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(ʢʘʚʠʪʘʪʦʚ) ʤʦʣʝʢʫʣ ʨʷʜʘ ʨʦʜʘʤʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʠʟʤʝʥʝʥʠʷʤ  

ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʢʨʘʩʠʪʝʣʝʡ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʚʠʪʘʪʦʚ ʪʨʸʭ ʨʦʜʘʤʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʩ ʫʯʸʪʦʤ ʩʪʝʨʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʤʦʣʝʢʫʣ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʩʚʦʡʩʪʚ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʞʠʜʢʦʩʪʥʳʭ ʣʘʟʝʨʦʚ ʥʘ ʢʨʘʩʠʪʝʣʷʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ï ʨʘʩ-

ʪʚʦʨʘʤʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʷʨ-

ʥʳʝ ʩʧʠʨʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʪʘʥʦʣ ʠ ʤʝʪʘʥʦʣ [1]. ɺ ʩʠʣʫ ʩʚʦʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʠʣʦ-

ʚʳʡ ʩʧʠʨʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʵʪʘʥʦʣ [2], ʚ 

ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʛʝʥʝʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʘʩʠʪʝʣʝʡ ʤʘʢʩʠʤʘʣʴʥʘ. ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʦ ʩʚʦʠʤ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ, 

ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ. ɺ ʚʦʜʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ dn/dt ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ 

ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʛʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʥʝʨʘʮʠʠ. ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʫ ʵʬʬʝʢʪʠʚʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʚ ʚʦʜʝ ʧʨʠʩʫʱʘ ʘʛʨʝʛʘʮʠʷ 

ʤʦʣʝʢʫʣ, ʢʦʪʦʨʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʣʘʟʝʨʥʳʭ 
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 ʤʦʣʴ/ʣ). ʇʨʠ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʨʘʩʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨʝ ʦʙʨʘ-

ʟʫʶʪʩʷ ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʝ ʜʠʤʝʨʳ, ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʟʘ 

ʩʯʝʪ ʨʦʩʪʘ ʧʦʪʝʨʴ [3]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʘʛʨʝʛʘʮʠʠ ʠ ʜʠʤʝʨʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʱʠʪʠʪʴ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʦʪ ʚʦʜʥʦʡ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʥʠʟʠʪʴ 

ʧʦʪʝʨʠ ʥʘ ʊ-ʊ ʧʦʛʣʦʱʝʥʠʝ ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʋʌ ʚʦʟʙʫʞ-

ʜʝʥʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ 

ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʝʡ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ. ɸʚʪʦʨʘʤʠ 

[4] ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʛʝʥʝʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʦ-

ʜʘʤʠʥʘ 6G ʩ ʜʦʙʘʚʢʘʤʠ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʦʙʘʚʢʘʤʠ ʷʚʣʷʶʪʩʷ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʪʦʨʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ 

ʠ ʧʦʣʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʤʦʛʫʪ ʚʥʝʜʨʷʪʴʩʷ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʠ ʧʦʣʦʩʪʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʤʦʞʥʦ ʩʬʦʨ-

ʤʠʨʦʚʘʪʴ ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ʪʠʧʘ çʛʦʩʪʴ ï ʭʦʟʷʠʥè ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʥʦ-

ʩʪʴʶ ʟʘʱʠʪʠʪʴ ʣʘʟʝʨʥʳʡ ʢʨʘʩʠʪʝʣʴ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʤʦ-

ʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʋʌ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ. ɺʘʞʥʦ, ʯʪʦ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʠ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʢʘʞʘʶʪ ʩʧʝʢ-

ʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʝʡ ʚ ʚʦʜʝ. ʄʦʣʝʢʫʣʳ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʦ-

ʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ ʢʘʢ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʣʦʩʪʠ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʳ 

ʚʢʣʶʯʝʥʠʷ ʪʠʧʘ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʪʘʢ ʠ ʧʦ ʚʥʝʰʥʝʡ ʛʠʜʨʦʬʠʣʴʥʦʡ ʩʬʝʨʝ ʦʙʨʘʟʫʷ ʘʩʩʦ-

ʮʠʘʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

[6] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʴʚʘʪʥʘʷ ʦʙʦʣʦʯʢʘ ʠʟ ʤʦʣʝʢʫʣ ɔ-CD ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴ ʘʤʠʥʦʢʫʤʘʨʠʥʦʚ ʚ ʚʦʜʝ ʠ ʜʦʩʪʠʛʥʫʪʴ ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 

ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʴʶ ʤʦʣʝʢʫʣʳ ʢʫʤʘʨʠʥʘ ʠ ʤʘʣʦʧʦʣʷʨʥʦʡ ʧʦʣʦʩʪʴʶ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. 

ɻʠʜʨʦʬʠʣʴʥʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʢʫʤʘʨʠʥʘ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʚʥʝ ʧʦʣʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ çʛʦʩʪʴ-ʭʦʟʷʠʥè 

ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦʣʥʦʝ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʦʝ ʚʢʣʶʯʝʥʠʝ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦ-

ʣʦʩʪʴ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʤʦʣʝʢʫʣʘ ʠʣʠ ʥʝʢʦʪʦʨʘʷ ʝʝ ʯʘʩʪʴ ʙʳʣʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʧʦʣʦʩʪʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʣʠ ʝʸ ʨʘʟʤʝʨʘʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ çʛʦʩʪʴ-ʭʦʟʷʠʥè ʘʚʪʦʨʘʤʠ [6] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʦʣʥʦʛʦ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʤʦʣʝʢʫʣ ʨʷʜʘ ʢʫʤʘʨʠʥʦʚ ʚ ʧʦʣʦʩʪʴ ʤʘʢʨʦ-

ʮʠʢʣʘ ɔ-CD ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʪʨʫʢʪʫʨʳ.  

ɺ ʮʠʪʠʨʫʝʤʳʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʩ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ ʚ ʚʦʜʝ, ʧʨʠʯʸʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ, ʚ 10é100 ʨʘʟ, ʧʨʝʚʳʰʘʣʘ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʩʠʪʝʣʷ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʧʦʣʥʦʩʪʴʶ ʦʢʨʫʞʝʥʳ ʤʦʣʝʢʫʣʘʤʠ CD ʠ ʧʦʣʥʦʝ ʠʭ ʚʢʣʶ-

ʯʝʥʠʝ ʚ ʧʦʣʦʩʪʴ CD ʤʘʣʦʚʝʨʦʷʪʥʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʛʠʜʨʦ-

ʬʠʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷ-

ʟʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʤʠʮʝʣʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʤ-

ʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʠ ʨʘʩʯʸʪʝ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʣʝʢʫʣʦʡ ʢʨʘʩʠʪʝʣʷ, ʘʚʪʦʨʘʤʠ 

[6] ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʥʦʛʠʭ ʤʦʣʝʢʫʣ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ 

ʚ ʩʦʣʴʚʘʪʥʦʡ ʦʙʦʣʦʯʢʝ ʨʦʜʘʤʠʥʘ 6G ʠ ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʤʝʨʳ ʤʦʣʝ-

ʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʲʸʤʫ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ CD. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ CD (~10
-2 
ʤʦʣʴ/ʜʤ

3
) ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʚʦʜʳ ʠ ʝʸ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʣʘʟʝʨʥʳʭ ʩʨʝʜ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ (ʢʘʚʠʪʘʪʦʚ) ʤʦʣʝʢʫʣ ʨʷʜʘ ʨʦʜʘʤʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʩ  

ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ.  
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ɺʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ. ɺ ʵʪʘ-

ʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʛʝʥʝʨʘʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʨʘʩʠʪʝʣʝʡ ʥʘʠʙʦʣʴʰʘʷ. ɺʦʜʥʳʝ ʩʨʝʜʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʫʛʣʦʚʳʭ ʠ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʮʠʠ. ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ ʭʦʨʦ-

ʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʈʘʚʝʥʩʪʚʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʣʦʩʪʴ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʠʭ ʨʘʟʤʝʨʦʚ. 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ï ʢʘʚʠʪʘʪʳ - ʤʦʛʫʪ ʦʙʨʘʟʦʚʳ-

ʚʘʪʴʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ ʢʨʘʩʠʪʝʣʷ ʣʠʙʦ ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ, ʣʠʙʦ ʚ 

ʨʘʩʪʚʦʨʘʭ ʠʣʠ ʩʫʩʧʝʥʟʠʷʭ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ-

ʜʘ [5]. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠ-

ʚʘʮʠʠ. ɺʥʘʯʘʣʝ ɔ-CD ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ, ʜʘʣʝʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ ʢʨʘʩʠʪʝʣʷ ʜʦ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦʜʘ-ʵʪʘʥʦʣ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ 60 ÁC ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ 

ʦʩʪʳʚʘʥʠʝʤ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʦʣʷʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʠ ɔ-CD ʚ ʨʘʩʪʚʦʨʝ ʨʘʚʥʷʣʦʩʴ 1:1 ʠ 1:5, ʯʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 0,5Ā10
-4

 ʠ 10
-4
 ʤʦʣʴ/ʜʤ

3
. ɺ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʚʦʜʥʦʡ ʠ ʵʪʘʥʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʚʥʷʣʦʩʴ 1:1. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝ-

ʥʠʷ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʭ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʝ Specord 200. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢ-

ʪʨʦʬʣʫʦʨʠʤʝʪʨʝ SOLAR ʉʄ2203. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʚʦʟ-

ʙʫʞʜʝʥʠʠ ʚ ʤʘʢʩʠʤʫʤ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʩʧʝʢ-

ʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ - ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ çʛʦʩʪʷè ʧʨʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʣʘʟʝʨʥʳʝ ʢʨʘʩʠʪʝʣʠ: ʨʦʜʘʤʠʥ 6G, 

ʨʦʜʘʤʠʥ ʉ, ʨʦʜʘʤʠʥ ʥʝʟʘʤʝʱʝʥʥʳʡ.  

ʂʨʘʩʠʪʝʣʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʙʠʨʘʣʠʩʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʦʨʦʰʝʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ, ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʠʭ ʚʩʪʨʘʠʚʘʥʠʷ ʚ 

ʧʦʣʦʩʪʴ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ʆʙʲʸʤ ʧʦʣʦʩʪʠ ɔ-CD ʨʘʚʝʥ 427 ¡
3
,
 
ʜʠʘʤʝʪʨ ï 8,4 ¡, ʚʳʩʦʪʘ 

ʪʦʨʘ ï 8 ¡. ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʦʝ ʚʢʣʶʯʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʠ ʦʙʲʸʤʘ ʧʦʣʦʩʪʠ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʚ ʨʘʙʦʪʝ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʸʪ ʦʙʲʸʤʘ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʝʡ ʠ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

(ʘʫʢʩʦʭʨʦʤʥʳʭ) ʛʨʫʧʧ (ʪʘʙʣ. 1 ʠ 2) [7]. 
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ʊʘʙʣʠʮʘ 1  

ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ, ʜʣʠʥʳ ʚʦʣʥ ʤʘʢʩʠʤʫʤʦʚ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ,  

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʨʘʩʠʪʝʣʝʡ ʚ ʵʪʘʥʦʣʝ ʠ ʦʙʲʸʤʳ 

ʠʭ ʤʦʣʝʢʫʣ [2] 

 

ˉ 

ʧ/ʧ 
ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 

max

ʧʦʛʣl , 

ʥʤ 

max

ʬʣʫʦʨl , 

ʥʤ 

ɖʬʣʫ, 

% 

Vʢʨ, 

¡3 

1 

Cl
-
 

ʈʦʜʘʤʠʥ 6G (C28H31N2O3Cl) 

532 565 95 2564,66 

2 

Cl
-
 

ʈʦʜʘʤʠʥ ʉ (C28H31N2O3Cl) 

545 570 50 2367,00 

3 

Cl
-
 

ʈʦʜʘʤʠʥ ʥʝʟʘʤʝʱʸʥʥʳʡ (C20H15N2O3Cl) 

505 534 90 2038,09 

 

ʊʘʙʣʠʮʘ 2  

ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʢʨʘʩʠʪʝʣʝʡ, ʠʭ ʦʙʲʸʤʳ ʠ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ 

 
ˉ  

ʧ/ʧ 

ʉʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ ʆʙʲʸʤ, ¡
3
 ʜʣʠʥʘ, ¡  ʰʠʨʠʥʘ ¡ 

1 - CH3 44,00 3,87 3,96 

2 - C2H5 69,24 7,65 3,96 

3 - NH2 34,63 3,66 2,14 

4 - N ï CH2 ï CH3 92,78 8,16 3,96 

5 = N ï CH2 ï CH3 91,30 8,03 3,96 

6 

 

104,29 5,84 5,84 

7 

 

107,8 6,00 5,84 

8 

 

276,06 

(154,11 ï ʉʆʆʅ) 
13,22 4,12 



15 
 
 

9 

 

599,81 

(410,67 ï ʉʆʆʉ2ʅ5) 
18,52  6,39 

10 

 

1692,77 17,99  7,12 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʦʜʘʤʠʥʘ 6G ʚ 

ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-CD. 

 

 
   ʘ     ʙ    

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʙ) ʨʦʜʘʤʠʥʘ 6G ʚ ʚʦʜʝ ʠ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ 

ʨʘʩʪʚʦʨʝ (1) ʠ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (2) ʠ 1:5 (3) 

 

ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʨʦʜʘʤʠʥʘ 6G ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʩʤʝʱʝʥʠʝ ʦʩʥʦʚ-

ʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ~15 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʥʦʣʴʥʳʤ ʨʘʩ-

ʪʚʦʨʦʤ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʘʛʨʝʛʘʮʠʷ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6G ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʦʚ [8]. ʇʨʠ ʵʪʦʤ ʨʝʟʢʦ ʧʘʜʘʝʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ɖʬʣʫ 

(ʩ 97 % ʚ ʵʪʘʥʦʣʝ ʜʦ ~10 % ʚ ʚʦʜʝ). ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-CD ʚ 

ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʪʥʳʤ ʩʤʝʱʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʦʣʦʩ ʧʦ-

ʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʩ 

ʨʝʟʢʠʤ ʨʘʟʛʦʨʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʜʦ ~ 95 %). ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ [9] ʫʜʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʦʣʝʢʫʣʦʡ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʤʦʞʝʪ ʜʦʩʪʠ-

ʛʘʪʴ 14. ʕʪʦʛʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʣʷ ʤʦʣʝʢʫʣʳ ʨʦʜʘʤʠʥʘ 6G ʵʪʘ-

ʥʦʣʴʥʫʶ ʩʦʣʴʚʘʪʥʫʶ ʦʙʦʣʦʯʢʫ ʚ ɔ-CD. ɺʩʪʨʘʠʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʨʦʜʘʤʠʥʘ 6G ʚʦ ʚʥʫʪ-

ʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʩʘʤʦʡ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ. ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʤʦʣʝʢʫʣʳ 

(~2564 ¡
3
), ʨʦʜʘʤʠʥ 6G ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʧʦʣʦʩʪʴ ɔ-CD ʣʠʙʦ ʦʜʥʦʡ ʠʟ ʵʪʠʣʘʤʠʥʦ-

ʛʨʫʧʧ -NʅïC2H5 (ʜʣʠʥʘ 8,16 ¡, ʰʠʨʠʥʘ 3,96 ¡) ʩ ʬʝʥʠʣʴʥʦʡ ʯʘʩʪʴʶ ʨʦʜʘʤʠʥʦʚʦʛʦ 

(ʬʣʫʦʨʦʥʦʚʦʛʦ) ʷʜʨʘ (ʰʠʨʠʥʘ 5,84 ¡), ʣʠʙʦ ʢʘʨʙʦʵʪʦʢʩʠʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ï C6H5ï

COOC2H5 (ʰʠʨʠʥʘ 6,39 ¡) (ʪʘʙʣ. 2). ɺ [10] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʨʦʜʘʤʠʥʘ 6G ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʜʚʘ ʠʟʦʤʝʨʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʵʪʠʣʘʤʠʥʦ-

ʛʨʫʧʧ, ʧʨʠ ʵʪʦʤ ʧʣʦʩʢʦʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʦʜʘʤʠʥʦʚʦʛʦ ʷʜʨʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʢʘʨʙʦ-

ʵʪʦʢʩʠʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʩʪʦʚʘ ʤʦʣʝʢʫʣʳ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʩʪʨʘʠʚʘʥʠʝ ʢʘʨʙʦʵʪʦʢʩʠʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʤʦʣʝʢʫʣʳ ʨʦʜʘʤʠʥʘ 6G 

ʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʝʸ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ (ʰʠʨʠʥʘ ~6,39 ¡) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ ʧʦ-

ʣʦʩʪʠ ʪʦʨʘ ɔ-CD (8,4 ¡). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ 

ʚʥʝʜʨʝʥʠʷ ʘʫʢʩʦʭʨʦʤʥʳʭ ʛʨʫʧʧ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʨʦʜʘʤʠʥʦʚʦʛʦ ʷʜʨʘ ʚ ʜʚʝ ʤʦʣʝʢʫʣʳ ɔ-

CD, ʘ ʢʘʨʙʦʵʪʦʢʩʠʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ - ʚ ʪʨʝʪʴʶ ʤʦʣʝʢʫʣʫ ɔ-CD, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʪʦʡ-
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ʯʠʚʦʤʫ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʤʝʱʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʝʢʪʨʦʚ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜ-

ʨʦʬʦʙʥʳʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷ-

ʟʝʡ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʤʠʮʝʣʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ, ʚʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʢʦʪʦʨʦʛʦ ʦʙʨʘ-

ʟʦʚʘʥʘ ʤʦʣʝʢʫʣʘʤʠ ɔ-CD ʚ ʚʦʜʝ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʩʦʜʝʨʞʠʪ ʯʘʩʪʠʯʥʦ ʚʩʪʨʦʝʥʥʳʝ ʚ ʤʘʢʨʦ-

ʮʠʢʣ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʤʦʣʝʢʫʣʳ ʨʦʜʘʤʠʥʘ 6G, ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʝ ʵʪʘʥʦʣʦʤ. ʇʦʜʪʚʝʨ-

ʞʜʝʥʠʝʤ ʵʪʦʛʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʯʦʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

ɚ=580ʥʤ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ (ʨʠʩ. 2). ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʚʩʧʣʝʩʢ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɔ-CD ʚ ʨʘʩʪʚʦʨʝ. ʇʨʠʯʝʤ ʝʛʦ ʤʘʢʩʠʤʫʤ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ ʢʘʚʠʪʘʪʘ (ʨʠʩ. 1 ʙ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʧʠʯʦʢ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʮʝʥʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʠʮʝʣʣʷʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ çʨʦʜʘʤʠʥ 6G-ʵʪʘʥʦʣ-ɔ-CD-ʚʦʜʘè. ʉʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ɔ-CD ʚ ʨʘʩʪʚʦʨʝ (ʜʦ 1:5) 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʙʦʣʝʝ ʧʣʦʪʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʨʦʜʘʤʠʥʘ 6G ɔ-CD, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʦʪʝʨʴ, ʧʦʩʢʦʣʴʢʫ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ 

ʨʘʚʥʷʝʪʩʷ 1:3. 

 
ʈʠʩ. 2. ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʨʦʜʘʤʠʥʘ 6G ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (1)  

ʠ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (2) ʠ 1:5 (3) 
 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ɔ-CD. ʕʪʦ ʪʘʢʞʝ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʨʦʜʘʤʠʥʘ 6G ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʦʣʦʩʪʴ ɔ-

ʉD ʠ ʦʛʨʘʞʜʝʥʘ ʤʠʮʝʣʣʦʡ. ʅʘʣʠʯʠʝ ʪʨʸʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʨʦʜʘʤʠʥʘ 6G ʚ ʋʌ - ʦʙʣʘʩʪʠ S0-S2 (ɚ ~350 ʥʤ) ʠ 

ʦʩʥʦʚʥʦʡ S0-S1 ʚ ʦʙʣʘʩʪʠ 530 ʥʤ (ʨʠʩ. 1 ʘ). ʆʩʥʦʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʨʦʚʘʣʘ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ 

ʧʨʦʚʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ɔ-CD ʚ ʨʘʩʪʚʦʨʝ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦ-

ʚʘʣ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʭ ʛʝʥʝʨʘʮʠʠ ʨʦʜʘʤʠʥʘ 6G ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ [11]. ʌʠʟʠʢʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʦʜʘʤʠʥʘ ʉ ʠ ʝʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-CD. ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʨʦʜʘʤʠʥʘ ʉ ʩʦʜʝʨʞʠʪ ʜʠʵʪʠʣʘʤʠʥʦ- 

(ʜʣʠʥʘ 8,16 ¡, ʰʠʨʠʥʘ 7,92 ¡) ʠ ʠʤʠʥʦʛʨʫʧʧʫ (ʜʣʠʥʘ 8,03 ¡, ʰʠʨʠʥʘ 7,92 ¡), ʘ ʪʘʢʞʝ 

ʢʘʨʙʦʢʩʠʬʝʥʠʣʴʥʫʶ ʛʨʫʧʧʫ (ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ - 13,22 ¡ ʠ 4,12 ¡) (ʪʘʙʣ. 1, 2), ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʤʝʪʨʫ ʧʦʣʦʩʪʠ ʪʦʨʘ ɔ-CD (8,4 ¡). 
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ʘ      ʙ 

ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʙ) ʨʦʜʘʤʠʥʘ ʉ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 

(1) ʠ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (2) ʠ 1:5 (3) 

 

ɺʠʜʥʦ, ʯʪʦ ʬʦʨʤʘ ʠ ʧʦʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʨʦʜʘʤʠʥʘ ʉ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ (ʨʠʩ. 3 ʘ). ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʚʠʪʘʪʘ (ʨʠʩ. 3 ʙ) ʠʩʧʳʪʳʚʘʝʪ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʥʘ ~10 ʥʤ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʨʘʩʠʪʝʣʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ 

ʩʦʣʴʚʘʪʦʭʨʦʤʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʩ ɔ-

CD. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ ʘʫʢʩʦʭʨʦʤʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ (ʵʪʠʣʠʨʦʚʘʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ) ʚ ʛʠʜʨʦʬʦʙʥʫʶ ʧʦʣʦʩʪʴ ʤʦʣʝʢʫʣʳ ɔ-CD 

ʧʫʪʸʤ ʠʭ ʯʘʩʪʠʯʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ (ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʜʣʷ ʨʦʜʘʤʠʥʘ 6G). ʉʧʝʢʪʨ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ çʨʦʜʘʤʠʠ ʉ-ɔ-CDè ʪʘʢʞʝ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ 

ʥʘ 10 ʥʤ, ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʚʘʣ ʚ ʦʙʣʘʩʪʠ 560 ʥʤ (ʨʠʩ. 4). ɼʘʥʥʳʡ ʧʨʦʚʘʣ ʚ ʩʧʝʢ-

ʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ çʨʦʜʘʤʠʥ ʉ-ɔ-CDè ʠ ʝʛʦ ʧʦʣʦʞʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʦʱʝʥʠʷ ʨʦʜʘʤʠʥʘ ʉ (ʨʠʩ. 3 ʘ). 

 

 
ʈʠʩ. 4. ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʨʦʜʘʤʠʥʘ ʉ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (1) ʠ ʢʦʤʧʣʝʢʩʘ  

ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (2) ʠ 1:5 (3) 

 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʨʦʚʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

çʢʨʘʩʠʪʝʣʴ-CDè 1:1 ʠ ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ c ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɔ-CD ʜʦ 1:5. ʋʤʝʥʴʰʝ-

ʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʚʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɔ-CD ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʘʩʪʘʶ-

ʱʝʤ ʚʣʠʷʥʠʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʚʠʪʘʪʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ ʠ ʙʦʣʴ-

ʰʠʤ ʵʢʨʘʥʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʦʙʣʘʩʪʠ 350-450 ʥʤ (ʨʠʩ. 4). 
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ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʙ) ʥʝʟʘʤʝʱʝʥʥʦ-

ʛʦ ʨʦʜʘʤʠʥʘ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʠ 1:5. 

 

 
   ʘ     ʙ    
ʈʠʩ. 5. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (ʘ) ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʙ) ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʨʦʜʘʤʠʥʘ  

ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (1) ʠ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ  

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (2) ʠ 1:5 (3) 
 

ʅʝʟʘʤʝʱʝʥʥʳʡ ʨʦʜʘʤʠʥ (ʨʦʜʘʤʠʥ 110) ʥʘʟʳʚʘʝʪʩʷ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʥʝʟʘʤʝʱʸʥʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ (ʜʣʠʥʘ 3,66 ¡, ʰʠʨʠʥʘ 2,14 ¡) (ʪʘʙʣ. 2) ʧʦ ʢʦʥʮʘʤ ʮʝʧʠ 

ʩʦʧʨʷʞʝʥʠʷ ʷʜʨʘ ʤʦʣʝʢʫʣʳ. ʅʘʣʠʯʠʝ ʥʝʟʘʤʝʱʸʥʥʳʭ ʘʤʠʥʦʛʨʫʧʧ ʠ ʦʩʪʘʪʢʘ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ (ʢʘʨʙʦʢʩʠʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ) ʧʨʠʚʦʜʠʪ ʢ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʟʘʨʷʜʘ ʧʦ ʮʝʧʠ ʩʦʧʨʷ-

ʞʝʥʠ̫ ʨʦʜʘʤʠʥʦʚʦʛʦ ʷʜʨʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʨʅ ʨʘʩʪʚʦʨʘ (~3,8-3,9) ʠ ʫʩʠʣʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʣʦʩʪʴʶ ʤʦʣʝʢʫʣʳ ɔ-CD. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʦʨʦʪʢʦ-

ʚʦʣʥʦʚʦʤ ʩʤʝʱʝʥʠʠ ʥʘ ~10 ʥʤ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʘʚʠʪʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʫ ʨʦ-

ʜʘʤʠʥʘ 6G (ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʘʤʠʥʦʛʨʫʧʧ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʮʠʢʣʦ-

ʜʝʢʩʪʨʠʥʘ ʚ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʣʦʩʪʠ ʢʘʚʠʪʘʪʘ). 

 

 
ʈʠʩ. 6. ʉʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʨʦʜʘʤʠʥʘ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (1)   

ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ ʩ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (2) ʠ 1:5 (3) 

 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʨʦʜʘʤʠʥʘ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩʫʥʢʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʚʠʪʘʪʘ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʬʦʨʤʝ ʩʧʝʢʪʨʘ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ 

ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ ʠʟ-ʟʘ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʘ ʢʨʘʩʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ 

ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʦʚʘʣ ʚ ʦʙʣʘʩʪʠ 505 ʥʤ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʠʯʦʢ ʚ ʦʙʣʘ-

ʩʪʠ 545 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʫʤʫ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʠʷ (ʨʠʩ. 5 ʙ). 
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ɼʘʥʥʳʡ ʧʨʦʚʘʣ ʦʙʫʩʣʦʚʣʝʥ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʨʦʜʘʤʠʥʘ 

(ʨʠʩ. 5 ʘ). ɻʣʫʙʠʥʘ ʧʨʦʚʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɔ-CD ʠ ʦʥʘ ʤʠʥʠ-

ʤʘʣʴʥʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷ 1:1, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʦʪʥʦʰʝ-

ʥʠʠ çʢʨʘʩʠʪʝʣʴ-CDè. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶ-

ʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 350-400 ʥʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʨʘʩʠʪʝʣʝʤ ʧʦʢʘʟʳʚʘʝʪ ʵʢʨʘʥʠ-

ʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ɔ-CD, ʢʦʪʦʨʦʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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The conditions for the formation and properties of inclusion complexes (cavitates) of 

molecules of a number of rhodamine dyes with ɔ-cyclodextrin in aqueous ethanol solutions 

are investigated. The efficiency of integration was determined from the changes in the absorp-

tion, fluorescence, and excitation spectra of inclusion complexes as compared to water-

ethanol solutions of dyes. The spectral characteristics of cavitates of three rhodamine dyes 

are studied taking into account the steric factors of molecules, their functional groups and the 

properties of ɔ-cyclodextrin. 

 

 

ʋɼʂ 544.77.052.2; 535.375.5; 535.34 

 

ɸʉʉʆʎʀɸʎʀʗ ʄʆʃɽʂʋʃ ʈʆɼɸʄʀʅɸ 6ɾ 

ɺɹʃʀɿʀ ʉɸʄʆʋʇʆʈʗɼʆʏɽʅʅʓʍ ʂʃɸʉʊɽʈʆɺ ʅɸʅʆʏɸʉʊʀʎ ʉɽʈɽɹʈɸ  

ɺ ʉʇɽʂʊʈɸʍ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉɺɽʊɸ 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʢʨʘʩʠʪʝʣʷ ʈʦʜʘʤʠʥʘ 6ɾ ʚʙʣʠʟʠ 

ʩʘʤʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ çʩʣʦʝʚè ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʧʣʝʥʢʠ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣ ʈʦʜʘʤʠʥʘ 6ɾ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʩʩʦʮʠʘʪʦʚ. ɸʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʠ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 

 

ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʘʜʮʘʪʠ ʣʝʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʩʩʦʮʠʘʪʘʭ [1] ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. ɹʦʣʴ-

ʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʰʝʥʠʝ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʣʘʟʝʨ-

ʥʦʡ ʬʠʟʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ  ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʛʠʙʨʠʜʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʘʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠ ʥʘ-

ʥʦʯʘʩʪʠʮʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ.  

ʅʘʥʦʯʘʩʪʠʮʳ (ʅʏ) ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ [2], ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʙʠʦʤʝ-

ʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʢʘʢ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, ʤʦʜʫʣʷʪʦ-

ʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʫʥʠʯʪʦʞʝʥʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ [3].  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʅʏ ʟʦʣʦʪʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʠ ʭʠʤʠ-

ʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ (ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʦʢʠʩʣʝʥʠʶ ʩʨʝʜʦʡ), ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʢʘʢ ʫʩʠʣʠʪʝʣʠ ʩʠʛʥʘʣʦʚ ʛʠʛʘʥʪ-

ʩʢʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʣʝʢʫʣ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʝʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ [4].  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʣʷ ʅʏ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʷʭ ʠʣʠ ʥʘ ʩʪʳʢʝ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮ, ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʛʦʨʷʯʠʭ ʪʦʯʢʘʭè 

(hot spots) [5], ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʧʣʘʟʤʦʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩ 

ʨʘʟʚʝʪʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ: ʧʦʨʠʩʪʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʝʥʢʠ [6] ʠ ʤʘʩʩʠʚʳ ʥʘʥʦʯʘʩʪʠʮ 

ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʥʘʥʦʩʪʝʨʞʥʠ, ʥʘʥʦʜʳʨʢʠ, ʥʘʥʦʟʚʝʟʜʳ ʠ ʜʨ.)  

[7-8].  

ʀʟʫʯʝʥʠʝ ʘʩʩʦʮʠʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ ʤʦʞʝʪ ʩʣʫ-

ʞʠʪʴ ʥʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʦʣʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʚ ʧʨʦʮʝʩʩʝ ʦʙʲ-

ʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʚ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʣʘʩʪʝʨʳ, ʢʦʤʧʣʝʢʩʳ ʠ ʘʛʨʝʛʘʪʳ, ʘ ʪʘʢʞʝ 

ʚ ʧʨʦʮʝʩʩʝ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢ-

ʪʫʨʘʭ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

(ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ) ʘʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ 6ɾ (ʈ6ɾ) ʚ ʧʣʝʥʢʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ (ʇɺʉ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ ʩʘ-

ʤʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʩʝʨʝʙʨʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʩʪʝʧʝʥʴʶ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʅʏ ʩʝʨʝʙʨʘ.   

 

ʄʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʉʝʨʝʙʨʷʥʘʷ ʦʩʪʨʦʚʢʦʚʘʷ ʧʣʝʥʢʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʦʜʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʩʪʘʪʴʝ [9]. 

ʅʏ ʩʝʨʝʙʨʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʪʝʪʨʘʙʦʨ-

ʛʠʜʨʠʜʦʙʦʨʘʪʦʤ (ʙʦʨʛʠʜʨʠʜʦʤ) ʥʘʪʨʠʷ [10] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=3 
o
C. ʉʨʝʜʥʠʝ ʨʘʟʤʝʨʳ 

ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʥʘ ʬʦʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ FotoCor-Complex ʠ ʩʦ-

ʩʪʘʚʠʣʠ R=10°3ʥʤ. 

ʅʏ ʩʝʨʝʙʨʘ ʥʘʥʦʩʠʣʠ ʥʘ ʩʝʨʝʙʨʷʥʫʶ ʦʩʪʨʦʚʢʦʚʫʶ ʧʣʝʥʢʫ ʧʦʩʣʦʡʥʦ; ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 16 ʤʠʥ ʧʣʝʥʢʫ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʇʣʝʥʢʫ ʩ ʘʜʩʦʨʙʘʪʘ-

ʤʠ ʅʏ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=50 
o
C ʠ ʥʘʥʦʩʠʣʠ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ [11]. ʂʦʥ-

ʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʜʥʠʤ ʩʣʦʝʤ ʨʘʚʥʘ N=0,5Ŀ10
13

 ʩʤ
-2

. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ çʩʣʦʡè ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʠ ʥʝ ʦʧʨʝʜʝ-

ʣʷʝʪ ʤʦʥʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʝʨʝʙʨʷʥʫʶ ʧʣʝʥʢʫ, ʘ ʩʣʫʞʠʪ ʪʦʣʴʢʦ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ. 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʧʣʝʥʢʠ ʧʦʩʣʝ ʥʘʥʝ-

ʩʝʥʠʷ ʩʣʦʝʚ ʅʏ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ Certus Standart (ʈʦʩʩʠʷ) ʤʝʪʦʜʠʢʦʡ ʧʦʣʫ-

ʢʦʥʪʘʢʪʥʦʡ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɼʣʷ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʥʪʠʣʠʚʝʨʳ 

MikroMasch ʩ ʨʘʜʠʫʩʦʤ ʟʘʢʨʫʛʣʝʥʠʷ ʟʦʥʜʘ ʥʝ ʙʦʣʝʝ å 10 ʥʤ.  

ʅʘ ʩʝʨʝʙʨʷʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʩʝʨʝʙʨʘ 

ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʧʣʝʥʢʘ ʇɺʉ ʩ ʤʦʣʝʢʫʣʘʤʠ ʈ6ɾ (ʉ=5Ŀ10
-4

 ʄ) ʪʦʣʱʠʥʦʡ ~ 5 ʤʢʤ. ʇʦʣʠ-

ʤʝʨʥʘʷ ʧʣʝʥʢʘ ʩ ʢʨʘʩʠʪʝʣʝʤ ʩʦʭʣʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ.  

ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʜʚʫʭʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦ-

ʪʦʤʝʪʨʝ UV-2600 ʬʠʨʤʳ Shyimadzu (ʗʧʦʥʠʷ) ʚ ʜʠʘʧʘʟʦʥʝ 300ð700 ʥʤ. ʇʦ ʠʟʤʝʨʝʥ-

ʥʳʤ ʩʧʝʢʪʨʘʤ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʬʫʥʢʮʠʷ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ DFk [12]. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠ-

ʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʂʈ-ʩʧʝʢʪʨʳ)  ʠʟʤʝʨʷʣʠʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ Centaur U 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʣʘʟʝʨʦʤ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ (DPSS, ʜʣʠʥʘ ʚʦʣʥʳ ʠʟ-

ʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ɚ=632,8 ʥʤ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 37 ʤɺʪ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Olympus. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩ-

ʥʦʚʝ ʇɿʉ-ʤʘʪʨʠʮʳ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩʠʛʥʘʣʘ 5 ʩ. 

ɺʩʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 3ɼ-ʩʢʘʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʪʦʡ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ 

ʧʣʝʥʢʠ ʠ ʧʣʝʥʢʠ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ ʩʝʨʝʙʨʘ. ʀʟ ʩʢʘʥʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʯʠʩʪʫʶ 

ʩʝʨʝʙʨʷʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʬʦʨʤʠʨʫʶʪ ʢʣʘʩʪʝʨʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝ-

ʨʦʤ 3x1,5 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ʤʢʤ. ɺ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʩʣʦʝʚ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʨʘʚʥʳʤ 1,3 ʤʢʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʴ ʩʘʤʦʩʪʫʢʪʫʨʠʨʫʝʪʩʷ; ʝʝ ʦʙʨʘʟʫʶʪ ʢʣʘ-

ʩʪʝʨʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʨʘʟʤʝʨʘʤʠ 2x0,5 ʤʢʤ. ʇʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʩʝʨʝʙʨʘ ʧʦʩʣʝ 3-ʛʦ ʩʣʦʷ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦ ʚʳʩʦʪʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʅʏ ʚ ʧʨʠ-

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ.  

 
(ɸ) 

 
(ɹ) 

ʈʠʩ. 1. ɸʉʄ-ʩʢʘʥʳ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʨʦʚʢʦʚʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ ʙʝʟ ʘʜʩʦʨʙʘʪʦʚ  

ʅʏ ʩʝʨʝʙʨʘ (ɸ) ʠ ʩ 3 ʩʣʦʷʤʠ ʅʏ ʩʝʨʝʙʨʘ (ɹ) 

 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʥʠʠ ʝʝ 

ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ ʩʝʨʝʙʨʘ, ʜʦʣʞʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʝʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʅʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʯʠʩʪʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʩʝʨʝʙʨʷʥʦʡ 

ʧʣʝʥʢʠ (ʢʨʠʚʘʷ 1) ʠ ʧʣʝʥʢʠ ʩ 3 ʩʣʦʷʤʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ (ʢʨʠʚʘʷ 2).  ʂʘʢ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʤʘʢʩʠʤʫʤ ʧʣʘʟʤʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʯʠʩʪʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=360 ʥʤ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʥʘ ʩʝʨʝʙʨʷʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʅʏ. ʆʪʩʫʪʩʚʠʝ çʢʨʘʩʥʦʛʦè ʩʤʝʱʝʥʠʷ 

ʧʣʘʟʤʦʥʥʦʛʦ ʩʜʚʠʛʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʣʘʩʪʝʨʦʚ ʩʝʨʝʙʨʷʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʅʏ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʢʣʘʜ ʠʭ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʱʝʝ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʤʘʣ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ ʦʩʣʘʙʣʷʝʪʩʷ ʥʘ 60 %, ʧʨʠʯʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʩʩʠʤʝʪʨʠʯʥʦʝ ʫʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. 

ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʥʘʥʦʯʘʩʪʠʮ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʩʝʨʝʙʨʷʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʇɺʉ ʩ ʈ6ɾ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʩʜʚʠʛ ʧʣʘʟʤʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ɚ=395 ʥʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ [13]. ɿʘʤʝʪʠʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʩʣʦʝʚ ʅʏ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʧʦʢʨʳʪʳʭ 

ʧʣʝʥʢʦʡ ʇɺʉ, ʚʝʜʝʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɺ ʩʧʝʢʪʨʝ 

ʧʣʝʥʢʠ ʩ ʢʨʘʩʠʪʝʣʝʤ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʠ ʙʝʟ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʰʝʥʠʷ ï ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=500 ʥʤ ʠ ɚ=535 ʥʤ. ʇʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=500 ʥʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʘʩʩʦʮʠʘʮʠʝʡ ʤʦʣʝʢʫʣ ʈ6ɾ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ ʦʩʪʨʦʚʢʦʚʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ. ʀʟʚʝʩʪʥʦ [14], ʯʪʦ ʧʨʠ 

ʘʩʩʦʮʠʘʮʠʠ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʤʦʣʝʢʫʣ (ʜʠʤʝʨʦʚ) ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʜʚʫʭʧʦʣʦʩʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʨʘʙʦʪʝ [15], ʥʘʣʠʯʠʝ ʦʢʨʫʞʝʥʠʷ (ʤʦʣʝʢʫʣʳ ʚʦʜʘ, ʧʦʣʠʤʝʨ) ʥʝ ʦʢʘʟʳʚʘʶʪ 
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ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ, ʚʣʠʷʶʝʪ ʪʦʣʴʢʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ: ʤʘʪʝʨʠʘʣ, ʯʠʩʪʦʪʘ, ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʠ ʧʨ. 

  
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦ 

ʪʝʦʨʠʠ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ ʤʦʣʝʢʫʣ  ʈ6ɾ (C=5Ö10
-4
 

ʄ) ʚ ʧʣʝʥʢʝ ʇɺʉ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ 

ʧʣʝʥʢʝ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ ʅʏ ʩʝʨʝʙʨʘ. 

ʉʧʝʢʪʨʳ ʯʠʩʪʦʡ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ 

ʧʣʝʥʢʠ: 1 ï ʙʝʟ ʅʏ ʩʝʨʝʙʨʘ, 2 ï ʩ 3 ʩʣʦʷʤʠ ʅʏ 

ʩʝʨʝʙʨʘ; ʉʧʝʢʪʨʳ ʈ6ɾ ʚ ʧʣʝʥʢʝ ʇɺʉ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ: 3 ï ʯʠʩʪʦʡ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦ-

ʚʦʡ ʧʣʝʥʢʠ, 4 ï ʩ 1 ʩʣʦʝʤ ʅʏ ʩʝʨʝʙʨʘ, 5 ï ʩ 3 

ʩʣʦʷʤʠ ʅʏ ʩʝʨʝʙʨʘ 

ʈʠʩ. 3. ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʤʦʣʝʢʫʣ  ʈ6ɾ (C=5Ö10
-4
 ʄ) ʚ ʧʣʝʥʢʝ ʇɺʉ ʥʘ 

ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʧʣʝʥʢʝ ʩʦ ʩʣʦʷʤʠ ʘʜ-

ʩʦʨʙʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ: 1 ï ʙʝʟ ʘʜʩʦʨ-

ʙʘʪʦʚ ʅʏ ʩʝʨʝʙʨʘ, 2 ï ʩ 1 ʩʣʦʝʤ  ʅʏ ʩʝʨʝʙʨʘ, 

3 ï ʩ 3 ʩʣʦʷʤʠ ʅʏ ʩʝʨʝʙʨʘ 

 

 

ɺ ʨʘʙʦʪʝ [11] ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʣʝʥʦʢ 

ʇɺʉ ʩ ʈ6ɾ (ʉ=5Ŀ10
-4

 ʄ), ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʨʠʩʪʦʛʦ ʩʪʝʢʣʘ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ ʩʝʨʝʙʨʘ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʠʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʧʦʛʣʦʱʝʥʠʝ ʤʦʥʦʤʝʨʦʚ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=525 ʥʤ, ʧʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʚʳʨʘʩʪʘʣʦ. ɺ ʩʣʫʯʘʝ ʘʩʩʦʮʠʘʮʠʠ 

ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʦʩʪʨʦʚʢʦʚʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ, ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ ʩʝʨʝʙʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ (ʧʦʛʣʦʱʝʥʠʝ ʜʠʤʝʨʦʚ), ʪʘʢ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ 

(ʧʦʛʣʦʱʝʥʠʷ ʤʦʥʦʤʝʨʦʚ) (ʢʨʠʚʘʷ 3-5). ʆʜʥʘʢʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʫʩʠʣʝʥʠʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʫʩʠʣʝʥʠʝʤ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ (ʢʨʠʚʘʷ 5). ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʜʠʤʝʨʦʚ ʚʳʟʚʘʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʧʣʘʟʤʦʥʥʦʡ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʥʦ-ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʘʩʪʝʨʘʤʠ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʘʩʩʦʮʠʘʮʠʠ (ʜʦʣʶ ʘʩʩʦʮʠʘʪʦʚ) ʤʦʣʝʢʫʣ 

ʈ6ɾ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʇʦʩʢʦʣʴʢʫ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʨʘʟʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ [16] ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [17] 

ʪʝʭʥʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʠ ʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʧʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʧʦʵʪʦʤʫ ʚʳʜʝʣʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ 

ʉʘʚʠʮʢʦʛʦ-ɻʦʣʝʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ.  

ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʥʘ ʩʝʨʝʙʨʷʥʦʡ 

ʧʣʝʥʢʝ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʚʳʯʠʩʣʠʪʴ ʜʦʣʶ 

ʘʩʩʦʮʠʘʪʦʚ, ʠʣʠ ʩʪʝʧʝʥʴ ʘʩʩʦʮʠʘʮʠʠ, ʨʘʚʥʫʶ (1- ʍ), ʛʜʝ ʍ ï ʜʦʣʷ ʤʦʥʦʤʝʨʦʚ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ [16]: 
 

ʍ=(Ŭ-ŬM)/( ŬM- ŬA),   
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ʛʜʝ ŬM, ŬA , Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʦʥʦʤʝʨʦʚ, ʘʩʩʦʮʠʘʪʦʚ ʠ ʤʦʣʝʢʫʣ 

ʢʨʘʩʠʪʝʣʷ ʚ ʧʣʝʥʢʝ ʇɺʉ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ɚj ʩʦʦʪʚʝʪʩʚʝʥʥʦ.  

 ɿʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʪʝʧʝʥʠ ʘʩʩʦʮʠʘʮʠʠ ʚ ʦʪʩʫʪʩʚʠʠ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʏ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚʠʣʦ 0,20, ʘ ʩ 2 ʩʣʦʷʤʠ ʅʏ ʩʝʨʝʙʨʷ ï 0,49. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʧʣʘʟʤʦʥʳʝ ʧʦʣʷ ʥʘʥʦʯʘʩʪʠʮ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ, ʚʣʠʷʶʪ ʥʘ ʘʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣ ʈ6ɾ.  

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʩʣʦʝʚ ʅʏ ʩʝʨʝʙʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʘʩʩʦʮʠʘʪʦʚ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ ʩʜʚʠʛ 

ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʤʦʥʦʤʝʨʦʚ ʢʨʘʩʠʪʝʣʷ (ʩʤ. ʨʠʩ. 2.), ʯʪʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʝʝ ʩʚʷʟʳʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʩ ʘʩʩʦʮʠʘʪʘʤʠ, ʯʝʤ ʩ 

ʤʦʥʦʤʝʨʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ ʚ ʧʣʝʥʢʝ ʇɺʉ, ʜʦʣʞʥʦ ʧʨʦʷʚʠʪʴʩʷ ʚ ʩʧʝʢʪʨʘʭ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʂʈ-ʩʧʝʢʪʨʳ ʤʦʣʝʢʫʣ ʈ6ɾ ʚ 

ʧʣʝʥʢʝ ʇɺʉ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʩʣʦʝʚ ʘʜʩʦʨʙʘʪʦʚ ʅʏ. ɺʦ 

ʚʩʝʭ ʩʧʝʢʪʨʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʯʘʩʪʦʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢʨʘʩʠʪʝʣʷ ʈ6ɾ 

ɜ (ʩʤ
-1

): 1179, 1303, 1348, 1505, 1645 [18], ʢʦʪʦʨʳʝ ʩʜʚʠʥʫʪʳ ʥʘ 5-10 ʩʤ
-1

 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʥʠʟʢʦʯʘʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. ʇʨʝʜʧʦʣʘʛʘʝʤ ʯʪʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʜʚʠʛ ʦʙʫʩʣʦʚʣʝʥ ʩʚʷʟʳʚʘʥʠʝʤ ʤʦʣʝʢʫʣ ʈ6ɾ, ʧʦʣʠʤʝʨʘ ʠ ʅʏ ʩʝʨʝʙʨʘ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʜʩʦʨʙʘʪʦʚ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʣʝʥʢʠ ʇɺʉ 

ʩ ʈ6ɾ ʚ ʦʙʣʘʩʪʠ ʜʦ 1000 ʩʤ
-1

 ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʳʭ ʧʦʣʝʡ ʅʏ ʩʜʚʠʥʫʪʳ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 5-8 ʩʤ
-1
. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʘʝʤʳʭ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʣʦʩ ʠ ʜʘʥʦ ʠʭ ʦʪʥʝʩʝʥʠʝ. 

ɺ ʂʈ-ʩʧʝʢʪʨʘʭ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 

ʥʘ ʯʘʩʪʦʪʝ ɜ =1565 ʩʤ
-1
, ʧʨʠʯʝʤ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʘʪʦʚ ʅʏ. ʂʦʣʝʙʘʥʠʷ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʤʦʥʦʤʝʨʦʚ ʢʨʘʩʠʪʝʣʷ ʠʣʠ ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʢ ʢʦʣʝʙʘʥʠʷʤ ʅʏ ʩʝʨʝʙʨʘ. ʇʦʵʪʦʤʫ 

ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ ʥʦʚʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʏ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʩ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ 

ʘʩʩʦʮʠʘʪʦʚ. 
 

ʊʘʙʣʠʮʘ 1 

ʆʪʥʝʩʝʥʠʝ ʯʘʩʪʦʪ ʦʩʥʦʚʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ ʤʦʣʝʢʫʣ 

ʈ6ɾ ʚ ʧʣʝʥʢʝ ʇɺʉ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʅʏ ʩʝʨʝʙʨʘ 

 

 ̄ ɜɻʢʩʧ., ʩʤ
-1

 ɜʪʝʦʨ., ʩʤ
-1
  

 

ʆʪʥʝʩʝʥʠʝ: 
ʉʝʨʝʙʨʷʥʘʷ ʧʣʝʥʢʘ 

ɹʝʟ ʅʏ 

ʩʝʨʝʙʨʘ 

ʉ ʅʏ 

ʩʝʨʝʙʨʘ 

(2 ʩʣʦʷ) 

1 185 

348 

207 

347 

147-188 

342 

n(Ag) 

n(Ag-ʉ) [19] 

2 584 565 613 n(CïCïC) ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

3 753 769 769 n(CïC) ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

4 1108 

1179 

1108 

1179 

1127 

1183 

ɜ(CïH) 

n(CïC) 

5 1297 

1348 

1303 

1348 

1312 

1341 
n(CïC) 

---- 

6 1499 1505 1510 n(ʉ=ʉ) ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʧʣʦʩ-

ʢʦʩʪʥʳʝ ʢʦʣʝʙʘʥʠʷ 

7 1564 1567 1584 ? 

8 1634 1645 1631 n(CïC) ʢʦʣʝʙʘʥʠʷ 
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ʅʘ ʨʘʩʩʝʠʚʘʥʠʝ ʜʠʤʝʨʦʚ ʈ6ɾ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʣʦʩ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʯʘʩʪʦʪ ɜ=1348 ʩʤ
-1

 ʠ ɜ=1505 ʩʤ
-1
: ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʢʨʘʩʠʪʝʣʷ ʩ 3 ʩʣʦʷʤʠ ʅʏ ʩʝʨʝʙʨʘ ʥʘ ʯʘʩʪʦʪʝ ɜ=1505 ʩʤ
-1 
ʧʘʜʘʝʪ, ʘ ʥʘ 

ʯʘʩʪʦʪʝ ɜ=1348 ʩʤ
-1 
ʚʦʟʨʘʩʪʘʝʪ. ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʥʘ ʯʘʩʪʦʪʘʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʉ-ʉ ʠ ʉ=ʉ, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ ʤʦʣʝ-

ʢʫʣ ʢʨʘʩʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ-ʭʚʦʩʪè [15]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʙʳʣʘ ʦʙ-

ʥʘʨʫʞʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʈ6ɾ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʚ ʅʏ ʩʝʨʝʙʨʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʢʨʘʩʠʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʏ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʫʶ ʘʩʩʦʮʠʘʮʠʶ ʩʘʤʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʘʥʦ-

ʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʪʨʦʚʢʦʚʫʶ ʩʝʨʝʙʨʷʥʫʶ ʧʣʝʥʢʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚ ʧʣʘʟʤʦʥ-ʫʩʠʣʝʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʘʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ 

6ɾ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʨʦʚʢʦʚʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʝʥʢʠ ʩ ʘʜʩʦʨʙʘʪʘʤʠ ʩʘʤʦʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ɺ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʨʘʩ-

ʱʝʧʣʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6ɾ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʧʦʛʣʦʱʝʥʠʶ ʤʦʥʦʤʝʨʦʚ ʠ ʜʠʤʝʨʦʚ ʢʨʘʩʠʪʝʣʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʘʩʩʦʮʠʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ. ʅʘʣʠʯʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʜʠʤʝʨʦʚ ʢʨʘʩʠʪʝʣʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤ-

ʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʦʣʝʢʫʣʘʤʠ ʢʨʘʩʠʪʝʣʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ ʢʨʘʩʠ-

ʪʝʣʷ, ʤʘʢʩʠʤʫʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦʣʫʯʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʜʘʣʴ-

ʥʝʚʦʣʥʦʚʳʡ ʩʜʚʠʛ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ, 

ʠʩʧʦʣʴʟʫʷ ʤʦʣʝʢʫʣʷʨʥʫʶ ʘʩʩʦʮʠʘʮʠʶ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʧʣʘʟʤʦʥʥʦʛʦ ʤʘʢʩʠ-

ʤʫʤʘ ʩʘʤʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʯʪʦ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦ-

ʚʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʩʚʦʡʩʪʚʘʤʠ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. Yuzhakov V.I. Aggregation of dye molecules and its effect on spectral-luminescent 

properties of solution // Uspekhi khimii. 1992. V. 61. N. 6. P. 1114-1141. 

2. ʂʣʠʤʦʚ ɺ.ɺ. ʅʘʥʦʧʣʘʟʤʦʥʠʢʘ. ʄʦʩʢʚʘ: ʌʀɿʄɸʊʃʀʊ, 2010. 480 ʩ. 

3. Zhang Y., Qian J., Wang D., Wang Y., and He S. Multifunctional Gold Nanorods 

with Ultrahigh Stability and Tunability for In Vivo Fluorescence Imaging, SERS Detection, 

and Photodynamic Therapy //Angew. Chem. Int. Ed. 2013. N. 52. P. 1148-1151. 

4. Garcia M.A. Surface plasmons in metallic nanoparticles: fundamentals and applica-

tions // J. Phys. D: Appl. Phys. 2011. N. 44. P. 283001.  

5. A. Willets K. Super-resolution imaging of interactions between molecules and 

plasmonic nanostructures // Phys. Chem. Chem. Phys. 2013. N. 15. P. 5345. 

6. Couture M., Zhao S.S., Masson J.-F. Modern surface plasmon resonance for 

bioanalytics and biophysics // Phys. Chem. Chem. Phys. 2013. V. 15. 

N. 27. P. 11190-11216.  

7. A. Mahmoud M., A. El-Sayed M. Different Plasmon Sensing Behavior of Silver 

and Gold Nanorods// J. Phys. Chem. Lett. 2013/ N 4. P. 1541-1545. 

8. Carlos Escobedo, Yu-Wei Chou, Mohammad Rahman, Xiaobo Duan, Reuven Gor-

don, David Sinton, Alexandre G. Brolob and Jacqueline Ferreira Quantification of ovarian 



26 
 
 

cancer markers with integrated microfluidic concentration gradient and imaging nanohole sur-

face plasmon resonance // Analyst. 2013. N. 138. P. 1450-1458. 

9. ʉʣʝʞʢʠʥ ɺ.ɸ., ɻʦʨʣʦʚ ʈ.ɺ. ʇʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʩʧʣʦʰʥʳʭ ʩʝʨʝʙʨʷʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʣʝʥʢʘʭ ʠ ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6ɾ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ // ʀʟʚʝʩʪʠʷ ʂɻʊʋ. 

2011. ̄  20. ʉ. 115-122. 

10. Turkevich J., Stevenson P.C., Hillier J. A Study of the nucleation and growth pro-

cess in the synthesis of colloidal gold // Discuss. Faraday Soc. 1951. V. 11. P. 55-75. 

11. Plasmon enhancement of Raman scattering and fluorescence for rhodamine 6G 

molecules in the porous glass and PVA films with nanoparticles of silver citrate hydrosol / 

E.I. Konstantinova, A.U. Zyubin, V.A. Slezhkin et al. // V International Conference of Pho-

tonics and Information Optics Journal of Physics: Conference Series 737 (2016) 012037.  

12. ʂʦʨʪʶʤ ɻ., ɹʨʘʫʥ ɺ., ɻʝʨʮʦʛ ɻ. ʇʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʚ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ // ʋʩʧʝʭʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ. 1965. ʊ. 85. ˉ. 2. ʉ. 365-380. 

13. ʇʣʘʟʤʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʜʝʟʘʢʪʠʚʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʝʨʝʙʨʘ, ʚʥʝʜ-

ʨʝʥʥʳʭ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ / ɽ.ʀ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ, ʂ.ʀ. ʄʘʪʚʝʝʚʘ,  

ɺ.ɸ. ʉʣʝʞʢʠʥ ʠ ʜʨ. // ʄʘʪʝʨʠʘʣʳ XXII ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜè (18 - 24 ʩʝʥʪʷʙʨʷ) / çʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè. ʂʨʘʩʥʦʜʘʨ, 2016. ʉ. 182-185. 

14. Bryukhanov V.V., Elistratova S.A., Laurinas V.C. Spectral-luminescent properties 

of deposited Rhodamine 6G film // Journal of Applied Spectroscopy. 2003. V. 70. N. 3. P. 

450-455. 

15. Kasha M., Rawls H.R, El-Bayomi M.A. Pure Appl. Chem., 1965. ̄  11. P. 371-

392. 

16. ʃʝʚʰʠʥ ʃ.ɺ., ʉʘʣʝʮʢʠʡ ɸ.ʄ. ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ʄʦʩʢʚʘ: ʄɻʋ, 1994. 320 ʩ. 

17. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʵʪʘʥʦʣʘ ʥʘ ʘʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣ ʨʦʜʘ-

ʤʠʥʘ 6ʞ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ / ɼ.ɺ. ɸʛʝʝʚ, ʉ.ɺ. ʇʘʮʘʝʚʘ, ɹ.ɼ. ʈʳʞʠʢʦʚ ʠ ʜʨ. // 

ɾʫʨʥʘʣ ʧʨʠʢʣʘʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 2008. ʊ. 75. ˉ 5. ʉ. 640-645. 

18. Michaels Amy M., Nirmal M., Brus L.E. Surface Enhanced Raman Spectroscopy 

of Individual Rhodamine 6G Molecules on Large Ag Nanocrystals // J. Am. Chem. Soc. 1999. 

N. 121. P. 9932-9939. 

19. Martina I., Wiesinger R., Schreiner M. Micro-Raman investigation of early stage 

silver corrosion products occurring in sulfur containing atmospheres // J. Raman Spetrosc. 

2013. N 44. P. 770-775. 
 

 

ASSOCIATION OF RHODAMINE 6G MOLECULES  

NEAR SELF-ASSEMBLED CLUSTERS OF SILVER NANOPARTICLES  

IN THE RAMAN SPECTRA 

 
1,2 

Konstantinova Elizaveta Ivanovna, graduate student 
2 
ZyubinAndrey Yurievich, Ph.D., researcher 

1 
Slezhkin Vasily Anatolievich, Ph.D., associate professor 

2 
Bryukhanov Valery Veniaminovich, Ph.D. Mr., professor  

 
1 
Kaliningrad State Technical University, Russia, Kaliningrad,  

e-mail: vslezhkin@mail.ru; konstantinovaeliz@gmail.com 
2 
Immanuel Kant

 
Baltic Federal University, Russia, Kaliningrad,  

e-mail: azubin@mail.ru; bryukhanov_v.v@mail.ru 
 

mailto:vslezhkin@mail.ru
mailto:konstantinovaeliz@gmail.com
mailto:azubin@mail.ru
mailto:bryukhanov_v.v@mail.ru


27 
 
 

The molecular association of the Rhodamine 6G dye near self-assembled clusters of 

silver nanoparticles is studied. It was found that with an increase in the number of çlayersè of 

nanoparticles on the surface of the island silver film, the short-wave absorption band of the 

Rhodamine 6G molecules, corresponding to its associates, is enhanced. The association of 

dye molecules was also observed in Raman spectra. 
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 ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʙʣʷʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʝʙʨʷʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ. ʆʙʥʘʨʫʞʝʥʘ ʜʣʠʪʝʣʴʥʘʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʙʣʷʮʠʦʥ-

ʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ  

 

ɺʚʝʜʝʥʠʝ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʩʝʨʝʙʨʘ, ʟʦʣʦʪʘ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʥʦʯʘʩʪʠʮʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ: ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʘʪʯʠ-

ʢʠ, ʬʣʵʰ-ʧʘʤʷʪʴ, ʩʦʣʥʮʝʟʘʱʠʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʨʘʟʣʠʯʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʥʠʢʝ ʠ ʙʠʦ-

ʤʝʜʠʮʠʥʝ. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʘ ʦʩʥʦʚʥʳʭ ï ʭʠʤʠʯʝʩʢʠʡ ʠ ʬʠʟʠʯʝʩʢʠʡ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʤʝ-

ʪʦʜ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ [1], ʘ ʬʠʟʠʯʝʩʢʠʤ - ʤʝʪʦʜ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ [2] ʪʚʝʨʜʳʭ ʤʠʰʝʥʝʡ ʚ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ (ʚʘʢʫʫʤ, ʛʘʟʦʚʘʷ ʘʪʤʦʩʬʝʨʘ, ʞʠʜʢʠʝ 

ʩʨʝʜʳ). ʇʨʝʠʤʫʱʝʩʪʚʦ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʧʝʨʝʜ ʤʝʪʦʜʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʚʩʣʝʜʩʪʚʠʝ ʦʪ-

ʩʫʪʩʪʚʠʷ ʢʦʥʪʘʢʪʘ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʦʡ ʠ ʚʥʝʩʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥ-

ʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʠ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ, ʬʘʟʫ ʠ ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ ʥʘʥʦʯʘʩʪʠʮ. ʂ ʥʝʜʦ-

ʩʪʘʪʢʘʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣ-ʞʠʜʢʦʩʪʴ ʧʨʠ ʣʘ-

ʟʝʨʥʦʡ ʘʙʣʷʮʠʠ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʢʪʫʘʣʴʥʫʶ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʫʶ ʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦ-
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ʯʝʥʳ ʥʘ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʙʣʷʮʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʞʠʜʢʦʩʪʠ: ʠʟʫʯʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʙʣʷʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ [3], ʚ ʚʘʢʫʫʤʝ [4], 

ʦʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [5] ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ [6] ʥʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ 

ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ (ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʦʢʠʩʣʝʥʠʶ ʩʨʝʜʳ), ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʢʘʢ ʫʩʠʣʠʪʝʣʠ ʩʠʛʥʘʣʦʚ ʛʠʛʘʥʪ-

ʩʢʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʣʝʢʫʣ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ [7]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦ-

ʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʛʣʘ ʧʘʜʝʥʠʷ ʠ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʥʘʥʦʯʘ-

ʩʪʠʮ, ʧʦʣʫʯʘʝʤʳʭ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʘʩʪʠʥʳ ʚ ʚʦʜʫ; ʦʧʪʠʢʦ-

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʫ-

ʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʘʙʣʷʮʠʦʥʥʳʭ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

  

ʄʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɼʣʷ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʝʤʪʦʩʝʢʫʥʜʥʳʡ ʣʘʟʝʨ 

ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ ʤʘʨʢʠ TETA-X (TETA Yb amplifier system, AVESTA, ʈʦʩʩʠʷ) (ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʠʤʧʫʣʴʩʘ t = 280 ʬʩ, ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ t = 30 ʬʩ ʵʥʝʨʛʠʷ ʥʘʢʘʯʢʠ 200 ʤʢɼʞ). ʇʦ-

ʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦ-

ʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʚʥʦʚʴ ʚʝʨʥʫʪʴʩʷ ʚ ʣʘʟʝʨʥʳʡ ʧʫ-

ʯʦʢ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʦ ʜʣʷ ʘʙʣʷʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʩ ʧʣʘʟ-

ʤʦʥʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 410 ʥʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʣʘʟʝʨʘ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ. ʏʘʩʪʦʪʫ ʧʦʚʪʦʨʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʠʤʧʫʣʴʩʦʚ ʟʘʜʘʚʘʣʠ ʚʥʝʰʥʠʤ ʛʝʥʝʨʘʪʦʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʨʝʙ-

ʨʷʥʘʷ ʧʣʘʩʪʠʥʳ ʩ ʯʠʩʪʦʪʦʡ ʥʝ ʥʠʞʝ 99,5 %, ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʀʟ-

ʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʥʘʧʨʘʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʘ ʠ ʬʦʢʫʩʠʨʦʚʘʣʦʩʴ ʣʠʥʟʦʡ ʥʘ ʤʠʰʝʥʴ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʣʘʩʴ ʚ ʢʶʚʝʪʝ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ʂʶʚʝʪʘ ʩ ʤʠʰʝʥʴʶ ʠ ʚʦʜʦʡ ʨʘʩʧʦʣʘʛʘ-

ʣʦʩʴ ʧʦʜ ʫʛʣʦʤ (Ŭ1=75
0
  ʠ Ŭ2=60

0
) ʢ ʣʘʟʝʨʥʦʤʫ ʣʫʯʫ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʷʥʦʡ ʧʣʘʩʪʠʥʳ ʢʶʚʝʪʘ ʜʚʠʛʘʣʘʩʴ ʧʨʷʤʦʣʠʥʝʡʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʦʧʪʠʯʝʩʢʠʡ ʧʫʪʴ ʣʫʯʘ ʜʦ ʤʠʰʝʥʠ ʦʩʪʘʚʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʆʙʲʝʤ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʶʚʝʪʝ ʩ ʤʠʰʝʥʴʶ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʠʣ 5 ʤʣ, ʘ 

ʚʨʝʤʷ ʘʙʣʷʮʠʠ -10 ʤʠʥ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʬʦʪʦʢʦʨʨʝʣʷʮʠʦʥ-

ʥʦʡ ʫʩʪʘʥʦʚʢʝ FotoCor-Complex, ʜʚʫʭʣʫʯʝʚʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UV-2600 ʬʠʨʤʳ 

Shyimadzu (ʗʧʦʥʠʷ) ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Olympus M319/12-OG ʤʦʜʝʣʠ 

BX43F. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʩʦʜʝʨʞʠʪʩʷ ʚ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʬʣʫʢʪʫʘʮʠʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ G(Ű), ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  
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G I I t I t I t dt
t¤

t = -t = -tñ
   (1) 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʦ ʟʘʪʫʭʘʝʪ ʚʦ ʚʨʝʤʝʥʠ ʠ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʦ ʩ D. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʚ (2) ʠʤʝʝʪ ʚʠʜ: 
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exp)( ,                                                     (2) 

ʛʜʝ a ʠ b ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ, tc ï ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ, ʦʙʨʘʪʥʘʷ ʚʝʣʠ-

ʯʠʥʘ ʢʦʪʦʨʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ, ʨʘʚʥʦ 
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Dq

tc

= .                                                                  (3) 

ɺ ʚʳʨʘʞʝʥʠʠ (4) ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ q ʬʣʫʢʪʫʘʮʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳ-

ʨʘʞʝʥʠʝʤ: 

 
2

sin
4 J

l

pn
q= ,                                                             (4) 

ʛʜʝ n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʟʚʝʰʝʥʳ ʜʠʩʧʝʨʩʥʳʝ ʯʘ-

ʩʪʠʮʳ; l ï ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʩʚʝʪʘ;J ï ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ. 

ʇʦ ʬʦʨʤʫʣʝ (3) ʦʧʨʝʜʝʣʷʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʥʘʥʦʯʘʩʪʠʮ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦ 

ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ, ʩʚʷʟʳʚʘʶʱʝʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫ-

ʟʠʠ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʦʮʝʥʠʚʘʣʩʷ ʨʘʜʠʫʩ ʥʘʥʦʯʘʩʪʠʮ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʜʣʷ 

ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ E=12,2 ʤʢɼʞ. ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʧʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʫʤ ʪʠʧʘʤ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ ï R1=30,6 ʥʤ ʠ R2= 2,2 ʥʤ. ʇʦ-

ʩʢʦʣʴʢʫ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʨʘʜʠʫʩʦʤ R=2,2 õ3 ʥʤ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʬʫʥʢʮʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʠ ʧʨʠ ʜʨʫʛʠʭ ʨʝʞʠʤʘʭ ʘʙʣʷʮʠʠ, ʘ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʤʘʣʘ, ʪʦ ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʘʙʣʷʮʠʠ ʠ ʥʝ ʫʯʠ-

ʪʳʚʘʪʴ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ.  

  

 
  

ʈʠʩ. 1. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʧʦ ʨʘʟʤʝʨʘʤ ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ  

ʧʨʠ ʵʥʝʨʛʠʠ E=12,2 ʤʢɼʞ ʩʝʨʝʙʨʷʥʦʡ ʧʣʘʩʪʠʥʳ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ 

 

ʌʦʪʦʢʦʨʝʣʣʷʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʘʙʣʷʮʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 

ʧʨʦʚʦʜʠʣʠ ʜʚʘʞʜʳ, ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʪʘʣʦʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʨʘʟʤʝʨʘ 100 ʥʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 10 %, ʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʬʦʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘʥʦʯʘʩʪʠʮ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʨʘʚʥʘ 12-18 %. ʇʦʛʨʝʰʥʦʩʪʴ ʚ 18 % ʧʦʣʫʯʝʥʘ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʙʣʷʮʠʝʡ ʩʝʨʝʙʨʷʥʦʡ ʧʣʘʩʪʠʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʨʘʚʥʦʡ E=12,2 ʤʢɼʞ. 
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ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ ʨʘʟʙʨʦʩʦʤ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ (ʨʠʩ. 2), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʵʥʝʨʛʠʠ E=12,2 

ʤʢɼʞ, ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=399 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ [8]. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʘʙʣʷʮʠʝʡ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʥʘ 25-50 %. ʋʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ   

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ  

ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʛʣʝ ʘʙʣʠʨʦʚʘʥʠʷ (E=12,2 ʤʢɼʞ) 

 

ʨʘʟʣʠʯʥʦʤ ʫʛʣʝ ʘʙʣʠʨʦʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʵʥʝʨʛʠʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʪʘʙʣ. 1). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʙʦʪʘ A, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʩʦʟʜʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, 

ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʝʨʝʙʨʷʥʫʶ ʧʣʘʩʪʠʥʫ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ l. ʉʯʠʪʘʷ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ l ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ʨʘʙʦʪ A1/A2   

ʨʘʚʥʦ |F1|Ŀsin Ŭ1/|F2|Ŀsin Ŭ2, ʛʜʝ F1ï ʩʠʣʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦʜ ʫʛʣʦʤ 

Ŭ=90
0
, ʘ F2 ï ʧʦʜ ʫʛʣʦʤ Ŭ=60õ75

0
, ʠ ʨʘʚʥʦ sin Ŭ1å 1,3õ2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʨʘʜʠʫʩʳ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʛʣʦʱʝʥʠʷ, ʟʥʘʯʝʥʠʷ ʧʦʣʫʰʠʨʠʥʳ ʜʣʷ ʜʨʫʛʠʭ ʵʥʝʨʛʠʡ ʠʟʣʫʯʝʥʠʷ. ʀʟ 

ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ E=12,8 ʤʢɼʞ ʠ E=13,6 ʤʢɼʞ, 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ E=12,2 ʤʢɼʞ. ɺʝʣʠʯʠʥʘ ʧʦʣʫʰʠʨʠʥʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ. ʊʘ ʞʝ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʘʙʣʠʨʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ [9] ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘ-

ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ, ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʥʳʭ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ, ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʠ ʣʠʥʝʡʥʦʡ, ʥʠ 

ʢʚʘʜʨʘʪʠʯʥʦʡ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʘʙʣʷʮʠʠ ʦʪ ʫʛʣʘ, ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʨʝʜʦʡ (ʨʘʩʪʚʦʨʠʪʝʣʝʤ).  

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ (ʪʘʙʣ. 1), ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ-

ʛʣʦʱʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʪʘʢʞʝ ʨʘʩʪʝʪ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʧʦʣʫʰʠʨʠʥʳ ȹɚ ʜʣʷ ʵʥʝʨʛʠʠ 

E=12,2 ʤʢɼʞ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʵʥʝʨʛʠʠ E=13,6 ʤʢɼʞ. ɺ ʰʠʨʦʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦ-

ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʠʤʝʶʪʩʷ ʯʘʩʪʠʮʳ ʩ ʨʘʜʠʫʩʦʤ ʦʢʦʣʦ 10 ʥʤ ʠ ʦʢʦʣʦ 100 ʥʤ, ʧʨʠʯʝʤ 
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ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʜʦʣʝʡ ʚ ʨʘʩʩʝʷʥʠʠ ʩʚʝʪʘ ʨʘʚʥʦ 2:1. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʘʜʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʠ ʵʥʝʨʛʠʠ E=12,2 ʤʢɼʞ, 

ʩʚʷʟʘʥ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʠ 

ʢʨʫʧʥʳʭ ʥʘʥʦʯʘʩʪʠʮ [10].  
 

ʊʘʙʣʠʮʘ 1  

ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ  

ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʩʝʨʝʙʨʷʥʦʡ ʧʣʘʩʪʠʥʳ ʚ ʚʦʜʫ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʛʣʝ ʧʘʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ Ŭ ʠ ʵʥʝʨʛʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ E 
 

E, ʤʢɼʞ Ŭ, ʛʨʘʜ. R, ʥʤ ɚmax, ʥʤ Dmax, ʘʙʩ. ȹɚ, ʥʤ 

12,2 0 

 

30 399 0,644 107 

60 25 399 1,065 93 

12,8 0 

 

42 402 0,692 97 

60 35 399 1,221 67 

13,6 

 

 

0 

 

37 400 1,123 93 

60 30 401 2,692 80 

 

ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ (ʨʠʩ. 2) ʥʘʙʣʶʜʝʪʩʷ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ (ɚå280 ʥʤ). ɼʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʛʣʦʱʝʥʠʶ ʮʠʪʨʘʪ ʠʦʥʦʚ. ɺ 

ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʠʤʝʩʝʡ, ʥʘʣʠʯʠʝ ʧʦʛʣʦʱʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʙʣʘʩʪʠ 

ȹɚ=260õ320 ʥʤ ʩʚʷʟʳʚʘʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʣʦʷ ʪʠʧʘ Ag2O [11]. ʇʨʠʩʫʪʩʪʚʠʝ ʦʢʠʩʣʝʥʥʦʛʦ ʩʣʦʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʧʦʜʪʚʝʨʞʜʘ-

ʶʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ [12]. 
ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ Ag/Ag2O ʧʦʜʨʦʙʥʦ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʨʘʙʦʪʝ 

[13]. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ=365 ʥʤ ʥʘʤʠ ʙʳʣʦ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥʦ çʩʠʥʝʝè ʩʚʝʯʝʥʠʝ (ȹɚ=420-460 ʥʤ) ʘʜʩʦʨʙʘʪʦʚ ʘʙʣʷʮʠʦʥʥʳʭ ʥʘʥʦʯʘ-

ʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ ʧʣʝʥʢʠ (ʨʠʩ. 3 ʘ). ɼʣʠʪʝʣʴʥʦʩʪʴ 

 
                      (ɸ)                                                                      (ɹ) 

ʈʠʩ. 3. ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʘʙʣʷʮʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʥʘ ʩʝʨʝʙʨʷʥʦʡ ʦʩʪʨʦʚʢʦʚʦʡ 

ʧʣʝʥʢʝ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ɚ=365 ʥʤ (ɸ) ʠ ɚ=478 ʥʤ (ɹ) 

 

ʩʚʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 7 ï 9 ʩʝʢʫʥʜ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ=478 ʥʤ (ʨʠʩ. 3 ʙ) 

ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʛʦʨʘʥʠʝ çʟʝʣʝʥʦʡè ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ȹɚ=510-550 ʥʤ) ʥʘʥʦʯʘʩʪʠʮ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ ʜʦ 5 ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ɚ=545 ʥʤ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ çʢʨʘʩʥʦʡè ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ȹɚ=575-625 ʥʤ) ʩ ʚʨʝʤʝʥʝʤ 

ʞʠʟʥʠ ~ 3 ʩ. ʆʙʥʘʨʫʞʝʥʥʦʝ ʩʚʝʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢʘʢ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
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ʥʘʥʦʯʘʩʪʠʮ Ag/Ag2O, ʪʘʢ ʠ ʠʭ ʢʣʘʩʪʝʨʘʤ. ɼʣʠʪʝʣʴʥʦʩʪʠ ʩʚʝʯʝʥʠʡ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ 

ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʜʘʥʥʳʭ ʯʘʩʪʠʮ [14]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝ-

ʙʨʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ ʚ ʚʦʜʫ ʧʨʠ ʫʛʣʝ ʧʘ-

ʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪʣʠʯʥʦʛʦ ʦʪ 90
0
. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʫʛʣʝ ʘʙʣʠʨʦʚʘ-

ʥʠʷ Ŭ=75
0
 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 25 %, ʘ ʧʨʠ Ŭ=60

0 
 - 

ʥʘ 50 %, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 15-18 %. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʘʙʣʷʮʠʦʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ï ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=400 ʥʤ ʠ ɚ= 

340 ʥʤ. ʇʦʷʚʣʝʥʠʝ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʘʢʩʠʤʫʤʘ ʚ ʫʣʴʨʘ-

ʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʨʘʩʪʚʦʨʝ ʥʘʥʦʯʘʩʪʠʮ ʪʠʧʘ Ag/Ag2O, ʦʙ-

ʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʝʨʝʙʨʘ ʩ ʚʦʜʦʡ. ɺʦ ʚʩʝʡ ʚʠʜʠʤʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʠʪʝʣʴʥʘʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʘʥʦʯʘʩʪʠʮ Ag/Ag2O ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ~10 ʩ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 
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ʯʠʩʣʦ ʜʣʷ ʤʠʮʝʣʣ ʩ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ n = 52. ʊʘʢʞʝ ʠʩ-

ʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʥʘ ʢʠʥʝʪʠʢʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʊ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨ-

ʛʠʠ, ʛʜʝ ʜʦʥʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ [1-3]. ʆʙʥʘʨʫʞʝʥ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʢʚʘʥʪʦ-

ʚʳʭ ʪʦʯʝʢ ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ [4], ʥʘ ʜʨʫʛʠʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ [5] ʠʣʠ ʥʘ ʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ [6-9]. ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʝʟʦʥʘʥʩʥʳʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴ-

ʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʌʸʨʩʪʝʨʘ (FRET) [10-15]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʪʘʢʦʡ ʧʝʨʝʥʦʩ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ (ʤʝʥʝʝ 100 ¡), ʧʦʤʝʱʘʷ ʚʥʫʪʨʴ ʤʠ-

ʮʝʣʣʳ ʜʦʥʦʨ ʠ ʘʢʮʝʧʪʦʨ ʵʥʝʨʛʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʟʤʝʨʦʤ 

ʤʠʮʝʣʣʳ. 

ʄʠʮʝʣʣʷʨʥʳʝ ʨʘʩʪʚʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʫʯʝ-

ʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʚ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʝ, ʜʣʷ 

ʩʙʣʠʞʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʠ ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ʄʦʣʝʢʫʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʩʘʤʦʦʨʛʘʥʠʟʫʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʦʙʨʘʟʫʶʪ ʩʪʘʙʠʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʤʠʮʝʣʣʳ. ʄʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ ʤʠʮʝʣʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ [16-20]. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ ʜʦʙʘʚʣʝʥʥʳʭ ʧʨʠʤʝʩʝʡ. ʆʙʣʘʩʪʴ ʚʥʫʪʨʠ ʤʠʮʝʣʣʳ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʩʚʦʡʩʪʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʥʘʧʨʠʤʝʨ, 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ ʜʘʥʥʦʡ ʩʨʝʜʳ, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ɺ ʨʝʘʢʮʠʷʭ ʩʠʥʪʝʟʘ ʦʪ ʨʘʟʤʝʨʦʚ ʤʠʮʝʣʣ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʨʘʟʤʝʨ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʩ ʢʚʘʥʪʦʚʦʡ ʪʦʯʢʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʚʥʫʪʨʠ ʤʠʮʝʣʣʳ, ʥʘ ʤʦʣʝʢʫʣʫ ʢʨʘʩʠʪʝʣʷ ʢʨʝʟʠʣʦ-

ʚʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ, ʦʙʨʘʟʫʶʱʫʶ ʢʦʤʧʣʝʢʩ ʩ ʧʦʣʷʨʥʦʡ ʯʘʩʪʴʶ ʤʦʣʝʢʫʣʳ ɸʆʊ ʥʘ ʚʥʝʰ-

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʮʝʣʣʳ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʊ) CdSe/ʉdS/ZnS ʧʦʣʠʤʝʨʥʳʤ ʧʦ-

ʢʨʳʪʠʝʤ ʬʠʨʤʳ QD-Light (ɼʫʙʥʘ, ʈʦʩʩʠʷ) ʩ ʤʘʢʩʠʤʫʤʦʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 575 ʥʤ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ. ʂʊ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʵʥʝʨʛʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʪʠʦʥʥʳʡ ʢʨʘʩʠʪʝʣʴ ʂʌ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʷʤʳʭ 

ʤʠʮʝʣʣ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʠʦʥʥʳʡ ʇɸɺ ɸʵʨʦʟʦʣʴ-ʆʊ (ʙʠʩ-2-

ʵʪʠʣʛʝʢʩʠʣʩʫʣʴʬʦʩʫʢʮʠʥʘʪ ʥʘʪʨʠʷ, (ɸʆʊ)) 

ɹʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʚʦʜʥʦʤ ʤʠʮʝʣʣʷʨʥʦʤ ʨʘʩʪʚʦʨʝ 

ɸʆʊ. ʊʘʢ ʢʘʢ ʂʊ ʚ ʪʦʣʫʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʧʣʦʭʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ɸʆʊ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚʥʘʯʘʣʝ ʧʨʠʛʦʪʦʚʠʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ɸʆʊ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʄ, 

ʟʘʪʝʤ ʝʛʦ ʩʤʝʰʘʣʠ ʩ ʨʘʩʪʚʦʨʦʤ ʂʊ ʚ ʪʦʣʫʦʣʝ ʚ ʧʨʦʧʦʨʮʠʠ 20:1. ɺ ʪʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪʳ ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʶʪʩʷ. ɼʘʣʝʝ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʚʦʜʫ ʠ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʂʌ ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʘʙʦʯʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 60-70Á ʩʪʘʥʦʚʠʣʠʩʴ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤʠ, ʙʝʟ ʤʫʪʥʦʩʪʠ.  

ɹʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 6 ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʂʊ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ [ʂʊ]=10
-8

 ʄ, 

ɸʆʊ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ [ɸʆʊ]=5Ā10
-3

 ʄ ʠ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʌ ʦʪ 0 ʜʦ [ʂʌ]=5Ā10
5
 

ʄ ʩ ʰʘʛʦʤ 10
-5

 ʄ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩ ʂʊ (ʜʦʥʦʨ ʵʥʝʨʛʠʠ) ʥʘ ʂʌ (ʘʢʮʝʧʪʦʨ) ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 405 ʥʤ. 
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ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟʤʝʨʷʣʠ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ Fluorolog-3 (Horiba, 

ʌʨʘʥʮʠʷ). ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʫʩʪʘʥʦʚʢʝ 

Fluorolog-3 ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʢʦʩʝʢʫʥʜʥʳʝ ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ NanoLed ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ 405 ʥʤ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 20 ʧʩ). 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ UVProbe 

Shimadzu ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 200 ʜʦ 800 ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ɸʆʊ. 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 400 ʥʤ ʂʊ ʭʦʨʦʰʦ ʧʦʛʣʦʱʘʝʪ ʩʚʝʪʦʚʳʝ ʢʚʘʥ-

ʪʳ ʩ ʜʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʘ ʢʨʝʟʠʣ ʬʠʦʣʝʪʦʚʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʦʞʝʪ ʠʭ ʧʦʛʣʦʪʠʪʴ 

(ʨʠʩ. 1, 2). ʅʦ ʚ ʦʙʨʘʟʮʝ, ʩʦʜʝʨʞʘʱʝʤ ʦʙʘ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦʝ ʩʚʝʯʝʥʠʝ 

ʢʨʘʩʠʪʝʣʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʊ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ 

ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂʊ, ʥʦ ʙʝʟ ʢʨʘʩʠʪʝʣʷ (ʨʠʩ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʂʊ ʥʘ ʢʨʘʩʠʪʝʣʴ. 

 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʂʊ (ʢʨʠʚʘʷ 1) ʠ ʂʌ (ʢʨʠʚʘʷ 2) ʚ ʚʦʜʥʦʤ ʤʠʮʝʣʣʷʨʥʦʤ  

ʨʘʩʪʚʦʨʝ ɸʆʊ 

 

 
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʂʊ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʩʣʦʝʤ ʧʦʣʠʤʝʨʘ,  ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ [ʂʊ]=10
-8
 ʄ, ɸʆʊ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ [ɸʆʊ]=5Ā10

-3
 ʄ ʠ  

ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʟʠʣʦʚʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ʦʪ 0 (ʢʨʠʚʘʷ 1) ʜʦ [ʂʌ]=5Ā10
-5
 ʄ ʩ ʰʘʛʦʤ 

10
-5
 ʄ (ʢʨʠʚʘʷ 6) 

 

0

0,2

0,4

0,6

0,8

300 500 700

D
  

Σ˂ ͤͣ 

0

0,1

0,2

0,3

0,4

0,5

400 500 600 700

D
  

Σ˂ ͤͣ 

1 
2 
3 
4 

5 

6 

2 
1 



36 
 
 

ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʂʊ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʩʣʦʝʤ ʧʦʣʠʤʝʨʘ,  ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ [ʂʊ]=10
-8
 ʄ, ɸʆʊ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ [ɸʆʊ]=5Ā10

-3
 ʄ ʠ 

 ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʟʠʣʦʚʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ʦʪ 0 ʜʦ [ʂʌ]=5Ā10
-5
 ʄ ʩ ʰʘʛʦʤ 10

-5
 ʄ. 

ʂʨʘʩʥʘʷ ʢʨʠʚʘʷ ï ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʂʌ ʚ ʦʪʩʫʪʩʪʚʠʠ ʂʊ. ʉʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʧʨʠ  

ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ 

 

ɼʘʣʝʝ, ʩʯʠʪʘʷ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʦʥʘʥʩʥʳʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʡ ʧʝʨʝ-

ʥʦʩ ʵʥʝʨʛʠʠ ʧʦ ʌʸʨʩʪʝʨʫ ʦʪ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘ ʤʦʣʝʢʫʣʳ ʂʌ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʝʨʝʥʦʩʘ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʭʘʥʠʟʤ FRET, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢ-

ʮʝʧʪʦʨʦʤ, ʩʪʝʧʝʥʴ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ [10-16].  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

6

0)/(1

1

Rr+
=j ,                                                          (1)  

 

ʛʜʝ r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ, R0 ï ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ (ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʨʘʚʥʘ ʚʝʨʦʷʪ-

ʥʦʩʪʠ ʩʧʦʥʪʘʥʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʜʦʥʦʨʘ), ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

Ὑ πȟςρπψ ᷿ Ὅ ‗‐ ‗‗Ὠ‗,                                       (2) 

 

ʛʜʝ q0D ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʫʰʠʪʝʣʷ, Ű0D ï 

ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʥʦʨʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʪʫʰʠʪʝʣʷ, k
2
 ï ʦʨʠʝʥʪʘʮʠ-

550 600 650 700

0,0

2,0x10
6

4,0x10
6

6,0x10
6

I,
 ʦ
ʪ
ʥ
.
 
ʝ
ʜ
.

l, nm                                                                                               

ώ˴ ϐ̅ 



37 
 
 

ʦʥʥʳʡ ʬʘʢʪʦʨ, ID
H
(ɜ) ï ʢʚʘʥʪʦʚʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʜʦʥʦʨʘ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʝʜʠʥʠʮʫ ( )ñ =1)( nndI H

D , Ůɸ(ɜ) ï ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩ-

ʪʠʥʢʮʠʠ ʘʢʮʝʧʪʦʨʘ, ɜ ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, n- ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, NA ï ʯʠʩʣʦ 

ɸʚʦʛʘʜʨʦ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʚʳʯʠʩʣʝʥ ʠʥʪʝʛʨʘʣ ʧʝʨʝʢʨʳʚʘʥʠʷ J, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʝʨʝʢʨʳ-

ʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ ʠ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʘʢʮʝʧʪʦʨʘ (ʂʌ): 

J=8,35Ā10
ī14

 ʩʤ
3
ʄ

-1
. 

ɿʥʘʯʝʥʠʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠʥʷʣʠ ʨʘʚʥʳʤ ʢ
2
 = 2/3, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʭʘʦʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ, 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ Q0 ʜʦʥʦʨʘ ʨʘʚʝʥ 16%, ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ï ɸʆʊ ʦʧʨʝʜʝʣʝʥ ʧʨʠ ʧʦʤʦʱʠ ʵʣʣʠʧʩʦʤʝʪʨʘ n=1,412. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ  

34 ¡.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ  

 

Ὁ .                        (3) 

 

ɿʜʝʩʴ G ïɻ ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ ʘʢʮʝʧʪʦʨʘ, Ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ 

ʵʢʩʪʠʥʢʮʠʠ ʜʣʷ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ. ɼʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʙʝʨʫʪʩʷ ʜʣʷ ʜʚʫʭ ʜʣʠʥ ʚʦʣʥ ɚ1 ï 

ʜʣʠʥʘ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʡ ʜʦʥʦʨ ʧʦʛʣʦʱʘʝʪ ʧʣʦʭʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʮʝʧʪʦʨʦʤ, ʠ ɚ2 ï 

ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʜʦʥʦʨʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ  ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧ-

ʪʦʨʦʤ, ʧʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ R  ʧʦ ʬʦʨʤʫʣʝ: 

 

 Ὑ Ὑ ρ Ȣ                (4) 

 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʵʥʝʨʛʠʠ ʨʘʚ-

ʥʦ 2,3 ʥʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦ-

ʧʠʠ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʵʪʠʤ ʤʝʪʦʜʦʤ ʨʘʟʤʝʨ ʤʠʮʝʣʣ ʨʘʚʝʥ 3 ʥʤ. 

ʅʘ ʩʧʝʢʪʨʦʬʣʫʦʨʦʤʝʪʨʝ FLUOROLOG-3 ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʜʠʥʦʯʥʳʭ 

ʬʦʪʦʥʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʨʝʤʝʥʘ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 575 ʥʤ ʠ ʂʌ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 630 ʥʤ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʂʊ ʚ ʨʘʩ-

ʪʚʦʨʝ ʪʦʣʫʦʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ ʤʦʜʝʣʴʶ 

ɹʦʜʫʥʦʚʘ [21], ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʥʘ -ʆʅ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʩʪʘʙʠʣʠ-

ʟʘʪʦʨʘ ʂʊ. 
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ʈʠʩ. 4. ʂʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʚ ʪʦʣʫʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ (1),  

ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ɸʆʊ ʚ ʦʪʩʫʪʩʪʚʠʠ (2) ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʝʟʠʣʦʚʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ (3) 

 

ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʂʊ ʚ ʤʠʮʝʣʣʘʭ ʧʣʦʭʦ ʦʧʠʩʳʚʘʝʪʩʷ ʜʘʥʥʦʡ ʤʦʜʝʣʴʶ, ʥʦ ʩ 

ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩʫʤʤʦʡ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ [11]: 

 

               Ὅὸ ὄÅØÐὸȾὸ ὄÅØÐὸȾὸ ὄȢ                           (5) 

 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

                                                       ὸ ,                                                  (6) 

 

ʛʜʝ k1, k2 ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʷʜʢʘ 10
10

 ʠ 10
8
 ʩ

-1
; ɺ1 ʠ ɺ2 ï 

ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʦʥʝʥʪ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʵʢʩʧʦʥʝʥʪ ʟʘʪʫʭʘ-

ʥʠʷ ʫ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩ ʷʜʨʦʤ CdSe ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʲʷʩʥʷʝʪʩʷ ʠʩʧʫʩʢʘ-

ʥʠʝʤ ʜʚʫʭ ʚʠʜʦʚ ʵʢʩʠʪʦʥʦʚ: çʩʚʝʪʣʦʛʦè ï ʢʦʨʦʪʢʦʞʠʚʫʱʝʛʦ, ʠ çʪʝʤʥʦʛʦè ï ʜʦʣʛʦʞʠʚʫ-

ʱʝʛʦ, ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [21-23].   

 

ʊʘʙʣʠʮʘ 

ʀʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥ ʞʠʟʥʠ ʂʊ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

 

[ʂʌ], ʄ B1 t1, ʥʩ B2 t2, ʥʩ B3 t3, ʥʩ Űʩʨ, ʥʩ 

0 0,0326 4,254 0,04527 24,23 - - 15,8 

0,1 0,0209 2,765 0,0134 20,92 - - 9,85 

0,2 0,0257 1,92 0,00999 19,24 - - 6,77 

0,3 0,0150 3,38 0,00788 20,00 0,56 0,045 3,44 

0,4 0,353 1,288 0,00618 16,41 - - 1,55 

0,5 0,377 1,146 0,00502 15,19 - - 1,33 

 

ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʂʊ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ [ʂʌ] ʪʘʢʞʝ ʛʦʚʦ-

ʨʠʪ ʦʙ ʫʯʘʩʪʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. 
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʦʪ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘ ʂʌ. ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷ-

ʤʠ ʠ ʠʟʤʝʨʝʥʠʷʤʠ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʛʨʝʛʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ - ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ɸʆʊ ʥʘ ʦʜʥʫ ʤʠʮʝʣʣʫ [24]. 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʩʪʨʝʪʠʪʴ ʂʊ ʚ ʤʠʮʝʣʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʇʫʘʩʩʦʥʘ. 

ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʚ ʤʠʮʝʣʣʝ ʥʘʭʦʜʷʪʩʷ ʙʦʣʴʰʝ ʦʜʥʦʡ ʂʊ, ʪʦ ʯʠʩʣʦ ʧʫ-

ʩʪʳʭ ʤʠʮʝʣʣ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʚʳʨʘʞʝʥʠʷ  
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ɿʜʝʩʴ N ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʮʝʣʣ, m ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʫʰʠʪʝʣʷ (ʂʌ).  
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ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʤʠʮʝʣʣʝ ʜʦʥʦʨʘ ʥʘ ʛʨʘʥʠʮʝ ʤʠʮʝʣʣʳ ʘʢʮʝʧ-

ʪʦʨʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʜʦʥʦʨʘ ʪʫʰʠʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʝʥʦʩʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʦʣʷ ʤʠʮʝʣʣ ʙʝʟ ʘʢʮʝʧʪʦʨʘ 

ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦʥʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʮʝʧʪʦʨʘ ʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʥʦʨʘ ʙʝʟ ʘʢʮʝʧʪʦʨʘ. ʊʘʢ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʘ ʩʨʝʜʥʝʤʫ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʤʳ ʤʦʞʝʪ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ:  
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ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ ʚ ʦʩʷʭ ïln(ʪ/ʪ0) ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʮʝʧʪʦʨʘ, ʫʛʣʦʚʦʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʙʫʜʝʪ ʨʘʚʝʥ ʦʙʨʘʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʮʝʣʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʠʮʝʣʣ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 9,66 10
-5

 ʤʦʣʴ/ʣ. ʊʘʢ ʢʘʢ ʠʩʭʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʥʦʤʝʨʦʚ 

ɸʆʊ ʚ ʨʘʩʪʚʦʨʝ ʨʘʚʥʘ 5 10
-3

 ʤʦʣʴ/ʣ ʪʦ ʥʘ ʦʜʥʫ ʤʠʮʝʣʣʫ ʧʨʠʭʦʜʠʪʩʷ 52 ʤʦʣʝʢʫʣʳ ɸʆʊ.  
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ïln(ʪ/ʪ0) ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʰʝʥʠʷ ʚʨʝʤʝʥ ʞʠʟʥʠ 

ʜʦʥʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ (ʪ) ʠ ʦʪʩʫʪʩʪʚʠʠ (ʪ0) ʘʢʮʝʧʪʦʨʘ, ʚʟʷʪʦʛʦ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ  

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʮʝʧʪʦʨʘ ʵʥʝʨʛʠʠ [ʂʌ] 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʠ ʢʨʝʟʠʣʦʚʳʤ ʬʠʦʣʝʪʦʚʳʤ ʯʝʨʝʟ ʩʪʝʥʢʫ ʤʠʮʝʣʣʳ ʙʳʣʠ 

ʦʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʤʠʮʝʣʣ ʢʘʢ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʵʥʝʨ-

ʛʠʠ ï 2,3 ʥʤ. ʇʨʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʢʮʝʧʪʦʨʘ ʵʥʝʨʛʠʠ ï ʢʨʘʩʠʪʝʣʷ ʢʨʝʟʠʣʦʚʦʛʦ ʬʠʦʣʝʪʦʚʦʛʦ ï ʦʧʨʝʜʝ-

ʣʝʥʦ ʘʛʨʝʛʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʜʣʷ ʤʠʮʝʣʣ ʩ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ 

n = 52.  
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 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ. ʆʙʥʘʨʫʞʝʥʦ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʚ ʧʣʝʥʢʘʭ ʇɺʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʠʪ-

ʪʝʨʙʠʷ, ʘ ʪʘʢʞʝ ʚ ʧʣʝʥʢʘʭ ʇɺɹ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ 

ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʫʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʲʷʩʥʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʦʡ ʧʦʨ-

ʬʠʨʠʥʘ ʠ ʠʦʥʦʤ ʠʪʪʝʨʙʠʷ 
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ʇʦʨʬʠʨʠʥʳ ï ʵʪʦ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʡ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʨʬʠʨʠʥʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʨʦʚʠ, ʭʣʦʨʦʬʠʣʣʘ, ʥʝʢʦʪʦʨʳʭ ʬʝʨʤʝʥ-

ʪʦʚ. ʇʦʨʬʠʨʠʥʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ, ʢʨʘʩʠʪʝʣʝʡ, 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ʈʘʟʣʠʯʥʳʝ ʧʦʨʬʠʨʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [1, 2]. 

ɺ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʨʬʠʨʠʥʳ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦ-

ʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʠ ʦʜʠʥʦʯʥʳʭ ʢʣʝʪʦʢ [3]. ʇʦ ʠʟ-

ʤʝʥʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʦʚ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩʝʥʩʦʨʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ [4]. ʊʘʢʞʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʨ-

ʬʠʨʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ [5, 6].  

ʆʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ ʧʦʨʬʠʨʠʥʦʚ ʩ ʠʦʥʘʤʠ ʨʝʜʢʦʟʝ-

ʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟ ʛʨʫʧʧʳ ʣʘʥʪʘʥʦʠʜʦʚ. ʄʦʣʝʢʫʣʘ ʧʦʨʬʠʨʠʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ çʘʥʪʝʥʥʳè ʜʣʷ ʫʩʠʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ 

ʠʦʥʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣʳ ʧʦʨʬʠʨʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʠʦʥʘ, 

ʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ ʥʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʨʠʩ 1.) [7].  

ʀʟ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʘʣʣ ʠʪʪʝʨʙʠʡ, ʪʘʢ ʢʘʢ ʚ ʦʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʝʛʦ ʠʦʥ Yb3+ ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦʡ ʣʠʥʠʝʡ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 980 

ʥʤ (ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ), ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʷ 
2
F5/2 

ʥʘ ʚʦʟʙʫʞʜʝʥʥʳʡ ʫʨʦʚʝʥʴ 
2
F7/2 [7].  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ ʛʨʫʧʧʳ ʣʘʥʪʘʥʦʠʜʦʚ  

ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʳ [7] 
 

ʂʨʦʤʝ ʵʪʦʛʦ, ʚʦʟʤʦʞʥʳ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦ-

ʣʝʢʫʣ ʩ ʤʝʪʘʣʣʘʤʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʪʫʰʝʥʠʝ ʠʣʠ ʧʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ Porphyrin I (C40H42N5O7), ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ ʵʪʠʦʧʦʨ-

ʬʠʨʠʥʦʚ, ʩ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ ʄ=704,80 ʛ/ʤʦʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ Sigma-Aldrich. ʉʥʘʯʘʣʘ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʨʬʠʨʠʥʘ (ʉ=3.5Ŀ10
-4
 ʄ) ʠ Yb(NO3)3 (ʉ=10

-2
 ʄ). ʈʘʩ-
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ʪʚʦʨ ʠʦʥʦʚ Yb(NO3)3 ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠʪʪʝʨʙʠʷ ʚ 

30 % ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ.  

 

Yb+6HNO3ŸYb(NO3)3+3NO2+3H2O 

 

ɼʘʣʝʝ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʉ=40Á ʜʦ ʧʦʣʥʦʛʦ ʚʳʧʘʨʠʚʘʥʠʷ ʢʠʩʣʦʪʳ ʠ ʜʦʙʘʚ-

ʣʷʣʠ ʚʦʜʫ. ɺ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʩʦʣʝʡ ʠʪʪʝʨʙʠʷ ʥʘ ʠʦʥʳ  

 

Yb(NO3)3ŸYb
3+

+3NO3
- 

 

ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ Yb(NO3)3ĀnH2O. ɺ ʟʘʢʣʶʯʝʥʠʠ ʨʘʩʪʚʦʨ 

ʩʪʘʥʦʚʠʣʩʷ ʧʨʦʟʨʘʯʥʳʤ, ʩ ʫʨʦʚʥʝʤ pHå6. ɼʘʣʝʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʧʦʨʬʠ-

ʨʠʥʘ ʩ ʠʦʥʘʤʠ Yb
3+
. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʬʠʨʠʥʘ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʉ= 10

-4
 ʄ, ʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʉ=10
-4
ï10

-3
 ʄ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩ-

ʪʚʦʨʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ) ʪʦʣʱʠʥʦʡ 

40 ʤʢʤ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʧʪʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠ ʊ=293 ʂ ʠ 77 ʂ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠʟʫʯʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-2600 

(ʗʧʦʥʠʷ). 

ʉʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʫʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ Fluorolog-3 ʬʠʨʤʳ Horiba (ʗʧʦʥʠʷ), ʦʩʥʘʱʝʥʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʠʤʧʫʣʴʩʥʦʡ 

ʢʩʝʥʦʥʦʚʳʤʠ ʣʘʤʧʘʤʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣ 

ʧʦʨʬʠʨʠʥʘ ʩ ʠʦʥʘʤʠ ʠʪʪʝʨʙʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʜʠʦʜ çNanoLedè ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ=405 ʥʤ.  

ʀʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ Yb(NO3)3 ʚʠʜʥʦ, ʯʪʦ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘ-

ʩʪʠ ʨʘʩʪʚʦʨ ʧʨʦʟʨʘʯʥʳʡ, ʥʦ ʚ ʙʣʠʞʥʝʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ 

ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 280 ʥʤ, ʥʝ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ Yb
3+ 
(ʨʠʩ. 2). 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʦʛʣʦʱʝʥʠʝʤ ʥʝʨʘʩʪʚʦʨʝʥʥʳʭ 

ʩʦʣʝʡ ʠʪʪʝʨʙʠʷ. ʊʦʛʜʘ ʧʦʤʠʤʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʧʦʨʬʠʨʠʥʘ ʥʘ ʠʦʥ ʤʦʞʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʝʨʘʩʪʚʦʨʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘʤʠ ʠʪʪʝʨʙʠʷ.  

 

 
ʈʠʩ. 2. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʘ Yb(NO3)3 (ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʪʪʝʨʙʠʷ ʉ=10

-2
 ʄ) 

 

ɼʘʣʝʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʣʝʥʦʢ 

ʇɺʉ ʧʦʨʬʠʨʠʥʘ ʩ ʠʦʥʘʤʠ ʠʪʪʝʨʙʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 420 ʥʤ (ʧʦʣʦʩʘ 

ʉʦʨʝ ʧʦʛʣʦʱʝʥʠʷ ʧʦʨʬʠʨʠʥʘ). ʇʣʝʥʢʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʠ ʧʦʨʬʠʨʠʥʘ ʠʤʝʝʪ ʜʚʘ ʯʝʪʢʠʭ ʤʘʢʩʠʤʫʤʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʥʘ 618 ʥʤ ʠ 675 ʥʤ  

(ʨʠʩ. 3). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʚʠʜʥʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ  
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(ʨʠʩ. 4). ʇʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ ʠʟʤʝʨʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ. 

 

 
ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʩ ʠʦʥʘʤʠ ʠʪʪʝʨʙʠʷ ʚ ʇɺʉ ʧʨʠ ʢʦʤʥʘʪʥʦʡ  

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ɚʚʦʟʙ=420 ʥʤ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ  

ʧʦʨʬʠʨʠʥʘ ʉʧʦʨʬ=10
-4
 ʄ, ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ: 10

-4
 ʄ (ʯʝʨʥʘʷ ʢʨʠʚʘʷ), 5 10

-4
 ʄ  

(ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) 10
-3
 (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ).ʕʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ ʙʝʟ ʠʪʪʝʨʙʠʷ ï ʩʠʥʷʷ ʢʨʠʚʘʷ 

 

 

 
ʈʠʩ. 4. ʉʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ T=77K 

 

ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙ-

ʨʘʟʮʦʚ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʵʢʩʧʦʥʝʥʪʦʡ, ʧʦʵʪʦʤʫ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʤʦʣʝʢʫʣʳ ʧʦʨʬʠʨʠʥʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ. ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʯʠʩʪʦʛʦ ʧʦʨʬʠʨʠʥʘ ʚ ʧʣʝʥʢʝ ʇɺʉ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʜʣʠʥʦʡ ʚʦʣʥʳ 420 ʥʤ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 685 ʥʤ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʧʦʨʬʠʨʠʥʘ ʦʢʘʟʘ-

ʣʦʩʴ ʨʘʚʥʳʤ Ű= 9 ʥʩ.  
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ʈʠʩ. 5. ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʥʘ ɚ=685 ʥʤ ʚ ʧʣʝʥʢʝ ʇɺʉ 

 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʨʬʠʨʠ-

ʥʘ ʩ ʠʦʥʘʤʠ ʠʪʪʝʨʙʠʷ ʚ ʧʣʝʥʢʘʭ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʷ (ʇɺɹ).  

ʉʥʘʯʘʣʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʨʬʠʨʠʥʘ (ʉ=3.5Ŀ10
-4

 ʄ) ʠ 

YbCl3 (ʉ=10
-2

 ʄ). ʈʘʩʪʚʦʨʳ ʠʦʥʦʚ YbCl3 ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣ-

ʣʠʯʝʩʢʦʛʦ ʠʪʪʝʨʙʠʷ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ. ɼʘʣʝʝ ʨʘʩʪʚʦʨʳ ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʉ=40Á ʜʦ ʧʦʣʥʦ-

ʛʦ ʚʳʧʘʨʠʚʘʥʠʷ ʢʠʩʣʦʪ ʠ ʜʦʙʘʚʣʷʣʠ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. ɼʘʣʝʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʩʪʚʦ-

ʨʳ ʧʦʨʬʠʨʠʥʘ ʩ ʠʦʥʘʤʠ Yb
3+
. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʬʠʨʠʥʘ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʉ= 10

-4
 

ʄ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʉ=10
-4
ï10

-3
 ʄ. ʀʟ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʇɺɹ ʪʦʣʱʠʥʦʡ 40 ʤʢʤ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʧʣʝʥʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʧʪʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠ ʊ=293 ʂ.  

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʤʦʥʦʪʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʦʨʬʠʨʠʥʘ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ ʚ ʧʣʝʥʢʘʭ 

ʇɺɹ. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʇʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ ʠʪ-

ʪʝʨʙʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʘ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʤʷ 

ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

 

ʊʘʙʣʠʮʘ 

ɺʨʝʤʷ ʞʠʟʥʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʨʬʠʨʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ 

ʠʪʪʝʨʙʠʷ ʚ ʦʙʨʘʟʮʝ 

 
ˉ ʦʙʨʘʟʮʘ ɺʝʱʝʩʪʚʦ ʚ ʧʣʝʥʢʝ ʇɺɹ ŰS, ʥʩ 

0 ʧʦʨʬʠʨʠʥ 3,42 

1 ʧʦʨʬʠʨʠʥ +YbCl3 

(CYb=0,25Ā10
-3
 M) 

3,30 

2 ʧʦʨʬʠʨʠʥ +YbCl3 

(CYb=0,5Ā10
-3
 M) 

2,18 

3 ʧʦʨʬʠʨʠʥ +YbCl3  

(CYb=10
-3
 M)  

4,14 

 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʦʥʢʫʨʝʥʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʨʬʠʨʠʥʦʤ ʠ ʠʦʥʘʤʠ ʠʪʪʝʨʙʠʷ, ʘ ʪʘʢʞʝ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʦʣʝʡ 

ʠʪʪʝʨʙʠʷ. ʇʨʠ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʪʪʝʨʙʠʷ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʧʦʨʬʠʨʠʥʘ 

ʥʘ ʠʦʥ ʠʪʪʝʨʙʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʪʪʝʨʙʠʝʤ. 

ɸ ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʪʪʝʨʙʠʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʨʬʠʨʠʥʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʫʩʠ-
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ʣʠʚʘʝʪʩʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʧʦʨʬʠʨʠʥʘ, ʪʘʢ ʢʘʢ ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʘʙʦʪʝ ʚʭʦʜʠʪ 

ʚ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ ʩʦʣʝʡ ʠʪʪʝʨʙʠʷ. 
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ɸʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʩʦʣʠʪʦʥʦʧʦʜʦʙʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʨʝʞʠʤʝ ʪʫʥʥʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʘʤʦʨʘʩʩʝʷʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʘ 

ʚʟʘʠʤʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʵʪʠʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʛʥʘʣʘ.  

ʇʦʣʫʯʝʥʦ ʷʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩ ʩʪʘʙʠʣʠʟʘʮʠʠ 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʥʦʚʳʝ ʬʦʪʦʥʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ (ʌʂɺ) çʢʘʛʦʤʝè ʪʠʧʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʧʨʦ-

ʧʫʩʢʘʥʠʷ, ʚʢʣʶʯʘʶʱʫʶ ʚʩʶ ʚʠʜʠʤʫʶ ʠ ʠʥʬʨʘʢʨʘʩʥʫʶ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʥʠʟʢʫʶ ʘʥʦ-

ʤʘʣʴʥʫʶ ʜʠʩʧʝʨʩʠʶ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɼʠʩ-

ʧʝʨʩʠʷ ʪʘʢʠʭ ʚʦʣʦʢʦʥ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʠʩʧʝʨʩʠʠ ʩʘʤʦʛʦ ʚʦʣʦʢʥʘ ʠ ʛʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʪʴ ʝʝ ʟʘ ʩʯʝʪ ʜʘʚʣʝʥʠʷ ʛʘʟʘ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʧʝʢʪʨ ʠʤʧʫʣʴʩʘ ʩʤʝʱʘʝʪʩʷ 

ʚ ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʟʘ ʩʯʝʪ ʠʦʥʠʟʘʮʠʠ ʩʚʦ-

ʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚʥʦʩʷʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʚʳʥʫʞʜʝʥʥʦʤʫ ʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʩʘʤʦʨʘʩʩʝʷʥʠʶ (ɺʂʉ), ʢʦʪʦʨʦʝ ʚʳ-

ʟʳʚʘʝʪ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʤʧʫʣʴʩʦʚ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʚ ʌʂɺ çʢʘʛʦʤʝè ʪʠʧʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʘʙʦʪʘʭ [1, 

2]. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʦʣʠʪʦʥʘ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʪʘʢʦʡ ʞʝ, ʯʪʦ ʠ ʥʘ ʚʭʦʜʝ ʚ ʚʦʣʦʢʥʦ. 

ɽʩʣʠ ʢʦʤʧʝʥʩʘʮʠʷ ʥʝ ʧʦʣʥʘʷ, ʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʤʝʱʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʚ 

ʢʨʘʩʥʫʶ ʠʣʠ ʬʠʦʣʝʪʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʦ-

ʤʝʥʪʦʚ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ [1, 2]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠʤʧʫʣʴʩ 

ʙʫʜʝʪ ʚʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʢʦʛʜʘ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦ 

ʧʦʩʪʦʷʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʫʯʝʪ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪ 

ʠʦʥʠʟʘʮʠʶ. 

 

ʄʝʪʦʜ ʤʦʤʝʥʪʦʚ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ɼʠʥʘʤʠʢʘ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʌʂɺ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚ-

ʥʝʥʠʝʤ [1, 2] 
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ɿʜʝʩʴ k-ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, z-ʦʩʴ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʠʛʥʘʣ, 

/ gt z vt= - -ʚʨʝʤʷ ʚ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, gv -ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠʤ-

ʧʫʣʴʩʘ ʥʘ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ w, h-ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʫʥʥʝʣʴʥʫʶ  

ʠʦʥʠʟʘʮʠʶ, ʘ b-ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʛʣʦʱʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʠʦʥʠʟʘʮʠʶ, 2b- ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ (ɼɻʉ), 3b-ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʜʠʩʧʝʨʩʠʶ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ g-ʢʦʵʬʬʠʮʠʝʥʪ ʢʫʙʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦ-

ʩʪʠ, 
RT -ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʢʣʘʜ ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʂʦʵʬʬʠʮʠ-

ʝʥʪ 2b  ʧʦʣʦʞʠʪʝʣʝʥ, ʝʩʣʠ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʥʦʨʤʘʣʴʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʪʨʠʮʘʪʝʣʝʥ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ. ɼʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʠʤʧʫʣʴʩʦʚ, ʠʤʝʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʨʝʚʦʩʭʦʜʷʱʫʶ 

ʧʦʨʦʛʦʚʫʶ ʪʘʢ, ʯʪʦ ʧʦʩʣʝʜʥʝʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʜʠʥʘʤʠʢʠ ʩʠʛʥʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʛʣʦʱʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʠʦʥʠʟʘ-

ʮʠʶ, ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʪʘʢ, ʯʪʦ ʙʝʟʧʦʨʦʛʦʚʦʝ ʧʨʠʙʣʠ-

ʞʝʥʠʝ ʩʪʘʥʝʪ ʥʝʧʨʠʤʝʥʠʤʳʤ. 

ʄʝʜʣʝʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʦʛʠʙʘʶʱʘʷ y ʩʚʷʟʘʥʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠʤʧʫʣʴʩʘ 

E ʩʦʦʪʥʦʰʝʥʠʝ 
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ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʦʤʝʥʪʦʚ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʩʦʣʠʪʦʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʢʦʛʜʘ ʦʛʠʙʘʶʱʘʷ ʠʤ-

ʧʫʣʴʩʘ ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʝʢʘʥʩʘ [17] 

          ( )
( )

2

2
sech exp

2p p

TT
B i T C

tt
y f t

t t

è øå õå õ --
é ù= +W - -æ öæ öæ ö æ öé ùç ÷ ç ÷ê ú

,                    (3) 

ʛʜʝ B-ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, pt-ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ, C-ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʡ ʯʘʩʪʦʪʥʫʶ ʤʦʜʫʣʷʮʠʶ, T-ʚʨʝʤʝʥʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ, f-ʬʘʟʘ ʠ W-ʩʤʝʱʝʥʠʝ 
ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z. ʆʧʨʝʜʝʣʠʤ 
ʤʦʤʝʥʪʳ ʠʤʧʫʣʴʩʘ, ʩʣʝʜʫʷ ʨʘʙʦʪʝ [17] ʚ ʚʠʜʝ 
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ʛʜʝ -E ʧʘʨʘʤʝʪʨ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʯʠʩʣʫ ʬʦʪʦʥʦʚ, 
2 2 212 /pt s p= , 

212 /C ʉ p= . ɼʠʬʬʝʨʝʥʮʠʨʫʷ (4)ï(8) ʧʦ ʢʦʦʨʜʠʥʘʪʝ z ʠ ʠʩʧʦʣʴʟʫʷ (1), ʧʦʣʫʯʘʝʤ ʩʠ-

ʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 
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ʋʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʜʠʥʘʤʠʢʫ ʬʘʟʳ f ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʥʝʷʚʥʦʤ ʚʠʜʝ 
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.                                           (14) 

ʇʦʜʩʪʘʚʣʷʷ ʧʨʦʙʥʫʶ ʬʫʥʢʮʠʶ (3) ʚ (9)ï(13) ʠ ʠʥʪʝʛʨʠʨʫʷ ʧʦ t, ʧʦʣʫʯʘʝʤ ʩʠ-

ʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʘ 

                                                        zE Eb=-                                                         (15) 

                                         
3
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,                                     (16) 
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                                                      ( )
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                ( )
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4 / 2
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p p

dʉ ʉ E

dz

p g
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t p t w

å õ+ Wå õ
= - W + -æ ö æ öæ ö ç ÷ç ÷

,                           (19) 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʵʚʦʣʶʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 
pt  ʠ W ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. ʀʩʧʦʣʴʟʫʷ (18) ʠ ʧʦʣʘʛʘʷ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ C  ʥʫʣʶ, ʠʟ (19) ʧʦʣʫʯʘʝʤ 

                                  
2

3 2

1
2

pEgtb

b b

å õ
W= -æ öæ ö

ç ÷
.                                                                (20) 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʨʘʚʥʦ ʥʫʣʶ  

( 0 0W =), ʪʦ ʠʟ (20) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʷ ʠʤ-

ʧʫʣʴʩʘ 0E , ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʩʦʣʠʪʦʥʘ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ 0 2 02 /E b gt= . ɿʜʝʩʴ 0t-ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ. 
ʇʦʜʩʪʘʚʣʷʷ (20) ʚ (16) ʫʯʠʪʳʚʘʷ (15) ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʧʨʦʠʟʚʦʜʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʧʦʣʫ-

ʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʡ  ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ 0/pu t t=  

                                          
3 2 4u u a bu ub¡= - + ,                                                  (21) 

ʛʜʝ 
4

3 08 /15Ra Tb t=  ʠ 
2

3 02 / 3b hb gt= -ʦʙʨʘʪʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʠʥʳ ɺʂʉ ʠ 

ʬʦʪʦʠʦʥʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʤʳ ʧʨʝʥʝʙʨʝʞʝʤ ʧʦʛʣʦʱʝʥʠʝʤ (0bº ), ʪʦ ʫʨʘʚ-

ʥʝʥʠʝ (21) ʠʤʝʝʪ ʨʝʰʝʥʠʝ 

                                              

2
2 1 ln 2

a bu a
u bz

b b a

-
- + =-

-
.                                 (22) 

ɺʳʨʘʞʝʥʠʝ (22) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚʧʣʦʪʴ ʜʦ ʪʦʯʢʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ 

                                                            st

a
u

b
= .                                             (23) 

ɸʚʪʦʨʳ ʨʘʙʦʪ [1, 2] ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ a b= , ʪʦ 
ʠʤʧʫʣʴʩ ʩʨʘʟʫ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ʆʜʥʘʢʦ, ʠʟ ʘʥʘʣʠʟʘ (22) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʚ [1, 2] ʧʨʠʙʣʠʞʝʥʠʷ ʬʦʨʤʘʣʴʥʦ ʨʝʞʠʤ ʠʦʥʠʟʘʮʠʠ ʙʫʜʝʪ ʥʘʩʪʫʧʘʪʴ ʚʩʝʛʜʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʚʢʣʘʜ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪ ʠʦʥʠʟʘʮʠʶ. ʋʯʝʪ 

ʧʦʩʣʝʜʥʝʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ (21) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʧʨʘʚʘʷ ʯʘʩʪʴ (21) 

ʥʝ ʠʤʝʝʪ ʢʦʨʥʝʡ 
2 4b ab<  ʨʝʰʝʥʠʝ (21) ʠʤʝʝʪ ʚʠʜ: 

                                     

4 2

2 ln
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= +
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b b

b b b

å õ- -
+ -æ ö

æ ö- - -ç ÷

.                    (24) 

ʕʪʦ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʦʧʠʩʳʚʘʝʪ ʫʚʝ-

ʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝ ʧʨʠʙʣʠʟʠʪʩʷ ʢ 

ʧʦʨʦʛʦʚʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ 
2 4b ab> . ʊʦʛʜʘ ʨʝʰʝʥʠʝ (21) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ɿʜʝʩʴ 1u  ʠ 2u - ʥʫʣʠ ʧʨʘʚʦʡ ʯʘʩʪʠ (21) 
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b b a
u

b

b

° -
= .                                               (26) 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ 2u  ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʠʛʥʘʣʘ. ɽʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ 
2 4b ab>> , ʪʦ 2u  ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ (23), ʢʦʪʦʨʦʝ ʧʦʣʫʯʝʥʦ ʙʝʟ ʫʯʝʪʘ ʧʦʛʣʦʱʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʨʝʞʠʤʝ ɺʂʉ 

ʠ ʪʫʥʥʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʠʦʥʠʟʘʮʠʶ. ʇʦ-

ʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʠʦʥʠʟʘʮʠʠ ʚʝʜʝʪ ʢ ʩʠʥʝʤʫ ʩʜʚʠʛʫ ʩʧʝʢʪʨʘ ʠʤʧʫʣʴʩʘ, ʘ ɺʂʉ ʚʳʟʳʚʘʝʪ 

ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ, ʪʦ ʦʙʘ ʵʬʬʝʢʪʘ ʤʦʛʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʩʠʛʥʘʣʘ. ɺʩʣʝʜ ʟʘ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [1, 2] ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʛʥʘʣʘ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʦʤʝʥʪʦʚ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʞʠʤ ʜʠʥʘʤʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ. 

ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʪʘʙʠʣʠʟʘʮʠ-

ʦʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʠ ʧʦʣʫʯʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʝʪ ʠʛʨʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʨʦʣʴ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʛʣʦʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʠʛʥʘʣʘ ʥʦʩʠʪ 

ʚʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʩʦ ʚʨʝʤʝʥʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʦʣʠ ʠʦʥʠʟʘʮʠʠ ʠ ʥʘʨʫʰʝʥʠʶ ʧʨʠʙʣʠʞʝʥʠʷ 

ʥʫʣʝʚʦʛʦ ʧʦʨʦʛʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 16-02-00453ʘ).  
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Dynamics of the soliton-like pulses propagation in the rʝgime of tunnel ionization with 

influence of ionization-induced losses and stimulated Raman self-scattering is analytically 

described. It is shown that mutual compensation of these effects leads to stabilization of signal 

parameters and corresponding formulas for the pulse duration are obtained. 

mailto:slavasxi@gmail.com


53 
 
 

ʉɽʂʎʀʗ çʍʀʄʀʗ ʂʆʄʇʃɽʂʉʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  

ʇʈʀʈʆɼʅʆɻʆ ʉʓʈʔʗè 

 

SECTION "CHEMISTRY OF  INTEGRATED TECHNOLOGIES   

OF NATURAL RAW MATERIAL " 
 

 

ʋɼʂ 54.057 

  

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʍʀʈɸʃʔʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʉʦ(III) 

ɸʈʆʄɸʊʀʏɽʉʂʀʍ ʆʂʉʀɸʃʔɼɽɻʀɼʆɺ ʀ ʅɽʂʆʊʆʈʓʍ ɸʄʀʅʆʂʀʉʃʆʊ 

 
1,2 
ɹʫʣʳʯʝʚ ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ 

1 
ʅʠʞʥʠʢʦʚʘ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ 

2 
ʈʘʬʠʘʣʠʟʘʜʝ ʈʘʬʠʘʣʠ ʕʣʴʭʘʥ ʆʛʣʳ, ʩʪʫʜʝʥʪ 

2 
ʍʦʤʫʪʝʮʢʘʷ ɸʣʝʢʩʘʥʜʨʘ ʉʝʨʛʝʝʚʥʘ, ʩʪʫʜʝʥʪʢʘ 

2 
ɸʥʦʭʦʚʘ ɺʝʨʦʥʠʢʘ ɼʤʠʪʨʠʝʚʥʘ, ʩʪʫʜʝʥʪʢʘ 

 
1 
ʌɻɹʆʋ ɺʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: nizhnikova6462@mail.ru  
2 
ʌɻɸʆʋ ɺʆ çɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘè 

ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, e-mail: a_bulychev@mail.ru 

 

 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʠʦʥʘ Co(III) ʘʥʠʦʥʥʦʡ ʧʨʠʨʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʭ ʦʢʩʠʘʣʴʜʝʛʠʜʦʚ, ʥʘ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʢʘʪʠʦʥ ʥʘʪʨʠʷ, ʧʨʦʷʚʣʷʶ-

ʱʝʛʦ ʢʠʩʣʦʪʥʦʩʪʴ ʃʴʶʠʩʘ, ʠ ʠʟʫʯʝʥʳ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʦʣʦ 90 % ʚʩʝʭ ʤʦʣʝʢʫʣ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʧʨʠʨʦʜʝ, ʷʚʣʷʶʪʩʷ ʭʠ-

ʨʘʣʴʥʳʤʠ. ʍʠʨʘʣʴʥʦʩʪʴ - ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʙʠʦʩʠʩʪʝʤ, ʠ ʠʤʝʥʥʦ ʦʥʘ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʦʩʥʦʚʝ ʚʘʞʥʝʡʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʣʝʪʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ʩ ʩʫʙʩʪʨʘʪʦʤ, ʛʜʝ ʨʝʮʝʧʪʦʨ ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʥʦʡ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʢʣʶʯʘʷ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ ʩʫʙʩʪʨʘʪʦʤ. ʊʘ-

ʢʦʡ ʞʝ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʤ ʩʨʝʜʩʪʚʘʤ (ʃʉ), ʛʜʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʝʧʘʨʘʪʘ ʟʘʜʘʶʪʩʷ ʩʪʝʨʝʦʩʧʝ-

ʮʠʬʠʯʥʦʩʪʴʶ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝʮʝʧʪʦʨʦʤ.  

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʪʝʨʝʦʠʟʦʤʝʨʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʭʠʤʠʯʝʩʢʦ-

ʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʵʥʘʥʪʠʦʤʝʨʳ ʭʠʨʘʣʴʥʦʛʦ ʙʠʦʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ. ʅʘʧʨʠʤʝʨ, (S)-ʘʤʣʦʜʠʧʠʥ ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʘʥʛʠʥʘʣʴʥʦʝ ʠ ʛʠʧʦʪʝʥ-

ʟʠʚʥʦʝ ʜʝʡʩʪʚʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ (R)-ʠʟʦʤʝʨ ʜʝʡʩʪʚʫʝʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʙʣʦʢʠ-

ʨʫʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ (S)-ʠʟʦʤʝʨʘ [1]. ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʳ 

ʥʝʛʘʪʠʚʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʚʝʜʰʝʛʦ ʢ ʪʨʘʛʠʯʝ-

ʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʊʘʢ, ʚ 50-60 ʛʛ. ʍʍ ʚʝʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʝʤʘ ʨʘʮʝʤʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʃʉ çThalidomideè ʙʝʨʝʤʝʥʥʳʤʠ ʞʝʥʱʠʥʘʤʠ ʨʦʜʠʣʦʩʴ ʙʦʣʝʝ 10000 ʜʝʪʝʡ ʩ ʚʨʦʞʜʝʥ-

ʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠ ʧʦʨʦʢʘʤʠ ʨʘʟʚʠʪʠʷ, ʧʦʣʦʚʠʥʘ ʠʟ ʢʦʪʦʨʳʭ ʥʝ 
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ʜʦʞʠʣʠ ʜʦ 1 ʛʦʜʘ [2]. (R)-ʠʟʦʤʝʨ ʜʘʥʥʦʛʦ ʃʉ ʦʙʣʘʜʘʝʪ ʩʝʜʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʘ 

ʠʤʝʶʱʠʡʩʷ ʚ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ (S)-ʠʟʦʤʝʨ ï ʪʝʨʘʪʦʛʝʥʥʳʤ.  

ɼʦʙʘʚʦʯʥʳʝ ʠʟʦʤʝʨʳ ʚ ʩʤʝʩʠ ʩʯʠʪʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʠ, ʩʦʛʣʘʩ-

ʥʦ ʜʠʨʝʢʪʠʚʝ, ʧʨʠʥʷʪʦʡ ʚ 1992 ʛʦʜʫ ɽʚʨʦʧʝʡʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ (EMA), ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʢʘʞʜʦ-

ʛʦ ʠʟ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʙʠʦʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʝʜʠʮʠʥʝ, ʜʦʣʞʥʦ 

ʙʳʪɹ ʦʪʜʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ [3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʦʣʦ 15 % ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʃʉ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʪʳʤʠ ʵʥʘʥʪʠʦʤʝʨʘʤʠ, ʦʜʥʘʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʭʠʨʘʣʴʥʳʭ ʃʉ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʮʝʤʘʪʦʚ [1].  

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʯʘʩʪʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʵʥʘʥʪʠʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʚ ʨʷʜʫ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʡ 

ʢʘʪʘʣʠʟ [4, 5].  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʳ ʠʦʥʘ Co(III) ʘʥʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʥʘ ʦʩʥʦʚʝ 

ʙʠʦʘʢʪʠʚʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥʳ ʩʝʨʝʙʨʘ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦ 

ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ. ɺʧʝʨʚʳʝ ʧʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʳ ʖ.ʅ. ɹʝʣʦʢʦʥʝʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ [6-12]. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʦʥʥʳʝ ʧʘʨʳ ï ʭʠʨʘʣʴʥʳʡ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʠ ʘʭʠ-

ʨʘʣʴʥʳʡ ʢʘʪʠʦʥ, ʷʚʣʷʶʱʠʝʩʷ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ/ɹʨʝʥʩʪʝʜʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʢʘʪʠʦʥʘ). ʂʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʷʭ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚ-

ʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʨʠʤʝʪʠʣʩʠʣʠʣʮʠʘʥʠʜʘ ʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʘʣʴʜʝ-

ʛʠʜʘʤ [6-10]), ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʄʠʭʘʵʣʶ [11], ʨʝʘʢʮʠʠ ʘʟʘ-ɼʠʣʴʩ-ɸʣʴʜʝʨʘ [12]]. ʇʨʠ 

ʵʪʦʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʜʦ 99 %) ʠ ʩʪʝʨʝʦʠʥʜʫʢʮʠʷ (ʝʝ ʜʦ 80 %). 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʜʝ ʢʦʤʧʣʝʢʩʳ ʠʦʥʘ Co(III) ʘʥʠʦʥ-

ʥʦʡ ʧʨʠʨʦʜʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʭʠʨʘʣʴʥʳʝ ʤʝʞʬʘʟʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʵʥʘʥʪʠʦʩʝ-

ʣʝʢʪʠʚʥʦʡ ʨʝʘʢʮʠʠ ʙʨʦʤʦʘʤʠʥʦʮʠʢʣʠʟʘʮʠʶ ʦʣʝʬʠʥʦʚ [13] ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʡ ʨʝʘʢ-

ʮʠʠ ʇʦʚʘʨʦʚʘ [14, 15]. ʇʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʜʦ 99 %) ʠ ʵʥʘʥ-

ʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (dr 20:1, er ʜʦ 99 %).  

ʎʝʣʴ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʭʠʨʘʣʴʥʳʭ ʘʥʠʦʥʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ Co(III) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 

 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʧʝʢʪʨʳ 
1
ʅ ʗʄʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ çVarian, 400 MHzè (400 

ʄɻʮ) ʠ çBruker 400 MHzè (400 ʄɻʮ). ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʠʟʤʝʨʝʥʳ ʚ ʰʢʘʣʝ ŭ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʩʠʛʥʘʣʘ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʪʦʥʦʚ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝʡ ʧʨʠʤʝʥʷʣʠʩʴ D2O, DMSO-mixt, DMSO-d6.  

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʪʘʙʣʝʪʢʘʭ KBr ʥʘ ʧʨʠʙʦʨʝ çBrukerè ʚ ʦʙʣʘʩʪʠ 

4000-400 ʩʤ
-1

.  

ʆʧʪʠʯʝʩʢʠʝ ʫʛʣʳ ʚʨʘʱʝʥʠʷ ʠʟʤʝʨʷʣʠ ʥʘ ʧʦʣʷʨʠʤʝʪʨʝ çPerkinïElmer 341è ʚ ʢʶ-

ʚʝʪʝ (l = 10 ʩʤ) ʧʨʠ 20 Áʉ.  

ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ çEltctrothermal Mel-Temp 3.0è ʚ 

ʦʪʢʨʳʪʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʪʨʫʙʢʘʭ ʠ ʥʝ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʨʙʝʥ-

ʪʳ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʜʣʷ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (çCAMAGè), ʩʠʣʠʢʘʛʝʣʴ Kieselgel 

60 (çMerckè) ʠ Sephadex LH-20 (çPharmaciaè) ʜʣʷ ʛʝʣʴ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

 

1.1. ʉʠʥʪʝʟ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

1.1.1. ʉʠʥʪʝʟ ʪʨʠʢʘʨʙʦʢʩʠʢʦʙʘʣʴʪʘʪʘ ʥʘʪʨʠʷ 

ʇʦʣʫʯʘʣʠ ï Na3[Co(CO3)3]Ĭ3H2O ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [16] ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 

(ʨʠʩ. 1): 
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʪʨʠʢʘʨʙʦʢʩʠʢʦʙʘʣʴʪʘʪʘ ʥʘʪʨʠʷ 

 

ɺ 100-ʤʠʣʣʠʣʠʪʨʦʚʫʶ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʰʝʩʪʠʰʘʨʠ-

ʢʦʚʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʜʣʠʥʦʡ 300 ʤʤ, ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ, ʧʦʤʝʱʘʣʠ 10,50 ʛ (126,5 

ʤʤʦʣʴ) NaHCO3 ʚ 12,5 ʤʣ H2O. ʇʫʩʢʘʣʠ ʚ ʭʦʜ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʠ ʢ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 0 Áʉ ʧʦ ʢʘʧʣʷʤ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 7,27 ʛ (25 ʤʤʦʣʴ) 

Co(NO3)2Ĭ6H2O ʚ 12,5 ʤʣ H2O ʠ 5 ʤʣ 30 % H2O2. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ. ɺʳʧʘʚʰʠʡ ʟʝʣʝʥʳʡ ʦʩʘʜʦʢ ʬʠʣʴʪʨʦʚʘʣʠ ʚ ʚʦʨʦʥʢʝ ɹʶʭʥʝʨʘ ʧʨʠ ʧʦ-

ʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ɿʘʪʝʤ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʩʤʝʩʴʶ ʚʦʜʳ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʩʦʦʪ-

ʥʦʰʝʥʠʝʤ 1:1 (50 ʤʣ). ʇʦʩʣʝ ʯʝʛʦ ʦʩʪʘʚʣʷʣʠ ʩʫʰʠʪʴʩʷ ʚ ʚʘʢʫʫʤʥʦʤ ʵʢʩʠʢʘʪʦʨʝ, ʧʨʠ ʧʦ-

ʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʠʣʠ 6,2 ʛ (17 ʤʤʦʣʴ) (Na3[Co(CO3)3]Ĭ3H2O), ʧʨʦ-

ʜʫʢʪ ʪʝʤʥʦʛʦ ʦʣʠʚʢʦʚʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ɺʳʭʦʜ 70 %. ʊʧʣ.>300 Áʉ. 

 

1.1.2. ʉʠʥʪʝʟ 2-ʦʢʩʠ-1-ʥʘʬʪʦʡʥʥʦʛʦ ʘʣʴʜʝʛʠʜʘ 

ʇʦʣʫʯʘʣʠ 2-ʦʢʩʠ-1-ʥʘʪʬʘʣʴʜʝʛʠʜ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [17], ʨʠʩ. 2: 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 2-ʦʢʩʠ-1-ʥʘʬʪʦʡʥʦʛʦ ʘʣʴʜʝʛʠʜʘ 

 

ɺ 250-ʤʠʣʠʣʠʪʨʦʚʫʶ ʜʚʫʛʦʨʣʫʶ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʦʩʥʘʱʝʥʥʫʶ ʦʙʨʘʪʥʳʤ 

ʰʝʩʪʠʰʘʨʠʢʦʚʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʜʣʠʥʦʡ 400 ʤʤ, ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ ʠ ʢʘʧʝʣʴʥʦʡ 

ʚʦʨʦʥʢʦʡ, ʧʦʤʝʩʪʠʣʠ 15 ʛ (104,2 ʤʤʦʣʴ) 2-ʥʘʬʪʦʣʘ ʚ 45 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʙʳʩʪʨʦ ʜʦʙʘʚʣʷʣʠ ʢ ʩʦʜʝʨʞʠʤʦʤʫ ʢʦʣʙʳ ʨʘʩʪʚʦʨ 30 ʛ (75 ʤʤʦʣʴ) ʛʠʜʨʦʢ-

ʩʠʜʘ ʥʘʪʨʠʷ ʚ 62,25 ʤʣ ʚ ʚʦʜʝ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʥʘ ʤʘʩʣʷʥʦʡ 

ʙʘʥʝ ʜʦ 60-70 Áʉ ʠ ʧʨʠʙʘʚʣʷʣʠ ʢ ʥʝʡ ʧʦ ʢʘʧʣʷʤ ʭʣʦʨʦʬʦʨʤ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʝʘʢʮʠʷ 

ʥʘʯʘʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʘʛʨʝʚʝ ʥʝ ʙʳʣʦ. ʍʣʦʨʦʬʦʨʤ (17,887 ʛ; 151,5 ʤʤʦʣʴ) ʜʦʙʘʚ-

ʣʷʣʠ ʩ ʪʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʩʧʦʢʦʡʥʦʝ ʢʠʧʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦʩʣʝ ʧʨʠʙʘʚʣʝʥʠʷ ʚʩʝʛʦ ʭʣʦʨʦʬʦʨʤʘ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʜʦʣ-

ʞʘʣʠ ʚ ʪʝʯʝʥʠʝ ʝʱʸ 1 ʯʘʩʘ. ʀʟʙʳʪʦʢ ʩʧʠʨʪʘ ʠ ʭʣʦʨʦʬʦʨʤʘ ʦʪʛʦʥʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʟʘʤʝʥʠʚ ʦʙʨʘʪʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ʥʘ ʧʨʷʤʦʡ ʭʦʣʦʜʠʣʴʥʠʢ, ʠ ʧʨʦʜʦʣʞʘʣʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʝ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʦʭʣʘʞʜʘʣʠ, ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʚʚʦʜʠʣʠ 

ʧʦ ʢʘʧʣʷʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ (25,5 ʤʣ) ʜʦ ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʥʘ ʠʥʜʠ-

ʢʘʪʦʨʥʦʡ ʙʫʤʘʛʝ. ʂ ʚʳʜʝʣʠʚʰʝʤʫʩʷ ʤʘʩʣʷʥʠʩʪʦʤʫ ʚʝʱʝʩʪʚʫ ʜʦʙʘʚʣʷʣʠ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʯʪʦʙʳ ʨʘʩʪʚʦʨʠʣʩʷ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʭʣʦʨʠʜ 

ʥʘʪʨʠʡ, ʧʦʩʣʝ ʜʦʙʘʚʣʷʶʪ ʙʝʥʟʦʣ ʠ ʧʝʨʝʥʦʩʷʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 

ʩʫʣʴʬʘʪ ʤʘʛʥʠʷ ʜʣʷ ʦʩʫʰʝʥʠʷ. ʄʘʩʣʦ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʙʳʣʦ ʧʝʨʝʥʝʩʝʥʦ ʚ ʢʨʫʛʣʦʜʦʥ-

ʥʫʶ ʢʦʣʙʫ ʩ ʥʘʩʘʜʢʦʡ ɺʶʨʮʘ ʸʤʢʦʩʪʴʶ 150 ʤʣ. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʧʝʨʝʛʦʥʷʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʨʠ ʵʪʦʤ ʩʦʙʠʨʘʷ ʬʨʘʢʮʠʶ, ʢʠʧʷʱʫʶ ʧʨʠ 139-142 Áʉ/ 4 

ʤʤ.ʨʪ.ʩʪ. ʇʦʩʣʝ ʧʝʨʝʛʦʥʢʠ ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʦʢʨʘʰʝʥ ʚ ʞʝʣʪʳʡ ʮʚʝʪ. ʇʦʣʫʯʠ-

ʣʦʩʴ ʦʢʦʣʦ 8,6 ʛ ʧʨʦʜʫʢʪʘ ʩ ʊʧʣ. = 66-67 Áʉ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ 

ʩʤʝʩʠ ʮʠʢʣʦʛʝʢʩʘʥʘ ʠ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʩʦʦʪʥʦʰʝʥʠʝʤ 10:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʯʠʱʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʘʣʴʜʝʛʠʜ ʤʘʩʩʦʡ 6,372 ʛ (35,5 %) ʧʣʘʚʠʪʩʷ ʧʨʠ 74-76Áʉ. 
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1.1.3. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ 1-12 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [18] [8], ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʝʩʠ (0,375 ʤʤʦʣʴ) Na3[Co(CO3)3]Ĭ3H2O ʠ (1,25 ʤʤʦʣʴ) 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ EtOH ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ (1,25 ʤʤʦʣʴ) 2-ʦʢʩʠʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʜʝʛʠʜʘ 

(5-ʥʠʪʨʦʩʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ ʠʣʠ 2-ʦʢʩʠ-1-ʥʘʬʪʦʡʥʳʡ ʘʣʴʜʝʛʠʜ) ʧʦʣʫʯʘʣʠ ʧʨʦʜʫʢʪʳ 

ʪʝʤʥʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (ʨʠʩ. 3, ʪʘʙʣʠʮʘ). 

 

 
 

ʈʠʩ. 3. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Co(III ) 

 

ʊʘʙʣʠʮʘ  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 1-15 

 
ʐʠʬʨ 

ʢʦʤʧʣʝʢʩʘ 

ɿʘʤʝʩʪʠʪʝʣʴ R1 ɿʘʤʝʩʪʠʪʝʣʴ R2 ʂʦʥʬʠʛʫ-

ʨʘʮʠʷ 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

ȿ/ȹ 

1 5-NO2 ʠʟʦʧʨʦʧʠʣ ȿ-[S,S]  

1/2 2 5-NO2 ʠʟʦʧʨʦʧʠʣ ȹ-[S,S] 

3 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʠʟʦʧʨʦʧʠʣ ȿ-[S,S]  

1/1 4 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʠʟʦʧʨʦʧʠʣ ȹ-[S,S] 

5 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʠʥʜʦʣʠʣ ȿ-[S,S]  

1/1 6 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʠʥʜʦʣʠʣ ȹ-[S,S] 

7 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʛʣʫʪʘʤʠʣ ȿ-[S,S]  

1/7 8 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʛʣʫʪʘʤʠʣ ȹ-[S,S] 

9 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʛʣʫʪʘʤʠʥʠʣ ȿ-[S,S]  

1,4/1 10 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʛʣʫʪʘʤʠʥʠʣ ȹ-[S,S] 

11 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʘʩʧʘʨʘʛʠʥʠʣ ȿ-[S,S]  

1,3/1 12 2-ʦʢʩʠ-1-ʥʘʬʪʦʣʠʜʝʥ ʘʩʧʘʨʘʛʠʥʠʣ ȹ-[S,S] 

 

ʂʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ (ȿ(S,S) ʠ ȹ(S,S)). ʈʘʟ-

ʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ. 

ʇʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝʥʠʠ ʥʘ Al2O3 ʚ ʵʪʘʥʦʣʝ, ȿ(S,S)-ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʤʝ-
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ʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Rf ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ȹ(S,S)-ʜʠʘʩʪʝʨʝʦʤʝʨʘʤʠ [18]. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʣʴ-

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ çSephadex LH-20è, ʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʙʝʥʟʦʣʘ 

ʠ ʵʪʘʥʦʣʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʩʩʦʚʳʝ ʚʳʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ ʚʘʨʴʠʨʦ-

ʚʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 6 ʜʦ 25 %.   

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʣʷʨʠʤʝʪʨʠʠ, ʠ ʤʝʪʦʜʦʤ 
1
ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʢʦʤʧʣʝʢʩʳ Co(III) 

ʜʠʘʤʘʛʥʠʪʥʳ). ʇʨʠʤʝʨ 
1
ʅ ʗʄʈ ʩʧʝʢʪʨʘ ʢʦʤʧʣʝʢʩʘ Co(III) ȹ-[(S,S)-2]

ï
Na

+
 ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 4. 

 

 
ʈʠʩ. 4.  

1
ʅ ʗʄʈ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ Co(III) ȹ-[(S,S)-2]

ï
Na

+
 

 

ɺ 
1
ʅ ʗʄʈ-ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ 1-12 ʩʦʜʝʨʞʠʪʩʷ ʩʭʦ-

ʞʠʡ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʝʥ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʜʣʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ 

ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʉ2 (ʨʠʩ. 5), ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʧʨʦʪʦʥʦʚ ʚ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

 
ʈʠʩ. 5. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 
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2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʞʥʦ ʠʭ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʪʴ. ɸ ʠʤʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʘʪʠʦʥʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʥʘʧʨʠʤʝʨ, ʭʨʦʤʘ ʠʣʠ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʭʠʨʘʣʴʥʳʝ ʪʨʠʜʝʥʪʘʥʪʥʳʝ ʣʠʛʘʥʜʳ, ʚʘʨʴʠ-

ʨʦʚʘʪʴ ʢʘʪʠʦʥʳ ʚʥʝʰʥʝʡ ʩʬʝʨʳ, ʥʘʧʨʠʤʝʨ, ʤʝʥʷʪʴ ʥʘʪʨʠʡ ʥʘ ʢʘʣʠʡ, ʩʝʨʝʙʨʦ ʠ ʜʨ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ɽʱʸ ʦʜʥʠʤ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦʤ ʤʥʦʛʦʧʣʘʥʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝ-

ʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʭ ʩʘʣʠʮʠʣʠʜʝʥʦʚʳʝ (ʠʣʠ ʥʘʬʪʘʣʠʜʝʥʦʚʳʝ) ʬʨʘʛʤʝʥ-

ʪʳ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʛʨʫʧʧ, ʫʩʠʣʠʚʘʶ-

ʱʠʭ ʩʪʝʨʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʢʦʤʧʣʝʢʩʦʚ. ʕʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʤʠ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ ʩ ʦʙʲʝʤʥʳʤ ʠʥʜʦʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʜʝʣʦʢʘʣʠʟʦʚʘʥ ʚʥʫʪʨʠ ʜʦʩʪʘʪʦʯ-

ʥʦ ʦʙʲʝʤʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʟʘʨʷʜ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʪʠʦʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʠʤ ʞʝ ʠʦʥʦʤ, ʭʝʣʘʪʠʨʦʚʘʥʥʳʤ ʭʠʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ.  
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ʉomplexes of the Co (III) of  Schiff bases of optically active amino acids and aromatic 

aldehydes are synthesized. The diastereomers are separated by column and thin-layer chro-

matography. The complexes are characterized by physical and physicochemical methods. 

These complexes have potential catalytic activity in various reactions. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʫʢʠ ʢʦʨʤʦʚʦʡ ʥʘ ʦʩʥʦʚʝ ʨʳʙʥʦʡ ʯʝʰʫʠ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʶʪʠʥʘ (ʦʩʥʦʚʘ ʨʳʙʥʦʛʦ ʢʣʝʷ), ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʛʠʜʨʦʣʠʟʝ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʳʙʥʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʝʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʝʥʠʷ 

ʤʫʢʠ ʢʦʨʤʦʚʦʡ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʜʦʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʣʣʘ-

ʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʳʙ-

ʥʳʭ ʦʪʭʦʜʦʚ, ʥʝʤʘʣʫʶ ʜʦʣʶ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʸ ʠ ʧʨʦʜʫʢ-

ʪʳ ʝʛʦ ʛʠʜʨʦʣʠʟʘ (ʯʝʰʫʷ, ʢʦʞʘ, ʨʳʙʥʳʝ ʙʫʣʴʦʥʳ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʢʦʣʣʘ-

ʛʝʥʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ ʚ ʈʦʩʩʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʳʙʥʦʛʦ 

ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʶʪʠʥʘ (ʦʩʥʦʚʘ ʨʳʙʥʦʛʦ ʢʣʝʷ) ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʚʘʨʢʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪ 

ʧʨʠ ʚʳʩʫʰʠʚʘʥʠʠ ʠ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬ-

ʬʝʢʪʠʚʥʳʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʫʨʥʳʡ ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʜʝʬʠʮʠʪ ʢʦʨʤʦʚʦʛʦ ʠ ʧʠʱʝʚʦʛʦ ʙʝʣʢʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ (ʧʦ 1 ʤʣʥ. ʪ/ʛʦʜ ʚ ʈʦʩʩʠʠ), ʘ ʪʘʢʞʝ ʠʩʪʦʱʝʥʠʝ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʛʠʜʨʦʙʠʦʥ-

ʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʠ ʚʳʙʨʦʩʦʚ ʧʦ ʜʘʥʥʳʤ FAO 

ʤʦʛʣʦ ʙʳ ʜʦʙʘʚʠʪʴ ʚ ʧʠʱʝʚʫʶ ʠ ʢʦʨʤʦʚʫʶ ʮʝʧʦʯʢʫ 15 ʤʣʥ. ʪ ʨʳʙʳ [1]. 

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʚʝʜʫʪʩʷ ʘʢʪʠʚʥʳʝ ʧʦʠʩʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʳʙʥʦʛʦ ʩʳ-

ʨʴʷ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʠʭ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʢʦʨʤʦʚʦʡ ʨʳʙʥʦʡ ʤʫʢʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʢʦʨʤʦʚ 

ʜʦʢʘʟʘʥʘ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ. ʉʫʱʝʩʪʚʫʝʪ ʦʩʦʙʳʡ ʪʠʧ ʧʠʪʘʥʠʷ ï ʣʝʧʠʜʦʬʘʛʠʷ ï ʢʦʨʤʦʚʦʝ 

ʧʦʚʝʜʝʥʠʝ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʢʦʪʦʨʦʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʧʦʪʨʝʙʣʝʥʠʝ ʯʝʰʫʠ ʨʳʙ [2]. ɺ ʧʠʱʝ-

ʚʦʤ ʢʦʤʢʝ ʩʦʜʝʨʞʠʤʦʛʦ ʞʝʣʫʜʢʦʚ ʥʝʢʦʪʦʨʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʦʧʨʝʜʝʣʸʥʥʳʝ ʞʠʟʥʝʥʥʳʝ 

ʧʝʨʠʦʜʳ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʯʝʰʫʷ, ʩʦʩʪʘʚʣʷʶʱʘʷ 60-90 % ʦʪ ʤʘʩʩʳ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ [3, 

4]. ɺʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ ʠ ʬʘʛʦʮʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʨʳʙ, ʧʠʪʘʶʱʠʭʩʷ 

ʢʦʨʤʦʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ, ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʠʟ ʨʳʙʥʦʡ ʯʝʰʫʠ [5]. 

ʇʦʣʠʧʝʧʪʠʜʳʝ ʬʨʘʢʮʠʠ ʧʨʦʪʝʠʥʘ ʨʳʙʥʳʭ ʙʫʣʴʦʥʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦ ʩʧʝʢʪʨʫ ʩ 

ʧʨʦʪʝʠʥʦʤ ʞʠʚʦʛʦ ʢʦʨʤʘ ʣʠʯʠʥʦʢ ʨʳʙ (ʟʦʦʧʣʘʥʢʪʦʥʘ), ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʧʠʪʘʥʠʷ ʠ ʚʳʨʘʱʠʚʘʥʠʷ ʨʳʙ ʚ ʨʘʥʥʝʤ ʧʦʩʪʵʤʙʨʠʦʛʝʥʝʟʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʦʩʪʘʚʝ 

ʨʝʮʝʧʪʫʨ ʜʣʷ ʩʪʘʨʪʦʚʳʭ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʢʦʤʙʠʢʦʨʤʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ 

çʂɻʊʋè ʚ ʪʝʯʝʥʠʝ ʨʷʜʘ ʣʝʪ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 15 % ʨʳʙʥʦʡ ʯʝʰʫʠ ʚʤʝʩʪʦ ʯʘʩʪʠ 

ʨʳʙʥʦʡ ʤʫʢʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʤʦʣʦʜʠ ʬʦʨʝʣʠ (ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ 5 ʛ) ʦʢʘʟʘʣʦ 
ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ, ʦʙʤʝʥ ʙʝʣʢʦʚ ʠ ʣʠʧʠ-

ʜʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʬʦʨʝʣʠ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʪʝʤʧ ʨʦʩʪʘ ʨʳʙ ʧʨʠ ʙʦʣʝʝ ʥʠʟ-

ʢʠʭ ʟʘʪʨʘʪʘʭ ʢʦʨʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ [6]. 

ɼʦʙʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙʥʳʭ ʙʫʣʴʦʥʦʚ ʂʅʤɸʉ (ʢʦʥʮʝʥʪʨʘʪ ʥʠʟ-

ʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʚ ʩʦʩʪʘʚ ʢʦʤʙʠʢʦʨʤʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5 - 2,5 % 

ʧʨʠ ʢʦʨʤʣʝʥʠʠ ʣʠʯʠʥʦʢ ʩʠʛʘ (ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ 9,8 ʤʛ) ʚ ʧʝʨʠʦʜ ʩ 9 ʤʘʨʪʘ ʧʦ 13 ʠʶʥʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10 - 11 ÁC ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʘʢʪʠʚʘʮʠʠ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ ʤʦ-

ʣʦʜʠ ʩʠʛʘ (ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘʢʦʧʣʝʥʠʝ ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ʠ ʣʠʧʠʜʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝ-

ʱʝʩʪʚ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ [7].  

ɼʦʙʘʚʣʝʥʠʝ ʜʨʫʛʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ ʨʳʙʥʦʛʦ ʙʫʣʴʦʥʘ ʈɹʂ (ʨʳʙʥʳʡ ʙʝʣ-

ʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ) ʚ ʢʦʣʠʯʝʩʪʚʝ 5 % ʚ ʩʦʩʪʘʚ ʢʦʤʙʠʢʦʨʤʦʚ ʧʨʠ ʢʦʨʤʣʝʥʠʠ ʤʦʣʦʜʠ ʬʦ-

ʨʝʣʠ ʚ ʪʝʯʝʥʠʝ 60 ʜʥʝʡ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʘʢʪʠʚʠʟʘʮʠʠ ʩʠʥʪʝʟʘ ʙʝʣʢʦʚ ʠ ʥʘʢʦʧʣʝʥʠʶ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʪʝʤʧ ʨʦʩʪʘ ʨʳʙʳ ʚ 1,3 ʨʘʟʘ ʧʨʠ ʙʦ-

ʣʝʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ ʢʦʨʤʘ ʚ 1,8 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ [8]. 

ʆʧʳʪʥʳʝ ʧʘʨʪʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʳʙʥʦʛʦ ʙʫʣʴʦʥʘ (ʂʅʤɸʉ ʠ ʈɹʂ) ʧʨʦʰʣʠ ʠʩʧʳʪʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʪʘʨʪʦʚʳʭ ʠ ʧʨʦʜʫʢʮʠ-

ʦʥʥʳʭ ʢʦʨʤʦʚ ʚ ʨʳʙʦʚʦʜʥʳʭ ʭʦʟʷʡʩʪʚʘʭ: ʑʝʢʠʥʩʢʦʤ ʪʝʧʣʦʚʦʜʥʦʤ ʨʳʙʭʦʟʝ, ʀʢʨʷʥʠʥ-

ʩʢʦʤ ʦʩʝʪʨʦʚʦʤ ʟʘʚʦʜʝ, ʢʦʣʭʦʟʝ çɿʘ ʈʦʜʠʥʫè (ʈʦʩʩʠʷ), ʠ ʬʦʨʝʣʝʚʦʤ ʭʦʟʷʡʩʪʚʝ 

çɼʟʠʨʥʵʟʝʨʩè (ʃʘʪʚʠʷ), ʧʦʢʘʟʘʚ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʩʪʘʨʪʦʚʳʭ 

ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʢʦʤʙʠʢʦʨʤʦʚ [9]. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʈɹʂ ʠ ʂʅʤɸʉ ʷʚʣʷʶʪʩʷ ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʧʠʱʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʨʳʙ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʢʦʨʤʣʝʥʠʷ ʠ ʣʦʚʘ [10].  

ʋʯʠʪʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝʜʦʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘ-

ʱʝʛʦ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʚ ʨʝʮʝʧʪʫʨʘʭ ʢʦʨʤʦʚ ʜʣʷ ʨʳʙ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʙʝʟʦʪʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʶʪʠʥʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʛʠʜʨʦʣʠʟʝ ʩʳʨʴʷ (ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʳʙʥʦʡ ʤʫʢʠ) ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʝʛʦ ʦʙʨʘʙʦʪʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʯʝʰʫʷ ʩʘʨʜʠʥʳ (Sardina pilchardus) ʠ 
ʩʘʨʜʠʥʝʣʣʳ (Sardinella aurita) ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʨʘʟʜʝʣʢʝ ʨʳʙʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 250 ʪ/ʛʦʜ 

ʥʘ ʨʳʙʦʢʦʥʩʝʨʚʥʦʤ ʢʦʤʧʣʝʢʩʝ ʆʆʆ çʈʦʩʂʦʥè, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʨʳʙʥʳʝ ʦʪʭʦʜʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʠʝ) ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʜʨʫʛʠʭ ʨr -

ʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʜʨʫʛʠʭ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʢ ʯʝʰʫʝ ʨʳʙ ʩʦʜʝʨʞʘʱʝʡ ʜʦ 

80 % ʢʦʣʣʘʛʝʥʘ ʚ ʝʸ ʙʝʣʢʦʚʦʡ ʬʨʘʢʮʠʠ, ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʸ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦʡ ʟʘʤʝʥʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʨʠʧʪʦʬʘʥʘ, ʮʠ-

ʩʪʠʥʘ ʠ ʮʠʩʪʝʠʥʘ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʝʥ ʧʦʜʙʦʨ ʨʝʮʝʧʪʫʨ (ʢʦʣʣʘʛʝʥ/ʤʳʰʝʯʥʳʝ ʠ ʜʨʫʛʠʝ 

ʙʝʣʢʠ), ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʘʤʠʥʦʢʠʩʣʦʪʥʫʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʣʢʘʤʠ ʤʳʰʮ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʤʫʢʠ 

ʢʦʨʤʦʚʦʡ ʥʘ ʦʩʥʦʚʝ ʨʳʙʥʦʡ ʯʝʰʫʠ [11]. ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ-

ʢʣʶʯʘʣʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ ʨʳʙʥʦʡ ʯʝʰʫʠ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʞʠʨ, 

ʩʣʠʟʴ, ʢʨʦʚʴ, ʢʫʩʦʯʢʠ ʤʷʩʘ, ʢʦʞʠ, ʢʦʩʪʠ ʠ ʜʨ.) ʧʨʠ ʧʦʤʦʱʠ ʩʤʝʰʠʚʘʥʠʷ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ 

ʩʳʨʴʸʤ (ʩʫʭʘʷ ʙʘʨʜʘ, ʧʰʝʥʠʯʥʳʝ ʦʪʨʫʙʠ) ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ 

ʥʦʞʘʤʠ (ʋʇʉ-01) ʚ ʪʝʯʝʥʠʝ 10 ï 25 ʩʝʢʫʥʜ. ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʘʩʴ ʥʘ 

ʦʯʠʱʝʥʥʫʶ ʯʝʰʫʶ ʠ ʦʙʦʛʘʱʸʥʥʦʝ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʳʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʩʪʠʪʝʣʴ-

ʥʦʝ ʩʳʨʴʸ ʧʨʠ ʧʦʤʦʱʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʝʪʯʘʪʦʛʦ ʙʘʨʘʙʘʥʘ. ʆʯʠʱʝʥʥʘʷ ʯʝʰʫʷ ʜʘʣʝʝ 
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ʩʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʨʘʱʘʶʱʠʭʩʷ ʥʦʞʝʡ ʚ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʋʇʉ-01) ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩ ʜʨʫʛʠʤʠ ʨʳʙʥʳʤʠ ʦʪʭʦʜʘʤʠ (ʛʦʣʦʚʳ, ʢʦʩʪʠ, ʢʦʞʘ, ʥʝ-

ʢʦʥʜʠʮʠʦʥʥʘʷ ʨʳʙʘ) ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʤʝʰʠʚʘʥʠʝ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ 

ʚʳʩʫʰʠʚʘʥʠʝ ʨʳʙʥʦʡ ʩʤʝʩʠ ʟʘ ʩʯʸʪ ʪʝʧʣʦʪʳ ʚʳʜʝʣʷʝʤʦʡ ʝʶ ʧʨʠ ʪʨʝʥʠʠ ʚ ʫʩʪʘʥʦʚʢʝ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʚʳʩʫʰʠʚʘʥʠʷ ʨʳʙʥʦʡ ʩʤʝʩʠ,  

ʷʚʣʷʶʪʩʷ: 

1) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʛʨʫʟʢʠ ʚ ʩʫʰʠʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʋʇʉ-01 ʩʥʘʯʘʣʘ ʦʯʠʱʝʥ-

ʥʦʡ ʯʝʰʫʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʘ ʟʘʪʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ 

ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ; 

2) ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʮʝʩʩʘ ʚʘʨʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʝʭʦʜʘ ʢʦʣʣʘ-

ʛʝʥʘ ʨʳʙʥʦʡ ʩʤʝʩʠ ʚ ʢʣʝʝʦʙʨʘʟʥʦʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʝ ʩʦʩʪʦʷʥʠʝ (ʛʣʶʪʠʥ); 

3) ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ (ʦʧʪʠʤʘʣʴʥʦ 15 ʤʠʥ.)  

ʊʝʭʥʦʣʦʛʠʷ ʤʫʢʠ ʢʦʨʤʦʚʦʡ ʥʘ ʦʩʥʦʚʝ ʨʳʙʥʦʡ ʯʝʰʫʠ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʠ ʚʥʝʜ-

ʨʝʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʧʦʣʫʯʝʥʠʷ ʢʦʨʤʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘ-

ʟʝ ʆʆʆ ʅʇʇ çʇʨʦʢ-ʄè (ʧ. ʇʘʚʣʠʥʠʥʦ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ), ʷʚʣʷʶʱʠʤʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʈʦʩʩʠʠ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʩʷ ʥʘ ʧʝʨʝ-

ʨʘʙʦʪʢʝ ʨʳʙʥʦʡ ʯʝʰʫʠ. ɺ 2017 ʛ. ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʫʢʠ ʢʦʨʤʦʚʦʡ ʥʘ ʦʩʥʦʚʝ 
ʨʳʙʥʦʡ ʯʝʰʫʠ, ʩʪʘʣʘ ʧʦʙʝʜʠʪʝʣʝʤ ʢʦʥʢʫʨʩʘ çʕɺʈʀʂɸè ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʂʘʣʠʥʠʥʛʨʘʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʘ 

ʞʠʜʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʳʙʥʦʛʦ ʙʫʣʴʦʥʘ (ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʧʘʪʝʥʪʦʚʘʥʠʷ) ʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʘʛʨʦʥʦʤʠʠ ʌɻɹʆʋ ɺʆ çʂɻʊʋè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʦʧʳʪ (ʢʘʬʝʜʨʘ ʘʛʨʦʥʦʤʠʠ) ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʠʜʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʳʙʥʦʛʦ ʙʫʣʴʦʥʘ ʜʣʷ ʨʘʩʩʘʜʳ ʪʦʤʘʪʦʚ (ʩʦʨʪ ɸʛʘʪʘ). ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜʢʦʨʤʢʠ ʨʳʙʥʳʤ ʙʫʣʴʦʥʦʤ ʚ ʨʘʟʚʝʜʝʥʠʠ 1:100 ʦʢʘʟʘʣʠ 

ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʚʣʠʷʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ çɻʫ-

ʤʘʪ-ɹʘʡʢʘʣè, ʘ ʚ ʨʘʟʚʝʜʝʥʠʠ 1:200 ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʚʣʠʷʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

çʈʘʩʩʘʜʘè. ʅʘʠʙʦʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʢ ʚʳʩʘʜʢʝ ʚ ʛʨʫʥʪ ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʳʙʥʦʛʦ ʙʫʣʴʦʥʘ ʚ ʨʘʟʚʝʜʝʥʠʠ 1:100, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʚ ʩʨʝʜʥʝʤ 42,1 ʩʤ, 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʚʠʪʳʭ ʣʠʩʪʴʝʚ ï 8,5, ʚ ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ ʚʩʪʫʧʠʣʦ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʨʘʩ-

ʪʝʥʠʡ (53 %). ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʟʘʣʦʞʝʥ ʦʧʳʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʜʦʙʨʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʨʳʙʥʦʛʦ ʙʫʣʴʦʥʘ ʚ 

ʂʌʍ ʀʇ ʑʝʛʦʣʴʢʦʚʘ ʄ.ɸ. (ɻʫʨʴʝʚʩʢʠʡ ʨʘʡʦʥ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ) ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʥʥʝʛʦ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʄʘʛʜʘ, ʠ ʨʘʥʥʝʛʦ ʩʦʨʪʘ ʤʦʨʢʦʚʠ ɹʘʣʪʠʤʦʨ F1.  

ʇʨʠʤʝʥʝʥʠʝ ʨʳʙʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʩ ʥʦʨʤʦʡ ʨʘʩʭʦʜʘ 1 ʣ/ʤ ʚ ʨʘʟʚʝʜʝʥʠʠ 1:100 

ʦʙʝʩʧʝʯʠʣʦ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ - 4,14 ʪ/ʛʘ, ʠ ʤʦʨʢʦʚʠ ʧʨʠ ʥʦʨʤʝ ʨʘʩʭʦʜʘ 

ʫʜʦʙʨʝʥʠʷ 1,5 ʣ/ʤ ʚ ʨʘʟʚʝʜʝʥʠʠ 1:100, ʦʙʝʩʧʝʯʠʣʦ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ - 5,65 ʪ/ʛʘ 

ʦʙʱʝʡ ʤʘʩʩʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʚʘʨʥʦʡ ʬʨʘʢʮʠʠ -16,61 ʪ/ʛʘ [12]. ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʨʳʙʦʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʘʯʝ-

ʩʪʚʝ ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʠʟ ʢʦʣʣʘʛʝʥʩʦ-

ʜʝʨʞʘʱʝʛʦ ʨʳʙʥʦʛʦ ʩʳʨʴʷ (ʯʝʰʫʷ, ʢʦʞʘ, ʢʦʩʪʴ) ʠ ʧʠʱʝʚʦʛʦ ʙʝʣʢʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚʦʟ-

ʜʫʰʥʦ-ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʥʠʞʘʪʴ ʥʦʨʤʫ ʟʘʢʣʘʜʢʠ ʩʳʨʴʷ ʚ ʪʨʘ-

ʜʠʮʠʦʥʥʳʝ ʨʝʮʝʧʪʫʨʳ ʨʳʙʥʳʭ ʢʦʪʣʝʪ, ʢʦʣʙʘʩ, ʧʘʰʪʝʪʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʪʴ ʚʳ-

ʭʦʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʩʫʭʦʡ ʚʦʟʜʫʰʥʦ-ʧʦʨʠʩʪʳʡ ʧʨʦʜʫʢʪ ʧʦʚʳ-

ʰʝʥʥʦʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ [13, 14].  

ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʠ ʘʨʭʠʪʝʢʪʦʥʠʢʠ ʯʝʰʫʠ ʨʳʙ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʤʥʦʛʠʭ ʩʪʨʘʥ ʤʠʨʘ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ: ʨʳʙʥʦʛʦ ʢʣʝʷ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʘʥ-

ʟʠʩʪʦʨʦʚ, ʨʝʟʠʩʪʦʨʦʚ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, 
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ʧʣʸʥʦʢ, ʥʠʪʝʡ, ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ, ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʥ, ʦʞʦʛʦʚ, ʪʘʙʣʝʪʦʢ, ʣʝ-

ʢʘʨʩʪʚ, ʩʳʚʦʨʦʪʦʢ, ʙʘʣʴʟʘʤʦʚ, ʧʘʩʪ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʘʜʩʦʨʙʝʥʪʘ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, ʧʠʱʝʚʦʛʦ ʠ ʤʝʜʠʮʠʥ-

ʩʢʦʛʦ ʢʦʣʣʘʛʝʥʘ ʠ ʞʝʣʘʪʠʥʘ [15]. ɺ ʪʦʤ, ʯʠʩʣʝ ʪʘʢʠʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʧʦʩʦʙʳ, ʢʘʢ ʧʦʣʫ-

ʯʝʥʠʝ ʤʠʢʨʦʠʛʣ ʩ ʨʘʜʠʫʩʦʤ ʥʘʢʦʥʝʯʥʠʢʘ ʦʪ 10 ʜʦ 100 ʤʢʤ ʠʟ ʨʳʙʥʦʡ ʯʝʰʫʠ ʜʣʷ ʚʚʝʜʝ-

ʥʠʷ ʣʝʢʘʨʩʪʚ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩʧʦʩʦʙʥʳʭ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʢʦʞʫ, ʧʦʩʪʝʧʝʥʥʦ ʜʝʛʨʘ-

ʜʠʨʫʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ, ʠʣʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦ-

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʥʦʛʝʥʝʨʘʪʦʨʘ ʩ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦ-

ʨʘ ʩʝʨʜʮʘ [15, 16]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʦʨʩʢʠʭ ʢʦʣʣʘʛʝʥʦʚ 

ʠʟ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʳʙʥʦʛʦ ʩʳʨʴʷ (5 ï 50 ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ ʛʨʘʤʤ ʜʣʷ ʠʟʜʝʣʠʡ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʤʝʥʝʝ 100 ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ ʢʠʣʦʛʨʘʤʤ ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ), ʨʳʙʥʳʡ ʞʝʣʘʪʠʥ (ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʝʨʪʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ 

ʠ ʝʛʦ ʥʝʩʪʘʙʠʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʮʚʝʪ ʠ ʟʘʧʘʭ) ʥʝ ʩʧʦʩʦʙʝʥ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʧʦ ʮʝʥʝ ʩ ʞʝʣʘʪʠʥʦʤ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʨʳʥʦʯʥʘʷ ʮʝʥʘ ʢʦʪʦʨʦʛʦ ʚ  

4 - 5 ʨʘʟ ʥʠʞʝ, ʨʳʙʥʦʛʦ ʞʝʣʘʪʠʥʘ [1, 17]. ʇʦʵʪʦʤʫ ʥʘ ʨʳʙʥʳʡ ʞʝʣʘʪʠʥ ʧʨʠʭʦʜʠʪʩʷ ʤʝ-

ʥʝʝ 1,5 % ʦʪ ʦʙʱʝʛʦ ʤʠʨʦʚʦʛʦ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʝʣʘʪʠʥʘ (ʦʩʥʦʚʥʳʤ ʩʳʨʴʸʤ ʷʚʣʷ-

ʶʪʩʷ ʩʚʠʥʘʷ ʢʦʞʘ, ʙʳʯʴʷ ʢʦʞʘ ʠ ʢʦʩʪʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ) [1]. 

ʋʯʠʪʳʚʘʷ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʨʳʙʥʦʡ ʯʝʰʫʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʨʘʟʜʝʣʢʝ 

ʨʳʙʳ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʳʩʢʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʝʸ ʧʝʨʝʨʘʙʦʪʢʠ ʩ 

ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
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A new technology forage flour based on fish scales has been developed, which allows 

to prevent the formation of gluten (the basis of fish glue) formed during thermal hydrolysis of 

collagen-containing fish raw materials, which significantly reduces energy consumption and 

the duration of the technological cycle for the production of feed flour. Shows the possible 

ways of processing underutilized fish collagen containing raw materials in a variety of ways. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʦʙʨʘʟʮʳ ʫʢʨʘʠʥʩʢʦʛʦ ʠ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨ.̫ 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʩʴ ʧʦ 9-ʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʆʙʥʘʨʫ-

ʞʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʙʣʠʟʢʠʭ ʦʙʨʘʟʮʦʚ 

ʷʥʪʘʨ.̫ ɺʳʷʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʩʫʢʮʠʥʠʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ ʜʦʙʳʯʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʷʥʪʘʨʥʦʡ ʦʪʨʘʩʣʠ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2025 ʛʦʜʘ 
 

ɺ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʷʥʪʘʨʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 

2025 [1] ʛʦʜʘ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʦʪʩʪʘʚʘʥʠʷ, ʥʘʟʚʘʥʘ ʫʪʨʘʪʘ ʥʘʫʯʥʦʛʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʬʝʨʝ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʷʥʪʘʨʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʘʥʘʣʠʟ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʷʥʪʘʨʷ 

ʧʫʙʣʠʢʫʝʪʩʷ ʟʘʨʫʙʝʞʥʳʤʠ ʘʚʪʦʨʘʤʠ. 

ʇʨʦʙʣʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʭʦʜʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʩʣʝ-

ʜʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ. ʅʠ-

ʞʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ, ʢʘʩʘʶʱʠʡʩʷ ʜʘʥʥʦʡ ʪʝʤʳ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 2016 ʛʦʜʫ ʚ ʨʘʙʦʪʝ ʢʘʥʘʜʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʙʘʣʪʠʡʩʢʦʛʦ ʠ ʙʠʪʪʝʨʬʝʣʴʜʩʢʦʛʦ ʷʥʪʘʨʝʡ [2]. ɺ ʩʪʘʪʴʝ ʦʪʤʝ-

ʯʘʝʪʩʷ, ʯʪʦ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʛʝʦʭʠʤʠ-

ʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʚʢʣʶʯʝʥʠʷʤ ʯʣʝʥʠʩʪʦʥʦʛʠʭ ʠ ʙʣʠʟʦʩʪʠ ʢ ʣʝʩʘʤ ʧʘʣʝʦʛʝʥʦʚʦʡ ʛʨʘʥʠʮʳ 

ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ ʵʪʠ ʜʚʘ ʷʥʪʘʨʷ ʝʱʝ ʥʝ ʙʳʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʦʢʦʥʯʘʪʝʣʴʥʦ.  

ɻʨʫʧʧʘ ʠʥʜʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 2017 ʚʧʝʨʚʳʝ ʧʨʦʚʝʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫ-

ʯʝʥʠʝ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ ʠ ʷʥʪʘʨʷ ʩ ʦʩʪʨʦʚʘ ɻʦʘ [3]. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʙʥʘʨʫ-

ʞʝʥʠʝ ʦʢʘʤʝʥʝʣʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʛʨʠʙʢʦʚʳʭ ʬʦʨʤ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʷʥʪʘʨʷʭ, ʧʦʢʘ-

ʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʦʩʣʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ ʨʫʤʳʥʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ 2017 ʛʦʜʫ ʪʘʢʞʝ ʚʦʟ-

ʦʙʥʦʚʠʣʠ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʷʥʪʘʨʷ ʠʟ ʈʫʤʳʥʠʠ [4]. ɺʘʞʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʳʣʦ ʚʳʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠ ʨʫʤʳʥʩʢʠʡ ʷʥʪʘʨʴ ʦʪ ɹʘʣʪʠʡʩʢʦʛʦ, 

ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʪʠʬʠʢʘʮʠʠ ʷʥʪʘʨʥʳʭ ʘʨʪʝʬʘʢ-

ʪʦʚ, ʥʘʡʜʝʥʥʳʭ ʚ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʢʦʧʢʘʭ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ɹʘʣʪʠʡʩʢʠʡ ʷʥʪʘʨʴ ʚ ʇʦʣʴʰʝ. ɺ ʤʘʝ 2018 ʛʦʜʘ 

ʚʳʰʣʘ ʩʪʘʪʴʷ ʕ. ɺʘʛʥʝʨ-ɺʳʩʝʮʢʦʡ. ɺ ʥʝʡ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʨʦʜʥʳʡ ʙʘʣʪʠʡʩʢʠʡ 

ʷʥʪʘʨʴ (ʩʫʢʮʠʥʠʪ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʥʥʦʡ ʠʩʢʦʧʘʝʤʦʡ ʩʤʦʣʦʡ. ɽʛʦ ʦʜʥʦʟʥʘʯʥʘʷ 
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ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʧʨʦʬʝʩʩʠʡ, ʚʢʣʶʯʘʷ 

ʘʨʭʝʦʣʦʛʠʶ, ʧʘʣʝʦʥʪʦʣʦʛʠʶ, ʭʠʤʠʶ ʠ, ʥʘʢʦʥʝʮ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʤʤʦʣʦʛʠʯʝʩʢʠʝ 

ʩʦʦʙʱʝʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʩʫʢʮʠʥʠʪʘ ʚʩʝ ʙʦʣʝʝ ʩʦ-

ʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʯʪʦ ʜʝʣʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ ʯʘʩʪʦ 

ʩʣʦʞʥʳʤ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʢʮʠʥʠʪʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [5]. 

ʅʘʢʦʥʝʮ ʚ ʠʶʥʝ 2018 ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʝʯʘʪʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʢʘ-

ʥʘʜʩʢʠʭ ʠ ʵʩʪʦʥʩʢʠʭ ʫʯʝʥʳʭ, ʢʘʩʘʶʱʝʡʩʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʈʦʚʝʥʩʢʠʤ ʠ ɹʘʣʪʠʡʩʢʠʤ 

ʷʥʪʘʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʷʥʪʘʨʝʤ ʥʝʤʝʮʢʦʛʦ ɹʠʪʪʝʨʬʝʣʴʜʘ ï ʧʨʝʜʤʝʪʦʤ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʜʠʩʢʫʩʩʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ ʜʝʣʷʪ ʥʘ ʜʚʝ ʢʘʪʝʛʦ-

ʨʠʠ: ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ. ʂ ʧʨʦʩʪʦʡ ʛʨʫʧʧʝ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʧʨʠʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠ-

ʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʦʣ ʠ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʬʦʨʤʳ, ʨʘʟʤʝ-

ʨʦʚ, ʤʘʩʩʳ, ʮʚʝʪʘ, ʧʨʦʟʨʘʯʥʦʩʪʠ, ʙʣʝʩʢʘ, ʠʟʣʦʤʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝ-

ʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʠ ʪ.ʜ.). ʉʣʦʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ-

ʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʪʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʥʪʘʨʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠ ʦʜʠʥ ʠʟ 

ʤʝʪʦʜʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʘ ʧʨʠʚʣʝʯʝʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘ-

ʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ, ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ, ʪʘʢ ʥʝʢʦ-

ʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʳʙʦʨ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ, ʦʧʠʩʘʥʥʳʭ ʚ ʢʣʘʩʩʠ-

ʯʝʩʢʠʭ ʤʦʥʦʛʨʘʬʠʷʭ [7, 8, 9]. ʆʧʨʝʜʝʣʷʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚ-

ʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʧʨʠʩʫʪʩʪʚʠʝ ʷʥ-

ʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʨʘʩʪʚʦʨʠʤʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʤʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʪʘʙʣʝʪʢʘʭ KBr ʥʘ ʧʨʠʙʦʨʝ çBrukerè ʚ ʦʙʣʘʩʪʠ 

4000-400 ʩʤ-1. ʈʝʥʪʛʝʥʦʬʣʶʦʨʠʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ EDX-800HS 

ʬʠʨʤʳ çShimadzuè. ɼʠʥʘʤʠʯʝʩʢʘʷ ʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʦʧʨʝ-

ʜʝʣʠʪʝʣʝʤ ʪʚʝʨʜʦʩʪʠ ʄʀʊ-2 ʤʝʪʦʜʦʤ ʦʪʩʢʦʢʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʧʨʠʙʦʨʝ çEltctrothermal Mel-Temp 3.0è ʚ ʦʪʢʨʳʪʳʭ ʢʘʧʠʣʣʷʨʥʳʭ ʪʨʫʙʢʘʭ. ɺ ʨʘʙʦʪʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʨʙʝʥʪʳ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʜʣʷ ʪʦʥʢʦʩʣʦʡʥʦʡ  ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

(çCAMAGè), ʩʠʣʠʢʘʛʝʣʴ Kieselgel 60 (çMerckè).  

ʅʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʙʳ ʧʨʠʨʦʜʥʦʡ ʠʩʢʦʧʘʝʤʦʡ ʩʤʦʣʳ ɸʆ 

çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʷʥʪʘʨʥʳʡ ʢʦʤʙʠʥʘʪè ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ï ʥʘʠʙʦʣʴʰʠʤ 40 ʤʤ  

ʠ ʥʘʠʤʝʥʴʰʠʤ 20 ʤʤ ʠ ʦʙʨʘʟʮʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʢʨʘʠʥʩʢʦʛʦ ʷʥʪʘʨʷ. ʎʚʝʪ ʦʙʨʘʟʮʦʚ 

ʠ ʭʘʨʘʢʪʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ ʚʦʩʢʦʚʦ-ʞʝʣʪʦʛʦ ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʜʦ ʞʝʣʪʦʛʦ 

ʧʨʦʟʨʘʯʥʦʛʦ, ʙʝʟ ʩʣʝʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʧʦ-

ʢʨʳʪʳʭ ʦʢʠʩʥʦʡ ʧʣʝʥʢʦʡ. 

ʀʟ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʣʠʟʢʠʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʳ ʠ ʦʙʦʟʥʘʯʝ-

ʥʳ, ʢʘʢ 1ʋ, 2ʋ, 3ʋ, 4ʋ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʫʢʨʘʠʥʩʢʠʡ ʷʥʪʘʨʴ)  ʠ 1ɹ, 2ɹ, 3ɹ, 4ɹ (ɸʆ 

çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ  ʷʥʪʘʨʥʳʡ ʢʦʤʙʠʥʘʪè).  

ɿʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʷʥʪʘʨʝʡ ʦʪ 267 ʫ.ʝ ʜʦ 441 ʫ.ʝ. ʥʝ ʧʦ-

ʢʘʟʘʣʠ ʜʦʩʪʦʚʝʨʥʳʡ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ. 
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ʇʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʧʨʝʜʝʣʘʭ 1,060-1,082 

ʛ/ʩʤ
3
, ʪʘʢʞʝ ʥʝ ʚʳʷʚʠʣʘ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʩʝʭ 

ʦʙʨʘʟʮʦʚ ʚ 7 ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ, 

ʘʮʝʪʦʥʝ, ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ, ʛʝʢʩʘʥʝ, ʭʣʦʨʦʬʦʨʤʝ ʠ ʪʦʣʫʦʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʙʘʣʪʠʡ-

ʩʢʦʛʦ ʷʥʪʘʨʷ. 

ʊʘʢʞʝ ʦʧʨʝʜʝʣʷʣʩʷ ʪʘʢʦʡ ʟʥʘʯʠʤʳʡ ʜʣʷ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʣʘʚʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 151 ʜʦ 209 
ʦ
ʉ, ʯʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʩʫʭʦʡ ʧʝʨʝ-

ʛʦʥʢʠ ʧʨʦʙʳ ʷʥʪʘʨʷ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩ ʚʦʟʜʫʰʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ɺʦ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʦʙʨʘʟʮʘʭ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ.  

ʆʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʧʨʦʚʦʜʠʣʦʩʴ ʩʞʠʛʘʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʢʘ-

ʣʠʚʘʥʠʝʤ ʚʟʚʝʰʝʥʥʳʭ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʥʘʚʝʩʦʢ ʦʙʨʘʟʮʦʚ ʷʥʪʘʨʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,05 %. ɼʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘ-

ʪʝʣʶ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ. 

ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ 

ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʥʝ ʚʳʷʚʠʣ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ 0,1-1,0 %.  

ɺʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʠʞʝ ʥʘ 

ʨʠʩ. 1. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ 1ʋ ʠ1ɹ. 

 

 
ʈʠʩ. 1. ʀʂ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ 1ʋ (ʚʚʝʨʭʫ) ʠ 1ɹ (ʚʥʠʟʫ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʪʦʥʢʦ-

ʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʵʢʩʪʨʘʢʪʳ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʮʠʢʣʦʛʝʢʩʘʥ-ʵʪʘʥʦʣ, ʧʨʠ ʦʙʲʝʤʥʦʤ ʩʦ-

ʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 8,5:1,5. ʈʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʘʩʪʠʥʘʭ 10ʭ20ʩʤ ʜʣʷ ʪʦʥ-

ʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ HPTLC Kieselgel 60 F254 (çMerckè). ʅʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʵʢʩʪʨʘʢʪʘ, ʧʨʠ ʢʦʥʪʨʦʣʝ ʧʦʜ ʫʣʴʪʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ,  ʥʘʥʦʩʠʣʠ ʢʘʧʠʣʣʷʨʦʤ 

ʥʘ ʣʠʥʠʶ ʩʪʘʨʪʘ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʢʣʷʥʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ  ʢʘʤʝʨʫ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʧʣʘʩʪʠʥʫ ʠʟʚʣʝʢʘʣʠ ʠ ʥʘʙʣʶʜʘʣʠ ʚ ʋʌ ʢʘʤʝ-

ʨʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥ 254 ʠ 363 ʥʤ. ʆʧʨʝʜʝʣʷʣʠ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ Rf ʜʣʷ ʚʩʝʭ 

ʧʷʪʝʥ. 

  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 
 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʦʙʨʘʟʮʳ, ʩʭʦʜʥʳ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʳ, ʥʘʣʠʯʠʶ 

ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ. ʅʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʚʝʨʜʦ-

ʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʜʘʥʥʳʤ ʊʉʍ ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʚ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʠ ʪʦʣʫʦʣʴʥʳʭ ʵʢʩʪʨʘʢʪʘʭ. ʆʜʥʘʢʦ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘʜʝʞʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʀʂ ʩʧʝʢʪʨʳ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢ-

ʪʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʦʚʧʘʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʜʦʩʪʠʛʘʝʪ ʠʥʦ-

ʛʜʘ ʙʦʣʝʝ 90 %, ʦʜʥʘʢʦ ʤʦʞʥʦ ʥʘʡʪʠ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʤʦʛʫʪ 

ʙʳʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʷʥʪʘʨʝʡ. 

ʅʘʧʨʠʤʝʨ, ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1600-

1800ʩʤ-1 ʠ ʚ ʦʙʣʘʩʪʠ 1300-1500ʩʤ-1. ɼʣʷ ʫʢʨʘʠʥʩʢʠʭ ʷʥʪʘʨʝʡ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚ-

ʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1,5, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ 1,2. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʙʘʣʪʠʡʩʢʦʝ ʧʣʝʯʦ (ʙʘʣʪʠʡʩʢʠʡ ʟʫʙʝʮ), ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʩʧʝʢʪʨʘʭ. 

ʇʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ çʙʘʣʪʠʡʩʢʦʛʦ 

ʟʫʙʮʘè, ʩʦʩʪʦʷʱʝʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʰʠʨʦʢʦʛʦ ʧʣʝʯʘ ʧʨʠ 1250 ʩʤï1, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʦ-

ʛʣʦʱʝʥʠʝʤ ʩʚʷʟʝʡ ʉïʆ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʩʪʨʳʤ ʧʠʢʦʤ ʧʨʠ 1160 ʩʤï1, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʚʷʟʝʡ ʉïʆ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ. ʆʜʥʘʢʦ, ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʨʝʭ 

ʦʙʨʘʟʮʘʭ ʫʢʨʘʠʥʩʢʠʭ ʷʥʪʘʨʝʡ 2ʋ, 3ʋ, 4ʋ ʩʤʝʱʝʥ ʥʝʩʢʦʣʴʢʦ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ 

ʩʧʝʢʪʨʘ ʥʘ 5 ʩʤ
-1

. 

ʊʘʢʞʝ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʝʢʪʨʦʚ ʙʘʣʪʠʡʩʢʦʛʦ ʷʥʪʘʨʷ ʦʪ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʦʛʦ ʫʢʨʘʠʥʩʢʦʛʦ ʷʚʣʷʝʪʩʷ ʫʰʠʨʝʥʠʝ ʠʣʠ ʨʘʩʱʝʧʣʝʥʠʝ ʧʠʢʘ ʚ ʦʙʣʘʩʪʠ 1700 ʩʤ-1, ʩ 

ʥʝʢʦʪʦʨʳʤ ʩʤʝʱʝʥʠʝʤ. 

 

ɺʳʚʦʜʳ 
 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʢʦʤ ʨʦʜʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʩʫʢʮʠʥʠʪʦʚ. 

ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʨʷʜʫ ʩ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ï ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ - ʪ.ʝ. ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʩʫʢʮʠʥʠʪʦʚ, ʢʦʪʦʨʘʷ ʙʳ ʦʪʨʘʞʘʣʘ ʥʝ ʪʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʘ 

ʥʘʭʦʞʜʝʥʠʷ, ʥʦ ʠ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ, ʚʨʝʤʷ ʜʦʙʳʯʠ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʧʘʩʧʦʨʪʠʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʩ-

ʥʦʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʫʢʮʠʥʠʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʙʘʟʦʚʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ.  

ʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʩʫʢʮʠʥʠʪʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʜʝʡʩʪʚʝʥʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʷʥʪʘʨʥʦʡ ʦʪʨʘʩʣʠ ʈʌ ʥʘ ʧʝʨʠʦʜ ʜʦ 2025 

ʛʦʜʘ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 15.092017ʛ., ˉ1966-ʨ, ʘ 

ʠʤʝʥʥʦ: 
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1) ʧʦʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʩʫʜʝʙʥʦ-ʛʝʤʤʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩ-

ʧʝʨʪʠʟʳ; 

2) ʷʚʠʪʩʷ ʙʘʟʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʪʦʚ, ʩʙʦʨʘ ʠ ʦʙʦʙʱʝʥʠʷ 
ʠʤʝʶʱʠʭʩʷ ʠ ʥʦʚʳʭ ʟʥʘʥʠʡ ʦ ʙʘʣʪʠʡʩʢʦʤ ʷʥʪʘʨʝ ʠ ʜʨʫʛʠʭ ʠʩʢʦʧʘʝʤʳʭ ʩʤʦʣʘʭ; 

3) ʩʪʘʥʝʪ ʟʥʘʯʠʤʳʤ ʥʘʫʯʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʨʘʩʰʠʨʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʵʢʩʧʝʨʪʦʚ; 

4) ʟʘʢʨʝʧʠʪ ʟʘ ʈʦʩʩʠʝʡ ʠ ʂʗʂ ʧʦ ʧʨʘʚʫ ʧʝʨʚʝʥʩʪʚʦ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʠ ʠʩʢʦʧʘʝʤʦʡ ʩʤʦʣʳ; 

5) ʦʙʝʩʧʝʯʠʪ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʨʫʛʠʝ ʥʘʫʯʥʳʝ ʥʘʮʠ-

ʦʥʘʣʴʥʳʝ ʠ ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʣʝʛʠʪʠʤʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʷʥʪʘʨʷ ʜʣʷ ʧʨʦʚʝ-

ʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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The object of the study were samples of Ukrainian and Baltic amber. The objects were 

examined on 9 physicochemical parameters. Some differences in the chemical structure of 

genetically related amber samples have been determined. The necessity of creation of techno-

logical collection of succinites of various places for extraction and realization of the Strategy 

of development of the amber industry of the Russian Federation for the period up to 2025 is 

determined. 
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ʉʪʘʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʮʝʣʴʶ ʚʳ-

ʨʘʙʦʪʢʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʬʝʨʝ ʨʳʙʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʦʧʳʪʢʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʘʢʩʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠ-

ʟʘ, ʘ ʠʤʝʥʥʦ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʘʪʝʥʪʥʦʛʦ ʣʘʥʜʰʘʬʪʘ  

 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʠʜʨʦʙʠʦʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʠ ʠʤʝʝʪ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʝ ʟʥʘʥʠʷ ʦʙ 

ʦʙʲʝʢʪʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʭ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʦʙʲʝʤʦʚ ʠʭ ʠʟʲʷʪʠʷ, ʣʠʙʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʘʢʚʘʢʫʣʴʪʫʨʳ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʦʛʦ ʩʧʦʩʦʙʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʚ ʨʘʤʢʘʭ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʉʦʮʠʘʣʴʥʦ-ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ ʚ ʩʚʷʟʠ ʩ ʫʩʢʦ-

ʨʷʶʱʠʤʩʷ ʪʝʤʧʦʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʷʚʣʷʶʪʩʷ ʦʪʢʨʳʪʳʤʠ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʟʘʢʦʥʘʤʠ. ʂʣʘʩʩʠʯʝʩʢʠʡ (ʪʨʘʜʠʮʠʦʥʥʳʡ) ʧʦʜ-

ʭʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʣʠʰʴ ʣʠʥʝʡʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʝʥ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʥʝʡʥʦʡ ʮʠʬʨʦʚʦʡ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ 1-6 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʢʣʘʜʳ (ɻʣʘʟʴʝʚ, ʄʘʣʠʥʝʮʢʠʡ, ʂʦʚʘʣʴʯʫʢ ʠ ʜʨ.), ʟʘ ʨʫʙʝʞʦʤ çʏʝʪʚʝʨ-

ʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷè ʂʣʘʫʩ ʐʚʘʙ ʥʘ ʧʦʩʣʝʜʥʝʤ ɼʘʚʦʩʢʦʤ ʬʦʨʫʤʝ.  

ɺʦʧʨʦʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʳʙʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʣʥʦʮʝʥʥʳʤ ʙʝʣʢʦʤ ʥʘʩʝʣʝʥʠʷ. ɽʩʣʠ ʫʩʪʘʥʦʚʠʪʴ ʢʣʶʯʝʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ, ʤʦʞʥʦ ʨʘʩʢʨʳʪʴ ʨʦʣʴ ʠ 

ʤʝʩʪʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʚ ʫʩʪʦʡʯʠʚʦʤ ʨʘʟʚʠʪʠʠ ʩʪʨʘʥʳ ʠ ʮʠʚʠʣʠʟʘʮʠʠ ʚ ʮʝ-

ʣʦʤ. 
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ʆʩʚʦʝʥʠʝ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʢʘʢ ʛʣʦʙʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʮʠʘʣʴʥʦ-ʧʨʠʨʦʜʥʳʡ ʢʦʛʥʠʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʦʤ ʧʦʤʠ-

ʤʦ ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ, ʠ ʚʦʟʥʠʢʘʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʆʙʲʝʢʪʦʤ (ʩʳʨʴʝʚʳʤ ʨʝʩʫʨ-

ʩʦʤ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ), ʉʫʙʲʝʢʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʦʙʱʝʩʪʚʦʤ), ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʠʤ 

ʉʨʝʜʩʪʚʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʥʘʫʢʠ, ʘ ʪʘʢʞʝ ʆʧʝʨʘʮʠʷʤʠ ʦʩʚʦʝʥʠʷ ï ʪʝʭʥʦʣʦʛʠʷʤʠ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʆʩʚʦʝʥʠʝ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʨʘʤʢʘʭ ʩʦʮʠʘʣʴʥʦ-ʧʨʠʨʦʜʥʦʛʦ ʢʦʛʥʠʪʠʚʥʦʛʦ  

ʢʦʤʧʣʝʢʩʘ 

 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʆʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘ-

ʥʘ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʛʜʝ ʨʘʜʠʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʘʞʝ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʠʟʤʝʥʝʥʠʝ ʜʨʫʛʠʭ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʚʦʣʶʮʠʠ ʧʦʟʥʘʥʠʷ ʤʳ ʦʙʩʫʞ-

ʜʘʣʠ ʨʘʥʝʝ [1, 2], ʘ ʢʨʠʪʝʨʠʷʤʠ ʚʳʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʚʳʩʪʫʧʘʶʪ: 

1) ʩʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʩʚʘʠʚʘʝʤʦʛʦ ʆʙʲʝʢʪʘ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʝʡ 
ʥʘʫʯʥʦʡ ʢʘʨʪʠʥʳ ʤʠʨʘ; 

2) ʫʨʦʚʝʥʴ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʉʨʝʜʩʪʚ ʠ ʆʧʝʨʘʮʠʡ ʩ ʆʙʲʝʢʪʦʤ; 

3) ʭʘʨʘʢʪʝʨ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʘʢʩʠʦʣʦʛʠʯʝʩʢʦʡ (ʮʝʥʥʦʩʪʥʦ-ʮʝʣʝʚʦʡ) ʦʨʠʝʥʪʘʮʠʠ 

ʉʫʙʲʝʢʪʘ. 

ɺʪʦʨʦʡ ʢʨʠʪʝʨʠʡ ʚʘʞʝʥ, ʪʘʢ ʢʘʢ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʦʩʚʦʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ï ʪʝʭʥʦʣʦʛʠʡ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʨʳʙʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʩʪʨʘʠʚʘʥʠʷ ʠʝʨʘʨʭʠʠ ʪʝʭʥʦʣʦʛʠʡ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʳ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʘ 1 

ʀʝʨʘʨʭʠʷ ʫʨʦʚʥʝʡ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

 
ʋʨʦʚʥʠ  ʦʩʚʦʝʥʠʷ ʍʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʦʩʚʦʝʥʠʷ  ʨʝʩʫʨ-

ʩʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʈʝʟʫʣʴʪʘʪʳ ʦʩʚʦʝʥʠʷ  ʨʝʩʫʨʩʦʚ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘ ʠʟʚʝʩʪʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʝ 

ʅʘʜ- 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ɻʫʤʘʥʠʪʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

High-hume.  

ʆʙʲʝʢʪ ʢʘʢ ʥʝʤʘʪʝʨʠʘʣʴʥʳʡ ʨʝʩʫʨʩ. 

ʀʟʤʝʥʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʟʥʘʥʠʷ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʩʦʮʠʫʤʘ 

çɺʦʜʥʳʡ ʤʠʨè. 

˽͙ͪͪͦ͒ͤ·͚  
˻͋Ά͔ͭ͟ 

˿͔͍ͪ͒ͫͭ͊ 
͙ͤ͊ͯ͟ 

˻͔ͨͪ͊ͼ͙͙ 
͍͔͙ͦͫͦͤΎ  
ό͔ͭͻ͎͙͙ͤͦͦ͡ύ 

˿ͯ͋Ά͔ͭ͟ 
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ʊʨʘʥʩ- 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʂʦʥʚʝʨʛʝʥʮʠʷ ʙʦʣʴʰʠʭ ʤʝʞʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ  ʧʨʦʝʢʪʦʚ ʠ ʆʙʣʘʩʪʝʡ 

ɺʦʟʤʦʞʥʦʩʪʝʡ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʣʘʪʬʦʨʤ: çʂʦʣʦʥʠʟʘʮʠʷ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘè 

ʄʝʞ- 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʀʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ, ʩʨʝʜʩʪʚ ʠ ʤʝʪʦ-

ʜʦʚ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪ-

ʨʘʩʣʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʈʳʙʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ  ʦʪʨʘʩʣʠ.  ʂʦʤʧʣʝʢʩʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ  ʩʳʨʴʷ ʛʠʜʨʦʙʠʦʥʪʦʚ.   

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ ʚ çʆʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄʠʨʦ-

ʚʦʛʦ ʦʢʝʘʥʘè. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʂʦʤʙʠʥʘʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʥʘʚʳʢʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ  ʧʨʦʮʝʩ-

ʩʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ; ʥʘʢʦʧʣʝ-

ʥʠʝ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʟʥʘʥʠʡ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʈʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʪʨʘʩʣʠ ʥʘ  ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ. 

ɼʦ- 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʆʪʩʫʪʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʙʲʝʢʪʘ 

ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ ʚ ʞʠʪʝʡʩʢʠʭ 

ʧʨʘʢʪʠʢʘʭ. 

 

 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠʝʨʘʨʭʠʠ ʷʚʣʷʝʪʩʷ ʥʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʚʘʮʠʡ ʧʦ ʚʨʝʤʝʥʠ ʠʭ ʧʦʷʚʣʝʥʠʷ, ʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʝʨʠ-

ʦʜʠʟʘʮʠʷ. 

ʕʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʪʨʘʩʣʝʡ ʭʦʟʷʡʩʪʚʘ ʥʘ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ, ʄʝʞʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʲ-

ʝʜʠʥʷʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʝʨʝʨʘʙʦʪʢʠ  ʛʠʜʨʦʙʠʦʥʪʦʚ, ʊʨʘʥʩʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʦʪʢʨʳʚʘʶʱʠʡ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʨʘʤʢʘʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ ï ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʫʯʝʪʘ ʘʢʩʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʢʨʠʪʝʨʠʷ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʷʟʝʡ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʠʨʦʜʥʦ-

ʩʦʮʠʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʚʦʟʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʙʝʟ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʤ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʘʪʝʥʪʥʦʛʦ ʣʘʥʜʰʘʬʪʘ.  

ʇʘʪʝʥʪʥʳʡ ʣʘʥʜʰʘʬʪ ï ʵʪʦ ʘʥʘʣʠʟ ʧʘʪʝʥʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚ 

ʦʙʱʝʤ ʚʠʜʝ ʧʘʪʝʥʪʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʣʠʙʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʜʠʥʘʤʠʢʠ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚ ʩʪʨʘʥʝ, ʨʝʛʠʦʥʝ 

ʠʣʠ ʢʦʤʧʘʥʠʠ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʦ ʨʘʟ ʫʧʨʦʩʪʠʪʴ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʪʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʄʝʪʦʜ ʧʘʪʝʥʪʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʘʪʝʥʪʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʚ ʬʦʨʤʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʷʚʦʢ ʧʦ ʨʝʛʠʦʥʘʤ, ʩʬʝʨʘʤ ʧʨʠʤʝʥʝʥʠʷ, 

ʮʠʪʠʨʫʝʤʦʩʪʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʦʙʨʘʙʦʪʢʫ ʩʦʜʝʨ-

ʞʠʤʦʛʦ ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦʙʲʝʜʠʥʷʷ ʟʘʷʚʢʠ ʠ ʧʘʪʝʥʪʳ 

ʚ ʦʜʠʥ ʙʣʦʢ ʩ ʧʦʭʦʞʝʡ, ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ, ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʢʦʤʧʘʥʠʠ 

Questel (www.questel.com) (ʨʠʩ. 2), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʫʶ ʢʦʣʣʝʢʮʠʶ 

ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ  ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ʊʘʢʞʝ ʵʪʘ ʢʦʤʧʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ  

ʦʨʠʛʠʥʘʣʴʥʳʝ  ʩʨʝʜʩʪʚʘ ʧʦʠʩʢʘ, ʚʢʣʶʯʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ, ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʡ  ʠ ʣʘʥʜʰʘʬʪʥʳʡ  ʘʥʘʣʠʟʳ, ʫʥʠʢʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ ʧʦʠʩʢʦʚʦʡ ʧʨʦʛʨʘʤʤʳ Questel 

 

ɹʘʟʘ Questel ʩʦʜʝʨʞʠʪ ʩʚʳʰʝ 50 ʤʣʥ. ʟʘʧʠʩʝʡ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʨʦʜ-

ʩʪʚʝʥʥʳʭ ʧʘʪʝʥʪʦʚ (Patent Family) ʠ ʶʨʠʜʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʜʦʢʫʤʝʥʪʘ, ʮʠʪʠʨʫʝʤʳʭ ʠ 

ʮʠʪʠʨʫʶʱʠʭ ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʙʥʦʚʣʷʝʪʩʷ ʝʞʝʥʝʜʝʣʴʥʦ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ 

22 ʧʦʣʥʦʪʝʢʩʪʦʚʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ: US, PCT, EP, DE, FR, GB, JP, 

CH, BE, AT, JP, CN, IN, RU (ʩ 1924 ʛ.) ʠ ʜʨ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʧʘʪʝʥʪʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʪʝʤʘʪʠʢʝ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʢʨʳ ʨʳʙè [3], ʧʦʩʪʨʦʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʙʘʟʳ Questel, ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫ-

ʶʱʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʂʦʣʠʯʝʩʪʚʦ ʧʘʪʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʧʘʪʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝ-

ʣʝʤ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ ʢʦʨʨʝʣʷʮʠʠ ʩ ʜʠʥʘʤʠʢʦʡ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʯʠʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ.  

ɼʠʥʘʤʠʢʘ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʨʦʩʪʘ ʧʘʪʝʥʪʦʚ ʦʪʨʘʞʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʪʝʭʥʦʣʦʛʠʠ/ʦʪʨʘʩʣʠ. 

ɻʝʦʛʨʘʬʠʷ ʧʦʜʘʯʠ ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʪʨʘʥʳ, ʣʠʜʠʨʫʶ-

ʱʠʝ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. 

ʇʦʠʩʢʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʦʠʩʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ Questel. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ: Espacenet (ɽʚʨʦʧʝʡ-

ʩʢʦʝ ʧʘʪʝʥʪʥʦʝ ʚʝʜʦʤʩʪʚʦ ï ɽʇɺ), ʌʀʇʉ, Patent Lens. 

ʇʦʠʩʢʦʚʳʡ ʦʙʨʘʟ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʠʩʢʦʚʳʝ 

ʟʘʧʨʦʩʳ, ʚʢʣʶʯʘʶʱʠʝ ʩʦʯʝʪʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʢʣʶʯʝʚʳʭ ʩʣʦʚ:  

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ; ʚʳʨʘʱʠʚʘʥʠʝ ʨʳʙ ʥʘ ʠʢʨʫ; ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ ʟʘʱʠʪ-

ʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ; ʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʦʙʦʣʦʯʢʠ ʠʢʨʳ ʨʳʙ, ʛʝʣʝʦʙʨʘʟʫʶʱʠʝ ʧʦʣʠʩʘʭʘ-

ʨʠʜʳ; 

biological membranes; growing fish for caviar; regenerative protective surfaces; struc-

ture and composition of fish eggs shell, gel-forming polysaccharides. 

 



74 
 
 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 
 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʙʘʟʝ Questel ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʚʳʷʚʠʣ 12534 ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥ-

ʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 2). ʀʟ ʥʠʭ 6447 ʧʘʪʝʥʪʦʚ ʧʦʜʜʝʨʞʠʚʘʝʪ-

ʩʷ ʚ ʩʠʣʝ, 6087 ï ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ.  

ʇʘʪʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʢʨʳ ʨʳʙ ʥʘʯʘʣʘ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʢʦʥʮʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ (ʨʠʩ. 3). ʊʘʢ, ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʚʨʝʤʝ-

ʥʠ ʜʦ 2001 ʛʦʜʘ ʙʳʣʦ ʚʳʜʘʥʦ 2926 ʧʘʪʝʥʪʘ. ʉ 2001 ʧʦ 2005 ʛʛ. ï 3106, ʩ 2006 ʧʦ 2010 ʛʛ. 

ï 2612, ʩ 2011 ʧʦ 2015 ʛʛ. ï 2805, ʧʦʩʣʝ 2015 ʛʦʜʘ ʜʦ 25 ʤʘʷ 2018 ʛʦʜʘ ï 1085.  

ʆʪʤʝʯʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʚ 2000, 2001 ʠ 2002 ʛʛ. (680, 656 ʠ 682 ʧʘʪʝʥʪʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʘʪʝʥʪʦʚʘʥʠʷ ʩ 2003 ʧʦ 2012 ʛʛ. (ʦʪ 

451 ʧʘʪʝʥʪʘ ʚ 2010 ʛʦʜʫ ʜʦ 558 ï ʚ 2005), ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ 2013, 2014 ʠ 2015 ʛʛ. 

(567, 559 ʠ 572 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʥʠʞʝʥʠʝ ʚ 2016 ʛ. ʜʦ 501 ʧʘʪʝʥʪʘ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢ-

ʥʫʪʴ, ʯʪʦ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʥʝ ʚʩʝ ʧʘʪʝʥʪʥʳʝ 

ʟʘʷʚʢʠ, ʧʦʜʘʥʥʳʝ ʚ 2017 ʠ 2018 ʛʦʜʘʭ (231 ʠ 4 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʫʙʣʠʢʘʮʠʷ ʟʘʷʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 18-ʡ ʤʝʩʷʮ ʩ ʜʘʪʳ ʧʦʜʘʯʠ ʥʘʮʠʦʥʘʣʴ-

ʥʦʡ ʟʘʷʚʢʠ. 

ʉʨʝʜʠ ʩʪʨʘʥ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʣʠʜʠʨʫʶʪ ʉʐɸ (6876 ʧʘ-

ʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʘ), ʩʪʨʘʥʳ ʉʅɻ (6229 ʧʘʪʝʥʪʘ), ɽʚʨʦʩʦʶʟʘ (4382), ʗʧʦʥʠʷ (4215), ɸʚ-

ʩʪʨʘʣʠʷ (3510) (ʨʠʩ. 2).  

ʇʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʷʤʠ (ʚʣʘʜʝʣʴʮʘʤʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʧʨʘʚ ʥʘ ʦʙʲʝʢʪʳ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʭʨʘʥʷʝʤʳʤʠ ʧʘʪʝʥʪʘʤʠ) ʷʚʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʶʨʠʜʠʯʝʩʢʠʝ 

ʣʠʮʘ (ʧʨʝʜʧʨʠʷʪʠʷ ʧʠʱʝʚʦʡ, ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʫʥʠʚʝʨʩʠʪʝʪʳ) (ʨʠʩ. 4). ɺʝʜʫʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʢʦʤʧʘʥʠʷ 

GENENTECH ï 637 ʧʘʪʝʥʪʦʚ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ï ISIS PHARMACEUTICAL (263 ʧʘʪʝʥ-

ʪʘ), ʥʘ ʪʨʝʪʴʝʤ ï ALNYLAM PHARMACEUTICAL (160), ʥʘ ʯʝʪʚʝʨʪʦʤ ï UNIVERSITY 

OF CALIFORNIA (144).  

  

 
 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʧʘʪʝʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʢʨʳ ʨʳʙ (Questel) 
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ʈʠʩ. 4. ʇʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʠ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʢʨʳ ʨʳʙ (Questel) 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʡ, ʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʪʝʥʪʦʚ ʦʭʨʘʥʷʶʪ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʘʨʤʘʮʝʚʪʠʢʠ (ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʧʘʪʝʥʪʦʚ) (ʨʠʩ. 5). ɿʘ-

ʪʝʤ ʠʜʫʪ ʦʙʲʝʢʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʚ ʩʬʝʨʝ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ï ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, ʤʝʜʠʮʠʥ-

ʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʙʘʟʠʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʭʠʤʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʅʘ ʯʝʪʚʝʨʪʦʤ ʤʝʩʪʝ ï ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʡ ʠʥʞʠʥʠʨʠʥʛ. ʀ, 

ʥʘʢʦʥʝʮ, ʥʘ ʧʷʪʦʤ ï ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʘʷ ʭʠʤʠʷ, ʧʦʣʠʤʝʨʳ, ʠʟʤʝʨʝʥʠʷ, ʜʨʫʛʠʝ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʤʘʰʠʥʳ (ʙʦʣʝʝ 625 ʧʘʪʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ).  
 

 
 

ʈʠʩ. 5. ʇʨʠʦʨʠʪʝʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠʢʨʳ ʨʳʙ (Questel) 


