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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʦʩʥʦʚʝ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʝʥ ʠ ʜʘʚʥʦ ʧʨʠʟʥʘʥ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʘ ʬʠʪʦʧʨʝʧʘʨʘʪʳ ʧʨʦʯʥʦ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ 

ʣʠʪʝʨʘʪʫʨʳ ʦʙʱʠʡ ʤʠʨʦʚʦʡ çʪʨʘʚʷʥʦʡè ʨʳʥʦʢ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʦʩʥʦʚʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 14-18 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ [126, 137, 171, 202]. ʀ ʚ 

ʮʝʣʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʦʩʥʦʚʝ ʥʝ ʩʥʠʞʘʝʪʩʷ, ʠ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʙʣʘʛʦʜʘʨʷ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʢʘʯʢʫ ʚ ʨʘʟʚʠʪʠʠ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʤʝʞʥʳʭ ʩ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʝʡ ʠ ʬʘʨʤʘʢʦʛʥʦʟʠʝʡ ʦʙʣʘʩʪʷʭ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ. ʊʘʢ, 

ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʝʜʠʮʠʥʘ ï ʦʜʥʦ 

ʠʟ ʥʦʚʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʝʝ ʨʘʟʥʦʩʪʦʨʦʥʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʨʘʩʪʝʥʠʡ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩ ʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʦʣʫʯʘʝʤʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩ 

ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʨʘʩʪʝʥʠʡ ʠ çʪʦʯʢʘʭè ʠʭ ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ, 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʜʝʡʩʪʚʠʷ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʛʫʪ 

ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʪ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ, 

ʩʝʣʝʢʮʠʠ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʜʦ 

ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ/ʟʘʜʘʥʥʦʡ ʜʦʟʦʡ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʚʨʘʯʫ ʨʘʩʯʝʪ ʜʦʟ, 

ʧʨʦʚʝʜʝʥʠʝ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʛʣʘʚʥʦʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ ʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪʳ 

ʧʦʪʨʝʙʠʪʝʣʶ [81,82, 90].  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʤʝʜʠʮʠʥʫ ʚʠʜʦʤ ʷʚʣʷʝʪʩʷ Lotus 

corniculatus L. (ʣʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ) - ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ ʨʦʜʘ 

Lotus L. (ʣʷʜʚʝʥʝʮ), ʩʝʤʝʡʩʪʚʘ Fabaceae (ʙʦʙʦʚʳʝ), ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 
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ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʦʠʟʨʘʩʪʘʶʱʝʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʠ ʥʘ ʂʘʚʢʘʟʝ, ʘ ʚ ʉʠʙʠʨʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ. ʃʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ ï ʚʠʜ, ʰʠʨʦʢʦ ʚʚʝʜʝʥʥʳʡ ʠ 

ʚʚʦʜʠʤʳʡ ʚ ʢʫʣʴʪʫʨʫ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ ʥʫʞʜ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ 

ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʤ, ʚʳʩʦʢʦʙʝʣʢʦʚʳʤ ʩʳʨʴʝʤ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʦ ʢʦʨʤʦʚʦʡ ʮʝʥʥʦʩʪʠ ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʜʘʥʥʳʤ, ʧʨʝʚʦʩʭʦʜʷʱʠʤ ʣʶʮʝʨʥʫ (Medicago sativa) ʠ ʢʣʝʚʝʨ (Trifolium 

repens). ʉ ʜʨʫʛʦʡ - ʣʷʜʚʝʥʝʮ ʬʠʢʩʠʨʫʝʪ ʘʟʦʪ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʩʦʟʜʘʚʘʷ 

ʩʠʤʙʠʦʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʷʤʠ, ʯʪʦ 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ, 

ʥʘʨʫʰʝʥʥʳʭ, ʙʝʜʥʳʭ ʧʦʯʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ  ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʦ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ, ʚʝʪʝʨʠʥʘʨʠʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ 

ʢʦʩʤʝʪʦʣʦʛʠʠ, ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ, 

ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʘʷ, ʨʘʥʦʟʘʞʠʚʣʷʶʱʘʷ, ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ, ʧʦʚʳʰʝʥʠʝ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ) [27,28,172,188,189,196,200,211]. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʠ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, ʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥ ʠʟʫʯʝʥ ʬʨʘʛʤʝʥʪʘʨʥʦ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʘʝʪʩʷ ʝʜʠʥʠʯʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ 

ʜʘʥʥʳʭ Scopus, WoS ʠ ʜʨ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʉʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚʠʜʘʭ ʣʷʜʚʝʥʮʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʨʝʢʦʤʝʥʜʘʮʠʷ ʚ ʧʨʘʢʪʠʢʫ ʥʦʚʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʨʘʙʦʪʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʚʢʣʶʯʝʥʠ ̫ʚ ʥʦʨʤʘʪʠʚʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʟʫʯʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ (Lotus corniculatus L.), 

ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʜʣʷ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʥʦʚʦʛʦ  ʚʠʜʘ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. 
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ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ: 

- ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʨʘʩʪʝʥʠʷʤ 

ʨʦʜʘ Lotus L;  

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ; 

- ʠʟʫʯʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʣʷʜʚʝʥʮʘ 

ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ; 

- ʦʮʝʥʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʩʳʨʴʷ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʪʘʝʞʥʦʡ ʟʦʥʳ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ;  

- ʠʟʫʯʝʥʠʝ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ ʠ 

ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ ʚ ʢʫʣʴʪʠʚʠʨʫʝʤʦʤ ʩʳʨʴʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʨʦʢʦʚ 

ʝʛʦ ʟʘʛʦʪʦʚʢʠ;  

- ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʌʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ ʥʘ ʥʦʚʳʡ ʚʠʜ ʩʳʨʴʷ 

çʃʷʜʚʝʥʮʘ  ʨʦʛʘʪʦʛʦ  ʪʨʘʚʘè.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ, ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʧʫʰʝʥʥʦʩʪʠ ʩʪʝʙʣʷ, 

ʠʤʝʶʱʝʛʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʬʦʨʤʳ ʚ ʚʝʨʭʥʝʡ, ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ; ʚ 

ʥʘʣʠʯʠʠ ʤʝʞʜʦʫʟʣʠʡ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʩʪʝʙʣʷ ʩ ʥʠʟʢʦʡ ʦʧʫʰʝʥʥʦʩʪʴʶ; 

ʨʘʟʚʝʨʪʳʚʘʶʱʠʭʩʷ ʣʠʩʪʦʚʳʭ ʧʣʘʩʪʠʥʦʢ ʠʟ ʧʦʯʢʠ ʩ ʯʝʨʝʰʦʯʢʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʦʧʫʰʝʥʠʷ;  ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫʩʪʴʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʜʚʫʭ ʪʠʧʦʚ; 

ʙʫʣʘʚʦʚʠʜʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʚʦʣʦʩʢʦʚ ʩ ʦʜʥʦʢʣʝʪʦʯʥʦʡ ʥʦʞʢʦʡ ʠ 

ʤʥʦʛʦʢʣʝʪʦʯʥʦʡ  ʛʦʣʦʚʢʦʡ;  ʤʥʦʛʦʨʷʜʥʦʡ   ʢʨʠʩʪʘʣʣʦʥʦʩʥʦʡ ʦʙʢʣʘʜʢʠ.  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ   ʤʝʪʦʜʘʤʠ  ʚ  ʣʷʜʚʝʥʮʝ  ʨʦʛʘʪʦʤ,  ʚʧʝʨʚʳʝ  

ʢʫʣʴʪʠʚʠʨʫʝʤʦʤ  ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 34 ʩʦʝʜʠʥʝʥʠʷ, ʠʟ ʥʠʭ  

26 ʚʝʱʝʩʪʚ ʬʝʥʦʣʴʥʦʡ ʧʨʠʨʦʜʳ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʫʤʘʨʠʥʘʤ (ʠʟʦʩʢʦʧʦʣʝʪʠʥ, 

ʩʢʦʧʦʣʝʪʠʥ, ʫʤʙʝʣʣʠʬʝʨʦʥ,  ʵʩʢʫʣʝʪʠʥ,  ʩʢʠʤʠʥ, ʩʢʦʧʦʣʠʥ), ʬʣʘʚʦʥʦʠʜʘʤ 

(ʧʦʧʫʣʥʠʥ, ʘʩʪʨʘʛʘʣʠʥ, ʪʨʠʬʦʣʠʥ, ʠʟʦʢʚʝʨʮʠʪʨʠʥ, ʢʚʝʨʮʠʪʨʠʥ,  ʛʠʧʝʨʦʟʠʜ, 
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ʤʦʨʠʥ-3-ʆ-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ, ʢʝʤʧʬʝʨʦʣ-3-ʆ-7-ʆ-ʜʠʛʣʶʢʦʟʠʜ, ʢʚʝʨʮʝʪʠʥ),  

ʠʟʦʬʣʘʚʦʥʦʠʜʘʤ (ʬʦʨʤʦʥʦʥʝʪʠʥ,ʛʝʥʠʩʪʝʠʥ, ʙʠʦʭʘʥʠʥ ɸ, ʦʥʦʥʠʥ), 

ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʤ ʢʠʩʣʦʪʘʤ (ʧʨʦʪʦʢʘʪʝʭʦʚʘʷ, ʧ-ʢʫʤʘʨʦʚʘʷ, ʛʘʣʣʦʚʘʷ, 

ʢʦʬʝʡʥʘʷ, ʬʝʨʫʣʦʚʘʷ, ʭʣʦʨʦʛʝʥʦʚʘʷ, ʥʝʦʭʣʦʨʦʛʝʥʦʚʘʷ), 1 ʚʝʱʝʩʪʚʦ 

ʪʨʠʪʝʨʧʝʥʦʚʦʡ ʧʨʠʨʦʜʳ (ʦʣʝʘʥʦʣʦʚʘʷ ʢʠʩʣʦʪʘ), 4 ʘʤʠʥʦʢʠʩʣʦʪʳ (ʚʘʣʠʥ, 

ʘʨʛʠʥʠʥ,  ʣʠʟʠʥ ʠ ʛʣʠʮʠʥ) ʠ 3 ʫʛʣʝʚʦʜʘ (D-ʛʘʣʘʢʪʦʟʘ, D-ʛʣʶʢʦʟʳ ʠ  L-

ʨʘʤʥʦʟʳ). ɼʣʷ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ ʠ 

ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʨʦʢʦʚ ʝʛʦ  

ʟʘʛʦʪʦʚʢʠ.  ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʣʷʜʚʝʥʮʘ 

ʨʦʛʘʪʦʛʦ,  ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ  ʚ ʊʦʤʩʢʦʡ  ʦʙʣʘʩʪʠ,  ʫʩʪʘʥʦʚʣʝʥʳ  ʚʩrʦʢʠʝ  ʫʨʦʚʥʠ  ʩʦʜʝʨʞʘʥʠʷ  

Ca, K, Na ʠ Zn ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʜʠʢʦʨʘʩʪʫʱʠʝ ʚʠʜʳ ʠ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʩʦʨʪʘ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ.   

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩʳʨʴʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ 

ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ - ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʦʝʢʪ ʌʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ çʃʷʜʚʝʥʮʘ    ʨʦʛʘʪʦʛʦ ʪʨʘʚʘè. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʩʰʠʨʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʘʭ, ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ:  

- ʤʝʪʦʜʠʢʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ ʠ 

ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ ʚ ʪʨʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʝʪʦʜʦʤ ʊʉʍ;  

- ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʪʨʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 

ʙʠʦʭʘʥʠʥ ɸ ʠ ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʢʦʬʝʡʥʫʶ ʢʠʩʣʦʪʫ. 

ʄʝʪʦʜʠʢʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʆʆʆ çʌʘʨʤ-ʊʨʝʡʜè, ʆʆʆ çʉʀɹʈɽʉʋʈʉè; 
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- ʧʨʦʝʢʪ ʬʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ çʃʷʜʚʝʥʮʘ   ʨʦʛʘʪʦʛʦ   ʪʨʘʚʘè; 

           - çʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʘʛʦʪʦʚʦʢ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠè. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʟʘʱʠʱʝʥʳ 2 ʧʘʪʝʥʪʘʤʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ; ʚʥʝʜʨʝʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʠ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʢʘʬʝʜʨʳ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʌɻɹʆʋ ɺʆ 

çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè.   

ʉʚʷʟʴ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʦʙʣʝʤʥʳʤ ʧʣʘʥʦʤ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʥʘʫʢ.  ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʤʳ 

ʉʠʙɻʄʋ çʈʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʦʚʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚè 

(ʈʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ˉ 01201152362). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ, ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʛʦʪʦʚʢʝ 

ʦʙʨʘʟʮʦʚ, ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʙʱʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʬʦʨʤʣʝʥʠʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʫʥʢʪʘʤ 

5,6,7 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 14.04.02 - ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʭʠʤʠʷ, 

ʬʘʨʤʘʢʦʛʥʦʟʠʷ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʩʫʞʜʘʣʠʩʴ 

ʥʘ: IV  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɻʘʤʤʝʨʤʘʥʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019); ʥʘ II -ʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʦʣʴ ʤʝʪʘʙʦʣʦʤʠʢʠ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ  

ʥʘʧʨʘʚʣʝʥʠʶ çʄʝʪʘʙʦʣʦʤʠʢʘ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠè (ʛ. ʄʦʩʢʚʘ, 2019); 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʥʝʨʛʦ-ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 
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ʠʥʪʝʨʝʩʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè (SEWAN, ʛ. ʊʦʤʩʢ, 2018); ʘʛʨʦʥʦʤʠʯʝʩʢʦʤ 

ʬʦʨʫʤʝ  «ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠè (ʛ.ʊʦʤʩʢ, 2016, 2017, 2018).  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 9 ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 3 ʩʪʘʪʴʠ - ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ɺɸʂ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʧʦʣʫʯʝʥʦ 2 ʧʘʪʝʥʪʘ 

ʈʌ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠ; 

- ʨʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ; 

- ʨʝʟʫʣʴʪʘʪʳ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ) ʚ ʪʨʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ; 

- ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ çʃʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʪʨʘʚʘè; 

- ʧʨʦʝʢʪ ʬʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ ʥʘ ʥʦʚʳʡ ʚʠʜ ʃʈʉ çʃʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

ʪʨʘʚʘè. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʥʘ 168 ʩʪʨʘʥʠʮʘʭ. ɺ ʪʝʢʩʪʝ ʧʨʠʚʝʜʝʥʦ 16 ʪʘʙʣʠʮ, 32 

ʨʠʩʫʥʢʘ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʫʢʘʟʘʪʝʣʴ ʚʢʣʶʯʘʝʪ 211 ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ, 

ʠʟ ʥʠʭ ʟʘʨʫʙʝʞʥʳʭ - 73. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ. ɺ 

ʧʨʠʣʦʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʧʨʦʝʢʪ ʬʘʨʤʘʢʦʧʝʡʥʦʡ ʩʪʘʪʴʠ çʃʷʜʚʝʥʮʘ 

ʨʦʛʘʪʦʛʦ ʪʨʘʚʘè, ʘʢʪʳ ʚʥʝʜʨʝʥʠʷ, çʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʛʦʪʦʚʦʢ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠè, 2 ʧʘʪʝʥʪʘ ʈʌ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ. ʇɽʈʉʇɽʂʊʀɺʓ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʃʗɼɺɽʅʎɸ ʈʆɻɸʊʆɻʆ 

 

1.1. ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

 

Lotus corniculatus L. (ʣʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ) ï ʧʨʝʜʩʪʘʚʠʪʝʣʴ  ʩʝʤʝʡʩʪʚʘ  

Fabaceae, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʦʜʦʚ ï ʨʦʜʫ ʣʷʜʚʝʥʝʮ  Lotus 

L., ʦʙʲʝʜʠʥʷʶʱʝʤʫ ʦʪ 70 ʜʦ 200 ʚʠʜʦʚ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʢʩʝʨʦʬʠʪʥʳʝ, 

ʧʫʩʪʳʥʥʳʝ, ʘʣʴʧʠʡʩʢʠʝ ʤʥʦʛʦʣʝʪʥʠʢʠ ʠ ʩʦʣʝʫʩʪʦʡʯʠʚʳʝ ʦʜʥʦʣʝʪʥʠʢʠ. 

ʊʘʢʩʦʥʦʤʠʷ ʨʦʜʘ Lotus L. ʩʣʦʞʥʘ ʠ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ,  ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʦʙʭʦʜʠʤ ʝʛʦ ʚʩʝʦʙʲʝʤʣʶʱʠʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ 

ʧʝʨʝʩʤʦʪʨ. ʇʦ ʜʘʥʥʳʤ ʤʦʨʬʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʜʘ Lotus 

L., ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 2006 ʧʦ 2018 ʛʛ. ɼʝʛʪʷʨʝʚʦʡ ʀ.ɺ., ʠ ʧʦʣʫʯʝʥʥʳʤ 

ʥʘ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 

ʫʯʘʩʪʢʘ ʷʜʝʨʥʦʡ ʨʠʙʦʩʦʤʘʣʴʥʦʡ ɼʅʂ ITS1ï2 ʨʝʟʫʣʴʪʘʪʘʤ, ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʨʦʜ ʙʝʨʸʪ ʩʚʦʸ ʥʘʯʘʣʦ ʚ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ 

ʠ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʚʠʜʦʚʳʭ ʛʨʫʧʧʳ: 1 - Lotus corniʩulatus; 2 - Lotus 

angustissimus; 3 - Lotus uliginosus; 4 - Lotus parviflorus.  ɺ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚʩʝʭ ʯʝʪʳʨʸʭ ʛʨʫʧʧ. ɸʚʪʦʨ ʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʵʚʦʣʶʮʠʷ   Lotus corniculatus  ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʜ ʚʣʠʷʥʠʝʤ  ʝʝ ʨʘʩʧʨʦʩʪʨʘʝʥʠʷ 

ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʠ ʧʨʦʮʝʩʩʘʤʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʛʨʫʧʧ [174]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟʫʯʘʶʱʠʭ ʛʨʫʧʧʫ Lotus corniculatus ʩʯʠʪʘʶʪ 

ʝʛʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ ʪʨʫʜʥʦʡ ʛʨʫʧʧʦʡ ʠʟ-ʟʘ ʝʛʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʡ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ.  

ɺʳʨʘʞʝʥʥʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ L. ʩorniculatus ʧʦ ʜʝʪʘʣʷʤ 

ʩʪʨʦʝʥʠʷ ʮʚʝʪʢʦʚ, ʭʘʨʘʢʪʝʨʫ ʦʧʫʰʝʥʥʦʩʪʠ, ʬʦʨʤʘʤ ʣʠʩʪʦʯʢʦʚ, ʠ ʜʨ. 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʚʳʜʝʣʝʥʠʝ ʬʦʨʤ ʠ ʤʝʣʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʪʦʛʦ ʩʣʦʞʥʦʛʦ 

ʧʦʣʠʤʦʨʬʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ, ʊ.ɽ. ʂʨʘʤʠʥʦʡ Lotus stepposus ʙʳʣ ʦʧʠʩʘʥ ʢʘʢ 

ʯʘʩʪʴ, ʦʧʠʩʘʥʥʦʛʦ  ʄ.ɺ. ʂʣʦʢʦʚʳʤ  L. ucrainicus   [174]. ɺʳʷʩʥʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ L. corniculatus ʙʳʣʦ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ ʥʘ 
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ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʪʚʝʨʪʠ ʚʝʢʘ. ʅʘʧʨʠʤʝʨ, ʚ 1985 ʛʦʜʫ Ross ʠ  Jones 

ʚʳʜʚʠʥʫʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ L. corniculatus ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʙʨʠʜʠʟʘʮʠʠ L. uliginosus ʠ L. alpinus ʠʣʠ c L. tenuis, ʯʫʪʴ ʧʦʟʞʝ ʚ 1986 ʛʦʜʫ  

ɻʨʘʥʪ ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʪʝʣʠ  ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʙʲʷʩʥʝʥʠʝ ʚʩʝ ʝʱʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʧʦʣʥʳʤ [160 - 162].         

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, L. ʩorniculatus ï ʵʪʦ ʧʦʣʠʤʦʨʬʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ  ʛʨʫʧʧʳ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ, ʨʘʥʛ ʢʦʪʦʨʳʭ ʠʩʪʦʣʢʦʚʳʚʘʝʪʩʷ 

ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʥʝʦʜʠʥʘʢʦʚʦ [64, 130]. 
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ʈʠʩʫʥʦʢ 1.1.1 ɸʛʨʦʬʠʪʦʮʝʥʦʟ Lotus corniculatus L.ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ 

ʩʪʘʮʠʦʥʘʨʘ ʃʫʯʘʥʦʚʩʢʠʡ,  ʉʠʙʅʀʀ ʉʍʠʊ ï ʌʠʣʠʘʣ  ʉʌʅʎ ʈɸʅ (ʊʦʤʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʛ.ʊʦʤʩʢ) 



13 
 

 

ʈʘʟʤʥʦʞʘʝʪʩʷ ʣʷʜʚʝʥʝʮ ʩʝʤʝʥʘʤʠ, ʦʯʝʥʴ ʨʝʜʢʦ ʚʝʛʝʪʘʪʠʚʥʦ 

[76,105,106,124,125].  

Lotus corniculatus L. ï ʤʝʜʦʥʦʩ, ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦ ʧʝʨʝʢʨʝʩʪʥʦ 

ʦʧʳʣʷʶʱʠʤʩʷ ʨʘʩʪʝʥʠʝʤ. ʇʳʣʴʮʫ ʩ ʦʜʥʦʛʦ ʮʚʝʪʢʘ ʥʘ ʜʨʫʛʦʡ ʧʝʨʝʥʦʩʷʪ 

ʰʤʝʣʠ ʠ ʢʫʣʴʪʫʨʥʳʝ ʧʯʝʣʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʩ 1 ʛʘ 

ʣʷʜʚʝʥʮʘ ʚ ʥʝʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʝ ʈʌ ʧʯʝʣʳ ʩʦʙʠʨʘʶʪ ʜʦ 135 ʢʛ ʥʝʢʪʘʨʘ, ʚ 

ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 30 ʢʛ ʯʠʩʪʦʛʦ ʩʘʭʘʨʘ [47]. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʷʜʚʝʥʮʦʚ ʩʨʝʜʠ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚʘ Fabaceae, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʠʭ ʦʧʳʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʭʘʥʠʟʤ 

çʥʘʛʨʫʟʢʠè ʧʳʣʴʮʳ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʙʣʶʜʝʥʠʷ, ʥʘʩʝʢʦʤʳʝ, ʧʨʠʟʝʤʣʷʷʩʴ ʥʘ 

ʮʚʝʪʦʢ, ʦʧʠʨʘʶʪʩʷ ʥʘ ʚʳʜʘʶʱʠʝʩʷ ʚʧʝʨʝʜ ʢʨʳʣʴʷ, ʩʦʝʜʠʥʝʥʥʳʝ 

ʩʦʚʧʘʜʘʶʱʠʤʠ ʚʳʩʪʫʧʘʤʠ ʠ ʫʛʣʫʙʣʝʥʠʷʤʠ ʩ ʣʦʜʦʯʢʦʡ: ʧʦʩʣʝʜʥʷʷ ʥʝ 

ʦʪʢʨʳʚʘʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʘ ʧʳʣʴʮʘ ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʠʟ ʪʶʙʠʢʘ, ʠʟ 

ʟʘʛʥʫʪʦʛʦ ʢʦʥʯʠʢʘ ʣʦʜʦʯʢʠ (ʝʝ ʢʣʶʚʠʢʘ) ʨʠʩ. 1.1.2. ɺ ʧʝʩʪʠʯʥʦʡ ʬʘʟʝ ʠʟ 

ʦʪʚʝʨʩʪʠʷ ʢʣʶʚʠʢʘ ʚʳʩʦʚʳʚʘʝʪʩʷ ʨʳʣʴʮʝ [77]. 

 

ʈʠʩʫʥʦʢ 1.1.2 ʉʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʦʧʳʣʝʥʠʷ Lotus corniculatus:1 ï ʦʙʱʠʡ 

ʚʠʜ ʮʚʝʪʢʘ, 2 ï ʫʜʘʣʝʥʳ ʬʣʘʛ ʠ ʢʨʳʣʴʷ, 3 ï ʣʦʜʦʯʢʘ ʚ ʤʦʤʝʥʪ ʚʩʢʨʳʪʠʷ 

ʧʳʣʴʥʠʢʦʚ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʳʣʴʮʳ, 4 ï ʚʳʪʘʣʢʠʚʘʥʠʝ ʧʳʣʴʮʳ ʥʘʨʫʞʫ ʧʨʠ 

ʥʘʞʠʤʝ ʩʚʝʨʭʫ, 5 ï ʧʝʩʪʠʯʥʘʷ ʬʘʟʘ ʮʚʝʪʝʥʠʷ 
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ʀʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ L. corniculatus ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʘʨʝʘʣʦʤ ʦʙʠʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʣʝʩʥʳʝ ʠ ʩʪʝʧʥʳʝ ʨʘʡʦʥʳ ʂʘʚʢʘʟʘ, ɽʚʨʦʧʳ ʠ 

ɸʟʠʠ,   ʚ ɸʤʝʨʠʢʝ ʠ ɸʚʩʪʨʘʣʠʠ ʜʷʜʚʝʥʝʮ ʷʚʣʷʝʪʩʷ ʟʘʥʦʩʥʳʤ ʚʠʜʦʤ (ʨʠʩ.1.1.3)  

[64,124,127]. 

 

 

ʈʠʩʫʥʦʢ 1.1.3. ʉʪʘʪʫʩ Lotus corniculatus ʚ ʉʠʙʠʨʠ (3, 4 ï  ʚʩʪʨʝʯʘʶʱʠʝʩʷ 

ʚʠʜʳ, ʨʘʩʩʝʣʷʶʱʠʝʩʷ ʠ ʥʘʪʫʨʘʣʠʟʫʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʨʫʰʝʥʥʳʭ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʩʧʦʩʦʙʥʳʝ ʢ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʚ ʤʝʩʪʘʭ ʟʘʥʦʩʘ; ʩʭʝʤʘ 1998ʛ).  

 

ɺʦʩʪʦʯʥʘʷ ʛʨʘʥʠʮʘ ʘʨʝʘʣʘ ʚʠʜʘ ʚ ʉʝʚʝʨʥʦʡ ɸʟʠʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʦʧʨʝʜʝʣʝʥʳ ʠ ʪʨʘʢʪʫʶʪʩʷ ʫʯʝʥʳʤʠ ʧʦ-ʨʘʟʥʦʤʫ. ʅʘʧʨʠʤʝʨ, L. ucrainicus ʚ 

ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ çʚʳʩʪʫʧʘʝʪè ʢʘʢ ʘʙʦʨʠʛʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʬʣʦʨʳ ʠ ʜʘʞʝ ʚ 
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ʨʝʛʠʦʥʘʣʴʥʫʶ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʟʘʥʝʩʝʥ ʩʦ ʩʪʘʪʫʩʦʤ 2 (V) ïʚʠʜ ʫʷʟʚʠʤʳʡ ʩ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝʤ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ. ɺ ʖʞʥʦʤ 

ɿʘʫʨʘʣʴʝ ʚʠʜ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʚ ʂʫʨʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʚ ʜʚʫʭ ʥʘ ʶʛʝ 

ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ [10,33,84,85,125].   

ʇʝʨʚʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʥʘʭʦʜʢʝ L. corniculatus ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ  

ʩʜʝʣʘʥʳ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ ʚ ʥʘʯʘʣʝ XX ʚ. ɽ. ʈʦʜʜʦʤ ʠ ɺ. ʈʝʚʝʨʜʘʪʪʦ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʢʘ L. corniculatus ʜʘʪʠʨʦʚʘʥʘ 1947 ʛ, 

ʚ ʈʝʩʧʫʙʣʠʢʝ ɸʣʪʘʡ ʫʯʝʥʳʤʠ ʟʘʛʦʪʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ L. corniculatus ʩ 

ʩʝʨʝʜʠʥʳ XX ʚ. (ʩ  1954 ʛ.), ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʋʩʪʴ-

ʂʦʢʩʠʥʩʢʦʤ ʘʡʤʘʢʝ ʠʟʚʝʩʪʥʦ 6 ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʂʫʟʥʝʮʢʦʡ ʢʦʪʣʦʚʠʥʝ, ʘ ʧʝʨʚʳʝ ʩʙʦʨʳ ʦʪʥʦʩʷʪ ʢ 1972 ʛ. 

ʚʦʟʣʝ ʩʝʣʘ  ʇʨʦʩʢʦʢʦʚʦ [73,112].  

ɺ ʇʨʠʙʘʡʢʘʣʴʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ L. corniculatus ʦʪʤʝʯʝʥʳ ʚ ʀʨʢʫʪʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʩʦʩʨʝʜʦʪʦʯʠʚʘʷʩʴ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʛʦʨʦʜʦʚ ʠ ʩʝʣ 

[1,45,73].  

ɺʩʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ L. corniculatus ʜʣʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʜʘʪʠʨʫʶʪʩʷ 

1996 ʛ. ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʛ.ʊʦʤʩʢʘ ʠ ʝʛʦ 

ʙʣʠʞʘʡʰʠʭ ʦʢʨʝʩʪʥʦʩʪʝʡ [130,131]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʟʘʥʦʩʘ  Lotus corniculatus ʚ ʉʠʙʠʨʠ, ʪʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʜʚʠʛʘʶʪʩʷ ʨʘʟʥʳʝ ʚʝʨʩʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʯʠʪʳʚʘʷ, 

ʯʪʦ ʦʩʥʦʚʥʳʝ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ï ʵʪʦ ʦʙʦʯʠʥʳ ʜʦʨʦʛ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʥʘʩʳʧʠ 

ʠ ʦʪʢʦʩʳ, ʦʢʨʘʠʥʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʥʝʢʦʪʦʨʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ 

ʚʳʜʚʠʥʫʪʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʷʚʣʷʝʪʩʷ ʥʝʦʬʠʪʦʤ, 

ʚʥʝʜʨʠʚʰʠʤʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʶʪ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʟʦʰʝʣ ʟʘʚʦʟ ʩʝʤʷʥ ʜʣʷ 

ʠʥʪʨʦʜʫʢʮʠʠ Lotus corniculatus, ʘ ʫʞʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʧʫʣʷʮʠʡ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʦʩʚʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʩʝʤʷʥ, ʪʘʢ ʠ ʚʝʛʝʪʘʪʠʚʥʳʤ ʧʫʪʝʤ. 

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʨʦʜʘ Lotus L., ʥʘʧʨʠʤʝʨ, Lotus corniculatus, L.tenuis ʠ 

L.pedunculatus (ʨʘʥʝʝ L. uliginosus) ʧʨʠʦʙʨʝʣʠ ʚʘʞʥʳʡ ʘʛʨʦʥʦʤʠʯʝʩʢʠʡ 
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ʩʪʘʪʫʩ.  ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚʳʨʘʱʠʚʘʝʤʳʤ ʷʚʣʷʝʪʩʷ Lotus 

corniculatus (birdsfoot trefoli). ʀʥʪʝʨʝʩʥʦʝ ʟʘʤʝʯʘʥʠʝ ʚ ʦʜʥʦʡ ʠʟ ʧʫʙʣʠʢʘʮʠʡ  

 

ʭʦʟʷʡʩʪʚʘ ʵʪʦʪ ʚʠʜ ʠʟʚʝʩʪʝʥ ʩ ʥʘʯʘʣʘ XIX ʚ. ʠ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥʘʭ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ɹʨʘʟʠʣʠʠ, ɸʨʛʝʥʪʠʥʝ, ʏʠʣʠ ʠ ʋʨʫʛʚʘʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʡ ɽʚʨʦʧʳ ʠ 

ʯʘʩʪʠ ɸʟʠʠ, ʀʥʜʠʠ, ɸʚʩʪʨʘʣʠʠ ʠ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ [47].  

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʉʉʉʈ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʥʝʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ʚ ʣʝʩʥʦʡ ʠ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʘʭ ʚ ʦʩʥʦʚʥʦʤ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ. ʉʝʣʝʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʨʦʚʦʜʷʪʩʷ,  ʥʘʯʠʥʘʷ ʩ 

1940-ʭ ʛʦʜʦʚ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ,  ʨʘʡʦʥʠʨʦʚʘʥʦ 8 ʩʦʨʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ  ʩʦʨʪʘ çʃʫʯè, çʉʦʣʥʳʰʢʦè, çʌʦʢʫʩè, çʉʤʦʣʝʥʩʢʠʡ 1è, çɼʝʜʠʥʦʚʩʢʠʡè, 

çʄʦʩʢʦʚʩʢʠʡ 25è ʚʦʟʜʝʣʳʚʘʶʪʩʷ ʚ ʂʘʣʫʞʩʢʦʡ, ɹʝʣʛʦʨʦʜʩʢʦʡ, ʂʫʨʛʘʥʩʢʦʡ ʠ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [47]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 1953 ʛʦʜʫ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ 

ʧʦʧʳʪʢʠ ʠʥʪʨʦʜʫʢʮʠʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʥʘ ʅʘʨʳʤʩʢʦʡ ʩʝʣʝʢʮʠʦʥʥʦʡ 

ʩʪʘʥʮʠʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʡ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʦʩʪʘʥʦʚʣʝʥʳ ʠʟ-ʟʘ ʩʤʝʥʳ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʚ ʩʪʨʘʥʝ [130]. 

 

1.2. ʉʪʝʧʝʥʴ  ʭʠʤʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

 

ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʣʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ ʠʤʝʝʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʢʨʘʡʥʝ ʚʘʨʠʘʙʝʣʝʥ ʦʪ ʤʝʩʪʘ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺ ʮʝʣʦʤ, ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʣʷʜʚʝʥʮʘ ʜʝʣʷʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʠ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʩʦʨʪʦʚ. ʀʭ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʤʝʯʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʵʪʦʤ ʚʠʜʝ ʙʝʣʢʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ, 
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ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʬʣʘʚʦʥʦʠʜʦʚ, ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ, ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʦʚ, 

ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʪ.ʜ.). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʷʜʚʝʥʮʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʝʱʝ 1950ï1960 ʛʛ. 

ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʬʣʘʚʦʥʦʠʜʦʚ, ʩʘʧʦʥʠʥʦʚ ʠ ʬʠʪʦʛʦʨʤʦʥʦʚ, ʧʨʠ ʵʪʦʤ 

ʦʪʜʝʣʴʥʳʝ ʫʯʝʥʳʝ ʧʨʝʜʧʦʣʘʛʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʛʨʫʧʧ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʚ ʭʝʤʦʪʘʢʩʦʥʦʤʠʠ ʵʪʦʛʦ ʨʦʜʘ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ  

[105,106, 147,165,183,197]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʥʘʢʦʧʣʝʥʠʠ ʮʠʘʥʦʛʝʥʥʳʭ ʛʣʠʢʦʟʠʜʦʚ. ʊʘʢ, ʚ ʦʜʥʠʭ ʨʘʙʦʪʘʭ ʧʨʠʚʦʜʷʪʩʷ 

ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʯʝʨʝʟ 7ï10 ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ, ʣʝʧʝʩʪʢʠ ʮʚʝʪʢʘ 

ʥʘʯʠʥʘʶʪ ʧʨʠʦʙʨʝʪʘʪʴ ʥʘʩʳʱʝʥʥʫʶ  ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʫʶ ʦʢʨʘʩʢʫ, ʠ ʠʤʝʥʥʦ ʚ 

ʵʪʦʪ ʚʨʝʤʝʥʥʦʡ ʦʪʨʝʟʦʢ ʣʷʜʚʝʥʝʮ ʘʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʝʪ ʮʠʘʥʦʛʝʥʥʳʡ 

ʛʣʠʢʦʟʠʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʛʦʨʴʢʦʚʘʪʳʡ ʚʢʫʩ ʨʘʩʪʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ 

ʩʳʨʴʷ ʜʘʥʥʳʡ ʛʣʠʢʦʟʠʜ ʨʘʟʨʫʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ. 

ɼʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʵʪʦʪ ʬʘʢʪ ʦʧʨʦʚʝʨʛʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ ɼʞʦʥʩ, 

ʂʨʦʫʬʦʨʜ ʠ ʂʣʘʡʥ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʮʚʝʪ ʢʠʣʷ ʣʝʧʝʩʪʢʦʚ 

ʣʷʜʚʝʥʮʘ ʠʟ ɸʥʛʣʠʠ, ʋʵʣʴʩʘ, ɼʘʥʠʠ, ɿʘʧʘʜʥʦʡ ɻʝʨʤʘʥʠʠ, ʅʠʜʝʨʣʘʥʜʦʚ, 

ɸʚʩʪʨʠʠ, ʌʨʘʥʮʠʠ, ʀʩʧʘʥʠʠ ʠ ʐʚʝʮʠʠ ʥʝ ʚʳʷʚʠʣʠ ʩʚʷʟʠ ʤʝʞʜʫ ʮʚʝʪʦʤ 

ʣʝʧʝʩʪʢʦʚ ʠ ʮʠʘʥʦʛʝʥʝʟʝʤ [170,197]. 

ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ ʢʘʥʘʜʩʢʠʭ ʫʯʝʥʳʭ ʧʦ ʠʟʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʮʚʝʪʦʯʥʳʭ ʧʦʯʝʢ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʚʳʜʝʣʝʥʠʠ ʠ ʫʩʪʘʥʚʦʣʝʥʠʠ cʪʨʫʢʪʫʨʳ 8-ʆ-ʤeʪʠʣʪʨʘʥʩʬʝʨʘʟʳ, ʚʣʠʷʶʱʝʡ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ 8-ʤʝʪʦʢʩʠʬʣʘʚʦʥʦʣʦʚ[169]. 

ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ɹɸɺ ʚ ʣʠʩʪʴʷʭ ʠ  

ʩʪʝʙʣʷʭ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʥʘ ʧʨʠʤʝʨʝ ʬʣʘʚʦʥʦʠʜʦʚ ʠ 

ʩʘʧʦʥʠʥʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʣʠʩʪʴʷ ʩʦʜʝʨʞʘʪ ʵʪʠʭ ʛʨʫʧʧ ɹɸɺ  ʙʦʣʴʰʝ, ʯʝʤ  

ʩʪʝʙʣʠ [209]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɹʦʥʜʘʨʴ ɼ. ɸ. ʠ ɹʦʥʜʘʨʴ ɸ.ɸ. ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʪʨʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʚʘʨʴʠʨʫʝʪ ʩʦʜʝʨʞʘʥʠʝ 
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ʬʣʘʚʦʥʦʠʜʦʚ: ʚ ʬʘʟʫ ʚʝʛʝʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʠʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʪʘʢʠʭ 

ʬʣʘʚʦʥʦʠʜʦʚ ʢʘʢ ʛʠʧʝʨʦʟʠʜʘ (0,22%), ʨʫʪʠʥʘ (0,89%), ʨʘʙʠʠʥʘ (0,35%), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʣʶʪʝʦʣʠʥʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʤʝʥʝʝ 0,1%. ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʥʘʠʙʦʣʴʰʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʬʣʘʚʦʥʦʠʜʦʚ (1,2%), 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʧʘʜʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʝʡ 1,07% ʠ 0,7% ʚ ʬʘʟʳ 

ʧʣʦʜʦʥʦʰʝʥʠʷ ʠ  ʮʚʝʪʝʥʠʷ ʩʦʦʪʚʝʩʪʚʝʥʥʦ [14]. 

Harney P.M. ʩ ʩʦʘʚʪʦʨʘʤʠ  ʚ ʪʨʘʚʝ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ, 

ʩʦʙʨʘʥʥʦʛʦ ʚ ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʨʦʚ (ʜʦ 35%),  

ʙʝʣʢʦʚ (20-33%), ʢʣʝʪʯʘʪʢʠ (ʜʦ 30%),  ʙʝʟʘʟʦʪʠʩʪʳʭ ʚʝʱʝʩʪʚ (24%). ɺ ʵʪʦʤ ʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʪʨʘʚʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʠ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʘ ʚ ʩʝʤʝʥʘʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ (ʬʨʫʢʪʦʟʘ, ʛʘʣʘʢʪʦʟʘ, ʛʣʶʢʦʟʘ, ʤʘʥʥʦʟʘ), 

ʬʣʘʚʦʥʦʠʜʳ, ʞʠʨʥʳʝ ʤʘʩʣʘ ʜʦ 7% [165].  

ɽʱʝ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʢʠʭ ʵʢʦʪʠʧʦʚ ʣʷʜʚʝʥʮʘ 

ʨʦʛʘʪʦʛʦ ʙʳʣ ʚʳʜʝʣʝʥ ʨʷʜ ʩʘʧʦʥʠʥʦʚ [150]. 

 

ʈʝʡʥʦ ɾ. ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʙʦʙʱʠʣʠ ʩʚʝʜʝʥʠʷ ʦ ʚʳʜʝʣʝʥʥʳʭ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʣʘʚʦʥʦʠʜʘʭ ʚ Lotus corniculatus L. ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʣʠʩʪʴʷʭ, ʮʚʝʪʢʘʭ, ʧʣʦʜʘʭ (ʪʘʙʣ.1, 2) [193,194]. 
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ʊʘʙʣʠʮʘ 1. ɸʛʣʠʢʦʥʳ ʬʣʘʚʦʥʦʠʜʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚ Lotus corniculatus  

ˉ 

ʧ/ʧ 
ʉʦʝʜʠʥʝʥʠʝ 

1 ʂʝʤʧʬʝʨʦʣ (3,5,7,4'-ʪʝʪʨʘʛʠʜʨʦʢʩʠʬʣʘʚʦʥ)  

2 ʂʚʝʨʮʝʪʠʥ (3,5,7,3',4'-ʧʝʥʪʘʛʠʜʨʦʢʩʠʬʣʘʚʦʥ)  

3 ʀʟʦʨʘʤʥʝʪʠʥ 3,5,7,3'-ʪʝʪʨʘʛʠʜʨʦʢʩʠ-4'- ʤʝʪʦʢʩʠʬʣʘʚʦʥ 

4 ɼʝʟʦʢʩʠ-5-ʢʝʤʧʬʝʨʦʣ (3,7,4 ' - ʪʨʠʛʠʜʨʦʢʩʠʬʣʘʚʦʥ) 

5 ɼʝʟʦʢʩʠ-5-ʢʚʝʨʮʝʪʠʥ (ʬʠʩʝʪʠʥ) (3,7,3', 4' - ʪʝʪʨʘʛʠʜʨʦʢʩʠʬʣʘʚʦʥ) 

6 
ɼʝʟʦʢʩʠ-5-ʠʟʦʨʘʤʥʝʪʠʥ (ʛʝʨʘʣʴʜʦʣ)(3,7,3 '- ʪʨʠʛʠʜʨʦʢʩʠ-4' - 

ʤʝʪʦʢʩʠʬʣʘʚʦʥ) 

7 
ʄʝʪʦʢʩʠ-8-ʢʝʤʧʬʝʨʦʣ (ʩʝʢʩʘʥʛʫʣʘʨʝʪʠʥ)(3,5,7,4' - ʪʝʪʨʘʛʠʜʨʦʢʩʠ-8-

ʤʝʪʦʢʩʠʬʣʘʚʦʥ 

8 
ʄʝʪʦʢʩʠ-8-ʢʚʝʨʮʝʪʠʥ (ʢʦʨʥʠʢʫʣʘʪʫʟʠʥ) 3,5,7,3', 4' - ʧʝʥʪʘʛʠʜʨʦʢʩʠ-8-

ʤʝʪʦʢʩʠʬʣʘʚʦʥ) 

9 
ʄʝʪʦʢʩʠ-8-ʠʟʦʨʘʤʥʝʪʠʥ (ʣʠʤʦʮʠʪʨʠʥ) (3,5,7,3'ʪʝʪʨʘʛʠʜʨʦʢʩʠ 8,4'- 

ʜʠʤʝʪʦʢʩʠʬʣʘʚʦʥ) 

10 
ɻʠʜʨʦʢʩʠ-8-ʢʚʝʨʮʝʪʠʥ (ʛʦʩʩʠʧʝʪʠʥ) (3,5,7,8,3', 4' - 

ʛʝʢʩʘʛʠʜʨʦʢʩʠʬʣʘʚʦʥ) 

 

ʊʘʙʣʠʮʘ 2. ʌʣʘʚʦʥʦʠʜʥʳʝ ʛʣʠʢʦʟʠʜʳ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚ Lotus 

corniculatus 

ˉ 

ʧ/ʧ 
ʉʦʝʜʠʥʝʥʠʝ 

ʄʦʥʦʟʠʜʳ ɹʠʦʟʠʜʳ 

1 ʂʝʤʧʬʝʨʦʣ-3-ʛʣʶʢʦʟʠʜ 13 ʂʝʤʧʬʝʨʦʣ-7-ʜʠʛʣʶʢʦʟʠʜ 

2 ʂʝʤʧʬʝʨʦʣ-3-ʨʘʤʥʦʟʠʜ 14 ʂʝʤʧʬʝʨʦʣ-3,7-ʜʠʛʣʶʢʦʟʠʜ  

3 ʂʝʤʧʬʝʨʦʣ-7-ʛʣʶʢʦʟʠʜ 15 ʂʝʤʧʬʝʨʦʣ-3,7-ʜʠʨʘʤʥʦʟʠʜ 

4 ʂʝʤʧʬʝʨʦʣ-7-ʨʘʤʥʦʟʠʜ 16 ʂʝʤʧʬʝʨʦʣ-3-ʨʘʤʥʦʟʠʜ-7-

ʛʣʶʢʦʟʠʜ 

5 ʂʚʝʨʮʝʪʠʥ-3- ʘʨʘʙʠʥʦʟʠʜ 17 ʂʝʤʧʬʝʨʦʣ-3-ʛʣʶʢʦʟʠʜ-7-

ʨʘʤʥʦʟʠʜ 

6 ʂʚʝʨʮʝʪʠʥ-3-ʛʘʣʘʢʪʦʟʠʣ 18 ʂʚʝʨʮʝʪʠʥ-3,7- ʜʠʨʘʤʥʦʟʠʜ 

7 ʂʚʝʨʮʝʪʠʥ-3-ʨʘʤʥʦʟʠʜ 

(ʢʚʝʨʮʠʪʨʠʥ) 

19 

 

ʂʚʝʨʮʝʪʠʥ -3- ʛʣʶʢʦʟʠʜ -7-

ʨʘʤʥʦʟʠʜ 

8 ʂʚʝʨʮʝʪʠʥ-7-ʨʘʤʥʦʟʠʜ 20 ʂʚʝʨʮʝʪʠʥ -3-ʨʘʤʥʦʟʠʜ-7-

ʛʣʶʢʦʟʠʜ 

9 ɻʦʩʩʠʧʝʪʠʥ-3-ʛʘʣʘʢʪʦʟʠʜ 21 ʉʝʢʩʘʥʛʫʣʘʨʝʪʠʥ-3-ʨʘʤʥʦʟʠʜ -7-

ʛʣʶʢʦʟʠʜ 

10 ʂʦʨʥʠʢʫʣʷʪʦʟʠʥ-3-ʛʘʣʘʢʪʦʟʠʜ  22 ʂʚʝʨʮʝʪʠʥ-3,7-ʨʘʤʥʦʛʣʶʢʦʟʠʜ 

11 ʂʦʨʥʠʢʫʣʷʪʦʟʠʥ -3-ʛʣʶʢʦʟʠʜ 

12 ʉʝʢʩʘʥʛʫʣʘʨʝʪʠʥ -3-ʛʣʶʢʦʟʠʜ  
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ɺ ʮʝʣʦʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪ, ʯʪʦ Lotus corniculatus 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʣʘʚʦʥʦʣʛʣʠʢʦʟʠʜʦʚ, ʥʦ ʦʩʦʙʝʥʥʦ ʙʦʛʘʪ 

ʵʪʦʪ ʚʠʜ 5-ʜʝʟʦʢʩʠʬʣʘʚʦʥʦʣʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʚ ʮʝʣʦʤ ʜʣʷ ʧʦʣʠʬʝʥʦʣʴʥʦʛʦ 

ʧʨʦʬʠʣʷ ʩʝʤʝʡʩʪʚʘ Fabaceae [54].  

  ɺ ʢʦʥʮʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʫʢʨʘʠʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʧʨʦʚʝʜʝʥʦ 

ʬʠʪʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʚʳ Lotus corniculatus. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʨʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʠʪʘʤʠʥʦʚ, ʧʠʛʝʤʥʪʦʚ, ʬʦʩʬʦʣʠʧʠʜʦʚ ʠ ʬʠʪʦʩʪʝʨʦʠʜʦʚ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʚ 

ʪʦʤ ʯʠʩʣʝ ʫʩʪʘʥʚʦʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʜʠʚʠʫʜʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʛʨʫʧʧ ɹɸɺ. ɺ ʩʝʤʝʥʘʭ ʵʪʠ ʞʝ ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ ʛʘʣʘʢʪʦʟʫ, ʤʘʥʥʦʟʫ, 

ʛʣʶʢʦʟʫ, ʬʨʫʢʪʦʟʫ [54]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ɺʕɾʍ, ʗʄʈ- ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʧʦʟʚʦʣʠʣʠ ʠʪʘʣʴʷʥʩʢʠʤ ʫʯʝʥʳʤ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥ-ʙʫʪʘʥʦʣʴʥʦʤ ʠ 

ʭʣʦʨʦʬʦʨʤʥʦʤ ʵʢʩʪʨʘʢʪʘʭ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʧ-ʢʫʤʘʨʦʚʦʡ ʠ ʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪ; ʪʨʘʥʩʠʣʠʥʘ ʠ ʚʳʜʝʣʝʥʥʦʛʦ ʚʧʝʨʚʳʝ ʠʟ ʜʘʥʥʦʛʦ ʚʠʜʘ ʣʷʜʚʝʥʮʘ 

ʠʟʦʩʘʣʠʮʠʥʘ. ʅʝʩʢʦʣʴʢʦ ʚʝʱʝʩʪʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʘʧʦʥʠʥʘʤ,  ʚʧʝʨʚʳʝ 

ʚʳʜʝʣʝʥʳ ʠʟ ʨʦʜʘ Lotus L. ʪʨʘʥʩʠʣʠʥ, ʬʘʨʙʠʪʦʟʠʜ ɸ, ʩʦʷʩʘʧʦʥʠʥ I, 

ʜʝʛʠʜʨʦʩʦʷʩʘʧʦʥʠʥ I, ʤʝʜʠʢʘʨʧʠʥ-3-ʆ-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜ [198]. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ 

ʇʘʢʠʩʪʘʥʘ ʫʩʪʘʥʦʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧ ɹɸɺ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʠ ʦʨʛʘʥʦʚ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʣʷʜʚʝʥʮʘ. ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ  ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʣʷʜʚʝʥʮʝ Zn, Cu, Pb, Ni, 

Mn, Cr, Fe, Na, Ca, K. ʅʘʠʙʦʣʝʝ  ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʫʨʦʚʥʝ 248,8 

ʤʛ/ʢʛ ʦʪʤʝʯʝʥʳ ʘʚʪʦʨʘʤʠ ʜʣʷ Mn. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ, 

ʞʝʣʝʟʘ, ʥʠʢʝʣʷ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʢʘʣʴʮʠʷ, ʭʨʦʤʘ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʘʚʪʦʨʳ 

ʩʯʠʪʘʶʪ ʩʨʝʜʥʠʤʠ ʠ ʥʠʟʢʠʤʠ  [199].  

 ʇʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʇʠʥʩʢʦʤ 

ʨʘʡʦʥʝ  ɹʨʝʩʪʩʢʦʡ ʦʙʣʘʩʪʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʩʦʨʪʘ ʄʦʩʢʦʚʩʢʠʡ 287 

ʦʪʤʝʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Ca ʥʘ ʫʨʦʚʥʝ 1%; Mg ï 0,3-0,5 %; P ï 0,5-0,7%; ʂ ï 0,8-

1,0 % [108, 123]. 
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ʆʙʦʙʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʧʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

ʊʘʙʣʠʮʘ 3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ Lotus corniculatus L. (ʧʦ ʜʘʥʥʳʤ 

ʣʠʪʝʨʘʪʫʨʳ) 

ɺʝʱʝʩʪʚʘ 

Lotus corniculatus L. 

ʃʠʪʝʨʘʪʫ

ʨʘ 
ʜʠʢʦ-

ʨʘʩʪʫʱʠʡ 

ʂʫʣʴʪʠʚʠʨʫʝʤʳʡ 

ʩʦʨʪ 

ʄʦʩʢʦʚ-

ʩʢʠʡ 287, 

São Gabriel 

ʩʦʨʪ 

ʉʦʣʥʳʰʢʦ 

ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ 

ʤʠʨʠʩʪʠʥʦʚʘʷ ʠ ʜʨ + -/- - 54 

ʌʠʪʦʩʪʝʨʦʠʜʳ  ʠ ʛʦʨʤʦʥʦʧʦʜʦʙʥʳʝ ʚʝʱʝʩʪʚʘ 

ɓ-ʩʠʪʦʩʪʝʨʠʥ + + - 54 

ʬʠʪʦʛʦʨʤʦʥʳ + -/- - 54 

ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʘʣʢʘʣʦʠʜʳ  - -/+ - 199 

ʙʝʣʢʠ +++ +++/- +++ 54,101, 

108,115, 

123 

ʘʤʠʥʦʢʠʩʣʦʪʳ +++ +/ ++ 54, 108, 

115, 123 

ʣʝʢʪʠʥ + -/- - 188 

ʉʘʧʦʥʠʥʳ 

ʩʦʷʩʘʧʦʛʝʥʦʣ ɺ ʠ ʜʨ + -/+ - 139,150, 

198 

ʌʝʨʤʝʥʪʳ 

 
+ -/- - 169 

ʇʦʣʠʩʘʭʘʨʠʜʳ, ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  

ʬʣʘʚʦʥʦʠʜʳ  

+ -/+ - 

14,54,105, 

106,139, 

165, 168, 

183, 192, 

194, 197 

ʠʟʦʬʣʘʚʦʥʦʠʜʳ   + -/- - 54 

ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ  + -/+ - 54,105, 

106,197 

ʧʦʣʠʩʘʭʘʨʠʜʳ + -/- - 54 

ʘʥʪʨʘʮʝʥʧʨʦʠʟʚʦʜʥʳʝ + -/+ - 54 

ʢʫʤʘʨʠʥʳ + -/+  54 

ʧʨʦʘʥʪʦʮʠʘʥʠʜʠʥʳ + -/- - 54,105, 

106,197 

ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ + -/+ - 54,105, 

106,197 

ɺʠʪʘʤʠʥʳ 
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ʢʘʨʦʪʠʥʦʠʜʳ  + -/- - 54, 165 

ʢʘʣʴʮʠʬʝʨʦʣ (ʚʠʪʘʤʠʥ D) + -/- - 54, 115 

ʪʦʢʦʬʝʨʦʣ  (ʚʠʪʘʤʠʥ ɽ) + -/- - 54, 115 

ʠʪʘʤʠʥʳ ʛʨʫʧʧʳ ɺ + -/- - 54, 115 

ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ++ -/- - 54, 115, 

165 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ (ʤʘʢʨʦ ï ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ) 

Cu + -/+ - 170,199 

Pb  + -/+ - 170,199 

Ni  + -/+ - 170,199 

Zn  + -/+ - 170,199 

Fe + -/+ - 170,199 

Mn  - +/- - 108,123 

Na  + -/+ - 170,199 

K  + +/+ - 108,123, 

170,199 

Ca  + +/+ - 108,123, 

170, 199 

Cr + -/+ - 170,199 

P - +/- - 108,123 

ʇʨʠʤʝʯʘʥʠʝ: ç+è - ʚʝʱʝʩʪʚʦ ʧʨʠʩʫʪʩʚʫʝʪ, ç-» - ʩʚʝʜʝʥʠʷ ʦʪʩʫʪʩʚʫʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʠʤʝʶʱʫʶʩʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʠ ʚʠʜʦʚ 

ʨʦʜʘ ʣʷʜʚʝʥʝʮ ʚ ʮʝʣʦʤ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʘ ʥʦʩʠʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʠʣʠ 

ʥʝʧʦʣʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

1.3. ʉʚʝʜʝʥʠʷ ʦʙ ʠʟʫʯʝʥʥʦʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

 

ɺ ʢʦʥʮʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘ ʢʘʬʝʜʨʝ  ʬʘʨʤʘʢʦʛʥʦʟʠʠ 

ʋʢʨʘʠʥʩʢʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʚʳ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ. ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʩʫʭʦʛʦ ʵʩʢʩʪʨʘʢʪʘ çʃʦʢʨʠʥè ʠ 

ʣʠʧʦʬʠʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ çʃʦʪʫʩè. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʪʘʙʣʝʪʢʠ çʃʦʢʨʠʥè ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʫʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ, 

ʘʥʪʠʛʠʧʦʢʩʠʯʝʩʢʫʶ ʠ ʜʠʫʨʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [54,158]. 
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Severino L. ʩʦʚʤʝʩʪʥʦ ʩ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʮʝʥʠʣʠ  

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʫʪʘʥʦʣʴʥʦʛʦ ʠ ʭʣʦʨʦʬʦʨʤʥʦʛʦ ʵʢʩʪʨʘʢʪʦʚ 

ʣʷʜʚʝʥʮʘ ʥʘ ʪʨʝʭ ʣʠʥʠʷʭ ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ ʤʳʰʝʡ ʠ ʯʝʣʦʚʝʢʘ (J774A1, WEHI-

164,ʅɽʂ-293). ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʤʝʨʝʥʥʫʶ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ ʙʫʪʘʥʦʣʴʥʳʡ ʵʢʩʪʨʘʢʪ. ʊʘʢʞʝ 

ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫʯʝʥʳ ʚʝʩʴʤʘ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ  

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ - ʩʘʧʦʥʠʥʦʚ 

(ʬʘʨʙʠʪʦʟʠʜʘ ɸ, ʩʦʷʩʘʧʦʥʠʥʘ I ʠ  ʜʝʛʠʜʨʦʩʦʷʩʘʧʦʥʠʥʘ I), ʧʨʠ ʵʪʦʤ 

ʬʘʨʙʠʪʦʟʠʜ ɸ ʧʨʦʷʚʠʣ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ.  ʋʯʝʥʳʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʚʦʜʦʚ ʚ ʤʦʣʝʢʫʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [138]. 

Koelzer J. ʩ ʢʦʣʣʝʛʘʤʠ ʦʧʨʝʜʝʣʠʣʠ ʥʘʣʠʯʠʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩʫʤʤʘʨʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʥʝʢʦʪʦʨʳʭ ʬʨʘʢʮʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [173]. 

ʋʯʝʥʳʤʠ ʠʟ ʇʘʢʠʩʪʘʥʘ ʠʟʫʯʝʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʧʨʦʪʠʚ ʦʩʥʦʚʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ɺɼʇ ʠ ɾʂʊ. ʕʢʩʪʨʘʢʪ ʵʬʬʝʢʪʠʚʥʦ ʠʥʛʠʙʠʨʦʚʘʣ ʟʦʣʦʪʠʩʪʳʡ 

ʩʪʘʬʠʣʦʢʦʢʢ ʥʘ ʫʨʦʚʥʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ (ʥʘʣʠʜʠʢʩʦʚʘʷ ʢʠʩʣʦʪʘ); 

ʢʠʰʝʯʥʫʶ ʧʘʣʦʯʢʫ, ʩʘʣʴʤʦʥʝʣʣʫ ʪʠʬʠ, ʧʥʝʚʤʦʥʠʡʥʫʶ ʢʣʝʙʩʠʝʣʣʫ, 

ʘʩʧʝʨʛʠʣʣʘ ʞʝʣʪʦʛʦ ʠ ʯʝʨʥʦʛʦ ʥʘ  ʫʨʦʚʥʝ  ʬʣʫʢʦʥʘʟʦʣʘ [199]. 

ʋʯʝʥʳʤʠ ʠʟ ʀʨʘʥʘ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (10%, 20%, 

40%), 1% ʢʨʝʤʘ ʬʝʥʠʪʦʠʥʘ ʠ ʠʭ ʩʦʯʝʪʘʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ  

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʠ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʧʦʢʨʦʚʥʳʝ ʪʢʘʥʠ ʢʦʞʠ ʢʨʳʩ-ʩʘʤʮʦʚ. ʊʦʣʴʢʦ ʚ ʜʚʫʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ  ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʝʤʘ ʠ  ʠ 40% ʵʢʩʪʨʘʢʪʘ ʫʩʪʘʥʦʚʣʝʥ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʥʝʚʦʡ ʦʙʣʘʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ [143]. 

ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʨʘʙʦʪʳ ʅʦʚʦʟʝʣʘʥʜʩʢʠʭ ʫʯʝʥʳʭ, 

ʠʟʫʯʘʚʰʠʭ  ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʣʷʜʚʝʥʮʘ.  ɸʚʪʦʨʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 
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ʪʦʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʜʦʟʝ 100 ʤʢʛ/ʤʣ-1 ʦʥʠ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʫʶʪ ʦʪ 10 ʜʦ 37% ʣʠʯʠʥʦʢ Trichostrongylus colubriformis.  

          ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʝʥʳʭ ʠʟ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʨʦʣʴ ʜʫʙʠʣʴʥʳʭ   ʚʝʱʝʩʪʚ  ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ  ʚ  ʩʦʩʪʘʚʝ ʢʦʨʤʦʚ ʚ ʧʦʚʳʰʝʥʠʠ  

          ɺ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʙʦʪʝ Barbarʘ Fumiĺ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʦʙʦʛʘʱʝʥʥʦʛʦ ʬʣʘʚʦʥʦʠʜʘʤʠ ʵʢʩʪʨʘʢʪʘ ʠʟ Lotus 

corniʩulatus ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʤʫʢʦʧʦʣʠʩʘʭʘʨʠʜʦʟʝ III   ʪʠʧʘ 

(ʄPS III), ʨʝʜʢʦʛʦ ʘʫʪʦʩʦʤʥʦïʨʝʮʝʩʩʠʚʥʦʛʦ ʣʠʟʦʩʦʤʘʣʴʥʦʛʦ ʥʘʨʫʰʝʥʠʷ. 

ʇʦʪʝʥʮʠʘʣ ʵʢʩʪʨʘʢʪʘ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʥʘʢʦʧʣʝʥʠʷ ʛʠʣʢʦʟʦʘʤʠʥʦʛʣʠʢʘʥʦʚ 

(GAG) ʦʮʝʥʠʚʘʣʠ ʥʘ ʬʠʙʨʦʙʣʘʩʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ 

ʄPS III ʪʠʧʘ. ʃʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʡ ʵʢʩʪʨʘʢʪ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 3 ʠ 6 ʤʢʛ/ʤʣ 

ʩʥʠʞʘʣ ʫʨʦʚʝʥʴ GAG ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʢʦʞʠ ʥʘ 33,97 ʠ 50,08% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʪʦʢʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʦʟʘʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʯʘʩʪʴ ʩʫʙʩʪʨʘʪʥʦʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʄPS III  [155,156]. 

ɽʱʝ ʦʜʥʠʤ ʟʘʩʣʫʞʠʚʘʶʱʠʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʥʠʤʘʥʠʷ ʩʪʘʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʀʥʜʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ɹɸɺ 

ʩʝʤʷʥ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʫʯʝʥʳʤʠ ʚʳʜʝʣʝʥ ʣʝʢʪʠʥ, ʢʦʪʦʨʳʡ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʷʚʠʣ ʚʳʨʘʞʝʥʥʫʶ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ  [188].  

ɺ ʜʨʫʛʦʡ, ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʩʪʘʪʴʝ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ Lotus 

corniculatus L. ʚʢʣʶʯʝʥ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʩʧʠʩʦʢ ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ 

Fabaceae, ʙʦʛʘʪʳʭ ʬʠʪʦʢʦʥʩʪʠʪʫʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʣʝʯʝʙʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʂʦʥʩʪʠʪʫʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʳʭ ʨʘʩʪʝʥʠʷʭ  ʧʨʦʷʚʣʷʶʪ 
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ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʚʳʰʝ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ [157]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ ï ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʨʦʜʘ ʣʷʜʚʝʥʝʮ, 

ʦʙʣʘʜʘʶʱʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʮʠʘʣʴʥʦ 

ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ. 

 

1.4. ʉʚʝʜʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ  ʚ ʥʘʨʦʜʥʦʡ 

ʤʝʜʠʮʠʥʝ, ʚʝʪʝʨʠʥʘʨʠʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʃʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʟʘʨʫʙʝʞʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʪʨʘʚʳ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʨʠʪʘʥʩʢʦʤ ʬʦʣʴʢʣʦʨʝ ʥʘ ʨʫʙʝʞʝ XV ʚʝʢʘ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʦʜʠʤʳʤ ʚ ʣʝʪʦʧʠʩʷʭ ʜʘʥʥʳʤ, ʣʷʜʚʝʥʝʮ ï ʦʜʥʦ ʠʟ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʚʭʦʜʠʪʴ ʚ çʚʝʥʦʢ ʜʫʰʠʩʪʳʡè ʠʟ ʙʫʪʦʥʦʚ ʣʝʪʥʠʭ, ʢʦʪʦʨʳʡ 

ʧʦʣʦʞʝʥʦ ʜʝʨʞʘʪʴ ʚ ʞʠʣʠʱʝ, ʜʣʷ çʦʟʜʦʨʦʚʣʝʥʠʷè ʚʦʟʜʫʭʘ [69]. ɾʠʪʝʣʠ 

ʂʘʚʢʘʟʘ ʧʨʠʤʝʥʷʣʠ ʝʱʝ ʚ XII  ʚʝʢʝ ʥʘʩʪʦʠ ʠʟ ʣʠʩʪʴʝʚ ʣʷʜʚʝʥʮʘ ʧʨʠ ʙʝʰʝʥʩʪʚʝ 

ʫ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ;  ʜʣʷ ʣʝʯʝʥʠʷ ʵʥʜʦʧʘʨʘʟʠʪʦʚ [14]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʘʨʦʜʥʘʷ ʤʝʜʠʮʠʥʘ ʠʩʧʦʣʴʟʫʝʪ ʣʷʜʚʝʥʝʮ ʚ ʚʠʜʝ ʥʘʩʪʦʝʚ, 

ʢʦʤʧʨʝʩʩʦʚ ʠ ʦʪʚʘʨʦʚ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʤʷʛʯʠʪʝʣʴʥʦʝ, 

ʦʪʭʘʨʢʠʚʘʶʱʝʝ, ʙʦʣʝʫʪʦʣʷʶʱʝʝ, ʞʘʨʦʧʦʥʠʞʘʶʱʝʝ, ʫʩʧʦʢʘʠʚʘʶʱʝʝ, 

ʦʙʱʝʫʢʨʝʧʣʷʶʱʝʝ ʠ ʪʦʥʠʟʠʨʫʶʱʝʝ ʩʨʝʜʩʪʚʦ,  ʚʷʞʫʱʝʝ, ʚʝʪʨʦʛʦʥʥʦʝ, 

ʞʘʨʦʧʦʥʠʞʘʶʱʝʝʝ, ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʝ, ʛʣʠʩʪʦʛʦʥʥʦʝ, ʤʝʩʪʥʦʝ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ. ʋ ʢʦʨʤʷʱʠʭ ʞʝʥʱʠʥ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʣʘʢʪʦʛʦʥʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʨʠʧʘʨʢʠ ʚ ʢʘʯʝʩʪʚʝ ʤʷʛʯʠʪʝʣʴʥʦʛʦ 

ʧʨʠʢʣʘʜʳʚʘʶʪ ʜʣʷ ʩʥʷʪʠʷ ʙʦʣʠ ʠ ʦʪʝʯʥʦʩʪʠ ʢ ʫʰʠʙʘʤ ʠ ʫʧʣʦʪʥʝʥʠʷʤ. ʅʘʩʪʦʡ 

ʠʟ ʮʚʝʪʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʫʩʧʦʢʘʠʚʘʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ 

ʧʝʨʝʫʪʦʤʣʝʥʠʠ, ʛʦʣʦʚʥʳʭ ʙʦʣʷʭ, ʙʝʩʩʦʥʥʠʮʝ; ʚ ʢʘʯʝʩʪʚʝ ʦʙʱʝʫʢʨʝʧʣʷʶʱʝʛʦ 

ʠ ʪʦʥʠʟʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʚ ʬʘʟʝ ʚʳʟʜʦʨʦʚʣʝʥʠʷ [47, 68,120, 132,133, 186].  

ʋ ʞʠʚʦʪʥʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʨʘʟʠʪʘʨʥʳʭ ʠʥʬʝʢʮʠʡ 

[92, 175, 196].   
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ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʘʨʷʜʫ ʩ ʢʣʝʚʝʨʦʤ ʠ ʣʶʮʝʨʥʦʡ. ʆʩʦʙʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʣʷʜʚʝʥʮʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ,  ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʩʦʢʦʡ ʧʦʝʜʘʝʤʦʩʪʠ ʚʩʝʤʠ ʚʠʜʘʤʠ ʞʠʚʦʪʥʳʭ ʠ ʫʩʚʘʠʚʘʝʤʦʩʪʠ ʪʨʘʚʳ ʚ ʚʠʜʝ 

ʢʦʨʤʘ (ʜʦ 80%).  ʆʪʩʫʪʩʪʚʠʝ ʚʳʟʳʚʘʝʤʦʡ ʪʠʤʧʘʥʠʠ ʫ ʞʠʚʦʪʥʳʭ, ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ 

ʤʦʣʦʜʳʭ ʟʜʦʨʦʚʳʭ ʦʩʦʙʝʡ ʨʘʟʥʳʭ ʚʠʜʦʚ ʧʪʠʮ ʠ ʞʠʚʦʪʥʳʭ [108,123,153,189, 

201]. 

ʇʠʩʢʦʚʘʮʢʘʷ ʈ. ɻ. ʩʦʦʙʱʘʝʪ ʦ ʪʦʤ, ʯʪʦ ʣʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʦʙʱʝʡ ʠ ʧʨʦʪʝʠʥʦʚʦʡ ʧʠʪʘʪʝʣʴʥʦʩʪʴʶ, ʭʦʨʦʰʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʚʠʪʘʤʠʥʘʤʠ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ, ʙʦʣʝʟʥʷʤ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ 

ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ [98-101]. 

ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ Lotus corniculatus L. ʧʝʨʝʜ ʧʨʦʯʠʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ Fabaceae ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʪʦ ʤʥʦʛʦʣʝʪʥʠʢ, 

ʢʦʪʦʨʳʡ ʚ ʪʨʘʚʦʩʪʦʝ ʧʨʠ ʩʝʥʦʢʦʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 10-12 ʣʝʪ, 

ʢʨʦʤʝ ʪʦʛʦ, ʦʥʦ ʫʩʪʦʡʯʠʚʦ ʢ ʚʳʪʘʧʪʳʚʘʥʠʶ ʞʠʚʦʪʥʳʤʠ, ʠ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʟʘʣʫʞʠʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ. ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʣʷʜʚʝʥʝʮ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʢ ʨʘʟʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʷʚʣʷʷʩʴ 

ʚʝʪʨʦʚʳʥʦʩʣʠʚʳʤ, ʟʠʤʦʩʪʦʡʢʠʤ, ʩʧʦʩʦʙʥʳʤ ʜʣʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʪʴ ʟʘʩʫʭʫ ʠ 

ʟʘʪʦʧʣʝʥʠʷ ʜʦ 45 ʜʥʝʡ, ʘ ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ ʨʘʩʪʝʥʠʷ ʥʝ ʪʝʨʷʝʪ ʪʫʨʛʦʨ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ +250ʉ. ʇʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʵʪʦ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʩʝʤʝʡʩʪʚʘ Fabaceae, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʧʨʦʠʟʨʘʩʪʘʪʴ ʥʘ ʩʣʘʙʦ ʢʠʩʣʳʭ ʠ ʢʠʩʣʳʭ ʧʦʯʚʘʭ (pH ʦʪ 4.1), ʷʚʣʷʷʩʴ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʤʦʱʥʳʤ ʧʦʯʚʦʚʦʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʠ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʩʠʙʠʨʩʢʦʛʦ ʨʝʛʠʦʥʘ 

[76,105,106,124,125].  
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 ʇʨʦʚʝʜʝʥʥʘʷ ʅʦʚʦʩʝʣʦʚʳʤ ʄ.ʖ. ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʮʝʥʢʘ ʙʠʦʣʦʛʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʝʣʝʢʮʠʦʥʥʳʭ ʣʠʥʠʡ Lotus corniculatus L. ʧʨʠʚʝʣʘ ʢ 

ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʣʷʜʚʝʥʝʮ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʜʦʩʪʦʡʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʧʦ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʨʘʜʠʮʠʦʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʫʣʴʪʫʨʘʤ, ʪʘʢʠʤ ʢʘʢ ʢʣʝʚʝʨ ʠ ʣʶʮʝʨʥʘ [88]. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢ, 

ʬʠʨʤʳ LôObservatoire des cosmetiques, Termium plus, Get good guide, Parchem 

ʠ Cosmetics & Toiletries ʧʨʦʠʟʚʦʜʷʪ ʵʢʩʪʨʘʢʪ ʮʚʝʪʢʦʚ ʣʷʜʚʝʥʮʘ, ʢʦʪʦʨʳʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʩʧʦʣʴʟʫʶʪ ʚ ʨʝʮʝʧʪʫʨʝ ʨʷʜ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: 

TianDe (ʪʦʥʠʟʠʨʫʶʱʘʷ ʤʘʩʢʘ), Clarins (ʤʘʩʣʦ ʢʦʩʤʝʪʠʯʝʩʢʦʝ ʜʣʷ ʣʠʮʘ), 

Eclipse solar (ʢʨʝʤ ʜʣʷ ʛʣʘʟ), Jane Iredale (ʙʘʣʴʟʘʤ ʜʣʷ ʛʫʙ,), Joyona (ʤʘʩʣʦ, 

ʣʦʩʴʦʥ, ʢʨʝʤ, ʤʘʩʢʘ ʜʣʷ ʛʣʘʟ ʠ ʛʫʙ), Maternatura (ʢʨʝʤ), Phytôs (ʣʦʩʴʦʥ ʜʣʷ 

ʢʦʞʠ). 

 

ɺʳʚʦʜʳ ʢ ɻʣʘʚʝ 1 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ ʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʚʦʟʤʦʞʥʦʩʪʷʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʧʦʯʚʦʚʦʩʪʘʥʦʚʣʝʥʠʠ, 

ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ, 

ʚʝʪʝʨʠʥʘʨʠʠ, ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʠ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ  ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʣʝʯʝʙʥʳʝ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ.  
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ, ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ  

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʥʘʜʟʝʤʥʘʷ ʯʘʩʪʴ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʩʦʨʪ çʉʦʣʥʳʰʢʦè, c 2014ʛ. ʚʧʝʨʚʳʝ 

ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʊʦʤʩʢʦʤ ʨʘʡʦʥʝ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʝʜʠʥʩʪʚʝʥʥʦʤ  ʚ ʨʝʛʠʦʥʝ ʃʫʯʘʥʦʚʩʢʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʧʳʪʥʦʤ ʧʦʣʝ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 2430 ʛʘ ɹʦʛʘʰʝʚʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʉʠʙʅʀʀ ʉʍʠʊ ʉʆ ʈɸʅ, ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 1ʛʘ. ʉʦʨʪ 

ʚʳʚʝʜʝʥ ʩ ʫʯʘʩʪʠʝʤ ʜʠʢʠʭ ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ. ʆʨʠʛʠʥʘʪʦʨʳ ʩʦʨʪʘ - ɻʋ 

ʟʦʥʘʣʴʥʳʡ ʅʀʀʉʍ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʠʤ. ʅ.ɺ. ʈʫʜʥʠʮʢʦʛʦ ʠ ɻʅʋ ʂʘʣʫʞʩʢʠʡ 

ʅʀʇʊʀ ɸʇʂ. ʉʦʨʪ ʚʢʣʶʯʝʥ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʝʣʝʢʮʠʦʥʥʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 1999 ʛ.  

ɼʘʥʥʳʡ ʩʦʨʪ ʦʪʥʦʩʠʪʩʷ ʢ ʤʥʦʛʦʣʝʪʥʠʤ, ʨʘʥʥʝ-ʩʧʝʣʳʤ  ʩʦʨʪʘʤ. 

ʂʫʩʪʠʩʪʦʩʪʴ ʢʫʣʴʪʫʨʳ ʚʳʩʦʢʘʷ ʦʪ 7 ʜʦ 12 ʩʪʝʙʣʝʡ ʚ ʩʧʣʦʰʥʳʭ ʧʦʩʝʚʘʭ, 15 ï 

70 ʚ ʟʘʛʫʱʝʥʥʳʭ ʧʦʩʝʚʘʭ. ʂʫʩʪ ʯʘʱʝ ʨʘʟʚʘʣʠʩʪʳʡ ʩ ʚʳʩʦʢʦʡ ʨʘʚʥʦʤʝʨʥʦʡ 

ʦʙʣʠʩʪʚʝʥʥʦʩʪʴʶ 46,4 ï 57,9 %.  ɼʣʷ ʠʟʫʯʘʝʤʦʛʦ ʩʦʨʪʘ ʦʧʠʩʘʥʳ ʤʷʛʢʠʝ, 

ʪʦʥʢʠʝ ʩʪʝʙʣʠ, ʚʳʩʦʪʦʡ 41 ï 50 ʩʤ ʚ ʧʝʨʚʦʤ ʫʢʦʩʝ ʠ 26ï46 ʩʤ ʚʦ ʚʪʦʨʦʤ 

ʫʢʦʩʝ, ʟʝʣʝʥʳʝ ʙʝʟ ʦʧʫʰʝʥʠʷ. ʃʠʩʪʴʷ ʧʨʦʜʦʣʛʦʚʘʪʦ-ʷʡʮʝʚʠʜʥʳʝ ʠ ʣʘʥʮʝʪʥʳʝ, 

ʙʝʟ ʦʧʫʰʝʥʠʷ, ʤʷʛʢʠʝ, ʥʘʩʳʱʝʥʥʦ ʷʨʢʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʙʝʟ ʚʦʩʢʦʚʦʛʦ ʥʘʣʝʪʘ. 

ʇʨʠʣʠʩʪʥʠʢʠ ʷʨʢʦ ï ʟʝʣʝʥʳʝ ʷʡʮʝʚʠʜʥʳʝ, ʙʝʟ ʦʧʫʰʝʥʠʷ, ʩ ʘʙʘʢʩʠʘʣʴʥʦʡ 

ʩʪʦʨʦʥʳ ʤʘʪʦʚʳʝ. ʄʥʦʛʦʩʝʤʷʥʥʦʡ  ʙʦʙ ʠʤʝʝʪ ʦʪ 11 ʜʦ 20 ʤʝʣʢʠʭ ʩʝʤʷʥ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʳʭ ʩʝʤʷʥ ʦʪ 16,3 ʜʦ 41,7%. ʄʘʩʩʘ ʩʝʤʷʥ ʦʪ 1,05 ʜʦ 1,2 ʛ. 

ʂʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʤʦʱʥʘʷ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʛʣʘʚʥʳʤ ʢʦʨʥʝʤ. ɼʘʥʥʳʡ ʩʦʨʪ 

ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʢʠʩʣʦʪʥʦ ï ʠ ʘʣʶʤʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʨʅ 

4,4 ʠ ʩʦʜʝʨʞʘʥʠʝ Al 3  + 16,2 ʤʛ/ 100 ʛ ʧʦʯʚʳ.  

ʉʦʨʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ 88ï100%, ʦʥ ʧʦʣʫʯʠʣ ʜʦʧʫʩʢ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦ 12 ʨʝʛʠʦʥʘʤ ʠ 7 ʩʚʝʪʦʚʳʤ ʟʦʥʘʤ [25, 121]. 

ʉʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʭʠʤʠʯʝʩʢʦʝ, ʘʥʘʪʦʤʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ɹɸɺ)  ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 
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2014 ʧʦ 2019 ʛʦʜʘ ʚ ʨʘʟʥʳʝ ʬʝʥʦʬʘʟʳ ʦʥʪʦʛʝʥʝʟʘ ʨʘʩʪʝʥʠʷ: ʚ ʬʘʟʫ 

ʙʫʪʦʥʠʟʘʮʠʠ, ʙʫʪʦʥʠʟʘʮʠʠ ï ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ, ʮʚʝʪʝʥʠʷ ï ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ. 

ʉʦʙʨʘʥʥʦʝ ʩʳʨʴʝ ʩʫʰʠʣʠ ʜʦ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʫʧʘʢʦʚʳʚʘʣʠ ʠ 

ʭʨʘʥʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [23, 24]. 

 

2.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.2.1 ʇʦʣʫʯʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ, ʠʟʚʣʝʯʝʥʠʡ, ʩʫʤʤʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʬʨʘʢʮʠʡ 
 

ʇʦʣʫʯʝʥʠʝ ʠʟʚʣʝʯʝʥʠʡ, ʵʢʩʪʨʘʢʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ɹɸɺ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ  

ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʠʪʦʭʠʤʠʯʝʩʢʠʭ ʠ ʦʙʱʝʧʨʠʥʷʪʳʭ ʬʘʨʤʘʢʦʧʝʡʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ [19, 20, 23, 24, 35, 53, 61]. 

ʇʦʣʫʯʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʠ ʬʨʘʢʮʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʧʨʠʤʝʥʷʣʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʳ, ʰʠʨʦʢʦ ʦʧʠʩʘʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ [19, 20, 21, 23, 24, 35, 53, 61]. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʩʛʫʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʦʪʦʨʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ ʀʈ-

1ʄɿ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʍʠʤʣʘʙʧʨʠʙʦʨè (ʈʦʩʩʠʷ), ʠʭ ʚʳʩʫʰʠʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʩʫʰʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 45ʦʉ. 

ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʞʠʜʢʦʩʪʥʦ-ʞʠʜʢʦʩʪʥʦʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʣʠʦʪʨʦʧʥʦʛʦ ʨʷʜʘ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʛʨʘʜʠʝʥʪʘ ʧʦʣʷʨʥʦʩʪʠ (ʛʝʢʩʘʥŸ ʭʣʦʨʦʬʦʨʤŸʵʪʠʣʘʮʝʪʘʪŸʥ-ʙʫʪʘʥʦʣŸʚʦʜʘ).  

 

2.2.2  ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʚʣʘʞʥʦʩʪʠ ʩʳʨʴ,̫ ʟʦʣʳ 

ʠ ʧʨʠʤʝʩʝʡ 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʯʠʩʣʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʧʦ ʆʌʉ ʠ ʌʉ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʌʘʨʤʘʢʦʧʝʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ XIV  ʠʟʜʘʥʠʷ  [24]. 

 

2.2.3 ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ɹɸɺ 

 

ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ɹɸɺ, ʠʟʫʯʝʥʥʳʭʟ ʚ ʜʘʥʥʦʤ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʚʢʣʶʯʝʥʥʳʤ ʚ ɻʌ 
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XIV  ʠʟʜʘʥʠʷ,  ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʤʦʥʦʛʨʘʬʠʷʭ, ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ ʧʦ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʛʨʫʧʧʘʤ ɹɸɺ [3,7-9, 15,19, 24, 35,53, 61,72,129,179]. 

 

2.2.3.1 ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ɼʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʬʝʥʦʣʦʢʠʩʣʦʪ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʣʷʜʚʝʥʮʝ ʨʦʛʘʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʚʣʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʩʳʨʴʷ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʤʠ ʩʤʝʩʷʤʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (40%, 70%, 96%). 

10 ʤʣ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʛʫʱʘʣʠ ʜʦ ʦʙʲʝʤʘ ʦʢʦʣʦ 2 ʤʣ, ʠ ʥʘʥʦʩʠʣʠ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʤʠʢʨʦʧʠʧʝʪʢʦʡ ʚ ʦʙʲʝʤʝ 1-2 ʤʢʣ. ʆʙʥʘʨʫʞʝʥʠʝ ʚʝʱʝʩʪʚ ʥʘ 

ʊʉʍ ʠ ʙʫʤʘʞʥʳʭ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʝʥʩʠʪʦʤʝʪʨʘ 

çʉʦʨʙʬʠʣʣè ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ ʉʦʨʙʧʦʣʠʤʝʨ (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) ʧʨʠ 

ʜʣʠʥʘʭ ʚʦʣʥ 365 ʠ 254 ʥʤ. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ Rf ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ 

ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʷʪʠ  ʠʟʤʝʨʝʥʠʡ. 

ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ɹɸɺ  

ʨʝʘʢʪʠʚʘʤʠ: 1% ʩʧʠʨʪʦʚʳʤ AlCl3, 5% ʩʧʠʨʪʦʚʳʤ NaOH, ʙʦʨʥʦ-ʣʠʤʦʥʥʳʤ 

ʨʝʘʢʪʠʚʦʤ ɺʠʣʴʩʦʥʘ, NH3, 3% FeCl3, [Ag(NH3)2]ʆʅ, C6H7NO3S+ C10H8O, 

J2,  C14H13NO4+C4H9OH, 5%,20% ʉaCO3, 25% ʩʧʠʨʪʦʚʦʡ  H3O40PW12xH2O, 

0,5% C10H14O ʚ H2SO4ʢʦʥʮ, 0,2% ʨʘʩʪʚʦʨʦʤ  ʉ9ʅ6ʆ4 ʚ CH3-C(O)-CH3 ʠ 0,3% 

ʨʘʩʪʚʦʨʦʤ ʉ9ʅ6ʆ4  ʚ C4H9OH, ʩʦʜʝʨʞʘʱʠʡ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ. 

ɼʚʫʤʝʨʥʫʶ ʠ ʦʜʥʦʤʝʨʥʫʶ ʙʫʤʘʞʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ  ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʤʘʛʠ FN-6  ʠ FN-12 (Germany).  

ʍʨʦʤʘʪʦʛʨʘʬʠʶ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʘʩʪʠʥʘʭ ʩ ʩʠʣʠʢʘʛʝʣʝʤ 

Merck KGaA (Germany) Kieselgel 60 F254 ʠ çʉʦʨʙʬʠʣè ʧʣʘʩʪʠʥʢʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʇʊʉʍ-ɸʌ-ɸ/ʇʊʉʍ-ɸʌ-ɸ-ʋʌ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ 

ʉʦʨʙʧʦʣʠʤʝʨ (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ). 

ɼʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ɹɸɺ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʝ [3, 6-9, 36, 52, 53, 59, 65, 103, 200] ʚ 

ʬʠʪʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʠʩʪʝʤʳ:  

- ʜʣʷ ʢʫʤʘʨʠʥʦʚ: CH3COOH:H2O (60:40); ʉ6H14: EtOAc (70:30); ʉ6H14: 

ʉ3H6O (50:50); ʉ6H14:ʉ3H6O:CH3COOH (33:65:2);  
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ʂʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʠʣʠʢʘʛʝʣʴ ʢʦʣʦʥʦʯʥʳʡ 

ʤʘʨʢʠ çʂʉʂè (0,1ʤʢʤ), ʧʦʣʠʘʤʠʜ ʉʉ 6 (0,05-0,16ʤʤ). ɼʣʷ ʵʣʶʠʨʦʚʘʥʠʷ 

ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ, ʩʧʠʨʪ, ʭʣʦʨʦʬʦʨʤʥʦ-ʩʧʠʨʪʦʚʳʝ ʠ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʳʝ ʩʤʝʩʠ. ʇʨʦʮʝʩʩ ʵʣʶʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʚʦʩʭʦʜʷʱʝʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʙʫʤʘʛʝ «FN-6è ʠ çFN-12è, ʤʝʪʦʜʦʤ ʊʉʍ ʥʘ  ʧʣʘʩʪʠʥʢʘʭ 

«Kiesergel 60 F254è ʠ çʉʦʨʙʬʠʣè, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʨʫʧʧʳ ɹɸɺ. ʆʯʠʩʪʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʨʝʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʊʉʍ ʧʣʘʩʪʠʥʢʘʭ Kieselgel 60 F254 ʠ çʉʦʨʙʬʠʣè. 

ʉʪʨʫʢʪʫʨʫ ʚʳʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʭʠʤʠʯʝʩʢʠʤʠ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʩʨʘʚʥʝʥʠʝʤ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ 

(ʚʝʱʝʩʪʚʘʤʠ ʩʨʘʚʥʝʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ ʚʝʱʝʩʪʚ ʩʨʘʚʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ:ʢʚʝʨʮʝʪʠʥ-3-ɓ-D-ʛʣʶʢʦʟʠʜ 17793, Sigma-Aldrich; ʬʝʨʫʣʦʚʘʷ 

ʢʠʩʣʦʪʘ Y0001013, Sigma-Aldrich; ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ PHL89198, Supelco; 

ʢʦʬʝʡʥʘʷ ʢʠʩʣʦʪʘ ʉ0625, Sigma-Aldrich; ʧ-ʢʫʤʘʨʦʚʘʷ ʢʠʩʣʦʪʘ C9008, Sigma-

Aldrich; ʭʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʘ  Y0000569, Sigma-Aldrich; ʥʝʦʭʣʦʨʦʰʝʥʦʚʘʷ 

ʢʠʩʣʦʪʘ 94419, Sigma-Aldrich; ʬʦʨʤʦʥʦʥʝʪʠʥ 47752, Sigma-Aldrich, ʦʥʦʥʠʥ 

75375, Sigma-Aldrich, ʛʝʥʠʩʪʝʠʥ  92136, Supelco, ʙʠʦʭʘʥʠʥ ɸ 92142, Supelco; 

ʵʩʢʫʣʝʪʠʥ Y0001611, Sigma-Aldrich, ʫʤʙʝʣʣʠʬʝʨʦʥ 54826, Supelco, 
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ʩʢʦʧʦʣʝʪʠʥ 38332 Supelco; ʘʩʪʨʘʛʘʣʠʥ 68437, Supelco; ʧʦʧʫʣʥʠʥ 18854, 

Sigma-Aldrich; ʢʝʤʧʬʝʨʦʣ-3-O-D-ʛʘʣʘʢʪʦʟʠʜ, SMB00192, Sigma-Aldrich; 

ʠʟʦʢʚʝʨʮʠʪʨʠʥ 00140585, Supelco; ʢʚʝʨʮʠʪʨʠʥ  00740580, Supelco; ʢʚʝʨʮʝʪʠʥ 

3-ʛʘʣʘʢʪʦʟʠʜ, 83388, Sigma-Aldrich; D-(+)-ʛʣʶʢʦʟʘ  47829, Supelco; D-(+)-

ʛʘʣʘʢʪʦʟʘ G0050000, Sigma-Aldrich; L- ʨʘʤʥʦʟʘ W373011, Sigma-Aldrich.  

ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʉʌ-2000 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʂɹ çʉʧʝʢʪʨè (ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ) ʚ ʢʶʚʝʪʘʭ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʣʠ ʨʝʘʢʪʠʚʳ [8, 53, 176, 179, 203].   

ʀʂïʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ çSpecord UR-20è ʬʠʨʤʳ 

Analytik Jena (Germany) ʚ ʪʘʙʣʝʪʢʘʭ KBr ʚʳʩʦʪʦʡ 1 ʤʤ, ʩʦʦʪʥʦʰʝʥʠʠ 

ʚʝʱʝʩʪʚʘ ʠ ʥʘʧʦʣʥʠʪʝʣʷ 1: 400.  

ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʟʘʧʘʷʥʥʳʭ ʢʘʧʠʣʣʷʨʘʭ ʥʘ ʘʧʧʘʨʘʪʝ Koffler (Germany).  

ʋʛʣʳ ʚʨʘʱʝʥʠʷ ʧʦʣʫʯʘʣʠ ʥʘ ʧʦʣʷʨʠʤʝʪʨʝ ADP 430 ʧʨʦʠʟʚʦʜʩʪʚʘ 

«Bellingham+Stanley» (United Kindom) ʧʨʠ 546ʥʤ ʩ ʧʝʨʝʩʯʝʪʦʤ ʜʣʷ 589,3ʥʤ. 

ʂʠʩʣʦʪʥʳʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʛʠʜʨʦʣʠʟ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ 

ʛʠʜʨʦʣʠʟ ʛʣʠʢʦʟʠʜʦʚ ʬʣʘʚʦʥʦʠʜʦʚ, ʦʤʳʣʝʥʠʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʢʦʬʝʡʥʦʡ 

ʢʠʩʣʦʪʳ, ʜʝʩʪʨʫʢʮʠʶ ʢʫʤʘʨʠʥʦʚ ʡʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʠʟʚʝʩʪʥʳʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʘʤ [6, 8, 13, 20, 53, 61, 72].  

 ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʬʣʘʚʦʥʦʠʜʥʳʭ ʛʣʠʢʦʟʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ 

ʨʘʩʪʚʦʨʝʥʠʷ 10-20 ʤʛ ʚʝʱʝʩʪʚʘ ʚ 10 ʤʣ 10% ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, 

ʢʠʧʷʯʝʥʠʝʤ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ 6 ʯ ʩ ʢʦʥʪʨʦʣʝʤ ʭʦʜʘ ʛʠʜʨʦʣʠʟʘ ʤʝʪʦʜʦʤ ɹʍ. 

ʇʦʩʣʝ  ʦʭʣʘʞʜʝʥʠʷ ʘʛʣʠʢʦʥʳ ʠʟʚʣʝʢʘʶʪ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʦʙʨʘʟʦʚʘʰʠʡʩʷ 

ʧʨʠ ʵʪʦʤ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʧʠʨʪʝ. ɺʦʜʥʳʡ ʢʠʩʣʳʡ ʛʠʜʨʦʣʠʟʘʪ 

ʥʝʡʪʨʘʣʠʟʫʶʪ ʙʘʨʠʷ ʢʘʨʙʦʥʘʪʦʤ, ʘ ʚʧrʘʚʠhʡ ʧʨʠ ʵʪʦʤ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʚʘʶʪ, ʘ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʶʪ  ʚ 0,5 ʤʣ 95% 

ʩʧʠʨʪʘ. ʋʛʣʝʚʦʜʳ ʘʥʘʣʠʟʠʨʫʶʪ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʙʫʤʘʛʝ ʩ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʧʨʦʷʚʠʪʝʣʷʤʠ, 

ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ.  
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ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʬʣʘʚʦʥʦʠʜʥʳʭ ʆ-ʛʣʠʢʦʟʠʜʦʚ.  

ʚ 1,5-3 ʤʣ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʨʘʩʪʚʦʨʷʶʪ 15 ʤʛ ʚʝʱʝʩʪʚʘ ʠ ʜʦʙʘʚʣʷʶʪ 

2 ʤʣ 10% ʨ-ʨʘ ʅʉl, ʢʠʧʷʪʷʪ ʜʚʘ  ʯʘʩʘ, ʧʨʦʚʝʨʷʷ ʧʦʣʥʦʪʫ ʛʠʜʨʦʣʠʟʘ ʤʝʪʦʜʦʤ 

ʊʉʍ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʘ-ʤʝʪʘʥʦʣ 1:2; ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ 7:3 ʠ 9:1; ʤʝʪʦʜʦʤ ɹʍ 

ʚ ʩʠʩʪʝʤʘʭ ɹʋɺ 4:1:5; ʵʪʘʥʦʣ-ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ-ʚʦʜʘ 5:10:75 ʠ 4:5:16. ʇʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʛʠʜʨʦʣʠʟʘʪ ʦʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ 

ʦʯʠʱʝʥʥʦʡ ʚʦʜʦʡ, ʚʩrʫʰʠʚʘʣʠ ʠ ʚʟʚʝʰʠʚʘʣʠ. 

 ʍʘʨʘʢʪʝʨ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʬʣʘʚʦʥʦʠʜʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ  ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ɓ-ʛʠʜʨʦʣʘʟʘʤʠ ʠʟ ʛʨʠʙʘ Aspergillus 

oryzae. ɼʣʷ ʵʪʦʛʦ 10-15 ʤʛ ʚ-ʚʘ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 2ʤʣ ʚʦʜʳ ʦʯʠʱʝʥʥʦʡ ʠ 

ʜʦʙʘʚʣʷʣʠ ʩʫʩʧʝʥʟʠʶ ʬʝʨʤʝʥʪʘ (ʠʟ ʨʘʩʯʝʪʘ 1ʛ ʥʘ 10 ʤʣ ʚʦʜʳ).  ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʠ, ʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ ʊ=37ʉ̄ ʥʘ  24 ʯʘʩʘ. ʇʦ 

ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʬʝʨʤʝʥʪ ʜʝʟʘʢʪʠʚʠʨʦʚʘʣʠ ʢʠʧʷʯʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. 

ʇʦʣʫʯʝʥʳʡ  ʨ-ʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʫʧʘʨʠʚʘʣʠ, ʦʩʪʘʪʦʢ ʫʛʣʝʚʦʜʦʚ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʵʪʦʤ ʞʝ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ.  

 ɺʕɾ-ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʧʨʦʚʝʜʝʥʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ 

«Agilent Technologies 1100 Series LC/MSDè ʬʠʨʤʳ çAgilent Technologies» 

(USA), ʦʩʥʘʱʝʥʥʳʡ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ - ʋʌ ʜʠʦʜʥʦ-ʤʘʪʨʠʯʥʳʤ çG 1315B», 

ʠ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ çG1946ʉè, ʨʝʛʠʩʪʨʠʨʫʶʱʝʤ ʚ ʨʝʞʠʤʝ APCI. 

ɺʕɾʍ- ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çʄʠʣʣʠʭʨʦʤ-ɸ-02» 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ ʀʥʩʪʠʪʫʪ ʭʨʦʤʦʪʦʛʨʘʬʠʠ çʕʢʦʥʦʚʘè, ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çʄʫʣʴʪʠʍʨʦʤï

ʉʇɽʂʊʈè. ʅʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ  ʢʦʣʦʥʢʘ çProntoSIL 120-5-C18 AQ» 

80303. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʥʘ 4M LiClO4 ʚ 0,1M 

HClO4:H2O (5:95) (100 ʤʢʣ/ʤʠʥ, 40
0C, 2,0 MPa, 115 ʤʠʥ).  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ. ɿʘ ʦʩʥʦʚʫ ʧʨʠ ʦʮʝʥʢʝ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʫʤʤʳ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ 

ʚʟʷʪʘ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʉʠʙɻʄʋ ʜʣʷ ʢʣʠʤʘʢʪʝʨʠʯʝʩʢʦʛʦ ʩʙʦʨʘ [103]. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʟʦʣʝ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ 

ʣʷʜʚʝʥʮʘ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʧʣʘʤʝʥʥʦʡ 

ʬʦʪʦʤʝʪʨʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʱʝʩʪʚ [55,118]. ʇʦʣʫʯʝʥʠʝ 

ʟʦʣʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ɻʌ ʈʌ [24]. ʅʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʧʨʦʚʝʜʝʥ ʚ ʘʥʘʣʠʟʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ çCANBERRAè ʧʨʦʠʟʚʦʜʩʪʚʘ Mirion 

Technologies (Australia) ʩ ʜʝʪʝʢʪʦʨʦʤ ʠʟ ʛʝʨʤʘʥʠʷ çGX-3518». ʂʦʥʪʨʦʣʴʥʳʝ 

ʟʘʤʝʨʳ ʠʟʦʪʦʧʦʚ  ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 7-9 ʠ 25 ʩʫʪʦʢ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʪʨʠʷ ʠ 

ʢʘʣʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʣʘʤʝʥʥʦʡ ʬʦʪʦʤʝʪʨʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ  ʥʘ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʜʚʫʭʣʫʯʝʚʦʤ ʧʨʠʙʦʨʝ çThermo Solaar M5 Mkll » 

ʧʨʦʠʟʚʦʜʩʪʚʘ çThermo Electron» (USA). 

 

2.3 ʄʝʪʦʜʳ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʉʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʩʦʨʪ çʉʦʣʥʳʰʢʦè ʧʨʠʦʙʨʝʪʝʥ ʚ 

2013 ʛʦʜʫ ʚ ʆʆʆ çɿʘʫʨʘʣʉʝʤʝʥʘè (ʛ. ʂʫʨʛʘʥ), ʠ ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʙʠʦʣʦʛʦ ï 

ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ: ʨʝʧʨʦʜʫʢʮʠʷ ʩʝʤʷʥ ï R-2, ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ 

63%, ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ 66%, ʤʘʩʩʘ 1000 ʩʝʤʷʥ ï 1,08 ʛ. 

ʇʦʜʣʠʥʥʦʩʪʴ ʦʙʲʝʢʪʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʶʯʝʡ-ʦʧʨʝʜʝʣʠʪʝʣʝʡ. 

 

ɺʩʝʛʦ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʦʢʦʣʦ 120 ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠ ʧʦʜ 

ʩʚʝʪʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ Carl Ziess, ʬʦʪʦʛʨʘʬʠʠ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʧʨʝʧʘʨʘʪʦʚ 

ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʧʘʨʘʪʘ çʉanon», «Olympusè. ɺʩʝ 
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ʦʙʨʘʟʮʳ ʠʟʫʯʘʣʠ ʚ 5-ʪʠ ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʚ ʧʨʦʛʨʘʤʤʝ çAdobe Photoshop CS».  

ʇʨʠʩʫʪʩʪʚʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʦʜʪʚʝʨʞʜʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʠʢʨʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ (ʘʥʪʦʮʠʘʥʳ ʩ 10 % ʨ-ʨʦʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ; ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʩ ʞʝʣʝʟʘ (III) ʭʣʦʨʠʜʦʤ). 
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ɻʃɸɺɸ 3. ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʃʗɼɺɽʅʎɸ ʈʆɻɸʊʆɻʆ 

ʂʋʃʔʊʀɺʀʈʋɽʄʆɻʆ 

 

ɺ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʠʜʦʚ ʨʦʜʘ ʣʷʜʚʝʥʝʮ ʘʚʪʦʨʳ 

ʩʦʦʙʱʘʶʪ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ɹɸɺ. ʇʨʠ ʵʪʦʤ ʥʝʢʦʪʦʨʳʝ 

ʘʚʪʦʨʳ ʚʳʩʢʘʟʳʚʘʶʪ  ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʬʝʥʦʣʴʥʳʡ ʠ ʩʘʧʦʥʠʥʦʚʳʡ ʧʨʦʬʠʣʴ 

ʣʷʜʚʝʥʮʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʭʝʤʦʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ,  ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ çʢʨʘʡʥʠʡ ʧʦʣʠʤʦʨʬʠʟʤ ʣʷʜʚʝʥʮʦʚè, ʩ 

ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʘʥʘʪʦʤʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ, ʥʦ ʠ  ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ï ʨʝʛʠʦʥʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʤʝʩʪʦʦʙʠʪʘʥʠʷ,  ʤʝʨʦʧʨʠʷʪʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʧʨʦʮʝʩʩ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠ ʜʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣ 

ʠʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʨʘʚʳ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧʳ ɹɸɺ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩʳʨʴʷ ʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ. 

 

3.1. ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɹɸɺ ʪʨʘʚʳ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ 

 

ɼʘʥʥʳʝ ʦ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠ ʩʦʜʝʨʞʘʥʠʠ ɹɸɺ ʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʠ 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʚʠʜʘʭ ʠ ʩʦʨʪʘʭ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʚʧʝʨʚʳʝ ʢʫʣʴʪʠʚʠʨʫʝʤʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʨʪʦʤ ʣʷʜʚʝʥʮʘ ʪʨʝʙʫʝʪ ʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʥʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʧʨʠʥʷʪʳʭ ʚ ʬʠʪʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʚ, 

ʠʩʩʣʝʜʦʚʘʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ɹɸɺ ʪʨʘʚʳ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ.  

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʫʤʘʨʠʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ɹʍ, ʊʉʍ), ʨʝʘʢʮʠʶ ʩ 

ʜʠʘʟʦʪʠʨʦʚʘʥʥʦʡ ʩʫʣʴʬʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʣʘʢʪʦʥʥʫʶ ʧʨʦʙʫ [20, 52, 60, 65, 
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32]; ʬʣʘʚʦʥʦʠʜʦʚ ï ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ɹʍ ʠ ʊʉʍ, ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʨʝʘʢʮʠʠ (ʮʠʘʥʠʜʠʥʦʚʘʷ ʧʨʦʙʘ, ʩ ʨʘʩʪʚʦʨʦʤ ʩʚʠʥʮʘ ʘʮʝʪʘʪʘ ʦʩʥʦʚʥʦʛʦ ʠ ʩ 

ʘʣʶʤʠʥʠʷ (III) ʭʣʦʨʠʜʦʤ) [8, 9,20, 50, 53, 61, 67,72, 32, 119]; ʭʣʦʨʦʬʠʣʣʘ - 

ʊʉʍ [128]; ʩʘʧʦʥʠʥʦʚ ï ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʚ ʪʦʥʢʦʤ ʩʣʦʝ, ʨʝʘʢʮʠʶ 

ʧʝʥʦʦʙʨʘʟʦʚʦʘʥʠʷ, ʩ ʨʘʩʪʚʦʨʦʤ ʘʮʝʪʘʪʘ ʩʚʠʥʮʘ, ʨʘʩʪʚʦʨʦʤ ʥʘʪʨʠʷ ʥʠʪʨʘʪʘ  

[32, 67]; ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ -  ɹʍ ʠ ʊʉʍ [103, 203]; ʩʝʨʜʝʯʥʳʭ ʛʣʠʢʦʟʠʜʦʚ ï 

ʨʝʘʢʮʠʶ ʂʝʣʣʝʨ-ʂʠʣʠʘʥʠ, ʨ-ʮʠʶ ʃʠʙʝʨʤʘʥʘ-ɹʫʨʭʘʨʜʘ, ʨ-ʮʠʶ ʃʝʛʘʣʷ [110, 

31]; ʬʝʥʦʣʦʢʠʩʣʦʪ ï ɹʍ ʠʊʉʍ [7, 66]; ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʠʢʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʤʠʢʨʦʧʨʝʧʘʨʘʪʘʤʠ (ʩ ʉʫʜʘʥʦʤ III ) [24,37,67]; 

ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ï ʨʝʘʢʮʠʶ ʩ ʨʘʩʪʚʦʨʦʤ FeCl3, ʩ ʨʘʩʪʚʦʨʦʤ Pb(CH3COO)2, 

ʩ ʙʨʦʤʥʦʡ ʚʦʜʦʡ [32, 67]; ʘʣʢʘʣʦʠʜʦʚ ï ʨʝʘʢʮʠʠ ʩ ʦʙʱʝʦʩʘʜʠʪʝʣʴʥʳʤʠ 

ʨʝʘʢʪʠʚʘʤʠ [19, 32]; ʢʘʨʦʪʠʥʦʠʜʦʚ -  ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʩʦʨʙʝʥʪʘ 

[21, 24, 35]; ʘʥʪʨʘʮʝʥʧʨʦʠʟʚʦʜʥʳʭ ï ʨʝʘʢʮʠʶ ɹʦʨʥʪʨʝʛʝʨʘ, ʨʝʘʢʮʠʶ 

ʤʠʢʨʦʚʦʟʛʦʥʢʠ (ʩʫʙʣʠʤʘʮʠʠ) [32]; ʧʦʣʠʩʘʭʘʨʠʜʦʚ - ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʥʘ 

ʙʫʤʘʛʝ, ʨʝʘʢʮʠʠ ʚʦʜʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩ 96% ʩʧʠʨʪʦʤ [24, 36, 78]; ʘʤʠʥʦʢʠʩʣʦʪ 

- ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʩʦʨʙʝʥʪʘ, ʨʝʘʢʮʠʶ ʩ ʥʠʥʛʠʜʨʠʥʦʤ [128]; 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ - ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʩʦʨʙʝʥʪʘ, ʨʝʘʢʮʠʶ 

ʊʠʣʴʤʘʥʩʘ [24, 35, 32]; ʚʠʪʘʤʠʥʘ ʂ - ʭʨʦʤʘʪʦʛʨʘʬʠʶ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʩʦʨʙʝʥʪʘ 

[24,35]; ʬʦʩʬʦʣʠʧʠʜʦʚ ï ɹʍ ʠ ʊʉʍ [128].  

ʆʙʨʘʟʮʳ ʩʳʨʴʷ ʜʣʷ ʬʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʙʠʨʘʣʠ, ʥʘʯʠʥʘʷ 

ʩ ʧʝʨʚʦʛʦ ʛʦʜʘ ʧʦ ʪʨʝʪʠʡ ʛʦʜ ʚʝʛʝʪʘʮʠʠ ʚ 2015-2017 ʛʛ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʟʘ ʪʨʠ 

ʛʦʜʘ ʥʘʙʣʶʜʝʥʠʷ, ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʟʥʳʭ ʛʨʫʧʧ ɹɸɺ. ɺ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʪʨʘʚʝ ʣʷʜʚʝʥʮʘ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʜʝʥʳ ʩʝʨʜʝʯʥʳʝ ʛʣʠʢʦʟʠʜʳ ʠ  

ʵʬʠʨʥʦʝ ʤʘʩʣʦ.  

 

ʊʘʙʣʠʮʘ 4. ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

 
 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B8%D0%BD%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
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3.2. ʇʦʣʫʯʝʥʠʝ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʘ 
 

ʇʦʣʫʯʝʥʠʝ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʩʪʨʢʪʘ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʪʨʘʚʳ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʠʩʯʝʨʧʳʚʘʶʱʝʡ 

ʵʪʘʥʦʣʴʥʦ-ʚʦʜʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʦ ʩʭʝʤʝ ʥʘ ʨʠʩ. 3.2.1.  ʆʢʦʣʦ 100,0 ʛ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʩʳʨʴʷ (1-3ʤʤ) ʧʦʜʚʝʨʛʘʣʠ ʪʨʝʭʢʨʘʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 40, 70 ʠ 

95% ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ 

ʚʳʰʝ 80ęʉ. ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʛʦʨʷʯʝʛʦ ʠʟʚʝʣʯʝʥʠʷ, ʵʢʩʪʨʘʛʝʥʪ ʫʜʘʣʷʣʠ 
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ʵʪʘʥʦʣ ʜʦ ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ, ʦʩʘʜʦʢ  ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʥʘʜʦʩʘʜʦʯʥʫʶ 

ʞʠʜʢʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʝ 

ʭʣʦʨʦʬʦʨʤʦʤ, ʵʪʠʣʘʮʝʪʘʪʦʤ ʠ ʥ-ʙʫʪʘʥʦʣʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.2.1 ʉʭʝʤʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʩʪʨʘʢʪʘ ʠʟ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ  

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

ʢʦʣʦʥʦʯʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ                                                                                                      

ʥʘ  ʧʦʣʠʘʤʠʜʝ: 
ʢʫʤʘʨʠʥʳ, ʬʣʘʚʦʥʦʠʜʳ, 

ʬʝʥʦʣʦʢʠʩʣʦʪʳ 

ʦʙʨʘʙʦʪʢʘ ʙʫʪʘʥʦʣʦʤ 1:2, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʦʜ 

ʚʘʢʫʫʤʦʤ t 70Üʉ 

ʦʙʨʘʙʦʪʢʘ ʵʪʠʣʘʮʝʪʘʪʦʤ 1:2, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʦʜ ʚʘʢʫʫʤʦʤ              

t 35Üʉ  

ʩʛʫʱʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʭʣʦʨʦʬʦʨʤʦʤ 1:2, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʦʜ ʚʘʢʫʫʤʦʤ  t 35Üʉ  

 

ʦʙʨʘʙʦʪʢʘ ʢʠʧʷʱʝʡ ʅ2ʆ 1;5, 

ʨʘʩʪʚʦʨʚʥʠʝ, ʬʠʣʴʪʨʘʮʠʷ  

ʦʙʨʘʙʦʪʢʘ ʠ ʵʢʩʪʨʘʢʮʠʷ 40%, 70%,  95% 

 ʵʪʘʥʦʣʦʤ,ʩʦʦʪʥʦʰʝʥʠʝ  1:15, ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʘʢʮʠʠ  50Üʉ 

 

ʉʳʨʴʝ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ 

ʕʢʩʪʨʘʢʪ ʩʫʭʦʡ 

ɺʦʜʥʳʡ ʵʢʩʪʨʘʢʪ- ʢʦʥʮʝʥʪʨʘʪ 

ʍʌ 

ʕɸʌ 

ɹʌ 

ʆʩʘʜʦʢ  

ʢʦʣʦʥʦʯʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ                                                        

ʥʘ ʧʦʣʠʘʤʠʜʝ 

ʬʣʘʚʦʥʦʠʜʳ, 

ʬʝʥʦʣʦʢʠʩʣʦʪʳ 

ʢʦʣʦʥʦʯʥʘʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ                                                        

ʥʘ ʩʠʣʠʢʘʛʝʣʝ 

ʢʫʤʘʨʠʥʳ, 

ʬʣʘʚʦʥʦʠʜʳ,ʩʘʧʦʥʠʥʳ 

ʋʜʘʣʝʥʠʝ ʭʣʦʨʦʬʦʨʤʘ 

      ɺʦʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 

ʋʜʘʣʝʥʠʝ ʵʪʠʣʘʮʝʪʘʪʘ 

      ɺʦʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 

ʋʜʘʣʝʥʠʝ ʙʫʪʘʥʦʣʘ 

ɺʦʜʥʳʡ ʦʩʪʘʪʦʢ 

ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ  

ʬʝʥʦʣʦʢʠʩʣʦʪ, 
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ɺʳʭʦʜ ʨʘʟʥʳʭ ʬʨʘʢʮʠʡ ʩʦʩʪʘʚʠʣ (%, n=3, XÑʭ): ʆʕ ʚ ʬʦʨʤʝ 

ʘʤʦʨʬʥʦʛʦ, ʭʦʨʦʰʦ ʩʳʧʫʯʝʛʦ ʧʦʨʦʰʢʘ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ 2,71Ñ0,22; 

ʭʣʦʨʦʬʦʨʤʥʘʷ ʬʨʘʢʮʠʷ ʚ ʚʠʜʝ ʟʝʣʝʥʦʡ ʚʷʟʢʦʦʙʨʘʟʥʦʡ ʤʘʩʩʳ 1,96Ñ0,15; 

ʵʪʠʣʘʮʝʪʘʪʥʘʷ ʬʨʘʢʮʠʷ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʡ ʚʷʟʢʦʡ ʤʘʩʩʳ 3,67Ñ0,29; 

ʙʫʪʘʥʦʣʴʥʘʷ ʬʨʘʢʮʠʷ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʘʪʦ-ʞʝʣʪʦʛʦ ʧʦʨʦʰʢʘ 9,1Ñ0,09; ʚʦʜʥʳʡ 

ʦʩʪʘʪʦʢ ʚ ʚʠʜʝ ʘʤʦʨʬʥʦʛʦ ʧʦʨʦʰʢʘ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ  96,54 Ñ 6,75. 

ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʢʠʩʣʦʪʥʦʤʫ ʛʠʜʨʦʣʠʟʫ, ʘʛʣʠʢʦʥʳ ʠʟ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʠʟʚʣʝʢʘʣʠ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠ ʭʣʦʨʦʬʦʨʤʦʤ. ʉʦʩʪʘʚ 

ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʠ ʥʘʪʠʚʥʳʭ ʬʨʘʢʮʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. 

 

3.2.1. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʪʨʘʢʪʘ ʠ ʬʨʘʢʮʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, 

ʙʫʪʘʥʦʣʴʥʦʡ, ʵʪʠʣʘʮʝʪʘʥʦʡ ʬʨʘʢʮʠʡ, ʚʦʜʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 5 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʢʨʘʩʢʝ ʧʷʪʝʥ ʚ ʋʌ- ʠ ʚʠʜʠʤʦʤ 

ʩʚʝʪʝ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ, ʟʥʘʯʝʥʠʷʤ Rf  ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 30 ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʨʘʟʥʳʭ ʛʨʫʧʧ ɹɸɺ. 

ʊʘʙʣʠʮʘ 5. ʈʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ  

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʦʥʝʥʪ  

ɿʥʘʯʝʥʠʝ Rf 
ʆʙʲʝʢʪ  

ɸ ɹ ɺ ɻ ɼ ɽ 

ʬʦʨʤʦʥʦʥʝʪʠʥ  (7-ʛʠʜʨʦʢʩʠ-

4ǋ-ʤʝʪʦʢʩʠʠʟʦʬʣʘʚʦʥ) 
- 0,25 

ʥʘ 

ʩʪʘʨʪʝ - 0,12 0,34 

ʕʕ 

ʕɸ 

ɹʌ 

ʛʝʥʠʩʪʝʠʥ (4ǋ,5,7-

ʪʨʠʛʠʜʨʦʢʩʠʠʟʦʬʣʘʚʦʥ) 
- 0,24 

ʥʘ 

ʩʪʘʨʪʝ - 0,11 0,91 

ʕʕ 

ʕɸ 

ɹʌ 

ʙʠʦʭʘʥʠʥ ɸ (5,7-ʜʠʛʠʜʨʦʢʩʠ-4ǋ-

ʤʝʪʦʢʩʠʠʟʦʬʣʘʚʦʥ) 
0,82 0,22 

ʥʘ 

ʩʪʘʨʪʝ - 0,65 0,77 

ʕʕ 

ʕɸ 

ɹʌ 

ʧ-ʢʫʤʘʨʦʚʘʷ ʢʠʩʣʦʪʘ                          

(4-ʦʢʩʠʢʦʨʠʯʥʘʷ ʢʠʩʣʦʪʘ) 
0,89 0,60 0,46 - 

ʥʘ 

ʩʪʘʨʪ

ʝ 

- 

ʕʕ 
ʕɸ 

ɹʌ 

ʢʦʬʝʡʥʘʷ ʢʠʩʣʦʪʘ  0,81 0,46 0,31 - 0,84 0,21 
ʕʕ 
ʕɸ 
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ʬʝʨʫʣʦʚʘʷ ʢʠʩʣʦʪʘ   0,89 0,55 0,44 - 0,69 
ʥʘ 

ʩʪʘʨʪʝ 

ʕʕ 
ʕɸ 

ɹʌ 

ʭʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʘ (5-ʆ- 

ʢʦʬʝʠʣ-D-ʭʠʥʥʘʷ ʢʠʩʣʦʪʘ) 
0,62 0,70 0,65 - - 

ʥʘ 

ʩʪʘʨʪʝ 

ʕʕ 
ɹʌ 

ɺʆ 

ʥʝʦʭʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʘ (3-

ʆ-ʢʦʬʝʠʣ-D-ʭʠʥʥʘʷ ʢʠʩʣʦʪʘ) 
0,54 0,75 0,70 - - 

ʥʘ 

ʩʪʘʨʪʝ 

ʕʕ 
ɹʌ  

ɺʆ 

 ʫʤʙʝʣʣʠʬʝʨʦʥ                                     

(7-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ) 
0,90 0,64 - 0,24 - - 

ʕʕ 
ʕɸ ʍʃʌ 

ʵʩʢʫʣʝʪʠʥ                                           

(6,7-ʜʠʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ) 
0,80 0,51 - 0,08 - - 

ʕʕ 
ʕɸ 

ʛʠʜʨʦʣʠʟʘʪ 

ʩʢʦʧʦʣʝʪʠʥ (6-ʤʝʪʦʢʩʠ-7-

ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ) 
0,85 0,50 - 0,61 - - 

ʕʕ 
ʕɸ ʍʃʌ 

ʠʟʦʩʢʦʧʦʣʝʪʠʥ (6-ʛʠʜʨʦʢʩʠ-7-

ʤʝʪʦʢʩʠʢʫʤʘʨʠʥ) 
0,83 0,60 - 0,64 - - 

ʕɸ ʍʃʌ 

ʘʩʪʨʘʛʘʣʠʥ  (ʢʝʤʧʬʝʨʦʣ-3-ʆ-

b-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜ) 
0,71 0,37 - - - - 

ʕʕ 
ɹʌ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʧʦʧʫʣʥʠʥ (ʢʝʤʧʬʝʨʦʣ-7-ʆ-b-
D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜ) 

0,60 - 0,47 - - - 
ɹʌ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʪʨʠʬʦʣʠʥ (ʢʝʤʧʬʝʨʦʣ-3-ʆ-b-
D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ) 

0,61 0,33 - - - - 
ɹʌ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʠʟʦʢʚʝʨʮʠʪʨʠʥ (ʢʚʝʨʮʝʪʠʥ-3-

ʆ-b-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜ) 
0,52 0,36 - - - - 

ʕʕ 
ʕɸ 

ɹʌ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʢʚʝʨʮʠʪʨʠʥ (ʢʚʝʨʮʝʪʠʥ 3-ʆ-

b-D-ʨʘʤʥʦʧʠʨʘʥʦʟʠʜ) 
0,62 - 0,39 - - - 

ʕɸ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʤʦʨʠʥ  (3,5,7,2ǋ,4ǋ-

ʧʝʥʪʘʦʢʩʠʬʣʘʚʦʥ) 
0,76 0,27 0,68 - - - 

ʕɸ 

ʍʃʌ 

ʤʦʨʠʥ-3-ʆ-b-D-

ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 
0,72 0,39 - - - - 

ʕɸ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʛʠʧʝʨʦʟʠʜ (ʢʚʝʨʮʝʪʠʥ 3-ʆ-b-
D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ) 

0,57 0,28 - - - - 
ʕʕ 
ɹʌ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʢʚʝʨʮʝʪʠʥ 0,55 0,06 - - - - 
ʕɸ 

ʍʃʌ 

ʢʝʤʧʬʝʨʦʣ 0,83 0,08 - - - - 
ɹʌ 

ʛʠʜʨʦʣʠʟʘʪ 

ʦʣʝʘʥʦʣʦʚʘʷ ʢʠʩʣʦʪʘ 
0,49  ʚ ʩʠʩʪʝʤʝ ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ-

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (94:5:1) 

ʕʕ 
ʍʃʌ 

ʚʘʣʠʥ 0,53 - - - - - 
ɺʆ 
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ʘʨʠʛʠʥʠʥ 0,11 - - - - - 
ɺʆ 

ʣʠʟʠʥ 0,15 - - - - - 
ɺʆ 

ʛʣʠʮʠʥ 0,20 - - - - - 
ɺʆ 

L-ʨʘʤʥʦʟʘ 

0,58 

0,58 

0,58 
ʚ ʩʠʩʪʝʤʝ  

EtOAc-HCOOH- CH3COOH-

H2O (60:15:15:10) 

ɺʆ 

ʕɸ ʛʠʜʨʦʣʠʟʘʪ 

ɹʌ ʛʠʜʨʦʣʠʟʘʪ 

D-ʛʘʣʘʢʪʦʟʘ 
0,26 

0,26 

ɹʌ ʛʠʜʨʦʣʠʟʘʪ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

D-ʛʣʶʢʦʟʘ 
0,44 

0,44 

ɹʌ ʛʠʜʨʦʣʠʟʘʪ 

ɺʆ ʛʠʜʨʦʣʠʟʘʪ 

ʇʨʠʤʝʯʘʥʠʝ: ɸ - ɹʋɺ (4:1:5); ɹ - 15 % ʫʢʩʫʩʥʘʷ  ʢʠʩʣʦʪʘ; ɺ - 3% ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ; 

ɻ - ʭʣʦʨʦʬʦʨʤ-25% ʬʦʨʤʘʤʠʜ; ɼ - 5% ʨ-ʨ ʥʘʪʨʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ; ɽ ï ʭʣʦʨʦʬʦʨʤ-

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (9:1). 

 

 ʇʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, 

ʵʪʠʣʘʮʝʪʘʪʥʦʡ, ʭʣʦʨʦʬʦʨʤʥʦʡ, ʠ ʣʠʧʦʬʠʣʴʥʦʡ ʯʘʩʪʠ ʵʪʠʣʘʮʝʪʘʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʯʝʪʳʨʝ ʟʦʥʳ ʘʜʩʦʨʙʮʠʠ  ʩ ʛʦʣʫʙʦʡ, ʩʠʥʝ-

ʛʦʣʫʙʦʡ, ʙʣʝʜʥʦ-ʛʦʣʫʙʦʡ, ʞʝʣʪʦʡ (ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ) ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ ʋʌ-

ʩʚʝʪʝ. ʆʜʥʦ ʠʟ ʵʪʠʭ ʚʝʱʝʩʪʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʢʘʢ ʠʟʦʩʢʦʧʣʝʪʠʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ. ʊʨʠ ʚʝʱʝʩʪʚʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʚʝʱʝʩʪʚ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʝ, ʦʢʨʘʩʢʝ  ʩ ʚʝʱʝʩʪʚʘʤʠ ʩʨʘʚʥʝʥʠʷ: ʫʤʙʝʣʣʠʬʝʨʦʥʦʤ, 

ʵʩʢʫʣʝʪʠʥʦʤ, ʩʢʦʧʦʣʝʪʠʥʦʤ. 

           ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʭʨʦʤʘʪʦʛʨʘʤʤ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʭʣʦʨʦʬʦʨʤʥʦʡ 

ʬʨʘʢʮʠʠ, ʛʠʜʨʦʣʠʟʘʪʦʚ ʙʫʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʠ ʠ ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ 

ʢʨʝʤʥʝʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʟʦʥʘ ʘʜʩʦʨʮʠ ʩ ʩʝʨʦ-ʩʠʥʝʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ. ʉʨʘʚʥʝʥʠʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʣʝʘʥʦʣʦʚʦʡ  ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣʠ ʠʭ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ. 

 ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ 

ʥʠʥʛʠʜʨʠʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ ʨʘʟʣʠʯʥʦʡ 
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ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

ʠʟʚʝʩʪʥʳʭ ʚʝʱʝʩʪʚ ʥʝʢʦʪʦʨʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

ʚʘʣʠʥ, ʘʨʛʠʥʠʥ, ʣʠʟʠʥ ʠ ʛʣʠʮʠʥ.  

ɺ ʚʦʜʥʦʤ ʦʩʪʘʪʢʝ, ʚʦʜʥʦʡ ʯʘʩʪʠ ʵʪʠʣʘʮʝʪʘʪʥʦʡ ʠ ʙʫʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ ʫʛʣʝʚʦʜʦʚ. ʇʨʠ ʵʪʦʤ 

ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ D-ʛʘʣʘʢʪʦʟʘ, D-ʛʣʶʢʦʟʘ, L-ʨʘʤʥʦʟʘ. ʆʙʥʘʨʫʞʝʥʠʝ L-

ʨʘʤʥʦʟʳ ʚ ʛʠʜʨʦʣʠʟʘʪʝ ʵʪʠʣʘʮʝʪʘʪʥʦʡ ʬʨʘʢʮʠʠ, L-ʨʘʤʥʦʟʳ, D-ʘʣʘʢʪʦʟʳ ʠ D-

ʛʣʶʢʦʟʳ ʚ ʛʠʜʨʦʣʠʟʘʪʝ ʙʫʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʠ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʚ 

ʥʘʪʠʚʥʳʭ ʬʨʘʢʮʠʷʭ ʛʣʠʢʦʟʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʫʛʣʝʚʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ. ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʣʠʩʘʭʘʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʥʘʪʠʚʥʦʤ ʚʦʜʥʦʤ ʦʩʪʘʪʢʝ ʫʢʘʟʳʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʩʚʦʙʦʜʥʦʡ D-ʛʘʣʘʢʪʦʟʳ ʚ 

ʚʦʜʥʦʤ ʦʩʪʘʪʢʝ, D-ʛʘʣʘʢʪʦʟʘ, D-ʛʣʶʢʦʟʳ ʠ  L-ʨʘʤʥʦʟʳ ʚ ʛʠʜʨʦʣʠʟʘʪʝ ʚʦʜʥʦʛʦ 

ʦʩʪʘʪʢʘ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʵʪʠʣʘʮʝʪʘʪʥʦʡ, 

ʙʫʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʡ ʠ ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ ʜʝʪʝʢʪʠʨʦʚʘʣʠ 5 ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ 

ʛʦʣʫʙʦʡ, ʛʦʣʫʙʦʚʘʪʦ-ʬʠʦʣʝʪʦʚʦʡ, ʬʠʦʣʝʪʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ ʋʌ-ʩʚʝʪʝ. 

ʉʨʘʚʥʝʚʥʠʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʚʝʩʪʥʳʭ ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʭ ʚʝʱʝʩʪʚ 

ʧʦʢʘʟʘʣʦ ʠʭ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ʩ ʧ-ʢʫʤʘʨʦʚʦʡ,  ʬʝʨʫʣʦʚʦʡ, ʢʦʬʝʡʥʦʡ, 

ʭʣʦʨʦʛʝʥʦʚʦʡ ʠ ʥʝʦʭʣʦʨʦʛʝʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ.  

ɸʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʤʤ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʵʪʠʣʘʮʝʪʘʪʥʦʡ, 

ʙʫʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʡ ʠ ʚʦʜʥʦʛʦ ʦʩʪʘʪʢʘ ʠ ʠʭ ʛʠʜʨʦʣʠʟʘʪʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ 13 ʚʝʱʝʩʪʚ ʠʤʝʶʱʠʭ ʬʣʘʚʦʥʦʠʜʥʫʶ ʧʨʠʨʦʜʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʨʘʟʥʳʭ 

ʬʨʘʢʮʠʡ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʪʨʘʚʳ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʦ ʧʨʠʩʫʪʩʪʚʠʝ 30 ʚʝʱʝʩʪʚ. ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʢ ʚʝʱʝʩʪʚʘʤ ʬʝʥʦʣʴʥʦʡ ʧʨʠʨʦʜʳ ʦʪʥʝʩʝʥʦ ʜʚʘʜʘʮʘʪʴ ʜʚʘ ʚʝʱʝʩʪʚʘ, 

ʦʜʥʦ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠʪʝʨʧʝʥʦʚʳʡ ʩʘʧʦʥʠʥ, ʯʝʪʳʨʝ ʚʝʱʝʩʪʚʘ 

ʠʟ ʛʨʫʧʧʳ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʪʨʠ ʫʛʣʝʚʦʜʘ.  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 4, ʨʷʜ (ʚ 

ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ) ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʪʨʘʚʝ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ  

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʣʠʩʘʭʘʨʠʜʳ ï ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ï 

ʠʟʦʬʣʘʚʦʥʦʠʜʳ å ʬʣʘʚʦʥʦʠʜʳ - ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ï ʩʘʧʦʥʠʥʳ ï 

ʘʤʠʥʦʢʠʩʣʦʪʳ = ʭʣʦʨʦʬʠʣʣ ï ʢʫʤʘʨʠʥʳ = ʢʘʨʦʪʠʥʦʠʜʳ ï ʚʠʪʘʤʠʥ ʂ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ, ʢ ʯʠʩʣʫ ʟʥʘʯʠʤʳʭ ʛʨʫʧʧ ɹɸɺ 

ʦʪʥʦʩʠʪʩʷ ʠ ʬʝʥʦʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʪʦʨʦʛʦ  

(ʬʣʘʚʦʥʦʠʜʦʚ, ʠʟʦʬʣʘʚʦʥʦʠʜʦʚ, ʜʫʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ) ʚ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʤ 

ʜʝʡʩʪʚʠʠ ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʨʫʙʝʞʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʤʠ ʙʳʣʦ 

ʧʨʝʜʧʨʠʥʷʪʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʡ ʛʨʫʧʧʳ  

ʩʦʝʜʠʥʝʥʠʡ.   

ɼʘʣʝʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧ ʚʝʱʝʩʪʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ɺʕɾʭʨʦʤʘʪʦʛʨʘʬʠʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʣʝʝ 10 ʩʦʝʜʠʥʝʥʠʡ, 5 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʘʞʦʨʥʳʤʠ. ɸʥʘʣʠʟ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʦ ʚʨʝʤʝʥʠ 

ʫʜʝʨʞʠʚʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʦʤʫ 

ʠʟ ʤʘʞʦʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʩʪʨʘʢʪʘ ʧʦ ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʟʦʬʣʘʚʦʥʦʠʜ ʙʠʦʭʘʥʠʥ ɸ (ʪʘʙʣ.6, ʨʠʩ.3.2.8.). 

ʊʘʙʣʠʮʘ 6.  ʈʝʟʫʣʴʪʘʪʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʵʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ 

ˉ ɺʝʱʝʩʪʚʦ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ, ʤʠʥ. 

1 ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ 1,898 

2 ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ 3,707   

3 ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ 7,495 

4 ʭʣʦʨʦʛʝʥʦʚʘʷ ʢʠʩʣʦʪʘ 8,102 

5 ʨʫʪʠʥ 11,75  

6 ʢʦʬʝʡʥʘʷ ʢʠʩʣʦʪʘ 12,697 

7 ʦʥʦʥʠʥ 14,126  

8 ʢʚʝʨʮʝʪʠʥ 15,81   

9 ʛʝʥʠʩʪʝʠʥ 17,483  

10 ʬʦʨʤʦʥʦʥʝʪʠʥ  20,113  

11 ʙʠʦʭʘʥʠʥ ɸ 23,01   
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ʈʠʩʫʥʦʢ 3.2.8 ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʱʝʩʪʚ ʠ 40% ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ: ʙʠʦʭʘʥʠʥ (ʘ), ʬʦʨʤʦʥʦʥʝʪʠʥ (ʙ), ʦʥʦʥʠʥ (ʚ), ʛʝʥʠʩʪʝʠʥ 

(ʛ), ʵʢʩʪʨʘʢʪ (ʜ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ɺʕɾʍ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʨʪʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʧʦʟʚʦʣʠʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ 5 ʚʝʱʝʩʪʚ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ɹʍ ʠ ʊʉʍ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʛʘʣʣʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʦʥʦʥʠʥ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʜʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝʤ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ, ʙʠʙʣʠʦʪʝʢʘʤʠ ʀʂ, 

ʋʌ-ʩʧʝʢʪʨʦʚ, ʩʚʝʜʝʥʠʡ ʦ  ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ 

ʧʦʚʝʜʝʥʠʠ, ʨʝʟʫʣʴʪʘʪʘʭ ʛʠʜʨʦʣʠʟʘ [3, 6-9, 26, 43, 52, 53, 55, 65, 66, 72, 142, 

177-179], ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʠʤʝʶʱʠʭʩʷ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ  ʠʟʚʝʩʪʥʳʭ ʚʝʱʝʩʪʚ.  

 

3.2.2 ɺʳʜʝʣʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʬʣʘʚʦʥʦʠʜʦʚ, ʢʫʤʘʨʠʥʦʚ ʠ 

ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

 ɹʫʪʘʥʦʣʴʥʫʶ, ʭʣʦʨʦʬʦʨʤʥʫʶ, ʵʪʠʣʘʮʝʪʘʪʥʫʶ ʬʨʘʢʮʠʶ ʫʧʘʨʠʚʘʣʠ  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʥʝʝ 45ʉ̄ ʧʦʜ ʚʘʢʫʫʤʦʤ ʜʦ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʙʫʪʘʥʦʣʘ, 

ʭʣʦʨʦʬʦʨʤʘ ʠ ʵʪʠʣʘʮʝʘʪʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʦ. ʆʩʪʘʪʢʠ ʦʪʩʪʘʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5-6 

ʯ, ʧʦʣʫʯʘʷ ʧʨʠ ʵʪʦʤ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʘʜʢʘ ʠ ʥʘʜʦʩʘʜʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʩʘʜʢʠ ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʩʪʝʢʣʷʥʥʳʝ ʬʠʣʴʪʨʳ ʠ ʚʳʩʫʰʠʚʘʣʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʠʭ  ʨʘʟʜʝʣʝʥʠʝ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʚ 

ʩʪʝʢʣʷʥʥʳʭ ʢʦʣʦʥʢʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʜʣʷ ɹʌ ʠ ʕɸʌ ʧʦʣʠʘʤʠʜʦʤ, ʜʣʷ ʍʌ 

ʩʠʣʠʢʘʛʝʣʝʤ). ʕʣʶʠʨʦʚʘʥʠʝ ʚʝʱʝʩʪʚ ʜʣʷ ɹʌ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʤʝʩʴʶ 

ʵʪʠʣʘʮʝʪʘʪ ï ʵʪʘʥʦʣ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 12 ʚʝʱʝʩʪʚ). ʕʣʶʠʨʦʚʘʥʠʝ 

ʚʝʱʝʩʪʚ ʜʣʷ ʍʌ ʦʩʫʱʝʩʪʚʣʷʣʠ ʵʪʘʥʦʣʴʥʦ-ʭʣʦʨʦʬʦʨʤʥʳʤʠ ʩʤʝʩʷʤʠ (ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 6 ʩʦʝʜʠʥʝʥʠʡ). ʕʣʶʠʨʦʚʘʥʠʝ ʚʝʱʝʩʪʚ ʜʣʷ ʕɸʌ  

ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʦʜʦʡ ʦʯʠʱʝʥʥʦʡ ʠ ʩʧʠʨʪʦ-ʚʦʜʥʳʤʠ ʩʤʝʩʷʤʠ (ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ 15 ʩʦʝʜʠʥʝʥʠʡ). ɺʳʜʝʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʩʤʝʩʠ ʤʝʪʘʥʦʣ-ʭʣʦʨʦʬʦʨʤ ʚ ʨʘʟʣʠʯʥʳʭ 
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ʩʦʦʪʥʦʰʝʥʠʷʭ. ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʨʷʣʠ 

ʤʝʪʦʜʦʤ ɹʍ ʠ ʊʉʍ. 

ʌʣʘʚʦʥʦʠʜʥʘʷ ʧʨʠʨʦʜʘ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʙʫʪʘʥʦʣʴʥʦʡ ʠ ʵʪʠʣʘʮʝʪʘʪʥʦʡ 

ʬʨʘʢʮʠʡ ʚʝʱʝʩʪʚ ʬ1-ʬ11 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʨʝʘʢʮʠʡ, ʜʘʥʥʳʤʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʀʂ-

ʩʧʝʢʪʨʘʭ  ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʬʣʘʚʦʥʦʠʜʦʚ: ʚ ʦʙʣʘʩʪʠ 3500-3100 ʩʤ-1 (ʬʝʥʦʣʴʥʳʝ ʛʠʜʨʦʢʩʠʣʳ), 1670-1650 

ʩʤ-1 (ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ). ʈʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ ʠ ʋʌ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʢ 

ʧʨʦʠʟʚʦʜʥʳʤ ʬʣʘʚʦʥʦʣʘ. ʇʦ ʧʦʜʚʠʞʥʦʩʪʠ ʚʝʱʝʩʪʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʚ 

ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʘʤ ʮʠʘʥʠʜʠʥʦʚʦʡ ʧʨʦʙʳ ʧʦ 

ɹʨʠʘʥʪʫ 8 ʚʝʱʝʩʪʚ ʦʪʥʝʩʝʥʳ ʢ ʛʣʠʢʦʟʠʜʘʤ ʬʣʘʚʦʥʦʠʜʦʚ. 

 ʀʟ ʭʣʦʨʦʬʦʨʤʥʦʡ ʬʨʘʢʮʠʠ ʚʳʜʝʣʝʥʳ ʚʝʱʝʩʪʚʘ ʢ1-ʢ5 ʢʫʤʘʨʠʥʦʚʦʡ 

ʧʨʠʨʦʜʳ, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʨʘʩʱʝʧʣʝʥʠʝʤ  ʡʦʜʠʩʪʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʩʨʝʜʝ ʞʠʜʢʦʛʦ ʬʝʥʦʣʘ ʜʦ ʢʫʤʘʨʠʥʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʦʢʨʘʩʢʦʡ ʟʦʥ 

ʘʜʩʦʨʙʮʠʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ (ʚ ʋʌ-ʩʚʝʪʝ ʚ ʚʠʜʝ ʟʦʥ ʩ ʛʦʣʫʙʦʡ, ʩʠʥʝʡ 

ʘʜʩʦʨʙʮʠʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʫʩʠʣʠʚʘʝʪʩʷ ʧʦʩʣʝ  ʦʙʨʘʙʦʪʢʠ 

ʭʨʦʤʦʛʝʥʥʳʤʠ ʨʝʘʢʪʠʚʘʤʠ. ʂʫʤʘʨʠʥʦʚʫʶ ʧʨʠʨʦʜʫ ʚʝʱʝʩʪʚ ʧʦʜʪʚʝʞʜʘʝʪ 

ʚʳʧʘʜʝʥʠʝ ʠʭ ʚ ʦʩʘʜʦʢ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʱʝʣʦʯʘʭ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʦʜʢʠʩʣʝʥʠʠ. ʄʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 230-298 ʥʤ ʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 328-343 ʥʤ. 

ɼʦʙʘʚʣʝʥʠʝ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʚ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʩʦʝʜʠʥʝʥʠʡ 

ʬʝʥʦʣʴʥʳʭ ʆʅ-ʛʨʫʧʧ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʚʝʱʝʩʪʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ 3350-3260 ʩʤ-1, 

ʤʝʪʦʢʩʠʛʨʫʧ - ʚ ʦʙʣʘʩʪʠ 2930-2843 ʩʤ-1. 

ɺʳʜʝʣʝʥʠʝ ʬʝʥʦʣʦʢʠʩʣʦʪ ʬʢ-1-ʬʢ-7 ʧʨʦʚʝʜʝʥʦ ʠʟ ʭʣʦʨʦʬʦʨʤʥʦʡ, 

ʙʫʪʘʥʦʣʴʥʦʡ ʬʨʘʢʮʠʠ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ. ʀʭ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʘʥʘʣʦʛʠʯʥʦ ʚʝʱʝʩʪʚʘʤ ʬʣʘʚʦʥʦʠʜʥʦʡ ʠ ʢʫʤʘʨʠʥʦʚʦʡ ʧʨʠʨʦʜʳ.  
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ɺʝʱʝʩʪʚʦ ʢ-1 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C10H8O4, ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚ 

ʋʌ-ʩʚʝʪʝ ʚʝʱʝʩʪʚʦ ʢ-1 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ ʙʣʝʜʥʦ-ʛʦʣʫʙʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ (ʩʠʩʪʝʤʘ: ʭʣʦʨʦʬʦʨʤ-25% ʬʦʨʤʘʤʠʜ), ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʭʨʦʤʘʪʦʛʨʘʤʤ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ ʟʦʥʘ ʘʜʩʦʨʙʮʠʠ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʞʝʣʪʳʡ  

ʮʚʝʪ. 

ɺʳʜʝʣʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʙʝʣʦʛʦ ʮʚʝʪʘ, ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ 185-187Üʉ.  

ɺ ʵʣʝʢʪʨʦʥʥʦʤ ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʢ-1: ɚ 
OHHʉ 52

max 230, 254, 295, 345 ʥʤ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʥʘʙʣʶʜʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ: 3340 

(ʆʅ); 2938, 2861 (ʆʉʅ3); 1718 (ʉ=ʆ, Ŭïʧʠʨʦʥʘ); 1630 (ʉ=ʉ). 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʳʜʝʣʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ: ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʅ2ʆ, ʣʝʛʢʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ 95% ʉ2ʅ5ʆʅ, CHCl3, C4H10O, ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʨʘʚʥʝʥʠʝ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʦ ʢ-1 ʢʘʢ 6-ʛʠʜʨʦʢʩʠ-7-

ʤʝʪʦʢʩʠʢʫʤʘʨʠʥ (ʠʟʦʩʢʦʧʦʣʝʪʠʥ). 

ɺʝʱʝʩʪʚʦ ʢ-2 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C10H8O4 ʠ ʩ ʊʧʣ. 202-204Üʉ.   

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚ ʋʌ-ʩʚʝʪʝ ʚʝʱʝʩʪʚʦ ʢ-2 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ 

ʘʜʩʦʨʙʮʠʠ ʩ ʛʦʣʫʙʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ Rf 0,58 (ʩʠʩʪʝʤʘ: ʭʣʦʨʦʬʦʨʤ-25% 

ʬʦʨʤʘʤʠʜ).  

ɺʳʜʝʣʝʥʥʦʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʙʝʣʦʚʘʪʳʡ ʩ ʢʨʘʩʥʦʚʘʪʳʤ 

ʦʪʪʝʥʢʦʤ ʮʚʝʪ. ʆʪʣʠʯʘʶʪʩʷ ʨʘʟʥʦʡ ʨʘʩʪʦʨʚʠʤʦʩʪʴʶ -  ʤʘʣʦʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ,  ʭʣʦʨʦʬʦʨʤʝ, 95% 

ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʵʬʠʨʝ, ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ,. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʢ-2: ɚ
OHHʉ 52

max  230, 255, 296, 346 ʥʤ. 

ʇʨʠʙʘʚʣʝʥʠʝ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʨʘʩʪʚʦʨʫ ʥʘʪʨʠʷ ʘʮʝʪʘʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ɚ COONaCHOHHÑ 3

max
52 +  240, 378. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʚʝʱʝʩʪʚʘ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ: 

1610 (ʉ=ʉ); 3300-3350 (-ʆʅ); 1730 (ʉ=ʆ, Ŭ-ʧʠʨʦʥʘ); 2935, 2845 (-ʆʉʅ3).  
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ʇʨʦʙʘ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʢʦʧʦʣʝʪʠʥʘ ʥʝ 

ʜʘʚʘʣʘ ʜʝʧʨʝʩʩʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʨʘʚʥʝʥʠʷ ʩ 

ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʩʢʦʧʦʣʝʪʠʥʦʤ ʢ-2 ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ 6-

ʤʝʪʦʢʩʠ-7-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ (ʩʢʦʧʦʣʝʪʠʥ). 

ɺʝʱʝʩʪʚʦ ʢ-3 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C9H6O3 ʠ ʩ ʊʧʣ. 229-231Áʉ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚ ʋʌ-ʩʚʝʪʝ ʚʝʱʝʩʪʚʦ ʢ-3 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʠʥʝ-

ʛʦʣʫʙʳʭ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʠ Rf 0,40 (CHCl3-25%- CH3NO).  

ʂ-3 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʂ-3  ʤʘʣʦ 

ʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʉ2ʅ5ʆʅ, CHCl3, C4H10O, ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʝʡ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ: ɚ 
OHHʉ 52

max 230, 257, 326 ʥʤ; 

ɚ COONaCHOHHÑ 3

max
52 + 240ʥʤ, 378 ʥʤ.  

ʇʨʦʙʘ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʢ-3 ʩ ʜʦʩʪʦʚʝʨʥʳʤ ʦʙʨʘʟʮʦʤ ʫʤʙʝʣʣʠʬʝʨʦʥʘ 

ʥʝ ʜʘʣʘ ʜʝʧʨʝʩʩʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʚʝʱʝʩʪʚʘ ʢ-3 ʦʪʤʝʯʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ 3300 (ʆʅ), 1616-1575 (ʉ=ʉ), 1718, 1688 (ʉ=ʆ Ŭ-ʧʠʨʦʥʘ), 1514, 1464, 

1325, 1240, 1140, 855.  

 ɺʝʱʝʩʪʚʦ ʢ-4 - C9H6O4, ʤʝʣʢʠʝ ʙʝʩʮʚʝʪʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʠʤʝʶʱʠʝ ʊʧʣ. 228-230ºʉ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚ ʋʌ-ʩʚʝʪʝ ʚʝʱʝʩʪʚʦ ʢ-4 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ 

ʘʜʩʦʨʙʮʠʠ ʩ ʛʦʣʫʙʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʚ ʋʌ-ʩʚʝʪʝ ʧʨ 254 ʥʤ (ʩʠʩʪʝʤʘ: 

ʭʣʦʨʦʬʦʨʤ-25% ʬʦʨʤʘʤʠʜ), ʢʦʪʦʨʘʷ ʩʠʣʠʚʘʝʪʩʷ ʧʦʩʣʝ ʙʨʘʙʦʪʢʠ ʧʘʨʘʤʠ 

ʘʤʤʠʘʢʘ. 

ɺʝʱʝʩʪʚʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʥʝ ʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ, 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ 5% NaOH, 95% C2H5OH, CHCl3,  C4H10O.   
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ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʝʱʝʩʪʚʘ ʩ ʨ-ʨʦʤ ʞʝʣʝʟʘ (III) ʭʣʦʨʠʜʘ ʦʙʨʘʟʫʝʪʩʷ 

ʟʝʣʝʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ, ʥʤ: ɚ
OHHʉ 52

max 230, 260, 300, 360. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʚʝʱʝʩʪʚʘ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

3340, 3225 (ʆʅ); 2680-2930 (ʬʝʥʦʣʴʥʳʝ ʆʅ-ʛʨʫʧʧʳ); 1710, 1690 (ʉ=ʆ Ŭ-

ʧʠʨʦʥʘ); 1610, 1590 (ʉ=ʉ). 

ʇʨʦʙʘ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʢʦʧʘʨʦʥʘ ʥʝ ʜʘʚʘʣʘ 

ʜʝʧʨʝʩʩʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʨʘʚʥʝʥʠʷ ʩ  

ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʵʩʢʫʣʝʪʠʥʦʤ ʚʝʱʝʩʪʚʦ ʢ-4 ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ 

6,7-ʜʠʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥ (ʵʩʢʫʣʝʪʠʥ). 

ɺʝʱʝʩʪʚʦ ʢ-5 -  ʉ16ʅ8ʆ8 ʚ ʚʠʜʝ ʙʝʣʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʊʧʣ. 

215-219Áʉ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʢ-5: ɚ 
OHHʉ 52

max 250, 315 ʥʤ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚ ʋʌ-ʩʚʝʪʝ ʚʝʱʝʩʪʚʦ ʢ-5 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ 

ʘʜʩʦʨʙʮʠʠ ʩ ʷʨʢʦ-ʛʦʣʫʙʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ Rf 0,40 (ʩʠʩʪʝʤʘ: ʭʣʦʨʦʬʦʨʤ-25% 

ʬʦʨʤʘʤʠʜ), ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ ʢʘʣʠʷ ʛʠʜʨʦʢʩʠʜʘ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʚʝʱʝʩʪʚʘ ʢ-5 ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʤ, ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʘʤ, ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ 

ʢʦʣʴʮʫ, ʫʛʣʝʚʦʜʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ: 3100, 1725, 1610, 1580, 1520, 1460, 

1095,1030,902,885.  

ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʘʛʣʠʢʦʥ ʠʤʝʝʪ ʊʧʣ. 

230-231Áʉ, ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʧʨʦʷʚʣʷʝʪ ʪʘʢʫʶ ʞʝ ʧʦʜʚʠʞʥʦʩʪʴ, ʢʘʢ ʠ 

ʠʟʚʝʩʪʥʳʡ ʦʙʨʘʟʝʮ ʫʤʙʝʣʣʠʬʝʨʦʥʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʘʛʣʠʢʦʥʘ ʠʤʝʝʪ ʚʠʜ: 

ɚ
OHHʉ 52

max 255, 324 ʥʤ.  

ʋʛʣʝʚʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʤʝʪʦʜʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʙʫʤʘʛʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʛʣʶʢʦʟʘ.  
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 ɺʝʱʝʩʪʚʦ ʬ-1 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C16H12O4. ɺʝʱʝʩʪʚʦ ʠʤʝʝʪ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ 93:7 Rf 

0.66, ʚ ʩʠʩʪʝʤʝ ʵʪʠʣʘʮʝʪʘʪ-ʤʝʪʘʥʦʣ-ʚʦʜʘ 10:1,5:1 Rf 0.69, ʘ ʪʘʢʞʝ  ʚ ʩʠʩʪʝʤʘʭ 

ʨʘʩʪʚʦʨʘ ʥʘʪʨʠʷ ʢʘʨʙʦʥʘʪʘ Rf 0.12,  ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ 

ʛʦʣʫʙʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ.  

ɺʳʜʝʣʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʙʝʣʳʡ ʮʚʝʪ, ʧʣʘʚʷʪʩʷ ʧʨʠ 258-260Áʉ. ʌ-

1  ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ, ʣʝʛʢʦ ʚ ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ, ʉʅ3īʉʆʆīCH2īCH3, 

NaOH. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʬ-1 ʠʤʝʝʪ ʚʠʜ: ɚ OHHC 52 249, 298,  ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʬʣʘʚʦʥʘ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʚʝʱʝʩʪʚʘ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ, ɔ-ʧʠʨʦʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʉ=ʉ ʙʝʥʟʦʣʴʥʳʭ 

ʷʜʝʨ: 3429-3075, 1638, 1621 1512. ʆ ʥʘʣʠʯʠʠ ʚ ʤʦʣʝʢʫʣʝ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2925, 2851.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ 

ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʬʦʨʤʦʥʦʥʝʪʠʥʦʤ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬ-1 

ʢʘʢ 7-ʛʠʜʨʦʢʩʠ-4'-ʤʝʪʦʢʩʠʠʟʦʬʣʘʚʦʥ (ʬʦʨʤʦʥʦʥʝʪʠʥ). 

ɺʝʱʝʩʪʚʦ ʬ-2  ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C15H10O5, ʩ ʊʧʣ. 302-305Áʉ.   

ɺʝʱʝʩʪʚʦ ʠʤʝʝʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ 

ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ 93:7 Rf 0.59, ʚ ʩʠʩʪʝʤʝ ʨʘʩʪʚʦʨʘ ʥʘʪʨʠʷ ʢʘʨʙʦʥʘʪʘ Rf 

0.11,  ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ ʢʦʨʠʯʥʝʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ.  

ʌ-2 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʠʛʦʣʴʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3

max  262, 294, 328; 

ɚ CONaCHOHCH 33

max

+ 272, 309, 379; ɚ 33

max

AlClOHCH + 272, 325. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: 3408, 

1662, 1614, 1565, 1517, 1503, 1308, 1044, 790.   

ʌ-3 ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ, ʣʝʛʢʦ 

ʨʘʩʪʚʦʨʠʤʦ ʚ (CH3)2SO, ʫʤʝʨʝʥʥʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʩʨʘʚʥʝʥʠʝ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʚʝʱʝʩʪʚʫ ʛʝʥʠʩʪʝʠʥʫ ʧʦʟʚʦʣʠʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʦ ʬ-2 ʢʘʢ 4ǋ,5,7-ʪʨʠʛʠʜʨʦʢʩʠʠʟʦʬʣʘʚʦʥ 

(ʛʝʥʠʩʪʝʠʥ). 

ɺʝʱʝʩʪʚʦ ʬ-3  ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C16H12O5. ʇʣʘʚʠʪʩʷ ʧʨʠ  210-

213Üʉ. ɺʝʱʝʩʪʚʦ ʬ-3 ʠʤʝʝʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ 

ʭʣʦʨʦʬʦʨʤ-ʤʝʪʘʥʦʣ 93:7 Rf 0.50, ʚ ʩʠʩʪʝʤʝ ʨʘʩʪʚʦʨʘ ʥʘʪʨʠʷ ʢʘʨʙʦʥʘʪʘ Rf 

0.065, ʠ ʧʨʦʷʚʣʶʱʝʝʩʷ ʚ ʚʠʜʝ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ ʢʦʨʠʯʥʝʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ.  

ʌ-3 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʌ-3 

ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʦ ʚ (CH3)2SO, ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ, 

C3H7NO.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʠʤʝʝʪ ʚʠʜ: ɚ
OHCH 3

max 264, 330; ɚ CONaCHOHCH 33

max

+ 264,328; ɚ 

33

max

AlClOHCH + 273, 310, 375.  

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ: 3388, 

1653, 1623,1249, 842,828,772,698.   

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʨʘʚʥʝʥʠ ̫ ʩ 

ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʙʠʦʭʘʥʠʥʦʤ ɸ ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʝʱʝʩʪʚʦ 

ʬ-3 ʢʘʢ 4ǋ-ʤʝʪʠʣʛʝʥʠʩʪʝʠʥ, 5,7-ʜʠʛʠʜʨʦʢʩʠ-4ǋ-ʤʝʪʦʢʩʠʠʟʦʬʣʘʚʦʥ (ʙʠʦʭʘʥʠʥ 

ɸ). 

ɺʝʱʝʩʪʚʦ ʬ-4 - ʉ21ʅ20ʆ11 ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ, ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270-272Áʉ. 

ɺ ʩʠʩʪʝʤʝ 15% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚʝʱʝʩʪʚʦ ʬ-4 ʠʤʝʝʪ ʧʦʜʚʠʞʥʦʩʪʴ Rf 

0,35; ʚ ʩʠʩʪʝʤʝ ɹʋɺ (4:1:2) Rf 0,40.   

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬ-4 ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3

max  325ʧʣ., 269, 368; ɚ 

COONaCH 3

max  325ʧʣ.; ɚmax 269, 368; ɚ3

max

AlCl
 400, 275. 

 ɺʳʷʚʣʝʥʥʳʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʘʛʣʠʢʦʥʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʦʡ, ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʙʝʥʟʦʣʴʥʳʭ 

ʷʜʝʨ, ʩʤï1: 3600, 3420, 1700, 1600, 1610, 1560, 1510, 1450, 1400,1385, 1310, 

1270, 1180, 1010, 815.  
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ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ D-ʛʣʶʢʦʟʳ ʠ ʘʛʣʠʢʦʥʘ 

ʢʝʤʧʬʝʨʦʣʘ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦ ʩʪʥʘʜʨʪʥʳʤ ʦʙʨʘʟʮʦʤ ʧʦʧʫʣʥʠʥʦʤ 

ʧʦʟʚʦʣʠʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ  ʬ-4 ʢʘʢ ʢʝʤʧʬʝʨʦʣ- 7-ʆ-ʛʣʶʢʦʟʠʜ 

(ʧʦʧʫʣʥʠʥ).   

 ɺʝʱʝʩʪʚʦ ʬ-5 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C21H20O11, ʧʣʘʚʷʱʝʝʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 179-180Áʉ. [Ŭ]D
20: -9.8 (c=0.15 ʉʅ3OH).  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʠʤʝʝʪ ʚʠʜ: ɚ
OHCH 3

max 265, 294ʧʣ., 350ʥʤ. 
ONaCH 3

maxl 273, 

324, 399ʥʤ; ɚ 
HClAlCl +3

max 273, 300, 345, 395ʤ; ɚ
COONaCH 3

max 273, 309, 387 ʥʤ; ɚ
3

max

AlCl

273, 

304, 349, 395ʥʤ; 
333

max

BOHCOONaCH +l 264, 295 ʧʣ, 352 ʥʤ. 

 

 ʀʂ-ʩʧʝʢʪʨ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʜʘʥʥʦʤ ʚʝʱʝʩʪʚʝ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʥʠʣʴʥʳʭ, ʵʬʠʨʥʳʭ ʛʨʫʧʧ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ,  ʟʘʤʝʱʝʥʠʷ ʚ ʢʦʣʴʮʝ ɺ: 3440ï3290 ʩʤï1, 1679 ʩʤï1, 1618 ʩʤï1, 1521 ʩʤï

1, 1100ï1000  ʩʤï1, 815, 835.  

ʀʟ ʧʨʦʜʫʢʪʦʚ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʬ-5 ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ - 279-280Üʉ. 

ɻʠʜʨʦʣʠʟ ʚʝʱʝʩʪʚʘ ʬ-5 ɓ-ʛʠʜʨʦʣʘʟʘʤʠ ʛʨʠʙʘ Aspergillus oryzae 

ʚʳʟʳʚʘʣʦ ʝʛʦ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʢʝʤʧʬʝʨʦʣ ʠ D-ʛʣʶʢʦʟʫ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʦʥʦʟʠʜʥʫʶ ʧʨʠʨʦʜʫ ʚʝʱʝʩʪʚʘ.  

ɺʳʷʚʣʝʥʥʳʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʘʛʣʠʢʦʥʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʦʡ, ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʙʝʥʟʦʣʴʥʳʭ 

ʷʜʝʨ: 1667 ʩʤ-1; 3348 ʩʤ-1 ʠ 1610, 1555, 1505 ʩʤ-1.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ ʜʣʷ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʘʛʣʠʢʦʥʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʤʝʩʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʆʅ-

ʛʨʫʧʧ (ʧʦʣʦʞʝʥʠʷ 3,5,7 ʠ 4'), ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʝʤʧʬʝʨʦʣʘ.  
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ʆʪʩʫʪʩʪʚʠʝ ʜʝʧʨʝʩʩʠʠ ʊʧʣ ʩʤʝʩʠ ʬ-5 ʠ ʢʝʤʧʬʝʨʦʣʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʘʛʣʠʢʦʥʦʤ ʬ-5 ʷʚʷʣʝʪʩʷ 

ʢʝʤʧʬʝʨʦʣ. 

ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʘʛʣʠʢʦʥʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʠʜʨʦʣʠʟʘʪʘ ʠʩʩʣʝʜʦʚʘʣʠ 

ʥʘ ʫʛʣʝʚʦʜʥʳʡ ʬʨʘʛʤʝʥʪ, ʧʫʪʝʤ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʫʭʠʤ ʙʘʨʠʷ ʢʘʨʙʦʥʘʪʦʤ, 

ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʣʴʪʨʘʮʠʠ, ʫʧʘʨʠʚʘʥʠʶ ʬʠʣʴʪʨʘʪʘ ʜʦ ʛʫʩʪʦʡ ʩʠʨʦʧʦʦʙʨʘʟʥʦʡ 

ʤʘʩʩʳ, ʢʦʪʦʨʫʶ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ɹʍ ʚ ʩʠʩʪʝʤʝ: ʉʅ3-ʉʆʆ-CH2CH3ï 

CH3COOH-HCOOH (18:3:1) ʠ CH3-C(O)-CH3ïC4H9OHïʅ2ʆ (7:2:1). ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʫʛʣʝʚʦʜʦʚ, ʧʝʨʝʯʝʥʴ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥ ʚ ʛʣ.2. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʚ ʧʨʦʚʦʜʠʣʠ ʨʘʩʪʚʦʨʦʤ  

ʘʥʠʣʠʥʬʪʘʣʘʪʘ ʚ ʥ-ʙʫʪʘʥʦʣʝ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʠ 100-105Üʉ 

ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʜʦ ʧʨʦʷʚʣʝʥʠʷ ʟʦʥ ʘʜʩʦʨʙʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʛʣʝʚʦʜʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ 

ʚʝʱʝʩʪʚʝ ʬ-5 ʚʳʩʪʫʧʘʝʪ D-ʛʣʶʢʦʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʬ-5, 

ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʘʩʪʨʘʛʣʠʥʦʤ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʬ-5 ʷʚʣʷʝʪʩʷ ʢʝʤʧʬʝʨʦʣ-3-ʆ-ɓ-D-

ʛʣʶʢʦʟʠʜʦʤ (ʘʩʪʨʘʛʘʣʠʥ). 

ɺʝʱʝʩʪʚʦ ʬ-6 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ  ʉ21ʅ20ʆ11 5ʅ2ʆ, ʧʣʘʚʷʱʠʝʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 228-231. [Ŭ]D
20: -45,0 (c=1.00 ʉʅ3OH). 

ɻʣʠʢʦʟʠʜʥʳʡ ʭʘʨʘʢʪʝʨ ʚʝʱʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʠʜʨʦʣʠʟʘ ʬ-6, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʘʛʣʠʢʦʥ ʢʝʤʧʬʝʨʦʣ ʠ ʫʛʣʝʚʦʜʥʳʡ ʬʨʘʛʤʝʥʪ 

D-ʛʘʣʘʢʪʦʟʘ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3  351, 265;  ɚ ʉʅ3ʉʆʆNa 366, 275; ɚ 

CH3ONa 396; ʠ ɚ AlCl3 276.  

ʌ-6 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʙʝʣʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʌ-6 ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʦ ʚ 

(CH3)2SO, ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ.   
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ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʠʛʥʘʣʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

(ʂɺr, v, ʩʤ-1) ʧʨʠ: 3438 (-ʆʅ), 1720 (ʉ=ʆ, Ŭ-ʧʠʨʦʥʘ); 1655 (ʉ=ʆ), 1600 

(ʉ=ʉ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʬ-6, ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣ 

ʦʪʦʞʜʝʩʪʚʠʪʴ ʝʛʦ ʩ ʢʝʤʧʬʝʨʦʣ-3-ʆ-b-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (ʪʨʠʬʦʣʠʥ).  

 ɺʝʱʝʩʪʚʦ ʬ-7 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ  C21H20O12 , [Ŭ]D
20: -20 

(c=0.05 ʉʅ3OH), ʊ.ʧʣ. 233-236ęʉ. 

 ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʠʤʝʝʪ ʚʠʜ: ɚ
OHCH 3

max 363, 258; ɚ
333

max

BOHCOONaCH +l 371, 

260; 
COONaCH 3

max 375, 270;  ɚ 
HClAlCl +3

max 405, 270; ɚ
3

max

AlCl

434, 275.  

 ʌ-7 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʷʨʢʦ-ʞʝʣʪʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʌ-7 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʦ ʅ2ʆ,  ʥʝʨʘʩʪʚʦʨʠʤʦ ʚ 

ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ.  

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʬ-7 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ (ʩʤï1): 

885; 1511; 1558; 1570; 1605; 1660; 3200.  

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩ ʧʦʤʦʱʴʶ 96% 

ʵʪʘʥʦʣʘ ʧʨʠʚʝʣʘ ʢ ʚʳʜʝʣʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʧʣʘʚʷʱʠʭʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 309-311ęʉ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʫʛʣʝʚʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʙʫʤʘʛʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʦʢʘʟʘʣʘ ʠʭ 

ʪʦʞʝʩʪʚʝʥʥʦʩʪʴ ʩ D-ʛʣʶʢʦʟʦʡ. 

ʀʂ-ʩʧʝʢʪʨ ʘʛʣʠʢʦʥʘ ʚʝʱʝʩʪʚʘ ʬ-7 ʚʳʷʚʠʣ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʪʠʧʠʯʥʳʝ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ, 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ, ɔ-ʧʠʨʦʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʉ=ʉ ʙʝʥʟʦʣʴʥʳʭ ʷʜʝʨ, ʩʤ-1: 3300, 

1664,   1621, 1576, 1531.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʘʛʣʠʢʦʥʘ ʠʤʝʝʪ ʚʠʜ: ɚ 
OHHÑ 52

max  369, 256; 

333

max

BOHCOONaCH +l 391, 268;  ɚ 
COONaCH 3

max  384, 269;  ɚ
HClAlCl +3

max  429, 272; ɚ 
3

max

AlCl

429, 271. 

ʇʦʣʦʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʫʩʪʘʥʦʚʠʣʠ ʧʦ ʛʠʧʩʦʭʨʦʤʥʦʤʫ 

ʩʜʚʠʛʫ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ, 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ 
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ʧʦʣʦʞʝʥʠʷʭ ʉ-3' ʠ ʉ-4'. ʅʝʟʘʤʝʱʝʥʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ 

ʆ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʤʦʣʝʢʫʣʳ ʫʛʣʝʚʦʜʘ ʢ ʘʛʣʠʢʦʥʫ ʚ ʉ-3 ʧʦʣʦʞʝʥʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʚʝʱʝʩʪʚʘ ʬ-7 ʩ ʢʠʩʣʦʪʦʡ 

ʣʠʤʦʥʥʦʡ ʠ ʘʟʦʪʥʦʢʠʩʣʳʤ ʮʠʨʢʦʥʠʣʦʤ.  

ʇʨʦʙʘ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʚʝʨʮʝʪʠʥʘ ʥʝ ʜʘʚʘʣʘ 

ʜʝʧʨʝʩʩʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

ʑʝʣʦʯʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʘʛʣʠʢʦʥʘ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʦʙʥʘʨʫʞʝʥʠʶ 

ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʙʫʤʘʛʝ ʬʣʦʨʦʛʣʶʮʠʥʘ (Rf 0,74) ʠ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ 

ʢʠʩʣʦʪʳ (Rf 0,51).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʛʣʠʢʦʥ ʚʝʱʝʩʪʚʘ ʬ-7 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʢʚʝʨʮʝʪʠʥ. 

 

 ɺʝʱʝʩʪʚʦ ʬ-8 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʫʤʣʦʡ  ʉ21ʅ20ʆ11, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 181-184Áʉ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3  245, 288 ʠ 325.  

 ɺʝʱʝʩʪʚʦ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʞʝʣʪʦʛʦ ʧʦʨʦʰʢʘ ʣʝʛʢʦ  

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ  (ʵʪʘʥʦʣʝ, ɼʄʉʆ, 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ). 

ʌʣʘʚʦʥʦʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ ʬ-8 ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ, 

ʢʘʨʙʦʥʠʣʴʥʳʭ, ʵʬʠʨʥʳʭ ʛʨʫʧʧ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʦ ʦʢʦʣʦ 32 ʧʠʢʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ (ʂɺr, v, ʩʤ-1): 3417; 2973; 1371; 1465; 1700-

1740; 1415 ʠ 651; 1298; 1076; 1076.  

ʇʨʦʜʫʢʪʦʤ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚʝʱʝʩʪʚʘ ʬ-8 ʷʚʣʷʝʪʩʷ ʬʣʦʨʦʛʣʶʮʠʥ, 

ʧʨʦʜʫʢʪʘʤʠ ʧʦʣʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ - D-ʨʘʤʥʦʟʘ ʠ ʘʛʣʠʢʦʥ ʢʚʝʨʮʝʪʠʥ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ ʬ-8 ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ 

ʢʚʝʨʮʠʪʨʠʥʦʤ ʧʦʟʚʦʣʠʣ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʢʘʢ ʢʚʝʨʮʝʪʠʥ 3-ʆ-b-D-

ʨʘʤʥʦʧʠʨʘʥʦʟʠʜʦʤ (ʢʚʝʨʮʠʪʨʠʥ). 

ɺʝʱʝʩʪʚʦ ʬ-9 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ ʉ21ʅ20ʆ12, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 232-237ʉ.  

ɺ ʩʠʩʪʝʤʝ 15% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚʝʱʝʩʪʚʦ ʠʤʝʝʪ ʧʦʜʚʠʞʥʦʩʪʴ Rf 0,35; 

ɹʋɺ (4:1:2) 0,40.   

ʌ-9 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʳʭ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʌ-9 ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ, CH3-

C(O)-CH3, ʅ2ʆ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤʳʝ ʚ  CHCl3,  C4H10O.  

ɻʣʠʢʦʟʠʜʥʳʡ ʭʘʨʘʢʪʝʨ ʚʝʱʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʦʚʝʜʝʥʠʝʤ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʘʥʠʜʠʥʦʚʦʡ ʧʨʦʙʳ ʧʦ ɹʨʠʘʥʪʫ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3  350, 255 ʠ 265ʧ.  

ʋʛʣʝʚʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʠʩʣʦʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ 1% ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʦʡ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʬʠʣʴʪʨ ʚʳʩʫʰʠʚʘʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 95% ʵʪʘʥʦʣʦʤ. ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ 

ʤʝʪʦʜʦʤ ɹʍ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʢʚʝʨʮʝʪʠʥ ʠ  D-(+)-ʛʘʣʘʢʪʦʟʘ. 

ʍʘʨʘʢʪʝʨ ɓ-ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ.  

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʠʛʥʘʣʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

(ʂɺr, v, ʩʤ-1) ʧʨʠ: 3380 (OH), 1660 (Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʘʷ C=O), 1612, 1490 (Ar 

C=C), 1240 (Ar C-O), 1062 ʠ 1012 (ʛʣʠʢʦʟʠʜʥʘʷ C-O), 925,890 (ʫʛʣʝʚʦʜʥʳʡ 

ʢʦʤʧʦʥʝʥʪ),835, 815 (n-ʟʘʤʝʱʝʥʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ɺ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʝʱʝʩʪʚʘ ʬ-9 ʠ ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʩ 

ʠʟʚʝʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʛʠʧʝʨʦʟʠʜʦʤ ʧʦʟʚʦʣʠʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ  ʝʛʦ  ʢʘʢ 

ʢʚʝʨʮʝʪʠʥ 3-ʆ-b-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ (ʛʠʧʝʨʦʟʠʜ).  

ɺʝʱʝʩʪʚʦ ʬ-10 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ ʉ21ʅ22ʆ12, ʧʣʘʚʷʱʝʝʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 214-224Áʉ.  
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ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3 270, 358. 

ʂʨʠʩʪʘʣʣʳ ʚʝʱʝʩʪʚʘ ʬ-10 ʠʤʝʶʪ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ ʠ ʩʧʠʨʪʝ.  

ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʮʠʘʥʠʜʠʥʦʚʘʷ ʨʝʘʢʮʠʷ ʧʦ ɹʨʠʘʥʪʫ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʟʠʜʦʤ ʬʣʘʚʦʥʦʠʜʥʦʡ ʧʨʠʨʦʜʳ.  

ʅʘʣʠʯʠʝ ʪʝʤʥʦʡ ʟʦʥʳ ʘʜʩʦʨʙʮʠʠ ʚ ʋʌ-ʩʚʝʪʝ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʬ-10 ʤʦʞʝʪ ʷʚʣʷʪʩɹʷ 

ʬʣʘʚʦʥʦʤ ʠʣʠ ʬʣʘʚʦʥʦʣʦʤ ʩ ʟʘʤʝʱʝʥʥʦʡ ʦʢʩʠʛʨʫʧʧʦʡ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʝ ʧʨʦʪʝʢʘʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʛʣʝʚʦʜʥʳʡ ʢʦʤʧʦʥʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3 

ʬʣʘʚʦʥʦʠʜʥʦʛʦ ʷʜʨʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʘʛʣʠʢʦʥʘ ʠ ʩʘʭʘʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʧʨʦʜʫʢʪʘ ʭʛʠʜʨʦʣʠʟʘ ʩʦʩʪʘʚʠʣʦ 1:1, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʟʠʜʦʤ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʜʫʢʪʘʭ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ D-ʛʘʣʘʢʪʦʟʘ ʠ ʘʛʣʠʢʦʥ, ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʠʜʝʥʪʠʯʥʳʡ ʠʟʚʝʩʪʥʦʤʫ ʚʝʱʝʩʪʚʫ ʤʦʨʠʥʫ. 

ʆʪʩʫʪʩʪʚʠʝ ʙʘʪʦʭʨʦʤʥʦʛʦ ʩʜʚʠʛʘ ʤʘʢʩʠʤʫʤʘ I-ʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʮʠʨʢʦʥʠʣʘ ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʝʱʝʩʪʚʝ ʬ-10 ʠ 

ʥʘʣʠʯʠʝ ʙʘʪʦʭʨʦʤʥʦʛʦ ʩʜʚʠʛʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʘʛʣʠʢʦʥʝ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʚʷʟʴ D-ʛʘʣʘʢʪʦʟʳ ʩ ʘʛʣʠʢʦʥʦʤ ʯʝʨʝʟ ʦʢʩʠʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3.  

ʅʘ ʥʘʣʠʯʠʝ b-ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ ʫʢʘʟʳʚʘʝʪ ʦʪʱʝʧʣʝʥʠʝ ʛʘʣʘʢʪʦʟʳ ʧʨʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚʝʱʝʩʪʚʘ ʬ-10.  

ɺ ʀʂ-ʩʧʝʢʪʨʝ (ʂɺr, v, ʩʤ-1) ʚʝʱʝʩʪʚʘ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

3500-3200 (ʛʠʜʨʦʢʩʠʛʨʫʧʧʳ ʫʛʣʝʚʦʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ), ʧʨʠ 3200-2800 

(ʬʝʥʦʣʴʥʳʝ ʛʠʜʨʦʢʩʠʛʨʫʧʧʳ); ʧʨʠ 1660 (ɔ-ʧʠʨʦʥʘ); ʧʨʠ 1610, 1570, 1520 

(ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ); 830-800 (1-4 ʟʘʤʝʱʝʥʠʷ ʢʦʣʴʮʘ ɹ); ʧʨʠ 1090, 1025 ʠ 

1000 (ʧʠʨʘʥʦʟʥʘʷ D-ʛʘʣʘʢʪʦʟʘ); ʧʨʠ 890 (b-ʛʣʠʢʦʟʠʜʥʘʷ ʩʚʷʟʴ).  
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ɺʝʱʝʩʪʚʦ ʬ-11 - ʉ27ʅ30ʆ16, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʢʠ, ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ, ʧʣʘʚʷʱʠʝʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 229-233Áʉ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3

max 267, 325ʧʣ., 352; 

ɚ COONaCH 3

max  267, 352, 325ʧʣ.; ɚ 3

max

AlCl  ʩʜʚʠʛ ʚʪʦʨʦʡ ʧʦʣʦʩʳ ʥʘ 47.   

ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʚʝʱʝʩʪʚʘ ʬ-11 ʩ 1% ʨ-ʨʦʤ ʢʠʩʣʦʪʳ 

ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʝʤʧʬʝʨʦʣʘ, ʢʝʤʧʬʝʨʦʣ-3-

ʤʦʥʦʛʣʶʢʦʟʠʜʘ ʠ ʛʣʶʢʦʟʳ. ʂʝʤʧʬʝʨʦʣ-3-ʤʦʥʦʛʣʶʢʦʟʠʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʛʠʜʨʦʣʠʟʘ ʠ ʜʘʥʥʳʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʢʝʤʧʬʝʨʦʣ 3-

ɓ-D-ʛʣʢʁʦʧʠʨʘʥʦʟʠʜ. 

ʉʦʦʪʥʦʰʝʥʠʝ 1:2 ʘʛʣʠʢʦʥʘ (ʢʝʤʧʬʝʨʦʣʘ) ʠ ʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʛʣʶʢʦʟʳ), ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 

ʚʝʱʝʩʪʚʘ ʬ-8, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ 

ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʙʠʦʟʠʜʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʱʝʩʪʚʘ ʬ-11, ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʢʘʢ ʢʝʤʧʬʝʨʦʣ- 3-ʆ-7-ʆ-ʜʠʛʣʶʢʦʟʠʜ. 

ɺʝʱʝʩʪʚʦ ʬʢ-1 - C7H6O4  ʚ ʚʠʜʝ ʙʝʣʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʵʪʘʥʦʣʝ, ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ, ʧʣʘʚʷʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 174-176ęʉ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʧʨʠ 254 ʥʤ ʬʢ-1 ʧʨʦʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʘʜʩʦʨʙʮʠʠ ʩ 

ʩʠʥʝ-ʬʠʦʣʝʪʦʚʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ, ʢʦʪʦʨʘʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʘʨʘʤʠ ʘʤʤʠʘʢʘ.    

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-1 ʠʤʝʝʪ ʚʠʜ: ɚOHCH 3

max 261, 295. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʬʢ-2 ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʬʝʥʦʣʴʥʫʶ ʧʨʠʨʦʜʫ ʚʝʱʝʩʪʚʘ,  ʩʤ-1: 

1780, 1740-1720,1690-1590. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʬʢ-1 ʢʘʢ ʧʨʦʪʦʢʘʪʝʭʦʚʫʶ ʢʠʩʣʦʪʫ.  
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ɺʝʱʝʩʪʚʦ ʬʢ-2 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ ʉ9H6O3 5ʅ2ʆ, ʧʣʘʚʷʱʝʝʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 212-214Áʉ. 

ɺʝʱʝʩʪʚʦ ʬʢ-2 ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʥʘʤʠ ʚ ʬʦʨʤʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʉ2ʅ5ʆʅ, (CH3)2SO, (CH3)2NC(O)H, ʠ ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʳʭ 

ʚ ʅ2ʆ.  

 ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-2 ʠʤʝʝʪ ʚʠʜ: ɚOHCH 3

max 310, 290, 228.  

 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʬʢ-2 ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʬʝʥʦʣʴʥʫʶ ʧʨʠʨʦʜʫ ʚʝʱʝʩʪʚʘ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ 

ʧʨʠʩʫʪʩʪʚʠʷ ʢʦʨʠʯʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʤʦʣʝʢʫʣʝ, ʩʤ-1: 

3150,2950,1664,1625,1605-1580, 840. 

ʑʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʚʝʱʝʩʪʚʘ ʬʢ-2 ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧ-

ʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʧʦʜʪʚʝʨʜʠʣʠ 

ʥʘʣʠʯʠʝ ʚ ʝʝ ʩʪʨʫʢʪʫʨʝ 4-ʦʢʩʠʛʨʫʧʧʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʢ-2 ʢʘʢ ʧ-ʢʫʤʘʨʦʚʫʶ ʢʠʩʣʦʪʫ 

ʠʣʠ ʧ-ʦʢʩʠʢʦʨʠʯʥʫʶ ʢʠʩʣʦʪʫ. 

 ɺʝʱʝʩʪʚʦ ʬʢ-3 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C7H6O5, ʧʣʘʚʷʱʝʝʩʷ ʧʨʠ 

248-250ęʉ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚ ʩʠʩʪʝʤʝ ʚʝʱʝʩʪʚʦ ʬʢ-3 ʦʙʨʘʟʫʝʪ ʟʦʥʫ ʘʜʩʦʨʙʮʠʠ ʩ 

Rf 0,72 ʚ ʩʠʩʪʝʤʝ ʨʘʩʪʦʚʨʠʪʝʣʝʡ ʵʪʠʣʘʮʝʪʘʪ-ʤʝʪʠʣʵʪʠʣʢʝʪʦʥ-ʤʫʨʘʚʴʠʥʘʷ 

ʢʠʩʣʦʪʘ-ʚʦʜʘ (50:30:10:10).  

ʌʢ-3 ʚʳʜʝʣʝʥʦ ʚ ʬʦʨʤʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʌʢ-3ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʉ2ʅ5ʆʅ, ʉʅ3ʆʅ, C3H8O3, 

CH3-C(O)-CH3, ʤʘʣʦ ʨʘʩʪʚʦʨʠʤʦ ʚ  CHCl3.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-3 ʠʤʝʝʪ ʚʠʜ: ɚOHCH 3

max 218, 275.  



63 
 

 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʞʝʣʝʟʘ (III) ʭʣʦʨʠʜʘ ʚʝʱʝʩʪʚʦ ʦʙʨʘʟʫʝʪ ʩʠʥʝʝ 

ʦʢʨʘʰʠʚʘʥʠʝ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʬʢ-3 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʪʨʠʟʘʤʝʱʝʥʥʦʛʦ ʙʝʥʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ, ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʢʠʩʣʦʪʥʳʭ ʠ ʩʧʠʨʪʦʚʳʭ ʛʠʜʨʦʢʩʠʣʦʚ: ʚ 

ʦʙʣʘʩʪʠ 1100ʩʤ-1, 1600ʩʤ-1, 3450ʩʤ-1. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʠʨʠʩʪʠʢʘʤʠ 

ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ ʬʢ-3 ʢʘʢ 

3,4,5-ʪʨʠʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʫʶ  ʢʠʩʣʦʪʫ (ʛʘʣʣʦʚʘʷ ʢʠʩʣʦʪʘ).  

ɺʝʱʝʩʪʚʦ ʬʢ-4 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C9H8O4 ʧʣʘʚʷʱʝʝʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 196-199Áʉ.  

ʌʢ-4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʣʢʠʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣ rʩʚʝʪʣʦ-

ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 

ʌʢ-4 ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ: ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʉ2ʅ5ʆʅ, 

ʥʝ ʨʘʩʪʚʦʨʠʤʦ ʚ ʅ2ʆ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚʝʱʝʩʪʚʦ ʬʢ-4 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʦʣʫʙʦʡ ʟʦʥʳ 

ʘʜʩʦʨʙʮʠʠ ʚ ʋʌ-ʩʚʝʪʝ ʠʤʝʝʪ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ 15% 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ Rf 0,65; ʚ ɹʋɺ (4:1:2) Rf 0,52. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-4, ʥʤ: ɚOHCH 3

max 325, 299ʧʣ, 235; 

ɚ COONaCH 3

max 310, 285;  ɚ3

max

AlCl 316, 260, 240; ɚHClAlCl +3

max 276, 381; ɚONaHC 52

max 348, 250. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʬʢ-4 ʥʘʡʜʝʥʳ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʧʠʨʪʦʚʳʭ ʛʠʜʨʦʢʩʠʣʦʚ, ʢʠʩʣʦʪʥʳʭ 

ʛʠʜʨʦʢʩʠʣʦʚ, ʟʘʤʝʱʝʥʥʳʭ ʵʪʠʣʝʥʦʚ, ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʩʧʠʨʪʦʚʳʭ 

ʛʠʜʨʦʢʩʠʣʦʚ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʧʣʦʩʢʦʩʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʩʤ-1: 3400, 3236, 

2974; 1646, 1630, 1607, 1540, 880, 860. 

ʇʨʦʙʘ ʩʤʝʰʝʥʠʷ ʚʝʱʝʩʪʚʘ ʬʢ-4 ʠ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʦʬʝʡʥʦʡ 

ʢʠʩʣʦʪʳ ʥʝ ʜʘʚʘʣʘ ʜʝʧʨʝʩʩʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʦʜʫʢʪʘʭ ʱʝʣʦʯʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 3,4-ʜʠʦʢʩʠʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʬʢ-4 ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 3,4-

ʜʠʦʢʩʠʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪʳ.  
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ʉʦʝʜʠʥʝʥʠʝ ʬʢ-4 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʢʦʬʝʡʥʘʷ ʢʠʩʣʦʪʘ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ɺʝʱʝʩʪʚʦ ʬʢ-5 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C10H10O4 ʚr ʜʝʣʝʥʦ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʣʘʚʷʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 165-167Áʉ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-5, ʥʤ: ɚOHCH 3

max 234, 298ʧ, 322. ʆʙ 

ʦʢʩʠʢʦʨʠʯʥʦʡ ʧʨʠʨʦʜʝ ʚʝʱʝʩʪʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʚ ʋʌ-

ʦʙʣʘʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʪʨʠʷ ʘʮʝʪʘʪʘ. ʅʘ ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʡ ʦʢʩʠʛʨʫʧʧʳ ʚ 

ʤʦʣʝʢʫʣʝ ʫʢʘʟʳʚʘʝʪ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ.  

ʅʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʚʝʱʝʩʪʚʦ ʬʢ-5 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩʦ 

ʩʚʝʪʣʦ-ʛʦʣʫʙʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʠ ʩ Rf  0,34 (15% ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ), 

ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʤʠ ʘʤʤʠʘʢʘ.  

ɺʝʱʝʩʪʦʚ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦ ʚ 95% ʵʪʘʥʦʣʝ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʬʢ-5 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʢʠʩʣʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʬʝʥʦʣʴʥʫʶ ʧʨʠʨʦʜʫ ʚʝʱʝʩʪʚʘ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʧʠʨʪʦʚʳʭ ʛʠʜʨʦʢʩʠʣʦʚ, 

ʤʝʪʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʟʘʤʝʱʝʥʥʳʭ ʵʪʠʣʝʥʦʚ, ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ: 2840 ʩʤ-1; 2908 ʩʤ-1; 1446 ʩʤ-1; 1718 ʩʤ-1.  

ʆʙʨʘʟʦʚʘʥʠʝ 4-ʦʢʩʠ-3-ʤʝʪʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʱʝʣʦʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦ ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ ʬʢ-5 3-ʤʝʪʦʢʩʠʛʨʫʧʧʳ.  

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ-ʚʘ ʬʢ-5 ʠ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʬʝʨʫʣʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣʠ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʚ-ʚʦ ʬʢ-5 ̫ ʚʣʷʝʪʩʷ ʬʝʨʫʣʦʚʦʡ ʢʠʩʣʦʪʦʡ.  

 ɺʝʱʝʩʪʚʦ ʬʢ-6 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C16H18O9, ʧʣʘʚʠʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 203-205ęʉ. [Ŭ]D
20: 32±1 (c=1 ʉʅ3OH). 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-6 ʠʤʝʝʪ ʚʠʜ: ɚ OHCH 3

max 240 ʠ 321. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʤʝʱʝʥʠʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʥʘ 50 ʥʤ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 

ʱʝʣʦʯʠ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʚ ʤʦʣʝʢʫʣʝ ʚʝʱʝʩʪʚʘ ʬʢ-6 ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʩʚʷʟʠ.  
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 ʌʢ-6 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʌʢ-6 ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ:  ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʉ2ʅ5ʆʅ, (CH3)2SO, 

(CH3)2NC(O)H.  

ʅʘ ɹʍ ʬʢ-6 ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʟʦʥ ʘʜʩʦʨʙʮʠʠ ʩ ʛʦʣʫʙʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ, ʩ Rf  0,63 (15% ʉʅ3ʉʆʆʅ) ʠ Rf 0,66 (ʚ ʩʠʩʪʝʤʝ ʭʣʦʨʦʬʦʨʤ-

ʬʦʨʤʘʤʠʜ 3:1), ʦʢʨʘʩʢʘ ʧʷʪʝʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʘʨʘʤʠ ʘʤʤʠʘʢʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʟʝʣʝʥʫʶ.   

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʬʢ-6 ʦʪʤʝʯʘʣʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʤ-1, 2970, 

2900,2780,1740-1710,1660, 1625,1605-1550, 840.  

ʇʨʦʙʘ ʩʤʝʰʝʥʠʷ ʬʢ-6 ʠ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʭʣʦʨʦʛʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ 

ʜʘʝʪ ʜʝʧʨʝʩʩʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ.  

 

 ɺʝʱʝʩʪʚʦ ʬʢ-7 ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʫʣʦʡ C16H18O9 ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ 

ʙʝʣʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ, ʵʪʘʥʦʣʝ.  

ʕʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʬʢ-6 ʠʤʝʝʪ ʚʠʜ: ɚ
OHHʉ 52

max 325, 300, 245; 

ɚ NaOHOHHC +52

max 371, 265; ɚ3

max

AlCl+ 350, 310, 244.  

ɼʦ ʦʙʨʘʙʦʪʢʠ ʚʝʱʝʩʪʚʦ ʠʤʝʝʪ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʛʦʣʫʙʫʶ 

ʬʣʫʦʨʝʩʮʝʥʮʠʶ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʤʠ NH3 ʟʦʥʘ ʘʜʩʦʨʙʮʠʠ ʧʝʨʝʭʦʜʠʪ ʚ 

ʞʝʣʪʦ-ʟʝʣʝʥʫʶ, ʩ ʜʠʘʟʦʪʠʨʦʚʘʥʥʦʡ ʩʫʣʴʬʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʱʝʣʦʯʴʶ ï 

ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʘʷ, ʩ ʨʘʩʪʚʦʨʦʤ  FeCl3 ï ʩʠʥʝʚʘʪʦ-ʟʝʣʝʥʘʷ. 

ɺʝʱʝʩʪʚʦ ʠʤʝʝʪ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʭʣʦʨʦʛʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩʧʝʢʪʨʘʣʴʥʳʝ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʜʥʘʢʦ ʦʪʣʠʯʘʝʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ 

ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ  ʥʘ ɺʕɾʍ-ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤ 

ʚʝʱʝʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʝ ʬʢ-7 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʥʝʦʭʣʦʨʦʛʝʥʦʚʘʷ 

ʢʠʩʣʦʪʘ.  
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʥʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʣʷʜʚʝʥʮʘ ʨʦʛʘʪʦʛʦ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ 

11 ʬʣʘʚʦʥʦʠʜʦʚ, 5 ʢʫʤʘʨʠʥʦʚ ʠ 7 ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɼʘʣʝʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʬʝʥʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ɺʕɾʍ-ʄʉ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʠʩʫʪʩʪʚʠʝ 

ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɺʝʱʝʩʪʚʘ ʥʘ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʨʝʤʝʥʘ ʫʜʝʨʞʠʚʘʥʠʷ, ʤʘʢʩʠʤʫʤʳ 

ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʩʧʝʢʪʨʦʚ, ʚʝʣʠʯʠʥʳ m/z ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʩʨʘʚʥʝʥʠʝʤ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟʚʝʩʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ [13, 25,138, 

32, 172].  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʷʭ 

ʬʝʥʦʣʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʫʤʘʨʠʥʦʚ, ʬʣʘʚʦʥʦʠʜʦʚ ʧʦʣʫʯʘʣʠ ʠʟ ʜʘʥʥʳʭ ʥʘ 

ʋʌ- ʩʧʝʢʪʨʘʭ (ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʜʘʶʪ ʤʘʢʩʠʤʫʤʳ ʚ ʦʙʣʘʩʪʠ 235-

270 ʥʤ ʠ 290-305 ʥʤ;, ʦʢʩʠʢʦʨʠʯʥʳʝ ʢʠʩʣʦʪʳ ʚ ʦʙʣʘʩʪʠ 230-240 ʥʤ ʠ 290-320 

ʥʤ; ʬʣʘʚʦʥʦʠʜʳ ʚ ʦʙʣʘʩʪʠ  250-270 ʥʤ ʠ 350-390 ʥʤ; ʢʫʤʘʨʠʥʳ ʚ ʦʙʣʘʩʪʠ 

230-250 ʥʤ ʠ 290-360 ʥʤ).  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʩʝʚʜʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ï [ʄ+ʅ]+ ʚ APCI, Pos. Scan., ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʷʪʴ 

ʝʜʠʥʠʮʫ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ m/z ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ. ɼʘʥʥʳʝ ʨʝʞʠʤʘ 

Pos. Scan. ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ 

ʛʣʠʢʦʟʠʜʦʚ, ʧʨʠʨʦʜʝ, ʭʘʨʘʢʪʝʨʝ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʠ. ɺ ʨʝʞʠʤʝ APCI, 

Neg.Scan. ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣ, ʧʨʠ ʵʪʦʤ ʠʟ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʵʪʦʤ 

ʨʝʞʠʤʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʘʛʣʠʢʦʥʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʘʚʠʪʴ 

ʝʜʠʥʠʮʫ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ m/z ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ. ɼʨʫʛʠʝ ʧʠʢʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ, ʦʪʥʦʩʷʪʩʷ ʢ ʬʨʘʛʤʝʥʪʘʤ 
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ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ, ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʧʣʝʤʝʥʪʥʳʝ ʧʠʢʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʠʩʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.  

ɺʝʱʝʩʪʚʦ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ ʥʘ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤʝ 9.477 ʚ 

ʋʌ-ʩʧʝʢʪʨʝ ʤʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʣʘʚʦʥʦʣʘʤ, ʧʨʠ 264 ʠ 

365 ʥʤ. ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ (Neg. Scan.) (ʨʠʩ.3.2.2) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʠʢʠ: 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ, ʠʤʝʶʱʝʛʦ m/z 609.1 ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 18% 

ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʠʦʥʘ, ʠʤʝʶʱʝʛʦ m/z 447.2 ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 100%; ʠ ʧʠʢʘ 

ʘʛʣʠʢʦʥʘ, ʠʤʝʶʱʝʛʦ m/z 285.1 ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 10%.  

ʇʦʣʫʯʝʥʥʘʷ ʧʦ ʋʌ- ʠ ʤʘʩʩ-ʩʧʝʢʪʨʘʤ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʚʝʱʝʩʪʚʘ (610.1), ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʨʦʜʫ ʘʛʣʠʢʦʥʘ 

ʢʝʤʧʬʝʨʦʣʘ (285) ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʫʜʝʨʞʠʚʘʥʠʷ ʥʘ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤʝ 9.477 ʷʚʣʷʝʪʩʷ ʢʝʤʧʬʝʨʦʣ -3,7-

ʜʠʛʣʶʢʦʧʠʨʘʥʦʟʠʜʦʤ. 

 

          ʈʠʩʫʥʦʢ 3.2.2 ʄʘʩʩ-ʩʧʝʢʪʨ (ʚ ʨʝʞʠʤʝ APCI Neg.Scan.) ʬʨʘʛʤʝʥʪʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʢʝʤʧʬʝʨʦʣ-3,7-ʜʠʛʣʶʢʦʧʠʨʘʥʦʟʠʜʘ (m/z 610.1), 

ʢʝʤʧʬʝʨʦʣ-7-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜʘ (m/z 447.2), ʢʝʤʧʬʝʨʦʣʘ (m/z 285.1)  

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʘʥʘʣʠʟ ʤʘʢʩʠʤʫʤʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʩʧʝʢʪʨʘ (264, 346 ʥʤ) ʚʝʱʝʩʪʚʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʩʦ 

ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ 17.405 ʤʠʥ. ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ 
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ʬʣʘʚʦʥʦʣʦʚʫʶ ʧʨʠʨʦʜʫ. ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ, ʟʘʧʠʩʘʥʥʦʤ ʚ ʨʝʞʠʤʝ Neg.Scan 

(ʨʠʩ.3.2.3) ʵʪʦ ʚʝʱʝʩʪʚʦ ʦʙʨʘʟʫʝʪ ʧʠʢʠ: ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʩ m/z 448.1 ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 35%; ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʩ m/z 285.1 ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 10%, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʜʪʚʝʨʜʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʘʛʣʠʢʦʥʘ (ʢʝʤʧʬʝʨʦʣ). ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ, ʟʘʧʠʩʘʥʥʦʤ ʚ ʨʝʞʠʤʝ Pos.Scan. 

ʥʘʙʣʶʜʘʣʠ ʧʠʢʠ: ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʠʦʥʘ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʘʛʣʠʢʦʥʘ, 

ʠʤʝʶʱʝʛʦ m/z 287.1, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝ ʫʛʣʝʚʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ; ʠ 

ʧʠʢ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʛʣʶʢʦʟʝ ʩ m/z 163.1.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʩʦ ʚʨʝʤʝʥʝʤ 

ʫʜʝʨʞʠʚʘʥʠʷ 17.405 ʤʠʥ ʷʚʣʷʝʪʩʷ ʛʣʠʢʦʟʠʜʦʤ ʢʝʤʧʬʝʨʦʣʘ, 

ʛʣʠʢʦʟʠʜʠʨʦʚʘʥʥʳʤ ʧʦ 3 ʧʦʣʦʞʝʥʠʶ.  

 

          ʈʠʩʫʥʦʢ 3.2.3 ʄʘʩʩ-ʩʧʝʢʪʨ (ʚ ʨʝʞʠʤʝ APCI Neg.Scan.) ʬʨʘʛʤʝʥʪʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʢʝʤʧʬʝʨʦʣ-3-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜʘ (m/z 447.2), ʢʝʤʧʬʝʨʦʣʘ 

(m/z 285.1)  

  

ɺʝʱʝʩʪʚʦ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ ʥʘ ɺʕɾʍʨʦʤʘʪʦʛʨʘʤʤʝ 1.819-1.869 

ʤʠʥ. ʦʙʨʘʟʫʝʪ ʚ ʋʌ-ʩʧʝʢʪʨʝ ʤʘʢʩʠʤʫʤʳ ʧʦʛʣʦʱʝʥʠʷ 244 ʠ 327 ʥʤ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʫʤʘʨʠʥʦʚ (ʨʠʩ. 3.2.4).  
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          ʈʠʩʫʥʦʢ  3. 2.4 ʋʌ-ʩʧʝʢʪʨ ʚʝʱʝʩʪʚʘ ʩʦ ʚʨʝʤʝʥʝʤ  ʫʜʝʨʞʠʚʘʥʠʷ 1.819 
 

 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʚ ʨʝʞʠʤʝ APCI, Pos.Scan ʠʤʝʝʪʩʷ ʧʠʢ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʠʦʥʘ+ʧʨʦʪʦʥ [ʄ+ʅ]+ ʩ m/z 355,2 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 30%; ʚ ʨʝʞʠʤʝ APCI, 

Neg.Scan m/z 353,2 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 100%, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʠʢʫ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ-ʧʨʦʪʦʥ [ʄïʅ]+ (ʨʠʩ. 3.2.5).  

ʆʙʘ ʵʪʠʭ ʤʘʩʩ-ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʝʣʠʯʠʥʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ, ʛʣʠʢʦʟʠʜʥʘʷ ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʛʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʠʢʘʤʠ  ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʚ ʨʝʞʠʤʝ ɸPCI, Pos. Scan.  ʩ 

m/z 163.1 (100%), ʠ ʩ m/z 191,1 (29%) ʚ ʨʝʞʠʤʝ APCI, Neg. Scan (ʨʠʩ. 3.2.5), 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʤ  ʘʛʣʠʢʦʥʦʚʳʡ ʦʩʪʘʪʦʢ ʢʫʤʘʨʠʥʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʋʌ- ʠ ʤʘʩʩ-ʩʧʝʢʪʨʳ) ʧʦʣʫʯʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʥʝʩʪʠ  ʧʠʢ 

ʚʝʱʝʩʪʚʘ ʥʘ ɺʕɾʍʨʦʤʘʪʦʛʨʘʤʤʝ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ 1.819-1.869 

ʤʠʥ.ʢ 6-ʤʝʪʦʢʩʠ-7-ʆ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣʢʫʤʘʨʠʥʫ (ʩʢʦʧʦʣʠʥʫ). 
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        ʈʠʩʫʥʦʢ 3.2.5 ʄʘʩʩ-ʩʧʝʢʪʨʳ (ʚ ʨʝʞʠʤʘʭ APCI, Neg. Scan.; APCI, Pos. 

Scan.) ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʩʢʦʧʦʣʠʥʘ 

 

ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʋʌ-, ʤʘʩʩ-ʩʧʝʢʪʨʘʤ ʚʝʱʝʩʪʚʘ, 

ʜʘʶʱʝʛʦ ʧʠʢʠ ʥʘ ɺʕɾʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ 8.266 ʤʠʥ. 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʛʣʠʢʦʟʠʜʠʨʦʚʘʥʥʦʤʫ 7 

ʧʦʣʦʞʝʥʠʶ ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜʫ ʢʝʤʧʬʝʨʦʣʘ. ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʛʣʠʢʦʥʘ 

(ʢʝʤʧʬʝʨʦʣʘ) ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʠʢʦʤ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʩ m/z 

285.1 (Neg. Scan) ʠ 287,1 (Pos.Scan.) (ʨʠʩ. 3.2.6). 

m/z 163.1 
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          ʈʠʩʫʥʦʢ 3.2.6 ʄʘʩʩ-ʩʧʝʢʪʨ (ʚ ʨʝʞʠʤʝ APCI,Pos.Scan.) ʬʨʘʛʤʝʥʪʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʢʝʤʧʬʝʨʦʣʘ (m/z 287.1) ʠ ʢʝʤʧʬʝʨʦʣ-7-ʆ-b-D-

ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜʘ (m/z 449.1)  

 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʝʨʞʠʚʘʥʠʷ ʚ  ʨʝʞʠʤʝ APCI, 

Neg. Scan. ʥʘ ɺʕɾ-ʭʨʦʤʘʪʦʛʨʘʤʤʝ 6.210 ʦʪʤʝʯʝʥ ʧʠʢ ʩ m/z 447.1 ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 100%, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʠʦʥʫ [M-H]+ 

(ʨʠʩ.3.2.7) ʠ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤ ʠʟʚʝʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʝʨʮʠʪʨʠʥʘ. 

ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʚ ʨʝʞʠʤʝ APCI, Pos. Scan. ʫ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʢʚʝʨʮʠʪʨʠʥʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ  ʧʠʢʠ, ʠʤʝʶʱʠʝ m/z 303.1, ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʨʘʛʤʝʥʪʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ï ʢʚʝʨʮʝʪʠʥʘ ʚ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (ʨʠʩ. 3.2.7).  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʤʘʩʩ-

ʩʧʝʢʪʨʦʚ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 

ʚʝʱʝʩʪʚʘ (448.1), ʠ ʧʨʝʜʦʩʪʘʚʠʣʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ ʘʛʣʠʢʦʥʘ 

(ʢʚʝʨʮʝʪʠʥ, 302.1). 

 

m/z 449.1 
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ʈʠʩʫʥʦʢ 3.2.7 ʄʘʩʩ-ʩʧʝʢʪʨʳ (ʚ ʨʝʞʠʤʘʭ APCI, Neg. Scan.; APCI, Pos. Scan.) 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʢʚʝʨʮʠʪʨʠʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ɺʕɾʍ, ɺʕɾ-ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ 26 ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 6 

ʢʫʤʘʨʠʥʦʚ, 13 ʬʣʘʚʦʥʦʠʜʦʚ, 7 ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ.  

 


