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ʂʆʄʇʃɽʂʉʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʊʂʃʀʂɸ ʈɽɿʀʉʊʀɺʅʓʍ 

ɻɸɿʆɺʓʍ ʉɽʅʉʆʈʆɺ: ʉʀʅɽʈɻʀʗ ʄʀʂʈʆ- ʀ 

ʄɸʂʈʆʂʀʅɽʊʀʏɽʉʂʀʍ ʇʆɼʍʆɼʆɺ 

ʂʦʥʜʨʘʪʴʝʚʘ ɸ.ʉ..1,2,@, ʃʘʟʜʠʥ ʀ.ɸ.2, ʂʘʨʘʩʝʚ ʂ. ʇ.1,2, ʉʪʨʠʞʢʠʥ ɼ.ɸ. 2,  

ʕʥʥʩ ʗ.ɹ. 1,2, ʂʘʟʘʢʠʥ ɸ.ʅ. 2, ʂʦʤʘʨʝʚʮʝʚ ʀ.ʄ. 2, ʂʘʨʘʩʝʚ ʇ.ɸ. 2  
1 ɸʣʬʝʨʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 194021, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ʍʣʦʧʠʥʘ, 8 
2 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, 

195251, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʫʣ. ʇʦʣʠʪʝʭʥʠʯʝʩʢʘʷ, ʜ.29 ʣʠʪʝʨʘ ɹ 
@ kondrateva@spbau.ru  

 

ʈʘʟʨʘʙʦʪʢʘ ʩʝʥʩʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʠʩʪʝʤʥʳʡ 

ʠʥʞʠʥʠʨʠʥʛ, ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʤʠʢʨʦʢʠʥʝʪʠʢʫ ʠ ʤʘʢʨʦʢʠʥʝʪʠʢʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ [1]. ɸʜʝʢʚʘʪʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʢʣʶʯʝʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʠʩʪʠʚʥʳʭ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ - ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ - 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʤʠʢʨʦʢʠʥʝʪʠʯʝʩʢʠʭ 

(ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʝʘʢʮʠʠ) ʠ ʤʘʢʨʦʢʠʥʝʪʠʯʝʩʢʠʭ (ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ) 

ʬʘʢʪʦʨʦʚ [2]. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʫʨʦʚʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʨʘʩʭʦʞʜʝʥʠʷʤ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʘʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʣʦʝʚ (ʥʘʧʨʠʤʝʨ, NiO) ʦʧʨʝʜʝʣʷʶʪ 

ʤʝʭʘʥʠʟʤʳ ʭʝʤʦʩʦʨʙʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ 

ʮʝʣʝʚʦʛʦ ʛʘʟʘ ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, ʟʘʜʘʚʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʝʜʝʣʳ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʥʝʟʘʚʠʩʠʤʳʝ ʦʪ ʛʝʦʤʝʪʨʠʠ ʩʝʥʩʦʨʘ [3]. 

ɼʠʬʬʫʟʠʷ ʨʝʘʛʝʥʪʦʚ (ʚʥʝʰʥʷʷ ʠ ʚʥʫʪʨʝʥʥʷʷ) ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʦʷ, 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʠ ʛʝʦʤʝʪʨʠʷ 

ʵʣʝʢʪʨʦʜʦʚ ʦʧʨʝʜʝʣʷʶʪ ʚʨʝʤʝʥʘ ʦʪʢʣʠʢʘ/ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʚʣʘʞʥʦʩʪʠ ʠ ʧʦʪʦʢʘ, ʯʘʩʪʦ ʩʪʘʥʦʚʷʩʴ ʣʠʤʠʪʠʨʫʶʱʠʤʠ ʩʪʘʜʠʷʤʠ. 

ɺ ʨʝʘʣʴʥʳʭ ʄʕʄʉ-ʜʘʪʯʠʢʘʭ ʪʨʘʥʩʧʦʨʪʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ 

ʢʠʥʝʪʠʢʦʡ ʨʝʘʢʮʠʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʦʧʨʷʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʢ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʷʤ. ʕʪʦ 

ʢʨʠʪʠʯʥʦ ʜʣʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʦʪʢʣʠʢʘ ʨʝʟʠʩʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʜʘʪʯʠʢʘ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ, 

ʤʫʣʴʪʠʩʘʡʪʦʚʫʶ ʘʜʩʦʨʙʮʠʶ-ʜʝʩʦʨʙʮʠʶ ʥʘ ʪʝʨʨʘʩʥʳʭ/ʜʝʬʝʢʪʥʳʭ ʩʘʡʪʘʭ ʠ 

ʟʝʨʝʥʥʦʩʪʥʳʭ/ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʘʡʪʘʭ ʩ ʭʝʤʦʩʦʨʙʮʠʝʡ, ʣʘʪʝʨʘʣʴʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʝʡ, ʛʜʝ ʦʙʱʝʝ ʧʦʢʨʳʪʠʝ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʝʥʩʦʨʘ ʯʝʨʝʟ ʩʪʝʧʝʥʥʦʡ ʟʘʢʦʥ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʨʘʟʜʝʣʝʥʠʝ ʚʢʣʘʜʦʚ ʤʘʪʝʨʠʘʣʘ, ʘʥʘʣʠʪʘ ʠ ʪʨʘʥʩʧʦʨʪʘ [4]. 
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ɸʧʨʦʙʘʮʠʷ ʧʦʜʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʩʪʠʚʥʦʛʦ ʄʕʄʉ 

ʛʘʟʦʚʦʛʦ ʜʘʪʯʠʢʘ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʩʣʦʝʤ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʥʠʢʝʣʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʝʪʝʢʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 1-100 ppm. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʜʩʦʨʙʮʠʠ, ʠ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʫʩʢʦʨʷʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

 

[1] Zhang Ch., 2025, Adv. Sci. 12. e11555. 

[2] Omojola T., 2025, PCCP. 27. 17157ï17177. 

[3] Degler D., 2019, ACS sensors. 9. 2228-2249. 

[4]Kondrateva A., 2026, PCCP. 10.1039/D5CP04688B 
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ʀʆʅʅʓʁ ʀ ʄʆʃɽʂʋʃʗʈʅʓʁ ʊʈɸʅʉʇʆʈʊ ɺ ʄɽʄɹʈɸʅɸʍ ʇʆ 

ɼɸʅʅʓʄ ʗʄʈ 

 

ɺʦʣʢʦʚ ɺ.ʀ.1,2,@ 
1 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʦʥʥʳʡ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʠʦʥʦʦʙʤʝʥʥʳʭ 

ʤʝʤʙʨʘʥʘʭ ʠ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʜʣʷ ʣʠʪʠʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, ʧʦʨʠʩʪʳʭ 

ʧʣʝʥʢʘʭ ʠ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʤʝʥʘ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʦʚ) ʚ ʵʨʠʪʨʦʮʠʪʘʭ, 

ʢʣʝʪʢʘʭ ʜʨʦʞʞʝʡ ʠ ʭʣʦʨʝʣʣʳ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʨʘʱʝʥʠʝ ʧʦʜ ʤʘʛʠʯʝʩʢʠʤ ʫʛʣʦʤ); ʗʄʈ ʩ ʠʤʧʫʣʴʩʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʗʄʈ ʨʝʣʘʢʩʘʮʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʷʜʨʘʭ 1H, 2H, 7Li, 
13C, 19F, 17O, 23Na, 31 P, 35Cl, 133Cs. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʠʜʨʘʪʘʮʠʠ ʢʘʪʠʦʥʦʚ ʠ ʩʪʨʦʝʥʠʷ 

ʠʦʥʦʛʝʥʥʳʭ ʢʘʥʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʠʦʥʥʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʥʤ ʜʦ ʤʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʧʨʠʨʦʜʫ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʢʘʪʠʦʥ ʦʙʤʝʥʥʳʭ ʤʝʤʙʨʘʥ 

(ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʩʫʣʴʬʦʢʘʪʠʦʥʠʪʦʚʳʝ ʤʝʤʙʨʘʥʳ ʠ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʪʠʨʦʣʦʚ) ʢ ʠʦʥʘʤ ʱʝʣʦʯʥʦʛʦ ʨʷʜʘ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʣʠʪʠʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ. ʈʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʳ 

ʩʦʣʴʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʳʷʚʣʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʢʘʪʠʦʥʦʚ ʠ 

ʘʥʠʦʥʦʚ, ʧʨʝʜʣʦʞʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʢʣʝʪʢʘʭ: ʠʟʤʝʨʝʥʳ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʢʣʝʪʢʘʭ ʜʨʦʞʞʝʡ, ʭʣʦʨʝʣʣʳ ʠ 

ʵʨʠʪʨʦʮʠʪʦʚ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ. 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʦʚ ʢʘʢ 

ʧʨʠʤʝʨ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʵʨʠʪʨʦʮʠʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʣʦʞʝʥʳ ʙʦʣʝʝ ʯʝʤ ʚ 70 ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʦʙʟʦʨʥʳʭ ʩʪʘʪʴʷʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ J.Membr. Sci, Mendeleev com., BBA, Membranes, Mol.Sci, AMR, 

Solid State Ionics, ʋʩʧʝʭʠ ʭʠʤʠʠ, ɾʌʍ, ʀʟʚ. ʈɸʅ, ʕʣʝʢʪʨʦʭʠʤʠʷ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʦʣʢʦʚ ɺ.ʀ. ʙʳʣ ʧʨʠʛʣʘʰʝʥʥʳʤ ʨʝʜʘʢʪʦʨʦʤ 4 

ʩʙʦʨʥʠʢʦʚ çMembranesè MDPI. ʇʦʜʛʦʪʦʚʣʝʥʘ ʤʦʥʦʛʨʘʬʠʷ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ 

ʥʘʟʚʘʥʠʠ çʗʄʈ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭè 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ ʠ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʅʎʏ ʀʌʊʊ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ 
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"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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ɸʛʘʙʝʢʦʚ ɺ.ɽ.1@, ʉʠʜʦʨʝʥʢʦ ɸ.ʖ.1@ 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ 
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ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʢʘʩʢʘʜʥʳʭ (ʪʘʥʜʝʤʥʳʭ) ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʦʜʥʦʤ 

ʨʝʘʢʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (one-pot), ʯʪʦ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 

ʪʝʨʧʝʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʥʘʩʳʱʝʥʥʳʡ ʩʧʠʨʪ ʠʟʦʧʫʣʝʛʦʣ [1]. ʇʨʠ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʪʘʥʜʝʤʥʦʡ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ-ʈʠʪʪʝʨʘ (ï)-ʠʟʦʧʫʣʝʛʦʣʘ ʩ 

ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʦʙʨʘʟʫʶʪʩʷ ʘʤʠʜʳ ʦʢʪʘʛʠʜʨʦ-2ʅ-ʭʨʦʤʝʥʦʚ ʚ ʚʠʜʝ 

4R- ʠ 4S-ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʫʶʪ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [1]. ɺ ʢʘʯʝʩʪʚʝ 

ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʨʫʧʧʘʤʠ -SO3H 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʙʠʦʫʛʦʣʴ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʂ-10, ʧʨʦʚʦʜʷ ʨʝʘʢʮʠʶ ʧʨʠ 

30ÁC. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜ 4R-ʘʤʠʜʘ, ʢʦʪʦʨʳʡ ʚʦʟʨʘʩʪʘʝʪ ʩ 38,1 ʜʦ 82,7% ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʭʦʜʘ ʧʨʦʮʝʩʩʘ ʚ ʨʝʞʠʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ [1]. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʨʧʝʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʢʠʧʠʜʘʨ, 

ʢʦʪʦʨʳʡ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʠʪ Ŭ-ʧʠʥʝʥ (40ï85%), ɓ-ʧʠʥʝʥ (ʜʦ 35 %) ʠ 3-ʢʘʨʝʥ (ʜʦ 

40%) [1]. ʂʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ (ï)-Ŭ-ʧʠʥʝʥʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʪʝʨʧʝʥʦʠʜ ï 8-ʘʮʝʪʦʢʩʠ-6-

ʛʠʜʨʦʢʩʠʤʝʪʠʣʣʠʤʦʥʝʥ ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 24,0%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʛʘʣʣʫʘʟʠʪʦʚʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ Ŭ-ʧʠʥʝʥʘ 

(ʪʝʨʧʠʥʠʣʘʮʝʪʘʪ ʠ ʜʨʫʛʠʝ), ʪʦʛʜʘ ʢʘʢ H3PO4 ʩʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɺʘʛʥʝʨʘïʄʝʝʨʚʝʡʥʘ [2]. 

ɺ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ 3-ʢʘʨʝʥʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʦʙʨʘʟʫʝʪʩʷ 4-

ʛʠʜʨʦʢʩʠʤʝʪʠʣ-2-ʢʘʨʝʥ (ʚʘʣʴʪʝʨʦʣ), ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʣʫʯʘʶʪ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 30% ʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʘʨʬʶʤʝʨʠʠ [1]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʘʣʴʪʝʨʦʣʫ ʜʦʩʪʠʛʘʝʪ 50,0 % ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪʳ, ʘ ʠʟʙʳʪʦʢ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʧʦʚʳʰʘʝʪ ʝʝ ʜʦ 66,0% [1]. ɺʘʣʴʪʝʨʦʣ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʩʪʫʧʘʝʪ ʚ ʢʘʩʢʘʜʥʳʝ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ ʠ 

ʇʨʠʥʩʘï ʌʨʠʜʝʣʷïʂʨʘʬʪʩʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʜʝʣʴʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʪʠʤ ʧʨʦʜʫʢʪʘʤ ʚʦʟʨʘʩʪʘʝʪ 
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ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʩʪʠʛʘʷ 97,0 % ʥʘ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʝ ʂ-10. 

ʎʠʥʝʦʣ ï ʵʪʦ ʧʨʠʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ [3]. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʨʘʛʤʝʥʪʦʤ ʮʠʥʝʦʣʘ 

ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʪʝʨʧʝʥʦʠʜʘ 8-ʛʠʜʨʦʢʩʠ-6-ʛʠʜʨʦʢʩʠʤʝʪʠʣʣʠʤʦʥʝʥʘ 

(ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 8-ʘʮʝʪʦʢʩʠ-6-ʛʠʜʨʦʢʩʠʤʝʪʠʣʣʠʤʦʥʝʥʘ) ʩ ʘʣʴʜʝʛʠʜʘʤʠ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʧʨʦʜʫʢʪʫ ʩ ʬʨʘʛʤʝʥʪʦʤ 1,8-ʮʠʥʝʦʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʢʠʩʣʦʪʥʦʩʪʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ, ʜʦʩʪʠʛʘʷ 96,0 % ʥʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʝ ʂ-10 [3]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʮʠʥʝʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ [4] ʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ [5] ʘʢʪʠʚʥʦʩʪʴ. 

ʅʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʘʩʢʘʜʥʦʡ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ-

ʈʠʪʪʝʨʘ 8-ʛʠʜʨʦʢʩʠ-6-ʛʠʜʨʦʢʩʠʤʝʪʠʣʣʠʤʦʥʝʥʘ, 4-ʤʝʪʦʢʩʠ-ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧʘʤʠ ï

SO3H ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʛʘʣʣʫʘʟʠʪʘ ʠ ʢʘʦʣʠʥʠʪʘ, ʘ ʪʘʢʞʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 25ÁC ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ 1,3-ʦʢʩʘʟʠʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 46,0 %. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɹʈʌʌʀ (ʍ26ʈʅʌ-047). 

 

[1] ʉʠʜʦʨʝʥʢʦ ɸ.ʖ., ɸʛʘʙʝʢʦʚ ɺ.ɽ. 2024. ɾʆʍ. 94. ʉ. 1ï20. 

[2] Sidorenko A.Yu. [et al.], 2024, J. Catal. 2024. 430. 115306. 

[3] Sidorenko A.Yu. [et al.], 2025, Appl. Catal. A:Gen. 691. 120070. 

[4] Ilyina I.V. [et al.], 2025, Tetrahedron. 2025. 188. 134959. 

[5] Ilyina I.V. [et al.], 2026, Russ. J. Gen. Chem. 2026. 96. 4. 
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ʄʆɾɽʊ ʃʀ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʗ ɺ ʈɸɹʆʊɸʍ ʋʏɽʅʀʂʆɺ 

ʐʂʆʃʓ ʅ.ʅ.ʉɽʄɪʅʆɺɸ - ɸ.ʌ.ɼʆɼʆʅʆɺɸ ʇʆɼʊɺɽʈɼʀʊʔ ʀʃʀ 

ʋʊʆʏʅʀʊʔ ʆɼʀʅ ʀɿ ʆʉʅʆɺʅʓʍ ʇʈʀʅʎʀʇʆɺ ʄʆʃɽʂʋʃʗʈʅʆʁ 

ɹʀʆʃʆɻʀʀ? 

 

ʈʘʟʥʠʢʦʚ ɺ.ɺ.1, ʈʘʟʥʠʢʦʚʘ ʄ.ʆ.2, ʉʫʣʠʤʝʥʢʦʚ ʀ.ɺ.1 

1ʌʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. 

ʉʝʤʸʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʛ.ʏʝʨʥʦʛʦʣʦʚʢʝ. 
2ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

raznikova.mari@yandex.ru 

 

ʋʧʦʤʷʥʫʪʳʡ ʧʨʠʥʮʠʧ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʚ ʢʥʠʛʝ: 

ʉʪʝʧʘʥʦʚ ɺ.ʄ.  ʄʦʣʝʢʫʣʷʨʥʘʷ ʙʠʦʣʦʛʠʷ. ʉʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʠ ʙʝʣʢʦʚ. 2005. ʄ.: 

ʀʟʜ-ʚʦ ʄɻʋ,  ʅʘʫʢʘ.www.nature.com/naturemethods. 

"ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ 

ʙʝʣʢʘ ʥʝʩʸʪ ʚ ʩʝʙʝ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘ-ʥʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ."    

ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʰʢʦʣʳ ʅ.ʅ.ʉʝʤʸʥʦʚʘ ï 

ɸ.ʌ.ɼʦʜʦʥʦʚʘ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ï ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʩʦʟʜʘʥʠʝ ʚʨʝʤʷʧʨʦʣʸʪʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʚʚʦʜʦʤ ʠʦʥʦʚ ʩ ʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʩʪʚʦʨʦʚ 

ʙʠʦʤʦʣʝʢʫʣ. ʂʨʦʤʝ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʤʦʣʝʢʫʣ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʠ, ʚʦʟʤʦʞʥʦ, ʜʚʫʤʝʨʥʳʝ ʠ 

ʤʥʦʛʦʤʝʨʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʤʝʱʝʥʠʡ ʧʨʦʪʦʥʦʚ 

ʥʘ ʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ.  

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʠʦʥʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʨʷʜʦʚ  

z ʙʠʦʤʦʣʝʢʫʣ ʧʨʠ ʜʝʡʪʝʨʦʟʘʤʝʱʝʥʠʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʚ ʨʘʩʪʚʦʨʝ. ɸʥʘʣʠʟ  

ʧʦʣʫʯʘʝʤʳʭ  H/D/z  ʨʘʩʧʨʝʜʝʣʝʥʠʡ  ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʤʦʣʝʢʫʣ ʠ ʚʳʜʝʣʷʪʴ ʠʭ 

ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʇʨʠ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʫʢʘʟʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥʘ ʥʘ ʚʦʟʤʦʞʥʦʝ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʢʦʤʧʦʥʝʥʪ. 
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ʄʆɼɽʃʔ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʀ ʕɺʆʃʖʎʀʀ ʉʊʈʋʂʊʋʈʓ 

ʊʀʂʉʆʊʈʆʇʅʓʍ ɺʗɿʂʆʋʇʈʋɻʆʇʃɸʉʊʀʏʅʓʍ ʉʈɽɼ ʀ 

ɺʆɿʄʆɾʅʆʉʊʀ ɽɽ ʇʈʀʃʆɾɽʅʀʗ ʂ ʇʆʃʀʄɽʈɸʄ ʀ 

ɼʀʉʇɽʈʉʅʓʄ ʉʀʉʊɽʄɸʄ 

ʍʦʭʣʦʚ ɸ.ɺ.1,2 
1ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʌʀʎ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

andrey-khokhlov@ya.ru 

 

ʀʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [1,2] ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ 

ʩʜʚʠʛʦʚʦʛʦ ʪʝʯʝʥʠʷ ʪʠʢʩʦʪʨʦʧʥʳʭ ʚʷʟʢʦʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʥʳʭ ʩʨʝʜ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʰʝʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ (ʚʦʟʨʘʩʪʘʶʱʝʡ) ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʠ, ʫʧʨʘʚʣʷʶʱʠʭ ʤʦʜʝʣʴʶ, ʘʥʘʣʠʪʠʯʝʩʢʠ ʠʟʫʯʝʥʳ ʙʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʩʝʤʝʡʩʪʚ ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ, ʧʦʨʦʞʜʘʝʤʳʭ ʤʦʜʝʣʴʶ, ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʵʪʠʭ ʚʠʜʘʭ ʥʘʛʨʫʞʝʥʠʷ [1-8], ʥʘʡʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʠʥʜʠʢʘʪʦʨʦʚ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʫʜʦʙʥʦ ʧʨʦʚʝʨʷʪʴ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʚʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʝʣʘʢʩʘʮʠʠ ʠ 

ʧʦʣʟʫʯʝʩʪʠ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʨʝʤʝʥʠ 

(ʠʥʪʝʨʚʘʣʳ ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ ʚʳʧʫʢʣʦʩʪʠ, ʵʢʩʪʨʝʤʫʤʳ, ʘʩʠʤʧʪʦʪʳ ʠ ʪ.ʧ.), ʥʦ ʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʯʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʦʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʫʥʢʮʠʠ 

ʤʦʜʝʣʠ. ɺʳʷʩʥʝʥʦ ʢʘʢʠʝ ʥʝʦʙʳʯʥʳʝ ʵʬʬʝʢʪʳ (ʥʝʧʨʠʚʳʯʥʳʝ ʩʚʦʡʩʪʚʘ) ʧʦʨʦʞʜʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʢʨʠʚʳʤʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʚʦʟʨʘʩʪʘʶʱʠʤʠ, ʪʘʢ ʠ ʠʤʝʪʴ ʫʯʘʩʪʢʠ ʫʙʳʚʘʥʠʷ, ʥʘʧʦʤʠʥʘʶʱʠʝ çʟʫʙ ʪʝʢʫʯʝʩʪʠè, 

ʠ ʟʘʪʫʭʘʶʱʠʝ ʦʩʮʠʣʣʷʮʠʠ, ʯʪʦ ʚʩʝ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʝʶʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʘʩʠʤʧʪʦʪʳ (ʥʘʧʨʷʞʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʝʯʝʥʠʷ), ʤʦʥʦʪʦʥʥʦ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʠ ʥʘʧʨʷʞʝʥʠʝ ʪʝʯʝʥʠʷ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʠ, ʯʪʦ ʤʛʥʦʚʝʥʥʳʡ ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʥʘʦʙʦʨʦʪ, ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʞʠʜʢʦʦʙʨʘʟʥʳʭ, ʥʦ ʠ ʪʚʝʨʜʦʦʙʨʘʟʥʳʭ (ʛʫʩʪʝʶʱʠʭ, 

ʪʚʝʨʜʝʶʱʠʭ, ʟʘʪʚʝʨʜʝʚʰʠʭ) ʪʠʢʩʦʪʨʦʧʥʳʭ ʚʷʟʢʦʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʥʳʭ ʩʨʝʜ: ʨʷʜʘ 

ʪʠʧʠʯʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʚʳʭ ʨʝʣʘʢʩʘʮʠʠ, ʧʦʣʟʫʯʝʩʪʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʜʠʘʛʨʘʤʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʢʦʨʦʩʪʥʦʛʦ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʡ, ʪʝʯʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ ʜʨ. 
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ʝʶ ʢʨʠʚʳʭ ʪʝʯʝʥʠʷ, ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ. ɺʳʩʦʢʦʤʦʣʝʢ. 

ʩʦʝʜʠʥʝʥʠʷ. ʉʝʨ. ɸ. 2026. ˉ 1. ʉ.67ï134. 
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ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ 

ɼʀʅʀʊʈʆɿʀʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ɾɽʃɽɿɸ ʉ ɺʆɼʆʁ 

 

ʃʫʞʢʦʚ ɺ.ɹ.1,@, ʃʦʛʚʠʥʦʚ ɼ.ɸ.1 
1ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

@ vbl@icp.ac.ru  

 

ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʦʜʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʩ ʥʠʪʨʦʟʠʣʴʥʳʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠʦʥʘ Fe+ ʠ ʜʠʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ [Fe+(NO)2X2] 

ʚ ʚʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ, ʧʦʪʝʥʮʠʘʣʳ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ ʠ ʨʘʩʯʝʪʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ). 

 ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʩʯʠʪʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʵʥʝʨʛʠʠ 

ʩʚʷʟʳʚʘʥʠʷ Eb ʚ ʤʦʥʦʛʠʜʨʘʪʘʭ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

[M(ʅ2O)]+, ʄ+ = Li+, Na+, K+, Cu+, Fe+, Rb+, Ag+, Cs+ [1]. ʀʦʥ Fe+ ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʩʦʩʪʦʷʥʠʷʭ ʩʦ ʩʧʠʥʦʚʳʤʠ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʷʤʠ M = 2, 4, ʠ 6. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

MP4 ʠ CCSD(T) ʚ ʙʘʟʠʩʝ def2-QZVPP c ʫʯʝʪʦʤ ʦʰʠʙʢʠ ʥʘʣʦʞʝʥʠʷ ʙʘʟʠʩʥʦʛʦ 

ʥʘʙʦʨʘ BSSE. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ Eb ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʩʚʷʟʠ ʤʦʥʦʛʠʜʨʘʪʦʚ ʚ ʛʘʟʝ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ Eb 

ʤʦʥʦʛʠʜʨʘʪʦʚ ʠ ʩʚʦʙʦʜʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʛʠʜʨʘʪʘʮʠʠ ȹGs ʢʘʪʠʦʥʦʚ ʄ+ ʦʧʨʝʜʝʣʝʥʘ 

ȹGs ʠʦʥʘ Fe+ ʚ ʩʦʩʪʦʷʥʠʷʭ ʩ M = 4 ʠ 6.  

ʄʝʪʦʜʦʤ ʄʈ4 ʨʘʩʩʯʠʪʘʥʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʦʚ ʢʘʪʠʦʥʦʚ Fe+ ʠ  

[Fe(NO)2]+ ʩ 2ï6 ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ [1]. ʆʧʨʝʜʝʣʝʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ (ʂʏ) 

ʜʣʷ ʧʝʨʚʦʡ ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ʠʦʥʘ ʞʝʣʝʟʘ.  ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʯʘʩʪʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʟʘʨʷʜʦʚ q ʠ ʩʧʠʥʦʚʳʭ ʧʣʦʪʥʦʩʪʝʡ ɟ ʥʘ ʘʪʦʤʘʭ ʤʝʪʦʜʦʤ ʄʘʣʣʠʢʝʥʘ 

ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʪʫʨʘʣʴʥʳʭ ʦʨʙʠʪʘʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʨʘʩʯʝʪʦʚ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʍʘʨʪʨʠ-ʌʦʢʘ (HF)  ʟʥʘʯʝʥʠʷ ʄʘʣʣʠʢʝʥʦʚʩʢʠʭ q ʠ ɟ ʥʘ ʘʪʦʤʝ ʞʝʣʝʟʘ ʚ ʢʦʤʧʣʝʢʩʝ 

[Fe(NO)2(H2O)2]+ ʩʦʩʪʘʚʠʣʠ 1.387 ʠ 4.252. ʄʘʣʣʠʢʝʥʦʚʩʢʠʝ ʟʘʨʷʜʳ q ʥʘ ʣʠʛʘʥʜʝ 

NO ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʳ ï0.343, ʘ ʩʧʠʥʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ɟ ʥʘ ʛʨʫʧʧʝ NO ʨʘʚʥʘ ï

1.648. ʕʪʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʥʠʪʨʦʟʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ {Fe(NO)2} 9 ʩʦʜʝʨʞʠʪ ʢʘʢ ʨʝʟʦʥʘʥʩʥʫʶ ʬʦʨʤʫ {Fe+(NOÅ)2} 9, ʪʘʢ ʠ 

ʨʝʟʦʥʘʥʩʥʳʝ ʬʦʨʤʳ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ ʞʝʣʝʟʘ ʩʦ ʩʪʝʧʝʥʷʤʠ 

ʦʢʠʩʣʝʥʠʷ +2 ʠ +3 ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʧʧ NO. ʅʘʧʨʦʪʠʚ, ʨʘʩʯʝʪʳ 

ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʤʝʪʦʜʦʚ ʄʈ4(SDQ) ʠ DFT TPSSH ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʨʝʟʦʥʘʥʩʥʦʡ ʬʦʨʤʳ {Fe+(NOÅ)2} 9 ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʨʥʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ {Fe(NO)2} 9 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʝʪʘʤʠ ʠʟ 

ʤʝʪʦʜʘ HF. ʇʨʠ ʵʪʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʟʘʨʷʜʘ ʥʘ ʞʝʣʝʟʝ ʥʠʞʝ ʧʦʨʦʛʘ +1 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʠʤʝʩʴ ʨʝʟʦʥʘʥʩʥʦʡ ʬʦʨʤʳ ʩ ʘʪʦʤʦʤ ʞʝʣʝʟʘ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ 0 ʠ 

ʦʢʠʩʣʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʛʨʫʧʧ NO.   

mailto:vbl@icp.ac.ru
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ʆʧʨʝʜʝʣʝʥʳ ʧʦʪʝʥʮʠʘʣʳ ʩʠʣʦʚʦʛʦ ʧʦʣʷ (ʉʇ) ʠʦʥʘ Fe+ ʩ ʄ=4, ʚʢʣʶʯʘʶʱʠʝ 

ʂʫʣʦʥʦʚʩʢʠʝ ʠ ʥʝʧʦʣʷʨʥʳʝ ʥʝʩʚʷʟʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʅʝʧʦʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʠʩʳʚʘʣʠʩʴ ʧʦʪʝʥʮʠʘʣʦʤ 6-12 ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʩʢʦʤʳʤ ʧʦʪʝʥʮʠʘʣʘʤ ʪʘʢʦʚʳ, ʯʪʦ ʦʥʠ ʜʦʣʞʥʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʩʦʣʴʚʘʪʘʮʠʠ ʚ  ʨʘʩʯʝʪʘʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ), ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ Fe+ ʠ ʤʦʣʝʢʫʣʘʤʠ ʅ2ʆ, 

ʠ ʂʏ ʚ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʝ ʠʦʥʘ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ. 

ʇʦɻʪʦʤʫ ʨʘʜʠʫʩ ʘʪʦʤʘ Fe+ ʙʳʣ ʥʘʡʜʝʥ ʠʟ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʛʨʘʥʠʮʳ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʦʥʘ. ʂʘʣʠʙʨʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʉʇ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ 

ʤʦʜʝʣʠ TIP3P ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ȹGs ʠʦʥʘ Fe+, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. ɿʥʘʯʝʥʠʷ 

ȹGs(Fe+) ʥʘʭʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ɹʝʥʥʝʪʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ 

[2]. ʈʘʩʯʝʪʳ ʄɼ Fe+ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠ ʩʬʝʨʠʯʝʩʢʦʡ ʢʘʧʣʠ ʚʦʜʳ ʩ 

ʨʘʜʠʫʩʘʤʠ 15-21 ¡.   

ʇʦʣʫʯʝʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʉʇ ʠʦʥʘ Fe+ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʚ ʨʘʩʯʝʪʘʭ ʄɼ 

ʜʚʫʭ ʧʨʦʪʦʪʠʧʠʯʝʩʢʠʭ ʤʦʥʦʷʜʝʨʥʳʭ ʜʠʥʠʪʨʦʟʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ 

[Fe(NO)2(SCH2)2]+ ʠ [Fe(NO)2(SCH3)2] . ɼʣʷ ʣʠʛʘʥʜʦʚ ʚʟʷʪʦ ʉʇ Amber Gaff2. ɼʣʷ 

D2d ʠ S4  ʢʦʥʬʦʨʤʝʨʦʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ȹGs 

ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʚʦʜʥʦʤ ʦʢʨʫʞʝʥʠʠ [2]. ʇʨʦʩʣʝʞʝʥʦ ʚʣʠʷʥʠʝ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʛʠʜʨʘʪʥʦʡ 

ʦʙʦʣʦʯʢʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʌʀʎ ʇʍʌ ʠ 

ʄʍ ʈɸʅ (ʥʦʤʝʨ ʛʦʩʟʘʜʘʥʠʷ ˉ 124020500019-2). 

 

[1] ʃʦʛʚʠʥʦʚ ɼ.ɸ.ʖ ʃʫʞʢʦʚ ɺ.ɹ., 2026, ʀʟʚʝʩʪʠʷ ʈɸʅ ʩʝʨ. ʍʠʤ. 75. ʚ 

ʧʝʯʘʪʠ 

[2] ʃʫʞʢʦʚ ɺ.ɹ., 2017, ʋʩʧʝʭʠ ʍʠʤʠʠ. 86. 211-230 
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ʋʉʂʆʈɽʅʀɽ ʆʂʀʉʃɽʅʀʗ ʂʀʉʃʆʈʆɼʆʄ ʉʀʉʊɽʄʓ ʕʇʆʂʉʀɼ 

ʉʊʀʈʆʃɸ ï ɻʀɼʈʆʍʀʅʆʅ ï ʍʃʆʈʀɼ ʄɽɼʀ (II ) ɺ ʇʈʀʉʋʊʉʊɺʀʀ 

ʇʀʈʀɼʀʅɸ ɺ ʉʇʀʈʊʆɺʆ-ɺʆɼʅʆʄ ʈɸʉʊɺʆʈɽ 

 

ʇʝʪʨʦʚ ʃ.ɺ., ʇʩʠʭʘ ɹ.ʃ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ.@ 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, 142432 ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
@ sol@icp.ac.ru  

 

ɺ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʜʦʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦʣʠʪʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʚ ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʢʠʩʣʦʪʘʤʠ ʠ ʩʦʣʷʤʠ ʤʝʪʘʣʣʦʚ ʧʨʝʚʨʘʱʝʥʠʠ ʵʧʦʢʩʠʜʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʠʥʠʮʠʘʪʦʨʳ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʭʠʤʠʠ ʠ ʙʠʦʭʠʤʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʛʦʤʦʣʠʟʘ ʪʘʢʠʭ ʩʠʩʪʝʤ  ʚ ʧʦʣʷʨʥʳʭ, ʩʧʠʨʪʦʚʦ-ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʢʪʫʘʣʴʥʳ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʚ ʪʨʝʪ.ʙʫʪʘʥʦʣʴʥʦ-ʚʦʜʥʦʤ [1] ʠ ʤʝʪʘʥʦʣʴʥʦʤ [2] ʨʘʩʪʚʦʨʘʭ 

ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ (ʵʧʦʢʩʠʜ ʩʪʠʨʦʣʘ ï ʛʠʜʨʦʭʠʥʦʥ ï ʭʣʦʨʠʜ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʤʝʜʠ) 

ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʩ 

ʧʝʨʝʭʦʜʦʤ ʵʣʝʢʪʨʦʥʘ ʦʪ ʩʣʘʙʦʡ  O ï H ʩʚʷʟʠ ʛʠʜʨʦʭʠʥʦʥʘ ʥʘ C ï O  ʩʚʷʟʴ 

ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʢʦʤʧʣʝʢʩʝ ʠʟ ʪʨʝʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʦʡʥʦʡ 

ʩʠʩʪʝʤʳ.   

ʅʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʠʨʠʜʠʥʘ ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ 

ʩʠʩʪʝʤʫ (ʵʧʦʢʩʠʜ ʩʪʠʨʦʣʘ ï ʛʠʜʨʦʭʠʥʦʥ) ʚ ʩʧʠʨʪʦʚʦ-ʚʦʜʥʦʡ ʩʤʝʩʠ (ʪʨʝʪ.ʙʫʪʘʥʦʣ 

ï ʚʦʜʘ, 4:1, % ʦʙ.) ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʧʦʢʩʠʜʘ (ʕʉ) 

ʠ ʛʠʜʨʦʭʠʥʦʥʘ (ɻʍ), ʧʠʨʠʜʠʥ (Py) ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ [3]. 

ɺʦʣʶʤʦʤʝʪʨʠʯʝʩʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (318 ï 333 K) ʠʟʫʯʝʥʘ ʚ 

ʪʨʝʪ.ʙʫʪʘʥʦʣʴʥʦ-ʚʦʜʥʦʤ (4:1, % ʦʙ.) ʨʘʩʪʚʦʨʝ ʢʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ  (ʵʧʦʢʩʠʜ ʩʪʠʨʦʣʘ ï ʛʠʜʨʦʭʠʥʦʥ ï ʧʠʨʠʜʠʥ), ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʥʝʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) (ʩʠʩʪʝʤʘ - ʢʚʘʨʪʝʪ). ʆʧʨʝʜʝʣʝʥʳ 

ʧʦʨʷʜʢʠ ʨʝʘʢʮʠʠ  ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ. 

ʈʘʩʭʦʜʦʚʘʥʠʝ ʵʧʦʢʩʠʜʘ ʠ ʧʠʨʠʜʠʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ  ʩʢʦʨʦʩʪʝʡ ʦʢʠʩʣʝʥʠʷ ʢʚʘʨʪʝʪʘ ʠ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʵʧʦʢʩʠʜʘ ʦʜʠʥʘʢʦʚʳ (VO2:Vʕʉ) å 1. ʏʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ 

ʢʦʤʧʦʟʠʮʠʷ, ʢʚʘʨʪʝʪ (ʕʉ ï ɻʍ ï Cu - ʧʠʨʠʜʠʥ) ʧʨʦʷʚʠʣ ʩʚʦʡʩʪʚʘ ʦʢʠʩʣʷʶʱʝʡʩʷ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  ʉʫʤʤʘ ʩʢʦʨʦʩʪʝʡ ʦʢʠʩʣʝʥʠʷ ʯʝʪʳʨʝʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ 

(ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʢʚʘʨʪʝʪʘ) ʢʨʘʪʥʦ ʤʝʥʴʰʝ (3.46Ĭ10-5 

ʤʦʣʴ/ʣ.ʩ),  ʯʝʤ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʢʚʘʨʪʝʪʘ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (9.6Ĭ10-5 ʤʦʣʴ/ʣ.ʩ.). 

ɻʠʜʨʦʭʠʥʦʥ ï ʢʣʶʯʝʚʦʡ ʢʦʤʧʦʥʝʥʪ ʦʢʠʩʣʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʅʝ ʩʦʜʝʨʞʘʱʘʷ 

ʝʛʦ ʪʨʦʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʠʩʣʷʝʪʩʷ. ʇʠʨʠʜʠʥ ʚʚʝʜʝʥʥʳʡ ʚ 

ʪʨʦʡʥʫʶ ʩʠʩʪʝʤʫ (ʕʉ ï ɻʍ - Cu) ʢʘʪʘʣʠʟʠʨʫʝʪ ʫʩʢʦʨʝʥʠʝ ʦʢʠʩʣʝʥʠʷ ʠ ʚ ʭʦʜʝ 

ʦʢʠʩʣʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ. 

mailto:sol@icp.ac.ru
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 ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ  ʨʝʘʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʧʠʨʠʜʠʥʘ ʚ ʊʨʉ ʚʳʟʳʚʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʙʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʝʡ ʧʠʨʠʜʠʥʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʵʧʦʢʩʠʜʦʤ ʩʪʠʨʦʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ: (124020500064-2).  

 

[1] ʇʝʪʨʦʚ ʃ.ɺ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 2020, ʍʠʤ. ʬʠʟʠʢʘ. 1. 19-22. 

[2] ʇʝʪʨʦʚ ʃ.ɺ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 2024, ʍʠʤ. ʬʠʟʠʢʘ. 9. 53-60. 

[3]ʇʝʪʨʦʚ ʃ.ɺ., ʇʩʠʭʘ ɹ.ʃ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 2024,. ʍʠʤ.ɹʝʟʦʧʘʩʥʦʩʪʴ. 10. 

128-139. 
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ʎɽʇʅʓɽ ʈɽɸʂʎʀʀ ʍʀʅʆʀɼʅʓʍ ʉʆɽɼʀʅɽʅʀʁ: ʂʀʅɽʊʀʂɸ, 

ʄɽʍɸʅʀɿʄ, ʂɸʊɸʃʀɿ 

 

ɺʘʨʣʘʤʦʚ ɺ.ʊ. 

ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ 

Varlamov@icp.ac.ru 

 

ʎʝʧʥʦʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʭʠʥʦʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʚʧʝʨʚʳʝ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 2,5-ʜʠ-ʪʨʝʪ.ʙʫʪʠʣʛʠʜʨʦʭʠʥʦʥʘ ʩ N-ʬʝʥʠʣ-1,4-

ʙʝʥʟʦʭʠʥʦʥʤʦʥʦʠʤʠʥʦʤ ʚ ʭʣʦʨʙʝʥʟʦʣʝ, ʜʣʠʥʘ ʮʝʧʠ 102 - 103 ʟʚʝʥʴʝʚ,  Keq 298 K >> 

1 [1]. 

         QMI                  QH2                     QMIH2                   Q                        

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʫʯʠʪʳʚʘʣ ʜʘʥʥʳʝ ʦ ʢʠʥʝʪʠʢʝ ʧʨʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ QMIH2 ʠ Q, ʘ ʪʘʢʞʝ ʠʥʠʮʠʘʪʦʨʘ 

ʪʝʪʨʘʬʝʥʠʣʛʠʜʨʘʟʠʥʘ. ɺ ʤʝʭʘʥʠʟʤʝ ʩʦʜʝʨʞʘʣʦʩʴ ʜʦʧʫʱʝʥʠʝ ʦʙ ʦʙʨʘʪʠʤʦʤ 

ʧʨʦʪʝʢʘʥʠʠ ʚʩʝʭ ʩʪʘʜʠʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ, ʪ.ʝ. ʩʪʘʜʠʡ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, 

ʧʨʦʜʦʣʞʝʥʠʷ ʠ ʦʙʨʳʚʘ ʮʝʧʝʡ ("ʩʧʣʦʰʴ ʦʙʨʘʪʠʤʘʷ" ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ).  

ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ QMI c 2,5-ʜʠʭʣʦʨʛʠʜʨʦʭʠʥʦʥʦʤ, ʜʣʷ ʢʦʪʦʨʦʡ Keq 298 K = 0.3. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʵʪʦʡ ʞʠʜʢʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʚʦʡʪʠ 

ʮʝʧʥʳʤ ʧʫʪʝʤ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʜʫʢʪʦʚ [2].  

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʨʝʘʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʘʢʮʠʠ N,N'-ʜʠʬʝʥʠʣ-1,4-

ʙʝʥʟʦʭʠʥʦʥʜʠʠʤʥʘ C6H5-N=C6H4=N-C6H5 ʩ 2,5-ʜʠʭʣʦʨʛʠʜʨʦʭʠʥʦ-ʥʦʤ, 

ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʥʦ ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʮʝʧʠ 

n ~ 105 ʟʚʝʥʴʝʚ. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʠʦʜʳ ʠʥʜʫʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʠʥʛʠʙʠʨʫʶʱʠʤʠ ʧʨʠʤʝʩʷʤʠ, ʘ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʚʭʦʜʘ ʨʝʘʢʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʧʨʦʪʝʢʘʥʠʷ. 

ʂʠʩʣʦʪʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʝʘʢʮʠʠ ʭʠʥʦʥʠʤʠʥʦʚ ʩ ʛʠʜʨʦʭʠʥʦʥʘʤʠ. ʊʘʢ, 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ QMI ʩ QH2 ʚ ʭʣʦʨʙʝʥʟʦʣʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʘʛʝʥʪʦʚ ~ 10-4 

ʤʦʣʴ ʣ-1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʜʚʦʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ  ~10-6 ʤʦʣʴ ʣ-1 ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ~10-8 ʤʦʣʴ ʣ-1 4-ʪʦʣʫʦʣ-ʩʫʣʴʬʦʢʠʩʣʦʪʳ. ʋʩʢʦʨʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʟʦʤ  ʨʝʘʢʮʠʠ ʥʘ ʩʪʘʜʠʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʮʝʧʝʡ [3].   

ɺʪʦʨʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ AmH ʦʢʘʟʳʚʘʶʪ ʩʣʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʘʢʮʠʶ QMI ʩ QH2. ɸʤʠʥʳ ʥʝ ʨʘʩʭʦʜʫʶʪʩʷ ʧʦ ʭʦʜʫ ʨʝʘʢʮʠʠ, ʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴ, ʫʤʝʥʴʰʘʪʴ ʠʣʠ ʥʝ ʚʣʠʷʪʴ ʥʘ ʝʝ ʩʢʦʨʦʩʪʴ. ɺ 

ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʘʤʠʥʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʧʨʷʞʝʥʥʦʝ 

ʧʨʦʪʝʢʘʥʠʝ ʮʝʧʥʦʛʦ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʚ. ʉʦʛʣʘʩʥʦ ʤʝʭʘʥʠʟʤʫ, ʘʤʠʥʳ 

AmH ʠ/ʠʣʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ ʥʠʭ ʘʤʠʥʠʣʴʥʳʝ ʨʘʜʠʢʘʣʦʚ AmÅ ʤʦʛʫʪ ʚʦʚʣʝʢʘʪʴʩʷ 

+ OHHOO N HO NH + O  

O
O

mailto:Varlamov@icp.ac.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

18 

ʚʦ ʚʩʝ ʩʪʘʜʠʠ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʷʪʴʩʷ ʥʘ ʥʦʚʳʝ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʫʯʘʩʪʠʝʤ AmH ʠ/ʠʣʠ AmÅ.  

ʉʣʦʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʨʝʘʢʮʠʠ ʭʠʥʦʥʠʤʠʥʦʚ 

ʩ ʪʠʦʣʘʤʠ RSH (çʪʠʦʣ-ʝʥè - ʨʝʘʢʮʠʠ). ɽʱʝ ʜʦ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʨʠʯʝʤ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʙʘ 

ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤʠ. ʅʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʦʜʥʘʢʦ, ʯʪʦ 

ʛʣʘʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ (ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʪʠʦʣʘ ʢ ʭʠʥʦʥʠʤʠʥʫ) ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [4].  

ɺ ʤʝʭʘʥʠʟʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ ʜʣʷ ʮʝʧʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʦʜʥʘ ʠʟ ʩʪʘʜʠʡ ʧʨʦʜʦʣʞʝʥʠʷ ʮʝʧʠ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

ʣʘʙʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʴʥʦʛʦ ʘʜʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ  ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ ʠʩʭʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʠʟʦʤʝʨʠʟʦʚʘʪʴʩʷ ʚ ʪʠʦʟʘʤʝʱʝʥʥʳʡ ʜʠʘʨʠʣʘʤʠʥʠʣʴʥʳʡ 

ʨʘʜʠʢʘʣ, ʧʨʦʜʦʣʞʘʶʱʠʡ ʮʝʧʴ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʧʦʥʪʘʥʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʤʦʣʝʢʫʣʘ 

ʪʠʦʣʘ (ʠʣʠ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ROH) ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʨʘʩʰʠʨʷʷ ʝʛʦ ʜʦ ʰʝʩʪʠʯʣʝʥʥʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ H. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʝʘʢʮʠʠ ʪʠʦʣ (ʠʣʠ ROH) ʨʝʛʝʥʝʨʠʨʫʶʪʩʷ, ʜʝʡʩʪʚʫʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʩʫʤʤʘʨʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʪʘʜʠʠ ʧʨʦʜʦʣʞʝʥʠʷ 

ʮʝʧʠ [5, 6]. 
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ʂɸʊɸʃʀʊʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ɼʃʗ ʆʃʀɻʆʄɽʈʀɿɸʎʀʀ ʕʊʀʃɽʅɸ 

ɺ ʃʀʅɽʁʅʓɽ ɸʃʔʌɸ ʆʃɽʌʀʅʓ ʅɸ ʆʉʅʆɺɽ ʇʆʃʀʗɼɽʈʅʓʍ 

ʀɿʆɹʋʊʀʈɸʊʆɺ ʎʀʈʂʆʅʀʗ 
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ʃʠʥʝʡʥʳʝ ʘʣʴʬʘ-ʦʣʝʬʠʥʳ (ʃɸʆ) ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʞʥʝʡʰʠʤ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʧʨʦʜʫʢʪʘʤ ʛʘʟʦ- ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʩʣʫʞʘʪ ʚʘʞʥʝʡʰʠʤ 

ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʮʝʥʥʳʭ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: 

ʧʦʣʠʤʝʨʦʚ (ʇʕɺɼ, ʃʇʕʅʇ, ʧʦʣʠʙʫʪʝʥ), ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ (ʜʝʪʝʨʛʝʥʪʳ, 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ), ʣʠʥʝʡʥʳʭ ʘʣʢʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪʦʚ (ʇɸɺ), ʘʤʠʥʦʚ, ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ, ʣʠʥʝʡʥʳʭ ʘʣʴʜʝʛʠʜʦʚ ʠ ʜʨ. ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʃɸʆ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ï Ŭ-Sablin (SABIC ï Linde). ɺ ʈʦʩʩʠʠ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʃɸʆ ʬʨʘʢʮʠʠ ʉ4ïʉ14 (ʇɸʆ çʅʠʞʥʝʢʘʤʩʢʥʝʬʪʝʭʠʤè) ʨʘʙʦʪʘʝʪ 

ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʦʮʝʩʩʘ Ŭ-Sablin 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʘʭ ʮʠʨʢʦʥʠʷ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ; ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ 

ʚ ʆʀʍʌ ɸʅ ʉʉʉʈ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ð ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ) ʚ 1970ï1990-ʭ 

ʛʛ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʠʵʪʠʣʝʥʘ ʢʘʢ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ Zr(OOCR)4 

ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ [2,3], ʥʘʨʷʜʫ ʩ ʮʝʣʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠ ʛʠʜʨʦʣʠʟʘ ï ʧʦʣʠʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Zr4O2(ʆOCR)12 ʠ Zr6(O)4(OH)4(OOCR)12 (R = i-C3H7, 1,1 -̀Me2Pr). 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʟʳʚʘʝʪ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʮʠʨʢʦʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʚ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʃɸʆ.  

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʵʪʠʣʘʣʶʤʠʥʠʡʩʝʩʢʚʠʭʣʦʨʠʜʦʤ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʨʝʘʢʮʠʠ 

ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʧʦʣʠʷʜʝʨʥʳʝ ʠʟʦʙʫʪʠʨʘʪʳ ʮʠʨʢʦʥʠʷ 

Zr4O2(ʆOCCH(CH3)2)12 ʠ Zr6(O)4(OH)4(OOCCH(CH3)2)12. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʟʦʙʫʪʠʨʘʪʦʚ ʮʠʨʢʦʥʠʷ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʃɸʆ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʶʪ 

ʧʦʙʦʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. ʉʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʣʝʬʠʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʐʫʣʴʮʘ ð ʌʣʦʨʠ ʧʦ ʜʣʠʥʝ ʮʝʧʠ. ɼʦʣʷ ʮʝʣʝʚʳʭ ʃɸʆ ʚ ʧʨʦʜʫʢʪʘʭ 

ʜʦʩʪʠʛʘʝʪ 98%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʠʟʦʙʫʪʠʨʘʪʦʚ ʮʠʨʢʦʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʃɸʆ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ (ʉ4ïʉ10). 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʯʝʪʳʨʝʭʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʮʠʨʢʦʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʝʩʪʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʘʣʢʠʨʦʚʘʥʠʷ ʪʦʣʫʦʣʘ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ ʚ 

ʧʨʦʮʝʩʩʝ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 

19 ʤʘʩʩ %. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʷʤ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ˉ ʛʦʩ. ʈʝʛʠʩʪʨʘʮʠʠ 124013000722-8 ʠ 124020500064-2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʅʦʚʳʝ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʠ ʘʜʛʝʟʠʚʳè ʌʀʎ ʇʍʌ ʠ 

ʄʍ ʈɸʅ (ˉ 77601). 

 

 [1] Khamiyev M., et. al., 2020, Appl. Organomet. Chem., 34. 418 

 [2] ʄʘʭʘʝʚ ɺ.ɼ., ʄʘʪʢʦʚʩʢʠʡ ʇ.ɽ., ʇʝʪʨʦʚʘ ʃ.ɸ. ʠ ʜʨ., 2010, ʀʟʚ. ɸʅ. ʉʝʨ. 

ʍʠʤ. 1689-1693. 

 [3] ʄʘʭʘʝʚ ɺ.ɼ., ʇʝʪʨʦʚʘ ʃ.ɸ., 2018, ɾʆʍ. 88. 1138-1143 . 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ ʊʈʀʄɽʈʀɿɸʎʀʀ ʕʊʀʃɽʅɸ 

ɺ ɻɽʂʉɽʅ-1 ʅɸ ʍʈʆʄ-ʇʀʈʈʆʃʔʅʆʁ ʂɸʊɸʃʀʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄɽ 

 

ʌʘʡʥʛʦʣʴʜ ɽ.ɽ.1,@, ʉʘʨʘʪʦʚʩʢʠʭ ʉ.ʃ.1, ʇʘʥʠʥ ɸ.ʅ.1, ɻʦʣʦʜʢʦʚ ʆ.ʅ.1,  

ɾʘʨʢʦʚ ʀ.ɺ.1, ʂʥʝʨʝʣʴʤʘʥ ɽ.ʀ.1, ʂʫʣʴʯʘʢʦʚʩʢʠʡ ʇ.ʀ.2, ʃʝʥʝʚ ɼ.ɸ.2,  

ɹʨʘʚʘʷ ʅ.ʄ.1, ʉʝʜʦʚ ʀ.ɺ. 1 
1 ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʆʆʆ çʉʠʙʫʨ-ʀʥʥʦʚʘʮʠʠè 
@ fine@icp.ac.ru   

 

ɻʝʢʩʝʥ-1 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʤʦʥʦʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕɺʇ), ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʕʅʇ), ʚʳʩʰʠʭ ʞʠʨʥʳʭ ʩʧʠʨʪʦʚ, ʘʣʴʜʝʛʠʜʦʚ, 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʉʝʣʝʢʪʠʚʥʦʡ ʪʨʠʤʝʨʠʟʘʮʠʝʡ ʵʪʠʣʝʥʘ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʛʝʢʩʝʥʘ-1 ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ (ʜʦ 99 %). ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʭʨʦʤ-ʧʠʨʨʦʣʴʥʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʩʦʩʪʘʚ: 2-ʵʪʠʣʛʝʢʩʘʥʦʘʪ ʮʠʨʢʦʥʠʷ/2,5-

ʜʠʤʝʪʠʣʧʠʨʨʦʣ/ʪʨʠʵʪʠʣʘʣʶʤʠʥʠʡ/ʜʠʵʪʠʣʘʣʶʤʠʥʠʡ ʭʣʦʨʠʜ). ʅʝʩʤʦʪʨʷ ʥʘ ʝʸ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʝʡ Chevron-Phillips, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠʤʝʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʪʨʠʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ ʩ ʝʸ ʫʯʘʩʪʠʝʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʵʪʠʣʝʥʘ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ), ʠ, ʟʘʯʘʩʪʫʶ, ʠʤʝʶʱʘʷʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ. ʀʥʪʝʨʝʩʥʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ 

ʚ ʧʦʣʫʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʘʭ ʧʨʦʮʝʩʩʘ ʠ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʛʝʢʩʝʥʘ-1 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʚʳʭʦʜʦʤ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʛʝʢʩʝʥ-1 ʥʘ 

ʭʨʦʤ-ʧʠʨʨʦʣʴʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʚ ʧʦʣʫʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʨʝʞʠʤʘʭ ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʘʨʴʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʵʪʠʣʝʥʘ ʥʘ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʚʨʝʤʝʥʠ. 

ʇʨʝʜʣʦʞʝʥʘ ʦʙʦʙʱʸʥʥʘʷ ʩʭʝʤʘ ʩʣʦʞʥʦʛʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʨʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʚ ʛʝʢʩʝʥ-1. ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦ 4 

ʧʘʨʘʤʝʪʨʘʤ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ, ʜʘʚʣʝʥʠʷ ʵʪʠʣʝʥʘ, 

ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʪʦʨʝ), ʧʦʟʚʦʣʠʚʰʘʷ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʡ 

ʮʝʣʝʚʦʡ ʚʳʭʦʜ ʛʝʢʩʝʥʘ-1 ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

(ʜʝʮʝʥʳ, ʧʦʣʠʤʝʨ) ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʠʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ. ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: [Cr]=2.33 ʤʛ/ʣ, ʊ=105Üʉ, p=2.4 ʄʇʘ, tʧʨʝʙ.ʢʘʪ.=60 

ʤʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʥʳʡ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʨʠʤʝʨʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʠ ʩʣʦʞʥʦʩʪʴʶ 

ʧʨʷʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 
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ʢʘʞʜʦʡ ʠʟ ʩʪʘʜʠʡ (ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ, 

ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʨʝʘʢʮʠʡ ʪʨʠ-, ʦʣʠʛʦ- ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ). 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇɸʆ 

ʉʠʙʫʨ ʍʦʣʜʠʥʛ ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ˉ ʛʦʩ. 

ʈʝʛʠʩʪʨʘʮʠʠ 124013000722-8 ʠ 124020500064-2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʅʦʚʳʝ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʠ ʘʜʛʝʟʠʚʳè ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ (ˉ 77601). 
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ʂʈʀɺʓɽ ʅɸɻʈʋɾɽʅʀʗ ʀ ʈɸɿɻʈʋɿʂʀ, ʇʆʈʆɾɼɸɽʄʓɽ ʄʆɼɽʃʔʖ 

ʊʀʂʉʆʊʈʆʇʅʓʍ ɺʗɿʂʆʋʇʈʋɻʆʇʃɸʉʊʀʏʅʓʍ ʉʈɽɼ, 

ʋʏʀʊʓɺɸʖʑɽʁ ʕɺʆʃʖʎʀʖ ʉʊʈʋʂʊʋʈʓ 

 

ɻʫʣʠʥ ɺ.ɺ.1,2@, ʍʦʭʣʦʚ ɸ.ɺ.1,2 
1ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʉɺʌʋ ʠʤʝʥʠ ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 
@ kornet104@gmail.com  

 

ʀʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ [1-8] ʧʨʠʤʝʥʠʤʘ ʢ ʰʠʨʦʢʦʤʫ ʢʣʘʩʩʫ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʧʨʦʷʚʣʷʶʱʠʭ ʚʷʟʢʦʫʧʨʫʛʠʝ ʠ ʪʠʢʩʦʪʨʦʧʥʳʝ ʩʚʦʡʩʪʚʘ ʚ 

ʪʦʤ ʯʠʩʣʝ ʨʘʩʪʚʦʨʘʤ ʠ ʨʘʩʧʣʘʚʘʤ ʧʦʣʠʤʝʨʦʚ, ʜʠʩʧʝʨʩʠʷʤ, ʪʷʞʝʣʦʡ ʥʝʬʪʠ, 

ʙʠʪʫʤʥʳʤ ʚʷʞʫʱʠʤ, ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʘʤ, ʢʦʣʣʦʠʜʥʳʤ ʩʠʩʪʝʤʘʤ, ʛʝʣʷʤ ʠ ʜʨʫʛʠʤ. 

ʕʚʦʣʶʮʠʷ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʧʨʦʩʪʦʡ ʩʜʚʠʛ) ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

1 2ɔ Ű ( ) Ű ɖ( ), (1 ) (Ű) ,G w w w k w k g w= + = - -  

0 0( ) exp(ɓ ), ɖ( ) ɖ exp(Ŭ )G w G w w w= =  
(1) 

ʛʜʝ ɔ ïʜʝʬʦʨʤʘʮʠʷ ʩʜʚʠʛʘ, Ű ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, G(w) ʠ ɖ(w) ï ʤʦʜʫʣʴ 

ʩʜʚʠʛʘ ʠ ʚʷʟʢʦʩʪʴ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ w(t), k1 ʠ k2g(Ű) ï ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʄʘʪʝʨʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ g(Ű) ʦʧʠʩʳʚʘʝʪ 

ʫʩʢʦʨʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʤʦʜʝʣʠ ɖ(w)/G(w) ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠʨʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʠʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʧʨʠ ʥʘʛʨʫʟʢʝ. 

ʇʨʦʛʨʘʤʤʘ ʥʘʛʨʫʟʢʠïʨʘʟʛʨʫʟʢʠïʦʪʜʳʭʘ ʠʤʝʝʪ ʚʠʜ: 

( )1 1h( ) 2h( ) ,ɔ( ) h( 2 )a t tt t t t- - += -  (2) 

ʛʜʝ a, t1 ï ʩʢʦʨʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʛʨʫʟʢʠ, h ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʵʬʬʝʢʪʦʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʠʩʧʳʪʘʥʠʷʭ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʤʦʜʝʣʠ ʥʘ 

ʧʨʦʛʨʘʤʤʫ (2) ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʠʢ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʪʘʧʝ ʥʘʛʨʫʟʢʠ [3]. ʇʨʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʚʪʦʨʠʯʥʳʡ ʧʠʢ ʚʦʟʥʠʢʘʝʪ ʠ ʥʘ ʵʪʘʧʝ 

ʨʘʟʛʨʫʟʢʠ. ɺʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʥʝ ʫʩʧʝʚʘʪʴ ʩʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʇʦʚʪʦʨ ʧʨʦʛʨʘʤʤʳ (2) 

(ʮʠʢʣʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ) ʤʦʞʝʪ ʜʘʚʘʪʴ ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʳʡ, ʪʘʢ ʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʦʪʢʣʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ w(t). ʄʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʫʝʪ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʮʠʢʣʫ; ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʥʘ ʥʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʧʨʦʷʚʣʷʝʪ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʟʢʠïʨʘʟʛʨʫʟʢʠïʦʪʜʳʭʘ 

ʩʧʝʢʪʨ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ: ʧʠʢ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʠ ʧʨʠ ʨʘʟʛʨʫʟʢʝ, 

ʘʩʠʤʤʝʪʨʠʶ ʢʨʠʚʳʭ, ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʤʝʥʷʶʱʝʡʩʷ ʪʦʧʦʣʦʛʠʝʡ, ʨʝʣʘʢʩʘʮʠʶ ʩ 

çʟʘʤʦʨʘʞʠʚʘʥʠʝʤè ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺʩʝ ʵʬʬʝʢʪʳ ʧʦʨʦʞʜʘʶʪʩʷ ʝʜʠʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ï ʩʚʷʟʴʶ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴʶ ʯʝʨʝʟ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ. 
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ʆʧʨʝʜʝʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʬʘʟʦʚʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ 

ɻʇʋ-, ɻʎʂ- ʠ ʆʎʂ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʬʝʤʪʦ-, ʧʠʢʦ- ʠ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʧʣʘʟʤʝʥʥʦ-

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ (ʇʕʆ) ʦʙʨʘʙʦʪʢʝ, ʦʙʣʫʯʝʥʠʠ ʤʦʱʥʳʤʠ ʠʦʥʥʳʤʠ ʧʫʯʢʘʤʠ. 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʦʙʨʘʙʦʪʦʢ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʪʦʥʢʠʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʪʠʪʘʥʘ (ʩʧʣʘʚ ɺʊ1-0) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʩʜʚʠʛʦʚʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʠʥʠʮʠʠʨʫʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ 

(çʭʦʣʦʜʥʦʝè) ʧʣʘʚʣʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [1]. ɺ ʵʪʦʤ ʞʝ ʩʧʣʘʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʠʣʠ 

ʧʦʢʨʳʚʘʶʱʠʝ ʚʩʶ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ/ʠʟʜʝʣʠʡ ʦʙʣʘʩʪʠ ʩ 

ʤʦʱʥʳʤ ʜʠʩʧʝʨʩʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʟʘ ʩʯʝʪ ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ 

ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ɻʎʂ-ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ [2]. 

ʇʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʤʧʫʣʴʩʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʇʕʆ (ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ) ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ɺʊ1-0, ɺʊ6) [3]. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦ-ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʥʘʥʝʩʝʥʠʠ ʄɼʆ-ʧʦʢʨʳʪʠʡ) ʧʣʘʩʪʠʥʯʘʪʳʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ ɺʊ1-0, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʨʠʩʪʦʩʪʴʶ ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʠʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʝʣʴʝʬʥʦʡ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʧʦʢʨʳʪʠʝïʧʦʜʣʦʞʢʘè. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʪʦʛʦ ʫʧʨʦʯʥʷʶʱʘʷ ʠʤʧʫʣʴʩʥʘʷ ʣʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʣʘʩʪʠʥʯʘʪʳʭ ʦʙʨʘʟʮʦʚ 

[4]. 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʩʦʯʝʪʘʶʱʝʡ ʣʘʟʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʤʧʫʣʴʩʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʥʝʩʝʥʠʝ ʪʦʥʢʠʭ ʙʠʦʘʢʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʦʩʚʦʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʅʀʈ ʥʘ ʧʨʘʢʪʠʢʝ.  
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ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʪʨʠʘʟʠʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʝʤʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʨʦʩʩ-ʩʰʠʚʘʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ, 

ʬʦʪʦʨʝʟʠʩʪʦʚ ʚ ʣʠʪʦʛʨʘʬʠʠ ʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʢʣʠʢ-ʨʝʘʢʮʠʡ ʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʥʠʪʨʝʥʦʚ [1]. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ 

ʧʦʣʫʯʘʝʤʳʝ ʬʦʪʦʣʠʟʦʤ ʪʨʠʘʟʠʜʦʚ 1ʘ-ʩ ʩʝʧʪʝʪʥʳʝ ʪʨʠʥʠʪʨʝʥʳ 2ʘ-ʩ, ʢʦʪʦʨʳʝ ʥʝ 

ʦʢʠʩʣʷʶʪʩʷ ʚ ʢʠʩʣʦʨʦʜʝ, ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʚʦʜʦʨʦʜʝ ʠ ʩʪʘʙʠʣʴʥʳ ʚʦ ʣʴʜʫ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ ʧʣʘʚʣʝʥʠʷ [2]. ʉʧʝʢʪʨʳ ʕʇʈ ʪʘʢʠʭ ʪʨʠʥʠʪʨʝʥʦʚ ʩʦʜʝʨʞʘʪ 

ʤʥʦʛʦ ʩʠʛʥʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʙʠʪʫ [1]. 

ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʠʛʥʘʣʦʚ ʕʇʈ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʥʘʠʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʨʠʥʠʪʨʝʥʘ 2ʩ [3]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʩʠʥʪʝʟʫ ʥʦʚʳʭ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʠʘʟʠʜʦʚ 1d-f ʩ ʧʦʤʦʱʴʶ ʦʪʢʨʳʪʦʡ ʥʘʤʠ ʨʝʘʢʮʠʠ 

ʪʠʦʣʠʨʦʚʘʥʠʷ ʪʨʠʘʟʠʜʦʚ 1ʘ-ʩ ʧʦ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʧʦʣʦʞʝʥʠʷʤ CïX 

ʠ CïY [4]. 

 
 [1] Chapyshev S.V., Mendez-Vega E., Sander W. 2021, Chem. Eur. J. 27. 1258-

69 

[2] Mendez-Vega E., Mieres-Perez J., Chapyshev S.V., Sander W. 2019. Angew. 

Chem. Int. Ed. 58. 12994-98  
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S.V. 2015. J. Phys. Chem. A. 119. 2413-19 
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ʉɺʉ ʇʈɽʂʋʈʉʆʈʆɺ ʂɸʊɸʃʀɿɸʊʆʈʆɺ ʉ ʄɽʊɸʃʃʀʏɽʉʂʆʁ 

ɸʂʊʀɺʅʆʁ ʌɸɿʆʁ ʅɸ ʂɽʈɸʄʀʏɽʉʂʀʍ ʅʆʉʀʊɽʃʗʍ 

 

ʇʫʛʘʯʝʚʘ ɽ.ɺ.@, ʂʦʯʝʪʢʦʚ ʈ.ɸ., ɸʙʟʘʣʦʚ ʅ.ʀ., ʉʝʧʣʷʨʩʢʠʡ ɹ.ʉ., ʉʠʣʷʢʦʚ ʉ.ʃ., 

ʀʢʦʨʥʠʢʦʚ ɼ.ʄ., ʖʭʚʠʜ ɺ.ʀ., ɹʦʨʱ ɺ.ʅ. 

ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ 

ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
@ help@ism.ac.ru 

 

ʉ ʧʦʤʦʱʴʶ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ 

(ʉɺʉ) ʧʦʣʫʯʘʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʢʘʨʙʠʜʳ, ʙʦʨʠʜʳ, ʩʤʝʰʘʥʥʳʝ ʢʘʨʙʠʜʳ, ʢʘʨʙʦʙʦʨʠʜʳ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʪʠʪʘʥʘ ʠ ʚʦʣʴʬʨʘʤʘ). ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʠʟ ʥʠʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʘʙʨʘʟʠʚʥʳʝ ʧʦʨʦʰʢʠ, 

ʬʠʣʴʪʨʳ, ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʬʘʟ. 

ʉ ʧʦʤʦʱʴʶ ʉɺʉ ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʩʚʷʟʢʠ ʚ ʢʦʤʧʦʟʠʪʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ð ʦʪ 1 ʜʦ 40%. ɺ ʩʦʩʪʘʚ ʩʚʷʟʢʠ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ: Fe, 

Co, Ni, Cu, Al  ʠ ʪ.ʜ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʪʨʸʭ ʣʘʙʦʨʘʪʦʨʠʡ ʀʉʄɸʅ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʦʡ, ʢʦʪʦʨʘʷ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʧʨʝʢʫʨʩʦʨʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʘʟ. 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʉʠʥʪʝʟ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʥʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʚʷʟʢʦʡ ï ʧʨʝʢʫʨʩʦʨʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʘʟʳ (ɸʌ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʉɺʉ ʩʠʥʪʝʟʘ: ʉɺʉ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ [1,2], 

ʉɺʉ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ [2,3], ʉɺʉ ʚ ʨʝʘʢʪʦʨʝ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ [4,5], 

ʉɺʉ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ [5]. ɺ ʩʦʩʪʘʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʚʚʦʜʠʣʩʷ 

ʘʣʶʤʠʥʠʡ (ʙʦʣʝʝ 50% ʤʘʩʩ.), ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʱʝʣʦʯʴʶ ʧʦʣʫʯʠʪʴ 
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ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮ ʘʢʪʠʚʥʫʶ ʬʘʟʫ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʤʘʪʨʠʮ ʠ ʘʢʪʠʚʥʳʭ ʬʘʟ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʛʣʫʙʦʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʉʆ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢ ʞʝ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʉʆ2 ʜʦ ʤʝʪʘʥʘ. 
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V.N., and Alymov M.I., 2026. Russ J Gen Chem 96, 38. Doi 
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ʈʘʟʚʠʪʠʝ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʥʳʤ ʧʫʪʝʤ ʦʮʝʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʘʛʝʥʪʦʚ [1]. ʆʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʵʪʦ ʜʣʷ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʝʣʠʯʠʥʫ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʷʚʣʷʝʪʩʷ ʝʝ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ Ea, 

ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʵʥʪʘʣʴʧʠʠ ȹH ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɺʣʠʷʥʠʝ 

ʵʥʪʘʣʴʧʠʠ ȹH ʥʘ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʤʦʞʥʦ ʫʯʝʩʪʴ, ʠʩʧʦʣʴʟʫʷ ʥʝʣʠʥʝʡʥʦʝ 

ʦʙʦʙʱʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʇʦʣʷʥʠ-ʉʝʤʝʥʦʚʘ: Ea = A + (1/2 +ȹH/2W) ȹH, ʠʣʠ ʝʛʦ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ɽʘ = ɸ + (1/2 + ȹʅ/16ɸ)ȹʅ, ʛʜʝ    ɸ - ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʪʝʨʤʦʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ.                                 

ɼʣʷ ʨʝʘʢʮʠʡ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʪʨʳʚʘ 

R+ʅQ Ÿ (RʅQ)# Ÿ Rʅ+Q 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʘʜʜʠʪʠʚʥʳʡ ʧʦʜʭʦʜ [1] ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ ʪʝʨʤʦʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʩ ʨʝʘʢʮʠʦʥʥʳʤ ʫʟʣʦʤ ʍRƄʅƄYQ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʢʨʝʤʝʥʪʦʚ ȹ(R) ʠ ȹ(Q),  

ʆʩʥʦʚʦʡ ʘʜʜʠʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʦʨʠʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦ ʥʘʣʠʯʠʠ ʢʚʘʟʠʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʤʝʞʜʫ ʵʪʠʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʆʪʩʶʜʘ,  ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʧʦʜʭʦʜʦʤ ʇʦʣʠʥʛʘ, ʵʥʝʨʛʠʶ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (RʅQ)# ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ  

ʚ ʚʠʜʝ ʧʦʣʫʩʫʤʤʳ ʵʥʝʨʛʠʡ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ (RʅR)# ʠ 

(QʅQ)# ʩ ʧʦʧʨʘʚʢʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʨʘʟʨʳʚʘʝʤʦʡ 

ʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ʩʚʷʟʠ (DRʅ - DQH))2  

ʊʦʛʜʘ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʘʢʮʠʡ, ʨʘʚʥʳʭ ʫʜʚʦʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʢʨʝʤʝʥʪʦʚ ȹ(R) ʠ ȹ(Q) 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʘʧʨʠʦʨʥʳʡ ʨʘʩʯʝʪ  ɸ(R--H--Q) = ȹ(R) + ȹ(Q) ʜʣʷ ʣʶʙʳʭ ʜʨʫʛʠʭ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʘʢʮʠʡ  ʠ ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ ȹʅ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʟʥʘʯʝʥʠʷ  ʠʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ. ʕʪʦʪ ʞʝ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʠʥʢʨʝʤʝʥʪʘ ȹ(R), ʝʩʣʠ ʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ 

ȹ(Q) ʠ ʚʝʣʠʯʠʥʘ ɸ(R--H--Q). ʅʘʡʜʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ ʠʥʢʨʝʤʝʥʪʦʚ ʜʣʷ 

ʨʷʜʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʨʳʚʝ ʧʝʨʚʠʯʥʦʡ, 

ʚʪʦʨʠʯʥʦʡ ʠ ʪʨʝʪʠʯʥʦʡ ʉ-ʅ ʩʚʷʟʠ ʚ ʘʣʢʘʥʘʭ, ʘ ʪʘʢʞʝ ʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ ʪʦʣʫʦʣʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1.  ʀʥʢʨʝʤʝʥʪʳ ȹ ʜʣʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ  

mailto:роkidova@icp.ac.ru
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ʀʥʢʨʝʤʝʥʪ HƄR  HƄRs HƄRtert HƄCH2Ph 

ȹ ʢɼʞ/ʤʦʣʴ 24.5Ñ0.8  22.8Ñ0.8 18.4 39.9 

 

ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʘʧʨʠʦʨʥʫʶ ʦʮʝʥʢʫ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ 

ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʘʢʮʠʡ ʦʪʨʳʚʘ ʅ- ʘʪʦʤʘ ʩ ʨʝʘʢʮʠʦʥʥʳʤ 

ʫʟʣʦʤ ʉ-ʅ-ʉ.  

k. = n Aʦexp[-(ɸ + (1/2 + ȹʅ/16ɸ)ȹʅ)/RT]                       

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ A0 = 108ʣ/ʤʦʣʴ ʩ , 

ʧʨʠʥʷʪʦʛʦ ʨʘʥʝʝ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʜʣʷ ʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʚʷʟʠ ʚ ʨʝʘʢʮʠʷʭ ʦʪʨʳʚʘ (n-ʯʠʩʣʦ ʵʢʚʠʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʩʚʷʟʝʡ).  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʦʛʦ 

ʤʝʪʦʜʘ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ   (k) ʜʣʷ  ʥʝʢʦʪʦʨʳʭ ʨʝʘʢʮʠʡ R1 + R2HŸ R1H 

+ R2 (T=298K), ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʵʥʝʨʛʠʡ  (A  ʠ  Ea) ʠ  ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ ȹH. ʉ ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘ ʧʦʨʷʜʦʢ ʠ ʙʦʣʝʝ, 

ʠʤʝʝʪʩʷ ʠʭ  ʥʝʧʣʦʭʦʝ ʩʦʛʣʘʩʠʝ ʩ ʜʘʥʥʳʤʠ ʘʧʨʠʦʨʥʦʛʦ ʨʘʩʯʝʪʘ.  

 

ʊʘʙʣʠʮʘ 2.  ʈʘʩʩʯʠʪʘʥʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʘʢʮʠʡ ʦʪʨʳʚʘ ʘʪʦʤʘ ʅ  

R1 R2 ȹH A Ea k 

 

kʵʢʩʧ[2]*  

  ʢɼʞ/ʤʦʣʴ ʣ/ʤʦʣʴ ʩʝʢ 

Et Me 18.8 53.6 63.4 3.0 Ĭ10Ƅ3 1.0 Ĭ10Ƅ3 

Et Prn 1.7 49.9 50.7 0.8 3.2 

Et CH2Ph -45.0 655 44.9 4.0 5.4 

Prn Bui -21.8 42.7 32.5 200.1 8.5 

* ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ ʫʩʨʝʜʥʝʥʳ ʣʦʛʘʨʠʬʤʳ kʵʢʩʧ 

[1] Shestakov A. F., Pokidova T. S., 2026, Mendeleev Commun. 36. 242ï244 

[2] NIST Standard Reference Database Number 69, 2025  
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ʉʀʅʊɽɿ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂʆʄʇʆɿʀʊʆɺ, 

ʉʆɼɽʈɾɸʑʀʍ ʂʆɹɸʃʔʊ ʀ ʄɸʈɻɸʅɽʎ, ʅɸʅɽʉɽʅʅʓɽ ʅɸ 

ɼʀɸʊʆʄʀʊ 

 

ɼʞʫʩʫʧʢʘʣʠʝʚʘ ʈ.ʀ.1@, ʇʫʛʘʯʝʚʘ ɽ.ɺ.2, ɹʦʨʱ ɺ.ʅ.2, ʈʫʭʦʚ ɸ.ɺ.3 
1 aɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɾʘʥʛʠʨʭʘʥʘ, ʛ. ʋʨʘʣʴʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
bʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɻ. 

ʄʝʨʞʘʥʦʚʘ ʈɸʅ, ʫʣ. ɸʢʘʜʝʤʠʢʘ ʆʩʠʧʴʷʥʘ, 8, ʏʝʨʥʦʛʦʣʦʚʢʘ, 142432, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 
ʩ ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʫʣ. ʉʦʚʝʪʩʢʘʷ, 106, 

ʊʘʤʙʦʚ 392000, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
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ɸʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʛʣʫʙʦʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʝʛʢʠʭ ʘʣʢʘʥʦʚ (ʪ. ʝ. ʤʝʪʘʥʘ, ʵʪʘʥʘ, ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʘ), ʪʘʢ ʢʘʢ ʚʳʙʨʦʩʳ 

ʣʝʛʢʠʭ ʘʣʢʘʥʦʚ ʠ ʦʢʠʩʝʡ ʫʛʣʝʨʦʜʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʫʛʣʷ ʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʙʝʥʟʠʥʘ, ʠ ʥʘʥʦʩʷʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʫʱʝʨʙ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʣʦʛʠʠ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʫʯʝʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʠʩʩʣʝʜʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʥʘʥʝʩʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʦʚ ʠ ʤʝʪʘʣʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʧʦʨʠʩʪʳʭ ʥʦʩʠʪʝʣʷʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [1]. ʄʝʪʦʜʦʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʩʠʥʪʝʟʘ ʠʟ 

ʩʤʝʩʝʡ ʥʠʪʨʘʪʦʚ Co ʠ Mn ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʯʝʚʠʥʳ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ-ʤʘʨʛʘʥʮʘ (ʩʦʜʝʨʞʘʱʠʝ ʧʦ 5 ʤʘʩ.% ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʘʞʜʳʡ ʤʝʪʘʣʣ), 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʠʘʪʦʤʠʪ ʋʪʝʩʘʡʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʥʦʩʠʪʝʣʷ - ʜʠʘʪʦʤʠʪʘ (ʧʨʦʤʳʚʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʢʠʩʣʦʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʦʢʘʣʠʚʘʥʠʷ) ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II) ʠ ʧʨʦʧʘʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ CO ʠ ʧʨʦʧʘʥʘ ʧʨʠ 400  ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʦʤʧʦʟʠʪʦʚ 5Co5Mn/ʜʠʘʪʦʤʠʪ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤʠ 5Co5Mn ʥʘ ʦʧʦʢʝ [2] ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʢʦʤʧʦʟʠʪʳ 5Co5Mn ʥʘ ʜʠʘʪʦʤʠʪʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʦʢʠʩʣʝʥʠʠ CO ʠ 

ʧʨʦʧʘʥʘ. ʀʟʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ CO ʠ 

ʧʨʦʧʘʥʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 5Co5Mn/ʜʠʘʪʦʤʠʪ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʠʥʪʝʟ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʘʣʣʫʘʟʠʪʘ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, CO ʠ ʤʝʪʘʥʠʨʦʚʘʥʠʷ 
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"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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CO2 / ɹʦʨʱ ɺ.ʅ., ɹʳʩʪʨʦʚʘ ʀ.ʄ., ʇʫʛʘʯʝʚʘ ɽ.ɺ., ʉʤʠʨʥʦʚʘ ɽ.ʄ., ʉʪʘʚʠʮʢʘʷ ɸ.ɺ., 

ɺʠʥʦʢʫʨʦʚ ɺ.ɸ. // ʂʠʥʝʪʠʢʘ ʠ ʂʘʪʘʣʠʟ ï 2022. ï ʊ. 63. ï ˉ 6. ï ʉ. 845ï857. 

2. ɼʞʫʩʫʧʢʘʣʠʝʚʘ ʈ.ʀ., ɹʳʩʪʨʦʚʘ ʀ.ʄ, ʇʦʤʦʛʘʡʣʦ ʉ.ʀ., ɹʦʨʱ ɺ.ʅ. 

ʉʠʥʪʝʟ ʚ ʧʨʦʮʝʩʩʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʦʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʡ ʦʧʦʢʠ Coï

Mn-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʣʫʙʦʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʉʆ ʠ ʧʨʦʧʘʥʘ. // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. 

ʇʦʨʦʰʢʦʚʘʷ ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ. ï 2024. ï T. 18 ï ˉ 6. ï 

ʉ. 17ï27. 

  



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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ɻʀɼʈʆʌʆɹʅʓɽ ɸʕʈʆɻɽʃʀ ʅɸ ʆʉʅʆɺɽ ɺʆʉʉʊɸʅʆɺʃɽʅʅʆɻʆ 

ʆʂʉʀɼɸ ɻʈɸʌɽʅɸ ʉ ɺʓʉʆʂʀʄ ʉʆɼɽʈɾɸʅʀɽʄ 

ʇʆʃʀʊɽʊʈɸʌʊʆʈʕʊʀʃɽʅɸ 

 

ɹʘʩʢʘʢʦʚ ʉ.ɸ.1,2,@, ɹʘʩʢʘʢʦʚʘ ʖ.ɺ.1,2, ɾʘʨʢʦʚʩʢʘʷ ɸ.ɺ.1, ʂʨʘʩʥʠʢʦʚʘ ʉ.ʉ.1, 

ʏʝʨʥʷʝʚ ɼ.ɸ.1, ʂʘʙʘʯʢʦʚ ɽ.ʅ.1, ɾʠʜʢʦʚ ʄ.ɺ.1, ʐʫʣʴʛʘ ʖ.ʄ.1 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
2ʆʆʆ çɻʈɸʌɽʅʆʂʉè 
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ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʤʦʥʦʣʠʪʥʳʝ ʘʵʨʦʛʝʣʠ ʧʦʣʠʪʝʨʘʬʪʦʨʵʪʠʣʝʥ/ʦʢʩʠʜ 

ʛʨʘʬʝʥʘ ʩʦ ʩʚʝʨʭʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʤʝʨʘ (ʜʦ 98 ʤʘʩ.%). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ - 2 ʤʘʩ.% - ʆɻ ʚʳʧʦʣʥʷʝʪ ʢʣʶʯʝʚʫʶ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ, ʧʦʟʚʦʣʷʷ ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʳʡ ʪʨʝʭʤʝʨʥʳʡ 

ʢʘʨʢʘʩ, ʪʦʛʜʘ ʢʘʢ ʯʠʩʪʳʡ ʇʊʌʕ ʥʝ ʩʧʦʩʦʙʝʥ ʩʦʭʨʘʥʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʧʨʠ 

ʣʠʦʬʠʣʴʥʦʡ ʩʫʰʢʝ. ʇʨʦʮʝʩʩ ʦʪʞʠʛʘ ʧʨʠ 370ÁC ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʝʪ ʇɸɺ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʆɻ ʜʦ ɺʆɻ ʠ ʧʣʘʚʠʪ ʇʊʌʕ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʘʜʢʘ ʧʨʠ ʦʪʞʠʛʝ ʥʘʧʨʷʤʫʶ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʇʊʌʕ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ 2.1% ʜʦ 26.6% ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʜʦʣʠ ʧʦʣʠʤʝʨʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ 

ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʇʊʌʕ, ʢʦʪʦʨʳʝ ʩʪʷʛʠʚʘʶʪ ʢʘʨʢʘʩ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ɺʆɻ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʩʦʧʨʦʪʠʚʣʷʶʱʝʛʦʩʷ ʵʪʦʡ 

ʫʩʘʜʢʝ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʥʠʟʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ ʚʦʜʝ ð 0.001 ʛ/ʛ ð ʜʣʷ ʘʵʨʦʛʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ 

98% ʇʊʌʕ. ʕʪʘ ʚʝʣʠʯʠʥʘ, ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ ʘʵʨʦʛʝʣʷ 

ɺʆɻ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʩʭʦʜʥʫʶ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʬʦʙʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʙʣʦʢʠʨʦʚʘʪʴ ʛʠʜʨʦʬʠʣʴʥʳʝ ʮʝʥʪʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚ ɺʆɻ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʥʠʞʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʟʠʪʘʤʠ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʤʝʨʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʩʦʙʝʥʥʦ ʦʙʨʘʟʝʮ 90, ʩʦʭʨʘʥʷʶʪ ʧʦʣʝʟʥʫʶ ʝʤʢʦʩʪʴ ʧʦ 

ʪʘʢʠʤ ʞʠʜʢʦʩʪʷʤ, ʢʘʢ ʘʮʝʪʦʥ ʠ ʊɻʌ (ʜʦ ~4.7 ʛ/ʛ). ʉʦʯʝʪʘʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ, 

ʧʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʫʣʴʪʨʘʥʠʟʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʚʦʜʝ ʜʝʣʘʝʪ ʘʵʨʦʛʝʣʴ ʇʊʌʕ/ɺʆɻ 

(98/2) ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ, 

ʪʨʝʙʫʶʱʠʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʚʦʜʳ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʥʦʤʝʨʘ ʛʦʩ. ʈʝʛʠʩʪʨʘʮʠʠ 124013000757-0, 124013000692-4) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʎʂʇ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ. 
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ʌʦʪʦʚʦʟʙʫʞʜʸʥʥʳʝ ʦʢʪʫʧʦʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʦʙʣʘʜʘʶʱʠʝ C-ʩʠʤʤʝʪʨʠʝʡ, 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʠʞʥʠʭ ʚʦʟʙʫʞʜʸʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ: ʧʦʣʥʦʩʪʴʶ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʚʳʨʦʞʜʝʥʥʦʤʫ ʜʫʙʣʝʪʫ. ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪʴ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʷʚʣʝʥʠʝʤ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, 

ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʬʦʪʦʥʠʢʠ, ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʫʙʠʪʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ [1]. ɺ ʪʘʢʠʭ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʗʥʘïʊʝʣʣʝʨʘ ð ʚʠʙʨʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʩʚʷʟʴ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ), 

ʠʛʨʘʶʱʠʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ɺ ʤʦʣʝʢʫʣʘʭ ʩʦ ʩʣʘʙʳʤ ʚʠʙʨʦʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʫʙʣʝʪ ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʫʱʸʥʥʳʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʫʙʠʪʘ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʝʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʦ 

ʤʝʥʷʝʪ ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʪʝʨʘʛʝʨʮʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ʬʦʪʦʚʦʟʙʫʞʜʸʥʥʦʡ ʦʢʪʫʧʦʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʥʘ ʚʥʝʰʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʸʥ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʚʠʙʨʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʢʘʢ ʩʣʘʙʳʡ, ʪʘʢ ʠ ʩʠʣʴʥʳʡ ʧʨʝʜʝʣʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʚʠʙʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʚʝʜʸʥʥʳʡ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʚ ʧʨʝʜʝʣʝ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʧʦʜʘʚʣʷʝʪʩʷ ʨʦʚʥʦ ʚ 

ʜʚʘ ʨʘʟʘ ð ʩ p /2 ʜʦ p /4. ʇʨʠ ʵʪʦʤ ʜʫʙʣʝʪ, ʨʘʩʱʝʧʣʷʷʩʴ ʚ ʧʦʣʝ ʠ ʧʦʨʦʞʜʘʷ 

ʜʠʧʦʣʴʥʳʡ ʦʪʢʣʠʢ, ʧʦ-ʧʨʝʞʥʝʤʫ ʨʝʘʣʠʟʫʝʪ ʩʠʩʪʝʤʫ ʩʧʠʥ-1/2, ʪʦ ʝʩʪʴ ʧʦʣʥʦʩʪʴʶ 

ʩʦʭʨʘʥʷʝʪ ʢʫʙʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʥʦʚʠʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ [2]. ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʨʘʩʩʤʦʪʨʝʥ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʩʣʫʯʘʡ ʩʠʣʴʥʳʭ ʚʠʙʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʢʦʛʜʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ȹE ʤʝʞʜʫ ʥʠʞʥʠʤʠ ʚʦʟʙʫʞʜʸʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʣʝʞʠʪ ʚ ʪʝʨʘʛʝʨʮʦʚʦʡ ʠ ʛʠʛʘʛʝʨʮʦʚʦʡ ʦʙʣʘʩʪʷʭ [3]. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʫʩʪʘʥʦʚʣʝʥ 

ʢʣʶʯʝʚʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ: ʧʝʨʚʘʷ ʛʘʨʤʦʥʠʢʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

ʚʩʝʛʜʘ ʢʦʣʣʠʥʝʘʨʥʘ ʧʦʣʶ (ɓ = ɔ), ʪʦʛʜʘ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʥʫʣʝʚʦʡ ʠ 

ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ, ʧʨʠʯʸʤ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʚʜʚʦʝ ʙʦʣʴʰʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʷ (ɓ = ˊ ï 2ɔ) [3]. ɿʜʝʩʴ ɔ ð ʫʛʦʣ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʣʥʳ ʠ ʚʝʪʚʴʶ ʤʦʣʝʢʫʣʳ, ɓ ð ʫʛʦʣ 

ʦʨʠʝʥʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʘʨʤʦʥʠʢʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ɔ = 30Á ʧʦʣʫʯʠʪʴ ʧʝʨʚʫʶ ʛʘʨʤʦʥʠʢʫ ʧʦʜ ʫʛʣʦʤ 30Á, ʘ ʥʫʣʝʚʫʶ ʠ 

ʚʪʦʨʫʶ ð ʧʦʜ 120Á, ʪʦ ʝʩʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʝʨʚʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

22-13-00180-ʇ, https://rscf.ru/project/22-13-00180/ 
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@ khramovadaria@iomc.ras.ru  

 

ʦ-ɹʝʥʟʦʭʠʥʦʥʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʤʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨʘʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʠʛʦʵʬʠʨʘʢʨʠʣʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʢʦʥʢʫʨʠʨʫʶʱʠʤ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʢʘʢ ʧʨʦʜʫʢʪʘʤʠ ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʩʘʤʠʤʠ 

ʭʠʥʦʥʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʭʠʥʦʥ-ʘʤʠʥ ʩʧʦʩʦʙʥʘ ʠ ʠʥʠʮʠʠʨʦʚʘʪʴ, ʠ ʧʦʜʘʚʣʷʪʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʝ ʪʦʣʴʢʦ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʠʷ, 

ʥʦ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʠʟʘʤʝʱʸʥʥʳʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 1,1,4,4-

ʪʝʪʨʘʤʝʪʠʣʙʫʪʘʥʜʠʠʣʴʥʳʡ (ʊʄɹ) ʬʨʘʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʠ 3,4 ʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʦʙʲʸʤʦʤ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 6 ʭʠʥʦʠʜʥʦʛʦ ʢʦʣʴʮʘ (Me, Ph, i-Pr, c-Hex, t-Bu, 

Ad), ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʝ ʟʘʪʨʫʜʥʸʥʥʳʝ ʭʠʥʦʥʳ ʚʳʟʳʚʘʶʪ ʜʚʫʭʩʪʘʜʠʡʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ: ʟʘ ʧʝʨʠʦʜʦʤ ʠʥʜʫʢʮʠʠ ʩʣʝʜʫʝʪ ʚʪʦʨʠʯʥʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ -  ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

Ad). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʥʠʞʘʣʘʩʴ ʩ ʨʦʩʪʦʤ ʦʙʲʝʤʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 6 

ʧʦʣʦʞʝʥʠʠ ʢʦʣʴʮʘ ʭʠʥʦʥʘ. ʉʨʘʚʥʝʥʠʝ ʊʄɹ-ʩʦʜʝʨʞʘʱʠʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ ʩ ʨʷʜʦʤ 

ʧʠʨʘʟʦʣʩʦʜʝʨʞʘʱʠʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ, ʦʙʣʘʜʘʶʱʠʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʩʪʴʶ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʧʦʣʠʤʝʨ ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʘʪʨʫʜʥʸʥʥʳʭ ʭʠʥʦʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʠʤʦʜʘʣʴʥʳʤ ʄʄʈ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʘ (ʄʄ~104) 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʳʚʘ ʮʝʧʠ ʥʘ ʠʥʛʠʙʠʪʦʨʝ, ʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ 

(ʄʄ~105) - ʚʩʣʝʜʩʪʚʠʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʙʨʳʚʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʠʥʦʥʘ ʜʦʣʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʝʞʠʤʘ 

ʧʦʣʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ ʤʝʥʝʝ 0.3) ʧʦʣʥʦʩʪʴʶ 

ʠʩʯʝʟʘʝʪ. ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʤʝʨ ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʚʦ ʚʨʝʤʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʚʪʦʨʠʯʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʝʜʠʥʦʤ ʤʝʭʘʥʠʟʤʝ ʦʙʨʳʚʘ ʥʘ ʦʙʝʠʭ ʩʪʘʜʠʷʭ. ʅʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ 

ʠʥʜʫʢʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʥʦʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʦʢʩʠʬʝʥʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʨʝʠʥʠʮʠʠʨʦʚʘʪʴ ʨʦʩʪ ʮʝʧʠ. ʊʘʢ ʞʝ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩʝʨʠʷ ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʊʄɹ-

ʬʨʘʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʠ 4,5 ʠ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ 6. ɹʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʭʠʥʦʥʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʦʙʲʸʤʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 6, 

mailto:khramovadaria@iomc.ras.ru
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ʚʳʟʳʚʘʶʪ ʪʦʣʴʢʦ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʭʠʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʲʸʤʥʳʡ 

ʬʨʘʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʷʭ 3 ʠ/ʠʣʠ 6, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʫʭʩʪʘʜʠʡʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʧʝʨʚʳʡ ʤʘʢʨʦʨʘʜʠʢʘʣ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʠʩʣʦʨʦʜʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦ-

ʙʝʥʟʦʭʠʥʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɼʣʷ ʟʘʪʨʫʜʥʸʥʥʳʭ 

ʭʠʥʦʥʦʚ ʦʙʲʸʤʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 6 ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʡ ʬʨʘʛʤʝʥʪ 

ʩʦʟʜʘʶʪ ʩʪʝʨʠʯʝʩʢʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʥʘʧʨʘʚʣʷʷ ʦʙʨʳʚ ʧʦ ʧʫʪʠ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʬʝʥʦʣʵʬʠʨ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʭʠʥʦʥʦʤ ʜʘʸʪ ʪʦʪ ʞʝ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʘʜʠʢʘʣ, ʥʦ ʚ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨ, ʘ ʥʘ ʚʪʦʨʦʡ - ʢʘʢ 

ʟʘʤʝʜʣʠʪʝʣʴ. 

ʈʷʜʳ ʘʢʪʠʚʥʦʩʪʠ ʭʠʥʦʥʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʦʩʪʠʥʜʫʢʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ, ʧʦʣʥʦʩʪʴʶ 

ʩʦʚʧʘʜʘʶʪ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʠ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʆʂʄ-2 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ ʭʠʥʦʥ-ʘʤʠʥ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚ ʦʙʦʠʭ 

ʧʨʦʮʝʩʩʘʭ ʧʦʜʯʠʥʷʝʪʩʷ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʤʝʭʘʥʠʟʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʪʨʸʭ ʩʝʨʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʟʘʪʨʫʜʥʸʥʥʳʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʠ ʧʦʢʘʟʘʥʘ ʝʛʦ ʨʦʣʴ ʚ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʠʛʦʵʬʠʨʘʢʨʠʣʘʪʘ ʆʂʄ-2. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ25-2300702 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʀʄʍ ʈɸʅè. 
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ʉʆʉʋʑɽʉʊɺʆɺɸʅʀɽ ʌɽʈʈʆʄɸɻʅɽʊʀɿʄɸ ʀ 

ʉɺɽʈʍʇʈʆɺʆɼʀʄʆʉʊʀ ɺ ʊʆʇʆʃʆɻʀʏɽʉʂʆʄ 

ʉɺɽʈʍʇʈʆɺʆɼʅʀʂɽ ʄʆ2ʉ:ʉʆ 0.2% 
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ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʥʫʣʝʚʳʝ ʤʦʜʳ ʄʘʡʦʨʘʥʳ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʬʘʟʝ ɓ-Mo2C ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʠʨʘʣʴʥʦʡ ʩʧʠʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʘ ʵʬʬʝʢʪ ʙʣʠʟʦʩʪʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ 

ʧʦʚʝʨʭʥʦʩʪʠ [1]. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʣʝʛʠʨʦʚʘʥʠʷ ʤʠʢʨʦʯʘʩʪʠʮ ɓ-Mo2C 

ʢʦʙʘʣʴʪʦʤ ʥʘ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʬʘʟʳ ʥʘ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʠʨʦʣʠʪʠʯʝʩʢʠ 

ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ɓ-Mo2C ʩʦʜʝʨʞʘʪ 

ʧʨʠʤʝʩʴ ʢʦʙʘʣʴʪʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʩʦ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʌʝʨʨʦʤʘʛʥʝʪʠʟʤ ʤʠʢʨʦʯʘʩʪʠʮ ɓ-

Mo2C:Co(0,2 ʘʪ. %) ʠʩʯʝʟʘʝʪ ʚʤʝʩʪʝ ʩʦ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 10 ʂ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʟʤʝʨ ʟʝʨʝʥ ɓ-Mo2C:Co ʚʣʠʷʝʪ ʥʘ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʵʪʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ (ʈʠʩ.1).  
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ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʠʢʨʦʯʘʩʪʠʮ Mo2C:Co ʦʪ ʩʨʝʜʥʝʛʦ 

ʜʠʘʤʝʪʨʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ M(H;d) ʧʨʠ T = 2 K (ʘ); ɿʘʚʠʩʠʤʦʩʪʴ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʠʢʨʦʯʘʩʪʠʮ Mo2C:Co ʯʘʩʪʠʮ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʨʝʜʥʝʛʦ 

ʜʠʘʤʝʪʨʘ M(T;d) ʚ ʧʦʣʝ H = 50 Oe. 

 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ ʥʝʩʢʦʣʴʢʦ ʵʬʬʝʢʪʦʚ, ʷʚʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʥʝʘʜʜʠʪʠʚʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ 

ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʩʧʠʥʦʚʳʝ ʚʠʭʨʠ ʠ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʠʭ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʴʶ Co ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮ ɓ-Mo2C. 
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ʐʘʤʩʠʝʚ ʈ.ʉ.@, ɻʦʤʦʥʶʢ ɺ.ɸ., ʌʣʠʜ ɺ.ʈ. 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʨʦʠʟʚʦʜʥʳʝ ʥʦʨʙʦʨʥʘʜʠʝʥʘ (NBD) ʠ ʥʦʨʙʦʨʥʝʥʘ (NBE) ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [1]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʤʦʣʝʢʫʣʝ NBD, ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [2] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ NBD ʜʦ NBE 

ʥʘ ʛʝʪʝʨʦʛʝʥʥʳʭ Pd-ʢʘʪʘʣʠʟʘʪʦʨʘʭ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ NBD ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ NBD ʠ NBE ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ Pd(111) ʠ Pd(100) 

ʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ NBE ʠʟ NBD, ʥʦʨʙʦʨʥʘʥʘ ʠʟ NBD ʠ NBE, ʘ 

ʪʘʢʞʝ ʧʦʙʦʯʥʦʛʦ ʥʦʨʪʨʠʮʠʢʣʘʥʘ ʠʟ NBD.  

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ DFT-

PBE. ʇʦʚʝʨʭʥʦʩʪʠ Pd(111) ʠ Pd(100) ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʚ ʢʣʘʩʪʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ [3], ʪʠʧ ʦʙʨʘʟʫʶʱʝʡʩʷ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 

NBD ʠ NBE ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʠʭ ʵʥʜʦ/ʵʢʟʦ-ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʜʚʦʡʥʳʝ ʩʚʷʟʠ NBD ʠ NBE ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʪʦʤʘʤʠ 

Pd ʧʦ di-ů- ʠʣʠ ˊ-ʪʠʧʫ. ɼʣʷ NBD ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʵʥʜʦ-tetra-ů-ʩʪʨʫʢʪʫʨʘ (Eads = 43.7-48.5 ʢʢʘʣ/ʤʦʣʴ), ʘ ʜʣʷ ʤʦʣʝʢʫʣʳ NBE 

ï ʵʢʟʦ-di-ů-ʩʪʨʫʢʪʫʨʘ (Eads = 25.8-27.4 ʢʢʘʣ/ʤʦʣʴ).  

ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ ʵʥʜʦ-tetra-ů (NBD) ʠ ʵʢʟʦ-di-ů (NBE) 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʯʝʥʴ ʧʦʜʚʠʞʥʳ ʥʘ Pd(111) ʠ ʠʭ ʤʠʛʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʩ ʥʠʟʢʠʤʠ ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ ʙʘʨʴʝʨʘʤʠ (EÍ = 6-8 ʢʢʘʣ/ʤʦʣʴ). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

Pd(100) ʤʠʛʨʘʮʠʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʜʣʷ ʤʦʣʝʢʫʣ NBE (EÍ å 5 ʢʢʘʣ/ʤʦʣʴ), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʤʠʛʨʘʮʠʷ NBD ʟʘʪʨʫʜʥʝʥʘ (EÍ å 28 ʢʢʘʣ/ʤʦʣʴ).  

ʀʟ ʘʥʘʣʠʟʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ 

ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ NBD ʠʛʨʘʶʪ ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ Pd ʠ ʩʧʦʩʦʙ ʘʜʩʦʨʙʮʠʠ 

ʤʦʣʝʢʫʣ NBD ʠ NBE. ʊʘʢ, ʧʦʚʝʨʭʥʦʩʪʴ Pd(100) ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʘ ʚ ʘʜʩʦʨʙʮʠʠ 

NBD, ʥʦ ʥʝ ʘʢʪʠʚʥʘ ʚ ʝʛʦ ʛʠʜʨʠʨʦʚʘʥʠʠ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ 23-73-

00123.  
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʅ2 ʉ ʅɸʅʆʏɸʉʊʀʎɸʄʀ ɿʆʃʆʊɸ 

 

ɻʨʠʰʠʥ ʄ. ɺ.1@, ɻʘʪʠʥ ɸ. ʂ.1, ʉʘʨʚʘʜʠʡ ʉ. ɸ.1, ʀʛʥʘʪʴʝʚʘ ʇ. ʂ.1, ɻʫʨʝʚʠʯ ʉ. ɸ.2, 

ʗʚʩʠʥ ɼ. ɸ.2 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ.ʉʝʤʝʥʦʚʘ 

ʈɸʅ 
2ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ 
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ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʟʦʣʦʪʘ, ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ 

(ɺʆʇɻ) ʛʨʘʬʠʪ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʵʣʝʢʪʨʦʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ (ʃʕɼ). ʄʝʪʦʜ ʃʕɼ 

ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʙʣʷʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʣʘʟʝʨʘ. ʇʨʠ ʵʪʦʤ ʚ ʧʣʘʟʤʝ, ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʣʘʜʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 20ð30 ʵɺ, 

ʞʠʜʢʠʝ ʢʘʧʣʠ ʤʝʪʘʣʣʘ ʟʘʨʷʞʘʶʪʩʷ ʠ ʥʘʯʠʥʘʶʪ ʢʘʩʢʘʜʥʦ ʜʝʣʠʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʥʦʤʝʪʨʦʚʳʝ ʯʘʩʪʠʮʳ, ʧʨʠʯʝʤ ʠʭ ʨʘʟʤʝʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ 

ʚʝʣʠʯʠʥʦʡ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʤʝʪʘʣʣʘ [1]. 

ʄʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʨʬʦʣʦʛʠʷ ʠ ʵʣʝʢʪʨʦʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʥʘʥʝʩʝʥʥʳʭ ʤʝʪʦʜʦʤ ʃʕɼ ʥʘ ɺʆʇɻ ʝʜʠʥʠʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʅʏ 

ʃʕɼ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʅʏ ʃʕɼ ʠʤʝʶʪ ʬʦʨʤʫ, ʙʣʠʟʢʫʶ ʢ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ ʃʕɼ ʧʦ ʣʘʪʝʨʘʣʴʥʦʤʫ ʜʠʘʤʝʪʨʫ ʠʤʝʝʪ 2 ʤʘʢʩʠʤʫʤʘ 2 ʥʤ ʠ 5 

ʥʤ. ʅʘʥʦʯʘʩʪʠʮʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʶʪ ɺʆʇɻ (ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ï 10 %). ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʅʏ ʃʕɼ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʊʄ ʠ ʉʕʄ. ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ (ʧʨʦʚʦʜʠʤʦʩʪʴ) ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʝʩʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʜʥʦʨʦʜʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ 

ʤʝʪʘʣʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʝʡ.  

ʆʧʨʝʜʝʣʝʥʳ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʅʏ ʃʕɼ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʅ2. ʇʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʅʏ ʃʕɼ ʩ ʣʘʪʝʨʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ 5 ʥʤ ʚ ʅ2 (ʚʝʣʠʯʠʥʘ ʵʢʩʧʦʟʠʮʠʠ - 

500 ʃʝʥʛʤʶʨ, ʃ, 1 ʃ = 1 Ĭ 10-6 ʪʦʨʨ Ā ʩʝʢ, ʊ = 300 ʂ) ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʟʦʣʦʪʦ-ɺʆʇɻ ʚʦʟʥʠʢʘʶʪ ʦʪʜʝʣʴʥʳʝ ʥʝ ʩʚʷʟʘʥʥʳʝ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ 

ʩʦʭʨʘʥʠʣʘʩʴ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ. ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʤʠ ʨʘʥʝʝ, ʦʙʣʘʩʪʠ 

ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʦʶ ʘʜʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ [2]. ɺ ʮʝʣʦʤ, 

ʵʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅ2 

ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ, ʦʙʣʘʜʘʶʱʠʤʠ ʭʦʨʦʰʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ - ʅʏ ʇʇ, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦʜʣʦʞʢʠ ï 

ɺʆʇɻ ʨʘʩʪʚʦʨʦʤ ʧʨʝʢʫʨʩʦʨʘ. ʃʘʪʝʨʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʅʏ ʇʇ ʩʦʩʪʘʚʣʷʝʪ 4-8 ʥʤ. 

ʆʥʠ ʪʘʢʞʝ ʠʤʝʶʪ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʤʝʪʘʣʣʘ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʝʡ. ʆʜʥʘʢʦ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʅʏ ʃʕɼ ʠ ʅʏ ʇʇ ʨʘʟʣʠʯʘʶʪʩʷ. ʇʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ 

ʦʙʨʘʟʮʦʚ ʚ ʅ2 (500 ʃ, 300 ʂ) ʚʙʣʠʟʠ ʠʥʪʝʨʬʝʡʩʘ ʟʦʣʦʪʦ-ɺʆʇɻ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ 
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ʇʇ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʦʣʴʮʝʚʘʷ ʟʦʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʃʕɼ ï ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʦʩʪʨʦʚʢʠ ʘʜʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʇʨʠʯʝʤ 

ʫʜʘʣʝʥʥʳʝ ʦʪ ʠʥʪʝʨʬʝʡʩʘ ʟʦʣʦʪʦ-ɺʆʇɻ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ 

ʦʙʦʠʭ ʪʠʧʦʚ ʦʩʪʘʚʘʣʠʩʴ ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ʅ2 ʜʦ 2000 ʃ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏ ʇʇ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʝʪʩʷ 

ʘʜʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ, ʘ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʃʕɼ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ 

ʦʩʪʨʦʚʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʠʟ ʚʦʜʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʟʥʘʢʠ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʃʕɼ ʩ ʣʘʪʝʨʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ 2 ʥʤ ʠ ʤʝʥʝʝ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅʏ ʃʕɼ ʠ ʅʏ ʇʇ 

ʩ ʅ2 ʚʳʷʚʣʷʝʪ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʋ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʘʜʩʦʨʙʮʠʷ 

ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʠʬʝʨʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʜʝʣʠ ʦʩʪʨʦʚʢʦʚʦʛʦ ʨʦʩʪʘ. ʅʦ ʧʨʠ ʵʪʦʤ ʥʘ ʧʝʨʠʬʝʨʠʠ ʅʏ ʃʕɼ ʪʘʢʠʭ ʮʝʥʪʨʦʚ 

ʨʦʩʪʘ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʅʏ ʇʇ. ɺ ʮʝʣʦʤ, ʟʘʧʦʣʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ ʇʇ 

ʘʜʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʅʏ ʇʇ ʧʨʠ ʨʘʚʥʳʭ ʵʢʩʧʦʟʠʮʠʷʭ. ʆʜʥʘʢʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʫʪʚʝʨʞʜʝʥʠʶ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʅʏ ʃʕɼ ʚʳʰʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʅʏ ʇʇ. 
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ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚʨʘʟʚʠʪʠʷ 

ʤʥʦʛʠʭ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ. ɹʝʣʦʢ 

Nrf2 ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʦʪʚʝʪʝ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠ ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʳʭ ʛʝʥʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ ʠʥʜʫʢʪʦʨʦʚ Nrf2, ʘ ʩʘʤ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ Nrf2 ʠ ʨʝʛʫʣʠʨʫʝʤʳʝ ʠʤ ʢʣʝʪʦʯʥʳʝ ʧʫʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ. ʅʘʤʠ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʠʥʪʝʟʝ çʛʠʙʨʠʜʥʳʭè ʤʦʣʝʢʫʣ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ (ʧʠʨʠʜʦʢʩʠʥ) ʠ ʠʥʜʫʢʪʦʨʘ Nrf2-ʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤʳ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ (ʬʫʤʘʨʘʪ ʠ ʤʘʣʝʘʪ). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ in vitro ʠ in vivo 

ʤʦʜʝʣʷʭ. 

ɺʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʜʚʫʭʵʪʘʧʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʩʦʣʝʡ ʧʠʨʠʜʦʢʩʠʥʘ ʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [1]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ 

ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ. ʇʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʬʫʤʘʨʘʪ ʠ ʤʘʣʝʘʪ 

ʧʠʨʠʜʦʢʩʠʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʧʠʛʠʜʘ ʠ ʤʦʨʬʦʣʠʥʘ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʪʦ ʠʭ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʣʦʛʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʜʠʤʝʪʠʣʬʫʤʘʨʘʪ, ʠ ʫʧʨʦʱʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʚʢʣʶʯʘʷ 

ʢʘʨʜʠʦʤʠʦʮʠʪʳ, ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʚʳʩʪʫʧʘʶʪ ʤʦʱʥʳʤʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ʮʠʪʦʧʨʦʪʝʢʪʦʨʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʚʘʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ 

ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ. ɸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ Nrf2 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʦʩʪʘʪʢʘ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʠ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɿʘʤʝʥʘ ʬʫʤʘʨʘʪʘ ʥʘ ʤʘʣʝʘʪ ʩʦʭʨʘʥʷʝʪ 
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ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʢʣʝʪʦʢ ʦʪ ʥʝʢʨʦʟʘ, ʥʦ ʩʥʠʞʘʝʪ ʙʠʦʩʠʥʪʝʟ ʠ ʷʜʝʨʥʫʶ 

ʪʨʘʥʩʣʦʢʘʮʠʶ Nrf2 [2]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦʢʩʦʨʫʙʠʮʠʥʦʚʦʡ ʤʦʜʝʣʠ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʠ ʬʫʤʘʨʘʪ ʧʠʨʠʜʦʢʩʠʥʘ 

ʵʬʬʝʢʪʠʚʥʦ ʘʢʪʠʚʠʨʦʚʘʣ Nrf2-ʟʘʚʠʩʠʤʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʦʪʚʝʪ ʚ ʪʢʘʥʷʭ 

ʩʝʨʜʮʘ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʚʳʰʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʙʝʣʢʘ 

ʛʝʤʦʢʩʠʛʝʥʘʟʳ 1, ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ, 

ʧʦʜʘʚʣʷʝʪ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʫʝʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʤʘʨʢʝʨʳ ʧʦʚʨʝʞʜʝʥʠʷ ʤʠʦʢʘʨʜʘ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʘʥʪʨʘʮʠʢʣʠʥʦʚʳʭ 

ʘʥʪʠʙʠʦʪʠʢʦʚ [3]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʩʧʝʰʥʦʝ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ï ʘʢʪʠʚʘʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ Nrf2. 

ʌʫʤʘʨʘʪ ʧʠʨʠʜʦʢʩʠʥʘ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ (ʪʦʢʩʠʯʥʦʩʪʴ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ) ʠʟʚʝʩʪʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ. 

ʉʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʪʝʨʘʧʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʨʝʜʦʢʩ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ 124020500019-2) ʠ ʧʨʦʝʢʪʘ ʈʅʌ 

[1] RU 2851254 C1 

[2] ɹʘʣʘʢʠʥʘ ɸ.ɸ. [ʠ ʜʨ.], 2025, ɹʶʣʣ.ʵʢʩʧ.ʙʠʦʣ.ʤʝʜ. 180(12). 718-724 

[3] ɹʘʣʘʢʠʥʘ ɸ.ɸ. [ʠ ʜʨ.], 2025, ʂʣʝʪ.ʪʝʭʥ.ʙʠʦʣ.ʤʝʜ. 12. 223-232  
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ʄɽʊʆɼ ʆʉʈɽɼʅɽʅʀʗ ɺ ʊɽʆʈʀʀ ɼʀʌʌʋɿʀʆʅʅʆ-

ʂʆʅʊʈʆʃʀʈʋɽʄʓʍ ʈɽɸʂʎʀʁ 

 

ʊʨʘʡʪʘʢ ʉ.ɼ.@ 

ʌʀʎ ʍʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ. ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʄʝʪʦʜ ʦʩʨʝʜʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʦʨʠʠ 

ʧʝʨʝʥʦʩʘ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʎʝʣʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ 

ʦʩʨʝʜʥʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʠʝ ʷʚʥʳʭ ʠʣʠ ʥʝʷʚʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʠʣʠ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. 

ʇʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 2D ʦʩʨʝʜʥʝʥʠʝ (ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʛʦʤʦʛʝʥʠʟʘʮʠʷ) [1] ʠ 3D ʦʙʲʝʤʥʦʝ ʦʩʨʝʜʥʝʥʠʝ [2] ʣʦʢʘʣʴʥʳʭ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʨʦʫʥʦʚʩʢʠʭ ʯʘʩʪʠʮ (B-ʯʘʩʪʠʮ). ʇʦʵʪʦʤʫ ʜʦʢʣʘʜ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, 

ʩʦʜʝʨʞʘʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʦ 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʦʩʨʝʜʥʝʥʠʷ ʢ 2D ʠ 3D ʟʘʜʘʯʘʤ ʪʝʦʨʠʠ ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ, ʠʜʫʱʠʭ ʚ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. ɺ ʦʙʝʠʭ ʯʘʩʪʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʯʝʨʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʦʩʨʝʜʥʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ 

ʠ ʙʠʦʣʦʛʠʠ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ, ʤʳ ʥʘʰʣʠ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʫʶ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʫʶ 

ʟʘʜʘʯʫ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦ ʭʠʤʠʯʝʩʢʠ 

ʠʟʦʪʨʦʧʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʡ ʩʤʝʰʘʥʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ, 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʜʣʷ ʭʠʤʠʯʝʩʢʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʯʘʩʪʠʮ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʘʰʠʭ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [3-6], ʤʳ ʩʪʨʦʛʦ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʪʦʜ 2D ʦʩʨʝʜʥʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʘʞʝ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʧʷʪʥʘ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʨʝʘʢʮʠʠ B-ʯʘʩʪʠʮ ʚ ʩʬʝʨʠʯʝʩʢʦʡ 3D ʦʙʣʘʩʪʠ, ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʧʦʣʥʝʥʥʦʡ ʨʝʘʛʝʥʪʘʤʠ-ʣʦʚʫʰʢʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʱʝʧʨʠʥʷʪʘʷ ʪʝʦʨʠʷ 

ʩʨʝʜʥʝʛʦ ʧʦʣʷ, ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʩʨʝʜʘʭ, ʥʝ ʤʦʞʝʪ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ B-ʯʘʩʪʠʮ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʢʦʥʝʯʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʪʝʦʨʠʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʨʝʥʦʨʤʛʨʫʧʧʳ ʤʳ ʚʳʚʝʣʠ ʥʦʚʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʩʣʦʚʠʝʤ ʩʦʛʣʘʩʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʵʪʦ 

ʫʨʘʚʥʝʥʠʝ, ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ B-ʯʘʩʪʠʮ ʠ 

ʦʙʱʠʡ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʦʙʱʘʷ ʪʝʦʨʠʷ ʜʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ 

ʚʝʣʠʯʠʥʫ ʜʣʠʥʳ ʵʢʨʘʥʠʨʦʚʢʠ ʢʣʝʪʢʘʤʠ, ʧʦʣʫʯʘʶʱʠʤʠ ʜʦʩʪʘʪʦʯʥʦ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʩʚʦʝʛʦ ʨʦʩʪʘ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʠ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʪʘʢ ʢʘʢ ʵʪʠ ʜʣʠʥʳ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʦʪ ʙʘʢʪʝʨʠʡ ʠ ʜʨʦʞʞʝʡ ʜʦ ʪʢʘʥʝʡ ʯʝʣʦʚʝʢʘ. 

mailto:sergtray@mail.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

48 

ɺ ʵʪʦʡ ʞʝ ʯʘʩʪʠ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʎʚʘʥʮʠʛʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʟʘʜʘʯʠ ʦ ʜʨʝʡʬʝ ʠ ʜʠʬʬʫʟʠʠ ʚ ʢʚʘʟʠʦʜʥʦʤʝʨʥʳʭ ʪʦʥʢʠʭ 3D ʩʪʨʫʢʪʫʨʘʭ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʦʢʣʘʜʝ ʫʩʪʘʥʦʚʣʝʥʘ ʪʝʩʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʠ ʦʙʲʝʤʥʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʩ 

ʤʝʪʦʜʦʤ ʎʚʘʥʮʠʛʘ. 

ʅʘʢʦʥʝʮ, ʥʘʤʠ ʜʘʥʦ ʧʨʦʩʪʦʝ ʬʠʟʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ 

çʪʘʠʥʩʪʚʝʥʥʦʛʦè ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʩʪʨʘʥʥʦʛʦ ʯʣʝʥʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʥʠʦʪʢʫʜʘè [7]. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʦʩʦʙʘʷ ʦʙʣʘʩʪʴ ʥʘʫʢʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʩʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, 

ʨʝʘʛʝʥʪʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ ï 

ʚʦʜʦʨʦʜʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. ʈʘʟʨʘʙʦʪʢʘ ʚʦʜʦʨʦʜ-ʥʝʡʪʨʘʣʴʥʳʭ ʩʧʣʘʚʦʚ ʠ 

ʧʦʢʨʳʪʠʡ ʠ ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʜʦʨʦʜʘ ʠʟ-ʟʘ ʝʛʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ï ʚ 

ʘʪʦʤʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ [1].  

ʆʭʨʫʧʯʠʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʝʡè ʠʣʠ çʚʦʜʦʨʦʜʥʦʡ 

ʙʦʣʝʟʥʴʶè. ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʥʘʣʠʯʠʝʤ 

ʚ ʩʧʣʘʚʘʭ (1) ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʧʨʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʦʪʦʨʦʛʦ ʥʘ 

ʜʠʩʣʦʢʘʮʠʷʭ ʠ ʚ ʥʘʥʦʧʦʨʘʭ ʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ; (2) ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʦʢʩʠʜʦʚ,  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʚʦʜʦʨʦʜʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʳ; (3) ʫʛʣʝʨʦʜʘ ʠʣʠ ʢʘʨʙʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʨʦʜʦʤ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʤʝʪʘʥ; (4) ʣʝʛʠʨʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʛʠʜʨʠʜʳ ʩ 

ʫʚʝʣʠʯʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ [1-3]. 

ɺ ʂʦʤʧʣʝʢʩʝ ʣʘʙʦʨʘʪʦʨʠʡ ʚʦʜʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʦʜʦʨʦʜ-ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩʚʷʟʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʩʧʣʘʚʳ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚʦʜʦʨʦʜ-ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ [4-6]. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ (ˉ 124013000692-4). 

 

[1] ʊʘʨʘʩʦʚ ɹ.ʇ., ʃʦʪʦʮʢʠʡ ʄ.ɺ., 2024, ɺʦʜʦʨʦʜʥʳʝ ʠ ʤʝʪʘʣʣʦʛʠʜʨʠʜʥʳʝ 

      ɻ ʥʝʨʛʦʪʝʭʥʦʣʦʛʠʠ. ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ. 

[2] Wood D.A., 2025, Fuel. 387. Art. 134394. 

[3] Zhou C. et al, 2025, Materials Science & Technology. 230. 219-35. 

[4] Tarasov B.P. et al., 2025, J. Alloys Compd. 1047. Art. 184886.  

[5] Davids M.W. et al., 2025, J. Alloys Compd. 1044. Art. 184425.  

[6] Lototskyy M.V. et al., 2025, J. Physics: Energy. 7. Art. 045016.  
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ʂɸʂ ʆʈɻɸʅʀɿʆɺɸʊʔ ɸʂʊʀɺʅʓʁ ʉʃʆʁ ɻʃʖʂʆɿʅʆɻʆ 

ɹʀʆʉɽʅʉʆʈɸ ʉ ʅɽʈɸʉʊɺʆʈʀʄʓʄ ʈɽɼʆʂʉ- ʄɽɼʀɸʊʆʈʆʄ 

 

ʂʣʝʡʥʠʢʦʚʘ ʉ.ɸ.1,@, ɸʬʘʥʘʩʴʝʚʘ ʇ.ʉ.1, ʃʝʚʯʝʥʢʦ ʄ.ɻ.1, ɿʘʚʦʨʦʪʥʘʷ ʋ.ʄ.2, 

ʊʦʤʠʣʠʥʘ ʄ.ɸ.3, ɻʦʨʴʢʦʚ ʂ.ɺ.1, ɻʝʨʘʩʠʤʦʚʘ ɽ.ɺ.1, ɿʦʣʦʪʫʭʠʥʘ ɽ.ɺ.1. 

1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʀʉè 

3ʆʆʆ çʂʦʤʧʘʥʠʷ çʕʃʊɸè 

@ s.a.kleinikova@icp.ac.ru  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʶʢʦʟʳ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʙʠʦʩʝʥʩʦʨʘʤʠ 2-ʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʩʦʜʝʨʞʘʪ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʨʝʜʦʢʩ-ʤʝʜʠʘʪʦʨʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʠʮʠʘʥʠʜ ʢʘʣʠʷ K3[Fe(CN)6], ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʘʢʪʠʚʥʦʤ ʩʣʦʝ, ʠ ʩʝʥʩʦʨʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʪʝʨʷʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ [1]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʳʝ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ ʨʝʜʦʢʩ-ʤʝʜʘʪʦʨʘ ʬʝʨʨʦʮʝʥʘ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʇʦʩʢʦʣʴʢʫ ʬʝʨʨʦʮʝʥ ʠ 

ʬʝʨʨʠʮʠʘʥʠʜ ʢʘʣʠʷ ʦʙʣʘʜʘʶʪ ʙʣʠʟʢʠʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʵʣʝʢʪʨʦʜʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʘʤʠ, ʪʝʩʪ-ʧʦʣʦʩʢʠ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʮʝʥʘ ʤʦʛʫʪ ʩʪʘʪʴ ʧʦʣʥʦʮʝʥʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʣʷʨʠʟʘʮʠʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʨʫʛʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʩʘʭʘʨʘ. ʆʜʥʘʢʦ 

ʬʝʨʨʦʮʝʥ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʘʨʭʠʪʝʢʪʫʨʫ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʠ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʮʝʥʘ ʚ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʝ ʪʨʝʙʫʝʪʩʷ ʭʣʦʨʠʜ-

ʩʝʨʝʙʨʷʥʳʡ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ. ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʜʦ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 1é30 ʤʄ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʚ ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʵʣʝʢʪʨʦʥʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ï ʩʘʞʠ 

(ʨʠʩ.1). ɺ-ʪʨʝʪʴʠʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʬʝʨʨʦʮʝʥʘ ʠ ʩʘʞʠ ʚ ʛʝʧʪʘʥʝ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʜʦʢʩ-ʤʝʜʠʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʪʦʢʦʚʳʭ 

ʦʪʢʣʠʢʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ˉ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 124013000692-4. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʚʳʭ ʦʪʢʣʠʢʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʧʨʠ ʨʘʟʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʩʘʞʠ ʚ ʘʢʪʠʚʥʦʤ ʩʣʦʝ. 

[1] Zolotukhina E.V. et al., 2022, Chemosensors. 10. 298. 
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ɺʃʀʗʅʀɽ ʉɺɽʈʍʇʈʆɺʆɼʗʑɽɻʆ ʇɽʈɽʍʆɼɸ ɺ ʀʅɼʀʀ ʅɸ 

ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʆɼʅʆʀʆʅʅʆʄ 

ʄʆʃɽʂʋʃʗʈʅʆʄ ʄɸɻʅʀʊɽ 

 

ʂʫʥʠʮʳʥʘ ɽ.ʀ.1,@, ʄʦʨʛʫʥʦʚ ʈ.ɹ.1 
1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ 
@ kunya_kat@mail.ru 

 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʦʜʥʦʠʦʥʥʳʝ ʤʘʛʥʠʪʳ ʥʘ ʦʩʥʦʚʝ ʠʦʥʦʚ Erį  ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʚʘʥʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʧʠʥʪʨʦʥʠʢʝ, ʦʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʛʨʘʥʠʯʝʥʦ ʙʳʩʪʨʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʪʨʫʜʥʦʩʪʷʤʠ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʨʝʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ 

ʚʣʠʷʥʠʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ ʥʘ ʜʠʥʘʤʠʢʫ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʥʜʝʥʩʘʪʦʤ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʘ 

[Er(HL)(L)]Ŀ4CHCl ĿH O ʩ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʠʥʜʠʷ ʚ ʢʦʤʧʦʟʠʪʝ 

ʩ ʨʘʟʚʠʪʦʡ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ ʧʨʝʩʩʦʚʘʥʠʷ 

ʩʤʝʩʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʜʠʝʚʳʭ ʯʘʩʪʠʮ. ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SQUID-ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2ï300 K.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʠʥʜʠʷ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʠ ʚʨʝʤʝʥʠ ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Erį , ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʢʘʥʘʣʦʚ ʨʝʣʘʢʩʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʤʘʪʨʠʮʳ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʣʠʷʥʠʝ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʪʦʢʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʩʧʠʥʦʚʳʭ 

ʩʦʩʪʦʷʥʠʡ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ. ʆʙʥʘʨʫʞʝʥʦ ʪʘʢʞʝ ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʤʘʪʨʠʮʳ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ 

ʚ ʠʟʤʝʥʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʛʣʘʞʠʚʘʥʠʠ ʧʝʨʝʭʦʜʘ ʚ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʥʦʚʦʡ ʜʠʥʘʤʠʢʦʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ ʟʘ ʩʯʸʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʦʡ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʠ ʢʚʘʥʪʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʀɿʋʏɽʅʀɽ ʌʆʊʆɼɽɻʈɸɼɸʎʀʀ ʇʆʃʀʄɽʈɸ ʄɽʊʆɼʆʄ ɻʃɸɺʅʓʍ 

ʂʆʄʇʆʅɽʅʊ 

 

ɽʚʜʦʢʠʤʦʚ ʇ.ʇ.1,2, ʂʫʟʥʝʮʦʚ ʇ.ʄ. 1, ɻʦʨʷʯʝʚ ʅ.ʉ.1,2,@ 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʬʘʢʫʣʴʪʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, ʄʦʩʢʚʘ 
@ gor_ns@icp.ac.ru  

 

ʀʟʫʯʝʥʠʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʤʝʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʫʨʦʚʥʝ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʝ. 

ɿʘʯʘʩʪʫʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʚʳʙʠʨʘʶʪ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʠʥ ʚʦʣʥ ʠ ʠʟʫʯʘʶʪ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʥʠʭ ʦʪ ʚʨʝʤʝʥʠ. ɼʨʫʛʦʡ 

ʧʦʜʭʦʜ, ʨʘʟʣʦʞʝʥʠʝ ʢʠʥʝʪʠʢʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʘʥʘʣʠʟ, ʩʥʠʟʠʪʴ ʨʦʣʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʫʶ ʩʭʝʤʫ ʨʝʘʢʮʠʠ. 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ð ʵʪʦ çʟʦʣʦʪʦʡ ʩʪʘʥʜʘʨʪè ʜʣʷ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʞʘʪʴ ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʠʪʴ, 

ʩʢʦʣʴʢʦ ʠʤʝʥʥʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ, ʦʪʩʝʯʴ 

ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠʙʦʨʘ ʦʪ ʨʝʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʈʘʥʝʝ ʚ ʀʇʍʌ ʈɸʅ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʫʯʘʪʴ ʠʩʪʠʥʥʫʶ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʧʨʷʞʝʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʬʦʪʦʥʦʚ ʚʳʟʳʚʘʝʪ ʧʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʩʰʠʚʢʘʤ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ [1]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʪʝʨʷ ʩʦʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

çʚʳʮʚʝʪʘʥʠʶè ʧʣʝʥʦʢ, ʯʪʦ ʣʝʛʢʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʭʦʜʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ. 

ʅʘ ʥʘʢʦʧʣʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 

ʧʝʨʦʚʩʢʠʪʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʝʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʭʦʞʝʩʪʴ ʢʠʥʝʪʠʢʠ ʩ ʜʠʥʘʤʠʢʦʡ 

ʩʠʩʪʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ 

ʤʦʜʝʣʠ ʢʠʥʝʪʠʢʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʵʢʩʧʦʥʝʥʪ. 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʩʧʝʢʪʨʳ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʫʯʘʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ 

ʨʝʘʢʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 

124020500019-2). 
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ʂʀʅɽʊʀʂɸ ʀ ʄɽʍɸʅʀɿʄ ʈɽɸʂʎʀʁ b-ɸʃɸʅʀʃ-b-ɸʃɸʅʀʅɸ ʉ 

ʅʀʊʈʆʌɽʅʀʃɹɽʅɿʆɸʊɸʄʀ ɺ ʈɸʉʊɺʆʈʀʊɽʃɽ ɺʆɼɸ ï 1,4-

ɼʀʆʂʉɸʅ 

 

ʂʦʯʝʪʦʚʘ ʃ.ɹ., ʂʫʩʪʦʚʘ ʊ.ʇ., ɸʣʘʙʦʚʘ ɽ.ʉ. 

ʌɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʌ 
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ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʡ b-

ʘʣʘʥʠʣ-b-ʘʣʘʥʠʥʘ ʩ 2,4-ʜʠʥʠʪʨʦʬʝʥʠʣʙʝʥʟʦʘʪʦʤ ʠ 

2,4,6-ʪʨʠʥʠʪʨʦʬʝʥʠʣʙʝʥʟʦʘʪʦʤ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʚʦʜʘ ï 1,4-ʜʠʦʢʩʘʥ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.7ð30.58 ʣÖʤʦʣʴï1Öʩï1. 

ʈʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. ʅʘʡʜʝʥʳ ʚʝʣʠʯʠʥʳ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʫʯʝʥʥʳʭ ʨʝʘʢʮʠʡ, ʦʥʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʘʢʪʠʚʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʦʜʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʉʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ 

ʜʨʫʛʠʭ ʜʠʧʝʧʪʠʜʦʚ ʫʩʪʘʥʦʚʣʝʥ ʨʷʜ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʧʝʧʪʠʜʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʥʠʪʨʦʬʝʥʠʣʙʝʥʟʦʘʪʘʤʠ: ɓ-Ala-ɓ-Ala > Gly-Gly > Ala-Val > Gly-Leu > 

Tyr-Pro. ɺ ʜʘʥʥʦʤ ʨʷʜʫ ʦʩʥʦʚʥʦʩʪʴ ʜʠʧʝʧʪʠʜʦʚ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ: ʪʘʢ ʝʸ ʚʝʣʠʯʠʥʘ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ɓ-Ala-ɓ-Ala ʢ Tyr-Pro ʚ ʨʝʘʢʮʠʠ ʩ ʧʠʢʨʠʣʙʝʥʟʦʘʪʦʤ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ 

ʚʦʜʘ (40 ʤʘʩʩ.%) ï 1,4-ʜʠʦʢʩʘʥ ʧʨʠ 298 ʂ ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʚ 24 ʨʘʟʘ. 

ʇʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʤʝʪʦʜʦʤ RHF/6-31G(d)) 

ʤʝʭʘʥʠʟʤʘ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʡ b-ʘʣʘʥʠʣ-b-ʘʣʘʥʠʥʘ ʩ ʬʝʥʠʣʘʮʝʪʘʪʦʤ ʠ 4-

ʥʠʪʨʦʬʝʥʠʣʘʮʝʪʘʪʦʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ ʩ ʬʝʥʠʣʘʮʝʪʘʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʘʪʘʮʠʠ 

ʘʤʠʥʦʛʨʫʧʧʳ ʜʠʧʝʧʪʠʜʘ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ. ʄʦʣʝʢʫʣʘ ʚʦʜʳ ʚ ʛʠʜʨʘʪʝ ʚʳʩʪʫʧʘʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʅ-ʘʢʮʝʧʪʦʨʘ, N-ʢʦʥʮʝʚʘʷ ʘʤʠʥʦʛʨʫʧʧʘ ï ʚ ʢʘʯʝʩʪʚʝ ʅ-ʜʦʥʦʨʘ. 

ʈʘʩʩʯʠʪʘʥʳ ʪʨʝʭʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʇʇʕ) ʫʢʘʟʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʛʣʘ ʘʪʘʢʠ ʤʦʣʝʢʫʣʳ b-ʘʣʘʥʠʣ-b-ʘʣʘʥʠʥʘ ʥʘ 

ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ ʬʝʥʠʣʘʮʝʪʘʪʦʚ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ 

ʘʤʠʥʦʛʨʫʧʧʳ ʜʠʧʝʧʪʠʜʘ ʠ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʩʚʷʟʴ ʚ ʮʝʣʝʚʦʤ ʧʨʦʜʫʢʪʝ ʨʝʘʢʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʨʰʨʫʪʳ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʯʠʥʘʶʪʩʷ ʢʘʢ ʘʢʩʠʘʣʴʥʘʷ ʘʪʘʢʘ ʥʫʢʣʝʦʬʠʣʘ ʥʘ 

ʢʘʨʙʦʥʠʣʴʥʳʡ ʨʝʘʢʮʠʦʥʥʳʡ ʮʝʥʪʨ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʧʦ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʙʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ. ʇʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʝʘʢʮʠʡ ʩʞʘʪʳʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ SN2-

ʨʝʘʢʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʣʴ ʚʦʜʳ, ʛʠʜʨʘʪʠʨʫʶʱʝʡ ʘʤʠʥʦʛʨʫʧʧʫ ʜʠʧʝʧʪʠʜʘ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʦʙʣʝʛʯʝʥʠʷ ʨʘʟʨʳʚʘ 

ʩʚʷʟʠ Nðʅ ʠ ʵʩʪʘʬʝʪʥʦʡ ʧʝʨʝʜʘʯʠ ʧʨʦʪʦʥʘ. ɺʚʝʜʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʫ 

ʬʝʥʠʣʘʮʝʪʘʪʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʘʩʩʯʠʪʘʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʨʝʘʢʮʠʠ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʉʋʃʔʌʆɻɸʃʆɻɽʅʀɼʓ ʉʋʈʔʄʓ, ʉʀʅʊɽɿʀʈʆɺɸʅʅʓɽ ɺ ɺʆɼʅʓʍ 

ʈɸʉʊɺʆʈɸʍ, ʂɸʂ ʌʆʊʆʂɸʊɸʃʀɿɸʊʆʈʓ ʈɸɿʃʆɾɽʅʀʗ 

ʆʈɻɸʅʀʏɽʉʂʀʍ ʂʈɸʉʀʊɽʃɽʁ 

 

ʏʠʨʢʦʚʘ ɼ.ɺ.1,@, ɹʠʢʷʰʝʚ ʕ.ɸ.2, ʃʠʩʥʝʚʩʢʘʷ ʀ.ɺ.2 
1 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ 

2 ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ  
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ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ 

ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʫʤʝʥʴʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʛʨʦʟʳ ʷʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʨʘʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤʠ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʠ ʤʫʪʘʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʛʦ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʟʣʦʙʦʜʥʝʚʥʦʡ ʟʘʜʘʯʝʡ. ʊʝʭʥʦʣʦʛʠʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ, ʥʝʜʦʨʦʛʠʭ ʠ ʫʜʦʙʥʳʭ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ [1]. 

ʉʦʝʜʠʥʝʥʠʷ ʩʝʤʝʡʩʪʚʘ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩʫʨʴʤʳ ɸ5ɺ6ʉ7 ʧʨʠʚʣʝʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʝʩʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. [2]. ʉʫʣʴʬʦʠʦʜʠʜ ʠ 

ʩʫʣʴʬʦʙʨʦʤʠʜ ʩʫʨʴʤʳ (SbSI ʠ SbSBr) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʙʦʣʴʰʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʥʝʙʦʣʴʰʦʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʥʘʣʠʯʠʶ ʢʘʪʠʦʥʘ Sb3+ ʩ ns2-ʥʝʧʦʜʝʣʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [3]. ʐʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ SbSI ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʝʤʫ ʤʘʪʝʨʠʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʠʠ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʮʝʣʝʡ 

ʬʦʪʦʢʘʪʘʣʠʟʘ.  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʘʟʦʢʨʘʩʠʪʝʣʴ ʈʦʜʘʤʠʥ ɹ (RhB, ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ C28H31ClN2O3). ʆʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʢʨʘʰʠʚʘʥʠʠ ʪʢʘʥʝʡ, ʢʦʞʠ, ʧʣʘʩʪʤʘʩʩ. ʂʘʢ ʜʣʷ ʩʫʣʴʬʦʠʦʜʠʜʘ, ʪʘʢ 

ʠ ʜʣʷ ʩʫʣʴʬʦʙʨʦʤʠʜʘ ʩʫʨʴʤʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʥʘʨʫʞʝʥʘ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ RhB. ʉʪʝʧʝʥʴ ʜʝʛʨʘʜʘʮʠʠ 

ʢʨʘʩʠʪʝʣʷ ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ ʩʦʩʪʘʚʠʣʘ 98 ʠ 74% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʣʴʬʦʛʘʣʦʛʝʥʠʜʳ ʩʫʨʴʤʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʘʟʦʢʨʘʩʠʪʝʣʝʡ. 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʝʥʠʷ ʨʦʜʘʤʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

SbSI ʠ SbSBr ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʣʦʚʫʰʝʢ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʩʫʧʝʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʛʠʜʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʟʠʜ ʥʘʪʨʠʷ (SA), ʧʘʨʘ-ʙʝʥʟʦʭʠʥʦʥ 

(p-BQ), ʠʟʦʧʨʦʧʘʥʦʣ (IPA). ʆʢʩʘʣʘʪ ʘʤʤʦʥʠʷ (AO) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʣʦʚʫʰʝʢ ʜʣʷ ʜʳʨʦʢ (h+) ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʃʦʚʫʰʢʠ ʚʚʦʜʠʣʠʩʴ ʚ 

ʨʘʩʪʚʦʨʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʤʤʦʣʴ/ʣ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʨʘʚʥʦʚʝʩʠʡ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʛʨʘʜʘʮʠʠ RhB ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʧʳʪʘ. 

ʈʠʩʫʥʦʢ 1 ð ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʦʪʦʣʠʟʫ ʠ 

ʫʣʘʚʣʠʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ RhB ʧʨʠ ʋʌ-

ʦʙʣʫʯʝʥʠʠ ʝʛʦ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SbSI (ʘ, Ű = 40 ʤʠʥ) ʠ SbSBr (b, Ű = 60 

ʤʠʥ): ʬʦʪʦʢʘʪʘʣʠʟ ʙʝʟ ʘʢʮʝʧʪʦʨʦʚ ð 1, ʬʦʪʦʢʘʪʘʣʠʟ ʩ ɸʆ ð 2, SA ð 3, p-BQ ð 

4, IPA ð 5. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʬʦʨʤʘʤʠ ʦʢʠʩʣʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ 

ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʩʫʧʝʨʦʢʩʠʜ-ʠʦʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʣʫʯʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ 

SbSBr ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʢʠʩʣʝʥʠʝ ʨʦʜʘʤʠʥʘ ʚʥʦʩʷʪ ʵʣʝʢʪʨʦʥʥʳʝ 

ʚʘʢʘʥʩʠʠ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ ʠ, ʦʪʯʘʩʪʠ, ʨʘʜʠʢʘʣʳ Ŀʆʅ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ 

ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ.  

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ɻɿ ʖʅʎ ʈɸʅ ʥʘ 2026 ʛ., ˉ 

ʛʦʩ. ʨʝʛ. 125011400232-3. 

[1] Li T. et al., 2026, Energy Convers. Manag. 348. 120747. 

[2] Khan M., Nadeem M., Idriss H., 2016, Surf. Sci. Rep.71. 1ï31. 

[3] Cui Y., Briscoe J., Dunn S., 2013, Chem. Mater. 25. 4215ī4223. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ. ʉʫʱʝʩʪʚʫʶʪ 

ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ (ῳὌ). ʆʜʥʘʢʦ ʫʩʪʦʷʚʰʝʛʦʩʷ ʠ ʥʘʜʸʞʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʸʪʘ ʵʥʪʨʦʧʠʠ 

(Ὓȟ) ʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ῳὋ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ ʚ ʧʨʦʮʝʜʫʨʝ ʨʘʩʯʸʪʘ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʨʘʟʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʡ: 

1. ɸʥʘʣʠʟ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʛʝʥʝʨʘʮʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʦʪʙʦʨ 
ʢʦʥʬʦʨʤʝʨʦʚ, ʚʥʦʩʷʱʠʭ ʚʢʣʘʜ ʚ ʩʚʦʡʩʪʚʘ; 

2. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ çʤʝʪʦʜ/ʙʘʟʠʩè; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ (Etotal) ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʢʣʘʜʦʚ; 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʚʢʣʘʜʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ; 

5. ʈʘʩʯʸʪ ʩʚʦʡʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ; 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʠ ʩʨʝʜʥʝʛʦ ʧʦ ʘʥʩʘʤʙʣʶ; 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʚʢʣʘʜʘ ʩʤʝʰʝʥʠʷ, ʟʝʨʢʘʣʴʥʦʡ ʠʟʦʤʝʨʠʠ ʠ ʩʠʤʤʝʪʨʠʠ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʚʝʱʝʩʪʚʘ ʝʩʪʴ ʩʨʝʜʥʝʝ ʧʦ ʘʥʩʘʤʙʣʶ ʩ ʫʯʸʪʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʬʦʨʤʝʨʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ - ʠʭ ʤʦʣʴʥʳʭ ʜʦʣʝʡ (ci). ɺʝʣʠʯʠʥʳ 

Ὓȟ ʠ ῳὋ  ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʵʥʪʨʦʧʠʠ ʩʤʝʰʝʥʠʷ ʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ʩʤʝʰʝʥʠʷ, ʠ ʜʣʷ 20 ï 30 ʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ ʦʛʨʘʥʠʯʝʥʠʝ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟʦʤʝʨʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʘʚʠʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʚʦʡʩʪʚ (ʊʘʙʣʠʮʘ). 

ʂʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤʳ ʩʦʜʝʨʞʘʪ ʤʦʜʫʣʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʥʪʨʦʧʠʠ, 

ʪʝʧʣʦʸʤʢʦʩʪʠ, ʵʥʪʘʣʴʧʠʠ ʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

(ʤʦʜʝʣʴ çʞʸʩʪʢʠʡ ʨʦʪʘʪʦʨ ï ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨè, ɾʈɻʆ). ʉʪʘʥʜʘʨʪʥʘʷ 

ʤʦʜʝʣʴ ɾʈɻʆ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʵʢʚʠʜʠʩʪʘʥʪʥʦ, ʯʠʩʣʦ ʫʨʦʚʥʝʡ ʙʝʩʢʦʥʝʯʥʦ. ʆʜʥʘʢʦ ʫʞʝ ʜʣʷ ʫʤʝʨʝʥʥʦ ʩʣʦʞʥʳʭ 

ʤʦʣʝʢʫʣ ʧʨʠʙʣʠʞʝʥʠʝ ɾʈɻʆ ʯʘʩʪʦ ʜʘʸʪ ʥʝʧʨʠʝʤʣʝʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ Ὓȟ ʠ ῳὋ . ʇʦʵʪʦʤʫ ʨʘʩʯʸʪ Ὓȟ ʠ ῳὋ  ʜʣʷ ʛʘʟʦʚʦʡ ʬʘʟʳ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʠ çʞʸʩʪʢʠʡ ʨʦʪʘʪʦʨ ï ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨè 

(ɾʈɸʆ). ʄʦʜʝʣʴ ɾʈɸʆ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʠʥʪʝʨʚʘʣʝ 298 ï 1500 ʂ ʥʘʭʦʜʠʪʩʷ ʧʨʷʤʳʤ 

ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʵʥʝʨʛʠʡ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʭʦʜʷʱʠʭʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʢʘʞʜʦʡ i-ʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʤʦʜʳ [1]. 

ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʵʥʪʘʣʴʧʠʶ ʠ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʧʦʩʣʝ Etotal 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʫʣʝʚʳʤ ʢʦʣʝʙʘʥʠʷʤ (E0). ʅʘʧʨʠʤʝʨ, ʧʦʛʨʝʰʥʦʩʪʴ E0 ʚ 1 % ʜʣʷ ʥ-
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ʜʝʢʘʥʘ ʫʞʝ ʜʘʸʪ ʚʢʣʘʜ ʚ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ῳὋ  ʠ ῳὌ  ʧʨʠʤʝʨʥʦ 

7 ʢɼʞ/ʤʦʣʴ. ʉʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ E0 ʯʘʩʪʦ ʫʜʘʸʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ 

ʨʘʩʯʸʪʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʯʘʩʪʦʪ (‡ ). ʅʘʤʠ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ‡  ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʫʙʠʯʝʩʢʘʷ ʧʘʨʘʙʦʣʘ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʜʦʙʨʘʥʳ ʠʟ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʨʘʩʯʸʪʥʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

çʠʩʧʨʘʚʣʝʥʠʷè ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʚʘʣʝʥʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʥʦ ʜʚʠʞʝʥʠʷ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʪʨʝʙʫʶʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɺʢʣʘʜʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ ʚ Ὓȟ, ῳὋ  ʠ ʪʝʧʣʦʸʤʢʦʩʪʴ ὅȟ ʧʦʣʫʯʘʶʪ ʧʨʠ ʨʝʰʝʥʠʠ 

ʪʦʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʚʩʝʭ ʚʥʫʪʨʝʥʥʠʭ ʚʨʘʱʝʥʠʡ. ʇʨʷʤʦʝ 

ʩʫʤʤʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʢʨʫʪʠʣʴʥʳʭ ʫʨʦʚʥʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʸʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʭʦʞʜʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʙʨʘʥʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ [2]. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠ ɾʈɸʆ ʠ ʫʯʸʪʝ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʩʘʤʙʣʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʥʦʛʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ. ʅʝʣʠʥʝʡʥʦʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪ ʠ ʨʝʰʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ ʜʣʷ 

ʚʥʫʪʨʝʥʥʠʭ ʚʨʘʱʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʙʣʠʮʘ. ʕʥʪʨʦʧʠʷ ʩʤʝʰʝʥʠʷ ʚ ʤʦʜʝʣʠ ɾʈɸʆ ʩ ʫʯʸʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʨʘʱʝʥʠʷ, ʢɼʞ/ʤʦʣʴ. 

T, K iso-Pentane Butane Pentane Hexane 

298.15 2,4 5,6 7,9 12,1 
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ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʊɽʈʄʆʉɽʅʉʆʈʓ ʅɸ ʆʉʅʆɺɽ ɸʄʆʈʌʅʆɻʆ 

ȸ-ɼʀʂɽʊʆʅɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ɽɺʈʆʇʀʗ(III ) 

 

ɿʠʷʪʜʠʥʦʚʘ ʈ.ʄ.1, ʂʥʷʟʝʚ ɸ.ɸ.1, ɻʘʣʷʤʝʪʜʠʥʦʚ ʖ.ɻ.1,2 

1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2ʂʘʟʘʥʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʠʤ. ɽ.ʂ. ɿʘʚʦʡʩʢʦʛʦ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ çʌʀʎ çʂʅʎ ʈɸʅè 

ruzannochka95@mail.ru  

 

ʊʝʤʧʝʨʘʪʫʨʘ ï ʚʘʞʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ 

ʚʳʙʦʨ ʪʝʨʤʦʤʝʪʨʦʚ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʙʝʩʢʦʥʪʘʢʪʥʘʷ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 

ʪʝʨʤʦʤʝʪʨʠʷ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪʢʣʠʢʘ, ʧʨʝʚʦʩʭʦʜʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʚʠʜʫ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʝʥʩʦʨʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʘʥʷʣʠ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʪʘʢʠʭ ʧʝʨʝʜʦʚʳʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ, 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʪʦʥʠʢʘ ʠ ʙʠʦʤʝʜʠʮʠʥʘ. ʉʨʝʜʠ ʣʶʤʠʥʦʬʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʪʝʨʤʦʤʝʪʨʠʠ ʠʟʚʝʩʪʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ, BODIPY, 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, MOF, ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʪ.ʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʪʝʨʤʦʩʝʥʩʦʨʦʚ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʚʳʟʳʚʘʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʟʢʠʤ 

ʧʦʣʦʩʘʤ ʠʟʣʫʯʝʥʠʷ, ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʘʤ, ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʉʪʦʢʩʦʚʫ 

ʩʜʚʠʛʫ ʠ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʘʤ ʞʠʟʥʠ. [1]. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ln(III), ʧʦʣʫʯʝʥʥʳʝ ʢʘʢ ʧʫʪʝʤ ʩʪʝʢʣʦʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʢʚʘʨʮʝʚʳʤʠ ʧʦʜʣʦʞʢʘʤʠ, ʪʘʢ ʠ ʜʦʧʠʨʦʚʘʥʠʝʤ ʚ ʤʘʪʨʠʮʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ (ʥʘ ʧʨʠʤʝʨʝ ʇʄʄɸ) (ʨʠʩ. 1ʘ).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʩʪʝʢʣʦʚʘʥʠʷ ʠʟ ʨʘʩʧʣʘʚʘ, 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʦʣʷʮʠʝʡ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɿʘʩʪʝʢʣʦʚʘʥʥʳʝ 

ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤʠ ʚʦ ʚʩʝʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ -10.8 ʤʢʩ/ʂ ʠ ʩʧʦʩʦʙʥʳ 

ʦʙʨʘʪʠʤʦ ʠʟʤʝʥʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ Eu3+ 

ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 270-370 ʂ (ʨʠʩ. 1ʙ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ -21.47 ʤʢʩ/ʂ ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʧʨʦʤʝʞʫʪʢʝ 270-370 ʂ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʥʘʣʦʛʠ ʥʘ ʦʩʥʦʚʝ ɓ-ʜʠʢʝʪʦʥʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ln(III), 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʤʧʦʟʠʪʥʳʝ ʧʣʸʥʢʠ (ʨʠʩ. 1ʙ). ɺʥʝʜʨʝʥʠʝ ʘʤʦʨʬʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Ln(III) ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʸʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

mailto:ruzannochka95@mail.ru
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ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʩʪʝʢʣʦʚʘʥʥʦʡ ʧʣʝʥʢʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

 

 
 

ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʢʦʤʧʣʝʢʩʘ Eu(III) (ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ (ʙ) (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ï 

ʟʘʩʪʝʢʣʦʚʘʥʥʘʷ, ʰʪʨʠʭʦʚʘʷ ï ʢʦʤʧʦʟʠʪʥʘʷ) 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʣʝʥʢʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʤʥʦʛʦʨʘʟʦʚʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʪʝʨʤʦʩʝʥʩʦʨʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 270-370 ʂ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-

00021-26-00 ʦʪ 12.01.2026 (FZSG-2026-0003).  

 

[1] Krupin A.S., Knyazev A.A., Ziyatdinova R.M., Galyametdinov Y. G. 

Lanthanide-containing visible-light-excited thermosensitive luminescent films // 

Frontiers in Chemistry. 14. 2026. P. 1-9.  



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

64 

ʉɸʄʆʆʈɻɸʅʀɿɸʎʀʗ ɸʄʌʀʌʀʃʔʅʓʍ ʂʃʀʅʆʆɹʈɸɿʅʓʍ 

ʄɽɿʆɻɽʅʆɺ ɺ ʇʆʈɸʍ ʇʆʃʀʄɽʈʅʓʍ ʐɸɹʃʆʅʆɺ 

 

ɻʫʨʴʝʚʘ ʃ.ʃ.1, ʂʠʨʠʥʢʠʥʘ ɸ.ɸ.1,2, ʂʫʨʤʘʟ ʉ.ɺ.1, ɻʨʠʱʫʢ ɸ.ɸ.1, ɸʥʦʭʠʥ ɼ.ɺ.1,3 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʀʚʘʥʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 
3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

gurieva@icp.ac.ru  

 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʤʙʨʘʥ ʚ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷ c ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [(ʉ12ʅ25ʆ)3ʉ6ʅ2SO3]-X+, 

ʛʜʝ ʍ+ = ʅ+, Na+, ʂ+, Cs+, Li+ ʠ [C5H5NH]+) ʥʘ ʦʩʥʦʚʝ 2,3,4-ʪʨʠʩ-

(ʜʦʜʝʮʠʣʦʢʩʠ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʊɼʆɹʉʅ) ʠ ʝʝ ʩʦʣʝʡ, ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʢʣʘʩʩʫ ʘʤʬʠʬʠʣʴʥʳʭ ʢʣʠʥʦʚʠʜʥʳʭ ʤʝʟʦʛʝʥʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ çʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠè ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ï 

ʩʤʝʢʪʠʯʝʩʢʠʝ, ʢʦʣʦʥʯʘʪʳʝ, ʧʨʠʤʠʪʠʚʥʳʝ ʠ ʛʠʨʦʠʜʥʳʝ ʢʫʙʠʯʝʩʢʠʝ ʬʘʟʳ ʩ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ [1]. ʄʝʤʙʨʘʥʳ ʠʟ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʦʤʤʝʨʯʝʩʢʠʤ ʤʝʤʙʨʘʥʘʤ ʠʟ "ʥʘʬʠʦʥʦʚ" 

ʠʣʠ ʮʝʦʣʠʪʦʚ.  

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʤʝʤʙʨʘʥ ʚ 

ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʧʣʝʥʦʢ ʧʫʪʝʤ ʧʨʦʧʠʪʢʠ ʰʘʙʣʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʧʦʨʠʩʪʳʭ ʩʝʪʯʘʪʳʭ ʩʦʧʦʣʠʤʝʨʦʚ N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ ʩ ʜʠʤʝʪʘʢʨʠʣʘʪʦʤ 

ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʫ [2] ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʢʘʣʴʥʦʡ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʨʘʩʪʚʦʨʘʤʠ ʠ ʨʘʩʧʣʘʚʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʟʦʛʝʥʦʚ. ʉʪʨʫʢʪʫʨʘ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʤʝʟʦʛʝʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʥʦʧʦʨ ʠʟʫʯʝʥʘ ʤʝʪʦʜʘʤʠ 

ʦʧʪʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʋʈʈ). 

ʆʧʪʠʤʠʟʠʨʦʚʘʥ ʨʝʞʠʤ ʧʨʦʧʠʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʰʘʙʣʦʥʦʚ ʨʘʩʧʣʘʚʘʤʠ 

ʤʝʟʦʛʝʥʦʚ, ʠʤʝʶʱʠʡ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʧʨʦʧʠʪʢʦʡ ʨʘʩʪʚʦʨʘʤʠ, ʙʣʘʛʦʜʘʨʷ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʨʘʭ ʰʘʙʣʦʥʦʚ. ʄʝʪʦʜʦʤ ʉʕʄ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʧʨʦʧʠʪʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʤʝʤʙʨʘʥʳ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʪʢʨʳʪʳʝ ʧʦʨʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ~0.5-1 ɛm. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʧʠʪʘʥʥʳʭ 

ʦʙʣʘʩʪʝʡ ʤʝʤʙʨʘʥʳ ʤʝʟʦʛʝʥʦʤ ʊɼʆɹʉʅ ʦʙʨʘʟʫʶʪʩʷ ʣʠʙʦ ʠʛʦʣʴʯʘʪʳʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʦʤʝʥʳ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʪʦʣʱʠʥʦʡ 200-300 ʥʤ, ʧʨʦʨʘʩʪʘʶʱʠʝ ʠʟ 

ʛʣʫʙʠʥʳ ʤʝʤʙʨʘʥʳ, ʣʠʙʦ ʧʣʦʩʢʠʝ, ʯʝʰʫʡʯʘʪʳʝ ʜʦʤʝʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʩʤʝʢʪʠʯʝʩʢʦʡ ʬʘʟʳ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ʉʪʨʫʢʪʫʨʘ 

ʊɼʆɹʉʅ ʚ ʰʘʙʣʦʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
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ʩʪʨʫʢʪʫʨʘ ʤʝʤʙʨʘʥʳ, ʧʨʦʧʠʪʘʥʥʦʡ ʤʝʟʦʛʝʥʦʤ ʊɼʆɹʉʅ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʘʙʦ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʤʝʢʪʠʯʝʩʢʫʶ ʬʘʟʫ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʝʜʠʥʠʯʥʦʝ 

ʜʠʬʬʫʟʥʦʝ ʢʦʣʴʮʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʄʋʈʈ. ɺ ʦʙʲʝʤʥʳʭ ʦʙʨʘʟʮʘʭ ʵʪʘ ʬʘʟʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʊɼʆɹʉʅ ʚ ʦʙʲʸʤʝ ʧʦʨ 

ʰʘʙʣʦʥʘ ʟʘʤʝʜʣʷʝʪʩʷ. 

ʇʨʦʧʠʪʢʘ ʰʘʙʣʦʥʘ ʨʘʩʧʣʘʚʦʤ ʣʠʪʠʝʚʦʡ ʩʦʣʠ (ʊɼʆɹʉLi) ʧʨʠʚʝʣʘ ʣʠʰʴ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʤʝʢʪʠʯʝʩʢʦʡ ʬʘʟʳ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 31.2¡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʙʣʦʥʘ 

ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ. ʅʘʪʨʠʝʚʘʷ (ʊɼʆɹʉNa) ʠ ʧʠʨʠʜʠʥʦʚʘʷ (ʊɼʆɹʉPyr) ʩʦʣʠ 

ʧʨʠ ʧʨʦʧʠʪʢʝ ʰʘʙʣʦʥʦʚ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚʳʩʦʢʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩ ʤʘʪʝʨʠʘʣʦʤ ʧʦʨ. ʇʦ ʜʘʥʥʳʤ 

ʄʋʈʈ, ʊɼʆɹʉNa ʚ ʤʝʤʙʨʘʥʝ ʦʙʨʘʟʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʢʦʣʦʥʯʘʪʫʶ ʬʘʟʫ ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ ʘ=43.6¡. ʂʦʣʦʥʥʳ ʚ ʦʙʲʝʤʝ ʤʝʤʙʨʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʦʨʤʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʨʦʩʪ ʢʦʣʦʥʯʘʪʦʡ ʬʘʟʳ ʩʪʠʤʫʣʠʨʫʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦʨ. ʇʦʜʦʙʥʘʷ ʩʣʘʙʘʷ ʦʨʠʝʥʪʘʮʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʠʢʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʧʨʦʧʠʪʢʝ 

ʧʠʨʠʜʠʥʦʚʦʡ ʩʦʣʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʘʷ ʩʝʪʢʘ ʧʦʨ ʚ ʧʦʣʠʤʝʨʥʦʤ ʰʘʙʣʦʥʝ ʩʪʠʤʫʣʠʨʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʦʨʤʘʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ. ʆʨʠʝʥʪʘʮʠʷ ʠʛʦʣʴʯʘʪʳʭ ʢʘʥʘʣʦʚ, ʚʝʨʦʷʪʥʦ, ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ 

ʜʦʤʝʥʦʚ, ʠ ʦʪ ʧʨʦʧʠʪʘʥʥʳʭ ʤʝʤʙʨʘʥ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʪʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. 

 

[1] Anokhin D.V., Gurôeva L.L., [et al.] Physchem, 2022, 2, 274  

[2] Kurmaz S.V., [et al.], 2021, Materials, 14, 6757 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʟʦʥ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʢʦʩʤʝʪʦʣʦʛʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʣʝʢʫʣʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ɼʅʂ ʠ ʈʅʂ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʠ ʧʫʨʠʥʦʚʳʝ 

ʦʩʥʦʚʘʥʠʷ (ʠʣʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ) ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʝʛʦʜʥʷ 

ʠʤʝʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʧʦ ʦʢʠʩʣʝʥʠʶ ʘʟʦʪʠʩʪʳʭ 

ʦʩʥʦʚʘʥʠʡ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʟʦʥʦʤ 

ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʘ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʢʠʥʝʪʠʢʠ 

ʦʢʠʩʣʝʥʠʷ ʦʟʦʥʦʤ ʪʨʝʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ (ʇʋ) ï 6-ʘʤʠʥʦʫʨʘʮʠʣʘ, 5-ʘʤʠʥʦ-6-

ʤʝʪʠʣʫʨʘʮʠʣʘ ʠ 5,6-ʜʠʤʝʪʠʣʫʨʘʮʠʣʘ. 

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʠʘʧʘʟʦʥ 

ʨʘʙʦʯʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʇʋ. ʋʌ-ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UVï2401 PC ʬʠʨʤʳ çShimadzuè 

(ʗʧʦʥʠʷ) ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʪʦʣʱʠʥʦʡ 1 ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʦʚ ʇʋ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 2Ŀ10ï4 ʤʦʣʴ/ʣ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ 6-ʘʤʠʥʦʫʨʘʮʠʣʘ, 5-ʘʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣʘ ʠ 5,6-

ʜʠʤʝʪʠʣʫʨʘʮʠʣʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʪʘʥʛʝʥʩʘʤ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ, ʩʦʩʪʘʚʠʣʠ 

21000 Ñ 1800, 5600 Ñ 300 ʠ 9900 Ñ 600 ʣ/(ʤʦʣʴĿʩʤ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʠʥʝʪʠʢʫ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʇʋ ʠʟʫʯʘʣʠ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʥʘʯʘʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʧʦ 

ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʧʝʨʚʦʛʦ ï ʧʦ ʦʟʦʥʫ ʠ ʧʝʨʚʦʛʦ ï ʧʦ 

ʧʨʦʠʟʚʦʜʥʦʤʫ ʫʨʘʮʠʣʘ). ɺ ʠʥʪʝʨʚʘʣʝ 281 ï 309 K ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (k) (ʪʘʙʣ. 1). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʘʢʪʠʚʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʘʢʮʠʡ 

(ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 1 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ  

ʦʢʠʩʣʝʥʠʷ ʦʟʦʥʦʤ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ ʚ ʚʦʜʝ 

ʊ, ʂ 

kĿ10ï2, ʣ/(ʤʦʣʴĿʩ)* 

6-ɸʤʠʥʦʫʨʘʮʠʣ 
5-ɸʤʠʥʦ-6-

ʤʝʪʠʣʫʨʘʮʠʣ 
5,6-ɼʠʤʝʪʠʣʫʨʘʮʠʣ 

281 0.91 1.34 1.56 

mailto:nsguskova@rambler.ru
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285 1.11 1.64 1.73 

289 1.24 1.80 1.85 

293 1.39 2.23 2.20 

297 1.84 2.57 2.84 

301 2.30 2.96 3.31 

305 2.71 3.59 4.75 

309 3.69 3.96 5.45 
*ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 15%. 

 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʦʟʦʥʘ  

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʫʨʘʮʠʣʘ 

ʇʨʦʠʟʚʦʜʥʦʝ ʫʨʘʮʠʣʘ lg A ɽ, ʢɼʞ/ʤʦʣʴ 

6-ɸʤʠʥʦʫʨʘʮʠʣ 8.4 Ñ 1.0 35.1 Ñ 4.2 

5-ɸʤʠʥʦ-6-ʤʝʪʠʣʫʨʘʮʠʣ 7.4 Ñ 0.3 28.2 Ñ 1.8 

5,6-ɼʠʤʝʪʠʣʫʨʘʮʠʣ 8.4 Ñ 1.2 33.8 Ñ 4.3 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ (ʪʘʙʣ. 2) ʠ ʚʟʷʪʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [1, 2] 

ʟʥʘʯʝʥʠʷ ʣʦʛʘʨʠʬʤʦʚ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʝʡ lg A ʠ ʵʥʝʨʛʠʡ 

ʘʢʪʠʚʘʮʠʠ E ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʣʠʥʝʘʨʠʟʫʶʪʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ E = f (lg A). 

ɼʘʥʥʘʷ ʣʠʥʝʘʨʠʟʘʮʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦ ʥʘʣʠʯʠʠ ʦʙʱʝʡ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʚ ʤʝʭʘʥʠʟʤʝ ʦʟʦʥʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʮʠʣʘ. 

 

[1] ʄʘʢʩʶʪʦʚʘ ɸ.ɸ., ɿʠʤʠʥ ʖ.ʉ., ɻʠʤʘʜʠʝʚʘ ɸ.ʈ., ʄʫʩʪʘʬʠʥ ɸ.ɻ., 2019, ɾ. 

ʬʠʟ. ʭʠʤʠʠ. 93. 1322-27. 

[2] ʄʘʢʩʶʪʦʚʘ ɸ.ɸ., ʄʦʠʩʝʝʚʘ ɽ.ɼ., ɿʠʤʠʥ ʖ.ʉ., ʄʫʩʪʘʬʠʥ ɸ.ɻ., 2020, 

ɺʝʩʪ. ɹʘʰʢ. ʫʥ-ʪʘ. 25. 302-7. 

  

https://elibrary.ru/contents.asp?id=39180300
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ʈɽɸʂʎʀʀ ɸʊʆʄɸʈʅʆɻʆ ʌʊʆʈɸ ʉ ɸʃʂʀʃɸʈʆʄɸʊʀʏɽʉʂʀʄʀ 

ʋɻʃɽɺʆɼʆʈʆɼɸʄʀ 

 

ʍʦʤʷʢʦʚʘ ʇ.ʉ.1@, ɺʘʩʠʣʴʝʚ ɽ.ʉ.1, ɻʦʨʠʥʦʚʘ ɽ.ʄ.1,2, ʄʦʨʦʟʦʚ ʀ.ʀ.1 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ 

ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
@ khomiakova.polina@yandex.ru 

 

ʀʟʫʯʝʥʠʝ ʛʘʟʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʘʪʦʤʘʨʥʦʛʦ ʬʪʦʨʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʦʢʠʩʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʥʦʡ 

ʭʠʤʠʠ ʠ ʧʨʦʮʝʩʩʘʭ ʛʦʨʝʥʠʷ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʘʣʢʠʣʙʝʥʟʦʣʳ, ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʠ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. ɺ ʘʪʤʦʩʬʝʨʝ ʦʥʠ 

ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʩ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʪʦʨʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʵʨʦʟʦʣʝʡ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʣʦʨʘ, ʬʪʦʨ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʘʪʘʢʦʚʘʪʴ ʢʘʢ ʙʦʢʦʚʫʶ 

ʮʝʧʴ, ʪʘʢ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ [1]. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʜʣʷ ʬʪʦʨʘ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʨʝʘʢʮʠʠ: ʦʪʨʳʚ 

ʚʦʜʦʨʦʜʘ ʦʪ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ), 

ʦʪʨʳʚ ʚʦʜʦʨʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʨʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ) ʘ ʪʘʢʞʝ ʧʨʷʤʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʩʦʧʨʷʞʸʥʥʦʛʦ ʩ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʳʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩ ʵʪʠʣʙʝʥʟʦʣʦʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʥʝʡʪʨʘʣʴʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʙʝʟ ʠʭ ʚʪʦʨʠʯʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʧʦʣʫʯʘʪʴ ʥʘʜʸʞʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʢʠʩʣʝʥʠʷ ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [2-3]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʝʨʚʠʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʙʝʥʟʠʣʴʥʳʝ ʠ ʬʝʥʠʣʵʪʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ. ʅʘ 

ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʵʪʠʣʙʝʥʟʦʣʘ 

ʩ ʘʪʦʤʘʨʥʳʤ ʬʪʦʨʦʤ ʠ ʙʝʥʟʦʣʘ ʩ ʘʪʦʤʘʨʥʳʤ ʬʪʦʨʦʤ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ɺʠʜʥʳ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʨʘʛʤʝʥʪʥʳʭ ʠʦʥʦʚ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʨʘʟʥʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʪʨʳʚʘ ʚʦʜʦʨʦʜʘ. 

ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʵʪʠʣʙʝʥʟʦʣʘ + F 

(ʚʝʨʭʥʠʡ ʩʧʝʢʪʨ) ʠ ʮʠʢʣʦʛʝʢʩʘʥʘ (ʥʠʞʥʠʡ ʩʧʝʢʪʨ). ʆʪʤʝʯʝʥʳ ʧʠʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʥʘʤ ʨʝʘʛʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʢʘʥʘʣʳ ʨʝʘʢʮʠʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ 

ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ 125012200611-5). 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʷʤʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʦʨʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʠ 

ʩʦʭʨʘʥʷʶʱʠʭ ʠʩʭʦʜʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʚ ʨʝʞʠʤʝ ʉɺʉ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʦʛʦʨʷʱʠʭ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʷʯʝʝʢ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʟʝʨʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ 

ʪʦʢʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʠʪʘʥʠʷ ʧʨʠʙʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [1, 2]. ɺ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚʳʭ 

ʩʤʝʩʝʡ (ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʙʦʣʝʝ 2000 Áʉ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʥʝ ʤʝʥʝ 2000 ɼʞ/ʛ) ʚʳʩʪʫʧʘʣʠ: Ti + 1,7B, Fe3O4@NFC + 1,5 Ti. 

ʈʝʘʛʝʥʪʘʤʠ ʚʳʩʪʫʧʘʣʠ: ʪʠʪʘʥ (ʇʊʆʄ), ʙʦʨ (ɹ-99ɸ). ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʧʦʨʦʰʦʢ ʤʘʛʥʝʪʠʪʘ ʥʘ ʤʘʪʨʠʮʝ ʥʘʥʦʬʠʙʨʠʣʣʷʨʥʦʡ ʮʝʣʣʶʣʦʟʳ 

(NFC), ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʝ MOF [3]. ʉʤʝʰʝʥʠʝ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ Emax (Retsch GmbH) ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥʫʪ ʜʣʷ 

ʩʤʝʩʠ (Fe3O4@NFC/1,5Ti) ʠ 5 ʤʠʥʫʪ ʜʣʷ ʩʤʝʩʠ (Ti/1,7B) ʧʨʠ ʯʘʩʪʦʪʝ 500 ɻʮ. ɼʣʷ 

ʩʤʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 150-ʤʣ ʩʪʘʢʘʥ ʠ ʰʘʨʳ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʠʟ ʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʩʤʝʩʠ ʠ ʰʘʨʦʚ ï 1:3. ʀʟ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʤʝʩʝʡ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʜʚʫʭ ʚʠʜʦʚ. ʇʝʨʚʳʡ: ʦʜʥʦʩʣʦʡʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʝʩʩʦʚʘʥʠʝʤ ʚ ʧʨʝʩʩʝ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʜʘʚʣʝʥʠʝʤ. ɺʪʦʨʦʡ ʪʠʧ 

ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʩʦʝʜʠʥʸʥʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʣʝʥʪ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʝʥʪ ʠʟ ʩʤʝʩʠ 

ʧʦʨʦʰʢʦʚ ʠ ʠʭ ʩʦʧʨʷʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʦʡ ʥʘ ʚʦʣʢʘʭ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ ï 50ʭ20ʭ(3õ5) ʤʤ, ʣʝʥʪ - 

50ʭ20ʭ(0,3õ1) ʤʤ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠʩʴ ʤʝʞʜʫ ʛʨʘʬʠʪʦʚʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ (ʪʦʣʱʠʥʦʡ 4 ʤʤ), ʢʦʪʦʨʳʝ ʩʣʫʞʠʣʠ ʢʦʥʪʘʢʪʘʤʠ ʜʣʷ ʩʲʝʤʘ, 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʉɺʉ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʛʨʘʬʠʪ/ʦʙʨʘʟʝʮ/ʛʨʘʬʠʪ) ʬʠʢʩʠʨʦʚʘʣʠ ʤʝʞʜʫ ʫʧʦʨʘʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʠʟ ʥʠʪʨʠʜʘ ʙʦʨʘ. ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʉɺʉ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʚʦʣʴʬʨʘʤʦʚʳʝ ʟʦʥʜʳ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1-2 ʤʤ ʦʪ ʢʨʘʷ ʦʙʨʘʟʮʘ. ɼʘʣʝʝ ʦʪ ʤʝʩʪʘ 

ʣʦʢʘʣʴʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʦʙʨʘʟʮʘ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʚʦʣʥʘ ʉɺʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0,2õ0,5 ʤʤ/ʩ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ 
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ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ. ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʩʷ 

ʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʢʘʤʝʨʦʡ ʩ ʯʘʩʪʦʪʦʡ ʩʲʸʤʢʠ 500 ʢ/ʩ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʥʠʡ ʪʝʨʤʦʧʘʨ ɺʈ5/ɺʈ20 ʪʦʣʱʠʥʦʡ 100 ʤʢʤ. 

ʉʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʜʠʦʜʦʚ. ʉʲʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʦʙʨʘʟʮʘ, ʪʝʨʤʦʧʘʨʳ ʠ ʬʦʪʦʜʠʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʎʇ ʃɸ-

150-14PCI ʠ ʃɸ-1.5PCI (ʈʫʜʥʝʚ-ʐʠʣʷʝʚ). ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢ ʦʙʨʘʟʮʘʤ 

ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʥʝʦʜʠʤʦʚʳʡ ʤʘʛʥʠʪ, 1.5 ʊʣ). ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ð 4,1 ɺ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ~ 42.7 ʩ. (ʜʦ 

1.5 ɺ) ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ ʛʦʨʝʥʠʠ ʜʚʫʭʩʣʦʡʥʦʛʦ ʦʙʨʘʟʮʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʣʝʥʪ Fe3O4@NFC + 1,5 Ti. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʈʌɸ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʤʝʩʷʭ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʠʢʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʆʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʤʝʰʝʥʠʷ ʩʪʘʣʦ 

ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ: ʚʤʝʩʪʦ ʭʘʦʪʠʯʝʩʢʦʡ ʩʤʝʩʠ 

ʯʘʩʪʠʮ ʨʝʘʛʝʥʪʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʦʙʘ ʨʝʘʛʝʥʪʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ, 

ʙʣʠʟʢʦʤ ʢ ʟʘʣʦʞʝʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ. 

ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʩʠ Fe3O4@NFC + 1,5 Ti ʚ 

ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʊʕɻ (ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ) [2]. ʇʨʠ ʤʘʩʩʝ ʩʤʝʩʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 ʛ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚʝʣʠʯʠʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ~250 ɼʞ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ɹʌʋ ʠʤ. ʀ. ʂʘʥʪʘ 

çʇʨʠʦʨʠʪʝʪ 2036è ɹʌʋ ʠʤ. ʀ. ʂʘʥʪʘ, ʧʨʦʝʢʪ ˉ 1086-ʃ-25. 

 

[1] D§vila, D., Taranc·n, A., Fonseca, L. (2018), in book Commercialization of 

Nanotechnologies-A Case Study Approach. pp 73ï97 

[2] Lebedev, E.A. ʠ ʜʨ.2010), FCN. 16. 480 

[3] ʏʝʧʘʡʢʠʥ ɽ.ɻ., ʇʦʤʦʛʘʡʣʦ ʉ.ʀ. ʠ ʜʨ. (2024), ɾʌʍ. 6. 117 
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ʏʠʞʦʚ ʇ. ɽ., ʄʘʢʩʠʤʯʫʢ ʄ. ʕ., ʉʝʜʦʚ ʀ. ɺ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ. 
@ ilia@icp.ac.ru  

 

ʕʪʘʥ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʂ ʥʠʤ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʦʪʥʦʩʠʪʩʷ ʵʪʠʣʝʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʪʠʣʝʥʘ ʧʦʣʫʯʘʝʪʩʷ 

ʪʝʨʤʠʯʝʩʢʠʤ ʧʠʨʦʣʠʟʦʤ ʛʘʟʦʚʦʛʦ ʩʳʨʴʷ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʪ 

ʤʥʦʛʦ ʵʥʝʨʛʠʠ ʠ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʉʆ2, ʯʪʦ ʦʙʦʩʪʨʷʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʵʪʠʣʝʥʘ ʷʚʣʷʝʪʩʷ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʵʪʘʥʘ. 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʫʢʘʟʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʛʨʘʥʠʯʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʨʘʚʥʦʚʝʩʠʝʤ ʠ ʜʣʷ ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʷʛʢʠʡ ʦʢʠʩʣʠʪʝʣʴ, 

ʥʘʧʨʠʤʝʨ, ʉʆ2. ʇʨʠ ʵʪʦʤ, ʥʘʨʷʜʫ ʩ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ 

ʵʪʘʥʘ (1), ʧʨʦʪʝʢʘʝʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʅ2 (2): 

 

ʉ2ʅ6 ź ʉ2ʅ4 +ʅ2 æ ʅ298 = 137,0 ʢɼʞ/ʤʦʣʴ (1) 

 

ʅ2+ʉʆ2źʅ2ʆ +ʉʆ æ ʅ298 = -41 ʢɼʞ/ʤʦʣʴ (2) 

 

ʉʫʤʤʘʨʥʘʷ ʨʝʘʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

 

ʉ2ʅ6 + ʉʆ2 źʉ2ʅ4 +ʉʆ +ʅ2ʆ æ ʅ298 = 96 ʢɼʞ/ʤʦʣʴ (3) 

 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ (2) ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (1), ʨʝʘʢʮʠʷ (3) ʦʩʪʘʝʪʩʷ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ, ʦʜʥʘʢʦ ʦʥʘ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʢʨʝʢʠʥʛʘ ʵʪʘʥʘ ʠ ʵʪʠʣʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʨʦʜʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʋʆ). ʉʥʠʞʝʥʠʝ 

ʚʳʭʦʜʘ ʋʆ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ɹʫʜʫʘʨʘ: 

 

ʉ + ʉʆ2 ź 2 ʉʆ æ ʅ298 = 172 ʢɼʞ/ʤʦʣʴ (4) 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ ʵʪʘʥʘ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʥʘ ʘʣʶʤʦʭʨʦʤʦʚʦʤ 

mailto:ilia@icp.ac.ru
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ʢʘʪʘʣʠʟʘʪʦʨʝ ɸʆʂ-73-24. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ (ʦʪ 873 ʜʦ 973 ʂ), ʨʘʩʭʦʜ ʩʳʨʴʷ (240ï900 ʯï1), 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʢ ʉ2ʅ6 (1, 2, 4). ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʦʥʚʝʨʩʠʠ ʩʳʨʴʷ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʤʘʣʦʤ 

ʨʘʩʭʦʜʝ ʩʳʨʴʷ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʪʠʣʝʥʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʝʪʘʥ ʠ ʢʦʢʩ 

(ʋʆ), ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ / ʵʪʘʥ ʥʘ ʚʭʦʜʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʉʆ2 ʢʦʥʚʝʨʩʠʷ 

ʩʳʨʴʷ ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʣʝʥʘ. 

ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʦʤʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ ʵʪʘʥʘ ʩ ʜʠʦʢʩʠʜʦʤ 

ʫʛʣʝʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʉ2ʅ6 ʩ ʉʆ2 ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʛʦʤʦʛʝʥʥʦʡ ʨʝʘʢʮʠʠ, 

ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʵʪʘʥʘ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ï 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʵʪʘʥʘ ʠ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʷ ʚʦʜʷʥʦʛʦ ʛʘʟʘ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʉʆ2 ʚ ʩʤʝʩʠ ʙʳʣ 

ʟʘʤʝʥʝʥ ʥʘ ʘʟʦʪ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʵʪʘʥʘ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʋʆ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʉʆ2 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʟʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʤʝʥʴʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʋʆ. 

ʇʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ 

ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʆ2 ʠ ʅ2 ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ʛʦʩ. ʟʘʜʘʥʠʷ FFSG-2024-0016, ˉ ʛʦʩ. 

ʨʝʛʠʩʪʨʘʮʠʠ 124020500064-2. 
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ʄʦʣʦʜʦʯʢʠʥʘ ʉ.ɺ.1, ʃʦʰʘʜʢʠʥ ɼ.ɺ.2 
1 ʈʳʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʇ.ɸ. ʉʦʣʦʚʴʝʚʘ, ʈʳʙʠʥʩʢ, ʈʦʩʩʠʷ 
2ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ 

molodochkina95@mail.ru  

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʮʝʧʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʣʠʥʦʣʝʘʪʘ (LH) ʚ 

ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʫʤʷ ʢʠʥʝʪʠʯʝʩʢʠʤʠ 

ʧʦʜʭʦʜʘʤʠ [1]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʚʝʩʴ 

ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʜʝʣʠʪʩʷ ʥʘ ʚʦʜʥʫʶ ʠ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʤʠʢʨʦʨʝʘʢʪʦʨʦʚ (ʤʠʮʝʣʣ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʦʢʠʩʣʝʥʠʝ LH ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʤʠʮʝʣʣ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʮʝʥʠʤ ʵʪʫ ʤʝʪʦʜʠʢʫ ʩ 

ʧʦʟʠʮʠʠ ʫʧʨʦʱʝʥʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʆʢʠʩʣʝʥʠʝ ʤʝʪʠʣʣʠʥʦʣʝʘʪʘ ʚ ʤʠʮʝʣʣʘʭ Triton X-100 ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʠʥʠʮʠʘʪʦʨʘ ɸɸʈʅ ʚ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ 37ʉ̄ (ʨʅ = 7,4). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʧʨʠʤʝʥʷʣʠ 

ʢʠʩʣʦʨʦʜʥʳʡ ʤʦʥʠʪʦʨ YSI-5300A. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʳ çKinetics of 2012è, Version 2.0, 2021. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ W(O2) ï ʚʨʝʤʷ ʧʨʠ 

ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʠʥʠʮʠʠʨʦʚʘʥʠʷ (Wi). ɺʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʧʨʠ ʜʨʫʛʠʭ [AAPH], [LH], 

[TH] [2]. ʇʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ LH ʢʠʩʣʦʨʦʜ ʧʦʛʣʦʱʘʝʪʩʷ ʚ 

ʤʠʮʝʣʣʘʭ, ʪʦ ʦʮʝʥʠʤ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʮʝʣʣ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

  
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ W(O2) ʦʪ 

ʚʨʝʤʝʥʠ.  

[TH] = 0,15 M, [LH] = 0,03 M. WiĿ109 

ʤʦʣʴĿʣ-1Ŀʩ-1: 1 ï 0,4; 2 ï 1,0; 3 ï 4,0. 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ [MÅ] ʦʪ ʚʨʝʤʝʥʠ. 

ʇʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

mailto:molodochkina95@mail.ru
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ʮʝʧʥʦʡ ʧʨʦʮʝʩʩ, c ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʯʸʪʳ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʨʝʘʢʮʠʠ (ʪʘʙʣ.1):  

ʊʘʙʣʠʮʘ 1 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʈʝʘʢʮʠʷ ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

(i) AAPH Ÿ rÅ  ki = 10-6 ʩ-1 

(1) rÅ + O2 Ÿ rO2
Å  k1 = 108 Mï1Ācï1 

(2) rO2
Å + rO2

Å Ÿ O2 + prod  k2 = 5Ā104 M-1Āc-1 

(3) rO2
Å + M Ÿ MÅ  k3 = 10 Mï1Ācï1 

(4) MÅ + M Ÿ MÅ + m  k4 = 10 Mï1Ācï1 

(5) MÅ + MÅ Ÿ m + m  k5 = 102 Mï1Ācï1 

[O2] = 2Ā10ï4 M; [M] ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʮʝʣʣ, ʩʦʩʪʘʚʣʷʝʪ: 0,15 ʄ 

/ 250 = 6Ā10ï4 M. ɻʜʝ: 250 ï ʯʠʩʣʦ ʘʛʨʝʛʘʮʠʠ Triton X-100 ʧʨʠ 370 [2], 0,15 ʄ ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ Triton X-100, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʚʝʩʴ ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. [MÅ] 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʮʝʣʣ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ LH (ʘʢʪʠʚʥʳʝ 

ʤʠʮʝʣʣʳ); m ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʮʝʣʣ, ʚ ʢʦʪʦʨʦʡ ʟʘʚʝʨʰʠʣʩʷ ʮʝʧʥʦʡ ʧʨʦʮʝʩʩ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʤʝʞʤʠʮʝʣʣʷʨʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ 

(ʨʝʘʢʮʠʷ 4) ʠ ʦʙʨʳʚ ʮʝʧʝʡ (ʨʝʘʢʮʠʷ 5) ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʦʮʝʩʩʳ 

ʧʨʦʜʦʣʞʝʥʠʷ ʠ ʦʙʨʳʚʘ ʮʝʧʝʡ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʛʦʤʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʠʩ.2) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ [MÅ] ʣʠʰʴ ʧʨʠʙʣʠʞʸʥʥʦ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʢʠʥʝʪʠʢʦʡ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ LH (ʨʠʩ.1). ʇʨʠʯʠʥʦʡ 

ʨʘʩʭʦʞʜʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʪʦ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ LH ʚ ʤʠʮʝʣʣʘʭ 

ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʮʝʧʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʙʣʠʮʝ 1 ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʝʩʣʠ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʤʠʮʝʣʣʝ ʟʘʚʝʨʰʠʣʩʷ ʮʝʧʥʦʡ ʧʨʦʮʝʩʩ, ʪʦ ʦʥ ʤʦʞʝʪ 

ʚʦʟʦʙʥʦʚʠʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʥʝʡ ʤʦʣʝʢʫʣ LH. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʈʅʌ ˉ 14-13 00148 

[1] ʈʦʛʠʥʩʢʠʡ ɺ.ɸ., ʂʠʥ. ʠ ʢʘʪ. 1996. 37. 4. 521-7 

[2] Loshadkin, D., Pliss, E., Kasaikina, O., J. Appl. Chem. 2020. 93. 1083-8  
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ɺʃʀʗʅʀɽ ʂʆʅʌʆʈʄɸʎʀʀ ʇʆʃʀʄɽʈʅʓʍ ʎɽʇɽʁ ʉʆʇʈʗɾɪʅʅʓʍ 

ʇʆʃʀʄɽʈʆɺ ʅɸ ɺʅʋʊʈʀʄʆʃɽʂʋʃʗʈʅʓʁ ʊʈɸʅʉʇʆʈʊ ɿɸʈʗɼɸ ɺ 

ʇɽʈɽʄɽʅʅʆʄ ʇʆʃɽ 

 

ʏʝʪʚʝʨʠʢʦʚ ɸ.ʆ.1@ 
1ʀʍʂɻ ʉʆ ʈɸʅ 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʧʨʷʞʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʙʣʘʛʦʜʘʨʷ 

ʩʦʭʨʘʥʝʥʠʶ ʧʨʳʞʢʦʚʦʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ ʮʝʧʠ. ɼʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʤʠʢʨʦʚʦʣʥʦʚʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (TRMC) [1]. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʩʚʷʟʴ ʥʘʙʣʶʜʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʘʩʪʠʮ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʧʨʷʤʳʭ (ʣʠʥʝʡʥʳʭ) ʮʝʧʝʡ [2]. ʆʪʩʫʪʩʪʚʠʝ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʪʘʪʠʩʪʠʢʫ ʥʝʣʠʥʝʡʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʦʩʧʦʣʥʷʝʪ ʫʢʘʟʘʥʥʳʡ ʧʨʦʙʝʣ. ɺ ʥʝʡ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ 

ʩʨʝʜʥʝʡ ʧʦʛʣʦʱʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʳʞʢʦʚʦʡ ʤʠʛʨʘʮʠʝʡ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ ʧʦ ʫʝʜʠʥʝʥʥʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʩ ʫʯʝʪʦʤ ʝʸ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ɺ ʷʚʥʦʤ ʚʠʜʝ 

ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮʳ ʚʜʦʣʴ ʧʦʣʠʤʝʨʘ, ʜʣʷ 

ʮʝʧʝʡ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚʘʣʝʥʪʥʳʤ ʫʛʣʦʤ ʠ ʟʘʜʘʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʪʦʨʩʠʦʥʥʳʤ ʫʛʣʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʦʡ 

ʮʝʧʴʶ, ʧʝʨʝʭʦʜ ʢ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ (ʠʩʢʨʠʚʣʝʥʥʳʤ) ʩʪʨʫʢʪʫʨʘʤ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ, ʚʧʣʦʪʴ ʜʦ ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ, ʫʤʝʥʴʰʝʥʠʶ ʧʦʛʣʦʱʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʧʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʤʝʨʝʥʠʷʭ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ, ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʙʳʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʚʘʞʥʦʤ ʢʣʘʩʩʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʫʯʝʪʦʤ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ. 

[1] - Bird, M. J. et al, 2014. J. Phys. Chem. C, 118(12), 6100-6109. 

[2] - Prins, P. et al, 2006. phys. stat. solid. (b), 243(2), 382-386. 
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ʈʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʈɺʂ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʜʣʝʥʥʦʡ 

ʢʠʥʝʪʠʢʦʡ ʠ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʣʠʟʘ ʚʦʜʳ, ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʷ ʝʛʦ ʦʙʱʫʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ 

ʥʝʜʦʨʦʛʠʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ çʟʝʣʸʥʦʡè ʵʥʝʨʛʝʪʠʢʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʥʘ ʦʩʥʦʚʝ 

ʨʫʪʝʥʠʷ ʠ ʠʨʠʜʠʷ ʩʯʠʪʘʶʪʩʷ ʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ (MnO ). ʆʥʠ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʤʘʨʛʘʥʮʘ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ MnO  (ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ, ʟʦʣʴ-ʛʝʣʴ, ʭʠʤʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʠ ʜʨ.) ʟʘʯʘʩʪʫʶ ʤʥʦʛʦʩʪʘʜʠʡʥʳ, ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʝʪʦʜ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʘʪʴ ʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʥʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʦʨʬʦʣʦʛʠʝʡ ʟʘ 

ʩʯʸʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʤʝʪʦʜʘ ʠʤʧʫʣʴʩʥʦʛʦ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʦʚ ʤʘʨʛʘʥʮʘ ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ, ʘ ʪʘʢʞʝ ʚ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

MnO  ʚ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ Na SO + MnSO , 

ʚʘʨʴʠʨʫʷ ʤʦʣʷʨʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 0.1ï1.0 M Na SO  ʠ 0.01ï0.1 M 

MnSO . ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ MnO  ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʪʚʦʨʝ 0.1 M Na SO  + 0.1 M MnSO . ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʦʚ ʯʝʨʝʜʫʶʱʝʡʩʷ ʧʦʣʷʨʥʦʩʪʠ. ɺʘʨʴʠʨʦʚʘʣʠ ʘʤʧʣʠʪʫʜʫ 

(Ñ1ï50 ɺ), ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ (2ï20 ʤʩ), ʯʘʩʪʦʪʫ (2.5ï50 ɻʮ) ʠ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ (ʦʪ 10 ʜʦ 50000). ʕʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ MnO  ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʙʦʣʝʝ 
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ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ pH ʦʪ 12.7 ʜʦ 14.0 ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 10 ʤɸĿʩʤ Į ʩʥʠʞʘʝʪʩʷ ʩ ~630 ʤɺ ʜʦ ~440 ʤɺ (ʦ.ʚ.ʵ.).  ʆʧʪʠʤʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʠʤʧʫʣʴʩʦʚ 

Ñ5 ɺ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ (2ï20 

ʤʩ, 2.5ï50 ɻʮ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ (ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ Ñ10 ʤɺ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʝʛʦ ʩʣʘʙʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʥʝʙʦʣʴʰʠʤ ʚʘʨʠʘʮʠʷʤ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʧʦʢʨʳʪʠʡ ʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ: ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʯʠʩʣʘ ʜʦ 10000 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʟʘʤʝʪʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʈɺʂ ʟʘ ʩʯʸʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʫʧʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ. ʇʦʢʨʳʪʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʧʦʩʣʝ 500 ʮʠʢʣʦʚ ʚ 0.1 M KOH ʬʦʨʤʘ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ, ʭʦʪʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʨʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʦʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 124013000692-4. 
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ɼʀʌʌʋɿʀʆʅʅʆ-ʂʆʅʊʈʆʃʀʈʋɽʄʓɽ ʈɽɸʂʎʀʀ ɺ ʊʆʅʂʀʍ 

ʊʈʋɹʂɸʍ: ʄɽʊʆɼ ʇʆɻʈɸʅʀʏʅʓʍ ʌʋʅʂʎʀʁ 

 

ʌʝʜʦʩʝʝʚ ʊ.ɺ.1,2,@, ʊʨʘʡʪʘʢ ʉ.ɼ.1 
1ʌʀʎ ʍʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ. ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ 
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ɺʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʪʝʦʨʠʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʪʦʥʢʠʭ ʦʙʣʘʩʪʷʭ, ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ 

ʩʠʥʛʫʣʷʨʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʧʦ ʤʘʣʦʤʫ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʠ ʘʥʘʣʠʟʝ ʪʘʢʠʭ ʟʘʜʘʯ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʫʜʦʙʝʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʜʘʯ ʨʝʘʢʮʠʷ-

ʜʠʬʬʫʟʠʷ ʚ ʪʦʥʢʠʭ ʪʨʫʙʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʧʨʦʮʝʩʩʳ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʷʪ ʥʘ 

ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ [1]. ɺʙʣʠʟʠ ʨʝʘʢʮʠʦʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ 

ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʙʱʝʛʦ ʤʝʪʦʜʘ ʩʨʘʱʠʚʘʝʤʳʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʨʘʟʣʦʞʝʥʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʩʭʝʤʝ ʩʨʘʱʠʚʘʥʠʷ [2], ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʮʝʣʴ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʙʦʣʝʝ 

ʧʨʦʩʪʦʛʦ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʘʩʠʤʧʪʦʪʠʢʠ ʨʝʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪ. ʥ. ʧʦʛʨʘʥʠʯʥʳʭ 

ʬʫʥʢʮʠʡ [3]. 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʢʨʠʪʝʨʠʝʤ ɺʠʰʠʢʘ-ʃʶʩʪʝʨʥʠʢʘ [3], ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʫʱʝʥʥʦʡ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʢʪʨʘ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʞʥʳʭ 

ʩʣʫʯʘʷ: ʘ) ʢʦʛʜʘ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʷʚʥʳʡ ʚʠʜ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʙ) ʢʦʛʜʘ 

ʤʦʞʥʦ ʧʦʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ, ʧʦʣʫʯʠʚ ʫʨʘʚʥʝʥʠʝ ʥʘ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ 

ʧʦʛʨʘʥʠʯʥʳʭ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʪʨʦʠʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʠ ʧʨʠ 

ʵʪʦʤ ʩʦʭʨʘʥʷʪʴ ʷʩʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

[1] ɸʥʪʠʧʦʚ ɸ.ɽ., ʄʘʭʥʦʚʩʢʠʡ ʖ.ɸ., ɿʠʮʝʨʤʘʥ ɺ.ʖ., 

ɸʣʜʦʰʠʥ ʉ.ʄ., 2014, ʍʠʤ. ʬʠʟ. 33. 78-86. 

[2] Traytak S.D., 2014, J. Chem. Phys. 140. 224102. 

[3] ɺʘʩʠʣʴʝʚʘ ɸ.ɹ., ɹʫʪʫʟʦʚ ɺ.ʌ., 1990, ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʤʝʪʦ- 

ʜʳ ʚ ʪʝʦʨʠʠ ʩʠʥʛʫʣʷʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ɺʳʩʰʘʷ ʰʢʦʣʘ. 
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ʅɸʂʆʇʃɽʅʀɽ PT(IV )-ɸʄʀʅʆʂʉʀʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ʈɸɿʃʀʏʅʆʁ ʃʀʇʆʌʀʃʔʅʆʉʊʀ ɺ ʆʇʋʍʆʃɽɺʓʍ ʀ ʅʆʈʄɸʃʔʅʓʍ 

ʂʃɽʊʂɸʍ: ʕʇʈ ʀ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ. 

 

ʌʠʣʘʪʦʚʘ ʅ. ɺ.1, ʐʤʘʢʦʚ ɸ. ɺ.1, ɸʢʠʤʦʚ ɸ. ɺ.1, ɹʫʨʤʠʡ ɾ. ʇ.2, ʂʘʨʘʥʜʘʰʝʚ 

ɺ. ʂ.2, ʉʣʝʩʘʨʝʥʢʦ ʅ. ɸ.1, ʊʝʨʝʥʪʴʝʚ ɸ. ɸ.1, ʉʝʥʴ ɺ. ɼ.1 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
2ʀʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʈɸʅ 

senvd@icp.ac.ru  

 

ɺʥʝʜʨʝʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ 

ʧʣʘʪʠʥʳ(II) (ʮʠʩʧʣʘʪʠʥ, ʢʘʨʙʦʧʣʘʪʠʥ ʠ ʦʢʩʘʣʠʧʣʘʪʠʥ) ʩʪʘʣʦ ʚʘʞʥʳʤ 

ʜʦʩʪʠʞʝʥʠʝʤ ʥʘ ʧʫʪʠ ʫʩʠʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʦʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ. ʀʭ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʧʫʭʦʣʝʡ. ʊʝʢʫʱʠʡ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʳ 

ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ Pt(IV), ʣʠʛʘʥʜʘʤʠ 

ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʪʝʨʘʥʦʩʪʠʢʠ, ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʘʢʪʠʚʘʪʦʨʳ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʠʤʤʫʥʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʜʘʞʝ ʜʨʫʛʠʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʘʛʝʥʪʳ.  

ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʠʥʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ: 1) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟ ʠ ʫʩʣʦʚʠʡ ʦʥʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʧʨʦʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʧʦʜʘʚʣʷʪʴ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ; 2) ʠʭ ʛʠʙʨʠʜʳ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï 

ʤʝʥʴʰʝʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ. 

ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʧʣʘʪʠʥʘ(IV)ïʘʤʠʥʦʢʩʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʇɸʂ) ʨʘʟʣʠʯʥʦʡ 

ʣʠʧʦʬʠʣʴʥʦʩʪʠ 1 ʠ 2. ɺ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʇɸʂ ʦʜʥʠʤ ʠʟ ʣʠʛʘʥʜʦʚ 

ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚʘʤ ʘʤʠʥʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʘ 

ʘʢʩʠʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ, ʚʢʣʶʯʘʷ ʜʠʭʣʦʨʘʮʝʪʘʪ, 

ʩʧʦʩʦʙʥʳʡ ʠʥʛʠʙʠʨʦʚʘʪʴ ʙʳʩʪʨʦʝ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ 

ʯʝʨʝʟ ʛʣʠʢʦʣʠʟ.  

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʇɸʂ ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʧʫʭʦʣʝʚʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ.  

ɼʘʥʥʳʝ ʠʟʫʯʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 1 ʠ 2 ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ 

(MCF7) ʠ ʥʦʨʤʘʣʴʥʳʭ (FetMSC) ʢʣʝʪʦʢ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʫʨʦʚʥʝʤ ʠʭ ʥʘʢʦʧʣʝʥʠʶ 

ʚ ʢʣʝʪʢʘʭ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʘʣʦ-(1a, 2a, lg Pow å ī0.3) ʢ ʫʤʝʨʝʥʥʦ 

ʣʠʧʦʬʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʘʤ (1b, 2b, lg Pow å 2) ʥʘʢʦʧʣʝʥʠʝ ʧʣʘʪʠʥʳ ʚ ʦʙʦʠʭ ʚʠʜʘʭ 

ʢʣʝʪʦʢ ʨʘʩʪʝʪ ʚ 2 ʨʘʟʘ. ʇʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʨʘʩʪʝʪ ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ 
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ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ MCF7. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 

1a,b ʠ 2a,b ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ FetMSC ʚ 1.5  3 ʨʘʟʘ ʥʠʞʝ. ɺʳʩʦʢʦ 

ʣʠʧʦʬʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 1c (lg Pow = 4.6) ʩʪʦʠʪ ʦʩʦʙʥʷʢʦʤ  ʧʨʠ ʚ 100 ʨʘʟ ʤʝʥʴʰʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (0.5 ʤʢʤʦʣʴ) ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʢʣʝʪʢʘʭ MCF7 ʧʦ ʜʘʥʥʳʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʣʠʟʢʦ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩ 1c ʜʣʷ MCF7 ʚ 

200, ʘ ʜʣʷ FetMSC ʚ 70 ʨʘʟ ʙʦʣʝʝ ʮʠʪʦʪʦʢʩʠʯʝʥ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ 1b, 2b. 

ʅʘ ʧʨʠʤʝʨʝ 1c ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʥʘʢʦʧʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ ʚ ʢʣʝʪʢʘʭ 

ʤʝʪʦʜʦʤ ʕʇʈ. ʇʨʠ 4 ʯ ʠʥʢʫʙʘʮʠʠ ʙʦʣʝʝ 90% ʢʦʤʧʣʝʢʩʘ ʠʟ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʙʦʠʤʠ ʚʠʜʘʤʠ ʢʣʝʪʦʢ. ʉʧʝʢʪʨʳ ʕʇʈ ʩʫʩʧʝʥʟʠʡ ʦʪʤʳʪʳʭ 

ʢʣʝʪʦʢ MCF7 ʠʣʠ FetMSC ʚʢʣʶʯʘʶʪ ʜʚʘ ʚʠʜʘ ʩʠʛʥʘʣʦʚ: 1) ʩʠʣʴʥʦ ʫʰʠʨʝʥʥʳʝ 

ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʪʨʠʧʣʝʪʳ ʠ 2) ʪʨʠʧʣʝʪʳ ʩ ʫʟʢʠʤʠ ʣʠʥʠʷʤʠ. ʇʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʦʤʧʣʝʢʩʳ ʩ ʟʘʪʦʨʤʦʞʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʘʤʠʥʦʢʩʠʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʤʙʨʘʥʘʤʠ 

ʢʣʝʪʦʢ (97% ʜʣʷ MCF7 ʠ 96% ʜʣʷ FetMSC). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʨʠʧʣʝʪʳ ʩ 

ʫʟʢʠʤʠ ʣʠʥʠʷʤʠ ʦʪʚʝʯʘʶʪ ʩʣʘʙʦ ʟʘʪʦʨʤʦʞʝʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ (3% ʜʣʷ MCF7 ʠ 4% 

ʜʣʷ FetMSC), ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʤʘʪʨʠʢʩʝ ʢʣʝʪʦʢ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʘʤʬʠʬʠʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 1c ʠ ʝʛʦ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʮʝʣʣ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʝʤʙʨʘʥʘʤʠ ʠ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʢʣʝʪʦʢ ʟʘ ʩʯʝʪ 

ʤʘʢʨʦʩʧʠʥʦʮʠʪʦʟʘ. 

ʂʦʤʧʣʝʢʩʳ 1a,b ʠ 2a,b ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʢʣʝʪʢʘʭ ʟʘ ʩʯʝʪ ʧʘʩʩʠʚʥʦʡ 

ʜʠʬʬʫʟʠʠ. ɹʦӢʣʴʰʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 1b ʠ 2b ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 

ʙʦʣʴʰʝʡ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ ʠ/ʠʣʠ ʚʦʟʤʦʞʥʳʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʛʣʠʢʦʣʠʟʘ ʚ 

ʢʣʝʪʢʘʭ MCF7 ʦʪʱʝʧʣʷʶʱʠʤʩʷ ʜʠʭʣʦʨʘʮʝʪʘʪʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʡ 

ʩʨʘʚʥʝʥʠʷ ï ʮʠʩʧʣʘʪʠʥʘ ʠ ʩʘʪʨʘʧʣʘʪʠʥʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʙʦӢʣʴʰʫʶ ʪʦʢʩʠʯʥʦʩʪʴ 

ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ FetMSC, ʧʣʘʪʠʥʘ(IV)ïʘʤʠʥʦʢʩʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 1 ʠ 2 ʚ 

1.5  3 ʨʘʟʘ ʙʳʣʠ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʜʣʷ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ MCF7. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʛʦʩ.ʟʘʜʘʥʠʷ ˉ 124020500019-2 ʠ ˉ 124013000743-3.  
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ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʋʉʃʆɺʀʁ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ 

Fe2O3 ʇʈʀ ʅʀʉʍʆɼʗʑɽʁ ɻɸɿʀʌʀʂɸʎʀʀ ʉʄɽʉɽʁ ʋɻʃʗ ʉ 

ɹɽɼʅʓʄʀ ʈʋɼɸʄʀ 
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1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʌɻɹʋ çʀʥʩʪʠʪʫʪ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ ï ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭè 
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ʇʨʦʚʝʜʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe2O3 ʧʨʠ 

ʥʠʩʭʦʜʷʱʝʡ ʛʘʟʠʬʠʢʘʮʠʠ ʩʤʝʩʝʡ ʫʛʣʷ ʩ ʙʝʜʥʳʤʠ ʨʫʜʘʤʠ. ʅʠʩʭʦʜʷʱʘʷ 

ʛʘʟʠʬʠʢʘʮʠʷ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe2O3: ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ (800ï1200ÁC) ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʩʨʝʜʘ (ʛʝʥʝʨʘʪʦʨʥʳʡ ʛʘʟ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʱʠʡ ʠʟ CO ʠ H ). ɺʳʚʦʜ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʘʟʠʬʠʢʘʮʠʠ (ʚʤʝʩʪʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʞʝʣʝʟʦʤ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ 

ʯʝʨʝʟ ʥʠʭ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʚʪʦʨʥʦʝ ʦʢʠʩʣʝʥʠʝ ʞʝʣʝʟʘ. 

ʈʘʩʯʝʪ ʦʩʥʦʚʘʥ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʪʦʣʴʢʦ ʦʢʩʠʜ ʞʝʣʝʟʘ (III) ʠ ʪʠʧʠʯʥʳʡ ʩʦʩʪʘʚ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ (25% CO, 6% CO2, 16.5% H2, 50% N2, 2.5% CH4). ʋʩʣʦʚʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe2O3 ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ CO+H2 ʢ Fe2O3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʛʣʝʨʦʜ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʠʩʪʝʤʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʘ ʥʠʞʝ 900 K. ʊʨʝʭʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ (CO ʠ H ) ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

Fe2O3 ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 
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ʄʝʪʘʣʣʦʮʝʥʦʚʳʝ ʙʠʩʠʥʜʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ [1]. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ, ʠʟʦʪʘʢʪʠʯʝʩʢʠʡ ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ 

ʩʦʧʦʣʠʤʝʨʳ ʵʪʠʣʝʥʘ ʩ Ŭ-ʦʣʝʬʠʥʘʤʠ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʤʝʪʠʣʘʣʶʤʦʢʩʘʥ, ʧʝʨʬʪʦʨʬʝʥʠʣʙʦʨʘʪʳ ʠ ʙʦʨʘʥʳ [2]. ʅʝʜʦʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʘʢʪʠʚʘʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʘʢʪʠʚʘʮʠʠ ʚ ʙʦʣʴʰʠʭ ʤʦʣʴʥʳʭ ʠʟʙʳʪʢʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʦʮʝʥʘʤ 

ʤʝʪʠʣʘʣʶʤʦʢʩʘʥʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʩ 

ʙʦʨʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʧʨʠʤʝʩʝʡ ʚʣʘʛʠ, ʜʝʣʘʶʪ 

ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʠ ʩʧʦʩʦʙʦʚ ʘʢʪʠʚʘʮʠʠ 

ʤʝʪʘʣʣʦʮʝʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʙʠʩʠʥʜʝʥʠʣʴʥʳʭ 

ʤʝʪʘʣʣʦʮʝʥʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʘʨʠʣʦʢʩʠʜʳ ʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ [3,4]. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʜʠʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʮʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʥʦʚʳʤʠ ʘʢʪʠʚʘʪʦʨʘʤʠ ï ʘʨʠʣʦʢʩʠʜʘʤʠ  

ʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ, ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʵʪʠʣʝʥʘ, ʧʨʦʧʠʣʝʥʘ ʠ ʪʨʦʡʥʦʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ 5-ʵʪʠʣʠʜʝʥ-2-ʥʦʨʙʦʨʥʝʥʦʤ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʘʢʪʠʚʘʮʠʠ ʤʝʪʘʣʣʦʮʝʥʘ 

ʠ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 
1ʅ ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ rac-Et(2-

MeInd)2ZrMe2/2,6-tBu2PhO-)Al iBu2 (Al iBu2(OAr)), ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʣʝʬʠʥʦʚ (ʛʝʢʩʝʥʘ-1, ʵʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ).  

ɺ ʦʪʩʫʪʩʪʚʠʠ ʦʣʝʬʠʥʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 

ʘʨʠʣʦʢʩʠʜʦʤ ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʩʠʛʥʘʣʦʚ 

ʜʠʤʝʪʠʣʴʥʦʛʦ ʮʠʨʢʦʥʦʮʝʥʘ, ʠ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʤʝʪʘʥʘ, ʠʟʦʙʫʪʝʥʘ ʠ 

MeAl iBu(OAr). ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʩʠʩʪʝʤʝ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [rac-Et(2-MeInd)2ZrMe]+[MeAl iBu2(OAr)]-. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʝʥʘ-1 ʜʠʤʝʪʠʣʴʥʳʡ ʮʠʨʢʦʥʦʮʝʥ ʵʬʬʝʢʪʠʚʥʦ ʘʢʪʠʚʠʨʫʝʪʩʷ 

ʘʨʠʣʦʢʩʠʜʦʤ ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʘʢʪʠʚʥʦʡ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩ ʛʝʢʩʝʥʦʤ-1 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩ ʨʘʩʪʫʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʴʶ 

[LZrCH2CH(Bu)Pol]+[MeAl iBu2(OAr)]-. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʛʝʢʩʝʥʘ-1 ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʮʠʨʢʦʥʦʮʝʥʦʚʦʡ ʠʦʥʥʦʡ ʧʘʨʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ rac-Et(2-

MeInd)2Zr(ʅ)CH2CH(Bu)Pol ʠ MeAliBu(OAr), ʚʳʜʝʣʝʥʠʝ ʠʟʦʙʫʪʝʥʘ. ɼʦʙʘʚʣʝʥʠʝ 

ʵʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ ʚ ʘʤʧʫʣʳ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ rac-Et(2-
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MeInd)2ZrMe2/(2,6-tBu2PhO-)Al iBu2 ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʩʠʛʥʘʣʦʚ ʤʦʥʦʤʝʨʦʚ ʚ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʩʪʝʥʢʘʭ ʘʤʧʫʣ 

ʢʨʫʧʠʥʦʢ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ rac-Et(2-

MeInd)2ZrMe2/ Al iBu2(OAr) ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʧʨʠʩʫʪʩʪʚʠʠ ʦʣʝʬʠʥʘ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ:  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ˉ ʛʦʩ. 

ʈʝʛʠʩʪʨʘʮʠʠ 124013000722-8. 
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ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʀɽ ʈɸʉʏɽʊʓ ʄɸɻʅʀʊʅʓʍ ʉɺʆʁʉʊɺ 

ʂʆʄʇʃɽʂʉʆɺ ʊʀʆʎʀɸʅɸʊɸ ɼʀʉʇʈʆɿʀʗ ʉ 2,2ǋ- ɹʀʇʀʈʀɼʀʅʆʄ ʀ 

1,10-ʌɽʅɸʅʊʈʆʃʀʅʆʄ 
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ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʛʥʠʪʦʚ (SMM). ʅʘʩʪʨʦʡʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ Ln3+ ʚ ʤʦʥʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʛʘʥʜʦʚ - ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ SMM. 

ʈʘʥʝʝ [1] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʷʪʴ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʠʩʧʨʦʟʠʷ: Dy(NCS)3Ŀ6(H2O) (1), [Dy(NCS)3(H2O)-(bpy)2]Ŀ0.5(bpy)ĿH2O (2), 

[Dy(NCS)3(H2O)(phen)2]ĿphenĿ0.5H2O (3), [Hbpy][Dy(NCS)4(bpy)2]ĿH2O (4) ʠ 

[Hphen][Dy(NCS)4(phen)2] (5). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ 

SMM-ʩʚʦʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʫʪʠ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ab initio ʨʘʩʯʝʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

ORCA 6.0.1 [2, 3]. ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ; ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʫʪʦʯʥʷʣʠ ʚ ʨʘʤʢʘʭ DFT, 

ʛʝʦʤʝʪʨʠʷ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ ʙʳʣʘ ʟʘʤʦʨʦʞʝʥʘ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩ 

ʬʫʥʢʮʠʦʥʘʣʦʤ BP86 ʠ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ SARC2-DKH-QZVP ʜʣʷ Dy ʠ def2-

TZVP ʜʣʷ C, N, S, H. ɼʣʷ ʫʩʢʦʨʝʥʠʷ DFT ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʣʠʞʝʥʠʝ RI-

JK ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʙʘʟʠʩʦʤ SARC/J. ʈʘʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʥ-ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʚʳʧʦʣʥʷʣʩʷ ʚ CASSCF ʚ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʙʘʟʠʩʥʳʭ ʥʘʙʦʨʘʭ. ʇʨʠʙʣʠʞʝʥʠʝ RIJCOSX ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʙʘʟʠʩʦʤ AUTOAUX ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ CASSCF ʨʘʩʯʝʪʦʚ. 

ʈʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ ʫʯʠʪʳʚʘʣʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɼʫʛʣʘʩʘ-ʂʨʦʣʣʘ-ʍʝʩʩʘ 

(DKH). ʅʘʯʘʣʴʥʳʝ ʦʨʙʠʪʘʣʠ ʜʣʷ CASSCF ʚʟʷʪʳ ʠʟ ʨʘʩʯʝʪʦʚ ʍʘʨʪʨʠ-ʌʦʢʘ ʩ 

ʦʪʢʨʳʪʦʡ ʦʙʦʣʦʯʢʦʡ. ʈʘʩʯʝʪ CASSCF ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ CAS(9,7); ʙʳʣ ʨʘʩʩʯʠʪʘʥ 21 ʩʝʢʩʪʝʪ, 224 ʢʚʘʨʪʝʪʘ ʠ 490 ʜʫʙʣʝʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʙʘʨʴʝʨʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ SINGLE_ANISO. ʉʪʘʪʠʯʝʩʢʘʷ ʤʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 2-300 ʂ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 5000 ʕ.  

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʢʨʘʤʝʨʩʦʚʳʭ ʜʫʙʣʝʪʦʚ 

(KD), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʩʦʩʪʘʚ ʵʬʬʝʢʪʠʚʥʦʛʦ g-ʪʝʥʟʦʨʘ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʢʘʞʜʦʛʦ KD ʥʘ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʝʢʮʠʝʡ ʧʦʣʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʦʩʴ ʢʚʘʥʪʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʛʥʠʪʦʚ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
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ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʠʞʝʥʠʷ ʫʣʫʯʰʝʥʥʳʭ SMM-ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʆʅʍ ʈɸʅ (ʪʝʤʘ 1021071612866-5-1.4.7). 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʎʂʇ ʌʄʀ ʀʆʅʍ ʈɸʅ. 
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ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʫʥʛʠʮʠʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʛʠʛʠʝʥʠʯʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʨʝʜʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ, ʬʝʨʨʠʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʠʪʠʪʘʥʘʪʘ ʢʘʣʠʷ ʥʘ ʬʫʥʛʠʮʠʜʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʧʦʣʠʪʠʪʘʥʘʪʘ ʢʘʣʠʷ (ʇʊʂ) ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ 

ʨʘʩʧʣʘʚʘ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠʜʘ ʠ ʥʠʪʨʘʪʘ ʢʘʣʠʷ ʩ ʜʠʦʢʩʠʜʦʤ ʪʠʪʘʥʘ, ʘ ʬʝʨʨʠʪʳ 

ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʦʩʘʞʜʝʥʠʷ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ. ʂʦʤʧʦʟʠʮʠʠ ʬʦʨʤʦʚʘʣʠ ʚ ʩʤʝʩʠʪʝʣʝ ʪʠʧʘ 

Brabender ʚ ʦʙʣʘʩʪʠ ʧʣʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ, ʠʟʛʦʪʘʚʣʠʚʘʷ ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘʧʦʣʥʠʪʝʣʷ ʦʪ 0,5 ʜʦ 30 ʤʘʩ. %. ʉʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ 10 Ñ 0,5 ʥʤ, ʩʢʣʦʥʥʳ ʢ ʘʛʨʝʛʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʘʛʣʦʤʝʨʘʪʦʚ ʥʝ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦʙʘʚʢʠ. ʈʌɸ ʚʳʷʚʠʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʘʟʳ 

ʰʧʠʥʝʣʠ NiFe2O4 (ʢʫʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ, a = 8,338 ¡) ʠ ʩʤʝʩʠ ʦʢʩʠʜʦʚ Fe3O4/Fe2O3, 

ʘ ʫʰʠʨʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʥʦʨʘʟʤʝʨ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʌʫʥʛʠʮʠʜʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʧʦ ɻʆʉʊ 9.049-91. ʀʩʧʳʪʘʥʠʷ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʧʣʝʩʝʥʠ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦʢʘʟʘʥ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʣʠʧʨʦʧʠʣʝʥïʇʊʂ: ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʘ ʦʩʪʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʡ ʦʪ ʤʠʮʝʣʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʪʨʦʣʴʥʘʷ 

ʧʣʝʥʢʘ ʙʝʟ ʜʦʙʘʚʢʠ ʙʳʣʘ ʩʠʣʴʥʦ ʧʦʨʘʞʝʥʘ ʛʨʠʙʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʦʙʘʚʦʢ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʬʫʥʛʠʮʠʜʥʦʩʪʴʶ. 
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ɼʞʘʙʠʝʚʘ ɿ.ʄ., ʀʣʴʷʱʝʥʢʦ ɺ.ʖ., ɼʞʘʙʠʝʚ ʊ.ʉ.  
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ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ,  
@ dzhabiev@icp.ac.ru  

      

 ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʥʳʭ 

ʵʥʝʨʛʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʣʦʙʘʣʴʥʦʤʫ 

ʧʦʪʝʧʣʝʥʠʶ ʚʩʝʡ ʧʣʘʥʝʪʳ. ʇʦʵʪʦʤʫ, ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ (ʉʕ). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʉʕ ʚ ʭʠʤʠʯʝʩʢʫʶ (ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʬʦʪʦʩʠʥʪʝʟ) ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʧʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ  ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ CO2 ʜʦ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (CO, HCOOH, CH3OH, CH4 ʠ ʜʨ.), ʪʦ ʝʩʪʴ  ʙʦʣʝʝ 

ʙʣʠʟʢʦʤʫ ʢ ʨʘʩʪʠʪʝʣʴʥʦʤʫ ʬʦʪʦʩʠʥʪʝʟʫ ʧʨʦʮʝʩʩʫ.  ɸʢʪʠʚʘʮʠʷ ʉʆ2 ʷʚʣʷ-ʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ  ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʭʠʤʠʠ, ʪ.ʢ. ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʩʪʘʙʠʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ.. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʢʦʥʚʝʨʩʠʷ CO2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʉʕ, ʪ.ʝ. ʀʌʉ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʫʪʠʣʠʟʘʮʠʠ CO2. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 ʚ CO ʠ CH4 ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ Cu 

ʠ  MgO ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ SiC/ZnO. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ     ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʩʭʝʤʝ,  

ʠʤʝʶʱʘʷ ʢʦʥʪʘʢʪ ʜʚʫʭ ʇʇ Cu/SiC/ZnO  (1) ʠ ʩʥʘʙʞʝʥʥʘʷ ʤʝʜʥʳʤ 

ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʤ,. ʇʨʠ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʉʆ2 ʚʦʜʦʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (1) ʦʙʨʘʟʫʶʪʩʷ 8 ʤʢʤʦʣʴ ʛ-1   CO ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ CH4. ʂʘʪʘʣʠʟʘʪʦʨ Cu-MgO/SiC/ZnO (2)    ʧʦʢʘʟʘʣ  ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ ʉʅ4  5.2 ʤʢʤʦʣʴ ʛ-1 ʧʨʠ MgO = 1 %, ʘ ʟʘʪʝʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

MgO ʜʦ 2 ʠ  ʙʦʣʝʝ % ʚʳʭʦʜ ʉʅ4  ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 0.5 ʤʢʤʦʣʴĀ ʛ-1
.    
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ʉʭʝʤʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʉʆ2 , ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʩʦʢʘʪʘʣʠʟʘʪʦʨʦʚ MgO ʠ Cu ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʉʅ4. ɼʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʩʥʘʯʘʣʘ ʭʝʤʦʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʩʣʦʡ MgO ʥʘ  ʢʨʠʩʪʘʣʣʘʭ 

SiC. ʍʝʤʦʩʦʨʙʠʨʫʝʤʘʷ ʤʦʣʝʢʫʣʘ ʉʆ2 ʩʪʘʥʦʚʠʪʩʷ ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʠ ʝʸ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ ʣʠʥʝʡʥʦʡ ʤʦʣʝʢʫʣʳ ʉʆ2 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ ʧʨʠʩʫʪʩʪʚʠʝ MgO ʚ ʚʠʜʝ 

ʘʤʦʨʬʥʳʭ ʩʣʦʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ 

ʩʦʜʝʨʞʘʥʠʠ MgO 1 % ʦʙʨʘʟʫʝʪʩʷ ʪʦʥʢʠʡ ʩʣʦʡ MgO ʠ ʯʘʩʪʠʮʳ Cu ʣʝʛʢʦ 

ʜʦʩʪʫʧʥʳ ʨʝʘʛʝʥʪʘʤ, ʪʘʢʠʤ, ʢʘʢ ʅ2ʆ ʠʣʠ ʧʨʦʪʦʥʳ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ɸ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ MgO 3 % ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ ʪʦʣʩʪʳʡ ʩʣʦʡ MgO, ʢʦʪʦʨʳʡ ʧʦʢʨʳʚʘʝʪ 

ʯʘʩʪʠʮʳ Cu, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ   ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ  ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʙʩʫʞʜʝʥ 

ʤʝʭʘʥʠʟʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʉʆ2 ʜʦ ʉʆ ʚ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤ ʧʨʦʱʝʩʩʝ: H2O + CO2  

Ÿ  CO + H2O2        ʠ  ʜʦ ʉʅ4 ʚ ʚʦʩʴʤʠʵʣʝʢʪʨʦʥʥʦʤ ʧʨʦʮʝʩʩʝ 2 H2O + CO2  Ÿ  Cʅ4 

+ 2O2. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

90 

ʂɺɸʅʊʆɺʆʍʀʄʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʂʆɺɸʃɽʅʊʅʓʍ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ ʀ ʀʍ ʈʆʃʀ ɺ ʄɽʍɸʅʀɿʄɽ 

ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ɻʀɼʈʀʈʆɺɸʅʀʗ ʅʆʈɹʆʈʅɸɼʀɽʅɸ 

 

ɻʦʤʦʥʶʢ ɺ.ɸ. @, ʐʘʤʩʠʝʚ ʈ.ʉ. 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
@ agvlesh@yandex.ru  

 

ʅʦʨʙʦʨʥʘʜʠʝʥ (ʅɹɼ), ʥʦʨʙʦʨʥʝʥ (ʅɹɽ) ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ï ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʧʦʣʫʧʨʦʜʫʢʪʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʦʨʙʦʨʥʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʤʦʣʝʢʫʣʝ ʅɹɼ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʣʥʦʛʦ (ʩʝʣʝʢʪʠʚʥʦʛʦ) 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʅɹɼ ʜʦ ʅɹɽ ʥʘ ʛʝʪʝʨʦʛʝʥʥʳʭ Pd-ʢʘʪʘʣʠʟʘʪʦʨʘʭ.  

ʉʦʝʜʠʥʝʥʠʷ ʩ ʥʦʨʙʦʨʥʝʥʦʚʳʤ ʢʘʨʢʘʩʦʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʝʪʘʣʣʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʅɹɼ ʠ ʅɹɽ ʥʘ Ni ʠ Pt ʧʦʚʝʨʭʥʦʩʪʷʭ [2, 3] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʪʘʣʣʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʝʡ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʤʦʣʝʢʫʣ ʅɹɼ ʠ ʅɹɽ. ʇʨʠ ʵʢʟʦ-ʘʜʩʦʨʙʮʠʠ ʤʝʪʠʣʝʥʦʚʘʷ 

ʛʨʫʧʧʘ ʠ ʤʝʪʘʣʣ ʥʘʭʦʜʷʪʩʷ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʧʣʦʩʢʦʩʪʠ C1C2C3C4, ʘ ʚ ʩʣʫʯʘʝ 

ʵʥʜʦ-ʘʜʩʦʨʙʮʠʠ ʤʝʪʠʣʝʥʦʚʘʷ ʛʨʫʧʧʘ ʠ ʤʝʪʘʣʣ ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ 

ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ (ʈʠʩ. 1).  

 

 
ʈʠʩ. 1. ʕʥʜʦ- (ʩʣʝʚʘ) ʠ ʵʢʟʦ- (ʩʧʨʘʚʘ) ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʳ ʅɹɼ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ [4] ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ DFT ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ PBE. ʈʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ ʫʯʠʪʳʚʘʣʠʩʴ ʚ 

ʨʘʤʢʘʭ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ SBK. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʵʢʟʦ-ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ 

ʅɹɼ ʠ ʅɹɽ ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʩ ʘʪʦʤʘʤʠ Pd. ɸʥʘʣʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ʛʨʘʥʷʭ Pd(111) ʠ Pd(100) ʨʘʩʩʪʦʷʥʠʝ H Pd ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 
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ʨʷʜʫ: ʅɹɼ Ÿ ʅɹɽ Ÿ ʥʦʨʙʦʨʥʘʥ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ HPd ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʅɹɼ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʅɹɼ ʠ ʅɹɽ ʥʘ ʘʪʦʤʳ Pd. ʕʥʝʨʛʠʶ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚ 4.8-6.4 ʠ 6.8-7.5 ʢʢʘʣ/ʤʦʣʴ ʜʣʷ ʤʦʣʝʢʫʣ ʅɹɼ ʠ ʅɹɽ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʣʥʦʚʳʭ 

ʬʫʥʢʮʠʡ ʚ ʨʘʤʢʘʭ QTAIM. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ɔ-ʘʛʦʩʪʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʘ H ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʅɹɽ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ Pd.  

 

[1] ɿʘʤʘʣʶʪʠʥ ɺ.ɺ., ʂʘʮʤʘʥ ɽ.ɸ., ɼʘʥʶʰʝʚʩʢʠʡ ɺ.ʗ., ʌʣʠʜ ɺ.ʈ., 

ʇʦʜʦʣʴʩʢʠʡ ɺ.ɺ., ʈʷʙʦʚ ɸ.ɺ., 2021, ʂʦʦʨʜ. ʍʠʤ. 47. ˉ10. 628-34. 

[2] Bauer U., Fromm L., WeiÇ C. et al, 2019, J. Phys. Chem. 123. 7654  

[3] Bauer U., Mohr S., Dºpper T. et al., 2017, Chem. Eur. J. 23. 1613  

[4] Shamsiev R.S, 2023, J. Mol. Modeling. 29. 11. Art. 342.  
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TiZrNbTaMoBX ʇʈʀ ɺʆʉʇʃɸʄɽʅɽʅʀʀ ʉʄɽʉʀ ʄɽʊɸʃʃʆɺ ʉ 

ɹʆʈʆʄ 

 

ʈʦʛʘʯʝʚ ʉ.ɸ., ɺʘʜʯʝʥʢʦ ʉ.ɻ., ʈʦʛʘʯʝʚ ɸ.ʉ.  

ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʠʤ. ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ ʈɸʅ. 

@ rogachevsa@ism.ac.ru 

 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʷʚʣʝʥʠʠ ʚʣʠʷʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʩʤʝʩʠ ʤʝʪʘʣʣʦʚ Ti+Zr+Ta+Nb+Mo 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʤʝʭʘʥʠʟʤ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʬʘʟʥʦʛʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʙʦʨʠʜʘ. ɺ ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ 

ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ ʤʝʪʘʣʣʦʚ Ti+Zr+Ta+Nb+Mo, ʠʭ 

ʩʧʣʘʚʘ ʠ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ ʩ ʙʦʨʦʤ (ʈʠʩ 1).  

 
ʈʠʩʫʥʦʢ 1 ʊʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʝʡ. * - 5 ʤʠʥʫʪ ʚ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʝʣʴʥʠʮʝ, ** - 10 ʤʠʥʫʪ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ, *** - ʩʤʝʩʴ ʤʝʪʘʣʣʦʚ 

ʘʢʪʠʚʠʨʦʚʘʣʘʩʴ 10 ʤʠʥʫʪ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʩʷ ʙʦʨ ʠ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʦʣʞʘʣʘʩʴ ʝʱʝ 5 ʤʠʥʫʪ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ςπᴈ. 
ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʧʣʘʚ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʘʨʴʠʨʦʚʘʣʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʧʣʘʥʝʪʘʨʥʳʭ ʤʝʣʴʥʠʮ, ʤʘʪʝʨʠʘʣ ʙʘʨʘʙʘʥʦʚ ʠ ʤʝʣʶʱʠʭ ʰʘʨʦʚ  
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ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʙʳʯʥʳʭ ʩʤʝʩʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʩʤʝʩʠʪʝʣʝ ʪʠʧʘ 

çʊʫʨʙʫʣʘè ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Mo-B (ʦʢʦʣʦ 1000 ÁC), ʥʦ ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʠʛʘʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1800 ÁC.  ʅʘʠʙʦʣʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ (ʦʢʦʣʦ 1300 ÁC) ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʦʛʨʝʚ ʜʦ 3000 ÁC ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʩʤʝʩʝʡ Ti+2B ʠ Zr+2B. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʩ 

ʙʦʨʦʤ Ti+Zr+Ta+Nb+Mo+9B ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1250 ÁC. 

ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ɺʕʄʆ) ʚ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʝʣʴʥʠʮʝ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʥʘ 150 ï 450 ʛʨʘʜʫʩʦʚ. ɼʚʫʭʩʪʘʜʠʡʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʝʩʝʡ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʧʣʘʚʘ TiZrTaNbMo, ʘ ʟʘʪʝʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ɺʕʄʆ ʧʨʠʚʦʜʠʣʘ 

ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʜʦ 800 ÁC. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʩʤʝʩʠ 

Ti+Zr+Ta+Nb+Mo ʩ ʙʦʨʦʤ ʧʦʢʘʟʘʣ ʥʘʙʦʨ ʙʦʨʠʜʦʚ ʢʘʞʜʦʛʦ ʠʟ ʤʝʪʘʣʣʦʚ. ɺ ʪʦʡ ʞʝ 

ʩʠʩʪʝʤʝ, ʧʨʦʰʝʜʰʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ, 

ʦʩʥʦʚʥʘʷ ʬʘʟʘ ʩʦʜʝʨʞʠʪ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʤʝʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ Ta ʩ ʙʦʨʦʤ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ 

25-13-00040. 
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ʇʆʃʋʏɽʅʀɽ ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ɸʂʊʀɺʀʈʆɺɸʅʅʆɻʆ 

ʋɻʃɽʈʆɼɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʈɹʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ ʇʆ 

ʆʊʅʆʐɽʅʀʖ ʂ ʎʀʇʈʆʌʃʆʂʉɸʎʀʅʋ 

 

ɹʫʨʢʦʚʘ ʕ.ʅ.1,2,@, ɻʘʣʴʮʦʚ-ʎʠʝʥʮʠʘʣʘ ʄ.ʉ.1,2,ɼʟʝʨʘʥʦʚ ɸ.ɸ.1,3, ɼʫʜʦʣʘʜʦʚ ɸ.ʆ.2, 

ɺʣʘʩʢʠʥ ʄ.ʉ.2, ɼʞʘʨʜʠʤʘʣʠʝʚʘ ɻ.ʀ.1,3 

1ʄʦʩʢʦʚʩʢʠʡ ɸʚʠʘʮʠʦʥʥʳʡ ʀʥʩʪʠʪʫʪ (ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʄɸʀ 
2ʆʙʲʝʜʠʥʝʥʥʳʡ ʀʥʩʪʠʪʫʪ ɺʳʩʦʢʠʭ ʊʝʤʧʝʨʘʪʫʨ ʈɸʅ, ʆʀɺʊ ʈɸʅ 

3ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 
@ ellinaburkova04@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʦʩʦʙʝʥʥʦ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʤʘʩʩʦʚʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ COVID-

19. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʚʦʜʦʦʯʠʩʪʢʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ (ɸʋ) ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ) ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʘʢ 

ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʳʭ 

ʨʝʩʫʨʩʦʚ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʩʷ ʧʠʨʦʣʠʟ ʤʝʪʘʥʘ (ʯʠʩʪʦʪʘ 

99,99%) ʚ ʢʦʨʫʥʜʦʚʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 ÁC, ʧʨʦʜʫʢʪʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʣʘʩʴ ʧʠʨʦʣʠʪʠʯʝʩʢʘʷ ʩʘʞʘ (ʇʉ). ɺʪʦʨʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʣʩʷ ʚ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ ʩʘʞʠ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠ 1000 ÁC ʚ ʪʝʯʝʥʠʝ 3 ʯ. 

ʀʪʦʛʦʚʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʣʝʨʦʜ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ ɹʕʊ 375,6 ʤĮ/ʛ. ʉ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʦʨʙʮʠʠ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ɸʋ 

ʤʘʛʥʝʪʠʪʦʤ in situ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ ʤʘʛʥʠʪʥʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʄɸʇʋ) ʠʤʝʣ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 186,9 ʤĮ/ʛ (ɹʕʊ). 

ʉʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ɸʋ ʦʙʲʷʩʥʷʝʪʩʷ 

ʯʘʩʪʠʯʥʳʤ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʯʘʩʪʠ ʧʦʨ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe O , ʧʨʠ ʵʪʦʤ ʦʙʲʸʤ 

ʤʠʢʨʦʧʦʨ (ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʫʨʘʚʥʝʥʠʶ ɼʫʙʠʥʠʥʘïʈʘʜʫʰʢʝʚʠʯʘ) ʩʦʢʨʘʪʠʣʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ð ʩ 0,304 ʩʤį/ʛ ʜʦ 0,288 ʩʤį/ʛ. 

ʀʟʫʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʫ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ (pH 5, 7, 9) ʠ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʙʠʦʪʠʢʘ 3,125-

mailto:ellinaburkova04@mail.com


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

95 

200 ʤʛ/ʣ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʃʝʥʛʤʶʨʘ, ʌʨʝʡʥʜʣʠʭʘ ʠ ɼʫʙʠʥʠʥʘ-ʈʘʜʫʰʢʝʚʠʯʘ. ʆʙʘ 

ʩʦʨʙʝʥʪʘ ʣʫʯʰʝ ʦʧʠʩʘʣʠʩʴ ʤʦʜʝʣʴʶ ʌʨʝʡʥʜʣʠʭʘ (RĮ > 0,94), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʦʚ ʠ ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʫʶ ʘʜʩʦʨʙʮʠʶ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʤʝʥʷʝʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ 

ʫʩʣʦʚʠʷ, ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ. ɽʩʣʠ ʜʣʷ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ɸʋ ʤʘʢʩʠʤʫʤ ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ (ʦʢʦʣʦ 140 ʤʛ/ʛ) 

ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ (pH 7), ʪʦ ʜʣʷ ʢʦʤʧʦʟʠʪʘ ʄɸʇʋ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘʷ ʦʯʠʩʪʢʘ (ʸʤʢʦʩʪʴ ~101 ʤʛ/ʛ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ pH 5. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ 075-00270-26-00) ʠ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ 124013000757-0. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆʍʀʄʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ 

ʂɸʈɹʆʂʉʀʇʈʆʀɿɺʆɼʅʓʍ 4-ʉʊʀʈʀʃ-[2,2']-ɹʀʇʀʈʀɼʀʅɸ 

ʇʝʪʠʥ ɸ.ɺ.1,2@, ʃʠ ɺ.ʄ.1, ɹʫʜʳʢʘ ʄ.ʌ.1, ɻʘʚʨʠʰʦʚʘ ʊ.ʅ.1 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
@  pvo73a@gmail.com  

 

ʋʚʝʣʠʯʝʥʠʝ ˊ-ʩʠʩʪʝʤʳ ʚ ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʭ ʙʠʧʠʨʠʜʠʥʘ ʧʦʟʚʦʣʷʝʪ 

ʩʤʝʩʪʠʪʴ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʙʣʘʛʦʜʘʨʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʦʢʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʠ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 4-[(E)-2-(4'-ʤʝʪʠʣ-[2,2']-ʙʠʧʠʨʠʜʠʥʠʣ-4-ʠʣ)-ʚʠʥʠʣ]-

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (1) [1] ʠ ʝʝ ʦʢʪʠʣʦʚʳʡ ʵʬʠʨ (2) ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʠʥʪʝʥʩʠʚʥʳʤʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤʠ ʧʦʣʦʩʘʤʠ 

ʧʦʛʣʦʱʝʥʠʷ (ɼɺʇʇ) ʚ ʦʙʣʘʩʪʠ 230 ï 350 ʥʤ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 319 ʥʤ ʜʣʷ ʢʠʩʣʦʪʳ 

1 ʠ 320 ʥʤ ʜʣʷ ʵʬʠʨʘ 2. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ 330 ï 470 

ʥʤ ʩ ʤʘʢʩʠʤʫʤʦʤ 380 ʥʤ ʜʣʷ ʢʠʩʣʦʪʳ 1 ʠ 367 ʥʤ ʜʣʷ ʵʬʠʨʘ 2, ʩʪʦʢʩʦʚ ʩʜʚʠʛ 

ʩʦʩʪʘʚʣʷʝʪ 5030 ʩʤ-1 ʜʣʷ 1 ʠ 4470 ʩʤ-1 ʜʣʷ 2. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ űfl 

= 0.013 ʜʣʷ 1 ʠ 0.064 ʜʣʷ 2. 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʚ ʦʙʣʘʩʪʠ ɼɺʇʇ ʩʦʝʜʠʥʝʥʠʡ 1-2 ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʪʨʘʥʩ-ʮʠʩ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ (ʩʭʝʤʘ 1): ʫʤʝʥʴʰʝʥʠʝ ɼɺʇʇ ʠ 

ʩʠʥʭʨʦʥʥʳʡ ʨʦʩʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʩ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʡ p-ʩʠʩʪʝʤʦʡ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʙʠʧʠʨʠʜʠʥʘ 2 ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʗʄʈ 1H ʠ ʗʄʈ 13ʉ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʬʦʪʦʧʨʦʜʫʢʪʦʚ (ʩʭʝʤʘ 1).  
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ʉʭʝʤʘ 1. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʠ  

 

ʇʦ ʜʘʥʥʳʤ ʗʄʈ1ʅ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 3 ʠ 4 

ʩʦʩʪʘʚʣʷʝʪ 60 ʠ 40%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ 124013000686-3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ. 

 

[1] Gavrishova, T.N., Petin, A.V., Shastin, A.V., Budyka M.F., 2026, Russ J Gen 

Chem. 96. 1-6 
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ʇʆʃʋʏɽʅʀɽ ʋɻʃɽʈʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʇʈʀ 

ʂɸʊɸʃʀʊʀʏɽʉʂʆʄ ʈɸɿʃʆɾɽʅʀʀ ʇʆʇʋʊʅʆɻʆ ʅɽʌʊʗʅʆɻʆ ɻɸɿɸ 

ɻʘʣʴʮʦʚ-ʎʠʝʥʮʠʘʣʘ ʄ.ʉ.1,2,@, ɹʫʨʢʦʚʘ ʕ.ʅ.1,2, ɼʫʜʦʣʘʜʦʚ ɸ.ʆ.2, ɺʣʘʩʢʠʥ ʄ.ʉ.2, 

ɹʫʢʠʯʝʚ ʖ.ʉ.3, ʂʫʛʘʙʘʝʚʘ ɻ.ɼ.3, ɼʞʘʨʜʠʤʘʣʠʝʚʘ ɻ.ʀ.1,3 

1ʄʦʩʢʦʚʩʢʠʡ ɸʚʠʘʮʠʦʥʥʳʡ ʀʥʩʪʠʪʫʪ (ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʄɸʀ 
2ʆʙʲʝʜʠʥʝʥʥʳʡ ʀʥʩʪʠʪʫʪ ɺʳʩʦʢʠʭ ʊʝʤʧʝʨʘʪʫʨ ʈɸʅ, ʆʀɺʊ ʈɸʅ 

3ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 
@  matveygaltsov@gmail.com 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʩ ʧʦʥʠʞʝʥʥʳʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ CO  ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʤʝʪʘʥʘ (ʧʠʨʦʣʠʟ ʤʝʪʘʥʘ) [1], ʧʨʦʪʝʢʘʶʱʝʝ ʧʦ ʨʝʘʢʮʠʠ: CH  Ÿ CŹ + 2H ŷ 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʧʠʨʦʣʠʟʘ ʤʝʪʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ 

ʟʘʜʘʯʫ, ʧʦʩʢʦʣʴʢʫ ʝʸ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʜʦʨʦʜʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

[2,3]. 

ʇʠʨʦʣʠʟ ʤʝʪʘʥʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: 

ʪʝʨʤʠʯʝʩʢʠʤ, ʧʣʘʟʤʝʥʥʳʤ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ. ɼʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʪʨʝʙʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 1000 ÁC. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 1000 ÁC. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʠʨʦʣʠʟ ʤʝʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʦʧʫʪʥʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʚ N-ʜʦʧʠʨʦʚʘʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʝ (FeCo/N-

C), ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʤʫ ʩʧʦʩʦʙʫ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʪʚʝʨʜʦʬʘʟʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʦ ʬʨʦʥʪʘʣʴʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ 

ʪʝʨʤʦʣʠʟʦʤ [4].  

ʈʝʟʫʣʴʪʘʪʳ ʧʠʨʦʣʠʟʘ ʧʦʢʘʟʘʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ Fe/Co 

ʠ Fe/Ni ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʇʅɻ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ (ʨʠʩ.1ʘ) ʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʥʘʥʦʤʘʪʝʨʠʘʣʘ (ʨʠʩ.1ʙ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ Fe/Co ʠ Fe/Ni ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʥʘʥʦʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣ 14 ʠ 

13 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʛʣʝʨʦʜʥʳʡ ʥʘʥʦʤʘʪʝʨʠʘʣ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩʠʩʪʝʤ Fe/Co, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʪʝʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ. 

ʘ) ʙ) 
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ʈʠʩʫʥʦʢ 1 ï ʘ) ʆʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʧʨʦʙʝ ʧʦʩʣʝ ʧʠʨʦʣʠʟʘ 

ʇʅɻ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʩʪʝʤʳ Fe/ʉʦ (ʛʜʝ 5(6)ʊ -ʥʦʤʝʨ ʦʙʨʘʟʮʘ 

ʧʦʩʣʝ ʪʝʨʤʦʣʠʟʘ, 400(600)-ʪʝʤʧʝʨʘʪʫʨʘ, 5(10)-ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ); ʙ) ʉʕʄ-

ʠʟʦʙʨʘʞʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ 075-00270-26-00) ʠ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ 124013000757-0. 
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ʀʅʀʎʀʀʈʆɺɸʅʀʀ ʊɽʈʄʀʊʅʆʁ ʉʄɽʉʀ Al/CuO 

 

ʗʥʢʦʚʩʢʠʡ ɹ.ɼ.1, ɸʨʩʸʥʦʚ ʇ.ɸ.1, ɹʦʨʦʜʠʥʘ ʊ.ʀ.1, ɺʘʢʦʨʠʥʘ ɻ.ʉ.1,  

ɺʘʣʴʷʥʦ ɻ.ɽ.1, ɻʝʭʪ ʄ.ʕ.1,2, ɼʦʣʛʦʙʦʨʦʜʦʚ ɸ.ʖ.1 
1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ 
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ʊʝʨʤʠʪʥʘʷ ʩʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʵʥʝʨʛʦʝʤʢʠʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʊʝʨʤʠʪʥʫʶ ʩʤʝʩʴ ʧʦʣʫʯʘʶʪ ʧʨʠ ʩʤʝʰʝʥʠʠ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʘ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʢʩʠʜʘ, ʥʘʧʨʠʤʝʨ, ʦʢʩʠʜʘ ʤʝʜʠ. ɺ ʩʠʣʫ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʙʨʦʩʘ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʧʦ ʨʘʟʤʝʨʫ ʠ ʬʦʨʤʝ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʩʤʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʪʥʘʷ ʩʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʨʦʚʦʜʷʱʠʭ ʠ ʚʦʟʜʫʰʥʳʭ 

ʥʘʥʦ- ʠ ʤʠʢʨʦ-ʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʪʘʢʦʡ 

ʩʤʝʩʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʘʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʸʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʩʢʨʝ.  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʠʩʢʨʘ ï ʠʥʩʪʨʫʤʝʥʪ ʣʦʢʘʣʴʥʦʛʦ (ʦʪ 0,1 ʤʤ3) ʟʘʧʫʩʢʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʛʦʨʶʯʝʝ-ʦʢʠʩʣʠʪʝʣʴ. 

ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʠʩʢʨʫ ʣʝʛʢʦ ʩʠʥʭʨʦʥʠʟʦʚʘʪʴ (Ñ 1 ʤʢʩ) ʩ ʨʘʙʦʯʝʡ ʬʫʥʢʮʠʝʡ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʪʥʦʡ ʩʤʝʩʠ. 

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʩʢʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʣʦʞʝʥʠʝ 

ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʧʣʦʚʫʶ ʜʝʩʪʨʫʢʮʠʶ ʧʨʦʚʦʜʷʱʠʭ 

ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʘʣʶʤʠʥʠʷ, ʘ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʥʪʝʨʤʝʜʠʘʪʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ 

ʵʥʝʨʛʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʨʘʟʚʠʪʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʠʩʢʨʝ (ʤʦʱʥʦʩʪʴʶ Pʠ), ʜʝʩʪʨʫʢʮʠʝʡ 

ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʠʥʝʪʠʢʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʥʘʚʝʩʢʠ ʪʝʨʤʠʪʥʦʡ ʩʤʝʩʠ (~ 1 

ʛ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʪʦʨʮʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ (4,5 ʤʤ) ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʪʦʨʮʘʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ 

ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ. ʇʦʨʠʩʪʦʩʪʴ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣʘ 50-60%.  

ʀʤʧʫʣʴʩ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʩʥʦʚʘʥʠʶ å 0,3 ʤʢʩ 

ʬʦʨʤʠʨʦʚʘʣʠ ʧʨʠ ʨʘʟʨʷʜʝ ʟʘʨʷʞʝʥʥʦʡ ʝʤʢʦʩʪʠ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʝʟʠʩʪʠʚʥʫʶ ʠ 

ʠʥʜʫʢʪʠʚʥʫʶ ʮʝʧʠ, ʩ ʠʩʢʨʦʚʳʤ ʧʨʦʤʝʞʫʪʢʦʤ ~ 1 ʤʤ ʚ ʧʦʩʣʝʜʥʝʡ.  

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ  ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ 

ʵʥʝʨʛʠʷ, ʤʦʱʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʩʢʨʳ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʨʘʩʯʸʪʦʚ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Mathlab ʧʦʩʪʨʦʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʤʦʱʥʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʢʨʳ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
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ɻʠʜʨʦʢʩʠʣʘʤʠʥ ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚ ʭʦʜʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʠʢʨʦʙʥʦʡ ʘʟʦʪʬʠʢʩʘʮʠʠ: ʘʥʘʵʨʦʙʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ. ɻʠʜʨʦʢʩʠʣʘʤʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʳʨʴʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʬʘʨʤʘʮʝʚʪʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʷʚʣʷʝʪʩʷ ʤʫʪʘʛʝʥʥʳʤ, ʪʦʢʩʠʯʥʳʤ ʠ ʚʨʝʜʥʳʤ ʜʣʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚʝʱʝʩʪʚʦʤ, ʚʳʟʳʚʘʶʱʠʤ ʦʙʨʘʪʠʤʳʝ ʠ ʥʝʦʙʨʘʪʠʤʳʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ ʠ 

ʟʜʦʨʦʚʴʷ, ʨʘʟʨʘʙʦʪʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʪʦʯʝʢ (ʋʊ). ɹʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʋʊ ʧʦʟʚʦʣʷʶʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʧʦ 

ʫʩʠʣʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ [2]. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʩʝʥʩʦʨʦʚ ï 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ï ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɹʝʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʫʯʝʪʘ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣ ʩʝʥʩʦʨʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʢʣʶʯʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʪʦʯʝʢ ʧʨʠ ʜʝʪʝʢʮʠʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʟʦʥʜʘ, ʩʦʩʪʘʚ ʠ pH ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ). 

ɺʳʙʦʨ ʙʫʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ pH ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʎɺɸ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ -1 ɺ ʜʦ 1 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ 

(AgCl/Ag) ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 50 

ʤɺ/ʩ ʚ ʜʠʘʧʘʟʦʥʝ pH ʦʪ 0 ʜʦ 14. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʣʝʢʪʨʦʜʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʥʳʤʠ ʪʦʯʢʘʤʠ, 

ʥʘʠʙʦʣʴʰʠʡ ʦʪʢʣʠʢ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ ʮʠʪʨʘʪʥʦʤ ʙʫʬʝʨʝ (pH=5), ʧʨʠ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʨʫʛʠʭ ʙʫʬʝʨʦʚ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʜʝʩʦʨʙʮʠʠ ʋʊ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ pH > 5. ʉʰʠʚʢʘ ʩ BaCl  ʧʦʟʚʦʣʠʣʘ ʨʘʙʦʪʘʪʴ ʚ ʥʝʡʪʨʘʣʴʥʦʡ 
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ʦʙʣʘʩʪʠ (ʦʧʪʠʤʫʤ pH 5ï6), ʦʜʥʘʢʦ ʧʦʢʨʳʪʠʝ ʥʝʩʪʘʙʠʣʴʥʦ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʠ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ pH ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʬʠʦʥ: 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʜʦʩʪʠʛʘʣʩʷ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ, ʥʦ ʋʊ ʜʝʩʦʨʙʠʨʦʚʘʣʠʩʴ; 

ʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ (pH 10) ʠʩʢʣʶʯʠʣʠ ʠʟ-ʟʘ ʨʠʩʢʘ ʦʩʘʞʜʝʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʚ 

ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ 

ʙʦʨʘʪʥʳʡ ʙʫʬʝʨ ʩ pH=9, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʘʞʜʝʥʠʷ. ɺ ʠʪʦʛʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʙʦʪ ʚʳʙʨʘʥ ʙʦʨʘʪʥʳʡ ʙʫʬʝʨ (pH 9), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʦʩʘʞʜʝʥʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʊʘʢʞʝ ʧʦʜʦʙʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʋʊ ʥʘ 

ʵʣʝʢʪʨʦʜʝ: ʥʘʠʙʦʣʴʰʠʡ ʦʪʢʣʠʢ ʜʦʩʪʠʛʘʣʩʷ ʧʨʠ 0,04%, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʚʝʪ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʩʳʱʝʥʠʝʤ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʜʘ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ 

ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ FEWG-2024-

0003.  

 

[1] Mohammadzadeh Jahani P., 2022, Applied Sciences. 12. 15. 7485. 

[2] Mazurk·w J.M., 2021, Sensors. MDPI. 21.  23. 7928. 
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ɻʀɼʈʀʈʆɺɸʅʀɽ ʄʆʅʆʆʂʉʀɼɸ ʋɻʃɽʈʆɼɸ ʅɸ ʉɺʉ-

ʂɸʊɸʃʀɿɸʊʆʈɽ ʉʆʉʊɸɺɸ Fe-Ni-Co-Mn 

 

ʆʪʥʝʣʴʯʝʥʢʦ ɺ.ɺ.1,2,@, ʂʥʝʨʝʣʴʤʘʥ ɽ.ʀ.1, ʅʠʢʠʪʠʥ ɸ.ɺ.1, ʌʦʢʠʥ ʀ.ɻ.1, ʉʝʜʦʚ 

ʀ.ɺ.1, ʇʫʛʘʯʝʚʘ ɽ.ɺ.2, ɹʦʨʱ ɺ.ʅ.2 
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. 

ɸ.ɻ.ʄʝʨʞʘʥʦʚʘ ʈɸʅ 
@ otnelchenko@icp.ac.ru  

 

ʇʨʦʮʝʩʩ ʌʠʰʝʨʘïʊʨʦʧʰʘ (ʌʊ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ ʩʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʠʥʪʝʟ-ʛʘʟ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠʟ ʨʘʟʥʦʛʦ ʩʳʨʴʷ, ʚʢʣʶʯʘʷ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʙʠʦʛʘʟ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʯʠʩʪʳʝ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ ʠ ʥʝʬʪʝʭʠʤʠʠ.  

ʄʠʨʦʚʘʷ ʣʠʪʝʨʘʪʫʨʘ ʩʦʜʝʨʞʠʪ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ 

ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʤʠ ʨʘʥʝʝ ʙʳʣ ʩʦʟʜʘʥ ʥʦʚʳʡ ʪʠʧ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʉɺʉ-

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʢʘʢ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʙʘʣʴʪʦʚʳʭ ʠ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʵʪʦʛʦ ʪʠʧʘ ʫʞʝ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʉɺʉ-ʢʘʪʘʣʠʟʘʪʦʨ 

ʩʦʩʪʘʚʘ Fe-Ni-Co-Mn. ʇʦ ʩʫʪʠ, ʵʪʦ ʤʦʥʦʣʠʪʥʘʷ ʩʠʩʪʝʤʘ ʩ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ (ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʜʦ ʜʝʩʷʪʢʦʚ ʤĮ/ʛ), ʚʢʣʶʯʘʶʱʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʠʩʧʳʪʘʥ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʉʆ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200ï300 Áʉ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʌʊ, ʧʦʣʫʯʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʬʨʘʢʮʠʠ ʩʧʠʨʪʦʚ ʰʠʨʦʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʥʘʥʝʩʸʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʢʩʠʜʥʳʭ ʥʦʩʠʪʝʣʷʭ) ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʣʦʢʘʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʠ ʜʝʟʘʢʪʠʚʘʮʠʶ ʚ ʵʪʠʭ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪʝʤ 

ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʉʕʄ-EDS ʠ ʈʌɸ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʨʘʟʦʚʘʣʠʩʴ ʬʘʟʳ ʢʘʨʙʠʜʘ 

ʞʝʣʝʟʘ, ʘ ʟʘʫʛʣʝʨʦʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ɹʝʣʣʘ-

ɹʫʜʫʘʨʘ ʥʝ ʧʨʦʠʟʦʰʣʦ. 

[1] ɹʦʨʱ ɺ.ʅ., ɽʣʠʩʝʝʚ ʆ.ʃ., ɾʫʢ ʉ.ʗ. ʠ ʜʨ. ʅʦʚʳʡ ʢʣʘʩʩ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʉʆ ʠ ʅ2 ʥʘ ʦʩʥʦʚʝ 

ʉɺʉ-ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ // ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. 2020. ʊʦʤ 451. ˉ4. ʉ. 410ï

414. 
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ɺʃʀʗʅʀɽ ʆʇʊʀʄʀɿʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊɸɺɸ 

ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʆʂʉʀɼɸ LiFe5-5xTi 2xZn2xMnxO8 ʉʆ 

ʉʊʈʋʂʊʋʈʆʁ ʐʇʀʅɽʃʀ ʅɸ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʆʊʈʀʎɸʊɽʃʔʅʆɻʆ ʕʃɽʂʊʈʆɼɸ ʃʀɸ 

ʐʠʭʦʚʮʝʚʘ ɸ.ɺ.1@, ɽʚʱʠʢ ɽ.ʖ.1, ʂʦʣʤʘʢʦʚ ɺ.ɻ.1, ɿʘʙʦʣʦʪʥʳʡ ɸ.ɸ.2,  

ʊʝʨ-ʆʛʘʥʝʩʷʥ ʅ.ɺ.2, ʃʝʚʯʝʥʢʦ ɸ.ɺ.1 

 1 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʧʨ. ʘʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ, 1 
2 ʖʞʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 344090 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʧʨʦʩʧ. ʉʪʘʯʢʠ 194 

e-mail: @ annapesha@gmail.com     

  

ʉʦʚʨʝʤʝʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

(ʃʀɸ) ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʤʦʱʥʦʩʪʴʶ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ 

ʩʣʫʞʙʳ. ɻʨʘʬʠʪʦʚʳʝ ʘʥʦʜʳ ʦʛʨʘʥʠʯʝʥʳ ʧʦ ʸʤʢʦʩʪʠ (372 ʤɸĿʯ/ʛ) ʠ ʧʦʜʚʝʨʞʝʥʳ 

ʨʠʩʢʫ ʜʝʥʜʨʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʦʢʩʠʜʳ (ɺʕʆ) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʨʦʜʥʳʭ ʢʘʪʠʦʥʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ 

ʫʥʠʢʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʃʠʪʠʝʚʳʡ ʬʝʨʨʠʪ (LiFe O ) ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, ʭʦʨʦʰʝʡ ʫʜʝʣʴʥʦʡ ʸʤʢʦʩʪʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ [1]. ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ  ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʵʣʝʤʝʥʪʘʤʠ ʩ ʨʘʟʥʳʤ ʨʘʜʠʫʩʦʤ ʠ 

ʟʘʨʷʜʦʤ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ  

ʥʘ ʢʦʥʝʯʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʜʥʦʡ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʦʢʩʠʜʦʚ 

LiFe TiZn Mn O  ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʣʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʰʧʠʥʝʣʠ ʩʦʩʪʘʚʦʚ: 

LiFe O , LiFe , Ti , Zn , Mn , O , LiFe Ti , Zn , Mn , O , LiFe, Ti , Zn , Mn , O , 

LiFe Ti , Zn , Mn , O , LiFe , TiZnMn , O . ʅʘ ʠʭ ʦʩʥʦʚʝ ʠʟʛʦʪʦʚʣʝʥʳ ʵʣʝʢʪʨʦʜʳ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʧʦʣʫʵʣʝʤʝʥʪʘʭ ʪʠʧʘ çcoinè ʩ ʣʠʪʠʝʚʳʤ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʦʤ. 

ʄʝʪʦʜʘʤʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ-

ʨʘʟʨʷʜʘ ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʣʠʪʠʨʦʚʘʥʠʷ/ʜʝʣʠʪʠʨʦʚʘʥʠʷ, ʠʟʤʝʨʝʥʳ ʸʤʢʦʩʪʴ, 

ʢʫʣʦʥʦʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʩʦʩʪʘʚʘ ɺʕʆ 

ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʥʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʧʦʜʪʚʝʨʜʷʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʜʥʳʭ ʩʤʝʩʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃʀɸ. 

 

[1] Youzuo Hu, 2023, Mater. Sci. Eng.B. V. 297.P. 116792.  
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ 

ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ˉ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 124013000692-4, ʘ ʪʘʢʞʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʝʢʪ ˉ FENW-

2026-0027. 
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ɼʀʌʌʋɿʀʆʅʅʆ-ʂʆʅʊʈʆʃʀʈʋɽʄʓɽ ʈɽɸʂʎʀʀ ɺ ʉʌɽʈʀʏɽʉʂʆʁ 

ʇʆʃʆʉʊʀ: ʕʌʌɽʂʊʓ ɸʅʀɿʆʊʈʆʇʀʀ 

 

ɹʘʙʫʰʢʠʥ ɻ.ɸ.1,2,@, ʊʨʘʡʪʘʢ ʉ.ɼ.1 

1ʌʀʎ ʍʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ. ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ 

@ georgbabu2912@gmail.com  

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʨʝʘʢʮʠʷ-ʜʠʬʬʫʟʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ ʠ ʦʩʦʙʝʥʥʦ ʚ 

ʙʠʦʣʦʛʠʠ (ʥʘʧʨʠʤʝʨ, ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ), ʧʨʠʯʝʤ ʧʨʠ ʠʭ ʦʧʠʩʘʥʠʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʦʙʦʙʱʝʥʠʝ ʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʠ 

ɹʝʨʛʘ [1], ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ, ʯʪʦ ʙʨʦʫʥʦʚʩʢʘʷ ʜʠʬʬʫʟʠʷ ʤʘʣʳʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ, ʘ ʠʭ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʯʘʩʪʠʮʳ (ʥʘʧʨʠʤʝʨ, ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʣʢʘ-ʨʝʮʝʧʪʦʨʘ). 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʠʬʬʫʟʠʠ ʨʝʰʘʝʪʩʷ ʥʘʤʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʧʘʨʥʳʭ ʩʫʤʤʘʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ [2] ʧʫʪʝʤ ʩʚʝʜʝʥʠʷ ʢ ʨʘʟʨʝʰʘʶʱʝʡ 

ʙʝʩʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʨʝʜʫʢʮʠʠ. ɺ 

ʨʘʙʦʪʝ [3] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʨʝʜʫʢʮʠʠ ʜʘʝʪ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʩ ʣʶʙʦʡ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʠʟʚʝʩʪʥʳʤʠ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʝʥʘ ʪʘʢʞʝ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʪʫʰʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʘʢʪʠʚʥʦʤ ʪʫʰʠʪʝʣʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʮʝʥʪʨʝ ʩʬʝʨʠʯʝʩʢʦʡ 

ʧʦʣʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʧʦʧʨʘʚʢʫ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʐʪʝʨʥʘ-ɺʦʣʴʤʝʨʘ. 

 

[1] Berg H.C., 1993, Random Walks in Biology. 

[2] Traytak S.D., 1995, Chem. Phys., 192. 1-7. 

[3] Traytak S.D., Babushkin G. A., 2026, J. Chem. Phys. 164. 084109. 
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ʇʆʃʋʏɽʅʀɽ ʂɸʈɹʀɼɸ ʄʆʃʀɹɼɽʅɸ ʄɽʊʆɼʆʄ ʉɺʉ-

ʄɽʊɸʃʃʋʈɻʀʀ 

 

ʄʠʣʦʩʝʨʜʦʚʘ ʆ.ʄ., ʖʭʚʠʜ ɺ.ʀ., ʄʠʣʦʩʝʨʜʦʚ ʇ.ɸ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

mola@ism.ac.ru 

 

ʂʘʨʙʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʫʱʝʩʪʚʫʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʢʦʨʨʦʟʠʠ, ʚʳʩʦʢʦʡ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ 

ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʤʥʦʛʠʭ ʫʥʠʢʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʆʪʥʦʩʷʱʠʡʩʷ ʢ ʥʠʤ ʢʘʨʙʠʜ 

ʤʦʣʠʙʜʝʥʘ Mo2C ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ, ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ, ʧʨʝʚʦʩʭʦʜʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʩʜʝʣʘʣʠ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʜʦʙʘʚʢʠ ʜʣʷ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʫʧʨʦʯʥʷʶʱʠʝ ʘʛʝʥʪʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʘʢʮʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ Mo2C: 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ, ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ 

ʬʘʟʳ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ, ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʩʠʥʪʝʟ, 

ʩʠʥʪʝʟ ʤʝʪʦʜʦʤ ʨʘʩʪʚʦʨʦʚ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩ ʜʣʠʪʝʣʴʥʳʤ 

ʠʟʤʝʣʴʯʝʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ ʤʝʪʦʜʦʤ ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʠ ʠʟ ʧʦʨʦʰʢʦʚ MoO3, Al , 

Mg ʠ C. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʨʦʪʝʢʘʝʪ ʚ 

ʘʚʪʦʚʦʣʥʦʚʦʤ ʨʝʞʠʤʝ (ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ). 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ Mo2C ʤʝʪʦʜʦʤ ʉɺʉ-ʤʝʪʘʣʣʫʨʛʠʷ ʠʟ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ 

ʤʦʣʠʙʜʝʥʘ MoO3. 

ɹʳʣʘ ʚʳʙʨʘʥʘ ʙʘʟʦʚʘʷ ʩʤʝʩʴ MoO3+Al+Mg+ʉ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʨʝʘʢʮʠʠ 

MoO3+Al+Mg+CŸMo(ʉ)+Al2O3+MgO 

ɺ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (ʉ) ʦʪ 0 ʜʦ 7% (ʧʦ ʚʝʩʫ). 

ʉʦʦʪʥʦʰʝʥʠʝ Al ʠ Mg ʩʦʩʪʘʚʣʷʣʦ 60/40.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʤʝʩʷʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ 0, 3, 4, 5, 6 ʠ 7 % ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʤʝʩʠ ʛʦʨʷʪ ʚʦ ʚʟʨʳʚʦʧʦʜʦʙʥʦʤ ʨʝʞʠʤʝ, ʧʨʠʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ 

ʜʦʭʦʜʠʪ ʜʦ 6 ʄʇʘ. ʂʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʨʘʩʧʣʘʚ, ʢʦʪʦʨʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʩʣʦʷ: ʥʠʞʥʠʡ ï ʮʝʣʝʚʦʡ ʠʟ Mo-C, ʢʘʢ ʙʦʣʝʝ 

ʧʣʦʪʥʳʡ ʠ ʚʝʨʭʥʠʡ ï ʦʢʩʠʜʥʳʡ ʠʟ Al2O3ïMgO. 
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ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩ.1 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘʭ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʘ æʉ = 3%, 

ʚʤʝʩʪʝ ʩ ʮʝʣʝʚʦʡ ʬʘʟʦʡ Mo2C, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʤʦʣʠʙʜʝʥ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʫʛʣʝʨʦʜʘ ʜʣʷ ʧʦʣʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʠʙʜʝʥʘ ʚ 

ʬʦʨʤʝ ʢʘʨʙʠʜʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʝʨʦʜʘ ʜʦ 5%, ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʩʪʘʥʦʚʠʪʩʷ 

Mo2C. ɽʱʸ ʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʚʫʭʬʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ Mo2C ʠ MoC, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʷʚʥʳʡ ʠʟʙʳʪʦʢ ʫʛʣʝʨʦʜʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ MoO3, Al , Mg ʠ ʉ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ Mo2C ʠ ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ 

ʩʤʝʩʠ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʠʥʪʝʟʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʀʟʫʯʝʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʡ 

ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʤʦʣʠʙʜʝʥʘ 
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ɹʀʆʃʆɻʀʏɽʉʂʆɽ ʆʂʀʉʃɽʅʀɽ ʄɽʊɸʅɸ 

 

ɸʚʜʝʝʚʘ ʃ.ɺ.1@, ɻʦʣʦʚʘʥʦʚʘ ʉ.ɸ.1 

1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ 

@ TumanovaLV@yandex.ru 

 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʝʪʘʥʦʪʨʦʬʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʣʫʞʘʪ ʚʘʞʥʳʤ ʬʠʣʴʪʨʦʤ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʆʢʠʩʣʷʪʴ ʤʝʪʘʥ ʦʥʠ ʤʦʛʫʪ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʬʝʨʤʝʥʪʘ 

ʤʝʪʘʥʤʦʦʢʩʠʛʝʥʘʟʳ (ʄʄʆ). ʕʪʦʪ ʬʝʨʤʝʥʪ ʙʳʚʘʝʪ ʜʚʫʭ ʪʠʧʦʚ: ʨʘʩʪʚʦʨʠʤʳʡ 

(sMMO) ʠ ʤʝʤʙʨʘʥʦʩʚʷʟʘʥʥʳʡ (pMMO). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ pMMO ʠʟ 

Methylococcus capsulatus (ʰʪʘʤʤ ʄ). M. capsulatus (ʄ) ʚʳʨʘʱʠʚʘʣʠ ʥʘ 

ʬʝʨʤʝʥʪʝʨʝ ɸʥʢʫʤ 2ʄ ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 Áʉ. 

ʂʣʝʪʢʠ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ ʧʨʠ 6000 g. ʂʣʝʪʢʠ 

ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ ʥʘ ʜʝʟʠʥʪʝʛʨʘʪʦʨʝ ɼʂʄ-5 ʠ ʥʝʨʘʟʨʫʰʝʥʥʳʝ ʢʣʝʪʢʠ ʙʳʣʠ 

ʦʪʜʝʣʝʥʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʠ 15 ʤʠʥʫʪ ʧʨʠ 10000 g. ʄʝʤʙʨʘʥʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʚʦʡʥʳʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʬʨʘʢʮʠʠ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ 

ʧʨʠ 45000 g. ʄʝʤʙʨʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʭʨʘʥʠʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʊʘʢʞʝ ʚʳʜʝʣʝʥʘ 

ʨʄʄʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʨʛʝʥʪʘ ʜʦʜʝʮʠʣ-ɓ-D-ʤʘʣʴʪʦʟʠʜʘ. ʇʨʦʜʫʢʪʳ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʝ ʃʍʄ-8. 

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʄʄʆ ʚ ʩʦʩʪʘʚʝ ʤʝʤʙʨʘʥ ʦʢʠʩʣʷʝʪ ʤʝʪʘʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ 

NADH, ʠ ʜʫʨʦʭʠʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʦʩʦʙ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʤʝʤʙʨʘʥ M. capsulatus (ʄ) ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʄʄʆ. 

ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ 

ʬʝʨʤʝʥʪʝ ʨʄʄʆ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʜʴ ʠ ʞʝʣʝʟʦ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʘʢʪʠʚʥʦʩʪʴ ʨʄʄʆ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʄʄʆ ʠʤʝʝʪ ʨʘʟʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʪʷʞʝʣʳʤ ʤʝʪʘʣʣʘʤ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʄʄʆ ʠʟ M. capsulatus (ʄ). 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʪʝʤʘ FFSG-2024-0004). 
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ʆʂʀʉʃɽʅʀɽ ʄɽʊɸʅɸ ɺʆɼʆʈʆɼʅʆ-ɺʆɿɼʋʐʅʆʁ ʉʄɽʉʔʖ ɺ 

ʇʈʀʉʋʊʉʊɺʀʀ Au-COF 

 

ɻʦʣʦʚʘʥʦʚʘ ʉ.ɸ.1, ʑʫʨʠʢ ɽ.ɺ.1, ɸʚʜʝʝʚʘ ʃ.ɺ.1, ɹʘʣʫʜʘ ʖ.ʀ.1, ʊʨʦʰʠʥ ʇ.ɸ.1,2, 

ʐʝʩʪʘʢʦʚ ɸ.ʌ.1@ 

1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ 

2Zhengzhou Research Institute, Harbin Institute of Technology, Zhengzhou, China 

@ a.s@icp.ac.ru 

 

ʂʦʚʘʣʝʥʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (COF) - ʵʪʦ ʢʣʘʩʩ ʧʦʨʠʩʪʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʨʘʟʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʡ ʛʠʙʨʠʜʥʳʡ 

ʤʘʪʝʨʠʘʣ (Au-COF) ʠ ʧʨʦʚʝʨʝʥʘ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ. ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʪʘ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʝʡ ʪʨʠʭʠʥʦʠʣʘ 

(C6O6Ŀ8H2O) ʠ 1,2,4,5- ʪʝʪʨʘʘʤʠʥʦʙʝʥʟʦʣʘ ʪʝʪʨʘʛʠʜʨʦʭʣʦʨʠʜʘ 

(C6H4(NH2)4Ŀ4HCl) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʠʦʜʠʜʘ ʟʦʣʦʪʘ (AuI) ʚ ɼʄʌɸ ʚ ʪʦʢʝ 

ʘʨʛʦʥʘ. ʀʂ- ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʦʛʦ COF ʠ Au-COF ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʠʟʤʝʨʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (4500-600 ʩʤ-1). ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ~1 %. 

ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʦʟʠʪ ʧʦʚʝʨʛʘʣʩʷ ʨʘʟʤʦʣʫ ʥʘ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. ʉʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣ ~100 ʤʢʤ. ʈʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʉʅ4 

ʧʨʦʚʦʜʠʣʠ ʚ ʘʚʪʦʢʣʘʚʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʈʝʘʢʪʦʨ ʩ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ 

Au-COF (5.2 ʤʛ/ʤʣ) ʧʦʤʝʱʘʣʠ ʚ ʘʚʪʦʢʣʘʚ, ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ, ʟʘʧʦʣʥʷʣʠ ʛʘʟʘʤʠ 

H2/ʚʦʟʜʫʭ/ʉʅ4 (2.5/5/30 ʘʪʤ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ t=700 ʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʘʟʦʚ ʥʘʜ ʨʝʘʢʮʠʦʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʠ 

ʞʠʜʢʫʶ ʬʘʟʫ ʚ ʨʝʘʢʪʦʨʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʩʝʨʠʠ çThermo Scientific ISQè. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ UV-vis ʩʧʝʢʪʨʳ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʞʠʜʢʦʡ ʩʨʝʜʳ ʥʝ ʠʤʝʣʠ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 500- 600 ʥʤ, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʅʏ Au ʠʣʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ (ʅʂ) Aun (n>10), ʯʪʦ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ɚmaʭ=250 ʥʤ ʠ 300-400 ʥʤ, 

ʧʨʠʨʦʜʫ ʢʦʪʦʨʳʭ ʥʝ ʫʜʘʣʦʩʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ. 

ʉ ʧʦʤʦʱʴʶ ʪʠʪʨʦʚʘʥʠʷ Ce(SO4)2 ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʅ2ʆ2 (1Ŀ10-4 

ʄ) ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʝʟ ʤʝʪʘʥʘ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʩʥʠʞʘʝʪʩʷ ʚ 2 ʨʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʞʠʜʢʦʡ ʬʘʟʳ ʦʙʥʘʨʫʞʝʥʳ ʠʦʥʳ ʩ m/z 46, 73 ʠ 99. ʇʝʨʚʳʡ 

ʩʠʛʥʘʣ, ʩ ʫʯʝʪʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ m/z 29 ʠ 45, ʦʙʫʩʣʦʚʣʝʥ ʠʦʥʘʤʠ ʤʫʨʘʚʴʠʥʦʡ 

ʢʠʩʣʦʪʳ ï ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ. ɽʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ 10-3 ʄ ʟʘ 4 ʯʘʩʘ 

ʨʝʘʢʮʠʠ. ʇʠʢ ʩ m/z 73 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʝʢʫʣʝ ɼʄʌɸ ï ʦʩʪʘʪʢʫ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ. ɿʘ ʧʠʢ m/z 99 ʦʪʚʝʯʘʝʪ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ɸʥʘʣʠʟ ʤʘʩʩ- ʩʧʝʢʪʨʦʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ 
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ʨʝʘʢʮʠʠ ʚʳʷʚʠʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʉʆ2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʥʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʝʛʦ ʛʣʫʙʦʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ɹʳʣ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʢʦʤʧʦʟʠʪ, ʚ ʢʦʪʦʨʳʡ ʟʦʣʦʪʦ ʚʚʦʜʠʣʦʩʴ ʥʝ 

ʜʦʙʘʚʣʝʥʠʝʤ AuI ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ, ʘ ʧʫʪʝʤ ʝʛʦ ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʦʤ ʅʂ Au, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʛʣʫʪʘʪʠʦʥʦʤ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʥʦʣʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʧʨʦʜʫʢʪʘʭ 

ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ, ʦʜʥʘʢʦ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ 

ʠʟʫʯʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʅʂ Au ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʚ 

ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʪʝʤʘ FFSG-2024-0004). 
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ʊɽʈɸʅʆʉʊʀʏɽʉʂʀʁ ʇʆʊɽʅʎʀɸʃ ɸʄʌʀʌʀʃʔʅʓʍ ʊʈʀɹɽʅɿʆ-1,4-

ɼʀɸɿɽʇʀʅʆʇʆʈʌʀʈɸɿʀʅʆɺ ʄɸɻʅʀʗ ʀ ʎʀʅʂɸ IN VIVO 

 

ʃʠʩʠʮʳʥ ʀ.ɸ.1,2,@, ɹʦʣʜʳʨʝʚ ʅ.ʉ.1,2, ɹʦʥʜʘʨʝʥʢʦ ʉ.ɼ.2, ɸʣʣʘʷʨʦʚʘ ʋ.ʖ.2, 

ʊʘʨʘʢʘʥʦʚ ʇ.ɸ.2, ʄʠʱʝʥʢʦ ɼ.ɺ.2,3,4 

1ʌɻɸʆʋ ɺʆ ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

2ʌɻɹʋʅ ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ; 

3ʌɻɹʆʋ ɺʆ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ; 

4ʅʆʎ ʌɻɸʆʋ ɺʆ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʩʚʝʱʝʥʠʷ, ʄʳʪʠʱʠ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
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ʇʦʠʩʢ ʥʦʚʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʜʚʫʭ 

ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʌɼʊ: ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʚ ʦʧʫʭʦʣʠ ʠ 

ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʝʧʘʨʘʪʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʯʘʩʪʦ 

ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʜʦʟ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʩʠʩʪʝʤʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʨʬʠʨʘʟʠʥʘ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʦʙʣʘʜʘʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʦʙʣʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ: Cʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʪʦʢʩʠʯʥʦʩʪʠ, ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʨʬʠʨʘʟʠʥʘ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ MgĮ  ʠ ZnĮ . 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʳʰʘʭ-ʩʘʤʮʘʭ ʣʠʥʠʠ 

BDF1 ʩ ʧʦʜʢʦʞʥʦ ʧʝʨʝʚʠʪʦʡ ʘʜʝʥʦʢʘʨʮʠʥʦʤʦʡ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ Ca755. 

ɹʠʦʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ in vivo ʚʠʟʫʘʣʠʟʘʮʠʠ VISQUE InVivo Smart-LF (Vieworks, 

ʖʞʥʘʷ ʂʦʨʝʷ). ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ VISQUE 

CleVue, Version 4.1.0.P (Vieworks, ʖʞʥʘʷ ʂʦʨʝʷ). ʌɼʊ-ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ɸʃʍʊ-ʕʃʆʄɽɼ (ʈʦʩʩʠʷ) ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 670 ʥʤ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ 300 ɼʞ/ʩʤĮ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

çʌʦʪʦʜʠʪʘʟʠʥè. 

ʈʝʟʫʣʴʪʘʪʳ: ʀʟʫʯʝʥʥʳʝ ʧʦʨʬʠʨʘʟʠʥʳ ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʝʪʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʛʨʘʥʠʮ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʧʫʭʦʣʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

çʌʦʪʦʜʠʪʘʟʠʥʘè ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 4 ʯʘʩʦʚ. 

ʄʘʛʥʠʝʚʳʡ ʢʦʤʧʣʝʢʩ (Mg-ʊBDAP) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ (LD50 > 150 ʤʛ/ʢʛ) ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʩʠʛʥʘʣʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ 

mailto:lisitsynivan79@gmail.com
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ʦʧʫʭʦʣʠ, ʦʜʥʘʢʦ ʥʝ ʧʨʦʷʚʣʷʝʪ ʚʳʨʘʞʝʥʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʨʦʩʪʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʘʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʎʠʥʢʦʚʳʡ ʢʦʤʧʣʝʢʩ (Zn-ʊBDAP) ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ 

(LD50 = 10.33 Ñ 0.94 ʤʛ/ʢʛ). ʇʨʠ ʵʪʦʤ ʚ ʥʠʟʢʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʝ 1 ʤʛ/ʢʛ 

ʧʨʝʧʘʨʘʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʊʈʆ 55% (ʥʘ 15-ʝ ʩʫʪʢʠ), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʠʣʠ 

ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ çʌʦʪʦʜʠʪʘʟʠʥʘè (ʊʈʆ 36% ʧʨʠ ʜʦʟʝ 5 ʤʛ/ʢʛ). 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʩʝʘʥʩʘ ʌɼʊ ʠ ʬʦʪʦʚʳʛʦʨʘʥʠʷ ʧʨʝʧʘʨʘʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʚʪʦʨʠʯʥʦʛʦ çʨʘʟʛʦʨʘʥʠʷè ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʧʫʭʦʣʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʚʪʦʨʥʳʝ ʩʝʘʥʩʳ ʦʙʣʫʯʝʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ 

ʌʉ. 

ɿʘʢʣʶʯʝʥʠʝ: ʀʟʫʯʝʥʥʳʝ ʪʨʠʙʝʥʟʦ-1,4-ʜʠʘʟʝʧʠʥʦʧʦʨʬʠʨʘʟʠʥʳ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʪʝʨʘʥʦʩʪʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ: ʦʙʘ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʷʚʣʷʶʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʦʜʥʘʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʫʨʦʚʥʶ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ 

ʦʧʫʭʦʣʠ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʚʪʦʨʠʯʥʦʛʦ çʨʘʟʛʦʨʘʥʠʷè ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʪʦʢʦʣʦʚ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʩʥʠʞʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 

(ˉ124020500019-2, ˉ124013000744-0). 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɽʊʆɼɸ ɻʃɸɺʅʓʍ ʂʆʄʇʆʅɽʅʊ ɼʃʗ ɸʅɸʃʀɿɸ  

ʂʀʅɽʊʀʂʀ ʉʇɽʂʊʈʆɺ ʇʆɻʃʆʑɽʅʀʗ 

ɽʚʜʦʢʠʤʦʚ ʇ.ʇ.1,2, ɻʦʨʷʯʝʚ ʅ.ʉ.1,2,@ 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʬʘʢʫʣʴʪʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, ʄʦʩʢʚʘ 
@ gor_ns@icp.ac.ru  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ  ʙʳʣʘ ʛʣʫʙʦʢʦ ʦʩʤʳʩʣʝʥʘ ʝʱʸ ʚ 1970ï

1980-ʭ ʛʦʜʘʭ. ʋʞʝ ʚ 70-ʭ ʛʦʜʘʭ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ. ɽʤʫ ʧʦʩʚʷʱʝʥʳ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʭʝʤʦʤʝʪʨʠʢʝ. ɺ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʢʘʢ ʤʘʪʝʤʘʪʠʢʠ [1], 

ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʢʠʥʝʪʠʢʠ [2]. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ʠ ʜʦʩʪʫʧʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʥʦ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʨʦʠʩʭʦʜʷʱʫʶ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʫʨʦʚʥʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʷʚʣʷʶʪʩʷ ʪʦʯʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚʝʱʝʩʪʚʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʙʣʝʤʫ ʠʟʚʣʝʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʕʪʘ ʟʘʜʘʯʘ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʧʝʢʪʨʳ 

ʚʩʝʭ ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʨʝʘʛʝʥʪʦʚ ʩʯʠʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʪʘʜʠʡ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʰʠʨʦʢʦ ʠʟʚʝʩʪʝʥ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʝʩʴ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʢʣʘʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʰʫʤʦʚ, ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʤʝʪʦʜʘ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʭʦʜʘ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ  ʩʨʘʚʥʠʪʴ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʩʪʠʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʧʨʦʚʝʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʤʝʪʦʜʘ[3].  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʦʜʝʣʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ 

ʚʝʢʪʦʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʣʦʞʠʪʴ ʜʚʫʭʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ 

ʢʠʥʝʪʠʢʫ ʩʨʘʟʫ ʧʦ ʪʨʝʤ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʠ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 

124020500019-2). 
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ʉʀʅʊɽɿɸ (ʉɺʉ) 

 

ʂʣʠʤʯʫʢ ɽ.ɻ.1, @, ʊʘʨʘʩʦʚ ɸ.ɻ. 2 

1ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ʄʝʨʞʘʥʦʚʘ 

ʈɸʅ (ʀʉʄɸʅ), ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʆ, ʈʦʩʩʠʷ - ʜʦ 2018 ʛ. 

2 ʀʉʄɸʅ ʜʦ 2025 ʛ. 
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ʇʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʘʢʪʫʘʣʴʥʳ ʚʩʣʝʜʩʪʚʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ. ʆʥʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʠʥʪʝʥʩʠʚʥʳʭ ʵʥʝʨʛʦ- ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʉɺʉ (ʆʉɺʉ), ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʙʳʣ 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʘʚʪʦʨʦʤ ʚ 1986 ʛʦʜʫ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ɸʅ 

ɸʨʤ. ʉʉʈ ʠ ʜʘʣʝʝ ʨʘʟʚʠʚʘʣʩʷ ʚ ʀʉʄɸʅ ʩ 1990 ʛ. [1]. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʙʟʦʨʫ ʥʘʰʠʭ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʤʝʶʱʠʭ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʠ ʪʝʦʨʠʠ ʉɺʉ.  

ʇʦʣʝʟʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʆʉɺʉ ʢʘʢ "ʩʫʭʦʛʦ" (ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ) "ʢʣʠʢ-ʩʠʥʪʝʟʘ", ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʦʩʤʦʩ, ʧʦʣʷʨʥʳʝ ʩʪʘʥʮʠʠ), ʨʘʩʢʨʳʪ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʣʫʯʝʥʠʷ ʣʝʢʘʨʩʪʚ - ʘʥʪʠʛʝʣʴʤʠʥʪʥʳʭ ʩʦʣʝʡ ʧʠʧʝʨʘʟʠʥʘ ʠ ʦ-

ʢʘʨʙʦʢʩʠʙʝʥʟʦʠʣʬʝʨʨʦʮʝʥʘ (ʬʝʨʨʦʮʝʨʦʥʘ) [1,2]. 

ʇʨʝʜʣʦʞʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʧʦʤʠʤʦ ʦʯʝʚʠʜʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʪʝʣʝʡ ʧʨʠ 70-300 oʉ), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʬʬʝʢʪʝ ʦʢʨʘʰʠʚʘʥʠʷ 

ʧʦʣʠʤʝʨʦʚ ʚ ʚʦʣʥʝ ʆʉɺʉ, ʘ ʪʘʢʞʝ ï ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʦʣʳʭ ʠʟʜʝʣʠʡ ʚ 

ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ  ʩʪʘʜʠʶ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʩʠʣʴʥʦʡ "ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʨʘʜʠʘʣʴʥʦʡ ʫʩʘʜʢʠ" ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ [3,4]. 

ʇʨʠ ʆʉɺʉ ʙʳʣʘ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ ʜʚʠʞʝʥʠʠ 

ʨʝʘʛʠʨʫʶʱʠʭ ʬʘʟ, ʪʘʢʠʭ ʢʘʢ ʪʝʯʝʥʠʝ ʨʘʩʧʣʘʚʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʧʫʟʳʨʴʢʦʚ, ʠ ʢʨʠʩʪʘʣʣʦʚ [5,8]. 

ʕʬʬʝʢʪ ʥʘʩʣʝʜʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʘʛʝʥʪʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʧʨʠ ʆʉɺʉ ʚ ʩʤʝʰʘʥʥʦʡ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Ti/ʬʫʣʣʝʨʝʥ-C60. 

ʇʦʣʫʯʝʥʥʳʝ ʥʝʙʦʣʴʰʠʝ ʛʣʦʙʫʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʩʦʜʝʨʞʘʣʠ ʵʣʝʤʝʥʪʳ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʫʣʣʝʨʝʥʘ-C60 ʚ ʚʠʜʝ ʬʨʘʛʤʝʥʪʦʚ ʩ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ 

5-ʛʦ ʠ 6-ʛʦ ʧʦʨʷʜʢʦʚ [6]. 

ʇʨʝʜʣʦʞʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʘʢʨʦʤʝʭʘʥʠʟʤ ʉɺʉ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʥʢʦʡ ʢʦʨʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (å 5 %) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʥʘʯʘʣʴʥʦʡ ʩʤʝʩʠ ʧʨʠ ʠʭ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʀʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ 

ʪʘʢʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ ʤʘʩʩʦʦʙʤʝʥʫ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʛʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, 

ʠʤʝʶʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʣʝʤʝʥʪʘʨʥʫʶ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ Eactå0, çʧʨʠʦʙʨʝʪʘʶʪè 
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ʵʬʬʝʢʪʠʚʥʫʶ Eact>>0. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʚʪʦʚʦʣʥʦʚʦʡ ʨʝʞʠʤ ʛʦʨʝʥʠʷ 

ʚ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʵʬʬʝʢʪʘ ʥʝʪʝʧʣʦʚʦʛʦ ʩʦʣʴʚʘʪʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʆʉɺʉ, 

ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʣʳʭ ʜʦʟ ʨʘʩʪʚʦʨʠʪʝʣʷ (1-3 ʢʘʧʣʠ) ʥʘ 

ʚʝʨʭʫʰʢʫ ʦʙʨʘʟʮʘ. ʈʘʩʪʚʦʨʝʥʠʝ ʢʦʨʢʠ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʡ ʨʝʘʢʮʠʠ, 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʜʝʣʝʥʠʶ ʪʝʧʣʘ ʠ ʨʘʟʚʠʪʠʶ ʚʦʣʥʳ ʛʦʨʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ 

ʵʩʪʘʬʝʪʥʦʛʦ ʧʝʨʝʥʦʩʘ H+ (ʤʝʭʘʥʠʟʤ ɻʨʦʪʛʫʩʘ) [7]. 

ʀʟ-ʟʘ ʥʝʦʯʝʚʠʜʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʪʨʝʙʦʚʘʣʘʩʴ 

ʤʦʜʠʬʠʢʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʦʨʝʥʠʷ, ʯʪʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ 

ʚʚʝʜʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʡ Eact, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʦʚ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʢʠ ʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʪʝʯʝʥʠʷ ʨʘʩʧʣʘʚʘ ʚ ʤʦʜʝʣʷʭ ʛʦʨʝʥʠʷ ʚʪʦʨʦʛʦ 

ʨʦʜʘ. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʛʦʨʝʥʠʷ ʦʪ ʧʨʠʨʦʜʳ ʨʝʘʛʝʥʪʦʚ 

ʜʦʢʘʟʘʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʚʘʨʠʘʥʪʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ [8, 9]. 

[1] Klimchuk E.G., 2017, in Concise Encycl. SHS: Hist., Theory, 
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ʃʫʢʦʚʘ ɻ.ɺ.1,@, ʄʠʣʦʚ ɸ.ɸ.2 

1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ 
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ʕʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳ ʜʣʷ ʤʥʦʛʠʭ ʦʙʣʘʩʪʝʡ ʭʠʤʠʠ ʠ ʬʠʟʠʢʠ. 

ʄʝʪʘʣʣʦʮʝʥʳ ʧʦʜʛʨʫʧʧʳ ʪʠʪʘʥʘ ï ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʥʦʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ. ʕʪʦ ʢʣʘʩʩ d0- ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʣʘʜʘʶʱʠʡ ʨʝʜʢʠʤʠ ʠ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ 

ʣʠʛʘʥʜʘ ʥʘ ʤʝʪʘʣʣ (ʇɿʃʄ), ʚ ʪ.ʯ. ʫʥʠʢʘʣʴʥʳʤʠ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʤʠ 3ʇɿʃʄ. [1, 

2] 

ʄʳ ʧʦʣʫʯʠʣʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʙʦʣʴʰʦʡ ʥʘʙʦʨ 

ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʪʠʪʘʥʦʮʝʥʘ ʜʠʢʘʨʙʦʨʘʥʠʣʘ Ti(ɖ5:ɖ1- CpCMe2CB10H10C)2 ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʘʥʪʠʦʤʝʨʦʚ d0-ʤʝʪʘʣʣʦʮʝʥʦʚ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ 

ʪʨʠʘʜʳ ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʳʭ ʤʝʪʘʣʣʦʮʝʥʦʚ ʩ ʢʘʨʙʦʨʘʥʠʣʴʥʳʤʠ ů-ʣʠʛʘʥʜʘʤʠ. ʅʘ 

ʧʨʠʤʝʨʝ Hf(ɖ5:ɖ1- CpCMe2CB10H10C)2 ʚʧʝʨʚʳʝ ʦʮʝʥʝʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ S0-ʩʦʩʪʦʷʥʠʷ ʚ 1ʇɿʃʄ. 

ʄʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʇɿʃʄ, 

ʢʨʘʡʥʝ ʤʘʣʦ. ʈʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʪʨʫʢʪʫʨʘ, ʦʨʙʠʪʘʣʴʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʇɿʃʄ) ʜʣʷ ʚʘʞʥʦʛʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʤʝʡʩʪʚʘ ï ʤʝʪʘʣʣʦʮʝʥʦʚ IV 

ʛʨʫʧʧʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʌʀʎ ʍʌ ʠ ʄʍ ʈɸʅ 

124013000686-3 ʠ ʛʦʩʟʘʜʘʥʠʝʤ ʖʅʎ ʈɸʅ 122020100282-6. 

[1] Loukova G.V. in Springer Handbook of Inorganic Photochemistry (Eds.: D. 

Bahnemann, A. O. T. Patrocinio), Chapter 19, Springer Handbooks, Cham, Springer 

2022, 459-492. 

[2] Loukova G.V. in Organometallic Compounds: Preparation, Structure and Properties 

(Ed.: H.F. Chin), Chapter 4, N. Y.: Nova Sci. Pub. 2010, 159-196. 
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ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɽ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ɻʀɼʈʆʍʀʅʆʅɸ ʅɸ 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ʆʂʉʀɼɸʄʀ ɺʀʉʄʋʊɸ ʀ ʄɽɼʀ 

ɻʈɸʌʀʊʆɺʓʍ ʕʃɽʂʊʈʆɼɸʍ 

 

ʉʪʝʧʘʥʦʚ ɻ.ɸ.1@, ʊʶʢʘʣʦʚ ɸ.ɺ.1, ʏʝʨʝʥʢʦʚ ʀ.ɸ. 1, ʍʘʨʘʥʞʝʚʩʢʠʡ ɽ.ɺ.1 
1ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
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ɻʠʜʨʦʭʠʥʦʥ (ɻʍ) (1,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʣ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʰʠʨʦʢʦʧʨʠʤʝʥʷʝʤʦʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʫʩʪʦʡʯʠʚʦ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʭʠʥʦʥʘ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʧʨʦʷʚʣʷʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʮʠʢʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʠʜʨʦʭʠʥʦʥʘ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʦʤ ʚʠʩʤʫʪʘ (Bi2O3) ʛʨʘʬʠʪʦʚʳʡ ʚʦʡʣʦʢ; 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʦʤ ʤʝʜʠ (ʉuO) ʙʫʩʦʬʠʪ; ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʦʤ 

ʚʠʩʤʫʪʘ (Bi2O3) ʙʫʩʦʬʠʪ. ʄʘʪʝʨʠʘʣʳ ʵʣʝʢʪʨʦʜʦʚ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʚ ʚʘʢʫʫʤʝ. ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʛʠʜʨʦʭʠʥʦʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʘʣʦʩʴ ʚ ʨʘʩʪʚʦʨʘʭ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ 

(ʎɺɸ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʝʭʵʣʝʢʪʨʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʩ ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʭʣʦʨʩʝʨʝʙʨʷʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 

ʩʨʘʚʥʝʥʠʷ; ʛʨʘʬʠʪʦʚʳʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʠʜʨʦʭʠʥʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 0 ʜʦ 10 ʤʄ; ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ -1,5 ʜʦ +1,5 ɺ; ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 10 

ʤɺ ʩʝʢ-1; ʥʘʯʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 10 ʤɺ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣʦ ʨʘʟʣʠʯʠʷ ʚ ʣʦʢʘʣʠʟʘʮʠʠ 

ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʛʨʘʬʠʪʦʚʦʤ ʚʦʡʣʦʢʝ ʦʢʩʠʜʳ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʙʫʩʦʬʠʪʝ ï ʚ ʧʦʨʘʭ ʝʛʦ 

ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1.). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʎɺɸ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ 

ʛʨʘʬʠʪʦʚʦʛʦ ʚʦʡʣʦʢʘ ʦʢʩʠʜʦʤ ʚʠʩʤʫʪʘ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʭʠʥʦʥʘ 5 ʤʄ ʪʦʢ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 11,07 Ñ 0,01 ʤɸ, 

ʯʪʦ ʥʘ 18% ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʦʡʣʦʢʘ (9,36 Ñ 0,01 

ʤɸ).  

ʕʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʙʫʩʦʬʠʪʘ ʩ CuO ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʄ ʪʦʢʠ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʜʦʩʪʠʛʘʣʠ 9,83 Ñ 0,20 ʤɸ. 

mailto:238gregory@gmail.com
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(ʘ)  

 

(ʙ) 

 
ʈʠʩ. 1. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. (ʘ) ɺʦʣʦʢʥʘ ʙʫʩʦʬʠʪʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ Bi2O3; (ʙ) ɺʦʣʦʢʥʘ ʛʨʘʬʠʪʦʚʦʛʦ ʚʦʡʣʦʢʘ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ Bi2O3; 

ʇʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʙʫʩʦʬʠʪʘ ʦʢʩʠʜʦʤ ʚʠʩʤʫʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʛʠʜʨʦʭʠʥʦʥʘ Ó 5 ʤʄ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜʘʚʣʝʥʠʝ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ (ʩʤ. ʨʠʩ 2. ʢʨʠʚʘʷ 

3). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʄ ʪʦʢ ʧʠʢʘ ʦʢʠʩʣʝʥʠʷ ʧʘʜʘʝʪ ʜʦ 3,44 Ñ 0,02 ʤɸ, ʧʨʦʪʠʚ 

8,31 Ñ 0,18 ʤɸ ʫ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʙʫʩʦʬʠʪʘ. ʏʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ ʚʝʱʝʩʪʚʘ ʝʱʸ ʜʦ ʥʘʯʘʣʘ 

ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʟ-ʟʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ [2]. 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʩʨʝʜʝ 10 ʤʄ ʛʠʜʨʦʭʠʥʦʥʘ. ʕʣʝʢʪʨʦʜʳ ʠʟ ʙʫʩʦʬʠʪʘ (1); ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ CuO 

(2); ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ Bi2O3 (3) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʠʜʨʦʭʠʥʦʥʘ ʟʘʚʠʩʠʪ 

ʢʘʢ ʦʪ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʦʪ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

[1] Guo Y., 2019, Polymers. 11. 1907 

[2] da Silva A.R.L., 2018, RSC Advances. 8. 3483ï3492 
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ɺʆɼʆʈʆɼʉʆʈɹʀʈʋʖʑʀɽ ʀ ɺʆɼʆʈʆɼʆʉʊʆʁʂʀɽ ʄɸʊɽʈʀɸʃʓ: 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʂɺɸʅʊʆɺʆ-

ʍʀʄʀʏɽʉʂʀɽ ʈɸʉʏɽʊʓ 

 

ʌʫʨʩʠʢʦʚ ʇ.ɺ.1,@ 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
@ fpv@icp.ac.ru 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʚʦʜʦʨʦʜ-ʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ɺɸʄ) ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʠʜʦʦʙʨʘʟʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʩʧʣʘʚʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ 

ʚʦʜʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʟʜʘʥʠʝʤ ʩʠʩʪʝʤ ʢʦʤʧʘʢʪʥʦʛʦ ʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʨʘʪʠʤʦʛʦ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ [1,2]. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʂʦʤʧʣʝʢʩʘ ʣʘʙʦʨʘʪʦʨʠʡ ʚʦʜʦʨʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʚ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ ɺɸʄ ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʠʭ ʤʝʪʘʣʣʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʚʦʜʦʨʦʜ-ʩʦʨʙʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʷ, ʛʜʝ ʜʘʥʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʛʥʠʝʚʳʭ ʩʪʨʫʢʪʫʨ [2, 

3], ʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜʘ ʩ 

ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʛʥʠʷ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ [4]. 

ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʚʦʜʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ çʚʦʜʦʨʦʜʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤè ʠʣʠ çʚʦʜʦʨʦʜʥʳʤ ʦʭʨʫʧʯʠʚʘʥʠʝʤè 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʩʨʝʜʝ ʚʦʜʦʨʦʜʘ (ʚ ʪ. ʯ. ʛʘʟʦʦʙʨʘʟʥʦʛʦ). 

ɿʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʦʨʦʜʘ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ çʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶè 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ɼʦ ʩʠʭ ʧʦʨ ʥʝʪ ʝʜʠʥʦʡ ʪʝʦʨʠʠ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʦʙʲʷʩʥʠʪʴ ʚʩʝ 

ʧʨʦʮʝʩʩʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ, ʭʦʪʷ ʦʥʦ ʰʠʨʦʢʦ 

ʠʟʫʯʘʝʪʩʷ ʚ ʤʠʨʝ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʩʪʨʘʥʘʭ, ʛʜʝ ʧʨʠʥʷʪʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʣʘʥʳ 

ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [5]. 

ʆʙʩʫʞʜʘʝʪʩʷ, ʢʘʢ ʦʧʳʪ ʨʘʙʦʪ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [6], ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʷʩʥʷʪʴ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜʘ ʩ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʠʭ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʜʦʧʘʥʪʦʚ ʠ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʨʦʜ-ʩʦʨʙʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʜ-ʥʝʡʪʨʘʣʴʥʳʭ 

ʩʧʣʘʚʦʚ ʠ ʧʦʢʨʳʪʠʡ. 
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ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʨʘʤʢʘʭ 

ɻʦʩʟʘʜʘʥʠʷ (ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ 124013000692-4). 
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ʊʈɽʍʄɽʈʅɸʗ ɼʀʉʂʈɽʊʅɸʗ ʄʆɼɽʃʔ ɻʆʈɽʅʀʗ ʂɽʈɸʄʀʂʆ-

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʆʄʇʆɿʀʊʆɺ 

 

ʈʦʛʘʯʝʚ ʉ.ɸ., ʈʦʛʘʯʝʚ ɸ.ʉ.  

ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʠʤ. ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ ʈɸʅ. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʉɺʉ ʚ ʨʝʞʠʤʝ ʙʝʟʛʘʟʦʚʦʛʦ ʛʦʨʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʘʢʪʠʚʥʳʝ ʨʝʘʢʮʠʦʥʥʳʝ ʷʯʝʡʢʠ, ʪʘʢ ʠ ʠʥʝʨʪʥʳʝ ʯʘʩʪʠʮʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʠ 

ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʨʝʘʛʠʨʫʶʱʝʡ ʩʨʝʜʳ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠʥʝʨʪʥʦʡ ʜʦʙʘʚʢʠ. ɺʦʣʥʘ ʛʦʨʝʥʠʷ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʩʧʦʩʦʙʥʘ ʧʨʦʩʢʘʢʠʚʘʪʴ ʤʝʞʜʫ ʠʥʝʨʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʘʢʪʠʚʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʷʯʝʝʢ (ʨʠʩ 1). 

 
ʈʠʩʫʥʦʢ 2 ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʷʯʝʝʢ ʧʨʠ 45% ʨʘʟʙʘʚʣʝʥʠʝʤ ʠʥʝʨʪʦʤ. 

ʈʘʜʠʫʩ ʨʘʟʙʘʚʠʪʝʣʷ ʨʘʚʥʷʣʩʷ 2 (a); 4(b); 8(c). Ar=4.58, T0/Tc=0.91, Ze=4.16 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʛʦʨʝʥʠʷ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʠʥʝʨʪʥʳʭ ʷʯʝʝʢ. ʂʨʠʚʘʷ 1 ï ʨʘʜʠʫʩ ʠʥʝʨʪʥʳʭ ʷʯʝʝʢ ʨʘʚʝʥ 2, ʢʨʠʚʘʷ 2 

ï ʨʘʜʠʫʩ ʠʥʝʨʪʥʳʭ ʷʯʝʝʢ ʨʘʚʝʥ 4, ʢʨʠʚʘʷ 3 ï ʨʘʜʠʫʩ ʠʥʝʨʪʥʳʭ ʷʯʝʝʢ ʨʘʚʝʥ 8. 

ʇʫʥʢʪʠʨʦʤ ʦʙʦʟʥʘʯʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʚ ʯʘʩʪʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʠʣ ʩʨʳʚ ʚʦʣʥʳ ʛʦʨʝʥʠʷ. 

 

ɻʦʨʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 53% ʧʨʦʮʝʥʪʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʠʥʝʨʪʦʤ. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʦʞʠʜʘʝʤʦ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʠʥʝʨʪʥʦʛʦ 

ʨʘʟʙʘʚʠʪʝʣʷ, ʦʜʥʘʢʦ ʜʠʥʘʤʠʢʘ ʫʙʳʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʠʥʝʨʪʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʠʭ ʠʥʝʨʪʥʳʭ ʯʘʩʪʠʮ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ (ʨʠʩʫʥʦʢ 2, ʢʨʠʚʘʷ 1), ʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʦʥʘ ʥʦʩʠʪ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩʫʥʦʢ 2, ʢʨʠʚʘʷ 3). 

ʈʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʟʝʨʝʥ (ʢʘʨʙʠʜʥʳʭ, ʙʦʨʠʜʥʳʭ), 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ, ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʷʟʢʠ ʠʟ ʠʥʝʨʪʥʦʛʦ ʚ 

ʪʝʧʣʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʩʧʣʘʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ 

25-13-00040. 
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ʌʋʅɼɸʄɽʅʊɸʃʔʅɸʗ ʉʂʆʈʆʉʊʔ ʀ ɽɼʀʅʉʊɺɽʅʅʆʉʊʔ 

ʋʉʊɸʅʆɺʀɺʐʀʍʉʗ ʈɽɾʀʄʆɺ ʆʏɸɻʆɺʓʍ ɺʆʃʅ ɹɽɿɻɸɿʆɺʆɻʆ 

ɻʆʈɽʅʀʗ 

ʈʦʛʘʯʝʚ ʉ.A.@, ʂʨʠʰʝʥʠʢ ʇ.ʄ., ɸʣʜʫʰʠʥ ɸ.ʇ 

ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɻ. 

ʄʝʨʞʘʥʦʚʘ ʈɸʅ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʝʟʛʘʟʦʚʳʭ 

ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ [1], ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ñʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡò ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ ʬʨʦʥʪʘ ʦʪ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʠʩʪʝʤ. ʆʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚʦʣʥʦʚʳʭ ʛʦʨʝʥʠʷ, ʪ.ʝ. ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚʦʣʥʦʚʳʭ ʦʯʘʛʦʚʳʭ ʨʝʞʠʤʦʚ ʛʦʨʝʥʠʷ ʦʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʝʥʠʷ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʦʨʝʥʠʷ ʪʦʥʢʦʛʦ 

ʩʣʦʷ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʝʥʠʷ. ʉ 

ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʛʦʨʝʥʠʷ ʦʪ ʰʠʨʠʥʳ ʩʣʦʷ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ 

ɸʨʨʝʥʠʫʩʘ ʠ ɿʝʣʴʜʦʚʠʯʘ (ʨʠʩ 1). 

ʈʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚʦʣʥʳ ʛʦʨʝʥʠʷ 

ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʚʫʤʝʨʥʦʡ ʚʦʣʥʳ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʰʠʨʠʥʘ ʩʣʦʷ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʦʯʘʛʦʚ, ʥʦ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʦʯʘʛʦʚʦʛʦ ʬʨʦʥʪʘ.  

[1] Aldushin A.P., Bayliss F.A., 2000 Physica D, 143, 109ï137.  

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʬʨʦʥʪʘ ʦʪ ʰʠʨʠʥʳ ʩʣʦʷ ʧʨʠ ʨʘʟʥʳʭ Ze: 1 ï 7.69; 

2 ï 7.53; 3 ï 7.37; 4 ï 7.22; 5 ï 7.07; 6 ï 6.93. 
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ʈɸʉʂʃʀʅʀɺɸʖʑɽɽ ɼɸɺʃɽʅʀɽ ɺ ʊʆʅʂʀʍ ɿɸɿʆʈɸʍ: ʈʆʃʔ 

ɸɼʉʆʈɹʎʀʆʅʅʆɻʆ ʈɸɺʅʆɺɽʉʀʗ ʀ ʉɺʆɹʆɼʅʆʁ ʕʅɽʈɻʀʀ 

ʇʆɺɽʈʍʅʆʉʊʅʆ-ɸʂʊʀɺʅʓʍ ɺɽʑɽʉʊɺ 

 

ʊʨʫʩʦʚ ɽ.ɸ1,2,@, ɺʠʰʥʷʢʦʚ ɸ.ʄ1,2 
1Aramco Innovations LLC, Moʩʢʚʘ, ʈʦʩʩʠʷ 

2ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʌʠʟʠʯʝʩʢʠʡ ʬ-ʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
@ trusov.egor@gmail.com  

 

ʇʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʥʝʬʪʝʜʦʙʳʯʝ, ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣʳ ʩ ʢʦʨʦʪʢʦʡ ʘʜʩʦʨʙʠʨʫʶʱʝʡ 

ʛʦʣʦʚʦʡ ʠ ʜʣʠʥʥʳʤ ʣʠʥʝʡʥʳʤ ʨʘʩʪʚʦʨʠʤʳʤ ʭʚʦʩʪʦʤ (ʥʘʧʨʠʤʝʨ, C14+EO50+). 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʪʝʦʨʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʇɸɺ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʆʜʥʘʢʦ ʧʨʠ 

ʩʙʣʠʞʝʥʠʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʇɸɺ ʚ ʟʘʟʦʨʝ ʚʦʟʨʘʩʪʘʝʪ, 

ʯʪʦ ʠʥʠʮʠʠʨʫʝʪ ʜʝʩʦʨʙʮʠʶ ʠ ʩʥʠʞʘʝʪ ʨʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ὖὬ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʠʤʝʨʥʳʭ ʩʝʛʤʝʥʪʦʚ ʚ ʟʘʟʦʨʝ ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʘʤʠ 

ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʷʯʝʡʢʠ [1, 2] ʠ ʨʘʩʰʠʨʝʥʥʳʭ ʘʥʩʘʤʙʣʝʡ [3]. ʇʦʣʫʯʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ὖὬ ʧʦʟʚʦʣʠʣʠ ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʠ ʧʝʨʝʡʪʠ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʇɸɺ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʉʨʘʚʥʝʥʠʝ ʩ ʪʝʦʨʠʝʡ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ὖὬ ʟʘ ʩʯʝʪ 

ʜʝʩʦʨʙʮʠʠ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʩʣʦʝʚ ʇɸɺ ʠ ʝʝ ʩʚʷʟʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

 

 

[1] Vishnyakov A., Neimark A.V. J. Chem. Phys. 2009, 130, 224103 

[2] Rasmussen C.J., Vishnyakov A., Neimark A.V. J. Chem. Phys, 2012, 137, 144903 

[3] Faria B.F., Palyulin V.V., Vishnyakov A. Coll. Surf. A. 2022. 649. 129443 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺʆɼʆʈʆɼʅʆʁ ʉɺʗɿʀ ɺ ʉʀʅʊɽɿɽ 

ʉʊʀʈʀʃʌɽʅɸʅʊʈʆʃʀʅʆɺ ʀ ʉʊʀʈʀʃɹʀʇʀʈʀɼʀʅʆɺ, 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʇɽʂʊʈɸʃʔʅʓʍ ʀ ʌʆʊʆʍʀʄʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ 

 

ɻʘʚʨʠʰʦʚʘ ʊ.ʅ.1@, ʇʝʪʠʥ ɸ.ɺ.1,2, ʃʠ ɺ.ʄ.1, ɹʫʜʳʢʘ ʄ.ʌ.1 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
@ tngavr@icp.ac.ru  

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʠʨʠʣʬʝʥʘʥʪʨʦʣʠʥʳ ʠ ʩʪʠʨʠʣʙʠʧʠʨʠʜʠʥʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʘʢʪʠʚʥʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʩʚʷʟʠ ʩ 

ʧʦʠʩʢʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʭʝʤʦʩʝʥʩʦʨʦʚ ʥʘ ʠʦʥʳ ʠ ʘʥʪʠʙʠʦʪʠʢʠ, ʘʮʠʜʦʭʨʦʤʥʳʭ ʟʦʥʜʦʚ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʟʦʥʜʦʚ ʜʣʷ G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ ʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ. 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʘʪʘʣʠʟʘ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʥʦ- ʠ 

ʜʠʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ ʙʠʧʠʨʠʜʠʥʦʚ ʠ ʜʠʤʝʪʠʣʬʝʥʘʥʪʨʦʣʠʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ ʘʪʦʤʦʤ 

ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ. ʈʝʘʢʮʠʷ ʵʪʠʭ ʤʝʪʠʣʛʝʪʝʨʦʮʠʢʣʦʚ ʩ 4-ʢʘʨʙʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʦʤ 

ʫʩʧʝʰʥʦ ʧʨʦʭʦʜʠʪ ʧʨʠ ʦʙʳʯʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʛʝʪʝʨʦʮʠʢʣʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʧʨʦʪʦʥʦʤ 4-ʢʘʨʙʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ [1]. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚʳʩʪʫʧʘʝʪ ʩʘʤ 4-ʢʘʨʙʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ (ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʩ pKa 3.77) ʠ 

ʚʥʝʰʥʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɼʣʷ ʩʠʥʪʝʟʘ ʜʨʫʛʠʭ ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʭ 

ʬʝʥʘʥʪʨʦʣʠʥʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ, ʪʘʢʞʝ ʦʙʨʘʟʫʶʱʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ. ʕʪʦʪ ʧʨʦʩʪʦʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʪʠʨʠʣʙʠʧʠʨʠʜʠʥʳ ʠ ʩʪʠʨʠʣʬʝʥʘʥʪʨʦʣʠʥʳ ʙʝʟ 

ʪʦʢʩʠʯʥʳʭ ʧʨʠʤʝʩʝʡ, ʯʪʦ ʚʘʞʥʦ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʨʙʦʢʩʠʩʪʠʨʠʣʟʘʤʝʱʝʥʥʳʭ ʙʠʧʠʨʠʜʠʥʦʚ ʠ ʬʝʥʘʥʪʨʦʣʠʥʘ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ 6-(4-ʢʘʨʙʦʢʩʠ)ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʝ 2,2'-ʙʠʧʠʨʠʜʠʥʘ ʠʤʝʶʪ 

ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 0.13-0.18, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 4-(4-

ʢʘʨʙʦʢʩʠ)ʩʪʠʨʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥ ʠʤʝʝʪ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 0.013. 

ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

ʜʠʢʘʨʙʦʢʩʠʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʦʛʦ ʬʝʥʘʥʪʨʦʣʠʥʘ (0.35) ʚʳʰʝ, ʯʝʤ ʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʩʣʦʪʳ (0.28).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʠʪʨʦ- ʠ ʜʠʘʤʠʥʦʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʝ ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʷʚʣʷʶʪʩʷ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʝʘʢʮʠʠ ʪʨʘʥʩ-ʮʠʩ ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ C-N ʬʦʪʦʮʠʢʣʠʟʘʮʠʠ. 

ʌʦʪʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʦʬʦʨʦʚ, ʢʦʤʧʣʝʢʩʦʥʦʚ ʠ ʪ.ʧ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʬʦʪʦʣʠʟʝ ʜʠʥʠʪʨʦʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʦʛʦ 

ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʪʠʚʥʘʷ ʬʦʪʦʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʥʠʪʨʦʛʨʫʧʧʳ ʚ 

ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ. ʇʦʩʣʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʬʦʪʦʮʠʢʣʠʟʘʮʠʠ ʚ 

ZE ʠʟʦʤʝʨʝ, ʚ ʢʦʪʦʨʦʤ ʬʦʪʦʮʠʢʣʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʪʠʨʠʣʴʥʘʷ ʛʨʫʧʧʘ, 

ʠʤʝʶʱʘʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ 124013000686-3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ. 

 

[1] Gavrishova, T.N., Petin, A.V., Shastin, A.V., Budyka M.F., 2026, Russ J Gen 

Chem. 96. 1-6 
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ʆʂʀʉʃʀʊɽʃʔʅɸʗ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʗ ʇʈʆʇɸʅɸ ʅɸ ʈʆɼʀʁ-

ʉʆɼɽʈɾɸʑɽʁ ʂɸʊɸʃʀʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄɽ 

 

ʇʦʤʦʛʘʡʣʦ ʉ.ʀ.1,3,@, ʄʝʥʯʠʢʦʚʘ ɻ.ʅ.1, ʊʢʘʯʝʥʢʦ ʆ.ʇ.2 
1ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. 

ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ ʈɸʅ, ʫʣ. ɸʢʘʜʝʤʠʢʘ ʆʩʠʧʴʷʥʘ, 8, ʏʝʨʥʦʛʦʣʦʚʢʘ, 142432, ʈʦʩʩʠʷ, 
2ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʃʝʥʠʥʩʢʠʡ ʧʨ-ʪ, 

47, ʄʦʩʢʚʘ, 119991, ʈʦʩʩʠʷ 
3ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʈɸʅ, ʫʣ. 

ʋʩʠʝʚʠʯʘ, 20, ʄʦʩʢʚʘ, 125190 ʈʦʩʩʠʷ; 
@pom_lana@ism.ac.ru 

 

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ɸ.ɽ. ʐʠʣʦʚʳʤ ʩ ʩʦʪʨ. ʚ 1969 ʛ. ʛʦʤʦʛʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʤʝʪʘʥʘ ʧʦʷʚʠʣʦʩʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʘʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1 

- 3]. ʅʦ ʚʥʝʜʨʝʥʥʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʟʰʠʭ ʘʣʢʘʥʦʚ (C1ï

C4) ʚ ʮʝʥʥʳʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʦʜʫʢʪʳ ʢʨʘʡʥʝ ʤʘʣʦ, ʠ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʠ ʵʥʝʨʛʦʸʤʢʠʤʠ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʨʷʤʦʛʦ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʠʟʰʠʭ ʘʣʢʘʥʦʚ ʚ ʮʝʥʥʳʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ɺ ʩʝʨʠʠ ʨʘʙʦʪ ɽ.ɻ. ʏʝʧʘʡʢʠʥʘ ʩ ʩʦʪʨ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʘʥʦʚ, 

ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʤʝʭʘʥʠʟʤʘ ʠʭ ʜʝʡʩʪʚʠʷ [4]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [5] 

ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʧʨʦʧʠʣʘʮʝʪʘʪʦʚ, ʘʮʝʪʦʥʘ ʠ 

ʧʨʦʧʘʥʘʣʷ) ʦʪ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ RhCl3ïCuSO4ïH2 ʚʳʭʦʜ ʵʬʠʨʦʚ 

ʧʨʦʧʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 36,2%., ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ RhCl3ïCuSO4ïCO 

ʜʦʩʪʠʛʘʝʪ 64,5%. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʧʳʪʢʘ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ (ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ) ʩ 

ʧʨʦʩʪʦʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ. ɼʣʷ ʵʪʦʛʦ ʛʦʤʦʛʝʥʥʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ ʙʳʣʘ ʛʝʪʝʨʦʛʝʥʠʟʠʨʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʥʦʩʠʪʝʣʷ - g-Al 2O3 ʠ ʪʝʩʪʠʨʦʚʘʥʘ ʚ ʨʝʘʢʮʠʠ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʦʧʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʘʨʮʠʘʣʴʥʦʛʦ 
ʦʢʠʩʣʝʥʠʷ ʧʨʦʧʘʥʘ ʧʦʣʫʯʝʥʳ ʘʮʝʪʦʥ, ʧʨʦʧʘʥʘʣʴ, ʠʟʦ-ʧʨʦʧʠʣʘʮʝʪʘʪ, ʥ-

ʧʨʦʧʠʣʘʮʝʪʘʪ ʠ ʤʝʪʠʣʘʮʝʪʘʪ. ʀʩʩʣʝʜʦʚʘʥʳ ʪʘʢʞʝ ʫʩʣʦʚʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʜʦʩʪʠʞʝʥʠʶ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  
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ʤʝʭʘʥʠʟʤʳ // ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ. 2019. ˉ 8. C. 1465-1477 

5. ʏʝʧʘʡʢʠʥ ɽ.ɻ., ʄʝʥʯʠʢʦʚʘ ɻ.ʅ., ʇʦʤʦʛʘʡʣʦ ʉ.ʀ. ʆʢʠʩʣʝʥʠʝ ʧʨʦʧʘʥʘ: ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʦʚʦʩʩʪʘʥʦʚʠʪʝʣʷ // ʅʝʬʪʝʭʠʤʠʷ. 2021. 

ʊ. 61. ˉ 4. ʉ. 540-546.  
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ʉʦʚʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʬʘʨʤʘʮʝʚʪʠʢʠ ʪʨʝʙʫʶʪ 

ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʨʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʮʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ in situ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠʷ (fast scanning chip calorimetry, FSCC), ʩʦʯʝʪʘʶʱʘʷ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ (ʜʦ 10ï10  K/ʩ) ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʥʦʛʨʘʤʤʘʤ ʚʝʱʝʩʪʚʘ.   

ʄʝʪʦʜ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠʠ ʚʦʩʪʨʝʙʦʚʘʥ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ (ʧʦʣʠʤʦʨʬʠʟʤ, ʩʪʘʙʠʣʴʥʦʩʪʴ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ), ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ), ʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʢʣʶʯʘʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʚʝʱʝʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʛʦ in situ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʚʳʩʦʢʦʡ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ.   

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʨʘʤʘʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ. [1] ɺ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʛʨʝʚʘʥʠʝ, ʠʥʜʫʮʠʨʫʝʤʦʝ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, 

ʧʦʟʚʦʣʷʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʣʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʷʤʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʪʝʨʤʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʤʘʪʝʨʠʘʣʘ.   

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʥʭʨʦʪʨʦʥʥʳʤ ʥʘʥʦʬʦʢʫʩʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʨʘʩʩʝʷʥʠʝʤ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. [2] ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʠ ʦʨʠʝʥʪʘʮʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ ʚ ʪʦʥʢʠʭ ʧʣʸʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʪʠʦʬʝʥ-

ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʘʥʳ ʩ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 

ʂʦʥʪʨʦʣʴ ʤʦʨʬʦʣʦʛʠʠ, ʜʦʩʪʠʛʘʝʤʳʡ ʟʘ ʩʯʸʪ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ.  ʈʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʪʘʢʞʝ 

ʚʢʣʶʯʘʝʪ ʠʥʪʝʛʨʘʮʠʶ FSCC ʩ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʥʘʥʦʤʝʪʨʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʚʳʩʦʢʦʡ 

ʚʨʝʤʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.  
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ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʄʅʆɻʆʌʋʅʂʎʀʆʅɸʃʔʅʓɽ ʂɸʊɸʃʀɿɸʊʆʈʓ 

ʅɸ ʆʉʅʆɺɽ ʉɺʉ-ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓʍ ʉʇʃɸɺʆɺ 
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ɻʃʋɹʆʂʆɻʆ ʆʂʀʉʃɽʅʀʗ ʉʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʆɺ 
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ɺ ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ (ɺʕʉ) ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ (ʉɺʉ). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɺʕʉ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʜʘʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ [1]. ʇʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʫʪʝʤ ʪʨʘʚʣʝʥʠʷ 

ʩʧʣʘʚʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʧʝʨʝʚʦʜʦʤ ʝʛʦ ʚ ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʬʦʨʤʫ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʮʝʥʪʨʦʙʝʞʥʦʡ ʉɺʉ-ʫʩʪʘʥʦʚʢʝ [1] ʠʟ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʠ ʘʣʶʤʠʥʠʷ ʧʦʣʫʯʝʥʳ ʣʠʪʳʝ ɺʕʉ-ʧʨʝʢʫʨʩʦʨʳ ʩʦʩʪʘʚʘ FeCoNiCuAl ʠ 

FeCoNiCuMAl, (ʛʜʝ M ï Mn, Cr, Cr+Mn, Cr+Re, Cr+La, Cr+Ce, La) ʩ ʠʟʙʳʪʢʦʤ 

ʘʣʶʤʠʥʠʷ. ɼʘʣʝʝ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʘʣʶʤʠʥʠʷ ʧʨʠ ʢʠʧʷʯʝʥʠʠ, 

ʧʨʦʤʳʚʢʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʤ H2O2, ʧʦ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [2], 

ʦʥʠ ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ. ʀʩʭʦʜʥʳʝ ɺʕʉ ʠ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʉʕʄ, ʕɼɸ, ɹʕʊ. ɼʘʥʥʳʝ ʈʌɸ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩʦʭʨʘʥʷʶʪ ʩʪʨʫʢʪʫʨʫ ɺʕʉ ʠ ʠʤʝʶʪ ʆʎʂ ʨʝʰʝʪʢʫ. 

ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʠʣʘ 0.9 - 10.1 ʤĮ/ʛ.  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʉʆ2 ʥʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʘ, % ʦʙ.: 5 ʉʆ2 + 20 ʅ2 + 75 ʅʝ, ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ (GHSV) 3600 ʯ-1. ʇʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʉʆ2 ʷʚʣʷʶʪʩʷ ʤʝʪʘʥ, ʉʆ ʠ ʚʦʜʘ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʥʘʠʚʳʩʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʧʨʦʷʚʠʣ ʦʙʨʘʟʝʮ FeNiCoCu ʩ ʫʨʦʚʥʝʤ 

ʢʦʥʚʝʨʩʠʠ >50% ʧʨʠ 400Áʉ.  
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ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʠ: ɸ - ʢʦʥʚʝʨʩʠʠ ʉʆ2, ɹ - ʚʳʭʦʜʘ ʤʝʪʘʥʘ ʥʘ 

ʧʨʦʧʫʱʝʥʥʳʡ ʉʆ2, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. 

ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʠʣʠ ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʛʣʫʙʦʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʉʆ ʠ ʧʨʦʧʘʥʘ ʥʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʘ, % ʦʙ.: 0.15 ʉ3ʅ8 + 0.6 ʉʆ + 2.0 

ʆ2 + N2(ʜʦ 100%) ʧʨʠ GHSV=120 000 ʯ-1. 

ʊʝʤʧʝʨʘʪʫʨʘ 100% ʢʦʥʚʝʨʩʠʠ ʉʆ ʩʦʩʪʘʚʣʷʝʪ 250Áʉ ʜʣʷ ʣʫʯʰʠʭ ʦʙʨʘʟʮʦʚ 

(FeNiCoCu ʠ FeNiCoCuMn). ʇʨʠ 450Áʉ ʢʦʥʚʝʨʩʠʷ ʧʨʦʧʘʥʘ ʥʘ ʚʩʝʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, 

ʢʨʦʤʝ FeNiCoCuMn, ʧʨʝʚʳʰʘʝʪ 90%. 

 

[1] Pugacheva E., et al. Metals, 2025, Vol. 15, No. 12, PP. 1381 

[2] Pugacheva E., et al. Int. J. of SHS, 2024,Vol. 33, No. 3 , PP. 200ï208 
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ʉʊʈʆɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ  

ɸʃʖʄʀʅʀɼʆɺ ʊʀʊɸʅɸ, ʇʆʃʋʏɽʅʅʓʍ ɺ ʋʉʃʆɺʀʗʍ ɻʆʈɽʅʀʗ ʀ 

ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʉɼɺʀɻʆɺʆɻʆ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ 

 

ɹʘʞʠʥʘ ɸ.ɼ.1,@, ʀʚʘʥʦʚ ɸ.ʉ.1, ɸʥʪʠʧʦʚ ʄ.ʉ.1 
1 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʉʄɸʅ), ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ  
@ arina@ism.ac.ru  

 

ʉʧʣʘʚʳ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ (TiAl3, TiAl, Ti 3Al) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʦ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʧʣʘʚʳ ʪʘʢʦʛʦ ʪʠʧʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʥʠʢʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ ʩʪʦʡʢʦʩʪʴ 

ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʢʦʨʨʦʟʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʧʦʣʟʫʯʝʩʪʠ [1]. 

ʆʜʥʘʢʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʧʣʘʚʘ TiAl ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʣʦʭʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [2]. ɼʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ 

ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠʟʜʝʣʠʡ ʠʟ 

TiAl, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʜʦʚ ʪʠʪʘʥʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ TiAl ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦʛʦ ʉɺʉ-ʩʞʘʪʠʷ [3], ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ 

ʦʙʲʝʤʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠ ʩʜʚʠʛʦʚʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʝʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 10-50 ʄʇʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʝʩʩ-ʬʦʨʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʩʦʢʨʘʱʝʥʥʳʤ ʯʠʩʣʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʧʨʦʮʝʩʩʘ (10-20 ʩʝʢʫʥʜ) ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʩʦʢʠʭ 

ʫʩʠʣʠʡ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʝʥʠʷ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦʛʦ ʉɺʉ-ʩʞʘʪʠʷ ʠʟ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ ʧʦʣʫʯʝʥʳ ʢʦʤʧʘʢʪʥʳʝ ʧʣʘʩʪʠʥʳ ʨʘʟʤʝʨʘʤʠ 65ʭ65ʭ8 ʤʤ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ 

ʉɺʉ-ʩʞʘʪʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʩʥʠʞʘʶʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʪʠʪʘʥʘ. ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʩ 1450 

ʜʦ 1000 Áʉ, ʘ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʩ 1,2 ʜʦ 0,9 ʤʤ/ʩ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʪʠʪʘʥʘ ʠ ʩʥʠʞʝʥʠʝʤ ʜʦʣʠ ʘʣʶʤʠʥʠʷ ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʦʚʦʡ ʟʘʛʦʪʦʚʢʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 
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ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʭ ʬʘʟ TiAl ʠ Ti3Al ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠ ʫʧʨʫʛʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ 74 ʤʘʩʩ. % Ti3Al ʠ 26 ʤʘʩʩ. % TiAl. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 86 ʤʘʩʩ. % TiAl ʠ 14 ʤʘʩʩ. % 

Ti3Al.     

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 

25-29-00281).  

 

[1] Ai T., Fei Y., Deng Z., 2018, Mater, Express. 8. 361ï367 

[2] Boonruang C., Theppawong A., 2019, Compos. Struct. 229. 111379 

[3] ʉʪʦʣʠʥ ɸ.ʄ., ɹʘʞʠʥ ʇ.ʄ., ʂʦʥʩʪʘʥʪʠʥʦʚ ɸ.ʉ., 2018, ɼʦʢʣʘʜʳ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ. 480. 681ï683 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʦʙʣʘʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʚʳʟʳʚʘʶʪ ʢʣʘʩʪʝʨʳ ʟʦʣʦʪʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʪʠʦʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʘʢ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Au (SG)  ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʘʢʪʠʚʘʮʠʠ (ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʘ Au (SG) ) ʧʨʦʪʝʢʘʝʪ ʨʷʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʚʢʣʶʯʘʷ ʪʨʫʜʥʫʶ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʶ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ [1]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʜʝʪʘʣʴʥʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʪʘʶʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʥʳʤʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʨʦʜʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʣʘʩʪʝʨʘ ʠ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʢʘʥʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʆʧʪʠʤʠʟʘʮʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʘ PBE ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʠ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʤ SBK  ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çʇʨʠʨʦʜʘè. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣ ʚʳʙʨʘʥ ʫʧʨʦʱʝʥʥʳʡ ʘʥʘʣʦʛ ð ʢʣʘʩʪʝʨ Au (SCH ) , ʛʜʝ 

ʦʙʲʝʤʥʳʝ ʛʣʫʪʘʪʠʦʥʦʚʳʝ ʣʠʛʘʥʜʳ ʟʘʤʝʥʝʥʳ ʥʘ ʧʨʦʩʪʝʡʰʠʡ ʪʠʦʣʘʪʥʳʡ ʣʠʛʘʥʜ 

(SCH ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ, ʩʦʭʨʘʥʠʚ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʨʝʘʢʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ O  ʩ ʵʪʠʤ 

ʤʦʜʝʣʴʥʳʤ ʢʣʘʩʪʝʨʦʤ ʩ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ CïH ʚ ʘʣʢʘʥʘʭ. 

ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʢʣʘʩʪʝʨʘ Au (SCH )  

ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʠʩʭʦʜʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʪʘʣʣʦʢʘʨʢʘʩʘ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʪʝʧʝʥʴʶ ʝʛʦ ʩʠʤʤʝʪʨʠʠ ʠ ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʮʝʥʪʨʦʚ. 

ʇʝʨʚʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʩʪʦʚʦʤ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʢʣʘʩʪʝʨʝ Au (SG) , ʠ 

ʩʦʜʝʨʞʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʠʷʜʝʨʥʳʝ (ʜʚʫʭʘʪʦʤʥʳʝ) ʮʝʥʪʨʳ 

ʟʦʣʦʪʘ. ɺʪʦʨʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʣʘʜʘʝʪ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʤʝʪʘʣʣʦʢʘʨʢʘʩʦʤ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʙʠʷʜʝʨʥʳʭ, ʥʦ ʪʘʢʞʝ ʪʨʠ- ʠ ʜʘʞʝ 

ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʟʦʣʦʪʳʭ ʮʝʥʪʨʦʚ [2]. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʧʦʣʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ. 
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ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ (ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦʝ) ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʘ ʢʣʘʩʪʝʨʝ: ʧʝʨʦʢʩʠʜʥʦʡ, 

ʩʫʧʝʨʦʢʩʠʜʥʦʡ ʠ ʦʢʩʠʜʥʦʡ ʬʦʨʤ. ɼʣʷ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʭ 

ʬʦʨʤ ʤʝʪʦʜʦʤ ʧʦʠʩʢʘ ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʥʘʡʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʦʮʝʥʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʘʩʪʝʨʘ ʩ ʪʨʠʧʣʝʪʥʦʡ ʤʦʣʝʢʫʣʦʡ 

ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʝʨʦʢʩʠʜʥʦʡ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʥʘ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʢʣʘʩʪʝʨʘ. ɼʘʣʴʥʝʡʰʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ 

ɛ-ʦʢʩʦʢʦʤʧʣʝʢʩ (ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʥʫ) ʧʨʦʪʝʢʘʝʪ ʩ 

ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ð 18 ʢʢʘʣ/ʤʦʣʴ ð ʥʘ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʠʟ ʪʨʸʭ 

ʘʪʦʤʦʚ ʟʦʣʦʪʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʜʚʫʭ- ʠ ʯʝʪʳʨʸʭʘʪʦʤʥʳʭ ʮʝʥʪʨʦʚ ʟʦʣʦʪʘ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʧʨʝʚʳʰʘʝʪ 30 ʢʢʘʣ/ʤʦʣʴ. 

ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ 

ʎʂʇ ɺʈ ʄʉʎ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

FFSG-2024-0004 (ˉ 124020200104-8). 

 

[1] ɻʦʣʦʚʘʥʦʚʘ ʉ.ɸ., ʉʘʜʢʦʚ ɸ.ʇ., ʐʝʩʪʘʢʦʚ ɸ.ʌ., 2020, ʂʠʥʝʪʠʢʘ ʠ 

ʢʘʪʘʣʠʟ, 61. 664-674. 

[2] Nikitenko N.G., Shestakov A.F., 2026, Mendeleev Commun. 36. 191ï193. 
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ʉʊɸʊʀʉʊʀʂɸ ɺʓɼɽʃɽʅʀʗ ʕʅɽʈɻʀʀ ʇʈʀ ʕʃɽʂʊʈʆʀʉʂʈʆɺʆʄ 

ʀʅʀʎʀʀʈʆɺɸʅʀʀ ʊɽʈʄʀʊʅʆʁ ʉʄɽʉʀ Al/CuO 

 

ʗʥʢʦʚʩʢʠʡ ɹ.ɼ.1, ɸʨʩʸʥʦʚ ʇ.ɸ.1, ɹʦʨʦʜʠʥʘ ʊ.ʀ.1, ɺʘʢʦʨʠʥʘ ɻ.ʉ.1,  

ɺʘʣʴʷʥʦ ɻ.ɽ.1, ɻʝʭʪ ʄ.ʕ.1,2, ɼʦʣʛʦʙʦʨʦʜʦʚ ɸ.ʖ.1 
1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ 

2 ʄɻʊʋ ʠʤ ʅ.ʕ ɹʘʫʤʘʥʘ 
@ yiy2004@mail.ru  

 

ʊʝʨʤʠʪʥʘʷ ʩʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʵʥʝʨʛʦʝʤʢʠʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʊʝʨʤʠʪʥʫʶ ʩʤʝʩʴ ʧʦʣʫʯʘʶʪ ʧʨʠ ʩʤʝʰʝʥʠʠ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʘ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʢʩʠʜʘ, ʥʘʧʨʠʤʝʨ, ʦʢʩʠʜʘ ʤʝʜʠ. ɺ ʩʠʣʫ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʙʨʦʩʘ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʚ ʧʦ ʨʘʟʤʝʨʫ ʠ ʬʦʨʤʝ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʩʤʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʠʪʥʘʷ ʩʤʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʨʦʚʦʜʷʱʠʭ ʠ ʚʦʟʜʫʰʥʳʭ 

ʥʘʥʦ- ʠ ʤʠʢʨʦ-ʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʪʘʢʦʡ 

ʩʤʝʩʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʘʢʦʡ ʢʦʤʧʦʟʠʮʠʠ ʟʘʜʘʸʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʩʢʨʝ.  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʠʩʢʨʘ ï ʠʥʩʪʨʫʤʝʥʪ ʣʦʢʘʣʴʥʦʛʦ (ʦʪ 0,1 ʤʤ3) ʟʘʧʫʩʢʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʛʦʨʶʯʝʝ-ʦʢʠʩʣʠʪʝʣʴ. 

ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʠʩʢʨʫ ʣʝʛʢʦ ʩʠʥʭʨʦʥʠʟʦʚʘʪʴ (Ñ 1 ʤʢʩ) ʩ ʨʘʙʦʯʝʡ ʬʫʥʢʮʠʝʡ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʪʝʨʤʠʪʥʦʡ ʩʤʝʩʠ. 

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʩʢʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʣʦʞʝʥʠʝ 

ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠ ʪʝʧʣʦʚʫʶ ʜʝʩʪʨʫʢʮʠʶ ʧʨʦʚʦʜʷʱʠʭ 

ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʘʣʶʤʠʥʠʷ, ʘ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʥʪʝʨʤʝʜʠʘʪʳ ʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ 

ʵʥʝʨʛʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʨʘʟʚʠʪʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʠʩʢʨʝ (ʤʦʱʥʦʩʪʴʶ Pʠ), ʜʝʩʪʨʫʢʮʠʝʡ 

ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʠʥʝʪʠʢʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʥʘʚʝʩʢʠ ʪʝʨʤʠʪʥʦʡ ʩʤʝʩʠ (~ 1 

ʛ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʪʦʨʮʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ (4,5 ʤʤ) ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʪʦʨʮʘʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ 

ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ. ʇʦʨʠʩʪʦʩʪʴ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣʘ 50-60%.  

ʀʤʧʫʣʴʩ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʦʩʥʦʚʘʥʠʶ å 0,3 ʥʩ 

ʬʦʨʤʠʨʦʚʘʣʠ ʧʨʠ ʨʘʟʨʷʜʝ ʟʘʨʷʞʝʥʥʦʡ ʝʤʢʦʩʪʠ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʨʝʟʠʩʪʠʚʥʫʶ ʠ 

ʠʥʜʫʢʪʠʚʥʫʶ ʮʝʧʠ, ʩ ʠʩʢʨʦʚʳʤ ʧʨʦʤʝʞʫʪʢʦʤ ~ 1 ʤʤ ʚ ʧʦʩʣʝʜʥʝʡ.  

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ  ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ 

ʵʥʝʨʛʠʷ, ʤʦʱʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʩʢʨʳ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʨʘʩʯʸʪʦʚ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Mathlab ʧʦʩʪʨʦʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʤʦʱʥʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʢʨʳ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚ ʮʝʣʦʤ.  

mailto:yiy2004@mail.ru
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"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

141 

 
ɺʝʨʦʷʪʥʦʩʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʢʨʳ (ʩʤ. ʨʠʩʫʥʦʢ) ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʘʣʴʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʝʨʤʠʪʥʦʡ ʩʤʝʩʠ. 
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ʇʆʃʋʏɽʅʀɽ ʀ ʉɺʆʁʉʊɺɸ ʕʃɽʂʊʈʆɺɿʈʓɺʅʓʍ ʇʆʈʆʐʂʆɺ AG 

 

ɺʦʨʥʘʢʦʚʘ ɽ.ɸ.@, ʄʘʪʫʣʴʩʢʘʷ ɽ.ʀ., ʉʫʣʠʟ ʂ.ɺ., ʃʦʞʢʦʤʦʝʚ ɸ.ʉ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 
@ katya.vornakova@mail.ru  

 

ʅʘʥʦʯʘʩʪʠʮʳ (ʅʏ) ʩʝʨʝʙʨʘ ʦʙʣʘʜʘʶʪ ʦʧʪʠʯʝʩʢʠʤʠ, ʪʝʧʣʦʚʳʤʠ, 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʙʠʦʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [2]. ʇʦʩʢʦʣʴʢʫ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʝʨʝʙʨʘ ʩʢʣʦʥʥʳ ʢ ʘʛʣʦʤʝʨʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ 

ʢʦʣʣʦʠʜʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʠʩʧʝʨʩʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʣʦʠʜʥʳʭ ʜʠʩʧʝʨʩʠʡ 

ʩʝʨʝʙʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʪʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ, ʧʨʠ ʦʙʲʸʤʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪ.ʜ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʦʣʫʯʝʥʠʝ ʩʝʨʝʙʨʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʨʝʞʠʤʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʨʳʚʘ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ (ʕɺʇ) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʨʦʰʢʦʚ ʩʝʨʝʙʨʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʚʟʨʳʚ ʧʨʦʚʦʣʦʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ Ag [3]. ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʨʦʚʦʣʦʢʫ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (104 ï 106 ɸ/ʤʤ2), 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʚʦʣʦʢʠ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʷʨʢʦʡ ʚʩʧʳʰʢʦʡ ʩʚʝʪʘ, ʚʟʨʳʚʥʦʡ ʚʦʣʥʦʡ, ʙʳʩʪʨʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʩʤʝʩʠ ʢʠʧʷʱʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʠ ʧʘʨʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʙʳʩʪʨʳʤ ʦʩʪʳʚʘʥʠʝʤ [4].  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 10 ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ 

ʩʝʨʝʙʨʘ, ʚʘʨʴʠʨʫʷ ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ, ʩʢʦʨʦʩʪʴ ʚʚʦʜʘ ʵʥʝʨʛʠʠ, ʚʚʝʜʝʥʥʫʶ 

ʵʥʝʨʛʠʶ ʠ ʩʦʩʪʘʚ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʇʕʄ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʘʩʪʠʮʳ Ag, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʕɺʇ, ʠʤʝʣʠ 

ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ, ʙʳʣʠ ʩʠʣʴʥʦ ʘʛʣʦʤʝʨʠʨʦʚʘʥʳ ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʚ ʤʝʩʪʝ 

ʢʦʥʪʘʢʪʘ ʠʤʝʣʠ ʩʧʘʡʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʜʠʘʤʝʪʨʘ ʧʨʦʚʦʣʦʢʠ (ʧʨʠ ʕɺʇ ʜʠʘʤʝʪʨʦʤ 0,15 ʤʤ ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʩʦʩʪʘʚʠʣ 95,6 ʥʤ), ʘ ʪʘʢʞʝ ʦʪ ʩʦʩʪʘʚʘ ʙʫʬʝʨʥʦʛʦ ʛʘʟʘ (ʧʨʠ ʕɺʇ ʚ ʩʨʝʜʝ 

He+O2 ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʠʣ 94,8 ʥʤ). ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ Ag ʧʨʝʚʳʰʘʣ 100 ʥʤ. 

ʇʦ ʜʘʥʥʳʤ ʇʕʄ ʚʥʫʪʨʠ ʯʘʩʪʠʮ ʧʨʝʦʙʣʘʜʘʣ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʥʪʨʘʩʪ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʥʫʪʨʝʥʥʠʤʠ ʜʝʬʝʢʪʘʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʠʩʣʦʢʘʮʠʷʤʠ) ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 2-ʦʛʦ ʨʦʜʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ï ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ. ʅʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥʘʭ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʝ ʫʟʢʠʝ ʨʝʬʣʝʢʩʳ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ 

(ʩʠʤʚʦʣ ʇʠʨʩʦʥʘ cF4, ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Fm-3m, #04-007-8790). ɿʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʜʘʥʥʦʡ ʬʘʟʳ ʦʪ ʦʙʨʘʟʮʘ ʢ ʦʙʨʘʟʮʫ ʩʦʭʨʘʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʠ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʠ 
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ʠʟʤʝʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʠ ʥʘʣʠʯʠʠ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ 

ʧʝʨʚʦʛʦ (ŮI) ʠ ʚʪʦʨʦʛʦ (ŮII) ʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ Ag, ʧʦʣʫʯʝʥʥʳʡ ʕɺʇ, ʩʧʦʩʦʙʥʳ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 400 Áʉ ʠ ʚʳʜʝʨʞʢʝ 4 ʯʘʩʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 2-20 ʥʤ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʣʘʢʩʘʮʠʡ 

ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʦʘʣʝʩʮʝʥʮʠʠ ʯʘʩʪʠʮ Ag. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 400 Áʉ ʠ ʚʳʰʝ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʨʳʚʘ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʯʘʩʪʠʮ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag ʧʫʪʸʤ ʪʝʨʤʠʯʝʩʢʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʕɺʇ Ag. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-19-

00598, https://rscf.ru/project/25-19-00598/. 
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ʇʋʊʀ ʆɹʈɸɿʆɺɸʅʀʗ S-ʆʂʀʉʃɽʅʅʓʍ ʇʈʆɼʋʂʊʆɺ 

ʕʈɻʆʊʀʆʅɽʀʅɸ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʇɽʈɽʂʀʉʀ ɺʆɼʆʈʆɼɸ 

 

ʊʦʣʩʪʠʢʦʚʘ ɽ.ʂ.1,@, ʗʥʴʰʦʣʝ ɺ.ɺ.1 

1 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨè ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
@ tolstikova.e@tomo.nsc.ru  

 

ʕʨʛʦʪʠʦʥʝʠʥ (ESH, C9H15N3O2S) ï ʵʪʦ ʘʥʪʠʦʢʩʠʜʘʥʪ, ʧʨʦʠʟʚʦʜʥʦʝ 

ʛʠʩʪʠʜʠʥʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʫʝʤʦʝ ʛʨʠʙʘʤʠ ʠ ʥʘʢʘʧʣʠʚʘʝʤʦʝ ʚ ʪʢʘʥʷʭ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʯʝʨʝʟ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʪʨʘʥʩʧʦʨʪʝʨ OCTN1 [1]. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʚ ʩʚʷʟʠ ʩ ʜʘʥʥʳʤʠ ʦ ʢʦʨʨʝʣʷʮʠʠ ʝʛʦ 

ʜʝʬʠʮʠʪʘ ʩ ʫʩʢʦʨʝʥʥʳʤ ʩʪʘʨʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

[2]. ɽʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʫʩʪʦʡʯʠʚ ʢ ʘʚʪʦʦʢʠʩʣʝʥʠʶ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ pH ʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʠʦʣʦʚ [3]. 

ʇʦʚʦʜʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʨʦʙʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʨʛʦʪʠʦʥʝʠʥʘ 

ʷʚʣʷʣʦʩʴ ʦʙʥʘʨʫʞʝʥʠʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(C9H15N3O5S) ʚ ʭʨʫʩʪʘʣʠʢʝ ʜʠʢʦʡ ʫʪʢʠ. ʍʦʪʷ ʦʪʜʝʣʴʥʳʝ S-ʦʢʠʩʣʝʥʥʳʝ ʧʨʦʜʫʢʪʦʚ 

ESH ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʜʝʪʘʣʴʥʳʡ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʧʠʩʘʥ. 

ʇʦʵʪʦʤʫ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ: ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʦʢʠʩʣʝʥʠʷ ʵʨʛʦʪʠʦʥʝʠʥʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʘʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ ʨʘʩʯʝʪ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ʄʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (ɺʕɾʍ-ʄʉ) ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ ʮʝʣʳʡ ʨʷʜ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ: ʛʝʨʮʠʥʠʥ, ʜʠʩʫʣʴʬʠʜ ʵʨʛʦʪʠʦʥʝʠʥʘ, ʦʢʩʠʜʳ ʵʪʠʭ ʚʝʱʝʩʪʚ 

ʠ ʵʨʛʦʪʠʦʥʝʠʥʘ. ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ʗʄʈ) ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʠ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʨʝʘʢʮʠʡ ʵʨʛʦʪʠʦʥʝʠʥʘ ʠ ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ S-ʦʢʠʩʣʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʪʢʘʥʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ25-14-00035) 
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ʇʨʠʤʝʥʝʥʠʝ ʪʠʪʘʥʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʩʦʯʝʪʘʥʠʝʤ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. ʂʨʠʪʝʨʠʝʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʤʧʣʘʥʪʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʪʫʧʘʝʪ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ: 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʜʣʷ ʪʠʪʘʥʘ ʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪ 

ʩʪʨʝʩʩʦʚʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʟʦʨʙʮʠʶ.  

ʌʝʤʪʦʩʝʢʫʥʜʥʘʷ ʣʘʟʝʨʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʪʠʪʘʥʘ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ, ʚʳʟʳʚʘʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. ʅʘʨʷʜʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ, ʪʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʧʦʩʦʙʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʙʣʘʩʪʷʭ ï ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʛʦ ʙʳʣ ʠʟʫʯʝʥ ʚ ʨʘʙʦʪʝ 

[1] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ [2, 3] ʯʘʩʪʠʮʳ ʬʘʟʳ TiC ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʪʦʛʜʘ ʢʘʢ ʟʘ 

ʝʸ ʧʨʝʜʝʣʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʨʘʙʦʪʢʝ ʠʤʧʫʣʴʩʘʤʠ 

ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʦʥʠ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ. ʀʤʧʫʣʴʩʳ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʜʘʨʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʢʘʨʙʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ [1] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʳʰʝ 20 

ɻʇʘ ʠʥʠʮʠʠʨʫʝʪ ʨʘʩʧʘʜ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ [4], ʚʳʩʚʦʙʦʞʜʘʷ 

ʫʛʣʝʨʦʜ ʚ ʪʠʪʘʥʦʚʫʶ ʤʘʪʨʠʮʫ. ɺ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʚʥʝʜʨʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʘʷ ʜʠʬʬʫʟʠʷ ʫʛʣʝʨʦʜʘ ʧʦʩʣʝ ʨʝʣʘʢʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʢ ʤʝʩʪʘʤ 

ʩʢʦʧʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʜʠʩʣʦʢʘʮʠʠ, ʛʨʘʥʠʮʳ ʟʝʨʝʥ), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʝʛʨʝʛʘʮʠʠ ʫʛʣʝʨʦʜʘ ʥʘ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʙʣʶʜʘʚʰʠʤʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʚ ʩ 

ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʪʝʭʥʠʯʝʩʢʠ ʯʠʩʪʦʤ ʪʠʪʘʥʝ [2]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʚʪʦʨʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ ʧʨʠ ʨʦʩʪʝ ʜʘʚʣʝʥʠʷ ʚʳʰʝ 130 

ɻʇʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʧʦʚʳʰʘʝʪ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʪʠʪʘʥʦʤ: ʚ 

ʢʫʣʴʪʫʨʘʭ ʢʣʝʪʦʢ ʦʪʤʝʯʝʥʦ ʫʩʠʣʝʥʠʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʦʩʪʝʦʙʣʘʩʪʦʚ, 

ʘ ʚ ʦʧʳʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ ï ʫʩʢʦʨʝʥʥʦʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʢʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ 
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ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʨʝʞʠʤʳ ʠʤʧʫʣʴʩʥʦʡ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʪʠʪʘʥʦʚʳʭ ʠʤʧʣʘʥʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ FFSG-2024-

0018 (ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 124020700089-3). 

 

[1] Kiselev E.V., Nelasov I.V., 2026, Lett. Mater. 16. 118ï123. 

[2] Manokhin S.S. et al., 2025, Tech. Phys. Lett. 51. 28ï31. 

[3] Kolobov Y.R., Manokhin S.S., Betekhtin V.I., Kadomtsev A.G., Narykova 

M.V., Odintsova G.V., Khramov G.V., 2023, Tech. Phys. Lett. 49. S368ïS371. 

[4] Ivanov M.B., Manokhin S.S., Nechaenko D.A., Kolobov Yu.R., 2011, Russ. 

Phys. J. 54. 749ï755. 

  



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

147 

ʆ ʊɺɽʈɼʆʄ ʇʈʆɼʋʂʊɽ, ʂʆʊʆʈʓʁ ʆɹʈɸɿʋɽʊʉʗ ʇʈʀ ɻɸʄʄɸ-

ʆɹʃʋʏɽʅʀʀ ɻɽʂʉɸʌʊʆʈɹɽʅɿʆʃɸ 

 

ʐʫʣʴʛʘ ʖ.ʄ. *, ʂʘʙʘʯʢʦʚ ɽ.ʅ., ʂʫʱ ʇ.ʇ., ʂʠʯʠʛʠʥʘ ɻ.ɸ., ʂʠʨʶʭʠʥ ɼ.ʇ., 

ɾʠʜʢʦʚ ʄ.ɺ., ɺʘʩʠʣʴʝʚ ʉ.ɻ. 

 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

142432, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʏʝʨʥʦʛʦʣʦʚʢʘ, ʧʨʦʩʧ. ɸʢʘʜʝʤʠʢʘ ʉʝʤʝʥʦʚʘ, 1, ʈʦʩʩʠʷ 

*E-mail: yshulga@yandex.ru  

 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ ɔ-ʣʫʯʘʤʠ 60ʉʦ ʞʠʜʢʦʛʦ 

ʙʝʥʟʦʣʘ ʚ ʥʝʤ ʦʙʨʘʟʫʝʪʩʷ ʪʚʝʨʜʘʷ ʬʘʟʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ 30% [1]. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʜʠʦʣʠʟʫ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʛʝʢʩʘʬʪʦʨʙʝʥʟʦʣ (ɻʌɹ). ɻʘʤʤʘ-

ʦʙʣʫʯʝʥʠʝ ʜʦʟʦʡ 2,6Ĭ107 ɻʨ ɻʌɹ ʚ ʟʘʧʘʷʥʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʘʤʧʫʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʚʳʭʦʜʦʤ 100% (ʩʤ. 

ʨʠʩʫʥʦʢ ʥʠʞʝ).  

 

 
 

ʋʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʙʦʟʥʘʯʘʝʤʦʛʦ ʜʘʣʝʝ, ʢʘʢ ʊɻʌɹ, 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʫʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʛʦ ɻʌɹ. ʇʨʦʜʫʢʪ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʤʝʪʦʜʘʤʠ ʌʫʨʴʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʥʥʳʭ 

ʚʦʟʙʫʞʜʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʷʤʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʈʌʕʉ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʊɻʌɹ 

(ʉ0.51F0.47O0.02) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ɻʌɹ. ɸʥʘʣʠʟ ʀʂ 

ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʭʦʜʝ ʛʘʤʤʘ-ʦʙʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʚ 

ʥʝʢʦʪʦʨʳʭ ʢʦʣʴʮʘʭ ɻʌɹ, ʥʦ ʚ ʊɻʌɹ ʩʦʭʨʘʥʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʮ ɻʌɹ 

ʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʠʥʥʳʭ ʮʝʧʦʯʝʢ -ʉF2-.  ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ 

ʦʩʮʠʣʣʷʮʠʡ ˊ-ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ˊ-ʩʠʩʪʝʤʘ ʚ ʊɻʌɹ ʥʝ 
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ʨʘʟʨʫʰʝʥʘ ʧʦʣʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʡ  ʊɻʌɹ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʦʙʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, 

ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ ʝʛʦ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

142 - 146Á.ʇʦʣʫʯʝʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʠʥʝʪʠʢʠ, ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʠ ʩʚʦʡʩʪʚ ʪʚʝʨʜʦʛʦ ɻʌɹ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ (ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʊɻɸ, ɼʉʂ ʠ ʜʨ.).  

 

[1]. Y.M. Shulga, S.G. Vasilôev, P.P. Kushch, G.A. Kichigina, D.P. Kiryukhin ñOn the 

Polymer Formed by Long-Term Gamma Irradiation of Benzeneò High Energy 

Chemistry, 2026, Vol. 60, No. 1, pp. 96ï101. DOI: 10.1134/S0018143925601307 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ɻʦʩʟʘʜʘʥʠʶ ʈʌ (ʥʦʤʝʨʘ ʛʦʩ. ʈʝʛʠʩʪʨʘʮʠʠ 

124013000757-0, 124013000722-8, 124013000760-0, 124013000692-4) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʅʋ çɻʘʤʤʘʪʦʢ-100è.  
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ʇʆʃʀʂʆʄʇʆʅɽʅʊʅʓɽ ʕʇʆʂʉʀɼʉʆɼɽʈɾɸʑʀɽ ʉʀʉʊɽʄʓ ʂɸʂ 

ʀʉʊʆʏʅʀʂʀ ʈɽɸʂʎʀʁ ʂɸʊɸʃʀɿʀʈʋɽʄʆɻʆ ɻʆʄʆʃʀɿɸ ɺ 

ʉʇʀʈʊʆɺʆʁ ʀ ʉʇʀʈʊʆɺʆīɺʆɼʅʆʁ ʉʈɽɼɸʍ 

 

ʇʝʪʨʦʚ ʃ.ɺ.,@, ʇʩʠʭʘ ɹ.ʃ., ʉʧʠʨʠʥ ʄ.ɻ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, 142432 ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
@ plv@icp.ac.ru  

 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʜʦʣʷ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʧʦʢʩʠʜʦʚ ʚ ʢʦʥʢʫʨʝʥʪʥʳʭ ʛʝʪʝʨʦ- ʠ ʛʦʤʦʣʠʪʠʯʝʩʢʠʭ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʝʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʨʝʘʢʮʠʷʭ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʵʧʦʢʩʠʜʘ ʩʪʠʨʦʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʧʠʨʪʦʚʳʭ, ʪʨʝʪ-

ʙʫʪʘʥʦʣʴʥʳʭ (ButOH), ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝʚʝʣʠʢʘ, ʥʝ ʙʦʣʝʝ 

5% [1]. ʂʚʘʟʠʨʘʜʠʢʘʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʦʩʥʦʚʥʦʤʫ 

ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʤʫ ʧʫʪʠ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʵʧʦʢʩʠʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺʚʝʜʝʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʧʠʨʪʘ ʛʠʜʨʦʭʠʥʦʥʘ (ɻʍ) ʚ ʨʘʩʪʚʦʨ (ButOH ï ʭʣʦʨʙʝʥʟʦʣ, 9:1 ʦʙ.) 

ʦʢʠʩʣʷʝʤʦʡ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ  (ʵʧʦʢʩʠʜ ʩʪʠʨʦʣʘ (ʕʉ) ï ʢʠʩʣʦʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

(ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ)) ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ 

ʵʧʦʢʩʠʜʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʦʡ O2. ɺ ʪʘʢʦʡ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ (ɻʍ ï ʕʉ 

ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ)  ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʧʦʛʣʦʱʝʥʠʷ O2 ʠ 

ʙʨʫʪʪʦ-ʨʘʩʭʦʜʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʢʨʘʪʥʦ, ʚ 3.5 ʨʘʟʘ (VO2/Vʕʉ) å 0.24 (343 K) [2].    

ɺ ʩʧʠʨʪʦʚʦ-ʚʦʜʥʦʡ ʩʤʝʩʠ (ButOH + H2O), (4:1, ʦʙ.), ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʤʝʩʪʦ 

ʢʠʩʣʦʪʳ ʦʩʥʦʚʘʥʠʷ ʧʠʨʠʜʠʥʘ (Py), ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ (ʕʉ ï ɻʍ ï Py) ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ, V = k [ʕʉ]1[ɻʍ]0.3[Py]1, Ea = 36 

ʢɼʞ/ʤʦʣʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʕʉ ʠ ɻʍ ʦʩʥʦʚʘʥʠʝ ʧʠʨʠʜʠʥ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʥʝ 

ʨʘʩʭʦʜʫʝʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʝʛʦ ʜʝʡʩʪʚʠʷ [3]. 

ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʩʠʩʪʝʤʳ  ʕʉ ï ɻʍ ï Py ʚ 

ʩʧʠʨʪʦʚʦ-ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʩʦʩʪʘʚʘ (4:1), ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʥʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) (Cu), ʪ.ʝ. ʚ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʤ ʚʘʨʠʘʥʪʝ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ V = k [ʕʉ]1[ɻʍ]0[Cu]0.4[Py]1, Ea 

= 55.6 ʢɼʞ/ʤʦʣʴ. ɺʳʷʚʣʝʥʦ  ʨʘʚʝʥʩʪʚʦ ʚʝʣʠʯʠʥ  ʩʢʦʨʦʩʪʝʡ ʦʢʠʩʣʝʥʠʷ ʢʚʘʨʪʝʪʘ ʠ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʵʧʦʢʩʠʜʘ. ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʧʠʨʠʜʠʥʦʤ, ʚʚʝʜʝʥʥʳʤ ʚ ʪʨʦʡʥʫʶ ʩʠʩʪʝʤʫ (ʕʉ ï ɻʍ - 

Cu), ʢʦʤʧʣʝʢʩʘ ʪʨʝʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʨʘʜʠʢʘʣʴʥʫʶ 

ʨʝʘʢʮʠʷ ʧʠʨʠʜʠʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʵʧʦʢʩʠʜʦʤ.  

ɺ ʨʘʩʪʚʦʨʝ ʚʦʜʥʦʛʦ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ, ʚ ʫʩʣʦʚʠʷʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʦʣʠ ʚʦʜʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʛʣʦʱʝʥʠʝ O2 ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ (ʙʫʪʠʣʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ (ɹɻʕ) ï ɻʍ ï Py).   

ɺ ʦʪʩʫʪʩʪʚʠʝ H2O ʩʠʩʪʝʤʘ ʥʝ ʦʢʠʩʣʷʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʨʘʩʪʚʦʨʝ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ 

ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʠʨʠʜʠʥ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ, ʪ.ʝ. 
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ʜʝʡʩʪʚʫʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠ. ʉʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ O2 ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ [Py]. 

ɸʥʘʣʦʛʠʯʝʥ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ɻʍ ʦʪ [Py]. Ea = 13.2 

ʢɼʞ/ʤʦʣʴ.  ʈʘʩʭʦʜʦʚʘʥʠʝ  ʵʧʦʢʩʠʜʘ, ɻʍ ʠ ʥʘʢʦʧʣʝʥʠʷ ʙʝʥʟʦʭʠʥʦʥʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʦʪʨʘʞʘʝʪ ʩʣʦʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʧʨʝʚʨʘʱʝʥʠʷ ʵʧʦʢʩʠʜʘ  ɹɻʕ. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʭʠʥʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʙʝʥʟʦʭʠʥʦʥʘ, ʚʥʘʯʘʣʝ ʨʘʩʪʝʪ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʉʢʦʨʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʙʫʪʠʛʣʠʮʠʜʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʉʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʢʨʘʪʥʦ 

ʚʳʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʧʦʢʩʠʜʘ. ʆʙʲʷʩʥʝʥʠʝ  ʥʘʙʣʶʜʘʝʤʳʭ ʦʩʥʦʚʥʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʢʠʩʣʝʥʠʠ ʣʘʙʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ  C4H9OCH2 

ʧʨʠ ʦʢʠʩʨʘʥʦʚʦʤ ʮʠʢʣʝ ɹɻʕ. ʆʢʠʩʣʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʘʢʮʠʷ. 

 ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʛʦ 

ʚʳʭʦʜʘ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ ʛʦʤʦʣʠʪʠʯʝʩʢʠʭ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ (Ó 50%) 

ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʭ ʵʧʦʢʩʠʜʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ  

ʚ ʤʷʛʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ: (124020500064-2).  

 

[1] ʇʝʪʨʦʚ ʃ.ɺ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 2022, ʀʟʚ. ɸʅ. ʉʝʨ. ʍʠʤ. 10.     2138-2141. 

[2] ʇʝʪʨʦʚ ʃ.ɺ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 2017, ʅʝʬʪʝʭʠʤʠʷ. 57. 474-478. 

[3] ʇʝʪʨʦʚ ʃ.ɺ., ʇʩʠʭʘ ɹ.ʃ., ʉʦʣʷʥʠʢʦʚ ɺ.ʄ. 2024, ʍʠʤ.ɹʝʟʦʧʘʩʥʦʩʪʴ. 10. 
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ʅʆɺʓɽ ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʓɽ ʂɸʊɸʃʀɿɸʊʆʈʓ 

ʊʈɽʍʂʆʄʇʆʅɽʅʔʅʆʁ ʂɸʉʂɸɼʅʆʁ ʈɽɸʂʎʀʀ ʇʈʀʅʉɸ-ʈʀʊʊɽʈɸ ʉ 

ʋʏɸʉʊʀɽʄ ʊɽʈʇɽʅʆʀɼʆɺ 

 

ʉʠʜʦʨʝʥʢʦ ɸ.ʖ.1@, ɻʦʣʫʙʝʚʘ ʆ.ʖ.2 ɺʦʣʯʦ ʂ.ʇ.3, ʖʭʠʤʫʢ ɸ.ʄ.1, ʀʣʴʠʥʘ ʀ.ɺ.3, 

ʃʠ-ɾʫʣʘʥʦʚ ʅ.C.3, ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ.3, ɸʛʘʙʝʢʦʚ ɺ.ɽ.1,  
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ɹʝʣʘʨʫʩʠ 

2ʌʠʣʠʘʣ ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè-ʇʀʗʌ-ʀʍʉ 
3ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉʆ ʈɸʅ 
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ʄʦʥʦʪʝʨʧʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ [1]. ɻʣʘʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʪʝʨʧʝʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʢʠʧʠʜʘʨ, ʢʦʪʦʨʳʡ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʜʝʨʞʠʪ Ŭ-ʧʠʥʝʥ [2]. ʂʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ Ŭ-ʧʠʥʝʥʘ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ 

ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʤʳʣʝʥʠʝʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʘʮʝʪʘʪʘ ʥʘʤʠ 

ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʪʝʨʧʝʥʦʠʜ 8-ʛʠʜʨʦʢʩʠ-6-ʛʠʜʨʦʢʩʠʤʝʪʠʣʣʠʤʦʥʝʥ 1 [3], ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʠʥʪʝʟʘ ʨʷʜʘ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ 

ʚʳʨʘʞʝʥʥʦʡ ʙʠʦʘʢʪʠʚʥʦʩʪʴʶ [4]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʘʩʢʘʜʥʳʤ ʨʝʘʢʮʠʷʤ ʪʠʧʘ ʇʨʠʥʩʘïʈʠʪʪʝʨʘ ʩ ʫʯʘʩʪʠʝʤ 

ʪʝʨʧʝʥʦʠʜʘ 1, ʘʣʴʜʝʛʠʜʦʚ ʠ ʥʠʪʨʠʣʦʚ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ. ʕʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʦʜʦʙʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ -SO3H, ʚʢʣʶʯʘʷ ʘʣʶʤʦʩʠʣʠʢʘʪʳ [1].  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʙʨʘʟʮʳ (ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ K10 ʠ ʛʘʣʣʫʘʟʠʪʦʚʳʝ ʥʘʥʦʪʨʫʙʢʠ, 

HNT), ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʩʤʝʢʪʠʪ (ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ) 

Al1.8 ʠ ʢʘʦʣʠʥʠʪ ʩ ʤʦʨʬʦʣʦʛʠʝʡ ʪʠʧʘ çʨʝʧʝʡʥʠʢè (Kaol) [5, 6]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ HNT 

ʠ Kaol ï ʨʘʩʪʚʦʨʦʤ ʧʠʨʘʥʴʠ (Pir), ʘ Al1.8 ï 10,0% HCl. 

ʅʘʧʨʘʚʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ HNT(Pir), 

Kaol(Pir), Al1.8(HCl) ʠ ʂ10 ʩʠʣʴʥʳʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ɹʨʝʥʩʪʝʜʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʧʫʪʝʤ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (HSO3Cl) ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʝʨʳ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ: ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʟʮʘ K10-SO3H ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʩʝʨʳ 

ʩʦʩʪʘʚʣʷʝʪ 5,2 ʤʘʩ. %. 

ʄʦʜʠʬʠʢʘʮʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʛʨʫʧʧʘʤʠ -SO3H ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 8-ʛʠʜʨʦʢʩʠ-6-ʛʠʜʨʦʢʩʠʤʝʪʠʣʣʠʤʦʥʝʥʘ 1, 4-

ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ 2 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʊʘʢ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʩʭʦʜʥʦʛʦ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʂ10 ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʇʨʠʥʩʘ-ʈʠʪʪʝʨʘ ʧʨʠ 25  

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʪʝʢʘʝʪ: ʢʦʥʚʝʨʩʠʷ ʨʝʘʛʝʥʪʘ 1 ʩʦʩʪʘʚʣʷʝʪ ~30%, ʦʙʨʘʟʫʝʪʩʷ 

mailto:Sidorenko@ichnm.by
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85,0% ʧʨʦʜʫʢʪʘ ʩ ʮʠʥʝʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ 4 ʠ ʣʠʰʴ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 3.  

 

 
ʅʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʛʨʫʧʧʘʤʠ HSO3Cl ʂ10 ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʢʦʥʚʝʨʩʠʠ ʪʝʨʧʝʥʦʠʜʘ 1 60,0 ï 70,0% ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 1,3-ʦʢʩʘʟʠʥʦʚʦʤʫ 

ʧʨʦʜʫʢʪʫ 3 ʩʦʩʪʘʚʣʷʝʪ 29,0% ʧʨʠ 25Áʉ ʠ 46,0% ʧʨʠ 5Áʉ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʛʨʫʧʧʘʤʠ -SO3H ʘʣʶʤʦʩʠʣʠʢʘʪʳ HNT(Pir), Kaol(Pir), Al1.8(HCl) ʪʘʢʞʝ 

ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʧʨʦʜʫʢʪʫ 3 ʜʦ 44,0% ʧʨʠ 5 .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʛʨʫʧʧʘʤʠ -SO3H ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʘʩʢʘʜʥʦʡ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘïʈʠʪʪʝʨʘ, ʧʨʠʚʦʜʷʱʫʶ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʨʘʛʤʝʥʪʦʤ 1,3-ʦʢʩʘʟʠʥʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɹʈʌʌʀ (ʍ26ʈʅʌ-047) ʠ 

ʈʅʌ (25-43-10014). 
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ʆʂʀʉʃʀʊɽʃʔʅʓɽ ʈɽɸʂʎʀʀ ʆʈɻɸʅʀʏɽʉʂʀʍ ʂʀʉʃʆʊ 

 

ʉʳʨʦʤʷʪʥʠʢʦʚ ɸ.ɻ. 1,2, ɺʘʩʠʣʴʝʚ ɽ.ʉ. 1 ʍʦʤʷʢʦʚʘ, ʇ.ʉ. 1, ʄʦʨʦʟʦʚʘ ʆ.ʉ.1, 

ɻʦʨʠʥʦʚʘ ɽ.ʄ. 1,3 ɻʝʨʨʤʘʥʥ ʍ.4, ʐʘʬʝʨ T.4, ʄʦʨʦʟʦʚ ʀ.ʀ.1 

 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʸʥʦʚʘ, 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
4Leibniz-Institute for Tropospheric Research, Leipzig, Germany 

igormrzv@gmail.com 

 

ʈʘʜʠʢʘʣ ʆʅ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ ʚ ʛʘʟʦʚʦʡ ʠ ʚʦʜʥʦʡ 

ʬʘʟʘʭ ʪʨʦʧʦʩʬʝʨʳ. ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʨʘʜʠʢʘʣʦʚ ʆʅ ʩ ʢʠʩʣʦʪʘʤʠ: ʤʫʨʘʚʴʠʥʦʡ, 

ʫʢʩʫʩʥʦʡ, ʧʨʦʧʠʦʥʦʚʦʡ. ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʩʳʨʴʝʤ, ʢʦʪʦʨʦʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ ʠʣʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʥʘʡʜʝʥʘ ʚ ʥʝʬʪʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʙʨʦʞʝʥʠʠ ʫʛʣʝʚʦʜʦʚ. ʋʜʘʣʝʥʠʝ ʢʠʩʣʦʪ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʬʦʪʦʣʠʟʦʤ, ʛʠʜʨʦʣʠʟʦʤ ʠ 

ʙʠʦʜʝʛʨʘʜʘʮʠʝʡ. ʌʦʪʦʣʠʟ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʝʟʥʘʯʠʪʝʣʝʥ ʠʟ-ʟʘ ʩʣʘʙʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʚ UV-VIS ʜʠʘʧʘʟʦʥʝ. ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʬʦʪʦʦʢʠʩʣʝʥʠʝ 

ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ɻʠʜʨʦʣʠʟ ʢʠʩʣʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-

ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʛʠʜʨʦʣʠʟʫʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʈʝʘʢʮʠʠ ʩ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʨʦʮʝʩʩʦʚ ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʪ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʧʦʯʚʝ ʠ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ.  

ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʨʅ ʚʦʜʳ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3 ï 6, ʧʦʵʪʦʤʫ ʚ 

ʢɻʩʧʝʨʠʤʝʥʪʘʭ ʨʝʘʢʮʠʠ ʨʘʜʠʢʘʣʦʚ ʆʅ ʩ ʢʠʩʣʦʪʘʤʠ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʨʅ = 5. ʈʝʘʢʮʠʷ 

ʨʘʜʠʢʘʣʦʚ ʆʅ ʩ ʵʪʠʤʠ ʢʠʩʣʦʪʘʤʠ ʠʟʫʯʘʣʠʩʴ ʚ ʚʦʜʝ ʤʝʪʦʜʦʤ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ [1]. ɺ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʘ-ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʘʢʮʠʷ ʨʘʜʠʢʘʣʘ ʆʅ ʩ ʪʠʦʮʠʘʥʘʪ-ʠʦʥʦʤ (SCN-

). (288 <ʊ <328; pH 5). ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʅ 5 ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʦʣʝʢʫʣ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ 36% ʠ aʥʠʦʥʦʚ 64%.        

OH + CH3COOH   Ÿ ʇʨʦʜʫʢʪʳ  

              OH + (SCN-)          Ÿ ʇʨʦʜʫʢʪʳ 

ʇʨʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʢʚʘʨʮʘ. ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ - 4.7 ʩʤ ʠ 

ʜʣʠʥʘ 7 ʩʤ. ʈʘʜʠʢʘʣʳ ʆʅ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʣʘʟʝʨʥʳʤ ʬʦʪʦʣʠʟʦʤ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 5Ŀ10-5 ʤʦʣʴ/ʣ. ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ - ʵʢʩʠʤʝʨʥʳʡ ʣʘʟʝʨ 

(ʛʘʟʦʚʘʷ ʩʨʝʜʘ KrF, ʩ ɚ = 248 ʥʤ). ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ʵʢʩʠʤʝʨʥʦʛʦ ʣʘʟʝʨʘ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 150 ʤɼʞ, ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʢʘʣʦʚ ʆʅ ʩʦʩʪʘʚʣʷʣʘ 1Ŀ10-

7 ʤʦʣʴ/ʣ, ʪʦʛʜʘ ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ [H2O2]0 ʙʳʣʘ 1Ŀ10-4 ʤʦʣʴ/ʣ. H2O2 + hɜ 

(248 ʥʤ) = 2 OH.  

mailto:igormrzv@gmail.com
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ɺ ʚʦʜʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʡ:  

          OH + CH3COOH Ÿ ʧʨʦʜʫʢʪʳ 

          OH + CH3COO-  Ÿ ʧʨʦʜʫʢʪʳ 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʆʅ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʚʦʜʝ ʠ ʛʘʟʝ. 

k (aq), 

107  ʣ ʤʦʣʴ-1 ʩ-1 
ʄʝʪʦʜ 

k (gas), 10-13 

ʩʤ3/(ʤʦʣʝʢʫʣʘ ʩ) 
ʄʝʪʦʜ 

0.92 Ñ 0.38,  

pH = 1.0 

Thomas, 1965 

ʀʤʧʫʣʴʩʥʳʡ 

ʨʘʜʠʦʣʠʟ, 

Vis-UV ʘʜʩʦʨʙʮʠʷ 

7.04; 6.95 

Berasategui, 2020 

ʌʣʵʰ-ʬʦʪʦʣʠʟ, 

ʃʘʟʝʨʥʘʷ  

ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

1.5, pH 1.0  

Thomas, 1965 

 

ʀʤʧʫʣʴʩʥʳʡ 

ʨʘʜʠʦʣʠʟ, 

Vis-UV ʘʜʩʦʨʙʮʠʷ 

7.66  

Huang Yi-wen, 

2010 

ʃʘʟʝʨʥʘʷ  

ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

2.3, pH 1.0 

Adams, 1965 

ʀʤʧʫʣʴʩʥʳʡ 

ʨʘʜʠʦʣʠʟ 

7.47, 

 Vimal, 2006 

ʈʝʟʦʥʘʥʩʥʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

1.7, pH 1.0  

Ogata, 1981 

 8.50 Khamaganov,  

2006  

ʌʣʵʰ-ʬʦʪʦʣʠʟ,  

1.7, ʨʅ 5 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

 6.57  

Butkovskaya 2004 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

  

Thomas J.K., Trans. Faraday Soc. 1965. 61. 702. Adams, G. E., Boag, J. W., Michael 

B. D. Trans. Faraday Soc. 1965. 61. 1674. Ogata Y., K.Tomizawa, K. Takagi. Can. J. 

Chem. 1981.   59. 1. 14-18. Berasategui M., Amedro D., et al, Atmos. Chem. Phys., 

2020, 20(21) 13541ï13555. Huang Yi-wen., Dransfield, T.J., Anderson J.G. J. Phys. 

Chem. A, 2010, 114(43), 11538 ï 11544. Butkovskaya N.I.; Kukui A.; et al. J. Phys. 

Chem. A, 2004, 108, 7021. Vimal D., Stevens P. S J. Phys. Chem. A, 2006, 110(400. 

11509ï11516. Khamaganov V. G., Bui V. X., et al, J. Phys. Chem. A, 2006, 110(470, 

12852ï12859. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʢʘʣʦʚ ʆʅ ʚ 

ʚʦʜʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʦʞʥʳʝ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʠʢʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʆʅ ʚ ʚʦʜʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʬʘʟʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ CAPRAM 3/0i [1-2]. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʜʠʢʘʣʦʚ 

ʆʅ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʆʅ ʩ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʚʦʜʝ, ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʞʠʟʥʠ ʢʠʩʣʦʪʳ ʚ ʦʙʣʘʯʥʳʭ 

ʢʘʧʣʷʭ ʠ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʯʘʩʪʠʮʘʭ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʠ 

ʥʘ ʤʦʨʩʢʠʭ ʧʨʦʩʪʦʨʘʭ.  

ɺ ʘʪʤʦʩʬʝʨʝ ʨʘʩʩʯʠʪʘʥʥʘʷ ʩʨʝʜʥʷʷ ʜʥʝʚʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʆʅ õ 6Ĭ10  

ʆʅ/ʩʤį. ʕʪʦ ʟʥʘʯʝʥʠʝ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ (ʩʤ ʊʘʙʣʠʮʫ) ʦ ʢʦʥʩʪʘʥʪʘʭ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ ʞʠʟʥʠ ʢʠʩʣʦʪʳ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʫʜʘʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʪʨʦʧʦʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 121 
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ʜʝʥʴ; ʚ ʦʙʣʘʯʥʳʭ ʢʘʧʣʷʭ - 142 ʜʥʷ, ʥʘ ʚʣʘʞʥʳʭ ʯʘʩʪʠʮʘʭ -12 ʜʥʝʡ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʘʩʯʝʪʳ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʤʦʨʩʢʠʭ ʠ ʚ 

ʛʦʨʦʜʩʢʠʭ   ʫʩʣʦʚʠʡ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʘʢʮʠʷʭ 

ʨʘʜʠʢʘʣʦʚ ʆʅ ʩ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʚʦʜʝ.  

ɺʳʚʦʜʳ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʥʢʫʨʝʥʪʥʦʡ ʢʠʥʝʪʠʢʦʡ ʩ SCNï ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʪʨʦʧʦʩʬʝʨʥʳʤ (ʪʝʤʧʝʨʘʪʫʨʘ 

278ï318 ʂ) ʠ pH=5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʜʘʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʨʝʘʢʮʠʷʤʠ ʚ ʦʙʣʘʯʥʳʭ ʢʘʧʣʷʭ, ʘ 

ʚʨʝʤʷ ʞʠʟʥʠ ʚʦ ʚʣʘʞʥʳʭ ʯʘʩʪʠʮʘʭ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʧʝʨʚʳʭ ʜʚʫʭ. ɺ ʤʦʨʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦ ʚʣʘʞʥʳʭ ʯʘʩʪʠʮʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʜʦʣʴʰʝ ʯʝʤ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʚ ʦʙʣʘʯʥʳʭ ʢʘʧʣʷʭ. ɺʨʝʤʷ ʞʠʟʥʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʦʜʠʥ ï ʜʚʘ ʧʦʨʷʜʢʘ ʢʦʨʦʯʝ, ʯʝʤ ʚ ʦʙʣʘʯʥʳʭ 

ʢʘʧʣʷʭ ʠ ʚʣʘʞʥʳʭ ʯʘʩʪʠʮʘʭ.  ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʦʣʝʟʥʳ ʜʣʷ ʦʮʝʥʢʠ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ 

ʵʪʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. ɿʥʘʥʠʝ ʵʪʠʭ ʢʦʥʩʪʘʥʪ ʠʤʝʝʪ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʪʨʦʧʦʩʬʝʨʝ ʪʘʢʠʭ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ, ʢʘʢ ʫʢʩʫʩʥʳʝ ʢʠʩʣʦʪʳ.  
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ʇɽʈɽʍʆɼɸ III  ï II  ʇʆʃʀʊɽʊʈɸʌʊʆʈʕʊʀʃɽʅɸ ɼʆ ʀ ʇʆʉʃɽ 
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ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤʫ ʥʘʛʨʫʞʝʥʠʶ 

ʦʙʨʘʟʮʦʚ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ [1, 2]. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ III  ʚ II  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʫʜʘʨʘ ʦʪ 100 ʜʦ 600 ʤ/ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʚʣʝʥʠʷʤ ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 0.17õ1.1 ɻʇʘ. ʈʘʟʛʦʥ ʫʜʘʨʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʫʰʢʠ ʢʘʣʠʙʨʦʤ 50 ʤʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ 

ʩʚʦʙʦʜʥʦʡ ʠʣʠ ʢʦʥʪʘʢʪʥʦʡ ʥʘ ʛʨʘʥʠʮʝ ʩ ʦʢʥʦʤ ʠʟ ʇʄʄɸ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ɼʦʧʣʝʨʦʚʩʢʦʛʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʩʢʦʨʦʩʪʠ VISAR [3] ʩ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 1 ʥʩ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝ ʚʳʰʝ 5 ʤ/ʩ. 

ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʚʳʨʝʟʘʣʠʩʴ ʠʟ ʧʣʘʩʪʠʥʳ ʇʊʌʕ, 

ʧʦʣʫʯʘʝʤʦʡ ʦʜʥʦʦʩʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʦʨʦʰʢʘ ʇʊʌʕ ʩʫʩʧʝʥʟʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʘʨʢʠ ʇʅ (ɻʆʉʊ 10007) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ-ʧʣʘʩʪʠʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʧʨʝʩʩʦʚʘʥʠʷ. ʈʘʜʠʘʮʠʦʥʥʦʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʇʊʌʕ ʧʨʦʚʦʜʠʣʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ 60ʉʦ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ɼʦʟʘ ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 200 

ʢɻʨ.  

ʇʦʩʪʨʦʝʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʦʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʚʫʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ [4]. ɼʠʘʧʘʟʦʥ 

ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʣ ʦʪ 106 ʜʦ 108 ʩ-1 ʧʨʠ ʩʞʘʪʠʠ ʠ 104õ105 ʩ-1 ʚ ʚʦʣʥʝ 

ʨʘʟʨʝʞʝʥʠʷ. ʆʙʣʫʯʝʥʥʳʡ ʚ ʨʘʩʧʣʘʚʝ ʇʊʌʕ ʧʨʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥ ʚʧʝʨʚʳʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʢʦʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʦʙʣʫʯʝʥʥʦʛʦ ʇʊʌʕ 

ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ 80õ85 ʄʇʘ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ, ʯʪʦ ʚ 

1.5õ2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʳʯʥʦʛʦ ʇʊʌʕ (40õ45 ʄʇʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 0.6 ɻʇʘ), 

ʠ ʚ 3õ4 ʨʘʟʘ ʚʳʰʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʇʊʌʕ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ ʨʘʩʪʷʞʝʥʠʠ (15õ30 ʄʇʘ). ʆʮʝʥʢʘ ʩʚʝʨʭʫ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʣʥʳʡ ʨʘʟʨʳʚ ʇʊʌʕ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
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ʥʘʧʨʷʞʝʥʠʠ 135ï170 ʄʇʘ, ʘ ʦʙʣʫʯʝʥʥʦʛʦ ʇʊʌʕ ï ʧʨʠ 220ï250 ʄʇʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʚ ʤʠʢʨʦʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʥʘʛʨʫʞʝʥʠʷ ʧʨʝʚʳʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʚ ʩʪʘʪʠʢʝ ʜʣʷ 

ʇʊʌʕ ʧʨʠʤʝʨʥʦ ʚ 5õ6 ʨʘʟ (20ï30 ʄʇʘ), ʘ ʜʣʷ ʦʙʣʫʯʝʥʥʦʛʦ ʇʊʌʕ ï ʚ 15 ʨʘʟ (15 

ʄʇʘ). ʄʠʥʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʳʡ ʦʪʨʳʚ 

ʦʪʢʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʠ ʨʘʟʨʫʰʝʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʬʨʘʛʤʝʥʪʦʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʇʊʌʕ ʚ ʨʘʩʧʣʘʚʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʘ ʨʘʟʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 0.55 

ɻʇʘ.  

ɼʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʦʜʝʨʞʠʪ ʜʘʚʣʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ (ʇʊʌʕ) ʠʟ 

ʩʧʠʨʘʣʝʚʠʜʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ (ʬʘʟʳ II) ʚ ʧʣʦʩʢʫʶ (ʬʘʟʫ III ), ʧʨʦʠʩʭʦʜʷʱʠʡ ʧʨʠ 

0.51õ0.75 ɻʇʘ [5]. ʇʨʠ ʜʘʚʣʝʥʠʷʭ 0.61 ʠ 1.13 ɻʇʘ ʚ ʚʦʣʥʝ ʨʘʟʛʨʫʟʢʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫʩʢʦʨʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʥʦ ʦʙʨʘʪʥʳʤ ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʦʤ ʚ ʇʊʌʕ ʠʟ ʬʘʟʳ III  ʚ ʬʘʟʫ II  (ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ). 

ʈʘʩʩʯʠʪʘʥʳ ʜʘʚʣʝʥʠʷ ʥʘʯʘʣʘ ʦʙʨʘʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ: 0.51 ɻʇʘ ʫ ʇʊʌʕ ʠ 

0.46 ɻʇʘ ʫ ʇʊʌʕ ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʩʣʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠ ʣʶʙʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʠʩʭʦʜʥʦʛʦ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝʱʝʩʪʚʝ 

ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡè, ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ˉ ʪʝʤʳ 

FFSG-2024-0001, ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ˉ 124020600049-8 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʚʟʨʳʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠèè. 
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ʀʚʘʥʦʚ ɸ.ʀ., ʅʘʟʘʨʦʚ ɸ.ɽ., ʉʠʧʣʠʚʳʡ ʅ.ɹ. 
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ʉʠʤʤʝʪʨʠʯʥʳʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʠʜʘ A-D-A (D-A-D) ʠ D-

A3 (D-A3) ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʦʤʫ ʩʝʯʝʥʠʶ ʜʚʫʭʬʦʪʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥʦ ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʧʝʨʝʥʦʩʦʤ 

ʟʘʨʷʜʘ (ʅʉʇɿ) ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ 

ʭʨʦʤʦʬʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʦʙʨʘʟʫʶʪ ʩʚʝʪʦʚʫʶ ʵʥʝʨʛʠʶ ʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʩʦʟʜʘʥʠʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

 ʂ ʯʠʩʣʫ ʧʨʦʷʚʣʝʥʠʡ ʅʉʇɿ ʦʪʥʦʩʷʪʩʷ: ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʀʂ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ, ʟʘʧʨʝʱʝʥʥʳʭ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ 

ʩʦʩʪʦʷʥʠʠ; ʙʦʣʴʰʦʡ ʩʪʦʢʩʦʚ ʩʜʚʠʛ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʜʨʫʛʠʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʪʝʦʨʠʷ ʜʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ [1,2]. 

ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʢʪʫʧʦʣʴʥʳʝ ʤʦʣʝʢʫʣʳ (D-A3), ʦʙʣʘʜʘʶʱʠʝ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 

ʀʭ ʥʠʞʥʠʝ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ ʜʦʥʦʨʘ 

ʥʘ ʚʩʝ ʘʢʮʝʧʪʦʨʳ. ʉʠʤʤʝʪʨʠʷ C3 ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʥʦʩʪʴʶ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʳʨʦʞʜʝʥʥʦʛʦ ʥʝʧʦʣʥʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʫʙʣʝʪʘ [2, 

3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʨʦʞʜʝʥʥʳʡ ʜʫʙʣʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʣʠʟʘʮʠʶ ʩʧʠʥʘ 1/2, 

ʦʙʣʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ [3]. ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʦʢʪʫʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʢʫʙʠʪʦʚ, ʥʦ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʪʝʨʘʛʝʨʮʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [4]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

22-13-00180-ʇ, https://rscf.ru/project/22-13-00180/ 

 

[1] Ivanov A.I., 2024, J. Photochem. Photobiol. C   58. 100651. 

[2] Siplivy N.B., Ivanov A.I., 2024, J. Chem. Phys. 160. 194302. 

[3] Ivanov A.I., 2025, J. Chem. Phys.  163. 084307. 

[4] Nazarov A.E., Ignatjev V.K., Ivanov A.I., 2025, J. Chem. Phys.    163. 

244301.  
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ʉʇɽʂʊʈʓ ʄɽʊɸʃʃʆʎɽʅʆɺ 4 ɻʈʋʇʇʓ 

 

ʃʫʢʦʚʘ ɻ.ɺ.1,@, ʄʠʣʦʚ ɸ.ɸ.2 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
2ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ 

@ gloukova@mail.ru  

 

ʕʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳ ʜʣʷ ʤʥʦʛʠʭ ʦʙʣʘʩʪʝʡ ʭʠʤʠʠ ʠ ʬʠʟʠʢʠ. 

ʄʝʪʘʣʣʦʮʝʥʳ ʧʦʜʛʨʫʧʧʳ ʪʠʪʘʥʘ ī ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʥʦʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ. ʕʪʦ ʢʣʘʩʩ d0-ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʣʘʜʘʶʱʠʡ ʨʝʜʢʠʤʠ ʠ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ 

ʣʠʛʘʥʜʘ ʥʘ ʤʝʪʘʣʣ (ʇɿʃʄ), ʚ ʪ.ʯ. ʫʥʠʢʘʣʴʥʳʤʠ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʤʠ 3ʇɿʃʄ. [1, 2]  

ʄʳ ʧʦʣʫʯʠʣʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ 

ʥʘ ʧʨʠʤʝʨʝ ʪʠʪʘʥʦʮʝʥʘ ʜʠʢʘʨʙʦʨʘʥʠʣʘ Ti(ɖ5:ɖ1-CpCMe2CB10H10C)2 ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʦʜʝʣʠʨʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʘʥʪʠʦʤʝʨʦʚ d0-ʤʝʪʘʣʣʦʮʝʥʦʚ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ 

ʪʨʠʘʜʳ ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʳʭ ʤʝʪʘʣʣʦʮʝʥʦʚ ʩ ʢʘʨʙʦʨʘʥʠʣʴʥʳʤʠ ů-ʣʠʛʘʥʜʘʤʠ. ʅʘ 

ʧʨʠʤʝʨʝ Hf(ɖ5:ɖ1-CpCMe2CB10H10C)2 ʚʧʝʨʚʳʝ ʦʮʝʥʝʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ S0-ʩʦʩʪʦʷʥʠʷ ʚ 1ʇɿʃʄ.  

ʄʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʇɿʃʄ, 

ʢʨʘʡʥʝ ʤʘʣʦ. ʈʘʩʩʤʦʪʨʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʪʨʫʢʪʫʨʘ, ʦʨʙʠʪʘʣʴʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʇɿʃʄ) ʜʣʷ ʚʘʞʥʦʛʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʤʝʡʩʪʚʘ ï ʤʝʪʘʣʣʦʮʝʥʦʚ IV 

ʛʨʫʧʧʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʌʀʎ ʍʌ ʠ ʄʍ ʈɸʅ  

124013000686-3 ʠ ʛʦʩʟʘʜʘʥʠʝʤ ʖʅʎ ʈɸʅ 122020100282-6. 

 

[1] Loukova G.V. in Springer Handbook of Inorganic Photochemistry (Eds.: D. 

Bahnemann, A. O. T. Patrocinio), Chapter 19, Springer Handbooks, Cham, Springer 

2022, 459-492. 

[2] Loukova G.V. in Organometallic Compounds: Preparation, Structure and 

Properties (Ed.: H.F. Chin), Chapter 4, N. Y.: Nova Sci. Pub. 2010, 159-196.  
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ʄɽʍɸʅʆɸʂʊʀɺɸʎʀʗ ʀ ɼɽʊʆʅɸʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ 

ʉʆʉʊɸɺʆɺ ʅɸ ʆʉʅʆɺɽ ʇɽʈʍʃʆʈɸʊɸ ɸʄʄʆʅʀʗ 

 

ɼʦʣʛʦʙʦʨʦʜʦʚ ɸ.ʖ.1,2,@, ʂʠʨʠʣʝʥʢʦ ɺ.ɻ.2, ɹʨʘʞʥʠʢʦʚ ʄ.ɸ.2,  

ɻʨʠʰʠʥ ʃ.ʀ.1,2, ɺʦʨʦʙʴʸʚʘ ɻ.ɸ.2 

1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʈɸʅ 
2ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ  

ʠʤ. ʅ.ʅ. ʉʝʤʸʥʦʚʘ ʈɸʅ 
@ aldol@ihed.ras.ru  

 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʦʨʝʥʠʷ ʠ 

ʜʝʪʦʥʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʠ ʪʚʝʨʜʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ (ʄɸ) ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ. ʄɸ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝʤ ʠ ʩʤʝʰʠʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɸ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʭʣʦʨʘʪʘ ʘʤʤʦʥʠʷ (ʇʍɸ, NH4ClO4) ʚ ʩʤʝʩʠ ʩ Al ʠ B. ʕʪʠ ʩʦʩʪʘʚʳ 

ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʈʘʩʯʝʪʥʳʡ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 6NH4ClO4+10Al=5Al2O3+6HCl 

+9H2O+3N2 ʩʦʩʪʘʚʣʷʝʪ 9,99 ʄɼʞ/ʢʛ, ʘ ʧʨʠ ʨʝʘʢʮʠʠ 3NH4ClO4+9B = 

BCl3+4B2O3+6H2+1,5N2  ï 10,24 ʄɼʞ/ʢʛ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʪʝʧʣʦʪʳ ʚʟʨʳʚʘ 

ʊʅʊ (4,19 ʄɼʞ/ʢʛ). ʆʜʥʘʢʦ ʦʙʳʯʥʳʝ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʇʍɸ ʜʝʪʦʥʠʨʫʶʪ ʪʦʣʴʢʦ 

ʚ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʘʭ ʠ ʧʨʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʪʠʧʠʯʥʳʝ ʩʢʦʨʦʩʪʠ 

ʜʝʪʦʥʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 4ï5 ʢʤ/ʩ ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʢʦʨʦʩʪʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʢʦʣʦ 0,7. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄɸ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʯʠʩʪʦʛʦ ʇʍɸ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 100 ÁC, ʘ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ O2 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʦʣʠʤʦʨʬʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ 250-260 ÁC [1].  

ʄɸ ʩʦʩʪʘʚʦʚ ʇʍɸ+Al ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ çɸʢʪʠʚʘʪʦʨ-2-SLè 

ʚ ʪʝʯʝʥʠʝ ta=10 ʤʠʥ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʠ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʟʘʨʷʜʘ. 

ʇʝʨʝʭʦʜ ʛʦʨʝʥʠʷ ʚ ʜʝʪʦʥʘʮʠʶ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʦʢʦʣʦ 2,5 ʢʤ/ʩ ʚ ʟʘʨʷʜʘʭ ʥʘʩʳʧʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʩʪʘʣʴʥʳʭ ʪʨʫʙʢʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʜʣʠʥʘʭ ʟʘʨʷʜʦʚ 2ï4 ʩʤ. ʄɸ ʩʦʩʪʘʚʦʚ 

ʇʍɸ+Al ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ Al ʧʦʟʚʦʣʠʣʘ 

ʜʦʩʪʠʯʴ ʨʝʢʦʨʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ 6,2 ʢʤ/ʩ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ 0,9.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʭ ʩʦʩʪʘʚʦʚ ʇʍɸ+ɺ ʧʦʥʘʜʦʙʠʣʘʩʴ 

ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʜʚʫʭ-ʩʪʘʜʠʡʥʦʡ ʧʨʦʮʝʜʫʨʳ ʄɸ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʘʢʪʠʚʘʮʠʷ ʧʦʨʦʰʢʘ ʘʤʦʨʬʥʦʛʦ ɺ ʩ ʜʦʙʘʚʢʘʤʠ ʛʨʘʬʠʪʘ C ʠʣʠ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ BN (5-9% ʤʘʩʩ.). ɼʦʙʘʚʢʠ C ʠ BN ʧʦʟʚʦʣʷʣʠ ʩʥʠʟʠʪʴ ʘʙʨʘʟʠʚʥʳʡ 
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ʵʬʬʝʢʪ ʯʠʩʪʦʛʦ B, ʢʦʪʦʨʳʡ ʥʝʩʤʦʪʨʷ ʥʘ ʘʤʦʨʬʥʫʶ ʬʦʨʤʫ ʜʘʚʘʣ ʚʳʩʦʢʠʡ ʥʘʤʦʣʦʪ 

ʞʝʣʝʟʘ ʧʨʠ ʄɸ ʚ ʤʝʣʴʥʠʮʝ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʠ ʙʘʨʘʙʘʥʘʤʠ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʘʢʞʝ ʚʚʦʜʠʣʠʩʴ ʜʦʙʘʚʢʠ Al, Ti, Mg, CuO ʠ 

ʬʪʦʨʦʧʣʘʩʪʘ (4-10% ʤʘʩʩ.). ɺʳʙʦʨ ʜʦʙʘʚʦʢ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ [2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄɸ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʨʦʰʢʘ ɺ ʢ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ B (ʩ ʜʦʙʘʚʢʦʡ ʉ 9%) ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʢʠʩʣʦʨʦʜʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 100 ÁC ʧʨʠ ta = 4 ʤʠʥ (ʧʦ ʜʘʥʥʳʤ ɼʉʂ), ʘ ʟʘʜʝʨʞʢʘ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʛʦʨʷʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʚ 5 ʨʘʟ. 

ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʄɸ ʧʦʨʦʰʢʦʚ ɺ+ʜʦʙʘʚʢʠ ʩʦʚʤʝʩʪʥʦ ʩ ʇʍɸ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʠ ʚʟʨʳʚʘ ʩʤʝʩʝʡ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʝʨʪʥʦʡ 

ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʞʠʜʢʦʡ ʜʦʙʘʚʢʠ (ʛʝʢʩʘʥ) ʧʨʠ ʚʦʜʷʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

ʙʘʨʘʙʘʥʦʚ.  

ɺ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʘʭ ʩ ʇʍɸ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʛʦʨʝʥʠʷ 

ʚʦ ʚʟʨʳʚ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ 320 ÁC ʚʦʩʧʣʘʤʝʥʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʟʘʜʝʨʞʢʠ ʩ ʩʠʣʴʥʳʤ ʟʚʫʢʦʚʳʤ ʠ ʩʚʝʪʦʚʳʤ 

ʵʬʬʝʢʪʦʤ. ʇʦʣʫʯʝʥ ʧʝʨʝʭʦʜ ʛʦʨʝʥʠʷ ʚ ʜʝʪʦʥʘʮʠʶ ʚ ʥʠʟʢʦʧʣʦʪʥʳʭ ʩʦʩʪʘʚʘʭ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ʦʢʦʣʦ 3000 ʤ/ʩ ʥʘ ʜʣʠʥʘʭ ʟʘʨʷʜʦʚ ʤʝʥʝʝ 50 ʤʤ ʚ ʩʪʘʣʴʥʳʭ ʪʨʫʙʢʘʭ 

ʜʠʘʤʝʪʨʦʤ 4 ʤʤ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʝʪʦʥʘʮʠʠ ʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ 

ʇʍɸ+B/C/Ti/ʌʪʦʨʦʧʣʘʩʪ ʠ ʇʍɸ+B/ʉ/Al/CuO (70/30 ʧʦ ʤʘʩʩʝ). 

ʈʝʟʫʣʴʪʘʪʳ ʚ ʮʝʣʦʤ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʤʝʩʝʡ ʇʍɸ ʩ Al ʠ B.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ 

ˉ25-23-00013. 

 

[1] Dolgoborodov A.Yu., Streletskii A.N., et. al. 2018, Thermochimica Acta. 

669, 60ï65.  

[2] Pang W.-Q., Yetter R.A., et al. 2022, Prog. Energy Comb. Sci. 93. 101038. 
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ʀʆʅʅʓɽ ɾʀɼʂʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ʉʆɽɼʀʅɽʅʀʁ ʎʀʅʂɸ ɺ 

ʉʀʅʊɽɿɽ ʀʄʀʅʆɺ ʂɸʄʌʆʈʓ 

 

ɿʘʧʨʘʚʜʠʥʘ ɼ.ʄ.1,2,@, ɹʫʨʤʠʩʪʨʦʚ ɺ.ɺ.2 

1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
2ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

@ zapravdinadasha94@gmail.com  

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʤʠʥʥʦʡ ʩʚʷʟʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢ 

ʚʣʘʛʝ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʝ ʚʳʭʦʜʳ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʷʪʴ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʮʠʥʢʘ (ʢʘʨʙʦʢʩʠʣʘʪʳ ʮʠʥʢʘ) ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʠʤʠʥʦʚ ʠ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ [1]. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʢʘʤʬʦʨʳ ʩ 1,6-ʛʝʢʩʘʥʜʠʘʤʠʥʦʤ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʛʦ 

ʦʩʪʘʪʢʘ ʚ ʤʦʣʝʢʫʣʝ ʢʘʨʙʦʢʩʠʣʘʪʘ ʮʠʥʢʘ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʚʳʩʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ 2-

ʵʪʠʣʛʝʢʩʘʥʦʘʪ ʠ 2-ʠʟʦʧʨʦʧʠʣʛʝʢʩʘʥʦʘʪ ʮʠʥʢʘ, ʷʚʣʷʶʱʠʝʩʷ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. 

ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʢʘʨʙʦʢʩʠʣʘʪʘ ʮʠʥʢʘ ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ ʧʨʠʚʦʜʠʪ ʢ ʝʸ ʘʢʪʠʚʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʠʤʠʥʘ ʠʟ ʢʘʤʬʦʨʳ ʠ ʜʠʘʤʠʥʘ 

ʧʨʦʪʝʢʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʤʦʥʦʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʤʦʥʦʠʤʠʥʘ). 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠʤʠʥʦʚ ʢʘʤʬʦʨʳ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʟʘʤʝʱʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʢʘʤʬʦʨʳ ʩ ʜʠʘʤʠʥʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ 

ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʥʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟʦʪʠʦʮʠʘʥʘʪʳ, ʠʟʦʥʠʪʨʠʣʳ, ʠʟʦʩʝʣʝʥʦʮʠʘʥʘʪʳ ʠ 1,3-

ʜʝʟʘʤʝʱʸʥʥʳʝ ʪʠʦʤʦʯʝʚʠʥʳ. 

 

[1] Zapravdina, D.M.;  Degtyarenko, E.; Zotov, Yu.L.; Burmistrov V.V. 2024, 

J. Ion. Liq. 4. 100110 
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1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

@ artem.tarasov@spbu.ru  

 

ʄʘʪʝʨʠʘʣʳ ʩʝʤʝʡʩʪʚʘ MnBi2Te4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚʢʣʶʯʘʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ, ʘ ʪʘʢʞʝ ʜʠʨʘʢʦʚʩʢʠʡ, ʚʝʡʣʝʚʩʢʠʡ ʠ ʥʦʜʘʣʴʥʳʡ 

ʧʦʣʫʤʝʪʘʣʣʳ [1]. ʀʭ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉʆɺ), ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɺ ʠʩʭʦʜʥʦʤ MnBi2Te4 ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʯʝʪʘʝʪʩʷ 

ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ. ʀʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʚʝʣʠʯʠʥʳ ʉʆɺ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʝʝ ʟʘʢʨʳʪʠʶ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʚʝʨʩʠʠ ʦʨʙʠʪʘʣʴʥʳʭ ʚʢʣʘʜʦʚ Bi-ὴ ʠ Te-ὴ ʥʘ ʢʨʘʷʭ ʚʘʣʝʥʪʥʦʡ 

ʟʦʥʳ ʠ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʪʦ ʦʪʨʘʞʘʝʪ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʪʦʧʦʣʦʛʠʯʝʩʢʠ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʘʤʠ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʠ ʤʘʛʥʠʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. ɼʣʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ MnBi2Te4 ʤʦʛʫʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʝʡʣʝʚʩʢʦʛʦ ʧʦʣʫʤʝʪʘʣʣʘ, ʪʦʛʜʘ ʢʘʢ 

ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʝ ʩʮʝʥʘʨʠʡ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʠʤʤʝʪʨʠʠ ʠ ʦʙʤʝʥʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ 

ʜʠʨʘʢʦʚʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʪʘʢ ʠ ʢ ʧʝʨʝʭʦʜʫ ʚ ʪʨʠʚʠʘʣʴʥʫʶ ʬʘʟʫ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʫʪʴ ʫʧʨʘʚʣʝʥʠʷ ʟʦʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʩʚʷʟʘʥ ʩ ʭʠʤʠʯʝʩʢʠʤ 

ʟʘʤʝʱʝʥʠʝʤ. ɿʘʤʝʥʘ ʘʪʦʤʦʚ ʚ MnBi2Te4 ʥʘ Ge, Sn, Pb, Sb, Se ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʠʟʤʝʥʝʥʠʶ ʤʝʞʩʣʦʝʚʦʛʦ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʤʝʱʝʥʠʶ ʛʨʘʥʠʮ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʊʝʤ 

ʩʘʤʳʤ ʭʠʤʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʯʘʩʪʠʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʬʬʝʢʪ ʠʟʤʝʥʝʥʠʷ ʉʆɺ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʣʠʷʷ ʥʘ ʛʠʙʨʠʜʠʟʘʮʠʶ ʦʨʙʠʪʘʣʝʡ ʠ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

[2].  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʤʝʱʝʥʠʝ ʚ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʦʩʣʦʡʥʘʷ ʟʘʤʝʥʘ Mn ʥʘ V ʚ ʩʦʩʝʜʥʠʭ ʩʝʤʠʩʣʦʡʥʠʢʘʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʠʟʤʝʥʷʝʪ ʟʘʧʦʣʥʝʥʠʝ Ὠ-ʦʙʦʣʦʯʢʠ ʠ ʭʘʨʘʢʪʝʨ ʤʝʞʩʣʦʝʚʦʛʦ ʦʙʤʝʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ V, ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʚʝʣʠʯʠʥʳ ʉʆɺ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʤʦʛʫʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʥʳʝ ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ: 

ʣʠʙʦ ʚʝʡʣʝʚʩʢʘʷ ʬʘʟʘ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ ʟʦʥ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ɜὤ, ʣʠʙʦ ʥʦʜʘʣʴʥʳʡ 
ʧʦʣʫʤʝʪʘʣʣ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʩʝʯʝʥʠʝ ʟʦʥ ʩʤʝʱʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʴ Ὧ π ʠ ʦʙʨʘʟʫʝʪ 
ʣʠʥʠʶ ʚʳʨʦʞʜʝʥʠʷ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʬʘʟʦʡ ʠʛʨʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ. ɼʣʷ Sb-ʣʝʛʠʨʦʚʘʥʥʦʛʦ MnBi2Te4 ʧʦʢʘʟʘʥʦ, 

mailto:artem.tarasov@spbu.ru
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ʯʪʦ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʟʘʤʝʱʝʥʠʷ Mn-Bi ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʝʨʝʭʦʜ ʦʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʢ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ ʦʩʥʦʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʫʪʴ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʝʡʣʝʚʩʢʦʡ ʬʘʟʳ ʙʝʟ ʚʥʝʰʥʝʛʦ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʚ ʩʠʩʪʝʤʘʭ ʩʝʤʝʡʩʪʚʘ MnBi2Te4 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʫʧʨʘʚʣʷʝʤʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʷʜʢʘ, ʉʆɺ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ 

ʜʝʣʘʝʪ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʧʠʥʪʨʦʥʠʢʠ. 

 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 25-22-00615). 

 

[1] N.P. Armitage et al., 2018, Rev. Modern Phys. 90. 015001 

[2] A.M. Shikin et al., 2025, Sci. Rep. 15. 1741. 
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ʇʆʊɽʅʎʀɸʃʓ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ɼʃʗ ʉʀʉʊɽʄʓ Ca-Fe-Ni 

ʇʆɼ ɼɸɺʃɽʅʀɽʄ 

 

ʑʝʣʢʘʯʸʚ ʅ.ʄ.1-6, ʄʘʛʥʠʮʢʘʷ ʄ.ɺ3, ʈʳʣʴʮʝʚ ʈ.ɽ.7,  

ʇʦʣʠʱʫʢ ʀ.ʗ.2,6, ʂʦʭʘʥʦʚ ɺ.ʂ.2 
1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

2ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
5ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʈʦʩʩʠʷ 

6ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ 
7ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʢʣʶʯʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʩʧʣʘʚʳ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʩʣʦʞʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ, ʦʜʥʘʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʠʩʢ ʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ 

ʪʨʫʜʦʝʤʢʠʤ. ʄʥʦʛʦʫʨʦʚʥʝʚʦʝ ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʄʆ) ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʦʙʰʠʨʥʳʝ ʦʙʣʘʩʪʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʪʘʢʠʝ 

ʨʘʩʯʝʪʳ ʚʩʸ ʝʱʸ ʨʝʩʫʨʩʦʸʤʢʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ [1]. 

ʈʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ ʪʨʘʥʩʬʝʨʥʦʝ ʦʙʫʯʝʥʠʝ: ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʯʥʳʝ, ʥʦ ʤʝʜʣʝʥʥʳʝ ʛʨʘʬʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʧʨʝʜʦʙʫʯʝʥʥʳʝ ʥʘ ʢʨʫʧʥʳʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʜʦʦʙʫʯʘʶʪʩʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʥʘʙʦʨʝ ab initio ʢʦʥʬʠʛʫʨʘʮʠʡ. ʅʘ ʠʭ ʦʩʥʦʚʝ 

ʩʦʟʜʘʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ ʙʳʩʪʨʳʝ ʧʦʣʥʦʩʚʷʟʥʳʝ ʩʝʪʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʩʦʢʨʘʱʘʝʪ ʦʙʲʝʤ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʦʨʷʜʦʢ ʠ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʤʝʞʘʪʦʤʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʄʆʄʇ) ʢ ʥʝʩʪʘʥʜʘʨʪʥʳʤ 

ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʘʤ [1]. ʄʝʪʦʜʦʣʦʛʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ CaïFeïNi ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ (0ï100 ɻʇʘ), ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʛʝʦʬʠʟʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʵʚʦʣʶʮʠʦʥʥʳʡ 

ʧʦʠʩʢ ʩʪʨʫʢʪʫʨ (USPEX), DFT-ʨʘʩʯʝʪʳ ʠ ʄʆʄʇ. ɼʣʷ ʩʠʩʪʝʤʳ CaïFeïNi, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʨʝʟʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʘʪʦʤʥʳʭ ʩʚʦʡʩʪʚ (B [Ca]å17 ɻʇʘ, 

B [Fe,Ni]å170ï180 ɻʇʘ), ʧʨʦʚʝʜʝʥ finetuning ʧʦʪʝʥʮʠʘʣʘ DPA-3 (DeepMD) ʥʘ ʙʘʟʝ 
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~10000 

DFT 

ʢʦʥʬʠʛʫʨʘʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʨʦʝʥʳ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʠ ʜʘʚʣʝʥʠʷʭ P=0, 

50, 100 (ɻʧʘ). ʇʨʠ P=0 ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʢʘʣʴʮʠʡ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ çʤʷʛʢʦʛʦè ʣʠʛʘʥʜʘ, 

ʬʦʨʤʠʨʫʷ ʚʦʢʨʫʛ ʢʘʨʢʘʩʘ FeïNi ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʠ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʤ. ʨʠʩ. 1-2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʝʨʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʘʪʦʤʥʳʭ 

ʩʠʩʪʝʤ. 

[1] Khazieva E.O., Chtchelkatchev N.M., Ryltsev R.E. J. Chem. Phys. 2024. 

Vol. 161. P. 174101  

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʚ 

ʩʠʩʪʝʤʝ CaïFeïNi ʧʨʠ P = 50 GPa. ʎʚʝʪʦʚʘʷ ʰʢʘʣʘ ʧʦʢʘʟʳʚʘʝʪ (a) ʵʥʝʨʛʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ (b) ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʚʳʧʫʢʣʦʡ ʦʙʦʣʦʯʢʠ (convex hull). 

ʈʠʩʫʥʦʢ 2. ʉʪʘʙʠʣʴʥʳʝ ʬʘʟʳ CaïFeïNi ʧʨʠ P = 50 GPa. 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʅɸʅʆʄɸʉʐʊɸɹʅʆɻʆ ʈɽʃʔɽʌɸ ʇʈʀ 

ʊɽʈʄʆʎʀʂʃʀʈʆɺɸʅʀʀ ʀʅʀʎʀʀʈʆɺɸʅʅʆʄ ʉʃɸɹʓʄʀ 

ʃɸɿɽʈʅʓʄʀ ʀʄʇʋʃʔʉɸʄʀ: ʕʂʉʇɽʈʀʄɽʅʊ ʀ ʄɼ-

ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 

ʅʝʣʘʩʦʚ ʀ.ɺ.1, ʄʘʥʦʭʠʥ ʉ.ʉ.1, ʂʦʣʦʙʦʚ ʖ.ʈ.1, ɾʘʭʦʚʩʢʠʡ ɺ.ɺ. 2, ʇʝʨʦʚ ɽ.ɸ.3 

1 ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 
2 .ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠʤʝʥʠ ʅ.ʃ. 

ɼʫʭʦʚʘ, ʄʦʩʢʚʘ, 3. ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʈɸʅ,ʄʦʩʢʚʘ 
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ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʝʣʴʝʬʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʵʥʝʨʛʠʷʭ ʥʠʞʝ ʧʦʨʦʛʘ 

ʧʣʘʚʣʝʥʠʷ. ʆʙʦʩʥʦʚʘʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʤʝʜʠ (355 ʥʤ, 10 ʥʩ, 0.6ï1.05 ɼʞ/ʩʤĮ, 

N=1ï15) ʚ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʜʦ ~0,9 Tm ʧʦʢʘʟʘʣʠ ʥʘʢʦʧʣʝʥʠʝ ʨʝʣʴʝʬʘ ʫ ʛʨʘʥʠʮ 

ʟʸʨʝʥ: ʧʨʠ N=10ï15 ʘʤʧʣʠʪʫʜʘ ʜʦʩʪʠʛʘʝʪ 500 ʥʤ. ɺ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (200ï

500 ʥʤ) ʚʳʷʚʣʝʥʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʚʦʡʥʠʢʠ ʠ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʩʫʙʛʨʘʥʠʮʳ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠ- ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʘ ʤʝʜʠ 

ʧʦʜʪʚʝʨʜʠʣʦ ʥʝʦʜʥʦʨʦʜʥʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʦʩʝʜʥʠʭ ʟʸʨʝʥ ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ (300Ÿ1200Ÿ300 K) ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʠʭ ʞʸʩʪʢʦʩʪʠ ʠ ʧʨʝʜʝʣʦʚ 

ʪʝʢʫʯʝʩʪʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ ʠ ʵʚʦʣʶʮʠʶ ʩʝʪʠ ʛʨʘʥʠʮ ʟʸʨʝʥ. 

ʃʘʟʝʨʥʦʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ ʩʦʟʜʘʸʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʪʦʧʦʛʨʘʬʠʶ: 

ʩʫʙʤʠʢʨʦʥʥʳʝ ʚʳʩʪʫʧʳ ʚʳʩʦʪʦʡ ʜʦ ~500 ʥʤ ʚʜʦʣʴ ʛʨʘʥʠʮ ʟʸʨʝʥ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʫʥʠʚʝʨʩʘʣʝʥ ʜʣʷ ʤʝʪʘʣʣʦʚ. ʀʤʧʫʣʴʩʥʦʝ ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʵʥʝʨʛʠʷʤʠ ʥʠʞʝ 

ʧʦʨʦʛʘ ʧʣʘʚʣʝʥʠʷ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʝʪʘʣʣ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʝʤʳʤ 

ʤʝʪʦʜʦʤ ʩʦʟʜʘʥʠʷ ʩʫʙʤʠʢʨʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʛʜʝ ʚʝʣʠʯʠʥʘ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ 

ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʠʤʧʫʣʴʩʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ FFSG-2024-

0018 (ʥʦʤʝʨ 124020700089-3).  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ɺʃʀʗʅʀɽ ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓʍ ʋʉʃʆɺʀʁ ʅɸ ʉʊʈʋʂʊʋʈʅʋʖ 

ʉʊɸɹʀʃʔʅʆʉʊʔ ʀ ʂɸʊɸʃʀʊʀʏɽʉʂʋʖ ɸʂʊɺʀʅʆʉʊʔ 

ʇɽʈʆɺʉʂʀʊʆɺ ʉʆʉʊɸɺʆɺ LaMn 0.5Fe0.5+xO3 

 

ɻʝʨʘʩʠʤʦʚ ɽ.ʖ. 1,@, ɾʠʨʥʦʚʘ ɸ.ʉ. 1, ʉʤʘʣʴ ɽ.ɸ.1, ʉʠʤʦʥʦʚ ʄ.ʅ.1 
1ʀʂ ʉʆ ʈɸʅ 
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ʇʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʦʢʩʠʜʳ ʥʘ ʦʩʥʦʚʝ La ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʠʟʠʢʦ ï 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʦʧʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʧʦʜʨʝʰʝʪʢʝ A ʠ ʚʳʙʦʨʘ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʜʨʝʰʝʪʢʝ B. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

ʂʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ LaMn0.5Fe0.5+xO3 (x =0ï0.3) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʥʦ-

ʩʦʣʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʄʝʪʦʜʦʤ ʈʌɸ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʚ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʇʕʄɺʈ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʜʦʧʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʘʤʠ ʞʝʣʝʟʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʦʛʘʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʧʝʨʦʚʩʢʠʪʘ ʢʘʪʠʦʥʘʤʠ ʞʝʣʝʟʘ ʜʣʷ ʩʦʩʪʘʚʦʚ x=0.1 ʠ 0.2, ʚ 

ʩʣʫʯʘʝ x = 0.3 ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ Fe2O3 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ.  

ʇʦ ʜʘʥʥʳʤ in situ ʈʌɸ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʩʦʭʨʘʥʠʣʠ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʧʣʦʪʴ ʜʦ 600Áʉ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʇʕʄɺʈ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ 

ʥʘʥʦʯʘʩʪʠʮʳ Fe3O4 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʜʦʧʠʨʦʚʘʥʠʷ. ɸ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʨʦʢʘʣʠʚʘʥʠʝ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʩʧʦʩʦʙʥʦ ʫʚʝʣʠʯʠʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ Fe3O4 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʂ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ 

FWUR-2024-0032)  
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ʆʇʈɽɼɽʃɽʅʀɽ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ɿɸɿʆʈɸ ʄɽɾɼʋ ʋʈʆɺʅʗʄʀ 
7F0 ʀ 7F1 ɺ ɹʀʗɼɽʈʅʓʍ ʂɸʈɹʆʂʉʀʃɸʊɸʍ ɽɺʈʆʇʀʗ(III ) ʄɽʊʆɼɸʄʀ 

ʃʖʄʀʅɽʉʎɽʅʊʅʆʁ ʉʇɽʂʊʈʆʉʂʆʇʀʀ 

 

ɻʦʨʦʭ ʄ.ɸ.1, ɿʘʚʦʨʦʪʥʳʡ ʖ.ʉ.2, ʌʦʤʠʥʘ ʀ.ɻ.3 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: milanagromova25@gmail.com 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥ Eu3+ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʟʦʥʜʦʤ ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʡ ʫʟʢʦʧʦʣʦʩʥʦʡ ʢʨʘʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ  5D0-7Fj (j=0..6), ʠ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʩʧʝʢʪʨʘ ʢ ʠʟʤʝʥʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʧʨʠʨʦʜʳ 

ʣʠʛʘʥʜʦʚ) ʠ ʩʠʤʤʝʪʨʠʠ ʦʢʨʫʞʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 7F0 (J = 0) ʠʦʥʘ Eu3+ 

ʷʚʣʷʝʪʩʷ ʥʝʤʘʛʥʠʪʥʳʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʦʥʦʚ Ln3+ ʜʣʷ ʠʦʥʘ Eu3+ ʩʤʝʰʠʚʘʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʠ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʪʝʨʤʠʯʝʩʢʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʘʨʘʤʘʛʥʝʪʠʟʤʘ.  

ɼʣʷ ʩʪʨʫʢʪʫʨʥʦ-ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Bpy)2Eu2(Piv)6 (1), (Phen)2Eu2(Piv)6 (2), (Bath)2Eu2(Piv)6Ā2EtOH (3), 

(Bath)2Eu2(Piv)6Ā1.5EtOH (4), (Bath)2Eu2(Piv)6Ā0.75H2ʆ (5) ʠ ʧʦʣʠʤʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ{Eu(Piv)3} n (6), ʛʜʝ Piv = (CH3)3CCO20, Bpy = 2,2'-ʙʠʧʠʨʠʜʠʣ, phen = 

1,10-ʬʝʥʘʥʪʨʦʣʠʥ, Bath = 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ, ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1-6 ʠʟʤʝʨʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-300 ʂ ʠ ʨʘʩcʯʠʪʘʥʳ 

ʚʝʣʠʯʠʥʳ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɚʤʘʛʥ ʧʦ ʫʨʘʚʥʝʥʠʶ ʂʘʨʦ-ʇʦʨʰʝ ʠ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʚʦʙʦʜʥʦʛʦ ʠʦʥʘ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ɚʤʘʛʥ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʦ ʵʪʠʤ ʫʨʘʚʥʝʥʠʷʤ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1-6 ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʌʃ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ 

(ʈʠʩʫʥʦʢ 1), ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʘʩʩʯʠʪʘʥʘ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ȹɜ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 7F0 ʠ 7F1. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 4 ʠ 5 ʣʫʯʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ɚʤʘʛʥ ʠ ȹɜ 

ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ȹɜ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʧʦ ʢʚʘʥʪʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʘ 5D0 Ÿ 7F1. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 1-3, 6 

ʣʫʯʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ɚʤʘʛʥ ʠ ȹɜ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ, ʝʩʣʠ ʟʘ ʚʝʣʠʯʠʥʫ ȹɜ ʙʨʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʫʨʦʚʥʝʤ 7F0 ʠ ʙʣʠʞʘʡʰʝʡ ʢ ʥʝʤʫ ʢʦʤʧʦʥʝʥʪʦʡ 

mailto:milanagromova25@gmail.com
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ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʷ 7F1. ɺʝʨʦʷʪʥʦ, ʚ 1-3, 6 ʥʘ ɚʤʘʛʥ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʝ ʟʘʩʝʣʝʥʠʝ ʤʫʣʴʪʠʧʣʝʪʘ 7F1 . 

 
ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ ʌʃ ʢʦʤʧʣʝʢʩʦʚ 1-6 ʧʨʠ 77 K. ɼʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 

368 ʥʤ. ʅʘ ʚʝʨʭʥʝʡ ʦʩʠ ʫʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ȹɜ . 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄɻʋ 

ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʘ ʠʟ ʀʆʅʍ ʈɸʅ ʚʳʧʦʣʥʝʥʳ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʀʆʅʍ ʈɸʅ. 

[1] M. Andruh, E. Bakalbassis, O. Kahn,  J.C. Trombe, P. Porcher, Inorg. Chem. 32 

(1993) 1616-1622.] 

[2] W.T. Carnall et al., Argonne National Laboratory, Argonne, IL, 1977.  
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ʉʝʨʛʝʝʚ ɸ.ɺ.1@ 
1 ʌʀʎ ʍʌ ʈɸʅ 
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ɿʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʨʘʬʠʪʦʚʦʛʦ ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʦʛʦ ʘʥʦʜʘ ʚ ʣʠʪʠʡ-

ʠʦʥʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʝ ʥʘ ʯʠʩʪʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʣʠʪʠʡ ʧʦʟʚʦʣʠʣʘ ʙʳ ʧʦʚʳʩʠʪʴ 

ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ 1.5 ʨʘʟʘ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʦʩʪʦʤ ʪ.ʥ. ʚʠʩʢʝʨʦʚ (ʠʛʣʦʦʙʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ) ʧʨʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʣʠʪʠʷ ʚʦ ʚʨʝʤʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʪ.ʢ. ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ ʠ ʚʦʟʛʦʨʘʥʠʶ. ʈʦʩʪ ʚʠʩʢʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʣʠʪʠʠ, ʢʦʪʦʨʳʝ ʩʣʘʙʦ ʠʟʫʯʝʥʳ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʦʙʲʸʤʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʪʠʷ  ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣʠ ʦʮʝʥʝʥʳ ʠ ʩʨʘʚʥʝʥʳ ʚʢʣʘʜ ʜʠʬʬʫʟʠʠ 

ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʚʘʢʘʥʩʠʡ ʠ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ) ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʜʦʣʴ 

ʛʨʘʥʠʮ ʟʸʨʝʥ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʠʤʝʥʸʥ ʤʝʪʦʜ ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʪʦʯʥʦʩʪʴʶ ʢʚʦʪʥʦʛʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʫʟʝʣʴʥʦʛʦ ʜʝʬʝʢʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʟʙʘʨʴʝʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʩʠ <111>, ʚʢʣʘʜ ʚ ʤʘʩʩʦʧʝʨʝʥʦʩ 

ʦʪ ʤʝʞʫʟʝʣʴʥʳʭ ʘʪʦʤʦʚ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ ʪʘʢʦʚʦʡ ʦʪ ʚʘʢʘʥʩʠʡ. ʆʜʥʘʢʦ 

ʥʘʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʤʘʩʩʦʧʝʨʝʥʦʩ ʧʦ ʛʨʘʥʠʮʘʤ ʟʸʨʝʥ, ʠʤʝʶʱʠʤ ʘʤʦʨʬʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʘʪʦʤʦʚ 

ʚʜʦʣʴ ʛʨʘʥʠʮ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʜʠʝʥʪʘ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ [1]. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʩʢʦʨʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʩʘʞʜʘʝʤʳʭ ʘʪʦʤʦʚ ʚ ʦʙʲʸʤʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʪʠʷ, ʟʘʤʝʜʣʠʚ ʨʦʩʪ 

ʚʠʩʢʝʨʦʚ. ɻʠʧʦʪʝʟʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. 

[1] Sergeev A. V ʠ ʜʨ., 2024, J Electrochem Soc ʊ. 171. 12-120508.  
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʄɽʊɸʃʃʆʂɽʈɸʄʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ ʅɸ 

ʆʉʅʆɺɽ TIC -NICR ʅɸ ɼɽʊɸʃʗʍ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʁ 

ʊɽʍʅʀʂʀ 

 

ʀʚʘʥʦʚ ɸ.ʉ.1, @, ɹʘʞʠʥʘ ɸ.ɼ.1, ʉʪʦʣʠʥ ɸ.ʄ.1, ɸʥʪʠʧʦʚ ʄ.ʉ.1, ɹʘʞʠʥ ʇ.ʄ.1 
1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɻ. ʄʝʨʞʘʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ (ʣʝʤʝʭʦʚ, ʜʠʩʢʦʚ, ʣʘʧ ʢʫʣʴʪʠʚʘʪʦʨʦʚ, ʟʫʙʴʝʚ). 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʧʨʝʨʳʚʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʘʙʨʘʟʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʩʦ 

ʩʢʨʳʪʳʤʠ ʚ ʥʝʡ ʠʥʦʨʦʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʢʘʤʝʥʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ, 

ʜʨʝʚʝʩʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʬʨʘʛʤʝʥʪʘʤʠ ʩʣʦʤʘʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ). ɺ 

ʧʦʠʩʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʫʜʘʨʥʦ-ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ 

ʫʧʨʦʯʥʝʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʪʳ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ [1]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʦʨʛʘʥʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ, ʛʜʝ ʩʠʣʘ ʪʦʢʘ 

ʩʦʩʪʘʚʠʣʘ 180 ʠ 200 ɸ. ʉɺʉ-ʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ TiC-NiCr, ʧʦʣʫʯʝʥʥʳʝ ʉɺʉ-

ʵʢʩʪʨʫʟʠʝʡ ʙʳʣʠ ʚʟʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [2]. ʇʦʜʣʦʞʢʘ, ʥʘ 

ʢʦʪʦʨʫʶ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘʧʣʘʚʦʯʥʳʝ ʩʣʦʠ, ʚʳʙʨʘʥʘ ʩʪʘʣʴ ʉʪ3. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʤʝʥʷʝʤʦʡ ʩʠʣʳ ʪʦʢʘ (180 ʠ 200 ɸ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʦʩʪʦʠʪ ʠʟ 

ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ TiC-

(TixCr1-x)C ʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ [FeNi3]Cr. ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ 

ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʥʘʧʣʘʚʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʠʝ ʝʝ ʟʥʘʯʝʥʠʡ ʜʦ 12 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʩʪʘʣʴʥʦʡ 

ʧʦʜʣʦʞʢʦʡ Cʪ3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʠʟʥʦʩʘ 

ʠʩʭʦʜʥʦʡ ʧʦʜʣʦʞʢʠ ʩʪʘʣʠ ʉʪ3 ʠ ʠʟʚʝʩʪʥʦʛʦ ʘʥʘʣʦʛʘ ʩʪʘʣʠ 65ɻ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʠʷ 

ʥʘ 2 ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʧʣʘʚʦʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉɺʉ-ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

TiC-NiCr, ʧʦʣʫʯʝʥʥʳʭ ʉɺʉ-ʵʢʩʪʨʫʟʠʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʨʘʩʰʠʨʝʥʠʶ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʥʘʧʣʘʚʢʠ ʚ ʮʝʣʷʭ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 
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ʫʛʣʝʨʦʜʠʩʪʳʭ, ʣʝʛʠʨʦʚʘʥʥʳʭ, ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

[1] ʅʦʚʦʪʦʯʠʥʦʚ ɸ.ʇ., 2025, ʊʨʘʥʩʧʦʨʪʥʦʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ. 8. 12- 26. 

[2] ɸʥʪʠʧʦʚ ʄ.ʉ., 2021, ʅʦʚʳʝ ʦʛʥʝʫʧʦʨʳ. 4. 34-37 
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ʆʉʆɹɽʅʅʆʉʊʀ ʄʀʂʈʆʉʊʈʋʂʊʋʈʓ ɻɽʆʇʆʃʀʄɽʈʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ɸʃʖʄʆʉʀʃʀʂɸʊʆɺ ʇʆɼɻʈʋʇʇʓ 

ʂɸʆʃʀʅʀʊɸ 

 

ɸʣʝʢʩʝʝʚ ɸ.ɸ.1,@, ɻʦʣʫʙʝʚʘ ʆ.ʖ.1 
1 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ(ʌʠʣʠʘʣ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ʇʀʗʌ ï ʀʍʉ 
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ɻʝʦʧʦʣʠʤʝʨʳ ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʩʥʦʚʥʦʡ 

ʬʘʟʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʝʣʴ Na2O-Al 2O3-SiO2-H2O. ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʥʦʛʦ 

ʘʢʪʠʚʘʪʦʨʘ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ (ʪʝʨʤʦʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ 

ʧʦʜʛʨʫʧʧʳ ʢʘʦʣʠʥʠʪʘ, ʤʝʪʘʙʝʥʪʦʥʠʪ, ʟʦʣʘ-ʫʥʦʩʘ, ʢʨʘʩʥʳʡ ʰʣʘʤ, ʰʣʘʢʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ). ɻʝʦʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʨʝʜʘʤ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʝʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʧʦʜʛʨʫʧʧʳ ʢʘʦʣʠʥʠʪʘ ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʯʘʩʪʠʮ: 

ʥʘʥʦʪʨʫʙʯʘʪʳʡ ʤʝʪʘʛʘʣʣʫʘʟʠʪ; ʧʣʘʩʪʠʥʯʘʪʳʡ ʤʝʪʘʢʘʦʣʠʥʠʪ; ʩʬʝʨʠʯʝʩʢʠʡ 

ʤʝʪʘʢʘʦʣʠʥʠʪ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 27Al  ʠ 29Si 

(ʨʠʩʫʥʦʢ 1) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʠ ʧʨʠʨʦʜʘ ʩʳʨʴʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʧʦʩʣʝ ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ. ɺ ʩʪʨʫʢʪʫʨʝ 

ʤʝʪʘʛʘʣʣʫʘʟʠʪʘ ʩ ʪʨʫʙʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʤʝʪʘʢʘʦʣʠʥʠʪʘ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʤʦʨʬʦʣʦʛʠʝʡ ʧʨʝʦʙʣʘʜʘʶʪ Q4(0Al) ʠ Q4(1Al) ʬʦʨʤʳ Si, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʯʘʩʪʠʯʥʦʤ 

ʩʦʭʨʘʥʝʥʠʠ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʝʢʫʨʩʦʨʘʭ. ʉʦʜʝʨʞʘʥʠʝ 

ʵʪʠʭ ʬʦʨʤ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʢʫʨʩʦʨʘ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʩʦʩʪʘʚʣʷʝʪ 45.4 

ʠ 31.7 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʣʷ ʪʨʫʙʯʘʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ï 46.2 ʠ 48.9 %. 

ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʤʝʪʘʢʘʦʣʠʥʠʪ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʯʘʩʪʠʮ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʦʨʤ Si. 

ʇʣʘʩʪʠʥʯʘʪʳʡ ʤʝʪʘʢʘʦʣʠʥʠʪ ʠ ʪʨʫʙʯʘʪʳʡ ʤʝʪʘʛʘʣʣʫʘʟʠʪ ʠʤʝʶʪ ʙʣʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ AlV, ʨʘʚʥʦʝ 39.3 ʠ 39.6 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʬʝʨʠʯʝʩʢʠʡ ʤʝʪʘʢʘʦʣʠʥʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ AlV (35.4 %) 

ʠ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Al IV (42.3 %), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʫʣʠʪʦ-ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʈʠʩ. 1. 27Al  ʠ 29Si ʗʄʈ-ʩʧʝʢʪʨʳ ʪʝʨʤʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ (ʘ, ʙ) ʠ ʛʝʦʧʦʣʠʤʝʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʚ, ʛ) (ʧʣʘʩʪʠʥʳ 

(SiO2/Al 2O3=2.8); ʪʨʫʙʢʠ (SiO2/Al 2O3=2.8=3.2); ʩʬʝʨʳ (SiO2/Al 2O3=2.8)) 

ʇʦʩʣʝ ʛʝʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʟʘʤʝʱʝʥʥʳʝ ʬʦʨʤʳ Si: Q4(2Al ), Q4(3Al) ʠ Q4(4Al), ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ 

ʚʥʝʜʨʝʥʠʠ Al ʚ ʩʪʨʫʢʪʫʨʫ ʛʝʦʧʦʣʠʤʝʨʥʦʛʦ ʛʝʣʷ. ɺ ʛʝʦʧʦʣʠʤʝʨʘʭ ʥʘ ʦʩʥʦʚʝ ʚʩʝʭ 

ʪʨʝʭ ʤʦʨʬʦʣʦʛʠʡ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʬʦʨʤʘʤʠ Al ʷʚʣʷʶʪʩʷ Al IV ʠ AlV. ʏʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʩʦʯʝʪʘʥʠʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʮʝʦʣʠʪʦ-ʧʦʜʦʙʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ 

Al IV ʠ ʩʚʷʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨ AlV. ʇʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʛʝʦʧʦʣʠʤʝʨʦʚ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ AlV ʚ ʛʝʦʧʦʣʠʤʝʨʥʦʤ ʛʝʣʝ: ʪʨʫʙʢʠ (85 ʄʇʘ, AlV = 

39.1%) > ʧʣʘʩʪʠʥʳ (56 ʄʇʘ, AlV = 29.4%) > ʩʬʝʨʳ (47 ʄʇʘ, AlV  = 20.3%). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

25-19-00076, https://rscf.ru/project/25-19-00076/  
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ʆʇʈɽɼɽʃɽʅʀɽ ʕʃɽʄɽʅʊɸʈʅʆʁ ʗʏɽʁʂʀ ʌɸɿʓ Cu3Si ɺ ʊʆʅʂʀʍ 

ʇʃɽʅʂɸʍ ʇʆ ʇʃʆʊʅʆʉʊʀ ʕʃɽʂʊʈʆʅʅʓʍ ʉʆʉʊʆʗʅʀʁ ɺ 

ɺɸʃɽʅʊʅʆʁ ɿʆʅɽ 

 

ʂʝʨʩʥʦʚʩʢʠʡ ɽ.ʉ.1@, ʇʦʪʫʜʘʥʩʢʠʡ ɻ.ʇ.1, ʇʦʣʴʰʠʥ ʀ.ɺ.1, ʀʚʢʦʚ ʉ.ɸ.1,  

ʅʠʢʦʥʦʚ ɸ.ɽ.2, ʉʠʪʥʠʢʦʚ ɸ.ɺ.2, ɹʘʨʢʦʚ ʂ.ɸ.1 
1ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
@ kersnovsky@phys.vsu.ru  

 

ʇʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʢʘʯʢʘ ʚ 

ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʦʙʨʝʣ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʸʤʢʦʩʪʠ 

ʠ ʫʣʫʯʰʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʘʥʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʘ ʢ ʘʥʦʜʘʤ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ Cu3Si [1]. ʆʜʥʘʢʦ, ʜʘʞʝ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦʝ ʧʦʥʠʤʘʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʬʘʟʳ Cu3Si ʠ ʦ ʝʝ 

ʩʚʦʡʩʪʚʘʭ. ʇʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ɖ-Cu3Si, ɖô-Cu3Si ʠ ɖôô-Cu3Si ʜʘʥʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʝʪʦʜʘʤʠ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʜʘʣʴʥʝʤʫ ʧʦʨʷʜʢʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʬʘʟʘ Cu3Si ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ. 

ʇʦʵʪʦʤʫ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʢʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʫʣʴʪʨʘʤʷʛʢʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʋʄʈʕʉ) [2] ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT).  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʘʟʘ Cu3Si ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʤʝʪʦʜʦʤ 

ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩʦʩʪʘʚʥʦʡ ʤʠʰʝʥʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 1*10-5 

ʪʦʨʨ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʥʘ ʈʕʄ JEOL JSM-6380LV ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA 250. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ Cu3Si ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-4-07 Cu KŬ1,2 (ɚ = 1.542 ¡). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʋʄʈʕʉ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʤʦʥʦʭʨʦʤʘʪʦʨʝ ʈʉʄ-500. 

ʈʘʩʯʝʪ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʵʤʠʩʩʠʦʥʥʳʭ Si L2,3-ʩʧʝʢʪʨʦʚ ʬʘʟ ɖ-Cu3Si, ɖô-Cu3Si 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜʦʤ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʧʣʦʩʢʠʭ ʚʦʣʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Wien2k [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʩʦʩʪʘʚʥʦʡ ʤʠʰʝʥʠ ʧʦ ʜʘʥʥʳʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʣʝʥʦʢ CuxSi100-x ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ (x = 9-

53 ʘʪ.%). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʧʣʝʥʢʘʭ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ Cu3Si, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʙʳʣ ʚʳʙʨʘʥ 

ʦʙʨʘʟʝʮ Cu53Si47, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʦʪ ʬʘʟʳ Cu3Si. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

mailto:kersnovsky@phys.vsu.ru
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ʵʤʠʩʩʠʦʥʥʳʝ Si L2,3-ʩʧʝʢʪʨʳ ʬʘʟ ɖ-Cu3Si ʠ ɖô-Cu3Si ʩ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʷʯʝʡʢʘʤʠ 

ʪʠʧʘ P-3m1 ʠ R-3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʢʪʨ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ 

ʬʘʟʳ ɖ-Cu3Si (P-3m1), ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʣʠʯʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ Si L2,3-ʩʧʝʢʪʨʦʤ ʬʘʟʳ Cu3Si, ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʨʘʙʦʪʝ [4]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ Si L2,3-ʩʧʝʢʪʨ 

ʦʪ ʧʣʝʥʢʠ Cu53Si47, ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʦʚʪʦʨʷʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʬʘʟʳ ɖ-Cu3Si (P-3m1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ ʬʘʟʳ Cu3Si, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ CuxSi100-x, 

ʦʙʨʘʟʦʚʘʥ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ɖ-Cu3Si (P-3m1).  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

23-79-10294, https://rscf.ru/project/23-79-10294/. 
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ɺʃʀʗʅʀɽ ʂʆʆʈɼʀʅɸʎʀʆʅʅʆɻʆ ʆʂʈʋɾɽʅʀʗ ʅɸ ʄɽɼʃɽʅʅʋʖ 

ʈɽʃɸʂʉɸʎʀʖ ʅɸʄɸɻʅʀʏɽʅʅʆʉʊʀ ɺ ʂʆʄʇʃɽʂʉɸʍ 

ʃɸʅʊɸʅʀɼʆɺ ʉ ʍɽʃɸʊʀʈʋʖʑʀʄʀ N-ɼʆʅʆʈʅʓʄʀ ʃʀɻɸʅɼɸʄʀ 

 

ɹʘʙʝʰʢʠʥ ʂ.ɸ.1, ʇʝʪʨʦʩʷʥʮ ʉ.ʇ.1, ɻʘʚʨʠʢʦʚ ɸ.ɺ.1, ʀʣʶʭʠʥ ɸ.ɹ.1, ɽʬʠʤʦʚ ʅ.ʅ.1 
1 ʀʆʅʍ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

@ bkonstantan@yandex.ru  

 

ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʤʝʜʣʝʥʥʫʶ 

ʨʝʣʘʢʩʘʮʠʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʣʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ (SMM) 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʠʦʥʘ ʤʝʪʘʣʣʘ. ɿʥʘʯʠʤʳʤʠ ʘʩʧʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ 

ʣʠʛʘʥʜʦʚ ʠ ʠʭ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʩʪʝʨʠʯʝʩʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʢʘʟʘʣʠ 

ʥʘʣʠʯʠʝ ʤʝʜʣʝʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ: 

[Ln(H2O)6Cl2]Cl (Ln = Dy, Er, Yb), [Ln(Bpy)(H2O)6]Cl3Ŀ0.5BpyĿ2H2O (Ln = Dy, Yb), 

[Er(Bpy)2(H2O)3Cl]Cl2Ŀ2H2O, [Ln(H2O)5(NCS)3]ĀH2O (Ln = Er, Yb), 

[Yb(Bpy)2(H2O)(NCS)3]Ŀ0.5BpyĿH2O, [Yb(Phen)2(H2O)(NCS)3]ĿPhenĿ0.5H2O, 

[HBpy][Ln(Bpy)2(NCS)4]ĿH2O (Ln = Er, Yb), [HPhen][Yb(Phen)2(NCS)4], 

[Ln(Me4Phen)2(H2O)(NCS)3] ĿMe4PhenĿ0.75C2H5OH (Ln = Dy, Er, Yb), 

[Dy(Tptz)2(NCS)3]ĿCH3CN, [Dy(Tptz)(H2O)3(NCS)2]NCSĿTptzĿ1.25CH3OHĿ1.5H2O, 

{[ Yb(H2O)2][Co(CN)6]Ā2H2O} n.  

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʘʨʴʝʨʳ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ȹeff. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʞʸʩʪʢʠʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʤʦʣʝʢʫʣʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʙʘʨʴʝʨʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ȹeff. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʜʣʷ Er-SMM ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʜʥʦʨʦʜʥʦʝ ʧʩʝʚʜʦʩʵʥʜʚʠʯʝʚʦʝ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ Yb-SMM ʦʜʥʦʨʦʜʥʦʩʪʴ ʦʢʨʫʞʝʥʠʷ 

ʥʝ ʩʪʦʣʴ ʚʘʞʥʘ, ʘ ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʧʦʣʠʵʜʨʘʤʠ ʷʚʣʷʶʪʩʷ ʜʚʫʭ- 

ʠ ʪʨʝʭʰʘʧʦʯʥʳʝ ʪʨʠʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʳ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ25-

23-01012, https://rscf.ru/project/25-23-01012/  

mailto:bkonstantan@yandex.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

180 

ɸʅɸʃʀɿ ʇʆɺɽʈʍʅʆʉʊʀ ʀ ʄɽʍɸʅʀʏɽʉʂʀʍ ʅɸʇʈʗɾɽʅʀʁ ɺ 

ʉʃʆʗʍ AlN/AlGaN/GaN ɻɽʊʈʆʉʊʈʋʂʊʋʈ ɺʓʈɸʑɽʅʅʓʍ ʄɽʊʆɼʆʄ 

ɸʄʄʀɸʏʅʆʁ ʄʃʕ ʅɸ ʂʈɽʄʅʀɽɺʓʍ ʇʆɼʃʆɾʂɸʍ 

 

ʊʫʞʠʣʠʥ ɼ.ɼ.1,@ 
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ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ ʜʣʷ ʩʠʣʦʚʳʭ ʠ ʉɺʏ ʧʨʠʙʦʨʦʚ 

ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʠʪʨʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʤʧʣʝʢʩ 

ʩʦʟʜʘʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʧʨʠʙʦʨʦʚ. ʆʜʥʘʢʦ, ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ ʩʪʨʫʢʪʫʨ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ GaN ʠ AlN ʥʘ ʧʦʜʣʦʞʢʘʭ ʢʨʝʤʥʠʷ 

ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʂʊʈ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ) ʠ ʩʪʨʫʢʪʫʨʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʧʦʜʣʦʞʢʠ ʠ ʤʘʪʝʨʠʘʣʘ ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʥʘ ʥʝʤ. ɼʘʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʛʝʪʝʨʦʩʣʦʝʚ [1] ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʘʤʠʭ ʩʣʦʷʭ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʙʫʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ GaN, AlN, Al xGa1-xN ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʦʩʪʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ɹʳʣʠ ʚʳʨʘʱʝʥʳ ʦʙʨʘʟʮʳ ʩ ʙʫʬʝʨʥʳʤʠ ʩʣʦʷʤʠ Al 1-xGaxN, AlN, GaN ʤʝʪʦʜʦʤ 

ʘʤʤʠʘʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ (ʄʃʕ) ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʘ çʅʘʥʦʬʘʙ-

100è ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʬʬʫʟʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ Al, Ga ʠ ʠʥʞʝʢʪʦʨʘ ʘʤʤʠʘʢʘ. ʈʦʩʪ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʦʜʣʦʞʢʘʭ Si (111). ʊʝʤʧʝʨʘʪʫʨʳ ʨʦʩʪʘ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʤʝʞʜʫ 920 

ʉę ʠ 1050 ʉę. ʊʦʣʱʠʥʳ ʩʣʦʝʚ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ in-situ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (Centaur UHR, Nano Scan Technology, ʈʦʩʩʠʷ; 

ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʘ 532 ʥʤ, 2 ʄɺʪ ʥʘ ʦʙʨʘʟʮʝ ʚ ʣʘʟʝʨʥʦʤ ʧʷʪʥʝ ~1 ʤʢʤ2) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʠʢʫ GaN ʙʝʟ ʥʘʧʨʷʞʝʥʠʡ (~565 ʩʤ-1) [2]. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʣʦʷʤʠ GaN ʠ AlN, ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ GaN 

ʩʦʟʜʘʝʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, AlN ʩʦʟʜʘʝʪ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʝ 

ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʷ GaN. 

ʀʟ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʜʚʠʛʠ ʧʠʢʘ GaN, AlN, Al 1-xGaxN ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʩʪʨʫʢʪʫʨ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʘʪʦʤʥʦ- ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʝʡ ʥʘ ʙʘʟʝ çSolver-PROè. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ɸʉʄ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʦʮʝʥʝʥʳ ʢʨʠʩʪʘʣʣʠʪʳ. 

 

[1] Dadgar, A., Hºrich, F., Borgmann, R., Blªsing, J., Schmidt, G., Veit, P., 

Christen, J. and Strittmatter, A., 2023. Sputter epitaxy of AlN and GaN on Si 

(111). physica status solidi (a), 220(8), p.2200609. 
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[2] Dalapati, P., Urata, S. and Egawa, T., 2020. Investigation of AlGaN/GaN high 

electron mobility transistors on Silicon (111) substrates employing multi-stacked 

strained layer superlattice structures. Superlattices and Microstructures, 147, p.106709. 
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ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʇʆ ʄɸʅʅʀʍʋ ʊɽʊʈɸɻʀɼʈʆʌʋʈɸʅʆʃɸ-3 ʉ ʎʀʂʃʀʏɽʉʂʀʄʀ 

ɸʄʀʅɸʄʀ 

 

ɺʘʣʠʪʦʚʘ ʈ. ʉ.1, ʆʭʠʨʦʚ ʐ. ʄ.1, ʃʘʪʳʧʦʚʘ ʕ. ʈ.1, ʊʘʣʠʧʦʚ ʈ. ʌ.1 

ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠè, ʛ. ʋʬʘ 

rezeda.valitova.2005@mail.ru  

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʩʠʥʪʝʟ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʣʘ-3 ʧʦ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʥʳʭ ʘʤʠʥʦʚ 

(ʧʠʨʨʦʣʠʜʠʥ, ʤʝʪʠʣʧʠʧʝʨʠʜʠʥ ʠ ʤʝʪʠʣʧʠʧʝʨʘʟʠʥ) ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʚʤʝʩʪʦ 

ʦʞʠʜʘʝʤʳʭ ʮʝʣʝʚʳʭ  ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʜʠʤʝʨʠʟʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʘʤʠʥʦʚ. 

 
 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʤʝʞʜʫ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʣʦʤ-3 ʠ ʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ: ʧʠʨʨʦʣʠʜʠʥʦʤ, 

ʤʝʪʠʣʧʠʧʝʨʠʜʠʥʦʤ ʠ ʤʝʪʠʣʧʠʧʝʨʘʟʠʥʦʤ. ɺʩʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ HyperChem ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ RM1. ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

80ÁC ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʜʣʷ ʨʝʘʛʝʥʪʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʜʠʤʝʨʠʟʘʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʞʠʜʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʢʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʙʦʣʴʰʝʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʥʥʦ 

ʜʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. 
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ʉʊʈʋʂʊʋʈɸ ʇʆʃʀʄʆʈʌʅʓʍ ʌɸɿ LiInSe2 

 

ɼʫʛʠʥʦʚʘ ɽ.ɹ.1@ 

1ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 
@kit.katy@mail.ru 

 

ʊʨʦʡʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʳ ʩʦʩʪʘʚʘ I-III -VI 2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ 

ʤʘʪʝʨʠʘʣʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ I-III -VI 2, ʪʘʢʠʭ ʢʘʢ CuInS2. Li  ʚ ʦʩʥʦʚʥʦʤ ʚʳʩʪʫʧʘʝʪ 

ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʥʦʩʠʪ ʚʢʣʘʜʘ ʚ ʧʨʠʛʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ. 

ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

LiInSe2 (LISe) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ. ʉ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ LISe ʚʘʞʝʥ 

ʢʘʢ ʤʦʜʝʣʴʥʳʡ ʪʨʦʡʥʦʡ ʭʘʣʴʢʦʛʝʥʠʜ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʰʸʪʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ. 

ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʦʜʠʬʠʢʘʮʠʠ LISe ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʝʩʣʠ ʧʦʜʭʦʜʠʪʴ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʠʩʪʝʤʥʦ ʠ ʝʜʠʥʦʦʙʨʘʟʥʦ. ʈʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚʩʝʭ 

ʠʤʝʶʱʠʭʩʷ ʬʘʟ, ʢʨʘʡʥʝ ʤʘʣʦ [1-3]. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʬʘʟ ʢʨʠʩʪʘʣʣʦʚ LISe. 

ɸʥʘʣʦʛʠʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [4] ʜʣʷ LiTlO 2. ʆʜʥʘʢʦ 

ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʙʳʣʠ ʫʯʪʝʥʳ ʚʩʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʬʘʟʳ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [5] ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʚʧʝʨʚʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʬʘʟ ʢʨʠʩʪʘʣʣʘ LISe. ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʪʨʫʢʪʫʨʳ LISe 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ [2, 6], ʛʜʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ LISe: ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʪʠʧʘ ʭʘʣʴʢʦʧʠʨʠʪʘ 

(CuFeS2), ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʪʠʧʘ ɓ-ʬʝʨʨʠʪʘ ʥʘʪʨʠʷ (ɓ-NaFeO2) ʠ ʢʫʙʠʯʝʩʢʘʷ ʪʠʧʘ 

NaCl. ʌʘʟʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ, ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʯʠʩʣʘ (ʂʏ), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ɸ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ. 

ʇʨʠʯʠʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʥʥʦ ʵʪʠʭ ʯʝʪʳʨʝʭ ʩʪʨʫʢʪʫʨ ʷʚʠʣʦʩʴ ʧʦʥʷʪʠʝ 

ʠʟʦʤʦʨʬʠʟʤʘ. ɼʚʝ ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʠʤʝʶʪ ʠʟʦʤʦʨʬʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ, 

ʝʩʣʠ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʜʥʫ ʠʟ ʥʠʭ ʫʜʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ 

ʜʨʫʛʫʶ. ʂʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʦʙʣʘʜʘʶʪ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʨʝʰʸʪʢʠ ɹʨʘʚʝ. 

ɼʚʝ ʨʝʰʝʪʢʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʢʫʙʠʯʝʩʢʠʭ. ʈʘʩʪʷʛʠʚʘʷ 

ʆʎʂ ʠ ɻʎʂ ʨʝʰʝʪʢʠ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʦʜʥʫ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʦʙʲʝʤʥʦ-

ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʨʝʰʝʪʢʫ. ɺʳʪʷʛʠʚʘʷ ʧʨʦʩʪʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʨʝʰʝʪʢʫ ʚʜʦʣʴ 

ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʢʚʘʜʨʘʪʘ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʘʥʠʠ ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʠ, ʧʦʣʫʯʠʤ 

ʧʨʦʩʪʫʶ ʨʦʤʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ʀ ʥʘʢʦʥʝʮ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʤʠʪʠʚʥʘʷ ʨʝʰʝʪʢʘ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʣʶʙʦʡ ʠʟ ʪʨʝʭ ʢʫʙʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚʜʦʣʴ ʦʙʲʝʤʥʦʡ 

ʜʠʘʛʦʥʘʣʠ ʢʫʙʘ. 
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ʄʦʜʠʬʠʢʘʮʠʷ ɻʨʫʧʧʘ ʊʠʧ ʉʠʤʤʝʪʨʠ

 ̫

ʂʏ 

ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ I-42d, ˉ122 CuFeS2 D2d
12 4 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘ

 ̫

Pna21, ˉ33 
ɓ-NaFeO2 C2v

9 4 

ʂʫʙʠʯʝʩʢʘʷ 
Fm-3m, 

ˉ225 
NaCl Oh

5 6 

ʊʨʠʛʦʥʘʣʴʥʘʷ 
R-3mH, 

ˉ166 
Ŭ-NaFeO2 D3d

5 6 

 
ʉʪʨʫʢʪʫʨʘ ʬʘʟ ʢʨʠʩʪʘʣʣʘ LISe, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ VESTA [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, LISe ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʧʦʣʠʤʦʨʬʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʠʤʤʝʪʨʠʝʡ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ɽʜʠʥʦʦʙʨʘʟʥʦʝ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʬʘʟ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʝʛʦ 

ʩʚʦʡʩʪʚ. ʊʘʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʬʘʟ LISe ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ. 

[1] Beister H.J. et al., 1990, High Pressure Research. 4. 360. 

[2] Beister H.J. et al., 1991, Phys. Rev. B. 43. 9635. 

[3] Li Y. et al., 2009, J. Appl. Phys. 106. 033704. 
[4] ɼʫʛʠʥʦʚʘ ɽ.ɹ. ʠ ʜʨ., 2026, ɾʉʍ. 67. 163082. 

[5] Basalaev Y.M. et al., 2007, J. Struct. Chem. 48. 1001. 

[6] Greuling B., 1987, Cryst. Res. Technol. 22. K27. 

[7] Momma K., Izumi F. 2011, J. Appl. Crystallogr. 44. 1272. 
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ʉʊʈʋʂʊʋʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ɸʅʊʀʄʀʂʆɹɸʂʊɽʈʀɸʃʔʅɸʗ 

ɸʂʊʀɺʅʆʉʊʔ ʄɽʊɸʃʃɸʄɸʂʈʆʎʀʂʃʀʏɽʉʂʀʍ ʂʆʄʇʃɽʂʉʆɺ 

ʄɽɼʀ, ʅɸ ʆʉʅʆɺɽ ɿɸʄɽʑɽʅʅʓʍ ʉɸʃʀʎʀʃɻʀɼʈʆʂʉɸʄʆɺʓʍ 

ʂʀʉʃʆʊ 

 

ʈʫʤʷʥʮʝʚ ʈ.ɺ.1@, ʂʘʪʢʦʚʘ ʄ.ɸ.1, ʌʦʤʠʥʘ ʀ.ɻ.2, ɽʨʝʤʝʥʢʦ ʀ.ʃ.2 

1ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ 
2ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ 
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ʇʦʣʠʷʜʝʨʥʳʝ ʤʝʪʘʣʣʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʠʭ 

ʫʥʠʢʘʣʴʥʦʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [1-3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʪʘʣʣʘʤʘʢʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʣʠʮʠʣʛʠʜʨʦʢʩʘʤʦʚʦʡ ʢʠʩʣʦʪʳ (H3shi) ʠ ʝʸ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ (Cl, 

Br, I, NO2). ɼʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠ ʧʦʩʪʨʦʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ 

(ʈʠʩ. 1). ɺʦ ʚʩʝʭ ʧʷʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʪʠʧʘʤʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʳ HéO, HéH ʠ HéC 

ʪʠʧʦʚ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 2, 3 ʠ 4 ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʦʨʦʜéʛʘʣʦʛʝʥ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʩʪʨʫʢʪʫʨʥʦ ʟʥʘʯʠʤʳʤʠ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʢʣʘʜ ʩʦʩʪʘʚʣʷʝʪ 17.7 ï 

20.0 %). ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʢʨʘʪʯʘʡʰʠʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ. 

 

     
ʈʠʩ. 1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʢʦʤʧʣʝʢʩʦʚ 

(Bu4N)2Cu(II )[12-MCCu(II )N(shi)-4] (1), (Bu4N)2Cu(II )[12-MCCu(II )N(Cl-shi)-4] (2), 

(Bu4N)2Cu(II )[12-MCCu(II )N(Br-shi)-4] (3), (Bu4N)2Cu(II )[12-MCCu(II )N(I-shi)-4] (4) ʠ 

(Bu4N)2Cu(II )[12-MCCu(II )N(NO2-shi)-4] (5) ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʟʥʘʯʝʥʠʷʤʠ dnorm. 

 

ʀʩʭʦʜʥʳʝ ʢʠʩʣʦʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚ 

ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʘ Mycolicibacterium smegmatis (ʤʦʜʝʣʴ Mycobacterium 

tuberculosis). ʆʜʥʘʢʦ ʩʘʣʠʮʠʣʛʠʜʨʦʢʩʘʤʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʝʸ ʙʨʦʤʧʨʦʠʟʚʦʜʥʦʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʯʠʚʘʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʥʘʣʠʟ 

ʤʝʪʘʣʣʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʷʚʠʣ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʊʘʢ, ʩʦʝʜʠʥʝʥʠʷ 1ï3 ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʦʚ (shi)3ï, (Cl-shi)3ï ʠ (Br-

shi)3ï ʥʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 
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ʢʦʤʧʣʝʢʩʳ 4 ʠ 5 ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʦʚ (I-shi)3ï ʠ (NO2-shi)3ï ʠʟʥʘʯʘʣʴʥʦ ʧʦʜʘʚʣʷʶʪ 

ʨʦʩʪ M. smegmatis, ʥʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʠʯʠʥ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʢʦʙʘʢʪʝʨʠʡ ʩʣʫʞʠʪ ʘʢʪʠʚʥʳʡ ʵʬʬʣʶʢʩ 

ʧʨʝʧʘʨʘʪʦʚ [4]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʊʘʢʠʝ ʧʨʝʧʘʨʘʪʳ ʩʧʦʩʦʙʥʳ ʫʩʠʣʠʪʴ ʜʝʡʩʪʚʠʝ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʭ ʣʝʢʘʨʩʪʚ ï ʥʘʧʨʠʤʝʨ, ʙʝʜʘʢʚʠʣʠʥʘ ï 

ʠ ʧʦʤʦʯʴ ʧʨʝʦʜʦʣʝʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʘʪʦʛʝʥʥʳʭ ʰʪʘʤʤʦʚ M. tuberculosis, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʤʝʭʘʥʠʟʤʦʤ ʵʬʬʣʶʢʩʘ. 
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ɺ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ (ʩʤ. [1,2,4,5], ʘ ʪʘʢʞʝ ʩʩʳʣʢʠ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ) 

ʜʘʚʥʦ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʚʳʯʠʩʣʷʝʤʳʤʠ ʥʘ ʙʘʟʠʩʝ ʧʝʨʝʤʝʥʥʳʭ 

( , , , )P V T S  ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ 

(ʪʝʨʤʠʯʝʩʢʠʝ) ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ (ʫʧʨʫʛʠʝ 

ʤʦʜʫʣʠ, ʞʝʩʪʢʦʩʪʴ ʠ ʜʨ.). ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʢʘʣʦʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʠ ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʵʥʪʨʦʧʠʠ ʢʘʢ ʬʫʥʢʮʠʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʦʙʲʝʤʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟʫʯʘʶʪʩʷ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʣʴʥʳʝ ʯʝʪʳʨʝ ʧʘʨʘʤʝʪʨʘ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʩʰʠʨʝʥʠʝ/ʩʞʘʪʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ.   

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʠʪʴ ʩʧʝʢʪʨ ʩʚʷʟʝʡ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʯʝʪʳʨʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʚʝʣʠʯʠʥʘʤʠ ʨʘʟʣʠʯʥʦʡ 

(ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʢʘʣʦʨʠʯʝʩʢʦʡ) ʧʨʠʨʦʜʳ. ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ 

ʩʨʝʜʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʝʜʠʥʠʮʫ ʩʦʦʪʥʦʰʝʥʠʡ ʥʘʨʷʜʫ ʩ ʧʨʦʩʪʳʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʥʦ ʩʣʘʛʘʝʤʦʝ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ 

ʜʚʘ ʯʣʝʥʘ, ʧʨʠʯʝʤ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ 

çʩʠʤʤʝʪʨʠʷè, ʪʨʝʙʫʶʱʘʷ ʥʝʢʦʪʦʨʦʛʦ ʦʩʤʳʩʣʝʥʠʷ.  

ʇʨʠʚʦʜʠʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʘʤʠ [3-

5]. 

ʊʘʢ, ʙʳʣ ʧʦʣʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʨʘʚʝʥʩʪʚ: 
( ) ( )( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
1 .

T TT V V T
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V
TTl T S P= µ µ (ʩʤ. [4,5]). ɺ ʵʪʠʭ ʚʝʣʠʯʠʥʘʭ ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʫʨʘʚʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʙʱʝʠʟʚʝʩʪʥʳ [1,2,4,5]. 

ɺʩʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʘʣʠʟʤʘ ʷʢʦʙʠʘʥʦʚ ʚ 

ʩʞʘʪʦʡ ʠ ʨʘʟʚʝʨʥʫʪʦʡ ʬʦʨʤʝ ʠ ʥʝʟʘʚʠʩʠʤʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʘʣʛʝʙʨʦʡ 

ʚʥʝʰʥʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʬʦʨʤ [3,6].  

ɺʳʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʘʥʦʤʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʬʠʟʠʢʝ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ.  

mailto:chervin@dfti.donbass.com


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

188 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʳʡ çʩʠʤʤʝʪʨʠʯʥʳʡè ʢʦʤʧʣʝʢʩ 
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ʚʝʣʠʯʠʥ (ʪʘʢʞʝ ʚʧʝʨʚʳʝ).  
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ʌɸɿ 

 

ʄʠʥʘʢʦʚʘ ʇ.ɺ.1,2,@, ʉʦʙʦʣʝʚ ʉ.ʃ.1 
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʅʀʋ ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
@ minakova.pv@phystech.edu  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʪʝʧʣʦʬʠʟʠʢʠ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ 

ʩʚʷʟʘʥʳ ʩ ʦʩʚʦʝʥʠʝʤ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ð ʪʝʨʤʠʯʝʩʢʠʭ 

ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʧʨʘʚʣʷʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʪʝʧʣʘ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, 

ʢʘʢ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʫʧʨʘʚʣʷʶʪ ʩʚʝʪʦʤ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʨʦʪʦʪʠʧʳ ʪʝʧʣʦʚʳʭ ʜʠʦʜʦʚ, ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʝʧʣʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʠʩʪʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʪʝʨʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ [1-3]. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʪʝʧʣʦʧʝʨʝʥʦʩ ʚ 

ʧʨʦʩʪʝʡʰʝʡ ʩʣʦʠʩʪʦʡ ʩʠʩʪʝʤʝ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʛʦ 

ʩʣʦʷ, ʧʦʤʝʱʝʥʥʦʛʦ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʠ ʭʦʣʦʜʥʳʤ ʨʝʟʝʨʚʫʘʨʘʤʠ. ʅʘ ʦʜʥʦʡ ʠʟ ʛʨʘʥʠʮ 

ʨʘʟʜʝʣʘ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʥʘʣʠʯʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʫʧʠʣʠ 

ɾ   ‗Ὤɻ Ὕ Ὕϳ , ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ 

ʛʦʨʷʯʝʛʦ (Ὕ  ʠ ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ (Ὕ), ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ: 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (‗), ʢʦʥʩʪʘʥʪʘ ʪʝʧʣʦʦʙʤʝʥʘ (ɻ) ʠ ʪʦʣʱʠʥʫ ʪʝʧʣʦʧʨʦʚʦʜʷʱʝʛʦ 
ʩʣʦʷ (Ὤ). ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ  ʀ Ὕ Ὕ Ὕϳ  ð ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʭʦʣʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʜʨʫʛʠʭ ʪʝʧʣʦʚʳʭ ʚʝʣʠʯʠʥ (ʩʢʘʯʢʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ) ʢʘʢ ʬʫʥʢʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ɾ ʠ Ů. 
ʀʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʣʦʢʘʣʠʟʘʮʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: ʥʘ ʛʨʘʥʠʮʝ ʩ ʭʦʣʦʜʥʳʤ 

(1) ʠ ʩ ʛʦʨʷʯʠʤ ʨʝʟʝʨʚʫʘʨʦʤ (2): 

ή ρ ‐ ɾ  ‐ ɾ τ‎             (1) 

ή ρ ‐ ɾ  ‐ ɾ ρ τ‐         (2) 

ʋʨʘʚʥʝʥʠʷ (1) ʠ (2) (ʞʠʨʥʘʷ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʠ ʥʘ ʈʠʩ. 1) ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪʥʦʰʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʢʪʠʬʠʢʘʮʠʠ) ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʙʦʣʴʰʝ, ʪʘʢ ʠ 

ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ (ʩʝʨʘʷ ʢʨʠʚʘʷ ʥʘ ʈʠʩ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʦʜʥʦʛʦ (ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʛʦ) 
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ʵʬʬʝʢʪʘ ʨʝʛʫʣʠʨʫʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʘ-ʜʝʚʘʡʩʦʚ, ʠʤʝʶʱʠʭ ʚʘʞʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ.  

 

 
ʈʠʩ. 1 ʉʨʘʚʥʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ή ʠ ή ʠ ʠʭ 

ʦʪʥʦʰʝʥʠʝ ʧʨʠ ‐ πȢρ 
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ʉʝʜʦʚ ʀ.ɺ.1, ʂʦʣʦʙʦʚ ʖ.ʈ.1,3 
1 ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, 

ʈʦʩʩʠʷ 
2 ʀʆʌ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
@ manohin@icp.ac.ru  

 

ʉʧʣʘʚ Pdï40%Cu ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʫʶ ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʭʨʫʧʯʠʚʘʥʠʶ ʠ ʚʦʟʜʝʡʩʪʚʠʶ ʩʝʨʳ. ɽʛʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ɺ2-ʬʘʟʳ (ʆʎʂ), ʚ ʢʦʪʦʨʦʡ ʜʠʬʬʫʟʠʷ 

ʚʦʜʦʨʦʜʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ɸ1-ʬʘʟʝ (ɻʎʂ). ɺ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʤʙʨʘʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʛʨʘʜʘʮʠʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʠʭ ʨʝʩʫʨʩ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ (ʈʕʄ) ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʇʕʄ) ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʌɸ) ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʠʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʤʝʤʙʨʘʥʳ Pdï40%Cu (20 ʤʢʤ) ʧʦʩʣʝ 20 ʯ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ 473ï523 

ʂ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʤʙʨʘʥʳ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ: ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʘʥʦʤʘʣʴʥʦ 

ʦʙʦʛʘʱʸʥ ʢʠʩʣʦʨʦʜʦʤ (ʜʦ 45,2 ʘʪ.%) ʠ ʫʛʣʝʨʦʜʦʤ (ʜʦ 19,1 ʘʪ.%). ʄʝʪʦʜʦʤ ʇʕʄ 

ʚʳʷʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʦʡ ʜʚʫʭʩʣʦʡʥʦʡ ʦʢʩʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ: ʩʧʣʦʰʥʦʛʦ ʧʦʜʩʣʦʷ ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ 

(ʚʠʩʢʝʨʦʚ) ʦʢʩʠʜʘ ʤʝʜʠ (CuO) ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʨʝʰʸʪʢʦʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ [1]. ɺʠʩʢʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʪʦʣʙʯʘʪʦʡ ʟʝʨʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 20ï50 ʥʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʭ ʨʦʩʪ ʠʥʜʫʮʠʨʫʝʪʩʷ ʩʞʠʤʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ 

ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʝ, ʢʦʪʦʨʳʝ ʩʪʠʤʫʣʠʨʫʶʪ ʫʩʢʦʨʝʥʥʫʶ ʟʝʨʥʦʛʨʘʥʠʯʥʫʶ ʜʠʬʬʫʟʠʶ 

ʘʪʦʤʦʚ ʤʝʜʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (473ï523 ʂ) 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʨʦʛʘ ʘʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʦʡ 

ʩʝʪʠ ʚʠʩʢʝʨʦʚ (583ï623 ʂ), ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʣʠʰʴ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ 

ʠʭ ʟʘʨʦʞʜʝʥʠʷ. 

ʄʝʪʦʜʘʤʠ ʈʌɸ ʠ ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʢ ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣ ʤʝʤʙʨʘʥʳ ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʜʚʫʭʬʘʟʥʦʤ (ɸ1+ɺ2) ʩʦʩʪʦʷʥʠʠ. ʀʟ-ʟʘ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦʡ 

ʢʠʥʝʪʠʢʠ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʨʠ 473ï523 ʂ ʧʨʦʮʝʩʩ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ɸ1Ÿɺ2 ʥʝ 

ʫʩʧʝʚʘʝʪ ʟʘʚʝʨʰʠʪʴʩʷ (ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʩʦʪʥʠ ʯʘʩʦʚ). ʉʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʘʟ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʛʝʥʝʨʠʨʫʝʪ ʫʧʨʫʛʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʳʩʪʫʧʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʘʪʦʤʦʚ ʤʝʜʠ. 

mailto:manohin@icp.ac.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʤʙʨʘʥ ʠʟ ʩʧʣʘʚʘ Pdï

40%Cu ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʡʩʪʚʠʝʤ ʪʨʝʭ ʬʘʢʪʦʨʦʚ: ʧʘʩʩʠʚʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʛʣʝʨʦʜʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʠʩʢʝʨʦʚ CuO (ʬʠʟʠʯʝʩʢʠ ʙʣʦʢʠʨʫʶʱʠʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʦʨʦʜʘ) ʠ ʥʝʟʘʚʝʨʰʸʥʥʦʩʪʴʶ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ (ɸ1Ÿɺ2), ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʦʙʲʸʤʝ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

FFSG-2024-0016, ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 124020500064-2. 

[1] Manokhin S.S., Maksimenko V.N., Tokmacheva-Kolobova A.Yu., Ligachev A.E., 

Sedov I.V., Kolobov Yu.R., 2025, Inorg. Mater. 61. 238-245 
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ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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ɼʀʌʌʋɿʀʆʅʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʕʂɺʀɸʊʆʄʅʆɻʆ ʉʇʃɸɺɸ 

VNbMoTaW  

 

ɺʷʟʴʤʠʥ ɸ.ɺ.1,@, ʃʠʧʥʠʮʢʠʡ ɸ.ɻ.2, ʄʘʢʩʠʤʝʥʢʦ ɺ.ʅ.1 
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʛ. 

ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2 ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ  

@ alexandr.vyazmin@yandex.ru 

 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ʩʧʣʘʚʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʩʧʣʘʚʳ (CCAs). ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʩʧʣʘʚʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʟʚʘʥʥʳʝ ʞʘʨʦʧʨʦʯʥʳʤʠ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʤʠ ʩʧʣʘʚʘʤʠ (RHEAs). ʕʪʠ ʩʧʣʘʚʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ. ʆʙʣʘʩʪʴ RHEAs ʩʣʘʙʦ ʠʟʫʯʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʬʬʫʟʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ RHEAs, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʜʠʬʬʫʟʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʥʦʛʦʤʝʨʥʦʩʪʴʶ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ RHEAs. ʀʟʫʯʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

RHEAs ʚʦʟʤʦʞʥʦ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (MD) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʠʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʢʦʥʝʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

RHEAs ʪʘʢʠʝ ʨʘʩʯʝʪʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ.  

 ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʷʪʩʷ ʨʘʩʯʝʪʳ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʧʣʘʚʘ VNbMoTaW, ʤʝʪʦʜʦʤ MD ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʈʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʤʦʜʠʬʬʫʟʠʠ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʨʘʤʢʘʭ ʤʦʥʦʚʘʢʘʥʩʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʈʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʘʢʘʥʩʠʡ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʥʝʜʘʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʝʪʦʜʘ [1]. ɼʣʷ ʟʘʜʘʥʠʷ 

ʤʝʞʘʪʦʤʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ N-body ʤʝʞʘʪʦʤʥʳʝ ʧʦʪʝʥʮʠʘʣʳ [2]. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʤʦʜʠʬʬʫʟʠʠ ʚ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ VNbMoTaW, ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʘʤʦʜʠʬʬʫʟʠʠ ʜʣʷ V ʠ W.  

[1] Lipnitskii A. G. et al., 2025, CMS. 256. 113945.  

[2] Maksimenko V. N. et al., 2025, CMS. 247. 113533.  
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15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

194 

ʄɽʍɸʅʀɿʄ ɼɽɻʈɸɼɸʎʀʀ ʄɽʄɹʈɸʅ ʀɿ ʉʇʃɸɺɸ Pdï10%Ru ɺ 

ʋʉʃʆɺʀʗʍ ʉɽʇɸʈɸʎʀʀ ɺʆɼʆʈʆɼɸ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʓʍ ʉʈɽɼ 

 

ʄʘʢʩʠʤʝʥʢʦ ɺ.ʅ. 1@, ʄʘʥʦʭʠʥ ʉ.ʉ. 1, ʊʦʢʤʘʯʝʚʘ-ʂʦʣʦʙʦʚʘ ɸ.ʖ. 1, ʉʝʜʦʚ ʀ.ɺ. 1, 

ʃʠʛʘʯʝʚ ɸ.ɽ. 2, ʂʦʣʦʙʦʚ ʖ.ʈ. 1,3 
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, 

 2ʀʆʌ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, 
3ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʏʝʨʥʦʛʦʣʦʚʢʘïʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

@ maksimenkovn@icp.ac.ru 

 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʜʝʛʨʘʜʘʮʠʠ 

ʚʦʜʦʨʦʜʦʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ ʠʟ ʩʧʣʘʚʘ Pdï10%Ru (ʪʦʣʱʠʥʘ 30 ʤʢʤ) ʧʦʩʣʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʩʝʧʘʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʧʨʠ 500ï600 Áʉ 

ʚ ʩʨʝʜʝ ʚʦʜʦʨʦʜʘ ʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʄʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ), ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʤʙʨʘʥʳ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʝʤʙʨʘʥʳ ʠʟ 

ʩʧʣʘʚʘ Pdï40%Cu, ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [1], ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʫʛʣʝʨʦʜʥʘʷ ʧʣʸʥʢʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ 8,8ï13,4 ʚʝʩ.%), 

ʙʣʦʢʠʨʫʶʱʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʧʘʣʣʘʜʠʷ ʠ ʩʥʠʞʘʶʱʘʷ 

ʵʬʬʝʢʪʠʚʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʤʙʨʘʥʳ. 

ʄʝʪʦʜʦʤ ʇʕʄ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ (ʣʘʤʝʣʝʡ) ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʦʙʥʘʨʫʞʝʥʳ ʟʘʢʨʳʪʳʝ ʧʦʣʦʩʪʠ ʠ ʨʘʩʢʨʳʪʳʝ ʤʝʞʟʝʨʝʥʥʳʝ ʪʨʝʱʠʥʳ (ʩʤ. 

ʨʠʩʫʥʦʢ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʛʨʘʥʸʥʥʳʝ ʧʦʨʳ ʨʘʟʤʝʨʦʤ 100ï200 ʥʤ ʬʦʨʤʠʨʫʶʪʩʷ 

ʚʜʦʣʴ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ ʠ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ ʚʜʦʣʴ ʩʝʤʝʡʩʪʚʘ ʥʘʧʨʘʚʣʝʥʠʡ ἂ100ἃ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ɻʎʂ-ʤʘʪʨʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʨʳ ʦʙʨʘʟʫʶʪʩʷ ʥʘ 

ʤʝʩʪʝ ʯʘʩʪʠʮ ʛʠʜʨʠʜʥʦʡ ʬʘʟʳ ɓ-PdHx ʢʫʙʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʩ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ (100)PdHx᷆ (100)Pd. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʩʦʟʜʘʚʘʣʠʩʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʬʘʟʳ ɓ-PdHx, 

ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʩʧʘʜ ʢʦʪʦʨʦʡ ʧʨʠ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʫʩʪʦʪ (ʧʦʨ). 
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ʈʠʩʫʥʦʢ  ï ʘ - ʩʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʠʟ ʩʧʣʘʚʘ Pd-10%Ru ʧʦʩʣʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; ʙ ï ʢʘʨʪʠʥʘ ʤʠʢʨʦʜʠʬʨʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʦʪʤʝʯʝʥʥʦʡ 

ʢʨʫʞʢʦʤ ʥʘ çʘè ʦʙʣʘʩʪʠ; ʚ, ʛ, ʜ, ʝ - ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʫʯʘʩʪʢʘ ʦʪʤʝʯʝʥʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʥʘ ʨʠʩ.5ʘ. 

ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʠʤʝʶʱʠʝ ʦʛʨʘʥʢʫ ʧʦʨʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ. 

ʉʢʘʥʠʨʫʶʱʘʷ ʇʕʄ 

ʅʘ ʚʳʭʦʜʥʦʡ (ʧʝʨʤʝʘʪʥʦʡ) ʩʪʦʨʦʥʝ ʤʝʤʙʨʘʥʳ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʧʦ ʪʦʣʱʠʥʝ ʬʦʣʴʛʠ ʠ ʣʦʢʘʣʴʥʳʤ ʧʝʨʝʩʳʱʝʥʠʝʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʣʘʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥ ʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ 

ʜʝʛʨʘʜʘʮʠʠ: ʧʝʨʚʠʯʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʳʤʠ ʧʣʸʥʢʘʤʠ; ʮʠʢʣʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ-

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʠʥʠʮʠʠʨʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʩʧʘʜ ʯʘʩʪʠʮ ɓ-PdHx ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʨ; ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʘʣʝʩʮʝʥʮʠʷ ʵʪʠʭ ʧʦʨ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʠʢʨʦʪʨʝʱʠʥ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ (ʰʝʣʫʰʝʥʠʝ) ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ 

ʩʦʟʜʘʝʪ ʧʨʷʤʳʝ ʢʘʥʘʣʳ ʜʣʷ ʥʝʩʝʣʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʩʥʠʞʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʝʤʙʨʘʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

FFSG-2024-0016, ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 124020500064-2. 

[1] Manokhin S.S., Maksimenko V.N., Tokmacheva-Kolobova A.Yu., Ligachev A.E., 

Sedov I.V., Kolobov Yu.R., 2025, Inorg. Mater. 61. 238-245  
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ɺʃʀʗʅʀɽ ɸʂʉʀɸʃʔʅʓʍ ʃʀɻɸʅɼʆɺ ʅɸ ʄɸɻʅʀʊʅʓɽ ʉɺʆʁʉʊɺɸ 

ʇɽʅʊɸɻʆʅɸʃʔʅʆ-ɹʀʇʀʈɸʄʀɼɸʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ Er(III ) C 

ʕʂɺɸʊʆʈʀɸʃʔʅʓʄʀ ɸʎʀʂʃʀʏɽʉʂʀʄʀ ʍɽʃɸʊʀʈʋʖʑʀʄʀ 

ʃʀɻɸʅɼɸʄʀ N3O2 

 

ʂʦʧʦʪʢʦʚ ɺ.ɸ.1@, ɿʦʨʠʥʘ ʃ.ɺ.2, ʉʠʤʦʥʦʚ ʉ.ɺ.2, ɻʦʣʦʚʠʥʘ ɽ.ɼ. 3, ɿʘʭʘʨʦʚ ʂ.ɺ.3 

1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤʝʥʠ ʖ.ɸ. ʆʩʠʧʴʷʥʘ ʈɸʅ 

3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
@ vakopotkov@icp.ac.ru  

 

ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ d- ʠ 

f-ʵʣʝʤʝʥʪʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʜʝʥʪʘʥʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʤʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ 

ʩʧʠʥʘ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʝʤʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʨʙʠʷ(III). ʌʦʨʤʘ 4f 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʦʥʘ Er3+ ʙʣʠʟʢʘ ʢ çʚʳʪʷʥʫʪʦʡè (prolate), ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʧʨʠʨʦʜʘ ʘʢʩʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʘʛʥʠʪʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʢʦʤʧʣʝʢʩʦʚ ʵʨʙʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʝʤʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ [Er(DAPT)(OPPh3)2]+[ClO4]- (1), [Er(DAPMBH)(OPPh3)2]+ [ClO4]-

C2H5OH (2) ʠʟʫʯʝʥʳ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 1. 

ʇʨʦʚʝʜʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʦʤʧʣʝʢʩʘʤʠ 

Er(III) ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ (N3O2) ʠ ʘʧʠʢʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [2]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʪʝʤʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

(ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ 124013100858-3) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʦʨʥʦʡ ʙʘʟʳ ʌʀʎ 

ʇʍʌ ʠ ʄʍ ʈɸʅ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʜʣʷ ʀʌʊʊ ʈɸʅ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʗʛʫʙʩʢʦʤʫ ʕ.ɹ. ʟʘ 

ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʨʘʙʦʪʳ. 

 

[1] Rebilly J.-N., Charron G., Riviere E., Guillot R., Barra A.-L., M. Duran 

Serrano, van Slageren J., Mallah T., 2008, Chem. Eur. J. 14. 1169-1177. 

[2] Bazhenova T.A., Kopotkov V.A., Korchagin D.V., Manakin Yu.V., Zorina 

L.V., Simonov S.V., Yakushev I.A., Mironov V.S., Vasiliev A.N., Maximova O.V., 

Yagubskii E.B., 2021, Molecules. 26, Art. Number 22. 
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ʊɸʄʄʆɺʉʂʀɽ ʉʆʉʊʆʗʅʀʗ ʀ ɼɽʌɽʂʊʓ. 

 

ʄʠʭʘʡʣʦʚʘ ʊ.ʖ.@ 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ.ʂʫʨʥʘʢʦʚʘ ʈɸʅ 
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ʅʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʧʨʠʤʝʨʝ ʤʦʜʝʣʠ ʩʠʣʴʥʦʡ ʩʚʷʟʠ ʜʣʷ ʩʠʩʪʝʤ ʩ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʫʙʳʚʘʶʱʠʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʩʚʷʟʠ ʩ ʛʨʘʥʠʮʝʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʝʝ ʣʦʢʘʣʴʥʳʤ 

ʜʝʬʝʢʪʦʤ ʠ ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʧʨʠ ʵʥʝʨʛʠʷʭ ʚʥʝ ʟʦʥʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ 

ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʙʝʟʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʥʘʧʨʠʤʝʨ, ʚ 

ʙʝʩʢʦʥʝʯʥʦʡ ʥʘʥʦʪʨʫʙʢʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʥʝʚʦʟʤʦʞʥʦ, ʘ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ, ʦʧʠʩʳʚʘʝʤʳʡ ʩʠʩʪʝʤʦʡ 

ʟʦʥ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʣʦʢʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ 

ʧʨʝʜʝʣ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʧʨʠ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʚʢʣʘʜʦʤ 

ʟʘʥʷʪʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʙʘʟʠʩʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʪʦ ʝʩʪʴ, ʦʧʠʩʳʚʘʝʪ ʚ 

ʧʨʠʥʮʠʧʝ ʪʦ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ, ʯʪʦ ʠ ʦʙʳʯʥʳʝ ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʆʅʍ ʈɸʅ (ʪʝʤʘ 1021071612866-5-1.4.7).  
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ɺʃʀʗʅʀɽ ʋʇʈʋɻʆʁ ɼɽʌʆʈʄɸʎʀʀ ʅɸ ʄɸɻʅʀʊʅʆɽ 

ʋʇʆʈʗɼʆʏɽʅʀɽ ɺ ʄʀʂʈʆʇʈʆɺʆɼɸʍ ɻɸɼʆʃʀʅʀʗ 

 

ʉ.ʅ. ʂʘʰʠʥ1@, ʈ.ɹ. ʄʦʨʛʫʥʦʚ1 
1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
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ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʛʘʟʦʚʳʤ ʩʠʩʪʝʤʘʤ ʦʭʣʘʞʜʝʥʠʷ [1]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʥʷʪʴ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ [2]. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʠʢʨʦʧʨʦʚʦʜʘ 

ʛʘʜʦʣʠʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʠ ʜʦʧʫʩʢʘʶʱʠʝ 

ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ [2,3]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʧʨʫʛʦʡ ʠʟʛʠʙʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨ ʩʧʠʥʦʚʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ Gd 

ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤ ɸʨʨʦʪʪʘïʅʦʘʢʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ ɻʝʡʟʝʥʙʝʨʛʘ. ʇʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʜʦ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʠ 

ʀʟʠʥʛʘïɻʝʡʟʝʥʙʝʨʛʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʭʦʜ ʢ ʧʦʥʠʞʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʝ ʙʦʣʝʝ 5 ʂ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʫʩʣʦʚʣʝʥʳ ʚʘʨʠʘʮʠʝʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʘʩʩʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩ.ʟʘʜʘʥʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 124013100858-3. 

 

[1] Pecharsky V.K., Gschneidner K.A., Tsokol A.O., 2005, Rep. Prog. Phys. 68. 

1479. 

[2] Morgunov R.B., Kashin S.N., 2025, Mat. Lett. 401. 139241. 

[3] ʂʦʧʣʘʢ ʆ.ɺ., ʂʘʰʠʥ ʉ.ʅ., ʄʦʨʛʫʥʦʚ ʈ.ɹ., ʂʦʨʦʣʝʚ ɼ.ɺ., ɾʠʜʢʦʚ ʄ.ɺ., 

ʇʠʩʢʦʨʩʢʠʡ ɺ.ʇ., ɺʘʣʝʝʚ ʈ.ɸ., 2022, ʌʊʊ 64. 1774.  
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʃʗʈʀɿɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ʅɸʅʆʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ ʇʃɽʅʂɸʍ ʁʆɼʀɼɸ ʉɽʈɽɹʈɸ, 

ʃɽɻʀʈʆɺɸʅʅʓʍ ʄɽɼʔʖ 

 

ʀʣʴʠʥʩʢʠʡ ɸ.ɺ.1, ʂʘʩʪʨʦ ʈ.ɸ.2, ʂʣʠʤʦʚ ɺ.ɸ.1, ʂʦʥʦʥʦʚ ɸ.ɸ.2, ʊʠʤʦʬʝʝʚʘ ʀ.ʆ.2@, 

ʐʘʜʨʠʥ ɽ.ɹ.1 
1ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ. ʌ. ʀʦʬʬʝ, ʈɸʅ 

2ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ 
@ timof-ira@yandex.ru  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʧʝʨʠʦʥʥʦʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʌʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

(ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʦʚ ʩʦʟʜʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʥʩʝʨʚʘʮʠʠ ʵʥʝʨʛʠʠ, ʩʚʝʨʭʸʤʢʠʝ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ), ʪʘʢ ʩ ʥʘʫʯʥʦʡ 

(ʜʦ ʢʦʥʮʘ ʥʝʧʦʥʷʪʝʥ ʤʝʭʘʥʠʟʤ ʌʇ) [1-2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ɼʉ) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʦʙʣʘʩʪʠ ʌʇ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʝʜʴʶ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ ʡʦʜʠʜʘ ʩʝʨʝʙʨʘ AgI. 

ʊʝʤʧʝʨʘʪʫʨʘ ʌʇ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʡʦʜʠʜʝ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚʣʷʝʪ 1470ʉ, 

ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʜʴʶ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [3]. 

ʇʣʝʥʢʠ AgI:Cu (5 ʦʙ. %) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ, ʥʘ 

ʩʣʶʜʷʥʦʡ ʧʦʜʣʦʞʢʝ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 40 ʤʢʤ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʤʝʪʦʜʦʤ 

ʠʩʧʘʨʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʥʘʥʦʩʠʣʠʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʣʦʠ ʠʟ ʩʤʝʩʠ 95 ʦʙ. Ag ʠ 5 ʦʙ. 

% Cu. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ 1350ʉ 

ʠ ʥʘ 40-50 ʤʠʥʫʪ ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʘʨʳ ʡʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʘʨʘʤʠ ʡʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 

ʡʦʜʠʜʘ ʩʝʨʝʙʨʘ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʤʝʜʴʶ, ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʦʢʦʣʦ 1,12 ʤʢʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ɸʉʄ. ɼʉ ʩʧʝʢʪʨʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ f = 10-2 é107 ɻʮ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʊ = 140é1700ʉ (ʩ ʰʘʛʦʤ 50ʉ) ʥʘ ʫʩʪʘʥʦʚʢʝ Concept-81 

(Novocontrol Technologies) ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʈɻʇʋ ʠʤ. ɸ. ʀ. 

ɻʝʨʮʝʥʘ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tg ŭ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʌʇ. ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʦʙʣʘʩʪʠ ʌʇ ʧʨʦʠʩʭʦʜʠʪ çʧʨʦʩʝʜʘʥʠʝè 

ʤʘʢʩʠʤʫʤʘ tg ŭ ʠ ʥʝʙʦʣʴʰʦʡ çʠʟʛʠʙè ʩʧʘʜʘʶʱʝʡ ʚʝʪʚʠ tg ŭ; ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ tg ŭ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 
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ʘ)                                                                            ʙ) 

ʈʠʩ. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ tg ŭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʡʦʜʠʜʘ ʩʝʨʝʙʨʘ, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʤʝʜʴʶ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʌʇ: 

ʧʨʠ ʥʘʛʨʝʚʝ (ʘ) ʠ ʦʭʣʘʞʜʝʥʠʠ (ʙ) 

 

ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʌʘʢʪ ʥʘʣʠʯʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ tgŭ ʦʪ ʯʘʩʪʦʪʳ, ʘ 

ʪʘʢʞʝ ʝʛʦ ʨʝʟʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ AgI:Cu ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ 

ʨʝʣʘʢʩʘʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʢʨʘʥʠʨʦʚʢʫ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ɼʦ ʩʦʚʝʨʰʝʥʠʷ ʌʇ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʫʩʣʦʚʣʝʥʳ ʣʠʰʴ ʤʘʩʩʠʚʦʤ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʩʣʝ 

ʩʦʚʝʨʰʝʥʠʷ ʌʇ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠʟ-ʟʘ ʨʘʟʨʳʚʘ ʯʘʩʪʠ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʳʭ Ag-I ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ 

ʢʘʞʜʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥ-ʧʨʦʚʦʜʷʱʠʭ 

ʢʘʥʘʣʦʚ [4]. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʦʩʪʴ ʧʣʸʥʢʠ AgI:Cu ʵʢʨʘʥʠʨʦʚʘʪʴ ʚʥʝʰʥʝʝ 

ʟʦʥʜʠʨʫʶʱʝʝ ʧʦʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʘʩʩʠʚʘ 

ʢʚʘʟʠʩʚʦʙʦʜʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ Ag+ ʠʟ-ʟʘ ʩʦʚʝʨʰʝʥʠʷ ʩʫʧʝʨʠʦʥʥʦʛʦ ʌʇ, 

ʯʪʦ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪ, ʭʦʪʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ.  

 

[1] Sidorov A.I., Nashchekin A.V., Castro R.A. et all., 2021, Physica B: Physics 

of Condensed Matter. 603. 412764  

[2] Parsi ɸ., Suleiman ɸ.ɸ., Pehlivanoglu D. et all., 2025, J. Mater. Chem. C, 

13, 18420 

[3] ʀʣʴʠʥʩʢʠʡ ɸ. ɺ., ʂʘʩʪʨʦ ʈ. ɸ., ʂʣʠʤʦʚ ɺ. ɸ. ʠ ʜʨ., 2025, ʌʊʊ. 67 (12). 
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ʇʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʵʥʝʨʛʠʡ ʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʥʠʪʨʦʚʘʥʠʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʠʪʨʘʪʘ ɔ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ɔ-ʅʎɼ) ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʦʜʝʨʞʘʱʝʛʦ 2 

ʥʠʪʨʘʪʥʳʝ ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʝ [1-2]. 

ʇʨʦʮʝʩʩ ʥʠʪʨʦʚʘʥʠʷ ʎɼ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʘʭ [3, 4]. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʧʨʦʜʫʢʪʳ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʟʘʤʝʱʝʥʠʷ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʥʠʟʢʦʟʘʤʝʱʝʥʥʳʭ ʥʠʪʨʘʪʦʚ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɔ-ʅʎɼ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ɔ-ʎɼ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʘʥʳ  ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ɔ-ʎɼ ʠ ʧʨʦʜʫʢʪʦʚ 

ʝʛʦ ʜʠʥʠʪʨʦʚʘʥʠʷ ʚ ʧʦʣʦʞʝʥʠʷ 1ï2, 1ï3, 1ï4 ʠ 1ï5. ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʠ 

ʨʘʩʯʝʪʳ ʯʘʩʪʦʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ DFT B3LYP ʚ 

ʙʘʟʠʩʝ 6-31G(d). ʕʣʝʢʪʨʦʥʥʳʝ ʵʥʝʨʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʩʯʠʪʘʥʳ 

ʤʝʪʦʜʦʤ B3LYP/6-311+G(2df,2p). ʇʦʣʫʯʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʵʥʝʨʛʠʡ (ȹEgas) ʠ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ ʧʨʠ ʊ=298.15 ʂ (ȹGgas) ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ, ʩʚʦʙʦʜʥʳʝ ʵʥʝʨʛʠʠ ʩʦʣʴʚʘʪʘʮʠʠ (ȹGs) ʚ ʚʦʜʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (xi) ʧʨʦʜʫʢʪʦʚ ʜʠʥʠʪʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

    
             1ï2                      1ï3                       1ï4                       1ï5 

 

ʊʘʙʣʠʮʘ 1. ʕʥʝʨʛʠʠ (ʢʢʘʣ/ʤʦʣʴ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɔ-ʅʎɼ 

ɔ-ʅʎɼ ȹEgas      ȹGgas      ȹGs      xi (%) 

1ï2 2.70       3.99      ï90.6        0.0 

1ï3 2.32       2.52      ï91.6        0.8 

1ï4 0.34       1.20      ï91.0      22.1 

1ï5 0.00        0.00     ï91.9      77.1 
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ɺ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʧʨʦʜʫʢʪ 1ï5, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʫʜʘʣʝʥʥʦʩʪʴʶ ʥʠʪʨʘʪʥʳʭ ʛʨʫʧʧ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʌʀʎ ʇʍʌ ʠ 

ʄʍ ʈɸʅ (ʥʦʤʝʨ ʛʦʩʟʘʜʘʥʠʷ ˉ 124020500019-2). 
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ʉʀʅʊɽɿ ʃʀʊʀɽɺʓʍ ʉʆʃɽʁ ʂʆʄʇʃɽʂʉʆɺ Fe(III) ʅɸ ʆʉʅʆɺɽ 

ʃʀɻɸʅɼʆɺ ʊʀʆʉɽʄʀʂɸʈɹɸɿʆʅɸ ʇʀʈʆɺʀʅʆɻʈɸɼʅʆʁ ʂʀʉʃʆʊʓ 

 

ɸʬʘʥʘʩʴʝʚ ʅ.ɼ.1,2, , ɹʣʘʛʦʚ ʄ.ɸ1, ʃʦʙʘʯ ɸ.ʉ.1, ʉʧʠʮʳʥʘ ʅ.ɻ1, @ 
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2 ʅʀʋ ɺʐʕ, ʬʘʢʫʣʴʪʝʪ ʍʠʤʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʃʠʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ (th) ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ (py) 

ʩ ʠʦʥʘʤʠ Fe(III) ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʰʝʩʪʠʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʫʟʣʦʤ N2S2O2, 

ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʘ (ʉʂʆ), 

ʢʦʛʜʘ ʧʦʣʥʳʡ ʨʝʟʢʠʡ ʉʂʆ ʧʨʠ T1/2= 340 ʂ c ʧʝʪʣʝʡ ʛʠʩʪʝʨʝʟʠʩʘ ʚ 45 ʂ, 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 300ï363 ʂ [1]. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

 
ʈʠʩ.1 ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʣʠʪʠʝʚʳʭ ʩʦʣʝʡ Fe(III) ʩ ʣʠʛʘʥʜʘʤʠ H2-R1th-R2py, ʛʜʝ R1= 

H-, Me-; R2= H, Me-, Ph-. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʣʠʛʘʥʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʜʝʥʩʘʮʠʝʡ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ (H2-R1py) ʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ (H2-R2th), ʣʠʪʠʝʚʳʝ 

ʩʦʣʠ ʢʦʤʧʣʝʢʩʦʚ Fe(III) ʥʘ ʠʭ ʦʩʥʦʚʝ (ʨʠʩ.1). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ˉ ʛʦʩ. 

ʨʝʛ.124013100858-3. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠʙʦʨʥʘʷ ʙʘʟʘ 

ʎʂʇ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ. 

[1] Blagov M.A., Akimov A.V., Lobach A.S., Zorina L.V., Simonov S.V., Zakharov 

K.V., Vasiliev A.N., Spitsyna N.G. 2025, Dalton Trans. 54. 

346-356. 
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ʉ.ʅ. ʂʘʰʠʥ1@, ʈ.ɹ. ʄʦʨʛʫʥʦʚ1 
1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

@ SN.Kashin@yandex.ru  

 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʛʘʟʦʚʳʤ ʩʠʩʪʝʤʘʤ ʦʭʣʘʞʜʝʥʠʷ [1]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʥʷʪʴ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ [2]. ɺ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʠʢʨʦʧʨʦʚʦʜʘ 

ʛʘʜʦʣʠʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʠ ʜʦʧʫʩʢʘʶʱʠʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ [2,3]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʧʨʫʛʦʡ ʠʟʛʠʙʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʪʠʧ ʩʧʠʥʦʚʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʤʠʢʨʦʧʨʦʚʦʜʘʭ Gd ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤ ɸʨʨʦʪʪʘïʅʦʘʢʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʤʠʢʨʦʧʨʦʚʦʜʘʭ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ 

ɻʝʡʟʝʥʙʝʨʛʘ. ʇʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ ʠʟʤʝʥʷʶʪʩʷ ʠ ʧʨʠʥʠʤʘʶʪ 

ʟʥʘʯʝʥʠʷ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʀʟʠʥʛʘ ʠ ɻʝʡʟʝʥʙʝʨʛʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʩʧʠʥʦʚʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʧʨʠ ʵʪʦʤ 

ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5 K, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʫʩʣʦʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʣʘʩʩʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩ.ʟʘʜʘʥʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 124013100858-3. 

 

[1] Pecharsky V.K., Gschneidner K.A., Tsokol A.O., 2005, Rep. Prog. Phys. 68. 

1479. 

[2] Morgunov R.B., Kashin S.N., 2025, Mat. Lett. 401. 139241. 

[3] ʂʦʧʣʘʢ ʆ.ɺ., ʂʘʰʠʥ ʉ.ʅ., ʄʦʨʛʫʥʦʚ ʈ.ɹ., ʂʦʨʦʣʝʚ ɼ.ɺ., ɾʠʜʢʦʚ ʄ.ɺ., 

ʇʠʩʢʦʨʩʢʠʡ ɺ.ʇ., ɺʘʣʝʝʚ ʈ.ɸ., 2022, ʌʊʊ 64. 1774. 
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ɺ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ʌɽʈʈʀʄɸɻʅɽʊʀʂɸʍ 

 

ʊʘʣʘʥʮʝʚ ɸ.ɼ.1, ɹʘʭʤʝʪʴʝʚ ʄ.ɺ.1, ʂʫʥʠʮʳʥʘ ɽ.ʀ.1, ʄʦʨʛʫʥʦʚ ʈ.ɹ.1  
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ,  

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ  
@ artem.icp@mail.ru  

 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʬʝʨʨʠʤʘʛʥʝʪʠʢʠ (ʉʌ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ (ʌʄ) ʩʣʦʸʚ, ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʩʣʦʡʥʳʤ ʦʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʳ MgO/CoFeB/Ta/CoFeB/MgO [1], Pt/Co/Ir/Co/Pt [2] ʠ 

Cu/GdFeCo/Ir/GdFeCo/Cu [3]. ʄʝʞʩʣʦʡʥʳʡ ʦʙʤʝʥ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʠʤʝʝʪ 

ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʠ ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʈʫʜʝʨʤʘʥʘ-ʂʠʪʪʝʣʷ-ʂʘʩʫʡʠ-

ʁʦʰʠʜʳ (RKKY), ʚʝʣʠʯʠʥʘ ʠ ʟʥʘʢ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩʣʦʷʤʠ.  

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʩʠʩʪʝʤʘʭ, ʪʦʣʱʠʥʘ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʩʣʦʷ 

ʧʦʜʙʠʨʘʣʘʩʴ ʪʘʢ, ʯʪʦʙʳ ʦʙʤʝʥ ʤʝʞʜʫ ʌʄ ʩʣʦʷʤʠ ʙʳʣ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʚ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʩ ʯʝʪʳʨʴʤʷ ʩʪʘʙʠʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (ʨʠʩ. 

1a). ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʟʘʜʘʸʪʩʷ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʩʣʦʸʚ, ʵʥʝʨʛʠʝʡ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʥʠʤʠ, ʠ ʙʘʨʴʝʨʦʤ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʤʝʥʦʚ ʦʙʨʘʪʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʩʣʦʷʭ.  

ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʘʮʠʦʥʥʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʚʸʨʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦ ʟʘʨʦʜʳʰʝʚʳʝ ʜʦʤʝʥʳ ʘʢʪʠʚʠʨʫʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ ʩʣʦʷʭ, ʧʨʠʚʦʜʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʭʦʜʦʚ ʚ ʜʚʘ 

ʨʘʟʥʳʭ ʢʦʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʦʷʥʠʷ. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʝ ʜʚʫʭ ʪʠʧʦʚ ʜʦʤʝʥʦʚ 

ʨʘʟʣʠʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʉʌ (ʨʠʩ. 1(b,c)). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʤʫ ʠʟ ʪʨʸʭ 

ʚʘʨʠʘʥʪʦʚ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ:  ʥʝʤʦʥʦʪʦʥʥʘʷ ʠʣʠ 

ʦʩʮʠʣʣʠʨʫʶʱʘʷ ʤʘʛʥʠʪʥʘʷ ʨʝʣʘʢʩʘʮʠʷ [4], ʦʙʨʘʪʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʘʟʚʸʨʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [5] ʠ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʦ ʩʣʫʯʘʡʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ [6].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ 

ʚʳʷʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʦʣʱʠʥʘʤʠ ʩʣʦʸʚ ʉʌ, 

ʟʘʜʘʚʘʝʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ 

ʩʧʠʥʪʨʦʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʩʝʥʩʦʨʦʚ, ʪʘʢ ʠ ʜʣʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝ ʬʦʥ-ʅʝʡʤʘʥʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʦʪʢʣʠʢ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ.  
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ʈʠʩ. 1. ʇʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʟʘʧʠʩʘʥʥʳʝ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 

Pt/Co/Ir/Co/Pt ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʘʟʚʸʨʪʢʠ ʧʦʣʷ.  

 

 
ʈʠʩ. 2. ʉʝʨʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ Pt/Co/Ir/Co/Pt, 

ʟʘʧʠʩʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʜʦʤʝʥʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʦʚ AP+ Ÿ APï ʠ  AP+ Ÿ Pï.   

   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌʀʎ ʇʨʦʙʣʝʤ 

ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 124013100858-3. 
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ʉʇʀʈʆʇʀʈɸʅʓ ʀ ʄɽʈʆʎʀɸʅʀʅʓ ʉ ʉʆʇʈʗɾɽʅʅʓʄʀ 

ɿɸʈʗɾɽʅʅʓʄʀ ɻɽʊɽʈʆʎʀʂʃɸʄʀ ɼʃʗ ɹʀʆɺʀɿʋɸʃʀɿɸʎʀʀ 

 

ʇʫʛʘʯʝʚ ɸ.ɸ.1,@, ʂʦʟʣʝʥʢʦ ɸ.ʉ.1, ʄʘʢʘʨʦʚʘ ʅ.ʀ.1, ʈʦʩʪʦʚʮʝʚʘ ʀ.ɸ.1, 

ʋʪʝʥʳʰʝʚ ɸ.ʅ.2, ʊʢʘʯʝʚ ɺ.ɺ.2, ʉʤʘʛʠʥʘ ʄ.ʀ.1, ɼʤʠʪʨʠʝʚ ɺ.ʉ.1, ɸʞʦʛʠʥʘ ʊ.ʅ.1, 

ʂʘʨʯʘʚʘ ʐ.ʂ.1, ʂʣʠʤʦʚʘ ʄ.ɺ.1, ʉʘʟʳʢʠʥ ʀ.ʉ.1, ʉʘʟʳʢʠʥʘ ʄ.ɸ.1, ʄʘʪʫʭʥʦ ɸ.ɽ.1, 
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1ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 
@ apugachev@sfedu.ru  

 

ʉʧʠʨʦʧʠʨʘʥʳ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʣʘʩʩʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʭʨʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʊ-ʪʠʧʘ [1]. ʆʙʣʫʯʝʥʠʝ ʠʭ ʨʘʩʪʚʦʨʦʚ ʋʌ ʠʣʠ ʚʠʜʠʤʳʤ 

ʩʚʝʪʦʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʦʤʝʨʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʉʇ) ʚ ʮʚʠʪʪʝʨ-

ʠʦʥʥʫʶ ʤʝʨʦʮʠʘʥʠʥʦʚʫʶ ʬʦʨʤʫ (ʄʎ), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʘʣʠʯʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʉʇ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʦʙʣʫʯʝʥʠʷ, ʬʦʪʦʭʨʦʤʳ ʊ-ʪʠʧʘ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʚ ʩʦʩʪʦʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳ ʠ ʦʙʨʘʪʥʳʝ (ʥʝʛʘʪʠʚʥʳʝ) 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʦʪʦʭʨʦʤʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ 

ʠʟʦʤʝʨʠʟʫʶʪʩʷ ʠʟ ʄʎ ʬʦʨʤʳ ʚ ʉʇ ʬʦʨʤʫ. ɺʘʞʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʦʪʦʘʢʪʠʚʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʚʝʪʦʤ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 500-700 ʥʤ, ʢʦʪʦʨʦʝ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʦ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʨʠʠ 

ʨʘʟʣʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʩʧʠʨʦʧʠʨʘʥʦʚ ʩ ʩʦʧʨʷʞʝʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 3ʅ-ʠʥʜʦʣʠʷ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʧʘʥʩʫʣʴʬʦʥʘʪʘ 3ʅ-ʠʥʜʦʣʠʷ (ʩʤ. ʩʭʝʤʫ). ʉʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʗʄʈ (ʚ ʪ.ʯ. COSY, HMBC, HSQC), ʀʂ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ʉʧʝʢʪʨʳ ʗʄʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker 

AVANCE-600 (600 ʄɻʮ) ʚ ʎʂʇ çʄʦʣʝʢʫʣʷʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè ʖʞʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʪʨʫʢʪʫʨʘ ʤʥʦʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ).  

ɼʘʣʝʝ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ: ʩʧʝʢʪʨʘʣʴʥʦ-

ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʥʦʩʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ ʠ lux-ʙʠʦʩʝʥʩʦʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʬʦʪʦʭʨʦʤʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʪʠʦʥ, ʘ ʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʪʨʝʛʫʣʠʨʦʚʘʥʳ ʧʦʜʙʦʨʦʤ ʘʥʠʦʥʘ [2]. 
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ʉʭʝʤʘ. ʉʪʨʫʢʪʫʨʳ ʩʝʨʠʡ ʩʧʠʨʦʧʠʨʘʥʦʚ ʠ ʤʝʨʦʮʠʘʥʠʥʦʚ ʩ ʩʦʧʨʷʞʝʥʥʳʤʠ 

ʟʘʨʷʞʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʘʥʜʠʜʘʪʳ. ɺ ʭʦʜʝ ʧʠʣʦʪʥʳʭ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʙʘʢʪʝʨʠʡ/ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʩʚʝʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʢʨʘʰʝʥʥʳʭ ʥʘʰʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʤʝʝʪ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʶʚʝʪʝ. 

ʊʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʦʢʨʘʰʝʥʥʳʭ ʚ ʜʚʫʭʬʦʪʦʥʥʦʤ ʨʝʞʠʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʙʣʠʞʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ (lʚʦʟʙ > 900 ʥʤ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

25-73-00111, https://rscf.ru/project/25-73-00111/ ʚ ʖʞʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʷ ˉ 124013100858-3. 

 

 

[1] Kozlenko A.S., Ozhogin I.V., Pugachev, A.D., et al., 2023, 

Top. Curr. Chem., 381, 8. 

[2] Pugachev A.D., Kozlenko A.S., Sazykina M.A et al., 2025. 

ChemBioChem, 26, e202400800. 
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1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 199034, ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 
2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 141700, ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ,  

@ st037623@student.spbu.ru  

 

ʄʘʛʥʠʪʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ 

ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʤʘʛʥʠʪʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ MnBi2Te4, ʩʣʦʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʨʷʜʢʦʤ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʊʇʉ) ʩ 

ʥʝʥʫʣʝʚʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʦʡ (ʜʠʨʘʢʦʚʩʢʦʡ ʱʝʣʴʶ).  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ [1] ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʣʦʛʦ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ XBi2Te4, ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʪ MnBi2Te4 ʠ ʬʦʨʤʠʨʫʝʤʳʭ ʧʫʪʸʤ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ Mn ʥʘ ʘʪʦʤʳ 

ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ 3d-ʵʣʝʤʝʥʪʦʚ (X = ScïCu). ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʣʥʳʤ ʫʯʸʪʦʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʚ 3d-ʦʙʦʣʦʯʢʘʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʤʝʪʦʜ DFT+U). ɺʩʝ ʩʠʩʪʝʤʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚʜʦʣʴ ʦʩʠ z, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ 

ʩʨʘʚʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ Mn ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝ 

ʨʘʟʨʫʰʘʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ X ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʩʭʦʜʩʪʚʦ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʦʩʥʦʚʝ Mn, Fe ʠ Co ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʨʘʢʦʚʩʢʘʷ ʱʝʣʴ ʧʦʨʷʜʢʘ 30ï50 ʤʵɺ, ʪʦʛʜʘ 

ʢʘʢ ʩʠʩʪʝʤʳ ʩ Ti ʠ V ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ (ʦʢʦʣʦ 

10ï15 ʤʵɺ). ʇʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ ScBi2Te4 ʠ CuBi2Te4 ʚ ʥʝʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʙʝʟ ʜʠʨʘʢʦʚʩʢʦʡ ʱʝʣʠ. 

ɺʝʣʠʯʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʚ ʊʇʉ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ 

ʤʦʤʝʥʪʘ ʘʪʦʤʘ X, ʥʦ ʠ ʦʪ ʝʛʦ ʚʢʣʘʜʘ ʚ ʦʨʙʠʪʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ɼʣʷ ʫʯʸʪʘ ʵʪʠʭ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʣʦʞʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ çʤʘʛʥʠʪʥʦ-

ʚʟʚʝʰʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠè, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʜʠʨʘʢʦʚʩʢʦʡ ʱʝʣʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʱʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʍ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʙʣʘʜʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʟʥʘʯʠʤʦʩʪʴʶ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʧʠʥʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ ʚʠʜʘ 

XBi 2Te4. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 25-22-00615). 

[1] Eryzhenkov A.V. et al. Journal of Physics and Chemistry of Solids 214 

(2026), 113680. DOI: 10.1016/j.jpcs.2026.113680  
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ʈɽɸʃʀɿɸʎʀʗ ʌɸɿʓ ʄɸɻʅʀʊʅʆɻʆ ɺɽʁʃɽɺʉʂʆɻʆ ʇʆʃʋʄɽʊɸʃʃɸ 

ʅɸ ɹɸɿɽ ʉɽʄɽʁʉʊɺɸ XBi 2Te4 (ɻɼɽ X - ʇɽʈɽʍʆɼʅʆʁ ʄɽʊɸʃʃ) 

 

ʄʘʢʝʝʚ ʈ.ɺ.1, ʊʘʨʘʩʦʚ ɸ.ɺ.1, ɽʨʳʞʝʥʢʦʚ ɸ.ɺ.1, ʐʠʢʠʥ ɸ.ʄ.1 
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  
@ radomir.makeev@spbu.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʝʤʝʡʩʪʚʘ MnBi2Te4[1,2,4]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʣʦʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʟ ʩʝʤʠʩʣʦʡʥʠʢʦʚ ʚʠʜʘ Te-Bi-Te-X-Te-Bi-Te, ʛʜʝ X - ʘʪʦʤ ʧʝʨʝʭʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʕʣʝʢʪʨʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʝʪʠʟʤʘ ʠ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉʆɺ), 

ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʘʟ ʜʠʨʘʢʦʚʩʢʦʛʦ (ɼʇʄ) ʠ ʚʝʡʣʝʚʩʢʦʛʦ 

ʧʦʣʫʤʝʪʘʣʣʦʚ (ɺʇʄ), ʘ ʪʘʢʞʝ ʜʣʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʘʛʥʝʪʠʟʤʘ ʠ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ ʧʦʠʩʢ 

ʫʩʣʦʚʠʡ, ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟʳ ɺʇʄ. 

ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ OpenMX 3.9.9 ʠ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʚ. ɼʣʷ 

ʫʯʝʪʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ d-ʦʙʦʣʦʯʢʝ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʨʘʤʝʪʨ ʍʘʙʙʘʨʜʘ U=5 ʵɺ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʦʚ ʚʠʜʘ XBi 2Te4, ʛʜʝ X ï ʧʝʨʝʭʦʜʥʦʡ ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʉʆɺ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɼʣʷ ʩʠʩʪʝʤʳ ScBi2Te4 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ ʦʪ ʥʫʣʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʵʥʝʨʛʠʡ ʩʚʷʟʠ - ʧʦʨʷʜʢʘ 0.8 ʵɺ. ɼʣʷ MnBi2Te4, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ [4,5], ʨʝʘʣʠʟʫʝʪʩʷ 

ʬʘʟʘ ɺʇʄ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʧʨʷʤʘʷ ʟʘʧʨʝʱʸʥʥʘʷ ʟʦʥʘ, 

ʧʨʠʯʝʤ ʪʦʣʴʢʦ ʫ ʩʠʩʪʝʤʳ ʩ Cr ʝʝ ʤʠʥʠʤʫʤ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʫʪʠ Kɻ, ʪʦʛʜʘ ʢʘʢ ʫ 

ʦʩʪʘʣʴʥʳʭ ï ʥʘ ɻZ. ʋ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ ʥʘ 

ʧʫʪʠ ɻZ, ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʚʝʨʩʠʷ ʚʢʣʘʜʦʚ Bi-Te ʚ ʪʦʯʢʝ ɻ, ʢʦʪʦʨʘʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʬʘʟʝ.  

ʇʨʠ ʤʘʛʥʠʪʥʦʤ ʨʘʟʙʘʚʣʝʥʠʠ Ge ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʫ ʩʠʩʪʝʤʳ ʩ Ti ʧʝʨʝʭʦʜ 

ʠʟ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʦʣʷʪʦʨʘ ʚ ʪʨʠʚʠʘʣʴʥʳʡ ʠʟʦʣʷʪʦʨ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʬʘʟʫ 

ɼʇʄ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Ge 50%, ʫ ʩʠʩʪʝʤʳ ʩ V ï ʯʝʨʝʟ ɼʇʄ ʧʨʠ 40-50%, ʫ 

ʩʠʩʪʝʤʳ ʩ Fe ï ʯʝʨʝʟ ɼʇʄ ʧʨʠ 25% ʠ ɺʇʄ ʧʨʠ 33%, ʫ ʩʠʩʪʝʤʳ ʩ Co ï ʯʝʨʝʟ ɼʇʄ 

ʧʨʠ 50%.   

ɺʘʨʴʠʨʦʚʘʥʠʝ ʉʆɺ ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʢʣʘʜʘ ʚ ʛʘʤʠʣʴʪʦʥʠʘʥʝ ʠ ʟʘʤʝʥʦʡ ʘʪʦʤʦʚ Te ʥʘ 

ʘʪʦʤʳ Se, ʠʤʝʶʱʠʝ ʤʝʥʴʰʠʡ ʘʪʦʤʥʳʡ ʥʦʤʝʨ. ʋ ʩʠʩʪʝʤʳ ʩ Ti ʩʤʝʥʘ ʬʘʟʳ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʬʘʟʫ ɼʇʄ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʘʛʥʠʪʥʳʤ ʨʘʟʙʘʚʣʝʥʠʝʤ. ʋ ʩʠʩʪʝʤ 

ʩ V, Fe, Co ʠ Ni ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʚʠʜʘ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ ï ɺʇʄ ï 
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ʪʨʠʚʠʘʣʴʥʳʡ ʠʟʦʣʷʪʦʨ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʉʆɺ ʜʣʷ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ. 

ɺʘʨʠʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Se ʵʢʚʠʚʘʣʝʥʪʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʘʨʠʘʮʠʠ ʉʆɺ ʜʣʷ 

ʩʠʩʪʝʤ ʩ Ti, Fe ʠ Co. ɼʣʷ ʩʠʩʪʝʤʳ ʩ V ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Se 56.3% ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʜʘʣʴʥʦʡ ʣʠʥʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʘʟ ɼʇʄ ʠ ɺʇʄ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ Ge 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʨʷʜʢʘ 40-50% ʠ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Te ʘʪʦʤʘʤʠ Se ʚ 

ʢʦʣʠʯʝʩʪʚʝ 50% ʜʣʷ ʩʠʩʪʝʤ ʩ Ti, V ʠ Co ʠ 13% ʜʣʷ ʩʠʩʪʝʤʳ ʩ Fe. 

 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʧʨʦʝʢʪ ˉ 125022702939-2). 
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ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʛʨʘʬʝʥʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʜʚʫʤʝʨʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʥʝʦʙʳʯʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʆʜʥʠʤ ʠʟ 

ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ ʜʚʦʡʥʠʢʦʚʳʡ ʛʨʘʬʝʥ (twin-graphene) 

ï ʜʚʫʭʩʣʦʡʥʘʷ ʫʛʣʝʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʩʣʦʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʦʚʘʣʝʥʪʥʦ [2]. ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʧʦʚʝʜʝʥʠʝ ʢʦʥʝʯʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ twin-graphene ʧʨʠ ʥʘʛʨʝʚʝ ʠʟʫʯʝʥʦ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢ ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʘ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʪʨʦʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʯʝʪʳʨʝ ʢʦʥʝʯʥʳʭ ʚʦʜʦʨʦʜ-ʧʘʩʩʠʚʠʨʦʚʘʥʥʳʭ 

ʬʨʘʛʤʝʥʪʘ twin-graphene: C18H6, C36H10, C54H12 ʠ C72H14. ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ 

ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʘʥʳ ʀʂ-ʩʧʝʢʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʬʨʘʛʤʝʥʪʘ ʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ 

ʤʝʥʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʚʥʫʪʨʠʩʣʦʝʚʳʝ ʩʚʷʟʠ ʥʝʩʢʦʣʴʢʦ ʫʢʦʨʘʯʠʚʘʶʪʩʷ, ʪʦʛʜʘ 

ʢʘʢ ʤʝʞʩʣʦʝʚʳʝ ʠ ʢʨʘʝʚʳʝ ʩʚʷʟʠ ʠʟʤʝʥʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. ʕʣʝʢʪʨʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʠ ʩʪʨʦʝʥʠʷ ʬʨʘʛʤʝʥʪʘ ʥʝ ʧʦ ʧʨʦʩʪʦʤʫ ʟʘʢʦʥʫ. 

ɼʣʷ ʤʦʣʝʢʫʣ C18H6 ʠ C54H12 ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʟʘʥʷʪʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ ʫʨʦʚʥʷʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʣʷ C36H10 ʠ C72H14 ʵʪʦʪ ʨʘʟʨʳʚ ʤʝʥʴʰʝ, 

ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʦʣʝʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʠʛʨʘʥʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʚʥʦʩʷʪ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʘ ʚʢʣʘʜ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʤʘʣ. 

ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʦʙʱʝʡ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʝʡ CïH. ɺ ʩʨʝʜʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʦʩʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʨʘʟʤʝʨʫ ʠ ʩʪʨʦʝʥʠʶ ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʢʘʢ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʦʥʝʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ twin-graphene. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʝʬʦʨʤʘʮʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʨʘʟʨʳʚʘ ʦʪʜʝʣʴʥʳʭ ʩʚʷʟʝʡ CïC. ɼʘʣʴʥʝʡʰʠʡ ʭʦʜ ʧʨʦʮʝʩʩʘ ʟʘʤʝʪʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣʳ. ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʧʦʢʘʟʳʚʘʝʪ ʬʨʘʛʤʝʥʪ C72H14, ʪʦʛʜʘ ʢʘʢ 

ʤʝʥʴʰʠʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʨʫʰʘʶʪʩʷ ʩ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʦʚʳʭ ʫʛʣʝʨʦʜʥʳʭ 
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[1] Novoselov K.S., Geim A.K., Morozov S.V. et al., 2004, Science. 306. 666ï669. 

[2] Jiang J.-W., Leng J., Li J. et al., 2017, Carbon. 118. 370ï375. 
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ʄʀɻʈɸʎʀʀ ɻʈɸʅʀʎ ɿɽʈɽʅ ɸʊʆʄɸʄʀ ɻʀɼʈʆʌʀʃʔʅʆʁ ʇʆ 

ʆʊʅʆʐɽʅʀʖ ʂ ɻʈɸʅʀʎɽ ɿɽʈʅɸ ʇʈʀʄɽʉʀ ʅɸ ʇʈʀʄɽʈɽ 
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ʊʨʘʜʠʮʠʦʥʥʦ ʩʝʛʨʝʛʠʨʫʶʱʠʝ ʥʘ ʛʨʘʥʠʮʘʭ ʟʸʨʝʥ ʘʪʦʤʳ ʧʨʠʤʝʩʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʬʘʢʪʦʨ, ʪʦʨʤʦʟʷʱʠʡ ʠʭ ʤʠʛʨʘʮʠʶ. ʆʜʥʘʢʦ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʦʪʦʢʠ  ʘʪʦʤʦʚ ʧʦ 

ʛʨʘʥʠʮʘʤ ʟʸʨʝʥ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠʭ ʜʚʠʞʝʥʠʝ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʤʠʛʨʘʮʠʠ ʛʨʘʥʠʮ ʟʝʨʝʥ (ɼʀʄɻɿ), ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʧʦʣʟʫʯʝʩʪʠ ʠ 

ʩʚʝʨʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʪʦʨʦʛʦ, ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 

ʤʦʥʦʛʨʘʬʠʷʭ [1-3]. ʅʘʨʷʜʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ɼʀʄɻɿ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʡ ʬʘʢʪʦʨ ʨʠʩʢʘ 

ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʟʚʠʪʠʝ 

ɼʀʄɻɿ ʩʧʦʩʦʙʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʣʦʢʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʣʘʚʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʭʫʜʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʠʛʨʘʮʠʷ ʛʨʘʥʠʮ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʬʘʟ, ʩʝʛʨʝʛʘʮʠʶ ʧʨʠʤʝʩʝʡ ʠ ʨʘʟʚʠʪʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʦʥʠʞʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, 

ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʟʫʯʝʩʪʠ. ɺ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʜʝʣʠʷʭ 

(ʣʦʧʘʪʢʠ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ, ʜʝʪʘʣʠ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ) ɼʀʄɻɿ ʩʧʦʩʦʙʥʘ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʫʩʢʦʨʝʥʥʫʶ ʜʠʬʬʫʟʠʦʥʥʫʶ ʧʦʣʟʫʯʝʩʪʴ, ʩʦʢʨʘʱʘʷ ʨʝʩʫʨʩ ʨʘʙʦʪʳ 

ʫʟʣʦʚ. ɺ ʤʘʪʝʨʠʘʣʘʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʛʜʝ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʨʠʪʠʯʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʜʘʞʝ ʣʦʢʘʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ɼʀʄɻɿ ʤʦʞʝʪ 

ʩʪʘʪʴ ʪʨʠʛʛʝʨʦʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʠʤʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ɼʀʄɻɿ ʠ ʬʘʢʪʦʨʦʚ, ʧʨʦʚʦʮʠʨʫʶʱʠʭ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ 

ʤʠʛʨʘʮʠʠ ʛʨʘʥʠʮ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ɼʀʄɻɿ, 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ɻʇʋ 

ʪʠʪʘʥʘ ʩ ʟʘʜʘʥʥʦʡ, ʢʘʢ ʚ ʨʘʙʦʪʝ [4], ʛʨʘʥʠʮʝʡ ʟʝʨʥʘ ʦʙʱʝʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʝʡ 

ʘʪʦʤʳ ʥʠʢʝʣʷ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʨʘʩʪʚʦʨʝʥʠʷ 

ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʚ ʦʙʲʝʤʝ ʠ ʚ ʛʨʘʥʠʮʝ ʟʝʨʥʘ ɻʇʋ ʪʠʪʘʥʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʚ ʛʨʘʥʠʮʝ ʟʝʨʥʘ ʪʠʪʘʥʘ ʚʳʰʝ 

~35 % ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʤʝʥʝʝ ʚʳʛʦʜʥʦ, ʯʝʤ ʫʢʘʟʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʯʪʦ 
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ʠʥʠʮʠʠʨʫʝʪ ʦʪʪʦʢ ʧʨʠʤʝʩʠ. ʈʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʷʭ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ ʠʟ 

ʛʨʘʥʠʮʳ ʚ ʧʨʠʣʝʛʘʶʱʠʝ ʟʝʨʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʪʪʦʢʫ ʧʨʠʤʝʩʠ ʚ 

ʦʜʥʦ ʠʟ ʟʝʨʝʥ, ʫʚʣʝʢʘʷ ʛʨʘʥʠʮʫ ʚ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ɼʀʄɻɿ: ʧʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ (~35%) ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʚʘʥʠʶ ʥʘʩʳʱʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʨʘʥʠʮʝ ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʵʥʝʨʛʠʠ. ʈʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʷʭ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ ʠʟ ʛʨʘʥʠʮʳ ʚ ʩʤʝʞʥʳʝ 

ʟʝʨʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʣʦʩʢʦʩʪʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʛʨʘʥʠʮʫ ʩʦ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʠʟ ʟʝʨʝʥ, ʩʦʟʜʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ ʦʪʪʦʢ ʧʨʠʤʝʩʠ ʚ ʦʜʥʦ ʠʟ ʩʦʩʝʜʥʠʭ ʟʸʨʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʛʨʘʥʠʮʘ ʟʝʨʥʘ ʤʠʛʨʠʨʫʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʵʪʦʛʦ ʟʝʨʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

FFSG-2024-0018, ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ˉ124020700089-3. 
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ʄʆɼʀʌʀʂɸʎʀʗ ʊʆʇʆʃʆɻʀʏɽʉʂʀʍ ʇʆɺɽʈʍʅʆʉʊʅʓʍ 

ʉʆʉʊʆʗʅʀʁ ʅɸ ʀʅʊɽʈʌɽʁʉɸʍ MnBi Te  ʉ ʊʗɾɽʃʓʄʀ ʀ 

ʄɸɻʅʀʊʅʓʄʀ ʄɽʊɸʃʃɸʄʀ 
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ʄʘʛʥʠʪʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ (ʄʊʀ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʢʚʘʥʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʪʦʧʦʣʦʛʠʷ 

ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʯʝʪʘʝʪʩʷ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʨʷʜʢʦʤ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʩʧʠʥʪʨʦʥʠʢʝ ʠ ʢʚʘʥʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʊʇʉ), ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʨʝʘʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʦʛʦ 

ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʄʊʀ ʷʚʣʷʝʪʩʷ MnBi Te  ð ʩʣʦʠʩʪʳʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʝʤʠʩʣʦʡʥʳʭ ʙʣʦʢʦʚ (ʉɹ), 

ʨʘʟʜʝʣʸʥʥʳʭ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ ʧʨʦʤʝʞʫʪʢʘʤʠ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʘʷ 

ʰʠʨʠʥʘ ʱʝʣʠ ʚ ʊʇʉ ʩʦʩʪʘʚʣʷʝʪ 80ï90 ʤʵɺ [2], ʦʜʥʘʢʦ ʝʝ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʧʦʯʪʠ ʙʝʟʱʝʣʝʚʦʡ ʜʠʩʧʝʨʩʠʠ [3ï4], ʯʪʦ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ [5]. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ ʚʝʣʠʯʠʥʦʡ ʱʝʣʠ ʚ ʊʇʉ 

MnBi Te  ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʤʝʪʘʣʣʘʤʠ, ʩʧʦʩʦʙʥʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʈʘʥʝʝ ʧʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʣʷ ʥʝʤʘʛʥʠʪʥʳʭ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ [6ï7], ʛʜʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚʢʣʶʯʘʷ 

ʠʥʜʫʮʠʨʦʚʘʥʠʝ ʱʝʣʠ ʚ ʠʟʥʘʯʘʣʴʥʦ ʙʝʟʱʝʣʝʚʳʭ ʩʠʩʪʝʤʘʭ, ʦʜʥʘʢʦ ʜʣʷ MnBi Te  ʠ 

ʜʨʫʛʠʭ ʤʘʛʥʠʪʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ ʦʥ ʠʟʫʯʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʷʞʸʣʳʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʤʝʪʘʣʣʦʚ (Au, Co, Eu) ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ MnBi Te  ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʜʩʦʨʙʮʠʷ, ʠʥʪʝʨʢʘʣʷʮʠʷ ʠ ʟʘʤʝʱʝʥʠʝ 

ʘʪʦʤʦʚ Mn ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ 

ʤʝʭʘʥʠʟʤʳ ʤʦʜʠʬʠʢʘʮʠʠ ʊʇʉ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʘʪʦʤʘ, ʪʘʢ ʠ ʩʧʦʩʦʙ ʝʛʦ ʚʢʣʶʯʝʥʠʷ 

ʚ ʩʪʨʫʢʪʫʨʫ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʤʦʜʠʬʠʢʘʮʠʠ ʊʇʉ. ɺ ʩʣʫʯʘʝ Au ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʘʙʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ: ʜʠʨʘʢʦʚʩʢʠʡ ʢʦʥʫʩ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʱʝʣʴ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʇʨʠ ʠʥʪʝʨʢʘʣʷʮʠʠ Au ʊʇʉ ʪʘʢʞʝ ʩʦʭʨʘʥʷʶʪʩʷ, ʥʦ ʩʤʝʱʘʶʪʩʷ 

ʚʛʣʫʙʴ ʢʨʠʩʪʘʣʣʘ. 

ʄʘʛʥʠʪʥʳʝ ʘʪʦʤʳ Co ʠ Eu ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʠ ʠʥʪʝʨʢʘʣʷʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ 

ʩʠʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ɼʣʷ Co ʭʘʨʘʢʪʝʨʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʛʠʙʨʠʜʠʟʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʪʝʨʝ ʬʦʨʤʳ ʢʦʥʫʩʘ ɼʠʨʘʢʘ ʠ ʧʦʜʘʚʣʝʥʠʶ ʱʝʣʠ, 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

217 

ʪʦʛʜʘ ʢʘʢ Eu ʩʤʝʱʘʝʪ ʊʇʉ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʵʥʝʨʛʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʈʘʰʙʘ-ʧʦʜʦʙʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ. 

ɺ ʩʣʫʯʘʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ Mn ʥʘ ʤʘʛʥʠʪʥʳʝ ʤʝʪʘʣʣʳ (Co, Eu) 

ʜʠʨʘʢʦʚʩʢʠʡ ʢʦʥʫʩ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʱʝʣʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʊʇʉ ʢ ʪʘʢʠʤ ʪʠʧʘʤ ʜʝʬʝʢʪʦʚ.  

ɼʣʷ ʩʠʩʪʝʤ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʜʝʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ Au ʤʝʞʜʫ MnBi Te  ʠ ʤʘʛʥʠʪʥʳʤ ʤʝʪʘʣʣʦʤ. 

ʊʘʢʦʡ ʩʣʦʡ ʦʩʣʘʙʣʷʝʪ ʛʠʙʨʠʜʠʟʘʮʠʶ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʦʡ ʜʠʨʘʢʦʧʦʜʦʙʥʦʡ ʜʠʩʧʝʨʩʠʠ ʊʇʉ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʱʝʣʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʘʜʩʦʨʙʠʨʫʝʤʦʛʦ ʘʪʦʤʘ ʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ Mn ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʷʭ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʥʪʝʨʬʝʡʩʦʚ MnBi Te  ʩ ʪʷʞʸʣʳʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʠ ʚʝʣʠʯʠʥʦʡ ʱʝʣʠ ʚ ʥʠʭ. 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 25-22-00615). 
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[4] A. M. Shikin, et al., 2020, Sci. Rep. 10. 1ï13 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

218 

ʄʆɼʋʃʀ ʆɹʒɽʄʅʆɻʆ ʉɾɸʊʀʗ, ʂʃɸʉʊɽʈʅɸʗ ʉʊʈʋʂʊʋʈɸ ʀ 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɽɿʆʅɸʅʉʅʆɻʆ ʂʈʉ ʋʃʔʊʈɸʊɺɽʈɼʆɻʆ 

ɸʄʆʈʌʅʆɻʆ ʋɻʃɽʈʆɼɸ 

 

ʇʦʧʦʚ ʄ.ʖ.1,@, ʍʦʨʦʙʨʳʭ ʌ.ʉ.2, ʂʚʘʰʥʠʥ ɸ.ɻ.3  
1 ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

2 ʅʊʎ ʋʇ ʈɸʅ, ʄʦʩʢʚʘ 
2 ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʄʦʩʢʚʘ 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʠ 

ʩʚʝʪʘ (ʂʈʉ) ʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ sp3 ʩʚʷʟʷʤʠ. ʍʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʯʝʥʠʝ ʂʈʉ ʜʣʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ sp2 ʩʚʷʟʷʤʠ 

(ʥʘʧʨʠʤʝʨ, ʛʨʘʬʝʥ) ʚ 50 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʜʣʷ sp3 ʩʚʷʟʝʡ (ʥʘʧʨʠʤʝʨ, ʘʣʤʘʟ) ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʠ ʩʝʯʝʥʠʷ ʨʘʚʥʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʥʘ ~257 ʥʤ (~ 5 ʵʚ). ɼʨʫʛʦʡ ʪʠʧ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʚʝʨʭʪʚʝʨʜʳʭ 

ʠ ʫʣʴʪʨʘʪʚʝʨʜʳʭ ʘʤʦʨʬʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 

ʢʣʘʩʪʝʨʦʚ, ʦʙʨʘʟʦʚʘʥʳʭ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩ 3 ʠ 4 ʢʦʚʘʣʝʥʪʥʳʤʠ sp3 ʩʚʷʟʷʤʠ [1, 

2]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜ sp3 ʩʚʷʟʴʶ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ˊ ʵʣʝʢʪʨʦʥʦʚ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʪʦʣʴʢʦ ʩ ʪʨʝʤʷ ʩʦʩʝʜʷʤʠ. ɼʣʷ 

ʧʦʜʦʙʥʳʭ ʢʣʘʩʪʝʨʦʚ ʭʘʨʘʢʪʝʨʥʦ ʧʦʷʚʣʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ (ʚʳʰʝ 1332 ʩʤ-1 ʚ 

ʘʣʤʘʟʝ, ʜʦ 1640 ʩʤ-1) ʤʦʜ ʂʈʉ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʘʤ ʩʪʨʫʢʪʫʨʳ ʩ 

ʪʨʝʤʷ sp3 ʩʚʷʟʷʤʠ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ, ʯʝʤ ʚ ʘʣʤʘʟʝ, ʩʠʣʦʚʳʤʠ 

ʢʦʥʩʪʘʥʪʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢʠʝ ʢʣʘʩʪʝʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ, 

ʯʝʤ ʫ ʘʣʤʘʟʘ, ʤʦʜʫʣʝʤ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ ʜʦ 730 ɻʇʘ [1, 2]. 

ʅʘʥʦʢʣʘʩʪʝʨʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʬʫʣʣʝʨʝʥʘ ʉ60 ʚ ʪʨʝʭ ʦʙʣʘʩʪʷʭ 

ʥʦʚʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʫʛʣʝʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 300 ʜʦ 2300 ʂ ʠ 

ʜʘʚʣʝʥʠʷʭ 20-25 ɻʇʘ (ʚ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʘ), 70 ɻʇʘ (ʚ ʦʙʣʘʩʪʠ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʘ) ʠ 160 ɻʇʘ (ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʘ) [3]. 

ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 25 ɻʇʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʦʜʫʣʷ ʦʙʲʝʤʥʦʛʦ 

ʩʞʘʪʠʷ ʩ 730 ʜʦ 570 ɻʇʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʝ. 

ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ 160 ɻʇʘ ʠ ʥʘʛʨʝʚ ʜʦ 2300 ʂ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʣʤʘʟʘ ʠʟ ʬʫʣʣʝʨʠʪʘ, ʭʦʪʷ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 115 ɻʇʘ ʛʨʘʬʠʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʘʣʤʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʡ ʬʘʟʳ ʧʨʠ ʜʘʚʣʝʥʠʷʭ, 

ʧʨʝʚʳʰʘʶʱʠʭ 115 ɻʇʘ, ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʫʛʣʝʨʦʜʳʭ ʢʣʘʩʪʝʨʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ sp3 ʩʚʷʟʷʤʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʨʝʟʦʥʘʥʩʘ ʂʈʉ. ʇʝʨʚʳʡ ʪʠʧ ʩʚʷʟʘʥ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʫʩʠʣʝʥʠʝʤ 

ʩʧʝʢʪʨʦʚ ʂʈʉ ʚʙʣʠʟʠ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʢʣʘʩʪʝʨʦʚ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʦʪ ~1 ʵɺ (1064 ʥʤ), ʜʦ ~2,5 ɻ ɺ (488 ʥʤ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚ ʩʧʝʢʪʨʝ ʂʈʉ ʧʨʦʷʚʣʷʶʪʩʷ ʚʩʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʦʜʳ ʢʣʘʩʪʝʨʘ ʦʪ 1380 ʜʦ 1640 

ʩʤ-1. ɺʪʦʨʦʡ ʪʠʧ ʨʝʟʦʥʘʥʩʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʘʢʪʠʚʘʮʠʠ ʦʜʥʦʡ ʠʟ ʤʦʜ ʚ ʜʠʘʧʘʟʦʥʝ 

1380 - 1640 ʩʤ-1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʢʨʦʤʝ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʦʥʘʥʩ ʧʝʨʚʦʛʦ ʪʠʧʘ). ʏʘʩʪʦʪʘ ʘʢʪʠʚʥʦʡ ʤʦʜʳ 
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ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʃʠʥʠʷ ʂʈʉ 1640 ʩʤ-

1 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ 257 ʥʤ. ʄʝʪʦʜʘʤʠ ʧʴʝʟʦʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ ʜʦ 90 ɻʇʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʂʈʉ ʫʯʘʩʪʚʫʶʪ ʢʣʘʩʪʝʨʳ ʩ ʙʦʣʴʰʠʤ ʤʦʜʫʣʝʤ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ. 
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ʇʈʆʌʀʃʀ ʉʇʀʅʆɺʆʁ ɼʀʌʌʋɿʀʀ ɺ ʉʇɽʁʉɽʈɸʍ ʆɹʄɽʅʅʆ-

ʉʄɽʑɽʅʅʓʍ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈ 

 

ɹʘʭʤʝʪʴʝʚ ʄ.ɺ.1,@, ʄʦʨʛʫʥʦʚ ʈ.ɹ.1 

1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, 142432, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
@ bakhmetiev.maxim@gmail.com  

 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʤʝʭʘʥʠʟʤʳ ʨʘʩʩʝʷʥʠʷ ʩʧʠʥʦʚʳʭ ʠ ʟʘʨʷʜʦʚʳʭ ʥʦʩʠʪʝʣʝʡ 

ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʧʠʥʪʨʦʥʠʢʝ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʥʦʚʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ [1]. ɻʝʥʝʨʘʮʠʷ ʩʧʠʥʦʚʳʭ ʪʦʢʦʚ ʚ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʠʭ ʧʝʨʝʥʦʩ ʚ ʩʦʩʝʜʥʠʝ ʩʣʦʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʟʘʨʷʜʦʚʳʡ ʪʦʢ ʦʙʨʘʟʫʶʪ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩʧʠʥʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʧʠʥ-

ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʧʝʡʩʝʨʦʚ ʤʝʜʠ ʠ ʪʘʥʪʘʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ 

NiFe/Cu/IrMn ʠ NiFe/Ta/IrMn. 

ʇʦʜʙʦʨ ʘʤʧʣʠʪʫʜ ʢʦʩʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʙʦʢʦʚʦʛʦ ʩʢʘʯʢʘ ʨʘʩʩʝʷʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʠʥ-ʭʦʣʣʦʚʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ „ (T,tCu) ʠ „ (T,tTa) (ʨʠʩ. 1).  
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ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʠʥ-ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ „  ʚ NiFe/Cu/IrMn 

(a) ʠ ʚ NiFe/Ta/IrMn (b) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʝʤʧʝʨʘʪʫʨʘ - ʪʦʣʱʠʥʘ ʩʧʝʡʩʝʨʘ T-tCu, T-

tTa. 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʚ ʟʘʨʷʜʦʚʳʡ ʪʦʢ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʩʣʦʷ NiFe, ʚ ʢʦʪʦʨʦʤ ʩʧʠʥʦʚʳʝ ʪʦʢʠ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʨʝʟʦʥʘʥʩʦʤ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʠʥ-ʭʦʣʣʦʚʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʝʡ ʢʦʩʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʙʦʢʦʚʦʛʦ ʩʢʘʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ NiFe/Cu/IrMn ʵʪʘ ʢʦʥʢʫʨʝʥʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʤʠʥʠʤʫʤʫ ʧʨʠ T å 95 K, ʫʥʘʩʣʝʜʦʚʘʥʥʦʤʫ ʦʪ ʩʣʦʷ NiFe. ʈʘʟʜʝʣʝʥʠʝ 

NiFe ʠ IrMn ʤʝʜʥʳʤ ʩʧʝʡʩʝʨʦʤ ʥʝ ʠʟʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʤʠʥʠʤʫʤʘ ʜʘʞʝ ʧʨʠ 

mailto:bakhmetiev.maxim@gmail.com


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʝ ʤʝʜʠ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʩʧʠʥʦʚʦʡ ʜʠʬʬʫʟʠʠ ʠ ʩʣʘʙʦʡ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʡ ʩʚʷʟʠ ʚ ʤʝʜʠ. ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʤʠʥʠʤʫʤʘ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʤʝʜʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʩʧʝʡʩʝʨ. 

ʀʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʝʡʩʝʨ 

ʪʘʥʪʘʣʘ. ʀʟ-ʟʘ ʤʘʣʦʡ ʜʣʠʥʳ ʩʧʠʥʦʚʦʡ ʜʠʬʬʫʟʠʠ ʠ ʩʠʣʴʥʦʡ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʚʷʟʠ ʪʘʥʪʘʣʘ ʩʧʠʥʦʚʦʝ ʨʘʩʩʝʷʥʠʝ ʧʝʨʝʥʦʩʠʪʩʷ ʠʟ ʩʣʦʷ NiFe ʚ ʩʣʦʡ ʪʘʥʪʘʣʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʜʚʠʛʫ ʤʠʥʠʤʫʤʘ ʩʧʠʥ-ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦ T å 

265 K. ɸʤʧʣʠʪʫʜʘ ʤʠʥʠʤʫʤʘ „ (T,tTa) ʨʘʩʪʝʪ ʩ ʪʦʣʱʠʥʦʡ ʪʘʥʪʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʧʠʥ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʥʦʩʠʪʝʣʠ ʥʝ ʜʦʩʪʠʛʘʶʪ ʩʣʦʷ IrMn, ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʩʧʠʥʦʚʦʛʦ ʪʦʢʘ ʚ ʟʘʨʷʜʦʚʳʡ ʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʘʥʪʘʣʦʚʳʤ ʩʧʝʡʩʝʨʦʤ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʪʝʤʘʪʠʯʝʩʢʦʡ ʢʘʨʪʳ ʌʀʎ ʇʨʦʙʣʝʤ 

ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 124013100858-3. 

 

[1] Bakhmetiev M.V., 2026, Phys. Rev. B. 113. 014442 
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ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉʅʆɻʆ ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʆɻʆ ʀ 

ʄʀʂʈʆʈɽʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼɸ ʂ ʀɿʋʏɽʅʀʖ 

ɹʀʆʄʀʄʀʏɽʉʂʀʍ ʄʀʂʈʆ- ʀ ʅɸʅʆʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ 

ʎʀʄɸʅʊʈɽʅɸ ʀ ɸʄʀʅʆʂʀʉʃʆʊ 

 

ʊʝʣʝʛʠʥʘ ʃ. ʅ.1@, ʂʝʣʙʳʰʝʚʘ ɽ. ʉ.1, ɸʥʪʦʰʢʠʥʘ ɽ. ʇ.1, ʈʦʜʠʦʥʦʚ ɸ. ʅ.1 

1ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʥʠ ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ, 119334, 

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ɺʘʚʠʣʦʚʘ, 28 
@ popova-ln@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʘʤʳʭ 

ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ [1]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʨʘʛʤʝʥʪ ʮʠʤʘʥʪʨʝʥʘ ʚʚʦʜʠʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ [2]. ɹʦʣʴʰʠʥʩʪʚʦ Ŭ-

ʘʤʠʥʦʢʠʩʣʦʪ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ, ʩʦʜʝʨʞʘʪ n-ʜʦʥʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʩʚʦʠʭ 

ʙʦʢʦʚʳʭ ʮʝʧʷʭ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʦʛʝʥʥʳʤʠ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʨʝʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠ 

ʫʣʫʯʰʘʪʴ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [3]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʮʠʤʘʥʪʨʝʥʦʤ ʠʣʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʙʝʣʢʠ, ʦʩʪʘʶʪʩʷ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʚʥʝʰʥʠʭ ʩʪʠʤʫʣʦʚ (ʦʙʣʫʯʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʮʠʤʘʥʪʨʝʥʦʤ, ʤʦʜʝʨʥʠʟʠʨʫʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʠʟʫʯʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ ʣʠʛʘʥʜʦʤ. 

ɺʳʙʦʨ ʘʤʠʥʦʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ L-ʮʠʩʪʝʠʥ (Cys), L-ʤʝʪʠʦʥʠʥ (Met) ʠ L-ʛʠʩʪʠʜʠʥ 

(His), ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʘʢʪʠʚʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ. 

 
ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʤʘʥʪʨʝʥʘ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʙʳʣʦ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʂ ʠ ʋʌ-ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʮʠʤʘʥʪʨʝʥʘ ʚ ʨʘʩʪʚʦʨ 
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ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ. ɼʣʷ 

ʚʩʝʭ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘʙʣʶʜʘʣʩʷ ʧʝʨʝʭʦʜ ʦʪ ʮʚʠʪʪʝʨʠʦʥʥʦʡ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʝ 

ʤʦʣʝʢʫʣʳ. ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʘʣʘʩʴ ʜʠʩʩʦʮʠʘʮʠʷ ʉʆ 

ʣʠʛʘʥʜʘ ʦʪ ʤʦʣʝʢʫʣʳ ʮʠʤʘʥʪʨʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʝʣʘ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʨʠʨʦʜʳ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦ- ʠ ʤʠʢʨʦʩʠʩʪʝʤ ʮʠʤʘʥʪʨʝʥ-ʘʤʠʥʦʢʠʩʣʦʪʘ, ʘ ʪʘʢʞʝ ʠʭ 

ʘʛʨʝʛʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʣʫʯʝʥʠʷ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʣʴʥʦ ʠʟʤʝʥʷʣʦ ʨʘʟʤʝʨ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʣʦ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʚ ʩʠʩʪʝʤʝ ʮʠʤʘʥʪʨʝʥ-ʘʤʠʥʦʢʠʩʣʦʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʷʷ ʫʩʣʦʚʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʜʘʣʦʩʴ 

ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʥʦʛʦʤʝʪʦʜʦʚʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣ ʚʳʷʚʣʝʥ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ ʢʣʶʯʝʚʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʢʦʥʪʨʘʢʪ ˉ 075-03-2026-024). 
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ʇʆʃʋʏɽʅʀɽ, ʌʆʊʆʍʀʄʀʏɽʉʂɸʗ ʀ ɸʅʊʀɹɸʂʊɽʈʀɸʃʔʅɸʗ 

ɸʂʊʀɺʅʆʉʊʔ ʅɸʅʆʏɸʉʊʀʎ TIO 2/AG 
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ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ ʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1-3]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʯʘʩʪʠʮʳ Ag, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ [4] ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ [5] ʘʢʪʠʚʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʩʝʨʝʙʨʘ, ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦʧʳʪʢʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ [6], ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʘʥʪʠʙʠʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʝʙʨʦ: ʥʘʧʨʠʤʝʨ, TiO2 ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag ʩʧʦʩʦʙʝʥ ʨʘʟʣʘʛʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ [7].  

ʂʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʝʨʝʙʨʷʥʦʛʦ 

ʧʦʨʦʰʢʘ ʚ ʩʦʩʪʘʚʝ ʪʘʢʠʭ ʩʤʝʩʝʡ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʚ ʢʦʤʧʦʟʠʪʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʩʤʝʩʠ ʧʦʨʦʰʢʘ 

TiO2 ʠ Ag, ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʟʨʳʚʦʤ ʧʨʦʚʦʣʦʢʠ ʜʦ (ʨʠʩ. 1 ʘ) ʠ ʧʦʩʣʝ 

(ʨʠʩ. 1 ʙ) ʪʝʨʤʠʯʝʩʢʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʠ 400 Áʉ. ʂʘʢ ʚʠʜʥʦ, ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʯʘʩʪʠʮʳ TiO2 ʧʦʢʨʳʚʘʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag ʨʘʟʤʝʨʦʤ 2-20 ʥʤ. 

  
ʘ. ʙ. 

ʈʠʩʫʥʦʢ 4. ʉʚʝʪʣʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʤʝʩʠ ʯʘʩʪʠʮ TiO2 ʠ Ag (ʘ) ʜʦ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʝʤʥʦʧʦʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʯʘʩʪʠʮ TiO2, ʧʦʢʨʳʪʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʙ) 

100 ʥʤ

Ag

TiO2

50ʥʤ
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ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʮʝʥʢʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ TiO2/Ag ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1, 3, 5, 10 ʤʘʩʩ. % ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʤʦʜʝʣʴʥʦʤ ʢʨʘʩʠʪʝʣʝ ʤʝʪʠʣʝʥʦʚʦʤ ʩʠʥʝʤ (ʄʉ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ Ag ʜʦ 10 % ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʄʉ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 50 % ʟʘ 1 ʯʘʩ (ʨʠʩ. 2).  

  

ʘ. ʙ. 

ʈʠʩʫʥʦʢ 5. ʂʨʠʚʳʝ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ Mʉ ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʩʚʝʪʦʤ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ TiO2/Ag (ʘ), ʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʡ ʚʠʜ 

ʢʨʠʚʳʭ ʜʝʢʦʣʦʨʠʟʘʮʠʠ Mʉ (ʙ) 

ʅʘ ʧʨʠʤʝʨʝ S. aureus ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ TiO2/10Ag ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 250 

ʤʢʛ/ʤʣ ʟʘ 3 ʯʘʩʘ ʢʦʥʪʘʢʪʘ ʩ ʙʘʢʪʝʨʠʷʤʠ ʧʦʣʥʦʩʪʴʶ ʫʛʥʝʪʘʶʪ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ 

(ʨʠʩ. 3). ʏʘʩʪʠʮʳ TiO2 ʙʝʟ Ag ʥʝ ʦʢʘʟʳʚʘʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʦʥʪʨʦʣʴ 1 ʯ 2 ʯ 3 ʯ 

    
S. aureus 

105 ʂʆɽ/ʤʣ 
S. aureus 105 ʂʆɽ/ʤʣ + TiO2/10Ag 

ʈʠʩʫʥʦʢ 6. ʈʦʩʪ S. aureus ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 105 ʂʆɽ/ʤʣ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

TiO2/10Ag ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1000 ʤʢʛ/ʤʣ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʠ ʩ ʨʘʟʥʳʤ ʚʨʝʤʝʥʝʤ 

ʠʥʢʫʙʘʮʠʠ  

ʄʦʜʠʬʠʢʘʮʠʷ TiO2 ʥʘʥʦʯʘʩʪʠʮʘʤʠ Ag ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʧʝʨʚʳʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
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ʚʳʩʦʢʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ TiO2/10Ag ʚ ʦʪʥʦʰʝʥʠʠ ʄʉ 

ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ S. aureus. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ 400 Áʉ ʠ ʚʳʰʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-19-

00598, https://rscf.ru/project/25-19-00598. 
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ʅʘʥʦʯʘʩʪʠʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦ-ʧʦʜʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(ʥʘʥʦʟʠʤʳ), ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʥʘʣʦʛʦʚ 

ʬʝʨʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʉʦʯʝʪʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʝʣʘʝʪ ʥʘʥʦʟʠʤʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʜʣʷ 

ʚr ʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʚʠʟʫʘʣʴʥʦʡ 

ʜʝʪʝʢʮʠʝʡ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʥʦʟʠʤʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʙʠʦʘʥʘʣʠʟʝ. 

ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʨʝʧʘʨʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʷʜʨʦ@ʦʙʦʣʦʯʢʘ ʩʦʩʪʘʚʘ Au@Ag, 

Au@Pd, Au@Pt, Au@Ir, Au@CeO2 ʩ ʪʦʣʱʠʥʦʡ ʦʙʦʣʦʯʢʠ ʦʪ 0,2 ʥʤ ʜʦ 50 ʥʤ. ɼʣʷ 

ʚʩʝʭ ʯʘʩʪʠʮ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʝʨʦʢʩʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʪʘʣʠʟʘ. ʇʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʣʠʷʥʠʷ 

ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ Pd ʠ Pt ʥʘ ʢʘʞʫʱʫʶʩʷ ʢʦʥʩʪʘʥʪʫ ʄʠʭʘʵʣʠʩʘ ʠ ʫʜʝʣʴʥʫʶ 

ʧʝʨʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʙʦʣʦʯʢʠ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʮ Au@Pt, Au@Pd, Au@Ir ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʷʨʥʦʡ 

ʵʢʩʪʠʥʢʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʨʝʜʝʣʘ ʚʠʟʫʘʣʴʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

çʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴè 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʯʘʩʪʠʮʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʪʨʝʙʫʝʤʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ. 

ɼʣʷ ʥʘʥʦʯʘʩʪʠʮ Au@Pt ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ ʦʙʦʣʦʯʢʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʠʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʪʝʩʪ-ʩʠʩʪʝʤʳ (ʀʍʊʉ) ʜʣʷ ʜʝʪʝʢʮʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʦʡ 

ʙʘʢʪʝʨʠʠ Clavibacter michiganensis. ʉʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 

300 ʨʘʟ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩʠʛʥʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʥʦʟʠʤʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦʭʨʘʥʷʶʪ ʧʝʨʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 100 Áʉ ʠ pH < 0. ɺʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʟʠʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʜʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠʤʤʫʥʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʘʬʣʘʪʦʢʩʠʥʘ B1 ʠ 

ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʩ ʵʥʜʦʛʝʥʥʦʡ ʧʝʨʦʢʩʠʜʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘʛʨʝʚ ʪʝʩʪ-ʧʦʣʦʩʦʢ ʠ ʧʨʦʚʝʜʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ pH ʧʦʟʚʦʣʷʶʪ ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʧʝʨʦʢʩʠʜʘʟʳ ʠ 

ʩʥʠʟʠʪʴ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ ʟʘ ʩʯʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʟʠʤʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʟʠʤʥʳʭ ʤʝʪʦʢ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ (C-ʨʝʘʢʪʠʚʥʳʡ ʙʝʣʦʢ, ʨʝʮʝʧʪʦʨ-
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ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ SARS-CoV-2), ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (ʬʠʪʦʧʘʪʦʛʝʥʳ, ʘʥʪʠʙʠʦʪʠʢʠ, ʤʠʢʦʪʦʢʩʠʥʳ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 

ʣʠʮʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ (ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2025-649 ʦʪ 20 ʘʚʛʫʩʪʘ 2025 ʛ.). 
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ʅɸʅʆʏɸʉʊʀʎ 

 

ɼʝʤʝʥʪʴʝʚʘ ʆ.ɺ.@, ʈʫʜʦʡ ɺ.ʄ. 

ʀʌʍʕ ʈɸʅ, 119071, ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4 
@ dema_ol@mail.ru  

 

ʄʠʮʝʣʣʳ  ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ) ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʙʠʨʘʪʝʣʴʥʳʤ 

ʫʩʢʦʨʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʘʧʩʫʣʠʨʦʚʘʥʠʝʤ ʠ ʜʦʩʪʘʚʢʦʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʪ.ʜ.  

ɺ ʜʦʢʣʘʜʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʦʙʩʫʞʜʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʮʝʣʣ 

ʇɸɺ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʷʛʢʠʭ ʪʝʤʧʣʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʝ ʪʦʣʴʢʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʧʨʠ ʠʭ ʩʠʥʪʝʟʝ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ, ʥʦ ʠ ʫʧʨʘʚʣʷʪʴ ʛʝʦʤʝʪʨʠʝʡ ʘʥʩʘʤʙʣʝʡ ʅʏ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʪʚʝʨʜʳʭ 

ʧʦʜʣʦʞʢʘʭ. 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʤʧʣʘʪʥʦʛʦ 

ʩʠʥʪʝʟʘ ʤʝʟʦʧʦʨʠʩʪʳʭ ʯʘʩʪʠʮ ʢʨʝʤʥʝʟʝʤʘ (ʄʏʂ), ʩʧʦʩʦʙʥʳʭ ʩʣʫʞʠʪʴ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʦʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠʣʠ ʩʤʝʰʘʥʥʳʭ ʤʠʮʝʣʣ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʦʬʦʙʥʳʡ 

ʩʦʣʶʙʠʣʠʟʘʪ) ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʩʪʠʪʴ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʠ ʟʘʛʨʫʟʢʠ ʄʏʂ.  ʊʘʢʦʡ 

ʩʧʦʩʦʙ ʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʯʘʩʪʠʮʘʭ-ʢʦʥʪʝʡʥʝʨʘʭ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴʶ ʠʭ ʧʝʨʝʭʦʜʘ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ pH. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʥʪʝʟʫ ʅʏ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʷʜʨʦ/ʦʙʦʣʦʯʢʘ) ʚ ʤʠʮʝʣʣʘʭ ʢʘʪʠʦʥʥʳʭ ʠ ʜʠʙʣʦʢʩʦʧʦʣʠʤʝʨʥʳʭ ʇɸɺ, 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠʭ ʘʥʩʘʤʙʣʝʡ ʥʘ ʧʣʦʩʢʠʭ ʧʦʜʣʦʞʢʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʦʣʫʯʝʥʥʳʭ ʅʏ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ 

ʫʜʝʣʝʥʦ ʦʙʩʫʞʜʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʳ ʤʠʮʝʣʣʷʨʥʦʛʦ ʪʝʤʧʣʘʪʘ, ʘ 

ʪʘʢʞʝ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʯʘʩʪʠʮ ʠ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʄɽʊʆɼʆʄ ʗʄʈ ʀɻʄʇ 

 

ɸʚʠʣʦʚʘ ʀ.ɸ 1, @, ʏʝʨʥʷʢ ɸ.ɺ. 1.2, ʄʫʤʷʪʦʚ ɸ.ɺ. 1, ʂʨʘʝʚʘʷ ʆ.ɸ. 1, ʊʨʦʰʠʥ ʇ.ɸ. 3,1, 

ɺʦʣʢʦʚ ɺ.ʀ.1 
1 ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 142432, ʈʦʩʩʠʷ 
2ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʚ ʏʝʨʥʦʛʦʣʦʚʢʝ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤ. ʖ.ɸ. 

ʆʩʠʧʴʷʥʘ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 142432, ʈʦʩʩʠʷ 
3Zhengzhou Research Institute of HIT, 26 Longyuan East 7th, Jinshui District, 

Zhengzhou, Henan Province 450000, China 
@ i.avilova@icp.ac.ru  

 

ʇʨʦʠʟʚʦʜʥʳʝ ʬʫʣʣʝʨʝʥʘ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [1]. ʇʨʦʮʝʩʩʳ ʘʩʩʦʮʠʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʫʣʣʝʨʝʥʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʩʚʦʡʩʪʚʘ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ï ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ 

ʘʩʩʦʮʠʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ ʉ60 ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʤʝʪʦʜʦʤ ʗʄʈ ʩ ʠʤʧʫʣʴʩʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʦʚ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ (I-V) ʠ ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ (V-XIII ). 

ɼʣʷ ʤʦʣʝʢʫʣ ʧʨʦʠʟʚʦʜʥʳʭ I-V ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʘʩʩʦʮʠʘʮʠʠ ʚ ʩʝʨʦʫʛʣʝʨʦʜʝ, 

ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʭʣʦʨʦʬʦʨʤʝ ʠ ʪʦʣʫʦʣʝ-d8. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣ ʩʦʩʪʘʚʠʣʠ 1.2-1.4 ʥʤ.  
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ʀʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ ʉ60, ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʷʨʥʳʝ ʛʨʫʧʧʳ (ʪʘʢʠʝ ʢʘʢ -ʉʆʆʅ, -COOK, -P(O)(OH)2, -SO3Na): ʦʥʠ 

ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʩʩʦʮʠʘʮʠʠ. ɼʠʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 2.2 ʜʦ 9.6 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ VII-XIII ʦʙʨʘʟʦʚʳʚʘʶʪ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʘʩʩʦʮʠʘʪʳ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 5 ʥʤ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ X ʠ XIII  

ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ ʨʅ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʧʨʦʮʝʩʩʳ ʘʩʩʦʮʠʘʮʠʠ: 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʘʤʝʪʨʳ ʘʩʩʦʮʠʘʪʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. 

 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ ʠ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʅʎʏ ʀʌʊʊ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ 

ʧʦ ʪʝʤʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ. ʅʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

124013000743-3 (FFSG-2024-0008). 

 

[1] Penkova A.V., Acquah S.F.A., Piotrovskiy L.B., Markelov D.A., Semisalova 

A.S., Kroto H.W., 2017, Russ. Chem. Rev. 86. 530-566. 
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ʄɽʍɸʅʀɿʄ ʆɹʈɸɿʆɺɸʅʀʗ ʅɸʅʆʂʃɸʉʊɽʈʆɺ ɿʆʃʆʊɸ ʉ ʂʈɸʉʅʆʁ 

ʌʃʋʆʈɽʉʎɽʅʎʀɽʁ ʇʈʀ ʉʀʅʊɽɿɽ ʉ 5'-

ɸɼɽʅʆɿʀʅʄʆʅʆʌʆʉʌɸʊʆʄ 

 

ɻʫʙʘʥʦʚ ɸ.ʉ.1,@, ʂʘʨʧʫʰʢʠʥ ɽ.ɸ.1, ʉʝʨʛʝʝʚ ɺ.ɻ.1 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

@ alexgubanov265@gmail.com 

 

ʅʘʥʦʢʣʘʩʪʝʨʳ ʟʦʣʦʪʘ (ʅʂ Au) ð ʫʣʴʪʨʘʤʘʣʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, 

ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʥʤ, ʠ ʦʥʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ, ʦʙʣʘʜʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ [1]. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʨʘʟʤʝʨʘʤ ʅʂ Au ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [2], ʢʘʪʘʣʠʟʝ [3].  

ʇʨʠ ʩʠʥʪʝʟʝ ʅʂ Au ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠ ʥʫʢʣʝʦʪʠʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʫʩʣʦʚʠʷʭ, ʦʙʣʘʜʘʶʪ ʥʝ ʦʯʝʥʴ 

ʩʣʦʞʥʦʡ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʜʠʬʠʮʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦʨʳʝ ʙʳ ʤʦʛʣʠ ʩʚʷʟʘʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ (ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʧʫʩʢʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ɚʠʩʧ) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ, ʧʨʠʨʦʜʘ ʠ ʩʪʨʦʝʥʠʝ ʣʠʛʘʥʜʥʦʡ ʦʙʦʣʦʯʢʠ) ʅʂ Au, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʪʠʜʘʤʠ ʠ ʨʦʜʩʪʚʝʥʥʳʤʠ ʠʤ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʈʘʥʝʝ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʚʘ ʚʠʜʘ ʅʂ Au ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5'-

ʘʜʝʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪʘ (ɸʄʌ) ʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ çʩʠʥʝʡè (ɚʠʩʧ 485 ʥʤ) 

ʠ çʢʨʘʩʥʦʡè (ɚʠʩʧ 660 ʥʤ) ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ [4]. ɺ ʨʘʤʢʘʭ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʳ ʩʤʦʛʣʠ ʫʩʪʘʥʦʚʠʪʴ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ʠʩʧʫʩʢʘʥʠʷ ʵʪʠʭ ʅʂ, 

ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʠʠ ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʘ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʯʘʩʪʠʮʫ. 

ʊʘʢ, ʅʂ Au ʩ çʩʠʥʝʡè ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ɸʄʌ, ʘ ʅʂ ʩ çʢʨʘʩʥʦʡè 

ð N1- ʦʢʩʠʜʦʤ ɸʄʌ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʙʶʜʞʝʪʥʦʡ ʪʝʤʘʪʠʢʝ ʅʀʈ (ʥʦʤʝʨ ʎʀʊʀʉ: 

121031300084-1). 

[1] Rongchao J., 2016, ACS Chem. Rev. 116. 10346ī10413 

[2] Mehra C., 2025, Nex. Mat. 8. 100665 

[3] Yang W., 2024, Inorg. Chem. Front. 11. 6396 

[4] Karpushkin E.A., 2025, Rev. and Adv. in Chem. 14. 494ī503 

mailto:alexgubanov265@gmail.com
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ʇʆʃʀʄɽʈʅʓɽ ʂʆʄʇʆɿʀʎʀʀ ʉʀʅʊɽʊʀʏɽʉʂʀʍ ʀ ʇʈʀʈʆɼʅʓʍ 

ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʍ ʉʆɽɼʀʅɽʅʀʁ: ʀʅʅʆɺɸʎʀʆʅʅʓɽ 

ʇʆɼʍʆɼʓ ʀ ʈɽʐɽʅʀʗ 

 

ʂʫʨʤʘʟ ʉ.ɺ.1,@ 
1 ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

@ skurmaz@icp.ac.ru  

 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʘʤʬʠʬʠʣʴʥʳʝ ʩʦʧʦʣʠʤʝʨʳ N-

ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ɺʇ) ʩ (ʜʠ)ʤʝʪʘʢʨʠʣʘʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ c 

ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʚ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʷʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʣʦʞʠʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʠ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠʟʚʝʩʪʥʳʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (ʜʦʢʩʦʨʫʙʠʮʠʥ, ʮʠʩʧʣʘʪʠʥ), ʧʨʦʪʠʚʦʜʠʘʙʝʪʠʯʝʩʢʠʭ 

(ʤʝʪʬʦʨʤʠʥ), ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ʪʦʢʦʬʝʨʦʣ), ʚʝʢʪʦʨʥʳʭ ʤʦʣʝʢʫʣ ʜʣʷ ʠʭ ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ ʚ ʮʝʣʝʚʳʝ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ (ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ) ʠ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʢʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ IV), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ. ɺ ʭʦʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʪʦʢʦʣʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʬʦʨʤ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʫʪʝʤ ʠʭ ʠʥʢʘʧʩʫʣʷʮʠʠ ʚ ʧʦʣʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʛʠʜʨʦʬʦʙʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʘʪ ʮʠʥʢʘ, ʤʝʪʠʣʬʝʦʬʦʨʙʠʜ ʘ, ʬʪʘʣʦʮʠʘʥʠʥ ʘʣʶʤʠʥʠʷ) ï 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ) ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ/ʤʠʢʨʦʙʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [1-6], ʠ ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʢʫʨʢʫʤʠʥʘ [7, 8]. ʂʣʠʥʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʦ 

ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ, ʤʘʣʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ, ʙʳʩʪʨʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʚʳʚʝʜʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʣʠ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʫʢʘʟʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚ 

ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʜʣʷ ʌʉ ī ʧʦʛʣʦʱʝʥʠʝ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʠ ʧʨ.) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ, ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʩʠʩʪʝʤʘʭ ʩʦʧʦʣʠʤʝʨ ī ʘʢʪʠʚʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʇʂ ī ʙʳʯʠʡ ʘʣʴʙʫʤʠʥ [5, 6] ʠ ʨʦʣʴ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʜʝʣʴʥʳʭ ʌʉ ʚ 

ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʇʂ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ HeLa ʠ ʠʭ ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚ 
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ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ; ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʚ ʢʘʨʮʠʥʦʤʝ ʣʝʛʢʠʭ ʃʴʶʠʩʘ LLC [4]. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʢʫʨʢʫʤʠʥʘ ʚ ʩʦʩʪʘʚʝ ʇʂ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʠʚʥʳʤ [8]. 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʥʝʢʦʪʦʨʳʭ ʇʂ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʩʢʦʨʦʩʪʴʶ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʙʳʩʪʨʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʠʟ ʥʠʭ ʚ ʣʠʧʦʬʠʣʴʥʫʶ ʩʨʝʜʫ. ɹʣʘʛʦʜʘʨʷ ʚʳʨʘʞʝʥʥʦʤʫ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʤʫ ʜʝʡʩʪʚʠʶ ʢʫʨʢʫʤʠʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʇʂ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʠʥʪʝʨʝʩ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʧʨʠ ʣʝʯʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʟʘʜʘʥʠʷ ˉ124013000722-8, 124020500019-2. 
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ʀʚʘʥʦʚ ɼ.ɸ.1,2,@, ʂʦʥʷʭʠʥʘ ɸ.ʖ.2, ʋʤʘʨʦʚ ɸ.ɸ.1, ɼʫʙʨʦʚʠʥ ɽ.ɺ.3, ʉʫʙʯʝʚʘ ɽ.ʅ.2, 

ɹʫʛʣʘʢʦʚ ɸ.ʀ.3 
1 ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 
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ʄʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ-ʱʸʪʦʢ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [1,2]. 

ʇʣʦʪʥʘʷ ʧʨʠʚʠʚʢʘ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʧʦʜʘʚʣʷʝʪ ʬʠʟʠʯʝʩʢʠʝ ʟʘʮʝʧʣʝʥʠʷ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʤʷʛʢʦʩʪʴʶ ʧʨʠ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʷʭ, ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʳʨʘʞʝʥʥʦʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ, ʪ.ʝ.  ʧʦʚʝʜʝʥʠʝ, ʩʭʦʜʥʦʝ ʩ 

ʤʷʛʢʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʪʦʥʢʦ ʥʘʩʪʨʦʝʥʳ ʟʘ 

ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʦʩʥʦʚʥʦʡ ʮʝʧʠ, ʨʘʟʤʝʨʘ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʠʣʠ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʚʠʚʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʣʠʤʝʨʳ-ʱʸʪʢʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʦʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʚʝʜʝʥʠʝ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʠ(N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜ) (PNIPAM), ʧʨʠʜʘʸʪ ʱʝʪʦʯʥʳʤ ʩʠʩʪʝʤʘʤ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʨʘʩʰʠʨʷʷ ʠʭ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʘʜʘʧʪʠʚʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ [3]. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ 

ʧʨʦʮʝʩʩʳ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʱʝʪʦʯʥʳʭ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ, 

ʠʟʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [4]. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʧʦʣʠʤʝʨʘʭ-ʱʸʪʢʘʭ ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʦʪʢʣʠʢ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ124020800013-7 (FFSG-2024-0017). 

[1]. Vatankhah-Varnosfaderani M., et al., 2018, Science 359.1509ï13; Dobrynin 

A. V., et al., 2023, Nat. Mater. 22. 1394ï1400. 

[2]. Wang, C. J. et al. 2024, Adv. Funct. Mater. 34, 2410905. 

[3]. Vashahi, F., et al., 2022, Sci. Adv. 8. eabm2469 

[4]. Konyakhina A. Yu., et al., 2025, Eur. Polym. J. 242, 114446 

mailto:divanov@icp.ac.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

237 

ʈʆʃʔ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɸʄʌʀʌʀʃʔʅʓʍ 
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1ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

alina.maryasevskaya@yandex.ru  

 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʥʳʭ 

ʩʚʷʟʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ʚʜʦʣʴ ʮʝʧʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ ʢʨʠʪʠʯʝʩʢʠ ʚʣʠʷʝʪ ʥʘ 

ʘʛʨʝʛʘʮʠʶ ʢʣʠʥʦʚʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʛʫʣʷʨʥʳʝ ʙʠʩʣʦʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚ ʢʦʤʧʣʝʢʩʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʧʦʣʠ(4-ʚʠʥʠʣʧʠʨʠʜʠʥʘ) (P4VP) ʠ 2,3,4-

ʪʨʠʩ(ʜʦʜʝʮʠʣʦʢʩʠ) ʙʝʥʟʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

(ʩʪʝʧʝʥʷʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 60%. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʙʠʩʣʦʷ 3,3ï3,9 ʥʤ ʫʢʘʟʳʚʘʶʪ ʥʘ ʯʘʩʪʠʯʥʫʶ ʘʛʨʝʛʘʮʠʶ ʣʠʛʘʥʜʦʚ ʚʜʦʣʴ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʧʦʜʘʚʣʝʥʠʶ ʠʥʪʝʨʜʠʛʠʪʘʮʠʠ ʘʣʢʠʣʴʥʳʭ ʮʝʧʝʡ ʚ ʙʠʩʣʦʝ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʦʧʦʣʠʤʝʨʦʚ 4-ʚʠʥʠʣʧʠʨʠʜʠʥʘ ʠ ʩʪʠʨʦʣʘ ʩ ʪʝʤ ʞʝ ʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ (ʦʪ 

10% ʜʦ 60% ʤʦʥʦʤʝʨʘ 4VP) ʬʦʨʤʠʨʫʶʪ ʩʤʝʢʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʫʤʝʥʴʰʝʥʥʦʡ 

ʪʦʣʱʠʥʦʡ ʩʣʦʝʚ (3,0ï3,6 ʥʤ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʨʘʟʨʝʞʝʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʦʥʥʳʭ ʩʚʷʟʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ʚʜʦʣʴ ʮʝʧʠ ʩʦʧʦʣʠʤʝʨʘ. ʊʘʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʘʛʨʝʛʘʮʠʠ ʣʠʛʘʥʜʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʶ ʘʣʢʠʣʴʥʳʭ ʮʝʧʝʡ. 

ʉ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʧʦʣʠʤʝʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʪʝʢʣʦʚʘʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ ʦʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʟʦʛʝʥʦʚ ʠ 

ʧʦʜʘʚʣʝʥʠʝ Ŭ-ʨʝʣʘʢʩʘʮʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʧʣʦʪʥʦʩʪʠ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʥʳʭ ʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʫʶ ʩʪʨʘʪʝʛʠʶ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ124020800013-7 

(FFSG-2024-0017) ʠ ˉ124013000757-0 (FFSG-2024-0010).  
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ʌʆʊʆʇɽʈɽʂʃʖʏɸɽʄɸʗ ʄɸɻʅʀʊʅɸʗ ɺʆʉʇʈʀʀʄʏʀɺʆʉʊʔ: 

ʂʆʄʇʃɽʂʉʓ ɹʀʉ(18-ʂʈɸʋʅ-6)ʉʊʀʃʔɹɽʅɸ ʉ ʀʆʅɸʄʀ 

ɻʆʃʔʄʀʗ(III) 

 

ʄʘʨʪʴʷʥʦʚ ʊ.ʇ.1,@, ʋʰʘʢʦʚ ɽ.ʅ.1, ɺʘʩʠʣʴʝʚ ʉ.ɻ.1, ɻʨʦʤʦʚ ʉ.ʇ.2 
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʅʀʎ ñʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪò 
@ martyanov.t@gmail.com  

 

ɹʠʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ (ʄʄ) 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʙʝʟ ʫʯʘʩʪʠʷ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʙʣʘʛʦʜʘʨʷ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʜʠʟʘʡʥʫ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʬʦʪʦʭʨʦʤʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʧʦʤʦʱʴʶ 

ʩʚʝʪʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʛʦʤʦʛʝʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʛʜʝ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [1]. ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʭʨʦʤʥʳʭ ʛʨʫʧʧ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʶʪ ʜʠʛʝʪʘʨʠʣʵʪʝʥʳ, ʩʧʠʨʦʧʠʨʘʥʳ ʠ ʘʟʦʙʝʥʟʦʣʳ. ʅʘʤ ʥʝ ʫʜʘʣʦʩʴ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʡʪʠ ʥʠ ʦʜʥʦʛʦ ʧʨʠʤʝʨʘ ʬʦʪʦʧʝʨʝʢʣʶʯʘʝʤʦʛʦ ʄʄ ʥʘ ʦʩʥʦʚʝ 

ʩʪʠʣʴʙʝʥʘ. ʋ ʧʦʩʣʝʜʥʝʛʦ ʧʝʨʝʜ ʘʟʦʙʝʥʟʦʣʦʤ ʝʩʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ, ʭʦʨʦʰʦ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʡ ʪʨʘʥʩ-

ʠʟʦʤʝʨ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʣʫʯʘʶʱʠʡ ʮʠʩ-ʠʟʦʤʝʨ. 

 
ʀʩʩʣʝʜʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʠʩ(18-ʢʨʘʫʥ-6)ʩʪʠʣʴʙʝʥʘ 

ʩ ʠʦʥʘʤʠ Ho(III) ʚ ʙʝʟʚʦʜʥʦʤ MeCN ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜʦʤ ʕʚʘʥʩʘ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʤʦʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩïʮʠʩ-

ʬʦʪʦʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉ ʧʦʤʦʱʴʶ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ DFT ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ Ho(III) ʚ ʢʦʤʧʣʝʢʩʘʭ ʪʨʘʥʩ- ʠ ʮʠʩ-ʠʟʦʤʝʨʦʚ ʙʠʩ(18-

ʢʨʘʫʥ-6)ʩʪʠʣʴʙʝʥʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 124013000686-3. 

 

[1] Venkataramani S., Jana U., Dommaschk M., Sºnnichsen F.D., Tuczek F., 

Herges R., 2011, Science. 331. 445-48 
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ʊʀʆɸʎɽʊɸʄʀɼ ɺ ʂɸʏɽʉʊɺɽ ʇʈɽʂʋʈʉʆʈɸ ʉɽʈʓ ɼʃʗ ʉʀʅʊɽɿɸ 

ʂʆʃʃʆʀɼʅʓʍ ʂɺɸʅʊʆɺʓʍ ʊʆʏɽʂ PbS 

 

ʄʘʪʶʭʠʥ ʇ.ɹ.1,@, ʉʧʠʨʠʥ ʄ.ɻ.1 ɹʨʠʯʢʠʥ ʉ.ɹ.1, ʈʘʟʫʤʦʚ ɺ.ʌ.1,2 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ PAH, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ 
@ metric209@gmail.com  

 

ʂʦʣʣʦʠʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʂʊ) PbS ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, 

ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʠ ʦʥʠ ʫʞʝ ʩʝʛʦʜʥʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʀʂ-ʜʠʘʧʘʟʦʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ 

ʞʠʜʢʦʬʘʟʥʳʡ ʢʦʣʣʦʠʜʥʳʡ ʩʠʥʪʝʟ ʂʂʊ PbS ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʢʩʠʪʦʥʥʦʛʦ ʧʠʢʘ ʦʪ 

835 ʜʦ 2200 ʥʤ (ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʪ 2.7 ʜʦ 11 ʥʤ) ʥʘ ʦʩʥʦʚʝ ʪʠʦʘʮʝʪʘʤʠʜʘ 

(ʊɸɸ) ʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ(II). ɺʳʙʦʨ ʊɸɸ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʩʝʨʳ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʢʨʦʤʝ ʪʦʛʦ ʩʝʨʘ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʫʞʝ ʠʤʝʝʪ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ -2, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʦʪ 2.7 ʜʦ 5 ʥʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʩʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʧʝʨʩʠʶ ʊɸɸ ʚ ʦʢʪʘʜʝʮʝʥʝ, ʘ ʂʂʊ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʊɸɸ ʚ ʦʣʝʠʣʘʤʠʥʝ (ʆʃɸ). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʢʨʫʧʥʝʝ 5 ʥʤ ʥʝʦʙʭʦʜʠʤ ʆʃɸ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʠʭ ʘʛʨʝʛʘʮʠʶ, ʘ ʂʂʊ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʩʪʘʙʠʣʴʥʳ ʠ ʙʝʟ ʝʛʦ ʫʯʘʩʪʠʷ. ɼʣʷ 

ʚʚʝʜʝʥʠʷ ʧʨʝʢʫʨʩʦʨʘ ʩʝʨʳ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠʤʝʥʷʣʠ ʢʘʢ ʦʜʥʦʢʨʘʪʥʦʝ 

ʚʧʨʳʩʢʠʚʘʥʠʝ, ʪʘʢ ʠ ʜʨʦʙʥʳʡ ʤʝʪʦʜ. ʇʦʩʣʝʜʥʠʡ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ çʢʨʫʧʥʳʭè ʂʂʊ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʦʩʪ 

ʯʘʩʪʠʮ, ʫʚʝʣʠʯʠʪʴ ʠʭ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʠ ʩʫʟʠʪʴ ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʂʂʊ ʩ ʵʢʩʠʪʦʥʥʳʤ ʧʠʢʦʤ 2200 ʥʤ 

ʠ ʰʠʨʠʥʦʡ ʥʘ ʧʦʣʫʚʳʩʦʪʝ ʚʩʝʛʦ 100 ʥʤ (25 ʤʵɺ). ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʧʦʩʪ-ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʂʂʊ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʡ ʚʦ ʚʨʝʤʝʥʠ 

ʜʠʩʧʝʨʩʠʠ, ʛʦʪʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ 

ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ 124013000686-3 ʌʦʪʦʥʠʢʘ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ). 
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ʇʈʀʄɽʅɽʅʀɽ ʅɽʁʈʆʉɽʊɽɺʓʍ ʄɽʊʆɼʆɺ ʄɸʐʀʅʅʆɻʆ 

ʆɹʋʏɽʅʀʗ ɼʃʗ ʀɿʋʏɽʅʀʗ ʉʊɸɹʀʃʔʅʆʉʊʀ ʉʀʉʊɽʄ 

ʄʆʃɽʂʋʃʗʈʅʆʁ ʕʃɽʂʊʈʆʅʀʂʀ 

 

ʑʝʣʢʘʯʸʚ ʅ.ʄ.1-6, ʋʩʧʝʥʩʢʠʡ ɸ.ʖ.7 
1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɼʫʙʥʘ, ʈʦʩʩʠʷ 

2ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
5ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʈʦʩʩʠʷ 

6ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ 
7ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʉʠʩʪʝʤʘ çʵʣʝʢʪʨʦʜ ʤʦʣʝʢʫʣʘïɻ ʣʝʢʪʨʦʜè  ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 

ʫʩʪʨʦʡʩʪʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʫʞʝ ʩʦʟʜʘʥ ʨʷʜ ʫʩʪʨʦʡʩʪʚ: 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ, ʚʳʧʨʷʤʠʪʝʣʠ, ʪʨʘʥʟʠʩʪʦʨʳ ʠ ʪ.ʜ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʪʘʢʪʦʚ ʤʦʣʝʢʫʣʘ ʵʣʝʢʪʨʦʜ. ɽʸ 

ʨʝʰʝʥʠʝ ʟʘʪʨʫʜʥʝʥʦ ʥʝʜʦʩʪʘʪʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʢʦʥʪʘʢʪʦʚ ʠ ʦ ʠʜʫʱʠʭ 

ʚ ʥʠʭ ʧʨʦʮʝʩʩʘʭ. ʀʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʜʘʣʠ 

ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ. ʄʳ ʧʨʠʤʝʥʠʣʠ ʜʨʫʛʦʡ ʧʦʜʭʦʜ: 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʯʝʪʳ DFT ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʪʝʥʮʠʘʣʦʚ (ʅʇ) 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ɺʳʯʠʩʣʝʥʠʷ ʩ ʅʇ ʜʘʶʪ ʪʘʢʫʶ ʞʝ ʪʦʯʥʦʩʪʴ ʢʘʢ ʨʘʩʯʝʪʳ 

DFT, ʥʦ ʙʳʩʪʨʝʝ ʥʘ 3-4 ʧʦʨʷʜʢʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʤʳ ʠʟʫʯʠʣʠ ʜʚʘ ʚʘʞʥʳʭ 

ʚʦʧʨʦʩʘ: ʧʝʨʝʩʪʨʦʡʢʫ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʘʢʪʘ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ (d) ʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (T) ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ.  

ʈʠʩ. 7 ɼʚʘ ʤʝʜʥʳʭ ʵʣʝʢʪʨʦʜʘ ʠ ʤʦʣʝʢʫʣʘ C14H14S2 (ʩʣʝʚʘ). 

ɼʠʬʬʫʟʠʦʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʤʦʣʝʢʫʣʳ ʩʝʨʳ (ʩʧʨʘʚʘ). 
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ʈʘʩʯʝʪ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʧʣʦʩʢʠʭ Cu ʵʣʝʢʪʨʦʜʦʚ ʠ ʤʦʣʝʢʫʣʳ 

C14H14S2, ʜʘʣ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʩʤ. ʨʠʩ. 1,2). 1. ʈʘʟʜʚʠʞʢʘ ʵʣʝʢʪʨʦʜʦʚ ʥʘ 

ȹzå1.6 ¡ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ z) ʚʝʜʸʪ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʝʨʝʭʦʜʫ 

çʩʠʤʤʝʪʨʠʷ ʘʩʠʤʤʝʪʨʠʷè. ɼʘʣʴʥʝʡʰʘʷ ʨʘʟʜʚʠʞʢʘ ʜʦ ȹzå2.0 ¡ ʫʚʝʣʠʯʠʚʘʝʪ 

ʘʩʠʤʤʝʪʨʠʶ ʠ ʨʘʟʨʳʚʘʝʪ ʦʜʥʫ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ S-Cu. ʇʨʠ ȹz>2.0 ¡ ʤʦʣʝʢʫʣʘ 

ʩʚʷʟʘʥʘ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʥʝʦʜʠʥʘʢʦʚʦ: ʩ ʦʜʥʠʤ ï ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ, ʘ ʩ ʜʨʫʛʠʤ ï 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʘʥ ʜʝʨ ɺʘʘʣʴʩʘ. 2. ʂʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ 

ʥʝʩʪʘʙʠʣʴʥʦʡ  ʤʦʣʝʢʫʣʘ, ʦʩʪʘʚʘʷʩʴ ʩʚʷʟʘʥʥʦʡ ʩ ʵʣʝʢʪʨʦʜʘʤʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠ 

ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ T<50 ʂ ʵʪʦ ʜʚʠʞʝʥʠʝ ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ, ʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ T ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ D ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ. 3. ɿʘʚʠʩʠʤʦʩʪʴ D(300 K) 

ʦʪ z ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 25-29-01649. 
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ʈʠʩ. 8 (ʣʝʚʳʡ ʨʠʩʫʥʦʢ) ʉʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ DFT ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣ 

ʜʠʥʘʤʠʢʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʪʠʧʘ DEEPMD-d3: ʵʥʝʨʛʠʷ 

ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜʳ + ʤʦʣʝʢʫʣʘ ʢʘʢ ʬʫʥʢʮʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ z. (ʧʨʘʚʳʡ ʨʠʩʫʥʦʢ) ɹʣʦʢ-ʩʭʝʤʘ ʥʝʡʨʦʩʝʪʠ DEEPMD-d3. 
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ʉʇɽʂʊʈɸʃʔʅʓɽ ʀ ʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʉʀʉʊɽʄ ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ ʅɸ ʆʉʅʆɺɽ 

ʅɸʅʆʏɸʉʊʀʎ ʉɽʃɽʅɸ ʀ ʉɽʈɽɹʈɸ 

 

ɺʘʣʫʝʚʘ ʉ.ɺ.@, ɺʳʣʝʛʞʘʥʠʥʘ ʄ.ʕ., ʏʝʨʥʦʚʘ ʃ.ʄ., ɹʦʨʦʚʠʢʦʚʘ ʃ.ʅ. 

ʌʠʣʠʘʣ ʌɻɹʋ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. 

ʂʦʥʩʪʘʥʪʠʥʦʚʘè ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ʀʥʩʪʠʪʫʪ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
@ svalu67@mail.ru  

 

           ʄʝʪʦʜʘʤʠ ʋʌ/ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʚʦʜʥʳʭ ʤʦʥʦ- ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ (ʇʉ) ʚʘʨʴʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ (ʧʦʣʠ-N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (I) ʠ 

ʘʤʬʠʬʠʣʴʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʱʝʪʢʠ (II)), ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʩʝʨʝʙʨʘ, ʩʝʣʝʥʘ ʠ çʙʠ-

ʅʏè ʩʝʣʝʥ/ʩʝʨʝʙʨʦ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʋʌ/ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ 

ʩʝʨʝʙʨʦ- ʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʜʠʩʧʝʨʩʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʄʠ ʠ ʤʝʪʦʜʘ ʊʘʫʮʘ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʠʘʤʝʪʨʳ ʅʏ ʩʝʨʝʙʨʘ ʠ ʩʝʣʝʥʘ. ʇʨʠ ʵʪʦʤ 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʘʟʤʝʨʳ ʅʏ ʤʝʪʘʣʣʦʠʜʘ ï ʩʝʣʝʥʘ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʨʘʟʤʝʨʳ ʅʏ 

ʤʝʪʘʣʣʘ ī ʩʝʨʝʙʨʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʅʏ ʩʝʣʝʥʘ ʠ ʩʝʨʝʙʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʘʤ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʇʉ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʘʩʩʦʮʠʘʮʠʠ ʅʏ (ʩʝʨʝʙʨʘ, ʩʝʣʝʥʘ) ʚ ʜʚʦʡʥʳʭ ʥʘʥʦʩʠʩʪʝʤʘʭ, ʦʙʨʘʟʫʷ 

ʜʠʩʢʨʝʪʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠʣʠ çʢʘʧʩʫʣʳè (ʨʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʪʨʦʡʥʳʭ ʥʘʥʦʩʠʩʪʝʤ (ʇʉ/Se0/Ag0) ʬʦʨʤʠʨʫʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 60 ʠ 160õ200 ʥʤ (ʨʠʩ. 2): ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʤʝʥʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘ ʅʏ ʩʝʨʝʙʨʘ, ʘ 

ʙʦʣʴʰʝʛʦ ï ʥʘ ʅʏ ʩʝʣʝʥʘ. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʷ ʪʨʦʡʥʦʡ ʥʘʥʦʩʠʩʪʝʤʳ 

ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʪ-ʉʇ ʠʤʝʝʪ ʤʝʩʪʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ 

ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ çʧʦʣʦʩʪʠ ʢʘʧʩʫʣè, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ.  

 

mailto:svalu67@mail.ru
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ʈʠʩ. 

1. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʬʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʜʚʦʡʥʳʭ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʩʠʩʪʝʤ: I/Se0 (ʘ) ʠ II /Se0 (ʙ). 

 

 
ʈʠʩ. 2. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʬʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʨʦʡʥʳʭ ʥʘʥʦʩʠʩʪʝʤ: I/Se0/Ag0 (ʘ) ʠ II /Se0/Ag0 (ʙ). 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʊʝʤʘ ˉ 2. ˉ 

1023031700043-2-1.4.4 ñʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʦʚ ʩʣʦʞʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʟʜʦʨʦʚʴʝ ʩʙʝʨʝʞʝʥʠʷò). 



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 
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244 

ʉʀʅʊɽɿ ʀ ʄʆʈʌʆʃʆɻʀʗ ɻʀɹʈʀɼʅʓʍ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʉʀʉʊɽʄ 

ʅɸ ʆʉʅʆɺɽ ʅɸʅʆʏɸʉʊʀʎ ʉɽʃɽʅɸ ʀ ʉɽʈɽɹʈɸ, 

ʉʊɸɹʀʃʀɿʀʈʆɺɸʅʅʓʍ TiO 2-ʇɼʄɸʕʄ 

 

ɺʘʣʫʝʚʘ ʉ.ɺ.@, ɺʳʣʝʛʞʘʥʠʥʘ ʄ.ʕ., ɹʦʨʦʚʠʢʦʚʘ ʃ.ʅ., ʏʝʨʥʦʚʘ ʃ.ʄ.,  

ʂʨʘʩʥʦʧʝʝʚʘ ɽ.ʃ. 

ʌʠʣʠʘʣ ʌɻɹʋ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. 

ʂʦʥʩʪʘʥʪʠʥʦʚʘè ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè ï ʀʥʩʪʠʪʫʪ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
@ svalu67@mail.ru  

 

ʄʝʪʦʜʘʤʠ ʋʌ/ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ɸʉʄ) ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʚʦʜʥʳʭ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʩ ʷʜʨʦʤ TiO2 ʠ ʦʙʦʣʦʯʢʦʡ ʠʟ ʢʦʚʘʣʝʥʪʥʦ-ʧʨʠʰʠʪʳʭ ʛʠʜʨʦʬʠʣʴʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʦʣʠ-N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (TiO2-ʇɼʄɸʕʄ), 

ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʩʝʣʝʥʘ ʠʣʠ ʩʝʨʝʙʨʘ. ʄʝʪʦʜʦʤ ɸʉʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ TiO2-ʇɼʄɸʕʄ ʬʦʨʤʠʨʫʶʪʩʷ çʢʘʧʩʫʣʳè (ʨʠʩ. 1). ʉʠʥʪʝʟ ʅʏ ʥʫʣʴ-

ʚʘʣʝʥʪʥʦʛʦ ʩʝʣʝʥʘ (Se0) ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʝʣʝʥʠʩʪʦʡ 

(H2SeO3) ʠ ʘʩʢʦʨʙʠʥʦʚʦʡ (C6H8O6) ʢʠʩʣʦʪʘʤʠ: H2SeO3+2C6H8O6ŸSe0+3H2O+ 

2C6H6O6. ʅʏ ʥʫʣʴ-ʚʘʣʝʥʪʥʦʛʦ ʩʝʨʝʙʨʘ ʧʦʣʫʯʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ (AgNO3) ʠ ʙʦʨʛʠʜʨʠʜʦʤ 

ʥʘʪʨʠʷ (NaBH4): AgNʆ3+NaBH4+H2OŸ Ag0+NaNO3+B(OH)3+H2ŷ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʋʌ/ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʩʝʣʝʥ- ʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʭ 

ʥʘʥʦʜʠʩʧʝʨʩʠʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʠʘʤʝʪʨʳ (d) ʅʏ ʩʝʣʝʥʘ ʠ ʩʝʨʝʙʨʘ: ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʟʤʝʨʳ ʅʏ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʘʤ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (d = 5.59 (ʜʣʷ ʅʏ ʩʝʣʝʥʘ) 

ʠ d = 6.58 (ʜʣʷ ʅʏ ʩʝʨʝʙʨʘ)). ʄʝʪʦʜʦʤ ɸʉʄ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ TiO2-ʇɼʄɸʕʄ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʜʠʩʧʝʨʩʠʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʦʤʧʘʢʪʥʳʭ 

ʜʠʩʢʨʝʪʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʠʘʤʝʪʨʦʤ 50õ100 ʥʤ (ʨʠʩ. 2). ɺʚʠʜʫ 

ʪʦʛʦ, ʯʪʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ TiO2 (ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʟʚʝʟʜʳ ʩ ʷʜʨʦʤ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠ ʣʫʯʘʤʠ ʇɼʄɸʕʄ) ʧʨʦʷʚʣʷʝʪ ʥʠʟʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʅʏ ʩʝʣʝʥʘ (ʩʝʨʝʙʨʘ) ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʘʥʪʠʤʠʢʨʦʙʥʳʭ 

ʘʛʝʥʪʦʚ, ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ (ʧʨʠʯʝʤ ʥʘʠʤʝʥʝʝ 

ʪʦʢʩʠʯʥʳʤʠ ʠ ʙʠʦʜʦʩʪʫʧʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʝʣʝʥ- ʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʤʝʨʦʚ 20õ70 ʥʤ), ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʜʠʩʧʝʨʩʠʡ TiO2-ʇɼʄɸʕʄ/Se0 

ʠ TiO2-ʇɼʄɸʕʄ/Ag0 . 

mailto:svalu67@mail.ru
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ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 
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ʈʠʩ. 1. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʬʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʨʘʩʪʚʦʨʘ TiO2-ʇɼʄɸʕʄ (ʘ,ʙ). 

 
ʈʠʩ. 2. ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʬʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʘʥʦʩʠʩʪʝʤ: TiO2-ʇɼʄɸʕʄ/Se0 (ʘ) ʠ TiO2-ʇɼʄɸʕʄ/Ag0 (ʙ). 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ˉ 

1023031700043-2-1.4.4 ñʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʦʚ ʩʣʦʞʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʟʜʦʨʦʚʴʝ ʩʙʝʨʝʞʝʥʠʷò). 



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ɺʃʀʗʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɻʈʋʇʇ ʀ ʉʆʉʊɸɺɸ ʇʆɺɽʈʍʅʆʉʊʀ 

ʅɸʅʆɸʃʄɸɿʆɺ ʅɸ ʀʍ ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

 

ʄʠʮʢʝʚʠʯ ɽ.ɼ.1,2, ʀ.ɸ. ɿʫʨ2,@, ʃʫʛʦʚʩʢʠʡ ɸ.ɸ.3, ʃʫʛʦʚʩʢʠʡ ɸ.ʇ.3, ɻʫʩʘʢʦʚ ɻ.ɸ.4, 

ʅ. ʀ. ɻʦʨʙʘʯʫʢ1, ɺʦʨʦʧʘʡ ɽ.ʉ.1 
1ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ɹɻʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ  
2ʅʀʀ ʗʜʝʨʥʳʭ ʧʨʦʙʣʝʤ ɹɻʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

3ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʯʝʣʦʚʝʢʘ ɹɻʋ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
4ʅʀʋ çʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʤʝʥʠ ɸ.ʅ. ʉʝʚʯʝʥʢʦè 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
@ zur.ilya01@gmail.com   

ʋʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʘʣʤʘʟʳ (ʋɼɸ) ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (~300 ʤ2/ʛ), ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʦʙʲʝʢʪʦʤ ʧʨʠʪʷʞʝʥʠʷ ʚʥʠʤʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʙʠʦʤʝʜʠʮʠʥʳ ʠ ʩʝʥʩʦʨʠʢʠ [1ï4]. ʋɼɸ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʣʤʘʟʥʦʛʦ ʷʜʨʘ (å 4.2ï4.6 ʥʤ), 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʦʙʦʣʦʯʢʠ (ʜʦ 1 ʥʤ) ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʜʫʣʷʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʋɼɸ 

ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʝʸ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʦʟʜʫʭʝ ʠʣʠ ʚʘʢʫʫʤʝ [1,3] ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʥʘʧʨʠʤʝʨ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ -OH ʠ ʘʤʠʥʥʳʤʠ -NH2 [3,4]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʮʝʣʝʥʘ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʋɼɸ ʧʦʩʣʝ ʦʪʞʠʛʘ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ -OH ʠ 

-NH2 ʛʨʫʧʧʘʤʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʢʦʪʦʨʦʡ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʫʜʝʣʷʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ.  

ʀʩʭʦʜʥʳʤ ʘʣʤʘʟʦʩʦʜʝʨʞʘʱʠʤ ʩʳʨʴʸʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʣʫʞʠʣʘ 

ʩʫʩʧʝʥʟʠʷ ɼʅɸ ʤʘʨʢʠ ʋɼɸ-ɻʆ-ʉʇ ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʇ ɿɸʆ çʉʠʥʪʘè (ʛ. ʄʠʥʩʢ). 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʪʠʚʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʠʩʪʦʪʝ ʥʝ ʥʠʞʝ ʯ.ʜ.ʘ. 

ʋʩʧʝʰʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʋɼɸ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ůi ʋɼɸ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʢʣʘʜʳ ʚ ʠʤʧʝʜʘʥʩ ʘʣʤʘʟʥʦʛʦ ʷʜʨʘ, 

ʘʣʤʘʟʦʧʦʜʦʙʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʤʝʞʯʘʩʪʠʯʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʟʜʝʣʷʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ 

(ʢʦʤʙʠʥʘʮʠʷ ʨʝʟʠʩʪʦʨʦʚ R, ʢʦʥʜʝʥʩʘʪʦʨʦʚ C ʠ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦʡ ʬʘʟʳ Q) 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ (ʕʕʉ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʣʫʯʰʝʝ 

ʢʘʯʝʩʪʚʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʧʝʜʘʥʩʘ ʠ ʫʛʣʘ ʩʜʚʠʛʘ ʬʘʟ. 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʕʕʉ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʋɼɸ ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʥʝ ʘʣʤʘʟʥʳʤ 

ʷʜʨʦʤ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ.  ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʧʨʠ 450 ÁC ʧʨʠʚʦʜʠʪ ʢ 

ʫʧʦʨʷʜʦʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʷʨʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʸʤʢʦʩʪʠ (Q2 å 154 ʥʌ), (ů450 å 22.8Ŀ10-6 ʉʤ/ʤ). ɺʘʢʫʫʤʥʳʡ 
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ʦʪʞʠʛ ʧʨʠ 750 ÁC ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʣʥʳʤ ʫʜʘʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʨʫʧʧ 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʤʧʝʜʘʥʩ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(R å 21 ʄʆʤ, C å 400 ʧʌ) ʠ ʋɼɸ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʜʠʵʣʝʢʪʨʠʢʘ (ů750 å 2.6Ŀ10-

6 ʉʤ/ʤ). ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ -OH ʠ -NH2 ʛʨʫʧʧʘʤʠ ʧʦʚʳʰʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ 15 ʠ 13 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʋɼɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ůOH å 14.9Ŀ10-6 ʉʤ/ʤ ʠ ůNH2 å 13.7Ŀ10-6 ʉʤ/ʤ), ʧʦʜʪʚʝʨʞʜʘʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʛʨʫʧʧʳ ʩʦʟʜʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʢʘʥʘʣʳ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ å 0 ʆʤ) ʠ ʜʦʤʠʥʠʨʫʶʪ ʧʨʠ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ. ʇʨʠ ʵʪʦʤ ïOH-ʛʨʫʧʧʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʸʤʢʦʩʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʤʧʝʜʘʥʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ïNH2, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʣʦʯʢʘ ʋɼɸ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘ 

ʩʯʸʪ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʠʙʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʙʠʦʩʝʥʩʦʨʦʚ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʙʘʟʝ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʘʣʤʘʟʦʚ. 

[1] Turcheniuk K., Mochalin V., 2017, Nanotechn. 28. 252001 

[2] Mateyshina Y., Stebnitskii I., Uvarov N., 2024, Sol. St. Ion. 404. 116419 

[3] Lai H., Stenzel M., Xiao P., 2020, Int. Mat. Rev. 65. 189ï225 

[4] N. M. Kuznetsov et al., 2021, Carbon. 174. 138ï147 
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ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ), ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʝʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʟʜʦʨʦʚʳʤ ʪʢʘʥʷʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʲʶʛʠʨʦʚʘʥʠʝ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ (ʌʉ) ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʌʉ ʭʣʦʨʠʥʘ e6 (Ce6) ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʦʟʠʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ (ʂʅʏ) ʩ ʟʦʣʦʪʳʤ ʷʜʨʦʤ ʠ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʊʘʢʠʝ 

ʢʦʥʲʶʛʘʪʳ, ʢʨʦʤʝ ʨʝʰʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ, ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʥʦʩ 

ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʦʛʦ Ce6 ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ Au-ʷʜʝʨ, 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʦʨʛʘʥʠʟʤʫ ʠ ʠʭ 

ʵʣʠʤʠʥʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʦʯʝʪʘʥʠʝ ʌɼʊ ʩ ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ ʠʣʠ ʣʫʯʝʚʦʡ 

ʪʝʨʘʧʠʝʡ.   

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʥʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʌʉ ʉe6 ʩ ʤʘʣʝʠʤʠʜʥʦʡ ʛʨʫʧʧʦʡ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʤʘʢʨʦʮʠʢʣʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʂʅʏ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʟʦʣʦʪʳʤ ʷʜʨʦʤ (ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 

ʦʢʦʣʦ 40 ʥʤ) ʠ ʦʙʦʣʦʯʢʦʡ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʘ ɔ-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

Ce6 ʩ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʦʡ ʧʣʘʟʤʦʥʥʳʭ ʂʅʏ, ʩʦʜʝʨʞʘʱʝʡ ʪʠʦʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʪʠʦʣ-ʤʘʣʝʠʤʠʜ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʠʚʢʠ ʤʦʣʝʢʫʣ ʜʘʥʥʦʛʦ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʢ ʂʅʏ ʥʘ ʝʛʦ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʪʦʣʱʠʥʳ 

ʦʙʦʣʦʯʢʠ ʂʅʏ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʢ ʛʝʥʝʨʘʮʠʠ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ.  

mailto:maryakar@mail.ru
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ʆʉʆɹɽʅʅʆʉʊʀ ʃʖʄʀʅɽʉʎɽʅʎʀʀ ʇʃɽʅʆʂ ʇʆʃʀʄɽʈʅʓʍ 

ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ ʇʆʃʀ-ʧ-ʂʉʀʃʀʃɽʅ ī ʉʋʃʔʌʀɼ ʂɸɼʄʀʗ 

 

ʀʚʘʥʦʚʘ ʆ.ʇ.1,@, ʂʨʠʚʘʥʜʠʥ ɸ.ɺ.1, ɿʘʚʴʷʣʦʚ ʉ.ɸ.2 
1ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ 

22ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 
@ olga@deom.chph.ras.ru  

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʢʦʤʧʦʟʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʠʟ ʧʦʣʠʧʘʨʘʢʩʠʣʠʣʝʥʘ (ʇʇʂ) ʠ 

ʥʘʧʦʣʥʠʪʝʣʷ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ (CdS), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʬʦʪʦʥʠʢʝ ʠ ʢʘʪʘʣʠʟʝ.  

ʇʇʂ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʚʣʘʛʦʟʘʱʠʪʳ ʠ 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʠ ʵʣʝʤʝʥʪʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. 

ʇʇʂ - ʵʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʣʠʥʝʡʥʳʡ ʧʦʣʠʤʝʨ, ʤʦʥʦʤʝʨʥʦʝ ʟʚʝʥʦ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʩ ʜʚʫʤʷ ʤʝʪʠʣʝʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ:  

 
ʇʇʂ ʦʪʥʦʩʠʪʩʷ ʢ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʤ ʧʦʣʠʤʝʨʘʤ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʭʨʦʤʦʬʦʨʥʦʡ (ʬʝʥʠʣʴʥʦʡ) ʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʝ ʇʇʂ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ 

ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʇʇʂ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʘʢ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʧʦʣʠʤʝʨʘ (ʧʦʣʦʩʘ  ~290 ʥʤ), ʪʘʢ 

ʠ ʥʘʣʠʯʠʝʤ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʣʠʤʝʨʘ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʩʪʠʣʴʙʝʥʘ (ʧʦʣʦʩʳ ~350, 370 ʥʤ ʠ ~ 390 ʥʤ), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʠʨʦʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʧʘʧʘʮʠʢʣʦʬʘʥʘ. 

 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ CdS ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʚʝʪʘ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʄʦʜʠʬʠʢʘʮʠʷ ʇʇʂ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ CdS ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʢʦʤʧʦʟʠʪʦʚ ʩ ʠʟʤʝʥʝʥʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʭ ʩʪʨʫʢʪʫʨʦʡ, ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ, ʩʪʨʦʝʥʠʝʤ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ, ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʘʢ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʪʘʢ ʠ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ 

ʤʘʪʨʠʮʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʝʥʦʢ 

ʇʇʂ-CdS ʪʦʣʱʠʥʦʡ ~0.2, 0.5 ʠ 1 ʤʢʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʚʘʢʫʫʤʝ ʤʝʪʦʜʦʤ 
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ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʘʟʦʬʘʟʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ɻʇʇ-ʤʝʪʦʜ), ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʷ ʉ~0ï100 ʦʙ.% CdS. ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʤʦʥʦʪʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʠ ~ 6, 7 ʠ 12 ʦʙ.% CdS ʜʣʷ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ 0.2, 

0.5 ʠ 1 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʜʦ ~11, 30 

ʠ 50 ʦʙ.% ʧʨʦʠʩʭʦʜʠʣʦ ʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ. ʊʘʢʦʝ ʟʘʪʫʭʘʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝ 

ʦʙʣʘʜʘʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʟʚʝʥʴʝʚ ʮʠʩ-ʩʪʠʣʴʙʝʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʤʠʤʦ 

ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʪʨʘʥʩ-ʩʪʠʣʴʙʝʥʦʚʳʭ ʟʚʝʥʴʝʚ (ʪʨʘʥʩ-ʮʠʩ ʠʟʦʤʝʨʠʟʘʮʠʷ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ CdS ʠ ʧʦʣʠʤʝʨʘ ʇʇʂ.  ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʮʠʩ-ʩʪʠʣʴʙʝʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʮʝʧʠ ʧʦʣʠʤʝʨʘ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʮʳ ʇʇʂ (ʫʤʝʥʴʰʝʥʠʝ ʝʝ 

ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ), ʢʦʪʦʨʳʝ  ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨ ʥʘʥʦʯʘʩʪʠʮ CdS ʚ ʧʣʝʥʢʘʭ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ (ʨʘʟʤʝʨ, ʬʦʨʤʫ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ), ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

 

 

[1]. ʅʫʨʤʫʭʘʤʝʪʦʚ ʈ.ʅ., ɼʷʜʶʰʢʠʥʘ ʉ.ʅ. ʠ ʜʨ., 1991, 33. 1525-1529.  
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ʂɺɸʅʊʆɺʆ-ʍʀʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʃʔɺɸʊɸʎʀʀ 

ʅʀʂʆʊʀʅɸʄʀɼɸ ɺ ʈɸʉʊɺʆʈɽ 1,4-ɼʀʆʂʉɸʅ ï ɺʆɼɸ 

 

ʂʫʩʪʦʚ ʉ.ʆ., ʄʘʛʜʘʣʠʥʦʚʘ ʅ.ɸ., ʂʫʩʪʦʚʘ ʊ.ʇ. 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ, 

stanislaskustov@yandex.ru 

 

ʅʠʢʦʪʠʥʘʤʠʜ, ʠʣʠ ʚʠʪʘʤʠʥ B3(ʈʈ), ʠʥʪʝʨʝʩʝʥ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʘʮʠʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʘʤʠʜʥʦʡ ʛʨʫʧʧʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʝʥʟʦʠʣʠʨʦʚʘʥʥʳʝ ʠʣʠ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʝ. ʊʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʠʤʝʶʱʝʡʩʷ ʠʣʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ɸʮʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʧʦʵʪʦʤʫ 

ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʠʢʦʪʠʥʘʤʠʜʘ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʴʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ (DFT/B3LYP/cc-

pVTZ) ʤʦʣʝʢʫʣʳ ʥʠʢʦʪʠʥʘʤʠʜʘ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ 1,4-ʜʠʦʢʩʘʥʘ ʠ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʢʘʨʙʘʤʠʜʥʫʶ ʛʨʫʧʧʫ ʠ ʥʘ ʘʪʦʤ ʘʟʦʪʘ ʚ 

ʛʝʪʝʨʦʮʠʢʣʝ (ʨʠʩ.), ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʣʴʚʘʪʘʮʠʠ (PCM, ʚʦʜʘ).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʦʣʴʚʘʪʦʢʦʤʧʣʝʢʩʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʘʣʝʥʪʥʳʭ ʠ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʚ 

ʢʘʨʙʘʤʠʜʥʦʡ ʛʨʫʧʧʝ ʥʠʢʦʪʠʥʘʤʠʜʘ, ʪʘʢ ÏH1H2C6N2 ʚ ʦʢʨʫʞʝʥʠʠ ʤʦʣʝʢʫʣʳ 1,4-

ʜʠʦʢʩʘʥʘ ʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʨʘʚʝʥ 0.789Ü. ʅʘʭʦʜʷʩʴ ʚ ʧʣʦʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʤʦʣʝʢʫʣʳ ʥʠʢʦʪʠʥʘʤʠʜʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤ 

ʜʣʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʮʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʘʤʠʜʥʳʡ ʘʪʦʤ ʘʟʦʪʘ. 

ɺ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ 1,4-ʜʠʦʢʩʘʥ ï ʚʦʜʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʥʠʢʦʪʠʥʘʤʠʜʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʢʘʨʙʘʤʠʜʥʦʡ 

ʛʨʫʧʧʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʚ ʛʝʪʝʨʦʮʠʢʣʝ. 

ʉʦʣʴʚʘʪʠʨʦʚʘʥʥʳʡ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ 1,4-ʜʠʦʢʩʘʥʘ 

ʥʠʢʦʪʠʥʘʤʠʜ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ɺɿʄʆ ʠ ʅʉʄʆ (-6.947 ʵɺ ʠ 

-1.792 ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʠʩ., ʞ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʝʟ 

1,4-ʜʠʦʢʩʘʥʘ ʪʦʣʴʢʦ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (-7.654 ʵɺ ʠ -1.827 ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʠʩ., ʚ).  
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ʛ ʜ 

 
 

ʝ ʞ 

ʈʠʩ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʢʦʪʠʥʘʤʠʜʘ ʩ ʫʯʝʪʦʤ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʣʴʚʘʪʘʮʠʠ (PCM, ʚʦʜʘ): ʩ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ (ʘ, ʙ), ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ʚ), ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ 1,4-

ʜʠʦʢʩʘʥʘ (ʛ), ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ 1,4-ʜʠʦʢʩʘʥʘ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ (ʜ, ʝ), ʩ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ 1,4-ʜʠʦʢʩʘʥʘ ʠ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ʞ). ʄʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ¡. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ, 

ʵʣʝʢʪʨʦʥʥʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʥʠʢʦʪʠʥʘʤʠʜʘ ʚ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ.  
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ʂʆʄʇʃɽʂʉʓ ʉ ʇɽʈɽʅʆʉʆʄ ɿɸʈʗɼɸ 3,5-ɼʀʅʀʊʈʆɹɽʅɿʆɸʊʆɺ ʈɿʕ 

ʉ 1,4-ɼʀɸʄʀʅʆɹɽʅɿʆʃɸʄʀ ï ʅʆɺʓɽ ɻʀɹʈʀɼʅʓɽ ʉʆɽɼʀʅɽʅʀʗ 

 

ʂʦʨʦʪʝʝʚ ʇ.ʉ., ɽʬʠʤʦʚ ʅ.ʅ., ʀʣʶʭʠʥ ɸ.ɹ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ. 
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ʉʦʯʝʪʘʥʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ 

ʠʣʠ ʮʝʧʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʦʥʳ 3d- ʠ 4f-ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ 

ʬʨʘʛʤʝʥʪʳ (ʥʘʧʨʠʤʝʨ, ʩʝʤʠʭʠʥʦʥʦʚʳʝ ʠ ʥʠʪʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ) ʚ ʢʦʤʙʠʥʘʮʠʠ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʚʥʦ ʠʟʚʝʩʪʝʥ ʝʱʝ ʦʜʠʥ ʢʣʘʩʩ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʷʚʣʷʪʴ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ - ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (ʂʇɿ) [1]. ʇʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʜʦ ʧʦʯʪʠ ʧʦʣʥʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʘʨʘʤʘʛʥʝʪʠʟʤ. 

ʇʦʣʫʯʝʥʳ ʜʚʝ ʥʦʚʳʝ ʩʝʨʠʠ ʂʇɿ: [Ln2(DNBZ)6(DMSO)3]ĿTMPDĿ2MeCN 

(Ln = Tb(1), Dy(2), Y(3)), [Ln2(DNBZ)6(DMSO)4]Ŀ3TMPD (Ln = Ho(4), Er(5); DNBZ 

= 3,5-(NO2)2C6H3CO2ľ; TMPD = 1,4-(Me2N)2C6H4, N,N,Nǋ,Nǋ-ʪʝʪʨʘʤʝʪʠʣ-1,4-

ʬʝʥʠʣʝʥʜʠʘʤʠʥ) ʠ [Ln2(DNBZ)6(DMSO)4]Ŀ4DAD (Ln = Sm(6), Gd(7), Tb(8), Dy(9), 

Ho(10), Er(11), Y(12); DAD = 1,4-(H2N)2-2,3,5,6-Me4C6, 2,3,5,6-ʪʝʪʨʘʤʝʪʠʣ-1,4-

ʬʝʥʠʣʝʥʜʠʘʤʠʥ, ʜʠʘʤʠʥʦʜʫʨʦʣ), ʚ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫʣʳ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʜʠʘʤʠʥʦʚ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʦʩʪʘʪʢʠ 3,5-ʜʠʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ð ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ, ʘ ʦʩʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʈɿʕ (ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠʣʠ ʜʠʘʤʘʛʥʠʪʥʦʛʦ Y3+). ɺ ʢʨʠʩʪʘʣʣʘʭ ʵʪʠʭ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʜʦʥʦʨʥʳʤʠ ʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʦʣʴʮʘʤʠ (ʨʠʩ. 1, ʩʣʝʚʘ). 

ʇʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʪʨʘʞʝʥʠʷ. ʇʘʨʘʤʘʛʥʝʪʠʟʤ ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 12, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʦʤ ʕʇʈ. ɹʳʣʠ 

ʠʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 1ï4, 7ï10 ʠ 12. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʠʪʪʨʠʷ ʤʘʛʥʝʪʠʟʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʬʨʘʛʤʝʥʪʘʭ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ; ʚʢʣʘʜ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʂʇɿ, ʧʨʠ 300 ʂ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 14% 

ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 3 ʠ ʦʢʦʣʦ 30% ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 12. ɼʠʩʧʨʦʟʠʝʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 3 

ʠ 12 ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʟ-ʟʘ ʜʝʧʦʧʫʣʷʮʠʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʨʠʩ. 1, ʩʧʨʘʚʘ). 
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ɺ ʦʪʩʫʪʩʪʚʠʝ TMPD ʠ DAD ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [Ln(O2CC6H3(NO2)2)3(DMSO)2]nĿmSolv (Solv ï 

ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ); ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʢʘʟʳʚʘʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ. 

  
 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ 12 (ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʦʚ 3 (Y_TMPD) ʠ 12 (Y_DAD, ʩʧʨʘʚʘ). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʆʅʍ ʈɸʅ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʌʄʀ ʀʆʅʍ ʈɸʅ. 

 

[1] ʇʘʨʠʥʠ ɺ.ʇ., 1962, ʋʩʧ. ʭʠʤ. 7. 822-837. 
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ʂʣʠʤʝʥʢʦ ʀ.ɺ.1,@, ʃʦʙʘʥʦʚ ɸ.ɺ.1,2  
1ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ.ʕʤʘʥʫʵʣʷ ʈɸʅ 

2ʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ 

ʙʠʦʣʦʛʠʠ ʠ ʭʠʤʠʠ 
@ inna@deom.chph.ras.ru  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʫʜʝʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʝ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʊʉ), ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʭʣʦʨʠʥʳ, 

ʧʦʨʬʠʨʠʥʳ, ʬʪʘʣʦʮʠʘʥʠʥʳ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ (ʄʝʊʉ), ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʩʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪʢʘʥʠ [1].  

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʝʪʨʘʧʠʨʨʦʣʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʥʳʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ, ʘ 

ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʘʛʨʝʛʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʦʚ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʘʛʨʝʛʘʪʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʊʉ ʠ ʟʘʪʨʫʜʥʷʝʪ 

ʧʦʣʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʜʣʷ ʠʥʲʝʢʮʠʡ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʝʪʨʘʧʠʨʨʦʣʦʚ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʥʝʦʙʭʦʜʠʤʘ ʠʭ 

ʩʦʣʶʙʠʣʠʟʘʮʠʷ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʠʭ ʤʦʣʝʢʫʣ ʚ ʩʠʩʪʝʤʝ ʚ 

ʤʦʥʦʤʝʨʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʪʠʪʴ ʤʝʭʘʥʠʟʤ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪʥʦʡ 

ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʢʠʩʣʦʨʦʜʫ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʘʛʨʝʛʘʮʠʠ ʊʉ ʠ 

ʠʭ ʄʝʊʉ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʠʦʥʥʳʝ ʠ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚʘʥʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʩʠʣʳ. ʈʘʟʣʠʯʥʳʝ 

ʤʦʜʠʬʠʢʘʪʦʨʳ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʫ 

ʚʝʱʝʩʪʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʧʦʣʠ-N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (ʇɺʇ), 

CremophorÈ (ʩʦʣʶʙʠʣʠʟʘʪʦʨ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ, 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʇʕɻ-40), ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ (ʇɺʉ), 

ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ (ʧʠʱʝʚʘʷ ʜʦʙʘʚʢʘ ɽ466, Na-ʂʄʎ)), 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʘʛʨʝʛʘʮʠʶ ʤʘʢʨʦʮʠʢʣʦʚ ʭʣʦʨʠʥʘ ʝ6 (ʍʝ6, 2Ö10-5 ʄ) ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʘʢʪʠʚʥʦʡ ʤʦʥʦʤʝʨʥʦʡ 

ʬʦʨʤʝ. ɼʘʥʥʳʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʩʦʚʤʝʩʪʠʤʳʭ 

ʚʝʱʝʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʢʘʢ ʯʘʩʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ.  

mailto:inna@deom.chph.ras.ru
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ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤ  ʍe6 ï ʇɺʇ, ʍe6 ï ʇʕɻ-

40, ʍe6 ï Na-ʂʄʎ, ʍe6 ï ʇɺʉ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʘʪʦʭʨʦʤʥʳʤ ʩʤʝʱʝʥʠʝʤ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ ʍe6 ʩ ʤʦʣʝʢʫʣʘʤʠ ʩʦʣʶʙʠʣʠʟʘʪʦʨʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʠʩʪʝʤʳ ʩ ʍe6, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʍe6. ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʇʕɻ-40 ʠ ʇɺʇ.  

ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ jk ʩʠʩʪʝʤ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʛʨʝʛʘʪʦʚ ʍe6 

ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ çʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʝʱʝʩʪʚʦ - ʍe6è. 

 ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ 

ʫʧʨʘʚʣʷʝʤʦʡ ʘʛʨʝʛʘʮʠʠ ʊʉ, ʩʦʟʜʘʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ  

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʝ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɹʍʌ ʈɸʅ (ˉ ʛʦʩ. 
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ʉʠʥʪʝʟ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʥʝ ʪʦʣʴʢʦ ʩʦʣʶʙʠʣʠʟʠʨʦʚʘʪʴ 

ʛʠʜʨʦʬʦʙʥʳʝ ʤʘʢʨʦʮʠʢʣʳ, ʥʦ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ ʘʛʨʝʛʘʮʠʶ, ʩʦʭʨʘʥʷʷ 

ʬʦʪʦʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ [1-3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʬʪʘʣʦʮʠʘʥʠʥʘ ʘʣʶʤʠʥʠʷ (AlClʌʎ), ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʩ ʤʦʥʦʤʝʨʥʳʤ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ (ɓ-ʎɼ). ʇʨʝʜʣʦʞʝʥ ʩʠʥʪʝʟ ʠ 

ʠʟʫʯʝʥʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɓ-ʎɼ ʚ ʩʠʩʪʝʤʝ (10-3 õ 10-7 ʤʦʣʴ/ʣ). ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʫ ʚʝʱʝʩʪʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʘʣʠʩʴ 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʜʚʠʛʠ ʧʦʣʦʩ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʤʘʢʨʦʮʠʢʣʘ AlClʌʎ ʚ ʧʦʣʦʩʪʴ 

ɓ-ʎɼ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ɹʝʥʝʟʠ 

ï ʍʠʣʴʜʝʙʨʘʥʜʘ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʚʷʟʳʚʘʥʠʷ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 1:1. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ  ʜʘʥʥʳʤʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɹʍʌ ʈɸʅ (ˉ ʛʦʩ. 
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ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʩʠʜʘ ʛʨʘʬʠʪʘ (ʆɻ) ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʦ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʚʣʠʷʝʪ ʚʨʝʤʷ 

ʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ. ʊʘʢ ʚ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʠʟʤʝʥʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʆɻ ʢ ʥʘʙʫʭʘʥʠʶ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʦʡ ʠ ʩʧʠʨʪʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʆɻ [2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʦʨʙʮʠʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʆɻ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ C/O ʩ 1.96 ʜʦ 2.76 ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩ 0.660 ʜʦ 0.567 ʥʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʆɻ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʆɻ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʤʝʪʦʜʫ ʍʘʤʤʝʨʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʚʦʜʫ, ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ (ʀʇʉ) ʠ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ (ɼʄʉʆ). ʆʙʨʘʟʮʳ 

ʧʦʣʫʯʝʥʥʦʛʦ ʆɻ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʤʝʪʦʜʘʤʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ 

ʩʫʰʢʠ. ʇʦʣʫʯʝʥʥʳʡ ʆɻ ʭʨʘʥʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ 

ʜʦʩʪʫʧʘ ʩʚʝʪʘ ʚ ʪʝʯʝʥʠʝ 6 - 18 ʤʝʩʷʮʝʚ. 

ɼʣʷ ʚʩʝʭ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʆɻ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʠʥʪʝʥʩʠʚʥʳʡ 

ʠ ʫʟʢʠʡ ʨʝʬʣʝʢʩ (001) ʚ ʦʙʣʘʩʪʠ 10ï15Á, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʩʣʦʠʩʪʦʛʦ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʠ ʥʘʣʠʯʠʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʠ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ.  

ʅʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʦʨʦʰʢʘ 

ʆɻ, ʧʨʦʤʳʪʦʛʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʫʙʣʠʤʘʮʠʠ: 

ʫʞʝ ʯʝʨʝʟ 6 ʤʝʩʷʮʝʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʘ (001) ʨʝʟʢʦ ʧʘʜʘʝʪ, ʘ ʝʛʦ ʧʦʣʦʞʝʥʠʝ 

ʩʤʝʱʘʝʪʩʷ ʩ 13.16Á ʜʦ 13.40Á, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʩ 0.78 ʜʦ 0.76 ʥʤ ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʯʘʩʪʠʯʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʆɻ.  

ʅʘʧʨʦʪʠʚ, ʧʣʸʥʦʯʥʘʷ ʬʦʨʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʞʝ ʧʦʩʣʝ 18 ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ: ʧʨʦʬʠʣʴ 

ʨʝʬʣʝʢʩʘ (001) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʠ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʜʚʠʛʘʝʪʩʷ ʩ 

13.15Á ʜʦ 13.24Á, ʧʨʠ ʵʪʦʤ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 0.78 ʜʦ 0.77 ʥʤ. 

mailto:Oskolkovaoksana1@yandex.ru
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ʅʘʠʤʝʥʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʧʦʨʦʰʢʦʚ ʆɻ, ʧʨʦʤʳʪʦʛʦ ɼʄʉʆ 

ʠ ʚʳʩʫʰʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʫʙʣʠʤʘʮʠʠ (ʆɻ (ɼʄʉʆ)), ʘ ʪʘʢʞʝ ʜʣʷ ʆɻ ʧʨʦʤʳʪʦʛʦ 

ʀʇʉ, ʚʳʩʫʰʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 Áʉ (ʆɻ(ʀʇʉ)). ʊʘʢ ʜʣʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʧʠʢ (001) ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʆɻ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʪʘʨʝʥʠʷ ʆɻ: ʆɻ (ɼʄʉʆ) 

ï ʩ 11.48Á ʜʦ 11.84Á ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩ 0.89 ʜʦ 0.87 ʥʤ, 

ʆɻ(ʀʇʉ) ï ʩ 13.05Á ʜʦ 13.10Á ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩ 0.79 ʜʦ 

0.78 ʥʤ. 

ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʦʙʣʘʩʪʠ 20-30Á 

ʘʤʦʨʬʥʦʝ ʛʘʣʦ, ʯʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩ ʘʜʩʦʨʙʮʠʝʡ ʤʦʣʝʢʫʣ ʚʦʜʳ ʧʨʠ ʭʨʘʥʝʥʠʠ ʆɻ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʆɻ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʝʛʦ ʭʨʘʥʝʥʠʝ ʚ ʚʠʜʝ ʧʣʸʥʦʯʥʦʡ 

ʬʦʨʤʳ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʆɻ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʬʘʟʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʠ ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠ ʩʣʦʠʩʪʳʡ ʧʦʨʷʜʦʢ ʚ ʩʪʨʫʢʪʫʨʝ ʆɻ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʦʰʢʦʚʘʷ ʬʦʨʤʘ ʆɻ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʩʪʚʦʨʳ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʪʘʢʠʝ ʬʦʨʤʳ ʆɻ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʙʶʜʞʝʪʥʘʷ ʪʝʤʘ çʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, FRES-2024-0002è. 

[1] Iakunkov A., 2019, J. Mater. Chem. 7. 11331-11337. 

[2] Holt B.D., 2016, Adv. Healthcare Mater. 5. 3056-3066. 

[3] Li C., 2021, R. Soc. Open Sci. 8. 202309-13. 
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ʉʊʈʋʂʊʋʈʓ ʗɼʈʆ/ʆɹʆʃʆʏʂɸ ʉʆʉʊɸɺɸ  AgInS2/ZnS 

 

ɸʤʘʨʘʥʪʦʚ ʉ.ɺ. 

ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

amarantov_s@mail.ru  

 

ʉʪʨʫʢʪʫʨʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʊ) I-III -VI (I = Cu, Ag; III 

= In, Al, Ga; VI = S, Te, Se) [1] ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʠ ʩʦʩʪʘʚʘ. ʕʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʂʊ ʠʩʧʫʩʢʘʶʱʠʝ ʩʚʝʪ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʀʂ 

ʜʠʘʧʘʟʦʥʘʭ. ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʢʦʣʣʦʠʜʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʂʊ 

ʩʦʩʪʘʚʘ I-III -VI ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. ʅʘʣʠʯʠʝ ʪʨʝʭ ʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʦʩʪʘʚʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʷʪʴ ʠ ʫʣʫʯʰʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʂʊ, 

ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʈʘʟʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʂʊ AgInS2/ZnS (AIS/ZnS) ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ 

[2] ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʦʩʝʤʴ ʬʨʘʢʮʠʡ (N=8) ʂʊ ʩ ʜʠʘʤʝʪʨʦʤ Dmax ʂʊ 

ʦʪ 4,0 ʥʤ ʜʦ 12,0ʥʤ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʤʘʣʦʫʛʣʦʚʳʤ ʨʘʩʩʝʷʥʠʝʤ (SAXS). 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʩʚʝʯʝʥʠʷ ʚ ʢʠʥʝʪʠʢʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

(ʛʨʘʬʠʢʦʚ ʊʘʫʢʘ) ʚʦʩʴʤʠ ʬʨʘʢʮʠʡ ʂʊ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʂʊ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ SAXS. 

ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʠʟ ʢʨʠʚʦʡ 

ʨʘʩʩʝʷʥʠʷ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ 

ɟ(r). ʉ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʨʝʤʝʥʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, 

ʨʘʟʤʝʨ ʂʊ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʩʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʬʠʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʂʊ. ɼʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʚʢʣʘʜʦʚ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʧʨʦʬʠʣʝ ʨʘʩʩʝʠʚʘʶʱʝʡ 

ʧʣʦʪʥʦʩʪʠ ʟʘʜʘʚʘʣʦʩʴ ʢʫʩʦʯʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ:  

ʜʣʷ ʧʨʦʬʠʣʷ çʷʜʨʘè: 

í
ì
ë

s<¢s-sÖs

s<¢s-
rD=r

cccc

cc

c
rr

rr

2)2()21(

021
22

22

 

- ʜʣʷ ʧʨʦʬʠʣʷ çʦʙʦʣʦʯʢʠè: 
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ʈʠʩ.(ʘ) ʢʨʠʚʘʷ ʨʘʩʩʝʷʥʠʷ ʜʣʷ (ʙ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ (ʘ) ʤʦʜʝʣʴʥʳʡ 

ʧʨʦʬʠʣʴ ʧʣʦʪʥʦʩʪʠ ɟ(r). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʝʠʚʘʶʱʝʛʦ 

ʧʨʦʬʠʣʷ ʧʣʦʪʥʦʩʪʠ ɟ(r) ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʂʊ ʦʧʠʩʳʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʷʜʨʦ-

ʦʙʦʣʦʯʢʘ, ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʦʚ ʷʜʨʘ ʠ ʦʙʦʣʦʯʢʠ, ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʀʎ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ". 

 

1. Johnson C. M., Pate K. M., Shen Y., et al. // J. Colloid Interface Sci. 2015. Vol. 

458. P. 310ī314. 

2. Raevskaya A.E., Lesnyak V., Haubold D., et al. // Phys. Chem. 2017. Vol. 121. P. 

903 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀʃʀʂɸʊʅʓʍ ʅɸʅʆʏɸʉʊʀʎ 

ʄɽʊʆɼʆʄ ʄɸʃʆʋɻʃʆɺʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ 

ʈɸʉʉɽʗʅʀʗ 

 

ɸʤʘʨʘʥʪʦʚ ʉ.ɺ.1, ɹʦʯʢʦʚʘ ʆ.ɼ.2,3 
1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

2ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
3ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɸ.ɽ. ɸʨʙʫʟʦʚʘ 

amarantov_s@mail.ru  

 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ (SiO2) ʩ 

ʚʥʝʜʨʝʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʙʣʘʛʦʜʘʨʷ ʩʠʥʝʨʛʠʟʤʫ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʚʳʩʪʫʧʘʝʪ ʚ 

ʨʦʣʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ ʠʣʠ ʥʦʩʠʪʝʣʷ, ʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʨʠʜʘʶʪ ʢʦʤʧʦʟʠʪʫ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, 

ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʅʏ ʤʝʪʘʣʣʦʚ ï ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʣʠʧʘʥʠʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ 

ʘʢʪʠʚʥʦʩʪʴ. ʆʙʦʣʦʯʢʘ ʠʣʠ ʤʘʪʨʠʮʘ ʠʟ SiO2 ʥʘʜʝʞʥʦ ʠʟʦʣʠʨʫʝʪ ʯʘʩʪʠʮʳ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʤʠʛʨʘʮʠʶ ʠ ʘʛʨʝʛʘʮʠʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʣʠʯʥʦʡ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʦʡ ʤʠʢʨʦʵʤʫʣʴʩʠʠ ʪʠʧʘ çʚʦʜʘ ʚ 

ʤʘʩʣʝè. ʆʜʠʥ ʪʠʧ ʥʘʥʦʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʧʫʩʪʳʝè ʩʠʣʠʢʘʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ (SiO2), ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʟʤʝʨ SiO2 

ʧʦ ʜʘʥʥʳʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ) ʩʦʩʪʘʚʣʷʝʪ 55 Ñ 5 

ʥʤ ɼʨʫʛʠʤ ʪʠʧʦʤ ʷʚʣʷʶʪʩʷ ʩʠʣʠʢʘʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʢʩʘʣʘʪ 

ʤʘʨʛʘʥʮʘ(II) ʚ ʟʦʥʝ çʦʙʦʣʦʯʢʠè, çʷʜʨʦè ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ (SiO2@Mn(OX)). ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʣʠʢʘʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ, ʚ ʟʦʥʝ çʷʜʨʘè ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʞʝʣʝʟʦʦʢʩʠʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʨʘʟʤʝʨʦʤ 13 ʥʤ, (Fe3O4[13 nm]@SiO2@Mn). ʆʜʠʥ ʚʠʜ ʦʙʦʣʦʯʢʠ ï ʵʪʦ ʘʤʦʨʬʥʳʡ 

ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʚʦʢʨʫʛ ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʨʫʛʦʡ ʚʠʜ ʦʙʦʣʦʯʢʠ ʩʦʩʪʦʠʪ ʠʟ ʘʤʦʨʬʥʦʛʦ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʚ ʢʦʪʦʨʳʡ ʚʢʣʶʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʦʣʝʘʪʘ ʤʘʨʛʘʥʮʘ(II). Fe3O4[13 

nm]@SiO2@Mn ï 79 Ñ 6 ʥʤ. 

ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʪʘʢʠʭ ʅʏ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʂʫʨʯʘʪʦʚʩʢʦʤ ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʩʪʘʥʮʠʷ ɹʠʦʄʋʈ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʚʘ ʧʦʜʭʦʜʘ: ʦʜʥʦʨʦʜʥʦʝ ʠ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ. ɺ ʦʜʥʦʨʦʜʥʦʤ 

ʩʬʝʨʠʯʝʩʢʦʤ  ʧʨʠʙʣʠʞʝʥʠʠ ʙʳʣ ʥʘʡʜʝʥ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮ ʠ ʝʛʦ ʜʠʩʧʝʨʩʠʷ, 

ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʷ ʧʘʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ P(?) ʛʜʝ ?- ʨʘʩʩʪʦʷʥʠʝ ʚʥʫʪʨʠ ʯʘʩʪʠʮʳ. ɺ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʫʯʝʥʦ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ.  

ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ, ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ ʦʪ ʜʚʫʭ ʦʙʨʘʟʮʦʚ. ʂʘʢ ʜʣʷ 

çʧʫʩʪʳʭè ʅʏ SiO2 (ʘ,ʙ), ʪʘʢ ʠ  ʩʦʜʝʨʞʘʱʠʭ ʚʥʫʪʨʠ ʩʝʙʷ ʅʏ Fe3O4 (ʚ,ʛ). 

mailto:amarantov_s@mail.ru
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ʈʠʩ. ʘ,ʚ  ʪʦʯʢʠ  ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʩʝʷʥʠʷ,  

ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʤʦʜʝʣʴʥʳʝ ʢʨʠʚʳʝ, ʥʘ ʨʠʩ. ʙ,ʛ ʧʨʦʬʠʣʠ ʨʘʜʠʘʣʴʥʳʭ 

ʧʣʦʪʥʦʩʪʝʡ ʠ ʨʘʟʜʝʣʝʥʠʝ ʠʭ ʥʘ ʢʦʤʧʦʥʝʥʪʳ-çʷʜʨʦ-ʦʙʦʣʦʯʢʘè, ʥʘ ʨʠʩ.(ʙ) Param 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʫʩʦʯʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʧʨʠʙʣʠʞʝʥʠʶ. 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʅʀʎ 

"ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ". 
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ɺʃʀʗʅʀɽ ʄʆʈʌʆʃʆɻʀʀ ʅɸʅʆʏɸʉʊʀʎ ʉɽʈɽɹʈɸ ʉ 

ɿʆʃʆʊʓʄ ʇʆʂʈʓʊʀɽʄ ʅɸ ʕʌʌɽʂʊ ɻʀɻɸʅʊʉʂʆɻʆ 

ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉɺɽʊɸ ɼʃʗ 

ʉʆɿɼɸʅʀʗ ʂʆʄʇʆɿʀʊʅʓʍ ʇʆɼʃʆɾɽʂ ʅɸ ʆʉʅʆɺɽ 

ʊʈɽʂʆɺʓʍ ʄɽʄɹʈɸʅ 

 

ʀʚʘʥʦʚʘ ʖ.ɺ.1, ʌʘʜʝʡʢʠʥʘ ʀ.ʅ.1,2 ɸʥʜʨʝʝʚ ɽ.ɺ.2 
1ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çɼʫʙʥʘè 

2ʆʙʲʝʜʠʥʸʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

e-mail: yliaivanova003@gmail.com  

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʟʤʦʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʵʬʬʝʢʪʝ ʛʠʛʘʥʪʩʢʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ɻʂʈ) ʩʚʝʪʘ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʦʜʥʘʢʦ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ (ʊʄ) ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʠʪ ʨʘʟʜʝʣʷʪʴ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʧʨʦʙʫ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ. ʉʦʟʜʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʵʬʬʝʢʪ ɻʂʈ ʩʚʝʪʘ, ʥʘ ʦʩʥʦʚʝ ʊʄ ʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʧʦʢʨʳʪʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʩʣʦʝʤ ʟʦʣʦʪʘ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʪʨʝʫʛʦʣʴʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (ʅʏʉ-ʊ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʨʦʛʠʜʨʠʜʘ ʠ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʝʨʝʙʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʅʏʉ-ʎɼ) ʧʦ ʤʝʪʦʜʠʢʝ [1].  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʅʏʉ-ʊ ʠ ʅʏʉ-ʎɼ ʩʦʩʪʘʚʠʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ -28Ñ6 ʤɺ ʠ -24Ñ6 ʤɺ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʈʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʦʮʝʥʠʚʘʣʠ ʧʦ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩ.1). ɼʣʷ ʅʏʉ-ʎɼ 

ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʨʘʚʝʥ 43Ñ12 ʥʤ, ʜʣʷ ʅʏʉ-ʊ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʨʝʙʨʘ ʨʘʚʥʘ 37Ñ6 ʥʤ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʨʘʩʪʚʦʨʦʤ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʳʝ ʊʄ (d=0.4 ʤʢʤ, h=19 

ʤʢʤ, ʧʣʦʪʥʦʩʪʴ ʧʦʨ 2.7Ā108 ʩʤ-2), ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʆʙʲʝʜʠʥʝʥʥʦʤ ʠʥʩʪʠʪʫʪʝ 

ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʏC-ʊ ʠ ʅʏC-ʎɼ ʦʩʘʞʜʘʣʠ ʥʘ ʊʄ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʘʣʝʝ ʤʘʛʥʝʪʨʦʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʥʘʥʦʩʠʣʠ ʩʣʦʡ ʟʦʣʦʪʘ 

ʪʦʣʱʠʥʦʡ 1 ʥʤ.  

mailto:yliaivanova003@gmail.com
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ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʅʏʉ-ʊ (ʩʣʝʚʘ) ʠ ʅʏʉ-ʎɼ (ʩʧʨʘʚʘ) 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ɻʂʈ ʩʚʝʪʘ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ 10-4 ʄ 4-ʘʤʠʥʦʪʠʦʬʝʥʦʣʘ (4-ɸʊʌ). ʉʧʝʢʪʨʳ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʩʥʠʤʘʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʣʘʟʝʨʘ 

532 ʥʤ (ʨʠʩ.2).  

  
 ʈʠʩʫʥʦʢ 2 ï ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 4-ɸʊʌ ʥʘ 

ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥʘʭ ʩ ʅʏʉ-ʊ (ʩʣʝʚʘ) ʠ ʅʏʉ-ʎɼ (ʩʧʨʘʚʘ)  

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʜʣʷ ʅʏʉ-ʊ ʩʦʩʪʘʚʣʷʶʪ 2.3Ŀ106, ʘ 

ʜʣʷ ʅʏʉ-ʎɼ ð 3.8Ŀ106. ʅʘʧʳʣʝʥʠʝ ʟʦʣʦʪʦʛʦ ʧʦʢʨʳʪʠʷ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʘ ʠ 

ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʝʥʩʦʨʥʳʭ ʧʦʜʣʦʞʝʢ.  

ʃʠʪʝʨʘʪʫʨʘ 

[1] ʌʘʜʝʡʢʠʥʘ ʀ.ʅ. ʠ ʜʨ., 2024, ɾ. ʧʨʠʢʣ. ʭʠʤʠʠ. 97.3.244-250. DOI 

10.31857/S0044461824030071 

250 500 750 1000 1250 1500 1750 2000 2250 2500

0

2000

4000

6000

8000

10000

12000

ʀ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
 
(
ʦ
ʪ
ʥ
.
ʝ
ʜ
.
)

ʈʘʤʘʥʦʚʩʢʠʡ ʩʜʚʠʛ (ʩʤ-1)

 ʅʏʉ-ʊ 

 ʅʏʉ-ʊ+ʟʦʣʦʪʦʝ ʧʦʢʨʳʪʠʝ 

500 750 1000 1250 1500 1750 2000 2250 2500

10000

15000

20000

25000

30000

35000

40000

45000

ʀ
ʥ
ʪ
ʝ
ʥ
ʩ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʴ
 
(
ʦ
ʪ
ʥ
.
ʝ
ʜ
.
)

ʈʘʤʘʥʦʚʩʢʠʡ ʩʜʚʠʛ (ʩʤ-1)

 ʅʏʉ-ʎɼ 

 ʅʏʉ-ʎɼ+ʟʦʣʦʪʦʝ ʧʦʢʨʳʪʠʝ 
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ʉʀʅʊɽɿ ʀ ʌʀʊʆʊʆʂʉʀʏʅʆʉʊʔ ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ 

ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ CdS-ɸʈɸɹʀʅʆɻɸʃɸʂʊɸʅ 

 

ɿʚʝʨʝʚʘ ʄ.ɺ., ɾʤʫʨʦʚʘ ɸ.ɺ. 

ʌʀʎ çʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦè ʉʆ ʈɸʅ 

mlesnichaya@irioch.irk.ru  

 

ʉʫʣʴʬʠʜ ʢʘʜʤʠʷ (CdS) ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʙʠʥʘʨʥʳʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʧʨʷʤʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʪʠʧʘ ɸIIɺVI ʩʦ ʟʥʘʯʝʥʠʝʤ Eg 2.4 

eV ʠ n-ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

CdS ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʦʙʣʘʩʪʷʭ (ʘʥʪʠʤʠʢʨʦʙʥʘʷ, ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʙʠʦʩʝʥʩʦʨʠʢʘ) [1]. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ CdS ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʙʝʣʢʘʤʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʜʣʷ ʢʣʝʪʦʯʥʦʡ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ.  ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʧʨʠʤʝʥʝʥʠʝ CdS ʦʛʨʘʥʠʯʝʥʦ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ ʠ ʪʦʢʩʠʯʥʦʩʪʴʶ.  ʇʝʨʝʭʦʜ ʚ ʥʘʥʦʨʘʟʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʣʠʛʘʥʜʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ 

ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ (ɸɻ) ʦʙʣʘʜʘʶʱʠʡ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʢʦʤʧʣʝʢʩʦʤ ʩʦʙʩʪʚʝʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʥʝʝ ɸɻ ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʚʦʡ ʚʳʨʘʞʝʥʥʳʡ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʩʠʥʪʝʟʝ ʨʷʜʘ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [2]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʘʩʩʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ CdS ʥʘʥʦʯʘʩʪʠʮ (CdSʅʏ) ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ 

ɸɻ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʣʠʤʠʥʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʠʦʥʦʚ Cd2+ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ CdS. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ɸɻ-ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ CdS ʠ ʦʮʝʥʢʠ ʠʭ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʦʜʝʣʴʥʳʭ 

ʪʝʩʪʦʚʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ï ʩʝʤʷʥ ʨʞʠ ʧʦʩʝʚʥʦʡ Secale cereale L.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ 

ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ɸɻ-CdSʅʏ ʩʦʜʝʨʞʘʱʠʭ 1.7-7.0 % CdS. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʠʜ-ʘʥʠʦʥʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚ ʦʩʥʦʚʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ çʛʠʜʨʘʟʠʥʛʠʜʨʘʪ ï 

ʱʝʣʦʯʴè ʩ ʢʘʪʠʦʥʘʤʠ Cd2+ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ɸɻ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʯʘʩʪʠʮ CdSʅʏ ʩ ʨʘʟʤʝʨʦʤ, ʚʘʨʴʠʨʫʶʱʠʤʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1-5 ʥʤ, ʬʦʨʤʦʡ ʙʣʠʟʢʦʡ 

ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʝʡ. ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 0.1 % ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʨʘʡ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 207ï213 ʥʤ 

(5.8ï6.0 ʵɺ) ʠ ʧʦʣʦʩʳ ʧʨʠ 310 ʥʤ (4.0 ʵɺ) ʠ 413 ʥʤ (3.0 ʵɺ). ʅʘʙʣʶʜʘʝʤʳʡ 

ʚʳʨʘʞʝʥʥʳʡ ʩʠʥʠʡ ʩʜʚʠʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʤʥʦʛʦ CdS (496 ʥʤ, 2.5 ʵɺ) 

ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪ ʢʚʘʥʪʦʚʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʧʦʩʪʘʚʠʤ ʩ 

ʨʘʜʠʫʩʦʤ ɹʦʨʘ). ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʧʦ Tauc) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 2.58 ʜʦ 

mailto:mlesnichaya@irioch.irk.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

267 

2.69 ʵɺ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ CdS ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʩ 7.0 % ʜʦ 1.7 %, ʯʪʦ 

ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ: ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ (438ï444 ʥʤ) ï  

ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ (623ï673 ʥʤ) 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʝʬʝʢʪ-ʩʚʷʟʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʚʘʢʘʥʩʠʠ 

ʩʝʨʳ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʣʦʚʫʰʢʠ). ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ CdS ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʨʘʩʥʳʡ ʩʜʚʠʛ ʦʙʦʠʭ ʧʠʢʦʚ ʠ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ.  

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ ɸɻ-CdSʅʏ ʠ ʠʦʥʦʚ CdĮ  ʥʘ ʪʝʩʪ-ʩʠʩʪʝʤʝ Secale cereale L. (ʨʦʞʴ 

ʧʦʩʝʚʥʘʷ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (0.01ï0.1 ʤʛ/ʣ) ʦʙʦʠʭ ʘʛʝʥʪʦʚ 

ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʦʨʘʩʪʘʥʠʝ ʠ ʨʦʩʪ ʧʦʙʝʛʦʚ, ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (1ï50 

ʤʛ/ʣ) ʚʳʟʳʚʘʶʪ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʢʦʨʥʝʡ ʠ ʧʦʙʝʛʦʚ, ʩʥʠʞʝʥʠʝ 

ʙʠʦʤʘʩʩʳ ʠ ʚʩʭʦʞʝʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʥʘʷ ʬʦʨʤʘ ʢʘʜʤʠʷ ʧʨʦʷʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸɻ-CdSʅʏ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸɻ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ ʘʛʨʝʛʘʪʠʚʥʦ ʫʩʪʦʡʯʠʚʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ɸɻ-CdSʅʏ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʤʝʜʠʮʠʥʝ ʠ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ɻʦʩʟʘʜʘʥʠʷ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɹɸʎʂʇ ʀʨʀʍ ʉʆ ʈɸʅ. 

[1] Ghasempour A. et. al., 2023, Molecules. 28, 3857.  

[2] Zvereva M.V., Aleksandrova G.P., 2023, Russ J Gen Chem. 93, S347ïS370  
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ʆʢʩʠʜʳ ʤʦʣʠʙʜʝʥʘ ï ʵʪʦ ʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʢʘʪʘʣʠʟʝ, ʜʘʪʯʠʢʘʭ, ʥʘʢʦʧʠʪʝʣʷʭ ʵʥʝʨʛʠʠ, 

ʘʚʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ, 

ʪʝʨʤʦʤʘʪʝʨʠʘʣʘʭ ʠ ʙʠʦʩʠʩʪʝʤʘʭ. ʆʢʩʠʜʳ ʤʦʣʠʙʜʝʥʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ 

ʥʘʠʙʦʣʝʝ ʘʜʘʧʪʠʨʫʝʤʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʢʩʠʜʦʚ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʩʠʥʪʝʟʘ ʵʪʠʭ ʦʢʩʠʜʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʜʢʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟ. 

ʆʢʩʠʜʳ ʤʦʣʠʙʜʝʥʘ ʧʦʣʫʯʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ: ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, 

ʥʘʥʦʩʪʝʨʞʥʠ, ʥʘʥʦʧʣʝʥʢʠ, ʜʚʫʤʝʨʥʳʝ ʣʠʩʪʳ ʠ ʥʘʥʦʧʦʨʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʥʘʥʦʤʦʨʬʦʣʦʛʠʠ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟ ʧʦʢʨʳʪʠʡ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʬʘʟʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʩʦʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ (ɺʆʇɻ), ʦʭʣʘʞʜʘʝʤʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʘ. 

ʇʦʪʦʢ ʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʢʩʠʜʘ 

ʤʦʣʠʙʜʝʥʘ (VI) ʤʘʨʢʠ ʏɼɸ ʚ ʚʘʢʫʫʤʝ 10ï7 ʪʦʨʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ 

ʟʘʩʣʦʥʢʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʆʇɻ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʨʘʜʠʝʥʪʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʥʘʥʦʯʘʩʪʠʮ MoO3. 

ʄʦʨʬʦʣʦʛʠʶ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 

ʤʦʣʠʙʜʝʥʘ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʚ ʧʨʝʜʝʣʘʭ 40ï70 ʥʤ. ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʥʘʥʦʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ 2,7ï2,9 ʵɺ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʜʣʷ MoO3. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʥʘʥʦʯʘʩʪʠʮ 

ʪʨʠʦʢʩʠʜʘ ʤʦʣʠʙʜʝʥʘ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʠʥʪʝʟ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʅʌ ˉ 25-23-01349. 
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ʉʈɸɺʅʀʊɽʃʔʅʆɽ ʀɿʋʏɽʅʀɽ ʉʇɽʂʊʈɸʃʔʅʓʍ ʀ 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʂʋʈʂʋʄʀʅɸ - ʅɸʊʀɺʅʆɻʆ ʀ 

ʀʅʂɸʇʉʋʃʀʈʆɺɸʅʅʆɻʆ ɺ ɸʄʌʀʌʀʃʔʅʓɽ 

(ʉʆ)ʇʆʃʀʄɽʈʓ N-ɺʀʅʀʃʇʀʈʈʆʃʀɼʆʅɸ 

 

ʀʩʪʘʢʦʚʘ ʆ.ʀ.1 ,@, ʂʫʨʤʘʟ ɺ.ɸ.1, ʂʦʥʝʚ ɼ.ɺ.1, ɽʤʝʣʴʷʥʦʚʘ ʅ.ʉ.1, ʂʫʨʤʘʟ ʉ.ɺ.1 
1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

@ oistakova@gmail.com ; oistakova@icp.ac.ru  

 

ʇʨʠʨʦʜʥʳʡ ʢʫʨʢʫʤʠʥ (CUR) ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʝ 

ʜʝʡʩʪʚʠʝ, ʥʦ ʥʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (< 10-5 ʄ) ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʤʝʜʠʮʠʥʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʘʭ [1]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ CUR ʚ ʧʦʣʠʤʝʨʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʤʠʮʝʣʣʷʨʥʦʛʦ ʪʠʧʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʢʘʧʩʫʣʠʨʫʶʱʠʭ 

ʘʛʝʥʪʦʚ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʘʤʬʠʬʠʣʴʥʳʝ (ʩʦ)ʧʦʣʠʤʝʨʳ N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ɺʇ) 

ʩ (ʜʠ)-ʘʣʢʠʣʤʝʪʘʢʨʠʣʘʪʘʤʠ ʩʣʦʞʥʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ [2, 3], 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʣʘʙ. ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ [4].  

ʅʘʪʠʚʥʳʡ ʢʫʨʢʫʤʠʥ ʠ ʝʛʦ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ (ʇʂ) ʠʩʩʣʝʜʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [2] - 

UV-Vis-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʧʨʦʚʝʜʝʥʦ ʪʘʢʞʝ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʤʦʥʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʥʦʩʠʪʝʣʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ CUR, ʩʚʦʡʩʪʚʘ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ/ʜʠʩʧʝʨʩʠʡ ʝʛʦ ʇʂ ʩ ʨʘʟʤʝʨʦʤ ~100ˈ1000 ʥʤ, ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʥʩʪʘʥʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ʩʦʧʦʣʠʤʝʨʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʡ 

CUR ʥʘʭʦʜʠʪʩʷ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʦʧʦʣʠʤʝʨʘ. ʆʥʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʟʚʝʥʴʷ 

ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʥʘʥʦʨʘʟʤʝʨʥʳʡ CUR ʥʘʭʦʜʠʪʩʷ ʚ ʘʤʦʨʬʥʦʡ ʬʦʨʤʝ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʢʫʨʢʫʤʠʥʘ ʤʝʪʦʜʦʤ DFT ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣʷ ʠ ʝʛʦ 

ʝʥʦʣʴʥʦʡ/ʢʝʪʦ-ʬʦʨʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʝʪʦ-ʝʥʦʣʴʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʢʫʨʢʫʤʠʥʘ ʚ 

ʣʠʥʝʡʥʦʤ ʇɺʇ ʦʙʣʝʛʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʳʚʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʉ=ʆ ʠ ʆʅ-ʛʨʫʧʧʦʡ, ʥʦ ʟʘʪʨʫʜʥʷʝʪʩʷ ʚ ʩʦʧʦʣʠʤʝʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʟʚʝʥʴʷ 

(ʜʠ)ʤʝʪʘʢʨʠʣʘʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʬʠʬʠʣʴʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ɺʇ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʳʰʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ CUR ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʝʥʦʣʴʥʦʡ ʬʦʨʤʳ. 
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ɺʦʜʥʳʝ ʙʫʬʝʨʥʳʝ ʨʘʩʪʚʦʨʳ CUR (10-6ˈ10-4 ʄ) ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʇʂ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʇɺʇ) ʠ 

ʘʤʬʠʬʠʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ɺʇ ʩ (ʜʠ)ʤʝʪʘʢʨʠʣʘʪʘʤʠ ʙʳʣʠ ʪʘʢʞʝ ʠʟʫʯʝʥʳ 

ʤʝʪʦʜʘʤʠ ʮʠʢʣʠʯʝʩʢʦʡ (ʎɺɸ) ʠ ʢʚʘʜʨʘʪʥʦ-ʚʦʣʥʦʚʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʎɺɸ-

ʢʨʠʚʳʝ ʥʘʪʠʚʥʦʛʦ ʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ CUR ʠʤʝʶʪ ʚ ʮʝʣʦʤ ʙʣʠʟʢʠʡ ʭʘʨʘʢʪʝʨ, 

ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʬʦʨʤʝ ʠ ʨʝʜʦʢʩ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʜʦʢʩʦʨʫʙʠʮʠʥʘ [5, 6] ʠ ʜʨʫʛʠʭ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʠ ʵʪʦʤ 1-ʡ ʩʢʘʥ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ: ʠʤʝʝʪʩʷ ʧʠʢ ʥʝʦʙʨʘʪʠʤʦʛʦ 

ʦʢʠʩʣʝʥʠʷ (0.60ˈ0.65 ɺ ʦʪʥ. Ag/AgCl/KClʥʘʩ) ʠ ʧʝʨʝʛʠʙ (çʧʨʝʜʧʠʢè) ʦʢʦʣʦ 

0.35ˈ0.40 ɺ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʣʦʢʠʨʦʚʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ CUR, 

ʧʨʦʜʫʢʪʘʤʠ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʠʣʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʨʘʟʚʝʨʪʢʠ v ʧʦʪʝʥʮʠʘʣʳ ʧʠʢʦʚ ʦʢʠʩʣʝʥʠʷ ʩʤʝʱʘʶʪʩʷ ʢ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʚʳʩʦʪ ʦʪ v ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʩʦʨʙʮʠʦʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʜʣʷ ʥʘʪʠʚʥʦʛʦ ʢʫʨʢʫʤʠʥʘ, ʥʦ ʙʣʠʞʝ ʢ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʤʫ 

ï ʜʣʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ, ʢʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ ʜʦʢʩʦʨʫʙʠʮʠʥʘ, 

[5]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʫʨʢʫʤʠʥʘ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʦʚ-ʥʦʩʠʪʝʣʝʡ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʟʘʜʘʥʠʷʤ ˉ 124020500019-2 ʠ 124013000692-4. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʉʆɿɼɸʅʀʗ ɹʀʃʀʇʀɼʅʓʍ 

ʄɽʄɹʈɸʅ ɼʃʗ ʈɸɿʈɸɹʆʊʂʀ ɹʀʆʉɽʅʉʆʈʆɺ ʅɸ 
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ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʧʦʨ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʘʥʘʣʠʪʠʢʠ. ʆʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʘʥʦʧʦʨʦʚʳʭ ʙʠʦʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʣʦʢʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʠʣʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʦʜʥʦʛʦ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʚ ʜʨʫʛʦʡ ʯʝʨʝʟ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʢʘʥʘʣ. ʇʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʠʦʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʧʦʨʫ, ʘ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ, ʩʪʨʦʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʢʘʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ, ʠʤʝʶʱʠʝ 

ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʙʝʣʢʦʚʦʡ ʥʘʥʦʧʦʨʳ 

ʧʦʜʭʦʜʷʱʠʡ ʙʝʣʦʢ ʚʩʪʨʘʠʚʘʶʪ ʚ ʣʠʧʠʜʥʳʡ ʙʠʩʣʦʡ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʡ ʚ 

ʦʪʚʝʨʩʪʠʠ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʠ. ʇʦʤʠʤʦ ʦʯʝʚʠʜʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʙʝʣʢʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʩʝʥʩʦʨʘ, ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʠ 

ʜʦʣʛʦʞʠʚʫʱʘʷ ʙʠʣʠʧʠʜʥʘʷ ʤʝʤʙʨʘʥʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʣʦʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʙʝʣʢʦʚʳʭ ʥʘʥʦʧʦʨ. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʣʠʷʥʠʠ ʚʝʟʠʢʫʣ [1], ʥʘʢʘʪʝ ʞʠʜʢʦʩʪʠ [2] ʠ ʥʘʥʝʩʝʥʠʠ ʣʠʧʠʜʥʦʛʦ 

ʙʠʩʣʦʷ ʧʫʟʳʨʴʢʦʤ ʚʦʟʜʫʭʘ (çpseudo-painting air-bubble techniqueè)[3]. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʤʝʤʙʨʘʥ, ʘ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʙʠʩʣʦʷ ʜʣʷ ʥʘʥʦʙʠʦʩʝʥʩʦʨʠʢʠ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʧʨʦʙʦʷ 

ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʢʦʨʧʦʨʠʨʦʚʘʪʴ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʫʧʦʤʷʥʫʪʳʭ ʧʦʜʭʦʜʦʚ ʚ 

ʦʪʥʦʰʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʤʝʤʙʨʘʥ: ʦʮʝʥʠʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʧʠʜʥʳʭ ʩʣʦʝʚ, ʢʦʩʚʝʥʥʦ ʦʧʠʩʳʚʘʝʤʦʝ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ ʧʨʦʙʦʷ, ʠ ʚʨʝʤʷ ʞʠʟʥʠ. 

ʊʘʢʞʝ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʫʩʧʝʰʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʩʣʦʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʧʦʜʣʦʞʢʘʭ ï 

ʪʝʬʣʦʥʦʚʳʭ ʤʝʤʙʨʘʥʘʭ ʠ ʢʨʠʩʪʘʣʣʘʭ ʩʠʣʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ. 

ʇʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʟʠʢʫʣ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ 

ʠ ʪʝʥʜʝʥʮʠʠ ʢ ʩʪʘʨʝʥʠʶ ʧʨʠ ʭʨʘʥʝʥʠʠ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʮʝʥʠʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʥʠʷ.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʟʠʢʫʣ ʥʠʟʢʦʵʬʬʝʢʪʠʚʝʥ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʣʠʧʠʜʥʦʡ 

ʤʝʤʙʨʘʥʳ ʢʘʢ ʥʘ ʢʨʝʤʥʠʝʚʦʡ, ʪʘʢ ʠ ʥʘ ʪʝʬʣʦʥʦʚʦʡ ʧʦʜʣʦʞʢʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʝʟʠʢʫʣ ʣʠʧʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʚ ʧʨʦʩʚʝʪʝ ʢʨʝʤʥʠʝʚʦʡ ʧʦʨʳ ʩ 

ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʥʦ ʨʝʜʢʦ ʩʦʟʜʘʚʘʣʘ ʭʘʨʘʢʪʝʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʥʘʢʘʪʘ ʞʠʜʢʦʩʪʠ ʥʠ 

ʨʘʟʫ ʥʝ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ. ʄʝʪʦʜʠʢʘ 

ʥʘʥʝʩʝʥʠʷ ʙʠʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʧʫʟʳʨʴʢʦʤ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʠʣʘ ʬʦʨʤʠʨʦʚʘʪʴ 

ʙʠʩʣʦʡ ʥʘ ʦʙʦʠʭ ʪʠʧʘʭ ʥʦʩʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʬʣʦʥʦʚʦʡ 

ʧʦʜʣʦʞʢʠ. 

[1] Korman C.E. et al., 2013, Langmuir. 29. 14-4421 

[2] Wang Y. et al., 2021, Biophys Rep. 7. 5-355 

[3] Ahmed T. et al., 2022, Membranes (Basel). 12. 3-309 
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ɻʣʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ ʚ ʟʘʜʘʯʘʭ 

ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ [1]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʛʣʠʥ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [2]. ʉʠʣʦʚʦʝ ʧʦʣʝ ClayFF ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʩ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʠ ʠʦʥʘʤʠ ʚ ʥʠʭ [3].  

ɺ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʧʦ ʩʣʦʠʩʪʳʤ ʤʠʥʝʨʘʣʘʤ ʨʘʥʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʣʠʰʴ ʛʦʤʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʠ ʚʣʠʷʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʝ ʧʦʣʫʯʠʣʦ ʜʦʩʪʘʪʦʯʥʦʛʦ ʚʥʠʤʘʥʠʷ 

[4-5]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʚʘʨʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʡ [6-7]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʣʠʥʳ ʩ ʢʚʘʨʮʝʤ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘ 

ʦʩʥʦʚʝ ʥʘʪʨʠʝʚʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ ‌-ʢʚʘʨʮʘ. ʇʦʢʘʟʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ, ʨʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʛʣʠʥʳ ʠ 

ʢʚʘʨʮʘ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʚ ʥʘʥʦʧʦʨʘʭ 

ʤʝʞʜʫ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʠ ʢʚʘʨʮʝʤ. ʇʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 

ʩʠʩʪʝʤʝ ʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʜʳ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʨʘʭ ʩʤʝʰʘʥʥʳʭ ʩʠʩʪʝʤ ʪʦʣʱʝ 15-20 ¡ 

ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʨʘʩʪʚʦʨ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʚ ʧʦʨʘʭ, ʧʦʢʘʟʘʥʦ ʟʘʤʝʜʣʝʥʠʝ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʚ 

ʢʚʘʨʮ-ʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʧʣʦʪʥʦʡ ʩʝʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʀʋ ɺʐʕ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ çcHARISMaè ʅʀʋ ɺʐʕ. 

 

[1] ɹʦʣʜʳʨʝʚ ʂ.ɸ. ʠ ʜʨ., 2024, ʈʘʜʠʦʘʢʪ. ʆʪʭ. 3(28). 83-95 

[2] Liu X. et al., 2022, Nat. Rev. Earth&Env. 3. 561-476 

[3] Cygan R.T. et al., 2021, J. Phys. Chem. C. 125. 17573-17589 

[4] Zhou A. et al., 2025, Coord. Chem. Rev. 526. 216347 

[5] Wei P. et al., 2023, Colloids Surf. A Physicochem. Eng. Asp. 676. 132296 

[6] Wendlandt R.F. et al., 2007, Appl. Geochem. 22. 2290-2306 

[7] Rudmin M. et al., 2026, Appl. Clay Sci. 282. 108092  

mailto:aglushak@hse.ru


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

274 

  



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

275 

ʕʃɽʂʊʈʆʇʈʆɺʆɼʗʑʀɽ ʉʇʀʅ-ʂʈʆʉʉʆɺɽʈʅʓɽ 

ʂʆʄʇʃɽʂʉʓ Fe(III) ʉ ɼʀɻɸʃʆʀɼʅʓʄʀ ʃʀɻɸʅɼɸʄʀ 

qsal ʀ ɸʅʀʆʅʆʄ TCNQ 
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ʉʧʠʥ-ʢʨʦʩʩʦʚʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (SCO) Fe(III) ʩ ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ qsal 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʦʜʥʘʢʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʥʠʟʢʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʧʨʦʚʦʜʷʱʠʭ 

SCO-ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʘʥʠʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʪʨʘʮʠʘʥʦʭʠʥʦʜʠʤʝʪʘʥ (TCNQ), ʩʧʦʩʦʙʥʳʭ ʬʦʨʤʠʨʦʚʘʪʴ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʧʨʦʚʦʜʷʱʠʝ ʧʦʜʩʠʩʪʝʤʳ [1]. 

ɺ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʝ ʩʦʣʠ ʥʘ ʦʩʥʦʚʝ Fe(III) ʩ 

ʣʠʛʘʥʜʦʤ qsal, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʘʥʠʦʥʳ TCNQ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʠʦʥʦʚ:  [Fe(3,5-diCl-qsal)2]2(TCNQ)3Ŀ2CH3CN (1) ʠ [Fe(3,5-diBr-

qsal)2]TCNQ (2). ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʤʘʛʥʠʪʥʳʝ ʠ 

ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1 ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʥ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ P-1 ʠ ʩʦʜʝʨʞʠʪ ʪʨʠʘʜʳ ʘʥʠʦʥʦʚ 

TCNQ ʩ ʯʘʩʪʠʯʥʦ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʟʘʨʷʜʦʤ. ʄʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ TCNQ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,20 ¡, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ 

-́ -́ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʌʦʨʤʠʨʫʝʪʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʘʷ ʮʝʧʴ ʘʥʠʦʥʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʢʘʥʘʣʳ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. ʂʘʪʠʦʥʳ [Fe(qsal)2]+ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʠʩʢʘʞʸʥʥʫʶ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ FeN4O2; ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ Fe-N ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠʩʢʘʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʧʦʣʥʦʤʫ ʩʧʠʥʦʚʦʤʫ ʧʝʨʝʭʦʜʫ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʷ 1 ʢʦʤʧʣʝʢʩ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʥ ʦʙʨʘʟʫʝʪ ʧʨʦʩʪʫʶ ʩʦʣʴ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʢʘʪʠʦʥ:ʘʥʠʦʥ 1:1. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʤʝʨʠʟʘʮʠʷ TCNQ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

-́ʜʠʤʝʨʦʚ ʠ ů-ʜʠʤʝʨʦʚ; ʜʣʷ ů-ʜʠʤʝʨʦʚ ʜʣʠʥʘ ʩʚʷʟʠ C-C ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,88 ¡. 

ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ˊ-ʩʪʝʢʠʥʛʘ, ʭʘʨʘʢʪʝʨʥʘʷ 

ʜʣʷ ʜʠʭʣʦʨʠʜʥʦʛʦ ʘʥʘʣʦʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʟʘʨʷʜʘ ʥʘ ʘʥʠʦʥʝ ʠ 

ʠʟʤʝʥʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʞʝʣʝʟʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʠʟʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ S = 1/2, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ S = 5/2. ɺʘʞʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʟʢʠʤ ʠ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʣʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩʠʣʴʥʦ 

ʨʘʩʪʷʥʫʪʳʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʦʧʝʨʘʪʠʚʥʳʡ, ʥʦ ʥʝʧʦʣʥʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. 

mailto:geier25@vk.com


 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

276 

ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʪʠʧʠʯʥʘ ʜʣʷ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ 

ʩ ʪʦʥʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʫʧʘʢʦʚʢʠ ʠ ʩʪʝʧʝʥʴʶ ʵʣʝʢʪʨʦʥʥʦʡ 

ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1 ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ R(T) ʠʤʝʝʪ ʘʢʪʠʚʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤʫ ʧʦʚʝʜʝʥʠʶ ʩ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ 

ʦʢʦʣʦ 315 meV. ʆʪʩʫʪʩʪʚʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʥʘ ʢʨʠʚʦʡ R(T) ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʧʝʨʝʥʦʩ 

ʟʘʨʷʜʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʩʪʝʢʦʚʳʤ ʮʝʧʷʤ 

ʘʥʠʦʥʦʚ TCNQ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʥʘ Cl ʥʘ Br ʚ ʧʦʣʦʞʝʥʠʠ ʣʠʛʘʥʜʘ qsal, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, ʠʟʤʝʥʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ, ʩʪʝʧʝʥʠ ʜʝʣʦʢʘʣʠʟʘʮʠʠ 

ʟʘʨʷʜʘ,  ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʩʧʠʥ-ʢʨʦʩʩʦʚʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 
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ɹʝʩʢʦʥʪʘʢʪʥʘʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɹɸʉʄ) ʚ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʦʣʝʢʫʣ ʥʘ ʧʦʜʣʦʞʢʘʭ. ʆʩʥʦʚʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʘʪʦʤʘʨʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʜʝʪʘʣʝʡ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʨʘʟʮʘ. ɺ ʩʣʫʯʘʝ 

ʙʠʦʤʝʤʙʨʘʥ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʥʝ ʨʝʘʣʠʟʦʚʘʥʳ ʧʦʣʥʦʩʪʴʶ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʄʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ɹɸʉʄ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʄʌʇ) ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʠ ʦʛʨʫʙʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʆʄɼ). 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʚʝʣʠ ʆʄɼ  ʨʘʩʯʝʪʳ ʛʠʜʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʢʨʫʛ 

ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʥʝʙʦʣʴʰʠʭ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ LAMMPS ʠ ʩʠʣʦʚʦʝ ʧʦʣʝ SPICA. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʨʠʜʞ-ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʜʣʷ ʄʌʇ  ʨʘʩʯʝʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʚʙʣʠʟʠ ʤʝʤʙʨʘʥ, ʧʝʧʪʠʜʦʚ, ʠ ʥʘʥʦʯʘʩʪʠʮ.  ɺʘʣʠʜʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʛʠʜʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʜʣʷ ʨʷʜʘ ʧʦʣʠʧʝʧʪʠʜʦʚ, ʙʝʣʢʦʚ ʠ ʙʠʦʤʝʤʙʨʘʥ. ɿʘʪʝʤ ʤʳ ʧʨʦʚʝʣʠ ʨʘʩʯʝʪʳ ʄʌʇ 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʨʝʜʥʝʡ ʩʠʣʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʙʝʣʢʘʤʠ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ 

ʤʝʤʙʨʘʥʦʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ  ʨʘʩʯʝʪʘʤʠ ʆʄɼ. ʕʪʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʄʌɼ ʠ ʆʌʇ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʪʴ ʩʪʨʫʢʪʫʨʫ ʙʠʦʤʝʤʙʨʘʥ ʠ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ɹɸʉʄ  ʩʢʨʠʥʠʥʛʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʦʤʦʣʝʢʫʣ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 25-24-00991. 
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çɺʂʃʖʏɽʅʀɽè ʌʃʋʆʈɽʉʎɽʅʎʀʀ ɓ-ɼʀʂɽʊʆʅɸʊʆɺ ɹʆʈɸ 

ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʉ ʇʈʆʀɿɺʆɼʅʓʄʀ ɹɽʅɿʆʃɸ 

 

ʀʦʥʦʚ ɼ.ʉ. 1,2,@, ʌʠʣʠʧʧʦʚ ʄ.ɺ. 1,2,3, ɹʝʣʦʚʘ ɸ.ʉ. 1,2,3, ʀʦʥʦʚʘ ʀ.ɺ. 1, 

ʉʘʬʦʥʦʚ ɸ.ɸ. 1, ɸʣʬʠʤʦʚ ʄ.ɺ. 1,2 
1ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʄʦʩʢʚʘ 

2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʄʦʩʢʚʘ 
3ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.꜡ʅ.꜡ʅʝʩʤʝʷʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ 
@ Dmitriy.Ionov@gmail.com  

 

ʀʩʩʣʝʜʦʚʘʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 

ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪʘ ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ (DBMBF ) ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ (ʨʠʩ. 1).   

 
 

ʉʦʝʜʠʥʝʥʠʝ R 

DBMBF 2 H 

DBMBF 2-CH3 CH3 

DBMBF 2-OCH3 CH3O 

DBMBF 2-CF3 CF3 

DBMBF 2-CN CN 

ʈʠʩ. 1. Cʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘʪʘ ʜʠʬʪʦʨʠʜʘ ʙʦʨʘ 

ʊʘʙʣʠʮʘ 1. ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʮʠʢʣʦʛʝʢʩʘʥʝ ʠ ʙʝʥʟʦʣʝ 

ʉʦʝʜʠʥʝʥʠʝ 

ʎʠʢʣʦʛʝʢʩʘʥ ɹʝʥʟʦʣ 

ʌf Ű, ʥʩ ʌf 
Ű, 

ʥʩ 

DBMBF 2 0,05 0,16 0,47 1,85 

DBMBF 2-CH3 0,15 0,34 0,65 1,8 

DBMBF 2-OCH3 0,63 1,1 0,84 1,85 

DBMBF 2-CF3 0,01 0,04 0,31 1,35 

DBMBF 2-CN 0,01 0,04 0,26 1,58 

ɸʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʉN ʠ CF3 ʚ ʧʨʦʠʟʚʦʜʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʠʭ ʵʢʩʠʧʣʝʢʩʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʙʝʥʟʦʣʘ ʬʣʫʦʨʝʩʮʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦ (ʪʘʙʣ. 1). ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʚʳʷʚʠʣ, ʯʪʦ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʣʝʢʫʣʳ ʧʨʠʥʠʤʘʶʪ ʜʚʝ ʢʦʥʬʦʨʤʘʮʠʠ: 

ʧʣʦʩʢʫʶ (ʙʣʠʟʢʫʶ ʢ ʦʩʥʦʚʥʦʤʫ ʩʦʩʪʦʷʥʠʶ) ʠ ʠʟʦʛʥʫʪʫʶ (ʩ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʝʡ). ʀʟʦʤʝʨʠʟʘʮʠʷ, ʚʝʨʦʷʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʦʡ ʢʘʥʘʣ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ  [1], ʠʥʛʠʙʠʨʫʝʤʳʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʵʢʩʠʧʣʝʢʩʦʚ. 

mailto:Dmitriy.Ionov@gmail.com
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ɸʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʫʚʝʣʠʯʠʚʘʶʪ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʩʠʧʣʝʢʩʦʚ, 

ʯʪʦ ʩʦʚʦʢʫʧʥʦ ʩ ʵʬʬʝʢʪʦʤ çʚʢʣʶʯʝʥʠʷè ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʝʣʘʝʪ ʚʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʧʦʥʠʞʘʝʪʩʷ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʦ ʟʘʤʝʥʦʡ ʬʪʦʨʘ ʫ ʘʪʦʤʘ ʙʦʨʘ ʥʘ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣ [2]. 

ʇʦʣʫʯʝʥʳ 5 ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʝʟʝʤʘ, ʢ ʢʦʪʦʨʦʤʫ ʙʳʣʠ ʧʨʠʰʠʪʳ 

ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (DBMBF2). ʈʘʟʨʘʙʦʪʘʥ ʤʘʢʝʪ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʜʘʪʯʠʢʘ (ʨʠʩ. 2). ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʙʝʥʟʦʣʘ, ʪʦʣʫʦʣʘ ʠ ʧ-ʢʩʠʣʦʣʘ ʥʘ ʫʨʦʚʥʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ.  

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʤʘʢʝʪʘ ʜʘʪʯʠʢʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ 24-13-00443). 

 

[1] Filippov M.V.,  Kononevich Y.N., Ionov D.S., et al., 2025, J. Mol. 

Liq., 440, 128949  

[2] Filippov M.V., Kononevich Y.N., Ionov D.S., et al., 2024 

ChemPhotoChem., 8, e202300317 
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ʉʆɽɼʀʅɽʅʀʗ Gd3+ ʂɸʂ ʉɽʅʉʆʈʓ ʇʆʃʗ ʃʀɻɸʅɼʆɺ 

 

ɽʬʠʤʦʚ ʅ.ʅ.@, ɹʘʙʝʰʢʠʥ ʂ.ɸ., ʀʣʶʭʠʥ ɸ.ɹ., ɻʘʚʨʠʢʦʚ ɸ.ɺ., ʇʝʪʨʦʩʷʥʮ ʉ.ʇ., 

ʋʛʦʣʢʦʚʘ ɽ.ɸ., ɹʨʝʩʣʘʚʩʢʘʷ ʅ.ʅ. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ 
@ nnefimov@narod.ru  

 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʘʜʦʣʠʥʠʷ(III) ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʦʥʘ Gd3+ (ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʦʙʦʣʦʯʢʘ 4f7, S-ʩʦʩʪʦʷʥʠʝ, ʧʦʣʥʳʡ ʩʧʠʥ S = 7/2, L=0), ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ 

ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [1]. ʂʦʤʧʣʝʢʩʳ 

ʛʘʜʦʣʠʥʠʷ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʜʨʫʛʠʭ ʣʘʥʪʘʥʠʜʦʚ ʚ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 3+, ʥʘʙʣʶʜʘʪʴ ʩʧʝʢʪʨʳ ʕʇʈ ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩʨʝʜʠ 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ, ʢʨʦʤʝ Gd3+, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩʠʛʥʘʣ 

ʕʇʈ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʠʟʦʵʣʝʢʪʨʦʥʥʦʛʦ Eu2+ [2]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʦʥ ʛʘʜʦʣʠʥʠʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 3+ ʥʘʭʦʜʠʪʩʷ ʚ S-

ʩʦʩʪʦʷʥʠʠ, ʦʥ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ çʯʫʚʩʪʚʫʝʪè ʧʦʣʝ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʩʝʥʩʦʨʘ ʧʦʣʷ ʣʠʛʘʥʜʦʚ. ʇʦ ʘʥʘʣʠʟʫ 

ʩʧʝʢʪʨʘ ʕʇʈ ʚʦʟʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʧʘʨʘʤʝʪʨʦʚ [1]. ʇʦʣʫʯʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʘʜʦʣʠʥʠʷ, ʚʦʟʤʦʞʥʦ 

ʩʫʜʠʪʴ ʦ ʩʠʣʝ ʠ ʩʠʤʤʝʪʨʠʠ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʚ ʩʝʨʠʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʨʫʛʠʭ ʣʘʥʪʘʥʠʜʦʚ [1]. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

25-23-01012, https://rscf.ru/project/25-23-01012/. 

 

[1] Petrosyants S. P. et al., 2024, Russ. J. Coord. Chem. 50. ˉ4. 246-256. 

[2] Ilichev V. A. et al., 2025, Chem. Mater., 37. ˉ10. 3685-3695. 
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ɸʅɸʃʀɿ ʌʆʈʄʀʈʆɺɸʅʀʗ ʂʆʄʇʃɽʂʉɸ H3CS-Au-SCH3 ʅɸ 

ʇʆɺɽʈʍʅʆʉʊʀ Au(111) 

 

ʉʳʨʦʤʷʪʥʠʢʦʚ ɸ.ɻ.@, ʂʣʘʚʩʶʢ ɸ.ʃ. 

ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 
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ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʘʨʫ ʜʝʩʷʪʠʣʝʪʠʡ ʠʥʪʝʨʝʩ ʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ. ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʤʦʥʦʩʣʦʠ, ʪʘʢʠʝ ʢʘʢ 

ʪʠʦʣʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʟʦʣʦʪʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʠʪʦʛʨʘʬʠʠ, ʩʝʥʩʦʨʠʢʝ, 

ʩʙʦʨʢʝ ʫʩʪʨʦʡʩʪʚ ʠ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ [1]. 

ʍʦʪʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʤʦʥʦʩʣʦʝʚ ʠʟʫʯʘʝʪʩʷ ʫʞʝ ʤʥʦʛʦ ʣʝʪ [2], ʨʦʣʴ ʤʥʦʛʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʷʩʥʘ. 

ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʢʠ ʤʝʪʠʣʪʠʦʣʘʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Au(111) ʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠ ʥʠʟʢʠʭ ʧʦʢʨʳʪʠʷʭ. 

ʇʝʨʚʘʷ ʮʝʣʴ ï  ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʜʚʠʞʝʥʠʷ 

ʤʝʪʠʣʪʠʦʣʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Au(111), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʭʦʜʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ SAMs. ɺʪʦʨʘʷ ʮʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ S-Au ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ H CS-Au-SCH  ʦʙʨʘʟʫʝʪʩʷ ʩʧʦʥʪʘʥʥʦ ʠʟ 

ʜʚʫʭ ʤʝʪʠʣʪʠʦʣʘʪʥʳʭ ʛʨʫʧʧ ʠ ʘʜʘʪʦʤʘ ʥʘ Au(111). ʇʦʵʪʦʤʫ ʤʳ ʨʘʩʩʯʠʪʘʣʠ 

ʙʘʨʴʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʜʘʪʦʤʘ Au ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʘʢ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ, ʪʘʢ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʠʣʪʠʦʣʘʪʘ ʥʘ ʥʝʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ Au(111). 

ʆʪʜʝʣʴʥʦ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ, ʢʘʢ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʝʪ ʥʘ ʵʪʠ 

ʙʘʨʴʝʨʳ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [3]. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʄʦʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ (ʅʀɺʎ ʄɻʋ). ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ25-22-00051). 

 

[1] Love J. C. et al., 2005, Chem. Rev. 105, 1103ï1170 

[2] Tsvetanova M. et al., 2022, Langmuir 38 (33), 10202ï10215 

[3] Klavsyuk, A. L. et al., 2026, Comput Mater Sci 263, 114434 
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ʉʀʅʊɽɿ ʀ ʉɺʆʁʉʊɺɸ ʅɸʅʆʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʓʍ ɺʊʉʇ 

ʂɽʈɸʄʀʂ YzBa2Cu3MxOy (M = Fe, Ga) 

 

ʇʠʛʘʣʴʩʢʠʡ ʂ.ʉ.1,@, ɺʠʰʥʸʚ ɸ.ɸ.1, ʊʨʘʭʪʝʥʙʝʨʛ ʃ.ʀ.1,2 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ  

ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ 
2ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

@ pigalskiy@gmail.com  

 

ʇʦʠʩʢ ʧʫʪʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ɺʊʉʇ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʝʨʝʭʦʜʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦ ʩʪʦʷʥʠʝ, ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʢʦʚ) ʦʩʪʘʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ 

ʜʦʧʠʨʦʚʘʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢ 

YzBa2Cu3MxOy (M = Fe, Ga). ʀʥʪʝʨʝʩ ʢ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩʪʠʤʫʣʠʨʦʚʘʥ ʥʝʜʘʚʥʦ 

ʦʙʥʘʨʫʞʝʥʥʳʤ ʜʣʷ ʦʙʨʘʟʮʦʚ Y1ïxBa2Cu3FexOy (0 Ò x Ò 0.08) ʛʠʛʘʥʪʩʢʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ (Jc), 

ʜʦʩʪʠʛʘʶʱʠʤ ʜʚʫʭ ʧʦʨʷʜʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ ʘʟʦʪʥʦʡ [1,2]. 

ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ, ʧʨʠʤʝʥʷʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʤʝʪʦʜʠʢʫ, ʚʢʣʶʯʘʶʱʫʶ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠ ʦʩʦʙʳʝ 

ʨʝʞʠʤʳ ʦʪʞʠʛʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʧʘʥʪʘ ʧʦ ʦʙʲʝʤʫ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʠʟʫʯʝʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ, ʘ ʪʘʢʞʝ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ. ʆʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (H), ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʪʝʧʝʥʠ ʠ ʚʠʜʘ ʜʦʧʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʨʝʟʢʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ Jc(x) ʜʣʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʛʥʠʪʥʳʝ ʠʦʥʳ 

Fe3+, ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʜʦʧʠʨʦʚʘʥʠʷ x º 0.04. ʕʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʪʚʝʯʘʝʪ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʤʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ~ 2 ʥʤ, 

ʢʦʪʦʨʦʝ ʙʣʠʟʢʦ ʢ ʜʣʠʥʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʚʥʦʚʝʩʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʣʷ [3]. ʇʨʝʜʣʦʞʝʥʦ ʤʦʜʝʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 

ʮʝʥʪʨʦʚ ʧʠʥʥʠʥʛʘ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʮʝʧʦʯʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʦʙʣʘʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʬʘʟʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʠʦʥʘ Fe3+.  

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʠʭʨʝʚʦʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʭʤʝʨʥʦʡ ʨʝʰʝʪʢʦʡ ʧʨʠʤʝʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ. ʉ 

ʵʪʦʡ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʜʦʧʠʨʦʚʘʥʥʳʭ 
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ʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʞʝʣʝʟʘ ʠ ʥʝ ʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ ʛʘʣʣʠʷ (ʈʠʩ. 1). ʇʦʣʫʯʝʥʦ, 

ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʧʘʥʪʘ, ʢʨʠʪʠʯʝʩʢʠʡ ʪʦʢ ʚ Fe ʩʦʜʝʨʞʘʱʠʭ 

ʦʙʨʘʟʮʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. 

  
ʈʠʩ. 1. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʠʪʠ-

ʯʝʩʢʦʛʦ ʪʦʢʘ Y0.95Ba2Cu3M0.05Oy, 

M = Fe (1), Ga (2). 

ʈʠʩ. 2. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʠʪʠ-

ʯʝʩʢʦʛʦ ʪʦʢʘ ʚ YBa2Cu2.95Fe0.05Oy 

(1), YzBa2Cu3Fe0.05Oy ʧʨʠ z = 1.0 

(2), 0.95 (3), 0.9 (4). 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʢʨʠʪʠʯʝʩʢʠʡ ʪʦʢ ʧʠʥʥʠʥʛʘ ʥʘ ʪʦʯʝʯʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʜʝʬʝʢʪʘʭ ʠ ʥʘ ʧʨʠʤʝʩʥʳʭ ʬʘʟʘʭ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʦʙʨʘʟʮʦʚ 

YzBa2Cu3Fe0.05Oy, ʚ ʢʦʪʦʨʳʭ ʚʩʣʝʜʩʪʚʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʪʪʨʠʷ z 

ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠʤʝʩʥʳʝ 

ʬʘʟʳ ʦʙʨʘʟʫʶʪ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ɺʊʉʇ ʢʨʠʩʪʘʣʣʠʪʘʤʠ, ʧʨʠ ʵʪʦʤ 

ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥ Jc ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʤʦʥʦʪʦʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ z (ʩʤ. ʈʠʩ. 2). 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ. 
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[2] Pigalskiy K.S., Vishnev A.A., Efimov N.N., Shabatin A.V., Trakhtenberg 

L.I., 2025, Ceram. Int. 51, 11037. 

[3] Pigalskiy K.S., Efimov N.N., Vasilyev P.N., Vishnev A.A., Trakhtenberg 

L.I., 2026, J. Magn. Magn. Mater. 639, 173780. 
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ʄʝʪʦʜ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʫʩʠʣʝʥʥʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʚ 

ʘʥʛʣʠʡʩʢʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʘ SERS) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʨʷʜʘ 

ʧʝʩʪʠʮʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʨʠʘʟʠʥʦʚʳʭ ʛʝʨʙʠʮʠʜʦʚ, ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʪʨʫʜʥʦʩʪʝʡ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʘʪʨʘʟʠʥ, ʧʨʦʧʘʟʠʥ, ʧʨʦʤʝʪʨʠʥ ʠ ʩʠʤʘʟʠʥ, 

ʩʦʜʝʨʞʘʪ s-ʪʨʠʘʟʠʥʦʚʦʝ ʢʦʣʴʮʦ ʩ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ 

ʩʨʦʜʩʪʚʦ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ʆʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʳʭ ʷʢʦʨʥʳʭ 

ʛʨʫʧʧ ʠ ʩʣʘʙʦʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʦʣʦʪʘ ʠʣʠ 

ʩʝʨʝʙʨʘ ʧʨʠʚʦʜʷʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ SERS-

ʩʠʛʥʘʣʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʳʙʦʨ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ SERS-ʧʦʜʣʦʞʢʠ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʨʝʙʨʷʥʦʡ ʦʙʦʣʦʯʢʠ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʳʭ ʥʘʥʦʩʪʝʨʞʥʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʙʝʟʟʘʪʨʘʚʦʯʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʦʩʪʘ 

ʩʝʨʝʙʨʷʥʦʡ ʦʙʦʣʦʯʢʠ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʧʦʣʦʞʝʥʠʝʤ ʧʨʦʜʦʣʴʥʦʛʦ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʣʘʟʤʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʥʘʥʦʯʘʩʪʠʮ Au-ʷʜʨʦ/Ag-ʦʙʦʣʦʯʢʘ. ɺʘʞʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʩʣʦʷ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʜʘ. ɼʘʥʥʦʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʪʨʠʘʟʠʥʦʚʳʭ 

ʛʝʨʙʠʮʠʜʦʚ ʚʙʣʠʟʠ ʧʣʘʟʤʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʠʭ ʩʣʘʙʦʝ 

ʭʠʤʠʯʝʩʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʤʝʪʘʣʣʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʠʣʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʶ SERS-ʧʦʜʣʦʞʝʢ ʚ ʚʠʜʝ 

ʢʦʣʴʮʝʚʳʭ ʦʩʘʜʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʳʩʳʭʘʥʠʠ ʟʦʣʝʡ ʥʘʥʦʩʪʝʨʞʥʝʡ 

ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʢʦʬʝʡʥʳʭ ʧʷʪʝʥ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʦʩʘʜʢʘ ʠ 

ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚʘʨʴʠʨʦʚʘʣʠ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʯʪʦ ʪʘʢʞʝ ʠʟʤʝʥʷʣʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʢʦʣʴʮʝʚʦʤ ʦʩʘʜʢʝ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʚʝʜʝʥʠʶ ʪʨʠʘʟʠʥʦʚʳʭ 

ʛʝʨʙʠʮʠʜʦʚ ʚ ʩʠʩʪʝʤʫ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʩ ʟʦʣʝʤ ʥʘʥʦʩʪʝʨʞʥʝʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʘʜʢʘ, ʘ ʪʘʢʞʝ ʥʘʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʘ ʘʥʘʣʠʪʘ ʥʘ 

ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ SERS-ʩʠʛʥʘʣʘ. 
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SERS-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʦʙʣʘʩʪʠ ʢʘʡʤʳ ʢʦʣʴʮʝʚʦʛʦ ʦʩʘʜʢʘ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʚʳʩʫʰʠʚʘʥʠʷ ʠ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʘʥʘʣʠʪʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ 

ʩʠʛʥʘʣ ʪʨʠʘʟʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

-́ʩʠʩʪʝʤʝ ʪʨʠʘʟʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʩʪʘʜʠʝʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʚ ʢʦʣʴʮʝʚʳʭ ʦʩʘʜʢʘʭ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʦʟʜʘʥʠʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ SERS-ʧʦʜʣʦʞʝʢ ʜʣʷ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʪʨʠʘʟʠʥʦʚʳʝ ʧʝʩʪʠʮʠʜʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʟʘʜʘʥʠʶ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʌ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

 

ʇʠʨʷʟʝʚ ɸ.ɸ.1,@, ʉʷʛʣʦʚʘ ɽ.ɼ.1, ʀʚʘʥʦʚ ɼ.ɸ.1 
1ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

@ stunnn@gmail.com  

 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʟʥʘʯʠʤʳʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʠʟʜʝʣʠʡ ï ʬʦʨʤʦʚʘʥʠʝʤ ʠʟ 

ʨʘʩʧʣʘʚʘ ʠ ʘʢʪʠʚʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʧʣʘʚʘ ʚ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ 3D 

ʧʝʯʘʪʠ. [1] 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʵʪʠʣʝʥ. ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʟʥʦʛʣʘʩʠʷ ʢʘʩʘʝʤʦ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ ʚ 

ʨʘʩʧʣʘʚʝ. [2]  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʮʝʧʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʙʳʩʪʨʦ ʨʘʩʧʨʷʤʣʷʶʪʩʷ, ʧʦʜʦʙʥʦ ʩʞʘʪʳʤ ʧʨʫʞʠʥʘʤ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʟʘʠʤʥʦʤʫ ʟʘʮʝʧʣʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʮʝʧʠ 

çʚʟʨʳʚʥʳʤ ʦʙʨʘʟʦʤè ʫʜʣʠʥʷʶʪʩʷ, ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʝʤ ʩʘʤʳʤ 

ʩʥʠʞʘʝʪʩʷ ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʟʘʮʝʧʣʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ, ʩʦʛʣʘʩʥʦ ʨʘʟʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ, ʦʪ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʩʝʢʫʥʜ, ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. [3] 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʨʭʙʳʩʪʨʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʥʘ ʯʠʧʝ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʝʨʭʥʝʛʦ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʟʘʮʝʧʣʝʥʠʡ ʚ ʨʘʩʧʣʘʚʝ ʦʙʨʘʟʮʦʚ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʠʟ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ (1.31%ʤʘʩʩ.) ʠ ʦʙʨʘʟʮʘ 

ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʦʩʪʘʚʣʷʶʱʝʝ ~10ʤʩ ʫʞʝ ʚʦʟʥʠʢʘʝʪ ʩʝʪʢʘ ʟʘʮʝʧʣʝʥʠʡ, ʯʪʦ 

ʫʪʦʯʥʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ 

ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʫʛʣʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ 

ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦ ʩʚʝʨʭʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʬʠʣʴʪʨʘʤʠ. ʅʘʙʣʶʜʘʝʤʘʷ 

ʧʝʨʝʩʪʨʦʡʢʘ ʤʦʨʬʦʣʦʛʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʝʨʠʘʣʘ ʚ ʤʦʤʝʥʪ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪ ʢʣʶʯʝʚʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʨʝʣʘʢʩʘʮʠʠ, ʟʘʮʝʧʣʝʥʠʷ ʮʝʧʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʥʝʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

[1] Roedel M. J. The molecular structure of polyethylene. I. Chain branching in 

polyethylene during polymerization1 //Journal of the American Chemical Society. ï 

1953. ï ʊ. 75. ï ˉ. 24. ï ʉ. 6110-6112. 
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ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʛʠʜʨʦʬʦʙʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʃɺ) ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʠʣʠ/ʠ 

ʩʦʟʜʘʥʠʷ ʯʘʩʪʠʮ-ʢʦʥʪʝʡʥʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʜʦʩʪʘʚʢʫ ʠ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʃɺ, ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʤʝʜʠʮʠʥʳ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʥʝʩʢʦʣʴʢʠʭ ʃɺ (ʥʘʧʨʠʤʝʨ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʚ 

ʮʝʣʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʃɺ ʠʙʫʧʨʦʬʝʥʘ (ʚ ʢʠʩʣʦʪʥʦʡ ʠ ʩʦʣʝʚʦʡ ʬʦʨʤʝ) ʠ 

ʠʥʜʦʤʝʪʘʮʠʥʘ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʩʤʝʰʘʥʥʳʭ ʤʠʮʝʣʣʷʨʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʥʝʠʦʥʥʦʛʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʊʚʠʥ 80 ʠ ʢʘʪʠʦʥʥʦʛʦ 

ʇɸɺ ʤʠʨʘʤʠʩʪʠʥʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʯʝʪʚʝʨʪʠʯʥʳʤ ʘʤʤʦʥʠʝʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʝʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʠʥʜʦʤʝʪʘʮʠʥʘ ʠ ʠʙʫʧʨʦʬʝʥʘ ʚ ʝʛʦ ʢʠʩʣʦʪʥʦʡ 

ʬʦʨʤʝ ʚ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʇɸɺ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʚ ʤʠʮʝʣʣʘʭ. ʆʧʨʝʜʝʣʝʥʳ 

ʩʦʣʁʙʠʣʠʟʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʤʠʮʝʣʣ ʇɸɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʭ ʃɺ ʠ ʵʥʝʨʛʠʷ 

ɻʠʙʙʩʘ ʩʦʣʶʙʠʣʠʟʘʮʠʠ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʙʫʧʨʦʬʝʥʘʪʘ ʥʘʪʨʠʷ ʢ ʘʩʩʦʮʠʘʮʠʠ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʦʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʤʠʮʝʣʣ ʥʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʃɺ ʠ ʤʠʨʘʤʠʩʪʠʥʘ. 

ʇʦʣʫʯʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʮʝʣʣ ʇɸɺ, ʩʦʜʝʨʞʘʱʠʭ ʃɺ, ʚ ʢʘʯʝʩʪʚʝ ʪʝʤʧʣʘʪʦʚ ʧʨʠ ʩʠʥʪʝʟʝ 

ʤʝʟʦʧʦʨʠʩʪʳʭ ʯʘʩʪʠʮ-ʢʦʥʪʝʡʥʝʨʦʚ ʠʟ ʢʨʝʤʥʝʟʝʤʘ. 

   

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʀʥʪʝʨʝʩ ʢ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚ ʥʘʥʦʢʣʘʩʪʝʨʘʭ ʩʪʘʣ ʧʨʦʷʚʣʷʪʴʩʷ 

ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʪʝʨʤʠʥʘ çʥʘʥʦʪʝʭʥʦʣʦʛʠʷè [1]. ɼʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʭʘʨʘʢʪʝʨʝʥ ʚʳʨʘʞʝʥʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʧʣʘʚʣʝʥʠʷ-ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪ.ʝ. 

ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ Tm ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ Tc<Tm.  

ʈʘʟʥʦʩʪʴ æT=Tm-Tc ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʘʥʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ. ʇʨʠʯʠʥʳ ʩʪʦʣʴ ʚʳʨʘʞʝʥʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʣʘʚʣʝʥʠʷ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʠ ʦʥʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʥʘʰʝʡ 

ʨʘʙʦʪʝ [2]. ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʭʦʜʦʚ ʧʣʘʚʣʝʥʠʷ-ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʠ ʘʪʦʤʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪʚʝʯʘʝʪ ʥʘʙʣʶʜʝʥʠʶ ʩʢʘʯʢʦʚ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ u(T) ʫʜʝʣʴʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ (ʨʠʩ. 1). ɺ ʪʘʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʠʣʠ ʩʪʫʧʝʥʯʘʪʳʡ ʥʘʛʨʝʚ  ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʦʭʣʘʞʜʝʥʠʝ ʥʘʥʦʢʘʧʝʣʴ.  

ɺ [3] ʤʳ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʣʘʚʣʝʥʠʝ ʠ ʧʨʝʜʧʣʘʚʣʝʥʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ ʧʦ ʧʘʜʝʥʠʶ ʜʦ ʥʫʣʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʨʠʩ. 2) . ʇʦʜ 

ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʤʳ ʧʦʥʠʤʘʝʤ ʜʦʣʶ ʘʪʦʤʦʚ, ʠʤʝʶʱʠʭ ʣʦʢʘʣʴʥʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʥʘʯʘʣʫ ʧʨʝʜʧʣʘʚʣʝʥʠʷ 

(ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ u(T). ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʳ 

ʨʘʩʧʨʦʩʪʨʘʥʠʣʠ ʧʦʜʭʦʜ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʙʠʥʘʨʥʳʭ ʠ 

ʪʝʨʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ.  

ɹʠʥʘʨʥʳʝ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʥʘʥʦʩʧʣʘʚʳ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʚʦʝʡ ʤʦʨʬʦʣʦʛʠʠ (ʯʘʩʪʠʮʳ ʩ ʦʜʥʦʨʦʜʥʳʤ, ʚ 

ʥʝʢʦʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʗʥʫʩ-ʩʪʨʫʢʪʫʨʳ, 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ), ʠ ʤʦʨʬʦʣʦʛʠʷ ʪʚʝʨʜʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʧʣʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʜʣʷ ʙʠʥʘʨʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʝʥ ʛʠʩʪʝʨʝʟʠʩ ʧʣʘʚʣʝʥʠʷ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʧʝʮʠʬʠʢʘ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʵʬʬʝʢʪʦʤ 

ʩʧʦʥʪʘʥʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʨʠʩ. 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʩʠʩʪʝʤ Pt500-Pd500 ʠ  

Ni500-Cr500. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʢʘʢ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʩʢʘʯʢʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʧʣʘʚʣʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ 

ʧʣʘʚʣʝʥʠʷ-ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ 
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ʩʪʨʝʤʠʪʩʷ ʧʝʨʝʡʪʠ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʈʠʩ. 1. ɻʠʩʪʝʨʝʟʠʩ ʧʣʘʚʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮʳ 

Au, ʩʦʜʝʨʞʘʱʝʡ 20113 ʘʪʦʤʦʚ. 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʮʳ Au, ʩʦʜʝʨʞʘʱʝʡ 20113 

ʘʪʦʤʦʚ. 

  
ʈʠʩ 3. ɻʠʩʪʝʨʝʟʠʩ ʧʣʘʚʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮʳ 

Pt500-Pd500. 

ʈʠʩ 4. ɻʠʩʪʝʨʝʟʠʩ ʧʣʘʚʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮʳ 

Ni500-Cr500. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  

(ʧʨʦʝʢʪ ˉ 0817-2026-0006). 

[1] ʇʝʪʨʦʚ ʖ.ʀ. ʌʠʟʠʢʘ ʤʘʣʳʭ ʯʘʩʪʠʮ. ʄ.: ʅʘʫʢʘ, 1982. 

[1] ʉʘʤʩʦʥʦʚ ɺ.ʄ. ʠ ʜʨ., 2016, ʇʠʩʴʤʘ ʚ ɾʕʊʌ. 103. 100-105. 

[2] Samsonov V.M., et al., 2023, J. Nanopart. Res. 25. 105. 
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ɺʃʀʗʅʀɽ ʉʇʀʈɸʃʔʅʆʁ ɻɽʆʄɽʊʈʀʀ ʅɸ ʕʃɽʂʊʈʆʅʅʓʁ 

ʊʈɸʅʉʇʆʈʊ ɺ ʆʃʀɻʆʄɽʈʅʓʍ ʉʀʉʊɽʄɸʍ 

 

ʉʪʦʨʦʞʝʚʘ ʂ.ɼ.1,2,@, ʄʘʨʢʠʥʘ ɸ.ɸ.2 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ʅ. ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

@ kseniya.storozheva@bisomlab.com  

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʫʩʪʦʡʯʠʚʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʪʘʢʠʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʛʫʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ [1, 2]. ʂ ʧʦʜʦʙʥʳʤ ʩʠʩʪʝʤʘʤ 

ʦʪʥʦʩʷʪʩʷ ʩʧʠʨʘʣʝʦʙʨʘʟʥʳʝ ʦʣʠʛʦʤʝʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʙʠʩʪʘʙʠʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ 

ʠ ʩʧʦʩʦʙʥʳʝ ʢ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ [3, 

4]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʯʝʨʝʟ ʩʧʠʨʘʣʴʥʳʡ ʦʣʠʛʦʤʝʨ 

ʧʠʨʠʜʠʥïʧʠʨʨʦʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʜʚʫʤʷ ʟʦʣʦʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʈʘʩʯʝʪʳ 

ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ DFT+NEGF, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʠʩʳʚʘʪʴ ʢʦʛʝʨʝʥʪʥʳʡ 

ʧʝʨʝʥʦʩ ʯʝʨʝʟ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʥʪʘʢʪ [5]. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʫʩʪʦʡʯʠʚʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʫʞʠʥʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʚʠʪʢʦʚʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʠ ʩʪʝʧʝʥʴʶ ˊ-ˊ ʧʝʨʝʢʨʳʪʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʷʪ ʢ 

ʤʦʜʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʤʦʣʝʢʫʣʳ ʠ ʝʸ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʩʧʠʨʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʧʠʨʘʣʴʥʳʝ 

ʙʠʩʪʘʙʠʣʴʥʳʝ ʦʣʠʛʦʤʝʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʜʦʙʥʦʡ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʝʦʤʝʪʨʠʝʡ ʤʦʣʝʢʫʣʳ ʠ ʝʸ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʈʘʙʦʪʘ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʘʭ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʩʧʠʨʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 

[1] Hill D. J., Mio M. J., Prince R. B. et al., 2001, Chem. Rev. 101 (12). 3893-

4012.  

[2] Feringa B. L., 2017, Angew. Chem. Int. Ed. 56. 11060. 

[3] Astakhov A.M., Petrovskii V.S., Frolkina M.A. et al., 2024, Nanomaterials. 

14. 41. 

[4] Frolkina M. A., Markina A. A., Petrovskii V. S. et al., 2025, J. Phys. Chem. 

B. 129 (18), 4491-4500. 

[5] Datta, S., 2005, Cambridge University Press. 
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ʅʆɺʓʁ ʄɽʊʆɼ IN SITU ʅɸʅʆʂɸʃʆʈʀʄɽʊʈʀʀ, 

ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ ɺ ʀʅʌʈɸʉʊʈʋʂʊʋʈʋ 

ʉʀʅʍʈʆʊʈʆʅʅʆʁ ʉʊɸʅʎʀʀ ʄɸʃʆʋɻʃʆɺʆɻʆ 

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ 

 

ʋʤʘʨʦʚ ɸ.ɿ.1,@, ʀʚʘʥʦʚ ɼ.ɸ.1 
1ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 
@ umarovaz@my.msu.ru  

 

ʉʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠʠ ʥʘ 

ʩʠʥʭʨʦʪʨʦʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ in situ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʫʯʘʷ ʩʪʨʫʢʪʫʨʫ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʪʝʛʨʘʮʠʠ 

ʩʚʝʨʭʙʳʩʪʨʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʥʘ ʯʠʧʝ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʪʘʥʮʠʠ ʤʘʣʦʫʛʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʄʋʈʈ, ʣʠʥʠʷ ID02, ESRF, ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ). 

ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʄʋʈʈ ʜʘʸʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ: ʜʣʷ 

ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʦʙʨʘʟʮʝ (ʈʠʩʫʥʦʢ 1). 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʵʚʦʣʶʮʠʶ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ʜʦ 1000 ʂ/ʩ. ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʟʘʢʘʣʢʠ 

ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʦʣʱʠʥʳ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʠʥʭʨʦʪʨʦʥʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʦʣʝʢʫʣʳ C H . ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩ 0,017 ʜʦ 

1000 ʂ/ʩ ʢʦʣʠʯʝʩʪʚʦ ʩʢʣʘʜʦʢ ʮʝʧʠ ʚ ʢʨʠʩʪʘʣʣʝ ʚʦʟʨʘʩʪʘʝʪ ʩ 2,5 ʜʦ 6 (ʈʠʩʫʥʦʢ 1). 

ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʢʨʠʩʪʘʣʣʘ ʠ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʠʥʠʠ ID02 ESRF ʠ 

ʢʨʠʚʳʝ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ C H  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʟʘʢʘʣʢʠ. 

ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʟʘʢʘʣʢʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʜʦʩʪʠʞʠʤʳʤʠ ʨʘʥʝʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʳʙʦʨ ʢʠʥʝʪʠʢʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʠʟʘʡʥʘ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. 
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ʇʈʆʉʊʆʁ ʉʀʅʊɽɿ ʅɸʅʆʏɸʉʊʀʎ ʉʇʃɸɺɸ FeCoNiPt  

ɼʃʗ ʕʌʌɽʂʊʀɺʅʓʍ ʕʃɽʂʊʈʆʂɸʊɸʃʀɿɸʊʆʈʆɺ 

 

ʅʠʢʦʣʴʩʢʘʷ ɸ.ɹ.@, ɸʣʝʢʩʝʝʚʘ ʆ.ɺ., ʂʦʟʣʦʚ ʉ.ʉ., ʃʘʨʠʥʘ ʃ.ʃ., ʐʝʚʘʣʝʝʚʩʢʠʡ 

ʆ.ʀ. 

ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ  
@ anickolskaya@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʚʢʣʶʯʘʷ ʧʣʘʪʠʥʫ (Pt), ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʦʜʦʨʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʜʣʷ ʨʝʘʢʮʠʡ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ Pt ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʘʭ ʧʦ ʵʣʝʢʪʨʦʣʠʟʫ ʚʦʜʳ. ʉʥʠʞʝʥʠʝ 

ʧʦʪʨʝʙʣʝʥʠʷ Pt ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ Pt ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

ʜʦʩʪʫʧʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ Fe, Co ʠ Ni. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʘʥʘʥʦʯʘʩʪʠʮ (NP) 

ʩʧʣʘʚʘ FeCoNiPt ʩ ʠʟʤʝʥʷʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʘʪʠʥʳ (10-30 ʘʪ.%). ɺ ʥʘʰʝʡ 

ʨʘʙʦʪʝ NP ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʢʫʨʩʦʨʦʚ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (TEM, 

HRTEM, STEM-EDS ʠ XRD) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ FeCoNiPt NP 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʥʦʨʦʜʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʯʘʩʪʠʮ 3-7 ʥʤ, 

ʢʦʪʦʨʳʝ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʦʜʥʦʬʘʟʥʦʤ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʢʫʙʠʯʝʩʢʦʤ 

ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Pt ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʨʝʰʝʪʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʘʪʦʤʥʳʤ ʨʘʜʠʫʩʦʤ Pt. ʂʘʨʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

STEM, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ EDS ʜʝʪʝʢʪʦʨʘ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ Fe, Co, Ni ʠ Pt ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ. 

ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʩʧʣʘʚʘ. ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Pt ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʘʭ ʚʠʜʘ FeCoNiPt ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ d-ʜʠʘʧʘʟʦʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʟʜʝʩʴ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ, ʯʪʦ ʦʪʨʳʚʘʝʪ ʧʫʪʴ ʢ ʨʘʟʨʘʙʦʪʢʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Pt. 
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ʉʊʈʋʂʊʋʈɸ, ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀɽ ʀ ʉʇɽʂʊʈɸʃʔʅʓɽ 

ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ ʇʆʃʀ-ʧ-ʂʉʀʃʀʃɽʅ - 

ʉʋʃʔʌʀɼ ʂɸɼʄʀʗ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʉʆɼɽʈɾɸʅʀʗ 

ʅɸʇʆʃʅʀʊɽʃʗ 

 

ʀʚʘʥʦʚʘ ʆ.ʇ.1,@, ʂʨʠʚʘʥʜʠʥ ɸ.ɺ.1, ɿʘʚʴʷʣʦʚ ʉ.ɸ.2 
1ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ 

22ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 
@ olga@deom.chph.ras.ru  

 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ, 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʬʦʪʦ- ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʩʝʥʩʦʨʥʦʡ 

ʪʝʭʥʠʢʠ, ʢʘʪʘʣʠʟʘ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʘʭ ʧʫʪʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʦʣʥʠʪʝʣʷ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠ-ʧ-ʢʩʠʣʠʣʝʥ (ʇʇʂ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ī 

ʩʫʣʴʬʠʜ ʢʘʜʤʠʷ (CdS), ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʩʚʝʪʘ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɼʣʷ  ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʇʇʂ-CdS ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, 

ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʧʣʝʥʢʠ ʇʇʂ-CdS 

ʪʦʣʱʠʥʦʡ ~0.2, 0.5 ʠ 1 ʤʢʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʚʘʢʫʫʤʝ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʛʘʟʦʬʘʟʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ɻʇʇ-ʤʝʪʦʜ), ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘʧʦʣʥʠʪʝʣʷ (ʉ~0ï100 ʦʙ.% CdS). ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʦʧʦʛʨʘʬʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ (ɸʉʄ-ʤʝʪʦʜ) ʠ ʩʪʨʫʢʪʫʨʳ (ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʙʦʣʴʰʠʭ ʫʛʣʘʭ).  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ů) ʧʣʝʥʦʢ ʇʇʂ-CdS 

ʪʦʣʱʠʥʦʡ ~0.2, ~0.5 ʠ ~1 ʤʢʤ ʧʦʢʘʟʘʣʠ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ C=C0 

~11, ~30 ʠ ~50 ʦʙ.% CdS, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉ0 ʚʦʟʨʘʩʪʘʣʠ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ. ɼʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠ ʥʝʤʦʥʦʪʦʥʥʳʡ ʩʜʚʠʛ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 

C=C0., ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʷʤʠ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ.  

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʧʣʝʥʢʘʭ 

ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ ʥʘʥʦʯʘʩʪʠʮ CdS ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ CdS: ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʚʶʨʮʠʪʘ (ʚ 

ʧʣʝʥʢʘʭ ʪʦʣʱʠʥʦʡ ~0.2 ʤʢʤ ʧʨʠ ʉ ÓC0) ʠ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ (ʚ ʧʣʝʥʢʘʭ ʪʦʣʱʠʥʦʡ 

~0.5 ʠ ~1 ʤʢʤ ʧʨʠ ʚʩʝʭ ʩʦʜʝʨʞʘʥʠʷʭ ʥʘʧʦʣʥʠʪʝʣʷ). ʇʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʧʣʝʥʦʢ 

ʙʳʣʘ ʣʠʙʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ, ʣʠʙʦ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

CdS, ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʜʣʷ ʥʝʝ ʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

mailto:olga@deom.chph.ras.ru
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ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ɸʉʄ-ʤʝʪʦʜʦʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʦʢ ʠʤʝʝʪ ʬʠʙʨʠʣʣʷʨʥʫʶ ʠ 

ʬʠʙʨʠʣʣʷʨʥʦ-ʛʣʦʙʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ 

ʧʝʨʝʭʦʜʠʪ ʚ ʛʣʦʙʫʣʷʨʥʫʶ (ʧʨʠ ʉ Ó C0).  

ɺ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʣʝʥʦʢ ʇʇʂ-CdS ʚ ʋʌ-ʦʙʣʘʩʪʠ  ʦʙʥʘʨʫʞʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʣʠʤʝʨʘ ʇʇʂ, ʪʘʢ 

ʠ ʧʨʠʤʝʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʝʯʝʥʠʶ ʘʥʦʤʘʣʴʥʳʭ 

ʩʪʠʣʴʙʝʥʦʚʳʭ ʟʚʝʥʴʝʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʇʇʂ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʠ. ʉ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʤʦʥʦʪʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʥʘʧʦʣʥʠʪʝʣʷ ʉ Ó C0. ʊʘʢʦʝ ʟʘʪʫʭʘʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʨʘʥʩ-ʮʠʩ ʠʟʦʤʝʨʠʟʘʮʠʝʡ, 

ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʇʇʂ-CdS ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ CdS ʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʇʇʂ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ 

ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠʭ ʩʪʨʫʢʪʫʨʳ. 

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɹʍʌ ʈɸʅ 

(ˉ01201253304). 
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ʉɽʂʎʀʗ 

ɹʀʆʍʀʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʀ ɹʀʆʃʆɻʀʏɽʉʂʀɽ 

ʉʀʉʊɽʄʓ. ʅɸʋʏʅʓɽ ʆʉʅʆɺʓ ʉʆɿɼɸʅʀʗ ʃɽʂɸʈʉʊɺɽʅʅʓʍ 

ʉʈɽɼʉʊɺ. ʄɽɼʀʎʀʅʉʂɸʗ ʍʀʄʀʗ.  
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ʉɺʆɹʆɼʅʆ-ʈɸɼʀʂɸʃʔʅɸʗ ʊɽʆʈʀʗ ʉʊɸʈɽʅʀʗ ʀ 

ɸʅʊʀʆʂʉʀɼɸʅʊʓ: ʆʊ ʍʀʄʀʏɽʉʂʆʁ ʌʀɿʀʂʀ ɻʆʈɽʅʀʗ ʀ 

ɺɿʈʓɺʆɺ ʂ ʊɽʆʈʀʀ ʅɸɼɽɾʅʆʉʊʀ ɹʀʆʃʆɻʀʏɽʉʂʀʍ 

ʉʀʉʊɽʄ 

 

ʂʦʣʴʪʦʚʝʨ ɺ.ʂ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

koltover@icp.ac.ru  

 

ʉʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ ʚʦʟʥʠʢʣʘ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ [1, 

2]. ɽʝ ʩʦʟʜʘʥʠʝ ʙʳʣʦ ʠʥʠʮʠʨʦʚʘʥʦ ʧʨʠʩʫʞʜʝʥʠʝʤ ʚ 1956 ʛ. ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 

ʧʦ ʭʠʤʠʠ ʅ.ʅ. ʉʝʤʝʥʦʚʫ (ʉʉʉʈ) ʠ ʉ. ʍʠʥʰʝʣʚʫʜʫ (ɸʥʛʣʠʷ) ʟʘ çʦʩʥʦʚʳ ʪʝʦʨʠʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ - ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʘè. 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʩʪʘʨʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ [3-71. ɸʥʘʣʦʛʠʯʥʦ 

ʪʝʭʥʦʛʝʥʥʳʤ ʢʦʥʩʪʨʫʢʮʠʷʤ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʣʘʥʫ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʩ ʮʝʣʴʶ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ. ɸʥʘʣʦʛʠʯʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ, 

ʙʠʦʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʪʘʶʪ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ: ʥʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ 

ʯʝʨʝʜʫʝʪʩʷ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʦʪʢʘʟʘʤʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʫʜʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʘʨʝʥʠʷ, ʘ ʠʤʝʥʥʦ: 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʩʤʝʨʪʥʦʩʪʠ ʩ ʚʦʟʨʘʩʪʦʤ (ñʟʘʢʦʥ ʩʤʝʨʪʥʦʩʪʠ ɻʦʤʧʝʨʮʘò) 

ʠ ʢʦʨʨʝʣʷʮʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʠʜʦʚʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʩ 

ʚʠʜʦʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ (ñʟʘʢʦʥ 

ʈʫʙʥʝʨʘò). ʇʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʣʫʯʘʡʥʳʝ ʦʪʢʘʟʳ (ʩʙʦʠ) ʚ ʨʘʙʦʪʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʥʘʥʦʨʝʘʢʪʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʝʪ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ - ʘʥʠʦʥ-ʨʘʜʠʢʘʣ 

ʢʠʩʣʦʨʦʜʘ (ʪʘʢ ʥʘʟʳʘʝʤʳʡ ñʩʫʧʝʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣò). ʕʪʦʪ ʨʘʜʠʢʘʣ ʢʘʢ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʠʟʤʝʥʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ NAD(P)H/NAD(P)+, 

ʪʝʤ ʩʘʤʳʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʩʠʨʪʫʠʥʦʚʳʝ 

ʨʝʛʫʣʷʪʦʨʳ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ 

(ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʢʨʫʛʦʦʙʦʨʦʪʘ) ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ 

ʜʨʫʛʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʰʣʘʢʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ 

ʤʦʛʣʘ ʙʳ ʜʦʩʪʠʯʴ 250-ʪʠ ʣʝʪ, ʝʩʣʠ ʙʳ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʟʘʱʠʪʘ ʦʪ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ 

ʢʠʩʣʦʨʦʜʘ ʙʳʣʘ ʩʦʚʝʨʰʝʥʥʦʡ. ʉʪʘʨʝʥʠʝ ʠ ʩʤʝʨʪʴ ï ʵʪʦ ʥʝʠʟʙʝʞʥʳʝ ʩʣʝʜʩʪʚʠʷ 

ʛʝʥʝʪʠʯʝʩʢʠ ʟʘʜʘʥʥʦʛʦ (ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ) ʜʝʬʠʮʠʪʘ ʥʘʜʝʞʥʦʩʪʠ 

ʙʠʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʡ ʨʝʜʦʢʩ-
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ʪʘʡʤʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ 

ʛʠʧʦʪʘʣʘʤʫʩʘ, ʩʣʫʞʠʪ ʵʬʬʝʢʪʠʚʥʳʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʛʝʥʝʪʠʯʝʩʢʣʡ ʧʨʦʛʨʘʤʤʳ. ʉʠʩʪʝʤʥʦ-ʥʘʜʝʞʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʩʣʫʞʠʪ 

ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʜʣʷ ʘʥʪʠ-ʚʦʟʨʘʩʪʥʦʡ ʤʝʜʠʮʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʧʦʠʩʢʘ ʨʝʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʪʝʤʘ FFSG-2024-0012). 

 

[1] Harman D., 1956. J. Gerontol. 11. 298-300. 

[2] ʕʤʘʥʫʵʣʴ ʅ.ʄ., ʃʠʧʯʠʥʘ ʃ.ʇ., 1958. ɼʦʢʣ. ɸʅ ʉʉʉʈ. 121. 141-144. 

[3] ʂʦʣʴʪʦʚʝʨ ɺ.ʂ., 1981. ɼʦʢʣ. ɸʅ ʉʉʉʈ. 256. 199-202 (ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʢʘʜʝʤʠʢʦʤ ʅ.ʅ. ʉʝʤʝʥʦʚʳʤ). 

[4] Koltover V.K., 1992. In: Free Radicals and Aging (ed. I. Emerit, B. Chance). 

Birkhauser, Basel, pp. 11-19. 

[5] Koltover V.K., 1997. J. Theor. Biol. 184. 157-163. 

[6] Koltover V.K., 2022. In: Redox Signaling and Biomarkers in Ageing. 

Healthy Ageing and Longevity (ed. U. ¢akatay). Springer, London, pp. 21-44. 

[7] Koltover V.K., Skipa T.A., 2023. In: Anti-Aging Pharmacology (ed. V.K. 

Koltover). Acad. Press/Elsevier, San Diego, pp. 341-366. 

  



 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

"ʉʆɺʈɽʄɽʅʅɸʗ ʍʀʄʀʏɽʉʂɸʗ ʌʀɿʀʂɸ - ʅɸ ʉʊʓʂɽ ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ɹʀʆʃʆɻʀʀ" 

ʧʦʩʚʷʱʝʥʥʘ ̫70-ʣʝʪʠʶ ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ 

15-17 ʠʶʥʷ 2026 ʛ. 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
 

 

300 

ʀʅɻʀɹʀʈʆɺɸʅʀɽ ʇʀʈʋɺɸʊʂʀʅɸɿʓ 

ʇɽʅʀʎʀʃʃɸʄʀʅʆɺʓʄ ʊɽʊʈɸʅʀʊʈʆɿʀʃʔʅʓʄ 

ʂʆʄʇʃɽʂʉʆʄ ɾɽʃɽɿɸ ï ɼʆʅʆʈʆʄ NO ʂɸʂ 

ʇʈɽɼʇʆʉʓʃʂɸ ʂ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʉʘʨʘʪʦʚʩʢʠʭ ɽ.ɸ.1,@, ʉʘʥʠʥʘ ʅ.ɸ.1,2,3ʢʦʣʴ 
1ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ 

ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

3ʅʆʎ ӿʄʝʜʠʮʠʥʩʢʘʷ ʭʠʤʠʷӿ ʌɻɸʆʋɺʆ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʧʨʦʩʚʝʱʝʥʠʷ 
@ easar@icp.ac.ru  

 

ʇʨʦʪʝʢʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʦʛʨʦʤʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʣʠʟ. 

ʈʘʢʦʚʳʝ ʢʣʝʪʢʠ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʆ. ɺʘʨʙʫʨʛʦʤ [1], ʦʙʣʘʜʘʶʪ ʫʩʢʦʨʝʥʥʳʤ ʪʝʤʧʦʤ 

ʛʣʠʢʦʣʠʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ.  

ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʦʯʝʚʠʜʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʘʢʦʚʳʤʠ ʠ ʟʜʦʨʦʚʳʤʠ 

ʪʢʘʥʷʤʠ ï ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʧʠʱʝʚʳʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʳʩʪʨʦʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʧʨʠʨʦʜʦʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ [2]. ɺ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ 

ʛʣʠʢʦʣʠʟ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʫʪʝʤ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ɸʊʌ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

[3]. ʇʦʵʪʦʤʫ ʵʪʠ ʢʣʝʪʢʠ ʧʦʪʨʝʙʣʷʶʪ ʙʦʣʴʰʝ ʛʣʶʢʦʟʳ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʠʟʦʬʦʨʤʳ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠʟʤʝʥʷʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʧʨʝʩʩʠʠ ʠʣʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. ɼʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʧʫʪʝʡ ʙʦʨʴʙʳ ʩʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʦʟʥʠʢʘʝʪ 

ʠʥʪʝʨʝʩ ʢ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʤ ʬʝʨʤʝʥʪʘʤ ʠ ʠʭ ʩʫʙʩʪʨʘʪʘʤ. 

ʇʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʛʣʠʢʦʣʠʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʬʝʨʤʝʥʪʦʤ ʧʠʨʫʚʘʪʢʠʥʘʟʦʡ 

(ʇʂ) ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʥʦʩʝ ʬʦʩʬʦʨʥʦʛʦ ʦʩʪʘʪʢʘ ʦʪ 

ʬʦʩʬʦʝʥʦʣʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ (ʌɽʇ) ʢ ɸɼʌ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʊʌ ʠ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ʉʦʧʨʷʛʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʤʝʪʘʙʦʣʠʟʤ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʇʂ ʨʝʛʫʣʠʨʫʝʪ ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʩʧʦʨʫʣʷʮʠʶ 

ʠ ʛʠʙʝʣʴ ʢʣʝʪʦʢ. ʇʦʩʢʦʣʴʢʫ ʇʂ ʧʝʨʝʢʣʶʯʘʝʪ ʛʣʠʢʦʣʠʟ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʥʘ ʩʠʥʪʝʟ ɸʊʌ, ʵʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʚʘʞʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʢʨʦʬʘʛʠ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʷʪ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ NO ʩ ʮʝʣʴʶ ʫʙʠʡʩʪʚʘ ʚʪʦʨʛʘʶʱʠʭʩʷ ʚ 

ʦʨʛʘʥʠʟʤ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: ʙʘʢʪʝʨʠʡ, ʛʨʠʙʢʦʚ, ʧʨʦʩʪʝʡʰʠʭ [4], ʘ 

ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʫʥʠʯʪʦʞʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʘʤʦʤ ʦʨʛʘʥʠʟʤʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʣʝʪʦʢ. ʊʘʢʦʝ ʩʚʦʡʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ NO ʚ ʙʠʦʣʦʛʠʠ ʨʘʢʘ. ʕʪʘ 

ʤʦʣʝʢʫʣʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʠ ʢʘʢ ʵʬʬʝʢʪʦʨ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʟʘʱʠʪʳ, ʠ ʢʘʢ 

ʠʥʜʫʢʪʦʨ ʥʝʦʧʣʘʟʠʡ ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʚʦʩʧʘʣʝʥʠʠ ʠʣʠ ʠʥʬʝʢʮʠʠ [5], ʟʘʧʫʩʢʘʷ 

ʤʝʭʘʥʠʟʤ ʘʧʦʧʪʦʟʘ [6]. 
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ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ - ʪʝʪʨʘʥʠʪʨʦʟʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ 

ʧʝʥʠʮʠʣʣʘʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ï ʜʦʥʦʨʘ NO (ʇɽʅ) ʥʘ ʚʘʞʥʫʶ ʤʠʰʝʥʴ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ - ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʡ ʬʝʨʤʝʥʪ ʇʂ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʇɽʅ ʠʥʛʠʙʠʨʫʝʪ ʇʂ ʩ I50 = 3,7Ț10-5 ʄ ʠ ʢʦʥʩʪʘʥʪʦʡ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

Ki = 0,283Ț10-4 ʄ; ʢʦʥʩʪʘʥʪʘ ʄʠʭʘʵʣʠʩʘ Km = 1,083 10-4 ʄ. ʇʨʠʩʫʪʩʪʚʠʝ ʇɽʅ 

ʧʦʚʳʰʘʝʪ ʩʨʦʜʩʪʚʦ ʬʝʨʤʝʥʪʘ ʢ ʩʫʙʩʪʨʘʪʫ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʤʝʰʘʥʥʳʡ ʪʠʧ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ (çʥʝʢʦʥʢʫʨʝʥʪʥʦ-ʙʝʩʢʦʥʢʫʨʝʥʪʥʦʝè Ki1 > Ki2) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʫʙʩʪʨʘʪʫ ï ʌɽʇ. ʕʪʦ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʠʥʛʠʙʠʪʦʨ ʠ ʩʫʙʩʪʨʘʪ ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʟʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʤʦʣʝʢʫʣʳ ʬʝʨʤʝʥʪʘ ʠ ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ ʥʝʟʘʚʠʩʠʤʦʤ ʜʝʡʩʪʚʠʠ. 

ʂʦʥʩʪʘʥʪʘ ʩʚʷʟʳʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʘ ʩ ʬʝʨʤʝʥʪʦʤ ʚʳʰʝ, ʯʝʤ ʩ ʬʝʨʤʝʥʪ-

ʩʫʙʩʪʨʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (Ki2 = 0,5106Ț10-4 ʄ). ʀʥʛʠʙʠʪʦʨ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ, ʘ ʥʝ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ, ʠʟʤʝʥʷʷ ʝʛʦ 

ʢʦʥʬʦʨʤʘʮʠʶ ʠ ʩʥʠʞʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʥʝ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʩʚʷʟʳʚʘʥʠʶ ʩʫʙʩʪʨʘʪʘ, ʥʦ ʪʦʨʤʦʟʠʪ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʍʠʣʣʘ h = -0,959, ʛʦʚʦʨʠʪ ʦʙ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʢʦʦʧʝʨʘʪʠʚʥʦʩʪʠ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʣʠʛʘʥʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʵʬʬʝʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʇɽʅ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʠʢʦʣʠʪʠʯʝʩʢʦʡ ɸʊʌ ʚ ʨʘʢʦʚʦʡ ʢʣʝʪʢʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʫʯʝʥʥʦʛʦ ʜʦʥʦʨʘ NO. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʇʂ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʢʪʘʪʘ ʠ ʧʠʨʫʚʘʪʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʣʝʯʝʥʠʶ. 
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ʀʅɼʋʂʊʆʈʓ ʊʈɸʅʉʂʈʀʇʎʀʆʅʅʆɻʆ ʌɸʂʊʆʈɸ NRF2 ʅɸ 

ʆʉʅʆɺɽ ʇʈʆʀɿɺʆɼʅʓʍ ʇʀʈʀɼʆʂʉʀʅɸ: ɹʀʆʃʆɻʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺ 

ʂɸʏɽʉʊɺɽ ʂɸʈɼʀʆʇʈʆʊɽʂʊʆʈʅʓʍ ʃɽʂɸʈʉʊɺɽʅʅʓʍ 
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ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ 

ʤʥʦʛʠʭ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʢʣʶʯʘʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ. ɹʝʣʦʢ 

Nrf2 ʠʛʨʘʝʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʦʪʚʝʪʝ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠ ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʳʭ ʛʝʥʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ ʠʥʜʫʢʪʦʨʦʚ Nrf2, ʘ ʩʘʤ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ Nrf2 ʠ ʨʝʛʫʣʠʨʫʝʤʳʝ ʠʤ ʢʣʝʪʦʯʥʳʝ ʧʫʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ. ʅʘʤʠ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʠʥʪʝʟʝ çʛʠʙʨʠʜʥʳʭè ʤʦʣʝʢʫʣ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ (ʧʠʨʠʜʦʢʩʠʥ) ʠ ʠʥʜʫʢʪʦʨʘ Nrf2-ʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤʳ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ (ʬʫʤʘʨʘʪ ʠ ʤʘʣʝʘʪ). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ 

ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ in vitro ʠ in vivo 

ʤʦʜʝʣʷʭ. 

ɺʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʜʚʫʭʵʪʘʧʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʩʦʣʝʡ ʧʠʨʠʜʦʢʩʠʥʘ ʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [1]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ 

ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ. ʇʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʬʫʤʘʨʘʪ ʠ ʤʘʣʝʘʪ 

ʧʠʨʠʜʦʢʩʠʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʧʠʛʠʜʘ ʠ ʤʦʨʬʦʣʠʥʘ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʯʪʦ ʠʭ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʜʠʤʝʪʠʣʬʫʤʘʨʘʪ, ʠ ʫʧʨʦʱʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʚʢʣʶʯʘʷ ʢʘʨʜʠʦʤʠʦʮʠʪʳ, 

ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʚʳʩʪʫʧʘʶʪ ʤʦʱʥʳʤʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ʮʠʪʦʧʨʦʪʝʢʪʦʨʘʤʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴè ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʚʘʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ 

ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ. ɸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ Nrf2 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʦʩʪʘʪʢʘ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʠ ʦʪ 
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ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɿʘʤʝʥʘ ʬʫʤʘʨʘʪʘ ʥʘ ʤʘʣʝʘʪ ʩʦʭʨʘʥʷʝʪ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʢʣʝʪʦʢ ʦʪ ʥʝʢʨʦʟʘ, ʥʦ ʩʥʠʞʘʝʪ ʙʠʦʩʠʥʪʝʟ ʠ ʷʜʝʨʥʫʶ 

ʪʨʘʥʩʣʦʢʘʮʠʶ Nrf2 [2].  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦʢʩʦʨʫʙʠʮʠʥʦʚʦʡ ʤʦʜʝʣʠ ʢʘʨʜʠʦʪʦʢʩʠʯʥʦʩʪʠ ʬʫʤʘʨʘʪ ʧʠʨʠʜʦʢʩʠʥʘ 

ʵʬʬʝʢʪʠʚʥʦ ʘʢʪʠʚʠʨʦʚʘʣ Nrf2-ʟʘʚʠʩʠʤʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʦʪʚʝʪ ʚ ʪʢʘʥʷʭ 

ʩʝʨʜʮʘ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦʚʳʰʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʙʝʣʢʘ 

ʛʝʤʦʢʩʠʛʝʥʘʟʳ 1, ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ, 

ʧʦʜʘʚʣʷʝʪ ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʫʝʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʤʘʨʢʝʨʳ ʧʦʚʨʝʞʜʝʥʠʷ ʤʠʦʢʘʨʜʘ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʜʦʟʘʭ ʘʥʪʨʘʮʠʢʣʠʥʦʚʳʭ 

ʘʥʪʠʙʠʦʪʠʢʦʚ [3]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʩʧʝʰʥʦʝ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ï ʘʢʪʠʚʘʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ Nrf2. 

ʌʫʤʘʨʘʪ ʧʠʨʠʜʦʢʩʠʥʘ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ (ʪʦʢʩʠʯʥʦʩʪʴ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ) ʠʟʚʝʩʪʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ. 

ʉʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʪʝʨʘʧʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʨʝʜʦʢʩ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ˉ 124020500019-2) ʠ ʧʨʦʝʢʪʘ ʈʅʌ  

[1] RU 2851254 C1 

[2] ɹʘʣʘʢʠʥʘ ɸ.ɸ. [ʠ ʜʨ.], 2025, ɹʶʣʣ.ʵʢʩʧ.ʙʠʦʣ.ʤʝʜ. 180(12). 718-724 

[3] ɹʘʣʘʢʠʥʘ ɸ.ɸ. [ʠ ʜʨ.], 2025, ʂʣʝʪ.ʪʝʭʥ.ʙʠʦʣ.ʤʝʜ. 12. 223-232 
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ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓɽ ʆʂʀʉʃɽʅʀɽʄ ʕʈʀʊʈʆʎʀʊʓ ʂɸʂ 

ɹʀʆʃʆɻʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɼʃʗ ʆʎɽʅʂʀ 

ɸʅʊʀʆʂʉʀɼɸʅʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʌɸʈʄɸʎɽɺʊʀʏɽʉʂʀʍ 

ʉʋɹʉʊɸʅʎʀʁ 

 

ʉʦʢʦʣʦʚʘ ɽ.ʄ., ʇʩʠʭʘ ɹ.ʃ., ʅʝʰʝʚ ʅ.ʀ. 

ʌʀʎ ʇʍʌ ʠ ʄʍ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ 
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ʅʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʣʝʪʢʝ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʢʣʝʪʢʝ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʚ 

ʢʣʝʪʢʝ ʦʢʩʠʜʘʪʠʚʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢʣʝʪʢʫ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 

ʩʪʨʝʩʩʫ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʧʝʨʦʢʩʠʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ ʤʝʤʙʨʘʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʧʝʨʦʢʩʠʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʠʦʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʘ 

ʘʜʝʢʚʘʪʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʤʝʤʙʨʘʥʝ 

ʢʨʘʩʥʳʭ ʢʨʦʚʷʥʳʭ ʢʣʝʪʦʢ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʛʝʤʦʣʠʟʘ 0,2%-ʥʦʡ ʩʫʩʧʝʥʟʠʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ʤʳʰʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʥʠʮʠʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ï 2,2Ë-ʘʟʦʙʠʩ(2-ʘʤʠʜʠʥʦʧʨʦʧʘʥ) ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 

(AAPH), ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʅʈ), ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ (t-BuOOH), 

ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʢʫʤʦʣʘ (ʉumyl-OOH), ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ 

ʛʝʤʦʣʠʟʘ ʚʦ ʚʨʝʤʝʥʠ, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Origin ʩʠʛʤʦʠʜʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ ɹʦʣʴʮʤʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʠʮʠʘʪʦʨʦʚ ʇʆʃ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʝʣʠʯʠʥʫ ʧʝʨʠʦʜʘ 

ʠʥʜʫʢʮʠʠ ʛʝʤʦʣʠʟʘ, ȹt20, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʬʠʯʝʩʢʠ ʧʦ ʚʨʝʤʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ 20% ʛʝʤʦʣʠʟʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʤʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ AAPH ʠ t-BuOOH ʷʚʣʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʟʘʚʠʩʠʤʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʅʈ ʠ Cumyl-OOH ʚʳʟʳʚʘʶʪ ʛʝʤʦʣʠʟ 

ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʛʝʤʦʣʠʟʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ AAPH ʠ t-BuOOH ʙʳʣʠ 

ʚʳʙʨʘʥʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʝ, ʜʣʷ ʦʮʝʥʢʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘʰʝʡ ʤʦʜʝʣʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʳ 

ʧʨʠʩʪʫʧʠʣʠ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɸɸʈʅ- ʠ t-BuOOH-

mailto:sem89@icp.ac.ru
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ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʛʝʤʦʣʠʟʘ ʵʨʠʪʨʦʮʠʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʥʝʝ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʦʝʜʠʥʝʥʠʷ: 6-ʤʝʪʠʣ-2-ʵʪʠʣ-3-ʛʠʜʨʦʢʩʠʧʠʨʠʜʠʥ ʛʠʜʨʦʭʣʦʨʠʜ (ʵʧʠʛʠʜ), 

ʷʚʣʷʶʱʝʛʦʩʷ ʜʝʡʩʪʚʫʶʱʠʤ ʥʘʯʘʣʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʵʤʦʢʩʠʧʠʥʘ ʠ ʤʝʢʩʠʜʦʣʘ, 4-ʛʠʜʨʦʢʩʠ-2,2,6,6-ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-

1-oʢʩʠʣ (ʊʝʤʧʦʣ), ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ 3-(3',5'-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4ǋ-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-ʧʨʦʧʠʦʥʘʪ ʢʘʣʠʷ (ʬʝʥʦʟʘʥ ʢʘʣʠʷ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʠʦʥʦʣʘ. ʋʢʘʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ, ʣʝʞʘʱʠʤ ʚ ʦʩʥʦʚʝ ʠʭ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʟʳʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʟʘʚʠʩʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ ʛʝʤʦʣʠʟʘ, ʢʘʢ ʧʨʠ 

ɸɸʈʅ-, ʪʘʢ ʠ ʧʨʠ t-BuOOH-ʟʘʚʠʩʠʤʦʤ ʠʥʠʮʠʠʨʦʚʘʥʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʛʝʤʦʣʠʟʘ ʵʨʠʪʨʦʮʠʪʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʥʘʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʦʪʢʣʠʢʝ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʜʝʡʩʪʚʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʩʚʷʟʘʥʥʳʝ, ʦʯʝʚʠʜʥʦ, ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʛʝʤʦʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʩ ʧʦʤʦʱʴʶ ɸɸʈʅ ʠ t-BuOOH. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʠʥʠʮʠʘʪʦʨʦʚ ʇʆʃ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ˉ124020500019-2 
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ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʕʌʌɽʂʊʓ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʉʀʉʊɽʄ 

ʂʋʈʂʋʄʀʅɸ ʅɸ ʆʉʅʆɺɽ ɸʄʌʀʌʀʃʔʅʓʍ 

(ʉʆ)ʇʆʃʀʄɽʈʆɺ N-ɺʀʅʀʃʇʀʈʈʆʃʀɼʆʅɸ ʉ 

(ɼʀ)ʄɽʊɸʂʈʀʃɸʊɸʄʀ 

 

ʉʤʦʣʠʥʘ ɸ.ɺ. 1@, ʇʦʣʝʪʘʝʚʘ ɼ.ɸ. 1, ʂʦʨʦʣʝʚʘ ʂ.ʈ. 2, ɸʩʪʘʬʴʝʚ ʆ.ʄ. 2, 

ʂʫʨʤʘʟ ʉ.ɺ.1, ʌʘʡʥʛʦʣʴʜ ʀ.ʀ. 1 
1ʌʀʎ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 

2ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
@ asmol@icp.ac.ru  

 

ʂʫʨʢʫʤʠʥ ī ʬʝʥʦʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʠʥʪʝʨʝʩʫʶʱʝʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʝʛʦ ʤʘʣʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʥʠʟʢʘʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 

ʷʚʣʷʶʪʩʷ ʩʝʨʴʝʟʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ. 

ʆʨʠʛʠʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ ʢʫʨʢʫʤʠʥʘ (ʅʉʂ) ʥʘ ʦʩʥʦʚʝ ʘʤʬʠʬʠʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ 

N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ɺʇ) ʩ (ʜʠ)ʤʝʪʘʢʨʠʣʘʪʘʤʠ [1]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʅʉʂ, 

ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʠ ʘʥʪʠʛʣʠʢʠʨʫʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʪʘʢʞʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʳʯʴʠʤ ʩʳʚʦʨʦʪʦʯʥʳʤ ʘʣʴʙʫʤʠʥʦʤ (ɹʉɸ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʢʫʨʢʫʤʠʥʘ ʚ (ʩʦ)ʧʦʣʠʤʝʨʳ ɺʇ ʫʜʘʝʪʩʷ 

ʧʦʚʳʩʠʪʴ ʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʳʤ 

ʢʫʨʢʫʤʠʥʦʤ [2]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʅʉʂ, ʢʘʢ ʠ ʥʘʪʠʚʥʳʡ ʢʫʨʢʫʤʠʥ, ʩʧʦʩʦʙʥʳ 

ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʝʩʧʝʨʣʠʟʠʥ-ʧʦʜʦʙʥʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʣʠʢʠʨʦʚʘʥʠʷ ʘʣʴʙʫʤʠʥʘ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ɹʉɸ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʛʣʠʢʠʨʦʚʘʥʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 

ʨʝʪʠʥʦʧʘʪʠʠ, ʥʝʬʨʦʧʘʪʠʠ, ʥʝʡʨʦʧʘʪʠʠ ʠ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ. 

ɸʥʪʠʛʣʠʢʠʨʫʶʱʠʝ ʵʬʬʝʢʪʳ ʅʉʂ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ 

ʜʝʡʩʪʚʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʉʂ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʙʝʟʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ 

ʠ ʛʣʠʢʠʨʦʚʘʥʠʝʤ ʙʝʣʢʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 124020500019-2. 

 

[1] Kurmaz S.V., [et al.], 2026, Russ. J. of Gen. Chem. 96. 25-39. 

[2] Smolina A.V., [et al.], 2025, High Energy Chem. 59(S1). S82ï 

S87. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 

ʍɸʃʔʂʆɻɽʅʉʆɼɽʈɾɸʑʀʍ ɸʅʊʀʆʂʉʀɼɸʅʊʆɺ ʅɸ ʆʉʅʆɺɽ 

ɸʃʂʀʃʀʈʆɺɸʅʅʓʍ ʌɽʅʆʃʆɺ ɺ ʆʅʂʆʃʆɻʀʀ 

 

ɹʦʛʘʪʳʨʝʥʢʦ ʊ.ʅ.1, ʂʘʥʜʘʣʠʥʮʝʚʘ ʅ.ɺ.2, ɸʢʠʤʦʚ ɸ.ɺ.1, ɹʦʛʘʪʳʨʝʥʢʦ ɺ.ʈ.1, 

ɸʣʣʘʷʨʦʚʘ ʋ.ʖ.1, ʄʠʱʝʥʢʦ ɼ.ɺ.1,3,4 

1ʌʀʎ ʇʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʅ 
2ʌɻɹʋ ɺʆ ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

3ʌɻɸʆʋ ɺʆ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʩʚʝʱʝʥʠʷ 
4ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

e-mail: btn@icp.ac.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʫʣʷʮʠʠ ʨʝʜʦʢʩ-ʤʝʪʘʙʦʣʠʟʤʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ɸʆ), ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʠ ʪʷʞʝʣʳʝ ʭʘʣʴʢʦʛʝʥʳ (ʩʝʨʫ, ʩʝʣʝʥ, ʪʝʣʣʫʨ). 

ʄʦʜʠʬʠʢʘʮʠʷ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ S-, Se- ʠ Te-ʩʦʜʝʨʞʘʱʠʤʠ ʛʨʫʧʧʘʤʠ ï 

ʧʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʧʦʠʩʢʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʦʢʠʩʣʝʥʠʷ. ʊʘʢʠʝ ɸʆ ʦʙʣʘʜʘʶʪ ʥʝʩʢʦʣʴʢʠʤʠ ʨʝʘʢʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘ ʩʯʸʪ ʩʦʯʝʪʘʥʠʷ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʝʥʦʣʴʥʦʡ OH-ʛʨʫʧʧʳ ʠ ʧʨʦʪʠʚʦʧʝʨʦʢʩʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʬʝʥʦʣʦʚ: ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ -3-(3ʪʨʝʪ-ʙʫʪʠʣ-4-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʣ - ʪʠʦ-ʩʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ ( ʊʉ-13) ʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ -3-

[3- (3,5 ʜʠʪʨʝʪʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ) ʧʨʦʧʠʣ ʩʝʣʝʥʦ] ʵʪʘʥʘʪ ʢʘʣʠʷ (ʇʕʂ) ʠ 3-

[(3,-3,5 ʜʠʪʨʝʪʙʫʪʠʣ-4 ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʣ ʩʝʣʝʥʦ] ʧʨʦʧʠʦʥʘʪ ʢʘʣʠʷ (ʇʇʂ) ʥʘ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʵʬʬʝʢʪ ʠʟʚʝʩʪʥʳʭ ʮʠʪʦʩʪʘʪʠʢʦʚ: ʮʠʢʣʦʬʦʩʬʘʥʘ (ʎʌ), 

ʮʠʩʧʣʘʪʠʥʘ (cPt)ʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ (DOX) in vivo. 

ʇʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʣʠ ʥʘ ʣʠʤʬʦʣʝʡʢʦʟʝ P388 ʤʳʰʝʡ 

ʣʠʥʠʠ BDF1. ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʩʣʫʞʠʣʠ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ (ʉʇɾ), ʠʥʜʝʢʩ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ, ʘʥʛʣʠʡʩʢʠʡ ʚʘʨʠʘʥʪ (ILS % ), ʚʳʞʠʚʘʝʤʦʩʪʴ. 

ʀʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʦʧʫʭʦʣʝʚʳʭ 

ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ 

ʬʝʥʦʣʦʚ (ʊʉ-13, ʇʕʊ, ʇʇʂ) ʧʦ ʨʘʟʥʦʤʫ ʤʦʜʫʣʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ 

ʮʠʪʦʩʪʘʪʠʢʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʡ ʇʕʂ ʪʘʢ ʞʝ ʢʘʢ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʡ ʊʉ-13 ʚʳʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʮʠʪʦʩʪʘʪʠʢʦʚ. ʇʦʪʝʥʮʠʠʨʫʶʱʝʝ ʧʨʠ ʭʠʤʠʦʪʝʨʘʧʠʠ ʎʌ 

ʠ ʩPt ʠ ʠʥʛʠʙʠʨʫʶʱʝʝ ʧʨʠ ʭʠʤʠʦʪʝʨʘʧʠʠ ɼʆʍ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʜʨʫʛʦʛʦ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ - ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɸʂ) ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʢʦʤʧʦʟʠʮʠʷʤ 

ʮʠʪʦʩʪʘʪʠʢʦʚ, ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʎʌ ʥʘ 98% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʪʝʨʘʧʠʝʡ 

ʠ ʧʨʠʚʦʜʠʪ ʢ 50% ʚʳʞʠʚʘʥʠʶ ʞʠʚʦʪʥʳʭ, ʫʤʝʥʴʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩPt ʥʘ 18%. ʅʘ 

ʘʢʪʠʚʥʦʩʪʴ Dox ɸʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʵʪʠʤ ʢʦʤʧʦʟʠʮʠʷʤ 

ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʠʣʠʨʘʚʘʥʥʳʭ ʬʝʥʦʣʦʚ (ʊʉ-13, ʇʕʂ, 

ʇʇʂ), ʧʦ-ʨʘʟʥʦʤʫ, ʤʦʜʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʮʠʪʦʩʪʘʪʠʢʦʚ. ʊʉ-13 ʫʤʝʥʴʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʎʌ ʥʘ 22%, ʘ ʇʕʂ - ʫʚʝʣʠʯʠʚʘʝʪ ʥʘ 31%. ɼʦʙʘʚʣʝʥʠʝ ʢ ʩPt ʩ ɸʂ 

ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ɸʆ ʊʉ-13 ʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʛʦ ʇʕʂ ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʩPt ʥʘ 58% ʠ 51% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʧʨʠʚʦʜʠʪ ʢ 33% ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ. 

ɼʦʙʘʚʣʝʥʠʝ ʢ Dox ʩ ɸʂ, ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʊʉ-13 ʫʤʝʥʴʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ Dox ʥʘ 

10%, ʘ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʛʦ ʇʕʂ-ʫʚʝʣʠʯʠʚʘʝʪ ʥʘ 52% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʪʝʨʘʧʠʝʡ. 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʬʝʥʦʣʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʷʜʦʤ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʢʨʳʚʘʶʪ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʪʦʣʦʛʠʡ ʧʦʩʢʦʣʴʢʫ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʥʘ ʨʝʜʦʢʩ-ʙʘʣʘʥʩ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʦʢ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ˉ124020500019-2 
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ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʂʆʄɹʀʅɸʎʀʁ ʇʀʈʀɼʆʂʉʀʅɸ 

(ɺʀʊɸʄʀʅɸ ɺ6) ʉ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʓʄʀ 

ʎʀʊʆʉʊɸʊʀʂɸʄʀ ɺ ʆʊʅʆʐɽʅʀʀ ʏʋɺʉʊɺʀʊɽʃʔʅʆɻʆ ʀ 

ʈɽɿʀʉʊɽʅʊʅʓʍ ʐʊɸʄʄʆɺ ʃɽʁʂʆɿɸ ʈ388 ʄʓʐɽʁ. 

 

ʊ.ɸ. ʈʘʝʚʩʢʘʷ, ɼ.ɺ. ʄʠʱʝʥʢʦ 

ʌɻɹʋʅ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠè ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺʠʪʘʤʠʥ ɺ6 (ʧʠʨʠʜʦʢʩʠʥ, ʇʅ) ʷʚʣʷʝʪʩʷ ʢʦʬʝʨʤʝʥʪʦʤ 

ʤʥʦʛʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ. ʉʥʠʞʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʠʪʘʤʠʥʘ 

ɺ6 ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʢʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʝʤ ʚʠʪʘʤʠʥʘ 

ɺ6 ʫʤʝʥʴʰʘʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, 

ʚʳʨʘʙʦʪʢʫ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʘʥʛʠʦʛʝʥʝʟ. 

ɺ ʣʝʡʢʝʤʠʯʝʩʢʠʭ ʢʣʝʪʢʘʭ ʨʝʜʦʢʩ-ʙʘʣʘʥʩ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʫʨʦʚʥʷʭ ɸʌʂ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʨʫʰʝʥʠʝ ʨʝʜʦʢʩ-ʙʘʣʘʥʩʘ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʨʝʟʠʩʪʝʥʪʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʢ ʭʠʤʠʦʪʝʨʘʧʠʠ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʙʣʶʜʘʶʱʝʝʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʇʅ ʧʦʚʳʰʝʥʠʝ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʇʅ ʦʙʣʘʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺʢʣʶʯʝʥʠʝ ʚʠʪʘʤʠʥʘ ɺ6 ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʨʝʞʠʤʳ ʭʠʤʠʦʪʝʨʘʧʠʠ ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʣʝʯʝʥʠʷ, ʦʜʥʘʢʦ ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʫʯʘʩʪʠʷ ʚ ʵʪʦʤ ʚʠʪʘʤʠʥʘ ɺ6 ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ʉ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʤʝʭʘʥʠʟʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʝʜʦʢʩ-

ʩʦʩʪʦʷʥʠʝʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʟʠʩʪʝʥʪʥʳʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʨʦʣʠ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ ʚ ʨʝʛʫʣʷʮʠʠ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʦʮʝʥʢʘ in vivo ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʦʪʝʨʘʧʠʠ (ʭ/ʪ) ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ (DOX) ʠ ʮʠʩʧʣʘʪʠʥʘ (cPt) ʚ ʢʦʤʙʠʥʘʮʠʷʭ ʩ ʇʅ ʥʘ 

ʠʩʭʦʜʥʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʰʪʘʤʤʝ ʣʝʡʢʦʟʘ ʈ388 ʤʳʰʝʡ ʠ ʪʨʝʭ ʣʝʢʘʨʩʪʚʝʥʥʦ-

ʫʩʪʦʡʯʠʚʳʭ (ʃʋ) ʰʪʘʤʤʘʭ ʩ ʨʘʟʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ - ʫʩʪʦʡʯʠʚʦʤ ʢ 

ʮʠʢʣʦʬʦʩʬʘʥʫ (ʈ388/ʎʌ). ʫʩʪʦʡʯʠʚʦʤ ʢ ʮʠʩʧʣʘʪʠʥʫ (ʈ388/cPt) ʠ ʫʩʪʦʡʯʠʚʦʤ ʢ 

ʨʫʙʦʤʠʮʠʥʫ (ʈ388/ʨʫʙ). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʃʋ-ʦʧʫʭʦʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ in vivo ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʨʝʚʠʚʢʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʦʪ ʤʳʰʝʡ, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʪʦʩʪʘʪʠʢʠ, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʜʦʟʫ ʧʨʝʧʘʨʘʪʘ ʚ ʭʦʜʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʪʨʘʥʩʧʣʘʥʪʘʮʠʦʥʥʳʭ ʛʝʥʝʨʘʮʠʡ. ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʰʪʘʤʤʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ: ʃʋ ʰʪʘʤʤʦʚ ʈ388/cPt ʠ 

ʈ388/ʎʌ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʫʪʘʪʠʦʥʘ ʠ ʠʟʤʝʥʝʥʥʳʤ 
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ʨʝʜʦʢʩ-ʩʪʘʪʫʩʦʤ ʢʣʝʪʦʢ, ʘ ʰʪʘʤʤ ʈ388/ʨʫʙ ʷʚʣʷʝʪʩʷ ʣʝʡʢʦʟʦʤ ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ (ʄʃʋ). ʍʠʤʠʦʪʝʨʘʧʠʶ (ʍʊ) ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʤʳʰʘʭ-ʛʠʙʨʠʜʘʭ BDF1, ʢʦʪʦʨʳʤ ʙʳʣʠ ʠʥʦʢʫʣʠʨʦʚʘʥʳ ʨʘʟʥʳʝ ʰʪʘʤʤʳ ʣʝʡʢʦʟʘ 

ʈ388. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʭ/ʪ ʦʮʝʥʠʚʘʣʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʞʠʟʥʠ ʣʝʯʝʥʳʭ ʤʳʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ (ʋʇɾ%) ʠ ʢʦʣʠʯʝʩʪʚʫ 

ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʩʣʫʞʠʣʠ ʞʠʚʦʪʥʳʝ-ʦʧʫʭʦʣʝʥʦʩʠʪʝʣʠ 

ʢʘʞʜʦʛʦ ʰʪʘʤʤʘ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʚʳʩʦʢʠʝ ʜʦʟʳ DOX ʠ cPt - 6 ʠ 8 ʤʛ/ʢʛ (1/2 ʠ 2/3 

ʦʪ LD50). ɼʦʟʘ ʇʅ ʩʦʩʪʘʚʣʷʣʘ 10 ʤʛ/ʢʛ. 

ʈʝʟʫʣʴʪʘʪʳ. ɺʢʣʶʯʝʥʠʝ ʇʅ ʚ ʢʦʤʙʠʥʘʮʠʶ ʩ DOX 6ʤʛ/ʢʛ ʥʘ ʰʪʘʤʤʝ ʈ388 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʣʦ ʧʦʢʘʟʘʪʝʣʴ ʋʇɾ (ʩ 289 ʜʦ 398%, ʘ ʯʠʩʣʦ ʚʳʞʠʚʰʠʭ ʩ 33 

ʜʦ 67%). ʉʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʟʳ DOX 8ʤʛ/ʢʛ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ DOX 6ʤʛ/ʢʛ (ʋʇɾ 105 ʠ 289%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʵʪʦʡ ʜʦʟʳ, ʧʨʠʯʝʤ ʜʦʙʘʚʣʝʥʠʝ ɺ6 ʚ ʢʦʤʙʠʥʘʮʠʶ ʥʝ 

ʩʥʠʤʘʝʪ ʪʦʢʩʠʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʡ ʜʦʟʳ DOX (ʋʇɾ 105 ʠ 93%). 

ʅʘ ʰʪʘʤʤʝ ʈ388/ʎʌ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ 

DOX 6ʤʛ/ʢʛ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʇʅ ʚ ʢʦʤʙʠʥʘʮʠʶ (ʩ 198 ʜʦ 231% ʋʇɾ, ʘ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʞʠʚʰʠʭ ʩ 33% ʜʦ 58%). ʂʦʤʙʠʥʘʮʠʷ DOX 8ʤʛ/ʢʛ +ʇʅ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʣʘ ʋʇɾ (144%, ʚʳʞʠʚʰʠʭ 33%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ DOX 8ʤʛ/ʢʛ 

(138%, ʚʳʞʠʚʰʠʭ 25%). ʅʘ ʰʪʘʤʤʝ ʈ388/cPt ʢʦʤʙʠʥʘʮʠʷ ʇʅ ʩ ʢʘʞʜʦʡ ʠʟ ʜʦʟ 

DOX ʥʝ ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ (ʋʇɾ 353% ʧʨʦʪʠʚ 363% 

ʠ 156% ʧʨʦʪʠʚ 119%). 

ʆʙʝ ʜʦʟʳ cPt 6ʤʛ/ʢʛ ʠ 8ʤʛ/ʢʛ ʥʘ ʰʪʘʤʤʝ ʈ388 ʙʳʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳ 

ʋʇɾ 598% ʠ 581% (ʚʳʞʠʚʰʠʭ 83% ʠ 50%), ʜʦʙʘʚʣʝʥʠʝ ʇʅ ʥʝ ʧʦʚʳʰʘʣʦ 

ʧʦʢʘʟʘʪʝʣʴ ʋʇɾ (501% ʠ 514%, ʚʳʞʠʚʰʠʭ ʧʦ 50%). 

ʅʘ ʰʪʘʤʤʝ ʈ388/ʨʫʙ ʢʦʤʙʠʥʘʮʠʷ cPt 8ʤʛ/ʢʛ + ʇʅ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʘ 

ʋʇɾ ʩ 330 ʜʦ 435% ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʞʠʚʰʠʭ ʞʠʚʦʪʥʳʭ ʩ 33 ʜʦ 67%. 

ʂʦʤʙʠʥʘʮʠʷ cPt 6 ʤʛ/ʢʛ + ʇʅ (ʋʇɾ 319%) ʥʝ ʧʦʚʳʩʠʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʜʥʦʛʦ 

cPt (ʋʇɾ 318%). 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʢʣʠʥʠʢʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʜʦʟʥʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʮʠʝʥʪʦʚ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʢʨʘʱʘʪʴ ʣʝʯʝʥʠʝ 

ʥʘʤʥʦʛʦ ʨʘʥʴʰʝ, ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʨʘʟʥʳʤʠ 

ʧʫʪʷʤʠ: ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʫʤʝʥʴʰʝʥʥʳʭ ʜʦʟʘʭ ʩ 

ʧʦʪʝʨʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʢʦʤʙʠʥʘʮʠʝʡ, ʥʘʧʨʠʤʝʨ, ʩ ʭʝʤʦʩʝʥʩʠʙʠʣʠʟʫʶʱʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʧʦʚʳʰʘʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʥʠʞʘʶʱʠʭ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʟʚʝʩʪʥʳʭ ʮʠʪʦʩʪʘʪʠʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ; ʠʣʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʇʅ ʚ ʢʦʤʙʠʥʘʮʠʶ 

ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʚʳʩʦʢʠʤʠ ʜʦʟʘʤʠ ʮʠʪʦʩʪʘʪʠʢʦʚ 

ʤʳʰʝʡ ʩ ʠʩʭʦʜʥʳʤ ʰʪʘʤʤʦʤ ʈ388 ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ DOX (6 ʤʛ/ʢʛ) ʠ ʤʳʰʝʡ ʩ 

ʄʃʋ-ʰʪʘʤʤʦʤ ʈ388/ʨʫʙ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ cPt (8 ʤʛ/ʢʛ). ʉʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʜʚʫʭ ʜʨʫʛʠʭ ʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʘʭ, ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʘʧʠʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʙʦʨʘ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʩ ʇʅ, ʜʦʟʠʨʦʚʦʢ ʠ ʨʝʞʠʤʦʚ ʚʚʝʜʝʥʠʷ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʢʣʘʜ ʇʅ ʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʵʬʬʝʢʪ 

ʦʙʫʩʣʦʚʣʝʥ ʤʝʭʘʥʠʟʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʝʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 124020500019-2. 
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ʈɽɼʂʀɽ ʄʆʅʆʉɸʍɸʈʀɼʓ ɺ ʉʆʉʊɸɺɽ ʇʆʃʀʉɸʍɸʈʀɼʆɺ 

ʇɸʊʆɻɽʅʅʓʍ ɹɸʂʊɽʈʀʁ 
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ɹʘʢʪʝʨʠʠ ʛʨʫʧʧʳ ESCAPE (Enterococcus faecium, Staphylococcus 

aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa ʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Enterobacter) ð ʦʜʥʠ ʠʟ ʦʧʘʩʥʝʡʰʠʭ ʚʥʫʪʨʠʙʦʣʴʥʠʯʥʳʭ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʚʨʦʞʜʸʥʥʦʡ ʠ ʧʨʠʦʙʨʝʪʸʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʘʥʪʠʙʠʦʪʠʢʘʤ. ʂʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʠʜʦʚ ð 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ: ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʳ (ʃʇʉ) ʩ ʚʘʨʠʘʙʝʣʴʥʳʤ ʆ-

ʘʥʪʠʛʝʥʦʤ ʠ ʢʘʧʩʫʣʴʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ (ʂʇʉ) ʩ ʂ-ʘʥʪʠʛʝʥʦʤ ʫ A. baumannii. ʀʭ 

ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʤʦʛʘʝʪ ʙʘʢʪʝʨʠʷʤ ʫʢʣʦʥʷʪʴʩʷ ʦʪ ʠʤʤʫʥʠʪʝʪʘ, ʘ 

ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʙʦʨʘ ʙʘʢʪʝʨʠʦʬʘʛʦʚ ð 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʳʭ ʠʥʬʝʢʮʠʡ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʢʘʧʩʫʣʴʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʟʦʣʷʪʦʚ Acinetobacter baumannii K79 ʠ K234, ʘ ʪʘʢʞʝ ʆ-ʧʦʣʠʩʘʭʘʨʠʜ 

ʰʪʘʤʤʘ Enterobacter soli K21320. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘʡʜʝʥʳ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʳʩʰʠʭ ʩʘʭʘʨʦʚ ð 5,7-ʜʠʘʤʠʥʦ-3,5,7,9-ʪʝʪʨʘʜʝʟʦʢʩʠʥʦʥ-2-

ʫʣʦʟʦʥʦʚʳʝ ʢʠʩʣʦʪʳ (ɼʊʅʂ): 8-ʵʧʠʣʝʛʠʦʥʘʤʠʥʦʚʘʷ (A.b K79), ʘʮʠʥʝʪʘʤʠʥʦʚʘʷ 

(A.b K234) ʠ ʧʩʝʚʜʘʤʠʥʦʚʘʷ (E.s K21320) [1]. ʂʘʞʜʳʡ ʠʟ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɼʣʷ ʂʇʉ ɸ. baumannii K79 

ʭʘʨʘʢʪʝʨʥʦ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ 8-ʵʧʠʣʝʛʠʦʥʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (L-

glycero-D-galacto-ʠʟʦʤʝʨ) 3-ʛʠʜʨʦʢʩʠʙʫʪʘʥʦʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-8, 

ʪʦʛʜʘ ʢʘʢ ʚ ʂʇʉ A.b K234 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʨʘʡʥʝ ʨʝʜʢʘʷ ʘʮʠʥʝʪʘʤʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (L-ʛʣʠʮʝʨʦ-L-ʘʣʴʪʨʦ-ʠʟʦʤʝʨ). ɺ ʆʇʉ E. soli K21320, ʧʦʤʠʤʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 3-ʛʠʜʨʦʢʩʠʙʫʪʘʥʦʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʩʝʚʜʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(L-glycero-L-manno-ʠʟʦʤʝʨ), ʦʙʥʘʨʫʞʝʥʘ ʛʘʣʘʢʪʦʬʫʨʘʥʦʟʘ ð ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʜʢʠʡ ʢʦʤʧʦʥʝʥʪ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 
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