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ʋɼʂ 635.92 

ɸʛʦʰʢʦʚʘ ɸʥʞʝʣʠʢʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʄʦʥʦʭʨʦʤʥʳʡ ʙʝʣʳʡ ʩʘʜ ʢʘʢ ʵʣʝʤʝʥʪ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ʅ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ɺ ʩʘʜʦʚʦʡ ʧʘʣʠʪʨʝ ʦʩʦʙʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʩʪʝʥʠʷʤ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʙʣʘʛʦʨʦʜʥʳʤʠ, ʥʝʞʥʳʤʠ ʦʪʪʝʥʢʘʤʠ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʤʦʥʦʭʨʦʤʥʦʛʦ ʙʝʣʦʛʦ ʩʘʜʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʳʙʦʨʫ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʠʥʮʠʧʫ ʦʜʥʦʪʦʥʥʦʩʪʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʠʟʣʠʰʥʝʡ ʷʨʢʦʩʪʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʮʚʝʪʦʚʦʡ ʧʘʣʠʪʨʝ ʩʘʜʘ. ɻʣʘʚʥʳʤ 

ʧʨʠʥʮʠʧʦʤ, ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʫʯʝʩʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʛʦ ʩʘʜʘ, ʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʮʚʝʪʘ ʨʘʩʪʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʝʟʦʥʘ. ʊʘʢʘʷ ʮʚʝʪʦʚʘʷ 

ʛʘʤʤʘ ʥʝʠʟʤʝʥʥʦ ʚʧʝʯʘʪʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʛʦʜʳ. ʇʘʩʤʫʨʥʦʝ ʥʝʙʦ 

ʚʳʜʝʣʷʝʪ ʙʝʣʳʡ ʮʚʝʪ, ʧʨʠʜʘʚʘʷ ʝʤʫ ʦʩʦʙʫʶ ʷʨʢʦʩʪʴ ʠ ʚʦʟʜʫʰʥʦʩʪʴ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʩʥʦʝ ʥʝʙʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʪʝʥʠʷʤ ʧʝʨʝʣʠʚʘʪʴʩʷ ʠ ʦʩʚʝʱʘʪʴʩʷ 

ʙʝʣʦʩʥʝʞʥʳʤʠ ʣʫʯʘʤʠ ʩʦʣʥʮʘ, ʩʦʟʜʘʚʘʷ ʙʣʝʩʪʷʱʠʡ ʵʬʬʝʢʪ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʛʘʥʪʥʳʭ ʠ ʛʘʨʤʦʥʠʯʥʳʭ "ʙʝʣʳʭ" ʮʚʝʪʥʠʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʘʩʪʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʚʦʠʤʠ ʬʦʨʤʘʤʠ, ʨʘʟʤʝʨʘʤʠ ʠ 

ʬʘʢʪʫʨʘʤʠ. ʎʚʝʪʘ ʙʝʣʳʡ, ʩʝʨʳʡ ʠ ʩʝʨʝʙʨʷʥʳʡ ð ʵʪʦ ʥʝʡʪʨʘʣʴʥʳʝ ʦʪʪʝʥʢʠ, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʭʦʣʦʜʥʦʡ ʛʘʤʤʝ, ʦʜʥʘʢʦ ʚʩʝʛʜʘ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʜʘʥʥʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʚʳʙʦʨ. ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʢʨʘʩʠʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʡ 

ʮʚʝʪʦʚʦʡ ʢʘʪʝʛʦʨʠʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠ ʩʦʨʪʘ ʮʚʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. 

ɸʛʝʨʘʪʫʤ (ʣʘʪ. Ageratum houstonianum) ˈ ɻ ʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ 

ʘʩʪʨʦʚʳʝ. çɼʦʣʛʦʮʚʝʪʢʘè ʨʘʜʫʝʪ ʩʚʦʝʡ ʷʨʢʦʡ ʢʨʘʩʦʪʦʡ ʩ ʤʘʷ ʜʦ ʛʣʫʙʦʢʦʡ 

ʦʩʝʥʠ. ʂʫʣʴʪʫʨʘ ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʘ. ʎʚʝʪʳ ʚʳʨʘʩʪʘʶʪ ʤʘʢʩʠʤʫʤ ʜʦ 50 ʩʤ. 

ɹʘʨʭʘʪʮʳ (Tagetes erecta Kilimanjaro) ʧʨʷʤʦʩʪʦʷʯʠʝ ʤʦʛʫʪ 

ʢʫʣʴʪʠʚʠʨʦʚʘʪʴʩʷ ʢʘʢ ʦʜʥʦʣʝʪʥʠʝ, ʚʳʩʦʪʦʡ 40-60 ʩʤ. ɻʝʦʨʛʠʥʳ ʄʠʛʥʦʥ 

ʙʝʣʘʷ (Sylvan White Dice) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʦʨʪʦʚ. ʕʪʠ ʮʚʝʪʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʣʝʪʥʠʤʠ ʠ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ. ʂʫʩʪ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʦʨʦʩʣʳʤ, ʝʛʦ ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 40-60 ʩʤ. ɻʝʦʨʛʠʥʳ ʵʪʦʛʦ ʩʦʨʪʘ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʳʝ ʦʪʪʝʥʢʠ ï ʨʦʟʦʚʳʝ, ʙʝʣʳʝ, ʞʝʣʪʳʝ, ʢʨʘʩʥʳʝ ʠ ʩʠʨʝʥʝʚʳʝ. 

ɼʝʣʴʬʠʥʠʫʤ (Delphinium grandiflorum Delfix White) ï ʮʚʝʪʳ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ 

ʩʪʦʷʯʠʝ ʤʝʪʝʣʢʠ. ɼʝʢʦʨʘʪʠʚʥʳʡ ʢʫʩʪ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʫʰʠʩʪʦʩʪʴʶ, ʤʦʞʝʪ 

ʚʳʪʷʥʫʪʴʩʷ ʜʦ 2 ʤ ʚ ʚʳʩʦʪʫ. ɼʝʣʴʬʠʥʠʫʤ ʮʚʝʪʝʪ ʧʦʚʪʦʨʥʦ. ɿʘʡʮʝʭʚʦʩʪ 

(ʣʘʛʫʨʫʩ) (ʣʘʪ. Lagurus) ʷʚʣʷʝʪʩʷ ʪʨʘʚʷʥʠʩʪʳʤ ʦʜʥʦʣʝʪʥʠʢʦʤ. ʊʘʢʦʝ 

ʵʬʬʝʢʪʥʦʝ ʨʘʩʪʝʥʠʝ ʚʳʜʝʣʷʝʪʩʷ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ ʩʦʮʚʝʪʠʷʤʠ, 

ʠʤʝʶʱʠʤʠ ʷʡʮʝʚʠʜʥʫʶ ʬʦʨʤʫ ʠ ʙʝʣʳʡ ʦʢʨʘʩ. ɽʩʣʠ ʢʫʩʪʳ ʚʳʩʘʜʠʪʴ ʚ 

ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʥʦʤ ʤʝʩʪʝ, ʪʦ ʠʭ ʚʳʩʦʪʘ ʙʫʜʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 25 ʜʦ 30 

ʩʘʥʪʠʤʝʪʨʦʚ.  
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ʋɼʂ 66.092.097 

ɸʢʠʥʯʠʮ ʄʘʨʠʷ ɺʠʢʪʦʨʦʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʛʠʜʨʦʫʛʣʝʡ ʠʟ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɹʠʦʫʛʦʣʴ ï ʵʪʦ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ 

ʙʠʦʤʘʩʩʳ. ɹʠʦʫʛʦʣʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, 

ʩʦʨʙʝʥʪʦʚ, ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʝ ʠ ʪ.ʜ. ʉʦʩʪʘʚ ʠ 

ʩʚʦʡʩʪʚʘ ʙʠʦʫʛʣʷ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʷ. ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʫʛʣʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʠʨʦʣʠʟ, ʪʦʨʨʝʬʠʢʘʮʠʶ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʢʘʨʙʦʥʠʟʘʮʠʶ [1]. 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ 

ʚʣʘʞʥʘʷ ʪʦʨʨʝʬʠʢʘʮʠʷ, ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʨʝʜʝ ʚʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 180-250 ÁC ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʘʚʣʝʥʠʠ. ɻʠʜʨʦʫʛʦʣʴ ï ʵʪʦ 

ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʠ ʦʥ 

ʥʘʧʦʤʠʥʘʝʪ ʙʫʨʳʡ ʫʛʦʣʴ ʧʦ ʩʚʦʝʤʫ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʪʝʧʣʦʪʚʦʨʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʙʠʦʤʘʩʩʝ ʦʩʦʙʝʥʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʩʫʰʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʛʦʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ 

ʢʘʨʙʦʥʠʟʘʮʠʠ, ʠʤʝʝʪ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʫʛʣʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʫʩʣʦʚʠʡ (ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʥʦʰʝʥʠʷ ʙʠʦʤʘʩʩʘ-ʚʦʜʘ, ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ). ɺ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ 

ʧʦʨʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʫʛʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ (CHNS) 

ʘʥʘʣʠʟʘ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʛʠʜʨʦʫʛʣʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ 22-79-10096). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Uday V., Harikrishnan P.S., Deoli K., Zitouni F., Mahlknecht J., Kumar M. // Bioresource 

Technology. ï 2022. ï Vol. 359. ï P. 127467. 

2. Ghanim B.M., Kwapinski W., Leahy J.J. // Bioresource Technology. ï 2017. ï Vol. 238. ï P. 78ï
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ʋɼʂ 616.314-002-08 

ɸʥʜʨʝʝʚ ɸʣʝʢʩʝʡ ɸʣʝʢʩʝʝʚʠʯ, ɹʝʩʩʫʜʥʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʈʦʤʘʥʦʚʥʘ, 

ʈʫʤʷʥʮʝʚ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ, ɹʣʠʥʦʚʘ ɸʣʠʩʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ɿʘʙʦʣʝʚʘ 

ɽʢʘʪʝʨʠʥʘ ɺʘʣʝʨʴʝʚʥʘ 

ʉʧʦʩʦʙ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʝʮʠʜʠʚʘ ʢʘʨʠʝʩʘ ʟʫʙʦʚ, ʧʫʣʴʧʠʪʘ ʠ ʫʩʪʨʦʡʩʪʚʦ 

ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɸ. ʈʫʤʷʥʮʝʚ 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ɻʄʋ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ,  

ʂʘʬʝʜʨʳʄʘʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠ ʧʘʨʦʜʦʥʪʦʣʦʛʠʠ, ʊʚʝʨʴ 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʩʧʦʩʦʙʘ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʝʮʠʜʠʚʘ 

ʢʘʨʠʝʩʘ ʟʫʙʦʚ, ʧʫʣʴʧʠʪʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ. ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʧʦʩʝʱʝʥʠʷ ʧʨʦʚʦʜʷʪ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʢʘʨʠʦʟʥʦʡ ʧʦʣʦʩʪʠ ʟʫʙʘ. ɼʘʣʝʝ ex tempore ʛʦʪʦʚʷʪ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʡ ʥʘʥʦʧʨʝʧʘʨʘʪ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʙʫʤʘʞʥʦʤ ʙʣʦʢʝ 

ʧʣʘʩʪʠʢʦʚʳʤ ʰʧʘʪʝʣʝʤ ʩʤʝʰʠʚʘʶʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʘʩʪʫ 

ʛʠʜʨʦʢʩʦʢʫʧʨʘʪʘ ʢʘʣʴʮʠʷ (ʥʘʧʨʠʤʝʨ, çʂʫʧʨʘʣÈè) ʠ ʛʠʜʨʦʟʦʣʴ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ (çʅʘʥɸʨʛʦʣè) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʥʦʯʘʩʪʠʮ 3 ʤʛ/ʣ (ʚʩʝ ʧʨʝʧʘʨʘʪʳ 

ʨʘʟʨʝʰʝʥʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ). ʉ ʧʦʤʦʱʴʶ ʛʣʘʜʠʣʢʠ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʝʧʘʨʘʪ ʚʥʦʩʷʪ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʧʦʣʦʩʪʴ ʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʷʶʪ ʧʦ ʜʥʫ ʠ ʩʪʝʥʢʘʤ. ʉʚʝʨʭʫ ʧʦʟʠʮʠʦʥʠʨʫʶʪ ʩʪʝʨʠʣʴʥʫʶ 

ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ ʪʦʣʱʠʥʦʡ 0,05 ï 0,1 ʤʤ, ʢʦʪʦʨʫʶ ʩʢʨʫʯʠʚʘʶʪ ʚ 

ʩʧʠʨʘʣʴ 3 ï 4 ʟʘʚʠʪʢʘ (ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ) ʠ ʥʘʢʣʘʜʳʚʘʶʪ 

ʥʘ ʩʣʦʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʜʥʝ ʧʦʣʦʩʪʠ. ʇʦʣʦʩʪʴ ʟʘʢʨʳʚʘʶʪ 

ʚʨʝʤʝʥʥʦʡ ʧʦʚʷʟʢʦʡ ʠʟ ʩʪʝʢʣʦʠʦʥʦʤʝʨʥʦʛʦ ʮʝʤʝʥʪʘ, ʦʩʪʘʚʣʷʷ ʪʦʨʝʮ 

ʩʧʠʨʘʣʠ ʠʟ ʬʦʣʴʛʠ ʥʝʟʘʢʨʳʪʳʤ ʧʣʦʤʙʠʨʦʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʧʘʨʳ) ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʤ 

ʬʦʣʴʛʠ ʠ ʤʝʜʴʶ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʨʝʧʘʨʘʪʝ ʛʠʜʨʦʢʩʦʢʫʧʨʘʪʘ ʢʘʣʴʮʠʷ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʪʪʦʢʘ ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʣʝʯʝʥʠʷ ʜʝʩʥʝʚʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʵʢʩʩʫʜʘʪʘ ʩ ʜʝʪʨʠʪʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʦʜʥʠ ʩʫʪʢʠ ʫʜʘʸʪʩʷ ʜʦʙʠʪʴʩʷ ʨʘʚʥʦʤʝʨʥʦʡ 

ʠʤʧʨʝʛʥʘʮʠʠ ʜʝʥʪʠʥʘ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ ʥʘ ʛʣʫʙʠʥʫ ʥʝ ʤʝʥʝʝ 15 

ʤʢʤ [1]. ɺ ʜʝʥʪʠʥʥʳʭ ʢʘʥʘʣʴʮʘʭ ʦʙʨʘʟʫʶʪʩʷ ʦʙʪʫʨʠʨʫʶʱʠʝ ʠʭ çʧʨʦʙʢʠè ʠʟ 

ʩʫʣʴʬʠʜʘ ʤʝʜʠ. ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ ʦʢʘʟʳʚʘʶʪ ʜʣʠʪʝʣʴʥʦʝ (ʛʦʜʳ) 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʝ ʜʝʡʩʪʚʠʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʘʟʚʠʪʠʝ ʚʪʦʨʠʯʥʦʛʦ ʢʘʨʠʝʩʘ ʠ 

ʧʫʣʴʧʠʪʘ. ʇʦʩʣʝ ʩʫʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʫʜʘʣʷʶʪ ʚʨʝʤʝʥʥʫʶ ʧʣʦʤʙʫ, ʧʨʝʧʘʨʘʪ 

ʚʳʤʳʚʘʶʪ ʠʟ ʢʘʨʠʦʟʥʦʡ ʧʦʣʦʩʪʠ ʠ ʟʫʙ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦ ʧʦʢʘʟʘʥʠʷʤ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʝʩʩʫʜʥʦʚʘ ɸ.ʈ., ɿʘʙʦʣʝʚʘ ɽ.ɺ., ɸʥʜʨʝʝʚ ɸ.ɸ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʬʠʣʘʢʪʠʢʠ ʨʝʮʠʜʠʚʠʨʫʶʱʝʛʦ ʢʘʨʠʝʩʘ ʟʫʙʦʚ ʠ ʧʫʣʴʧʠʪʘ ʤʝʪʦʜʦʤ 

ʛʘʣʴʚʘʥʦʬʦʨʝʪʠʯʝʩʢʦʡ ʥʘʥʦʠʤʧʨʝʛʥʘʮʠʠ // ʈʦʩʩʠʡʩʢʘʷ ʩʪʦʤʘʪʦʣʦʛʠʷ. ð 2024 ð ʊ. 17, ˉ 1 

ð ʉ. 28-30. 
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ʋɼʂ: 544.015 

ɹʝʣʦʚʘ ɺʠʢʪʦʨʠʷ ɺʘʣʝʨʴʝʚʥʘ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʝʡ ʘʥʠʟʦʣ-ʥ-ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ-2 ʚ 

ʜʦ-, ʩʫʙ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɿʥʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʬʘʟʦʚʦʤʫ ʨʘʚʥʦʚʝʩʠʶ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʚʘʞʥʦ 

ʢʘʢ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ ʭʦʜʝ ʧʨʦʪʝʢʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ.  

ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʘʥʠʟʦʣʘ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʩʪʝʤʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥ-ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ-2. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʜʘʚʣʝʥʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥ-ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ-2-ʘʥʠʟʦʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʠʘʧʘʟʦʥʳ 

ʪʝʤʧʝʨʘʪʫʨ 30-100 Áʉ (ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ), 100-150 

Áʉ (ʜʦʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ), 150-230 Áʉ (ʩʫʙʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ) ʠ 230-270 

Áʉ (ʦʢʦʣʦ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ).  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 30-270 Áʉ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʘʚʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ ʩ 

ʰʘʛʦʤ 10 Áʉ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ P-T ʜʣʷ ʩʤʝʩʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥ-

ʛʝʢʩʘʥʘ, ʧʨʦʧʘʥʦʣʘ-2 (ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2) ʠ ʘʥʠʟʦʣʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʤʝʰʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ) ʜʣʷ ʩʤʝʩʝʡ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʘʥʠʟʦʣʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 4,5 ʤʦʣ. %. 
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ɹʦʛʜʘʥʦʚʘ ɸʥʥʘ ʄʠʭʘʡʣʦʚʥʘ, ɽʛʦʨʦʚʘ ɽʢʘʪʝʨʠʥʘ ʄʘʢʩʠʤʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Cu(I) ʚ ʩʠʥʪʝʟʝ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ɹʳʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ ʤʝʜʴʶ ʘʤʠʥʠʨʦʚʘʥʠʝ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʜʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʘʤʠʥʦʚ. ɸʤʠʥʳ, ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʙʘʟʦʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʪʦʥʢʦʡ ʭʠʤʠʠ [1]. ɿʘ ʧʨʦʰʝʜʰʝʝ ʩʪʦʣʝʪʠʝ 

ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʤʠʥʦʚ ʧʦʩʪʦʷʥʥʦ ʨʦʩʣʦ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʚʳʰʘʝʪ 6 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ ʛʦʜ [2]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʘʤʠʥʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʦʤʧʣʝʢʩʦʤ ʤʝʜʠ(I) ʠ 

ʬʝʥʘʥʪʨʦʣʠʥʘ. ʇʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʜʠʬʝʥʠʣʘʤʠʥ. ʉʦʩʪʘʚ 

ʢʘʪʘʣʠʟʘʪʘ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʝʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ - ʢʘʪʘʣʠʟʘʪʦʨ (CuBr):ʣʠʛʘʥʜ (ʬʝʥʘʥʪʨʦʣʠʥ). 

ɺʳʙʦʨ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʣʠʛʘʥʜʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ ʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʸ ʭʦʜ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʚʣʠʷʝʪ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ ʧʨʠʨʦʜʳ ʠ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʩʫʙʩʪʨʘʪʦʤ. ʊʘʢʞʝ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 100-125 ʉ 

ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 125 ʉ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ CuBr:ʬʝʥʘʥʪʨʦʣʠʥ, 

ʨʘʚʥʦʤ 1:3,0 ʠ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ 21,13% ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʙʨʦʤʙʝʥʟʦʣʫ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 90,94%. 

ɹʳʣʘ ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʝʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(I) ʢ 

ʦʢʠʩʣʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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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ɺʦʣʢʦʚ ɸʣʝʢʩʘʥʜʨ ʆʣʝʛʦʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʤʝʣʘʥʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʦʪ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʝʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɸ. ʇʨʫʪʝʥʩʢʘʷ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʄʝʣʘʥʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʝ ʙʠʦʧʦʣʠʤʝʨʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʕʪʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʠʛʤʝʥʪʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʠ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ ʟʘʱʠʪʥʳʝ ʬʫʥʢʮʠʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʦʛʣʦʱʘʪʴ ʠ ʨʘʩʩʝʠʚʘʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɹʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʝʣʘʥʠʥʳ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʤʝʪʘʣʣʘʤʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ 

ʠ ʪʝʭʥʠʢʠ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʤʝʣʘʥʠʥʦʚ ʦʭʚʘʪʳʚʘʝʪ ʤʝʜʠʮʠʥʫ, 

ʢʦʩʤʝʪʦʣʦʛʠʶ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʵʣʝʢʪʨʦʥʠʢʫ. ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʤʝʣʘʥʠʥʘ 

ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʩʦʩʪʘʚ, ʨʘʟʤʝʨ ʤʦʣʝʢʫʣ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʢʮʠʠ ʤʦʛʫʪ 

ʩʦʭʨʘʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʤʝʣʘʥʠʥʳ, 

ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʙʝʨʝʟʦʚʦʡ ʯʘʛʠ, ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʘʢʪʠʚʥʦʩʪʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʤʝʣʘʥʠʥʦʚʳʭ ʯʘʩʪʠʮ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʤʝʣʘʥʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ, ʚʳʜʝʣʷʝʤʳʭ ʠʟ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʯʝʣʠʥʦʡ ʤʦʣʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʝʱʝʩʪʚ ʠ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. ʉʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʵʢʩʪʨʘʢʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʥʳʭ ʧʨʠʤʝʩʝʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʚʣʝʢʘʣʠ ʤʝʣʘʥʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠ ʫʜʘʣʷʣʠ ʧʨʠʤʝʩʠ ʣʠʙʦ ʦʩʘʞʜʝʥʠʝʤ, 

ʣʠʙʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʳʩʦʝʚʘ ʄ.ɸ. ɺʣʠʷʥʠʝ ʛʠʜʨʦʬʦʙʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʝʣʘʥʠʥʘ ʯʘʛʠ ʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ / ʉʳʩʦʝʚʘ ʄ.ɸ., ʀʚʘʥʦʚʘ ɻ.ɸ., ɿʘʭʘʨʦʚʘ ʃ.ʗ. // ɺʝʩʪʥʠʢ 

ʂʘʟʘʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2010. ʉ. 595ï600. 

2. ʄʘʥʝʚʠʯ ɼ.ɹ. // ʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 2022. ʊ. ˉ 3. ʉ. 43 
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ʋɼʂ 544.4 

ɺʦʨʦʙʴʝʚʘ ɸʥʥʘ ɼʤʠʪʨʠʝʚʥʘ, ʊʫʤʘʥʦʚʘ ɻʘʣʠʥʘ ɸʣʝʢʩʝʝʚʥʘ 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʨʝʜʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠʟ ʙʠʦʤʘʩʩʳ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʩʯʠʪʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʙʣʠʟʢʠ ʢ 

ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ, ʧʦʣʫʯʘʝʤʦʤʫ ʠʟ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (250-450ÁC) ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 

0,5-5,0 ʄʇʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ ʜʝʦʢʩʠʛʝʥʘʮʠʝʡ ʠʣʠ 

ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʝʡ. ʇʨʠ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʨʝʘʢʮʠʠ: 

ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ, ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ, ʛʠʜʨʠʨʦʚʘʥʠʝ, ʛʠʜʨʦʛʝʥʦʣʠʟ ʠ 

ʢʨʝʢʠʥʛ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʛʘʟʦʚʦʡ ʬʘʟʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʦʛʨʘʥʠʯʝʥʠʡ ʤʘʩʩʦʦʙʤʝʥʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ. ʉʨʝʜʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʳʩʦʢʦʢʠʧʷʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʜʝʢʘʥ, ʜʦʜʝʢʘʥ, ʠ ʪʝʪʨʘʜʝʢʘʥ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʚ ʩʫʙ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʅʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʫ, ʣʝʛʢʠʝ ʘʣʢʘʥʳ (ʧʨʦʧʘʥ, ʧʝʥʪʘʥ, ʛʝʢʩʘʥ) ʠ 

ʩʧʠʨʪʳ (ʵʪʘʥʦʣ, ʧʨʦʧʘʥʦʣ).  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ (ʜʦʜʝʢʘʥʝ) ʠ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ (ʛʝʢʩʘʥʝ) ʨʘʩʪʚʦʨʠʪʝʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʢʝʣʴ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʰʫʥʛʠʪ ʤʝʪʦʜʦʤ ʦʩʘʞʜʝʥʠʷ ʚ 

ʩʫʙʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʝ. ʇʨʦʮʝʩʩ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʛʝʧʪʘʜʝʢʘʥʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʝʦʢʩʠʛʝʥʘʮʠʝʡ. ʆʜʥʘʢʦ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ 

ʢʨʝʢʠʥʛʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʣʫʯʝʥʠʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ9-ʉ16, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʛʝʧʪʘʜʝʢʘʥʫ. 
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ʋɼʂ 678 

ɺʦʩʪʨʠʢʦʚʘ ʅʘʪʘʣʴʷ ɺʘʣʝʨʴʝʚʥʘ 

ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘʩʪʤʘʩʩ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɽ.ʀ. ʃʘʛʫʩʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ʃʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ï ʤʝʪʦʜ ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʚʷʟʢʦʪʝʢʫʯʝʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ ʠ, ʧʨʠʦʙʨʝʪʘʷ ʢʦʥʬʠʛʫʨʘʮʠʶ ʝʝ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ, ʟʘʪʚʝʨʜʝʚʘʝʪ. ɼʣʷ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʷʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʣʠʪʴʝʚʳʝ ʤʘʰʠʥʳ ï ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʠʪʴʝʚʳʝ ʬʦʨʤʳ. 

ʕʪʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘʩʪʤʘʩʩ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʢʨʫʧʥʦʩʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. 

ʃʠʪʴʝ ʧʣʘʩʪʤʘʩʩ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ï ʩʣʦʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʪʨʝʙʫʶʱʠʡ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʵʩʪʝʪʠʯʥʦʩʪʴ ʠʟʜʝʣʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʡ ʨʝʞʠʤʘ ʣʠʪʴʷ, ʦʪʢʣʦʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʩʩ-

ʬʦʨʤʳ, ʥʝʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʛʦʪʦʚʦʤ ʠʟʜʝʣʠʠ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ ʣʠʪʴʷ. 

ɺʦʟʤʦʞʥʳʝ ʚʠʜʳ ʙʨʘʢʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ: ʩʧʘʠ, ʩʝʨʝʙʨʠʩʪʳʝ ʧʦʣʦʩʳ, ʚʦʣʥʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʣʦʡ, 

ʧʨʠʛʘʨʳ, ʧʣʦʭʦʡ ʩʲʸʤ ʠʟʜʝʣʠʡ, ʥʝʜʦʣʠʚʳ, ʢʦʨʦʙʣʝʥʠʝ, ʧʫʩʪʦʪʳ, ʜʳʨʢʠ ʠ ʜʨ. 

ʄʥʦʛʠʝ ʜʝʬʝʢʪʳ ʣʠʪʴʷ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ 

ʣʠʪʴʷ, ʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ. 

ɺʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʦʪʣʠʚʢʠ ʦʢʘʟʳʚʘʶʪ: ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʣʘʚʘ ʚ ʟʦʥʝ 

ʧʝʨʝʜ ʰʥʝʢʦʤ; ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʬʦʨʤʳ; ʩʢʦʨʦʩʪʴ ʚʧʨʳʩʢʘ, ʜʘʚʣʝʥʠʝ ʚ 

ʬʦʨʤʝ, ʜʝʬʦʨʤʘʮʠʷ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʬʦʨʤʳ. ɺʩʝ ʦʥʠ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ 

ʠʟʤʝʨʝʥʠʶ. ʉʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠʭ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦʜʜʝʨʞʘʥʠʝʤ 

ʧʦʩʪʦʷʥʩʪʚʘ ʚʪʦʨʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʠʭ ʚʣʠʷʥʠʝ, ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ. 

ʋʩʪʨʘʥʝʥʠʝ ʙʨʘʢʘ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʠ ʤʝʞʨʝʤʦʥʪʥʳʡ ʠʥʪʝʨʚʘʣ 

ʜʣʷ ʣʠʪʴʝʚʦʡ ʦʩʥʘʩʪʢʠ. 

ʇʨʦʚʝʨʢʘ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʩ ʟʘʚʦʜʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʦʙʷʟʘʪʝʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʧʫʪʘʮʠʷ ʙʨʝʥʜʘ ʟʘʚʠʩʠʪ ʦʪ ʤʝʨ ʧʦ ʢʦʥʪʨʦʣʶ 

ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʋɼʂ: 691.175.5/.8; 678.743.22; 678.744.4 

ɻʫʣʴʪʷʝʚʘ ɸʥʥʘ ʉʝʨʛʝʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʩ ʥʝʥʘʩʳʱʝʥʥʦʡ 

ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʪʘʨʦʚʦʡʪʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʦʩʦʙʥʳʭ ʢ ʦʪʚʝʨʞʜʝʥʠʶ 

ʩʚʷʟʫʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʩʤʦʣ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɺʚʝʜʝʥʠʝ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʧʦʣʠʵʬʠʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ 

ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʠ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʨʘʥʠʪʴ 

ʥʝʜʦʩʪʘʪʢʠ ʧʦʣʠʵʬʠʨʥʦʡ ʤʘʪʨʠʮʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ (ʇɺʍ)  ʩ ʥʝʥʘʩʳʱʝʥʥʦʡ ʧʦʣʠʵʬʠʨʥʦʡ 

ʩʤʦʣʦʡ (ʅʇʉ), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. 

ʊʘʢʦʝ ʩʚʷʟʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ, 

ʩʦʜʝʨʞʘʱʫʶ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʧʦʣʠʤʝʨʘ. ɺ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʇɺʉ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʘʪʨʠʮʝʡ,  ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʝʥʘ ʜʠʩʧʝʨʩʥʘʷ 

ʬʘʟʘ ʇɺʍ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʙʘʣʘʥʩ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʠ ʧʦʣʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʨʘʩʪʚʦʨʝʥʠʶ, ʥʠ ʧʦʣʥʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʨʘʩʩʣʦʝʥʠʶ). ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʧʦʜʙʦʨ ʩʦʚʤʝʩʪʠʤʳʭ ʤʘʨʦʢ ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ ʠ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʧʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ ʤʘʨʢʠ ʉʇʕʌ-SV-01. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʫʩʧʝʥʟʠʦʥʥʳʝ, ʤʠʢʨʦʩʫʩʧʝʥʟʠʦʥʥʳʝ, 

ʵʤʫʣʴʩʠʦʥʥʳʝ ʩʤʦʣʳ ʇɺʍ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʇɺʍ-ʧʣʘʩʪʠʢʘʪʳ ʠ 

ʧʣʘʩʪʠʟʦʣʠ. ʇɺʍ ʩʤʝʰʠʚʘʣʠ ʩ ʅʇʉ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ 5:50, 10:50, 15:50, 20:50 

ʠ ʥʘʙʣʶʜʘʣʠ ʟʘ ʦʙʨʘʟʮʘʤʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʝʩʷʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʇɺʍ, ʘ ʪʘʢʞʝ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʇɺʍ:ʅʇʉ, ʚʦʟʤʦʞʥʦ ʨʘʩʩʣʦʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʛʦ 

ʠʣʠ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʇɺʍ. ʅʘʠʣʫʯʰʝʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʅʇʉ ʦʙʣʘʜʘʝʪ 

ʵʤʫʣʴʩʠʦʥʥʳʡ ʇɺʍ -  ʩʤʝʩʴ ʧʦʣʫʯʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʡ ʙʝʟ 

ʨʘʩʩʣʦʝʥʠʷ. ɻʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʇɺʍ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʅʇʉ, ʘ ʚ ʩʣʫʯʘʝ ʩ 

ʧʣʘʩʪʠʟʦʣʝʤ, ʩʫʩʧʝʥʟʠʦʥʥʳʤ ʠ ʤʠʢʨʦʩʫʧʝʥʟʠʦʥʥʳʤ ʇɺʍ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʩʣʦʝʥʠʝ ʩʠʩʪʝʤ.  
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ʋɼʂ 544.4 

ɼʤʠʪʨʠʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʝʝʚʥʘ 

ʂʠʥʝʪʠʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʘʥʠʟʦʣʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʃʠʛʥʠʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ 

ʨʘʩʪʝʥʠʡ. ʕʪʦʪ ʙʠʦʧʦʣʠʤʝʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʦʪʭʦʜʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʢʘʢ ʚʪʦʨʠʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 15%. 

ʊʠʧʠʯʥʦ, ʣʠʛʥʠʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʣʠʙʦ ʩʞʠʛʘʥʠʶ, ʣʠʙʦ ʟʘʭʦʨʦʥʝʥʠʶ. ʆʜʥʘʢʦ 

ʦʥ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʜʝʰʝʚʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʦʧʨʘʚʜʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʠ ʚʳʛʦʜʥʦ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʛʥʠʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʥʝʨʛʠʠ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʃʠʛʥʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʝʥʠʣʧʨʦʧʘʥʦʚʳʡ ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧ-ʢʫʤʘʨʠʣʦʚʦʛʦ, 

ʢʦʥʠʬʝʨʠʣʦʚʦʛʦ ʠ ʩʠʥʘʧʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʣʦʞʥʦʵʬʠʨʥʳʤʠ 

ʩʚʷʟʷʤʠ. ʂʦʥʚʝʨʩʠʷ ʣʠʛʥʠʥʘ ʚ ʞʠʜʢʫʶ ʬʨʘʢʮʠʶ ʧʫʪʝʤ ʙʳʩʪʨʦʛʦ ʧʠʨʦʣʠʟʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʦʣʫʯʝʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʦʣ, ʪʦʣʫʦʣ ʠ ʢʩʠʣʦʣ (ɹʊʂ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʢ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʪʦʧʣʠʚʫ. ɺ ʞʠʜʢʦʤ ʧʨʦʜʫʢʪʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ ʧʠʨʦʣʠʟʘ ʣʠʛʥʠʥʘ, ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʪʦʢʩʠʩʦʝʜʠʥʝʥʠʷ (ʘʥʠʟʦʣ, ʛʚʘʷʢʦʣ, ʩʠʨʥʛʦʣ, 

ʵʚʛʝʥʦʣ ʠ ʜʨ.). ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʜʝʦʢʩʠʛʝʥʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʭ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ɹʊʂ. 

ɸʥʠʟʦʣ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʣʠʛʥʠʥʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʜʝʦʢʩʠʛʝʥʘʮʠʠ 

ʘʥʠʟʦʣʘ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʥ-

ʛʝʢʩʘʥ ʠ ʧʨʦʧʘʥʦʣ-2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 240-

300 Áʉ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʘʪʤʦʩʬʝʨʳ (ʩʤʝʩʴ ʘʟʦʪ-ʚʦʜʦʨʦʜ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ) ʠ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ (ʦʪ 0,5 ʜʦ 2,0 

ʄʇʘ). ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʥʘ ʧʨʦʮʝʩʩ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʘʥʠʟʦʣʘ ʠ ʚʳʭʦʜ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ). ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʝʥʳ ʯʘʩʪʥʳʝ ʧʦʨʷʜʢʠ ʠ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ.  
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ɼʫʜʠʣʦʚʩʢʘʷ ɸʣʝʢʩʘʥʜʨʘ ɺʘʣʝʨʴʝʚʥʘ 

ʇʨʠʤʝʥʝʥʠʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʀ. ʀʚʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʨʦʚʦʜʷʱʠʭ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ) ʦʙʨʘʟʮʦʚ ʚ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʘʭ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʩʢʘʞʝʥʠʷʤ ʢʦʥʪʨʘʩʪʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʜʝʬʦʢʫʩʠʨʦʚʢʝ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʥʘʧʳʣʝʥʠʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ, ʭʦʨʦʰʦ ʧʨʦʪʠʚʦʩʪʦʷʱʝʛʦ ʦʢʠʩʣʝʥʠʶ 

(ʧʣʘʪʠʥʘ, ʟʦʣʦʪʦ, ʩʝʨʝʙʨʦ) [1].  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʛʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʥʝʧʨʦʚʦʜʷʱʠʭ ʦʙʨʘʟʮʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʥʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

  
 

ʈʠʩ. 1. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʣʝʧʝʩʪʢʘ ʬʠʘʣʢʠ ʩ ʥʘʧʳʣʝʥʠʝʤ Pt (ʘ) ʠ c ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 

(ʙ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

1. ʀʚʘʥʦʚʘ ɸ. ʀ., ɼʫʜʠʣʦʚʩʢʘʷ ɸ. ɺ., ɾʫʨʘʚʣʝʚ ʆ. ɽ., ʂʘʬʪʘʥʦʚ ɸ. ɼ.   ʇʨʠʤʝʥʝʥʠʝ 
ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʜʠʵʣʝʢʪʨʠʢʦʚ ʤʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ï 2024. ï ˉ 16. ï ʉ. 154-163.  



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 31 
 

ʋɼʂ 66.092.097 

ɽʨʰʦʚʘ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʞʠʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ ʣʠʙʦ ʩʞʠʛʘʝʪʩʷ, ʣʠʙʦ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʩʠʣʦʩ ʠ ʫʜʦʙʨʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʘ ʙʠʦʤʘʩʩʘ ʦʙʣʘʜʘʝʪ 

ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠ 

ʫʛʣʝʨʦʜʥʦ-ʥʝʡʪʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʩʯʠʪʘʝʪʩʷ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠ, 

ʪʘʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʪʦʧʣʠʚʘ ʠ ʭʠʤʠʢʘʪʦʚ.  

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʩʞʠʞʝʥʠʝ (ɻʊʆ) ï ɻ ʪʦ ʪʝʭʥʦʣʦʛʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʦʪʭʦʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ, ʙʣʠʟʢʦʡ ʢ 

ʢʨʠʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʦʮʝʩʩ ɻʊʆ ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 250 ʜʦ 350 ÁC ʠ ʜʘʚʣʝʥʠʠ ʦʪ 4 ʜʦ 16 ʄʇʘ. ʎʝʣʝʚʳʤ 

ʧʨʦʜʫʢʪʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʚʷʟʢʘʷ ʛʠʜʨʦʬʦʙʥʘʷ ʙʠʦʥʝʬʪʴ ï ʩʤʝʩʴ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʢʠʩʣʦʨʦʜ- ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʠʦʧʦʣʠʤʝʨʦʚ (ʮʝʣʣʶʣʦʟʳ, 

ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ) ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ (ʜʝʛʠʜʨʘʪʘʮʠʷ, 

ʛʠʜʨʠʨʦʚʘʥʠʝ, ʜʝʦʢʩʠʛʝʥʘʮʠʷ, ʜʝʘʟʦʪʠʨʦʚʘʥʠʝ, ʢʦʥʜʝʥʩʘʮʠʷ) ʤʦʥʦʤʝʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʦʞʠʞʝʥʠʷ ʢʦʩʪʨʳ ʣʴʥʘ ï 

ʤʥʦʛʦʪʦʥʥʘʞʥʦʛʦ ʦʪʭʦʜʘ. ʆʞʠʞʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʰʫʥʛʠʪ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 200-270 Áʉ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʚʦʜʦʨʦʜʘ 0,5-1,5 ʄʇʘ. ɸʥʘʣʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʥʚʝʨʩʠʶ ʩʳʨʴʷ ʚ ʞʠʜʢʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʞʠʜʢʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ 22-79-10096). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Rajput V., Kumar V., Vlaskin M.S. [et al.]. // Agriculture Waste Management and Bioresource: 

The Circular Economy Perspective. ï 2023. ï P. 238-250. 

2. Picone A., Volpe M., Codignole Luz F., Messineo A. // Chemical Engineering Transactions. ï 

2022. ï Vol. 92. ï P. 145-150. 
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ʋɼʂ: 661.17:665.6/.7 

ɾʘʤʣʠʥ ɸʣʝʢʩʘʥʜʨ ɺʘʩʠʣʴʝʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʩ ʦʢʪʝʥʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂ. ɺ. ʏʘʣʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʠʤʝʨʦʚ 

ʀʟʜʝʣʠʷ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʤʘʨʢʠ PE-RT ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʘʥʪʝʭʥʠʢʝ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʚʳʜʘʶʱʠʤʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʘʢʠʤ ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɼʘʥʥʳʡ ʧʦʣʠʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʧʦʣʠʤʝʨ ʵʪʠʣʝʥʘ ʩ 1-ʦʢʪʝʥʦʤ, ʠ ʝʛʦ ʦʪʭʦʜʳ ʪʨʫʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ 

ʤʝʪʦʜʘʤʠ ʜʣʷ ʪʝʨʤʦʧʣʘʩʪʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʵʪʠʣʝʥʘ ʤʘʨʢʠ PERT, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ ʚ ʦʙʣʘʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. 

ʇʨʦʮʝʩʩ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʧʨʦʮʝʩʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟʘ 

ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʞʠʜʢʠʝ ʧʨʦʜʫʢʪʳ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʠʣʠ ʢʘʢ ʪʦʧʣʠʚʦ. ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʠ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ 

ʧʦʣʠʵʪʠʣʝʥʘ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʵʪʠʣʝʥʘ PERT ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʧʣʘʩʪʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. [1] 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ 

ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʤʘʨʢʠ PE-RT ʥʘ ʚʳʭʦʜ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʚʢʣʶʯʘʶʱʝʡ 

ʩʪʘʣʴʥʦʡ ʨʝʘʢʪʦʨ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʦʝʤ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 450-600  ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʘʟʦʪʘ. ɸʥʘʣʠʟ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʛʘʟʦʚʳʭ ʭʨʦʤʘʪʦʛʨʘʬʘʭ ɻʘʟʦʭʨʦʤ 2000 ʠ 

ʂʨʠʩʪʘʣʣʶʢʩ 4000ʄ, ʦʩʥʘʱʝʥʥʳʭ ʜʝʪʝʢʪʦʨʘʤ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Samy Yousef, Justas Eimontas, Nerijus Striugas, Mohammed Ali Abdelnaby. Influence of 

carbon black filler on pyrolysis kinetic behaviour and TGFTIR-GCeMS analysis of glass 

fibre reinforced polymer composites. Journal Energy 226. - 2021. P. 14. 
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ʋɼʂ 681.586.5 

ɿʠʤʠʥ ʈʫʩʣʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ OTDR 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɺ. ʄʘʢʘʨʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʝʙʫʶʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. OTDR ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʪʘʢʠʭ ʢʘʢ ʟʘʪʫʭʘʥʠʝ, ʣʦʢʘʣʠʟʘʮʠʷ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ, ʧʦʤʠʤʦ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʪʝʭʥʦʣʦʛʠʷ OTDR ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ ʠ ʚʠʙʨʘʮʠʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɼʘʪʯʠʢ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʛʜʝ ʦʥʦ 

ʩʘʤʦ ʩʘʤʦ ʩʪʘʥʦʚʠʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʨʝʘʛʠʨʫʶʱʠʤ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦʣʦʢʥʘ 

ʠʟʤʝʥʷʝʪʩʷ ʟʘʪʫʭʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ. ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʠʟʤʝʥʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʅʘ ʈʠʩ. 1. 

ʠʟʦʙʨʘʞʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʴʶʪʝʨ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʦʧʪʠʯʝʩʢʠʡ 

ʨʝʬʣʝʢʪʦʤʝʪʨ(OTDR), ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ(ʆɺ), ʜʘʪʯʠʢ. 

 
ʈʠʩ. 1. ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ. 
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ʋɼʂ 678.0 

ɿʠʥʦʚʴʝʚ ʅʠʢʦʣʘʡ ɸʣʝʢʩʝʝʚʠʯ 

ʇʦʜʙʦʨ ʤʘʨʦʢ ʬʠʣʘʤʝʥʪʘ ɸɹʉ-ʧʣʘʩʪʠʢʘ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ FDM-ʧʝʯʘʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɽ.ʀ. ʃʘʛʫʩʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ, 

ʢʘʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʡ, ʪʘʢ ʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʟ ʦʩʦʙʳʭ ʟʘʪʨʘʪ 

ʥʝʙʦʣʴʰʠʭ ʩʝʨʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

ʈʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʬʠʣʘʤʝʥʪʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ FDM-ʧʝʯʘʪʠ, 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ FDM 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʨʦʢ ɸɹʉ-

ʧʣʘʩʪʠʢʘ. ʄʘʨʢʠ ʩ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʴʶ ʤʦʛʫʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʤʝʥʴʰʠʭ ʫʩʠʣʠʷʭ ʧʨʦʪʷʞʢʠ. 

ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʨʦʢ ʤʝʥʴʰʫʶ ʚʷʟʢʦʩʪʴ ʧʨʠ 250ÁC ʠʤʝʣʠ ʤʘʨʢʠ 

ɸɹʉ Polylac ʈɸ 757 ʠ ɸɹʉ 1525-31. ʆʜʥʘʢʦ ʚʷʟʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ 

ʧʝʯʘʪʠ. ʇʨʠʤʝʥʝʥʠʝ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʢʫʯʝʩʪʴʶ ʨʘʩʧʣʘʚʘ 

(ʇʊʈ 15ï20 ʛ/10 ʤʠʥ.) ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʝʜʝʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, 

ʝʩʣʠ ʧʦʣʠʤʝʨ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʵʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʩʧʣʘʚʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ.  

ɺʷʟʢʦʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʧʣʘʚʘ, ʦʮʝʥʠʚʘʝʤʳʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʨʘʟʙʫʭʘʥʠʷ ʵʢʩʪʨʫʜʠʨʫʝʤʦʡ ʥʠʪʠ, ʷʚʣʷʶʪʩʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʠʥʬʦʨʤʘ-

ʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠʛʦʜʥʦʩʪʠ ʤʘʨʦʢ ɸɹʉ ʜʣʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʝʯʘʪʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʘʧʠʣʣʷʨʦʚ ʩ ʤʘʣʳʤ ʜʠʘʤʝʪʨʦʤ ʠ ʜʣʠʥʦʡ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʫʩʪʦʡʯʠʚʦʤʫ ʪʝʯʝʥʠʶ ʨʘʩʧʣʘʚʘ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʚʷʟʢʦʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʣʘʚʘ. 

ʂʨʠʪʝʨʠʝʤ ʧʦʜʙʦʨʘ ʤʘʨʦʢ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʜʣʷ ʧʨʠʥʷʪʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʚʷʟʢʦʩʪʥʳʭ ʠ 

ʚʷʟʢʦʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʣʘʚʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʦʚʘʣʝʥʢʦ ʈ.ɺ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 3D ʧʝʯʘʪʠ. 

ɺʝʩʪʥʠʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2015, ʪ.18, ʚ.1, ʩ.263ī266. 

2. ʉʠʤʘʢʦʚʘ ɽ.ɸ., ʉʝʣʷʢʦʚʘ ʂ.ʀ., ʂʨʘʚʯʝʥʢʦ ɼ. ʇʨʠʤʝʥʝʥʠʝ 3D-ʧʝʯʘʪʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ // ʀʥʞʝʥʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2021. ˉ 1 (1). ʉ. 3-11. 

3. ɿʠʥʦʚʴʝʚ ʅ.ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ 

ʬʠʣʘʤʝʥʪʘʜʣʷ ʜʝʪʘʣʝʡ ʩ ʥʠʟʢʦʡ ʠʟʦʪʨʦʧʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ // Xʍʍ 

ʂʘʨʛʠʥʩʢʠʝ ʯʪʝʥʠʷ: ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. ï ʊʚʝʨʴ: ʊʚʝʨ. ʛʦʩ. ʫʥ-ʪ, 2024. ï ʉ. 91. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ ʊʚɻʊʋ. 
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ʋɼʂ 66.095.261.2 

ɿʫʝʚ ʀʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʅʠʢʠʪʠʥ ɼʘʥʠʣ ɸʥʜʨʝʝʚʠʯ, ʍʝʟʟʠʝʚʘ ɸʣʪʳʥʘʡ 

ʊʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʞʠʨʥʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ ʨʝʘʢʮʠʦʥʥʳʤ 

ʬʦʨʤʦʚʘʥʠʝʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɽ.ʀ. ʃʘʛʫʩʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ʉʧʦʩʦʙʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ ʜʚʫʭ 

ʜʝʩʷʪʢʦʚ ʧʦʣʠʤʝʨʦʚ ʢʣʘʩʩʘ ʧʦʣʠʘʤʠʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʦʤʦ- ʠ ʩʦʧʦʣʠʘʤʠʜʳ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʷʜʨʘʤʠ ʚ ʮʝʧʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʦʚ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʬʘʟʘʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʨʝʘʢʪʦʨʝ-ʬʠʙʨʠʜʘʪʦʨʝ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʝʡʩʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʠ ʝʸ ʪʝʢʫʯʝʩʪʴ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʥʥʦʤ ʨʝʞʠʤʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʠʟʫʯʝʥʘ ʚ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʨʝʬʪʘʣʦʠʣʭʣʦʨʠʜʘ (ʍɸʊʂ) ʚ ʩʠʥʪʝʟʝ 

ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʤʠʜʘ (ʇɸ-6ʊ) ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 0,05 ʜʦ 3,8 ʤʦʣʴ/ʤ3 ʥʦʩʠʪʝʣʷ (ʚʦʟʜʫʭʘ). ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʫ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʍɸʊʂ 0,7ï2 ʤʦʣʴ/ʤ3. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ 0,1 ʤʦʣʴ/ʤ3 

ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʜʦ ʧʨʝʜʝʣʦʚ, ʥʝʧʨʠʝʤʣʝʤʳʭ ʜʣʷ 

ʧʨʘʢʪʠʢʠ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʍɸʊʂ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ, ʩʦʭʨʘʥʷʷ ʝʸ ʥʘ ʫʨʦʚʥʝ, ʦʪʚʝʯʘʶʱʝʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʥʦ ʚʳʭʦʜ ʧʨʠ ʵʪʦʤ ʧʘʜʘʝʪ ʜʦ 80-60%. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʬʪʘʣʦʠʣʭʣʦʨʠʜʘ (ʍɸʀʂ)  

0,8-1,5 ʤʦʣʴ/ʤ3 ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʠʟʦʬʪʘʣʘʤʠʜʘ (ʇɸ-6ʀ). 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʍɸʀʂ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʚʳʭʦʜʫ ʧʦʣʠʤʝʨʘ. ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ, ʦʪʚʝʯʘʶʱʝʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʆʜʥʘʢʦ ʚʳʭʦʜ ʇɸ-6ʀ ʧʘʜʘʝʪ ʜʦ 50%, ʯʪʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ ʥʝʧʨʠʝʤʣʝʤʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʍɸʊʂ ʠ ʍɸʀʂ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʞʠʨʥʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ 6ʊ ʠ 6ʀ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʩʣʫʞʘʪ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʦʮʝʩʩʘ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ ʊʚɻʊʋ. 
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ʋɼʂ 678, 67.08 

ʂʦʣʦʙʢʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʧʨʦʣʘʢʪʘʤʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɽ.ʀ. ʃʘʛʫʩʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʢ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ï 

ʩʦʟʜʘʥʠʝ ʙʝʟʦʪʭʦʜʥʳʭ ʠ ʤʘʣʦʦʪʭʦʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʦʙʝʥʥʦ ʧʦ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

ɺʳʚʦʜ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʧʨʦʣʘʢʪʘʤʘ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʭʝʤʝ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʚʳʷʚʠʣ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ï ʫʪʠʣʠʟʘʮʠʶ ʥʳʥʝ 

ʥʝʨʝʘʣʠʟʫʝʤʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʤʘʩʣʘ ʇʆɼ, 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʠʩʢ ʧʫʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʧʨʦʣʘʢʪʘʤʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʜʝʣʘʪʴ ʰʘʛ ʢ ʤʘʣʦʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʇʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʤʘʩʣʦ ʇʆɼ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʯʘʩʪʠ: ʣʝʪʫʯʫʶ ʠ ʦʣʠʛʦʤʝʨʥʫʶ. 

ʃʝʪʫʯʘʷ ʯʘʩʪʴ ʚ ʤʘʩʣʝ ʇʆɼ ʷʚʣʷʝʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʠ ʤʦʞʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʜʦ 70 % ʤʘʩʩ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʣʝʪʫʯʝʡ ʬʨʘʢʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʘʩʣʦ çʇʆɼè ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 20 ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʥʦʚʥʳʤʠ ʩʨʝʜʠ ʥʠʭ 

ʷʚʣʷʶʪʩʷ: ʮʠʢʣʦʛʝʢʩʘʥ, ʮʠʢʣʦʛʝʢʩʝʥ, ʙʝʥʟʦʣ, ʛʝʧʪʘʥʦʥ-2, ʘʤʠʣʦʚʳʡ ʩʧʠʨʪ, 

ʮʠʢʣʦʛʝʢʩʘʥʦʥ, ʮʠʢʣʦʛʝʢʩʘʥʦʣ, ʮʠʢʣʦʛʝʢʩʝʥʦʣ, ʮʠʢʣʦʛʝʢʩʝʥʦʥ, ʮʠʢʣʦ-ʛʝʢ-

ʩʘʥʜʠʦʣ-1,2. ʆʩʥʦʚʥʫʶ ʤʘʩʩʫ ʤʘʩʣʘ ʇʆɼ ʩʦʩʪʘʚʣʷʝʪ ʜʠʘʥʦʥ ï ʥʝʥʘʩʳ-ʱʝʥ-

ʥʳʡ ʜʠʤʝʨ ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʤʝʩʴ ʜʚʫʭ ʠʟʦʤʝʨʦʚ 

(2ïʮʠʢʣʦʛʝʢʩʠʣʝʥʮʠʢʣʦʛʝʢʩʘʥʦʥʘ ʠ 2-ʮʠʢʣʦʛʝʢʩʠʣʠʜʝʥʮʠʢʣʦʛʝʢʩʘʥʦʥʘ) 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʦ 50%. 

ʆʣʠʛʦʤʝʨʥʘʷ ʬʨʘʢʮʠʷ ʤʘʩʣʘ ʇʆɼ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʚ ʥʝʡ ʧʦ 

ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʜʝʨʞʘʪʩʷ ʪʝ ʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʯʪʦ ʠ ʚ 

ʣʝʪʫʯʝʡ ʯʘʩʪʠ. ʆʥʘ ʠʤʝʝʪ ʩʨʝʜʥʝʯʠʩʣʦʚʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʚ ʠʥʪʝʨʚʘʣʝ 

480-580. 

ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʸʥ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʤʘʩʣʘ ʇʆɼ, ʧʦʣʫʯʝʥʳ ʩʤʦʣʳ ʥʘ 

ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʧʨʦʣʘʢʪʘʤʘ, ʦʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʞʠʤʳ ʩʠʥʪʝʟʘ, ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʩʣʘ ʇʆɼ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʤʦʣ ʚ ʧʦʣʠʤʝʨʥʦʡ ʠ ʣʘʢʦʢʨʘʩʦʯʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ ʩ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʜʝʬʠʮʠʪʥʦʛʦ ʩʳʨʴʷ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʘʬʝʜʨ çʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʠʤʝʨʦʚè ʠ 

çɹʠʦʪʝʭʥʦʣʦʛʠʷ, ʭʠʤʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷè ʊʚɻʊʋ. 
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ʋɼʂ 635.92 

ʂʦʣʧʘʢʦʚʘ ɺʘʨʚʘʨʘ ʄʠʭʘʡʣʦʚʥʘ 

ʉʦʟʜʘʥʠʝ ʤʦʥʦʭʨʦʤʥʦʛʦ ʛʦʣʫʙʦʛʦ ʮʚʝʪʥʠʢʘ ʥʘ ʧʨʠʫʩʘʜʝʙʥʦʤ ʫʯʘʩʪʢʝ 

ʢʘʢ ʵʣʝʤʝʥʪ ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ʅ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

 ʄʦʥʦʭʨʦʤʥʳʝ ʩʘʜʳ ʚ ʣʘʥʜʰʘʬʪʥʦʤ ʜʠʟʘʡʥʝ ʧʦʷʚʠʣʠʩʴ ʥʝ ʪʘʢ ʜʘʚʥʦ, 

ʥʦ ʫʩʧʝʣʠ ʧʨʠʦʙʨʝʩʪʠ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʠ ʥʝʧʦʚʪʦʨʠʤʳʝ ʧʦ ʩʚʦʝʡ ʢʨʘʩʦʪʝ ʢʦʤʧʦʟʠʮʠʠ. 

ʆʥʠ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʚʝʩʴ ʩʘʜ ʠʣʠ ʢʘʢʫʶ-ʪʦ ʦʜʥʫ ʝʛʦ ʯʘʩʪʴ. ʉʦʟʜʘʚʘʷ ʮʚʝʪʥʠʢ 

ʚ ʭʦʣʦʜʥʦʡ ʩʠʥʝʡ ʛʘʤʤʝ, ʚʘʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʩʣʘʙʦʤ ʦʩʚʝʱʝʥʠʠ ʩʠʥʠʡ 

ʮʚʝʪ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʳʨʘʟʠʪʝʣʴʥʳʤ, ʟʘʪʦ ʧʨʠ ʷʨʢʦʤ ʩʚʝʪʝ ʦʩʦʙʦ ʚʳʜʝʣʷʝʪʩʷ 

ʩʚʦʝʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʩʪʘʨʘʶʪʩʷ ʚʳʙʠʨʘʪʴ ʜʣʷ ʪʘʢʦʛʦ ʮʚʝʪʥʠʢʘ 

ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʥʳʝ ʤʝʩʪʘ.  

ʅʘ ʯʘʩʪʥʦʤ ʫʯʘʩʪʢʝ ʙʳʣ ʩʦʟʜʘʥ ʮʚʝʪʥʠʢ ʚ ʛʦʣʫʙʳʭ ʪʦʥʘʭ. ʂʣʫʤʙʘ 

ʥʝʙʦʣʴʰʘʷ ʧʦ ʨʘʟʤʝʨʫ (ʧʨʠʤʝʨʥʦ 3 ʤ2), ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʛʦʣʫʙʦʡ ʮʚʝʪ ʩʦʟʜʘʝʪ 

ʟʨʠʪʝʣʴʥʫʶ ʠʣʣʶʟʠʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʦʙʱʠʝ 

ʧʨʠʥʮʠʧʳ ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʘ. ɻʦʣʫʙʦʡ ʮʚʝʪʥʠʢ ʚʳʛʣʷʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʩʘʜʘ, ʠ ʩʤʦʪʨʝʪʴʩʷ ʚ ʥʝʤ ʛʘʨʤʦʥʠʯʥʦ (ʈʠʩ. 1). 

 

 

ʈʠʩ. 1. ʇʣʘʥ ʮʚʝʪʥʠʢʘ ʥʘ ʣʠʯʥʦʤ 

ʫʯʘʩʪʢʝ: 

ɽ - ʛʦʨʪʝʥʟʠʷ ʢʨʫʧʥʦʣʠʩʪʦʚʘʷ 

ʃʫʥʥʳʡ ʩʚʝʪ, ɻ - ʛʦʨʪʝʥʟʠʷ 

ʢʨʫʧʥʦʣʠʩʪʥʘʷ ɻʦʣʫʙʘʷ ʣʘʛʫʥʘ, ɼ - 

ʜʝʣʴʬʠʥʠʫʤ ɻʦʣʫʙʦʝ ʢʨʫʞʝʚʦ, ʆ - 

ʦʚʩʷʥʠʮʘ ʩʠʟʘʷ ʛʦʣʫʙʘʷ, ʃ ï 

ʣʘʚʘʥʜʘ ʫʟʢʦʣʠʩʪʥʘʷ, ʅ - ʥʝʟʘʙʫʜʢʘ 

ʩʠʥʷʷ, ʇ - ʛʝʣʠʦʪʨʦʧ ʆʜʠʩʩʝʡ, ɸɻ - 

ʘʛʝʨʘʪʫʤ ʛʦʣʫʙʦʡ, ʋʈ - ʘʛʝʨʘʪʫʤ 

ɻʦʣʫʙʦʝ ʥʝʙʦ, ʃʶʙ - ʣʶʙʝʣʠʷ 

ʆʢʪʷʙʨʠʥʘ ʥʝʙʝʩʥʦ-ʛʦʣʫʙʘʷ, ʄ ï 

ʤʦʞʝʚʝʣʴʥʠʢ ʢʘʚʢʘʟʢʠʡ ɻʦʣʫʙʦʡ 

ɼʫʥʘʡ. 

 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʣʶʙʦʛʦ ʮʚʝʪʥʠʢʘ ï ʮʚʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ 

ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʈʘʟʤʝʱʘʶʪ ʠʭ ʚ ʮʚʝʪʥʠʢʝ  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʩʦʟʜʘʚʘʣʩʷ ʵʬʬʝʢʪ ʛʣʫʙʠʥʳ   (ʧʦʩʘʜʢʘ ʨʘʩʪʝʥʠʷ ʧʦ ʚʳʩʦʪʝ). ʉʦʟʜʘʪʴ 

ʮʚʝʪʥʠʢ, ʨʘʜʫʶʱʠʡ ʛʣʘʟ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʜʦʙʠʚʰʠʩʴ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʨʘʩʪʝʥʠʡ, ï ʟʘʜʘʯʘ ʥʝʧʨʦʩʪʘʷ, ʥʦ ʚʳʧʦʣʥʠʤʘʷ.   
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ʂʦʯʝʨʦʚʘ ɺʣʘʜʘ ɸʨʢʘʜʴʝʚʥʘ 

ʀʟʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʦʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʇʦʯʚʳ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʪʝʥʠʷʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʨʘ).  ɹʦʨ 

ʧʦʛʣʦʱʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʚ ʬʦʨʤʝ ʙʦʨʘʪ-ʘʥʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʢʦʪʦʨʳʤʠ ʭʝʣʘʪʘʥʪʘʤʠ.  ʂ  ʯʠʩʣʫ 

ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ  ʦʪʥʦʩʠʪʩʷ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ  (ʕɼɼʗʂ).  

ʉʚʦʡʩʪʚʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʦʨʘʪ-ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʩʫʢʮʠʥʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ   (ɺ-ʕɼɼʗʂ), ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʳ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ 

ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʨʪʦʚ ʤʦʨʢʦʚʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʨʥʝʧʣʦʜʦʚ.  

ʅʘ ʢʘʬʝʜʨʝ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʡ 

ɻʉʍɸ ʜʦʮʝʥʪʦʤ ʉʤʠʨʥʦʚʦʡ ʊ.ʀ. ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʨʷʜʘ 

ʤʝʪʘʣʣʦʚ ʠ ʥʝʤʝʪʘʣʣʦʚ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ (ʕɼɼʗʂ ʠ 

ʀɼʗʂ). ʉʭʝʤʳ ʦʧʳʪʦʚ ʚʢʣʶʯʘʣʠ ʚʘʨʠʘʥʪʳ: ʢʦʥʪʨʦʣʴ (ʙʝʟ ʦʧʨʳʩʢʠʚʘʥʠʷ 

ʨʘʩʪʝʥʠʡ); ʚʘʨʠʘʥʪʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʘʤʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

(H3ɺO3), ʢʦʤʧʣʝʢʩʦʥʘ (ʕɼɼʗʂ) ʠ ʙʦʨʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ɺ-ʕɼɼʗʂ). 

ʕɼɼʗʂ (ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ) ʠ ʙʦʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ (ɺ-

ʕɼɼʗʂ). ʅʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

1,5.10-3 ʤʦʣʴ/ʣ.  ʆʙʲʝʤ ʨʘʩʪʚʦʨʦʚ (ʚ ʩʨʝʜʥʝʤ) ï 100 ʤʣ/ʤ2. 

ʂʦʤʧʣʝʢʩʦʥʘʪʳ ʙʦʨʘ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʫʪʝʤ ʦʧʨʳʩʢʠʚʘʥʠʷ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʧʳʪʥʳʭ ʢʫʣʴʪʫʨ ʚʦʟʜʝʣʳʚʘʣʠ ʦʚʦʱʥʳʝ ʢʫʣʴʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʝ   

ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʘʤʠ   ʭʝʣʘʪʠʨʦʚʘʥʥʦʛʦ ʙʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʩʨʝʜʥʝʤ ʥʘ 15 ï 50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  

ʨʘʩʪʚʦʨʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʙʦʨʥʳʭ ʘʥʘʣʦʛʦʚ (ʅ3ɺʆ3) ʠ ʩʚʦʙʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʥʦʚ (ʕɼɼʗʂ). ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʙʦʨʘ (ɺ-ʕɼɼʗʂ)  

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ  ʠʟʤʝʥʝʥʠʶ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ: ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʫʚʝʣʠʯʠʚʘʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʦ ʙʦʨʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 9 ï 11%), ʙʝʪʘʣʘʠʥʦʚ (ʚ ʩʨʝʜʥʝʤ ʥʘ 8 ï12%) 

ʠ ʤʦʥʦ- ʠ ʜʠʩʘʭʘʨʠʜʦʚ (ʚ ʩʨʝʜʥʝʤ ʥʘ 5 ï 9%); ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ ʨʘʟʥʳʭ 

ʩʦʨʪʦʚ ï ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 1,5 ï2,5%) ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʠʪʘʤʠʥʘ ʉ (ʚ ʩʨʝʜʥʝʤ ʥʘ 4,5 ï 6,5%); ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʩʪʦʣʦʚʦʡ 

ʤʦʨʢʦʚʠ ï ʢʦʣʠʯʝʩʪʚʦ ʙʦʨʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 7 ï 10%), ʢʘʨʦʪʠʥʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 

2,5 ï3,5%), ʤʦʥʦ- ʠ ʜʠʩʘʭʘʨʠʜʦʚ (ʚ ʩʨʝʜʥʝʤ ʥʘ 4,2 ï5,6%). 
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ʂʦʯʝʨʦʚʘ ɺʣʘʜʘ ɸʨʢʘʜʴʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʝʣʘʪʦʚ ʩʝʣʝʥʘ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʆʙʦʛʘʱʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʣʝʥʦʤ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ Se ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʚʚʠʜʫ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʦʭʨʘʥʷʪʴ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʩʘʜʢʘʭ ʢʘʨʪʦʬʝʣʷ.  

ʉʭʝʤʘ ʦʧʳʪʘ ʚʢʣʶʯʘʣʘ ʢʦʥʪʨʦʣʴ; ʚʘʨʠʘʥʪʳ ʩ ʦʧʨʳʩʢʠʚʘʥʠʝʤ 

ʨʘʩʪʝʥʠʡ ʩʝʣʝʥʦʩʦʜʝʨʞʘʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʥʘ ʨʘʟʥʳʭ ʬʦʥʘʭ ʧʠʪʘʥʠʷ 

ʨʘʩʪʝʥʠʡ. ʀʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʟʦʬʦʩʢʫ ʚ ʜʦʟʝ 350 

ʢʛ/ʛʘ ʠ ʭʣʦʨʠʩʪʳʡ ʢʘʣʠʡ ʚ ʜʦʟʝ 59 ʢʛ/ʛʘ. ʉʝʣʝʥʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʢʩ (Se-

ʀɼʗʂ) ʥʘ ʦʩʥʦʚʝ ʠʤʠʥʦʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (ʀɼʗʂ) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢ.ʭ.ʥ., ʜʦʮʝʥʪʦʤ ʉʤʠʨʥʦʚʦʡ ʊ.ʀ.  ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ ï 1,27 . 10-5 

ʤʦʣʴ/ʣ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʦʧʳʪʘʭ ʧʨʠʤʝʥʷʣʩʷ ʨʘʩʪʚʦʨ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ï ʩʝʣʝʥʠʪʘ ʥʘʪʨʠʷ (Na2SeO3) ʪʘʢʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ.  ɺ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʘʤʠ  ʛʝʨʙʠʮʠʜʘ çʉʦʡʣè 

ʠ ʬʫʥʛʠʮʠʜʦʚ çʈʘʧʠʜ ɻʦʣʜè, çʀʥʬʠʥʠʪʦè ʠ çʊʘʥʦʩè.  

ɿʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʫʩʪʫʧʘʣʠ ʚʩʝʤ 

ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ (ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʦʨʪʘʤ ʥʘ 13 ï 26 ʮ/ʛʘ). ʆʧʨʳʩʢʠʚʘʥʠʝ 

ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʦʤ Na2SeO3 ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʬʦʥʝ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʦʙʦʠʭ ʩʦʨʪʦʚ ʥʘ 17 ʮ/ʛʘ (ʫ ʩʦʨʪʘ ɺʝʥʝʪʘ) ʠ ʥʘ 20 ʮ/ʛʘ 

(ʫ ʩʦʨʪʘ ɻʘʣʘ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ, ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʦʤ Se-

ʀɼʗʂ ï ʥʘ 23 ʮ/ʛʘ ʠ 26 ʮ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 

ʢʣʫʙʥʝʡ ʦʙʦʠʭ ʩʦʨʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦʣʫʯʝʥʘ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Se-ʀɼʗʂ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʤ ʬʦʥʝ (221 ʮ/ʛʘ ï ʫ ʩʦʨʪʘ ɺʝʥʝʪʘ ʠ 235 ʮ/ʛʘ ï ʫ ʩʦʨʪʘ ɻʘʣʘ). 

ʂʨʦʤʝ ʪʦʛʦ, Se-ʀɼʗʂ ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʬʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Na2SeO3 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʫʚʝʣʠʯʝʥʠʶ ʢʨʘʭʤʘʣʘ ʚ ʢʣʫʙʥʷʭ ʦʙʦʠʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʥʘ 

0,5% ʠ ʥʘ 1,0% ʠ 1,1% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʘʨʠʘʥʪʫ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʦʚ  

(ʫ ʩʦʨʪʘ ɻʘʣʘ ʠ ʫ ʩʦʨʪʘ ɺʝʥʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʣʫʙʥʠ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ 

ʚʘʨʠʘʥʪʝ ʩ ʦʙʨʘʙʦʪʢʦʡ Se-ʕɼɼʗʂ ʦʪʣʠʯʘʣʠʩʴ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʠʪʘʤʠʥʘ ʉ ï 10,9 ï 11,3 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ 

ʢʘʨʪʦʬʝʣʷ), ʯʪʦ ʥʘ 2,7 ï 3,0 ʤʛ/100 ʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 
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ʂʨʳʣʦʚ ɼʘʥʠʠʣ ʆʣʝʛʦʚʠʯ, ɽʤʝʣʴʷʥʦʚʘ ʉʦʬʠʷ ɼʝʥʠʩʦʚʥʘ 

ʂʘʪʘʣʠʟʘʪʦʨ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ʄʘʪʚʝʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ) ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ. ʊʘʢʦʡ ʢʦʥʪʨʦʣʴ ʚʦʟʤʦʞʝʥ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ.  

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʦʣʝʝ 90% 

ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʢʣʶʯʘʶʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʫ 

ʩʪʘʜʠʶ ʛʠʜʨʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʘʣʣʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ 

ʫʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ. ɸʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʠʨʦʜʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʘʥʪʨʘʮʠʪ ʠ ʰʫʥʛʠʪ 

ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

(ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʬʫʣʣʝʨʝʥʳ ʠ ʪ.ʜ.), ʥʦ ʚ ʩʠʣʫ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʚ 

ʦʩʥʦʚʥʦʤ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ), ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ ʵʪʠʤ ʤʘʪʝʨʠʘʣʘʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʠʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʰʫʥʛʠʪ ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʠ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʟʝʮ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʧʦʢʘʟʘʣ ʚʪʨʦʝ 

ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʧʠʪʢʠ. ɸʢʪʠʚʥʘʷ ʬʘʟʘ, ʥʘʥʝʩʝʥʥʘʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ, ʙʳʣʘ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʢʘʟʘʣʩʷ 

ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ (ʦʢʦʣʦ 4,5 ʥʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʛʠʜʨʠʨʦʚʘʥʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. 
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ʂʫʜʣʘʩʝʚʠʯ ʀʚʘʥ ɸʣʝʢʩʝʝʚʠʯ 

ʀʟʤʝʣʴʯʠʪʝʣʴ ʩʳʧʫʯʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʉ. ɺʘʩʠʣʴʝʚ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ  

ʂʘʬʝʜʨʘ ʘʛʨʦʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʘ 

ʇʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ 

ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʠʝ ʧʦʨʦʰʢʦʚʠʜʥʳʭ ʬʨʘʢʮʠʡ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʙʝʟʦʪʭʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʢʘʢ ʧʝʨʚʠʯʥʦʛʦ ʪʘʢ ʠ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦ ʧʦʨʦʰʢʦʚʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʛʦʜʥʳʤʠ 

ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʨʝʮʝʧʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

(ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ, ʧʦʣʫʬʘʙʨʠʢʘʪʳ, ʩʳʨʳ ʠ ʪ.ʜ.). ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʤʫʢʦʤʦʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʤʝʣʴʥʠʮʳ, 

ʤʫʢʦʤʦʣʢʠ, ʜʝʟʠʥʪʝʛʨʘʪʦʨʳ ʠ ʪ.ʜ.). ʄʥʦʛʠʝ ʠʟ ʜʘʥʥʳʭ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ 

ʛʨʦʤʦʟʜʢʠʤʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʤʝʣʴʯʠʪʝʣʝʡ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʠʟʤʝʣʴʯʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ ʩʫʭʠʭ 

ʷʛʦʜʥʳʭ ʚʳʞʠʤʦʢ (ʈʠʩ. 1), ʩʦʜʝʨʞʘʱʠʡ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʩʦʦʙʱʘʶʱʫʶʩʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩ ʟʘʛʨʫʟʦʯʥʳʤ ʙʫʥʢʝʨʦʤ ʠ 

ʨʘʟʛʨʫʟʦʯʥʦʡ ʧʦʣʦʩʪʴʶ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 

ʥʠʞʥʝʡ ʝʝ ʯʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʢʘʤʝʨʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʥʘʙʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ, ʘ 

ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʝʝ ʢʦʨʧʫʩʘ ʧʦ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʘʣ, 

ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʧʨʠʚʦʜʦʤ ʠ ʩʥʘʙʞʝʥʥʳʡ 

ʩʦʦʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʞʘʤʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʷʚʣʝʥʥʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʠ 

ʜʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ, ʧʨʠʯʝʤ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ ʩʫʭʠʭ 

ʷʛʦʜʥʳʭ ʚʳʞʠʤʦʢ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʝʜʧʨʠʷʪʠʷʤ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʠʟʤʝʣʴʯʠʪʝʣʴ 
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ʋɼʂ 631.8:633.13 

ʂʫʜʣʘʩʝʚʠʯ ʀʚʘʥ ɸʣʝʢʩʝʝʚʠʯ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ  

ʚ ʧʦʩʝʚʘʭ ʦʚʩʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʉ. ɺʘʩʠʣʴʝʚ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ  

ʂʘʬʝʜʨʘ ʘʛʨʦʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʧʫʪʝʡ ʠʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʨʦʢʦʚ ʚʥʝʩʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʩʝʚʘʭ ʦʚʩʘ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʚ ʧʝʨʠʦʜ 

ʚʝʛʝʪʘʮʠʠ ʜʣʷ ʧʦʜʢʦʨʤʢʠ ʨʘʩʪʝʥʠʡ, ʘ ʥʝ ʚ ʧʨʝʜʧʦʩʝʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ. 

ʇʦʜʢʦʨʤʢʫ ʣʫʯʰʝ ʧʨʦʚʦʜʠʪʴ ʚ ʨʘʥʥʠʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, 

ʩʦʚʧʘʜʘʶʱʠʝ ʩ III ï IV ʵʪʘʧʘʤʠ ʦʨʛʘʥʦʛʝʥʝʟʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʟʘʯʘʪʦʯʥʦʛʦ ʩʦʮʚʝʪʠʷ, ʬʦʨʤʠʨʫʶʪʩʷ ʵʣʝʤʝʥʪʳ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ï ʜʣʠʥʘ ʤʝʪʝʣʢʠ, ʯʠʩʣʦ ʢʦʣʦʩʢʦʚ ʚ ʩʦʮʚʝʪʠʠ. ʇʨʠʙʘʚʢʠ 

ʫʨʦʞʘʷ ʧʨʠ ʵʪʠʭ ʩʨʦʢʘʭ ʘʟʦʪʥʳʭ ʧʦʜʢʦʨʤʦʢ ʩʦʩʪʘʚʣʷʣʠ 0,47 ï 0,52 ʪ/ʛʘ (17,3 

ï 19,1%) ʥʘ ʬʦʥʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ, 0,38 ï 0,66 ʪ/ʛʘ (13,8 ï 23,9%) 

ʥʘ ʬʦʥʝ 1/2N+ʈʂ (N45ʈ0ʂ0). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʤʝʶʱʠʝʩʷ ʚʳʚʦʜʳ, ʯʪʦ 

ʨʘʥʥʝʝ ʘʟʦʪʥʦʝ ʛʦʣʦʜʘʥʠʝ ʦʚʩʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʣʦʩʢʦʚ ʚ ʤʝʪʝʣʢʝ. ɺʥʝʩʝʥʠʝ ʧʦʣʥʦʡ ʜʦʟʳ ʘʟʦʪʘ (N90) ʚ ʧʦʜʢʦʨʤʢʫ 

ʦʢʘʟʳʚʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʫʨʦʞʘʡʥʦʩʪʠ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʝʝ ʚ ʧʝʨʠʦʜ ʚʩʭʦʜʦʚ ʠ ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ ʧʦʩʣʝ 

ʥʠʭ (ʥʘʯʘʣʦ ʢʫʱʝʥʠʷ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʜʨʦʙʥʦʝ ʚʥʝʩʝʥʠʝ ʘʟʦʪʘ ʫʜʣʠʥʷʣʦ 

ʧʝʨʠʦʜ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʦʪ ʚʩʭʦʜʦʚ ʠ ʜʦ  12 ʜʥʝʡ ʧʦʩʣʝ 

ʥʠʭ (ʧʦʣʥʦʝ ʢʫʱʝʥʠʝ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʦʚʩʘ 3,24 ʪ/ʛʘ, ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʧʦʣʥʦʡ ʜʦʟʳ ʘʟʦʪʘ (N90) ʯʝʨʝʟ 6 ʜʥʝʡ ʧʦʩʣʝ ʚʩʭʦʜʦʚ, 

ʘ ʧʨʠ ʜʨʦʙʥʦʤ ʚʥʝʩʝʥʠʠ (N45+N45) ʜʦ ʚʩʭʦʜʦʚ ʠ ʯʝʨʝʟ 12 ʜʥʝʡ ʧʦʩʣʝ ʚʩʭʦʜʦʚ 

ï 3,42 ʠ 3,33 ʪ/ʛʘ. ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ ʚ ʫʢʘʟʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ: ʯʠʩʣʦ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ 

ï 427 ï 492 ʰʪ./ʤ2, ʯʠʩʣʦ ʟʝʨʝʥ ʚ ʩʦʮʚʝʪʠʠ ï 25,7 ï 29,0 ʰʪ., ʤʘʩʩʘ ʟʝʨʥʘ ʩ 

ʩʦʮʚʝʪʠʷ ï 0,846 ï 0,942 ʛ, ʤʘʩʩʘ 1000 ʟʝʨʝʥ ï 33,52 ï 33,86 ʛ. ɺʥʝʩʝʥʠʝ ʘʟʦʪʘ 

ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʩʨʦʢʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. ɹʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʠ ʞʠʨʘ ʦʪʣʠʯʘʣʦʩʴ ʟʝʨʥʦ ʦʚʩʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʧʦʣʥʦʡ ʜʦʟʳ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʧʝʨʠʦʜ ʦʪ ʚʩʭʦʜʦʚ ʜʦ 12 ʜʥʝʡ 

ʧʦʩʣʝ ʥʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʚʩʝʡ 

ʜʦʟʳ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʧʝʨʠʦʜ ʦʪ ʚʩʭʦʜʦʚ ʜʦ ʥʘʯʘʣʘ ʢʫʱʝʥʠʷ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʚʩʘ ï ʥʘ ʫʨʦʚʥʝ 

3,2 ʪ/ʛʘ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʟʝʨʥʘ.  
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ʋɼʂ 541.49:581.1:577.115(470.331) 

ʂʫʟʤʠʥ ɸʨʪʸʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ ʚ 

ʣʠʩʪʴʷʭ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʀʟ ʯʠʩʣʘ ʵʬʬʝʢʪʠʚʥʳʭ ʭʝʣʘʪʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʢʦʤʧʣʝʢʩʦʥʳ, ʧʨʦʠʟʚʦʜʥʳʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ: 

ʠʤʠʥʦʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ (ʀɼʗʂ) ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

(ʕɼɼʗʂ). ʕʪʠ ʢʦʤʧʣʝʢʩʦʥʳ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʦʜʚʝʨʛʘʪʴʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʧʦʵʪʦʤʫ   ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ 

ʧʣʘʥʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ).  ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʥʘʣʠʯʠʠ  ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ (ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʭʣʦʨʦʬʠʣʣʦʚ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ  ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ. ɺ ʦʧʳʪʘʭ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʚʦʨʳ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʠ 

ʵʢʚʠʤʦʣʷʨʥʳʝ ʨʘʩʪʚʦʨʳ ʢʦʤʧʣʝʢʩʦʥʦʚ: ʀɼʗʂ ʠ ʕɼɼʗʂ. 

ɺ ʧʦʣʝʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʊʚʝʨʩʢʦʡ ɻʉʍɸ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʳʪʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʚʟʷʪʳ: ʛʦʨʦʭ ʧʦʩʝʚʥʦʡ (ʩʦʨʪ ʈʦʢʝʪ), 

ʢʘʙʘʯʦʢ ʮʫʢʠʥʠ (ʩʦʨʪ ʄʘʚʨ), ʢʘʧʫʩʪʘ ʙʝʣʦʢʦʯʘʥʥʘʷ (ʩʦʨʪ ɿʠʤʦʚʢʘ), 

ʢʘʨʪʦʬʝʣʴ (ʩʦʨʪ ɻʘʣʘ), ʩʚʝʢʣʘ ʩʪʦʣʦʚʘʷ (ʩʦʨʪ ʂʨʘʩʥʳʡ ʰʘʨ), ʪʦʤʘʪ (ʛʠʙʨʠʜ 

F1 ʉʣʦʪ). ʃʠʩʪʴʷ ʨʘʩʪʝʥʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʯʝʨʝʟ 10 ï 12 ʜʥʝʡ ʧʦʩʣʝ 

ʥʝʢʦʨʥʝʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚ ʣʠʩʪʴʷʭ ʧʨʦʨʦʩʪʢʦʚ ʠ 

ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ 

ʘʮʝʪʦʥʦʚʳʭ ʵʢʩʪʨʘʢʪʘʭ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʉʌ-52). 

ʆʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʘʤʠ ʕɼɼʗʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʜʝʡʩʪʚʠʝ: 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Ò 1,5.10-3 ʤʦʣʴ/ʣ ï ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʢʦʧʣʝʥʠʶ 

ʭʣʦʨʦʬʠʣʣʦʚ, ʘ ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ Ó 2,0.10-3 ʤʦʣʴ/ʣ ʕɼɼʗʂ ï ʚʳʟʳʚʘʶʪ 

ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʴʷʭ. ʂʦʤʧʣʝʢʩʦʥ 

ʀɼʗʂ   ʚʳʟʳʚʘʣ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʚ ʣʠʩʪʴʷʭ. ɺ 

ʧʨʝʜʝʣʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʕɼɼʗʂ ʠ ʀɼʗʂ) ʦʪ 

1,27.10-5 ʤʦʣʴ/ʣ ʜʦ 1,5.10-3 ʤʦʣʴ/ʣ ʦʢʘʟʳʚʘʶʪ ʜʝʡʩʪʚʠʝ, ʩʪʠʤʫʣʠʨʫʶʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ, ʚʦʟʨʘʩʪʘʶʱʝʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʂʫʟʤʠʥ ɸʨʪʝʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ɼʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʢʫʣʴʪʫʨʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʦʟʝʣʝʥʝʥʠʷ ʚ ʊʚʝʨʩʢʦʤ ʨʝʛʠʦʥʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ʅ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʩʪʘʙʠʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ 

ʧʦʜʙʠʨʘʪʴ ʩʘʤʳʝ ʭʦʣʦʜʦʩʪʦʡʢʠʝ ʜʨʝʚʝʩʥʳʝ ʢʫʣʴʪʫʨʳ. ʊʘʢʠʭ ʨʘʩʪʝʥʠʡ ʚ 

ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʥʝ ʤʘʣʦ.  

ʉʘʤʳʤ ʤʦʨʦʟʦʩʪʦʡʢʠʤ ʜʝʨʝʚʦʤ ʩʯʠʪʘʝʪʩʷ ʙʝʨʝʟʘ ʧʫʰʠʩʪʘʷ, ʢʦʪʦʨʫʶ 

ʚʳʩʘʞʠʚʘʶʪ ʨʘʥʥʝʡ ʚʝʩʥʦʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʚ ʧʝʨʚʦʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʳʡ 

ʧʦʣʠʚ. ɽʣʴ ʦʙʳʢʥʦʚʝʥʥʘʷ ï ʚʳʜʝʨʞʠʚʘʝʪ ʩʘʤʳʝ ʩʠʣʴʥʳʝ ʤʦʨʦʟʳ; ʪʨʝʙʫʝʪʩʷ 

ʚ ʧʝʨʚʦʝ ʚʨʝʤʷ ʚʣʘʞʥʦʝ ʠ ʧʨʦʭʣʘʜʥʦʝ ʤʝʩʪʦ. ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ï 

ʩʚʝʪʦʣʶʙʠʚʳʡ ʠ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳʡ ʚʠʜ, ʫʩʪʦʡʯʠʚʘ ʢ ʟʘʩʫʭʝ, ʚʝʪʨʫ, 

ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʚʣʘʞʥʦʩʪʠ. ʄʦʞʞʝʚʝʣʴʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ ï ʣʫʯʰʝ 

ʚʳʩʘʞʠʚʘʪʴ ʚ ʩʦʣʥʝʯʥʦʤ ʤʝʩʪʝ, ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʪ ʢʘʢ ʚʳʩʦʢʠʝ, ʪʘʢ ʠ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʙʦʠʪʩʷ ʟʘʩʫʭʠ ʠ ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʦ ʢ ʧʣʦʜʦʨʦʜʥʦʩʪʠ ʧʦʯʚʳ. 

ɹʦʷʨʳʰʥʠʢ ʢʨʦʚʘʚʦ-ʢʨʘʩʥʳʡ, ʠʣʠ ʩʠʙʠʨʩʢʠʡ ï ʥʝʧʨʠʭʦʪʣʠʚʳʡ ʠ 

ʤʦʨʦʟʦʩʪʦʡʢʠʡ ʢʫʩʪʘʨʥʠʢ; ʨʘʟʤʝʱʘʶʪ ʥʘ ʩʚʝʪʫ. ɹʫʟʠʥʘ ʢʨʘʩʥʘʷ ï ʦʙʣʘʜʘʝʪ 

ʧʳʰʥʦʡ ʢʨʦʥʦʡ ʠ ʙʦʣʴʰʦʡ ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ, ʚʳʩʘʞʠʚʘʶʪ ʢʘʢ ʥʘ ʩʦʣʥʮʝ, ʪʘʢ 

ʠ ʚ ʪʝʥʠ. ʀʚʘ ʙʝʣʘʷ ï ʜʝʨʝʚʦ ʥʝʧʨʠʭʦʪʣʠʚʦ, ʤʦʞʝʪ ʨʘʩʪʠ ʢʘʢ ʥʘ ʩʦʣʥʮʝ, ʪʘʢ 

ʠ ʚ ʧʦʣʫʪʝʥʠ, ʦʙʣʘʜʘʝʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ ʠ ʚʝʪʨʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʃʠʧʘ 

ʤʝʣʢʦʣʠʩʪʥʘʷ ï ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʪʝʥʝʚʳʥʦʩʣʠʚʦʩʪʴʶ, ʪʨʝʙʫʝʪ 

ʜʨʝʥʠʨʦʚʘʥʥʫʶ ʧʦʯʚʫ. ʈʷʙʠʥʘ ʦʙʳʢʥʦʚʝʥʥʘʷ ï ʜʝʢʦʨʘʪʠʚʥʦʝ 

ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʦʝ ʨʘʩʪʝʥʠʝ ʥʝ ʚʳʥʦʩʠʪ ʟʘʩʦʣʝʥʥʳʭ ʠ ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ 

ʟʝʤʝʣʴ. ʉʠʨʝʥʴ ʦʙʳʢʥʦʚʝʥʥʘʷ ï ʥʝ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʫʭʦʜʘ, ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ 

ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʧʦʣʠʚʫ ʠ ʧʦʯʚʝ. ɾʠʤʦʣʦʩʪʴ 

ʪʘʪʘʨʩʢʘʷ ï ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʧʝʨʚʳʡ ʛʦʜ ʧʦʩʣʝ ʧʦʩʘʜʢʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʠʚʘʪʴ ʚʦ ʚʨʝʤʷ ʟʘʩʫʭʠ; ʚ ʙʦʣʝʝ ʚʟʨʦʩʣʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ʉʧʠʨʝʠ  ð ʥʝʧʨʠʭʦʪʣʠʚʳʝ 

ʨʘʩʪʝʥʠʷ, ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʧʦʯʚʝ, ʩʚʝʪʦʣʶʙʠʚʳ ʠ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳ. 

ʐʠʧʦʚʥʠʢ ï ʥʝʧʨʠʭʦʪʣʠʚʳʡ ʢʫʩʪʘʨʥʠʢ, ʢʦʪʦʨʳʡ ʥʝ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʫʭʦʜʘ; 

ʦʪʮʚʝʪʰʠʝ ʮʚʝʪʢʠ ʫʜʘʣʷʪʴ ʥʝ ʥʫʞʥʦ, ʘ ʦʩʝʥʴʶ ʰʠʧʦʚʥʠʢ ʩʚʦʠʤʠ ʷʨʢʠʤʠ 

ʷʛʦʜʘʤʠ ʧʨʠʚʣʝʢʘʝʪ ʚ ʩʘʜ ʧʪʠʮ.  

ʂʘʢ ʚʠʜʠʤ, ʘʩʩʦʨʪʠʤʝʥʪ ʧʦʜʙʦʨʘ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ ʜʣʷ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʣʶʙʳʭ ʧʦ ʧʣʦʱʘʜʠ ʠ ʩʪʠʣʷʤ ʟʝʤʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʦʙʰʠʨʝʥ. ɻʣʘʚʥʦʝ, ʧʦʜʦʙʨʘʪʴ ʠʭ ʧʦ ʩʦʯʝʪʘʥʠʶ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʫʩʣʦʚʠʷʤ ʚʳʨʘʱʠʚʘʥʠʷ. 
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ʂʫʟʤʠʥ ɸʨʪʝʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ɺʣʠʷʥʠʝ ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʈʠʚʴʝʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʖ.ʉ. ʂʦʨʦʣʸʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ʋʜʦʙʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʠʛʨʘʶʱʠʤʠ 

ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʦʙʠʣʴʥʦʛʦ ʫʨʦʞʘʷ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʠ 

ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ʋʩʧʝʰʥʦʝ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ 

ʢʘʨʪʦʬʝʣʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʧʨʘʚʠʣʴʥʳʤ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʧʠʪʘʥʠʝʤ 

ʨʘʩʪʝʥʠʡ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʈʠʚʴʝʨʘ.   

ʉʭʝʤʘ ʦʧʳʪʘ ʚʢʣʶʯʘʣʘ ʚʘʨʠʘʥʪʳ: 1 ï ʙʝʟ ʫʜʦʙʨʝʥʠʡ (ʢʦʥʪʨʦʣʴ), 2 ï 

ɼʠʘʪʦʤʠʪ ʚ ʜʦʟʝ 2 ʪ/ʛʘ, 3 - ʉʘʧʨʦʧʝʣʴ ʚ ʜʦʟʝ 100 ʪ/ʛʘ. ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ʧʦʨʷʜʢʘ 

ï 14 ʤ2. ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ ʩ 

ʤʝʞʜʫʨʷʜʴʷʤʠ 70 ʩʤ. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ ï ʚʠʢʦ-ʦʚʝʩ. ɺ ʦʧʳʪʝ ʩʦʙʣʶʜʘʣʠ ʚʩʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʅʀʀ ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʥʝʡ ʦʪʤʝʯʝʥʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ɼʠʘʪʦʤʠʪʘ - 15 

ʰʪʫʢ ʩ 1 ʢʫʩʪʘ. ʇʨʠ ʵʪʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʦʡ ʠ ʩʨʝʜʥʝʡ ʬʨʘʢʮʠʠ ʙʳʣʦ ʚʳʰʝ, 

ʯʝʤ ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʚʥʝʩʝʥʠʠ ʩʘʧʨʦʧʝʣʷ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʘʧʨʦʧʝʣʷ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʤʥʦʛʦ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ, ʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʥʝʡ 

ʩʦʩʪʘʚʠʣʦ 13 ʰʪʫʢ.  ʄʘʩʩʘ ʢʣʫʙʥʝʡ ʩ ʢʫʩʪʘ ʠ ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʢʣʫʙʥʷ ʢʘʨʪʦʬʝʣʷ 

ʩʦʨʪʘ ʈʠʚʴʝʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. ɼʠʘʪʦʤʠʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʫʚʝʣʠʯʝʥʠʶ ʥʘ 46% ʤʘʩʩʳ ʢʣʫʙʥʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

ʠ ʥʘ 14% ʩ ʩʘʧʨʦʧʝʣʝʤ. ʅʠʟʢʘʷ ʤʘʩʩʘ ʢʣʫʙʥʝʡ ʩ ʨʘʩʪʝʥʠʷ ʦʪʤʝʯʝʥʘ ʥʘ ʢʦʥʪʨʦʣʝ 

562,5 ʛ, ʧʨʠ ʩʨʝʜʥʝʡ ʤʘʩʩʝ ʢʣʫʙʥʷ 51,1 ʛ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ ʤʘʩʩʘ 

ʢʣʫʙʥʷ ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʩʘʧʨʦʧʝʣʷ 55,4 ʛ. 

ɿʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʢʣʫʙʥʝʡ ʩ ʢʫʩʪʘ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ɼʠʘʪʦʤʠʪʘ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʧʦʣʫʯʝʥʘ ʚʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 39,5ʪ/ʛʘ, 

ʧʨʠʙʘʚʢʘ ʢ ʢʦʥʪʨʦʣʶ ʩʦʩʪʘʚʠʣʘ 12,5 ʪ/ʛʘ. ʉʘʧʨʦʧʝʣʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʠʣ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʨʦʞʘʷ, ʧʨʠʙʘʚʢʘ ʢ ʢʦʥʪʨʦʣʶ ʩʦʩʪʘʚʠʣʘ 7,6 ʪ/ʛʘ. ʄʠʥʠʤʘʣʴʥʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʥʘ ʢʦʥʪʨʦʣʝ 27,0 ʪ/ʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 2024 ʛʦʜʘ 

ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʨʦʞʘʷ ʢʘʨʪʦʬʝʣʷ 

ʩʦʨʪʘ ʈʠʚʴʝʨʘ ʥʘ ʫʨʦʚʥʝ 39,5 ʪ/ʛʘ. 
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ʂʫʟʴʤʠʥʘ ʆʣʴʛʘ ɽʚʛʝʥʴʝʚʥʘ 

ɺʣʠʷʥʠʝ ʩʠʩʪʝʤ ʫʜʦʙʨʝʥʠʷ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ 

ʩʫʙʩʪʨʘʪʦʚ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ ʬʦʨʤʘʤ ʫʜʦʙʨʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ ʢʦʤʧʦʩʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʥʘ ʩʚʦʡʩʪʚʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ 

ʧʦʯʚʳ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩʨʝʜʥʝʩʧʝʣʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ.  

ʉʭʝʤʘ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʦʧʳʪʘ: ʌʘʢʪʦʨ ɸ (ʩʦʨʪ ʢʘʨʪʦʬʝʣʷ): 1 ï ɺʘʨʷʛ; 

2 ï ɽʚʧʘʪʠʡ; ʌʘʢʪʦʨ ɺ (ʩʠʩʪʝʤʘ ʫʜʦʙʨʝʥʠʡ): 1. ʂʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ); 

2. ʂʦʤʧʦʩʪ ʚ ʜʦʟʝ 18 ʪ/ʛʘ; 3. ʂʦʤʧʦʩʪ ʚ ʜʦʟʝ 18 ʪ/ʛʘ ʠ ʈ60ʂ60; 4. ʆʄʋ; 5. ʆʄʋ 

ʠ ʢʦʤʧʦʩʪ ʚ ʜʦʟʝ 18 ʪ/ʛʘ; 6. ʆʄʋ, ʢʦʤʧʦʩʪ ʚ ʜʦʟʝ 18 ʪ/ʛʘ ʠ ʈ60ʂ60. 

ʆʄʋ (ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ) ʢʘʨʪʦʬʝʣʴʥʦʝ (ʤʘʨʢʘ 16) ï 

ʢʦʤʧʣʝʢʩʥʦʝ ʫʜʦʙʨʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʪʦʨʬ, 

ʛʫʤʘʪʳ, ʤʠʢʨʦʙʠʣʦʛʠʯʝʩʢʫʶ ʜʦʙʘʚʢʫ. ʀʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʦʧʳʪʝ 

ʧʨʠʤʝʥʷʣʠʩʴ ʩʫʧʝʨʬʦʩʬʘʪ ʜʚʦʡʥʦʡ (45%) ʠ ʭʣʦʨʠʩʪʳʡ ʢʘʣʠʡ (60%). 

ʂʦʤʧʦʩʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʧʳʪʝ, ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʚ ʙʫʨʪʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. ʅʦʨʤʘ ʧʦʩʘʜʢʠ ʢʣʫʙʥʝʡ ï 43 ʪʳʩ. ʢʣʫʙʥʝʡ ʥʘ ʛʘ. 

ʇʝʨʝʜ ʧʦʩʘʜʢʦʡ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʦʙʦʠʭ ʩʦʨʪʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʧʨʦʪʨʘʚʣʠʚʘʪʝʣʝʤ çʕʤʝʩʪʦ ʂʚʘʥʪʫʤè ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 250 ʤʣ ʥʘ 10 ʣ ʚʦʜʳ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʩʨʦʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʩʪʘ, ʆʄʋ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ (ʚ ʩʨʝʜʥʝʤ 35ï42 ʤʛ/ʢʛ ʧʦʯʚʳ); 

ʘʤʤʠʘʯʥʦʡ ʬʦʨʤʳ ʘʟʦʪʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 10ï17 ʤʛ/ʢʛ ʧʦʯʚʳ ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ ʢʦʥʪʨʦʣʝʤ); ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ (ʚ ʩʨʝʜʥʝʤ ʥʘ 14ï16 ʤʛ/ʢʛ ʧʦʯʚʳ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʩʪʘʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ ʢʦʥʪʨʦʣʝʤ) ʠ  ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ (ʚ ʩʨʝʜʥʝʤ ʥʘ 12 

ï 15 ʤʛ/ʢʛ ʧʦʯʚʳ ʙʦʣʴʰʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʫʜʦʙʨʝʥʥʳʤ ʚʘʨʠʘʥʪʘʤ ʠ 

ʢʦʥʪʨʦʣʶ). ʇʦʵʪʦʤʫ ʫʨʦʞʘʡʥʦʩʪʴ ʦʙʦʠʭ ʩʦʨʪʦʚ ʥʘ ʢʦʥʪʨʦʣʝ ʦʢʘʟʘʣʘʩʴ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ (ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʦʨʪʘʤ ʥʘ 132,3 ï 162,5 

ʮ/ʛʘ).  ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʩʪʘ ʧʦʟʚʦʣʠʣʦ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 20,8 ï 27,2 ʮ/ʛʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʨʪʘ), ʘ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩ ʈ60ʂ60 ï ʥʘ 65,1 ʮ/ʛʘ (ʧʦ ʩʦʨʪʫ ɺʘʨʷʛ) ʠ ʥʘ 

105,4 ʮ/ʛʘ (ʧʦ ʩʦʨʪʫ ɽʚʧʘʪʠʡ). ʄʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʢʣʫʙʥʝʡ 

ʦʪʣʠʯʘʣʩʷ ʚʘʨʠʘʥʪ ʩ ʆʄʋ, ʢʦʤʧʦʩʪʦʤ ʠ ʈ60ʂ60: 332,4 ʮ/ʛʘ (ʧʦ ʩʦʨʪʫ ɺʘʨʷʛ) 

ʠ 414,7 ʮ/ʛʘ (ʧʦ ʩʦʨʪʫ ɽʚʧʘʪʠʡ). 
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ʋɼʂ 581.1:541.49 

ʂʫʟʴʤʠʥʘ ʆʣʴʛʘ ɽʚʛʝʥʴʝʚʥʘ 

ɿʘʚʠʩʠʤʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʯʘʥʦʚ ʢʘʧʫʩʪʳ ʙʝʣʦʢʦʯʘʥʥʦʡ 

ʦʪ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʦʣʠʙʜʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʜʝʥʠʠ  

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʤʝʩʪʦ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ  

ʢʦʤʧʣʝʢʩʦʥʳ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʤʝʪʘʣʣʦʚ ʠʣʠ ʥʝʤʝʪʘʣʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʨʝʜʠ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʕɼɼʗʂ 

(ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ), ʀɼʗʂ (ʠʤʠʥʦʜʠʷʥʪʘʨʥʫʶ ʢʠʩʣʦʪʫ) ʠ 

ʜʨʫʛʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʜʝʡʩʪʚʠʷ 

ʫʜʦʙʨʝʥʠʡ ʠ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʯʘʥʦʚ ʢʘʧʫʩʪʳ.  

ʉʭʝʤʘ ʦʧʳʪʘ ʚʢʣʶʯʘʣʘ ʚʘʨʠʘʥʪʳ: ʢʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʠ ʙʝʟ 

ʦʧʨʳʩʢʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ); ʦʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ: ʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ, ʢʦʤʧʣʝʢʩʦʥʘ, ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʤʦʣʠʙʜʝʥʘ 

ʥʘ ʨʘʟʥʳʭ ʬʦʥʘʭ. ʂʦʤʧʣʝʢʩʦʥ ʕɼɼʗʂ ʠ ʢʦʤʧʣʝʢʩʦʥʘʪ ʤʦʣʠʙʜʝʥʘ (ʄʦ-

ʕɼɼʗʂ) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʦʮʝʥʪʦʤ ʉʤʠʨʥʦʚʦʡ ʊ.ʀ. ʅʘ ʦʧʳʪʝ 

ʚʦʟʜʝʣʳʚʘʣʘʩʴ ʢʘʧʫʩʪʘ ʙʝʣʦʢʦʯʘʥʥʘʷ ʩʦʨʪʘ ɿʠʤʦʚʢʘ ʨʘʩʩʘʜʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʈʘʩʪʝʥʠʷ ʢʘʧʫʩʪʳ ʜʚʘʞʜʳ ʦʧʨʳʩʢʠʚʘʣʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 ʤʄ ʠʟ ʨʘʩʯʝʪʘ 100 ʤʣ/ʤ2. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʥʝʫʜʦʙʨʝʥʥʦʤ ʬʦʥʝ ʦʧʨʳʩʢʠʚʘʥʠʝ 

ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʦʤ (NH4)2MoO4 ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʢʘʧʫʩʪʳ ʥʘ 0,38 ʢʛ/ʤ2 ʠʣʠ  ʥʘ 9,6%, ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʦʤ ʄʦ-ʕɼɼʗʂ 

ï ʥʘ 0,65 ʢʛ/ʤ2 ʠʣʠ 16,4% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʅʘʠʙʦʣʴʰʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʧʫʩʪʳ ʧʦʣʫʯʝʥʘ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʄʦ-ʕɼɼʗʂ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʤ ʬʦʥʝ (5,8 ʢʛ/ʤ2).  

ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʚ ʚ ʢʦʯʘʥʘʭ ʥʘ 1,2%, ʘ ʭʝʣʘʪʠʨʦʚʘʥʥʦʛʦ 

ʤʦʣʠʙʜʝʥʘ ï ʥʘ 1,5%.   

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʝʥʠʡ ʠʩʧʳʪʫʝʤʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʥʘ ʨʘʟʥʳʭ ʬʦʥʘʭ 

ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʦʯʘʥʘʭ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ (ʚ ʩʨʝʜʥʝʤ ʥʘ 4,2 ï 10,8%). ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ 14 ʤʛ/100 

ʛ ï  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (NH4)2MoO4 ʠ ʥʘ 18 ʤʛ/100 ʛ ï  ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʄʦ-

ʕɼɼʗʂ ʥʘ ʤʠʥʝʨʘʣʴʥʦʤ ʬʦʥʝ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. 
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ʋɼʂ: 635. 21: 631.811 

ʂʫʣʘʛʠʥʘ ʇʦʣʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ  

ʇʨʠʤʝʥʝʥʠʝ ʩʝʣʝʥʘ ʧʨʠ ʤʠʢʨʦʢʣʦʥʘʣʴʥʦʤ ʨʘʟʤʥʦʞʝʥʠʠ 

ʘʥʪʦʮʠʘʥʩʦʜʝʨʞʘʱʠʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʄ.ʅ. ʇʘʚʣʦʚ, ʊ.ʀ. ʉʤʠʨʥʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʝʣʝʥʘ 

ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʧʣʘʥʪʦʚ ʧʨʠ ʢʣʦʥʘʣʴʥʦʤ 

ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʠ ʘʥʪʦʮʠʘʥʩʦʜʝʨʞʘʱʠʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʉʶʨʧʨʠʟ ʠ 

ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ. ʆʧʳʪ ʚʳʧʦʣʥʝʥ ʚ ʫʩʣʦʚʠʷʭ in vitro ʚ 2024 ʛ. ʧʫʪʝʤ 

ʤʠʢʨʦʯʝʨʝʥʢʦʚʘʥʠʷ ʧʦ ʩʭʝʤʝ: ʬʘʢʪʦʨ ɸ ï ʩʦʨʪ: ɸ1 ï ʉʶʨʧʨʠʟ 

(ʩʨʝʜʥʝʨʘʥʥʠʡ), ɸ2 ï ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ (ʩʨʝʜʥʝʩʧʝʣʳʡ); ʌʘʢʪʦʨ ɺ - 

ɺʘʨʠʘʥʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʄʫʨʘʩʠʛʝ-ʉʢʫʛʘ 

(ʄʉ): B1 ï ʂʦʥʪʨʦʣʴ ï ʩʪʘʥʜʘʨʪʥʘʷ ʩʨʝʜʘ ʄʉ; B2 - Na2SeO3,; B3 - Se-ʕɼɼʗʂ 

(ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʣʝʥʘ ʵʢʩʧʣʘʥʪʳ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʥʝʦʜʠʥʘʢʦʚʦ 

ʚʘʨʴʠʨʦʚʘʣʠ ʧʦ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʚ ʨʘʟʥʳʝ ʧʘʩʩʘʞʠ (ʪʘʙʣʠʮʘ). 
ʊʘʙʣʠʮʘ. 

ɺʣʠʷʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩʝʣʝʥʘ ʥʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʨʘʩʪʝʥʠʡ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ 

ʉʦʨʪ (ɸ) 

ɺʘʨʠʘʥʪ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

(ɺ) 

I-ʡ ʧʘʩʩʘʞ II -ʡ ʧʘʩʩʘʞ 

ɼʣʠʥʘ 

ʩʪʝʙʣʷ, ʤʤ 

ʏʠʩʣʦ 

ʤʝʞʜʦʫʟʣʠʡ, 

ʰʪ. 

ʄʘʩʩʘ 

ʨʘʩʪʝʥʠʡ, 

ʤʛ 

ɼʣʠʥʘ 

ʩʪʝʙʣʷ, ʤʤ 

ʏʠʩʣʦ 

ʤʝʞʜʦʫʟʣʠʡ, 

ʰʪ. 

ʄʘʩʩʘ 

ʨʘʩʪʝʥʠʡ, 

ʤʛ 

ʉʶʨʧʨʠʟ 

ʂʦʥʪʨʦʣʴ (ʙʝʟ Se) 62,0 8,20 911,7 94,8 9,10 781,3 

Na2SeO3 70,5 9,45 953,7 110,0 11,75 942,3 

Se-ʕɼɼʗʂ 71,1 9,75 965,0 117,3 11,35 936,0 

ʩʨʝʜʥʝʝ ʧʦ ʩʦʨʪʫ 67,9 9,1 943,5 107,4 10,7 886,5 

ʉʝʚʝʨʥʦʝ 

 ʩʠʷʥʠʝ 

ʂʦʥʪʨʦʣʴ (ʙʝʟ Se) 54,3 8,38 592,7 79,9 11,25 732,0 

Na2SeO3 46,7 8,13 433,7 78,4 12,30 709,0 

Se-ʕɼɼʗʂ 49,9 8,15 526,3 82,0 13,00 836,0 

ʩʨʝʜʥʝʝ ʧʦ ʩʦʨʪʫ 50,3 8,2 517,6 80,1 12,2 759,0 

ʅʉʈ05 ʧʦ ʩʦʨʪʫ 2,7 0,65 82,0 9,4 1,22 114,0 

ʅʉʈ05 ʧʦ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 1,4 0,32 *  4,7 0,61 57,0 

* - ʨʘʟʣʠʯʠʷ ʥʝʟʥʘʯʠʤʳ (Fʬʘʢʪ. < F05) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʝʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʬʦʨʤʝ Se-ʕɼɼʗʂ, ʢʦʪʦʨʦʝ 

ʧʦʚʳʰʘʣʦ: ʫ ʩʦʨʪʘ ʉʶʨʧʨʠʟ - ʜʣʠʥʫ ʩʪʝʙʣʝʡ ʥʘ 9,1 ï 22,5 ʤʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʞʜʦʫʟʣʠʡ ʥʘ 1,6 ï 2,3 ʰʪ., ʚʦ ʚʪʦʨʦʡ ʧʘʩʩʘʞ - ʤʘʩʩʫ ʨʘʩʪʝʥʠʡ - ʥʘ 155 ʤʛ, 

ʫ ʩʦʨʪʘ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʚʦ ʚʪʦʨʦʡ ʧʘʩʩʘʞ - ʢʦʣʠʯʝʩʪʚʦ ʤʝʞʜʦʫʟʣʠʡ ʥʘ 1,8 

ʰʪ., ʙʠʦʤʘʩʩʫ ʨʘʩʪʝʥʠʷ ʥʘ 104 ʤʛ. ɹʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Se-ʕɼɼʗʂ 

ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʘ ʩ ʣʫʯʰʝʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʩʝʣʝʥʘ ʚ ʩʦʩʪʘʚʝ ʭʝʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʠʪʘʪʝʣʴʥʦʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʢʣʦʥʘʣʴʥʦʛʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʘʥʪʦʮʠʘʥʩʦʜʝʨʞʘʱʠʭ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʉʶʨʧʨʠʟ ʠ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-76- 01058. 
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ʂʫʣʝʰʦʚʘ ɸʥʥʘ ʖʨʴʝʚʥʘ, ɹʘʢʘʝʚʘ ʄʘʨʠʷ ɸʥʜʨʝʝʚʥʘ 

ʊʝʨʤʦʭʨʦʤʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʝʪʢʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʜʝʞʜʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʉ. ʉʘʰʠʥʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʂʘʬʝʜʨʘ ʜʠʟʘʡʥʘ ʪʝʢʩʪʠʣʷ, ʢʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʊʝʨʤʦʭʨʦʤʥʳʝ ʢʨʘʩʠʪʝʣʠ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʮʚʝʪ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. ʊʝʨʤʦʭʨʦʤʥʳʝ ʤʝʪʢʠ ʚ ʦʜʝʞʜʝ, ʪʝʭʥʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʝ, 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʦʤ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʠʣʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʦʜʝʞʜʘ ʧʦʞʘʨʥʳʭ ʩ ʪʝʨʤʦʭʨʦʤʥʦʡ ʤʝʪʢʦʡ ʧʦʜʩʢʘʞʝʪ ʦ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʠ ʧʦʟʚʦʣʠʪ ʩʧʘʩʪʠ ʞʠʟʥʴ, ʦʜʝʞʜʘ 

ʩʧʦʨʪʩʤʝʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʯʘʩʪʢʠ ʧʝʨʝʛʨʝʚʘ ʪʝʣʘ, ʧʦʣʷʨʥʠʢʫ ʫʢʘʞʝʪ 

ʦʧʘʩʥʦʩʪʴ ʦʙʤʦʨʦʞʝʥʠʷ, ʤʝʜʠʢʘʤ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʴʥʦʛʦ ʠ ʜʨ. [1]. ʄʠʢʨʦʢʘʧʩʫʣʠʨʦʚʘʥʥʳʡ ʢʨʘʩʠʪʝʣʴ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʣʠ ʨʘʩʧʣʘʚʘ ʥʘ ʩʪʘʜʠʠ 

ʬʦʨʤʦʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠʣʠ ʧʣʝʥʦʢ [2]. 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʠʣʦʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ 

ʥʝʪʦʢʩʠʯʥʳʡ ʧʨʦʷʚʠʪʝʣʴ ʪʝʨʤʦʭʨʦʤʥʦʡ ʢʦʤʧʦʟʠʮʠʠ [3] ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ʣʘʢʪʦʥʘ, ʢʦʪʦʨʳʡ ʫʣʫʯʰʠʪ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʠ ʦʙʨʘʪʠʤʦʩʪʠ ʮʚʝʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟʜʝʣʠʷ ʩ ʪʝʨʤʦʭʨʦʤʥʦʡ ʤʝʪʢʦʡ. 

ɸʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʢʦʣʦʨʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʪʝʨʤʦʭʨʦʤʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʠʟʜʝʣʠʷ ʠ ʤʝʪʢʠ ʩʧʝʮʦʜʝʞʜʳ ʧʦʞʘʨʥʳʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʜʘʪʯʠʢʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʚʦʝʥʥʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʘʰʠʥʘ ɽ.ʉ., ʄʠʭʘʡʣʦʚʩʢʘʷ ɸ.ʇ., ɹʘʢʘʝʚʘ ʄ.ɸ., ʂʫʣʝʰʦʚʘ ɸ.ʖ. ʊʝʨʤʦʭʨʦʤʥʳʝ ʧʦʣʠʤʝʨʳ, 

ʚʦʣʦʢʥʘ ʠ ʤʘʪʝʨʠʘʣʳ ï 2023. ï ˉ 5 (407). ï ʉ. 20-29. 

2. Sashina E.S., Yakovleva O.I., Vakulenko S.A. Mass dyeing of polyacrilonitrile be termochromic 

dyes // Fibre Chemistry. ï2024. ï 56(1). ï ʈp 1-5. 

3. ʄʳʟʥʠʢʦʚ ʃ.ɺ., ɺʦʣʢʦʚʘ ɼ.ɼ., ʉʘʰʠʥʘ ɽ.ʉ. ʊʝʨʤʦʭʨʦʤʥʘʷ ʢʦʤʧʦʟʠʮʠʷ. ʇʘʪʝʥʪ RU 2813709 

C1, 15.02.2024.  
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ʃʠʩʠʮʘ ʄʠʭʘʠʣ ɸʣʝʢʩʝʝʚʠʯ 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʝʪʘʣʘʠʥʦʚ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ɹʝʪʘʮʠʘʥʠʥʳ ï ʚʝʱʝʩʪʚʘ ʩ ʢʨʘʩʥʦʡ ʦʢʨʘʩʢʦʡ, ʚʝʱʝʩʪʚʘ ʩ ʞʝʣʪʦʡ 

ʦʢʨʘʩʢʦʡ ï  ʙʝʪʘʢʩʘʥʪʠʥʳ, ʢʦʪʦʨʳʝ ʚ ʩʫʤʤʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ ʙʝʪʘʣʘʠʥʳ. 

ʕʪʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʧʠʛʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʥʘʢʪʠʚʘʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ 

ʢʠʩʣʦʨʦʜʘ ʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ; ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ; ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʪ.ʜ. 

[1]. ʇʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʥʝʩʦʤʥʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʙʝʪʘʣʘʠʥʦʚ, ʥʝʦʙʭʦʜʠʤʦ  

ʚʚʝʜʝʥʠʝ ʚ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʫʢʘʟʘʥʥʳʝ ʚʝʱʝʩʪʚʘ.  

ʉʨʝʜʠ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ, ʦʙʦʛʘʱʝʥʥʳʭ ʙʝʪʘʮʠʘʥʠʥʘʤʠ, ʩʣʝʜʫʝʪ 

ʚʳʜʝʣʠʪʴ ʩʪʦʣʦʚʫʶ ʩʚʝʢʣʫ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʙʝʪʘʣʘʠʥʦʚ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʨʝʜʥʝʩʧʝʣʳʭ ʩʦʨʪʦʚ: ʄʫʣʘʪʢʘ; ʉʤʫʛʣʷʥʢʘ; 

ʂʨʝʦʣʢʘ; ʠ ʨʘʥʥʝʩʧʝʣʳʭ ʩʦʨʪʦʚ: ʍʫʪʦʨʷʥʢʘ ʠ  ɽʛʠʧʝʪʩʢʘʷ ʧʣʦʩʢʘʷ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʪʘʣʘʠʥʦʚʳʭ ʧʠʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ  

ʤʫʨʘʚʴʠʥʦʢʠʩʣʦʤ ʵʢʩʪʨʘʢʪʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʝʤ ʥʘ ʉʌ-56. 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʪʘʮʠʘʥʠʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʙʝʪʘʥʠʥ, ʘ 

ʙʝʪʘʢʩʘʥʪʠʥʦʚ ï ʥʘ ʚʫʣʴʛʘʢʩʘʥʪʠʥ I [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʪʘʮʠʘʥʠʥʦʚ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʙʝʪʘʥʠʥ) ʦʙʥʘʨʫʞʝʥʦ 

ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʦʨʪʘ çʉʤʫʛʣʷʥʢʘè (170 ʤʛ/100 ʛ), ʘ ʥʘʠʤʝʥʴʰʝʝ ï ʚ 

ʢʦʨʥʝʧʣʦʜʘʭ ʩʦʨʪʘ çɽʛʠʧʝʪʩʢʘʷ ʧʣʦʩʢʘʷè (76 ʤʛ/100 ʛ).  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʪʘʢʩʘʥʪʠʥʦʚ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʚʫʣʴʛʘʢʩʘʥʪʠʥ I) ʚʳʷʚʣʝʥʦ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʦʨʪʘ çʂʨʝʦʣʢʘè (50 ʤʛ/100 ʛ), ʘ 

ʤʠʥʠʤʘʣʴʥʦʝ ï ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʩʦʨʪʘ çʍʫʪʦʨʷʥʢʘè (15 ʤʛ/100 ʛ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʥʥʠʭ ʠ ʩʨʝʜʥʝʩʧʝʣʳʭ ʩʦʨʪʦʚ 

ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʪʘʣʘʠʥʦʚ ʦʪʣʠʯʘʣʠʩʴ 

ʩʨʝʜʥʝʩʧʝʣʳʝ ʩʦʨʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʥʝʩʧʝʣʳʤʠ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʃʠʪʚʠʥʦʚ ʀʛʦʨʴ ʉʝʨʛʝʝʚʠʯ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʚʝʪʦʯʥʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʩʘʜʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʟʥʝʮʦʚʘ  

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ɸʨʦʤʘʪʠʯʝʩʢʠʡ ʩʘʜ ï ʦʨʠʛʠʥʘʣʴʥʘʷ ʠʜʝʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʘ. 

ʆʙʳʯʥʦ ʦʥ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʥʝʩʢʦʣʴʢʠʭ ʢʣʫʤʙ, ʢʦʪʦʨʳʝ ʠʩʪʦʯʘʶʪ ʩʣʘʜʢʠʝ 

ʠʣʠ ʦʩʚʝʞʘʶʱʠʝ ʟʘʧʘʭʠ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʘʜʘ ʥʘ ʣʠʯʥʦʤ ʧʦʜʩʦʙʥʦʤ ʫʯʘʩʪʢʝ ʚ 

ʫʩʣʦʚʠʷʭ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʘʨʦʤʘʪʥʳʝ ʠ ʥʝ ʧʨʠʭʦʪʣʠʚʳʝ  

ʤʥʦʛʦʣʝʪʥʠʝ ʮʚʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʮʚʝʪʥʠʢʘ (ʈʠʩ. 1., ʪʘʙʣ. 

1).  ʎʚʝʪʥʠʢ ʟʘʧʣʘʥʠʨʦʚʘʥ ʫ ʟʦʥʳ ʦʪʜʳʭʘ (ʟʦʥʘ ʙʝʩʝʜʢʠ). ɹʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʟʘʧʘʭʦʤ, 

ʥʦ ʠ ʜʝʢʦʨʘʪʠʚʥʳ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʮʚʝʪʥʠʢʘ 

ʏʘʙʨʝʮ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤ ʟʘʧʘʭʦʤ, ʦʪʣʠʯʥʦ 

ʨʘʟʨʘʩʪʘʝʪʩʷ, ʘ ʚ ʠʶʥʝ-ʠʶʣʝ ʟʘʮʚʝʪʘʝʪ 

ʣʠʣʦʚʳʤʠ ʮʚʝʪʘʤʠ. ʐʘʣʬʝʡ ʜʫʙʨʘʚʥʳʡ ï ʷʨʢʠʡ 

ʠ ʢʦʥʪʨʘʩʪʥʳʡ, ʜʦʣʛʦ ʮʚʝʪʝʪ. ʄʷʪʘ ʧʝʨʝʯʥʘʷ ï 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʷʥʦʡ 

ʢʫʣʴʪʫʨʳ ʠ ʢʘʢ ʵʣʝʤʝʥʪ ʜʠʟʘʡʥʘ. ɺʝʩʥʦʡ ʠ ʚ 

ʩʘʤʦʤ ʥʘʯʘʣʝ ʣʝʪʘ ʨʦʟʤʘʨʠʥ ʣʝʢʘʨʩʪʚʝʥʥʳʡ 

ʧʦʢʨʳʚʘʝʪʩʷ ʥʝʞʥʳʤʠ ʮʚʝʪʦʯʢʘʤʠ ʛʦʣʫʙʦʡ 

ʦʢʨʘʩʢʠ. 

ʊʘʙʣʠʮʘ 1 ï ʂʦʣʦʨʠʩʪʠʢʘ ʮʚʝʪʥʠʢʘ ʧʦ ʤʝʩʷʮʘʤ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʩʪʝʥʠʷ 
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 ʊʠʤʴʷʥ ʦʙʳʢʥʦʚʝʥʥʳʡ (ʯʘʙʨʝʮ) (ThĨmus vulg§ris)  + + + + + 

ʐʘʣʬʝʡ ʜʫʙʨʘʚʥʳʡ (Salvia nemorosa) 
+ + + + + 

ʄʷʪʘ ʧʝʨʝʯʥʘʷ (ʭʦʣʦʜʥʘʷ, ʘʥʛʣʠʡʩʢʘʷ) (M®ntha piper²ta). 
+ + + + + 

 ʈʦʟʤʘʨʠʥ ʣʝʢʘʨʩʪʚʝʥʥʳʡ  (Rosmar²nus officinʘlis) + + + + + 

ʀʩʩʦʧ ʣʝʢʘʨʩʪʚʝʥʥʳʡ (Hyss·pus officin§lis). + + + + + 

ɼʫʰʠʮʘ ʦʙʳʢʥʦʚʝʥʥʘʷ (ʦʨʝʛʘӢʥʦ) (Or²ganum vulg§re). + + + + + 

ɺ ʠʶʣʝ ï ʘʚʛʫʩʪʝ ʠʩʩʦʧ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʦʢʨʳʚʘʝʪʩʷ ʮʚʝʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʯʝʥʴ ʣʶʙʷʪ ʧʯʝʣʳ ʟʘ ʦʙʠʣʴʥʳʡ ʥʝʢʪʘʨ.  ɼʫʰʠʮʘ ʦʙʳʢʥʦʚʝʥʥʘʷ 

ʢʫʣʴʪʠʚʠʨʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʦʥʦʩʘ ʠ ʠʩʪʦʯʥʠʢʘ ʵʬʠʨʘ, ʠ ʢʘʢ ʧʨʝʢʨʘʩʥʦʝ 

ʜʝʢʦʨʘʪʠʚʥʦʝ ʨʘʩʪʝʥʠʝ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʙʫʜʝʪ 

ʦʱʫʱʘʪʴʩʷ ʘʨʦʤʘʪ ʜʫʰʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚ ʟʦʥʝ ʦʪʜʳʭʘ ʥʘ ʜʘʯʥʦʤ ʫʯʘʩʪʢʝ. 
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ʃʦʚʷʛʠʥʘ ʄʘʨʠʷ ʈʦʤʘʥʦʚʥʘ 

ʀʟʫʯʝʥʠʝ ʧʘʨʦ-ʞʠʜʢʦʩʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʥ-ʛʝʢʩʘʥ-

ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʥʝʪʠʢʠ ʠ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ, ʥʦ ʠ ʩʦ ʩʪʦʨʦʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʚʘʞʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [1]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʪʦʧʣʠʚʘ ʠʟ ʙʠʦʤʘʩʩʳ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫʯʝʥʳʭ ʚʳʟʳʚʘʶʪ 

ʧʨʦʮʝʩʩʳ ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦʤʘʩʩʳ 

(ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ). ʕʪʘ ʨʝʘʢʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ (ʚʦʜʳ, ʩʧʠʨʪʦʚ, 

ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ) ʚ ʧʨʦʮʝʩʩʘʭ ʜʝʦʢʩʠʛʝʥʘʮʠʠ [2]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʝʜʫʪʩʷ ʜʘʚʥʦ. ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʳ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ 

ʦʙʣʘʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʝʦʢʩʠʛʝʥʘʮʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʬʣʶʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʧʘʨʦʞʠʜʢʦʩʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤ ʥ-

ʛʝʢʩʘʥ-ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 30-270 Áʉ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʘʚʣʝʥʠʷ ʚ 

ʨʝʘʢʪʦʨʝ ʩ ʰʘʛʦʤ 10 Áʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

(ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʤʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ) ʜʣʷ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Simeski F., Ihme M. // Nature Communications. ï 2023. ï Vol. 14. ï P. 1996. 

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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ʋɼʂ 621.3.049.77 

ʄʘʡʬʘʪ ɼʝʥʠʩ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘ ʇʃʀʉ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ. ɺ. ɿʫʙʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʇʃʀʉ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ (ʎʆʉ) ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʠʙʢʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [1, 2]. ʆʜʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ 

ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʭ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʦʟʜʘʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʎʆʉ ʥʘ ʇʃʀʉ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ (ʩʤ. ʈʠʩ. 1) ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʎʆʉ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʇʃʀʉ. 

ʉʪʝʥʜ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʘʢ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʪʝʥʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʃʀʉ (FPGA) ʩ ʇʂ ʠ ʚʥʫʪʨʝʥʥʷʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʝʢʪʘ ʥʘ ʇʃʀʉ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙɾʠʦʨʫʜʦʚʘʥʠʠ ʥʘʫʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ɸʆ ʅʇʆ ʈʀʊ) 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʊʘʨʘʩʦʚ ʀ.ɽ. ʇʃʀʉ Xilinx. ʗʟʳʢʠ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ VHDL ʠ Verilog, ʉɸʇʈ, ʧʨʠʝʤʳ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. // ʄ.: ɻʦʨʷʯʘʷ ʣʠʥʠʷ - ʊʝʣʝʢʦʤ, 2022. 538 ʩ. 

2. ʉʦʣʦʚʴʝʚ ɺ.ɺ. ɸʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ ʬʠʨʤʳ Xilinx: CPLD ʠ FPGA 7-ʡ ʩʝʨʠʠ. // ʄ.: ɻʦʨʷʯʘʷ 

ʣʠʥʠʷ - ʊʝʣʝʢʦʤ, 2016. 392 ʩ. 
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ʄʘʡʬʘʪ ɼʝʥʠʩ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʪʧʨʘʚʢʠ 

ʩʠʛʥʘʣʦʚ ʩ ʇʂ ʥʘ ʇʃʀʉ ʧʦ Ethernet 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ. ɺ. ɿʫʙʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) 

ʥʘ ʷʟʳʢʝ Python, ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʦʪʧʨʘʚʣʷʪʴ ʩʠʛʥʘʣʳ ʚ ʚʠʜʝ 

UDP-ʧʘʢʝʪʦʚ ʧʦ ʠʥʪʝʨʬʝʡʩʫ Ethernet ʩ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ) ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʠʢʨʦʩʭʝʤʫ ʇʃʀʉ (Xilinx  

KINTEX-7 FPGA KC705 [1]). ʇʆ ʨʝʘʣʠʟʫʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʥʘ ʙʘʟʝ 

UDP, ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʧʨʘʚʢʠ ʢʦʤʘʥʜ ʥʘ ʯʪʝʥʠʝ 

ʟʘʧʠʩʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʇʃʀʉ.  

 
ʈʠʩ. 1.. ʀʥʪʝʨʬʝʡʩ ʦʩʥʦʚʥʦʛʦ ʦʢʥʘ ʧʨʠʣʦʞʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘʫʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ɸʆ ʅʇʆ ʈʀʊ) 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʦʣʦʚʴʝʚ ɺ.ɺ. ɸʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ ʬʠʨʤʳ Xilinx: CPLD ʠ FPGA 7-ʡ ʩʝʨʠʠ. // ʄ.: 

ɻʦʨʷʯʘʷ ʣʠʥʠʷ - ʊʝʣʝʢʦʤ, 2016. 392 ʩ. 
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ʋɼʂ 635.92 

ʄʘʢʘʨʦʚʘ ʕʤʠʣʠʷ ɺʠʢʪʦʨʦʚʥʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʭʘ ʚ ʜʝʢʦʨʝ ʧʦʤʝʱʝʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ʅ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ʆʪʜʝʣ ʄʦʭʦʦʙʨʘʟʥʳʝ ʠʣʠ Bryophyta ʚʢʣʶʯʘʝʪ ʩʚʳʰʝ 25 ʪʳʩʷʯ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʦ ʚʩʝʡ ʧʣʘʥʝʪʝ. ʄʭʘʤ ʦʪʚʦʜʠʪʩʷ 

ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʧʨʠʨʦʜʝ ʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʤʭʘ ʚ ʣʘʥʜʰʘʬʪʥʦʤ ʜʠʟʘʡʥʝ: ʩʘʜʦʚʳʝ ʩʢʫʣʴʧʪʫʨʳ ʠ ʜʨʫʛʠʝ 

ʜʝʢʦʨʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʢʨʳʪʳʝ ʤʭʦʤ; ʤʦʭ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ 

ʤʦʱʝʥʠʝʤ ʩʘʜʦʚʳʭ ʜʦʨʦʞʝʢ; ʧʦʢʨʳʪʠʝ ʢʨʳʰʠ ʧʦʛʨʝʙʘ ʠʣʠ ʥʘʚʝʩʘ;  ʛʘʟʦʥʳ 

ʠ ʣʫʞʘʡʢʠ; ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʩʘʜʘ ʚ ʷʧʦʥʩʢʦʤ ʠʣʠ ʨʝʪʨʦ ʩʪʠʣʝ; ʧʨʠ 

ʦʬʦʨʤʣʝʥʠʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚʦʜʦʝʤʘ, ʨʫʯʴʷ, ʙʦʣʦʪʮʘ; ʩʘʜʦʚʦʝ ʛʨʘʬʬʠʪʠ; 

ʩʘʜʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ; ʧʦʜʚʝʩʥʳʝ ʢʘʰʧʦ; ʬʠʪʦʩʪʝʥʳ; ʢʣʫʤʙʘ ʠʟ ʤʭʘ; 

ʦʬʦʨʤʣʝʥʠʝ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʳ ʢʦʥʪʝʡʥʝʨʥʳʭ ʨʘʩʪʝʥʠʡ. 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʭʘ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʥʝʤʥʦʛʦ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ, ʘ ʟʘʪʝʤ ʦʥ ʛʦʜʘʤʠ ʙʫʜʝʪ ʧʨʝʢʨʘʩʥʦ ʨʘʩʪʠ ʩʘʤ ʧʦ ʩʝʙʝ. ʄʦʭ ʥʝ 

ʩʣʠʰʢʦʤ ʧʨʠʚʝʨʝʜʣʠʚ, ʥʦ ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʩʪʝʪ ʚʦ ʚʣʘʞʥʳʭ ʠ ʟʘʪʝʥʸʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʫʨʦʚʝʥʷ pH ʦʪ 5,0 ʜʦ 6,0.  

ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʤʦʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ 

ʥʝʧʨʠʭʦʪʣʠʚʳʡ ʚ ʫʭʦʜʝ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʚʩʝ ʯʘʱʝ ʚʳʙʠʨʘʶʪ ʜʣʷ ʜʝʢʦʨʘ 

ʧʦʤʝʱʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʩ 

ʞʠʚʳʤ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʤʭʦʤ. 

         ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʥʝʩʪʠ ʚ ʜʦʤ 

ʯʘʩʪʠʯʢʫ ʧʨʠʨʦʜʳ, ʩʦʟʜʘʪʴ ʥʝʚʝʨʦʷʪʥʦ 

ʫʶʪʥʫʶ ʠ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ 

(ʈʠʩ. 1). 

         ʉʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʤʭʦʤ 

ʨʘʙʦʪʘʪʴ ʛʦʨʘʟʜʦ ʧʨʦʱʝ. ʆʥ ʥʝ ʪʨʝʙʫʝʪ 

ʧʦʣʠʚʘ, ʦʩʚʝʱʝʥʠʷ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʫʭʦʜʘ, ʪʘʢ ʢʘʢ ʦʥ ʫʞʝ ʧʨʦʰʝʣ ʧʨʦʮʝʩʩ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʝʤʫ 

ʩʦʭʨʘʥʷʪʴ ʩʚʦʡ ʚʠʜ ʠ ʪʝʢʩʪʫʨʫ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʤʦʭ ʪʘʢʞʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʙʦʣʝʟʥʷʤ ʠ 

ʚʨʝʜʠʪʝʣʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʪʣʠʯʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʮʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʞʠʚʳʝ ʤʭʠ ï ʦʪʣʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʪʝʨʴʝʨʝ ʧʦʤʝʱʝʥʠʡ ʠ ʥʘ ʩʘʜʦʚʳʭ ʫʯʘʩʪʢʘʭ. ʇʨʦʙʫʡʪʝ, 

ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʡʪʝ, ʩʦʟʜʘʚʘʡʪʝ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʭʦʚ, ʠ 

ʨʝʟʫʣʴʪʘʪ, ʥʝʩʦʤʥʝʥʥʦ, ʦʯʝʥʴ ʚʘʩ ʧʦʨʘʜʫʝʪ.  
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ʋɼʂ: 544.47 

ʄʦʥʞʘʨʝʥʢʦ ʄʘʨʛʘʨʠʪʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʇʘʣʣʘʜʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ, ʄ.ɽ. ʄʘʨʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺʳʩʰʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʧʠʨʪʳ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʦʥʢʦʤ ʩʠʥʪʝʟʝ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʘʨʤʘʮʝʚʪʠʢʝ, 

ʧʘʨʬʶʤʝʨʠʠ ʠ ʢʦʩʤʝʪʠʢʝ. ʆʙʳʯʥʦ ʞʠʨʥʳʝ ʩʧʠʨʪʳ ʩʠʥʪʝʟʠʨʫʶʪ ʠʟ ʥʝʬʪʠ 

ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʘʨʘʬʠʥʦʚ ʠ ʦʣʝʬʠʥʦʚ. ʆʜʥʘʢʦ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʠ ʞʠʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʩʧʠʨʪʦʚ. ɻʠʜʨʠʨʦʚʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʧʦʣʫʯʘʝʤʳʭ 

ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʰʠʭ 

ʩʧʠʨʪʦʚ ʩ 9-20 ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. ʇʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ, ʩʝʣʝʢʪʠʚʥʳʭ 

ʠ ʩʪʘʙʠʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʙʣʝʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʭ 

ʧʘʣʣʘʜʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʦʣʠʤʝʨʥʦʤ ʥʦʩʠʪʝʣʝ 

(ʩʚʝʨʭʩʰʠʪʦʤ ʧʦʣʠʩʪʠʨʦʣʝ), ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʪʘ. ʇʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʚ ʥ-ʛʝʢʩʘʥʝ, 

ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 120-180 Áʉ 

ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 1-4 ʄʇʘ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʙʦʣʝʝ 90% ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ 

ʩʧʠʨʪʫ ʧʨʠ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. Kong X., Fang Z., Bao X., Wang Z., Mao S, Wang Y. // Journal of Catalysis. ï 2018. ï Vol. 367. 

ï P. 139-149. 
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ʋɼʂ: 612.039.327 

ʅʝʢʨʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʚ ʧʣʦʜʘʭ ʯʝʨʥʠʢʠ,  

ʞʠʤʦʣʦʩʪʠ ʠ ʯʝʨʥʦʧʣʦʜʥʦʡ ʨʷʙʠʥʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ʃʘʢʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɸʥʪʦʮʠʘʥʳ ï ʵʪʦ ʛʨʫʧʧʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʠʛʤʝʥʪʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʩʝʤʝʡʩʪʚʫ ʬʣʘʚʦʥʦʠʜʦʚ. ɸʥʪʦʮʠʘʥʳ ʠʩʩʣʝʜʫʶʪʩʷ ʟʘ ʠʭ 

ʧʦʪʝʥʮʠʘʣ ʚ ʙʦʨʴʙʝ ʩ ʛʣʘʚʥʳʤʠ ʫʙʠʡʮʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ: ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʨʘʢʦʤ, ʜʠʘʙʝʪʦʤ 2 ʪʠʧʘ ʠ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ) 

[1]. ʀʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʠʛʨʘʪʴ 

ʟʘʱʠʪʥʫʶ ʨʦʣʴ. ʋʯʝʥʳʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʘʥʪʦʮʠʘʥʦʚ ʥʘ ʟʜʦʨʦʚʴʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʦʥʠʤʘʪʴ ʠʭ ʜʝʡʩʪʚʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ 

ʩʪʨʘʪʝʛʠʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ. ʊʦʥʢʦʩʣʦʡʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ (ʊʉʍ) ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʮʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʥʪʦʮʠʘʥʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʪʝʭʥʠʢ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ (ɺʕɾʍ) ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ʄʉ), ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʚ ʦʩʚʦʝʥʠʠ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʚ ʧʣʦʜʘʭ 

ʯʝʨʥʠʢʠ, ʞʠʤʦʣʦʩʪʠ ʠ ʯʝʨʥʦʧʣʦʜʥʦʡ ʨʷʙʠʥʝ ʤʝʪʦʜʦʤ ʚʦʩʭʦʜʷʱʝʡ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʣʦʜʘʭ ʯʝʨʥʠʢʠ 

ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʪʦʮʠʘʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʦʥʳ 

ʘʜʩʦʨʙʮʠʠ ʩʠʥʝʛʦ, ʧʫʨʧʫʨʥʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʥʘʣʠʯʠʠ ʮʠʘʥʠʜʠʥʘ, ʤʘʣʴʜʠʚʠʜʠʥʘ, ʜʝʣʴʬʠʥʠʜʠʥʘ, ʧʝʦʥʠʜʠʥʘ ʠ 

ʧʝʪʫʥʠʜʠʥʘ. ɺ ʧʣʦʜʘʭ ʞʠʤʦʣʦʩʪʠ ʠ ʯʝʨʥʦʧʣʦʜʥʦʡ ʨʷʙʠʥʳ ʩʦʜʝʨʞʘʥʠʝ 

ʘʥʪʦʮʠʘʥʦʚ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ, ʪʘʢ ʢʘʢ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ ʘʜʩʦʨʙʮʠʠ 

ʧʫʨʧʫʨʥʦʛʦ ʮʚʝʪʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʮʠʘʥʠʜʠʥʘ, ʧʝʦʥʠʜʠʥʘ ʠ 

ʧʝʪʫʥʠʜʠʥʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. 1. ʌʝʜʦʨʦʚ, ʈ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ / ʈ. ɸ. ʌʝʜʦʨʦʚ. ï ɺʦʨʦʥʝʞ: ɺɻʋ, 2015. ï 190 

ʩ.   

2. 2. ʉʤʠʨʥʦʚ, ɸ. ʉ. ʍʠʤʠʷ ʘʥʪʦʮʠʘʥʦʚ / ɸ. ʉ. ʉʤʠʨʥʦʚ. ï ʉʘʨʘʪʦʚ: ʉʘʨɻʖɸ, 2017. ï 200 ʩ.   
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ʋɼʂ: 662.84 

ʅʦʩʘʝʚʘ ɺʘʣʝʥʪʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʧʦʣʫʯʝʥʠʷ ʚʝʨʘʪʦʣʘ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺʝʨʘʪʨʦʣ ʠʣʠ 1,2-ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣ ï ʵʪʦ ʧʨʠʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʦʙʣʘʜʘʶʱʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚʢʣʶʯʘʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ 1,2-ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ 

ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʭʠʥʦʥʦʚʳʡ ʤʝʪʦʜ, ʛʚʘʷʢʦʣʴʥʳʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ʦʨʪʦ-

ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʦʛʦ ʙʝʥʟʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʄʝʪʘʥʦʣʴʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ çʯʠʩʪʳʤè ʩ ʚʳʭʦʜʦʤ ʦʪ 85% ʜʦ 90%. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʝʱʝ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦ ʢʦʥʮʘ ʨʘʟʨʘʙʦʪʘʥʥʳʤ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʛʠʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠ 

ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ [1]. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣ ʠʟʫʯʝʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 1,2-ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ ʠʟ 

ʛʚʘʷʢʦʣʘ ʠ ʤʝʪʘʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʠʧʘ H-ZSM-5 

[2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʛʚʘʷʢʦʣʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʝʦʣʠʪʘ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʮʝʦʣʠʪʘ H-ZSM-5 ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 0,05 ʥ. 

ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʣʴʮʠʥʘʮʠʝʡ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʠʩʭʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʜʥʘʢʦ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦ- ʠ 

ʤʝʟʦʧʦʨ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ Si/Al (ʟʘ ʩʯʝʪ ʚʳʤʳʚʘʥʠʷ ʢʨʝʤʥʠʷ), ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʢʠʩʣʦʪʥʦʩʪʠ ʮʝʦʣʠʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʙʨʘʙʦʪʢʘ ʮʝʦʣʠʪʘ ʱʝʣʦʯʘʤʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʚʝʨʘʪʨʦʣʘ ʥʘ 25%, 

ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʃʴʶʠʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʦʣʠʪʘ ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Si/Al. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʥʘ ʩʠʥʪʝʟ ʚʝʨʘʪʨʦʣʘ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʠ ʯʘʩʪʥʳʝ ʧʦʨʷʜʢʠ ʨʝʘʢʮʠʠ ʧʦ 

ʛʚʘʷʢʦʣʫ, ʤʝʪʘʥʦʣʫ ʠ ʢʘʪʘʣʠʟʘʪʦʨʫ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʋɼʂ 66.092-977  

ʇʘʚʣʦʚ ɸʨʪʝʤ ʉʝʨʛʝʝʚʠʯ 

ʇʠʨʦʣʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʬʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ 

ʘʤʬʦʪʝʨʥʳʭ ʦʢʩʠʜʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʖ.ɺ. ʃʫʛʦʚʦʡ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʢʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʬʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʥʘʧʠʪʢʦʚ 

ʤʘʩʰʪʘʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʦʛʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʦ ʤʣʥ. 

ʪʦʥʥ ʚ ʛʦʜ [1]. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʚʦʨʠʤʦʛʦ ʢʦʬʝ ʦʙʨʘʟʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʢʦʬʝ ʧʝʨʝʨʘʙʦʪʢʠ (ʦʢʦʣʦ 50% ʧʦ ʤʘʩʩʝ), 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʫʪʠʣʠʟʠʨʫʶʪʩʷ, ʥʘʥʦʩʷ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ [2].  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʧʠʨʦʣʠʟʫ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʬʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʫʶʱʠʭ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ï CeO2, SnO2, ZnO. ʃʝʪʫʯʠʝ ʧʨʦʜʫʢʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ 

ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʬʝ, ʢʦʥʪʘʢʪʠʨʦʚʘʣʠ ʩ ʩʣʦʝʤ 

ʨʘʟʦʛʨʝʪʦʛʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʮʝʩʩʘ.  

ɺ ʧʨʠʩʫʪʩʪʚʠʠ SnO2, ZnO ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʤʘʩʩʳ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ CeO2 ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʨʘʪʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʚ 1,08-1,1 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. ʇʨʠʯʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʘʥʥʳʭ ʦʢʩʠʜʦʚ. ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʦʢʩʠʜʳ ʧʨʠʚʦʜʠʣʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʠʟʰʝʡ 

ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ ʠ ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦʪ 

ʧʘʨʘʤʝʪʨ ʜʘʥʥʳʝ ʦʢʩʠʜʳ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ:  

CeO2 ­ SnO2 ­ ZnO. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦʢʩʠʜʳ ʫʩʢʦʨʷʣʠ ʧʨʦʮʝʩʩʳ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʩʤʦʣ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ 

ʦʪʭʦʜʦʚ ʢʦʬʝ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʇʝʪʨʦʚʘ ɸʨʠʥʘ ʀʛʦʨʝʚʥʘ 

ʉʠʥʪʝʟ ʠ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʠʦʥʠʥʘ ʩ ʢʘʣʴʮʠʝʤ ʠ ʞʝʣʝʟʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ʃʘʢʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʄʝʪʠʦʥʠʥ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ ʠ ʧʝʧʪʠʜʦʚ. ʂʦʨʤʦʚʘʷ ʜʦʙʘʚʢʘ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʠʦʥʠʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʦʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʨʦʚ. ʉʦʣʠ ʤʝʪʠʦʥʠʥʘ ʦʙʣʘʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʩʘʤʠʤ ʤʝʪʠʦʥʠʥʦʤ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ. ɻʣʘʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʯʠʩʪʦʛʦ ʤʝʪʠʦʥʠʥʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʠ 

ʦʙʣʝʛʯʘʶʱʘʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʨʝʧʘʨʘʪʦʚ[1]. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʦʣʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʤʘʩʢʠʨʦʚʘʪʴ ʥʝʧʨʠʷʪʥʳʡ ʚʢʫʩ ʠ 

ʟʘʧʘʭ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʪʠʦʥʠʥʘ, ʧʦʚʳʰʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʩʦʣʠ ʤʝʪʠʦʥʠʥʘ ʯʘʩʪʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʝʥʠʶ ʠ 

ʨʘʟʣʦʞʝʥʠʶ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʛʦʜʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ. ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ, 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʪʘʢʞʝ ʨʘʩʰʠʨʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʦʣʷʤ ʤʝʪʠʦʥʠʥʘ[2]. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʠʦʥʘʪ Fe ʠ Ca. ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʝʛʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʋʌ ï 

ʩʧʝʪʨʦʩʢʦʧʠʶ, ʨʝʥʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʝʡ ʤʝʪʠʦʥʠʥʘ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. ɹʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʩʦʣʷʭ 

ʦʙʥʘʨʫʞʝʥʦ: ʤʝʪʠʦʥʘʪ Fe ï ʤʝʪʠʦʥʠʥ 92,39207%, Fe 7,52744%; ʤʝʪʠʦʥʘʪ ʉʘ 

ï ʤʝʪʠʦʥʠʥ 86,30645%, ʉʘ 13,31369%. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʈʷʙʯʠʢʦʚʘ ɸʣʠʥʘ ɺʘʣʝʨʠʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʰʨʦʪʘ Mentha piperita 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɺ. ʆʞʠʤʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʤʠʢʨʦʟʝʣʝʥʴ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʘ 

ʧʦʧʫʣʷʨʥʦʡ ʢʘʢ ʥʦʚʘʷ ʬʦʨʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʕʪʦ 

ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʠ ʥʝʟʨʝʣʘʷ ʣʠʩʪʦʚʘʷ ʟʝʣʝʥʴ, ʩʦʙʠʨʘʝʤʘʷ ʩ ʧʝʨʚʳʭ ʜʚʫʭ 

ʧʘʨ ʣʠʩʪʴʝʚ ʠ ʧʨʦʜʘʚʘʝʤʘʷ ʮʝʣʠʢʦʤ, ʚʢʣʶʯʘʷ ʣʠʩʪʴʷ, ʩʪʝʙʣʠ ʠ ʩʝʤʷʜʦʣʠ. 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʤʠʢʨʦʟʝʣʝʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʝʤʷʥ, ʪʘʢʠʝ 

ʢʘʢ ʦʚʦʱʠ, ʪʨʘʚʳ, ʟʝʨʥʦʚʳʝ, ʟʣʘʢʠ, ʙʦʙʦʚʳʝ ʠ ʬʘʩʦʣʴ. ʄʠʢʨʦʟʝʣʝʥʴ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʴʶ, ʯʝʤ ʝʝ ʟʨʝʣʳʝ ʘʥʘʣʦʛʠ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʠʪʦʥʫʪʨʠʝʥʪʦʚ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʝʝ ʩʦʩʪʘʚʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʠʝ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʠʢʨʦʟʝʣʝʥʠ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʩʪʠʤʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʫʩʪʨʘʥʷʪʴ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʪʦʨʤʦʟʠʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʢʣʝʪʦʢ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʰʨʦʪʘ Mentha piperita. ʕʢʩʪʨʘʢʪʳ ʧʦʣʫʯʘʣʠ ʧʫʪʸʤ 

ʥʘʩʪʘʠʚʘʥʠʷ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʰʨʦʪʘ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʧʨʠ 23Ñ1 Áʉ 

ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʚʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ 

çʩrʨʴʝ:ʵʢʩʪʨʘʛʝʥʪè ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʝʨʤʘʥʛʘʥʘʪʥʳʤ 

ʤʝʪʦʜʦʤ [1]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʙʫʜʫʪ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʠʢʨʦʟʝʣʝʥʠ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʅʠʣʦʚʘ, ʃ.ʇ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʨʦʰʢʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʧʝʨʤʘʥʛʘʥʘʪʥʳʤ ʤʝʪʦʜʦʤ // ʃ.ʇ. ʅʠʣʦʚʘ / ʊʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʠʟʥʝʩ ʧʨʦʩʪʨʘʥʩʪʚʘ.  ï 2015.  ï ʉ. 118 ï 122. 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 62 
 

ʋɼʂ 678.011 

ʉʘʚʠʮʢʘʷ ʖʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɺʣʠʷʥʠʝ ʦʙʲʸʤʥʦʛʦ ʨʘʩʭʦʜʘ ʥʘ ʨʘʟʤʝʨʥʫʶ ʪʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

FDM/FFF-ʧʝʯʘʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂ.ʀ. ʍʘʨʣʘʤʦʚʘ 

ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʤʘʩʩ ʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ɼʦʩʪʠʞʝʥʠʝ ʣʠʥʝʡʥʳʭ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ï ʚʘʞʥʦʝ ʫʩʣʦʚʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʠʟʜʝʣʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ 

ʜʦʧʫʩʪʠʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʢʚʘʣʠʪʝʪ ʪʦʯʥʦʩʪʠ. ɽʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʨʘʩʯʸʪʫ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ï ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ çʜʦʧʫʩʢʘè. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʜʣʷ 

ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʟʤʝʨʘ ʢ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʤʦʞʥʦ ʣʠʙʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʫʩʘʜʢʫ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʥʘʧʦʣʥʠʪʝʣʷ, ʣʠʙʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʜʘʚʘʝʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ. ʆʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʙʲʸʤʥʦʛʦ ʨʘʩʭʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ çʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʪʦʢʘè. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʪʦʢʘ ʥʘ ʨʘʟʤʝʨʥʫʶ ʪʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʥʦ-ʥʘʧʦʣʥʝʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ɼʅʇʂʄ). 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ɼʅʇʂʄ ʧʦʣʫʯʠʣʠ ʬʠʣʘʤʝʥʪʳ ʥʘ 

ʦʩʥʦʚʝ ABS ʤʘʨʢʠ POLYLAC PA-757 (Chimei corporation, ʊʘʡʚʘʥʴ) ʠ 

2 ʦʙ. % ʧʦʣʳʭ ʩʪʝʢʣʷʥʥʳʭ ʤʠʢʨʦʩʬʝʨ ʤʘʨʢʠ ʄʉ-ɺʇ-ɸ9 (ʅʇʆ 

çʉʪʝʢʣʦʧʣʘʩʪʠʢè, ʈʦʩʩʠʷ). ʆʙʨʘʟʮʳ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʦʤ FFF (FDM) 3D-

ʧʝʯʘʪʠ ʥʘ ʧʨʠʥʪʝʨʝ Anyform XL250-G3 High-resolution 3D printer (Total Z, 

ʈʦʩʩʠʷ).  

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʣʠʪʝʪʘ ʪʦʯʥʦʩʪʠ ʰʠʨʠʥʳ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʦʢʘ ʧʨʠ: 1 ï 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʜʦʧʫʩʢʝ, 2 ï ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʜʦʧʫʩʢʝ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʨʘʟʤʝʨʥʦʡ 

ʪʦʯʥʦʩʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʦʢʘ 1,1. 
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ʋɼʂ 620.30 

ʉʤʠʨʥʦʚʘ ʄʘʨʠʷ ʇʘʚʣʦʚʥʘ, ʂʫʜʨʷʚʮʝʚʘ ɽʢʘʪʝʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ   

ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʭʠʪʦʟʘʥ-ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ɹʫʨʠʥʩʢʘʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ 

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ɸ.ɸ. ʍʘʨʭʘʨʦʚʘ 

ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʝʨʝʙʨʘ (ʅʏʉ), ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʭʠʪʦʟʘʥ ï ʥʘʥʦʯʘʩʪʠʮʳ Ag. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʪʦʟʘʥ (ʍʊɿ) ï 

ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʦʙʣʘʜʘʶʱʠʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴʶ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʦʞʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʜʦ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʭ ʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʘʛʨʝʛʘʪʠʚʥʦ ʫʩʪʦʡʯʠʚʫʶ 

ʥʘʥʦʜʠʩʧʝʨʩʠʶ ʙʝʟ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʍʠʪʦʟʘʥ ʥʝ ʪʦʣʴʢʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʨʝʛʘʮʠʶ ʥʘʥʦʯʘʩʪʠʮ, ʥʦ ʠ ʫʩʠʣʠʚʘʝʪ ʘʥʪʠʤʠʢʨʦʙʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 

ʇʨʝʢʫʨʩʦʨ AgNO3 ʚʚʦʜʠʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʭʠʪʦʟʘʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 0,1 ʜʦ 1,5 %. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 80 ï 90 ÁC. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʨʅ. ɸʙʩʦʨʙʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʋʌ-6700. 

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʦʪ 

ʙʝʩʮʚʝʪʥʦʛʦ ʜʦ ʞʸʣʪʦʛʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʘʟʤʦʥʥʦʤʫ ʨʝʟʦʥʘʥʩʫ ʩ max ʚ ʦʙʣʘʩʪʠ ɚ å 400 ï 410 ʥʤ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʅʏʉ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʯʘʩʪʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʍʊɿ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʫʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʩʚʦʙʦʜʥʳʭ 

ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʛʨʫʧʧ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʟʚʝʥʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʘʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʩʧʝʨʩʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʠʦʥʳ Ag ʚ ʨʘʩʪʚʦʨʝ ʭʠʪʦʟʘʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʜʦ ʥʘʥʦʯʘʩʪʠʮ. 
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ʉʦʢʦʣʦʚ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʠ ʥ-ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ-2 ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30-300 Áʉ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʠʥʪʝʨʝʩ ʢ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ 

ʬʣʶʠʜʘʤ ʚʦʟʨʦʩ ʚ ʩʚʷʟʠ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʬʣʶʠʜʳ ʧʨʦʷʚʣʷʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʦʯʝʪʘʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʞʠʜʢʦʩʪʝʡ (ʥʘʧʨʠʤʝʨ, 

ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ) ʠ ʛʘʟʦʚ 

(ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʫʶ ʜʠʬʬʫʟʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ). ʕʪʠ ʩʚʦʡʩʪʚʘ ʣʝʛʢʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʜʘʚʣʝʥʠʡ [1]. 

ɼʘʥʥʳʝ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʠ ʨʘʚʥʦʚʝʩʠʶ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ. ɼʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ 

ʧʦʜʦʙʥʳʝ ʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʳ. ʇʝʨʝʭʦʜ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʢʠʧʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ (ʬʘʟʦʚʳʭ) ʨʘʚʥʦʚʝʩʠʡ. ʇʦʵʪʦʤʫ 

ʧʦʣʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʬʣʶʠʜʦʚ [2, 3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʩʤʝʩʝʡ ʥ-ʛʝʢʩʘʥ-ʧʨʦʧʘʥʦʣ-2 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʜʠʘʧʘʟʦʥʳ ʪʝʤʧʝʨʘʪʫʨ 30-100 Áʉ (ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ), 100-150 Áʉ (ʜʦʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ), 150-230 Áʉ 

(ʩʫʙʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ) ʠ 230-270 Áʉ (ʦʢʦʣʦ- ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʦʞʠʜʢʦʩʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʵʥʪʘʣʴʧʠʷ, 

ʵʥʪʨʦʧʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʤʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ) ʜʣʷ ʩʤʝʩʝʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Sun P., Hasting J.B., Ishikawa D., Baron A.Q.R., Monaco G. // The Journal of Physical 

Chemistry B. ï 2021. ï Vol. 125. ï Is. 49. ï P. 13494-13501. 

2. Simeski F., Ihme M. // Nature Communications. ï 2023. ï Vol. 14. ï P. 1996-2006. 

3. ɹʫʣʝʡʢʦ ɺ.ʄ., ɻʨʠʛʦʨʴʝʚ ɹ.ɸ., ɻʨʠʛʦʨʴʝʚ ɽ.ɹ., ʉʦʢʦʪʫʱʝʥʢʦ ɺ.ʅ. // ɺʝʩʪʠ ʛʘʟʦʚʦʡ ʥʘʫʢʠ. 

ï 2019. - ˉ 2. ï ʊ. 39. ï ʉ. 168-179. 
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ʋɼʂ.66.094.55 

ʉʦʢʦʣʦʚʘ ɽʣʝʥʘ ʉʝʨʛʝʝʚʥʘ, ʇʘʱʝʥʢʦ ʄʘʨʠʷ ʇʘʚʣʦʚʥʘ 

ʇʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʚ 

ʨʝʘʢʮʠʠ N-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ-ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʩʠʥʪʝʟʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ɹʳʢʦʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

N-ʘʣʢʠʣʠʨʦʚʘʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʠʪʝʣʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʫʪʠ ʩʠʥʪʝʟʘ N-ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʚ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ:ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʦʚ, ʘʤʠʥʦʚ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʘʣʣʛʠʜʨʠʜʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ; ʟʘʤʝʱʝʥʠʝ ʘʤʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʘʣʢʠʣ- ʠʣʠ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʠʣʠ 

ʧʩʝʚʜʦʛʘʣʦʛʝʥʠʜʘʤʠ. ʍʦʪʷ ʵʪʠ ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʞʠʟʥʝʩʧʦʩʦʙʥʳ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʣʠʯʥʳʝ ʚʳʭʦʜʳ ʙʦʣʴʰʠʥʩʪʚʘ ʘʤʠʥʦʚ, ʦʥʠ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʩʪʨʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʙʠʦʪʦʢʩʠʯʥʦʩʪʴ 

ʘʣʴʜʝʛʠʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʛʠʜʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢʨʘʡʥʝ ʞʝʣʘʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʡ ʘʣʢʠʣʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ ʠ ʧʨʦʚʦʜʠʪʴ 

ʨʝʘʢʮʠʶ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ N-

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʘʥʠʣʠʥʘ ʩ ʣʠʥʝʡʥʳʤʠ ʩʧʠʨʪʘʤʠ, ʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʙʫʪʘʥʦʣʦʤ-1, ʜʝʡʩʪʚʫʶʱʠʤ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʘʢ ʠ ʨʝʘʛʝʥʪʘ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʊʘʢʞʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʨʝʜʳ 

(ʠʥʝʨʪʥʘʷ/ ʩ ʚʦʟʜʫʭʦʤ). ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ 

ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.  
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ʋɼʂ 547.992.2 

ʉʦʣʦʜʢʦʚʘ ʉʦʬʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʛʫʤʠʥʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʨʦʩʪ ʩʝʤʷʥ 

ʧʰʝʥʠʮʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɸ. ʇʨʫʪʝʥʩʢʘʷ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɻʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ(ɻɺ) ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ï ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʦʯʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ. 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɻɺ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʛʠʜʨʦʬʦʙʥʦ-ʛʠʜʨʦʬʠʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ. ɻɺ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʝ ʧʦʣʠʜʠʩʧʝʨʩʥʳʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʬʝʥʦʣʴʥʦʡ ʧʨʠʨʦʜʳ [1]. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʧʦʚʳʰʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʥʘ 

ʦʩʥʦʚʝ ʛʫʤʠʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʥʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʦʯʚʳ, ʟʘʱʠʱʘʶʪ ʨʘʩʪʝʥʠʷ ʦʪ ʙʦʣʝʟʥʝʡ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ. ɻʫʤʠʥʦʚʳʝ ʧʨʝʧʘʨʘʪʳ ʩʦʜʝʨʞʘʪ ʛʫʤʠʥʦʚʳʝ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪʳ, 

ʛʫʤʘʪʳ, ʤʠʢʨʦ ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʪʠʤʫʣʠʨʫʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ. ʇʦʤʠʤʦ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʪʝʥʠʷ, ʦʥʠ 

ʘʢʪʠʚʠʟʠʨʫʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʘʤʠ 

ʤʝʪʘʙʦʣʠʟʤʘ ʨʘʟʣʘʛʘʶʪ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ, ʢʘʣʠʷ ʠ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʝʨʝʚʦʜʷ ʠʭ ʚ ʜʦʩʪʫʧʥʦʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʞʝ 

ʦʥʠ ʜʦʚʦʣʴʥʦ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʪ ʤʥʦʛʠʝ ʨʘʜʠʦʥʫʢʣʠʜʳ, ʧʝʩʪʠʮʠʜʳ, 

ʜʝʪʝʨʛʝʥʪʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʧʦʩʪʫʧʣʝʥʠʶ ʚ ʨʘʩʪʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʷ, ʪʝʤ ʩʘʤʳʤ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʘʤʠʣʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʝʤʷʥ ʧʰʝʥʠʮʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʧʨʝʧʘʨʘʪʘ: 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʨʦʜʫʢʪʦʚ ʬʝʨʤʝʥʪʘʮʠʠ ʪʦʨʬʦʥʘʚʦʟʥʦʡ ʩʤʝʩʠ ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʸʤ ʱʝʣʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʦʪʭʦʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʙʠʦʧʨʝʧʘʨʘʪʘ. ʇʨʦʨʘʱʠʚʘʥʠʝ ʩʝʤʷʥ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʯʘʰʢʘʭ 

ʇʝʪʨʠ ʠ ʚ ʨʫʣʦʥʘʭ.  
ʉʇʀʉʆʂ ʀʉʊʆʏʅʀʂʆɺ 

1. ʇʠʱʠʢ, ɺ. ʅ. ɺʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʥʘ ʨʘʩʪʝʥʠʷ ʠ ʨʠʟʦʩʬʝʨʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʨʘʩʪʠʪʝʣʴʥʦ-ʤʠʢʨʦʙʥʳʭ ʩʠʩʪʝʤʘʭ / ɺ. ʅ. ʇʠʱʠʢ, ʃ. ɺ. ɹʦʡʮʦʚʘ, 

ʅ. ʀ. ɺʦʨʦʙʴʝʚ // ɸʛʨʦʭʠʤʠʷ. ï 2019. ï ˉ 3. ï ʉ. 85ï95. 
2. ʊʠʤʦʬʝʝʚ, ɺ. ʅ. ɺʣʠʷʥʠʝ ʛʫʤʠʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ / ɺ. ʅ. ʊʠʤʦʬʝʝʚ, ɺ. ʉ. ʈʘʤʘʟʘʥʦʚʘ, ʆ. ɸ. ɺʴʶʰʠʥʘ // ʕʧʦʭʘ ʥʘʫʢʠ. ï 2019. 

ï ˉ 20. ï ɼʝʢʘʙʨʴ.  
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ʉʧʠʨʠʜʦʥʦʚ ʉʝʤʸʥ ʉʝʨʛʝʝʚʠʯ 

ʀʟʫʯʝʥʠʝ ʣʠʧʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʠʯʠʥʦʢ ʚʦʩʢʦʚʦʡ ʤʦʣʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ. ɸ. ʇʨʫʪʝʥʩʢʘʷ 

ʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ  

ʃʠʧʘʟʳ ï ʬʝʨʤʝʥʪʳ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʝ ʨʘʩʧʘʜ ʵʬʠʨʥʳʭ ʩʚʷʟʝʡ ʚ 

ʤʦʣʝʢʫʣʘʭ ʣʠʧʠʜʦʚ. ɽʸ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʠʜʨʦʣʠʟʘ 

ʤʦʣʦʯʥʦʛʦ ʞʠʨʘ; ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʣʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ɾʂʊ.  

ʉʨʝʜʠ ʠʩʪʦʯʥʠʢʦʚ ʣʠʧʘʟ ʚʳʜʝʣʷʶʪ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ ʞʠʚʦʪʥʳʭ 

(ʧʦʜʞʝʣʫʜʦʯʥʳʝ ʞʝʣʝʟʳ ʠ ʧʨʝʛʝʩʪʨʘʣʴʥʳʝ ʪʢʘʥʠ ʤʦʣʦʜʳʭ ʞʚʘʯʥʳʭ), 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (Achromobater, Bacillus, ʠ Arthobacter), ʛʨʠʙʳ 

(Thermomyces lanuginosus) ʠ ʥʘʩʝʢʦʤʳʝ (Manduca sexta; Locusta migratoria 

ʠ, Galleria mellonella).  

ʃʠʯʠʥʢʠ ʚʦʩʢʦʚʦʡ ʤʦʣʠ ʧʠʪʘʶʪʩʷ ʧʯʝʣʠʥʳʤ ʚʦʩʢʦʤ ʠ ʠʤʝʶʪ 

ʫʥʠʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʧʠʜʦʚ. 

ʇʠʱʝʚʘʨʠʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ ʚʦʩʢʦʚʦʡ ʤʦʣʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ 

ʦʪ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʙʘʢʪʝʨʠʡ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʝʣʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʠʯʠʥʦʢ 

ʚʦʩʢʦʚʦʡ ʤʦʣʠ, ʠʟʫʯʝʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʢʩʪʨʘʢʪ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʬʝʨʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʤʦʨʦʞʝʥʥʳʝ ʣʠʯʠʥʢʠ 

ʚʦʩʢʦʚʦʡ ʤʦʣʠ.  ɺʳʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʟ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ 

ʙʫʬʝʨʦʤ, ʨʅ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣ 4,77. ʃʠʧʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʨʷʣʠ ʥʘ 

ʩʣʦʞʥʳʭ ʚʦʩʢʘʭ (ʧʯʝʣʠʥʳʡ ʚʦʩʢ, ʧʨʦʜʫʢʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʯʝʣʠʥʦʡ 

ʤʦʣʠ). ʌʝʨʤʝʥʪʘʪʠʚʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʧʠʨʪʘ ʠ ʪʦʣʫʦʣʘ. ʆʩʫʱʝʩʪʚʣʷʣʠ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ, 

ʩʦʦʪʥʦʰʝʥʠʷ ʬʝʨʤʝʥʪ:ʩʫʙʩʪʨʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ.    

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʘʚʠʣʴʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ. 
ʉʇʀʉʆʂ ʀʉʊʆʏʅʀʂʆɺ: 

1. ʂʘʨʦʤʘʪʦʚ, ʀ. ɼ. ɺʦʩʢʦʚʘʷ ʤʦʣʴ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʣʝʯʝʙʥʦʝ ʩʨʝʜʩʪʚʦ / ɼ. ʀ. ʂʘʨʦʤʘʪʦʚ // 
ɹʠʦʣʦʛʠʷ ʠ ʠʥʪʝʛʨʘʪʠʚʥʘʷ ʤʝʜʠʮʠʥʘ. ï 2016. - ˉ 3. ï 56 ï 65 ʩ. 

2. Rahma R. Z. Purification and characterization of fat body lipase from the greater wax moth, 

Galleria mellonella (Lepidoptera: Pyralidae) / R. Z. Rahma, Mahdy, A. Moômen Shaimaa, M. Abd 

El-Bar Marah, M. S. Barakat // The Journal of Basic and Applied Zoology. ï V. 81. ï 2020. ï 11 
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ʊʘʨʘʩʦʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʝʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʞʠʞʝʥʠʷ ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʊʝʭʥʦʣʦʛʠʷ ʦʞʠʞʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʚʝʨʜʦʡ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʞʠʜʢʦʩʪʴ. ɺʳʜʝʣʷʶʪ ʥʝʧʨʷʤʦʝ 

ʦʞʠʞʝʥʠʝ ʠ ʦʞʠʞʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʅʝʧʨʷʤʦʝ ʦʞʠʞʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʨʝʦʙʨʘʟʫʝʪ ʙʠʦʤʘʩʩʫ ʠʣʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʠʥʪʝʟ-ʛʘʟ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʢʘʢ ʩʧʠʨʪʳ ʠ 

ʘʣʢʘʥʳ. ɺʦ ʚʨʝʤʷ ʦʞʠʞʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʘʷ ʙʠʦʤʘʩʩʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʞʠʜʢʠʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʘ, ʬʝʥʦʣʳ, 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʧʠʨʪʳ, ʩʫʣʴʬʦʣʘʥ ʠʣʠ ʜʨʫʛʠʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʨʷʤʳʤ ʦʞʠʞʝʥʠʝʤ, ʦʞʠʞʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʧʨʦʪʝʢʘʝʪ ʚ 

ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʨʦʜʫʢʪʦʚ 

ʠ ʙʦʣʝʝ ʣʝʛʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ [1]. ʇʨʠ ʦʞʠʞʝʥʠʠ ʙʠʦʤʘʩʩʘ 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʚʘʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʬʫʨʬʫʨʦʣ, 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ, ʣʝʚʫʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʝʝ ʩʣʦʞʥʳʝ 

ʵʬʠʨʳ, ɔ-ʧʝʥʪʠʣʘʢʪʦʥ, ʘʣʢʠʣʛʣʠʢʦʟʠʜʳ ʠ ʬʝʥʦʣʳ. ʆʞʠʞʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [2]. ɹʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʶ ʙʘʟʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʦʥʠʤʘʥʠʷ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʦʞʠʞʝʥʠʷ ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ 

ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ. ʆʞʠʞʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ 

ʰʫʥʛʠʪ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 200-270 Áʉ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 0,5-1,5 ʄʇʘ. ɸʥʘʣʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ 

ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʦʛʦ ʞʠʜʢʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʠʦʣʘʤʠ (ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ, 

ʩʦʨʙʠʪʦʣʦʤ), ʬʫʨʬʫʨʦʣʦʤ ʠ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʦʤ, ʘ ʪʘʢʞʝ 

ʬʝʥʦʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʛʚʘʷʢʦʣʦʤ, ʵʚʛʝʥʦʣʦʤ, ʩʠʨʠʥʛʦʣʦʤ ʠ ʜʨ.).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ 22-79-10096). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Mika L T, Cs®falvay E, N®meth Ć. // Chemical Reviews. ï 2018. ï Vol. 118(2). ï P. 505ï613. 

2. Huber GW, Iborra S, Corma A. // Chemical Reviews. ï 2006. ï Vol. 106(9). ï P. 4044ï4098. 
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ʊʝʨʝʰʠʥʘ ɽʢʘʪʝʨʠʥʘ ɼʝʥʠʩʦʚʥʘ 

ʂʦʥʚʝʨʩʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ, ɸ.ɺ. ɹʳʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʃʠʛʥʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʦʨʬʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʨʘʟʚʝʪʚʣʝʥʥʳʡ 

ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʩʦʝʜʠʥʝʥʥʳʭ ʙʦʢʦʚʳʤʠ 

ʮʝʧʷʤʠ ʤʝʪʦʢʩʠ- ʠ ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʨʦʮʝʩʩʳ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʣʠʛʥʠʥʘ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ. ɹʠʦʥʝʬʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ 

ʦʞʠʞʝʥʠʠ ʣʠʛʥʠʥʘ ʠ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʡ ʙʠʦʤʘʩʩʳ, ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʤʦʥʦʤʝʨʦʚ ʣʠʛʥʠʥʘ. ʂ ʪʘʢʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʷʪ ʘʥʠʟʦʣ, ʛʚʘʷʢʦʣ, ʚʝʨʘʪʨʦʣ, ʬʝʥʦʣ ʠ ʜʨʫʛʠʝ [1]. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʥʝʬʪʴ ʥʘʧʨʷʤʫʶ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʫʪʝʡ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʣʠʛʥʠʥʘ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʪʦʧʣʠʚʘ ʠʟ ʙʠʦʤʘʩʩʳ. 

ɺ ʨʘʙʦʪʝ [2] ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ ʚ ʩʨʝʜʝ 

ʧʨʦʧʘʥʦʣʘ-2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ni-Ru/SiO2@HPS. ɹʳʣʘ ʜʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʤʦʥʦʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʙʦʣʝʝ 42 %) ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ (> 95 %) 

ʢʦʥʚʝʨʩʠʠ ʣʠʛʥʠʥʘ. ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʧʨʝʚʨʘʱʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʤʦʥʦʤʝʨʦʚ (ʬʝʥʦʣʘ, ʘʥʠʟʦʣʘ, ʛʚʘʷʢʦʣʘ, ʩʠʨʠʥʛʦʣʘ, ʵʚʛʝʥʦʣʘ, ʧ-

ʵʪʠʣʬʝʥʦʣʘ, ʛʠʜʨʦʭʠʥʦʥʘ) ʚ ʧʨʦʧʘʥʦʣʝ-2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʘʟʘʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʩʫʙʩʪʨʘʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʝʘʢʮʠʷʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ ʜʝʦʢʩʠʛʝʥʘʮʠʠ. ʇʨʠ 

ʢʦʥʚʝʨʩʠʠ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʦʪʝʢʘʝʪ ʧʨʦʮʝʩʩ ʜʝʦʢʩʠʛʝʥʘʮʠʠ. ʂʦʥʢʫʨʝʥʮʠʷ ʩʫʙʩʪʨʘʪʦʚ ʟʘ ʘʢʪʠʚʥʳʝ 

ʮʝʥʪʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʥʛʠʙʠʨʫʝʪ ʜʘʣʴʥʝʡʰʝʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʶ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʚ ʩʤʝʩʠ 

ʩʥʠʞʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʨʘʩʭʦʜʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (22-79-10096). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. ʉʪʝʧʘʯʸʚʘ ɸ.ɸ., ʊʝʨʝʰʠʥʘ ɽ.ɼ., ʊʘʨʘʩʦʚʘ ɸ.ɸ. [ʠ ʜʨ.] // ʂʠʥʝʪʠʢʘ ʠ ʢʘʪʘʣʠʟ. ï 2024. ï ʊ. 65, 

ˉ 4. ï ʉ. 463-473. 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 70 
 

ʋɼʂ 631.83 

ʊʢʘʯʝʥʢʦ ʉʝʨʛʝʡ ɺʘʩʠʣʴʝʚʠʯ 

ʀʟʤʝʥʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʨʥʝʧʣʦʜʦʚ ʤʦʨʢʦʚʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨ ɹ

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ 

ʢʘʣʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʦʩʥʦʚʥʳʭ ʨʝʘʢʮʠʷʭ ʦʙʤʝʥʘ ʚʦʜʳ ʠ ʚʝʱʝʩʪʚ 

ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʦʨʛʘʥʠʟʤʝ. ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʢʘʣʠʷ ïʢʘʣʠʡʩʦʜʝʨʞʘʱʠʝ 

ʤʠʥʝʨʘʣʴʥʳʝ (ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ) ʫʜʦʙʨʝʥʠʷ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʦʚ ɺʘʨʷʛ ʠ ɽʚʧʘʪʠʡ. ʉʭʝʤʘ ʦʧʳʪʘ: 1. ʂʦʥʪʨʦʣʴ 

(N0P0ʂ0) ï ʙʝʟ ʫʜʦʙʨʝʥʠʡ; 2. N60P60 (ʬʦʥ ï ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ ʠ 

ʩʫʧʝʨʬʦʩʬʘʪ); 3. N60P60  ʠ ʂ60 (ʩʝʨʥʦʢʠʩʣʳʡ ʢʘʣʠʡ); 4. N60P60  ʠ ʂ60 

(ʢʘʣʠʤʘʛʥʝʟʠʷ);  5. N60P60  ʠ  ʂ60 (ʢʘʣʠʡʥʘʷ  ʩʝʣʠʪʨʘ); 6. N60P60  ʠ  ʂ60 

(ʭʣʦʨʠʩʪʳʡ  ʢʘʣʠʡ). ʋʜʦʙʨʝʥʠʷ ʚʥʦʩʠʣʠ ʚʝʩʥʦʡ (ʜʦ ʧʦʩʝʚʘ ʤʦʨʢʦʚʠ).  

ʅʘ ʦʧʳʪʝ ʚʦʟʜʝʣʳʚʘʣʘʩʴ ʤʦʨʢʦʚʴ ʩʪʦʣʦʚʘʷ ʩʦʨʪʦʚ ʅʘʥʜʨʠʥ F1 ʠ 

ʅʘʥʪʩʢʘʷ 4 ï ʚr ʩʦʢʦʫʨʦʞʘʡʥʳʝ ʩʨʝʜʥʝʩʧʝʣʳʝ ʩʦʨʪʘ. ʅʦʨʤʘ ʧʦʩʝʚʘ ʦʙʦʠʭ 

ʩʦʨʪʦʚ ï 0,5 ʛ/ʤ2.  

ɺʥʝʩʝʥʠʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʤ 

ʬʦʥʝ ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʨʢʦʚʠ ʦʪ 520 ʮ/ʛʘ ʜʦ 545 

ʮ/ʛʘ (ʫ ʛʠʙʨʠʜʘ ʅʘʥʜʨʠʥ F1) ʠ ʦʪ 364 ʮ/ʛʘ ʜʦ 384 ʮ/ʛʘ (ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4). 

ʅʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʣʠʤʘʛʥʝʟʠʠ ʥʘ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʤ ʬʦʥʝ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ (545 ʮ/ʛʘ ï ʫ 

ʛʠʙʨʠʜʘ ʅʘʥʜʨʠʥ F1 ʠ 384 ʮ/ʛʘ ï ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4).  

ʀʟʤʝʥʠʣʩʷ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʨʥʝʧʣʦʜʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʣʠʯʘʣʠʩʴ ʢʦʨʥʝʧʣʦʜʳ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ 

ʚʘʨʠʘʥʪʝ ʩ ʢʘʣʠʤʘʛʥʝʟʠʝʡ (12,9% ï ʧʦ ʩʦʨʪʫ ʅʘʥʜʨʠʥ F1 ʠ 12,3% ï ʧʦ ʩʦʨʪʫ 

ʅʘʥʪʩʢʘʷ 4), ʘ ʤʠʥʠʤʘʣʴʥʳʤ ï ʢʦʨʥʝʧʣʦʜʳ ʚʘʨʠʘʥʪʘ ʩ ʭʣʦʨʠʩʪʳʤ ʢʘʣʠʝʤ 

(12,4% ï ʧʦ ʩʦʨʪʫ ʅʘʥʜʨʠʥ F1 ʠ 12% ï ʧʦ ʩʦʨʪʫ ʅʘʥʪʩʢʘʷ 4). ʅʘʠʙʦʣʴʰʠʡ 

ʧʨʦʮʝʥʪ ʟʦʣʴʥʦʩʪʠ ʚʳʷʚʣʝʥ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ (0,6% ï 

ʧʦ ʩʦʨʪʫ ʅʘʥʜʨʠʥ F1 ʠ 0,62% ï ʧʦ ʩʦʨʪʫ ʅʘʥʪʩʢʘʷ 4), ʘ ʥʘʠʤʝʥʴʰʠʡ ï ʚ 

ʢʦʨʥʝʧʣʦʜʘʭ ʚʘʨʠʘʥʪʘ ʩ ʩʝʨʥʦʢʠʩʣʳʤ ʢʘʣʠʝʤ (0,59%ïʧʦ ʩʦʨʪʫ ʅʘʥʜʨʠʥ F1 

ʠ 0,58%ïʧʦ ʩʦʨʪʫ ʅʘʥʪʩʢʘʷ 4).  

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʦʨʥʝʧʣʦʜʘʭ ʚʘʨʠʘʥʪʘ 

ʩ ʩʝʨʥʦʢʠʩʣʳʤ ʢʘʣʠʝʤ: 8,8% (ʩʦʨʪ ʅʘʥʜʨʠʥ F1) ʠ 8,2% (ʩʦʨʪ ʅʘʥʪʩʢʘʷ). ʕʪʠ 

ʟʥʘʯʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ (ʥʘ 1,7% ʠ ʥʘ 

1,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʥʘ 1,2% ʠ 1,1% ʟʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʩʪʦʣʦʚʦʡ ʤʦʨʢʦʚʠ). 
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ʋɼʂ 622.357.5 

ʊʢʘʯʝʥʢʦ ʉʝʨʛʝʡ ɺʘʩʠʣʴʝʚʠʯ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʧʦʢʠ ʢʘʢ ʩʦʨʙʝʥʪʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʆ.ɺ. ʐʠʣʦʚʘ, ɸ.ɸ. ɸʢʠʤʦʚ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʆʧʦʢʘ ï ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ ʤʠʢʨʦʧʦʨʠʩʪʘʷ ʢʨʝʤʥʠʩʪʘʷ ʦʩʘʜʦʯʥʘʷ ʛʦʨʥʘʷ 

ʧʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʦʯʚʦʛʨʫʥʪʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʦʢʠ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʜʣʷ  

ʧʝʨʮʝʚ ʠ ʪʦʤʘʪʦʚ. ɺ ʦʧʳʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʧʦʢʘ ʎʝʥʪʨʘʣʴʥʦ-

ʂʘʤʝʥʥʦʷʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʏʝʨʥʦʷʨʩʢʦʤ ʨʘʡʦʥʝ 

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʥʘ ʙʳʣʘ ʦʙʦʛʘʱʝʥʘ ʨʘʩʪʚʦʨʘʤʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ, ʤʝʜʠ, ʮʠʥʢʘ, ʤʘʨʛʘʥʮʘ, ʢʦʙʘʣʴʪʘ, 

ʤʦʣʠʙʜʝʥʘ, ʞʝʣʝʟʘ, ʩʝʣʝʥʘ ʠ ʡʦʜʘ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʦʧʦʢʠ ʙʳʣʘ ʦʙʨʘʙʦʪʘʥʘ 

ʨʘʩʪʚʦʨʘʤʠ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʭʝʣʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ 

(ʭʝʣʘʪʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ï ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʢʦʤʧʣʝʢʩʦʥʳ ï 

ʠʤʠʥʦʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (ʀɼʋʂ) ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 

(ʕɼɼʗʂ).    

Cʭʝʤʘ ʦʧʳʪʘ: ʧʦʯʚʦʛʨʫʥʪ ʙʝʟ ʦʧʦʢʠ ï ʢʦʥʪʨʦʣʴ; ʧʦʯʚʦʛʨʫʥʪ ʠ ʩʦʣʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (20 ʛ ʦʧʦʢʠ ʠʣʠ 40 ʛ ʥʘ 1 ʢʛ ʛʨʫʥʪʘ); ʧʦʯʚʦʛʨʫʥʪ ʠ 

ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (20 ʛ ʦʧʦʢʠ ʠʣʠ 40 ʛ ʥʘ 1 ʢʛ ʛʨʫʥʪʘ). ʅʘ 

ʦʧʳʪʝ ʚʦʟʜʝʣʳʚʘʣʠʩʴ ʧʝʨʝʮ ʩʦʨʪʘ ɹʦʛʘʪʳʨʴ ʠ ʪʦʤʘʪ ʅʝʧʘʩ F1.   

ʇʨʠʤʝʥʝʥʠʝ ʩʦʣʝʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʨʤʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʠ ʧʝʨʮʝʚ (ʥʘ  4,3 ï 5,5 ʩʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ), ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ï ʥʘ 6,7 ï 19,3 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ ʥʘ ʨʘʩʪʝʥʠʠ ʪʦʤʘʪʘ ʢ ʤʦʤʝʥʪʫ ʚʳʩʘʜʢʠ ʨʘʩʩʘʜʳ ʦʙʥʘʨʫʞʝʥʦ ʥʘ 

ʚʘʨʠʘʥʪʝ ʩ  ʢʦʤʧʣʝʢʩʦʥʘʪʘʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʚʦʡʥʦʡ ʥʦʨʤʝ (ʩʨʝʜʥʝʤ 9 

ï 26 ʰʪ., ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʥʘ 14 ï52% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʴʥʳʤ 

ʟʥʘʯʝʥʠʷʤ). ʇʨʠʤʝʥʝʥʠʝ ʩʦʣʝʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʣʦ ʫʨʦʞʘʡʥʦʩʪʴ 

ʪʦʤʘʪʦʚ ʥʘ 1 ï 1,4 ʢʛ/ʤ2, ʘ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ï ʥʘ 1,3 ï 1,9 

ʢʛ/ʤ2; ʫʨʦʞʘʡʥʦʩʪʴ ʧʝʨʮʝʚ ï ʥʘ 1,3 ï 2,7 ʢʛ/ʤ2 ʠ ʥʘ 1,9 ï 2,9 ʢʛ/ʤ2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ɺ ʧʣʦʜʘʭ ʚʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʦʧʦʢʦʡ, ʦʙʦʛʘʱʝʥʥʦʡ ʢʦʤʧʣʝʢʩʦʥʘʪʘʤʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʫ ʪʦʤʘʪʦʚ ï ʥʘ 0,22ï0,48%; ʫ ʧʝʨʮʘ ï ʥʘ 0,3 ï 0,6%), ʥʘ 

ʚʘʨʠʘʥʪʘʭ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ ï ʥʘ 0,1 ï 0,16% (ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʦʚ) 

ʠ ʥʘ 0,15ï0,25% (ʚ ʧʣʦʜʘʭ ʧʝʨʮʝʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 
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ʌʝʜʦʨʝʥʢʦ ʆʣʴʛʘ ɻʨʠʛʦʨʴʝʚʥʘ 

ʉʪʠʣʠʟʘʮʠʷ ʜʘʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜ ʢʠʪʘʡʩʢʠʡ ʩʘʜ ʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ʅ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʠʪʘʡʩʢʠʡ ʩʪʠʣʴ ʢʘʢ ʧʨʠʤʝʨ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠ 

ʦʟʝʣʝʥʝʥʠʷ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʧʫʣʷʨʝʥ, ʢʘʢ ʠ ʨʘʥʝʝ.  ʕʪʦʪ ʩʪʠʣʴ 

ʮʝʥʷʪ ʟʘ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ, ʩʦʙʣʶʜʝʥʠʝ ʜʨʝʚʥʠʭ ʢʘʥʦʥʦʚ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ï 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ. ɻʣʘʚʥʦʝ ʫʩʣʦʚʠʝ ʜʘʥʥʦʛʦ ʩʪʠʣʷ ï ʵʪʦ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʣʘʥʜʰʘʬʪʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʛʘʨʤʦʥʠʠ ʚ ʦʙʱʝʥʠʠ ʩ ʧʨʠʨʦʜʦʡ. ʂʠʪʘʡʩʢʠʡ ʩʪʠʣʴ ʚ 

ʦʬʦʨʤʣʝʥʠʠ ʫʯʘʩʪʢʘ ï ʚʳʙʠʨʘʶʪ ʩʧʦʢʦʡʥʳʝ ʣʶʜʠ, ʮʝʥʷʱʠʝ ʢʦʤʬʦʨʪ ʚ 

ʧʨʦʩʪʦʪʝ ʦʢʨʫʞʘʶʱʠʭ ʜʝʪʘʣʝʡ. 

ʃʠʯʥʳʡ ʜʘʯʥʳʡ ʫʯʘʩʪʦʢ, ʛʜʝ ʧʣʘʥʠʨʫʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʳ ʧʦ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʠ ʦʟʝʣʝʥʝʥʠʶ, ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʨʝʚʥʝ ʇʝʯʝʪʦʚʦ, ʊʚʝʨʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ï 12 ʩʦʪʦʢ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʦʟʜʘʪʴ ʥʘ ʣʠʯʥʦʤ 

ʜʘʯʥʦʤ ʫʯʘʩʪʢʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʩʝʤʴʠ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʚʩʝ ʧʦʞʝʣʘʥʠʷ ʚʩʝʭ ʜʦʤʦʯʘʜʮʝʚ ʩ ʫʯʝʪʦʤ ʚʦʧʣʦʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʪʠʣʷ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʘ ï ʢʠʪʘʡʩʢʦʛʦ. ɿʘʜʘʯʠ ʨʘʙʦʪʳ ʩʦʩʪʦʷʪ ʚ ʩʦʟʜʘʥʠʠ 

ʢʨʘʩʠʚʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʚ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʫʯʝʪʦʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ.  

ɺ ʧʨʦʝʢʪ ʙʫʜʝʪ ʚʭʦʜʠʪʴ: ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʟʦʥ ʦʪʜʳʭʘ ʩ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʦʜʦʝʤʘ ʚ ʚʠʜʝ ʧʨʫʜʠʢʘ, ʩʦʟʜʘʥʠʝ ʨʦʢʘʨʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʦʧʦʢʨʦʚʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʜʨʫʛʠʭ ʘʪʨʠʙʫʪʦʚ 

ʧʦʜ ʢʠʪʘʡʩʢʠʡ ʩʪʠʣʴ. ɼʦʨʦʞʢʠ ʩʘʜʘ ʙʫʜʫʪ ʚʳʣʦʞʝʥʳ ʧʣʠʪʢʦʡ ʢʘʤʝʥʢʦʡ. 

ɺʜʦʣʴ ʜʦʨʦʞʝʢ ʢ ʜʦʤʫ ʙʫʜʫʪ ʧʦʩʘʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʨʘʩʪʝʥʠʡ 

ʧʫʟʳʨʝʧʣʦʜʥʠʢʘ ʢʘʣʠʥʦʣʠʩʪʥʦʛʦ çRed Baronè. ɼʦʨʦʞʢʘ ʩ ʫʛʣʦʚʳʤʠ 

ʧʦʚʦʨʦʪʘʤʠ, ʦʜʥʘ ʚʝʜʝʪ ʢ ʙʝʩʝʜʢʝ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʦʩʴʤʠʫʛʦʣʴʥʫʶ ʢʨʳʰʫ, 

ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɿʜʝʩʴ ʙʫʜʫʪ ʧʦʩʘʜʢʠ ʢʣʸʥ ʷʩʝʥʝʣʠʩʪʥʳʡ Royal 

Redʦʪ ʠ ʚʦʡʣʦʯʥʳʝ ʚʠʰʥʠ. ʋ ʧʨʫʜʠʢʘ ʨʘʟʤʝʨʦʤ ʧʨʠʤʝʨʥʦ 6 ʤ2 ʙʫʜʫʪ 

ʧʦʩʘʞʝʥʳ ʣʠʣʝʡʥʠʢʠ ʛʠʙʨʠʜʥʳʝ ʠ ʠʨʠʩʳ ʩʠʙʠʨʩʢʠʝ, ʘ ʚ ʩʘʤʦʤ ʧʨʫʜʫ ï 

ʢʫʚʰʠʥʢʠ. ʏʝʨʝʟ ʧʨʫʜʠʢ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʡ ʤʦʩʪʠʢ. ɺ ʟʦʥʝ 

ʦʪʜʳʭʘ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ ʫʛʣʦʚʘʷ ʢʘʤʝʥʥʘʷ ʩʢʘʤʝʡʢʘ, ʩ ʟʘʜʥʝʡ ʩʪʦʨʦʥʳ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʚʳʩʘʞʝʥʘ ʜʝʢʦʨʘʪʠʚʥʘʷ ʣʠʘʥʘ ʘʢʪʠʥʠʜʠʷ ʢʦʣʦʤʠʢʪʘ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʫʯʘʩʪʢʘ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʩʥʳ ʛʦʨʥʦʡ, ʢʘʢ ʩʠʤʚʦʣʘ ʜʦʣʛʦʣʝʪʠʷ ʠ ʧʨʦʮʚʝʪʘʥʠʷ 

ʭʦʟʷʝʚ ʫʯʘʩʪʢʘ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʟʝʣʝʥʝʥʠʷ ʣʠʯʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʣʶʙʦʤ ʩʪʠʣʝ ʠ 

ʩʪʠʣʠʟʘʮʠʠ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʨʠʥʮʠʧʘʤʠ ʧʨʘʢʪʠʯʥʦʩʪʠ, ʵʩʪʝʪʠʯʥʦʩʪʠ ʠ 

ʢʦʤʬʦʨʪʥʦʩʪʠ ʭʦʟʷʝʚ ʜʘʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
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ʎʚʝʪʢʦʚ ɼʤʠʪʨʠʡ ʖʨʴʝʚʠʯ 

ʉʠʥʪʝʟ ʠ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʠʦʥʠʥʘ ʩ ʤʘʨʛʘʥʮʝʤ ʠ ʤʝʜʴʶ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʖ. ɼʦʣʫʜʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʕʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʠʦʥʠʥʘ ʩ 

ʤʝʪʘʣʣʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, 

ʚʢʣʶʯʘʷ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʚʝʪʝʨʠʥʘʨʠʶ ʠ ʧʠʱʝʚʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʕʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʥʘ ʚʳʰʝ ʚ 2ï3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʣʷʤʠ. ʕʣʝʤʝʥʪʳ ʚ ʪʘʢʦʡ ʬʦʨʤʝ ʩʨʘʟʫ ʛʦʪʦʚʳ ʢ ʫʩʚʦʝʥʠʶ, ʪʘʢ ʢʘʢ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ð ʵʪʦ ñʟʥʘʢʦʤʳʝò ʢʘʞʜʦʡ ʢʣʝʪʢʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʚʷʟʳʚʘʥʠʝ 

ʤʝʪʘʣʣʦʚ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʝʪʠʦʥʠʥ, ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʠʭ 

ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ [1]. ʄʝʪʠʦʥʠʥ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʦʡ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʠ ʩʠʥʪʝʟʝ ʙʝʣʢʦʚ. ɺ 

ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʘʣʣʘʤʠ (ʤʝʜʴʶ ʠʣʠ ʤʘʨʛʘʥʮʝʤ) ʦʥ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʣʫʯʰʝʥʠʶ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ɺ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʤʝʪʠʦʥʠʥ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʢʦʨʤʦʚʘʷ ʜʦʙʘʚʢʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʦʩʪʘ ʠ ʟʜʦʨʦʚʴʷ 

ʞʠʚʦʪʥʳʭ. ɸʥʘʣʠʟ ʝʛʦ ʩʦʣʝʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʮʠʦʥ ʠ 

ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʠʦʥʠʥʘ ʩ Mn ʠ 

Cu ʠʟ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʳʭʦʜʦʤ 77,44 ʠ 81,22 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʀʂ ʠ ʋʌ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɹʳʣʠ 

ʚʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʥʠʥʛʠʜʨʠʥʦʚʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʋʌ ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʠʦʥʠʥʘ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ (ʚ 1 ʤʝʪʠʦʥʘʪʘ ʄn 

ʩʦʜʝʨʞʠʪʩʷ: ʤʝʪʠʦʥʠʥʘ ï 0,8544 ʛ, Mn ï 0,1445 ʛ; ʚ 1ʛ ʤʝʪʠʦʥʘʪʘ Cu: 

ʤʝʪʠʦʥʠʥʘ ï 0,8694 ʛ, ʉu- 0,1304 ʛ ). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ  

1. Miller, J. M.,  Johnson, R. S. The Role of Methionine in Animal Metabolism: 

Implications for Feed Formulation // Animal Feed Science and Technology. 2020, 267, 114-

123. 

2. Johnson, R.,  Lee, T. Spectroscopic Techniques for Characterizing Amino Acid 

Complexes // International Journal of Food Science. 2019, 12(7), 567-578. 
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ʋɼʂ: 14,07 

ʄʘʪʚʝʡ ʄʘʢʩʠʤʦʚʠʯ ʎʳʛʘʥʢʦʚ 

ʇʝʨʩʧʝʢʪʠʚʳ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʥʘ ʦʩʥʦʚʝ 

ʢʫʣʠʨʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ ʥʠʪʝʡ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɸ.ɺ.ʊʨʫʝʚʮʝʚ, ɺ.ɺ.ɺʘʩʠʣʴʝʚʘ, ʃ.ʇ.ʄʷʩʥʠʢʦʚʘ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʜʠʟʘʡʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʷʚʣʷʶʪʩʷ 

ʩʚʝʨʭʧʨʦʯʥʳʝ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʝ ʚʦʣʦʢʥʘ ʠʟ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ), ʥʘʰʝʜʰʠʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʫʣʝʥʝʧʨʦʙʠʚʘʝʤʳʭ ʞʠʣʝʪʦʚ, ʢʘʩʦʢ, ʙʨʦʥʠ, ʩʧʦʨʪʠʚʥʦʛʦ 

ʠʥʚʝʥʪʘʨʷ, ʙʠʦʠʤʧʣʘʥʪʦʚ ʠ ʧʨ. ʉɺʄʇʕ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʚʳʨʘʙʦʪʢʝ 

ʪʢʘʥʥʳʭ ʠ ʥʝʪʢʘʥʥʳʭ ʧʦʣʦʪʝʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʳʪʘʣʠʩʴ ʩʚʷʟʘʪʴ ʪʨʠʢʦʪʘʞ ʠʟ 

ʧʘʨʘʘʨʘʤʠʜʦʚ, ʯʪʦ ʥʝ ʜʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʠʛʨʳʰʘ ʚ ʧʨʦʯʥʦʩʪʠ [1]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʠʢʦʪʘʞʘ ʩʚʷʟʘʥʥʦʛʦ ʠʟ ʉɺʄʇʕ ʥʠʪʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʛʝʣʴ-ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 2 ʚʠʜʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʠʪʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦ 

ʤʝʪʦʜʫ ʛʝʣʴ-ʬʦʨʤʦʚʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: GL-28, ʨʘʩʪʚʦʨʠʪʝʣʴ ï 

ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ ʠ Chi-88-ʜʝʢʘʣʠʥ. ʀʟ ʵʪʠʭ ʥʠʪʝʡ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ 

ʪʨʠʢʦʪʘʞʥʳʝ ʧʦʣʦʪʥʘ ʧʝʨʝʧʣʝʪʝʥʠʝ ʣʘʩʪʠʢ 1+1 ʥʘ ʤʘʰʠʥʝ ʇɺʈʂ 8 ʢʣʘʩʩʘ.   

ʅʘʡʜʝʥʦ, ʯʪʦ ʧʨʠ ʧʝʪʣʝʦʙʨʘʟʦʚʘʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʦʩʳ ʩʙʨʦʩʘ ʚ ʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʪʨʠʢʦʪʘʞʝ ʠʟ Chi-88 ʯʝʤ ʚ GL-28 (ʩʤ. ʨʠʩ. 2-3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʪʨʠʢʦʪʘʞʥʦʛʦ 

ʧʦʣʦʪʥʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʬʦʨʤʫʣʝ ɸ.ʉ. ɼʘʣʠʜʦʚʠʯʘ. ʇʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ 

ʩʭʝʤʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʉʪʘʣʝʚʠʯʝʤ [2]. 

   
ʈʠʩ. 1 ï ʅʠʪʴ 

GL-28 

ʈʠʩ. 2 ï ʪʨʠʢʦʪʘʞ ʠʟ ʥʠʪʠ 

Chi-88 

ʈʠʩ. 3 ï ʪʨʠʢʦʪʘʞ ʠʟ ʥʠʪʠ 

GL-28 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʠʢʦʪʘʞʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

1. ʊʨʫʝʚʮʝʚ ɸ.ɺ. ɸʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʢʫʣʠʨʥʳʤ ʪʨʠʢʦʪʘʞʝʤ ʠʟ ʧʘʨʘʘʨʘʤʠʜʥʦʡ 

ʥʠʪʠ / ɸ.ɺ. ʊʨʫʝʚʮʝʚ. ɽ.ʉ. ʎʦʙʢʘʣʣʦ, ʂ.ɸ. ʄʦʣʦʩʥʦʚ // ʃʝʛʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʂʫʨʴʝʨ. ï 2013 - ˉ5. ï ʉ. 7-10.  

2. ʉʪʘʣʝʚʠʯ ɸ.ʄ., ʊʨʫʝʚʮʝʚ ɸ.ɺ. ʅʘʧʨʷʞʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʢʫʣʠʨʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʧʨʠ 
ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ //ʀʟʚ. ɺʫʟʦʚ. ʊʝʭʥʦʣ. ʊʝʢʩʪʠʣ. ʇʨʦʤ-ʩʠ.-1996.- ˉ3.- ʉ. 10-

13. 
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ʏʝʨʝʧʘʥʦʚʘ ʄʘʨʛʘʨʠʪʘ ɺʘʣʝʨʴʝʚʥʘ 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʮʝʪʠʣʤʦʥʦʢʩʠʤʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʅ. ɺʝʩʝʣʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Ni2+, Pt2+, Co2+) ʠ ʣʠʛʘʥʜʘ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʮʝʪʠʣʤʦʥʦʢʩʠʤʘ. ɼʘʥʥʳʡ ʣʠʛʘʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʘʥʠʝ ʐʠʬʬʘ 

ʠ ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʠʩ. 1), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʜʠʘʮʝʪʠʣʤʦʥʦʢʩʠʤ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ 

ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʠʭ ʠʟʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ. 

 
ʈʠʩ. 1. ʘ) [Ni(hnpio)Cl2], ʙ) [Pt(hnpio)Cl2], ʚ) [Co(hnpio)Cl2] 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ Maestro ʠ Jaguar, ʚʭʦʜʷʱʠʭ ʚ ʧʘʢʝʪ Schrodinger 

Suite. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ B3LYP-D3 ʚ ʙʘʟʠʩʝ 

6-31G**++. 

ʂʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʠ ʧʣʘʪʠʥʳ ʠʤʝʶʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʘ 

ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ ï ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ (Cl-Co-Cl ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʯʝʪʚʝʨʥʦʡ ʦʩʠ), ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʮʝʥʢʠ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ HOMO (ʥʘʠʚʳʩʰʘʷ 

ʟʘʥʷʪʘʷ) ʠ LUMO (ʥʠʟʰʘʷ ʚʘʢʘʥʪʥʘʷ). 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʥʝʩʪʠʤʫʣʷʪʦʨʘ ʂʦʨʥʝʚʠʥʘ ʜʣʷ ʯʝʨʝʥʢʦʚʘʥʠʷ 

ʡʦʰʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ʅ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʴʥʘ 

ʁʦʰʪʘ ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʘʷ, ʤʘʣʦʠʩʧʦʣʴʟʫʝʤʘʷ ʛʠʙʨʠʜʥʘʷ 

ʤʥʦʛʦʣʝʪʥʷʷ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʘʷ ʢʫʣʴʪʫʨʘ ʩʝʤʝʡʩʪʚʘ ʢʨʳʞʦʚʥʠʢʦʚʳʭ. ʕʪʦ 

ʛʠʙʨʠʜ, ʧʦʣʫʯʝʥʥʳʡ ʩʢʨʝʱʠʚʘʥʠʝʤ ʪʨʝʭ ʚʠʜʦʚ: ʯʸʨʥʘʷ ʩʤʦʨʦʜʠʥʘ, 

ʢʨʳʞʦʚʥʠʢ ʨʘʩʪʦʧʳʨʝʥʥʳʡ, ʢʨʳʞʦʚʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ. ʂʫʩʪʘʨʥʠʢ ʡʦʰʪʳ 

ʥʝʧʨʠʭʦʪʣʠʚ, ʨʘʩʪʸʪ ʥʘ ʣʶʙʳʭ ʪʠʧʘʭ ʧʦʯʚ, ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʳʤ 

ʠʤʤʫʥʠʪʝʪʦʤ ʢ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʙʦʣʝʟʥʷʤ ʠ ʦʙʣʘʜʘʝʪ ʧʦʣʝʟʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʦʠʭ ʨʘʩʪʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʘʥʥʘʷ ʢʫʣʴʪʫʨʘ ʨʘʟʤʥʦʞʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚʝʛʝʪʘʪʠʚʥʦ ï ʧʨʠ ʧʦʤʦʱʠ ʦʜʨʝʚʝʩʥʝʚʰʠʤʠ ʠ ʟʝʣʝʥʥʳʤʠ ʯʝʨʝʥʢʘʤʠ. 

ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʣʷ ʫʣʫʯʰʝʥʥʦʛʦ ʢʦʨʥʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʢʦʨʥʝʩʪʠʤʫʣʷʪʦʨʳ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ï 

ʵʪʦ ʢʦʨʥʝʚʠʥ. ʆʥ ʩʦʜʝʨʞʠʪ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ, ʠʥʜʦʣʠʣʤʘʩʣʷʥʫʶ 

ʢʠʩʣʦʪʫ. ʕʪʦ ʧʦʨʦʰʦʢ ʙʝʞʝʚʦʛʦ ʮʚʝʪʘ. ɺ ʥʝʛʦ ʦʙʤʘʢʠʚʘʶʪ ʢʦʥʮʳ ʯʝʨʝʥʢʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʳʩʘʞʠʚʘʥʠʝʤ.  

ʇʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʦʧʳʪʘ, ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʦʧʳʪʥʘʷ 

ʜʝʣʷʥʢʘ. ɼʣʷ ʟʝʣʸʥʦʛʦ ʯʝʨʝʥʢʦʚʘʥʠʷ ʙʳʣʠ ʩʨʝʟʘʥʳ ʤʦʣʦʜʳʝ ʚʝʪʦʯʢʠ ʢʫʩʪʘ 

ʡʦʰʪʳ. ʏʝʨʝʥʢʠ ʥʘʨʝʟʘʣʠʩʴ ʪʘʢ, ʯʪʦʙʳ ʥʘ ʥʠʭ ʦʩʪʘʚʘʣʦʩʴ 5-6 ʣʠʩʪʦʯʢʦʚ. 

ɺʝʨʭʥʠʝ 2-3 ʣʠʩʪʦʯʢʘ ʩʦʭʨʘʥʷʣʠʩʴ, ʘ ʥʠʞʥʠʝ ʫʜʘʣʷʣʠʩʴ. ɼʣʠʥʘ ʯʝʨʝʥʢʦʚ 

ʙʳʣʘ ʥʝ ʤʝʥʝʝ 6 ʩʤ. ʇʝʨʝʜ ʧʦʩʘʜʢʦʡ ʟʝʣʸʥʳʝ ʯʝʨʝʥʢʠ ʡʦʰʪʳ ʟʘʤʘʯʠʚʘʣʠʩʴ 

ʩʫʪʢʠ, ʥʦʨʤʘ ʢʦʨʥʝʚʠʥʘ ʜʣʷ ʟʘʤʘʯʠʚʘʥʠʷ ï 1 ʛ ʥʘ 1 ʣ ʚʦʜʳ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʯʝʨʝʥʢʘʤʠ ʚ ʨʷʜʫ ï 10 ʩʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʚ ʦʧʳʪʝ ï 20 ʩʤ. ʆʧʳʪ 

ʙʳʣ ʟʘʣʦʞʝʥ 20 ʤʘʷ 2024 ʛʦʜʘ. ʇʦʯʚʘ ʥʘ ʦʧʳʪʥʦʡ ʜʝʣʷʥʢʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 

ʚʦ ʚʣʘʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 2 ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʧʦʩʘʜʢʠ 

(ʢʦʥʪʨʦʣʴ ï 13 ʠʶʣʷ ʠ 27 ʠʶʣʷ) ʯʘʩʪʴ ʯʝʨʝʥʢʦʚ ʫʢʦʨʝʥʠʣʠʩʴ ʠ ʩʦʩʪʘʚʠʣʦ 

50%. ʊʘʢʦʡ ʥʠʟʢʠʡ ʧʨʦʮʝʥʪ ʧʨʠʞʠʚʘʝʤʦʩʪʠ ʩʚʷʟʘʥ ʩ ʘʜʘʧʪʘʮʠʦʥʥʳʤ 

ʧʝʨʠʦʜʦʤ ʯʝʨʝʥʢʦʚ. ʇʨʠ ʧʦʜʩʯʝʪʝ ʯʝʨʝʥʢʦʚ ʦʩʝʥʴʶ, 15 ʩʝʥʪʷʙʨʷ, ʧʨʦʮʝʥʪ 

ʫʢʦʨʝʥʠʚʰʠʭʩʷ ʨʘʩʪʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣ 70%.  

ʁʦʰʪʘ ʧʦʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʧʦʧʫʣʷʨʥʦʡ ʷʛʦʜʥʦʡ ʢʫʣʴʪʫʨʦʡ, ʢʘʢ 

ʵʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʩʤʦʨʦʜʠʥʝ ʠʣʠ ʢʨʳʞʦʚʥʠʢʝ. ɺ ʧʣʦʜʘʭ ʨʘʩʪʝʥʠʷ ʡʦʰʪʳ 

ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʯʝʙʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʦʨʛʘʥʠʟʤʘ ʚʝʱʝʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʭ ʧʦʣʴʟʘ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. ʁʦʰʪʘ ʝʱʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ ʚ ʚʳʨʘʱʠʚʘʥʠʠ, 

ʥʝʧʨʠʭʦʪʣʠʚʘ ʚ ʫʭʦʜʝ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʘ ʢʦ ʤʥʦʛʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ɺʳʨʘʩʪʠʪʴ ʡʦʰʪʫ, ʢʘʢ ʠ ʩʤʦʨʦʜʠʥʫ ʯʝʨʥʫʶ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ. ɻʣʘʚʥʦʝ, 

ʩʦʙʣʶʜʘʪʴ ʚʩʝ ʧʨʘʚʠʣʘ ʘʛʨʦʪʝʭʥʠʢʠ. 
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ɺʣʠʷʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʷ ʛʦʨʦʭʘ 

ʧʦʩʝʚʥʦʛʦ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʛʦʨʦʭʘ ʧʦʩʝʚʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʠʪʘʥʠʷ (ʜʣʷ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʦʣʠʙʜʝʥ ʠ ʢʦʙʘʣʴʪ). ʂ 

ʪʘʢʠʤ ʚʝʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʳ ʤʝʪʘʣʣʦʚ ʠ ʥʝʤʝʪʘʣʣʦʚ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʥʦʚ (ʥʘʧʨʠʤʝʨ, ʕɼɼʗʂ, ʀɼʗʂ ʠ ʜʨ.). 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʥʳʭ ʬʦʨʤ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʩʝʚʘʭ ʛʦʨʦʭʘ 

ʩʨʝʜʥʝʩʧʝʣʦʛʦ ʩʦʨʪʘ ʈʦʢʝʪ.  

ʉʭʝʤʘ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ ʦʧʳʪʘ ʚʢʣʶʯʘʣʘ ʚʘʨʠʘʥʪʳ: 1. ʂʦʥʪʨʦʣʴ (ʙʝʟ 

ʦʧʨʳʩʢʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ); 2. ʆʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʦʤ 

(NH4)2ʄʦʆ4; 3. ʆʧʨʳʩʢʠʚʘʥʠʝ  ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʦʤ ʕɼɼʗʂ; 4. 

ʆʧʨʳʩʢʠʚʘʥʠʝ  ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʦʤ ʄʦ-ʕɼɼʗʂ (ʩ ʨʅkcl = 5,5). ʂʦʤʧʣʝʢʩʦʥ 

ʕɼɼʗʂ (ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ) ʠ ʤʦʣʠʙʜʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ (ʄʦ-

ʕɼɼʗʂ ʩ ʨʅkcl = 5,5) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʦʮʝʥʪʦʤ ʉʤʠʨʥʦʚʦʡ ʊ.ʀ.  

ʅʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ï 1,5 ʛ/ʤ2. ʈʘʩʪʝʥʠʷ ʜʚʘʞʜʳ ʦʧʨʳʩʢʠʚʘʣʠ  

ʨʘʩʪʚʦʨʘʤʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1,26 . 10-5 ʤʦʣʴ/ʣ ʚ ʦʙʲʸʤʝ 100 ʤʣ/ʤ2.    

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʫʤʤʘʨʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ  ʦʪʣʠʯʘʣʩʷ ʚʘʨʠʘʥʪ ʩ ʄʦ-

ʕɼɼʗʂ (111 ʤʛ/100 ʛ ʣʠʩʪʴʝʚ), ʘ ʤʠʥʠʤʘʣʴʥʳʤ ï ʚʘʨʠʘʥʪ ʩ (NH4)2ʄʦʆ4 (99 

ʤʛ/100 ʛ ʣʠʩʪʴʝʚ). ʆʙʨʘʙʦʪʢʘ ʨʘʩʪʝʥʠʡ ʨʘʩʪʚʦʨʦʤ ʢʦʤʧʣʝʢʩʦʥʘ ʧʦʟʚʦʣʠʣʘ 

ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʦʬʠʣʣʦʚ ʘ ʠ b ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʪʨʦʣʶ ʥʘ 13  ʤʛ/100 ʛ ʣʠʩʪʴʝʚ.  ʂʦʣʠʯʝʩʪʚʦ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫʩʪʫʧʘʣʦ 

ʟʥʘʯʝʥʠʷʤ ʚ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʦʬʠʣʣʦʚ, ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʢʘʟʘʣʘʩʴ 

ʘʥʘʣʦʛʠʯʥʦʡ: ʚ ʣʠʩʪʴʷʭ ʨʘʩʪʝʥʠʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʄʦ-ʕɼɼʗʂ, ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʥʘ 7 ʤʛ/100 ʛ ʣʠʩʪʴʝʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʘʨʠʘʥʪʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ (NH4)2ʄʦʆ4  ʠ ʥʘ 14 ʤʛ/100 ʛ ʣʠʩʪʴʝʚ ï ʢ ʢʦʥʪʨʦʣʶ. 

ʅʘʠʤʝʥʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʛʦʨʦʭʘ ʧʦʣʫʯʝʥʘ ʥʘ ʢʦʥʪʨʦʣʝ (21,8 ʮ/ʛʘ), ʯʪʦ ʥʘ 

5,8 ʮ/ʛʘ (ʠʣʠ 21%) ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʝʜʝʥʘ 

ʥʝʢʦʨʥʝʚʘʷ ʧʦʜʢʦʨʤʢʘ ʭʝʣʘʪʠʨʦʚʘʥʥʳʤ ʤʦʣʠʙʜʝʥʦʤ (27,6ʮ/ʛʘ). ʅʘ 

ʚʘʨʠʘʥʪʘʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʝʥʠʡ ʕɼɼʗʂ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 25,4 

ʮ/ʛʘ, ʘ ʩ (NH4)2ʄʦʆ4 ï 25 ʮ/ʛʘ. ʅʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʦʪʣʠʯʘʣʠʩʴ 

ʩʝʤʝʥʘ ʥʘ  ʚʘʨʠʘʥʪʝ ʩ ʄʦ-ʕɼɼʗʂï 20,4%, ʘ ʩ (NH4)2ʄʦʆ4  ʠ ʕɼɼʗʂ 

ʩʦʩʪʘʚʠʣʦ 18,6%  ʠ 19,2% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʋɼʂ 631.83 

ʏʠʩʪʦʚ ʅʠʢʦʣʘʡ ɼʝʥʠʩʦʚʠʯ 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʪʦʣʦʚʳʭ ʩʦʨʪʦʚ ʤʦʨʢʦʚʠ ʦʪ ʚʠʜʦʚ 

ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʐʠʣʦʚʘ 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʛʨʦʭʠʤʠʠ, ʟʝʤʣʝʜʝʣʠʷ ʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ 

ʂʘʣʠʡʥʳʝ ʫʜʦʙʨʝʥʠʷ ʧʦʚʳʰʘʶʪ ʫʨʦʞʘʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʢʘʨʪʦʬʝʣʴ, ʩʚʝʢʣʘ, ʛʨʝʯʠʭʘ, ʧʦʜʩʦʣʥʝʯʥʠʢ, 

ʪʦʧʠʥʘʤʙʫʨ, ʪʘʙʘʢ ʠ ʜʨ. ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʠ 

ʬʦʩʬʦʨʥʳʭ ʪʫʢʦʚ.  ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʠ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʦʚ ɺʘʨʷʛ ʠ ɽʚʧʘʪʠʡ. 

ʉʭʝʤʘ ʦʧʳʪʘ: 1. ʂʦʥʪʨʦʣʴ (N0P0ʂ0) ï ʙʝʟ ʫʜʦʙʨʝʥʠʡ; 2. N60P60 (ʬʦʥ ï 

ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ ʠ ʩʫʧʝʨʬʦʩʬʘʪ); 3. N60P60  ʠ ʂ60 (ʩʝʨʥʦʢʠʩʣʳʡ ʢʘʣʠʡ); 4. 

N60P60  ʠ ʂ60 (ʢʘʣʠʤʘʛʥʝʟʠʷ);  5. N60P60  ʠ  ʂ60 (ʢʘʣʠʡʥʘʷ  ʩʝʣʠʪʨʘ); 6. N60P60  ʠ  

ʂ60 (ʭʣʦʨʠʩʪʳʡ  ʢʘʣʠʡ).  

ɸʛʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ: ʨʅKCl = 

6,18; ʉʦʨʛ. ʚʝʱ-ʚʘ ï 6,8%; ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ ï 188ï190 ʤʛ/ʢʛ ʧʦʯʚʳ, 

ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ï 420 ï 425 ʤʛ/ʢʛ ʧʦʯʚʳ. ʆʧʳʪʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʙʳʣʠ 

ʜʚʘ ʩʦʨʪʘ ʩʪʦʣʦʚʦʡ ʤʦʨʢʦʚʠ ï ʅʘʥʜʨʠʥ F1 ʠ ʅʘʥʪʩʢʘʷ 4. 

ʇʨʠʤʝʥʝʥʠʝ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʤ ʬʦʥʝ 

ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʘʟʦʪʘ, 

ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʦʡ ʧʦʯʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 27 ï 58% (ʦʩʦʙʝʥʥʦ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʢʘʣʠʤʘʛʥʝʟʠʝʡ ʠ 

ʩʝʨʥʦʢʠʩʣʳʤ ʢʘʣʠʝʤ ʥʘ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʤ ʬʦʥʝ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ).  

ɺʝʣʠʯʠʥʘ ʫʨʦʞʘʷ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʦʢʘʟʘʣʘʩʴ ʥʘʠʤʝʥʴʰʝʡ: 

480 ʮ/ʛʘ (ʫ ʅʘʥʜʨʠʥ F1) ʠ 330 ʮ/ʛʘ (ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4), ʯʪʦ ʥʘ 28 ï 67 ʮ/ʛʘ 

(ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ) ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʢ ʦʩʪʘʣʴʥʳʤ ʚʘʨʠʘʥʪʘʤ 

ʦʧʳʪʘ. ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʟʦʪʥʳʭ ʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ  ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʨʥʝʧʣʦʜʦʚ ʥʘ 30 ʮ/ʛʘ (ʫ 

ʛʠʙʨʠʜʘ ʅʘʥʜʨʠʥ F1) ʠ ʥʘ 25 ʮ/ʛʘ (ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4).  

ɺʥʝʩʝʥʠʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʤ 

ʬʦʥʝ ʧʨʠʚʝʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʨʢʦʚʠ ʦʪ 520 ʮ/ʛʘ ʜʦ 545 

ʮ/ʛʘ (ʫ ʛʠʙʨʠʜʘ ʅʘʥʜʨʠʥ F1) ʠ ʦʪ 364 ʮ/ʛʘ ʜʦ 384 ʮ/ʛʘ (ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4). 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʘʣʠʤʘʛʥʝʟʠʠ ʥʘ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦʤ ʬʦʥʝ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ (545 ʮ/ʛʘ ï ʫ 

ʛʠʙʨʠʜʘ ʅʘʥʜʨʠʥ F1 ʠ 384 ʮ/ʛʘ ï ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4). ʅʘʠʤʝʥʴʰʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴʶ ʠ ʧʨʠʙʘʚʢʘ ʢ ʢʦʥʪʨʦʣʶ ʚʳʷʚʣʝʥʳ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʭʣʦʨʠʩʪʦʛʦ  ʢʘʣʠʷ ï 518 ʮ/ʛʘ ʠ 38 ʮ/ʛʘ (ʫ ʛʠʙʨʠʜʘ ʅʘʥʜʨʠʥ F1) ʠ 364 ʮ/ʛʘ ʠ 

34 ʮ/ʛʘ (ʫ ʩʦʨʪʘ ʅʘʥʪʩʢʘʷ 4) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʋɼʂ: 54.06 

ʐʘʧʦʰʥʠʢʦʚ ɺʘʩʠʣʠʡ ʖʨʴʝʚʠʯ 

ʇʦʣʫʯʝʥʠʝ ʙʠʦʫʛʣʷ ʪʦʨʨʝʬʠʢʘʮʠʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɹʠʦʫʛʦʣʴ - ʫʛʣʝʨʦʜʠʩʪʳʡ ʧʨʦʜʫʢʪ ʙʠʦʤʘʩʩʳ, ʧʦʣʫʯʘʝʤʳʡ ʧʫʪʝʤ 

ʫʜʘʣʝʥʠʷ ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʜʚʝʨʛʘʷ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʠʪʝʣʴʥʫʶ ʠʣʠ ʞʠʚʦʪʥʫʶ ʙʠʦʤʘʩʩʫ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʫʛʣʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʪʦʨʨʝʬʠʢʘʮʠʠ.  

ʊʦʨʨʝʬʠʢʘʮʠʷ, ʠʣʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʨʦʣʠʟ, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʙʠʦʪʦʧʣʠʚʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʝʛʦ ʥʘʛʨʝʚʝ ʠ 

ʚʳʜʝʨʞʢʝ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 200 ï 300ÁC. 

ɺ ʧʨʦʮʝʩʩʝ ʪʦʨʨʝʬʠʢʘʮʠʠ ʠʟ ʩʳʨʴʷ ʫʜʘʣʷʝʪʩʷ ʚʣʘʛʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʯʘʩʪʠʯʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʪʨʫʢʮʠʷ ʦʩʥʦʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʙʠʦʤʘʩʩʳ (ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ). ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ ʢʘʢ ʩʳʨʴʷ ʚ ʦʜʥʦʨʦʜʥʫʶ ʤʘʩʩʫ. ʊʦʨʨʝʬʠʢʘʪ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʸʥ ʢʘʢ ʪʦʧʣʠʚʦ ʜʣʷ ʧʨʷʤʦʛʦ ʩʞʠʛʘʥʠʷ (ʩʦʚʤʝʩʪʥʦ ʩ ʫʛʣʸʤ ʣʠʙʦ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ), ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʛʘʟʠʬʠʢʘʮʠʠ ʠ ʧʠʨʦʣʠʟʘ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʪʦʨʨʝʬʠʢʘʮʠʷ ʣʠʛʥʠʥʘ, ʠʥʫʣʠʥʘ, 

ʮʝʣʣʶʣʦʟʳ, ʭʚʦʡʥʳʭ ʠ ʙʝʨʸʟʦʚʳʭ ʦʧʠʣʦʢ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʧʨʦʮʝʩʩ ʪʦʨʨʝʬʠʢʘʮʠʠ. ʇʨʦʮʝʩʩ ʪʦʨʨʝʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʚ ʤʫʬʝʣʴʥʦʡ 

ʧʝʯʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 250-300 Áʉ. ɸʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʙʠʦʫʛʣʝʡ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. 

ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ 

ʌʨʝʡʥʜʣʠʭʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʦʨʨʝʬʠʢʘʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 260 Áʉ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ.  

ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʙʠʦʫʛʣʷ ʧʫʪʝʤ ʝʛʦ 

ʩʫʣʴʬʠʨʦʚʘʥʠʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʩ ʮʝʣʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʩʫʣʴʬʦʛʨʫʧʧ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʕʢʦʵʥʝʨʛʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ɸʜʨʝʩ ʜʦʩʪʫʧʘ:  https://ecology-

energy.ru/production/biofuel/torrefied_wood. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 16 ʠʶʥʷ 2024 ʛ 
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ʐʘʨʘʧʦʚʘ ɸʥʥʘ ɸʥʜʨʝʝʚʥʘ, ʂʫʜʨʷʚʮʝʚʘ ɽʢʘʪʝʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ  

ʉʠʥʪʝʟ ʩʪʘʙʠʣʴʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ (I) 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ɹʫʨʠʥʩʢʘʷ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ  

ʂʘʬʝʜʨʘ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ɸ.ɸ. ʍʘʨʭʘʨʦʚʘ 

ʅʘʥʦʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʤʝʜʠ (I) (Cu O) ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʦʧʪʠʯʝʩʢʠʤ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ (I) ʠʟ ʧʨʝʢʫʨʩʦʨʘ ï ʩʫʣʴʬʘʪ ʤʝʜʠ (II) ʧʝʥʪʘʛʠʜʨʘʪ 

(CuSO  Ö 5H2O) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,0008 ʄ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

ʧʨʝʢʫʨʩʦʨ:ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 1:80. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʇʕɻ ï 1500. ʉʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʣʘʙʦ-ʢʠʩʣʦʡ ʠ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʘʭ.  

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʮʚʝʪ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʥʷʣʩʷ ʦʪ ʷʨʢʦ-ʞʝʣʪʦʛʦ ʜʦ ʢʨʘʩʥʦ-

ʙʘʛʨʦʚʦʛʦ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʦʢʩʠʜʘ ʤʝʜʠ (I). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʋʌ-6700 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʵʢʩʪʠʥʢʮʠʷ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ ɚ å 290ï360 ʥʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʤ ʧʠʢʘʤ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ 

(I). ʇʦʣʫʯʝʥʥʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ (I) ʦʧʨʝʜʝʣʷʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL JSM-6390 

LA. ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʪ 30 ʜʦ 50 ʥʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʇʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʤʝʜʠ (I) ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʨʘʩʠʪʝʣʝʤ 

ʤʝʪʠʣʝʥʦʚʳʤ ʛʦʣʫʙʳʤ (ʄɺ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʆʩʥʦʚʥʦʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ, 

ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪ ʤʦʣʝʢʫʣʳ MB. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʥʘʥʦʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

(pH = 10). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ Cu O 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʠʣʝʥʦʚʳʡ 

ʛʦʣʫʙʦʡ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

Cu O ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 81 
 

ʋɼʂ 66.092.097 

ʐʘʰʫʝʚ ɸʥʜʨʝʡ ɸʣʝʢʩʝʝʚʠʯ 

ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʫʛʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ 

ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ, ʖ.ɺ. ʃʫʛʦʚʦʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʨʝʚʨʘʱʝʥʠʝ ʦʪʭʦʜʦʚ ʙʠʦʤʘʩʩʳ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ 

ʢʘʢ ʙʠʦʫʛʦʣʴ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʮʝʥʥʦʩʪʠ 

ʦʪʭʦʜʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʫʛʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʙʠʦʫʛʦʣʴ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʐʘʨʤʘ ʠ ʜʨ., 2023) [1]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʢʘʨʙʦʥʠʟʘʮʠʷ (ɻʊʂ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ ʜʦʙʘʚʣʝʥʥʦʡ 

ʩʪʦʠʤʦʩʪʴʶ. ɺʦ ʚʨʝʤʷ ɻʊʂ ʙʠʦʤʘʩʩʫ ʥʘʛʨʝʚʘʶʪ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ ʠ ʘʚʪʦʛʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 2-10 

ʄʇʘ [2]. 

ɺʦ ʚʨʝʤʷ ɻʊʂ ʙʠʦʤʘʩʩʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʨʘʩʧʘʜʘʷʩʴ ʥʘ ʪʚʸʨʜʳʝ, ʞʠʜʢʠʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʪʝʢʘʶʪ ʪʘʢʠʝ ʨʝʘʢʮʠʠ, ʢʘʢ ʛʠʜʨʦʣʠʟ, ʜʝʛʠʜʨʘʪʘʮʠʷ, 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ, ʘʨʦʤʘʪʠʟʘʮʠʷ ʠ ʧʦʚʪʦʨʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʫʛʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ 

(ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʥʦʰʝʥʠʷ ʙʠʦʤʘʩʩʘ-ʚʦʜʘ, ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ). ɺ ʢʘʯʝʩʪʚʝ 

ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʨʘ ʭʚʦʡʥʳʭ ʠ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʴʝʚ. 

ʇʦʣʫʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʵʣʝʤʝʥʪʥʦʛʦ (CHNS) 

ʘʥʘʣʠʟʘ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ 22-79-10096). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Sharma A.K., Chodke P.K., Goyal N., Bobde P., Kwon E.E., Lin K.-Y. A., Chen W.-H. // 

Bioresource and Technology. ï 2023. ï Vol. 387. ï P. 129632. 

2. Makela M., Benavente V., Fullana A. // Applied Energy. ï 2015. ï Vol. 155. ï P. 576ï584. 

3. Fang, June ; Zhan, Lu ; Ok, Yong Sik et al. // Journal of Industrial and Engineering Chemistry. 

ï 2018. ï Vol. 57. ï P. 15-21. 
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ʋɼʂ: 66.061.3 

ʑʠʭʦʨʩʢʘʷ ɽʣʠʟʘʚʝʪʘ ɼʤʠʪʨʠʝʚʥʘ  

ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʢʩʪʨʘʢʮʠʠ ʙʠʦʬʣʘʚʦʥʦʠʜʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ʃʘʢʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʬʣʶʠʜʘʤʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʬʣʶʠʜ (ʉʂʌ) ï ʦʩʦʙʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ, ʚ 

ʢʦʪʦʨʦʝ ʦʥʦ ʧʝʨʝʭʦʜʠʪ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʨʦʛʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʘʟʳʚʘʝʤʳʭ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ[1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʂ-ʉʆ2 ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʬʣʘʚʦʥʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʂ-ʉʆ2 ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ  ʵʢʩʪʨʘʢʮʠʠ ʵʪʘʥʦʣʦʤ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʬʣʘʚʦʥʦʠʜʦʚ ʣʘʙʘʟʥʠʢʘ ʚʷʟʦʣʠʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʜʟʝʤʥʫʶ ʯʘʩʪʴ ʠʟ ʦʜʥʦʡ ʧʘʨʪʠʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ʉʳʨʴʸ ʣʘʙʘʟʥʠʢʘ ʠʟʤʝʣʴʯʘʣʠ ʜʦ 6ï8 ʤʤ, ʦʪʙʠʨʘʣʠ 

10,0 ʛ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 55 Áʉ ʠ ʜʘʚʣʝʥʠʷʭ 15, 20 ʠ 30 

ʄʇʘ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʤʤʳ 

ʬʣʘʚʦʥʦʠʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʢʮʠʠ ʤʝʪʦʜʦʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (20 ʄʇʘ ʠ 

55 Áʉ), ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ 

ʬʣʘʚʦʥʦʠʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 70%-

ʥʳʤ ʵʪʘʥʦʣʦʤ. ɺʳʩʦʢʠʡ ʚʳʭʦʜ ʙʠʦʬʣʘʚʦʥʦʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʜʝʛʨʘʜʘʮʠʶ 

ʪʝʨʤʦʣʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʬʣʶʠʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʬʣʘʚʦʥʦʠʜʳ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʦʛʠʣʶʢ ɺ., ɼʦʙʨʦʚʦʣʴʥʳʡ ɸ. ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʬʣʶʠʜʥʘʷ ʵʢʩʪʨʘʢʮʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ: ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ // ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ. 2015. T. 48, 

ˉ1. ʉ. 62-68. 
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ʋɼʂ: 661.17:665.6/.7 

ʗʢʦʚʣʝʚ ɹʦʨʠʩ ɸʣʝʢʩʝʝʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʩʰʠʪʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂ.ɺ. ʏʘʣʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʭʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʠʤʝʨʦʚ 

ʊʝʭʥʦʣʦʛʠʷ ʧʠʨʦʣʠʟʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ ʚʢʣʶʯʘʷ ʧʣʘʩʪʠʢʦʚʳʝ, ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ. ʇʠʨʦʣʠʟ ʚʢʣʶʯʘʝʪ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʠʪʴ ʫʛʣʝʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʰʠʪʳʡ ʧʦʣʠʵʪʠʣʝʥ, ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʆʜʥʘʢʦ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʫʪʠʣʠʟʘʮʠʠ ʝʛʦ ʦʪʭʦʜʦʚ, ʪʘʢ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʳ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʠʨʦʣʠʟ 

ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʝ, ʧʦʟʚʦʣʷʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʚ ʞʠʜʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʛʘʟ ʠ ʫʛʣʝʨʦʜʥʳʝ ʦʩʪʘʪʢʠ. ʇʨʦʮʝʩʩ ʧʠʨʦʣʠʟʘ ʩʰʠʪʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʕʪʠ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ 

ʚʢʣʶʯʘʪʴ ʢʘʢ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʘʢ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʣʠ ʩʳʨʴʷ ʜʣʷ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʧʠʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʷ ʧʠʨʦʣʠʟʥʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʪʦʧʣʠʚʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʧʠʨʦʣʠʟ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʦʩʪʘʪʢʦʚ. ʕʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʩʦʩʪʘʚ ʠ ʚʳʭʦʜ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. [1] 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʚʳʭʦʜʘ 

ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʠʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʰʠʪʳʡ ʧʦʣʠʵʪʠʣʝʥ ʤʘʨʢʠ PE-Xa. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʨʝʘʢʪʦʨʝ ʦʙʲʝʤʦʤ 100ʤʣ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʘʟʦʪʘ ʠ ʘʨʛʦʥʘ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ 

ʧʠʨʦʣʠʟʘ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ ɻɾʍ, ʄʉ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Cynthie Dega, Rachid Boukhili, Babak Esmaeili, Justine Decaens. Microwave-Assisted 

Pyrolysis of Carbon Fiber-Reinforced Polymers and Optimization Using the BoxïBehnken 

Response Surface Methodology Tool. Materials. -2024. P. 19. 
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ʗʢʦʚʣʝʚʘ ɸʛʘʪʘ ɸʥʘʪʦʣʴʝʚʥʘ 

ɹʠʦʘʢʪʠʚʘʮʠʷ ʩʝʤʷʥ ʢʦʥʦʧʣʠ (Cannabis sativa L.) ʠ ʣʴʥʘ (Linum 

usitatissimum L.) ʤʝʪʦʜʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʨʘʱʠʚʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʕ. ʄʠʥʝʚʠʯ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ ʣʫʙʷʥʳʭ ʢʫʣʴʪʫʨ, ʊʚʝʨʴ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʜʣʷ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʠʝ ʢʫʣʴʪʫʨʳ ʢʘʢ ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʦʧʣʷ ʠ ʣʝʥ ʤʘʩʣʠʯʥʳʡ. ʉʝʤʝʥʘ ʜʘʥʥʳʭ ʢʫʣʴʪʫʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʚ ʧʠʱʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʢʨʦʥʫʪʨʠʝʥʪʦʚ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʤʝʪʦʜʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʝʤʷʥ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʨʘʱʠʚʘʥʠʷ. ʌʝʨʤʝʥʪʘʪʠʚʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʝʤʷʥ 

ʢʦʥʦʧʣʠ ʠ ʣʴʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʙʠʦʧʦʣʠʤʝʨʦʚ ï 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʝʧʪʠʜʦʚ, ʤʦʥʦ- ʠ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʥʫʢʣʝʦʪʠʜʦʚ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʨʘʱʠʚʘʥʠʠ ʩʝʤʷʥ 

ʢʦʥʦʧʣʠ ʠ ʣʴʥʘ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʥʫʪʨʠʝʥʪʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʧʝʨʠʦʜʠʯʥʦ. ʆʩʥʦʚʥʦʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʡ ʨʘʩʧʘʜ ʟʘʧʘʩʥʳʭ 

ʙʝʣʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʩʠʥʪʝʟʦʤ ʥʦʚʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʟʘʤʝʪʥʳ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ ʣʠʧʠʜʦʚ ʩʝʤʷʥ ʣʴʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʨʘʩʱʝʧʣʝʥʠʷ ʟʘʧʘʩʥʳʭ ʣʠʧʠʜʦʚ. ɺ ʩʝʤʝʥʘʭ ʢʦʥʦʧʣʠ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʜʦ ʛʣʠʮʝʨʠʥʘ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʫʛʣʝʚʦʜʥʦʡ ʦʙʣʘʩʪʠ (1200-680 ʩʤ-1) ʀʂ-ʩʧʝʢʪʨʦʚ ʧʨʦʨʦʱʝʥʥʳʭ 

ʩʝʤʷʥ ʢʦʥʦʧʣʠ ʠ ʣʴʥʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʣʠʩʘʭʘʨʠʜʦʚ [2]. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɻʦʨʝʝʚʘ ɺ.ʅ. ʂʘʯʝʩʪʚʦ ʩʝʤʷʥ ʣʫʙʷʥʳʭ ʠ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ // ʇʝʨʤʩʢʠʡ ʘʛʨʘʨʥʳʡ 

ʚʝʩʪʥʠʢ. ï 2021. ï ˉ 4 (36). ï ʉ. 30-37. 

2. Andronie L., Pop I. D., Sobolu R., Diaconeasa Z., TruŞŁ A., Hegeduĸ C., Rotaru A. 

Characterization of Flax and Hemp Using Spectrometric Methods // Applied Sciences. ï 2021. 
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ʗʩʠʥʦʚʝʥʢʦ ʄʘʨʠʷ ɸʥʜʨʝʝʚʥʘ 

ɾʠʜʢʦʬʘʟʥʦʝ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʙʨʦʤʙʝʥʟʦʣʘ ʚ ʩʠʥʪʝʟʝ ʵʬʠʨʦʚ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ.ɹʳʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʣʴʜʝʛʠʜʦʚ, ʢʝʪʦʥʦʚ, 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʠ ʮʝʣʝʚʳʝ ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɹʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ - ʧʨʦʩʪʝʡʰʘʷ ʦʜʥʦʦʩʥʦʚʥʘʷ ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ - ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʘ ʠ ʝʝ ʩʦʣʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʠ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ, ʘ ʪʘʢʞʝ ʥʝʪʦʢʩʠʯʥʦʩʪʠ, 

ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʚ ʤʝʜʠʮʠʥʝ ʧʨʠ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʢʘʢ ʥʘʨʫʞʥʦʝ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʝ ʠ 

ʬʫʥʛʠʮʠʜʥʦʝ ʩʨʝʜʩʪʚʦ. ɽʸ ʵʬʠʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʘʨʬʶʤʝʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʥʘʧʨʠʤʝʨ, ʭʣʦʨ- ʠ 

ʥʠʪʨʦʙʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ, - ʜʣʷ ʩʠʥʪʝʟʘ ʢʨʘʩʠʪʝʣʝʡ. ɹʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʝʥʦʣʘ, ʢʘʧʨʦʣʘʢʪʘʤʘ, ʙʝʥʟʦʠʣʭʣʦʨʠʜʘ ʢʘʢ 

ʜʦʙʘʚʢʫ ʢ ʘʣʢʠʜʥʳʤ ʣʘʢʘʤ, ʫʣʫʯʰʘʶʱʫʶ ʙʣʝʩʢ, ʘʜʛʝʟʠʶ, ʪʚʝʨʜʦʩʪʴ ʠ 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʦʢʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝʤ ʙʨʦʤʙʝʥʟʦʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʠ ʧʘʣʣʘʜʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʩʪʠʨʦʣʜʠʚʠʥʠʣʙʝʥʟʦʣʴʥʦʤ ʩʦʨʙʝʥʪʝ MN100. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʩʥʦʚʘʥʠʡ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ 

ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʫʛʘʨʥʦʛʦ ʛʘʟʘ. ɸʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʘ ʧʨʦʚʦʜʠʣʩʷ 

ʤʝʪʦʜʦʤ ɻʍ-ʄʉ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 98,83%. 
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ʋɼʂ 537.226  

ɸʣʝʢʩʘʥʜʨʦʚ ɽʚʛʝʥʠʡ ɺʘʩʠʣʴʝʚʠʯ 

ɺʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʘ P(VDF-TRFE) + ɼʊɻʉ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ʉʦʣʥʳʰʢʠʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʇʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜ PVDF ʠ ʝʛʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʦʧʦʣʠʤʝʨ ʩ ʪʨʠʬʪʨʦʵʪʠʣʝʥʦʤ P(VDF-TrFE) ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʢʣʘʩʩʫ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʧʦʥʪʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʧʦʣʷʨʥʦʡ b-ʬʘʟʝ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʠʨʦ- ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʥʝʜʨʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ PVDF ʠʣʠ P(VDF-

TrFE) ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠʣʠʪʴ ʧʠʨʦ- ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

P(VDF-TrFE) ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʢʣʶʯʝʥʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 

(ɼʊɻʉ). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʉ ï 0,5; 1; 5; 10% ʠ ʪʦʣʱʠʥʦʡ 15 ï 25 ʤʢʤ. ɼʣʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʥʦʛʦ ʨʘʩʧʳʣʝʥʠʝ ʥʘʥʝʩʝʥʳ ʘʣʶʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʜʳ. ʀʟʤʝʨʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ 25 · 3Ö106 ɻʮ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ ʠʤʤʠʪʘʥʩʘ ɽ7-30. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (e) 

ʢʦʤʧʦʟʠʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʊɻʉ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ɼʊɻʉ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 3 ʨʘʟʘ 

ʚʝʣʠʯʠʥʫ e ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʤʦʜʝʣʷʤʠ ʄʘʢʩʚʝʣʣʘ-ɻʘʨʥʝʪʪʘ ʠ ʇʫʥʘ-ʐʠʥʘ. 

ʇʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʘ e, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ TC = 112̄ C 

ʜʣʷ ʧʣʝʥʦʢ P(VDF-TrFE) ʙʝʟ ʚʢʣʶʯʝʥʠʡ. ʅʘʣʠʯʠʝ ɼʊɻʉ ʚ ʢʦʤʧʦʟʠʪʥʳʭ 

ʧʣʝʥʢʘʭ ʩʤʝʱʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʦʙʣʘʩʪʴ. ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʩʭʦʞ ʩ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʜʚʠʛʘ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʝʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ɼʊɻʉ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. 
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ʋɼʂ: 537.226.4 

ɸʣʝʢʩʘʥʜʨʦʚʘ ɼʘʨʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʮʝʨʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʃ. ʂʠʩʣʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ (SBN), ʣʝʛʠʨʦʚʘʥʥʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ 

SBN ʩ ʧʨʠʤʝʩʴʶ ʮʝʨʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʟ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʠ 

ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1.  ɺʝʣʠʯʠʥʳ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ 

SBN pure ʠ SBN Ce. 

ʆʙʨʘʟʮʳ ʂʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ɽ, 

ʢɺ/ʩʤ 

ʇʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ 

ʈ,  ʤʢʂʣ/ʩʤ2 

SBN-61 pure 0,7 50 

SBN-61 0,002 % Ce 1,1 6,2 

SBN-61 0,01 % Ce 1,2 8,6 

SBN-61 0,1 % Ce 2,7 6,0 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩ 

ʧʨʠʤʝʩʴʶ ʮʝʨʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʩʧʨʠʤʝʩʥʳʤ 

SBN ʠʣʠ SBN 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 ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʘʷ ʧʨʠʤʝʩʴ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʯʝʤ ʧʨʠʤʝʩʠ ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ 

ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥʳ ʢʦʵʨʮʠʪʠʚʥʦʛʦ 

ʧʦʣʷ.  
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ʋɼʂ 536.421.1 + 536.911 

ɸʥʦʬʨʠʝʚ ɺʠʪʘʣʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʨʘʢʪʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʤʦʣʠʙʜʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʣʸʥʢʠ ʄʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʈʘʥʝʝ ʚ [1] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ (ʌʈ) ʠ ʧʣʦʱʘʜʴʶ 

ʧʦʢʨʳʪʠʷ ʧʦʜʣʦʞʢʠ ʦʜʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʧʣʸʥʢʘʤʠ ʥʘ ʦʩʥʦʚʝ Mo. ɺ [2] 

ʩʜʝʣʘʥ ʘʢʮʝʥʪ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʚʢʣʶʯʘʷ Mo, ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʌʈ. ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʌʈ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʠʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ, ʥʦ ʠ ʚʣʠʷʥʠʝʤ ʦʙʨʘʪʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʄʦ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʣʸʥʦʢ Mo 

[3] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʌʈ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,41ï2,84 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʘʩʰʪʘʙʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʌʈ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʧʣʸʥʦʢ, ʠ ʠʭ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

   

ʘ ʙ ʚ 

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʧʣʸʥʢʠ Mo ʠ ʜʠʘʛʨʘʤʤ ʝʸ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʛʜʝ: ʘ ï ʉʊʄ-

ʠʟʦʙʨʘʞʝʥʠʝ ʩʦ ʰʢʘʣʘʤʠ ʨʘʟʤʝʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʝʸ ʚʳʩʦʪʥʦʩʪʠ; ʙ ï ʠʟʦʙʨʘʞʝʥʠʝ 

ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʸʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʘ; ʚ ï ʜʝʢʘʨʪʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʢʩʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Jiang Y., to Baben M., Lin Y. et al. Analyzing growth kinematics and fractal dimensions of 

molybdenum disulfide films // Nanotechnology. 2021. V. 32. ˉ 24. Art. ˉ 245602. 13 p.  

2. Zavdoveev A., Beygelzimer Y., Varyukhiv V., Efros B.Influence of deformation on fractal 

dimension of deformed metals structure // arXiv:1204.6398. 2012. 5 p.  

3. Anofriev V.A., Sdobnyakov N.Yu. et al. Fractal relief on the surface of molybdenum films 

// Proceedings of the 2025 Conference of Young Researchers in Electrical and Electronic 

Engineering (2025 ElCon). St. Petersburg, 2025. P. 958-963. 
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ʋɼʂ 535-1 

ɹʝʨʠʣʦʚ ɺʣʘʜʠʩʣʘʚ ɺʘʩʠʣʴʝʚʠʯ 

ʇʨʠʤʝʥʝʥʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʪʸʢʦʣ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʧʪʠʢʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ɺ. ʂʘʧʣʫʥʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʨʦʛʨʝʩʩ, ʜʦʩʪʠʛʥʫʪʳʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ, ʧʨʠʚʣʝʢ ʚʥʠʤʘʥʠʝ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ 2019 ʛʦʜʫ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʩʪʝʢʣʘ ʥʘ ʦʩʥʦʚʝ As, S ʠ Se, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 3-5 ʠ 8-12 ʤʢʤ. ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʨʘʢʨʘʩʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʦʧʪʠʯʝʩʢʘʷ 

ʩʚʷʟʴ, ʤʝʜʠʮʠʥʘ ʠ ʵʢʦʣʦʛʠʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ 

ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɼʣʷ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʩʧʣʘʚʳ, ʚʢʣʶʯʘʷ As-S, As-Se, As-S-Se, Ge-S, Ge-

Se, Ge-As-S, As-Se-Te, Ge-As-Se, Ge-Se-Te, GaīLaīS ʠ Ge(Ga) [1]. ɺ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʪʸʢʦʣ Ge-As-Se (ʩʤ. ʈʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 63% ʚ 

ʜʠʘʧʘʟʦʥʝ 2ï14 ʤʢʤ, ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 2ï10 ʤʢʤ.  
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ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʪʸʢʦʣ 

Ge-As-Se ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʩʚʝʪʣʷʶʱʠʤʠ ʧʦʢʨʳʪʠʷʤʠ: ʘ ï cʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʪʸʢʦʣ, ʙ ï cʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʪʸʢʦʣ (ʜʣʠʥʘ ʚʦʣʥʳ 

ʫʢʘʟʘʥʘ ʚ ʤʢʤ). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʈʳʞʦʚ, ɺ. ɸ., ʄʝʣʝʭ, ɹ. ʊ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 
ʪʝʣʣʫʨʘ ʚ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (ɚ > 30 ʤʢʤ) // ʌʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 2018. ʊ. 52. ɺʳʧ. 2. ʉ. 221-226. 
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ʋɼʂ 536.421.1 + 536.911 

ɺʝʨʝʩʦʚ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʉʝʨʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʭ 

ʢʦʥʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʦʮʝʩʩʝ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ [1] ʠʣʠ ʚʳʙʦʨ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ [2, 3], ʥʦ 

ʠ ʩʘʤʘ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ [4] 

ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ 0,25-1 ʂ/ʧʩ. ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ʘ ï (Cu200-

Au600-Pt800)@Pd2400, ʙ ï Cu200@Au600@Pt800@Pd2400, ʚ ï Pd2400-

Pt800-Au600-Cu200), ʦʪʚʝʯʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʥʘʯʘʣʴʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʧʣʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ (ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʡ ʨʦʩʪ ʩ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ). ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʧʨʠʤʝʨ ʢʦʥʝʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ï ʈʠʩ. 1) ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʥʘ 70-110 ʂ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 1 ʂ/ʧʩ.  

   

ʘ ʙ ʚ 

ʈʠʩ. 1. 3D ʢʦʥʝʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 0,5 ʂ/ʧʩ 

(ʮʚʝʪʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʬʘʟʘʤ: ʟʝʣʝʥʳʝ ï ɻʎʂ, 

ʢʨʘʩʥʳʝ ï ɻʇʋ). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʥʘʥʦʯʘʩʪʠʮʘʭ Au-Cu-Pd-Pt ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 
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2. ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʘʚʠʥʘ ʂ.ɻ. ʠ ʜʨ. ʉʮʝʥʘʨʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ: ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2023.  

ɺʳʧ. 15. ʉ. 432-443. 

3. ɺʝʨʝʩʦʚ ʉ.ɸ., ʉʘʚʠʥʘ ʂ.ɻ. ʠ ʜʨ. ʂ ʚʦʧʨʦʩʫ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2022. ɺʳʧ. 14. ʉ. 371-

382. 

4. Cleri F., Rosato V. Tight-binding potentials for transition metals and alloys // Physical 

Review B. 1993. V. 48. I. 1. P. 22-33. 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 91 
 

ʋɼʂ 537.226.4 

ɻʘʣʢʠʥ ʀʚʘʥ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʇʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ  

ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʅ. ɹʦʣʴʰʘʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʣʠʷʥʠʠ ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ʊɻʉ) ʠʦʥʘʤʠ ʤʝʜʠ ʥʘ 

ʧʨʦʮʝʩʩʳ ʠʭ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʩʦʩʪʘʚʣʷʣʠ (10-5-10-3) ʚʝʩ.%. ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʝʥʳ ʧʨʠ ʊ=293ʂ ʤʝʪʦʜʦʤ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ 

ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʯʘʩʪʦʪʦʡ 50 ɻʮ.  

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʊɻʉ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʜʣʷ ʙʝʩʧʨʠʤʝʩʥʦʛʦ ʊɻʉ. ʆʥʠ ʧʨʷʤʦʫʛʦʣʴʥʳ, ʥʝ ʠʩʢʘʞʝʥʳ ʠ 

ʠʤʝʶʪ ʩʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ [1]. 

ʊʘʙʣʠʮʘ 1 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʜʝʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʊɻʉ 

 ̄
Cu2+, 

10-3 

ʚʝʩ. % 

Ů ʵʬ, 104 

P,10-2  

ʂʣÖ ʤ-2 

Ec, 

103 

ɺĿʤ-1 

Ecʤ, 

103  

ɺĿʤ-1 

ʂ tgŭ 

1 4,2 1,4 1,9 94 52 0,18 0,15 

2 4,2 2,3 2,4 71 81 0,07 0,15 

3 7,4 2,8 2,4 62 50 0,08 0,16 

4 7,7 2,6 2,6 62 52 0,12 0,13 

5 8,1 1,5 2,1 92 76 0,1 0,13 

6 8,7 3,3 2,9 57 27 0,7 0,12 

7 8,7 3,3 2,7 60 33 0,5 0,14 

ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ, 

ʘ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ï ʢ ʫʤʝʥʴʰʝʥʠʶ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ 2014.160 ʩ 
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ʋɼʂ 537.226.4 

ɻʣʠʥʩʢʠʡ ɼʤʠʪʨʠʡ ʈʦʤʘʥʦʚʠʯ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʢʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʢʘʣʠʷ ʥʘʪʨʠʷ  

ʦʢʩʠʜʦʤ ʮʠʨʢʦʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɺ. ɹʘʨʘʙʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʚʷʟʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʩʚʠʥʮʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʙʝʩʩʚʠʥʮʦʚʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʢʘʣʠʷ ʥʘʪʨʠʷ (KNN). ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʝʨʘʤʠʢʠ KNN ʧʨʦʚʦʜʠʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʝʸ 

ʩʦʩʪʘʚʘ [1]. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ KNN, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ZrO2 ʚ 

ʢʦʣʠʯʝʩʪʚʝ 1 ʤʦʣ. %. ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (25-500 
ʦʉ) ʠ ʯʘʩʪʦʪ (103-106 ɻʮ) ʧʨʠ ʧʦʤʦʱʠ ʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ 

çɺʝʢʪʦʨ ï 175è. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʘʣʝʢʪʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʟʥʳʭ 

ʯʘʩʪʦʪʘʭ: a ï KNN; ʙ ï KNNZr0,01. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ Ů(ʊ) (ʈʠʩ. 1) 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʢʝʨʘʤʠʢʘ ʠʤʝʝʪ ʜʚʘ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ: ʨʘʟʤʳʪʳʡ ʧʨʠ 

240 ÁC ʠ ʦʩʥʦʚʥʦʡ ʫʟʢʠʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 420 ÁC. ɺʚʝʜʝʥʠʝ ʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ 

ʥʝʤʥʦʛʦ ʩʤʝʱʘʝʪ ʤʘʢʩʠʤʫʤʳ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (225 ÁC ʠ 415 

ÁC) ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ Ů. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʘʨʘʙʘʥʦʚʘ ɽ.ɺ., ʂʦʥʜʨʘʪʴʝʚ ʉ.ɽ., ʀʚʘʥʦʚʘ ɸ.ʀ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢ ʥʠʦʙʘʪʘ 
ʪʠʪʘʥʘʪʘ ʥʘʪʨʠʷ ʢʘʣʠʷ // ʊʨʫʜʳ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ʉʝʨ.: ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 

2023. ʊ. 14. ˉ 3. ʉ. 33-37. 
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ʋɼʂ 538.913 

ɻʫʨʴʝʚʘ ʉʚʝʪʣʘʥʘ ɸʥʘʪʦʣʴʝʚʥʘ, ɹʦʨʠʩʦʚ ɸʨʪʝʤ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʂʠʥʝʪʠʢʘ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʪʨʠʢʦʟʘʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɸ. ʄʘʨʠʭʠʥ 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʅʘ ʩʪʘʥʮʠʠ ɹɽʃʆʂ-ʈʉɸ ʂʫʨʯʘʪʦʚʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ çʂʀʉʀ-ʂʫʨʯʘʪʦʚè ʧʦʣʫʯʝʥʳ 2D-ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʦʛʦ ʥ-ʘʣʢʘʥʘ ʪʨʠʢʦʟʘʥʘ 

ʉ23ʅ48 ʧʨʠ ʣʠʥʝʡʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.4ÁC/min. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʜʘʥʥʳʭ ʚ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ 

ʫʛʣʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʪʨʠʢʦʟʘʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʈʠʩ. 1). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʭʦʜʥʘʷ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʪʨʠʢʦʟʘʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

Pbcm (57) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʥʦʚʫʶ ʬʘʟʫ Pnma (62) ʚʙʣʠʟʠ ʊ = 38Üʉ. 

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ȹʊ = 40 ï 42Áʉ ʧʨʠʚʦʜʠʪ 

ʢ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʦʥʦʢʣʠʥʥʦʡ ʨʦʪʘʮʠʦʥʥʦʡ ʬʘʟʳ RV (Aa (9)). 

ʇʨʠ ʊ = 42Áʉ ʚʦʟʥʠʢʘʝʪ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʨʦʪʘʮʠʦʥʥʘʷ ʬʘʟʘ RI (Fmmm (69)), 

ʢʦʪʦʨʘʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʪʝʧʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ, ʯʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ b/a ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʩʪʨʝʤʷʩʴ ʢ ʟʥʘʯʝʥʠʶ ã3, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʫʙ-ʷʯʝʡʢʫ. 

ɺʙʣʠʟʠ ʊ = 45Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʬʠʥʘʣʴʥʘʷ ʨʦʪʘʮʠʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʪʨʠʢʦʟʘʥʘ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ (ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ) ʨʦʪʘʮʠʦʥʥʘʷ 

ʬʘʟʘ RII ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R3m (166), ʠʟ ʢʦʪʦʨʦʡ ʦʙʨʘʟʝʮ 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʧʣʘʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʘ ʢʠʥʝʪʠʢʘ ʧʦʣʠʤʦʨʬʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʪʨʠʢʦʟʘʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʜʣʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʨʦʪʘʮʠʦʥʥʳʭ ʬʘʟ. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ b/a, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ ʪʨʠʢʦʟʘʥʘ ʉ23ʅ48 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 
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ʋɼʂ: 537.622 

ɻʫʩʝʚʘ ɸʥʥʘ ʄʘʨʢʦʚʥʘ, ʉʤʝʪʘʥʥʠʢʦʚʘ ʉʦʬʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʄʉʄ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʤʝʥʦʚ ʩʦʝʜʠʥʝʥʠʡ 

RFe11Ti  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ. ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʦʝʜʠʥʝʥʠʷ RFe11Ti ʩ ʩʪʨʫʢʪʫʨʦʡ ThMn12 ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ 

ʥʘʩʳʱʝʥʠʷ, ʦʜʥʦʦʩʥʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 488 ʜʦ 607 ʂ [1-2]. ʇʦʵʪʦʤʫ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʮʳ 

ʩʦʝʜʠʥʝʥʠʡ RFe11Ti, ʛʜʝ R = Y, Gd, Ho, Er, ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʘʩʴ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ɼʉ) ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ɿʘʜʘʯʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʨʘʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ g. 

ʀʩʭʦʜʥʳʝ ʩʧʣʘʚʳ ʚʳʧʣʘʚʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ. ʇʦʣʷ ʨʘʩʩʝʷʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʉɿʄ Solver 

Next. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ɹʦʜʝʥʙʝʨʛʝʨʘ-ʍʫʙʝʨʪʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʩʷ ʢ ʄʉʄ-

ʠʟʦʙʨʘʞʝʥʠʷʤ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʰʠʨʠʥʫ ʜʦʤʝʥʘ, 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ɼʉ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ g ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ 2,98 ʤɼʞ/ʤ2 ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ErFe11Ti ʜʦ 5,93 

ʤɼʞ/ʤ2 ʜʣʷ GdFe11Ti. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʊʚɻʋ 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʂʘʤʠʥʩʢʘʷ ʊ.ʇ., ʊʝʨʸʰʠʥʘ ʀ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ Sm-Fe-Co-Ti-H ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ThMn12 ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ // ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 3. ʌʠʟʠʢʘ. ɸʩʪʨʦʥʦʤʠʷ. ï 2020. 

ï ˉ. 6. ï ʉ. 99-105.  

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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ʋɼʂ 53.098 

ɽʛʦʨʦʚʘ ʂʘʨʠʥʘ ɸʚʪʘʥʜʠʥʦʚʥʘ  

ɺʣʠʷʥʠʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʀ. ʀʚʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ (Ge) ʠ ʢʨʝʤʥʠʷ (Si) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʦʧʪʠʢʝ ʀʂ ʠ ʊɻʮ ʜʠʘʧʘʟʦʥʦʚ, ʘ ʪʘʢʞʝ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʣʘʟʝʨʥʦʡ 

ʪʝʭʥʠʢʝ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. ɺʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʠʣʦʚʳʭ ʧʦʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʜʝʡʩʪʚʠʶ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɿʄʇ) ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʝʡ 1,85 ʊʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ n-ʪʠʧʘ ʠ p-ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʙʨʘʟʮʳ ʛʝʨʤʘʥʠʷ ʠ 

ʢʨʝʤʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʦʧʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ɺʠʢʢʝʨʩʘ, ʦʪʧʝʯʘʪʢʠ ʥʘʥʦʩʠʣʠʩʴ ʯʝʪʳʨʝʭʛʨʘʥʥʳʤ 

ʘʣʤʘʟʥʳʤ ʠʥʜʝʥʪʦʨʦʤ ʥʘ ʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3. ʀʟʤʝʨʝʥʠʷ ʠ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʥʘʯʘʣʘ ʥʘ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʘʭ, ʟʘʪʝʤ - ʥʘ ʪʝʭ ʞʝ ʦʙʨʘʟʮʘʭ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ.  
ʊʘʙʣʠʮʘ. ɿʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʟʤʝʥʝʥʠʷʭ 

ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ɿʄʇ, 

ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ.  
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 Ge (n) Ge (p) Si (ʨ) 

HV ʜʦ ɿʄʇ ʢʛʩ/ʤʤ2 692 665 967 

HV 24ʯ ʧʦʩʣʝ ɿʄʇ ʢʛʩ/ʤʤ2 777 892 1129 

HV 116ʯ ʧʦʩʣʝ ɿʄʇ ʢʛʩ/ʤʤ2 795 768 1047 

HV 168ʯ ʧʦʩʣʝ ɿʄʇ ʢʛʩ/ʤʤ2 631 660 1020 

HV 216ʯ ʧʦʩʣʝ ɿʄʇ ʢʛʩ/ʤʤ2 662 685 969 
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ɿʚʘʨʠʯ ʄʘʨʠʷ ʉʝʨʛʝʝʚʥʘ 

ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ 

ʩʪʨʦʥʮʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʪʫʣʠʷ ʠ ʛʦʣʴʤʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʃ ʂʠʩʣʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʪʫʣʠʷ ʠ ʛʦʣʴʤʠʷ ʥʘ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ. 

ʆʙʨʘʟʮʳ ʩʦʩʪʘʚʘ Sr0,61Ba0,39Nb2O6 (SBN61) ʚʳʨʘʱʝʥʳ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʉʪʝʧʘʥʦʚʘ [1]. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ (ʨʠʩ.1) ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʫ ʦʙʨʘʟʮʦʚ SBN61:0,5%Tm ʠ ʩ ʜʚʦʡʥʦʡ ʧʨʠʤʝʩʴʶ 

SBN61:0,5%Ho+1,0%Tm. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʩʣʝ 

ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ SBN ʩ ʜʚʦʡʥʦʡ ʧʨʠʤʝʩʴʶ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʡ. ʊʘʢʞʝ ʩ ʫʯʝʪʦʤ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ ʦʙʨʘʟʮʘ SBN61:0,5%Ho+1,0%Tm ʧʨʠʤʝʩʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʜʥʦʨʦʜʥʦ ʧʦ ʚʩʝʤʫ ʢʨʠʩʪʘʣʣʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʧʨʠʤʝʩʴʶ 

ʛʦʣʴʤʠʷ, ʘ ʥʘʠʤʝʥʴʰʠʡ - c 0,5% ʪʫʣʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʤʝʩʴ ʛʦʣʴʤʠʷ ʫʣʫʯʰʘʝʪ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʫ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ. 

   

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ ʪʦʣʱʠʥʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ SBN61 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʨʠʤʝʩʝʡ ʪʫʣʠʷ ʠ ʛʦʣʴʤʠʷ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Ivleva L.I. Physicochemical and technological peculiarities of multicomponent oxide crystal 

growth from melt by modified Stepanov technique // Bulletin of the Russian Academy of 

Sciences: Physics. 2009. V. 73. I. 10. P. 1338ï1340. 
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ɿʦʨʠʥ ɼʘʥʠʣʘ ʈʦʤʘʥʦʚʠʯ, ɺʝʩʝʣʦʚ ɸʣʝʢʩʝʡ ɼʤʠʪʨʠʝʚʠʯ 

ʆ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʫʢʦʚʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ 

Ti-V 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʝʨʝʭʦʜ ʦʪ ʠʟʫʯʝʥʠʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢ ʙʠʥʘʨʥʳʤ ʥʘʥʦʯʘʩʪʠʮʘʤ 

(ɹʅʏ) ʦʯʝʚʠʜʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʭ 

ʩʪʨʫʢʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ɹʅʏ Ti-V [1, 2]. ʀʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʵʢʟʦʪʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʪʘʢʠʭ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʣʫʢʦʚʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ (onion-like structure). ʅʘ ʈʠʩ. 1. 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʝʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ɹʅʏ Ti-V, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ 

ʩʠʣʴʥʦʡ ʩʚʷʟʠ [3], ʚ ʢʦʪʦʨʦʤ ʠʩʩʣʝʜʫʝʤʳʝ ɹʅʏ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʘʛʨʝʚʘʥʠʶ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ ʥʘ 50 K. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʦʭʣʘʞʜʘʣʠʩʴ ʜʦ 0,1 K. 

ɺʨʝʤʷ ʰʘʛʘ ʚ ʄɼ-ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʩʪʘʚʣʷʣʦ 1 ʬʩ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ ï 0,6 K/ʧʩ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ɹʅʏ ʬʠʢʩʠʨʫʶʪʩʷ 

ʥʝʙʦʣʴʰʠʝ ʦʙʣʘʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ, ʦʢʨʫʞʝʥʥʳʝ ʘʪʦʤʘʤʠ 

ʪʠʪʘʥʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʫʢʦʚʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

N  
ʉʦʩʪʘʚ Ti V- , % 

25-75% 50-50% 75-25% 

5000 

   

ʈʠʩ. 1. ʂʦʥʝʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ɹʅʏ Ti V-  ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, (ʣʝʚʳʡ ʩʪʦʣʙʝʮ ï 

ʦʙʲʝʤʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʘʚʳʡ ʩʪʦʣʙʝʮ ï ʩʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʴʶ). ʉʚʝʪʣʦ-ʩʝʨʳʝ ʘʪʦʤʳ 

ï ʪʠʪʘʥ, ʢʨʘʩʥʳʝ ï ʚʘʥʘʜʠʡ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʘʚʠʥʘ ʂ.ɻ., ɻʨʠʛʦʨʴʝʚ ʈ.ɽ. ʠ ʜʨ. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚ ʧʨʦʮʝʩʩʝ 

ʦʭʣʘʞʜʝʥʠʷ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Au-Co ʠ Ti-V // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2023. ɺʳʧ. 15. ʉ. 543-553. 

2. ʉʘʚʠʥʘ ʂ.ɻ., ɺʝʩʝʣʦʚ ɸ.ɼ. ʠ ʜʨ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Ti-V: 

ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʠ ʵʬʬʝʢʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. ɺʳʧ. 16. ʉ. 532-542. 

3. Cleri F., Rosato V. Tight-binding potentials for transition metals and alloys // Physical Review B. 

1993. V. 48. I. 1. ʈ. 22-33. 
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ʋɼʂ: 544.144 

ʂʘʨʘʢʝʷʥ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʀʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʢʣʘʩʪʝʨʳ ʢʘʢ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʧʣʘʚʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʉʘʤʩʦʥʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʤʝʨʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ.  ʉ 

ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʧʦʛʨʫʞʸʥʥʦʛʦ ʘʪʦʤʘ (EAM) ʙʳʣ ʚʦʩʧʨʦʠʟʜʸʥ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʰʝʩʪʠ ʤʝʪʘʣʣʦʚ (Ag, Au, Cu, Ni, Pd ʠ Pt), ʩʦʜʝʨʞʘʱʠʭ 561 ʘʪʦʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 

NVT ʘʥʩʘʤʙʣʝ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ LAMMPS 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʩʢʦʨʦʩʪʝʡ ɺʝʨʣʝ ʠ ʪʝʨʤʦʩʪʘʪʘ ʅʦʟʝ-ɻʫʚʝʨʘ. 

ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ ρυϽρπὑȾὧ, ʘ ʚʨʝʤʷ ʦʜʥʦʛʦ ʰʘʛʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ ρπ ὧ. ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʠʟʥʘʯʘʣʴʥʳʝ ɻʂʎ-ʥʘʥʦʢʣʘʩʪʝʨʳ, ʠʤʝʶʱʠʝ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʧʝʨʝʭʦʜʠʣʠ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ. ʉʨʝʜʥʷʷ (ʥʘ ʦʩʥʦʚʝ 

5 ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ: ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʠʟ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ (Ὕ) ʠ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (Ὕ)ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ɻʎʂ-

ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 561 ʘʪʦʤ. 

ʄʝʪʘʣʣ ἢἓἰ, ʂ ἢἵ, ʂ 

Ag ï 875 

Au 420 875 

Cu 380 1060 

Ni 795 1430 

Pd 425 1240 

Pt 10 1220 
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ʋɼʂ: 537.622 

ʂʘʨʘʧʝʪʷʥ ɸʣʴʙʝʨʪ ɸʨʘʤʦʚʠʯ, ʂʦʢʦʨʠʥʘ ʂʩʝʥʠʷ ɸʥʜʨʝʝʚʥʘ 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʧʣʘʚʦʚ SmCo3Cu2 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʧʣʘʚʳ SmCo3Cu2 ʚ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʩʪʨʫʢʪʫʨʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ [1]. 

ʀʟʫʯʝʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪ ʧʨʦʮʝʩʩ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ, ʚʘʞʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʥʠʤʘʥʠʝ 

ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩ. 1. ʀʥʪʝʨʚʘʣʳ ʨʝʣʘʢʩʘʮʠʠ ʫʜʝʣʴʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ 

ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʡ ʯʘʩʪʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʜʦʣʴ ʦʩʠ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʙʨʘʪʥʦʛʦ ʧʦʣʷ. ʅʘ 

ʈʠʩ. 1. ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʙʨʘʪʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʣʘʚʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʎʂʇ ʊʚɻʋ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Tellez-Blanco J. C., Grºssinger R., Turtelli R. S. Structure and magnetic properties of SmCo5īxCux 

alloys // Journal of alloys and compounds. 1998. V. 281. I. 1. P. 1-5 
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ʋɼʂ 577.332 

ʂʘʯʘʥʦʚʩʢʘʷ ʉʚʝʪʣʘʥʘ ɺʠʪʘʣʴʝʚʥʘ 

ʈʘʩʯʸʪ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʩʫʤʘʪʨʠʧʪʘʥʘ ʩʫʢʮʠʥʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇ.ʇ. ʂʦʙʯʠʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʈʘʩʯʝʪʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʤʘʣʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. DFT 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʦʨʤʘʣʴʥʳʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʨʘʩʯʝʪʦʚ, ʦʧʠʩʳʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʠ ʈʘʤʘʥ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [1]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʫʤʘʪʨʠʧʪʘʥ 

ʩʫʢʮʠʥʘʪ (ὅ Ὄ ὔὕὛ) ð ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʜʣʷ ʢʫʧʠʨʦʚʘʥʠʷ 

ʧʨʠʩʪʫʧʦʚ ʤʠʛʨʝʥʠ. ʄʦʣʝʢʫʣʘ ʩʫʤʘʪʨʠʧʪʘʥʘ ʚʢʣʶʯʘʝʪ ʠʥʜʦʣʴʥʦʝ ʢʦʣʴʮʦ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʝ ʢ ʵʪʘʥʦʣʘʤʠʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ: ʘʤʠʥʦʛʨʫʧʧʘ ʠ ʤʝʪʠʣʦʚʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʩʫʤʘʪʨʠʧʪʘʥʫ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʩʝʨʦʪʦʥʠʥʦʚʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ 5-HT(1B) ʠ 5-HT(1D). 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ (ʀʂ- ʠ 

ʈʘʤʘʥ-) ʩʧʝʢʪʨʦʚ ʩʫʤʘʪʨʠʧʪʘʥʘ (ʩʫʢʮʠʥʘʪʘ) ʚ ʧʘʢʝʪʝ ORCA 5.0.4 ʤʝʪʦʜʦʤ 

UKS BP86 ʚ ʙʘʟʠʩʝ def2-TZVP. ɿʘʪʝʤ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʩʨʘʚʥʝʥʳ 

ʩʦ ʩʧʝʢʪʨʘʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʭʠʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʩʚʷʟʷʤʠ, ʪʘʢʠʭ ʢʘʢ ʩʫʤʘʪʨʠʧʪʘʥ, ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʦʤʝʨʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ů-ʩʚʷʟʝʡ. 

ʕʪʠ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʛʨʫʧʧ ʘʪʦʤʦʚ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 

ʤʦʣʝʢʫʣʳ ʩʫʤʘʪʨʠʧʪʘʥʘ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʩʫʤʘʪʨʠʧʪʘʥʘ ʠ ʨʠʟʘʪʨʠʧʪʘʥʘ ï ʝʱʝ ʦʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʢʣʘʩʩʘ ʪʨʠʧʪʘʥʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʢʩʝʥʦʚ ɺ. ʃ., ɹʘʣʘʛʫʨʦʚ ɸ. ʄ. ʆʩʥʦʚʳ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ / ɺ. ʃ. ɸʢʩʝʥʦʚ, ɸ. ʄ. 

ɹʘʣʘʛʫʨʦʚ ð 1-ʝ ʠʟʜʘʥʠʝ. ð ʄ: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʄɻʋ, 2022 ð 579 c. 
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ʋɼʂ: 537.62 

ʂʦʟʝʥʢʦʚʘ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʈʘʢʫʥʦʚ ʇʘʚʝʣ ɸʥʜʨʝʝʚʠʯ 

ʆʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʩʧʣʘʚʘ Gd(Zr,Co,Cu,Fe)6,2 

ʧʦʩʣʝ ʧʦʚʨʝʞʜʘʶʱʝʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʖ. ʂʘʨʧʝʥʢʦʚ 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɼʠʩʧʝʨʩʠʦʥʥʦ-ʪʚʝʨʜʝʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʈɿʄïCoïFeïCuï

Zr ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ 

(Tc> 1000 K) ʠ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʷʯʝʠʩʪʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ 

ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʠ ʤʝʭʘʥʠʟʤ ʢʦʵʨʮʠʪʠʚʥʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ 

ʩʧʣʘʚʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʤʫ ʧʨʦʮʝʩʩʫ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʯʠʥʳ ʦʙʨʘʪʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʚ ʩʧʣʘʚʝ Gd0.85Zr0.15(Co0.7Cu0.09Fe0.21)6.2 ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʯʝʩʢʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʀʩʭʦʜʥʳʡ ʩʧʣʘʚ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʣʘʚʢʠ ʠ 

ʧʦʜʚʝʨʛʥʫʪ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʊʆ) ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʨʝʞʠʤʫ: ʥʘʛʨʝʚ ʜʦ 

1170ʦʉ­ʚʳʜʝʨʞʢʘ 3ʯ. ­ʟʘʢʘʣʢʘ ʚ ʚʦʜʫ­ʥʘʛʨʝʚ ʜʦ 800ʦʉ­ʚʳʜʝʨʞʢʘ 24 

ʯʘʩʘ­ʦʭʣʘʞʜʝʥʠʝ ʜʦ 400ʦʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 2ʦʉ/ʤʠʥ­ʦʭʣʘʞʜʝʥʠʝ ʜʦ 30ʦʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 7ʦʉ/ʤʠʥ. ʋʢʘʟʘʥʥʳʡ ʨʝʞʠʤ ʊʆ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ (ʅʉ) ʨʘʚʥʦʡ 1,53 ʊʣ (ʩʠʥʷʷ ʢʨʠʚʘʷ). 

ɼʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ ʩʧʣʘʚʘ ʜʦ 800ʦʉ ʧʨʠʚʝʣ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʅʉ ʜʦ 0,05 ʊʣ (ʛʦʣʫʙʘʷ ʢʨʠʚʘʷ).  ʊʆ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʛʨʝʚ ʜʦ 

800ʦʉ­ʚʳʜʝʨʞʢʫ 2 ʯʘʩʘ­ʦʭʣʘʞʜʝʥʠʝ ʜʦ 400ʦʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 

0,4ʦʉ/ʤʠʥ­ʦʭʣʘʞʜʝʥʠʝ ʜʦ 30ʦʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 7ʦʉ/ʤʠʥ ʧʦʟʚʦʣʠʣʘ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʅʉ ʩʧʣʘʚʘ ʜʦ 1,56 ʊʣ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ).  

 

ʈʠʩ. 1. ʇʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʩʧʣʘʚʘ 

Gd0.85Zr0.15(Co0.7Cu0.09Fe0.21)6.2 ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʥʘʠʣʫʯʰʠʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʩʚʦʡʩʪʚʘ (ʩʠʥʷʷ 

ʢʨʠʚʘʷ), ʧʦʩʣʝ ʧʦʚʨʝʞʜʘʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʥʘʛʨʝʚ ʜʦ 800ʦʉ) (ʛʦʣʫʙʘʷ 

ʢʨʠʚʘʷ) ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʧʨʦʝʢʪ ˉ 0817-2023-0006).  
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ʋɼʂ 53.082.73, 537.226. 

ɹʠʨʶʢʦʚʘ ʉʦʬʴʷ ʉʝʨʛʝʝʚʥʘ, ʂʦʥʜʨʘʪʴʝʚ ʉʝʨʛʝʡ ɽʚʛʝʥʴʝʚʠʯ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʝʨʘʤʠʢʠ ʎʊʉ -26, 43, 51 ʠ ʅʎʊʉ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʴʝʟʦʵʣʝʢʪʨʦʥʥʦʤ 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹ.ɹ. ʇʝʜʴʢʦ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʴʝʟʦʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʎʊʉ ʜʣʷ ʚʦʣʥʦʚʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʛʠʨʦʩʢʦʧʦʚ (ɺʊɻ), ʜʘʪʯʠʢʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ 

ʪʘʢʦʡ ʢʝʨʘʤʠʢʝ ʠʩʧʳʪʳʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʠ  ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɹʀʅʉ),  ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʥʘʚʠʛʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʠʟʚʝʩʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1,2] ʜʣʷ 

ʧʦʜʦʙʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʠʤʝʥʷʝʪʩʷ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʩʠʩʪʝʤʳ PIC151 (PI 

Ceramic), PZT-5A (ʉʐɸ). ʂʝʨʘʤʠʢʘ ʵʪʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ñʩʝʛʥʝʪʦʤʷʛʢʦʡò, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʜʦʤʝʥʦʚ ʠ 

ʣʝʛʢʦ ʧʦʣʷʨʠʟʫʝʪʩʷ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʎʊʉ -26, 43, 

51, ʅʎʊʉ ʠ ʩʨʘʚʥʝʥʠʝ  ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʊʘʢʦʡ ʘʥʘʣʠʟ 

ʧʦʟʚʦʣʠʪ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ  ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ 

ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʮʝʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʈʕʄ) JEOL JSM-6610 LV ʚ ʨʝʞʠʤʝ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʥʘ ʤʠʢʨʦʩʢʦʧʝ NEOPHOT (Carl Zeis) ʩ ʚʠʜʝʦʢʘʤʝʨʦʡ. ʆʙʨʘʟʮʳ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʅʀʀ ɸʆ çʕʣʧʘè (ʛ. ɿʝʣʝʥʦʛʨʘʜ) ʠ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʜʠʩʢʠ ʩ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʨʘʟʮʦʚ ʠ 

ʩʚʝʞʠʭ ʩʢʦʣʘʭ. 

ʀʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʨʘʟʤʝʨʘʤʠ ʢʣʠʩʪʘʣʣʠʪʦʚ ʦʪ 1 ʜʦ 10 ʤʢʤ. ɹʦʣʝʝ 

ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ ʎʊʉ-51, ʙʦʣʝʝ çʨʘʟʤʳʪʫʶè ʎʊʉ-43, ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʫʶ ʦʛʨʘʥʢʫ ʠʤʝʶʪ  ʢʨʠʩʪʘʣʣʠʪʳ ʢʝʨʘʤʠʢʠ ʎʊʉ-26. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ. 

1. ʂʘʪʘʣʦʛ ʬʠʨʤʳ çPiezotechnology çPiè, ɻʝʨʤʘʥʠʷ./ https://www.pi-

usa.us/fileadmin/user_upload/pi_us/files/catalogs/Piezo_Ceramics_Piezo_Materials_Piezo_Techn

ology_Catalog-PIC.pdf 

2. ʇʘʪʝʥʪ ʈʌ/ ˉ 2012155116/03, 20.12.2012 

https://www.pi-usa.us/fileadmin/user_upload/pi_us/files/catalogs/Piezo_Ceramics_Piezo_Materials_Piezo_Technology_Catalog-PIC.pdf
https://www.pi-usa.us/fileadmin/user_upload/pi_us/files/catalogs/Piezo_Ceramics_Piezo_Materials_Piezo_Technology_Catalog-PIC.pdf
https://www.pi-usa.us/fileadmin/user_upload/pi_us/files/catalogs/Piezo_Ceramics_Piezo_Materials_Piezo_Technology_Catalog-PIC.pdf
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ʋɼʂ 669.017.165 : 616.314-7  

ʂʨʘʚʯʝʥʢʦ ɼʘʨʴʷ ɸʣʝʢʩʝʝʚʥʘ 

ʆ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʪʝʨʥʘʨʥʦʛʦ ʩʧʣʘʚʘ CoCrMo 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʝʨʝʭʦʜ ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʢ ʙʠʥʘʨʥʳʤ 

[1] ʠ ʪʝʤ ʙʦʣʝʝ ʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤ [2] ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʚʘʨʠʘʮʠʠ ʢʘʢ 

ʫʩʣʦʚʠʡ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʚʳʙʦʨʦʤ ʠʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ [3] ʥʘ 

ʧʨʠʤʝʨʝ ʪʝʨʥʘʨʥʦʛʦ ʥʘʥʦʩʧʣʘʚʘ CoCrMo ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʚʳʷʚʠʚʰʝʡ ʥʘʣʠʯʠʝ ʫʯʘʩʪʢʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʠ 

ʦʙʝʜʥʝʥʥʳʭ ʢʦʙʘʣʴʪʦʤ ʠ ʭʨʦʤʦʤ.  

ɸʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ, ʢʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘʤʠ ʚ [2], ʘʪʦʤʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʥʳʝ ʩʮʝʥʘʨʠʠ ʩʝʛʨʝʛʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ɼʣʷ 

ʪʝʨʥʘʨʥʦʛʦ ʥʘʥʦʩʧʣʘʚʘ CoCrMo ʘʪʦʤʳ ʢʦʙʘʣʴʪʘ ʬʦʨʤʠʨʫʶʪ ʦʙʦʣʦʯʢʫ, 

ʘʪʦʤʳ ʭʨʦʤʘ ʬʦʨʤʠʨʫʶʪ ʠʣʠ ʷʜʨʦ ʥʘʥʦʯʘʩʪʠʮʳ, ʠʣʠ ʧʝʨʠʬʝʨʠʡʥʫʶ 

ʦʙʣʘʩʪʴ, ʘʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʚʝʜʫʪ ʩʝʙʷ ʠʥʜʠʬʬʝʨʝʥʪʥʦ, ʪ.ʝ. ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. 1. 

 

ʈʠʩ. 1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ 

ʥʘʥʦʯʘʩʪʠʮ rʪʝʨʥʘʨʥʦʛʦ ʩʧʣʘʚʘ CoCrMo ʨʘʟʤʝʨʦʤ 

15,5 ʥʤ (ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʘʪʦʤʳ ʢʦʙʘʣʴʪʘ, 

ʬʠʦʣʝʪʦʚʳʤ ï ʤʦʣʠʙʜʝʥʘ, ʞʝʣʪʳʤ ï ʭʨʦʤʘ). 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ., ɹʦʛʜʘʥʦʚ ʉ.ʉ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʢʦʘʣʝʩʮʝʥʮʠʠ ʠ ʩʧʝʢʘʥʠʷ ʚ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤʘʭ. ʄʦʥʦʛʨʘʬʠʷ. 

ʊʚʝʨʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʚɻʋ, 2021.  168 ʩ.  

2. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ. ʠ ʜʨ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 
ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ: 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ ʠ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ï 2023. ï ɺʳʧ. 15. ï ʉ. 589-601. 

3. ʂʨʘʚʯʝʥʢʦ ɼ.ɸ., ʂʦʣʦʩʦʚ ɸ.ʖ. ʠ ʜʨ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 
ʩʪʨʫʢʪʫʨʳ ʪʝʨʥʘʨʥʦʛʦ ʩʧʣʘʚʘ CoCrMo: ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ 

ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. ɺʳʧ. 16. ʉ. 198-209. 
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ʋɼʂ 535.345.1 

ʂʫʜʨʷʥ ɸʣʝʢʩʘʥʜʨ ɺʷʯʝʩʣʘʚʦʚʠʯ 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʀ. ʀʚʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʇʨʦʩʚʝʪʣʷʶʱʝʝ ʧʦʢʨʳʪʠʝ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʧʪʠʢʝ, ʘ 

ʪʘʢʞʝ ʚ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʷʯʝʡʢʘʭ (ɸʆ), ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʪʝʣʣʫʨʠʪʘ (TeO2), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʧʨʦʮʝʩʩʦʨʘʭ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʘʙʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ ʬʦʥʝ 

ʧʦʤʝʭ, ʩʦʟʜʘʥʠʷ ʤʦʜʫʣʷʪʦʨʦʚ ʠ ʜʝʬʣʝʢʪʦʨʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ 

ʘʩʪʨʦʬʠʟʠʢʝ[1]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʜʥʦʡ 

ʛʨʘʥʠ ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʷʯʝʝʢ (TeO2).  

ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ (T) ɸʆ 

ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ, ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ɸʆ ʩ ʧʨʦʩʚʝʪʣʝʥʠʝʤ ʠ ɸʆ ʙʝʟ ʧʨʦʩʚʝʪʣʝʥʠʷ, ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʍ [2]. ʇʨʠ ʟʥʘʯʝʥʠʷʭ T1 = 0,71226, T2 

= 0,97205 ʧʦʣʫʯʝʥʦ ʍ = 0,012899.  
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ʛʜʝ 4 ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʙʝʟ 

ʧʨʦʩʚʝʪʣʝʥʠʷ, 4 ʩ ʧʨʦʩʚʝʪʣʝʥʠʝʤ, Î ʠ 

Î  ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 
ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʥʝʦʙʳʢʥʦʚʝʥʥʦʛʦ ʣʫʯʘ, Ò 
ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʍ ï 
ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʜʥʦʡ ʛʨʘʥʠ 

ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ. 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʦʧʫʩʢʘʥʠʷ ʘʢʫʩʪʦʦʧʪʠ-

ʯʝʩʢʠʭ ʷʯʝʝʢ (TeO2). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʄʦʣʯʘʥʦʚ ɺ.ʗ., ʂʠʪʘʝʚ ʖ.ʀ., ʅʘʨʚʝʨ ɸ.ʀ. ʠ ʜʨ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʢʫʩʪʦʦʧʪʠʢʠ. ʄ.: ʀʟʜ. ɼʦʤ ʄʀʉʠʉ, 2015. 459 ʩ. 

2. ʂʘʧʣʫʥʦʚ ʀ.ɸ., ʂʦʣʝʩʥʠʢʦʚ ɸ.ʀ., ʉʝʜʦʚʘ ʃ.ɺ. ʠ ʜʨ. ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ 
ʩʚʝʪʘ ʢʨʠʩʪʘʣʣʘʤʠ ʛʝʨʤʘʥʠʷ ʠ ʧʘʨʘʪʝʣʣʫʨʠʪʘ // ʆʧʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2005.  ʊ. 72. ˉ 7. ʉ. 76-

84. 
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ʂʫʟʴʤʠʥ ʅʠʢʦʣʘʡ ɹʦʨʠʩʦʚʠʯ 

ʇʨʠʤʝʥʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʥʦʩʣʦʷ Cu-Ag 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʇ.ʄ. ʇʘʭʦʤʦʚ, ʇ.ɺ. ʂʦʤʘʨʦʚ, ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. ʀʜʝʷ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ 

ʢʦʨʨʝʣʷʮʠʡ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ Gwyddion [1] ʜʣʷ ʨʘʩʯʝʪʘ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʪʦʤʦʚ ʥʘ ʩʝʯʝʥʠʷʭ ʦʙʨʘʟʮʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʥʘʥʦʩʣʦʷ Cu-Ag ʩ ʮʝʣʴʶ ʬʠʢʩʘʮʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʝʤ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʭʦʜʝ ʤʦʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʥʪʘʢʪʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [2]. ʅʘ ʈʠʩ. 1. ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʛʥʦʚʝʥʥʳʝ ʩʥʠʤʢʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʪʦʤʦʚ ʥʘ ʩʝʯʝʥʠʠ ʥʘʥʦʩʣʦʷ ʧʣʦʩʢʦʩʪʴʶ 

(xOy) ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʘʷ ʪʨʸʭʤʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ 

ʨʘʟʙʠʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʩʣʦʷ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 1. ʙ.  

 

ʘ 

 

ʙ 

ʈʠʩ. 1. ʘ ï ʉʪʨʫʢʪʫʨʘ ʙʦʢʦʚʦʡ ʧʨʦʝʢʮʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʥʦʩʣʦʷ CuAg, ʙ ï 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʙʠʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʩ ʥʦʤʝʨʦʤ f ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ çʊʘʣʘʥʪ ʠ ʫʩʧʝʭè ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʜʦʛʦʚʦʨ ˉ 42-ʤ ʦʪ 25.12.2023). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Gwyddion ï Free SPM (AFM, SNOM/NSOM, STM, MFM, é) data analysis software. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: www.url: http://gwyddion.net. 25.11.2023.  

2. ʉʘʤʩʦʥʦʚ ɺ.ʄ., ʂʫʟʴʤʠʥ ʅ.ɹ., ʊʘʣʳʟʠʥ ʀ.ɺ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʇʘʭʦʤʦʚ ʇ.ʄ., ʂʦʤʘʨʦʚ ʇ.ɺ. 

ʇʨʠʤʝʥʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʥʪʘʢʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʤ ʥʘʥʦʩʣʦʝ Cu-Ag // ɺʝʩʪʥʠʢ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʉʝʨʠʷ çʍʠʤʠʷè. 2024. ˉ 4 (58). ʉ. 16-25. 
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ʃʦʤʦʥʦʩʦʚ ɻʝʦʨʛʠʡ ɼʝʥʠʩʦʚʠʯ, ʉʘʚʝʣʴʝʚ ʗʨʦʩʣʘʚ ʇʘʚʣʦʚʠʯ 

ʆ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʚ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Pd-Pt 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʚ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʩʢʦʣʴʢʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ [1]. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ [2] ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʠʥʘʨʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ Pd Pt-  ʜʣʷ 

ʘʧʨʦʙʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ (ʇʉʉ), ʘ ʠʤʝʥʥʦ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʥʳʤ ʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʛʨʝʛʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

ʇʉʉ [3] ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʙʦʨ (I) ʦʪʚʝʯʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʘʚʠʣʘ ʃʦʨʝʥʮʘ-ɹʝʨʪʣʦ, ʥʘʙʦʨʳ (II) ʠ (III) ʟʘʜʘʚʘʣʠ ʟʘʢʦʥʳ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʥʦʛʦʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʙʦʨ (III) ʧʨʝʜʩʢʘʟʳʚʘʝʪ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʆʎʂ ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʈʠʩ. 1). 

   

Pd Pt-  (I) [3] Pd Pt-  (II) [ 3] Pd Pt-  (III) [ 3] 

ʈʠʩ. 1. ʄʛʥʦʚʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ Pd Pt- , ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʧʣʘʚʘ. ʎʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʘʪʦʤʦʚ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ: ʟʝʣʝʥʳʡ ʮʚʝʪ ï ɻʎʂ, ʢʨʘʩʥʳʡ ï ɻʇʋ, ʩʠʥʠʡ ï 

ʆʎʂ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ., ɹʦʛʜʘʥʦʚ ʉ.ʉ.  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʘʣʝʩʮʝʥʮʠʠ ʠ 
ʩʧʝʢʘʥʠʷ ʚ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤʘʭ. ʄʦʥʦʛʨʘʬʠʷ.   ʊʚʝʨʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʊʚɻʋ, 2021.  168 ʩ.  

2. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʦʢʦʣʦʚ ɼ.ʅ. ʠ ʜʨ. ʂ ʧʨʦʙʣʝʤʝ ʘʧʨʦʙʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ: ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʥʳʤ ʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Pd-Pt // 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. 

ɺʳʧ. 16. ʉ. 399-408. 

3. Massen ʉ., Mortimer-Jones T.V., Johnston R.L. Geometries and segregation properties of 

platinumïpalladium nanoalloy clusters // Journal of the Chemical Society, Dalton Transactions. 

2002. I. 23. P. 4375-4388.  
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ʃʫʟʠʢ ɼʤʠʪʨʠʡ ʀʛʦʨʝʚʠʯ 

ʄʝʭʘʥʠʢʘ ʩʧʣʦʰʥʳʭ ʩʨʝʜ  

ʩ ʫʯʸʪʦʤ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɺ. ɿʫʙʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʦʣʝʚʦʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʦʙʲʝʜʠʥʷʝʪ 

ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ ʠ ʧʦʣʝʡ ʩ ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʘ ʧʨʠʯʠʥʥʦʩʪʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʦʙʲʷʩʥʠʪʴ ʥʝʦʙʨʘʪʠʤʦʝ 

ʧʦʚʝʜʝʥʠʝ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ 

ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʩ ʫʯʝʪʦʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ. ɺ ʨʘʙʦʪʝ [2] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʯʝʪʘ ʟʘʧʘʟʜʳʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʘʢ ʧʨʦʜʦʣʞʝʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥ ʪʝʥʟʦʨ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʟʘʧʘʟʜʳʚʘʶʱʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʦʣʝʚʦʡ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʤ, 

ʢʘʢʠʝ ʧʦʣʦʞʝʥʠʷ ʟʘʥʠʤʘʶʪ ʯʘʩʪʠʮʳ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʪʝʤ, 

ʢʘʢʦʚʳ ʦʥʠ ʙʳʣʠ ʜʦ ʵʪʦʛʦ. ʊ.ʝ. ʧʣʘʩʪʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚʦʦʙʱʝ 

ʛʦʚʦʨʷ, ʚʩʝʡ ʧʨʝʜʳʩʪʦʨʠʝʡ ʵʚʦʣʶʮʠʠ ʩʨʝʜʳ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɿʫʙʢʦʚ ɺ.ɺ., ʄʘʡʬʘʪ ɼ.ɸ., ɿʫʙʢʦʚʘ ɸ.ɺ. ʄʝʪʦʜ ʪʝʥʟʦʨʥʳʭ ʧʦʣʝʡ ʚ ʪʝʦʨʠʠ ʙʠʥʘʨʥʳʭ ʩʤʝʩʝʡ: 

ʪʝʦʨʠʷ ʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ // ɺʝʩʪʥʠʢ ʅʦʚɻʋ. 2023. 1(130). ʉ. 71-79.  

2. Zubkov V.V. Distribution functions for continuous medium without probability // Journal of Physics 
Conf. Series 2019, V.1325, P.012067 
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ʄʘʢʘʝʚ ɺʣʘʜʠʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ, ɸ.ʅ. ɹʘʟʫʣʝʚ, ɺ.ɸ. ɸʥʦʬʨʠʝʚ  

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʈʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʶʪ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ:, 

ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ (ʉʊʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ (ɸʉʄ) ʤʠʢʨʦʩʢʦʧʠʠ. 

ʇʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʥʝʡʨʦʩʝʪʷʭ, 

ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʉʊʄ ʠ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ [1]. ʃʦʢʘʣʴʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʄʆ) 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʫʣʫʯʰʘʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʥʦʩʪʨʫʢʪʫʨ [2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʄʆ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʩʤ. ʈʠʩ. 1), ʩʧʦʩʦʙʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʫʪʠʥʥʳʝ ʟʘʜʘʯʠ, ʩʥʠʟʠʪʴ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʫʩʢʦʨʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

 
ʈʠʩ. 1. UML-ʜʠʘʛʨʘʤʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʇʆ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʥʦʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʐʝʣʢʦʚʥʠʢʦʚʘ ʊ.ɽ., ɽʛʦʨʦʚ ʉ.ʌ., ɻʫʣʷʝʚ ʇ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʥʝʨʘʪʠʚʥʦ-

ʩʦʩʪʷʟʘʪʝʣʴʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʚ ʩʢʘʥʠʨʫʶʱʝʡ 

ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ // ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʧʪʠʢʘ. 2023. ʊ. 47. ˉ 2. ʉ. 314-322.  

2. Jany B.R., Janas A., Krok F. Automatic microscopic image analysis by moving window 

local Fourier transform and machine learning // Micron. 2020. V. 130. Art. ˉ 102800. 8 

p. 
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ʄʘʢʫʣʠʥ ɸʥʜʨʝʡ ɸʣʝʢʩʝʝʚʠʯ 

ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ ʢʘʣʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɺ. ɹʘʨʘʙʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ. ʅʘʣʠʯʠʝ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, 

ʥʝʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ 

K0.495Na0.495Ba0.01NbO3 (KNBN), ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʧʦ ʜʚʫʤ ʨʘʟʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. ɺ ʪʝʭʥʦʣʦʛʠʠ I ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʜʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ 

ʥʠʦʙʘʪ ʥʘʪʨʠʷ ʠ ʥʠʦʙʘʪ ʢʘʣʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʧʦʨʮʠʷʭ 

ʩʤʝʰʠʚʘʣʠʩʴ ʩ ʢʘʨʙʦʥʘʪʦʤ ʙʘʨʠʷ. ɺ ʪʝʭʥʦʣʦʛʠʠ II  ʚʩʝ ʠʩʭʦʜʥʳʝ ʦʢʩʠʜʳ ʠ 

ʢʘʨʙʦʥʘʪʳ ʩʤʝʰʠʚʘʣʠʩʴ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ʩʦʝʜʠʥʝʥʠʷ. ʄʝʪʦʜʦʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ ʠ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʈʠʩ. 1) ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʚʘ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ KNN. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʦʩʥʦʚʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʫ ʦʙʨʘʟʮʘ I ʩʦʩʪʘʚʣʷʝʪ 235 ʉ, ʫ 

ʦʙʨʘʟʮʘ II - 245 ʉ, ʫ ʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ KNN ï 220 ʉ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʛʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʥʝʦʩʥʦʚʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ e(T) ʜʣʷ ʢʝʨʘʤʠʢʠ KNBN, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ I (ʘ) ʠ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ II (ʙ) ʥʘ ʯʘʩʪʦʪʘʭ ʦʪ 100 ɻʮ ʜʦ 1 ʄɻʮ. 
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ʋɼʂ 548.57 

ʄʘʤʘʝʚ ʇʘʚʝʣ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɺʣʠʷʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʪʝʧʣʦʧʝʨʝʥʦʩ ʚ ʛʝʨʤʘʥʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʢʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʩ ʜʠʩʣʦʢʘʮʠʷʤʠ (ɼɻ) ʠ ʙʝʟ ʥʠʭ (ɹɼɻ) ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʦʙʨʘʟʝʮ (ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ) ʧʦ 

ʤʝʪʦʜʠʢʝ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [1].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʙʝʟʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʛʝʨʤʘʥʠʷ ʦʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʥʘ 18% ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ <100> ʠ ʥʘ 9% ʚ ʥʘʧʨʘʚʣʝʥʠʠ <111>), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʨʘʟʮʘʤʠ ʛʝʨʤʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʠʩʣʦʢʘʮʠʠ (ʩʤ. ʊʘʙʣ.1 ʠ 2). ɹʦʣʝʝ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʫ ɹɼɻ ʦʙʲʷʩʥʷʝʪʩʷ 

ʙʦʣʴʰʝʡ ʩʦʚʝʨʰʝʥʥʦʩʪʴʶ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʠʜʝʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  

ʈʘʟʣʠʯʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʟʘʤʝʪʥʳʤʠ. ʋ ʦʙʨʘʟʮʦʚ ʩ ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (0.75 ʆʤĿʩʤ), ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100>, 

ʨʘʟʣʠʯʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ 

ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (22 Ñ 2 ʆʤĿʩʤ), ʠʟʫʯʝʥʥʳʭ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ <111>, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ɹɼɻ ʠ ɼɻ ʩʦʩʪʘʚʠʣʘ 8%. 
ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (k) ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

(a) ʦʙʨʘʟʮʦʚ ɹɼɻ ʠ ɼɻ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 22 ° 2  WÖcm (n ~ 1014 cm-1). 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ <100>. 

ʦʙʨʘʟʝʮ k, ɺʪ/(ʤÖK) Ŭ, 10-6 ʤ2/ʩ 

ɹɼɻ 87 Ñ 5 7 Ñ 0.5 

ɼɻ 72 Ñ 5 6 Ñ 0.5 
ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (k) ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

(a) ʦʙʨʘʟʮʦʚ ɹɼɻ ʠ ɼɻ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 0.75 WÖcm (n ~ 2.5Ö1015 cm-1). 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ <111> 

ʦʙʨʘʟʝʮ k, ɺʪ/(ʤÖK) Ŭ, 10-6 ʤ2/ʩ 

ɹɼɻ 87 Ñ 5 7.5 Ñ 0.5 

ɼɻ 80 Ñ 5 8 Ñ 0.5 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ, ʀ.ɸ. ʂʘʧʣʫʥʦʚ, ɺ.ʖ. ʌʦʢʠʥʘ. ɸʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ p-ʪʠʧʘ // ʀʟʚʝʩʪʠʷ ʈɸʅ. ʉʝʨ. ʌʠʟ. ʊ.82, ˉ5, C.650, 2018. 
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ʋɼʂ 537.226.4 

ʄʠʭʘʣʝʚʘ ʅʘʪʘʣʠʷ ʆʣʝʛʦʚʥʘ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʅ  ɹʦʣʴʰʘʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʣʠʷʥʠʠ ʜʝʡʪʝʨʠʨʦʚʘʥʠʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʪʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ. ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ 

ʠʤʤʠʪʘʥʩʘ ɽ7-20. ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʝʥʳ ʧʨʠ ʊ=293ʂ ʤʝʪʦʜʦʤ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʯʘʩʪʦʪʦʡ 50 ɻʮ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ɼʊɻʉ) ʥʝ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʜʣʷ ʙʝʩʧʨʠʤʝʩʥʦʛʦ 

ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ʊɻʉ). ʆʥʠ ʧʨʷʤʦʫʛʦʣʴʥʳ, ʥʝ ʠʩʢʘʞʝʥʳ ʠ ʠʤʝʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʦʚ [1]. 

 

 ̄

ʂʨʠʩ-

ʪʘʣʣ Ů Ůɻʬ, 

103 

P, 10-2 

ʂʣ*ʤ
-2 

 
tgŭ ʂ 

 

Ec, 

103 

ɺ*ʤ
-1 

Eʩʤ, 

103 

ɺ*ʤ
-1 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

1 ʊɻʉ 45 46 2,6 0,17 0,06 50 26 

ʀʥʩʪʠʪʫʪ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 

ʈɸʅ, ʄʦʩʢʚʘ 

2 ɼʊɻʉ 17 17 2,4 0,12 0,04 89 47 çʇʦʣʶʩè, ʄʦʩʢʚʘ 

3 ɼʊɻʉ 18 22 2,4 0,15 0,01 81 28 çʇʦʣʶʩè, ʄʦʩʢʚʘ 

4 ɼʊɻʉ 24 18 2,2 0,16 0,04 94 51 
çʄʦʥʦʢʨʠʩʪʘʣʣʨʝʘʢ-

ʪʠʚè, ʛ. ʍʘʨʴʢʦʚ 

5 ɼʊɻʉ 18 22 2,1 0,17 0,04 81 32 
çʄʦʥʦʢʨʠʩʪʘʣʣʨʝʘʢ-

ʪʠʚè, ʛ. ʍʘʨʴʢʦʚ 

6 ɼʊɻʉ 16 27 2,7 0,12 0,16 83 88 
çʄʦʥʦʢʨʠʩʪʘʣʣʨʝʘʢ-

ʪʠʚè, ʛ. ʍʘʨʴʢʦʚ 

7 ɼʊɻʉ 19 21 2,8 0,08 0,03 66 47 
ʄʦʥʦʢʨʠʩʪʘʣʣ, ʛ. 

ʈʝʚʜʘ 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ 2014.160 ʩ 
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ʋɼʂ: 537.226.4 

ʄʫʭʠʥ ʆʣʝʛ ɸʣʝʢʩʝʝʚʠʯ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ PZN-PT 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʃ. ʂʠʩʣʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ, ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ, ʘ ʪʘʢʞʝ ʦʪʦʞʞʸʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

PZN-PT ʜʚʫʭ ʩʨʝʟʦʚ (001) ʠ (111) ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 10 ɻʮ 

ʜʦ 3 ʄɻʮ).  

 ʇʝʨʚʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʯʘʩʪʠʯʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ ʩʨʝʟʘ (001) ʜʠʩʧʝʨʩʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʥʘʯʝʥʠʝ Ů ʥʘ ʯʘʩʪʦʪʝ 10 ɻʮ 

ʨʘʚʥʦ 1800, ʘ ʥʘ ʯʘʩʪʦʪʝ 105 ï 1500. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ tgŭ ʪʘʢ ʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʚ ʫʢʘʟʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʩʘʤʠ ʟʥʘʯʝʥʠʷ ʪʘʥʛʝʥʩʘ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,1. ɼʣʷ ʩʨʝʟʘ (111) ʪʘʢ ʞʝ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʨʝʟʘ (001), 

ʦʜʥʘʢʦ, ʚʝʣʠʯʠʥʘ Ů ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚʦ ʚʩʸʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ ʦʙʨʘʟʮʘ (001). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 105
 

ɻʮ ʤʳ ʪʘʢ ʞʝ ʥʘʙʣʶʜʘʝʤ ʘʥʦʤʘʣʠʠ ʪʠʧʘ çʨʝʟʦʥʘʥʩ-ʘʥʪʠʨʝʟʦʥʘʥʩè ʢʘʢ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʠ Ů(f), ʪʘʢ ʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ tgŭ(f) [1]. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʠʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʇʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʳ ʜʝʧʦʣʷʨʠʟʦʚʘʣʠʩʴ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʘʥʦʤʘʣʠʠ ʪʠʧʘ 

çʨʝʟʦʥʘʥʩ-ʘʥʪʠʨʝʟʦʥʘʥʩè. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʳʝ ʘʥʦʤʘʣʠʠ 

ʩʚʷʟʘʥʳ ʩ ʧʴʝʟʦʦʪʢʣʠʢʦʤ ʢʨʠʩʪʘʣʣʦʚ. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Ů ʠ tgŭ ʫ 

ʩʨʝʟʘ (111) ʜʦ ʠ ʧʦʩʣʝ ʧʦʣʷʨʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʫ ʜʝʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚʦʟʥʠʢʣʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ Ů, ʘ ʫ tgŭ ʥʘ ʵʪʠʭ ʞʝ ʯʘʩʪʦʪʘʭ ʚʦʟʥʠʢʘʝʪ ʤʘʢʩʠʤʫʤ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʩʨʝʟʝ ʚʦʟʥʠʢʣʠ ʦʙʣʘʩʪʠ ʩ ʦʙʲʝʤʥʦ-

ʟʘʨʷʜʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʠʣʠ ʩ ʦʙʲʸʤʥʳʤ ʟʘʨʷʜʦʤ, ʚʦʟʥʠʢʰʠʤ ʥʘ ʜʦʤʝʥʥʳʭ 

ʩʪʝʥʢʘʭ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Poplavko Y.M. Dielectric Spectroscopy of Electronic Materials: Applied Physics of Dielectrics, 

Woodhead Publishing, 2021, 376 p. 
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ʋɼʂ 536.421.1 + 536.911 

ʅʝʧʰʘ ʅʠʢʠʪʘ ʀʛʦʨʝʚʠʯ 

ɺʣʠʷʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ 

ʥʘʥʦʯʘʩʪʠʮʳ Co8,5Cr 6,1Cu25,2Fe25,8Ni34,4 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ), ʦʧʨʝʜʝʣʷʶʱʝʡ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ (ʇʕ) [1]. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʇʕ ʩʬʝʨʠʯʝʩʢʦʡ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʅʏ 

Co8,5Cr6,1Cu25,2Fe25,8Ni34,4 ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʀʩʭʦʜʥʘʷ ʅʏ 

ʠʤʝʣʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʠ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ɻʎʂ-

ʩʪʨʫʢʪʫʨʫ (N=10000). ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [2] (ʧʦʪʝʥʮʠʘʣ [3]) 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʛʨʝʚʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʨʘʟʨʫʰʝʥʠʝʤ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ 300 ʂ ʠ 2000 ʂ, 

ʩʢʦʨʦʩʪʴ 0,3 ʂ/ʧʩ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʨʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʇʕ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʘʪʦʤʥʘʷ ʜʠʬʬʫʟʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʘʤʦʨʬʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ, ʇʕ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʝʡ ʘʪʦʤʦʚ.  
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ʈʠʩ. 1. ʕʚʦʣʶʮʠʷ ʇʕ ʅʏ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʟʝʣʸʥʳʤ ʧʦʢʘʟʘʥʳ ʘʪʦʤʳ ɻʎʂ, ʢʨʘʩʥʳʤ ï 

ʘʪʦʤʳ ɻʇʋ). ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʇʆ Ovito 

[4]: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠʤʝʥʝʥ ʤʦʜʠʬʠʢʘʪʦʨ 

ʧʦʣʠʵʜʨʘʣʴʥʳʭ ʰʘʙʣʦʥʦʚ (polyhedral 

template matching), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ï ʤʦʜʠʬʠʢʘʪʦʨ 

surface mesh. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Samsonov V.M., Chernyshova A.A., Sdobnyakov N.Yu. Size dependence of the surface energy 

and surface tension of metal nanoparticles // Bulletin of the Russian Academy of Sciences. 

Physics. 2016. V. 80. No. 6. P. 698-701. 

2. LAMMPS Molecular Dynamics Simulator. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: www.url: http://lammps.sandia.gov. 

02.02.2025. 

3. Farkas D., Caro A. Model interatomic potentials and lattice strain in a high-entropy alloy // 

Journal of Materials Research. 2018. V. 33. I. 19. P. 3218-3225.  

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: 621.382.3 

ʆʛʥʝʚ ɼʘʥʠʠʣ ɼʤʠʪʨʠʝʚʠʯ 

ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʧʦʜʟʘʪʚʦʨʥʦʡ ʦʙʣʘʩʪʠ ʢʘʥʘʣʘ 

ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɸ. ɿʘʭʘʨʦʚ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʦʚʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦè, 

ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʫʩʪʘʥʦʚʢʝ  

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ (ʇʍʊ) ʜʣʷ ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʧʦʜʟʘʪʚʦʨʥʦʡ 

ʦʙʣʘʩʪʠ ʢʘʥʘʣʘ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 

GaAs/AlGaAs/InGaAs ʩ InGaP ʩʣʦʝʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʪʨʘʚʣʝʥʠʝ. ɺ ʥʘʯʘʣʝ 

ʨʘʙʦʪʳ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʙʳʣ ʚʳʙʨʘʥ ʮʠʪʨʘʪʥʳʡ ʪʨʘʚʠʪʝʣʴ, 

ʯʪʦʙʳ ʫʙʨʘʪʴ ʢʦʥʪʘʢʪʥʳʡ ʩʣʦʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʙʨʘʪʴ ʤʦʥʦʩʣʦʡ GaP 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ InGaP ʙʳʣ ʧʦʜʦʙʨʘʥ  ʨʝʞʠʤ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʇʍʊ ʫʢʘʟʘʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 3. ʇʦ ʪʦʢʫ ʥʘʩʳʱʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʜʣʷ ʪʨʘʚʣʝʥʠʷ ʤʦʥʦʩʣʦʷ GaP, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʦʚʘʣ 

ʧʦʧʘʜʘʥʠʷ ʪʨʘʚʠʪʝʣʷ ʢ ʩʣʦʶ InGaP (ʩʪʦʧ-ʩʣʦʡ). ʇʦ ʠʪʦʛʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ 

ʙʳʣ ʧʦʣʫʯʝʥ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʙʣʠʮʘ ï ʇʘʨʘʤʝʪʨʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ɿʥʘʯʝʥʠʝ 

Cl2, ʩʤ
3/ʤʠʥ 8 

ICP ʤʦʱʥʦʩʪʴ, ɺʪ 
50 

RF ʩʤʝʱʝʥʠʝ, ɺʪ 
- 

ɼʘʚʣʝʥʠʝ, ʇʘ 0,25 

ʊʝʤʧʝʨʘʪʫʨʘ, 0C -5 

ɺʨʝʤʷ ʪʨʘʚʣʝʥʠʷ, ʩʝʢ. 5 
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ʋɼʂ 537.226.4 

ʆʟʝʨʦʚ ɺʣʘʜʠʩʣʘʚ ɸʣʝʢʩʝʝʚʠʯ 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ (1-x)K0,5Na0,5NbO3 ï xCaTiO3  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɺ. ɹʘʨʘʙʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ɺʥʝʜʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʢʝʨʘʤʠʢʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ ʣʝʛʠʨʦʚʘʥʠʶ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʢʘʣʠʷ ʥʘʪʨʠʷ KNN, ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʪʠʪʘʥʘʪʦʤ ʢʘʣʴʮʠʷ (ὅὥὝὭὕ) ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʤʦʣ. %.: πȢωωὑȢὔὥȢὔὦὕ
πȢπρ ὅὥὝὭὕ  (KNN-CT). ʀʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ 

ʩ ʧʦʤʦʱʴʶ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʪʫʧʢʠ ʚ ʩʨʝʜʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɼʘʣʝʝ 

ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ ʧʨʠ 700 ʦʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ʇʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ ʚ ʬʦʨʤʝ ʜʠʩʢʘ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʧʝʢʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1125 ʦʉ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʤʝʨʷʣʠʩʴ ʸʤʢʦʩʪʴ ʠ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ʜʦ 106 ɻʮ. ʇʨʠ 

ʵʪʦʤ ʦʙʨʘʟʝʮ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 500 ʦʉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 1.5 
ʦʉ/ʤʠʥ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(ʨʠʩ.1), ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʦʙʨʘʟʮʘ 

KNN-CT ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

250 ʦʉ ʠ 370 ʦʉ, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʥʝʣʝʛʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ KNN (220 ʦʉ 

ʠ 420 ʦʉ) [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ 

ʣʝʛʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʢʘʢ ʙʳ 

ʩʙʣʠʞʘʶʪʩʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ 

ʭʘʨʘʢʪʝʨʥʳ ʤʦʥʦʪʦʥʥʳʡ ʩʧʘʜ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʜʠʩʧʝʨʩʠʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Y. Saito, H. Takao, T. Tani, et al. Lead-free piezoceramics // Nature. 2004. Vʦl. 432. P. 

84ï87. 
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ʈʠʩ.1 ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů 

ʜʣʷ ʢʝʨʘʤʠʢʠ KNNīCT 
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ʋɼʂ: 538.956 

ʆʩʧʝʣʴʥʠʢʦʚ ʅʠʢʠʪʘ ʄʠʭʘʡʣʦʚʠʯ 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʜʣʷ ʩʦʩʪʘʚʘ  

Na(Fe0.5Bi0.5)0.1Nb0.9O3-ŭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɺ. ɹʘʨʘʙʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ɺ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʤʩʷ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʠ ʠʟʫʯʝʥʠʝ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʘʚʦʚ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʛʨʝʩʩʘ. ɹʝʩʩʚʠʥʮʦʚʘʷ ʢʝʨʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ 

ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ (NN) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʣʝʛʢʦ ʦʙʨʘʟʫʝʪ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ NN ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ (Fe2O3) ʠ ʚʠʩʤʫʪʘ (Bi2O3) ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʦʣ. %. ʆʙʨʘʟʮʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʝʨʘʤʠʢʠ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʠʥʪʝʟʘ: 650 ʦʉ (NN650) ʠ 700 ʦʉ 

(NN700). 

ɼʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ 

ʯʘʩʪʦʪʳ ʧʦʢʘʟʳʚʘʶʪ ʨʦʩʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ɿʥʘʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ Ůǋ ʠ ʤʥʠʤʦʡ Ůǋǋ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʨʘʟʮʝ NN650 ʚʦʟʨʘʩʪʘʶʪ ʥʘ ʧʦʨʷʜʦʢ. 

ʅʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ 103 ɻʮ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʧʦʣʷʨʠʟʘʮʠʠ. ɼʣʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʩʪʝʧʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʳ ʧʦʩʣʝ 

100 ʢɻʮ.  

ʋ ʦʙʨʘʟʮʘ NN700 ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʤʳʪʳʡ ʤʘʢʩʠʤʫʤ ʧʨʠ 190 ʦʉ, 

ʢʦʪʦʨʳʡ ʩʤʝʱʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʋ ʦʙʨʘʟʮʘ NN650 ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 330 ʦʉ.  
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

Na(Fe0.5Bi0.5)0.1Nb0.9O3-ŭ  ʘ) ʩʠʥʪʝʟ ʧʨʠ 700
0ʉ, ʙ) ʩʠʥʪʝʟ ʧʨʠ 6500ʉ. 
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ʋɼʂ 537.226.4 

ʇʘʚʣʦʚ ɼʤʠʪʨʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʚ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʅ. ɹʦʣʴʰʘʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʜʠʵʣʝʢʪʨʠʯʝʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ 

ʷʚʣʝʥʠʷʭ ʚ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʨʠʤʝʩʠ ʚ ʨʘʩʧʣʘʚʝ ʩʦʩʪʘʚʣʷʣʦ (0,1; 0,3; 0,9) ʤʦʣ. %. ʇʝʪʣʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʫʯʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ [1]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʮʦʚ BaTiO3:Nb5+ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʙʣʠʟʢʠ ʢ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʢʘʞʝʥʳ. ʇʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ ʚʝʣʠʯʠʥʘʭ ʢʦʵʨʮʠʪʠʚʥʳʭ ʧʦʣʝʡ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʧʦʣʝʡ ʩʤʝʱʝʥʠʷ. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʥʠʧʦʣʷʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʙʨʘʟʮʦʚ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʜʦʤʝʥʦʚ ʦʜʥʦʛʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʢʪʦʨʘ ὖᴆȢ 
ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ [1] 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293K. 

 ̄
Nb5+, 

ʤʦʣ. % e 
eɻʬ, 

104 

P, 10-2 

ʂʣĀʤ-2 

%ȟρπ 
ɺĀʤ-1 

%̒ ȟ̍ρπ 
ɺĀʤ-1 ʂ ÔÇɿ 

 

K 

 

1 0,0 340 3,7 17 9,8 1,0 0,27 0,05 0,8 

2 0,1 210 3,9 14 10,0 1,3 0,07 0,08 0,8 

3 0,3 270 3,0 17 12,4 3,0 0,02 0,06 0,7 

4 0,9 310 2,8 18 19,5 1,1 0,11 0,07 0,6 

ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʥʠʦʙʠʷ ʟʥʘʯʝʥʠʷ Ů 

ʚʦʟʨʘʩʪʘʶʪ, ʘ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʫʤʝʥʴʰʘʶʪʩʷ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦʨʷʜʢʘ 102 ʟʥʘʯʝʥʠʡ Ů ʠ Ůʵʬ ʩʚʷʟʘʥʳ 

ʩ ʚʢʣʘʜʦʤ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʳ ʝʛʦ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ. 

ʉ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʚʦʟʨʘʩʪʘʶʪ, ʘ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʦʩʪʠ ʧʝʪʣʠ ʫʤʝʥʴʰʘʶʪʩʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ 2014.160 ʩ 
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ʋɼʂ 544.23.022 

ʇʘʪʨʝʥʢʦʚ ʀʚʘʥ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʇʦʩʪʨʦʝʥʠʝ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦʩʪʘʨʝʥʥʦʛʦ 

ʤʠʢʨʦʧʣʘʩʪʠʢʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇ.ɺ. ʂʦʤʘʨʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʯʘʩʪʠʮʘʤʠ ʤʠʢʨʦʧʣʘʩʪʠʢʘ. ʄʠʢʨʦʧʣʘʩʪʠʢ ʧʦʧʘʜʘʝʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ. ɺʦʟʤʦʞʥʦʝ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʩʚʷʟʳʚʘʶʪ ʩ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʠ ʚʳʟʳʚʘʪʴ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʘʣʣʝʨʛʠʶ, 

ʘʩʪʤʫ ʠ ʪ. ʜ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʪʘʨʝʥʠʷ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʠ 

ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʢʘʥʷʤʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʠ ʨʘʟʣʠʯʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ 

ʟʘʜʘʯʘʤʠ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʯʘʩʪʠʮʳ 

ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʦʯʝʢ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʩʣʫʯʘʡʥʳʭ 

ʙʣʫʞʜʘʥʠʡ ʥʘ ʨʝʰʸʪʢʝ ʤʝʪʦʜʦʤ ʈʦʟʝʥʙʣʫʪ-

ʈʦʟʝʥʙʣʫʪ [1]. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʪʨʸʭʤʝʨʥʦʤ ʢʫʙʝ, ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ ʢʦʪʦʨʦʛʦ 

ʷʚʣ̫ʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʘʣʛʦʨʠʪʤʘ. ʉʪʝʧʝʥʴ 

ʩʪʘʨʝʥʠʷ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʨʘʩʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʮʝʧʷʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. 

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ ʯʘʩʪʠʮʳ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 1. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ ˉ 075 15 2024 629, ʄʝʛʘɻʨʘʥʪ). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Monte Carlo Calculation of the Average Extension of Molecular Chains / M. N. Rosenbluth, 

A.W. Rosenbluth // J. Chem. Phys. 1955. V. 23. P. 356-359. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʥʦʡ 

ʤʦʜʝʣʠ ʯʘʩʪʠʮʳ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ ʠʟ ʧʷʪʠ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ, ʧʦʤʝʯʝʥʥʳʭ ʨʘʟʥʳʤʠ 

ʮʚʝʪʘʤʠ. 
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ʋɼʂ 536.421.1 + 536.911 

ʇʦʣʝʚ ʆʣʝʛ ɺʘʣʝʨʴʝʚʠʯ 

ʆ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʣʣʘʧʩʘ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦ- ʠ ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʢʣʝʪʦʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ, ɼ.ʅ. ʉʦʢʦʣʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʥʦ- ʠ ʙʠʥʘʨʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʝʪʦʢ (ʅʂ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ɺ [1, 2] ʠʩʩʣʝʜʫʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʥʦ- ʠ ʙʠʥʘʨʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʂ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʘʪʦʤʦʚ Au ʠ Ag. ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʂ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʣʘʧʩʘ [2]. ʀʤʝʥʥʦ ʵʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʩʪʘʙʠʣʴʥʦʩʪʠ ʅʂ ʠ 

ʦʪʚʝʯʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺʳʰʝ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʅʂ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʘʥʦʯʘcʪʠʮʫ (ʩʤ. ʈʠʩ. 1). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʙʠʥʘʨʥʦʡ ʅʂ AuῐAg ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ 3000 

ʚʥʝʰʥʠʤ ʨʘʜʠʫʩʦʤ 2,73 ʥʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ ʧʦʣʦʩʪʠ 2 ʥʤ.  

590 ʂ 660 ʂ 740 ʂ 750 ʂ 

ʈʠʩ. 1. ʕʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʙʠʥʘʨʥʳʭ ʅʂ (ʞʝʣʪʳʤ ʧʦʢʘʟʘʥʳ ʘʪʦʤʳ ʟʦʣʦʪʘ, ʩʝʨʳʤ - 

ʩʝʨʝʙʨʘ) ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ (ʧʦʣʦʞʝʥʠʝ ʅʂ ʚ ʩʝʯʝʥʠʠ ʚʳʙʨʘʥʦ ʩ ʫʯʸʪʦʤ 

ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʸʥ ʤʦʜʠʬʠʢʘʪʦʨ surface mesh [3], ʨʘʟʤʝʨ 

ʘʪʦʤʦʚ ʫʤʝʥʴʰʝʥ ʜʦ 50%). 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ɺ.ʉ. ʄʷʩʥʠʯʝʥʢʦ 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. 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 536-33:538.91:544.01 

ʇʫʡʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʘʥʠʷ ʧʦʣʠʵʜʨʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʉʘʤʩʦʥʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʀʥʪʝʨʝʩ ʢ ʩʧʝʢʘʥʠʶ ʦʙʫʩʣʦʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʦʛʦ 

ʷʚʣʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ï ʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʉʧʝʢʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʦʣʴ, ʥʘʧʨʠʤʝʨ ʚ ʢʘʪʘʣʠʟʝ. ʈʘʥʝʝ [1, 2] ʤʳ ʠʟʫʯʘʣʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʢʦʘʣʝʩʮʝʥʮʠʠ ʠ ʩʧʝʢʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʤʝʪʘʣʣʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʙʠʬʫʨʢʘʮʠʠ: ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʙʦ 

ʢʦʘʣʝʩʮʝʥʮʠʷ, ʣʠʙʦ ʩʧʝʢʘʥʠʝ. ɻʦʨʘʟʜʦ ʩʣʦʞʥʝʝ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʙʠʥʘʨʥʳʭ ʥʘʥʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ 

ʩʠʩʪʝʤʫ Ni (ʠʢʦʩʘʵʜʨ) ï Pt (ʢʫʙʦʦʢʪʘʵʜʨ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʝʨʰʠʥʘʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʨʝʘʣʠʟʫʶʪʩʷ ʪʨʠ ʩʮʝʥʘʨʠʷ ʵʚʦʣʶʮʠʠ: ʩʧʝʢʘʥʠʝ, ʢʦʘʣʝʩʮʝʥʮʠʷ ʠ ʩʮʝʥʘʨʠʡ, 

ʥʘʟʚʘʥʥʳʡ ʥʘʤʠ ʧʦʣʫʢʦʘʣʝʩʮʝʥʮʠʝʡ, ʢʦʛʜʘ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʷʜʨʦ 

ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ, ʘ ʦʙʦʣʦʯʢʘ ʞʠʜʢʦʧʦʜʦʙʥʦʡ. ʉʜʝʣʘʥʥʳʡ ʚʳʚʦʜ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʈʠʩ. 1. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʘʜʢʠ ɢ ʦʪ ʚʨʝʤʝʥʠ t. ʂʨʠʚʳʝ ɸ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʮʝʩʩʫ ʩʧʝʢʘʥʠʷ, ʢʨʠʚʳʝ ɹ ï ʧʦʣʫʢʦʘʣʝʩʮʝʥʮʠʠ ʠ ʢʨʠʚʳʝ ɺ ï ʧʨʦʮʝʩʩʫ 

ʢʦʘʣʝʩʮʝʥʮʠʠ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ. 
1. Samsonov V.M., Talyzin I.V., Puytov V.V. et al. When mechanisms of coalescence and sintering 

at the nanoscale fundamentally differ: Molecular dynamics study // The Journal of Chemical 

Physics. 2022. V. 156. I. 21. Art. No. 214302. 52 p. 

2. ʇʫʡʪʦʚ ɺ.ɺ., ʈʦʤʘʥʦʚ ɸ.ɸ., ʊʘʣʳʟʠʥ ʀ.ɺ., ʉʘʤʩʦʥʦʚ ɺ.ʄ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ 

ʢʦʘʣʝʩʮʝʥʮʠʠ ʥʘʥʦʢʘʧʝʣʴ ʠ ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ: ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. 2022. ˉ 4. ʉ. 

686-693. 
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ʋɼʂ: 537.622 

ʈʘʜʘʝʚʘ ɸʣʝʢʩʘʥʜʨʘ ɸʥʪʦʥʦʚʥʘ 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ Y2(Fe,Co)14B 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ʄ. ʉʝʤʝʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʧʣʘʚʳ RE-TM-B  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʄʠʨʦʚʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʨʳʥʢʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʦʚ ʚ 2017 ʛ. ʩʦʩʪʘʚʣʷʝʪ  

30 ʪʳʩ. ʪʦʥʥ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ. ʇʨʠʯʠʥʳ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʤʘʛʥʠʪʘʭ ʩʚʷʟʘʥʳ ʩ ʤʘʩʩʦʚʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ: ʪʦʤʦʛʨʘʬʳ (ʪʨʝʙʫʶʪ ʤʘʩʩʠʚʥʳʭ ʠ ʦʯʝʥʴ 

ʩʦʚʝʨʰʝʥʥʳʭ ʤʘʛʥʠʪʦʚ), ʕʇʈ ʠ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʳ, ʚʝʪʨʷʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, 

ʫʟʣʳ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʪʨʘʥʩʧʦʨʪ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ, 

ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʵʣʝʢʪʨʦʤʦʪʦʨʦʚ. 

  
Y2(Fe0.6Co0.4)B Y2(Fe0.8Co0.2)B 

ʈʠʩ. 1. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʚʳʷʚʣʝʥʥʘʷ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ 

ʩʧʣʘʚʘʭ Y2(FexCo1x)14B. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ  

Y2(FexCo1-x)14B, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ Y, 

ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʵʪʦ ʧʦʟʚʦʣʠʪ 

ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʦʪ ʟʘʤʝʱʝʥʠʷ Fe ʥʘ Co ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. ʇʨʝʜʤʝʪʦʤ 

ʠʟʫʯʝʥʠʷ ʷʚʣʷʣʘʩʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝ ʚʳʧʣʘʚʢʠ ʚ 

ʩʣʠʪʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʨʠʩ.1). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʧʣʘʚʳ ʩʦʜʝʨʞʘʪ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʎʂʇ ʊʚɻʋ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʦʨʦʣʝʚ ɼ.ɺ., ɺʘʣʝʝʚ ʈ.ɸ., ʇʠʩʢʦʨʩʢʠʡ ɺ.ʇ., ʄʦʨʛʫʥʦʚ ʈ.ɹ. ɸʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʦʚ REïTMïB ʠ REïTM ʜʣʷ ʤʘʛʥʠʪʦʢʘʣʦʨʠʯʝʩʢʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

(ʦʙʟʦʨ) // ʊʨʫʜʳ ɺʀɸʄ. 2023. ˉ 4 (122). ʉ. 60-68. 
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ʋɼʂ: 544.163.2  

ʈʠʭʤʘʡʝʨ ɸʨʪʝʤ ʄʠʭʘʡʣʦʚʠʯ, ʈʠʭʤʘʡʝʨ ʄʘʨʠʷ ɸʥʜʨʝʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ (-) ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʭʣʦʨʘʥʪʨʘʮʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʖ.ɼ. ʆʨʣʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʍʣʦʨʟʘʤʝʱʝʥʥʳʝ ʘʥʪʨʘʮʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ 

ʭʠʤʠʠ.  

ʍʣʦʨʟʘʤʝʱʝʥʠʝ ʚ ʘʥʪʨʘʮʝʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʟʘʤʝʥʦʡ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ (Ὄ) ʥʘ 
ʘʪʦʤʳ ʭʣʦʨʘ (ὅὰ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʤʷ 

ʚʦʟʤʦʞʥʳʤʠ ʢʦʥʬʦʨʤʘʮʠʷʤʠ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ (ʚ ʧʦʣʦʞʝʥʠʷʭ 7, 8, 9 (ʈʠʩ. 1)). 

ʈʘʚʥʦʚʝʩʥʘʷ ʛʝʦʤʝʪʨʠʷ ʭʣʦʨʠʨʦʚʘʥʥʦʛʦ ʘʥʪʨʘʮʝʥʘ ʧʦʣʫʯʝʥʘ ʚ 

Gaussian 03 ʤʝʪʦʜʦʤ B3LYP ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 6-311G 

ʇʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ AIMALL  ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʘʪʦʤʦʚ: ʟʘʨʷʜ (q(ɋ)), 

ʘʙʩʦʣʶʪʥʘʷ ʵʥʝʨʛʠʷ (E(ɋ)), ʦʙʲʝʤ (V(ɋ)), 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

(N(ɋ)).  

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʦʢʘʟʳʚʘʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʙʦʪʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ (Ὁ , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʮʝʥʢʘ Ὁ  

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ (ɺɿʄʆ) ʠ ʥʠʟʰʝʡ ʩʚʦʙʦʜʥʦʡ (ʅʉʄʆ) 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (Ὁ Ὁ̊ ˞˙˛ Ὁˏ ˔˙)̨.  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʜʠʘʛʨʘʤʤʝ ʜʘʥʥʳʤ (ʈʠʩ. 2), ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʠʜ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʥʦʭʣʦʨʘʥʪʨʘʮʝʥʘ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ɺɿʄʆ ʠ ʅʉʄʆ. 

ʈʠʩ. 1. ɸʥʪʨʘʮʝʥ ʩ ʥʫʤʝʨʘʮʠʝʡ 

ʫʛʣʝʨʦʜʦʚ 

ʈʠʩ. 2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʡ ʅʉʄʆ ʠ ɺɿʄʆ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʦʨʤʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ 
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ʈʦʜʠʥ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ɪʤʢʦʩʪʥʳʡ ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɺ. ʄʘʢʘʨʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɼʣʷ ʠʥʞʝʥʝʨʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʩʪʦʤ ʠ ʥʝʜʦʨʦʛʦʤ ʜʘʪʯʠʢʝ ʣʠʥʝʡʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʜʦʨʦʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʸʤʢʦʩʪʥʳʡ ʜʘʪʯʠʢ, ʪʘʢ ʢʘʢ ʦʥ ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʟʘʪʨʘʪʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʤʘʢʝʪ ʜʘʪʯʠʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ. ɼʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʧʝʨʝʤʝʥʥʦʡ ʸʤʢʦʩʪʴʶ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ 

ʢʘʨʝʪʢʠ ʠ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʳ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʳ ʚ ʢʘʨʝʪʢʝ ʠʟʤʝʥʷʝʪʩʷ ʧʣʦʱʘʜʴ 

ʧʝʨʝʢʨʳʪʠʷ ʧʣʘʩʪʠʥ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʸʤʢʦʩʪʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʸʤʢʦʩʪʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ. 

ʂʦʥʜʝʥʩʘʪʦʨ ʚʢʣʶʯʸʥ ʚ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʛʝʥʝʨʘʪʦʨʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ, ʩʦʙʨʘʥʥʦʛʦ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʥʘ ʵʣʝʤʝʥʪʘʭ ʂʄʆʇ ʣʦʛʠʢʠ. 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ Ű 

(RC), ʠ ʪʘʢʞʝ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʸʤʢʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʸʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʘʥʜʨ ʂʄʆʇ-

ʫʨʦʚʥʷ, ʧʝʨʠʦʜ T ʢʦʪʦʨʦʛʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʦʨʜʠʥʘʪʝ x ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʩʪʠʥʳ ʜʘʪʯʠʢʘ:  

Ὕὼ ὥϽὼ ὦ , 
ʛʜʝ a ʠ b ð ʢʦʥʩʪʘʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʠ ʠʟʤʝʥʠʪʴ, 

ʥʘʩʪʨʘʠʚʘʷ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʠ ʢʦʦʨʜʠʥʘʪʫ ʥʫʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʥʘ ʤʘʢʝʪʝ, ʧʦʢʘʟʘʣʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

T (x) ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʜʘʪʯʠʢʘ. ɺ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʢʨʳʪʠʷ ʧʣʘʩʪʠʥ ʦʪ 10% ʜʦ 90% ʜʘʪʯʠʢ 

ʦʙʝʩʧʝʯʠʚʘʣ ʥʝʦʙʭʦʜʠʤʫʶ ʣʠʥʝʡʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢʞʝ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. 
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ʉʘʚʝʣʴʝʚ ʗʨʦʩʣʘʚ ʇʘʚʣʦʚʠʯ, ʃʦʤʦʥʦʩʦʚ ɻʝʦʨʛʠʡ ɼʝʥʠʩʦʚʠʯ 

ʆ ʚʣʠʷʥʠʠ ʚʳʙʦʨʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ 

ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Pd-Pt 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʨʘʟʨʳʚʥʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [1, 

2]. ɼʣʷ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Pd Pt-  ʚ ʨʘʙʦʪʝ [3] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ 

ʘʧʨʦʙʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ (ʇʉʉ): ʚʣʠʷʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʥʳʤ ʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʥʘ 

ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʇʉʉ [4] 

ʜʣʷ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʥʘʙʦʨ (I) ʦʪʚʝʯʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʘʚʠʣʘ 

ʃʦʨʝʥʮʘ-ɹʝʨʪʣʦ, ʥʘʙʦʨʳ (II) ʠ (III) ʟʘʜʘʚʘʣʠ ʟʘʢʦʥʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʥʘʙʦʨʦʚ (I) ʠ (III) ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʩʝʛʨʝʛʘʮʠʷ ʘʪʦʤʦʚ Pd, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʦʨʘ (II) ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʗʥʫʩ-ʩʪʨʫʢʪʫʨʳ (ʩʤ. ʈʠʩ. 1). 

   
Pd Pt-  (I) [4] Pd Pt-  (II) [ 4] Pd Pt-  (III) [ 4] 

ʈʠʩ. 1. ʄʛʥʦʚʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ Pd Pt- , ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʧʣʘʚʘ. ɾʝʣʪʳʝ ʘʪʦʤʳ ï Pt, ʪʝʤʥʦ-ʟʝʣʝʥʳʝ ï Pd . 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ., ɹʦʛʜʘʥʦʚ ʉ.ʉ.  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʘʣʝʩʮʝʥʮʠʠ ʠ 
ʩʧʝʢʘʥʠʷ ʚ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤʘʭ. ʄʦʥʦʛʨʘʬʠʷ.   ʊʚʝʨʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʊʚɻʋ, 2021.  168 ʩ.  

2. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʉʦʢʦʣʦʚ ɼ.ʅ. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʧʣʘʚʣʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: ʪʝʦʨʠʷ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʤʦʥʦʛʨʘʬʠʷ. ʊʚʝʨʴ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʚɻʋ, 2018. 176 ʩ. 

3. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʦʢʦʣʦʚ ɼ.ʅ. ʠ ʜʨ. ʂ ʧʨʦʙʣʝʤʝ ʘʧʨʦʙʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ: ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʥʳʤ ʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Pd-Pt // 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. 

ɺʳʧ. 16. ʉ. 399-408. 

4. Massen ʉ., Mortimer-Jones T.V., Johnston R.L. Geometries and segregation properties of 

platinumïpalladium nanoalloy clusters // Journal of the Chemical Society, Dalton Transactions. 

2002. I. 23. P. 4375-4388.  
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ʋɼʂ 539.2 : 536.912 

ʉʘʚʝʣʴʝʚ ʗʨʦʩʣʘʚ ʇʘʚʣʦʚʠʯ, ʉʘʚʠʥʘ ʂʩʝʥʠʷ ɻʝʥʥʘʜʴʝʚʥʘ 

ʆʧʠʩʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʨʦʣʴ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ 

ʈʠʩ. 1. ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʝʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 ʂ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ (ʄɼ) ʠ ʤʝʪʦʜ 

ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʂ)), ʪʘʢ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʇʆ LAMMPS 

(ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʩʳʣʢʠ ʧʨʠʚʝʜʝʥʳ ʚ [1]). ʀʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʥʘʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʅʏ Pd Pt- . ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʘʜʝʢʚʘʪʥʦʤ 

ʧʦʜʙʦʨʝ ʩʪʘʨʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʦʚ ʢʘʢ ʄɼ, ʪʘʢ ʠ ʄʂ ʜʦʣʞʝʥ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ. 

LAMMPS 

(ʄɼ)  
 

 

 

MDSym 

(ʄɼ)  
   

Metropolis 

(ʄʂ) 
   

 Pd Pt-  (I) Pd Pt-  (II)  Pd Pt-  (III)  

ʈʠʩ. 1. ʄʛʥʦʚʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʅʏ Pd Pt-  ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ 

(ʨʘʟʤʝʨ 4 ʥʤ), ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʧʣʘʚʘ [1].  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ɻɿ ʚ 

ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 0817-2023-0006). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʜʦʙʥʷʢʦʚ ʅ.ʖ., ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʦʢʦʣʦʚ ɼ.ʅ. ʠ ʜʨ. ʂ ʧʨʦʙʣʝʤʝ ʘʧʨʦʙʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ: ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʥʳʤ ʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʠʥʘʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Pd-Pt // 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2024. 

ɺʳʧ. 16. ʉ. 399-408. 
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ʋɼʂ 539.219.2 : 519.7 

ɻʨʠʛʦʨʴʝʚ ʈʦʤʘʥ ɽʚʛʝʥʴʝʚʠʯ, ʉʘʚʠʥʘ ʂʩʝʥʠʷ ɻʝʥʥʘʜʴʝʚʥʘ 

ʆʙ ʦʪʜʝʣʴʥʳʭ ʘʩʧʝʢʪʘʭ ʧʨʦʮʝʩʩʘ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʨʨʦʟʠʠ ʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʨʨʦʟʠʠ (ʀʂ) [1-3]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ 

ʥʘʥʦʯʘʩʪʠʮʳ Au-Ag (3000 ʘʪʦʤʦʚ), ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʜʠʥʘʤʠʢʘ (ʇʆ MDSym). ʀʂ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ 

ʘʪʦʤʘʤʠ ʟʦʣʦʪʘ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʝʨʝʙʨʘ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ [3], ʘ ʪʘʢ ʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨ. 

ʆʜʥʘʢʦ ʤʝʞʘʪʦʤʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʝʭʘʥʠʟʤ ʀʂ, ʧʦʵʪʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʪʨʫʜʥʝʥʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ 

ʪʨʝʙʫʝʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʀʂ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. 

delN  0 600 900 1500 

ɺ ʦʙʲʝʤʝ 

    

ʌʘʟʦʚʳʡ 

ʩʦʩʪʘʚ 
    

ʈʠʩ. 1. ʕʚʦʣʶʮʠʷ ʥʘʥʦʯʘʩʪʠʮʳ Au-Ag ʚ ʧʨʦʮʝʩʩʝ ʀʂ. ɾʝʣʪʳʝ ʘʪʦʤʳ ï ʟʦʣʦʪʦ, ʩʝʨʳʝ ï 

ʩʝʨʝʙʨʦ. ʎʚʝʪʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʬʘʟʘʤ: ʟʝʣʝʥʳʝ ï 

ɻʎʂ, ʢʨʘʩʥʳʝ ï ɻʇʋ, ʙʝʣʳʝ ï ʥʝʨʘʩʧʦʟʥʘʥʥʳʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ɻɿ ʚ 

ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 0817-2023-0006). 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Sdobnyakov N.Yu., Samsonov V.M., Kolosov A.Yu. et al. Computer simulation of dealloying in 

Cu-Pt nanoparticles // Journal of Physics: Conference Series. 2020. V. 1658. Art. ˉ 012048. 6 p. 

2. Savina K., Grigoryev R., Myasnichenko V. et al. Dealloying in Pt-based nanoalloys as a way to 

synthesize bimetallic nanoparticles: Atomistic simulations // Nano-Structures & Nano-Objects. 

2023. V. 34. Art. no. 100977. 7 p. 

3. ʄʷʩʥʠʯʝʥʢʦ ɺ.ʉ., ʉʘʤʩʦʥʦʚ ɺ.ʄ., ʉʜʦʙʥʷʢʦʚ ʅ.ʖ. ʠ ʜʨ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʦʨʨʦʟʠʠ ʙʠʥʘʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2019. ɺʳʧ. 11. ʉ. 487-499. 
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ʋɼʂ 536.421.1 + 536.911 

ʉʝʨʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ, ɺʝʨʝʩʦʚ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʆ ʚʣʠʷʥʠʠ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʫ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʜʦʙʥʷʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʯʝʚʠʜʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [1]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʥʠʡ [2-4] ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ  

Au-Cu-Pd-Pt ʤʝʪʦʜʘʤʠ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʴʥʦʡ ʩʚʷʟʠ [5]. ʅʘ ʈʠʩ. 1. ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʥʘʯʘʣʴʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʮʠʢʣʝ ʥʘʛʨʝʚʘʥʠʷ ʜʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(300 ʂ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʙʦʨ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʣʠʷʝʪ ʙʦʣʴʰʝ ʥʘ 

ʩʪʨʫʢʪʫʨʥʫʶ ʩʝʛʨʝʛʘʮʠʶ, ʘ ʥʝ ʥʘ ʭʠʤʠʯʝʩʢʫʶ. 

   
ʘ ʙ ʚ 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ: ʘ ï (Cu200-Au600-Pt800)@Pd2400, ʙ ï 

Cu200@Au600@Pt800@Pd2400, ʚ ï Pd2400-Pt800-Au600-Cu200. ɿʜʝʩʴ ʞʝʣʪʳʝ ʘʪʦʤʳ ï 

ʟʦʣʦʪʦ, ʢʦʨʠʯʥʝʚʳʝ ï ʤʝʜʴ, ʩʠʥʠʝ ʘʪʦʤʳ ï ʧʘʣʣʘʜʠʡ, ʩʝʨʳʝ ï ʧʣʘʪʠʥʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. We, S., Li A., Liu J.-C. et al. Direct observation of noble metal nanoparticles transforming to 

thermally stable single atoms // Nature Nanotechnology. 2018. V. 13. P. 856-861.  

2. ɺʝʨʝʩʦʚ ʉ.ɸ., ʉʘʚʠʥʘ ʂ.ɻ. ʠ ʜʨ. ʂ ʚʦʧʨʦʩʫ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2022. ɺʳʧ. 14. ʉ. 371-382. 

3. ʂʦʣʦʩʦʚ ɸ.ʖ., ʉʘʚʠʥʘ ʂ.ɻ. ʠ ʜʨ. ʉʮʝʥʘʨʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ: ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2023.  

ɺʳʧ. 15. ʉ. 432-443. 

4. ʂʦʣʦʩʦʚ ɸ.ʖ., ɺʝʨʝʩʦʚ ʉ.ɸ. ʠ ʜʨ. ʈʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ 

Au-Cu-Pd-Pt ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

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

5. Cleri F., Rosato V. Tight-binding potentials for transition metals and alloys // Physical Review B. 

1993. V. 48. I. 1. P. 22-33. 
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ʋɼʂ: 537.6  

ʉʤʝʪʘʥʥʠʢʦʚʘ ʉʦʬʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʙʨʘʟʮʘʭ ʦʙʲʸʤʥʳʭ ʦʜʥʦʦʩʥʳʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʀ. ʉʠʥʢʝʚʠʯ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʄʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʄʉʄ) ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ɼʉ) 

ʤʘʛʥʝʪʠʢʦʚ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʤʘʛʥʠʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʮʘ, ʝʛʦ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʥʘʣʠʯʠʠ 

ʥʘʧʨʷʞʸʥʥʳʭ ʩʣʦʝʚ. ɼʝʪʘʣʠʟʘʮʠʷ ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʢʘʥʠʨʫʶʱʠʤ ʟʦʥʜʦʤ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʥʠʤʢʘ ʥʘ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʪʝ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʡ ɼʉ 

ʦʜʥʦʦʩʥʦʛʦ ʦʙʲʸʤʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Nd Fe B. ʅʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʩʠʛʥʘʣʘ ʟʦʥʜʘ ʦʪ ʚʳʩʦʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢʘʞʜʘʷ 

ʚʳʷʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʚ 

ʚʠʜʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʩʫʤʤʳ.  

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʠʟ-ʟʘ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʢʦʤʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʏʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʙʠʨʘʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʤʝʜʣʷʝʪ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʩʧʦʩʦʙʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ, ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʚʳʙʨʘʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʝʡ 

ʨʘʩʩʝʷʥʠʷ ɼʉ ʥʘ ʣʶʙʦʡ ʚʳʩʦʪʝ ʧʦʜʲʝʤʘ ʟʦʥʜʘ ʥʘʜ ʦʙʨʘʟʮʦʤ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ɼʉ 

ʦʙʨʘʟʮʘ. 

ʅʘ ʙʘʟʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʟʜʘʥʘ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ2024669721), ʧʦʟʚʦʣʷʶʱʘʷ ʥʘ ʦʩʥʦʚʝ ʟʘʛʨʫʞʝʥʥʦʡ 

ʩʝʨʠʠ ʄʉʄ ʩʥʠʤʢʦʚ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʝʡ 

ʨʘʩʩʝʷʥʠʷ ɼʉ ʥʘ ʣʶʙʦʡ ʚʳʩʦʪʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ.  
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ʋɼʂ 538.971 

ʉʫʢʥʝʚ ɺʣʘʜʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɺʣʠʷʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ɸ. ʂʘʧʣʫʥʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ɺʣʠʷʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ, ʤʦʱʥʦʩʪʴ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʠ ʜʨ.), ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ (ʦʧʪʠʯʝʩʢʠʝ, 

ʪʝʨʤʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ) ʠ ʫʩʣʦʚʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʀʥʪʝʥʩʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪ ʘʙʣʷʮʠʠ ʠ ʧʣʘʚʣʝʥʠʷ ʜʦ ʛʝʥʝʨʘʮʠʠ ʜʝʬʝʢʪʦʚ 

ʠ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [1]. ʀʟʫʯʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ 1064 ʥʤ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʷʜʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ Ge ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʘʚʠʣʴʥʘʷ 

ʯʝʨʝʜʫʶʱʫʶʩʷ ʩʪʨʫʢʪʫʨʘ [2]. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʠʷ ʠʤʝʝʪ 

ʜʠʩʣʦʢʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ, ʨʦʩʪʫ, 

ʨʘʟʤʥʦʞʝʥʠʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʜʠʩʣʦʢʘʮʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʭʨʫʧʢʠʤ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ. ɺʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥʳ 

ʦʧʣʘʚʣʝʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʨʝʣʴʝʬ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ [3]. ɺ ʊʘʙʣʠʮʝ 

ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʱʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʧʨʠʚʦʜʷʱʘʷ 

ʢ ʘʙʣʷʮʠʠ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʚʦʟʜʫʭʝ. 

ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣ T, ʂ 
ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʤ ĭ 

ɚ', 

ɺʪ/(ʤĿʂ) 
Tʧʣʘʚ, ÁC 

ʄʦʱʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, 

ɼʞ/ʩʤĮ 

Ge 

300 

~ 5000 60 938 ~ 0,1-0,3 

GaAs ~ 1000 45 1238 ~ 0,3-0,7 

Si ~ 500 150 1414 ~ 0,5-1,0 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɾʝʣʝʟʥʦʚ ɺ.ʖ., ʄʘʣʠʥʩʢʠʡ ʊ.ɺ., ʄʠʢʦʣʫʮʢʠʡ ʉ.ʀ. ʠ ʜʨ. ʃʘʟʝʨʥʦʝ ʪʨʘʚʣʝʥʠʝ ʛʝʨʤʘʥʠʷ // 

ʇʠʩʴʤʘ ʚ ɾʊʌ. 2021. ʊ. 47. ˉ. 14. ʉ. 18-20. 

2. ɺʝʡʢʦ ɺ.ʇ., ʉʢʚʦʨʮʦʚ ɸ.ʄ., ʊʫ ʍ.ʂ., ʇʝʪʨʦʚ ɸ.ɸ. ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 
ʢʨʝʤʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ // ʇʠʩʴʤʘ ʚ 

ɾʊʌ. 2015. ʊ. 41. ˉ 14. ʉ. 79-87. 

3. ʌʝʜʦʨʦʚ ɺ.ɸ., ʂʫʟʥʝʮʦʚ ʇ.ʄ., ɹʦʡʮʦʚʘ ʄ.ɺ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 
GaAs, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʣʘʟʝʨʥʳʤ ʠ ʪʝʨʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ // ɺʝʩʪʥʠʢ ʊʘʤʙʦʚʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2012. ʊ. 17. ˉ 1. ʉ. 128-130. 
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ʋɼʂ: 621.382.3 

ʊʠʤʦʬʝʝʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  

ʚ ʪʝʭʥʦʣʦʛʠʠ ʄʀʉ ʥʘ GaAs 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ʉ. ʊʝʣʠʥʘ. 

ʌɻɹʆʋ ɺʆ çʅʦʚʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦè, 

ʛ. ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠʟʜʝʣʠʷʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʉɺʏ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʶʪʩʷ ʤʦʥʦʣʠʪʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʄʀʉ), 

ʚʳʧʦʣʥʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ   ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

(ʫʩʠʣʝʥʠʝ, ʦʩʣʘʙʣʝʥʠʝ, ʬʠʣʴʪʨʘʮʠʷ, ʦʛʨʘʥʠʯʝʥʠʝ ʠ ʪ.ʜ.).[1]. ɺ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʀʉ ʥʘ ʦʩʥʦʚʝ GaAs ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʘʤ 

ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʠ ʥʘʧʳʣʝʥʠʷ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʬʦʪʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɺʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʄʀʉ ʥʘ 

ʦʩʥʦʚʝ GaAs. ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʧʳʣʝʥʠʷ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʥʘ ʫʩʪʘʥʦʚʢʝ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʥʘʧʳʣʝʥʠʷ EvoVac. 

ʆʙʥʘʨʫʞʝʥʘ ʧʨʦʙʣʝʤʘ ʨʘʩʩʦʚʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʠʛʣʷ ʩ ʮʝʥʪʨʦʤ ʥʘʧʳʣʷʝʤʦʡ 

ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʧʳʣʝʥʠʶ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ 

ʬʦʪʦʨʝʟʠʩʪʠʚʥʦʡ ʤʘʩʢʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʠʟʘʮʠʠ ʩʪʦʢʘ, ʠʩʪʦʢʘ ʠ 

ʟʘʪʚʦʨʘ ʪʨʘʥʟʠʩʪʦʨʘ ʄʀʉ ʥʘ GaAs. ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʣʘʩʪʠʥʳ ʚ 

ʠʤʝʶʱʝʡʩʷ ʥʘʧʳʣʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʩʥʘʩʪʢʠ-ʜʝʨʞʘʪʝʣʷ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʘʙʘʢ ʃ.ʀ., ʏʝʨʢʘʰʠʥ ʄ.ɺ., ʐʝʝʨʤʘʥ ʌ.ʀ. ʠ ʜʨ. ʈʘʟʨʘʙʦʪʢʘ GaAs ʠ SiGe ʉɺʏ ʤʦʥʦʣʠʪʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʙʠʙʣʠʦʪʝʢ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʝʡ ʉɸʇʈ ʚ ʊʦʤʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ // ʕʣʝʢʪʨʦʥʥʘʷ ʪʝʭʥʠʢʘ. ʉʝʨ.3: ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ. 2015. 

ˉ4 (160). ʉ.4ï17.
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ʋɼʂ 537.226.4 

ʊʦʢʘʨʝʚ ɻʨʠʛʦʨʠʡ ɻʝʥʥʘʜʴʝʚʠʯ 

ʇʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʜʴ- ʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʅ. ɹʦʣʴʰʘʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɺ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʧʦʠʩʢʝ ʥʦʚʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʦʟʠʨʦʚʘʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ. ɺʚʦʜʠʤʳʝ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʝʩʠ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʩʦʟʜʘʚʘʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ, ʦʙʲʝʤʥʳʝ 

ʢʦʤʧʣʝʢʩʳ. ɺʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʟʥʘʢʘ ʟʘʨʷʜʘ ʭʝʣʘʪʘ ʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʣ ʩʚʷʟʝʡ 

ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ. ʉʨʝʜʠ ʧʨʠʤʝʩʝʡ ʪʠʧʘ ʚʥʝʜʨʝʥʠʷ ʠʦʥʳ ʤʝʜʠ ʠ ʭʨʦʤʘ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʬʦʨʤ ʨʦʩʪʘ ʠ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ (ʊɻʉ). ʆʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʚʫʤʷ ʧʨʠʤʝʩʷʤʠ ʤʝʜʠ ʠ ʭʨʦʤʘ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʩʭʦʜʥʘ ʩ ʦʛʨʘʥʢʦʡ ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʊɻʉ 

[1]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʦʥʳ ʭʨʦʤʘ ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʊɻʉ: Cu2+: Cr 3+ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ ʤʝʜʠ [2] (ʩʤ. ʊʘʙʣʠʮʘ). 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʚʥʝʜʨʷʷʩʴ ʚ ʢʨʠʩʪʘʣʣ, ʠʦʥʳ ʭʨʦʤʘ 

ʦʙʨʘʟʫʶʪ ʟʘʨʷʞʝʥʥʳʡ ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʘ ʠʦʥʳ ʤʝʜʠ ʥʝʟʘʨʷʞʝʥʥʳʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʦʥʳ ʭʨʦʤʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʧʨʠʤʝʩʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ ʤʝʜʠ.  

ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʜʴ- ʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ. 

 ̄
Cu2+, 10-3 

ʚʝʩ. % 

Cr3+, 10-3  

ʚʝʩ. % 
Ů ʵʬ, 104 P,10-2 

ʂʣÖ ʤ-2 

Ec, 104 

ɺĿʤ-1 
ʂ tgŭ 

ɼʦ ʦʪʞʠʛʘ; ʧʦʩʣʝ ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ 

1 0 0 2,2; 1,6 1,9; 2,5 6,2; 5,0 0,15; 0,20 0,10; 0,19 

2 1,9 <1Ā10-2 2,9; 1,4 2,2; 2,8 8,5; 8,5 0,28; 0,20 0,14; 0,20 

3 <1Ā10-2 2,1 2,3; 1,2 2,1; 2,8 7,7; 7,7 0,15; 0,20 0,10; 0,07 

4 <1Ā10-2 2,5 1,3; 1,1 1,9; 2,4 6,4; 6,4 0,22; 0,30 0,09; 0,01 

5 <1Ā10-2 3,3 1,4; 0,9 1,5; 1,7 5,8; 5,8 0,09; 0,18 0,08; 0,10 

6 1,9 0,8 1,5; 1,5 1,7; 2,0 8,6; 6,5  0,81; 0,60 0,13; 0,12 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ., ɼʨʫʞʠʥʠʥʘ ʅ.ʖ., ʀʚʘʥʦʚʘ ɸ.ʀ. ʠ ʜʨ. ʇʝʨʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 
ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 2022. ɺʳʧ. 14. ʉ. 50-60. 
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ʋɼʂ 53.098 

ʏʠʯʝʣʴʥʠʮʢʠʡ ʅʠʢʠʪʘ ʄʘʢʩʠʤʦʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ɸ.ʀ. ʀʚʘʥʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 

ʀʤʧʫʣʴʩʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ (ʀʄʇ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʬʠʟʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʈʘʟʨʘʙʦʪʢʘ 

ʫʩʪʘʥʦʚʢʠ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʚʣʠʷʥʠʶ ʀʄʇ ʥʘ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʝʨʤʘʥʠʡ ʠ ʢʨʝʤʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʙʦʨʢʘ ʩʦʣʝʥʦʠʜʦʚ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ, 

ʨʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʀʄʇ, 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʀʄʇ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ ʠ 

ʢʨʝʤʥʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʝʤ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʀʄʇ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ. 1. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʚʦʡʩʪʚʘ ʢʘʢ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʘʛʥʝʪʠʢʦʚ, ʪʘʢ ʠ ʤʘʛʥʠʪʦ-

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʚʝʱʝʩʪʚ [2]. 

  
ʈʠʩ. 1. ʄʠʢʨʦʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʝʤ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʀʄʇ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʘʨʠʥʠʯʝʚʘ ʂ.ɸ., ʀʚʘʥʦʚʘ ɸ.ʀ., ɽʛʦʨʦʚʘ ʂ.ɸ. ʠ ʜʨ. ɺʣʠʷʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʠ ʢʨʝʤʥʠʷ // ʏʝʪʳʨʥʘʜʮʘʪʘʷ 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè: ʩʙʦʨʥʠʢ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʚʝʨʴ: ʀʟʜ-ʚʦ ʊʚɻʋ, 2024. C. 211-212.  
2. ʄʘʨʠʥʠʯʝʚʘ ʂ.ɸ., ʀʚʘʥʦʚʘ ɸ.ʀ., ʂʘʧʣʫʥʦʚ ʀ.ɸ. ʠ ʜʨ. ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʨʫʢʪʫʨʫ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ // ʀʟʚʝʩʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʉʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ. 2024. ʊ. 88. ˉ 5. ʉ. 788-793. 
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ʋɼʂ: 53.086 

ʗʪʤʘʥʦʚ ʄʠʭʘʠʣ ʀʚʘʥʦʚʠʯ 

ʇʨʠʤʝʥʝʥʠʝ Flash-ʤʦʜʝʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʣʘʪʝʨʘʣʴʥʳʭ ʩʠʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʠ ʦʙʨʘʟʮʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʖ.ɺ. ʂʫʟʥʝʮʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ) ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣ ʥʘ ʩʫʙʤʠʢʨʦʥʥʦʤ ʫʨʦʚʥʝ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ɸʉʄ 

ʷʚʣʷʝʪʩʷ ʢʘʥʪʠʣʝʚʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʫʧʨʫʛʦʡ ʙʘʣʢʠ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠ ʟʦʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʠʣ ʪʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʣʘʪʝʨʘʣʴʥʳʭ ʩʠʣ (ʄʃʉ), ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ 

ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʙʦʢʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ ʟʦʥʜʘ (ʩʠʛʥʘʣʘ LAT) ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ 

ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʠʣʫ ʪʨʝʥʠʷ [1]. ɺʩʪʨʦʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ Flash- 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʠ ʩʣʝʜʠʪʴ, ʢʘʢ ʧʨʠ ʵʪʦʤ 

ʠʟʤʝʥʷʝʪʩʷ ʩʠʛʥʘʣ LAT. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠ 

ʦʮʝʥʢʘ ʧʨʦʬʠʣʝʡ ʜʚʠʞʝʥʠʷ ʢʘʥʪʠʣʝʚʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʚʨʝʤʝʥʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʥʳʡ ʧʨʦʬʠʣʴ ʩʠʣʳ ʪʨʝʥʠʷ, ʧʨʠʚʝʜʸʥʥʳʡ 

ʥʘ ʨʠʩʫʥʢʝ 1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʬʬʝʢʪʫ ʧʨʠʣʠʧʘʥʠʷ-ʩʢʦʣʴʞʝʥʠʷ, 

ʪ.ʝ.  ʧʠʣʦʦʙʨʘʟʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʦʥʜ 

ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʦʯʢʘʭ. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʢʘʥʪʠʣʝʚʝʨʘ ʠ ʝʛʦ 

ʞʝʩʪʢʦʩʪʴ ʚʣʠʷʶʪ ʥʘ ʚʠʜ ʣʘʪʝʨʘʣʴʥʦʡ 

ʢʨʠʚʦʡ. ɺ ʨʘʙʦʪʝ ʚʳʷʚʣʝʥ ʠʥʪʝʨʚʘʣ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʢʘʥʪʠʣʝʚʝʨʘ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ LAT  

ʦʪ ʚʨʝʤʝʥʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʠʣʝ 

ʪʨʝʥʠʷ. ɺʳʷʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ vʦʧʪ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ 

ʧʨʠʣʠʧʘʥʠʷ-ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩʠʣʳ ʪʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʄʃʉ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Munz M. Force calibration in lateral force microscopy: a review of the experimental methods 

//Journal of Physics D: Applied Physics. ï 2010. ï ʊ. 43. ï ˉ. 6. ï ʉ. 063001.  

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʋɼʂ: 661.7:544.1 

ɸʙʨʘʤʦʚʘ ɽʣʝʥʘ ʉʝʨʛʝʝʚʥʘ 

ʊʝʪʨʘʤʝʨʳ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ ʠ ʭʠʪʦʟʘʥʘ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ  

ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ 
ʄʫʨʘʚʴʝʚ ɸ.ɸ., ʅʦʚʦʩʝʣʦʚ ʅ. ʇ., ɺʠʪʢʦʚʩʢʘʷ ʈ.ʌ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʂʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ 

ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʮʝʣʣʶʣʦʟʘ. ʎʝʣʣʶʣʦʟʘ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʤʝʜʠʮʠʥʝ, ʚ ʢʦʩʤʝʪʠʢʝ, ʚ ʜʨʫʛʠʭ ʮʝʣʷʭ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʭʠʪʠʥ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʮʝʣʣʶʣʦʟʳ ʠ ʭʠʪʠʥʘ, ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʇʦʵʪʦʤʫ ʭʠʪʠʥ ʧʝʨʝʚʦʜʷʪ ʚ ʭʠʪʦʟʘʥ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ 

ʠhʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʠ ʜʣʷ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʘ ʮʝʣʣʶʣʦʟʫ 

ʨʘʩʪʚʦʨʷʶʪ ʯʝʨʝʟ ʵʬʠʨʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʚʨʝʜʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʧʦʠʩʢ ʧʨʷʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʟʘʜʘʯʘʤʠ.  

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʧʦʠʩʢ ʠ ʧʦʜʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʅʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ 

ʩʦʩʪʦʷʥʠʷ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʪʝʪʨʘʤʝʨʦʚ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ ʠ ʭʠʪʦʟʘʥʘ, ʜʣʠʥʳ ʠ ʫʛʣʳ ʩʚʷʟʝʡ, 

ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʠ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ B3LYP ʠ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6-311++G(d, p).  

ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʜʣʷ 

ʤʦʥʦʤʝʨʦʚ, ʜʠʤʝʨʦʚ ʠ ʪʝʪʨʘʤʝʨʦʚ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ ʠ ʭʠʪʦʟʘʥʘ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʛʣʫʙʞʝ ʧʦʥʠʤʘʪʴ ʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ: ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ 

ʚʠʩʢʦʟʠʤʝʪʨʠʷ. 
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ʋɼʂ: 661.7:544.1 

ɸʙʨʘʤʦʚʘ ɽʣʝʥʘ ʉʝʨʛʝʝʚʥʘ 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʨʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ 
ʄʫʨʘʚʴʝʚ ɸ.ɸ., ʅʦʚʦʩʝʣʦʚ ʅ. ʇ., ʈʦʞʢʦʚ ʅ.ʅ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʂʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʠʤʝʨʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʚʨʝʜʥʳʭ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʮʝʣʣʶʣʦʟʘ ʠ ʭʠʪʠʥ. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ ʠ 

ʧʨʦʠʟʚʦʜʥʦʡ ʭʠʪʠʥʘ ï ʭʠʪʦʟʘʥʘ ʦʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ʀʭ ʧʝʨʝʨʘʙʦʪʢʘ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʦʵʪʦʤʫ ʩʚ̫ʟʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ ʠ 

ʭʠʪʦʟʘʥʘ ʜʣʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɼʣʷ ʧʦʠʩʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʧʦʣʝʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ. ʅʘʤʠ ʧʨʦʚʝʜʝʥ ʨʷʜ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʪʝʪʨʘʤʝʨʦʚ 

ʮʝʣʣʶʣʦʟʳ, ʭʠʪʠʥʘ ʠ ʭʠʪʦʟʘʥʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʝʦʨʠʷ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ B3LYP ʠ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6-311++G(d, p). ʇʨʠʤʝʥʝʥʠʝ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʸʪʘ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ ʇʆ Firefly ʥʘ 

ʙʘʟʝ QC package ʠ GAMESS (US) ʥʘ ʙʘʟʝ ʢʣʘʩʪʝʨʘ ʠʟ 48 ʷʜʝʨ ʩ ʯʘʩʪʦʪʦʡ 3,6 

ɻɻʮ, 64-ʨʘʟʨʷʜʥʦʡ ʆʉ Windows 10, ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ChemCraft. ʆʧʪʠʤʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʠ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ B3LYP ʠ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6-311++G(d, p). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ: ʜʣʠʥʳ ʠ ʫʛʣʳ ʩʚʷʟʝʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ, ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʠ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ. ʂʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʜʝʞʥʦʩʪʠ ʵʪʠʭ ʨʘʩʯʝʪʦʚ. 
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ʋɼʂ: 504.054 

ɸʥʜʨʝʝʚ ʂʠʨʠʣʣ ʀʛʦʨʝʚʠʯ 

ɸʥʘʣʠʟ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʦʜʥʠʢʦʚ, ʨʝʯʥʦʡ  

ʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 

ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ 

ʟʘʜʘʯʝʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʆʮʝʥʢʘ ʞʸʩʪʢʦʩʪʠ ʚʦʜʳ ʚ ʨʦʜʥʠʢʦʚʦʡ, ʨʝʯʥʦʡ ʠ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʸʩʪʢʦʩʪʠ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʠʪʨʦʚʘʥʠʠ ʧʨʦʙʳ 

ʨʘʩʪʚʦʨʦʤ ʊʨʠʣʦʥʘ ɹ ʧʨʠ pH 10 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʭʨʦʤʥʦʛʦ 

ʠʥʜʠʢʘʪʦʨʘ. ʄʝʪʦʜʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ [1]. 
ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʞʸʩʪʢʦʩʪʠ ʚʦʜʳ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʀʩʪʦʯʥʠʢ ʚʦʜʳ ɾʸʩʪʢʦʩʪʴ (ʤʤʦʣʴ/ʣ) 

ɺʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ (ʛ. ʊʚʝʨʴ) 5,6Ñ0,1 

ɺʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ (ʜʝʨ. ʃʫʞʥʠʢʦʚʦ, ɺʳʰʥʝʚʦʣʦʮʢʠʡ 

ʨʘʡʦʥ) 
4,7Ñ0,1 

ʈʦʜʥʠʢ (ʜʝʨ. ʃʫʞʥʠʢʦʚʦ, ɺʳʰʥʝʚʦʣʦʮʢʠʡ ʨʘʡʦʥ) 4,3Ñ0,1 

ʈʝʢʘ ɺʦʣʛʘ (ʛ. ʊʚʝʨʴ) 6,2Ñ0,1 

ʈʝʢʘ ɹʝʣʘʷ (ʜʝʨ. ʃʫʞʥʠʢʦʚʦ, ɺʳʰʥʝʚʦʣʦʮʢʠʡ ʨʘʡʦʥ) 4,5Ñ0,1 

ɺʳʚʦʜ: ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʞʸʩʪʢʦʩʪʴ ʚʦʜʳ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4,3 ʜʦ 6,2 ʤʤʦʣʴ/ʣ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʡ ʞʸʩʪʢʦʩʪʠ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʞʸʩʪʢʦʩʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʚ ʚʦʜʝ ʨʝʢʠ ɺʦʣʛʘ (6,2 ʤʤʦʣʴ/ʣ), ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʧʨʠʤʝʩʝʡ. ʈʦʜʥʠʢʦʚʘʷ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʥʠʟʢʦʡ 

ʞʸʩʪʢʦʩʪʴʶ (4,3 ʤʤʦʣʴ/ʣ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʸ ʧʨʠʨʦʜʥʫʶ ʬʠʣʴʪʨʘʮʠʶ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʆʉʊ 31954-2012. ɺʦʜʘ ʧʠʪʴʝʚʘʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ. 
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ʋɼʂ 543.544.943.3 

ɸʨʘʟʛʝʣʜʠʝʚʘ ʐʘʩʝʥʝʤ 

ʈʘʟʜʝʣʝʥʠʝ ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ  

ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ɸʣʝʢʩʝʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʠʪʘʤʠʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʧʨʝʧʘʨʘʪʘ çɺʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ 

ʕʚʘʣʘʨè ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʩʤʝʩʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ.  

ʉʤʝʩʴ 1: ʥ-ʙʫʪʘʥʦʣ (66,6 % ʦʙ.) + ʣʝʜʷʥʘʷ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (16,7 % ʦʙ.) + ʚʦʜʘ (16,7 % 

ʦʙ.).  

ʉʤʝʩʴ 2: ʥ-ʙʫʪʘʥʦʣ (60  % ʦʙ.) + ʣʝʜʷʥʘʷ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (15 % ʦʙ.) + ʚʦʜʘ (25 % ʦʙ.).  

ʉʤʝʩʴ 3: ʵʪʘʥʦʣ (85,7 % ʦʙ.) + ʚʦʜʘ (14,3 

% ʦʙ.).  

 
ʈʠʩ. ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ 

ʜʦʙʘʚʢʘ çɺʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ 

ʕʚʘʣʘʨ. ɺʥʝʰʥʠʡ ʚʠʜ 

ʫʧʘʢʦʚʢʠ. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʥʳ Sorbfil, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ, ʧʦʢʨʳʪʫʶ ʩʣʦʝʤ ʩʠʣʠʢʘʛʝʣʷ. 

ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʧʨʦʷʚʣʷʣʠ ʚ ʧʘʨʘʭ ʡʦʜʘ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʜʝʨʞʠʚʘʥʠʷ Rf ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ ʜʣʷ ʪʨʸʭ ʩʤʝʩʝʡ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺʠʜʥʦ, ʯʪʦ ʣʫʯʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʚʠʪʘʤʠʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ 1. 
 

ɺʠʪʘʤʠʥ 

Rf 

ʉʤʝʩʴ 1 ʉʤʝʩʴ 2 ʉʤʝʩʴ 3 

ɺ1 (ʊʠʘʤʠʥ) 0,33 0,25 0,004 

ɺ2 (ʈʠʙʦʬʣʘʚʠʥ) 0,20 0,146 0,003 

ɺ3 (ʅʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) 0,237 0 0,076 

ɺ6 (ʇʠʨʠʜʦʢʩʠʥ) 0,1 0,073 0 

ɺ9 (ʌʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ) 0 0,03 0 

ɺ12 (ʎʠʘʥʦʢʦʙʘʣʘʤʠʥ) 0,262 0,187 0 
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ʋɼʂ 544.773.423 

ɸʨʝʬʴʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ 

ʉʠʥʪʝʟ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

N-ʜʦʜʝʮʠʣʧʠʨʠʜʠʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ. ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʟʦʣʝʡ ʥʘʥʦʯʘʩʪʠʮ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʩʫʣʴʬʠʜʘ 

ʢʘʜʤʠʷ ʠʟ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ ʠ ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ N-ʜʦʜʝʮʠʣʧʠʨʠʜʠʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 

(ɼʇʊʌɹ). 

ɿʦʣʠ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ ʧʦʣʫʯʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚ 0,01 ʄ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʠʜʘ 

ʥʘʪʨʠʷ ʠ ʘʮʝʪʘʪʘ ʢʘʜʤʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ ɼʇʊʌɹ (3 ʠ 4 %). 

ʇʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʧʨʝʢʫʨʩʦʨʦʚ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʚʳʜʝʨʞʠʚʘʣʘʩʴ 30 ʤʠʥ. ɼʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (d, ʥʤ) ʧʦ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ (ɚ, ʥʤ), ʚʳʟʚʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʝʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

(E, ʵɺ) ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ, ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʦʙʣʘʩʪʠ ʟʦʣʝʡ CdS. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ: ɼʘʥʥʳʝ ʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdS 

ʉ 

(ɼʇʊʌɹ), % 

ʉ (CdS), 10-5 ʤʦʣʴ/ʣ ɚ, ʥʤ d, ʥʤ ɽ, ʵɺ 

3 1,00 299 5,86 4,15 

1,99 298 5,84 4,16 

2,98 299 5,86 4,15 

3,97 295 5,77 4,20 

4,95 301 5,91 4,12 

4 1,00 307 6,06 4,04 

1,99 305 6,01 4,06 

2,98 302 5,94 4,10 

3,97 300 5,89 4,13 

4,95 299 5,86 4,15 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʦʣʠ ʙʳʣʠ ʤʦʥʦʜʠʩʧʝʨʩʥʳʤʠ, ʘ ʨʘʟʤʝʨʳ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ ʥʝ ʧʨʝʚʳʰʘʣʠ 6,1 ʥʤ. ʆʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʨʝʢʫʨʩʦʨʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʨʘʩʭʦʜʫʶʪʩʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʯʘʩʪʠʮ, ʘ ʥʝ ʥʘ ʨʦʩʪ ʫʞʝ ʠʤʝʶʱʠʭʩʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ɼʇʊʌɹ ʥʝ ʦʢʘʟʳʚʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ CdS.  
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ʋɼʂ: 54.543.3 

ɸʨʪʘʤʦʥʦʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʣʶʯʝʚʦʡ ʚʦʜʳ  

ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʛʦʨʦʜʥʦʡ ʟʦʥʳ ʛʦʨʦʜʘ ʊʚʝʨʴ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ʀ. ʉʢʦʙʠʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʆʥʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʟʤʘ. ʅʝʧʨʠʛʦʜʥʘʷ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʘ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʢʘʯʝʩʪʚʦʤ 

ʫʧʦʪʨʝʙʣʷʝʤʦʡ ʚʦʜʳ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʢʣʶʯʝʚʫʶ ʚʦʜʫ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʛʦʨʦʜʥʦʡ ʟʦʥʳ ʛʦʨʦʜʘ ʊʚʝʨʴ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʷʪʴ 

ʠʩʪʦʯʥʠʢʦʚ: 1 - 56.736801, 35.906267, 2 - 56.792642, 36.030758, 3 - 56.940117, 

35.745784, 4 - 56.830525, 36.097137, 5 - 56.803708, 36.173081.  

ʄʝʪʦʜʦʤ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʞʝʩʪʢʦʩʪʴ, 

ʦʢʠʩʣʷʝʤʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ. ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʠʣʠ pH ʨʘʩʪʚʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ 

ɼʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʠʜʦʚ ʚ ʚʦʜʝ, ʞʝʩʪʢʦʩʪʴ, ʦʢʠʩʣʷʝʤʦʩʪʴ ʠ ʢʠʩʣʦʪʥʦʩʪʴ 

ɺʦʜʘ 
ʆʙʨʘʟʝʮ 

ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 

[Cl-] Ŀ10-4, ʤʛ/ʣ 5,6 4,7 2,8 7,6 8,46 

ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ 

ʤʤʦʣʴĿʵʢʚ/ʣ 
6 4,8 6,4 3,6 1,4 

ʂʘʨʙʦʥʘʪʥʘʷ 

ʞʝʩʪʢʦʩʪʴ 

ʤʤʦʣʴĿʵʢʚ/ʣ 

4,4 4 5,4 3 0,8 

ʆʢʠʩʣʷʝʤʦʩʪʴ ʤʛ/ʣ 2,56 2,08 1,6 3,52 2,4 

ʂʠʩʣʦʪʥʦʩʪʴ 

ʨʘʩʪʚʦʨʘ 
7,598 7,633 7,437 7,608 6,917 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʆʉʊʘʤ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʚ ʚʦʜʝ ʦʯʝʥʴ ʥʠʟʢʦʝ, 

ʦʢʠʩʣʷʝʤʦʩʪʴ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ɻʆʉʊ 23268.12-78. ɾʝʩʪʢʦʩʪʴ 

ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ ɻʆʉʊ 31954-2012. ʆʙʨʘʟʝʮ ˉ 5 ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʞʝʩʪʢʦʩʪʴ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʙʦʣʴʰʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʦʣʝʡ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. 

ɼʘʥʥʘʷ ʚʦʜʘ ʙʦʣʴʰʝ ʧʦʜʦʡʜʝʪ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʣʝʡ. ʂʠʩʣʦʪʥʦʩʪʴ ʚʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʤ ʠ ɻʆʉʊ ʈ 70152-2022.  
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ʋɼʂ: 615.322 

ɸʬʘʥʘʩʴʝʚʘ ʊʘʪʴʷʥʘ ʄʘʢʩʠʤʦʚʥʘ 

ɸʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ  

ʚ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ ʠ ʢʦʨʳ ʠʚʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɼ. ʍʠʞʥʷʢ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɿʝʣʸʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ (ʅʏʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ, ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ. ɹʠʦʘʢʪʠʚʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʨʘʩʪʝʥʠʡ ʫʯʘʩʪʚʫʶʪ ʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʅʏʉ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʦʩʪʠ ʅʏʉ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ ʠ ʢʦʨʳ ʠʚʳ 

ʠʟ ʨʘʟʥʳʭ ʤʝʩʪ ʩʙʦʨʘ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʋʌ-

ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ɼʉʈ) ʠ ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ). ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ 

(ɸ) ʠ ʢʦʨʳ (ɹ) ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ AgNO3, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʠʥʝʪʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʅʏʉ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʟʤʝʨ ʠ ʘʛʨʝʛʘʪʠʚʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ ʠ ʢʦʨʳ ʠʚʳ ʨʘʟʣʠʯʘʶʪʩʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʚʝʣʠʯʠʥʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʇʇʈ) ʚ ʩʧʝʢʪʨʘʭ. ʇʦ ʜʘʥʥʳʤ ɼʉʈ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ: ʨʘʟʤʝʨʳ ʅʏʉ ʚ ʣʠʩʪʴʷʭ ʩʦʩʪʘʚʣʷʶʪ 

10 ʠ 142 ʥʤ, ʚ ʢʦʨʝ ī 12 ʠ 153 ʥʤ, ʘ ʚʝʣʠʯʠʥʘ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ -17 ʠ -14, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʋʌ-ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʦʚ. 

  
ʈʠʩ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ (ɸ) ʠ ʢʦʨʳ (ɹ) ʠʚʳ (ʇʝʪʨʦʟʘʚʦʜʩʢ) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ AgNO3 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ 
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ʋɼʂ: 541.49:615.33 

ɹʘʜʘʝʚʘ ʄʘʨʴʷʤ ɸʧʪʠʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ  

ʚ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʇ.ʄ. ʇʘʭʦʤʦʚ, ʅ.ɸ. ɽʨhʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʣʴʛʠʥʘʪ ʥʘʪʨʠʷ (ɸʅ) ð ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʧʨʠʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ.  ɸʅ 

ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʦʙʣʘʜʘʝʪ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʙʠʦʤʝʜʠʮʠʥʝ, 

ʬʘʨʤʘʮʝʚʪʠʢʝ [1].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ L-ʮʠʩʪʝʠʥʘ ʠ 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ ï ʎʉʈ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ɸH.  

ɺ ʨʘʙʦʪʝ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʚʦʡʥʳʭ (ɸH/ʎʉʈ) ʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ 

(ɸʅ/K2SO4/ʎʉʈ). ʀʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʫʯʝʥʳ 

ʛʠʜʨʦʛʝʣʠ ʠ ʧʣʝʥʢʠ. ʄʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʝ (ɼʉʈ), ʠʟʤʝʨʝʥʠʝ ʜʟʝʪʘ ʧʦʪʝʥʮʠʘʣʘ, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ 

PH-ʤʝʪʨʠʷ.   

ɺ ʋʌ-ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʨʘʩʪʚʦʨʦʚ ʠ ʛʝʣʝʡ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ~316 ʠ ~390 ʥʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʢʦʤʧʣʝʢʩʳ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʢʘʭ ʎʉʈ [2]. ʉ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʅ ʥʘ ʧʝʨʝʭʦʜ ʦʪ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʝʣʷ ʢ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ AH 

ʭʦʨʦʰʦ ʩʦʚʤʝʩʪʠʤ ʩ ʎʉʈ, ʪ.ʢ. ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʠʩʯʝʟʘʶʪ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ɼʉʈ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʎʉʈ ʠ ɸʅ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʥʦʤʦʜʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʩʝʠʚʘʶʱʠʭ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 24 ʠ 

1718 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʤʝʰʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ɸʅ/ʎʉʈ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 58 ʠ 618 ʥʤ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʩʤʝʰʝʥʠʠ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ ʘʩʩʦʮʠʘʪʳ 

(ʢʣʘʩʪʝʨʳ) ʤʦʣʝʢʫʣ ɸʅ (1718 ʥʤ) ʨʘʟʨʫʰʘʶʪʩʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʘʩʩʦʮʠʘʪʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʭ ʮʝʧʦʯʝʯʥʳʭ ʩʪʨʫʢʪʫʨ ʎʉʈ ʩ 

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ɸʅ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʩʪʫʧʠʣʠ ʢ ʠʟʫʯʝʥʠʶ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ 

ʛʝʣʝ- ʠ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʋɼʂ: 577.15 

ɹʘʣʘʢʰʠʥʘ ɼʘʨʴʷ ɺʘʜʠʤʦʚʥʘ 

ʄʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʦʩʠʪʝʣʠ  

ʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ʄ. ʉʫʣʴʤʘʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʉ ʥʝʜʘʚʥʠʭ ʧʦʨ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ, ʩʪʘʣʦ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ 

ʥʦʩʠʪʝʣʠ, ʯʴʸ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʸʛʢʦʤ ʦʪʜʝʣʝʥʠʠ ʦʪ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʩ ʧʦʤʦʱʴʶ ʥʘʨʫʞʥʦʛʦ ʤʘʛʥʠʪʘ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʵʥʟʠʤ 

ʧʨʦʯʥʝʝ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʥʠʭ. ʉʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʦʙʨʘʙʦʪʢʝ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ 

ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʬʝʨʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʭʠʪʦʟʘʥʦʤ. ʍʠʪʦʟʘʥ, 

ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʳʡ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʭʠʪʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʢʘʪʠʦʥʥʳʡ ʣʠʥʝʡʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ 

ʯʘʩʪʠʯʥʦʛʦ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʭʠʪʠʥʘ. ʍʠʪʠʥ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʵʢʟʦʩʢʝʣʝʪʘ ʥʘʩʝʢʦʤʳʭ, ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ 

ʛʨʠʙʦʚ, ʘ ʪʘʢʞʝ ʚʪʦʨʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ 

ʧʦʩʣʝ ʮʝʣʣʶʣʦʟʳ [1]. ʅʝ ʜʦ ʢʦʥʮʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʪʠʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʯʘʩʪʴ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʦʪʭʦʜʦʚ 

ʙʝʟ ʥʘʜʣʝʞʘʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʠʨʦʜʝ, ʪʘʢ ʢʘʢ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʭʠʪʠʥʘ ʧʦʪʨʝʙʣʷʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ [2]. ʋʪʠʣʠʟʘʮʠʷ ʭʠʪʠʥʦʚʳʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʮʝʥʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʩʪʘʪʴ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ (GOx), ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʥʘ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʭʠʪʦʟʘʥʦʤ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ: 0,1 ʛ ʭʠʪʦʟʘʥʘ; 0,1 ʛ EDC, 0,04 ʛ NHS 

ʠ 0,05 ʛ GOx. ʇʨʠʩʫʪʩʪʚʠʝ ʩʣʦʷ ʭʠʪʦʟʘʥʘ, ʧʦʢʨʳʚʘʶʱʝʛʦ ʥʘʥʦʯʘʩʪʠʮʳ, 

ʜʦʢʘʟʘʥ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʉʦʛʣʘʩʥʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʠʤʤʦʙʠʣʠʟʘʮʠʷ GOx 

ʥʘ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ, ʧʦʢʨʳʪʳʭ ʭʠʪʦʟʘʥʦʤ ʠ ʪʨʠʧʦʣʠʬʦʩʬʘʪʦʤ 

ʥʘʪʨʠʷ, ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥʳ pH ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʪʠʚʥʳʤ ʬʝʨʤʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʛʠʙʠʪʦʨʥʳʤ 

ʵʬʬʝʢʪʘʤ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Cheung R.C.F., Ng T.B., Wong J.H., Chan W.Y. // Mar. Drugs. 2015. ̄  13. C. 5156-5186. 

2. Unuofin J.O. // Environmental Science and Pollution Research. 2024. ̄  31. C. 38045ï38060. 
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ʋɼʂ 577.1:543.422.27 

ɹʘʨʘʥʥʠʢ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʘʤʦʩʙʦʨʢʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ  

ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥʘ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇɸɺ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɼ. ʍʠʞʥʷʢ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʠ  

L-ʮʠʩʪʝʠʥʘ (L-Cys) ʧʨʠʚʣʝʢʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʦʣʛʠʝ ʛʦʜʳ, ʟʘ ʩʯʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʝʣʴ-ʩʠʩʪʝʤ ʢ ʠʟʤʝʥʝʥʠʶ pH, ʜʦʙʘʚʣʝʥʠʶ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʠ ʜʨ., ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʦʙʰʠʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ. ɼʦ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʤʦʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʥʳʭ ʩʠʩʪʝʤ 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʇɸɺ ʥʝ ʙʳʣʦ, ʧʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ L-

ʮʠʩʪʝʠʥʘ, ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʠʦʜʠʜʘ ʢʘʣʠʷ ʠ ʣʘʫʨʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (SDS). 

ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʣ ʧʦ ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʤʝʪʦʜʫ. ɺ ʦʙʨʘʟʮʘʭ 

ʚʘʨʴʠʨʦʚʘʣʠ ʢʦʮʝʥʪʨʘʮʠʶ SDS ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 0,5 ʤʄ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʠʦʜʠʜʘ ʢʘʣʠʷ ʩʦʩʪʘʚʣʷʣʘ 0 ʠ 0,75 ʤʄ ʜʣʷ ʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʠ ʵʪʦʤ 

ʤʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (Ag+/Cys) ʦʩʪʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʷʣʦʩʴ 1,83. 

ʈʠʩ. 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ 

ʛʠʜʨʦʛʝʣʝʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ SDS ʠ ʙʝʟ ʝʛʦ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʛʝʣʝʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

SDS. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʜʠʘʧʘʟʦʥ SDS ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ SDS ʥʝ ʠʥʠʮʠʠʨʫʝʪ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʥʦ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʠʝ SDS ʠ KI ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʚʝʣʠʯʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʷʟʢʦʩʪʠ ʚ 

ʦʪʣʠʯʠʠ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʙʝʟ SDS. 

ʀʩʭʦʜʷ ʠʟ ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʘʥʥʳʭ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʦʙʘʚʣʝʥʠʝ SDS 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʣʴ ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʝʥʠ. ɼʦʙʘʚʣʝʥʠʝ 0,25 ʤʄ 

SDS ʚ ʩʠʩʪʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʤʝʜʣʝʥʠʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʝʙʨʘ, ʚʝʨʦʷʪʥʦ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Ag-SDS ʧʦ ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧʝ.  
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ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʷʟʢʦʩʪʠ ʛʠʜʨʦʛʝʣʝʡ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ  

t0C = 20ʦʉ, ʜʣʷ ʩʠʩʪʝʤ:  

1 ð L-Cys-AgNO3-KI;  

2 ð L-Cys-AgNO3-KI-SDS. 
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ʋɼʂ 544.774.4 

ɹʝʣʷʢʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʣʫʪʘʪʠʦʥʘ 

ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɺʠʰʥʝʚʝʮʢʠʡ ɼ.ɺ., ɸʥʜʨʠʘʥʦʚʘ ʗ.ɺ. 

ʌɻɹʆʋ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʝʧʪʠʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʠ- 

ʠ ʪʨʠʧʝʧʪʠʜʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʠʦʥʘʤʠ 

ʙʣʘʛʦʨʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʪʷʞʝʣʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʩʚʷʟʳʚʘʷ ʠʭ ʠ ʦʙʨʘʟʫʷ ʫʩʪʦʡʯʠʚʳʝ ʛʝʣʠ. ɼʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ ʣʝʯʝʥʠʠ ʦʥʢʦʣʦʛʠʠ [1]. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʩʠʩʪʝʤʳ 

L-ʮʠʩʪʝʠʥʘ ʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʟʦʣʴ ʠ ʪʠʢʩʦʪʨʦʧʥʳʡ ʛʝʣʴ 

ʫʞʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:1.25 (ʮʠʩʪʝʠʥ: ʥʠʪʨʘʪ) [2]. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʘʥʝʝ 

ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʣʫʪʘʪʠʦʥʘ ʩ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ ʥʝ ʜʘʶʪ ʧʦʣʥʦʡ 

ʢʘʨʪʠʥʳ ʤʝʭʘʥʠʟʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʥʝ ʦʧʠʩʘʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʪʨʦʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʠ ʢʦʨʨʝʣʷʮʠʠ ʩʠʣʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʩʝʨʝʙʨʘ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʧʦʩʦʙʥʘ ʦʪʨʘʟʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʢʦʤʧʣʝʢʩʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʛʣʫʪʘʪʠʦʥʘ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʠʩʭʦʜʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,01 ʄ ʚ 

ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (ʛʣʫʪʘʪʠʦʥ: ʥʠʪʨʘʪ): 1:0.25, 1:0.5, 1:0.75, 1:1, 

1:1.25, 1:1.5, 1:1.75, 1:2, 1:2.25. ʉʪʘʙʠʣʴʥʳʝ ʟʦʣʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʦʦʪʥʦʰʝʥʠʡ 1:1.75ï1:2.25. ʉʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʩʝʨʠʷ 

ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʚʳʩʫʰʠʚʘʥʠʝʤ ʠ ʧʨʝʩʩʦʚʘʥʠʝʤ ʚ ʪʘʙʣʝʪʢʫ ʙʨʦʤʠʩʪʦʛʦ ʢʘʣʠʷ. ɼʘʞʝ ʩ ʫʯʝʪʦʤ 

ʪʦʛʦ, ʯʪʦ L-ʮʠʩʪʝʠʥ ʩʦʩʪʘʚʣʷʝʪ ʦʜʥʫ ʠʟ ʪʨʝʭ ʘʤʠʥʦʢʠʩʣʦʪ ʛʣʫʪʘʪʠʦʥʘ, 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʨʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʩʠʩʪʝʤʘ ʚʳʧʘʜʘʝʪ 

ʚ ʦʩʘʜʦʢ ʪʠʦʣʷʪʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʝʨʝʙʨʘ [3]. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ, ʩʪʨʫʢʪʫʨʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʚ ʩʠʩʪʝʤʘʭ ʩ L-ʮʠʩʪʝʠʥʦʤ ʠ ʧʦʜʣʝʞʠʪ ʛʣʫʙʦʢʦʤʫ 

ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. D.V. Vishnevetskii et al.L-cysteine and N-acetyl-L-cysteine-mediated synthesis of nanosilver-based sols 

and hydrogels with antibacterial and antibiofilm properties// Journal of Materials Chemistry. ï 2023. ï

ˉ11. ï P. 5794-5804. 

2. L. Yong et al. Silver(I)ïglutathione biocoordination polymer hydrogel: effective antibacterial 

activity and improved cytocompatibility // JournalofMaterialsChemistry. ï 2011 ï̄ 21. ï P. 

19214ï19218. 

3. ʗ.ɺ. ɸʥʜʨʠʘʥʦʚʘ, ɸ.ɸ. ɹʝʣʷʢʦʚ, ɼ.ɺ. ɺʠʰʥʝʚʝʮʢʠʡ, ʇ.ʄ. ʇʘʭʦʤʦʚ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʛʣʫʪʘʪʠʦʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ // 

ɺʝʩʪʥʠʢ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ çʍʠʤʠʷè. ï 2025 ï ˉ1(59). ï ʉ. 

7ï21. 
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ʋɼʂ 544.478 

ɹʠʢʙʘʝʚʘ ɺʝʨʘ ʈʘʬʘʵʣʝʚʥʘ 

ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʪʠʪʘʥʦʩʠʣʠʢʘʪʦʚ TS-1 ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ 
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʋʬʘ, ʈʦʩʩʠʷ 

ʊʠʪʘʥʦʩʠʣʠʢʘʪʳ - ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ 

ʧʨʦʧʠʣʝʥʘ ʠ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʘ. ʂʦʤʝ ʪʦʛʦ, ʦʥʠ ʢʘʪʘʣʠʟʠʨʫʶʪ 

ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʣʝʬʠʥʦʚ[1], ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʩʫʣʴʬʠʨʦʚʘʥʠʝ [2]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ -ɻ ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʅ2ʆ2. ʆʢʠʩʣʝʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʢʝʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʅ2ʆ2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʠʪʘʥʦʩʦʜʝʨʞʘʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ - ɻʪʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʎʠʢʣʝʥʳ ʤʝʥʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, ʯʝʤ ʣʠʥʝʡʥʳʝ ʘʣʢʝʥʳ ʠ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ 

ʤʦʣʝʢʫʣʳ ʙʳʩʪʨʝʝ ʜʝʟʘʢʪʠʚʠʨʫʶʪ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʪʠʪʘʥʦʩʠʣʠʢʘʪʘ TS-1 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ MFI, ʥʝ 

ʩʦʜʝʨʞʘʱʝʛʦ ʘʥʘʪʘʟ, ʧʨʦʷʚʣʷʶʱʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʦʢʠʩʣʝʥʠʠ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʮʠʢʣʦʛʝʢʩʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʧʦʢʩʠʜ.  

ʉʠʥʪʝʟ TS-1 ʦʩʥʦʚʘʥ ʥʘ ʟʦʣʴ-ʛʝʣʴ ʠ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʤ ʧʦʜʭʦʜʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʫʯʘʣʠ, ʠʟʤʝʥʷʷ pH ʟʦʣʝʡ. 

ʆʙʨʘʟʮʳ ʠʟ ʟʦʣʝʡ ʩ ʙʦʣʴʰʝʡ ʦʩʥʦʚʥʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʝʡ 

ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʠʟ ʤʝʥʝʝ ʦʩʥʦʚʥʳʭ ʟʦʣʝʡ, ʤʝʟʦʧʦʨʠʩʪʳʝ. ʊʠʪʘʥʦʩʠʣʠʢʘʪʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Si/Ti 20-60 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ, ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʨʘʟʤʝʨʦʤ ʢʨʠʩʪʘʣʣʠʪʦʚ ʜʦ 300 ʥʤ.  

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ, ʉʕʄ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʋʌ-ʚʠʜ 

ɼʆ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ 

ʮʠʢʣʦʛʝʢʩʝʥʘ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ (20-60 ÁC, 5 ʯ, AcCN).   ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘ ʦʙʨʘʟʮʝ ʩ Si/Ti=60, ʧʦʣʫʯʝʥʥʦʤ ʠʟ ʟʦʣʝʡ ʩ ʤʝʥʴʰʝʡ ʦʩʥʦʚʥʦʩʪʴʶ, 

ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 16%, ʠʟ ʟʦʣʝʡ ʩ ʙʦʣʴʰʝʡ ʦʩʥʦʚʥʦʩʪʴʶ - 

ʪʦʣʴʢʦ 7%, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʜʥʦʤʫ ʧʨʦʜʫʢʪʫ ʜʦʩʪʠʛʘʝʪ 30%. 

ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ (30%) ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʙʨʘʟʮʝ ʩ 

Si/Ti=20, ʧʨʠ ʵʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʵʧʦʢʩʠʮʠʢʣʦʛʝʢʩʝʥʫ ʩʦʩʪʘʚʣʷʝʪ 40%.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ, ʛʨʘʥʪ ˉ 24-73-00169.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Smeets V., Gaigneaux E.M., Debecker D.P. ChemCatChem. 2022. Vol. 14. ˉ 1. e202101132 p. 

2. Wr·blewska A. React. Kinet. Mech. Catal. 2013. V. 108. ˉ 2. 491ï505 p. 
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ʋɼʂ: 541(49+64) 

ɹʨʦʚʠʥʘ ɺʘʣʝʥʪʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ pH ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʠʩʧʝʨʩʠʡ 

(ʙʠʦ)ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʠ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʢʨʘʭʤʘʣʘ ʤʘʥʠʦʢʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ʇʦʜʰʠʚʘʣʦʚ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆè, 

ʎʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ. ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ - (ʙʠʦ)ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ((ʙʠʦ)ʇʕʂ). ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʫ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʉʨʝʜʠ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ (ʙʠʦ)ʇʕʂ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʭʠʪʦʟʘʥ ʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʢʨʘʭʤʘʣ (ʂʄʂ), ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. ʍʠʪʦʟʘʥ, 

ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʢʦʚʠʥ ʢʨʘʙʦʚ ʠ ʢʨʝʚʝʪʦʢ, ʘ ʂʄʂ ʩʠʥʪʝʟʠʨʫʶʪ ʠʟ ʢʨʘʭʤʘʣʘ 

ʧʫʪʸʤ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. (ɹʠʦ)ʇʕʂ ʂʄʂ/ʭʠʪʦʟʘʥ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʝʞʜʫ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʭʠʪʦʟʘʥʘ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʂʄʂ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʦʢʩʠʤʝʪʠʣʢʨʘʭʘʤʘʣʘ (ʂʄʂ), ʢʨʘʭʤʘʣ ʤʘʥʠʦʢʠ, 

ʜʦʙʳʚʘʝʤʳʡ ʠʟ ʢʦʨʥʝʡ ʤʥʦʛʦʣʝʪʥʝʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʫʩʪʘʨʥʠʢʘ Manihot 

esculenta, ʢʘʨʙʦʢʩʠʤʝʪʠʣʠʨʦʚʘʣʠ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʠ 

ʤʦʥʦʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʨʘʩʪʚʦʨʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʜʦʣʝ ʢʠʩʣʦʪʳ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʂʄʂ 

ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʧʨʠʩʪʘʚʢʦʡ ʥʘʨʫʰʝʥʥʦʛʦ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ). ʈʘʩʪʚʦʨʳ ʜʠʩʧʝʨʩʠʡ (ʙʠʦ)ʇʕʂ 

ʂʄʂ/ʭʠʪʦʟʘʥ ʛʦʪʦʚʠʣʠʩʴ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,25 ʤʘʩʩ. % ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, 

ʫʚʝʣʠʯʠʚʘʷ ʜʦʣʶ ʂʄʂ ʦʪ 1:1 ʜʦ 1:6. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʅ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ (ʙʠʦ)ʇʕʂ ʤʝʪʦʜʦʤ ʪʫʨʙʦʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠʟʤʝʨʷʣʠ 

ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ (Unico, ʉʐɸ) ʧʨʠ 25ʦʉ ʠ ɚ=364 ʥʤ, ʘ ʨʅ 

ʨʘʩʪʚʦʨʘ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʘʤʠ NaOH 0,1 ʄ ʠ HCl 0,1 ʄ ʜʦ ʨʅ=2 ʠ 12, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʘʙʠʣʴʥʦʩʪʴ (ʙʠʦ)ʇʕʂ ʦʮʝʥʠʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

(Shimadzu, UV 1800) ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʚʩʪʨʦʝʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ (ʙʠʦ)ʇʕʂ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ ʩʪʘʜʠʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʢʦʘʮʝʨʚʘʪʦʚ ʠ ʧʨʦʮʝʩʩ ʩʝʜʠʤʝʥʪʘʮʠʠ.  
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ʋɼʂ: 544.774.4 

ɹʫʨʣʘʢʦʚ ɽʛʦʨ ʉʝʨʛʝʝʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʧʨʦʮʝʩʩ ʩʘʤʦʩʙʦʨʢʠ  

ʚ ʩʠʩʪʝʤʝ L-ʮʠʩʪʝʠʥ/AgNO3 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɼ.ɺ. ɺʠʥhʝʚʝʮʢʠʡ, ʗ.ɺ. ɸʥʜʨʠʘʥʦʚʘ 

ʌɻɹʆʋ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ.ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʪʨʘʩʣʴʶ ʚ ʭʠʤʠʠ ʷʚʣʷʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥʘ 

ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. ɼʣʷ ʠʥʠʮʠʘʮʠʠ ʩʘʤʦʩʙʦʨʢʠ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʫʪ 

ʚʟʷʪʳ ʩʦʣʠ ʙʠʦʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʷ ʠʣʠ ʟʦʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʘʩʪʠʝ ʢʘʢ ʢʘʪʠʦʥʘ, ʪʘʢ ʠ ʘʥʠʦʥʘ. 

ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝ ʙʳʣʦ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʦ ʩʨʝʜʩʪʚʦʤ 

ʜʦʙʘʚʣʝʥʠʷ ʠʭ ʥʠʪʨʘʪʦʚ ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʣʠʷʥʠʷ ʘʥʠʦʥʘ ʥʘ ʧʨʦʮʝʩʩ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ 

ʧʨʦʮʝʩʩ ʩʘʤʦʩʙʦʨʢʠ ʚ ʩʠʩʪʝʤʝ L-ʮʠʩʪʝʠʥ/AgNO3. ɻʠʜʨʦʛʝʣʠ ʧʦʣʫʯʘʣʠ ʥʘ 

ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥ/AgNO3 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ L-ʮʠʩʪʝʠʥ/AgNO3 1,00/1,25 ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 0,01ʄ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʩʦʟʨʝʚʰʠʡ ʨʘʩʪʚʦʨ 

ʥʠʪʨʘʪʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʤʝʪʘʣʣʦʚ (Na+, Cu+2, Mg+2, Al+3) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

0,01ʄ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʋʌ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Evolution Array (Thermo Scientific). ʀʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ ʠ ʟʘʨʷʜʦʚ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ Zetasizer Nano 

ZS (Malvern). ʀʂ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Vertex 70 (Bruker). ɺʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʛʠʜʨʦʛʝʣʝʡ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʠʩʢʦʟʠʤʝʪʨʘ SV-10 (A&D). ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʛʝʣʝʡ ʠ ʟʦʣʝʡ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʢʣʝʪʢʘʭ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ MCF-7 ʠ 

ʥʦʨʤʘʣʴʥʳʭ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ WI-38. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ L-ʮʠʩʪʝʠʥ/AgNO3 ʩʦʣʝʡ ʥʠʪʨʘʪʦʚ 

ʠ ʩʫʣʴʬʘʪʦʚ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 390 ʥʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʢʪʨʘ L-ʮʠʩʪʝʠʥ/AgNO3 ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. ʇʨʠ ʧʦʤʦʱʠ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʚʷʟʢʦʩʪʴ ʩʠʩʪʝʤʳ. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. ɼʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʩʪʝʠʥʘ ʠ ʠʦʥʦʚ ʩʝʨʝʙʨʘ 68 ʥʤ, ʘ ʜʣʷ L-

ʮʠʩʪʝʠʥ/AgNO3 + ʵʣʝʢʪʨʦʣʠʪ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

70-110 ʥʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʠʦʥʘ. ʄʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʫʩʪʘʥʦʚʠʣʠ ʧʨʦʮʝʩʩ ʚʩʪʨʘʠʚʘʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ L-ʮʠʩʪʝʠʥ/AgNO3. 

ʀʟʤʝʨʝʥʠʝ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʘʨʷʜʘ ʩʠʩʪʝʤʳ.  
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ʋɼʂ 544.36 

ɺʘʩʠʣʴʝʚʘ ʂʩʝʥʠʷ ɼʝʥʠʩʦʚʥʘ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʤʝʨʦʧʝʥʝʤʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ɸʣʝʢʩʝʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 
ʂʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʨʦʧʝʥʝʤ - 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʘʥʪʠʙʠʦʪʠʢ 

ʠʟ ʛʨʫʧʧʳ ʢʘʨʙʘʧʝʥʝʤʦʚ. ɽʛʦ 

ʤʦʣʝʢʫʣʘ ʩʦʜʝʨʞʠʪ 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ, ʚʪʦʨʠʯʥʫʶ 

ʘʤʠʥʥʫʶ ʠ ʜʚʝ ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ, 

ʠ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʙʣʠʟʢʘ ʢ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤ ʠ ʧʝʧʪʠʜʘʤ.  

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʝ ʤʝʨʦʧʝʥʝʤʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ Epik (Schrodinger LLC), ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʠʭ ʛʨʘʬʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʜʝʩʷʪʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʢʦʥʩʪʘʥʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ ʤʝʨʦʧʝʥʝʤʘ Mrpï: 8,22 ʜʣʷ ʘʤʠʥʦʛʨʫʧʧʳ, 3,05 ʜʣʷ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ Mrpï ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʅ-ʤʝʪʨʠʯʝʩʢʦʛʦ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ NaMrp ʥʘ ʬʦʥʝ 0,1 ʄ KNO3 ʧʨʠ 25 ʉ̄ 0,05ʄ 

ʨʘʩʪʚʦʨʦʤ HNO3. ʈʘʩʯʸʪ ʟʥʘʯʝʥʠʡ ʜʝʩʷʪʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʢʦʥʩʪʘʥʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ Mrpï ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʧʨʦʛʨʘʤʤʝ NewDALSFEK.  

ɼʣʷ ʨʘʚʥʦʚʝʩʠʷ Mrpï + H+ ăĄ HMrp ʨʘʩʯʸʪ ʜʘʸʪ ʟʥʘʯʝʥʠʝ ʣʦʛʘʨʠʬʤʘ 

ʢʦʥʩʪʘʥʪʳ lgɓ1 = 7,55 Ñ0,03. ɼʣʷ ʨʘʚʥʦʚʝʩʠʷ Mrpï + 2H+ ăĄ H2Mrp+ ïï 

ʟʥʘʯʝʥʠʝ lgɓ2 = 10,48Ñ0,07. ɺ ʩʦʦʪʥʝʩʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʝ Epik ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʛʨʫʧʧʳ ʩ ʢʦʥʩʪʘʥʪʦʡ lgK1 = 7,55Ñ0,03 ʠ ʟʘʪʝʤ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʩ ʢʦʥʩʪʘʥʪʦʡ lgK2 = 10,48 ï 7,55 = 

2,93Ñ0,07. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʟʥʘʯʝʥʠʷʭ ʢʦʥʩʪʘʥʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ 

ʤʝʨʦʧʝʥʝʤʘ ʚ 18%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʪʘʥʦʣʘ ʚ ʚʦʜʝ: lgK1 = 7,30 ʜʣʷ 

ʘʤʠʥʦʛʨʫʧʧʳ ʠ lgK2 = 3,30 ʜʣʷ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.  

ʊʘʢʞʝ ʙʳʣ ʟʘʧʠʩʘʥ ʀʂ ʩʧʝʢʪʨ ʧʦʨʦʰʢʘ ʤʝʨʦʧʝʥʝʤʘ ʜʣʷ ʦʙʨʘʟʮʘ ʚ 

ʚʠʜʝ ʪʘʙʣʝʪʢʠ ʩ KBr, ʚ ʢʦʪʦʨʦʤ ʧʨʦʷʚʠʣʠʩʴ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʚʷʟʝʡ C=O ʙʝʪʘ-ʣʘʢʪʘʤʥʦʡ (1749 ʩʤï1), ʘʤʠʜʥʦʡ (1654 ʩʤï1) ʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧ (1616 cʤï1). ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʤʝʨʦʧʝʥʝʤ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʮʚʠʪʪʝʨ-ʠʦʥʘ, ʢʦʪʦʨʦʤ ʧʨʦʪʦʥʠʨʦʚʘʥʘ 

ʘʤʠʥʦʛʨʫʧʧʘ ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʘ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ.  
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ʋɼʂ: 544.478.1 

ɺʠʢʪʦʨʦʚʘ ɼʘʨʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʬʫʨʬʫʨʦʣʘ ʜʦ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʮʝʦʣʠʪʝ ZSM-5 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɽ. ɻʨʠʛʦʨʴʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʌʫʨʬʫʨʦʣ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʦʣʠʟʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʀʟ 

ʬʫʨʬʫʨʦʣʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴʬʫʨʬʫʨʠʣʦʚʳʡ 

ʩʧʠʨʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʪʦʥʥʘʞʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʤʦʣ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʠʪʘʤʠʥ ʉ, ʣʠʟʠʥ ʠ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʬʫʨʠʣʦʚʳʡ ʩʧʠʨʪ [1].  

ʇʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʫʨʬʫʨʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʬʫʨʬʫʨʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ Ru-

ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʘ ZSM-5 ʥʘ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʬʫʨʬʫʨʦʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʬʫʨʬʫʨʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʨʝʘʢʪʦʨʝ Series 5000 Multiple Reactor System 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 Áʉ ʠ ʜʘʚʣʝʥʠʠ H2 60 ʘʪʤ. ʉʝʨʠʷ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: Ru/HZSM-5, Ru/NaZSM-5-0.05, Ru/NaZSM-

5-0.10, Ru/NaZSM-5-0.15, Ru/HZSM-5-1ʯ. ʅʦʩʠʪʝʣʝʤ ʜʣʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ ʮʝʦʣʠʪ HZSM-5, ʘ ʪʘʢʞʝ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʠ (ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʩ ʤʦʣʷʨʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

0.05, 0.1, 0.15 ʠ 0.5 ʄ ʨʘʩʪʚʦʨʦʤ HCl ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ). ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʚʝʨʩʠʷ 

ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru/HZSM-5-1ʯ (99,5% ʧʨʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʬʫʨʬʫʨʠʣʦʚʦʤʫ ʩʧʠʨʪʫ 91,1%). ɺʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʪʘʢʞʝ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru/NaZSM-5-0.15 

(82,9%) ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʬʫʨʬʫʨʦʣʘ 89,2%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨ 

Ru/HZSM-5-1ʯ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Y. Nakagawa, M. Tamura, K. Tomishige // ACS Catal. 2013. ˉ3. ʈ. 2655ï 2668. 
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ʋɼʂ: 66.094.524.52, 547.484.541 

ɻʘʚʨʠʣʦʚʘ ɽʚʛʝʥʠʷ ʇʘʚʣʦʚʥʘ 

ʉʫʣʴʬʠʨʦʚʘʥʥʳʡ ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ ʢʘʢ ʪʚʸʨʜʳʡ ʢʠʩʣʦʪʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʩʠʥʪʝʟʘ ʣʝʚʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ʄʘʥʘʝʥʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʉʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ (ʉʇʉ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʠʜʨʦʬʦʙʥʳʡ ʩʦʨʙʝʥʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʦʯʝʥʴ 

ʧʨʦʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʦʢ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʰʠʚʘʥʠʷ ʮʝʧʝʡ 

ʧʦʣʠʩʪʠʨʦʣʘ [1]. ʆʙʣʘʜʘʷ ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʠʬʠʢʘʮʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʉʇʉ ʟʘʚʦʝʚʘʣ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʥʘ ʢʦʤʤʝʨʯʝʩʢʦʤ ʨʳʥʢʝ [2]. ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʭʩʰʠʪʳʭ ʧʦʣʠʤʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʩʰʠʪʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 

ʩʫʣʴʬʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʤʘʨʦʢ MN270 ʠ MN250. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʧʦʣʠʤʝʨ ʩʤʝʰʠʚʘʶʪ ʜʠʭʣʦʨʵʪʘʥʦʤ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ 

ʪʝʯʝʥʠʝ 1 ʯ. ɿʘʪʝʤ ʢ ʩʤʝʩʠ ʜʦʙʘʚʣʷʶʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ 

ʠ ʥʘʛʨʝʚʘʶʪ ʜʦ 80 ÁC. ʉʤʝʩʴ ʚʳʜʝʨʞʠʚʘʶʪ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʉʫʣʴʬʠʨʦʚʘʥʥʳʡ ʧʦʣʠʤʝʨ ʦʪʜʝʣʷʶʪ ʥʘ 

ʬʠʣʴʪʨʝ, ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ, ʵʪʘʥʦʣʦʤ ʠ ʚʳʩʫʰʠʚʘʶʪ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʭʝʤʦʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ, 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 

ʚ ʨʝʘʢʮʠʠ ʢʦʥʚʝʨʩʠʠ ʬʨʫʢʪʦʟʳ ʠ ʠʥʫʣʠʥʘ ʚ ʣʝʚʫʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ (ʃʂ). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʣʴʬʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 200 ęʉ, ʘ ʚʳʭʦʜ ʃʂ ʠʟ ʬʨʫʢʪʦʟʳ ʠ ʠʥʫʣʠʥʘ ʜʦʩʪʠʛʘʣ 39,5% 

ʠ 37,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 100% ʢʦʥʚʝʨʩʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ 23-79-00009). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Popova, A.Yu.; Blinnikova, Z.K.; Tsyurupa, M.P.; Davankov, V.A. Synthesis and Physicochemical 

Properties of Hypercross-linked Polystyrene Restricted-Access Materials. Polym. Sci. Ser. B 2018, 

60(5), 680ï687 

2. Ahn J.-H., Jang J.-E., Oh C.-G., Ihm S.-K., Cortez J., Sherrington D.C., 2006, Rapid generation 

and control of microporosity, bimodal pore size distribution, and surface area in Davankov-type 

hyper-cross-linked resins. Macromolecules, 39(2), 627ï632. 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 151 
 

ʋɼʂ: 54.057 

ɻʘʧʦʥʝʥʢʦ ʆʢʩʘʥʘ ɺʘʩʠʣʴʝʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʚʦʡʩʪʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɺʝʨʦʣʘʡʥʝʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʙʝʪʫʣʠʥʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʷʭ. 

ʂʣʘʩʩ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ ʙʝʪʫʣʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʩ ʚʘʞʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʪʫʣʠʥʘ ʦʙʣʘʜʘʶʪ ʘʥʪʠ-ɺʀʏ, 

ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʡ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʠ 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ ʦʩʥʦʚʝ ʙʝʪʫʣʠʥʘ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʤʥʦʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ [1,2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʙʝʪʫʣʠʥʘ ʧʦʣʫʯʘʣʠ ʨʝʘʢʮʠʝʡ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ 

ʩʠʥʪʝʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʪʝʘʨʠʥʦʚʘʷ, ʧʘʣʴʤʠʪʠʥʦʚʘʷ ʠ ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʨʥʫʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʠʩʣʦʪʫ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʦʧʳʪʥʳʤ ʧʫʪʝʤ, 

ʩʦʩʪʘʚʣʷʝʪ 1 ʯʘʩ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʪʫʣʠʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʳʝ ʞʠʜʢʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʵʬʠʨʥʦʝ 

ʯʠʩʣʦ ʵʬʠʨʦʚ ʙʝʪʫʣʠʥʘ. ʈʘʩʪʚʦʨʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ 

ʦʙʣʘʜʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ. ʉʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʫʟʥʝʮʦʚʘ ʉ.ɸ. ʇʦʣʫʯʝʥʠʝ ʜʠʘʮʝʪʘʪʘ ʙʝʪʫʣʠʥʘ ʠʟ ʙʝʨʝʩʪʳ ʢʦʨʳ ʙʝʨʝʟʳ ʠ ʠʟʫʯʝʥʠʝ ʝʛʦ 
ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ / ʉ.ɸ. ʂʫʟʥʝʮʦʚʘ, ʅ.ʖ. ɺʘʩʠʣʴʝʚʘ, ɻ.ʉ. ʂʘʣʘʯʝʚʘ [ʠ ʜʨ.] // 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ. 2008. ʉ. 151-165. 

2. ʗʥʦʚʩʢʠʡ ɺ.ɸ. ʉʠʥʪʝʟ ʧʦʣʠʵʬʠʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʪʫʣʠʥʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ / 
ɺ.ɸ. ʗʥʦʚʩʢʠʡ, ɺ.ɺ. ɾʫʢ, ɸ.ɸ. ɹʘʢʠʙʘʝʚ // ʇʦʣʟʫʥʦʚʩʢʠʡ ʚʝʩʪʥʠʢ. 2009. ˉ3. ʉ. 348-352. 
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ʋɼʂ 615.322 

ɻʦʨʙʘʥʴ ɸʥʘʩʪʘʩʠʷ ʇʘʚʣʦʚʥʘ 

ɺʣʠʷʥʠʝ ʩʝʟʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʩʪʴʝʚ ʦʣʴʭʠ ʠ 

ʙʦʷʨʳʰʥʠʢʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʭ 

ʟʝʣʸʥʳʤ ʩʠʥʪʝʟʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʉ.ɼ. ʍʠʞʥʷʢ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɿʝʣʝʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʧʨʠʚʣʝʢʘʝʪ ʧʦʚʳʰʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ. ʇʨʠʨʦʜʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʵʢʩʪʨʘʢʪʳ ʩʦʜʝʨʞʘʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 

ʥʘʥʦʯʘʩʪʠʮ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʝʟʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʩʪʴʝʚ ʦʣʴʭʠ ʠ ʙʦʷʨʳʰʥʠʢʘ, ʩʦʙʨʘʥʥʳʭ ʚ ʨʘʟʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ (ʣʝʪʦ ʠ ʦʩʝʥʴ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʊʚʝʨʠ ʠ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2024 

ʛʦʜʫ, ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ (ʅʏʉ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 

ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʵʪʠʭ ʨʘʩʪʝʥʠʡ. 

  
ʈʠʩ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ ʙʦʷʨʳʰʥʠʢʘ ʠ ʦʣʴʭʠ 

(ʣʝʪʦ/ʦʩʝʥʴ) ʯʝʨʝʟ 6 ʜʥʝʡ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ AgNO3; ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʅʏʉ, ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʵʢʩʪʨʘʢʪʝ ʣʠʩʪʴʝʚ ʦʣʴʭʠ (ʦʩʝʥʴ). 
ɸʥʘʣʠʟ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʇʇʈ) ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ 

ʅʏʉ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ ʦʣʴʭʠ ʠ ʙʦʷʨʳʰʥʠʢʘ 

(ʣʝʪʦ/ʦʩʝʥʴ) ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ AgNO3, ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʤʝʨʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝ ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩ. ʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʨʘʟʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʝʣʝʥʦʛʦ ʩʠʥʪʝʟʘ ʅʏʉ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʜʨ. ʚ ʣʠʩʪʴʷʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʩʦʙʨʘʥʥʳʭ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʛʦʜʘ (ʣʝʪʦ/ʦʩʝʥʴ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʉʕʄ (ʨʠʩ. ʙ) ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ. 
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ʋɼʂ: 547.781.1 

ɻʦʨʙʫʥʦʚʘ ɼʘʨʴʷ ɺʘʣʝʨʴʝʚʥʘ 

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ 1-ʜʝʮʠʣ-3-ʘʣʢʠʣʠʤʠʜʘʟʦʣʠʷ ʚ 

ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʧʨʠʚʣʝʢʘʶʪ ʢ ʩʝʙʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʠ. ʋʯʠʪʳʚʘʷ ʠʭ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ, ʀɾ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʨʝʜ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʕʇ) 

ʨʘʩʪʚʦʨʦʚ ʀɾ ï ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ 1-ʜʝʮʠʣ-3-

ʘʣʢʠʣʠʤʠʜʘʟʦʣʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 50ʦʉ. 

ʇʨʦʚʝʜʝʥʦ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʀɾ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʕʇ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʀɾ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʤʦʥʦʪʦʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʘ) ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 

1-ʜʝʮʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʙ) ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ 1-ʜʝʮʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 25ʦʉ ʜʦ 50ʦʉ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʕʇ ʨʘʩʪʚʦʨʦʚ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ 

1-ʜʝʮʠʣ-3-ʘʣʢʠʣʠʤʠʜʘʟʦʣʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʦʥ ʚ ʩʦʩʪʘʚʝ ʀɾ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʕʇ ʠʟʫʯʝʥʥʳʭ ʀɾ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ.  
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ʋɼʂ 543.42.061 

ɻʦʨʷʯʝʚʘ ɽʚʛʝʥʠʷ ɸʣʝʢʩʝʝʚʥʘ  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ʜʠʪʠʟʦʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʠʥʠʥʘ ʄ.ɺ.  

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɼʠʪʠʟʦʥ (ʜʠʬʝʥʠʣʪʠʦʢʘʨʙʘʟʦʥ) ð ʦʨʛʘʥʠʯʝʩʢʦʝ ʭʠʤʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʦʜʠʥ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʘʟʦʢʨʘʩʠʪʝʣʝʡ, ʤʝʪʘʣʣʦʭʨʦʤʥʳʡ 

ʠʥʜʠʢʘʪʦʨ. ʗʚʣʷʝʪʩʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʨʝʘʛʝʥʪʦʤ, 

ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦ-

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʦʥʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʪʘʢʨʠʣʘʪʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʯʠʩʪʦʪʳ 

ʧʨʝʧʘʨʘʪʦʚ ʦʩʪʨʦʚʢʦʚ ʃʘʥʛʝʨʛʘʥʩʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʜʠʪʠʟʦʥʘ 

ʉʧʝʢʪʨʳ ʜʠʪʠʟʦʥʘ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʛʦʪʦʚʣʝʥ 

ʨʘʩʪʚʦʨ ʜʠʪʠʟʦʥʘ ʚ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ: ʥʘʚʝʩʢʫ 0,02 ʛ ʜʠʪʠʟʦʥʘ 

ʨʘʩʪʚʦʨʷʶʪ ʚ 100 ʤʣ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʬʦʪʦʤʝʪʨʠʨʦʚʘʣʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʇʕ-5400ɺʀ. ʉ 

ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ (DFT TPSS/6-31G++**) ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʠ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʜʣʷ HOMO ʠ LUMO ʦʨʙʠʪʘʣʝʡ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʜʠʪʠʟʦʥʘ ʩ 

ʨʘʩʩʯʝʪʥʳʤʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ 

ɚmax, ʥʤ ɚmax, ʥʤ ɚmax, ʥʤ ɚmax, ʥʤ 

430 618 413 590 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʘ TPSS. 
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ʋɼʂ 543.2 

ɻʫʣʴʪʷʝʚʘ ʂʩʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʦʙʨʘʟʮʝ ʩʪʘʣʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʝʝʚ ɺ.ɻ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ ʩʪʘʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʸʥ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ FOUNDRY-MASTER UVR. 

ʆʙʥʘʨʫʞʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (0,202 %), ʩʝʨʳ (0,0119 %), ʬʦʩʬʦʨʘ 

(0,0063 %), ʢʨʝʤʥʠʷ (0,245 %), ʤʘʨʛʘʥʮʘ (0,535 %), ʤʝʜʠ (0,129 %). 

ʋʪʦʯʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʦʜʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (ʧʦ ɻʆʉʊ 12344-2003) ʠ ʩʝʨʳ (ʧʦ ɻʆʉʊ 

22S36.2-87) ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʀʂ-ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʛʘʟʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ï ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

22536.3 ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʦʩʬʦʨʦʤʦʣʠʙʜʘʪʘ ʧʨʠ 810 ʥʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʷ ï ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʧʦ ɻʆʉʊ 22536.4-88) 

ʧʦ ʤʘʩʩʝ ʦʩʘʜʢʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ï ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ (ʧʦ ɻʆʉʊ 22536) ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʘʤʤʠʘʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 

675 ʥʤ. ʉʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ï ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ɻʆʉʊ 

12348-87. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ: 

ʆʧʨʝʜʝʣʷʝʤʳʡ ʵʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ, % 

ʋʛʣʝʨʦʜ 0,1926 

ʉʝʨʘ 0,01005 

ʄʘʨʛʘʥʝʮ 0,5385 

ʌʦʩʬʦʨ 0,0090 

ʂʨʝʤʥʠʡ 0,224 

ʄʝʜʴ 0,127 
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ʋɼʂ 543.06 

ɻʫʩʝʚʘ ɼʘʨʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʟʘʤʘʩʣʠʚʘʪʝʣʝʡ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɺ. ʄʠʥʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɿʘʤʘʩʣʠʚʘʪʝʣʴ - ʵʪʦ ʩʧʝʮʠʘʣʴʥʘʷ ʩʤʝʩʴ, ʥʘʥʦʩʠʤʘʷ ʥʘ ʩʪʝʢʣʦʚʦʣʦʢʥʘ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʤʘʩʣʠʚʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʛʦ 

ʩʮʝʧʣʝʥʠʷ, ʩʥʠʞʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʫʣʫʯʰʘʝʪ ʦʙʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʟʘʤʘʩʣʠʚʘʪʝʣʷ ʥʘ ʚʦʣʦʢʥʝ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘ ʦʙʨʘʙʦʪʢʫ. ʅʝʜʦʩʪʘʪʦʢ 

ʟʘʤʘʩʣʠʚʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʧʣʦʭʦʤʫ ʫʚʣʘʞʥʝʥʠʶ ʠ ʧʦʚʳʰʝʥʥʦʤʫ ʪʨʝʥʠʶ, ʘ 

ʠʟʙʳʪʦʢ ð ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʥʘʤʦʪʢʝ ʠ ʩʧʦʣʟʘʥʠʶ ʚʦʣʦʢʦʥ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʟʘʤʘʩʣʠʚʘʪʝʣʝʡ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʦʡʩʪʚ 14 ʟʘʤʘʩʣʠʚʘʪʝʣʷ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɿʘʤʘʩʣʠʚʘʪʝʣʴ ʧʨʦʚʝʨʠʣʠ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ 5000 ʦʙ/ʤʠʥ, ʚʨʝʤʷ ʚʨʘʱʝʥʠʷ 10 ʤʠʥ. 

ɿʘ ʩʪʘʙʠʣʴʥʫʶ ʧʨʠʥʠʤʘʶʪ ʵʤʫʣʴʩʠʶ ʙʝʟ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʨʘʩʩʣʦʝʥʠʷ, 

ʦʜʥʦʨʦʜʥʫʶ ʠ ʦʜʠʥʘʢʦʚʫʶ ʧʦ ʮʚʝʪʫ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ.  

ʉ ʧʦʤʦʱʴʶ pH-ʤʝʪʨʘ ʠʟʤʝʨʠʣʠ pH ʟʘʤʘʩʣʠʚʘʪʝʣʷ. ɿʥʘʯʝʥʠʝ pH 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʤʘʩʣʠʚʘʪʝʣʷ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʪʝʨʠʘʣʳ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ. ʇʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ 

ɻʆʉʊ 12172-74, ʩ ʥʘʚʝʩʢʦʡ ʤʘʩʩʦʡ 1 ʛʨʘʤʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʰʠʣʴʥʦʛʦ 

ʰʢʘʬʘ 110 ʦʉ ʠ ʚʨʝʤʝʥʠ ʧʨʦʢʘʣʠʚʘʥʠʷ 1 ʯʘʩ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʩʚʦʡʩʪʚʘʭ ʟʘʤʘʩʣʠʚʘʪʝʣʷ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʋɼʂ 544.36 

ɼʞʘʙʨʘʠʣʦʚʘ ɸʤʠʥʘʪ ɻʘʤʠʜʦʚʥʘ 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚ ʮʝʬʠʢʩʠʤʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ɸʣʝʢʩʝʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʦʣʝʢʫʣʘ ʮʝʬʠʢʩʠʤʘ ï 

ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ 

ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ï ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʢʠʩʣʦʪʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʠ ʦʜʥʫ ʦʩʥʦʚʥʫʶ 

ʘʤʠʥʦʪʠʘʟʦʣʴʥʫʶ ʛʨʫʧʧʫ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʞʝʪ ʢʘʢ 

ʦʪʜʘʚʘʪʴ, ʪʘʢ ʠ ʧʨʠʥʠʤʘʪʴ 

ʧʨʦʪʦʥʳ.  

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ʚ ʨʘʩʪʚʦʨʝ ʮʝʬʠʢʩʠʤʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ Epik (Schrodinger LLC), ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʠʭ ʛʨʘʬʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʜʝʩʷʪʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʢʦʥʩʪʘʥʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ: 4,05 ʜʣʷ ʘʤʠʥʦʪʠʘʟʦʣʴʥʦʡ ʛʨʫʧʧʳ, 3,12 ʜʣʷ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʙʦʢʦʚʦʡ ʮʝʧʠ, 3,07 ʜʣʷ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ 

ʷʜʨʘ ʤʦʣʝʢʫʣʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʘʥʠʦʥʘ ʮʝʬʠʢʩʠʤʘ Cfx2ï ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʅ-ʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ Na2Cfx ʥʘ ʬʦʥʝ 0,1 ʄ KNO3 ʧʨʠ 

25 ʉ̄ 0,05 ʄ ʨʘʩʪʚʦʨʦʤ HNO3. ʈʘʩʯʸʪ ʟʥʘʯʝʥʠʡ ʜʝʩʷʪʠʯʥʳʭ ʣʦʛʘʨʠʬʤʦʚ 

ʢʦʥʩʪʘʥʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ Cfx2ï ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʧʨʦʛʨʘʤʤʝ 

NewDALSFEK. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʣʘ ʨʘʚʥʦʚʝʩʠʷ:  

Cfx2ï + H+ ă Ą HCfxï ; Cfx2ï + 2H+ ă Ą H2Cfxï ; Cfx2ï + 3H+ ă Ą H3Cfxï. 

ɼʣʷ ʨʘʚʥʦʚʝʩʠʷ Cfx2ï + H+ ă Ą HCfxï ʨʘʩʯʸʪ ʜʘʸʪ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 

lgɓ1 = 3,98 Ñ0,05. ʇʨʦʛʨʘʤʤʘ ʦʪʢʣʦʥʷʝʪ ʢʘʢ ʥʝʟʥʘʯʠʤʦʝ ʨʘʚʥʦʚʝʩʠʝ Cfx2ï + 

2H+ ă Ą H2Cfxï , ʘ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ Cfx2ï + 3H+ ă Ą H3Cfxï ʜʘʸʪ ʟʥʘʯʝʥʠʝ 

ʢʦʥʩʪʘʥʪʳ lgɓ3 = 9,20Ñ0,15. ɺ ʩʦʦʪʥʝʩʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʝ Epik ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʪʠʘʟʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʢʦʥʩʪʘʥʪʦʡ lgK1 = 3,98 Ñ0,05 ʠ 

ʟʘʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʦʙʝʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʩ 

ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪ ʢʦʥʩʪʘʥʪʳ lgK2 º lgK3 º (9,20 ï 3,98) / 2 = 

2,61. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʟʥʘʯʝʥʠʷʭ ʢʦʥʩʪʘʥʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥʘ 

ʮʝʬʠʢʩʠʤʘ: lgK1 = 3,72 ʜʣʷ ʘʤʠʥʦʪʠʘʟʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʜʣʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ lgK2 = 2,70, lgK3 = 2,06, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʠ 25 ʉ̄ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.  
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ʋɼʂ: 544.723.23 

ɼʨʦʟʜʦʚʘ ʃʘʨʠʩʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʂʫʟʥʝʮʦʚ ɸʣʝʢʩʘʥʜʨʘ ʖʨʴʝʚʥʘ  

ɸʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʩʚʠʥʮʘ ʠʟ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʩʪʠʨʦʣʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʀ.ɺ. ɿʳʢʦʚʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʂʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʄʠʢʨʦʧʣʘʩʪʠʢ (ʜʠʘʤʝʪʨ ʤʝʥʴʰʝ 5 ʤʤ) ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʠʟʤʝʣʴʯʝʥʠʠ 

ʧʦʣʠʩʪʠʨʦʣʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʝʛʦ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʧʦʨʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʣʠʩʪʠʨʦʣ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ. ʄʠʢʨʦʧʣʘʩʪʠʢ ʚ ʦʢʨʫʞʘʶʱʝʡ ʵʢʦʩʠʩʪʝʤʝ ʘʜʩʦʨʙʠʨʫʝʪ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʬʦʨʤʠʨʫʶʪʩʷ ʙʠʦʧʣʸʥʢʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 

ʘʜʩʦʨʙʮʠʠ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʝʩʪʠʮʠʜʦʚ, ʛʝʨʙʠʮʠʜʦʚ, ʘʥʪʠʙʠʦʪʠʢʦʚ, 

ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʘʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʩʚʠʥʮʘ (II) ʥʘ ʠʟʤʝʣʴʯʝʥʥʳʭ ʠʟʜʝʣʠʷʭ ʠʟ 

ʧʦʣʠʩʪʠʨʦʣʘ. 

ʇʦʣʠʩʪʠʨʦʣ ï ʩʦʩʪʦʠʪ ʠʟ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʩʪʠʨʦʣʘ. ʆʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʀʟʫʯʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʩʚʠʥʮʘ (II) c ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,5 ʠ 10 ʤʛ/ʜʤ3 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʟʜʝʣʠʷʭ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ (ʪʘʨʝʣʢʠ ʠ ʚʠʣʢʠ), ʢʦʪʦʨʳʝ 

ʧʝʨʝʤʘʣʳʚʘʣʠʩʴ ʚ ʤʝʣʴʥʠʮʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʟʝʨʥʦʚʦʡ LM ï 250 ʜʦ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ 600 ï 800 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293ʂ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʘʩʪʚʦʨ:ʩʦʨʙʝʥʪ = 100:1. ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʚʠʥʮʘ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʥʘ Pb (II ) 

(ʵʣʠʩ-131Pb)  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʢʠʥʝʪʠʢʠ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʩʚʠʥʮʘ (II) 

ʠʟʜʝʣʠʷʤʠ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʩʚʠʥʮʘ(II) ʩʦ ʚʨʝʤʝʥʝʤ 

Ű, ʯ 1 2 4 8 24 

ʉʠʩʭ, 

ʤʛ/ʜʤ3 

0,5 10 0,5 10 0,5 10 0,5 10 0,5 10 

ʉŰ, 

ʤʛ/ʜʤ3 

0,10 8,28 0,06 5,22 0,05 2,94 0,05 2,94 0,05 2,94 

ʘŰĀ103, 

ʤʤʦʣʴ/ʛ 

0,19 0,83 0,21 2,30 0,22 3,40 0,22 3,40 0,22 3,40 

ʈʘʚʥʦʚʝʩʠʝ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʩʚʠʥʮʘ (II) ʠʟʜʝʣʠʷʤʠ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 
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ʋɼʂ: 544.723.23 

ɼʨʦʟʜʦʚʘ ʃʘʨʠʩʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʂʫʟʥʝʮʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʖʨʴʝʚʥʘ   

ɸʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʤʝʜʠ ʠʟ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʩʪʠʨʦʣʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀ.ɺ. ɿʳʢʦʚʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʠʟʘʡʥʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ʂʘʬʝʜʨʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʠʭ ʬʨʘʛʤʝʥʪʘʮʠʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 5 ʤʤ ʚʳʟʳʚʘʶʪ 

ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʠʟ-ʟʘ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʦʚ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ʅʘʤʠ ʠʟʫʯʝʥʘ ʘʜʩʦʨʙʮʠʷ ʠʦʥʦʚ ʤʝʜʠ (II) ʠʟʤʝʣʴʯʝʥʥʳʤʠ ʠʟʜʝʣʠʷʤʠ 

ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ. 

ʇʦʣʠʩʪʠʨʦʣ ʩʦʩʪʦʠʪ ʠʟ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʩʪʠʨʦʣʘ ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ.  

ɸʜʩʦʨʙʮʠʶ ʤʝʜʠ (II) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 0,5 ʠ 10 ʤʛ/ʜʤ3 ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʠʟʜʝʣʠʷʭ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ. ʊʘʨʝʣʢʠ ʠ ʚʠʣʢʠ ʧʝʨʝʤʘʣʳʚʘʣʠ ʚ ʤʝʣʴʥʠʮʝ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʟʝʨʥʦʚʦʡ LMï 250 ʜʦ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 600 ï 800 ʤʢʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 293ʂ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʨʘʩʪʚʦʨ:ʩʦʨʙʝʥʪ (100:1). ʂʦʥʮʝʥʪʨʘʮʠʶ ʤʝʜʠ (II) ʦʧʨʝʜʝʣʷʣʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʥʘ Cu(II) 

(ʕʣʠʩ-131Cu). ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ (II) ʠʟʜʝʣʠʷʤʠ 

ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ (II) ʩʦ ʚʨʝʤʝʥʝʤ 

ʈʘʚʥʦʚʝʩʠʝ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ (II) ʠʟʜʝʣʠʷʤʠ ʠʟ ʧʦʣʠʩʪʠʨʦʣʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 
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ʋɼʂ: 547.781.1 

ɼʶ ʄʘʨʠʷ ɸʥʜʨʘʥʠʢʦʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-

ʘʥʠʦʥʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʆ.ɽ.ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ð ʥʠʟʢʦʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʪʘʣʠʟʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ. 

ʀʤʠʜʘʟʦʣʠʝʚʳʝ ʀɾ ʩ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ (PF ) ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ ʩ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ: CH3COOC4H9, 

CH3COOC6H13, CH3COOC8H17, ʛʜʝ R=C4H9, C6H13, C8H17 

 
ʉʠʥʪʝʟ ʟʘʤʝʱʝʥʥʳʭ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʀɾ ʩ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʘʥʠʦʥʦʤ 

ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʪʨʠ ʩʪʘʜʠʠ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ: ʧʨʦʚʝʜʝʥʠʝ ʘʟʝʦʪʨʦʧʥʦʡ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʤʝʞʜʫ ʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʙʫʪʠʣʦʚʳʤ, ʛʝʢʩʠʣʦʚʳʤ, 

ʦʢʪʠʣʦʚʳʤ ʩʧʠʨʪʘʤʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʪʦʣʫʦʣ). ɺʪʦʨʘʷ ʩʪʘʜʠʷ: 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʣʘ ʧʦʣʫʯʝʥʥʳʤʠ ʵʬʠʨʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʊʨʝʪʴʷ: 

ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʥʘ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ-ʘʥʠʦʥ 

ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. 
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ʋɼʂ: 543.383.2 

ɼʷʜʴʢʦ ɸʥʘʩʪʘʩʠʷ ʖʨʴʝʚʥʘ 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ (ʅʇ) ʨʘʟʨʫʰʘʶʱʝ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʬʣʦʨʫ ʠ ʬʘʫʥʫ, ʥʘʨʫʰʘʝʪ ʵʢʦʩʠʩʪʝʤʳ. ʅʝʬʪʝʧʨʦʜʫʢʪʳ 

ʷʚʣʷʶʪʩʷ ʢʘʥʮʝʨʦʛʝʥʘʤʠ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʧʦʨʘʞʝʥʠʷ ʧʝʯʝʥʠ ʠ ʎʅʉ. 

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʠʥʦʩʷʪ ʘʚʘʨʠʡʥʳʝ ʚʳʙʨʦʩʳ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɺ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʧʦʧʘʣʦ ʙʦʣʝʝ 20 ʤʣʥ. 

ʪʦʥʥ ʥʝʬʪʠ ʠʟ-ʟʘ ʧʨʦʠʟʦʰʝʜʰʠʭ ʢʨʫʧʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʘ ʪʘʢʞʝ ʧʨʠ ʝʸ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ (ʚʳʙʨʦʩ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 36 ʪʳʩʷʯ ʪʦʥʥ ʥʝʬʪʠ ʚ ʛʦʜ). 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʘʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚ ʧʨʘʢʪʠʢʝ ʣʘʙʦʨʘʪʦʨʠʡ ʧʦ ʘʥʘʣʠʟʫ 

ʅʇ ʚ ʚʦʜʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ: ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ, 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤ ʠ ʥʝ ʦʙʣʘʜʘʝʪ 

ʜʦʣʞʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʅʇ ʦʪ 0,3 

ʤʛ/ʜʤ3, ʘ ʇɼʂ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,1 ʤʛ/ʜʤ3. 

ʄʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʅʇ ʦʪ 0,02 

ʤʛ/ʜʤ3, ʥʦ ʦʛʨʘʥʠʯʝʥʠʝʤ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʦʞʝʪ ʩʪʘʪʴ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʛʦʪʦʚʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʌʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʝ ʠʤʝʶʪ 

ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʜ ʨʝʢʠ ʗʫʟʘ 

ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ 

ʬʣʫʦʨʠʤʝʪʨʠʠ, ʠ ʧʨʠʚʝʜʝʥʘ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 
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ʋɼʂ 543.422:615.074 

ɽʛʦʨʦʚʘ ʂʩʝʥʠʷ ɺʷʯʝʩʣʘʚʦʚʥʘ 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʬʝʠʥʘ, ʧʘʨʘʮʝʪʘʤʦʣʘ, 

ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ ʎʠʪʨʘʤʦʥ ʇ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʄ.ɺ. ʄʠʥʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʣʝʢʘʨʩʪʚʘʭ, ʩʪʦʠʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ ʵʢʩʧʨʝʩʩʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ ʬʘʨʤʘʢʦʧʝʝʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʯʥʦʤ ʠʟʤʝʨʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʩʪʘʚʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ: ʢʦʬʝʠʥ, 

ʧʘʨʘʮʝʪʘʤʦʣ, ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ 

ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ ʎʠʪʨʘʤʦʥ ʇ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʪʠʚʳ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʠʣʠ ʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʌʘʨʤʘʢʦʧʝʠ [1]. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ ï 2000.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʫʶ ʪʘʙʣʝʪʢʫ ʨʘʩʪʚʦʨʷʶʪ ʚ 50 ʤʣ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ 0,1 ʥ ʠʣʠ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ. ʆʪʦʙʨʘʚ 5 ʤʣ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʨʦʚʦʜʠʣʠ ʠʟʚʣʝʯʝʥʠʝ ʢʦʬʝʠʥʘ ʭʣʦʨʦʬʦʨʤʦʤ ʠʟ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘ ʪʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʮʠʠ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʝʛʦ ʧʦ ʋʌ-

ʩʧʝʢʪʨʘʤ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʨʘʚʥʦʡ 271 ʥʤ. ʋʩʣʦʚʠʷ ʵʢʩʪʨʘʢʮʠʠ ʧʦʜʭʦʜʷʪ ʢʘʢ 

ʜʣʷ ʢʠʩʣʦʡ, ʪʘʢ ʠ ʜʣʷ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʌʠʨʨʦʨʜʪʘ. ʉʥʷʪʠʝ ʩʧʝʢʪʨʦʚ ʯʠʩʪʳʭ 

ʚʝʱʝʩʪʚ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 230 ʠ 255 ʥʤ, ʚ ʢʠʩʣʦʡ - 220 ʠ 245 ʥʤ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʤʝʩʠ 

ʢʦʬʝʠʥʘ, ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ 

ʧʨʝʧʘʨʘʪʝ ʎʠʪʨʘʤʦʥ ʇ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʌʘʨʤʘʢʦʧʝʷ ʈʌ. ð X  ʠʟʜ. ð ʄ.: ʀʟʜ-ʚʦ çʅʘʫʯʥʳʡ ʮʝʥʪʨ ʵʢʩʧʝʨʪʠʟʳ 

ʩʨʝʜʩʪʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷè, 2023. ð ʏ.1. ð 3577 ʩ.  
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ʋɼʂ 544.01 

ɽʛʦʨʦʚ ɸʥʜʨʝʡ ɸʣʝʢʩʝʝʚʠʯ 

ɺʣʠʷʥʠʝ ʜʚʫʤʝʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʤʠʢʨʦʬʘʟʥʦʝ ʨʘʩʩʣʦʝʥʠʝ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ: ʤʝʟʦʤʘʩʰʪʘʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ (ɼɼʏ) [1] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʛʦʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪʘ [2] ʚʳʧʦʣʥʝʥʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʜʚʫʤʝʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʥʘ ʤʠʢʨʦʬʘʟʦʚʦʝ ʨʘʩʩʣʦʝʥʠʝ ʜʠʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘ. ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʩʦʧʦʣʠʤʝʨʘ A7B13, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʬʘʟʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʥʝʥʘʧʦʣʥʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʦʙʨʘʟʫʝʪʩʷ ʛʠʨʦʠʜʥʘʷ ʬʘʟʘ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 

ʩʪʝʧʝʥʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʤʝʞʜʫ ʅʏ ʠ ʙʣʦʢʦʤ ɸ 

ʩʦʧʦʣʠʤʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʅʏ ʚ ʦʙʲʝʤ 

ʤʘʪʨʠʮʳ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʠʥʠʮʠʠʨʫʝʪ ʧʝʨʝʭʦʜ ʠʟ ʛʠʨʦʠʜʥʦʡ ʬʘʟʳ ʚ 

ʣʘʤʝʣʣʷʨʥʫʶ (ʩʤ. ʈʠʩ. 1). ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʣʘʤʝʣʝʡ (ʩʤ. 

ʈʠʩ. 1). 

 
ʈʠʩ. 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʠʟʦʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ: ʘ) ʥʝʥʘʧʦʣʥʝʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 11Ā106 ɼɼʏ 

ʰʘʛʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʙ), ʚ) ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 6Ā106 ʠ 11Ā106 ɼɼʏ ʰʘʛʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Groot, R.D. Dissipative particle dynamics: Bridging the gap between atomistic and mesoscopic 

simulation / R.D. Groot, P.B. Warren // Journal of Chemical Physics. ï 1997. ï V. 107. ï I. 11. ïP. 

4423ï4435. 

2. Malyshev, M. Two-state nanocomposite based on symmetric diblock copolymer and planar 

nanoparticles: mesoscopic simulation / M. Malyshev, D. Guseva, P. Komarov // Molecular Systems 

Design and Engineering. ï 2024. ï V. 9. ï I. 4. ï P. 409-422. 
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ɽʨʰʦʚ ʅʠʢʠʪʘ ɸʣʝʢʩʝʝʚʠʯ 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʛʝʣʝ- ʠ ʧʣʸʥʢʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʘʨʨʘʛʠʥʘʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʇ.ʄ. ʇʘʭʦʤʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʠ 

ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ ʩʣʫʞʘʪ ʧʦʣʠʩʘʭʘʨʠʜʳ. ʂʘʨʨʘʛʠʥʘʥ (ʂɸʈ) ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ 

ʧʦʣʠʘʥʠʦʥʦʤ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪʩʷ ʩʫʣʴʬʦʛʨʫʧʧʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʂɸʈ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ [1].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʝʣʝ- ʠ 

ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ L-ʮʠʩʪʝʠʥʘ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ 

(ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ ï ʎʉʈ) ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʂɸʈ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ 

ʂɸʈ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ (ʂɸʈ/Na2SO4/ʎʉʈ). ʂʦʣʠʯʝʩʪʚʦ ʎʉʈ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʤʣ ʥʘ 1,0 

ʤʣ ʂɸʈ, ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʂɸʈ ʩʦʩʪʘʚʣʷʣʘ 1,5%. ʄʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ 

ʪʠʪʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʋʌ-ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ~316 ʠ ~390 ʥʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʢʦʤʧʣʝʢʩʳ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʢʘʭ ʎʉʈ [2]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʂɸʈ ʚ ʎʉʈ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʂɸʈ ʠ ʧʝʨʝʭʦʜʦʤ ʦʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʤʫ. ʅʘ ʩʥʠʤʢʘʭ ʧʣʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʉʕʄ, ʟʘʤʝʪʥʘ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʜʣʷ ʧʣʝʥʢʠ ʠʟ ʯʠʩʪʦʛʦ 

ʂɸʈ ʩʦʩʪʘʚʠʣʠ 58,7 ʄʇʘ ʠ 4,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʡ ʧʣʝʥʢʠ ï 

2,8 ʄʇʘ ʠ 3,7%. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Mirzaei1 A. Journal of Polymers and the Environment ï 2022. ̄ 5(3), ʉ. 734-745 

2. ʆʚʯʠʥʥʠʢʦʚ ʄ.ʄ., ʍʠʞʥʷʢ ʉ.ɼ., ʇʘʭʦʤʦʚ ʇ.ʄ. ʌʠʟʠʢʦ-ʭʠʤʠʷ ʧʦʣʠʤʝʨʦʚ. ʊʚʝʨʴ, 2006. ʊ. 

12. ʉ. 215. 
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ʋɼʂ 615.454.547:615.9 

ɾʠʭʘʨʝʚʘ ɺʘʣʝʨʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ʉʠʥʪʝʟ ʛʨʘʤʠʥʘ ʠ ʝʛʦ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʦʣʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ʀ. ɺʦʨʦʥʯʠʭʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɻʨʘʤʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʘʤʠʥ ʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʘ. ʆʥ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʛʨʘʤʠʥ ʧʦʣʫʯʘʣʠ ʧʦ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʘʤʠʥʦʤʝʪʝʣʠʨʦʚʘʥʠʝ C-H ʢʠʩʣʦʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï 

ʠʥʜʦʣʘ. ɺ ʩʠʣʫ ʤʘʣʦʡ ʉ-ʅ ʢʠʩʣʦʪʥʦʩʪʠ ʠʥʜʦʣʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʢʘʢ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ɓ-ʧʦʣʦʞʝʥʠʝ ʢʦʣʴʮʘ 

(ʨʝʘʢʮʠʷ I). 
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ʉʠʥʪʝʟ ʛʨʘʤʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 60  ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ; ʧʨʦʜʫʢʪʳ 

ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʣʠ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ. ɻʨʘʤʠʥ ï ʙʝʣʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 134 , ʨʘʩʪʚʦʨʠʤʦʝ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʅʘ ʦʩʥʦʚʝ ʛʨʘʤʠʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ, ʧʦʣʫʯʝʥʘ ʝʛʦ ʯʝʪʚʝʨʪʠʯʥʘʷ ʩʦʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʡʦʜʠʩʪʳʤ ʤʝʪʠʣʦʤ (ʨʝʘʢʮʠʷ II). 

+

NH

CH2 N(CH3)2

I
- (II)CH3I

NH

CH2 N
+
(CH3)3

 
ʏʝʪʚʝʨʪʠʯʥʘʷ ʩʦʣʴ ï ɓ-ʠʥʜʦʣʠʣʤʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʡʦʜʠʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʨʘʩʪʚʦʨʠʤʦʝ ʚ ʚʦʜʝ ʠ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʪʨʦʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 175  ʚʝʱʝʩʪʚʦ ʪʝʤʥʝʝʪ ʠ ʚ ʵʪʦʤ 

ʩʦʩʪʦʷʥʠʠ ʫʩʪʦʡʯʠʚʦ ʜʦ 400.  

ɺ ʜʘʣʴʥʝʡʰʠʤ ʥʘ ʦʩʥʦʚʝ ʛʨʘʤʠʥʘ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ 

ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʠʟʫʯʝʥʳ ʠʭ ʩʚʦʡʩʪʚʘ ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ.  
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ʋɼʂ: 547.822.3 

ɿʘʡʮʝʚʘ ɸʥʘʩʪʘʩʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ɿʘʱʠʪʘ ʦʪ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ-3 ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩʦʣʷʤʠ N-

ʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ʀ. ɺʦʨʦʥʯʠʭʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʥʛʠʙʠʪʦʨʥʘʷ ʟʘʱʠʪʘ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠʩʧʦʣʴʟʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ï ʵʪʦ ʩʦʣʠ ʘʤʤʦʥʠʷ, 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʠ ʜʨ., ʧʨʠʯʝʤ ʚʳʩʦʢʠʝ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʶʪ ʩʦʣʠ ʩ ʦʙʲʝʤʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ N-

ʘʣʢʠʣʧʠʧʝʨʠʜʠʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ 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 0,1%ʤʘʩʩ., ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, ʪʝʤʧʝʨʘʪʫʨʘ 25Üʉ, ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ 240 

ʯʘʩʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʠʧʝʨʠʜʠʥ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ ʘʤʠʥʦʤ, ʪʦ ʥʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʦʥ ʙʳʣ ʧʝʨʝʚʝʜʝʥ ʚ ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʵʪʠʣʝʥʭʣʦʨʛʠʜʨʠʥʦʤ (I). ʇʦʩʣʝʜʫʶʱʝʡ ʢʚʘʪʝʨʥʠʟʘʮʠʝʡ N-(2-

ʛʠʜʨʦʢʩʠ)ʵʪʠʣʧʠʧʝʨʠʜʠʥʠʡ ʨʘʟʣʠʯʥʳʤʠ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ  ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ (II): 

 
ʉʦʝʜʠʥʝʥʠʷ 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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ʋɼʂ 543.64 

ɿʘʤʫʨʴʝʚʘ ɽʢʘʪʝʨʠʥʘ ʕʜʫʘʨʜʦʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʣʦʜʘʭ ʨʷʙʠʥʳ 

ʦʙʳʢʥʦʚʝʥʥʦʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻ.ʅ. ɼʝʤʠʜʝʥʢʦ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʉʦʟʜʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʩʪʦʠʪ ʧʝʨʝʜ ʨʦʩʩʠʡʩʢʠʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤ 

ʩʦʦʙʱʝʩʪʚʦʤ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʷʛʢʠʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʠ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʠ ʘʥʪʠʤʝʪʘʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʣʘʚʦʥʦʠʜʦʚ, 

ʘʣʢʘʣʦʠʜʦʚ, ʛʣʠʢʦʟʠʜʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʣʦʜʳ ʨʷʙʠʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Sorbus aucuparia L.), 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʩʝʤʝʡʩʪʚʘ ʈʦʟʦʚʳʭ (Rosaceae), ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚ ʜʣʷ ʧʨʝʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʥʢʦʣʦʛʠʠ [1]. ʇʣʦʜʳ 

ʨʷʙʠʥʳ ʩʦʜʝʨʞʘʪ ʩʘʭʘʨʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ, ʢʘʨʦʪʠʥʦʠʜʳ, 

ʬʣʘʚʦʥʦʠʜʳ, ʘʥʪʦʮʠʘʥʳ ʠ ʪ.ʜ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʘʥʪʦʮʠʘʥʳ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ, ʠʤʤʫʥʦʪʨʦʧʥʦʝ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʠ ʢʘʧʠʣʣʷʨʦʫʢʨʝʧʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ ʧʣʦʜʦʚ ʨʷʙʠʥʳ 

ʦʙʳʢʥʦʚʝʥʥʦʡ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʩʦʙʨʘʥ ʠ ʚʳʩʫʰʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʀʟʫʯʝʥʳ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʚʝʜʝʥʦ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʝ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ [3]. ɺʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ 

ʛʦʨʷʯʠʤ ʩʧʦʩʦʙʦʤ; ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ ʘʥʪʦʮʠʘʥʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʷʙʣʦʯʥʫʶ ʢʠʩʣʦʪʫ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʨʝʧʘʨʘʪʳ ʠʟ Sorbus ʘucuparia (Rosaceae) ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ: ʦʪʢʨʳʚʘʶʱʠʝʩʷ ʚʦʟʤʦʞʥʦʩʪʠ / ʆ.ʖ. ʈʳʙʘʣʢʠʥʘ, ʊ.ɻ. ʈʘʟʠʥʘ, ɽ.ʇ. ɿʫʝʚʘ 

[ʠ ʜʨ.]. ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // ʈʘʩʪʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. ï 2023. - ˉ3. ï ʉ. 217-227. 

2. ʌʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚʘ ʘʥʪʦʮʠʘʥʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ (ʦʙʟʦʨ) / ʄʘʢʘʨʝʚʠʯ ɸ.ʄ., ʐʫʪʦʚʘ 
ɸ.ɻ., ʉʧʠʨʠʜʦʚʠʯ ɽ.ɺ., ʈʝʰʝʪʥʠʢʦʚ ɺ.ʅ. ï ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ // ɻʅʋ çʎʝʥʪʨʘʣʴʥʳʡ 

ʙʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ ʅɸʅ ɹʝʣʘʨʫʩʠè. ï 2010. ï ɺʳʧ. 2. ï ʉ. 1-11. 

3. ʈʷʙʠʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʣʦʜʳ (ʌʉ.2.5.0093.18) //  ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʌʘʨʤʘʢʦʧʝʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʊʦʤ 2. ï ʄʦʩʢʚʘ, 2015. ï ʉ. 1-9. 
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ʋɼʂ 544.182.32 

ɿʚʝʨʝʚʘ ɸʣʸʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʦʣʠʛʦʤʝʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʘʥʠʣʠʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ɸʣʝʢʩʝʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʪʦʜʦʤ DFT/r2SCAN-D3(BJ)/6-31G**++ ʚ ʧʨʦʛʨʘʤʤʝ Jaguar 

ʨʘʩʩʯʠʪʘʥʳ ʤʦʜʝʣʠ ʦʣʠʛʦʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʘʥʠʣʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʯʝʪʳʨʝ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʧʷʪʴ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ (ʣʝʡʢʦʵʤʝʨʘʣʴʜʠʥ), ʧʦʣʫʦʢʠʩʣʝʥʥʦʡ (ʵʤʝʨʘʣʴʜʠʥ) ʠ 

ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʦʡ (ʧʝʨʥʠʛʨʘʥʠʣʠʥ) ʬʦʨʤʘʭ. 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 (ʪʘʙʣ. 1 ʠ 2) ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ:  

  
HOMO            ʃʝʡʢʦʵʤʝʨʘʣʴʜʠʥ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʦʨʤʘ          LUMO 

  
HOMO            ʃʝʡʢʦʵʤʝʨʘʣʴʜʠʥ, ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ          LUMO 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ ʤʦʜʝʣʷʭ ʤʦʣʝʢʫʣ ʦʣʠʛʦʤʝʨʦʚ 

ʧʦʣʠʘʥʠʣʠʥʘ, ʵɺ 

ʄʦʜʝʣʴ E(HOMO) E(LUMO) Eg 

ʃʝʡʢʦʵʤʝʨʘʣʴʜʠʥ ï4.08 ï1.25 2.83 

ʕʤʝʨʘʣʴʜʠʥ ï4.57 ï3.36 1.21 

ʇʝʨʥʠʛʨʘʥʠʣʠʥ ï5.15 ï3.93 1.22 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ ʤʦʜʝʣʷʭ ʢʘʪʠʦʥʦʚ ʦʣʠʛʦʤʝʨʦʚ 

ʧʦʣʠʘʥʠʣʠʥʘ, ʵɺ 

ʄʦʜʝʣʴ E(HOMO) E(LUMO) Eg 

ʃʝʡʢʦʵʤʝʨʘʣʴʜʠʥ ï9.14 ï6.97 2.17 

ʕʤʝʨʘʣʴʜʠʥ ï9.97 ï8.85 1.12 

ʇʝʨʥʠʛʨʘʥʠʣʠʥ ï15.75 ï15.05 0.70 
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ʋɼʂ: 541.49:615.33 

ɿʝʥʠʢʦʚ ɻʝʨʤʘʥ ʈʦʤʘʥʦʚʠʯ 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʝʙʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɼ. ʍʠʞʥʷʢ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ (ʍɿ) ï ʧʦʣʠʩʘʭʘʨʠʜʘ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʚʦʡʩʪʚʦʤ ʤʫʢʦʘʜʛʝʟʠʚʥʦʩʪʠ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1] ï ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʝ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʍɿ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

ʜʝʡʩʪʚʠʷ (ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

L-ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʨʘʩʪʚʦʨʘ) ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (ʅʏʉ) ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʚ ʩʣʫʯʘʝ çʟʝʣʝʥʦʛʦè 

ʩʠʥʪʝʟʘ ï ʧʦʣʫʯʝʥʠʝ ʠʟ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ï ʵʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ. L-ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ 

(ʎʉʈ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʣʘʩʪʝʨʥʳʭ ʮʝʧʦʯʝʢ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ [-Ag-S(R)-]n 

(ʄʉ), ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʠ ʮʠʪʦʩʪʘʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʎʝʣʴ 

ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʘʩʪʚʦʨʦʚ, 

ʧʣʝʥʦʢ) ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ (ʩʨʝʜʥʷʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ  

~200 ʢɼʘ) ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʢʩʪʨʘʢʪʘʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ (ʣʠʩʪʴʷ ʙʘʛʫʣʴʥʠʢʘ, ʜʫʙʘ), ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ 

ʩʝʨʝʙʨʘ ʠ ʎʉʈ, ʠʤʝʶʱʝʤ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʧʨʠʨʦʜʫ. ʈʘʩʪʚʦʨ ʍɿ ʚ ʚʦʜʝ 

ʧʦʣʫʯʘʣʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨ ʍɿ 

ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʅʏʉ, ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʍɿ-ʅʏʉ ʩʠʩʪʝʤ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʨʘʩʩʝʷʥʠʷ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʥʘʥʦʯʘʩʪʠʮ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʍɿ ʩ 

ʨʘʩʪʚʦʨʦʤ AgNO3. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʎʉʈ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʍɿ ʩʨʝʜʥʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ ʚ ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɼʣʷ 

ʚʳʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʍɿ ʩ ʠʦʥʘʤʠ 

ʩʝʨʝʙʨʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʥʘ ʩʠʩʪʝʤʳ ʍɿ-ʅʏʉ, ʍɿ-

AgNO3, ʍɿ-ʎʉʈ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Zenikov, G.R., Khizhnyak, S.D., Ivanova, A.I. et al. The Self-Organization and Gelation Processes 

in a CysteineïSilver Solution Containing Chitosan and an Electrolyte. Colloid J 86, 370ï380 

(2024). https://doi.org/10.1134/S1061933X24600143 

https://doi.org/10.1134/S1061933X24600143
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ʋɼʂ: 544.723 

ʀʚʘʥʦʚ ʇʘʚʝʣ ɽʚʛʝʥʴʝʚʠʯ 

ʉʠʥʪʝʟ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʰʠʪʦʛʦ ʭʠʪʦʟʘʥʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʦʪ ʢʨʘʩʠʪʝʣʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʦʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʨʦʮʝʩʩ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʘʣʠʯʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʦʧʘʜʘʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʦʜʦʝʤʳ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ. 

ʆʜʥʠʤʠ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ. ʍʠʪʦʟʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʥʠʢʘʣʴʥʳʡ ʙʠʦʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ. ɺʳʩʦʢʘʷ ʘʜʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʭʠʪʦʟʘʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʡ 

ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ Ni2+, 

Cr2O7
2- ʠ ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ ʭʠʪʦʟʘʥʦʚʳʤʠ ʩʬʝʨʘʤʠ, ʩʰʠʪʳʤʠ 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ. ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʭʠʪʦʟʘʥʘ (200, 

400 ʠ 600 ʢɼʘ). 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʰʠʪʳʝ ʩʬʝʨʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʭʠʪʦʟʘʥʘ 

200 ʢɼʘ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ: ʙʦʣʝʝ 5.4 %(ʤʘʩʩ.) Ni2+, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

46.6 ʤʛ/ʛ; 9.1 %(ʤʘʩʩ.) ʠʦʥʦʚ Cr6+, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 387.3 ʤʛ/ʛ; 0.13 %(ʤʘʩʩ.) 

ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1.3 ʤʛ/ʛ. ɺ ʩʣʫʯʘʝ ʭʠʪʦʟʘʥʘ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 400 ʢɼʘ ʩʬʝʨʳ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ: 6.9 %(ʤʘʩʩ.) Ni2+ 

(64.1 ʤʛ/ʛ); 9.4 %(ʤʘʩʩ.) Cr6+ (497.3 ʤʛ/ʛ); 0.15 %(ʤʘʩʩ.) ʤʝʪʠʣʦʚʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ (1.6 ʤʛ/ʛ). ʉʬʝʨʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʭʠʪʦʟʘʥʘ 600 ʢɼʘ 

ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴ: 8.4 %(ʤʘʩʩ.) Ni2+ (73.0 ʤʛ/ʛ); 10.2 %(ʤʘʩʩ.) Cr6+ 

(555.8 ʤʛ/ʛ); 0.25 %(ʤʘʩʩ.) ʤʝʪʠʣʦʚʦʛʦ ʦʨʘʥʞʝʚʦʛʦ (2.7 ʤʛ/ʛ). 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʰʠʪʳʝ 

ʭʠʪʦʟʘʥʦʚʳʝ ʩʬʝʨʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʭʠʪʦʟʘʥʘ 600 ʢɼʘ ʦʙʣʘʜʘʶʪ 

ʣʫʯʰʠʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʢʘʢ ʚ ʧʨʦʪʦʯʥʳʭ 

ʨʝʘʢʪʦʨʘʭ, ʪʘʢ ʠ ʨʝʘʢʪʦʨʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 
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ʋɼʂ 615.2:616-073.524 

ʀʚʘʥʶʪʘ ʗʨʦʩʣʘʚʘ ɺʠʢʪʦʨʦʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʬʝʥʛʠʜʨʘʤʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ ʚ ʧʨʝʧʘʨʘʪʝ 

ɸʥʪʠʛʨʠʧʧʠʥ-ɸʅɺʀ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʄ.ɺ. ʄʠʥʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɼʠʬʝʥʛʠʜʨʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜ ð ʙʝʣʳʡ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʧʦʨʦʰʦʢ, ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʟʷʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʣʝʢʘʨʩʪʚʝʥʥʳʡ 

ʧʨʝʧʘʨʘʪ ɸʥʪʠʛʨʠʧʧʠʥ-ɸʅɺʀ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʆʈɺʀ ʠ 

ʛʨʠʧʧʘ ʫ ʚʟʨʦʩʣʳʭ. ɼʠʬʝʥʛʠʜʨʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʧʩʫʣ ɹ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʜʠʬʝʥʛʠʜʨʘʤʠʥʘ 

ʛʠʜʨʦʭʣʦʨʠʜʘ, ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ (ʅɼ) [1]. ʈʝʘʢʪʠʚʳ ʛʦʪʦʚʠʣʠ ʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʣʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʛʦʜʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʌʘʨʤʘʢʦʧʝʠ [2].  

ɺ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 100 ʤʣ ʧʦʤʝʩʪʠʣʠ ʪʦʯʥʫʶ ʥʘʚʝʩʢʫ 0,15 ʛ 

ʩʦʜʝʨʞʠʤʦʛʦ ʢʘʧʩʫʣ ɹ, ʜʦʙʘʚʠʣʠ 20-30 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 2 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʚʝʣʠ ʩʦʜʝʨʞʠʤʦʝ ʜʦ ʤʝʪʢʠ, 

ʚʟʙʦʣʪʘʣʠ ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ. ʂ ʬʠʣʴʪʨʘʪʫ ʦʙʲʸʤʦʤ 1 ʤʣ ʜʦʙʘʚʠʣʠ 3 ʤʣ 

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ=7,4), 10 ʤʣ ʭʣʦʨʦʬʦʨʤʘ, 1 ʤʣ 0,04% ʨʘʩʪʚʦʨʘ 

ʙʨʦʤʪʠʤʦʣʦʚʦʛʦ ʩʠʥʝʛʦ ʠ ʧʝʨʝʥʝʩʣʠ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʜʣʷ 

ʵʢʩʪʨʘʢʮʠʠ. ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ. ʍʣʦʨʦʬʦʨʤʥʦʝ 

ʠʟʚʣʝʯʝʥʠʝ ʦʪʜʝʣʠʣʠ ʠ ʠʟʤʝʨʠʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʇʕ-5400ɺʀ ʧʨʠ 400 

ʥʤ ʚ ʢʶʚʝʪʝ ʪʦʣʱʠʥʦʡ 10 ʤʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʘʨʘʣʣʝʣʴʥʦ 

ʧʨʦʚʦʜʠʣʠ ʠʩʧʳʪʘʥʠʝ ʨʘʙʦʯʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʜʠʬʝʥʛʠʜʨʘʤʠʥʘ 

ʛʠʜʨʦʭʣʦʨʠʜʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ 80 ʤʢʛ/ʤʣ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʮʝʣʷʭ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʚʘʣʠʜʘʮʠʠ ʧʦ ʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʢʘʢ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ, ʣʠʥʝʡʥʦʩʪʴ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʠ 

ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ. ɺ ʭʦʜʝ ʧʨʦʚʝʨʢʠ ʤʝʪʦʜʘ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʅɼ [3]. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʌʉʇ 42-0008402503. ɼʠʤʝʜʨʦʣ. 

2. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʌʘʨʤʘʢʦʧʝʷ ʈʌ. ð X  ʠʟʜ. ð ʄ.: ʀʟʜ-ʚʦ çʅʘʫʯʥʳʡ ʮʝʥʪʨ ʵʢʩʧʝʨʪʠʟʳ 

ʩʨʝʜʩʪʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷè, 2023. ð ʏ.1. ð 3577 ʩ. 

3. ʌʉʇ 42-0125031200. ɸʥʪʠʛʨʠʧʧʠʥ-ɸʅɺʀ, ʢʘʧʩʫʣʳ. 
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ʋɼʂ 547.821.3 

ʀʧʘʪʦʚʘ ʆʣʴʛʘ ɸʣʝʢʩʝʝʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʭʣʦʨʠʜʦʚ N-ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣʤʝʪʠʣʧʠʨʠʜʠʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʸʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 100ÁC, ʢʘʢ ʧʨʘʚʠʣʦ ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʙʲʸʤʥʦʛʦ 

ʢʘʪʠʦʥʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʠʥʪʝʟʝ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʢʘʪʠʦʥ ʩʦ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ 

ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʧʠʨʠʜʠʥʠʷ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʦʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʘʪʠʦʥʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʤʦʥʦʭʣʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʤʝʪʦʜʦʤ ʘʟʝʦʪʨʦʧʥʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʟʝʦʪʨʦʧʦʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʤʝʥʷʣʩʷ ʪʦʣʫʦʣ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʘʨʘ-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʙʳʣʠ ʦʯʠʱʝʥʳ 

ʧʝʨʝʛʦʥʢʦʡ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʚ ʚʘʢʫʫʤʝ. ʇʦ ʨʝʘʢʮʠʠ 

ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʧʠʨʠʜʠʥʘ ʩ ʘʣʢʠʣʭʣʦʨʘʮʝʪʘʪʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʭʣʦʨʠʜʳ 1-ʘʣʢʠʣʦʢʩʠʢʘʨʙʦʥʠʣʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ 

ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʣ ʚ ʪʝʯʝʥʠʝ 16-24 ʯʘʩʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʣʢʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ). 

 
ʉʭʝʤʘ 1. ʈʝʘʢʮʠʷ ʵʪʝʨʠʬʠʢʘʮʠʠ, ʛʜʝ R: C4H9, C6H13, C8H17. 

 
ʉʭʝʤʘ 2. ʈʝʘʢʮʠʷ ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʧʠʨʠʜʠʥʘ, ʛʜʝ R: C4H9, C6H13, C8H17. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʤʦʨʬʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʠ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʪʨʫʢʪʫʨʘ 

ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʋɼʂ 544.773.432 

ʀʩʘʝʚ ʀʚʘʥ ɼʝʥʠʩʦʚʠʯ 

ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʮʝʬʪʨʠʘʢʩʦʥ ï Co(II) ʠ ʮʝʬʪʨʠʘʢʩʦʥ ï 

Ni(II)  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ɸʣʝʢʩʝʝʚ 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʎʝʬʪʨʠʘʢʩʦʥ (C18H18N8O7S3; 

ʨʠʩ.1) ï ʘʥʪʠʙʠʦʪʠʢ III ʧʦʢʦʣʝʥʠʷ 

ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʦʛʦ ʨʷʜʘ, ʠʤʝʶʱʠʡ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʝʡʩʪʚʠʷ 

ʠ ʤʘʣʫʶ ʪʦʢʩʠʯʥʦʩʪʴ. ʈʘʥʝʝ ʥʘʤʠ 

ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ çʮʝʬʪʨʠʘʢʩʦʥ 

ï Co(II)è, çʮʝʬʪʨʠʘʢʩʦʥ ï Ni(II)è [1]. 
 

ʈʠʩ. 1. ʎʝʬʪʨʠʘʢʩʦʥ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʧʘʨʘʪ çʮʝʬʪʨʠʘʢʩʦʥè 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çɹʦʨʠʩʦʚʩʢʠʡ ʟʘʚʦʜ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚè 

ʠ ʛʝʢʩʘʛʠʜʨʘʪʳ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II) ʠ ʥʠʢʝʣʷ(II). ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʪʘʙʣ. 1 ʠ ʪʘʙʣ. 2. ʀʩʧʦʣʴʟʫʝʤʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʄ ï ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʤʫʪʥʝʥʠʝ, ʋʍ* ï ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʩʪʦʡʯʠʚʳʭ 

ʭʣʦʧʴʝʚ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʋʍ ï ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʭʣʦʧʴʝʚ 

ʚ ʜʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʋɻ ï ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʛʝʣʷ. ʇʨʠ 

ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ctx:M(II) = 3:1 ʠ ʙʦʣʝʝ ʦʙʨʘʟʫʝʪʩʷ ʠʩʪʠʥʥʳʡ ʨʘʩʪʚʦʨ.  
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʠʩʪʝʤʘ çʮʝʬʪʨʠʘʢʩʦʥ ï Ni(II)è 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, 

ʤʦʣʴ/ʣ 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  

Ctx : Ni(II ) 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  

Ctx : Co(II) 

2,5:1 2:1 1,5:1 1:1 2,5:1 2:1 1,5:1 1:1 

0,0045 ï ï ï ï ï ï ï ʄ 

0,0090 ï ï ï ʄ ï ï ʋʍ ʋɻ 

0,0180 ï ï ï ʋɻ ï ï ʋʍ ʋɻ 

0,0360 ï ï ʋʍ ʋɻ ï ï ʋʍ ʋɻ 

0,0720 ï ʋʍ* ʋʍ ʋɻ ï ʋʍ* ʋʍ ʋɻ 

0,1440 ʋʍ* ʋʍ ʋʍ ʋɻ ʋʍ* ʋʍ ʋʍ ʋɻ 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʀʩʘʝʚ ʀ.ɼ., ɸʣʝʢʩʝʝʚ ɺ.ɻ. ɻʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 
ʮʝʬʪʨʠʘʢʩʦʥʘ ʩ Ni(II) ʀ Co(II) // ɺ ʩʙʦʨʥʠʢʝ: ʍʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʩʪʠ 

2023. ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ʈʝʜʢʦʣʣʝʛʠʷ: ɸ.ɺ. ɹʝʣʳʡ (ʦʪʚ. ʨʝʜ.) [ʠ ʜʨ.]. ɼʦʥʝʮʢ, 

2023. ʉ. 36-37. 
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ʋɼʂ 547.821.3 

ʂʘʬʪʘʥʦʚ ɸʨʩʝʥʠʡ ɼʤʠʪʨʠʝʚʠʯ 

ʉʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʦʚ 1-

ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʥʠʦʥʘ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 100 Áʉ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʀɾ ʦʙʫʩʣʦʚʣʝʥʦ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʭʦʜʷʱʠʭ ʢʦʤʙʠʥʘʮʠʡ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ, ʠʟ ʟʘ 

ʯʝʛʦ ʦʥʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʘʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʤʝʪʴ ʰʠʨʦʢʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʀɾ ʥʘ ʦʩʥʦʚʝ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʧʠʨʠʜʠʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʀɾ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʭ 

ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25 ï 

600 Áʉ ʠ ʦʧʨʝʜʝʣʝʥ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʚ ʘʮʝʪʦʥʝ. ɼʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟʦʪʝʨʤʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʤʝʪʦʜʦʤ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʂʂʄ). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʛʜʝ R: -H, -C2H5, -C4H9, -C6H13, -

C8H17, -C10H21, -C12H25, -C16H33 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʀɾ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʳ 

ʧʠʨʠʜʠʥʠʷ ʠ 1-ʵʪʠʣʧʠʨʠʜʠʥʠʷ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ 403 ʠ 402 Áʉ, ʥʘʠʤʝʥʝʝ 

ʪʝʨʤʦʩʪʘʙʠʣʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʳ 1-ʦʢʪʠʣ, 1-ʜʝʮʠʣ ʠ 1-

ʜʦʜʝʮʠʣʧʠʨʠʜʠʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ 326, 324, 328 Áʉ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʙʨʦʤʪʨʠʭʣʦʨʬʝʨʨʘʪʳ 

1-ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʙʨʦʤʠʜʘʤʠ. 

N R-Br N
+
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+
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ʋɼʂ 661.746.24 

ʂʠʤ ʆʣʴʛʘ ʊʠʤʫʨʦʚʥʘ 

ʉʠʥʪʝʟ ʵʬʠʨʦʚ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɸ. ʊʝʤʥʠʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʳʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ 

(ʭʣʦʨʘʣʠʬʘʪʠʯʝʩʢʠʝ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʭʣʦʨʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ 

ʪ.ʜ.) ʥʘʥʦʩʷʪ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʣʝʪʫʯʝʩʪʴ ʠ 

ʥʠʟʢʘʷ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʦʞʥʳʝ ʵʬʠʨʳ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʦʥʠ ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʨʘʩʪʚʦʨʷʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʠ 

ʵʪʦʤ ʥʝʪʦʢʩʠʯʥʳ. ʊʘʢʞʝ ʘʣʢʠʣʣʘʢʪʘʪʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʣʘʢʦʚ, 

ʵʬʠʨʦʚ ʥʠʪʨʦ- ʠ ʵʪʠʣʮʝʣʣʶʣʦʟʳ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʘʟʝʦʪʨʦʧʥʦʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʩ ʨʘʟʥʳʤʠ 

ʢʠʩʣʦʪʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʠ ʘʟʝʦʪʨʦʧʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʘʣʢʠʣʣʘʢʪʘʪʳ ʧʦ ʩʭʝʤʝ: 

ʀʩʧʦʣʴʟʦʚʘʣʠ 80%-ʥʳʡ ʨʘʩʪʚʦʨ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʩʧʠʨʪʳ ï 

ʙʫʪʠʣʦʚʳʡ, ʦʢʪʠʣʦʚʳʡ ʠ ʠʟʦʘʤʠʣʦʚʳʡ, ʘʟʝʦʪʨʦʧʦʦʙʨʘʟʦʚʘʪʝʣʠ ï ʙʝʥʟʦʣ ʠ 

ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ, ʢʘʪʘʣʠʟʘʪʦʨʳ ï ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʠʦʥʥʫʶ 

ʞʠʜʢʦʩʪʴ ï N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ ʛʠʜʨʦʩʫʣʴʬʘʪ. ʀʦʥʥʘʷ ʞʠʜʢʦʩʪʴ ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ [2]: 
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ʇʨʠʤʝʥʝʥʠʝ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ ʛʠʜʨʦʩʫʣʴʬʘʪʘ ʧʦʟʚʦʣʠʣʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʥʪʝʟ ʵʬʠʨʦʚ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 

ʩʦʩʪʘʚʠʣʠ 32-55%. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʯʘʩʪʣʠʚʘʷ ʉ. ɺ. ʠ ʜʨ. ʈʘʟʨʘʙʦʪʢʘ ʛʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʙʫʪʠʣʣʘʢʪʘʪʘ // ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʝʛʦʜʥʷ. 2007. ˉ. 4. ʉ. 20-25. 
2. ʄʘʤʝʜʙʝʡʣʠ ʕ.ɻ.ʆ. ʠ ʜʨ. ʇʨʠʤʝʥʝʥʠʝ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥ ʛʠʜʨʦʩʫʣʴʬʘʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ // ʀʟʚʝʩʪʠʷ ʊʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. 2024. ˉ. 2. ʉ. 36-53. 
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ʋɼʂ 54.057 

ʂʣʠʤʝʥʢʦ ɸʥʥʘ ɸʥʘʪʦʣʴʝʚʥʘ 

ʉʠʥʪʝʟ ʙʠʩ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʘʤʤʦʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ʀ. ɺʦʨʦʥʯʠʭʠʥʘ 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɼʠʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ ï ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʘʪʴ, ʯʪʦ ʠʭ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ï ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʂʂʄ) 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʥʘʡʜʫʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʷʭ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʜʠʤʝʨʥʳʝ ʢʘʪʠʦʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦïʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ  

N,N,N,N-ʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥʘ ʠ ʠʟʫʯʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʢʦʣʣʦʠʜʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʉʠʥʪʝʟ ʙʠʩ-ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʣʝʡ ï ʵʪʦ ʨʝʘʢʮʠʷ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʫ ʥʘʩʳʱʝʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʧʦ ʤʝʭʘʥʠʟʤʫ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ SN2: 

2RX + (CH3)2N-CH2CH2-N(CH3) Ÿ[R-N(CH3)2-CH2CH2-N(CH3)2-R]2+ 2X-, 

ʛʜʝ R: C4H9; C6H13; C7H15; C9H19; C10H21; C12H25; C16H33; X: Br, I. 

ɹʠʩ - ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ N,N,N,Nïʪʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥʘ ʩ ʛʘʣʦʠʜʥʳʤʠ 

ʘʣʢʠʣʘʤʠ ʩ ʜʣʠʥʥʦʡ ʠ ʢʦʨʦʪʢʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʴʶ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʘ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ 3-10 ʯʘʩʦʚ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʠʟ ʵʪʘʥʦʣʘ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʣʝʡ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ -

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘʣʠʯʠʝ ʛʘʣʦʛʝʥʘ ʚ ʩʦʩʪʘʚʝ ʩʦʣʠ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʦʙʦʡ 

ɹʝʡʣʴʰʪʝʡʥʘ. ʏʠʩʪʦʪʫ ʧʨʦʜʫʢʪʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʜʘʥʥʳʤ ʪʦʥʢʦʩʣʦʡʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ, ʘʮʝʪʦʥ ʠ ʤʝʪʘʥʦʣ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ (1:8:2), ʧʨʦʷʚʣʷʣʠ ʧʘʨʘʤʠ ʡʦʜʘ.  ʊʝʩʪʳ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʢ ʢʘʪʠʦʥʥʳʤ ʇɸɺ ʜʣʷ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʩʦʣʝʡ ʩ 

ʙʨʦʤʬʝʥʦʣʦʚʳʤ ʩʠʥʠʤ ʠ ʧʝʨʤʘʥʛʘʥʘʪʥʦ-ʭʣʦʨʦʬʦʨʤʥʘʷ ʧʨʦʙʘ ʙʳʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳ. ʉʨʝʜʘ ʨʘʩʪʚʦʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʠʩʣʘʷ. ɺʝʱʝʩʪʚʘ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʚʦʜʘ, ʘʮʝʪʦʥ, ʵʪʘʥʦʣ) ʠ ʥʝ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʭʣʦʨʦʬʦʨʤ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩʥʠʞʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩ 66 

ʜʦ 38 ʤʅ/ʤ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʣʠ ʣʫʯʰʝ ʩʤʘʯʠʚʘʶʪ ʛʠʜʨʦʬʠʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʝʤ ʛʠʜʨʦʬʦʙʥʫʶ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʝʥʳ ʧʦʚʳʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. 
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ʋɼʂ 54.061 

ʂʦʤʘʨʦʚʘ ɺʘʣʝʨʠʷ ɼʤʠʪʨʠʝʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʧʦʜʣʠʥʥʦʩʪʠ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʘʧʝʣʴʩʠʥʘ 

ʩʣʘʜʢʦʛʦ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻ.ʅ. ɼʝʤʠʜʝʥʢʦ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʕʬʠʨʥʳʝ ʤʘʩʣʘ, ʚʳʜʝʣʷʝʤʳʝ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ (ʮʚʝʪʢʦʚ, 

ʤʷʢʦʪʠ, ʢʦʞʫʨʳ, ʩʝʤʷʥ), ʩ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʤʝʜʠʮʠʥʝ, ʢʦʩʤʝʪʦʣʦʛʠʠ, ʘʨʦʤʘʪʝʨʘʧʠʠ ʠ ʧʘʨʬʶʤʝʨʠʠ [1]. ʇʨʠ ʵʪʦʤ 

ʩʧʦʩʦʙʳ ʚʳʜʝʣʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʚʝʩʴʤʘ ʧʨʦʩʪʳ ʠ 

ʤʘʣʦʟʘʪʨʘʪʥʳ. 

ʆʜʥʠʤ ʠʟ ʨʘʩʪʝʥʠʡ-ʠʩʪʦʯʥʠʢʦʚ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, ʷʚʣʷʝʪʩʷ ʘʧʝʣʴʩʠʥ 

ʩʣʘʜʢʠʡ (Citrus sinensis), ʠʟ ʩʝʤʝʡʩʪʚʘ ʨʫʪʦʚʳʭ (Rutaceae) [2]. ʉʳʨʴʝʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʘʧʝʣʴʩʠʥʘ ʩʣʘʜʢʦʛʦ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʦʢʦʣʦ 

90% ʣʠʤʦʥʝʥʘ; ʚʠʪʘʤʠʥʳ (ʉ, ʛʨʫʧʧʳ ɺ, ʈʈ, ʈ, ʢʘʨʦʪʠʥ); ʬʣʘʚʦʥʦʠʜʳ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʦʨʢʘ ʧʣʦʜʦʚ ʘʧʝʣʴʩʠʥʘ [1, 3]. 

ʕʬʠʨʥʦʝ ʤʘʩʣʦ ʘʧʝʣʴʩʠʥʘ ʩʣʘʜʢʦʛʦ ʪʦʥʠʟʠʨʫʝʪ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, 

ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ, ʧʦʚʳʰʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ; ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʢʨʝʧʣʝʥʠʶ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʣʝʛʯʝʥʠʷ ʩʠʤʧʪʦʤʦʚ ʧʨʦʩʪʫʜʳ; ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʩʤʝʪʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʩʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦ 

ʫʭʦʜʫ ʟʘ ʩʫʭʦʡ ʢʦʞʝʡ ʣʠʮʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʯʠʱʝʥʠʷ ʢʦʞʠ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʞʠʨʥʦʛʦ ʙʣʝʩʢʘ, ʚʳʨʘʚʥʠʚʘʝʪ ʨʝʣʴʝʬ ʢʦʞʠ ʠ ʫʣʫʯʰʘʝʪ ʮʚʝʪ ʣʠʮʘ, ʫʩʪʨʘʥʷʝʪ 

ʤʦʨʱʠʥʳ. ʂʨʦʤʝ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ ʣʠʮʘ, ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʦʛʘʱʝʥʠʷ 

ʩʨʝʜʩʪʚ ʫʭʦʜʘ ʜʣʷ ʚʦʣʦʩ: ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʚʦʣʦʩ, 

ʧʨʠʜʘʝʪ ʠʤ ʛʣʘʜʢʦʩʪʴ ʠ ʙʣʝʩʢ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʜʣʠʥʥʦʩʪʴ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʧʝʨʝʢʠʩʥʦʝ ʯʠʩʣʦ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʘʧʝʣʴʩʠʥʘ ʩʣʘʜʢʦʛʦ ʰʝʩʪʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝ; ʧʨʦʚʝʜʝʥ ʭʨʦʤʘʪʦʤʘʩʩ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʠʟʫʯʝʥ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʈʘʩʪʠʪʝʣʴʥʳʝ ʪʝʨʧʝʥʦʠʜʳ: ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩʚʦʡʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / 

ɻ.ʄ. ʃʘʪʳʧʦʚʘ [ʠ ʜʨ.]. ʋʬʘ: ʌɻɹʆʋ ɺʆ ɹɻʄʋ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, 2020. 118 ʩ. 
2. ʃʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʮʠʪʨʫʩʦʚʳʭ / ʊ.ʃ. ʂʠʩʝʣʝʚʘ [ʠ ʜʨ.] // ʊʨʘʜʠʮʠʦʥʥʘʷ ʤʝʜʠʮʠʥʘ. 2008. ˉ 

2 (13). ʉ. 44ï50. 

3. ʉʘʷʢʦʚʘ ɻ.ʄ. ʌʘʨʤʘʢʦʛʥʦʟʠʷ / ɻ.ʄ. ʉʘʷʢʦʚʘ, ʋ.ʄ. ɼʘʪʭʘʝʚ, ɺ.ʉ. ʂʠʩʣʠʯʝʥʢʦ. - ʄ.: ʃʠʪʪʝʨʨʘ, 

2019. 225 ʩ. 
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ʋɼʂ: 543.061 

ʂʦʧʠʥ ɺʣʘʜʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʩʠʥʪʝʟʘ ʠ ʚʳʜʝʣʝʥʠʷ N-

ʢʘʨʙʦʢʩʠʤʝʪʠʣʘʩʧʘʨʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ. ʅ. ʊʦʣʢʘʯʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʠʪʴ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʥʘ ð N-ʢʘʨʙʦʢʩʠʤʝʪʠʣʘʩʧʘʨʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʤ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ, 23,1734 ʛ ʤʘʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʶʪ ʚ 50 ʤʣ ʚʦʜʳ, ʟʘʪʝʤ ʧʨʠʣʠʚʘʶʪ 10 % 

ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʣʠʪʠʷ ʜʦ ʨʅ ʧʨʠʤʝʨʥʦ 9ï10. ɼʘʣʝʝ ʜʦʙʘʚʣʷʶʪ 15,1181 ʛ 

ʛʣʠʮʠʥʘ ʠ ʥʘʙʣʶʜʘʶʪ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʨʅ. ɿʥʘʯʝʥʠʝ ʨʅ ʩʥʠʟʠʣʦʩʴ ʜʦ 7ï8, ʯʪʦ 

ʠ ʥʫʞʥʦ ʙʳʣʦ. ʅʝ ʩʣʝʜʫʝʪ ʧʨʠʣʠʚʘʪʴ ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʣʠʪʠʷ ʜʦ ʨʅ ʩʨʘʟʫ 

ʨʘʚʥʳʤ 7ï8, ʪʘʢ ʢʘʢ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʛʣʠʮʠʥʘ ʨʅ ʤʦʞʝʪ ʫʧʘʩʪʴ 

ʜʦ 6ï7, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʪʨʫʜʥʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʪʘʚʣʷʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʙʳʣʦ ʦʩʪʘʚʣʝʥʦ ʥʘ 14 ʜʥʝʡ) ʠʣʠ ʞʝ ʥʘʛʨʝʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 90-100Áʉ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʚʳʙʦʨʝ ʨʝʘʢʮʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʠʜʝʪ ʭʦʨʦʰʦ ʠ ʥʘʛʨʝʚʘʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʪʦʣʴʢʦ ʫʩʢʦʨʷʝʪ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɼʘʣʝʝ ʢ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʶʪ 

ʨʘʩʪʚʦʨ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʅ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 2ï3. 

ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʢʦʣʙʝ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʤʝʥʪʘʣʴʥʦ ʚʳʧʘʜʘʝʪ ʦʩʘʜʦʢ N-

ʢʘʨʙʦʢʩʠʤʝʪʠʣʘʩʧʘʨʛʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʩʠʥʪʝʟʘ. 

ʉʅ2NH2 COOH +
ʅʉ

ʅʉ

COOLi

COOLi

1) ʨʅ=7-8

2) ʊ=80-90 ʉ

3) ʅɺr

ʉʅ

ʅ2ʉ

COOH

COOH

NHʅ2ʉ

COOH  
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʥʘ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʚ ʦʩʘʜʦʢ ʚʳʧʘʣ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʢʦʤʧʣʝʢʩʦʥ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʥʘʪʘ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɼʣʷ 

ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʝʨʝʚʝʩʪʠ ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩʦʥ ʚ ʢʦʤʧʣʝʢʩʦʥʘʪ 

ʜʦʙʘʚʣʝʥʠʝʤ ʱʝʣʦʯʠ ʜʦ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʠ ʦʪʪʠʪʨʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʮʠʥʢʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,005 ʄ ʚ ʘʤʤʠʘʯʥʦʤ ʙʫʬʝʨʝ ʩ 

ʠʥʜʠʢʘʪʦʨʦʤ ʤʫʨʝʢʩʠʜ. ʊʘʢʞʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʳʣ ʩʥʷʪ ʀʂ-

ʩʧʝʢʪʨ ʩ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩʦʥ ʥʝ ʨʘʩʪʚʦʨʠʤ 

ʚ ʚʦʜʝ, ʘʮʝʪʦʥʝ ʠ ʵʪʘʥʦʣʝ, ʥʦ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʤʝʪʘʥʦʣʝ. 
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ʋɼʂ: 66.096.4 

ʂʨʳʣʦʚʘ ɸʥʥʘ ɺʘʜʠʤʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʦʥʘ, ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʚʘʣʝʨʴʷʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩ ʠʦʥʦʤ Ni2+ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ʀ. ʉʢʦʙʠʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʪʦʜʘʤʠ ʨʅ-ʤʝʪʨʠʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʪʠʣʝʥʜʠʘʤʠʥ-N-Nǋ-ʪʝʪʨʘʚʘʣʝʨʴʷʥʦʡ 

ʢʠʩʣʦʪʳ (EDTVA) ʩ ʥʠʢʝʣʝʤ (II) ʚ ʚʦʜʥʦʡ ʩʠʩʪʝʤʝ. ʉʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ EDTVA ʠ Ni2+ ʩʦʩʪʘʚʣʷʣʦ 1 ʢ 1. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʠʩʣʳʝ ʠ ʩʨʝʜʥʠʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ, ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʛʨʘʬʠʢʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ (ʨʠʩ.). 

 
ʈʠʩ. ʂʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ Ni2+ ï EDTVA4- ï H2O: ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ - ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ 

ʜʠʘʧʘʟʦʥ ʨʅ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʋɼʂ: 544.473-039.63:66.097.3 

ʂʫʥʘʨʸʚʘ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʝʚʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ï ʦʜʥʘ ʠʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʘʢʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʪ ʪʦʥʢʦʡ ʭʠʤʠʠ ʠ ʬʘʨʤʘʮʝʚʪʠʢʠ ʜʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ 

ʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʠʥʪʝʟʝ ʚʠʪʘʤʠʥʦʚ ɸ, ɽ ʠ ʂ, ʘ 

ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʜʫʰʠʩʪʳʭ ʚʝʱʝʩʪʚ ʧʨʦʚʦʜʷʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʧʨʝʚʨʘʱʘʷ ʪʨʦʡʥʳʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʩʚʷʟʠ 

ʚ ʘʣʢʠʥʦʣʘʭ ʚ ʜʚʦʡʥʳʝ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ [1]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʘʣʣʘʜʠʷ), 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʧʦʩʦʙʘ 

ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʜʝʥʠʝ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (2%Pd/MN100) 

ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʤʘʨʢʠ MN100 

(ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ, ʚ ʨʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 2-

ʤʝʪʠʣ-3-ʙʫʪʠʥ-2-ʦʣʘ (ɼʄʕʂ) ʜʦ 2-ʤʝʪʠʣ-3-ʙʫʪʝʥ-2-ʦʣʘ (ɼʄɺʂ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʦʮʝʩʩ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʝʘʢʪʦʨʝ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩʧʦʩʦʙʦʚ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʧʠʣʣʷʨʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʦʙʜʫʚʦʤ, ʦʢʘʟʳʚʘʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ 99% ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʦʪʙʦʨʘ ʧʨʦʙ ʠ 

ʧʨʦʜʫʚʢʠ ʨʝʘʢʪʦʨʘ ʚʦʜʦʨʦʜʦʤ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

ʊʘʢʞʝ, ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ɼʄʕʂ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 1%Pd/ʅʌ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʩʰʠʚʢʦʡ ʥʘʬʪʘʣʠʥʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʠʣʘʣʷ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

1%Pd/ʅʌ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ɼʄɺʂ (95-96%) 

ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ɼʄʕʂ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Asano S., Adams S.J., Tsuji Y, Yoshizawa K., Tahara A., Hayashi J., Cherkasov N. // React. Chem. 

Eng., 2022, Vol. 7, P. 1818-1826. 
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ʋɼʂ 547.556 

ʂʫʱ ɸʥʛʝʣʠʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ʉʠʥʪʝʟ ʯʝʪʚʝʨʪʠʯʥʳʭ ʩʦʣʝʡ ʘʤʤʦʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʪʦʤʝʪʠʥʦʚʫʶ 

ʛʨʫʧʧʠʨʦʚʢʫ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ʀ. ɺʦʨʦʥʯʠʭʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʣʫʯʝʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ ʘʤʤʦʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʢʣʘʩʩʫ 

ʢʘʪʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ) ʠ ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʛʠʜʨʦʬʠʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʘʟʦʤʝʪʠʥʦʚʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʪʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢʘʢ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʢʨʘʩʷʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ 

ʩʦʧʨʷʞʝʥʥʦʡ ʭʨʦʤʦʬʦʨʥʦʡ ʩʠʩʪʝʤʳ.  
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ʛʜʝ R: CH3 (Tʧʣ. > 200 ); C12H25 (Tʧʣ. > 220 ); C16H33 (Tʧʣ. > 190 ); X-: Br; I. 

ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʢʚʘʪʝʨʥʠʟʘʮʠʝʡ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʚʳʩʰʠʤʠ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ. ʀʩʭʦʜʥʳʝ ʘʟʦʤʝʪʠʥʳ (ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ) ʧʦʣʫʯʝʥʳ ʧʦ 

ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ï ʘʥʠʣʠʥʘ 

ʢ ʙʝʥʟʘʣʴʜʝʛʠʜʫ ʠ n-N, N-ʜʠʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜʫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʨʝʘʛʝʥʪʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʭʦʜʳ ʘʥʠʣʦʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ.  

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʘʟʦʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 1630-1600 ʩʤ-1 ʠ ʧʦʣʦʩʳ ʩʦʧʨʷʞʝʥʥʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʨʠ 1600 ʩʤ-1 ʠ 1480 ʩʤ-1. ʏʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ (I) 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:2 ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ. ʉʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʨʘʰʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ.  

ɺʳʭʦʜʳ ʩʦʩʪʘʚʠʣʠ 50-60%, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʣʘʩʩʫ ʢʘʪʠʦʥʥʳʭ ʇɸɺ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʝʩʪʦʤ ʧʝʨʤʘʥʛʘʥʘʪʥʦʡ ʧʨʦʙʳ. ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦ ʘʤʠʥʥʦʤʫ ʘʟʦʪʫ, ʥʦ ʠ ʧʦ ʠʤʠʥʥʦʤʫ -CH=N-. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʧʣʘʚʷʪʩʷ ʩ 

ʨʘʟʣʦʞʝʥʠʝʤ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ. 

https://удк.xyz/widget
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ʋɼʂ: 547.569+544.478.2 

ʃʝʙʝʜʝʚ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ 

ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʦʩʥʦʚʘʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʘʥʜʝʤʥʳʭ ʧʨʦʮʝʩʩʘʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ-

ʛʠʜʨʠʨʦʚʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʊʘʥʜʝʤʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʦʯʝʪʘʶʱʠʝ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ ʠ ʛʠʜʨʠʨʦʚʘʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʩʣʦʞʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʘʣʣʘʜʠʡ-ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʙʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʚʷʟʠ ʉ-ʅ ʠ ʉ-ʍ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʷʟʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʘʜʠʡ ʩʠʥʪʝʟʘ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʨʝʘʛʝʥʪʳ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʈʝʘʢʮʠʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ ï ɻ ʪʦ ʩʦʯʝʪʘʥʠʝ ʘʨʠʣ-/ʚʠʥʠʣ- ʙʦʨʥʳʭ 

ʢʠʩʣʦʪ ʩ ʘʨʠʣ-/ʚʠʥʠʣ- ʛʘʣʦʛʝʥʠʜʘʤʠ. ʂʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʘʣʣʘʜʠʝʤ, ʨʝʘʢʮʠʷ 

ʉʫʟʫʢʠ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʚʳʙʦʨ ʦʩʥʦʚʘʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʚʫʭ ʦʩʥʦʚʘʥʠʡ (ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ) ʚ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ ʤʝʞʜʫ 4-ʙʨʦʤʥʠʪʨʦʙʝʥʟʦʣʦʤ ʠ ʬʝʥʠʣʙʦʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 1%Pd/MN100, ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (60ʦʉ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʩʤʝʩʴ ʵʪʘʥʦʣʘ ʠ ʚʦʜʳ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ 

ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʚʝʨʩʠʠ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘ (4-

ʙʨʦʤʥʠʪʨʦʙʝʥʟʦʣʘ) ʯʝʨʝʟ 15 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ (65% ʧʨʦʪʠʚ 42% 

ʜʣʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʣʫʯʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ 

ʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʪʘʥʜʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ-ʛʠʜʨʠʨʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝ ʧʘʣʣʘʜʠʡ-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʋɼʂ 541.64:539.2 

ʃʫʢʠʝʚ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ1,2 

ɺʣʠʷʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʱʸʪʦʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ɹʦʨʠʩʦʚ1,2 

1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆè, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʌʠʣʠʘʣ ʅʀʎ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ" - ʇʀʗʌ - ʀɺʉ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʇʦʣʠʤʝʨʥʳʝ ʱʝʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʧʦʢʨʳʪʠʡ, ʫʣʫʯʰʘʶʪ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʀʭ ʪʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʛʣʫʙʠʥʦʡ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʦʢ ʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʘʨʘʤʝʪʨʳ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʨʘʩʪʚʦʨʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʠʦʥʦʚ ʧʦʟʚʦʣʷʶʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʣʫ ʪʨʝʥʠʷ ʤʝʞʜʫ ʱʝʪʢʘʤʠ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʱʸʪʦʢ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʱʸʪʦʢ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜʳ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʦʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʦʢ. 

ʂʘʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʯʠʪʳʚʘʣʦʩʴ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʌʣʦʨʠïʍʘʛʛʠʥʩʘ. 

ʆʮʝʥʠʚʘʣʠʩʴ ʰʠʨʠʥʘ ʟʦʥʳ ʧʝʨʝʢʨʳʚʘʥʠʷ, ʨʘʩʧʠʨʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʠ ʩʠʣʘ 

ʪʨʝʥʠʷ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʱʝʪʦʢ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʥʘ ʩʠʣʘ ʪʨʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ɹʨʠʥʢʤʘʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ (ʧʦʣʠʤʝʨʠʟʘʮʠʷ, 

ʧʣʦʪʥʦʩʪʴ ʧʨʠʚʠʚʢʠ, ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ) ʰʠʨʠʥʘ ʟʦʥʳ ʧʝʨʝʢʨʳʚʘʥʠʷ ʫʙʳʚʘʝʪ 

ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ ʩʠʣʴʥʦʤ 

ʩʞʘʪʠʠ ʩʠʣʘ ʪʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ɺ ʦʙʣʘʩʪʠ ʫʤʝʨʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʥʠʞʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʧʦʣʠʤʝʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ [1]. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʦʢ ʠ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʠʣʫ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʛʨʘʥʪ ˉ 

25-23-00222. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʃʫʢʠʝʚ ʀ. ɺ., ʄʠʭʘʡʣʦʚ ʀ. ɺ., ɹʦʨʠʩʦʚ ʆ. ɺ. ɺʣʠʷʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʱʝʪʦʢ //ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ. ï 2024. ï ʊ. 24. ï ˉ. 5. ï ʉ. 751-757. 
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ʃʫʢʠʝʚ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ1,2 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʱʸʪʦʢ ʠʟ 

ʛʨʝʙʥʝʦʙʨʘʟʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ɹʦʨʠʩʦʚ1,2 

1ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆè, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
2ʌʠʣʠʘʣ ʅʀʎ "ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ" - ʇʀʗʌ - ʀɺʉ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɻʨʝʙʥʝʦʙʨʘʟʥʳʝ ʧʦʣʠʤʝʨʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʨʘʟʚʝʪʚʣʸʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʠ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʭʦʜʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʝʜʠʮʠʥʝ. 

ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ 

ʧʣʦʪʥʦʩʪʝʡ ʧʨʠʚʠʚʢʠ. ʆʜʥʘʢʦ, ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʧʨʠʚʠʚʢʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʦʩʢʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʱʸʪʦʢ ʠʟ ʧʨʠʚʠʪʳʭ ʛʨʝʙʥʝʦʙʨʘʟʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʫʩʣʦʚʠʷʭ 

ʩʠʣʴʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʘʷ ʤʦʜʝʣʴ. ʇʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʱʸʪʦʢ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʦʚ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ 

ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʬʠʣʷ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ 

ʧʨʠʚʠʪʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠ ʠʭ ʨʘʩʪʷʞʝʥʠʠ ʥʘ ʦʙʲʸʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ, ʚʪʦʨʦʡ ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʝʸ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʥʘ ʧʨʦʩʪʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. 

ʇʦʣʫʯʝʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʬʦʨʤʫʣʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʬʠʣʴ ʦʙʲʸʤʥʦʡ 

ʜʦʣʠ ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʧʨʠʚʠʚʢʠ ʠ ʩʪʝʧʝʥʷʭ 

ʨʘʟʚʝʪʚʣʸʥʥʦʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʚʝʪʚʣʸʥʥʦʩʪʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʠʚʢʠ ʠ ʜʣʠʥʝ ʦʩʥʦʚʥʦʡ 

ʮʝʧʠ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʣʱʠʥʫ ʱʸʪʢʠ ʠ ʫʤʝʥʴʰʘʝʪ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ 

ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ. ʇʨʠ ʚʳʩʦʢʦʡ ʨʘʟʚʝʪʚʣʸʥʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʠʚʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʣʠʥʝʡʥʦʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʯʠʩʣʝʥʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʘ ʧʨʦʩʪʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʱʸʪʦʢ ʠʟ 

ʛʨʝʙʥʝʦʙʨʘʟʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʠʚʢʠ. 
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ʄʘʣʠʥʠʥʘ ɸʣʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʩʪʴʝʚ ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɻ. ɺʠʥʦʛʨʘʜʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʜʦʨʦʞʥʠʢ ʙʦʣʴʰʦʡ (Plantago major L.) -  ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʨʘʩʪʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʠ ʣʝʯʝʥʠʠ 

ʢʘʰʣʷ ʠ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʧʠʱʝʚʘʨʝʥʠʷ.  

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʣʠʷʝʪ ʥʘ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʡ. ʇʦʵʪʦʤʫ ʪʝʤʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʩʪʴʝʚ 

ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ ʚ ʬʠʪʦʮʝʥʦʟʘʭ ʂʘʣʠʥʠʥʩʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ 

ʦʢʨʫʛʘ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

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. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʀʂ ʩʧʝʢʪʨʦʚ ʣʠʩʪʴʝʚ ʧʦʜʦʨʦʞʥʠʢʘ ʙʦʣʴʰʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʘʙʣʝʪʦʢ ʩ ʙʨʦʤʠʜʦʤ 

ʢʘʣʠʷ (KBr).   

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʀʂ ʩʧʝʢʪʨʦʤʝʪʨʝ çALPHAè 

ʬʠʨʤʳ çBrukerè ʥʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʚɻʋ. 

ɺʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʦʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʠʩʪʴʝʚ ʧʦʜʦʨʦʞʥʠʢʘ 

ʙʦʣʴʰʦʛʦ. ʕʪʦ ʚʘʣʝʥʪʥʳʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ 

ʥʘ ʯʘʩʪʦʪʘʭ ~2922, ~1405 ʩʤ-1; ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʯʘʩʪʦʪʘʭ ~3410, 

~1206 ʩʤ-1 ʠ ʜʨ. 

ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʜʣʷ ʨʷʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʚʳʰʝʥʠʝʤ ʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʨʘʩʪʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ 

ʯʘʩʪʦʪʘʭ ~1365ï536 ʩʤ-1. ʆʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʫ ʦʙʨʘʟʮʦʚ, ʚʟʷʪʳʭ 

ʚʙʣʠʟʠ ʧʠʣʦʨʘʤʳ, ʧʪʠʮʝʬʘʙʨʠʢʠ ʠ ʰʦʩʩʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʚʳʰʝʥʥʦʡ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʩʪʝʥʠʷ.   
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ʄʘʨʘʥʜʞʷʥ ɽʣʝʥʘ ʉʘʨʛʠʩʦʚʥʘ 

ʄʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʰʠʚʢʦʡ 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʝʤʙʨʘʥ, ʷʚʣʷʶʱʠʭʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʟʘʤʝʥʦʡ ʦʙʳʯʥʳʤ ʤʝʤʙʨʘʥʘʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʩʧʦʩʦʙʥʦʩʪʷʤ ʢ ʨʘʟʣʦʞʝʥʠʶ, ʥʝʪʦʢʩʠʯʥʦʩʪʠ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʤʫ ʜʝʡʩʪʚʠʶ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ [1]. ʉʨʝʜʠ ʪʘʢʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ 

ʷʚʣʷʝʪʩʷ ʢʨʘʭʤʘʣ. ʂʨʘʭʤʘʣʴʥʳʝ ʤʝʤʙʨʘʥʳ, ʦʙʣʘʜʘʷ ʭʦʨʦʰʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʦʙʨʝʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ: ʫʧʘʢʦʚʢʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʜʦʩʪʘʚʢʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʢʘʥʝʚʘʷ ʠʥʞʝʥʝʨʠʷ, ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʪ.ʜ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʨʘʭʤʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ, 

ʩʰʠʪʘʷ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ, ʠ, ʜʣʷ ʧʨʠʜʘʥʠʷ ʤʘʪʝʨʠʘʣʫ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʛʣʠʮʝʨʠʥ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. ɺʳʙʨʘʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʧʨʦʯʥʫʶ ʠ ʵʣʘʩʪʠʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʫʩʪʦʡʯʠʚʫʶ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʤʙʨʘʥʘ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʛʦʨʷʯʝʡ 

ʚʦʜʝ (80-90ÁC). ɺ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ) ʧʨʠ pH 1-2 ʪʘʢʞʝ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʥʠʢʘʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ɺʦʟʜʝʡʩʪʚʠʝ NaOH (pH 10.5), ʥʘʧʨʦʪʠʚ, 

ʧʨʠʚʝʣʦ ʢ ʥʘʙʫʭʘʥʠʶ ʦʙʨʘʟʮʘ ʚ 3-4 ʨʘʟʘ ʠ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʧʨʦʯʥʦʩʪʠ. 

ʊʘʢʫʶ ʤʝʤʙʨʘʥʫ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʘʧʩʫʣ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʢʠʰʝʯʥʠʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʚʝʨʞʜʝʥʠʝ ʤʝʤʙʨʘʥʳ ʜʦʣʞʥʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʣʠʢʦʥʘ ʠʣʠ ʪʝʬʣʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ, ʦʪ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʤʦʞʥʦ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʝʢʣʘ, 

ʦʪʜʝʣʝʥʠʝ ʦʪ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʰʢʠ, ʢʦʪʦʨʘʷ 

ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʧʣʝʥʢʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʤʙʨʘʥʘ, 

ʚʳʩʫʰʝʥʥʘʷ ʧʨʠ 65ÁC, ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʷʛʫʯʝʡ, ʯʪʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʙ 

ʦʙʨʘʟʮʝ, ʚʳʩʫʰʝʥʥʦʤ ʧʨʠ 90ÁC. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʠʩʧʘʨʝʥʠʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ 

(ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ), ʢʦʪʦʨʳʡ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ ʩ ʢʨʘʭʤʘʣʦʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʤʙʨʘʥʘ ʧʦʣʫʯʘʝʪʩʷ ʭʨʫʧʢʦʡ, ʠ ʝʝ ʥʝʚʦʟʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʦʪ 

ʧʦʜʣʦʞʢʠ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Ehsani M., Kalugin D., Doan H., Lohi A., Abdelrasoul A. Bio-Sourced and biodegradable 

membranes // Appl. Sci. 2022. ̄ 12. P. 12837. 
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ʋɼʂ 543:615.2.3 

ʄʘʨʪʳʥʶʢ ɸʥʞʝʣʠʥʘ ɺʘʣʝʨʴʝʚʥʘ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʙʫʧʨʦʬʝʥʘ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɹʘʨʘʥʦʚʘ 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʭ ʘʥʘʣʠʟʝ ʩ ʮʝʣʴʶ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʄʝʪʦʜʦʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʙʫʧʨʦʬʝʥʘ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ ʜʚʫʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (OZON ʠ ɸʂʆʉ).  

ɸʥʘʣʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʨʦʰʢʘ ʨʘʩʪʝʨʪʳʭ ʪʘʙʣʝʪʦʢ, ʩʦʜʝʨʞʘʱʝʝ 0,1 ʛ ʠʙʫʧʨʦʬʝʥʘ ʚʟʙʘʣʪʳʚʘʣʠ ʩ 

15 ʤʣ ʭʣʦʨʦʬʦʨʤʘ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʠ ʬʠʣʴʪʨʦʚʘʣʠ. ʆʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ 

ʭʣʦʨʦʬʦʨʤʦʤ ʜʚʘʞʜʳ ʧʦ 5 ʤʣ ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʪʦʪ ʞʝ ʬʠʣʴʪʨ ʚ ʪʫ ʞʝ 

ʢʦʣʙʫ. ʇʨʠʙʘʚʣʷʣʠ 20 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦ ʬʝʥʦʣʬʪʘʣʝʠʥʫ, ʠ ʪʠʪʨʦʚʘʣʠ 0,1 ʥ. ʨʘʩʪʚʦʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ ʪʝʤ ʞʝ ʠʥʜʠʢʘʪʦʨʦʤ ʜʦ ʨʦʟʦʚʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʠ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ  1 ʤʣ 0,1 ʥ. ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,02063 ʛ ʠʙʫʧʨʦʬʝʥʘ.  

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʙʫʧʨʦʬʝʥʘ 
ʇʨʝʧʘʨʘʪ ʄʘʩʩʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ, ʛ ʄʘʩʩʘ ʧʨʘʢʪʠʯʝʩʢʘʷ, ʛ 

ʀʙʫʧʨʦʬʝʥ, OZON 0,100 0,0965 

ʀʙʫʧʨʦʬʝʥ, AKOC 0,100 0,0972 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘʷʚʣʝʥʥʦʤʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. XV ʠʟʜ. ï ʊ. 1-5. ï ʄ.: 2023. 
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ʋɼʂ: 544.773.432 

ʄʝʪʣʠʥ ʌʸʜʦʨ ɸʣʝʢʩʝʝʚʠʯ 

ʇʦʣʫʯʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥ/AgNO3 ʟʦʣʷ ʠ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼ. ɺ. ɺʠʰʥʝʚʝʮʢʠʡ 

ʌɻɹʆʋ ɺʆ ʊʚʝʨʩʢʦʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʛʝʣʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʚ 

ʤʝʜʠʮʠʥʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʜʝʟʘʢʪʠʚʠʨʦʚʘʥʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ. ʉʨʝʜʠ ʪʘʢʠʭ 

ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʨʘʩʠʪʝʣʴ ʤʝʪʠʣʝʥʦʚʳʡ ʩʠʥʠʡ, ʦʙʣʘʜʘʶʱʠʡ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʛʠʜʨʦʛʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʟʦʣʷ L-ʮʠʩʪʝʠʥ/AgNO3 ʠ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʜʣʷ 

ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ). 

ɸʥʘʣʠʟ ʚʷʟʢʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʛʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʧʦʚʳʰʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʩʠʩʪʝʤ. ʉ 

ʧʦʤʦʱʴʶ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʜʘʣʦʩʴ ʫʟʥʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʎʉɿ 

ʠ ʄʉ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʥʝ ʤʝʥʷʶʪʩʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʎʉɿ ʠ ʄʉ ʩʚʷʟʘʥʳ 

ʩʣʘʙʳʤʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. ʉʥʠʤʢʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʤʦʛʣʠ ʧʦʥʷʪʴ ʤʦʨʬʦʣʦʛʠʶ ʛʝʣʝʡ. ʂʘʨʢʘʩ ʛʝʣʝʡ ʠʤʝʝʪ 

ʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ ʣʝʥʪʳ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʄʉ 

ʚʦʣʦʢʥʘ ʛʝʣʴ-ʩʝʪʢʠ ʩʪʘʥʦʚʠʣʠʩʴ ʪʦʣʱʝ, ʘ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʷʣʘʩʴ 

ʦʪ ʰʝʨʦʭʦʚʘʪʦʡ ʜʦ ʛʣʘʜʢʦʡ. ʄʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʢʘʢ ʚ 

ʚʦʣʦʢʥʘ ʛʝʣʴ-ʩʝʪʢʠ, ʪʘʢ ʠ ʚʥʝ ʝʸ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ (ɼʉʈ) 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʤʦʥʦʤʦʜʘʣʴʥʳʤ. 

ʏʘʩʪʠʮʳ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʄʉ. ɺʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʦʚ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʠ ʠʭ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

ʥʝʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʄʉ ʟʘ ʩʯʸʪ ʩʣʘʙʳʭ ʠʦʥ-ʠʦʥʥʳʭ ʠ ʠʦʥ-ʜʠʧʦʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ =S+ ʠʣʠ =N+ ʩʘʡʪʘʤʠ ʄʉ ʠ COO- ʠʣʠ SO4
2- ʩʘʡʪʘʤʠ 

ʯʘʩʪʠʮ ʎʉɿ.   

ʇʦʣʫʯʝʥʥʳʝ ʛʝʣʠ ʧʨʦʷʚʠʣʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ 

ʢʣʝʪʦʢ ʧʣʦʩʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro, ʯʪʦ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʙʫʜʫʱʝʤ ʢʘʢ ʙʝʟ ʦʙʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ 

ʌɼʊ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʅʎʄʋ ʀɹʄʍ ʠʤ. ɺ. ʅ. 

ʆʨʝʭʦʚʠʯʘ. (ˉ 075-15-2022-305). 
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ʋɼʂ: 544.163.2  

ʄʝʭʘʥʥʠʢʦʚ ʀʣʴʷ ɸʣʝʢʩʝʝʚʠʯ 

ʇʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʚ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʦʩʥʦʚʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʘʣʦʛʝʥʠʜ-

ʘʥʠʦʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɼ.ʍʠʞʥʷʢ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʠ ʧʝʧʪʠʜʳ - ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʙʝʣʢʦʚ - ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʪʘʢʦʤʫ ʩʦʯʝʪʘʥʠʶ ʦʥʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʛʠʜʨʦʛʝʣʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʩʙʦʨʢʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘ ʩʯʝʪ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʇʝʨʝʭʦʜ ʠʟ ʟʦʣʷ ʚ ʛʝʣʴ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥ ʜʦʙʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʠʟʤʝʥʝʥʠʝʤ pH, ʪʝʤʧʝʨʘʪʫʨʳ. 

ɻʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥ (L-Cys) ʠ 

ʩʦʣʝʡ ʩʝʨʝʙʨʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʘʥʠʦʥ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ, ʪʘʢ ʢʘʢ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʠʥʠʮʠʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, 

ʚʢʣʶʯʘʷ ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ ʠ ʤʦʣʠʙʜʘʪʳ, ʠ ʜʨ. ʎʝʣʴ ʨʘʙʦʪʳ - ʠʟʫʯʝʥʠʝ 

ʟʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜʘ ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ L-Cys-AgNO3 (ʎʉʈ) ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʦʚ (Br-, I-) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʚʠʙʨʦʚʠʩʢʦʟʠʤʝʪʨʠʠ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠ ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (ɼʉʈ) ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʣʴ-ʛʝʣʴ ʧʝʨʝʭʦʜ ʚ ʎʉʈ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ KBr ʠ KI, ʧʨʠ ʵʪʦʤ ʛʠʜʨʦʛʝʣʠ ʦʢʘʟʘʣʠʩʴ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ, ʙʳʩʪʨʦ ʤʫʪʥʝʣʠ ʠ ʨʘʟʨʫʰʘʣʠʩʴ. ɼʘʥʥʳʡ 

ʧʝʨʝʭʦʜ ʚ ʎʉʈ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʦʚ ʥʘʥʦʘʛʨʝʛʘʪʦʚ, ʢ 

ʧʨʦʮʝʩʩʘʤ ʘʛʨʝʛʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʛʝʣʴ-ʩʝʪʢʠ (ʜʘʥʥʳʝ ɼʉʈ). 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʉʕʄ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʨʘʥʬʦʨʤʘʮʠʶ 

ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ. ʇʨʦʮʝʩʩ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʎʉʈ: ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʛʘʣʦʛʝʥʠʜ-

ʘʥʠʦʥʘ ʠʩʯʝʟʘʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ~316 ʠ ~390 ʥʤ ʠ 

ʧʦʷʚʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 350 ʥʤ. ɺ ʌʫʨʴʝ-ʀʂ ʩʧʝʢʪʨʘʭ 

ʚʳʤʦʨʦʞʝʥʥʳʭ ʎʉʈ, ʎʉʈ-KBr ʠ ʎʉʈ-KI ʦʙʨʘʟʮʦʚ ʦʙʥʘʨʫʞʝʥʳ ʠʟʤʝʥʝʥʠʷ, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʘʨʫʰʝʥʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʘʤʠʥʦ- ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ L-Cys. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ. 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 190 
 

ʋɼʂ 541.49 : 615.33 

ʄʠʨʦʥʦʚʘ ʉʦʬʴʷ ɺʘʣʝʨʴʝʚʥʘ 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʮʝʬʫʨʦʢʩʠʤʘ ʩ 

ʘʣʶʤʠʥʠʝʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɺ. ʄʠʥʠʥʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

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 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʘ ʘʣʶʤʠʥʠʷ ʩ 

ʮʝʬʫʨʦʢʩʠʤʦʤ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ çSchrºdingerè. ʆʩʥʦʚʘʥʥʘʷ 

ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʷʭ ʧʣʘʪʬʦʨʤʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʦʟʚʦʣʷʷ ʙʳʩʪʨʦ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʦʙʲʝʢʪ. 

ʈʘʩʩʪʦʷʥʠʷ Al-O ʜʣʷ C(O)O ï 1,83 ʘʥʛʩʪʨʝʤʘ, ʜʣʷ ʙʝʪʘ-ʣʘʢʪʘʤʘ 1,94, 

ʜʣʷ ʢʘʨʙʘʤʘʪʘ 1,92. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʘʣʶʤʠʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʯʪʠ ʧʨʘʚʠʣʴʥʫʶ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʙʠʧʠʨʘʤʠʜʫ, ʧʦʯʪʠ 

ʦʢʪʘʵʜʨ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʘʣʶʤʠʥʠʷ ʨʘʚʥʦ 6. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ 

ʩʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʘʥʠʦʥʳ 

ʘʥʪʠʙʠʦʪʠʢʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ, 

ʙʝʪʘ-ʣʘʢʪʘʤʥʦʡ ʠ ʢʘʨʙʘʤʘʪʥʦʡ ʛʨʫʧʧ. 
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ʋɼʂ: 577.15 

ʄʠʨʦʥʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʧʝʪʨʦʚʥʘ 

ʀʤʤʦʙʠʣʠʟʘʮʠʷ ʧʝʨʦʢʩʠʜʘʟʳ ʥʘ ʧʦʣʠʤʝʨʥʳʭ ʥʦʩʠʪʝʣʷʭ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɽ. ʌʠʣʘʪʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʬʝʥʦʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʣʝʢʪʠʚʦʚ 

ʟʘʥʷʪʦ ʨʘʟʨʘʙʦʪʢʦʡ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʣʝʞʠʪ 

ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʳ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʢʘʢ, ʧʨʘʚʠʣʦ. ʥʘ ʧʦʣʠʤʝʨʥʳʝ ʥʦʩʠʪʝʣʠ ʥʝ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʬʝʨʤʝʥʪʦʚ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. ɸ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʣʝʛʢʦʝ ʦʪʜʝʣʝʥʠʝ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʦʜʥʘʢʦ ʵʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʢʘʯʝʩʪʚʝ ʠʤʤʦʙʠʣʠʟʫʝʤʦʛʦ ʬʝʨʤʝʥʪʘ ʚʩʝ ʯʘʱʝ 

ʧʨʠʤʝʥʷʶʪ ʧʝʨʦʢʩʠʜʘʟʫ ʠ ʪʠʨʦʟʠʥʘʟʫ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ ʦʢʩʠʨʝʜʫʢʪʘʟ. . 

ʂʨʦʤʝ ʪʦʛʦ ʧʦʜ,ʦʨ ʥʦʩʠʪʝʣʷ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʩʪʨʫʶ ʧʨʦʙʣʝʤʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ. ɼʘʥʥʳʡ ʥʦʩʠʪʝʣʴ 

ʷʚʣʷʝʪʩʷ  ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʥʦʩʠʪʝʣʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʮʝʣʣʶʣʦʟʳ ʦʙʲʷʩʥʷʝʪʩʷ ʝʝ ʭʦʨʦʰʠʤʠ ʜʨʝʥʠʨʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ ʦʥʘ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʪʢʘʥʷʤʠ 

ʠ ʞʠʜʢʦʩʪʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʚʦʜ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ, 

ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʪʠʨʦʟʠʥʘʟʳ, ʧʨʠʤʝʥʝʥʠʝ 

ʮʝʣʣʶʣʦʟʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʵʬʬʝʢʪʠʚʥʳʝ ʠ 

ʵʢʦʣʦʛʠʯʥʳʝ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʯʠʩʪʠʪʴ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʪ 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ ʮʝʣʣʶʣʦʟʘ ʷʚʣʷʝʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ 

ʧʨʠʨʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʯʪʦ ʜʘʝʪ ʝʡ ʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʝ ʢʘʢ ʥʦʩʠʪʝʣʷ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʀ.ʅ. ʃʠʧʫʥʦʚ, ɸ.ʌ. ʅʠʢʠʬʦʨʦʚ, ʀ.ɻ. ʇʝʨʚʦʚʘ, ʅ.ʆ. ʊʦʣʤʘʯʝʚʘ  ʀʟʚʣʝʯʝʥʠʝ ʬʝʥʦʣʘ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ ʩʦʨʙʝʥʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ// ɺʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ ʈʦʩʩʠʠ 2018. 

ˉ6. ʩ. 101-110. 

2. ʌʠʣʘʪʦʚʘ ɸ.ɽ., ɻʨʝʙʝʥʥʠʢʦʚʘ ʆ.ɺ., ʉʫʣʴʤʘʥ ɸ.ʄ., ʐʠʤʘʥʩʢʘʷ ɽ.ʀ., ʉʠʥʪʝʟ  

ʙʠʦʘʪʘʣʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʠʜʘʟʳ ʢʦʨʥʷ ʭʨʝʥʘ / ɺʝʩʪʥʠʢ ʊʚʝʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʍʠʤʠʷ. 2022.  ̄2 (48). ʉ. 7-15. 

https://elibrary.ru/item.asp?id=49085439
https://elibrary.ru/item.asp?id=49085439
https://elibrary.ru/contents.asp?id=49085438
https://elibrary.ru/contents.asp?id=49085438
https://elibrary.ru/contents.asp?id=49085438&selid=49085439
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ʋɼʂ 543:615.2.3 

ʄʠʪʨʠʢʘ ʂʘʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʅʠʪʨʠʪʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʣʴʬʘʥʠʣʘʤʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɹʘʨʘʥʦʚʘ 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʨʦʚʝʜʝʥʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʣʴʬʘʥʠʣʘʤʠʜʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʩʪʨʝʧʪʦʮʠʜ ʠ ʩʫʣʴʛʠʥ:  

. 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʨʝʘʢʮʠʠ ʠ ʥʠʪʨʠʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ. 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʫʣʴʬʘʥʠʣʘʤʠʜʦʚ. ʈʝʘʢʮʠʷ ʩ ʘʟʦʢʨʘʩʠʪʝʣʝʤ ʧʦʜʪʚʝʨʜʠʣʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʩʪʚʦʨʦʤ 

ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʦ 

ʦʙʨʘʟʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʩʘʜʢʘ. ʇʠʨʦʣʠʟ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʨʘʟʣʠʯʠʝ ʚ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʣʴʬʘʥʠʣʘʤʠʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 

ʥʠʪʨʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʝʧʘʨʘʪʳ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʩʤʝʩʠ ʚʦʜʳ ʠ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ, ʟʘʪʝʤ ʪʠʪʨʦʚʘʣʠ 0,1 ʄ ʨʘʩʪʚʦʨʦʤ 

ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʠʥʜʠʢʘʪʦʨ ʪʨʦʧʝʦʣʠʥ ʆʆ. ʆʧʨʝʜʝʣʝʥʳ ʤʘʩʩʳ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʝʧʘʨʘʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʥʠʪʨʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʝʧʪʦʮʠʜʘ ʠ ʩʫʣʴʛʠʥʘ 
ʇʨʝʧʘʨʘʪ mʪʝʦʨ., ʛ mʧʨ.,,ʛ 

ʉʪʨʝʧʪʦʮʠʜ 0,250 0,248 

ʉʫʣʴʛʠʥ 0,208 0,206 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʝʧʘʨʘʪʘ 

ʚ ʦʙʨʘʟʮʘʭ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʘʩʩʳ 

ʩʫʣʴʬʘʥʠʣʘʤʠʜʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʷʚʣʝʥʥʦʡ ʤʘʩʩʳ ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʘʥʥʦʪʘʮʠʠ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. XIII ʠʟʜ. ï ʊ. 1-3. ï ʄ.: 2015. 
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ʋɼʂ 544.774.4 

ʄʦʯʘʣʦʚ ɺʣʘʜʠʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʈʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɺʝʨʦʣʘʡʥʝʥ 

ʌɻɹʆʋ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʝʡ ʩʪʦʠʪ ʟʘʜʘʯʘ : 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʘʥʘʣʦʛʠ ʥʳʥʝʰʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ.ʀʟ-ʟʘ ʵʪʦʛʦ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʷ ʧʦʣʫʯʘʶʪ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ  

ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ , ʩʧʦʩʦʙʥʳʝ ʢ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʨʝʮʠʢʣʫ 

ʩʠʥʪʝʟʘ.ɼʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʧʦʣʠʤʝʨʦʚ.ʉʠʥʪʝʟ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ 

ʠ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʝʛʦ ʩ ʤʝʪʠʣʘʢʨʠʣʘʪʦʤ ʥʘ ʦʩʥʦʚʝ 1,3-

ʜʠʘʣʢʠʣʟʘʤʝʱʝʥʥʦʛʦ  ʠʤʠʜʘʟʦʣʘ.ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ  ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʣʠʪʠʷ, ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʘʤʤʦʥʠʷ ʠ 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ ʢʘʣʠʷ.ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ  ɸʅ ʚ ʨʘʟʥʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʤʦʥʦʤʝʨ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚʦ ʚʩʝʭ 

ʠʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ(ʩʦʣʷʭ) ʥʘ ʦʩʥʦʚʝ 1,3-ʜʠʘʣʢʠʣʟʘʤʝʱʝʥʥʦʛʦ  

ʠʤʠʜʘʟʦʣʘ.ʂʦʥʮʝʥʪʨʘʮʠʷ ɸʅ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 20-50% ʤʘʩʩ.[1]ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʩʝ ʧʦʣʠʤʝʨʳ ʚʳʧʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʦʩʘʜʢʘ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʚʠʜʘ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʷʭ 

ʩ ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʢʘʪʠʦʥʘ ʠʤʠʜʘʟʦʣʠʷ ʇɸʅ ʦʙʨʘʟʫʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʄʄ, ʯʝʤ ʧʨʠ ʩʠʥʪʝʟʝ ʚ ɼʄʌɸ ʠ ʟʘ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ.ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 85 ÁC ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʦʞʝʥʠʶ ʠʥʠʮʠʘʪʦʨʘ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʇɸʅ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ.[2] ʇʦʤʠʤʦ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ɸʅ  ʠʩʩʣʝʜʦʚʘʥʦ ʝʛʦ ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʄʄɸ ʚ 

ʠʦʥʥʳʭ  ʨʘʩʪʚʦʨʠʪʝʣʷʭ.ʉʦʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʝʳ 

ʞʠʜʢʦʩʪʠ . ʉʪʨʦʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ɻʇʍ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʥʘʡʜʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʇɸʅ (2400ʩʤ-1), ʪʘʢ ʠ ʇʄʄɸ (1720 ʠ 1100-1250 ʩʤ-1). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ ʊʚɻʋ 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. Hong K..Zhang H.,Mays J.W.. Visser A.E.,Brazel C.S., Holbrey J.D., Reichert W.M., Rogers 

R.D.// Chem. Commun. ï 2002 ï̄ 13. ï P. 1368 

2. Bonhote P., Dias A.P., Papageorgiou N., Kalyana-sundaram K., Gratzel M. // Inorg.Chem.ï 1196 

ï̄ 35. ï P. 1168-1250 
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ʅʘʡʤʘʥ ɽʢʘʪʝʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ɸʥʘʣʠʟ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʢʨʝʤʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ E 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ʅ.ʊʦʣʢʘʯʝʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚʠʪʘʤʠʥ ɽ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʢʦʩʤʝʪʠʢʝ, ʦʜʥʘʢʦ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʪʠʧʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʵʪʦʤʫ ʪʘʢ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʨʝʤʦʚ - ʚʠʪʘʤʠʥʘ ɽ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

[1]. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʙʳʣʘ ʚʟʷʪʘ ʩʤʝʩʴ ʛʝʢʩʘʥʘ ʩ ʵʪʠʣʘʮʝʪʘʪʦʤ (ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 95:5), ʘ ʨʝʘʛʝʥʪʦʤ ʜʝʪʝʢʪʦʨʦʤ ʙʳʣ ʛʝʢʩʘʮʠʥʦʬʝʨʨʘʪ ʢʘʣʠʷ (III ) 

(ʈʠʩ. 1). 

ʈʠʩ. 1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ (ʆʙʨʘʟʝʮ 1 ï ʢʨʝʤ ʬʠʨʤʳ çSkinpHoriaè, ʦʙʨʘʟʝʮ 2 ï ʢʨʝʤ 

ʬʠʨʤʳ çʅʝʞʥʳʡ ʣʸʥè, ʦʙʨʘʟʝʮ 3 ï ʢʨʝʤ ʬʠʨʤʳ çNiveaè, ʦʙʨʘʟʝʮ 4 ï 98% ʪʦʢʦʬʝʨʦʣ). 

ɺ ʦʙʨʘʟʮʝ 1 ʠ 3 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚʠʪʘʤʠʥ ɽ ʚ ʚʠʜʝ Tokopheryl Acetate 

Rf = 0,124. ʆʥ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʝʤʫ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʘʞʝ ʧʨʠ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʘʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚ ʦʙʨʘʟʮʝ 2 ʠ 4 

ʚʠʪʘʤʠʥ ɽ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ Tokopherol Rf = 0.89, ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʥʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʡ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʘʟʤʝʨ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʷʪʝʥ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ ɽ ʙʦʣʴʰʝ ʚ ʦʙʨʘʟʮʘʭ 1 ʠ 3, ʦʜʥʘʢʦ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʠʞʝ, ʘ ʚ ʦʙʨʘʟʮʝ 2 ʤʝʥʴʰʝ ʚʠʪʘʤʠʥʘ ɽ, ʦʜʥʘʢʦ ʦʥ ʙʦʣʝʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʝʥ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʊʨʠʥʝʝʚʘ ʆ.ɺ. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʚʠʪʘʤʠʥʘ ɽ (ʦʙʟʦʨ) // ɺʝʩʪʥʠʢ ɺɻʋ, ʉʝʨʠʷ: ʍʠʤʠʷ. ɹʠʦʣʦʛʠʷ. 
ʌʘʨʤʘʮʠʷ. ï 2013. ï ˉ1. ï ʉ.212. 
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ʅʝʝʣʦʚʘ ɸʣʠʥʘ ɺʠʢʪʦʨʦʚʥʘ, ʇʦʣʷʢʦʚʘ ɽʣʠʟʘʚʝʪʘ ʕʜʫʘʨʜʦʚʥʘ 

ɺʣʠʷʥʠʝ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʭ ʛʠʜʨʦʟʦʣʝʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼ.ɺ. ɺʠʰʥʝʚʝʮʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʉʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʦʤ ʤʥʦʛʠʭ ʫʯʸʥʳʭ ʤʠʨʘ 

ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʷ ʨʷʜʦʤ ʮʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ.  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʟʦʣʷ (ʎʉɿ) ʠ 

ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʦʚ (F , Cl , Br , I ) ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʪʦʨʠʜ-ʘʥʠʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʛʠʜʨʦʛʝʣʝʡ ʩ ʚʳʩʦʢʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ ʭʣʦʨʠʜ-, ʙʨʦʤʠʜ- ʠ ʠʦʜʠʜ-ʘʥʠʦʥʳ 

ʚʳʟʳʚʘʣʠ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ.  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʬʪʦʨʠʜ-ʘʥʠʦʥʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʡ ʩʠʩʪʝʤʝ: ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ ʘʛʨʝʛʘʪʦʚ, ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ɕ-ʧʦʪʝʥʮʠʘʣʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʴ-ʩʝʪʢʠ.  

ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ 

(MTT) in vitro ʧʦʢʘʟʘʣ, ʯʪʦ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʝ ʛʠʜʨʦʛʝʣʠ (ʎʉɻ) ʩ F  ʧʨʠ 

ʫʤʝʨʝʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʬʠʙʨʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ 

ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʢʣʝʪʦʢ 

ʧʣʦʩʢʦʢʣʝʪʦʯʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ (SiHa), ʯʝʤ ð c SO4 , ʯʪʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 1. 

  
ʈʠʩ.1 ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ (ʄʊʊ) ʎʉɻ ʥʘ ʦʩʥʦʚʝ Fī - A (ʤʄ): 1 - 3,1, 2 - 3,5, 3 - 3,9 ʠ ʎʉɻ 

ʥʘ ʦʩʥʦʚʝ SO4
2ī (1), ʎʉɿ (2) ʠ NaF (3) ʜʣʷ ʢʣʝʪʦʢ SiHa.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʅʎʄʋ ʀɹʄʍ ʠʤ. ɺ.ʅ. ʆʨʝʭʦʚʠʯʘ. (ˉ 075-15-

2022-305). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ. 

ɸ
 

ɹ
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ʋɼʂ: 543.062 

ʅʝʤʮʦʚʘ ɸʣʠʥʘ ɽʚʛʝʥʴʝʚʥʘ 

ɸʥʘʣʠʟ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʧʘʨʘʪʝ çʂʘʣʴʮʝʤʠʥ ɸʜʚʘʥʩè 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

çʂʘʣʴʮʝʤʠʥ ɸʜʚʘʥʩè, ʩʦʜʝʨʞʘʱʠʭ ʚʘʞʥʳʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʚʘʣʠʜʘʮʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʮʠʥʢʘ ʠ ʙʦʨʘ ʚ ʧʨʝʧʘʨʘʪʝ çʂʘʣʴʮʝʤʠʥ 

ɸʜʚʘʥʩè. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ: 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʠʣʦʥʘ ɹ 

(ʕɼʊɸ) ʚ ʢʘʯʝʩʪʚʝ ʪʠʪʨʘʥʪʘ ʠ ʵʨʠʦʭʨʦʤʘ ʯʝʨʥʦʛʦ ʊ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʘʣʣʦʠʥʜʠʢʘʪʦʨʘ. ʇʨʠ pH 10 ʠʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ 

ʩ ʕɼʊɸ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ: ʠʩʧʦʣʴʟʦʚʘʥ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʩʘʞʜʝʥʠʠ ʠʦʥʦʚ ʮʠʥʢʘ ʚ ʚʠʜʝ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʚʝʰʠʚʘʥʠʝʤ ʦʩʘʜʢʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʙʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʜʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʠʦʥʘʤ ʙʦʨʘ.  
ʊʘʙʣʠʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʝʧʘʨʘʪʝ,  ʤʛ/ʪʘʙʣʝʪʢʘ (1,84 ʛ) 

ʂʦʤʧʦʥʝʥʪ ʈʝʮʝʧʪʫʨʘ [1] 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʧʨʝʧʘʨʘʪʝ, 

ʥʘʡʜʝʥʦ 

ʂʘʣʴʮʠʡ 200,00 198,45Ñ2,00 

ʄʘʛʥʠʡ 24,00 23,20Ñ0,82 

ʎʠʥʢ 65,00 64,30Ñ0,75 

ɹʦʨ 11,00 10,72Ñ0,30 

ɺʳʚʦʜ: ɸʥʘʣʠʟ ʧʨʝʧʘʨʘʪʘ çʂʘʣʴʮʝʤʠʥ ɸʜʚʘʥʩè ʬʠʨʤʳ ɸʆ çɹɸʁɽʈè 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʡʜʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʚʦʜʩʢʦʡ ʨʝʮʝʧʪʫʨʝ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. https://www.vidal.ru/drugs/calcemin_advance__3732  

https://www.vidal.ru/drugs/calcemin_advance__3732
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ʋɼʂ 544.773.432 

ʅʝʤʳʪʳʰʝʚʘ ʀʨʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʣʠʥʟ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɺʝʨʦʣʘʡʥʝʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʢʦʨʨʝʢʮʠʠ ʘʥʦʤʘʣʠʡ ʨʝʬʨʘʢʮʠʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʢʦʨʨʝʢʮʠʷ ʟʨʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ 2 ʪʠʧʘ ʤʷʛʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ (ʄʂʃ) ï ʛʠʜʨʦʛʝʣʝʚʳʝ ʠ 

ʩʠʣʠʢʦʥ-ʛʠʜʨʦʛʝʣʝʚʳʝ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʄʂʃ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʄʂʃ ʷʚʣʷʶʪʩʷ 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʙʠʦʠʥʝʨʪʥʦʩʪʴ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɻʠʜʨʦʛʝʣʝʚʳʝ ʤʷʛʢʠʝ 

ʢʦʥʪʘʢʪʥʳʝ ʣʠʥʟʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʛʠʜʨʦʢʩʠʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʅɽʄɸ). 

ʊʘʢʠʝ ʣʠʥʟʳ ʠʤʝʶʪ ʥʝʚʳʩʦʢʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ (ʜʦ 38%) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʝʚʳʩʦʢʫʶ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ. ʇʦʚʳʰʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʠʭ 

ʩʦʩʪʘʚ ʟʚʝʥʴʝʚ ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʦʥʦʤʝʨʦʚ (ʜʠʤʝʪʠʣʘʢʨʠʘʤʠʜ, N-

ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ) ʧʦʚʳʰʘʝʪ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʥʦ ʫʭʫʜʰʘʝʪ 

ʧʨʦʯʥʦʩʪʴ ʠ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʦ ʚʩʝʤʠ ʩʧʦʩʦʙʘʤʠ ʫʭʦʜʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʝʣʢʦʚʳʤ ʠ 

ʣʠʧʠʜʥʳʤ ʟʘʛʨʷʟʥʝʥʠʷʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʣʠʢʦʥ-ʛʠʜʨʦʛʝʣʝʚʳʝ ʣʠʥʟʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʩʦʯʝʪʘʶʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 

ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʡ ʠ ʛʠʜʨʦʬʠʣʴʥʦʡ ʬʘʟ. ɼʣʷ ʄʂʃ ʠʟ ʩʠʣʠʢʦʥ-ʛʠʜʨʦʛʝʣʷ 

ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʘʷ ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʦʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝʤ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʥʦʛʦ ʫʚʣʘʞʥʷʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ ʩʦʟʜʘʥʠʝʤ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚ ʚʠʜʝ 

ʚʟʘʠʤʦʧʨʦʥʠʢʘʶʱʠʭ ʩʝʪʦʢ ʠʟ ʛʠʜʨʦʬʠʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚ. 

ʕʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʣʠʥʟ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʚʩʝ 

ʩʧʦʩʦʙʳ ʫʭʦʜʘ ʩʦʚʤʝʩʪʠʤʳ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ ʤʘʪʝʨʠʘʣʘ. 
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ʋɼʂ 543:615.2.3 

ʅʠʢʠʪʠʥ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʦʤʝʪʘʮʠʥʘ ʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ɺ. ɹʘʨʘʥʦʚʘ 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʪʦʜʦʤ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʜʦʤʝʪʘʮʠʥʘ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ 

ʠʥʜʦʤʝʪʘʮʠʥ (ʉʦʬʘʨʤʘ).  

ɼʣʷ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʦʤʝʪʘʮʠʥʘ ʪʦʯʥʫʶ ʥʘʚʝʩʢʫ 

0,1 ʛ ʨʘʩʪʝʨʪʳʭ ʪʘʙʣʝʪʦʢ ʠʥʜʦʤʝʪʘʮʠʥʘ, ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʵʪʘʥʦʣʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʦ ʬʝʥʦʣʬʪʘʣʝʠʥʫ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʪʠʪʨʦʚʘʣʠ 0,1 ʄ ʨʘʩʪʚʦʨʦʤ NaOH ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʦ ʧʦʷʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʙʣʝʜʥʦ-ʨʦʟʦʚʦʡ ʦʢʨʘʩʢʠ.  ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʚʦʜʠʣʠ 

ʪʠʪʨʦʚʘʥʠʝ ʠʟ ʘʮʝʪʦʥʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʦʤʝʪʘʮʠʥʘ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʧʨʝʧʘʨʘʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʯʸʪʘ, ʯʪʦ ʥʘ 1 ʤʣ 0,1 ʄ ʨʘʩʪʚʦʨʘ NaOH ʧʨʠʭʦʜʠʪʩʷ 

0,0342 ʛ ʠʥʜʦʤʝʪʘʮʠʥʘ.  

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʦʤʝʪʘʮʠʥʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘʷʚʣʝʥʥʦʤʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦ ʧʦʜʣʠʥʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. XIII ʠʟʜ. ï ʊ. 1-3. ï ʄ.: 2015. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʄʘʩʩʘ  ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʠʥʜʦʤʝʪʘʮʠʥʘ,  ʛ 

ʄʘʩʩʘ 

ʧʨʘʢʪʠʯʝʩʢʘʷ  ʠʥʜʦʤʝʪʘʮʠʥʘ, ʛ 

ʕʪʠʣʦʚʳʡ ʩʧʠʨʪ 0,025 0,02486 

ɸʮʝʪʦʥ 0,025 0,02494 
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ʋɼʂ 541.6 

ʅʦʚʦʞʠʣʦʚʘ ɸʣʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʂʦʨʨʝʣʷʮʠʠ ʩʪʨʫʢʪʫʨʘ-ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɻ. ɺʠʥʦʛʨʘʜʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʨʦʩʪʳʝ ʵʬʠʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʧʦ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʤʥʦʛʦ. ʇʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʢʦʨʨʝʣʷʮʠʡ ñʩʪʨʫʢʪʫʨʘ ï ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷò ʚ ʧʨʦʩʪʳʭ ʵʬʠʨʘʭ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʤʝʪʦʜʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʩʦʝʜʠʥʝʥʠʷʤ; 

ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʩʭʝʤ; ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʯʸʪʥʳʝ ʩʭʝʤʳ ʚ 

ʪʨʝʪʴʝʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ [1]. 

ʊʘʢ ʚ ʪʨʝʪʴʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʵʬʠʨʦʚ ʠʤʝʝʤ: 

ὖ Ὤ ὴ Ὤ ὴ ὼ ɜ ὼ ɜ ὼ ɝ  

ὼ ɝ ὼ ʐ ὼ ʐ ὼ ʖ ὼ ʖ  

ɻʜʝ hʩʩ ʠ hʩʦ ï ʯʠʩʣʦ ʩʚʷʟʝʡ ʉʉ ʠ ʉʆ; ʭʩʩ1 ʠ ʭʩʦ1, ʭʩʩʩ1 ʠ ʭʩʩʦ1ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʪʦʤʦʚ ʉʉ ʠ ʉʆ, ʉʉʉ ʠ ʉʉʆ ʯʝʨʝʟ 

ʦʜʠʥ ʘʪʦʤ ʉ; ʭʩʩ2 ʠ ʭʩʦ2 - ʯʠʩʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʪʦʤʦʚ ʉʉ ʠ ʉʆ ʯʝʨʝʟ ʜʚʘ 

ʪʘʢʠʭ ʘʪʦʤʘ ʘʪʦʤʘ;  ʭʩʩ3 ʠ ʭʩʦ3 - ʯʠʩʣʦ ʩʚʷʟʝʡ ʉʉ ʠ ʉʆ ʯʝʨʝʟ ʪʨʠ ʘʪʦʤʘ, ʘ ʨʩʩ, 

ʨʩʦ, ɻʩʩ, ɻʩʦ, Dʩʩʩ, Dʩʩʦ, tʩʩ, é - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʇʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ ʵʥʪʘʣʴʧʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ Dfʅ
ʦ (ʞ, 298 ʂ)  ʚʳʙʨʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.   

ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʨʘʩʯʝʪʘ (¼̀e ¼) ʩʦʩʪʘʚʠʣʘ 0,5  ʢɼʞ/ʤʦʣʴ, 

ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (emax) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ -1,6 ʢɼʞ/ʤʦʣʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʧʨʝʜʩʢʘʟʘʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʯʣʝʥʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʷʜʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Lange's Handbook of Chemistry / Editor: J.A. Dean. (15th  Edition), McGraw-Hill . 1999. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ð URL: http://fptl.ru/biblioteka/spravo4niki/dean.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

21.01.25). 

http://fptl.ru/biblioteka/spravo4niki/dean.pdf
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ʋɼʂ: 556.5:574.5 

ʇʘʚʣʦʚ ʀʚʘʥ ɽʚʛʝʥʴʝʚʠʯ 

ɼʠʥʘʤʠʢʘ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚʦʜʦʸʤʦʚ-ʦʭʣʘʜʠʪʝʣʝʡ ʂʘʣʠʥʠʥʩʢʦʡ ɸʕʉ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʌʠʟʠʯʝʩʢʠʡ ʧʫʩʢ ʧʝʨʚʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ ʂʘʣʠʥʠʥʩʢʦʡ ɸʕʉ (ʂɸʕʉ) 

ʩʦʩʪʦʷʣʩʷ ʚ 1984 ʛʦʜʫ. ʉʝʛʦʜʥʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʯʝʨʝʟ 40 ʣʝʪ, ʥʘ ʵʪʦʡ ʩʪʘʥʮʠʠ 

ʚʳʨʘʙʘʪʳʚʘʶʪ ʪʦʢ ʫʞʝ ʯʝʪʳʨʝ ʵʥʝʨʛʦʙʣʦʢʘ.ɺ ʢʘʯʝʩʪʚʝ ʦʭʣʘʜʠʪʝʣʝʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ ʂɸʕʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʟʝʨʘ ʇʝʩʴʚʦ ʠ ʋʜʦʤʣʷ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʧʨʦʪʦʢʦʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʪʦʢ ʚʦʜʳ [1]. 

ʆʟʝʨʦ ʋʜʦʤʣʷ ʧʨʠʥʘʜʣʝʞʠʪ ʙʘʩʩʝʡʥʫ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʀʟ ʦʟʝʨʘ 

ʚʳʪʝʢʘʝʪ ʨʝʢʘ ʉʲʝʞʘ, ʚʦʜʳ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʨʝʢʫ ʋʚʝʨʴ ʪʝʢʫʪ ʚ ʨʝʢʫ ʄʩʪʫ [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ:ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚʦʜʦʝʤʦʚ-

ʦʭʣʘʜʠʪʝʣʝʡ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʂɸʕʉ. 

ʉʝʛʦʜʥʷ ʚ ʦʟʝʨʘʭ-ʦʭʣʘʜʠʪʝʣʷʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ ʥʘ 6 ï 10 ʛʨʘʜʫʩʦʚ.ʇʦʧʫʪʥʦ, ʚ ʦʟʝʨʘʭ 

ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʦʩʣʦ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʠʟ-ʟʘ ʫʩʠʣʝʥʠʷ 

ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ, ʯʪʦ ʦʪʦʙʨʘʞʝʥʦ ʚ ʊʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʦʝʤʘʭ-ʦʭʣʘʜʠʪʝʣʷʭ, ʤʛ/ʣ 

ʇʦʢʘʟʘʪʝʣʠ 1984ʛʦʜ [1] 2024ʛʦʜ [2] ʇɼʂ[3] 

ɺʦʜʦʨʦʜʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʨʅ 
6,70 7,35 6,50 ï 8,50 

ɻʠʜʨʦʢʘʨʙʦʥʘʪʳ 159 214 - 

ʉʫʣʴʬʘʪʳ 2,0 13,1 100 

ʍʣʦʨʠʜʳ 6,0 10,5 300 

ʂʘʣʴʮʠʡ 36,0 40,9 180 

ʄʘʛʥʠʡ 8,5 12,1 40 

ʅʘʪʨʠʡ ʠ ʢʘʣʠʡ 5,8 16,9 - 

ɺʳʚʦʜ:ʟʘ ʩʦʨʦʢ ʣʝʪ ʨʘʙʦʪʳ ʂɸʕʉ ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʝ 

ʧʨʝʚʳʩʠʣ ʇɼʂ ʜʣʷ ʚʦʜʦʝʤʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
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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ʋɼʂ 538.9, 544.35.03, 577 

ʇʘʚʣʦʚʘ ʂʨʠʩʪʠʥʘ ʀʛʦʨʝʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ ʩ ʠʦʥʘʤʠ ʤʝʜʠ (II) ʠ ʢʘʪʝʭʠʥʦʤ 

ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣ:ɹ ʉ.ɺ. ʇʘʩʪʦʥ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʧʦʣʠʤʝʨʦʚ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɼʚʫʭʚʘʣʝʥʪʥʳʝ ʠʦʥʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ɼʅʂ, ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʪʦʤʘʤʠ N ʠ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʝʪʦʛʨʫʧʧʘʤʠ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ. ʉʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ 

Cu2+ ʩ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʥʫʢʣʝʦʪʠʜʘ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʧʝʢʪʨʘʭ ʋʌ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʂɼ ɼʅʂ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɼʅʂ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʦʥʘʤʠ 

Cu2+ ʠ ʢʘʪʝʭʠʥʦʤ (Cat). ʂʘʪʝʭʠʥʳ ï ʧʨʠʨʦʜʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ï ʚ 

ʧʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ ʤʝʜʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʧʨʦʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʡ ʧʦʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ [2]. 

ɺ ʋʌ-ʩʧʝʢʪʨʘʭ Cat ʥʘʙʣʶʜʘʣʠ ʨʦʩʪ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʡ 

ʧʦʣʦʩʝ ʧʦʛʣʦʱʝʥʠʷ ‗ ςχω̎̍ ʠ ʧʦʷʚʣʝʥʠʝ ʰʠʨʦʢʦʡ ʙʝʩʩʪʨʫʢʪʫʨʥʦʡ 

ʧʦʣʦʩʳ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ (‗ σψφ̎,̍  ʚʦʟʥʠʢʘʶʱʠʝ ʩ 
ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ Cat, ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ (ʥʘ ʩʚʝʪʫ ʠʣʠ ʚ ʪʝʤʥʦʪʝ) ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʝʛʦ 

ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ. ɺ ʧʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ ʤʝʜʠ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ Cat 

ʧʨʦʪʝʢʘʶʪ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʨʘʩʪʚʦʨʘʭ Cat ʩ ɼʅʂ ʠ ʠʦʥʘʤʠ ʤʝʜʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ Cu2+ ʧʨʠ ʦʢʠʩʣʝʥʠʠ Cat ʫʩʠʣʠʚʘʝʪʩʷ. ʄʝʪʦʜʦʤ ʉʌ 

ʧʣʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ  ρȟὅό υϽρπὓ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ɼʅʂ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Cat ʜʦ υϽρπὓ, ʦʜʥʘʢʦ, 
ʥʘʙʣʶʜʘʝʪʩʷ ʫʰʠʨʝʥʠʝ ʧʝʨʝʭʦʜʘ ʩʧʠʨʘʣʴ-ʢʣʫʙʦʢ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ɼʅʂ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʘʩʴʷʥʝʥʢʦ ʅ.ɸ. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʳ ɼʅʂ ʧʨʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. I. ɺʣʠʷʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʢʦʥʬʦʨʤʘʮʠʶ 

ʤʦʣʝʢʫʣʳ ɼʅʂ ʚ ʨʘʩʪʚʦʨʝ // ɾʫʨʥʘʣ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ, 2006, 47, ˉ1, 163-169. 

2. Farhan M., Zafar A., Chibber S., Yar Khan H., Arif H., Hadi S.M. Mobilization of copper ions in 

human peripheral lymphocytes by catechins leading to oxidative DNA breakage: A structure 

activity study // Arch. of Biochem. Biophys, 2015, 580, 31-40. 

https://doi.org/10.1016/j.abb.2015.06.019.    
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ʋɼʂ: 628.3:543  

ʇʝʨʝʧʝʣʠʮʘ ʆʣʴʛʘ ɺʘʣʝʨʴʝʚʥʘ 

ɿʘʛʨʷʟʥʸʥʥʦʩʪʴ ʚʝʨʭʥʝʡ ɺʦʣʛʠ ʥʠʪʨʠʪʥʳʤ ʘʟʦʪʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʷʚʣʝʥʠʝ ʥʠʪʨʠʪ-ʠʦʥʦʚ ʚ ʚʦʜʦʝʤʘʭ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴʩʷ ʢʘʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʘʢ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʣʠʷʥʠʝʤ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ ʥʠʪʨʠʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ɺʦʣʛʠ ʚ 

ʧʨʝʜʝʣʘʭ ʛ. ʊʚʝʨʠ. 

 
ʈʠʩ. ʄʝʩʪʘ ʟʘʙʦʨʘ ʧʨʦʙ ʚʦʜʳ ʨ. ɺʦʣʛʘ ʚ ʛ. ʊʚʝʨʠ. 1 ï ʨ-ʥ ʄʠʛʘʣʦʚʦ, 2 

ï ʨ-ʥ ʢʠʥʦʪʝʘʪʨʘ ɿʚʝʟʜʘ, 3 ï ʨ-ʥ ɺʅʀʀ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩ 

ʦʧʳʪʥʳʤ ʟʘʚʦʜʦʤ 

ʅʘ ʚʭʦʜʝ ɺʦʣʛʠ ʚ ʊʚʝʨʴ (ʧʦʟ. 1) ʚ ʚʦʜʝ ʩʦʜʝʨʞʘʣʦʩʴ ʥʠʪʨʠʪ-ʠʦʥʦʚ 0.07 

ʤʛ/ʣ (ʜʘʣʝʝ ʚ ʩʢʦʙʢʘʭ ʜʝʣʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʧʝʨʝʩʯʝʪ ʥʘ ʘʟʦʪ - 0,0175 ʤʛ/ʣ). 

ʇʦʩʣʝ ʚʧʘʜʝʥʠʠ ʚ ɺʦʣʛʫ ʊʴʤʘʢʠ ʚ ʨʘʡʦʥʝ ʢʠʥʦʪʝʘʪʨʘ çɿʚʝʟʜʘè (ʧʦʟ. 2) 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʪ-ʠʦʥʦʚ 0,076 ʤʛ/ʣ (0,019 ʤʛ/ʣ).  ʅʘ ʚʳʭʦʜʝ ʠʟ ʛ. ʊʚʝʨʠ ʚ 

ɺʦʣʛʝ ʚ ʨʘʡʦʥʝ ɺʅʀʀ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʩ ʦʧʳʪʥʳʤ ʟʘʚʦʜʦʤ (ʧʦʟ. 3) 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʪ-ʠʦʥʦʚ ʩʦʩʪʘʚʠʣʦ 0,078 ʤʛ/ʣ (0,0195 ʤʛ/ʣ).  

ɺʳʚʦʜ: ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʠʪ-ʠʦʥʦʚ ʚ ɺʝʨʭʥʝʡ ɺʦʣʛʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʢʨʘʡʥʝ ʙʣʠʟʢʦʤ ʢ ʇɼʂ (0,08 ʤʛ/ʣ) [1]. ʂʦʥʪʨʦʣʴ ʥʠʪʨʠʪ-ʠʦʥʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʯʠʩʪʦʪʳ ʚʦʜʦʝʤʦʚ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ.  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. 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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ʋɼʂ 544.773.422 

ʇʦʣʷʢʦʚʘ ɽʣʠʟʘʚʝʪʘ ʕʜʫʘʨʜʦʚʥʘ 

ɻʠʜʨʦʛʝʣʴ ʩ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥʘ, 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʠ ʠʦʜʘʪ-ʘʥʠʦʥʦʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼ.ɺ. ɺʠʰʥʝʚʝʮʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʠʦʥʳ ï ʚʘʞʥʝʡʰʠʝ ʫʯʘʩʪʥʠʢʠ ʚʦ ʤʥʦʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʠʜʨʦʟʦʣʷʭ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʷʚʣʝʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʛʝʣʝʡ. ɼʘʥʥʳʡ 

ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʘʥʠʦʥʦʚ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʢʨʳʪʠʝ ʫʥʠʢʘʣʴʥʦʡ ʘʥʠʦʥ-

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʛʝʣʝʚʦʡ ʩʠʩʪʝʤʳ, ʩʦʟʜʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥʘ, 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʠ ʠʦʜʘʪ-ʘʥʠʦʥʦʚ. ɺʧʝʨʚʳʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʦʜʘʪ-

ʘʥʠʦʥʳ, ʜʦʙʘʚʣʝʥʥʳʝ ʢ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʤʫ ʟʦʣʶ (ʎʉɿ), ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʫʥʢʮʠʠ ʛʝʣʝʦʙʨʘʟʫʶʱʝʛʦ ʠ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʯʝʨʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʎʉɿ ʩ IO3
ð, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ AgI/Ag2O ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚʥʫʪʨʠ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʎʉɿ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ (ʈʠʩ.1) 

ʈʠʩ. 1. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʣʝʚʦʡ ʩʠʩʪʝʤʳ c [IO3
ð] ï 1,070 ʤʄ ʜʦ ð ʚ ʪʝʤʥʦʪʝ 

ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ð ʥʘ ʩʚʝʪʫ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʡ 

ʟʦʣʴ ʦʙʣʘʜʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʪʦʣʴʢʦ ʢ IO3
ð ʘʥʠʦʥʘʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʦʢʨʘʩʢʦʡ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ, ʚʘʞʥʳʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʉʫʤʤʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʠʩʪʝʤʫ 

ʎʉɿ/IO3
ð  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʦʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʜʘʪ-

ʘʥʠʦʥʦʚ ʠ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ AgI. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʅʎʄʋ ʀɹʄʍ ʠʤ. ɺ.ʅ. ʆʨʝʭʦʚʠʯʘ. (ˉ 075-

15-2022-305). 
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ʋɼʂ 543.33 

ʇʨʦʢʦʬʴʝʚʘ ɼʘʨʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʠʦʥʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɻ. ɸʣʝʢʩʝʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʷʪʠ ʦʙʨʘʟʮʦʚ ʣʝʯʝʙʥʦ-ʩʪʦʣʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ: 

çɸ-hʊʘʫè, çʉʪʵʣʤʘʩè, çʉʣʘʚʷʥʦʚʩʢʘʷè, çʅʘʨʟʘʥè, çʂʘʰʠʥʩʢʘʷè ï ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ.  

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 23268.5-78. ʇʨʠ ʨʅ 10 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʨʠʦʭʨʦʤʘ ʯʝʨʥʦʛʦ ʊ ʦʧʨʝʜʝʣʷʣʠ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. ɺ ʜʨʫʛʦʡ ʧʨʦʙʝ ʧʨʠ ʨʅ 12ï13 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʫʨʝʢʩʠʜʘ 

ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʧʦ ʨʘʟʥʠʮʝ ʥʘʭʦʜʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʥʘʭʦʜʠʣʠ ʤʝʪʦʜʦʤ ʬʦʪʦʤʝʪʨʠʠ ʧʣʘʤʝʥʠ ʪʘʢʞʝ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (ɻʆʉʊ 23268.6-78). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ. 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ ʦʙʨʘʟʮʘʭ 

ʆʙʨʘʟʝʮ 

ʉʘ2+, ʤʛ/ʣ Mg2+, ʤʛ/ʣ 

ɿʘʷʚʣʝʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʈʝʟʫʣʴʪʘʪ 

ʘʥʘʣʠʟʘ 

ɿʘʷʚʣʝʥʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʈʝʟʫʣʴʪʘʪ 

ʘʥʘʣʠʟʘ 

çɸ-hʊʘʫè 200-500 327,1 50-200 106,5 

çʉʪʵʣʤʘʩè 300-1000 302,2 200-500 462,6 

çʉʣʘʚʷʥʦʚʩʢʘʷè 250-350 246,9 ʄʝʥʴʰʝ 50 27,2 

çʅʘʨʟʘʥè 200-600 450,5 50-180 104,1 

çʂʘʰʠʥʩʢʘʷè 250-550 314,2 100-180 151,3 

ʊʘʙʣʠʮʘ 2. ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ ʦʙʨʘʟʮʘʭ 

ʆʙʨʘʟʝʮ 
ɿʘʷʚʣʝʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ,  

Na+ + K+, ʤʛ/ʣ.  

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ, ʤʛ/ʣ 

K+ Na+ Na+ + K+ 

çɸ-hʊʘʫè 900-1900 87,3 481,6 568,9 

çʉʪʵʣʤʘʩè 300-1000 27,3 437,4 464,6 

çʉʣʘʚʷʥʦʚʩʢʘʷè 600-800 44,3 416,6 461,0 

çʅʘʨʟʘʥè 50-450 9,9 161,3 171,2 

çʂʘʰʠʥʩʢʘʷè 250-400 23,2 168,0 191,2 
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ʋɼʂ 544.773.432 

ʇʫʨʪʠʝʚ ʈʫʩʣʘʥ ʅʘʜʠʨʦʚʠʯ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʘʣʝʥʪʥʦ-ʩʠʣʦʚʦʛʦ ʧʦʣʷ PCFF ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ çʩʦʟʨʝʚʰʝʛʦè ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʎʉʈ) ʠ 

ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ). ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʎʉʈ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ L-ʮʠʩʪʝʠʥʘ ʠ AgNO3. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʎʉʈ/ʇɺʉ 

ʤʳ ʫʯʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ [1], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʛʣʘʚʥʦʡ 

ʩʫʙʲʝʜʠʥʠʮʝʡ çʩʦʟʨʝʚʰʝʛʦè ʎʉʈ ʷʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ 

(ʄʉ).  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ. ʈʠʩ. 1) ʩʠʩʪʝʤʳ ʎʉʈ/ʇɺʉ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʇɺʉ ʠ ʢʣʘʩʪʝʨʳ ʄʉ ʧʨʠ ʩʙʣʠʞʝʥʠʠ 

ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʤʝʨʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʄʉ. 

ʆʜʥʘʢʦ ʯʠʩʣʦ ʪʘʢʠʭ ʩʚʷʟʝʡ ʤʠʥʠʤʘʣʴʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʄʉ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʤʝʞʜʫ 

ʩʦʙʦʡ. ʇʦ ʠʪʦʛʫ, ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʢʣʘʩʪʝʨʳ ʄʉ ʚʳʪʝʩʥʷʶʪʩʷ ʚ 

ʦʪʜʝʣʴʥʫʶ ʬʘʟʫ.  

 
ʈʠʩ. 1. ʄʛʥʦʚʝʥʥʳʝ ʩʥʠʤʢʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʎʉʈ/ʇɺʉ ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʘʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: a) 30 ʥʩ, ʙ) 144 ʥʩ, ʚ) 200 ʥʩ. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʥʠʪʨʘʪ ʘʥʠʦʥʳ ʫʜʘʣʝʥʳ 

ʜʣʷ ʣʫʯʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʎʚʝʪʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʘʪʦʤʦʚ: ʙʝʣʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʪʦʤʘʤ 

ʚʦʜʦʨʦʜʘ, ʯʝʨʥʳʝ ï ʫʛʣʝʨʦʜʘ, ʩʠʥʠʝ ï ʘʟʦʪʘ, ʢʨʘʩʥʳʝ ï ʢʠʩʣʦʨʦʜʘ, ʞʝʣʪʳʝ ï ʩʝʨʳ, ʩʝʨʳʝ 

ï ʩʝʨʝʙʨʘ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Malyshev, M.D. Self-assembly in systems based on L-cysteineïsilver-nitrate aqueous 

solution: multiscale computer simulation / M.D. Malyshev, S.D. Khizhnyak, L.V. 

Zherenkova, P.M. Pakhomov, P.V. Komarov // Soft Matter. ï 2022. ï V. 18. ï I. 39. ï P. 

7524-7536. 
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ʋɼʂ 544.773.3 

ʈʷʟʘʥʦʚʘ ɸʥʘʩʪʘʩʠʷ ʖʨʴʝʚʥʘ 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʤʫʣʴʩʠʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʡ ʩʤʦʣʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ɺ. ʉʪʨʦʢʦʚʘ 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 

ʂʘʬʝʜʨʘ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʳʭ ʵʤʫʣʴʩʠʡ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʵʤʫʣʴʩʠʡ ʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ 

ʵʤʫʣʴʩʠʠ ʪʠʧʘ çʤʘʩʣʦ ʚ ʚʦʜʝè ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʚʠʜʘ ʢʦʘʣʝʩʮʝʥʪʦʚ 

ʵʤʫʣʴʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ) ï 

ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ ʠ ʛʣʠʢʦʣʴ. ɼʣʷ ʦʮʝʥʢʠ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʵʤʫʣʴʩʠʠ ʧʨʦʠʟʚʦʜʠʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ 

ʧʣʝʥʢʠ, ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʥʘ ʩʪʝʢʣʝ KRUSS DSA 30 ʤʝʪʦʜʦʤ 

ʣʝʞʘʯʝʡ ʢʘʧʣʠ. 
ʊʘʙʣʠʮʘ: ɿʥʘʯʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʢʦʘʣʝʩʮʝʥʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʘʣʝʩʮʝʥʪʘ-

ʤʦʜʠʬʠʢʘʪʦʨʘ ʵʤʫʣʴʛʘʪʦʨʘ ʵʤʫʣʴʩʠʠ 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʦʘʣʝʩʮʝʥʪʘ ʚ ʩʦʩʪʘʚʝ 

ʵʤʫʣʴʩʠʠ, ʤʘʩʩ.% 

ʂʨʘʝʚʦʡ 

ʫʛʦʣ, Á 

ʇʨʦʧʠʣʝʥʛʣʠʢʦʣʴ 

0,1 112,9 

0,2 97,7 

0,4 105,5 

0,8 108,6 

ɻʣʠʢʦʣʴ 

0,1 114,4 

0,2 90,4 

0,4 104,7 

0,8 95,7 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ 

ʩʣʫʞʠʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʇɺʉ, ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʢʦʘʣʝʩʮʝʥʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʠʤʝʥʠʤ ʛʣʠʢʦʣʴ ʩ 

ʩʦʜʝʨʞʘʥʠʝ 0,1 ʤʘʩʩ.%, ʩʧʦʩʦʙʥʳʡ ʫʚʝʣʠʯʠʪʴ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʜʦ 114,4Á, 

ʪʦʛʜʘ ʢʘʢ ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ ʧʨʠ ʵʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 112,9Á. ʄʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʧʦʥʠʞʝʥʠʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʧʝʣʴ ʵʤʫʣʴʩʠʠ ʢ ʩʣʠʷʥʠʶ ʧʨʠ 

ʚʳʩʳʭʘʥʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʦʯʥʝʥʠʷ (ʞʝʩʪʢʦʩʪʠ) ʤʘʢʨʦʤʦʣʝʢʫʣ ʯʘʩʪʠʮ ʇɺʉ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ˉ FZWN-

2023-0006 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ɹɻʊʋ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 
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ʋɼʂ: 544.773.32 

ʉʘʚʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ʆʣʝʛʦʚʥʘ 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ ʵʤʫʣʴʩʠʡ,  

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʇɸɺ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʇ. ʄ. ʇʘʭʦʤʦʚ, ʉ. ɼ. ʍʠʞʥʷʢ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʕʤʫʣʴʩʠʠ - ʵʪʦ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ (ʥʘʧʨʠʤʝʨ, ʤʘʩʣʦ/ʚʦʜʘ) ʠʣʠ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʇɸɺ). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʤʫʣʴʩʠʡ (ʕ) ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʰʠʨʦʢʠʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʥʝʬʪʷʥʫʶ, 

ʧʠʱʝʚʫʶ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʕ ʷʚʣʷʝʪʩ ̫

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʜʦʡ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʠ ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʦʮʝʥʢʘ 

ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʕ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʇɸɺ: ʘʥʠʦʥʥʳʤʠ (ʩʫʣʴʬʦʥʦʣ, SLS) ʠ ʥʝʠʦʥʦʛʝʥʥʳʤʠ (ʆʈ-10, ɼʉ-10) ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ 

ʤʦʨʬʦʣʦʛʠʠ ʕ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʧʪʠʯʝʩʢʫʶ ʤʠʢʨʦʩʢʦʧʠʶ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʵʤʫʣʴʛʘʪʦʨʘ ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʬʠʥʦʚʦʛʦ ʤʘʩʣʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʇɸɺ (0,05 - 2%). ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʕ, ʨʘʩʩʯʠʪʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʝʠʚʘʶʱʠʭʩʷ 

ʯʘʩʪʠʮ - ʢʘʧʝʣʴ (ʨʠʩʫʥʦʢ). ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʘʥʘʣʠʟʝ ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʕ ʦʩʥʦʚʘʥ ʥʘ ʦʮʝʥʢʝ ʵʬʬʝʢʪʘ ʨʘʩʩʝʷʥʠʷ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʨʘʟʤʝʨʫ ʢʘʧʝʣʴ ʚ ʦʙʨʘʟʮʝ [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʝʣʴ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʜʠʘʧʘʟʦʥʝ 200-

860 ʥʤ ʜʣʷ ʕ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇɸɺ, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʎʂʇ ʊʚɻʋ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ʄʘʨʢʦʚʘ, ɸ. ʀ. ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ɻ ʤʫʣʴʩʠʡ ʤʝʪʦʜʦʤ ɻ ʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ / ɸ. ʀ. ʄʘʨʢʦʚʘ ʠ 

ʜʨ. // ɾʫʨʥʘʣ ʧʨʠʢʣʘʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.ï 2020. ï  ʊ. 87. ï ̄  6. ï ʉ. 881ï885. 

 
ʘ) ʙ) 

 
ʚ) 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ɻ ʤʫʣʴʩʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʦʥʦʣʘ (ʘ); 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʝʣʴ ɻ ʤʫʣʴʩʠʠ ʩʫʣʴʬʦʥʦʣʘ ʧʦ ʨʘʟʤʝʨʘʤ (ʙ); ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 0,5% 

ʵʤʫʣʴʩʠʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʩʫʣʴʬʦʥʦʣʦʤ (ʚ).  
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ʋɼʂ 544.773.432  

ʉʘʣʴʥʠʢʦʚ ɼʝʥʠʩ ɺʘʜʠʤʦʚʠʯ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ  

ʩ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɼ. ʄʘʣʳʰʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʣʘʥʞʝʚʝʥʦʚʦʡ ʜʠʥʘʤʠʢʠ 

ʠʟʫʯʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʠʪʨʘʪʘ 

ʩʝʨʝʙʨʘ ʩ L-ʮʠʩʪʝʠʥʦʤ (ʎʀʉ), N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥʦʤ (ʅɸʎ), ʠʟʦʤʝʨʘʤʠ 

ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʄʇʂ) ʠ ʮʠʩʪʝʘʤʠʥʦʤ (ʎɸ). 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ ʨʘʩʪʚʦʨʦʚ AgNO3/ʎʀʉ, AgNO3/ʅɸʎ, AgNO3/2-

ʄʇʂ, AgNO3/3-ʄʇʂ, AgNO3/ʎɸ, AgNO3/ʎɸ/2-ʄʇʂ ʠ AgNO3/ʎɸ/3-ʄʇʂ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤ ʫʯʠʪʳʚʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ [1], ʯʪʦ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ ʘʪʦʤ ʚʦʜʦʨʦʜʘ 

ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ (ʚ ʩʦʩʪʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʟʘʤʝʱʘʝʪʩʷ 

ʩʝʨʝʙʨʦʤ (ʩʤ. ʨʠʩ. 1). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ LAMMPS [2]. ɺ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʣʝʥʪʥʦ-ʩʠʣʦʚʦʝ ʧʦʣʝ PCFF [3].  

 
ʈʠʩ. 1. ʄʦʜʝʣʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩʝʨʝʙʨʦʤ: (ʘ) L-ʮʠʩʪʝʠʥ, (ʙ) N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥ, (ʚ) 2-

ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, (ʛ) 3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ (ʚ) ʮʠʩʪʝʘʤʠʥ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Khizhnyak, S.D. Mechanism of gelation in low-concentration aqueous solutions of silver nitrate 

with L-cysteine and its derivatives / S.D. Khizhnyak, P.V. Komarov, L.V. Zherenkova, et al. // Soft 

Matter. ï 2017. ï V. 13, ï I. 30. ï P. 5168-5184. 

2. LAMMPS molecular dynamics simulator. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: www.url: https://lammps.org. ï 

05.03.2025. 

3. Sun, H. Ab initio calculations and force field development for computer simulation of polysilanes 

/ H. Sun // Macromolecules. ï 1995. ï V. 28. ï I. 3. ï P. 701-712. 
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ʋɼʂ 678.046.364 

ʉʘʤʳʣʦʚʩʢʘʷ ʉʚʝʪʣʘʥʘ ɸʣʝʢʩʝʝʚʥʘ 

ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ 

ʥʝʥʘʩʳʱʝʥʥʦʡ ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ ʠ ʩʪʝʢʣʷʥʥʳʭ ʤʠʢʨʦʩʬʝʨ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʖ. ʉʪʘʨʦʚʦʡʪʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ 

ʅʝʥʘʩʳʱʝʥʥʳʝ ʧʦʣʠʵʬʠʨʥʳʝ (ʅʇʕ) ʩʤʦʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʘʧʦʣʥʠʪʝʣʷʤʠ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʩʪʝʢʣʷʥʥʳʝ, ʙʘʟʘʣʴʪʦʚʳʝ, ʫʛʣʝʨʦʜʥʳʝ, ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ ʠ ʤʘʪʝʨʠʘʣʳ, 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʨʘʟʣʠʯʥʳʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ 

ʤʠʥʝʨʘʣʳ (ʤʠʢʨʦʤʨʘʤʦʨ, ʪʘʣʴʢ, ʢʘʦʣʠʥ ʠ ʧʨ.). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʳʝ ʩʪʝʢʣʷʥʥʳʝ ʤʠʢʨʦʩʬʝʨʳ, ʧʦʣʫʯʘʶʱʠʝ ʚʩʝ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  ʇʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʧʦʣʳʭ 

ʩʪʝʢʣʷʥʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʩʦʩʪʘʚ ʅʇʕ ʩʤʦʣ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʥʠʞʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ (ʚʧʣʦʪʴ ʜʦ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ) ʠ ʫʩʘʜʢʠ ʠʟʜʝʣʠʡ, 

ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ 

ʪʘʢʞʝ ʵʢʦʥʦʤʠʠ ʧʦʣʠʤʝʨʘ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʨʝʜʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʩʬʝʨ ʠʟ ʤʘʣʦʱʝʣʦʯʥʦʛʦ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʅʇʕ ʩʚʷʟʫʶʱʝʛʦ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʳʭ ʤʠʢʨʦʩʬʝʨ ʚ ʪʦʤ, ʯʪʦ 

ʦʥʠ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ 

ʜʘʶʪ ʩʪʘʙʠʣʴʥʫʶ ʚʷʟʢʦʩʪʴ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʤʠʢʨʦʩʬʝʨʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ (ʦʪ 40 ʜʦ 65 ʤʢʤ), ʧʣʦʪʥʦʩʪʴʶ (ʦʪ 0,15 ʜʦ 0,38 

ʛ/ʩʤ3) ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (ʦʪ 0,055 ʜʦ 0,127 ɺʪ/ʤ ʂ ʧʨʠ 21ę ʉ)  ʠ 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʧʨʝʜʫʩʢʦʨʝʥʥʘʷ ʪʠʢʩʦʪʨʦʧʥʘʷ ʧʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ ʤʘʨʢʠ 

ʉʇʕʌ. ʇʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʩʚʷʟʫʶʱʝʛʦ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʤʦʣʳ ʠ 

ʤʠʢʨʦʩʬʝʨ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʷʤʫʶ ʟʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ 

ʦʪ ʦʙʲʝʤʘ ʚʚʝʜʝʥʥʳʭ ʤʠʢʨʦʩʬʝʨ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʝʥʠʝ ʪʠʧʘ 

ʤʠʢʨʦʩʬʝʨ ʥʘ ʭʦʜ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʦʪʚʝʨʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʦʟʠʮʠʡ ʧʦʢʘʟʘʣʦ ʦʪʣʠʯʠʷ ʚʦ ʚʨʝʤʝʥʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʚʳʩʦʪʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤʠ 

ʚʠʜʘʤʠ ʤʠʢʨʦʩʬʝʨ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʫʜʣʠʥʝʥʠʝ ʚʨʝʤʝʥʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʩʥʠʞʝʥʠʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʢʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ ʚʚʦʜʠʤʳʭ 

ʤʠʢʨʦʩʬʝʨ.  
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ʋɼʂ: 544.774 

ʉʘʨʢʠʩʷʥ ɺʘʟʛʝʥ ʂʘʨʦʝʚʠʯ 

ʎʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʳʝ ʟʦʣʠ:  

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ pH 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼ.ɺ. ɺʠʰʥʝʚʝʮʢʠʡ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʗʚʣʝʥʠʝ ʩʘʤʦʩʙʦʨʢʠ ʩ ʫʯʘʩʪʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʠʤʝʶʱʠʡ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ 

ʩʘʤʦʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʚʦʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ L-ʮʠʩʪʝʠʥʘ ʠ ʩʦʣʝʡ 

ʩʝʨʝʙʨʘ. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʥʝʦʙʳʯʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʩʘʤʦʩʙʦʨʢʠ [1-3]. ʆʜʥʘʢʦ 

ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʘʤʦʩʙʦʨʢʠ, ʦʩʪʘʝʪʩʷ ʥʝ ʜʦ 

ʢʦʥʮʘ ʠʟʫʯʝʥʥʦʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ L-ʮʠʩʪʝʠʥʘ ʩ 

AgNO3, AgNO2 ʠ AgOOCCH3, ʷʚʣʷʶʱʠʝʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʛʝʣʷ. ɼʣʷ 

ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʘʭ, ʚ ʩʠʩʪʝʤʳ 

ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʠʟʤʝʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʊʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ 

ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʦʯʢʦʡ, ʪ.ʝ. ʧʦʚʝʜʝʥʠʝʤ, ʩʚʦʡʩʪʚʝʥʥʳʤ ʜʣʷ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. ʀʟʤʝʨʝʥʠʝ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʜʘʥʥʳʡ ʪʝʟʠʩ. ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʳʷʚʠʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʯʘʩʪʠʮ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʨʝʜʳ ʠʟ ʢʠʩʣʦʡ ʚ ʱʝʣʦʯʥʫʶ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʘʤʠ ɼʉʈ 

ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ 

ʠ ʫʪʦʯʥʠʪʴ ʩʪʨʦʝʥʠʝ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 21-73-00134 ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʎʂʇ ʊʚɻʋ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. D.V. Vishnevetskii, et al, Soft Matter, 2020, 16, 9669-9673.  

2. D.V. Vishnevetskii, et al, Soft Matter, 2021, 17, 10416-10420. 

3. D.V. Vishnevetskii, et al, Soft Matter, 2022, 18, 3031-3040. 
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ʋɼʂ: 547.233.4 

ʉʠʜʦʨʦʚʘ ʄʠʣʝʥʘ ʊʘʨʘʩʦʚʥʘ 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʘʣʢʠʣ-(2-

ʛʠʜʨʦʢʩʠʵʪʠʣ)ʜʠʵʪʠʣʘʤʤʦʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʸʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʉʪʨʫʢʪʫʨʘ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʠʥʪʝʟ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʘʣʢʠʣ-(2-

ʛʠʜʨʦʢʩʠʵʪʠʣ)ʜʠʵʪʠʣʘʤʤʦʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʢʘʪʠʦʥʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠʟʫʯʝʥʘ ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʘʣʢʠʣ-(2-ʛʠʜʨʦʢʩʠʵʪʠʣ)ʜʠʵʪʠʣʘʤʤʦʥʠʷ, ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25-600 Áʉ. ʆʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ 

ʨʘʟʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʀɾ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ ʥʝ ʯʝʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʣʢʠʣʴʥʦʤ 

ʟʘʤʝʩʪʠʪʝʣʝ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʝʤ ʩ ʯʸʪʥʳʤ (ʈʠʩ. 1.-2). 

 
ʈʠʩ. 1. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ , 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʘʣʢʠʣ-(2-

ʛʠʜʨʦʢʩʠʵʪʠʣ)ʜʠʵʪʠʣʘʤʤʦʥʠʷ ʩ 

ʥʝʯʝʪʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

 

 
ʈʠʩ. 2. ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ , 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʦʚ ʘʣʢʠʣ-(2-

ʛʠʜʨʦʢʩʠʵʪʠʣ)ʜʠʵʪʠʣʘʤʤʦʥʠʷ ʩ ʯʝʪʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 212 
 

ʋɼʂ 577.1:543.422.27 

ʉʤʠʨʥʦʚʘ ʂʩʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʋʌ ʦʙʣʫʯʝʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ ʚ ʛʣʠʮʠʥ-ʩʝʨʝʙʨʷʥʦʤ ʨʘʩʪʚʦʨʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇ.ʄ. ʇʘʭʦʤʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇʦʣʫʯʝʥʠʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʙʘʢʪʝʨʠʮʠʜʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (ʅʏʉ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʙʠʦʪʝʭʥʦʣʦʛʠʶ, ʵʣʝʢʪʨʦʥʠʢʫ, ʤʝʜʠʮʠʥʫ, 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʪ.ʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʋʌ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʅʏʉ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʚʠʜʫ 

ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʅʏʉ. ɺʣʠʷʥʠʝ ʥʘʛʨʝʚʘ ʠʣʠ 

ʋʌ ʦʙʣʫʯʝʥʠʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʛʣʠʮʠʥʘ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ (ʛʣʠʮʠʥ-

ʩʝʨʝʙʨʷʥʳʡ ʨʘʩʪʚʦʨ ï ɻʉʈ). ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚ ʛʣʠʮʠʥʝ ʪʠʦʣʴʥʳʭ SH-ʛʨʫʧʧ ʚ 

ɻʉʈ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʛʝʣʴ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʣʝʛʢʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩʝʨʝʙʨʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʘʭ ɻʉʈ ʧʨʠ ʠʭ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60ÁC 

ʠʣʠ ʋʌ ʦʙʣʫʯʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʤʝʪʦʜʘ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʩʝ 

ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʥʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʈʘʙʦʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʣʠʮʠʥʘ ʠ AgNO3 ï 0.01 ʄ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʛʨʝʚ ɻʉʈ ʧʨʠ 60  ʦʪ 24 ʜʦ 96 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʜʦ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʘ ʪʘʢʞʝ ʦʩʘʞʜʝʥʠʶ 

ʩʝʨʝʙʨʘ ʥʘ ʩʪʝʥʢʘʭ ʩʪʝʢʣʷʥʥʦʛʦ ʩʦʩʫʜʘ. ʅʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʨʘʩʪʚʦʨʘ 

ʧʦʩʣʝ ʝʛʦ ʥʘʛʨʝʚʘ ʦʙʥʘʨʫʞʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʚ ʦʙʣʘʩʪʠ 420 ʥʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 

ʚ ʦʙʨʘʟʮʝ. ɸʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʉʕʄ, ʫʩʪʘʥʦʚʠʣ ʚʳʨʘʞʝʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʬʦʨʤʫ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʢʘʢ ʚ ʦʩʘʜʢʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ.  

ʇʦʩʣʝ ʋʌ ʦʙʣʫʯʝʥʠʷ ɻʉʈ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʦ-ʯʝʨʥʦʛʦ ʦʩʘʜʢʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʥʘʥʦ- ʠ ʤʘʢʨʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʬʦʨʤʳ, ʩʦʙʠʨʘʶʱʠʭʩʷ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʘʛʨʝʛʘʪʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʋʌ ʠʟʣʫʯʝʥʠʷ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʋɼʂ 547-304.2 

ʉʦʣʦʚʴʸʚʘ ɸʥʘʩʪʘʩʠʷ ʖʨʴʝʚʥʘ 

ʉʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʤʤʦʥʠʝʚʳʭ ʠʦʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʤʤʦʥʠʝʚʳʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʥʘʭʦʜʷʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʥʝʦʙʳʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʧʘʨʦʚ, ʥʝʛʦʨʶʯʝʩʪʴ, ʥʠʟʢʘʷ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʤʘʟʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ.ʜ. 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ 

ʙʫʪʠʣʜʠʤʝʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʷ ʠ ʠʟʫʯʝʥʠʠ ʠʭ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ 

ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺ ʚʠʜʝ ʢʨʠʚʳʭ ʧʦʪʝʨʠ ʤʘʩʩʳ (ʈʠʩ. 1) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʦʥʥʳʝ 

ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʘʥʠʦʥʳ, ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. ɼʣʷ ʩʦʣʝʡ 

ʙʫʪʠʣʜʠʤʝʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 

ʘʥʠʦʥʦʚ: SO4
2- < NO3

- å N(CN)2
- < PF6

- < BF4
-. 

 
ʈʠʩ. 1. ʊɻ-ʢʨʠʚʳʝ ʩʦʣʝʡ ʙʫʪʠʣʜʠʤʝʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʷ 
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ʋɼʂ 544.478 

ʉʦʣʦʚʴʸʚ ʂʠʨʠʣʣ ʕʜʫʘʨʜʦʚʠʯ 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʧʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʬʨʫʢʪʦʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ɽ. ɻʨʠʛʦʨʴʝʚ 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʤʦʥʦʩʘʭʘʨʠʜʦʚ ï ʢʣʶʯʝʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʚʦʜʦʨʦʜʘ ʢ ʤʦʣʝʢʫʣʝ ʤʦʥʦʩʘʭʘʨʠʜʘ ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʪʳ ï ʧʦʣʠʦʣʳ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʨʫʢʪʦʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ  

ʧʦʣʫʯʘʝʪʩʷ ʤʘʥʥʠʪ ʠ ʩʦʨʙʠʪ ï  h ʝʩʪʠʘʪʦʤʥʳʝ ʩʧʠʨʪʳ, ʢʦʪʦʨʳʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʮʝʣʷʭ, ʘ ʠʤʝʥʥʦ -  ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʜʠʫʨʝʪʠʢʦʚ, ʧʨʝʧʘʨʘʪʦʚ ʩʥʠʞʘʶʱʠʭ ʚʥʫʪʨʠʯʝʨʝʧʥʦʛʦ ʠ ʚʥʫʪʨʠʛʣʘʟʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʘʥʥʠʪ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʭʦʜʝ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʚʝʨʜʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ï ʪʘʙʣʝʪʦʢ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʧʦʜʩʣʘʩʪʠʪʝʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʛʠʜʨʠʨʦʚʘʥʠʶ 

ʬʨʫʢʪʦʟʳ ʜʦ ʤʘʥʥʠʪʘ ʠ ʩʦʨʙʠʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Ru/ʉʇʉ MN 100 ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ï  

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʚʝʨʩʠʠ ʬʨʫʢʪʦʟʳ ʩ 82% ʜʦ 98% ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʘʥʥʠʪʫ ʩ 40% ʜʦ 

55% ʧʨʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ (ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ 

30 ʙʘʨ, ʤʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0,05 ʛ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ 0,0694 ʤʦʣʴ/ʣ).  

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʘʥʥʠʪʫ ʩ 55% ʜʦ 62% 

ʠ ʢʦʥʚʝʨʩʠʠ  ʬʨʫʢʪʦʟʳ ʩ 85% ʜʦ 92%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʢʘʪʘʣʠʟʘʪʦʨ Ru/ʉʇʉ MN 100 ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʨʫʢʪʦʟʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʠʦʣʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʥʠʪʘ. 
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ʋɼʂ.544.478 

ʉʧʠʨʠʜʦʥʦʚʘ ʖʣʠʷ ɺʠʢʪʦʨʦʚʥʘ 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʢʣʘʩʪʝʨʦʚ ʤʝʪʘʣʣʦʚ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʚʝʥʴʷʤʠ ʩʪʠʨʦʣ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʴʥʳʭ ʩʦʧʦʣʠʤʝʨʦʚ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɺ. ɹʳʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʉʪʠʨʦʣ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʴʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʠ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʩʦʨʙʝʥʪʳ, ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ, ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʢʘʢ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʘʜʩʦʨʙʮʠʠ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ 

ʤʝʪʘʣʣʦʚ Pd, Ru, Ni ʚ ʩʨʝʜʝ ʩʪʠʨʦʣ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʴʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʣʘʩʪʝʨʦʚ M4, M9, M19 ʥʠʢʝʣʷ, ʨʫʪʝʥʠʷ ʠ ʧʘʣʣʘʜʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʢʦʛʝʟʠʠ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʠ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʙʝʥʟʦʣʘ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʬʝʥʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʧʦʣʠʤʝʨʘ, ʥʘ ʢʣʘʩʪʝʨʳ ʤʝʪʘʣʣʦʚ. ɺʦ 

ʚʪʦʨʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʧʦʜʦʙʨʘʥʳ ʧʦʪʝʥʮʠʘʣʳ ʃʝʥʘʨʜʘ-ɼʞʦʥʩʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʛʝʦʤʝʪʨʠʠ ʠ ʵʥʝʨʛʠʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʧʝʨʚʦʤ 

ʰʘʛʝ, ʠ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠʟʫʯʝʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʠ 

ʧʦʜʚʠʞʥʦʩʪʴ ʢʣʘʩʪʝʨʦʚ M4, M9, M19 ʚ ʩʨʝʜʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩʦʧʦʣʠʤʝʨʘ 

ʩʪʠʨʦʣ-ʜʠʚʠʥʠʣʙʝʥʟʦʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 25 ʜʦ 300 ʦʉ. 

ʈʘʩʯʸʪʳ ʛʝʦʤʝʪʨʠʠ ʠ ʵʥʝʨʛʠʡ ʢʦʛʝʟʠʠ ʢʣʘʩʪʝʨʦʚ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʩʯʸʪʳ ʛʝʦʤʝʪʨʠʠ ʠ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʙʝʥʟʦʣʘ ʥʘ ʵʪʠ ʢʣʘʩʪʝʨʳ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʠ ʥʝ ʦʛʨʘʥʠʯʝʥʳ ʧʦ 

ʩʧʠʥʫ. ʋʯʸʪ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚʳʧʦʣʥʝʥ ʧʨʠʤʝʥʝʥʠʝʤ ZORA-

ʬʦʨʤʘʣʠʟʤʘ. ɺ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ BP ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʡ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ def2-TZVP ʜʣʷ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʧʨʠʤʝʥʸʥ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ old-

ZORA-TZVP. ɺʩʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ Orca 5.0.3. 
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ʋɼʂ: 663.2 

ʊʠʱʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʠʥʘ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʃ. ʅ. ʊʦʣʢʘʯʝʚʘ, ʊ. ɺ. ʂʨʶʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʦʙʥʘʨʫʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʤʝʪʦʜʦʤ ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʠ, 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ 

ʧʣʘʤʝʥʠ ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ 

ʤʘʛʥʠʷ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʨʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʠʣʦʥʘ ɹ ʩ ʢʘʣʴʮʠʝʤ ʠ ʤʘʛʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʨʘʩʥʦʝ ʧʦʣʫʩʣʘʜʢʦʝ ʚʠʥʦ ʬʠʨʤʳ "Vranec-

vilarov" 2024 ʛʦʜʘ, ʩʪʨʘʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ɻʨʫʟʠʷ, ʦʙʲʝʤʦʤ 750 ʤʣ  

ʊʘʙʣʠʮʘ 1. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʈʝʟʫʣʴʪʘʪ ʅʦʨʤʘ ʧʦʪʨʝʙʣʝʥʠʷ 

ʆʙʥʘʨʫʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʣʠʷ ʤʝʪʦʜʦʤ 

ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʠ 

1118,9 ʤʛ/ʣ 3510 ʤʛ ʚ ʩʫʪʢʠ 

ʆʙʥʘʨʫʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʥʘʪʨʠʷ ʤʝʪʦʜʦʤ 

ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʠ 

57,04 ʤʛ/ʣ ʥʝ ʙʦʣʝʝ 2000 ʤʛ ʥʘʪʨʠʷ ʚ 

ʩʫʪʢʠ 

ʉʦʚʤʝʩʪʥʦʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʠ 

ʤʘʛʥʠʷ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜʦʤ 

Ca-85,6 ʤʛ/ʣ 1000 ʤʛ ʚ ʩʫʪʢʠ 

Mg-89,77 ʤʛ/ʣ 300 ʤʛ - 350 ʤʛ ʚ ʩʫʪʢʠ 

ʂʦʥʪʨʦʣʴ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʠʥʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʝʥ 

ʜʣʷ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ. ɸʥʘʣʠʟʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʩʜʝʣʘʣʠ ʚʳʚʦʜ ʦ ʢʘʯʝʩʪʚʝ ʚʠʥʘ ʠ ʦʪʩʫʪʩʪʚʠʠ 

ʬʘʣʴʩʠʬʠʢʘʮʠʠ [1]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʵʪʘʥʦʣ ʚ ʩʦʩʪʘʚʝ ʚʠʥʘ ʩʥʠʞʘʝʪ 

ʚʩʘʩʳʚʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʢʠʰʝʯʥʠʢʝ, ʯʪʦ ʜʝʣʘʝʪ ʚʠʥʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʦʢʨʳʪʠʷ ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʥʦ ʥʝ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʫʨʛʘʥʦʚʘ ɻ.ɸ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʠʥ ʧʨʠ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʠ 

ʬʘʣʴʩʠʬʠʢʘʮʠʠ // ʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. ï 2018. ï ̄  1(5). ï ʉ. 74-76. 
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ʋɼʂ 544.169 

ʊʠʱʝʥʢʦ ɺʠʢʪʦʨʠʷ ʉʝʨʛʝʝʚʥʘ 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʵʬʠʨʦʚ ʬʪʦʨʘʥʛʠʜʨʠʜʘ ʤʝʪʠʣʬʦʩʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅ.ʇ. ʈʫʩʘʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʵʬʠʨʦʚ ʬʪʦʨʘʥʛʠʜʨʠʜʘ 

ʤʝʪʠʣʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʈʠʩ.) ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ 

B3LYP ʚ ʧʨʦʛʨʘʤʤʝ Gaussian 03. ɿʘʨʷʜʳ ʛʨʫʧʧ (q(R)) ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʘʪʦʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ AIMALL ʚ 

ʨʘʤʢʘʭ çʂʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʘʭè. 

 

ʈʠʩ. 1. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʠʟʫʯʘʝʤʳʭ 

ʵʬʠʨʦʚ ʬʪʦʨʘʥʛʠʜʨʠʜʘ ʤʝʪʠʣʬʦʩʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʛʜʝ ʜʣʷ ʟʘʨʠʥʘ ʚ ʢʘʯʝʩʪʚʝ R 

ʚʳʩʪʫʧʘʝʪ ïʉʅ(ʉʅ3)2, ʜʣʷ ʟʦʤʘʥʘï

ʉʅ(ʉʅ3)ʉ(ʉʅ3)3, ʜʣʷ 

ʬʝʥʠʣʤʝʪʠʣʬʦʩʬʦʥʦʬʪʦʨʠʜʘʪʘ ïʉ6ʅ5 ʠ ï

ʉ6ʅ11 ʜʣʷ ʮʠʢʣʦʟʘʨʠʥʘ 

ʉʨʘʚʥʝʥʠʝ ʟʘʨʷʜʦʚ ʘʪʦʤʦʚ ʠ ʛʨʫʧʧ ʧʦʢʘʟʘʣʦ ʩʭʦʜʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

q(R) ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʘʭ ʵʬʠʨʦʚ ʬʪʦʨʘʥʛʠʜʨʠʜʘ ʤʝʪʠʣʬʦʩʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʊʘʙʣʠʮʘ); ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ 0,004 ʘ.ʝ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ: ʧʨʝʜʝʣʴʥʘʷ ʚ ʮʠʢʣʦʟʘʨʠʥʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʘʷ 

ʚ ʬʝʥʠʣʤʝʪʠʣʬʦʩʬʦʥʦʬʪʦʨʠʜʘʪʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʟʘʨʷʜʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɺ ʤʦʣʝʢʫʣʝ ʬʝʥʠʣʤʝʪʠʣ-

ʬʦʩʬʦʥʦʬʪʦʨʠʜʘʪʘ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʣʦʞʝʥʠʠ ʦʜʠʥ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʘʨʷʜʘ -1,466 ʘ.ʝ. ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʚʩʝʤʠ ʆ ʚ ʵʪʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʘ ʚ ʧʦʣʦʞʝʥʠʠ ʜʚʘ, ʥʘʦʙʦʨʦʪ, q(R) ʥʘʠʤʝʥʴʰʠʡ -1,357 ʘ.ʝ., ʯʪʦ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ˊ-ʵʣʝʢʪʨʦʥʦʚ 

ʤʝʞʜʫ ʙʝʥʟʦʣʴʥʳʤ ʢʦʣʴʮʦʤ ʠ 2ʆ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʨʷʜʘ ʘʪʦʤʘ ʬʦʩʬʦʨʘ, ʯʝʨʝʟ ʙʘʩʩʝʡʥ ʢʦʪʦʨʦʛʦ (ʢʘʢ ʠ ʯʝʨʝʟ 

2ʆ) ʪʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ˊ-ʵʣʝʢʪʨʦʥʦʚ  
ʊʘʙʣʠʮʘ: 

ɿʘʨʷʜʳ ʛʨʫʧʧ (q(R)) ʤʦʣʝʢʫʣ ʘʣʢʠʣʤʝʪʠʣʬʦʩʬʦʥʦʬʪʦʠʜʘʪʘ ʚ ʘ.ʝ. 

ɺʝʱʝʩʪʚʦ 1CH3 P 1O F 2O R* 

ɿʘʨʠʥ -0,484 3,505 -1,481 -0,814 -1,343 0,617 

ɿʦʤʘʥ -0,486 3,507 -1,481 -0,815 -1,347 0,621 

ʌʝʥʠʣʤʝʪʠʣ-

ʬʦʩʬʦʥʦʬʪʦʨʠʜʘʪ 
-0,478 3,496 -1,466 -0,815 -1,357 0,620 

ʎʠʢʣʦʟʘʨʠʥ -0,494 3,506 -1,472 -0,817 -1,342 0,619 

* ɺ ʩʪʦʣʙʮʝ R ï ʜʣʷ ʟʘʨʠʥʘ ʬʨʘʛʤʝʥʪ -ʉʅ(ʉʅ3)2, ʟʦʤʘʥʘ -ʉʅ(ʉʅ3)-ʉ(ʉʅ3)3, ʜʣʷ 

ʬʝʥʠʣʤʝʪʠʣʬʦʩʬʦʥʦʬʪʦʨʠʜʘʪʘ - ʉ6ʅ5, ʜʣʷ ʮʠʢʣʦʟʘʨʠʥʘ - ʉ6ʅ11. 
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ʋɼʂ: 66.097.5 

ʊʨʫʭʘʥʦʚ ʀʣʴʷ ɼʝʥʠʩʦʚʠʯ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʨʠʩʪʳʭ ʘʤʦʨʬʥʳʭ 

ʥʝʨʝʛʫʣʷʨʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʜʥʦʩʪʘʜʠʡʥʳʤ 

ʩʠʥʪʝʟʦʤ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃ.ɾ. ʅʠʢʦʰʚʠʣʠ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʇʦʨʠʩʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʧʦʨʠʩʪʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ (ʋʇʇ) ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʠʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʢʘʪʘʣʠʟ, ʘʜʩʦʨʙʮʠʷ ʠ ʨʘʟʜʝʣʝʥʠʝ 

ʚʝʱʝʩʪʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʦʨʠʩʪʦʩʪʴ ʠ ʤʦʨʬʦʣʦʛʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [1]. ʉʚʝʨʭʩʰʠʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʠʤʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʠʨʦʜʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʯʪʦ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ [2]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ (ʧʦ 

ʨʝʘʢʮʠʷʤ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʠ ʐʦʣʣʷ) ʧʦʨʠʩʪʳʭ ʘʤʦʨʬʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʤʝʨʦʚ 

(ʠʥʜʦʣ, ʢʘʨʙʘʟʦʣ), ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʝʡ ʩ ʜʨʫʛʠʤʠ ʤʦʥʦʤʝʨʘʤʠ (ʬʝʥʘʥʪʨʝʥ,  

1-ʥʘʬʪʦʣ). ʇʦʣʠʤʝʨʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦ ʨʝʘʢʮʠʠ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʋʇʇ, ʜʦʩʪʠʛʘʶʱʠʝ 787 ʤĮ/ʛ ʜʣʷ 

ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʜʚʫʭ ʤʦʥʦʤʝʨʦʚ ï ʢʘʨʙʘʟʦʣʘ ʠ 1-ʥʘʬʪʦʣʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʣʠʤʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʘʢʮʠʠ ʐʦʣʣʷ, ʚ ʮʝʣʦʤ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʋʇʇ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʘʟʦʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʟʥʘʯʝʥʠʝ ʋʇʇ ʩʦʩʪʘʚʠʣʦ 810 ʤĮ/ʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʚ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ) ʚʳʷʚʠʣʦ, ʯʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʩʰʠʚʢʠ, 

ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʠʥʜʦʣʘ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ, ʯʝʤ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʘʟʦʣʘ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʤʝʪʠʣʝʥʦʚʳʭ ʤʦʩʪʠʢʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʤʷʛʢʦʛʦ ʦʩʥʦʚʘʥʠʷ (Na2CO3) 

ʧʦʟʚʦʣʠʣʦ ʯʘʩʪʠʯʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʥʠʟʠʚ ʩʪʝʧʝʥʴ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʪʘʣʠʟʝ ʦʢʘʟʘʣʠʩʴ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʘʟʦʣʘ, ʢʦʪʦʨʳʝ 

ʩʦʯʝʪʘʶʪ ʚʳʩʦʢʫʶ ʋʇʇ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Y. Wang, Y. Yang, Q. Deng, W. Chen, Y. Zhang, Y. Zhou, Z. Zou,2023, 33, 2307179. 

2. Tan L., Tan B., Chem. Soc. Rev., 2017, 46, 3322. 
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ʋɼʂ: 66.096.4 

ʋʜʦʚʝʥʢʦ ɺʝʨʦʥʠʢʘ ʇʘʚʣʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ  

ʵʪʠʣʝʥʜʠʘʤʠʥ-N-Nǋ-ʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ ï ʩʢʘʥʜʠʡ (III) 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ʀ. ʉʢʦʙʠʥ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʵʪʠʣʝʥʜʠʘʤʠʥ-

N-Nǋ-ʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ (EDDSA) ʩʦ ʩʢʘʥʜʠʝʤ ʚ ʚʦʜʥʦʡ ʩʠʩʪʝʤʝ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ EDDSA ʠ Sc ʩʦʩʪʘʚʣʷʣʦ 1 ʢ 1. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ pH-ʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ. ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ: [ScEDDS]-, [Sc(OH)EDDS]2-, 

[Sc(OH)2EDDS]3-, ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʢʦʥʩʪʘʥʪʳ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ.). 

 
ʈʠʩ. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʜʣʷ 

ʩʠʩʪʝʤʳ Sc3+ ï EDDS4- ï H2O ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH 
ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʠʥʪʝʨʚʘʣʝ ʨʅ ʥʘʠʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʤʝʝʪ ʦʩʥʦʚʥʦʡ ʢʦʤʧʣʝʢʩ 

[Sc(OH)EDDS]2-. ʉʨʝʜʥʠʡ ʢʦʤʧʣʝʢʩ [ScEDDS]- ʩʫʱʝʩʪʚʫʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ pH. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʛʠʜʨʦʣʠʟʘ ʩʢʘʥʜʠʷ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 
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ʋɼʂ 633.522:633.865 

ʋʱʘʧʦʚʩʢʠʡ ɺʘʣʝʥʪʠʥ ʀʛʦʨʝʚʠʯ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʣʘʥʠʥʘ 

 ʦʙʦʣʦʯʝʢ ʩʝʤʷʥ ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʦʧʣʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɸ. ʇʨʫʪʝʥʩʢʘʷ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺ ʈʦʩʩʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʦʧʣʠ 

(Cannabis sativa L.), ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʨʘʟʨʝʰʝʥʥʦʡ ʢ ʚʦʟʜʝʣʳʚʘʥʠʶ [1], 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ, ʚʢʣʶʯʘʷ ʦʙʦʣʦʯʢʫ ʩʝʤʷʥ, ʢʦʪʦʨʘʷ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ. ʆʙʦʣʦʯʢʘ ʩʝʤʷʥ 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʣʘʥʠʥ. 

ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʣʘʥʠʥʦʚ ʩʣʦʞʥʘ ʠ ʜʦ ʢʦʥʮʘ ʥʝʠʟʚʝʩʪʥʘ, 

ʦʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʠʥʦʥʥʳʝ ʠ ʬʝʥʦʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. ʄʝʣʘʥʠʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʦʙʨʘʟʦʚʘʥʳ ʠʟ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʪ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʠʬʝʥʦʣʳ [2].  

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʣʘʥʠʥʳ ʠʟ ʣʫʟʛʠ ʩʝʤʷʥ ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʦʧʣʠ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʝ ʧʦʣʦʛʦʡ ʢʨʠʚʦʡ ʩ 

ʤʦʥʦʪʦʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʜʣʠʥʘʭ 

ʚʦʣʥ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʤʝʣʘʥʠʥʦʚ [3] ʠ ʧʠʢʦʤ ʧʨʠ ɚ= 350-360 

ʥʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʣʢʦʚ ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʦʙʨʘʟʮʝ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʙʥʘʨʫʞʠʣʘ ʥʘʣʠʯʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʠ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʝʣʘʥʠʥʘ ʠ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʝʣʘʥʠʥʘʤ ï 

ʘʣʣʦʤʝʣʘʥʠʥʘʤ [4]. ʇʦʣʫʯʝʥʥʳʝ ʤʝʣʘʥʠʥʳ ʦʙʣʘʜʘʣʠ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤ 

ʮʚʝʪʦʤ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ. ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʧʦʩʪʦʨʦʥʥʠʭ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʤʝʪʦʜʦʤ ʉʦʢʩʣʝʪʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʪʨʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 6,7% ʦʪ ʤʘʩʩʳ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 
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ʋɼʂ: 54.06 

ʌʝʜʦʨʦʚʘ ɺʘʣʝʨʠʷ ʉʝʨʛʝʝʚʥʘ 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ 

ʜʨʦʪʘʚʝʨʠʥʘ ʭʣʦʨʠʜʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ. ʉʪʝʧʘʯʸʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʦʙʲʸʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʦʩʪʨʝʥʠʶ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʯʝʩʪʚʦʤ ʣʝʢʘʨʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ 

ʬʘʣʴʩʠʬʠʢʘʮʠʝʡ. ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʧʦʤʦʱʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɼʨʦʪʘʚʝʨʠʥ - ʧʨʦʠʟʚʦʜʥʦʝ ʠʟʦʭʠʥʦʣʠʥʘ, ʧʨʝʧʘʨʘʪ ʩʦ 

ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ, ʦʙʣʘʜʘʶʱʠʡ ʤʠʦʪʨʦʧʥʳʤ, 

ʩʦʩʫʜʦʨʘʩʰʠʨʷʶʱʠʤ ʠ ʛʠʧʦʪʝʥʟʠʚʥʳʤ ʵʬʬʝʢʪʘʤʠ. ɼʨʦʪʘʚʝʨʠʥ ʦʙʣʘʜʘʝʪ 

ʤʦʱʥʳʤ ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʛʣʘʜʢʫʶ ʤʫʩʢʫʣʘʪʫʨʫ ʟʘ ʩʯʝʪ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʳ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ 

ʜʨʦʪʘʚʝʨʠʥ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʠ ʢʘʢ ʙʣʦʢʘʪʦʨ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ. 

ɼʨʦʪʘʚʝʨʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʠ ʠʥʲʝʢʮʠʡ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʨʛʘʥʠʟʤ ʦʥ ʧʦʩʪʫʧʘʝʪ ʚʥʫʪʨʴ, 

ʚʥʫʪʨʠʤʳʰʝʯʥʦ, ʚʥʫʪʨʠʚʝʥʥʦ ʠʣʠ ʧʦʜʢʦʞʥʦ [1,2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʨʦʪʘʚʝʨʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜʘ: ʪʘʙʣʝʪʦʢ çʅʦ-ʰʧʘè ʠ çɼʨʦʪʘʚʝʨʠʥè, 

ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʘ ʜʣʷ ʠʥʲʝʢʮʠʡ çɼʨʦʪʘʚʝʨʠʥè. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʧʦʜʣʠʥʥʦʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ, ʀʂ- ʠ ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʦʩʘʜʠʪʝʣʴʥʦʛʦ ʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ ʜʨʦʪʘʚʝʨʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʦʙʨʘʟʮʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʷʚʣʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʘʰʢʦʚʩʢʠʡ, ʄ.ɼ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ: ʧʦʩʦʙʠʝ ʜʣʷ ʚʨʘʯʝʡ / ʄ.ɼ. ʄʘʰʢʦʚʩʢʠʡ. ï 16-ʝ 

ʠʟʜ., ʧʝʨʝʨʘʙ., ʠʩʧʨ. ʠ ʜʦʧ. ï ʄ.: ʅʦʚʘʷ ʚʦʣʥʘ, 2012. ï 1216 ʩ. 

2. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʬʘʨʤʘʢʦʧʝʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʊ.3. ï 14-ʝ ʠʟʜ. ï ʄ., 2018 ï 1926 ʩ. 
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ʋɼʂ: 543.443  

ʌʠʣʘʪʦʚʘ ɽʣʠʟʘʚʝʪʘ ɸʣʝʢʩʝʝʚʥʘ 

ɸʥʘʣʠʟ ʤʦʥʝʪ ɻʦʩʙʘʥʢʘ ʈʦʩʩʠʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ, ʊ.ɺ. ʂʨʶʢʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʦʥʝʪʳ ɻʦʩʙʘʥʢʘ ʈʌ ʜʦʩʪʦʠʥʩʪʚʦʤ 5 ʨʫʙʣʝʡ, 

ʚʳʧʫʱʝʥʥʳʭ ʚ XX ʠ  XXI  ʚʝʢʘʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʤʦʥʝʪ ʦʜʥʦʛʦ 

ʜʦʩʪʦʠʥʩʪʚʘ ʚ 5 ʨʫʙʣʝʡ, ʥʦ ʨʘʟʥʳʭ ʣʝʪ ʚʳʧʫʩʢʘ.  

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 11-ʡ ʛʨʫʧʧʳ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ (ʧʦʜʛʨʫʧʧʘ ʤʝʜʠ: Cu, Ag, Au) ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ 

çʤʦʥʝʪʥʦʡ ʛʨʫʧʧʦʡè. ʕʪʦ d-ʵʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [1]. ɺ 

ʥʫʤʠʟʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʨʝʚʥʠʝ ʤʦʥʝʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʥʘ ʟʦʣʦʪʳʝ (Au, Aurum), ʩʝʨʝʙʨʷʥʳʝ (Ag, Argentum), ʤʝʜʥʳʝ (Ae, Aes).  

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʤʦʥʝʪʥʳʝ ʤʝʪʘʣʣʳ 

ʥʝʤʘʛʥʠʪʥʳ. ʆʜʥʘʢʦ, ʤʳ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʷʪʠʨʫʙʣʝʚʳʝ ʤʦʥʝʪʳ ʙʘʥʢʘ ʈʌ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʤʘʛʥʠʪʦʤ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ 

ʧʨʠʯʠʥʦʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʪʘʢʠʭ ʤʦʥʝʪ ʨʘʟʣʠʯʥʳʭ ʣʝʪ 

ʚʳʧʫʩʢʘ. ɹʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ ʥʘ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ Oxford JNCA Energy 350 ʚ 

ʢʦʤʧʣʝʢʪʝ ʩ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ JEOL JSM-6610LV. 
ʊʘʙʣʠʮʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʦʥʝʪ ʜʦʩʪʦʠʥʩʪʚʦʤ 5 ʨʫʙ. ɹʘʥʢʘ ʈʌ, % 

       1998 ʛʦʜ                                                                                2011 ʛʦʜ 
ʉʧʝʢʪʨ O Cu ʀʪʦʛ 

ʉʧʝʢʪʨ 1 5.5 94.5 100.0 

ʉʧʝʢʪʨ 2 6.6 93.4 100.0 

ʉʧʝʢʪʨ 3 5.7 94.3 100.0 

ʉʧʝʢʪʨ 4 5.9 94.1 100.0 

ʉʧʝʢʪʨ 5 5.6 94.4 100.0 

ɺʳʚʦʜ. ɺ XX ʚʝʢʝ (1998 ʛʦʜ) ʧʷʪʠʨʫʙʣʝʚʳʝ ʤʦʥʝʪʳ ʯʝʢʘʥʠʣʠʩʴ ʠʟ 

ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ (ʥʝʤʘʛʥʠʪʥʳʝ), ʘ ʚ XXI  ʚʝʢʝ (2011 ʛʦʜ) ʩ ʮʝʣʴʶ ʫʜʝʰʝʚʣʝʥʠʷ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʠʟ ʩʪʘʣʠ ʩ ʛʘʣʴʚʘʥʦʧʦʢʨʳʪʠʝʤ (ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʤʘʛʥʠʪʦʤ). 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɺ.ʖ. ɹʘʞʠʥ, ʊ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ, ɽ.ʃ. ʂʦʪʦʚʘ, ɸ.ʇ. ʉʫʩʣʦʚ ʉʦʚʨʝʤʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʘʥʦʤʘʣʠʠ 
ʚ ʛʨʫʧʧʘʭ ʤʝʪʘʣʣʦʚ ʇʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ // ɿʘʧʠʩʢʠ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, 

2019, ʊ. 239, ʉ. 520-527; DOI: 10.31897/PMI.2019.5.520. 

ʉʧʝʢʪʨ C Fe Ni ʀʪʦʛ 

ʉʧʝʢʪʨ 1 20.6 73.5 0.9 95.0 

ʉʧʝʢʪʨ 2 20.2 74.4 0.3 94.9 

ʉʧʝʢʪʨ 3 22.6 70.6 0.2 93.4 

ʉʧʝʢʪʨ 4 18.2 77.5 - 95.7 

ʉʧʝʢʪʨ 5 20.2 75.7 - 95.9 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 223 
 

ʋɼʂ: 547.711, 547.781.2 

ʍʘʨʢʫʥʦʚʘ ʄʘʨʠʷ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉ.ɸ. ʊʝʤʥʠʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʈʝʘʢʮʠʠ ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚ ʤʦʣʝʢʫʣʫ ʩʫʙʩʪʨʘʪʘ ʚʚʦʜʠʪʩʷ 

ʘʣʢʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ (ïOR), ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʣʫʯʰʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. ʇʨʦʙʣʝʤʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ï ʧʦʜʙʦʨ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʦʪʥʦʰʝʥʠʡ ʨʝʘʛʝʥʪʦʚ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ.  

ɸʣʢʦʢʩʠʣʠʨʫʷ ʘʤʠʥʳ ʠʣʠ ʘʤʠʥʦʩʧʠʨʪʳ ʵʧʦʢʩʠʩʦʝʜʠʥʝʥʠʷʤʠ, ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʘʣʢʘʥʦʣʘʤʠʥʳ ï ɻ ʬʬʝʢʪʠʚʥʳʝ ʦʪʚʝʨʜʠʪʝʣʠ 

ʜʣʷ ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʣʢʦʢʩʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʬʝʥʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʪʨʠʵʪʠʣʘʤʠʥ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ï ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʠʤʠʜʘʟʦʣʠʷ.   

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ: 

ʢʘʪʘʣʠʟʘʪʦʨ, ʪʝʤʧʝʨʘʪʫʨʫ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ.  ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ 

ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʙʦʣʴʰʠʤʠ 

ʚʳʭʦʜʘʤʠ ʠ ʚ ʪʚʝʨʜʦʡ ʬʦʨʤʝ.  ʉʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʩʪʨʦʝʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʫʶ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ï 

ʘʜʜʫʢʪ ʬʝʥʠʣʛʣʠʮʠʜʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʠʤʠʜʘʟʦʣʘ, ʚʟʷʪʳʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 

[1]. 

 
ʈʠʩ. 1. ʇʦʣʫʯʝʥʠʝ ʘʜʜʫʢʪʘ, ʢʘʪʘʣʠʟʠʨʫʶʱʝʛʦ ʨʝʘʢʮʠʶ 

ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʣʢʘʥʦʣʘʤʠʥʦʚ: ʛʠʜʨʦʢʩʠʣʴʥʦʝ ʯʠʩʣʦ, ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʘʤʠʥʥʦʝ ʯʠʩʣʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Fiona C. Binks, Gabriel Cavalli, Michael Henningsen, Brendan J. Howlin 1 and Ian 
Hamerton. Examining the Influence of Anion Nucleophilicity on the Polymerisation 

Initiation Mechanism of Phenyl Glycidyl Ether // Polymer. ï 2019. -  no11. - p.657. 
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ʋɼʂ: 691.175.5/.8 

ʍʣʦʧʦʚ ʉʪʝʧʘʥ ɸʣʝʢʩʝʝʚʠʯ, ʐʫʤʠʣʠʥʘ ɺʘʩʠʣʠʩʘ ʅʠʢʦʣʘʝʚʥʘ 

ʉʦʟʜʘʥʠʝ ʦʤʥʠʬʦʙʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʤʘʪʨʠʮʘʤʠ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɸ.ʀ. ɹʘʨʘʙʘʥʦʚʘ 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʩʠʪʫʘʮʠʷ ʩ ʵʧʠʜʝʤʠʷʤʠ ʦʩʪʘʸʪʩʷ 

ʥʘʧʨʷʞʸʥʥʦʡ, ʨʘʟʨʘʙʦʪʢʘ ʧʦʢʨʳʪʠʡ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʘʜʛʝʟʠʶ ʚʠʨʫʩʦʚ ʠ 

ʙʘʢʪʝʨʠʡ ʠ ʩʦʭʨʘʥʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʪʨʠʤʝʨʦʚ ï ʩʝʪʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʩʘʤʦʟʘʞʠʚʣʝʥʠʶ ʠ ʧʦʚʪʦʨʥʦʤʫ 

ʬʦʨʤʦʚʘʥʠʶ ʙʣʘʛʦʜʘʨʷ ʨʝʘʢʮʠʷʤ ʤʝʞʮʝʧʥʦʛʦ ʦʙʤʝʥʘ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʘʤʦʦʯʠʱʘʶʱʠʝʩʷ ʚʠʪʨʠʤʝʨʥʳʝ ʧʣʝʥʢʠ 

ʠ ʪʢʘʥʝʚʳʝ ʧʦʢʨʳʪʠʷ. ʆʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʪʚʝʨʞʜʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʦʧʦʣʠʤʝʨʦʚ 2,3,4,5,6-ʧʝʥʪʘʬʪʦʨʩʪʠʨʦʣʘ (ʇʌʉ) ʠ ʛʣʠʮʠʜʠʣʤʝʪʘʢʨʠʣʘʪʘ 

(ɻʄɸ). ʇʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ ʧʨʦʭʦʜʠʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ð ʛʝʢʩʘʛʠʜʨʦ-4-ʤʝʪʠʣʬʪʘʣʝʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʞʮʝʧʥʦʛʦ ʦʙʤʝʥʘ ð ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʮʠʥʢʘ. ɿʚʝʥʴʷ ʇʌʉ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʠʟʢʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ, ʧʨʠʜʘʚʘʷ ʤʘʪʝʨʠʘʣʫ 

ʦʤʥʠʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʟʚʝʥʴʷ ɻʄɸ ʫʯʘʩʪʚʫʶʪ ʚ ʩʰʠʚʢʝ ʧʦʣʠʤʝʨʥʳʭ 

ʮʝʧʝʡ ʠ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʫʟʣʘʭ ʩʝʪʢʠ. 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʧʦʣʠʤʝʨʳ 

ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʚʘʶʪ ʚʦʣʦʢʥʘ ʪʢʘʥʠ. ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ 

ʬʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (F = 11%) ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʘʢʪʥʳʡ ʫʛʦʣ 

ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ (ɗʅ2ʆ = 154Ñ4Ü) ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʦʙʨʘʟʮʘ ʪʢʘʥʠ, 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʦʧʦʣʠʤʝʨʦʤ ʩ 70 ʤʦʣ. % ʟʚʝʥʴʝʚ ʇʌʉ. ʇʨʠ ʵʪʦʤ ɗʅ2ʆ ʜʣʷ 

ʪʢʘʥʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʦʧʦʣʠʤʝʨʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʪʢʘʥʠ, 

ʧʨʦʧʠʪʘʥʥʦʡ ʛʦʤʦʧʦʣʠʤʝʨʦʤ ʇʌʉ (ɗʅ2ʆ = 102Ñ2Ü). 

ɺʠʪʨʠʤʝʨʥʳʝ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʣʠʤʝʨʦʚ ʇʌʉ ʠ ɻʄɸ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʨʝʘʢʪʦʧʣʘʩʪʦʚ, ʥʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʩʚʦʶ 

ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ ʩʚʘʨʢʠ ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʩʪʘʚʘ ʩʦʧʦʣʠʤʝʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 
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ʋɼʂ: 635.21 

ʍʦʤʷʢʦʚʘ ʂʘʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ1,2 

ʆʮʝʥʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʣʫʙʥʝʡ ʘʥʪʦʮʠʘʥʩʦʜʝʨʞʘʱʠʭ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʄ.ʅ. ʇʘʚʣʦʚ1, ɺ.ʄ. ʅʠʢʦʣʴʩʢʠʡ2 

1ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ 

ʃʘʙʦʨʘʪʦʨʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 
2 ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥʪʦʮʠʘʥʩʦʜʝʨʞʘʱʠʭ ʩʦʨʪʦʚ 

ʢʘʨʪʦʬʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʜʣʷ ʜʠʝʪʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʦʩʪʘʚʘ ʢʣʫʙʥʝʡ ʪʨʝʭ ʩʦʨʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʦʡ ʤʷʢʦʪʠ (ɻʘʣʘ, ʉʶʨʧʨʠʟ 

ʠ ʉʝʚʝʨʥʦʝ ʉʠʷʥʠʝ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʜʥʦʬʘʢʪʦʨʥʦʤ ʦʧʳʪʝ ʥʘ 

ʦʧʳʪʥʦʤ ʧʦʣʝ ʊʚʝʨʩʢʦʡ ɻʉʍɸ ʚ 2023 ʛ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚʩʝʭ ʠʩʢʦʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʣʫʙʥʝʡ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ ʥʘʪʫʨʘʣʴʥʫʶ ʚʣʘʛʫ 

ʇʦʢʘʟʘʪʝʣʴ 
ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʉʦʨʪ 

ɻʘʣʘ ʉʶʨʧʨʠʟ ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ 

ʄʘʢʨʦʵʣʝʤʝʥʪʳ 

ɸʟʦʪ (N) % 0,270 0,301 0,285 

ʌʦʩʬʦʨ (P) % 0,049 0,052 0,039 

ʂʘʣʠʡ (K) % 0,425 0,369 0,477 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ 

ɾʝʣʝʟʦ (Fe) ʤʛ/ʢʛ 3,831 4,387 5,663 

ʎʠʥʢ (Zn) ʤʛ/ʢʛ 2,389 2,596 2,614 

ɹʦʨ (B) ʤʛ/ʢʛ 1,083 1,137 1,402 

ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

ʂʨʘʭʤʘʣ % 9,6 10,1 12,4 

ɸʥʪʦʮʠʘʥʳ ʤʛ/100 ʛ < 0,05 9,38 40,43 

ʅʠʪʨʘʪʳ ʤʛ/ʢʛ 42,8 26,5 18,7 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʠ ʥʠʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʪʦʮʠʘʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʫ ʩʦʨʪʦʚ ʉʶʨʧʨʠʟ ʠ 

ʉʝʚʝʨʥʦʝ ʩʠʷʥʠʝ ʤʦʞʥʦ ʨʘʩʮʝʥʠʚʘʪʴ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʧʦʣʝʟʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʠʚʳʯʥʳʤ 

ʩʦʨʪʘʤ ʢʘʨʪʦʬʝʣʷ ʩ ʙʝʣʦʡ ʠ ʞʝʣʪʦʡ ʤʷʢʦʪʴʶ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 23-76-01058. 



XXХI Каргинские чтения.  
Всероссийская конференция «Физика, химия и новые технологии» 

ʊʚʝʨʴ, 27-29 ʤʘʨʪʘ 2025 ʛ. ˞̗̓̑́̎̉́ 226 
 

ʋɼʂ 544.163.2 

ʏʝʨʥʦʚ ʗʨʦʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʥʦʥʘʜʠʠʥʘ-1,8 ʚ ʨʘʤʢʘʭ QTAIM 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʖ.ɼ. ʆʨʣʦʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ 

ʀʩʩʣʝʜʦʚʘʥʦ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʦʜʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʦʜʘ 

ʥʦʥʘʜʠʠʥʘ-1,8. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʜʠʦʜʘ.  
ʈʠʩ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɟ(r) ʜʣʷ ʥʦʥʘʜʠʠʥʘ-1,8, ʪʝʤʥʦ-ʩʝʨʳʝ ʩʬʝʨʳ ï ʘʪʦʤʳ ʉ, ʩʚʝʪʣʦ-

ʩʝʨʳʝ ï ʘʪʦʤʳ H, ʩʠʥʠʤ ʦʙʦʟʥʘʯʝʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ (ʘʪʦʤʥʳʭ ʛʨʫʧʧ) ʚ ʨʘʤʢʘʭ QTAIM. 

ʈʘʚʥʦʚʝʩʥʘʷ ʛʝʦʤʝʪʨʠʷ ʥʦʥʘʜʠʠʥʘ-1,8 ʧʦʣʫʯʝʥʘ Gaussianô03 ʤʝʪʦʜʦʤ 

B3LYP 6-311++G(3df,3pd). ʈʘʟʙʠʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʬʨʘʛʤʝʥʪʳ (ʘʪʦʤʳ ʠ ʛʨʫʧʧʳ ʘʪʦʤʦʚ) ʠ ʚʳʯʠʩʣʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʷʟʝʚʳʭ ʧʫʪʝʡ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʝ AIMALL (ʩʤ. ʊʘʙʣʠʮʳ 1 ʠ 2).  
ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ QTAIM ʜʣʷ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʥʦʥʘʜʠʠʥʘ-1,8 

 CH C CH2 CH2 CH2 CH2 CH2 C CH 

q, a.e. 0.047 -0.279 0.174 0.054 0.008 0.054 0.174 -0.279 0.047 

-E, 

a.e. 
38.632 38.282 39.223 39.297 39.315 39.297 39.223 38.282 38.632 

V, ¡3 25.9 16.6 23.0 23.2 23.4 23.2 23.0 16.6 25.9 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʩʚʷʟʝʚʳʭ ʧʫʪʝʡ ʜʣʷ ʘʪʦʤʥʳʭ ʛʨʫʧʧ ʥʦʥʘʜʠʠʥʘ-1,8 

 CHſʉ C-CH2 CH2-CH2 CH2-CH2 CH2-CH2 CH2-CH2 C-CH2 CHſʉ 

ɟ 0,442 0,273 0,239 0,246 0,246 0,239 0,273 0,422 

ᶯ” -1,333 -0,752 -0,547 -0,578 -0,578 -0,547 -0,752 -1,333 

Ů 0,002 0,009 0,023 0,015 0,015 0,023 0,009 0,002 

L 1,199 1,457 1,539 1,528 1,528 1,539 1,457 1,199 

 ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʛʨʫʧʧ ʠ ʩʚʷʟʝʚʳʭ ʥʦʥʘʜʠʠʥʘ-1,8 ʩʦ çʩʪʘʥʜʘʨʪʥʳʤʠè ʛʨʫʧʧʘʤʠ ʥ-

ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  
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ʋɼʂ: 547.821.3 

ʐʘʨʘʝʚʘ ʗʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪʦʚ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʸʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʝʡ ʧʠʨʠʜʠʥʠʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ 

ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʠ. ʀʭ ʫʥʠʢʘʣʴʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʠʭ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʨʘʟʚʠʪʠʠ çʟʝʣʝʥʦʡè ʭʠʤʠʠ ʠ ʧʦʚʳʰʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪʦʚ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʘʣʢʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʕʇ) 

ʨʘʩʪʚʦʨʦʚ ʀɾ ʚ ʘʮʝʪʦʥʝ ʧʨʠ 25ʦʉ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ (ʕʇ) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʀɾ (ʨʠʩ.1): 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪʦʚ N-

ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʯʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʕʇ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪʦʚ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʷ ʦʪ 

ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. 
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ʋɼʂ 541.64.539.199 

ʐʘʪʩʢʘʷ ʗʨʦʩʣʘʚʘ ʅʠʢʦʣʘʝʚʥʘ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ N-ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ ʠ N-ʚʠʥʠʣʠʤʠʜʘʟʦʣʘ ʚ ʩʝʣʝʢʪʠʚʥʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄ.ʂ.ɻʣʘʛʦʣʝʚ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʬʘʢʫʣʴʪʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, ʄʦʩʢʚʘ 

ʉʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʥʘʧʨʘʚʣʝʥʥʦ ʠ 

ʦʙʨʘʪʠʤʦ ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʚ ʩʠʩʪʝʤʘʭ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʥʦʨʝʘʢʪʦʨʦʚ. ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ N-

ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ (ɺʂʃ) ʠ N-ʚʠʥʠʣʠʤʠʜʘʟʦʣʘ (ɺʀ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʦʥʦʤʝʨʥʳʭ ʟʚʝʥʴʝʚ ʚ ʚʠʨʪʫʘʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʷʭ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʦʧʦʣʠʤʝʨʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ in silico ʩʦʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ɺ 

ʩʝʣʝʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʛʣʦʙʫʣʳ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʤʠʮʝʣʣʦʧʦʜʦʙʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʩ ʧʣʦʪʥʳʤ ʷʜʨʦʤ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ ɺʂʃ-

ʟʚʝʥʴʝʚ ʠ ʧʝʪʣʷʤʠ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠʟ ʛʠʜʨʦʬʠʣʴʥʳʭ ɺʀ-ʙʣʦʢʦʚ [1]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʠʥʥʳʡ ʙʣʦʢ 

ɺʂʃ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ ɺʀ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʦʙʨʘʟʫʝʪ ʢʦʤʧʘʢʪʥʦʝ ʷʜʨʦ, ʥʘ ʢʦʪʦʨʦʝ ʦʩʘʞʜʘʶʪʩʷ 

ʢʦʨʦʪʢʠʝ ɺʂʃ-ʙʣʦʢʠ ʚ ʩʦʩʪʘʚʝ ʩʦʧʦʣʠʤʝʨʘ, ʘ ʛʠʜʨʦʬʠʣʴʥʳʝ ɺʀ-ʙʣʦʢʠ 

ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʚʦ ʚʥʝʰʥʠʡ ʩʣʦʡ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʟʦʛʣʦʙʫʣ ʩ ʧʣʦʪʥʳʤ ʚʥʝʰʥʠʤ ʩʣʦʝʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʟʚʝʥʴʷʤʠ ɺʀ. 
ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 

25-23-00713) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ [2]. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

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

Systems Design & Engineering, 2024, 9 (10), 1017ï1022.  
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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ʋɼʂ 631.811.98 

ʐʝʣʢʦʚ ɻʝʦʨʛʠʡ ɸʥʜʨʝʝʚʠʯ 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʰʨʦʪʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʪʨʘʚ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽ.ɺ. ʆʞʠʤʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʠ ʦʪʭʦʜʳ 

ʩʦʜʝʨʞʘʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ.  

ɺ ʧʨʘʢʪʠʢʝ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʧʨʝʧʘʨʘʪʳ, 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʨʘʩʪʝʥʠʡ. ɸʥʪʠʦʢʩʠʜʘʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʨʦʩʪ ʨʘʩʪʝʥʠʡ. 

ʀʟʚʝʩʪʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʠʤʫʣʷʪʦʨʳ ʨʦʩʪʘ ʥʘʭʦʜʷʪ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʣʠʙʦ ʜʦʨʦʛʠ, ʣʠʙʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʝʟʦʧʘʩʥʳ. 

ɸʥʪʠʦʢʩʠʜʘʥʪʳ, ʥʝ ʦʙʣʘʜʘʷ ʤʫʪʘʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʷʜʝ ʦʙʣʘʩʪʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ ʰʨʦʪʘ, ʘ ʠʤʝʥʥʦ: ʰʨʦʪ ʢʦʨʥʷ ʞʝʥʴʰʝʥʷ, 

ʰʨʦʪ ʧʣʦʜʦʚ ʧʝʨʮʘ ʩʪʨʫʯʢʦʚʦʛʦ ʠ ʰʨʦʪʳ ʧʦʣʳʥʠ  ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ. ɺʝʩʴ ʤʘʪʝʨʠʘʣ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʠʟʤʝʣʴʯʝʥ ʜʦ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. 

ɼʘʣʝʝ ʜʘʥʥʘʷ ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʟʘʣʠʚʘʣʘʩʴ ʚʦʜʦʡ ʚ ʨʘʟʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ, ʛʠʜʨʦʤʦʜʫʣʴ ʙʳʣ 1:5, 1:10, 1:15, 1:20. ʕʢʩʪʨʘʢʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ 24 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24Ñ1ʦʉ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʰʨʦʪʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ 

ʵʢʩʪʨʘʢʪʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʝʨʤʘʥʛʘʥʘʪʥʳʤ ʤʝʪʦʜʦʤ [1]. ʕʢʩʪʨʘʢʪ ʠʟ ʰʨʦʪʘ ʧʝʨʮʘ 

ʧʨʦʷʚʠʣ ʥʘʠʙʦʣʴʰʫʶ ʘʥʪʠʢʦʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ ʦʩʪʘʣʴʥʦʛʦ ʚʠʜʘ 

ʩʳʨʴʷ. ʕʢʩʪʨʘʢʪ ʠʟ ʰʨʦʪʘ ʢʦʨʥʷ ʞʝʥʴʰʝʥʷ ʧʦʢʘʟʘʣ ʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʯʝʤ ʵʢʩʪʨʘʢʪ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʩʳʨʴʷ, ʥʦ ʣʫʯʰʝ, ʯʝʤ ʵʢʩʪʨʘʢʪ ʠʟ ʰʨʦʪʘ 

ʧʦʣʳʥʠ. ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ 3 ʵʢʩʪʨʘʢʪʘ ʦʙʣʘʜʘʶʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʵʢʩʪʨʘʢʪ ʠʟ 

ʰʨʦʪʘ ʧʝʨʮʘ ʩʪʨʫʯʢʦʚʦʛʦ. 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʅʠʣʦʚʘ ʃ.ʇ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʨʦʰʢʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 
ʧʝʨʤʘʥʛʘʥʘʪʥʳʤ ʤʝʪʦʜʦʤ // ʊʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʠʟʥʝʩ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 2015. ʉ. 118-122. 
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ʖʣʤʘʩʦʚ ɻʣʝʙ ʉʝʨʛʝʝʚʠʯ 

ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ N-ʘʣʢʠʣʧʠʨʠʜʠʥʠʝʚʳʭ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʘʩʪʚʦʨʘʭ ʘʮʝʪʦʥʠʪʨʠʣʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɽ. ɾʫʨʘʚʣʝʚ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʝʪʘʣʣʩʦʜʝʨʞʘʱʠʝ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʄʀɾ) ï ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʢʣʘʩʩ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ ʵʪʦ ʩʦʣʠ, ʚ 

ʢʦʪʦʨʳʭ ʢʘʪʠʦʥ ʠ ʘʥʠʦʥ ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʟʘʪʨʫʜʥʝʥʦ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 100 ʉ̄. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʦʪʣʠʯʘʶʱʠʝ ʀɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ, 

ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʚʦʨʷʪʴ ʢʘʢ ʧʦʣʷʨʥʳʝ, ʪʘʢ ʠ ʥʝʧʦʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʀɾ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʦʥ, ʘʮʝʪʦʥʠʪʨʠʣ, ɼʄʉʆ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʣʠʩʴ ʨʘʩʪʚʦʨʳ ʀɾ ʩʦʩʪʘʚʘ ὅὖώὓὅὰ(n = 4, 

8, 10, 12, 16; M = Ni, Co, Mn) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʝʪʦʜʦʤ 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ, ʠʟʤʝʨʷʣʘʩʴ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʕʇ) ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 10-2-10-4 ʄ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 25-50 ̄ ʉ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʨʷʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʡ: ʢʦʥʩʪʘʥʪʳ ʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (ὑ), ʧʨʝʜʝʣʴʥʳʝ 
ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʕʇ (‗), ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (Ea) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

30-45 ̄ ʉ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʘʩʩʦʮʠʘʮʠʠ (ɝὋ). ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ 
ʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ 

ʵʥʪʘʣʴʧʠʠ (DH )̄ ʠ ʵʥʪʨʦʧʠʠ (DS̄) ʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 
 

 

 

 
ʈʠʩ. 1. ï ɻʨʘʬʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (l) (ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʠʦʥʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ (Ka) (ʩʧʨʘʚʘ) 
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ʗʢʦʚʣʝʚʘ ɸʥʥʘ ɸʣʝʢʩʝʝʚʥʘ 

ʄʫʣʴʪʠʬʝʨʤʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ ʠ 

ʧʝʨʦʢʩʠʜʘʟʳ ʢʦʨʥʷ ʭʨʝʥʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʆ.ɺ. ɻʨʝʙʝʥʥʠʢʦʚʘ 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

ʂʘʬʝʜʨʘ ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ɺ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʢʘʩʢʘʜʥʳʤ ʨʝʘʢʮʠʷʤ, ʚ 

ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʬʝʨʤʝʥʪʦʚ. ʄʫʣʴʪʠʬʝʨʤʝʥʪʥʳʝ ʢʘʩʢʘʜʳ 

ʧʦʟʚʦʣʷʶʪ ʥʝʩʢʦʣʴʢʠʤ ʬʝʨʤʝʥʪʘʤ ʨʘʙʦʪʘʪʴ ʚ ʩʠʥʝʨʛʠʠ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʯʴ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢ 

ʥʘʧʨʠʤʝʨ, ʛʣʶʢʦʟʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʳ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 2,2◌-ʘʟʠʥʦ-

ʙʠʩ-[3- ʵʪʠʣʙʝʥʟʪʠʘʟʦʣʠʥ-6-ʩʫʣʴʬʦʥʘʪ] (ɸɹʊʉ), ʧʨʠ ʫʯʘʩʪʠʠ ʧʝʨʦʢʩʠʜʘʟʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ɸɹʊʉ ʠ ʚʦʜʘ [1]. 

ɺʤʝʩʪʦ ʥʘʪʠʚʥʳʭ ʬʦʨʤ ʬʝʨʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʭ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʤʥʦʞʝʩʪʚʦ ʨʘʟ. ʇʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʳ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʥʘ ʥʦʩʠʪʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʠʟʚʣʝʢʘʪʴ ʠ ʚʥʦʚʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʀʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʬʝʨʤʝʥʪʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʠʝ ʢʘʢ: ʧʨʦʩʪʦʪʘ ʦʪʜʝʣʝʥʠʷ ʦʪ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʘʷ 

ʧʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [2,3]. 

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.  
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