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ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʂʘʬʝʜʨʝ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʨʘʩʘʚʠʥ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʇʨʦʬʝʩʩʦʨ ʈɸʅ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ ʍʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʀʥʩʪʠʪʫʪʘ 

ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ʅʝʥʘʡʜʝʥʢʦ ɺʘʣʝʥʪʠʥ ɻʝʦʨʛʠʝʚʠʯ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʈɸʅ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ ʆʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʍʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 

ɿʫʙʢʦʚ ʌʝʜʦʨ ʀʚʘʥʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʆʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʌʘʢʫʣʴʪʝʪʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʌɻɸʆʋ ɺʆ 

çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚè 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌʝʜʝʨʘʣʴʥʦʝ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ  ʙʶʜʞʝʪʥʦʝ  ʫʯʨʝʞʜʝʥʠʝ 

ʥʘʫʢʠ çʀʥʩʪʠʪʫʪ  ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦè ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ « __ » ____________ 2021 ʛʦʜʘ ʚ __ ʯʘʩ. __ ʤʠʥ. ʥʘ ʟʘʩʝʜʘʥʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 002.102.02 ʥʘ ʙʘʟʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌɸɺ ʈɸʅ) ʧʦ ʘʜʨʝʩʫ: 142432, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, ʉʝʚʝʨʥʳʡ ʧʨʦʝʟʜ, ʜ. 1, ʟʘʣ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ. ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʀʌɸɺ ʈɸʅ ʧʦ ʘʜʨʝʩʫ: 

http:/www.ipac.ac.ru/diss_sovet/ 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç __ è __________ 2021 ʛ. 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 002.102.02 

ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɸʬʘʥʘʩʴʝʚʘ ʉ.ɺ. 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 8-12 ʯʣʝʥʥʳʝ 

ʮʠʢʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʮʠʢʣʘʤ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (ʜʘʣʝʝ ʎʉʈ), ʘ ʪʘʢʞʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʠʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʙʝʣʢʘʤʠ-ʤʠʰʝʥʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʢʣʘʤʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʩʝ ʝʱʝ ʥʘʣʘʛʘʝʤʳʝ ʠʭ ʮʠʢʣʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʦʤ, ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʨʝʟʤʝʨʥʦ ʛʠʙʢʠʤʠ ʣʠʥʝʡʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʎʉʈ ʪʘʢʠʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ 

ʢʣʝʪʦʯʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʄʥʦʞʝʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʎʉʈ ʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʎʉʈ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʪʨʘʪʝʛʠʠ ʮʠʢʣʠʟʘʮʠʠ 

ʣʠʥʝʡʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠʭ ʧʨʦʪʝʢʘʥʠʶ ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʥʪʨʦʧʠʡʥʳʡ ʬʘʢʪʦʨ, ʩ ʜʨʫʛʦʡ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʚʳʩʦʢʦʤ ʨʘʟʙʘʚʣʝʥʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʎʉʈ, ʘ ʪʘʢʞʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʘʢʮʠʠ 

ʨʘʩʢʨʳʪʠʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (HIRE ï Hydrated Imidazoline 

Ring Expansion), ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩ ʛʝʪʝʨʦʘʟʝʧʠʥʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʦʪʝʢʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʪʦʢʦʣ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʟʘʤʝʱʝʥʥʳʭ ʜʠʘʨʝʥʦʢʩ-

/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʰʠʨʦʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʠʬʝʨʠʠ; 

¶ ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʟʘʤʝʱʝʥʥʳʭ ʜʠʘʨʝʥʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ 

N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʎʉʈ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ HIRE. ʇʦʜʦʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ, ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʤʝʪʦʜʘ, ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʎʉʈ, ʩʦʜʝʨʞʘʱʠʭ 10-12 ʯʣʝʥʥʳʡ 

ʛʝʪʝʨʦʣʘʢʪʘʤʥʳʡ ʬʨʘʛʤʝʥʪ; 

¶ ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʎʉʈ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʟʝʧʠʥʦʚʳʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʠʤʠʜʘʟʦʣʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. ʇʦʣʫʯʠʪʴ ʨʷʜ 

ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʎʉʈ, ʩʦʜʝʨʞʘʱʠʭ 1,4,7-ʪʨʠʘʟʝʮʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʪʦʢʦʣ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʨʝʥ[1,4]ʦʢʩʘʟʝʧʠʥ-11(10H)-ʦʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʠʬʝʨʠʠ; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʎʉʈ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 
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ʠʩʭʦʜʷ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʟʝʧʠʥʦʥʦʚ ʠ N-ʟʘʤʝʱʸʥʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ. ʋʩʪʘʥʦʚʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʎʉʈ, 

ʩʦʜʝʨʞʘʱʠʭ 10-11 ʯʣʝʥʥʳʡ ʛʝʪʝʨʦʣʘʢʪʘʤʥʳʡ ʬʨʘʛʤʝʥʪ; 

¶ ʀʟʫʯʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ HIRE ʚ ʣʘʢʪʘʤʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʘʤʠʥʦʘʣʢʠʣʴʥʫʶ ʙʦʢʦʚʫʶ ʮʝʧʴ, ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ï N-ʘʮʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ N-ʘʨʠʣ-/ʛʝʪʝʨʦʘʨʠʣʵʪʠʣʝʥʜʠʘʤʠʥʘ; 

¶ ʇʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʉʈ, ʠʩʭʦʜʷ ʠʟ N-ʘʤʠʥʦʘʣʢʠʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ [1,4]ʪʠʘʟʝʧʠʥ-5-ʦʥ-1,1-ʜʠʦʢʩʠʜʦʚ, ʩʨʘʚʥʠʪʴ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩ ʥʝʦʢʠʩʣʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʧʦʣʫʯʠʪʴ ʨʷʜ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʎʉʈ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ 1,4,7-ʪʠʘʜʠʘʟʝʮʠʥ-1,1-ʜʠʦʢʩʠʜʘ ʠ ʝʛʦ ʛʦʤʦ-ʘʥʘʣʦʛʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʟʘʤʝʱʝʥʥʳʭ ʜʠʘʨʝʥʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʨʝʥ[1,4]ʦʢʩʘʟʝʧʠʥ-11(10H)-ʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʰʠʨʦʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʠʬʝʨʠʠ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʎʉʈ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ HIRE, ʠʩʭʦʜʷ ʠʟ ʜʠʘʨʝʥʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʘʤʠʥʦʘʣʢʠʣʴʥʫʶ ʮʝʧʴ, ʜʠʘʟʝʧʠʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʠʤʠʜʘʟʦʣʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʟʝʧʠʥʦʚ ʠ 

N-ʟʘʤʝʱʸʥʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ, ʘ ʪʘʢʞʝ N-ʘʤʠʥʦʘʣʢʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [1,4]ʪʠʘʟʝʧʠʥ-5-

ʦʥ-1,1-ʜʠʦʢʩʠʜʦʚ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʣʫʯʝʥ ʨʷʜ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʎʉʈ, ʩʦʜʝʨʞʘʱʠʭ 10-12 ʯʣʝʥʥʳʡ ʛʝʪʝʨʦʣʘʢʪʘʤʥʳʡ ʬʨʘʛʤʝʥʪ. ʅʘ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ HIRE ʚ ʣʘʢʪʘʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠ 

ʘʪʦʤʝ ʘʟʦʪʘ ʘʤʠʥʦʘʣʢʠʣʴʥʫʶ ʙʦʢʦʚʫʶ ʮʝʧʴ, ʧʦʢʘʟʘʥʦ ʢʣʶʯʝʚʦʝ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʧʨʠ N-ʘʪʦʤʝ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʧʫʪʴ ʧʨʦʪʝʢʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʘʢʮʠʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʨʝʜʥʝʛʦ 

ʨʘʟʤʝʨʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʢʮʠʠ HIRE, ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʛʝʪʝʨʦʘʟʝʧʠʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʩʠʩʪʝʤʘʭ. ɺʚʠʜʫ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʎʉʈ ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʩʪʘʪʴ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʘʨʩʝʥʘʣʝ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʎʉʈ, ʦʪʢʨʳʚ ʧʫʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ HIRE ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʧʦʟʚʦʣʷʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʥʳʭ 

ʣʘʢʪʘʤʦʚ ʚ ʜʘʥʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ 

ʥʝʠʟʫʯʝʥʥʳʭ ʨʘʥʝʝ ʩʫʙʩʪʨʘʪʘʭ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʵʢʩʪʨʘʢʮʠʠ, ʦʩʘʞʜʝʥʠʷ, ʪʦʥʢʦʩʣʦʡʥʦʡ ʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, 
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ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺʩʝ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʦʚ 1D ʠ 2D ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʠ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʱʝʥʥʦ-

ʬʘʟʦʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʧʦʣʦʞʝʥʠʡ, ʚʳʥʦʩʠʤʳʭ ʥʘ ʟʘʱʠʪʫ, ʠ ʚʳʚʦʜʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʧʦʣʥʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 9-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñScience and Progress-2018ò, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 12-14 ʥʦʷʙʨʷ 

2018 ʛʦʜʘ; XXVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè, ʄʦʩʢʚʘ, 8-12 ʘʧʨʝʣʷ 2019 ʛʦʜʘ; ʍʍIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ-ʭʠʤʠʢʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ), ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, 21-23 ʘʧʨʝʣʷ  2020 ʛʦʜʘ; 10-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ñScience and Progress-2020ò, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 10-12 ʥʦʷʙʨʷ 2020 ʛʦʜʘ; XXVII 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚè, 

10-27 ʥʦʷʙʨʷ 2020 ʛʦʜʘ; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè, ɽʢʘʪʝʨʠʥʙʫʨʛ, 18-21 ʥʦʷʙʨʷ 2020 ʛʦʜʘ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

Å ʕʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʜʠʘʨʝʥʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ 

N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʨʝʥ[1,4]ʦʢʩʘʟʝʧʠʥ-11(10H)-ʦʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʠʬʝʨʠʠ; 

Å ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʎʉʈ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ HIRE ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʜʠʘʨʝʥʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ 

ʮʝʧʴʶ; 

Å ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʉʈ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʟʝʧʠʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʠʤʠʜʘʟʦʣʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ; 

Å ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʎʉʈ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ HIRE, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠʩʭʦʜʷ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʟʝʧʠʥʦʚ ʠ N-ʟʘʤʝʱʸʥʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ; 

Å ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʠʥʘ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩ ʛʝʪʝʨʦʘʟʝʧʠʥʦʚʳʤ ʮʠʢʣʦʤ; 

Å ʂʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ HIRE, ʠʟʫʯʝʥʥʳʝ ʥʘ 

ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ï N-ʘʨʦʠʣ-N-(ʛʝʪʝʨʦ)ʘʨʠʣʵʪʠʣʝʥʜʠʘʤʠʥʘʭ; 

Å ʌʦʨʤʠʨʦʚʘʥʠʝ ʎʉʈ, ʠʩʭʦʜʷ ʠʟ N-ʘʤʠʥʦʘʣʢʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [1,4]ʪʠʘʟʝʧʠʥ-

5-ʦʥ-1,1-ʜʠʦʢʩʠʜʦʚ, ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʥʝʦʢʠʩʣʝʥʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ. 
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.03 ï ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ï ʩʦʛʣʘʩʥʦ ʧʫʥʢʪʘʤ: 1, 3, 7, 10. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 5 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Web of Science, Scopus) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʜʣʷ 

ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠ 6 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʪʘʥʦʚʢʘ 

ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ, ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʃʠʯʥʦ ʘʚʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʜʝʣʝʥʠʝ, ʦʯʠʩʪʢʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʩʦʝʜʠʥʝʥʠʡ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʘʤ ʘʥʘʣʠʟʘ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ ʫʯʘʩʪʚʦʚʘʣ ʚ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʨʘʙʦʪʳ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ 

ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʥʘ 213 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʘʪ 30 ʨʠʩʫʥʢʦʚ, 81 ʩʭʝʤʫ, 18 ʪʘʙʣʠʮ ʠ 77 ʩʩʳʣʦʢ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ (ˉ19-33-90010 ʠ 

ˉ 18-03-01081). 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

1. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʎʉʈ, ʠʩʭʦʜʷ ʠʟ N-ʘʤʠʥʦʘʣʢʠʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ 

ɺ 2017 ʛʦʜʫ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʎʉʈ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʚʝʜʝʥʠʠ ʚ ʤʝʪʦʜʦʣʦʛʠ ʁ HIRE ʠʤʠʜʘʟʦʣʠʥʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩ-/ʪʠʘʟʝʧʠʥʦʚ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʝʛʦ ʬʨʘʛʤʝʥʪʘʮʠʠ (ʉʭʝʤʘ 1, ʇʫʪʴ ɸ). ʉʣʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʥʘ ʧʝʨʠʬʝʨʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʳ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʎʉʈ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʠʥʘ  (ʜʘʣʝʝ HI) 

2.3 ʤʦʞʥʦ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧʳ ʙʦʢʦʚʦʡ ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʢ ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ N-ʘʤʠʥʦʵʪʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʛʝʪʝʨʦʘʟʝʧʠʥʦʥʦʚ 2.2 (ʉʭʝʤʘ 1, ʇʫʪʴ ɹ). 
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ʉʭʝʤʘ 1 

ɼʣʷ ʩʠʥʪʝʟʘ ʨʷʜʘ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ 

N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʴʶ 2.9 ʠ 2.10 ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʢʦʣ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʣʝʞʘʣʘ ʪʘʥʜʝʤʥʘ ̫ʨʝʘʢʮʠ ̫ʜʝʥʠʪʨʦ-/ʜʝʛʘʣʦʮʠʢʣʠʟʘʮʠʠ (ʉʭʝʤʘ 2). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʥʝʡ ʚʳʩʪʫʧʠʣʠ ʘʤʠʜ r ʩʘʣʠʮʠʣʦʚʦʡ ʠ ʪʠʦʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪ 2.7 ʠ 

ʙʠʩʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ 2.8. ɼʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʉʤʘʡʣʩʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʣʦ ʨʝʛʠʦʭʠʤʠʶ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʠʟʘʮʠʠ 2.9 ʠ 

2.10. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʨʘʩʪʚʦʨʝ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3, ʚʳʭʦʜ rʧʨʦʜʫʢʪʦʚ  

ʩʦʩʪʘʚʠʣʠ 39-98%.  

 

ʉʭʝʤʘ 2 

ɼʘʣʝʝ ʥʘ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʨʦʣʠ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʠʣ ʩʫʙʩʪʨʘʪ 2.9ʘ, ʤʳ ʧʨʦʚʝʣʠ 

ʩʥʷʪʠʝ Boc-ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ 4ʄ ʨʘʩʪʚʦʨʘ HCl ʚ 1,4-ʜʠʦʢʩʘʥʝ. ʇʦʣʫʯʝʥʥʳʡ 

ʛʠʜʨʦʭʣʦʨʠʜ ʘʤʠʥʘ 2.11a ʧʦʜʚʝʨʛʘʣʩʷ ʜʝʡʩʪʚʠʶ ʨʘʩʪʚʦʨʘ NaOH ʚ ʩʤʝʩʠ MeOH:H2O 

(1:1). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʤʠ ʙʳʣ ʫʩʧʝʰʥʦ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʨʘʩʰʠʨʝʥʠʷ ʦʢʩʘʟʝʧʠʥʦʚʦʛʦ 

ʮʠʢʣʘ 2.12a ʩ ʚʳʭʦʜʦʤ 68% (ʉʭʝʤʘ 3). 
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ʉʭʝʤʘ 3 
 

ʊʘʢʞʝ ʥʘ ʩʫʙʩʪʨʘʪʝ 2.9ʘ ʤʳ ʧʨʦʚʝʣʠ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 2.12a ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʩʠʥʪʝʟʘ ʚ ʩʤʝʩʠ 

MeOH:H2O ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ 3-ʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 

NaOH. 
 

ʊʘʙʣʠʮʘ 1. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ HIRE ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ 2.9a. 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ ʆʩʥʦʚʘʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʵʢʚʠʚʘʣʝʥʪʦʚ 

ʦʩʥʦʚʘʥʠʷ 

ɺʨʝʤʷ (ʯ) 
ɺʳʭʦʜ 

(%) 

1 

H2O-MeOH (1:1) 

NaOH 

4.0 

1 68 

2 LiOH 1 66 

3 K2CO3 2 62 

4 Et3N 18 30 

5 H2O-MeCN (1:1) 

NaOH 4.0 

4 58 

6 H2O-ʊɻʌ (1:1) 24 43 

7 H2O-ɼʄʌɸ (1:1) 5 62 

8 H2O-ʘʮʝʪʦʥ(1:1) 18 41 

9 

H2O-MeOH (1:1) NaOH 

1.0 24 62 

10 1.5 6 64 

11 2.0 3 65 

12 3.0 2 68 

13 H2O-MeOH (3:1) 

NaOH 3.0 

2 44 

14 H2O-MeOH (2:1) 2 48 

15 H2O-MeOH (1:2) 4 45 

16 H2O-MeOH (1:3) 8 48 

17 H2O-MeOH (1:4) 24 48 

18 H2O-MeOH (1:5) 48 50 

19 MeOH 72 16 
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ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ N-ʘʤʠʥʦʵʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 7-ʯʣʝʥʥʳʭ ʣʘʢʪʘʤʦʚ 2.9a-e 

ʠ 2.10a-c, ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʥʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʎʉʈ 2.12a-h 

(ʉʭʝʤʘ 4). ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʠ 42-68%. 

 

 
ʉʭʝʤʘ 4 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʨʝʘʢʮʠʶ HIRE N-ʘʤʠʥʦʵʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

7-ʯʣʝʥʥʳʭ ʣʘʢʪʘʤʦʚ ʤʳ ʦʙʨʘʪʠʣʠ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ ʩ ʫʜʣʠʥʝʥʥʦʡ 

ʙʦʢʦʚʦʡ ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʮʝʧʴʶ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ N-ʘʤʠʥʦʧʨʦʧʠʣʴʥʳʝ ʠ 

N-ʘʤʠʥʦʙʫʪʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2.9f-k ʠ 2.10d-h ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʶ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 11- ʠ 12-ʯʣʝʥʥʳʭ ʛʝʪʝʨʦʣʘʢʪʘʤʦʚ 2.12i-s 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 1). ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʙʦʢʦʚʦʡ 

ʮʝʧʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʩ 2-ʭ ʯʘʩʦʚ ʜʣʷ 

ʘʤʠʥʦʵʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʦ 24 ʯʘʩʦʚ ʜʣʷ ʘʤʠʥʦʙʫʪʠʣʴʥʳʭ ʘʥʘʣʦʛʦʚ) ʠ ʧʘʜʝʥʠʶ 

ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʎʉʈ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʧʦʧʳʪʢʠ ʧʨʦʚʝʩʪʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ N-ʘʤʠʥʦʧʝʥʪʠʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʢʩʘʟʝʧʠʥʦʥʘ 2.9l ʪʘʢ ʠ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ 

ʩʤʦʛʣʠ ʧʦʥʷʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ HIRE ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʙʦʢʦʚʦʡ 

ʮʝʧʠ ʜʣʷ N-ʘʤʠʥʦʘʣʢʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩ-/ʪʠʘʟʝʧʠʥʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 11-12-ʯʣʝʥʥʳʭ ʛʝʪʝʨʦʣʘʢʪʘʤʦʚ. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ HIRE ʤʳ 

ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʢʦʥʚʝʨʩʠʠ ʜʣʷ 

ʯʝʪʳʨʝʭ ʘʥʘʣʦʛʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ʛʠʜʨʦʭʣʦʨʠʜʦʚ 2.11a, 2.11f, 2.11j  ʠ 2.11aô (ʧʦʣʫʯʝʥʥʳʭ ʩʥʷʪʠʝʤ Boc-ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ) ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10-4 ʤʦʣʴ/ʣ, ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ (ʈʠʩʫʥʦʢ 2).  

 
ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʭʣʦʨʠʜʦʚ ʘʤʠʥʦʚ 2.11a, 2.11f, 2.11j ʠ 

2.11aô ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʝʘʢʮʠʠ HIRE. 
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ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʘʷ ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʧʨʠʨʦʜʝ ʛʝʪʝʨʦʘʪʦʤʥʦʛʦ ʣʠʥʢʝʨʘ ʚ ʘʟʝʧʠʥʦʚʦʤ ʮʠʢʣʝ (ʢʨʠʚʳʝ 2.11ʘ ʠ 2.11ʘô), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʠ ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ (ʢʨʠʚʳʝ 2.11a, 2.11f ʠ 2.11j), ʯʪʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʪʨʦʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ. 

ʄʳ ʪʘʢʞʝ ʦʧʨʦʙʦʚʘʣʠ ʤʝʪʦʜʦʣʦʛʠʶ HIRE ʥʘ ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʪʝʨʦʘʟʝʧʠʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚʪʦʨʠʯʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ. ɼʣʷ ʵʪʦʛʦ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʪʘʜʠʶ ʫʜʘʣʝʥʠʷ Boc-

ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʩ ʘʪʦʤʘ ʘʟʦʪʘ ʙʦʢʦʚʦʡ ʮʝʧʠ ʠ ʧʨʦʮʝʜʫʨʫ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʚʝʜʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʚ ʨʝʘʢʮʠʶ 

HIRE (ʉʭʝʤʘ 5).  

 

 
ʉʭʝʤʘ 5 

 

ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚ ʦʧʠʩʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʷʚʠʣʠ ʩʝʙʷ 

N-ʘʤʠʥʦʧʨʦʧʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʢʩ- ʠ ʪʠʘʟʝʧʠʥʦʥʦʚ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʦʛʦ ʘʤʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʠʥʦʵʪʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ.  

ʉʫʤʤʘʨʥʳʝ ʚʳʭʦʜʳ N-ʟʘʤʝʱʝʥʥʳʭ 10- ʠ 11-ʯʣʝʥʥʳʭ ʣʘʢʪʘʤʦʚ 2.15a-f ʧʦ ʚʩʝʤ ʧʷʪʠ 

ʩʪʘʜʠʷʤ ʩʦʩʪʘʚʠʣʠ 27-42%. 
 

2. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʎʉʈ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ 

ʜʠʘʟʝʧʠʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʅʝʚʠʨʘʧʠʥʘ 

ʅʘʤ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʧʨʦʚʝʨʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʘʟʝʧʠʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʶ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ ʧʦ ʧʨʦʪʦʢʦʣʫ HIRE. ʀʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʥʘʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʩʪʫʧʠʣ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʡ ʧʨʝʧʘʨʘʪ ʅʝʚʠʨʘʧʠʥ 2.18. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩ 

ʜʠʘʟʝʧʠʥʦʚʳʤ ʮʠʢʣʦʤ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, 
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ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʉʭʝʤʝ 6. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 2.18 ʦʙʨʘʙʘʪʳʚʘʣʠ POCl3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʤʠʜʦʠʣʭʣʦʨʠʜʘ 2.19 ʩ 

ʚʳʭʦʜʦʤ 80%. ɼʘʣʝʝ ʧʦʣʫʧʨʦʜʫʢʪ 2.19 ʚʚʦʜʠʣʩʷ ʚ ʨʝʘʢʮʠ ʁ ʩ ʘʤʠʥʦʵʪʘʥʦʣʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ DIPEA. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 110 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʦʜʚʝʨʛʘʣʠ ʜʝʡʩʪʚʠʶ SOCl2, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. ɺʳʭʦʜ ʧʦʣʫʯʝʥʥʦʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 2.21 ʩʦʩʪʘʚʠʣ 69%. 

 
ʉʭʝʤʘ 6 

ʉ ʮʝʣʴʶ ʘʢʪʠʚʘʮʠʠ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʝʛʦ ʚʚʝʜʝʥʠʷ ʚ 

ʨʝʘʢʮʠʶ HIRE ʤʳ ʧʦʜʚʝʨʛʘʣʠ ʠʤʠʜʘʟʦʜʠʘʟʝʧʠʥ 2.21 ʘʣʢʠʣʠʨʦʚʘʥʠʶ (ʉʭʝʤʘ 7). ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʝʜʠʥʝʥʠʠ 2.21 ʥʝʩʢʦʣʴʢʠʭ ʥʫʢʣʝʦʬʠʣʴʥʳʭ 

ʮʝʥʪʨʦʚ, ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʣʘ ʩʝʣʝʢʪʠʚʥʦ ʠʤʝʥʥʦ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ ʚ 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʤ ʮʠʢʣʝ. ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʩʢʨʳʪʠʝ 2.16a-d ʤʳ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʨʘʥʝʝ ʧʨʦʪʦʢʦʣʫ: ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʧʨʦʜʫʢʪʦʚ 2.16a-d ʚʦʜʥʦ-

ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ K2CO3. ɺʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʨʝʥʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

1,4,7-ʪʨʠʘʟʝʮʠʥʦʚ 2.17a-d ʧʦ ʜʚʫʤ ʩʪʘʜʠʷʤ ʩʦʩʪʘʚʠʣʠ 22-75%. 
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3. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʎʉʈ ʠʩʭʦʜʷ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʢʩʘʟʝʧʠʥʦʥʦʚ ʠ N-ʟʘʤʝʱʸʥʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ 

ʂʘʢ ʙʳʣʦ ʨʘʥʝʝ ʧʦʢʘʟʘʥʦ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ, ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ HIRE ʚ 

ʠʤʠʜʘʟʦʛʝʪʝʨʦʘʟʝʧʠʥʘʭ ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ ʘʣʢʠʣʠʨʦʚʘʥʠʷ (ʉʭʝʤʘ 8, ʇʫʪʴ ɸ). ʋʩʧʝʰʥʳʡ ʧʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩ ʜʠʘʟʝʧʠʥʦʚʳʤ ʮʠʢʣʦʤ, ʧʫʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʠʜʦʠʣʭʣʦʨʠʜʘ ʩ ʘʤʠʥʦʵʪʘʥʦʣʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʘʮʠʠ, 

ʥʘʪʦʣʢʥʫʣ ʥʘʩ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʠʤʠʜʘʟʦʣʠʥ 2.22 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʧʫʪʠ - ʠʟ N-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʩʧʠʨʪʦʚ ʠ ʛʝʪʝʨʦʘʟʝʧʠʥʦʥʦʚ (ʉʭʝʤʘ 

8, ʇʫʪʴ ɹ). ʄʳ ʨʝʰʠʣʠ ʦʧʨʦʙʦʚʘʪʴ ʜʘʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʥʘ ʧʨʠʤʝʨʝ ʦʢʩʘʟʝʧʠʥʦʥʦʚʳʭ 

ʩʫʙʩʪʨʘʪʦʚ. 

 
ʉʭʝʤʘ 8 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʠʩʭʦʜʥʳʭ ʜʠʘʨʝʥ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ [1,4]ʦʢʩʘʟʝʧʠʥʦʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʘʨʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʧʨʠ N-ʘʪʦʤʝ, ʤʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʘʥʜʝʤʥʦʡ ʨʝʘʢʮʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʝʞʜʫ ʩʘʣʠʮʠʣʘʤʠʜʦʤ 2.27 ʠ 

ʙʠʩʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ 2.8 (ʉʭʝʤʘ 9, ɸ). ʈʝʘʢʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3. ɼʘʣʝʝ ʧʦʣʫʧʨʦʜʫʢʪʳ 2.28a-f 

ʦʙʨʘʙʘʪʳʚʘʣʠ CF3COOH, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʫʜʘʣʝʥʠ ʁ DMB-ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʩ ʘʪʦʤʘ 

ʘʟʦʪʘ. ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 2.25a-f ʧʦ ʜʚʫʤ ʩʪʘʜʠʷʤ ʩʦʩʪʘʚʠʣ 65-95%. 
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ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʩʘʟʝʧʠʥʦʥʦʚʳʭ ʩʠʩʪʝʤ ʥʘʤʠ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʝʱʸ ʪʨʠ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 2.25g-i (ʉʭʝʤʘ 

9, ɹ). 

ɼʘʣʝʝ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ 2.36a-z ʠʟ ʧʨʝʢʫʨʩʦʨʦʚ 2.25a-i ʠ 2.32a-h, ʚʢʣʶʯʘʶʱʠʡ 

ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʠʤʠʜʦʠʣʭʣʦʨʠʜʦʚ 2.33a-i ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 2.25a-i PCl5 ʚ ʨʘʩʪʚʦʨʝ 

POCl3 ʧʨʠ ʢʠʧʷʯʝʥʠʠ, ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʘʢʮʠʶ 2.33a-i ʩ N-ʟʘʤʝʱʝʥʥʳʤʠ 

ʘʤʠʥʦʵʪʘʥʦʣʘʤʠ 2.32a-h,  ʧʨʦʪʝʢʘʶʱʫʶ ʚ ʩʨʝʜʝ ʢʠʧʷʱʝʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

DIPEA, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2.34a-z ʩ SOCl2, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʶʯʝʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ 2.36a-z (ʉʭʝʤʘ 10). ʆʙʨʘʙʦʪʢʘ 2.36a-z ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ 

K2CO3 ʧʨʠʚʦʜʠʣʘ ʢ ʨʘʩʢʨʳʪʠʶ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʵʪʦʤ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ N-ʘʪʦʤʝ, ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʎʉʈ 2.37c-r , N-ʘʤʠʥʦʘʣʢʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 2.38t-y ʣʠʙʦ ʠʭ ʩʤʝʩʠ 2.37a-

2.38a, 2.37b-2.38b, 2.37z-2.38z(ʈʠʩʫʥʦʢ 3). 

 
ʉʭʝʤʘ 10 

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʳ ʠ ʚʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʠʩʭʦʜʥʳʝ 

ʩʫʙʩʪʨʘʪʳ 2.25a-i. 
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ʇʨʦʜʦʣʞʝʥʠʝ ʈʠʩʫʥʢʘ 3 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ 2.37a-b,z ʠ 2.38a-b,z 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï HI 2.39 (ʉʭʝʤʘ 11). ʇʨʠ ʵʪʦʤ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʢʨʳʪʠʷ HI ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʠ ʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

(ʛʝʪʝʨʦ)ʘʨʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʦʢʩʘʟʝʧʠʥʦʚʦʛʦ ʮʠʢʣʘ.  

 
ʉʭʝʤʘ 11 

ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʘʢʮʠʠ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʠʣʠ 

ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ/ʩʣʘʙʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ B, ʥʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ ʚʳʙʨʦʩʘ 

N-ʘʤʠʥʦʘʣʢʠʣʴʥʦʡ ʮʝʧʠ 2.38t-y (ʠʩʢʣʶʯʝʥʠʝʤ ʦʢʘʟʘʣʘʩʴ ʧʘʨʘ 2.37z - 2.38z). ɺ ʩʣʫʯʘʝ 

ʧʨʝʢʫʨʩʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʘʨʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʮʠʘʥʦ- ʣʠʙʦ ʩʫʣʴʬʦʥʘʤʠʜʥʫʶ ʛʨʫʧʧʫ 


