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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʎʠʢʣʦʧʝʥʪʘʥʦʠʜʳ ï ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʝ ʢʦʣʴʮʦ, ʢʘʢ ʚ ʚʠʜʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʷʜʨʘ, ʪʘʢ ʠ ʚ ʩʦʯʣʝʥʝʥʠʠ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʀʟ ʠʭ ʯʠʩʣʘ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʠʨʦʜʥʳʝ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʝ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʳ 

(ʧʨʦʩʪʘʛʣʘʥʜʠʥʳ, ʢʘʨʙʘʥʫʢʣʝʦʟʠʜʳ, ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʝ ʘʥʪʠʙʠʦʪʠʢʠ ʠ ʜʨ.), 

ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʱʠʤ ʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʘʥʪʠʚʠʨʫʩʥʳʤ, 

ʘʥʪʠʨʘʢʦʚʳʤ ʠ ʜʨʫʛʠʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʠʜʘʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʘʥʪʠʛʣʘʫʢʦʤʥʳʝ, ʘʥʪʠʘʛʨʝʛʘʮʠʦʥʥʳʝ, ʫʪʝʨʦʪʦʥʠʯʝʩʢʠʝ, ʣʶʪʝʦʣʠʪʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ). 

ʍʦʪʷ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ ʠʟ ʘʮʠʢʣʠʯʝʩʢʠʭ 

ʠʩʭʦʜʥʳʭ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ, ʦʜʥʘʢʦ, ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ 

ʩʠʥʪʝʟʝ ʥʘʠʙʦʣʝʝ ʭʝʤʦʨʘʮʠʦʥʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 1,3-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʝʛʦ ʜʝʰʝʚʦʛʦ ʠ ʜʦʩʪʫʧʥʦʛʦ ʜʠʤʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʥʪʝʟʝ 

ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʙʠʦʘʢʪʠʚʥʳʭ 

ʩʫʙʩʪʘʥʮʠʡ, ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ 

ʵʥʘʥʪʠʦʤʝʨʥʳʭ ʯʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʠʭ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ.  

ɺ ʧʦʜʭʦʜʘʭ ʢ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʤ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʘʤ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ [2+2]-

ʮʠʢʣʦʘʜʜʫʢʪʳ 1,3-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʠ ʜʠʭʣʦʨʢʝʪʝʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ 

ʢʘʥʜʠʜʘʪʘʤʠ ʢʘʢ ʚ ʧʣʘʥʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ  ʁ ʥʘʚʝʜʝʥʠʷ ʭʠʨʘʣʴʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [2+2]-ʮʠʢʣʦʘʜʜʫʢʪʦʚ ʩ ʚʳʭʦʜʦʤ ʯʝʨʝʟ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʭʠʨʘʣʴʥʳʝ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʝ ʙʣʦʢʠ ʢ ʢʦʥʢʨʝʪʥʳʤ 

ʙʠʦʘʢʪʠʚʥʳʤ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʘʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢ ʢʨʦʩʩ-ʩʦʧʨʷʞʝʥʥʳʤ 

ʮʠʢʣʦʧʝʥʪʝʥʦʥʘʤ ʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘʤ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʝʜʤʝʪ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʋʬʠʤʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʋʬʠʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʧʦ ʪʝʤʘʤ: çɼʠʟʘʡʥ ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè ( ̄ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ 0120.08 01447) (2008-2010 ʛ), çʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʩʪʘʥʦʠʜʦʚ, ʵʧʦʪʠʣʦʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚè (ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

0120.08 01447) (2011-2013 ʛ), çʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʨʝʛʫʣʷʪʦʨʦʚè (ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 0120.14 58024) (2014-2016 ʛ), 

çʉʠʥʪʝʟ ʵʧʦʪʠʣʦʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚè (ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ17-

117011910032-4) (2017-2019 ʛ), çʅʘʧʨʘʚʣʝʥʥʳʝ ʩʠʥʪʝʟʳ ʧʨʠʨʦʜʥʳʭ ʠ 

ʥʝʧʨʠʨʦʜʥʳʭ ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠè (ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ AAAA -A20-120012090021-4) 

(2019-2021), ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ 14-03-00211-

ʨ_ʧʦʚʦʣʞʴʝ_ʘ (2014-2016 ʛ), ˉ 16-03-00559-ʨ_ʧʦʚʦʣʞʴʝ_ʘ (2016-2017 ʛ), ˉ 17-

43-020326-ʨ_ʧʦʚʦʣʞʴʝ_ʘ (2017-2019 ʛ), ˉ 18-53-00011-ʙʝʣ_ʘ (2018-2019 ʛ)), 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ çɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʘʢʫʰʝʨʩʪʚʘ ʠ ʛʠʥʝʢʦʣʦʛʠʠè (ˉ14.N08.12.0013) 

(2013-2015 ʛ), ʌʎʇ ʌʝʜʝʨʘʣʴʥʦʛʦ ɸʛʝʥʪʩʪʚʘ ʧʦ ʅʘʫʢʝ ʠ ʀʥʥʦʚʘʮʠʷʤ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2012 ʛʦʜʳè (ʛʦʩʢʦʥʪʨʘʢʪ ˉ 

02.512.12.2015) (2007-2012 ʛ) ʠ ʌʎʇ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ- ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠ ʥʘ 2009ï2013 

ʛʦʜʳè (ʛʦʩʢʦʥʪʨʘʢʪ ˉ14.740.11.0367) (2009-2013), ʧʨʦʛʨʘʤʤ rʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 

çʅʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʦʟʜʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè, ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ 

ɹʘʰʢʦʨʪʦʩʪʘʥ çɼʠʟʘʡʥ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʥʪʝʟʦʚ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡè (ˉ 5) (2012 ʛ), ʘ 

ʪʘʢʞʝ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ 

ʘʩʧʠʨʘʥʪʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 
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ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ 

(2015-2017 ʛ). 

ʉʪʝʧʝʥʴ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ ʟʘʥʠʤʘʶʪ 

ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʩʦʙʝʥʥʦ 

ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʦʣʠʤʝʨʥʦʡ ʭʠʤʠʠ, ʘ ʪʘʢʞʝ 

ʩʠʥʪʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʝ ʭʠʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʤʝʩʝʡ ʠʟʦʤʝʨʦʚ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʩʪʨʦʝʥʠʷ, ʚʳʙʦʨ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʦʩʪʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʥʦʤʫ 

ʩʠʥʪʝʟʫ ʭʠʨʘʣʴʥʳʭ ʧʷʪʠʯʣʝʥʥʳʭ ʢʘʨʙʦʮʠʢʣʦʚ ʠʟ ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʮʠʢʣʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ, ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʚʦ ʤʥʦʛʦʤ ʣʠʰʝʥʳ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ 

ʫʜʦʙʩʪʚʘ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ 

ʦ ʙʦʣʴʰʦʤ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʠʟ ʦʪʭʦʜʦʚ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, 1,3-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ, ʢʘʢ ʫʜʦʙʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. ɺʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʠ ʩʚʷʟʘʥʳ ʩ ʢʠʩʣʦʪʥʳʤʠ ʠ ʜʠʝʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʩʫʱʠʤʠ ʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʘ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʝ ʦʧʠʩʳʚʘʝʪ ʩʧʦʩʦʙʳ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 

ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʘʩʠʤʤʝʪʨʠʟʘʮʠʠ ʩʠʥʪʝʟʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʘʷ ʩʪʨʘʪʝʛʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʕ. ʂʦʨʠ ʚ 70-ʭ ʛʛ ʠ, ʜʘʣʝʝ, ʥʘʰʝʜʰʘʷ 

ʨʘʟʚʠʪʠʝ ʚ ʪʨʫʜʘʭ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 
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ʧʦʣʫʯʝʥʠʠ [4+2]-ʘʜʜʫʢʪʦʚ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʉ(5)-ʟʘʤʝʱʝʥʥʳ ʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ 

ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝʥʠʠ ʵʥʘʥʪʠʦʤʝʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʵʪʦʤ ʨʷʜ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʥʝ ʧʦʣʫʯʠʣ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʧʨʘʢʪʠʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʧʦ ʐʪʘʫʜʠʥʛʝʨʫ, ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ ʩʠʥʪʝʟʝ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʛʣʫʙʦʢʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝ ʥʘʰʣʠ. ʈʷʜ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʷ, ʢʘʩʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʘʥʘʣʦʛʠʯʥʳʭ ʢʣʶʯʝʚʳʤ ʩʠʥʪʦʥʘʤ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ 

ʂʦʨʠ ʠ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʦʙʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠʣʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

ʧʦʣʫʧʨʦʜʫʢʪʦʚ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʩʧʦʩʦʙʳ ʘʩʠʤʤʝʪʨʠʟʘʮʠʠ 

ʩʠʥʪʝʟʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʨʝʡ ʦʜʥʦʛʦ ʠʟ ʠʟʦʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʭʠʤʠʠ 1,3-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʝʣʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʩʪʫʪʩʪʚʠʝʤ ʨʘʮʠʦʥʘʣʴʥʳʭ ʠ ʧʨʘʢʪʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʧʪʠʯʝʩʢʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʝʛʦ ʜʦʩʪʫʧʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ ʦʛʨʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ 

ʩʧʦʩʦʙʘ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ [2+2]-ʮʠʢʣʦʘʜʜʫʢʪʦʚ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʜʠʭʣʦʨʢʝʪʝʥʦʤ ʠ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɔ-ʣʘʢʪʦʥʦʚ ʪʦʧʦʣʦʛʠʠ 3-ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-2-ʦʥʘ, 

ʠʟʫʯʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʩʭʝʤ ʧʦʣʥʦʛʦ 

ʩʠʥʪʝʟʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʩʪʘʥʦʠʜʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʣʦʢʦʚ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 
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1. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ, ʧʨʘʢʪʠʯʥʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʛʝʤ-ʜʠʭʣʦʨʮʠʢʣʦʙʫʪʘʥʦʥʦʚʦʛʦ ʢʦʣʴʮʘ [2+2]-

ʮʠʢʣʦʘʜʜʫʢʪʦʚ ʚ ɔ-ʣʘʢʪʦʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ Ŭ-ʤʝʪʠʣʙʝʥʟʠʣʘʤʠʥʘ ʩ 

ʠʪʦʛʦʚʳʤ ʚʳʭʦʜʦʤ ʢ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʤ ʩʦʝʜʠʥʝʥʠʷʤ; 

2. ʇʦʠʩʢ ʩʧʦʩʦʙʦʚ ʩʪʝʨʝʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʭʠʨʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ɔ-ʣʘʢʪʦʥʦʚ ʠ/ʠʣʠ ʠʭ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 

 - ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʡ ʇʨʠʥʩʘ, ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʙʨʦʤʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ-ʦʢʠʩʣʝʥʠʷ; 

 - ʧʦʜʙʦʨ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʢʨʳʪʠʷ 

ɔ-ʣʘʢʪʦʥʥʦʛʦ ʢʦʣʴʮʘ ʚ ʙʠʮʠʢʣʘʭ; 

3. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʙʘʟʠʩʥʳʭ ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢ ʥʦʚʳʤ ʠ ʠʟʚʝʩʪʥʳʤ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʘʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 

 - ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʣʥʳʭ ʠ ʬʦʨʤʘʣʴʥʳʭ ʩʠʥʪʝʟʦʚ ʨʷʜʘ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ; 

 - ʨʘʟʨʘʙʦʪʢʘ ʦʙʱʝʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʢʨʦʩʩ-ʩʦʧʨʷʞʝʥʥʳʭ 

ʮʠʢʣʦʧʝʥʪʝʥʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʭʠʨʘʣʴʥʳʭ 3-ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-2-ʦʥʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ 15-ʜʝʟʦʢʩʠ-ȹ
12,14

-ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ J2 ʠ ʝʛʦ ʵʥʘʥʪʠʦʤʝʨʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʨʘʮʝʤʠʯʝʩʢʠʭ [2+2]-ʘʜʜʫʢʪʦʚ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʜʠʭʣʦʨʢʝʪʝʥʦʤ. ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʢʨʳʪʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʛʝʤ-ʜʠʭʣʦʨʮʠʢʣʦʙʫʪʘʥʦʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʭʠʨʘʣʴʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ï (+)- 

ʠ (-)-Ŭ-ʤʝʪʠʣʙʝʥʟʠʣʘʤʠʥʦʚ. ʈʘʟʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ, ʥʘ ʵʪʘʧʝ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʣʘʢʪʘʤ-ʘʤʠʥʘʣʝʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʛʝʤ-ʜʠʭʣʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʦʩʣʝʜʫʶʱʠʝ 

ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʤʠʥʘʣʝʡ ʠ ʛʠʜʨʦʣʠʟʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʜʘʣʝʥʠʝʤ 
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ʭʠʨʘʣʴʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ ʠ ʧʨʠʚʦʜʷʪ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʵʥʘʥʪʠʦʤʝʨʥʳʤ 3-ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-2-ʦʥʘʤ. 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʥʘʨʫʞʝʥ ʠ ʠʟʫʯʝʥ ʨʷʜ ʩʪʝʨʝʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʚʝʜʝʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦ ʤʝʩʪʫ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʮʠʢʣʦʧʝʥʪʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ: 

ʘ) ʨʝʘʢʮʠʠ ʙʨʦʤʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ 2-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-N-

[(1R)-1-ʬʝʥʠʣʵʪʠʣ]-ʮʠʢʣʦʧʝʥʪ-3-ʝʥ-1-ʢʘʨʙʦʢʩʘʤʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NBS ʚ ʩʨʝʜʝ 

ʊɻʌ-ʚʦʜʘ ʧʨʦʪʝʢʘʶʱʠʝ ʩʪʝʨʝʦ- ʠ ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʘʪʘʢʠ ʙʨʦʤʦʥʠʡ-ʢʘʪʠʦʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʤʝʥʝʝ ʟʘʪʨʫʜʥʝʥʥʦʡ 

ʩʪʦʨʦʥʳ ʤʦʣʝʢʫʣʳ; 

ʙ) ʨʝʘʢʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʠʜʨʦʢʩʠʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦʛʦ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ-ʦʢʠʩʣʝʥʠʷ 2-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-N-[(1R)-1-

ʬʝʥʠʣʵʪʠʣ]-ʮʠʢʣʦʧʝʥʪ-3-ʝʥ-1-ʢʘʨʙʦʢʩʘʤʠʜʦʚ;  

ʚ) ʨʝʘʢʮʠʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʘʣʣʠʣʩʠʣʘʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɔ-ʣʘʢʪʦʥʦʚ ʠ ʠʭ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ; 

ʛ) ʧʨʦʤʦʪʠʨʫʝʤʦʝ 1,8-ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥʦʤ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ (1R,4R,5S)-5-({[ʪʨʝʪ-

ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣ]ʦʢʩʠ}ʤʝʪʠʣ)-4-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʮʠʢʣʦʧʝʥʪ-2-ʝʥ-1-

ʢʘʨʙʘʣʴʜʝʛʠʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʠ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ 

çʢʘʨʙʘʥʠʦʥ-ʝʥʦʣʷʪʥʦʤʫè ʤʝʭʘʥʠʟʤʫ. 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʇʨʠʥʩʘ ʨʷʜʘ ʮʠʢʣʦʧʝʥʪʝʥʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦ- ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʢʘʪʘʣʠʟʝ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʦʡ:  

ʘ) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʜʦʩʧʠʨʪʦʚ ʨʝʘʢʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʢʩʦʢʘʨʙʝʥʠʝʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ, ʧʨʠʚʦʜʷ ʢ ʧʘʨʘʤ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ;  

ʙ) ʜʣʷ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʣʘʢʪʘʤ-ʘʤʠʥʘʣʝʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʭʘʨʘʢʪʝʨʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ çbowl-typeè-ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ 

ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʝʚʨʘʱʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʩʫʙʩʪʨʘʪʘ;  
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ʚ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʘʣʣʠʣʩʠʣʘʥʦʚʳʭ ʣʘʢʪʦʥʦʚ ʩ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʘʥʪʠ-SE2 -̀ʟʘʤʝʱʝʥʠʝ ʩʠʣʘʥʦʚʦʡ ʛʨʫʧʧʳ;  

ʛ) ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 

ʧʦʣʫʯʝʥʠʝʤ ʨʷʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʮʠʢʣʦʧʝʥʪʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟ 

(2aR,2a1R,3S,4aS,6aR)-3-ʛʠʜʨʦʢʩʠ-6-((S)-1-ʬʝʥʠʣʵʪʠʣ)ʦʢʪʘʛʠʜʨʦ-5H-1-ʦʢʩʘ-6-

ʘʟʘʮʠʢʣʦʧʝʥʪʘ[cd]ʧʝʥʪʘʣʝʥ-5-ʦʥʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ ʣʘʢʪʦʥʜʠʦʣ ʜʠʘʮʝʪʘʪ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʛʠʦʠʟʦʤʝʨʦʤ ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ ï ʠʟʚʝʩʪʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʙʣʦʢʘ 

ʚ ʧʦʣʥʳʭ ʩʠʥʪʝʟʘʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ;  

ʜ) ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ (3aS,4S,6aR)-4-(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)-3,3a,4,6a-

ʪʝʪʨʘʛʠʜʨʦ-1H-ʮʠʢʣʦʧʝʥʪʘ[c]ʬʫʨʘʥ-1-ʦʥʘ ʦʧʠʩʘʥʦ ʥʝʦʙʳʯʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 

ʡʦʜʣʘʢʪʦʥʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʧʦʢʩʠʜʘ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʪʦʧʦʣʦʛʠʠ ʙʠʮʠʢʣʦ[3.1.0]ʛʝʢʩ-2-ʝʥʘ: 

ʘ) ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ çʧʫʰ-ʧʫʣʣè-ʪʠʧʘ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʘʣʣʠʣʦʚʳʭ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʮʠʢʣʦʧʝʥʪ-2-ʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠ ʉ(5) ʟʘʤʝʩʪʠʪʝʣʴ ʩ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʚ ʩʠʩʪʝʤʝ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʬʪʦʨʠʜ-

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ; 

 ʙ) ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-

[(1S,4R,5R)-5-({[ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣ]ʦʢʩʠ}ʤʝʪʠʣ)-4-ʛʠʜʨʦʢʩʠʮʠʢʣʦ-ʧʝʥʪ-2-

ʝʥ-1-ʠʣ]ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʩʠʣʘʟʠʜʘ ʥʘʪʨʠʷ, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2ô-ʟʘʤʝʱʝʥʠʷ ʘʣʣʠʣʴʥʦʡ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʳ 

ʵʬʠʨʥʳʤ ʝʥʦʣʷʪʦʤ; 

ʈʘʟʨʘʙʦʪʘʥ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʢʨʦʩʩ-ʩʦʧʨʷʞʝʥʥʳʤ 

ʮʠʢʣʦʧʝʥʪʝʥʦʥʘʤ ʥʘ ʦʩʥʦʚʝ ʵʥʘʥʪʠʦʤʝʨʥʳʭ 6-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)-3,3a,6,6a-

ʪʝʪʨʘʛʠʜʨʦ-1H-ʮʠʢʣʦʧʝʥʪʘ[c]ʬʫʨʘʥ-1-ʦʥʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʤ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʘʣʣʠʣʩʠʣʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʇʝʪʝʨʩʦʥ-ʪʠʧʘ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʣʘʙʠʣʴʥʳʭ ʵʧʦʢʩʠʜʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʣʠʣʦʚʳʭ ʩʧʠʨʪʦʚ - 

ʢʣʶʯʝʚʳʭ ʙʣʦʢʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʢʣʦʧʝʥʪʝʥʦʥʦʚʦʡ ʩʠʩʪʝʤʳ ʦʢʠʩʣʝʥʠʝʤ ʠ 

ʠʪʦʛʦʚʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʧʦʜʭʦʜʷʱʠʭ ɓ-ʟʘʤʝʩʪʠʪʝʣʝʡ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʢʣʶʯʝʚʳʭ 3-ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-2-ʦʥʦʚ ʧʨʝʜʣʦʞʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠ 

ʵʬʬʝʢʪʠʚʥʳʝ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ: 

1. ʆʩʫʱʝʩʪʚʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʠʥʪʝʟʳ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʤʠ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠ ʘʥʪʠʨʘʢʦʚʳʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ:  

ʩʘʨʢʦʤʠʮʠʥʘ ɸ, ʮʠʢʣʦʩʘʨʢʦʤʠʮʠʥʘ, ʛʦʤʦʮʠʢʣʦʩʘʨʢʦʤʠʮʠʥʘ ʠ ʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ; 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʠʤʝʶʱʠʤ ʚʘʞʥʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʠ ʙʠʦʣʦʛʠʠ: ʙʨʝʬʝʣʴʜʠʥʘ ɸ, ʧʨʝʢʣʘʚʫʣʦʥʘ ɸ, 

ʘʥʘʣʦʛʦʚ ʩʧʠʥʦʟʠʥʘ ɸ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʠʟʦ- ʠ ʥʝʡʨʦʧʨʦʩʪʘʥʦʚ; 

3. ʆʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʮʠʢʣʦʧʝʥʪʝʥʦʚʳʭ ʘʣʣʠʣʩʠʣʘʥʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 

ʪʦʧʦʣʦʛʠʠ ʙʠʮʠʢʣʦ[3.1.0]ʛʝʢʩ-2-ʝʥʘ; 

4. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʜʠ- ʠ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʭʠʨʘʣʴʥʳʭ 

ʪʝʪʨʘʛʠʜʨʦ- ʠ 2-ʦʢʩʦʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʚ ʭʠʤʠʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ ʧʦʣʠʢʝʪʠʜʦʚ ʘʮʝʪʦʛʝʥʠʥʦʚʦʡ 

ʩʝʨʠʠ; 

5. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʧʦʣʥʦʛʦ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (-)-ʜʠʜʝʟʤʝʪʠʣʤʝʪʠʣʝʥʦʤʠʮʠʥʘ ɸ, ʢʘʢ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʦʛʘ ʘʥʪʠʙʠʦʪʠʢʘ ʤʝʪʠʣʝʥʦʤʠʮʠʥʘ ɸ; 

6. ɺʧʝʨʚʳʝ, ʥʘ ʦʩʥʦʚʝ ʵʥʘʥʪʠʦʤʝʨʥʳʭ 6-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)-3,3a,6,6a-

ʪʝʪʨʘʛʠʜʨʦ-1H-ʮʠʢʣʦʧʝʥʪʘ[c]ʬʫʨʘʥ-1-ʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʩʠʥʪʝʟʘ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 15-ʜʝʟʦʢʩʠ-ȹ
12,14

-ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ J2 ʠ ʝʛʦ ʵʥʘʥʪʠʦʤʝʨʘ, 

ʠʤʝʶʱʠʭ ʚʩʝʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. 

ʂʣʶʯʝʚʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʪʨʘʪʝʛʠʶ ʧʦʜʭʦʜʘ, ʷʚʣʷʶʪʩʷ:  

a) ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʮʠʢʣʦʧʝʥʪʝʥʦʥʦʚʦʛʦ ʦʩʪʦʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʇʝʪʝʨʩʦʥ-ʪʠʧʘ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʚ ʘʣʣʠʣʩʠʣʘʥʦʚʦʤ ʫʯʘʩʪʢʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-[(1R,2R,5R)-2-{[(ʪʨʝʪ-ʙʫʪʠʣʜʠ-

ʤʝʪʠʣʩʠʣʠʣ)ʦʢʩʠ]ʤʝʪʠʣ}-5-(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʮʠʢʣʦʧʝʥʪ-3-ʝʥ-1-ʠʣ]ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ;  
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ʙ) çone-potè ʧʨʦʮʝʩʩ [1,5]-ʤʠʛʨʘʮʠʠ ʩʠʣʠʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʚ 2-

[(1S,4R,5R)-5-{[(ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣ)ʦʢʩʠ]ʤʝʪʠʣ}-4-ʛʠʜʨʦʢʩʠʮʠʢʣʦʧʝʥʪ-2-

ʝʥ-1-ʠʣ]ʘʮʝʪʘʣʴʜʝʛʠʜʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ Ŭ-ʮʝʧʠ ʨʝʘʢʮʠʝʡ ʦʣʝʬʠʥʠʨʦʚʘʥʠʷ ʧʦ 

ɺʠʪʪʠʛʫ; 

ʚ) ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (Z)-7-[(1S,4R,5S)-4-[(ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣ-

ʩʠʣʠʣ)ʦʢʩʠ]-5-ʬʦʨʤʠʣʮʠʢʣʦʧʝʥʪ-2-ʝʥ-1-ʠʣ]ʛʝʧʪ-5-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ E-1-

ʣʠʪʠʡʛʝʧʪʝʥʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ɤ-ʙʦʢʦʚʦʡ ʮʝʧʠ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʦʩʩ-ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʉ(11)-ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ ʉ(13).  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʠʥʮʠʧʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʘ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʠ ʥʦʚʳʭ 

ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʝʥʳ ʦʙʱʝʧʨʠʥʷʪʳʝ ʩʧʦʩʦʙʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʦʜʥʦʤʝʨʥʘʷ (
1
ʅ ʠ 

13
ʉ) ʠ ʜʚʫʤʝʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʗʄʈ (HSQC, COSY, NOESY, HMBC), ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʧʦʣʷʨʠʤʝʪʨʠʷ, ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʅʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʳʭ ɔ-ʣʘʢʪʦʥʦʚ ʪʦʧʦʣʦʛʠʠ 3-

ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-2-ʦʥʘ ʧʫʪʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ [2+2]-ʘʜʜʫʢʪʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʜʠʭʣʦʨʢʝʪʝʥʦʤ; 

2. ʆʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʤʦʥʦ- ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʢʣʦʧʝʥʪʘʥʦʚ: ʨʝʘʢʮʠʠ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʙʨʦʤʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ, 

ʇʨʠʥʩʘ ʠ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ-ʦʢʠʩʣʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʠ ʠʟʚʝʩʪʥʳʭ ʮʠʢʣʦʧʝʥʪʘʥ- ʠ 

ʮʠʢʣʦʧʝʥʪʝʥʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʩʧʠʨʪʦʚ, ʢʝʪʦʥʦʚ, ʵʧʦʢʩʠʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ 
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ʨʷʜʘ ʧʦʣʥʳʭ ʠ ʬʦʨʤʘʣʴʥʳʭ ʩʠʥʪʝʟʦʚ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʨʘʢʦʚʳʤʠ, 

ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʤʠ ʠʣʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʩʘʨʢʦʤʠʮʠʥʘ ɸ, ʮʠʢʣʦʩʘʨʢʦʤʠʮʠʥʘ, ʛʦʤʦʮʠʢʣʦʩʘʨʢʦʤʠʮʠʥʘ, ʜʠʜʝʟʤʝʪʠʣʤʝʪʠ-

ʣʝʥʦʤʠʮʠʥʘ ɸ, ʙʨʝʬʝʣʴʜʠʥʘ ɸ, ʧʨʝʢʣʘʚʫʣʦʥʘ ɸ ʠ ʜʨ.; 

3. ʅʦʚʳʝ ʚʘʨʠʘʥʪʳ ʧʦʣʫʯʝʥʠʷ ʙʠ- ʠ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʮʠʢʣʦʧʝʥʪʘʥʘ ʠ ʮʠʢʣʦʧʝʥʪʝʥʘ: ʪʦʧʦʣʦʛʠʠ ʙʠʮʠʢʣʦ[3.1.0]ʛʝʢʩʘʥʘ ʠ [3.3.0]-ʦʢʪʘʥʘ, ʘ 

ʪʘʢʞʝ ʪʝʪʨʘʛʠʜʨʦ- ʠ 2-ʦʢʩʦʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ; 

4. ʆʨʠʛʠʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʦʛʦ ʨʷʜʘ ʠʟ 

ʭʠʨʘʣʴʥʳʭ ɔ-ʣʘʢʪʦʥʦʚ ʪʦʧʦʣʦʛʠʠ 3-ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-2-ʦʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʧʦʣʥʦʛʦ ʩʠʥʪʝʟʘ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 15-ʜʝʟʦʢʩʠ-æ
12,14

-ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ J2 ï 

ʩʠʣʴʥʝʡʰʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ PPARɔ-ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʢʣʝʪʢʠ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʟʘʧʫʩʢ ʘʧʦʧʪʦʟʘ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʩʜʝʣʘʥʳ ʥʘ 

ʦʩʥʦʚʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺʳʩʦʢʘʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠ ʜʦʩʪʘʪʦʯʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʗʄʈ 
1
ʅ, 

13
ʉ, 2D (

1
ʅ-

1
ʅ COSY, 

1
ʅ-

1
ʅ 

NOESY, 
1
ʅ-

13
ʉ HMBC, 

1
ʅ-

13
ʉ HSQC), ʤʘʩʩ-, ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʧʦʣʷʨʠʤʝʪʨʠʝʡ, 

ʠʟʤʝʨʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

VIII  ʨʝʛʠʦʥʘʣʴʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, ʬʠʟʠʢʝ ʠ ʭʠʤʠʠ (ʋʬʘ, 2008), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʠʪʘʡʩʢʦ-ʨʦʩʩʠʡʩʢʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ʅʘʫʢʘ-ʦʙʨʘʟʦʚʘʥʠʝ-ʠʥʥʦʚʘʮʠʠè (ʂʅʈ, ʍʘʨʙʠʥ-ʉʘʥʴʷ, 2008), 

ʠʪʦʛʦʚʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʘʤʢʘʭ 

ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ çɾʠʚʳʝ ʩʠʩʪʝʤʳè (ʄʦʩʢʚʘ, 2008, 2009), VII  

ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ çʍʠʤʠʷ ʠ ʤʝʜʠʮʠʥʘ, 

ʆʨʭʠʤʝʜ-2009è (ʋʬʘ, 2009), ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʧʦʩʚʷʱʝʥʥʦʡ 100-ʣʝʪʠʶ ʦʩʥʦʚʘʥʠʷ 
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ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʋʬʘ, 2009), I ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʯʝʣʦʚʝʢʘè (ʋʬʘ, 2011), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠè (ʋʬʘ, 

2011, 2012, 2014), XV ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

(ʋʬʘ, 2012), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷè (ʋʬʘ, 2013), IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʠ ʤʝʜʠʮʠʥʘè ʩ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ ʧʦ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʋʬʘ-ɸʙʟʘʢʦʚʦ, 2013), VIII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʠʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦ- 

ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ʋʬʘ, 2014), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʱʝʩʪʚʦ: ʪʝʥʜʝʥʮʠʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳè (ʄʦʩʢʚʘ, 2014), X ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʠ 

ʤʝʜʠʮʠʥʘè ʩ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʦʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʋʬʘ-

ɸʙʟʘʢʦʚʦ, 2015), II  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɼʦʩʪʠʞʝʥʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠè (ʋʬʘ, 2016), III  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɼʦʩʪʠʞʝʥʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠè (ʋʬʘ, 2017), ʍI 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʠʥʪʝʨʥʝʪ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦ-ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ʋʬʘ, 2017), 

ʍʍI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ) (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2018), III  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʇʨʦʙʣʝʤʳ ʠ ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʢʠʩʣʦʨʦʜ- ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʋʬʘ, 2018), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʚ ʨʘʙʦʪʘʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭè (ʋʬʘ, 2019), ʍʍIII  

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ) (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2020), ʍV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʠʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦ-ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ʋʬʘ, 2021), 5-ʦʡ ʈʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʜʍʠʤ-ʈʦʩʩʠʷ 2021è (ɺʦʣʛʦʛʨʘʜ, 2022). 
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 59 ʨʘʙʦʪ, ʠʟ 

ʢʦʪʦʨʳʭ 26 ʩʪʘʪʝʡ (ʚʢʣʶʯʘʷ 2 ʦʙʟʦʨʘ) ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ Web of Science ʠ Scopus, 1 ʩʪʘʪʴʷ ʚ ʩʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, 1 

ʤʦʥʦʛʨʘʬʠʷ, ʪʝʟʠʩʳ 31 ʜʦʢʣʘʜʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʈʌ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʟʘʷʚʣʝʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʊʝʤʘ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ɻʠʤʘʟʝʪʜʠʥʦʚʘ ɸ.ʄ. ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʩʧʦʨʪʫ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3. çʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷè: ʧ.1 çéʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡè, ʧ.3 çéʨʘʟʚʠʪʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣè, 

ʧ.7 çéʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡéè.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʳʙʦʨ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʥʪʝʟʳ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʰʠʬʨʦʚʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ, ʚʳʥʦʩʠʤʳʭ ʥʘ ʟʘʱʠʪʫ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 405 

ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, 

ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ 

(334 ʥʘʠʤʝʥʦʚʘʥʠʡ). ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ, 10 ʨʠʩʫʥʢʦʚ, 3 ʪʘʙʣʠʮʳ ʠ 142 

ʩʭʝʤ.r 
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ɻʣʘʚʘ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

ɹʠʮʠʢʣʠʯʝʩʢʠʝ ʣʘʢʪʦʥʳ ï ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 

 

ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ ʮʠʢʣʦʧʝʥʪʘʥʘ, ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʠ ʠʭ ʧʨʠʥʷʪʦ ʦʙʲʝʜʠʥʷʪʴ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ï 

ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʳ. ʉʨʝʜʠ ʥʠʭ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʨʦʩʪʘʥʦʠʜʳ ï 

ʚʘʞʥʝʡʰʠʝ ʢʣʝʪʦʯʥʳʝ ʨʝʛʫʣʷʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʜʫʮʠʨʫʶʪʩʷ ʪʢʘʥʷʤʠ ʚʩʝʭ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʠʛʨʘʷ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʛʦʤʝʦʩʪʘʟʝ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʫʪʝʡ ʙʠʦʩʠʥʪʝʟʘ 

ʧʨʦʩʪʘʥʦʠʜʳ ʜʝʣʷʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ: ʧʨʦʩʪʘʛʣʘʥʜʠʥʳ, 

ʧʨʦʩʪʘʮʠʢʣʠʥʳ ʠ ʪʨʦʤʙʦʢʩʘʥʳ [1,2]. ʀʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚʳʩʪʫʧʘʶʪ 

ʥʝʟʘʤʝʥʠʤʳʝ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʡʢʦʟʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ 

ʫʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʢʘʢ ʵʥʟʠʤʘʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ ʧʫʪʷʤʠ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʳʝ ʚʠʜʳ 

ʧʨʦʩʪʘʥʦʠʜʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʧʦʩʣʝʜʥʠʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ in vivo ʠʟ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

1.1. ɺ ʦʙʱʝʤ, ʧʨʦʩʪʘʥʦʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʛʫʣʷʪʦʨʳ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʣʦʢʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ ʠ ʠʭ ʙʦʛʘʪʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʩʶ ʰʠʨʦʪʫ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʨʝʩʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʝʩʣʠ ʘʛʦʥʠʩʪʦʤ ʢʘʢʦʛʦ-ʣʠʙʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʵʡʢʘʟʦʥʦʠʜ, ʪʦ ʘʥʪʘʛʦʥʠʩʪʦʤ ï ʜʨʫʛʦʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʪʨʦʤʙʦʢʩʘʥ ɸ2 (TXA2) ʩʪʠʤʫʣʠʨʫʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʘʛʨʝʛʘʮʠʶ ʪʨʦʤʙʦʮʠʪʦʚ [3,4], ʘ 

ʧʨʦʩʪʘʮʠʢʣʠʥ I2 (PGI2), ʚ ʩʚʦʶ, ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʡʰʠʤ ʠʥʛʠʙʠʪʦʨʦʤ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ [5,6]. ɸʥʘʣʦʛʠʯʥʘʷ ʧʘʨʘ ʧʨʦʩʪʘʥʦʠʜʦʚ ʨʝʛʫʣʠʨʫʝʪ ʨʘʙʦʪʫ ʛʣʘʜʢʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ, ʛʜʝ ʧʨʦʩʪʘʛʣʘʥʜʠʥ ɽ2 (PGE2) ʚʳʟʳʚʘʝʪ ʝʝ ʨʘʩʩʣʘʙʣʝʥʠʝ [7,8], ʘ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥ F2Ŭ (PGF2Ŭ) ï ʩʦʢʨʘʱʝʥʠʝ [9,10]. ʊʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʪʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʢʘʥʠ ʧʨʦʜʫʮʠʨʫʶʱʝʡ ʢʦʥʢʨʝʪʥʳʡ ʵʡʢʦʟʘʥʦʠʜ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʝʥ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʥ ʧʨʠʤʝʨ 15-

ʜʝʟʦʢʩʠ-ȹ
12,14

-ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ J2 (15d-PGJ2), ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ ʠ ʢʘʢ ʩʝʣʝʢʪʠʚʥʳʡ 
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ʣʠʛʘʥʜ ʨʝʮʝʧʪʦʨʘ PPARɔ (peroxisome proliferator activated receptor ɔ) [11], ʠ ʢʘʢ 

ʠʥʛʠʙʠʪʦʨ çNF-əBè-ʧʫʪʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʪʝʦʩʦʤ (nuclear factor əB) [12]. ɺʘʞʥʦʩʪʴ 

ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʣʫʯʰʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʝʨʝʯʝʥʴ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʜʫʪʩʷ ʤʘʩʰʪʘʙʥʳʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ: ʨʘʢʦʚʳʝ ʟʘʙʦʣʝʚʘʥʠʷ [13,14], 

ʘʨʪʨʠʪʳ [15], ʘʪʝʨʦʩʢʣʝʨʦʟ [16], ʠʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ [17], ʜʠʘʙʝʪ 2-ʛʦ ʪʠʧʘ [18], 

ʦʞʠʨʝʥʠʝ [19] ʠ ʜʨ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʩʪʘʥʦʠʜʦʚ ʠʟ 

ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʩʪʘʥʦʠʜʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʤʦʤʝʥʪʘ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʦʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʦ-ʚʪʦʨʳʭ, ʩʧʝʢʪʨ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʵʪʠʭ ʵʥʜʦʛʝʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʦʯʝʥʴ ʰʠʨʦʢ ʠ 

ʫʥʠʢʘʣʝʥ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʥʠʤʘʥʠʝ ʚʳʩʦʢʦʡ ʚʘʞʥʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʦʟʥʠʢʣʦ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʠʭ ʦʪʢʨʳʪʠʷ ʣʘʫʨʝʘʪʦʤ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʋʣʴʬʦʤ 

ʉʚʘʥʜʪʦʤ ʬʦʥ ʕʡʣʝʨʦʤ ʚ 1933-1935 ʛʛ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʜʣʷ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʫʶ 
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ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʠʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʥ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ: ʜʨʫʛʦʡ 

ʅʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ ʉʫʥʵ ɹʝʨʛʩʪʨʸʤ ʚʳʥʫʞʜʝʥ ʙʳʣ ʥʘ 7 ʣʝʪ ʩ 1949 ʛʦʜʘ 

ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘ F ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ 

ʚʝʟʠʢʫʣʷʨʥʳʭ ʞʝʣʸʟ ʙʘʨʘʥʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ 

ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʩʙʦʨʫ ʙʠʦʤʘʪʝʨʠʘʣʘ ʧʦ ʚʩʝʤʫ ʩʝʚʝʨʥʦʤʫ ʧʦʣʫʰʘʨʠʶ 

[20]. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʝʬʠʮʠʪʘ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ, ʙʫʢʚʘʣʴʥʦ 

çʧʦʰʪʫʯʥʳʡè, ʙʠʦʩʠʥʪʝʟ ʵʪʠʭ ʛʦʨʤʦʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʥʝʰʥʠʝ 

ʬʘʢʪʦʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʷʜ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʚʩʝ ʞʝ ʥʘʫʯʠʣʠʩʴ ʧʦʣʫʯʘʪʴ 

ʪʨʫʜʦʝʤʢʠʤ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʧʫʪʝʤ, ʧʦʪʨʝʙʥʦʩʪʠ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʣʦʛʠʠ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠʭ ʠʟʫʯʝʥʠʷ ʩʤʦʛ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʣʠʰʴ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ. 

ʇʝʨʚʳʡ ʩʠʥʪʝʟ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ F2Ŭ (PGF2Ŭ) ʠ E2 (PGE2) ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 1970 

ʛʦʜʫ ʝʱʝ ʦʜʥʠʤ ʅʦʙʝʣʝʚʩʢʠʤ ʣʘʫʨʝʘʪʦʤ ʕʣʘʡʘʩʦʤ ɼʞʝʡʤʩʦʤ ʂʦʨʠ ʠ ʵʪʦʪ ʫʩʧʝʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʩʪʝʛʥʫʣ ʚʩʝʩʪʦʨʦʥʥʝʝ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [21]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʙʣʘʛʦʜʘʨʷ ʫʩʠʣʠʷʤ ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ, ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʧʨʦʩʪʘʥʦʠʜʦʚ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ 

ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʚʥʝʜʨʝʥ ʨʷʜ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (ɼʠʥʦʧʨʦʩʪ 

[22,23], ʃʘʪʘʥʦʧʨʦʩʪ [24,25], ʄʠʟʦʧʨʦʩʪʦʣ [26,27], ɺʘʟʘʧʨʦʩʪʘʥ [28,29] ʠ ʜʨ. [30]). 

ʆʜʥʘʢʦ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʥʪʝʟʦʚ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ ʪʦ, ʯʪʦ a priori  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʩʪʨʦʝʥʠʷ ʠ ʥʝʙʦʣʴʰʠʝ 

ʨʘʟʤʝʨʳ ʥʝ ʦʟʥʘʯʘʶʪ ʣʝʛʢʦʩʪʴ ʠʭ ʧʦʣʫʯʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ, ʢʘʢ ʠ ʜʣʷ 

ʩʠʥʪʝʟʘ ʚʩʝʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʪʫʪʩʪʚʠʠ ʜʦʩʪʫʧʥʳʭ 

ʧʦʜʭʦʜʷʱʠʭ ʭʠʨʘʣʴʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʜʭʦʜʦʚ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʳʤ ʦʙʨʘʟʦʤ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʙʣʦʢʘ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʚʩʝ ʠʟʚʝʩʪʥʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʫʪʠ ʢ ʧʨʦʩʪʘʥʦʠʜʘʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʇʝʨʚʘʷ ʠʟ 

ʥʠʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʠʥʪʝʟʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ, ʥʝʩʫʱʠʭ ʙʘʟʦʚʳʡ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʠ ʘʩʠʤʤʝʪʨʠʟʘʮʠʠ ʘʭʠʨʘʣʴʥʳʭ ʙʘʟʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʳʩʦʢʫʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ, ʢʘʢ ʩʘʤʠʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʪʘʢ ʠ ʠʭ ʘʥʘʣʦʛʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʨʫʛʘʷ 

ʛʨʫʧʧʘ ʧʦʜʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʮʠʢʣʦʧʝʥʪʝʥʦʚʦʛʦ ʦʩʪʦʚʘ ʠʟ 

ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

ʮʠʢʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦ ʤʥʦʛʦʤ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʠ 

ʩʠʥʪʝʟʦʚ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʚʘʨʠʘʥʪʳ, ʟʘʯʘʩʪʫʶ, ʣʠʰʝʥʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʠʙʢʦʩʪʠ ʠ 

ʤʥʦʛʦʚʘʨʠʘʪʠʚʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʪʘʢ ʢʘʢ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʧʦʜʭʦʜʘʭ, ʩʘʤʠ ʪʨʝʙʫʶʪ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʦʛʨʘʥʠʯʝʥʳ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʨʘʟʥʦʪʠʧʥʦʡ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʜʭʦʜʘʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʮʠʢʣʦʧʝʥʪʝʥʦʥʦʚʦʛʦ ʦʩʪʦʚʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʩʪʘʥʦʠʜʦʚ ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʮʠʢʣʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ɔ- ʠʣʠ ŭ-ʣʘʢʪʦʥʥʦʝ ʢʦʣʴʮʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ, ʫʯʠʪʳʚʘʷ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʜʘʯʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʙʣʝʛʯʘʶʪ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʚʳʟʚʘʥʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʚʝʜʝʥʠʷ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʧʨʦʩʪʘʥʦʠʜʦʚ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʣʘʢʪʦʥʥʘʷ 

ʛʨʫʧʧʘ ʚ ʙʠʮʠʢʣʝ ʠʛʨʘʝʪ ʩʚʦʝʦʙʨʘʟʥʫʶ ʙʣʦʢʠʨʫʶʱʫʶ ʨʦʣʴ ʩʨʘʟʫ ʜʚʫʭ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʫʯʘʩʪʢʦʚ, ʬʠʢʩʠʨʫʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʭ 

ʮʝʥʪʨʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʯʘʩʪʝʡ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʦʩʪʦʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʦʚʘʥʠʝ ɔ- ʠ ŭ-ʣʘʢʪʦʥʥʳʭ ʮʠʢʣʦʚ 

ʟʘʯʘʩʪʫʶ ʧʨʦʠʩʭʦʜʠʪ ʩʧʦʥʪʘʥʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʥʝʦʞʠʜʘʥʥʳʭ 

ʧʦʙʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʨʫʛʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʘʣʝʝ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʦʧʠʩʘʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʭʠʨʘʣʴʥʳʭ ʤʘʪʨʠʮ ʧʨʠ ʩʠʥʪʝʟʝ ʮʝʣʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. 
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1.1 ʇʦʣʫʯʝʥʠʝ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ɔ-ʣʘʢʪʦʥʦʚ ʢʘʢ ʢʣʶʯʝʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʚ ʩʠʥʪʝʟʝ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 

 

1.1.1 ɔ-ʃʘʢʪʦʥʳ ʂʦʨʠ, ɻʨʠʢʦ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ɔ-ʣʘʢʪʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʠʣʠʩʴ ʚ ʧʝʨʚʳʭ 

ʞʝ ʩʠʥʪʝʟʘʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʕʣʘʡʘʩʦʤ ʂʦʨʠ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʠʤ ʩʪʨʘʪʝʛʠʠ ʧʦʣʥʦʛʦ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ŭ- ʠʣʠ ɔ-

ʣʘʢʪʦʥʳ, ʥʘʨʷʜʫ ʩ ʣʠʥʝʡʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ Ŭ- ʠ ɤ-ʙʦʢʦʚʳʭ ʮʝʧʝʡ, ʷʚʣʷʣʠʩʴ 

ʦʜʥʠʤʠ ʠʟ ʪʨʝʭ ʧʘʨʘʣʣʝʣʴʥʦ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ʕʪʦʪ, ʚ ʩʚʦʝ ʚʨʝʤʷ 

ʥʦʚʘʪʦʨʩʢʠʡ, ʧʦʜʭʦʜ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ɔ-ʣʘʢʪʦʥʥʦʛʦ ʙʠʮʠʢʣʘ 1, ʠʤʝʶʱʝʛʦ ʯʝʪʳʨʝ ʭʠʨʘʣʴʥʳʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʟʘʤʝʩʪʠʪʝʣʠ, ʘ ʪʘʢʞʝ 9Ŭ- ʠ 11Ŭ-

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʦʛʦ ʦʩʪʦʚʘ (ʩʭʝʤʘ 1.1). ɔ-ʃʘʢʪʦʥ  ʂʦʨʠ 1, 

ʢʘʢ ʦʜʠʥ ʠʟ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ 

ʪʨʝʭ ʩʝʨʠʡ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ: PG1, PG2 ʠ PG3, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʚ ʦʙʱʠʤ ʤʝʪʦʜʦʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʠʷ ʢʘʢ 

ʨʘʮʝʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʣʘʢʪʦʥʦʚ 1, ʠʩʭʦʜʷ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʙʘʟʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʜʘʣʝʝ ʙʳʣʠ ʫʣʫʯʰʝʥʳ ʠ ʫʩʧʝʰʥʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ, ʧʦʜʦʙʥʦ ʧʝʨʚʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʩʭʝʤʝ 1. ʊʘʢ, ʤʥʦʛʦʢʨʘʪʥʦ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʝʝ ʧʝʨʚʳʡ ʵʪʘʧ 

ï ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ Cu(BF4)2 ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ 2a ʩ 2-ʭʣʦʨʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʢʝʪʝʥʦʚʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʮʝʤʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 5a ʩ ʚʳʭʦʜʦʤ 80% [31]. ɺʳʩʦʢʘʷ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʪʦʡ ʩʪʘʜʠʠ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʝʘʢʮʠʠ 

ʩ ʙʝʥʟʠʣʦʚʳʤ ʵʬʠʨʦʤ 2b ʘʢʨʠʣʘʪʘ 8-ʬʝʥʠʣʤʝʥʪʦʣʘ 3ʘ ʠ ʭʣʦʨʠʜʘ ʘʣʶʤʠʥʠʷ [32] 

ʠʣʠ 3-ʘʮʠʣʦʠʣ-1,3-ʦʢʩʘʟʦʣʠʜʠʥ-2-ʦʥʘ 3b ʠ 10% (ʤʦʣ.) ʢʘʪʘʣʠʟʘʪʦʨʘ 7 [33], 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 4ʘ ʠ 4b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʢʞʝ ʦʧʠʩʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ ʭʠʨʘʣʴʥʳʭ ʘʢʨʠʣʘʪʦʚ [34]). ɼʣʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʭ 

ʨʝʘʢʮʠʡ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʜʨʫʛʠʝ ʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ (ʥʘʧʨʠʤʝʨ, 8) [35], ʢʦʪʦʨʳʝ ʜʘʚʘʣʠ ʧʨʝʚʦʩʭʦʜʥʳʝ 

ʚʳʭʦʜʳ ʠ ʦʧʪʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʝʥʘ 2b ʩ 2-

ʙʨʦʤʘʢʨʠʣʦʠʥʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ [36]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʩ 

ʚʳʭʦʜʦʤ 83% ʙʳʣ ʧʦʣʫʯʝʥ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʢʝʪʦʥ 5b, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʨʝʘʢʮʠʡ 

ɹʘʡʝʨʘ-ɺʠʣʣʠʛʝʨʘ, ʨʘʩʢʨʳʪʠʷ ʣʘʢʪʦʥʥʦʛʦ ʮʠʢʣʘ ʠ ʡʦʜʦʣʘʢʪʦʥʠʟʘʮʠʠ ʧʨʠʚʦʜʠʣ ʢ 

ʣʘʢʪʦʥʫ 6 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ʈʘʜʠʢʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʠʜʘ ʪʨʠʙʫʪʠʣʦʣʦʚʘ ʚ ʙʝʥʟʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [37] ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʥʷʪʠʷ ʠ ʚʚʝʜʝʥʠʷ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʧʦ ʚʪʦʨʠʯʥʦʤʫ ʠ ʧʝʨʚʠʯʥʦʤʫ ʛʠʜʨʦʢʩʠʣʘʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʮʝʣʝʚʦʡ ʣʘʢʪʦʥ ʂʦʨʠ 1 ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ, ʢʘʢ ʠ ʚʦ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʝʚʦʡ ɔ-ʣʘʢʪʦʥ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʤʘʣʦʩʪʘʙʠʣʴʥʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʱʝʧʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ŭ-ʣʘʢʪʦʥʥʦʛʦ ʮʠʢʣʘ. 

 

 

ʉʭʝʤʘ 1.1 

 

ɼʨʫʛʦʡ, ʥʦ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ, ʧʦʜʭʦʜ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʧʦʣʫʯʝʥʠʶ ʣʘʢʪʦʥʘ ʂʦʨʠ 14 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.2. ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʠʩʭʦʜʠʪ ʠʟ ʥʦʨʙʦʨʥʘʜʠʝʥʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʭʣʦʨʧʨʦʠʟʚʦʜʥʦʤʫ 11 ʚ ʪʨʠ ʵʪʘʧʘ ʩ 

ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ: ʨʝʘʢʮʠʷ ʇʨʠʥʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʮʠʢʣʘ 9, ʦʢʠʩʣʝʥʠʝ ʧʦ 



23 

ɼʞʦʥʩʫ ʜʦ ʢʠʩʣʦʪʳ 10 ʠ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʜʝʡʩʪʚʠʝʤ HCl 

(ʪʘʢʞʝ HBr ʠ HI) [38, 39]. ɼʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʧʨʠʚʦʜʠʪ 

ʢ ʣʘʢʪʦʥʫ 12, ʢʦʪʦʨʳʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʱʠʪʦʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʬʫʥʢʮʠʠ ʫʩʧʝʰʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʤʝʜʠʘʪ 13 [40, 41]. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʧʝʨʝʭʦʜʘ 11Ÿ 15Ÿ 16Ÿ 17Ÿ13a, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʟʘʱʠʪʝ ʢʝʪʦ-ʛʨʫʧʧʳ ʚ ʚʠʜʝ ʵʪʠʣʝʥʢʝʪʘʣʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʨʘʥʦʤ ʢʠʩʣʦʪʥʦʡ 

ʬʫʥʢʮʠʠ, ʩʥʷʪʠʝ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʝ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ, 

ʩʜʝʣʘʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨʙʦʨʥʝʥʘ ʚ ʣʘʢʪʦʥ 13ʘ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ, ʥʘʨʷʜʫ ʩ ʫʧʦʤʷʥʫʪʳʤ ʨʘʥʝʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ŭ-

ʣʘʢʪʦʥʘ 13 ʠ ɔ-ʣʘʢʪʦʥʘ ʂʦʨʠ 14 [42].  

 

 

ʉʭʝʤʘ 1.2 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʧʦʜʭʦʜʝ ʭʠʨʘʣʴʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʠʜʝ 

ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ ʩʦʣʝʡ ʢʠʩʣʦʪ 10, 11 ʠ 15 ʩ ʪʘʢʠʤʠ ʘʤʠʥʘʤʠ, ʢʘʢ (-)-(S)-1-

ʬʝʥʠʣʵʪʠʣʘʤʠʥ, ʵʬʝʜʨʠʥ, ʭʠʥʠʥ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʨʘʟʜʝʣʝʥʠʝ 10 ʠ 15 ʩ ʧʦʤʦʱʴʶ (-

)-(S)-1-ʬʝʥʠʣʵʪʠʣʘʤʠʥʘ ʠ ʵʬʝʜʨʠʥʘ [39, 43] ʠʣʠ ʣʘʢʪʦʥʘ ʂʦʨʠ 14 (R1= TBS ʠʣʠ 

Et3Si) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʢʘʬʬʦʣʜʦʤ (-)-(1R,4R,5S)-4-
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ʛʠʜʨʦʢʩʠ-6,6-ʜʠʤʝʪʠʣ-3-ʦʢʩʘʙʠʮʠʢʣʦ[3.1.0]ʛʝʢʩʘʥ-2-ʦʥʘ [44]). ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ 

ʠʩʧʦʣʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʘʤʠʥʘʤʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʩʪʘʜʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʢʪʦʥʘ 1 (R=p-Ph-Bz) ʩ ʘʥʛʠʜʨʠʜʘʤʠ [45]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʚ ʵʪʦʤ ʩʧʦʩʦʙʝ ŭ-ʣʘʢʪʦʥ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ, ʘ ʧʦʩʣʝʜʫʶʱʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ɔ-ʣʘʢʪʦʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ SN2-ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʭʣʦʨʘ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʤ. 

ɼʨʫʛʦʡ, ʛʣʫʙʦʢʦ ʠʟʫʯʝʥʥʳʡ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, 

ʩʠʥʪʝʟ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʣʘʢʪʦʥʘ ʂʦʨʠ 1 ʠʩʭʦʜʠʪ ʠʟ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ, ʢʦʪʦʨʳʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ɼʠʣʴʩʫ-ɸʣʴʜʝʨʫ ʧʨʠʚʦʜʠʪ ʢ ʘʜʜʫʢʪʫ 18 [42ï

47]. ʇʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʮʠʩ-2-ʦʢʩʘʙʠʮʠʢʣʦ[3.3.0]ʦʢʪ-6-ʝʥ-

3-ʦʥ 20 (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʣʘʢʪʦʥ ɻʨʠʢʦ), ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʚʘ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʩ 

ʢʦʨʨʝʢʪʥʦʡ ʩʪʝʨʝʦʭʠʤʠʝʡ, ʪʨʝʙʫʝʤʦʡ ʚ ʩʪʨʫʢʪʫʨʝ ɔ-ʣʘʢʪʦʥʘ ʂʦʨʠ 1. ɼʚʘ ʜʨʫʛʠʭ 

ʩʪʝʨʝʦʮʝʥʪʨʘ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʚʦʚʣʝʯʝʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʇʨʠʥʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʮʝʪʘʪʘ ʣʘʢʪʦʥʘ 21 ʠ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʤʦʥʦʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [48, 49]. ɼʘʣʝʝ, ʛʠʜʨʦʣʠʟ 

ʧʦʣʫʯʝʥʥʳʡ ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʜʠʦʣʫ 22, ʢʦʪʦʨʳʡ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ ʤʦʥʦʟʘʱʠʱʝʥʥʳʡ ʧʦ ʧʝʨʚʠʯʥʦʡ ʠʣʠ 

ʚʪʦʨʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 1 (ʩʭʝʤʘ 1.3). 

 

 

ʉʭʝʤʘ 1.3 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʣʘʢʪʦʥʘ ɻʨʠʢʦ 20, ʨʘʮʝʤʘʪ (Ñ)-20 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʦʙʨʘʙʦʪʢʘʤʠ ʦʩʥʦʚʘʥʠʝʤ ʠ ʢʠʩʣʦʪʦʡ (ʜʦ ʨʅ = 3.5-4) 
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ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʤʝʩʴ ʛʠʜʨʦʢʩʠʢʠʩʣʦʪ, ʨʘʩʱʝʧʣʝʥʠʝ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʝʝ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ 

ʩʦʣʝʡ ʩ (+)-Ŭ-ʤʝʪʠʣʙʝʥʟʠʣʘʤʠʥʦʤ. ʋʜʘʣʝʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʦʡ ʣʘʢʪʦʥʥʦʡ ʬʦʨʤʳ (-)-20 ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʦʙʨʘʙʦʪʢʘʤʠ ʦʩʥʦʚʘʥʠʝʤ ʠ ʢʠʩʣʦʪʦʡ [50, 51] (ʩʭʝʤʘ 1.4). ɺ 

ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʧʘʪʝʥʪʘʭ ʪʘʢʞʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʧʦʜʦʙʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʘʩʱʝʧʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʢʠʩʣʦʪʥʦʡ ʬʦʨʤʳ ʩʦʝʜʠʥʝʥʠʷ 20 [52, 53]. 

 

 

ʉʭʝʤʘ 1.4 

 

ʆʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʣʘʢʪʦʥ 20 ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠ ʜʨʫʛʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: ʮʠʢʣʦʧʝʥʪʘʜʠʝʥŸ23Ÿ(-)-20, ʚ ʢʦʪʦʨʦʡ 

ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʝ-ʦʢʠʩʣʝʥʠʝ ʘʣʢʝʥʘ 

23 ʧʨʠ ʜʝʡʩʪʚʠʠ (+)-ʜʠ-ʧʠʥʘʥʠʣʙʦʨʘʥʘ ʩ ʚʳʭʦʜʦʤ ʢ ʭʠʨʘʣʴʥʦʤʫ ʛʠʜʨʦʢʩʠʵʬʠʨʫ (-

)-24 ʩ ʚʳʭʦʜʦʤ 45% [51] (ʩʭʝʤʘ 1.5). ɼʘʣʝʝ, ʤʝʟʠʣʠʨʦʚʘʥʠʝ ʜʦ ʩʦʝʜʠʥʝʥʠʷ 25 ʠ ʝʛʦ 

ʦʙʨʘʙʦʪʢʘ ʱʝʣʦʯʥʦʡ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʫʶ 

ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ [47]. ɹʣʘʛʦʜʘʨʷ 

ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʫʣʫʯʰʝʥʠʷʤ, 

ʵʪʦʪ ʤʝʪʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ 

ʣʘʢʪʦʥʘ ɻʨʠʢʦ 20. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʩʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʦʙʟʦʨʦʚ [54-58], ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʘʢʪʦʥʦʚ ɻʨʠʢʦ 20 ʠ ʂʦʨʠ 1 (ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʛʨʫʧʧʘʤʠ) 
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ʚ ʩʠʥʪʝʟʘʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʘʥʘʣʦʛʦʚ ʥʘ ʨʘʟʥʳʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʵʪʘʧʘʭ ʠʣʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʥʝʪ ʨʘʙʦʪ, ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʧʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʩʘʤʠʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

 

ʉʭʝʤʘ 1.5 

 

1.1.2 ʆʧʪʠʤʠʟʘʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʦʣʫʯʝʥʠʷ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɔ-

ʣʘʢʪʦʥʦʚ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʣʘʢʪʦʥʦʚ ɻʨʠʢʦ ʠ ʂʦʨʠ, ʨʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʪʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʘʢ 

ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʥʦʠʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʮʠʢʣʦʧʝʥʪʘʥʦʠʜʦʚ, ʧʨʠʚʝʣʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʭ 

ʩʪʘʜʠʡ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʙʳʣʠ ʫʧʨʦʱʝʥʠʝ 

ʧʨʦʮʝʜʫʨ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʷʜʘ ʵʪʘʧʦʚ, ʩʤʝʥʘ ʨʝʘʛʝʥʪʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʨʝʦʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʕʪʠ ʨʘʙʦʪʳ ʚʳʭʦʜʷʪ 

ʟʘ ʨʘʤʢʠ ʣʠʰʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ ʠʤʝʶʪ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʪʝʭʥʦʣʦʛʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʧʨʦʩʪʘʥʦʠʜʦʚ, 

ʠʤʝʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʚʩʝʚʦʟʨʘʩʪʘʶʱʠʡ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʝʤʣʝʤʳʤ ʧʫʪʝʤ ʠʭ ʤʘʩʰʪʘʙʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ. ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ 
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ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʦʩʪʘʥʦʠʜʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ.  

ʂʠʪʘʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʫʣʫʯʰʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʣʘʢʪʦʥʘ ʂʦʨʠ ʚ ʚʠʜʝ ʢʠʩʣʦʪʳ 26 ʠʩʭʦʜʷ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʥʦʨʙʦʨʥʝʥʘ 11. ʉʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ çone-potè ʧʨʦʮʝʜʫʨʝ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʤʦʥʦʧʝʨʩʫʣʴʬʘʪʘ ʢʘʣʠʷ (OxoneÈ) ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ 4-ʙʫʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜʘ, ʪʘʢ ʠ ʙʝʟ ʥʝʛʦ, ʠ ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʠ ʨʘʩʢʨʳʪʠʷ ŭ-ʣʘʢʪʦʥʘ 12 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ɔ-

ʣʘʢʪʦʥʠʟʘʮʠʝʡ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (ʥʝ ʫʢʘʟʘʥ) (ʩʭʝʤʘ 1.6) [59]. 

 

 

ʉʭʝʤʘ 1.6 

 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʫʣʫʯʰʝʥʠʷ ʧʝʨʝʭʦʜʘ ŭ-ʣʘʢʪʦʥŸ ɔ-ʣʘʢʪʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʩʭʝʤʝ 1.7 ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ 27 ʠ 29. ɻʨʫʧʧʦʡ ʨʫʤʳʥʩʢʠʭ ʫʯʝʥʳʭ ʚ ʭʦʜʝ 

ʠʟʫʯʝʥʠʷ ʨʘʩʱʝʧʣʝʥʠʷ ʣʘʢʪʦʥʥʦʛʦ ʢʦʣʴʮʘ ʤʝʪʘʥʦʣʠʟʦʤ (p-TSA ʠʣʠ Amberlyst IRC 

50W(2), ʢʠʧʷʯʝʥʠʝ) ʫ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʥʦʨʙʦʨʥʝʥʘ 27 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʦʣʦʚ 28 ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ɼʘʣʝʝ, ʧʦʩʣʝ ʟʘʱʠʪʳ 

ʚʪʦʨʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʙʨʘʙʦʪʢʘ ʱʝʣʦʯʴʶ ʧʨʠʚʦʜʠʣʘ ʢ 

ʤʦʥʦʟʘʱʠʱʝʥʥʦʤʫ ʣʘʢʪʦʥʜʠʦʣʫ ʂʦʨʠ 29. ɸʥʘʣʦʛʠʯʥʦ, ʚ ʩʣʫʯʘʝ ʥʝʟʘʱʠʱʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 30, ʧʨʠ ʝʛʦ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 1:1-ʩʤʝʩʠ 

CH2Cl2-MeOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ (p-TSA) ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ 

ʜʥʝʡ ʙʳʣ ʧʦʣʫʯʝʥ ʠʥʪʝʨʤʝʜʠʘʪ 31 [60]. ʇʦʩʣʝ ʜʘʣʴʥʝʡʰʝʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʧʦ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ 

ʱʝʣʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʠʟʚʦʜʥʳʤ 33 ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʕʪʦʪ, ʚ ʮʝʣʦʤ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʭʦʨʦʰʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʜʘʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʱʝʣʦʯʥʦʡ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ. 

 

 

ʉʭʝʤʘ 1.7 

 

ʂʠʪʘʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ɔ-ʣʘʢʪʦʥʘ (+)-34 ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʦʤ ʠ ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʧʨʠ ʩʪʝʨʝʦʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʦʢʠʩʣʝʥʠʠ 

ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʛʝʤ-ʜʠʭʣʦʨʮʠʢʣʦʙʫʪʘʥʦʥʘ 18 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (R)-37 (ʩʭʝʤʘ 1.8). 

ʇʨʠ ʵʪʦʤ ʜʨʫʛʦʡ ʩʪʝʨʦʠʟʦʤʝʨ ʧʨʠʚʦʜʠʣ ʢ ʜʨʫʛʦʤʫ ʨʝʛʠʦʠʟʤʝʨʥʦʤʫ ʣʘʢʪʦʥʫ 35, 

ʢʦʪʦʨʳʡ, ʜʘʣʝʝ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʢʠʩʣʦʪʳ 36. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʨʫʛʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʞʠʜʘʝʤʦ ʜʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʪʠʧʦʜʳ, ʠʟ 

ʢʦʪʦʨʳʭ (-)-34 ʚ ʜʚʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ 

ʜʝʡʩʪʚʠʝʤ Zn/NH4Cl ʠ ʨʝʘʢʮʠʠ ʇʨʠʥʩʘ ʙʳʣ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʡ 

ʣʘʢʪʦʥʜʠʦʣ ʂʦʨʠ (-)-22. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʥʘ ʜʨʫʛʠʝ 

ʮʠʢʣʦʙʫʪʘʥʦʥʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʥʦ- ʠ ʧʦʣʠʮʠʢʣʘʤʠ, ʧʨʠʚʦʜʷ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ɔ-ʣʘʢʪʦʥʘʤ ʩ ʚʳʭʦʜʘʤʠ 60-94% ʠ 90-99% ee [61]. 
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ʉʭʝʤʘ 1.8 

 

ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ ʣʘʢʪʦʥ ʂʦʨʠ 1 ʢʘʢ ʧʨʘʚʠʣʦ ʦʢʠʩʣʷʣʩʷ ʜʦ 

ʘʣʴʜʝʛʠʜʘ ʠ, ʜʘʣʝʝ, ʚʦʚʣʝʢʘʣʩʷ ʚ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʫʶ ʨʝʘʢʮʠʶ ʦʣʝʬʠʥʠʨʦʚʘʥʠʷ ʧʦ 

ʍʦʨʥʝʨʫ-ɺʠʪʪʠʛʫ-ʕʚʘʥʩʫ (E-HWE) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ɤ-ʮʝʧʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. 

ʆʜʥʘʢʦ, ʘʣʴʜʝʛʠʜʥʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʟʘʱʠʱʝʥʘ ʚ ʚʠʜʝ ʜʠʤʝʪʠʣʘʮʝʪʘʣʷ 

ʠ ʚ ʵʪʦʤ ʚʠʜʝ ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʩʪʘʜʠʠ ʧʦʩʪʨʦʝʥʠʷ Ŭ-ʮʝʧʠ, ʪ.ʝ. ʚ ʪʝ ʨʝʘʢʮʠʠ, ʛʜʝ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʱʠʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʧʠʨʪʦʚ. ʇʦʜʦʙʥʳʡ ʚʘʨʠʘʥʪ 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʣʝʥʢʝʪʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 38 ʠʟ ʣʘʢʪʦʥʘ 1 ʠ ʜʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʙʣʦʢʦʚ 39 [62] (ʩʭʝʤʘ 1.9). 

 

 

ʉʭʝʤʘ 1.9 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʘʣʴʜʝʛʠʜʘ 40, ʜʦʩʪʫʧʥʦʛʦ 

ʦʢʠʩʣʝʥʠʝʤ ʣʘʢʪʦʥʘ 13 (R=H, ʩʭʝʤʘ 1.2), ʘʣʢʦʛʦʣʠʟʦʤ ʩ ʜʠʦʣʘʤʠ (X=O) ʠ 
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ʜʠʪʠʦʣʘʤʠ (X=S) ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʩʷ ʨʘʩʢʨʳʪʠʝʤ ŭ-

ʣʘʢʪʦʥʥʦʛʦ ʢʦʣʴʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 41. ɼʘʣʝʝ, 

ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʣ ʢ ɔ-ʣʘʢʪʦʥʘʤ 42 ʩ 

ʘʣʴʜʝʛʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʟʘʱʠʱʝʥʥʳʤʠ ʚ ʚʠʜʝ ʢʝʪʘʣʝʡ, ʛʜʝ X=O ʠ X=S (n = 0 ʠ 1 ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ) (ʩʭʝʤʘ 1.10) [63]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʟʘʱʠʪʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ 41 ʚ ʚʠʜʝ ʵʬʠʨʦʚ (PG = THP, TBS) ʧʦʟʚʦʣʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ 

ʧʨʦʮʝʜʫʨʫ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 43. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʤʦʛʣʠ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʩʘʤʠʭ ʩʦʝʜʠʥʝʥʠʡ 42 ʢʘʢ ʚ ʚʠʜʝ 

ʧʨʦʩʪʳʭ, ʪʘʢ ʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 42 ʚ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʠʣʠ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ ʬʦʨʤʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʳ, 

ʩʪʘʙʠʣʴʥʳʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʠ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤʠ 

ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. 

 

 

ʉʭʝʤʘ 1.10 

 

1.1.3 ʇʝʨʩʧʝʢʪʠʚʥʳʝ çʥʝʢʣʘʩʩʠʯʝʩʢʠʝè ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɔ-

ʣʘʢʪʦʥʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʩʪʨʫʢʪʫʨ 

 

ʉʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʡ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ɔ-ʣʘʢʪʦʥʘ ʂʦʨʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʟʘʱʠʪ ʧʦ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʆʙʱʠʤ 

ʜʣʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʭʦʞʠʭ ʠʩʭʦʜʥʳʭ ʤʦʥʦ- ʠ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ, ʦʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʮʝʣʳʡ 

ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʥʦʛʦ 
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ʨʦʜʘ ʮʠʢʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʘʟʦʚʳʭ ʘʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʫʞʝ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ [56], 

ʦʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥʠ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʣʠ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʭ ʫʣʫʯʰʝʥʠʝ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʩʘʶʪʩʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʭ ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʪʘʜʠʡ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʧʦʩʪʨʦʝʥʠʷ ʣʘʢʪʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʠʤʝʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʙʫʜʫʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ ʦʨʠʛʠʥʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʥʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʛʨʫʧʧʦʡ ʠʥʜʠʡʩʢʠʭ ʫʯʝʥʳʭ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʘʣʴʜʦʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ 

ʷʥʪʘʨʥʦʛʦ ʘʣʴʜʝʛʠʜʘ 44 ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ L-ʧʨʦʣʠʥʘ ʠ 

ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ ʜʠʙʝʥʟʠʣʘʤʤʦʥʠʷ (ʧʦ 2% ʢʘʞʜʳʡ) ʧʨʠʚʦʜʠʪ ʢ ʢʣʶʯʝʚʦʤʫ 

ʙʠʮʠʢʣʠʯʝʩʢʦʤʫ ʝʥʘʣʶ 46 ʩ ʚʳʭʦʜʦʤ 14% (ʩʭʝʤʘ 1.11) [64]. ʇʝʨʚʳʡ ʵʪʘʧ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ L-ʧʨʦʣʠʥʦʤ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʫʶ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʫʶ ʘʣʴʜʦʣʴʥʫʶ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʷʥʪʘʨʥʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 45, ʢʦʪʦʨʳʡ, ʜʘʣʝʝ, ʧʨʠ 

ʫʯʘʩʪʠʠ DBA ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʪʦʨʫʶ ʫʞʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʘʣʴʜʦʣʴʥʫʶ 

ʨʝʘʢʮʠʶ ʠ ʜʝʛʠʜʨʘʪʘʮʠʶ 45 ʜʦ ɔ-ʣʘʢʪʦʣʘ 46 ʩ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʙʱʠʡ ʚʳʭʦʜ ʵʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʫʜʘʣʦʩʴ ʧʦʜʥʷʪʴ ʜʦ 29% [65], ʘ 

ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʴʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 46 ʧʨʝʚʨʘʱʘʣʠ ʣʠʙʦ ʚ ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʝ 

47, ʣʠʙʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʘʢʪʦʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʡ ʚʳʭʦʜ 

ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 47, ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʙʳʩʪʨʦʪʘ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʭʦʜʘ ʢ ʮʝʣʝʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʣʘʪʘʥʦʧʨʦʩʪʘ ʠ 

ʙʠʤʘʪʦʧʨʦʩʪʘ ʚ 4-5 ʩʪʘʜʠʡ, ʵʪʦʪ ʤʝʪʦʜ ʜʦʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʙʫʜʫʱʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. ʊʘʢ ʞʝ ʢʘʢ 

ʩʦʝʜʠʥʝʥʠʝ 47, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʘʢʪʦʥ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʝʘʢʮʠʷʭ 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʥʪʝʟʘʭ ʘʣʴʬʘʧʨʦʩʪʦʣʘ ʠ PGF2Ŭ [66]. ɺ 

ʧʝʨʩʧʝʢʪʠʚʝ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ ʠʭ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. 
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ɺ ʦʜʥʦʡ ʠʟ ʥʝʜʘʚʥʠʭ ʧʫʙʣʠʢʘʮʠʡ ʦʧʠʩʘʥ ʵʬʬʝʢʪʠʚʥʳʡ çone-potè ʩʠʥʪʝʟ 

ʣʘʢʪʦʥʘ ʂʦʨʠ 22 [67], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ/ʄʠʭʘʵʣʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (R)-50 ʠ ʧ-ʥʠʪʨʦʬʝʥʦʣʘ ʚ i-PrOH, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʠ 

ʩʦʩʝʜʥʠʭ ʩʪʝʨʝʦʮʝʥʪʨʘ: ʉ(3ʘ), ʉ(4) ʠ ʉ(5) ʚʤʝʩʪʝ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʢʦʥʝʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʨʫʧʧʘʤʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 51 (ʩʭʝʤʘ 1.12). 

ɼʘʣʝʝ, ʚ ʭʦʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʝʪʦʥʘ ʠ 

ʘʣʴʜʝʛʠʜʘ ʦʙʲʝʤʥʳʤ ʛʠʜʨʠʜʦʤ LiAlH(O-t-Bu)3 ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʘʢʪʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 52. ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʚʦʡ ʤʦʣʝʢʫʣʳ ʟʘʚʝʨʰʘʝʪʩʷ ʧʦʩʣʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʚʷʟʠ Si-Ph ʚ Si-F ʚ ʩʦʝʜʠʥʝʥʠʠ 53 ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ ʩʠ-

ʣʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʦ ʩʧʠʨʪʘ 22 ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʦʙʱʝʤ, ʚʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʩʭʦʜʷʱʘʷ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʨʘʮʝʤʠʯʝʩʢʠʭ 

ʠʩʭʦʜʥʳʭ 3-(ʜʠʤʝʪʠʣʬʝʥʠʣʩʠʣʠʣ)ʧʨʦʧʝʥʘʣʷ 48, ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 4-ʦʢʩʦ-2-

ʧʝʥʪʝʥʦʚʦʡ ʢʠʩʣʦʪʳ 49 ʠ ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (R)-50, ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʟʘ ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʯʘʩʘ ʧʨʠʚʦʜʷ ʢ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʦʤʫ 

ʣʘʢʪʦʥʜʠʦʣʫ 22 ʩ ʚʳʭʦʜʦʤ 58% [68]. 
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ʉʭʝʤʘ 1.12 

 

ʀʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

RCMïʨʝʘʢʮʠʠ (Ring Closing Methathesis) in situ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʘʮʝʪʦʘʮʝʪʘʪʘ ʜʠʝʥʘ 

54, ʧʨʝʜʩʪʘʚʣʝʥ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʘʚʪʦʨʘʤʠ [69]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ 

ʢʣʶʯʝʚʦʡ ʮʠʢʣʦʧʝʥʪʝʥʦʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 55 ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ ʚ 88% ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ɻʨʘʙʙʩʘ ʧʝʨʚʦʛʦ 57ʘ, ʪʘʢ ʠ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 57. ʇʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʥʩʫʣʴʬʦʥʠʣ ʘʟʠʜʦʤ ʠ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʜʠʘʟʦʧʨʦʠʟʚʦʜʥʦʤʫ 56 ʩ ʚʳʭʦʜʦʤ 52%. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ 

C-H-ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʨʘʣʴʥʦʛʦ ʨʦʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (S)-58 

ʧʦʟʚʦʣʷʝʪ, ʜʘʣʝʝ, ʧʦʣʫʯʠʪʴ ʣʘʢʪʦʥ ɻʨʠʢʦ (-)-20 ʩ ʚʳʭʦʜʦʤ 73% ʠ 91% ee. 

ɸʥʘʣʦʛʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ R-ʠʟʦʤʝʨʘ 58 ʧʨʠʚʦʜʠʪ ʢ 

ʘʥʪʠʧʦʜʫ ʮʝʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ (+)-20 ʩ ʚʳʭʦʜʦʤ 59% (89% ee) (ʩʭʝʤʘ 1.13). 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʮʝʣʫʶ ʛʨʫʧʧʫ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ ʣʘʢʪʦʥʘ ɻʨʠʢʦ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʜʦʩʪʫʧʥʳʭ ʠʟ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ 

ʭʠʨʘʣʴʥʳʭ ʤʦʥʦʟʘʱʠʱʝʥʥʳʭ ʜʠʦʣʦʚ, ʧʦʜʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʦʤʫ 59 [70-75]. 

ʊʠʧʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʠʟʦʤʝʨʦʚ 

(-)- ʠ (+)- 59 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʠʧʘʟʳ PS (Pseudomonas sp.) c ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʦʤ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʦʡ  ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʵʥʘʥʪʠʦʢʦʥ- 
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 ʉʭʝʤʘ 1.13 

 

ʚʝʨʛʝʥʪʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʨʝʙʫʝʤʳʡ ʵʥʘʥʪʠʦʤʝʨ (-)-20 (ʩʭʝʤʘ 

1.14). ʇʨʠ ʵʪʦʤ ʘʥʪʠʧʦʜ (+)-59 ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʜʚʫʭʩʪʘʜʠʡʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʝʘʢʮʠʠ ʕʰʝʥʤʦʟʝʨʘ ʩ ʜʠʤʝʪʠʣʘʮʝʪʘʤʠʜʦʤ ʜʠʤʝʪʠʣʘʮʝʪʘʣʷ ʠ ʛʠʜʨʦʣʠʟʘ ʦʙʦʠʭ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩ ʣʘʢʪʦʦʥʦʙʨʘʟʦʚʘʥʠʝʤ ʜʦ ʩʪʨʫʢʪʫʨʳ (-)-20 ʩ 

ʚʳʭʦʜʦʤ 73%. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʨʫʛʦʡ ʵʥʘʥʪʠʦʤʝʨ (-)-59, ʚʳʜʝʣʷʶʱʠʡʩʷ ʚ ʚʠʜʝ 

ʘʮʝʪʘʪʘ (-)-60 ʠʟ ʨʘʩʪʚʦʨʘ ʬʝʨʤʝʥʪʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ, ʝʛʦ 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣʦʚʳʡ ʵʬʠʨ 

(TBS), ʘ ʢʫʤʫʣʦʢʩʠʵʬʠʨʥʘʷ ʛʨʫʧʧʘ ʵʣʠʤʠʥʠʨʫʝʪʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠ ɹʝʨʯʘ (Na ʚ 

ʞʠʜʢʦʤ NH3) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (-)-61. ɼʘʣʝʝ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʧʨʦʚʝʜʝʥʥʳʤ ʜʣʷ (+)-59, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʦ ʞʝ ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʚʳʭʦʜʦʤ 67% ʥʘ ʜʚʝ ʩʪʘʜʠʠ. ʆʧʠʩʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʘʥʘʣʦʛʠʯʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʘʞʥʦʛʦ ʚ 

ʩʠʥʪʝʟʝ ʧʨʦʩʪʘʥʦʠʜʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʣʘʢʪʦʥʘ ɻʨʠʢʦ (-)-20, 

ʵʥʘʥʪʠʦʢʦʥʚʝʨʛʝʥʪʥʳʤ ʧʫʪʝʤ ʠʟ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠʩʭʦʜʥʳʭ 

ʤʦʥʦʟʘʱʠʱʝʥʥʳʭ ʜʠʦʣʦʚ. 

ʉʭʦʞʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ʠ ʢʘʩʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʧʘʟʳ ʚ ʜʝʩʠʤʤʝʪʨʠʟʘʮʠʠ 

ʜʦʩʪʫʧʥʦʛʦ ʠʟ ʮʠʢʣʦʧʝʥʪʝʥʦʥʘ 63 ʤʝʟʦ-ʜʠʦʣʘ 64 ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ 

(ʩʭʝʤʘ 1.15) [76]. ɼʘʣʴʥʝʡʰʘʷ ʩʤʝʥʘ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ((+)-65Ÿ(+)-66) ʠ ʵʪʝʨʠʬʠ- 
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ʉʭʝʤʘ 1.14 

 

ʢʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʬʝʥʠʣʚʠʥʠʣʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ  

ʮʚʠʪʪʝʨ-ʠʦʥʫ 66. ʀʪʦʛʦʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʢʪʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʪʘʜʠʷʤʠ ʪʝʨʤʦʣʠʟʘ, ʩʥʷʪʠʷ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʠ ʦʢʠʩʣʝʥʠʷ 

ʧʠʨʠʜʠʥʠʡʭʣʦʨʭʨʦʤʘʪʦʤ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 

 

 

ʉʭʝʤʘ 1.15 

 

ʊʘʢʞʝ, ʩʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ, ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ʜʦʚʦʣʴʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ɔ-ʣʘʢʪʦʥʦʚ 79 ʠ 80, 
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ʠʩʭʦʜʷʱʠʡ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʤʦʥʦʙʝʥʟʠʣʦʚʦʛʦ ʵʬʠʨʘ ʮʠʩ-1,4-ʙʫʪ-2-

ʝʥʜʠʦʣʘ 63 (ʩʭʝʤʘ 1.16) [77, 78]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʪʠʣʦʨʪʦʘʮʝʪʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10% (ʚʝʩ.) ʛʠʜʨʦʭʠʥʦʥʘ ʧʨʠ 

150 ÁC, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʟʘʱʠʱʝʥʥʦʤʫ ʘʣʣʠʣʢʝʪʝʥʘʮʝʪʘʣʶ 70, ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʝʪʩʷ ʚ ʥʝʥʘʩʳʱʝʥʥʳʡ ʩʣʦʞʥʳʡ ʵʬʠʨ 

71 ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʡ 

ʛʠʜʨʠʜʘ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (-78 ÁC, 90%) ʠʣʠ ʣʠʪʠʡʘʣʶʤʦʛʠʜʨʠʜʘ (24 Áʉ, 

91%), ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʝʥʠʝ (24 Áʉ, 88%) ʧʨʠʚʦʜʷʪ ʢ ʘʣʴʜʝʛʠʜʫ 72. 

ɼʘʣʝʝ, ʨʝʘʢʮʠʠ ʫʜʣʠʥʝʥʠʷ ʮʝʧʠ ʨʝʘʛʝʥʪʦʤ ɻʨʠʥʴʷʨʘ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʪʨʝʪ-

ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ Ŭ-ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʤʘʛʥʠʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʡʦʜʠʩʪʳʤ 

ʤʝʪʠʣʦʤ, ʠʣʠ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʦʣʦʚʘ (II) ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʁ ʪ ʧʦʣʫʯʘʪʴ ɓ-ʛʠʜʨʦʢʩʠʵʬʠʨ 73b ʠʣʠ ɓ-

ʢʝʪʦʵʬʠʨ 73ʘ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʍʝʤʦʩʝʣʝʢʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʥʪʝʨʤʝʜʠʘʪʘ 73ʘ ʙʦʨʦʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʚ ʵʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-

ʛʠʜʨʦʢʩʠʵʬʠʨʘ ʩ ʚʳʭʦʜʦʤ 85% ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʱʝʣʦʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ, ʢʘʢ ʠ ʩʦʝʜʠʥʝʥʠʝ 73b, ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʠʩʣʦʪʫ 74. 

ʇʦʩʣʝʜʥʶʶ ʧʝʨʝʚʦʜʷʪ ʚ 3:1-ʩʤʝʩʴ ʵʥʜʦ- ʠ ɻʢʟʦ-ʠʟʦʤʝʨʥʳʭ ʙʠʮʠʢʣʦʚ 75 ʩʚʳʭʦʜʦʤ 

93% ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʩ ʘʮʝʪʘʪʦʤ ʢʘʣʠʷ ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʘ ʟʘʪʝʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ʇʦʣʫʯʝʥʥʳʝ 

ʠʟʦʤʝʨʳ ʨʘʟʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʙʨʦʤʛʠʜʨʠʥʦʚ 77 ʠ 78, ʧʦʩʣʝ ʨʝʘʢʮʠʡ ɹʘʡʝʨʘ-

ɺʠʣʣʠʛʝʨʘ (AcO3H, 90%) ʜʦ ɔ-ʣʘʢʪʦʥʘ 76 ʠ ʝʛʦ ʙʨʦʤʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ 

ʚʳʭʦʜʦʤ 70%. ʎʝʣʝʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʣʘʢʪʦʥʘ ʂʦʨʠ 79, ʘ ʪʘʢʞʝ ʝʛʦ ʚʘʞʥʳʡ ʚ 

ʩʠʥʪʝʟʝ ʠʟʦʧʨʦʩʪʘʥʦʚ all-cis-ʩʪʝʨʝʦʠʟʦʤʝʨ 80, ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʚ ʭʦʜʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʘʜʠʢʘʣʴʥʦʛʦ ʜʝʙʨʦʤʠʨʦʚʘʥʠʷ ʜʝʡʩʪʚʠʝʤ 1-ʛʠʧʦʬʦʩʬʠʪʘ 

ʵʪʠʣʧʠʧʝʨʠʜʠʥʘ ʠ ʘʟʦʙʠʩʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣʘ (AIBN). ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʮʠʢʣʦʙʫʪʘʥʦʥʘ 75 ʚ ʚʠʜʝ ʩʤʝʩʠ 

ʵʥʜʦ- ʠ ɻ ʢʟʦ-ʠʟʦʤʝʨʦʚ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ 

ʙʨʦʤʛʠʜʨʠʥʦʚ 79 ʠ 80, ʠ ʠʪʦʛʦʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʩʚʦʝʡ 

ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴʶ. 
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ʉʭʝʤʘ 1.16 

 

ɽʱʝ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʷʧʦʥʩʢʠʤʠ ʫʯʝʥʳʤʠ, 

ʠʩʭʦʜʷ ʠʟ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ ɺʘʡʩʩʘ ʤʝʞʜʫ ʜʠʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 2-

ʦʢʩʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 81 ʠ ʛʣʠʦʢʩʘʣʷ 82 C
2
-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 83 [79]. 

ʇʦʩʣʝʜʥʝʝ ʚ ʭʦʜʝ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʣʠʧʘʟʦʡ ʜʝʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ ʩ 

ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ ʠ ʚʳʩʦʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʧʨʠʚʦʜʠʣʦ ʢ ʜʠʦʣʫ (+)-84, 

ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ 

ʠʥʪʝʨʤʝʜʠʘʪ (+)-85. ɼʘʣʝʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʦʙʨʘʙʦʪʢʠ ʱʝʣʦʯʴʶ ʠ ʢʠʩʣʦʪʦʡ, ʘ 

ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʚʚʝʜʝʥʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʢʣʶʯʝʚʦʡ 

ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʢʝʪʦʥ (+)-86 ʩ ʚʳʭʦʜʦʤ 62%. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʙʱʘʷ ʥʝʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ, ʘ ʪʘʢʞʝ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʪʘʜʠʡ (ʧʦʣʫʯʝʥʠʝ 
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ʧʨʦʠʟʚʦʜʥʦʛʦ ʣʘʢʪʦʥʘ ʂʦʨʠ (-)-87 ʪʨʝʙʫʝʪ ʝʱʝ 7 ʩʪʘʜʠʡ, ʚʢʣʶʯʘʷ ʜʚʝ ʨʝʘʢʮʠʠ 

ʦʟʦʥʦʣʠʟʘ), ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʥʪʝʟʝ ʧʨʦʩʪʘʥʦʠʜʦʚ (ʩʭʝʤʘ 1.17) [80, 81]. 

 

 ʉʭʝʤʘ 1.17 

 

ʊʘʢʞʝ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʨʘʜʠʢʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ ʢʘʩʢʘʜʥʦʛʦ ʪʠʧʘ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 5-ʵʢʟʦ-ʜʠʛ ʮʠʢʣʠʟʘʮʠʶ ʚ ʨʘʜʠʢʘʣʝ 88, 

ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʝʥʦʩ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ 89 ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʨʝʤʥʠʡʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ 90, ʜʘʣʝʝ, 5-ʵʥʜʦ-ʪʨʠʛ ʮʠʢʣʠʟʘʮʠʶ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ 91, ʢʦʪʦʨʳʡ, ʧʨʠʩʦʝʜʠʥʷʷ ʘʪʦʤ ʚʦʜʦʨʦʜʘ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʙʠʮʠʢʣ 92 (ʩʭʝʤʘ 1.18). 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 93 ʧʨʠʚʝʣʘ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʮʠʢʣʘ 94 ʩ ʚʳʭʦʜʦʤ 79% [82]. ʇʦʩʣʝʜʥʠʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʪʨʠ 

ʩʪʘʜʠʠ ʜʝʩʠʣʠʣʠʨʦʚʘʥʠʷ ʚ 95, ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʧʝʨʤʘʥʛʘʥʘʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʪʨʘʥʩ- 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʜʠʟʘʱʠʱʝʥʥʳʡ ʣʘʢʪʦʥʜʠʦʣ  96. ɼʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 93 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 9-ʪʠ ʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ (+)-98  
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ʉʭʝʤʘ 1.18 

 

ʠʟ ʙʝʥʟʠʣʦʚʦʛʦ ʘʮʝʪʘʣʷ 2-ʜʝʟʦʢʩʠ-D-ʨʠʙʦʟʳ 97 ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 15% (ʩʭʝʤʘ 

1.19). 

 

 

ʉʭʝʤʘ 1.19 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʢʪʦʥʘ ʂʦʨʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʢʘʨʙʝʥʦʠʜʦʚ ʧʦ ʉ-ʅ-ʩʚʷʟʠ ʚ ʭʦʜʝ 
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ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ Rh(II )-ʮʠʢʣʠʟʘʮʠʠ Ŭ-ʜʠʘʟʦ-ɓ-ʦʢʩʦʵʬʠʨʘ 99 ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ 

ʷʧʦʥʩʢʠʭ ʘʚʪʦʨʦʚ [83]. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʭʦʨʦʰʝʡ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (4:1) ʠ ʚʳʭʦʜʦʤ 50% ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʢʣʶʯʝʚʦʡ 

ʮʠʢʣʦʧʝʥʪʘʥʦʥ 100, ʧʝʨʚʠʯʥʘʷ ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʜʠʦʣʘ 101 ʙʳʣʘ ʩʝʣʝʢʪʠʚʥʦ ʟʘʱʠʱʝʥʘ ʚ ʚʠʜʝ ʩʠʣʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʚ 102 (ʩʭʝʤʘ 1.20). ʊʨʝʙʫʝʤʳʡ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʣʘʢʪʦʥ (-)-104, ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦʩʣʝ ʟʘʱʠʪʳ ʚʪʦʨʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 103, ʧʝʨʠʦʜʘʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ 

ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʩ ʚʳʭʦʜʦʤ 48%. 

 

 

ʉʭʝʤʘ 1.20 

 

ʀʥʪʝʨʝʩʥʳʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʜʦʩʪʫʧʥʳʭ 3-ʢʘʨʙʦʤʝʪʦʢʩʠ-2-ʧʠʨʦʥʘ 105 ʠ ʚʠʥʠʣʩʝʣʝʥʠʜʘ 106 ʩ ʦʙʨʘʪʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʩʠʥʪʝʟʝ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʢʪʦʥʘ ʂʦʨʠ ʦʧʠʩʘʥ ʚ 

ʧʫʙʣʠʢʘʮʠʠ ʙʝʣʴʛʠʡʩʢʠʭ ʫʯʝʥʳʭ [84]. ʇʦʣʫʯʘʝʤʳʡ ʘʜʜʫʢʪ 107 ʚ ʭʦʜʝ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʜʝʩʝʣʝʥʠʨʦʚʘʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʢʝʣʝʪʥʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʮʠʢʣʘ 108, ʢʦʪʦʨʳʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ, ʜʘʣʝʝ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʣʘʢʪʦʥ 

109 ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 78% (ʩʭʝʤʘ 1.21). ɼʘʣʴʥʝʡʰʠʝ ʩʪʘʜʠʠ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʦ ʂʨʘʧʯʦ ʜʦ 110, ʙʨʦʤʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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N-ʙʨʦʤʘʮʝʪʘʤʠʜʘ (NBA) ʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʜʦ 111, ʘ ʪʘʢʞʝ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʝʙʨʦʤʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ 112 ʩ 

ʚʳʭʦʜʦʤ 56%. 

 

 

ʉʭʝʤʘ 1.21 

 

1.1.4 ʉʠʥʪʝʟʳ ʧʨʦʠʟʚʦʜʥʳʭ ɔ-ʣʘʢʪʦʥʦʚ ʂʦʨʠ ʜʣʷ ʠʟʦʧʨʦʩʪʘʥʦʚ 

 

ʃʘʢʪʦʥ ʂʦʨʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʩʠʥʪʝʟʘ ʚʩʝʭ ʘʥʘʣʦʛʦʚ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʩʦʛʣʘʩʥʦ ʦʜʥʦʠʤʝʥʥʦʡ ʧʨʦʮʝʜʫʨʝ. ʆʜʥʘʢʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʧʨʦʩʪʘʥʦʚ (IsoP), ʦʪʜʝʣʴʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʮʠʩ-ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʚʫʭ ʙʦʢʦʚʳʭ ʮʝʧʝʡ [85], ʪʨʝʙʫʶʪʩʷ all-cis-

ʠʟʦʤʝʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʣʘʢʪʦʥʘ ʂʦʨʠ (ʥʘʧʨʠʤʝʨ, 119 ʚ ʩʭʝʤʝ 1.22). ʉʠʥʪʝʟʳ 

ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʶʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪ ʠʭ ʦʪ 

ʧʦʜʭʦʜʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʨʦʩʪʘʥʦʠʜʦʚ, ʠ ʧʦʵʪʦʤʫ 

ʟʘʩʣʫʞʠʚʘʶʪ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʩʭʝʤʝ 15, ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫʯʝʥʠʝ, ʢʘʢ ʣʘʢʪʦʥʘ ʂʦʨʠ, ʪʘʢ ʠ ʝʛʦ 

all-cis-ʠʟʦʤʝʨʘ, ʥʦ, ʫʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʢʦʥʝʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ 

ʧʨʠʤʝʨʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʠʤʝʥʥʦ ʠʟʦʧʨʦʩʪʘʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ.  
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ʉʭʝʤʘ 1.22 

 

ʅʝʤʝʮʢʠʝ ʘʚʪʦʨʳ ʩʦʦʙʱʘʣʠ ʦ ʧʦʣʫʯʝʥʠʠ ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 119 ʜʣʷ 

ʩʠʥʪʝʟʘ ent-5-F2c-IsoP ʠ 5-epi-ent-5-F2c-IsoP, ʠʩʭʦʜʷ ʠʟ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʢʝʪʦʥʘ 113. ʉʥʘʯʘʣʘ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʣʠ HCl, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 10 ʥʘ ʩʭʝʤʝ 2, ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʣʦʨʧʨʦʠʟʚʦʜʥʦʛʦ 114 ʩ ʚʳʭʦʜʦʤ 

82% (99% ee) (ʩʭʝʤʘ1. 22) [86, 87]. ɿʘʪʝʤ ʦʥʠ ʧʨʝʜʣʦʞʠʣʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʳʭʦʜʘ ʢ 

ŭ-ʣʘʢʪʦʥʫ 117, ʦʪʣʠʯʘʶʱʠʝʩʷ ʣʠʰʴ ʧʦʨʷʜʢʦʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ. ʉʦʛʣʘʩʥʦ 

ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ, ʚ ʧʝʨʝʭʦʜʝ 114Ÿ115Ÿ117, ʧʦ ʨʝʘʢʮʠʠ ɹʘʡʝʨʘ-ɺʠʣʣʠʛʝʨʘ ʢʝʪʦʥʘ 

114 ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʣʠ ŭ-ʣʘʢʪʦʥ 115 ʩ ʚʳʭʦʜʦʤ 88%, ʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʪʥʦʡ ʛʨʫʧʧʳ ʜʦ ʩʧʠʨʪʦʚʦʡ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʬʦʨʤʠʘʪʘ ʧʨʠʚʦʜʠʣʦ ʢ ʩʧʠʨʪʫ 117 ʩ ʚʳʭʦʜʦʤ 66%. ʇʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ 

114Ÿ116Ÿ117, ʧʦʨʷʜʦʢ ʧʨʦʮʝʜʫʨ ʙʳʣ ʦʙʨʘʪʥʳʤ ʠ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ (85% ʠ 63%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʣʴʥʝʡʰʝʝ 

ʚʚʝʜʝʥʠʝ ʧ-ʤʝʪʦʢʩʠʙʝʥʟʠʣʦʚʦʡ (PMB) ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʧʦ ʛʠʜʨʦʢʩʠʣʫ ʚ 118 

ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʙʨʘʙʦʪʢʦʡ ʧ-ʤʝʪʦʢʩʠʙʝʥʟʠʣʪʨʠʭʣʦʨʘʮʝʪʠʤʠʜʘʪʦʤ ʚ 
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ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʠʬʝʥʠʣʤʝʪʠʣʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʩ ʚʳʭʦ-

ʜʦʤ 87%. ʂʣʶʯʝʚʘʷ ʩʪʨʫʢʪʫʨʘ all-cis-ʣʘʢʪʦʥʘ 119 ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʭʦʜʝ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʚʪʦʨʥʦʡ ʣʘʢʪʦʥʠʟʘʮʠʠ ʜʝʡʩʪʚʠʝʤ LiOH/H2O2 ʚ 

ʩʨʝʜʝ ʊɻʌ-ʚʦʜʘ ʩ ʚʳʭʦʜʦʤ 82%. 

 

 

ʉʭʝʤʘ 1.23 

 

ɼʣʷ ʩʠʥʪʝʟʘ ʠʟʦʧʨʦʩʪʘʥʦʚ ʪʠʧʘ 15-F3t, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʟʘʠʤʥʳʤ 

ʧʦʧʘʨʥʳʤ ʮʠʩ-ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʠʜʨʦʢʩʠʣʦʚ ʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʥʦ ʪʨʘʥʩ-ʦʨʠʝʥʪʘʮʠʝʡ ʤʝʞʜʫ ʩʘʤʠʤʠ ʧʘʨʘʤʠ, ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 121 ʠ 123 (ʩʭʝʤʘ 1.23) [88]. ʊʘʢ, ŭ-ʣʘʢʪʦʥ 123, ʜʣʷ ʩʠʥʪʝʟʘ 15-F3t-

ʠʟʦʧʨʦʩʪʘʥʘ ʠ ʝʛʦ 15-ʵʧʠʤʝʨʘ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʟ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (+)-120, ʣʝʛʢʦ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 1,3-ʮʠʢʣʦʦʢʪʘʜʠʝʥʘ ʚ 

ʧʷʪʴ ʩʪʘʜʠʡ, ʚʢʣʶʯʘʷ ʦʧʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʘʮʠʣʠʨʦʚʘʥʠʝʤ. 

ʇʦʩʣʝ ʟʘʱʠʪʳ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʦʟʦʥʦʣʠʟʘ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ʙʳʣ ʧʦʣʫʯʝʥ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʜʠʦʣ 121 ʩ ʚʳʭʦʜʦʤ 78%. ɼʘʣʴʥʝʡʰʝʝ ʩʝʣʝʢʪʠʚʥʦʝ 

ʦʢʠʩʣʝʥʠʝ 1,5-ʜʠʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 122 [89] ʩʦʧʨʦ-

ʚʦʞʜʘʣʦʩʴ ʣʘʢʪʦʥʠʟʘʮʠʝʡ ʚ ʠʥʪʝʨʤʝʜʠʘʪ 123 ʩ ʚʳʭʦʜʦʤ 91%. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʦʝʜʠʥʝʥʠʝ 121 ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʠ ʵʥʟʠʤʘʪʠʯʝʩʢʦʤʫ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʤʫ 

ʤʦʥʦʘʮʝʪʠʣʠʨʦʚʘʥʠʶ ʧʦ ʛʠʜʨʦʢʩʠʣʫ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʙʦʣʝʝ ʜʣʠʥʥʦʡ ʮʝʧʴʶ [90] ʠ, 

ʜʘʣʝʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʩʠʥʪʝʟʘ ent-7-epi-F2t-ʜʠʛʦʤʦ-IsoP, 17-F2t-ʜʠʛʦʤʦ-IsoP, ʘ 

ʪʘʢʞʝ 5-F3t-IsoP [91]. 

 

 

ʉʭʝʤʘ 1.24 

 

ɽʱʝ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʚʘʨʠʘʥʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʙʣʦʢʦʚ ʜʣʷ 

ʧʨʦʩʪʘʥʦʠʜʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʚʥʫʪʨʠʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ, ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʬʨʘʥʮʫʟʩʢʠʤʠ 

ʘʚʪʦʨʘʤʠ [92]. ʊʘʢ, ʮʠʢʣʠʟʘʮʠʷ, ʜʦʩʪʫʧʥʦʛʦ ʚ ʧʷʪʴ ʩʪʘʜʠʡ ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 31% 

ʠʟ D-ʛʣʶʢʦʟʳ ʪʠʦʥʦʢʘʨʙʦʥʘʪʘ 124 ʧʨʠʚʝʣʘ ʢ ʩʤʝʩʠ ʪʨʝʭ ʣʘʢʪʦʥʦʚ (ʩʭʝʤʘ 1.24). 

ɿʜʝʩʴ, ʤʠʥʦʨʥʳʡ ʣʘʢʪʦʥ 125 ʵʥʘʥʪʠʦʤʝʨʝʥ ʧʨʦʠʟʚʦʜʥʳʤ ʣʘʢʪʦʥʘ ʂʦʨʠ, ʘ 128 ʠ 

ʦʩʥʦʚʥʦʡ ʠʟʦʤʝʨ 127 ï ʵʪʦ ʢʣʶʯʝʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʜʣʷ Iso-P. 
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1.1.5 ʉʠʥʪʝʟʳ ɔ-ʣʘʢʪʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʜʨʫʛʠʭ ʪʠʧʦʚ 

 

ʅʝʜʘʚʥʦ ʢʠʪʘʡʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ɔ-

ʣʘʢʪʦʥʘʤ 129, ʩʦʜʝʨʞʘʱʠʤ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ɤ-ʙʦʢʦʚʳʝ ʮʝʧʠ ʢʦʥʝʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [93]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʝʪʦʛʨʫʧʧʳ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʱʝʛʦ ʚʠʜʘ 128 ʧʨʠ ʜʝʡʩʪʚʠʠ ʪʨʠ-ʩʝʢʦ-ʙʫʪʠʣʙʦʨʦʛʠʜʨʠʜʘ ʣʠʪʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ -70 ÁC, ʯʪʦ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʣʘʢʪʦʥʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 129 ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 80% (ʩʭʝʤʘ 1.25). ʕʪʦʪ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʝʨʝʩʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ Ŭ-ʮʝʧʝʡ ʩʦʛʣʘʩʥʦ ʪʠʧʦʚʳʤ 

ʧʨʦʮʝʜʫʨʘʤ. 

 

 

ʉʭʝʤʘ 1.25 

 

1.1.6 ŭ-ʃʘʢʪʦʥʳ ʚ ʩʠʥʪʝʟʝ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 

 

ʉʦʝʜʠʥʝʥʠʷ ʦʙʱʝʛʦ ʪʠʧʘ 130, ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʚʠʜʝ ʢʠʩʣʦʪʥʦʡ, 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ, ʘʣʴʜʝʛʠʜʥʦʡ ʠʣʠ ʛʠʜʨʦʢʩʠʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʟʘʱʠʪ (ʵʬʠʨʳ ʠʣʠ ʘʮʝʪʘʣʠ), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʜʫʨʘʭ ʩʠʥʪʝʟʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʘʢʪʦʥʦʚ ʂʦʨʠ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʥʦʨʙʦʨʥʘʜʠʝʥʘ. ɺ ʵʪʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ŭ-ʣʘʢʪʦʥʳ 130 ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʝʨʝʭʦʜʥʳʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ɔ-ʣʘʢʪʦʥʦʚ 131, ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʙʱʝʤ 

ʚʠʜʝ ʥʘ ʩʭʝʤʝ 1.26 (ʩʤ. ʪʘʢʞʝ ʩʭʝʤʳ 1.2, 1.6, 1.7, 1.10 ʠ 1.22). 

ʈʷʜ ʧʦʣʥʳʭ ʩʠʥʪʝʟʦʚ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʥʦʡ ʬʦʨʤʳ 130 (R = CHO), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʚʣʝʯʝʥʘ ʚ E-HWE ʦʣʝʬʠʥʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɤ-ʙʦʢʦʚʦʡ 

ʮʝʧʠ ʚ ʝʥʦʥʘʭ 132. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʥʘ ʦʜʥʫ ʩʪʘʜʠʶ, ʪʘʢ ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʝ E-HWE ʦʣʝʬʠʥʠʨʦʚʘʥʠʝ ʘʣʴʜʝʛʠʜʘ 131 (R = 

CHO) ʜʦ ʝʥʦʥʘ 133 ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʝ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʧʦ ʚʪʦʨʠʯʥʦʤʫ 

ʛʠʜʨʦʢʩʠʣʫ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʩʠʥʪʝʟʝ 

ʜʠʤʦʢʩʘʧʨʦʩʪʘ ʯʝʨʝʟ ʝʥʦʥ 132ʘ [39, 94, 95], ʢʣʦʧʨʦʩʪʝʥʦʣʘ, ʬʣʫʧʨʦʩʪʝʥʦʣʘ, 

ʪʨʘʚʦʧʨʦʩʪʘ ʯʝʨʝʟ ʝʥʦʥʳ 132b [39, 96, 97], PGF2Ŭ ʯʝʨʝʟ ʝʥʦʥ 132c [39] ʠ ʜʨ. ʊʘʢʞʝ 

ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 9ɓ-ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ (ʩʤ. ʨʘʟʜʝʣ 1.3) ʠʣʠ 9ɓ-ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ (ʩʤ. ʩʭʝʤʳ ʚ ʨʘʟʜʝʣʝ 1.3 [60, 98]). ɺ ʦʙʱʝʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢʘʢ ŭ-ʣʘʢʪʦʥʳ, ʪʘʢ ʠ ɔ-ʣʘʢʪʦʥʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʦʩʪʦʚʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ ʠʭ 

ʘʥʘʣʦʛʦʚ. 

 

 

ʉʭʝʤʘ 1.26 

 

1.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʨʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ 

ʬʦʨʤ ʢʣʶʯʝʚʳʭ ŭ- ʠ ɔ-ʣʘʢʪʦʥʦʚ ʢʘʢ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʚ ʩʠʥʪʝʟʝ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 

 

ʍʠʤʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʫʪʝʤ 

ʨʘʩʱʝʧʣʝʥʠʷ ʢʠʩʣʦʪʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʘʤʠʥʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ R-(+)-ʬʝʥʠʣʵʪʠʣʘʤʠʥ, L-ʵʬʝʜʨʠʥ ʠ ʜʨ. ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
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ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʢʣʶʯʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʠʨʦʜʥʳʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. 

ɹʠʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʵʥʟʠʤʘʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʪʘʢʞʝ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ 

ʧʦʜʭʦʜʘʭ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʙʘʟʦʚʳʤ ʭʠʨʘʣʴʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʠʟʚʝʩʪʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʩʠʥʪʝʟʘ ʵʥʘʥʪʠʦʤʝʨʥʦ 

ʯʠʩʪʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ɤ-ʙʦʢʦʚʳʭ 

ʮʝʧʝʡ, ʜʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʣʠʰʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ ŭ- ʠ ɔ-

ʣʘʢʪʦʥʦʚ ʂʦʨʠ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʙʦʪ ʣʝʞʠʪ ʧʨʠʤʝʥʝʥʠʝ ʵʥʟʠʤʦʚ ʣʠʙʦ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʘʪʘ ʦʜʥʦʛʦ ʠʟ 

ʵʥʘʥʪʠʦʤʝʨʦʚ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ. ɼʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʟʜʝʣʝʥʠʷ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ 

ʤʥʦʛʠʭ ʩʭʝʤ ʩʠʥʪʝʟʘ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʚʳʭʦʜʘ ʢ 

ʭʠʨʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ (-)-22. 

 

1.2.1 ʕʥʟʠʤʘʪʠʯʝʩʢʦʝ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝ 

 

ɺ ʦʜʥʦʤ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ ɹ ʧʦʣʫʯʝʥʠʷ 

ʣʘʢʪʦʥʜʠʦʣʦʚ ʂʦʨʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʣʠʧʘʟʳ ʩʚʠʥʦʡ ʧʦʜʞʝʣʫʜʦʯʥʦʡ 

ʞʝʣʝʟʳ PPL (Porcine Pancreatic Lipase) ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʘʪʥʦʡ  

ʛʨʫʧʧʳ ʚ ʨʘʮʝʤʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ 134 ʜʦ ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ (-)-135 

ʚ ʚʦʜʥʦʤ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [99]. ʇʦ ʟʘʚʝʨʰʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʠʪʦʛʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʘʥʪʠʦʤʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 1:1 ʩ 

ʵʥʘʥʪʠʦʤʝʨʥʳʤ ʠʟʙʳʪʢʦʤ (+)-134 ʙʦʣʝʝ 98% ee. ɺʦ ʚʨʝʤʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʘʮʝʪʘʪ ʪʨʝʙʫʝʤʦʛʦ ʠʟʦʤʝʨʘ (+)-134 ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʬʘʟʫ (ʵʪʠʣʘʮʝʪʘʪ-ʛʝʢʩʘʥ, 1:1), ʘ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʵʥʘʥʪʠʦʤʝʨ (-)-135 ʦʩʪʘʝʪʩʷ ʚ 

ʚʦʜʥʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʝʛʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʨʠ 

ʧʦʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʪʠʧʦʚʳʝ ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ ʦʙʦʠʭ ʘʥʪʠʧʦʜʦʚ ʘʮʝʪʘʪʘ 

ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ (-)- ʠ (+)-138 (ʩʭʝʤʘ 1.27). 

 



48 

 

ʉʭʝʤʘ 1.27 

 

ɹʦʣʝʝ ʨʘʥʥʠʡ ʧʨʠʤʝʨ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʘʪʘ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʂʦʨʠ 139 ʷʧʦʥʩʢʠʤʠ ʘʚʪʦʨʘʤʠ [100]. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʠʧʘʟʘ PS (AmanoÈ, Pseudomonas sp.) ʚ 0,1 ʄ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ ʧʨʠ ʨʅ 7,6 ʧʨʠ 30 ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯ, ʘ ʮʝʣʝʚʦʡ ʩʧʠʨʪ (-)-140 ʠ 

ʥʝʛʠʜʨʦʣʠʟʦʚʘʥʥʳʡ ʘʮʝʪʘʪ ent-(+)-139 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʠ 

ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʙʦʣʝʝ ʯʝʤ 99% ee (ʩʭʝʤʘ 1.28).  

 

 

ʉʭʝʤʘ 1.28 
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1.2.2 ʕʥʟʠʤʘʪʠʯʝʩʢʦʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ 

 

ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʣʘʢʪʦʥʘ ʂʦʨʠ (Ñ)-22, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʙʦʣʝʝ ʨʘʥʥʝʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʣʘʢʪʦʥʘ ɻʨʠʢʦ (Ñ)-20. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ 

ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʣʘʢʪʦʥʘ (Ñ)-22 ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʝʣʝʢʪʠʚʥʳʤ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʥʫʞʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ (-)-22 ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʳʭ ʣʠʧʘʟ, ʥʦ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʣʠʧʘʟʳ AmanoÈ 

ɸʂ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʚʠʥʠʣʘʮʝʪʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʘʮʠʣʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ 

(ʩʭʝʤʘ 1.29) [101]. 

 

 

ʉʭʝʤʘ 1.29 

 

ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʘʮʠʣʠʨʦʚʘʥʠʷ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʧʫʪʝʤ ʵʥʟʠʤʘʪʠʯʝʩʢʦʡ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ 5-ʧ-ʬʝʥʠʣʙʝʥʟʦʘʪʘ (Ñ)-104 ʩ 

ʪʨʠʙʫʪʠʨʠʥʦʤ (ʪʨʠʙʫʪʠʨʘʪ ʛʣʠʮʝʨʦʣʘ) ʩ ʧʦʤʦʱʴʶ ʣʠʧʘʟʳ (ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʥ-

ʘʮʠʣʛʠʜʨʦʣʘʟʳ ɽʉ 3.1.1.3, ʪʠʧ VII  ʠʟ ʨʦʜʘ Candida cylindracea ʦʪ SigmaÈ) [102, 

103]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʤʳʡ ʵʥʘʥʪʠʦʤʝʨ ʩʦʭʨʘʥʷʣ ʩʚʦʙʦʜʥʫʶ ʧʝʨʚʠʯʥʫʶ 

ʩʧʠʨʪʦʚʫʶ ʛʨʫʧʧʫ, ʘ ʜʨʫʛʦʡ ʦʙʨʘʟʦʚʳʚʘʣ 5-ʧ-ʬʝʥʠʣʙʝʥʟʦʘʪ-4-

ʙʫʪʠʨʠʣʦʢʩʠʤʝʪʠʣʣʘʢʪʦʥ (+)-141 (ʩʭʝʤʘ 1.30). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʣʘʢʪʦʥʘ ɻʨʠʢʦ 20, ʪʦ ʥʝʜʘʚʥʦ ʢʠʪʘʡʩʢʠʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʪʘ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʝʛʦ ʵʥʘʥʪʠʦʤʝʨʦʚ ʩ ʧʦʤʦʱʴʶ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ [104]. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʣʠʧʘʟ, 
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ʉʭʝʤʘ 1.30 

 

ʪʘʢʠʭ ʚʠʜʦʚ ʢʘʢ AK, PS, Amano M10, T, AP6, ʄY, ʉʈ, ɸL, PL266 ʠ PL697 

ʧʨʦʠʩʭʦʜʠʣʦ ʩʝʣʝʢʪʠʚʥʦʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ (+)-20 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʮʝʪʘʪʦʢʠʩʣʦʪʳ 142. ʇʦʩʣʝʜʥʷʷ ʙʳʣʘ ʦʙʨʘʙʦʪʘʥʘ 

ʦʩʥʦʚʘʥʠʝʤ ʜʦ ʩʦʣʠ 143, ʢʦʪʦʨʘʷ, ʜʘʣʝʝ, ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 

ʵʥʘʥʪʠʦʤʝʨ (+)-20. ɺʳʭʦʜʳ ʮʝʣʝʚʦʛʦ ʘʥʪʠʧʦʜʘ (-)-20 ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 91.6% ʜʦ 

98.5%, ʘ ʦʧʪʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ ʦʪ 90.0% ʜʦ 99.7% ʝʝ, ʧʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʥʳ ʜʣʷ ʣʠʧʘʟʳ ɸʂ (98.5%, 99.7% eʝ) (ʩʭʝʤʘ 1.31). 

 

 

ʉʭʝʤʘ 1.31 

 

ʌʝʨʤʝʥʪʳ Actinobacter TD 63 ʠ NCIB 9871 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʨʘʥʮʫʟʩʢʠʤʠ 

ʘʚʪʦʨʘʤʠ ʧʨʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ 

ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʮʠʢʣʦʙʫʪʘʥʦʥʘ (Ñ)-19 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ (-)-20 ʩ 

ʚʳʭʦʜʦʤ 40% ʠ ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʙʦʣʝʝ 97% ee (ʩʭʝʤʘ 1.31) [105]. 
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ɺʧʦʩʣʝʜʩʪʚʠʠ ʠʤ ʫʜʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʜʫʨʫ ʠ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʜʦ 

46% [106] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʣʴʥʦʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʢʣʝʪʦʢ Actinobacter TD 

63. ʇʨʠ ʵʪʦʤ ʜʨʫʛʠʤ ʧʨʦʜʫʢʪʦʤ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣ çʘʥʦʤʘʣʴʥʳʡè ʣʘʢʪʦʥ (+)-

144, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ. 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʥʝʦʞʠʜʘʥʥʳʡ ʨʝʛʠʦʠʟʦʤʝʨ ʥʘ ʪʦʪ ʤʦʤʝʥʪ 

ʙʳʣ ʧʦʣʫʯʝʥ ʚʧʝʨʚʳʝ ʠ ʠʤʝʣ ʦʩʦʙʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʪʘʢ ʢʘʢ ʥʝ ʤʦʛ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ [107]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʝʤʝʮʢʠʤʠ ʘʚʪʦʨʘʤʠ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʪʦʛʦ ʞʝ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʮʠʩ-

ʙʠʮʠʢʣʦ[3.2.0]ʛʝʧʪ-2-ʝʥ-6-ʦʥʘ 19 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2-ʦʢʩʦ-ȹ
3
-4,5,5-

ʪʨʠʤʝʪʠʣʮʠʢʣʦʧʝʥʪʝʥʠʣʘʮʝʪʠʣ-ʢʦʘʬʝʨʤʝʥʪʘ ɸ ʤʦʥʦʦʢʩʦʛʝʥʘʟʳ ʠʟ ʢʣʝʪʦʢ 

Pseudomonas putida (OTEMO) [108]. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʢʠʩʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʤʫʪʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʢ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ: ʜʦ çʥʦʨʤʘʣʴʥʦʛʦè ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʣʘʢʪʦʥʘ (-)-20 ʩ ʚʳʭʦʜʦʤ 90% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʪʘʤʤʦʚ F255A/F443V ʠʣʠ ʜʦ 

çʘʥʦʤʘʣʴʥʦʛʦè ʧʨʦʜʫʢʪʘ (+)-144 ʩ ʚʳʭʦʜʦʤ ʜʦ 98% ʩʦ ʰʪʘʤʤʦʤ W501V. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ (+)- ʠ (-)-19 ʚ 

ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʰʪʘʤʤʘʤʠ OTEMO, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʭʦʜʥʳʡ, çʜʠʢʠʡè ʪʠʧ ʬʝʨʤʝʥʪʘ ʧʨʠʚʦʜʠʪ 

ʠʟʦʤʝʨ (-)-19 ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʤʝʩʠ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʣʘʢʪʦʥʦʚ. 

 

 

ʉʭʝʤʘ 1.32 

 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ 

ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ʢʝʪʦʥʘ 19 ʚʳʙʨʘʣʠ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʧʫʪʴ 
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ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʡʩʪʚʠʷ ʬʝʨʤʝʥʪʦʚ [109, 110]. ʊʘʢ, ʦʥʠ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʮʝʣʴʥʦʢʣʝʪʦʯʥʦʛʦ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ Escherichia coli TOP10 

pQR239, ʵʢʩʧʨʝʩʩʠʨʫʶʱʝʛʦ ʮʠʢʣʦʛʝʢʩʘʥʦʥʤʦʥʦʦʢʩʠʛʝʥʘʟʫ ʠʟ ʢʫʣʴʪʫʨʳ 

Acinetobacter calcoaceticus NCIMB 9871 (CHMO) ʜʣʷ ʨʝʛʠʦʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʦʙʦʠʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʣʘʢʪʦʥʘ ɻʨʠʢʦ 20. ʈʘʟʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʘʥʪʠʧʦʜʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩ ɹ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʭʠʨʘʣʴʥʦʡ ʢʦʣʦʥʢʝ (ʩʭʝʤʘ 1.32). ɺ ʧʝʨʩʧʝʢʪʠʚʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʣʫʯʰʝʥʳ ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʮʝʣʝʚʳʭ ʭʠʨʘʣʴʥʳʭ ʣʘʢʪʦʥʦʚ ɻʨʠʢʦ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʪʘʢ 

ʠ ʚ ʩʪʦʨʦʥʫ ʦʧʪʠʤʠʟʘʮʠʡ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʝʛʦ çʘʥʦʤʘʣʴʥʳʭè ʨʝʛʠʦʠʟʤʝʨʦʚ, 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʭ ʠ ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʜʨʫʛʠʤʠ ʧʫʪʷʤʠ. 

 

1.3 ŭ-ʃʘʢʪʦʥʳ ʚ ʩʠʥʪʝʟʘʭ ʛʘʣʦʛʝʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʠ ʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

 

ɺ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ ʧʦʜʭʦʜʦʚ ʦʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʦʨʙʦʨʥʝʥʘ ʢʘʢ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ ʚ 

ʭʦʜʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʣʶʯʝʚʳʭ ɔ-ʣʘʢʪʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʪʜʝʣʴʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʥʘʠʙʦʣʝʝ ʧʝʩʧʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʘʥʘʣʦʛʦʚ ʧʨʦʩʪʘʥʦʠʜʦʚ ï ʛʘʣʦʠʜʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʧʦʤʷʥʫʪʳʝ ʘʪʦʤʳ 

ʛʘʣʦʛʝʥʘ ʩʦʭʨʘʥʷʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʩʪʨʫʢʪʫʨ. ʄʥʦʛʠʝ ʠʟ ʪʘʢʠʭ 

9Ŭ,ɓ- ʠ 11Ŭ,ɓ-ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʠʩʧʳʪʘʥʠʷʤ, ʧʨʦʷʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʳʝ [110, 111] ʠʣʠ 

ʘʥʪʠʪʨʦʤʙʦʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [112-114]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʠ ʣʝʯʝʥʠʠ ʧʨʦʙʣʝʤ ʬʝʨʪʠʣʴʥʦʩʪʠ [115] ʠ 

ʛʣʘʫʢʦʤʳ [116]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʘʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʦ ʘʪʦʤ 

ʛʘʣʦʛʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʞʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʢʝʪʦʛʨʫʧʧʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ 

ʩʨʦʜʩʪʚʦ ʢ ʨʝʮʝʧʪʦʨʘʤ PGD2 [131, 112], PGE2 [112] ʠ ʝʛʦ ʧʦʜʪʠʧʫ EP2 [117]. 

ʇʝʨʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʦʚʳʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ 
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ʨʘʤʢʘʭ ʪʠʧʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ. ɺʥʘʯʘʣʝ ʧʦʣʫʯʘʣʠ ʤʝʟʠʣʘʪʳ ʠʣʠ 

ʪʦʟʠʣʘʪʳ ʧʦ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʢʦʪʦʨʳʝ, ʷʚʣʷʷʩʴ ʭʦʨʦʰʦ ʫʭʦʜʷʱʠʤʠ 

ʛʨʫʧʧʘʤʠ, ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʠ SN2-ʟʘʤʝʱʝʥʠʷ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʣʷʤʠ ʛʘʣʦʛʝʥʦʚʳʭ ʢʠʩʣʦʪ [112, 113, 118-121]. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ 

ʄʠʮʫʥʦʙʫ ʠʣʠ ʬʪʦʨʠʨʦʚʘʥʠʷ ʩʚʦʙʦʜʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ [112, 113]. 

ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʳʝ ʚʘʨʠʘʥʪʳ, ʫʯʠʪʳʚʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʛʦʪʦʚʳʭ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʤʝʥʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʷʱʠʤʠ ʠʟ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ.  

ʆʜʠʥ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʧʨʠʤʝʨʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʪʦʨʘʤʠ [118] ʚ ʩʠʥʪʝʟʝ 

ʥʦʢʣʦʧʨʦʩʪʘ ʠ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʥʦʨʙʦʨʥʘʜʠʝʥʘ 145 (ʩʭʝʤʘ 1.33). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʨʘʩʢʨʳʪʠʝ ŭ-

ʣʘʢʪʦʥʥʦʛʦ ʮʠʢʣʘ ʚ 145 ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʡʩʪʚʠʝʤ 

ʜʠʠʟʦʙʫʪʠʣʘʣʶʤʠʥʠʡ ʛʠʜʨʠʜʘ (DIBAL -H) ʜʦ ʣʘʢʪʦʣʘ 146, ʯʴʷ ʪʘʫʪʦʤʝʨʥʘʷ 

ʘʣʴʜʝʛʠʜʥʘʷ ʬʦʨʤʘ 147, ʜʘʣʝʝ, ʚʦʚʣʝʢʘʣʘʩʴ ʚ ʪʠʧʦʚʳʝ ʨʝʘʢʮʠʠ ʧʦʩʪʨʦʝʥʠʷ Ŭ-ʮʝʧʠ 

ʚ 148. ʉʪʦʠʪ ʦʩʦʙʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʘʪʦʤ ʭʣʦʨʘ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʝʜʠʥʝʥʠʠ 145 ʠʤʝʝʪ ʧʦʜʭʦʜʷʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʘʚʠʣʴʥʦʤ 

ʤʝʩʪʝ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ. 

 

 

ʉʭʝʤʘ 1.33 
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ʅʝʜʘʚʥʦ ʨʫʤʳʥʩʢʠʝ ʫʯʝʥʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʦʙʱʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ 9ɓ-ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 150 ʠ 151, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ŭ-ʣʘʢʪʦʥʘ 149, ʫʞʝ 

ʠʤʝʶʱʠʭ ɤ-ʙʦʢʦʚʫʶ ʮʝʧʴ ʩ 15-ʢʝʪʦʛʨʫʧʧʦʡ. ʆʙʱʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʨʘʩʢʨʳʪʠʠ ʣʘʢʪʦʥʥʦʛʦ ʮʠʢʣʘ ʜʝʡʩʪʚʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʜʠʦʣʦʚ (n = 2-5) ʠʣʠ 2-

ʙʫʪʠʥ-1,4-ʜʠʦʣʦʤ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʝ, ʥʘʧʨʠʤʝʨ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʦʡ (p-

TSA), ʩ ʠʥʝʨʪʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠʣʠ ʙʝʟ ʥʝʛʦ (ʩʭʝʤʘ 1.34) [122, 123]. 

 

 

ʉʭʝʤʘ 1.34 

 

Cʦʝʜʠʥʝʥʠʷ 150 ʠ 151, ʧʦʣʫʯʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 1.34, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʥʘʪʠʚʥʳʭ ʬʦʨʤ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚ Ŭ-ʙʦʢʦʚʦʡ ʮʝʧʠ 

ʩʣʦʞʥʦʵʬʠʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(6) ʠ ʛʠʜʨʦʢʩʠʣʘ ʚʤʝʩʪʦ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʳ ʧʨʠ C(1), ʦʪʩʪʦʷʱʝʛʦ ʦʪ ʢʠʩʣʦʨʦʜʘ ʥʘ 2-6 ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʘ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʝʘʢʮʠʠ ʩ 1,4-ʙʫʪʘʥʜʠʦʣʦʤ, 

ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʙʱʘʷ ʜʣʠʥʘ ʧʦʣʫʯʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚ 

ʵʪʦʤ ʘʥʘʣʦʛʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʪʠʚʥʦʡ. ʆʜʥʘʢʦ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʫʧʦʤʷʥʫʪʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 150 ʠ 151 ʠ 
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ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʳ ʧʫʪʝʤ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʢʘʢ ʙʘʟʦʚʦʡ, ʪʘʢ ʠ ʫʞʝ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ,ʝʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ 

152 ʠʣʠ 153 ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʜʦ ʘʣʣʠʣʴʥʦʛʦ ʩʧʠʨʪʦʚʦʛʦ ʚ 154 ʠ 155, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘ 1.35). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʠʟʦʧʨʦʧʦʢʩʠʜ ʜʠʠʟʦʙʦʨʥʠʣʦʢʩʠʘʣʶʤʠʥʠʷ (DIBAL iP), 

NaBH4-CeCl3 ʠʣʠ NaBH4-DOWEX 1X8È, ʜʝʡʩʪʚʦʚʘʣʠ ʥʝʩʝʣʝʢʪʠʚʥʦ, ʧʨʠʚʦʜʷ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʚʠʤʦʣʷʨʥʳʤ ʩʤʝʩʷʤ ʵʧʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ŭ-ʃʘʢʪʦʥʥʳʡ ʮʠʢʣ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 154, ʜʘʣʝʝ, 

ʨʘʩʢʨʳʚʘʣʩʷ ʚ ʪʠʧʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʠʦʣʦʤ ʜʦ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ 155, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ (LPC) [123].  

 

 

ʉʭʝʤʘ 1.35 

 

ʇʦʣʫʯʝʥʥʳʝ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 150-155 ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʥʘ ʥʘʣʠʯʠʝ ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʦʡ 

(ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ) ʘʢʪʠʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʤʝʧʨʘʟʦʣʘ ʠ ʥʦʢʣʦʧʨʦʩʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʤʝʧʨʘʟʦʣ ʧʨʠ ʵʪʦʤ ʧʨʦʷʚʠʣ ʥʘʠʤʝʥʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 9ɓ-ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ (12 

ʩʦʝʜʠʥʝʥʠʡ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ʩʚʷʳʚʘʥʠʷ ʩ 

ʙʝʣʢʦʤ-ʤʠʰʝʥʴʶ, ʯʝʤ ʥʦʢʣʦʧʨʦʩʪ.  
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ɼʨʫʛʠʤ ʚʘʨʠʘʥʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ŭ-ʣʘʢʪʦʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʧʘ 149 ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʝʥʦʥʘ 

ʛʠʜʨʦʛʝʥʦʣʠʟʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʢʝʣʷ ʈʝʥʝʷ (Ni-Ra) ʠʟ ʧʨʦʠʟʚʦʜʥʦʛʦ 156, ʧʦʩʣʝ ʦʯʠʩʪʢʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 13,14-

ʜʠʛʠʜʨʦʘʥʘʣʦʛʦʚ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ 157 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 1.36) [97]. 

 

 

ʉʭʝʤʘ 1.36 

 

ʉʦʛʣʘʩʥʦ ʜʨʫʛʠʤ ʨʘʙʦʪʘʤ, ŭ-ʣʘʢʪʦʥʳ ʪʘʢʞʝ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʜʨʫʛʠʝ 

ʧʦʣʝʟʥʳʝ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʝ ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʈʘʥʝʝ ʫʞʝ ʙʳʣʘ 

ʦʧʠʩʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ŭ-ʣʘʢʪʦʥʘ 30 ʠ ʝʛʦ ʟʘʱʠʱʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 27 ʚ ʣʘʢʪʦʥʜʠʦʣʳ ʂʦʨʠ 159 ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʟʘʱʠʪʳ 

ʧʝʨʚʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʦʩʣʝʜʥʠʝ, ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʢʘʩʘʶʱʠʭʩʷ ʚʚʝʜʝʥʠʷ ʠ ʩʥʷʪʠʷ ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʧʦ ʧʝʨʚʠʯʥʦʤʫ ʠ ʚʪʦʨʠʯʥʦʤʫ 

ʛʠʜʨʦʢʩʠʣʘʤ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʫʜʦʙʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʜʣʷ 

ʢʦʚʝʨʛʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʩ ʣʶʙʳʤ ʧʦʨʷʜʢʦʤ ʚʚʝʜʝʥʠʷ ʙʦʢʦʚʳʭ 

ʮʝʧʝʡ. ɺ ʵʪʦʡ ʧʨʦʮʝʜʫʨʝ ʘʪʦʤʫ ʛʘʣʦʛʝʥʘ ʦʧʨʝʜʝʣʝʥʘ ʨʦʣʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ ʚʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤ ʟʘʤʝʱʝʥʠʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʤ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ɔ-ʣʘʢʪʦʥʥʦʛʦ ʮʠʢʣʘ. ʆʜʥʘʢʦ, ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʘʥʘʣʦʛʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʮʠʢʣʦʧʝʥʪʝʥʳ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʜʨʫʛʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʜʫʨ ʧʦʣʫʯʝʥʠʷ, 
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ʚʳʜʝʣʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʵʪʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ [124]. 

 

 

ʉʭʝʤʘ 1.37 

 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʩʣʦʪʥʦʛʦ 

ʤʝʪʘʥʦʣʠʟʘ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʢʪʦʥʘ 27. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʙʝʥʟʦʘʪʥʦʛʦ ʵʬʠʨʘ, 

ʨʝʘʢʮʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩ ɹʥʝʞʝʣʘʪʝʣʴʥʳʤ ʩʥʷʪʠʝʤ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ, ʘ ʚ 1:1-ʩʤʝʩʠ 

ʤʝʪʘʥʦʣ-ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ ʧʦʣʫʯʘʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʮʝʣʝʚʦʡ ʵʬʠʨ  28 ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʧ-ʅʠʪʨʦʙʝʥʟʦʘʪ ʚ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʜʘʚʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʜʫʢʪ ʩ ʚʳʭʦʜʦʤ ʦʢʦʣʦ 95%, ʘ ʘʮʝʪʘʪ ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʛʠʜʨʦʣʠʟʝ ʪʦʣʴʢʦ 69% (ʩʭʝʤʘ 1.37) [54, 55]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝʟʘʱʠʱʝʥʥʳʡ ŭ-

ʣʘʢʪʦʥ 30 ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʣ ʢ ʭʣʦʨʵʬʠʨʫ 31. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ 
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ʭʣʦʨʦʵʬʠʨʳ 28 ʜʘʣʝʝ ʙʳʣʠ ʟʘʱʠʱʝʥʳ ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ 160 ʧʦ ʚʪʦʨʠʯʥʦʤʫ 

ʛʠʜʨʦʢʩʠʣʫ, ʘ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʠ ʧʦ ʧʝʨʚʠʯʥʦʤʫ ʚ 161. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʠʨʪʦʚʳʝ ʛʨʫʧʧʳ ʭʣʦʨʵʬʠʨʘ 31 ʧʨʝʚʨʘʱʘʣʠ ʚ ʩʠʣʠʣʦʚʳʝ (TBSO) 

ʠʣʠ ʪʨʠʬʝʥʠʣʤʝʪʠʣʦʚʳʝ (TrO) ʚ 158 ʢʘʢ ʠʟʙʠʨʘʪʝʣʴʥʦ, ʪʘʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʨʷʜʘ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʭʣʦʨʦʵʬʠʨʦʚ 165 [125] ʧʫʪʝʤ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʜʝʡʩʪʚʠʝʤ K2CO3 ʚ 

ʤʝʪʘʥʦʣʝ ʩʦʝʜʠʥʝʥʠʡ 164, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ŭ-ʣʘʢʪʦʥʘ 40 (ʩʭʝʤʘ 1.10) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʭʦʜʘ 40Ÿ163Ÿ164 (ʩʭʝʤʘ 1.38) [63]. ʇʨʠ ʵʪʦʤ ʩʠʣʠʣʴʥʘʷ (TBS) ʠ ʙʝʥʟʦʘʪʥʘʷ 

(Bz) ʟʘʱʠʪʥʳʝ ʛʨʫʧʧʳ ʦʢʘʟʘʣʠʩʴ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʘʢʮʠʠ 

ʧʨʠʚʦʜʠʣʠ ʢ ʧʨʦʠʟʚʦʜʥʦʤʫ 165ʘ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ 164ʘ ʠ 

164b, ʜʣʷ n=0 ʠ 1: 70% ʠ 75%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʜʝʩʴ ʠʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ ʝʩʣʠ 

ʛʠʜʨʦʣʠʟ ʙʝʥʟʦʘʪʥʦʡ ʬʫʥʢʮʠʠ ʚʧʦʣʥʝ ʚʦʟʤʦʞʝʥ, ʪʦ ʦʪʱʝʧʣʝʥʠʝ ʩʠʣʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʙʳʣʦ ʤʝʥʝʝ ʦʞʠʜʘʝʤʦ. ʆʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʚʩʝ ʞʝ ʤʦʞʥʦ ʥʘʡʪʠ 

ʫʧʦʤʠʥʘʥʠʝ ʦ ʥʝʦʞʠʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʜʝʩʠʣʠʣʠʨʦʚʘʥʠʷ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ [126, 

127]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʭʣʦʨʵʬʠʨʦʚ 164c ʙʠʩ-ʟʘʱʠʱʝʥʥʳʭ 

ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (THP) ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʧʨʠʚʦʜʠʣʘ ʢ 

ʧʨʦʜʫʢʪʘʤ 165c (ʜʣʷ n=0 ï 83%, ʘ ʜʣʷ n=1 ï 72%). ɺʪʦʨʠʯʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ 165ʘ ʧʨʠ ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʝʥʠʠ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʱʠʱʝʥʳ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʦʙʱʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ 31, 28, 158, 161 ʠ 165 ʤʦʛʫʪ ʙʳʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʭʣʦʨʮʠʢʣʦʧʝʥʪʘʥʦʚʳʝ ʩʢʘʬʬʦʣʜʳ ʧʨʠ ʜʠʟʘʡʥʝ ʠ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʘʥʘʣʦʛʦʚ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. 

 

 

ʉʭʝʤʘ 1.38 
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1.4 ʇʨʦʠʟʚʦʜʥʳʝ ɔ-ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ ʠ ʦʜʥʦʠʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ï çʥʝʩʪʘʨʝʶʱʘʷ ʢʣʘʩʩʠʢʘè ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ, ʭʠʨʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʩʢʘʬʬʦʣʜ, 

çʢʨʘʝʫʛʦʣʴʥʳʡ ʢʘʤʝʥʴèï ʪʝʨʤʠʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʦʣʠ 

ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʩʠʥʪʝʟʝ ʧʨʦʩʪʘʥʦʠʜʦʚ. ɺ ʜʘʥʥʦʤ 

ʢʦʥʪʝʢʩʪʝ, ʩʪʨʫʢʪʫʨʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʮʝʣʝʡ ʠ ʩʨʝʜʩʪʚʘ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʫʞʝ ʙʳʣʘ 

ʫʧʦʤʷʥʫʪʘ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. ʆʜʥʘʢʦ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɔ-ʣʘʢʪʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʤʦʛʣʦ ʦʪʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʦʪ ʛʣʘʚʥʦʛʦ 

ï ʫʥʠʢʘʣʴʥʦʩʪʠ ʩʪʨʘʪʝʛʠʠ ʂʦʨʠ, ʢʦʪʦʨʘʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʢʣʶʯʝʥʘ ʚ ʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ɺ ʧʦʣʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʞʘʣʫʡ, ʥʝʪ ʙʦʣʴʰʝ ʧʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ, ʛʜʝ ʦʜʥʦ ʜʦʩʪʫʧʥʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʝʣʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. ʀ, ʝʩʣʠ ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʣʘʢʪʦʥʘ ʂʦʨʠ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʨʫʧʧʳ  

 

 

ʉʭʝʤʘ 1.39 



60 

ʢʦʥʢʫʨʠʨʫʶʪ ʜʦ ʩʠʭ ʧʦʨ, ʪʦ ʜʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ ʧʦʣʫʯʝʥʥʳʭ ʙʣʦʢʦʚ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʭʦʞʘ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʧʦʩʣʫʞʠʣʘ ʙʣʝʩʪʷʱʘʷ 

ʧʨʦʟʦʨʣʠʚʦʩʪʴ ʕʣʘʡʘʩʘ ʂʦʨʠ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʩʶ ʤʦʱʴ 

ʩʚʦʝʡ ʨʝʪʨʦʩʠʥʝʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʠʤʝʥʥʦ ʚ ʩʠʥʪʝʟʝ ʧʨʦʩʪʘʥʦʠʜʦʚ. ʂʦʥʝʯʥʦ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ, ʥʝ ʢʘʩʘʶʱʠʭʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʣʘʢʪʦʥʦʚ, ʥʦ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʦʥʠ ʟʘʯʘʩʪʫʶ ʧʨʦʠʛʨʳʚʘʶʪ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʚʘʨʠʘʥʪʫ ʠʟ-ʟʘ ʟʘʤʝʪʥʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʢʨʫʛʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, 

ʩʪʨʘʪʝʛʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʂʦʨʠ, ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʠʟʤʝʥʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚ 

ʚʳʙʦʨʝ ʢʣʶʯʝʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʙʘʟʦʚʦʛʦ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ([4+2]- ʠʣʠ [2+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ), ʘ ʪʘʢʞʝ ʧʦʨʷʜʢʘ ʚʚʝʜʝʥʠʷ ʙʦʢʦʚʳʭ ʮʝʧʝʡ (ʩʭʝʤʘ 1.39).  

ʅʘ ʩʭʝʤʝ 39 ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʧʦʜʭʦʜʦʚ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʂʦʨʠ ʠ 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ. ʆʩʥʦʚʥʳʝ ʚʘʨʠʘʮʠʠ, ʢʘʢ ʫʞʝ 

ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʩʚʷʟʘʥʳ ʩ ʚʳʙʦʨʦʤ ʙʘʟʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʇʝʨʚʳʝ ʧʦʜʭʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ 

ɼʠʣʴʩʫ-ɸʣʴʜʝʨʫ ʚ 166, ʢʘʢ ʢʣʶʯʝʚʫʶ ʩʪʘʜʠʶ ʚʳʭʦʜʘ ʢ ʥʘʧʨʷʞʝʥʥʦʡ ŭ-ʣʘʢʪʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ 167, ʢʦʪʦʨʘʷ ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠʚʦʜʠʣʘ ʢ ʢʣʶʯʝʚʦʤʫ ɔ-

ʣʘʢʪʦʥʫ ʂʦʨʠ 168. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʣʦʢ, ʦʙʣʘʜʘʶʱʠʡ ʫʜʦʙʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʠ ʧʦʜʭʦʜʷʱʝʡ ʩʪʝʨʝʦʭʠʤʠʝʡ, ʜʘʣʝʝ, ʚ ʭʦʜʝ ʪʠʧʦʚʳʭ ʧʨʦʮʝʜʫʨ 

ʦʣʝʬʠʥʠʨʦʚʘʥʠʷ ʜʣʷ ʚʚʝʜʝʥʠʷ ʙʦʢʦʚʳʭ ʮʝʧʝʡ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʦʩʪʦʚʘ, ʤʦʛ ʙʳʪʴ ʣʝʛʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʨʘʟʥʳʝ ʪʠʧʳ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʤʥʦʛʠʝ ʠʟ ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʨʝʘʢʮʠʠ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʜʠʭʣʦʨʢʝʪʝʥʘ ʢ 1,3-ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʫ. ʇʦʣʫʯʘʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʤ-

ʜʠʭʣʦʨʙʠʮʠʢʣʦʙʫʪʘʥʦʥ 18, ʜʘʣʝʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʦʢʠʩʣʝʥʠʝ ʧʦ ɹʘʡʝʨʫ-

ɺʠʣʣʠʛʝʨʫ ʜʦ ɔ-ʣʘʢʪʦʥʘ 34 ʠ, ʜʘʣʝʝ, ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʜʝʭʣʦʨʠʨʦʚʘʥʠʝ ʜʦ 

ʣʘʢʪʦʥʘ ɻʨʠʢʦ 20. ɺ ʵʪʦʤ ʧʝʨʝʭʦʜʝ ʠʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ, ʢʘʩʘʶʱʠʝʩʷ, 

ʢʘʢ ʧʦʨʷʜʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ, ʪʘʢ ʠ ʩʧʦʩʦʙʦʚ ʦʢʠʩʣʝʥʠʷ (ʵʥʟʠʤʘʪʠʯʝʩʢʦʝ 
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ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʭʠʨʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʣʴʶʠʩʦʚʩʢʠʭ, ʙʨʝʥʩʪʝʜʦʚʩʢʠʭ ʠʣʠ 

ʩʧʠʨʦ-ʬʦʩʬʦʥʠʝʚʳʭ ʢʠʩʣʦʪ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ 

ʦʙʨʘʪʥʳʤ ʧʦʨʷʜʢʦʤ ʚʚʝʜʝʥʠʷ ʙʦʢʦʚʳʭ ʮʝʧʝʡ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʩʪʨʘʪʝʛʠʷ ʂʦʨʠ, ʫʯʠʪʳʚʘʷ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʧʨʦʭʦʞʜʝʥʠʝ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ɔ-ʣʘʢʪʦʥʘ, ʥʝ ʧʨʝʪʝʨʧʝʣʘ 

ʩʝʨʴʝʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʟʘ ʩʚʦʶ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠʜʝʩʷʪʠʣʝʪʥʶʶ ʠʩʪʦʨʠʶ. 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʦʧʠʩʘʥʠʝ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʠʟ ʣʘʢʪʦʥʦʚ ʂʦʨʠ ʚ 

ʨʘʤʢʘʭ ʦʙʱʝʡ ʠʜʝʠ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳʤ. ʂʦʥʝʯʥʦ, ʢʘʞʜʳʡ ʠʟ ʦʧʠʩʘʥʥʳʭ ʧʨʠʤʝʨʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʠʥʪʝʨʝʩʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʥʘʭʦʜʢʠ, ʥʦ ʚʩʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʨʝʰʝʥʠʝʤ 

ʯʘʩʪʥʳʭ ʧʨʦʙʣʝʤ, ʢʘʩʘʶʱʠʭʩʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ, ʯʪʦ ʥʝ ʚʳʚʦʜʠʪ ʵʪʠ ʧʦʜʭʦʜʳ ʟʘ ʨʘʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʦʙʱʝʡ 

ʩʭʝʤʳ ʩʠʥʪʝʟʘ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʠʤʝʨʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʩʶ ʵʚʦʣʶʮʠʶ ʜʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʟʘ ʝʸ ʠʩʪʦʨʠʶ. 

 

1.4.1 ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘʤ ʧʦ ʂʦʨʠ ʥʘ ʦʩʥʦʚʝ [4+2]-

ʘʜʜʫʢʪʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʩ ʘʢʨʠʣʘʪʘʤʠ 

 

ʇʝʨʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʪʨʘʪʝʛʠʠ ʂʦʨʠ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʥʪʝʟʦʤ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ PGF2Ŭ ʠ PGE2, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

[4+2]-ʘʜʜʫʢʪʘ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠ 2-ʭʣʦʨʘʢʨʠʣʦʥʠʪʨʠʣʘ 171 [21] (ʩʭʝʤʘ 1.40). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʚʦʚʣʝʢʘʣʦʩʴ ʚ 

ʨʝʘʢʮʠʶ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʧʨʠʩʪʫʪʩʪʚʠʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʤʝʜʠ(II) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 171 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ʇʦʩʣʝ ʛʝʥʝʨʘʮʠʠ ʢʝʪʦʛʨʫʧʧʳ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚ 172 ʩʣʝʜʦʚʘʣʘ ʩʪʘʜʠʷ ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ŭ-ʣʘʢʪʦʥʘ 173, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʠ 

ʡʦʜʣʘʢʪʦʥʠʟʘʮʠʠ ʙʳʣ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʧʨʦʠʟʚʦʜʥʦʝ ɔ-ʣʘʢʪʦʥʘ 174 ʩ ʦʙʱʠʤ 

ʚʳʭʦʜʦʤ 41%. ʂʣʶʯʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʟʘʱʠʱʝʥʥʦʛʦ ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ 175 ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʧʦʩʣʝ ʘʮʠʣʠʨʦʚʘʥʠʷ ʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʜʝʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ. ʇʦʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ ʤʝʪʦʢʩʠʛʨʫʧʧʳ ʠ ʦʢʠʩʣʝʥʠʝ ʨʝʘʛʝʥ- 
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ʉʭʝʤʘ 1.40 

 

ʪʦʤ ʂʦʣʣʠʥʟʘ ʜʦ ʘʣʴʜʝʛʠʜʘ 176 ʧʦʟʚʦʣʠʣʠ ʧʝʨʝʡʪʠ ʢ ʩʪʘʜʠʠ ʚʚʝʜʝʥʠʷ ɤ-ʙʦʢʦʚʦʡ 

ʮʝʧʠ ʦʣʝʬʠʥʠʨʦʚʘʥʠʝʤ ʧʦ ʍʦʨʥʝʨʫ-ɺʠʪʪʠʛʫ-ʕʚʘʥʩʫ (HWE) ʧʦʜʭʦʜʷʱʠʤ 

ʬʦʩʬʦʥʘʪʥʳʤ ʨʝʘʛʝʥʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ 177. ɺʚʝʜʝʥʠʶ ʚʝʨʭʥʝʡ 

ʮʝʧʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʝʪʦʛʨʫʧʧʳ, ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʘʪʘ ʠ 

ʟʘʱʠʪʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʷ 178 ʚ ʚʠʜʝ ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʠʣʴʥʳʭ 

ʵʬʠʨʦʚ. ɼʘʣʝʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʣʘʢʪʦʣʘ ʠ ʚʦʚʣʝʯʝʥʠʝ ʝʛʦ ʚ ʨʝʘʢʮʠʶ ɺʠʪʪʠʛʘ ʩ 

ʠʣʠʜʦʤ ʠʟ 5-ʙʨʦʤʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʝʣʠ ʢ ʧʨʦʠʟʚʦʜʥʦʤʫ 179, ʩʦʜʝʨʞʘʱʝʤʫ 
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ʧʨʘʢʪʠʯʝʩʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ Ŭ- ʠ ɤ-ʙʦʢʦʚʳʝ ʮʝʧʠ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. ʋʜʘʣʝʥʠʝ 

ʟʘʱʠʪʥʳʭ ʛʨʫʧʧ ʚ ʩʦʝʜʠʥʝʥʠʠ 179 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʮʝʤʠʯʝʩʢʦʤʫ 

PGF2Ŭ (18% ʥʘ17 ʩʪʘʜʠʡ), ʘ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢ PGɽ2 (14% ʥʘ 18 

ʩʪʘʜʠʡ). 

 

 

ʉʭʝʤʘ 1.41 

 

ʅʝ ʢʘʩʘʷʩʴ ʜʝʪʘʣʝʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʵʪʦʪ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʠʟʚʦʜʥʦʤ 175, ʙʳʣ ʧʨʠʤʝʥʝʥ, ʢʘʢ ʚ ʭʠʨʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ, ʪʘʢ ʠ 

ʜʣʷ ʩʠʥʪʝʟʦʚ ʜʨʫʛʠʭ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ PGA-PGC, PGE1 (ʂʦʨʠ ʚ 1970-ʭ) [50, 128-

130], PGD2 (ʐʠʙʘʩʘʢʠ, 1986) [131], PGI2 (ɼʞʦʥʩʦʥ ʠ ʋʠʪʪʘʢʝʨ, 1977) [132, 133], ʘ 

ʪʘʢʞʝ PGJ2 (ʈʦʙʝʨʪʩ ʠ ʅʴʶʪʦʥ, 1980; ɿʘʥʦʥʠ, 2003) [134-136] (ʩʭʝʤʘ 1.41). 

ʆʪʤʝʯʝʥʥʳʝ ʨʘʙʦʪʳ ʥʝ ʚʥʦʩʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʨʨʝʢʪʠʚ ʚ ʦʙʱʫʶ ʩʪʨʘʪʝʛʠʶ 

ʂʦʨʠ ʠ, ʚ ʧʨʠʥʮʠʧʝ, ʦʪʣʠʯʘʣʠʩʴ ʣʠʰʴ ʚ ʜʝʪʘʣʷʭ, ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘʶʱʠʭʩʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʦʩʪʦʚʘ. ɿʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʩʠʥʪʝʟʦʚ ʧʨʦʩʪʘʥʦʠʜʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʩʪʨʫʢʪʫʨ, ʥʝ 
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ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʂʦʨʠ, ʦʜʥʘʢʦ, ʚʳʩʦʢʘʷ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘ ʵʪʦ ʚʨʝʤʷ ʣʠʰʴ ʫʩʠʣʠʣʘʩʴ.  

ʈʝʘʢʮʠʠ ʮʠʢʣʠʟʘʮʠʠ, ʪʘʥʜʝʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ 

ʩʦʯʝʪʘʥʠʷ, çone-potè ʧʨʦʮʝʜʫʨʳ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʶʪʩʷ ʫʢʨʘʰʝʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʦʜʥʘʢʦ, ʚʳʩʦʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ. ʕʪʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ ʧʨʦʩʪʘʥʦʠʜʦʚ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʩʪʘʨʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʥʪʝʨʤʝʜʠʪʘʤ ʂʦʨʠ ʚʦ ʚʩʝʤ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʠ. 

 

1.4.2 ʇʦʩʣʝʜʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʭʦʜʘ ʢ ʧʨʦʩʪʘʛʣʘʥʜʠʥʘʤ ʧʦ ʂʦʨʠ ʥʘ 

ʦʩʥʦʚʝ [2+2]-ʘʜʜʫʢʪʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʩ ʜʠʭʣʦʨʢʝʪʝʥʦʤ 

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʠʥʪʝʟʘ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʦʚ ʧʦ ʂʦʨʠ. ʇʨʠ ʵʪʦʤ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʫʜʦʙʩʪʚʝ ʩʪʨʦʝʥʠʷ ʢʣʶʯʝʚʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ɔ-ʣʘʢʪʦʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʥʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. ʆʜʥʘʢʦ, ʚ ʚʦʧʨʦʩʝ ʠʭ ʧʦʣʫʯʝʥʠʷ ʟʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ 

ʦʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʩʤʝʱʝʥʠʝ ʠʥʪʝʨʝʩʦʚ ʚ ʩʪʦʨʦʥʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʤʝʩʪʦ 

[4+2]-ʘʜʜʫʢʪʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʧʦ ɼʠʣʴʩʫ-ɸʣʴʜʝʨʫ [2+2]-ʘʜʜʫʢʪʦʚ ʧʦ 

ʐʪʘʫʜʠʥʛʝʨʫ. ʕʪʦ ʩʚʷʟʘʥʦ, ʢʘʢ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʯʠʩʣʘ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʜʠʡ, ʪʘʢ ʠ ʩ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʝʨʤʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʯʠʩʪʦ ʭʠʤʠʯʝʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ɔ-ʣʘʢʪʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʕʚʦʣʶʮʠʷ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʭʝʤʝ 1.42 ʠ ʩʚʷʟʘʥʘ ʦʥʘ ʩ 

ʧʝʨʚʳʤ ʧʝʨʝʭʦʜʦʤ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥŸ18Ÿ19. 

ʈʘʥʥʠʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ 

ʮʠʢʣʦʙʫʪʘʥʦʥʘ 19, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʠʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʦʧʦ- ʠʣʠ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ 20, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 
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çʥʦʨʤʘʣʴʥʳʭè ʣʘʢʪʦʥʦʚ [105-107] ʠ ʧʨʦʜʫʢʪʦʚ çʘʥʦʤʘʣʴʥʦʛʦè ʩʪʨʦʝʥʠʷ 144 (ʩʤ. 

çʘè, ʩʭʝʤʘ 1.42). ʇʦʩʣʝʜʫʶʱʝʝ ʠʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʧʦʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦ- 

 

 

ʉʭʝʤʘ 1.42 
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ʜʦʚ, ʚ ʢʦʪʦʨʳʭ, ʦʜʥʘʢʦ,ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʤʝʪʥʦ 

ʙʳʩʪʨʝʝ [137-139] (ʩʤ. çʙè, ʩʭʝʤʘ 1.42). ʂʨʦʤʝ ʪʦʛʦ, ʦʪʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʳʭ 

ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ 

ʵʥʘʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʦʢʠʩʣʝʥʠʷ ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʩʣʦʪ ɹʨʸʥʩʪʝʜʘ, ʯʪʦ ʙʳʣʦ ʭʦʨʦʰʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʭʠʨʘʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʩʤ. çʚè, ʩʭʝʤʘ 1.42). ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʙʠʮʠʢʣʦʙʫʪʘʥʦʥʦʚ ʵʥʘʥʪʠʦʤʝʨʥʘʷ ʯʠʩʪʦʪʘ ʢʣʶʯʝʚʦʛʦ ʣʘʢʪʦʥʘ 

ɻʨʠʢʦ ʙʳʣʘ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ [140-142], ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʧʦʠʩʢʫ. ʂʘʢ 

ʦʢʘʟʘʣʦʩʴ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʢʘʟʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʝʥ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʮʠʢʣʦʙʫʪʘʥʦʥʘ 18, ʩʦʜʝʨʞʘʱʝʤʫ ʛʝʤ-ʜʠʭʣʦʨʟʘʤʝʱʝʥʥʳʡ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ (ʩʤ. çʛè, ʩʭʝʤʘ 1.42). ɺʣʠʷʥʠʝ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʢʘʟʘʣʦʩʴ ʦʯʝʥʴ ʚʘʞʥʳʤ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʫʚʝʣʠʯʠʪʴ ʵʥʘʪʠʦʤʝʨʥʫʶ ʯʠʩʪʦʪʫ ʮʝʣʝʚʦʛʦ ɔ-ʣʘʢʪʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ [61]. 

ʂʨʦʤʝ ʪʦʛʦ, çʘʥʦʤʘʣʴʥʳʡè ʨʝʛʠʦʠʟʦʤʝʨ ʦʢʘʟʘʣʩʷ ʣʝʛʢʦ ʦʪʜʝʣʠʤ, ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ 

ʝʛʦ ʚ ʜʠʢʠʩʣʦʪʫ 35, ʢʦʪʦʨʘʷ ʦʪʤʳʚʘʣʘʩʴ ʚ ʭʦʜʝ ʵʢʩʪʨʘʢʮʠʠ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ, çʚʪʦʨʦʡè ʯʘʩʪʠ ʩʪʨʘʪʝʛʠʠ ʂʦʨʠ, ʪʦ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʝʪʝʨʧʝʣʘ ʠʟʤʝʥʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʣʫʯʰʝʥʠʡ ʨʷʜʘ ʨʝʘʢʮʠʡ, ʢʘʩʘʶʱʠʭʩʷ 

ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʫʜʝʪ ʧʦʢʘʟʘʪʝʣʝʥ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʚʘ ʛʦʜʘ ʥʘʟʘʜ ʫʞʝ ʫʧʦʤʷʥʫʪʳʤʠ ʘʚʪʦʨʘʤʠ [61] 

ʠ ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʝʙʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʣʫʯʰʠʝ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʟʘ ʵʪʦ ʚʨʝʤʷ 

ʤʝʪʦʜʳ (ʩʭʝʤʘ 1.43). ʊʘʢ, ʜʝʭʣʦʨʠʨʦʚʘʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʙʠʮʠʢʣʘ (-)-34 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʣʘʢʪʦʥʘ ɻʨʠʢʦ (-)-20 ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ɼʘʣʝʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ (-)-22 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʩʪʝʨʝʦ-ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʇʨʠʥʩʘ ʠ ʜʝʬʦʨʤʠʣʠʨʦʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʤʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʘʢʪʦʥʜʠʦʣʘ ʂʦʨʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ 

ʟʘʱʠʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʉʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʡʦʜʙʝʥʟʦʣʜʠʘʮʝʪʘʪʘ ʧʨʠ ʢʘʪʘʣʠʟʝ (2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʦʢʩʠʣʦʤ (TEMPO) ʠ ʧʦʣʫʯʘʝʤʳʡ ʘʣʴʜʝʛʠʜ ʙʝʟ 
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ʚʳʜʝʣʝʥʠʷ ʚʚʦʜʷʪ ʨʝʘʢʮʠʶ HWE-ʦʣʝʬʠʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 180. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ 

ʢʘʩʘʁ ʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʠʣʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʂʦʨʠ-ɹʘʢʰʠ-ʐʠʙʘʪʘ (CBS) ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʙʦʨʘʥʦʤ ʢʝʪʦʛʨʫʧʧʳ ʥʠʞʥʝʡ 

ʙʦʢʦʚʦʡ ʮʝʧʠ ʜʦ ʘʣʣʠʣʴʥʦʛʦ ʩʧʠʨʪʘ 181. ʇʦʩʣʝʜʫʶʱʠʝ ʜʚʝ ʪʠʧʦʚʳʝ ʩʪʘʜʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʣʘʢʪʦʣʘ ʠ ʨʝʘʢʮʠʠ ɺʠʪʪʠʛʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʡ 

ʧʨʦʩʪʘʛʣʘʥʜʠʥ PGF2Ŭ ʩ ʚʳʭʦʜʦʤ 20% ʥʘ 8 ʩʪʘʜʠʡ. 

 

 

ʉʭʝʤʘ 1.43 

 


