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ʉʠʙʠʨʩʢʠʡ ʰʝʣʢʦʧʨʷʜ (Dendrolimus sibiricus Tschetv.) ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʚʨʝʜʠʪʝʣʝʡ ʪʘʸʞʥʳʭ ʣʝ-
ʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʯʘʩʪʳʤʠ ʤʘʩʰʪʘʙʥʳʤʠ ʚʩʧʳʰʢʘʤʠ ʧʦʧʫʣʷʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʘʨʝʘʣʘ ʦʙʠʪʘʥʠʷ ʚʨʝʜʠʪʝʣʷ, 
ʠʩʩʣʝʜʦʚʘʥʳ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʦʚʦʛʦ ʬʝʨʦʤʦʥʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʦʙʠ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʧʨʠʚʣʝ-
ʢʘʶʪ ʧʘʨʪʥʸʨʦʚ ʜʣʷ ʩʧʘʨʠʚʘʥʠʷ. ʌʝʨʦʤʦʥʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ï ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘ-
ʶʱʠʡ ʩʠʥʪʝʟ ʬʝʨʦʤʦʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʘʭʫʯʠʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʚʦʩʧʨʠʷʪʠʝ ʬʝʨʦʤʦʥʥʦʛʦ 
ʩʠʛʥʘʣʘ ʜʨʫʛʠʤʠ ʦʩʦʙʷʤʠ, ʧʦʚʝʜʝʥʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʦʩʦʙʝʡ, ʧʨʠʥʠʤʘʶʱʠʭ ʩʠʛʥʘʣ. ʂ ʬʘʢʪʦʨʘʤ, ʦʙʝʩʧʝʯʠʚʘ-
ʶʱʠʤ ʵʬʬʝʢʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʬʝʨʦʤʦʥʥʦʛʦ ʩʠʛʘʣʘ, ʦʪʥʦʩʷʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʠ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʸʥʥʦʝ 
ʚʨʝʤʷ ʨʘʟʣʘʛʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣ 
ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʢ ʬʘʢʪʦʨʘʤ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʠʩʩʣʝʜʦʚʘʥʳ 
ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʝ-
ʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ B3LYP/DFT, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʥʝʙʦʣʴʰʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʇʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʘʪʦʤʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 
ʚ ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣ. ʆʧʨʝʜʝʣʝʥʳ ʜʣʠʥʳ ʚʦʣʥ 
ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ 
ʬʝʨʦʤʦʥʘ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 
ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦʱʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʘʥ-
ʥʳʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʘʥʥʳʤʠ ʦ ʩʫʪʦʯʥʳʭ ʧʘʪʪʝʨʥʘʭ ʥʘʩʝʢʦʤʳʭ.

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʦʤʦʥʳ, ʭʠʤʠʯʝʩʢʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ, ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʘʪʦʤʥʘʷ ʠ ʵʣʝʢ-
ʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʳ, ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ.
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ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʞʠʚʦʪʥʦʤ ʤʠʨʝ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʘʟʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ï ʟʨʠ-
ʪʝʣʴʥʦʤʫ, ʩʣʫʭʦʚʦʤʫ, ʦʙʦʥʷʪʝʣʴʥʦʤʫ (Jackson, 
Morgan, 1993). ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʩʝʢʦʤʳʭ ʷʟʳʢ 
ʟʘʧʘʭʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ 
ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʦ ʩʨʝʜʩʪʚʘʤ ʭʠʤʠʯʝʩʢʦʡ 
ʢʦʤʤʫʥʠʢʘʮʠʠ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʠʪʘʥʠʷ, ʨʘʟ-
ʤʥʦʞʝʥʠʷ, ʨʘʩʩʝʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʦʛʦ 
ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʩʠʥʪʝʟʠʨʫʝ-
ʤʳʝ ʚ ʦʨʛʘʥʠʟʤʝ ʧʘʭʫʯʠʝ ʚʝʱʝʩʪʚʘ ï ʬʝʨʦʤʦʥʳ, 
ʚʳʟʳʚʘʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʦʪʚʝʪʥʫʶ ʨʝʘʢ-
ʮʠʶ ʫ ʦʩʦʙʝʡ ʦʜʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʠʜʘ (Yew, 
Chung, 2015). ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʩʚʝʪʝ ʤʦ-
ʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ 
ʥʘʩʝʢʦʤʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʦʚʳʝ ʬʝʨʦʤʦʥʳ, 
ʘʪʪʨʘʢʪʘʥʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʦʙʠ ʧʨʠʚʣʝ-
ʢʘʶʪ ʧʘʨʪʥʸʨʦʚ ʜʣʷ ʩʧʘʨʠʚʘʥʠʷ. ɼʘʣʝʝ ʚ ʪʝʢʩʪʝ 
ʧʦʜ çʬʝʨʦʤʦʥʘʤʠè ʙʫʜʫʪ ʧʦʥʠʤʘʪʴʩʷ ʠʤʝʥʥʦ 
ʧʦʣʦʚʳʝ ʬʝʨʦʤʦʥʳ ʥʘʩʝʢʦʤʳʭ. ɺ ʨʝʜʢʠʭ ʩʣʫ-
ʯʘʷʭ ʬʝʨʦʤʦʥʳ ʥʘʩʝʢʦʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʠʤ 
ʚʝʱʝʩʪʚʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ ʦʥʠ ʚʢʣʶʯʘʶʪ ʥʝʩʢʦʣʴ-
ʢʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʠʭ ʢʠʩʣʦʨʦʜʩʦ-
ʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ 
ʢʣʘʩʩʘʤ ʚʝʱʝʩʪʚ (Schulz, 2004, 2005). ʈʘʟʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ ʬʝʨʦʤʦʥʘ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟ-
ʣʠʯʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ: ʚʳʟʳ-
ʚʘʪʴ ʧʦʠʩʢʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʧʦʣʸʪʥʫʶ ʨʝʘʢʮʠʶ 
ʫ ʜʨʫʛʠʭ ʦʩʦʙʝʡ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʧʝʮʠʬʠʯʥʦʩʪʴ 
ʬʝʨʦʤʦʥʘ, ʫʢʘʟʳʚʘʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝ-
ʥʠʝ ʧʦʧʫʣʷʮʠʠ (McElfresh, Millar, 2001).

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʬʝʨʦʤʦʥʥʦʡ ʢʦʤʤʫ-
ʥʠʢʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʯʝʰʫʝʢʨʳʣʳʭ (Lepidop- 
tera): ʩʠʥʪʝʟ ʠ ʚʳʜʝʣʝʥʠʝ ʬʝʨʦʤʦʥʘ, ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʝ, ʫʣʘʚʣʠʚʘʥʠʝ ʬʝʨʦʤʦʥʘ ʦʙʦʥʷʪʝʣʴʥʳʤʠ 
ʨʝʮʝʧʪʦʨʘʤʠ ʥʘʩʝʢʦʤʦʛʦ, ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʦʪʟʳʚ 
(ʧʦʣʸʪ) ʥʘʩʝʢʦʤʦʛʦ, ʧʨʠʥʷʚʰʝʛʦ ʩʠʛʥʘʣ. ʋ  ʩʠ-
ʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ (Dendrolimus sibiricus 
Tschetv.) ʬʝʨʦʤʦʥ ʠʩʧʫʩʢʘʝʪ ʩʘʤʢʘ. ʉʘʤʝʮ, ʫʣʘʚ-

ʣʠʚʘʷ ʩʠʛʥʘʣ, ʜʚʠʞʝʪʩʷ ʥʘʚʩʪʨʝʯʫ ʬʝʨʦʤʦʥʥʦʤʫ 
ʧʦʪʦʢʫ (Fadamiro et al., 1998).

ɺʦʩʧʨʠʷʪʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦ-
ʜʠʪ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʤʦʣʝʢʫʣ ʥʘ ʦʙʦʥʷʪʝʣʴʥʳʝ 
ʩʝʥʩʠʣʣʳ ʫʩʠʢʦʚ-ʘʥʪʝʥʥ ʩʘʤʮʦʚ (Vogt, Riddiford, 
1981; Ljungberg et al., 1993; Fleischer, Krieger, 
2018). ʏʝʨʝʟ ʧʦʨʳ ʚ ʢʫʪʠʢʫʣʝ ʩʝʥʩʠʣʣ ʬʝʨʦʤʦʥ 
ʧʨʦʥʠʢʘʝʪ ʚ ʣʠʤʬʫ, ʛʜʝ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩʦ 
ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ. ɺ  ʪʘʢʦʤ ʩʚʷʟʘʥʥʦʤ ʩʦ-
ʩʪʦʷʥʠʠ ʦʥ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʨʘʟʨʫʰʘ-
ʶʱʠʭ ʬʝʨʤʝʥʪʦʚ. ɺ ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʚʷʟʳʚʘʶʱʠʤ 
ʙʝʣʢʦʤ ʤʦʣʝʢʫʣʳ ʜʦʩʪʠʛʘʶʪ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʨʝ-
ʮʝʧʪʦʨʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤ ʚʳʟʳʚʘʝʪ 
ʚ ʠʪʦʛʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 
(R¿tzler, Zwiebel, 2005; Chang et al., 2015; Zhang 
et al., 2018).

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ ʩ ʬʝ-
ʨʦʤʦʥʦʤ ï ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʝ, ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠ-
ʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩʫʙʩʪʨʘʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 
ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʤ ʛʨʫʧʧʘʤʠ ʬʝʨʤʝʥʪʘ. 
ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʷʩʥʷ-
ʶʪ ʜʚʝ ʛʠʧʦʪʝʟʳ: ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʢʣʶʯ-ʟʘʤʦʢè 
ʠ çʨʫʢʘ-ʧʝʨʯʘʪʢʘè (Koshland, 1995; Chang et al., 
2015). ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ ʪʝʦʨʠʠ, ʜʦʣʞʥʦ ʩʫʱʝ-
ʩʪʚʦʚʘʪʴ ʩʪʨʦʛʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʥʬʦʨʤʘʮʠʠ 
ʩʫʙʩʪʨʘʪʘ ʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʬʝʨʤʝʥʪʘ. ɺʪʦʨʘʷ 
ʪʝʦʨʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʬʝʨ-
ʤʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʡ, ʯʪʦʙʳ ʧʦʜʩʪʨʦʠʪʴʩʷ 
ʧʦʜ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʫʙʩʪʨʘʪʘ. ʊʝʦʨʠʷ çʢʣʶʯ-
ʟʘʤʦʢè ʜʘʸʪ ʦʙʲʷʩʥʝʥʠʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʙʝʣʢʘ 
ʢ ʦʜʥʦʤʫ ʚʠʜʫ ʩʫʙʩʪʨʘʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʦʨʠʷ 
çʨʫʢʘ-ʧʝʨʯʘʪʢʘè ʦʙʲʷʩʥʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʫʧ-
ʧʦʚʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʦʙʦ-
ʥʷʪʝʣʴʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʦʩʦʙʠ, ʧʨʠʥʠʤʘʶʱʝʡ 
ʭʠʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʬʝʨʦʤʦʥʳ ʜʘʶʪ ʩʠʛʥʘʣ ʢ 
ʥʘʯʘʣʫ ʧʦʣʸʪʘ, ʥʦ ʥʝ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ 
ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʘʣʴʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. ɼʚʠʛʘʷʩʴ 
ʧʨʦʪʠʚ ʚʝʪʨʘ ʚ ʩʪʨʫʝ ʬʝʨʦʤʦʥʘ, ʥʘʩʝʢʦʤʦʝ ʧʝ-
ʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʣʝʚʦ ʠ ʚʧʨʘʚʦ 
ʦʪ ʚʝʪʨʘ, ʥʘʧʨʘʚʣʷʷʩʴ ʧʦʜ ʫʛʣʦʤ ʢ ʥʝʤʫ (ʨʠʩ. 1). 
ʉʪʨʘʪʝʛʠʠ ʧʦʠʩʢʘ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ...

ʈʠʩ. 1. ʉʭʝʤʘ ʬʝʨʦʤʦʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʯʝʰʫʝʢʨʳʣʳʭ.
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ʥʘʩʝʢʦʤʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʦʥʷʥʠʝ, 
ʥʦ ʠ, ʥʘʧʨʠʤʝʨ, ʟʨʝʥʠʝ (Bell, 1990; Holdcraft et 
al., 2016; Chittka et al., 2019).

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʤʝʭʘʥʠʟʤ ʬʝʨʦʤʦʥʥʦʡ 
ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʦʞʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʣʠʟʦʚʳ-
ʚʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʥʘʩʝʢʦʤʳʭ, ʚ ʦʙʱʝʤ ʦʥ ʤʦ-
ʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʠʥ-
ʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ 
ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ( ɺʦʣʢʦʚʘ ʠ ʜʨ., 
2009; Svetlitsky, 2003; Jang, 2011). ʅʘʜʸʞʥʦʩʪʴ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʚ ʩʣʫʯʘʝ ʬʝʨʦʤʦʥʥʦʡ 
ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʚʝʨʦ-
ʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʘʤʝʮ, ʜʚʠʛʘʷʩʴ ʚ ʧʦʪʦʢʝ ʬʝ-
ʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ, ʥʘʡʜʸʪ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ ï 
ʩʘʤʢʫ.

ʌʝʨʦʤʦʥ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʥʘʧʦʣʥʝʥʥʦʡ 
ʤʥʦʞʝʩʪʚʦʤ ʜʨʫʛʠʭ ʧʘʭʫʯʠʭ ʚʝʱʝʩʪʚ, ʠʩʧʫʩʢʘ-
ʝʤʳʤʠ ʜʨʫʛʠʤʠ ʥʘʩʝʢʦʤʳʤʠ, ʨʘʩʪʝʥʠʷʤʠ, ʞʠ-
ʚʦʪʥʳʤʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 
ʥʘʩʝʢʦʤʳʭ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʰʫʤʘ ʚ 
ʭʠʤʠʯʝʩʢʦʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʢʘʥʘʣʝ. ʇʦ-
ʤʠʤʦ ʩʪʦʨʦʥʥʠʭ ʚʝʱʝʩʪʚ, ʥʘ ʬʝʨʦʤʦʥʥʳʡ ʩʠʛ-
ʥʘʣ ʚʣʠʷʝʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 
ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ. ʏʝʤ 
ʚʳʰʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʪʝʤ ʙʳʩʪʨʝʝ ʨʘʩʩʝʠʚʘʝʪʩʷ 
ʬʝʨʦʤʦʥʥʳʡ ʩʠʛʥʘʣ, ʪʝʨʷʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩ-
ʪʦʯʥʠʢʝ (ɺʦʣʢʦʚʘ ʠ ʜʨ., 2009).

ɼʦʣʛʘʷ ʞʠʟʥʴ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ, ʦʙʫʩʣʦʚ-
ʣʝʥʥʘʷ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ, ʥʝʠʟʙʝʞʥʦ 
ʧʨʠʚʦʜʠʣʘ ʙʳ ʢ ʥʘʢʦʧʣʝʥʠʶ ʧʘʭʫʯʠʭ ʚʝʱʝʩʪʚ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʘʣʦ ʙʳ 
ʰʫʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʘʷ ʭʠʤʠʯʝʩʢʘʷ 
ʢʦʤʤʫʥʠʢʘʮʠʷ ʚʦʟʤʦʞʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʝ-
ʨʦʤʦʥʳ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʸʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 
ʢ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʥʘʢʦʧʣʝʥʠʶ 
ʬʝʨʦʤʦʥʦʚ.

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʬʝʨʦʤʦʥʳ, ʢʘʢ ʧʨʘʚʠ-
ʣʦ, ʩʦʜʝʨʞʘʪ ʙʣʠʟʢʠʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʫ ʚʝ-
ʱʝʩʪʚʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʢʣʘʩʩʘʤ (Schulz, 
2004, 2005). ʈʘʟʥʦʦʙʨʘʟʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʬʝʨʦʤʦʥʘ, ʥʘʨʷʜʫ ʩ ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ, 
ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʠ 
ʥʘʩʝʢʦʤʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʧʦʠʩʢʝ ʠʩʪʦʯʥʠ-
ʢʘ ʩʠʛʥʘʣʘ (Baker, 1989). ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 
ʮʝʣʠ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʩʦʩʪʘʚ ʬʝʨʦʤʦʥʥʦʛʦ ʩʠʛʥʘ-
ʣʘ, ʦʙʦʛʘʱʘʷʩʴ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘ-
ʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʝʨʦʤʦʥʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, 
ʢʘʢ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʜʦʣʞʥʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝ-
ʜʝʣʷʪʴʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʢ 
ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠ-
ʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʣʝ-
ʢʫʣ ʬʝʨʦʤʦʥʦʚ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʣʦʚʠʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʥʝʥʪʘ 
ʬʝʨʦʤʦʥʘ ʠ ʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ, ʬʝʨʦʤʦʥʳ 
ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʢʘʢ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʘʢ ʠ 
ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ.

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʩʠʙʠʨʩʢʦʛʦ 
ʰʝʣʢʦʧʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 
ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 
ʚʦʟʜʝʡʩʪʚʠʶ ʩʚʝʪʘ ʥʘ ʬʝʨʦʤʦʥʥʳʝ ʤʦʣʝʢʫʣʳ. 
ʊʘʢ ʢʘʢ ʧʦʠʩʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʰʝʣʢʦʧʨʷʜʘ ʧʨʠ-
ʭʦʜʠʪʩʷ ʥʘ ʚʝʯʝʨʥʠʝ ʠ ʥʦʯʥʳʝ ʯʘʩʳ, ʩʦʣʥʝʯʥʳʡ 
ʩʚʝʪ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʬʘʢʪʦʨ, ʩʧʦʩʦʙʩʪʚʫ-
ʶʱʠʡ ʨʘʟʨʫʰʝʥʠʶ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʜʣʷ 
çʦʯʠʩʪʢʠè ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ.

ʄɸʊɽʈʀɸʃʓ 
ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀЙ

ɺʩʧʳʰʢʠ ʧʦʧʫʣʷʮʠʠ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 
ʦʧʘʩʥʳʭ ʚʨʝʜʠʪʝʣʝʡ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʥʘʙʣʶʜʘ-
ʶʪʩʷ ʚ ʉʠʙʠʨʠ (ʃʷʤʮʝʚ, 2019), ʗʢʫʪʠʠ (ɺʠʥʦ-
ʢʫʨʦʚ, ʀʩʘʝʚ, 2002), ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ (ʂʘ-
ʣʠʪʘ  ʆ.  ʅ., ʂʘʣʠʪʘ  ɻ.  ɸ., 2018). ɿʘ ʧʦʩʣʝʜʥʠʝ 
100 ʣʝʪ ʚʩʧʳʰʢʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦ-
ʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʧʨʠʚʝʣʠ ʢ ʛʠʙʝʣʠ ʙʦ-
ʣʝʝ ʯʝʤ 10 ʤʣʥ ʛʘ ʣʝʩʘ (ʉʫʭʘʥʦʚ, 2019; Kovacs 
et al., 2005). ʉʠʙʠʨʩʢʠʡ ʰʝʣʢʦʧʨʷʜ ʦʪʥʦʩʠʪʩʷ 
ʢ ʩʝʤʝʡʩʪʚʫ ʢʦʢʦʥʦʧʨʷʜʦʚ (Lasiocampidae), ʜʣʷ 
ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʬʝʨʦʤʦʥʦʚ, ʩʦʩʪʦ-
ʷʱʠʭ ʠʟ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ, ʘʣʴʜʝʛʠʜʦʚ ʠ 
ʬʦʨʤʠʘʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝ-
ʥʠʠ (Schulz, 2004, 2005). ʂʦʤʧʦʥʝʥʪʳ ʬʝʨʦʤʦʥʘ 
ʩʦʜʝʨʞʘʪ ʚ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʦʪ 12 ʜʦ 14 ʘʪʦʤʦʚ. 
ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ 
ʥʘʩʝʢʦʤʦʛʦ (Klun et al., 2000; ʃʝʙʝʜʝʚʘ ʠ ʜʨ., 
2000) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.

ʂʦʤʧʦʥʝʥʪʳ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦ-
ʧʨʷʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ ʦʨʛʘ-
ʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʪ ʠʟʦʣʠʨʦʚʘʥʥʳʝ 
ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʢʨʘʪʥʳʝ ʩʚʷʟʠ, ʘʣʴʜʝʛʠʜʥʫʶ ʠ 
ʩʧʠʨʪʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʦʵʪʦʤʫ 
ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʦʢʘʟʳ-
ʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ.

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʠ 
ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳ-
ʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 
Avogadro (Hanwell et al., 2012). ʈʘʩʯʸʪ ʬʠʟʠ-
ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ 
ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪ-
ʥʦʩʪʠ (DFT) ʩ ʧʦʤʦʱʴʶ B3LYP ʛʠʙʨʠʜʥʦʛʦ 
ʬʫʥʢʮʠʦʥʘʣʘ (Lee et al., 1988; Curtiss et al., 2005; 

ʇ. ɺ. ɸʨʪʶʰʝʥʢʦ, ʇ. ɽ. ʎʠʢʘʣʦʚʘ, ʌ. ʅ. ʊʦʤʠʣʠʥ
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Tirado-Rives, Jorgensen, 2008), ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ 
ʧʨʦʛʨʘʤʤʝ GAMESS-US (Schmidt et al., 1993). 
ʈʘʩʯʸʪ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 
ʤʦʣʝʢʫʣ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʦʜʠʣ-
ʩʷ ʤʝʪʦʜʦʤ Time Dependent DFT (Runge, Gross, 
1984). ʊʘʢ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʝʨʦʤʦʥʘ ʧʨʦ-
ʠʩʭʦʜʠʪ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ 
ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʛʘʟʦʚʦʡ ʬʘʟʳ.

ɼʣʠʥʘ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʚʦ ʚʩʝʭ ʤʦʣʝʢʫʣʘʭ 
ʩʦʩʪʘʚʣʷʝʪ 12  ʘʪʦʤʦʚ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʬʝʨʦ-
ʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʜʦʧʫʩʢʘʝʪ ʚʨʘʱʝʥʠʝ ʯʘʩʪʝʡ 
ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʜʝʣʘʝʪ 
ʚʦʟʤʦʞʥʳʤ ʥʘʭʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣ ʚ ʚʦʟʜʫʰʥʦʡ 
ʩʨʝʜʝ ʚ ʚʠʜʝ ʥʝʣʠʥʝʡʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ. ʉʭʦʜ-
ʩʪʚʦ ʩʪʨʦʝʥʠʷ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʧʦʟʚʦʣʷʝʪ 
ʧʨʠʤʝʥʠʪʴ ʦʜʠʥ ʘʣʛʦʨʠʪʤ ʢ ʨʘʩʯʸʪʫ ʠʭ ʬʠʟʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 3).

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀХ ʆɹʉʋɾɼɽʅʀɽ

ʅʘʣʠʯʠʝ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʬʝʨʦʤʦʥʥʳʭ ʤʦ-
ʣʝʢʫʣ ʧʣʦʩʢʦʛʦ ʫʯʘʩʪʢʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ sp2-
ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʟʘʪʨʫʜ-
ʥʷʝʪ ʚʨʘʱʝʥʠʝ ʯʘʩʪʝʡ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʜʨʫʛ ʜʨʫʛʘ, ʦʜʥʘʢʦ ʜʣʠʥʘ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ 
ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʦʨʤʝʨʳ. 
ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʬʦʨʤʝʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦ-
ʮʝʜʫʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʧʦʣʫʯʝʥʳ ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨ ʠ ʪʘʢʠʝ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʦʣʥʘʷ ʵʥʝʨ-
ʛʠʷ ʠ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. ʉʨʘʚʥʝʥʠʝʤ ʧʦʣʥʦʡ 
ʵʥʝʨʛʠʠ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢʦʥʬʦʨʤʝʨʳ ʩ 
ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ 
ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦ-
ʥʝʥʪʘ ʬʝʨʦʤʦʥʘ ï ʧʦ ʪʨʠ ʢʦʥʬʦʨʤʝʨʘ (ʨʠʩ. 4).

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ...

ʈʠʩ. 2. ʂʦʤʧʦʥʝʥʪʳ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ.
ʉ1ïʉ12 ï ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ.

ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʩʠʙʠʨʩʢʦʛʦ 
ʰʝʣʢʦʧʨʷʜʘ ʚ ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.
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ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢ-
ʪʨʳ ʧʦʛʣʦʱʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʳʭ ʮʝʥʪʨʦʚ ʘʢʪʠʚʘʮʠʠ ʤʦ-
ʣʝʢʫʣ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʣʫʯʝʥʳ ʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʦʟ-
ʙʫʞʜʸʥʥʳʭ ʤʦʣʝʢʫʣ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ 
ʠʟʤʝʥʝʥʠʡ ʤʦʣʝʢʫʣ ʧʨʠ ʩʚʝʪʦʚʦʤ ʚʦʟʙʫʞʜʝ-
ʥʠʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʮʝʩʩʳ ʨʝʣʘʢʩʘʮʠʠ ʘʪʦʤʥʦʡ 
ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʠʜ ʤʦʣʝ-
ʢʫʣ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʫ-
ʯʝʥʥʳʝ ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʦʩʦ-
ʙʝʥʥʦʩʪʷʤʠ ʧʦʠʩʢʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʩʝʢʦʤʳʭ 
ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʝʨʦʤʦʥʥʳʭ ʤʦʣʝʢʫʣ ʠ ʧʦʚʝ-
ʜʝʥʠʝʤ ʥʘʩʝʢʦʤʳʭ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʨʷʜʘ 
ʢʦʥʬʦʨʤʝʨʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ ʪʨʠ ʩʪʨʫʢʪʫʨʳ ʩ 
ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ. ɼʣʷ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʢʦʥʬʦʨʤʘʮʠʠ 
ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʦʙ ʵʣʝʢʪʨʦʥ-
ʥʦʡ ʠ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʤ ʠ 
ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʦʤʧʦʥʝʥ-
ʪʦʚ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʦʥʬʦʨʤʝʨʘʤʠ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 11 ʢɼʞ Ā ʤʦʣʴï1 ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʢ ʦʙ-
ʨʘʟʦʚʘʥʠʶ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ ʢʦʥʬʦʨʤʘʮʠʠ ʥʝ 
ʥʘʙʣʶʜʘʝʪʩʷ.

ʈʠʩ. 4. ʂʦʥʬʦʨʤʝʨʳ (Z, E)-5, 7-Dodecadienal (ʂ1, ʂ2, ʂ3).
1  ï ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ 
ʤʦʤʝʥʪʘ (Õ) ʫʢʘʟʘʥʳ ʚ ɼʝʙʘʡ, ɼ; 2  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʩʪʨʫʢʪʫʨʳ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ ʧʨʠʚʝʜʝʥʳ ʚ ʘʥʛʩʪʨʝʤʘʭ, ¡; 
ʉ1ïʉ12 ï ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ; ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʧʦʛʣʦʱʝʥʠʷ, ʥʤ.

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ 
ʤʝʪʦʜʦʤ DFT/B3LYP/6-31G**

ʂʦʤʧʦʥʝʥʪ ʬʝʨʦʤʦʥʘ ɛ, ɼ ȹɽ, ʢɼʞ   ʤʦʣʴï1 ɚmax, ʥʤ ƒ

(Z, E)-5, 7-Dodecadienal 2.27ï2.71 2 224ï226 0.81ï0.95
(Z, E)-5,7-Dodecadien-1-ol 1.50ï1.53 6 226ï227 0.98ï1.00

(Z)-5-Dodecenal 2.50ï2.60 4 168ï172 0.32ï0.55
(E)-6-Dodecenal 2.46ï2.65 6 169ï173 0.37ï0.77
(E)-7-Dodecenal 2.52ï2.62 11 169ï173 0.30ï0.78

(Z)-5-Dodecen-1-ol 1.23ï1.54 4 171ï177 0.53ï0.74
(E)-6-Dodecen-1-ol 1.36ï1.39 6 170ï174 0.42ï0.88
(E)-7-Dodecen-1-ol 1.41ï1.72 10 170ï173 0.35ï0.89

ʇʨʠʤʝʯʘʥʠʝ. ɛ ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ɼ; ȹɽ ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ʢʦʥʬʦʨʤʝʨʦʚ, ʢɼʞ   ʤʦʣʴï1, 
ʨʘʩʩʯʠʪʘʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʬʦʨʤʝʨʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ; ɚmax ï ʜʣʠʥʘ ʚʦʣʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢ-
ʩʠʤʫʤʫ ʧʦʛʣʦʱʝʥʠʷ, ʥʤ; ä ï ʩʠʣʘ ʦʩʮʠʣʣʷʪʦʨʘ, ʦʪʥ. ʝʜ.

ʇ. ɺ. ɸʨʪʶʰʝʥʢʦ, ʇ. ɽ. ʎʠʢʘʣʦʚʘ, ʌ. ʅ. ʊʦʤʠʣʠʥ
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ʌʝʨʦʤʦʥ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʧʨʝʜʩʪʘʚ-
ʣʝʥ ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, 
ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 
1.23ï2.71  ɼ. ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʠʚʦʜʠʪ ʢ 
ʠʟʤʝʥʝʥʠʶ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣ ʥʝ ʙʦ-
ʣʝʝ ʯʝʤ ʥʘ 0.44 ɼ. ɺʳʩʦʢʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ 
ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ ʰʝʣʢʦʧʨʷʜʘ ʩʦʧʦʩʪʘʚʠʤ 
ʩ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚʦʜʳ 1.85 ɼ (Shostak et 
al., 1991), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʝ ʩ ʧʦʣʷʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʟʜʫʭʘ 
ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʜʝʘʢʪʠʚʘʮʠʠ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʭ ʤʦʣʝʢʫʣ.

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣ 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʠʭ ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʦʱʝʥʠʷ, ʟʘʚʠʩʷʪ ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʦʪ ʥʘʣʠʯʠʷ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 
ʪʠʧʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 
ʛʨʫʧʧʳ. ɼʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ, ʩʦʜʝʨʞʘ-
ʱʠʭ ʩʦʧʨʷʞʸʥʥʳʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, ʜʣʠʥʳ ʚʦʣʥ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʦʱʝʥʠʷ, ʣʝ-
ʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 224ï227 ʥʤ (ʪʘʙʣ. 1), ʜʣʷ ʤʦʣʝ-
ʢʫʣ ʩ ʦʜʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ï ʦʪ 168 ʜʦ 177 ʥʤ. 
ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʧʨʠʚʦʜʠʪ ʢ ʥʝ-
ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ, 
ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 6 ʥʤ. ɹʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝ-
ʥʠʝ ʛʝʦʤʝʪʨʠʠ ʦʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʜʠʧʦʣʴʥʦ-
ʛʦ ʤʦʤʝʥʪʘ.

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟ-
ʣʫʯʝʥʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʬʝʨʦʤʦʥʘ ʵʣʝʢʪʨʦʥʥʘʷ 

ʠ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ ʧʦʩʣʝ ʧʦʛʣʦʱʝʥʠʷ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦ-
ʩʪʦʷʥʠʷ. ɼʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ 
ʰʝʣʢʦʧʨʷʜʘ, ʠʤʝʶʱʠʭ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʚ ʨʘʟʣʠʯ-
ʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʠ ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦʥʠʣʴʥʫʶ ʠ 
ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʨʝʜ-
ʩʪʘʚʣʝʥ ʚʠʜ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʫʯʘʩʪʚʫ-
ʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ 
(ʨʠʩ. 5).

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʸʪʳ, ʠʟʤʝʥʝʥʠʝ ʵʣʝʢ-
ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙ-
ʣʘʩʪʠ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦ-
ʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ 
ʵʣʝʢʪʨʦʥʘ ʩ ʚʝʨʭʥʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨ-
ʙʠʪʘʣʠ (ɺɿʄʆ) ʥʘ ʥʠʞʥʶʶ ʚʘʢʘʥʪʥʫʶ ʦʨʙʠʪʘʣʴ 
(ʅɺʄʆ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʵʣʝʢʪʨʦʥʘ 
ʩ ˊ-ʩʚʷʟʳʚʘʶʱʠʭ ʥʘ ˊ*-ʨʘʟʨʳʭʣʷʶʱʠʝ ʦʨʙʠʪʘ-
ʣʠ (ʨʠʩ. 5).

ʈʝʣʘʢʩʘʮʠʷ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʜʣʠʥ ʭʠʤʠʯʝʩʢʠʭ 
ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʘʭ. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʩʪʨʫʢ-
ʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʩʦʧʨʷʞʸʥʥʳʭ ʜʠʝʥʦʚ ʥʘ 
ʧʨʠʤʝʨʝ (Z, E)-5, 7-Dodecadienal ʠ ʜʣʷ ʢʦʤʧʦ-
ʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ ʩ ʦʜʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʥʘ 
ʧʨʠʤʝʨʝ (E)-7-Dodecen-1-ol. ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʘʭʦʜʷʪ-
ʩʷ ʢʨʘʪʥʳʝ ʩʚʷʟʠ, ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝ-
ʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʜʣʷ ʵʪʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣ ʠ ʜʣʷ 

ʈʠʩ. 5. ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ, 
ʚ ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ.
ʉ1ïʉ12 ï ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ.

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʬʝʨʦʤʦʥʘ ʩʠʙʠʨʩʢʦʛʦ ʰʝʣʢʦʧʨʷʜʘ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ...












