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ʋɼʂ 541.64 

1. ɺʰʠʚʢʦʚ ʉʝʨʛʝʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɺʰʠʚʢʦʚ ʉ.ɸ., ʈʫʩʠʥʦʚʘ ɽ.ɺ. 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʊʝʦʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ɺʣʠʷʥʠʝ ʧʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʠʝʥʪʘʮʠʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʚʠʩʷʱʝʤ ʦʪ 

ʟʥʘʢʘ ʠʭ ʘʥʠʟʦʪʨʦʧʠʠ ʜʠʘʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʵʥʪʘʣʴʧʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦʣʠʤʝʨʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ: 

ʨʘʩʪʚʦʨʦʚ, ʧʣʝʥʦʢ, ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʀʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɻʇʎ, 

ʕʎ, ʎʕʎ, ɻʕʎ, ʇɺʉ, ʧʦʣʠ-N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ, ʇɸʂ, ʇʄɸʂ, ʥʘʥʦʯʘʩʪʠʮ 

Fe, FeOx, Fe7Ni3. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ ʦʪ 3 ʜʦ 7 ʢʕ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ 

12 ʢʕ. ʄʦʨʬʦʣʦʛʠʶ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus BX-51. ʀʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʦʤʝʪʨʘ RN 4.1, ʨʘʙʦʯʠʡ ʫʟʝʣ ʢʦʪʦʨʦʛʦ ʩ ʨʘʩʪʚʦʨʦʤ 

ʧʦʤʝʱʘʣʠ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʉʦʨʙʮʠʶ ʧʘʨʦʚ 

ʚʦʜʳ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ Micromeritics ASAP 2020 ʘʥʘʣʠʟʘʪʦʨʘ. ʅʘʣʦʞʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʪʠʮ ʚ 

ʨʘʩʪʚʦʨʘʭ ʮʝʣʣʶʣʦʟʳ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʦʩ ʨʝʣʴʝʬʘ ʧʣʝʥʦʢ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʦʧʠʩʳʚʘʶʪʩʷ ʢʨʠʚʳʤʠ ʩ 

ʤʘʢʩʠʤʫʤʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʚʦʨʦʚ ʦʩʣʘʙʝʚʘʝʪ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʠ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʩ ʤʘʢʩʠʤʫʤʦʤ. ʇʦʣʫʯʝʥʳ ʘʥʠʟʦʪʨʦʧʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ɻʕʎ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʚʥʝ ʧʦʣʷ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʨʠʝʥʪʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʢ 

ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʝʥʦʢ ʩ ʚʦʜʦʡ. ʉ ʚʚʝʜʝʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ɻʇʎ ʵʪʦʪ ʵʬʬʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ. 
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2. ɿʫʝʚ ʖʨʠʡ ʌʝʜʦʨʦʚʠʯ 

ʊʨʘʥʩʣʷʮʠʦʥʥʘʷ ʜʠʬʬʫʟʠʷ ʢʘʢ ʩʧʦʩʦʙ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʢʦʚ 
ʂʘʟʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ʌʀʎ ʂʘʟʅʎ ʈɸʅ 

ʈʘʩʩʤʦʪʨʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʢʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ 

ʜʠʬʬʫʟʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ [1]. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʩʘʤʦʜʠʬʬʫʟʠʷ ʠ ʢʦʣʣʝʢʪʠʚʥʘʷ 

ʜʠʬʬʫʟʠʷ ʙʝʣʢʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʘʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʛʨʘʜʠʝʥʪʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʷ (ʗʄʈ ʀʄɻʇ) ʠ ʤʝʪʦʜʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ). ʆʙʲʝʜʠʥʝʥʠʝ ʧʦʜʭʦʜʘ ʍ. ɺʠʥʢʘ ʢ 

ʘʥʘʣʠʟʫ ʬʦʨʤʘʣʠʟʤʘ ʪʨʝʥʠʷ ʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ [2] ʠ ʪʝʦʨʠʠ 

ɼʝʨʷʛʠʥʘ-ʃʘʥʜʘʫ-ʌʝʨʚʝʷ-ʆʚʝʨʙʝʢʘ (ɼʃʌʆ) ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ [3,4] ʦʙʝʩʧʝʯʠʣʦ ʪʝʦʨʝʪʠʯʝʩʢʫʶ 

ʙʘʟʫ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʗʄʈ ʀʄɻʇ ʠ ɼʃʉ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʙʝʣʢʦʚʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʜʝʪʘʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠ ʧʨʠʤʝʨʳ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ ʥʘ ʙʝʣʢʘʭ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ 

ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʚʢʣʘʜʳ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʙʝʣʢʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʨʤʳ. 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ 23-64-10020. 
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3. ɿʫʝʚʘ ʆʣʴʛʘ ʉʪʝʬʘʥʦʚʥʘ 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʠʦʥʦʪʨʦʧʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʛʝʣʝʡ 
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʪʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʤʝʪʦʜʦʚ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʝʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʠʦʥʦʪʨʦʧʥʦʡ ʩʘʤʦʩʙʦʨʢʠ 

ʮʝʧʝʡ ʙʠʦʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʢ 

ʨʘʩʪʚʦʨʘʤ ʣʠʥʝʡʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʮʝʧʝʡ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʜʚʫʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ 

ʦʙʨʘʟʫʶʱʠʭ ʥʝʨʝʛʫʣʷʨʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʦʧʘʨʥʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʚ ʜʠʤʝʨʳ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʣʘʪʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ ʧʣʦʩʢʠʝ ʟʦʥʳ 

ʩʦʝʜʠʥʝʥʠʷ. ʈʘʩʩʯʠʪʘʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʷʯʝʝʢ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠʟ ʯʝʪʳʨʝʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʧʨʠ ʩʮʝʧʣʝʥʠʠ ʘʣʴʛʠʥʘʪʥʳʭ 

ʮʝʧʝʡ ʚ ʜʠʤʝʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʝʣʝʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʚʦʟʤʦʞʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʩʦʩʝʜʥʠʭ ʧʦʣʠʤʝʨʥʳʭ ʝʜʠʥʠʮ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʴʛʠʥʘʪʘ, ʪʘʢ ʠ ʟʘʧʦʣʥʝʥʠʝʤ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʷʯʝʝʢ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʪʠʧʦʤ ʩʰʠʚʘʶʱʠʭ ʢʘʪʠʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʠʦʥʳ 

ʨʘʟʣʠʯʥʳʭ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʚ 

ʦʪʥʦʰʝʥʠʠ ʷʯʝʝʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ, ʦʩʪʘʚʣʷʷ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʥʝʟʘʥʷʪʳʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʣʝʛ ʚ ʦʩʥʦʚʫ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʠʥʪʝʨʢʘʣʷʮʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʩʪʨʫʢʪʫʨʫ ʛʠʜʨʦʛʝʣʷ, ʧʨʠʚʦʜʷʱʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʙʦʙʱʝʥ ʥʘ ʩʣʫʯʘʡ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʠʩʭʦʜʥʳʭ ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʨʘʩʯʝʪʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʠʨʦʜʦʡ ʚ ʧʨʦʮʝʩʩʘʭ 

ʩʘʤʦʩʙʦʨʢʠ. 
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Nanotubes: Elemental Analysis and Gel Structure. J. Compos. Sci. 2023, 7, 0286. 

3. Zueva, O.S et al. Ions-Induced Alginate Gelation According to Elemental Analysis and a 

Combinatorial Approach. Int. J. Mol. Sci. 2023, 24, 16201. 

4. ʃʘʪʳʧʦʚʘ ʃ. ʠ ʜʨ. ʆʮʝʥʢʘ ʩʦʨʙʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʦʥʦʪʨʦʧʥʳʭ ʘʣʴʛʠʥʘʪʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ. ʉʦʨʙʮʠʦʥʥʳʝ ʠ ʭʨʦʤʘʪʦʛʨ. ʧʨʦʮʝʩʩʳ. 2024, 24,542-555. 
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4. ʂʘʰʘʧʦʚ ʈʫʩʣʘʥ ʈʘʚʠʣʝʚʠʯ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʦʚ ʢʘʣʠʢʩ[4]ʨʝʟʦʨʮʠʥʘʤʠ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʘʭʘʨʦʚʘ ʃ.ʗ. 

ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ï ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ ʂʘʟʅʎ ʈɸʅ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʠʟʘʡʥʘ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʳʝ 

ʪʢʘʥʠ [1]. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʧʦʣʠʤʝʨʥʳʤ ʠ ʙʠʦʧʦʣʠʤʝʨʥʳʤ ʥʘʥʦʯʘʩʪʠʮʘʤ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʢ ʩʘʤʦʩʙʦʨʢʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʩʪʠʤʫʣʘʤ [2]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʥʘʥʦʥʦʩʠʪʝʣʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʸʪ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʛʠʜʨʦʬʦʙʥʳʡ 

ʵʬʬʝʢʪ, ˊ- -́ʩʪʝʢʠʥʛ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʤʝʪʘʣʣʘʤʠ. ʕʪʦʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʣʦʞʥʦʛʦ ʠ 

ʧʦʨʦʡ ʜʣʠʪʝʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʚʢʣʶʯʘʷ ʦʯʠʩʪʢʫ ʠ ʨʘʟʜʝʣʝʥʠʝ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʩʣʘʙʳʤ ʥʝʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʷʤ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʧʝʨʝʩʪʨʦʡʢʝ ʠʣʠ ʨʘʟʣʦʞʝʥʠʶ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ 

ʜʦʩʪʘʚʢʠ.  

ʄʘʢʨʦʮʠʢʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. ʇʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʘʣʠʢʩʘʨʝʥʦʚ, ʦʜʥʦʛʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʦʚ ʪʨʝʭʤʝʨʥʳʭ ʤʘʢʨʦʮʠʢʣʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʩʪʝʤ [3]. ɺʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʦʙʦʜʳ ʢʘʣʠʢʩʘʨʝʥʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʯʪʦ ʥʘʜʝʣʷʝʪ ʠʭ 

ʫʥʠʢʘʣʴʥʳʤʠ ʨʝʮʝʧʪʦʨʥʳʤʠ, ʩʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʣʠʢʩ[4]ʨʝʟʦʨʮʠʥʳ, ʢʦʪʦʨʳʝ ʘʛʨʝʛʠʨʫʶʪ ʩ 

ʭʠʪʦʟʘʥʦʤ, ʥʘʪʨʠʝʚʳʤʠ ʩʦʣ̫ʤʠ ʢʘʟʝʠʥʘ, ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ, 

ʘʣʴʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʈʅʂ, ʦʙʨʘʟʫ ̫ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮ.r ʇʦʤʠʤʦ ʘʥʘʣʠʟʘ 

ʤʝʭʘʥʠʟʤʘ ʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʛʨʝʛʘʮʠʠ, 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Liu Q., Zou J., Chen Z., He W., Wu W. Current research trends of nanomedicines // Acta 

Pharmaceutica Sinica B. 2023. ʊ. 13. ˉ. 11. ʉ. 4391-4416. 

2. Kashapov R., Razuvayeva Y., Fedorova E., Zakharova L.Y. The role of macrocycles in 

supramolecular assembly with polymers // Soft Matter. 2024. ʊ. 20. ʉ. 8549-8560. 

3. Espa¶ol E.S., Villamil M.M. Calixarenes: generalities and their role in improving the solubility, 

biocompatibility, stability, bioavailability, detection, and transport of biomolecules // Biomolecules. 2019. 

ʊ. 9. ˉ. 90. 
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5. ʂʦʤʘʨʦʚ ʇʘʚʝʣ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʘʤʦʩʙʦʨʢʘ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʜʠʟʘʡʥʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ 
ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ ʦʪʚʝʯʘʶʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, ʢʘʢ ʛʠʜʨʦʛʝʣʠ, ʧʦʣʠʤʝʨʳ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʆʜʥʘʢʦ 

ʮʝʣʳʡ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʵʪʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʦʩʪʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʩʙʦʨʢʠ. 

ʂʨʦʤʝ ʦʙʟʦʨʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʜʦʢʣʘʜʝ 

ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʦʛʦ ʠ ʧʦʣʥʦʘʪʦʤʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʚʦʡʩʪʚ 

ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʆʪʜʝʣʴʥʦ ʟʘʪʨʘʛʠʚʘʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʘʰʠʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 075-03-2026-

024 ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʈʘʩʯʝʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʄɻʋ ʠʤʝʥʠ ʄ. 

ɺ. ʃʦʤʦʥʦʩʦʚʘ [1]. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

5. Supercomputer Lomonosov-2: Large scale, deep monitoring and fine analytics for the user 

community / V.V. Voevodin, A.S. Antonov, D.A. Nikitenko et al. // Supercomputing Frontiers and 

Innovations. ï 2019. ï V. 6. ï I. 2. ï P. 4-11. DOI: 10.14529/jsfi190201. 
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6. ɹʦʨʦʜʠʥ ʂʦʥʩʪʘʥʪʠʥ ʆʣʝʛʦʚʠʯ 

ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʦʣʫʯʝʥʠʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʝʨʪʦʚʠʯ ɸ. ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ 

ʈʘʟʚʝʪʚʣʸʥʥʳʝ ʧʦʣʠʤʝʨʳ ʠʥʪʝʨʝʩʥʳ ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʚʳʩʦʢʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʧʨʦʪʦʯʥʳʭ 

ʙʘʪʘʨʝʡ, ʧʦʢʨʳʪʠʷʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ [1,2]. ʆʜʥʘʢʦ 

ʧʦʣʫʯʝʥʠʝ ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚ 

ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʩʪʘʸʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ: ʠʟʙʳʪʦʢ ʩʰʠʚʘʪʝʣʷ (CL) ʧʨʠʚʦʜʠʪ ʢ ʨʘʥʥʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʣʷ, ʘ 

ʠʟʙʳʪʦʢ ʘʛʝʥʪʘ ʧʝʨʝʜʘʯʠ ʮʝʧʠ (CTA) ʩʥʠʞʘʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʚʠʥʠʣʦʚʦʛʦ ʩʰʠʚʘʪʝʣʷ ʠ ʘʛʝʥʪʘ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʩ ʧʦʤʦʱʴʶ 

ʦʛʨʫʙʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʇʦʩʪʨʦʝʥʳ ʨʘʟʣʠʯʥʳʝ ʬʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ CL-CTA (2-16% ʠ 0-8%) ʠ ʚʳʷʚʣʝʥʘ ʦʙʣʘʩʪʴ, ʛʜʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʨʘʩʪʫʱʘʷ ʟʦʣʴ-ʬʨʘʢʮʠʷ ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠ 

ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʠ ʙʝʟ ʨʘʥʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʤʦʛʫʪ 

ʧʦʜʦʙʨʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʚʝʪʚʣʝʥʠʷ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʪʦʯʢʘʤʠ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [3]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ22-13-00115-ʇ  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Voit B. I., Lederer A. Hyperbranched and Highly Branched Polymer Architectures / Synthetic 

Strategies and Major Characterization Aspects //Chemical reviews. ï 2009. ï ʊ. 109. ï ˉ. 11. ï ʉ. 5924-

5973. 

2. Macromolecules with branched architecture via radical polymerization: Insight from computer 

simulations / K. O. Borodin, A. V. Sergeev, E. Y. Kozhunova et al. // Journal of Chemical Physics. ð 2026. 

ð Vol. 164, no. 9. ð P. 094904. 
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7. ʂʘʯʘʥʦʚʩʢʘʷ ʉʚʝʪʣʘʥʘ ɺʠʪʘʣʴʝʚʥʘ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ORCA 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʘʩʠʣʴʝʚ ʉ.ɸ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʗʄʈ) ï ʨʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʘʪʦʤʥʳʤʠ ʷʜʨʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

(ʩʧʠʥʦʚ). ʗʄʈ ʚʦʟʥʠʢʘʝʪ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʤʝʱʝʥʥʳʭ ʚ ʩʠʣʴʥʦʝ ʧʦʩʪʦʷʥʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʩʣʘʙʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ɼʚʫʤʝʨʥʘʷ (2D) ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʦʙʦʡ ʤʝʪʦʜ, ʛʜʝ 

ʩʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʨʝʤʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ (ὸ1, ὸ2). ʇʦʩʣʝ ʜʚʫʤʝʨʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʦʣʫʯʘʝʪʩʷ 
ʩʧʝʢʪʨ ʚ ʚʠʜʝ Ὓ(Ὂ1, Ὂ2). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ɾʘʥʦʤ ɼʞʠʥʝʨʦʤ(1971) ʠ ʈʠʯʘʨʜʦʤ 

ʕʨʥʩʪʦʤ (1975), ʵʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʦʚʘʣʘ ʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ, ʧʦʟʚʦʣʷʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʷʜʨʘʤʠ ʯʝʨʝʟ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʟʨʝʰʘʪʴ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ 

ʩʠʛʥʘʣʳ, ʠʟʫʯʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʧʨʝʜʝʣʷʪʴ ʤʝʞʲʷʜʝʨʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ [1]. 

ʆʜʥʘʢʦ ʧʨʷʤʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʙʳʚʘʝʪ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʠʪʴ 

ʵʪʫ ʟʘʜʘʯʫ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ACD 

Lab, ChemOffice, Hyper Chem, Gamess, Gaussian ʠ ʜʨʫʛʠʝ. ʇʦʩʣʝʜʥʷʷ 

ʫʧʦʤʷʥʫʪʘʷ ʧʨʦʛʨʘʤʤʘ ʭʦʨʦʰʦ ʟʥʘʢʦʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʤʫ ʭʠʤʠʢʫ, 

ʠʩʧʦʣʴʟʫʶʱʝʤʫ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʝʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʗʄʈ-ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʘ ʥʝ ʧʨʷʤʳʭ ʨʘʩʯʝʪʦʚ ab initio. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʜʦʙʨʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʤʝʪʦʜʳ DFT. ʅʘʰ ʚʳʙʦʨ ʧʘʣ ʥʘ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʢʦʤʧʣʝʢʩ ORCA [2], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʢʘʢ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠ DFT, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʨʘʚʥʠʪʴ ʩʢʦʨʦʩʪʴ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Bax A. Two-Dimensional NMR in Liquids /A. Bax. ð Dordrecht: Reidel, 1984. 

2. Neese F. Software Update: The ORCA Program System ð Version 6.0 // WIREs Computational 

Molecular Science. 2025. V. 15. Art. no e70019. 
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8. ʂʫʜʨʷʥ ɸʣʝʢʩʘʥʜʨ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʀ. ʀʚʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

 ɸʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ/ʯʘʩʪʦʪʦʩʜʚʠʛʘʪʝʣʠ (ɸʆʄ) ʠʤʝʶʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʣʘʟʝʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ 

ʯʘʩʪʦʪʳ [1].  ɸʆʄ ʦʩʥʦʚʘʥ ʥʘ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʪʦ ʝʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɸʆʄ ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʘʨʘʪʝʣʣʫʨʠʪ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ [2]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ī ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ  

ɸʆʄ32-04, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʬʨʘʢʮʠʷ ʩʚʝʪʘ 

(ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʫʣʷʮʠʠ) ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʦʜʩʪʨʦʡʢʝ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʦʩʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ (ʨʠʩ.1) 

ɸʆʄ ï f = 80 Ñ 20 ʄɻʮ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʠ h ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʩʠʛʥʘʣʝ (80 ʄʛʮ) ʩʦʩʪʘʚʣʷʝʪ  

ʥʝ ʤʝʥʝʝ 70% (ʨʠʩ. 2). 

  

˾͙ͫΦмΦ ˽ͦͦͫ͊͡ ͪ͊͋ͦ;͙ͻ ;͊ͫͭͦͭ ˾͙ͫΦнΦ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͒ͺͪ͊͟ͼ͙͙  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɽʧʠʭʠʥ ɺ.ʄ., ɹʘʨʳʰʝʚ ɺ.ʅ., ʉʣʶʩʘʨʝʚ ʉ.ʅ., ʠ ʜʨ. ɸʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ ʜʣʷ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʣʚʠʛʘ ʯʘʩʪʦʪʳ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʚ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʪʘʥʜʘʨʪʘʭ ʯʘʩʪʦʪʳ 

ʥʘ ʭʦʣʦʜʥʳʭ ʘʪʦʤʘʭ // ʂʚʘʥʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ.  2019. ʊ.49. ˉ9. ʉ. 857 ï 862. 

2. ʄʦʣʯʘʥʦʚ ɺ.ʗ., ʂʠʪʘʝʚ ʖ.ʀ., ʅʘʨʚʝʨ ɸ.ʀ. ʠ ʜʨ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʢʫʩʪʦʦʧʪʠʢʠ. ʄ.: ʀʟʜ. ɼʦʤ ʄʀʉʠʉ, 2015. 459 ʩ. 
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9. ʄʘʢʫʣʠʥ ɸʥʜʨʝʡ ɸʣʝʢʩʝʝʚʠʯ 

ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ ʢʘʣʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʨʘʙʘʥʦʚʘ ɽ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ  

ʂʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʢʘʣʠʷ ʥʘʪʨʠʷ (KNN) ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʝʤʳʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʅʘʣʠʯʠʝ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, ʥʝʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

KNN ʦʙʣʘʜʘʝʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ K0,5Na0,5NbO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʘʨʠʝʤ Ba 

ʚ ʧʦʟʠʮʠʠ ɸ ʚ ʢʦʣʠʯʝʩʪʚʝ 5, 2 ʠ 1 ʤʦʣ. %. (KNBN5, KNBN2 ʠ KNB1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʦʡʥʦʛʦ ʩʠʥʪʝʟʘ 

ʥʠʦʙʘʪʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʈʕʄ) JEOL JSM-

6610LV. ʄʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ (1-

106 ɻʮ) ʠ ʪʝʤʧʝʨʘʪʫʨ (30-500 ʦʉ).  

ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 5 ʤʦʣ. % ʙʘʨʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚʪʦʨʘʷ 

ʬʘʟʘ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʪʣʠʯʥʳʤ ʦʪ 1 ʟʥʘʯʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ K/Na ʚ ʟʝʨʥʘʭ. 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʧʨʠʤʝʨʥʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʢʘʣʠʷ ʥʘʪʨʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ ʫ ʦʙʨʘʟʮʘ KNBN5 ʨʘʚʥʷʝʪʩʷ 225 ʉ, KNBN2 - 215 ʉ, 

KNBN1 - 205 ʉ ʥʘ ʯʘʩʪʦʪʝ 100 ʢɻʮ. ʊʦʯʢʘ ʂʶʨʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 

420 ʉ, 400 ʉ ʠ 405 ʉ ʜʣʷ ʦʙʨʘʟʮʦʚ KNBN5, KNBN2 ʠ KNBN1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʩʜʚʠʛʝ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠʤʝʩʠ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʠʤʝʩʴ ʚʣʠʷʝʪ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ. 
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ʋɼʂ: 544.163.2 

10. ʈʠʭʤʘʡʝʨ ɸʨʪʝʤ ʄʠʭʘʡʣʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʥʦʛʘʣʦʛʝʥʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʪʨʘʮʝʥʘ  
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʆʨʣʦʚ ʖ.ɼ., ʏʝʨʥʦʚʘ ɽ.ʄ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʪʨʝʙʫʶʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʤʦʣʝʢʫʣ Cl-, F-ʘʥʪʨʘʮʝʥ ʚ ʪʨʸʭ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Gaussian 03 ʤʝʪʦʜʦʤ B3LYP  6-311G. 

ɿʥʘʯʝʥʠʷ Ὁ, Ὁ̊ ˏ˙ ̨ ʠ Ὁˏ ˔˙ ̨ ʙʝʩʧʨʠʤʝʩʥʦʛʦ, ʤʦʥʦʬʪʦʨ-, ʤʦʥʦʭʣʦʨ- 

ʟʘʤʝʱʸʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʥʪʨʘʮʝʥʘ ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʘʡʥʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ 

ʠ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ʊʘʙʣʠʮʘ.  

ʕʥʝʨʛʠʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ, ɺɿʄʆ ʠ ʅɺʄʆ ʘʥʪʨʘʮʝʥʘ ʝʛʦ ʛʘʣʦʛʝʥ ʟʘʤʝʱʝʥʥʳʭ  

 Ὁ, ʵɺ Ὁˏ ˔˙,̨ ʵɺ Ὁ̊ ˏ˙,̨ ʵɺ 

ὅ Ὄ  3,627 -5,501 -1,874 

 

   

Ὁ Ὁˏ ˔˙ ̨ Ὁ̊ ˏ˙ ̨ Ὁ Ὁˏ ˔˙ ̨ Ὁ̊ ˏ˙ ̨ Ὁ Ὁˏ ˔˙ ̨ Ὁ̊ ˏ˙ ̨

ὅ Ὄὅὰ 3,549 -5,752 -2,202 3,589 -5,762 -2,173 3,612 -5,792 -2,179 

ὅ ὌὊ 3,586 -5,656 -2,069 3,617 -5,691 -2,075 3,623 -5,723 -2,099 

ʈʘʟʙʠʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʳ (ɋ) ʠ ʛʨʫʧʧʳ ʘʪʦʤʦʚ (R), ʘ 

ʪʘʢ ʞʝ ʨʘʩʯʝʪ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʟʘʨʷʜ (q(ɋ)), 

ʦʙʲʝʤ (V(ɋ)), ʧʨʦʚʝʜʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ AIMALL. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠ 

ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʘʪʦʤʦʚ Cl; F ʚ 

ʩʪʨʫʢʪʫʨʝ ʘʥʪʨʘʮʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ q(R) ʠ V(R) ʜʣʷ ʚʩʝʭ 

ʛʨʫʧʧʦʚʳʭ ʘʪʦʤʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ Ὁ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʩʧʨʠʤʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʣʝʢʫʣʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʘʥʪʨʘʮʝʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʠʟʤʝʥʝʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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11. ʉʘʤʩʦʥʦʚʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʬʘʟ ʅʝʝʣʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʥʢʝʚʠʯ ɸ.ʀ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʂʣʶʯʝʚʳʤ ʧʨʦʮʝʩʩʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʷʚʣʷʝʪʩʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʊʨʘʜʠʮʠʦʥʥʦ, 

ʧʨʦʮʝʩʩʳ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ ʉʪʦʥʝʨʘ-ɺʦʣʴʬʘʨʪʘ [1]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʠ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʦʚ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʢʘʢ ʩʫʤʤʘ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʄʂɸ) ʠ 

ɿʝʝʤʘʥʦʚʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʘ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʞʝʩʪʢʦʛʦ ʚʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ. ɺ ʨʘʙʦʪʘʭ [2-3] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʧʨʦʮʝʩʩʦʚ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʤʘʛʥʠʪʥʳʭ ʬʘʟ ʅʝʝʣʷ [4]. ɺ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʦʚ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʤʝʞʜʫ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʬʘʟʘʤʠ ʠ ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʫʧʦʤʷʥʫʪʦʛʦ ʧʦʜʭʦʜʘ [2-3] ʨʘʟʨʘʙʦʪʘʥ 

ʮʠʬʨʦʚʦʡ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʩʦʟʜʘʥʘ 

ʨʝʘʣʠʟʫʶʱʘʷ ʝʛʦ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʩʪʘʥʪʳ ʄʂɸ.  
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ʋɼʂ: 537.6 

12. ʎʚʝʪʢʦʚ ɸʥʪʦʥ ʀʣʴʠʯ 

ɸʥʘʣʠʟ ʨʦʣʠ ʢʦʥʩʪʘʥʪ ʤʘʛʥʠʪʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚʳʩʰʠʭ 

ʧʦʨʷʜʢʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʚ ʩʦʝʜʠʥʝʥʠʠ Nd2Fe14B 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʎʚʝʪʢʦʚ ɺ.ʇ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʤʘʛʥʝʪʠʟʤʘ 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʦʣʠ ʢʦʥʩʪʘʥʪ ʤʘʛʥʠʪʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

(ʄʂɸ) ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʄʂɸ, ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ [1] ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ 180o ɼɻ ʚ ʩʦʝʜʠʥʝʥʠʠ Nd2Fe14B ʜʣʷ ʂi = 5 ʧʦ ʜʘʥʥʳʤ 

ʨʘʙʦʪ [2-6]. ɺ ʨʘʙʦʪʝ [1] ʪʘʢʠʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘʤʠ ʪʦʣʴʢʦ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 78 ï 293 K ʧʦ ʜʘʥʥʳʤ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1. 

 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ɔɺ(T) (ʤɼʞ/ʤ2). ʂʨʠʚʘʷ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [2], ʟʦʣʦʪʦʛʦ ï [3], ʩʠʥʝʛʦ ï [4], ʬʠʦʣʝʪʦʚʦʛʦ ï [5], ʟʝʣʝʥʦʛʦ ï [6]. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Yu. G. Pastushenkov, V. P. Tsvetkov, A. I. Tsvetkov, S. A. Mikheev, and I. V. Tsvetkov. Method 

for calculating the surface energy density of 180 ʐBloch domain walls in uniaxial ferromagnetic crystals, 

Phys. Rev. B 113, 024410 ï Published 13 January, 2026. 

2. Bolzoni F., Moze O., Pareti L. Journal of Applied Physics 62, 615 (1987). 

3. Cadogan J.M., Gavigan J.P., Givord D., Li H.S. A new approach to the analysis of magnetization 

measurements in rare-earth transition-metal compounds: application to Nd2FeI4. J. Phys. F: Met. Phys. 18 

(1988) 779-787. DOI: 10.1088/0305-4608/18/4/013. 

4. Mushnikov N.V., Terentôev P.B., Rosenfelôd E.V.  Magnetic Anisotropy of the Nd2Fe14B 

Compound and Its Hydride Nd2Fe14BH4. The Physics of Metals and Metallography, 2007, Vol. 103, No. 

1, pp. 39ï50. DOI: 10.1134/S0031918X0701005X. 

5. Gomez Eslava G., Fayyazi B., Skokov K., Skourski Y., Gorbunov D., Gutfleisch O., Dempsey N. 

M., Givord D. A two-sublattice model for extracting rare-earth anisotropy constants from measurements 

on (Nd,Ce)2(Fe,Co)14B single crystals. Journal of Magnetism and Magnetic Materials 520 (2021) 167470. 

doi.org/10.1016/j.jmmm.2020.167470. 

6. Hock S. Z¿chtung und magnetische Eigenschaften von (Fe,Al)14(Nd,Dy)2B - Einkristallen // 

Dissertation. Stuttgart. ï 1988. 
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13. ʐʥʘʡʜʰʪʝʡʥ ɻʨʠʛʦʨʠʡ ʀʣʴʠʯ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʣʸʥʦʢ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʚ 

ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʣʥʳʰʢʠʥ ɸ.ɺ. 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 ʇʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ (ʇɺɼʌ) ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʧʦʣʠʤʝʨʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʥʩʦʨʦʚ, 

ʜʝʪʝʢʪʦʨʦʚ. ʆʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ. ʇʣʸʥʢʠ 

ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ɓ-ʬʘʟʳ ʧʨʦʷʚʣʷʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ [1]. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʇɺɼʌ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ɓ-ʬʘʟʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʣʠʪʴʷ ʠʟ ʨʘʩʪʚʦʨʘ, 

ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [2], ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʪʦʙʨʘʙʦʪʢʦʡ ʚ ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ 

ʨʘʟʨʷʜʘ. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ [3]. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʝʨʝʭʦʜʦʤ Ŭ-ʬʘʟʳ ʧʦʣʠʤʝʨʘ ʚ 

ɓ-ʬʘʟʫ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉ 

ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʡ 

ʛʠʧʦʪʝʟʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʚʝʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʧʣʸʥʦʢ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʚ 

ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʠ 

ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʣʸʥʢʘʤʠ, 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʤʝʪʦʜʦʤ 

ʣʠʪʴʷ ʠʟ ʨʘʩʪʚʦʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Lovinger A.J., Ferroelectric Polymers // Science. 1983. V. 220. P. 1115-1121 

2. Ahbab, N., Naz, S., Xu, T.-B., Zhang, S. A Comprehensive Review of Piezoelectric PVDF Polymer 
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3. Shnaidshtein, G.I., Alexandrov, E.V., Barabanova, E.V., Belov, A.N., Solnyshkin, A.V. Features 

of Pyroelectric and Dielectric Properties of Polyvinylidene Fluoride-Based Composites Obtained by 
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ˉ89(3). P.368-374. 

  

 
ʈʠʩ. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

ʏʸʨʥʳʡ ï ʧʦʣʫʯʝʥʥʳʡ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ (ʉʪ), 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ (ʧʦʣʷʨ). ʂʨʘʩʥʳʡ ï Cʪ, ʥʝʧʦʣʷʨ. 

ʉʠʥʠʡ ï ʂʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʚ ʧʦʣʝ ʦʜʥʦʡ ʠʛʣʳ 

(ʂʨʇʦʣ 1), ʧʦʣʷʨ. ʈʦʟʦʚʳʡ ï ʂʨʇʦʣ 1, ʥʝʧʦʣʷʨ. 

ɿʝʣʸʥʳʡ ï ʂʨʇʦʣ 9, ʥʝʧʦʣʷʨ. 
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14. ɺʘʩʠʣʴʝʚ ʌʸʜʦʨ ɸʣʝʢʩʝʝʚʠʯ 

ɺʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʦʚ SmCo5xCux 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʪʠʧʘ Sm-Co, ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʣʝʛʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ, ʪʘʢʠʝ ʢʘʢ Fe, Cu, Ti ʠ Zr 

[1]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʤ (Fe) ʚ ʤʘʛʥʠʪʘʭ Sm(CoFeCuZr)z 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʘʟ Sm(Co,Fe)5 ʠ Sm2(Co,Fe)17 ʩ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ 

Co ʥʘ Fe, ʯʪʦ ʫʣʫʯʰʘʝʪ ʠʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʤʘʛʥʠʪʦʚ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʩʧʣʘʚʳ SmCo5 xFex (x = 0,1ï1) ʧʦʣʫʯʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ʙʳʩʪʨʦʡ ʟʘʢʘʣʢʠ. ʇʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʠʯʥʳʤ 

ʟʘʤʝʱʝʥʠʝʤ Co ʥʘ Fe ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʣʘʚʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʛʥʠʪʦʚ ʪʠʧʘ SmïCo. 

ʉʧʣʘʚʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʣʘʚʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʚ ʩʨʝʜʝ ʦʩʦʙʦ 

ʯʠʩʪʦʛʦ ʘʨʛʦʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʰʣʠʬʘʭ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ 

(Neophot-30) ʠ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ (JEOL JSM-6610LV) ʤʠʢʨʦʩʢʦʧʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ, ʚʳʷʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʈʕʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ 

SmCo5 xFex (x=0,1-1) ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦʬʘʟʥʳʤʠ ʠ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʬʘʟʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʝʭʠʦʤʝʪʨʠʠ 1:5 ʩʦʜʝʨʞʘʪ ʬʘʟʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, 

ʠʤʝʶʱʫʶ ʩʦʩʪʘʚ Sm2(Co1-yFey)7. ɺʪʦʨʘʷ ʬʘʟʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦ ʛʨʘʥʠʮʝ ʟʝʨʝʥ 

ʦʩʥʦʚʥʦʡ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʚ ʩʧʣʘʚʘʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʩ 92% (ʜʣʷ ʭ 

= 0,1), (ʘ) ʜʦ 58% (ʜʣʷ ʭ = 1,0) (ʚ). ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪʩʷ 

ʧʝʨʝʛʠʙʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʝ 1:5 ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʝ 

Sm2(Co1-xFex)7. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʎʂʇ ʊʚɻʋ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Urzhumtsev A., Maltseva V., Volegov A. Magnetization reversal processes in sintered permanent 

magnets Sm(Co,Fe,Zr,Cu)z // Journal of Magnetism and Magnetic Materials. ï 2022. ï V. 551. ï P. 169143. 
2. Liu S. SmïCo high-temperature permanent magnet materials // Chinese Physics B. ï 2019. ï V. 

28. ï ˉ. 1. ï P. 017501.  
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15. ɺʠʨʩʢʠʡ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʞʸʩʪʢʦʮʝʧʥʳʭ ʤʦʣʝʢʫʣ: 

ʤʝʟʦʤʘʩʰʪʘʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʤʘʨʦʚ ʇ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʉʘʤʦʩʙʦʨʢʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʦʥʪʘʥʥʦʛʦ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ 

ʚʳʙʨʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʟʘʜʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʮʝʣʝʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʷʚʣʷʶʪʩʷ 

ʞʸʩʪʢʦʮʝʧʥʳʝ ʤʦʣʝʢʫʣʳ (ɾʎʄ). ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʷʚʣʷʶʪʩʷ 

ʜʝʟoʢcʠʨʠʙoʥʫʢʣʝʠʥoʚʘʷ ʢʠcʣoʪʘ, ʨʠʙoʥʫʢʣʝʠʥoʚʘʷ ʢʠcʣoʪʘ, ʘ ʪʘʢʞʝ ʧʝʧʪʠʜʳ 

ʠ ʥʝʢʦʪʦʨʳʝ ʬʠʙʨʠʣʣʷʨʥʳʝ ʙʝʣʢʠ. ʆʥʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʧʣʸʥʢʠ, ʪʨʫʙʢʠ, ʣʝʥʪʳ ʠ ʩʧʠʨʘʣʠ, ʢʦʪʦʨʳʝ 

ʘʢʪʠʚʥʦ ʥʘʭʦʜʷʪ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʤʝʜʠʮʠʥʝ 

(ʙʠʦʩʝʥʩʦʨʠʢʘ, ʪʝʨʘʧʝʚʪʠʢʘ). ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥʠ ʫʜʦʙʥʳ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʫʧʦʨʷʜʦʯʝʥʠʡ.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʩʪʚʦʨʦʚ ɾʎʄ ʩ ʧʦʤʦʱʴʶ ʩʝʣʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʦʣʝʢʫʣ (ʉɺʄ) ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʤʦʜʝʣʠ ʨʘʩʪʚʦʨʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʤʝʪʦʜʝ ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ [1]. ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʤʦʜʝʣʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʙʦʨʘ 

ʩʪʨʦʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉɺʄ ʚ ʨʘʩʪʚʦʨʘʭ ɾʎʄ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʠʭ 

ʣʝʥʪʦʦʙʨʘʟʥʳʝ ʠ ʩʝʪʯʘʪʳʝ ʫʧʦʨʷʜʦʯʝʥʠʷ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ [2] . 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Espa¶ol P., Warren P.B. Perspective: Dissipative particle dynamics // Journal of Chemical Physics. 

ï  2017. - Vol. 146(15).  - P.2-5.  

2. V.V. Voevodin, A.S. Antonov, D.A. Nikitenko, P.A. Shvets, S.I. Sobolev, I.Y. Sidorov, K.S. 

Stefanov, V.V. Voevodin and S.A. Zhumatiy // Supercomput. Front. Innov., 2019, 6, 4ï11. 
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16. ɻʝʨʘʩʠʥ ɸʣʝʢʩʝʡ ɼʝʥʠʩʦʚʠʯ 

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ çʣʝʛʢʦʡè ʤʦʜʝʣʠ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ 

ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʫʩʦʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʦʤʘʥʦʚ ɸ.ɸ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ 

ʟʨʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ (ʪʨʘʥʩʬʦʨʤʝʨʳ ʚʨʦʜʝ ViT, ʪʷʞʝʣʳʝ CNN) 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʩʪʠʛʘʶʪ ʚʧʝʯʘʪʣʷʶʱʝʡ ʪʦʯʥʦʩʪʠ, ʥʦ ʠʭ ʨʘʟʤʝʨ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʜʝʣʘʶʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʢʘʤʝʨ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʜʨʦʥʦʚ ʠʣʠ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ 

ʦʙʨʘʙʦʪʢʝ, ʧʘʤʷʪʠ ʠ / ʠʣʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ. ʊʘʢʞʝ ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʦʙʫʯʘʣʠ 

ʩʚʦʶ ʢʦʤʧʘʢʪʥʫʶ (600 ʪʳʩʷʯ ʧʘʨʘʤʝʪʨʦʚ) ʤʦʜʝʣʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʫʩʦʨʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʥʝʥʠʝʤ ʝʝ ʥʘ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʧʣʘʪʝ STM32H747I-DISCO ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ 

STM32H747XIH6. ɺ ʢʘʯʝʩʪʚʝ ʢʘʤʝʨʳ ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʧʣʝʢʪ B-CAMS-OMV. 

ʇʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʦʙʫʯʝʥʠʠ ʤʦʜʝʣʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʦʯʥʦʩʪʴ (accuracy) 

87%. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʘʫʛʤʝʥʪʘʮʠʶ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʦʨʦʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʫʛʦʣ ʦʪ -30 ʜʦ 30 

ʛʨʘʜʫʩʦʚ ʚʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʜʘʣ ʧʨʠʨʦʩʪ ʚ ʪʦʯʥʦʩʪʠ ʥʘ 2,5%. 

ɼʣʷ ʙʦʣʝʝ ʟʥʘʯʠʤʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʜʠʩʪʠʣʣʷʮʠʠ 

ʟʥʘʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʙʦʣʴʰʘʷ ʠ ʧʨʦʩʪʘʷ ʥʘʰʘ ʤʦʜʝʣʴ (ʥʘʟʳʚʘʝʤʘʷ 

ʩʪʫʜʝʥʪʦʤ) ʦʙʫʯʘʝʪʩʷ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʦʡ ʠ ʩʣʦʞʥʦʡ 

ʤʦʜʝʣʠ (ʥʘʟʳʚʘʝʤʦʡ ʫʯʠʪʝʣʝʤ), ʛʜʝ ʠʭ ʦʪʚʝʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ KL-

ʜʠʚʝʨʛʝʥʮʠʷ [1]. ɺ ʢʘʯʝʩʪʚʝ ʫʯʠʪʝʣʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʦʦʙʫʯʝʥʥʘʷ ʥʘ 

ʜʘʪʘʩʝʪʝ ImageNet ʤʦʜʝʣʴ MobileNetV2. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʪʦʯʥʦʩʪʴ 92%. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʫʛʤʝʥʪʘʮʠʶ ʠ ʜʠʩʪʠʣʣʷʮʠʠ ʟʥʘʥʠʡ 

ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʝʡ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
4. Hinton G., Vinyals O., Dean J. Distilling the Knowledge in a Neural Network // arXiv preprint 

arXiv:1503.02531. 
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17. ɻʨʠʪʯʠʥʘ ɸʥʘʩʪʘʩʠʷ ʆʣʝʛʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Nd2Fe14B 

ʚ ʦʙʣʘʩʪʠ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʧʝʥʢʦʚ ɸ.ʖ. 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʢʪʦʨʦʚ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʟʘʣʠʚʥʦʡ ʘʟʦʪʥʳʡ 

ʢʨʠʦʩʪʘʪ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Neophot 30, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ) ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ 

ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʪʦʣʱʠʥʦʡ 28 ʤʢʤ ʚ ʦʙʣʘʩʪʠ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʝʭʦʜʘ (ʉʇʇ). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1 (ʩʣʝʚʘ), ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 292 ʂ > T > 135 ʂ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʪʠʧʫ ʄʂɸ ʆʃʅ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʠʯʥʘʷ ʜʣʷ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʳʩʦʢʦʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʦʜʥʦʦʩʥʦʛʦ ʤʘʛʥʝʪʠʢʘ. ɼʦʤʝʥʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʜʝʣʝʥʳ 180-ʛʨʘʜʫʩʥʳʤʠ 

ʜʦʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ (ɼɻ). ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʉʇʇ 

ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B, 135 ʂ > T > 20 ʂ, ɼʉ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ (ʨʠʩ. 1 ʩʧʨʘʚʘ), ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʤʝʩʪʦ ʦʜʥʦʡ 

ʆʃʅ ʧʦʷʚʣʷʝʪʩʷ ʯʝʪʳʨʝ ʆʃʅ, ʣʝʞʘʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ ʚ ʧʣʦʩʢʦʩʪʷʭ 

{110} [1]. ʇʦʣʫʯʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ɼʉ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʰʠʨʠʥʫ ʦʩʥʦʚʥʳʭ 

ʜʦʤʝʥʦʚ (D) ʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ (g), ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʠʣʠ: D=1,9 ʤʢʤ ʠ g = 24,78 ɼʞ/ʤ2
 ʧʨʠ ʊ=292 ʂ, ʠ D = 1,82 ʤʢʤ ʠ g = 23,6 

ɼʞ/ʤ2
 ʧʨʠ ʊ=120 ʂ.  

  
˾͙Φͫ мΦ ˨͔ͦͣͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͤ͊ ͙͚͋͊ͫͤͦ͘ ͙ͨͦͫͦͫͭ͟͡ ͙ͣͦͤͦͪͫͭ͊͊͟͡͡ bŘ2Fe14. ͙ͨͪ ́ Ґ нфн 

Y ό͔͍ͫ͊͡ύ ͙ мнл ˴ ό͍ͫͨͪ͊͊ύΦ ˾͔͊ͣͪ͘ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ нллҎмрл ͣͣ͟2. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Pastushenkov Y. G. et al. Low-temperature magnetization distribution and magnetization reversal 

in FeïNdïB permanent magnets //Journal of magnetism and magnetic materials. ï 2005. ï ʊ. 290. ï ʉ. 

644-646. https://doi.org/10.1016/j.jmmm.2004.11.321 
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18. ɻʫʩʝʚ ɽʛʦʨ ʉʝʨʛʝʝʚʠʯ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʪʦʥʢʠʭ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʧʝʥʢʦʚ ɸ.ʖ. 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʨʷʜʫ ʩ ʧʦʠʩʢʦʤ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʦʪʢʘʤʠ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʢʣʶʯʝʚʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʭ ʧʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ ʜʠʟʘʡʥʘ ʤʦʪʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʧʫʪʝʤ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʠʪʠʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʝʥʜʘʭ. ʊʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʚʠʚʘʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʦʨʘ 

ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʠ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ çʥʘʩʪʨʦʝʥʥʳʤʠè 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʷʚʣʷʶʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ ʚ ʩʨʝʜʝ Comsol Multiphysics ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ɼʇʊ) T-Motor Antigravity 4006 

KV380 (ʩʤ. ʨʠʩ. 1 ʘ). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ Mz 

ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʇʄ) ʪʠʧʘ 

Nd-Fe-B (ʩʤ. ʨʠʩ. 1 ʙ). ʋʯʠʪʳʚʘʷ ʩʪʦʠʤʦʩʪʴ ʇʄ ʠ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʇʊ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʧʪʠʤʘʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʇʄ ʷʚʣʷʝʪʩʷ ʤʘʨʢʘ N42 (Br=1,31 ʊʣ, Õ0ʅʩB=1,22 ʊʣ, (BH)max = 42 

ʄɻʩÖʕ). 

 
˾͙ͫΦ мΦ ˾͔ͯ͘͡Έͭ͊ͭ· ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ˨˽́ ¢-Motor Antigravity 4006 KV380: 
ό͊ύ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͣͦ͒ͯ͡Ύ ͙ͤ͒ͯ͟ͼ͙͙ ͎͙͎ͣ͊ͤͭͤͦͦ ͨͦ͡Ύ ͙ ό͋ύ ͍͙͙͊ͫͣͦͫͭ͘Έ ͪͯͭ͟Ύ΅͔͎ͦ 
͔ͣͦͣͤͭ͊ ͦͭ ͎ͯ͊͡ ͍ͨͦͦͪͦͭ͊ ͪͦͭͦͪ͊ ͙ͨͪ ͨͦͫͭͦΎͤͤͦͣ ͔ͭͦ͟Σ ͔ͨͪͦͭ͊͟Ό΅͔ͣ ͨͦ ͔ͦ͋ͣͦͭ͟ ζˢη 

фΣт ˢ ͒͡Ύ ͪ͊ͤ͘·ͻ ͣ͊ͪͦ͟ ͎͙͍ͣ͊ͤͭͦΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͤ͊ ͔ͪͦͭͦͪΦ 

1.  
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19. ɻʫʩʝʚʘ ɸʥʥʘ ʄʘʨʢʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʘ NdFe11Ti  ʧʦ ʜʘʥʥʳʤ 

ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ. ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʦʝʜʠʥʝʥʠʷ RFe11Ti ʩ ʩʪʨʫʢʪʫʨʦʡ ThMn12 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ, ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ (ʄʂɸ) ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 488 ʜʦ 607 ʂ [1], 

ʧʦɻʪʦʤʫ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 

NdFe11Ti. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ɼʉ) 

ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʰʣʠʬʘ ʠ 

ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ. ɿʘʜʘʯʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʠʩʘʥʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ɼʉ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ g. 
ˮͫͻͦ͒ͤ·͔ ͍ͫͨ͊͡· ͋·͙͡ ͨͦͯ͡;͔ͤ· ͔ͣͭͦ͒ͦͣ 

͙ͤ͒ͯ͟ͼ͙͚ͦͤͤͦ ͍͙ͨ͊͟͡Φ ˽ͦ͡Ύ ͔ͪ͊ͫͫΎ͙ͤΎ ˨˿ 
͔͎͙͙͍͙ͪͫͭͪͪͦ͊ͫ͡Έ ͔ͣͭͦ͒ͦͣ ͎͙ͣ͊ͤͭͤͦ-͙͍͚ͫͦͦ͡ 
͙͙͙ͣͪͦͫͦͨ͟͟ ό˸˿˸ύ ͤ͊ ˿˭˸ Solver Next.  

˹͊ ͙ͪͫΦм ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͙͙ͭͨ;͔ͤͦ ˸˿˸-
͙͔͙͔ͦ͋ͪ͊͗ͤ͘Σ ͨͦͯ͡;͔͔ͤͤͦ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ΄͙͡ͺ͊ 
NdFe11Ti ͙ͨͪ ͚ͦͣͤ͊ͭͤͦ͟ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͔ͨͦͫ͡ 
͙͍͙ͨͦͪͦ͟͡ ͍͔ͨͦͪͻ͙ͤͦͫͭΦ ˤ͙͒ͤͦΣ ;ͭͦ ͍ ͔ͨͦ͡ ͔͙ͪͤ͘Ύ 
͙ͨͪͫͯ ͍ͭͫͭͯΌͭ ͙ͦ͋͊ͫͭ͡ ͫ ˨˿Σ ͔͊ͣͭͤͦ͘ ͙ͦͭ͡;͊Ό΅͔͚ͫΎ 
ͨͦ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙Φ ˹͙͔͔͊͋ͦ͡ ͦͤͭͪ͊ͫͭͤ͊͟Ύ ͦ͋͊ͫͭ͡Έ ͍ 
ͼ͔͔ͤͭͪ  

 
˾͙ͫΦ мΦ ˸˿˸-͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͔͚ͨͦ͡ 
͔ͪ͊ͫͫΎ͙ͤΎ ˨˿ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͦ͋ͪ͊͘ͼ͊ 
NdFe11Ti  

ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʤʝʥʘʤ, ʪʠʧʠʯʥʳʤ ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʉ ʥʘ ʦʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʥʝ ʦʜʥʦʦʩʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʧʦʣʠʨʦʚʢʠ. ɺ 

ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ɼʉ ʠ ʚʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʪʠʧ ʄʂɸ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ɼʉ NdFe11Ti. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʎʂʇ ʊʚɻʋ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

2. Tereshina I.S. et al. ThMn12-type phases for magnets with low rare-earth content: Crystal-field 

analysis of the full magnetization process // Scientific reports. ï 2018. ï V. 8. ï I. 1. ï P. 3595. 
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20. ʀʟʤʘʡʣʦʚ ʈʫʩʣʘʥ ʌʘʪʠʭʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʙʘʨʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʃ. ʂʠʩʣʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

BaBixFe12-xO19 ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ JEOL JSM6610LV. ʀʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1 (ʫʚʝʣʠʯʝʥʠʝ ʚ 4000 ʨʘʟ). ɹʳʣ ʧʨʦʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʩʤʫʪʘ ʚ ʦʙʨʘʟʮʘʭ BaBixFe12-xO19 ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʠʩʤʫʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʢʘʟʘʣʠ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Bi ï Fe ʚ ʦʙʲʝʤʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

   
 

ʈʠʩ.1. ʀʟʦʙʨʘʞʝʥʠʝ ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ BaBi0,2Fe11,8O19, 

BaBi0,6Fe11,4O19, BaBiFe1 1O19 (ʩʣʝʚʘ-ʥʘʧʨʘʚʦ) 

ɺ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʋ BaBiFe11O19 ʦʙʥʘʨʫʞʝʥʘ ʘʥʦʤʘʣʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʨʘʡʦʥʝ 135ʦʉ, ʢʦʪʦʨʫʶ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩʦ 

ʩʪʨʫʢʪʫʨʥʳʤ ʧʝʨʝʭʦʜʦʤ ʚ ʜʘʥʥʦʤ ʩʦʩʪʘʚʝ.  ɺ ʦʙʨʘʟʮʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʠʩʤʫʪʘ. ɺ BaBiFe11O19 ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ Ů ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʦ ʚʩʸʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ.  

ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʫʜʘʣʦʩʴ ʥʘʙʣʶʜʘʪʴ ʯʘʩʪʥʳʝ ʧʝʪʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʥʘʩʳʱʝʥʥʳʝ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. 

ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ. 
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21. ʂʘʨʘʢʝʷʥ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʚʟʘʠʤʥʦʠʥʚʝʨʩʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ Pt@Pd ʠ Pd@Pt 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʉʘʤʩʦʥʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʤʝʪʦʜʘ ʧʦʛʨʫʞʸʥʥʦʛʦ ʘʪʦʤʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨ ʷʜʨʦ-ʦʙʦʣʦʯʢʘ Pt@Pd ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ Pd@Pt. ʀʩʭʦʜʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 

ὖὨ ͽὖὸ  ʠ ὖὸ ͽὖὨ , ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʝʚʘʣʠʩʴ ʦʪ 300 ʜʦ 3300 ʂ ʚ 

ʪʝʯʝʥʠʠ 5 ʥʩ. ʅʘ ʨʠʩ. 2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1680 ʂ ʚʠʜʝʥ ʤʦʥʦʩʣʦʡ ʠʟ ʘʪʦʤʦʚ Pd, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʥʜʝʥʮʠʝʡ ʢ ʩʧʦʥʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ Pd ʚ 

ʥʘʥʦʯʘʩʪʠʮʘʭ Pt-Pd [1]. 

    

олл ˴ мрол ˴ мрсл ˴ оолл ˴ 
ʈʠʩ. 1. ʂʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮʳ ὖὸ ͽὖὨ  (ʮʝʥʪʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ), ʦʪʚʝʯʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʫʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ. ʂʨʘʩʥʳʤʠ ʩʬʝʨʘʤʠ ʠʟʦʙʨʘʞʝʥʳ ʘʪʦʤʳ 

ὖὸ, ʘ ʩʠʥʠʤʠ ï ʘʪʦʤʳ ὖὨ. 

    

олл ˴ мрсл ˴ мсул ˴ оолл ˴ 
ʈʠʩ. 2. ʂʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮʳ ὖὨ ͽὖὸ  (ʮʝʥʪʨʘʣʴʥʳʝ ʩʝʯʝʥʠʷ), ʦʪʚʝʯʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʫʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ. ʂʨʘʩʥʳʤʠ ʩʬʝʨʘʤʠ ʠʟʦʙʨʘʞʝʥʳ ʘʪʦʤʳ 

ὖὸ, ʘ ʩʠʥʠʤʠ ï ʘʪʦʤʳ ὖὨ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Samsonov V., Romanov A., Talyzin I. et al. Puzzles of Surface Segregation in Binary PtïPd 

Nanoparticles: Molecular Dynamics and Thermodynamic Simulations // Metals. ï 2023. ï V. 13. ï I. 7. ï 

20 p. 
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22. ʂʦʟʝʥʢʦʚʘ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʆʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʘ 

Gd(Zr,Co,Cu,Fe)6,2 ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʧʝʥʢʦʚ ɸ.ʖ. 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʥʘʛʨʝʚ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʜʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʵʨʮʠʪʠʚʥʦʡ 

ʩʠʣʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʧʦʚʨʝʞʜʝʥʠʝʤè, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ, ʧʦʵʪʦʤʫ ʪʘʢʫʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʥʘʟʳʚʘʶʪ çʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤè.  

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʯʠʥʳ ʦʙʨʘʪʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦ-ʪʚʝʨʜʝʶʱʝʤ ʩʧʣʘʚʝ 

Gd0,85Zr0,15(Co0,7Cu0,09Fe0,21)6,2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʯʝʩʢʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʧʣʘʚʘ ʧʨʠ 

ʥʘʛʨʝʚʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨ 400ʦʉ ʩʚʷʟʘʥʳ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʤʘʩʩʳ (4-5 ʛʨʘʤʤ) 

ʦʙʨʘʟʮʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʮʠʢʣʘ çʧʦʚʨʝʞʜʘʶʱʝʡè (ʥʘʛʨʝʚ ʜʦ 800ÁC 

ʠ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ) ʠ çʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡè ʪʝʨʤʠʯʝʩʢʠʭ 

ʦʙʨʘʙʦʪʦʢ (ʥʘʛʨʝʚ ʜʦ 800ʦʉ, ʦʭʣʘʞʜʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,4ʦʉ/ʤʠʥ ʜʦ 400ʦʉ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

5ʦʉ/ʤʠʥ).  

 

˾͙ͫͯͤͦ͟ мΦ ˽͔͙ͭ͡ ͎͙͔͔͙ͫͭͪͫ͊͘ ͍ͫͨ͊͊͡ 
Gd0,85Zr0,15(Co0,7Cu0,09Fe0,21)6,2 ͍ ͙ͫͻͦ͒ͤͦͣ 
ͫͦͫͭͦΎ͙͙ͤ ό;͔ͪͤ͊Ύ ͙͍ͪ͊͟ΎύΣ ͔ͨͦͫ͡ 
ζ͍͔ͨͦͪ͗͒͊Ό΅͔͚η ͔͙ͭͪͣ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ 
ό͎͔͍ͤ͊ͪ ͒ͦ уллͦ˿ ύ όͺ͙͔͍ͦͭͦ͊͡Ύ ͙͍ͪ͊͟Ύύ ͙ 
͍͍͙͍ͦͫͫͭ͊ͤ͊͊͡Ό΅͔͚ ͔͙ͭͪͣ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ 
ͦ͋ͪ͊͘ͼ͍ͦ ͚ͪ͊ͤͦ͘ ͣ͊ͫͫ· όлΣлрс ͎ ς ͙ͫͤΎΎ 
͙͍ͪ͊͟ΎΤ лΣснп ͎ ς ͎ͦͯ͋͊͡Ύ ͙͍ͪ͊͟ΎΤ мΣмфт ͎ ς 
͔͔ͤ͊͘͡Ύ ͙͍ͪ͊͟ΎΤ нΣнум ͎ ς ͔͍ͦͪ͊ͤ͗͊Ύ ͙͍ͪ͊͟ΎΤ 
рΣмнс ͎ ς ͟ ͪ͊ͫͤ͊Ύ ͙͍ͪ͊͟ΎύΦ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ 

ˉ 0817-2026-0006). 
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23. ʂʫʟʥʝʮʦʚʘ ʇʦʣʠʥʘ ʈʦʙʝʨʪʦʚʥʘ 

ɺʣʠʷʥʠʝ ʤʝʜʠ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ Y2Co17-xCux 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʥʘ ʦʩʥʦʚʝ R2Co17, ʛʜʝ R ï 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʣʝʛʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʨʠʷ ʩʧʣʘʚʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʚʘʟʠʙʠʥʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ   

Y2Co17-xCux, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʤʝʜʴ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

s(H) ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ. ɺʠʜʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʭ ʘʪʦʤʦʚ 

ʢʦʙʘʣʴʪʘ ʥʘ ʘʪʦʤʳ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʤʝʜʴʶ ʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʣʘʩʪʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʘʪʦʤʘʤʠ ʤʝʜʠ, ʩʣʫʞʘʪ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. ʆʜʥʘʢʦ ʢʘʢ 

ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ.1, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʩʪʘʚʘʭ ʧʨʠʟʥʘʢʠ 

ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʠ s(H) ʦʙʨʘʟʮʦʚ Y2Co17-xCux, ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʃʘʙʦʨʘʪʦʨʠʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʎʂʇ ʊʚɻʋ. 
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24. ʄʫʨʘʪʦʚʘ ʂʩʝʥʠʷ ɸʣʝʢʩʝʝʚʥʘ 

ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ 

SmCo3Cu2 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʂʚʘʟʠʙʠʥʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Sm(Co,Cu)5 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ ʩ ʦʜʥʦʦʩʥʳʤ ʪʠʧʦʤ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʤʝʜʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʦʚ [1]. ʅʘʠʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʦʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʩʦʩʪʘʚʝ SmCo3Cu2. 

ʇʨʦʮʝʩʩ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʟʘʜʝʨʞʢʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ. ʇʨʠ 

ʵʪʦʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʘʛʥʠʪʥʘʷ ʧʨʝʜʳʩʪʦʨʠʷ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ 

ʥʘ ʭʦʜ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʥʘʙʣʶʜʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʧʦʚʝʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ SmCo3Cu2 ʚ 

ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʤʘʛʥʠʪʦʤʝʪʨʝ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ 

ʫʙʳʚʘʶʱʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʣʝʤ (ʈʇʇ) ʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝ ʦʙʨʘʪʥʳʤ ʧʦʣʝʤ 

(ʈʆʇ). ʇʝʨʝʤʘʛʥʠʯʠʚʘʥʠʝ ʈʇʇ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʫʙʳʚʘʶʱʝʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, 

ʪʘʢ ʠ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʫʙʳʚʘʶʱʝʡ ʘʤʧʣʠʪʫʜʳ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʩʣʝ ʈʆʇ 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʠ ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ. ɺ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʈʇʇ ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʶ ʬʘʟʦʚʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʠʯʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʤʝʥʦʚ 

ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʡ ʧʨʝʜʳʩʪʦʨʠʠ ʦʙʨʘʟʮʦʚ ʠ 

ʨʘʟʣʠʯʠʝ ʭʦʜʘ ʢʨʠʚʳʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛ ʞʝ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʈʆʇ ʠ 

ʈʇʇ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʎʂʇ ʊʚɻʋ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

Gabay A. M. et al. Magnetic states and structural transformations in Sm(Co,Cu)5 and Sm(Co,Fe,Cu)5 

permanent magnets //Journal of Physics D: Applied Physics. ï 2005. ï V. 38. ï I. 9. ï P. 1337. 
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25. ʇʘʪʨʝʥʢʦʚ ʀʚʘʥ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʇʦʩʪʨʦʝʥʠʝ ʧʦʣʥʦʘʪʦʤʥʳʭ ʤʦʜʝʣʝʡ ʥʘʥʦʯʘʩʪʠʮ ʩʦʩʪʘʨʝʥʥʳʭ 

ʢʘʨʙʦʮʝʧʥʳʭ ʧʦʣʠʤʝʨʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇ.ɺ. ʂʦʤʘʨʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʯʘʱʝ ʛʦʚʦʨʷʪ ʦ ʧʨʦʙʣʝʤʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʠʢʨʦʧʣʘʩʪʠʢʦʤ. ʕʪʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʝʧʣʘ ʠ ʩʚʝʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʠʢʨʦʧʣʘʩʪʠʢ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ 

ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʚʳʟʳʚʘʷ ʚʦʩʧʘʣʝʥʠʷ, 

ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʠ ʘʩʪʤʫ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʧʦʣʠʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʪʦʦʢʠʩʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʚʳʧʦʣʥʷʪʴ 

ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ, 

ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʥʳʤ ʩʪʝʧʝʥʷʤ 

ʩʪʘʨʝʥʠʷ. 

     ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʜʭʦʜ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʘʪʦʤʥʳʭ 

ʘʪʦʤʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʅʏ 

çʩʦʩʪʘʨʝʥʥʳʭè ʢʘʨʙʦʮʝʧʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʦʙʨʘʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. ʆʥ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʤʦʜʝʣʝʡ ʅʏ (ʧʦʩʪʨʦʝʥʥʳʭ 

ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʙʝʩʩʪʨʫʢʪʫʨʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ) ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʧʦʣʥʦʘʪʦʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ɺ ʭʦʜʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʟʘʤʝʥʘ ʯʘʩʪʠʮ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʤʦʜʝʣʠ ʥʘ ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ ʅʏ ʧʦʣʠʵʪʠʣʝʥʘ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 1. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 075 15 2024 629, ʄʝʛʘɻʨʘʥʪ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʩʚʝʨʭʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʄɻʋ ʠʤʝʥʠ ʄ. 

ɺ. ʃʦʤʦʥʦʩʦʚʘ [1]. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʈʓ 
1. V.V. Voevodin, A.S. Antonov, D.A. Nikitenko, P.A. Shvets, S.I. Sobolev, I.Y. Sidorov, K.S. 

Stefanov, V.V. Voevodin and S.A. Zhumatiy // Supercomput. Front. Innov., 2019, 6, 4ï11. 

  

  
ʈʠʩ. 1. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

ʅʏ ʩʦʩʪʘʨʝʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ. ʉʝʨʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʢʨʘʩʥʳʤ - 

ʢʠʩʣʦʨʦʜʘ, ʙʝʣʳʤ - ʚʦʜʦʨʦʜʘ, 

ʟʝʣʝʥʳʤ - ʭʣʦʨʘ. 
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26. ʇʠʩʴʤʝʨʦʚʘ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʚʠʩʤʫʪʘ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ BaFe12O19 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʠʩʣʦʚʘ ʀ.ʃ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ Ba12BixFe12-xO19 (x=0; 0,2; 0,6; 

1), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ [1], ʘ ʪʘʢʞʝ ʠʭ ʩʦʩʪʘʚ, 

ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ. ɺ 

ʊʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

˿͍ͦͫͭ͊ ˽ͦͭͤͦͫͭ͡Έ, ͟ ͎κͣ
3

 

͔̂͒͡Έͤ͊Ύ Ή͔͍ͭͪͦͨͪͦͦ͒ͤͦͫͭ͟͡ΈΣ 

ό˻Öͣͣύ
-1

 

BaBi0.2Fe11.8O19 4300 1,5Ö10
-8

 

BaBi0.6Fe11.4O19 4600 7Ö10
-9

 

BaBiFe11O19 4900 8Ö10
-9

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʠʩʤʫʪʘ ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʯʪʦ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʚʦʜʷʱʠʭ ʮʝʥʪʨʦʚ Fe2+-Fe3+.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʝʣʠʯʠʥʘ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʦ ʚʩʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʠʩʤʫʪʘ.  

 
͊ύ 

 
͋ύ 

˾͙ͫΦ мΦ ̉͊ͫͭͤ·͔ ͔͙ͨͭ͡ ͎͙͔͔͙ͫͭͪͫ͊͘Υ ͊ ς BaBi0,6Fe11,4O19Σ ͋ ς BaBiFe11O19 

ɺ ʦʙʨʘʟʮʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Bi xÓ0,6 ʤʝʪʦʜʦʤ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʯʘʩʪʥʳʝ ʧʝʪʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩ.1). ɼʣʷ ʭ = 0,2 ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʧʝʪʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʦʢʦʚ ʫʪʝʯʢʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʦʩʪʘʚʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

2. Zubar V.M., Zubar T.I., Trukhanov S.V. Correlation of the chemical composition, phase content, 

magnetic parameters and microwave properties of the Bi-substituted M-type hexaferrites  // Journal of 

Alloys and Compounds. 2022. Vol.924. P.166527. DOI: 10.1016/j.jallcom.2022.166527 
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27. ʇʦʣʝʚ ʆʣʝʛ ɺʘʣʝʨʴʝʚʠʯ 

ʇʨʦʮʝʩʩ ʢʦʣʣʘʧʩʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʦʣʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ ʠ 

ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʂ ʧʨʦʙʣʝʤʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʢʣʝʪʦʢ/ʥʘʥʦʬʨʝʡʤʦʚ/ʥʘʥʦʟʚʸʟʜ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ [1-3], ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʥʦʬʨʝʡʤʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʵʪʦ ʧʦʣʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʢʨʳʪʳʤ 

ʢʘʨʢʘʩʦʤ ʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʨʸʙʝʨ, ʣʠʰʸʥʥʳʤ ʩʧʣʦʰʥʳʭ 

ʛʨʘʥʝʡ [4]. ʇʨʠʤʝʨ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1 

ʧʦʩʨʝʜʩʪʚʦʤ ʇʆ [5]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʜʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʧʨʦʮʝʩʩʘ: ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʥʘʥʦʬʨʝʡʤ ʠ ʢʦʣʣʘʧʩ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ. 

  
 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘʥʦʬʨʝʡʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʝʢʮʠʷʭ (ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ 19.9 ¡, ʪʝʤʧʝʨʘʪʫʨʘ 300 K). 
ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɺ.ʉ. ʄʷʩʥʠʯʝʥʢʦ ʠ ɼ.ʅ. ʉʦʢʦʣʦʚʘ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʉʦʢʦʣʦʚ ɼ.ʅ., ʇʦʣʝʚ ʆ.ɺ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʉʘʚʠʥʘ ʂ.ɻ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʆ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʥʦ- ʠ ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʝʪʦʢ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2023. ɺʳʧ. 15. ʉ. 602-613. 

2. ʉʦʢʦʣʦʚ ɼ.ʅ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʇʦʣʝʚ ʆ.ɺ., ʉʘʚʠʥʘ ʂ.ɻ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ.  

ʆ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʝʪʦʢ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. ɺʳʧ. 16. ʉ. 543-556. 

3. ʉʦʢʦʣʦʚ ɼ.ʅ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʇʦʣʝʚ ʆ.ɺ., ʉʘʚʠʥʘ ʂ.ɻ., ɻʦʩʪʠʥʮʝʚ ʄ.ɻ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʟʚʸʟʜʳ ʢʘʢ ʥʦʚʳʡ ʦʙʲʝʢʪ ʜʣʷ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ // ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2025. ɺʳʧ. 17. ʉ. 485-

496. 

4. Ahmad F, Ain Qu, Zahid S, Akitsu T. Nanoframes as a resilient candidate for a broader spectra of 

catalysis challenges // Symmetry. 2024. V. 16. I. 4. Art. ˉ 452. 46 p. 

5. Stukowski A. Visualization and analysis of atomistic simulation data with OVITO ï the open 

visualization tool // Modelling and Simulation in Materials Science and Engineering. 2010. V. 18. I. 1. P. 

015012-1-015012-7. 
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28. ʉʤʝʪʘʥʥʠʢʦʚʘ ʉʦʬʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʤʥʳʭ 

ʦʜʥʦʦʩʥʳʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʥʢʝʚʠʯ ɸ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʡ ʠʥʪʝʨʤʝʪʘʣʣʠʜ Nd2Fe14B ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦʡ 

ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩ ʤʘʛʥʠʪʥʳʤ ʬʘʢʪʦʨʦʤ 

ʢʘʯʝʩʪʚʘ Q > 1. ɼʣʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʩʣʦʞʥʘʷ ʨʘʟʚʝʪʚʣʝʥʥʘʷ 

ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ɼʉ) ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʠʧʘ ñʟʚʸʟʜʦʯʢʠò ʥʘ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɼʉ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʣʝʜʠʪʴ ʚʝʩʴ ʧʨʦʮʝʩʩ ʝʸ ʫʩʣʦʞʥʝʥʠʷ ʦʪ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʠʟ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ  ɼʉ ʦʜʥʦʦʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʄʉʄ). 

ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʩʥʠʤʢʦʚ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ɼʉ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʧʦʜʲʝʤʘ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʘ z = 0.15 ï 9.83 ʤʢʤ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ z ʚʢʣʘʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʤʝʥʦʚ ʚ ʩʠʛʥʘʣ ʟʦʥʜʘ 

ʦʩʣʘʙʝʚʘʝʪ ʠ ʄʉʄ ʨʝʛʠʩʪʨʠʨʫʝʪ ʛʣʫʙʠʥʥʫʶ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʦʣʫʯʝʥʥʦʝ ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʚʳʩʦʪʝ z ~ 7 ï 9 ʤʢʤ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʩʥʦʚʥʦʡ ɼʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʥʘ ʟʥʘʢʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʩʦʦʙʱʘʝʪ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʤʝʥʘ. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʣʘʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʛʥʘʣʘ ʟʦʥʜʘ ʦʪ ʚʳʩʦʪʳ ʧʦʜʲʸʤʘ.  ɸʥʘʣʠʟ ʪʦʯʝʢ 

ʧʝʨʝʛʠʙʘ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʚʣʦʞʝʥʠʡ Nadd ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʉ ʧʦʤʦʱʴʶ 

ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʚʣʦʞʝʥʠʡ 

Nadd ʦʪ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ 

ʟʦʥʜʘ ʥʘʜ ʦʙʨʘʟʮʦʤ z ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B (ʈʠʩ.). 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʙʨʘʪʥʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʧʘʜʝʥʠʝ ʩ ʨʦʩʪʦʤ z, ʦʪʨʘʞʘʷ 

ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʦʪ ʛʣʫʙʠʥʥʳʭ ʜʦ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʜʦʤʝʥʦʚ. 

  

 
ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʚʣʦʞʝʥʠʡ  

Nadd  ɼʉ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʦʪ ʚʳʩʦʪʳ 

ʧʦʜʲʸʤʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ z. 
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29. ʐʘʣʘʝʚ ɸʥʪʦʥ ʄʠʭʘʡʣʦʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ  
ʈʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʀ. ʀʚʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

 ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʳʡ 

ʢʦʥʪʨʦʣʴ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʟʘʱʠʪʫ ʦʪ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʚʳʰʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʝʸ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
ʎʝʣʴ ʨʘʙʦʪʳ ī ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʚʫʤʷ ʥʘʩʦʩʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʩʠʩʪʝʤʦʡ ʢʣʘʧʘʥʦʚ ʠ 

ʢʦʥʮʝʚʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʜʝʞʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, 
ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʙʦʨ ʠ 

ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʩ ʜʘʪʯʠʢʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʩʦʩʘ. 

ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ 

ʜʘʚʣʝʥʠʷ, ʧʣʘʚʥʳʡ ʧʫʩʢ, 

ʘʚʘʨʠʡʥʦʝ ʦʪʢʣʶʯʝʥʠʝ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʠʥʜʠʢʘʮʠʶ 

ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 
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30. ɹʣʷʭ ʄʘʢʩʠʤ ɸʥʜʨʝʝʚʠʯ 

WEB-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʦʩʥʦʚʘʤ ʮʠʬʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʝʧʠʥ ɸ.ɸ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ˡ̉ ̈̉̋̏-̖̘̓̆̎̉̆̒̋̉̊ ́̕ ̝̋̔̌̓̆̓ 
ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʦʩʥʦʚʘʤ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʣʦʛʠʢʠ [1]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʪʫʜʝʥʪʘʤ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʘʪʴ ʪʝʦʨʠʶ, ʥʦ ʠ ʧʨʠʤʝʥʷʪʴ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ WEB-

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʦ ʟʘʜʘʥʥʳʤ 

ʚʳʨʘʞʝʥʠʷʤ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʠʭ 

ʢʦʨʨʝʢʪʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ 

ʪʘʙʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ ʠ 

ʧʨʦʚʝʨʢʠ ʩʭʝʤʳ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʪʘʙʣʠʮ ʠʩʪʠʥʥʦʩʪʠ ʚʳʨʘʞʝʥʠʷ ʠ ʩʦʟʜʘʥʥʦʡ 

ʩʪʫʜʝʥʪʦʤ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʥʘ ʧʘʥʝʣʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʟʘʜʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʨʝʜʘʢʪʦʨ 

ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ (ʈʠʩ. 1).  

ʇʨʠʣʦʞʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HTML, CSS ʠ JavaScript ʠ 

ʦʪʚʝʯʘʝʪ ʟʘ ʠʥʪʝʨʬʝʡʩ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ 

ʧʣʘʪʬʦʨʤʝ Node.js ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʙʘʟʦʡ ʜʘʥʥʳʭ MySQL, ʛʜʝ ʭʨʘʥʷʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʟʘʜʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʠʡ ʠ ʧʦʜʜʝʨʞʢʫ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʨʦʝʢʪ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʮʠʬʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʭʝʤʦʪʝʭʥʠʢʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʊʦʢʭʝʡʤ ʈ. // ʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ï ʄ:. ʄʠʨ, 1988. 392 ʩ. 

1. ʄʘʢʜʦʥʘʣʴʜ ʄʵʪʴʶ. // ɺʝʙ-ʨʘʟʨʘʙʦʪʢʘ. ʀʩʯʝʨʧʳʚʘʶʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ. ï ʉʇʙ:. ʇʠʪʝʨ, 2017. 

640 ʩ. 

  

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʩʘʡʪʘ 
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31. ɺʠʥʦʛʨʘʜʦʚ ʅʠʢʠʪʘ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʠʙʦʨʦʚ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ 

ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆʨʣʦʚ ʖ.ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ð ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥʥʘʷ ʩʦ ʟʜʦʨʦʚʴʝʤ ʥʘʩʝʣʝʥʠʷ. ʅʘ ʜʠʘʛʨʘʤʤʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩʨʝʜʠ ʣʶʜʝʡ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʙʳʪʫ ʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʨʪʘʪʠʚʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʠʙʦʨʳ: ʊɼʉ ʤʝʪʨʳ (EC/TDS) ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ 

(EC/TDS, pH). ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʠ 

ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʪʝʭʥʠʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʠʪʴ ʊɼʉ ʤʝʪʨ ʠ 

ʘʥʘʣʠʟʘʪʦʨ HM Digital HM 200 ʧʦ ʥʘʙʦʨʫ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʜʦʙʩʪʚʫ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʟʘʪʨʘʪʘʤ [2]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʪʠʧʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚʦʜʳ: ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ, ʚʦʜʦʧʨʦʚʦʜʥʘʷ, 

ʙʫʪʠʣʠʨʦʚʘʥʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ. 

ʊɼʉ ʤʝʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ EC/TDS ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ  ʙʳʪʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʢʨʘʥ, ʬʠʣʴʪʨ, ʩʢʚʘʞʠʥʘ) 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ. HM Digital HM 200 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʷʝʪ pH, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʨʝʞʠʤʳ ʠ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʨʠ ʩʝʨʠʡʥʳʭ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ .

 
ʈʠʩ. 1. ʘ - ɼʠʘʛʨʘʤʤʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʜ. ɻʜʝ ʢʨʘʩʥʳʡ ʮʚʝʪ(55.5%) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʪʦʡ 

ʚʦʜʳ.ɾʝʣʪʳʡ(29.3%) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ.ʉʠʥʠʡ(15.2%) ʟʘʙʦʣʝʚʰʠʝ. ʙ ï ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʮʝʥʳ 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ (ʉʘʥʇʠʅ) ʜʣʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ // ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨ. ï 

https://www.rospotrebnadzor.ru/. 

2. ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ / ɸ.ʅ. ʇʝʪʨʦʚ, ɺ.ʀ. ʉʠʜʦʨʦʚ. ï ʄ.: ʍʠʤʠʷ, 2019. ï 200 ʩ. 

3. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʦʜʳ / ʇʦʜ ʨʝʜ. ʅ.ɺ. ʉʤʠʨʥʦʚʘ. ï ʄ.: ɸʢʘʜʝʤʢʥʠʛʘ, 2021. ï 

340 ʩ. 
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32. ɻʘʣʢʠʥ ʀʚʘʥ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ɺʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ ʥʘ 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ 

ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ʊɻʉ). ɼʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʝʥʳ ʧʨʠ ʊ=293ʂ ʤʝʪʦʜʦʤ 

ʉʦʡʝʨʘ-ʊʘʫʵʨʘ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ [1]. 

ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʦʪʥʳʝ ʠ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʊɻʉ. 

 

  
ʈʠʩ. 1 ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʊɻʉ ʚ ʧʦʣʷʭ ʨʘʟʣʠʯʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ: 1 ï 25, 2 ï 38, 3 ï 51, 4 ï 

64, 5 ï 102, 6 ï 128 ʢɺẗʤ-1 

ʈʠʩ. 2 ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʢʨʠʩʪʘʣʣʘ ʊɻʉ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ 

ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ:  

1 ï 50, 2 ï 100, 3 ï 500, 4 ï 1000, 5 ï 1500,  

6 ï 2000 ɻʮ 

ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ (ʨʠʩ. 1) 

ʧʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʜʣʷ ʧʦʣʝʡ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ. ʇʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʨʘʩʪʘʶʪ. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

(ʨʠʩ. 2) ʚʳʭʦʜʷʪ ʥʘ ʥʘʩʳʱʝʥʠʝ. ʉ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʧʝʨʝʢʣʶʯʘʶʱʝʛʦ ʧʦʣʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʫʤʝʥʴʰʘʝʪʩʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

2. ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ, ʊʚɻʋ, 2014, 160 

ʩ. 
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33. ɻʝʨʮʝʚ ɼʘʥʠʠʣ ɸʨʪʸʤʦʚʠʯ 

ɿʘʱʠʪʘ ʦʪ ʩʣʫʯʘʡʥʦʡ ʟʘʧʠʩʠ ʚ ʟʘʛʨʫʟʯʠʢʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ LPC1788 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʢʘʨʦʚ ɺ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

çBootloaderè ʠʣʠ çʟʘʛʨʫʟʯʠʢè ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʦʩʪʚʘʚʣʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. ʕʪʠʤ ʪʝʨʤʠʥʦʤ ʥʘʟʳʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʨʘʟʤʝʱʝʥʥʘʷ ʚ ʟʘʱʠʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʥʘʯʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ ʧʨʦʰʠʚʢʠ, ʝʸ ʦʙʥʦʚʣʝʥʠʝ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ʂʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʟʘʛʨʫʟʯʠʢʘ ʨʝʛʫʣʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʝ ʠʣʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʧʝʨʝʟʘʧʠʩʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʦʤ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʨʦʛʦʤʫ ʨʝʤʦʥʪʫ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʝ ʩʣʫʯʘʡʥʫʶ ʧʝʨʝʟʘʧʠʩʴ ʟʘʛʨʫʟʯʠʢʘ, 

ʯʪʦ ʜʝʣʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʘʟʝ LPC1788 ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʨʘʙʦʪʫ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʟʘʱʠʪʳ. 

ʈʠʩ.1. ɹʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʟʘʱʠʪʳ. 
ɼʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʦʪʝʩʪʠʪʨʦʚʘʥʥʦ ʥʘ ʨʝʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʥʘ ʦʩʥʦʚʝ ʟʘʷʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʛʦʪʦʚʦ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʝʢʪʘʭ ʥʘ ʙʘʟʝ LPC1788. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. What is Bootloader in Microcontroller? Why do you need it? ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://components101.com/articles/what-is-bootloader-in-microcontroller-why-do-you-need-it. ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 13.02.2026. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʛʨʫʟʯʠʢʘ (bootloader) / ʋʯʝʙʥʳʡ ʢʫʨʩ ʧʦ AVR. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://easyelectronics.ru/avr-uchebnyj-kurs-ispolzovanie-bootloadera.html. ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.02.2026. 
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ʋɼʂ 536.421.1 + 536.911 

34. ɻʦʩʪʠʥʮʝʚ ʄʠʭʘʠʣ ɻʝʦʨʛʠʝʚʠʯ 

ʆ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʟʚʸʟʜ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʲʝʢʪʘʤʠ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʘʥʦʚʷʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʥʘʥʦʢʣʝʪʢʠ/ʥʘʥʦʬʨʝʡʤʳ/ʥʘʥʦʟʚʸʟʜʳ [1-3]. ɺ ʨʘʟʚʠʪʠʝ [3] ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ 

ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʟʚʸʟʜ Ag (ʩʤ. ʨʠʩ. 1) ʚ ʇʆ [4].  

    
470 ʂ 660 ʂ 720 ʂ 790 ʂ 

    
490 K 560 K 650 K 720 K 

ʈʠʩ. 1. ʕʚʦʣʶʮʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʟʚʸʟʜ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ: ʚʝʨʭʥʠʡ ʨʷʜ ï ʥʘʯʘʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʷ GDI, ʥʠʞʥʠʡ ʨʘʜ ï GISI. 

ʇʨʠʥʷʪʘ ʪʝʨʤʠʥʦʣʦʛʠʷ ʨʘʙʦʪʳ [4]. 
ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɺ.ʉ. ʄʷʩʥʠʯʝʥʢʦ ʠ ɼ.ʅ. ʉʦʢʦʣʦʚʘ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʉʦʢʦʣʦʚ ɼ.ʅ., ʇʦʣʝʚ ʆ.ɺ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʉʘʚʠʥʘ ʂ.ɻ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʆ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʥʦ- ʠ ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʝʪʦʢ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2023. ɺʳʧ. 15. ʉ. 602-613. 

2. ʉʦʢʦʣʦʚ ɼ.ʅ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʇʦʣʝʚ ʆ.ɺ., ʉʘʚʠʥʘ ʂ.ɻ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ.  

ʆ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʝʪʦʢ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. ɺʳʧ. 16. ʉ. 543-556. 

3. ʉʦʢʦʣʦʚ ɼ.ʅ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʇʦʣʝʚ ʆ.ɺ., ʉʘʚʠʥʘ ʂ.ɻ., ɻʦʩʪʠʥʮʝʚ ʄ.ɻ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʟʚʸʟʜʳ ʢʘʢ ʥʦʚʳʡ ʦʙʝ̡ʢʪ ʜʣʷ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ // ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2025. ɺʳʧ. 17. ʉ. 485-

496. 

4. Stukowski A. Visualization and analysis of atomistic simulation data with OVITO ï the open 

visualization tool // Modelling and Simulation in Materials Science and Engineering. 2010. V. 18. I. 1. P. 

015012-1-015012-7. 
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ʋɼʂ: 543.429.23, 532.13, 553.982.2  

35. ɻʫʜʢʦʚʘ ʇʦʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʆʮʝʥʢʘ ʚʷʟʢʦʩʪʠ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʦʢʘ ʜʝ 

ʍʘʨʫʢʦ ʤʝʪʦʜʦʤ ʗʄʈ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʨʧʝʥʢʦʚ ɸ.ʖ., ʈʫʜʘʢʦʚʩʢʘʷ ʉ.ʖ. 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʚʷʟʢʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ 

ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ. ɼʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʦʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ, ʯʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʷʜʝʨʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʗʄʈ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʦʮʝʥʠʚʘʪʴ 

ʚʷʟʢʦʩʪʴ ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʭʘʨʘʢʪʝʨʥʳʭ 

ʚʨʝʤʝʥʘʭ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ [1].  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʗʄʈ ʘʥʘʣʠʟ ʥʝʬʪʠ, ʚʳʜʝʣʝʥʥʦʡ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ 

ʠʟ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʦʢʘ ʜʝ ʍʘʨʫʢʦ. ʋʩʪʘʥʦʚʣʝʥʘ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʚʷʟʢʦʩʪʴʶ ʥʝʬʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʪʷʞʸʣʳʭ ʬʨʘʢʮʠʡ ʧʣʦʱʘʜʴ ʗʄʈ ʩʧʝʢʪʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʪʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ ʥʝʬʪʠ (ʈʠʩ. 1).  

 

 
ʈʠʩ. 1. ʗʄʈ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʥʝʬʪʠ, ʚʳʜʝʣʝʥʥʦʡ ʥʘ ʨʘʟʥʳʭ ʩʪʫʧʝʥʷʭ ʵʢʩʪʨʘʢʮʠʠ 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʐʫʤʩʢʘʡʪʝ ʄ.ʁ., ʌʦʤʠʥ ʄ.ɸ., ʉʘʠʪʦʚ ʈ.ʄ., ʗʥʫʰʝʥʢʦ ʊ.ɸ., ɻʦʨʰʢʦʚ ɸ.ʄ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ - ʨʝʣʘʢʩʦʤʝʪʨʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ ʥʘʩʳʱʘʶʱʝʛʦ ʬʣʶʠʜʘ // ʅʝʬʪʝʛʘʟʦʚʘʷ 

ʛʝʦʣʦʛʠʷ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. 2024. ʊ.19. ˉ4. https://www.ngtp.ru/rub/2024/41_2024.html. 

  

https://www.ngtp.ru/rub/2024/41_2024.html
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36. ɻʫʩʝʚ ʀʣʴʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʆʨʛʘʥʠʟʘʮʠʷ ʣʦʛʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ 

FatFS ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ LPC1788 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʢʘʨʦʚ ɺ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʄʦʜʫʣʴ FatFs ʜʣʷ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ FAT ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦ 

ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ʄʦʜʫʣʴ FatFs ʥʘʧʠʩʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ ANSI C ʠ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʝʥ ʦʪ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʢʦʤ [1]. 

ʇʨʠʤʝʥʝʥʠʝ FatFs ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʜʜʝʨʞʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʬʘʡʣʦʚʳʭ 

ʦʧʝʨʘʮʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʜʠʩʢʦʚ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʫʣʴ FatFs 

ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ LPC1788, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. ɹʳʣ ʨʝʘʣʠʟʦʚʘʥ 

ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ ʜʨʘʡʚʝʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ FatFs 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ SD-ʢʘʨʪʦʡ. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

ʇʦʩʣʝ ʘʧʧʘʨʘʪʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ, ʥʘʩʪʨʦʡʢʠ FatFs  ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʜʨʘʡʚʝʨʘ, ʙʳʣ ʥʘʧʠʩʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʨʘʟʜʝʣʷʶʱʠʡ 1 

ʬʠʟʠʯʝʩʢʠʡ ʜʠʩʢ (SD-ʢʘʨʪʫ) ʥʘ 2 ʣʦʛʠʯʝʩʢʠʭ ʜʠʩʢʘ.  

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ FatFs ʩ ʜʨʘʡʚʝʨʦʤ SD-ʢʘʨʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʝʥʥʳʤ 

ʨʝʰʝʥʠʝʤ, ʛʦʪʦʚʳʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʘʭ, ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ FatFs ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʣʦʛʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. FATFs - generic fat filesystem module. ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://elm-chan.org/fsw/ff/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 11.02.2026). 
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37. ɾʠʛʘʥʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʆʣʝʛʦʚʥʘ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʛʝʨʤʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʘʩʠʣʴʝʚ C.ɸ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ˡ̉ ̈̉̋̏-̖̘̓̆̎̉̆̒̋̉̊ ́̕ ̝̋̔̌̓̆̓ 
ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ LAMMPS[1]. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʛʝʨʤʘʥʠʷ ʨʘʟʤʝʨʦʤ 561 ʘʪʦʤ, 

ʠʤʝʶʱʠʝ ʦʩʦʙʫʶ ʛʝʦʤʝʪʨʠʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʤ 

ʪʘʢʦʛʦ ʞʝ ʨʘʟʤʝʨʘ ʭʘʨʘʢʪʝʨʥʘ ʠʢʦʩʘʵʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʢʣʘʩʪʝʨʦʚ. ʅʘʤʠ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʯʘʩʪʠʮʳ. ʅʘʛʨʝʚ ʥʘʯʠʥʘʣʩʷ 

ʩ 300 K ʜʦ 2500 K. ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣ 1 000 000 ʰʘʛʦʚ, ʛʜʝ ʦʜʠʥ ʰʘʛ ʨʘʚʝʥ 

ʦʜʥʦʡ ʬʝʤʪʦʩʝʢʫʥʜʝ. ʅʘ ʨʠʩ. 1. ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʝʚʨʘʱʝʥʠʝ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʡ 

ʥʘʥʦʯʘʩʪʠʮʳ ʛʝʨʤʘʥʠʷ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ. 

ʈʠʩ. 1. ʄɼ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ Ge, ʩʦʜʝʨʞʘʱʠʝ 561 ʘʪʦʤ. 

ʘ) ʥʘʯʘʣʦ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 300 ʂ; ʙ) ʯʝʨʝʟ 230 ʧʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

820 ʂ; ʚ) ʯʝʨʝʟ 480 ʧʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 1210 ʂ; ʛ) ʯʝʨʝʟ 1000 ʧʩ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 2500 ʂ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Thompson, A.P. LAMMPS - a flexible simulation tool for particle-based materials modeling at the 

atomic, meso, and continuum scales / A.P. Thompson, H.M. Aktulga, R. Berger, D.S. Bolintineanu, W.M. 

Brown, P.S. Crozier, P.J. in 't Veld, A. Kohlmeyer, S.G. Moore, T.D. Nguyen, R. Shan, M.J. Stevens, J. 

Tranchida, C. Trott, S.J. Plimpton // Comput. Phys. Commun. ï 2022. V. 271. ï P. 10817 
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38. ɿʦʨʠʥ ɼʘʥʠʣʘ ʈʦʤʘʥʦʚʠʯ 

ʉʮʝʥʘʨʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʨʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Ti-Al-V 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʪʝʨʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Ti6Al4V ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʬʝʨʠʯʝʩʢʘʷ ʯʘʩʪʠʮʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 2869 ʘʪʦʤʦʚ. ɺʳʙʦʨ ʨʘʟʤʝʨʘ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ [1, 2]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʠ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ɻ ʥʝʨʛʠʠ ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʢ 

ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʘʯʝʩʪʚʝʥʥʦ ʚʦ ʚʩʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʦʪʚʝʯʘʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

(ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ), ʯʪʦ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ ʚ 

[1] ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʝʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʠ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʥʘʥʦʯʘʩʪʠʮʳ 

Ti6Al4V, ʦʪʚʝʯʘʶʱʝʡ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʪ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɺ.ʉ. ʄʷʩʥʠʯʝʥʢʦ, ʇ.ʄ. ɽʨʰʦʚʘ ʠ ɼ.ʅ. ʉʦʢʦʣʦʚʘ ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Sdobnyakov N.Yu., Myasnichenko V.S., Cheng-Hung San, Yu-Tsung Chiu, Ershov P.M., Ivanov 

V.A., Komarov P.V. Simulation of phase transformations in titanium nanoalloy at different cooling rates // 

Materials Chemistry and Physics. 2019. V. 238. Art. No 121895. 9 p. 

2. Sdobnyakov N.Yu., Samsonov V.M., Myasnichenko V.S., Ershov P.M., Bazulev A.N., Veresov 

S.A., Bogdanov S.S., Savina K.G. Effect of cooling rate on structural transformations in Ti-Al -V nanoalloy: 

molecular dynamics study // Journal of Physics: Conference Series. 2021. V. 2052. Art.  ̄012038. 4 p. 
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39. ʂʦʣʢʦʚ ɻʝʦʨʛʠʡ ɻʝʥʥʘʜʴʝʚʠʯ 

ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʮʝʨʠʷ ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʠʩʣʦʚʘ ʀ.ʃ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ˡ̉ ̈̉̋̏-̖̘̓̆̎̉̆̒̋̉̊ ́̕ ̝̋̔̌̓̆̓ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʂʨʠʩʪʘʣʣʳ SBN, ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ɺ ʨʘʙʦʪʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʠ Ce ʥʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʦʙʨʘʟʮʦʚ SBN. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʧʨʘʚʠʣʴʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʴʝʟʦʦʪʢʣʠʢʦʚ. ʀʟʫʯʝʥʠʝ ʧʴʝʟʦʦʪʢʣʠʢʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʤʝʪʦʜʦʤ çʨʝʟʦʥʘʥʩʘ-

ʘʥʪʠʨʝʟʦʥʘʥʘʩʘè. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʇʦ 

ʨʝʟʦʥʘʥʩʥʳʤ ʯʘʩʪʦʪʘʤ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʧʴʝʟʦʢʦʵʬʬʠʮʠʝʥʪ d33 ʚ ʢʨʠʩʪʘʣʣʘʭ SBN:Ce ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʙʝʩʧʨʠʤʝʩʥʳʭ ʦʙʨʘʟʮʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ 

ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 140Ö10-12 ʂʣ/ʅ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʜʣʷ ʦʙʨʘʟʮʦʚ SBN pure 

d33º13Ö10-12 ʂʣ/ʅ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʜʦʣʴʥʳʡ ʧʴʝʟʦʦʪʢʣʠʢ ʧʨʝʚʳʰʘʝʪ ʧʦ 

ʩʚʦʠʤ ʟʥʘʯʝʥʠʷʤ ʧʦʧʝʨʝʯʥʳʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 

SBN, ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʩʴʶ ʮʝʨʠʷ.  
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ʈʠʩ.1 ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʩʣʝʚʘ) ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʩʧʨʘʚʘ) ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʝʤ 

ʢʨʠʩʪʘʣʣʘʭ SBN:Ce. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. U. Caldino, P. Molina, M.O. Ramirez, D. Jaque, L.E. Bausa, J.G. Sole, C. Zaldo, L. Ivleva, M. 

Bettinelli. Optical spectroscopy of Ndį  ions in Sr. Ba . Nb O // Ferroelectrics. 2008. V. 363. I. 1. P. 150. 
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40. ʂʦʤʘʨʦʚ ɼʝʥʠʩ ʅʠʢʦʣʘʝʚʠʯ 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʠʙʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʱʝʣʦʯʥʦʡ ʚʦʜʳ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆʨʣʦʚ ʖ.ɼ. 
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʑʝʣʦʯʥʘʷ ʚʦʜʘ (pH>7) ʚʦʩʪʨʝʙʦʚʘʥʘ ʥʘ ʨʳʥʢʝ; ʚ ʙʳʪʫ ʝʸ ʯʘʱʝ ʚʩʝʛʦ 

ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ. ʎʝʣʴ ʨʘʙʦʪʳ ð ʚʳʧʦʣʥʠʪʴ 

ʪʝʭʥʠʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʠ ʘʥʘʣʠʟ ʨʳʥʢʘ ʠʦʥʠʟʘʪʦʨʦʚ ʱʝʣʦʯʥʦʡ ʚʦʜʳ ʠ 

ʦʮʝʥʠʪʴ ʥʘʫʯʥʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʢʣʘʤʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʣʠʟʥʦʛʦ ʠʦʥʠʟʘʪʦʨʘ ʠ ʢʣʶʯʝʚʳʝ ʫʟʣʳ [1], ʘ ʪʘʢʞʝ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʨʘʟʥʳʭ ʮʝʥʦʚʳʭ ʢʘʪʝʛʦʨʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʩʫʨʩ ʧʨʠʙʦʨʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʜʦʚ 

ʠ ʠʦʥʥʦʡ ʤʝʤʙʨʘʥʳ; ʫʜʝʰʝʚʣʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʥʠʞʘʝʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ [2]. ɼʣʷ Aquator Silver ʦʮʝʥʝʥʘ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ å27 ʪʳʩ. ʨʫʙ. ʧʨʠ ʮʝʥʝ ʦʢʦʣʦ 40 ʪʳʩ. ʨʫʙ. (ʧʨʠʙʳʣʴ å13 ʪʳʩ. 

ʨʫʙ./ʠʟʜʝʣʠʝ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʤʘʨʞʠʥʘʣʴʥʦʩʪʴ ʩʝʛʤʝʥʪʘ. ʆʙʟʦʨ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʳ, ʯʘʩʪʦ ʟʘʷʚʣʷʝʤʳʝ ʚ ʨʝʢʣʘʤʝ, ʦʩʪʘʶʪʩʷ 

ʩʧʦʨʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʢʠʩʣʦʪʥʦ ʱʝʣʦʯʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ [3]. 

 
 

 ̋ ̉̒Ȣ ρȢ ˥̋́̌́ Ð(  ̋ ̉̒Ȣ ςȢ ˞̑́̃̎̆̎̉̆ ̉̏̎̉̈́̓̏̑̏̃ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʀʚʘʥʦʚ, ʀ.ʀ. ʊʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʱʝʣʦʯʥʦʡ ʚʦʜʳ: ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ // ɾʫʨʥʘʣ 

ʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 2020. ï ˉ4. ï ʉ. 45-58.  

2. ʉʠʜʦʨʦʚ, ʉ.ʉ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʙʦʨʦʚ ʜʣʷ ʚʦʜʦʦʯʠʩʪʢʠ // ʕʢʦʥʦʤʠʢʘ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, 2021. ï ˉ6. ï ʉ. 78-89.  

3. ʇʦʧʦʚ ɸ.ʀ., ʄʠʨʦʥʦʚʘ ɽ.ʄ., ɹʦʥʜʘʨʝʚ ɺ.ʀ. ɸʥʘʣʠʟ ʟʘʷʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʦʥʠʟʘʪʦʨʦʚ 

ʚʦʜʳ ʦ ʧʦʣʴʟʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʱʝʣʦʯʥʦʡ ʚʦʜʳ // ɾʫʨʥʘʣ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ. 2019. ʊ. 63(2). 

ʉ. 54ï58. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 62 

ʋɼʂ: 539.216:536.71 

41. ʂʨʘʚʯʝʥʢʦ ɼʘʨʴʷ ɸʣʝʢʩʝʝʚʥʘ 

ʂ ʚʦʧʨʦʩʫ ʛʠʩʪʝʨʝʟʠʩʘ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ 

ʥʠʢʝʣʷ, ʧʘʣʣʘʜʠʷ ʠ ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺʦʧʨʦʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1-3] ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʚʦʟʤʦʞʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ. ɺ ʨʘʟʚʠʪʠʝ [2] ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮʳ (Cu200-Fe600-

Co800)@Ni2400 (ʩʤ. ʨʠʩ. 1 ʘ). ʅʘʥʦʯʘʩʪʠʮʳ (Cu200-Fe600-Co800)@Ni2400 

ʥʘʛʨʝʚʘʣʠʩʴ ʦʪ 300 ʜʦ 1800 ʂ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠʩʴ ʜʦ 300 ʂ ʩʦ ʩʢʦʨʦʩʪʴʶ 

1 ʂ/ʧʩ.  

ʇʦʢʘʟʘʥ ʵʬʬʝʢʪ ʨʘʟʨʫʰʝʥʠʷ ʦʙʦʣʦʯʢʠ ʥʠʢʝʣʷ (ʩʤ. ʨʠʩ. 1 ʙ), ʘʪʦʤʳ 

ʥʠʢʝʣʷ çʠʟʙʝʛʘʶʪè ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʪʦʤʳ ʞʝʣʝʟʘ, 

ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ ʦʙʨʘʟʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʤʦʥʦʩʣʦʡ (ʩʤ. ʨʠʩ. 1 ʚ), ʭʦʪʷ ʠʭ 

ʧʨʠʩʫʪʩʪʚʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ. 

   
ʈʠʩ. 1. ʘ ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮʳ (Cu200-Fe600-Co800)@Ni2400 

(ʚʠʜ ʚ ʨʘʟʨʝʟʝ): ʟʝʣʸʥʳʝ ʘʪʦʤʳ ï ʥʠʢʝʣʴ, ʢʨʘʩʥʳʝ ï ʞʝʣʝʟʦ, ʢʦʨʠʯʥʝʚʳʝ ï ʤʝʜʴ, 

ʨʦʟʦʚʳʝ ï ʢʦʙʘʣʴʪ, ʙ ï ʨʘʟʨʫʰʝʥʠʝ ʦʙʦʣʦʯʢʠ ʠʟ ʥʠʢʝʣʷ ʧʨʠ 1690 ʂ, ʚ ï 

ʢʦʥʝʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤʘʭ: ʫʯʝʙʥʠʢ. ʊʚʝʨʴ: ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 2025.  408 ʩ. 

2. ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʘʚʠʥʘ ʂ.ɻ., ʉʦʢʦʣʦʚ ɼ.ʅ., ʅʝʧʰʘ ʅ.ʀ., ʐʦʨʦʭʦʚ ʅ.ɸ., ʂʨʘʚʯʝʥʢʦ ɼ.ɸ., 

ɻʨʠʛʦʨʴʝʚ ʈ.ɽ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. ʉʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʧʣʘʚʦʚ Ni-Cu-Fe-Co ʧʨʠ 

ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ: ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2025. ɺʳʧ. 17. ʉ. 674-686. 

3. Kolosov A.Yu., Nepsha N., Sokolov D., Savina K.G., Moskovskikh D., Beletskii E., Kumar S.M., 

Sdobnyakov N.Yu., Romanovski V. Chemical and structural segregation in quaternary Ni-Cu-Fe-Co 

nanoparticles: atomistic simulation and experiment // ACS Physical Chemistry Au. 2025. V. 6. I. 1. P. 163-

173. 
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42. ʂʫʟʴʤʠʥ ʅʠʢʦʣʘʡ ɹʦʨʠʩʦʚʠʯ 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʥʪʘʢʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʥʘ ʥʘʥʦʫʨʦʚʥʝ ʚ 

ʥʝʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʨʝʜʳʜʫʱʠʝ ʥʘʰʠ ʨʘʙʦʪʳ [1-2] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ (ʌʈ) ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʭʦʜʝ ʢʦʥʪʘʢʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ (ʂʇ). ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʪʦʤ, ʩ ʧʦʤʦʱʴʶ ʢʘʢʦʛʦ ʇʆ ʣʫʯʰʝ ʚʩʝʛʦ 

ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʌʈ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʙʳʣʦ ʨʝʰʝʥʦ ʩʨʘʚʥʠʪʴ ʛʨʘʬʠʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʌʈ ʂʇ ʥʘʥʦʩʣʦʷ Cu-Ni (ʩʤ. ʨʠʩ. 1). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʫ ʥʘʥʦʩʣʦʷ Cu-Ni ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʌʈ ʠʤʝʶʪ ʩʭʦʞʠʝ ʯʝʨʪʳ, ʯʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʙʘ ʇʆ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʌʈ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

  
ʘ ʙ 

ʈʠʩ. 1. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 

ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʥʘʥʦʩʣʦʷ Cu-Ni ʚ ʭʦʜʝ ʂʇ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ: ʘ 

- ʇʆ Gwyddion, ʙ - ʇʆ FracLac.  
ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɺ.ʄ. ʉʘʤʩʦʥʦʚʘ, ʇ.ɺ. ʂʦʤʘʨʦʚʘ ʠ ʀ.ɺ. ʊʘʣʳʟʠʥʘ ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Samsonov V.M., Kuzmin N.B., Talyzin I.V., Sdobnyakov N.Yu., Pakhomov P.M., Komarov P.V. 

Application of fractal analysis to characterize the contact melting process in a bimetallic CuïAg nanolayer 

// Theoretical Foundations of Chemical Engineering. 2025. V. 59. No. 3. P. 549-554. 

2. Samsonov V.M., Kuzômin N.B., Sdobnyakov N.Yu., Talyzin I.V., Komarov P.V. Contact melting 

in bimetallic Cu-Ag nanolayer: Molecular dynamics simulation and fractal analysis // Nano-Structures & 

Nano-Objects. 2025. V. 43. Art. ̄  101496. 10 p. 
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43. ʄʘʢʫʥʠʥʘ ʖʣʠʷ ʉʝʨʛʝʝʚʥʘ 

ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʮʝʨʠʷ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʠʩʣʦʚʘ ʀ.ʃ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ˡ̉ ̈̉̋̏-̖̘̓̆̎̉̆̒̋̉ ̊́̕ ̝̋̔̌̓̆̓ 
ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ Sr0,61Ba0,39Nb2O6 (SBN:61) 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤ-ʨʝʣʘʢʩʦʨʘʤ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʠʨʦ-, ʧʴʝʟʦ- ʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [1]. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʮʝʨʠʷ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ (SBN:61). ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʉʪʝʧʘʥʦʚʘ ʠʟ ʨʘʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 0,002, 

0,01 ʠ 0,1 ʚʝʩ.% ʉe2O3. ʇʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʧʝʪʣʷʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩ.1) ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ.  
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E, ʢɺ/ʩʤ

 SBN-61 0,002 % Ce

 SBN-61 0,01 % Ce

 SBN-61 0,1 % Ce

P, ʤʢʂʣ/ʩʤ
2

 

˾͙ͫ мΦ ˽͔͙ͭ͡ ͙͒Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͎͙͔͔͙ͫͭͪͫ͊͘ ͙͍ͪͫͭ͊ͦ͟͡͡ SBN-61:Ce. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʩʴʶ Ce, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʣʠʯʠʥʦʡ Ps ʚ ʙʝʩʧʨʠʤʝʩʥʦʤ SBN:61 ʠ SBN:61 ʩ ʧʨʠʤʝʩʷʤʠ ʜʨʫʛʠʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ, ʥʘʧʨʦʪʠʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʜʥʘʢʦ, ʢʘʢ ʪʘʢʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʨʠʷ ʚ ʜʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʦ. ʋʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ Ps ʚ ʦʙʨʘʟʮʘʭ ʩ ʧʨʠʤʝʩʴʶ ʮʝʨʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʠʤʝʩʴ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʯʝʤ 

ʧʨʠʤʝʩʠ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɾʠʜʝʣʴ, ʂ. ʄ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ SBN-61 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʉʌ-56 ʠ LN-121-Spectr / ʂ. ʄ. ɾʠʜʝʣʴ, ɸ. ɺ. ʇʘʚʣʝʥʢʦ // 

ʅʘʫʯʥʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ: ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʟʜʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ï ʈʦʩʪʦʚ-

ʥʘ-ɼʦʥʫ: ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 2024. ï ʉ. 151-153. 
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44. ʄʘʨʪʳʥʦʚ ʉʝʨʛʝʡ ɼʤʠʪʨʠʝʚʠʯ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ Sr0,61Ba0,39Nb2O6, ʧʦʣʫʯʝʥʥʦʡ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʣʥʳʰʢʠʥ ɸ.ɺ 

ʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʌʠʟʠʢʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ʂʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ ʩʦʩʪʘʚʘ Sr0,61Ba0,39Nb2O6 (SBN:61) 

ʷʚʣʷʝʪʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʤ-ʨʝʣʘʢʩʦʨʦʤ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʎʝʣʴ ʁ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʝʨʘʤʠʢʠ SBN:61, ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25 ï 120 ÁC ʠ ʚʣʠʷʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩʠʥʪʝʟʠʨʦʚʘʥ  rʜʚʫʭʩʪʘʜʠʡʥʳʤ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʤʝʪʦʜʦʤ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʟ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʠ ʢʘʨʙʦʥʘʪʦʚ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ 

ʧʦʣʫʯʝʥʳ ʧʦʨʦʰʢʠ ʥʠʦʙʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ SrNb2O6 ʠ BaNb2O6. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʭ ʩʤʝʰʠʚʘʣʠ, ʧʨʝʩʩʦʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ 

ʠ ʪʦʣʱʠʥʦʡ 1 ʤʤ, ʘ ʟʘʪʝʤ ʩʧʝʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1320ÁC ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ʇʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʘ 4,2 ʛ/ʩʤ3 (80% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ). ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʝʨʘʤʠʢʠ ʥʘʥʦʩʠʣʠʩʴ ʵʣʝʢʪʨʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʨʝʙʨʷʥʦʡ ʧʘʩʪʳ. ʇʦʣʷʨʠʟʘʮʠʷ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

4 ʢɺ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ LCR-ʤʝʪʨʝ E7-30 ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʦʪ 10 ʢɻʮ ʜʦ 2 ʄɻʮ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʨʘʟʤʳʪʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ-ʨʝʣʘʢʩʦʨʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (e) T  ʩʤʝʱʘʝʪʩʷ ʦʪ ~50 ÁC ʥʘ 

ʯʘʩʪʦʪʝ 10 ʢɻʮ ʜʦ ~65 ÁC ʥʘ 700 ʢɻʮ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Ů ʩʥʠʞʘʝʪʩʷ ʩ 

1300 ʜʦ 1100. ɿʘʚʠʩʠʤʦʩʪʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ tgŭ(T) ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʪ 0,02 ʜʦ 0,06 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ÁC. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ (tgŭ = 0,012) 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʯʘʩʪʦʪʝ 10 ʢɻʮ ʚ ʠʥʪʝʨʚʘʣʝ 70ï90 ÁC. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʚʳʰʝ 100 ÁC) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ tgŭ ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʦʣʷʨʠʟʘʮʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ e ʠ tgŭ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʤʝʱʘʶʪʩʷ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ. 
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45. ʄʠʪʠʥʝʚ ɽʛʦʨ ʉʝʨʛʝʝʚʠʯ 

ʂ ʚʦʧʨʦʩʫ ʛʠʩʪʝʨʝʟʠʩʘ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ 

ʥʠʢʝʣʷ, ʧʘʣʣʘʜʠʷ ʠ ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʭʘʨʘʢʪʝʨʝʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ [1]. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʤʦʞʝʪ ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʷʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʦʘʣʝʩʮʝʥʮʠʠ [1] ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʷʜʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʦʯʝʥʴ ʚʳʨʘʞʝʥʦ ʥʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ [2, 3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʛʠʩʪʝʨʝʟʠʩ ʧʨʦʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ ʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʫʯʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʤʦʥʦʤʝʪʘʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʠʢʝʣʷ, 

ʧʘʣʣʘʜʠʷ ʠ ʩʝʨʝʙʨʘ (ʩʤ. ʨʠʩ. 1) ʩ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʣʴʶ ʦʧʠʩʘʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚ ʪʝʨʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Ni-Pd-Ag. ʆʮʝʥʢʘ ʰʠʨʠʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʪ.ʝ. ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʥʯʘʥʠʷ 

ʧʣʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʥʯʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ Ni ï 420 ʂ ʜʣʷ Pd ï 

390 K ʠ ʜʣʷ Ag ï 340 K. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʧʨʦʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ 4537 ʘʪʦʤʦʚ: ʘ ï ʥʠʢʝʣʷ, ʙ ï ʧʘʣʣʘʜʠʷ, ʚ - ʩʝʨʝʙʨʘ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ï 

ʥʘʛʨʝʚʘʥʠʝ, ʩʠʥʷʷ ʢʨʠʚʘʷ ï ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʤʘʨʦʚ ʇ.ɺ. ʠ ʜʨ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʘʣʝʩʮʝʥʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2012. ɺʳʧ. 4. ʉ. 129-142. 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤʘʭ: ʫʯʝʙʥʠʢ. ʊʚʝʨʴ: ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 2025.  408 ʩ. 

2. ʉʘʤʩʦʥʦʚ ɺ.ʄ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ. ʠ ʜʨ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʤʝʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ: ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ 

ʠ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ // ʇʦʚʝʨʭʥʦʩʪʴ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ, ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʠ ʥʝʡʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2018. ̄  12. ʉ. 65-69. 
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ʋɼʂ: 537.226.4 

46. ʄʫʭʠʥ ʆʣʝʛ ɸʣʝʢʩʝʝʚʠʯ 

ʇʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ ʚ ʢʨʠʩʪʘʣʣʘʭ PZn-Pt 

ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʠʩʣʦʚʘ ʀ.ʃ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ 

PZNïPT ʩʨʝʟʦʚ (001) ʠ (111) ʚ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʷʭ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʇʦ ʥʘʩʳʱʝʥʥʳʤ ʧʝʪʣʷʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

(P) ʠ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ (ɽʩ). 

ʘ) ʙ) 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʦʙʨʘʟʮʘ ʥʘʧʨʘʚʣʝʥʠʷ [001] 

(ʘ) ʠ [111] (ʙ). 

ʋ ʩʨʝʟʘ (001) ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʪʷʥʫʪʘʷ ʬʦʨʤʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʇʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʝʣʠʯʠʥʘ P ʩʦʩʪʘʚʣʷʝʪ 0,27 ʂʣ/ʤĮ, ʘ ɽʩ - 2,5 ʢɺ/cʤ. ʉ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʪʣʷ ʚʳʪʷʛʠʚʘʝʪʩʷ, ʘ ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ʫʤʝʥʴʰʘʶʪʩʷ, ʦʜʥʘʢʦ ʥʝʥʫʣʝʚʘʷ ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɼʣʷ ʩʨʝʟʘ (111) ʧʝʪʣʷ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʣʠʟʢʘ ʢ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʩʦʭʨʘʥʷʝʪ ʪʘʢʫʶ ʬʦʨʤʫ ʜʦ 80 ÁC. ɺʝʣʠʯʠʥʘ ɽʩ ʩʦʩʪʘʚʣʷʝʪ 3,1 

ʢɺ/cʤ, ʘ P ʦʢʦʣʦ 0,46 ʂʣ/ʤĮ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʩʨʝʟʘ (001). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʦʥʪʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʈʘʟʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʝʸ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʠʟ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 90 ÁC ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ [111] ʠ [001]. 
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ʋɼʂ 004.032.6 + 621.391 
47. ʆʚʝʯʢʠʥ ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʷ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʘʫʜʠʦʩʠʛʥʘʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʢʘʨʦʚ ɺ. ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʄʦʜʫʣʴ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ 

ʧʨʠʙʦʨʦʤ ʚ ʤʫʟʳʢʘʣʴʥʦʡ ʩʬʝʨʝ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢ ʘʫʜʠʦ ʨʘʟʣʠʯʥʳʝ 

ʬʠʣʴʪʨʳ (ʚʳʩʦʢʠʭ, ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʧʦʣʦʩʦʚʳʝ) ʠ ʵʬʬʝʢʪʳ ʧʝʨʝʛʨʫʟʘ, ʟʘʜʝʨʞʢʠ, 

ʨʝʚʝʨʙʝʨʘʮʠʠ ʠ ʧʨʦʯʠʝ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʜʙʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʜʫʣʷ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʠ ʵʬʬʝʢʪʘ 

ʧʝʨʝʛʨʫʟʘ çoverdriveè ʜʣʷ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ 

ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F446RCTx, ʦʩʥʦʚʘʥʥʦʤ ʥʘ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʤ 32-ʨʘʟʨʷʜʥʦʤ RISC-ʷʜʨʝ ArmÈ CortexÈ-M4, 

ʢʦʪʦʨʦʝ ʦʩʥʘʱʝʥʦ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ DSP [1]. ʅʘʧʠʩʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠʟʤʝʥʷʝʪ ʩʠʛʥʘʣ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ï ʢ ʚʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ ʧʨʠʤʝʥʷʝʪʩʷ 

ʵʬʬʝʢʪ çoverdriveè, ʢʦʪʦʨʳʡ ʥʘʩʳʱʘʝʪ ʝʛʦ ʦʙʝʨʪʦʥʘʤʠ [2] ʠ ʬʠʣʴʪʨʳ ʚʳʩʦʢʠʭ 

ʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ.   

 

˾͙ͫΦ мΦ ˿͔ͨͭͪ͟ ͍ͻ͎ͦ͒ͤͦͦ ͙ ͍·ͻ͎ͦ͒ͤͦͦ ͙͎͍ͫͤ͊ͦ͡Φ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. High-performance foundation line, Arm Cortex-M4 core with DSP and FPU, 256 Kbytes of Flash 

memory, 180 MHz CPU, ART Accelerator, Dual QSPI [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // STMicroelectronics. ð 

URL: https://www.st.com/en/microcontrollers-microprocessors/stm32f446rc.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

6.05.2025). 

1. Zºlzer U. DAFX: Digital Audio Effects. ð 2nd ed. ð Wiley, 2011. ð 626 p. 
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48. ʈʠʭʤʘʡʝʨ ʄʘʨʠʷ ɸʥʜʨʝʝʚʥʘ 

ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ╒╗ ╒╗▪ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆʨʣʦʚ ʖ.ɼ. 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʥʝʜʘʚʥʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʧʝʨʝʰʸʣ ʚ ʨʫʩʣʦ 

ʘʢʪʠʚʥʳʭ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤ ï ʪʨʘʥʟʠʩʪʦʨʦʚ, ʜʠʦʜʦʚ, ʧʨʦʚʦʜʦʚ, ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʠ ʪ.ʜ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʥʫʞʜʘʶʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʡ, 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ B3LYP ʠ 

ʪʨʝʭʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 6-311G. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʙʨʘʥ ʛʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ 

ὅὌ ὅὌ  ʚ trans-ʢʦʥʬʦʨʤʘʮʠʠ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʦʜʠʥʘʨʥʳʭ ʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ʄʦʣʝʢʫʣʳ ʜʘʥʥʦʛʦ ʨʷʜʘ ʷʚʣʷʶʪʩʷ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʧʦʩʣʝ ʜʦʧʠʨʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʨʘʚʥʠʤʦʡ ʩ ʤʝʪʘʣʣʘʤʠ. 

ɼʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠʥʪʝʨʝʩʥʘ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʮʝʧʴ ὅὌ
ὅὌ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʢ ʝʜʠʥʠʯʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʨʦʚʦʜ. ɺ ʪʘʢʦʤ 
ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʳʡ ʛʦʤʦʣʦʛʠʯʝʩʢʠʡ ʨʷʜ ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʠʩʪʠʥʥʦ ʦʜʥʦʤʝʨʥʦʡ ʮʝʧʠ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʸʪ 

ʧʝʨʚʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ ʮʝʧʠ ὅὌ ὅὌ  ʜʦ ʟʥʘʯʝʥʠʷ ὲ ρρ. ʀʥʪʝʛʨʘʣʴʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ήɱȟὠɱ  ʚʳʯʠʩʣʝʥʳ ʚ ʨʘʤʢʘʭ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ AIMALL . ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ɺɿʄʆ ʠ ʅʉʄʆ) ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Ὁ . 

ʇʦʩʨʝʜʩʪʚʦʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ OriginPro 9.1 ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ Ὁ  ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʢʨʘʪʥʳʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ (ὲ) ʨʷʜʘ ὅὌ ὅὌ, ʩʤʦʜʝʣʠʨʦʚʘʥʘ 
ʣʠʥʠʷ ʪʨʝʥʜʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ Ὁ ʦʪ ὲ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʩʠʤʤʝʪʨʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ὲ ρπ ʟʘʚʠʩʠʤʦʩʪʴ Ὁ ὲ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʨʷʤʦʡ, ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʠʟʤʝʥʥʦʩʪʴ ʟʥʘʯʝʥʠʷ Ὁ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʝ ʜʝʩʷʪʠ ʢʨʘʪʥʳʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ, 

ʫʩʪʘʥʘʚʣʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʮʝʧʠ.  
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ʋɼʂ 548.75   
49. ʈʦʤʘʥʦʚ ʅʠʢʠʪʘ ʇʘʚʣʦʚʠʯ  

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ZnSe  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀʚʘʥʦʚʘ ɸ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʉʝʣʝʥʠʜ ʮʠʥʢʘ (ZnSe) - ʰʠʨʦʢʦʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ, 

ʦʙʣʘʜʘʶʱʠʡ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʧʪʠʢʝ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʘ ʪʘʢʞʝ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʝ. 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʢʠ ZnSe, ʥʝ ʚʥʦʩʷ ʘʥʠʟʦʪʨʦʧʠʶ ʚ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʦʪʨʘʞʝʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʢʝʨʘʤʠʢʠ ZnSe ʚ ʜʠʘʧʘʟʦʥʝ 1,5 ī15 

ʤʢʤ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʥʘʩʪʦʣʴʥʦʛʦ ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʦʤʝʪʨʘ TENSOR 27. 

 ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʢʝʨʘʤʠʢʦʡ ZnSe ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ 

ʦʩʣʘʙʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. 

 
 

ʊʘʙʣʠʮʘ. ʆʧʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ZnSe. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ, % 

 ɚ= 10,6 ʤʢʤ  

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, % 

 ɚ = 10,6 ʤʢʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, 

ʩʤ-1 

71 17 0,068 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɼʫʥʘʝʚ ɸ. ɸ., ɽʛʦʨʦʚʘ ʀ. ʃ. ʉʚʦʡʩʪʚʘ ʠ ʦʧʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠʝʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ // ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʚʝʩʪʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ.  2015.  ʊ. 15. ˉ. 3. ʉ. 449-456. 
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ʈʠʩ. ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʢʝʨʘʤʠʢʠ ZnSe. 
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50. ʉʝʨʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ʆ ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩ ʢʦʣʣʘʧʩʘ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ 

ʧʦʣʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʚʦʡʩʪʚ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʥʘʥʦʩʧʣʘʚʘʭ Cu-Au-Pt-Pd ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ [1-3], ʪʘʢ 

ʠ ʨʘʟʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ [4]. ʆʜʥʘʢʦ, ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ 

ʧʦʣʫʯʘʪʴ ʧʦʣʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʩʧʣʘʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʧʣʘʚʘʭ Cu-

Au-Pt-Pd (ʩʤ. ʨʠʩ. 1), ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

  
ʈʠʩ. 1. ʇʨʠʤʝʨ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʬʝʢʪʘ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ (Cu200-Au600-

Pt800)@Pd2400. ʎʚʝʪʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʳʤ 

ʬʘʟʘʤ [5]: ʟʝʣʝʥʳʝ ï ɻʎʂ, ʢʨʘʩʥʳʝ ï ɻʇʋ, ʩʠʥʠʝ ï ʆʎʂ, ʥʝʨʘʩʧʦʟʥʘʥʥʳʝ 

ʘʪʦʤʳ ʫʜʘʣʝʥʳ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ 1ʂ/ʧʩ, ʪʝʤʧʝʨʘʪʫʨʘ 300 ʂ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʉʘʤʩʦʥʦʚ ɺ.ʄ., ʉʝʨʦʚ ʉ.ɺ. ʠ ʜʨ. ɸʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʧʣʘʚʘʭ Cu-Au-Pt-

Pd ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ // ʂʦʣʣʦʠʜʥʳʡ ʞʫʨʥʘʣ. 2025. ʊ. 87.  ̄  4. ʉ. 415-428. 

2. ʉʝʨʦʚ ʉ.ɺ., ʅʝʧʰʘ ʅ.ʀ., ʂʦʣʦʩʦʚ ɸ.ʖ. ʠ ʜʨ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʧʣʘʚʘʭ Cu-Au-Pt-Pd ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 
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ʥʘʥʦʯʘʩʪʠʮʘʭ Au-Cu-Pd-Pt ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. ɺʳʧ. 16. ʉ. 361-372. 

5. Stukowski A. Visualization and analysis of atomistic simulation data with OVITO ï the open 

visualization tool // Modelling and Simulation in Materials Science and Engineering. 2010. V. 18. I. 1. P. 

015012-1-015012-7. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 72 

ʋɼʂ 537.226.4 

51. ʐʝʨʚʝʮ ʀʣʴʷ ɺʠʢʪʦʨʦʚʠʯ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʜʴ- ʠ 

ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ʊɻʉ) ʠʦʥʘʤʠ 

ʤʝʜʠ ʠ ʭʨʦʤʘ ʥʘ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʠ ʭʨʦʤʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʣʷʣʠ (10-5-10-3) ʤʘʩ.%. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʝʥʳ ʧʨʠ 

ʊ=293ʂ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʯʘʩʪʦʪʦʡ 50 ɻʮ [1]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʢʨʠʩʪʘʣʣʦʚ ʊɻʉ: 

Cu2+: Cr3+ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʜʣʷ 

ʙʝʩʧʨʠʤʝʩʥʦʛʦ ʊɻʉ. ʆʥʠ ʧʨʷʤʦʫʛʦʣʴʥʳ, ʥʝ ʠʩʢʘʞʝʥʳ ʠ ʠʤʝʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʝʣʠʯʠʥʳ ʦʩʥʦʚʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ. 
 

 ̄

 

Cu2+,10-3 

ʤʘʩ. % 

 

Cr3+, 10-3 

ʤʘʩ. % 

 

 

             

Ů ʵʬ, 104 

 

P,10-2 

ʂʣÖ ʤ-2 

 

Ec,104 

ɺĿʤ-1 

      

Ecʤ,104   

ɺĿʤ-1 

    

tgŭ 

 

ʂ 
 

1 0 0 

 

 2,2 2,6 4,8 15 0,17 0,16 

2 <10-2 2,1  2,9 

 

3,1 3,9 15 0,15 0,25 

3 1,9 <10-2  2,3 2,6 4,4 3 0,13 0,35 

4 2,5 0.9  1,3 2,1 5 4 0,19 0,10 

5 2,6 1,6  1,4 2,4 6,4 10 0,17 0,35 

6 4,6 0,9  1,5 1,9 5,1 4 0,16 0,08 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

(1,9-3,1)Ö10-2   ʂʣÖʤ-2, ʢʦʵʨʮʠʪʠʚʥʳʭ ʧʦʣʝʡ - (3,9-6,4)Ö104 ɺÖʤ-1. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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52. ʐʦʨʦʭʦʚ ʅʠʢʠʪʘ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʥʘʥʦʩʧʣʘʚʘʭ Ni-Cu-Fe-Co 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ [1] ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Ni-Cu-Fe-Co, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʚʢʣʶʯʘʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʧʨʦʪʝʢʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ) ʠ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ, ʚ [1] ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʚʘ ʪʠʧʘ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ (ʩʤ. ʨʠʩ. 1). ʇʨʠ 

ʵʪʦʤ, ʢʘʢ ʫʢʘʟʳʚʘʝʪʩʷ ʚ [2] ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʧʨʝʜʝʣʷʝʪ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ 

ʷʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

.   
ʘ ʙ 

ʈʠʩ. 1. ʅʘʯʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʢʚʠʘʪʦʤʥʳʭ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Ni-Cu-

Fe-Co ʩ ʩʝʛʨʝʛʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʘ ï ʚʘʨʠʘʥʪ 1 (ʥʠʢʝʣʴ ʠ ʢʦʙʘʣʴʪ ʧʦ 

ʢʨʘʷʤ, ʤʝʜʴ ʠ ʞʝʣʝʟʦ ʚ ʮʝʥʪʨʝ), ʙ ï ʚʘʨʠʘʥʪ 2 (ʤʝʜʴ ʠ ʞʝʣʝʟʦ ʧʦ ʢʨʘʷʤ, ʥʠʢʝʣʴ ʠ ʢʦʙʘʣʴʪ ʚ 

ʮʝʥʪʨʝ). ɿʝʣʸʥʳʝ ʘʪʦʤʳ ï ʥʠʢʝʣʴ, ʩʠʥʠʝ ï ʞʝʣʝʟʦ, ʢʦʨʠʯʥʝʚʳʝ ï ʤʝʜʴ, ʨʦʟʦʚʳʝ ï ʢʦʙʘʣʴʪ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɸ.ʖ. ʂʦʣʦʩʦʚʘ ʠ ʅ.ʀ ʅʝʧʰʘ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠ 

ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʘʚʠʥʘ ʂ.ɻ., ʉʦʢʦʣʦʚ ɼ.ʅ., ʅʝʧʰʘ ʅ.ʀ., ʐʦʨʦʭʦʚ ʅ.ɸ., ʂʨʘʚʯʝʥʢʦ ɼ.ɸ., 

ɻʨʠʛʦʨʴʝʚ ʈ.ɽ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. ʉʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʩʧʣʘʚʦʚ Ni-Cu-Fe-Co ʧʨʠ 

ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ: ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ.  2025. ɺʳʧ. 17. ʉ. 674-686. 

2. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤʘʭ: ʫʯʝʙʥʠʢ. ʊʚʝʨʴ: ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 2025. 408 ʩ. 
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53. ʗʪʤʘʥʦʚ ʄʠʭʘʠʣ ʀʚʘʥʦʚʠʯ 

ɸʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ 

180̄  ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ Nd2Fe14B 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʧʨʦʬ. ʖ.ɻ. ʇʘʩʪʫʰʝʥʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ Nd2Fe14B ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʆʜʥʘʢʦ ʪʠʧ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

(ʄʂɸ) çʦʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè (ʆʃʅ), ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʤʘʛʥʠʪʦʚ, 

ʩʦʝʜʠʥʝʥʠʝ Nd2Fe14B ʩʦʭʨʘʥʷʝʪ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʊʉʇʇ = 135 ʂ ʚ ʥʝʤ ʧʨʦʠʩʭʦʜʠʪ ʩʧʠʥ-ʧʝʨʝʦʨʠʝʥʪʘʮʠʦʥʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ (ʉʇʇ) (ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʄʂɸ ʥʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʠʧ çʢʦʥʫʩ ʦʩʝʡ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè (ʃʂ)).  ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʤʠʢʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ 180 ̄ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ gɺ(ʊ) ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ (4,2 ï 512 ʂ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ 

ʨʘʩʯʝʪʘ ʬʦʨʤʫʣ ʠʟ ʨʘʙʦʪ [1-3] ʠ ʢʦʥʩʪʘʥʪ ʄʂɸ ʠʟ ʨʘʙʦʪ [3,4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ gɺ(ʊ) ʬʦʨʤʫʣ [1,2] ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʢʦʥʩʪʘʥʪʳ 

ʄʂɸ ʂ1 ʠ ʂ2, ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʄʂɸ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 

Nd2Fe14B, ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʠʩʠʤʦʩʪʷʤ gɺ(ʊ), ʙʝʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʙʣʠʟʠ ʊʉʇʇ = 135 

ʂ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʩʝʨʴʝʟʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʤʠʢʨʦʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʘʷ ʠʭ ʬʦʨʤʫʣ [1,2] ʧʨʠʛʦʜʥʘ 

ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʘ ʄʂɸ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ gɺ(ʊ) ʧʨʠ ʊʉʇʇ ʥʝ 

ʩʦʚʧʘʜʘʶʪ. ʋʯʝʪ ʢʦʥʩʪʘʥʪʳ ʄʂɸ ʂ3, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʄʂɸ ʚ ʙʘʟʠʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʨʤʫʣ ʠʟ ʨʘʙʦʪʳ [3] ʜʣʷ 

ʨʘʩʯʝʪʘ gɺ(ʊ) ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʵʥʝʨʛʠʠ 180 ̄ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʩʦʝʜʠʥʝʥʠʷ Nd2Fe14B, ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʳ gɺ(ʊ), 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʬʦʨʤʫʣʘʤ ʠʟ ʨʘʙʦʪ 

[1-3], ʥʝ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Hubert, A. Magnetic Domains: The Analysis of Magnetic Microstructures / A. Hubert, R. Schªfer. 

ï Berlin ; Heidelberg : Springer-Verlag, 1998. ï 220 ʩ. 
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4. Hock, S. PhD thesis / S. Hock. ï Stuttgart : MPI f¿r Metallforscung, 1968. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 75 

 

ʉɽʂʎʀʗ çʍʀʄʀʗè  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 76 

 

ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 77 

ʋɼʂ: 544.236.2 

54. ɺʦʨʦʙʴʝʚʘ ɸʥʘʩʪʘʩʠʷ ɼʤʠʪʨʠʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ 

ʢʦʣʣʘʛʝʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʝʨʟʠʷʥ ʊ.ɺ. 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘ 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɹʠʦʧʦʣʠʤʝʨʳ ð ʵʪʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ 

(ʢʦʣʣʘʛʝʥ), ʥʦʩʠʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ) ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʳ (ʮʝʣʣʶʣʦʟʘ, ʭʠʪʦʟʘʥ). ɹʠʦʧʦʣʠʤʝʨʳ, ʦʩʦʙʝʥʥʦ ʧʦʣʠʩʘʭʘʨʠʜʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʳ ʙʣʘʛʦʜʘʨʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ ʠ 

ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ.[1].  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʢʦʣʣʘʛʝʥʘ ʩ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ, ʘ ʪʘʢʞʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʀʟʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʢʘʣʦʨʠʤʝʪʨʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʢʘʣʦʨʠʤʝʪʨʘ ʪʠʧʘ ʊʠʘʥʘ-ʂʘʣʴʚʝ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ ʧʣʝʥʢʠ ʠʟ 5% ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʣʣʘʛʝʥʘ, ʘʣʴʛʠʥʘʪʘ 

ʥʘʪʨʠʷ ʠ ʠʭ ʩʤʝʩʝʡ (ʩʦʜʝʨʞʘʥʠʝ ʘʣʴʛʠʥʘʪʘ ʦʪ 0 ʜʦ 100% ʩ ʰʘʛʦʤ 10%). ʇʣʝʥʢʠ 

ʠʟ ʢʦʣʣʘʛʝʥʘ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 55 Áʉ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ð ʧʨʠ 70 Áʉ. 

ʆʢʦʥʯʘʪʝʣʴʥʫʶ ʩʫʰʢʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʥʪʘʣʴʧʠʠ ʨʘʟʙʘʚʣʝʥʠʷ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠʤʝʝʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ 

ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʦʚ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳ, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʣʣʘʛʝʥʘ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʙʣʘʩʪʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʙʘ ʧʦʣʠʤʝʨʘ ʧʨʦʷʚʣʷʶʪ ʧʨʠʟʥʘʢʠ 

ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʨʘʩʪʚʦʨʝʥʠʷ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʳʧʦʣʥʝʥ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [2]. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʵʥʪʘʣʴʧʠʡʥʳʡ ʧʘʨʘʤʝʪʨ ʌʣʦʨʠ-ʍʘʛʛʠʥʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ, ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʚʘʢʘʥʩʠʡ ʧʦʣʠʤʝʨʘ ʚ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʵʥʝʨʛʠʷ ʢʦʛʝʟʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ.  
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ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ɻʄʋ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠè 

ʌʘʢʫʣʴʪʝʪ ʬʘʨʤʘʮʠʠ ʠ ʩʝʩʪʨʠʥʩʢʦʛʦ ʜʝʣʘ 

ʂʘʬʝʜʨʘ ʬʘʨʤʘʮʠʠ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ 

           ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʟʫʯʘʝʪ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʩʝʣʝʥʘ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʸʤ ʩʦʥʠʬʠʢʘʮʠʠ ʨʘʩʪʚʦʨʘ ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʣʝʥʘ (SeNPs) ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʚʢʣʶʯʘʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ. ʆʜʥʘʢʦ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʛʨʝʛʘʮʠʠ ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʧʦʜʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ (Pluronic 

F127), ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩʪʚʦʨʘ ʠ ʩʢʦʨʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʥʘ 

ʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ SeNPs, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ) ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʦʙʲʸʤʫ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Pluronic F127 1% ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ 0,5 

ʄ ʬʦʨʤʠʨʫʶʪʩʷ ʫʟʢʠʝ ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʧʠʢʠ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʤʝʪʨʦʤ 50ï90 ʥʤ (ʦʙʲʸʤʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ). ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

Pluronic ʜʦ 0,1% ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ (>1 ʤʢʤ), 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʡ ʦ ʨʘʟʚʠʪʠʠ ʘʛʨʝʛʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦ 2% ʥʝ ʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ. ʇʦʚʳʰʝʥʠʝ 

ʠʦʥʥʦʡ ʩʠʣʳ ʜʦ 1 ʄ ʚʳʟʳʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʜʚʠʛ ʦʩʥʦʚʥʦʛʦ 

ʧʠʢʘ ʚ ʦʙʣʘʩʪʴ 80ï120 ʥʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. 

ʄʝʜʣʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʤʝʣʢʠʭ (50ï70 ʥʤ) ʠ ʦʜʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʳʩʪʨʳʤ ʚʚʝʜʝʥʠʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʪʨʦʣʝʤ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʩʳʱʝʥʠʷ ʠ ʥʫʢʣʝʘʮʠʠ. ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʝʣʝʥʘ (Se) ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʧʠʢʫ ʚ ʦʙʣʘʩʪʠ 

240ï260 ʥʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʴʥʳʭ SeNPs 

ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1% Pluronic F127, ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ 0,5 ʄ ʠ 

ʤʝʜʣʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠʤʝʶʪ 

ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʭ ʛʝʣʝʡ.  
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ʋɼʂ: 544.77.022.532 + 615.454.1 

56. ɿʠʥʦʚʴʝʚ ɼʘʥʠʠʣ ɸʥʜʨʝʝʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʣʝʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʝʤʳʪʳʰʝʚʘ ɽ.ɺ. 

ʊʚʝʨʩʢʦʡ ɻʄʋ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ 

ʌʘʢʫʣʴʪʝʪ ʬʘʨʤʘʮʠʠ ʠ ʩʝʩʪʨʠʥʩʢʦʛʦ ʜʝʣʘ 

ʂʘʬʝʜʨʘ ʧʘʪʦʣʦʛʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʭ ʩʨʝʜʩʪʚ ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʦʩʪʦʤ ʧʦʣʠʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʨʘʧʠʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʝʣʷ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʣʝʥʘ (SeNPs) ʠ ʦʮʝʥʢʘ ʝʛʦ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʤʦʜʝʣʠ ʩʢʘʣʴʧʠʨʦʚʘʥʥʦʡ ʨʘʥʳ ʫ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. SeNPs ʨʘʟʤʝʨʦʤ 50ï70 ʥʤ ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠ ʇʦʣʦʢʩʘʤʝʨʦʤ-407 

(ʩʪʝʨʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ). ʍʠʪʦʟʘʥ ʜʦʙʘʚʣʷʣʠ ʚ ʩʦʩʪʘʚ ʛʝʣʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʄʘʪʨʠʮʝʡ ʩʣʫʞʠʣ ʛʝʣʴ ʥʘ 

ʦʩʥʦʚʝ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʛʣʠʮʝʨʠʥʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʸʥ ʥʘ 

5 ʢʨʦʣʠʢʘʭ: ʥʘʥʦʩʠʣʠ ʧʦ ʪʨʠ ʨʘʥʳ ʧʣʦʱʘʜʴʶ 1 ʩʤĮ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʛʝʣʝʤ, ʧʨʝʧʘʨʘʪʦʤ ʩʨʘʚʥʝʥʠʷ çʃʝʚʦʤʝʢʦʣʴè 

(ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ) ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ (ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ). ʋ 2 ʢʨʦʣʠʢʦʚ ʥʘ 14ʡ ʜʝʥʴ ʦʪʙʠʨʘʣʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ. 

ʆʮʝʥʢʫ ʟʘʞʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦ ʰʢʘʣʝ, ʚʢʣʶʯʘʶʱʝʡ ʧʣʦʱʘʜʴ ʨʘʥʳ, ʩʨʦʢ 

ʵʧʠʪʝʣʠʟʘʮʠʠ, ʵʢʩʩʫʜʘʪ, ʚʦʩʧʘʣʝʥʠʝ, ʛʨʘʥʫʣʷʮʠʶ, ʢʨʘʝʚʫʶ ʵʧʠʪʝʣʠʟʘʮʠʶ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ï ʢʨʠʪʝʨʠʡ ʂʨʘʩʢʝʣʘïʋʦʣʣʠʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʛʨʫʧʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʛʝʣʷ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʤʦʝ ʫʩʢʦʨʝʥʠʝ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ. ʕʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʤʫʣʴʪʠʬʘʢʪʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ 

ʩʠʩʪʝʤʳ: SeNPs ʦʢʘʟʳʚʘʶʪ ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ (ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ, 

ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʜʝʛʨʘʜʘʮʠʷ ɼʅʂ, ʧʦʜʘʚʣʝʥʠʝ ʙʠʦʧʣʸʥʦʢ), 

ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʩʠʥʪʝʟ ʢʦʣʣʘʛʝʥʘ, ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ (IL-6, TNF-Ŭ). ɻʝʣʴ ʩʦʟʜʘʸʪ ʦʧʪʠʤʘʣʴʥʳʡ 

ʢʘʨʢʘʩ ʜʣʷ ʤʠʛʨʘʮʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ ʠ ʢʝʨʘʪʠʥʦʮʠʪʦʚ. ʍʠʪʦʟʘʥ ʠ ʘʣʴʛʠʥʘʪ 

ʧʦʪʝʥʮʠʨʫʶʪ ʵʬʬʝʢʪʳ SeNPs. 

ɺʳʚʦʜ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʛʝʣʴ ʥʘ ʦʩʥʦʚʝ SeNPs ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʢʦʨʝʥʠʠ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʠ ʚʳʨʘʞʝʥʥʳʡ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ 

ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʨʘʥʝʚʳʭ ʧʦʨʘʞʝʥʠʡ 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 
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57. ʂʫʥʘʨʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ 

ɺʣʠʷʥʠʝ ʪʠʧʘ ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣʷ ʥʘ ʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ  

2-ʤʝʪʠʣ-3-ʙʫʪʠʥ-2-ʦʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʣʣʘʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʧʨʠʚʣʝʢʘʝʪ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʘʛʨʦʭʠʤʠʢʘʪʦʚ, ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ, ʧʦʣʠʤʝʨʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ ʞʠʜʢʠʭ 

ʪʦʧʣʠʚ ʠ ʪ.ʜ. [1]. ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʙʦʨ ʥʦʩʠʪʝʣʷ. 

ʇʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ ʩʧʦʩʦʙʥʳ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʦʙʨʘʟʠʶ ʩʚʦʠʭ 

ʩʚʦʡʩʪʚ (ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ/ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠ ʧʨʠʨʦʜʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ) [2]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʘʣʣʘʜʠʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ Pd 1 ʤʘʩʩ.%), ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʘʤʦʨʬʥʳʝ 

ʧʦʨʠʩʪʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʦʜʥʦʩʪʘʜʠʡʥʦʡ 

ʩʰʠʚʢʠ ʤʦʥʦʤʝʨʦʚ (ʥʘʬʪʘʣʠʥ, ʢʘʨʙʘʟʦʣ, ʬʝʥʘʥʪʨʝʥ, ʥʘʬʪʦʣ-1 ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ) 

ʧʦ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʠʣʘʣʷ (ʩʰʠʚʘʶʱʠʡ ʘʛʝʥʪ) ʠ 

ʙʝʟʚʦʜʥʦʛʦ FeCl3 (ʢʘʪʘʣʠʟʘʪʦʨ ʩʰʠʚʘʥʠʷ). ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣ-3-

ʙʫʪʠʥ-2-ʦʣʘ (ʄɹʀ) ʚ ʨʝʘʢʪʦʨʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Üʉ ʚ ʩʨʝʜʝ ʙʫʪʘʥʦʣʘ-1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ 95-98% ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ ï 2-ʤʝʪʠʣ-3-ʙʫʪʝʥ-2-ʦʣʫ ï ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ (ʄɹʀ). ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ï Pd/C, ʦʙʣʘʜʘʣ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ex situ (ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ) ʢʘʪʘʣʠʟʘʪʦʨ, 

ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʧʦʣʠʤʝʨ, ʩʰʠʪʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʘʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʥʦʤʝʨʘ (Pd0/ʂʈɹ). ɼʘʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʧʨʦʷʚʠʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 25-73-20071). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Zhao X., Chang Y., Chen W.-J., Wu Q., Pan X., Chen K., Weng B. // ACS Omega. 2022. Vol. 7. 

P. 17-31. 
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58. ʄʘʥʦʠʣ ʆʣʴʛʘ ʄʠʭʘʡʣʦʚʥʘ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʛʦ ʘʢʨʠʣʦʚʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚ ɽ.ʄ. 

ʈʍʊʋ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʌʘʢʫʣʴʪʝʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ  

ʉʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʤʝʜʫʯʝʨʝʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠʥʬʝʢʮʠʠ, 

ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥ ʠ ʤʝʙʝʣʠ ʦʪ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. 

ʆʩʥʦʚʦʡ ʙʦʨʴʙʳ ʩ ʠʥʬʝʢʮʠʷʤʠ ʷʚʣʷʝʪʩʷ ʫʥʠʯʪʦʞʝʥʠʝ ʙʘʢʪʝʨʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʪʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʥʘʯʥʫʪ ʢʦʣʦʥʠʟʘʮʠʶ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʭʘ ʠ ʧʳʣʴʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʬʝʢʮʠʡ, ʥʦ ʠ ʟʘʯʘʩʪʫʶ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʨʘʟʚʠʪʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ [1]. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʢʨʳʪʠʡ ʩ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʪʴ 

ʨʦʩʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʘʪʦʛʝʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʜʝʡʩʪʚʠʷ [2]. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ ʘʣʣʠʣʬʦʩʬʘʟʝʥʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥ ʘʥʪʠʤʠʢʨʦʙʥʳʡ 

ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ. ɸʣʣʠʣʬʦʩʬʘʟʝʥ ʚʳʩʪʫʧʘʣ ʚ ʨʦʣʠ ʩʰʠʚʘʶʱʝʛʦ ʠ 

ʘʥʪʠʤʠʢʨʦʙʥʦʛʦ ʘʛʝʥʪʘ ʜʣʷ ʮʝʧʝʡ ʧʦʣʠʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ.  

ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʘʢʘ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʝʙʝʣʠ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʦʥʘʭ ʯʘʩʪʦʛʦ ʢʦʥʪʘʢʪʘ ʚ 

ʤʝʜʫʯʨʝʞʜʝʥʠʷʭ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʩʰʠʪʦʛʦ ʧʦʣʠʙʫʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʩ 

ʘʣʣʠʣʬʦʟʬʘʟʝʥʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʢʦʤʧʦʟʠʮʠʶ. ɼʘʥʥʦʝ 

ʟʘʢʣʶʯʝʥʠʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʪʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʠʩʪʦʯʥʠʢʝ [3], ʛʜʝ ʘʚʪʦʨʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʥʘ ʦʩʥʦʚʝ 

ʛʝʢʩʘʘʣʣʠʣʮʠʢʣʦʪʨʠʬʦʩʬʘʟʝʥʘ ʠ ʙʠʩ-ɻʄɸ/ʊɻʄ-3. ɸʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʫʯʠʪʴ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ.  
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59. ʄʠʥʜʠʷʨʦʚ ʈʫʩʪʘʤ ʄʘʨʩʦʚʠʯ 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʘʤʬʦʣʠʪʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

ʩʦʧʦʣʠʤʝʨʦʚ ʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʡ ʭʣʦʨʠʜʘ ʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʚʦʜʦʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʘʬʨʦʥʦʚ ɸ.ʇ. 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ 

ɼʝʧʘʨʪʘʤʝʥʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

 

ʇʦʣʠʵʣʝʢʪʨʦʣʠʪʳ ʠ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʛʠʜʨʦʛʝʣʠ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʙʠʦʠʥʞʝʥʝʨʠʠ. ɻʠʜʨʦʛʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʢʘʪʠʦʥʥʳʝ, ʠ 

ʘʥʠʦʥʥʳʝ ʟʚʝʥʴʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʘʤʬʦʣʠʪʘʤ. ʀʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʦʙʲʸʤ ʠ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʛʠʜʨʦʛʝʣʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ pH-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʞʘʪʠʝ ʠ 

ʥʘʙʫʭʘʥʠʝ ʛʠʜʨʦʛʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʦʜʥʦʡ ʩʨʝʜʦʡ. ʄʝʞʜʫ 

ʪʝʤ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʘʣʦ ʠʟʫʯʝʥʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʠʥʪʝʟ ʧʦʣʠʘʤʬʦʣʠʪʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

ʩʦʧʦʣʠʤʝʨʦʚ ʜʠʘʣʣʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʡ ʭʣʦʨʠʜʘ (ɼɸɼʄɸʍ) ʠ ʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ (ɸʂ) ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʟʚʝʥʴʝʚ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ ʩ ʚʦʜʦʡ. 

ɻʠʜʨʦʛʝʣʠ ʩʦʧʦʣʠʤʝʨʦʚ ɼɸɼʄɸʍ/ɸʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʚ 2.7 ʄ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʦʥʦʤʝʨʦʚ ʧʨʠ ʊ = 90 Áʉ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʤʝʪʠʣʝʥʜʠʘʢʨʠʣʘʤʠʜʘ (ʄɼɸɸ) ʚ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:100 ʢ ʤʦʥʦʤʝʨʫ. 

ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ 25 Áʉ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʧʣʦʪʳ 

ʥʘʙʫʭʘʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʪʘʣʴʧʠʠ ʥʘʙʫʭʘʥʠʷ ʦʪ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʛʝʣʷ ʠʤʝʶʪ ʦʜʥʦʪʠʧʥʳʡ ʚʠʜ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʉ ʧʦʤʦʱʴʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʌʣʦʨʠï

ʍʘʛʛʠʥʩʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʠʘʤʬʦʣʠʪʦʚ. 

ʆʙʲʸʤʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʩʦʨʙʮʠʷ ʧʘʨʦʚ 

ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ASAP 2020 

(Micromeritics, USA). ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʟʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ (ȹɛ1), ʧʦʣʠʤʝʨʦʚ (ȹɛ2) ʠ ʩʨʝʜʥʠʝ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʩʤʝʰʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʩ ʚʦʜʦʡ ȹgm. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʡ ɻʠʙʙʩʘ 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʟʚʝʥʴʝʚ ɼɸɼʄɸʍ ʧʦʣʥʦʩʪʴʶ ʢʦʨʨʝʣʠʨʫʶʪ ʩʦ ʩʪʝʧʝʥʴʶ 

ʥʘʙʫʭʘʥʠʷ ʠ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʣʠʘʤʬʦʣʠʪʦʚ. 
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60. ʇʘʥʩʢʦʚʘ ʃʶʙʦʚʴ ɼʤʠʪʨʠʝʚʥʘ 

ɻʠʜʨʦʣʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʄʘʥʘʝʥʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ɻ. ʊʚʝʨʴ  

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʃʠʛʥʦʮʝʣʣʶʣʦʟʥʘʷ ʙʠʦʤʘʩʩʘ ï ʚʘʞʥʳʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʨʝʩʫʨʩ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʣʶʣʦʟʳ (40-50 %), ʛʝʤʠʮʝʣʣʶʣʦʟ (20-30 %) ʠ ʣʠʛʥʠʥʘ (15-20 %) 

[1]. ɻʝʤʠʮʝʣʣʶʣʦʟʳ ʚʢʣʶʯʘʶʪ ʛʝʢʩʦʟʳ (ʛʣʶʢʦʟʘ, ʤʘʥʥʦʟʘ, ʛʘʣʘʢʪʦʟʘ) ʠ 

ʧʝʥʪʦʟʳ (ʢʩʠʣʦʟʘ, ʘʨʘʙʠʥʦʟʘ), ʘ ʪʘʢʞʝ ʫʨʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʀʥʫʣʠʥ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ɓ(2Ÿ1) ʧʦʣʠʬʨʫʢʪʦʬʫʨʘʥʦʟʠʣ-ʛʣʶʢʦʟʥʳʭ ʮʝʧʦʯʝʢ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʩʪʝʥʠʷʤʠ ʩʝʤʝʡʩʪʚʘ ɸʩʪʨʦʚʳʝ. ʎʝʣʣʶʣʦʟʘ ï ʣʠʥʝʡʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʠʟ ɓ-D-

ʛʣʶʢʦʟʳ ʩ ɓ-1,4-ʩʚʷʟʷʤʠ [2,3]. ɻʠʜʨʦʣʠʟ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʠʩʣʦʪʘʤʠ ʠʤʝʝʪ 

ʥʝʜʦʩʪʘʪʢʠ, ʚʢʣʶʯʘʷ ʢʦʨʨʦʟʠʶ ʠ ʩʣʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʛʫʪ ʙʳʪʴ ʪʚʸʨʜʳʝ ʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʫʣʴʬʠʨʦʚʘʥʥʳʡ ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ (ʉʇʉ), ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʛʠʜʨʦʣʠʟ ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʢʩʠʣʘʥʘ, ʠʥʫʣʠʥʘ, 

ʮʝʣʣʶʣʦʟʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʉʇʉ (SMN270). 

ʄʦʥʦʩʘʭʘʨʠʜʳ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɺʕɾʍ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʢʩʠʣʦʟʳ ʩʦʩʪʘʚʠʣ 60,1 % 

ʧʨʠ 150 ÁC, ʬʨʫʢʪʦʟʳ ï 82,8 % ʧʨʠ 110 ÁC, ʛʣʶʢʦʟʳ ï 14,9 % ʧʨʠ 170 ÁC.  

ʂʘʪʘʣʠʟʘʪʦʨ SMN270 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʤʠʥʝʨʘʣʴʥʳʤ ʢʠʩʣʦʪʘʤ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ, ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʠ ʦʪʩʫʪʩʪʚʠʶ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʪʨʝʙʫʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ 25-79-

20018). 
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61. ʇʫʟʘʥʦʚ ɸʨʪʝʤ ɺʠʢʪʦʨʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʘʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʩʬʝʨʦʧʣʘʩʪʠʢʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʥʰʠʥ ɺ.ʉ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ 

ʀʥʩʪʠʪʫʪ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʬʝʨʦʧʣʘʩʪʠʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1, 2]. ʆʜʥʘʢʦ, ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚʦʟʜʫʭʘ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʨʝʘʢʮʠʠ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʬʝʨʦʧʣʘʩʪʠʢʠ ʩ ʧʣʦʪʥʦʩʪʴʶ - ʦʪ 230 ʜʦ 

670 ʢʛ/ʤ3 ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʠʘʥʦʚʦʛʦ, ʧʦʣʠʠʤʠʜʥʦʛʦ ʠ ʬʝʥʦʣʪʨʠʘʟʠʥʦʚʦʛʦ 

ʩʚʷʟʫʶʱʠʭ. ɿʥʘʯʠʪʝʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʥʠʟʢʦʧʣʦʪʥʳʭ ʩʬʝʨʦʧʣʘʩʪʠʢʦʚ 

(ʧʣʦʪʥʦʩʪʴʶ ʤʝʥʝʝ 300 ʢʛ/ʤ3) ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʡ ʦʪʢʨʳʪʦʡ 

ʧʦʨʠʩʪʦʩʪʠ. ʉʬʝʨʦʧʣʘʩʪʠʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʣʠʪʝʣʴʥʦʤʫ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 

ʩʪʘʨʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 120 ʜʦ 280 ÁC ʚ ʪʝʯʝʥʠʝ 

500 ʯʘʩʦʚ. ʌʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʢʦʤʧʦʟʠʪʘ ʠ ʦʧʨʝʜʝʣʷʣʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʨʝʘʢʮʠʡ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʦʪ ʚʨʝʤʝʥʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʟʘʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʥʝ ʚʣʠʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʢʦʨʦʩʪʴ ʩʪʘʨʝʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʘʷ ʦʪʢʨʳʪʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʡ ʜʝʩʪʨʫʢʮʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʪʘʨʝʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ. ʉʢʣʦʥʥʦʩʪʴ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 

çʧʦʣʠʠʤʠʜʥʳʡ ʧʦʣʠʤʝʨ ï ʬʝʥʦʣʪʨʠʘʟʥʳʡ ʧʦʣʠʤʝʨ ï ʵʧʦʢʩʠʜʥʳʡ ʧʦʣʠʤʝʨè. 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʩʪʘʨʝʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʩʬʝʨʦʧʣʘʩʪʠʢʦʚ ʜʘʥʥʦʝ ʚʣʠʷʥʠʝ ʤʠʥʠʤʘʣʴʥʦ, ʚʚʠʜʫ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʠʟʢʦʧʣʦʪʥʳʝ 

ʩʬʝʨʦʧʣʘʩʪʠʢʠ ʧʦʢʘʟʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʭʦʜʝ ʩʪʘʨʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʥʰʠʥ ɺ.ʉ., ʇʫʟʘʥʦʚ ɸ.ɺ., ɼʴʷʢʦʥʦʚ ɺ.ɸ., ʠ ʜʨ. ʊʝʨʤʦʩʪʦʡʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʩʵʥʜʚʠʯ-ʧʘʥʝʣʝʡ ʛʦʨʷʯʠʭ ʟʦʥ ʙʝʩʢʦʤʧʨʝʩʩʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ // ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʜʚʠʛʘʪʝʣʷʤ "ICAM 2025". ʄ.: ʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘ, 2025. ʩ. 862-

865. 

2. Anshin V.S., Dyakonov V.A., Politiko A.A., Pyzanov A.V. Syntactic Foams with Low Dielectric 

Permittivity // 9th All-Russian Microwave Conference (RMC) Moscow: IEEE, 2024. pp. 256-260. 
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62. ʈʫʜʘʢʦʚ ʅʠʢʠʪʘ ʉʝʨʛʝʝʚʠʯ 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʧʣʸʥʢʠ ʥʘ ʦʩʥʦʚʝ ʩʪʠʤʫʣʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ: ʬʦʨʤʠʨʦʚʘʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʛʣʶʢʦʟʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʨʛʫʰʦʚ ɼ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ 

ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʉʪʠʤʫʣʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʟʤʝʥʷʪʴ ʛʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʳʡ ʙʘʣʘʥʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʦʡ, pH, ʩʦʩʪʘʚʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ). ʊʘʢʠʝ 

ʧʦʣʠʤʝʨʳ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʠʭ ʩʦʩʪʘʚʝ ʠʦʥʦʛʝʥʥʳʭ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ 

ʩʧʦʩʦʙʥʳ ʥʝʢʦʚʘʣʝʥʪʥʦ ʠ ʥʝʜʝʩʪʨʫʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʙʠʦʤʦʣʝʢʫʣʳ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʘʨʷʜʦʤ. ʕʪʠ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʙʠʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʫʪʸʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʧʦʣʠʤʝʨʥʦʛʦ (ʩʪʘʜʠʷ 1) ʠ ʙʠʦʢʦʤʧʦʥʝʥʪʘ 

(ʩʪʘʜʠʷ 2) ʥʘ ʧʨʦʚʦʜʷʱʠʝ ʩʝʥʩʦʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʦʣʠʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇɼʄɸʕʄɸ) ʠ ʧʦʣʠ-1-ʵʪʠʣ-3-

ʚʠʥʠʣʠʤʠʜʘʟʦʣʠʡ ʙʨʦʤʠʜ (ʇɺʀ) ʷʚʣʷʶʪʩʷ ʧʦʣʠʢʘʪʠʦʥʘʤʠ, ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩ ʅʂʊʈ (ʇɼʄɸʕʄɸ) [1] 

ʠʣʠ ɺʂʊʈ (ʇɺʀ/NaI) [2]. ʄʝʪʦʜʘʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʠʢʨʦʚʟʚʝʰʠʚʘʥʠʷ 

ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʜʠʩʩʠʧʘʮʠʠ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʜʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʧʨʦʚʦʜʷʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʟʦʣʦʪʦ, 

ʛʨʘʬʠʪ) ʚ ʩʠʣʴʥʦ ʛʠʜʨʦʬʦʙʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (40ÁC ʠ pH 10 ʜʣʷ 

ʇɼʄɸʕʄɸ, 25Áʉ ʠ 60 ʤʄ NaI ʜʣʷ ʇɺʀ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʣʦʰʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʸʥʦʢ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ çʞʸʩʪʢʠʤʠè ʠ ʩʪʘʙʠʣʴʥʳʤʠ, ʘ ʧʨʠ 

pH 7 ʩʧʦʩʦʙʥʳ ʥʝʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ (pI 4,3). ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʧʦʣʠʤʝʨ-

ʬʝʨʤʝʥʪʥʳʝ ʧʣʸʥʢʠ ʬʦʨʤʠʨʦʚʘʣʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʥʘʨʥʳʭ ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ. ʄʝʪʦʜʦʤ ʘʤʧʝʨʦʤʝʪʨʠʠ ʙʳʣʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʠʭ ʭʦʨʦʰʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ɓ-D-ʛʣʶʢʦʟʳ: ʰʠʨʦʢʠʡ ʣʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ, ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʳʡ ʧʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ25-23-00125). ʕʢʩʧʝʨʠʤʝʥʪʳ ʤʝʪʦʜʘʤʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʚʟʚʝʰʠʚʘʥʠʷ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʜʠʩʩʠʧʘʮʠʠ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʦ 

ʇʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Sigolaeva L.V., Rudakov N.S., Pergushov D.V. Polymer-enzyme films on conductive surfaces: 
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ACS Appl. Polym. Mater. 2025. Vol. 7. ˉ. 17. P. 11690-11702. 

2. Sigolaeva L.V., Rudakov N.S., Pergushov D.V. Leveraging sodium iodide for improved 

modification of conductive surfaces by an imidazolium-based poly(ionic liquid): toward engineering the 

electrochemical enzymatic biosensors // Macromol. Chem. Phys. 2026. Vol. 227. ˉ2: e00396. 
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63. ʉʘʣʘʟʢʠʥ ʅʠʢʠʪʘ ʉʝʨʛʝʝʚʠʯ 

çɿʝʣʝʥʳʡè ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʨʘʢʪʦʚ 

ʣʠʩʪʴʝʚ ʙʘʜʘʥʘ, ʤʦʞʞʝʚʝʣʴʥʠʢʘ ʠ ʨʝʚʝʥʷ.  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʘʭʦʤʦʚ ʇ.ʄ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ çʟʝʣʸʥʦʛʦè ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ (ʅʏʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ ʪʨʸʭ ʨʘʩʪʝʥʠʡ: 

ʙʘʜʘʥʘ, ʤʦʞʞʝʚʝʣʴʥʠʢʘ ʠ ʨʝʚʝʥʷ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʙʠʦʤʦʣʝʢʫʣʳ ʚʳʩʪʫʧʘʶʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ [1]. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʩʠʥʪʝʟ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠʟʫʯʘʣʠ 

ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ 

(ɼʉʈ). ʆʙʨʘʟʦʚʘʥʠʝ ʅʏʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʣʦʩʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 423ï443 ʥʤ (ʈʠʩ.). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʉʈ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʙʠʤʦʜʘʣʴʥʦʝ: ʜʣʷ ʙʘʜʘʥʘ ï 16 ʠ 80 ʥʤ, ʜʣʷ ʨʝʚʝʥʷ ï 8 ʠ 

122 ʥʤ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʪʘʙʠʣʴʥʳʤ (ʚ ʪʝʯʝʥʠʝ 90 ʜʥʝʡ) ʧʨʠʟʥʘʥ 

ʵʢʩʪʨʘʢʪ ʙʘʜʘʥʘ. ɹʠʤʦʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʤʘʣʳʝ ʯʘʩʪʠʮʳ (8ï16 ʥʤ) ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʜʦʩʪʘʚʢʠ, ʘ ʢʨʫʧʥʳʝ (80ï122 ʥʤ) ï ʜʣʷ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʛʦ 

ʘʥʪʠʤʠʢʨʦʙʥʦʛʦ ʜʝʡʩʪʚʠʷ [2,3]. ɺʳʙʦʨ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʟʤʝʨʥʳʡ ʧʨʦʬʠʣʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʥʘʥʦʯʘʩʪʠʮ. 

   
ʈʠʩ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʪʨʘʢʪʦʚ 

ʣʠʩʪʴʝʚ ʙʘʜʘʥʘ (ʘ), ʤʦʞʞʝʚʝʣʴʥʠʢʘ (ʙ) ʠ ʨʝʚʝʥʷ (ʚ) ʚ ʩʦʦʪʥʦʰʝʥʠʝ (Vextract ) / ʦʙʲʝʤ AgNO3 

(ὠ ) ʨʘʚʥʳʤ: 1:1 ʯʝʨʝʟ 15 ʤʠʥʫʪ, 3,12 ʠ 90 ʜʥʝʡ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. A review on green synthesis of silver nanoparticles (SNPs) using plant extracts: a multifaceted 

approach in photocatalysis, environmental remediation, and biomedicine // RSC Advances. 2025. ʊ. 15, ˉ 

5. ʉ. 3858ï3903. 

2. R·nav§ri A., et al. Green Silver and Gold Nanoparticles: Biological Synthesis Approaches and 

Potentials for Biomedical Applications // Molecules. 2021. ʊ. 26, ˉ 4. ʉʪ. 1018. 

3. Pandey, P., et al. Biosynthesis of silver nanoparticles from plant extracts: a comprehensive review 

focused on anticancer therapy // Frontiers in Pharmacology. 2025. ʊ. 16. ʘʨʪ. 1600347. 
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64. ʊʘʤʙʫʨʘ ɹʘʢʘʨʠ 

ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʨʠʣʦʚʘʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʦʟʠʮʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʬʦʩʬʘʟʝʥʘʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚ ɽ.ʄ. 

ʈʍʊʋ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʌʘʢʫʣʴʪʝʪ ʥʝʬʪʝʛʘʟʦʭʠʤʠʠ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ  

ʄʠʢʨʦʬʣʦʨʘ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʫ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʘʢʪʝʨʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʩʪʨʝʧʪʦʢʦʢʢʠ. ɺʠʜ 

Streptococcus mutans ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʢʘʨʠʝʩʘ, ʟʘʧʫʩʢʘʷ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʶ ʵʤʘʣʠ ʟʘ ʩʯʝʪ ʬʝʨʤʝʥʪʘʮʠʠ ʫʛʣʝʚʦʜʦʚ ʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɼʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Streptococcus ʫʯʘʩʪʚʫʶʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʫʙʥʦʡ ʙʣʷʰʢʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʤʠʢʨʦʙʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ [1,2]. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʡ ʛʨʠʙ Candida 

albicans. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʷ, ʠʟʤʝʥʝʥʠʝ pH ʚ 

ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ, ʥʘʣʠʯʠʝ ʰʝʨʦʭʦʚʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ) ʵʪʦʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ, ʧʝʨʝʭʦʜʷ ʚ ʧʘʪʦʛʝʥʥʫʶ 

ʬʦʨʤʫ ʠ ʚʳʟʳʚʘʷ ʢʘʥʜʠʜʦʟ ʩʣʠʟʠʩʪʦʡ ʨʪʘ, ʘ ʚ ʪʷʞʝʣʳʭ ʩʣʫʯʘʷʭ ʩʠʩʪʝʤʥʳʝ 

ʠʥʬʝʢʮʠʠ [3]. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʦ ʠ ʚʳʨʘʞʝʥʥʳʤʠ ʬʫʥʛʠʮʠʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ʆʙʲʝʢʪʦʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʘʢʨʠʣʦʚʳʝ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʫʶʱʝʛʦ ʙʠʩ-ɻʄɸ/ʊɻʄ-3. ɼʘʥʥʘʷ ʧʦʣʠʤʝʨʥʘʷ 

ʤʘʪʨʠʮʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʙʣʘʛʦʜʘʨʷ 

ʭʦʨʦʰʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ, ʦʜʥʘʢʦ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʢʨʠʣʘʪʳ ʧʦʜʚʝʨʞʝʥʳ ʤʠʢʨʦʙʥʦʡ ʢʦʣʦʥʠʟʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʘʪʨʠʮʫ ʚʚʦʜʠʣʠ ʧʠʨʠʜʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʮʠʢʣʦʬʦʩʬʘʟʝʥʦʚ, ʩʧʦʩʦʙʥʳʝ ʥʘʨʫʰʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʦʧʣʝʥʦʢ. 
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65. ʐʘʬʨʘʥʦʚ ʄʘʨʢ ɸʥʜʨʝʝʚʠʯ 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʢʝʪʝʥʘʮʝʪʘʣʝʡ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʘʨʝʤʩʢʠʡ ʄ.ʖ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʫʩʠʣʝʥʠʝʤ 

ʚʥʠʤʘʥʠʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ 

ʤʥʦʛʦʪʦʥʥʘʞʥʳʝ ʧʦʣʠʤʝʨʳ (ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʩʪʠʨʦʣ) ʩʠʥʪʝʟʠʨʫʶʪʩ ̫ʧʫʪʝʤ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʧʨʦʯʥʳʝ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʝ ʟʚʝʥʴʷ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʜʝʩʪʨʫʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʠʢʣʠʯʝʩʢʠʝ ʢʝʪʝʥʘʮʝʪʘʣʠ (ʎʂɸ), ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʢʦʪʦʨʳʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʩʣʦʞʥʦʵʬʠʨʥʳʭ 

ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʢ ʨʘʟʣʦʞʝʥʠʶ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʫʜʝʣʝʥʦ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʎʂɸ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʥʦʤʝʨʳ 2-ʤʝʪʠʣʝʥ-1,3-ʜʠʦʢʩʝʧʘʥ 

(ʄɼʆ) ʠ 5,6-ʙʝʥʟʦ-2-ʤʝʪʠʣʝʥ-1,3-ʜʠʦʢʩʝʧʘʥ (ɹʄɼʆ). ʀʟʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʎʂɸ ʩʦ ʩʪʠʨʦʣʦʤ ʧʨʠ 70 ʠ 125 Áʉ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʠʤ (>80%) ʩʦʜʝʨʞʘʥʠʝʤ ɹʄɼʆ ʚ 

ʤʦʥʦʤʝʨʥʦʡ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʩʝʚʜʦ-ʛʝʣʴ-ʵʬʬʝʢʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʠʨʦʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹʄɼʆ.  

ʉʦʯʝʪʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ ʨʘʜʠʢʘʣʴʥʦʡ 

ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄɼʆ ʠ ɹʄɼʆ ʩ ʫʯʘʩʪʠʝʤ 2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥʦʢʩʠʣʘ (ʊɽʄʇʆ) ʧʨʠ 125 Áʉ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʦ ʩʪʠʨʦʣʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʩʝʚʜʦʞʠʚʫʶ 

ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ʎʂɸ ʥʝ ʫʜʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʚʚʠʜʫ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʥʘʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʩʦʧʦʣʠʤʝʨʦʚ ʩʪʠʨʦʣʘ ʩ ʎʂɸ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʝʤ ʧʩʝʚʜʦʞʠʚʦʡ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʊɽʄʇʆ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʨʘʟʣʦʞʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ ʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʦʧʦʣʠʤʝʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʟʚʝʥʴʷ ʄɼʆ: ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 80 ʠ 95% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ ɸɸɸɸ-ɸ21-121011990022-4 

(ñʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʭʠʤʠʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡò) 
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ʋɼʂ: 541.49:615.33 

66. ɸʚʘʢʦʚ ɸʥʘʪʦʣʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ʇʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ L-ʮʠʩʪʝʠʥ-AgNO3-ʞʝʣʘʪʠʥ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʘʭʦʤʦʚ ʇ.ʄ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

Cʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʛʠʜʨʦʛʝʣʠ, ʧʦʣʫʯʘʝʤʳʝ ʟʘ ʩʯʸʪ ʩʘʤʦʩʙʦʨʢʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʠʥʦʢʠʩʣʦʪ, ʧʝʧʪʠʜʦʚ) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʠʚʣʝʢʘʶʪ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʦʙʲʝʢʪʳ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥ (L-ʉys) 

ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ï ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ (ʎʉʈ). ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʎʉʈ ʠʥʠʮʠʠʨʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ, ʘʥʠʦʥ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʩʨʦʜʩʪʚʦ 

ʢ ʠʦʥʘʤ ʩʝʨʝʙʨʘ. ʎʉʈ ʛʠʜʨʦʛʝʣʠ ʧʨʦʷʚʣʷʶʪ ʪʠʢʩʦʪʨʦʧʥʳʝ ʩʚʦʡʩʪʚʘ ï ʣʝʛʢʦ 

ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʝʣʴ-ʩʝʪʢʫ, ʥʘʭʦʜʷʩʴ ʚ ʧʦʢʦʝ. ʉ ʮʝʣʴʶ ʫʧʨʦʯʥʝʥʠʷ ʎʉʈ 

ʛʠʜʨʦʛʝʣʝʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʨʦʜʥʳʡ ʙʠʦʧʦʣʠʤʝʨ 

ʞʝʣʘʪʠʥ, ʦʙʣʘʜʘʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʛʠʜʨʦʛʝʣʴ. ɹʣʘʛʦʜʘʨʷ ʥʝʪʦʢʩʠʯʥʦʩʪʠ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ ʞʝʣʘʪʠʥ ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʛʝʣʝ- ʠ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʵʤʫʣʴʛʘʪʦʨ, ʩʪʘʙʠʣʠʟʘʪʦʨ ʠ ʪ.ʜ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʞʝʣʘʪʠʥ ʩ 

ʚʝʱʝʩʪʚʘʤʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʷʷ ʎʉʈ 

ʚ ʞʝʣʘʪʠʥ, ʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ, ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʥʦ ʠ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʘʤʦʩʙʦʨʢʠ ʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ/ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʘʭ.  

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ. ʅʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʎʉʈ, ʥʘ ʚʪʦʨʦʡ ï ʚ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʜʦʙʘʚʣʷʣʠ ʞʝʣʘʪʠʥ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1 ʠʣʠ 1,0 %. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ 

ʎʉʈ/ʞʝʣʘʪʠʥ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: 0,9/0,1; 0,8/0,2; 0,7/0,3; 0,4/0,6; 

0,5/0,5; 0,6/0,4; 0,7/0,3; 0,8/0,2; 0,9/0,1. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʋʌ 

ʩʧʝʢʪʨʦʩʢʦʧʠ ̫ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʎʉʈ/ɾ ʩʦʦʪʥʦʰʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʚʦ 

ʚʨʝʤʝʥʠ ʦʙʨʘʟʮʳ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0,1% ʞʝʣʘʪʠʥʘ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʚʦ ʚʨʝʤʝʥʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʘʪʠʥʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʎʂʇ 

ʊʚɻʋ. 
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67. ɸʨʝʬʴʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ 

ʜʠʙʨʦʤʜʠʭʣʦʨʢʘʜʤʘʪʥʳʤ ʘʥʠʦʥʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɾʫʨʘʚʣʝʚ ʆ.ɽ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʪʘʣʣʘʪʥʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʢʘʢ: ʥʝʣʝʪʫʯʝʩʪʴ, ʥʝʛʦʨʶʯʝʩʪʴ, ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘʜʘʝʪ ʧʨʝʜʝʣ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʧʦʪʦʤʫ ʚʘʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʝʝ ʟʥʘʯʝʥʠʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʠʟʫʯʠʪʴ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʚʦʟʜʫʭʝ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʝʚʳʭ ʜʠʙʨʦʤʜʠʭʣʦʨʢʘʜʤʘʪʥʳʭ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ɼʠʙʨʦʤʜʠʭʣʦʨʢʘʜʤʘʪʥʳʝ ʀɾ ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʘʩʳʱʝʥʥʳʭ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʢʘʜʤʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʨʦʤʠʜʘ N-

ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʚʠʜ: 

N
+

R Br
-

+ CdCl2 N
+

R
tÁ

H2O

2

2

[CdCl2Br 2]
2-

, 

ʛʜʝ R: C4H9, ʉ6ʅ13, C8H17, 

C10H21,.ʉ16ʅ33. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʀʟʫʯʝʥʘ ʠʭ ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʚʦʟʜʫʭʝ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25-

600 . ʂʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʀɾ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ 

ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʜʦ 

295 , ʘ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ 

ʦʜʥʫ ʩʪʘʜʠʶ. ʏʝʪʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪ ʜʣʠʥʳ 

ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʀɾ 3 ʠ ʀɾ 

5 ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʠʟʫʯʝʥʥʳʤʠ ʥʘʤʠ. 

  

 
ʈʠʩ. ʂʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʜʠʙʨʦʤʜʠʭʣʦʨʢʘʜʤʘʪʥʳʭ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʝʚʳʭ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ 
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68. ɸʬʘʥʘʩʴʝʚʘ ʊʘʪʴʷʥʘ ʄʘʢʩʠʤʦʚʥʘ 

ɺʣʠʷʥʠʝ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʍʠʞʥʷʢ ʉ. ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɿʝʣʝʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ (ʅʏʉ) ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ. ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʨʘʩʪʝʥʠʡ 

ʚʳʧʦʣʥʷʶʪ ʢʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʩʝʨʝʙʨʘ 

(Ag ), ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅʏʉ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʅʏʉ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ 

ʣʠʩʪʴʝʚ ʠ ʢʦʨʳ ʠʚʳ, ʩ ʧʦʤʦʱʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʜʥʝʚʥʳʤ ʩʚʝʪʦʤ. ʆʩʥʦʚʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʋʌ-ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ɼʉʈ) ʠ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ). ɺ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʨʘʩʪʚʦʨʦʚ ʅʏʉ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʵʢʩʪʨʘʢʪʘʭ ʢʦʨʳ ʠ ʣʠʩʪʴʝʚ ʠʚʳ, (ʨʠʩʫʥʦʢ), ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʬʦʨʤʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 471ï515 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʧʣʘʟʤʦʥʥʦʤʫ ʨʝʟʦʥʘʥʩʫ (ʇʇʈ) ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʥʘ ʦʙʨʘʟʮʳ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 

ʇʇʈ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʅʏʉ/ʵʢʩʪʨʘʢʪ ʣʠʩʪʴʝʚ ʠʚʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ. ɺ ʦʙʨʘʟʮʝ ʅʏʉ/ʵʢʩʪʨʘʢʪ 

ʢʦʨʳ ʠʚʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ ʢʘʨʪʠʥʘ ï ʙʠʤʦʜʘʣʴʥʦʩʪʴ ʇʇʈ, ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʤʘʢʩʠʤʫʤʦʚ 488 ʠ 515 ʥʤ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʵʪʠʭ ʧʦʣʦʩ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʥʝʚʥʳʤ ʩʚʝʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʩʪʴʷʭ ʠ ʢʦʨʝ ʠʚʳ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʅʏʉ 

ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ.  

  

ʈʠʩʫʥʦʢ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʢʦʨʳ ʠ ʣʠʩʪʴʝʚ ʠʚʳ ʯʝʨʝʟ 5 ʤʝʩʷʮʝʚ 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ AgNO3; ʜʦ (ʢʨʘʩʥ) ʠ ʧʦʩʣʝ (ʯʝʨʥ) ʚʦʟʜʝʡʩʪʚʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ 

 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 93 

ʋɼʂ: 544.015 

69. ɹʝʣʦʚʘ ɺʠʢʪʦʨʠʷ ɺʘʣʝʨʴʝʚʥʘ 

ʇʘʨʦ-ʞʠʜʢʦʩʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʜʝʦʢʩʠʛʝʥʘʮʠʠ 

ʘʥʠʟʦʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɼʘʥʥʳʝ ʦ ʬʘʟʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠʤʝʶʪ ʢʣʶʯʝʚʦʝ 

ʟʥʘʯʝʥʠʝ: ʦʥʠ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʶʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚʦ 

ʚʨʝʤʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ 

ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ï ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1]. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚ ʩʠʩʪʝʤʘʭ çʥ ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ 2è ʠ 

çʥ ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ 2-ʘʥʠʟʦʣè ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʦʭʚʘʪʳʚʘʣ ʩʣʝʜʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʠʘʧʘʟʦʥʳ: 

30ï100 ʦC ï ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ; 

100ï150 ʦC ï ʜʦʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ; 

150ï230 ʦC ï ʩʫʙʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ; 

230ï270 ʦC ï ʦʢʦʣʦ  ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʘ ʨʝʛʠʩʪʨʘʮʠʶ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ 

ʨʝʘʢʪʦʨʘ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʩ ʬʠʢʩʘʮʠʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʦʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ P T ʢʨʠʚʳʝ ʜʣʷ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʠʤʝʥʥʦ: 

- ʵʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ ʠ ʩʤʝʰʝʥʠʷ; 

- ʵʥʪʨʦʧʠʷ ʠʩʧʘʨʝʥʠʷ ʠ ʩʤʝʰʝʥʠʷ; 

- ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʤʝʰʝʥʠʷ; 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʢʘʟʘʣ: ʯʪʦʙʳ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʭʦʜʠʣʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʟʦʣʘ ʚ 

ʥʝʡ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 4,5 ʤʦʣ. %, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ-2 ʥʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʰʝ 2:1. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

2. Simeski F., Ihme M. // Nature Communications. ï 2023. ï Vol. 14. ï P. 1996. 
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70. ɹʦʛʜʘʥʦʚʘ ɸʥʥʘ ʄʠʭʘʡʣʦʚʥʘ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʬʨʫʢʪʦʟʳ ʥʘ Ru-, Pt- ʀ Pd-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʨʠʛʦʨʴʝʚ ʄ.ɽ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ  

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʩʳʨʴʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʤʘʩʩʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʳ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʮʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʤʥʦʛʦʘʪʦʤʥʳʝ ʩʧʠʨʪʳ. 

ʄʘʥʥʠʪ ï ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ 

ʛʠʜʨʠʨʦʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʬʨʫʢʪʦʟʳ ï ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʦʩʤʝʪʠʢʝ, ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʥʥʠʪʘ 

ʧʦʣʫʯʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʬʨʫʢʪʦʟʳ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʦʢʘʟʳʚʘʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʣʘʛʦʨʦʜʥʳʝ 

ʤʝʪʘʣʣʳ ï Ru, Pt ʠ Pd. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʨʫʢʪʦʟʳ ʚ ʚʦʜʥʦʡ ʬʘʟʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ï Ru, Pt ʠ Pd. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʚʝʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ 

ʤʘʨʢʠ MN 100. ɻʠʜʨʠʨʦʚʘʥʠʝ ʬʨʫʢʪʦʟʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʝʘʢʪʦʨʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ɺʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (Ru/MN 100, Pd/MN 100 ʠ Pt/MN 100) 

ʧʨʦʷʚʣʷʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʬʨʫʢʪʦʟʳ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ (ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʢʦʥʚʝʨʩʠʠ) ʷʚʣʷʣʩʷ Ru/MN 100, ʥʘʠʤʝʥʝʝ ʘʢʪʠʚʥʳʤ ï Pd/MN 100. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʤʘʥʥʠʪʫ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʚʝʨʩʠʠ ʬʨʫʢʪʦʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʅʝʩʤʦʪʨʷ, ʥʘ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʬʨʫʢʪʦʟʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ Pt/MN 100 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʪʝʥʠʝʚʳʤ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʣ 

ʧʦʚʳʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʘʥʥʠʪʫ (49%). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 25-23-01250) 
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71. ɹʦʛʜʘʥʦʚʘ ɸʥʥʘ ʄʠʭʘʡʣʦʚʥʘ 

ɾʠʜʢʦʬʘʟʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɸ.ɺ. ɹʳʢʦʚ, ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʈʦʩʪ ʠʥʪʝʨʝʩʘ ʢ çʟʝʣʝʥʳʤè ʪʝʭʥʦʣʦʛʠʷʤ ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʠʩʢ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ. ʇʝʨʝʨʘʙʦʪʢʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʣʝʚʫʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ (ʃʂ) ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʩʠʥʪʝʟʘ ʨʷʜʘ ʮʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʛʘʤʤʘ-ʚʘʣʝʨʦʣʘʢʪʦʥʘ (ɻɺʃ), 

ʵʪʠʣʣʝʚʫʣʠʥʘʪʘ, ʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ 

ʤʝʜʠʮʠʥʳ (ʥʘʧʨʠʤʝʨ, ʣʝʚʫʣʠʥʘʪ ʢʘʣʴʮʠʷ ʠ ʘʤʠʥʦʣʝʚʫʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ). 

ʂʣʶʯʝʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʃʂ ʷʚʣʷʝʪʩʷ ɻɺʃ. ɹʣʘʛʦʜʘʨʷ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʚʦʜʦʡ, ɻɺʃ 

ʚʳʩʪʫʧʘʝʪ ʚʘʞʥʳʤ ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʝʬʪʝʭʠʤʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʪʦʧʣʠʚ, 

ʘ ʪʘʢʞʝ ʧʣʘʩʪʤʘʩʩ [1]. ʈʝʘʢʮʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʃʂ ʜʦ ɻɺʃ ï ʵʪʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪ 70 

ʜʦ 150Üʉ) ʠ ʥʝʚʳʩʦʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ (ʜʦ 2 ʄʇʘ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ, ʢʘʢ ʙʣʘʛʦʨʦʜʥʳʭ, ʪʘʢ ʠ 

ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʨʫʪʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ɻɺʃ (ʜʦ 100%) ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʨʫʪʝʥʠʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʘʤʦʨʬʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʚ ʨʝʘʢʮʠʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʃʂ ʜʦ ɻɺʃ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ 

çʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʧʦʣʠʤʝʨʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʩʰʠʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ 

(ʬʝʥʘʥʪʨʝʥ, ʥʘʬʪʘʣʠʥ, ʘʥʪʨʘʮʝʥ, ʙʝʥʟʦʣ) ʧʦ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ. ɹʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʠ 120Üʉ ʠ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 2 ʄʇʘ ʠ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 25-73-20071). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Sycheva V.V. et al. // Journal of Siberian Federal University, Chemistry, 2021, ˉ14(1), P.5-20. 
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72. ɹʨʳʢʦʚʘ ʂʩʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʦʟʳ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ɺ. ʂʨʶʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʈʝʬʨʘʢʪʦʤʝʪʨʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʭʠʤʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʥʘʫʢ. ʆʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ, 

ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʘʥʘʣʠʟʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ 

ʩʪʘʨʝʡʰʠʤ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʠʤʠʠ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʝʣʠʯʠʥʘʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ, ʀʩʘʘʢ 

ʅʴʶʪʦʥ ʩʜʝʣʘʣ ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʩʦʣʝʡ, ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 

ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. ʇʝʪʝʨʙʫʨʛʩʢʠʤ ʘʢʘʜʝʤʠʢʦʤ ʀʦʛʘʥʥʦʤ ʕʡʣʝʨʦʤ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʨʷʜʘ ʞʠʜʢʦʩʪʝʡ. ʅʘʜ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʨʝʬʨʘʢʪʦʤʝʪʨʦʚ 

ʨʘʙʦʪʘʣ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ 

ʩʳʛʨʘʣʠ ʨʘʙʦʪʳ ʥʝʤʝʮʢʠʭ ʧʨʦʬʝʩʩʦʨʦʚ ɸʙʙʝ ʠ ʇʫʣʴʬʨʠʭʘ, ʩʦʟʜʘʚʰʠʭ 

ʫʜʦʙʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʬʨʘʢʪʦʤʝʪʨʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. ʈʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ. ʈʝʬʨʘʢʪʦʤʝʪʨʠʷ ʩʦʯʝʪʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʪʝʭʥʠʯʝʩʢʫʶ ʧʨʦʩʪʦʪʫ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʤʝʪʦʜʘ. ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʥʝʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʝʙʦʣʴʰʦʡ ʟʘʪʨʘʪʦʡ ʚʨʝʤʝʥʠ, 

ʨʘʩʧʦʣʘʛʘʷ ʣʠʰʴ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʱʝʩʪʚʘ. ʉ ʧʦʤʦʱʴʶ ʨʝʬʨʘʢʪʦʤʝʪʨʘ 

ʀʈʌ-454 ʥʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʣʘʢʪʦʟʳ ʤʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

çNE MOLOKOè (ɸʆ çʉʘʜʳ ʇʨʠʜʦʥʴʷè, ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣ.) ʠ ʤʦʣʦʢʦ 

çʕʢʦʅʠʚʘè 3,5 % (ɻʂ çʕʢʦʅʠʚʘè, ɸʆ çʄʦʩʄʝʜʳʥʴʘʛʨʦʧʨʦʤè). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝʡ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʦʟʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ [1] ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʣʘʢʪʦʟʳ ʚ  ʤʦʣʦʢʝ 

çʕʢʦʅʠʚʘè 4,49 %, ʪʦʛʜʘ ʢʘʢ ʚ   ʤʦʣʦʯʥʦʤ ʧʨʦʜʫʢʪʝ çNE MOLOKOè ʣʘʢʪʦʟʘ 

ʥʝ ʦʙʥʘʨʫʞʝʥʘ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʀʦʬʬʝ ɹ.ɺ. ʈʝʬʨʘʢʪʦʤʝʪʨʠʷ ʢʘʢ ʤʝʪʦʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ //  

ʋʩʧʝʭʠ ʭʠʤʠʠ, 1960, ʊ. 29, ˉ2, ʉ. 137 - 161. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 97 

ʋɼʂ: 544.733.422 

73. ɹʫʨʣʘʢʦʚ ɽʛʦʨ ʉʝʨʛʝʝʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʩʙʦʨʢʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʠʰʥʝʚʝʮʢʠʡ ɼ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʥʘʯʠʥʘʷ ʩ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʨʝʜʩʪʚ ʣʠʯʥʦʡ ʛʠʛʠʝʥʳ ʚ ʜʨʝʚʥʝʤ ʤʠʨʝ, ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [1]. ʈʘʥʝʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʜʦʙʥʳʝ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥʘ, N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥʘ ʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ [2]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ rʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ (ʥʠʪʨʘʪʘ, ʥʠʪʨʠʪʘ ʠ ʘʮʝʪʘʪʘ). ɼʘʥʥʳʡ ʵʬʠʨ 

ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʚ ʮʝʧʦʯʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ L-ʮʠʩʪʝʠʥʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʋʌ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-2000. ʀʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʘ ʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʯʘʩʪʠʮ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ Zetasizer Nano ZS. ʇʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ JEOL JEM-2100. ɿʥʘʯʝʥʠʷ pH ʩʨʝʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

pH-ʤʝʪʨʘ ɸʢʚʠʣʦʥ pH 410. 

ɹʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʜʚʝ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʩ ʬʠʢʩʘʮʠʝʡ ʢʦʣʠʯʝʩʪʚʘ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʧʨʠ ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʝʢʫʨʩʦʨʦʚ 0,01 

ʄ. ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʩʪʝʤʳ ʩ ʥʠʪʨʘʪʦʤ ʠ ʘʮʝʪʘʪʦʤ ʩʝʨʝʙʨʘ 

ʛʦʤʦʛʝʥʥʳ ʠ ʩʪʘʙʠʣʴʥʳ ʚʦ ʚʨʝʤʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʚʩʝ ʦʙʨʘʟʮʳ ʩ ʥʠʪʨʠʪʦʤ ʩʝʨʝʙʨʘ 

ʚʳʧʘʜʘʣʠ ʚ ʦʩʘʜʦʢ. ɿʥʘʯʝʥʠʷ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʯʘʩʪʠʮ ʨʦʩʣʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ ʚ ʩʠʩʪʝʤʘʭ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ 

ʩʪʘʥʦʚʠʣʦʩʴ ʫʥʠʤʦʜʘʣʴʥʳʤ. ɼʘʥʥʳʝ ʇʕʄ ʚʳʷʚʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʤʦʨʬʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ɿʥʘʯʝʥʠʷ pH ʧʦʢʘʟʘʣʠ ʟʘʢʠʩʣʝʥʠʝ ʩʠʩʪʝʤʳ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʝʙʨʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. David K. Smith Supramolecular gels ï a panorama of low-molecular-weight gelators from ancient 

origins to next-generation technologies // Soft Matter. 2024. ʊ. 20, ʀʟʜ. 1, ʉ. 10-70 

2. Dmitry V. Vishnevetskii, Dmitry V. Averkin, Alexey A. Efimov, Anna A. Lizunova, Olga V. 

Shamova, Elizaveta V. Vladimirova, Maria S. Sukhareva, Arif R. Mekhtiev L-cysteine and N-acetyl-L-

cysteine mediated synthesis of nanosilver-based sols and hydrogels with antibacterial and antibiofilm 

properties // Journal of Materials Chemistry B. 2023. ʊ. 11, ʀʟʜ. 25. ʉ. 5794-5804. 
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74. ɺʘʚʠʣʦʚʘ ɽʣʠʟʘʚʝʪʘ ʕʜʫʘʨʜʦʚʥʘ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʠʦʥʦʚ CuĮ , NiĮ  ʀ 

CoĮ  ʜʣʷ ʘʢʨʠʣʘʪʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ. ʄ. ʏʠʩʪʷʢʦʚ 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ 

ʌʘʢʫʣʴʪʝʪ ʥʝʬʪʝʛʘʟʦʭʠʤʠʠ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ 

ɸʢʨʠʣʘʪʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʚʢʣʶʯʘʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʙʳʪʦʚʫʶ ʪʝʭʥʠʢʫ ʠ 

ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʜʥʘʢʦ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ 

ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʢʦʚ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʨʠʩʢ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠ ʢʦʥʪʘʢʪʝ, ʫʭʫʜʰʘʝʪ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʬʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʢʨʠʣʘʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʠʤʤʘʥʝʥʪʥʦʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʤʦʜʠʬʠʢʘʮʠʷ ʘʢʨʠʣʘʪʥʳʭ ʩʠʩʪʝʤ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʄʆʂ), ʩʦʜʝʨʞʘʱʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ d-ʵʣʝʤʝʥʪʳ. ʀʦʥʳ CuĮ , NiĮ  ʠ CoĮ  ʠʟʚʝʩʪʥʳ ʩʚʦʠʤ 

ʦʣʠʛʦʜʠʥʘʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ð ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʜʘʚʣʷʪʴ ʨʦʩʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʧʦʣʠʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ ʚ ʩʦʩʪʘʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʥʠ ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ 

ʮʝʥʪʨʳ, ʧʨʠʜʘʶʱʠʝ ʤʘʪʝʨʠʘʣʫ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʠ ʬʫʥʛʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɺʳʙʦʨ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʯʥʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʭʦʨʦʰʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʘʢʨʠʣʘʪʥʦʡ ʦʩʥʦʚʦʡ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʷ 

[2]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʬʦʨʤʘ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠʦʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʫʶ ʟʘʱʠʪʫ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʤʦʜʠʬʠʢʘʪʦʨʳ ʥʝ ʫʭʫʜʰʘʶʪ 

ʘʜʛʝʟʠʶ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ ʘʢʨʠʣʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʨʘʙʦʪʝ 

ʧʣʘʥʠʨʫʝʪʩʷ ʩʠʥʪʝʟ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ, ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ CuĮ , 

NiĮ  ʠ CoĮ  ʠ ʦʮʝʥʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʢʨʠʣʘʪʥʳʭ ʧʦʢʨʳʪʠʡ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Fawei Wang, Bin Wang, Xuemei Li, Zhanmin Wu, Yufeng He Antimicrobial cationic acrylate-

based hybrid coatings against microorganism contamination // Progress in Organic Coatings. 2020. ̄ 142 

2. Bin Wang, Fawei Wang, Yandi Kong, Zhanmin Wu, Rong-Min Wang Polyurea-crosslinked 

cationic acrylate copolymer for antibacterial coating // Colloids and Surfaces A: Physicochemical and 

Engineering Aspects. 2018. ̄ 549. ʉ. 122-129. 
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75. ɺʦʨʦʥʦʚ ʅʠʢʠʪʘ ʆʣʝʛʦʚʠʯ 

DFT ʨʘʩʯʸʪ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʝʝʚ ɺ. ɻ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʩʠʣʫ ʚʳʩʦʢʦʛʦ ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʘ ʬʫʣʣʝʨʝʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʬʫʣʣʝʨʝʥʦʚ ʥʝʦʙʭʦʜʠʤ ʧʦʜʙʦʨ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ (HOMO), ʵʥʝʨʛʠʠ ʥʠʟʰʝʡ 

ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (LUMO), ʘ ʪʘʢʞʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ (Eg), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʠʟʘʡʥʘ ʠ ʩʠʥʪʝʟʘ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʣʣʝʨʝʥʘ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʦʚ ʧʣʦʪʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ DFT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʜʠʬʬʫʟʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ: 6-311G+*, CC-

PVDZ+, DEF2-SVPD. ʇʨʠʤʝʥʝʥʳ ʛʠʙʨʠʜʥʳʝ (B3LYP-D3, PW6B95-D3(BJ)), 

GGA (PBE-D3(BJ), BP86-D3(BJ), BLYP-D3, B97-D3M(BJ)) ʠ meta-GGA 

(R2scan-D4, R2scan-D3(BJ), MN15-L) ʬʫʥʢʮʠʦʥʘʣʳ. ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʧʨʦʛʨʘʤʤʝ Jaguar. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʙʘʟʠʩʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʙʦʨ ʬʫʥʢʮʠʦʥʘʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʳ ʜʘʶʪ ʩʠʣʴʥʦ ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʠ ʟʘʚʳʰʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ Eg. GGA ʠ ʤʝʪʘ-GGA ʬʫʥʢʮʠʦʥʘʣʳ ʜʘʶʪ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ʦʨʙʠʪʘʣʝʡ ʠ Eg, ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ.  

 

ɸ ɹ 
ɺ ɻ 

ʈʠʩ. ʀʟʦʙʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ. ɸ ï C60, HOMO; ɹ ï C60, LUMO; ɺ ï C70, HOMO; 

ɻ ï C70, LUMO 
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76. ɻʦʨʙʘʥʴ ɸʥʘʩʪʘʩʠʷ ʇʘʚʣʦʚʥʘ 

ɿʝʣʝʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʨʘʢʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʦʣʴʭʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʍʠʞʥʷʢ ʉ. ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɿʝʣʝʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʭʠʤʠʠ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʣʣʦʠʜʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʬʣʘʚʦʥʦʠʜʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ ʦʣʴʭʠ, ʩʦʙʨʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʬʘʟʳ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ ʰʠʰʝʢ ʠ ʩʝʨʸʞʝʢ ʢ ʟʝʣʝʥʦʤʫ ʩʠʥʪʝʟʫ 

ʩʪʘʙʠʣʴʥʳʭ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦ ʨʘʟʤʝʨʫ ʅʏAg. ʆʙʨʘʟʮʳ ʩʦʙʨʘʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛ. ʊʚʝʨʠ ʠ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2024 ʛʦʜʘ. 

1)  2)  
ʈʠʩ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʦʣʴʭʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ: 1) 15 ʤʠʥʫʪ, 2) 115 ʜʥʝʡ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ 

ʦʣʴʭʠ ʢ ʨʘʩʪʚʦʨʫ AgNO3 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʦʪ ʩʚʝʪʣʦ-ʞʝʣʪʦʡ ʜʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʋʌ ʩʧʝʢʪʨʝ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʘʩʢʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 400-450 ʥʤ ʨʘʟʣʠʯʘʣʠʩʴ ʜʣʷ 

ʵʢʩʪʨʘʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʷ. ɺ ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ 

ʥʘʙʣʶʜʘʣʦʩʴ ʙʳʩʪʨʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ ʩʝʨʝʙʨʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʩʪʴʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʰʢʘʤʠ ʠ ʩʝʨʝʞʢʘʤʠ. 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʮʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚɻʋ. 
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77. ɼʝʥʠʩʦʚʘ ɽʢʘʪʝʨʠʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ  

N-ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ ʠ N-ʚʠʥʠʣʠʤʠʜʘʟʦʣʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʞʝʡʢʠʥʘ ɸ. ɺ. 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

ʠʤ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ,  

ʄʦʩʢʚʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ 

ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʪʘʢʠʭ ʩʦʧʦʣʠʤʝʨʦʚ ʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ 

ʢʣʫʙʦʢ-ʛʣʦʙʫʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʅʂʊʈ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʙʝʟ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʧʨʝʚʨʘʱʘʝʪ ʠʭ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ 

ʧʨʠʨʦʜʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʨʠʷ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ N-

ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ (ɺʂʃ) ʠ N-ʚʠʥʠʣʠʤʠʜʘʟʦʣʘ (ɺʀ) ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʫʯʝʥʘ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʚ ʤʘʩʩʝ [1].  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʧʦʣʠʤʝʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʦ 60 ʤʦʣ. % ʟʚʝʥʴʝʚ ɺʂʃ, ʚʳʰʝ ʅʂʊʈ ʜʣʷ ʧʦʣʠ-N-

ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ (32-34 Üʉ) ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʢʣʫʙʦʢ-ʛʣʦʙʫʣʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʤʫʪʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 65 Üʉ. ʇʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʦʦʧʝʨʘʪʠʚʥʳʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʙʝʟ ʦʩʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʙʝʣʢʦʚʦʧʦʜʦʙʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʝʣʢʦʚʦʧʦʜʦʙʥʦʝ 

ʧʦʚʝʜʝʥʠʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ 

25-23-00713) 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Barabanova, A. I., Vorozheykina, A. V., Glagolev, M. K., Komarov, P. V., & Khokhlov, A. R. 

(2024). Synthesis and theoretical studies of the conformational behaviour of N-vinylcaprolactam/N-

vinylimidazole copolymers in selective solvent. Molecular Systems Design & Engineering, 9(10), 1017-

1022. DOI: 10.1039/d4me00085d. 
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78. ɽʛʦʨʦʚʘ ɽʢʘʪʝʨʠʥʘ ʄʘʢʩʠʤʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʚ ʩʠʥʪʝʟʝ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ɹʳʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɸʤʠʥʠʨʦʚʘʥʠʝ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ Cu(I), ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ 

ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(I) 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʩʪʠ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʧʨʠ ʘʤʠʥʠʨʦʚʘʥʠʠ ʘʨʠʣʙʨʦʤʠʜʦʚ ʠ ʫʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʜʠʬʝʥʠʣʘʤʠʥʫ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʙʨʦʤʙʝʥʟʦʣʘ ʩ ʘʥʠʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 

CuBr ʩ ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɻʍ - ʄʉ. 

ɺʘʨʴʠʨʦʚʘʣʠ ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ CuBr : ʣʠʛʘʥʜ, ʪʝʤʧʝʨʘʪʫʨʫ (100 - 125 Áʉ), 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʧʨʠʨʦʜʫ ʘʤʠʥʘ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ CuBr : ʬʝʥʘʥʪʨʦʣʠʥ - 1:3,0. ʀʟʙʳʪʦʢ ʣʠʛʘʥʜʘ 

ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʤʝʜʠ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ; ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ 120 - 125 Áʉ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʜʠʬʝʥʠʣʘʤʠʥʫ ʚ ʦʪʜʝʣʴʥʳʭ ʦʧʳʪʘʭ ʩʦʩʪʘʚʠʣʘ 100 % ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʝʨʚʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ. ʇʨʠ 125 Áʉ ʜʦʩʪʠʛʥʫʪʦ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ: ʢʦʥʚʝʨʩʠʷ ʙʨʦʤʙʝʥʟʦʣʘ 21,13 % ʧʨʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ 90,94ï100 %. 

ʂʦʤʧʣʝʢʩ Cu(I) ʫʩʪʦʡʯʠʚ ʢ ʦʢʠʩʣʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 

Cu(I) ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʨʝʘʢʮʠʠ ʘʤʠʥʠʨʦʚʘʥʠʷ 

ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Yahya M. Albkuri, Ambar B. RanguMagarl, Andrew Brandt, Hunter A. Wayland // Catalysts.-

2019. - ʉ. 2-4; 

2. Chern-Hooi Lim, Max Kudisch, Bin Liu, Garret M. Miyake // Journal of the American Chemical 

Society. - 2020. - C.7667-7672. 
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79. ɿʘʭʘʨʦʚʘ ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ 

ʇʘʨʘʤʝʪʨʳ ʂʊ (3; -1) ʚ ʤʦʣʝʢʫʣʝ 3-(4ǋ-ʛʠʜʨʦʢʩʠ-5ǋ-ʠʟʦʧʨʦʧʠʣ-2ǋ-

ʤʝʪʠʣʬʝʥʦʣ)-3ʅ-2,1-ʙʝʥʟʦʢʩʘʪʠʦʣ-1,1-ʜʠʦʢʩʠʜʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʫʩʘʢʦʚʘ ʅ.ʇ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʊʨʠʬʝʥʠʣʤʝʪʘʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ ʪʠʤʦʣʦʚʳʡ ʩʠʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʪʝʨʝʩʥʝʡʰʠʡ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ. ʇʨʠ ʵʪʦʤ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʛʦ ʢʨʘʩʠʪʝʣʷ ʠ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʧʦʢʘʟʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʩʪʠʪʝʣʷ. ʇʦʵʪʦʤʫ, 

ʦʩʥʦʚʥʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʨʘʚʥʦʚʝʩʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ.[1] 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 

ʵʪʘʧʘ ʨʘʙʦʪʳ ʩʪʘʣʦ 

ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ 

(”ὶ ) ʩʚʷʟʫʶʱʠʭ ʧʫʪʝʡ 

(ʂʊ (3; -1)) SïO, ʆïʅ, ʉï

ʉ, ʉïʆ ʠ ʉïS ʤʦʣʝʢʫʣʳ 3-

(4ǋ-ʛʠʜʨʦʢʩʠ-5ǋ-

ʠʟʦʧʨʦʧʠʣ-2ǋ-

ʤʝʪʠʣʬʝʥʦʣ)-3ʅ-2,1-ʙʝʥʟʦʢʩʘʪʠʦʣ-1,1-ʜʠʦʢʩʠʜʘ (ʈʠʩ.). ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ DFT ʠ QTAIM ʧʦʣʫʯʝʥʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʂʊ ʩʚʷʟʝʡ ʠ 

ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.[2] 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ 3-(4ǋ-ʛʠʜʨʦʢʩʠ-5ǋ-ʠʟʦʧʨʦʧʠʣ-2ǋ-ʤʝʪʠʣʬʝʥʦʣ)-

3ʅ-2,1-ʙʝʥʟʦʢʩʘʪʠʦʣ-1,1-ʜʠʦʢʩʠʜʘ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʆ24-ʅ33 ʠ ʆ24-ʅ38 ʚ 

ʩʪʨʫʢʪʫʨʝ ʠʟʦʧʨʦʧʠʣʤʝʪʠʣʬʝʥʠʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʤʦʣʝʢʫʣʳ, ʟʘʤʳʢʘʶʱʠʭ ʜʚʘ 

ʮʠʢʣʘ ʥʘ ʷʜʨʘʭ 6 ʘʪʦʤʘʭ. ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʩʝʡ ʤʦʣʝʢʫʣʳ [3]. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Frisch M.J., Trucks G.W., Schlegel H.B. and all. Gaussian 03 (Revision E 0.1 SMP). Gaussian Inc., 

Pittsburgh PA. 2007.  

2. AIMALL (Version 11.09.18, Professional), Todd A. Keith, 2010 (http://aim.tkgristmill.com) 

3. ɹʘʜʝʨ ʈ. ɸʪʦʤʳ ʚ ʤʦʣʝʢʫʣʘʭ. ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ. ï ʄ.: ʄʠʨ, 2001. ï 528 ʩ. 

  

 
ʈʠʩ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ 3-(4ǋ-ʛʠʜʨʦʢʩʠ-

5ǋ-ʠʟʦʧʨʦʧʠʣ-2ǋ-ʤʝʪʠʣʬʝʥʦʣ)-3ʅ-2,1-ʙʝʥʟʦʢʩʘʪʠʦʣ-1,1-

ʜʠʦʢʩʠʜʘ. ʇʦʢʘʟʘʥʳ ʷʜʨʘ ʘʪʦʤʦʚ, ʩʚʷʟʫʶʱʠʝ ʧʫʪʠ, 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʩʚʷʟʠ (3;-1). 
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80. ɿʝʥʠʢʦʚ ɻʝʨʤʘʥ ʈʦʤʘʥʦʚʠʯ 

ɺʣʠʷʥʠʝ ʢʘʪʠʦʥʦʚ Na(I) ʠ Cu(II ) ʥʘ ʧʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ ʚ ʮʠʩʪʝʠʥ-

ʩʝʨʝʙʨʷʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʪʦʟʘʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʘʭʦʤʦʚ ʇ.ʄ. 

ʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʌʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʘʤʠʥʦʢʠʩʣʦʪ, ʧʝʧʪʠʜʦʚ) ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʜʨʦʛʝʣʝʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʠʨʦʜʳ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂ 

ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʠʪʩʷ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ï ʛʝʣʴ-ʧʨʝʢʫʨʩʦʨ ʥʘ ʦʩʥʦʚʝ L-

ʮʠʩʪʝʠʥʘ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (L-ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ, ʎʉʈ) [1]. 

ʉʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʎʉʈ ʷʚʣʷʶʪʩʷ ʮʚʠʪʪʝʨ-ʠʦʥʳ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ 

(ʄʉ), ʬʦʨʤʠʨʫʶʱʠʝ ʩ ʫʯʘʩʪʠʝʤ ʘʤʠʥʦ- ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʮʝʧʦʯʢʠ -[-Ag-S(R)-]n-, ʛʜʝ R ï ʦʩʪʘʪʦʢ L-Cys. 

ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʎʉʈ ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʶ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ ʄʉ. ɿʘʨʷʜ ʢʘʪʠʦʥʘ ʚʣʠʷʝʪ 

ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ: ʜʚʫʭʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ 

(Mg2+, Cu2+, Co2+) ʧʦʚʳʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʛʝʣʴ-ʩʝʪʢʠ ʟʘ ʩʯʸʪ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ [2], ʪʦʛʜʘ ʢʘʢ ʦʜʥʦʟʘʨʷʜʥʳʝ (Na+, K+) ʚʳʩʪʫʧʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ ʧʨʦʪʠʚʦʠʦʥʳ. ɺʚʝʜʝʥʠʝ ʚ ʎʉʈ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʭʠʪʦʟʘʥʘ (ʍɿ), ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ ʢʘʨʨʘʛʠʥʘʥʘ [3ï

4], ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʠʙʨʠʜʥʳʝ ʛʠʜʨʦʛʝʣʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʦʜʥʦ- ʠ ʜʚʫʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ Na(I) ʠ Cu(II) ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʠ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʎʉʈ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ 

ʭʠʪʦʟʘʥʦʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʛʠʜʨʦʛʝʣʠ ʎʉʈ-ʍɿ-CuSO4, ʎʉʈ-CuSO4, ʎʉʈ-ʍɿ-

Na2SO4 ʠ ʎʉʈ-Na2SO4, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʤʝʪʦʜʠʢʝ [1]. ʅʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʘʣʠ ʎʉʈ ʠʟ ʨʘʩʪʚʦʨʦʚ L-Cys ʠ AgNO3, ʥʘ ʚʪʦʨʦʡ ʚʚʦʜʠʣʠ 

ʍɿ ʠ ʵʣʝʢʪʨʦʣʠʪ-ʠʥʠʮʠʘʪʦʨ. ʇʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ L-Cys/AgNO3 = 1.25 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʩʪʘʚʣʷʣʠ: L-Cys ï 3.0 ʤʄ, Na2SO4 ʠ CuSO4 ï 0.3ï0.7 ʤʄ, ʍɿ 

ï 0,0075ï0,0175 ʤʛ/ʤʣ. ʇʦ ʜʘʥʥʳʤ ʚʠʙʨʦʚʠʩʢʦʟʠʤʝʪʨʠʠ, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʉʕʄ, ʕɼʉ ʠ ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Cu(II) ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʛʝʣʴ-ʩʝʪʢʠ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʩʝʨʝʙʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʥʦʯʘʩʪʠʮ, ʙʳʩʪʨʝʝ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʨʘʟʮʘʭ ʩ 

Na(I), ʯʝʤ ʩ Cu(II). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 105 

ʋɼʂ: 544.47 

81. ʂʦʤʘʨʦʚʘ ɺʘʣʝʨʠʷ ɼʤʠʪʨʠʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻ.ʅ ɼʝʤʠʜʝʥʢʦ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʢʝʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʚ ʩʠʥʪʝʟʝ 

ʩʧʠʨʪʦʚ, ʩʣʫʞʘʱʠʭ ʚʘʞʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ [1]. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʦ ʚʪʦʨʠʯʥʦʛʦ ʩʧʠʨʪʘ ʧʫʪʝʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ.  

ʇʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ, ʢʣʶʯʝʚʦʡ ʵʪʘʧ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʭʠʤʠʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʘʮʝʪʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʧʨʦʧʘʥʦʣʘ [2]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʠʢʝʣʴ, 

ʤʝʜʴ, ʧʘʣʣʘʜʠʡ ʠʣʠ ʧʣʘʪʠʥʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʠʥʪʝʟʘ ʥʠʢʝʣʝʚʳʭ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʠʤʝʨ MN100 (Purolite Macronet). ɺ 

ʧʦʣʠʤʝʨ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʚʚʦʜʠʣʠ 5% ʨʘʩʪʚʦʨ ʥʠʢʝʣʷ ʫʢʩʫʩʥʦʢʠʩʣʦʛʦ (II), 

4-ʚʦʜʥʦʛʦ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʩ 

ʧʦʤʦʱʴʶ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ (NaBH4) ʠ ʛʠʧʦʬʦʩʬʠʪʘ ʥʘʪʨʠʷ,1-ʚʦʜʥʦʛʦ 

(Na(PH2O2)ĿH2O). ʂʘʪʘʣʠʟʘʪʦʨ Pt/C2 ʧʦʣʫʯʘʣʠ ʧʨʦʧʠʪʢʦʡ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʨʘʩʪʚʦʨʦʤ ʛʝʢʩʘʭʣʦʨʦʧʣʘʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʝʸ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ. 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʘʮʝʪʦʥʘ ʜʦ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ-ʘʚʪʦʢʣʝʚʝ, ʫʩʣʦʚʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʥʠʢʝʣʝʚʘʷ ʩʠʩʪʝʤʘ, 

ʵʢʩʧʦʥʠʨʦʚʘʥʥʘʷ ʥʘ ʚʦʟʜʫʭʝ, ʥʝ ʦʙʣʘʜʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʵʢʩʧʦʥʠʨʦʚʘʥʥʘʷ ʥʘ ʚʦʟʜʫʭʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʘʱʘʷ 

ʧʣʘʪʠʥʫ ʘʢʪʠʚʥʦ ʚʝʜʸʪ ʧʨʦʮʝʩʩ. 
ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʮʝʪʦʥʘ ʩ ʨʘʟʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

ʂʘʪʘʣʠʟʘʪʦʨ 5% Ni/MN100 5% Ni/MN100 1% Pt/C2 

ʄʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʛ 0,1000 0,1000 0,1000 

ɼʘʚʣʝʥʠʝ, ʘʪʤ 22,24 32,19 40,92 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 100 140 140 

ɺʨʝʤʷ ʦʧʳʪʘ, ʤʠʥ 120 120 120 

ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ/ʤʠʥ 1200 1200 1200 

ʂʦʥʚʝʨʩʠʷ ʘʮʝʪʦʥʘ, % 0 0 64 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 106 

ʋɼʂ 665.93 

82. ʂʦʨʥʝʥʢʦʚ ɸʣʝʢʩʝʡ ʄʠʭʘʡʣʦʚʠʯ 

ʋʌ ʦʪʚʝʨʞʜʘʝʤʳʡ ʢʣʝʡ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠ-ʜʠʘʥʦʚʦʡ ʩʤʦʣʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʘʣʦʚ ʂ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʩʪʘʚʳ ʬʦʪʦʦʪʚʝʨʞʜʘʝʤʦʛʦ 

ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ ʥʘ ʦʩʥʦʚʝ ʩʤʦʣʳ ʕɼ-20 ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ ʠ 

ʜʦʙʘʚʢʘʤʠ. ʀʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʘʜʛʝʟʠʦʥʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʧʨʠʤʝʥʷʣʠʩʴ N-ʚʠʥʠʣ-2-ʧʠʨʨʦʣʠʜʦʥ (NVP), ʘʢʨʠʣʦʠʣ ʤʦʨʬʦʣʠʥ (ACMO), 

ʬʦʪʦʠʥʠʮʠʘʪʦʨ TPO, ʘ ʪʘʢʞʝ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʛʝʢʩʘʥʜʠʦʣ ʜʠʘʢʨʠʣʘʪ 

(HDDA). ʆʮʝʥʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʨʝʤʷ ʋʌ-ʦʪʚʝʨʞʜʝʥʠʷ, 

ʘʜʛʝʟʠʷ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʭʨʫʧʢʦʩʪʴ, ʚʠʟʫʘʣʴʥʳʝ 

ʜʝʬʝʢʪʳ. 

ʉʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʜʘʣʝʝ 

ʦʙʨʘʟʮʳ ʦʪʚʝʨʞʜʘʣʠʩʴ ʧʦʜ ʋʌ-ʣʘʤʧʦʡ. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʩʝʨʠʠ 

ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʕɼ-20, 

ACMO ʠ NVP. 
 
 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 4 ʩʝʨʠʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ  ˉ13  ̄ 14 ˉ15 ˉ16 

ɺʨʝʤʷ 

ʦʪʚʝʨʞʜʝʥʠʷ 

15 15 15 15 

ɸʜʛʝʟʠʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

ʕʣʘʩʪʠʯʥʦʩʪʴ ʅʠʟʢʘʷ(ʭʨʫʧʢʠʡ) ʕʣʘʩʪʠʯʥʳʡ ʆʧʪʠʤʘʣʴʥʘʷ ʇʦʥʠʞʝʥʥʘʷ 

ʇʨʦʟʨʘʯʥʦʩʪʴ  ʇʨʦʟʨʘʯʥʳʡ ʇʨʦʟʨʘʯʥʳʡ ʇʨʦʟʨʘʯʥʳʡ ʄʫʪʥʳʡ 

ʕʧʦʢʩʠ-ʜʠʘʥʦʚʳʝ ʋʌ-ʦʪʚʝʨʞʜʘʝʤʳʝ ʢʣʝʠ ʷʚʣʷʶʪʩʷ 

ʚr ʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʘʜʛʝʟʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʢʣʝʠʚʘʥʠʷ ʠ ʦʪʣʠʯʥʫʶ ʘʜʛʝʟʠʶ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʳʥʦʢ ʥʘʩʳʱʝʥ ʠʤʧʦʨʪʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʋʌ-

ʦʪʚʝʨʞʜʘʝʤʳʭ ʵʧʦʢʩʠʜʥʳʭ ʢʣʝʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʨʘʙʦʪʦʢ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʧʨʦʩ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʧʨʦʜʫʢʪʳ ʜʣʷ ʟʘʤʝʥʳ ʠʤʧʦʨʪʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʩʪʘʚʦʢ. 

  

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ 
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83. ʂʦʪʝʥʢʦ ɸʣʝʢʩʝʡ ʕʜʫʘʨʜʦʚʠʯ 

ʉʠʥʪʝʟ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ d-ɻ ʣʝʤʝʥʪʦʚ (Cu2+; 

Ni2+; Co2+) ʜʣʷ ʙʠʦʮʠʜʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ. ʄ. ʏʠʩʪʷʢʦʚ 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʠʤʤʘʥʝʥʪʥʦʡ ʙʠʦʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʥʪʠʙʠʦʪʠʢʘʤ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʘʱʠʪʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʤʝʜʠʮʠʥʝ ʠ ʪʝʭʥʠʢʝ [1]. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʃʂʄ) ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʄʆʂ) ʠ ʢʘʨʢʘʩʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ (MOʂʉ) ʥʘ ʦʩʥʦʚʝ d-ɻ ʣʝʤʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʦʥʳ ʤʝʜʠ, ʥʠʢʝʣʷ ʠ 

ʢʦʙʘʣʴʪʘ ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʳʡ ʦʣʠʛʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʜʘʚʣʷʷ ʨʦʩʪ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʠʦʧʣʝʥʦʢ [2, 3]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄʆʂ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʤʝʪʘʣʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʢʨʠʣʦʚʫʶ 

ʤʘʪʨʠʮʫ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʳʙʦʨʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜ: 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʥʳʝ ʘʤʠʥʦʚ) 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʫʟʣʘ ʠ ʧʦʟʚʦʣʷʶʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʩ ʦʩʥʦʚʦʡ ʃʂʄ [4]. 

ʇʨʠʤʝʥʝʥʠʝ MOʂʉ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʘʥʪʠʤʠʢʨʦʙʥʦʝ ʜʝʡʩʪʚʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺ ʨʘʙʦʪʘʭ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʚʝʜʝʥʠʷ MOʂʉ ʚ ʵʧʦʢʩʠʜʥʳʝ ʠ ʘʢʨʠʣʦʚʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ [5]. 

ɺ ʨʘʤʢʘʭ ʧʣʘʥʠʨʫʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʠʥʪʝʟ 

ʤʦʜʝʣʴʥʦʛʦ ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ (II), ʥʠʢʝʣʷ (II) ʠ ʢʦʙʘʣʴʪʘ (II). ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʳʙʦʨʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ ʙʠʦʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ. 
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84. ʃʠʩʠʯʢʠʥ ɼʘʥʠʠʣ ʈʫʩʣʘʥʦʚʠʯ 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʬʫʨʬʫʨʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʭʠʪʦʟʘʥʦʤ 

ʧʘʣʣʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʠʭʦʥʦʚ ɹ.ɹ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʚ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ï ʦʜʥʦ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ çʟʝʣʝʥʦʡè ʭʠʤʠʠ. ʌʫʨʬʫʨʦʣ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ 

ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʩʣʫʞʠʪ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ: ʜʦʙʘʚʢʠ ʜʣʷ ʪʦʧʣʠʚʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʦʣʠʤʝʨʦʚ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʜʣʷ ʩʠʥʪʝʟʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ [1]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʘʣʣʘʜʠʡʩʦʜʝʨʞʘʱʠʡ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʭʠʪʦʟʘʥʦʤ ʠ ʪʨʠʧʦʣʠʬʦʩʬʘʪʦʤ ʥʘʪʨʠʷ. 

ʉʨʝʜʠ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʣʝʛʢʦʩʪʴ ʦʪʜʝʣʝʥʠʷ. 

ʆʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʩʠʥʪʝʟʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʭʠʪʦʟʘʥ ï ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʡ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ çʟʝʣʝʥʦʡè 

ʭʠʤʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʦʪʜʝʣʝʥʠʝ ʠ ʨʝʛʝʥʝʨʘʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʥʪʠʪʘ [2]. 

ɺʳʧʦʣʥʝʥ ʩʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʫʨʬʫʨʦʣʘ ʜʦ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʨʝʘʢʪʦʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʬʠʨʤʳ PARR (ʤʦʜʝʣʴ 5000). 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʪʝʤʧʝʨʘʪʫʨʘ ï 120 ʉo, ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʫʨʬʫʨʦʣʘ ï 0,02 ʛ/ʤʣ, 

ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ï 60 ʘʪʤ, ʤʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ï 0,1 ʛ, ʦʙʲʝʤ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ï 50 ʤʣ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ï 90 ʤʠʥ.  ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʷ, ʤʠʥ ʂ, %  S(ʌʉ), % 

120 

30 40,3 99,1 

60 69 99,5 

90 95,2 99,7 
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85. ʃʦʚʷʛʠʥʘ ʄʘʨʠʷ ʈʦʤʘʥʦʚʥʘ 

ʈʘʚʥʦʚʝʩʠʝ ʧʘʨ-ʞʠʜʢʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ ʛʝʢʩʘʥ-ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʉʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʭʠʤʠʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ï ʥʝ ʪʦʣʴʢʦ ʢʠʥʝʪʠʢʠ ʠ ʤʝʭʘʥʠʟʤʘ 

ʨʝʘʢʮʠʡ, ʥʦ ʠ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʘʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ʠ ʛʨʘʤʦʪʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʤʝʪʥʦ ʨʘʩʪʸʪ ʠʥʪʝʨʝʩ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʣʫʯʝʥʠʷ 

ʪʦʧʣʠʚʘ ʠʟ ʙʠʦʤʘʩʩʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʧʨʦʮʝʩʩʳ 

ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʤʘʩʩʳ ï ʥʘʧʨʠʤʝʨ, 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʫʯʸʥʳʝ ʠʟʫʯʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ (ʚ ʪ. ʯ. 

ʚʦʜʳ, ʩʧʠʨʪʦʚ ʠ ʣʸʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʚ ʧʨʦʮʝʩʩʘʭ ʜʝʦʢʩʠʛʝʥʘʮʠʠ [2]. 

ʍʦʪʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʜʫʪʩʷ ʫʞʝ ʜʘʚʥʦ, ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ 

ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʳ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʢʨʠʪʠʯʝʩʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ çʥ ʛʝʢʩʘʥ-ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘè ʧʨʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʢʣʶʯʘʣʠ ʠʟʤʝʨʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʦʉ ʜʦ 270 ʦC, ʩ ʬʠʢʩʘʮʠʝʡ ʧʦʢʘʟʘʪʝʣʝʡ ʯʝʨʝʟ ʢʘʞʜʳʝ 10 ʦC. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥʳ ʢʣʶʯʝʚʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. Stepacheva A.A., Markova M.E., Bykov A.V. et al. // Reac. Kinet. Mech. Cat. ï 2018. ï Vol. 125. 

ï P. 213. 
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86. ʃʦʩʝʚʘ ʇʦʣʠʥʘ ʀʛʦʨʝʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʠʟ ʵʪʠʣʝʥʛʣʠʢʦʣʷ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʂʨʘʫʥ ʵʬʠʨʳ ï ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʮʠʢʣʝ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ [1]. ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ 

ʢʘʪʠʦʥʳ, ʢʨʘʫʥ ʵʬʠʨʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʢʩʪʨʘʢʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʠ 

ʠʦʥʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ) [2], ʢʘʪʘʣʠʟʝ 

(ʦʩʦʙʝʥʥʦ, ʤʝʞʬʘʟʥʦʤ) [2, 3], ʢʨʦʤʝ ʪʦʛʦ, ʢʨʘʫʥ-ʵʬʠʨʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʧʨʝʧʘʨʘʪʦʚ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʛʘʣʦʛʝʥʠʜʦʚ ʠʣʠ 

ʜʠʪʦʟʠʣʘʪʦʚ ʩ ʦʣʠʛʦʤʝʨʘʤʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʕɻ) (ʥʘʧʨʠʤʝʨ, 

ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʝʤ, ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʝʤ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ (ʛʠʜʨʠʜʘ 

ʥʘʪʨʠʷ, ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ) [4]. ʂʦʥʪʨʦʣʴ ʨʘʟʤʝʨʘ ʮʠʢʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʨʘʫʥ ʵʬʠʨʳ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. ʇʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʵʪʠʣʝʥʛʣʠʢʦʣʷ. ʆʜʥʘʢʦ, 

ʯʪʦʙʳ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ, ʦʩʪʘʝʪʩʷ 

ʚʦʧʨʦʩ ʚ ʧʦʜʙʦʨʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʧʨʷʤʦʡ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʵʪʠʣʝʥʛʣʠʢʦʣʷ. ʇʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ 

ʨʝʘʢʪʦʨʝ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 120 ʦʉ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʦʥʜʝʥʩʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ. ɺ ʨʘʙʦʪʝ ʚʘʨʴʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʧʨʠʨʦʜʫ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʕɻ : ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʕɻ : ʨʘʩʪʚʦʨʠʪʝʣʴ. ʉʨʝʜʠ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ ʦʪʤʝʯʝʥʳ 12-ʢʨʘʫʥ-4, 15-ʢʨʘʫʥ-5 ʠ 18-ʢʨʘʫʥ-6. ʇʦʙʦʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʜʠʦʢʩʘʥ ʠ ʦʣʠʛʦʤʝʨʳ ʵʪʠʣʝʥʛʣʠʢʦʣʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʫʟʥʝʮʦʚ ɼ.ɻ. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. ï ʉʇʙ.: ʀʟʜʘʪʝʣʴʩʪʚʦ çʃʘʥʴè, 2016. 556 ʩ.  

2. ʆʩʥʦʚʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʂʥʠʛʘ 1. ʆʙʱʠʝ ʚʦʧʨʦʩʳ. ʄʝʪʦʜʳ ʨʘʟʜʝʣʝʥʠʷ / ʇʦʜ ʨʝʜ. ʖ. 

ɸ. ɿʦʣʦʪʦʚʘ. ð ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 2004. 361 ʩ. 

3. Steed J. W., Atwood J. L. Supramolecular Chemistry. 2nd ed. ð Wiley, 2009. 418 p. 

4. Patal S., Rappoport Z. Crown ethers and analogs. ï Wiley, 1989. 568 p. 
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87. ʃʫʢʠʝʚ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ1,2 

ʉʠʤʤʝʪʨʠʯʥʦʝ ʧʝʨʝʢʨʳʚʘʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʧʣʦʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʱʸʪʦʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʨʠʩʦʚ ʆ.ɺ. 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 197101, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʎʝʥʪʨ ʍʠʤʠʯʝʩʢʦʡ ʀʥʞʝʥʝʨʠʠ 
2 ʌʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʇʝʪʝʨʙʫʨʛʩʢʠʡ 
ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè - ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʌʠʣʠʘʣ 

ʅʀʎ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ" - ʇʀʗʌ - ʀɺʉ), 199004, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʠʤʝʨʥʳʤʠ ʱʸʪʢʘʤʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʳʝ ʱʸʪʢʠ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʳ, ʚʣʠʷʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ: ʜʚʫʭ ʧʣʦʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʱʸʪʦʢ ʨʘʟʣʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʘ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʪʨʝʥʠʝ ʤʝʞʜʫ ʱʸʪʢʘʤʠ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʷʩʥʳʤ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ 

ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʱʸʪʦʢ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʝʪʦʜʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷ ʉʭʦʡʪʝʥʩʘ-ʌʠʠʨʘ. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʝ ʧʦʣʠʤʝʨʥʳʝ ʱʸʪʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʣʠʥʝʡʥʳʭ ʮʝʧʝʡ, ʧʨʠʚʠʪʳʭ ʢ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʣʦʩʢʠʤ 

ʥʝʧʨʦʥʠʮʘʝʤʳʤ ʧʦʜʣʦʞʢʘʤ, ʚ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʘʨʴʠʨʫʝʤʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʱʸʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ: ʧʣʦʪʥʦʩʪʴ 

ʧʨʠʚʠʚʢʠ ů ʠ/ʠʣʠ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠʚʠʪʳʭ ʮʝʧʝʡ N. ʉʪʝʧʝʥʴ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʱʸʪʦʢ ʦʧʠʩʳʚʘʣʘʩʴ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: i) ɫ 
ʦʧʠʩʳʚʘʝʪ ʯʠʩʣʦ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʦʜʥʦʡ ʱʸʪʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʫʛʦʡ, ʠ ii) ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʚʘʥʠʷ ɜ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ 
ʛʝʪʝʨʦʢʦʥʪʘʢʪʦʚ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʱʸʪʦʢ. 

ɺ ʨʘʤʢʘʭ ʩʢʝʡʣʠʥʛʦʚʦʡ ʪʝʦʨʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ŭ, ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ Ɇ ʠ ũ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ů ʠ N ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʱʸʪʦʢ 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʠʚʢʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ 

ʩʞʠʤʘʝʤʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʱʸʪʢʘʭ ʧʨʠʚʦʜʷʪ ʣʠʰʴ ʢ ʧʝʨʝʥʦʨʤʠʨʦʚʢʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʱʸʪʦʢ ʦʪ ʚʥʝʰʥʝʛʦ 

ʜʘʚʣʝʥʠʷ. ʇʦʜʪʚʝʨʞʜʸʥʥʳʝ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʸʪʘʤʠ SCF ʨʝʟʫʣʴʪʘʪʳ 

ʩʢʝʡʣʠʥʛʦʚʦʡ ʪʝʦʨʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʧʣʦʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʱʸʪʦʢ. ʇʦʜʨʦʙʥʦʩʪʠ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ [1]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʛʨʘʥʪ 

ʈʅʌ ˉ 25-23-00222. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

5. Klushin L. I. et al. Compressed asymmetric polymer brushes exhibit a symmetric interpenetration 

zone //Physical Chemistry Chemical Physics. ï 2026. 
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88. ʄʘʣʠʥʠʥʘ ɸʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʦʮʝʥʢʠ ʯʠʩʪʦʪʳ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɻ. ɺʠʥʦʛʨʘʜʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʜʦʨʦʞʥʠʢ ʙʦʣʴʰʦʡ (Plantago major L.), ʦʙʣʘʜʘʷ ʮʝʥʥʳʤʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʠʟʨʘʩʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʟʘʛʨʷʟʥʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʴʝʚ ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ, ʩʦʙʨʘʥʥʦʛʦ ʚ ʟʦʥʘʭ 

ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʧʦʜʦʨʦʞʥʠʢʘ 

ʙʦʣʴʰʦʛʦ ʩʦʙʨʘʥʥʳʝ ʚ ʘʚʛʫʩʪʝ 2024 ʛʦʜʘ: ʜ. ɽʟʚʠʥʦ ʚ ʣʝʩʥʦʤ ʬʠʪʦʮʝʥʦʟʝ ʠ ʚ 

ʙʣʠʟʠ ʧʠʣʦʨʘʤʳ; ʥʘ ʊʫʨʛʠʥʦʚʩʢʦʤ ʰʦʩʩʝ (27-ʡ ʢʠʣʦʤʝʪʨ); ʚ ʜ. ʈʷʟʘʥʦʚʦ ʦʢʦʣʦ 

ɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ ɺʝʨʭʥʝʚʦʣʞʩʢʘʷè. ʌʦʥʦʚʳʤ ʦʙʨʘʟʮʦʤ ʧʦʩʣʫʞʠʣʘ 

ʘʧʪʝʯʥʘʷ ʬʦʨʤʘ ʨʘʩʪʝʥʠʷ. 

ɸʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ çOxford INCAè ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

.ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʳʷʚʠʣʦ ʨʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ 

ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺʦ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʵʣʝʤʝʥʪʳ (C, O, Mg, K, 

Ca). ʆʜʥʘʢʦ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʩʪʨʝʩʩʫ, ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ.  

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʴʝʚ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʦʷʚʠʣʠʩʴ ʜʝʬʦʨʤʘʮʠʠ ʢʣʝʪʦʢ 

ʵʧʠʜʝʨʤʠʩʘ, ʥʘ ʣʠʩʪʴʷʭ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥʘʭ, 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʝʜʠʥʠʯʥʳʝ ʩʧʦʨʳ ʛʨʠʙʦʚ. 

ʆʙʨʘʟʝʮ ʠʟ ʣʝʩʥʦʛʦ ʬʠʪʦʮʝʥʦʟʘ, ʧʦʤʠʤʦ ʯʘʩʪʠʮ ʧʳʣʠ, ʩʦʜʝʨʞʘʣ ʛʠʬʳ ʛʨʠʙʦʚ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʨʝʩʩ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʧʨʠʟʥʘʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Plantago 

major L. ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʠ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʤʝʩʪ ʩʙʦʨʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 
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89. ʄʝʪʣʠʥ ʌʸʜʦʨ ɸʣʝʢʩʝʝʚʠʯ 

ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ ʍʦʬʤʘʡʩʪʝʨʘ ʚ ʚʦʜʥʦʤ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʤ ʟʦʣʝ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ 1,4-ʜʠʦʢʩʘʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʠʰʥʝʚʝʮʢʠʡ ɼ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ 1886 ʛʦʜʫ ʌʨʘʥʮ ʍʦʬʤʘʡʩʪʝʨ ʦʪʢʨʳʣ ʨʷʜʳ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʨʷʜʘʤʠ ʍʦʬʤʘʡʩʪʝʨʘ. ʆʜʥʠ ʠʟ ʠʦʥʦʚ ʙʳʣʠ 

ʩʢʣʦʥʥʳ ʩʚʷʟʳʚʘʪʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʜʨʫʛʠʝ ï ʠʭ ʨʘʟʨʳʚʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʘʞʜʝʥʠʝ ʙʝʣʢʘ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʙʝʣʦʢ, 

ʥʘʦʙʦʨʦʪ ʨʘʩʪʚʦʨʷʣʩʷ. ʇʝʨʚʳʝ ʠʦʥʳ ʥʘʟʚʘʣʠ ʢʦʩʤʦʪʨʦʧʥʳʤʠ, ʘ ʚʪʦʨʳʝ ï 

ʭʘʦʪʨʦʧʥʳʤʠ [1]. ʅʘ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʦʥʦʚ ʚ ʨʷʜʫ ʍʦʬʤʘʡʩʪʝʨʘ ʚʣʠʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʟʘʨʷʜ ʠ ʬʦʨʤʘ ʠʦʥʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ, ʚʝʣʠʯʠʥʘ 

ʧʦʢʘʟʘʪʝʣʷ pH ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʟʣʠʯʥʳʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʠ ʠ ʜʨ. ʬʘʢʪʦʨʳ 

[2].  

ʕʬʬʝʢʪʳ ʍʦʬʤʘʡʩʪʝʨʘ ʥʘʰʣʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʭʘʦʪʨʦʧʥʳʡ ʵʬʬʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʚʢʣʶʯʸʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ çʭʦʟʷʠʥ-ʛʦʩʪʴè, ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʘʥʠʦʥʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʵʢʩʢʣʶʟʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʪ. ʜ. [3]. 

ʎʝʣʴʶ ʤʦʝʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʘʤʦʩʙʦʨʢʠ ʮʠʩʪʝʠʥ-

ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʸʪ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 1,4-ʜʠʦʢʩʘʥʘ ʥʘ 

ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʙʲʸʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ 

ʟʦʣʷ (ʎʉɿ) ʠ 1,4-ʜʠʦʢʩʘʥʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʝ ʛʝʣʠ. 

ʋʌ-ʩʧʝʢʪʨʳ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ 1,4-ʜʠʦʢʩʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʮʠʩʪʝʠʥ-

ʩʝʨʝʙʨʷʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʷ ʩʦʙʠʨʘʶʩʴ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʳʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʚʦʜʥʦʛʦ ʎʉɿ ʩ 1,4- ʜʠʦʢʩʘʥʦʤ 

ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʩʠʩʪʝʤʝ. 
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90. ʄʝʭʝʜʦʚʘ ʆʣʝʩʷ ʀʛʦʨʝʚʥʘ 

ʉʠʥʪʝʟ ʙʠʦʛʝʥʥʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ɺ. ʂʨʶʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ɿʘʧʘʪʝʥʪʦʚʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ [1] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʥʘ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʨʘʩʪʚʦʨ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʣʠ ʢʘʣʴʮʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʩ 

ʤʦʥʦʘʤʤʦʥʠʡʬʦʩʬʘʪʦʤ. ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʪʥʳʭ 

ʠʤʧʣʘʥʪʘʪʦʚ ʠʤʝʝʪ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ. ʂʦʩʪʥʘʷ ʪʢʘʥʴ ʦʙʣʘʜʘʝʪ 

ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʚ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʥʘʪʫʨʘʣʴʥʦʡ ʢʦʩʪʠ ʩʣʝʜʦʚʘʣʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʢʦʩʪʠ, ʢʨʦʤʝ ʢʘʣʴʮʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʩ ʫʯʝʪʦʤ ʜʨʫʛʦʛʦ ʥʘʰʝʛʦ ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʟ ʷʠʯʥʦʡ ʩʢʦʨʣʫʧʳ [2],  ʧʝʨʝʚʝʜʝʥʥʦʡ ʚ ʨʘʩʪʚʦʨʠʤʦʝ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʧʦʚʪʦʨʷʶʱʝʝ ʧʦʣʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʩʪʠ. 

ʉʦʟʜʘʥʥʳʡ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʩ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʦʩʪʴʶ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʘʤ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʠʟʘ, ʟʘʬʠʢʩʠʨʦʚʘʚʰʝʛʦ ʩʦʦʪʥʦʰʝʥʠʝ Ca/P = 1,67, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʭ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʢʦʩʪʠ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʩʦʜʝʨʞʠʪ ʥʝ ʪʦʣʴʢʦ ʢʘʣʴʮʠʡ ʠ ʬʦʩʬʦʨ, ʥʦ 

ʠ ʜʨʫʛʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʘʥʘʣʦʛʠʯʥʦ ʩʦʩʪʘʚʫ ʢʦʩʪʠ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʢʦʩʪʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ [3]. 
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91. ʇʘʥʪʝʣʝʝʚʘ ʂʩʝʥʠʷ ʄʠʭʘʡʣʦʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʘʥʠʦʥʥʳʭ ʥʘʥʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʘ N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ ʠ ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ ʠ ʠʟʫʯʝʥʠʝ ʠʭ 

ʩʚʦʡʩʪʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʞʫʥʦʚʘ ɽ.ʖ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʧʦʣʠʤʝʨʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ 

ʉʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʫʤʥʳʝè ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʛʝʣʠ. ʀʭ ʫʥʠʢʘʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʦʙʲʝʤ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ, 

ʩʝʥʩʦʨʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʥʪʝʟʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʛʝʣʝʡ. ʄʠʢʨʦ\ʥʘʥʦʛʝʣʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʫʭʰʠʝ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʩʝʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ 

ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʦʪ 20 ʥʤ ʜʦ 50 ʤʢʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʥʠʦʥʥʳʝ ʥʘʥʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʦʚ N-

ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʘ (ʅʀʇɸ) ʠ ʩʪʠʨʦʣʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ (ʉʉʅʘ) ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʦʩʘʜʠʪʝʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ N,N'-

ʤʝʪʠʣʝʥʙʠʩʘʢʨʠʣʘʤʠʜʘ (ɹʀʉ) ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʠʥʠʮʠʘʪʦʨʘ 

ʧʝʨʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ.  

ʉ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (ʧʨʠʙʦʨ Photocor Complex) 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʜʠʫʩʳ (Rh) ʯʘʩʪʠʮ ʚ ʚʦʜʝ ʠ ʩʦʣʝʚʦʤ 

ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʚʝʜʝʥʠʝ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʥʘʥʦʛʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʛʝʣʷʤʠ 

ʛʦʤʦʧʦʣʠʤʝʨʘ ʅʀʇɸ, ʧʦʣʫʯʘʝʤʳʤʠ ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ. ɺʦ-ʚʪʦʨʳʭ, ʨʦʩʪ 

ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʛʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʣʘʧʩʘ ʠ ʢ ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʤʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʥʠʦʥʥʳʭ ʥʘʥʦʛʝʣʝʡ ʠ ʢʘʪʠʦʥʥʦʛʦ 

ʧʦʣʠʤʝʨʘ ʭʠʪʦʟʘʥʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (Photocor Complex). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʠʥʪʝʨʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʜʥʘʢʦ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʘʟʤʝʨ ʬʦʨʤʠʨʫʝʤʳʭ ʘʛʨʝʛʘʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʜʦʣʠ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʛʝʣʝʡ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

3. Zhvanskaya E.S., Kozhunova E.Yu., Efimova A.A., Pozdyshev D.V., Kazantsev A.V., Lukashev 

N.V., Yaroslavov A.A. Stepwise release of cargo content by microgel-liposome multicomplex for targeted 

drug delivery // Colloids and Surfaces A: Physicochemical and Engineering Aspects. ï 2026. ï Vol. 650. ï 

P. 139784. 
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92. ʈʝʟʝʧʠʥ ʄʠʭʘʠʣ ʀʣʴʠʯ 

ɿʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜ ʚ ʨʘʩʪʚʦʨʘʭ ʘʤʠʥʦʢʠʩʣʦʪʳ  

L-ʮʠʩʪʝʠʥ ʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ  ʍʠʞʥʷʢ ʉ. ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʘʤʠʥʦʢʠʩʣʦʪ, ʧʝʧʪʠʜʦʚ ï ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ 

ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʦʙʲʝʢʪʳ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɿʦʣʴ-ʛʝʣʴ 

ʧʝʨʝʭʦʜ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥ ʜʦʙʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ, 

ʠʟʤʝʥʝʥʠʝʤ ʨʅ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥ ʠ ʩʦʣʝʡ Ag(I) (ʥʠʪʨʘʪʘ ʠ ʘʮʝʪʘʪʘ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ (SCNï) c ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ (Na+, K+, NH4
+). ʆʙʨʘʟʮʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʫʯʘʣʠ ʟʦʣʴ ï 

ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ (ʎʉʈ), ʧʨʠ ʫʩʣʦʚʠʠ ʠʟʙʳʪʢʘ ʠʦʥʦʚ ʩʝʨʝʙʨʘ: 

ʉAg/ʉCys=1,27; ʉCys=3,0 ʤʄ. ʉʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʎʉʈ ʷʚʣʷʶʪʩʷ ʮʚʠʪʪʝʨ-

ʠʦʥʳ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʮʝʧʦʯʢʠ. ʅʘ 

ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʚ ʎʉʈ ʜʦʙʘʚʣʷʣʠ ʠʥʠʮʠʘʪʦʨ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ï ʨʘʩʪʚʦʨ ʩʦʣʠ 

ʨʦʜʘʥʠʜʘ (ʪʠʦʮʠʘʥʘʪʘ). ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ɼʉʈ). ʉ ʧʦʤʦʱʴʶ ʚʠʟʫʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ï ʧʨʦʩʪʝʡʰʝʛʦ ʪʝʩʪʘ ʩ ʧʝʨʝʚʦʨʘʯʠʚʘʥʠʝʤ ʬʣʘʢʦʥʘ ï ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʯʥʦʩʪʴ ʛʠʜʨʦʛʝʣʝʡ, ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʛʝʣʴ-

ʩʪʨʫʢʪʫʨʫ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ L-Cys-Ag(I)-SCNï ʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʦʜʘʥʠʜ-ʘʥʠʦʥʘ 0,150-0,525 ʤʄ. ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ SCNï ʚ ʦʙʨʘʟʮʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʠ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ. ʄʛʥʦʚʝʥʥʳʡ ʟʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜ ʚ ʎʉʈ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʢʦʛʜʘ ʉCNS ʩʦʩʪʘʚʣʷʝʪ 0,300-0,375 ʤʄ. ʇʦʜ ʚʣʠʷʥʠʝʤ SCN- ʧʨʦʠʩʭʦʜʷʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʎʉʈ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ 

ʧʦ ʨʘʟʤʝʨʘʤ, (ʜʘʥʥʳʝ ʤʝʪʦʜʘ ɼʉʈ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʣʴ-ʩʝʪʢʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚɻʋ. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 117 

ʋɼʂ 541.49:615.33 

93. ʈʝʟʝʧʠʥ ʄʠʭʘʠʣ ʀʣʴʠʯ 

L-ʮʠʩʪʝʠʥ-AgNo3-ʂScN ʛʠʜʨʦʛʝʣʠ ʢʘʢ ʤʘʪʨʠʮʘ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 

ʠ ʩʝʣʝʥʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʍʠʞʥʷʢ ʉ. ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʅʘʥʦʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʩʙʦʨʢʠ ʟʘ ʩʯʝʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʩʠʥʪʝʟʘ ʠ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʩʚʦʡʩʪʚʘʤ. ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʤʝʪʘʣʣʦʛʝʣʠ ʢʘʢ ʥʘʥʦʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ 

ʤʝʪʘʣʣʘ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʳ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʛʝʣʴ, ʯʪʦ ʧʨʠʜʘʝʪ ʠʤ 

ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʉʨʝʜʠ ʤʝʪʘʣʣʦʚ 

ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʩʝʨʝʙʨʦ ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (ʅʏAg) ʢʘʢ 

ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʠʥʬʝʢʮʠʷʤʠ. ɼʨʫʛʦʡ ʤʝʪʘʣʣ ʚ ʬʦʢʫʩʝ 

ʚʥʠʤʘʥʠʷ ï ʩʝʣʝʥ, ʷʚʣʷʶʱʠʡʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ, ʚ ʥʘʥʦʬʦʨʤʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʥʦʤʫ ʟʘʞʠʚʣʝʥʠʶ ʨʘʥ, ʦʙʣʘʜʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʛʠʜʨʦʛʝʣʴ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

L-ʮʠʩʪʝʠʥ, ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʠ ʨʦʜʘʥʠʜʘ (ʪʠʦʮʠʘʥʘʪʘ) ʢʘʣʠʷ (L-Cys-AgNO3-

ʂSCN). L-Cys, ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚʦ ʤʥʦʛʠʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʨʝʛʝʥʝʨʘʪʠʚʥʳʝ. ʉʝʨʝʙʨʦ, ʢʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ, ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʙʘʢʪʝʨʠʡ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ 

ʨʝʛʝʥʝʨʘʮʠʠ. ʈʦʜʘʥʠʜ-ʘʥʠʦʥ ï ʠʥʠʮʠʘʪʦʨ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ï ʷʚʣʷʝʪʩʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ ʠ ʩʣʫʞʠʪ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʦʪʠʦʮʠʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʚʨʦʞʜʸʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ L-Cys-AgNO3-ʂSCN ʛʠʜʨʦʛʝʣʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʥʝʛʦ ʅʏAg 

ʠʣʠ ʅʏSe ʫʩʪʦʡʯʠʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʙʣʘʜʘʝʪ ʪʠʢʩʦʪʨʦʧʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʟʝʣʝʥʦʛʦ 

ʩʠʥʪʝʟʘ, ʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʣʝʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʟ ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ Ag ʠ Se, ʠʤʝʶʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʠ ʟʘʨʷʜ, ʩ ʮʝʧʦʯʢʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ L-Cys-

AgNO3-ʂSCN ʛʠʜʨʦʛʝʣʷ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɿʠʥʦʚʴʝʚʫ ɼ.ɸ. ï ʩʪʫʜʝʥʪʫ 3 ʢʫʨʩʘ 

ʊɻʄʋ ï ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʅʏSe.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚɻʋ. 
  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 118 

ʋɼʂ 544.472   

94. ʈʦʜʠʦʥʦʚ ʄʠʭʘʠʣ ɺʘʩʠʣʴʝʚʠʯ 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʪʠʥʦʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ L-ʩʦʨʙʦʟʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʘʢʠʥʘ ʅ.ɺ.   

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

L-ʩʦʨʙʦʟʘ ʠ 2-ʢʝʪʦ-L-ʛʫʣʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʠʥʪʝʟʝ ʚʠʪʘʤʠʥʘ ʉ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ L-ʩʦʨʙʦʟʳ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʜʦ 2-ʢʝʪʦ- 

L-ʛʫʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʦʜʠʥ ʵʪʘʧ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʠ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʢʦʤʧʣʝʢʩʥʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ L-ʩʦʨʙʦʟʳ ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ Pt/Al O  

ʠ Pt/SiO  ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʥʚʝʨʩʠʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʈʝʘʢʮʠʶ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ L-ʩʦʨʙʦʟʳ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ T=70 Áʉ, t=3 ʯ, ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦʜʘ 450 ʤʣ/ʤʠʥ, pH 7ï

8. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ɺʕɾʍ [2]. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ L-ʩʦʨʙʦʟʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Pt/SiO  ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ ʦʪ 

66% ʜʦ 74%, ʪʦʛʜʘ, ʢʘʢ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pt/Al O ʦʙʝʩʧʝʯʠʣ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʪ 33% ʜʦ 77% ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ Pt/SiO . 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Kim S., Lee K.Y., Park D.W. Selective oxidation of L-sorbose over AuïPt/TiO  catalysts // 

Catalysis Today. 2018. Vol. 300. P. 112ï119.   

1. Gr¿newald E., Pr¿Çe U., Vorlop K.-D. Analytical problems in the direct oxidation of L-sorbose // 

Appl. Catal. A: General. 2011. Vol. 401, ˉ 1ï2. P. 112ï119. 

  

 

ʊʘʙʣʠʮʘ - ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ L-

ʩʦʨʙʦʟʳ ʧʨʠ 70 ÁC ʠ 3 ʯ ʨʝʘʢʮʠʠ 

ˉ ʦʧʳʪʘ 
ʂʘʪʘʣʠʟʘʪʦʨ 

(3%) 
ʂʦʥʚʝʨʩʠʷ, % ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 

8 Pt/Al O 64,3 76,8 

15 Pt/Al O 43,8 32,8 

19 Pt/Al O 45,5 43,5 

11 Pt/SiO 60,9 72,7 

16 Pt/SiO 62,9 74,1 

18 Pt/SiO 60,8 71,9 

20 Pt/SiO 54,2 66,2 
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95. ʉʘʚʝʥʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ʂʠʩʣʦʪʥʦʩʪʴ ʭʣʝʙʘ çɼʘʨʥʠʮʢʠʡ ʪʚʝʨʩʢʦʡè 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʂʠʩʣʦʪʥʦʩʪʴ ʭʣʝʙʘ ʟʘʚʠʩʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʤʦʣʦʯʥʦʡ ʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʙʨʦʞʝʥʠʠ ʪʝʩʪʘ. ʍʣʝʙ ʩ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ 

ʥʝʚʢʫʩʝʥ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʮʝʩʩʳ ʙʨʦʞʝʥʠʷ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ. 

ʂʠʩʣʦʪʥʦʩʪʴ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʠʟ ʤʫʢʠ ʚʳʩʰʝʛʦ, ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʦʨʪʦʚ - 

3-4 ʛʨʘʜʫʩʘ, ʭʣʝʙʘ ʧʰʝʥʠʯʥʦʛʦ ʠʟ ʦʙʦʡʥʦʡ ʤʫʢʠ ï 7 ʛʨʘʜʫʩʦʚ , ʨʞʘʥʦ-

ʧʰʝʥʠʯʥʦʛʦ ï 11 ʛʨʘʜʫʩʦʚ, ʭʣʝʙʘ ʨʞʘʥʦʛʦ - ʥʝ ʚʳʰʝ 12 ʛʨʘʜʫʩʦʚ. ʂʠʩʣʦʪʥʦʩʪʴ 

ð ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ NaOH 0,1 N, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʢʠʩʣʦʪ ʚ 100 ʛ ʤʷʢʠʰʘ. ʄʷʢʠʰ ʭʣʝʙʘ çɼʘʨʥʠʮʢʠʡ ʪʚʝʨʩʢʦʡè ʚʝʩʦʤ 25 ʛ 

ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 500 ʤʣ, ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ 250 ʤʣ ʚʦʜʳ, ʨʘʩʪʠʨʘʷ ʜʦ 

ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. ɺʝʨʭʥʠʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ (50 ʤʣ) ʩʣʠʚʘʣʠ ʠ ʪʠʪʨʦʚʘʣʠ 0,1 N 

ʱʝʣʦʯʴʶ ʥʘ ʠʦʥʦʤʝʨʝ ʀ-150 ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʉʂ-10601/7.  

 

ʈʠʩ.1. ɻʨʘʬʠʢ ʘʥʘʣʠʟʘ ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ çɼʘʨʥʠʮʢʠʡ ʪʚʝʨʩʢʦʡè 

ʇʦ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (1,5 ʤʣ 0,1 N ʱʝʣʦʯʠ) ʚʳʯʠʩʣʠʣʠ 

ʢʠʩʣʦʪʥʦʩʪʴ, ʨʘʚʥʦʫʶ 7,15 ʛʨʘʜʫʩʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʘ [1].  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

2. ɻʆʉʊ 5670-96 "ʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ". 
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96. ʉʤʠʨʥʦʚ ʉʝʨʛʝʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʪʠʥʦʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ D-ʛʣʶʢʦʟʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʘʢʠʥʘ ʅ.ɺ.   

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɻʣʶʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʩʦʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʠʱʝʚʦʡ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʪ.ʜ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ʧʦʣʫʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʦʜʦʤ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʞʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ D- 

ʛʣʶʢʦʟʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʢʦʤʧʣʝʢʩʥʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ D-ʛʣʶʢʦʟʳ ʥʘ ʧʣʘʪʠʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ Pt/Al O  

ʠ Pt/SiO  ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʥʚʝʨʩʠʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʈʝʘʢʮʠʶ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ D-ʛʣʶʢʦʟʳ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ T=70 Áʉ, t=3 ʯ, ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦʜʘ 450 ʤʣ/ʤʠʥ, pH 7ï

8. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ɺʕɾʍ [2]. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ˉ ʦʧʳʪʘ ʂʘʪʘʣʠʟʘʪʦʨ (3%) ʂʦʥʚʝʨʩʠʷ, % ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 
11 Pt/SiO 91,3 93,0 

18 Pt/SiO 93,6 90,6 

16 Pt/SiO 83,1 95,1 
20 Pt/SiO 92,4 87,8 
8 Pt/AlO   81,8 72,7 

15 Pt/AlO   75,2 71,0 

19 Pt/AlO   81,0 96,7 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ D- ʛʣʶʢʦʟʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pt/SiO  ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 88% ʜʦ 95%, ʢʦʥʚʝʨʩʠʷ ʦʪ 83% ʜʦ 94%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ Pt/SiO  ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ Pt/Al O . 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʅʝʧʢ G. J. de Wilt Oxidation of Glucose to Gluconic Acid // Industrial and Engineering Chemistry 

Product Research and Development. - 1972. -V. 11. -ˉ4. -p. 370-373. 

2. Gr¿newald E., Pr¿Çe U., Vorlop K.-D. Analytical problems in the direct oxidation of L-sorbose // 

Appl. Catal. A: General. 2011. Vol. 401, ˉ 1ï2. P. 112ï119. 
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97. ʉʦʟʦʥʪʦʚʘ ɸʥʛʝʣʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʚʝʨʞʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ 

ʜʣʷ 3D-ʧʝʯʘʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʠʯʫʛʠʥʘ ɸ.ʀ. 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʊʚʝʨʴ, ʈʦʩʩʠʷ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʠʤʝʨʦʚ 

ʉʝʛʦʜʥʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʘʜʜʠʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ [1].  

ʀʥʞʝʥʝʨʥʳʝ ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʤʝʪʦʜʘʭ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ (SLA), ʮʠʬʨʦʚʦʛʦ ʩʚʝʪʦʚʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (DLP), ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ (LCD). ʀʭ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ʕʪʠ ʩʤʦʣʳ ʩʦʜʝʨʞʘʪ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʠʣʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ 

ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʢʮʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʝʚʨʘʱʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʚ ʪʚʝʨʜʳʡ 

ʤʘʪʝʨʠʘʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʶʪʩʷ ʦʙʲʝʢʪʳ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʜʝʪʘʣʠʟʘʮʠʠ 

ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʟʜʝʣʠʡ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʪʚʝʨʞʜʝʥʠʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 3D-ʧʝʯʘʪʠ, ʩ 

ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʮʝʧʪʫʨ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʧʦʣʠʤʝʨʘ ʜʝʣʷʪʩʷ ʥʘ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʫʩʘʜʢʘ, ʚʠʜ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʠ, ʮʚʝʪ, ʪʠʧ ʧʦʣʠʤʝʨʘ, ʧʨʦʯʥʦʩʪʴ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ, ʪʚʝʨʜʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ [2]. 

ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʠʥʞʝʥʝʨʥʦʡ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʥʦʡ ʩʤʦʣʳ, ʠʟʫʯʝʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦʣʠʤʝʨʘ ʧʦ ʐʦʨʫ ɼ, 

ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʦʚʳʝ ʨʝʮʝʧʪʫʨʳ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ (LCD-ʪʝʭʥʦʣʦʛʠʷ), 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. ɻʦʣʦʚʯʝʥʢʦ ʀ.ɺ., ʌʠʥʦʛʝʝʚ ɼ.ʖ. ʆʙʟʦʨ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʧʦʣʥʝʥʥʳʭ ʬʦʪʦʧʦʣʠʤʝʨʦʚ // ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ: ʩʙ. ʥʘʫʯ. 

ʩʪʘʪʝʡ 12-ʡ ʄʝʞʜʫʥʘʨ. ʥʘʫʯʥ.-ʧʨʘʢʪ. ʢʦʥʬ. ʂʫʨʩʢ, 01 ʥʦʷʙʨʷ 2022 ʛ. ʂʫʨʩʢ: ʖʛʦ-ɿʘʧʘʜʥʳʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2022, ʩ. 92-96. 
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98. ʉʦʢʦʣʦʚʘ ɽʣʝʥʘ ʉʝʨʛʝʝʚʥʘ 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʮʝʬʘʟʦʣʠʥʘ ʠ ʮʝʬʦʪʘʢʩʠʤʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʝʝʚ ɺ.ɻ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʎʝʬʘʟʦʣʠʥ (HCzl) ʠ ʮʝʬʦʪʘʢʩʠʤ (HCxm) ï ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʤʝʜʠʮʠʥʝ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʳʝ ʘʥʪʠʙʠʦʪʠʢʠ (ʨʠʩ.1).  

 

  
ʎʝʬʘʟʦʣʠʥ ʎʝʬʦʪʘʢʩʠʤ 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʮʝʬʘʟʦʣʠʥʘ ʠ ʮʝʬʦʪʘʢʩʠʤʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʙʠʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Co(II ), Ni(II ), Cu(II ), 

Zn(II ), Cd(II) ʩ ʘʥʠʦʥʘʤʠ ʮʝʬʘʟʦʣʠʥʘ (Czlï) ʠ ʮʝʬʦʪʘʢʩʠʤʘ (Cxmï) ʤʝʪʦʜʦʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ɜ(C=O) 

ʘʤʠʜʥʦʡ, ʙʝʪʘ-ʣʘʢʪʘʤʥʦʡ ʛʨʫʧʧ ʠ ɜ(COOï)as ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʦʨʦʥʫ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʮʝʥʠʚʘʪʴ ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʶ ʵʪʠʭ ʛʨʫʧʧ ʩ 

ʤʝʪʘʣʣʘʤʠ. ʈʘʩʯʸʪ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ DFT / B3LYP-D3 / 

LACVP**++ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Jaguar ʧʦʢʘʟʘʣ, ʯʪʦ ʚʟʘʠʤʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. ʇʦ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʘʤʠ 

(ʨʠʩ.2). 

 
 

ʎʠʩ-ʠʟʦʤʝʨ ʊʨʘʥʩ-ʠʟʦʤʝʨ 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʮʠʩ- ʠ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 
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99. ʉʧʠʨʠʜʦʥʦʚʘ ʖʣʠʷ ɺʠʢʪʦʨʦʚʥʘ 

ɺʣʠʷʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʣʝʛʠʨʫʶʱʠʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʯʘʩʪʠʮ ʥʠʢʝʣʷ 

ʧʦʣʠʤʝʨʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʘʜʩʦʨʙʮʠʶ 

ʚʦʜʦʨʦʜʘ ʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʢʦʚ ɸ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʆʪʜʝʣ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʄʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʚʳʧʦʣʥʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʠʢʝʣʝʚʦʛʦ ʢʣʘʩʪʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 58 ʘʪʦʤʦʚ. ɺ ʠʩʭʦʜʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʙʳʣʠ ʚʚʝʜʝʥʳ ʯʝʪʳʨʝ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʨʘʟʤʝʱʸʥʥʳʝ ʚ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʢʣʘʩʪʝʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʝʜʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʘʜʩʦʨʙʮʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ çʢʣʘʩʪʝʨïʩʫʙʩʪʨʘʪè ʜʣʷ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ, ʘʮʝʪʠʣʝʥʘ, ʵʪʠʣʝʥʘ ʠ 

ʙʝʥʟʦʣʘ. ɼʣʷ ʚʩʝʭ ʩʠʩʪʝʤ ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʠʠ ʭʝʤʦʩʦʨʙʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʷ ʢʦʛʝʟʠʠ ʢʣʘʩʪʝʨʘ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʣʝʛʠʨʫʶʱʝʛʦ ʫʛʣʝʨʦʜʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʘ ʠ ʭʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʦʚ.  

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʯʝʪʳʨʸʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʢʣʘʩʪʝʨʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʦʢʘʣʴʥʦ ʘʢʪʠʚʥʦʡ ʛʨʘʥʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʦʤ 

ʩʝʣʝʢʪʠʚʥʦ ʠʟʤʝʥʷʝʪ ʧʨʦʯʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠʩʫʪʩʪʚʠʝ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʚʘʝʪ ʭʝʤʦʩʦʨʙʮʠʶ ʚʩʝʭ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʤʠʛʨʘʮʠʝʡ 

ʚʦʜʦʨʦʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʘʩʪʝʨʘ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʫʣʴ ʵʥʝʨʛʠʠ 

ʭʝʤʦʩʦʨʙʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʥʝʥʘʩʳʱʝʥʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ. ʃʝʛʠʨʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʦʤ ʩʣʘʙʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʝʨʛʠʶ ʢʦʛʝʟʠʠ (~0,5 %) ʠ ʚ ʮʝʣʦʤ ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʠʶ ʘʜʩʦʨʙʮʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʚʩʝʭ ʩʫʙʩʪʨʘʪʦʚ ʧʨʠʩʫʪʩʪʚʠʝ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʥʥʦʛʦ H  ʜʝʣʘʝʪ ʘʜʩʦʨʙʮʠʶ ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʧʨʦʯʥʦʡ. ɽʩʣʠ 

ʩʨʘʚʥʠʚʘʪʴ ʘʜʩʦʨʙʮʠʶ ʥʘ Ni58H2 ʠ ʥʘ Ni58C4H2, ʪʦ ʥʘʣʠʯʠʝ ʫʛʣʝʨʦʜʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʜʣʷ ʘʮʝʪʠʣʝʥʘ ʠ ʙʝʥʟʦʣʘ, ʘ ʜʣʷ 

ʵʪʠʣʝʥʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʡ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ C H  ʜʦ C H  ʙʣʘʛʦʧʨʠʷʪʥʦ: ʘʮʝʪʠʣʝʥ ʧʦ ʧʨʝʞʥʝʤʫ ʭʦʨʦʰʦ 

ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʠ ʤʦʞʝʪ ʛʠʜʨʠʨʦʚʘʪʴʩʷ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʵʪʠʣʝʥ ʫʜʝʨʞʠʚʘʝʪʩʷ 

ʩʣʘʙʦ ʠ ʣʝʛʢʦ ʜʝʩʦʨʙʠʨʫʝʪʩʷ, ʩʥʠʞʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʜʦ ʵʪʘʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, DFT-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ Ni  ʠ Ni C  ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʣʝʛʠʨʫʶʱʠʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʷʜʨʝ 

ʧʦʣʠʤʝʨʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʠʢʝʣʷ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʣʘʩʪʝʨʘ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʩʪʨʘʠʚʘʶʪ ʣʦʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʩʝʣʝʢʪʠʚʥʦ ʠʟʤʝʥʷʷ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʠ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʨʝʘʢʮʠʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʨʝʛʫʣʠʨʫʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  
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100. ʉʫʨʢʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʉʘʤʦʩʙʦʨʢʘ ʚ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥ ʠ 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʦʜʠʜ-ʘʥʠʦʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʍʠʞʥʷʢ ʉ. ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʝʧʪʠʜʳ, ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʩʘʤʦʩʙʦʨʢʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ 

ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʚʦʜʦʨʦʜʥʦʝ ʩʚʷʟʳʚʘʥʠʝ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʠ ʜʨ. ɻʠʜʨʦʛʝʣʠ 

ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥ (L-Cys) ʠ ʥʠʪʨʘʪʘ 

ʩʝʨʝʙʨʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ ʘʥʠʦʥ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʢʦʣʴʢʫ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥʦ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʘʥʠʦʥʳ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʥʝʢʦʪʦʨʦʝ ʩʨʦʜʩʪʚʦ ʢ ʠʦʥʘʤ ʩʝʨʝʙʨʘ: ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ, 

ʙʨʦʤʠʜʳ ʠ ʜʨ.). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʩʙʦʨʢʠ ʚ 

ʩʠʩʪʝʤʝ L-ʮʠʩʪʝʠʥ-AgNO3 (ʎʉʈ) ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʦʜʠʜ-ʘʥʠʦʥʘ ʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʤʝʨʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʇɸʂ (ʧʦʣʠʘʢʨʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ), ʇʕʆ (ʧʦʣʠʵʪʠʣʝʥʦʢʩʠʜ) ʠ ʇɺʇ (ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ).  

ʎʉʈ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʠʟʙʳʪʢʘ ʠʦʥʦʚ ʩʝʨʝʙʨʘ: ʉAg+/ʉCys=1,27; ʉCys=3,0 ʤʄ, 

ʨʘʩʪʚʦʨʳ ʧʦʣʠʤʝʨʦʚ (ʇɸʂ, ʇʕʆ, ʇɺʇ) ʠʤʝʣʠ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 1,0 %; 

ʉKI ï 1,5Ŀ10
-2 ʄ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ɼʉʈ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʎʉʈ 

ʠʦʜʠʜʘ ʢʘʣʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0,150 ï 0,375 ʤʄ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʣʷ, ʧʨʠʟʥʘʢʠ ʙʳʩʪʨʦʡ ʢʦʘʛʫʣʷʮʠʠ ʟʦʣʷ ï ʧʦʤʫʪʥʝʥʠʝ ï 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʨʘʟʮʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ KI. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ L-ʮʠʩʪʝʠʥ-AgNO3-KI  ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ 

(ʇɸʂ, ʇʕʆ, ʇɺʇ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʧʦʣʠʤʝʨʘ ʚ ʎʉʈ ʚʣʠʷʝʪ ʥʘ ʘʛʨʝʛʘʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʚʷʟʢʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪ ʇɸʂ ʚ ʩʠʩʪʝʤʘʭ L-ʮʠʩʪʝʠʥ-AgNO3-KI  

ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʝ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʦʚ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ. 
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101. ʊʠʱʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʆ ʚʣʠʷʥʠʠ ʧʦʯʚʳ ʨʝʛʠʦʥʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚʠʥʦʛʨʘʜʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʠ  ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʚʠʥʦʛʨʘʜʘ, 

ʧʦʯʚʳ ʩ ʤʝʩʪʘ ʝʛʦ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʠ ʚʠʥʘ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʨʪʦʚʦʝ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʠʥʘ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ çʵʣʝʤʝʥʪʥʦʛʦ 

ʦʙʨʘʟʘè, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʨʪʘ ʚʠʥʘ [1]. ʂʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʚʠʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʚʠʥʦʛʨʘʜʘ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʦʮʝʥʢʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʠʥʘ. ɺʣʠʷʥʠʝ ʪʠʧʘ ʧʦʯʚʳ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʚʠʥʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʦʚ. ʅʘʤʠ ʧʨʦʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʠʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʤʝʥʥʦ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʠʦʥʦʚ 

ʥʘʪʨʠʷ ʠ ʘʥʠʦʥʦʚ ʭʣʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ çʤʘʨʢʝʨʦʚè 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʝʨʨʫʘʨʘ [2]. ʄʘʩʩʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʢʘʪʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʦʩʚʦʝʥʥʳʤ ʨʘʥʝʝ ʤʝʪʦʜʦʤ ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʠ [3] ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʘʨʛʝʥʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʭʣʦʨʠʜ-ʠʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ 

ʧʦʜʣʠʥʥʦʩʪʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʠʥʘ ʚʳʙʨʘʥʳ ʤʘʩʩʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ 

ʥʘʪʨʠʷ ʠ ʭʣʦʨʠʜ-ʘʥʠʦʥʦʚ [4]. ɸʥʘʣʠʟʫ ʧʦʜʚʝʨʛʥʫʪʳ ʦʙʨʘʟʮʳ ʢʨʘʩʥʦʛʦ ʩʫʭʦʛʦ 

ʚʠʥʘ ʠʟ ɸʙʭʘʟʠʠ ʤʘʨʢʠ çʏʝʛʝʤè (Na+ ʥʘʡʜʝʥʦ 122 ʤʛ/ʣ, Cl- ʥʘʡʜʝʥʦ 29 ʤʛ/ʣ, 

Na/Cl = 4,21)  ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʚʠʥʦʤ ʠʟ ʏʠʣʠ ʤʘʨʢʠ çʂʘʙʝʨʥʝ 

ʩʦʚʠʥʴʦʥè (Na+ ʥʘʡʜʝʥʦ 38 ʤʛ/ʣ, Cl- ʥʘʡʜʝʥʦ 55 ʤʛ/ʣ, Na/Cl = 0,69).  
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2.  ʊʠʱʝʥʢʦ ɸ.ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʠʥʘ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ / XXXI ʂʘʨʛʠʥʩʢʠʝ 

ʯʪʝʥʠʷ, ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ɽʞʝʛʦʜʥʦʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ. ʊʚʝʨʴ, 2025. ʉ. 216. 

3. ɸʥʠʢʠʥʘ ʅ.ʉ., ɻʝʨʞʠʢʦʚʘ ɺ.ɻ., ɾʠʣʷʢʦʚʘ ʊ.ɸ. ʠ ʜʨ. ɸʢʪʫʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʥ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ // çʄʘʛʘʨʘʯè. 

ɺʠʥʦʛʨʘʜʘʨʩʪʚʦ ʠ ʚʠʥʦʜʝʣʠʝ, 2022, ʊ. 24, ˉ3, ʉ. 263-268. 
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102. ʍʘʩʘʥ ʋʣʴʷʥʘ ʉʝʨʛʝʝʚʥʘ  

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʠ ʜʚʫʤʝʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʪʦʜʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ [1] ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ABC ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ A7B7C6 ʠ 2D ʥʘʥʦʯʘʩʪʠʮ (ʅʏ). ʇʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

(ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʪʘʣʢʠʚʘʥʠʷ aŬɓ) ʥʘʥʦʯʘʩʪʠʮ ʩ ʙʣʦʢʘʤʠ 

ʩʦʧʦʣʠʤʝʨʘ ʥʘ ʫʧʦʨʷʜʦʯʝʥʠʝ ʅʏ ʚ ʦʙʲʝʤʝ ʧʦʣʠʤʝʨʘ. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʙʣʦʢʘʤʠ 

ʩʦʧʦʣʠʤʝʨʘ ʧʘʨʘʤʝʪʨʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʙʳʣʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʠ ʠʤʝʣʠ 

ʟʥʘʯʝʥʠʷ: aAB=31.54, aAC=32.06 ʠ aBC=32.22. ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʩʠʩʪʝʤ ʩ ʦʜʥʦʡ ʥʘʥʦʯʘʩʪʠʮʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘ [1], ʧʨʠ ʭʦʨʦʰʝʡ (aŬɓ=25) ʠʣʠ ʧʣʦʭʦʡ (aŬɓ=40) ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʝʡ ʠ ʙʣʦʢʘʤʠ ʩʦʧʦʣʠʤʝʨʘ ʧʣʦʩʢʦʩʪʴ ʅʏ ʦʨʠʝʥʪʠʨʦʚʘʥʘ 

ʧʦʧʝʨʝʢ ʣʘʤʝʣʣʷʨʥʳʭ ʜʦʤʝʥʦʚ (ʈʠʩ. 1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʅʏ ʪʘʢʞʝ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʩʦʧʦʣʠʤʝʨʘ ʠ ʅʏ ʨʘʚʥʳʭ aŬɓ=30 ʠʣʠ aŬɓ=35, ʘ 

ʪʘʢʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʜʚʘ ʙʣʦʢʘ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʅʏ, ʘ ʜʣʷ 

ʪʨʝʪʴʝʛʦ ʙʣʦʢʘ aŬɓ35. ʂʦʛʜʘ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ 

ʙʣʦʢʘʤʠ ʪʨʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ aŬɓ=40, ʘ ʜʣʷ ʪʨʝʪʴʝʛʦ ʙʣʦʢʘ aŬɓ35, ʧʣʦʩʢʦʩʪʴ 

ʅʏ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʣʘʤʝʣʣʷʤ (ʈʠʩ. 1). 

 
ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʦʨʠʝʥʪʘʮʠʠ ʅʏ (ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʘʤʝʣʣʷʨʥʳʭ ʜʦʤʝʥʦʚ: 

(ʘ) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʠ (ʙ) ʧʘʨʘʣʣʝʣʴʥʘʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Malyshev M., Guseva D., Komarov P. Two-state nanocomposite based on symmetric diblock 

copolymer and planar nanoparticles: mesoscopic simulation // Molecular Systems Design and Engineering. 

2024. V. 9. I. 4. P. 409-422. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 127 

ʋɼʂ: 615.322 

103. ʐʝʚʮʦʚʘ ɸʥʥʘ ʄʠʭʘʡʣʦʚʥʘ 

ɺʣʠʷʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 

ʅʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʩʝʣʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʍʠʞʥʷʢ ʉ. ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʣʝʥʘ (ʅʏSe) ï ʫʥʠʢʘʣʴʥʳʡ ʪʠʧ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʣʝʥʘ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʙʦʣʝʟʥʝʡ, 

ʢʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʨʝʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʏSe, ʢʘʢ ʨʘʟʤʝʨ, 

ʤʦʨʬʦʣʦʛʠʷ, ʟʘʨʷʜ, ʘʛʨʝʛʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʠʭ 

ʧʦʣʫʯʝʥʠʷ. ɹʠʦʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʩʝʣʝʥʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ 

ʨʘʟʤʝʨʘ, ʧʦʵʪʦʤʫ ʩʠʥʪʝʟ ʩʪʘʙʠʣʴʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʥʘʥʦʯʘʩʪʠʮ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʘʛʨʝʛʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ Se, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʘ ʩʝʣʝʥʠʜʘ ʥʘʪʨʠʷ ʩ ʧʦʤʦʱʴʶ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʶʨʦʥʠʢ F-127 

(ʧʦʣʦʢʩʘʤʝʨ 407), ʥʝʠʦʥʦʛʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʡ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ 

(PEO-PPO-PEO) ʠ ʧʦʣʠʩʘʭʘʨʠʜ ʭʠʪʦʟʘʥ (ʍɿ), ʷʚʣʷʶʱʠʡʩʷ ʧʦʣʠʢʘʪʠʦʥʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʛʝʣʴ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ (AlgNa), ʧʦʣʠʩʘʭʘʨʠʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 

ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʝʡ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʣʠʘʥʠʦʥʦʤ, ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʩʨʝʜʫ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʣʝʥʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʅʏSe ʚ ʨʘʩʪʚʦʨʘʭ 

AlgNa ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʋʌ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ɼʉʈ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ AlgNa ʚ ʨʘʩʪʚʦʨʝ ʩ ʅʏSe ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ 

ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʉʈ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɿʠʥʦʚʴʝʚʫ ɼ.ɸ. ï ʩʪʫʜʝʥʪʫ 3 ʢʫʨʩʘ 

ʊɻʄʋ ï ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʅʏSe ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʎʂʇ 

ʊʚɻʋ 
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104. ʐʝʚʯʝʥʢʦ ʉʦʬʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ ʩ ʥʘʥʦʯʘʩʪʠʮʝʡ 

ʩʦʩʪʘʨʝʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʚ ʨʘʤʢʘʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʤʘʨʦʚ ʇ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʤʠ ʦʪʭʦʜʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʠʟʜʝʣʠʷ ʠʟ ʧʦʣʠʤʝʨʦʚ 

ʜʝʛʨʘʜʠʨʫʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ (ʄʇ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʧʘʜʘʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʥʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʩʩʦʮʠʘʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʪʘʢʠʤʠ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʩʝʥʦʙʠʦʪʠʢʠ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʝʩʪʠʮʠʜʳ, 

ʘʥʪʠʙʠʦʪʠʢʠ ʠ ʪ.ʜ. ʕʪʦ ʤʦʞʝʪ ʧʨʝʚʨʘʱʘʪʴ ʯʘʩʪʠʮʳ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʝʨʝʥʦʩʯʠʢʠ ʤʦʣʝʢʫʣ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ 

ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʦʨʛʘʥʠʟʤʘ ʠ ʠʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʨʘʟʚʠʪʠʠ ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʠʥʦʯʥʦʡ ʤʦʣʝʢʫʣʳ 

ʘʥʪʠʙʠʦʪʠʢʘ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ (ʎʌ) ʩ ʯʘʩʪʠʮʝʡ ʩʦʩʪʘʨʝʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 

(ʇʕ) ʠ ʚʦʜʳ. ɺʩʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ ʨʘʤʢʘʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ AM1 ʠ PM3 [1].  

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʵʥʝʨʛʠʡ 

ʩʚʷʟʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʎʌ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʚʭʦʜʷʱʠʤʠ 

ʚ ʩʦʩʪʘʚ ʮʝʧʝʡ ʩʦʩʪʘʨʝʥʥʦʛʦ ʇʕ ʠ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʧʦʤʦʛʫʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʝʨʦʷʪʥʦʡ ʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ 

ʘʥʪʠʙʠʦʪʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Brªuer M., Kunert M., Dinjus E., et al. // Journal of Molecular Structure: THEOCHEM. ï 2000. ï 

Vol. 505(1ï3). ï P. 289. 
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105. ʐʝʣʷʞʝʥʢʦʚʘ ʊʘʪʴʷʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ɸʥʘʣʠʟ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʈʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩ ʟʘʪʨʘʪʦʡ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʚʦʜʠʪʩʷ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʕʪʦ ʦʜʠʥ ʠʟ 

ʩʪʘʨʝʡʰʠʭ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ [1]. ʅʘʜ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʦʜʥʦʛʦ 

ʠʟ ʧʝʨʚʳʭ ʨʝʬʨʘʢʪʦʤʝʪʨʦʚ ʨʘʙʦʪʘʣ ʝʱʸ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚ. ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ï ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ: 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ, ʩʚʦʙʦʜʥʦʝ ʦʪ ʧʨʠʤʝʩʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ 

ʥʝʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʥʝʙʦʣʴʰʦʡ ʟʘʪʨʘʪʦʡ ʚʨʝʤʝʥʠ, ʨʘʩʧʦʣʘʛʘʷ ʣʠʰʴ ʤʘʣʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʱʝʩʪʚʘ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʢʘʢ ʢʦʥʩʪʘʥʪʘ ʩ ʫʩʧʝʭʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʷʚʣʷʶʪʩʷ ʞʠʜʢʦʩʪʷʤʠ. ʈʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʣʘʢʪʦʟʳ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘʤʠ ʥʘ ʧʨʠʙʦʨʝ ʀʈʌ ï 454 ʚ ʤʦʣʦʢʝ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ çʕʢʦʅʠʚʘè 3,5 % (ɻʂ çʕʢʦʅʠʚʘè, ɸʆ çʄʦʩʄʝʜʳʥʴʘʛʨʦʧʨʦʤè) 

ʠ ʚ ʤʦʣʦʯʥʦʤ ʧʨʦʜʫʢʪʝ çɸʛʫʰʘ ʤʦʣʦʯʥʘʷ ʢʘʰʢʘè (ɸʆ çɺʠʤ-ɹʠʣʴ-ɼʘʥʥè, 

ʃʠʘʥʦʟʦʚʩʢʠʡ ʤʦʣʦʯʥʳʡ ʢʦʤʙʠʥʘʪ). ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʦʟʳ, ʜʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʣʘʢʪʦʟʳ ʚ ʤʦʣʦʢʝ çʕʢʦʅʠʚʘè ʥʘ ʫʨʦʚʥʝ 4,49 %, ʘ ʚ 

ʤʦʣʦʯʥʦʤ ʧʨʦʜʫʢʪʝ çɸʛʫʰʘ ʤʦʣʦʯʥʘʷ ʢʘʰʢʘè  ʚ ʢʦʣʠʯʝʩʪʚʝ 3,00 %. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʷʚʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʜʝʨʞʘʥʠʷ 

ʣʘʢʪʦʟʳ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʤʦʣʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʀʦʬʬʝ ɹ.ɺ. ʈʝʬʨʘʢʪʦʤʝʪʨʠʷ ʢʘʢ ʤʝʪʦʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ //  

ʋʩʧʝʭʠ ʭʠʤʠʠ, 1960, ʊ. 29, ˉ2, ʉ. 137 - 161. 

2. ʂʦʨʝʥʤʘʥ ʗ.ʄ., ʃʠʩʠʮʢʘʷ ʈ.ʇ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɸʥʘʣʠʟ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ / ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ, 2002, ɺʦʨʦʥʝʞʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, 408 

ʩ. 
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106. ʗʩʠʥʦʚʝʥʢʦ ʄʘʨʠʷ ɸʥʜʨʝʝʚʥʘ 

ɾʠʜʢʦʬʘʟʥʦʝ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʙʨʦʤʙʝʥʟʦʣʘ ʚ ʩʠʥʪʝʟʝ ʵʬʠʨʦʚ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ.ɹʳʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʈʝʘʢʮʠʠ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʠʥʪʝʟʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʢʪʠʣʦʚʳʡ ʵʬʠʨ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ 

ʠʣʠ ʩʣʘʙʦʞʸʣʪʫʶ ʤʘʩʣʷʥʠʩʪʫʶ ʞʠʜʢʦʩʪʴ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʤʷʛʢʠʤ, ʩʣʘʜʢʦʚʘʪʦ-

ʙʘʣʴʟʘʤʠʯʝʩʢʠʤ ʘʨʦʤʘʪʦʤ. ɹʣʘʛʦʜʘʨʷ ʚʳʨʘʞʝʥʥʳʤ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʬʠʢʩʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʬʠʨʳ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʦʢʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝʤ ʙʨʦʤʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʷʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II). ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ, ʦʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʚʝʨʩʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 98,83% ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ 

100% . ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʋɼʂ: 661.7:544.1 

107. ɸʙʨʘʤʦʚʘ ɽʣʝʥʘ ʉʝʨʛʝʝʚʥʘ 

ʈʘʩʪʚʦʨʝʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʧʦʣʠʧʝʧʪʠʜʦʚ ʚ ʭʣʦʨʠʜʝ ʮʠʥʢʘ. 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʄʫʨʘʚʴʝʚ ɸ.ɸ., ʅʦʚʦʩʝʣʦʚ ʅ. ʇ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʠ ʵʢʦʣʦʛʠʠ 

ʂʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʇʦʣʠʩʘʭʘʨʠʜʳ ʠ ʧʦʣʠʧʝʧʪʠʜʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʚʢʣʶʯʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʣʦʢʥʦ- ʠ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ 

ʧʦʣʠʩʘʭʘʨʠʜʳ: ʮʝʣʣʶʣʦʟʘ, ʭʠʪʠʥ, ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʝ ð ʭʠʪʦʟʘʥ, ʘ ʪʘʢʞʝ 

ʧʦʣʠʧʝʧʪʠʜʳ ð ʬʠʙʨʦʠʥ ʠ ʢʝʨʘʪʠʥ. ʀʭ ʧʝʨʝʨʘʙʦʪʢʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨʝʥʠʝ 

ʟʘʪʨʫʜʥʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʷʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʣʦʢʦʥ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʜʣʷ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ, ʭʠʪʦʟʘʥʘ ʠ ʬʠʙʨʦʠʥʘ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʷʤʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ, 

ʭʠʪʦʟʘʥʘ ʠ ʬʠʙʨʦʠʥʘ ʰʝʣʢʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʮʠʥʢʘ. ʈʘʩʪʚʦʨʝʥʠʝ 

ʮʝʣʣʶʣʦʟʳ ʠʟʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʘ ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʝʥʠʠ ʭʠʪʠʥʘ ʚ 

ʭʣʦʨʠʜʝ ʮʠʥʢʘ ʦʛʨʘʥʠʯʝʥʳ. ʆʪʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʮʠʥʢʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʧʦʣʠʤʝʨʦʚ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ. 
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ʋɼʂ: 541.49 

108. ɸʥʠʩʠʤʦʚʘ ʄʘʨʠʷ ɸʥʪʦʥʦʚʥʘ 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʘʣʴʛʠʥʘʪ-ʘʥʠʦʥʘ ʩ ʠʦʥʦʤ Nd3+ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʢʦʙʠʥ ʄ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʘʣʴʛʠʥʘʪʘ (Alg) ʩ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʣʫʙʦʢʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʭʠʤʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ, ʤʝʜʠʮʠʥʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʘʣʴʛʠʥʘʪ-ʘʥʠʦʥʘ 

ʩ ʠʦʥʦʤ ʥʝʦʜʠʤʘ (Nd3+) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʠ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩʠʩʪʝʤʘ Alg- ï H2O ʤʝʪʦʜʦʤ pH-ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ.  ʇʦʩʣʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʦʡ ʩʠʩʪʝʤʳ ʧʦʚʪʦʨʠʣʠ ʜʘʥʥʳʡ ʦʧʳʪ, ʜʦʙʘʚʠʚ ʚ ʩʠʩʪʝʤʫ 

ʠʦʥʳ Nd3+ ʠ ʚʳʜʝʨʞʠʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ï ʠʦʥ ʤʝʪʘʣʣʘ : ʦʩʪʘʪʦʢ ʫʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ = 1:1. ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʯʠʩʪʦʛʦ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʠ ʪʘʢʦʡ ʞʝ 

ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ ʠʦʥ ʣʘʥʪʘʥʦʠʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ 1. 

 
ʈʠʩ. 1.  ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ:  

ʩʠʥʷʷ ʢʨʠʚʘʷ - Alg- ï H2O ; ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ - Nd3+ ï  Alg- ï H2O 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ pH-ʤʝʪʨʠʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʳ 

[NdAlg]2+. 
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109. ɸʨʙʘʪʩʢʠʡ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʉʠʥʪʝʟ 2-ʘʤʠʥʦ-4-ʬʝʥʠʣʪʠʘʟʦʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʝʤʥʠʢʦʚʘ ʉ.ɸ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʨʦʠʟʚʦʜʥʳʝ 1,3-ʪʠʘʟʦʣʘ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ, ʥʝʡʨʦʣʝʧʪʠʯʝʩʢʦʡ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, 2-ʘʤʠʥʦ-4-ʟʘʤʝʱʝʥʥʳʝ 

ʪʠʘʟʦʣʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʠ ʥʘʜʸʞʥʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 2-ʘʤʠʥʦ-4-ʬʝʥʠʣʪʠʘʟʦʣ ʚ ʜʚʝ ʩʪʘʜʠʠ 

ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ. Ŭ-ɹʨʦʤʘʮʝʪʦʬʝʥʦʥ ʧʦʣʫʯʝʥ 

ʜʦʙʘʚʣʝʥʠʝʤ ʙʨʦʤʘ ʢ ʩʧʠʨʪʦʚʦʤʫ ʨʘʩʪʚʦʨʫ ʘʮʝʪʦʬʝʥʦʥʘ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʥʘʛʨʝʚʘʥʠʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʪʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɻʘʥʯʘ, ʨʝʘʢʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʤʝʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ɺʳʭʦʜ ʚ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʩʪʘʜʠʷʭ ʩʦʩʪʘʚʠʣ 80% ʠ 91% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʇʦʣʫʯʝʥʥʳʡ 2-ʘʤʠʥʦ-4-ʬʝʥʠʣʪʠʘʟʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʥʦ ʠ 

ʢʘʢ ʫʜʦʙʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʤʝʜʠʘʪ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʘʤʠʥʦʛʨʫʧʧʳ ʦʥ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʝʘʢʮʠʷʭ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʟʘʤʝʱʸʥʥʳʤʠ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʦʤʝʪʠʥʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʭʝʤʦʩʝʥʩʦʨʦʚ [2]. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Brito C.C.B., Silva H.V.C., Brondani D.J., Faria A.R., Ximenes R.M., Silva I.M., Castilho M.S. 

Synthesis and biological evaluation of thiazole derivatives as Lb SOD inhibitors // Journal of Enzyme 

Inhibition and Medicinal Chemistry. 2019. ʊ. 34. ˉ. 1. ʉ. 333-342. 

1. Gupta V.K., Singh A.K., Kumawat L.K. Thiazole Schiff base turn-on fluorescent chemosensor for 

Al3+ ion // Sensors and Actuators B: Chemical. 2014. ʊ. 195. ʉ. 98-108. 
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110. ɹʘʣʪʘʯʝʚʘ ʉʦʬʴʷ ɸʥʜʨʝʝʚʥʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʦʣʘ ʄʘʥʥʠʭʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦ 

ʩʧʦʩʦʙʥʳʭ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʧʦʢʨʳʪʠʡ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʢʠʨʦʚʘ ʀ.ʅ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʦʚ 

ʂʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ (ʇʋ) 

ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ 

ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ 

ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʟʘʨʫʙʝʞʥʳʭ ʧʦʩʪʘʚʦʢ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʣʠʦʣʦʚ ʥʘ ʙʘʟʝ 

ʜʦʩʪʫʧʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʦʣʘ ʄʘʥʥʠʭʘ ʠ ʦʮʝʥʢʝ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ. 

ʉʠʥʪʝʟ ʧʦʣʠʦʣʘ: ʧʦʣʫʯʝʥʠʝ ʮʝʣʝʚʦʛʦ ʧʦʣʠʦʣʘ ʄʘʥʥʠʭʘ ʨʝʘʣʠʟʦʚʘʥʦ 

ʯʝʨʝʟ ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʝ (ʨʝʘʢʮʠʷ ʄʘʥʥʠʭʘ) ʩʠʩʪʝʤʳ çʥʦʥʠʣʬʝʥʦʣ ï 

ʬʦʨʤʘʣʴʜʝʛʠʜ ï ʜʠʵʪʘʥʦʣʘʤʠʥè. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 ÁC ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʚʣʘʛʠ ʤʝʪʦʜʦʤ ʦʪʛʦʥʢʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ: ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ MALDI-TOF ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʦʣʠʦʣ ʠʤʝʣ 

ʩʣʝʜʫʶʱʝʝ ʩʪʨʦʝʥʠʝ: 

 
ʈʘʟʨʘʙʦʪʢʘ ʃʂʇ: ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʢʦʤʧʦʟʠʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ï ʛʠʜʨʦʢʩʠʣ-ʘʢʨʠʣʦʚʫʶ ʩʤʦʣʫ, ʘʣʠʬʘʪʠʯʝʩʢʠʡ 

ʦʪʚʝʨʜʠʪʝʣʴ (ʛʝʢʩʘʤʝʪʠʣʝʥ-1,6-ʜʠʠʟʦʮʠʘʥʘʪ-ʙʠʫʨʝʪ), ʨʘʩʪʚʦʨʠʪʝʣʴ (ʪʦʣʫʦʣ). 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʘʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʦʧʦʣʠʦʣʘ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʩʠʥʝʨʛʠʟʤʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʢʨʳʪʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ, 

ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 
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111. ɹʘʨʘʥʦʚʘ ʆʣʝʩʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʦʜʥʠʢʦʚʦʡ ʚʦʜʳ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ɺ. ʂʨʶʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʊʚʝʨʩʢʦʤ ʨʝʛʠʦʥʝ ʞʠʪʝʣʠ ʛʦʨʦʜʦʚ, ʩʝʣʷʥʝ ʠ ʜʘʯʥʠʢʠ ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʠʪʴʷ ʚʦʜʫ ʨʦʜʥʠʢʦʚ, ʘ ʥʝ ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ. ɺʦʜʳ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʠʪʴʝʚʳʭ ʮʝʣʷʭ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʢʘʨʙʦʥʘ ʚ ʮʝʣʦʤ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʠʤʝʶʪ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʫʶ 

ʦʙʱʫʶ ʞʝʩʪʢʦʩʪʴ. ɺ ʛʦʨʦʜʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠʟʥʦʩ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʪʨʫʙ 

ʤʦʞʝʪ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʧʦʧʘʜʘʥʠʝ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʠʟʙʳʪʢʘ ʞʝʣʝʟʘ. ɻʦʨʦʜʩʢʦʡ 

ʚʦʜʦʧʨʦʚʦʜ ʫʞʝ ʧʝʨʝʩʪʘʣ ʦʪʚʝʯʘʪʴ ʟʘʧʨʦʩʘʤ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʦʚ ʠ ʣʶʜʠ ʚʩʝ 

ʯʘʱʝ ʧʦʣʴʟʫʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʏʘʩʪʴ 

ʥʘʩʝʣʝʥʠʷ ʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨʘʤʠ, ʜʨʫʛʠʝ ʟʘʢʫʧʘʶʪ ʙʫʪʠʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠʣʠ 

ʙʝʨʫʪ ʚʦʜʫ ʠʟ ʨʦʜʥʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʚʟʷʪʳ ʥʘ ʫʯʝʪ ʙʦʣʝʝ 70 

ʨʦʜʥʠʢʦʚ, ʚʦʜʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʩʝʨʝʙʨʘ, ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʤʝʜʠ 

ʠ, ʟʘʯʘʩʪʫʶ, ʦʙʣʘʜʘʶʪ ʮʝʣʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʱʝ ʥʝ ʚʩʝ 

ʨʦʜʥʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. ʊʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʥʘʤʠ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʚ ʧʨʦʙʘʭ, 

ʚʟʷʪʳʭ ʠʟ ʨʦʜʥʠʢʦʚ ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ ɺʦʣʛʘ ʂʘʣʠʥʠʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʨʦʜʥʠʢʠ ʙʣʠʟ 

ʜʝʨʝʚʝʥʴ ʉʘʚʚʘʪʴʝʚʦ, ɻʨʠʰʢʠʥʦ, ɻʦʨʦʜʠʱʝ, ʑʝʨʙʠʥʠʥʦ, ʂʘʤʝʥʢʘ, 

ɺʘʰʫʪʠʥʦ), ʨʦʜʥʠʢʘ ʛ. ɹʝʣʳʡ (ʚʦʜʦʩʙʦʨ ʨʝʢʠ ʆʙʰʘ). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʜʘ ʚ ʨʦʜʥʠʢʝ ʉʘʚʚʘʪʴʚʦ ʤʷʛʢʘʷ (2,90 ʤʤʦʣʴ/ʜʤ3), ʘ ʚ ʨʦʜʥʠʢʘʭ 

ɻʦʨʦʜʠʱʘ ʠ ɺʘʰʫʪʠʥʦ ï ʦʯʝʥʴ ʤʷʛʢʘʷ (0,20 ʤʤʦʣʴ/ʜʤ3 ʠ 0,37 ʤʤʦʣʴ/ʜʤ3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʨʝʜʥʝʡ ʤʷʛʢʦʩʪʠ ʚʦʜʘ ʠʟ ʨʦʜʥʠʢʦʚ ʑʝʨʙʠʥʠʥʦ (4,12 

ʤʤʦʣʴ/ʜʤ3) ʠ ɻʨʠʰʢʠʥʦ (5,34 ʤʤʦʣʴ/ʜʤ3). ɺ ʨʦʜʥʠʢʘʭ ʂʘʤʝʥʢʠ (8,70 

ʤʤʦʣʴ/ʜʤ3) ʠ ʛ. ɹʝʣʳʡ (14,29 ʤʤʦʣʴ/ʜʤ3) ʚʦʜʘ ʞʸʩʪʢʘʷ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʘʣʠʯʠʝʤ ʚ ʟʝʤʣʝ ʫʢʘʟʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʟʘʣʝʞʝʡ ʠʟʚʝʩʪʥʷʢʘ. ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚ ʮʝʣʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʚʦʜʝ, ʘ ʠʟʤʝʨʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʚ ʥʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʇɼʂ, ʦʜʥʘʢʦ, ʥʘ ʝʸ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʩʪʫʱʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʩʦʜʝʨʞʘʪʴ ʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʨʦʜʥʠʢʠ, 

ʩʦʙʣʶʜʘʪʴ ʟʦʥʳ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʚʦʢʨʫʛ ʨʦʜʥʠʢʦʚ [1]. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʫʡʤʦʚʘ, ʉ.ɸ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʦʜʥʠʢʦʚʳʭ ʚʦʜ ʥʘ ʧʨʠʤʝʨʝ ʀʚʘʥʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ / ʉ.ɸ. ɹʫʡʤʦʚʘ, ɸ.ɻ. ɹʫʙʥʦʚ; ʧʦʜ ʨʝʜ. ɸ.ɻ. ɹʫʙʥʦʚʘ; ʀʚʘʥ. ʛʦʩ. ʭʠʤ.-ʪʝʭʥʦʣ. ʫʥ-ʪ. ï ʀʚʘʥʦʚʦ, 

2012. ï 463 ʩ. 
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112. ɹʝʣʦʥʦʛʦʚ ʕʜʫʘʨʜ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʠʥʘʬʪʦʣʘ ʥʘ ʭʠʨʘʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ 

ʬʘʟʝ CsCuCl3 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʫʩʴʢʦʚ ɺ. ʖ. 

ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʟʘʱʠʪʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʂʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ, 

ʧʦʩʢʦʣʴʢʫ ʟʘʯʘʩʪʫʶ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʦʙʣʘʜʘʝʪ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʦʡ ʤʦʞʝʪ ʙʳʪʴ ʪʦʢʩʠʯʥʳʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʵʥʘʥʪʠʦʨʘʟʜʝʣʝʥʠʷ 1,1'-ʙʠ-2-ʥʘʬʪʦʣʘ (BINOL) ï 

ʚʘʞʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʡ ʚ 

ʩʢʦʨʦʩʪʷʭ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʨʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʭʠʨʘʣʴʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʬʘʟ, ʪʘʢʠʭ ʢʘʢ CsCuCl . [1] 

ʇʦʣʫʯʝʥʠʝ ʭʣʦʨʦʢʫʧʨʘʪʘ(II) ʮʝʟʠʷ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʤʝʪʦʜʠʢʝ 

ʩʦʟʨʝʚʘʥʠʷ ɺʠʝʜʤʳ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ CsCl ʩʤʝʰʠʚʘʣʠ ʩ 

ʵʢʚʠʤʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʦʤ CuCl2Ŀ2H2O ʚ 3M HCl. ʂ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 

ʩʪʝʢʣʷʥʥʳʝ ʰʘʨʠʢʠ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 80ÁC ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ (1300 ʦʙ/ʤʠʥ). 

ʇʦʩʣʝ ʜʚʫʭʯʘʩʦʚʦʛʦ ʆʩʪʚʘʣʴʜʩʢʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʩʠʩʪʝʤʫ 

ʦʪʢʨʳʚʘʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 200 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʜʣʷ ʤʝʜʣʝʥʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʥʘʙʠʚʢʠ ʩʪʘʣʴʥʦʡ ʢʦʣʦʥʢʠ 

ʜʣʠʥʦʡ 15 ʩʤ. 

ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ɺʕɾʍ ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʨʝʞʠʤʝ ʩ 

ʙʠʥʘʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ: ʵʣʶʝʥʪ ɸ ï ʛʝʧʪʘʥ, ʵʣʶʝʥʪ ɺ ï 

ʛʝʧʪʘʥ/ʠʟʦʧʨʦʧʘʥʦʣ (90:10). ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ï 1 ʤʣ/ʤʠʥ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ 

ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʳʭ ʧʠʢʘ ʵʥʘʥʪʠʦʤʝʨʦʚ ʙʠʥʘʬʪʦʣʘ: ʧʝʨʚʳʡ (2,539 ʤʠʥ, 

ʧʣʦʱʘʜʴ 10999,3, 54%) ʠ ʚʪʦʨʦʡ (7,247 ʤʠʥ, ʧʣʦʱʘʜʴ 9378,0, 46%). 

ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ Ŭ = 2,86 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʨʘʣʴʥʦʡ 

ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ CsCuCl3 ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʘʢʩʠʘʣʴʥʦ-ʭʠʨʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʩʩʘ ʙʠʥʘʬʪʠʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ CsCuCl3, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʦʟʨʝʚʘʥʠʷ ɺʠʝʜʤʳ, ʚ ʢʘʯʝʩʪʚʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʭʠʨʘʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʜʣʷ ɺʕɾʍ-ʨʘʟʜʝʣʝʥʠʷ 

ʵʥʘʥʪʠʦʤʝʨʦʚ 1,1'-ʙʠ-2-ʥʘʬʪʦʣʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Belonogov E., Ermolaeva E., Zinoviev I., Zhang Zh.H., Guskov V. Enantiomer recognition by the 

difference in adsorption rates on the surfaces of chiral crystals// Chirality. 2024 ʊ. 36. ˉ.9 . ʉ. 1-7. 
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113. ɹʦʙʨʦʚ ʗʨʦʩʣʘʚ ʈʦʤʘʥʦʚʠʯ 

ʉʠʥʪʝʟ ʟʘʤʝʱʸʥʥʳʭ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ɻʘʥʯʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɸ. ʊʝʤʥʠʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʝʨʚʳʝ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʝʱʸ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʧʦʟʘʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʦ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ɻʘʥʯʘ. ɼʦ ʩʠʭ ʧʦʨ 

ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʤʥʝʥʠʷ ʥʘ ʩʯʸʪ ʤʝʭʘʥʠʟʤʘ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʦʜʥʘʢʦ ʠʥʪʝʨʝʩ ʢ 

ʥʝʡ ʚʦʟʨʦʩ ʟʘ ʩʯʸʪ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʝʟʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚ ʚʳʩʪʫʧʘʶʪ ʚ 

ʨʦʣʠ ʙʣʦʢʘʪʦʨʦʚ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ [1]. ʋʯʠʪʳʚʘʷ ʰʠʨʦʢʦʝ ʜʝʡʩʪʚʠʷ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʥʘ ʦʨʛʘʥʠʟʤ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ 

ʛʠʧʝʨʪʦʥʠʠ ʠ ʥʘʨʫʰʝʥʠʡ ʨʘʙʦʪʳ ʛʣʘʜʢʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʫ ʯʝʣʦʚʝʢʘ ʜʦ 

ʧʦʚʳʰʝʥʠʷ ʷʡʮʝʥʦʩʥʦʩʪʠ ʢʫʨ ʠ ʫʣʫʯʰʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʤʝʱʸʥʥʳʝ 1, 4-

ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʳ ʧʦ ʨʝʘʢʮʠʠ ɻʘʥʯʘ ʧʦ ʩʭʝʤʝ: 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ɻʘʥʯʘ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠʟʤʝʥʷʣʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʝʘʛʝʥʪʦʚ, ʚʘʨʴʠʨʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʚʤʝʩʪʦ 

ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ, ʙʳʣ ʚʟʷʪ 

ʘʮʝʪʠʣʘʮʝʪʦʥ, ʦʙʣʘʜʘʶʱʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʙʦʣʴʰʝʡ CïH-

ʢʠʩʣʦʪʥʦʩʪʴʶ) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʣʠ ʘʤʤʦʥʠʷ ʚʤʝʩʪʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ 

ʚʤʝʩʪʝ ʩ ʫʨʦʪʨʦʧʠʥʦʤ ʢʘʢ ʠʩʪʦʯʥʠʢʦʤ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʧʦʟʚʦʣʠʣʠ ʫʚʝʣʠʯʠʪʴ 

ʚr ʭʦʜ ʩ 40% ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʜʦ 80% ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʨʠʜʠʥʦʚ, ʠʭ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʟʘʤʝʱʝʥʠʷ ʧʦ ʦʩʚʦʙʦʞʜʸʥʥʳʤ ʧʦʣʦʞʝʥʠʷʤ-3,5 ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. A.Saini, S.Kumar, J.S.Sandlhu. Hantzsch reaction: Recent advances in Hantzsch 1,4-

dihydropyridines // Journal of Scientific & Industrial Research. ï 2018. ï Vol.67. ï p.95. 
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114. ɹʦʛʫʰ ʂʘʨʦʣʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʂʘʩʢʘʜʥʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʬʝʨʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ɻʨʝʙʝʥʥʠʢʦʚʘ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʌʝʨʤʝʥʪʳ, ʢʘʢ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, 

ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʩʢʦʨʷʪʴ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʩʥʠʞʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʦʡ ʜʣʷ ʚʩʝʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʕʪʠ ʙʝʣʢʦʚʳʝ 

ʤʦʣʝʢʫʣʳ ʠʛʨʘʶʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʚ ʦʨʛʘʥʠʟʤʝ, ʥʦ ʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʬʝʨʤʝʥʪʦʚ, ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʬʝʨʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʝʛʢʦʩʪʴ ʠʭ ʦʪʜʝʣʝʥʠʷ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1].  

ʄʫʣʴʪʠʬʝʨʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʚʤʝʩʪʥʘʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʬʝʨʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ 

ʛʣʶʢʦʦʢʩʠʜʘʟʳ ʠ ʧʝʨʦʢʩʠʜʘʟʳ ʚ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ï ʦʢʠʩʣʝʥʠʠ 

D-ʛʣʶʢʦʟʳ ʠ 2,2'-ʘʟʠʥʦ-ʙʠʩ-(3-ʵʪʠʣʙʝʥʟʪʠʦʟʦʣʠʥ-6-

ʩʫʣʴʬʦʢʠʩʣʦʪʳ)ʜʠʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʪʠʚʥʳʭ ʬʦʨʤ ʬʝʨʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 7.2. ʇʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ, ʚʦʟʤʦʞʥʦ ʧʨʦʠʩʭʦʜʠʪ ʜʝʥʘʪʫʨʘʮʠʷ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ 

ʬʝʨʤʝʥʪʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ 24-79-10042). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʪʪʘʫʣʣʘʭʘʥʦʚ, ʌ. ʀ. ʂʘʩʢʘʜʳ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʠ ʠʭ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʠ / ʌ. ʀ. 

ɸʪʪʘʫʣʣʘʭʘʥʦʚ // ɹʠʦʣʦʛʠʷ /. ï ʄʦʩʢʚʘ, 2000. ï ʉ. 405ï 410. 

2. ɼʠʢʩʦʥ, ʄ. ʌʝʨʤʝʥʪʳ: ʇʝʨ. ʩ ʘʥʛʣ. / ʄ. ɼʠʢʩʦʥ, ʕ. ʋʵʙʙ. ï ʄ.: ʤʠʨ, 1982. ï ʊ. 1 ï 396 ʩ., ʠʣ. 
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115. ɹʦʨʦʜʢʠʥʘ ʇʦʣʠʥʘ ʄʠʭʘʡʣʦʚʥʘ 

ʆʢʠʩʣʝʥʠʝ ʛʚʘʷʢʦʣʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʦʣʫʯʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʠʩʣʦʪ ʠʟ ʣʠʛʥʠʥʘ ï 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ. ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ 

ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʠʱʝʚʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʢʦʩʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʪʘʢʦʡ ʩʣʦʞʥʦʡ 

ʤʦʣʝʢʫʣʳ, ʢʘʢ ʣʠʛʥʠʥ, ʚʦʟʤʦʞʥʦ ʧʨʠʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʤʥʦʤʝʨʦʚ ï ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʣʠʟʘ ʠʣʠ ʧʠʨʦʣʠʟʘ. ɻʚʘʷʢʦʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʦʥʦʤʝʨʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʛʚʘʷʢʦʣʘ ï ʤʦʥʦʤʝʨʘ 

ʣʠʛʥʠʥʘ ï ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʠʥʦʥʦʚ ʠ 

ʧʦʣʠʛʠʜʨʦʢʩʠʣʴʥʳʭ ʬʝʥʦʣʦʚ. 

ʆʢʠʩʣʝʥʠʝ ʛʚʘʷʢʦʣʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʉʭʝʤʘ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭʛʦʨʣʦʡ ʢʦʣʙʳ, ʪʝʨʤʦʤʝʪʨʘ ʠ ʦʙʨʘʪʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 20 ʤʣ ʛʚʘʷʢʦʣʘ, 0,5 ʛ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʰʫʥʛʠʪʘ, 30 ʤʣ 

30 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʅ2ʆ2, ʪʝʤʧʝʨʘʪʫʨʘ 40-80 Áʉ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 1-2 ʯʘʩʘ. 

ɸʥʘʣʠʟ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʛʚʘʷʢʦʣʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʦʜʫʢʪʳ: ʬʝʥʦʣ, ʧʠʨʦʢʘʪʝʭʠʥ, 6-ʤʝʪʦʢʩʠ-ʧʠʨʦʢʘʪʝʭʠʥ, ʧ-ʭʠʥʦʥ, 

6-ʤʝʪʦʢʩʠ-ʦ-ʭʠʥʦʥ. ʎʝʣʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʭʠʥʦʥʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʚʝʨʩʠʶ ʛʚʘʷʢʦʣʘ ʠ ʚʳʭʦʜ ʭʠʥʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʚʝʨʩʠʷ ʛʚʘʷʢʦʣʘ, ʘ ʪʘʢʞʝ ʚʳʭʦʜ ʭʠʥʦʥʦʚ.  
ʊʘʙʣʠʮʘ ï ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʢʠʩʣʝʥʠʝ ʛʚʘʷʢʦʣʘ 

ʊʝʤʧʝʨʘʪʫʨʘ, Üʉ ʂʦʥʚʝʨʩʠʷ ʛʚʘʷʢʦʣʘ, % ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 

ʭʠʥʦʥʦʚ, % 

40 8,4 4,6 

50 15,7 8,2 

60 32,2 12,1 

70 48,4 16,4 

80 60,8 22,3 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ 22-79-10096-ʇ). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Liu C., Wu S., Zhang H., Xiao R. Catalytic oxidation of lignin to valuable biomass-based platform 

chemicals: A review // Fuel Processing Technology. 2019. V. 191. P. 181-201 
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116. ɺʘʣʠʪʦʚʘ ʈʝʟʝʜʘ ʉʘʣʠʭʦʚʥʘ 

ʂʠʥʝʪʠʢʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʂʣʷʡʟʝʥʘ (1-ʤʝʪʠʣʙʫʪ-2-ʝʥ-1- ʠʣ)ʬʝʥʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʮʝʦʣʠʪʘ CaA 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʌʘʭʨʝʪʜʠʥʦʚ ɼ. ʐ., ʃʘʪʳʧʦʚʘ ʕ. ʈ 

ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʟʘʱʠʪʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

ʧʝʨʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʤʠ ʙʳʣʘ 

ʠʟʫʯʝʥʘ  ʢʠʥʝʪʠʢʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʂʣʷʡʟʝʥʘ ʩ ʫʯʘʩʪʠʝʤ (1-ʤʝʪʠʣʙʫʪ-2-ʝʥ-1-

ʠʣ)ʬʝʥʠʣʦʚʦʛʦ ʵʬʠʨʘ (AFE) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʮʝʦʣʠʪʘ CaA ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5% ʤʘcʩ.ʮʝʦʣʠʪʘ CaA ʧʨʠ 

190 ÜC. ʈʘʩʭʦʜ AFE ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʪʦ- ʠ ʧʘʨʘ- ʟʘʤʝʱʝʥʥʦʛʦ (1-ʤʝʪʠʣʙʫʪ-2-

ʝʥ-1-ʠʣ)ʬʝʥʦʣʦʚ (ʦ-ʄBP ʠ ʧ-ʄBP, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʦʧʨʝʜʝʣʷʣʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ ï ʦ-ʢʩʠʣʦʣ). 

 
ʈʠʩ. 1. ʂʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʢʦʧʣʝʥʠʷ ʦ-ʄBP ʧʨʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ AFE ʙʝʟ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CaA ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130 Üʉ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʦʙʦʠʭ ʠʟʦʤʝʨʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦ-MBP ʠ ʧ-ʄBP ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ R2=0,9923 ʠ R2=0,9553 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ (ʪʘʙʣ. 1) 

ʥʘʢʦʧʣʝʥʠʷ ʦ-ʄBP ʠ ʧ-ʄBP ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʘ 

ʨʘʚʥʦʚʝʩʠʝ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʪʦ-ʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʦ-ʄBP ʠ ʧ-MBP 

ˉ ʧ/ʧ 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʦ-

MBP, kĬ10-5 ʤʦʣʴ/(ʣĬʩ) 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʧ-

MBP, kĬ10-6 ʤʦʣʴ/(ʣĬʩ) 

ɹʝʟ ʮʝʦʣʠʪʘ 19,85 0,00 

CaA 5,65 7,00 
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117. ɺʘʣʠʪʦʚʘ ʈʝʟʝʜʘ ʉʘʣʠʭʦʚʥʘ 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʥʘ-3 ʩ ʫʯʘʩʪʠʝʤ ʬʫʨʬʫʨʦʣʘ ʠ ʘʤʠʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʆʭʠʨʦʚ ʐ. ʄ., ʃʘʪʳʧʦʚʘ ʕ. ʈ. 

ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʟʘʱʠʪʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʈʝʘʢʮʠʷ ʄʘʥʥʠʭʘ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʥʘ-3 (ʊɻʌʦʥ-3) ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ 

ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʝʛʦ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ [1]. 

ɺ ʨʘʤʢʘʭ ʧʦʠʩʢʘ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʰʠʨʝʥʠʷ ʢʨʫʛʘ ʘʣʴʜʝʛʠʜʦʚ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʨʝʘʢʮʠʶ ʩ 

ʊɻʌʦʥ-3. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʊɻʌʦʥʘ-3 ʩ ʘʤʠʥʘʤʠ ʠ ʬʫʨʬʫʨʦʣʦʤ 

ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ 4(a, b) ʠ 5(a, b)  ʧʦʣʫʯʝʥʳ ʥʝ ʙʳʣʠ. 

 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ RM1 ʚ ʧʨʦʛʨʘʤʤʝ HyperChem ʧʦʢʘʟʘʣʦ, ʯʪʦ ȹG 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʥʠʟʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʠʥʪʝʟ ʧʦʪʝʥʮʠʘʣʴʥʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʜʠʛʠʜʨʦʬʫʨʘʥ-3(2ʅ)-ʦʥʘ / ʐ. ʄ. ʆʭʠʨʦʚ, ʈ. ʉ. ɺʘʣʠʪʦʚʘ, ʉ. ɺ. ɺʘʣʠʰʠʥʘ [ʠ ʜʨ.] // ɼʦʩʪʠʞʝʥʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ : ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ X ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 

ʋʬʘ, 22ï23 ʤʘʷ 2025 ʛʦʜʘ. ï ʋʬʘ: ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, 2025. ï ʉ. 122-123. 
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118. ɻʨʝʙʝʥʶʢ ɺʘʩʠʣʠʡ ɸʥʜʨʝʝʚʠʯ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʠʢʨʦʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʧʣʘʚʦʚ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʨʠʩʦʚ ʆ.ɺ. 

ʅʀʋ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʎʝʥʪʨ ʍʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ 

ʍʝʤʦʠʥʬʦʨʤʘʪʠʢʘ 

ʄʠʢʨʦʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ ʨʘʩʧʣʘʚʦʚ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʤʦʨʬʦʣʦʛʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʙʣʦʢʦʚ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʨʘʟʚʝʪʚʣʸʥʥʦʩʪʠ ʥʘ ʬʘʟʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʩʧʣʘʚʘ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʠ ʟʘʜʘʥʥʦʤ ʧʘʨʘʤʝʪʨʝ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ (DPD) 

[1]; ʧʘʨʘʤʝʪʨ ʌʣʦʨʠïʍʘʛʛʠʥʩʘ ɢ ʟʘʜʘʚʘʣʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʦʪʠʧʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʩʥʠʞʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʳ ɢ(t) ʩ ʚʳʭʦʜʦʤ ʥʘ ʮʝʣʝʚʦʡ 

ʨʝʞʠʤ, ʧʦʩʣʝ ʯʝʛʦ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʫʯʘʩʪʢʝ. 

ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ (ʜʠʩʧʝʨʩʠʠ 

ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʦʙʲʸʤʘ ʥʘ ʩʝʪʢʫ ʩ 

ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ ʩʜʚʠʛʘʤ). ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʬʘʟʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠʩʴ ʧʦ 

ʩʬʝʨʠʯʝʩʢʠ ʫʩʨʝʜʥʸʥʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʢʪʦʨʫ S(k) ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʚʝʨʠʬʠʢʘʮʠʝʡ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʙʦʢʩʘ 

ʚʳʧʦʣʥʷʣʦʩʴ ʩʦʛʣʘʩʦʚʘʥʠʝ ʝʛʦ ʨʘʟʤʝʨʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʜʦʤʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ 

ʩʪʨʫʢʪʫʨ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʦʚ [2,3]. ɼʘʣʝʝ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʤʠʢʨʦʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ 

ʨʷʜʘ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʦʚ ʩ ʘʨʭʠʪʝʢʪʫʨʘʤʠ ʦʪ ʣʠʥʝʡʥʦʡ ʜʦ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʸʥʥʦʡ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ɢ. ʇʦʢʘʟʘʥʦ ʩʦʭʨʘʥʝʥʠʝ ʦʙʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʡ ʧʨʠ ʨʦʩʪʝ ʨʘʟʚʝʪʚʣʸʥʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʦʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʮʳ C-G ʚ ʩʪʦʨʦʥʫ 

ʛʠʨʦʠʜʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʩʠʩʪʝʤ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Groot R. D., Warren P. B. Dissipative particle dynamics: Bridging the gap between atomistic and 

mesoscopic simulation // J. Chem. Phys. ï 1997. ï ʊ. 107. ï ˉ 11. ï ʉ. 4423ï4435.  

2. Gavrilov A. A., Kudryavtsev Y. V., Chertovich A. V. Phase diagrams of block copolymer melts by 

dissipative particle dynamics simulations //The Journal of chemical physics. ï 2013. ï ʊ. 139. ï ˉ. 22.  

3. Mikhailov I. V. et al. Architectural control over morphologies of bottlebrush block copolymer 

superstructures // AIP Advances ï 2023. ï ʊ. 13. ï ˉ 12. 
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119. ɼʘʨʝʥʠʥʘ ʖʣʠʷ ʄʘʢʩʠʤʦʚʥʘ 

ʉʠʥʪʝʟ 3,4-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2-ʦʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ɹʠʜʞʠʥʝʣʣʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɸ.ʊʝʤʥʠʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 
ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʈʝʘʢʮʠʷ ɹʠʜʞʠʥʝʣʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʫʶ 

ʢʦʥʜʝʥʩʘʮʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ɓ-ʢʝʪʦʵʬʠʨʦʚ ʠ ʤʦʯʝʚʠʥʳ, 

ʧʨʠʚʦʜʷʱʫʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ 3,4-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2-ʦʥʦʚ. 

ʉʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʚ ʩʠʥʪʝʟʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʩʠʥʪʝʟ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1,2,3,4-ʪʝʪʨʘʛʠʜʨʦ-6-ʤʝʪʠʣ-2-

ʦʢʩʦ-4-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʨʝʘʢʮʠʠ ɹʠʜʞʠʥʝʣʣʠ ʠ 

ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʠ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʥʟʘʣʴʜʝʛʠʜ, 

ʘʮʝʪʦʫʢʩʫʩʥʳʡ ʵʬʠʨ ʠ ʤʦʯʝʚʠʥʫ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1,5. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ɹʠʜʞʠʥʝʣʣʠ 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʦʣʠ ʤʝʜʠ(II) (CuCl Ŀ2H O, CuSO Ŀ5H O), ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ. ʈʝʘʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʢʘʢ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ (80ï100 Áʉ), ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʠʧ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ 

(ʜʦ 96ï98 %) ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʣʝʡ ʤʝʜʠ(II) ʠ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Kappe C.O. 100 years of the Biginelli dihydropyrimidine synthesis // *Tetrahedron*. ï 1993. ï 

Vol. 49. ï P. 6937ï6963. 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 145 

ʋɼʂ: 547.723;543.226 

120. ɼʶʞʦʚʘ ʕʣʴʚʠʨʘ ʕʜʫʘʨʜʦʚʥʘ 

ʉʠʥʪʝʟ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʠʤʠʜʘʟʦʣʠʷ ʩ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ʀ. ɺʦʨʦʥʯʠʭʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʏʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩ ʦʜʥʠʤ, ʜʚʫʤʷ ʠ ʙʦʣʝʝ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʪʘʢʠʝ ʢʘʢ ʧʠʨʠʜʠʥ, ʧʠʨʨʦʣ, ʠʤʠʜʘʟʦʣ ʠ ʜʨʫʛʠʝ, ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʷ. ʉʨʝʜʠ ʥʠʭ ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, ʵʤʫʣʴʛʘʪʦʨʳ ʠ ʙʘʢʪʝʨʠʮʠʜʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʪʝʟʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ 

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʩ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʠ ʠʟʫʯʝʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ-ʚʦʟʜʫʭ. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʨʝʘʢʮʠʶ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʫ ʥʘʩʳʱʝʥʥʦʛʦ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʘ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʡ ʘʪʦʤ ʘʟʦʪʘ 

ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ. ʈʝʘʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʭʝʤʝ: 

 

 

 

 

 

 

 

ʛʜʝ R: C10H21; 

C12H25; C16H33. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʘʙʩ. ʘʮʝʪʦʥʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 5-7 

ʯʘʩʦʚ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʥʝʧʦʣʷʨʥʳʭ. ʏʠʩʪʦʪʘ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʩʪʨʦʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʚ: 

ɜ(ʉ-ʉar) 1570, 1460 ʩʤ-1, ɜ(Csp3ïH) 2963, 2890 ʩʤ
-1, ŭ(C-N) 1160 ʩʤ-1.

 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ  ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʦʪʨʳʚʘ ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ ʥʘ ʧʨʠʙʦʨʝ ʈʝʙʠʥʜʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢ, ʜʣʷ N-ʮʝʪʠʣ-N-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ 

ʙʨʦʤʠʜʘ ʚʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ů ʩʦʩʪʘʚʣʷʝʪ 35 ʤʅ/ʤ. 
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121. ɼʷʜʴʢʦ ɸʥʘʩʪʘʩʠʷ ʖʨʴʝʚʥʘ  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʢʪʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʬʬʫʟʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʦʸʤʦʚ. ʕʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʛʦʨʦʜʩʢʦʛʦ ʚʦʜʦʪʦʢʘ, ʯʪʦ ʛʨʦʟʠʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʪʘʢʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚʦʜʦʸʤʦʚ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʨʝʯʥʦʡ ʚʦʜʳ ʥʘ ɺʝʨʭʥʝʡ ɺʦʣʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʨʘʩʪʘʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʨʝʢʫ 

ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦʯʚʳ ʚ ʩʚʷʟʠ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʣʘʥʝʪʝ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʪʘʢʠʭ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ, ʢʘʢ SO4
2-  ʠ  Clï  [1]. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʚ ʨʝʢʫ ʗʫʟʫ  

ʷʚʣʷʝʪʩʷ  ʠʥʪʝʥʩʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʢʠ ʧʨʠʤʝʩʷʤʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [2]. ɺ ʧʨʘʢʪʠʢʝ ʣʘʙʦʨʘʪʦʨʠʡ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ, ʬʣʶʦʨʦʤʝʪʨʠʯʝʩʢʠʡ ʠ 

ʛʘʟʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜʳ. ʅʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʨʝʢʠ ʗʫʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʨʫʜʦʸʤʢʘʷ ʛʨʘʚʠʤʝʪʨʠʷ ʠ ʜʦʨʦʛʦʩʪʦʷʱʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʟʘʤʝʥʝʥʳ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ, 

ʬʣʶʦʨʦʤʝʪʨʠʯʝʩʢʠʡ ʠʣʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʙʝʟ ʩʥʠʞʝʥʠʷ  

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʥʘʣʠʟʘ. ʈʘʙʦʪʘ ʦʪʤʝʯʝʥʘ 

ɼʠʧʣʦʤʦʤ ʧʦʙʝʜʠʪʝʣʷ ʢʦʥʢʫʨʩʘ VII  ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚʳʩʪʘʚʢʠ 

çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ 2026è. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

4. ʊʠʭʦʤʠʨʦʚ ʆ.ɸ., ɹʦʯʘʨʦʚ ɸ.ɺ., ʅʠʢʦʣʴʩʢʠʡ ɺ.ʄ., ʉʝʨʜʠʪʦʚʘ ʅ.ɽ., ʉʤʠʨʥʦʚ ʉ.ʅ. 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ɺʝʨʭʥʝʡ ɺʦʣʛʠ // ɺʦʜʥʳʝ 

ʨʝʩʫʨʩʳ, 2022, ʊ. 49, ˉ 3, ʉ. 325-332, DOI: 10.31857/S0321059622030178. 

1. ʇʦʣʷʥʠʥ ɺ.ʆ., ʌʘʱʝʚʩʢʘʷ ʊ.ɹ., ʉʣʦʚʷʛʠʥʘ ɸ.ʅ. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʠʬʬʫʟʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ (ʥʘ ʧʨʠʤʝʨʝ ʨ. ʗʫʟʳ) // 

ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ, 2023, ʊ. 50, ˉ 1, ʉ. 53-67, DOI: 10.31857/S0321059623010121 

  



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 147 

ʋɼʂ 544.01 

122. ɽʛʦʨʦʚ ɸʥʜʨʝʡ ɸʣʝʢʩʝʝʚʠʯ  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ɸɺ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘ ʠ 2D ʥʘʥʦʯʘʩʪʠʮ: ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʜʠʥʘʤʠʢʘ ʯʘʩʪʠʮ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʝʟʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ AB ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʘ A10B10 ʠ 

ʜʚʫʤʝʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ). ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ [1]. ɺ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʧʣʦʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʳ: ʅʏ 

ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ ʪʠʧʘ ʙʣʦʢʦʚ ʚ ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ (ʈʠʩ. 1). ʆʩʪʘʣʴʥʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʤʦʜʝʣʠ ʦʩʪʘʣʘʩʴ ʧʨʝʞʥʝʡ [1].  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʪʘʣʢʠʚʘʥʠʷ aŬɓ, ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʅʏ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ɺʩʝ ʨʘʩʯʝʪʳ 

ʚʳʧʦʣʥʝʥʳ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʡ ʩʝʛʨʝʛʘʮʠʠ 

(aAB=40) ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʩʦʧʦʣʠʤʝʨʘ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʩʦʜʝʨʞʘʣʠ ʦʜʥʫ 2D ʥʘʥʦʯʘʩʪʠʮʫ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʙʣʦʯʥʦʡ ʅʏ ʥʝ ʠʟʤʝʥʷʝʪ 

ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʩʢʠʭ ʅʏ [1]: ʚ ʩʣʫʯʘʝ 

ʭʦʨʦʰʝʡ (aŬɓ=25) ʠʣʠ ʧʣʦʭʦʡ (aŬɓ=40) ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ 

ʙʣʦʢʘʤʠ ʩʦʧʦʣʠʤʝʨʦʚ ʧʣʦʩʢʦʩʪʴ ʅʏ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʦʧʝʨʝʢ ʣʘʤʝʣʣʷʨʥʳʭ 

ʜʦʤʝʥʦʚ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭʙʣʦʯʥʦʡ ʧʣʦʩʢʦʡ ʅʏ 

ʧʦʧʝʨʝʢ ʣʘʤʝʣʝʡ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʭʫʜʰʝʥʠʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ 

ʦʜʥʠʤ ʠʟ ʙʣʦʢʦʚ AB ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʠ ʣʶʙʳʤ ʠʟ ʙʣʦʢʦʚ ʚ ʩʦʩʪʘʚʝ ʅʏ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʜʚʫʭʙʣʦʯʥʦʡ ʅʏ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʣʘʤʝʣʝʡ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʛʜʘ ʙʣʦʢʠ ɸ ʠ ɺ ʩʦʧʦʣʠʤʝʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦʚʤʝʩʪʠʤʳ ʪʦʣʴʢʦ ʩ ʦʜʥʠʤ ʪʠʧʦʤ ʙʣʦʢʦʚ ʅʏ, ʧʨʠʯʝʤ ʵʪʠ ʪʠʧʳ ʨʘʟʣʠʯʥʳ ʜʣʷ 

ʙʣʦʢʦʚ ʩʦʧʦʣʠʤʝʨʘ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Malyshev M., Guseva D., Komarov P. Two-state nanocomposite based on symmetric diblock 

copolymer and planar nanoparticles: mesoscopic simulation // Molecular Systems Design and Engineering. 

2024. V. 9. I. 4. P. 409-422. 
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123. ɽʣʦʭʠʥ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʛʦ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʝʛʦ ʙʠʦʫʩʪʦʡʯʠʚʦʩʪʠ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ. ʇ. ʄʠʭʘʡʣʦʚʩʢʘʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʠ ʵʢʦʣʦʛʠʠ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʧʨʦʬ. ɸ. ɸ. ʍʘʨʭʘʨʦʚʘ  

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ çDiscoveryè ʨʳʥʦʢ ʥʝʪʢʘʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʫʩʪʦʡʯʠʚʳʡ 

ʨʦʩʪ. ʊʘʢ, ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ çʅʝʪʢʘʥʠʢʘè ï ʦʜʥʦʛʦ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʝʪʢʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʠʧʘ ʤʝʣʴʪʙʣʘʫʥ ʠ 

ʩʧʘʥʙʦʥʜ ʚ ʈʌ, ï ʨʘʩʪʫʪ ʥʘ 30 % ʚ ʛʦʜ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʦʛʦ 

ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʸʪ ʠ ʧʨʦʙʣʝʤʘ ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ ï ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʇʇ ʚʦʣʦʢʥʠʩʪʳʭ ʦʪʭʦʜʦʚ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʚʘʣʢʠ. ʉʦʦʙʱʘʝʪʩʷ, 

ʯʪʦ ʚ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʦʙʨʘʟʫʝʪʩʷ 129 ʤʣʨʜ. ʤʝʜʠʮʠʥʩʢʠʭ ʤʘʩʦʢ ʚ 

ʚʠʜʝ ʦʪʭʦʜʦʚ ʢʘʞʜʳʡ ʤʝʩʷʮ. ʇʇ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʦʙʥʳʤ, 

ʠʥʝʨʪʥʳʤ, ʧʨʦʯʥʳʤ ʠ ʪʨʫʜʥʦʨʘʟʣʘʛʘʝʤʳʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʝʛʦ ʙʠʦʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ 

ʤʦʜʠʬʠʢʘʮʠʶ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʨʘʩʧʣʘʚ 

ʧʦʣʠʤʝʨʘ ʢʘʢ ʥʠʟʢʦ-, ʪʘʢ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʚʝʱʝʩʪʚ. 

ʊʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʪʢʘʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʠʧʘ 

ʤʝʣʴʪʙʣʘʫʥ ʠ ʩʧʘʥʙʦʥʜ ʩ ʪʨʝʙʫʝʤʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʨʘʟʥʦʡ ʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʢ 

ʜʝʡʩʪʚʠʶ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʇʇ ʥʝʪʢʘʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʤʘʩʦʢ. ʄʘʪʝʨʠʘʣ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʧʨʠ 100 Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʇɸɺ ʠʟ ʨʷʜʘ: ʙʨʦʤʠʜ 

ʪʨʠʤʝʪʠʣʮʝʪʠʣʘʤʤʦʥʠʷ (ʂʇɸɺ), ʙʨʦʤʠʜ ʪʨʠʤʝʪʠʣʜʦʜʝʮʠʣʘʤʤʦʥʠʷ (ʂʇɸɺ), 

Ŭ-ʦʣʝʬʠʥʩʫʣʴʬʦʥʘʪʘ ʥʘʪʨʠʷ (ɸʇɸɺ), ʢʦʢʘʤʠʜʦʧʨʦʧʠʣʙʝʪʘʠʥ (ɸʤʇɸɺ). 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʚʦʜʥʦ-ʩʦʣʝʚʦʤ ʨʘʩʪʚʦʨʝ ʣʠʧʘʟʳ. 

ʆʮʝʥʢʫ ʜʝʩʪʨʫʢʮʠʠ ʇʇ ʤʘʪʝʨʠʘʣʘ ʠʟʫʯʘʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ (ʈʄ-30-1).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 0,1-5,9 %, ʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʩʥʠʞʘʝʪʩʷ ʚ 1,2-1,7 ʨʘʟ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʂʇɸɺ: ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 138 ʩʅ (ʧʨʠ 

ʫʜʣʠʥʝʥʠʠ 11 %) ʜʦ 99 ʩʅ (9 %) ï ʜʣʷ ʦʙʨʘʟʮʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʙʨʦʤʠʜʦʤ 

ʪʨʠʤʝʪʠʣʮʝʪʠʣʘʤʤʦʥʠʷ, ʠ ʜʦ 81 ʩʅ (10 %) - ʜʣʷ ʦʙʨʘʟʮʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʙʨʦʤʠʜʦʤ ʪʨʠʤʝʪʠʣʜʦʜʝʮʠʣʘʤʤʦʥʠʷ. 
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124. ɾʠʭʘʨʝʚʘ ɺʘʣʝʨʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʛʨʘʤʠʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʥʯʠʭʠʥʘ ʃ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʏʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʜʝʡʩʪʚʠʡ. ʉʨʝʜʠ ʥʠʭ ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʝʱʝʩʪʚʘ, 

ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, ʵʤʫʣʴʛʘʪʦʨʳ, ʙʘʢʪʝʨʠʮʠʜʳ ʠ ʜʨ. ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʜʦʣ ʠ ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ ʠʥʜʦʣʘ ï ʛʨʘʤʠʥ. ɻʨʘʤʠʥ 

ʷʚʣʷʝʪʩʷ ʘʣʢʘʣʦʠʜʦʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʦʙʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʘʤʬʠʬʠʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴ ʚʳʩʦʢʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩ ʧʨʠʩʫʱʝʡ ʠʥʜʦʣʴʥʳʤ ʘʣʢʘʣʦʠʜʘʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʛʨʘʤʠʥ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʢʚʘʪʝʨʥʠʟʘʮʠʝʡ ʘʣʢʠʣ ʛʘʣʦʛʝʥʠʜʘʤʠ ʧʦʣʫʯʝʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ 

ʩʦʣʠ ʘʤʤʦʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʠʟʫʯʝʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʉʠʥʪʝʟ ʩʦʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ. 
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ʈʠʩ. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʛʨʘʤʠʥʘ, ʛʜʝ R = ʉ8ʅ17, ʉ10ʅ21, ʉ12ʅ25, 

ʉ16ʅ33; X = Br. 

ʇʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʥʘʠʙʦʣʴʰʝʛʦ ʜʘʚʣʝʥʠʷ 

ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ, ʧʦ ʠʟʦʪʝʨʤʘʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ 

ʢʨʠʪʠʯʝʩʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʂʂʄ). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʂʂʄ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʘʚʠʣʦʤ ɼʶʢʣʦ-ʊʨʘʫʙʝ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʩʦʩʪʘʚʣʷʶʱʝʝ 

4,47 ʤʤʦʣʴ/ʣ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉ16ʅ33, ʜʣʷ ʉ12ʅ25 ï 4,98 ʤʤʦʣʴ/ʣ, ʜʣʷ ʉ10ʅ21 ï 5,38 

ʤʤʦʣʴ/ʣ ʠ ʥʘʠʙʦʣʴʰʝʝ ʜʣʷ ʉ8ʅ17 ï 6,67 ʤʤʦʣʴ/ʣ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʲʝʤʥʦʛʦ ʠʥʜʦʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʤʦʣʝʢʫʣʘʭ ʥʝ ʩʦʟʜʘʸʪ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʮʝʣʣ ʠ, ʚʝʨʦʷʪʥʦ, 

ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʪʘʙʠʣʠʟʘʮʠʶ ʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʩʯʝʪ 

ʛʠʜʨʦʬʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ ʛʨʘʤʠʥʘ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʘ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʉʦʯʝʪʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʠʥʜʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʝʣʘʝʪ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ. 
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125. ɾʫʢʦʚʘ ʃʶʙʦʚʴ ɼʝʥʠʩʦʚʥʘ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʣʝʥʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʜʦʙʘʚʢʘʭ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʦʣʢʘʯʝʚʘ ʃ.ʅ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʝʣʝʥ (Se) ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴʶ: ʜʠʘʧʘʟʦʥ ʤʝʞʜʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʪʦʢʩʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʢʨʘʡʥʝ ʫʟʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʢʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ[1]. 

ɼʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʨʘʙʦʯʠʝ 

ʨʘʩʪʚʦʨʳ Se (IV), ʢ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʪʚʦʨʘʤ ʜʦʙʘʚʣʷʣʠ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ, 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʠʦʜʠʜ ʢʘʣʠʷ, ʦʩʪʘʚʣʷʣʠ ʧʨʦʙʳ ʚ ʪʝʤʥʦʪʝ ʥʘ 10 

ʤʠʥʫʪ ʠ ʧʨʠʣʠʚʘʣʠ ʨʘʩʪʚʦʨ ʢʨʘʭʤʘʣʘ. ɼʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ ʠ ʠʟʤʝʨʷʣʠ ʠʭ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ. 

ʍʠʤʠʟʤ ʧʨʦʮʝʩʩʘ: 

1. ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩʝʣʝʥʠʪ-ʠʦʥ (SeO3
2ī) ʦʢʠʩʣʷʝʪ ʠʦʜʠʜ-ʠʦʥʳ (Iī) ʜʦ 

ʩʚʦʙʦʜʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ (I2). 
ὌὛὩὕ τὑὍτὌὅὰOὛὩȢ ςὍ τὑὅὰσὌὕ 

2. ɺʳʜʝʣʠʚʰʠʡʩʷ ʠʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʨʘʭʤʘʣʦʤ, ʢʦʪʦʨʳʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʦʙʨʘʟʫʷ ʩʠʥʠʡ ʢʦʤʧʣʝʢʩ. 
Ὅ ὅὌ ὕ ᴼ ὍẗὅὌ ὕ  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʥʝʡ ʦʢʨʘʩʢʠ ʢʦʥʝʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʣʠʯʝʩʪʚʫ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʠʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʫ ʩʝʣʝʥʘ ʚ ʠʩʭʦʜʥʦʡ ʧʨʦʙʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʘ ʧʦʩʪʨʦʠʣʠ ʛʨʘʜʫʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Se. ʆʧʨʝʜʝʣʠʣʠ, ʯʪʦ 

ʤʘʢʩʠʤʫʤ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʢʨʘʭʤʘʣʘ ʩ ʡʦʜʦʤ ʥʘʙʣʶʜʘʣʩʷ 

ʧʨʠ ɚ = 600 ʥʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Sʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʦʙʘʭ ʚ 

ʟʘʜʘʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʜʝʨʞʘʥʠʝ Se ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʝʘʢʪʠʚʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʀʚʘʥʮʦʚ ɽ.ʅ., ʊʦʨʦʧʦʚ ʃ.ʀ., ɼʸʛʥʝʚ ʄ.ʀ. ʉʝʣʝʥ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʤʝʪʦʜʳ ʝʛʦ ʚʳʜʝʣʝʥʠʷ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ // ɺʝʩʪʥʠʢ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ çʍʠʤʠʷè. ï 2017. ï ʊ. 7, ʚʳʧ. 3. ï ʉ. 343ï

355. 
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126. ɿʘʡʮʝʚʘ ɸʥʘʩʪʘʩʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ʏʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ N-ʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʷ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʢʠʩʣʦʪʥʦʡ 

ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ-3 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʥʯʠʭʠʥʘ ʃ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʤʝʪʘʣʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪ ʛʝʪʝʨʦʘʪʦʤ ʘʟʦʪʘ. ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ 

ʧʨʦʷʚʣʷʶʪ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʠ ʠʭ ʩʦʣʠ, ʠʤʠʥʳ, ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ 

ʧʷʪʠʯʣʝʥʥʳʝ ʠ ʰʝʩʪʠʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ N-

ʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʷ ʠ ʠʟʫʯʝʥʘ ʠʭ ʠʥʛʠʙʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 20% H2SO4 ʧʨʠ 

ʟʘʱʠʪʝ ʩʪʘʣʠ-3 (0,14% ʉ, 0,55% Mn, 0,05% Cr). ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʥʛʠʙʠʪʦʨʘ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʣʘ 0,2%ʤʘʩʩ., ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, 

ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ 336 ʯʘʩʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʠʧʝʨʠʜʠʥ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ 

ʘʤʠʥʦʤ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʥ ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʚ ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ:  

 

 
 

ʇʦʩʣʝʜʫʶʱʝʡ ʢʚʘʪʝʨʥʠʟʘʮʠʝʡ N-ʙʫʪʠʣʧʠʧʝʨʠʜʠʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ: 

 

 
ʉʠʥʪʝʟʠʨʫʝʤʳʝ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʩʪʨʦʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʠʩʩʣʝʜʫʝʤʳʝ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ N-ʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʟʘʱʠʪʳ ʩʪʘʣʠ-3 ʚ ʨʘʩʪʚʦʨʘʭ H2SO4. 
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127. ɿʚʝʨʝʚʘ ɸʣʸʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʦʚ ʦʨʪʦ-ʪʦʣʫʠʜʠʥʘ ʠ ʦʨʪʦ-

ʘʥʠʟʠʜʠʥʘ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʝʝʚ ɺ.ɻ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʣʠ-ʦʨʪʦ-ʪʦʣʫʠʜʠʥ (ʇʆʊ) ʠ ʧʦʣʠ-ʦʨʪʦ-ʘʥʠʟʠʜʠʥ (ʇʆɸ) ï 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʦʣʠʤʝʨʳ, ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʧʦʣʠʘʥʠʣʠʥʘ. ʇʆʊ ʠ 

ʇʆɸ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ DFT/r2SCAN-D3(BJ)/6-31G**++ ʚ ʧʨʦʛʨʘʤʤʝ 

Jaguar ʨʘʩʩʯʠʪʘʥʳ ʤʦʜʝʣʠ ʦʣʠʛʦʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʇʆʊ ʠ ʇʆɸ, ʩʦʜʝʨʞʘʱʠʝ 

ʯʝʪʳʨʝ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʧʷʪʴ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ (ʣʝʡʢʦʵʤʝʨʘʣʴʜʠʥ), ʧʦʣʫʦʢʠʩʣʝʥʥʦʡ (ʵʤʝʨʘʣʴʜʠʥ) ʠ 

ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʦʡ (ʧʝʨʥʠʛʨʘʥʠʣʠʥ) ʬʦʨʤʘʭ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʩʯʸʪ 

ʧʨʦʚʝʜʸʥ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʘʪʠʦʥʥʦʡ (ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ) ʬʦʨʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʦʣʠʛʦʤʝʨʘ ʨʘʩʩʯʠʪʘʥʳ ʰʝʩʪʴ ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʣʠʥʳ ʠ ʫʛʣʳ ʩʚʷʟʝʡ, ʜʚʫʛʨʘʥʥʳʝ 

ʫʛʣʳ ʤʝʞʜʫ ʮʠʢʣʘʤʠ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ: 

¶ ʆʢʠʩʣʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʜʚʫʛʨʘʥʥʳʭ 

ʫʛʣʦʚ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʚ ʤʦʣʝʢʫʣʘʭ ʠ ʠʦʥʘʭ ʦʣʠʛʦʤʝʨʦʚ ʇʆʊ ʠ ʇʆɸ; 

¶ ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʜʚʫʛʨʘʥʥʳʭ ʫʛʣʦʚ, ʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠʤʠʥʥʳʭ ʛʨʫʧʧ, 

ʥʘʦʙʦʨʦʪ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʫʤʝʥʴʰʘʝʪ; 

¶ ʆʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ LUMO ʧʦʥʠʞʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ Eg;  

¶ ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʩʠʣʴʥʦ ʧʦʥʠʞʘʝʪ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʩʝʭ ʬʦʨʤ ʇʆʊ ʧʨʦʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ HOMO ʠ LUMO, ʯʝʤ ʜʣʷ ʇʆɸ. ʊʘʢʞʝ ʜʣʷ ʚʩʝʭ ʬʦʨʤ ʇʆʊ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ Eg = E(LUMO) ï E(HOMO) ʙʦʣʴʰʝ, ʯʝʤ 

ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʇʆɸ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʧʦʣʠʘʥʠʣʠʥʘ. 
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128. ʀʚʘʥʦʚ ɸʥʪʦʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʆʢʠʩʣʝʥʠʝ ʧʠʨʦʢʘʪʝʭʠʥʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʚ ʩʠʩʪʝʤʝ (Nh4)2S2O8/Fe2+ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʟʠʥ ɽ. ʅ. 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʌʘʢʫʣʴʪʝʪ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ 

ʂʘʬʝʜʨʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ 

ʌʝʥʦʣʳ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ 

ʬʝʥʦʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ (ʤʝʤʙʨʘʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ, 

ʘʜʩʦʨʙʮʠʷ) ʠʤʝʶʪ ʨʷʜ ʩʝʨʴʝʟʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʥʝʨʘʮʠʠ 

ʩʫʣʴʬʘʪ-ʨʘʜʠʢʘʣʦʚ (ὛὕϽ) ʠʟ ʧʝʨʦʢʩʦʜʠʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʩʦʣʝʡ ï 

ʧʝʨʩʫʣʴʬʘʪʦʚ (H2S2O8, (NH4)2S2O8) [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ (ʦʢʠʩʣʝʥʠʷ) 

ʧʠʨʦʢʘʪʝʭʠʥʘ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Fe2+. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʠʨʦʢʘʪʝʭʠʥʘ (3 ʤʛ/ʜʤ3). ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʧʦʣʣʶʪʘʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʈɼ 52.24.480-2022). ɼʦʟʘ 

ʧʝʨʩʫʣʴʬʘʪʘ ʩʦʩʪʘʚʠʣʘ 30 ʤʛ/ʜʤ3 ʠ ʢʘʪʘʣʠʟʘʪʦʨ Fe2+- 5,1 ʤʛ/ʜʤ3, ʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ - 30 ʤʠʥʫʪ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ 1.  

 
ʈʠʩʫʥʦʢ 2. ʆʢʠʩʣʝʥʠʝ ʧʠʨʦʢʘʪʝʭʠʥʘ ʧʝʨʩʫʣʴʬʘʪʦʤ ʘʤʤʦʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Fe2+ 

ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʠʨʦʢʘʪʝʭʠʥʘ 

(NH4)2S2O8 ʥʝ ʧʨʝʚʳʰʘʝʪ 10%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ Fe2+ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ 64,4%, ʚʚʠʜʫ ʨʘʩʧʘʜʘ ʧʝʨʩʫʣʴʬʘʪ-ʘʥʠʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ SR-

AOPs ʤʝʪʦʜʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʬʝʥʦʣʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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129. ʀʚʘʥʶʪʘ ʗʨʦʩʣʘʚʘ ɺʠʢʪʦʨʦʚʥʘ 

ɸʥʘʣʠʟ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʠʥʬʫʟʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʠʢʦʣʴʩʢʠʡ ɺ.ʄ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦʙʣʝʤʘ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʚʝʜʝʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʦʜʥʦʡ ʠʥʬʫʟʠʠ. ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʜʥʦʡ 

ʸʤʢʦʩʪʠ ʧʝʨʝʜ ʠʭ ʚʚʝʜʝʥʠʝʤ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʭʠʤʠʯʝʩʢʘʷ 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ. ʉʦʣʠ ʩʣʘʙʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ, ʩʦʣʠ ʩʠʣʴʥʳʭ 

ʦʩʥʦʚʘʥʠʡ ʠ ʩʣʘʙʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʪʷʞʸʣʳʭ ʠ ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʱʝʩʪʚʘʤ, ʚʩʪʫʧʘʶʱʠʤ ʚ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʩʘʜʢʦʚ. ʉʦʣʠ ʩʣʘʙʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ï ʫʩʪʦʡʯʠʚʳ ʣʠʰʴ ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ.  

ʂʘʥʘʜʩʢʠʡ ʫʯʸʥʳʡ ʇ. ʉʪʶʘʨʪ ʚ 1983 ʛʦʜʫ ʩʦʟʜʘʣ ʨʘʩʰʠʨʝʥʥʫʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʫʯʠʪʳʚʘʶʱʫʶ 

ʠʟʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʨʅ ʧʣʘʟʤʳ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [1]. ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʝʛʦ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʜʳ ʠ ʠʟʤʝʥʝʥʠʡ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ ʦʨʛʘʥʠʟʤʘ. ʅʘʚʳʢʠ ʭʠʤʠʢʘ-ʘʥʘʣʠʪʠʢʘ, 

ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

[2], ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʧʨʠʤʝʥʠʪʴ ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʦʧʳʪ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʨʘʩʪʚʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʞʠʜʢʦʩʪʥʳʭ ʧʦʪʝʨʴ ʦʨʛʘʥʠʟʤʘ 

ʯʝʣʦʚʝʢʘ, ʩ ʫʯʝʪʦʤ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ: 

- ʧʦ ʩʦʩʪʘʚʫ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʟʦʪʦʥʠʯʥʦʩʪʠ ʧʣʘʟʤʳ 

(Na+ - 135ï145 ʤʤʦʣʴ/ʣ, K+ - 3,5ï5,2 ʤʤʦʣʴ/ʣ, Ca2+ - 2,2ï2,8 ʤʤʦʣʴ/ʣ, Mg2+ 

- 1,2ï1,8 ʤʤʦʣʴ/ʣ, Clï - 95ï105 ʤʤʦʣʴ/ʣ); 

 - ʧʦ ʦʩʤʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʘ (275ï295 ʤʦʩʤ/ʣ); 

 - ʧʦ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ (ʨʅ 7,38ï7,42). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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130. ʂʘʬʪʘʥʦʚ ɸʨʩʝʥʠʡ ɼʤʠʪʨʠʝʚʠʯ 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ 

ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ 1-ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ ʚ ʘʮʝʪʦʥʝ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɾʫʨʘʚʣʝʚ ʆ.ɽ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 100Áʉ. ɹʣʘʛʦʜʘʨʷ ʨʘʟʥʦʦʙʨʘʟʠʶ ʢʦʤʙʠʥʘʮʠʡ 

ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʀɾ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʠʤʝʪʴ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʟʘʚʠʩʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʷʭ, ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʠ ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʦʚ 1-ʛʝʢʩʠʣ, 1-ʦʢʪʠʣ,1-ʜʝʮʠʣ,1-ʜʦʜʝʮʠʣʧʠʨʠʜʠʥʠʷ ʚ 

ʘʮʝʪʦʥʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 298-318ʂ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʃʠï

ʋʠʪʦʥʘ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (Ka) ʠ ʧʨʝʜʝʣʴʥʳʝ 

ʤʦʣʷʨʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ (ɚ0). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʘ 1-ʦʢʪʠʣʧʠʨʠʜʠʥʠʷ ʚ 

ʘʮʝʪʦʥʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (ʂ) ʫʢʘʟʘʥʳ ʥʘ ʛʨʘʬʠʢʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʦʚ 1-

ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ ʚ ʘʮʝʪʦʥʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʪʦʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 298-

318ʂ (ʨʠʩ.1), ʟʥʘʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʕʇ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʘ ʜʣʷ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʝʞʘʪ ʚ 

ʠʥʪʝʨʚʘʣʝ 110ï187ʉʤ*ʩʤ2*ʤʦʣʴ-1. 

ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʨʝʜʝʣʴʥʦʡ ʕʇ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ 

ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʚ ʢʘʪʠʦʥʝ ʀɾ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʩʪʘʥʪ ʠʦʥʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

  

 

ʈʠʩ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʘ 1-

ʦʢʪʠʣʧʠʨʠʜʠʥʠʷ 
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131. ʂʠʨʝʝʚ ɽʛʦʨ ʉʝʨʛʝʝʚʠʯ 

ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʙʝʣʢʦʚʦ-ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʦʙʤʝʥ ʚ ʧʰʝʥʠʮʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʅʝʢʦʪʦʨʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʝʧʪʠʟʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʢʣʝʪʢʘʭ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʨʘʩʪʝʥʠʷ 

ʠʟ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ, ʧʦʧʘʜʘʶʱʠʭ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ 

ʧʨʦʮʝʩʩʳ ʙʝʣʢʦʚʦ-ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʦʙʤʝʥʘ. ʊʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʮʠʥʢʘ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ 

ʢʦʤʧʣʝʢʩʦʥʘʤʠ, ʧʨʦʠʟʚʦʜʥʳʤʠ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (ʂʇʗʂ) [1], ʢʦʪʦʨʳʝ  ʧʨʠ 

ʧʦʧʘʜʘʥʠʠ ʚ ʨʘʩʪʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʩʪʨʫʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ- ʠ ɓ-

ʘʤʠʥʦʢʠʩʣʦʪ, ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʘʤʤʠʘʢʘ. ʇʦʜʦʙʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ 

ʠ ʧʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʨʘʩʧʘʜʝ ʂʇʗʂ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ  ʦʨʛʘʥʠʟʤʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʢʣʶʯʝʥʠʝʤ ʚ ʮʝʧʴ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ. ʂʘʣʴʮʠʡ, ʤʘʛʥʠʡ ʠ 

ʮʠʥʢ - ʥʝʧʦʣʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʩʭʦʜʩʪʚʦ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-ʨʘʩʪʝʥʠʝ-ʯʝʣʦʚʝʢ.  ʉʫʱʝʩʪʚʫʝʪ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ Ca, Mg ʠ Zn ʚ ʨʘʩʪʝʥʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʟʝʨʥʝ ʣʠʥʝʡʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʦʙʤʝʥʥʦʛʦ ʢʘʣʴʮʠʷ ʚ ʧʦʯʚʝ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʥʢʫʨʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

MgïZn ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘïʨʘʩʪʝʥʠʝ ʧʨʦʷʚʣʷʶʪʩʷ ʜʘʞʝ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CaïZn [2] ʠ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʧʦʜʢʦʨʤʢʦʡ ʢʦʤʧʣʝʢʩʦʥʘʪʥʳʤʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷʤʠ. ɸʥʘʣʠʟ ʟʝʨʥʘ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʉʢʠʧʝʪʨè ʧʦʢʘʟʘʣ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ 157 ʤʛ/100 ʛ ʟʦʣʴʥʦʛʦ ʦʩʪʘʪʢʘ, ʘ ʮʠʥʢʘ 5 ʤʛ/100 ʛ ʟʦʣʴʥʦʛʦ 

ʦʩʪʘʪʢʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʝʨʥʝ Ŭ- ʠ ɓ-

ʘʤʠʥʦʢʠʩʣʦʪ, ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘʤʠ ʦʩʚʦʝʥ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʵʪʦʡ ʧʰʝʥʠʮʳ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʤʠʨʥʦʚʘ ʊ.ʀ., ʊʫʤʘʩʴʝʚʘ ʀ.ɻ., ʊʦʣʢʘʯʝʚʘ ʃ.ʅ., ʅʠʢʦʣʴʩʢʠʡ ɺ.ʄ. ɺʦʟʜʝʡʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʦʥʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʟʝʣʸʥʳʭ ʨʘʩʪʝʥʠʷʭ 

// ɺʝʩʪʥʠʢ ʊʚɻʋ. ʉʝʨʠʷ ʍʠʤʠʷ, 2021, ˉ3 (45), ʉ. 175-181, DOI: 10.26456/vtchem2021.3.19. 

1. ɺʠʪʢʦʚʩʢʘʷ ʉ. ɽ., ʐʘʚʨʠʥʘ ʂ. ʌ., ʗʢʦʚʣʝʚ ʆ. ʅ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʷʯʤʝʥʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʘ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘïʨʘʩʪʝʥʠʝ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʦʯʚʝʥʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ ʜʦʣʦʤʠʪʦʚʦʡ ʤʫʢʦʡ // ɸʛʨʦʭʠʤʠʷ, 2020, ˉ 1, ʉ. 50ï57, DOI: 

10.31857/S0002188120010135. 
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132. ʂʦʯʥʝʚʘ ɽʢʘʪʝʨʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ɸʥʘʣʠʟ ʦʙʱʝʡ ʞʸʩʪʢʦʩʪʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʤʝʥʪʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʯʝʣʦʚʝʢʘ, ʥʝʦʙʭʦʜʠʤʦ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʦʚʥʝʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʥʦʮʝʥʥʦʩʪʠ [1]. ʇʠʪʴʝʚʘʷ ʚʦʜʘ ʠʟ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʢʘʨʙʦʥʘ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʮʝʣʦʤ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʠʤʝʝʪ 

ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʫʶ ʦʙʱʫʶ ʞʝʩʪʢʦʩʪʴ. ʆʜʥʘʢʦ, ʚ ʛʦʨʦʜʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ 

ʠʟʥʦʩ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʪʨʫʙ ʧʨʦʚʦʮʠʨʫʝʪ ʧʦʧʘʜʘʥʠʝ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʠʟʙʳʪʢʘ 

ʞʝʣʝʟʘ, ʘ ʧʦʜʩʦʩ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʜʧʦʯʚʝʥʥʳʭ ʚʦʜ ʧʨʠʜʘʝʪ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʚʦʜʝ ʥʝʧʨʠʷʪʥʳʝ ʟʘʧʘʭ ʠ ʧʨʠʚʢʫʩ [2]. ʀʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ 

ʣʶʜʠ ʟʘʜʫʤʳʚʘʶʪʩʷ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʴʝʚʦʡ ʚʦʜʳ. 

ɺʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ ʚ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʨʘʡʦʥʘʭ ʛ. ʊʚʝʨʠ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʇɼʂ [3]. ɼʣʷ ʝʝ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʪʴʝʚʳʭ ʮʝʣʷʭ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ, 

ʥʘʧʨʠʤʝʨ ʬʠʣʴʪʨʘʮʠʷ ʠ/ʠʣʠ ʢʠʧʷʯʝʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ. 

ʍʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʚ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʠʟ 

ʚʦʜʦʧʨʦʚʦʜʘ ʨʘʟʥʳʭ ʤʠʢʨʦʨʘʡʦʥʦʚ ʛ. ʊʚʝʨʠ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘʤʠ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ ʚ ʤʠʢʨʦʨʘʡʦʥʝ ʖʞʥʳʡ ʦʯʝʥʴ ʞʸʩʪʢʘʷ (8,74 ʤʤʦʣʴ/ʜʤ3) ʠ 

ʧʨʝʚʳʰʘʝʪ ʇɼʂ (Ò 7), ʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ ʛʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʝ. 

ʊʘʢ ʚ ʢʦʨʧʫʩʝ ˉ3 ʊʚɻʋ  ʠ ʚ ʦʙʱʝʞʠʪʠʠ ʊʚɻʋ ʦʙʱʘʷ ʞʝʩʪʢʦʩʪʴ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʠʣʘ 5,37 ʤʤʦʣʴ/ʜʤ3 ʠ 5,17 ʤʤʦʣʴ/ʜʤ3 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʚ ʛ. ʄʠʥʩʢʝ (ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ) [4], ʚ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ 

ʪʘʢʠʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʢʘʣʴʮʠʡ ʠ ʤʘʛʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʥʦʮʝʥʥʦʩʪʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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133. ʂʫʣʝʰʦʚʘ ɸʥʥʘ ʖʨʴʝʚʥʘ 

ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʪʝʢʩʪʠʣʴʥʳʭ ʦʪʜʝʣʦʯʥʳʭ ʩʨʝʜʩʪʚ 

ʥʘ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʵʤʫʣʴʩʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʘʰʠʥʘ ɽ.ʉ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ 

ʀʥʩʪʠʪʫʪ ʜʠʟʘʡʥʘ ʢʦʩʪʶʤʘ 

ʂʘʬʝʜʨʘ ʜʠʟʘʡʥʘ ʢʦʩʪʶʤʘ 

ʕʤʫʣʴʩʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʚʟʘʠʤʥʦ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʞʠʜʢʦʩʪʝʡ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʭʠʤʠʯʝʩʢʦʡ ʦʪʜʝʣʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1, 2]. ʄʦʜʠʬʠʮʠʨʫʶʱʠʝ 

ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʵʤʫʣʴʩʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʢʨʘʰʠʚʘʥʠʷ, ʧʨʠʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ï ʥʝʛʦʨʶʯʝʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʭʣʘʞʜʝʥʠʶ, 

ʚʳʜʝʣʝʥʠʶ ʘʨʦʤʘʪʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʨ. ɽʩʣʠ ʤʦʜʠʬʠʮʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʦʪʜʝʣʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʠʜʨʦʬʦʙʥʦ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʷʤʳʭ ʵʤʫʣʴʩʠʡ çʤʘʩʣʦ ʚ ʚʦʜʝè ʩʣʫʞʘʪ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ). ʇʦʩʢʦʣʴʢʫ ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʩ ʠʟʙʳʪʦʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ [3], 

ʇɸɺ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ.  ʆʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʇɸɺ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʵʤʫʣʴʩʠʠ ʟʘʚʠʩʷʪ ʝʝ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʪʜʝʣʢʝ ʪʝʢʩʪʠʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʣʠʦʬʠʣʴʥʳʭ ʵʤʫʣʴʩʠʡ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʥʝ ʙʦʣʝʝ 10 

ʤʢʤ, ʣʠʦʬʦʙʥʳʭ ï ʜʦ 100 ʤʢʤ [4].  

ʕʤʫʣʴʩʠʠ ʛʠʜʨʦʬʦʙʥʳʭ ʦʪʜʝʣʦʯʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦʣʫʯʘʣʠ ʥʘ ʚʝʨʭʥʝʧʨʠʚʦʜʥʦʡ ʤʝʰʘʣʢʝ, 

ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 

ʄʠʢʤʝʜ-6. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʵʤʫʣʴʩʠʠ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʚʨʝʤʝʥʠ 

ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʠʦʥʦʛʝʥʥʦʛʦ 

ʇɸɺ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʤʫʣʴʩʠʡ ʦʪʜʝʣʦʯʥʳʭ ʚʝʱʝʩʪʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʘʰʠʥʘ ɽ.ʉ., ʄʠʭʘʡʣʦʚʩʢʘʷ ɸ.ʇ., ɹʘʢʘʝʚʘ ʄ.ɸ., ʂʫʣʝʰʦʚʘ ɸ.ʖ. ʊʝʨʤʦʭʨʦʤʥʳʝ ʧʦʣʠʤʝʨʳ, 

ʚʦʣʦʢʥʘ ʠ ʤʘʪʝʨʠʘʣʳ ï ʧʦʣʫʯʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ. ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʊʝʭʥʦʣʦʛʠʷ ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 2023. ˉ 5 (407). ʉ. .20-29. 

2. ʂʫʣʝʰʦʚʘ ɸ.ʖ., ʗʢʦʚʣʝʚʘ ʆ.ʀ., ʉʘʰʠʥʘ ɽ.ʉ. ʋʤʥʘʷ ʦʜʝʞʜʘ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

VI ʤʝʞʜʫʥʘʨ ʥʘʫʯ ʢʦʥʬ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʦ ʧʦʣʠʤʝʨʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ 

ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭè 2 ï 3 ʜʝʢʘʙʨʷ 2025 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. ʉ. 54. 

3. ɺʦʶʮʢʠʡ ʉ. ʉ. ʂʫʨʩ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ / ʉ. ʉ. ɺʦʶʮʢʠʡ. - [2-ʝ ʠʟʜ.]. - ʄ., 1975. - ʉ. 367ð

81.  

4. ʕʤʫʣʴʩʠʠ / ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʌ. ʐʝʨʤʘʥʘ; ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. ɸ. ɸ. ɸʙʨʘʤʟʦʥʘ. - ʃ.:ʀʟʜ-ʚʦ 

çʍʠʤʠʷè, 1972. - ʉ. 448. 

  

 
 
ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʧʘʨʘʬʠʥʘ ʇ-2 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʆʇ-10 ʠ ʚʨʝʤʝʥʠ 

ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ.  
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134. ʂʫʱ ɸʥʛʝʣʠʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ʉʠʥʪʝʟ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ï ʪʝʪʨʘʭʣʦʨʧʘʣʣʘʜʘʪʦʚ ʠ ʛʝʢʩʘʭʣʦʨʦʩʤʘʪʦʚ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʘʤʤʦʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʥʯʠʭʠʥʘ ʃ.ʀ. 

ʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʥʠʟʢʦʡ ʣʝʪʫʯʝʩʪʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ: ʢʠʩʣʦʪʥʦʩʪʴ ʃʴʶʠʩʘ, ʨʝʛʫʣʠʨʫʝʤʘʷ ʧʦʣʷʨʥʦʩʪʴ, ʘʤʬʠʬʠʣʴʥʦʩʪʴ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ɼʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʝʛʢʦ ʨʝʛʫʣʠʨʫʶʪʩʷ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʙʦʨʘ 

ʢʘʪʠʦʥʘ/ʘʥʠʦʥʘ [1]. 

ʂʘʪʠʦʥʳ ʘʤʤʦʥʠʷ ʤʦʛʫʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʠʦʥʘʤʠ MX 

(M = Co, Ni, ʉu, Zn, Cd, Pd ʠ X = Cl, Br, I). ʕʪʠ ʀɾ ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʮʝʥʪʨ ʠ ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʜʝʣʘʝʪ ʠʭ ʦʩʥʦʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʤʤʦʥʠʝʚʳʝ ʀɾ ʩ ʤʝʪʘʣʣʘʪʥʳʤʠ 

ʘʥʠʦʥʘʤʠ ʪʝʪʨʘʭʣʦʨʧʘʣʣʘʜʘʪ (PdCl4
2-) ʠ ʛʝʢʩʘʭʣʦʨʦʩʤʘʪ (OsCl6

2-) ʘʥʠʦʥʘʤʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʤʤʦʥʠʝʚʳʝ ʀɾ ʩ ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥʘʤʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʤʝʪʘʪʝʟʠʩʘ ʧʝʨʝʚʝʜʝʥʳ ʚ ʤʝʪʘʣʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺʩʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʠʥʦʡ ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʉʠʥʪʝʟ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ. 

ʄʝʪʘʣʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ʦʢʨʘʰʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ C12, 

C16 ʧʨʦʷʚʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɻʝʢʩʘʭʣʦʨʦʩʤʘʪʳ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʩʦʣʝʡ ʘʤʤʦʥʠʷ ʥʝ ʧʨʦʷʚʣʷʶʪ ʧʝʥʦʦʙʨʘʟʫʶʱʠʭ ʩʚʦʡʩʪʚ ʚ ʦʪʣʠʯʠʠ ʦʪ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

4. Tourneux, E.; Gornitzka, H.; Marty, J.-D.; Viguerie, N.L.-d. Palladate Salts from Chiral Pyridinium 

Ionic Liquids: Synthesis and Crystal Structures // Molecules. ï 2007. ï ʊ. 12. ï ˉ. 8. ï ʉ. 1940-1949. 

  

 
ʈʠʩ. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʤʤʦʥʠʷ, ʛʜʝ 

R = C4H9; C12H24; C16H33;  X = Br, I 
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135. ʄʘʢʝʝʚʘ ɺʘʩʠʣʠʥʘ ʉʚʷʪʦʩʣʘʚʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʦʥʘ ʢʦʙʘʣʴʪʘ (II) ʩ  

L-ʩʝʣʝʥʦʤʝʪʠʦʥʠʥʦʤ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʢʦʙʠʥ ʄ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʉʝʣʝʥʦʤʝʪʠʦʥʠʥ (SeMet) ʷʚʣʷʝʪʩʷ ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʝʣʝʥʘ ʜʣʷ 

ʯʝʣʦʚʝʢʘ, ʪʘʢ ʢʘʢ ʣʝʛʢʦ ʫʩʚʘʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʤʦʤ. ɺʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʣʶʯʝʚʳʭ 

ʬʝʨʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʱʠʪʫ ʦʪ çʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘè, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʪʠʨʦʢʩʠʥʘ ʚ ʘʢʪʠʚʥʳʡ ʪʨʠʡʦʜʪʠʨʦʥʠʥ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ɼʅʂ. ʆʜʥʘʢʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ 

ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ SeMet ʩ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʦʥʘʤʠ ʢʦʙʘʣʴʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʘ ʢʦʙʘʣʴʪʘ (II) ʩ L-

ʩʝʣʝʥʦʤʝʪʠʦʥʠʥʦʤ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʩʪʚʦʨ 

ʢʦʙʘʣʴʪʘ (III) ʩ L-ʩʝʣʝʥʦʤʝʪʠʦʥʠʥʦʤ ʩʥʘʯʘʣʘ ʜʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʜʦ pH=2.25, ʘ ʟʘʪʝʤ ʪʠʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʦʪʩʫʪʩʪʚʠʝ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ. ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ. 1. ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ: ʩʠʥʷʷ ʢʨʠʚʘʷ - SeMet- ï H2O; ʢʨʘʩʥʘʷ 

ʢʨʠʚʘʷ ï Co2+ ï  SeMet- ï H2O 
ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ pH-ʤʝʪʨʠʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʳ 

[CoSeMet]+. 
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136. ʄʘʢʩʠʤʦʚʘ ɽʣʠʟʘʚʝʪʘ ɺʠʢʪʦʨʦʚʥʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʘʟʝʥʦʚ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚ ɽ.ʄ. 

ʈʍʊʋ ʠʤʝʥʠ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʌʘʢʫʣʴʪʝʪ ʥʝʬʪʝʛʘʟʦʭʠʤʠʠ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ  

ʂʣʶʯʝʚʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ï ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʝʩʪʘʚʨʘʮʠʡ ʠʟ ʤʝʪʘʢʨʠʣʘʪʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʭ 

ʫʩʘʜʢʦʡ ʠ ʩʣʘʙʦʡ ʘʜʛʝʟʠʝʡ ʢ ʪʢʘʥʷʤ ʟʫʙʘ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʚʪʦʨʠʯʥʳʡ ʢʘʨʠʝʩ 

[1]. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʬʦʩʬʘʟʝʥʦʚ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʩʠʥʪʝʟʫ ʠ ʧʨʠʤʝʥʝʥʠʶ ʬʦʩʬʘʟʝʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʘʜʛʝʟʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʚʦʡʩʪʚ ʧʫʪʝʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʛʝʢʩʘʭʣʦʨʮʠʢʣʦʪʨʠʬʦʩʬʘʟʝʥʝ, 

ʚʦʟʤʦʞʥʦ ʚʚʝʜʝʥʠʝ ʤʝʪʘʢʨʠʣʘʪʥʳʭ ʛʨʫʧʧ ʜʣʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʤʘʪʨʠʮʝʡ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ/ʬʦʩʬʘʪʥʳʭ ʛʨʫʧʧ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʤ [2]. 

ɼʦʙʘʚʣʝʥʠʝ 5-15 ʤʘʩʩ.% ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʢʦʤʧʦʟʠʪ ʙʠʩ-ɻʄɸ/ʊɻʄ-3 

ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 40%, ʘ ʘʜʛʝʟʠʶ ʢ ʪʢʘʥʷʤ ʟʫʙʘ ï 

ʚ 3-5 ʨʘʟ [1]. ʂʘʨʙʦʢʩʠʣʩʦʜʝʨʞʘʱʠʝ ʘʨʠʣʦʢʩʠʬʦʩʬʘʟʝʥʳ ʩ ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ 

ʦʙʨʘʟʫʶʪ ʛʠʜʨʦʬʠʣʴʥʳʝ ʛʝʣʠ ʩ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʤ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤ 

ʜʝʡʩʪʚʠʝʤ [3]. ɸʤʠʥʦʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʘʟʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʛʝʢʩʘʘʣʣʠʣʘʤʠʥʦʮʠʢʣʦʪʨʠʬʦʩʬʘʟʝʥ (10 ʤʘʩʩ.%), ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʢʦʤʧʦʟʠʪ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ S.mutans ʠ ʠʥʛʠʙʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʠʦʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [4].  ʌʪʦʨʬʦʩʬʘʟʝʥʳ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʘʢ ʤʷʛʢʠʝ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʢʣʘʜʢʠ [1]. 

ʌʦʩʬʘʟʝʥʳ ï ɻ ʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʦʚʳʰʘʪʴ ʠʭ ʧʨʦʯʥʦʩʪʴ, ʘʜʛʝʟʠʶ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Weir M.D., Kaner P., Marin A., Andrianov A.K. Ionic Fluoropolyphosphazenes as Potential 

Adhesive Agents for Dental Restoration Applications // Regenerative Engineering and Translational 

Medicine. 2021. V. 7. P. 311-322. 

2. ʏʠʩʪʷʢʦʚ ɽ.ʄ., ʄʘʩʣʝʥʥʠʢʦʚʘ ɺ.ɺ., ʖʜʘʝʚ ʇ.ɸ., ʏʫʝʚ ɺ.ʇ. ʂʘʨʙʦʢʩʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʬʦʩʬʘʟʝʥʦʚ ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨʳ ʧʦʣʠʤʝʨʥʳʭ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ // ʇʣʘʩʪʠʯʝʩʢʠʝ ʤʘʩʩʳ. 

2022. ˉ 3-4. ʉ. 50-52. 

3. Yudaev P., Butorova I., Chuev V., Posokhova V., Klyukin B., Chistyakov E. Wound Gel with 

Antimicrobial Effects Based on Polyvinyl Alcohol and Functional Aryloxycyclotriphosphazene // 

Polymers. 2023. V. 15. ˉ 13. P. 2831. 

4. Tamboura B., Yudaev P., Butorova I., Klyukin B., Chuev V., Chistyakov E. 

Hexaallylaminocyclotriphosphazene-Modified Dental Compositions for 3D Printing of Dental Crowns // 

Polymers. 2025. V. 18. ˉ 1. P. 53. 
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137. ʄʘʣʳʰʝʚʘ ʇʦʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʉʠʥʪʝʟ N,N-ʜʠʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʥʠʦʥʘʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʠ (ʩʝʥʩʦʨʳ, 

ʘʢʢʫʤʫʣʷʪʦʨʳ, ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ) ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɸʥʘʣʠʟ ʠʭ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʀɾ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʢʘʪʠʦʥʦʤ 

N,N-ʜʠʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʷ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʝʪʘʣʣʘʪʥʳʤʠ ʘʥʠʦʥʘʤʠ 

([FeCl4]
-, [MnCl4]

-, [CoCl4]
-, [NiCl4]

-) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʘʮʝʪʦʥʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʘʮʝʪʦʥʘ ʧʨʠ 25Áʉ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʕʕʇ ʨʘʩʪʚʦʨʦʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʣʣʘʪʦʚ N-ʙʫʪʠʣ-N-

ʙʝʥʟʠʣʧʠʧʝʨʠʜʠʥʠʷ ʚ ʘʮʝʪʦʥʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ 25Áʉ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʠʤʝʥʥʦʤ ʢʘʪʠʦʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʘʥʠʦʥʘ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʣʣʘʪʥʳʭ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʟʘʨʷʜʘ ʘʥʠʦʥʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʜʥʦʟʘʨʷʜʥʳʡ ʪʝʪʨʘʭʣʦʨʬʝʨʨʘʪ-ʘʥʠʦʥ ʩʦʣʴʚʘʪʠʨʦʚʘʥ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʥ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ 

ʨʘʩʪʚʦʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʠʤʝʥʥʦʤ ʢʘʪʠʦʥʝ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʕʇ 

ʨʘʩʪʚʦʨʦʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʣʣʘʪʦʚ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʕʇ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ N-ʙʫʪʠʣ-N-ʙʝʥʟʠʣʧʠʧʝʨʠʜʠʥʠʷ ï ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʘʥʠʦʥʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʘʥʠʦʥʘ, ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʣʴʚʘʪʥʘʷ ʦʙʦʣʦʯʢʘ, ʪʝʤ ʩʘʤʳʤ 

ʠʦʥ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʨʘʩʪʚʦʨʝ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʟʥʘʯʝʥʠʝ ʕʇ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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138. ʄʘʭʦʚʘ ɺʘʣʝʥʪʠʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ʉʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ ʚ ʷʙʣʦʯʥʦ-ʚʠʥʦʛʨʘʜʥʦʤ ʩʦʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚʠʥʦʛʨʘʜʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ɺ. ʂʨʶʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʀʟ ʣʠʪʝʨʘʪʫʨʳ [1] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʤʫ ʩʠʥʪʝʟʫ ʩʘʭʘʨʦʚ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʞʘʨʢʠʝ ʫʩʣʦʚʠʷ ʢʣʠʤʘʪʘ. ʊʘʢ ʩʘʭʘʨʠʩʪʦʩʪʴ ʚʠʥʦʛʨʘʜʘ 

ʉʘʧʝʨʘʚʠ, ʚʳʨʘʱʝʥʥʦʛʦ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʚ 

ɼʝʨʙʝʥʪʩʢʦʤ ʨʘʡʦʥʝ ɼʘʛʝʩʪʘʥʘ, ʩʦʩʪʘʚʣʷʝʪ 18,1 ʛ/100 ʩʤ3, ʩʦʨʪʘ ʈʫʙʠʥ 

ɻʦʣʦʜʨʠʛʠ ï 21,4 ʛ/100 ʩʤ3, ʯʪʦ ʙʳʣʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʦʜʫʢʮʠʠ ʚʠʥʦʛʨʘʜʥʠʢʦʚ 

ʩ ʤʝʥʴʰʝʡ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʂʘʡʪʘʛʩʢʦʛʦ ʠ ʍʘʩʘʚʶʨʪʦʚʩʢʦʛʦ ʨʘʡʦʥʦʚ, 

ʥʘ 1,4 ʠ 1,3 ʛ/100 ʩʤ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʢʦʧʣʝʥʠʝ ʩʘʭʘʨʦʚ ï ʮʝʥʥʦʝ ʩʚʦʡʩʪʚʦ 

ʚʠʥʦʛʨʘʜʘ, ʧʦʚʳʰʘʶʱʝʝ ʝʛʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʢʦʚ. ʄʳ 

ʦʩʫʱʝʩʪʚʠʣʠ ʘʥʘʣʠʟ ʩʘʭʘʨʦʩʦʜʝʨʞʘʥʠʷ ʚ ʩʦʢʝ ʠʟ ʚʠʥʦʛʨʘʜʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʚ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (çʉʘʜʳ ʇʨʠʜʦʥʴʷè, ʆɸʆ çʉʘʜʳ ʇʨʠʜʦʥʴʷè) ʠ ʚ 

ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ (çʂʘʞʜʳʡ ʜʝʥʴè, ʆʆʆ çʖʞʥʘʷ ʩʦʢʦʚʘʷ ʢʦʤʧʘʥʠʷè, 

ɹʝʣʦʨʝʯʝʥʩʢ). ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʬʨʘʢʪʦʤʝʪʨʠʷ, ʪ.ʢ. ʵʪʦʪ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʥʘʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʦʚ  [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʘʭʘʨʘ ʚ ʫʢʘʟʘʥʥʳʭ ʩʦʨʪʘʭ ʩʦʢʘ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

çʉʘʜʳ ʇʨʠʜʦʥʴʷè, ʆɸʆ çʉʘʜʳ ʇʨʠʜʦʥʴʷè, ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣ. ʠ  çʂʘʞʜʳʡ 

ʜʝʥʴè, ʆʆʆ çʖʞʥʘʷ ʩʦʢʦʚʘʷ ʢʦʤʧʘʥʠʷè, ɹʝʣʦʨʝʯʝʥʩʢ, ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ  

ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 8,3 ʛ/100 ʩʤ3  ʠ 7,2 ʛ/100 ʩʤ3  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʷʚʣʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʘ ʚ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʨʪʦʚ ʷʙʣʦʯʥʦ-ʚʠʥʦʛʨʘʜʥʦʛʦ ʩʦʢʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʰʫʨʙʝʢʦʚʘ ʌ.ɸ., ɻʫʩʝʡʥʦʚʘ ɹ.ʄ., ɼʘʫʜʦʚʘ ʊ.ʀ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʠʥʦʛʨʘʜʘ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʨʘʡʦʥʘʭ ʚʠʥʦʛʨʘʜʘʨʩʪʚʘ ɼʘʛʝʩʪʘʥʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ // ɼʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ɸʇʂ, 2020, ʊ. 34, ˉ 3, ʉ. 17-21, DOI: 10.24411/0235-

2451-2020-10303. 

1. ʀʦʬʬʝ ɹ.ɺ. ʈʝʬʨʘʢʪʦʤʝʪʨʠʷ ʢʘʢ ʤʝʪʦʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ //  

ʋʩʧʝʭʠ ʭʠʤʠʠ, 1960, ʊ. 29, ˉ2, ʉ. 137 - 161. 
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139. ʄʠʥʝʝʚʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʜʠʦʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʢʠʨʦʚʘ ʀ.ʅ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʦʚ 

ʂʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ  

ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʫʨʝʪʘʥʳ (ʊʇʋ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ, ʩʪʦʡʢʦʩʪʴʶ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʩʪʠʨʘʥʠʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʘʜʛʝʟʠʝʡ, ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʪʚʝʨʜʦʩʪʠ ʩ ʩʦʭʨʘʥʝʥʠʝ 

ʵʣʘʩʪʠʯʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʎʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʵʢʩʪʨʫʟʠʷ ʠ ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʵʪʠʭ 

ʧʦʣʠʤʝʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʠʩʢʘ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ.  

ʂ ʦʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʊʇʋ ʦʪʥʦʩʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ 

ʩʚʦʡʩʪʚ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʫʜʣʠʥʠʪʝʣʷ ʮʝʧʠ. ʈʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʜʠʦʣʘ ī 2,2-ʙʠʩ-[4-(2-

ʛʠʜʨʦʢʩʠʵʪʦʢʩʠ)-ʬʝʥʠʣ]-ʧʨʦʧʘʥʘ (ɼʌʇ-2) ʚ ʢʘʯʝʩʪʚʝ ʫʜʣʠʥʠʪʝʣʷ ʮʝʧʠ ʚ 

ʩʠʥʪʝʟʝ ʊʇʋ, ʥʘʟʚʘʥʥʳʭ ʊʇʋ-ɼʌʇ-2. ɺ ʢʘʯʝʩʪʚʝ ʠʟʦʮʠʘʥʘʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʠ ʜʣʠʥʥʦʮʝʧʥʦʛʦ ʜʠʦʣʘ ʧʨʠ ʩʠʥʪʝʟʝ ʧʦʣʠʤʝʨʘ ʧʨʠʤʝʥʷʣʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʠʬʝʥʠʣʤʝʪʘʥʜʠʠʟʦʮʠʘʥʘʪʘ (ʄɼʀ) ʠ ʦʣʠʛʦʙʫʪʠʣʝʥʛʣʠʢʦʣʴʘʜʠʧʠʥʘʪʘ (ʆɹɸ) 

~ 1800. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʥʝʝ ʧʨʦʚʦʜʠʤʳʭ 

ʨʘʙʦʪ ʠ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʊʇʋ-ɼʌʇ-2.  

ʇʦʣʫʯʝʥʠʝ ʊʇʋ-ɼʌʇ-2 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʠ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʧʦʩʦʙʘʤʠ. ʆʜʥʦʩʪʘʜʠʡʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ 

ʩʤʝʰʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʠ ʚʳʩʫʰʝʥʥʳʭ ʆɹɸ, ɼʌʇ-2 ʩ 

ʄɼʀ. ɼʚʫʭʩʪʘʜʠʡʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʊʇʋ-ɼʌʇ-2 ʧʨʝʜʧʦʣʘʛʘʣ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʦʣʫʯʝʥʠʝ ʬʦʨʧʦʣʠʤʝʨʘ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʚʳʩʫʰʝʥʥʦʛʦ ʦʣʠʛʦʵʬʠʨʘ ʩ ʠʟʙʳʪʢʦʤ ʜʠʠʟʦʮʠʘʥʘʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʚʝʜʝʥʠʝʤ ʚ ʩʠʩʪʝʤʫ ʫʜʣʠʥʠʪʝʣʷ ʮʝʧʠ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʜʥʦ- ʠ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʧʦʩʦʙʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. ʉ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʫʪʴ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʤʝʰʝʥʠʝ ʠʥʛʨʝʜʠʝʥʪʦʚ. 
ʊʘʙʣʠʮʘ. ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʥʘ ʩʚʦʡʩʪʚʘ ʊʇʋ-ɼʌʇ-2; [ʆɹɸ]/[ʄɼʀ]/[ɼʌʇ-2] = 1/2/1 

 

ʉʚʦʡʩʪʚʘ 

ʉʧʦʩʦʙ ʩʠʥʪʝʟʘ 

ʆʜʥʦʩʪʘʜʠʡʥʳʡ ɼʚʫʭʩʪʘʜʠʡʥʳʡ 

ʋʩʣʦʚʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, % 

ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʩʣʝ ʨʘʟʨʳʚʘ, %  

ʕʣʘʩʪʠʯʥʦʩʪʴ ʧʦ ʦʪʩʢʦʢʫ, % 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ ɸ, ʫʩʣ. ʝʜ. 
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140. ʄʠʨʦʥʦʚʘ ʉʦʬʴʷ ɺʘʣʝʨʴʝʚʥʘ 

ʀʢ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʮʝʬʫʨʦʢʩʠʤʘ ʩ 

ʛʘʣʣʠʝʤ, ʠʥʜʠʝʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɺ. ʄʠʥʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʎʝʬʫʨʦʢʩʠʤ ʦʪʥʦʩʠʪʩʷ ʢ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʳʤ ʘʥʪʠʙʠʦʪʠʢʘʤ II 

ʧʦʢʦʣʝʥʠʷ. ɸʢʪʠʚʝʥ ʚ ʦʪʥʦʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ 

ʰʪʘʤʤʳ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʙʝʪʘ-ʣʘʢʪʘʤʘʟʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʝʬʫʨʦʢʩʠʤ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʦʜʦʣʞʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʝʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

 
ʈʠʩ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʦʣʝʢʫʣʳ ʮʝʬʫʨʦʢʩʠʤʘ 

ʂʦʤʧʣʝʢʩʳ ʛʘʣʣʠʷ, ʠʥʜʠʷ ʩ  ʮʝʬʫʨʦʢʩʠʤʦʤ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʚʠʜʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʩʪʚʦʨʦʚ Ga(NO3)3, In(NO3)3 ʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʘʥʪʠʙʠʦʪʠʢʘ. ʇʨʠ ʵʪʦʤ 

ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣ:ʘʥʪʠʙʠʦʪʠʢ ʩʦʩʪʘʚʣʷʣʦ 1:3, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʯʠʩʣʦʤ ʣʠʛʘʥʜʦʚ. 

ʀʂ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʩ KBr ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʌʫʨʴʝ-

ʀʂ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 4000 - 400 ʩʤ-1. ɺ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʭ 

ʘʥʠʦʥʳ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ, ʙʝʪʘ-ʣʘʢʪʘʤʥʦʡ ʠ ʘʤʠʜʥʦʡ ʛʨʫʧʧ.  
ʊʘʙʣʠʮʘ 1.  

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʚ ʀʂ ʦʙʣʘʩʪʠ 
ʆʙʨʘʟʝʮ ɜ(C=O) ɓ-ʣʘʢʪʘʤ ɜ(C=O) ʢʘʨʙʘʤʘʪ ɜ(C=O) ʘʤʠʜ 

NaCfur 1728 1685 1649 

GaCfur 1765 1731 1658 

InCfur 1774 1677 1598 
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141. ʄʦʩʘʣʸʚ ʇʘʚʝʣ ʆʣʝʛʦʚʠʯ 

ʉʠʥʪʝʟ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 2-

ʤʝʪʠʣʭʨʦʤʘʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʆʭʠʨʦʚ ʐ.ʄ., ʃʘʪʳʧʦʚʘ ʕ.ʈ. 

ʋʬʠʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʟʘʱʠʪʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʨʦʤʘʥʳ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʪʦʚʦʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʧʠʩʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 2-ʤʝʪʠʣʭʨʦʤʘʥʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʤʠ ʞʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ  ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ (1) c ʘʮʝʪʘʣʴʜʝʛʠʜʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ TiCl4 (ʨʠʩ. 1) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

8-ʵʪʠʣ-2-ʤʝʪʠʣʭʨʦʤʘʥʘ (2) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ (ʚʳʭʦʜ 

53%). 

 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 2-ʤʝʪʠʣʭʨʦʤʘʥʘ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ï 1ʅ ʠ 
13ʉ ʗʄʈ, ʜʦʧʦʣʥʝʥʥʳʭ ʜʘʥʥʳʤʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ HMBC. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ DEPT-ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʩʧʝʢʪʨʦʚ ʗʄʈ 13C{ 1H} ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 2 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ 2 ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ, 

3 ʤʝʪʠʣʝʥʦʚʳʭ, 4 CH-ʛʨʫʧʧ ʠ 3 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʉʧʠʥʦʚʘʷ 

ʩʠʩʪʝʤʘ ʚ ʦʙʣʘʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʜʫʙʣʝʪ-ʪʨʠʧʣʝʪ-ʜʫʙʣʝʪ (H-5, H-6, 

H-7) ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʦʨʦʤ ʩʠʛʥʘʣʦʚ ʥʘ ʩʧʝʢʪʨʝ 13C ʜʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʅʘʣʠʯʠʝ ʭʨʦʤʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʷʤʠ HMBC (ʨʠʩ. 2). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

4. Barreca D. Gattuso G, Bellocco E, Calderaro A, Trombetta D, Smeriglio A, Lagan¨ G, Daglia M, 

Meneghini S, Nabavi SM. Flavanones: Citrus phytochemical with health promoting properties // 

BioFactors. ï 2017. ï ʊ. 43. ï ˉ. 4. ï ʉ. 495-506. 

  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ 8-ʵʪʠʣ-2-ʤʝʪʠʣʭʨʦʤʘʥʘ (2) 

 
ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʢʦʨʨʝʣʷʮʠʠ 

HMBC ʩʦʝʜʠʥʝʥʠʷ 2 
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142. ʄʫʥʢʦʜʫʛʘʨʦʚ ɸʡʩʝʥ ɹʘʠʨʦʚʠʯ 

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʩ ʦʪʨʫʙʷʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ɺ. ʂʨʶʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʭʣʝʙʥʳʭ ʤʘʛʘʟʠʥʘʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʩʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʚʣʝʢʘʶʪ 

ʠʟʜʝʣʠʷ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʧʦʣʝʟʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʢʦʤʧʦʥʝʥʪʳ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʰʝʥʠʯʥʳʝ ʦʪʨʫʙʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ ʚ ʩʦʨʪʦʚʫʶ ʤʫʢʫ ʦʪʨʫʙʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʢʣʝʪʯʘʪʢʠ (93,4 %) ʠ ʧʝʥʪʦʟʘʥʦʚ (80,5%), ʩʚʳʰʝ ʧʦʣʦʚʠʥʳ ʟʘʨʦʜʳʰʘ (51,1 %), 

ʘ ʪʘʢʞʝ 74,2% ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, 62,3 % ʣʠʧʠʜʦʚ ʠ ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ ʦʙʱʝʛʦ 

ʙʝʣʢʘ (27,8 %) [1]. ʇʦʣʝʟʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʧʰʝʥʠʯʥʦʡ ʤʫʢʝ ʧʠʱʝʚʳʭ 

ʚʦʣʦʢʦʥ ʫʞʝ ʜʘʚʥʦ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʠ ʦʥʠ, ʥʘʨʷʜʫ ʩ 

ʙʝʣʢʘʤʠ, ʚʠʪʘʤʠʥʘʤʠ, ʤʠʥʝʨʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤʠ 

ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʜʦʨʦʚʦʡ ʧʠʱʠ. 

ʉʦʯʝʪʘʥʠʝ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʠ ʦʪʨʫʙʝʡ, ʚʥʦʩʠʤʳʭ ʦʪʜʝʣʴʥʦ ʧʦʩʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ, ʥʘʤʥʦʛʦ ʵʬʬʝʢʪʠʚʥʝʝ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʢʠ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ. ʂʠʩʣʦʪʥʦʩʪʴ ʦʪʨʫʙʝʡ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʩʥʠʞʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʝʣʢʦʚ, ʠʤʝʶʱʠʭ ʢʠʩʣʫʶ 

ʨʝʘʢʮʠʶ, ʥʘʣʠʯʠʝʤ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʦʪʨʫʙʷʭ ʩʦʜʝʨʞʘʪʩʷ ʪʘʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʢʘʢ 

ʷʙʣʦʯʥʘʷ, ʤʦʣʦʯʥʘʷ, ʫʢʩʫʩʥʘʷ ʠ ʜʨʫʛʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʙʨʘʣʠ 

25 ʛ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʷʢʠʰʘ (m) ʠʟ ʩʝʨʝʜʠʥʳ ʙʫʭʘʥʢʠ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʩ 

ʦʪʨʫʙʷʤʠ, ʦʪʤʝʨʷʣʠ 250 ʤʣ ʚʦʜʳ (V = 250 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʦʜʥʦʨʦʜʥʦʡ 

ʤʘʩʩʳ. ɺʝʨʭʥʠʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ (V1 = 50 ʤʣ) ʪʠʪʨʦʚʘʣʠ 0,1 N ʱʝʣʦʯʴʶ (Vʘ.ʯ.). 

ʈʘʩʯʝʪ ʢʠʩʣʦʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ [1] 

 
ʂʠʩʣʦʪʥʦʩʪʴ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʩ ʦʪʨʫʙʷʤʠ ʩʦʩʪʘʚʠʣʘ ʤʠʥʠʤʘʣʴʥʳʝ 1,52 

ʛʨʘʜʫʩʘ, ʯʪʦ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʆʉʊ 5670-96 "ʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ". 
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143. ʄʫʨʘʚʴʸʚ ɸʨʪʸʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʄʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʝ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʥʘ ʦʢʩʠʜʘʭ ʮʠʨʢʦʥʠʷ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʄ. ʉʫʣʴʤʘʥ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʬʝʨʤʝʥʪʦʚ ʧʦʤʠʤʦ ʞʝʣʘʝʤʦʛʦ ʠʭ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʦʪʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʩʠʥʪʝʟʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ 

ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʦʩʠʪʝʣʴ. ʆʢʩʠʜ ʮʠʨʢʦʥʠʷ (ZrO2) ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʧʦʩʢʦʣʴʢʫ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʨʠʩʪʳʝ 

ʤʘʪʨʠʮʳ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ 

(GOx) ʥʘ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʝ ʦʢʩʠʜʳ ʮʠʨʢʦʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʤʘʛʥʠʪʦʦʜʝʣʷʝʤʳʝ ZrO2 ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʩ 

ʧʦʤʦʱʴʶ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ (APTES), ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ (GA), ʚʳʩʪʫʧʘʶʱʠʤ ʩʰʠʚʘʶʱʠʤ 

ʘʛʝʥʪʦʤ. ɼʘʣʝʝ ʘʣʴʜʝʛʠʜʥʳʝ ʛʨʫʧʧʳ GA ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ [1]. 

ɼʣʷ ʩʠʥʠʪʝʟʠʨʦʚʘʥʥʦʛʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʨʅ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʦʜʠʥʘʢʦʚʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ pH 6 ʠ 7 ʠ ʤʝʜʣʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝʤ pH. ʆʧʪʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʥʪʝʟʠʚʘʥʥʦʛʦ 

ʙʠʦʢʘʪʘʟʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 40 Áʉ.  ʂ ʪʦʤʫ ʞʝ, ʙʣʘʛʦʜʘʨʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ZrO2 

ʬʝʨʤʝʥʪ ʩʪʘʥʦʚʠʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ GOx ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʣʶʢʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʛʣʶʢʦʟʥʳʝ 

ʙʠʦʩʝʥʩʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʰʠʨʦʢʠʤʠ 

ʜʠʘʧʘʟʦʥʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ ʈʅʌ (ʛʨʘʥʪ 24-79-

10042). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Singh, A., Negi M. S., Dubey A., Kumar V., Verma A. K. Methods of Enzyme Immobilization and 

Its Applications in Food Industry // Enzymes in Food Technology. 2018. Vol. 34. P.103-124 
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144. ʅʝʤʳʪʳʰʝʚʘ ʀʨʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʇʦʜʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ ʇɸɺ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɺʝʨʦʣʘʡʥʝʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺʳʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʇɸɺ ʚ ʩʦʩʪʘʚʝ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʇʌʈ) ʜʣʷ ʫʭʦʜʘ ʟʘ ʢʦʥʪʘʢʪʥʳʤʠ ʣʠʥʟʘʤʠ 

(ʂʃ) ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1]. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʇɸɺ (ʥʝʠʦʥʦʛʝʥʥʳʭ, ʘʥʠʦʥʥʳʭ ʠ ʢʘʪʠʦʥʥʳʭ) ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʦʥ-ʛʠʜʨʦʛʝʣʝʚʳʭ ʂʃ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʝʨʝʜʥʝʛʦ 

ʦʪʜʝʣʘ ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ.  
ʊʘʙʣʠʮʘ ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʠ ʨʘʟʤʝʨʘ ʂʃ ʚ ʨʘʩʪʚʦʨʘʭ ʨʘʟʥʳʭ ʇɸɺ 

ʈʘʩʪʚʦʨ ʄ,ʛ L, ʤʤ ʈʘʩʪʚʦʨ ʄ,ʛ L, ʤʤ 

ʕʤʫʢʩʦʣ 268 2 

ʛ/ʣ 

0,034Ñ0,002 15,7Ñ0,5 ʕʤʫʢʩʦʣ 268 10 ʛ/ʣ + 

ʬʝʨʦʣ ɸ 10 ʛ/ʣ 

0,047Ñ0,001 15,7Ñ0,5 

ʕʤʫʢʩʦʣ 268 5 

ʛ/ʣ 

0,034Ñ0,002 15,7Ñ0,5 SLS* 10-2 ʛ/ʤʦʣʴ 0,074Ñ0,001 22,6Ñ0,5 

ʕʤʫʢʩʦʣ 268 10 

ʛ/ʣ 

0,036Ñ0,003 15,7Ñ0,5 SLS 10-3 ʛ/ʤʦʣʴ 0,045Ñ0,002 15,7Ñ0,5 

ʌʝʨʦʣ ɸ 2 ʛ/ʣ 0,039Ñ0,00 15,7Ñ0,5 ʎʇɹ** 10-2 ʛ/ʤʦʣʴ 0,053Ñ0,001 18,0 

ʌʝʨʦʣ ɸ 5 ʛ/ʣ 0,043Ñ0,001 15,7Ñ0,5 ʎʇɹ 10-3 ʛ/ʤʦʣʴ 0,041Ñ0,003 15,7Ñ0,5 

ʌʝʨʦʣ ɸ 10 ʛ/ʣ 0,045Ñ0,001 15,7Ñ0,5 SLS 10-2 ʛ/ʤʦʣʴ + ʎʇɹ 

10-2 ʛ/ʤʦʣʴ 

0,049Ñ0,001 17,7Ñ0,5 

ʕʤʫʢʩʦʣ 268 2 

ʛ/ʣ + ʬʝʨʦʣ ɸ 2 

ʛ/ʣ 

0,044Ñ0,002 15,7Ñ0,5 SLS 10-3 ʛ/ʤʦʣʴ + ʎʇɹ 

10-3 ʛ/ʤʦʣʴ 

0,048Ñ0,001 16,7Ñ0,5 

ʕʤʫʢʩʦʣ 268 5 

ʛ/ʣ + ʬʝʨʦʣ ɸ 5 

ʛ/ʣ 

0,047Ñ0,001 15,7Ñ0,5 *SLS ï ʣʘʫʨʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, **ʎʇɹ ï 

ʮʝʪʠʣʧʠʨʠʜʠʥʠʡ ʙʨʦʤʠʜ. ʀʩʭʦʜʥʳʝ ʤʘʩʩʘ 

0,029Ñ0,6 ʛ ʠ ʨʘʟʤʝʨ 15Ñ0,6 ʤʤ 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ (ʄ) ʠ ʨʘʟʤʝʨʦʚ (L) ʂʃ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ SLS. ɼʨʫʛʠʝ ʨʘʩʪʚʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʣʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʃ. ʆʮʝʥʢʘ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ʧʦʜʪʚʝʨʜʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʵʤʫʢʩʦʣʘ ʠ ʎʇɹ, ʚʳʷʚʠʚ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʵʬʬʝʢʪʘ ʥʘ ʪʢʘʥʠ ʛʣʘʟʘ. ʅʘʧʨʦʪʠʚ, ʬʝʨʦʣ A ʠ SLS ʚʳʟʳʚʘʣʠ 

ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʫʶ ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʢʦʥʲʶʥʢʪʠʚʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʢʘʯʝʩʪʚʝ ʇɸɺ ʜʣʷ ʇʌʈ ʎʇɹ ʠ ʵʤʫʢʩʦʣʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʘʞʠʥʘ, ɸ. ʆ. ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʫʭʦʜʘ 

ʟʘ ʢʦʥʪʘʢʪʥʳʤʠ ʣʠʥʟʘʤʠ / ɸ. ʆ. ɹʘʞʠʥʘ, ɼ. ʆ. ʐʘʪʠʣʦʚ, ʉ. ɸ. ʂʝʜʠʢ // ʋʩʧʝʭʠ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ï 2019. ï ʊ. 33, ˉ 6 (216). ï ʉ. 77ï79. 
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145. ʅʝʩʤʘʯʥʳʡ ɺʣʘʜʠʤʠʨ ɸʥʜʨʝʝʚʠʯ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʭʠʪʦʟʘʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʎʉʈ) ʠ 

ʭʠʪʦʟʘʥʘ (ʍɿ) ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʣʝʥʪʥʦ-ʩʠʣʦʚʦʛʦ ʧʦʣʷ PCFF ʚ ʪʝʯʝʥʠʝ 300 ʥʩ. ʇʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩʠʩʪʝʤʳ ʤʳ ʠʩʭʦʜʠʣʠ ʠʟ ʜʘʥʥʳʭ ʨʘʙʦʪʳ [1], 

ʛʜʝ ɻɻ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʍɿ ʢ çʩʦʟʨʝʚʰʝʤʫè ʎʉʈ. ʋʯʠʪʳʚʘʷ 

ʜʘʥʥʳʡ ʬʘʢʪ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

çʩʦʟʨʝʚʘʥʠʷè ʎʉʈ [2], ʚ ʨʘʩʯʝʪʥʫʶ ʷʯʝʡʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩ ʜʣʠʥʦʡ ʨʝʙʨʘ Lbox 

= 8 ʥʤ) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʧʷʪʴ ʢʣʘʩʪʝʨʦʚ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ (ʄʉ) ʠ ʮʝʧʦʯʢʘ 

ʍɿ. ʄʦʜʝʣʴʥʘʷ ʮʝʧʦʯʢʘ ʍɿ ʠʤʝʝʪ ʚ ʩʦʩʪʘʚʝ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʟʚʝʥʘ: D-

ʛʣʶʢʦʟʘʤʠʥ ʠ N-ʘʮʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʟʚʝʥʴʝʚ ʢʘʞʜʦʛʦ 

ʪʠʧʘ ʟʘʜʘʚʘʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʝʧʝʥʴʶ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʨʘʚʥʦʡ 87%, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ 

ʩʠʩʪʝʤʳ ʢʣʘʩʪʝʨʳ ʄʉ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʝʜʠʥʳʡ ʘʛʨʝʛʘʪ (ʈʠʩ. 1). ʇʨʠ ʝʛʦ 

ʩʙʣʠʞʝʥʠʠ ʩ ʮʝʧʦʯʢʦʡ ʍɿ ʤʝʞʜʫ C(O)O- 

ʛʨʫʧʧʘʤʠ ʤʦʣʝʢʫʣ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ ʠ 

OH ʛʨʫʧʧʘʤʠ ʭʠʪʦʟʘʥʘ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ ʮʝʣʦʤ ʘʛʨʝʛʘʪ ʄʉ ʠ ʮʝʧʦʯʢʘ ʍɿ 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʦʙʦʩʦʙʣʝʥʥʦ, ʥʝ ʬʦʨʤʠʨʫʷ 

ʝʜʠʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɿʝʥʠʢʦʚ ɻ.ʈ., ʍʠʞʥʷʢ ʉ.ɼ., ʀʚʘʥʦʚʘ ɸ.ʀ., 

ʇʘʭʦʤʦʚ ʇ.ʄ. ʇʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʫʯʘʩʪʠʝʤ ʭʠʪʦʟʘʥʘ ʠ ʵʣʝʢʪʨʦʣʠʪʘ // ʂʦʣʣʦʠʜʥʳʡ 

ʞʫʨʥʘʣ. 2024. ʊ. 86, ˉ 3. ʉ. 317-328. 

2. Malyshev M.D., Khizhnyak S.D., Zherenkova L.V., Pakhomov P.M., Komarov P.V. Self-assembly 

in systems based on L-cysteineïsilver-nitrate aqueous solution: multiscale computer simulation // Soft 

Matter. 2022. V. 18. I. 39. P. 7524-7536. 

  

 

ʈʠʩ. 1. ʄʛʥʦʚʝʥʥʳʡ ʩʥʠʤʦʢ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʧʦ 

ʟʘʚʝʨʰʝʥʠʶ 300 ʥʩ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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146. ʅʝʯʘʝʚ ɸʣʝʢʩʝʡ ɸʣʝʢʩʝʝʚʠʯ 

ʂʠʩʣʦʪʥʦʩʪʴ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ 

ʭʣʝʙʦʧʨʦʠʟʚʦʜʩʪʚʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 
ʂʠʩʣʦʪʥʦʩʪʴ ʭʣʝʙʘ ï ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʫʜʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʦ ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʦ ʠ ʦ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ. 

ʉʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʪ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʪʝʯʝʥʠʝ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʳʨʴʝ ʠʣʠ ʭʣʝʙʥʦʡ ʤʘʩʩʝ. ʆʪ ʢʠʩʣʦʪʥʦʩʪʠ ʟʘʚʠʩʠʪ ʚʢʫʩ 

ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. ɿʥʘʷ ʢʨʠʪʝʨʠʠ ʢʠʩʣʦʪʥʦʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʢʘʯʝʩʪʚʝ 

ʠʥʛʨʝʜʠʝʥʪʦʚ, ʦ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʪʘʧʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʦ 

ʛʦʪʦʚʥʦʩʪʠ ʟʘʢʚʘʩʢʠ, ʦʧʘʨʳ ʠ ʪʝʩʪʘ. ʅʦʨʤʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʤʫ ʫʩʚʦʝʥʠʶ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʝʸ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʛʫʪ ʧʦʚʳʩʠʪʴʩʷ 

ʧʨʦʮʝʩʩʳ ʙʨʦʞʝʥʠʷ ʚ ʦʨʛʘʥʘʭ ʧʠʱʝʚʘʨʝʥʠʷ. ʂʠʩʣʦʪʥʦʩʪʴ ʭʣʝʙʘ ʟʘʚʠʩʠʪ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʤʦʣʦʯʥʦʡ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʙʨʦʞʝʥʠʠ ʪʝʩʪʘ. ʍʣʝʙ ʩ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʥʝʚʢʫʩʝʥ ʠ ʧʦʚʳʰʘʝʪ ʧʨʦʮʝʩʩʳ 

ʙʨʦʞʝʥʠʷ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʢʠʩʣʦʪʥʦʩʪʴ 

ʞʝʣʫʜʦʯʥʦʛʦ ʩʦʢʘ, ʯʪʦ ʧʣʦʭʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʫʥʢʮʠʠ ʞʝʣʫʜʢʘ. ʇʦʜ ʛʨʘʜʫʩʦʤ 

ʢʠʩʣʦʪʥʦʩʪʠ (ʍ) ʧʦʥʠʤʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʤʣ 1 N ʨʘʩʪʚʦʨʘ NaOH, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 100 ʛ ʤʷʢʠʰʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʠʩʣʦʪʥʦʩʪʠ ʙʨʘʣʠ 25 ʛ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʷʢʠʰʘ (m) ʠʟ ʩʝʨʝʜʠʥʳ ʙʫʭʘʥʢʠ ʭʣʝʙʘ 

çɼʘʨʥʠʮʢʠʡè ʠ ʧʦʤʝʱʘʣʠ ʚ ʩʫʭʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 500 ʤʣ, ʦʪʤʝʨʷʣʠ 250 ʤʣ 

ʚʦʜʳ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (V = 250 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ, ʨʘʩʪʠʨʘʷ 

ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ ʩ ʨʝʟʠʥʦʚʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ ʜʦ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. 

ɺʝʨʭʥʠʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ (V1 = 50 ʤʣ) ʩʣʠʚʘʣʠ ʚ ʩʫʭʦʡ ʩʪʘʢʘʥ ʠ ʧʨʦʚʦʜʠʣʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 0,1 N ʱʝʣʦʯʴʶ (Vʘ.ʯ.) ʥʘ ʠʦʥʦʤʝʨʝ ʀ-150 ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʉʂ-10601/7. ʈʘʩʯʝʪ ʢʠʩʣʦʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʧʦ ʬʦʨʤʫʣʝ [1] 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʘ ʢʠʩʣʦʪʥʦʩʪʴ ʭʣʝʙʘ çɼʘʨʥʠʮʢʠʡè, ʨʘʚʥʘʷ 7,80 ʛʨʘʜʫʩʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʆʉʊ 5670-96 "ʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ". 
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147. ʅʠʢʠʪʠʥ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠʥʜʦʤʝʪʘʮʠʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʨʘʥʦʚʘ ʅ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʣʠʤʦʨʬʠʟʤ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʦʨʤʘʭ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʠʤʦʨʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʪ ʧʦʣʠʤʦʨʬʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʚʠʩʷʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʊʚʝʨʜʳʡ ʠʥʜʦʤʝʪʘʮʠʥ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʘʤʦʨʬʥʦʡ ʬʦʨʤʝ. ʇʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ɔ-

ʤʦʜʠʬʠʢʘʮʠʷ. 

ɹʳʣ ʩʥʷʪ ʀʂ-ʩʧʝʢʪʨ ʠʥʜʦʤʝʪʘʮʠʥʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʝ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʆʪʤʝʯʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʘʭ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʨʫʰʝʥʠʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ ʠʥʜʦʤʝʪʘʮʠʥʘ, ʣʠʙʦ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ, 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʀʟʚʝʩʪʥʦ [1,2], ʯʪʦ ʢ 

ʧʦʣʠʤʦʨʬʠʟʤʫ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʪʥʦʩʠʪʩʷ ʧʝʨʝʪʠʨʘʥʠʝ ʧʨʝʧʘʨʘʪʘ  ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠʥʜʦʤʝʪʘʮʠʥʘ ʧʦʷʚʠʣʘʩʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʦʙʨʘʪʴ ʚʝʱʝʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʩʦʭʨʘʥʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʥʜʦʤʝʪʘʮʠʥʘ ʧʨʠ ʪʘʙʣʝʪʠʨʦʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʦʙʦʠʭ ʚʝʱʝʩʪʚ ʥʘ ʀʂ-ʩʧʝʢʪʨʝ ʥʝ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʠʧʠʝʥʪʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ 

(ʇʕɻ) ʠ ʧʦʚʠʜʦʥ. 

ʀʂ-ʩʧʝʢʪʨ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠʥʜʦʤʝʪʘʮʠʥʘ ʠ ʇʕɻ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʫʤʤʫ ʩʧʝʢʪʨʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʤʝʩʴ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʠʥʜʦʤʝʪʘʮʠʥʦʤ ʠ ʇʕɻ 

ʚ ʬʠʟʠʯʝʩʢʦʡ ʩʤʝʩʠ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠ ʇʕɻ, ʠ 

ʧʦʚʠʜʦʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʪʘʙʣʝʪʠʨʦʚʘʥʠʠ ʠʥʜʦʤʝʪʘʮʠʥʘ ʩ ʙʨʦʤʠʜʦʤ 

ʢʘʣʠʷ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʥʜʦʤʝʪʘʮʠʥʘ. ʃʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʇʕɻ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 6000 (ʘ.ʝ.ʤ.) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:4. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʐʘʯʥʝʚʘ, ʂ. ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩʫʣʴʬʘʥʠʣʘʤʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ / ʂ. ʉ. 

ʐʘʯʥʝʚʘ, ʅ. ɺ. ɹʘʨʘʥʦʚʘ // ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ - 2022 : ʤʘʪʝʨʠʘʣʳ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʄʠʥʩʢ, 23-24 ʤʘʨʪʘ 2022 ʛ. - 

ʄʠʥʩʢ : ɹɻʊʋ, 2022. ï ʉ. 501-504. 

2. ɻʫʨʘʥʜʘ ɼ.ʌ., ɻʠʣʴʜʝʝʚʘ ɻ.ʅ. ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʚʝʱʝʩʪʚ (ʦʙʟʦʨ) // ʍʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2010. ʊ.44.  ˉ.5. ʉ. 22-28. 
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148. ʇʘʚʣʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʀʂ ʩʧʝʢʪʨ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʮʝʬʪʨʠʘʢʩʦʥʘ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʝʝʚ ɺ.ɻ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʎʝʬʪʨʠʘʢʩʦʥ ï ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʝʜʠʮʠʥʝ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʳʡ 

ʘʥʪʠʙʠʦʪʠʢ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʚʠʜʝ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

(ʨʠʩ.1).  

 
ʈʠʩ. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʳ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʮʝʬʪʨʠʘʢʩʦʥʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʀʂ ʩʧʝʢʪʨ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʮʝʬʪʨʠʘʢʩʦʥʘ ʙʳʣ 

ʟʘʧʠʩʘʥ ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Vertex 70 ʜʣʷ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ 

ʪʘʙʣʝʪʢʠ ʩ ʙʨʦʤʠʜʦʤ ʢʘʣʠʷ. ʈʘʩʯʸʪ ʩʧʝʢʪʨʦʚ ʧʨʦʚʝʜʸʥ ʧʨʦʛʨʘʤʤʦʡ Jaguar 

ʤʝʪʦʜʦʤ DFT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʦʚ BLYP-D3, BLYP-D4 ʠ ʙʘʟʠʩʦʚ 

6-311G**++, cc-pVDZpp. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ɺʠʜʥʦ, ʯʪʦ 

ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ BLYP-D3 ʠ ʙʘʟʠʩʘ cc-pVDZpp. 

 
ʊʘʙʣʠʮʘ. ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ ʩʧʝʢʪʨʝ ʘʥʠʦʥʘ ʮʝʬʪʨʠʘʢʩʦʥʘ 

ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ 

ʕʢʩʧʝʨʠ-

ʤʝʥʪ 

BLYP-D3/ 

6-311Gppss 

BLYP-D4 / 

6-311Gppss 

BLYP-D3 / 

cc-pVDZpp 

BLYP-D4 / 

cc-pVDZpp 

ɜ(C=O) ɓ-ʣʘʢʪʘʤ 1741 1701,7 1749,8 1741,1 1741,4 

ɜ(C=O) ʘʤʠʜ 1649 1632,0 1666,1 1653,5 1658,1 

ɜ(C(O)Oï)as 1606 1551,9 1588 1578,0 1576,6 

ɜ(C=O) 5-ʦʢʩʦ-

ʛʨʫʧʧʳ ʜʠʛʠʜʨʦ-

ʪʨʠʘʟʠʥʜʠʦʥʘ 

- 1560,1 1605,9 1594,4 1597,8 

ɜ(C=O) 6-ʦʢʩʦ-

ʛʨʫʧʧʳ ʜʠʛʠʜʨʦ-

ʪʨʠʘʟʠʥʜʠʦʥʘ 

1537 1515,8 1554,2 1545,6 1551,3 
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149. ʇʘʚʣʦʚ ʀʚʘʥ ɽʚʛʝʥʴʝʚʠʯ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʦʸʤʦʚ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʪʝʧʣʦʚʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ 

ʚʝʪʝʨ ʠ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. ɺ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʇʦʵʪʦʤʫ, ʜʣʷ ʟʘʱʠʪʳ 

ʥʘʩʝʣʝʥʠʷ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʭʚʘʪʢʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʘʪʦʤʥʫʶ ʵʥʝʨʛʝʪʠʢʫ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɸʕʉ ʪʨʝʙʫʝʪ 

ʥʝ ʪʦʣʴʢʦ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʞʸʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʚʦʜʥʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʩʠʩʪʝʤʳ. ɺ ʥʘʰʝʤ 

ʨʝʛʠʦʥʝ ʫʞʝ ʙʦʣʝʝ 40 ʣʝʪ (ʩ 1984 ʛʦʜʘ) ʫʩʧʝʰʥʦ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 

ʂʘʣʠʥʠʥʩʢʘʷ ɸʕʉ. ɿʘ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ɸʕʉ ʤʦʥʠʪʦʨʠʥʛ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʦʟʝʨʘʭ-ʦʭʣʘʜʠʪʝʣʷʭ ʧʦʢʘʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ ʥʘ 6 - 10 ʛʨʘʜʫʩʦʚ [1,2]. ʇʦʧʫʪʥʦ, ʥʘʤʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ-ʟʘ 

ʫʩʠʣʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠʟ ʦʟʝʨ ʋʜʦʤʣʷ ʠ ʇʝʩʴʚʦ, ʚʦʟʨʦʩʣʦ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 

% ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʦʙʱʫʶ ʞʝʩʪʢʦʩʪʴ ʚʦʜʳ 

(ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʫʚʝʣʠʯʠʣʦʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʩ 36 ʤʛ/ʣ 

ʜʦ 41 ʤʛ/ʣ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʚʳʨʦʩʣʦ ʦʪ 8,5 ʤʛ/ʣ ʜʦ 12 ʤʛ/ʣ). ʇʦʢʘ ʵʪʦ ʥʝ 

ʢʨʠʪʠʯʥʦ, ʪ.ʢ. ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [3] ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ 

ʜʦʧʫʩʢʘʝʪʩʷ ʜʦ 180 ʤʛ/ʣ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʦ 40 ʤʛ/ʣ, ʥʦ 

ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʪʦʨʦʚ ɸʕʉ 

ʩ ʪʝʤ, ʯʪʦʙʳ ʟʘʱʠʪʠʪʴ ʧʨʠʨʦʜʫ ʠ ʥʘʩʝʣʝʥʠʝ ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ ɸʕʉ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʨʠʛʦʨʴʝʚʘ ʀ.ʃ., ʂʦʤʠʩʩʘʨʦʚ ɸ.ɹ., ʃʘʥʮʦʚʘ ʀ.ɺ. ʠ ʜʨ. // ʇʨʦʤʳʰʣʝʥʥʦʝ ʠ ʛʨʘʞʜʘʥʩʢʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 2014, ˉ2, ʉ. 66-69. 

2. ɻʨʠʛʦʨʴʝʚʘ ʀ.ʃ., ʂʦʤʠʩʩʘʨʦʚ ɸ.ɹ., ʂʫʟʦʚʣʝʚ ɺ.ɺ. ʠ ʜʨ. // ɺʝʩʪʥʠʢ ʊʚɻʋ.ʉʝʨʠʷ çɻʝʦʛʨʘʬʠʷ 

ʠ ʛʝʦʵʢʦʣʦʛʠʷè, 2024, ˉ1 (45), ʉ. 13-22; doi.org/10.26456/2226-7719-2024-1-13-22 

3.  ʇʨʠʢʘʟ ʄʠʥʩʝʣʴʭʦʟʘ ʈʌ ˉ552 ʦʪ 13.12.2016 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷè (ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ 13 ʠʶʥʷ 2024 ʛʦʜʘ). 
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150. ʇʘʨʰʝʥʢʦʚʘ ʆʣʴʛʘ ɺʘʜʠʤʦʚʥʘ 

ʆʛʥʝʩʪʦʡʢʠʝ ʵʧʦʢʩʠʜʥʳʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʦʢʨʳʪʠʷ  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚ ɽ.ʄ 

 ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ  

ʌʘʢʫʣʴʪʝʪ ʅʝʬʪʝʛʘʟʦʭʠʤʠʠ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ 

ʕʧʦʢʩʠʜʥʳʝ ʩʤʦʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʠ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʰʠʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ. ʆʜʥʘʢʦ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʛʦʨʶʯʝʩʪʴʶ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʛʘʣʦʛʝʥʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ 

ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʞʘʪʴ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʙʝʟ ʫʭʫʜʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ [1]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ 

ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʨʠʩʢʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʚ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʨʝʜʘʭ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ 

ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʦʨ- ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʩʪʨʘʠʚʘʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʵʧʦʢʩʠʜʥʦʡ ʩʝʪʢʠ. ʌʦʩʬʘʟʝʥʳ 

ʨʝʘʣʠʟʫʶʪ ʢʦʦʧʝʨʘʪʠʚʥʳʡ PïN ʤʝʭʘʥʠʟʤ ʦʛʥʝʟʘʱʠʪʳ: ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʧʦʜʘʚʣʷʶʪ ʨʘʜʠʢʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ, ʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʱʠʪʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʩʣʦʷ [2-3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʋʇ-637, ʠʟʦʬʦʨʦʥʜʠʘʤʠʥʘ ʠ ʛʝʢʩʘ-ʧ-

ʬʦʨʤʠʣʬʝʥʦʢʩʠʮʠʢʣʦʪʨʠʬʦʩʬʘʟʝʥʘ ʩ ʚʚʝʜʝʥʠʝʤ ʤʝʜʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ʌʦʩʬʘʟʝʥʩʦʜʝʨʞʘʱʠʡ ʦʪʚʝʨʜʠʪʝʣʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʤʝʜʴ 

ʬʦʨʤʠʨʫʝʪ ʧʨʦʚʦʜʷʱʫʶ ʩʝʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʧʦʢʨʳʪʠʷ- 10-1 ʆʤ/ʩʤ. ɺʚʝʜʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴ. 

ʉʦʚʤʝʱʝʥʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʠ ʘʥʪʠʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʧʦʢʨʳʪʠʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Ma X, et al. Enhancing Flame Retardancy and Smoke Suppression in Epoxy Resin Composites 

with SulfurïPhosphorous Reactive Flame Retardant // Molecules. 2023. Vol. 29. P. 227. 

2. Nishikawa H., Mikami S., Miyake K., Aoki A., Takemoto T. Effects of Silver Coating Covered 

with Copper Filler on Electrical Resistivity of Electrically Conductive Adhesives // Mater. Trans. 2020. 

Vol. 51, No. 10. P. 1785ï1789. 

3. Beheshty M.J., Zohuriaan-Mehr M.J. Novel Phosphonated Hardeners Derived from Diamino 

Diphenyl Sulfone for Epoxy Resins // Polym. Degrad. Stab. 2022. V. 199. P. 109917. 
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151. ʇʝʪʨʦʚʘ ɸʨʠʥʘ ʀʛʦʨʝʚʥʘ 

ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ  

D ï ʛʣʶʢʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Pt/Mn-270 (3 %Pt)  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʘʢʠʥʘ ʅ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʨʦʮʝʩʩʫ ʦʢʠʩʣʝʥʠʷ ʛʣʶʢʦʟʳ ʧʨʠ ʧʦʤʦʱʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥ ʧʦʣʫʯʝʥʠʝʤ ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ɻʝʪʝʨʦʛʝʥʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ        D ï ʛʣʶʢʦʟʳ 

ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ ʧʦʜʭʦʜʘʤʠ[1]. 

ɻʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʤʝʥʴʰʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ [2]. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʠʩʣʝʥʠʝ D ï ʛʣʶʢʦʟʳ D ï ʛʣʶʢʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʤʝʪʦʜʦʤ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Pt/MN-270 (3 % Pt), ʧʨʦʚʝʜʝʥ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʦʮʝʥʢʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʦʥʚʝʨʩʠʶ ʩʫʙʩʪʨʘʪʘ ʧʦʩʣʝ 180 ʤʠʥ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʢʠʩʣʝʥʠʷ D ï ʛʣʶʢʦʟʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ 

ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ D ï ʛʣʶʢʦʟʳ.  
ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ D ï ʛʣʶʢʦʟʳ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Pt/MN-270 (3 % Pt) 
ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ʂʦʥʚʝʨʩʠʷ, % ʉʝʣʝʢʪʠʚʥʦʩʪʴ, % 

60 78,66 72,09 

70 88,56 74,28 

80 80,63 73,25 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ D ï ʛʣʶʢʦʟʳ ʧʨʠ 70 ÁC ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ, ʢʦʥʚʝʨʩʠʷ ʜʦʩʪʠʛʘʝʪ 

88,56 %, ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 74,28 %, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 60 ÁC, ʢʦʥʚʝʨʩʠʷ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 78,66 %, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ï ʜʦ 72,09 %. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 80 ÁC ʪʘʢʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ: ʢʦʥʚʝʨʩʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 80,63 %, ʥʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 73,25 %. ʇʨʠ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʵʥʝʨʛʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ D ï ʛʣʶʢʦʟʳ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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152. ʈʳʙʢʠʥʘ ʉʦʬʴʷ ʆʣʝʛʦʚʥʘ 

ɺʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʵʤʫʣʴʩʠʠ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʥʯʠʭʠʥʘ ʃ.ʀ. 
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 
ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʕʤʫʣʴʩʠʠ ð ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʟ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʘʧʝʣʴ 

ʞʠʜʢʦʩʪʠ. ʆʥʠ ʥʝʫʩʪʦʡʯʠʚʳʝ ʠ ʩʢʣʦʥʥʳʝ ʢ ʨʘʩʩʣʦʝʥʠʶ. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʨʠʤʝʥʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ), ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʝʣʴ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ ʩʣʠʧʘʥʠʝ.  ʕʤʫʣʴʛʘʪʦʨʳ ʜʦʣʞʥʳ 

ʭʦʨʦʰʦ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʛʠʜʨʦʬʠʣʴʥʦ-ʣʠʧʦʬʠʣʴʥʳʡ ʙʘʣʘʥʩ (ɻʃɹ), ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʵʤʫʣʴʩʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʠʩʧʝʨʩʥʦʩʪʴ ʵʤʫʣʴʩʠʡ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ 

ʢʦʤʧʦʟʠʮʠʠ ʇɸɺ ʠ ʝʝ ʟʥʘʯʝʥʠʷ ɻʃɹ.  

ɺ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʦ ʠʟʫʯʝʥʠʝ ʵʤʫʣʴʛʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʇɸɺ, ʠʭ ʢʦʤʧʦʟʠʮʠʡ. ʉʪʘʥʜʘʨʪʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʘ 5% ʵʤʫʣʴʩʠʷ ʤʘʩʣʦ/ʚʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʦʚ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ: ʢʘʪʠʦʥʥʦʝ ʇɸɺ ï 

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʜ, ɻʃɹ - 15,5; ʘʥʠʦʥʥʦʝ ʇɸɺ ï ʩʪʝʘʨʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ, ɻʃɹ - 1,0; ʥʝʠʦʥʦʛʝʥʥʦʝ ʇɸɺ, ɻʃɹ - 15,0 ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʠ.  

ʂʦʥʪʨʦʣʴ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʵʤʫʣʴʩʠʡ ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ï ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (5 ʤʠʥ ʧʨʠ 3000 ʦʙ/ʤʠʥ) ʠ 

ʚʳʩʦʪʦʡ ʦʪʜʝʣʠʚʰʝʛʦʩʷ ʩʣʦʷ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʇɸɺ ʢʘʢ ʵʤʫʣʴʛʘʪʦʨʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʵʤʫʣʴʩʠʦʥʥʳʭ ʦʩʥʦʚ ʜʣʷ ʢʨʝʤʦʚ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʵʤʫʣʴʩʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʟʠʮʠʠ ʇɸɺ: ʥʝʠʦʥʦʛʝʥʥʦʝ + ʘʥʠʦʥʥʦʝ 

+ ʮʝʪʠʣʦʚʳʡ ʩʧʠʨʪ (ɻʃɹ=5,43), ʘʥʠʦʥʥʦʝ + ʢʘʪʠʦʥʥʦʝ + ʪʨʠʵʪʘʥʦʣʘʤʠʥ 

(ɻʃɹ=10,98), ʢʘʪʠʦʥʥʦʝ + ʥʝʠʦʥʦʛʝʥʥʦʝ + ʮʝʪʠʣʦʚʳʡ ʩʧʠʨʪ (ɻʃɹ=5,63). ʅʘ 

ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʡ ʵʤʫʣʴʩʠʦʥʥʦʡ ʦʩʥʦʚʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʩʤʝʪʠʯʝʩʢʠʡ ʢʨʝʤ 

ʠ ʦʮʝʥʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʴ ʝʛʦ ʢʘʯʝʩʪʚʘ: ʚʠʜ, ʮʚʝʪ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (pH-ʬʠʣʴʪʨʘʪ). 
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153. ʉʘʜʝʢʦʚ ɹʫʣʘʪ ɻʫʤʝʨʦʚʠʯ 

ʂʠʥʝʪʠʢʘ ʘʣʢʦʛʦʣʠʟʘ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʩʳʨʴʷ ʜʣʷ 

ʧʦʣʠʫʨʝʪʘʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʢʠʨʦʚʘ ʀ.ʅ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʀʥʩʪʠʪʫʪ ʧʦʣʠʤʝʨʦʚ 

ʂʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ 

ʈʘʩʪʫʱʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʧʦʣʠʢʘʨʙʦʥʘʪʘ (ʇʂ) ʠ ʥʘʢʦʧʣʝʥʠʝ ʝʛʦ ʦʪʭʦʜʦʚ 

ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʝʥ 

ʭʠʤʠʯʝʩʢʠʡ ʨʝʮʠʢʣʠʥʛ ʤʝʪʦʜʦʤ ʘʣʢʦʛʦʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʧʦʣʠʦʣʳ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʦʟʚʨʘʪʘ ʙʠʩʬʝʥʦʣʘ ɸ. ʕʪʦ ʩʦʟʜʘʝʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʙʘʟʫ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʠʫʨʝʪʘʥʦʚ, ʩʥʠʞʘʷ 

ʢʨʠʪʠʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʘ. 

ʂʠʥʝʪʠʢʫ ʘʣʢʦʛʦʣʠʟʘ 

ʇʂ 

ʧʦʣʠʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ 

(ʇʊɻʌ, ʄʄ 650) ʠʟʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ʚʠʩʢʦʟʠʤʝʪʨʠʠ 

(ʨʠʩ.). ʀʩʭʦʜʥʦ 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʤʘʩʩʘ ʛʦʤʦʛʝʥʠʟʠʨʫʝʪʩʷ ʥʘ 

31-ʡ ʤʠʥʫʪʝ ʠ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʝʨʝʛʠʙʘʤʠ ʥʘ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ 

ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʥʘ 

76-ʡ ʤʠʥʫʪʝ ʚʳʭʦʜʠʪ ʥʘ 

ʧʣʘʪʦ (ʦʢʦʣʦ 17000 ʩʇʟ), 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʜʝʩʪʨʫʢʮʠʠ ʠ ʜʦʩʪʠʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. 

ʈʦʩʪ ʚʷʟʢʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥ ʭʠʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʝʡ ʇʂ ʚʩʣʝʜʩʪʚʠʝ 

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ɻʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʇʊɻʌ ʘʪʘʢʫʶʪ 

ʢʘʨʙʦʥʘʪʥʳʝ ʩʚʷʟʠ ʧʦʣʠʤʝʨʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʩ 

ʢʦʥʮʝʚʳʤʠ ʬʝʥʦʣʴʥʳʤʠ ʠ ʩʧʠʨʪʦʚʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɿʘʪʝʤ OH-

ʛʨʫʧʧʳ ʇʊɻʌ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʪʝʩʥʷʝʪ ʬʝʥʦʣʴʥʳʝ ʛʨʫʧʧʳ ʙʠʩʬʝʥʦʣʘ ɸ, 

ʩʚʷʟʳʚʘʷʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʢʘʨʙʦʥʘʪʥʳʝ ʛʨʫʧʧʳ ʚ 

ʦʣʠʛʦʵʬʠʨʢʘʨʙʦʥʘʪʜʠʦʣ. ʕʪʦ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ 

ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʚʷʟʢʦʩʪʴ ʩʠʩʪʝʤʳ. ɺʳʭʦʜ ʥʘ ʧʣʘʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʢʦʥʯʘʥʠʝ 

ʧʨʦʮʝʩʩʘ: ʙʠʩʬʝʥʦʣ ɸ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʩʚʦʙʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʠʪʦʛʦʚʘʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʦʣʠʛʦʵʬʠʨʢʘʨʙʦʥʘʪʜʠʦʣʘ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʤʦʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʇʊɻʌ ʢ ʟʚʝʥʫ ʇʂ. 

  

 
ʈʠʩ. ʀʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʘʣʢʦʛʦʣʠʟʝ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʇʊɻʌ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 ÁC 



XXɁII  ȶɌɜɏɔəɝɖɔɑ ɣɞɑəɔɫ 
ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 179 

ʋɼʂ 544.77.051 

154. ʉʘʣʴʥʠʢʦʚ ɼʝʥʠʩ ɺʘʜʠʤʦʚʠʯ 

ʀʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦ 

ʠʟʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥ 

(ʅɸʎ)/ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ, 3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʄʇʂ)/ʥʠʪʨʘʪ 

ʩʝʨʝʙʨʘ, ʮʠʩʪʝʘʤʠʥ (ʎɸ)/ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ, ʘ ʪʘʢʞʝ ʚ ʩʤʝʩʠ ʄʇʂ/ʎɸ/ʥʠʪʨʘʪ 

ʩʝʨʝʙʨʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʅɸʎ, ʄʇʂ ʠ ʎɸ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ (-SH). ʇʨʠ ʵʪʦʤ ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [1], ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ ʘʪʦʤ ʚʦʜʦʨʦʜʘ 

ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʟʘʤʝʱʘʝʪʩʷ ʩʝʨʝʙʨʦʤ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ -S-Ag 

ʛʨʫʧʧʳ.  ɼʘʥʥʳʡ ʬʘʢʪ ʙʳʣ ʫʯʪʝʥ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʨʷʜʫ ʩ -S-Ag ʛʨʫʧʧʦʡ ʤʦʣʝʢʫʣʳ ʅɸʎ, ʄʇʂ ʠ ʎɸ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʪ ʜʨʫʛʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ɺ ʩʣʫʯʘʝ ʅɸʎ ʪʘʢʠʤʠ ʛʨʫʧʧʘʤʠ 

ʷʚʣʷʶʪʩʷ -NHCO ʠ -C(O)O-, ʘ ʜʣʷ ʄʇʂ ʠ ʎɸ ʪʦʣʴʢʦ -C(O)O- ʠ NH3
+ ʛʨʫʧʧʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʎʝʣʴʶ ʨʘʩʯʝʪʦʚ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʅɸʎ, ʄʇʂ ʠ ʎɸ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʘ 

ʪʘʢʞʝ ʩ ʠʦʥʘʤʠ (Ag+, H3O
+, NO3

-) ʚ ʨʘʩʪʚʦʨʝ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʦʤ 

ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ BLYP [2,3], ʙʘʟʠʩʦʤ DNP [4,5] ʠ ʩ ʫʯʝʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʫʪʝʤ 

ʟʘʜʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʨʝʜʳ (‐ 78.54). ʇʘʨʮʠʘʣʴʥʳʝ ʟʘʨʷʜʳ 

ʘʪʦʤʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Gaussian. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʅɸʎ, ʄʇʂ ʠ ʎɸ ʩ ʥʠʪʨʘʪʦʤ 

ʩʝʨʝʙʨʘ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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155. ʉʪʘʨʦʩʪʠʥʘ ʉʦʬʴʷ ʉʝʨʛʝʝʚʥʘ 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊ.ɺ. ʂʨʶʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʢʘʟʘʪʝʣʴ ʢʠʩʣʦʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʯʝʩʪʚʦ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ ʩ ʚʢʫʩʦʚʦʡ ʠ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ. ʇʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʠ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʪʘʢ ʢʘʢ ʢʠʩʣʦʪʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʷʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʧʠʨʪʦʚʦʛʦ ʠ ʤʦʣʦʯʥʦʢʠʩʣʦʛʦ ʙʨʦʞʝʥʠʷ ʚ ʪʝʩʪʝ. ʂʠʩʣʦʪʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʛʨʘʜʫʩʘʭ. ʇʦʜ ʛʨʘʜʫʩʦʤ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʥʠʤʘʶʪ ʦʙʲʝʤ ʚ ʢʫʙʠʯʝʩʢʠʭ 

ʩʘʥʪʠʤʝʪʨʘʭ ʨʘʩʪʚʦʨʘ ʪʦʯʥʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʦʣʴ/ʜʤ3 ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 100 ʛ 

ʠʟʜʝʣʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ (ʪʠʪʨʦʚʘʥʠʷ) ʟʘ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩʣʝʜʷʪ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʅʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʙʦʨ ʠʦʥʦʤʝʨ 

ʀ-150 ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʉʂ-10601/7. ʈʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ ʩʦʨʪʘ çʊʚʝʨʩʢʦʡè (ɿɸʆ çʍʃɽɹè) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʢʘʢ ʛʨʘʬʠʢ ʪʠʪʨʦʚʘʥʠʷ ʱʝʣʦʯʴʶ ʨʘʩʪʚʦʨʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʙʦʪʢʦʡ ʪʦʯʥʦʡ ʥʘʚʝʩʢʠ ʧʦʨʮʠʠ ʭʣʝʙʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ [1]. 

 

ʈʠʩ.1. ɻʨʘʬʠʢ ʘʥʘʣʠʟʘ ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ ʩʦʨʪʘ çʊʚʝʨʩʢʦʡè 

ʇʦ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ (1,6 ʤʣ 0,1 N ʱʝʣʦʯʠ) ʚʳʯʠʩʣʝʥʘ ʢʠʩʣʦʪʥʦʩʪʴ 

ʭʣʝʙʘ ʩʦʨʪʘ çʊʚʝʨʩʢʦʡè, ʨʘʚʥʘʷ 7,60 ʛʨʘʜʫʩʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʝ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʆʉʊ 5670-96 "ʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ". 
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156. ʉʪʳʯʠʥʩʢʠʡ ɼʘʥʠʣ ʄʘʢʩʠʤʦʚʠʯ 

ʉʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʪʨʘʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʇʘʭʦʤʦʚ ʇ.ʄ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɹʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ 

ʦʙʣʘʩʪʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʟʜʘʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʫʪʠ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʵʬʬʝʢʪʠʚʥʦ 

ʙʦʨʶʱʠʭʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʅʘʥʦʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʘʤʠ ʙʠʦʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʦʱʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʢʘʢ 

ʜʣʷ ʣʝʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʪʦʣʦʛʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʥʝʪʠʢʠ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ (ʅʏʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

ɹʳʣʠ ʦʪʦʙʨʘʥʳ ʯʝʪʳʨʝ ʚʠʜʘ ʨʘʩʪʝʥʠʡ: ʵʚʢʘʣʠʧʪ ʧʝʧʝʣʴʥʳʡ (ʣʠʩʪʴʷ), ʤʷʪʘ 

ʧʝʨʝʯʥʘʷ (ʣʠʩʪʴʷ), ʣʘʚʘʥʜʘ ʫʟʢʦʣʠʩʪʥʘʷ (ʮʚʝʪʢʠ) ʠ ʜʦʥʥʠʢ ʣʝʢʘʨʩʪʚʝʥʥʳʡ 

(ʩʪʝʙʣʠ ʠ ʣʠʩʪʴʷ). ʇʦʜʛʦʪʦʚʢʘ ʵʢʩʪʨʘʢʪʦʚ ʚʢʣʶʯʘʣʘ ʩʫʰʢʫ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʪʝʤʧʝʨʘʪʫʨʳ (70 ÁC) ʚ ʪʝʯʝʥʠʝ ʜʚʝʥʘʜʮʘʪʠ ʯʘʩʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʅʏʉ ʧʨʦʠʩʭʦʜʠʣʦ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (AgNO3) ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,01 ʄ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʨʘʩʪʝʥʠʡ. 

ɼʠʥʘʤʠʢʘ ʩʠʥʪʝʟʘ ʦʪʩʣʝʞʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ: ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʠʙʦʨʝ 

çEvolution Arrayè. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ Zetasizer Nano ZS 

ʬʠʨʤʳ Malvern. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʸʪʢʦ 

ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʦʢʦʣʦ 430ï450 ʥʤ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ, ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ ʠ ʠʭ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʞʜʫ ʧʨʝʧʘʨʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʀʪʦʛʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ, ʢʦʪʦʨʳʝ ʥʘʡʜʫʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʠ ʬʫʥʛʠʮʠʜʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ. 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʮʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚɻʋ 
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157. ʉʫʚʦʨʦʚ ɸʣʝʢʩʝʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ 

ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ 

ʢʦʥʩʪʘʥʪ ʢʦʤʧʣʝʢʩʦʥʦʚ Nï(ʢʘʨʙʦʢʩʠʤʝʪʠʣ)ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʂʄɸʂ), 

N,Nïʙʠʩ(ʢʘʨʙʦʢʩʠʤʝʪʠʣ)ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɹʂɸʂ) ʠ ʠʤʠʥʦʜʠʷʥʪʘʨʥʦʡ 

ʢʠʩʣʦʪʳ (ʀɼʗʂ) ʩʦʩʪʦʷʣʘ ʚ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʤ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʦʥʥʦʡ ʩʠʣʳ 0,1; 0,5; 1,0, ʩʦʟʜʘʚʘʝʤʳʭ KNO3. 

ʂʦʥʩʪʘʥʪʳ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʥʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ 

ʧʨʦʛʨʘʤʤʝ CLINP 2.1. ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ʃʠʛʘʥʜ pki I = 0 I = 0.1 I = 0.5 I = 1.0 

ʂʄɸʂ pk1 2.95°0.05 2.58 [1] 2.65°0.03 2.58°0.02 

pk2 4.31°0.06 3.85 [1] 3.85°0.02 3.75°0.03 

ʨk3 10.33°0.03 9.65 [1] 9.47°0.02 9.38°0.02 

ɹʂɸʂ ʨk1 2.59°0.05 2.46 [1] 2.32°0.02 2.26°0.02 

ʨk2 3.57°0.02 2.79 [1] 3.09°0.05 3.02°0.03 

ʨk3 4.78°0.03 4.26 [1] 4.08°0.03 4.01°0.02 

ʨk4 10.21°0.04 9.18 [1] 9.33°0.02 9.28°0.04 

ʀɼʗʂ ʨk1 2.17°0.08  2.96 [2] 2.02°0.02 2.01°0.02 

ʨk2 3.61°0.04  3.84 [2] 3.09°0.05 3.06°0.03 

ʨk3 5.10°0.04 4.83 [2] 4.38°0.03 4.31°0.02 

ʨk4 11.32°0.06 10.12 [2] 10.43°0.02 10.36°0.04 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʢ ʥʫʣʝʚʦʡ ʠʦʥʥʦʡ ʩʠʣʝ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ [3]: 

pki = pk¯i - AgÖDZ2ÖI1/2/(1+1.6ÖI1/2)+bÖI. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʨʝʣʦʚ ʀ.ʇ., ʅʠʢʦʣʴʩʢʠʡ ɺ.ʄ., ʂʘʧʫʩʪʥʠʢʦʚ ɸ.ʀ. // ɾʫʨʥʘʣ ʦʙʱʝʡ ʭʠʤʠʠ. 1978. ʊ. 48. 

ˉ11. ʉ. 2596 - 2600. 

2. ʅʠʢʦʣʴʩʢʠʡ ɺ.ʄ., ɻʦʨʝʣʦʚ ʀ.ʇ. // ɾʫʨʥʘʣ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 1976. ʊ. 21. ˉ3. ʉ. 846 - 

848. 

3. ɺʘʩʠʣʴʝʚ ɺ.ʇ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ. ï ʄ.: ɺʳʩʰ. ʰʢʦʣʘ. ï 

1982. ï 320ʩ. 
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158. ʉʫʣʜʠʥʘ ɾʘʥʥʘ ʀʛʦʨʝʚʥʘ 

ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɺʰʠʚʢʦʚ ʉ.ɸ., ʈʫʩʠʥʦʚʘ ɽ.ɺ. 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʊʝʦʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ɺʣʠʷʥʠʝ ʧʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʠʝʥʪʘʮʠʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʘʚʠʩʷʱʝʤ ʦʪ 

ʟʥʘʢʘ ʠʭ ʘʥʠʟʦʪʨʦʧʠʠ ʜʠʘʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʨʝʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʵʥʪʘʣʴʧʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʧʦʣʠʤʝʨʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ: 

ʨʘʩʪʚʦʨʦʚ, ʧʣʝʥʦʢ, ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ. ʀʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɻʇʎ, 

ʕʎ, ʎʕʎ, ɻʕʎ, ʇɺʉ, ʧʦʣʠ-N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ, ʇɸʂ, ʇʄɸʂ, ʥʘʥʦʯʘʩʪʠʮ 

Fe, FeOx, Fe7Ni3. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ 

ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ ʦʪ 3 ʜʦ 7 ʢʕ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ 

12 ʢʕ. ʄʦʨʬʦʣʦʛʠʶ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus BX-51. ʀʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʦʤʝʪʨʘ RN 4.1, ʨʘʙʦʯʠʡ ʫʟʝʣ ʢʦʪʦʨʦʛʦ ʩ ʨʘʩʪʚʦʨʦʤ 

ʧʦʤʝʱʘʣʠ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʉʦʨʙʮʠʶ ʧʘʨʦʚ 

ʚʦʜʳ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ Micromeritics ASAP 2020 ʘʥʘʣʠʟʘʪʦʨʘ. ʅʘʣʦʞʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʪʠʮ ʚ 

ʨʘʩʪʚʦʨʘʭ ʮʝʣʣʶʣʦʟʳ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʦʩ ʨʝʣʴʝʬʘ ʧʣʝʥʦʢ. 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʦʧʠʩʳʚʘʶʪʩʷ ʢʨʠʚʳʤʠ ʩ 

ʤʘʢʩʠʤʫʤʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʤʝʨʘ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʚʦʨʦʚ ʦʩʣʘʙʝʚʘʝʪ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʠ ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ ʩ ʤʘʢʩʠʤʫʤʦʤ. ʇʦʣʫʯʝʥʳ ʘʥʠʟʦʪʨʦʧʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ɻʕʎ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʚʥʝ ʧʦʣʷ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʨʠʝʥʪʘʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʢ 

ʫʧʣʦʪʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʝʥʦʢ ʩ ʚʦʜʦʡ. ʉ ʚʚʝʜʝʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ɻʇʎ ʵʪʦʪ ʵʬʬʝʢʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ. 
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ȮɝɑɜɚɝɝɔɕɝɖɌɫ ɖɚəɠɑɜɑəɢɔɫ çɀɔɓɔɖɌ, ɡɔɘɔɫ ɔ əɚɎɧɑ ɞɑɡəɚɗɚɏɔɔ 

ʊʚʝʨʴ, 26-28 ʤʘʨʪʘ 2026 ʛ. ˞̗̓̑́̎̉́ 184 

ʋɼʂ 547.233.4 

159. ʊʝʨʝʥʪʴʝʚ ɼʘʥʠʣʘ ʀʛʦʨʝʚʠʯ 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɾʫʨʘʚʣʝʚ ʆ.ɽ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) - ʪɻʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʧʣʘʚʳ ʩʦʣʝʡ ʩ 

ʦʙʲʸʤʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʠʦʥʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʳʩʦʢʦʧʦʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, 

ʵʣʝʢʪʨʦʣʠʪʳ, ʢʘʪʘʣʠʟʘʪʦʨʳ.  ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʀɾ ʥʘ ʠʭ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʩ ʜʠʮʠʘʥʘʤʠʜ- 

[N(CN)2]
- 

, ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ [PF6]
- ʠ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʝʚʳʤ 

ʢʘʪʠʦʥʦʤ ʩ ʨʘʟʥʦʡ ʜʣʠʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ (CH3, C2H5, C4H9). 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʳʣ ʧʨʦʚʝʜʸʥ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʠʮʠʘʥʘʤʠʜʦʚ- ʠ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ 

ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25-600ʦʉ ʥʘ ʚʦʟʜʫʭʝ. ʅʘ 

ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

  
1 2 

ʈʠʩ ʂʨʠʚʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘ ʚʦʟʜʫʭʝ ʜʠʮʠʘʥʘʤʠʜʦʚ (1) ʠ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ (2) 

ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʀɾ ʩʪʘʙʠʣʴʥʳ ʜʦ 

200ʦʉ. ɻʝʢʩʘʬʪʦʨʬʦʩʬʘʥ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʫʩʪʦʡʯʠʚ 

ʚʧʣʦʪʴ ʜʦ 315ʦʉ. ɼʣʷ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʫʞʝ ʧʨʠ 70 0ʉ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 70-130 0ʉ ʪʝʨʷʝʪ 

32%. 

  
































































































































