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ʈ-ɻɽʊɽʈʆʎʀʂʃʓ ʉ ʕʅɼʆʎʀʂʃʀʏɽʉʂʀʄʀ ʊʈʀɸɼɸʄʀ PIIIïOïC(sp2) ʀ  

PVïOïC(sp2) ɺ ʈɽɸʂʎʀʗʍ ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀʗ 

 

ʄʠʨʦʥʦʚ ɺ.ʌ.a, ʅʝʤʪʘʨʝʚ ɸ.ɺ.a, ɼʠʤʫʭʘʤʝʪʦʚ ʄ.ʅ. a, ʀʚʢʦʚʘ ɻ.ɸ.ʙ 

 
ʘʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ.ɸʨʙʫʟʦʚʘ 

ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ 
ʙʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ï ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʦʱʥʳʡ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. 1,3-ɼʠʧʦʣʷʨʥʳʝ 

ʨʝʘʛʝʥʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʪʠʧʦʚ ʩʝʢʩʪʝʥʦʚ [2], ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʜʠʧʦʣʷʨʦʬʠʣʘʤʠ, [3+3]-ʜʠʤʝʨʠʟʘʮʠʠ (ʪʠʧʘ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè ʠʣʠ çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè), [1+1]-ʜʠʤʝʨʠʟʘʮʠʠ, 

ʪʨʠʤʝʨʠʟʘʮʠʠ, ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ. 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʝ ʪʨʠʘʜʳ PIIIïOïC(sp2) ʠ PVïOïC(sp2) ʧʦ 

ʪʦʧʦʣʦʛʠʠ ʬʦʨʤʘʣʴʥʦ ʥʘʧʦʤʠʥʘʶʪ 1,3-ʜʠʧʦʣʠ [PdïïOïCd+ ʠ Pd+ïOïCdï] ʠ ʩʧʦʩʦʙʥʳ ʪʘʢʞʝ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʤʠʥʘʤʠ ʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʧʷʪʠ- ʠʣʠ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʈ-ʛʝʪʝʨʦʮʠʢʣʘ ʜʦ ʰʝʩʪʠ- ʠʣʠ 

ʩʝʤʠʯʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦ ʤʝʭʘʥʠʟʤʫ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʘʢʮʠʡ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ ʚ ʨʷʜʫ ʫʛʣʝʨʦʜ-, 

ʘʟʦʪ- ʠʣʠ P(IV)-ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ [3-7]. ɼʣʷ ʬʦʩʬʘʮʠʢʣʘʥʦʚ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʩʬʦʨʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʪʨʝʭ- ʠʣʠ 

ʧʷʪʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʘ ʚ ʯʝʨʳʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ 

çʙʠʬʠʣʴʥʦʩʪʴè ʘʪʦʤʘ ʬʦʩʬʦʨʘ(III) (ʥʘʣʠʯʠʝ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʠ ʚʘʢʘʥʪʥʳʭ d-ʦʨʙʠʪʘʣʝʡ), ʪ.ʝ. 

ʝʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʵʪʠʣʝʥʦʚʦʡ ʩʚʷʟʴʶ, ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʠ ʧʨʦʮʝʩʩʦʚ [1+4]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʦʙʱʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʢ ʯʝʪʳʨʝʭ, ʪʘʢ ʠ ʧʷʪʠʢʦʦʨʜʠʥʠʨʦʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʨʝʘʢʮʠʡ ʧʨʦʠʟʚʦʜʥʳʭ P(III,V) c ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʢʨʘʪʥʳʝ ʩʚʷʟʠ (ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʠʤʠʥʳ, ʘʣʢʝʥʳ, ʘʣʢʠʥʳ), ʢʦʪʦʨʳʝ ʧʦ ʪʦʧʦʣʦʛʠʠ ʤʦʞʥʦ ʬʦʨʤʘʣʴʥʦ ʦʪʥʝʩʪʠ ʢ ʨʝʘʢʮʠʷʤ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤ ʪʘʢ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤ (ʢʘʩʢʘʜʥʦʤ) ʚʘʨʠʘʥʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʈ-

ʛʝʪʝʨʦʮʠʢʣʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʦʢʩʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʪʘʢʠʭ ʢʘʢ ʩʘʣʠʮʠʣʦʚʘʷ, 

ʤʠʥʜʘʣʴʥʘʷ ʠ ʜʨ.), ʘ ʪʘʢʞʝ P,P,P-ʪʨʠʛʘʣʦʛʝʥʙʝʥʟʦʬʦʩʬʦʣʳ (1-3). ɺʤʝʩʪʦ ʬʦʩʬʦʣʦʚ (3) ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʞʝ 

ʚʘʨʠʘʥʪ ʢʘʩʢʘʜʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʭʦʨʠʜ (ʙʨʦʤʠʜ) ʬʦʩʬʦʨʘ(III)  ï ʦʨʪʦ-ʭʠʥʦʥ ï ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʘʣʢʠʥ. 
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ʕʌʌɽʂʊʀɺʅʓɽ ʆʈɻɸʅʀʏɽʉʂʀɽ ʇʆʃʋʇʈʆɺʆɼʅʀʂʀ ʀ ʃʖʄʀʅʆʌʆʈʓ  

ʅɸ ʆʉʅʆɺɽ ʉɽʈʋʉʆɼɽʈɾɸʑʀʍ ɻɽʊɽʈʆɸʈʆʄɸʊʀʏɽʉʂʀʍ ʌʈɸɻʄɽʅʊʆɺ 

 

ʇʦʥʦʤʘʨʝʥʢʦ ʉ.ɸ.ʘ,ʙ, ɹʦʨʱʝʚ ʆ.ɺ.ʘ, ʃʫʧʦʥʦʩʦʚ ʖ.ʅ.ʘ 

 
aʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ.ɽʥʠʢʦʣʦʧʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: ponomarenko@ispm.ru  

 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʩʝʨʫʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ 

ʩʦʧʨʷʞʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ (ʨʠʩ. 1). ʅʘ ʦʩʥʦʚʝ ʪʠʦʬʝʥʘ ʧʦʣʫʯʘʶʪ ʣʠʥʝʡʥʦ-ʩʦʧʨʷʞʝʥʥʳʝ, 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʬʦʪʦʥʠʢʝ [1]. ʆʣʠʛʦʪʠʦʬʝʥʳ ʠʟʚʝʩʪʥʳ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʠʦʬʝʥ-ʬʝʥʠʣʝʥʦʚʳʝ ʩʦʦʣʠʛʦʤʝʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ 

ʚ ʧʣʝʥʢʘʭ, ʪʠʧ ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʦʡ ʢʦʥʮʝʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ ʥʠʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ 

ʪʨʘʥʟʠʩʪʦʨʳ [2-4]. ʅʘʠʙʦʣʴʰʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʧʨʦʷʚʣʷʶʪ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ [1]ʙʝʥʟʦʪʠʝʥʦ[3,2-b]ʙʝʥʟʦʪʠʦʬʝʥʘ (BTBT) [5-8]. ɸʥʥʝʣʠʨʦʚʘʥʥʳʝ 

ʪʠʝʥʦʪʠʦʬʝʥʦʚʳʝ ʠ ʪʠʝʥʦʧʠʨʨʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫʨʫ ʨʘʟʣʠʯʥʳʭ ʥʝʬʫʣʣʝʨʝʥʦʚʳʭ ʘʢʮʝʧʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ [9,10]. 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

ʷʚʣʷʝʪʩʷ ʜʨʫʛʠʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʝʨʫʩʦʜʝʨʞʘʱʠʤ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤ ʬʨʘʛʤʝʥʪʦʤ, ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʢʦʪʦʨʦʛʦ ʦʪʥʦʩʷʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʘʢʮʝʧʪʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʆʥ ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʩʠʥʪʝʟʘ ʨʷʜʘ ʵʬʬʝʢʪʠʚʥʳʭ ʣʠʥʝʡʥʳʭ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

[11-14]. 
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ʈʠʩ. 1. Cʝʨʫʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʦʢʣʘʜʝ. 
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 ʈɸʉʂʈʓʊʀɽ ʌʋʈɸʅʆɺʆɻʆ ʎʀʂʃɸ ʂɸʂ ʄɽʊʆɼʆʃʆɻʀʗ ʉʀʅʊɽɿɸ  

ʊɽʊʈɸʎʀʂʃʀʏɽʉʂʀʍ ʍʀʅʆʂʉɸʃʀʅʆɺ  

 

ɸʙʘʝʚ ɺ.ʊ.ʘ,ʙ, ɸʨʫʪʶʥʷʥʮ ɸ.ɸ.ʘ, ɽʛʦʨʦʚ ɼ.ʀ.ʘ 

 
aʉʝʚʝʨʦ-ʆʩʝʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʫʣ. ɺʘʪʫʪʠʥʘ 43-46, ɺʣʘʜʠʢʘʚʢʘʟ, 362025, ʈʦʩʩʠʷ.   

e-mail: hampazero@mail.ru 

 ʙʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʫʣ. ʇʫʰʢʠʥʘ 1ʘ, ʉʪʘʚʨʦʧʦʣʴ, 355009, ʈʦʩʩʠʷ 

 

ɺʠʥʠʣ- ʠ ʘʨʠʣʘʟʠʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʧʠʨʨʦʣʦʚ, ʠʥʜʦʣʦʚ ʠ ʢʘʨʙʘʟʦʣʦʚ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʷ ʉʤʠʪʘ-ʉʘʥʜʙʝʨʛʘ [1] ʩ 

ʫʯʘʩʪʠʝʤ ʘʨʠʣʘʟʠʜʦʚ ʠ ʩʠʥʪʝʟ ʍʝʤʝʪʩʙʝʨʛʝʨʘ ʠʩʭʦʜʷʱʠʡ ʠʟ ʩʪʠʨʠʣʘʟʠʜʦʚ [2]. ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʵʪʠʭ ʉʅ-

ʘʤʠʥʠʨʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʷ ʜʠʝʥʠʣʘʟʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 1,5-ʩʜʚʠʛʦʤ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ. ʈʘʩʢʨʳʪʠʝ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʟʠʜʥʦʡ ʬʫʥʢʮʠʠ ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʘʤʠ ʨʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʥʪʝʟʘ ʭʘʣʢʦʥʦʚ ʠʥʜʦʣʴʥʦʛʦ ʨʷʜʘ.  ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʮʠʢʣʠʯʝʩʢʦʡ ʪʘʢ-ʢʘʢ ʚ 

ʠʩʭʦʜʥʦʤ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 2-ʘʟʠʜʦʙʝʥʟʠʣʬʫʨʘʥʝ ʬʫʨʘʥʦʚʳʡ ʮʠʢʣ ʥʝ ʩʦʧʨʷʞʸʥ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ [3].  

 
ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʩ ʘʟʠʜʥʦʡ ʬʫʥʢʮʠʝʡ 

ʠʣʠ ʩ ʛʝʥʝʨʠʨʫʝʤʳʤ ʠʟ ʥʝʝ ʥʠʪʨʝʥʦʤ ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ ʪʝʨʤʦʣʠʟʘ N-2-ʘʟʠʜʦʘʨʠʣ-2-ʬʫʨʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-ʘ]ʭʠʥʦʢʩʘʣʠʥʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʧʦʩʪʨʦʝʥʠʷ ʭʠʥʦʢʩʘʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʢʨʳʪʠʷ ʬʫʨʘʥʘ.  
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ʚDepartment of Chemistry, Shenzhen MSU-BIT University, Shenzhen, China 

e-mail: alexaveron@yandex.ru 

 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʩʧʝʰʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ (CuNPs) ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʘʢ 2-ʠʟʦʙʫʪʠʨʠʣʮʠʢʣʦʛʝʢʩʘʥʦʥ 

ʠ ʨʘʮ-ɹʀʅʆʃ; ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʘʤʠʥʠʨʦʚʘʥʠʷ ʘʨʠʣ- ʠ ʛʝʪʝʨʦʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʠ NH-ʛʝʪʝʨʦʮʠʢʣʘʤʠ, ʧʨʠ ʵʪʦʤ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠ ̫ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ ʙʦʣʝʝ 

90%. CuNPs 25 ʥʤ ʠ 10/80 ʥʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʠʣʫʯʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʜʦʙʘʚʢʘ 1 ʵʢʚ. NaI 

ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʘʤʠʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʠ ʩ ʙʨʦʤʘʨʝʥʘʤʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 2 

ʵʢʚ. ʙʨʦʤʘʨʝʥʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ.  

 

 
ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʘʨʠʣʩʫʣʴʬʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ, ʨʝʘʢʮʠʷʤʠ 

ʪʠʦʣʠʨʦʚʘʥʠʷ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʦʬʝʥʦʣʘ, ʜʠʬʝʥʠʣʜʠʩʫʣʴʬʠʜʘ ʠ ʪʠʦʤʦʯʝʚʠʥʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʝʥ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʧʨʠ ʵʪʦʤ 

ʜʦʩʪʠʛʥʫʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʨʦʜʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʝʜʠ.  

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʤʳʚʘʥʠʷ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨr ʩʣʫʞʘʪ ʨʝʟʝʨʚʫʘʨʦʤ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʝʘʢʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪr  ʧʦ ʨʝʮʠʢʣʠʟʘʮʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ CuNPs 25 ʥʤ ʦʙʨʘʟʦʚʘʥʠʝ ʥ-ʦʢʪʠʣʘʥʠʣʠʥʘ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʚʳʭʦʜʘ ʚʦʟʤʦʞʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 9 ʮʠʢʣʦʚ, ʘ ʚ ʨʝʘʢʮʠʠ ʪʠʦʤʦʯʝʚʠʥʳ ʩ ʠʦʜʙʝʥʟʦʣʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ CuNPs 10/80 ʥʤ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʬʝʥʠʣʩʫʣʴʬʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʚʳʭʦʜʘ ʚ 

ʪʝʯʝʥʠʝ 6 ʮʠʢʣʦʚ. ʄʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ ʠ ʉʕʄ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʝʡ ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʥɹʦʡ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʦʢʠʩʣʝʥʠʝ ʜʦ CuO, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ 

ʠ ʤʦʨʬʦʣʦʛʠʠ ʯʘʩʪʠʮ ʥʘ ʧʝʨʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʘʭ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ; ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 24-23-00149).  
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ʅʆɺʓɽ ʄɽʊʆɼʓ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʀɿʆʂʉɸɿʆʃʔʅʆɻʆ ʎʀʂʃɸ ʀ ʀʍ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺ ʉʀʅʊɽɿɽ ɹʀʆʃʆɻʀʏɽʉʂʀ ɸʂʊʀɺʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

 

ɸʚʝʨʠʥʘ ɽ.ɹ., ɺʘʩʠʣʝʥʢʦ ɼ.ɸ., ɸʩʪʘʭʦʚʘ ʅ.ɽ., ʉʘʟʦʥʦʚ ɸ.ʉ., ɼʨʦʥʦʚ ʉ.ʕ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail : elaver070766@yandex.ru 

 

ʀʟʦʢʩʘʟʦʣʴʥʳʡ ʮʠʢʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʜʠʟʘʡʥʝ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʩʪʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʅʝʜʘʚʥʦ 

ʚ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʭʝʤʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 4- ʠ 5-

ʥʠʪʨʦʠʟʦʢʩʘʟʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʣʢʝʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ 

C(NO2)4-Et3N [1,2].  

 
ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʟʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘ ʦʩʥʦʚʝ SNAr ʨʝʘʢʮʠʡ 3-

EWG-5-ʥʠʪʨʦʠʟʦʢʩʘʟʦʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ O-, N-, S-ʥʫʢʣʝʦʬʠʣʘʤʠ ʠ ʧʦʩʣʝʜʫʶ ʠɦʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ 5-ʤʝʪʠʣ-4-ʥʠʪʨʦʠʟʦʢʩʘʟʦʣʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 4-ʥʠʪʨʦ-5-ʮʠʘʥʦʠʟʦʢʩʘʟʦʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ SNAr ʨʝʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʥʫʢʣʝʦʬʠʣʘ ʜʘʶʪ ʧʨʦʜʫʢʪ r ʟʘʤʝʱʝʥʠʷ ʥʠʪʨʦ- ʠʣʠ ʮʠʘʥʦʛʨʫʧʧʳ. ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ 

ʤʝʭʘʥʠʟʤʦʚ ʠʟʫʯʝʥʥʳʭ ʨʝʘʢʮʠʡ. 

 

 
 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʢʩʘʟʦʣʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʠʟ 

ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ ʛʝʪʝʨʦʮʠʢʣ,r ʩʦʜʝʨʞʘʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ 

ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʠʣʠ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 
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ʉʀʅʊɽɿʓ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʕʃɽʂʊʈʆʌʀʃʔʅʆʁ 

ɸʂʊʀɺʎʀʀ ɸʃʂɽʅʆɺ 

 

ɸʢʩʝʥʦʚ ɸ.ɺ., ɸʨʫʪʶʥʦʚ ʅ.ɸ., ɸʢʩʝʥʦʚʘ ɸ.ɸ., ɸʢʩʝʥʦʚ ɼ.ɸ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

e-mail: aaksenov@ncfu.ru 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ, ʢʨʘʫʥ-ʵʬʠʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʝʣʘʪʦʚ ʠ 

ʜʨʫʛʠʭ ʠʥʪʝʨʝʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-73-20003, 

https://rscf.ru/project/25-73-20003/ 
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ʇʆʉʃɽɼʅʀɽ ɼʆʉʊʀɾɽʅʀʗ ɺ ʍʀʄʀʀ 3-ʎʀɸʅʆʂɽʊʆʅʆɺ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ɼɸʃʔʅɽʁʐɽɻʆ 

ʈɸɿɺʀʊʀʗ ʅɸʇʈɸɺʃɽʅʀʗ 

 

ɸʢʩʝʥʦʚ ʅ.ɸ., ɸʢʩʝʥʦʚ ɸ.ɺ., ɸʢʩʝʥʦʚ ɼ.ɸ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 355017, ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ, 1, 355017, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ; ʝ-mail: radioanimation@rambler.ru 

 

ʇʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʢʘʬʝʜʨʳ ʚʳʩʪʫʧʘʣʘ ʭʠʤʠʷ 4-ʢʝʪʦʥʠʪʨʠʣʦʚ ï 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ 2 ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʛʨʫʧʧʳ ï ʢʝʪʦ ʠ ʥʠʪʨʠʣʴʥʫʶ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʢʘʩʢʘʜʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʘʞʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʘ ʪʘʢʞʝ, 

ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʝ ʘʥʘʣʦʛʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï ʘʟʦʪʨʦʧʦʥʳ, ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʣʠʰʴ ʚ ʚʠʜʝ 

ʙʝʥʟʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʩʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʚʦʟʤʦʞʥʳʝ ʜʘʣʴʥʝʡʰʠʝ ʪʦʯʢʠ ʨʦʩʪʘ. (ʉʭʝʤʘ 1). 

 

ʉʭʝʤʘ 1. 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-73-10027, 

https://rscf.ru/project/24-73-10027/è. 
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ʆʂʀʉʃʀʊɽʃʔʅʆ-ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓɽ ʇʈɽɺʈɸʑɽʅʀʗ ʊʈʀɸʈʀʃʄɽʊʀʃʔʅʓʍ 

ʈɸɼʀʂɸʃʆɺ ʀ ʇʈʀʄɽʅɽʅʀɽ ʀʍ 13ʉ ʀɿʆʇʆʃʆɻʆɺ ɼʃʗ ʀɿʄɽʈɽʅʀʗ pʅ ɺ ʈɸʂʆɺʓʍ 

ʂʃɽʊʂɸʍ ʏɽʃʆɺɽʂɸ 

 

ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ., ʈʘʡʟʚʠʭ ɸ.ɽ., ʆʚʯʝʨʝʥʢʦ ʉ.ʉ., ʏʠʥʘʢ ʆ.ɸ., ʊʨʫʭʠʥ ɼ.ʊ., 

 ʈʦʛʦʞʥʠʢʦʚʘ ʆ.ɸ., ʊʦʨʤʳʰʝʚ ɺ.ʄ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ,  

ʧʨ. ɸʢʘʜʝʤʠʢʘ ʃʘʚʨʝʥʪʴʝʚʘ, 9, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 ʫʣ. ʇʠʨʦʛʦʚʘ, 2, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 630090, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

e-mail: egbagryanskaya@nioch.nsc.ru 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠ ̫ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ (ʊɸʄ, ʪʨʠʪʠʣʳ) ʩʪʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʩʧʠʥʦʚʳʤʠ ʟʦʥʜʘʤʠ ʜʣʷ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro ʠ in vivo, ʘ ʪʘʢʞʝ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʉʠʥʪʝʟ ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʠ ʟʦʥʜʦʚ ʥʘ ʦʩʥʦʚʝ ʊɸʄ ʧʨʝʪʝʨʧʝʣ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ, ʠ ʧʨʠʩʫ ʠɦʝ 

ʊɸʄ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʫʟʢʠʡ ʩʠʛʥʘʣ ɻʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʩ ʜʣʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʘ [1]. ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʨʘʜʠʢʘʣʘ OX063 ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʪʝʢʘʪʴ ʚ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʩʨʝʜʘʭ ʩ ʚʳʩʦʢʠʤ ʠʟʙʳʪʢʦʤ ʪʠʦʣʦʚ, ʧʨʠʚʦʜʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ 

OX063 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʜʠʘʤʘʛʥʠʪʥʳʡ QM ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʚ OX063-OH, 

ʩʪʨʫʢʪʫʨʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ TAM ʩ pH-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. ʆʙʨʘʟʦʚʘʥʠʝ OX063-OH ʠʟ QM 

ʚ ʙʦʛʘʪʳʭ ʪʠʦʣʘʤʠ ʩʨʝʜʘʭ ʠ ʩʘʤʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʪʨʠʘʨʠʣʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ OX063, ʦʙʦʛʘʱʝʥʥʦʛʦ 13C, 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ [3]. ʂʦʥʲʶʛʘʮʠʷ OX063 ʩ ʧʨʦʥʠʢʘʶʱʠʤ ʚ ʢʣʝʪʢʠ ʧʝʧʪʠʜʦʤ 

RL2 ʧʦʟʚʦʣʠʣʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʚʨʘʱʝʥʠʡ OX063 ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ MDA-MB-231 ʠ 

A549. ɺ ʦʙʝʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʦʢʠʩʣʝʥʠʝ OX063 ʜʦ ʭʠʥʦʥʤʝʪʠʜʘ (QM), ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ 

ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʇʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ QM ʪʠʦʣʘʤʠ ʜʘʚʘʣʦ pH-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʨʘʜʠʢʘʣ OX063-OH. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʚʳʷʚʠʣ ʩʨʝʜʥʠʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʜʠʘʧʘʟʦʥ pH 5,64ï5,86 ʠ 45,6% ʧʨʝʚʨʘʱʝʥʠʝ QM ʚ OX063-OH. ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ 

OX063-OH ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʢʘʢ ʜʣʷ OX063, ʪʘʢ ʠ ʜʣʷ QM, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʢʣʝʪʦʢ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʢʘʣʦʚ TAM-OH. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 13C-OX063-OH ʚ ʢʘʯʝʩʪʚʝ ʟʦʥʜʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ pH ʦʧʫʭʦʣʝʡ, ʯʪʦ ʤʦʞʝʪ 

ʫʣʫʯʰʠʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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Salnikov, G. E.; Genaev, A. M.; Shernyukov, A. V; Bagryanskaya, E. G.. ChemistryïA European Journal 2024, 30 

(52), e202400718. 
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JACS, 2025, submitted. 
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ʀʄʀʅʆʁʆɼʀʅɸʅʓ ɺ ʉʀʅʊɽɿɽ ʇʗʊʀʏʃɽʅʅʓʍ ɻɽʊɽʈʆʎʀʂʃʆɺ 

 

ɹʝʨʝʟʢʠʥʘ ʊ.ɺ., ʀʣʴʢʠʥ ɺ.ɻ., ɹʘʢʫʣʝʚ ɺ.ɸ. 

 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ,  

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

e-mail: v.a.bakulev@urfu.ru 

 

ʉʦʝʜʠʥʝʥʠʷ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ (III) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʈʝʘʛʝʥʪʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʡʦʜʘ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ, ʦʢʠʩʣʝʥʠʷ, ʘʤʠʥʠʨʦʚʘʥʠʷ, ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʁʦʜʦʥʠʝʚʳʝ ʩʦʣʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʘʨʠʣʠʨʫʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʡʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ ʠ ʠʤʠʜ  rʷʚʣ̫ʁ ʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢʘʨʙʝʥʦʚ ʠ ʥʠʪʨʝʥʦʚ. ʈʘʟʣʠʯʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʡʦʜʦʢʩʦʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʘʟʠʜʦʙʝʥʟʦʡʦʜʦʢʩʦʣʳ, ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʡʦʜʦʢʩʦʣʳ, 

ʘʣʢʠʥʠʣʙʝʥʟʦʡʦʜʦʢʩʦʣʳ ʠ ʘʣʢʝʥʠʣʙʝʥʟʦʡʦʜʦʢʩʦʣʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʧʝʨʝʥʦʩʘ ʛʨʫʧʧ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [1,2]. ʆʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʡʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ 

ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠʟ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ [3]. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
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e-mail: i.balova@spbu.ru  

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠ ʧʦʣʫʯʝʥ ʨ̫ʜ ʛʝʪʝʨʦʝʥʜʠʠʥʦʚ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʩʝʨʫ ʚ 10-ʯʣʝʥʥʳʭ ʮʠʢʣʘʭ - ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ 

ʧʨʠʨʦʜʥʳʭ ʝʥʜʠʠʥʦʚ ï ʤʦʱʥʳʭ ʮʠʪʦʩʪʘʪʠʢʦʚ ʩ ɼʅʂ-ʧʦʚʨʝʞʜʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ [1ï6].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʛʝʪʝʨʦʝʥʜʠʠʥʦʚ ʩ ʦʧʫʭʦʣʴ-ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 10-ʯʣʝʥʥʳʭ O-, N-ʝʥʜʠʠʥʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦ 10-ʯʣʝʥʥʦʤʫ ʢʦʣʴʮʫ ʜʣʷ 

ʚʚʝʜʝʥʠʷ çʢʣʠʢʘʙʝʣʴʥʳʭè ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [7]. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ 

ʝʥʜʠʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʮʝʥʢʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʝʥʜʠʠʥʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʘʢʪʠʚʥʦʩʪʴ ʤʦʣʝʢʫʣʳ, ʦʮʝʥʢʘ ʩʚʷʟʳʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʝʥʜʠʠʥʦʚʳʭ 

ʩʠʩʪʝʤ ʩ ɼʅʂ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʩʠʥʪʝʟ ʛʠʙʨʠʜʦʚ ʝʥʜʠʠʥʦʚ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ ʥʘ ʦʧʫʭʦʣʝʚʳʝ 

ʢʣʝʪʢʠ.  
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ʉʧʠʨʦʩʦʯʣʝʥʸʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʚʠʜʫ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʚ̫ʟʳʚʘʥʠʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ 

ʧʫʪʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ [3+2]- ʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 1,3-ʜʠʧʦʣʝʡ ʠ ʛʝʪʝʨʦʜʠʝʥʦʚ ʧʦ ʵʢʟʦʮʠʢʣʠʯʝcʢʠʤ 

ʢʨʘʪʥʳʤ ʩʚʷʟʷʤ ʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʚʷʟʷʤ ʉ=ʉ 

ʠ ʉ=S ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ ʧʦ ʩʚʷʟʷʤ C=N ʠ C=Se, ʢʘʢ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ 

ʨʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʉ=ʉ ʩʚʷʟʷ, ʦʩʪʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʨʝʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʴ.ʁ ʇʨʦʙʣʝʤʳ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 1,3-

ʜʠʧʦʣʝʡ ʠ ʛʝʪʝʨʦʜʠʝʥʦʚ ʠ ʠʭ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʜʠʤʝʨʠʟʘʮʠʠ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ.  

ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʤʝʪʦʜʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʵʪʠ ʠʥʪʝʨʤʝʜʠʘʪʳ ʠʟ ʫʩʪʦʡʯʠʚʳʭ 

ʧʨʝʱʰʝʩʪʚʝʥʥʠʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ʣʝʪʫʯʝʛʦ ʦʩʥʦʚʘʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ N-, O-, S- ʠ Se-ʩʦʜʝʨʞʘʱʠʭ 

ʩʧʠʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʆʧʠʩʘʥʦ ʭʝʤʦ-, ʨʝʛʠʦ- ʠ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʯʝʪʳʨʝʭ-, 

ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʳ ʝʪʠʧʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʯʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʥʳ ʥʠʞʝ. 
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ʄʦʣʝʢʫʣʷʨʥʳʡ ʜʠʟʘʡʥ ʟʘʤʝʱʸʥʥʳʭ ʥʦʨʙʦʨʥʝʥʦʚ ʩ ʧʦʣʷʨʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʦʥʢʦʡ çʥʘʩʪʨʦʡʢʠè ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʙʦʢʦʚʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɿʘʤʝʱʸʥʥʳʝ 

ʥʦʨʙʦʨʥʝʥʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʤʙʨʘʥ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʪʘʢʠʭ 

ʦʙʣʘʩʪʷʭ, ʢʘʢ ʛʘʟʦʨʘʟʜʝʣʝʥʠʝ, ʦʯʠʩʪʢʘ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʜʨʫʛʠʝ [1-3]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʥʦʨʙʦʨʥʝʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʤʝʤʙʨʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [2-4]. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʦʩʪʦʚ ʥʦʨʙʦʨʥʝʥʘ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦʙʳ 

ʚʚʝʜʸʥʥʳʝ ʛʨʫʧʧʳ ʥʝ ʦʢʘʟʳʚʘʣʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʦʨʙʦʨʥʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʛʨʫʧʧʳ (ʚʢʣʶʯʘʷ ʠʤʠʜʥʳʝ, ʦʢʩʠʨʘʥʦʚʳʝ, ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʜʨʫʛʠʝ ʬʨʘʛʤʝʥʪʳ), ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʝʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʛʘʟʦʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʘʥʠʦʥʧʨʦʚʦʜʷʱʠʭ ʤʝʤʙʨʘʥʘʭ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʊʈɸʅʉʌʆʈʄɸʎʀʀ 2-(ʇɽʅʊɸʌʊʆʈʌɽʅʀʃ)-4ʅ-ʍʈʆʄɽʅ-4-ʆʅɸ 

ʉ ɸʃʂʀʃɸʄʀʅɸʄʀ ɺ ɸʅʊʀʄʀʂʈʆɹʅʓɽ ʀ ʇʈʆʊʀɺʆɻʈʀʇʇʆɿʅʓɽ ɸɻɽʅʊʓ 

 

ɹʦʨʠʩʝʚʠʯ ʉ.ʉ.ʘ, ʑʝʨʙʘʢʦʚ ʂ.ɺ.ʙ, ɿʘʨʫʙʘʝʚ ɺ.ɺ. ʚ, ɹʫʨʛʘʨʪ ʗ.ɺ. ʙ, ʉʘʣʦʫʪʠʥ ɺ.ʀ. ʙ 

 
a ʋʬʠʤʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʋʌʀʎ ʈɸʅ, ʋʬʘ, ʈʦʩʩʠʷ. 

ʙ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ. ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤ. ʇʘʩʪʝʨʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

e-mail: monrel@mail.ru 

 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2ô,3ô,4ô,5ô,6ô-ʧʝʥʪʘʬʪʦʨʬʣʘʚʦʥʘ ʩ ʘʣʢʠʣʘʤʠʥʘʤʠ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʘʪʦʤʘ ʬʪʦʨʘ ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʮʝʥʪʨʫ ʉ(4ô). ʄʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʧʠʩʘʥ ʥʘ ʫʨʦʚʥʝ 

DFT ʪʝʦʨʠʠ. ʇʨʠ ʦʮʝʥʢʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʣʘʚʦʥʦʚ ʥʘʡʜʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, 

ʠʤʝʶʱʠʝ ʚʳʩʦʢʦʝ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʝ, ʘʥʪʠʛʦʥʦʨʝʡʥʦʝ ʠ ʧʨʦʪʠʚʦʛʨʠʧʧʦʟʥʦʝ ʜʝʡʩʪʚʠʝ. ʉ ʧʦʤʦʱɹ ʶ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚʠʨʫʩʘ ʛʨʠʧʧʘ ʰʪʘʤʤʘ A/Puerto Rico/8/34 

(H1N1) ʧʦʣʫʯʝʥʥʳʤʠ ʬʣʘʚʦʥʘʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʙʣʦʢʠʨʦʚʘʥʠʷ ʥʝʡʨʘʤʠʥʠʜʘʟ r (NA)  

(ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1. ʈʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ:̫ ɸ ð ʩʪʨʫʢʪʫʨʘ ʪʝʪʨʘʤʝʨʘ NA ʰʪʘʤʤʘ 

A/California/04/2009(H1N1); ɹ ð ʚʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ (ʘ.ʦ.) ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʩʝʣʴʪʘʤʠʚʠʨʘ ʚ NA ʰʪʘʤʤʦʚ A/California/04/2009(H1N1) ʠ A/Puerto Rico/8/34(H1N1); ɺ ð ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʦʩʝʣʴʪʘʤʠʚʠʨʘ ʚ NA ʰʪʘʤʤʘ A/Puerto Rico/8/34(H1N1): ʧʦʢʘʟʘʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʣʠʛʘʥʜʘ ʠ ʘ.ʦ. ʚ ʨʘʜʠʫʩʝ 3 ¡; ɻ ð ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʜʝʨʘ ʚ NA ʰʪʘʤʤʘ A/Puerto 

Rico/8/34(H1N1); ɼ ð ʧʦʢʘʟʘʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʣʠʛʘʥʜʘ ʠ ʘ.ʦ. NA ʪhʘʤʤʘ 

A/Puerto Rico/8/34(H1N1). ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤʠ ʧʨʝʨʳʚʠʩʪʳʤʠ ʣʠʥʠʷʤʠ, ʩʦʣʝʚʳʝ ʤʦʩʪʠʢʠ ï 

ʬʠʦʣʝʪʦʚʳʤʠ, p-ʢʘʪʠʦʥ-ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʟʝʣʝʥʳʤʠ, ʩʠʨʝʥʝʚʳʤʠ ʰʘʨʠʢʘʤʠ ï Ca2+. 

 

mailto:monrel@mail.ru
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 ʅʆɺʓɽ ʉʀʅʊɽʊʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ɺ ʍʀʄʀʀ ɸɼɸʄɸʅʊʀʃʉʆɼɽʈɾɸʑʀʍ 

ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ 

 

ɹʫʪʦʚ ɻ.ʄ.ʘ, ʄʦʭʦʚ ɺ.ʄ. b, ɼʴʷʯʝʥʢʦ ɺ.ʉ. ʘ, ɻʣʘʜʢʠʭ ɹ.ʇ.ʘ, ɸʣ-ɹʌʘʥʭʘʨʘʚʠ ɸ.ʍ.ɸ. b 

 
aɺʦʣʞʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)ɺʦʣʛɻʊʋ, ɺʦʣʞʩʢʠʡ, ʈʦʩʩʠʷ 

e-mail: butov@post.volpi.ru 
bɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʘʟʦʣʦʚ, ʧʠʨʨʦʣʦʚ, ʧʠʨʠʜʠʥʦʚ, ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʠʭ 

ʙʝʥʟʘʥʝʣʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʛʠʜʘʥʪʦʠʥʦʚ ʠ ʫʨʘʮʠʣʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʜʘʤʘʥʪʘʥʘ: 

ʠʟʦ(ʠʟʦʪʠʦ)ʮʠʘʥʘʪʘʤʠ, ʘʤʠʥʘʤʠ, 1,3-ʜʝʛʠʜʨʦʘʜʘʤʘʥʪʘʥʦʤ (1,3-ɼɻɸ) [1-2]. 

ʀʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʘʟʦʣʦʚ: 1H-ʧʠʨʘʟʦʣʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʠʟʦʢʩʘʟʦʣʳ, 1H-ʠʤʠʜʘʟʦʣʳ ʠ 

ʙʝʥʟʠʤʠʜʘʟʦʣʳ, 1H-1,2,4-ʪʨʠʘʟʦʣʳ, 1H-ʪʝʪʨʘʟʦʣʳ ʩ 1,3-ɼɻɸ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʘʨʰʨʫʪʦʚ 

ʨʝʘʢʮʠʡ: N- ʠ ʉ-ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʟʦʣʦʚ, ʘ ʪʘʢʞʝ ʜʠʘʜʘʤʘʥʪʠʣʠʨʦʚʘʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ N-H-ʩʚʷʟʠ ʘʟʦʣʦʚ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʟʦʣʴʥʦʤ ʮʠʢʣʝ. 

ʆʩʫʱʝʩʪʚʣʝʥʳ ʨʝʘʢʮʠʠ ʘʟʦʣʦʚ, ʧʠʨʠʜʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ (-ʆʅ, -ʉʆʆʅ, -Nʅ2, -SH, ʅʘl) ʠʣʠ -

ʉʅ3 -ʛʨʫʧʧʳ, ʩ 1,3-ɼɻɸ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʘʜʘʤʘʥʪʠʣʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙr  ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʘʜʘʤʘʥʪʠʣʩʦʜʝʨʞʘʱʠʭ 1,3-ʜʠʟʘʤʝʱʝʥʥʳʭ 

ʤʦʯʝʚʠʥ ï ʠʤʠʜʘʟʦʣʠʜʠʥ-2,4,5- ʠ ʧʠʨʠʤʠʜʠʥ-2,4,6-ʪʨʠʦʥʦʚ ʧʦ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʯʝʚʠʥ ʩ 

ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʱʘʚʝʣʝʚʦʡ ʠ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪ [3-4[. 

ʈʝʘʢʮʠʝʡ (ʘʜʘʤʘʥʪʘʥ-1-ʠʣʘʣʢʠʣ)ʛʝʪʝʨʦʘʣʣʝʥʦʚ ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʛʣʠʮʠʥʘ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 3-(ʘʜʘʤʘʥʪʘʥ-1-ʠʣʘʣʢʠʣ)-2-(ʆ-, S-, Se-)ʛʠʜʘʥ-ʪʦʠʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 75ï85%. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʜʘʤʘʥʪʘʥ-1-ʠʣʘʣʢʠʣʘʤʠʥʘ ʥʘ ʚʳʭʦʜʳ ʛʠʜʘʥʪʦʠʥʦʚ [5]. 

ʉʠʥʪʝʟʠʨʦʚʘʥ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʡ 1-(1-ʘʜʘʤʘʥʪʠʣ)-3,4,5-ʪʨʠʥʠʪʨʦ-1H-ʧʠʨʘʟʦʣ (AdTNP) ʫʩʪʦʡʯʠʚʳʡ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 180 Áʉ [6]. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ AdTNP ʧʦ 5-NO2-ʛʨʫʧʧʝ ʚ ʨʝʘʢʮʠʷʭ ʩ N-, S- ʠ O-

ʥʫʢʣʝʦʬʠʣʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ.  

ʀʟʫʯʝʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʳ QSAR-

ʟʘʚʠʩʠʤʦʩʪʠ. ʄʝʪʦʜʦʤ ʚʠʨʪʫʘʣʴʥʦʛʦ in silico ʩʢʨʠʥʠʥʛʘ ʦʙʥʘʨʫʞʝʥʳ ʤʦʣʝʢʫʣʳ, ʩʧʦʩʦʙʥʳʝ ʠʤʠʪʠʨʦʚʘʪʴ 

ʬʦʩʬʦʧʝʧʪʠʜʥʳʡ ʫʯʘʩʪʦʢ ʚ tBRCT ʜʦʤʝʥʝ ʙʝʣʢʘ BRCA1, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. 
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 ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀɽ ʉʆɽɼʀʅɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ʄʆʅʆʊɽʈʇɽʅʆʀɼʆɺ: ʉʀʅʊɽɿ ʀ 
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ʄʦʥʦʪʝʨʧʝʥʳ ʠ ʠʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʤʦʥʦʪʝʨʧʝʥʦʠʜʳ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʫʜʫʯʠ ʤʘʞʦʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʬʠʨʥʳʭ ʤʘʩʝʣ 

ʠ ʩʢʠʧʠʜʘʨʦʚ. ʉʦʯʝʪʘʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʦʤ ʚʠʜʝ, ʥʘʪʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘʣʠʯʠʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʜʝʣʘʝʪ ʤʦʥʦʪʝʨʧʝʥʳ ʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʩʦʙʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʪʝʨʧʝʥʦʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ ʤʦʥʦʪʝʨʧʝʥʦʠʜʫ ʛʦʪʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʪʘʢ ʠ ʚʢʣʶʯʝʥʠʝʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʤʦʥʦʪʝʨʧʝʥʦʚʦʛʦ ʦʩʪʦʚʘ ʚ ʩʦʩʪʘʚ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʛʝʪʝʨʦʮʠʢʣʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʠʚʰʠʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʙʠʙʣʠʦʪʝʢ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʥʦʪʝʨʧʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʷʚʠʚʰʠʝ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚʢʣʶʯʘʷ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ, ʘʥʪʠʚʠʨʫʩʥʳʝ ʠʣʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʠʩʢʫ 

ʩʦʝʜʠʥʝʥʠʡ-ʩʠʥʝʨʛʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʫʩʠʣʠʚʘʪʴ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ 

ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʦʚ TDP1 ʠʣʠ HDAC. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-73-20089).  
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ʕʃɽʂʊʈʆʅʆɼɽʌʀʎʀʊʅʓɽ ɸʃʂʀʅʓ ï ʋʅʀɺɽʈʉɸʃʔʅʓɽ ʉʀʅʊʆʅʓ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 

ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ɸɿɸɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʃ.ɻ. 

 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙ,r ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: voskresenskiy-lg@rudn.ru 

 

ʕʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʘʣʢʠʥʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʧʦʩʦʙʥʳʝ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ 

ʘʣʢʠʥʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʟʘʛʝʪʝʨʦʮʠʢʣʘʤʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ 5,6-ʯʣʝʥʥʳʭ ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ, ʘ 

ʪʘʢʞʝ ʩʨʝʜʥʠʭ ʮʠʢʣʦʚ ʩ ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʘʣʢʠʥʦʚ. 

ʇʦʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʠ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ ʠ ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʶʯʝʚʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʮʚʠʪʪʝʨ-ʠʦʥʘ A [1-4]. ʄʥʦʛʠʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦ̫ʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 
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ʙʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 420015, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʂʘʟʘʥʴ, ʫʣ. ʂ.ʄʘʨʢʩʘ, 68. 
e-mail: agazizov@iopc.ru 

 

ɸʤʙʠʬʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʭʦʜʠʪ ʛʝʪʝʨʦʘʪʦʤ (ʘʟʦʪ, ʢʠʩʣʦʨʦʜ ʠ ʪ.ʜ.), ʷʚʣʷʶʱʠʡʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ. ɺʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʢʣʘʩʩʘʤʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ, ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ ʚʳʩʪʫʧʘʶʪ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʷʚʣʷʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʘʟʦʪ- ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʠɦʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʤʠʜʘʟʦʣʠʥ-2-ʦʥʳ [1,2] ʠ ʬʦʩʬʘʢʫʤʘʨʠʥʳ 

[3]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʦʢʣʘʜ ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʰʠʨʦʯʘʡʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ ʢʣʘʩʩʦʚ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ (ʧʦʣʠ)ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-73-20015, https://rscf.ru/project/25-73-20015/ ).
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ʇʈʀʈʆɼʅʓɽ ʄɸʂʈʆɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀɽ ʉʆɽɼʀʅɽʅʀʗ: 

ʍʀʄʀʏɽʉʂʀɽ ʄʆɼʀʌʀʂɸʎʀʀ ʀ ɹʀʆʄɽɼʀʎʀʅʉʂʆɽ ʇʈʀʄɽʅɽʅʀɽ 

 

ɻʨʠʥ ʄ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʊʦʥʢʠʭ ʍʠʤʠʯʝʩʢʠʭ ʊʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: michael_grin@mail.ru           

  

ʇʨʠʨʦʜʥʳʝ ʭʣʦʨʠʥʳ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥr ʭ ʩʚʦʡʩʪʚ ʠ ʪʫʤʦʨʦʪʨʦʧʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʪʨʦʝʥʠʷ ʭʣʦʨʠʥʦʚʦʛʦ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʘ. 

ʀʩʧʦʣʴʟʫʷ ʭʣʦʨʠʥʳ ʠ ʙʘʢʪʝʨʠʦʭʣʦʨʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʡ ʩʫʙʩʪʘʥʮʠʠ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ, ʧʨʦʚʝʜʝʥʳ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʙʘʢʪʝʨʠʦʭʣʦʨʦʬʠʣʣʘ ʘ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ (ʠʤʧʦʨʪʟʘʤʝʱʝʥʠʝ ʧʨʝʧʘʨʘʪʘ 

çʊʫʢʘʜè (ʀʟʨʘʠʣʴ, ʈʝʭʦʚʦʪ) ʜʣʷ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʠ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʦʧʫʭʦʣʝʡ). ʀʤʝʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʨʝʛʣʘʤʝʥʪ ʧʦʣʫʯʝʥʠ ̫ ʧʨʝʧʘʨʘʪʘ, ʧʨʦʚʝʜʝʥʳ ʧʝʨʚʠʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʘʥ ʤʝʜʠʮʠʥʩʢʠʡ ʛʝʣʴ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʭʣʦʨʠʥʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 

ʪʢʘʥʝʡ  ʧʘʨʦʜʦʥʪʘ ʠ ʨʘʥʝʚʳʭ ʠʥʬʝʢʮʠʡ ʤʝʪʦʜʦʤ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ʇʦʣʫʯʝʥʳ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʚ ʨʘʤʢʘʭ ʙʦʨʴʙʳ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ. 

ʉʦʟʜʘʝʪʩʷ ʧʦʨʪʘʪʠʚʥʳʡ ʢʦʤʧʣʝʢʪ ʜʣʷ ʣʝʯʝʥʠʷ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʥʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʘʤʙʫʣʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʉʦʟʜʘʥ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʦʥʢʦʣʦʛʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʈʌʇ ʩ ʨʘʜʠʦʥʫʢʣʠʜʦʤ 99mTc ʠ ʧʨʦʡʜʝʥʳ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʢʣʝʪʦʯʥʦʤ ʠ ʦʨʛʘʥʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʈʘʟʨʘʙʦʪʘʥ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʩ ʜʚʦʡʥʳʤ ʪʘʨʛʝʪʠʥʛʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʭʣʦʨʠʥʦʚ ʩ ʧʨʦʩʪʘʪ-

ʩʧʝʮʠʬʠʯʥʳʤ ʤʝʤʙʨʘʥʥʳʤ ʘʥʪʠʛʝʥʦʤ (ʇʉʄɸ) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʥʢʦʫʨʦʣʦʛʠʠ (ʠʤʧʦʨʪʟʘʤʝʱʝʥʠʝ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ).  

ʈʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʬʦʪʦʬʘʨʤʘʢʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʦʟʜʘʥʠʝʤ ʢʦʥʲʶʛʘʪʦʚ ʧʨʠʨʦʜʥʳʭ ʭʣʦʨʠʥʦʚ ʩ 

ʘʟʘʙʝʥʟʦʣʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʤʝʩʪʥʦʘʥʝʩʪʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ "ʅʀʏ-ʈɸɼʀʆʌɸʈʄʇʈɽʇɸʈɸʊʓ-ʇ25" ʚ ʨʘʤʢʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ ʈʊʋ ʄʀʈʕɸ çʇʨʠʦʨʠʪʝʪ-2030è 
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ʈɽɸʂʎʀʀ ʈɽʎʀʂʃʀɿɸʎʀʀ ʌʋʈɸʅʆɺʆɻʆ ʎʀʂʃɸ ʇʈʀ ʂʆʅɼɽʅʉɸʎʀʀ ʌɽʅʆʃʆɺ ʀ 

ʌʋʈʌʋʈʆʃʆɺ ɺ ʋʉʃʆɺʀʗʍ ʂɸʊɸʃʀɿɸ ʂʆʄʇʃɽʂʉɸʄʀ ɹʆʈɸ 

 

ɻʫʪʥʦʚ ɸ.ɺ.ʘ, ʏʘʣʠʢʠʜʠ ʇ.ʅ.ʘ, ɼʝʤʠʜʦʚ ʆ.ʇ.ʙ, ɸʙʘʝʚ ɺ.ʊ.ʘ 
 

aʉʝʚʝʨʦ-ʆʩʝʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʃ. ʍʝʪʘʛʫʨʦʚʘ, 

ʢʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ɺʣʘʜʠʢʘʚʢʘʟ, ʈʦʩʩʠʷ. 

e-mail: gutnov@mail.ru 

ʙʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

 

ʇʨʠ ʨʝʘʢʮʠʠ 2-ʥʘʬʪʦʣʘ I  (2 ʵʢʚ.) ʠ ʬʫʨʬʫʨʦʣʘ II  (1 ʵʢʚ.) ʚ ʢʠʧʷʱʝʤ ʪʦʣʫʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʙʦʨʘ III  ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʨʦʠʟʚʦʜʥʦʝ 10,10-ʜʠʛʠʜʨʦʮʠʢʣʦʧʝʥʪʘ[b]ʥʘʬʪʦ[1,2-d]ʬʫʨʘʥʘ 

IV  [1]. ʄʥʦʛʦʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʜʢʠʡ ʩʣʫʯʘʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʢʘʨʙʦ-ʇʠʘʥʢʘʪʝʣʣʠ. ʇʨʦʠʟʚʦʜʥʦʝ IV  ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʩʝʧʪʘʮʠʢʣʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ V, ʢʦʪʦʨʦʝ ʚ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʨʳʚ ʉ-ʉ ʩʚʷʟʠ, ʜʘʚʘʷ ʜʠʥʘʬʪʦʬʫʨʠʣʤʝʪʘʥ VI . 

ʇʦʭʦʞʘ̫ ʨʝʘʢʮʠʷ  ʚ ʩʣʫʯʘʝ 5-ʤʝʪʠʣʬʫʨʬʫʨʦʣʘ VII  ʠʜʝʪ ʧʦ ʜʨʫʛʦʤʫ ʧʫʪʠ ʠ ʧʨʠʚʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʨʦʝʥʠʷ ʬʝʥʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ I  ʣʠʙʦ ʢ 5-ʤʝʪʠʣʬʫʨʠʣ(ʜʠʘʨʠʣʤʝʪʘʥʘʤ) VIII , ʣʠʙʦ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʬʫʨʦ[3,2-

d]ʬʫʨʘʥʘ IX, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʨʝʮʠʢʣʠʟʘʮʠʠ 5-ʤʝʪʠʣʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ VIII . 

ʈʝʮʠʢʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʨʝʘʢʮʠʝʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʢʘʨʙʦʢʘʪʠʦʥʘ ʩ ʬʝʥʦʣʴʥʳʤʠ ʛʠʜʨʦʢʩʠʣʘʤʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʙʫʪʘʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ  

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʦ[3,2-d]ʬʫʨʘʥʘ IX  ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʬʫʨʘʥʦʚʳʭ 

ʮʠʢʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟʦʬʫʨʘʥʦʚ X. 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ɸ.ɺ. ɻʫʪʥʦʚ, ɺ.ʊ. ɸʙʘʝʚ, ʆ.ʇ. ɼʝʤʠʜʦʚ. ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 2019, 55(3), 280. 
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ɼʀɸɿʆʉʆɽɼʀʅɽʅʀʗ ɺ ʉʀʅʊɽɿɽ ɻɽʊɽʈʆʎʀʂʃʆɺ. 

ʇʆʃʋʏɽʅʀɽ 1,2,4-ʊʈʀɸɿʆʃʆɺ 

 

ɼʘʨʴʠʥ ɼ.ɺ., ʂʫʟʥʝʮʦʚ ʈ.ɸ., ʂʘʥʪʠʥ ɻ.ʇ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʈʦʩʩʠʷ 198504, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʧʨ. 26, 

e-mail: d.dariin@spbu.ru 

 

ɼʠʘʟʦʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʷ ʥʝʚʝʨʦʷʪʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʫʥʠʢʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [1-3]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʘʟʦʨʝʘʛʝʥʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʠʭ ʨʘʟʣʦʞʝʥʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʢʘʨʙʝʥʦʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ɹʦʣʝʝ ʨʝʜʢʠʝ, ʥʦ ʥʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʪʦʤʦʚ ʘʟʦʪʘ 

ʜʠʘʟʦʛʨʫʧʧʳ ʠ ʚʩʪʨʘʠʚʘʥʠʝʤ ʠʭ ʚ ʬʦʨʤʠʨʫʝʤʳʡ ʮʠʢʣ.  

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʟʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʟʣʘʢʪʦʥʘʤʠ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 1,2,4-ʪʨʠʘʟʦʣʦʚ (ʉʭʝʤʘ 1). ʈʘʟʚʠʚʘʝʤr ʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʦʚ, ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʧʦʣʥʦʡ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʅʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 

ʘʟʣʘʢʪʦʥʘ ʠʟ N-ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ in situ. ʋʯʠʪʳʚʘʷ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʩʪ-ʤʦʜʠʬʠʢʘʮʠʠ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ, ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʥʝʚʝʨʦʷʪʥʦ ʰʠʨʦʢʦʤʫ 

ʭʠʤʠʯʝʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,2,4-ʪʨʠʘʟʦʣʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʢʘʬʬʦʣʜʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ.  

 

ʉʭʝʤʘ 1. ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ 1,2,4-ʪʨʠʘʟʦʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʟʣʘʢʪʦʥʦʚ ʩ 

ʜʠʘʟʦʢʘʨʙʦʥʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. A. Budeev, G. Kantin, D. Darôin, M. Krasavin. Diazocarbonyl and Related Compounds in the Synthesis of Azoles. 

Molecules 2021, 26, 2530. 

2. P. Soam, P. Kamboj, V. Tyagi. Rhodium-Catalyzed Cascade Reactions using Diazo Compounds as a Carbene 

Precursor to Construct Diverse Heterocycles Asian J. Org. Chem. 2022, 11, e202100570. 

3. K. Malkova, D. Darôin. Diazo-Based Construction of Heterocyclic Systems Via a X H Insertion/Cyclization 

Cascade. Eur. J. Org. Chem. 2024, 27, e202400909. 
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ʊʀɽʅʆ[2,3-b]ʇʀʈʀɼʀʅʓ: ʅʆɺʓɽ ʈɽɸʂʎʀʀ ʀ ʇʈʀʄɽʅɽʅʀɽ ɺ ɸɻʈʆʍʀʄʀʀ 

 

ɼʦʮʝʥʢʦ ɺ.ɺ.ʘ,ʙ, ʃʫʢʠʥʘ ɼ.ʖ.ʘ, ɹʝʩʧʘʣʦʚ ɸ.ɺ.ʘ, ʇʦʧʦʚ ʌ.ɸ.ʘ, ɹʫʨʳʡ ɼ.ʉ.ʘ, 

 ʂʠʥʜʦʧ ɺ.ʂ.ʘ, ʈʫʩʩʢʠʭ ɸ.ɸ.ʘ, ʂʠʥʜʦʧ ɺʣ.ʂ.ʘ, ʂʦʨʩʫʥʦʚ ɸ.ɺ.ʘ, ʈʫʜʝʥʢʦ ʉ.ɺ.ʘ, ɸʢʩʝʥʦʚ ʅ.ɸ.ʙ 

 
ʘʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 350040, ʂʨʘʩʥʦʜʘʨ, ʫʣ. ʉʪʘʚʨʦʧʦʣʴʩʢʘʷ 149, ʈʦʩʩʠʷ. 

e-mail: victor_dotsenko_@mail .ru 
ʙʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

 355017, ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ 1, ʈʦʩʩʠʷ. 

 

ʊʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥʳ ʠʤʝʶʪ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ, ʠ ʚ ʮʝʣʦʤ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ 

ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ [1-4]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʦʪʝʥʮʠʘʣ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʨʝʚʨʘʱʝʥʠʡ, ʪʘʢ ʠ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ 

ʩʧʦʩʦʙʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʠʝʥʦʧʠʨʠʜʠʥʦʚʦʡ ʩʠʩʪʝʤʳ, ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʘʚʪʦʨʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʪʠʝʥʦʧʠʨʠʜʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʘʥʪʠʜʦʪʦʚ ʛʝʨʙʠʮʠʜʘ 2,4-ɼ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺ. ʇ. ʃʠʪʚʠʥʦʚ, ɺ. ɺ. ɼʦʮʝʥʢʦ, ʉ. ɻ. ʂʨʠʚʦʢʦʣʳʩʢʦ ʀʟʚ. ɸʅ. ʉʝʨ. ʍʠʤ., 2005, ̄  4, 847. 

2. ɺ. ɺ. ɼʦʮʝʥʢʦ, ɼ. ʉ. ɹʫʨr ʡ, ɼ. ʖ. ʃʫʢʠʥʘ, ʉ. ɻ. ʂʨʠʚʦʢʦʣʳʩʢʦ ʀʟʚ. ɸʅ. ʉʝʨ. ʍʠʤ., 2020, ˉ 10, 1829. 

3. V. P. Litvinov, V. V. Dotsenko, S. G. Krivokolysko Adv. Heterocycl. Chem., 2007, 93, 117. 

4. ɺ. ʇ. ʃʠʪʚʠʥʦʚ, ɺ. ɺ. ɼʦʮʝʥʢʦ, ʉ. ɻ. ʂʨʠʚʦʢʦʣʳʩʢʦ ʍʠʤʠʷ ʪʠʝʥʦʧʠʨʠʜʠʥʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʄ., 

ʅʘʫʢʘ, 2006, 406 ʩ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʂʫʙʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ ʅ-24.1/30.  
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ʉʇʀʈʆɿɸʄɽʑɽʅʅʓɽ ʇʀʈʀɼʀʅʓ ʀ ʇʀʈʀʄʀɼʀʅʓ ï ʉʀʅʊɽɿ, ʈɽɸʂʎʀʀ ʀ 

ʇɽʈʉʇɽʂʊʀɺʅɸʗ ɹʀʆʃʆɻʀʏɽʉʂɸʗ ɸʂʊʀɺʅʆʉʊʔ 

 

ɼʷʯʝʥʢʦ ɺ.ɼ. 

 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʃʫʛʘʥʩʢ, ʈʦʩʩʠʷ. 

e-mail: dyachvd@mail.ru 

 

ɺ ʭʦʜʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʫʜʦʙʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʠʨʦʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥrʭ 

ʧʠʨʠʜʠʥʘ ʠ ʧʠʨʠʤʠʜʠʥʘ 1-12, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʭ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ [1-6]. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʤrʠ 

ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ, ʘʥʪʠʘʩʪʤʘʪʠʯʝʩʢʠʭ ʠ ʦʙʝʟʙʦʣʠʚʘʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʭʠʤʠʠ, ʥʘʯʠʥʘʷ ʦʪ ʩʠʥʪʝʟʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ʥʘ ʥʘʛʨʝʚ ʠ ʦʭʣʘʞʜʝʥʠʝ, 

ʤʝʭʘʥʦʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʝʭʘʥʠʯʝʩʢʘ ̫ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ [1-5].  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʭʘʥʦʩʠʥʪʝʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 
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ʆʊ ʎʀʂʃʆʇʈʆʇɸʅʆɺ ʂ ɻɽʊɽʈʆʎʀʂʃɸʄ: ʈɽɸʂʎʀʀ ʈɸʉʂʈʓʊʀʗ 
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ʙʌʘʢʫʣʴʪʝʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ 

ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ 
ʚʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ 

e-mail: iv@kinet.chem.msu.ru 

 

ʆʜʥʘ ʠʟ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʙʠʦʘʢʪʠʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (çbiology-oriented syntheses, BIOSè), ï ʨʘʩʢʨʳʪʠʝ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʮʠʢʣʦʧʨʦʧʘʥʦʚ (ɼɸʎʇ), ʢʘʢ ʧʫʰ-ʧʫʣʴʥʳʭ ʩʠʩʪʝʤ, ʘʟʘʥʫʢʣʝʦʬʠʣʘʤʠ [1-4]. ʕʪʠ ʨʝʘʢʮʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʫʯʝʥʠʶ ʘʮʠʢʣʠʯʝʩʢʠʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʥɹʳʭ ʩʦʝʜʠʥʝʥʠʡ I, ʩʦʜʝʨʞʘʱʠʭ ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʦʝ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ 1,3-ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʠ ʩʦʝʜʠʥʝʥʠ̫ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʠʣʠ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʚ ʩʠʥʪʝʟʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ 

ʩʯʝʪ ʚʪʦʨʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʝʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʠʭ ʤʦʣʝʢʫʣʘʭ. ʇʨʠ ʵʪʦʤ, ʨʘʩʢʨʳʪʠʝ 

ɼɸʎʇ ʘʟʘʥʫʢʣʝʦʬʠʣʘʤʠ ʦʪʢʨʳʚʘʝʪ ʧʨʦʩʪʦʡ ʧʫʪʴ ʢ ʧʨʦʠʟʚʦʜʥrʤ ɔ-ʘʤʠʥʦʤʘʩʣʷʥʦʡ (ɻɸʄʂ), ɤ-

ʘʤʠʥʦʚʘʣʝʨʠʘʥʦʚʦʡ (5-ɸɺʂ) ʢʠʩʣʦʪ ʠ ʠʭ ʮʠʢʣʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʧʠʨʨʦʣʦ[2,1-a]ʠʟʦʭʠʥʦʣʠʥʦʚʳʤ 

ʘʣʢʘʣʦʠʜʘʤ ʠ ʜʨʫʛʠʤ ʘʟʘʛʝʪʝʨʦʮʠʢʣʘʤ, ʟʘʥʠʤʘʶʱʠʤ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʝ ʤʝʩʪʦ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ. ʅʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʡ ɼɸʎʇ ʩ ʘʟʘʥʫʢʣʝʦʬʠʣʘʤʠ (ʘʤʤʠʘʢʦʤ, ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʛʠʜʨʘʟʠʥʘʤʠ, ʮʠʘʥʠʜ-

, ʠʟʦ(ʪʠʦ)ʮʠʘʥʘʪ-, ʠʟʦʮʠʘʥʘʪ-, ʘʟʠʜ-ʠʦʥʘʤʠ ʠ ʜʨ.) ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʨʦʣʠʜʠʥ-2-ʦʥʦʚ, ʧʝʨʛʠʜʨʦʧʠʨʠʜʘʟʠʥʦʚ, 2-ʘʤʠʥʦʬʫʨʘʥʦʚ, ʪʝʪʨʘ-ʛʠʜʨʦʙʝʥʟ[b]ʘʟʝʧʠʥʦʚ, 

ʪʝʪʨʘʛʠʜʨʦʧʠʨʨʦʣʦ[1,2-a]ʭʠʥʦʣʠʥʦʚ, ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʘʟʠʥʦʚ ʠ ʜʨ. 
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ʘʣʣʠʣʴʥʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʭ ʦʙʲʝʤʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʝ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʚ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʘ ʦʩʥʦʚʘʥʠʷʤʠ. ɹʠʩʧʠʨʠʜʠʥʠʝʚʳʝ ʩʦʣʠ ʧʨʠ ʵʪʦʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʣʠ 

ʜʠʝʥʠʣʧʠʨʠʜʠʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʧʝʨʚʠʯʥʳʭ ʘʜʜʫʢʪʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʦʞʠʜʘʥʥʦʝ ʦʪʱʝʧʣʝʥʠʝ ʧʠʨʠʜʠʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʠʭ ʩʦʣʝʡ ʩ ʩʫʣʴʬʠʥʠʣʘʤʠʥʘʤʠ ʜʘʝʪ 3-ʟʘʤʝʱʝʥʥʳʝ 

ʪʠʦʬʝʥʳ. ʂʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʩʪʠʨʠʣʧʠʨʠʜʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʩʪʨʘʪʘ ʠ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʧʠʨʠʜʠʣʮʠʢʣʦʧʨʦʧʘʥʳ, ʤʦʥʦ-, ʜʠ- ʠ ʪʨʠʟʘʤʝʱʝʥʥʳʝ ʠʥʜʦʣʠʟʠʥʳ. ʆʙʩʫʞʜʘʶʪʩʷ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʧʨʝʚʨʘʱʝʥʠʡ. 
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ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʣʠ ʜʠʘʟʦʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ. ʈʘʥʝʝ ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʘʨʝʥʜʠʘʟʦʥʠʡ ʩʫʣʴʬʦʥʘʪʦʚ (ʪʦʟʠʣʘʪʳ, ʪʨʠʬʣʘʪʳ) ï 

ʫʩʪʦʡʯʠʚʳʭ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʙʝʟʦʧʘʩʥʳʭ ʚ ʨʘʙʦʪʝ ʠ ʨʝʘʢʮʠʦʥʥʦ ʩʧʦʩʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1].  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ p-TsOH, TfOH, ʢʘʤʬʦʨʘʩʫʣʴʬʦʢʠʩʣʦʪʳ 

(CampSO3H) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʫʩʪʦʡʯʠʚʳʭ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʨʘʩʧʘʜʘʶʪʩʷ ʜʦ 

ʧʠʨʠʜʠʥʜʠʘʟʦʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ. ʇʦʩʣʝʜʥʠʡ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʚʩʝʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʋʢʘʟʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ (PyX): PyI, PyNHAc [2], PyOTs, PyOTf [3], PyOSO2Camph [4], PyOCH(CF3)2 [5], 

PyNMe2, [6].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ 2-, 3- ʠ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ-1-ʦʢʩʠʜʦʚ 1 ʚ ʧʨʠʩʫʪʩʪʚʠʠ p-TsOH, TfOH, 

CamphSO3OH ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 1-ʦʢʩʠʜʦʧʠʨʠʜʠʥʜʠʘʟʦʥʠʡ ʩʫʣʴʬʦʥʘʪʦʚ 2 (ʩʭʝʤʘ 

1), ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʘʤʠ ʀʂ, ʗʄʈ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ, ʘ ʪʘʢʞʝ B3LYP/aug-cc-pVDZ [7]. ʉʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ 2, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʦʧʠʨʠʜʠʥʘ. ɺʩʝ ʩʦʣʠ ʜʠʘʟʦʥʠʷ 2 ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ, ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ.  
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 
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ʆʨʠʛʠʥʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʩʦʧʨʷʞʝʥʥʳʭ ʥʠʪʨʦʘʣʢʝʥʦʚ ï ʛʝʤ-ʛʘʣʦʛʝʥʥʠʪʨʦʘʣʢʝʥʳ 

ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ [1], ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʩʠʥʪʝʟ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [2, 3]. 

ɓ-ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʝʤ-ʛʘʣʦʛʝʥʥʠʪʨʦʘʣʢʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʤʦʣʝʢʫʣʝ ʚʳʩʦʢʦʵʣʝʢʪʨʦʬʠʣʴʥʫʶ 

ʢʨʘʪʥʫʶ ʉ=ʉ ʩʚʷʟʴ, ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʠ ɓ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʤ-

ʙʨʦʤʥʠʪʨʦʘʣʢʝʥʦʚ 1, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨrʭ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. 

 

 

 

ʊʘʢʞʝ ʚ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 
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ANRORC ʨʝʘʢʮʠʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʩʢʦʣʴʢʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ 

ʠʥʪʝʨʝʩʥʳʤʠ ʥʝ ʙʳʣʠ ʙʳ ʵʪʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ 

ʢʦʣʴʮʦ ʣʠʙʦ ʦʪʜʝʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ, ʣʠʙʦ ʚ ʩʦʩʪʘʚʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ.  ɺ ʩʚʝʪʝ ʵʪʦʛʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʵʪʦʤ ʜʦʢʣʘʜʝ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʭʠʥʦʢʩʘʣʠʥ-2-ʦʥʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ N,N-1-7 ʠ N,C-ʥʫʢʣʝʦʬʠʣʴʥʳʭ1-4,8 ʨʝʘʛʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʘʨʠʣʙʝʥʟʠʤʠʜʘʟʦʣ(ʦʥ)ʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʪʠʧʘ ANRORC, ʦʥʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ ʧʫʪʴ ʢ ʩʠʥʪʝʟʫ ʙʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʦʙʘ 

ʢʦʣʴʮʘ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ. 

      
                              

ʈʠʩʫʥʦʢ. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ (Type I) ʠ (Type II ). 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 3-ʬʫʥʢʮʠʦʥʘʣʴʥʦʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʥʦʢʩʘʣʠʥ-

2(1ʅ)-ʦʥʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʮʝʣʦʛʦ ʨʷʜʘ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ TYPE I ʠ TYPE II. ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʨʠʤʝʥʠʤʳ ʠ ʜʣʷ 5- ʠ 7-ʘʟʘʘʥʘʣʦʛʦʚ ʭʠʥʦʢʩʘʣʠʥ-2(1ʅ)-

ʦʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʨʠʜʦ-[3,2-b]- ʠ ʧʠʨʠʜʦ[3,4-b]ʧʠʨʘʟʠʥ-2(1H)-ʦʥʳ, ʠ ʜʣʷ ʧʠʨʘʟʠʥ-2(1ʅ)-ʦʥʦʚ ʠ 

ʙʝʥʟʦ[e][1,4]ʜʠʘʟʝʧʠʥ-2(ʠ 3)-ʦʥʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 
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ʉʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʩʣʫʞʘʪ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ 

ʠ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʘʭ. ʆʜʥʠʤ ʠʟ ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʳʭ ʮʠʢʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʣʠʙʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʥʦʩʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ, 

ʣʠʙʦ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʢʘʣʦʬʠʣʴʥʳʭ ʛʨʫʧʧ ʜʣʷ ʘʮʠʢʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2ʅ-ʘʟʠʨʠʥʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʷʪʠ- ʠ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʯʝʨʝʟ ʨʘʜʠʢʘʣʴʥʳʝ ʜʦʤʠʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʪʨʝʭʯʣʝʥʥʦʛʦ 

ʢʦʣʴʮʘ.   

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʦʙʱʠʝ ʩʪʨʘʪʝʛʠʠ ʨʘʩʰʠʨʝʥʠʷ ʘʟʠʨʠʥʦʚʦʛʦ ʮʠʢʣʘ ʯʝʨʝʟ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʜʥʘ ʠʟ ʩʪʨʘʪʝʛʠʡ (ʩʪʨʘʪʝʛʠʷ I) ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʝʜʝʥʠʝ ʚ ʘʟʠʨʠʥʦʚʳʡ ʮʠʢʣ ñʟʘʧʠʨʘʶʱʝʡò 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʧʝʨʝʥʦʩʘ ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʨʘʩʢʨʳʪʠʠ 

ʘʟʠʨʠʥʦʚʦʛʦ ʢʦʣʴʮʘ [1]. ɺ ʩʪʨʘʪʝʛʠʠ II ʠʩʧʦʣʴʟʫʶʪ ʘʟʠʨʠʥʳ ʩ ʨʘʜʠʢʘʣʦʬʠʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʘʟʠʨʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʜʠʢʘʣʴʥʳʭ ʠʥʠʮʠʘʪʦʨʦʚ [2]. 

ʅʘʢʦʥʝʮ, ʪʨʝʪʴʷ ʩʪʨʘʪʝʛʠʷ (ʩʪʨʘʪʝʛʠʷ III) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʝʨʝʥʦʩ ʨʘʜʠʢʘʣʦʬʠʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ 

ʠʟ ʘʟʠʨʠʥʘ ʚ ʘʮʠʢʣʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʜʠʢʘʣʴʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ [3]. ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʙʱʝʡ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʰʠʨʝʥʠʷ ʘʟʠʨʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ 

ʩʠʥʪʝʟʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʘ, ʦʢʩʘʟʦʣʘ, ʪʠʘʟʦʣʘ ʠ 6H-1,3-ʦʢʩʘʟʠʥʘ. 
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ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘʤʠ ʢʨʦʩʩ-ʩʦʧʨʷʞʸʥʥʳʭ ʪʨʠʤʝʪʠʣʩʠʣʠʣʟʘʤʝʱʸʥʥʳʭ 

ʝʥʠʥʦʥʦʚ ʩ ʘʟʦʪʠʩʪʳʤʠ ʤʦʥʦ- ʠ ʙʠʥʫʢʣʝʦʬʠʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʨʦʝʥʠʝ ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʵʪʠʥʠʣʴʥrʤ ʠʣʠ ʤʝʪʠʣʠʜʝʥʦʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ. ɺ ʦʨʪʦ-

ʘʨʠʣ(ʵʪʠʥʠʣ)ʛʝʪʝʨʦʘʨʝʥʘʭ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʮʠʢʣʠʟʘʮʠʶ ʚ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ 

ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʢʘʪʘʣʠʟʘ ʤʝʪʘʣʣʘʤʠ [1]. 

ʉʦʯʝʪʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʥʦʘʟʠʨʠʜʠʥʠʨʦʚʘʥʠʷ ʝʥʦʥʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʝʡ ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ ʠʟ N-ʬʪʘʣʠʤʠʜʦʘʟʠʨʠʜʠʥʦʚ ʠ ʠʭ ʤʝʞ- ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʤr 1,3-ʜʠʧʦʣʷʨʥʤr 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʠʣʠ 1,5-ʵʣʝʢʪʨʦʮʠʢʣʠʟʘʮʠʝʡ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. A.S. Pankova, A.N. Shestakov, M.A. Kuznetsov Russ. Chem. Rev. 2019, 88, 594ï643. 
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ʈɽɸʂʎʀʀ ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀʗ ʉ ʋʏɸʉʊʀɽʄ N-ʉʋʃʔʌʆʅʀʃʀʄʀʅʆɺ 

ʇʆʃʀʍʃʆʈɸʃʔɼɽɻʀɼʆɺ. ʅʆɺʓɽ ɸʉʇɽʂʊʓ  

 

ʂʘʪʝʨʠʥʠʯ ʄ.ɼ.ʘ, ʈʦʟʝʥʮʚʝʡʛ ʀ.ɹ.ʘ,ʙ, ʏʝʨʥʳʰʝʚʘ ɻ.ʅ.ʘ,  

ɹʘʞʘʥʦʚʘ ɸ.ʆ.ʘ,ʙ, ʂʦʥʜʨʘʰʦʚ ɽ.ɺ.ʘ 

 
aʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤʝʥʠ ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, 

ʙʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. 

e-mail: i_roz@irioch.irk.ru  

 

ʀʩʩʣʝʜʦʚʘʥʳ ʥʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ N-ʩʫʣʴʬʦʥʠʣʠʤʠʥʦʚ 

ʧʦʣʠʭʣʦʨʘʣʴʜʝʛʠʜʦʚ 1 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʠ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʷ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʧʨʠʚʦʜʠʪ ʢ [4+2] ʮʠʢʣʦʘʜʜʫʢʪʘʤ 2, ʣʠʙʦ 

ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʘʤʠʜʦʧʦʣʠʭʣʦʨʵʪʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ 3 

[1].  

ʅʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʫʣʴʬʦʥʠʣʠʤʠʥʦʚ ʭʣʦʨʘʣʷ ʩ ʜʠʤʝʨʦʤ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʦʥʘʤʠʜʦʪʨʠʭʣʦʨʵʪʠʣʠʨʦʚʘʥʥʳʭ 

ʘʟʘʙʠʮʠʢʣʦʛʝʧʪʝʥʦʚ 4. 

ʀʩʩʣʝʜʦʚʘʥʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ ʠ ʭʣʦʨʠʨʦʚʘʥʠʝ N-ʩʫʣʴʬʦʥʠʣ-3-ʧʦʣʠʭʣʦʨʤʝʪʠʣ-2-

ʘʟʘʥʦʨʙʦʨʥʝʥʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɺʘʛʥʝʨʘ-ʄʝʝʨʚʝʡʥʘ 5. ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ 

ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʘ N-2, ʧʨʠʚʦʜʷʱʠʡ ʢ ʉ-6 ʠ ʉ-7 

ʜʠʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʤ 2-ʘʟʘʥʦʨʙʦʨʥʘʥʘʤ (ʦʩʥʦʚʥʦʡ ʧʫʪʴ), ʪʘʢ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ - ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʘ ʉ-3 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʤʝʨʥʳʭ ʉ-5 ʠ ʉ-7 ʜʠʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʤʠʥʦʨʥʳʡ ʧʫʪʴ). ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ [2]. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ 1,3-ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʫʣʴʬʦʥʠʣʠʤʠʥʦʚ ʠ ʧʦʣʫʯʝʥʥʳʭ in situ ʥʠʪʨʠʣʦʢʩʠʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʠ ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 1,2,4-

ʦʢʩʘʜʠʘʟʦʣʠʥʦʚ 6. 

 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʫʣʴʬʦʥʘʤʠʜʥʦʛʦ ʨʷʜʘ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. G.N. Chernysheva, M.D. Katerinich, I.A. Ushakov, I.B. Rozentsveig Mendeleev Commun., 2020, 30, 618. 

2. G.N. Chernysheva, M D. Katerinich, I A. Ushakov, T N. Borodina, V.I. Smirnov, I.B. Rozentsveig Asian J. Org. 

Chem., 2024, e202400017. 
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ʇʆɼʍʆɼʓ ʂ ʉʀʅʊɽɿʋ ʅʆɺʓʍ ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ʀ ʉʇʀʈʆʎʀʂʃʀʏɽʉʂʀʍ 

ʇʈʆʀɿɺʆɼʅʓʍ ʀʅɼʆʃɸ 

 

ʈʦʩʪʦʚʩʢʠʡ ʅ.ɺ., ɸʥʪʦʥʯrʝʚ ɻ.ʀ., ʅʠʢʦʣʘʝʚʘ ɸ.ɸ., ʊʠʪʦʚ ɻ.ɼ., ʌʠʣʠʧʧʦʚ ʀ.ʇ.  

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ 

198504, ʈʦʩʩʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʇʝʪʝʨʛʦʬ, ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʧʨ., 26.  

E-mail: n.rostovskiy@spbu.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʠʥʜʦʣʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 4H-ʦʢʩʘʟʦʣʦ[5,4-b]ʠʥʜʦʣʘ 

ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ Rh(II)-ʢʘʪʘʣʠʟʠʨʫʝʤʘ ̫ʨʝʘʢʮʠ ̫3-ʜʠʘʟʦʠʥʜʦʣʠʥ-2-ʦʥʦʚ 1 ʩ ʘʣʴʜʦʢʩʠʤʘʤʠ 2. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʘʣʴʜʦʢʠʩʤʦʚ, ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʜʫʢʪʘʤ: ʚ ʩʣʫʯʘʝ ʙʝʥʟʘʣʴʜʦʢʩʠʤʦʚ 

ʦʙʨʘʟʫʶʪʩʷ 4H-ʦʢʩʘʟʦʣʦ[5,4-b]ʠʥʜʦʣʳ 3, ʘ ʚ ʩʣʫʯʘʝ Ŭ-ʢʝʪʦʘʣʴʜʦʢʩʠʤʦʚ ï ʥʠʪʨʦʥʳ 4, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ 

ʦʢʩʠʥʜʦʣʘ. 

 

 
 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʥʦʚʳʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 2,5-

ʜʠʛʠʜʨʦʦʢʩʘʟʦʣ-ʩʧʠʨʦʦʢʩʠʥʜʦʣʘʤ 7, ʩʦʜʝʨʞʘʱʠʤ ʬʪʘʣʠʤʠʜʥʳʡ ʬʘʨʤʘʢʦʬʦʨ. ʉʠʥʪʝʟ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʝʚʨʘɦʝʥʠʠ ʘʨʦʠʣʤʝʪʠʣʠʜʝʥʦʢʩʠʥʜʦʣʦʚ 5 ʚ N-ʬʪʘʣʠʤʠʜʦʘʟʠʨʠʜʠʥʳ 6, ʪʝʨʤʦʣʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʮʠʢʣʠʟʘʮʠʠ ʧʦ ʙʝʥʟʦʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʤʠʛʨʘʮʠʝʡ ʬʪʘʣʠʤʠʜʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. 

 

 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 22-73-10184-ʇ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʉʇʙɻʋ çʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 

ʚʝʱʝʩʪʚʘè ʠ çʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ʅɸ ʉʀʅʊɽʊʀʏɽʉʂʀʁ ʇʆʊɽʅʎʀɸʃ ɽɪ ʉʆɼɽʈɾɸʑʀʍ ɼʀɸɿʆʃʆɺ 

 

ʉʘʜʯʠʢʦʚʘ ɽ.ɺ. 

 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, 

ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

e-mail: selena-ekb@rambler.ru 

 

ɸʟʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʠʘʟʦʬʫʥʢʮʠʶ ʚ a-ʧʦʣʦʞʝʥʠʠ ʢ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ, ʠʟʚʝʩʪʥʳ ʩ 1890-ʭ 

ʛʦʜʦʚ, ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʚʠʯʥʳʭ ʛʝʪʘʨʠʣʘʤʠʥʦʚ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʟʦʪʝʪʨʘʟʦʣ [1] 

ʠ 3-ʜʠʘʟʦʠʥʜʘʟʦʣ [2]. ʉʝʛʦʜʥʷ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ 

ʘʤʠʥʦʘʟʦʣʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʚʳʜʝʣʝʥʠʷ, ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ [3, 4]. ʕʪʦʪ ʬʘʢʪ ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʜʣʷ ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʪʘʠʪ ʚ ʩʝʙʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʦʙʝ̡ʜʠʥʝʥʠʶ ʚ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʣʝʡ 

ʜʠʘʟʦʥʠʷ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ [5]. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʦʚ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʜʠʘʟʦʬʫʥʢʮʠʠ ʠ ʛʝʪʝʨʦʮʠʢʣʘ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʥʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʡ ʩʘʤ ʧʦ ʩʝʙʝ ʦʙʣʘʜʘʝʪ 

ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʠʣʝʥʳ ʠʣʠ ʥʠʚʝʣʠʨʦʚʘʥʳ ʜʠʘʟʦʬʫʥʢʮʠʝʡ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʣʝʡ 

ʜʠʘʟʦʥʠʷ 1 ʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 2 ʠʤʠʜʘʟʦʣʴʥʦʛʦ [3] ʠ ʧʠʨʘʟʦʣʴʥʦʛʦ [4] ʨʷʜʘ, ʧʦʟʚʦʣʠʚʰʠʝ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʘʨʝʥʘʤʠ [3, 4, 6], ʘʢʪʠʚʥʳʤʠ ʤʝʪʠʣʝʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ [7, 8], ʝʥʘʤʠʥʘʤʠ [9, 10], ʝʥʘʤʠʥʦʥʘʤʠ [11], 

ʠʟʦʮʠʘʥʘʪʘʤʠ [12] ʠ ʠʟʦʪʠʦʮʠʘʥʘʪʘʤʠ [13, 14] ʧʦʣʫʯʠʪʴ ʰʠʨʦʢʠʡ ʨʷʜ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 
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ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀɽʅʠʄ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ  

e-mail: vy.sosnovskikh@urfu.ru 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʥʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʨʷʜʫ ʟʘʤʝʱʝʥʥʳʭ 4-ʧʠʨʦʥʦʚ 1ï3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʵʧʦʢʩʠʧʠʨʦʥʦʚ 1 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʬʫʨʬʫʨʦʣʳ 4, ʘ ʠʟ ʵʧʦʢʩʠʧʠʨʦʥʦʚ 2 ï 3-ʘʣʢʦʢʩʠ/ʘʣʢʠʣʘʤʠʥʦ-2-ʧʠʨʦʥʳ 5 ʠ 6, 3-

ʛʠʜʨʦʢʩʠ-4-ʧʠʨʦʥʳ 7 ʠ 3-ʛʠʜʨʦʢʩʠ-4-ʧʠʨʠʜʦʥʳ 8. ʅʘ ʦʩʥʦʚʝ 3-ʘʣʢʠʥʠʣ-4-ʧʠʨʦʥʦʚ 3 ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ ʬʫʨʦ[3,2-c]ʧʠʨʠʜʠʥʦʚ 9, ʬʣʘʚʦʥʦʚ 10, ʢʫʤʘʨʦʥʦʚ 11 ʠ ʬʫʨʦ[2,3-b]ʢʘʨʙʘʟʦʣʦʚ 12. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʠ ʤʝʭʘʥʠʟʤʳ ʠʟʫʯʝʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [1ï3].  
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ɸʟʦʪʠʩʪʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫʨʫ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ɹʦʣʝʝ 80% ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʦʜʦʙʨʝʥʥʳʭ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ 

ʣʝʪ, ʩʦʜʝʨʞʘʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʘʟʦʪʠʩʪʳʡ ʛʝʪʝʨʦʮʠʢʣ. ʇʨʠ ʵʪʦʤ ʚ ʯʠʩʣʦ ʧʷʪʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʤʦʪʠʚʦʚ ʚʭʦʜʷʪ ʪʨʠ ʥʘʩʳʱʝʥʥʳʭ ī ʧʠʨʨʦʣʠʜʠʥ, ʧʠʧʝʨʠʜʠʥ ʠ ʧʠʧʝʨʘʟʠʥ ï 

ʠ ʪʦʣʴʢʦ ʜʚʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ (ʧʠʨʠʜʠʥ ʠ ʧʠʨʠʤʠʜʠʥ) [1]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʥʜʝʥʮʠʝʡ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʧʣʦʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʢ ʪʨʸʭʤʝʨʥʳʤ, ʩʦʜʝʨʞʘʱʠʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ sp3 ʛʠʙʨʠʜʥʳʭ ʘʪʦʤʦʚ. ʊʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʣʫʯʰʝ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʘʢʪʠʚʥʳʝ ʩʘʡʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʠ 

ʙ·ʣʴʰʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʨʦʤʘʪʠʯʝʩʢʠʭ N-ʛʝʪʝʨʦʮʠʢʣʦʚ, ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ ʩ ʧʦʤʦʱʴʶ 

ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʦʩʪ-ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʣʴʮʘ, ʩʙʦʨʢʘ ʟʘʤʝʱʝʥʥʳʭ ʥʘʩʳʱʝʥʥʳʭ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʪʨʫʜʥʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʘʷ, ʢ ʪʦʤʫ ʞʝ, ʦʩʣʦʞʥʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʠʘʩʪʝʨʝʦ- ʠ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ.  
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[2-4].  
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ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀɽ ɺʓʉʆʂʆʉʇʀʅʆɺʓɽ ʄʆʃɽʂʋʃʓ 
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ʘʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ; 

ʙʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ; 
ʚʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ; 

4ʀʥʩʪʠʪʫʪ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨè ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ. 

e-mail: tretyakov@ioc.ac.ru 

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ ʩ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʦʩʥʦʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʙʦʣʴʰʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʟʘʟʦʨʦʤ 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʠ ʙʣʠʞʘʡʰʠʤ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣɹ ʥʳʭ 

ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ rʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʜʠ-, 

ʪʨʠ- ʠ ʪʝʪʨʘʨʘʜʠʢʘʣ,r ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʢʩʦʚʝʨʜʘʟʠʣʴʥʳʭ (ʠʣʠ ʪʨʠʘʟʠʥʠʣʴʥʳʭ) ʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ, ʠ ʦʙʣʘʜʘʶʱʠʝ ʪʨʠʧʣʝʪʥʳʤ, ʢʚʘʨʪʝʪʥʳʤ ʠ ʢʚʠʥʪʝʪʥʳʤ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ [2]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʩʧʠʥʦʚʳʝ ʧʦʣʠʨʘʜʠʢʘʣr  ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ; ʦʥʠ 

ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʉʂɺʀɼ-ʤʘʛʥʝʪʦʤʝʪʨʠʠ, ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʎɺɸ ʠ ʢʚʘʥʪʦʚʦʡ 

ʭʠʤʠʠ [3, 4]. 
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ʆʂʀʉʃʀʊɽʃʔʅɸʗ ʉ-ʅ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʗ ɻɽʊɽʈʆɸʈɽʅʆɺ  

ɺ ʉʆɿɼɸʅʀʀ ʉʆɽɼʀʅɽʅʀʁ ɼʃʗ ʊɸʈɻɽʊʅʆʁ ʊɽʈɸʇʀʀ  
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ʙʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. 

ʇʦʩʪʦʚʩʢʦʛʦ, ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
ʚʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʀʥʩʪʠʪʫʪ ʮʠʪʦʣʦʛʠʠ ʈɸʅ,  

194064, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʊʠʭʦʨʝʮʢʠʡ ʧʨʦʩʧ., ʜ. 4 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʜʦʩʪʠʛʥʫʪʳ ʚʝʩʦʤr ʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʧʨʷʤʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʡ ʉ-ʅ ʩʚʷʟʠ ʚ ʛʝʪʝʨʦʘʨʝʥʘʭ. ʀʥʪʝʨʝʩ ʢ ʵʪʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʚʳʟʚʘʥ ʚʳʩʦʢʦʡ ʘʪʦʤʥʦʡ 

ʵʢʦʥʦʤʠʝʡ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʙʠ(ʛʝʪʝʨʦ)ʘʨʠʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʭʠʤʠʠ. 

ɼʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʟʠʥʦʚ (ʛʝʪʝʨʦ)ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ ʥʘʤʠ ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʘ ʛʝʪʝʨʦʬʘʟʥʘʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ O2 ʚʦʟʜʫʭʘ / ʢʘʪʘʣʠʟʘʪʦʨ TiO2 / ʦʙʣʫʯʝʥʠʝ 

ʩʚʝʪʦʤ (ʩʭʝʤʘ 1).  

 

 
 

ʉʭʝʤʘ 1. ʆʢʠʩʣʠʪʝʣʴʥʘ ̫C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠ ̫ʘʟʠʥʦʚ 

 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʰʘʧʝʨʦʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʝʣʢʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ Hsp70, Hsp90 ʠ ʜʨʫʛʠʝ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʵʣʝʤʝʥʪʦʚ ʟʘʱʠʪʳ ʢʣʝʪʢʠ ʦʪ ʩʪʨʝʩʩʦʚʳʭ ʠ ʧʘʪʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʉ ʚʦʟʨʘʩʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʰʘʧʝʨʦʥʦʚ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʟʘʯʘʩʪʫʶ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʢʦʨʨʝʣʷʮʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʦ 

ʩʪʘʨʝʥʠʝʤ. ʀʥʜʫʢʪʦʨʳ ʵʢʩʧʨʝʩʩʠʠ ʰʘʧʝʨʦʥʘ ʤʦʛʫʪ ʩʪʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʵʪʠʤʠ ʪʷʞʝʣʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ Hsp70-

ʠʥʜʫʮʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʚ ʤʦʜʝʣʷʭ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ 

ʠ ʚʪʦʨʠʯʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦʩʣʝ ʯʝʨʝʧʥʦ-ʤʦʟʛʦʚʦʡ ʪʨʘʚʤʳ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʟʥʘʯʠʤʳʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʦʚʳʰʘʷ ʚʳʞʠʚʘʝʤʦʩʪʴ ʥʝʡʨʦʥʘʣʴʥʳʭ ʢʣʝʪʦʢ ʧʨʠ ʢʨʘʡʥʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʪʦʢʩʠʯʥʦʩʪʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 22-13-00298-ʇ).  
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ʂʈɸʋʅ-ʉʆɽɼʀʅɽʅʀʗ ʂɸʂ ʆʉʅʆɺɸ ɼʃʗ ʉʆɿɼɸʅʀʗ ʅʆɺʓʍ  

ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉʀʉʊɽʄ 
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ʊʦʢʘʨʝʚ ʉ.ɼ., ʌʝʜʦʨʦʚʘ ʆ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

119334, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28. 

fedorov@ineos.ac.ru 

 

ʂʨʘʫʥ-ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʠʦʥ-ʩʚʷʟʳʚʘʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ 

ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥr ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʧʨʠ 

ʩʦʯʝʪʘʥʠʠ ʠʭ ʩ ʭʨʦʤʦʬʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʊʘʢ, ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʭʦʜʷʱʠʭ ʭʝʣʘʪʠʨʫʶʱʠʭ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʭʝʣʘʪʦʨʦʚ ʜʣʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙr ʪɹ ʚʚʝʜʝʥʳ ʚ ʩʦʩʪʘʚ ʨʘʦʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ.  

 

 
 

ʉʦʯʝʪʘʥʠʝ ʢʨʘʫʥ-ʩʦʝʜʠʥʝʥʠʡ ʩ ʭʨʦʤʦʬʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚʝʜʝʪ ʢ ʦʧʪʠʯʝʩʢʠʤ ʩʝʥʩʦʨʘʤ. ʆʧʪʠʯʝʩʢʠʝ 

ʩʝʥʩʦʨʥʳʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪ ʩʝʥʩʦʨʥrʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣ ̫ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʂʦʤʙʠʥʘʮʠʷ ʢʨʘʫʥ-ʩʦʝʜʠʥʝʥʠʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʜʦʚʳ. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʙʠʦʛʝʥʥʳʝ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʢʘʪʠʦʥʦʚ ʚ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ.  ɺʦ ʚʩʝʭ ʚʠʜʘʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʠ ʨʘʟʤʝʨʦʤ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ23-13-00424). 
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ʌʆʊʆʀʅɼʋʎʀʈʋɽʄɸʗ   IN SITU ɻɽʅɽʈɸʎʀʗ ɼʅʂ-ʊɸʈɻɽʊʅʓʍ 

 ʀ ɼʅʂ-ʈɸɿʈʋʐɸʖʑʀʍ ɸɻɽʅʊʆɺ 

  

ʌʝʜʦʨʦʚʘ ʆ.ɸ.,1 ɻʫʣʘʢʦʚʘ ɽ. ʅ.,1 ʇʝʨʝʚʦʟʯʠʢʦʚʘ ʇ. ʉ.,1 ʉʘʡʬʫʪʷʨʦʚʘ ɸ.ʕ.,1  

ʀʤʝʣʩ ʍ.,2 ʌʝʜʦʨʦʚ ʖ. ɺ. 1 

 
ʘʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, 119991, 

ʄʦʩʢʚʘ, ɺʘʚʠʣʦʚʘ 28, 
ʙʌʘʢʫʣʴʪʝʪ ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʛ. ɿʠʛʝʥʘ, ɻʝʨʤʘʥʠ ̫

e-mail: fedorova@ineos.ac.ru 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʦʧʠʩʳʚʘʝʪʩʷ  ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ  ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʣʫʯʝʥʠʝʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʪʠʨʠʣʦʚ ʧʦʣʥʳʤ ʠʣʠ ʬʠʣʴʪʨʦʚʘʥʥʳʤ 

ʩʚʝʪʦʤ ʧʨʠ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩ ʭʦʨʦhʠʤʠ ʠ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ.   

 

 
ʉʭʝʤʘ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʮʠʢʣʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʳ ʨʘʟʚʠʣʠ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ in situ ɼʅʂ-ʠʥʪʝʨʢʘʣʷʪʦʨʘ. ʀʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ - 

ʩʪʠʨʠʣʟʘʤʝʱʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʩʚ̫ ʟrʚʘʶʪʩ ̫ʩʣʘʙʦ ʩ ɼʅʂ. ʅʘʧʨʦʪʠʚ, ʬʦʪʦʧʨʦʜʫʢʪʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʚʳʩʦʢʦʡ 

ʘʬʬʠʥʥʦʩʪʴʶ (Kb å 105 ʄ-1) ʩ ɼʅʂ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦ, ʯʪʦ ʬʦʪʦʮʠʢʣʠʟʘʮʠʷ ʩʫʙʩʪʨʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ɼʅʂ-ʩʦʜʝʨʞʘʱʝʤ ʨʘʩʪʚʦʨʝ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʇʨʦʜʫʢʪʳ ʬʦʪʦʮʠʢʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʝʣʝʢʪʠʚʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʌɼʊ. ʅʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʣʝʢʪʨʦʮʠʢʣʦʚ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʤʦʣʝʢʫʣr-ʠʥʛʠʙʠʪʦʨ,r ʢʦʪʦʨʳʝ 

ʥʘʮʝʣʝʥʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʧʠʛʝʥʦʤʘ ʨʘʢʘ, ʪ.ʝ. ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ɼʅʂ. 

 

 
 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ 21-73-20158-ʇ. 
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ʅʆɺʓɽ ʊʆʏʂʀ ʈʆʉʊɸ ɺ ʍʀʄʀʀ ʇʆʃʀɸɿʆʊʅʓʍ ɻɽʊɽʈʆʎʀʂʃʆɺ 

 

ʌʝʨʰʪʘʪ ʃ.ʃ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: fershtat@bk.ru  

 

ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʟʘʤʝʥʠʤʳʤ ʢʣʘʩʩʘʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʳʚʘʶʪ ʚʩʝ ʘʩʧʝʢʪʳ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʩʬʝʨʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʨʦʣʘ ʠ ʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʤʥʦʛʠʤ ʝʱʝ ʚ ʨʘʤʢʘʭ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʛʝʪʝʨʦʮʠʢʣʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʆʜʥʘʢʦ ʪʝʥʜʝʥʮʠʠ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʠʘʟʦʪʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʘʛʨʦʭʠʤʠʢʘʪʦʚ ʠʣʠ ʜʨʫʛʠʭ ʚʘʞʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1-4]. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʀʆʍ ʈɸʅ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ [5-11]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤ ʫʜʘʣʦʩʴ ʨʘʟʚʠʪʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʩʙʦʨʢʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʥʩʘʤʙʣʝʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʘʜʠʘʟʦʣʘ, ʪʘʢ ʠ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ N-N ʩʚʷʟʠ ʜʣʷ ʚʳʭʦʜʘ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʪʨʠʘʟʦʣʘ ʠ ʝʛʦ ʤʝʟʦʠʦʥʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʦʪʨʘʞʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʟʠʨʠʜʠʥʦʚ ï 1,5-ʜʠʘʟʘʙʠʮʠʢʣʦ[3.1.0]ʛʝʢʩʘʥʦʚ ʢʘʢ ʚʘʞʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚ ʩʙʦʨʢʝ 

ʩʣʦʞʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʓɽ ɸɿʀʈʀʅʓ - ɹʀʅɸʈʅʓɽ ʉʀʅʊɽʊʀʏɽʉʂʀɽ ɹʃʆʂʀ ɼʃʗ 

ʇʆʃʋʏɽʅʀʗ (ʇʆʃʀ)ɻɽʊɽʈʆʎʀʂʃʆɺ ʀ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ɻʀɹʈʀɼʆɺ 

 

ʍʣʝʙʥʠʢʦʚ ɸ.ʌ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  
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ɹʠʥʘʨʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʙʣʦʢʠ (ɹʉɹ) ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʟʠʨʠʥʦʚ ʚ̫ʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦʣʫʯʝʥʠʷ (ʧʦʣʠ)ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʙʨʠʜʦʚ. 

ʉʦʯʝʪʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʘʣʦʛʦ ʢʦʣʴʮʘ, ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʠʤʠʥʘ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʘʟʦʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʥʠʢʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 2ʅ-ʘʟʠʨʠʥʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ. ɺʪʦʨʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘʢʠʭ ɹʉɹ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ (ʌɻ), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʪʦʨʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ 

(ʧʨʠ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʙʨʠʜʦʚ) ʠʣʠ ʥʦʚʳʡ ʛʝʪʝʨʦʮʠʢʣ ʧʫʪʝʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʮʠʢʣʠʟʘʮʠʡ (ʧʨʠ ʩʠʥʪʝʟʝ (ʧʦʣʠ)ʛʝʪʝʨʦʮʠʢʣʦʚ). 

 

 
 

ʉʠʥʪʝʟ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʤʠʥʦ- ʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʟʠʨʠʥʦʚ ʢʘʢ 

ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʙʨʠʜʦʚ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  
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ʈɽɸʂʎʀʀ ɹʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɽʃɽʅʀʃʔʅʓʍ ʈɽɸɻɽʅʊʆɺ ʉ ʅɽʅɸʉʓʑɽʅʅʓʄʀ 

ʉʋɹʉʊʈɸʊɸʄʀ 

 

ʎʭʦʚʨʝʙʦʚ ɸ.ɻ. 

 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ɸʢʪʠʚʘʮʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʝʝ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʵʢʦʥʦʤʠʢʫ ʙʫʜʫʱʝʛʦ, ʛʜʝ CO2 ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʮʝʥʥʦʝ 

ʩʳʨʴʝ ʜʣʷ ʪʦʧʣʠʚʘ ʠ ʧʦʣʠʤʝʨʦʚ. ɻʜʝ ʚʝʟʜʝʩʫʱʠʡ, ʥʦ ʠʥʝʨʪʥʳʡ ʘʟʦʪ ʣʝʛʢʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʤʤʠʘʢ ʙʝʟ 

ʛʠʛʘʥʪʩʢʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʩʘ ɻʘʙʝʨʘ-ɹʦʰʘ. ɻʜʝ ʤʝʪʘʥ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʥʝ ʧʨʦʩʪʦ ʩʞʠʛʘʝʪʩʷ ʚ ʬʘʢʝʣʘʭ. ʕʪʦ ʥʝ ʬʘʥʪʘʩʪʠʢʘ ï ʵʪʦ ʚʦʟʤʦʞʥʦʝ ʙʫʜʫʱʝʝ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ 

ʫʞʝ ʩʝʛʦʜʥʷ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ʇʨʝʚʨʘʱʝʥʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʫʜʫʪ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʙʫʜʫʱʝʛʦ (Tolman, Inorg. Chem., 2015, 54, 5039). ɺ ʪʝʯʝʥʠʝ 20 ʚʝʢʘ ʘʢʪʠʚʘʮʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʩʦʚʝʨʰʠʣʠ 

ʨʝʚʦʣʶʮʠʶ, ʢʘʨʜʠʥʘʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʚ ʭʠʤʠʯʝʩʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʦʢʘʟʘʚ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʧʝʯʘʪʣʷʶʱʠʝ ʫʩʧʝʭʠ, ʢʘʪʘʣʠʟ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ, ʠʭ ʜʝʬʠʮʠʪʥʦʩʪʴ ʠ ʧʨ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘ, 

ʧʦʣʫʯʠʚʰʝʛʦ ʚ 2021 ʛʦʜʫ ʚʳʩʦʯʘʡʰʝʝ ʧʨʠʟʥʘʥʠʝ ð ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʧʦ ʭʠʤʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ 

ʤʦʣʝʢʫʣ. ɺ 2006 ʛʦʜʫ ʟʘʨʦʜʠʣʦʩʴ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʨʳʭʣʳʭ ʧʘʨ ʃʴʶʠʩʘ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴ ʜʘʞʝ 

ʢʨʘʡʥʝ ʠʥʝʨʪʥʳʝ ʤʦʣʝʢʫʣʳ, ʚʢʣʶʯʘʷ N2O ʠ CO2.  

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʦʩʚʝʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ 2-ʧʠʨʠʜʠʣʩʝʣʝʥʠʣʴʥʳʝ ʨʝʘʛʝʥʪʳ 

ʦʙʨʘʟʫʶʪ ʮʠʢʣʠʯʝʩʢʠʝ ʘʜʜʫʢʪʳ ʜʘʞʝ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʥʠʪʨʠʣʘʤʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʦ, ʧʦʩʢʦʣʴʢʫ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʳʭʣʳʝ ʧʘʨʳ ʃʴʶʠʩʘ ʥʝ ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴ ʠʥʝʨʪʥʫʶ ʪʨʦʡʥʫʶ ʩʚʷʟʴ CſN ʚ ʥʠʪʨʠʣʘʭ, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘʤʠ ʩʠʩʪʝʤ. ɹr ʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʣʝʥʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʥʘʩʳʱʝʥʥʳʤ ʩʫʙʩʪʨʘʪʘʤ ʧʦʤʠʤʦ ʥʠʪʨʠʣʦʚ, ʚʢʣʶʯʘʷ 

ʠʟʦʮʠʘʥʘʪʳ, ʠʟʦʪʠʦ- ʠ ʠʟʦʩʝʣʝʥʦʮʠʘʥʘʪʳ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʠʟʦʮʠʘʥʠʜʳ. ɹʳʣʘ ʚʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʦʙʨʘʪʠʤʦʩʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʣʝʥʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʢ ʨʷʜʫ ʩʫʙʩʪʨʘʪʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʊʘʢʞʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʢʣʘʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʥʳʝ 1,2-ʜʠʩʝʣʝʥʘʟʦʣʦʚ (ʘʜʜʫʢʪʳ ʩʝʣʝʥʠʣʴʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʠʟʦʩʝʣʝʥʦʮʠʘʥʘʪʦʚ), ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʪʁ ʘʢʪʠʚʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʬʫʥʛʠʮʠʜʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1) Meyer, Tolman, Forums on Small -Molecule Activation, Inorg. Chem., 2015, 54, 5039. 

2) Stephan et. al. Reversible, Metal-Free Hydrogen Activation, Science, 2006, 314, 1124. 

3) a) Khrustalev, V. N.; Grishina, M. M.; Matsulevich, Z. V.; Lukiyanova, J. M.; Borisova, G. N.; Osmanov, V. K.; 

Novikov, A. S.; Kirichuk, A. A.; Borisov, A. V.; Solari, E.; Tskhovrebov, A. G. Dalton Trans. 2021, 50, 10689. b) 

Grudova, M. V.; Khrustalev, V.N.; Kubasov, A.S.; Strashnov, P. V.; Matsulevich, Z. V.; Lukiyanova, J.M.; Borisova, 

G.N.; Kritchenkov, A.S.; Grishina, M.M.; Artemjev, A.A.; et al. Cryst. Growth Des. 2022, 22, 313. ʩ) Artemjev, A.A.; 

Novikov, A.P.; Burkin, G.M.; Sapronov, A.A.; Kubasov, A.S.; Nenajdenko, V.G.; Khrustalev, V.N.; Borisov, A. V.; 

Kirichuk, A.A.; Kritchenkov, A.S.; et al.. Int. J. Mol. Sci. 2022, 23, 6372. d) Sapronov, A.A.; Artemjev, A.A.; Burkin, 

G.M.; Khrustalev, V.N.; Kubasov, A.S.; Nenajdenko, V.G.; Gomila, R.M.; Frontera, A.; Kritchenkov, A.S.; 

Tskhovrebov, A.G. Int. J. Mol. Sci. 2022, 23, 14973. e) Artemjev, A.A.; Kubasov, A.S.; Kuznetsov, M.L.; Grudova, 

M. V.; Khrustalev, V.N.; Kritchenkov, A.S.; Tskhovrebov, A.G. CrystEngComm 2023, 25, 3691. f) A.A. Sapronov, 

V.N. Khrustalev, O.G. Chusova, A.S. Kubasov, A.S. Kritchenkov, V.G. Nenajdenko, A.G. Tskhovrebov. Inorg. 

Chem. 2024, 63, 30, 13924. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (22-73-10007-ʇ). 
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ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ʈɽɼʆʂʉ-ɸʂʊʀɺʅʓʍ ʄʆʃɽʂʋʃʗʈʅʓʍ ʉʀʉʊɽʄ ɺ ʂɸʏɽʉʊɺɽ 

ʇʆʊɽʅʎʀɸʃʔʅʓʍ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʓʍ ʀ ɸʅʊʀʄʀʂʈʆɹʅʓʍ ʇʈɽʇɸʈɸʊʆɺ 

 

ʏʫʛʫʥʦʚʘ ɽ.ɸ.ʘ, ɻʠʙʘʜʫʣʣʠʥʘ ʕ.ʄ.ʘ, ɻʘʟʠʟʦʚ ɸ.ʉ.ʘ, ʉʤʦʣʦʙʦʯʢʠʥ ɸ.ɺ.ʘ, ʅʝʛʘʥʦʚʘ ʄ.ɽ.ʘ,ʙ, ɺʦʣʦʰʠʥʘ 

ɸ.ɼ.ʘ, ɹʦʛʜʘʥʦʚ ɸ.ɺ.ʘ, ɹʫʨʠʣʦʚ ɸ.ʈ.ʘ, ɸʣʘʙʫʛʠʥ ʀ.ɺ.ʘ 

 
aʀʥʩʪʠʪʫʪ ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ - ʦʙʦʩʦʙʣʝʥʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ  

ʌʀʎ ʂʘʟʅʎ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ, 
aʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

e-mail: chugunova.e.a@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʠʥʬʝʢʮʠʡ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʟʙʠʨʘʪʝʣʥɹʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʮʠʪʦʩʪʘʪʠʢʦʚ, ʚʳʟʳʚʘʶʱʠʭ 

ʪʷʞʝʣʳʝ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʪʫʱʘʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ ʚʩʣʝʜʩʪʚʠʝ 

ʠʭ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʜʠʟʘʡʥʫ ʧʦʪʝʥʮʠʘʣʴʥʭr 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʠ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʨʦʣʝʢʘʨʩʪʚ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʧʦʩʳʣʦʢ ʢ 

ʪʘʨʛʝʪʥʦʤʫ ʜʝʡʩʪʚʠʶ ʠ ʦʙʲʝʜʠʥʝʥʠʶ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʥʝʩʢʦʣʴʢʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʤʘʩʰʪʘʙʥʳʡ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʧʦʣʠʬʘʨʤʘʢʦʬʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʟʘʪʨʫʜʥʝʥʥʳʡ ʬʝʥʦʣ, ʢʦʪʦʨʳʝ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʨʅ ʦʙʣʘʜʘʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʳ ʟʘʱʠʱʘʪʴ ʟʜʦʨʦʚʦʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʘ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʢʠʩʣʝʥʠʷ ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʧʫʭʦʣʷʭ, ʩʧʦʩʦʙʥʳ ʤʝʪʘʙʦʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʬʦʨʤʳ 

ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʛʠʙʝʣʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

 

 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ25-73-31002, 

https://rscf.ru/project/25-73-31002/.  
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ʂɸʂ ʋʄɽʅʔʐʀʊʔ ɿɸɻʈʋɿʂʋ ʂɸʊɸʃʀɿɸʊʆʈɸ?  

 

ʏʫʩʦʚ ɼ.ɸ., ɸʬʘʥʘʩʴʝʚ ʆ.ʀ., ʂʣʶʝʚ ʌ.ʉ., ɹʠʨʶʢʦʚ ʂ.ʆ., ʇʦʜʲʷʯʝʚʘ ɽ.ʉ., 

ʌʘʪʢʫʣʠʥ ɸ.ʈ., ʂʦʟʣʦʚ ɸ.ʉ., ʉʤʠʨʥʦʚ ʀ.ɺ., ʃʦʩʝʚ ʄ.ɸ., ɹʘʣʘʣʘʝʚʘ ɸ.ʀ. 

 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʕʆʉ ʈɸʅ), 

119334, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ. 28, ʩʪʨ. 1.  

e-mail: Denis.chusov@gmail.com 

 

ʂʘʪʘʣʠʟ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʢʘʢ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ 

ʧʨʠʢʣʘʜʥʳʭ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʘʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʦʙʩʫʞʜʝʥʳ ʚʘʨʠʘʥʪʳ ʢʘʢ ʫʤʝʥʴʰʠʪʴ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 
ʈʠʩ. 1. ʈʘʟʚʠʪʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 24-43-00096).  
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ʉʆɽɼʀʅɽʅʀʗ ɻʀʇɽʈɺɸʃɽʅʊʅʆɻʆ ʁʆɼɸ: ʇʆʃʋʏɽʅʀɽ ʉʊʈʋʂʊʋʈɸ ʀ ʇʈʀʄɽʅɽʅʀɽ 

 

ʖʩʫʙʦʚ ʄ.ʉ., ʇʦʩʪʥʠʢʦʚ ʇ.ʉ., ʉʦʣʜʘʪʦʚʘ ʅ.ʉ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

634050, ʊʦʤʩʢ, ʃʝʥʠʥʘ 30, 

 yusubov@tpu.ru 

 

ʉʦʝʜʠʥʝʥʠʷ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ1,2. ʈʝʘʛʝʥʪʳ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʙʝʥʟʦʠʦʜʦʢʩʦʣʘ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʥʪʝʟʘ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ N3-, CN- ʠ CF3-ʛʨʫʧʧʳ3,4. ʆʙʦʙʱʝʥʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʠʤʠʠ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ 

ʡʦʜʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʰʠ ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʜʚʫʭ ʫʥʠʢʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ 

ʡʦʜʘ, ʯʴʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʤʦʞʝʪ ʩʨʘʚʥʠʪʴʩʷ ʥʠ ʩ ʦʜʥʠʤ ʜʨʫʛʠʤ ʦʙʳʯʥʳʤ ʨʝʘʛʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʥʝ-

ʡʦʜʘ1,2. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʨʠʣʙʝʥʟʠʦʜʦʢʩʘʙʦʨʦʣʳ3 ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʙʝʥʟʠʥʦʚʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʡʦʜʘ(III), ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʛʝʥʝʨʠʨʫʶʪ ʘʨʠʥʦʚʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʦʜʦʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ,5 ʘ ʜʠʪʨʠʬʣʘʪ ʙʝʥʟʠʦʜʦʢʩʦʣʘ ʡʦʜʘ(V) ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʦʱʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʣʶʙʳʤ ʜʨʫʛʠʤ ʦʢʠʩʣʠʪʝʣʷʤ6.  
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1. Yoshimura A., Zhdankin V. V., Chem. Rev. 2024, 124, 11108.  

2. ʏʘʨʫʰʠʥ ɺ.ʅ., ɺʝʨʙʠʮʢʠʡ ɽ.ɺ., ʏʫʧʘʭʠʥ ʆ.ʅ. ʠ ʜʨ. ʋʩʧʝʭʠ ʭʠʤʠʠ, 2024, 93, RCR5125 

3. V. V. Zhdankin, Adv. Heterocycl. Chem. 2015, 115, 1-91.  

4. Y. Li, D. P. Hari, M. V. Vita, J. Waser, Angew. Chem. Int. Ed. 2016, 55, 4436ï4454; Angew. Chem. 2016, 

128, 4512ï4531 

5. Yoshimura A., Ngo K., Mironova I. A., Gardner Z. S, Rohde G. T., Ogura N., Ueki A., Yusubov M. S., Saito 

A., Zhdankin V. V., Org. Lett. 2024, 26, 1891. 

6. Yusubov M. S., Soldatova N. S., Postnikov P. S., Valiev R. R., Yoshimura A., Wirth T, Nemykin V. N., 

Zhdankin V. V., Chem. Commun. 2019, 55, 7760. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ˉ 21-73-20031-ʧ).

mailto:yusubov@tpu.ru


ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

 

 

 

 

 

 

 

 

ʋʉʊʅʓɽ 

ɼʆʂʃɸɼʓ 



ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

54 

 

ʈɸɿʈɸɹʆʊʂɸ ʍɽʄʆʉɽʅʉʆʈʅʓʍ ʇʆʃʀʄɽʈʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
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ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

E-mail: nice.abieva@list.ru 

 

ʌʪʘʣʦʥʠʪʨʠʣʳ ʠ ʬʪʘʣʦʮʠʘʥʠʥʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʦʙʣʘʜʘʶʪ ʦʙʰʠʨʥʦʡ ʦʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʟʫʯʝʥʠʝ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ pH ʩʨʝʜ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʠʘʟʝʥʠʣʧʨʦʠʟʚʦʜʥʳʝ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʠʭ ʦʩʥʦʚʝ [1-2] (ʩʤ. ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩ. 1), ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʩʠʣʴʥʦ-ʱʸʣʦʯʥʳʤ ʚʦʜʥʳʤ ʩʨʝʜʘʤ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ 

ʨʘʩʪʚʦʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ pH 7-13, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ pH ʩʝʥʩʦʨʦʚ ʩʨʝʜʳ. 

 

                    ʘ                                   ʙ                                       ʚ                                           

  
ʛ                                              ʜ 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʳ ʠʟʫʯʝʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʠ ʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʢʦʙʘʣʴʪʘ (II ): ʘ) 4-[(Z)-(4-

ʛʠʜʨʦʢʩʠ[1,1ᾳʙʠʬʝʥʠʣ]-3-ʠʣ)ʜʠʘʟʝʥʠʣ]ʬʪʘʣʦʥʠʪʨʠʣʘ; ʙ)4-[(E)(4'-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʜʠʘʟʝ-ʥʠʣ]ʬʪʘʣʦʥʠʪʨʠʣ; ʚ) 4-

[(Z)-(4-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʠʣ)ʜʠʘʟʝʥʠʣ]ʬʪʘʣʦʥʠʪʨʠʣʘ; ʛ) 4-[(Z)-(2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʠʣ)ʜʠʘʟʝʥʠʣ]ʬʪʘʣʦʥʠʪʨʠʣ; ʜ) 

ʪʝʪʨʘ-4-[(E)-(4'-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʜʠʘʟʝʥʠʣ]ʬʪʘ-ʣʦʮʠʘʥʠʥʘʪ ʢʦʙʘʣʴʪʘ (II).  
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ɼʠʘʤʠʜʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (DAPhen) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ 

N,Nô,O,Oô-ʪʝʪʨʘʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ f-

ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ [1]. ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʤʠʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥr ʝ ʧʦʣʦʞʝʥʠʷ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ DAPhen ʩ ʩʦʣʷʤʠ 

f-ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʮʝʥʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. [2] 

ʅʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ DAPhen ʩ ʪʨʠʥʠʪʨʘʪʘʤʠ ʥʝʢʦʪʦʨʳʭ ʈɿʕ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʝʚʨʦʧʠʷ, ʛʘʜʦʣʠʥʠʷ ʠ ʪʝʨʙʠʷ. ʉʪʨʦʝʥʠʝ ʣʠʛʘʥʜʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʠʪʨʘʪʘʤʠ ʈɿʕ ʙʳʣʦ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʥʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 

1). 

 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ L1-L4 ʠ ʈʉɸ-ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ L4ÅEu(NO3)3 

ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʮʝʥʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ DAPhen. ɹr ʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʤʠʜʥʳʭ 

ʘʪʦʤʘʭ ʘʟʦʪʘ, ʪʘʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʚ 4 ʠ 7 ʧʦʣʦʞʝʥʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʥ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʘʤʠʜʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʚʘʥʪʦʚʳʭ 

ʚʳʭʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʘʣʢʠʣ-ʘʨʠʣ-ʟʘʤʝʱʝʥʥʳʭ 

DAPhen (ʨʠʩʫʥʦʢ 2). 

 

 

ʈʠʩ.2. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʣʠʛʘʥʜʦʚ L5-L9 ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʣʷ LÅEu(NO3)3 

ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ çʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ï ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘè 

ʦʙʲ̫ʩʥʝʥʳ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʩʤʳʩʣʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʢʠʤʦʚʘ ɽ.ʉ.,1 ʋʨʘʟʙʘʝʚ ʄ.ɸ.,2 ʉʫʣʪʘʥʦʚʘ ʈ.ʄ.1 

 

1ʌɻɹʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

450064, ʋʬʘ, ʫʣ. ʂʦʩʤʦʥʘʚʪʦʚ, 1 
2ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, 

 450008, ʋʬʘ, ʫʣ. ʃʝʥʠʥʘ, 3 

E-mail: elizaveta_a@mail.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʠʤʠʥʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʬʬʝʢʪʦʚ: ʦʪ 

ʧʨʦʪʠʚʦʵʧʠʣʝʧʪʠʯʝʩʢʦʛʦ ʠ ʘʥʪʠʜʝʧʨʝʩʩʠʚʥʦʛʦ ʜʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ, ʘʥʪʠʘʛʨʝʛʘʥʪʥʳʭ ʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ [1,2]. ʊʘʢʠʝ ʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʬʦʨʤ. 

ʂʦʥʜʝʥʩʘʮʠʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 1a-b ʩ 2-(ʧʠʧʝʨʘʟʠʥ-1-ʠʣ)ʵʪʘʥ-1-ʘʤʠʥʦʤ 2 ʚ ʙʝʥʟʦʣʝ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80ʦʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʤʠʥʳ 3a,b ʩ ʚʳʭʦʜʘʤʠ 60-70%. ɼʘʣʴʥʝʡʰʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 3a,b ʧʨʦʚʦʜʠʣʦʩʴ NaBH4-CH3COOH ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʙʝʥʟʦʣʝ 

(ʨʠʩ.1). ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 3-4a,b ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (1H ʠ 13C). 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 3-4a,b 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʧʨʦʛʥʦʟ ʚ ʧʨʦʛʨʘʤʤʝ PASS-online, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʝ ʥʘʣʠʯʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [3]. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʙʝʣʢʦʤ ʰʪʘʤʤʘ E.Coli. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ (Ki) ʧʦ ʜʘʥʥʳʤ ʜʦʢʠʥʛʘ 

ʩʦʝʜʠʥʝʥʠʡ 3-4a,b. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʣʠʯʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ Ki 

 ̄ ʉʦʝʜʠʥʝʥʠʝ 
ɿʥʘʯʝʥʠʝ Ki ,  

ʤʦʣʴ 

1.  3a 10,23 

2.  3b 8,64 

3.  4a 6,16 

4.  4b 12,11 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Senthil Kumar Raju, Archana Settu, Archana Thiyagarajan, Divya Rama, Praveen Sekar, Shridharshini Kumar. 

GSC Biol. Pharm. Sci, 2022, 21, 3, 203ï215. 

2. Katsuki, T. Coordination Chemistry Reviews, 1995, 140, 189ï214. 

3. URL: http://www.pharmaexpert.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.04.2025). 

 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦʤʝʨ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ FEUR ð 2025-0001 çʅʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʜʦʙʘʚʢʠ ʠ 

ʤʘʪʝʨʠʘʣʳè. 
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ɸʎʀʃʀʈʆɺɸʅʀɽ ʉ-ɸʃʂʀʃɿɸʄɽʑɪʅʅʓʍ ɸɿɸʄɸʂʈʆʎʀʂʃʀʏɽʉʂʀʍ  

ʉʆɽɼʀʅɽʅʀʁ ʂɸʂ ʅʆɺʓʁ ʄɽʊʆɼ ʉʀʅʊɽɿɸ ʉ- ʀ N-ɸʎʀʃɿɸʄɽʑɪʅʅʓʍ ɼʀɸɿɽʇʀʅʆɺ, 

ɼʀɸɿʆʅʀʅʆɺ ʀ ɼʀɸɿɸʎʀʂʃʆʋʅɼɽʂɸʅʆɺ 

 

ʄʠʭʘʡʣʦʚ ɺ.ɺ.a, ɸʥʠʩʠʤʦʚʘ ʅ.ɸ.a,b 

 

aʈɻʇʋ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
bʉʇʙɻʋʇʊɼ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

valeriiy-mikhailov@yandex.ru 

 

ʀʥʪʝʨʝʩ ʢ ʭʠʤʠʠ ʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʧʨʠʨʦʜʝ (ʷʚʣʷʶʪʩʷ 

ʬʨʘʛʤʝʥʪʦʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʛʝʤʦʛʣʦʙʠʥʘ, ʭʣʦʨʦʬʠʣʣʘ, ʚʠʪʘʤʠʥʘ ɺ12), ʚʘʞʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʤʳʭ ʠʤʠ 

ʬʫʥʢʮʠʡ ʠ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ ʨʦʣʠ ʠʦʥʦʬʦʨʦʚ ʜʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

(ʜʝʡʩʪʚʫʶʱʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʇʣʝʨʠʢʩʘʬʦʨ ʜʣʷ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ).  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʡ ʘʮʠʣʠʨʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ 14-ʪʠ, 18-ʪʠ ʠ 22-ʭ 

ʯʣʝʥʥʳʭ ʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʚʧʝʨʚʳʝ ʚ 2015 ʛ [1,2] ʠ ʧʦʵʪʦʤʫ ʠʭ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʦʦʙʱʝ ʥʝ ʠʟʫʯʘʣʠʩʴ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ 

ʜʦʩʪʫʧʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʝʩʢʦʣʴʢʦ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ: ʘʤʠʥʦ-, ʤʝʪʠʣʴʥʫʶ, 

ʘʟʦʤʝʪʠʥʦʚʫʶ ʛʨʫʧʧʳ ʠ ʩʚʦʙʦʜʥʫʶ ʧʦʣʦʩʪʴ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʘʤʘʢʨʦʮʠʢʣʦʚ 1-3 ʩ ʛʘʣʦʛʝʥʘʥʛʠʜʨʠʜʘʤʠ ʢʘʨʙʦʥʦʚʳʭ (ʫʢʩʫʩʥʦʡ, ʭʣʦʨʫʢʩʫʩʥʦʡ, 

ʙʝʥʟʦʡʥʦʡ) ʢʠʩʣʦʪ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʘʩʪʚʦʨʝ ʙʝʥʟʦʣʘ ʚ ʪʝʯʝʥʠʝ 5-6 ʯ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʘʮʠʣʠʨʦʚʘʥʠʝʤ ʧʦ 

ʜʚʫʤ ʨʝʘʢʮʠʦʥʥʳʤ ʮʝʥʪʨʘʤ ʘʤʠʥʦ- ʠʣʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʢʨʘʪʥʦʡ ʩʚʷʟʠ ʉ=N ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʉ- ʠ N-ʘʮʠʣʠʨʦʚʘʥʥʳʭ 

ʜʠʘʟʝʧʠʥʦʚ 4-9, ʜʠʘʟʦʥʠʥʦʚ 10-15 ʠ ʜʠʘʟʘʮʠʢʣʦʫʥʜʝʢʘʥʦʚ 16-21. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

20-25 ʠ 10-15ʦʉ ʧʦʣʫʯʘʣʠʩʴ ʉ- ʠʣʠ N-ʘʮʠʣʠʨʦʚʘʥʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʮʠʢʣʳ 4-6, 10-12, 16-18 ʠʣʠ 7-9, 13-15, 

19-21 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3-5]. 

 
 

ʀʩʩʣʝʜʫʝʤʘʷ ʥʘʤʠ ʨʝʘʢʮʠʷ ʘʮʠʣʠʨʦʚʘʥʠʷ ʘʟʘʤʘʢʨʦʮʠʢʣʦʚ 1-3 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠ 

ʜʦʩʪʫʧʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʠʘʟʝʧʠʥʦʚ, ʜʠʘʟʦʥʠʥʦʚ ʠ 

ʜʠʘʟʘʮʠʢʣʦʫʥʜʝʢʘʥʦʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʨʫʛʠʤʠ ʧʫʪʷʤʠ.  

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʅ.ɸ. ɸʥʠʩʠʤʦʚʘ, ɽ.ʀ. ʍʨʠʩʪʦʬʦʨʦʚʘ, ʖ.ɻ. ʊʨʠʰʠʥ, ɾʆʍ, 2015, 85(9), 1499. 

2. ʅ.ɸ. ɸʥʠʩʠʤʦʚʘ, ɽ.ʀ. ʍʨʠʩʪʦʬʦʨʦʚʘ, ʖ.ɻ. ʊʨʠʰʠʥ, ɾʆʍ, 2016, 86(9), 1482. 

3. ʅ.ɸ. ɸʥʠʩʠʤʦʚʘ, ɼ.ɸ. ʄʝʣʴʢʦʚʘ, ɾʆʍ, 2023, 93(1), 50. 

4. ʅ.ɸ. ɸʥʠʩʠʤʦʚʘ, ɼ.ɸ. ʄʝʣʴʢʦʚʘ, ɾʆʍ, 2023, 93(11), 1650. 

5. N.A. Anisimova, V.V. Mikhailov, Russ. J. Gen. Chem., 2024, 94(9), 2248. 
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ʅʆɺʓɽ ʇʆɼʍʆɼʓ ʂ ʉʀʅʊɽɿʋ ʀʅɼʆʃʆɺ ʀ ʍʀʅʆʃʀʅʆɺ ʅɸ ʆʉʅʆɺɽ ʉʊʈɸʊɽɻʀʀ 

ɻʀɼʈʆʃʀɿɸ ɸʎɽʊʀʃɽʅʆɺ ɺ ʇʆʃʀʌʆʉʌʆʈʅʆʁ ʂʀʉʃʆʊɽ 

 

ɸʨʫʪʶʥʦʚ ʅ.ɸ., ɿʘʮʝʧʠʣʠʥʘ ɸ.ʄ., ʄʘʢʠʝʚʘ ɼ.ʏ. , ɸʣʝʢʩʘʥʜʨʦʚʘ ɽ.ɺ.,  

ʊʦʣʩʪʦʚ ʂ.ɺ., ʐʪʘʣʴ ɼ.ɸ., ɸʢʩʝʥʦʚʘ ʀ.ɺ. , ɸʢʩʝʥʦʚ ɸ.ɺ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

e-mail: nik.arutiunov@bk.ru 

 

ɸʣʢʠʥʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ 

ʩʝʙʷ ʧʨʠ ʩʙʦʨʢʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʦʚʳʝ ʤʝʪʦʜʳ 

ʛʠʜʨʦʣʠʟʘ ʪʨʦʡʥʳʭ ʩʚʷʟʝʡ ʚ ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʢʨʦʶʪ ʜʚʝʨʴ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʘʮʝʪʠʣʝʥʦʚ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʤʝʪʘʣʣʘʤʠ ʧʨʝʚʨʘʱʝʥʠʷ, ʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʘʣʣʳ ʜʦʨʦʛʠ ʠʣʠ ʪʦʢʩʠʯʥʳ, ʜʝʣʘʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʝʩʥʝʡʰʝʡ 

ʟʘʜʘʯʝʡ ʜʣʷ ʫʯʝʥʳʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʙʦʨʢʝ ʠʥʜʦʣʴʥʳʭ ʠ ʭʠʥʦʣʠʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʪʨʘʪʝʛʠʠ ʛʠʜʨʦʣʠʟʘ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ 
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ʂɸʊɸʃʀʊʀʏɽʉʂɸʗ ONE-POT S-ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʗ ɸʈʆʄɸʊʀʏɽʉʂʀʍ 

 CH-ʂʀʉʃʆʊ  

 

ɸʭʤʘʜʠʝʚ ʅ.ʉ. a, ɻʘʣʠʤʦʚʘ ʕ.ʄ.a, ʃʝʦʥʪʴʝʚ ɼ.ɺ.ʙ, ɸʭʤʝʪʦʚʘ ɺ.ʈ.ʙ  

 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, 
ʘʣʘʙʦʨʘʪʦʨʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ 

 ʚʝʱʝʩʪʚ-ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʬʘʨʤʠʥʜʫʩʪʨʠʠ,  
ʙʣʘʙʦʨʘʪʦʨʠʷ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʋʬʘ, ʈʦʩʩʠʷ  

e-mail: nail -ahmadiev@mail.ru   

 

ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. [1]. ʆʜʥʠʤ ʠʟ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʢ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʦʩʪʘʶʪʩʷ one-pot ʠʣʠ one-pot stepwise ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ 

[2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʠʟʘʡʥ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʩʪʨʘʪʝʛʠʠ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ [3]. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʙʩʫʞʜʝʥʳ one-pot ʠʣʠ one-pot stepwise ʧʦʜʭʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʉʅ-ʢʠʩʣʦʪ, ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠʣʠ N,N,NӾ,NӾ-

ʪʝʪʨʘʤʝʪʠʣʤʝʪʘʥʜʠʘʤʠʥʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ SH-ʢʠʩʣʦʪʘʤʠ [4-6]. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

S-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ CH-ʢʠʩʣʦʪ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, 

ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʢʫʨʩʦʨʦʚ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʩʝʣʝʢʪʠʚʥʳʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  
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ʅʆɺʓɽ ʇʆɼʍʆɼʓ ʂ ʉʀʅʊɽɿʋ ɸʄʀɼʆʂʉʀʄʆɺ ʀ ɻɽʊɽʈʆʎʀʂʃʆɺ ʅɸ ʀʍ ʆʉʅʆɺɽ 

 

ɹʘʡʢʦʚ ʉ.ɺ., ʇʨʝʩʥʫʭʠʥʘ ʉ.ʀ., ʉʦʣʦʜʷʥʢʠʥʘ ʆ.ʉ., ɹʘʡʢʦʚʘ ʉ.ʆ., ɹʦʷʨʩʢʠʡ ɺ.ʇ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʩʛʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

e-mail: s.baykov@spbu.ru 

 

ɸʤʠʜʦʢʩʠʤʳ ï ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʦʟʜʘʥʠʷ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʢʩʠʤʦʚ ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʥʠʪʨʠʣʦʚ ʩ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʣʠʩʠʣʦʢʩʘʥʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʤʠʜʦʢʩʠʤʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ [2]. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ 3,5-ʜʠʟʘʤʝʱʸʥʥʳʭ-1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ [3]. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʦʛʨʝʩʩ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʤʠʜʦʢʩʠʤʦʚ ʚ ʜʨʫʛʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʘʰʝʡ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 1,2,4-ʦʢʩʘʜʠʘʟʠʥ-5(6H)-ʦʥʦʚ ʠ 4-(ʧʠʨʠʜʠʥ-2-ʠʣʦʢʩʠ)-1,2,4-ʪʠʘʜʠʘʟʦʣ-

5(4H)-ʦʥʦʚ.  

 
 

ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʘʢʮʠʡ. 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ (ʛʨʘʥʪ ˉ 075-15-2024-553). 

mailto:s.baykov@spbu.ru


ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

61 

 

ʄɽʊʆɼʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʊʈʀɸɿʆʃʆʌʋʈɸɿɸʅʆɺʆɻʆ ʂɸʈʂɸʉɸ 
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a ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: spbalabanova@edu.hse.ru  

 

[1,2,3]ʊʨʠʘʟʦʣʦ[4,5-c][1,2,5]ʦʢʩʘʜʠʘʟʦʣ (ʪʨʠʘʟʦʣʦʬʫʨʘʟʘʥ, ʊʌ) ï ʵʪʦ ʚʳʩʦʢʦʵʥʪʘʣʴʧʠʡʥʘʷ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʘʷ 5+5 ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʧʨʦʯʥʳʭ ʷʜʝʨ (1,2,3-ʪʨʠʘʟʦʣʘ ʠ ʬʫʨʘʟʘʥʘ). ɿʘ ʩʯʸʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʝʡ NïN ʠ CīN ʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʠʘʟʦʣʦʬʫʨʘʟʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ ʢʘʨʢʘʩʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʥʝʨʛʦʸʤʢʠʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʛʦ 

ʧʝʨʠʦʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʜʦ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ ʠʟʚʝʩʪʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʊʌ. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʊʌ ʮʠʢʣ ʥʝ ʷʚʣʷʣʩʷ çʛʣʘʚʥʳʤ ʛʝʨʦʝʤè ʚ 

ʵʪʠʭ ʨʘʙʦʪʘʭ, ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʳʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʢʠʣʴʥʳʤʠ, 

ʘʨʠʣʴʥʳʤʠ ʠ ʛʝʪʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʅʘʰʘ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʨʠʘʟʦʣʦʬʫʨʘʟʘʥʦʚ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʥʝ ʪʦʣʴʢʦ ʯʝʨʝʟ ʩʚʷʟʴ C-N, ʥʦ ʠ N-O, ʘ ʪʘʢʞʝ N-

N. ʅʘʤʠ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʪʝʨʤʦʣʠʪʠʯʝʩʢʘʷ ʮʠʢʣʠʟʘʮʠʷ 

ʘʟʠʜʦʘʟʦʬʫʨʘʟʘʥʦʚ, ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʘʤʠʥʦʘʟʦʬʫʨʘʟʘʥʦʚ, ʟʘʤʳʢʘʥʠʝ ʙʠʩʥʠʪʨʘʤʠʥʦʬʫʨʘʟʘʥʦʚ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʛʝʥʝʨʘʮʠʠ ʢʘʪʠʦʥʘ ʦʢʩʦʜʠʘʟʦʥʠʷ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʪʨʠʘʟʦʣʦʬʫʨʘʟʘʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʦʙʰʠʨʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʧʨʦʠʟʚʦʜʥʳʭ ʊʌ ʠ ʚʳʷʚʠʪʴ ʢʦʨʨʝʣʷʮʠʠ 

çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè[1]. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. S. Balabanova, A. Voronin, A. Churakov, M. Klenov, I. Fedyanin, A. Pivkina, D. Meerov, T. Konôkova, Y. 

Matyushin, Y. Strelenko, K. Erokhin, V. Zelenov, V. Tartakovsky. CrystEngComm. 2024, 26, 3349-3362. 
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ʅʆɺʓɽ ʊʈɸʅʉʌʆʈʄɸʎʀʀ N-ɸʅʀʃʀʅʆʀʅɼʆʃʆɺ 

 

ɹʘʨʢʦʚʩʢʠʡ ʉ.ɺ.ʘ, ʅʝʯʘʝʚ ʄ.ʉ.ʘ,ʙ ʃʳʩʝʥʢʦ ʂ.ɸ.ʘ, ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤʝʥʠ ɸ.ɺ.ʊʦʧʯʠʝʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʠ. 

e-mail: savva.barcovsky@mail.ru 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 1-ʘʥʠʣʠʥ-2,3-ʜʠʬʝʥʠʣʠʥʜʦʣʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚʩʪʫʧʘʝʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʣʠʙʦ ʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ï ʠʥʜʘʟʦʣʘ, ʢʘʢ 

ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ, ʣʠʙʦ 1-H-2,3-ʜʠʬʝʥʠʣʠʥʜʦʣʘ, ʢʘʢ ʧʨʦʜʫʢʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɹʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ 

ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʩʭʦʜʥʦʤ ʠʥʜʦʣʝ ʥʘ ʚʳʭʦʜ ʨʝʘʢʮʠʡ, ʘ 

ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ (ʨʘʩʯʝʪ DFT, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ ʩʨʘʚʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 1H ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʚ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʆʩʦʙʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩ ʤʝʜʠ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʪʘʢ ʢʘʢ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ N-N, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 
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ʅʆɺʓɽ ʂʆʅʔʖɻɸʊʓ ʅɸ ʆʉʅʆɺɽ ɿɸʄɽʑɽʅʅʓʍ ɹɽʅɿʆʊʀɸɿʆʃʆɺ ʀ ʀʍ 

ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʂɸʂ ʇʆʊɽʅʎʀɸʃʔʅʓɽ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʓɽ 

ɸɻɽʅʊʓ 

 

ɹʘʨʩʢʘʷ ɽ.ʉ., ɹʝʨʝʟʠʥʘ ɸ.ɺ., ɹʝʣʦʛʣʘʟʢʠʥʘ ɽ.ʂ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: barskayaes@my.msu.ru 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʝʥʟʦʪʠʘʟʦʣ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ñmedicinally privileged scaffoldò, ʪʦ 

ʝʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ. ɹʝʥʟʦʪʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʨʝʧʘʨʘʪʘ ʈʠʣʫʟʦʣ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʪʝʨʘʧʠʠ ʣʘʪʝʨʘʣʴʥʦʛʦ ʘʤʠʦʪʨʦʬʠʯʝʩʢʦʛʦ ʩʢʣʝʨʦʟʘ. ʆʩʦʙʦʝ 

ʤʝʩʪʦ ʩʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʜʘʥʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʟʘʥʠʤʘʶʪ 2-ʘʨʠʣʙʝʥʟʦʪʠʘʟʦʣʳ [1]. ʊʘʢ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ 

ʢʨʘʩʠʪʝʣʠ ʪʠʦʬʣʘʚʠʥ S ʠ ʪʠʦʬʣʘʚʠʥ T ʩʧʦʩʦʙʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʘʤʠʣʦʠʜʥʳʤʠ ʬʠʙʨʠʣʣʘʤʠ, ʧʨʠ 

ʵʪʦʤ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʚʳʰʘʝʪʩʷ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʣʦ ʵʪʠʤ 

ʢʨʘʩʠʪʝʣʷʤ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ 80-ʭ ʛʦʜʦʚ XX 

ʚʝʢʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 2-ʘʨʠʣʙʝʥʟʦʪʠʘʟʦʣʳ ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴ. ʈʷʜ  ʧʨʦʠʟʚʦʜʥʳʭ 2-(4-

ʘʤʠʥʦʬʝʥʠʣ)ʙʝʥʟʦʪʠʘʟʦʣʘ, ʧʦʢʘʟʘʚʰʠʭ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʢʣʝʪʢʘʭ ʨʘʢʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ, ʦʜʥʘʢʦ ʥʠ ʦʜʥʦ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʨʦʰʣʦ III 

ʬʘʟʫ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʬʘʨʤʘʢʦʬʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 2-ʘʨʠʣʙʝʥʟʦʪʠʘʟʦʣʦʚ, ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʟʘʤʝʱʝʥʥʭr 2-ʛʝʪʘʨʠʣʙʝʥʟʦʪʠʘʟʦʣʦʚ,ʧʦʢʘʟʘʥʥʳʭ ʥʘ 

ʩʭʝʤʝ ʥʠʞʝ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʦʣʷʤʠ ʤʝʜʠ(II). ɹʳʣʘ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʜʠ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʦʪʠʘʟʦʣʴʥʦʤ 

ʬʨʘʛʤʝʥʪʝ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʴʶʛʘʪr  ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF-7 ʠ ʨʘʢʘ ʣʝʛʢʦʛʦ A-549. ʊʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʨ̫ʥʳʭ ʘʥʘʣʦʛʦʚ Cu,Zn-ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. Weekes A.A., Westwell A.D. Curr. Med. Chem., 2009, 16, ̄  19, 2430. 
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ʇʈʀʄɽʅɽʅʀɽ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʀ ʄɸʃɼʀ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʂɸʊɸʃʀʊʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ 

 

ɹʝʣʦʛʣʘʟʢʠʥ ɸ.ɸ.ʘ,ʙ, ʈʞʝʚʩʢʠʡ ʉ.ɸ.ʙ, ɸʩʘʯʝʥʢʦ ɸ.ʌ.ʙ, ɹʝʨʤʝʰʝʚʘ ɽ.ɺ.ʙ, ɹʦʨʠʩʦʚ ʈ.ʉ.ʙ,ʚ 

 
aʆʆʆ çɸʢʩʝʣʴʌʘʨʤè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʙʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
ʚʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤ. ʇ. ʃʫʤʫʤʙʳ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: aabeloglazkin@mail.ru 
 

ʆʥʣʘʡʥ ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ï ʦʜʥʦ ʠʟ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠ ̫ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʘʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ (ʀʕʈ). ɺ ʭʦʜʝ ʀʕʈ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʦʜʘʯʘ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʚ ʠʩʪʦʯʥʠʢ ʠʦʥʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʪʴ ʨʝʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʟ-ʟʘ 

ʧʨʦʪʝʢʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʘʥʘʣʠʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ 

ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ (ʄɸʃɼʀ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʠ ʤʝʪʦʜʳ ʠʦʥʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʜʚʫʭ ʨʝʘʢʮʠʡ ï ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ ʩ ʤʝʪʘʥʦʣʦʤ 

ʠ ʘʜʜʠʪʠʚʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʥʦʨʙʦʨʥʝʥʘ: 
 

 

 
  
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʪʦʜʦʤ ʀʕʈ ʧʦʢʘʟʘʣ 

ʠʭ ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʄɸʃɼʀ ʨʝʘʢʮʠʦʥʥʳʭ ʩʨʝʜ, ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʡ in situ, ʩʦʜʝʨʞʘʣʠ 

ʧʠʢʠ ʠʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʩʫʙʩʪʨʘʪʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʠʟʤʝʥʷʣʘʩʴ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʨʦʪʝʢʘʥʠʠ 

ʨʝʘʢʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʝʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʀʕʈ ʚʠʜ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʦʪ ʚʨʝʤʝʥʠ ʥʝ ʟʘʚʠʩʝʣ, 

ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʠʦʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʦʩʥʦʚʥʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʨʝʘʢʮʠʡ, ʯʪʦ, ʚʠʜʠʤʦ, ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʩʪʦʯʥʠʢʝ ʠʦʥʦʚ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

mailto:aabeloglazkin@mail.ru
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ʃʀɻɸʅɼʓ ʅɸ ʆʉʅʆɺɽ ɹʀʉʇʀɼʀʅɸ ɼʃʗ ʍɽʃɸʊʀʈʆɺɸʅʀʗ 177Lu, 90Y, 64Cu, 44Sc ï 

ʇʆʊɽʅʎʀɸʃʔʅʓɽ ɸɻɽʅʊʓ ɺ ʊɽʈɸʅʆʉʊʀʂɽ ʆʇʋʍʆʃɽʁ 

 

ɹʝʣʦʛʣʘʟʢʠʥʘ ɼ.ɺ. ʘ, ʄʝʜʚʝʜʴʢʦ ɸ.ɺ. ʘ, ʂʨʘʡʥʦʚʘ ʄ.ɼ.ʙ,  ʃʘʨʝʥʢʦʚ ɸ.ɸ.ʚ,  

ɽʛʦʨʦʚʘ ɹ.ɺ. ʙ, ɺʘʮʘʜʟʝ ʉ.ɿ.ʘ 

 

ʘʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

ʚʌɻɹʋ ɻʅʎ ʌʄɹʎ ʠʤʝʥʠ ɸ.ʀ. ɹʫʨʥʘʟʷʥʘ ʌʄɹɸ ʈʦʩʩʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: dandelinekm@gmail.com 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ï 

ʩʦʯʝʪʘʥʠʶ ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɹʠʩʧʠʜʠʥ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʢʘʩʦʤ, ʦʢʘʟʘʣʩʷ ʧʨʦʩʪʳʤ ʚ 

ʩʠʥʪʝʟʝ ʠ ʧʦʣʫʯʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ ʭʝʣʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʠʩʧʠʜʠʥʘ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ. ʈʘʥʝʝ ʥʘʤʠ ʫʞʝ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʜʘʥʥʳʝ ʧʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʮʝʪʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩʧʠʜʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ(II) 

[1].  

ʄʳ ʧʨʦʜʦʣʞʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ, ʠʤʝʶʱʠʡ ʥʝʙʦʣʴʰʦʡ ʨʘʜʠʫʩ, 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʨʘʜʠʫʩʫ Cu(II ) ʩʨʝʜʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ), ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʩʧʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʪʪʨʠʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ ʨʘʟʤʝʨʫ ʠʦʥʘ 

ʩʭʦʞ ʩʦ ʩʢʘʥʜʠʝʤ, ʠ ʣʶʪʝʮʠʡ, ʦʙʣʘʜʘʶʱʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʤrʠ ʧʦʩʣʝ Sc(III ) 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʠ ʈɿʕ, ʪʘʢʞʝ ʙʳʣʠ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ 

ʜʣ̫ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʭʝʣʘʪʦʨʳ ʥʘ ʙʘʟʝ ʙʠʩʧʠʜʠʥʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 1,2,3-

ʪʨʠʘʟʦʣʘʤʠ, ʢʘʨʙʦʢʩʠʣʴʥrʤʠ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ (ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʚ ʚʦʜʝ, ʪʘʢ ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʳʭ ʞʠʜʢʦʩʪʷʭ. 

ʈʘʜʠʦʤʝʯʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ in vivo ʩ ʦʮʝʥʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʨʛʘʥʘʤ ʤʳʰʝʡ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ 1ï6, ʠʟʫʯʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʃʠʪʝʨʘʪʫʨʘ 

A. V. Medvedôko, B. V. Egorova, A. A. Komarova, R. D. Rakhimov, D. P. Krutôko, S. N. Kalmykov, S. Z. Vatsadze. 

ACS Omega, 2016, 1, 854.  
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ɸʅʊʀʂʆɸɻʋʃʗʎʀʆʅʅɸʗ, ɸʅʊʀɸɻʈɽɻɸʎʀʆʅʅɸʗ ʀ 

ɹʀʆʎʀɼʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 

ʇʈʆʀɿɺʆɼʅʓʍ 5-ɸʎʀʃ-1,3-ɼʀʆʂʉɸʅɸ 

 

ɹʝʨʝʟʥʷʢ ʗ.ʉ., ʉʫʣʪʘʥʦʚʘ ʈ.ʄ. 

 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʋʬʘ, ʈʦʩʩʠʷ 

e-mail: ya.na.rt@yandex.ru 

 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʣʘʜʘʶʱʠʭ ʘʥʪʠʢʦʘʛʫʣʷʮʠʦʥʥʦʡ, ʘʥʪʠʘʛʨʝʛʘʮʠʦʥʥʦʡ ʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʘ ʦʩʥʦʚʝ 

ʜʦʩʪʫʧʥʦʛʦ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ 1,3-ʜʠʦʢʩʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʨʷʜʘ ʦʢʩʠʤʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ 5-

ʘʮʠʣ-5-ʤʝʪʠʣ-1,3-ʜʠʦʢʩʘʥʘ, 5-ʘʮʠʣ-5-ʠʟʦʧʨʦʧʠʣ-1,3-ʜʠʦʢʩʘʥʘ ʠ ʵʪʠʣ-5- ʘʮʝʪʠʣ-1,3-ʜʠʦʢʩʘʥ-5-ʢʘʨʙʦʢʩʠʣʘʪʘ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 5-ʘʮʠʣ-5-ʠʟʦʧʨʦʧʠʣ-1,3-ʜʠʦʢʩʘʥ, ʩʦʜʝʨʞʘʱʠʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʧʨʦʷʚʠʣ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʩʪ-

ʢʫʣʴʪʫʨ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Pseudomonas aeruginosa. ʆʢʩʠʤ (ɽ)-1-(5-ʤʝʪʠʣ-1,3-ʜʠʦʢʩʘʥ- 5-ʠʣ)ʵʪʘʥ-1-ʦʥʘ 

ʤʘʣʦʘʢʪʠʚʝʥ ʧʨʦʪʠʚ ʩʪʘʬʠʣʦʢʦʢʢʘ S.aureus, ʧʨʦʪʠʚ ʜʨʫʛʠʭ ʙʘʢʪʝʨʠʡ ʦʥ ʥʝʘʢʪʠʚʝʥ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʵʬʠʨʳ, ʢʘʨʙʘʤʘʪʳ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 

ʫʨʦʚʥʝ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʜʝʡʩʪʚʠʝ ʦʢʩʠʤʘ O-ʬʝʥʠʣʢʘʨʙʘʤʦʠʣ (E)-1-(5-ʤʝʪʠʣ-1,3-ʜʠʦʢʩʘʥ-5-

ʠʣ)ʵʪʘʥ- 1-ʦʥʘ, ʧʦ ʧʨʦʘʛʨʝʛʘʥʪʥʦʤʫ ʵʬʬʝʢʪʫ ʠ ʫʩʠʣʝʥʠʶ ʘʛʨʝʛʘʮʠʠ ʪʨʦʤʙʦʮʠʪʦʚ ʩʨʘʚʥʠʤʦ ʩ ʧʨʝʧʘʨʘʪʦʤ 

ʵʪʘʤʟʠʣʘʪ ʥʘʪʨʠʷ. ʕʪʠʣ-5-ʘʮʝʪʠʣ-1,3-ʜʠʦʢʩʘʥ-5- ʢʘʨʙʦʢʩʠʣʘʪ ʠ ʝʛʦ ʦʢʩʠʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ 

ʘʥʪʠʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʛʜʝ ʦʢʩʠʤ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʪʫʧʘʝʪ 

ʠʩʭʦʜʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ [1,2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʥʘ ʛʝʤʦʩʪʘʟ, ʦʩʪʨʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʨʘʩʯʝʪ ʫʩʣʦʚʥʦʛʦ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʫʣʪʘʥʦʚʘ ʈ.ʄ., ɹʦʨʠʩʦʚʘ ʖ.ɻ., ʍʫʩʥʫʪʜʠʥʦʚʘ ʅ.ʉ., ʈʘʩʢʠʣʴʜʠʥʘ ɻ.ɿ., ɿʣʦʪʩʢʠʡ ʉ.ʉ. ʀʟʚ. ɸʅ ʉʝʨ. ʭʠʤ, 

2023, 72, ˉ10, 2297-231. 

2. ɸ. ʀ. ʄʠʭʘʣʝʚʘ, ɸ. ɹ. ɿʘʡʮʝʚ, ɹ. ɸ. ʊʨʦʬʠʤʦʚ ʋʩʧʝʭʠ ʭʠʤʠʠ, 2006, 75, ˉ 

9, 884-912. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦʤʝʨ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ FEUR ð 2025-0001 çʅʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʜʦʙʘʚʢʠ ʠ 

ʤʘʪʝʨʠʘʣʳè. 

 



ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

67 

 

ɸʃʂʆʂʉʀɸʃʖʄʀʅʀʁ ɼʀʍʃʆʈʀɼʓ ʂɸʂ ʅʆɺʓɽ ʈɽɸɻɽʅʊʓ ɺ ʉʀʅʊɽɿɽ 

ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʇɽʈɻʀɼʈʆʇʀʈɸʅʆɺ 

 

ɹʦʨʠʩʦʚ ɼ.ɼ., ʅʦʚʠʢʦʚ ʈ.ɸ., ʊʦʤʠʣʦʚ ʖ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠ̫. 

e-mail: fantom-321@yandex.ru 

 

ʍʠʤʠʷ ɓ-ʩʪʠʨʠʣʤʘʣʦʥʘʪʦʚ 1, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʦʤʝʨʥʳʭ ʠʤ 2-ʘʨʠʣʮʠʢʣʦʧʨʦʧʘʥ-1,1-ʜʠʢʘʨʙʦʢʩʠʣʘʪʦʚ, ʜʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʤʘʣʦʠʟʫʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ. ɺ ʨʘʤʢʘʭ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʣʦʩʴ ʨʘʩʰʠʨʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʠʤʠʠ ʜʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʪ ʃʴʁʠʩʘ. ʎʠʢʣ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥrʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ɓ-ʩʪʠʨʠʣʤʘʣʦʥʘʪʦʚ 1 ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

BF3ĿOEt2 ʠ GaCl3, ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʫʪʠ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʣʘʢʪʦʥʦʚ ʠ 

ʠʥʜʝʥʦʚ [1], 5,6-ʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚ [2,3], ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ 1,4-(ʮʠʢʣʦʧʝʥʪʘʪʠʝʥʠʣ)ʙʝʥʟʦʣʦʚ [4], 

ʘ ʪʘʢʞʝ ʮʠʢʣʦʧʝʥʪʝʥʦʥʦʚ [5]. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʦʪʢʨʳʪʘ ʥʦʚʘʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʩʪʠʨʠʣʤʘʣʦʥʘʪʘʤʠ 1, ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʘʣʢʦʢʩʠʘʣʶʤʠʥʠʡ ʜʠʭʣʦʨʠʜʘʤʠ 2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʩ ʚr ʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʠ ʚʳʩʦʢʦʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠʟʘʤʝʱʝʥʥʳʝ ʧʝʨʛʠʜʨʦʧʠʨʘʥʳ 3 [6]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʧʝʨʝʥʦʩ ʛʠʜʨʠʜ-ʠʦʥʘ ʥʘ ʩʫʙʩʪʨʘʪ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʘʢʮʠʠ 

ʄʝʝʨʚʝʡʥʘ-ʇʦʥʜʦʨʬʘ-ɺʝʨʣʝʷ), ʘ ʚʦʚʣʝʯʝʥʠʝ ʚ ʮʠʢʣʠʟʘʮʠʶ ʚʩʝʛʦ ʘʣʢʦʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʜʚʫʭʘʪʦʤʥʦʛʦ ʩʠʥʪʦʥʘ. 

 

ɺ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʟʦʪʦʧʦʤʝʯʝʥʳʭ ʩʦʝʜʠʥʝʥʠʡ PhCH18O ʠ CH3CD2OAlCl2. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʣʢʦʢʩʠʜʦʚ 2 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʠʩʣʝʥʠʝ EtAlCl2 ʚʦʟʜʫʭʦʤ 

ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʚʠʤʦʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ AlCl3 ʩ ʧʝʨʚʠʯʥʳʤ ʠʣʠ ʚʪʦʨʠʯʥʳʤ ʩʧʠʨʪʦʤ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ 

ʧʨʠʤʝʨr ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʛʠʜʨʦʧʠʨʘʥʦʚ 3. 
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ʅʆɺʓɽ ʆʈɻɸʅʀʏɽʉʂʀɽ ʃʖʄʀʅʆʌʆʈʓ ʅɸ ʆʉʅʆɺɽ 2,1,3-ɹɽʅɿʆʊʀɸɼʀɸɿʆʃɸ 
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e-mail: borshchev@ispm.ru 

 

ɹʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʠʭ ʟʘʥʠʤʘʶʪ ʨʘʟʣʠʯʥʳʝ ʣʶʤʠʥʦʬʦʨʳ. ʆʙʳʯʥʦ 

ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ. ʄʦʣʝʢʫʣʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ: ʜʠʩʧʣʝʝʚ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʩʚʝʪʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ 

ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʜʨ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʣʶʤʠʥʦʬʦʨʳ ʥʘ 

ʦʩʥʦʚʝ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ [1,2]. ʅʦʚʳʝ ʤʦʣʝʢʫʣ  r ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʟʦʚʘʥʠʷ ʉ-ʉ ʩʚʷʟʠ ʧʦ ʨʝʘʢʮʠʷʤ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʡ ʂʫʤʘʜʳ, ʉʫʟʫʢʠ, 

ʧʨʷʤʦʛʦ ʘʨʠʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʦʧʨʷʞʝʥʥʳʝ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʥʪʝʨʝʩ ʢ ʣʶʤʠʥʦʬʦʨʘʤ 

ʥʘ ʦʩʥʦʚʝ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ ʦʙʫʩʣʦʚʣʝʥ ʫʥʠʢʘʣʴʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ 

ʤʦʣʝʢʫʣ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠ̫, 

ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʪʦʥʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʰʝʡ ʟʘʧʦʣʥʝʥʥʦʡ ʠ 

ʥʠʟʰʝʡ ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʳʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ʇʦʵʪʦʤʫ ʚʳʷʚʠʪʴ ʚʘʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ, ʪʝʨʤʠʯʝʩʢʠʤʠ ʠ ʢʨʠʩʪʘʣʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʦʚʳʭ ʣʶʤʠʥʦʬʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʠ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʇʆʃʗʈʅʆʉʊʔ ʀ ʉʊʈʆɽʅʀɽ 1,2-ɼʀɻʀɼʈʆ-3ʅ-ʇʀʈʈʆʃ-3-ʆʅʆɺ, -ʊʀʆʅʆɺ ʀ  

-ʉɽʃʆʅʆɺ ɺ ʈɸʉʊɺʆʈɽ 

 

ɺʝʨʝʱʘʛʠʥʘ ʗ.ɸ.ʘ, ʂʫʟʥʝʮʦʚʘ ɸ.ɸ.ʘ, ʉʝʤʢʠʥʘ ɼ.ɼ.ʘ, ɺʦʣʢʦʚ ʇ.ɸ.ʙ, ɹʝʣʦʛʦʣʦʚʘ ɸ.ʄ.ʙ 

 
aʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʍʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ɸ.ʄ. ɹʫʪʣʝʨʦʚʘ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
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ʙʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤʝʥʠ ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ,  

ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ʉʝʣʝʥʦʚʳʝ ʘʥʘʣʦʛʠ ʢʝʪʦʥʦʚ, ʩʝʣʦʥʳ, ʦʩʪʘʶʪʩʷ ʨʝʜʢʠʤ ʩʝʤʝʡʩʪʚʦʤ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʩʚʷʟʴʶ 

C=Se. ʅʝʜʘʚʥʦ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʪʘʙʠʣʴʥʳʝ 1,2-ʜʠʛʠʜʨʦ-3H-ʧʠʨʨʦʣ-3-ʩʝʣʦʥʳ ʠ ʥʝʢʦʪʦʨʳʝ ʠʭ 

ʘʥʘʣʦʛʠ [1, 2], ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʵʣʝʢʪʨʦʥʥʫ  ʁʧʨʠʨʦʜʫ ʩʚʷʟʠ C=Se ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʫʧʨʘʚʣʷʶʱʠʝ ʝʝ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʷʨʥʦʩʪʴ (ʨʘʩʪʚʦʨʳ ʚ ʙʝʥʟʦʣʝ, 1,4-ʜʠʦʢʩʘʥʝ ʠʣʠ ʮʠʢʣʦʛʝʢʩʘʥʝ), ʠ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʪʨʦʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʬʝʥʠʣ-, ʬʫʨʠʣ- ʠ ʪʠʝʥʠʣʜʠʛʠʜʨʦʧʠʨʨʦʣʩʝʣʦʥʦʚ, -ʪʠʦʥʦʚ ʠ -ʢʝʪʦʥʦʚ 1-9 ʤʝʪʦʜʘʤʠ 

ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ (ɼʄ) ʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ (ʪʘʙʣ. 1). 

 

 
 

ʊʘʙʣʠʮʘ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ɛɻʢʩʧ), ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʚʝʢʪʦʨʥʦ-ʘʜʜʠʪʠʚʥʦʡ ʩʭʝʤʝ (ɛʚʳʯ),  

ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ɛʪʝʦʨ) ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʩʦʝʜʠʥʝʥʠʡ 1-9 (ɹʙʝʥʟʦʣ, *ɼʄ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʬʦʨʤʝʨʘ, 
1B3PW91/6-311++G(df,p), 2B3LYP/cc-pVTZ) 

 

ɛ, ɼ 1 2 3 4 5 6 7 8 9 

ɛɻʢʩʧ
ɹ 5.82 7.00 6.98 5.27 7.06 6.80 4.82 5.78 5.68 

ɛʚʳʯ*  5.19 5.54 5.05 3.88 4.29 3.81 3.95 4.19 3.85 

ɛʪʝʦʨ* 1 6.64 7.45 7.09 6.30 7.09 6.74 5.14 5.84 5.55 

ɛʪʝʦʨ* 2 6.75 6.98 6.87 6.19 6.33 6.24 5.02 5.06 5.02 

 

1,2,5-ʊʨʠʟʘʤʝʱʝʥʥʳʝ 1,2-ʜʠʛʠʜʨʦ-3ʅ-ʧʠʨʨʦʣ-3-ʩʝʣʦʥʳ 1-3 ʠ ʠʭ ʘʥʘʣʦʛʠ 4-9 ʦʙʣʘʜʘʶʪ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ. ɺʝʣʠʯʠʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. ɺ ʨʘʩʪʚʦʨʝ ʩʦʝʜʠʥʝʥʠʷ 1-9 ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʭʘʣʴʢʦʛʝʥʘ (ʩʚʷʟʴ ʉ=ʍ) ʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʧʠʨʨʦʣʘ. ɼʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʟʘʣʴʪʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʚʝʢʪʦʨʥʦʡ ʩʭʝʤʝ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ (ȹɛ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0.63 ɼ ʜʦ 2.99 ɼ), ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ, 

ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ, NBO ʘʥʘʣʠʟ) ʥʝʦʩʧʦʨʠʤʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʠʷ (ʩʚʷʟʴ 

ʉ=ʍ, ˊ-ʩʠʩʪʝʤʘ 3ʅ-ʧʠʨʨʦʣʘ, ʘʨʦʤʘʪʠʯʝʩʢʠʡ (ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ) ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 5). ɹʫʜʫʪ 

ʦʙʩʫʞʜʝʥʳ ʚʳʩʦʢʘʷ ʧʦʣʷʨʥʦʩʪʴ, ʪʦʥʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ 1-9. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. P. Volkov, S. Verkhoturova, K. Khrapova, S. Arbuzova, I. Bidusenko, A. Albanov, B. Trofimov Org. Lett., 2024, 26, 

7336. 

2. P. Volkov, K. Khrapova, A. Telezhkin, E. Vyi, A. Trofimov, I. Bidusenko, A. Albanov, A. Belogolova, B. Trofimov 

Org. Biomol. Chem., 2025, 23, 4702. 
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ʉʀʅʊɽɿ ʏɽʊɺɽʈʊʀʏʅʓʍ ɸʄʄʆʅʀɽɺʓʍ ʉʆʃɽʁ ʉ 1,3-ɼʀʆʂʉʆʃɸʅʆɺʓʄ ʌʈɸɻʄɽʅʊʆʄ 

 

ɺʦʡʥʦʚ ɺ.ɸ.,1 ɹʦʨʠʩʦʚʘ ʖ.ɻ.,1 ʈʘʩʢʠʣʴʜʠʥʘ ɻ. ɿ.1,2 
 

1ʌɻɹʆʋ ɺʆ ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʋʬʘ, 
2ɻɹʅʋ çɸʢʘʜʝʤʠʷ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥè, ʈʦʩʩʠʷ, ʋʬʘ, 

e-mail: viktorvoinovalex@mail.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʪʠʢʦʘʛʫʣʷʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʩʦʩʫʜʘʭ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʙʘʣʘʥʩʘ ʛʝʤʦʩʪʘʟʘ ʟʘ ʩʯʝʪ ʢʦʥʪʨʦʣʷ ʜʦʟʠʨʦʚʢʠ ʧʨʝʧʘʨʘʪʦʚ. ɸʥʪʠʢʦʘʛʫʣʷʥʪʳ ʠʛʨʘʶʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʩʚʝʨʪʳʚʘʥʠʝʤ ʠ ʨʘʟʞʠʞʝʥʠʝʤ ʢʨʦʚʠ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʠʩʢ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʢʪʠʚʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʮʝʩʩʘʤ ʛʝʤʦʩʪʘʟʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [2] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ N-ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʪʨʦʤʙʦʮʠʪʘʨʥʦʡ ʘʛʨʝʛʘʮʠʠ ʠ ʧʣʘʟʤʝʥʥʦʛʦ ʟʚʝʥʘ ʩʚʸʨʪʳʚʘʶʱʝʡ 

ʩʠʩʪʝʤʳ ʢʨʦʚʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʧʨʝʜʩʪʦʚʣʷʣʦ ʠʥʪʝʨʝʩ ʩʠʥʪʝʟʠʨʦʚʘʪʴ  ʯʝʪʚʝʨʪʠʯʥʫʶ ʘʤʤʦʥʠʝʚʫʶ ʩʦʣʴ 3 ʥʘ 

ʦʩʥʦʚʝ 2-(ʜʠʤʝʪʠʣʘʤʠʥʦ)-ʵʪʠʣ ʙʝʥʟʦʘʪʘ 1 ʠ 2-ʙʨʦʤʵʪʠʣ-1,3-ʜʠʦʢʩʦʣʘʥʘ 2 ʠ ʦʮʝʥʠʪʴ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʘʛʨʝʛʘʮʠʶ 

ʪʨʦʤʙʦʮʠʪʦʚ. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 3 ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʘʛʨʝʛʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (-15,3 (13,9-16,4)), 

ʧʨʝʚʳʰʘʶʱʫʶ ʟʥʘʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (-13,7 (10,8-16,4)). ʂʨʦʤʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʝ 3 

ʧʨʦʣʦʥʛʠʨʫʝʪ ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ (+11,2 (10,4-12,5)), ʫʜʣʠʥʷʷ ʨʝʘʢʮʠʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʪʨʦʤʙʦʮʠʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (-2,1).  

 

ʃʠʪʝʨʘʪʫʨʘ 

1 ɺ. ɸ. ʇʘʥʢʨʘʪʦʚ, ʆ. ɸ. ʉʜʦʙʥʠʢʦʚʘ, ʅ. ʉ. ʐʤʘʢʦʚʘ ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, 2013, 56, ˉ 12, 

101-105. 

2 ʀ. ʂ. ʂʫʢʫʰʢʠʥ, ɽ. ɺ. ɺʝʣʠʢʘʥʦʚʘ, ɺ. ɸ. ɿʣʦʙʠʥ ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, 2010, 53, ̄  8, 141-

143. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦʤʝʨ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ FEUR ð 2025-0001 çʅʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʜʦʙʘʚʢʠ ʠ 

ʤʘʪʝʨʠʘʣʳè. 
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ʉʀʅʊɽɿ ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ɿɸʄɽʑɽʅʅʓʍ 

ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ɻɽʊɽʈʆʎʀʂʃʆɺ ï ɹɽʅɿʆʊʈʀɸɿʆʃɸ ʀ ɹɽʅɿʀʄʀɼɸɿʆʃɸ 

 

ɺʦʨʦʙʴʝʚ ʉ.ɺ., ɹʝʨʝʟʠʥ ʃ.ʖ., ʂʦʰʝʣʝʚ ɺ.ʅ. 

 

ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, 

ʬʘʢʫʣʴʪʝʪ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ, 

ʢʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʭʠʤʠʠ ʥʝʬʪʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: vorstepan@yandex.ru 

 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʚʠʛʘʶʪ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʤʘʪʝʨʠʘʣʦʚ: ʩʘʤʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʪʦʧʣʠʚ ʠ ʩʤʘʟʳʚʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʪʦʨʦʡ ʟʘʜʘʯʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠʩʘʜʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʯ ʟʘʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ. ɸʢʪʫʘʣʴʥʳʤʠ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʧʨʠʩʘʜʢʠ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʚʤʝʱʘʶʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʬʨʘʛʤʝʥʪʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ 

ʨʘʟʥʳʭ ʵʬʬʝʢʪʦʚ: ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ, ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʛʦ, ʜʝʧʨʝʩʩʦʨʥʦʛʦ, ʠ ʜʨʫʛʠʭ [1, 2]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʬʝʥʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʘʣʢʠʣʬʝʥʦʣʦʚ (ʢʩʠʣʝʥʦʣʦʚ, ʪʠʤʦʣʘ, 2,4- ʠ 2,6-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣʦʚ), ʠ ʤʥʦʛʦʘʪʦʤʥʳʭ ʬʝʥʦʣʦʚ (ʨʝʟʦʨʮʠʥʘ, ʧʠʨʦʢʘʪʝʭʠʥʘ, ʧʠʨʦʛʘʣʣʦʣʘ) ʩ ʟʘʤʝʱʝʥʥʳʤʠ 

ʙʝʥʟʠʤʠʜʘʟʦʣʘʤʠ ʠ ʙʝʥʟʦʪʨʠʘʟʦʣʘʤʠ, ʢʦʪʦʨʝr, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʝʡ ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ [3]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʣʫʯʝʥʦ ʜʚʘ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʤʝʪʠʣʦʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʁɦ ʠʭ 

ʬʝʥʦʣʦʚ, ʜʨʫʛʦʡ ï ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʙʨʦʤʤʝʪʠʣ)ʛʠʜʨʦʢʩʠʬʝʥʠʣʢʝʪʦʥʘʤʠ [4]: 
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ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʗʄʈ-1ʅ ʠ ʗʄʈ-13ʉ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʮʝʣʝʚrʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ (ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣ, ʵʥʝʨʛʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʆ-ʅ ʚ ʬʝʥʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ, ʵʥʝʨʛʠʠ ʛʨʘʥʠʯʥʳʭ 

ʦʨʙʠʪʘʣʝʡ), ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʣʘʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʧʨʦʷʚʣʝʥʠʷ ʚʳʩʦʢʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ. 
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ʀʟʫʯʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʠʰʝʥʴ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʢʘʢ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʟʫʯʝʥʠʝ ʪʦʥʢʠʭ ʘʩʧʝʢʪʦʚ ʩʪʨʦʝʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʠʭ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʜʠʟʘʡʥʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʦʤ ʥʘ çʩʙʦʨʢʝè ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʢʦʨʨʝʢʪʠʨʫʷ ʠʭ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʩʚʦʡʩʪʚ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʊʘʢ, ʤʝʪʦʜʘʤʠ ʈʉɸ ʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʪʨʦʝʥʠʝ ʨʷʜʘ 3-ʘʨʠʣʠʜʝʥ-1-ʧʠʨʨʦʣʠʥʦʚ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʚ ʚʠʜʝ ʩʦʣʝʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʥʠʦʥʘʤʠ ʠ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʤʝʜʠ (II), ʮʠʥʢʘ, ʢʦʙʘʣʴʪʘ ʠ ʪ.ʜ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʧʠʨʨʦʣʠʥʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʠ ʝʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʘʪʦʤ ʘʟʦʪʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ, ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʮʝʥʪʨʦʤ 

ʚʦʜʦʨʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʚʝʯʘʶɦʠʭ ʟʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʩʦʣʝʡ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʠʜʠʥʘ ʠ ʧʠʨʠʤʠʜʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʠʤʦʨʬʥʳʭ ʬʦʨʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʜʚʠʞʥʦʩʪʴʶ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʠʨʘʤʠʜʘʣʠʟʘʮʠʷ ʘʪʦʤʘ 

ʘʟʦʪʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ. 
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2-(2-ʆʂʉʆʕʊʀʃʀɼɽʅ)ʊʀɸɿʆʃʆ[3,2-A]ʇʀʈʀʄʀɼʀʅʓ ʂɸʂ ʂʃʖʏɽɺʓɽ ʉʀʅʊʆʅʓ ɼʃʗ 

ʉɽʃɽʂʊʀɺʅʆɻʆ ʉʀʅʊɽɿɸ ʇʆʃʀʎʀʂʃʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ɻʘʙʠʪʦʚʘ ʕ.ʈ.ʘ,ʙ, ɸʛʘʨʢʦʚ ɸ.ʉ.ʘ, ʅʝʬʝʜʦʚʘ ɸ.ɸ.ʘ, ʂʦʞʠʭʦʚ ɸ.ɸ.ʘ, ʄʘʠʣʷʥ ʄ.ɻ.ʙ,  

ʌʨʘʥʮʫʟʦʚʘ ʃ.ɺ.ʘ, ʃʦʜʦʯʥʠʢʦʚʘ ʆ.ɸ.ʘ, ʃʠʪʚʠʥʦʚ ʀ.ɸ.ʘ, ʉʦʣʦʚʴʝʚʘ ʉ.ɽ.ʘ, ɸʥʪʠʧʠʥ ʀ.ʉ.ʙ 

 
aʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ,  

ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
ʙʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʂʘʟʘʥʩʢʠʡ 

(ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ", ʂʘʟʘʥʴ, ʈʦʩʩʠ ̫

e-mail: elina81100@gmail.com  

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠ̫ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʦʠʟʚʦʜʥʳʝ ʪʠʘʟʦʣʦ[3,2-

a]ʧʠʨʠʤʠʜʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ [1]. ʅʘʣʠʯʠʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ [3+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʜʠʧʦʣʷʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʘʟʦʤʝʪʠʥʠʣʠʜʳ [2,3]. ʕʪʠ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʩʣʦʞʥʳʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʪʝʨʝʦʭʠʤʠʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ 2-(2-ʦʢʩʦʵʪʠʣʠʜʝʥ)ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥ-6-

ʢʘʨʙʦʢʩʠʣʘʪʦʚ. ʅʦʚʳʤ ʠ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʠʭ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʚ ʨʝʘʢʮʠʠ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʟʦʤʝʪʠʥʠʣʠʜʘʤʠ, ʛʝʥʝʨʠʨʫʝʤʳʤʠ in situ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʠʢʣʦʘʜʜʫʢʪʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʨʝʦʭʠʤʠʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʘʥʪʠ-ʵʥʜʦ-ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. (ʉʭʝʤʘ 1).  

 
ʉʭʝʤʘ 1.  
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ʇɽʈɺʀʏʅʓɽ ʌʆʊʆʌʀɿʀʏɽʉʂʀɽ ʀ ʌʆʊʆʍʀʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ɼʃʗ 

ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ ɸɿɸ[5]ɻɽʃʀʎɽʅʆɺ ʌʋʈʆʍʀʅʆʃʀʅʆɺʆɻʆ ʈʗɼɸ 

 

ɻʣʝʙʦʚ ɽ.ʄ.ʘ, ʊʘʤʦʞʥʠʢʦʚʘ ɺ.ʉ.ʘ, ɻʨʠʚʠʥ ɺ.ʇ.ʘ, ʇʦʟʜʥʷʢʦʚ ʀ.ʇ.ʘ,  
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ʌʝʥʘʥʪʨʝʥʳ ʠ ʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʭʦʨʦʰʠʤ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (ʚʳʩʦʢʠʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʨʝʜʝ ʨʘʩʪʚʦʨʠʪʝʣ̫ ). ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʥʘʥʪʨʠʜʠʥʦʚʦʛʦ ʷʜʨʘ 

ʧʦʜʜʘʶʪʩʷ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʬʝʥʘʥʪʨʠʜʠʥʦʚʦʛʦ 

ʢʘʨʢʘʩʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʟʘʛʝʣʠʮʝʥʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʟʘ[5]ʛʝʣʠʮʝʥʦʚ 

(ʈʠʩ. 1). ʆʧʨʝʜʝʣʝʥʳ ʢʚʘʥʪʦʚʳʝ ʚʳʭʣʦʜʳ ʠ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [1]. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʩʚʝʨʭʙʳʩʪʨʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ çʪʝʤʥʦʛʦè (ʥʝʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ) 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ~ 200 ʧʩ; ʦʙʩʫʞʜʘʝʪʩʷ ʝʛʦ ʧʨʠʨʦʜʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ʌʣʫʦʨʝʩʮʝʥʪʥʳʝ ʘʟʘ[5]ʛʝʣʠʮʝʥʳ. 

 

ʉʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʁʪ ʚʳʩʦʢʦʡ ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʧʦʣʷʨʥʳʭ ʠ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʦʜʥʘʢʦ 

ʩʧʦʩʦʙʥʳ ʢ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤʫ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʬʦʨʤʳ ʚ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʄʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ [2]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʚʠʯʥʳʤ ʬʦʪʦʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʘʟʘʛʝʣʠʮʝʥʘ ʥʘ ʤʦʣʝʢʫʣʫ ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʨʳʚʦʤ ʧʨʦʪʦʥʘ ʦʪ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. V.S. Tamozhnikova, V.V. Semionova, V.P. Grivin, E.M. Glebov, R.Yu. Balakhonov, I.S. Mekeda, V.Z. Shirinian. 

High Energy Chem., 2023, 57, S473. 

2. V.S. Tamozhnikova, V.P. Grivin, Yu.P. Tsentalovich, R.Yu. Balakhonov, I.S. Mekeda, V.Z. Shirinian, E.M. Glebov. 

J. Photochem. Photobiol. A: Chem., 2025, 459, 116106.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 23-13-00226).  

mailto:glebov@kinetics.nsc.ru


ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

75 
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ʇʦʣʠ(ʘʨʠʣʝʥʵʪʠʥʠʣʝʥʳ) ʢʘʢ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʧʦʣʠʤʝʨʳ ʧʨʠʚʣʝʢʘʶʪ ʰʠʨʦʢʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʙʠʦʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʢʘʯʝʩʪʚʝ ʭʝʤʦʩʝʥʩʦʨʦʚ [1,2]. -́ʂʦʥʲʶʛʘʮʠ ̫ʚʜʦʣʴ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʧʦʟʚʦʣʷʷ ʣʝʛʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʘ ʠʭ ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʫʩʠʣʝʥʥʳʤ ʛʘʰʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʩʝʡ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ. ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʘʥʘʣʠʪʘʤ ʚ ʧʦʣʠ(ʘʨʠʣʝʥʵʪʠʥʠʣʝʥʘʭ) ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ, 

ʠʟʤʝʥʷʷ ʞʝʩʪʢʠʝ ʵʣʝʤʝʥʪʳ ʩʦʧʨʷʞʝʥʠʷ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ ʮʝʧʝʡ ʠʣʠ ʤʦʜʠʬʠʮʠʨʫʷ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʙʦʢʦʚʳʭ ʮʝʧʷʭ, 

ʥʝ ʥʘʨʫʰʘʷ ʮʝʧʠ ʩʦʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, 4,5-ʜʠʵʪʠʥʠʣʪʨʠʘʟʦʣʳ ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [3], 

ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ ʙʫʜʫʪ 

ʚʳʩʪʫʧʘʪʴ 1,2,3-ʪʨʠʘʟʦʣ,r ʠ ʠʭ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠ ̫ʥʦʚʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʘʨʴʠʨʫʝʤʳʤʠ ʩʝʥʩʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʠʦʠʤʠʜʞʠʥʛʘ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʦʣʠʛʦ(ʘʨʠʣʝʥʵʪʠʥʠʣʝʥʦʚ) ʥʘ ʦʩʥʦʚʝ 1,2,3-

ʪʨʠʘʟʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʠ ʧʦ ʉʦʥʦʛʘʰʠʨʝ ʢʘʢ 

ʤʝʪʦʜ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʫ 4,5-ʜʠʵʪʠʥʠʣʪʨʠʘʟʦʣʘʤʠ ʠ 1,4-ʜʠʠʦʜ-2,5-ʜʠʘʣʢʦʢʩʠʙʝʥʟʦʣʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʧʝʡʩʝʨʘ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʜʠʵʪʠʥʠʣʪʨʠʘʟʦʣʘ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʛʨʝʛʘʮʠʶ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʊʘʢʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ. 

  

ʃʠʪʝʨʘʪʫʨʘ 

1. W.J. Mullin , P. M¿ller, A.J. Schaefer, E. Guzman, S.E. Wheeler, S.W. Thomas. J. Mater. Chem. C 2022, 10, 11199/ 

2. M. Vintu, G. Unnikrishnan, E. Shiju, K. Chandrasekharan. J. Appl. Polym. Sci. 2019, 136, 46940. 

3. A.I. Govdi, P.V. Tokareva, A.M. Rumyantsev, M.S. Panov, J. Stellmacher, U. Alexiev, N.A. Danilkina, I.A. Balova. 

Molecules 2022, 27, 3191 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ʧʨʦʝʢʪ 

ˉ 075-15-2024-553). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʅʘʫʯʥʦʛʦ 

ʧʘʨʢʘ ʉʇʙɻʋ: çʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷè, çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè ʠ 

çʆʧʪʠʯʝʩʢʠʝ ʠ ʣʘʟʝʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘè. 
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ʆɼʅʆʈɽɸʂʊʆʈʅʓʁ ʉʀʅʊɽɿ N-ʆʂʀʉɽʁ ʍʀʅɸɿʆʃʀʅʆɺ ʇʋʊɽʄ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆɻʆ 

ɸʎʀʃʀʈʆɺɸʅʀʗ, ɸʄʀʅʀʈʆɺɸʅʀʗ ʀ ɸʎɽʊʆɸʄʀʅʀʈʆɺɸʅʀʗ ɸʈɽʅʆɺ ɺ 

ʇʆʃʀʌʆʉʌʆʈʅʆʁ ʂʀʉʃʆʊɽ 

 

ɻʨʠʰʠʥ ʀ.ʖ., ɸʢʩʝʥʦʚ ɼ.ɸ., ɻʨʠʰʠʥ ʖ.ʀ., ɼʞʠʦʝʚʘ ʈ.ɻ.,  

ɸʢʩʝʥʦʚ ʅ.ɸ., ɸʢʩʝʥʦʚ ɸ.ɺ. 

 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

355017 ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ 1, 

e-mail: igrishin@ncfu.ru 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʠʥʪʝʟʝ N-ʦʢʩʠʜʦʚ, ʭʠʥʘʟʦʣʠʥ 3-ʦʢʩʠʜʳ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʨʝʩ ʢ ʢʦʪʦʨʳʤ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ 2,4-

ʜʠʘʣʢʠʣʭʠʥʘʟʦʣʠʥ-3-ʦʢʩʠʜʦʚ 6 ʠʟ ʘʨʝʥʦʚ [1], ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʘʮʝʪʘʤʠʜʠʨʦʚʘʥʠʠ ʘʨʝʥʦʚ 1 ʧʝʨʚʠʯʥʳʤʠ 

ʥʠʪʨʦʘʣʢʘʥʘʤʠ 2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʣʠʜʦʚ 3, ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʠʪʨʦʵʪʘʥʦʤ ʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʢʩʠʤr  5, ʩʧʦʩʦʙʥʳʝ ʢ 6-ʵʢʟʦ-ʪʨʠʛ-ʮʠʢʣʠʟʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ɼʘʣʝʝ ʥʘʤ 

ʧʨʝʜʩʪʘʚʠʣʦʩʴ ʠʥʪʝʨʝʩʥʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʩʙʦʨʢʫ ʭʠʥʘʟʦʣʠʥ-3-ʦʢʩʠʜʦʚ 6 ʚ ʩʨʝʜʝ ʇʌʂ ʠʟ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ 

ʘʨʝʥʦʚ 1 ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʮʠʣʠʨʦʚʘʥʠʷ ʠʭ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 7 ʠ ʧʝʨʝʚʦʜʦʤ ʧʦʣʫʯʝʥʥʳʭ 

ʢʝʪʦʥʦʚ 8 ʚ ʞʝʣʘʝʤʳʝ ʘʥʠʣʠʜʳ 3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʘ ʟʘʪʝʤ ï ʦʙʨʘʙʦʪʢʦʡ ʥʠʪʨʦʵʪʘʥʦʤ ʠ 

ʮʠʢʣʠʟʘʮʠʝʡ.  

 
 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʮʠʣʠʨʦʚʘʥʠʝ ʚ ʇʌʂ ʛʣʘʜʢʦ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʠʩʣʦʪʘʤʠ. ʇʨʝʚʨʘʱʝʥʠʝ ʢʝʪʦʥʦʚ 8 ʚ ʘʥʠʣʠʜʳ 3 ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʇʌʂ 75%, 

ʦʙʝʩʧʝʯʠʚʘ ̫ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʥʠʣʠʜ 3/ʘʤʠʜ 4. ɺʳʭʦʜ N-ʦʢʩʠʜʦʚ 6 ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ one-pot 

ʧʨʦʪʦʢʦʣʫ ʩʦʩʪʘʚʠʣ 20-60%. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. I.Yu. Grishin, D.A. Aksenov, N.A.Aksenov, Yu.I.Grishin, A.V.Leontiev, A.V.Aksenov Tetrahedron, 2025, 177, 

134589.  

 

 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ FSRN-2023-0005). 
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ʇʆʃʋʏɽʅʀɽ ʍʈʆʄʊʈʀʂɸʈɹʆʅʀʃʔʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ɸɿʆʊ- ʀ 

ʂʀʉʃʆʈʆɼʉʆɼɽʈɾɸʑʀʍ ɻɽʊɽʈʆʎʀʂʃʆɺ 

 

ɻʨʠʰʠʥʘ ʅ.ʖ., ʉʘʟʦʥʦʚʘ ɽ.ɺ., ʋʰʘʢʦʚʘ ʇ.ʉ., ɻʨʠʰʠʥ ɸ.ɺ. 

 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ. 

e-mail: zarovkinan@mail.ru 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1 N,N-, N,O- ʠ O,O-ʩʦʜʝʨʞʘʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ 1,3-ʙʝʥʟʦʜʠʦʢʩʦʣʦʚ, 1,3-ʙʝʥʟʦʜʠʦʢʩʘʥʦʚ, ʛʠʜʨʦʭʠʥʦʢʩʘʣʠʥʦʚ, 1,3- ʠ 1,4-ʙʝʥʟʦʢʩʘʟʠʥʦʚ, 

ʚ ʨʝʘʢʮʠʠ ʩ ʪʨʠʘʤʤʠʥʭʨʦʤʪʨʠʢʘʨʙʦʥʠʣʦʤ (Cr(NH3)3(CO)3) ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  (ɖ6-

ʘʨʝʥ)ʭʨʦʤʪʠʢʘʨʙʦʥʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʠʭ ʯʠʩʪʦʪʘ ʠ ʩʪʨʦʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʋʌ-, ʀʂ-, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩ. 

2). ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʨʝʥʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ ʥʘ ʨʝʛʠʦ- ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʩʤʝʩʠ ʠʟʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʫʜʘʣʦʩʴ 

ʨʘʟʜʝʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

 

  

 

 

 

  

 

 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʠʩʭʦʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. 

 

 

  
 

ʈʠʩ.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʢʦʪʦʨʭr ʮʝʣʝʚʳʭ (ɖ6-ʘʨʝʥ)ʭʨʦʤʪʠʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʣʠʜʝʨʩʪʚʘ 

çʇʨʠʦʨʠʪʝʪ ֒ 2030è. 
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ʉʀʅʊɽɿ ʅʆɺʆɻʆ ʂʈɽʄʅʀʁʆʈɻɸʅʀʏɽʉʂʆɻʆ ʊɽʊʈɸʄɽʈɸ, ʉʆɼɽʈɾɸʑɽɻʆ 

ʅɽʉʀʄʄɽʊʈʀʏʅʓɽ 2,7-ɼʀɸʃʂʀʃɿɸʄɽʑɽʅʅʓɽ ʇʈʆʀɿɺʆɼʅʓɽ 

ɹɽʅɿʆ[b]ɹɽʅɿʆ[4,5]ʊʀɽʅʆ[2,3-d]ʊʀʆʌɽʅɸ 

 

ɻʫʜʢʦʚʘ ʀ.ʆ., ɹʦʨʱʝʚ ʆ.ɺ., ʇʦʥʦʤʘʨʝʥʢʦ ʉ.ɸ. 

 

ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ.  

ɽʥʠʢʦʣʦʧʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: i.gudkova@ispm.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ (Oʇʊ) ʠ ʨʘʟʣʠʯʥʳʝ ʩʝʥʩʦʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ 

[1, 2]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ 

ʙʝʥʟʦ[b]ʙʝʥʟʦ[4,5]ʪʠʝʥʦ[2,3-d]ʪʠʦʬʝʥʘ (BTBT), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʚʳʩʦʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʪʝʪʨʘʢʠʩ(3-(1,1,3,3-

ʪʝʪʨʘʤʝʪʠʣ-3-(6-(7-ʦʢʪʠʣʙʝʥʟʦ[b]ʙʝʥʟʦ[4,5]ʪʠʝʥʦ[2,3-d]ʪʠʦʬʝʥ-2-ʠʣ)ʛʝʢʩʠʣ)ʜʠʩʠʣʦʢʩʘʥʝʠʣ)ʧʨʦʧʠʣ)ʩʠʣʘʥʘ 8.  

 

(ʉʭʝʤʘ 1). 

 
 

i ï ʦʢʪʘʥʦʠʣʭʣʦʨʠʜ, AlCl3, CH2Cl2, -70 ; ii  ï LiAlH4, AlCl3, CH2Cl2, Et2O, 36 ; iii  ï5,6-ʜʠʙʨʦʤʛʝʢʩʘʥʦʠʣʭʣʦʨʠʜ, 

AlCl3, CH2Cl2, -40 ; iv ï Zn, AcOH, mw; v ï TMDS, ʢʘʪʘʣʠʟʘʪʦʨ ʂʘʨʩʪʝʜʪʘ, ʪʦʣʫʦʣ, 70 ; vi ï 

ʪʝʪʨʘʘʣʣʠʣʩʠʣʘʥ, ʢʘʪʘʣʠʟʘʪʦʨ ʂʘʨʩʪʝʜʪʘ, ʪʦʣʫʦʣ, 70 

 

ʉʭʝʤʘ 1. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 8. 

 

ʉʠʥʪʝʟ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʘʮʠʣʠʨʦʚʘʥʠʷ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʝʪʦʛʨʫʧʧʳ [4]. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʘʢʮʠʷ ʩʥʷʪʠʷ 

ʙʨʦʤʥʦʡ ʟʘʱʠʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʮʝʚʳʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ʇʦʣʫʯʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 7 ʠ 8 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʂʘʨʩʪʝʜʪʘ [5]. ʅʠʟʢʠʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʥʘ ʧʦʩʣʝʜʥʝʡ 

ʩʪʘʜʠʠ ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʠʟ ʤʦʥʦ-, ʜʠ, ʪʨʠ- ʠ ʪʝʪʨʘʤʝʨʦʚ, ʥʝ ʩʤʦʪʨʷ ʥʘ 5-ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ 

ʩʦʝʜʠʥʝʥʠʷ 7, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ɻʇʍ-ʘʥʘʣʠʟʘ. ʉʪʨʫʢʪʫʨʳ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ 1H- ʠ13C-ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʘʥʥʳʤʠ ɻʇʍ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. S. Ma, H. Zhang, K. Feng et al. Chem. Eur. J. 2022, 28, e202200222. 

2. Y. Wang, J. Zhang, S. Zhang et al. Polym. Int. 2021, 70, 414ð425. 

3. Y.S. Chaeyoung, D. Ho, W. Chae et al. Synth. Met. 2022, 285, 117022. 

4. ʀ.ʆ. ɻʫʜʢʦʚʘ, ɽ.ɸ. ʉʦʨʦʢʠʥʘ, ɽ.ɸ. ɿʘʙʦʨʠʥ ʠ ʜʨ. ɾʆʨʍ, 2024, 60, 13-25. 

5. O.V. Borshchev, A.S. Sizov, E.V. Agina et al. Chem. Commun. 2017, 53, 885-888. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 19-73-30028). 
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ʄɽʊɸʃʃʆʂʆʄʇʃɽʂʉʅʓʁ ʂɸʊɸʃʀɿ ɺ ʉʀʅʊɽɿɽ ʌʃʋʆʈɽʉʎɽʅʊʅʓʍ ɼɽʊɽʂʊʆʈʆɺ ʀ 

ʌʆʊʆɼɽʊɽʂʊʆʈʆɺ 

 

ɻʫʩʝʚ ɼ.ʀ.ʘ,ʙ, ʇʘʥʯʝʥʢʦ ʇ.ɸ. ʙ, ɸʚʝʨʠʥ ɸ.ɼ. ʘ, ɹʝʣʝʮʢʘʷ ʀ.ʇ. ʘ 

 
a ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙ ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠ ̫

e-mail: danya.gusev@gmail.com 

 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʘʥʘʣʠʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʘʥʠʦʥʳ, 

ʧʦʣʷʨʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣ.r ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʠʩʧʫʩʢʘʥʠʷ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʘʣʦʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʴʰʝ 600 

ʥʤ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʨʝʜʩʪʚʦʤ Pd ʠ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ 3 ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ: ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠ 

ʤʘʢʨʦʙʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 1,5- ʠ 1,8- ʜʠʘʤʠʥʦʘʥʪʨʘʮʝʥʘ, N,Nǋ,Nǋǋ-

ʪʨʠ(ʛʝʪʝʨʦ)ʘʨʠʣʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʩ(3-ʘʤʠʥʦʧʨʦʧʠʣ)ʘʤʠʥʘ (TRPN), ʘ ʪʘʢʞʝ ʤʘʢʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʪʝʪʨʘʘʤʠʥʘ. ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʪʨʘʮʝʥʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʢʘʪʠʦʥʦʚ Cu2+, ʘ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ TRPN ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʘʪʠʦʥʦʚ Al 3+, Ga3+, Zn2+, Ag+. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʦʩʥʦʚʝ 1,5-ʜʠʘʤʠʥʦ- ʠ 1,4,5,8-ʪʝʪʨʘʘʤʠʥʦʘʥʪʨʘʭʠʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ N-

ʘʣʢʠʣʥʘʬʪʘʣʠʤʠʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 600 

ʠ 800 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʵʢʩʪʠʥʢʮʠʠ ʥʘ ʵʪʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʣɹʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʝʱʝ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʛʣʦʱʝʥʠʷ. 
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ɼʝʛʪʷʨʝʚ ɼ.ɼ., ʌʝʨʰʪʘʪ ʃ.ʃ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ.ɿʝʣʠʥʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: holydanke@gmail.com 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʠ ʚʝʱʝʩʪʚ ʩ 

ʧʨʦʜʚʠʥʫʪʳʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʠ ʩʦʟʜʘʥʠʷ 

ʩʪʨʫʢʪʫʨ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙ ʠʭ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ 

ʧʨʠʜʘʶʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩ ʫʣʫʯʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʧʨʦʬʠʣʝʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʠʥʪʝʟʫ [5,6]-

ʙʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʟʘʧʫʨʠʥʦʚʦʛʦ ([1,2,3]ʪʨʠʘʟʦʣʦ[4,5-d]ʧʠʨʠʤʠʜʠʥ), ʠ 

ʧʠʨʠʤʠʜʦʬʫʨʦʢʩʘʥʦʚʦʛʦ ([1,2,5]ʦʢʩʘʜʠʘʟʦʣʦ[3,4-d]ʧʠʨʠʤʠʜʠʥ N-ʦʢʩʠʜ) ʢʘʨʢʘʩʦʚ, ʨʘʥʝʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ɺ ʭʦʜʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 

ʧʠʨʠʤʠʜʦʬʫʨʦʢʩʘʥʦʚʦʛʦ ʨʷʜʘ 4a-d ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ 

ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʭʝʤʘ 1).  

 
ʉʭʝʤʘ 1. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 4a-d. 

 

ɺ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ [1,2,3]ʪʨʠʘʟʦʣʦ[4,5-d]ʧʠʨʠʤʠʜʠʥʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʦʩʥʦʚʥʳʭ ʧʨʦʢʫʨʦʨʦʚ 6a-c ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ 7a-c ʩ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚʦ ʚʪʦʨʦʤ ʧʦʣʦʞʝʥʠʠ 1,2,3-ʪʨʠʘʟʦʣʴʥʦʛʦ 

ʮʠʢʣʘ (ʩʭʝʤʘ 2).  

 
ʉʭʝʤʘ 2. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 6a-c. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ23-43-00090).  
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ʅɸ ʆʉʅʆɺɽ 1,2,5-ʆʂʉɸɼʀɸɿʆʃʆɺ 

 

ɼʝʣʴʮʦʚ ʀ.ɼ., ʌʝʨʰʪʘʪ ʃ.ʃ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ (ʀʆʍ ʈɸʅ),  

119991 ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 47 

e-mail: deltsovilia@ioc.ac.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʨʫʛʠʝ ʵʢʧʣʦʟʦʬʦʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ.  [1, 2].  

ʕʥʝʨʛʦʝʤʢʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʥʠʪʨʦʬʝʥʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, 

ʯʪʦ ʜʝʣʘʝʪ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʵʥʝʨʛʦʝʤʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʭʦʜʷ ʠʟ 1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ- ʘʤʠʜʦʢʩʠʤʦʚ ʠ ʘʤʠʜʨʘʟʦʥʦʚ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

1,2,4-ʦʢʩʘʜʠʘʟʦʣʠʣ- ʠ 1,2,4-ʪʨʠʘʟʦʣʠʣ-1,2,5-ʦʢʩʘʜʠʘʟʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ 4-ʘʤʠʥʦ-3,5-ʜʠʥʠʪʨʦʬʝʥʠʣʴʥʳʝ ʠ 3,4,5-

ʪʨʠʥʠʪʨʦʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʨʝʥʠʶ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʵʥʪʘʣʴʧʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 
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2. Larin A., Shaferov A., Kulikov A. , Pivkina A., Monogarov K., Dmitrienko A., Ananyev I., Khakimov D., Fershtat 

L., Makhova N. Chem. - Eur. J., 2021, 27 (59), 14628. 

3. Deltsov I., Vinogradov D., Monogarov K., Fershtat L. J. Org. Chem. 2025, 90 (1), 733. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 19-73-20074-ʇ).  
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ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʇʝʨʤʴ, ʈʦʩʩʠʷ. 

e-mail: denisov.m@itcras.ru  

 

ʈʘʥʝʝ ʥʘʤʠ ʦʧʫʙʣʠʢʦʚʘʥ ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʩʠʥʪʝʟ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 1ï5 [1], ʘʥʘʣʠʟ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʢʘʟʘʣʩʷ ʦʛʨʘʥʠʯʝʥ ʚʚʠʜʫ ʠʭ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʦʮʝʥʢʝ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʤʝʪʦʜʘʤʠ ADME ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ɚmax: 273 ʠ 314 ʥʤ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ logP ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 5 ʩʦʩʪʘʚʣʷʝʪ Ó7 ʠʣʠ >3.   

ɺʤʝʩʪʝ ʩ ʪʝʤ,  ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʢ ʪʠʨʦʟʠʥʢʠʥʘʟʥʦʤʫ ʩʘʡʪʫ ʨʝʮʝʧʪʦʨʘ VEGFR-2 [2] ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Schrºdinger ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʝʧʘʨʘʪʦʤ ʧʘʟʦʧʘʥʠʙ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ 

ʣʝʯʝʥʠʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʢʘ ʧʦʯʢʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 1ï5 ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʪʝʣʴ ʜʦʢʠʥʛʘ ʚʝʱʝʩʪʚʘ 5 ʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ (Lys868, Glu885, Cys1045-Phe1047) ʪʠʨʦʟʠʥʢʠʥʘʟʳ ʩʦʩʪʘʚʠʣ -4.823 (ʞʝʩʪʢʘʷ ʤʦʜʝʣʴ 

ʙʝʣʢʘ, Glide) ʠ  -8.690 (ʛʠʙʢʘʷ, Induced Fit Docking).  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠ̫  ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

N
HO

CuCl2 1 ʢɻʚ

N NH2

MW

1300C, 20ʤʠʥ

N

N

O

X

N

N

R

1: X:=CH2; 2: X:= C=O 3: R:= CO2CH3 ; 4: R:= CH2OH ;
5: R:= CH2OCOC6H5  

 

ɺʝʱʝʩʪʚʦ 
Docking score logP 

ʞʝʩʪʢʠʡ ʛʠʙʢʠʡ ʵʢʩʧ. ADME 

1 -3.034 ʅ.ʦ. >3 7.27 

2 -4.023 ʅ.ʦ. ʅ.ʦ. 6.97 

3 -4.612 ʅ.ʦ. ʅ.ʦ. 7.39 

4 -4.454 ʅ.ʦ. ʅ.ʦ. 7.22 

5 -4.823 -8.690 >3 8.76 

ʇʘʟʦʧʘʥʠʙ -7.916 -13.136 3.1 3.33 

ʅ.ʦ. ï ʥʝ ʦʧʨʝʜʝʣʷʣʠ. 

 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. M. S. Denisov, Yu. ɸ. Beloglazova, V. ɸ. Glushkov Chemistry of Heterocyclic Compounds, 2022, 58, 319. 

2. W. Sun, Sh. Hu, Sh. Fang, H. Yan Bioorganic Chemistry, 2018, 78, 393. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 124021400012-1.  
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ʂʆʅʂʋʈʀʈʋʖʑʀɽ ʈɽɸʂʎʀʀ ɸʃʂʀʃʀʈʆɺɸʅʀʗ ɺ ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʓʍ ʉʀʅʊɽɿɸʍ 

ʇʈʆʀɿɺʆɼʅʓʍ ʇʀʈʀɼʀʅɸ 

 

ɼʷʯʝʥʢʦ ʀ.ɺ. 

 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʃʫʛʘʥʩʢ, ʈʦʩʩʠʷ. 

e-mail: ivladya87@mail.ru 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʥʜʝʥʩʘʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ [1-8]. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʸʪʦʤ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʮʝʥʪʨʦʚ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Chem. Heterocycl. 

Compd., 2020, 56, 1579. 

2. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. Chem. Bull., 

2021, 70, 949. 

3. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. J. Org. Chem., 

2021, 57, 1824. 

4. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. J. Org. Chem., 

2022, 58, 657. 

5. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. J. Gen. Chem., 

2023, 93, S61. 

6. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. J. Org. Chem., 

2024, 60, 588. 

7. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. J. Gen. Chem., 

2024, 94, 1217. 

8. I.V. Dyachenko, V.D. Dyachenko, P.V. Dorovatovskii, V.N. Khrustalev, V.G. Nenajdenko Russ. J. Org. Chem., 

2024, 60, 1619. 
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ʅʆɺʓʁ ʇʆɼʍʆɼ ʂ ʉʀʅʊɽɿʋ ʇʀʈʀɼʆ[3,2-b]ʀʅɼʆʃʆɺ 

 

ɽʛʦʨʦʚ ɼ.ʀ. ʘ, ʄʘʛʢʦʝʚ ʊ.ʊ. ʘ, ʏʘʣʠʢʠʜʠ ʇ.ʅ. ʘ, ɸʙʘʝʚ ɺ.ʊ. ʘ, ɸʢʩʸʥʦʚ ʅ.ɸ. ʙ,  

ʂʦʣʦʜʠʥʘ ɸ.ɸ. ʚ, ʋʯʫʩʢʠʥ ʄ.ɻ. ʛ, ʊʨʫʰʢʦʚ ʀ.ɺ. ʜ 

 
ʘ ʌɻɹʆʋ ɺʆ çʉʆɻʋ ʠʤ. ʂ.ʃ. ʍʝʪʘʛʫʨʦʚʘè, ʛ. ɺʣʘʜʠʢʘʚʢʘʟ 

ʙ ʉʂʌʋ, ʛ. ʉʪʘʚʨʦʧʦʣʴ 
ʚ ʖʌʋ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

ʛ ʇɻʅʀʋ, ʛ. ʇʝʨʤʴ 
ʜ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ 

E-mail: edi-1005@yandex.ru 

 

ʇʠʨʠʜʦ[3,2-b]ʠʥʜʦʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʠʟʫʯʝʥʥʦʤʫ ʧʦʜʢʣʘʩʩʫ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʦʪʠʩʪʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ï ʢʘʨʙʦʣʠʥʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤ,̫ ʵʪʠ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ, ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʠ 

ʜʨʫʛʠʝ ʠʥʪʝʨʝʩʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʝʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʥʠʢʠ.  

ʅʘʤ ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʛʠʙʢʫʶ, ʢʦʥʚʝʨʛʝʥʪʥʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʥʘ ʦʩʥʦʚʝ ʦʨʪʦ-ʟʘʤʝʱyʥʥʳʭ 

ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥʘ, ʚʝʜʫʱʫʶ ʢ ʧʠʨʠʜʦ[3,2-b]ʠʥʜʦʣʘʤ, ʪ.ʝ. ʜʝʣʴʪʘ-ʢʘʨʙʦʣʠʥʘʤ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʤʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʝ ʬʫʨʘʥʘ [1] ʧʨʠ ʢʘʪʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʳʤ ʡʦʜʦʤ; ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ 

ʵʪʦʤ 5-(2-ʘʟʠʜʦʘʨʠʣ)ʤʝʪʠʣ-2-ʘʣʢʠʣʬʫʨʘʥʳ ʧʨʝʚʨʘɦʘʶʪʩʷ ʚ ʜʝʣʴʪʘ-ʢʘʨʙʦʣʠʥʳ ʧʨʠ ʪʝʨʤʦʣʠʟʝ [2] c 

ʧʦʩʣʝʜʫʶʱʝʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʭʣʦʨʠʜʦʤ ʦʣʦʚʘ (II) c ʧʦʩʣʝʜʫʶʱʝʡ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ.  

 
 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʥʘʤ ʫʜʘʣʦʩʴ  ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʘʢʠʝ ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ 

ʭʠʥʜʦʣʠʥ ʠ ʘʛʣʠʢʦʥ ʶʩʙʝʪʦʥʠʥʘ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 
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https://doi.org/10.1021/ol5018504 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ 19-03-01027). 

 

https://doi.org/10.1002/ejoc.201701355
https://doi.org/10.1021/ol5018504


ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

85 

 

ɺʅʋʊʈʀʄʆʃɽʂʋʃʗʈʅɸʗ ʎʀʂʃʀɿɸʎʀʗ ʅʀʊʈʆɿʆ-ʇʈʆʀɿɺʆɼʅʓʍ (ʀɿʆ)ʍʀʅʆʃʀʅɸ ʂɸʂ 

ʋɼʆɹʅʓʁ ʉʇʆʉʆɹ ʇʆʃʋʏɽʅʀʗ ʇʀʈʀɼʆʌɽʅɸɿʀʅʆɺ 

 

ɽʨʤʦʣʝʥʢʦ ɸ.ʇ., ɼʝʤʠʜʦʚ ʆ.ʇ., ɸʚʘʢʷʥ ɽ.ʂ., ɹʦʨʦʚʣʝʚʘ ɸ.ɸ., 

ʇʦʙʝʜʠʥʩʢʘʷ ɼ.ʖ., ʃʘʨʠʥ ɸ.ʅ., ɹʦʨʦʚʣʝʚ ʀ.ɺ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

e-mail: artem.p.ermolenko@gmail.com 

 

ʇʠʨʠʜʦʬʝʥʘʟʠʥr  - ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʨʷʜʦʤ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ. 

ʅʝʢʦʪʦʨʳʝ ʧʠʨʠʜʦʬʝʥʘʟʠʥʳ ʠʟʚʝʩʪʥʳ ʢʘʢ ʣʠʛʘʥʜʳ ʚ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ[1], ɼʅʂ-

ʠʥʪʝʨʢʘʣʷʪʦʨʳ[2], ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ[3] ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʘʛʝʥʪʳ[4]. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʧʠʨʠʜʦʬʝʥʘʟʠʥʦʚ ʠʟ ʥʠʪʨʦʟʦ-ʧʨʦʠʟʚʦʜʥʳʭ ʭʠʥʦʣʠʥʘ ʠ 

ʠʟʦʭʠʥʦʣʠʥʘ, ʧʫʪʸʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʧʠʨʘʟʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʢʠʩʣʳʭ ʠ ʦʩʥʦʚʥʳʭ 

ʫʩʣʦʚʠʷʭ. 
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ʇɽʈɽɻʈʋʇʇʀʈʆɺʂʀ 5H-ɹɽʅɿʆ[e][1,4]ɼʀɸɿɽʇʀʅ-2(ʀ 3)-ʆʅʆɺ ɺ 

1,4-ɼʀɻʀɼʈʆʍʀʅɸɿʆʃʀʅʓ ʀ ʀʍ ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓɽ ʇʈʆʀɿɺʆɼʅʓɽ 

 

ɾʫʢʦʚʘ ʅ.ɸ., ʉʷʢʘʝʚ ɺ.ɺ., ɹʝʩʯʘʩʪʥʦʚʘ ʊ.ʅ., ʇʝʨʝʚʘʣʦʚʘ ɼ.ʉ., 

ɻʫʙʘʡʜʫʣʣʠʥ ɸ.ʊ., ʉʘʤʠʛʫʣʣʠʥʘ ɸ.ʀ., ʉʠʥʷʰʠʥ ʆ.ɻ., ʄʘʤʝʜʦʚ ɺ.ɸ. 
 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ  

ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ. 

e-mail: zhukova@iopc.ru 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʛʨʘʥʠʮ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʄʘʤʝʜʦʚʘ [1-3] ʩ ʮʝʣʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʝʝ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 1,4-

ʜʠʛʠʜʨʦʭʠʥʘʟʦʣʠʥʘ. ʅʘʤʠ ʙʳʣʠ ʥʘʡʜʝʥ rʥʦʚʳʝ ʙʝʥʟʦ[e][1,4]ʜʠʘʟʝʧʠʥʦʥïʭʠʥʘʟʦʣʠʥʦʚʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, 

ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ  ʨʘʥʝʝ  ʥʝʠʟʚʝʩʪʥʳʤ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ ʠʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʙʠ- ʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʩ ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʭʠʥʘʟʦʣʠʥʦʚʳʤ ʠ ʭʠʥʦʣʠʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʘʤʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 3-(2-ʘʤʠʥʦʬʝʥʠʣ)-5H-ʙʝʥʟʦ[e][1,4]ʜʠʘʟʝʧʠʥ-2(1H)-ʦʥr ʚ ʢʠʩʣʦʪʥʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʣʢʠʣʤʝʪʠʣʢʝʪʦʥʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʄʘʤʝʜʦʚʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 2-(ʭʠʥʦʣʠʥ-4-ʠʣ)-1,4-ʜʠʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ, ʘ N-(2-(5H-ʙʝʥʟʦ[e][1,4]ʜʠʘʟʝʧʠʥ-3(4H)-ʦʥ-2-

ʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʂʆʅ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʚ 6-ʤʝʪʠʣ-8,13-ʜʠʛʠʜʨʦ-

13aH-ʭʠʥʘʟʦʣʠʥʦ[4,3-b]ʭʠʥʘʟʦʣʠʥ-5-ʠʡ-13a-ʢʘʨʙʦʢʩʠʣʘʪ [4]. 

 

 
 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ. 
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ʂɸʊɸʃʀʊʀʏɽʉʂʆɽ ɸʄʀʅʀʈʆɺɸʅʀɽ ɺ ʉʀʅʊɽɿɽ ʃʀʅɽʁʅʓʍ ʀ ʄɸʂʈʆʎʀʂʃʀʏɽʉʂʀʍ 

ʌʃʋʆ-ʈɽʉʎɽʅʊʅʓʍ ɼɽʊɽʂʊʆʈʆɺ ʅɸ ʆʉʅʆɺɽ 1,1ô-ɹʀ(2-ʅɸʌʊʆʃʆɺ) (ɹʀʅʆʃʆɺ) 

 

ɿʘʟʝʨʠʥ ʂ.ʉ., ʗʢʫʰʝʚ ɸ.ɸ., ɸʚʝʨʠʥ ɸ.ɼ., ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ.  

e-mail: kirill.zazerin@chemistry.msu.ru 

 

ʉʦʟʜʘʥʠʝ ʋʌ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʭʝʤʦʩʝʥʩʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʠʦʥʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [1]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ Pd- ʠ Cu-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ɹʀʅʆʃʘ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 

(ʩʭʝʤʘ 1). 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʜʝʪʝʢʪʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʵʥʘʥʪʠʦʤʝʨʦʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʋʌ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

 
 

ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ 1,1ô-ʙʠ(2-ʥʘʬʪʦʣʘ) 
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Pd(0)-ʂɸʊɸʃʀɿʀʈʋɽʄɸʗ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʗ ʅʀʊʈʆʅʀʃʅʀʊʈʆʂʉʀʃʆɺ 

 

ɿʘʷʢʠʥ ʀ.ɸ., ʊʨʝʪʴʷʢʦʚ ɽ.ɺ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ 

119991 ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨ., 47 

e-mail: zavnsc3@gmail.com 

 

2-R-4,4,5,5-ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣʳ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʳ 

2-ʠʤʠʜʘʟʦʣʠʥʦʚʦʛʦ ʨʷʜʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʜʠʟʘʡʥʝ ʤʘʛʥʝʪʠʢʦʚ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʧʠʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʥʦʦʙʨʘʟʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ [1]. ʉʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʦʚ ʩʣʫʞʠʪ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʪʨʦʥʠʣʥʠʪʨʦʢʩʠʣʘ (NNïML, M = Au, Ag, Cu) ʩ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʧʨʠ 

ʢʘʪʘʣʠʟʝ ʢʦʤʧʣʝʢʩʘʤʠ Pd(0). ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʧʨʦʪʦʢʦʣʳ 

ʧʦʩʪʨʦʝʥʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ NNïML [2ï

4]. 
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ʆɹʑʀʁ ʇʆɼʍʆɼ ʂ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʌɽʅɸʅʊʈʆʃʀʅɼʀɸʄʀɼʆɺ  

ʇʆ 4,7-ʇʆʃʆɾɽʅʀʗʄ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʆɻʆ ʆʉʊʆɺɸ 

 

ɿʦʥʦʚ ʈ.ɺ., ɸʚʘʢʷʥ ʅ.ɸ., ʃʝʤʧʦʨʪ ʇ.ʉ., ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: roman.zonoff@yandex.ru 

 

1,10-ʬʝʥʘʪʨʦʣʠʥ-2,9-ʜʠʢʘʨʙʦʢʩʘʤʠʜʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʣʘʩʩʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ N,O-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ f-ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ [1]. 

ʅʘʩʪʨʘʠʚʘʪʴ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʫʪʸʤ ʚʘʨʠʘʮʠʠ ʘʤʠʜʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʪʘʢ ʠ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʡ ʦʩʪʦʚ. ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ 

ʟʘʤʝʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʬʪʦʨ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 7 ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ [2].  

ʄʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʬʪʦʨʟʘʤʝʱʝʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʚʳʰʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʳʭ 

ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʜʠʘʤʠʜʦʚ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʨʷʜʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʦʚ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʜʠʡʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 4,7-ʧʦʣʦʞʝʥʠʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʬʪʦʨʘ ʚ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʬʝʥʘʥʪʨʦʣʠʥʜʠʘʤʠʜʘʭ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʧʨʦʙʠʨʦʚʘʥʘ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʉ-, N-, O- ʠ S-ʥʫʢʣʝʦʬʠʣʘʤʠ (ʩʭʝʤʘ 1). 

 
 

ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ DAPhen ʠ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 4,7-ʧʦʣʦʞʝʥʠʡ ʬʝʥʘʥʪʨʦʣʠʥʦʚʦʛʦ ʷʜʨʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʝʘʢʮʠʝʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʊʘʢ, ʦʢʩʦ- ʠ ʘʟʠʜʦʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʠ ʚ ʜʘʣʴʥʝʡʰʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʘʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʇʦʣʫʯʝʥʦ ʙʦʣʝʝ 30 ʥʦʚʳʭ 4,7-

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʠʩʩʣʝʜʫʝʪʩʷ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ, ʚʳʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʥʥʳʝ 

ʩʚʦʡʩʪʚʘ.  
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ʌʝʨʨʦʮʝʥʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ 1ʅ-1,2,3-ʪʨʠʘʟʦʣ, ʷʚʣʷʪʁʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʢʣʘʩʩʦʤ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʙʣʘʛʦʜʘʨʷ ʚʳʨʘʞʝʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [1]. ʆʜʥʘʢʦ ʪʘʢʠʝ ʛʠʙʨʠʜʥʳʝ 

ʤʦʣʝʢʫʣʳ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʤʠ ʙʳʣʦ ʨʘʟʚʠʪʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 1-

ʘʟʠʥʠʣʬʝʨʨʦʮʝʥʦʚ [2-4]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʘʟʠʥʠʣʬʝʨʨʦʮʝʥʦʚ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠʥʛʠʙʠʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʘʛʨʝʛʘʮʠʠ ɓ-ʘʤʠʣʦʠʜʘ (1-42) 

[4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʫʷ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʨʷʜ 1ʅ-1,2,3-ʪʨʠʘʟʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʘʟʠʥʠʣʬʝʨʨʦʮʝʥʦʚ 5 ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʉʭʝʤʘ 1). ʀʩʭʦʜʥʳʝ 1-

(ʘʟʠʥʠʣ)-1'-(4-ʘʟʠʜʦʙʫʪʘʥʦʠʣ)ʬʝʨʨʦʮʝʥʳ 3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ ʘʮʠʣʠʨʦʚʘʥʠʷ 

ʘʟʠʥʠʣʬʝʨʨʦʮʝʥʦʚ 4-ʭʣʦʨʙʫʪʠʨʠʣʭʣʦʨʠʜʦʤ 2 ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ NaN3.  

 

 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʠʯʥʦʛʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ ʙʳʣ ʚʳʷʚʣʝʥ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʦʚʳʭ 

ʢʦʥʲʶʛʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʟʠʥʠʣʬʝʨʨʦʮʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʱʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. 
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ʇɽʈɽɻʈʋʇʇʀʈʆɺʂʀ ʀ ʊʈɸʅʉʌʆʈʄɸʎʀʀ ɺ ʈʗɼʋ ʀʄʀɼɸɿʆʊʀɸɿʆʃʆʊʈʀɸɿʀʅɸ ɺ 
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ʇʘʨʘʜʦʢʩʘʣʴʥʦ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʤʥʦʛʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʩ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʩʠʥʪʝʟʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ 

ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʠʣʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ [1].  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʠʡ ʨʝʛʠʦ- ʠʣʠ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʰʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠʣʠ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʩ ʦʩʥʦʚʥʦ-

ʠʥʜʫʮʠʨʫʝʤʳʤʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤʠ, ʧʨʦʚʦʜʠʤʳʤʠ ʚ ʨʷʜʫ ʢʘʢ ʠʩʭʦʜʥʳʭ, ʪʘʢ ʠ ʢʦʥʝʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [2,3]. 

ʉʭʝʤʘ 

 
 

ʀʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʧʨʠʨʦʜʳ ʜʦʙʘʚʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʧʦʨʦʡ ʜʘʞʝ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʪʘʜʠʡ, ʧʦʟʚʦʣʷʝʪ ʫʜʠʚʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʠʟʤʝʥʷʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʩʦʟʜʘʚʘʪʴ ʧʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʭʝʤʦ-, ʨʝʛʠʦ- ʠ ʜʠʘʩʪʝʨʝʦʨʝʛʫʣʠʨʫʝʤʳʤ ʦʙʨʘʟʦʤ. 
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ʉʂɽʃɽʊʅʆɽ ʈɽɼɸʂʊʀʈʆɺɸʅʀɽ ʊɽʊʈɸʃʀʅʆɺ ɺ ʍʈʆʄɸʅʓ ʇʋʊɽʄ ʆʂʀʉʃʀʊɽʃʔʅʆɻʆ 

ʉʋɾɽʅʀʗ ʎʀʂʃʆɺ ʉʀʃʀʃʂɽʊɽʅɸʎɽʊɸʃɽʁ ɹɽʅɿʆʂʉɽʇʀʅʆɺ 

 

ʀʢʦʥʥʠʢʦʚʘ ɺ.ɸ., ʄʠʭʘʡʣʦʚ ɸ.ɸ. 

 

ɻʅʎ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʦʚ ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ  

ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: viktoria.a.ikonnikova@gmail.com 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʮʚʝʪ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ï ʩʢʝʣʝʪʥʦʛʦ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ [1]. ʈʝʘʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʠʡ ʦʩʪʦʚ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʶʪ ʭʠʤʠʢʦʚ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ-ʣʠʜʝʨʦʚ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ, ʯʪʦ ʩʫɦ ʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʭ ʘʥʘʣʦʛʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʟʘʤʝʥʝ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʪʝʪʨʘʣʠʥʘʭ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʭʨʦʤʘʥʦʚ [2]. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʦʢʠʩʣʝʥʠʁ , ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʰʠʨʷʝʪ 

ʢʨʫʛ ʩʫʙʩʪʨʘʪʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʦʪ ʧʨʠʨʦʜʥʳʭ ʪʝʪʨʘʣʠʥʦʚ (ʥʘʧʨʠʤʝʨ, 

ʵʩʪʨʘʜʠʦʣ) ʜʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʚʘʞʥʳʭ ʪʝʪʨʘʣʦʥʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʘ ʩʝʨʪʨʘʣʠʥʘ) ʠ 

ʙʝʥʟʦʢʩʝʧʠʥʦʚ. ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ ʮʠʢʣʦʚ ʙʝʥʟʦʢʩʝʧʠʥʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʠʣʠʣʠʨʦʚʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʚ ʚʠʜʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠʣʠ ʫʜʘʣʷʪʴ ʝʛʦ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʫʜʘʣʝʥʠʝ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʦʚʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʦʢʩʠʢʘʨʙʝʥʘ. 

ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʦʢʘʟʘʣʘ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʛʨʫʧʧʘʤ, ʧʦʜʚʝʨʞʝʥʥʳʤ 

ʦʢʠʩʣʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  
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ʌʆʊʆʍʀʄʀʏɽʉʂʀɽ ʀ ʌʆʊʆʂɸʊɸʃʀʊʀʏɽʉʂʀɽ ʈɽɸʂʎʀʀ ʊʀʆɸʄʀɼʆɺ ʉ 

ʀʄʀʅʆʁʆɼʀʅɸʅʆʄ ʂɸʂ ʄɽʊʆɼ ʉʀʅʊɽɿɸ N-ʉʋʃʔʌʆʅʀʃɸʄʀɼʀʅʆɺ 

 

ʀʣʴʢʠʥ ɺ.ɻ., ɹʘʢʫʣʝʚ ɺ.ɸ. 

 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘ,  

ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ. 

e-mail: v.g.ilkin@urfu.ru 

 

N-ʉʫʣʴʬʦʥʠʣʘʤʠʜʠʥʳ ï ʚʘʞʥʳʡ ʢʣʘʩʩ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʝ ʘʥʪʠʨʝʟʦʨʙʪʠʚʥʫʶ [1], 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ [2], ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ [3] ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʘʞʥʳʤ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ (ʉ)N-ʩʫʣʴʬʦʥʠʣʘʤʠʜʠʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʪʠʦʘʤʠʜʦʚ ʩ ʩʫʣʴʬʦʥʠʣʘʟʠʜʘʤʠ [4]. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʜʣʠʪʝʣʴʥʦʡ ʚʳʜʝʨʞʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʫʣʴʬʦʥʠʣʘʟʠʜʦʚ. ʉ ʮʝʣʴʶ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ (C)N-ʩʫʣʴʬʦʥʠʣʘʤʠʜʠʥʦʚ III  ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʪʠʦʘʤʠʜʦʚ I  ʩ ʠʤʠʥʦʡʦʜʠʥʘʥʦʤ. ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (P)S-ʪʠʦʘʤʠʜʦʚ II  ʩ ʠʤʠʥʦʡʦʜʠʥʘʥʦʤ, ʤoʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ (P)N-

ʩʫʣʴʬʦʥʠʣʘʤʠʜʠʥ rIV .  
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ʉʀʅʊɽɿ ʀ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺɸʗ ɸʂʊʀɺʅʆʉʊʔ  

ʀʄʀɼɸɿʆ[4,5-e][1,3]ʊʀɸɿʀʅʆ[3,2-b][1,2,4]ʊʈʀɸɿʀʅʆɺ  

ʀ ʀʄʀɼɸɿʆ[4,5-e][1,3]ʊʀɸɿʀʅʆ[2,3-c][1,2,4]ʊʈʀɸɿʀʅʆɺ  

 

ʀʩʘʢʦʚ ʉ.ʉ. ʘ,b, ʀʟʤʝʩʪʴʝʚ ɸ.ʅ.ʘ 
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ɸʟʦʪ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 1,3-ʊʠʘʟʠʥ rʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʤʠʢʨʦʙʥʳʭ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠ ʩʝʜʘʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʬʫʥʛʠʮʠʜʦʚ ʠ ʠʥʩʝʢʪʠʮʠʜʦʚ. 1,3-

ʊʠʘʟʠʥʦʚʳʡ ʮʠʢʣ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʧʨʠʨʦʜʥʳʭ ʬʠʪʦʘʣʝʢʩʠʥʦʚ ʠ 7-ʘʤʠʥʦʮʝʬʘʣʦʩʧʦʨʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

(7-ACA), ʷʚʣʷʶʱʝʡʩʷ ʢʣʶʯʝʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ  

ʜʝʡʩʪʚʠʷ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʷ ʠʤʠʜʘʟʦʪʨʠʘʟʠʥʪʠʦʥʦʚ 1 ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʣʬɹʘ- ʠʣʠ ʙʝʪʘ-

ʛʘʣʦʛʝʥʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ ð ʵʬʠʨʘʤʠ ʠ ʥʠʪʨʠʣʘʤʠ 2, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʠ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʣʬʝʥʠʣʧʨʦʧʠʦʣʘʪʦʤ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʘʥʥʝʣʠʨʦʚʘʥʥʳʭ 

1,3-ʪʠʘʟʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 1 [2]. ʆʢʘʟʘʣʦʩ,ɹ ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 

ʟʘʚʠʩʝʣʘ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʩʪʠʢʦʚʳʭ ʧʦʣʦʞʝʥʠʷʭ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ ʩʝʣʝʢʪʠʚʥʦ ʧʨʠʚʦʜʠʣʘ ʚ ʢʘʞʜʦʤ 

ʩʣʫʯʘʝ ʢ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦ[3,2-b]ʪʨʠʘʟʠʥʘ 3 (ʜʣʷ 

R2=Ar) ʠʣʠ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦ[2,3-c]ʪʨʠʘʟʠʥʦʚ 4 (ʜʣʷ R2=H). 

ʉʭʝʤʘ 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦʪʨʠʘʟʠʥʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ 

ʩʪʨʫʢʪʫʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʨʷʜʘ ʠʩʧʳʪʘʥʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

(CT26, EMT6 ʠ SW620 IC50 2ï16 ʤʢʤʦʣʴ/ʣ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʣʝʪʦʯʥʳʡ 

ʮʠʢʣ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʣʝʪʦʢ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʜʝʣʝʥʠʝ ʬʘʟʝ G2-M ʠ ʛʠʙʥʝʪ ʯʝʨʝʟ ʘʧʦʧʪʦʟ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. L. M. Lima, B. N. M. da Silva, G. Barbosa, E. J. Barreiro, Eur. J. Med. Chem. 2020, 208, 112829. 

2. D. B. Vinogradov, A. N. Izmest'ev, A. N. Kravchenko, N. G. Kolotyrkina, G. A. Gazieva, J. Heterocycl. Chem. 

2024, 61, 137. 
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ʄʆʅʆ-, ɹʀʉ- ʀ ɻɽʊɽʈʆɼʀɿɸʄɽʑɽʅʅʓʍ 2,9-ɼʀɸʄʀʅʆʌɽʅɸʅʊʈʆʃʀʅʓ:  

ʉʀʅʊɽɿ ʀ ʂʆʆʈɼʀʅɸʎʀʆʅʅɸʗ ʍʀʄʀʗ 

 

ʀʩʦʤʠʜʜʠʥʦʚ ɾ.ʂ., ʄʫʟʘʣʝʚʩʢʠʡ ɺ.ʄ., ʃʳʩʝʥʢʦ ʂ.ɸ., ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: javohirmirzo7375@mail.ru 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʦʥʦ-, ʙʠʩ- ʠ ʛʝʪʝʨʦʜʠʟʘʤʝʱʝʥʥʳʭ 

ʘʤʠʥʦʬʝʥʘʥʪʨʦʣʠʥʦʚ1 ʥʘ ʦʩʥʦʚʝ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠ ̫ʭʣʦʨʘ ʚ 2,9-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʝ. ʇʦʣʫʯʝʥʘ 

ʙʠʙʣʠʦʪʝʢʘ ʣʠʛʘʥʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (Cʭʝʤʘ 1). ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠʭ 

ʢʦʤʧʣʝʢʩʳ (ʈʠʩʫʥʦʢ 1) ʩ ʨʷʜʦʤ d- ʠ f-ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ Ni(NO3)2, Cd(NO3)2, AgNO3, HgCl2, ʛʜʝ ʜʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʩʚʷʟʳʚʘʥʠ.̫ ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʗʄʈ, ʀʂ, ʄʉ, ʈʉɸ; 

ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʭʝʣʘʪʦʨʘʤ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʘʪʘʣʠʟʘ. 

 
ʉʭʝʤʘ 1. 

ʈʠʩʫʥʦʢ 1. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓɽ 1,2,5-ʍɸʃʔʂʆɻɽʅɸɼʀɸɿʆʃʓ ʂɸʂ ʇʈɽɼʐɽʉʊɺɽʅʅʀʂʀ 

ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ ʆʈɻɸʅʀʏɽʉʂʆʁ ʕʃɽʂʊʈʆʅʀʂʀ ʀ ʌʆʊʆʅʀʂʀ 

 

ʂʥʷʟʝʚʘ ɽ.ɸ., ʈʘʢʠʪʠʥ ʆ.ɸ.  

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, 

 119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ 47  

e-mail: katerina_knyazev@ioc.ac.ru 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ, ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʨ.). ɺ ʯʘʩʪʥʦʩʪʠ, 1,2,5-

ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʳ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ, ʦʩʦʙʝʥʥʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ, ʛʝʪʝʨʦʮʠʢʣʘʤʠ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ 

ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʦʪʦʥʠʢʠ ʠ ʩʧʠʥʪʨʦʥʠʢʠ [1]. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʩʦʯʝʪʘʥʠʝ ʢʦʪʦʨʳʭ ʩ ʜʦʥʦʨʥʳʤʠ, ʘʢʮʝʧʪʦʨʥʳʤʠ ʠʣʠ ʤʦʩʪʠʢʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ 

ʦʪʢʨʳʣʦ ʧʦʜʭʦʜ ʢ ʵʬʬʝʢʪʠʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʙʳʣʠ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʨʦʪʦʪʠʧʳ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʢʘʢ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʢʨʘʩʠʪʝʣʝʤ ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ (DSSC), ʩʦʣʥʝʯʥr ʝ ʵʣʝʤʝʥʪʳ ʩ ʦʙʲʝʤʥʳʤ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ (BHJ), ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʜʠʦʜʳ (OLED). ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè [2-3]. 

 

 
 

ɸʥʘʣʠʟ ʙʠʙʣʠʦʪʝʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʜʙʦʨ ʜʦʥʦʨʥʳʭ, ʘʢʮʝʧʪʦʨʥʳʭ, ʤʦʩʪʠʢʦʚʳʭ ʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʨʷʜʦʢ ʠʭ ʩʚʷʟʳʚʘʥʠ̫  ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ɼɺʆʁʉʊɺɽʅʅɸʗ ʈɽɸʂʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ ʀʄʀʅʆɻʈʋʇʇʓ  
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aʖʞʥr ʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ. 
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e-mail: akolodina@sfedu.ru 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʘʟʦʤʝʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʣʠ ʜʨʫʛʠʝ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʱʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʤʠʥʦʛʨʫʧʧʳ (çumpolungè), ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʘʟʘʬʠʣʴʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʫʢʣʝʦʬʠʣʘ. ʇʨʠʤʝʨʦʤ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʦʡ ʜʚʦʡʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ʠʤʠʥʦʛʨʫʧʧʳ ʷʚʣʷʪʁʩʷ 

ʨʝʘʢʮʠʠ N-ʘʨʠʣʭʠʥʦʥʠʤʠʥʦʚ [1,2]. 

 

 
ɼʚʦʡʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʭʠʥʦʠʤʠʥʥʦʡ ʛʨʫʧʧʳ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘʤʠ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʮʠʢʣʠʟʘʮʠʠ ʦʨʪʦ-O(S,N)-ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʭ N-ʘʨʠʣ- ʠ N-ʛʝʪʘʨʠʣʭʠʥʦʥʠʤʠʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. L.Y. Ukhin, K.Yu. Suponitskii, L.V. Belousova, T.N. Gribanova Russ. Chem. Bull., 2009, 58, 940.  

2. L.M. Mori-Quiroz, Ch.G. Comadoll, J.E. Super, M.D. Clift Org. Lett., 2021, 23, 7008.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-23-00405, https://rscf.ru/project/25-23-

00405/). ʤʝʩʪʦ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʥʪʘ ï ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 
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ʀʆɼʊʈʀɸɿʆʃʓ ʂɸʂ ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʀʅʊɽʈʄɽɼʀɸʊʓ ɺ ʍʀʄʀʀ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ 

ʉʆɽɼʀʅɽʅʀʁ 

 

ʂʦʪʦʚʱʠʢʦʚ ʖ.ʅ.ʘ, ʃʘʪʳʰʝʚ ɻ.ɺ.ʘ, ʃʫʢʘʰʝʚ ʅ.ɺ.ʘ, ɹʝʣʝʮʢʘʷ ʀ.ʇ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: yuri-chem@mail.ru 

 

ʄʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʠʜʦʚ ʢ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 1,4-ʜʠʟʘʤʝʱʸʥʥʳʤ 1,2,3-ʪʨʠʘʟʦʣʘʤ. ɺ ʘʥʘʣʦʛʠʯʥʫʶ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʪʘʢʞʝ 1-

ʠʦʜʘʣʢʠʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 5-ʠʦʜʧʨʦʠʟʚʦʜʥʳʝ ʵʪʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʘ ʦʪʢʨʳʚʘʝʪ ʫʜʦʙʥʫʶ ʩʪʨʘʪʝʛʠʶ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʩʙʦʨʢʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʱʸʥʥʳʭ 1,2,3-ʪʨʠʘʟʦʣʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 5-ʠʦʜ-1,2,3-ʪʨʠʘʟʦʣʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʟʘʤʝʥʘ ʛʘʣʦʛʝʥʘ ʥʘ ʥʠʪʨʠʣ [1], ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʛʨʫʧʧʫ ʚ 

ʫʩʣʦʚʠʷʭ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ [2]. ɼʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠ 

ʜʨʫʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʘʟʦʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʦʟʜʘʚʘʷ ʩʠʩʪʝʤʳ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

 
ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʜʭʦʜʷʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʜʘ ʚ ʪʨʠʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ʅʘʤ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ 

ʩʪʨʘʪʝʛʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʦʙʱʝʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʩʧʠʨʪʳ, ʬʝʥʦʣʳ, ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʩʫʣʴʬʦʥʘʤʠʜʳ ʠ ʢʘʨʙʦʢʩʘʤʠʜʳ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʟʦʤʝʨʠʟʘʮʠʠ 1,2,3-ʪʨʠʘʟʦʣʘ ʚ ʜʠʘʟʦʠʤʠʥ. 

ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʷʪʠʯʣʝʥʥʦʛʦ ʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʜʝʣʘʝʪ 2-(5-

ʠʦʜʪʨʠʘʟʦʣʠʣ)ʬʝʥʦʣʳ ʫʜʦʙʥʳʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ [3, 4]. 

ʇʝʨʝʭʚʘʪ ʜʠʘʟʦʛʨʫʧʧʳ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ in situ ʨʘʟʣʠʯʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʩʦʟʜʘʚʘʷ ʥʦʚʳʝ ʩʚʷʟʠ CïN, CïS ʠ 

CïC. 

 
 

 

ʃʠʪʝʨʘʪʫʨʘ 
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2. Y. N. Kotovshchikov, G. V. Latyshev, I. P. Beletskaya, N. V. Lukashev Synthesis 2018, 50, 1926. 

3. Y. N. Kotovshchikov, G. V. Latyshev, M. A. Navasardyan, D. A. Erzunov, I. P. Beletskaya, N. V. Lukashev Org. 

Lett. 2018, 20, 4467. 

4. X. A. Barashkova, A. G. Gevondian, G. V. Latyshev, Y. N. Kotovshchikov, S. I. Bezzubov, N. V. Lukashev, I. P. 

Beletskaya Org. Lett. 2024, 26, 9625. 
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ɼʀɿɸʁʅ ʀ ʉʀʅʊɽɿ ʇʈʆʃɽʂɸʈʉʊɺ Pt(IV) ʅɸ ʆʉʅʆɺɽ BODIPY ʀ ʎʀɸʅʀʅʆɺʓʍ ʂʈɸʉʀʊɽʃɽʁ 

ɼʃʗ ʌʆʊʆɸʂʊʀɺʀʈʋɽʄʆʁ ʍʀʄʀʆʊɽʈɸʇʀʀ, ʌʆʊʆʊɽʈʄɸʃʔʅʆʁ ʀ 

ʌʆʊʆɼʀʅɸʄʀʏɽʉʂʆʁ ʊɽʈɸʇʀʀ 

 

ʂʨʘʩʥʦʚʩʢʘʷ ʆ.ʆ.,ʘ ʉʧʝʢʪʦʨ ɼ.ɺ.,ʘ ɾʘʨʦʚʘ ɸ.ʆ.,ʘ ɹʳʢʫʩʦʚ ɺ.ɺ.,ʘ  ʂʫʟʴʤʠʯʝʚ ʀ.ɸ.,ʙ  

ʏʤʝʣʶʢ ʅ.ʉ., ʙ ʃʘʟʘʨʝʚʘ ʇ.ɸ., ʙ ɸʙʘʢʫʤʦʚ ʄ.ɸ., ʙ ɸʢʘʩʦʚ ʈ.ɸ.,ʚ ʀʩʘʝʚʘ ʖ.ɸ., ʚ  

ʉʪʝʧʘʥʦʚ ʄ.ɽ.,ʚ, ɹʫʥʠʥ ɼ.ɸ.,ʛ ɹʝʣʦʛʣʘʟʢʠʥʘ ɽ.ʂ ʘ 
 

aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
ʙʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʀʉʠʉ),  

ʃʝʥʠʥʩʢʠʡ ʧʨ., 4, ʄʦʩʢʚʘ, 119049, ʈʦʩʩʠʷ 
ʚʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʘʣʘʷ ʇʠʨʦʛʦʚʩʢʘʷ ʫʣ. 1, ʄʦʩʢʚʘ, 119435, ʈʦʩʩʠʷ 

ʛʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤʝʥʠ ɸ. ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ,  

ʃʝʥʠʥʩʢʠʡ ʧʨ., 31/4, ʄʦʩʢʚʘ, 119071, ʈʦʩʩʠʷ 

e-mail: krasnovskayao@gmail.com 

 

ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʬʦʪʦʘʢʪʠʚʨʫʝʤʳʭ ʧʨʦʣʝʢʘʨʩʪʚ Pt(IV) ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʝʦʜʦʣʝʥʠʶ ʥʠʟʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʭʠʤʠʦʪʝʨʘʧʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʧʘʨʘʪʦʚ Pt(II ) [1]. ʇʨʦʣʝʢʘʨʩʪʚʦ Pt(IV) 

ʩʦʜʝʨʞʘʱʝʝ ʬʦʪʦʧʦʛʣʦʪʠʪʝʣʴ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʧʦʩʦʙʥʦ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʬʦʪʦʚʳʩʚʦʙʦʞʜʝʥʠ ʁ

ʧʨʝʧʘʨʘʪʘ Pt(II ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʣʫʯʝʥʠʷ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʧʦʛʣʦʪʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʣʝʢʘʨʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳʝ ʢ ʘʛʨʝʛʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʦʷʚʣʷʶʱʠʭ ʬʦʪʦʪʝʨʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [2].  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʣʝʢʘʨʩʪʚʘ Pt(IV) ʩ BODIPY ʠ ʮʠʘʥʠʥʦʚʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, 

ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʬʦʪʦʚʳʩʚʦʙʦʞʜʝʥʠʶ ʮʠʩʧʣʘʪʠʥʘ ʠ ʛʝʥʝʨʘʮʠʠ ɸʌʂ; ʘ ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮʳ ʥʘ 

ʦʩʥʦʚʝ ʘʤʬʠʬʠʣɹʥʳʭ ʧʨʦʣʝʢʘʨʩʪʚ Pt(IV), ʧʨʦʷʚʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʫʶ ʌʊʊ ʘʢʪʠʚʥʦʩʪʴ in vitro ʠ in vivo. 

ʈʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ ʧʨʦʣʝʢʘʨʩʪʚ ʩ ʞʝʣʘʝʤʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʧʦʛʣʦʪʠʪʝʣʷ, ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʷʜʨʦʤ Pt(IV) ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʣʝʢʘʨʩʪʚ.  
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ʉʀʅʊɽɿ ʅʆɺʓʍ ʇʆʃʀɸɿʆʊʀʉʊʓʍ ʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʊɽʊʈɸɿʀʅɸ 

 

ʂʨʷʞ ɺ.ɺ.ʘ, ʄʫʨʘʚʴʝʚ ʅ.ɺ.ʙ, ʌʝʨʰʪʘʪ ʃ.ʃ.ʘ 

 
ʘʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

119991, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 47 
ʙʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʸʥʦʚʘ ʈɸʅ, ʈʦʩʩʠʷ 

119334, ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ, ʫʣʠʮʘ ʂʦʩʳʛʠʥʘ, 4ʢ1 

email: vvkryazh@gmail.com 

 

1,2,4,5-ʊʝʪʨʘʟʠʥ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʳʤ ʧʨʠʤʝʨʦʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ, 

ʠʩʩʣʝʜʫʝʤʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʭʠʤʠʠ. ʋʥʠʢʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʢʫʧʝ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʟʠʥʘ ʧʦʙʫʞʜʘʶʪ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʦʭʨʘʥʷʪʴ ʬʦʢʫʩ ʚʥʠʤʘʥʠʷ 

ʥʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʟʥʘʥʠʷ ʚʩʝ ʝʱʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ, ʘ ʛʣʫʙʠʥʫ ʧʦʥʠʤʘʥʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʣʦʢʘʣʴʥʦʡ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʪʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 1,2,4,5-

ʪʝʪʨʘʟʠʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ ʥʦʚʳʭ ʛʨʫʧʧ, ʘʬʬʠʥʥʳʭ ʢ ʢʠʩʣʳʤ 

ʧʨʦʪʦʥʘʤ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʦʜʝʣʴʥʳʤʠ ʧʨʦʪʠʚʦʠʦʥʘʤʠ.  

 

 
ʉʭʝʤʘ 1. ʀʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʷʜʨʘ 
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ʀʄʀɼɸɿʆʃʀʅ-2-ʆʅʓ ï ɸʄɹʀʌʀʃʔʅʓɽ ʈɽɸɻɽʅʊʓ ɺ ʉʀʅʊɽɿɽ (ʇʆʃʀ)ʎʀʂʃʀʏɽʉʂʀʍ 

ʄʆʏɽɺʀʅ 

 

ʂʫʟʥʝʮʦʚʘ ɽ.ɸ.ʘ, ʈʳʩʘʝʚʘ ʈ.ʈ.ʙ, ʉʤʦʣʦʙʦʯʢʠʥ ɸ.ɺ.ʘ, ɻʘʟʠʟʦʚ ɸ.ʉ.ʘ,  

ɹʫʨʠʣʦʚ ɸ.ʈ.ʘ, ʇʫʜʦʚʠʢ ʄ.ɸ.ʘ 

 
a ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 

420029, ʈʦʩʩʠʷ, ʂʘʟʘʥʴ, ɸʢʘʜʝʤʠʢʘ ɸʨʙʫʟʦʚʘ, 8 
ʙ ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 420008, ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ, 

ʫʣ. ʂʨʝʤʣʝʚʩʢʘʷ, ʜ.18, ʢʦʨʧ. 1 

e-mail: wunschpuuunsch@yandex.ru  

 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʆʙʰʠʨʥʳʤ ʢʣʘʩʩʦʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʤʦʯʝʚʠʥʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ (ʧʦʣʠ)ʮʠʢʣʠʯʝʩʢʠʭ 

ʤʦʯʝʚʠʥ ʷʚʣʷʶʪʩʷ ʠʤʠʜʘʟʦʣʠʥ-2-ʦʥr, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʘʢ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʡ ʤʦʯʝʚʠʥʥʳʡ ʬʨʘʛʤʝʥʪ, 

ʪʘʢ ʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʫʶ ʢʨʘʪʥʫʶ ʩʚʷʟʴ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʦʙʨʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

N-ʟʘʤʝʱʸʥʥʳʭ ʠʤʠʜʘʟʦʣʠʥ-2-ʦʥʦʚ ʩ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ 

ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʯʝʚʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʨʘʥʝʝ ʪʠʧʦʚ [1-3]. 
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ʉʀʅʊɽʊʀʏɽʉʂʀɽ ɺʆɿʄʆɾʅʆʉʊʀ 5-ʄɽʊʀʃʀɼɽʅ-2-ʍɸʃʔʂʆɻɽʅɻʀɼɸʅʊʆʀʅʆɺ ɺ 

ʈɽɸʂʎʀʗʍ ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀʗ 

 

ʂʫʢʫʰʢʠʥ ʄ.ɽ.ʘ, ʌʠʣʴʢʠʥʘ ʄ.ɽ.ʘ, ʇʝʪʨʦʚʘ ʖ.ɺ.ʘ,ʙ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 
ʙʈʋɼʅ ʠʤ. ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ, ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
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ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʤʦʱʥʝʡʰʠʭ 

ʤʝʪʦʜʦʚ ʫʩʣʦʞʥʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ 

ʢʨʘʪʥʳʝ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ, ʪʘʢ ʠ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ. ɻʠʜʘʥʪʦʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʷʜʨʦʤ, ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʦʟʜʘʥʠʷ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʩʚʷʟʝʡ C=C, C=N, 

C=S, C=Se, ʛʜʝ ʢʘʞʜʘʷ, ʧʨʠ ʛʨʘʤʦʪʥʦʤ ʧʦʜʙʦʨʝ ʫʩʣʦʚʠʡ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʠʧʦʣʷʨʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ ʚ 

ʨʝʘʢʮʠʷʭ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʛʠʜʘʥʪʦʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʜʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʟʜʝʩʴ 5-ʤʝʪʠʣʠʜʝʥ-2-ʭʘʣʴʢʦʛʝʥʛʠʜʘʥʪʦʠʥʳ 

ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ: ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʘʢʪʠʚʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʜʦʩʪʫʧʥʦʡ ʩʚʷʟʠ ʉ=ʉ, 

ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʨʠʩʦʝʜʠʥʷʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ 1,3-ʜʠʧʦʣʝʡ ʠ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ [4+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʝʥʦ ʜʣʷ ʪʨʠ- ʠ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʭʝʤʦ- ʠ ʜʘʞʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʵʪʦʤ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʤʝʩʪʠʪʝʣ ̫ʧʨʠ ʘʪʦʤʝ N(1) 

ʛʝʪʝʨʦʮʠʢʣʘ, ʯʪʦ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʣʫʯʘʝ 1,3-ʜʠʧʦʣʝʡ ʛʝʥʝʨʠʨʫʝʤʳʭ in situ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʩʥʦʚʘʥʠʡ.  
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