ʑʌ ʢʠʰʢʠ ʪʝʣʸʥʢʘ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʢ ʤʝʥʴʰʝʡ ʥʘ 40% ʤʘʩʩʦʡ ʦʩʘʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʠ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ɸʕʉ).  

ʅʘ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʢʦʣʝʙʘʥʠʷʤ ʚʦʜʳ (ʚʘʣ. 3600-3000 ʩʤ-1; ʜʝʬ. 1645 ʩʤ-1), ʬʦʩʬʘʪ-

ʘʥʠʦʥʘ (ɜ3 ï 1124, 1090, 1026 ʩʤ-1; ɜ1 = 952 ʩʤ
-1; ɜ4 = 635, 600, 560 ʩʤ

-1) ʠ ʧʦʣʦʩʫ 

880 ʩʤ-1, ʦʪʥʝʩʝʥʥʫʶ ʢ ʛʠʜʨʦʬʦʩʬʘʪ-ʘʥʠʦʥʫ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʢʘʨʙʦʥʘʪ-ʘʥʠʦʥʘ. ɼʣʷ ʚʳʩʦʢʦʢʨʠʩʪʘʣʣʠʯʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʟʙʳʪʢʦʤ Ca ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 

ʪʝʯʝʥʠʝ 7 ʩʫʪ ʩ ʑʌʂʊ, ʥʘʙʣʶʜʘʣʠ ʢʨʘʩʥʳʝ ʩʜʚʠʛʠ ʤʘʢʩʠʤʫʤʦʚ (ʜʦ +5 ʩʤ-1), 

ʧʦʣʦʩʫ ɜ2 = 470 ʩʤ-1 ʠ ʧʦʣʦʩʳ ʚ ʜʘʣʴʥʝʡ ʀʂ ʦʙʣʘʩʪʠ (260, 220 ʠ 190 ʩʤ-1), 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʢʦʣʝʙʘʥʠʷʤ ʠʦʥʥʳʭ ʩʚʷʟʝʡ Ca2+ïX-. ʅʘʙʦʨ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʘʤ ʦʢʪʦʢʘʣʴʮʠʝʚʦʛʦ ʬʦʩʬʘʪʘ (ʆʂʌ) ʠʣʠ 

ʥʝʩʪʝʭʠʤʝʪʨʠʯʝʩʢʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ (ʥɻɸʇ). ʀʉʇ-ɸʕʉ ʠ ʕɼʉ-ʉʕʄ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʩ ʑʌ ʢʠʰʢʠ ʪʝʣʸʥʢʘ ʟʘ 1 ʩʫʪ (Ca+Mg)/P = 1.33Ñ0.04, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʆʂʌ, ʟʘ 7 ʩʫʪ ï ʥɻɸʇ ʩ (Ca+Mg)/P = 1.53Ñ0.04, ʟʘ 5 ʩʫʪ ï ʩʤʝʩʴ 

ʩ  (Ca+Mg)/P = 1.42Ñ0.04. ʇʨʦʜʫʢʪ ʩʠʥʪʝʟʘ ʩ ɽʑʌ ʟʘ ʣʶʙʦʝ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ï 

ʥɻɸʇ ʩ (Ca+Mg)/P = 1.53Ñ0.04. ɼʦʙʘʚʣʝʥʠʝ ɻɺ ʠʣʠ CaCl2 ʥʝ ʚʣʠʷʝʪ ʥʘ 

(Ca+Mg)/P. ʇʨʠʩʫʪʩʪʚʠʝ Mg2+, Zn2+ ʜʝʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ ʆʌʂ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥɻɸʇ ʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. 

ʉʠʥʪʝʟ ʩ ɽʑʌ ʟʘ 1 ʩʫʪ ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʝ, ʥʘʧʦʤʠʥʘʶʱʝʡ ʧʦʣʠʤʝʨʥʳʝ 

ʮʝʧʠ, ʦʩʪʘʣʴʥʳʝ ʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʘʢ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʨʠʩʪʳʝ 

mailto:georgii.mikhailov@chemistry.msu.ru


ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

112 

ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʜʠʫʩʦʤ 50-2000 ʥʤ, ʧʫʩʪʳʝ ʠʟʥʫʪʨʠ ʦʪ ~1 ʤʢʤ, ʩ ʨʘʚʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ Ca, Mg, P. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʬʦʩʬʘʪ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʩ ʑʌ E. coli ʟʘ 1 ʩʫʪ ʠʤʝʝʪ ʩʣʘʙʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʫʰʠʨʝʥʥʫʶ ʧʦʣʦʩʫ 560 ʩʤ-1), ʭʘʨʘʢʪʝʨʥʫʶ ʘʤʦʨʬʥʦʤʫ ʬʦʩʬʘʪʫ 

ʢʘʣʴʮʠʷ, ʥʦ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʑʌ 

ʢʠʰʢʠ ʪʝʣʸʥʢʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʑʌ 

E. coli, ʜʦʙʘʚʣʝʥʠʝ ɻɺ ʠʥʛʠʙʠʨʫʝʪ ʘʛʨʝʛʘʮʠʶ. ɺʝʨʦʷʪʥʦ, ɻɺ, ʙʫʜʫʯʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʦʙʨʘʟʫʶʪ 

ʧʦʣʠʤʝʨʥʫʶ ʧʣʝʥʢʫ ʥʘ ʯʘʩʪʠʮʘʭ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ 

ʘʛʨʝʛʘʮʠʶ.  ʇʦʢʘʟʘʥ ʨʦʩʪ ʨʘʜʠʫʩʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ: ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʨʠ ʩʠʥʪʝʟʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɽʑʌ ʩʦʩʪʘʚʣʷʣ 505 ʥʤ ʧʨʠ 

ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ 1 ʩʫʪ, 285 ʥʤ ï 4 ʩʫʪ, 220 ʥʤ ï 7 ʩʫʪ; ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʑʌ 

ʢʠʰʢʠ ʪʝʣʸʥʢʘ 530 ʥʤ ï  1 ʩʫʪ, 495 ʥʤ ï 5 ʩʫʪ, 230 ʥʤ ï 7 ʩʫʪ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʩʬʘʪʳ 

ʢʘʣʴʮʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʚ ʚʠʜʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʝʚʨʘʱʘʪʁʩʷ ʚ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ. ʇʨʠʨʦʜʘ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʬʝʨʤʝʥʪʘ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ 

ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʨʝʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʬʝʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʢʘʣʴʮʠʡʜʝʬʠʮʠʪʥʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʢʘʢ ʜʣʷ ʑʌ E. coli, ʪʘʢ ʠ ʢʠʰʢʠ ʪʝʣʝʥʢʘ ʚ ʪʝʯʝʥʠʝ 7-ʜʥʝʚʥʦʛʦ ʩʠʥʪʝʟʘ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʤʘʛʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʦʥʠ ʨʘʚʥʦʤʝʨʥʦ ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʦʛʦ ʬʦʩʬʘʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʢʘʣʴʮʠʬʠʢʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ 122012600116-4 (ʚ ʯʘʩʪʠ ʩʠʥʪʝʟʘ 

ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ), ʛʦʩʟʘʜʘʥʠʷ AAAA -A21-121011590089-1 (ʚ ʯʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʀʉʇ-ɸʕʉ), ʉʕʄ-ʕɼʉ ʧʨʦʚʝʜʝʥʦ ʚ ʮʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ çʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚ ʥʘʫʢʘʭ ʦ ʞʠʟʥʠè ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ (ʋʅʋ çʊʨʝʭʤʝʨʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷè). 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʘʥʘʜʘʪʳ 

ʤʝʪʘʣʣʦʚ (Bi, In) ʩ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 
 

ʄʦʞʘʨʦʚ ʗ.ʄ.,1 ʄʘʨʠʢʫʮʘ ɸ.ɺ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɻʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʦʥʪʨʦʣʝ ʪʦʢʩʠʯʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʢʦʥʪʨʦʣʝ 

ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʦʙʥʘʨʫʞʝʥʠʠ ʧʦʞʘʨʘ, ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʧʠʱʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ [1,2]. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʝʥʩʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʣʘʜʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʩʣʝʜʦʚʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʛʘʟʦʚ, 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʜʝʰʝʚʠʟʥʳ ʠ ʧʨʦʩʪʦʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ ʥʝ 

ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʘʤʳʤʠ ʟʥʘʯʠʤʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ [3]. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʛʘʟʦʚʳʤ ʩʝʥʩʦʨʘʤ 

ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ɿʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʣʦʞʥʦʛʦ ʦʢʩʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʛʘʟʘʤʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ [4]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʛʘʟʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʥʦʛʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ 

ʦʩʪʘʸʪʩʷ ʥʝ ʠʟʫʯʝʥʥʦʡ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʦʢʩʠʜʘ ʥʘ 

ʛʘʟʦʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ InVO4 ʠ BiVO4, ʘ ʪʘʢʞʝ 

ʧʨʦʩʪʳʭ ʦʢʩʠʜʦʚ In2O3 ʠ V2O5 ʢʘʢ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʛʘʟʘʤʠ.  

ʆʙʨʘʟʮʳ In2O3 ʠ BiVO4-CP ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ, ʘ ʦʙʨʘʟʮʳ 

V2O5, InVO4 ʠ BiVO4-HT ï ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʚʳʙʦʨ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ BiVO4: ʦʙʨʘʟʝʮ BiVO4-CP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʜʨʝʝʨʠʪʘ, ʘ BiVO4-HT ï ʤʦʥʦʢʣʠʥʥʫʶ ʬʘʟʫ 

ʢʣʠʥʦʙʠʩʚʘʥʠʪʘ. 

ʉ ʧʦʤʦʱʴʶ ʊʇɼ ʘʤʤʠʘʢʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ In2O3 < InVO4 < V2O5 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʪʥʦʰʝʥʠʷ ʟʘʨʷʜʘ ʢʘʪʠʦʥʘ ʢ ʨʘʜʠʫʩʫ. ʂʠʩʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

BiVO4-CP ʠ V2O5 ʦʢʘʟʘʣʘʩʴ ʩʦʧʦʩʪʘʚʠʤʘ, ʘ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ BiVO4-HT 

ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʊʇɺ-H2 ʩʣʝʜʫʝʪ, ʯʪʦ InVO4 ʠ BiVO4 
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ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʩʪʳʤʠ ʦʢʩʠʜʘʤʠ, ʘ ʩ 

ʧʦʤʦʱʴʶ ʈʌʕʉ ʠ ʕʇʈ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ InVO4 ʙʦʣʴʰʝ ʩʢʣʦʥʝʥ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ In2O3.  

ʉʦʛʣʘʩʥʦ ʩʝʥʩʦʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ, InVO4 ʠ BiVO4 ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʛʘʟʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʛʘʟʘʤ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤ, ʯʝʤ ʧʨʦʩʪʳʝ ʦʢʩʠʜʳ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʊʇɺ, ʘ V2O5 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʠʟʤʝʨʷʝʤʳʤ ʛʘʟʘʤ. InVO4 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ NO2 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 150 ÁC. ʉʝʥʩʦʨʥʳʡ ʩʠʛʥʘʣ InVO4 ʥʘ 1 ppm NO2 ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʩʠʛʥʘʣ In2O3, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʜʦ 60 %. ʉ ʧʦʤʦʱʴʶ ʀʂ-in-situ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ InVO4 ʧʦʤʠʤʦ ʦʙʨʘʟʦʚʘʥʠʷ NO2
- ʠ NO3

- ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO2 ʜʦ NO, ʧʨʦʪʝʢʘʥʠʶ ʢʦʪʦʨʦʡ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʩʪʨʫʢʪʫʨʝ InVO4. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʛʘʟʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

InVO4 ʢ NO2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ In2O3.  

ʉʝʥʩʦʨʳ BiVO4-HT ʠ BiVO4-CP ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʢ H2S 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100 oC ʠ 200 oC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʩʝʥʩʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʘʮʝʪʦʥʫ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ BiVO4-HT ʢ H2S ʠ BIVO4-CP ʢ ʘʮʝʪʦʥʫ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ 

ʚʣʘʞʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʳʭ ʜʚʫʭ 

ʦʙʨʘʟʮʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ VO4 ʚ BiVO4 ʠ VO5 ʚ 

V2O5 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʛʘʟʘʤʠ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʬʦʨʤʠʨʫʷ ʜʦʥʦʨʥʳʝ ʮʝʥʪʨʳ 

V4, ʟʘ ʩʯʸʪ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ ʩʝʥʩʦʨʥʳʡ ʩʠʛʥʘʣ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ BiVO4 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ H2S ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ Bi
3+ 

ʠ VO4
3- ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʠ ʦʢʠʩʣʝʥʠʠ ʮʝʣʝʚʦʛʦ ʛʘʟʘ. ʀʟʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʘʜʩʦʨʙʮʠʝʡ ʠ ʪʝʨʤʦʘʢʪʠʚʠʨʫʝʤʦʡ 

ʨʝʘʢʮʠʝʡ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʫʯʘʝ 

ʘʮʝʪʦʥʘ [5,6]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-73-10038. 

 
[1] A. Tricoli, M. Righettoni, A. Teleki. Angewandte Chemie 49(42) (2010) 7632ï7659. 

[2] D. J. Kohl. Phys. D: Appl. Phys. 34 (2001) 125ï149. 

[3] M.V. Nikolic et al. Sensors 20(22) (2020) 1ï31. 

[4] D. Zhang et al. Coordination Chemistry Reviews. 413 (2020) 213272. 

[5] Y. Mozharov et al. Sens Actuators B Chem. 417 (2024) 136054. 

[6] Y. Mozharov et al. Sens Actuators B Chem. 390 (2023) 134000. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʮʝʨʠʷ  

ʩ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʤʠ ʦʩʪʦʚʘʤʠ ʠ ʥʘʥʦʯʘʩʪʠʮ CeO2 
 

ʅʠʢʘʥʜʨʦʚ ʅ.ʄ.1, ʉʧʘʩʩʢʘʷ ʉ.ɸ.2, ʎʳʤʙʘʨʝʥʢʦ ɼ.ʄ.2 

 
1 ʌʅʄ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʅʘʥʦʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠʚʣʝʢʘʝʪ ʠʥʪʝʨʝʩ ʚ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʟʘ ʟʘ 

ʩʯʝʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨʳ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟ ʧʦʣʠʷʜʝʨʥʳʭ ʦʢʩʦ- ʠ ʛʠʜʨʦʢʩʦʢʘʨʙʦʢʩʠʣʘʪʦʚ ʮʝʨʠʷ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʣʶʦʨʠʪʦʧʦʜʦʙʥʳʝ ʦʩʪʦʚʳ, ʥʘʧʨʠʤʝʨ Ce6O8(piv)8(deta)4, 

Ce6O4(OH)4(piv)12(deta)2 ʠ Ce6O4(OH)4(piv)12 (Hpiv ï ʧʠʚʘʣʝʚʘʷ ʢʠʩʣʦʪʘ, deta ï 

ʜʠʵʪʠʣʝʥʪʨʠʘʤʠʥ) [1]. ɺʳʙʦʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ 

ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨʳ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ CeO2. ʊʨʘʜʠʮʠʦʥʥʦ ʨʫʪʠʥʥʳʤ 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩʯʠʪʘʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ. ʄʝʪʦʜ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʜʘʣʴʥʝʤʫ 

ʧʦʨʷʜʢʫ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʧʘʢʦʚʢʦʡ ʤʦʣʝʢʫʣ, ʥʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʜʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ ʯʠʩʣʘ 

ʠʥʪʝʥʩʠʚʥʳʭ ʧʠʢʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʷʜʝʨʥʦʡ ʤʦʣʝʢʫʣʳ. ʇʨʠ ʘʥʘʣʠʟʝ ʥʘʥʦʯʘʩʪʠʮ ʫʰʠʨʝʥʠʝ 

ʨʝʬʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʦʚ ʆʂʈ, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʥʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʩ ʘʥʘʣʠʟʦʤ ʬʫʥʢʮʠʠ ʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(PDF, pair distribution function) [2]. PDF ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʩʪʦʛʨʘʤʤʫ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʳ, ʥʦ ʠ 

ʥʘʥʦʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʘʤʦʨʬʥʳʝ ʦʙʨʘʟʮʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ PDF ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʦʤ PDF ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʝʪʘʣʠ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 

Ce6O8(piv)8(deta)4, Ce6O4(OH)4(piv)12(deta)2 ʠ Ce6O4(OH)4(piv)12 (ʈʠʩ. 1ɸ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ ʜʠʬʨʘʢʮʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 300K. 

ʀʩʩʣʝʜʦʚʘʥʠʝ in situ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʣʠʟʘ ʢʦʤʧʣʝʢʩʘ Ce6O8(piv)8(deta)4 ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦʱʴʶ ʧʦʣʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʈʠʩ. 1ɹ) ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʣʦʢʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ 

ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʧʨʠ 120ęC ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʧʠʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʪʦʷʥʠʷʤ CeïCe. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 
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ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʩʪʦʚʘ [CexOy] ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʥʘʥʦʯʘʩʪʠʮ CeO2.  

 

ʈʠʩ. 1. ɸ ï PDF ʢʦʤʧʣʝʢʩʦʚ Ce6O8(piv)8(deta)4 ʠ Ce6O4(OH)4(piv)12(deta)2. ɹ 

ï ʬʫʥʢʮʠʠ ʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (PDF), ʧʦʣʫʯʝʥʥʳʝ ʠʟ in situ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ Ce6O8(piv)8(deta)4 ʤʝʪʦʜʦʤ PDF ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʇʕʄ (ʈʠʩ. 2). 

 

ʈʠʩ. 2. ɸ ï PDF ʥʘʥʦʯʘʩʪʠʮ CeO2, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʟ Ce6O8(piv)8(deta)4. ɹ ï ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʭ ʞʝ ʥʘʥʦʯʘʩʪʠʮ CeO2, 

ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʇʕʄ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-73-10089. 

[1] D. Grebenyuk, I. Martynova, D. Tsymbarenko. Eur J Inorg Chem. 26 (2019) 3103ï3111. 

[2] D. Tsymbarenko, D. Grebenyuk, M. Burlakova, M. Zobel. J. Appl. Cryst. 55 (2022) 890ï900. 
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ʥʘ ʦʩʥʦʚʝ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Pd-Pt-Ni 
 

ʇʣʝʰʘʢʦʚ ɻ.ɸ.1, ʂʘʣʠʥʠʥ ʀ.ɸ.1,2, ʈʦʩʣʷʢʦʚ ʀ.ɺ.1, ʅʘʧʦʣʴʩʢʠʡ ʂ.ʉ.1,2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

georgij.pleshakov.03@mail.ru  

ʊʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʢʘʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʙʳʪʫ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʤʘʣʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʦʚ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʠʩʣʝʥʠʷ ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʥʘʥʦʯʘʩʪʠʮ 3Pd-Pt. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 3Pd-Pt 

ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʦʣʦ 500 Áʉ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʩʦʩʪʘʚ 

ʥʘʥʦʯʘʩʪʠʮ ʜʦʙʘʚʣʷʶʪ ʧʨʦʤʦʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʥʠʢʝʣʴ ʠʣʠ ʢʦʙʘʣʴʪ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: 1) ʧʨʦʧʠʪʢʘ ʧʦʨʠʩʪʦʛʦ ʦʢʩʠʜʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʨʘʩʪʚʦʨʘʤʠ ʧʨʝʢʫʨʩʦʨʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʠ 2) 

ʢʦʣʣʦʠʜʥʳʡ ʩʠʥʪʝʟ ʧʦ ʤʝʪʦʜʠʢʝ çʛʦʨʷʯʝʡ ʠʥʞʝʢʮʠʠè, ʧʦʟʚʦʣʷʶʱʠʡ ʪʦʯʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ ʠ ʩʦʩʪʘʚ Pd-ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ 

ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʤʝʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ 3Pd-Pt ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʢʠ Ni ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʪʪʝʩʪʘʮʠʝʡ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʨʘʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʥʘ ʨʘʟʦʛʨʝʪʳʝ ʜʦ 200 Áʉ 

ʧʣʘʪʠʥʦʚʳʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʥʦʩʠʣʠ ʩʫʩʧʝʥʟʠʶ ɔ-Al 2O3. ʇʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʴ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʤʠʥ ʧʨʠ 600 Áʉ ʜʣʷ ʚʳʩʳʭʘʥʠʷ 

ʩʫʩʧʝʥʟʠʠ. ɿʘʪʝʤ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ 

ɔ-Al 2O3 ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 0,6 ʄ PdCl2 + 0,2 ʄ H2PtCl6 + 

2,2 ʄ HCl ʠ Ni(NO3)2 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ (0,05 ʠ 0,2 ʄ).  

ʇʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʥʘʥʝʩʸʥʥʦʛʦ ɔ-Al2O3 ʩʦʩʪʘʚʠʣ 53 Ñ 16 ʥʤ. ʇʦ ʜʘʥʥʳʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʥʦʩʠʪʝʣʷ ʩʦʩʪʘʚʠʣʘ 237 ʤ2/ʛ, ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ 10 Ñ 1 ʥʤ. ʈʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʢʩʠʜʥʦʤ ʥʦʩʠʪʝʣʝ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ, ʦʢʘʟʘʣʩʷ ʤʝʥʝʝ 

5 ʥʤ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʝʥʩʦʨʦʚ ʚ 

ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ 500 Áʉ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʩʝʥʩʦʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʨʠʩ. 1). ʅʘʠʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʥʩʦʨʳ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʦʩʪʘʚʘ 3Pd-Pt-1/4Ni. ɼʣʷ ʥʠʭ ʧʘʜʝʥʠʝ 

ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʟʘ 7 ʜʥʝʡ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʘʚʠʣʦ 9,2% Ñ 3,4%, ʜʣʷ 

ʩʝʥʩʦʨʦʚ, ʥʝ ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʭ ʥʠʢʝʣʝʤ, ʜʘʥʥʦʡ ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 

12,6% Ñ 3,7%. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ, Áʉ

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. 

ʂʦʣʣʦʠʜʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʚʦʜʠʣʠ ʚ ʚʳʩʦʢʦʢʠʧʷʱʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʦʢʪʘʜʝʮ-1-ʝʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 280 ï 290 Áʉ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʳ ʧʘʣʣʘʜʠʷ ʠ ʥʠʢʝʣʷ, ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʥʦʯʘʩʪʠʮ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥ-ʪʨʠʦʢʪʠʣʬʦʩʬʠʥ, 

ʦʣʝʠʣʘʤʠʥ ʠ ʦʣʝʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʇʦ ʜʘʥʥʳʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʈʕʄ, ʨʘʟʤʝʨ 

ʥʘʥʦʯʘʩʪʠʮ Pd, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ ʢʦʣʣʦʠʜʥʦʛʦ ʩʠʥʪʝʟʘ, ʩʦʩʪʘʚʠʣ 7 Ñ 2 

ʥʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʦʪʦʨʦʚ ʠʟ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʣʫʯʰʝʥʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ 

ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʝʥʩʦʨʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʤʦʪʦʨʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʡ ʥʘʥʦʯʘʩʪʠʮʳ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ˉ 075-15-2021-1353.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ (ʵʣʝʢʪʨʦ)ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʟʠʤʦʚ ʩ ʧʝʨʦʢʩʠʜʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ 

 

ʇʦʚʘʛʘ ɽ.ʉ.1, ʐʥʝʡʜʝʨʤʘʥ ɸ.ɸ. 1,2, ʂʦʤʢʦʚʘ ʄ.ɸ.2 

 
1ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

 2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

 

povagaelena01@gmail.com  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʬʝʨʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʝʨʦʢʩʠʜʘʟ, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʙʠʦʤʘʨʢʝʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʦʤʦʣʝʢʫʣ, ʚʝʜʸʪʩʷ ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʝʪʦʢ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʟʠʤʳ ï 

ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʬʝʨʤʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʝʨʤʝʥʪʦʚ, ʥʘʥʦʟʠʤʳ 

ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʥʘʪʫʨʘʮʠʠ, ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʘʷ (ʵʣʝʢʪʨʦ)ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʤʝʪʢʠ ʢʘʢ ʜʣʷ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʪʝʩʪ-ʩʠʩʪʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʤʝʪʠʢʦʚ ʧʝʨʦʢʩʠʜʘʟʳ, ʢʘʪʘʣʠʟʠʨʫʶʱʝʡ ʨʝʘʢʮʠʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ H2O2, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʟʠʤʳ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ, ʠʤʠʪʠʨʫʶʱʠʭ ʛʝʤ ʬʝʨʤʝʥʪʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʤ ʩʠʥʪʝʟʫ ʥʘʥʦʟʠʤʦʚ, ʤʝʭʘʥʠʟʤ ʠʭ 

ʜʝʡʩʪʚʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ (ɹʃ)) ʜʝʪʘʣʴʥʦ ʥʝ ʠʟʫʯʝʥ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʘʥʦʟʠʤʦʚ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ 

ʥʘʥʦʟʠʤʦʚ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʬʝʨʤʝʥʪʥʫʶ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ɹʃ, Fe3O4, LiFePO4, Fe1-xS ʩ 

ʫʯʝʪʦʤ ʩʦʙʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ 

ʩʫʙʩʪʨʘʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʪʝʥʮʠʘʣʫ ʧʦʣʫʚʦʣʥʳ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʅ2ʆ2 ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʷʚʣʷʶʪʩʷ ʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʅ2ʆ2 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʠʭ ʨʝʜʦʢʩ-ʧʨʝʚʨʘʱʝʥʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʅ2ʆ2, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʥʘʥʦʟʠʤʘʤʠ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʸʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ (ʧʠʨʦʢʘʪʝʭʠʥʘ, ʞʝʣʪʦʡ ʢʨʦʚʷʥʦʡ ʩʦʣʠ (ɾʂʉ), ʦ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ).  ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʠ ʦʮʝʥʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ (kʢʘʪ) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʫʨʘʚʥʝʥʠʝ ʄʠʭʘʵʣʠʩʘ-ʄʝʥʪʝʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ 

mailto:povagaelena01@gmail.com


ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

120 

ʤʘʪʝʨʠʘʣʘ ʥʘʥʦʟʠʤʘ ʥʘ 70 ʤɺ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ kʢʘʪ ʥʘ 3 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ ʥʘʥʦʟʠʤʘ ʫʚʝʣʠʯʝʥʠʝ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʠʘʣʘ ʩʫʙʩʪʨʘʪʘ ʥʘ 150 ʤɺ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ kʢʘʪ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ 

ʚʝʣʠʯʠʥʳ (ʩʤ. ʈʠʩʫʥʦʢ 1). ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ ʥʘʥʦʟʠʤʘʤʠ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʥʦʯʘʩʪʠʮʳ ɹʃ (kʢʘʪ = 3,8 ʩ-1) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɾʂʉ, ʯʪʦ ʚʝʨʦʷʪʥʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʭʦʞʠʤ ʩ ʛʝʤʦʤ ʦʢʨʫʞʝʥʠʝʤ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ ɹʃ. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʦʪ ʨʘʟʥʠʮʳ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʥʘʥʦʟʠʤʘ. 

ɺʳʩʦʢʘʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʟʠʤʦʚ ʥʘ ʦʩʥʦʚʝ ɹʃ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʅ2ʆ2 ʩʝʥʩʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʉʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʨʘʚʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ɹʃ (S = 

1,1 A/ʄĿʩʤ2) ʟʥʘʯʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʧʦʨʷʜʢʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ Fe3O4 (S = 

0,04 A/ʄĿʩʤ2), LiFePO4 (S = 0,09 A/ʄĿʩʤ2) ʠ ʧʨʠʨʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ ʧʝʨʦʢʩʠʜʘʟʳ 

(S = 0,4 A/ʄĿʩʤ2 [1]), ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʫ ʩʝʥʩʦʨʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

ɺʳʷʚʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʘʪʘʣʠʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ H2O2 

ʥʘʥʦʟʠʤʘʤʠ, ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, 

ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʭ ʩʚʦʡʩʪʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ ʠ ʩʪʨʦʝʥʠʷ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʟʠʤʦʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʤʝʪʠʢʦʚ ʧʝʨʦʢʩʠʜʘʟ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-73-10015. 

[1] A. Lindgren, et al. Biosensors and Bioelectronics 9ï10 (15) (2000) 491ï497. 
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ʈʘʰʠʪʦʚʘ ʂ.ʀ.1, ʂʠʨʩʘʥʦʚ ɼ.ʆ.1, ɺʦʟʥʝʩʝʥʩʢʠʡ ʄ.ɸ.1, ʆʩʤʦʣʦʚʩʢʘʷ ʆ.ʄ.1 

 
1 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʉʇʙɻʋ, 198504, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ,  

 

rashitovaki@gmail.com  

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ 

ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʣʴʬʘʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ 

ʚʳʰʝ 20 ʤʤʦʣʴ/ʣ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ 

ʢʦʨʨʦʟʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʭʫʜʰʝʥʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʠʙʦʨʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʠʦʥʦʦʙʤʝʥʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ ʢʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ʀʉʕ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʪʠʧʘ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʣʴʬʘʪʦʚ ʚ ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʝʤʙʨʘʥ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʘʛʥʝʪʠʪʘ (Fe3O4). ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʥʦʯʘʩʪʠʮʳ ʤʘʛʥʝʪʠʪʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʩʦʦʩʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʠʟ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II) ʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III). 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ; ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʩʦʩʪʘʚʠʣ 20 ʥʤ. ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʇɺʍ 

ʤʝʤʙʨʘʥ ʜʣʷ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʝʤʙʨʘʥ ʠ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

6 ʚʘʨʠʘʥʪʦʚ ʤʝʤʙʨʘʥ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ Fe3O4 ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʡʪʨʘʣʴʥʳʡ ʩʫʣʴʬʘʪ-

ʩʝʣʝʢʪʠʚʥʳʡ ʠʦʥʦʬʦʨ ʠ ʠʦʥʥʳʡ ʦʙʤʝʥʥʠʢ. 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʤʝʤʙʨʘʥ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʚ ʤʝʤʙʨʘʥʘʭ ʤʝʪʦʜʦʤ EDX-

ʢʘʨʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʜʣʷ 

ʦʮʝʥʢʠ ʠʭ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ 
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ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ "ʧʦʣʦʩʪʝʡ" ʚ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʩʦʨʙʮʠʶ ʘʥʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʠʬʠʢʘʪʦʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʝʤʙʨʘʥ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʜʠʣʦ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʝʤʙʨʘʥʥʦʡ ʤʘʪʨʠʮʝ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʘʥʠʦʥʦʚ SO4
2-, HPO4

2-, HCO3
-, H2PO4

-, NO3
- ʠ Cl-, ʘ ʪʘʢʞʝ 

ʚ ʩʤʝʰʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʭʣʦʨʠʜʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʳʩʦʢʦʝ 

ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʣʝʚʦʛʦ ʘʥʘʣʠʪʘ. ʉʝʥʩʦʨʳ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʘʛʥʝʪʠʪʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʡ 

ʦʪʢʣʠʢ ʥʘ ʩʫʣʴʬʘʪʳ ʠ ʥʠʟʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʰʘʶʱʠʤ ʣʠʧʦʬʠʣʴʥʳʤ 

ʘʥʠʦʥʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʝʥʩʦʨʳ ʷʚʣ̫ʁ ʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʣʴʬʘʪʘ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʝʥʩʦʨʦʚ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʦʚ ʚ ʧʨʦʙʘʭ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ çDonatè ʠ çStelmasè. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʝʥʩʦʨʘʤʠ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʦ ɻʆʉʊ 31940-

2012. ʈʘʟʣʠʯʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 3%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʝʥʩʦʨʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʝ 

Surfaces and Interfaces (10.1016/j.surfin.2024.104326).  

ɸʚʪʦʨ ʨʘʙʦʪʳ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʈʝʩʫʨʩʥʳʤ ʮʝʥʪʨʘʤ ʉʇʙɻʋ 

çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 

ʚʝʱʝʩʪʚʘè, çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè, 

çʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠè, çʅʘʥʦʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʅʘʥʦʬʦʪʦʥʠʢʘ)è, çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷè ʠ çʅʘʥʦʪʝʭʥʦʣʦʛʠʠè. 
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ʆʧʪʠʤʠʟʘʮʠʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʢʦʣʣʦʠʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʪʨʦʥʮʠʷ 
 

ʉʝʤʠʥʘ ɸ.ɸ.1, ɽʣʠʩʝʝʚ ɸ.ɸ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119234, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

samstayteen@gmail.com  

ɻʝʢʩʘʬʝʨʨʠʪʳ (ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʬʝʨʨʠʪʳ ʄ-ʪʠʧʘ) XFe12O19, ʛʜʝ 

ʍ = Ba, Sr, Pb ð ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ [1]. ʆʜʥʘʢʦ ʜʣʷ ʠʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʳ ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʚ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʥʠʟʦʪʨʦʧʥʘʷ ʬʦʨʤʘ ʠ ʧʦʩʪʦʷʥʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʙʳʪʴ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʩʝʥʩʦʨʥʳʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʫʞʝ ʙʳʣ ʧʦʢʘʟʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ [2], ʜʘʥʥʳʝ ʦ ʧʦʧʳʪʢʘʭ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʝʣʠʯʠʥʳ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʘ ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʪʨʦʥʮʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʚ 

ʠʥʪʝʨʚʘʣʝ 650-750 Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʘʛʥʠʪʦʪʚʝʨʜʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʪʨʦʥʮʠʷ SrFe12-xAl xO19 ʚ ʩʦʩʪʘʚʝ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 

ʥʠʭ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʦʪ 2,2 ʜʦ 5,2 ʢʕ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. ʇʫʪʝʤ ʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 3% HCl 

ʥʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʙʦʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠʩʴ ʚ ʚʦʜʝ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʝʨʠʠ çpH=2è; 

ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ çpH=4è. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʩʪʚʦʨʦʚ ʩʝʨʠʠ çpH=2è ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʣʷ ʩʝʨʠʠ çpH=4è ʥʝʤʦʥʦʪʦʥʥʘʷ ʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 710 Áʉ. ɼʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʇʕʄ ʩʝʨʠʠ çʨʅ=4è, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʷʚʣʷʝʪʩʷ ʛʝʢʩʘʬʝʨʨʠʪ 

ʩʪʨʦʥʮʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʦʩʘʜʢʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʠʭ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʧʦʩʣʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʚʦʟʨʘʩʪʘʝʪ ʜʣʷ ʦʙʝʠʭ ʩʝʨʠʡ, ʥʦ ʚʚʠʜʫ ʤʝʥʴʰʝʛʦ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 
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ʜʣʷ ʩʝʨʠʠ çʨʅ=2è ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ. ɺʳʰʝ 700 Áʉ ʚʝʣʠʯʠʥʘ ʦʪʢʣʠʢʘ ʩʝʨʠʠ 

çʨʅ=2è ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʠʞʝʥʠʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ, ʩʪʘʙʠʣʴʥʳʭ ʧʨʠ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʠʦʥʥʦʡ 

ʩʠʣʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʄʆ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ 

ʩʝʨʠʠ çʨʅ=4è, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʦʪʦʞʞʸʥʥʦʡ ʧʨʠ 750 Áʉ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʤʘʣʦʚʝʨʦʷʪʥʳʤ ʚʚʠʜʫ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 60 ʤʛ/ʣ. ʆʧʪʠʤʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 710 Áʉ ʠ ʨʅ=4 ʚʚʠʜʫ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23ï73ï10045. 

 
[1] R.C. Pullar. Progress in Materials Science. 57(7) (2012) P. 1191ï1334. 

[2] S.E. Kushnir et al. Journal of Materials Chemistry Royal Society of Chemistry 22(36) (2012) 

18893ï18901. 
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ʇʘʣʣʘʜʠʝʚʳʝ ʥʘʥʦʥʠʪʠ ʚ ʧʦʨʘʭ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ  

ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 
 

ʉʝʨʜʶʢʦʚ ʀ.ʉ.1, ʐʠʨʠʥ ʅ.ɸ.2, ʈʦʩʣʷʢʦʚ ʀ.ɺ.1, ʅʘʧʦʣʴʩʢʠʡ ʂ.ʉ.1,2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

serdyukovis@my.msu.ru  

ʅʘʥʦʥʠʪʠ ʧʘʣʣʘʜʠʷ ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʘʣʣʘʜʠʷ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʚʦʜʦʨʦʜ. 

ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʝʥʩʦʨʘʭ 

ʚʦʜʦʨʦʜʘ, ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʠ ʤʝʤʙʨʘʥʘʭ ʜʣʷ ʛʘʟʦʨʘʟʜʝʣʝʥʠʷ. ʀʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʥʠʪʝʡ ʷʚʣʷʝʪʩʷ ʪʝʤʧʣʘʪʥʦʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʚ 

ʧʦʨʳ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ɸʆɸ). ʇʦʩʢʦʣʴʢʫ ɸʆɸ ʷʚʣʷʝʪʩʷ 

ʜʠʵʣʝʢʪʨʠʢʦʤ, ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʪʝʤʧʣʘʪʥʦʤ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʪʨʝʙʫʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʥʠʪʝʡ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʪʨʝʙʫʝʪ 

ʥʘʧʳʣʝʥʠʷ ʪʦʢʦʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ, ʦʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʦʩʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ 

ɸʆɸ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʥʠʪʝʡ ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʚ ʧʦʨʳ ɸʆɸ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. 

 

ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ (ɸʆɸ) (ʘ, ʚ) ʠ ʬʦʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ɸʆɸ (ʙ, ʛ) ʚ ʩʣʫʯʘʝ ʟʘʚʝʨʰʝʥʠʷ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 5 ɺ (ʘ, ʙ) ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʥʦʜʠʨʦʚʘʥʠʝʤ 

ʧʨʠ 5 ɺ (ʚ, ʛ). 
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ʀʩʭʦʜʷ ʠʟ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ (U), ʫʪʦʥʯʝʥʠʝ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʜʦʩʪʠʛʘʣʠ ʩʥʠʞʝʥʠʝʤ U ʚ ʭʦʜʝ 

ʘʥʦʜʠʨʦʚʘʥʠʷ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ 1 ʄ H3PO3 ʧʨʠ 5 ÁC. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ U 

ʟʘʜʘʚʘʣʠ ʨʘʚʥʳʤ 150 ɺ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʥʠʞʝʥʠʝʤ ʜʦ 5 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ 278 

ɺĿʩʤ2/ʂʣ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ: ʩ ʟʘʚʝʨʰʝʥʠʝʤ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 5 ɺ (ʨʠʩ. 1ʘ) ʠ ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ ʘʥʦʜʠʨʦʚʘʥʠʷ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 1 ʤʢʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 5 ɺ (ʨʠʩ. 1ʚ). 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ. ʗʯʝʡʢʫ ʟʘʧʦʣʥʷʣʠ ʵʣʝʢʪʨʦʣʠʪʦʤ ʩʦʩʪʘʚʘ 0,27 ʄ PdCl2, 

0,28 ʄ NH4Cl (pH = 9). ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʧʦʜʘʚʘʣʠ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʯʘʩʪʦʪʦʡ 50 ɻʮ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʅʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʚ ʜʠʘʧʘʟʦʥʝ 5 ï 7,5 ɺ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʤʝʥʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʥʝ ʧʨʦʪʝʢʘʣʦ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʙʣʶʜʘʣʠ ʦʪʩʣʦʝʥʠʝ ɸʆɸ ʦʪ 

ʘʣʶʤʠʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʥʘʥʦʥʠʪʝʡ.  

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʦʜʠʨʦʚʘʥʠʷ ʧʨʠ 5 ɺ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʆɸ ʚʠʜʥʳ ʟʘʤʝʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʝʨʥʘʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʶʤʠʥʠʷ (ʨʠʩ. 1ʙ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʧʨʦʭʦʜʠʪ ʥʝʦʜʥʦʨʦʜʥʦ: ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ 

ʤʝʪʘʣʣʦʤ ʥʘ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʨʠʩ. 2ʘ). ɺ ʩʣʫʯʘʝ ʘʥʦʜʠʨʦʚʘʥʠʷ 

ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ 5 ɺ ʧʦʩʣʝ ʩʪʘʜʠʠ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʘʥʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʝ ʥʘʙʣʶʜʘʣʠ (ʨʠʩ. 1ʛ), ʦʩʘʞʜʝʥʠʝ ʦʜʥʦʨʦʜʥʦ ʧʦ ʧʣʦʱʘʜʠ 

(ʨʠʩ. 2ʙ,ʚ). ɼʣʠʥʘ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʥʠʪʝʡ ʚ ʧʦʨʘʭ ɸʆɸ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤʢʤ 

ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ 30 ʤʠʥʫʪ (ʨʠʩ. 2ʛ). 

 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʠ ɸʆɸ ʩ ʦʩʘʞʜʸʥʥʳʤ ʧʘʣʣʘʜʠʝʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 7 ɺ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʘ ɸʆɸ ʙʝʟ ʚʳʜʝʨʞʢʠ ʧʨʠ 5 ɺ (ʘ) ʠ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʥʦʜʠʨʦʚʘʥʠʝʤ ʧʨʠ 5 ɺ (ʙ). ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʆɸ (ʚ) ʩ ʦʩʘʞʜʸʥʥʳʤ ʧʘʣʣʘʜʠʝʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 5 ɺ. ʈʕʄ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʦʣʘ (ʛ) ʦʙʨʘʟʮʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʧʘʥʝʣʠ (ʙ). 

ʅʝʦʜʥʦʨʦʜʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʝ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʚ ʩʪʨʫʢʪʫʨʝ ɸʆɸ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʟʝʨʥʘʭ ʘʣʶʤʠʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʥʦʡ ʢʠʥʝʪʠʢʝ 

ʘʥʦʜʠʨʦʚʘʥʠʷ ʟʝʨʝʥ ʘʣʶʤʠʥʠʷ ʩ ʨʘʟʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʥʦʜʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʦʩʣʝ ʩʪʘʜʠʠ 

ʩʥʠʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʪ.ʯ. 

ʪʦʣʱʠʥʳ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʨʘʚʥʦʤʝʨʥʦʝ ʦʩʘʞʜʝʥʠʝ. 
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ʉʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʥʘ ʦʩʥʦʚʝ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 
 

ʉʢʨʳʧʥʠʢ ʄ.ʖ., ʇʣʘʪʦʥʦʚ ɺ.ɹ., ɺʘʩʠʣʴʝʚ ʈ.ɹ. 

 

 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

skrypnikmy@my.msu.ru  

ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʘʢʪʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ɾʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠʩʧʦʣʴʟʫʶʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʥʘ 

ʦʙʦʥʷʪʝʣʴʥʳʭ ʨʝʮʝʧʪʦʨʘʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʟʘʧʘʭʦʚ [1]. ɺ ʪʝʭʥʠʢʝ ʜʘʥʥʘʷ ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʢʦʥʮʝʧʮʠʷ ʨʘʙʦʪʳ ʛʘʟʦʚʦʛʦ ʩʝʥʩʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʢʘʪʘʣʠʟʘ ʥʘ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ (ʂʊ) ʩ ʧʝʨʝʥʦʩʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʤʘʪʨʠʮʫ ʦʢʩʠʜʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʠ ʥʘʥʦʧʣʘʩʪʠʥʢʘʭ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʂʊ ʠ 

ʥʘʥʦʧʣʘʩʪʠʥʦʢ CdSe ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ SnO2. 

ʄʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ ʜʣʷ ʬʦʪʦʢʘʪʘʣʠʟʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʬʦʪʦʦʢʠʩʣʝʥʠʝ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʙʝʟ ʫʯʘʩʪʠʷ ʦʢʠʩʣʠʪʝʣʷ ʠ ʥʘʛʨʝʚʘ, 

ʪʨʝʙʫʝʤʳʝ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ. 

ʉʠʥʪʝʟ ʂʊ ʠ ʥʘʥʦʧʣʘʩʪʠʥʦʢ CdSe ʧʨʦʚʦʜʠʣʩʷ ʚ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʝ ʩ 

ʢʦʥʪʨʦʣʝʤ ʨʘʟʤʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘʪʠʚʥʳʝ ʣʠʛʘʥʜʳ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʦʡ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂʊ ʠ ʥʘʥʦʧʣʘʩʪʠʥʦʢ 

ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʨʷʜ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 

ʩʫʣʴʬʠʛʠʜʨʠʜʥʫʶ ʛʨʫʧʧʫ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʂʊ ʠ ʥʘʥʦʧʣʘʩʪʠʥʦʢ 

CdSe ʠ ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ, 

ʯʪʦ ʜʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʘʥʦʧʣʘʩʪʠʥʢʠ ʚʳʩʪʫʧʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʜʣʷ 

ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ. ʌʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʂʊ CdSe ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʂʊ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʦʛʦ SnO2. ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ. ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 

ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʘʥʦʣʘ, ʵʪʘʥʦʣʘ, ʙʫʪʘʥʦʣʘ-2, ʘʮʝʪʦʥʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʦʪʦʪʠʧʳ ʫʩʪʨʦʡʩʪʚ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʡ ʯʠʧ. ʆʙʨʘʟʮʳ SnO2, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʂʊ, ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʙʘʟʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʭʦʜʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʂʊ ʚ ʤʘʪʨʠʮʫ ʦʢʩʠʜʘ.  ʇʨʠ ʚʚʝʜʝʥʠʠ 100-
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1000 ppm ʧʘʨʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʧʠʨʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʦʡ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʦʡ ʜʳʨʢʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʩʧʠʨʪʘ. 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʨʘʟʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʪʘʥʦʣʘ. ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʂʊ ï ʤʘʪʨʠʮʘ 

ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʮʝʧʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ (ʢʘʨʙʦʢʩʠʣʘʪʥʦʝ ʠ ʪʠʦʣʘʪʥʦʝ), 

ʜʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʬʦʪʦʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʩ ʜʝʪʘʣʴʥʳʤ 

ʘʥʘʣʠʟʦʤ ʧʨʦʜʫʢʪʦʚ ʬʦʪʦʢʘʪʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʀʂ-, DRIFT- ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-13-00101. 

 
[1] C. Bushdid et al. Science 343(6177) (2014) 1370-1372. 

[2] Y. Yuan et al. The Journal of Physical Chemistry Letters 12(30) (2021) 7180-7193. 
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ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʤʫʣʴʩʠʡ ʇʠʢʝʨʠʥʛʘ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʜʠʦʢʩʠʜʦʤ ʪʠʪʘʥʘ, ʠ 

ʚʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʇɸɺ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 
 

ʉʢʫʨʠʭʠʥʘ ɼ.ɼ.1, ʂʨʘʧʠʚʢʦ ɸ.ʃ.1 

 
1 ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʀʈʕɸ ï 

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 119571, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

Daria.skurikhina03@gmail.com  

ʕʤʫʣʴʩʠʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʘʟʳʚʘʶʪʩʷ 

ʵʤʫʣʴʩʠʷʤʠ ʇʠʢʝʨʠʥʛʘ. ʕʤʫʣʴʩʠʠ ʇʠʢʝʨʠʥʛʘ ʩʦʜʝʨʞʘʪ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʠʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʘʛʝʥʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʝ ʵʤʫʣʴʩʠʠ ʇʠʢʝʨʠʥʛʘ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʅʘʥʦʯʘʩʪʠʮʳ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, 

ʜʝʟʘʢʪʠʚʘʮʠʠ ʚʠʨʫʩʦʚ, ʙʘʢʪʝʨʠʡ [1].  

ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʨʷʤʳʭ (ʤʘʩʣʦ ʚ ʚʦʜʝ) ʵʤʫʣʴʩʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʩʣʷʥʦʡ ʬʘʟʳ ʙʳʣ ʚʟʷʪ ʛʝʢʩʘʜʝʢʘʥ, ʦʙʣʘʜʘʶʱʠʡ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ï ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʚʦʜʥʦʡ ʬʘʟʝ (ʊʘʙʣ. 1).  

ʊʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʠ pH. ʉʧʫʩʪʷ 24 ʯʘʩʘ ʵʤʫʣʴʩʠʠ ʥʝ ʨʘʩʩʣʦʠʣʠʩʴ ʧʦʣʥʦʩʪʴʶ (ʈʠʩ. 1), ʧʦʜ 

ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ ʙʳʣʠ ʚʠʜʥʳ ʢʘʧʣʠ ʤʘʩʣʘ, ʧʦʢʨʳʪʳʝ ʜʠʦʢʩʠʜʦʤ ʪʠʪʘʥʘ 

(ʈʠʩ. 2, ʘ).  

ʊʘʙʣ. 1. ʅʦʤʝʨ ʵʤʫʣʴʩʠʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʣʷʥʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟ, 

ʩʦʜʝʨʞʘʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. 

ˉ ʵʤʫʣʴʩʠʠ: 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʤʘʩʣʷʥʦʡ 

ʬʘʟʳ ʢ 

ʚʦʜʥʦʡ ʬʘʟʝ 

ɤ 

(TiO2), 

%ʤʘʩʩ. 

1 

1/1 

0,25 

2 0,5 

3 1 

4 2,5 

5 5 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ 

ʢʘʧʝʣʴ ʤʘʩʣʘ ʚ ʵʤʫʣʴʩʠʠ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʪʠʦʥʥʦʛʦ ʇɸɺ (ʇʦʣʠ-N.N-

ʜʠʤʝʪʠʣʜʠʘʣʣʠʣʘʤʤʦʥʠʡ ʭʣʦʨʠʜ) ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, 
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ʢʘʧʣʠ ʤʘʩʣʘ ʚ ʵʤʫʣʴʩʠʠ ʩʪʘʣʠ ʤʝʥʴʰʝ (ʈʠʩ. 2, ʙ). ɸ ʪʘʢʞʝ ʩʘʤʘ ʵʤʫʣʴʩʠʷ 

ʧʦʢʘʟʘʣʘ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʤʫʣʴʩʠʝʡ ʩ ʪʝʤ ʞʝ ʩʦʜʝʨʞʘʥʠʝʤ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʇɸɺ, ʩʧʫʩʪʷ 24 ʯʘʩʘ (ʈʠʩ. 3). 

 

ʈʠʩ. 1. ɼʦʣʷ ʩʪʘʙʠʣʴʥʦʡ ʵʤʫʣʴʩʠʠ ʚ ʦʙʲʸʤʝ. 

(ʘ) (ʙ)  

ʈʠʩ. 2. ʕʤʫʣʴʩʠʠ ʧʦʜ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʇɸɺ (ʘ) ʠ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʇɸɺ (ʙ). 

 

ʈʠʩ. 3. ɼʦʣʷ ʩʪʘʙʠʣʴʥʦʡ ʵʤʫʣʴʩʠʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʇɸɺ ʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʇɸɺ ʚ ʦʙʲʸʤʝ. 
 

[1] ɸ. ɸdilbekova, A. Yertayeva. Chemical Bulletin of Kazakh National University 100(1) (2021) 

30-49. 
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ʉʠʥʪʝʟ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ SnO2 ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ  

ʚ ʢʘʯʝʩʪʚʝ ʨʝʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʟʠʩʪʠʚʥʳʭ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʧʘʨʳ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 
 

ʉʦʣʦʤʘʪʦʚ ʀ.ɸ.1,2, ʌʠʩʝʥʢʦ ʅ.ɸ.1, ʉʠʤʦʥʝʥʢʦ ʅ.ʇ.1, ʄʦʢʨʫʰʠʥ ɸ.ʉ.1, 

ʉʠʤʦʥʝʥʢʦ ʊ.ʃ.1, ɻʦʨʦʙʮʦʚ ʌ.ʖ.1, ʉʠʤʦʥʝʥʢʦ ɽ.ʇ.1 
 

1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  

119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
2 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʥʩʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 101000, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ivan.solomatov@outlook.com  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʠʦʢʩʠʜ ʦʣʦʚʘ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ 

ʛʘʟʦʚʦʡ ʩʝʥʩʦʨʠʢʝ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʨʷʜʘ ʘʥʘʣʠʪʦʚ: ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, 

ʚʦʜʦʨʦʜʘ, ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɿʘʯʘʩʪʫʶ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʘʟʦʚʳʭ 

ʩʝʥʩʦʨʦʚ ʚʦʟʥʠʢʘʶʪ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪ ɹʨʝʮʝʧʪʦʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢ ʛʘʟʫ-ʘʥʘʣʠʪʫ, ʥʠʟʢʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʠʛʥʘʣʘ, ʚʳʩʦʢʘʷ ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʝʥʩʦʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʦʣʦʚʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʧʘʨʘʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 200-275 . 

ʅʘʥʦʨʘʟʤʝʨʥʳʡ SnO2 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʠ 

ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʦʣʦʚʘ. ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ SnCl2 ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠ 5%-ʡ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ NH3ĿH2O ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʣʠ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜ r

ʘʥʘʣʠʟʘ: ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʨʘʩʪʨʦʚʘʷ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʊʘʙʣ. 1). ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʦʢʩʠʜʘ ʦʣʦʚʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ H2O2 ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʣʦʚʘ(II) ʜʦ ʦʣʦʚʘ(IV), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʯʘʩʪʠʮ SnO2, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʘʛʣʦʤʝʨʘʮʠʠ.  

ʊʦʣʩʪʳʝ ʧʣʸʥʢʠ SnO2 ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʠʢʨʦʵʢʩʪʨʫʟʠʦʥʥʦʡ 

ʧʝʯʘʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʠ  ʘʜʨʝʩʥʦ ʥʘʥʦʩʠʪʴ 

ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʟʘʜʘʥʥʫʶ ʦʙʣʘʩʪʴ ʤʦʜʠʬʠʮʠʨʫʝʤʦʡ ʧʦʜʣʦʞʢʠ [1]. 
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ʊʘʙʣ. 1. ʉʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚ SnO2, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ H2O2 ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

H2O2 ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ, ʤʦʣʴ/ʣ 

ʉʦʩʪʘʚ 

ʧʨʦʜʫʢʪʘ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ  

ʛʨʫʧʧʘ 

ʈʘʟʤʝʨ 

ʯʘʩʪʠʮ, 

ʥʤ 

ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ, ʵɺ 

2 Sn3O2(OH)2 P421c 3Ñ0,4 4,32 

4 SnO2 P42/mnm 2,4Ñ0,2 4,82 

6 SnO2 P42/mnm 2,2Ñ0,2 4,85 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʝʨʥʠʣ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʜʠʦʢʩʠʜ ʦʣʦʚʘ ʙʳʣ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥ ʚ Ŭ-ʪʝʨʧʠʥʝʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʮʝʣʣʶʣʦʟʳ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʪʚʸʨʜʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʣʘ 25%). ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ Pt/Al 2O3/Pt ʯʠʧʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʯʠʧʦʚ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʣʸʥʢʠ ʯʝʨʥʠʣ ʥʘ ʦʩʥʦʚʝ SnO2, ʧʦʣʫʯʝʥʥʦʛʦ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ ʠʟʫʯʝʥʳ ʭʝʤʦʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʘʥʘʣʠʪʦʚ: CO, NH3, C6H6, C3H6O, 

C2H5OH, H2, CH4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʘʨʘʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ [2], ʘ ʚ ʩʣʫʯʘʝ 

ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʠʛʥʘʣʘ.  

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʝ ʭʝʤʦʩʝʥʩʦʨʥʳʡ ʦʪʢʣʠʢ 

ʧʣʸʥʦʢ ʥʘ ʦʩʥʦʚʝ SnO2, ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ (ʘ) ʠ ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ (ʙ), ʥʘ ʨʘʟʣʠʯʥʳʝ ʛʘʟʳ-ʘʥʘʣʠʪʳ ʧʨʠ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 50-300 .  

[1] N.P. Simonenko et al. Sensors 22 (2022) 3473. 

[2] N.A. Fisenko et al. Sensors 22 (2022) 9800. 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ SrFe12-xCr xO19  

(x = 2, 4, 6 ʠ 8) ʠ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ 
 

ʉʷ ʎʟʳʪʷʥʴ1, ʉʣʝʧʮʦʚʘ ɸ.ɽ.1, ʊʨʫʩʦʚ ʃ.ɸ.2, ʂʘʟʠʥ ʇ.ɽ.2, ɽʣʠʩʝʝʚ ɸ.ɸ.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ  
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

1606298850@qq.com  

ʄʘʛʥʠʪʦʪʚʸʨʜʳʝ ʛʝʢʩʘʬʝʨʨʠʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ʄFe12O19 (M = Ba, Sr, 

Pb) ï ʚʘʞʥʝʡʰʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʛʝʢʩʘʬʝʨʨʠʪʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʜʢʦʤʫ ʪʠʧʫ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʤʘʛʥʠʪʦʪʚʸʨʜʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ ʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʦʟʥʠʢʘʝʪ ʚ ʠʟʫʯʝʥʠʠ 

ʣʝʛʠʨʦʚʘʥʠʷ ʛʝʢʩʘʬʝʨʨʠʪʘ ʭʨʦʤʦʤ. ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʣʦ 

ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ ʪʝʤʝ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʣʶʤʠʥʠʷ, ʭʨʦʤ ʠʤʝʝʪ 

ʥʝʩʧʘʨʝʥʥʳʝ d-ʵʣʝʢʪʨʦʥʳ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʈʘʜʠʫʩʳ ʭʨʦʤʘ ʠ ʞʝʣʝʟʘ ʙʣʠʟʢʠ, ʘ ʟʥʘʯʠʪ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ ʭʨʦʤʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʛʝʢʩʘʬʝʨʨʠʪʘ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʣʝʛʯʝ. ʇʨʠ ʵʪʦʤ ʢʦʵʨʮʠʪʠʚʥʘʷ 

ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʢʩʠʜʥʳʭ ʩʪʸʢʦʣ. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦʣʫʯʘʝʤʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʟ ʤʘʪʨʠʮʳ ʚ 

ʚʠʜʝ ʩʪʘʙʠʣʴʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʜʥʦʜʦʤʝʥʥʳʭ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʭ ʥʘʥʦʯʘʩʪʠʮ SrFe12-xCrxO19 (x = 2, 4, 6 ʠ 8) ʠ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʆʙʨʘʟʮʳ ʩʪʝʢʣʘ ʧʦʣʫʯʘʣʠ ʙʳʩʪʨʦʡ ʟʘʢʘʣʢʦʡ ʨʘʩʧʣʘʚʘ ʤʝʞʜʫ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʩʪʘʣʴʥʳʤʠ ʚʘʣʢʘʤʠ. ɼʘʣʝʝ, ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʯʘʩʪʠʮ, ʩʪʝʢʣʦ ʦʪʞʠʛʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 650 ï 850Áʉ. ʆʧʨʝʜʝʣʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʤʝʪʦʜʦʤ ʊɻɸ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʝʢʣʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ɼʊɸ ʜʣʷ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʭʨʦʤʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

292 Áʉ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʭʨʦʤʘ ʥʘ ʵʥʝʨʛʠʶ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʝʢʣʦʚʘʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʩʪʝʢʣʦʢʝʨʘʤʠʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ 

ʩʦʜʝʨʞʘʪ ʮʝʣʝʚʫʶ ʬʘʟʫ ʛʝʢʩʘʬʝʨʨʠʪʘ ʠ ʥʘʙʦʨ çʧʦʙʦʯʥʳʭè ʬʘʟ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʢʘʢ çʙʦʨʘʪʥʘʷ ʤʘʪʨʠʮʘè.  

ʇʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʙʦʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 3% ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʪʘʙʠʣʴʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʜʣʷ ʚʩʝʭ ʩʝʨʠʡ. ʆʧʨʝʜʝʣʝʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

ʠ ʛʨʘʚʠʤʝʪʨʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ DLS. ʇʨʠ ʥʠʟʢʠʭ 
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ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ, ʘ ʨʘʩʪʚʦʨʳ ʙʦʣʝʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ. ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʞʠʛʘ ʨʘʟʤʝʨ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ, ʠ ʦʥʠ ʩʣʦʞʥʝʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ 700 ï 800Áʉ. ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʦʩʘʜʢʘ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʩʦʜʝʨʞʠʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʬʘʟʫ ï 

ʛʝʢʩʘʬʝʨʨʠʪ ʩʪʨʦʥʮʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʪʘʢʞʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʬʘʟʝ ʛʝʢʩʘʬʝʨʨʠʪʘ. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʨʘʟʥʳʭ 

ʩʪʝʧʝʥʝʡ ʟʘʤʝʱʝʥʠʷ ʭʨʦʤʦʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ (ʧʨʠ pH = 3). 

ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʣʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʦʣʣʦʠʜʥʳʝ ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʛʝʢʩʘʬʝʨʨʠʪʘ 

ʩʪʨʦʥʮʠʷ ʩ ʨʝʢʦʨʜʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʧʨʝʚʳʰʘʶʱʠʤ 10ʢʕ (ʜʦ 13ʢʕ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-73-10045. 
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ʈʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟ ʬʫʥʢʮʠʠ ʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
 

ʐʘʫʣʴʩʢʘʷ ʄ.ɼ.1, ɻʨʝʙʝʥʶʢ ɼ.ʀ.1,2, ʂʦʣʧʠʥʩʢʠʡ ʉ.ɺ.3,4, ʎʳʤʙʘʨʝʥʢʦ ɼ.ʄ.1 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 Faculty of Materials Science, MSU-BIT University, Shenzhen 518172, China 
3 ɸʆ çʀʥʬʦʊʝʂʉè, 127273, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʦʩʢʦʚʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪè, 111250, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʥʠʤʘʥʠʝʤ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ - ʦʜʠʥ 

ʠʟ ʢʣʶʯʝʚʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʯʘʩʪʦ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜ ʧʦʣʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩ ʘʥʘʣʠʟʦʤ ʬʫʥʢʮʠʠ ʧʘʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (Pair 

Distribution Function, PDF) [1,2] ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʣʦʞʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [3]. 

ʆʜʥʘʢʦ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ PDF ʙʝʟ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ɸʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʠ ʩʠʥʛʦʥʠʡ [4], ʫʣʫʯʰʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʛʣʦʙʘʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʘʪʦʤʥʳʭ ʩʪʨʫʢʪʫʨ [5] ʠ ʜʘʞʝ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʘ [6] ʧʦ ʜʘʥʥʳʤ XRD (X-Ray Diffraction, 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ) ʠ PDF. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʨʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ PDF. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʢʦʥʚʦʣʶʮʠʦʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (CNN), 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ PDF 

ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʚʭʦʜ ʤʦʜʝʣʠ ʧʦʜʘʝʪʩʷ ʚʝʢʪʦʨ ʨʘʟʤʝʨʦʤ (1,285), ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʚʝʣʠʯʠʥʫ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʳ ʘʪʦʤʦʚ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 1.5 ¡ ʜʦ 29.9 ¡. ɼʣʷ ʦʙʫʯʝʥʠʷ, ʚʘʣʠʜʘʮʠʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ PDF ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ The Cambridge 

Crystallographic Data Centre (CCDC).  
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ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʙʠʥʘʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ (ʈʠʩ.1.1, 

1.2), ʛʜʝ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʧʨʝʜʝʣʷʝʪ ʷʚʣʷʝʪʩʷ ʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʧʦʣʠʤʝʨʦʤ. ʅʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʝʥʠʝ F1-score = 0.88. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʣʠʤʝʨʘ (0, 1, 

2 ʠ 3D) ʪʘʢʞʝ ʧʨʠʚʝʣʘ ʢ ʤʥʦʛʦʦʙʝʱʘʶʱʝʤʫ ʨʝʟʫʣʴʪʘʪʫ ï ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ 

ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʝʥʠʝ F1-score = 0.75, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʦʞʥʦʩʪʠ ʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʦʣʠʤʝʨʦʚ ʩʦʩʝʜʥʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ (ʈʠʩ.1.3), ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

 

ʈʠʩ. 1. (1) ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ PDFCNN ʜʣʷ ʙʠʥʘʨʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (2) ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ (3) ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʢʣʘʩʩʦʚʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ22-73-10089. 

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʬʦʥʜʫ çʀʥʪʝʣʣʝʢʪè ʟʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ ʜʦʩʪʫʧ 

ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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[3] M.W. Terban, S.J.L. Billinge. Chemical Reviews. 122(1) (2022)1208-1272. 

[4] C. H. Liu, Y. Tao, D. Hsu, Q. Du, S. J. L. Billinge. Acta Crystallogr. Sect. A Found. Adv. 75 

(2019) 633ï643. 

[5] M. Klove, S. Sommer, B.B. Iversen, B. Hammer, W.A. Dononelli. Adv. Mater. 35 (2023) 1ï8. 

[6] A.S. Anker, et al. Comput. Mater. 8 (2022) 1ï11. 
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ʊʝʤʧʣʘʪʥʦʝ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʠʥʜʠʝʚʳʭ ʥʘʥʦʥʠʪʝʡ  

ʠ ʠʟʤʝʨʝʥʠʝ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  
 

ʐʘʰʢʦʚ ɸ.ɺ.1, ʅʦʷʥ ɸ.ɸ.2, ʅʘʧʦʣʴʩʢʠʡ ʂ.ʉ.1,3 

 
1 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 ʌʘʢʫʣʴʪʝʪ ʬʠʟʠʢʠ ɺʳʩʰʝʡ ʰʢʦʣʳ ʵʢʦʥʦʤʠʢʠ, 105066, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

 

shashkovav@my.msu.ru  

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʥʠʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ 

ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʢʦʪʦʨʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʥʠʪʝʡ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʘʥʦʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʭ ʢʦʥʪʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʘʥʦʬʦʪʦʥʠʢʝ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʢ 

ʩʚʦʡʩʪʚʘʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʨʘʟʤʝʨʘ, ʦʪʥʦʩʠʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʤʘʩʩʠʚʦʚ In 

ʥʘʥʦʥʠʪʝʡ ʠ ʠʟʤʝʨʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʜʠʥʠʯʥʳʭ In ʥʘʥʦʥʠʪʝʡ ʨʘʟʥʦʛʦ 

ʜʠʘʤʝʪʨʘ. 

ʇʦʣʫʯʝʥʠʝ ʤʘʩʩʠʚʦʚ ʠʥʜʠʝʚʳʭ ʥʘʥʦʥʠʪʝʡ ʧʫʪʝʤ ʪʝʤʧʣʘʪʥʦʛʦ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʚ ʤʘʪʨʠʮʫ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʩʩʠʚʳ ʥʘʥʦʥʠʪʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʜʠʘʤʝʪʨʦʤ ʠ ʜʣʠʥʦʡ). ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʥʜʠʝʚʳʝ ʥʘʥʦʥʠʪʠ ʩ ʜʠʘʤʝʪʨʦʤ 40, 50 ʠ 200 ʥʤ. ʇʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠ ̫ ʧʨʦʚʦʜʠʣʩʷ ʠʟ ʩʫʣʴʬʘʤʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ ʚ -200 ʤɺ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʥʦʥʠʪʝʡ ʙʳʣ ʥʘʥʝʩʝʥ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ. ʀʟʤʝʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʨʠ ʨʘʟʚʝʨʪʢʝ ʧʦʪʝʥʮʠʘʣʘ ʦʪ -1 ʜʦ 1 ʤɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʩʩʠʚʦʚ In ʥʘʥʦʥʠʪʝʡ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʥʘʥʦʥʠʪʝʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʙʝʟ 

ʠʟʚʣʝʯʝʥʠʷ ʥʘʥʦʥʠʪʝʡ ʠʟ ʪʝʤʧʣʘʪʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʨʘʟʚʝʨʪʢʝ ʧʦʪʝʥʮʠʘʣʘ ʜʦ 1 ɺ ʫʜʘʚʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʜʠʩʢʨʝʪʥʳʝ ʩʢʘʯʢʠ ʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʝʨʝʛʦʨʘʥʠʶ 

ʥʘʥʦʥʠʪʝʡ ʚʥʫʪʨʠ ʪʝʤʧʣʘʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʩʷ ʦʪʢʣʶʯʝʥʠʝʤ ʥʘʥʦʥʠʪʝʡ ʠʟ 

ʮʝʧʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʜʠʥʠʯʥʦʡ ʥʘʥʦʥʠʪʠ 

(ʨʠʩ. 1).  

mailto:shashkovav@my.msu.ru


ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

138 

ʈʠʩ. 1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʜʠʥʠʯʥʦʡ ʥʘʥʦʥʠʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘʥʦʥʠʪʝʡ ʩ ʜʠʘʤʝʪʨʦʤ 40, 50 ʠ 200 ʥʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ In 

ʥʘʥʦʥʠʪʝʡ. 

ɼʠʘʤʝʪʨ (ʥʤ) R0 (ʆʤ) ɼʣʠʥʘ (ʩʤ) ɟ (ʤʢʆʤĀʩʤ) 

40 Ñ 3 4620 Ñ 20 0,00435 13,4 Ñ 2,0 

50 Ñ 3 2550 Ñ 30 0,00440 11,4 Ñ 1,4 

0

 

Ñ

 

 

 

Ñ

 

 

  

Ñ

 

 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ Fuchs-Sondheimer [1]. ʇʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʙʳʣʘ ʩʜʝʣʘʥʘ 

ʦʮʝʥʢʘ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʘ ʚ In ï 57 Ñ 5 ʥʤ. 
 

[1] E.H. Sondheimer. Advances in physics 1 (1952) 1ï42. 
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ʂʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ  

ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʩʦʩʪʘʚʘ SnO2/MnO x  

ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ 
 

ʐʝʨʩʪʦʙʠʪʦʚ ɸ.ɺ., ʕʰʤʘʢʦʚ ʈ.ʉ., ʌʠʣʘʪʦʚʘ ɼ.ɻ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

SherstobitovAV@my.msu.ru  

ɺ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ. ɼʠʦʢʩʠʜ ʦʣʦʚʘ ï ʦʜʠʥ ʠʟ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʩʠʥʪʝʟʘ, ʦʥ 

ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʫʩʪʨʘʥʠʤʳʭ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʦʢʩʠʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʢʩʠʜʘʤʠ ʤʘʨʛʘʥʮʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ ʄʉ) 

ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʝʡ MnOx 

ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ SnO2, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʘʨʛʘʥʮʘ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ. 

ʄʘʪʝʨʠʘʣʳ SnO2/MnOx ʩ ʘʪʦʤʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ [Mn]/[Mn+Sn]: 

0; 0,1; 0,25; 0,5; 1,0 ʠ 1,5 ʘʪ. % ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʦʢʩʠʜʘ ʦʣʦʚʘ (IV) 

ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʤʘʨʛʘʥʮʘ (III) (Mn(acac)3) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 600Üʉ. ʊʘʢʞʝ ʧʫʪʝʤ ʦʪʞʠʛʘ Mn(acac)3 

ʧʦʣʫʯʘʣʠ ʦʙʨʘʟʝʮ MnOx. ʆʙʨʘʟʝʮ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 10 ʘʪ. % ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʩʫʭʦʡ ʩʤʝʩʠ SnO2 ʠ Mn(acac)3 ʩ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʚ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ. ʇʦ ʜʘʥʥʳʤ ʀʉʇ ʄʉ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʤʘʪʝʨʠʘʣʘʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ, ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʨʛʘʥʮʘ ʚ ʤʘʪʝʨʠʘʣʝ (ʨʠʩ. 1, 

(ʘ)).  

ʉʝʨʠʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Sn:Mn 98,5:1,5 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ 

ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʦʪʞʠʛʘ: 1, 3 ʠ 7 ʩʫʪʦʢ. ʄʝʪʦʜʦʤ ʀʉʇ ʄʉ ʙʳʣʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʘʨʛʘʥʮʘ ʚ ʩʠʩʪʝʤʝ Sn:O:Mn (ʨʠʩ. 1, (ʙ)). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʨʛʘʥʝʮ ʨʘʩʧʨʝʜʝʣʝʥ ʤʝʞʜʫ ʦʙʲʝʤʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʦʚ 

ʥʝʨʘʚʥʦʤʝʨʥʦ, ʧʨʠʯʝʤ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʤʘʨʛʘʥʮʘ ʚ ʦʙʲʝʤʝ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʧʝʢʪʨʦʚ Mn 3s, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ) (ʨʠʩ. 2, (ʘ)), ʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʦʩʪʥʳʡ 

ʩʧʝʢʪʨ ʜʣʷ SnO2_600 ʠ SnO2_Mn10 ʧʦ ʬʦʨʤʝ ʩʭʦʞ ʩ ʩʧʝʢʪʨʦʤ ʜʣʷ MnOʭ. 

ʇʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʈʌʕʉ, ʦʙʨʘʟʝʮ MnOx ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʩʠʜʫ ʤʘʨʛʘʥʮʘ (III), ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʤʘʨʛʘʥʝʮ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ MnOx ʦʙʨʘʟʫʝʪ ʬʘʟʫ ʪʠʧʘ ʤʘʛʛʝʤʠʪʘ (ɔ-

Mn2O3). 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʧʦʢʘʟʘʣʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʥʠʟʢʦʩʧʠʥʦʚʳʭ ʢʘʪʠʦʥʦʚ Mn2+, ʩʠʛʥʘʣ ʢʘʪʠʦʥʦʚ Mn3+ ʥʝ 
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ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʟ-ʟʘ ʫʰʠʨʝʥʠʷ ʣʠʥʠʡ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ 

ʠʦʥʦʚ Mn2+ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʝʩʴ ʤʘʨʛʘʥʝʮ ʚ ʩʦʩʪʘʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ SnO2 ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʦ-ʚʠʜʠʤʦʤʫ, ʢʘʪʠʦʥʳ Mn3+, ʧʦʧʘʜʘʷ ʚ ʨʝʰʝʪʢʫ, ʩʥʠʞʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʥʦʚ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦ ʧʦ 

ʩʥʠʞʝʥʠʶ ʩʠʛʥʘʣʘ ʧʘʨʘʤʘʛʥʠʪʥʳʭ Sn3+ ʠ VO
Å ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʤʘʨʛʘʥʮʘ ʚ ʤʘʪʝʨʠʘʣʘʭ (ʨʠʩ. 2, (ʙ)). 

 
ʈʠʩ. 4. (ʘ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ 

ʚʠʜʘ SnO2/MnOx ʧʦ ʤʝʪʦʜʫ ʀʉʇ ʄʉ: Mn ʚʥʫʪ ï Mn, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ SnO2, Mn ʧʦʚ ï Mn, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ; (ʙ) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʨʛʘʥʮʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʦʙʲʝʤʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʪʞʠʛʘ. 

 
ʈʠʩ. 5. (ʘ) ʉʧʝʢʪʨʳ ʈʌʕʉ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ SnO2_600, 

SnO2_Mn10, ʩʧʝʢʪʨ ʠʭ ʚʳʯʝʪʘ; (ʙ) ʉʧʝʢʪʨ ʕʇʈ ʜʣʷ ʦʙʨʘʟʮʦʚ SnO2_600, 

SnO2_Mn0,25, SnO2_Mn1,5. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-13-00111.  
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ɺʣʠʷʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʪʦʥʥʳʭ ʠ ʧʣʘʟʤʦʥʥʳʭ ʤʦʜ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʟʦʣʦʪʘ 
 

ʐʦʢʦʚʘ ʄ.ɸ., ɹʦʯʝʥʢʦʚ ɺ.ɽ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

shokova-masha@mail.ru  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ ʷʚʣʷʶʪʩʷ ʧʣʘʟʤʦʥʥʳʝ ʙʠʦʩʝʥʩʦʨʳ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ 

ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʢʦʣʣʝʢʪʠʚʥʳʝ ʦʩʮʠʣʣʷʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ï 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ (ʇʇʈ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʙʠʦʩʝʥʩʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ S, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʜʚʠʛʦʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʠʢʘ æ‗ ʚʳʟʚʘʥʥʳʤ 
ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ȹὲ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ 
ʘʥʘʣʠʪʘ: S=æ‗/ȹὲ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʤʘʩʩʠʚʳ ʥʘʥʦʦʪʚʝʨʩʪʠʡ (NHA) 

ʦʙʣʘʜʘʶʪ ʫʤʝʨʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʦʙʲʝʤʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ 

ʧʦʨʷʜʢʘ 200ï300 RIU/ʥʤ [1], ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʥʘ 25-30% ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʧʦʜʣʦʞʢʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (FDTD++) 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʟʦʣʦʪʘ ʧʦʜ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʣʝʥʢʦʡ. 

ʀʟʫʯʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʨʝʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʳ ʟʦʣʦʪʦ-ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ-

ʟʦʣʦʪʦ ʩ ʤʘʩʩʠʚʘʤʠ ʥʘʥʦʦʪʚʝʨʩʪʠʡ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠ ʚʝʨʭʥʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʩʣʦʷʭ (ʨʠʩ.1). ʊʦʣʱʠʥʘ ʩʣʦʝʚ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 20 ʥʤ, ʘ ʪʦʣʱʠʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ h ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 20 ʜʦ 200 ʥʤ. 

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ: 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ Au/SiO2/Au ʩ ʥʘʥʦʦʪʚʝʨʩʪʠʷʤʠ ʚ ʚʝʨʭʥʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʷʭ. 

mailto:shokova-masha@mail.ru
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ h ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʂʨʠʚʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 2, ʜʣʷ ʩʪʨʫʢʪʫʨ ʩ 

ʨʘʟʣʠʯʥʳʤ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 80, 100 ʠ 120 ʥʤ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʪʦʣʱʠʥʝ ʩʣʦʷ SiO2 110ï130 ʥʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʨʘʟʥʦʩʪʠ ʬʘʟ, ʥʘʢʦʧʣʝʥʥʦʡ ʚʦʣʥʦʡ ʧʨʠ ʝʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʨʝʟʦʥʘʪʦʨʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʫʪʝʤ ʥʘʩʪʨʦʡʢʠ ʨʘʟʤʝʨʘ ʨʝʟʦʥʘʪʦʨʘ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʙʠʦʩʝʥʩʦʨʘ ʠ ʜʦʩʪʠʯʴ ʜʦʙʨʦʪʥʦʩʪʠ ʧʦʨʷʜʢʘ 5ï7. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 22-13-00126. 

 
[1] V. Bochenkov, D. Sutherland. Optics Express 26(21) (2018) 27101. 

[2] V.E. Bochenkov, M. Frederiksen, D.S. Sutherland. Optics Express 21 (2013) 14763. 
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ʄʘʪʝʨʠʘʣʳ SnO2/SiO2/MnO x ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ 
 

ʕʰʤʘʢʦʚ ʈ.ʉ., ɻʣʘʟʢʦʚ ɼ.ʉ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

rodion.eshmakov@chemistry.msu.ru  

ʇʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʥʦʚʳʭ ʪʨʦʡʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

SnO2/SiO2/MnOx, ʩʦʜʝʨʞʘʱʠʭ [Si]/[Si+Sn] = 15 ʘʪ. % ʠ [Mn]/[Mn+Sn] = 

0.25 ʘʪ. %, ʧʨʠ ʨʘʟʥʦʤ ʧʦʨʷʜʢʝ ʚʚʝʜʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. ʆʙʨʘʟʝʮ SnSiMn 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ɓ-H2SnO3 ʟʦʣʝʤ ʢʨʝʤʥʠʝʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʩʫʰʢʦʡ ʠ ʦʪʞʠʛʦʤ ʧʨʠ 600ÁC, ʧʨʦʧʠʪʢʦʡ ʩʧʠʨʪʦʚʳʤ 

ʨʘʩʪʚʦʨʦʤ Mn(C5H7O2)3 ʠ ʦʪʞʠʛʦʤ ʧʨʠ 600ÁC. ʂʦʤʧʦʟʠʪ SnMnSi ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ 

ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʦʤ Mn(C5H7O2)3 ʦʪʦʞʞʝʥʥʦʛʦ ʧʨʠ 600Áʉ SnO2 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʦʪʞʠʛʦʤ ʠ ʚʚʝʜʝʥʠʝʤ SiO2 ʘʥʘʣʦʛʠʯʥʳʤ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ 

ʦʙʨʘʟʮʘ ʦʙʨʘʟʦʤ. ʊʘʢʞʝ ʩ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʜʚʦʡʥʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ SnO2/MnOx ʠ SnO2/SiO2 ʩ ʪʝʤʠ ʞʝ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʟʘʜʘʥʥʦʤʫ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʦʤ TXRF. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʦ ʤʦʜʝʣʠ ɹʕʊ ʧʦʢʘʟʘʣʘ ʚʣʠʷʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ SnO2 (ʊʘʙʣ. 1). ʊʘʢ, SiO2, ʚʚʦʜʠʤʳʡ ʜʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ SnO2, ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʩʪʨʫʢʪʫʨʳ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

SnO2 ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʦʢʩʠʜʫ, 

ʧʦʣʫʯʘʝʤʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 300Áʉ. 

ʊʘʙʣ. 1. ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 
dXRD, ʥʤ dBET, ʥʤ Sʫʜ, ʤ

2/ʛ 
ʅʘʡʜʝʥʦ 

[Si]/[Si+Sn], 

ʘʪ. % 

ʅʘʡʜʝʥʦ 

[Mn]/[Mn+Sn], 

ʘʪ. % 

SnO2_600 14 60 14 - - 

SnMn025 14 85 10 0Ñ0.4 0.19Ñ0.02 

SnMnSi 14 - 40 15Ñ1 0.21Ñ0.02 

SnSi 3.6 - 110 16Ñ1 0Ñ0.003 

SnSiMn 3.6 - 110 16Ñ2 0.18Ñ0.01 

SiO2_HT - 0.3 330 - - 

ʉʝʥʩʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ CO (20 ʤ.ʜ.) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 140-500Áʉ ʠ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʩʤʝʩʠ 0-85%. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʜʦ 30% ʠ ʜʘʣʝʝ ʜʣʷ ʦʙʨʘʟʮʦʚ SnMn025 

ʠ SnO2_600 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʦʪʢʣʠʢʘ ʢ 20 ʤ.ʜ. CO, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʢʫʨʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʚʦʜʳ (~9000 ʤ.ʜ. ʠ ʙʦʣʝʝ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ SnO2 (ʨʠʩ. 1, ʙ-ʛ).  ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʪʠ ʥʝ 

ʠʟʤʝʥʷʥʝʪ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʦʪʦʤʫ ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʧʨʠ 
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ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 30% ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʪʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ SnO2. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘ 

ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ SnMn025 ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʣʷ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ SnO2. 

 

 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ SnO2 ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 20 ʤ.ʜ. CO ʚ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ: ʘ) 0%, ʙ) 30%, ʚ) 60%, ʛ) 85%. 

ɼʣʷ ʦʙʨʘʟʮʘ SnSi ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ CO, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʦʪʢʣʠʢʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ CO ʫ ʜʚʦʡʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ SnSi ʥʝ ʦʢʘʟʳʚʘʝʪʩʷ ʣʫʯʰʝ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ SnO2. ʅʘʢʦʥʝʮ, ʪʨʦʡʥʦʡ ʥʘʥʦʢʦʤʧʦʟʠʪ 

SnSiMn ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʣʫʯʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

CO ʢʘʢ ʚ ʩʫʭʦʤ, ʪʘʢ ʠ ʚʦ ʚʣʘʞʥʦʤ ʚʦʟʜʫʭʝ, ʪʝʤ ʩʘʤʳʤ ʧʦʢʘʟʳʚʘʷ ʩʦʚʤʝʩʪʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʜʚʫʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ: ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ ʠ ʘʤʦʨʬʥʦʛʦ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-13-00111. 
 

  

ό͊ύ ( )͋ 

( )͍ ( )͎ 
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ʉʠʥʪʝʟ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʧʦʤʦʱʠ ʘʥʦʜʠʨʦʚʘʥʠʷ 

Al ʚ 4 M H2SO4 
 

ɹʫʟʜʳʛʘʥ ɸ.ɸ.1, ʂʫʰʥʠʨ ʉ.ɽ.1,2, ʅʘʧʦʣʴʩʢʠʡ ʂ.ʉ.1,2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

BuzdyganAA@my.msu.ru  

ʌʦʪʦʥʥʳʡ ʢʨʠʩʪʘʣʣ (ʌʂ) ï ʤʘʪʝʨʠʘʣ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ, ʩʨʘʚʥʠʤʳʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʚʝʪʘ. ɻʣʘʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʌʂ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʬʦʪʦʥʥʦʡ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ (ʌɿɿ) ï ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ. ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʘʭ, 

ʧʦʵʪʦʤʫ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʌʂ ʩ ʫʧʨʘʚʣʷʝʤʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʌɿɿ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʈʝʞʠʤ ʘʥʦʜʠʨʦʚʘʥʠʷ 

ʘʣʶʤʠʥʠʷ ʩ ʤʦʜʫʣʷʮʠʝʡ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʦʧʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʧʫʪʠ (U(L)) ï ʦʜʠʥ ʠʟ 

ʣʫʯʰʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʌʂ ʥʘ ʦʩʥʦʚʝ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ (ɸʆɸ), ʧʦʩʢʦʣʴʢʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʨʝʞʠʤʦʚ, ʧʦʟʚʦʣʷʝʪ ʩ 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʜʠʥʦʝ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʧʫʪʠ 

ʧʝʨʠʦʜʘ ʧʦ ʚʩʝʡ ʪʦʣʱʠʥʝ ʌʂ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʌʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ U(L) ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʙʦʣʴʰʦʡ 

ʪʦʣʱʠʥʳ, ʠʟ-ʟʘ ʯʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʌɿɿ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ. 

ɺ ʭʦʜʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʘʥʦʜʠʨʦʚʘʥʠʝ Al ʚ H2SO4 c 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 4 ʄ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 ÁC ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 10 ī 15 ɺ. ɸʣʶʤʠʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ ʩʝʣʝʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʤʝʜʠ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʸʥʢʠ ɸʆɸ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʱʠʥʘ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʸʥʦʢ ɸʆɸ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʥʦʜʠʨʦʚʘʥʠʷ 

Al ʚ 4 ʄ H2SO4 ʧʨʠ 0 ÁC, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʡ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʌʂ ɸʆɸ ʩ 200 

ʧʝʨʠʦʜʘʤʠ ʩ ʟʘʜʘʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʌɿɿ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 250 ʜʦ 700 

ʥʤ (ʈʠʩ. 1). 

ʇʦʣʦʞʝʥʠʷ ʌɿɿ ʦʪʢʣʦʥʷʣʠʩʴ ʦʪ ʟʘʜʘʥʥʳʭ ʥʘ <1%, ʘ ʤʠʥʠʤʫʤ 

ʧʨʦʧʫʩʢʘʥʠʷ ʩʚʝʪʘ ʚ ʦʙʣʘʩʪʠ ʌɿɿ ʥʝ ʧʨʝʚʳʰʘʣ 8%, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʫ ʌʂ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʚ 2 ʄ H2SO4 ʧʨʠ 2 ÁC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʞʠʤʘ U(L) 

[1]. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʙʨʦʪʥʦʩʪʠ ʫ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʚʳʰʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʨʝʞʠʤʦʚ ʘʥʦʜʠʨʦʚʘʥʠʷ (ʈʠʩ. 2). ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʌɿɿ ʩʦʩʪʘʚʠʣʦ 1,5%, ʯʪʦ ʜʝʣʘʝʪ 
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ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ɸʆɸ. 

 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʈʠʩ. 2. ʉʦʦʪʥʦʰʝʥʠʷ ʤʠʥʠʤʫʤʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʦʙʨʦʪʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʦʙʨʘʟʮʦʚ ʠʟ ʣʠʪʝʨʘʪʫʨʳ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ U(L) [1]  ʠ ʜʨʫʛʠʭ ʨʝʞʠʤʦʚ 

ʘʥʦʜʠʨʦʚʘʥʠʷ [2ï5]. 

 
[1] S.E. Kushnir, T.Yu. Pchelyakova, K.S. Napolskii. Journal of Materials Chemistry C 6 (2018) 

12192ï12199. 

[2] S.E. Kushnir, K.S. Napolskii. Materials & Design 144 (2018) 140ï150. 

[3] P. Yan, G.T. Fei, G.L. Shang, B. Wu, L.D. Zhang. Journal of Materials Chemistry C 1 (2013) 

1659ï1664. 

[4] C.S. Law, S.Y. Lim, A. Santos. Science Reports 8 (2018) 4642. 

[5] A. Santos, C.S. Law, D.W. Chin Lei, T. Pereira, D. Losic. Nanoscale 8 (2016) 18360ï18375. 
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ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ MFI  ʠ FAU 
 

ɹʫʣʛʘʢʦʚ ʄ.ʀ., ʂʘʩʴʷʥʦʚ ʀ.ɸ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʝʨʝʭʦʜ ʢ ʥʦʚʳʤ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʧʦʠʩʢʘ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʠ ʩʧʦʩʦʙʘʤ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ ʛʘʣʣʫʘʟʠʪʘ (HNT) 

Al 2Si2O5(OH)4ĀnH2O ʚʳʨʦʩʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʠʨʦʜʝ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦʪ 

ʘʣʶʤʦʩʠʣʠʢʘʪ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʦʣʠʪʦʚ, ʦʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʧʦʩʦʙʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ, ʠʥʦʛʜʘ ʷʚʣʷʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ, ʣʠʙʦ ʠʟʣʦʞʝʥʳ 

ʥʝʧʦʣʥʦ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʪʦʜʦʚ ʘʢʪʠʚʘʮʠʠ 

ʛʘʣʣʫʘʟʠʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʝʦʣʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ MFI ʠ FAU(Y), ʧʨʠʤʝʥʷʝʤʳʭ 

ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʘʢʪʠʚʘʮʠʠ ʛʘʣʣʫʘʟʠʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɻʘʣʣʫʘʟʠʪ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʬʦʨʤʦʡ ʘʣʶʤʦʩʠʣʠʢʘʪʘ, 

ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 3 ʧʦʜʭʦʜʘ ʝʛʦ ʘʢʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʭ 

ʢʦʤʙʠʥʘʮʠʠ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1: ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʧʝʢʘʥʠʝ ʩʦ 

ʱʸʣʦʯʴʶ (NaOH) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʨʝʤʝʥʘʭ ʦʙʨʘʙʦʪʢʠ, ʦʙʨʘʙʦʪʢʘ 

ʢʠʩʣʦʪʦʡ (H2SO4) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ 

ʩʠʥʪʝʟ ʮʝʦʣʠʪʦʚ FAU(Y) ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ ʧʨʠ 95 Áʉ, ʘ ʮʝʦʣʠʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ MFI ï ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ ʧʨʠ 175 Áʉ; ʩʠʥʪʝʟʳ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʨʘʚʢʠ, ʪʘʢ ʠ ʙʝʟ ʥʝʸ (ʚ ʪʘʙʣʠʮʝ 1 ʦʙʨʘʟʮʳ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ çsè 

ʠʣʠ çnsè, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʮʝʦʣʠʪʦʚ ʠʟ ʛʘʣʣʫʘʟʠʪʘ, ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʧʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʜʠʬʨʘʢʮʠʷ (ʈʌɸ), ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ʈʌʣɸ), 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʦʨʙʮʠʷ ʘʟʦʪʘ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʉʕʄ) ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ 

ʠʩʭʦʜʥʦʛʦ ʛʘʣʣʫʘʟʠʪʘ ʩʦ ʱʸʣʦʯʴʶ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʦʙʣʘʩʪʴ ʧʝʨʝʭʦʜʘ 

ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʤʝʪʘʢʘʦʣʠʥ Al2Si2O5: 450-500Áʉ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʜʘʥʥʳʤʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʞʝ ʫʢʘʟʘʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʠʢʘʢʠʝ ʮʝʦʣʠʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʥʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ. ʇʦ ʜʘʥʥʳʤ ʈʌʣɸ ʠ ʘʥʘʣʠʟʘ ʪʝʢʩʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʘ ʮʝʦʣʠʪʘ ʩʦʜʝʨʞʘʪ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʶʤʠʥʠʷ, 

ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ ʟʘʙʣʦʢʠʨʦʚʘʣ ʢʘʥʘʣʳ ʠ ʧʦʨʳ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. 
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ʊʘʙʣ. 2. ʉʧʦʩʦʙʳ ʘʢʪʠʚʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʛʘʣʣʫʘʟʠʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʦʚ ʧʨʦʜʫʢʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɸ ï ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 700 Áʉ ʚ 

ʪʝʯʝʥʠʝ 2 ʯ; ɹ ï ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠ 70 Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯ, ɹɸ ï ʪʦ ʞʝ, ʯʪʦ ʠ ʚ ʧ. ɹ, ʪʦʣʴʢʦ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 550 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯ; ɺ ï ʩʧʝʢʘʥʠʝ ʩ ʪʚʸʨʜʦʡ 

ʱʸʣʦʯʴʶ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʄʝʪʦʜ 

çʘʢʪʠʚʘʮʠʠè 

ʉʪʨʫʢ

-ʪʫʨʘ 
ʌʘʟʳ ʧʦ ʈʌɸ 

ʄʦʣʴʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 

Si/Al 

ʋʜʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, 

ʤ2/ʛ 

ʊʝʨʤʠʯʝʩʢʠʡ 

(ɸ) 

MFI ʎʝʦʣʠʪ ʪʠʧʘ ZSM-5 37 390 

FAU 

ns: ʢʚʘʨʮ 

s: ʮʝʦʣʠʪ Y + 

ʛʘʣʣʫʘʟʠʪ + ʢʚʘʨʮ 

s: 4 s: 370 

ʂʠʩʣʦʪʥʳʡ 

(ɹ) 

MFI ʎʝʦʣʠʪ ʪʠʧʘ ZSM-5 41 

ʅʝ 

ʦʧʨʝʜʝʣʷʣʠ FAU 

ns: ʛʘʣʣʫʘʟʠʪ 

s: ʮʝʦʣʠʪ Y + 

ʛʘʣʣʫʘʟʠʪ + ʢʚʘʨʮ 

ʅʝ 

ʦʧʨʝʜʝʣʷʣʠ 

ʂʠʩʣ. + ʪʝʨʤ. 

(ɹɸ) 

MFI ʎʝʦʣʠʪ ʪʠʧʘ ZSM-5 38 
ʅʝ 

ʦʧʨʝʜʝʣʷʣʠ FAU 
ns: ʢʚʘʨʮ 

s: ʢʚʘʨʮ 

ʅʝ 

ʦʧʨʝʜʝʣʷʣʠ 

ʑʝʣʦʯʥʦʡ + 

ʪʝʨʤ. (ɺ) 

MFI ʎʝʦʣʠʪ ʪʠʧʘ ZSM-5 

ʅʝ 

ʦʧʨʝʜʝʣʷʣʠ 

ʅʝ 

ʦʧʨʝʜʝʣʷʣʠ FAU 

400 Áʉ: ʘʤʦʨʬʥʦʝ 

450 Áʉ: ʮʝʦʣʠʪ Y 

500 Áʉ: ʮʝʦʣʠʪ Y 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʮʝʦʣʠʪ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ MFI (ʘʥʘʣʦʛ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ZSM-5) ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ 

ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʛʦ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʘʢʪʠʚʘʮʠʠ 

ʛʘʣʣʫʘʟʠʪʘ, ʪʦʛʜʘ ʢʘʢ ʮʝʦʣʠʪ Y ʥʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʪʨʘʚʢʠ 

ʥʠ ʧʨʠ ʢʘʢʦʤ ʠʟ ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʠʝ ʬʘʟʳ 

ʮʝʦʣʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ FAU(Y) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʱʝʣʦʯʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʥʠʞʝ 450 Áʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-73-10160. 
 

[1] ʃ.ʌ. ɸʪʷʢʰʝʚʘ, ʀ.ɸ. ʂʘʩʴʷʥʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ 3(2) (2021) 124ï143.  
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ʀʟʤʝʥʝʥʠʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʧʦʤʦʱʴʶ 

ʜʦʧʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʚʘʥʘʜʘʪʘ ʩʪʨʦʥʮʠʷ  

ʥʠʦʙʘʪ-ʘʥʠʦʥʘʤʠ 
 

ɺʘʢʰʠʥ ɸ.ʀ., ɻʘʣʣʷʤʦʚ ʕ.ʄ., ʊʠʪʢʦʚ ɺ.ɺ., ʃʘʟʦʨʷʢ ɹ.ʀ. 

 

 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʱʝʩʪʚʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʠʥʝʨʘʣʘ ʚʠʪʣʦʢʠʪʘ ʚʳʟʳʚʘʶʪ 

ʠʥʪʝʨʝʩ ʫ ʫʯʸʥʳʭ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ. ʕʪʠ 

ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [1]. ɺʳʨʘʞʝʥʥʦʩʪʴ ʵʪʠʭ 

ʩʚʦʡʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ, ʩʣʦʞʥʳʝ 

ʚʘʥʘʜʘʪʳ ʩʪʨʦʥʮʠʷ ʦʩʪʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ [2].  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʣʦʞʥʦʛʦ ʚʘʥʘʜʘʪʘ ʙʳʣ ʚʳʙʨʘʥ Sr9Yb(VO4)7. ɺ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʛʝʥʝʨʘʮʠʠ 

ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ (ɻɺɻ), ʠʟʫʯʝʥʠʝ ʣʶʤʠʩʮʝʥʮʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʪʠʭ ʮʝʣʝʡ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠʚʥʝʩʪʠ ʥʠʦʙʠʡ ʚ ʘʥʠʦʥʥʫʶ ʯʘʩʪʴ. ʕʪʦʪ d-ʵʣʝʤʝʥʪ, 

ʥʘʭʦʜʷʩʴ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ɻɺɻ. ɺ 

ʢʘʪʠʦʥʥʫʶ ʯʘʩʪʴ ʜʦʙʘʚʣʝʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʚʨʦʧʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮʳ 

ʥʝʦʜʥʦʬʘʟʥʦʩʪʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʩʢʦʣʴʢʦ 

ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʧʨʠʚʥʝʩʝʥʠʠ ʥʠʦʙʠʷ, ʧʦʩʣʝ ʵʪʦʛʦ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʧʣʦʪʴ 

ʜʦ ʛʨʘʥʠʮʳ ʥʝʦʜʥʦʬʘʟʥʦʩʪʠ.  

ʊʘʙʣ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ɻɺɻ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʠʦʙʠʷ 

ʜʣʷ Sr9Yb0.99Eu0.01(VO4)7-x(NbO4)x. 

x 0 0.07 0.14 0.21 0.28 

ʉʠʛʥʘʣ ɻɺɻ 

(ʢʚʘʨʮʝʚʳʡ ʵʪʘʣʦʥ) 
14 20 20 20 20 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʩʪʘʚʦʚ Sr9Yb0.99Eu0.01(VO4)7-x(NbO4)x ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʩʪʘʚ-ʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʘ. ʅʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʝʚʦʩʭʦʜʷʪ ʢʚʘʨʮʝʚʳʡ ʵʪʘʣʦʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-13-00148. 
 

[1] ɹ.ʀ. ʃʘʟʦʨʷʢ. ʋʩʧʝʭʠ ʭʠʤʠʠ 65(4) (1996) 307-325. 

[2] A.A. Belik. Chem. Mater. 17(1) (2005) 122ï129.  
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ʇʦʣʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ 

ʧʦʨʠʩʪʳʭ ʧʣʸʥʦʢ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ  

ʚ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʝ 
 

ɺʠʪʢʦʚʩʢʠʡ ɺ.ɺ.1, ʉʦʪʥʠʯʫʢ ɽ.ʆ.1, ʌʠʣʠʧʧʦʚ ʗ.ʖ.2, ʈʦʩʣʷʢʦʚ ʀ.ɺ.1, 

ʅʘʧʦʣʴʩʢʠʡ ʂ.ʉ.1,3 

 
1ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2ʅʀʀ ʄʝʭʘʥʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119192, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʦʨʠʩʪʳʝ ʧʣʸʥʢʠ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (ɸʆɸ) ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʦʡ ʩʦʪʦʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɸʆɸ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʦʩʥʦʚʳ ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʦ ʘʤʦʨʬʥʳʝ 

ʧʦʨʠʩʪʳʝ ʧʣʸʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʞʝʯʴ, ʩʦʭʨʘʥʠʚ ʠʭ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʦʙʝʩʧʝʯʠʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʪʜʝʣʴʥʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʵʣʝʢʪʨʦʣʠʪʘ, ʚ 

ʢʦʪʦʨʦʤ ɸʆɸ ʬʦʨʤʠʨʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʥʝʩʫʱʘʷ ʦʩʥʦʚʘ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʪʦʣʱʠʥʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ 100 ʤʢʤ. ʍʦʨʦʰʠʤ ʢʘʥʜʠʜʘʪʦʤ 

ʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨʠʩʪʘʷ ʢʠʩʣʦʪʘ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʝʨʤʠʯʝʩʢʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ɸʆɸ, ʧʦʣʫʯʝʥʥʦʤ ʚ ʜʘʥʥʦʤ 

ʵʣʝʢʪʨʦʣʠʪʝ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʦʨʠʩʪʳʭ ʧʣʸʥʦʢ ɸʆɸ ʚ 1 ʄ ʨʘʩʪʚʦʨʝ 

ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ (H3PO3) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠ ʩʚʦʡʩʪʚ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ ʧʦʜʚʝʨʛʘʣʠ ʘʥʦʜʥʦʤʫ 

ʦʢʠʩʣʝʥʠʶ ʚ 1 ʄ ʨʘʩʪʚʦʨʝ H3PO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 ÁC ʠ ʥʘʧʨʷʞʝʥʠʠ 170 ɺ. ʇʨʠ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ɸʆɸ ʩʦʩʪʘʚʣʷʝʪ 9,4 ʤʢʤ/ʯ. ʉʦʛʣʘʩʥʦ 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʨʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 403 

Ñ 39 ʥʤ, ʜʠʘʤʝʪʨ ʧʦʨ ʥʘ ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʝ 139 Ñ 12 ʥʤ (ʧʦʨʠʩʪʦʩʪʴ 11 Ñ 1%), ʥʘ 

ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ 153 Ñ 13 ʥʤ (ʧʦʨʠʩʪʦʩʪʴ 13 Ñ 1%). 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʡ ɸʆɸ ʷʚʣʷʝʪʩʷ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 950 ÁC ʧʨʦʠʩʭʦʜʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʩʤʝʩʴ ɔ-, ɗ-, ŭ-Al 2O3. ʆʪʞʠʛ 

ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 1310 ÁC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Ŭ-Al 2O3. ʇʦ 

ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʭʨʘʥʷʝʪʩʷ, 

ʜʠʘʤʝʪʨ ʧʦʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 25% (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ AOɸ ʜʦ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1310 Áʉ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʠʩʪʳʭ ʧʣʸʥʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʴ ʖʥʛʘ 

ʠʩʭʦʜʥʦʛʦ ɸʆɸ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ ʩʦʩʪʘʚʣʷʶʪ 93 Ñ 30 ʄʇʘ ʠ 15 Ñ 4 ɻʇʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ɸʆɸ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʩʪʝʥʦʢ ʧʦʨ ʚ 0,6 ʄ H3PO4 ʜʦ 66% ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ~ 2,5 ʨʘʟʘ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1310 

ÁC ʤʦʜʫʣʴ ʖʥʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ~ 

2 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʚ 1 ʄ H3PO3 ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʦʩʥʦʚʳ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʅʊʀ ˉ70-2021-00270. 

  



ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

153 

ɺʣʠʷʥʠʝ ʨʘʜʠʫʩʘ ʠʦʥʘ ʜʦʧʘʥʪʘ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʟʦʣʝʡ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ 
 

ɻʦʨʜʝʝʚ ɸ.ɸ., ʂʫʟʥʝʮʦʚʘ ʉ.ɸ. 
 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʅʀ ʊɻʋ, 634045, ʊʦʤʩʢ, ʈʦʩʩʠʷ 
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ʆʙʨʘʟʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʯʘʩʪʠʮ 

ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʉʝ4+ ʜʦ 

ʉʝ3+ [1]. ɺ ʩʚʷʟʠ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʦʜʚʠʞʥʦʩʪʴʶ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ. ʈʘʥʝʝ, ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʦʣʠ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ (ʇɺʉ) 

ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [2]. ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʉʝʆ2 ʷʚʣʷʝʪʩʷ 

ʜʦʧʠʨʦʚʘʥʠʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʠʦʥʘʤʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʈɿʕ) [1].  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʚʣʠʷʥʠʷ ʨʘʜʠʫʩʘ ʠʦʥʘ ʜʦʧʘʥʪʘ ʥʘ ʢʠʩʣʦʨʦʜʥʫʶ ʩʪʝʭʠʦʤʝʪʨʠʶ, ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ɸʆɸ) ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ ʚ ʟʦʣʷʭ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʇɺʉ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʘʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʠʦʥʳ ʩʣʝʜʫʶʱʠʭ ʈɿʕ: La3+, Sm3+, Gd3+, Er3+, Yb3+ ʚ ʩʣʝʜʫʶʱʠʭ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʉʝ/ʈɿʕ: 9/1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 6 ʦʙʨʘʟʮʦʚ: ʉʝʆ2, 

ʉeO2:La, ʉeO2:Sm, ʉeO2:Gd, ʉeO2:Er, ʉeO2:Yb. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʜʠʬʨʘʢʪʦʤʝʪʨ Rigaku Miniflex 600 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Cu KŬ-ʠʟʣʫʯʝʥʠʷ (1,5405 ¡) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʠ ʪʦʢʝ 40 ʢɺ ʠ 15 ʤɸ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʠʘʧʘʟʦʥ 2ɗ = 10ï90 Á ʩʦ ʩʢʦʨʦʩʪʴʶ 5 Á ʤʠʥ). ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʠ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ. ɸʆɸ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʘʢʮʠʠ ʩ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ, 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ ʌʘʜʝʝʚʦʡ ɼ.ɸ. [3].  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ, ʬʦʨʤʠʨʫʝʤʳʝ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʧʠʢʠ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʰʢʘʣʝ 2ɗ, ʭʘʨʘʢʪʝʨʥʳʭ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʬʣʶʦʨʠʪʘ, ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ (ʨʠʩ.1). ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩ ʈɿʕ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ 

ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʥʪʛʝʥʦʛʨʘʤʤʦʡ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ. 
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ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʉʝʆ2 c ʈɿʕ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʟʦʣʝʡ.  

ʄʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʈɿʕ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʘʨʘʤʝʪʨʘ ʷʯʝʡʢʠ (ʪʘʙʣ.1). C ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʂʠʤʘ [4] 

ʦʮʝʥʝʥʘ ʩʪʝʭʠʦʤʝʪʨʠʷ ʧʦ ʢʠʩʣʦʨʦʜʫ: ʥʝʩʪʝʭʠʤʝʪʨʠʯʥʦʩʪʴ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʠʩʣʦ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʚʦʟʨʘʩʪʘʝʪ ʜʣʷ ʦʙʨʘʟʮʦʚ ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ ʠ ʤʝʥʷʝʪʩʷ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,038 ʜʦ 0,025 Ñ 0,002. ɺʝʣʠʯʠʥʳ ɸʆɸ ʟʦʣʝʡ ʉʝʆ2 

ʩ ʈɿʕ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 4000 ï 5300 ʤʣ/ʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʚʝʣʠʯʠʥʝ ɸʆɸ ʛʣʫʪʘʪʠʦʥ (2857 ʤʣ/ʛ) [3].  

ʊʘʙʣ. 1. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʯʘʩʪʠʮ ʉʝʆ2, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʈɿʕ, ʩ ʇɺʉ 

ɼʦʧʘʥʪ Ri, ʥʤ ʘ, ʥʤ ʌʦʨʤʫʣʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ɸʆɸ, ʤʣ/ʛ 

ʅʝʪ 0,092 (ʉʝ) 0,5423 CeO1,983 3226 

La 0,106 0,5430 Ce0,9La0,1O1,962 5215 

Sm 0,096 0,5429 Ce0,9Sm0,1O1,962 5062 

Gd 0,094 0,5425 Ce0,9Gd0,1O1,974 4017 

Er 0,088 0,5423 Ce0,9Er0,1O1,975 4289 

Yb 0,086 0,5414 Ce0,9Yb0,1O1,967 4473 

 
[1] ɸ.ɹ. ʑʝʨʙʘʢʦʚ ʠ ʜʨ. ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤ. ʛʦʩ. ʫʥ-ʪʘ 116 (2016) 118. 

[2] A.A. Gordeev et al. Ceramics International 49(5) (2023) 7580-7588. 

[3] ɼ.ɸ. ʌʘʜʝʝʚʘ ʠ ʜʨ. ʅʘʫʯʥʳʝ ɺʝʜʦʤʦʩʪʠ ʉʝʨʠʷ ʄʝʜʠʮʠʥʘ, ʌʘʨʤʘʮʠʷ 99(4) (2011) 178-180. 
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ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ 

ʬʝʨʨʦʛʨʘʥʘʪʘ ʣʶʪʝʮʠʷ ʥʘ ʧʦʜʣʦʞʢʘʭ Gd3Al 2Ga3O12 
  

ɻʫ ɾʦʩʶʘʥʴ1, ʍʘʬʠʟʦʚ ɸ.ɸ. 1, ʄʘʨʢʝʣʦʚʘ ʄ.ʅ. 2, ʂʘʫʣʴ A.P.2 

 
1 ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2 ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

  

grxuan969@outlook.com  

ʉʣʦʞʥʳʡ ʦʢʩʠʜ Lu3Fe5O12 (LuIG) ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ 

ʛʨʘʥʘʪʘ ʠ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʘʛʥʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ 

ʚ ʪʝʭʥʠʢʝ ʉɺʏ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ Lu3Fe5O12 ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ Gd3Ga5O12 (GGG) ʚʘʢʫʫʤʥʳʤʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ Ga2O3 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʫʣʝʪʫʯʠʚʘʪʴʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ GGG, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Lu3Fe5O12. ʇʦʵʪʦʤʫ ʤʳ 

ʚʧʝʨʚʳʝ ʧʦʧʳʪʘʣʠʩʴ ʦʩʘʜʠʪʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ ʧʦʜʣʦʞʢʘʭ Ce:Gd3Al 2Ga3O12 

(GAGG)*, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʛʘʣʣʠʷ ʟʘʤʝʥʝʥʘ ʘʣʶʤʠʥʠʝʤ, ʯʪʦ ʜʦʣʞʥʦ ʧʦʤʦʯʴ 

ʫʤʝʥʴʰʠʪʴ ʠʩʧʘʨʝʥʠʝ ʦʢʩʠʜʘ ʛʘʣʣʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ  

ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʦʩʪʦʚʳʭ ʜʝʬʝʢʪʦʚ ʚ ʧʣʝʥʢʘʭ LuIG. ʂʨʦʤʝ ʪʦʛʦ, 

ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ Ga ʥʘ ʤʝʥʴʰʠʡ ʧʦ ʨʘʟʤʝʨʫ Al ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʕʗ) ʥʘ ʛʨʘʥʠʮʝ 

ʧʣʝʥʢʘ/ʧʦʜʣʦʞʢʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʝʥʢʝ 

Lu3Fe5O12. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʣʝʥʢʠ Lu3Fe5O12 (LuIG) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ (MOCVD) 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʠʭ ʜʠʧʠʚʘʣʦʠʣʤʝʪʘʥʘʪʦʚ ʣʶʪʝʮʠʷ ʠ 

ʞʝʣʝʟʘ. ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ 

GAGG(110) ʠ GAGG(100), ʘ ʪʘʢʞʝ GGG(111) ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʩʨʘʚʥʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ XRD, AFM ʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (FMR). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [0] ʧʘʨʘʤʝʪʨʳ ʕʗ LuIG 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʦʜʣʦʞʝʢ GGG ʠ GAGG. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʣʝʥʢʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʩʪʷʞʝʥʠʶ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʧʣʝʥʢʘ-ʧʦʜʣʦʞʢʘ ʠ, ʥʘʧʨʦʪʠʚ, 

ʩʞʘʪʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʪʘʢ ʢʘʢ ʠʭ ʜʝʬʦʨʤʘʮʠʷ ʥʦʩʠʪ 

ʫʧʨʫʛʠʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ XRD ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʠʢʠ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʘʭ GAGG(110) ʠ GAGG(100), ʣʝʞʘʪ ʣʝʚʝʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ LuIG (ʠʭ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʦ 

ʧʦ XRD ʧʦʨʦʰʢʘ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʣʝʥʢʠ ʕʗ ʟʘʤʝʪʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʚʣʠʷʥʠʝʤ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʜʨʫʛʦʡ ʧʨʠʯʠʥʦʡ 

ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʕʗ ʧʣʝʥʦʢ ʛʨʘʥʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʦʥʝʥʠʝ ʢʘʪʠʦʥʥʦʛʦ 
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ʩʦʩʪʘʚʘ ʧʣʝʥʦʢ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ 3:5 ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʥʪʠʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʬʝʢʪʦʚ ʪʠʧʘ [Lu3+
Fe3+]ʦʢʪʘʵʜʨ [2]. 

 

ʈʠʩ. 6. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ М-2М ʪʦʥʢʠʭ ʧʣʝʥʦʢ Lu3Fe5O12 (LuIG) ʥʘ 

ʧʦʜʣʦʞʢʘʭ GGG(111)(ʯʝʨʥʳʡ), GAGG(110)(ʢʨʘʩʥʳʡ) ʠ GAGG(100)(ʩʠʥʠʡ). 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʦʩʣʝʜʥʝʡ ʛʠʧʦʪʝʟʳ ʙʳʣ ʧʨʝʜʧʨʠʥʷʪ ʘʥʘʣʠʟ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʣʥʳʤ ʚʥʝʰʥʠʤ ʦʪʨʘʞʝʥʠʝʤ 

(ʈʌʣɸ ʇɺʆ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ Fe/Lu ʚ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʢʘʭ LuIG ʨʘʚʥʦ 1,24 (ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 1,67),  ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʙʳʪʢʝ ʣʶʪʝʮʠʷ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʥʝʜʦʩʪʘʪʢʝ ʞʝʣʝʟʘ ʚ ʧʣʝʥʢʘʭ ʛʨʘʥʘʪʘ. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʥʘ ʧʘʨʘʤʝʪʨ ʕʗ LuIG ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʣʝʥʢʠ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʠ ʫʤʝʥʴʰʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Fe/Lu. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʠʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʯʪʦ LuIG ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʧʦʨʦʰʢʦʚ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʣʘʜʘʝʪ ʢʘʪʠʦʥʥʦʡ ʥʝʩʪʝʭʠʦʤʝʪʨʠʝʡ. ʆʥʠ  ʪʘʢʞʝ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʠʪʴ ʚʢʣʘʜ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʕʗ ʟʘ ʩʯʝʪ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʚʢʣʘʜ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʣʝʥʢʘ/ʧʦʜʣʦʞʢʘ. 

ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʧʘʨʘ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʧʦʜʣʦʞʢʝ GAGG(110) 

ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʩ ʨʝʢʦʨʜʥʦ-ʥʠʟʢʦʡ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʌʄʈ (ȹH=13 ʕ).  

ʇʦʜʣʦʞʢʠ Ce:Gd3Al 2Ga3O12 ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢʦʤʧʘʥʠʝʡ ɸʆ "ʌʦʤʦʩ-

ʄʘʪʝʨʠʘʣʳ". ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʠʪʘʡʩʢʦʛʦ ʩʦʚʝʪʘ 

ʧʦ ʩʪʠʧʝʥʜʠʷʤ (CSC). 

 
[1] K. Kamada et al. Crystal Growth & Design 11(10) (2011) 4484-4490. 

[2] S. Geller. Zeitschrift f¿r Kristallographie-Crystalline Materials 125(1-6) (1967) 1-47. 
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ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ  

ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ CeO2-TiO 2 

 

ɾʠʥʢʠʥʘ ʆ.ɸ.1, ʐʫʛʫʨʦʚ ʉ.ʄ.1,2, ɹʘʣʘʙʘʥʦʚʘ ɽ.ɸ2, ʈʝʧʠʥ ɼ.ɸ.1,2, ʃʦʧʘʪʠʥ ʉ.ʀ.2 

 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʇʙɻʋ, 199034, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʈɸʅ, 199034, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
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ʂʝʨʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ [1], ʜʘʪʯʠʢʦʚ 

ʢʠʩʣʦʨʦʜʘ [2], ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ [3], ʘ ʪʘʢʞʝ ʢʘʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʢʘʪʘʣʠʟʘʪʦʨʳ [4], ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʯʘʩʪʠʯʥʳʡ ʠʣʠ ʧʦʣʥʳʡ 

ʧʝʨʝʭʦʜ ʚ ʧʘʨ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʜʣʷ ʠʭ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʦʙʨʘʟʮʳ ʚ ʩʠʩʪʝʤʝ Ce1-xTixO2-x/2 (ʛʜʝ x=0.1õ0.9 ʩ ʰʘʛʦʤ ʚ 0.1) ʧʨʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ ʚ ʪʝʯʝʥʠʝ 12.5 ʯ ʧʨʠ 1400Áʉ. ʌʘʟʦʚʳʡ ʠ ʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ 

ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʭʨʘʥʝʥʠʝ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ Ce(IV) ʠ Ti(IV) ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʤʝʪʦʜʦʤ 

ʚʠʟʫʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [5]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʚ ʜʠʘʧʘʟʦʥʝ x=0.1õ0.5 ʠʤʝʣʠ ʟʝʣʝʥʦʚʘʪʳʡ 

ʦʪʪʝʥʦʢ, ʦʙʨʘʟʮʳ x=0.6õ0.8 ʙʝʞʝʚʳʡ, ʘ ʦʙʨʘʟʝʮ x=0.9 ʙʳʣ ʞʝʣʪʦʛʦ ʮʚʝʪʘ 

ʠʩʭʦʜʥʦʛʦ CeO2. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 254 ʠ 365 ʥʤ, 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʝ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ. 

ʇʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ CeOïTiO2 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɺʊʄʉ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʄʉ-1301 ʧʨʠ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʘʮʠʠ 30 ʵɺ. ʀʩʧʘʨʝʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʜʚʦʝʥʥʦʡ 

ʦʜʥʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʴʬʨʘʤʦʚʦʡ ʵʬʬʫʟʠʦʥʥʦʡ ʷʯʝʡʢʠ, ʥʘʛʨʝʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʦʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʦʧʪʠʯʝʩʢʠʤ 

ʧʠʨʦʤʝʪʨʦʤ ʀʆʇ-66 ʩ ʪʦʯʥʦʩʪʴʶ Ñ10 K ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1900ï2500 K. 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʥʘʜ ʦʙʨʘʟʮʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 2000-2500 K ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʦʥʳ CeO2
+, CeO+, TiO+

, TiO2
+. ʇʘʨ ʥʘʜ ʦʙʨʘʟʮʘʤʠ ʩʦʩʪʦʠʪ ʠʟ 

ʤʦʣʝʢʫʣ CeO2, CeO, TiO, TiO2, O2, O. ʇʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ ʜʘʚʣʝʥʠʝ 

Ce-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʣʦʩʴ, ʘ Ti-ʩʦʜʝʨʞʘʱʠʭ ʥʘʨʘʩʪʘʣʦ, ʫʢʘʟʳʚʘʷ ʥʘ 

ʦʙʝʜʥʝʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʦʢʩʠʜʦʤ ʮʝʨʠʷ. 
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ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: ʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʷè 

158 

ʀʩʧʦʣʴʟʫʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʦʢʩʠʜ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ, ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ɺʊʄʉ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ CeO2 ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʜʣʷ ʦʙʨʘʟʮʦʚ x=0.3õ0.9 

ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2100-2300 ʂ ʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʮʠʘʣʴʥʳʭ 

ʵʥʪʘʣʴʧʠʡ ʩʤʝʰʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʦ ʫʨʘʚʥʝʥʠʶ ɻʠʙʙʩʘ-ɼʶʛʝʤʘ ʜʣʷ 

ʪʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʢʪʠʚʥʦʩʪʠ TiO2 ʚ ʨʘʩʧʣʘʚʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2150 ʂ. ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʩʤʝʰʝʥʠʷ ʠ ʠʟʙʳʪʦʯʥʘʷ 

ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʜʣʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ ʨʘʩʧʣʘʚʦʚ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ CeO2-TiO2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʠʜʝʘʣʴʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 24-23-00047. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ, ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʢʨʠʦʛʝʥʥʦʤʫ ʦʪʜʝʣʫ 

ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ ʟʘ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʧʦʜʘʯʫ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

 
[1] Y. Zhang, J. Liu, M. Singh, et al. Nano-Micro Lett. 12 (2020) 178. 

[2] N.A.M. Fadzil, M.H.A.B. Rahim, G.P. Maniam. Mater. Res. Express 5 (2018) 085019. 

[3] L. He, Y. Su, J. Lanhong, S. Shi. J. Rare Earths 33 (2015) 791ï799. 

[4] T. Montini, M. Melchionna, M. Monai, P. Fornasiero. Chem. Rev. 116 (2016) 5987ï6041. 

[5] ʅ.ɸ. ʊʦʨʦʧʦʚ, ʕ.ʂ. ʂʝʣʝʨ, ɸ.ʀ. ʃʝʦʥʦʚ, ʇ.ʌ. ʈʫʤʷʥʮʝʚ. ɺʝʩʪʥʠʢ ɸʅ ʉʉʉʈ. 3 (1962) 46ï

48. 
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2D-ʤʘʪʝʨʠʘʣ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʜʥʦʛʦ ʩʣʦʷ 

ʘʪʦʤʘʨʥʦʡ ʪʦʣʱʠʥʳ. ɽʩʣʠ ʚʟʷʪʴ ʣʶʙʦʡ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠ ʩʜʝʣʘʪʴ ʠʟ ʥʝʛʦ 2D-ʤʘʪʝʨʠʘʣ, ʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʠʩʯʝʟʥʫʪ ʠʟ-ʟʘ ʪʝʧʣʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ, 

ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʨʘʟʨʫʰʘʶʪ ʤʘʛʥʠʪʥʳʡ ʧʦʨʷʜʦʢ. ʅʝʜʘʚʥʦ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ 

ʤʘʛʥʠʪʥʳʝ 2D-ʤʘʪʝʨʠʘʣʳ [1-3], ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ, 

ʯʪʦ ʤʝʰʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʦʚʳʝ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʢʨʘʡʥʝ ʚʘʞʥʳ ʜʣʷ ʩʧʠʥʪʨʦʥʠʢʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʦʚʳʭ ʩʣʦʠʩʪʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ FeAl2S4, FeAl2Se4, FeGa2-xCrxS4, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ. ʆʙʲʸʤʥʳʝ ʢʨʠʩʪʘʣʣʳ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 2D-ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʪʩʣʘʠʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʪʨʫʢʪʫʨʥʳʝ ʩʣʦʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʘ, 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʣʴʢʦ ʩʣʘʙʳʤʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, 

ʘ ʪʘʢʞʝ ʨʦʩʪʘ ʦʙʲʸʤʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʨʝʘʢʮʠʡ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʘʣʶʤʠʥʠʷ. ɼʣʷ ʩʠʩʪʝʤʳ FeGa2-xCrxS4 ʦʧʨʝʜʝʣʝʥʘ 

ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʟʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʦʙʲʸʤʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʳʚʘʶʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʠʧʘ ʩʧʠʥʦʚʦʛʦ 

ʩʪʝʢʣʘ ʩ ʟʘʤʦʨʦʞʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʠʥʪʝʨʝʩʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʥʦʚʳʭ ʜʚʫʤʝʨʥʳʭ ʫcʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦʥʠʢʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ ˉ 21-73-

10019. 
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ʉʪʨʫʢʪʫʨʘ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʪʝʪʨʘʬʪʦʨʦʙʦʨʘʪʘ 1-ʤʝʪʠʣ-3-

ʦʢʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʧʦʨʘʭ ɸʵʨʦʩʠʣʘ 
 

ʂʦʪʮʦʚ ʉ.ʖ.1,2, ɹʘʨʘʥʯʠʢʦʚ ɸ.ɽ.1, ʀʚʘʥʦʚ ɺ.ʂ.1 
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ʀʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ (ʀɾ) ʥʘʟʳʚʘʶʪ ʩʦʣʠ, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʀɾ ʥʝʣʝʪʫʯʠ, ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʳ ʨʘʩʪʚʦʨʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʀɾ ʫʜʦʙʥʦ ʟʘʢʣʶʯʠʪʴ ʚ ʪʚʸʨʜʦʡ ʧʦʨʠʩʪʦʡ 

ʤʘʪʨʠʮʝ, ʧʦʣʫʯʘʷ ʠʦʥʦʛʝʣʠ ï ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʀɾ ʩʦʯʝʪʘʶʪʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʬʦʨʤʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʚʸʨʜʦʡ ʬʘʟʳ. ɼʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʀɾ ʭʘʨʘʢʪʝʨʥʦ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʯʘʩʪʠʮ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ (ʢʘʪʠʦʥʳïʘʥʠʦʥʳ) ʠ ʧʦʣʷʨʥʳʭïʥʝʧʦʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʠʦʥʳïʘʣʢʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ). ʇʨʠ ʟʘʢʣʶʯʝʥʠʠ ʯʘʩʪʠʮ ʀɾ ʚ 

ʥʘʥʦʧʦʨʳ ʪʚʸʨʜʦʡ ʬʘʟʳ, ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʢʘʞʘʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʬʬʝʢʪʘ ʢʦʥʬʘʡʥʤʝʥʪʘ ï ʘʜʩʦʨʙʮʠʠ ʯʘʩʪʠʮ ʀɾ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʨʠʮʳ ʠ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ï ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʀɾ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ.  ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʵʬʬʝʢʪ ʢʦʥʬʘʡʥʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʦʥʦʛʝʣʠ SiO2 ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʧʦʨʦʰʢʘ ʘʵʨʦʩʠʣʘ 

ɸ380 ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 1-ʤʝʪʠʣ-3-ʦʢʪʠʣ-ʠʤʠʜʘʟʦʣʠʷ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ 

(OMIM BF4). ʉʦʜʝʨʞʘʥʠʝ ʀɾ ʚ ʠʦʥʦʛʝʣʷʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 16,3 ʜʦ 79.9 ʤʦʣ.%. 

ʂʦʥʬʘʡʥʤʝʥʪ ʀɾ ʚ ɸʵʨʦʩʠʣ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʩʜʚʠʛʦʤ, ʫʰʠʨʝʥʠʝʤ ʠ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʩʠʛʥʘʣʘ 19F ʗʄʈ BF4
-, ʘ ʪʘʢʞʝ ʟʘʤʝʪʥʳʤ (~50ÁC) ʩʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ ʀɾ. ʏʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʦʪʣʠʯʘʣʠʩʴ ʜʣʷ 

ʩʚʦʙʦʜʥʦʡ ʀɾ ʠ ʀɾ ʚ ʠʦʥʦʛʝʣʝ, ʯʪʦ ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʵʬʬʝʢʪʘ ʢʦʥʬʘʡʥʤʝʥʪʘ. ɸʥʘʣʠʟ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʘʵʨʦʩʠʣ ʀɾ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʜʩʦʨʙʠʨʦʚʘʣʩʷ ʚ ʤʠʢʨʦʧʦʨʘʭ, 

ʤʝʟʦʧʦʨʘʭ ʠ ʤʝʞʯʘʩʪʠʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʨʘʟʣʠʯʠʶ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʢʦʥʬʘʡʥʤʝʥʪʘ ʜʣʷ 

ʠʦʥʦʛʝʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʜʦʣʝʡ ʀɾ.  

ʀʟʤʝʨʝʥʠʷ ʠʦʥʦʛʝʣʝʡ ʤʝʪʦʜʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʨʘʭ ʪʚʝʨʜʦʡ ʤʘʪʨʠʮʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ 

ʥʝʧʦʣʷʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ (ʘʥʠʦʥ ï ʘʣʢʠʣ ï ʘʣʢʠʣ ï ʘʥʠʦʥ) ʯʘʩʪʠʮ ʀɾ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʩʷ, ʩ 21,5 ¡ ʚ ʩʚʦʙʦʜʥʦʡ ʀɾ ʜʦ 25,6 ¡ ʚ ʠʦʥʦʛʝʣʝ, ʩʦʜʝʨʞʘʱʝʤ 28.1 

ʤʦʣ. % ʀɾ. ʇʨʠ ʵʪʦʤ ʚ ʠʦʥʦʛʝʣʝ ʩ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʀɾ (16.3 ʤʦʣ.%) 

ʥʝʧʦʣʷʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʩʦʚʩʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʤ 

ʠʩʢʘʞʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚ ʤʠʢʨʦʧʦʨʘʭ 
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ʤʘʪʨʠʮʳ. ʅʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʘʤ, ʵʪʦ ʧʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʨʝʛʫʣʷʨʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʥʝʧʦʣʷʨʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʬʬʝʢʪʘ ʢʦʥʬʘʡʥʤʝʥʪʘ. ʕʪʠ ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩ ʣʸʛʢʦʩʪʴʶ 

ʠʟʤʝʥʝʥʳ ʧʫʪʸʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʦʣʠ ʀɾ ʚ ʠʦʥʦʛʝʣʝ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʀɾ ʧʨʠ ʢʦʥʬʘʡʥʤʝʥʪʝ ʚ ʧʦʨʘʭ 

ɸʵʨʦʩʠʣʘ ɸ380 ʠ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʜʠʫʩʘ ʤʝʞʯʘʩʪʠʯʥʳʭ ʢʦʨʨʝʣʷʮʠʡ, 

ɝ, ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʣʠ ʀɾ ʚ ʠʦʥʦʛʝʣʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-73-00028  
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ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʘʪʘʧʘʪʠʪʘ 

ʠ L-ʧʦʣʠ(ʣʘʢʪʠʜ-ʩʦ-ʤʝʪʠʣʛʣʠʢʦʣʠʜʘ) 
 

ʂʨʝʪʦʚ ɽ.ɸ.1, 2, ʅʠʬʘʥʪʴʝʚ ʀ.ʕ.1, 2 

 
1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ h ʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 

101000, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ, 119991, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

eakretov@edu.hse.ru  

ʉʢʦʨʦʩʪʴ ʠ ʭʠʤʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʨʝʟʦʨʙʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʉʨʝʜʠ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠ(ʣʘʢʪʠʜ-ʩʦ-ʛʣʠʢʦʣʠʜ) (PLGA) ʠʤʝʝʪ 

ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 

ʩʦʦʪʥʦʰʝʥʠʝ ʣʘʢʪʠʜʥʳʭ ʠ ʛʣʠʢʦʣʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (L/G), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ PLGA. PLGA ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʘʢʪʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, PLGA 85/15) ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʧʨʘʢʪʠʢʝ ʢʦʩʪʥʦʡ ʭʠʨʫʨʛʠʠ ʠ ʦʨʪʦʧʝʜʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

PLGA, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʦʚ L-ʣʘʢʪʠʜʘ (LA) 

ʠ ʛʣʠʢʦʣʠʜʘ (GL), ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟ-

ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ LA ʠ GL [1]; 

ʩʦʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ ʤʦʣʦʯʥʦʡ ʠ ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʳ , ʘ ʪʘʢʞʝ ʥʝʜʘʚʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʝʛʤʝʨʥʦʡ ʩʙʦʨʢʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ PLGAs ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ [2]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʘʪʠʩʪʠʯʥʦʩʪʠ PLGA ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʩʦʤʦʥʦʤʝʨʘ, ʢʘʢ L-ʤʝʪʠʣʛʣʠʢʦʣʠʜ (L- 

MeGL) ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʝʞʜʫ LA ʠ GL. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ L-LA (85 ʠʣʠ 70 ʤʦʣ. 

%) ʩ L-MeGL ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Sn(Oct)2 ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ, L-PLMG 85/15 ʠ L-PLMG 

70/30 (PLMG 85/15 ʩʦʜʝʨʞʘʣ (L)nG(L)n ʬʨʘʛʤʝʥʪʳ). ʈʘʟʥʠʮʘ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʠʚʝʣʘ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʥʘ ʦʩʥʦʚʝ PLLA, PLGA 85/15, L-PLMG 85/15 ʠ L-PLMG 70/30 ʩ ʧʣʘʩʪʠʥʯʘʪʳʤ 

ʢʘʨʙʦʥʘʪʘʧʘʪʠʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷ Mn ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʧʣʘʚʘ ʣʠʪʴʸʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʚ PBS, 

ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʠʟʛʠʙʘ ʠ ʧʨʦʯʥʦʩʪʠ ʚʳʷʚʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʦʚʳʭ 

ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ L-MeGL ʧʝʨʝʜ PLGA 85/15. 

ʂʣʶʯʝʚʳʤʠ ʤʦʤʝʥʪʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ̫ ʚʣʷʶʪʩʷ: 

¶ ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʦʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ L-MeGL ʠ L-ʣʘʢʪʠʜʘ 
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¶ ʉʦʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ L-MeGL ʠʤʝʶʪ ʚʳʩʦʢʦʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʘ PLMG 85/15 ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ (L)nG(L)n ʬʨʘʛʤʝʥʪʳ 

¶ L-PLMG ʦʢʘʟʘʣʠʩʴ ʪʝʨʤʠʯʝʩʢʠ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʝʝ, 

ʯʝʤ PLGA 85/15 

¶ ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ PLMG ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘ ʠʟʛʠʙ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʘʤʠ, ʤʘʪʨʠʮʝʡ ʢʦʪʦʨʳʭ 

ʷʚʣʷʣʩʷ PLGA 85/15 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ PLMG ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʳʤ PLGA ʥʘ 

ʦʩʥʦʚʝ GL. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʤʝʥʴʰʠʤ 

ʨʠʩʢʦʤ ʧʦʩʪʦʧʝʨʘʮʠʦʥʥʳʭ ʦʩʣʦʞʥʝʥʠʡ. 

 

 

ʈʠc. 1. (A) ʊʨʘʜʠʮʠʦʥʥʳʡ ʩʠʥʪʝʟ PLGAs [1]. (B) ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʩ 

ʧʦʤʦʱʶ ʩʝʛʤʝʨʥʦʡ ʩʙʦʨʢʠ ʩ ʢʦʥʪʨʦʣʝʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ [2].  (C) ʇʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ PLMG ʥʘ ʦʩʥʦʚʝ L-MeGL (ʵʪʘ ʨʘʙʦʪʘ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ  ̄21-73-30010. 

 
[1] I.E. Nifantôev, A.V. Shlyakhtin, V.V. Bagrov, P.D. Komarov, A.N. Tavtorkin, M.E. 

Minyaev, P.V. Ivchenko. Mendeleev Communications 28 (2018) 412ï414. 

[2] R.M. Stayshich, T.Y. Meyer. J. Am. Chem. Soc. 132 (2010) 10920ï10934.  
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ʇʦʣʫʯʝʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ  

ʥʘ ʦʩʥʦʚʝ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʪʠʪʘʥʘ 
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ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʌʂ) ï ʵʪʦ ʤʘʪʝʨʠʘʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʤʘʩʰʪʘʙʘʭ, 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʚʝʪʘ [1]. ʌʂ ʥʘ ʦʩʥʦʚʝ ʘʥʦʜʥʦʛʦ ʦʢʩʠʜʘ ʪʠʪʘʥʘ 

(ɸʆʊ) [2] ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʥʘʥʦʪʨʫʙʯʘʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʦʧʪʠʯʝʩʢʠʤ 

ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʩʚʦʡʩʪʚʘʤ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʘʥʦʜʦʚ ʚ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʘʭ. ɺ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʌʂ ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʦʪʨʘʞʝʥʠʷ, 

ʦʪʚʝʯʘʶʱʠʝ ʬʦʪʦʥʥʳʤ ʟʘʧʨʝʱʸʥʥʳʤ ʟʦʥʘʤ (ʌɿɿ) ï ʜʠʘʧʘʟʦʥʘʤ ʯʘʩʪʦʪ 

ʬʦʪʦʥʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʬʦʪʦʥʳ ʥʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʤʘʪʝʨʠʘʣʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʣʠʰʴ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʌʂ ʥʘ ʦʩʥʦʚʝ ɸʆʊ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʜʥʦʤ ʠʣʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʦʣʫʯʝʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʌʂ ʥʘ 

ʦʩʥʦʚʝ ɸʆʊ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʠʪʴ ʠʭ ʫʥʠʢʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʥʦ ʠ ʦʪʢʨʳʪʴ ʥʦʚʳʡ ʧʫʪʴ ʢ ʩʠʥʪʝʟʫ ʌʂ ʩ ʧʦʣʥʦʡ ʌɿɿ, ʢʦʛʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʬʦʪʦʥʦʚ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʟʘʧʨʝʱʝʥʦ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 

ʪʨʸʭʤʝʨʥʳʭ ʌʂ ʥʘ ʦʩʥʦʚʝ ɸʆʊ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʫʩʣʦʚʠʡ ʘʥʦʜʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʦʪ 1,2 ʜʦ 6,0 ʄ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʥʘʥʦʪʨʫʙʦʢ (Dint) ʦʪ 132 ʜʦ 

214 ʥʤ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪ ʦʪʥʦʰʝʥʠʝ Dint ʥʘ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʧʣʸʥʢʠ ʩ 1,61 ʜʦ 1,08 (ʨʠʩ. 1). ʕʣʝʢʪʨʦʣʠʪ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʩʦʩʪʘʚʘ 

0,09 M NH4F, 0,09 M CH3COONH4 ʠ 6 M H2O ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʠʥʪʝʟʘ ʌʂ ʥʘ ʦʩʥʦʚʝ ɸʆʊ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʥʘʥʦʪʨʫʙʦʢ 

(Dint) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʘʥʦʜʠʨʦʚʘʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʦʜʥʦʤʝʨʥʳʝ ʌʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʌɿɿ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 770 ï 864 ʥʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʚʤʝʩʪʦ ʧʨʷʤʦʫʛʦʣʴʥʦ-ʚʦʣʥʦʚʦʛʦ ʧʨʦʬʠʣʷ ʤʦʜʫʣʷʮʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʘʥʦʜʠʨʦʚʘʥʠʷ (U) ʦʪ ʟʘʨʷʜʘ (Q) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʌʂ ʚ ʦʙʣʘʩʪʠ ʌɿɿ c 35 ʜʦ 45%.  

ɺʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʪʨʸʭʤʝʨʥʳʡ ʌʂ ʥʘ ʦʩʥʦʚʝ ɸʆʊ. ɸʥʦʜʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʠʦʥʥʳʤ ʧʫʯʢʦʤ (ʌʀʇ) 

ʪʠʪʘʥʦʚʦʡ ʧʦʜʣʦʞʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ U(Q). 

ʄʦʟʘʠʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʣʦʱʘʜʠ 80Ĭ115 ʤʢʤ2 ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 12Á, ʘ ʜʦʣʷ 

ʥʘʥʦʪʨʫʙʦʢ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʦʢʦʣʦ 75%. ʇʦʣʦʞʝʥʠʝ ʌɿɿ, 

ʚʳʟʚʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚʜʦʣʴ ʦʩʠ ʥʘʥʦʪʨʫʙʦʢ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʠʩʪʦʡ ʧʣʸʥʢʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 710 ʥʤ 

ʠ ʩʤʝʱʘʝʪʩʷ ʜʦ ~ 660 ʥʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʜʦ 50Á. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 19-73-10176. 
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ʉʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʣʝʯʝʥʠʶ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʉʨʝʜʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʧʝʰʥʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʪʨʠʢʘʣʴʮʠʡʬʦʩʬʘʪ (ɓ-Ca3(PO4)2, ʧʨ. ʛʨ. R3c; Z = 21; a = b 

= 10.439 ¡ ʠ c = 37.375 ¡) [1]. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ɓ-Ca3(PO4)2 ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʤʝʥʘ ʢʘʪʠʦʥʘ ʢʘʣʴʮʠʷ ʥʘ ʢʘʪʠʦʥ ʩʪʨʦʥʮʠʷ ʚ ʩʪʨʫʢʪʫʨʝ, 

ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ 

ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ [2]. 

ʆʙʨʘʟʮʳ ʩʦʩʪʘʚʘ Ca8xSrxZnSm(PO4)7 ʠ Ca8xSrxZnEu(PO4)7 ʩ x = 0, 1.5, 3, 

4.5, 6, 7.5, 8 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

NH4H2PO4 (99.9%), SrCO3 (99.9%), CaCO3 (99.9%), Sm2O3 (99.9%) ʠ Eu2O3 

(99.9%). ʉʠʥʪʝʟ ʩʦʩʪʦʷʣ ʠʟ ʪʨʝʭ ʩʪʘʜʠʡ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʧʨʠ 500Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʦʪʞʠʛ 

ʧʨʠ 900 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʝʨʚʫʶ ʧʦʜʩʝʨʠʶ ʩʦʩʪʘʚʘ x = 0, 

1.5, 3, 4.5 ʦʪʞʠʛʘʣʠ ʧʨʠ 1050Áʉ, ʘ ʜʣʷ ʚʪʦʨʦʡ ʧʦʜʩʝʨʠʠ ʩʦʩʪʘʚʘ x = 6, 7.5, 8 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʣʘ 1150Áʉ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ɼʣʷ ʩʦʩʪʘʚʦʚ ʩ x Ò 4.5 ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ ʚʠʪʣʦʢʠʪ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʠ x Ó 6 ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ ʵʚʣʠʪʠʥʘ (Sr3Sm(PO4)3, a = b = c = 

10.129 ¡). ʇʦʣʫʯʝʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʤʘʩʩʠʚʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ a, c ʠ V ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʪʠʦʥʘ ʩʪʨʦʥʮʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʩʪʝʦʛʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʄʉʂ). ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ 

ʜʣʷ ʧʷʪʠ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʰʪʘʤʤʦʚ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʙʦʣʴʥʠʮʳ: S. aureus, E. coli, P. aeruginosa, E. faecalis ʠ C. albicans. 
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ɺ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ; ʚʤʝʩʪʦ ʟʘʧʦʣʥʝʥʠʷ ʜʝʬʝʢʪʘ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʠʤʧʣʘʥʪʘʪʦʤ ʦʥ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʠʥʪʝʛʨʘʮʠʠ, ʨʘʩʪʚʦʨʝʥʠʷ ʠʤʧʣʘʥʪʘʪʘ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʪʠʚʥʦʡ ʢʦʩʪʠ, 

ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʩʪʝʦʠʥʜʫʮʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ 

ʨʦʣʴ ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ. ɺʢʣʶʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ (ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ, ʢʠʩʣʦʨʦʜʘ) ʚ ʩʦʩʪʘʚ 

ʙʠʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʨʠʢʩʘ ʧʦʟʚʦʣʷʝʪ ʘ) ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʦʣʠʤʦʨʬʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʨʝʟʦʨʙʮʠʠ, ʙ) ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ 

ʚ ʦʨʛʘʥʠʟʤ ʙʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʧʝʮʠʬʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʠʤʝʥʥʦ ʪʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. 

ʆʩʪʝʢʦʥʜʫʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʠʤʝʥʥʦ ʩʦʜʝʡʩʪʚʠʝ 

ʧʨʦʨʘʩʪʘʥʠʶ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚʥʫʪʨʴ ʦʙʲʝʤʘ ʠʤʧʣʘʥʪʘʪʘ, ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʪʠ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʧʦʜʜʝʨʞʘʥʠʝ ʘʜʛʝʟʠʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʘʨʭʠʪʝʢʪʫʨʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʘʢʨʦʧʦʨ, 

ʩʦʟʜʘʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʡ 3D-ʧʝʯʘʪʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʦʩʪʝʦʢʦʥʜʫʢʪʠʚʥʳʝ ʠʤʧʣʘʥʪʘʪʳ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʤʘʢʨʦʧʦʨʠʩʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʩʦʟʜʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 3D-

ʧʝʯʘʪʠ, ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʠʧʫ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʡ ʢʝʨʘʤʠʢʠ ʩʦʩʪʘʚʘ 

(Ca, Mg, Sr, Na, K, Cu, Zn)a(PO4, SiO4, GeO4)b, ʚʢʣʶʯʘʶʱʝʡ ʦʩʪʝʦʠʥʜʫʢʪʠʚʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ 

ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. ɹʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʦʪ 1500 ÜC ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʣʘʟʝʨʠʪʦʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘʛʝʣʴʰʤʠʜʪʠʪʘ (a = 7, b = 4) ʠ ʢʘʨʥʦʪʠʪʘ (a = 5, b = 3). ʈʦʩʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʣʦʞʥʝʥʠʝʤ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʩʠʩʪʝʤʘʭ CaMPO4 ï Ca2XO4 (M = Na, K; X = Si, Ge) ʥʘʙʣʶʜʘʶʪʩʷ 

ʨʘʩʠhʨʷʶʱʝʝʩʷ ʧʦʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʛʣʘʟʝʨʠʪʘ (a = 2, b = 1). ʆʮʝʥʢʘ ʦʩʪʨʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʩʪʳʭ ʬʦʩʬʘʪʦʚ-ʩʠʣʠʢʘʪʦʚ-ʛʝʨʤʘʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʙʦʣʝʝ 8 ʵʣʝʤʝʥʪʦʚ, ʧʦʢʘʟʘʣʘ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʂʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʣʘʟʝʨʠʪʦʚ 
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ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʭʨʦʤʘ (CrO2) ʚʳʟʳʚʘʶʪ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʧʠʥʪʨʦʥʠʢʝ. 

CrO2 ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʨʫʪʠʣʘ, ʧʨʦʷʚʣʷʝʪ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʩʦ 

100% ʩʧʠʥʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ (Tʩ=391K) ʠ ʦʙʣʘʜʘʝʪ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ CrO2, ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʨʘʚʥʦʚʝʩʥʘʷ ʬʘʟʘ, ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ 

ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ [1], ʝʛʦ ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʚ ʚʠʜʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ 

ʧʣʝʥʦʢ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ [2].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʣʝʥʢʠ CrO2 ʥʘ ʧʦʜʣʦʞʢʘʭ ʩ-Al2O3 (0001) ʧʦʣʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ (CVD) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʫʩʪʘʥʦʚʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ [2]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʢʩʠʜ ʭʨʦʤʘ (VI). ʇʦʪʦʢ ʢʠʩʣʦʨʦʜʘ, ʢʘʢ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, 

ʬʠʢʩʠʨʦʚʘʣʠ ʥʘ ʫʨʦʚʥʝ 6 ʣ/ʯ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ ʠ ʟʦʥʝ ʦʩʘʞʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʣʠ 260ʦʉ ʠ 400ʦʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠ ʚ 

ʠʥʪʝʨʚʘʣʝ 60-300 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (HRTEM). 

ʊʠʧʠʯʥʳʝ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 (ʘ). 

ɼʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʚʨʝʤʝʥʘʭ ʥʘʥʝʩʝʥʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʬʘʟʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ c-Al 2O3 ʷʚʣʷʝʪʩʷ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʩʣʦʡ Cr2O3. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʧʦʤʠʤʦ ʨʝʬʣʝʢʩʘ (006) Al2O3 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩ (006) Cr2O3. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʛʦ (ʥʝ ʙʦʣʝʝ 50 ʥʤ) ʩʣʦʷ 

Cr2O3 ʥʘʨʘʩʪʘʝʪ ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʩʣʦʡ CrO2, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

~800 ʥʤ ʧʨʠ ʚʨʝʤʝʥʠ ʥʘʥʝʩʝʥʠʷ 300 ʤʠʥ. ʅʘʣʠʯʠʝ ʦʢʩʠʜʘ ʭʨʦʤʘ (III ) 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ű-ʩʢʘʥʠʨʦʚʘʥʠʝ (ʨʠʩ. 1 (ʙ)) ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʷʯʝʝʢ ʧʣʝʥʦʢ ʠ ʧʦʜʣʦʞʢʠ. ɺ ʩʣʫʯʘʝ ʧʣʝʥʢʠ 

ʦʢʩʠʜʘ ʭʨʦʤʘ (III ) (0001) Cr2O3 || (0001) Al2O3; ʚ ʧʣʦʩʢʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ [11-20] 

Cr2O3 || [11-20] Al2O3. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ 

Cr2O3, ʨʘʟʚʝʨʥʫʪʳʭ ʥʘ 60
ʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ñcò ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺ 

ʩʣʫʯʘʝ ʧʣʝʥʢʠ CrO2 (100) CrO2 || (0001) Al2O3; ʚ ʧʣʦʩʢʦʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʤʦʞʥʦ  
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ʥʘʙʣʶʜʘʪʴ ʪʨʠ ʚʘʨʠʘʥʪʘ ʦʨʠʝʥʪʘʮʠʠ: [010] CrO2 || [-12-10] Al2O3, [010] CrO2 || 

[11-20] Al2O3 ʠ [010] CrO2 || [2-1-10] Al2O3 (ʨʠʩ. 2 (ʘ)). ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʢʠ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

HRTEM (ʨʠʩ. 2 (ʙ)).  

 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʣʝʥʢʠ CrO2 ʥʘ c-Al2O3 (ʘ). ű-ʩʢʘʥ ʧʦʜʣʦʞʢʠ ʩ-

Al2O3, ʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʣʝʥʢʠ Cr2O3 ʠ ʘ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʣʝʥʢʠ CrO2 (ʙ) 

 

ʈʠʩ. 2. ʊʨʠ ʚʘʨʠʘʥʪʘ ʦʨʠʝʥʪʘʮʠʠ CrO2 ʥʘ ʩ-Al2O3 (ʘ). ʇʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʧʣʝʥʢʠ CrO2 ʥʘ ʩ-Al2O3 ʧʦ ʜʘʥʥʳʤ HRTEM (ʙ). 

ɹʣʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʢʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʤʘʛʥʠʪʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ CrO2. 
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